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LEPTON-NUKLON D N QEYR -ELAST  S LM ND  
QQS BOZONUN YARANMASI 

S.Q. Abdullayev, L.A. A amal yeva, M. . Qocayev 
Bak  Dövl t Universiteti 

ag.leyla@hotmail.com, m_qocayev@mail.ru 
 
Standart Model ç rçiv sind  lepton-nuklon d rin qeyri-elastiki ,lHXlN  ,HXvlN l  

,HXvNv  HXNv  s pilm  prosesl rind  skalyar Hiqqs bozonun ZZ - v  WW -bozonlar n 
birl si n tic sind  yaranmas  mexanizml ri trafl  öyr nilmi dir. Kvark-parton modeli ç rçiv sind  
göst rilmi dir ki, lqHlq  prosesi ,Hqlql LLLL  ,Hqlql RLRL  Hqlql LRLR  v  Hqlql RRRR  spiral 
prosesl rin  uy un dörd spiral amplitudla ( RLLRLL FFF ,,  v  RRF ), neytrino-kvark s pilm sind  Hiqqs 
bozonun yaranmas  prosesi Hqvqv LL  v  Hqvqv RR  spiral prosesl rin  uy un iki spiral 
amplitudla ( LLF  v  LRF ) svir olunur. WW -bozonlar n birl si n tic sind  Hiqqs bozonun do ulmas  
prosesin  is  yaln z bir spiral amplitud uy un g lir. Göst ril n spiral prosesl rin effektiv k sikl ri v  tam 
effektiv k sik üçün analitik ifad r al nm , kvarklar n nuklon daxilind  paylanma funksiyalar ndan istifad  
etm kl , effektiv k siyin x  d yi nind n as q qrafikl ri qurulmu dur. 

Standart Modelin (SM) mühüm müdd alar ndan biri skalyar Hiqqs bozonun varl  
vv lc n söyl si olmu dur. 2012-ci ild  Böyük Hadron Kollayderind  ATLAS v  CMS 

kollaborasiyalar  t find n apar lan eksperimentl rd  Hiqqs bozon k f edildi v  onun kütl sinin 
125 GeV t rtibind  olmas  mü yy n edildi. Hiqqs bozonun k fi il laq dar olaraq onun 
müxt lif yaranma v  çevrilm  kanallar n n ri öyr nilm si mühüm miyy t k sb edir. Bu 

qs dl  t qdim olunan i  lepton-nuklon d rin qeyri-elastiki s pilm  prosesl rind  Hiqqs 
bozonun ZZ - v  WW -bozonlar n birl si n tic sind  yaranmas  mexanizml ri öyr nilmi dir: 

 XHlNl , (1) XHvNv , (3) 
 XHvNl l , (2) XHNv , (4) 
burada l  –yüklü lepton ( e  v  ya ), lv  –uy un leptonun neytrinosu ( ev  v  ya v ), X  is  

qeyd  al nmayan hadronlar sistemidir. 
ZZ H mexanizmi. Kvark-parton modelin  gör , (1) 

prosesi yüklü lepton-kvark (antikvark) s pilm sind  Hiqqs 
bozonun yaranmas  il laq dard r: Hqlql , 

Hqlql . 
lqHlq  prosesinin Feynman diaqram  1-ci kild  

svir edilmi dir (möt riz rd  z rr cikl rin 4-ölçülü 
impulslar v  spirall qlar göst rilmi dir). 

lumdur ki, fundamental fermionun (leptonun v  ya 
kvark n) Z bozonla v  Z-bozonlar n Hiqqs bozonla qar ql  

sir laqranjianlar  a dak kild  yaz r: 
 

,]1)(1)([
cossin2 55 ZffgfgfeL RL

WW
ffZ                            (5) 

kil 1. lqHlq  prosesinin  
           Feynman diaqram . 
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)(
cossin2

kHgZZ
eM

L
WW

Z
ZZH , 

burada  
WfRWfL QfgQfIfg 22

3 sin)(,sin)()(                                  (6) 

– fermionun Z-bozonla sol v  sa  rabit  sabitl ri, W  – Vaynberq buca , )(3 fI  v  fQ  – 
fermionun z if izospininin üçüncü proyeksiyas  v  elektrik yüküdür. 

lqHlq  prosesin  dörd spiral amplitud uy un g lir: RLLRLL FFF ,,  v  RRF  (burada birinci 
 ikinci indeksl r leptonla kvark n spirall qlar  göst rir). H min spiral amplitudlar a dak  

prosesl  uy undur: 

HqlqlHqlql
HqlqlHqlql

RRRRLRLR

RLRLLLLL

,
,,
 

 

)()(),()(
),()(),()(

2121

2121

qgegDDFqgegDDF
qgegDDFqgegDDF

RRRRLRRL

RLLRLLLL                          (7) 

ifad ri il  t yin edilir. 
Ayr -ayr  spiral prosesl rin effektiv k sikl rinin ifad ri sas nda lqHlq  prosesinin 

ba lan c z rr cikl rin spirall qlar na gör  ortalanm , son z rr cikl rin spirall qlar na gör  is  
ml nmi  tam effektiv k siyi üçün a dak  ifad  al nm r: 

)()()()(
4
1)( HqlqlHqlqlHqlqlHqlqllqHlq RRRRLRLRRLRLLlLL  

).()]()([)]()([
)1(16

1 2222
3

2 HRLRL
wwZ

rfqgqgegeg
xxM

                        (8) 

Burada  

H
H

HH r
r

rrf 221ln)1()(                                           (9) 

funksiyas  daxil edilmi , sMr HH ˆ/2  v  HM  – Hiqqs bozonun kütl sidir. 
Lepton-antikvark s pilm sinin ( Hqlql ) effektiv k siyi d  eynil  (8) ifad si il  verilir. 
Neytrino-nuklon d rin qeyri-elastiki s pilm sind  Hiqqs bozonun yaranmas  prosesi 

)( HXvNv  d  HZZ  mexanizmi hesab na ba  verir v  onun kvark-parton alt prosesi 

)(),()(),()( 222111 kHhpqkvhpqkv  

reaksiyas r. Kvark-parton prosesin  iki spiral amplitud uy un g lir: LLF  v  LRF  (neytrino sol 
polyariz  olunmu  z rr cikdir). H min spiral amplitudlar Hqvqv LL , Rqv  

Hqv R  prosesl rini t svir edir v  

)()(,)()( 2121 qgvgDDFqgvgDDF RLLRLLLL                                  (10) 

ifad ri il  t yin edilir. 
Ayr -ayr  spiral prosesl rin effektiv k sikl rinin ifad ri sas nda qHvqv  prosesinin 
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tam effektiv k siyi üçün a dak  ifad  al nm r: 

)()]()()[(
)1(16

1)( 222
3

2 HRLL
wwZ

rfqgqgvg
xxM

qHvqv             (11) 

Neytrino-antikvark s pilm sinin Hqvqv  effektiv  k siyi  d  (11)  düsturu  il  
hesablan r. 

WW H mexanizmi. Lepton-nuklon d rin qeyri-elastiki s pilm  prosesind  Hiqqs bozon 
W -bozonlar n birl si mexanizmi HWW  n tic sind  d  yarana bil r. Bel  (2) v  (4) 
prosesl  uy un kvark-parton alt prosesl r 

Hqvql l ' ,          Hqqv '  
ola bil r v  onlara uy un Feynman diaqram  2-ci kild  verilmi dir. 

Yüklü z if c yanlara sol polyariz  olunmu  z rr cikl r daxil oldu undan bir spiral 
amplitud s rdan f rql nir: Hqvql LLLL . 

Hqvlq l '  prosesinin tam effektiv k siyi üçün al nm  ifad   

)(
16

)'(
3

2

2

'
H

wW

qq
l rf

xM

U
Hqvlq           (12) 

klind dir. Burada CqqU cos'  ( du  keçidind ) v  ya 

Csin  ( su  keçidind ) ola bil r, C  – Kabibbo buca , 
WM W -bozonun kütl sidir. 

Analoji kild  Hqqv '  prosesinin d  
effektiv k siyi hesablanm r: 

).(
16

)'(
3

2

2

'
H

wW

qq rf
xM

U
Hqqv        (13) 

tic rin müzakir si. Kvark-parton prosesl rinin effektiv k sikl ri m lum olduqda 
lepton-nuklon d rin qeyri-elastiki s pilm  zaman  Hiqqs bozonun yaranmas  prosesl rinin 
effektiv k sikl rini asanl qla hesablaya bil rik: 

)()()( lqXlqxqlHXlN
dx
d

q

 

);()]()([)()]()([
)1(16

1 2222
3

2 HRL
q

RL
wwZ

rfqgqgxqegeg
xxM

                     (14) 

q
l

q
l HqvlqxqHXvlN

dx
d )'()()(

'
);()(

16
1

'

2
'

3

2 H
q q

qq
wW

rfxqU
xM

      (15) 

)()()( qHvqvxqHXvNv
dx
d

q

 

);()]()([)()(
)1(16

1 222
3

2 HRL
q

L
wwZ

rfqgqgxqvg
xxM

                           (16) 

 
kil 2. Hqvlq l '  prosesinin  
          Feynman diaqram  
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q q
HqqvxqHXNv

dx
d )'()()(

'
).()(

16
1

'

2

'

3

2 H
q q

qq
wW

rfxqU
xM

   (17) 

Burada c ml nm  nuklonun t rkibind ki bütün kvark v  antikvarklar n say  üzr  apar r, q(x) – 
nuklon daxilind  kvark n (antikvark n) paylanma funksiyas r. di hesablamalar 

XHvpvXHvpXHp ,,  v  XHvpv  

proseslri üçün apar lm r. Müon (neytrino)-proton sisteminin tam enerjisi GeVs 500 , Hiqqs 
bozonun kütl si GeVM H 125 , Vaynberq parametri 232,0wx  oldu u hesab edilmi dir. Proton 
daxilind  kvarklar n v  antikvarklar n paylanma funksiyalar biyyatdan götürülmü dür. 

3-cü kild  müon-proton XHp  d rin qeyri-elastiki s pilm  prosesinin 
effektiv k siyinin x  d yi nind n as q qrafiki verilmi dir. Hesablamalarda aral q Z-bozonun 
kütl si GeVM Z 1875,91  q bul edilmi dir. 

Göründüyü kimi, x  d yi ninin artmas  il  effektiv k sik art r v  31,0x  olduqda 
maksimal qiym tini al r, x  d yi ninin sonrak  artmas  il  effektiv k sik monoton olaraq s fra 

r azal r. 
4-cü kild  31,0x  v  GeVM H 125  olduqda XHp  prosesinin effektiv 

siyinin enerjid n as q qrafiki verilmi dir. Qrafik  gör , enerjinin artmas  il  effektiv k siyin 
artmas  mü ahid  olunur.  

Müon-proton d rin qeyri-elastiki s pilm  prosesind  Hiqqs bozonun yaranmas  prosesinin 
effektiv k siyinin HM  kütl sind n as q qrafiki 5-ci kild  nümayi  etdirilmi dir.  

Qrafikd n göründüyü kimi, Hiqqs bozonun kütl sinin artmas  il  prosesin effektiv k siyi 
azal r. Hesablamalarda s 500 GeV  31,0x  oldu u q bul edilmi dir.  

Analoji olaraq, XHpvXHpv ,  v  XHp  prosesl ri 
üçün d  müvafiq as qlar t dqiq edilmi  v  n tic r qrafik t svir olunmu dur. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.6
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1.8

2.4

3

3.6
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x( )

fbarn

x

 

 

, fbarn 

 
kil 3. HXp  prosesinin effektiv k siyinin x-d n as  
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 TeV,s   
kil 4. XHp  prosesinin effektiv k siyinin enerjid n as  
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MH,  GeV 

 

 
kil 5. XHp  prosesinin effektiv k siyinin  

Hiqqs bozonun kütl sind n as  
 

 
QQS BOZONUN ÇEVR LM  KANALLARI 

S.Q.Abdullayev, M. . Qocayev 
Bak  Dövl t Universiteti 

s_abdullayev@mail.ru, m_qocayev@mail.ru 
 

Böyük Hadron Kollayderind  2012-ci ild  ATLAS  CMS kollaborasiyalar  t find n 
apar lan t crüb rd  kütl si 125 GeV olan Hiqqs bozonun varl  a karland . Yeni skalyar 
bozonun dig r z rr cikl rl laq  sabitl rinin d qiq ölçülm si bu z rr ciyin Standart Modelin 
Hiqqs bozonu olub-olmamas  m sin  ayd nl q g tir  bil r. Bu nöqteyi-n rd n Hiqqs 
bozonun müxt lif çevrilm  v  do ulma kanallar n n ri t dqiqin  maraq xeyli artm r. 

qdim olunan i  Hiqqs bozonun müxt lif çevrilm  kanallar n t dqiqin  h sr olun-
mu dur. Bu m qs dl  a dak  prosesl  bax lm r: 

ffH , (1) ffZH , (2) 'ffWH , (3) 
H , (4) ZH . (5) ggH . (6) 
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Hiqqs bozonun leptonlara (kvarklara) çevrilm si. (1) 
prosesinin Feynman diaqram kil 1-d  göst rilmi dir 
(möt riz  z rr cikl rin 4-impulsu v  polyarizasiya vektorlar  
verilmi dir). 

biyyatda eyni zamanda psevdoskalyar  bozonu da 
rd n keçirilir. Bu m qs dl  el   bozonu götürülür ki, onun 

fermion cütü il  qar ql  t siri eyni zamanda h m CP-cüt v  h m 
 CP- k hiss  malik olsun: 

)()],())(,([)( 22511 pspbaspu
m

ffM f .                      (7) 

Burada fm  fermionun kütl si, 246)2( 21
FG  GeV – Hiqqs bozon sah sinin vakuum 

qiym ti, FG  z if qar ql  t sirin Fermi sabiti, )( p  -bozonun vahid  normalla  dal a 
funksiyas , a  v  b  – ixtiyari sabitl rdir.  

(7) ifad si sas nda ff  prosesinin çevrilm  ehtimal  üçün ifad  al nm  v  mü yy n 
olunmu dur ki, enin  polyarla  fermion-antifermion cütünün spinl ri paralel olduqda -
bozon CP-cüt, antiparalel olduqda is  CP- k qar ql  t sir hesab na çevrilir. -bozonun 
uzununa polyarla  fermion-antifermion cütün  çevrilm si is  fermion v  antifermionun eyni 
spirall a malik oldu u halda mümkündür. 

-bozonun fermion-antifermion cütünün spin hallar  üzr  c ml nmi  çevrilm  ehtimal  
dak  ifad  il  t yin olunur:   
a) skalyar Hiqqs bozonu üçün –  

32

24
)( ffH

CF mMNGffH ;                                       (8) 

b) psevdoskalyar A bozonu üçün –  

ffA
CF mMNGffA 2

24
)( ,                                       (9) 

burada HM  v  AM  uy un olaraq skalyar v  psevdoskalyar bozonlar n kütl ri, CN  r ng 

vuru u (leptonlar üçün 1CN , kvarklar üçün 3CN ), 2241 Mm ff  –fermionun 
sür tidir. N tic r sas nda müxt lif prosesl rin çevrilm  eninin Hiqqs bozonun kütl sind n 
as  t dqiq edilmi  v  qrafik as qlar qurulmu dur. 

Hiqqs bozonun Z(W)-bozon v  fermion cütün  çevrilm si. Enerji-impulsun saxlanmas  
qanununa gör  Hiqqs bozon ,* fZfZZH  

'* fWfWWH  kanallar  üzr  çevril  bil r (burada *Z  v  
*W  –virtual bozonlard r). vv lc  *ZZH  prosesin  

bax lm r ( kil 2) (möt riz  z rr cikl rin 4-impulslar ; 
fermionun v  antifermionun spirall qlar  ( 1 , 2 ) 
göst rilmi dir).  

Hiqqs bozonun çevrilm sinin tam ehtimal  üçün 
dak  ifad  al nm r: 

k. 1. ffH  prosesinin 
Feynman diqaram  

k. 2. fZfH  prosesinin  
Feynman diaqram  
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).(
)1(

)()(
384

)(
222

3

2

xR
xx

fgfgMMNefZfH
WW

RL
H

ZC                          (10) 

Burada WfRWfL QfgQfIfg 22
3 sin)(,sin)()(  – fermionun neytral Z -bozonu il  

sol v  sa laq  sabitl ri, W  Vaynberq buca , WWx 2sin Vaynberq parametri,  

xx
x

x
xxxR

2
13arccos

14
)1820(3)(

2

)21347(
2

1ln)164(
2
3 22 xx

x
xxxx   (11) 

 2)( HZ MMx .  
)]()([ 22 fgfgN RL

f
C  ifad sini m lum fermionlar üzr  ( t -kvarkdan ba qa) c ml kl  

bütün mümkün fZfH  kanallar  üzr  Hiqqs bozonun tam çevrilm  eni üçün a dak  ifad ni 
yazmaq olar: 

)(
9
40

3
10

4
7

)1(32
)( 2

2

2
* xRxxM

xx
MZZH WW

Z

WW

H
tot .          (12) 

Eyni qayda il  hesablamalar aparmaqla  Hiqqs bozonun '* fWfWWH  kanal  üzr  
çevrilm sinin ( cuvvvf e ,,,, , sdef ,,,,' ) ( kil 3) tam eni üçün a dak  ifad  
al nm r. 

)( *WWH )(
32
3

4

2 xRM
x

M W

W

H ,       (13) 

burada )(xR  funksiyas  2)( HW MMx  n  al nmaqla (11) 
ifad si il  hesablan r. 

Al nm  (12) v  (13) ifad ri sas nda Hiqqs bozonun 
fZfH  v  'fWfH  sxeml ri üzr  çevrilm  eninin Hiqqs 

bozonun kütl sind n as  t dqiq edilmi  v  n tic r qrafik t svir olunmu dur. 
Hiqqs bozonun fotonlara çevrilm si. Fotonlar (qlüonlar) kütl siz z rr cikl r oldu undan, 

H  çevrilm si virtual yüklü z rr cikl r hesab na kil 4-d  t svir olunmu  üçbucaql  
diaqramlar üzr  ba  verir. 

 
k. 4. H  prosesinin Feynman diaqramlar  

Qradiyent invariantl na sas n H  çevrilm sinin matris elementi 

])([)( 2112
)2*()1*( gppppaaAHM ,                        (13) 

k. 3. 'ffWH  prosesinin 
Feynman diaqram  
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klind  yaz la bil r. Burada )1*(a  v  )2*(a  – fotonlar n 4-ölçülü polyarla ma vektorlar , 1p  v  2p  

– uy un impulslar, Wf AAA  is  fermion  v  W  diaqramlar n (ilg kl rinin) 
amplituda verdiyi pay  xarakteriz  ed n h ddir. 

-kvantlar n sirkulyar polyarizasiyalar  üzr  c ml  aparmaqla v  fermion v  W -bozon 
ilg kl rinin amplituda verdiyi pay  n  almaqla H  çevrilm  prosesinin ehtimal  üçün 
ifad ni a dak kild  yazmaq olar:  

2

2
3

32

)()(
2128

)(
f

WWfffC
HF AAQNMGH .                         (14) 

Göründüyü kimi, H  çevrilm sinin eni Hiqqs bozonun kütl sinin artmas  il  art r. 
Hiqqs bozonun fotona v  Z-bozona çevrilm si. Hiqqs bozonun ZH  sxemi üzr  

çevrilm si d  mümkündür. Prosesin matris elementini a dak kild  yazmaq olar: 

])([)( 2112
** gppppUeAZHM Z .                             (15) 

Burada *e  v  *U  – uy un olaraq -kvant n v  Z -bozonun 4-ölçülü polyarizasiya vektorlar , 
Z

W
Z
f

Z AAA  is  fermion v  W  diaqramlar n (ilg kl rinin) amplituda verdiyi pay  
xarakteriz  ed n h ddir. 

ZH  prosesinin çevrilm  eni üçün al nm  ifad  a dak kild dir: 

2
3

2

2
3

2

1)(
cos32

1)( f
H

Z
HV

W

fC

W

I
M
MMfg

QN
M
gZH .                 (16) 

Hiqqs bozonun iki qlüona çevrilm si. Hiqqs bozonun ggH  sxemi üzr  çevrilm si 
ehtimal  üçün a dak  ifad  al nm r:  

,
8
1)(

2
0

222

H

fs

M
Im

ggH                                      (17) 

burada 
4

2
s

s
g  – güclü qar ql  t sir sabitidir. Hiqqs bozonun kütl si 125HM   olduqda 

ggH  çevrilm sinin parsial eni ~)( ggH 0,2 eV t kil edir v  Hiqqs bozonun kütl sinin 
artmas  il  art r, m n, 400HM  GeV olduqda ~)( ggH 10 eV-a b rb r olur. 

Standart Model ç rçiv sind  Hiqqs bozonun müxt lif mümkün çevrilm  kanallar n 
amplitudu v  ehtimallar  üçün al nm  analitik ifad rd n v  t dqiq olunmu  as qlardan görünür 
ki, Hiqqs bozonun kütl si 100 GeV HM 130 GeV aral nda olarsa, sas proses bbH  
çevrilm sidir. M n, 120HM  GeV olduqda müxt lif çevrilm  kanallar n nisbi ehtimallar  

%7)(%68
)(

)()( B
H

bbHbbB , , %,3)( ccB  %,7)(ggB  %2)(%,13)( ** ZZBWWB  

kil edir, dig r çevrilm  kanallar  is  z ifdir. 
Hiqqs bozonun kütl sinin artmas  il  *WWH  v  *ZZH  çevrilm rinin ehtimal  art r, 

dig r çevrilm rin ehtimal  is  azal r. M n, HM =300 GeV olduqda ,%69)( *WWB  
%30)(B *ZZ . 
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hXee  PROSES ND  ELEKTROZ F AS MMETR YALAR 

S.Q. Abdullayev, A.S. Quliyeva 
Bak  Dövl t Universiteti 

s_abdullayev@mail.ru, ayte191@box.az  
 

Elektron-pozitron annihilyasiyas nda hadronlar n yaranmas  h m n ri, h m d  t crübi 
dqiqatlarda mühüm yer tutur. Xüsus n uzununa polyarla  elektron-pozitron cütünün 

annihilyasiyas nda son hadronlar n birinin qeyd  al nd  prosesl r 

Xhee                                                        (1) 

hadronlar n qurulu unun öyr nilm sind  v  müxt lif modell rin yoxlan lmas nda, müst sna 
miyy  malikdir, burada X – qeyd  al nmayan hadronlar sistemidir. 

Kvart-parton modelin  (KPM) gör , h min prosesl r iki m rh  ba  verir. Birinci 
rh , ee -cütü vv lc  özl rini s rb st aparan kvark-antikvark cütün  çevrilir. kinci 
rh  is  kvarkla antikvark bir-birind n uzaqla qca gücl n qlüon sah si vakuumdan 

yeni kvark-antikvark cütl ri yarad r. H min z rr cikl r d  öz növb sind  ilkin kvarklara qo ulur 
 onlar n r ngl rini neytralla raraq, hadronlar n yaranmas na s b olur. 

nkluziv hadronun yaranmas  prosesi aral q fotonun v  Z0-bozonun mübadil si il  ba  verir. 
Lakin ee -cütünün enerjisi Z0-bozonun kütl sin  yax n olan oblastda ( ZMs ~ )  Z0-bozonla 
mübadil  diaqram  h lledici rol oynay r v  bu halda prosesin invariant amplitudunu 

0||)()]1)(()1)(([)(
2sin

)( 1552

2

JhXpuegegpDehXeeM RLZ
w

    (2) 

klind  yazmaq olar, burada 12 )/(1)( ZZZZ iMMssD , 1p  v  2p elektronla pozitronun 4-
ölçülü impulslar , 2

21 )( pps  – kütl  m rk zi sistemind  elektronla pozitronun enerjil ri 
minin kvadrat , Z  – 0Z -bozonun tam eni, J  – XhZ 0  keçidini t svir ed n z if hadron 

yan , )(egL  v  )(egR  – elektronun 0Z -bozonla qar ql  t sirinin sol v  sa  rabit  sabitl ri 

,sin)(

,sin
2
1)(

2

2

WR

WL

eg

eg
                                                  (3) 

W  – Vaynberq parametridir. 
(1) prosesinin diferensial effektiv k siyi a dak kild  yaz r: 

,||
)1(32

)( 2
2

HxLD
xxdxd

hXeed
Z

ww

                        (4) 

burada sEx h /2  – hadronun enerjisinin elektronun enerjisin  nisb ti,  v  ),(  – hadronun 
sür ti v  ç  cisim buca , L  H  – elektron v  hadron tenzorlar , WWx 2sin  – Vaynberq 
parametridir. 

Uzununa polyarla  z rr cikl r hal nda elektron tenzoru invariant amplitud (2) sas nda 
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asanl qla hesablan r: 
)(

12
22

21
22 ))](()([()1)](()({[( s

RLRL LegegegegL  

})])(()(()1)(()([( )(
12

22
21

22 A
RLRL Legegegeg                                  (5) 

,,)( 21
)(

211221
)( ppiLgppppppL As  

1  v  2  – elektronla pozitronun spirall qlar r. 
H  tenzorunun üz rind ki x tt hadronlar n spin hallar na gör  c ml nin, impulslar na 

gör  is  inteqrallaman n apar ld  göst rir: 

XX dPpqoJhXJhXH )(||0||)2( 3 ,                       (6) 

p – hadronun (h) 4-ölçülü impulsu, 21 ppq  – hadronlara ötürül n impuls, XP  v  Xd - qeyd  
al nmayan hadronlar n tam impuls v  faza h cmidir. 

Hadron tenzoru, (6) ifad sind n göründüyü kimi, yaln z p v  q impulslar ndan as  
olacaqd r: 

2

22

221 )
)(

)(
)(

(1)( W
qp

qpq
qp

qpq
qq

qq
gWH  

65423 )()()(
W

qp
qpqp

iW
qp

qpqp
W

q
qp

W
qp

qp
i                      (7) 

nW  ( 61n ) – hadronlar n h qiqi struktur funksiyas  olub, sqpx /)(2  v  s. d yi nl rind n 
as r. 

Elektronun kütl sini n  almad qda L  tenzoru saxlan r: 0qLqL ikik  (1) 
prosesinin effektiv k siyi yaln z 1W , 2W  v  3W  struktur funksiyalardan as  olacaqd r (hadronun 
kütl si n  al nm r): 

)]))(()(()1))(()({[(
32

||)(
12

22
21

22
22

egegegegsx
x
D

dxd
hXeed

RLRL
w

Z  

}.cos)]))(()(()1))(()([(2)sin2[ 312
22

21
222

21 WegegegegWW RLRL     (8) 

Effektiv k siyin bu düsturu sas nda h m diferensial, h m d  inteqral elektroz if 
asimmetriyalar  ala bil rik. Uzununa polyarla  elektronla polyariz  olunmam  pozitronun 
annihilyasiyas  prosesind  (8) effektiv k siyini 

)sin2()]()([
)1(32

||)( 2
21

22
22

WWegegsx
xx

D
dxd

hXeed
RL

ww

Z  

)],,(),,(1[ 1 xsAxsA LRFB                                                               (9) 

klind  yazmaq olar. Burada ).,( xsAFB  v ),,( xsALR  ir li-geri bucaq asimmetriyas  il sol-sa  
spin asimmetriyas r: 
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.
sin2

cos2
),,(

,
sin2

cos2
),,(

2
21

3

2
21

3

WW
W

AxsA

WW
W

AxsA

eLR

eFB

                                        (10) 

burada 

.
)()(
)()(

22

22

egeg
egegA

RL

RL
e                                                      (11) 

ndi Xhee  prosesinin inteqral asimmetriyalar na n r yetir k. Bunlara 
dak  elektroz if asimmetriyalar daxildir: 
1) Hadronun ir li-geri bucaq asimmetriyas  

,
)3(2

3
//
//

21

3

WW
WA

dxddxd
dxddxdA e

BF

BF
FB                              (12) 

dxd F /  v  dxd B /  –  ir li  (cos 0 ) v  geri (cos 0 ) yar msferalarda barionun 
do ulmas n effektiv k sikl ridir; 

2) Elektronun spirall  n  almaqla hadronun ir li-geri bucaq asimmetriyas  

;
)3(2

3
1/)(/)(

/)(/)(
)(

21

3

1

1

11

11
1 WW

W
A

A
dxddxd
dxddxdA

e

e

BF

BF
FB               (13) 

3) Sol-sa  spin asimmetriyas  

e
RL

RL
LR A

dxddxd
dxddxdA

//
//                                        (14) 

dxd L /  v  dxd R /  – XheeL  v  XheeR  prosesl rinin effektiv k sikl ridir; 
4) li-geri spin asimmetriyas  

dxddxddxddxd
dxddxddxddxdA

BBFF

BBFF
FB /)(/)(/)(/)(

]/)(/)([/)(/)()(~

1111

1111
1  

.
)3(2

3

21

3
1 WW

W                                                                      (15) 

Elektroz if asimmetriyalar  qiym tl ndirm k üçün KPM sas nda hadronlar n struktur 
funksiyalar  t yin ed k: struktur funksiyalara sas pay ver n parton prosesl ri ee  
annihilyasiyas nda kvark-antikvark cütünün yaranmas r: qqZee )( 0  

KPM-d  Xhee  prosesinin diferensial effektiv k siyi 

q q

h
q

q

qh
q

q

q xD
d
d

xD
d
d

dxd
hXeed

B )(
ˆ

)(
ˆ)(                          (16) 

klind  yaz r, burada )(xD Bh
q ( )(xD Bh

q ) –kvark n (antikvark n) hadrona fraqmentasiya 
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funksiyas , qq dd /ˆ  –elementar parton prosesind  kvark n bucaqlara gör  paylanmas  
mü yy n ed n effektiv k sikdir: 

))()(()1))(()([(2)cos1))(()((

)]))(()(()1))(()({[(
)1(16
||ˆ

22
21

22222

12
22

21
22

22

22

egegegegqgqg

egegegeg
xx

DsN
d
d

RLRLRL

RLRL
ww

Zc

q

q

 

}cos))()()](( 22
12 qgqg RL                                                             (17) 

Nc=3 – r ng vuru u, ,sin)()( 2
3 wqL QqIqg  wqR Qqg 2sin)( , )(3 qI  v  qQ  –

kvark n z if spininin üçüncü proyeksiyas  il  elektrik yüküdür. 
(8) v  (16) effektiv k sikl rinin müqayis sind n hadronlar n struktur funksiyalar  üçün 

dak  ifad ri al q: 

.)]()()][()([
)1(

2

,)]()()][()([
)1(

2

22
3

22
21

q

h
q

h
qRL

ww

c

q

h
q

h
qRL

ww

c

xDxDqgqg
xx

N
xW

xDxDqgqg
xx

NxWxW
               (18) 

K,  D  mezonlar n do ulmas  prosesl rind  ir li-geri bucaq asimmetriyas n 
ölçülm si LEP sür tl ndirici m rk zd  müxt lif qruplar t find n h yata keçirilmi dir. 
Yükqo ma v  izotop spin invariantl na gör , fraqmentasiya funksiyalar  aras nda a dak  
münasib tl r olmal r: 

).()()()(

),()()()(

),()()()(

xDxDxDxD

xDxDxDxD

xDxDxDxD

K
u

K
s

K
s

K
u

D
c

D
s

D
s

D
c

uddu

 

Bu halda elektroz if asimmetriyalar fraqmentasiya funksiyalar ndan as  olmur: 

.
4
3)(~)(~)(~)(~)(~)(~

;

;
4
3)1()1(

)1()1()1()1(

;
4
3)()(

1111111

11

1111

ud
D
FB

D
FB

K
FB

K
FBFBFB

e
D
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D
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K
LR

K
LRLRLR
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D
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D
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K
FB

K
FBFBFB
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D
FB

D
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K
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K
FBFBFB

AAAAAAA

AAAAAAA
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AAxDxDAAAA

 

burada 
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)()()()(
)()()()(
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dgdgugug
dgdgugugA
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RLRL
ud  
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BXee  PROSES ND  HADRONLARIN 

STRUKTUR FUNKS YALARI 
S.Q. Abdullayev, A.S. Quliyeva 

Bak  Dövl t Universiteti 

s_abdullayev@mail.ru, ayte1991@box.az 
 

Hadronlar n daxili qurulu unun öyr nilm sind  lepton-nuklon d rin qeyri-elastiki s pilm  
(DQES) prosesl ri il  yana  elektron – pozitron annihilyasiyas nda polyarla  barionlar n 
yaranmas  prosesl ri d  mühüm yer tutur. 

 .),();(),(),( 0
2211 XhpBZpepe B                           (1) 

möt riz rd  z rr cikl rin 4-ölçülü impulslar v  spirall qlar  göst rilmi dir, B –sonda qeyd  

al nan 
2
1  spinli bariondur (p, ,  v  s.), X – qeyd  al nmayan hadronlar sistemidir. 

Elektron –pozitron annihilyasiyas nda 4 – ölçülü p impulsuna v  hB spirall na malik 
inkluziv barionun yaranmas  prosesinin invariant amplitudunu a dak kild  yazmaq olar: 

,0||),(),()]1()1([),(
2 115522

2
i

B
i
R

i
L

i
JXhpBpuGGpeM       (2) 

burada  

iii

i
eRLi

RL iMMs
g

G 2
)(

)( , 

ml  aral q foton v  Z0-bozon üzr  apar r ( 0;Zi ) ( bundan sonra c m i ar si 
yaz lmayacaqd r), ZM  v  Z  – Z0-bozonun kütl si v  tam eni ( foton hal nda 0M -d r), 

iJ  – XBi  keçidini xarakteriz  ed n hadron c yan , )(eg i
L  v  )(eg i

R  – elektronun fotonla 
 ya Z0-bozonla qar ql  t sirinin sol v  sa  rabit  sabitl ridir: 

,
cossin

)(,
cossin

)()(

,1)()(

ww

R

ww

LZ
L

eRL

egegeg

Qegeg
 

WR

WL

eg

eg

2

2

sin)(

,sin
2
1)(

 

W  – Vaynberq parametridir. 
(1) prosesinin diferensial effektiv k siyi b rab rdir: 

 

,
16

2
ikik HxL

dxd
d                                                          (3) 
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burada sEx B /2  – barionun enerjisinin elektronun enerjisin  nisb ti, ),(  – barionun 
 cisim buca . 

])()][()1([( 211221122211 gppppppggL ikikik  

21121212 )]()1([( ppigg ikik                                            (4) 

,1
K

R
i
R

K
L

i
L

ik GGGGg   K
R

i
R

K
L

i
L

ik GGGGg 2  

– lepton tenzoru, ikH  is  hadron tenzorudur. Hadron tenzorunun üz rind ki x tt qeyd  
al nmayan hadronlar n spinl rin  gör  c ml nin, impulslar na gör  is  inteqrallaman n 
apar ld  göst rir: 

spin
XX

K
VB

i
B

ik dPpqoJXhpBJXhpBH )(||),(0||),()2( 3        (5) 

q – hadronlara ötürül n impuls, XP  v  Xd  – qeyd  al nmayan hadronlar n tam impuls v  faza 
cmidir. H  v  ZZH  tenzorlar  XBee  prosesinin fotonla v  0Z -bozonla mübadil  

diaqramlar na uy undur. ZH  v  ZH  tenzorlar  is  foton 0Z -bozon diaqramlar n 
interferensiyas  xarakteriz  edir. 

J  v  ZJ  hadron c yanlar n f za inversiyas na gör  simmetriya xass rini bil k, 
ikH  tenzorlar n ümumi qurulu unu mü yy n etm k mümkündür. Bu  zaman XBee  

prosesinin dinamikas  bilm k heç d  z ruri deyildir, sad  birfotonlu v  0Z -bozonlu 
mexanizml rin xüsusiyy tl rini bilm k z ruridir. (5) inteqral ndan görünür ki, hadron tenzoru 

ikH  barionun spirall  il  4-ölçülü p v  q impulslar ndan as r (lepton tenzoru 

saxlan ld ndan 0qLqL ikik , q  q  il  müt nasib olan h dl r n rd n at lm r): 

2332

2

2211 )(
)(

)(
)()(

qp
pp

GhWi
qp

qppGhWgGhWH ik
B

ikik
B

ikik
B

ikik    (6) 

ik
nW  v  ik

nG (n=1, 2, 3) – x v  s – d yi nl rind n as  struktur funksiyalard r. 
Lepton v  hadron tenzorlar n vurulmas  n tic sind  XBee  prosesinin 

diferensial effektiv k siyi üçün a dak  ifad ni al q: 

]sin)()(2)[()1({[
16

2
2211122211

2
ik

B
ikik

B
ikikik GhWGhWggsx

dxd
d  

}cos))(()1([2 33121212
ik

B
ikikik GhWgg .                                 (7) 

SE sad  kvark-parton modelind  (KPM) t yin ed k. h min model  gör , (1) prosesi iki 
rh  ba  verir. vv lc  aral q foton v  ya 0Z -bozon kvark –antikvark cütün  çevrilir 

( qqqZ 0; ), sonra is  onlar hadronlara fraqmentasiya edir ( XBqq ). F rz ed k ki, 
prosesd  kvark n impulsunun böyük hiss sini da yan barion ( 1/2/ sEEEx BqB ) qeyd  
al nm r. Hesab etm k olar ki, bel  barion eyni istiqam td  h t ed n sür tli kvarkdan 
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formala r, sür tli kvark çat mayan iki kvark  “ d nizd n “ z bt edir v  sür tli bariona 
çevrilir. 

KPM-d  XBee  prosesinin diferensial effektiv k siyi a dak kild  yaz r: 

q

B

q

q

B

q
hq

hB
hq

q

qq

hq

hB
hq

q

qq xD
d

hd
xD

d
hd

dxd
d

,

)(
)(

,

)(
)( )(

)(ˆ
)(

)(ˆ
                           (8) 

ml  barionunun t rkibind ki bütün kvarklara gör  apar r, )()(
)( xD B

q

hB
hq  – spirall  qh  olan 

kvark n Bh  spirall  bariona fraqmentasiya funksiyas r. Uzununa polyarla  kvark n bucaqlara 
gör  paylanmas  t svir ed n qqee  parton prosesinin diferensial effektiv k siyi 

rab rdir: 

)cos1)()(()1({[
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)(ˆ
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21122211

2
ik

q
ikikikc

q

qq qhqgg
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d
hd

 

}cos))(()1([2 12121212
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q
ikikik qhqgg                                      (9) 

burada 3cN  r ng vuru u, 

),()()()(1 qgqgqgqgg k
L

i
L
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L

ik  )()()()(2 qgqgqgqgg k
R

i
R

k
R
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R

ik , 
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LqRL

qgqgqgqgQqgqg
cossin

)()(,
cossin

)()(,)()( ,              (10) 

,sin)(,sin)()( 22
3 wqRwqL QqgQqIqg  

)(3 qI  v  qQ  – kvark n z if izospininin üçüncü proyeksiyas  v  elektrik yüküdür. 
Uzununa polyarla  antikvark n bucaqlara gör  paylanma düsturunu almaqdan ötrü (9) 

ifad sind  qq hh  v  coscos zl ri apar lmal r. 

Qeyd ed k ki, qqZee 0  prosesind  yaranan kvarklar böyük polyarla ma 
sin  malikdir. M n, uuZee 0  v  ddZee 0  prosesl rind  u- 

 d- kvark n polyarla ma d si uy un olaraq -0,67 v  -0,97-dir. Lakin kvarklar s rb st 
kild  mü ahid  edilm diyind n onlar n polyarla ma d rini bilavasit  ölçm k mümkün 

deyildir. F rziyy  q bul etm k olar ki, sür tli kvark öz spinini bariona ötürür. M hz bu s bd n 
XBee  prosesl rind  müxt lif barionlar n uzununa polyarla ma d rinin 

ölçülm si mühüm miyy  malikdir. 
Mü yy n i ar r q bul etm kl  
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hadronlar n SF üçün a dak  ifad ri al q: 
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0Z  –rezonans oblast nda ( 2
ZMs ) XBZee 0  prosesinin effektiv k siyi a dak  

kil al r (KPM-d  al nm  ZZZZ WW 12  v  ZZZZ GG 12  münasib tl r n  al nm r): 

)cos1)()([(
16

2
11211

2
ZZ

B
ZZZZZZ GhWggsx

dxd
d  

].cos))((2 33112
ZZ

B
ZZZZZZ GhWgg                                               (13) 

min effektiv k sik sas nda a dak  inteqral xarakteristikalar  ala bil rik: 
1) ir li-geri bucaq asimmetriyas  

;
)()]()([

)()]()([

)()(
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4
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xDqgqg

xDqgqg

egeg
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FB                      (14) 

2) sol-sa  spin simmetriyas   

;
)()(
)()(
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egeg
egegA

RL
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LR                                             (15) 

3) barionun uzununa polyarla ma d si 

.
)()]()([

)()]()([
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q

B
qRL

q

B
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B xDqgqg

xDqgqg
P                                    (16)  

Göründüyü kimi, 0Z -rezonans nda sol-sa  spin asimmetriyas  yaln z elektronun, barionun 
uzununa polyarla ma d si yaln z kvarklar n, ir li-geri bucaq asimmetriyas  is  h m 
elektronun, h m d  kvarklar n neytral z if c yan parametrl rind n as r. H min elektroz if 
asimmetriyalar  t crüb rd  ölçm kl  polyariz  olunmu  kvarklar n polyarla  barionlara 
fraqmentasiya funksiyalar  haqq nda informasiya ld  etm k mümkündür. 
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HIGHER -TWIST MECHANISM AND MESON PAIR  

PRODUCTION IN PROTON-ANTIPROTON COLLISIONS 
A.I. Ahmadov 

Institute for Physical Problems, Baku State University 
 

We calculate the contribution of the higher-twist Feynman diagrams to the large- Tp  meson pair 
production cross section in proton-antiproton collisions in case of the  frozen coupling approach within 
perturbative  QCD. The higher-twist cross section  with the ones obtained in the framework of the frozen 
coupling approach and leading-twist cross section are  compared and analyzed.  

It is well known that Quantum Chromodynamics (QCD) is the fundamental theory of the 
strong interactions.Therefore in order to describe the structure and dynamical properties of 
hadrons at the amplitude level many researchers have been studying QCD. The hadronic 
distribution amplitude in terms of internal structure degrees of freedoms plays a crucial role in 
QCD process predictions. 

One of the basic problems in QCD is choosing the renormalization scale in running 
coupling constant )( 2Qs . In principle, in perturbative QCD (pQCD) calculations, the argument 

of the running coupling constant in both the renormalization and factorization scale 2Q  should be 
taken as equal to the square of the momentum transfer of a hard gluon in a corresponding 
Feynman diagram [1]. In the perturbative QCD, the physical information of the inclusive gluon 
production is obtained efficiently; therefore, it can be directly compared to the experimental data. 

It should be noted, that problem the existence of the higher-twist contribution is not yet 
settled. Also necessary to study the difference of the leading-twist results for the frozen and 
running coupling constant approaches and compare it with that of the higher-twist is important. 

Take into account of this point the aim of this study is calculation and analysis of the 
inclusive meson pairs production in the proton-antiproton collisions using the frozen coupling 
constant approach. Using this approach the higher twist effects have been already calculated by 
many authors [2-15]. 

Although the frozen QCD coupling constant was introduced a long time ago, it is also 
actual in these days [16-25]. The origin of it comes from the divergent infrared behaviour of the 
well-known renormalization group expression for )( 2Qs . For this reason it is used as a constant 
in infrared domain. Another reason for introducing the frozen coupling is the perturbative QCD 
coupling. Also the effects of running )( 2Qs  should be taken into account in all calculations. 
However it makes some QCD calculations very difficult, if we want to estimate it approximately, 
it can be very convenient to use some effective coupling which minimizes the running of  

)( 2Qs  in the perturbative region. For getting an agreement with experimental data, the values of 
the frozen coupling are usually fixed from purely phenomenological considerations. The frozen 
coupling is frequently used in combination  with other phenomenological parameters to describe 
hadronic processes. We can come across  fixed )( 2Qs  very often  in various calculations done 
in the framework of the leading logarithmic approximation where most important logarithmic 
contributions are totally resumed while )( 2Qs  considered as fixed parameter and its argument  
is set off posteriori from physical considerations. The solution of the Schwinger-Dyson equations 
can be also another method for investigating the infrared behavior of the gluon and ghost 
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propagators and for the running coupling constant at low energies [26]. Although early studies of 
the Schwinger-Dyson equations  for the gluon propagator is very singular in the infrared [27-29], 
other studies found infrared finite propagators, for example one is found in [30] the gluon 
acquires a dynamical mass 2

gm , and the other is extensively discussed [31, 32] where the gluon 

propagator goes to zero where the momentum 02Q . In both cases the freezing of coupling 
constant appears in the infrared. In the case where squared momentum of a hard gluon gets the 
form 2Q 22

gmQ , for running coupling constant leads to )( 2Qs  )( 22
gs mQ . Here 2

gm  is 
interpreted as an effective dynamical gluon mass or fictitious mass of gluon.  By frozen coupling 
constant approach for squared of transfer momentum of the hard gluon in single meson 
production in photon-photon production MX  are  taken  as  2/ˆ2

1 sQ  and 2/ˆ2
2 uQ . 

Additionally, we can also come across other  physical properties of frozen coupling constant in 
the confinement mechanism suggested in [33, 34] as 11  dimensional Quantum 
Electrodyanamics. 

The calculation and  analysis of the higher-twist effects on the dependence of the pion 
distribution amplitude in meson pairs production at proton-antiproton collision within pQCD 
approach is the interesting research problems.  

Take into account of this point the aim of this study is calculation and analysis of the pair 
production of the mesons in the proton-antiproton collisions using the frozen  coupling constant 
approach.  

Direct production of meson pairs involves  two hard collisions subprocess 
1. Pairs meson production in gg  and  2. qq . 
Then the parton-level cross section within frozen coupling constant method becomes 
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0 )1(
)(

dx
xx

x
I  

There are few forms of the pion distribution amplitude available in the literature. In the 
present numerical calculations, we use several choices, such as the asymptotic distribution 
amplitude derived in pQCD evolution, the distribution amplitudes predicted by the Chernyak-
Zhitnitsky(CZ), the Bakulev-Mikhailov-Stefanis (BMS) and pion distribution amplitudes in 
which Gegenbauer coefficients 2C  and 4C  are extracted from BELLE experiment: 

)1(3)( xxfxasy  



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 345 

,)12(
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In this study the pair meson production is calculated via higher twist mechanism within 
perturbative QCD. In the calculation of the cross sections the frozen coupling constant approach 
are employed. Concerning the study of the higher-twist contribution, it is primarily important to 
analyze its relative magnitude of contribution compared to the leading-twist contribution, since 
only leading-twist diagrams are commonly considered in usual studies of the hadron-hadron 
collision. Therefore they will be helpful for detailed investigation dynamical properties of 
nucleon. Also the higher-twist meson pair production cross section in the proton-antiproton 
collisions depends on the form of the pion distribution amplitudes and may be used for future 
study. 

Further investigations are needed in order to clarify the role of higher-twist effects in QCD. 
In hadron-hadron collisions, pair of meson at high transverse momentum can serve as a short 
distance probe of the incident hadrons. Especially, the future experimental measurements will 
provide further tests of the dynamics of large- Tp  hadron production beyond the leading twist. 
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NEW MODEL FOR THE GENERATION OF STRONG  
MAGNETIC FIELDS IN MAGNETARS 

Maxim Dvornikova,b 
aPushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation of the 

Russian Academy of Sciences (IZMIRAN), Russia 
bPhysics Faculty, National Research Tomsk State University, Russia 

 

Magnetars are neutron stars having extremely strong magnetic fields GB 1510 . Despite 
the existence of numerous models for the generation of such magnetic fields, the issue of the 
origin of magnetic fields in magnetars still remains open. We propose the new model for the 
generation of strong large-scale magnetic fields in magnetars based on the magnetic field 
instability in matter composed of electrons and nucleons interacting by the parity violating 
electroweak forces. 

Basing on the exact solution of the Dirac equation for an ultrarelativistic electron 
interacting with background nucleons and an external magnetic field, we derive the induced 
anomalous electric current flowing along the magnetic field. Then we obtain the system of kinetic 
equations for the spectra of the magnetic helicity density and the magnetic energy density as well 
as the chiral imbalance. To avoid the excessive growth of the magnetic field and the back 
reaction of matter on the magnetic field we introduce the quenching of the Chern-Simons 
parameter. The flip rate of the helicity of an electron scattering off protons in the neutron star 
matter is calculated using the quantum field theory methods. 

The system of the kinetic equations is solved numerically for different initial magnetic 
helicities and the scales of the magnetic field. We adopt the Kolmogorov spectrum of the 
magnetic energy density. On the basis of the numerical solution we obtain the time evolution of 
the magnetic helicity density,the chiral imbalance, and the magnetic field. 

In frames of our model, we can predict the growth of a seed magnetic field GB 12
0 10 , 

typical in a pulsar, up to GB 1510 , i.e. the strength predicted in magnetars. Magnetic fields 
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generated are of large-scale comparable with the magnetar radius. The time of the magnetic field 
growth is yr)1010( 53 , which is comparable with the ages of young magnetars. Within our 
approach we also predict the generation of the maximal helicity from initially nonhelical fields. 
The obtained results are compared with the predictions of other models. 
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MAQN TL  MÜH TD  MÜON (TAUON) NEYTR NOLARI V  ELEKTRON  
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Bu i  m qs d maqnitl mi  mühitd  müon (tauon) neytrinolar  v  elektron 
antineytrinolar  maqnit sah sinin intensivlik vektoru il  üst-üst  dü n z -oxu üzr  bir-birin ks 
istiqam tl rd  h t ed rk n  

eLeL
~                                                           (1) 

reaksiyas  üzr  ba  ver n müon (tauon) neytrinolar n v  elektron antineytrinolar n müonlara 
(tauonlara) v  pozitronlara annihilyasiyas  prosesl ri 1  n tic sind  spinl ri enin  polyarla  
müonlar n (tauonlar n)  v  pozitronlar n eyni zamanda do ula bilm si mümkün olan n a  
Landau s viyy rini mü yy n etm k v  al nan n tic rin kosmik v  astofiziki t tbiql rini 
göst rm kdir. Maqnitl mi  mühitd  müon (tauon) neytrinolar  maqnit sah si istiqam tind , 
elektron antineytrinolar  is  maqnit sah sinin ksi istiqam tind  h t etdiyi halda (1) 
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reaksiyas  üzr  ged n prosesl rin effektiv k siyi do ulan müonlar n (tauonlar n)  v  pozitronlar n 
spinl rinin enin  polyarla malar  n  al nmaqla a dak  ifad  il  verilir:  

xItff
pEpE

EE
H
HmG

nne
nn i

L
ziizii

ii

L
L

F 2
,15

0,0

2
2

11 .                   (2) 

Burada FG - z if qar ql  t sirin Fermi sabiti, H - maqnit sah sinin intensivliyinin qiym ti, 
emmmemH eeLLL

222
0 - maqnit sah sinin 1c  olan vahidl r sistemind  Lm  kütl li 

yüklü leptona uy un böhran qiym ti, em - elektronun (pozitronun) kütl si, ii EE  v  ziiz pp , 
uy un olaraq, pozitronun (müonun v  ya tauonun) enerjisi v  impulsunun üçüncü komponenti, 

Lf  v  
ef , uy un olaraq, müon (tauon) v  pozitron qazlar n Fermi-Dirak paylanma 

funksiyas r. Bu i   siqnatural  psevdoevklid metrikas ndan v  1Bkc olan 
vahidl r sistemind n ( Bk  - Bolsman sabitidir) istifad  edirik. (2) ifad sind ki xI nn 1,  funksiyas  

eH
x

2
cossinsin2sinsin 2222

                      (3) 

arqumentind n as  olan Lyaher funksiyas r. (3) ifad sind   v  , uy un olaraq, 
müon neytrinosunun v  ya tauon neytrinosunun (elektron antineytrinosunun) impulsunun polyar 

 azimutal buca , - müon neytrinosunun v  ya tauon neytrinosunun enerjisi,  is  elektron 
antineytrinosunun enerjisidir. 5t   spin msal  a dak  kimi t yin edilir: 
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22 2 ze peHnmE ,   22 2 zL pneHmE ,                    (7) 

 v  - uy un olaraq, pozitronun v  müonun (tauonun) spinl rinin sah  istiqam tind  v  ya 
onun ksi istiqam tind  proyeksiyalar r. (2) ifad sin  daxil olan 0,1 xI nn  funksiyas  

nnn  f rqinin yaln z 1n rtini öd n n  v  n  qiym tl ri üçün s rdan f rqli olub 
vahid  b rab rdir. 1n  olduqda (1) prosesl rinin effektiv k siyi a dak  ifad  il  verilir: 
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n  v  n  ba  kvant dl rinin 1n qiym tl ri üçün 0,1 xI nn  funksiyas  sifra 

rab r oldu una gör  0 olur v  eLeL
~  prosesl ri qada an olunub.   

Dem li, müon (tauon) neytrinolar  maqnit sah si istiqam tind , elektron antineytrinolar  is  
maqnit sah sinin ksi istiqam tind  h t etdiyi halda (1) prosesl ri hesab na pozitronlar n v  
müonlar n (v  ya tauonlar n) do ula bil yi a  Landau s viyy ri a dak lard r: 

0,1 nn ; 1,2 nn ; 2,3 nn  v  s. Ba qa sözl , müon (tauon) neytrinolar  maqnit 
sah si istiqam tind , elektron antineytrinolar  is  maqnit sah sinin ksi istiqam tind  h t 
etdikd  (1) prosesl ri hesab na pozitronlar n v  müonlar n (tauonlar n) do ula bil yi a  
Landau s viyy ri üçün 1nn  münasib ti öd nilir. Burada ,...3,2,1n  v  ,...2,1,0n . 
Bel likl , t hlill r göst rir ki, müon (tauon) neytrinolar  maqnit sah si istiqam tind , elektron 
antineytrinolar  is  maqnit sah sinin ksi istiqam tind  h t etdiyi halda (1) prosesl ri 
hesab na pozitronlar n sas Landau s viyy sind  do ulmas  mümkün deyil. Pozitronlar n do ula 
bil yi n a  s viyy  birinci Landau s viyy sidir. Bu halda müonlar n (tauonlar n) do ula 
bil yi n a  s viyy sas Landau s viyy sidir. sas Landau s viyy sind  yaranan müonlar 
(tauonlar)  üçün 1,0,0 zpn  oldu una gör  onlar n enerjisi öz sükun t enerjisin  

mE ( mE ) b rab r olur v  h min müonlar (tauonlar)  kinetik enerjiy  v  ümumiyy tl , 
sükun t enerjisind n savay lav  enerjiy  malik olmad qlar na gör  yarand qlar  güclü 
maqnitl mi  mühitd  qal r. Güclü maqnitl mi  mühit dedikd  güclü maqnitl mi  kosmik 
obyektl r ba a dü ülür. Birinci Landau s viyy sind  yaranan pozitronlar is  

22 2eHmE e  enerjisin  malik olduqlar na gör  mühiti t rk ed  bilir. N tic  

eLeL
~  prosesl ri hesab na yaranan bu pozitronlar kosmosa s çray r v  yüks k enerjili 

pozitronlar kimi kosmik üalar n t rkibind  olan elektronlarla müqayis  üstün pay yarad r. 
Dem li, PAMELA v  AMS-02 eksperimentl rind  mü ahid  olunan pozitron art ql n  2-4   
mümkün m nb rind n v  yaranma mexanizml rind n biri d  güclü maqnitl mi  kosmik 
obyektl rd  maqnit sah si istiqam tind  h t ed n müon (tauon) neytrinolar  il  maqnit 
sah sinin ksi istiqam tind  h t ed n elektron antineytrinolar n sas Landau s viyy sind  
olan müonlara (tauonlara)  v  birinci Landau s viyy sind  olan pozitronlara annihilyasiyas  
prosesl ridir.   

YYAT 
1. . .  , . . , . . . , 63 (2000) 2041 
2. Adriani O. et al. PAMELA Collaboration. Nature, 2009, 458, 607       
3. Aguilar M. et al. AMS Collaboration, Phys. Rev. Lett., 2013, 110, 141102 
4. Accardo L. AMS Collaboration. Phys. Rev. Lett., 2014, 113, 121101 
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Bu i  m qs d xarici, sabit, bircins maqnit sah sind  neytrino v  antineytrinolar Oxy  
müst visind  qar -qar ya h t etdikd  yüklü lepton v  antileptonlar n enin  
polyarla malar  n  almaqla ee~  ( ee~ ) prosesinin effektiv 

siyini hesablamaq, effektiv k siyin sah  parametrind n as  analitik v  qrafik olaraq 
ara rmaq, maqnit sah sinin bax lan prosesl  t sirinin miyy tli d  olma a ba lad  
sah  intensivliyini mü yy nl dirm k v  al nm  n tic rin mümkün astrofiziki t tbiql rini 
göst rm kdir. 

Neytrino v  antineytrino Oxy  müst visind  2';2  qar -qar ya ( ) 
t etdikd   bax lan prosesl rin effektiv k sikl rini mü yy n ed n müxt lif indeksli 1I , 2I , 

3I  v  4I  Lyaher funksiyalar n arqumenti olan 

eHx 2cossinsin2sinsin 2222                   (1) 

yi ni eHx 22  kimi t yin edilir. Kifay t q r güclü maqnit sah rind  neytrino 
 antineytrinonun enerjil rinin bir-birin  yax n qiym tl rind  122 eH  olur v  x   

yi ni üçün 0x  q bul edil  bil r. Maqnit sah sinin bax lan prosesl  t sirini qrafik olaraq 
ara rmaq m qs dil  konkret fiziki rait  baxaq. E , TE , E , TE rti 
daxilind   neytrino v  antineytrino sah  perpendikulyar istiqam td  qar -qar ya daxil olduqda 

;2';2  pozitron birinci Landau s viyy sind  ( 1n ),  elektron is  ikinci 
Landau s viyy sind  ( 2n ) yaranarsa, bu halda prosesin effektiv k siyi a dak  sad  ifad  il  
verilir: 

42121

2121

211
211 t .                                       (2) 

Burada 

2
2

16
2

e
F mG ,      

0H
H  ,                                             (3) 
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112111
8
1 212212

4 gggt ,      (4) 

E
pz ,  

E
pz                                                     (5) 

 
22
z

e

pE

m
,   

22
z

e

pE

m
                                       (6) 

22 2 ze peHnmE ,  22 2 ze pneHmE                             (7) 

22
AV ggg ,   AV ggg  .                                           (8) 

  - uy un olaraq, pozitronun v  elektronun spinl rinin sah  istiqam tind  v  ya onun ksi 
istiqam tind  proyeksiyalar , wVg 2sin25,0 , w  – Vaynberq buca , 23,0~sin 2

w . (8) 
düsturundan al nan  nisb ti  d yi nind n as  olan h r hans  bir f  funksiyas r: 

f . Lakin maqnit sah sinin bax lan prosesl  t siri son haldak  elektron v  

pozitronlar n spin hallar ndan da as r. Burada dörd hal mümkündür: 

1) 1,1 ,   2) 1,1 ,    3) 1,1 ,    4) 1,1 .      (9) 

Biz burada diqq ti c lb ed n 2-ci v  3-cü hallar  t dqiq edib müqayis r aparaca q. 
1,1  olan halda  nisb tinin  d yi nind n as kil 1-d , 
1,1 olan halda  nisb tinin   d yi nind n as kil 2-d  verilmi  

qrafikl rl  t svir olunmu dur.  d yi nin  uy un g n absis oxu loqarifmik miqyasda 
verilmi dir. Qrafikl rd n göründüyü kimi maqnit sah sinin t siri 210  qiym tind , y ni 

QsH 1510~ rtibli sah rd  (m n, maqnitarlarda) özünü miyy tli d  göst rm  
ba lay r. Eyni zamanda maqnit sah sinin bax lan prosesl  t siri son haldak  elektron v  
pozitronlar n spin hallar ndan da as r. 

1,1  v  1,1 olan hallarda ee~  ( ee~ ) 
prosesinin ba  verm sinin effekiv k sikl rinin nisb ti üçün a dak  ifad  al r: 

122
122

1,1,
1,1,

2

2

AVV

AVA

ggg
ggg

.                        (10) 

Fiziki k miyy tl rin 1n , 2n , 0
210 HH  [1,  2]  v  ez mp  qiym tl ri üçün 07,0 , 

05,0 , 07,0 , 05,0  qiym tl rinin al nd  n  alsaq (10) ifad sind n istifad  
etm kl  a dak di qiym tl ndirm  al r: 

21
1,1,
1,1, .                                          (11) 
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kil 1. 1,1  olan halda  funksiyas n  d yi nind n as  

Dem li, sah  effektl ri öz t sirini miyy tli d rc  göst rm  ba lad  
QsHH 15

0
2 10~10  t rtibli maqnit sah rind  [1, 2] pozitronlar birinci Landau s viyy sind , 

elektronlar is  ikinci Landau s viyy sind  do ulduqda ee~  ( ee~ ) 
prosesinin elektron v  pozitronlar n spinl rinin sah nin ksi istiqam tind  yön ldiyi halda ba  
verm  ehtimal  pozitronlar n spinl rinin sah  istiqam tind , elektronlar n spinl rinin is  sah nin 
ksi  istiqam tind  yön ldiyi haldak  ehtimal ndan t qib n 21 d  böyükdür. T hlill r göst rir 

ki, spinl ri maqnit sah si istiqam tind  yön lmi  ( 1,1 ) elektron v  pozitronlar n 
yaranmas  spinl ri maqnit sah sin  n n ks istiqam tl rd  yön lmi  elektron v  pozitronlar n  
yaranmas  il  müqayis  dominantl q t kil edir.  E , TE , E , TE rti 
daxilind  neytrino v  antineytrino sah  perpendikulyar istiqam td  qar -qar ya daxil olduqda  
maqnitarlarda ged n ee~  ( ee~ ) prosesi hesab na birinci Landau 

viyy sind  yaranan pozitronlar n v  ikinci Landau s viyy sind  yaranan elektronlar n 
ks riyy tinin spinl ri eyni zamanda ya maqnit sah si istiqam tind , ya da maqnit sah sinin ksi 

istiqam tind  yön lmi  olur. 

 

 

 

 

 

 

kil 2. 1,1  olan halda  funksiyas n  d yi nind n as  
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HIGGS BOSON SEARCH AT LARGE HADRON COLLIDER  

AND PREDICTION OF EXISTENCE OF NEW BOSONS 

V. A. Huseynov 

Department of Theoretical Physics, Baku State University 
Department of General and Theoretical Physics, Nakhchivan State University 

University Campus 

Department of Physics, Qafqaz University, Baku-Sumgayit Road  
vgusseinov@yahoo.com 

 

Recently a new neutral boson (NB) at a mass around GeV125  [1, 2] with properties 
compatible with the Standard Model Higgs boson was discovered in the LHC ATLAS and CMS 
experiments. Determination of the spin and parity of the NB at a mass around GeV125  is one of 

the most important questions of LHC physics. The different 2,1,1,0,0PJ  models were 
discussed for identification of the NB at a mass around GeV125 . Obviously, the discovered NB 
at a mass around GeV125  is  not  an  on-shell  spin  1 particle. According to the Landau-Yang 
theorem an on-shell spin 1 particle can not directly decay into a pair of photons [3, 4]. In general, 

the existing experimental data exclude the 2,1,1,0PJ  models at confidence levels above 
%8.97  and provide evidence for the spin 0PJ  nature of the indicated NB [5]. However, the 

2PJ  model has not been completely excluded yet. Thus, so far the spin of the discovered NB 
at a mass around GeV125  is an urgent topic of LHC physics. 

The main purpose of this work is to determine the condition in what the arbitrary NB 
having the mass in the range Wmm 20  (including the NB at a mass around GeV125 )  can 
decay into a pair of on-shell W - and W -bosons in a magnetic field (MF), to determine the 
spin of the indicated NBs, to study possible existence of new NBs having the mass in the range 

Wmm 20  and to estimate the MF strength required for realization of the new decay channel.  

On the ground Landau level the W  W -boson spin is oriented opposite to (along) the 
MF direction, i.e. 1zs  ( 1zs ), and the W -boson energy satisfies the inequality 

WWW meBmE 2                                                  (1) 

for 0B  provided that WBB 0 .                                                                                    
One of the main decay modes of the NB at a mass around GeV125  observed in the LHC 

experiments is the *WWH . We have obtained the following relation for the energy of the 
decaying NB which we assume to be at rest 

WW meBmmE 22 2 .                                             (2) 
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We have determined  that B  should satisfy the condition    
minBB ,                                                                (3) 

where 

e
mB WW2min

                                                       (4) 

is the minimal strength of the MF that can affect on a W -boson during its life time in a MF 
where   W  is  the W -boson decay width in a MF. Thus, in current situation the MF strength 
changes in the range 

e
mB

e
m

m
WW

W

W
22

2       .                                          (5) 

instead of the range WBB 00 . At the same time minB  is the minimal strength of the MF that is 
required for realization of the decay of an arbitrary NB having the mass in the range 

Wmm 20  into the on-shell W - and W -bosons on the ground Landau level. The minimal 
MF strength minB  also determines the maximal mass of the arbitrary NB that can exist in the mass 

range Wmm 20  and decay into the on-shell W - and W -bosons on the ground Landau 
level in a MF 

max0 mm ,                                                           (6) 
where 

W

W
W m

mm 212max                                            (7) 

and 

Wmm 2max .                                                                 (8) 

Now let us estimate the maximal mass of the NB that may exist in the mass range 

Wmm 20  and can decay into the on-shell W - and W -bosons on the ground Landau level 

in a MF. For this purpose we use the formula (7). For rough estimation we put GeVW 085.20
 

[6] instead of W, where 0
W  is the W -boson decay width in free case when a MF is absent. In 

this case we obtain GeV147  for the NB mass. However, in a MF the W -boson mean lifetime 

differs from the mean lifetime in free case. Therefore, the W -boson decay width W in a MF is 

not equal to the free decay width 0
W  and  it may be greater or smaller than 0

W . Depending on the 
W -boson decay width (mean lifetime) in a MF the maximal mass of the NB existing in the 
mass range Wmm 20  and decaying into the on-shell W - and W -bosons on the ground 
Landau level in a MF is around about GeV147 . The spin of this NB can be 2,1,0J .  

If we take into account the anomalous magnetic moment of W-bosons, we obtain the 
following formula for the mass of the new NB  
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212

max 21212
W

W

W

W
WY mm

mm .                       (9)  

More detail and additional calculations that takes into account the anomalous magnetic 
moment of W-bosons show that the mass of the expected possible new NB is in the range  

GeVmGeV 147133 .                                               (10) 

The quantum state or particle with the spin 2J  obtained here can be interpreted in two 
ways: 

1) if the NB at a mass around GeV125  is not the only NB (except the known neutral Z -

boson) in the mass range Wmm 20 , it means that in the indicated mass range there may exist 
the new NBs with the spins 0J , 1J  and 2J  besides the GeV125  Higgs boson; the 
predicted NBs may be either fundamental particles or bound states; the bound state consisting of 

WW -pair may be a candidate for the quantum state or particle possessing the properties 0J , 
1J  and 2J . At the same time it should be noted that the mass WW

m  of the WW -bound 
state lies in the range Wmm 20 .  

2) if the NB at a mass around GeV125  is the only NB with the spin 1J  in  the mass 

range Wmm 20 ,  it  means  that  the  NB at  a  mass  around  GeV125  possesses both the spin 
0J  property and the spin 2J  property. The LHC experimental data show that the spin 
2J  version still remains. Even the existing experimental data can not completely exclude the 

spin 2J  version. 
The existing experimental data also show that there are weak signals around GeV135 that 

are in favour of the predicted new NB in the mass range below GeV160 . 

REFERENCES 
1. ATLAS Collaboration. Phys. Lett. B 716, 1 (2012). 
2. CMS Collaboration. Phys. Lett. B 716, 30 (2012). 
3. L. D. Landau, Dokl. Akad. Nauk USSR 60, 207 (1948). 
4. C. N. Yang, Phys. Rev. 77, 242 (1950). 
5. ATLAS Collaboration. Phys. Lett. B 726, 120 (2013). 
6. K. A. Olive et al., Particle Data Group, Chin. Phys. C 38, 090001 (2014). 
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SEARCH FOR THE ASSOCIATED PRODUCTION OF THE  

HIGGS BOSON WITH A TOP QUARK PAIR IN MULTILEPTON  
FINAL STATES WITH THE ATLAS DETECTOR 

N.A. Huseynov,  Y. Ilchenko* 
JINR, Dubna, Russia, nguseynov@jinr.ru 

*University of TEXAS,  Austin, USA, ilchenko@physics.utexas.edu 
 

A search for the associated production of the Higgs boson with a top quark pair is 
performed in multilepton final states using 20.3fb 1 of proton–proton collision data recorded by 
the ATLAS experiment at 8TeVs = at the Large Hadron Collider. Five final states, targeting 
the decays ,WWH ,  and ,ZZ  are examined for the presence of the Standard Model (SM) 
Higgs boson: two same-charge light leptons (e or ) without a hadronically decaying  lepton; 
three light leptons; two same-charge light leptons with a hadronically decaying  lepton; four 
light leptons; and one light lepton and two hadronically decaying  leptons. No significant 
excess of events is observed above the background expectation. The best fit for the Htt  
production cross section, assuming a Higgs boson mass of 125 GeV, is 1.4

1.22.1+ times the SM 
expectation, and the observed (expected) upper limit at the 95% confidence level is 4.7 (2.4) 
times the SM rate. The p-value for compatibility with the background-only hypothesis is ;1.8  the 
expectation in the presence of a Standard Model signal is .0.9  

The discovery of a new particle H with a mass of about 125 GeV in searches for the 
Standard Model (SM) Higgs boson at the LHC was reported by the ATLAS and CMS 
Collaborations in July 2012. The particle has been observed in the decays 

,H l,ZZH 4  and WWH  and evidence has been reported for 
H , consistent with the rates expected for the SM Higgs boson. The observation of the 
process in which the Higgs boson is produced in association with a pair of top 
quarks ( t t̄ H) would permit a direct measurement of the top quark–Higgs boson Yukawa 
coupling in a process that is tree-level at the lowest order, which is otherwise accessible primarily 
through loop effects. Having both the tree- and loop-level measurements would allow 
disambiguation of new physics effects that could affect the two differently, such as dimension-six 
operators contributing to the ggH vertex. This letter describes a search for the SM Higgs boson in 
the Htt production mode in multilepton final states. The five final states considered are: two 
same-charge-sign light leptons (e or ) with no additional hadronically decaying  lepton; three 
light leptons; two same-sign light leptons with one hadronically decaying  lepton; four light 
leptons; and one light lepton with two hadronically decaying  candidates. These channels are 
sensitive to the Higgs decays ,WWH ,  and ZZ  produced in association with a top quark 
pair decaying to one or two leptons. A similar search has been performed by the CMS 
Collaboration. The selections of this search are designed to avoid overlap with ATLAS searches 
for Htt in bbH and H  decays. The main backgrounds to the signal arise from tt  
production with additional jets and non-prompt leptons, associated production of a top quark pair 
and a vector boson W or Z (collectively denoted Vtt ), and other processes where the electron 
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charge is incorrectly measured or where quark or gluon jets are incorrectly identified as  
candidates. 

This analysis is a search for Htt  production; as such, production of tHqb and tHW  is 
considered as a background and set background to Standard Model induces expectation. a shift of 
Including 0.04= this compared contribution to setting as a it to zero. A full extraction of 
limits on the top quark Yukawa coupling including the relevant modifications of single top plus 
Higgs boson production. The results are sensitive to the assumed cross sections for ,WWH  
and Ztt  production, and use theoretical predictions for these values as experimental 
measurements do not yet have sufficient precision. The best-fit value as a function of these 
cross sections is 

1
206

1.31
232

1.42.1
fb
Ztt

fb
Wtt=Htt  

A search for Htt production in multilepton final states has been performed using 20.3fb of 
proton–proton collision data at Htt recorded by the ATLAS experiment at the LHC. The 
best-fit value of the ratio  of the observed production rate to that predicted by the Standard 
Model is .+1.4

1.22.1  This result is consistent with the Standard Model expectation. A 95% 
confidence level limit of 4.7<  is set. The expected limit in the absence of Htt  signal is 

2.4.<  The observed (expected) p-value of the no-signal hypothesis corresponds to .0.91.8  

 
Figure 1. Best-fit values of the signal strength parameter ./ SMH,ttobsH,tt=  

         For the 4l Z-depleted category, 0.17< results in a negative expected  
         total yield and so the lower uncertainty is truncated at this point. 
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AKS AL-VEKTOR MEZONUN NUKLONLARLA  

QAR ILIQLI T R SAB  
. M mm dov1, N.C. Hüseynova1,2 

 (1)BDU, Fizika Probleml ri ET  
(2) BDU N ri Fizika Kafedras  

nerminh236@gmail.com 
 

AdS/KXD-nin s rt divar modelind   aksial vektor mezon il  nuklonlar n qar ql  t siri 
sin  bax lm r. AdS f zas n daxilind   v   kalibrl  sah ri vasit sil  aksial vektor 

sah  v  kiral simmetriyan  pozmaq üçün psevdoskalyar sah  daxil edilmi dir. Bu sah r üçün AdS 
zas n daxilind  Laqranjian yaz lm , h t t nlikl ri al nm  v  bu t nlikl rin h lli olan profil 

funksiyalar  tap lm r. AdS/KSN uy unlu una saslanaraq daxili f zada  yaz lm  qar lql  t sir 
Lagranjian ndan istifad  ed k  mezon-nuklon qar ql  t sir sabiti    üçün s rt divar modelind  
lav  ölçü üzr  integral ifad r al nm r. 

Açar sözl r: Anti de Sitter f zas , aksial vektor, mezon, nuklon, profil funksiya 

I. G  

Konformal sah  n riyy si uy unlu una gör  5 ölçülü Anti-de-Sitter f zas n daxilind  
yin olunmu  ixtiyari sah , bu f zan n ultrab növ yi s rh ddind  operator qar  qoyulur. 
rh dd  t yin olunmu  Kvant Xromodinamikas ndak  konfaynment xass si daxild ki AdS 

zas  il  2 üsulla verilir ki, bunlar da AdS/KXD n riyy sinin s rt v  yum aq divar modell ri 
adlan r [1,2] :  

1)S rt divar modelind  f zan n üz rin  k skin (infraq rm ) s rh d rti qoyulmaqla, 
riyy  m hdud oblastda qurulur. S rt divar modeli mezonlar üçün x tti as  olaraq artan kütl  

spektri verir. 
2)Yum aq divar modelind  5 ölçülü integral n qiym tini sonlu etm k üçün t sirin ifad sin  

eksponensial vuruq klind  Dilaton sah si daxil edilir. Yum aq divar modeli mezonlar n 
kütl sinin kvadrat  üçün x tti as  olaraq artan spektr verir. 

qdim olunan i  aksial-vektor mezon il  nuklonlar n qar ql  t sir m si AdS/KXD-
nin s rt divar modelind  t dqiq edilmi dir. Qeyd ed k ki, bu qar ql  t sir bugun  q r s rt 
divar modelind  ara lmam r. Biz vv lki i rimizd  yum aq divar modelind  vakuumda 

-mezonun nuklonlarla [3] qar ql  t sirini ara rm  v  uy un qar ql  t sir sabitinin di 
qiym tini hesablam q.  

qal  s rt divar modeli ç rçiv sind  -mezon v  nuklonlar üçün AdS f zas n 
daxilind  Laqranjian yaz lm , h t t nlikl ri al nm  v  bu t nlikl rin h lli olan profil 
funksiyalar  tap lm r. 

Anti-de-Sitter Konformal Sah  N riyy si uy unlu una saslanaraq daxili f zada yaz lm  
qar lql  t sir Lagranjianlar ndan istifad  ed k AdS f zas n daxilind  -mezon-nuklon 
qar ql  t sir sabiti üçün lav  ölçü üzr  integral ifad  al nm r Sonra is  ald z ifad ni 
yum aq divar modelind  al nan qiym tl  müqayis  etmi ik. 
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II. S RT DIVAR MODELI 

rt divar modelind  f zan n üz rin  k skin (infraq rm ) s rh d rti qoyulmaqla, 
riyy  m hdud oblastda qurulur v  t sir (1) dusturu il  t yin olunur:            

,                                                       (1) 

burada inteqrallama 0-dan  q r apar r,  (M,N=1,2,3,4,5)  v  AdS f zas n 
metrikas  dak kild  t yin olunur. 

 
                                     ,                            

Burada  is  Minkovski metrikas r.  
                                        (3) 

III. ANTI-DE-SITTER F ZASININ S RT DIVAR MODELIND   
AKSIAL VEKTOR MEZON 

AdS f zas n daxilind  2 d  v    kalibrl  sah ri vard r ki,  bunlar da 
  kiral simmetriya qrupuna tabe olaraq sol v  sa  kiral sah r kimi çevrilir. ç 

zada kalibrl  sah rind n ba qa bir skalyar  sah si  d  var  ki,  bu  sah nin   v   
kalibrl  sah ri il  qar ql  t siri n tic sind  kiral simmetriya pozulur. Skalyar  sah si 

 qrupunun bifundamental t sviri kimi çevrilir. Vektori sah r üçün Anti De 
Sitter Konformal Sah  N riyy si prinsipin  gör  vektori sah nin Kaluza-Kleyn modalar n 
ultrab növ yi s rh dd ki qiym ti vektor mezonlar n hallar na uy un g lir. Z rr cikl r 
fizikas nda n yüngül z rr cik  oldu undan, Kaluza-Kleyn modas n birinci 

canla ma s viyy sin   uy un g lir [3]. Lakin aksial vektor üçün s rh d 
rtl rind n istifad  olunur v  bel likl    mezon üçün h m kütl  spektrinin ifad si v  h m d  

canla ma s viyy ri  mezonun kütl  düsturu v  s viyy ri il  üst-üst  dü ür. 
Bütün bu sah r üçün yekun t sir bel  olur:                             

,            

Burada 5-ölçülü qar ql  t sir sabiti r ng yükünd n as r:  

 

Bu iki kalibrl  sah rini toplayaraq yekun vektori sah  v  aksial-vektori sah  alar q: 
.       

Sad lik üçün biz  kalibrovkas nda i yik. T sirin (4) ifad sind n t yin olunan 
vektori sah  üçün h t t nliyi a dak kild dir:  
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                                   (5) 

                                                 (6) 

rh d rtind n istifad  ed k  aksial vektor mezon üçün a dak  dal a funksiyas  al n-
r: 

                                            (7) 

Burada    1-ci t rtib Bessel funksiyas r. 

IV. ANTI-DE-SITTER F ZASININ S RT DIVAR MODELIND  NUKLONLAR 

sas m qs dimiz s rh dd ki aksial vektor spinorlar  t svir etm k üçün 5 ölçülü 
daxili f zada 1cüt spinor daxil etm kdir. S rh dd ki   nuklonlar  
qrupunun t siri alt nda müxt lif cür çevrildiyind n 5 ölçülü f zada  -  uy un olaraq 2 

d 5 ölçülü vektor spinorlar daxil edilir. Bu nuklonlar üçün t sir a dak kild dir:  

 (8) 

burada yrix tli f zadan düzx tli f zaya keçid veylbeyni adlan r v  . 
 is  kovariant tör dir. Spin laq nin s rdan f rqli 

komponentl ri a dak lard r: 

  

    is  5-ölçülü qamma matrisl rdir.  
sirin (8) ifad sind n h t t nliyi a dak kild  tap r:  

                         

(12) ifad sind n profil funksiyalar üçün a dak  t nlikl r sistemi al r 

; 

;                                    

rh d rtl rind n istifad  ed k nuklonlar n profil funksiyalar  üçün a dak  ifad r 
al nm r: 

,   

, )                                      

Burada   normalla ma msallar r v  normalla ma rtind n onlar üçün a dak  
ifad r al r: 
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(11) ifad rind n göründüyü kimi nuklonlar üçün profil funksiyalar bir-biril  a dak  
kil-d laq lidirl r: 

,   

V. AKSIAL-VEKTOR MEZONUN NUKLONLARLA QAR ILIQLI T R SAB  

ç f zada nuklonlar n aksial vektori sah  il  qar ql  t siri I t sirl  ifad  olunur:    

                                                 

Burada qar ql  t sir Laqranjian   2 h dd n ibar tdir: 

                                                            

Burada  minimal qar ql  t sir Laqranjian  club 

,                           

aksial vektori sah nin nuklon c yan  il  qar ql  t siri h ddind n ibar tdir.  

                   

  Laqranjianlar ndan   qar ql  t sir sabiti üçün a dak  integral ifad ri 
al q: 

      

Analoji olaraq  

      

Bel likl , AdS/KXD-nin s rt divar modelind  aksial vektor mezon nuklon qar ql  t sir 
sabiti (17) v  (18) t sirl rinin c mi klind  ifad  olunur: 

                                        (19) 

dv l.  
Aksial vektor mezon nuklon qar ql  t sir sabitinin di qiym ti 

 
n 

 
mN 

 
mN h.w. 

 

 

 

 

 

 

 

 

 

 
0 0.94 1.089 -0.12 1.55 1.43 0.7704 4.7 0.6 
1 1.44 1.323 -0.105 1.28 1.175 0.4363 --- 
2 1.535 1.556 -0.08 1.026 0.946 0.295 --- 
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CONDENSATE DEPENDENCE OF PROFILE FUNCTION  

OF AXIAL VECTOR MESON  
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The condensate dependence of axial vector meson-spinor interaction was considered in the hard-
wall framework of AdS/QCD. Bulk-to boundary propagators for the bulk axial vector field was presented, 
which boundary values are corresponded to the  meson respectively. The action was obtained from the 
bulk interaction Lagrangian, where was included condensate dependence of profile function of  meson. 

Key words: Condensate, axial vector, meson,  profile function 

I. INTRODUCTION 

During the last few years applications of gauge/gravity duality [1, 2] to hadronic physics 
attracted a lot of attention and various holographic dual models of QCD were proposed in the 
literature. These models were able to incorporate such essential properties of QCD as 
confinement and chiral symmetry breaking and also to reproduce many of the static hadronic 
observables,  with  values  rather  close  to  the  experimental  ones.  Within  the  framework  of  the  
AdS/QCD models, by modifying the theory in the 5-dimensional AdS bulk one may try to 
explain experimental results in different sectors of QCD.  

There are two main models of AdS/QCD, which are called hard-wall and soft-wall models. 
In the present paper, we will be interested in the hard-wall AdS/QCD model, where the 

confinement is modeled by sharp cutting of the AdS space along the extra fifth dimension at a 
wall located at some finite distance . In the framework of this hard-wall model, it is 
possible to find form-factors and wave functions of mesons and baryons.  

In general, the vector sector is less sensitive to the infrared (IR) effects, since this symmetry 
is not broken in QCD. However, the axial-vector sector appears to be very sensitive to the 
particular way the chiral symmetry is broken, or in other words, to the bulk content and the shape 
of the IR wall.  

In this respect, one of the interesting objects to study in the holographic dual models of 
QCD is the axial vector meson.The properties of the axial vector meson were studied in various 
holographic approaches. 

In this paper, working in the framework of the hard-wall model we describe a formalism to 
calculate the wave function of the  meson. For this aim we consider condensate depends of 
profile function of  meson.  
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II. HARD-WALL MODEL 

In the hard-wall model the confinement is modeled by sharp cutting of the AdS space along 
the extra fifth dimension. Action for this model is [3]:            

  ,                                                  (1) 

where  (M,N=1,2,3,4,5)  and the metric of AdS/QCD is : 

 
                                       ,                              

where  is a Minkovskii  metric  
                                         (3) 

III. AXIAL VECTOR MESON AND ITS PROFIL FUNCTION  

In the bulk of AdS space there are gauge fields  and , which transform as a left and 
right chiral fields under . Besides gauge fields there is scalar field X , which 
transforms under bifundamental representation of gauge group . Action for 
these fields has a form:                             

.               

Here 5-dimensional coupling constant is related with number of colors 

 
We can get a vector and axial vector fields from these gauge fields by composing them as 

following:  
.       

In the holographic model of hadrons, QCD resonances correspond to Kaluza-Klein (KK) 
excitations in the sliced AdS background. In particular, vector mesons correspond to the KK 
modes of transverse vector gauge field in this model. Since the gauge symmetry in the vector 
sector of the Holographic model is not broken, similarly vector case, the axial-vector mesons are 
the modes of the transverse part of the axial-vector gauge field. Since the axial-vector gauge 
symmetry is broken in the 5D background, the longitudinal components have physical meaning 
and are related to the pion field as: 

 
where is a pion field. We shall work in  gauge.  
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Equation of motion for axial vector field will be obtained from the action  and has a 
form:  

                (5)   

For finding mass spectrum in this case it is reasonable to apply the IR boundary condition 
to the asymptotic solution found at IR limit. For the IR asymptotic solution we shall take  
limit from (4) and set the  in the condensate term. Before doing this approximation let us 
compare numerically the last two terms in equations (4) when . The approximate values 
are as follow: 

, ,  

,  
Then    

,                       (6)  

Thus, the  term contributes twice more than the  term and so, we may make an 
approximation in (4) by setting  only in the condensate term and keeping the term  
variable. At this limit the condensate term in the equations (4) becomes constant and the IR 
asymptotic solution of these equations is expressed in terms of Bessel function : 

                                                           (7) 

Obviously, the UV boundary condition was applied on this solution. The mass spectrum 
 in (7) is expressed in terms of : 

 
after using from the boundary conditions (6) , we get the profile function for the axial-vector 
meson  as: 

                                              (8) 

where    is a first kind Bessel function,  is a vacuum mass of axial vector meson. 
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HD187982 ULDUZU SPEKTRL ND  H  V  H  X TL N T DQ  

. Balo lanov, .M. X lilov, .R. H nova, Y.M. M rr mov 
AMEA N.Tusi ad na amax  Astrofizika R dxanas  

baloglanov-eli@rambler.ru 
 

 HD187982 ifratn ng ulduzunun 2013-2015-ci ill rd amax  Astrofizika R dxanas n 2 
metrlik teleskopunda al nm  spektrl ri t dqiq olunmu dur. H  v  H  tl rind üa sür ti, ekvivalent en v  

rinliyin zamana gör  d yi ri öyr nil rk n mü yy n edilmi dir ki, bu d yi rd  mü yy n 
korrelyasiya vard r. 

HD187982 (A1Iab; mv =  5m.58;  Teff = (9300 ± 250)K; sin i = (15±6) km s) P Cyg tipli 
ifratn ng ulduzdur. Bu ulduz Vul OB4 assosiasiyas na aiddir v  log g = 1.60 ±0.15, 
M M =15, R R =78 - dir 1-3 . 

HD187982 ifratn ng ulduzu t dqiqatç lar t find n nisb n az öyr nilmi dir. ndiy k 
apar lan t dqiqatlardan m lum olmu dur ki, bu ulduzun atmosferind  yaranan H  x tti ümumi 
udulma formas ndad r. H  x ttinin daxilind  olmaqla profilin q rm  qanad nda z if üalanma 
komponenti yaran r v  itir 4-6 . Lakin bu hadis nin ba  verm  s bi h  d  tam izah  
tapmam r. Bundan lav , HD187982 ulduzu atmosferinin ölçüsü v  orada ged n fiziki v  
kimy vi prosesl r tam öyr nilm mi dir. 

dv l 1.  
HD187982 ulduzu spektrl rinin H  v  H  tl rind üa sür ti v  spektral parametrl r. 

      

Yuxar da qeyd etdiyimiz kimi bu ulduzun spektrl rind  mü ahid  olunan H  x ttinin 
rm  qanad nda z if üalanma komponentinin yaranmas  v  itm si, h min hallar n 
krarlanmas  onun atmosferinin öyr nilm sin  mara  art rm r. 
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Hesab edirik ki, yeni mü ahid  materiallar  qeyd olunan ulduzun növb ti t dqiqatlar nda 
baza rolunu oynayacaq v  al nm  n tic r onlar n atmosfer xüsusiyy tl rinin öyr nilm sind  
yard mç  olacaqd r. 

2013 - 2015-ci ill rd  AMEA N.Tusi ad na amax  Astrofizika R dxanas n 2 metrlik 
teleskopunun kasseqren fokusunda qura lm  müasir CCD spektrometri il  HD187982 
ulduzunun spektral mü ahid ri apar lm  v  21 günlük yüks k ay rdetm li spektrl r al nm r 
7 . Ay rdetm  R=15000, spektral diapazon 4700 6700ÅÅ, S/N=150 200 traf nda olmu dur. 

Al nm  spektrl r DECH-20 v  DECH-20T paket proqramlar  vasit sil  i nmi dir 8 . 
Ölçm rin x tas üa sür ti üçün 2 km san, ekvivalent en üçün is  5-7%-d n çox deyil. 

Bu i  2013-2015-ci ill rd  al nm  yeni mü ahid  materiallar sas nda HD187982 
ifratn ng ulduzu spektrl rind  H  v  H  tl rind üa sür ti, ekvivalent en v  x tl rin 

rinlikl ri ölçülmü  v  bu parametrl rin zamandan as  d yi rin  bax lm r. 
 

 
kil 1. H  v  H  x tl rind üa sür tinin zamana gör  d yi si 

dv l 1-d  HD187982 ulduzu spektrl rind  mü ahid  olunan H  v  H  x tl rind  
parametrl rin ölçülmü  qiym tl ri verilmi dir. kil 1 v  2-d  is  ölçülmü  h min parametrl rin 
zamana gör  d yi ri n rd n keçirilmi dir. Bu d yi rin analazi göst rir ki, t dqiq 
olunan x tl rd  h m üa sür ti, h m d  spektral parametrl r aras nda mü yy n korrelyasiya 
vard r. Lakin mü ahid  materiallar n say  h  kifay t etm diyin  gör  korrelyasiya msal  
hesablamaq m qs uy un deyildir.  

Bundan lav , C dv l 1-d n v  [9]-dan görünür ki, HD187982 ulduzunun bizim 
fimizd n al nm  spektrl rind  d  H  x ttinin q rm  qanad nda z if üalanma x tti yaranm  

 itmi dir. HD187982 ulduzu spektrl rind  H  x ttinin profill rind ki bel  d yi nlikl r 
ulduzun atmosferinin yuxar  qatlar nda güclü madd  at lmalar n v  örtüyün h canlanmas n 

tic si ola bil r. Lakin ulduz kül yinin yaranmas  v  d yi si h m d  ifratn ng ulduzlarda 
ba  ver n pulsasiya hadis si il laq dard r. Bunu a kar etm k m qs dil  bu ulduzun münt m 
spektral mü ahid rinin apar lmas  n rd  tutulur. 
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kil 2. H  v  H  x tl rind  ekvivalent en v  x ttin d rinliyinin zamana gör  d yi si 
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 (30- 50%). 

5. ,  2  
 ~ 1.5 – 2 . 

, ,  
tx  25 , 

,  
 2  1-3  
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4. . . . . . . ,  (1993), 155. 
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.  1200 V  

 1978-2003 .  V, I  2002-2009 . 
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   –  
 U-B  B-V,  

. ,  
ASAS   (V ±0.05m),   (V ±0.01m),  

. 
.1,  1978-1983 . 

, ,  ( )  
,  1.8m ( ,  1995 .).  

,  
. ,  JD 2447500-2450000   

 2m ,  JD2451000-2453000  –  1m,  
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.1.  V-  DR Tau  1978-2010 .  
            (1), - ,  (2) –    ASAS. 

 V  
 U-B  B-V. , 

 0-1, . ,  
.  
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m = - 2.5lg[1+G(Bs/B* -1)] 
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 m – , Bs  B*,  
 Ts  T*,   G ,  

 G=Ss/S* .   
 5V  4400 ,  

 100  2500  4000 .  
 3400  

 0      
, . 4  V  B-

V  3200  3400 . ,  
 V~10.5m-13.5m  

 B-V  
 0-1. ,  

V ,  0.5  1,  
 3400  0.5.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

.4.  B-V  V .  
, . 

 3400  ( ) 

,  
. ,  

.  
 5 . . 

, ,  
. .  

. ,  
.  

, , .   
,  

   V  B-
V, U-B.  ,   V ~ 10.5m-13.5m    

 0-1  1000  
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 140 ,  
 (B-V)0 =1.15m  R=3.1,  

 Av=0.93m±0.3m.  
.   

 

Mv = m +5 - 5lgr –Av= 5m.04 
BC= - 0.66,    M  =Mv + BC = 4. 43m 

 M  = 4.74m  
  L =3.83 1026 ,  

L=L  10 0.4( )     , 
    L =5 1026    

L=4 R2 T4     =5.67 10-8 -2 K-4 , 

  R = 1.4 109 m = 1.9 R . ,  
   R = 1.46 R , .  1.2 R  2.7 R , . 

, : 
1.  30 ,  

.  
,  V = 1 m -1.5 m. 

2.  
 15 .  
3.  

,  1000 , 
.  

 

 
 

 
. , .  

  .  

sabirshao@rambler.ru  
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. ,  D    
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, -

,  
, ,  

(Mn, Si, Sr, Cr, Eu .)  [1].  
 -  

  .  
  

-FO ( .).  
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,  
 ( ) , 

 ( . ). 
 2- . .  

,  1969 .  
 (4 ) : 1)  

3700-4800Å)  2) D  ( 4600- 6600Å)  
C- .   

, ,  
 ( )  (N)    

,   [2].   
 (D)  (B-

V)  (U-B) .  D  
 D=0.52+0.55 Q,  Q=(U-B)- 0.72 (B-V).  

  . 1.  
 8 .1  D  

[3]. ,  
 30%  D . ,  

,  D . 
,  

.  
 D .  

 
. ,  

 D 
.  ,   

 
 [2]. ,  

 (  )  600-1500  
. ,  

, 1  Q .  
 D .1. , 
 9 000-10000  D  

.  >10000    D, < 9000 . 
 D , ,  

 ~ 3, 
 D  ( -8000 ) 

, ,  
,  

.  
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. 
   

. 

 
 

 1 
HD  

. 
mv SP. -V) (U- ) . Te D (CAO) Q 

 
D  

) 
358 2.06 B 9.6 -0.11 -0.46 Hg, Mn 11100 0.23 -0.36 0.32 

107 83 6.56 A 2. -0.055 -0.160 Sr, Cr,Si, Eu 10000 0.39 -0.12 0.45 
11503  4.83 B 9 -0.03 -0.12 Si, Sr, Cr, Eu 9600 0.46 -0.10 0.46 
15089 4.59 A 3.8 +0.072 +0.18 Sr, Cr, Eu 8600 0.46 +0.13 0.59 
18296  5.11 B 8.8 -0.025 -0.24 Si, Sr, Cr, Eu 10570 0.39 -0.22 0.40 
19832  5:65 B 7.3 -0.09 -0.39 Si 4200 12510 0.28 -0.33 0.34 
25823 5.27  6.8 -0.16 -0.49 Si, Sr 4200 12900 0.26 -0.37 0.32 
34452 5.39 B4 -0.17 -0.55 Si 4200 15650 0.20 -0.43 0.28 
40312 2.64 9.1 -0.08 -0.18 Si 9950 0.44 -0.12 0.45 
65339  6.00 A2 +0.13 +0.05 Sr, Cr, Eu 8460 0.44 -0.04 0.50 
68351 5.59 B9 -0.080 -0.120 Si, Cr, Sr 10400 0.46 -0.06 0.49 
71866 6.75 A5 +0.095 +0.020 Si, Cr, Eu   -0.05 0.49 
74521 5.65 A1 -0.095 -0.245  Si, Sr 10600 0.35 -0.18 0.42 
78316 5.23 B9 -0.105  -0.445 Hg, Mn 12350 0.30 -0.36      0.32 

108662  5.25 A0 -0.040 -0.115 Sr, Cr, Eu 10000 0.44 -0.08 0.47 
108945  5.49 A2 +0.055 +0.10 Sr, Eu   +0.06 0.55 
112185  1.68 A1 -0.025 +0.015 Cr, Eu 8900 0.53 +0.04 0.54 
112413 2.90 A0 -0.115  -0.440 Si, Hg, Cr, Eu 11900 0.36 -0.35 0.32 
118022  4.93 A2 +0.030 +0.010 Sr, Cr 9450 0.45 -0.01 0.46 
124224 4.90 A0 -0.13 -0.41 Si 4200 12460 0.31 -0.32 0.34 
133029 6.16 B9 -0.135 -0.43 Si, Cr 11000 0.36 -0.33 0.35 
137909 3.72  F2 +0.27  +0.11 Sr, Cr, Eu 7880 0.40 -0.08 0.47 
140160 5.26 A0 +0.04 +0.05 Sr   +0.02 0.53 
140728 5.48 B9 -0.070 -0.30 Si, Cr   +0.25 0.66 
148112 4.5 A2 -0.000 -0.040 Cr, Eu 9400 0.48 -0.04 0.50 
153882 6.29 B9 +0.035 +0.040 Cr, Sr   +0.01 0.53 
173650 6.39 B9 +0.03 -0.011 Si, Cr   -0.03 0.50 
176232  5.90 A7 +0.250 +0.105 Sr, Cr, Eu 7750 0.44 -0.08 0.47 
179761  5.15 B8 -0.070 -0.400 Si 11900 0.33z -0.35 0.32 
184905 6.62 AO -0.110  -0.230 Si, Sr, Cr, Eu 10100 0.33 -0.15 0.44 
189849  4.6 A4 +0.180 +0.160 Am 8100 0.45 +0.03 0.54 
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192678 7.12 A4 -0.015 -0.015 Cr 9000 0.48 +0.05 0.55 
196502  5.2 A2 +0.080  +0.106 Sr, Cr, Eu 8900 0.51 +0.05 0.55 
201601    5.0 A9 +0.09 +0.26 Sr, Cr, Eu 7600 0.40 +0.19 0.62 
204411 5.4 A4 0.07 0.16 Si, Cr, Hg 8800 0.49 +0.11 0.58 
215038 8.18 A0 -0.045 -0.047    -0.02 0.51 
215441 8.84 A0 +0.025 -0.515 Si 4200 14900 0.18 -0.53 0.23 
220825 4.94 A2 -0.03 -0.01 Sr, Cr, Eu 9600  0.43 +0.01 0.53 

 

 

1. .   
.  .  Nachr. 1976 1297. . 217-227.  

2. .  
.  2010. 2. .173-178. 

3. ,    .        
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U ,  kUk '  
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 k .  

, U  
[1]: 
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2

2
022

d
N                                           (15) 

 ,  
.  

3.  
,  

, .  
 10-5.  

,  N .  
. 
 

,    
,  

. 

 

1. . / / , 1996,  7, .4, . 989. 
2. . / / . . 

2002.  11, .11-18. 
 

 
 

 
. , . , .  

 

 7,3 
  Sc,  Ti,  V,  Ca,  Mn,  Cr.  

 , ,  
. ,  

, , . 

, ,  
 

 .  
  ,  1 : 

2 2 2

24

, ( ) ( )11
, 12

ab b a a b b

b b

E E Ec P
E

                   (1) 

  – , 2 ( )a aE  2 ( )b bE  -  
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2

0 0
( ) 2 1 ( ) ( 1) / 2 1E T E T F          (2) 

 T  - , .  
 (1) , .  

.  
 

 7,3 ,  
 Sc,  Ti,  V,  Ca,  Mn,  Cr 2 . ,  

 0,5  3 , : 

0

0

1( ) ( )
4

N

B P  

0 
2 2( )  (1).  

 
 3 .    1. 

 1. 
 2

0,  
,  0,5-3 . 

 Sc Ti V Cr Mn Co 
 

0 
5,3 1,2 
0,7 0,1 

6,2 1,2 
0,6 0,1 

7,3 1,6 
0,7 0,2 

7,4 1,4 
0,6 0,3 

9,2 3,1 
0,7 0,2 

9,6 2,3 
0,7 0,3 

 
.  

,  
,  

. ,  
 

 10%.  
 15%. 

,  
 

 (n,p), (n, ), (n,n’).  
 4 ,   

 7 .  , , 
,  

: 
2 0

2

T           (3) 

 – , I0- , , 
 R  m, .  
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2
0

2
5

mAR                (4) 

, , 
: 

) ; 
) ; 
) , , 

 5  . 
, , , 

 
,  ~(5 10) . 

 4 . 
.  

,  I . 
,  

, ,  
.    (I )  

   
,  5 : 

I 0/ I . = 1+gf 2/2      (5) 

 I 0  I  – , 
, g – , gf 2/2- 

. 
 gf 2/2, ,  

,  4  6 . 

 

1. T.Ericson and V.Strutinski. Nucl. Phys, 1985, 8, 284. 
2. ., . -457, 1998. 
3. . . ., 2003, .1, .73. 
4. . . , 2005, .1, .227. 
5. ., ., . « » . 2011, .8, .1, 

.39 
6. . . . 

» ., 1995. 
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viscosity be haviour of CO2 crude oil system. J.Pet. Tech. 1965, v. 17, No 1, p.102-106 

3. Rasmussen M.L., Civion F. Improved measurement of gas diffusivity for miscible gas 
flooding under non-equilibrium vs equilibrium conditions. SPE/DOE Improved oil 
recovery Sumposium. Tulsa Oklohoma USA aprel 13-17 2002, p. 127 
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AB ERON YARIMADASINDA RAD AEKOLOJ  T DQ QATLAR 

Q.Q. M mm dov1, C.H. Na yev2 

Bak  Dövl t Universiteti, Fizika Probleml ri nsitutu1 
AMEA Radiasiya Problleml ri nsitutu2 

Bak traf razil rl  ilk d  1963-1964 ill rd  tan  oldum v  bu tan q m nd  çox  
böyük t süf hisl ri yaratd . traf mühit v razil r t rkibind  neft v  qaz olan tullant larla 

daha çox çirkl nmi di. Bu tullant lar iç risind  z rli Radioaktiv tullant lar xüsusi yer tuturdu. 
Bel  ki, Radioaktiv nüklidl rin traf mühit  v  canl  orqanizml  vurdu u ziyanl  t sirl r art q 
çoxdan m lum idi.1900-2000-ci ill rd  Ab eron yar madas n razil rind  v  X r d nizind  

 Radioekoloji v ziyy t eyni idi. Bu bar biyyatda v laq dar t kilatlarda heç bir 
lumat yox idi. H rç nd ki, keç n srin 80-  ill rinin sonlar nda SSR  müt sisl ri t find n 

 onlar n r hb riyi alt nda Az rbaycan torpaqlar nda Aerokosmik üsullarla radioekolji m rl  
ba  t cürb r apar lm . Lakin,“m xvilikp rd si”alt nda bu m r bar haliy  heç bir 

lumat verilm mi di.  
1) Ölk miz ikinci d  müst qillik qazand qdan sonra Respublika Prezidenti c nab lham 

liyevin f rmanlar sas nda, Respublikan n laq dar t kilatlar n r hb rliyi alt nda 
Radioekologiya sah  ciddi elmi –t dqiqat i ri apar lma a, Ab eron yarmadas n 
torpaqlar n neftd n v  radioaktiv tulant lardan t mizl nm si i rin  ba lan ld . 

Radioekoloji t dqiqatlar aparmaq üçün t fimizd n qur u y ld  v  etalon nümun rin 
Radioekoloji parametrl ri ölçüldü. Bu m qs dl  s lahiy tli orqanlar t find n gur unu 
yoxlanmas  t min etm k üçün X r d nizi suyunun L nkaran çök kliyi v  Volqa çay n 

 töküldüyü yerd n götürülmü  su nümun rinin; h mçinin Kalium xlor (KCl) 
kristallar n Radioekoloji parametrl ri t yin olundu.T dqiqatlar n tic sind  mü yy n olundu ki, 

nk ran çök kliyi sular nda KCl-un konsentrasiyas  daha yüks kdir. 
2) Beyn lxalq Qrant Lahiy sinin i nm si:Bak traf  Ab eron torpaqlar nda radioekoloji 

dqiqatlar n apar lmas  ( icra müdd ti 3 il-2009-2012 ill r; d ri-40/000 AB -dollar ).  
icraç lar n say  16 n r. 

Qrant-proekt i ind  Bak rind n ba layan 10 marçurut üzr  çöl raitind  EDG-nün 
(ekvivalent doza gücünün) co rafi koordinatlardan v  öl ü nöqt rinin say ndan as  müyy n 
edilmi  v  EDG-cü böyük olan lokal razil rd n laboratoriya raitind  spektrometrik t dqiqatlar 
aparmaq üçün torpaq nümun ri götürülmü dür. 

k.1-d  Bak amax , Bak -Qurd qap , Bak -Lökbatan, Bak -Quba mar urutu üzr  
Radioekoloji t dqiqatlar n tic si olaraq EDG-nin nöqt r say ndan (a) v  co rafi 
koordinatlardan as qlar  (b) verilm dir [1-3]. 

Eksperimental n tic rin t hlili göst rdi ki, DGE-nin ölçü nöqt rinin say ndan as  
Qauss paylanmas na uy un g lir: 

22 2)()( ixAexN  

Bel  ki, A-EDG-nin ölçülm sind n çox t krarlanan nöqt rin maksimal say,xi  i 
nöqt sind  EDG-nin qiym ti,  EDG-nin orta qiym ti,  is  ortakvadratiq qiym td n k nara 

xmad r. 
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kil-1 

dqiqatlar n tic sind  m lum olmu dur ki, Bak -Suraxan , Bak -Ramana mar urutlar nda 
EDG-nin qiym ti daha yüks kdir v  bunu keçmi  Suraxan  v  Ramana yod zavodlar n 
razil rind n ötürülmü  torpaq nümun rinin HP GaGe dedoktorlu amma Spektrometri 

vasit si il  ç kilmi  enerji  spektri çox ayd n öst rir ( k.2). 

 
kil 2 

Qeyd etm k laz md r ki, t dqiq olunan razi torpaqlar nda mövcud olan Radionüklidl rin 
rkibi,onlarin d rinliy ör  paylanmas , enerji spektirl ri v  dig r miyy tli parametrl ri 

yüks k elmi s viyy  t dqiq olunmu dur. kil 3-d  çoxlu sayda t dbiq sah ri olan bertonit 
suxurlar n enerji spektri d  verilmi dir. 
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kil 3 

R 

1) Bak traf razil rd  t rkibind  Radionüklidl r olan neft-qaz tullant lar  il  çirkl nmi  
torpaqlarda Radioekoloji t dqiqatlar aparilm ,Radionüklidl rin konsentasiyas n yüks k olan 
lokal razil rin (yerl rin) co rafi koordinatlar  v  EDG-nin nöqt r say ndan as lar  t yin 
edilmi dir. 

2) EDG-nin nöt r say n tezlyind n as  çox çirkli olan razil rd  eksponensial, az 
çirkli torpaqlarda is  kiçik meyl buca if olan x tti xarakter da r. 

3) Radioekoloji t dqiq olunan razi torpaqlarinda mövcud olan Radionüklidl rin 
rkibi,konsentrasiyalar ,aktivlikl ri,enerji spektirl ri kimi bir sira miy tli  parametrl ri t yin 

edilmi dir. 
4) Al nan n tic r 3-Beyn lxalq Simpoziumlarda (2-d  AB -d , 1-d  Fransada) 

ruz  edilmi , Beyn lxalq v  Respublika m tbuat nda çap olunmu dur. 

YYAT 

1. G.G. Mamedov, M.A. Ramazanov, J.A. Naghiyev, A.A.Mehdiyeva, M.M. Bakirova, 
T.T. Vandergraaf, Investigation into Natural and Anthropogenic Radionuclide 
Contamination on the Absheron Peninsula Azerbaijan - 10208, WM2010 Conference, 
USA, Phoenix, Arizona, March 7-11, 2010, 10 p. 

2. T.T. Vandergraaf, G.G. Mamedov, M.A. Ramazanov, J.A. Naghiyev, A.A. Mehdiyeva, 
N.A. Huseynov, Determination of the radionuclide contamination on the Absheron 
peninsula in Azerbaijan, Proceedings of the 14th International Conference on 
Environmental Remediation and Radioactive Waste Management ICEM2011,. France, 
Reims, September 25-29, 2011, 9 p. 

3. T.T. Vandergraaf, G.G. Mamedov, M.A. Ramazanov, J.A. Naghiyev, A.A. Mehdiyeva, 
V.H.Badalov, Distribution of Radioactive Materials in the Absheron Peninsula, 
Azerbaijan -13567, WM2013 Conference, USA, Phoenix Arizona, February 24-28, 
2013, 13 p. 
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METEOROLOJ  PEYK S STEML  

V. . Sar yev 
Ming çevir Dövl t Universiteti 

V.Sar yev-1970@mail.ru 

Peykl rin orbitl ri onlarda cihaz v  avadanl qlar n imkan v  t yinat ndan as  olaraq seçilir. 
Orbit r Yerd n olan m saf ri v  f rlanma müst visinin Yer  n n v ziyy tl ri il  bir-birind n 

rql nir.Orbitl r növl rin  gör n çox istifad  olunan geostasionar v  polyar növlü olurlar. 

 
.  

.  
. 

Peyk rabit si 1945-ci ild  Amerikal  A.Klark t find n t klif edilmi dir.Onun bu t klifi 
sa-s nda 1957-ci ild  keçmi  SSR  t find n süni peyk kosmosa burax lm ,bununla kosmik sr 

ba lam r. 
Rabit  peyki ilk d  1 fevral 1958-ci il AB ,26 aprel 1962-ci il Böyük Britaniya,29 

sentyabr 1962-ci il Kanada,26 noyabr 1965-ci il Fransa,29 noyabr 1967-ci il Avstraliya 
find n kos-mosa xar lm r. 

1965-ci ild  keçmi  SSR  t find n kosmosa “Molniya -1” rabit  peyki burax lm r. 
Yüks k burax a malik olmas ,çox uzaq m saf  informasiya verili inin t min 

olunmas  v  etibarl  rabit nin t min olunmas  peyk rabit sinin üstün c tl rind ndir. 
PeykinYerd  hündürlüyü 36000 km-  çat r. Peyk rabit sind n dan q,veril nl r v  televiziyz 
siqnallar n verilm si üçün istifad  edilir. Onlar n verilm si üçün müxt lif verili  sür tl rind n 
istifad  olunur. 

n,terminallar aras nda verili  sür tinin qiym ti 2400 bit/san,riyazi proqramlar n 
sür ti 50 kbit/san,veril rin ötürülm  sür ti 1 Mbit/san-dir. Peyk rabit sind  s hvin yaranma 
ehti-mal n qiym ti 10-10 –a b rab rdir. Dig r rabit  kanallar na nisb n peyk rabit  
kanallar n effektivliyi v  q na tliliyi (800 km-d n sonra) çox böyük olur. Ona gör  d  peyk 
rabit si kanal na olan t labat getdikc  art r. 

Peyk rabit sind  kanallar n ayr lmas  tezliy ,zamana,mühit  v  koda gör  apar r.Yerüstü 
stansiyalardan peyk  informasiyan n ötürülm si v  onun q bulu kanallar n ayr lmas  üsullar na 
saslan r. 

Peyk rabit sind  müxt lif diametrli antenalar istifad  olunur ki, onlar n maksimal diametri 
30 m,minimal diametri 1.5 m olur. Peykd  istifad  olunan retranslyatorun say  4812  aras nda 

yi ir. Retranslyatorun h r birinin zolaq tezliyi 36 MHs olur. Retranslyatorlar h m d  yüks k 
tezlikli olurlar,onlar n tezlik zola  14/12 HHs, b n tezlik zola  6/4 HHs t kil edir. 

Yerüstü A stansiyas  “Yer-peyk” kanal  vasit sil  mü yy n tezlikli siqnal verir. Öz 
növb sind  peyk h min siqnal  q bul ed k “Peyk-Yer” kanal  vasit sil  dig r yerüstü B 
stansiyas na ötürür. Bu kanal üzr  veril n siqnal  q bul razisind  h r bir stansiya ala 
bil r.Siqnallar n q bulu v  verili i transponderl rl  apar r. 

Bu növ rabit  bir neç  min telefon kanal  yaratmaq,onlarla transponderl r yerl dirm k 
mümkündür.Onlar n h r birinin verili  sür ti 48 Mbit/san,ümumi burax  0.5 min.bit/san 

kil edir. Bel rd  informasiya verili i m lumat kommutasiyas  üsulu il  apar la bil r. 
Bu üstün c tl  yana  peyk sinin çat mayan c tl ri d  var : hava raitinin 
pisl si il laq dar t hrifin yaranmas ,informasiyan n gecikm  vaxt n böyük olmas  müasir 
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dövrd  Yer üz rind  ba  ver n iqlim d yi rinin t dqiqind  aerokosmik üsullar n (m saf n 
zondlaman n) 1  n tic ri öz aktuall  il  böyük miyy t k sb edir. 

“Yerin m saf n zondlamas ” dedikd ,Yerin müxt lif t bi tli obyektl rinin ks etdirdiyi 
 ya üaland rd  sah r haqq nda,pilotsuz v  ya m saf n idar  olunan hava g mil rinin 

(t yyar  v  aerostatlar n) v  ya kosmik platformalarda (kosmik apparatlar,raketl r,kosmik 
mi,peyk v  stansiyalarda) qura lm  cihazlar vasit sil  al nan informasiyan n emal  n -
rd  tutulur. 

Aerokosmik zondlama üçün n rd  tutulmu  kosmik cihazlar uçu  hündürlükl rin  gör , 
alçaq,orta hündürlüklü v  geostasionar cihazlar bölünür. 

Geoinformatikada 2 Yerin obyektl ri sas n 3 tip xarakteristikalara malik olur  
1. M kan xarakteristikas - obyektin vv lc n q bul olunmu  koordinat sistemin  gör  

ziyy ti t yin olunur. Bu xarakteristikan n qar nda qoyulan sas t b obyektin yerl diyi 
kan  ,o cüml n Yer s thinin dig r obyektl  n n v ziyy tinin d qiq t yin olunmas r. 

2. Zaman xarakteristikas  –zamandan as  olaraq, Yerin s thind  olan obyektin 
xüsusiyy tinin, proses v  hadis rin d yi sini xarakteriz  edir,bu xarakteristikan n qar na 
qoyulan sas t b aktuall qd r. 

3. Tematik xarakteristika –obyektin zaman v  m kan istisna olmaqla xüsusiyy tl rini t svir 
edir, sas t bi is  praktik m rin h llind  dol unlu u v  kifay tliyidir. 

Peykl rin orbitl ri onlarda cihaz v  avadanl qlar n imkan v  t yinat ndan as  olaraq seçilir. 
Orbit r Yerd n olan m saf ri v  f rlanma müst visinin Yer  n n v ziyy tl ri il  bir-
birind n f rql nir. Orbitl r növl rin  gör n çox istifad  olunan geostasionar v  polyar növlü 
olurlar. Geostasionar orbitl rin sas üstünlüyü al nan informasiyan n zaman gör ,yüks k 
ay rdetm  v  sabit görü  buca na malik olmas r. Bu orbitd  uçan peyk Yerd n o q r 
hündürd  yerl ir ki,o yüks k f za ay rdetm sin  v  keyfiyy tli mü ahid  eyni zamanda 

man t ver  bilmir.H min orbitd  5-6 peyk uçduqda Yerin ekvator oblast na mü ahid  olduqca 
faydal  olmaqla Yerin qütbl rini görmürl r.Ad n geostasionar orbitd  meteoroloji v  rabit  
peykl ri uçurlar. Aerokosmik üsullar (M saf n zondlama) üçün n rd  tutulan peykl rin 
ks riyy ti haz rda qütb orbitl ri üzr  uçurlar.Bu o dem kdir ki,peyk imal istiqam tind  uçanda 

Yerin o biri t fi üz rind n ,c nub istiqam tind  uçduqda is  o biri t fi üz rind n keçir. Bu cür 
peyk orbitinin bir çoxu Gün  gör  sinxronla r, y ni peyk seçilmi razi üz rind n eyni 
vaxtda keçir.Bu hallar bir neç  ill r apar lan t dqiqat üçün eyni i qlanma raitini t min edir. 
Orbitin imal do ru ged n hiss sin  qalxan orbit,dig r hiss sin  is  dü n orbit deyilir. Polyar 
orbitl r geostasionar orbitl  n n Yer  yax n olur. Polyar orbital da lara yerl diril n 
cihazlar m kana gör  ay rdetm ni daha yax  t min etm kl ,aerokosmik üsullar zaman  yüks k 
keyfiyy tli n tic r ld  etm  imkan verir. A da adlar  ç kil n cihazlar n ham  qütb 
orbitind  uçan peykl rd  yerl dirilir: 

MSS cihaz  ( LANDSAT peyki ),AVHHR cihaz  ( NOAA peykl ri ),SMMR v  SSM  
mikrodal al  radiometrl r,SAR cihaz  (ERS-2 peyki ),METEOSAT,METEOR. 

Beyn lxalq hava limanlar nda istifad  olunan Yerin süni meteoroloji peykl rin  is : 
PS SAT SAD S, NTEL SAT-V ,SAD S Reception,PC W NSAT. Orbital peykl rd n o 

cüml n,nisb n az yüks klikd  uçan cihazlar(t yyar ,vertalyot v  s.) vasit sil  qeyd  al nm  
bu d yi r sah nin t bii obyektl rinin fiziki xass rinin d yi  gost ricisi ola bil r. 

YYAT 

1. . «  »  1985 
2.  «  »  2005 
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INFORMATIVENESS OF X-RAY MAGES OF HUMAN BODY 

S. R. M JOV C 
University of Monteegro, Faculty of Natural Sciences and  

Mathematics, Podgorica, Montenegro  
slavom@rc.pmf.ac.me 

The Physical theories allow us to make predictions: given a complete description of a 
physical system, we can predict outcome of some measurements. This problem of predicting the 
result of measurements is called the forward problem. The inverse problem consists of using the 
actual result of some measurements to conclude the values of parameters that characterize the 
system. While forward problem has (in deterministic physics) a unique solution, the inverse 
problem does not. Because of it, in the inverse problem, one needs to make explicit or implicit 
any available a priori information on the model parameters. One also needs to be careful in the 
representation of the data uncertainties.  

Transmission X-ray radiography, which has been used for over 100 years, is based on the 
partial absorption of X-rays in material, which depends on thickness x  and the material-
dependent absorption length  through D’Alember’s Law,  

/exp0 xIxI                                                           (1) 

which describes the exponential decrease of beam intensity with thickness [1]. An image in 
medicine represents the spatial distribution of the patient tissue components within the field of 
view. Visualization of important details requires separation of the “structures of interest” against 
the “background” (e.g. in mammography (a special kind of breast radiography), micro-
calcifications in the breast glandular tissue) [2]. The quality of the various components of the 
imaging chain (focal spot, imaging geometry, image receptor, video camera and amplifier, image 
processing software, image display) has also influence on the image signal, obtained at the 
viewing station.  

Extracting useful information from such image is an inverse problem with a typical 
property, the so-called ill posedness. The ill-posed problem means that little non-avoidable errors 
in the measured values can lead to significant changes in the solution [3]. This problem has been 
understood and methods for overcoming difficulties due to this property have been developed [4]. 
Computer-supported techniques play an important role in the feature extractions from an image 
[5, 6].  

In  this  paper,  the  Wiener  filter  is  applied  to  images  in  mammography  to  get  rid  off  of  
imperfectness of imaging devices [7, 8]. Matlab software was used for the image processing. 
Typical results are depicted below. 

The blurred, noisy image is depicted in Fig. 1. This is the raw image of the bar-pattern, 
estimated to be convolved with Gaussian as a model of imperfectness of the image devices 
(standard deviation 2), and added white noise (zero mean and standard deviation approx. 10% of 
mean signal). The bar-pattern was used, instead of a real breast, due to better visualization of the 
results. Namely, restoration process should increase spatial resolution and this case can be seen 
easily. 

Restored images are depicted in Fig2. a), using methodology with scalar estimate of the 
noise/signal power ratio (NSR). In other words, only the total amounts of power in the noise and 
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in the image is provided and their frequency dependence is not supplied 1, and b) using 
methodology 2, with frequency dependant estimate of the noise/power ratio. 

It is found that in the both restored images, the spatial resolution is improved, although the 
best result is depicted in 2b) where a frequency dependant estimate of the noise/signal power 
ratio is done via respective autocorrelation functions. 

“Cleaning” the image from the imperfectness of the imaging system (x-ray mammography 
unit), should be the main preprocessing task before any further enhancement and processing. 
Carefully estimate of the quality of the imaging devices, i.e., knowing the apparatus function, 
together with estimation the sort and magnitude of noise in the image would improve spatial 
resolution significantly. Artefacts created by Wiener filter, as a most objective, would be 
negligible. 

 
Figure 1. The blurred and noisy image of the bar pattern 

 

a)                                                      b) 
Figure 2. The restored images by using methodology 1 a) and methodology 2  

                 b) Further investigation is needed, for the cases where the apparatus 
       function and noise is overestimated or underestimated. That could be  
        closer to the realistic cases. 
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The history of the development of neutron activation analysis in the Laboratory of 
Neutron Physics at Joint Institute for Nuclear Research is briefly outlined. Created under 
initiative of Academician I.M. Frank in the 1960s a small group now turned into a large 
international team involved in projects in the framework of programs coordinated and supported 
by IAEA, the European Union, the Russian Fund for Basic Research, as well as grants of 
Plenipotentiaries of JINR Member States. Modernization of the pneumatic system, recently 
equipped with three automatic sample changers, and created NAA database to automate the 
measurement and processing of gamma spectra of induced radionuclides are described. 
Experience in the life sciences and materials science is summarized. Examples are given of 
projects related to the monitoring of atmospheric deposition of heavy metals and radionuclides 
carried out in the framework of the United Nations Program on Long-Range Transboundary Air 
Pollution in Europe (UNECE ICP Vegetation), a project to assess the state of the environment in 
Egypt, based on the analysis of soil and the sediment basin of the river Nile, as well as project on 
monitoring trace elements in aquatic ecosystem in the Western Cape, South Africa («Mussel 
Watch Program»), etc. In combination with microscopy, the synthesis of nanoparticles of various 
metals via biotechnology is studied. Our investigations on applying NAA to solve the problem of 
industrial wastewater treatment were twice awarded Gold Medals by the European Union, in 
2013 and 2015. New areas of research – study of natural medicinal plants and search for cosmic 
dust in natural planchettes (Arctic and Antarctic mosses, Siberian peat bog cores, etc.) - reflect 
the public and scientific interest in these topics. Future extensions of the department´s research 
will be connected with the development of radioecological studies using precision gamma-
spectrometry and the creation of a low-background laboratory for carrying out measurements of 
natural and anthropogenic radioactivity. 

Keywords: automation of neutron activation analysis, monitoring of atmospheric 
deposition of heavy metals and radionuclides, monitoring aquatic ecosystem, bionanotechnology, 
medicinal plants, cosmic dust, microscopy, radioecology. 
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,  70  
,  

. 
 

 CI, S 4, HCO , Na, K, Ca, Mg,  
.   ( .  1)  

 -  
. 

 1  
 

 
 

 
. 

 
 

 
CI 

 
SO4 

 
HCO3 

 
Na+K 

 
Ca 

 
Mg 

-  1/80 1205 87 12 - 93 - - 

-  12  82,6 16,2 0,99 79,4 14,5 6,05 

-  7 1245 57,1 1,3 41,6 93,1 3,4 3,5 

-  10 2461 92,7 6,0 1,3 86,5 4,7 8,8 

 111 1140 85,8 13,1 0,9 88,9 6,0 5,1 

 14 1164 54,1 42,4 3,0 62,7 6,7 3,6 
 5  60,5 20,2 18,5 91,1 6,4 2,5 
-  9 1852 70,6 24,7 4,7 93,0 3,9 3,1 
 20 1926 99,5 0,1 0,4 82,4 14,6 3,0 
 112 2877 99,7 - 0,3 85,5 12,6 1,9 
 113 1594 79,0 18,8 2,2 76,4 18,8 4,8 

 1163 1853 95,7 2,14 1,76 91,3 8,35 0,35 
 115 1615 77,2 18,6 4,20 85,0 8,7 6,3 

 ( ) 15 3350 36,1 38,0 2,6 91,0 6,2 2,6 
 1  2497 99,0 0,3 1,0 87,0 10,7 2,7 
 45  54,6 7,8 3,7 96,0 2,4 1,9 
 54  43,3 1,0 5,7 96,1 0,6 3,0 

 9 1067 - 16 80 85 96 29 
 

, 
,  

,  
. 

.  [1]  6 : 1. 
; 2. ; 3. ; 4. ; 5. ; 6. 

. 
 -  

, , ,  
. 

 [2]  
, , ,  
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 (CO2,  HS,  CH4,  N2).  
 (CO2, HS, CH4, N2, Rn) . 

 
,  0,3 (  5, 7, 9, 10, 12, 14, 3)  106,56  (  

112,20 - ). 
 

3 : 
1.  -  10 ; 
2.  -  10  35 ; 
3.  -  35 . 

:  10 
 5, 7, 9, 10, 12, 14, 3/65, 113, 55, 14.  

 10-35 . 
 1/80, 33, 34, 30, 43, 35, 54, 58, 115, 111, 110, 36, 115. 

 - ,  
 35 112, 115, 20. 6, 116, 10, 7, 111, 43, 34, 1, 2, 4, 10. 

 
,  

. 
.  [3] .  
: 

. : 1.  (  4 ); 
           2.  (  4  20 ). 

. : 1.  (  -  20  37 ); 
   2..  (  -  37  42 ); 
   3.  (  42 ); 

 
 

, . 
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.  
, 

. 
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AZ RBAYCAN QT SAD YATININ DAYANIQLI  

EKO NK AF MODEL  
T. H nov, M. Babayev 
Bak  Dövl t Universiteti  

tapdiqhasan@mail.ru, m.babayey@mail.ru 

Az rbaycan Respublikas  müst qillik ld  etdiyi ilk günd n ba layaraq traf mühitin 
mühafiz si probleml rin  diqq ti art rm  v  onlar n h lli istiqam tind  m qs dyönlü m rh li 

ll proqram  h yata keçirm  ba lam r. nib haz rlanm  u urlu h ll strategiyas  q sa 
zaman müdd ti rzind  keçmi ttifa n da lmas  il  bütün MDB dövl tl ri üçün xarekterik olan 
ekoloji böhran n stabill sin  imkan vermi  onun gedi ind miyy tli dönü ü t min etmi  

 iqtisadiyyata l ngidici t sir faktorunu aradan qald rm r. 
XXI srin ba lan nda bütün inki af etmi  dünya dövl tl rind  oldu u kimi, t bii resurs 

potensial  seçil n Az rbaycan Respublikas nda da resurs s rfinin, h mçinin traf mühit  
sirin minimum göst ricil ri il  xarakteriz  olunan iqtisad yyat n dayan ql  ekoinki af modelinin 

qurulmas  h yati z ruriyy td n doqan ba ca v zif  çevrilmi dir. lk növb  qar da duran 
zif nin yerin  yetirilm sinin z ruri aspektl rinin t hlilin  keçm zd n vv l, t qdim olunan 

nin sas mahiyy tinin aç qlanmas  üz rind  dayanmaq v  onun tarixi xronologiyas  
haqq nda qisa m lumat verilm si z ruridir.Bu kontekstd  haz rda ks r t dqiqatç lar t find n 
tez-tez t krarlanan m lum tezis: “XX srin n böyük itkisi-ekologiya v  b riyy tin öz g k 
varl  real t hlük  qar nda qoymas r” –diqq ti c lb edir. Bütün b riyy t üçüncü 
minilliyin ba lan nda real t hlük  qar  mübariz  t dbiri kimi ekoloji c td n dayan ql  
sosial-iqtisadi inki af yolunu sas istiqam t kimi q bul etm k z ruriyy ti il  üzl mi dir. 

tic rin aradan qald lmas  il  yana , art q daha çox s bl r üz rind  dü ünm k z ruriyy ti 
meydana g lmi dir.T bi t iqtisadiyyat n deyil, iqtisadiyyat t bi tin t rkib hiss sidir tendensiyas  
özünün qabar ql  il  b riyy ti real faktlar  q bul etm yi v  ona meyilliliy n z ruri vektoru 
istiqam tind  h t etm yi m cbur etmi dir.       

Az rbaycan respublikas nda, “Ekoloji C td n Dayan ql  Sosial- qtisadi nki afa dair” 
Milli Proqram n h yata keçirilm sin , faktlara istinad ed k 2003-cü ild n ba land  
minlikl  qeyd etm k olar.Bu Proqramda ekoloji c td n dayan ql  sosial-iqtisadi inki af  t min 

etm k m qs di il  birinci m rh  2003-2010-cu ill ri hat  ed n 7 illik dövr rzind  h yata 
keçirilm si planla lan 93 t dbir daxil edilmi dir ki, bunlar da ümumilikd  5 sas sah : traf 
mühitin mühafiz si v  t bii ehtiyatlardan s li istifad  ( 34 t dbir), qlobal ekoloji probleml r 
(14 t dbir), s naye kompleksi (26 t dbir), k nd t rrüfat  v  turizm (9 t dbir), elm -t hsil – 

niyy t (10 t dbir) üzr  –qrupla lm r. Art q “Ekoloji C td n Dayan ql  Sosial-
qtisadi nki af“a dair Milli Proqramda birinci m rh  üçün n rd  tutulmu  t dbirl rin d  

yerin  yetirilm sinin hesabat ili ba a çatmaq üzr dir.Ümumilikd , respublikada “Az rbaycan 
Respublikas  Regionlar n 2009-2013-cü ill rd  Sosial- qtisadi nki af  Dövl t Proqram ”nda 

yata keçirilm si planla lan t dbirl r n  al nmamaqla, t kc  2 sas Proqramla 
(“Az rbaycan Respublikas nda Ekoloji C td n Dayan ql  Sosial- qtisadi nki afa dair” Milli 
Proqram, “Az rbaycan Respublikas nda Ekoloji V ziyy tin Yax la lmas na dair 2006-2010-
cu ill r üçün Kompleks T dbirl r Plan ”) 2003- 2010-cu ill r rzind  dayan ql nki af n sas 
inki af vektorunu t min ed  bil k bazan n yarad lmas  üçün n rd  tutulmu  158 ekoloji 

dbirin ba a çatd lmas  yekunla lma sind dir. 
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Keç n müdd t rzind   Az rbaycan Respublikas n t bii mühitind  n rd  tutulmu  
proqram t dbirl rinin h yata keçirilm si fonunda ba  ver n keyfiyy t d yi iklikl rin  n r 
salsaq gör rik ki, t bii mühitin sa lamla lmas  istiqam tind  bir s ra miyy tli müsb t 
ir lil yi r art q hiss olunmaqdad r. Bunu mövcud statistik hesabatlar v  müvafiq nazirlikl rin 

lumatlar  da sübut edir. Bel  ki, 1990-c  ill rd  ekoloji bax mdan g rginliyi il  seçil n 50 
areal n ümumi sah si respublika razisinin 25%-ni t kil edirdis  d  v  bu razil rd  ümumi 
halinin 40%-i ya ay rd sa, eyni zamanda 64 heyvan, 37 bitki növü n sli k silm kd  olan 

kateqoriyaya aid edilirdis , haz rda razinin z ngin bioloji müxt fliyinin qorunub mühafiz  
olunmas na imkan ver n xüsusi mühafiz  olunan t bi t razil rinin ümumi sah si 2003-cü ild ki 
478 min ha-dan 2009-cu ild  890min ha çatm  v  ya 1,9 d  artaraq respublika razisinin 
10,3%-ni hat  ed  bilmi dir.Bu müdd t rzind  respublika razisind  Milli Parklar n  ümumi 
say  8, Dövl t T bi t Qoruqlar  11, Dövl t T bi t Yasaql qlar n say  is  24-  
çatd lm r.Haz rda t kc  Milli Parklar n ümumi sah si  respublika razisinin 3,6 %-ni özünd  
birl dirir, hans  ki, 1990-c  ill rd  respublika razisind  Milli Park statusuna malik razi yox 
idi.Qeyd olunmal r ki, bu istiqam td  yeni layih rin  h yata keçirilm si planla r v  yax n 
2015-2020-ci ill rd   xüsusi mühafiz  olunan t bi t razil rinin ümumi sah si respublika 
razisinin 15,0 %-d n çoxunu öz n zar t si daxilind  birl dir  bil kdir. 

Keyfiyy t d yi iklikl ri adam ba na dü n n a  t minat qöst ricisi il  seçil n torpaq v  
su ehtiyatlar n mühafiz si sah sind  d  mü ahid  olunur. Proqramlar n icras na ba lanmazdan 
vv l respublika razisinin ümumilikd  40,0%-i müxt lif d  erroziyaya , 1,2 mln ha sah si 
oranla maya, x rsahili akvatoriyan n 26,6% çirkl nm , 24 min ha sah  texnogen pozulmaya  

ruz qalm ,657 min ha sah  meliorativ t dbirl rin apar lmas na ehtiyac yaranm , 
adamba na dü n kin sah si 1970-ci ild ki 0,23 ha-dan 2009-cu ild  0,15 ha dü mu , t kc  
2006-2010-cu ill r rzind  3,0 min ha  neftl  çirkl nmi , lay sullar  alt nda qalm  sah nin 
land aft-arxitektura plan na uy un rekultivasiyas n ba a çatd laca  , 86 km   x rsahili 
akvatoriyan n çirkab ax nlar n z rli t sirind n azad edilm si, h min razil rd n sutka rzind  

r d nizin  daxil olan 6,1min kub metrd n çox mürr b inqridient t rkibli çirkab ax nt  
sular n qar n al nmas , x ryan  dövl tl r iç risind  ilk d  olaraq X r d nizinin 
ekoloji mühitinin mühafiz si sisteminin yarad lmas , Kür çay  zola  boyunca yerl n v  daima 
standartlara cavab verm n sulardan istifad  m cburiyy tind  qalan 224 min n r halinin 
Ümumdünya S hiyy  T kilat n standartlar na cavab ver n içm li su t chizat  v  yax n dövr 
rzind  onlar n say n 394 min n  çatd laca , eyni zamanda m rk zl dirilmi  su t chizat  

sinin respublikan n 30 rayonunun 218 k nd ya ay  m nt sini özünd  birl dir  bilm si 
ekoloji durum sah sind  tarixi naliyy t kimi qiym tl ndirilm lidir. 

Dövl tin güclü ekoloji qanunvericilik, proqram v  maliyy  d st yin  baxmayaraq haz rk  
dövr  q rdayan ql  inki af sah sind  h yata keçiril n bütün i r, 2013-cü ild  ÜDM 85%-d n 
çoxunun, m ul halinin is  70%-ni özünd  birl dir n (Az rbaycan Respublikas nda haz rda 

naye istehsal n 91%, k nd t rrüfat  istehsal n 99,8%, tikintinin 67%, n qliyyat xidm tinin 
78%-i öz l bölm nin pay na dü ür) öz l bölm nin texnogen iqtisadiyyat n t siri alt ndan v  
onun bazas sas nda h yata keçirilm sind n azad ola bilm mi dir. 

Apar lan t hlill r göst rir ki, Az rbaycanda ÜDM m hsulun 1000$ üçün Rusiyaya nisb td  
su m nb rind n 6,5, Qazaxstana 1,6, Böyük Britaniya 57,2, Fransaya 15,9, Almaniya 20,4, 
Yaponiya 12,4, AB  7,4, Kanadaya nisb td  is  7,0 d  çox su götürülür, n tic  ehtibar  su 

nb rin  at lan çirkli suyun miqdar  da qanunauy un olaraq art r v  respublika b rpa olunan 
su ehtiyat n 35%-d n çoxunun istehsala c lb etm k m cburiyy ti il  üzl ir. 

traf mühit  z r vuran n tic rin aradan qald lmas  il  yana , art q daha çox s bl r 
üz rind  dü ünm k v  yeni ekoinki af piramida modelinin qurulmas  z ruriyy ti yaranm r.Bu 
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tipli ekoinki af piramidas  üçün Respublika Prezidentinin bilavasit  r hb rliyi il  baza imkanlar : 
al dövl t d st yi, dövl t maliyy  yard , hüquqi t nziml ni t min ed n ekoloji 

qanunvericilik aktlar  v traf mühit  z r vuran çox sirlik n tic rin aradan qald lmas  il  
laq dar son ill rd  h yata keçiril n i r;-art q formala lm r. Az rbaycan Respublikas  

Prezidentinin bilavasit  r hb rliyi il  h yata keçiril n i r hali sa laml na lveri siz traf 
mühit t sirinin aradan qald lmas na v  ekoinki af n yeni modelinin qurulmas n böyük zaman 
perspektivin  hesablanm  f aliyy t kimi qiym tl ndirilm lidir. Bu f aliyy t is traf mühitin 
mühafiz si sah sind  bütün s yl ri birl dirm yi  t b etm kl  yana , ekoinki af n 

ruriyy td n do anh lledici inki af yolu oldu unu bird lik ba ca f aliyy t m qs di kimi 
bul etm yi t b edir.  

YYAT 

1. Quliyev T. T bi td n istifad nin v traf mühitin mühafiz sinin iqtisadiyyat . 
Bak ,”Elm”, 2008,450 s if . 

2. Sad qov A., X lilov . Ekologiya v traf mühitin mühafiz si. Bak , 2009 
3. Az rbaycan n statistik göst ricil ri. Bak . DSK. 2009-2013. 
4. nov T.G. qtisadi co rafi rayonla rma. Bak : “Bak  Universiteti” n riyyat , 

2012, 245 s 
 

 
AZ RBAYCANIN ALTERNAT V ENERJ  POTENS ALINDAN  

ST FAD MKANLARININ Q YM TL ND LM  
A.M. M rr mov, R. . faq tov 

amilmaharramov@gmail.com, rustemshefagatov@gmail.com 

Açar sözl r: alternativ enerji, energetika, b rpaolunan enerji 

Dinamik inki afda olan dünya birliyi ölk rinin qar nda duran n mühim m rd n 
biri kimi halinin v  s nayenin artan enerji t minat n öd nilm si üçün Az rbaycan 
Respublikas n co rafi mövqeyi, t bii raitinin xüsusiyy tl ri v  mövcud sosial-iqtisadi 
resurslar  ölk mizin alternativ v  b rpa olunan enerji m nb rinin m nims nilm sin  geni  

rait yarad r. Mümkün potensial imkanlar n düzgün qiym tl ndirilm si v  onlardan s li 
istifad  yollar n axtar b tap lmas  v  bu zaman  çoxvariantl  h ll rd n optimal n seçilm si, 
habel  real h yatda maksimal effektivlikl  t tbiqi davaml  inki af n vacib ax si olan bu sfera 
üzr  uzunmüdd tli n tic r ld  etm  imkan ver  bil r. Xüsusil , müxt lif alternativ enerji 

nb rinin hibrid hal nda birg  istifad si imkanlar n ara lmas  bölg rd  mür kk b 
lçatanl  olan razil rin davaml  olaraq enerji il  t min edilm si üçün mühim miyy t k sb 

edir [3, s. 18]. Dig r t fd n ad n avtonom rejimd  çal an bel  qur ular n müxt lif iqlim 
raitin  uy unla lm  olmas  texniki bax mdan k sintisiz enerji ld  edilm si dem kdir. 

Bundan lav , optimal birg  istismar sasland lm  olan alternativ enerji m nb ri üzr  
ixtisasla lm  enerji parklar n yarad lmas  ölk  üzr  ümumi enerji istehsal nda b rpa olunan 
enerji resurslar ndan ld  edilmi  enerji miqdar  k miyy tc  art rmaqla yana  alternativ enerji 

nb rind n al nan enerji üzr  qiym tl rin d  maya d rinin enm sin  s b ola bil r. Bu is  
alternativ enerjinin s naye formas nda istehsal na böyük z min yarad r v  potensial investorlar n 
bu sah  c lb edilm si üçün iqtisadi mühitin formala lmas  mexanizminin t rkib hiss si kimi 

 ed  bilir. Ölk mizd  alternativ v  b rpa olunan enerji m nb ri üzr  qur u v  
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avadanl qlar n idxal n gömrük rüsumundan azad edilmi  olmas  da yax n be illikd  sahibkarl q 
aliyy ti subyektl rinin kapital yat mlar n art raca n proqnozla lmas na imkan verir. 

Bütün bunlar dövl tin bu sferaya olan diqq tinin göst ricisidir v  bu cür stimulla  
dbirl rin davam etdirilm si zaman bax ndan çox miyy tlidir. Lakin, vahid enerji paylama 
 sat  sistemin  malik olan ölk mizd  alternativ enerji istehsal  h  d  çox a  s viyy dir 
 ümumi  ötürülm kl  alternativ enerji istehsal na sahibkarlar h ssiz yana r, ks r 

hallarda biznes m hsulu olaraq avtonom sisteml  üstünlük verirl r. Buna gör  d  b rpa olunan 
enerji resurslar n m nims nilm sini vacib dövl t siyas ti kimi qar ya qoymu  Az rbaycan 
hökum tinin bu sah  investisiya mühitinin yax la lmas  üçün islahatlar  davam etdir k 

rinl dirm si v  psixoloji faktorlar da n  al nmaqla alternativ enerji vasit rinin v  
ümumilikd  ya l texnologiyalar n insanlar n günd lik h yat na daxil olub adi hal almas  üçün 
apar lmaqda olan dövl t siyas tini t kmill dirm si qar da duran n z ruri v zif rd n biri 
olaraq ortaya ç r. Bu sah  imkanlar v  resurslar boldur, texnoloji yenilikl rin t tbiqi üçün 
innovativ sah r geni dir v  görülm li olan i r çox, keçilm li olan yol böyükdür. Mövcud 
alternativ v  b rpa olunan enerji resurslar n düzgün qiym tl ndirilm si bu i  u urlu ba lan c 
ola bil r.  

Kül k enerjisi dig r alternativ enerji m nb ri olan gün , hidroenergetika, geotermal v  
biokütl  enerjisind n özünün maya d rin , ekoloji t mizliyin  v  tük nm zliyin  gör n 

rf lisidir. Hesablamalar göst rir ki, Az rbaycan Respublikas  özünün co rafi v ziyy tin , t bii 
raitin  v  iqtisadi infrastrukturuna gör  800 MVt-a yax n illik kül k enerji ehtiyat na malikdir. 

Bu ehtiyat ild  t xmini hesablamalara gör  2,4 milyard kVt/saat elektrik enerjisi dem kdir. Bu 
is , öz növb sind , ild  1 milyon tona yax n rti yanaca a q na t, n sas  is  ild  küllü 
miqdarda tullant lar n, o cüml n azonda  olan karbon dioksidin atmosfer  at lmas n 
qar n al nmas  dem kdir [1, s. 4]. X rin Az rbaycan sektorunun sahilyan  bölg rinin d  
kül k potensial  bura lav  ets k kül k enerjisinin ölk miz  n  q r böyük fayda ver  
bil yini t vvür etm k ç tin deyil.  

Az rbaycan n t bii iqlim raiti gün  enerjisind n d  istifad  etm kl  elektrik v  istilik 
enerjisinin istehsal  art rma a geni  imkanlar aç r. Bel  ki, gün li saatlar n miqdar  il rzind  
AB -da v  Orta Asiya ölk rind  2500- 3000 saat, Rusiyada 500-2000 saat, Az rbaycanda is  
2400—3200 saatd r. Bir il rzind  1m2 yer s thin  dü n gün  enerjisinin miqdar  AB -da 
1500-2000 kVts, Rusiyada 800-1600 kVts, Fransada 1200-1400 kVts, Çind  1800-2000 kVts v  
Az rbaycanda 1500-2000 kVts t kil edir [1, s. 4]. S nayenin mövcud qurulu u da bu sah  çox 
lveri li mövqed  yerl dirilmi dir. Bel  ki, gün  batareyalar  üçün foto-elementl r istehsal ed n 

Sumqay t Texnologiyalar Park  co rafi mövqeyin  gör  Qarada , t, X  kimi böyük gün  
enerjisi potensial na malik razil  yax n yerl mi dir. Paytaxt Bak  enerji il  t min ed n 
yüks k g rginlikli sas magistral elektrik x ttl ri d  bu raziy  yax nd r v  qo ulma üçün bütün 
imkanlar vard r. 

Az rbaycan Respublikas n razisi termal sularla z ngindir. Bunlar Böyük v  Kiçik 
Qafqaz da lar , Ab eron yar madas , Tal  da -yamac zonas , Kür çök kliyi v  X ryan -Quba 
razisi kimi geni  sah ri hat  edir [1, s. 6]. Göst ril n razil rd  olan termal sular  istifad  
lb etm kl  m td  v  dig r sah rd  istilik enerjisin  olan ehtiyac n bir hiss sini öd k 

mümkündür. Haz rda G nc rinin imal q rbind  h yata keçiril n eksperimental layih nin 
rkib hiss si olaraq xüsusi qur ular vasit si il  termal m nb n al nan enerjinin potensial n 
karlanmas  imkanlar  s naqdan keçirilir. A dak  c dv ld  Az rbaycan Respublikas  üzr  

termal sular n proqnozla lan ehtiyatlar  verilmi dir.  
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M nb : Alternativ enerji m nb rind n istifad  olunmas  üzr  milli proqram, s.12 
 

Az rbaycan Respublikas n ümumi enerji sistemind  su elektrik stansiyalar n istehsal 
gücünün xüsusi ç kisi haz rda t xmin n 18 faiz t kil edir. Ölk  indiy  q r istifad  
edilm mi  hidroenergetika ehtiyatlar n m nims nilm si üçün geni  imkanlar vard r. Bu 
istiqam td  apar lm  t dqiqat i ri n tic sind  Az rbaycan Respublikas ndak  çaylar n tam 
hidroenerji potensial n 40 mlrd. kVt.s, texniki c td n lveri li potensial n is  16 mlrd. kVt.s 
oldu u mü yy n edilmi dir ki, bunun da 5 mlrd kVt.s kiçik su elektrik stansiyalar n pay na 
dü ür. Su elektrik stansiyalar n tikintisi -sel sular n t nziml nm si, ekoloji c td n t miz 
elektrik enerjisi istehsal  v  yeni suvarma sisteml rinin yarad lmas  kimi dövl t miyy tli 

rin h llind  mühüm rol oynay r. Ölk  h mçinin vahid enerji sisteminin elektrik 
tl rind n v  yar mstansiyalar ndan uzaqda yerl n obyektl rin, ya ay  m nt rinin 

elektrik enerjisi il  t chizind  mikro SES-l rd n d  istifad  olunmas  elektrik enerjisi probleml ri 
il  yana , dig r sosial m rin d  h llin  imkan yarada bil r. 

Ölk mizd  biokütl  enerjisinin istehsal  da böyük perspektivl r v d edir. Apar lm  
dqiqatlar göst rir ki, Az rbaycanda iqtisadiyyat n bütün sah rind  istehsal tullant lar n 
rkibinin çox hiss sini biokütl  madd ri t kil edir. H min biokütl  madd rind n elektrik 

enerjisinin istehsal nda istifad  olunan bioqaz, biomaye v  b rk biokütl nin al nmas  
mümkündür. Bel  ki, Az rbaycan Respublikas nda h r il tullant lar n z rsizl dirilm si 
poliqonlar na 2,0 milyon tondan çox b rk m t v  istehsalat tullant lar  at r. 2012-ci ild  
istifad  verilmi  Bak  b rk m t tullant lar n yand lmas  zavodunun illik emal gücü 500 
min ton m t tullant  v  10 min ton tibbi tullant  t kil edir. Zavod iki x ttd n v  elektrik 
enerjisi istehsal ed n turbind n ibar tdir. Tullant lar n yand lmas  prossesi n tic sind  alternativ 
enerji kimi ld  edil n elektrik enerjisinin miqdar  ild  235,5 milyon kilovatt/saatd r. Zavodun 

aliyy ti n tic sind  illik 60 milyon kub metrd n art q t bii qaz h cmind  enerjiy  q na t edilir. 
ld  edil n elektrik enerjisi 100 min evin enerji il  t min olunmas na imkan yarad r. lb tt  ki, 

t tullant lar n bu cür emal n bütün ölk razisind , xüsusil , G nc , Sumqay t v  
Ming çevir kimi rl rd  d  t kili t kc  elektrik v  istilik istehsal  üçün deyil, h m d  ekoloji 

mizliyin t min edilm si üçün d  böyük faydalar ver  bil r. 
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AZ RBAYCANDA EKOLOJ  V YY T V  EKOLOJ  S YAS N 

REALLA DIRILMASININ SAS ST QAM TL  
Niluf r Muradova 

Bak  Dövl t Universiteti, qtisadiyyat v  idar etm  kafedras  

r bir tarixi dövr özünün mü yy n xüsusiyy tl ri il  f rql nir.Müasir dövrümüzü d  
elmin, informasiya texnologiyalar n, texnikan n inki af  bax ndan f rql ndir  bil rik. Bir 
zamanlar elm sah rinin bir birind n ayrilmas  mü ahid  olunursa da, srin vv ll rind n artiq 
elm sah rinin bir birin  inteqrasiyas  prosesi özünü göst rir. Bu prosesin son m rh si 
qloballa maya g tirib ç xard r, dolay yla qlobal probleml rin birlikd  h ll olunmas  z ruri 
edir. 

Qloballa man  z ruri ed n bir çox faktorlar mövcuddur. Bunlara informasiya 
texnoloqiyalar n inki af , istehsal olunmu  m hsullar  realiz  etm k üçün bazarlar n axtar , 
ekoloji probleml r v  s aiddir. 

Son ill rd  qlobal ekoloji böhran n bilavasit  insanlara t sir etm  ba lamas  il laq dar 
olaraq t bi tin iqtisadiyyat n d rk olunmas , t bi t il  insan f aliyy tinin v  ya ay n 
qar ql  münasib tl rinin  d rind n t hlil olunmas , müasir dövrün n vacib probleml rind n 
biridir. Ba lan c nöqt si bir ölk  olmas na baxmayaraq, traf ölk  d  tez bir zamanda 
yay lmas ,bu böhran n ba  verm sind  heç bir günahi olmayan insanlara da z r verm si, 
problemin qloball ndan, eyni zamanda problemin h llinin d  ancaq birg  s yl  tap la 
bilin yind n x r verir. 

Ümumiyy tl  insan n bütün h yat f aliyy ti onun m nafeyi, ist kl ri, xsi t batlar  il  
x ba r. M hz bu s bd n d , insan n t bi tl laq rin  s x n zar t h yata keçirilm li, onu 
xsi m nafeyi ugruna talan edilm sin  icaz  verilm lidir.Sadalad qlar z yaln z eko-insan 

münasib tl rin  dövl t n zar ti il  mümkün ola bil r. Bu münasib tl rd  n zar tin qoyulmas  
sosial v  m ni v zif r hesab olunmal r. Hele Engels qeyd edirdi ki, “ T bi t üz rind ki 

rimizl  çox da öyünm liyik. H r bir q  üçün t bi t bizd n intiqam al r.Bu 
rd n h r biri, dogrudur, bizim gözl diyimiz n tic ri verir. Lakin ikinci v  üçüncü 

növb  çox zaman birinci n tic rinin miyy tini puça ç xaran lap ba qa gözl nilm z 
tic r verir[1, s.339]. 

nay nin inki af  v  texniki t qqi insan v traf mühit münasib tl rin  yeni, bel  dem k 
mümküns  ziyanl  g tirib.Atmosferin kütl vi kild  çirkl ndirilm sinin t li s nayenin 
inki af  il  qoyuldu. N tic  atmosfer  külli miqdarda z rli qazlar, o cüml n kükürd, 
karbon, azot 4 oksid v  ozon da  karbon 2 oksidd n ibar t z rli birl r 
burax ld .Zamanla atmosfer  burax lan z rli qazlar ekologiyan n pisl sin  v  yer kür sind  

yat n t hlük  alt na g tirib ç xarmas na s b oldu. Dünya üzr  h r il s naye mü ssis ri 
find n atmosfer  t xmin n 1 250 milyon ton karbon 2 oksid burax r. Karbon 2 oksidin 



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 423 

atmosferd   istilik effektinin yaranmas na v  prosesin davam  olaraq  yer planetind  temperaturun 
yüks lm sin  s b olur. Temperaturun artmas  prosesi  irimiqyasl  da nlar n ba  verm sin  

b olur ki, bunun n tic sind  dünya halisin büyük bir hiss si ziyy t ç kir. Aliml rin ilkin 
hesablamalar na gör , qlobal istil  davam ed yi t qdird , yer kür sinin yar  su alt nda 
qalacaq [2, s.3]. 

Ekoloji t hlük  s b olan bir neç  amill r mövcuddur ki, onlar a dak lard r. 
1. Atmosfer  istilik effekti yaradan z rli qazlar n burax lmas .  
2. traf mühitin neft v  neft m hsullar  il  çirkl ndirilm si. 
3. Kimy vi v  radioaktiv tullant lar n okeanlara v  d nizl  ax lmas (DAMP NG) 
4. Ozon qat n da lmas . 
5. Me rin sür tl  q lmas , s hrala ma problemi, torpaq sürü rinin artmas . 
6. Tur u ya lar n ya mas  [3, s.13]. 
Yuxarda sadalad z bütün probleml r onu göst rir ki, ekoloji probleml rl  mübariz  

vacibdir.El  bu s bd n d , keç n srin 70-ci ill rind n etibar n bu haqqda yazilma a v  
müzakir  edilm ya ba land . traf mühitin probleml rin  h sr olunmu  ilk beyn lxalq konfrans 
1972-ci ild  Stokholmda keçirildi. 

Ekoloji probleml rin d rinl si , problemin h llin  k skin ehtiyac yaranmas  ucbat ndan, 
bir müdd t sonra  BMT-nin Rio-de-Janeyro  konfrans  keçirildi. 

Kopenhagen rind  keçiril n son iqlim toplant nda da havaya burax lan z rli 
qazlar n azald lmas  müzakir  edilib. Bu sah  b zi s nayesi inki af etmi  v  atmosfer  daha 
çox z rli qazlar buraxan ölk rin daha çox öhd lik götürm ri müzakir  olunub. Havaya daha 
çox z rli qazlar buraxan AB , Çin, Avropa birliyi, Yaponya 2020 ci il  q r z rli qazlar n 
azald lmas  üzr  öhd lik götürubl r. Çünki AB  da dünya halisinin yaln z 4%-i ya amas na 
baxmayaraq, dünya üzr  havaya buraxilan bütün z rli qazlar n 25%-i AB n pay na dü ür. 
Eyn  misal  Almanyaya da aid ed  bil rik.Almanya federativ Respublikas n halisi dünya 
halisin n yaln z 1%-ni t kil etm sin  baxmayaraq, dünya üzr  havaya burax lan z rli qazlar n 

4%-i bu ölk  aiddir [4, s.24] 
Dünyada görül n bütün t dbirl rl  yana , Az rbaycan Respublikas nda da ekoloji 

probleml r v  onlar n h lli m ri diqq t m rk zind dir.Bu da t bii bir hald r.Keç n srin 
vv ll rind n ba layaraq, Ab eron yar madas nda neft ç xarilmas  il laq dar olaraq ekoloji 

tarazl q pozulmu  v  yüzl rl  hektar torpaq çirkl nm  m ruz qalm r. Ümumiyy tl , 
Az rbaycan Respublikas  Sovetl r Birliyinin t rkibind n ayrilaraq müst qilliyini  b rpa etdikd n 
sonra beyn lxalq t rrüfat laq rinin q lmas  ucbat ndan böyük iqtisadi v  siyas  ç tinlikl rl  
rastla r. H  SSR -nin t rkibind  olark n böyük potensial  olan Az rbaycan, müst qillik 

rpa olunduqdan sonrak  5 il (1991-1996) rzind  ciddi böhran ya am r. 1996-c  ild n 
etibar n h r il 10 faizlik art m mü ahid  olunmu dur. Son 20 ild  istehsal olunmu  283,6 milyard 
manatl q s naye m hsulunun 61.7%-i m nç xarma,29,3%-i emal s nayesi, 7.5%-i elektrik 
enerjisi, qaz, buxar istehsal ,qalan hiss si is  su t hcizat ,tullant lar n t mizl nm si v  emali 
mü ssis rinin pay na dü mü dür. Respublikan n müxt lif regionlar nda yerl n bu istehsal 
sah rinin h r biri traf mühit  özün xsus tullant ar ataraq ölk nin ekoloji durumunu xeyli 
korlam r [5, s.3]. 

Sumqay tda 1949-cu ild  in a edil n kimya zavodlar , 90-c  ill rin vv ll rin  q r h r il 
atmosfer  120 min ton z rli madd  burax rd  ki, bu da Sumqay t v traf razil rd  mövcud 
ekoloji durumun pisl sin  g tirib ç xartm .Sovet dövründ  in a edil n kimya zavodlar na 
mü yy n yenid nqurma i ri apar lmas na baxmayaraq, burada h r il atmosfer  yen  d  96,5 
min ton z rli qaz burax lmaqdad r.Atmosfer havas na at lan tullant lar n h cmin  v  xüsusi 

kisin  gör  Bak , Sumqay t, li-Bayraml , G nc  v  Ming çevir rl ri önd  gedirl r.Bu 



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 424 

rl rin hava hövz sini çirkl ndir n sas s naye mü ssis ri, neftay rma, neft-kimya, kimya, 
energetika, metallurgiya,tikinti materiallar  s nayesi sah ri v  avtomobil n qliyyat  hesab 
olunurlar. Bel  sen ye sah ri t kc  atmosferi çirkl ndirm kl  qalm r, h mçinin, bütövlükd  

rl rin traf mühitinin çirkl ndirilm sinin ba ca m nb yi hesab olunurlar. Respublikan n 
atmosfer havas na at lan tullant lar n 79.0% Bak rinin,4.7%-i Ming çevirin,4.6%-i li-
Bayraml n,3.5%-i Sumqay n, 1.5%-i G nc nin pay na dü ür. Bununla b rab r, Ab eron 
yar madas nda  neft ç xar lan razil rd  neft m hsullar n ill rl  çöküb qalmas  n tic sind  
radiasiya fonu da yüks kdir. T kc  Ab eron yar madas nda 3200 hektardan çox razi neftl  
çirkl nmi dir. Bununla b rab r Ab eron v traf razil rd traf mühitin m t tullant lar  il  
çirkl nm sinin qar  almaq üçün v  mövcud v ziyy ti yüngüll dirm k üçün Az rbaycan 
Respublikas n Prezidenti lham liyev 6 avqust 2008ci ild  “Bak rind  m t tullant lar  
il  ba  idar etm nin t kmill dirilm si haqq nda” S ncam imzalad . Bu s ncama istinad n 
“T miz r” S hmdar C miyy ti yarad ld . Balaxan  poliqonunda b rk m t tullant lar  
zavodunun in as na ba lan ld  v  2012-ci ild  istifad  verildi. 

Apar lan ara rmalar onu göst rir ki, traf mühitin mühafiz si sah sind  Az rbaycan 
Respublikas  düzgün siyas t yeritm kl  MDB ölk ri iç risind  seçilir. Ekoloji t hlük sizliyin 

min edilm si sah sind  d , bir çox islahatlar apar lm  v  yüks k n tic r ld  edilmi dir. 
vv la onu qeyd etm liy m ki, indiki dayan qli ekoloji t hlük sizliyin ld  edilm si üçün h  

müst qiliyin ilk ill rind n ba layaraq i r görülm  ba lan lm r.2003-cü ild n ba layaraq is  
proqramlar q bul edilmi dir.Bu proqramlar n s ras na “Ekoloji c td n dayan ql  sosial-iqtisadi 
inki afa dair”, “Me rin b rpa edilm si v  b rpa edilm sin  dair” milli proqramlar, “Ab eron 
yar madas nda t bii da  yataqlar n s li istifad si v  inki af ” regional proqramlar  
haz rlanm r v  sabiq prezident Heyd r liyevin s ncam  il  18 fevral 2003-cü ild  t sdiq 
edilmi dir. Az rbaycan Respublikas nda Ekologiyaya dair Milli proqramda ölk razisind  
ekoloji t hluk sizliyin t min edilm sind n, t bii ehtiyatlar n s li istifad sind n, ekoloji 
tarazl n qorunmas n z ruriliyind n v  g k n sill  ekoloji t miz bir ölk nin ötürülm si 
probleml ri i nib haz rlanm r. 

Ümumiyy tl , respublikam zda ekoloji probleml rin aradan qald lmas  üçün son 10 ild  
dövl t s viyy sind  ciddi t dbirl r h yata keçirilib. Ekologiya v  T bii S rv tl r Nazirliyi 

find n ekoloji tarazl n b rpas na v traf mühitin çirkl nm sinin qar n al nmas na dair 
“Ekoloji c td n davaml  sosial-iqtisadi inki afa dair” Milli proqram haz rlan b v  icras  h yata 
keçirilir. Bundan lav , dövl t ba  t find n 2010-cu il Az rbaycanda “ Ekologiya ili” elan 
edilmi dir. Prezident  2010-cu ilin sosial-iqtisadi inki af n yekunlar na v  2011-ci ild  qar da 
duran v zif  h sr olunmu  iclasda demi dir “M n çox adam ki ” Ekologiya ili” ç rçiv sind  

m dövl t t find n böyük i r görüldü, h m d  öz l sektor bu i  qo uldu.6(s.241) n 
sevindirici hal is  ondan ibar tdir ki,ölk halisi d  bu t bbüs  qo ularaq ekoloji v ziyy tin 
yax la lmas na öz d rli töhf rini vermi dir. 

Alt  milyondan art q a ac kilmi dir.Bu proses qar dak  ill rd  d  davam etdiril k. 
Ekoloj v ziyy tin yax la lmas  ölk mizin u urlu inki af  üçün, halinin sa laml  üçün çox 
böyük miyy t da r. Prezident onu da lav  edib ki, ekoloji t dbirl r ancaq a ac km kl  
bitm yib. Çaylar trafinda yerl n k ndl  xüsusi t mizl yici qur ular yerl dirilm si 

tic sind  300 min Az rbaycan v nda  Dünya S hiyy  T kilat n standartlar na uy un 
içm li su il  t min edilmi dir. 

lumdur ki, respublikam z m hdud su ehtiyatlar na malikdir. Konkret olaraq, C nubi 
Qafqaz regionu üzr ,ümumi su ehtiyyat n 62%-i Gürcüstan n, 28%-i Erm nistan n v  yaln z 
10%-i Az rbaycan n pay na dü ür. Lak n bununla bel , aliml rin apard  hesablamalar göst rir 
ki, respublikan n potensial su ehtiyyatlar  s nayen n, k nd t rrüfat n v halinin suya olan 
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bat  öd  bil r. Respublikan n illik suya olan t bat  11-13 kub km aras nda d yi ir. H r il 
respublikam n su hövz rind n 12 kub km, yeralti laylardan is  1.2 kub km. irin su götürülür. 
Götürül n suyun 60-70%-i k nd t rrüfat n, 20-25%-i s nayenin, qalan hiss si is  t rrüfat 

 içm li su t bat n öd nilm sin  s rf edilir. Ölk  üzr  su obyektl rin  at lan tullant  sular n 
ümumi h cmi 160-170 mln.kub metr aras nda t ddüd edir ki, bu göst ricil r su obyektl rinin 
ekoloji saglaml  haqq nda bizi bir az daha d rind n fikirl  vadar edir.  

Az rbaycan razisinin (86,6min km) 49.3%-i (4.2 mln ha) k nd t rrüfat  torpaqlar n 
pay na dü ür. Sovetl r dövründ  adamba na dü n k nd t rrüfat na yararl  torpaq sah sinin 

cmin  gör  (0.7ha) Az rbaycan 15 mütt fiq respublika aras nda 14-cü yeri tuturdu. Bu gün 
erm ni i al nda olan razil ri d  n  alsaq,v ziyy tin n  d  ac nacaql  oldu u h r 
birimiz aydin olar. Müasir dövrd  adamba na dü n t qrib n bir hektarl q(0.92ha) yaln z 0.6 
hektar kin  yararl r. Ölk razisind  mövcud olan bütün torpaq resursunun 51.6 faizini 
otlaqlar, 30.2%-ni kil  bil n torpaq sah ri t kil edir.30.2%-lik torpaqlar n yaln z 12.8%-i 
uzun zamand r kilir. Suvarilan b zi bitgil r kil n torpaqlar tez-tez suvar ldagina gör  
torpaqlar n a nmas na s b olur. H ddind n artiq gübr nm k d  torpaqda duzun miqdar n 
artmas na, kimy vi çirkl nm  s b olur. Torpa n kimy vi ç rkl nm si is   yeralt  su 
ehtiyatlar , içm li su ehtiyatlar , çaylar  çirkl ndirir. Son dövrl  q r apar lan ara rmalar 
göst rir ki, “ içm li suyun keyfiyy tinin xeyli a  olmas  aran rayonlar nda saglaml q üçün 
xeyli t hlük lidir”(s.3) 

Uzun ill r rzind  ölk  aqrar s naye kompleksinin ekstensiv inki af , kinçilik 
niyy tinin a  s viyy  olmas ,ilb il art lan dövl t planlar n v  öhd likl rinin yerin  

yetirilm si namin  torpaqlar n amansiz istismar  onlarda oranla ma, eroziya, kimy vi çirkl nm , 
kinalt  qat n kipl si kimi m nfi prosesl n t siri alt nda böyük razil rd  torpaq 

deqredasiyas na(torpa n biyoloji v  iqtisadi m hsuldarl n itm si) s b olmu dur. 
Ümumiyy tl  Az rbaycanda 1.5 milyon hektar oranla  torpaq sah si var ki onunda 900 min 
hektar  suvar la bilir. 

Torpaqlar n yarars z hala g lm sin  dig r bir s b is ,s nayenin iki sah sidir. Bu s naye 
sah rind n biri neft s nayesi, ikinci is  da -m n s nayesidir.Faydal  qaz nt lar n aç q üsulla 
istismar traf mühitin bütün elementl rin  t sir edir. Respublika iqtisadiyyat n sas s naye 
sah si olan neft hasilat  v  neft ay rma zavodlar n ölk  ekologiyas na  vurdu u z r q r, 
da -m n s nayesi sah ri d  ziyan vurur. S naye sah rinin traf mühit  vurdu u ziyan 

ncirvari halqalar klind  torpaq fondlar n a nmas ndan tutmu  k nd t rrüfat  m hsullar n 
istehlakç  olan halinin s hh tinin korlanmas na q r, dem k olar ki bütün ekoloji sah rd  
özünü biruz  verir. 

bii s rv tl r bax ndan dünyan n seçilmi  ölk rind n olan Az rbaycan n SSR  
da ld qdan sonra istismar na son qoyulmu  v  müst qilliyin ilk ill rind  ölk nin t bii s rv tl ri 
iqtisadiyyat n qurulmas nda bazis rolunu oynam r.SSR  dövründ  Az rbaycan iqtisadiyyat n 
sür tl  inki af etdirilm si fonunda ekoloji probleml  ümumiyy tl  diqq t yetirilm mi  v  

tic  min hektarlarla torpaq sah ri, me r, göll r, çaylar yarars z hala dü mü dür. T kc  o 
fakt  qeyd etm k kifay tdir ki, Bak rinin “Qara r ” adlanan s naye miyy tli hiss si 
tikil rk n “gül kül yi” n  al nmam  v  bel likl  zavodlardan havaya buraxilan bütün z rli 
qazlar rin havas  yarars z hala salm r. Müst qillik dövründ n etibar n dövl t ekoloji 
probleml  xüsusi diqq t ay rma a ba lam r ki, bunun da n tic si çox q sa zamanda hiss 
olunmu dur.Havan n, torpa n, su ehtiyyatlar n h tta X r d nizinin keçm  n n, n  
çarpacaq d  t mizl nm si bizi g  nikbin baxma a vadar edir. Bununla yana  
dövl tin ekoloji strategiyas  iqtisadiyyat n inki af  il  b rab r apar r ki, bu da Az rbaycan 
dövl tinin u urlu siyas tinin n tic sidir.  
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DYNAM CS  OF BALANCED COMPARATORS BASED ON  
SMALL JOSEPHSON JUNCT ONS W TH COULOMB BLOCKADE 

I.N. Askerzadea.b, R.T. Tagiyeva Askerbeyli c 
aComp. Eng. Dep. and  Center of Excellence of  Superconductivity Research,  

Ankara University,   Turkey 
bInstitute of Physics  Azerbaijan NAS 33, H.Cavid 33, Baku,  AZ1143, Azerbaijan 

cKarabuk University, Karabuk,  Turkey 

Due to development of fabrication of submicron size Josephson junctions last years his 
properties attract attention of researchers. Interests to such circuits with small Josephson 
junctions related with manifestations of quantum effects in this systems. As shown in [1-3], in 
small Josephson junctions arises Coulomb blockade of Cooper pairs, which leads Bloch 
oscillations of voltage in junctions. Dynamics of tunneling Cooper pairs in small size Josephson 
junctions was investigated in [4]. Properties of single junction interferometer with small 
Josephson junctions was  analyzed in study [5].  

It is well know that small Joephson junctions characterized by the ratio 
C

J

E
E

, where 

e
IE c

J 2
 Josephson energy, cI  critical current, 

C
eEC 2
)2( 2

 Coulomb energy,  capacity of 

junction [1-3]. The case of 1 correspond to the classical Josephson effect and in this case 
can be neglected by the effects of correlation in Cooper pair tunneling. In opposite case due to 
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small capacity, Coulomb energy 
C
eEC 2
)2( 2

 becomes considerable, which leads to Coulomb 

blockade under tunneling of Cooper pair [1-3]. It means that 1 and the equaton for 
evolution of quasi-charge q  )( eqe  in lower band approximation (i. . in absence of Zeneer 
tunneling to high bands) can be written as [1-3]    

R
dqqdEtI

dt
dq /)(

)( 0 ,                                                  (1) 

where )(0 qE  is the dispersion  relation  for lower band, R   normal resistance of junction.  
Such approach is equivalent to nonlinear alternating differential Bloch capacity )(qCB , 

which determined by the expression  

1
2

0
2

)
)(

()(
dq

qEd
qCB     .                                                   (2) 

Recently in paper [6] it was shown, that the equation for dynamic of quasicharge q  in 
small junctions should include inductive term related with Bloch inductance. Inclusion of Bloch 
inductance causes changing of dynamics of quasi-charge alone lower band and this 
mathematically is equivalent to introducing term related with second derivative of quasi-charge 
q .  

Dynamical properties of balanced comparators on small Josephson junctions firstly was 
investigated in [7]. However in calculation [7] of transient characteristic of balanced comparator 
based on small Josephson junction was used Equaton (1) neglecting effects of Bloch inductance. 
Influence of the Bloch inductance on the time resolution of balanced comparator based on small 
Josephson junctions was not considered yet. In this study we develop linear theory for the 
estimation time resolution of balanced comparator based on small Josephson junctions taking into 
account Bloch inductance.  

Fot the analysis of the dynamics of balanced comparator based on small Josephson 
junctions taking into account Bloch inductance we will use  system of differential equations  

,)()( 1
1

2
1

2

1 eB VqV
dt
dqR

dt
qdqL     (3) 

,)()( 2
2

2
2

2

2 seB VVqV
dt

dqR
dt

qdqL                              (4) 

where eV  voltage in comparator circuit related with strob-pulse, sV  signal voltage. It is useful to 
note,  that  Eqs.  (3),  (4)  without  first  terms,  i. .  neglecting  Bloch  inductance  was  used  in  
calculation [7] of transient characteristic of balanced comparator. Periodical function )(qV  in 
Eqs. (3), (4), replace term sin  in Eqs. of usual Josephson effect [8]. Expression of  )(qV  
presented below )( eqe  and was used in [1-3] 
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4
)1)((

)(
)(

2
22

3

e
q

e
q

e
q

C
eqV                .                            (5)  

Bloch inductance )(qLB  in Eqs. (3) and (4) is positive periodic function of quasi-charge q . 
General expression for )(qLB  presented in [6]. In our calculations we will use asymphtotical 
expressions for Bloch inductance )(qLB . 

As for any comparator, the value of the time resolution can be determined using the 
transient response H ) [7], which represents the output signal of the comparator Vout  when the 
signal in the form of a small current step Vs = V (t) is applied to the input of the comparator. In 
this case, the time resolution is usually defined as the step response time H ) from the level of 
0.10 to 0.90 of its maximum value, where  denotes the delay time (lead time) of the strobe pulse 
relative to the step. 

The dynamic behavior of balanced comparator is determined by two control variables eV  
and sV . For small quasicharge increment  21 qqq  in respect to pulse sV  we have the 
following system of Eqs. 

,)()( 2

2

sB Vqq
dq
dV

dt
qd

R
dt

qd
qL                                      (6) 

,)()( 1
1

2
1

2

1 eB VqV
dt
dqR

dt
qdqL                                                    (7) 

where 2/)( 21 qqq . Asymptotic solution of (7), under linear growing external voltage 
tVe  has the following form  

0

02

3/12/1
2

2

3/12/1
2

2

1,

,
)(

6

27
1)1(

4
)1(

2

27
1)1(

4
)1(

2

/1,

ttat

tttat
tt
el

tt

tt

tatt

C
qV

D
D

B

,              (8)  

where 2/30 3
21t , 

0

2 CB
B

ILl , 0  is magnetic flux quantum. In Equation (8) near 

eq  Bloch inductance )(qLB  can be approximated by expression [6] 
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)
2
11(

2
)( 0

c
B I

qL  .     (9) 

Transient characteristic H( ) of balanced comparator on small Josephson junctions taking 
into account Bloch inductance BL  presented in Fig. 2. In calculations we use asymptotical 
solution for the dynamics of quasicharge Eq. (8). In contrast to results obtained in [7], transient 
characteristic H( ) of balanced comparator on small Josephson junctions H( ) has an oscillating 
character in the case of  < 0. This behavior is associated with a complete set of reactive elements 
in the equivalent circuit of the Josephson tunnel junction. Using calculated transient characteristic 
H( ) and above presented definition of  time-resoltuion, for  we found  

RI c2
)

2
11(15.1 0   .                                                 (11)  

For typical values of resistance kR 2.5  and critical currents AI c 1.0  of small 
Josephson junctions, at which arises Coulomb blockade, time resolution can be estimated at the 

level 0.12ps. In calculations parameter 
C

J

E
E

 considered to be equal 0.333. As followed from 

expression (11), time resolution  becomes worse with increasing of parameter . Physically it 
related with growing of delay time of tunneling of Cooper pair in small Josephson junctions from 
one electrod to another one.  

Thus, in this paper, the time resolution of Josephson balanced comparators with a Coulomb 
blockade was investigated. Bloch oscillations in small Josephson junctions taken into account 
inclusion corresponding  inductance in equivalent scheme. It was shown that the time resolution 
becomes worse with reduction size of Josephson junction. Estimation show that it is possible to 
reach a time resolution at the level of tenths of picoseconds. 
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ÖLÇÜLÜ ELEKTRON S STEM N TERMOELEKTR K 
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Güclü elektrik sah sind  ikiölçülü elektron sisteminin (2ES) termoelektrik h t qüvv si  t dqiq 
edilmi dir. Göst rilmi dir ki, termoehq-nin elektron hiss sinin qiym ti elektrik sah sind  xeyli art r, fonon 
hiss  is  elektrik sah sind n as  deyil. N tic  elektron temperaturunu birba a ölç n 2ES termocütünün 
ölçm  interval  geni ndirm  imkan verir. Elektrik sah sinin intensivliyinin müxt lif qiym tl rind  
termoehq-nin q sin temperaturundan as q qrafikl ri qurulmu dur. 

Güclü elektrik sah sind  elektronlar n q zmas  termoelektrik v  termomaqnit effektl rin 
qiym tl rini, el  d  bu effektl rin elektronlar n konsentrasiyas ndan, q sin temperaturun-dan 

 s. as qlar  xeyli d yi dirir. Bu, bir t fd n a ölçülü sisteml rd  termoelektrik v  
termomaqnit effektl rin qiym tini elektrik sah si vasit si il  idar  etm , dig r t fd n is  bu 
sisteml ri xarakteriz  ed n k miyy tl ri ölç n cihazlar n yarad lmas na imkan verir. 
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Termoelektrik h t qüvv sinin elektron temperaturundan as ndan istifad  ed k, 
 temperaturlarda elektron temperaturunu birba a ölç n 2ES termocütü yarad lm r [1]. 

Termoehq iki hiss n-elektron v  fonon hiss n ibar t olur [2]. Bu cihaz n i i termoehq-nin 
elektron hiss sinin elektron temperaturundan as na saslan r v  cihaz q s temperaturunun 
2K-  q r qiym tl rind  yax  n tic r verir. Daha yuxar  temperaturlarda termoehq-nin fonon 
hiss si miyy tli rol oynad  üçün, mü llifl r hesab edir ki, elektron temperaturunun t yinind  
bu cihazdan istifad  edilm sinin düzgünlüyü übh  do urur. [1] i ind  n tic rin analizind  

zm  elektronlar n termoelektrik h t qüvv sinin elektron hiss sinin fenomenoloji 
düsturundan istifad  edilmi , fonon hiss nin elektrik sah sind n as  olub-olmamas  m si is  
ara lmam r. 

Biz burada 2ES sisteml rind  yaranan termoehq-y  güclü elektrik sah sinin t sirini 
öyr rk n Bolsman n kinetik t nlik metodundan istifad  etmi ik v  termoehq-nin h m elektron, 

m d  fonon hiss sini hesablam q. Elektrik sah sinin intensivliyi v  temperatur qradiyenti 
elektron qaz  t si üzr  götürülür. 2ES-d  t  boyunca kvantlanma ba  verm diyi üçün bu 

 üzr  elektrik c yan  hesablayanda Bolsman n kinetik t nlik metodu yax  i yir [2]. 
Elektronlar n akustik fononlar n deformasiya v  pyezoelektrik potensial ndan, a qar ionlardan 

pilm  mexanizml ri, el  d  s pici potensiallar n ekranla mas  n  al nm r. 
hdudlay  potensial olaraq parabolik potensial götürülmü dür: 

m
kN

22
1 22

0      (1) 

Burada m - keçirici elektronlar n effektiv kütl si, 0 - parabolik potensial n parametri, N - 

ossillyasiya kvant di, zy kkk , - elektronlar n dal a vektorudur. 
Elektronlar n s pilm si kvazielastiklik rtini öd yirs  v  öz aralar nda toqqu malar n 

tezliyi onlar n fononlardan s pilm  tezliyind n böyükdürs , paylanma funksiyas n izotrop 
hiss si, q sin T  temperaturundan f rqli eT  temperaturu il  xarakteriz  olunan Fermi –Dirak 
paylanmas  kimi göst ril  bil r. Elektronlar n effektiv temperaturu eT  balans t nliyind n 
(stasionar halda elektron sisteminin elektrik sah sind n ald  enerjinin bu sistemin fononlar 
sistemin  verdiyi enerjiy  b rab rliyind n) tap r [3] 

Biz fononlar n elektrik sah sind  q zmad  hala bax q, onda uzundal al  fononlar n  
rqN , paylanma funksiyas n izotrop hiss si T  temperaturlu Bolsman paylanmas  il  ifad  

edilir, anizotrop hiss  is  fononlar üçün kinetik t nlikd n tap r.  Elektron qaz  t si boyunca 

Ty temeratur qradiyenti yarad landa  g n termoehq üçün al q [2] 
eyy

eyy

T
T

. 

     (2) 

eyy T msal  (v  dem li ) iki hiss n -elektron v  fonon hiss n ibar tdir: 

e
ph
yye

e
yyeyy TTT . Q zd  elektrik sah sinin intensivliyi kvantlanman n olmad  z  

oxu istiqam tind  yarad lm r. Güclü c rla  elektron qaz  üçün termoehq-nin elektron 
hiss si a dak kil  dü ür: 

T
T

T
T

e
k ee

e
0

0

0

0

0

2
0 11

3
.   (3) 
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Burada TmkkF 0
22

0 2 -elektronlar n g tirilmi  kimy vi potensial , Fk elektronlar n Fermi 
viyy sin  uy un dal a di, 0 is  elektronlar n s pilm  tezliyidir. 

Termoehq-nin fonon hiss sinin hesablamalar  göst rir ki, 
güclü c rla  elektron sistemind  elektronlar n q zmas  
termoehq-nin fonon hiss sini d yi dirmir. Bu hiss  üçün al nan 
ifad nin mür kk bylini, elektrik sah sind n as  olmad  v  
[4] i ind ki n tic  il  üst-üst  dü düyünü n  alaraq onun 
ifad sini burada vermirik. Termoehq-nin elektron hiss si, (3) 
ifad sind n göründüyü kimi, elektronlar n q zmas na çox 

ssasd r. Termoehq üçün di hesablamalar elektronlar n s th 
xl  2151078.1 mn , m hdudlay  potensial n parametri 

113
0 107 san olan ikiölçülü /GaAs  AsGaAl xx 1  kvant 

çuxurunda apar lm r. kild  elek-trik sah si intensivliyinin 
sabit qiym tl rind  ( ;8.0E  mV2.1;1 ) v  elektrik sah sinin olmad  halda termoehq-nin 
elektron hiss sinin q s temperaturundan as q qrafikl ri verilmi dir.  

kild n göründüyü kimi, elektrik sah si olmayan halda termoehq-nin elektron hiss si 
sin temperaturu il  düz müt nasibdir. Elektrik sah sind  elektronlar n q zmas  n tic sind  

termoehq-nin elektron hiss si sah  olmayan halla müqayis  xeyli art r, KTK 102  
temperatur interval nda bu art m 2-4 interval ndad r. 

Burada al nm  n tic r [1] i ind  t svir olunan, elektron temperaturunu birba a ölç n 2ES 
termocütünün ölçm  interval  geni ndirm  imkan verir. Termoehq-nin fonon hiss si 
elektrik sah sind n as  olmad ndan elektrik sah sind  termoehq-nin d yi si yaln z elektron 
hiss nin d yi si n tic sind  ba  verir: 00 eeeee TTT . Ona gör  d  
müvafiq d yi iklik etm kl  (h r bir temperatura uy un fonon hiss ni ç xmaqla) h min termocüt 
daha yuxar  temperaturlarda da elektron temperaturunu ölçm k üçün t tbiq oluna bil r. 
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1. W.E. Chickering, J.P. Eisenstein, J.L. Reno. Phys.Rev.Letters, 103, 046807 (2009). 
2. .M. A , , ,  

(1985), 318 . 
3. . ,    

, ,  (1970), 338 . 
4.  F.M.  Hashimzade,  M.M.  Babayev,  B.H.  Mehdiyev,  Kh.A.  Hasanov.  J.  of  Physics:  

Conference Series, 245, 012015 (2010).  



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 437 

SPEKTR N Q D APAZONUNDA AgGa0.6In0.4Se2 QARI IQ 

RL ND UMUN N SB  T RK N TEZL K  
ÇEVR LM N EFFEKT VL  T  

R.C. Qas mova, G. . S rova1, N.V. K rimova2, L.S. Hac yeva 
Bak  Dövl t Universiteti, 1Fizika Probleml ri nstitutu, 2Az rbaycan Tibb Universiteti 

safarovagulnara@rambler.ru 

 mövcud t crüb r raitind  AgGa0.6In0.4Se2 növlü qar q kristallarda m nin müxt lif 
parametrl rin çevrilm  effektivliyin  t sirinin t dqiqinin n tic ri göst rilmi dir. T rkibind ki indiumun 
miqdar  il  f rql n üç növ AgGaxIn1-xSe2 kristallar  üçün bucaq dispersiya msallar  hesablanm r.  

Bir s ra üstünlükl rin  gör  t dqiqat obyekti kimi qar q kristal növl rind n 
AgGa0.6In0.4Se2 seçilmi dir. [1]-d  apar lm  t dqiqatlar göst rmi dir ki, indiumun t rkibini (x) 
seçm kl  yax n v  orta infraq rm  diapazonda ikinci harmonikan n generasiyas  zaman  900-li 
qeyri-kritik faza sinxronizmi rtini h yata keçirm k olar. Bu zaman CO2 lazer üalanmas n 

9,64 mkm  dal a uzunlu unda x parametrinin qiym ti 0,6-ya b rab rdir. M lumdur ki, 
AgGa0.6In0.4Se2 kristal  üçün qeyri-x tti kvadratik h ssasl n ölçülmü  qiym ti Vpmd /4136  

rab rdir. Spektrin Q diapazonunda t tbiqi m r üçün CO2 lazerl ri apar  rol oynay r, 
onlar spektrin bu oblast nda güclü optik koherent üalanma m nb yidir. 

Seçilmi  növ kristal n qeyri-x tti optik xass rini t dqiq etm k üçün, h canlanan 
dal an n h yacanland ran dal aya ks t sirini n  alma a imkan ver n sabit intensivlik 
yax nla mas ndan [2] istifad  etm k m qs uy undur. Bu yax nla ma verilmi  qar q növ 
kristallarda [4] CO2 lazerin üalanmas n tezliyinin ikiqat artmas  prosesin  faza effektl rinin 

sirini n rd n keçirm  imkan verdi [3].  
Bu i  mövcud eksperiment raitind  AgGa0.6In0.4Se2 kristal nda x parametrinin çevrilm  

effektivliyin  t sirinin t dqiqat n tic ri göst rilmi dir. stifad  olunan analitik üsul h m çevirici 
kristal n, h m d üalanma m nb yinin optimal parametrl rini konkret t crüb  qeyri-kritik faza 
sinxronizmi rtl ri üçün optimal parametrl ri hesablama a imkan verir. Bel  ki, m n 
verilmi  itkil rd  kristal n uzunlu u v  doldurma dal as n invensivliyi, bu çevrilm nin 
gözl nil n effektivliyini qiym tl ndirm  imkan verir. 

Birinci növ eoo  skalyar sinxronizm raitind  m nfi biroxlu AgGa0.6In0.4Se2 kristal nda 
 tezliyind  CO2 lazer üalanmas n tezliyinin ikiqat artmas  prosesini (2  tezliyind ) t hlil 

ed k.  
Doldurma dal as n üç uzunlu unda: 9.64 mkm, 9.55 mkm v  9.31 mkm CO2 lazer 

üalanmas n ikinci harmonikas n generasiyas  hal nda m nfi biroxlu qar q AgGa0.6In0.4Se2 
kristal nda sinxronizmin bucaq enini t yin ed k. Sinxronizm istiqam tind n meyletm  buca n 

 hesablanmas  [5, 6]-a uy un olaraq kristalda indiumun miqdar ks etdir n üç qiym t 
üçün (0; 0.3; 0.4) aparaq. Bu zaman [5-6]-da verilmi  Selmeyyer msallar ndan istifad  olunur [7, 
8]. 

Q diapazonda AgGa0.6In0.4Se2 kristal nda CO2 lazer üalanmas n tezlik çevrilm sinin 
effektivliyinin art lmas  yollar  t dqiq etm k üçün sabit intensivlik yax nla mas nda al nm  
çevrilm  effektivliyi üçün analitik ifad ni di hesablayaq. Bu zaman m nin 
parametrl riverilmi  kristal üçün mövcud t crüb rin rtin  uy un seçilir [7-9]. 
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lumdur ki, AgGa0.6In0.4Se2 qar q strukturlar nda kristal n xass rin  indium t sir edir 
[1]. kild  indiumun kristalda ü  müxt lif konsentrasiyas  hal nda tezlik çevrilm si prosesinin 
sabit intensivlik yax nla mas nda t hlilinin n tic ri göst rilmi dir. CO2 lazerinin doldurma 
dal as n uzunluqlar n üç variant  n rd n keçirilmi dir: 9.31 mkm, 9.55 mkm v  9.64 mkm. 
Üç yrid n 1 v  4 qrupu AgGa0.7In0.3Se2 kristal n (x=0.7) uy un olaraq 1.05 sm v  0.65 sm-  

rab r olan uzunluqlar nda doldurma dal as n üalanmas n üç dal a uzunlu u hal nda 
çevrilm  effektivliyinin )(2  as na uy undur. Üç yrid n 2 v  5 qrupu is  AgGa0.6In0.4Se2 
kristal n (x=0.6) uy un olaraq 1.05 sm v  0.65 sm-  b rab r olan uzunluqlar nda doldurma 
dal as n üalanmas n üç dal a uzunlu u hal nda )(2  as qlar na uy undurlar. Üçüncü 
qrup yril ri is  AgGaSe2 kristal n (x=1) 0.8 sm b rab r uzunluqda doldurma dal as n 
üalanmas n üç dal a uzunlu unda )(2  as qlar na uy undurlar. H r bir qrupda yuxar dak  
yri 9.64 mkm üalanma dal as  uzunlu una, ortadak  9.55 mkm, a dak  is  9.31 mkm 
üalanma dal as  uzunlu una uy undur. 

3, 4 v  5 qrupu yril rinin müqayis sind n görünür ki, qar q kristal n t rkibind  indiumun 
konsentrasiyas  1-d n 0.6-ya q r artd qda )(2  as  horizontal forma yrisin  meyl edir. 
Bu o dem kdir ki, kristal n faza sinxronizminin öd nm si rtin  qar  qeyri-kritik rejimin  
keçilir. Bel ki, m n, AgGaSe2 kristal nda çevrilm  effektivliyinin 0.036% d yi si -0.6 
mrad +0.6 mrad qiym tli bucaq inteval nda ba  verir. Kristalda Ga-un bir hiss sinin indiumla 
x=0.7-y  q r z edilm si (AgGa0.7In0.3Se2) efektivliyin analoji d yi sin  g tirib ç xar r, 
lakin 1.67 d  böyük bucaq interval nda (-1 mrad-dan +1 mrad-ad k). Kristala sonradan x=0.6-
ya q r indium lav  olunmas  (AgGa0.6In0.4Se2) AgGaSe2 kristal  il  müqayis  bucaq 
interval  33 d  art r (-20 mrad +20 mrad). Buradan AgGa0.6In0.4Se2 kristallar nda faza 
sinxronizmi rtinin öd nm sinin qeyri-kritikliyi, AgGa0.7In0.3Se2 v  el  AgGaSe2 
kristallar na n n daha böyük bucaq diapazonunda öd nilir. Bu m  [1]-d  t crübi t dqiq 
olunmu dur, lakin t crübi AgGaxIn1-xSe2 kristal n 1.05 sm uzunlu unda bizim halda 1 (x=0.7) 

 2 (x=0.6) yril r qrupuna uy undur. 1 v  4; 2 v  5 qrup yril rinin müqayis si göst rir ki, 
çevirici –kristal n optimal uzunlu unun istifad si çevrilm  effektivliyini üç d , 15.0)(2 -

n 0.45-d k art rma a imkan ver  bil r. 

 
k. AgGaxIn1-xSe2 kristal nda ikinci harmonikaya  2 çevrilm  effektivliyinin doldurma dal as n I10= 0.6 

MW/cm2 intensivliyind  x=0.7 -AgGa0.7In0.3Se2 (1 v  4 yril ri), x=0.6 - AgGa0.6In0.4Se2 (2 v  5 q q-
q yril r),  x=1 -  AgGaSe2 ( 3 yril ri) üçün sabit intensivlik yax nla mas nda hesablanm  fazalar 

rqind n as . Yuxar yril r 9.64 mkm, orta - 9.55 mkm , a  is  - 9.31 mkm dal a uzunlu una 
uy undur. Kristal n uzunlu u l = 1.05 sm [4], (1 v  2 yril ri), 0.8 sm [1] (3 yril ri)  0.65 sm (4 v  5 
yril ri). AgGaSe2 kristal  üçün itkil r 1=0.09 -1, 2=0.15 -1 [1] v  AgGaxIn1-xSe2 kristal nda 
1=0.06 1, 2=0.08 -1 [1]. 
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Bel likl , faza effektl rini n  almaqla qar q kristallarda tezlik çevrilm sinin n ri 
dqiqi çevrilm  effektivliyini art rmaq yollar  a kar etm  imkan verir. Y ni çevirici kristalda 

uzunlu un verilmi  qiym tl rind  doldurma dal as n intensivliyinin optimal qiym tini, el  d  
üalanan lazerin seçilmi  doldurma dal as n intensivliyind  çevirici-kristal n koherent 

uzunlu unu hesablamaq olur. Analitik üsul h m d  lazer üalanmas n müxt lif dal a 
uzunluqlar nda gözl nil n çevrilm  effektivliyini qiym tl ndirm  imkan verir. Qar q tip 
kristallar üçün indiumun müxt lif konsentrasiyalar nda sinxronizmin bucaq eni ölçülmü dür. 
Faza sinxronizmi rtinin öd nm sin  qeyri-kritik rejimin rait yaradan rtl r meydana 

xar lm r. 

Bu i  qism n Az rbaycan Respublikas n Prezidenti yan nda Elmin nki af  
Fondunun maliyy  yard  il  yerin  yetirilmi dir- Qrant  E F-2013-9(15)-46/04/1 
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Qrin funksiyas  metodu il  layl  GeSe kristal nda s th elektron strukturunun özözünü t nziml kl  
hesablanmas . 

Z.A. Cahangirli, H.S. Orucov, T.O. Bayramova 

Lokalla  orbitallar vasit sil  Qrin funksiyas  metodu il  özözünü t nziml kl  GeSe kristal nda lokal 
defektl rin-vakansiyalar n elektron strukturlar  hesablanm r. Qada an zola nda elektron s viyy rinin genezisi, 
orbital t rkibi, valent zonas nda rezonans v  antirezonanslar, h mçinin defektin yaranmas  il  elektron s xl n 

yi si analiz olunmu dur.  
 

Self-consistent calculation of the electronic structure of the surface of the layered crystals of GeSe by 
Green function method. 

Z.A. Jahangirli, G.S. Orudjev, T. Bayramova 
 

ABSTRACT 

Electronic structure of the local defects-vacancies in GeSe has been calculated by the self-consistent Green’s-
function method on the bases of localized orbitals. The origin, orbital content of the electronic states in the band gap, 
resonances and antiresonances in the valence band, and change in the charge density made by defect are discussed. 
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KR STALLARDA ELEKTRONLARIN KANALLA MA ÜALANMASI 

M. R.  R bov, . Ta yeva 
Bak  Dövl t Universiteti 

shahnaz.ilqarzadeh.92@mail.ru 

ri olaraq yeni fiziki effekt -relyativistik kanalla  z rr cikl r t find n - kvantlar n 
üalanmas na bax r. Bu üalanma hadis si kvant elektrodinamikas  v  klassik mexanika metodlar  il  
dqiq edilmi dir. H r iki yana ma dem k olar ki, eyni n tic r verir. Kvant baximindan üalanma atom 

müst vil ri v  z ncirl ri potensial nda formala an müxt lif s viyy r aras nda keçidl saslan r. 
rr cikl rin enerjisi  0 1÷10GeV olduqda, üalanma daha intensiv kild  0 1-bir neç  on MeV 

diapazonda ba  verir. 

Yüks k sür tli elektronlar n kanalla mas  zaman  klassik mexanikan n qanunlar  t tbiq 
oluna bil r. Çünki bu zaman  yaranan s viyy rin say  kifay t q r böyük olur.  Lindxard n 
verdiyi atom müst vi potensial ndan istifad  olunur: 

U(y) N                                 (1) 

Burada, y s rh dd n olan m saf , -kanal n enidir, N-atomlar n s xl ,  -müvafiq 
olaraq z rr ciyin v  h f atomunun yüküdür. C=3, a- Tomas-Fermi atom modelind  ekranla ma 
sabitidir. Elektronlar üçün (1) potensial  c zbetm  xarakterlidir. Elektronlar potensial çuxura 
dü ür v  atom müst visin  do ru h t edir onunla k si ir sonra cazib  n tic sind  yenid n 
geri qay rlar v  bel likl    h t dekanalla ma ba  verm yinc  davam edir. Elektron s thin 
yax nl nda ossilyasiya edir v  onun trayektoriyas  ilk yana mada sinusoidi xat rlad r. 

Sad  qiym tl ndirm r üçün (1) potensial  y=0 nöqt sinin yax nl nda s raya ay raq v  
ayr n ikinci h ddi il  kifay tl k, y ni, hesab edek ki, elektron parabola killi çuxurda 

t edir. Bu cür yax nla ma lb tt  ki, tam d qiq deyil v  burada yaln z hesablamalar n 
sad si üçün istifad  olunur. 

Z oxunu elektronun uzununa sür ti boyunca y ni atom s thi boyunca yön ld k. Parabola 
klind  potensiall  sah  h t t nliyi a dak kild  olacaq 

= y                                                         (2) 

Burada,    ;    =   =  sür tin y v  z istiqam tl rind  proyeksiyalar r 

Kanalla ma zaman   
(2) t nliyinin h lli bu cür olacaq: 

y(t)= t                                                                  (3) 

=                                                            (4) 

-ba lan c amplituddur. 
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rr ciyin müst vi potensial n t siri alt nda trayektoriyas n yilm si n tic sind  
üalanma yaranmal r. R - radiuslu çevr  boyunca h t ed n relyativistik z rr ciyin(  
üalanma gücü: 

I=                                                                    (5) 

klind  olur. Burada  yrilik radiusunun kvadarat , E-z rr ciyin enerjisidir. Z rr cik t cill  
t ed n zaman yrilik radiusu 

R=                                                                   (6) 

rab rdir. v -enin  sür tin d yi sidir. Bizim halda v = t ,y ni,  =  

Bu s bd n orta  güc a dak  kimi olacaq: 

I=                                                             (7)  

Bu m ni kvant mexanikas  qanunlar  il  d  h ll etm k olar  Bizim halda elektron 
uzununa relyativist, enin  is  qeyri-relyativist  h t edir. Bu zaman uzununa h ti Dirak 

nliyi il , enin  h ti Sredinger t nliyi il  t svir etm k olar. 

                                                               (8) 

                                                                   (9) 

Burada,   v   Dirak matrisl ridir.   

                        (10) 

                         (11) 

(11)t nliyind    v  Dirak matrisl rini yerin  qoyaraq alar q: 

      (12) 

  (13) 

Matrisl rin vurulmas  qaydas na sas n yaza bil rik: 

 
                             (14) 

c  
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p  oldu unu n  alaq: 

 
 

                      (15) 

Analoji qaydada (12) t nlikl r sisteminin ikinci t nliyind n  n  tapa bil rik: 

 
c  

 

 

 

                       (16) 

Sonda a dak  t nlikl ri al q: 

    (17) 

   (18) 

 Pauli matrisl ridir. 
(17) v  (18) h t t nlikl rind n istifad  ed k yaza bil rik: 

             (19) 

r n  alsaq ki,  E  

 

 

Onda (20) h t t nliyi enin  h t üçün redinger t nliyini özünd ks etdirmi  olur 

         (20) 
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Enin  h t üçün U(y) potensial  dövri  olan dövri funksiyad r. Y=V0y2 potensiall  
sah  dipol yax nla mas nda  üalanma intensivliyi üçün alar q: 
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YYAT 
1.  .M. N fov Müasir klassik elektrodinamika Bak , 2012 
2.  S.Q. Abdullayev Kvant elektrodinamikas  Bak , 2014 
3. . . , .99, .2, .297-316 
4. .  

. , .72, 1977, .1489-1502 
 

 
OQTOEDR K S MMMETR YALI L QANT SAH ND  Fe++  

ONUNUN ENERJ  S YY N HESABLANMASI 

D.B. Bayramova 
BDU, Fizika Probleml ri ET  

dilb r.bayramova@mail.ru 

mir ionlar n i tirak  il  meydana ç xan kompleks birl r canl  orqanizml rin h yat 
aliyy tini t min ed n bir çox prosesl rd sas rol oynad ndan uzun ill rdir t bi ünaslar n 

diqq t m rk zind dirl r. Fe++ ionunun xarici elektron t sind  yerl n elektronlar n [Ar] 3d5 
4s1 konfiqurasiyas na uy un maksimal spin momentin  malik olma imkan  meydana ç xd ndan 
[Fe++ X]n qurulu lu kompleksl r yüks k spinli olmalar  nöqteyi-n rind n xüsusi maraq k sb 
edirl r. Maqnit nanoz rr cikl rin, nanokompozitl rin ld  edilm si üçün lveri li olan bu tip 
birl rin n ri mod ll rinin qurularaq, elektron f za qurulu unun t dqiqi, qurulu -xass  
laq sinin mü yy nl dirilm si m qs din  xidm t edir.  

qdim edil n m ruz  Fe++ ionunun müxt lif model liqantlarla kompleks birl -
rinin f za modell rinin qurularaq stabill  xüsusiyy tl rinin analizi, oktoedrik simmetriyaya 

malik liqand sah sind  [Ar] 3d5 4s1 elektron konfiqurasiyas nda S=3 yüks k spinli hala uy un 
rk zi ionun enerji s viyy rinin hesablanmas  n tic ri rh olunur. Hesablamalar zaman  3d 

 4s orbitallar n ekranla ma sabitl ri Sleyter-Qener qaydalar na sas n mü yy n edilmi dir. 
Kompleksin h nd si qurulu unu modell dir rk n 6 H2O moleku-lundan ibar t oktoedrik liqant 
sah si qurulmu dur. 

dv l 1.  
Fe++  (H2O)6 kompleksinin f za qurulu u 

A X Y Z 

Fe -0.802762       -0.37097     -0.26191 

0 -0.299246       -0.18910      1.95453     

0  -0.312379       1.86209      0.01125     
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0 -0.354051       -0.04362      0.40260     

0 -0.361410        0.02794     -2.58802    

0  -0.347994       -2.60082      0.34578     

H -0.311419     -0.10253 -0.03075 

H 0.228094 -0.12291 -0.58022 

H 0.227505 0.94894 0.56969 

H 0.233739 -2.86481 -
0.643439 

H 0.232837 -2.79762 0.59155 

H 0.236952 -1.15414 2.26996 

H 0.233366 0.20914 2.37237 

H 0.238661 -0.30805 -0.96612 

H 0.237599 -0.87313 0.56601 
 

dv l 2.  
Fe++  (H2O)6 kompleksind   Fe++   ionunun enerji s viyy ri (eV) 

S viyy r Enerji 
4S -35.96 
3Px -18.20 
3Py -18.11 
3Pz -15.43 
3dzz -12.67 
3dxz -7.61 
3dyz 8.59 
3dxz 12.76 
3dxy 12.77 

 
dv l 3.  

Fe++  (H2O)6 kompleksinin  Fe++   kompleksinin energetik parametrl ri (KKal/mol) 
Etot -82755.10 
Ebin -2493.30 
Eizo -80261.81 
Ell -252349.65 

ECC 169594.54 
H -1411.420 

 
YYAT 

1. K . . , .3. . , . 1969 
2. Cotton F. Watton R.A. Multiple Bonds Between Metal Atoms. New York: Wiley 

Intersci, 1982 
3. N biyev N.S. Kvant kimy vi yar empirik metodlar. Bak  2002. 68 s. 
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SOME PROPERTIES OF “HYDRINO” STATES 

T.A. Abdulrahimbayli1,a) and M.Kh. Eyyubzade2,b) 

1)Uncnown;2)Theoretical Physics Department, Faculty of Physics, BSU 
a) turkan5@live.com ; b) meyyubzade17@gmail.com  

1. So called “Hydrino” state. In 1986 Randell Mills MD developed a theory that 
hydrogen atoms could shrink, and release lots of energy in the process [1]. He called the resultant 
entity a "Hydrino" (little Hydrogen), and started a company called Black-light Power, Inc. to 
commercialize his process. According to Dr. Mills, when a hydrogen atom collides with certain 
other atoms or ions, it can sometimes transfer a quantity of energy to the other atom, and shrink 
at the same time, becoming a Hydrino in the process. The atom that it collided with is called the 
"catalyst", because it helps the Hydrino shrink. Once a Hydrino has formed, it can shrink even 
further through collisions with other catalyst atoms. Each collision potentially resulting in 
another shrinkage. 

Each successive level of shrinkage releases even more energy than the previous level. In 
other words, the smaller the Hydrino gets, the more energy it releases each time it shrinks another 
level. 

To get an idea of the amounts of energy involved, I now need to introduce the concept of 
the "electron volt" (eV). An eV is the amount of energy that a single electron gains when it passes 
through a voltage drop of one volt. 

Since a volt isn't much (a "dry cell" is about 1.5 volts), and the electric charge on an 
electron is utterly minuscule, an eV is a very tiny amount of energy. Nevertheless, it is a very 
representative measure of the energy involved in chemical reactions. e.g. when Hydrogen and 
Oxygen combine to form a water molecule, about 2.5 eV of energy is released per water 
molecule formed. 

Mills says that with this new understanding he's produced clean and limitless energy and an 
entirely new class of materials and plasma that will reshape every industry in the coming decade. 
Mills also claims breakthroughs in artificial intelligence, cosmology, medicine, and perhaps even 
a form of gravitational jujitsu. According to the prevailing orthodox establishment dogma of 
quantum mechanics, hydrinos can't exist, since a free-floating hydrogen atom is in a "ground 
state," with the electron as close as it can get to the nucleus. But we must ask: now that hydrino 
theory has been incontrovertibly proven, what comes next? My purpose here is to announce that 
hydrino theory, according to Klein – Gordon equation. 

Our first goal is to find singular behavior of the Laplacian in spherical coordinates. Let’s 
pay attention to the Schrödinger equation, which in the  Cartesian coordinates has a form (in units 
h=c=1)[3], [4] 

                                            (1) 

where 
.                                               (2) 

Is a Laplacian. 
In spherical coordinates can be represented as follows: 
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                                   (3) 

We can also rewrite Laplacian with these coordinates and after some substitutions (Eq.(3) 
into Eq.(1) we get: 

            (4) 

 

It is clear that we know all of these from quantum mechanics, electrodynamics and etc. 
Let’s consider the Laplace equation in vacuum: 

                                                           (6) 

Which in Cartesian coordinates have the form 

 

                                                            

We note that though  =0 is an ordinary point in the full Schrödinger equation, it is singular 
point in the radial equation and thus, knowledge of the behavior at  =0 is required. We consider 
the radial wave function u(r) which is a solution of radial equation (4). Let us consider the 
derivation of equation (5) in more detail. The following equation: 

 

                                                                                  (9) 

Allows us to write the radial equation explicitly to show the action of the radial part of the 
Laplacian. The first derivatives of  cancel, and we left with: 

                                (10) 

As we do the derivatives in the second term naively, we obtain zero, when  If we take 
into account that:  

 

we conclude that : 
                                          (12) 

and, thus, equation (D2) becomes: 
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Let’s consider the following derivative (for more detail see works by A.A. Khelashvili [4], 

also [5]): 

 
A naïve calculation would yield zero. But the separate terms in this expression are hghly 

singular, and therefore we must regularize them. We choose the following regularization near the 
origin: 

 
Equations (14) and (15) lead to: 

 
and 

 

 
After following: 

 

 
The right- hand side of equation (16) behaves well everywhere for  but as a  it 

becomes infinite at  and vanishes for  To make the connection to a delta function, we 
integrate the right-hand side of equation by which gives: 

 
We divide the volume of integration into two parts: A sphere of •radius R with center at the 

origin and region outside the sphere. Because a ' < < R  and approaches zero, the integral from the 
exterior of the sphere vanishes as a 2  as a 0. We thus need to consider only the contribution from 
inside the sphere. We can neglect r in the denominator because the integrand varies very slowly 
with r . After this the integral will be equal to: 

 
Thus, we have all the properties of the three-dimensional delta function, and we confirm 

equation (8). It includes an extra three-dimensional delta-function term, which is evident from 
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equation (8). Its presence in the radial equation has no physical meaning and thus it must be 
eliminated. Note that if r   0, this extra term vanishes due to the nature of the delta function. If 
r O  and we multiply the equation (8) by r ,  we obtain the ordinary radial equation (5). 

Therefore, we have to investigate this term separately and find a way to discard it. 
Therefore we conclude that the radial equation (5) for u (r ) is compatible with the full 
Schrodinger equation if and only if the condition  u(0) = 0 is satisfied. 

2. Theoretical describing of Hydrino and Klein – Gordon equation. We note that the 
problems of additional levels were discussed by other authors as well [6-7]. In particular, in [40] 
the Klein-Gordon equation as considered with V=    Coulomb potential [4] 

 

 , 

 
For find an equation, which fulfilled the demand of relativity theory, so, is invariant than  

Lorentz transformations, let’s use relation between energy, impulse, and mass which obtain from 
relativity theory: 

 
If we do substation with our upper formula we get: 

 

But we don’t know what is quadrate root of operator yet, that is why we must quadrate both 
side of this formula. This operation came us to an equation which exactly determined by math: 

. 

This is a Klein- Gordon equation for free particle. Let’s write Klein- Gordon equation as 
clear relativity – invariant form, and include four dimensional vector- operator: 

,  

 

Then: 
 

Or: 
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The invariance of Klein –Gordon equation than Lorentz transformation is shown from 
upper formulas. Let’s calculate probability cell density and probability density, for explain 
physical meaning of wave function. Let’s use continuous equation: 

 

If we multiply Klein-Gordon equation to  and equation for  to ,and 
minus result from first equation we get: 

 

 

 

Let’s doing such substation: 

,                             (19) 

                             .                         (19a) 

Equation which shown upper are checking. 

                    

The author underlines, that there must be levels below the standard levels (called, 
“hydrino” eigenstates), but he/she did not perform the SAE procedure. 

Let consider this problem in more detail. First of all note that the equation (19) coincides 

;         ;                     (20) 

We must require for bound states. Therefore one can use all the previous relations 
from valence electron model taking into account the definitions (20).In particular the SAE 
parameter now is 

 

and for eigenstates we have the following equation 

    

This is a new form, that follows by SAE procedure in the Klein-Gordon equation. For 
the edge points we derive the standard and additional levels in analogy with (22) 
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Exactly these (24) levels are called as “hydrino” levels in [6-7]. It is evident that the 
hydrino levels are analogical to  states, but these two cases differ from each others. 
Particularly, it is possible to pass the limit  and obtain Hydrogen problem. Usually this 
limiting procedure is used in traditional textbooks to choose between two signs, while coupling 
constants for both terms in potential terms are mutually proportional (  and ), and vanishing of 
one of them causes vanishing of another, so we turn to the free particle problem instead of 
Coulomb one. Moreover, as we mensioned above, in those papers [4-5] the SAE procedure was 
not used. They considered only two signs in front of square root in equation analogous and only 
(23) and (24) levels are considered, which correspond only to cases =0 and  = ± . Contrary to 
that case we performed SAE procedure, derived the Eq.(22) and take attention to the hydrino 
(when  = ±  ) problem. 

The difference between standard and hydrino states manifests clearly in the nonrelativistic 
limit when   

0, which must be performed by definite caution. The hydrino existence condition for 
such states folows from earlier constraints and the restriction 0<P<  It has a form 

 

and it is evident that for states with l 0 in transition to the nonrelativistic 0 limit the 
additional (hydrino) states disappear. Therefore we must consider only l=0 states.  

For the ground states  we have 

 

 

Expansion in powers of  gives 

 

 

It follows that the hydrino is very tightly bound system and sensitive to the sign of .  
If we expand  states till to order of  , we derive 
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Comparison of these two expressions shows that there appears some kind of degeneracy 
between the levels with  nodes of hydrino and energies for  nodes of  standard states.  
This degeneracy disappears in the next order. The fact that the additional (hydrino [1-2]  states of 
the  ( )th  state  is  nearly  degenerate  with  the  usual  n th  state may facilitate a 
tunneling transition. Our description by the unified function analogous of , as a result of SAE 
procedure, gives a possibility of interpolation between them [4]. 

3.Conclusion. The solution of equations (19)- (19b) are our future elaboration. 
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ON HIGGS BOSON MASS IN NON-PERTURBATIVE THEORY  
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Higgs mechanism is one of the crucial points of Standard Model and simultaneously one of 
the most mysterious its properties. Considerable efforts on the experimental search for Higgs 
particles have not still lead to success [1]. Theoretical investigation of the scalar sector of the 
Standard Model is also far from completeness. In attempting to go beyond the framework of the 
quasiclassial approximation and the perturbation theory, one encounters a number of difficulties 
and the principal problem of them is the well-known triviality of quadric scalar self-interaction: 
the renormalized coupling constant of  -interaction tends to zero at the cutoff removing. The 
triviality of 4

4 -interaction leads to the fact, that the mass of Higgs particle is not a fully 
independent parameter but it is connected with other parameters of the model such as 
intermediate boson masses, t-quark mass, etc. In the frameworks of different approaches (see, for 
example, [2], [3] and refs. therein) this fact leads to different estimates of the Higgs boson mass, 
and the absence of experimental data does not favor over any approach.  
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1. The variance of mean field expansion construction. A generating  functional for 
Schwinger functions ( n2 -point ( n -particle) in the for of x  scalar field theory  in Euclidean 
space ( dEx ) with the action in the symmetric phase ( 0,02

0m ) in this method has the 
following form [2, 3] 

yyxxdxdySDNG ,exp),(1  

Here yx,  bilocal source fields and the normalization constant N  is determined from 
10G . 

According to the translational invariance of the integration the master equation for the 
generating functional of Schwinger functions has following explicit form [2],  

0,exp)(
)(

),( yyxxdxdySy
x

D  

And generating functional 1111110
)0( ,,expexp xyyxdydxTrG  of  the  main  

approximation generates linear iterative scheme [2]:  

,)()1()0( nGGGG  

where (in this iterative scheme) absent small parameter. 
The unique rconnected function is a free scalar particle propagator, which is the first 

derivative of the generating functional source 
0, xy

Gyxyx and has the form: 

12
0 04m . the value 0  determined from the gap equation, which is a consistent 

solution of equations [2] 

)
,(

),(
,,, 1

11
22

0

2

yy
GyxdyGyx

xy
Gm

xyxx
G . 

First iteration step generating functional of the it is determined from )0()()( GPG nn  
)(nP n2 -order polynomial of sources , where is operator in a functional sense: 

111111
)(

2121221122112
)1( ,,,,,

2
1 dydxxyyxdydydxdxxyxyyxyxtrP NLO ). 

In the first step, what is next step of the leading order, arise the equation for the two-
particle functions 2  and next-to-leading order (NLO) propagator )(NLO  of  a  scalar  
particle.Aamputation of external lines gives us to four-point function 

0
2

2

22 '', GyxxyG ): 

''''
'' 212121212 yxyxxxfxxxxdxdxyxyx

yx
yx

G    , 

and 
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pL
pf

01
, 

where 

qqpqdpL 4

4

0
2

- 

one-loop integral. 
2. Higgs model. Our goal is the investigation this approximation in NNLO in the 

framework of the Abelian Higgs model with Lagrangian  

222

2
1

4
1)(

2
)()( AAAmieAieAL  

It is act that, a location of propagator poles defines masses of particles. A distinctive feature 
of the generalized Higgs mechanism in comparison with the usual one is the possibility to model 
the triviality of 4

4 -theory, i.e., we can tend  to zero but the masses of Higgs and gauge bosons 
will retain non-zero values. At 0  the admissible values of the parameter 2m lie in the region 

22 6m [2]. Also, the investigation of Landau pole is our elaboration. 
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1. Introduction. As well known, Quantum Field Theory (QFT) –the theory of relativistic 
particle physics is the advanced version of the relativistic Quantum Mechanics. QFT describes 
the properties and interactions of fundamental particles of matter, for example, electrons, 
photons, quarks and gluons, which are composed of other material objects. For example, a 
hydrogen atom is a bound state of an electron} and proton interacting with an electromagnetic 
field (photons), and the proton, in turn, consists of quarks, interacting via gluons. The main 
characteristics include particle rest mass m, energy E and momentum p, which are interconnected 
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by the known relation: 42222 cmcpE , which is satisfied in any inertial reference frame. Here 
c -  light  speed  in   the  vacuum.  In  the  rest  system of  the  particle  ( 0p ) this ratio turns to the 
\textcolor{magenta}{Einstein}'s famous formula: 2mcE . If the relative momenta of the 
particles and their interaction energies are small compared to the rest mass, the motion of 
particles is described by quantum mechanics: each particle is mapped to the wave function , 
which is the solution of the Schrödinger equation. Increasing the interaction energies, the usual 
quantum-mechanical description of particles becomes inapplicable, since there is a new physical 
phenomenon: creation and annihilation of particles. For example, during the scattering of high-
energy photon ( quant) at the nuclei electrons and their antiparticles – positrons are produced. 
In turn, the electron and positron can annihilate, i.e. turn into photons. With further increase of 
the interaction energy more and more particles can be borne. The number of a new particles 
known today exceeds the hundreds. To describe the systems with a variable number of high-
energy particles each class of fundamental particles is connected with quantized field, which 
consists the creation and annihilation operators of particles. Quantized field of the electron  is 
no longer the usual generalized function in quantum mechanics, and much more complex object - 
as operator's (operators-like generalized function). Such a quantized field describes, in general, 
all the particles of the class, i.e, electronic field describes all the electrons in the universe, the 
photon (electromagnetic field) - all photons, etc. The particles are divided into two categories - 
real particles existing in the initial and final stages of the physical process hysical and virtual, 
particles, which play a role only in the process of interaction between the particles. For real 
particles the usual relativistic relation between energy and momentum is valid. In high-energy 
physics so-called natural system of units is commonly used in which of light speed c  and 
Planck’s constant  equal to one: .1c  In this system of units using conventional 4-vector 
notation of relativistic mechanics Epppp 00 ,, , the ratio between the momentum and 

energy of real particles takes the simple form: 222
0

2 mppp . As physicists say, the real 
particles are on the mass shell mass shell.  For virtual particles, this relation is not satisfied: 

22 mp  i. e., virtual particles are off the mass shell. As in all physical experiments measured 
only the parameters of the initial and final states, the concept of virtual particles, of course, in no 
way does not violate the law of conservation of energy-momentum. 

It is well known, that in  QFT the basic mathematical objects of calculations are vacuum 
expectation values of products of fields 0...0 21 nxxxT . Here 0 - the vacuum state, i.e. 
state without real particles - 4-vector xxx ,0  coordinates in the usual 4-dimensional space-
time. Sign T indicates the chronological ordering of the field operators, i.e field operators are 
arranged in ascending order of time coordinates. Introduction of chronological ordering is 
necessary in order to take into account the principle of causality, i.e the correct sequence of 
events describing the particles interactions. 

Knowing the vacuum expectation values, we can calculate all the physical characteristics of 
both the fundamental particles and composed of these objects, i.e., - masses of the particles and 
bound states, scattering cross sections, lifetimes of unstable particles, etc. Briefly theorists call 
the vacuum expectation values of products of fields Green's functions. 

The simplest physically meaningful Green's function is the two-point Green's function, or 
propagator (particles propagation function): 00 yxTyxD . Propagator depends only 
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on a 4-dimensional variable yx . This fact is a reflection of the translational invariance of the 
theory, i.e independence of the physical phenomena of the coordinate system.  

Simple propagators of the free fields are in momentum space is: 

22

1)(
pm

xDdxepD c
pxi

c . Note that in this formula p - is not a real particle momentum 

but the momentum variable  Fourier conjugate to coordinate. As can be seen from this 
expression, the propagator has a pole singularity in the momentum variable. This fact is very 
general and is also valid for interacting fields. In other words, in QFT the pole of the Green's 
function implies the existence of a real particle with mass m . Massless particles (e.g, photons) 
correspond to the pole at the point 02p , and, accordingly, the propagator of a free photon has 

the form: 2
1
p

pDc . The calculation of the Green's functions in the theory of interacting 

fields is a very difficult problem. For more than half a century, the exact physically meaningful 
solution of interacting quantum fields was not found. Therefore, the various approximate 
methods are of particular importance, among which the most important is the perturbation theory. 
Green's function of free fields are taken as the main approach. Interaction is considered as a small 
perturbation, which is physically quite reasonable for important case of quantum electrodynamics 
(QED) of interaction of electrons with photons, as the strength of interaction in this theory and is 

determined by the 
137

1
4

2e
 a small and expansion parameter in the perturbation theory in 

QED.  
By the mid-fifties of the last century, successful theoretical description of most of the well-

known electrodynamic phenomena  was given, including splitting of the electron levels in the 
hydrogen atom, the anomalous magnetic moment of the electron, etc. These successes have led 
theorists to investigate the limits of applicability of QED. In 1954-1955, Landau and his 
colleagues:Landau pole [1], published the results of their calculations, the asymptotic behavior of 
the Green functions of QED, i.e. behavior for large values of the momentum variable 2p . These 
results  were very strange,  and further  interpretation led them to a  very sad for  the QFT. It  was 
found that when 22 mp asymptotic behavior of the photon propagator is described by the 

following formula:  
1

2

2

2 ln
3

11
m

p
p

pD , i.e., apart from the normal pole at 02p  

the photon propagator has "ghost pole” at 
3

22 emp . In accordance with the foregoing 
principles of QFT, such a pole corresponds to a particle with a ‘negative squared mass’(?!) Such 
particles have never been observed experimentally, and their very existence contradicts the basic 
principles of particle physics. Landau pole cannot undo all the successes of QED, is very far from 
the energies attainable in experimental setups. Indeed, the value of ‘Landau mass’ according to 
the above formula is mM L

2810 , while the energy of the particles that can be achieved in the 

most modern plants do not exceed 710 . Therefore, the effect of such a remote pole is negligible. 
But it exists, and it can not be ignored, especially since studies later confirmed the existence of 
such poles and in other models of QFT. There arose a dual and a strange situation. On the one 
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hand, calculations based on perturbation theory described well the experimental data and the 
predictions of QED were always confirmed experimentally. On the other hand,  QED was 
internally inconsistent, as contained in the statement of magnitude, the existence of which is 
contrary to the basic principles of the theory. This inner contradiction was inherent and other 
models of QFT, including models, claiming at the time to describe strong interactions. 

Landau himself assessed the situation very pessimistic and made a very definitive 
conclusion: "Operators  containing unobservable information should disappear from the 
theory; and because the Hamiltonian can be built only from the operators, we need to come to the 
conclusion that the Hamiltonian  method for strong interactions outlived its usefulness and should 
be buried, of course, with all the respect it deserves". In fact, Landau called completely abandons 
the concept of quantized fields in the describing of the interaction of high-energy particles. 
Instead, he proposed the creation of a new theory, which uses only the scattering amplitude and 
their analytic continuation. But the heroic efforts of many theorists to create this kind of theory, 
taken in the following years, unfortunately, yielded modest results. It turned out that the 
information contained in the field operators and compiled out of \textcolor{magenta} 
{Lagrangians} and Hamiltonians, replace virtually nothing. Remained the other way - to try to 
solve the problem within the framework of the QFT. But Vladimir Fainberg from Lebedev 
Physical Institute (Moscow), listened to the personal word of Landa, “such non-physical poles 
must be reduced counter non-physical pole, in the summation of infinite number 
\textcolor{magenta}{Feynman diagrams. Is reasonable: appropriate to look for a new 
nonperturbative approach!, i.e., a new method for summing Feynman diagrams, necessary!  

A widespread opinion is formulated as a triviality of the quantum field models that is not 
asymptotically free in the sense of the improved coupling constant perturbative expansion. There 
is a rigorous theorem that the four-dimensional scalar field theory with 4  interaction on the 
lattice does not have an interacting continuum theory as its limit for zero lattice spacing, i.e. the 
theory is trivial. However, this argument is not fully conclusive due to an uncertainty of the 
continuous limit in this model. In our day the situation with triviality of 4  theory is  vague as  
before, and recent papers in this topic maintain incompatible statements.  So that in the models 
without asymptotic freedom the asymptotic short-distance region of strong coupling (exactly, 
concerning to weak coupling) is the difficultly at investigation, therefore a standard non-
perturbative methods are too tethered to the weak-coupling region and not in full enough 
meaning to describes a short-distances for these models. Promising method for solving of 
problems for large momenta (or, short distances) demonstrated in works by Rochev [2]. It is new 
approximation in this directing and based on iteration scheme of solution of the Schwinger-
Dyson equation (SDEs) with the fermion bilocal source. The present version of this method 
based on a system of SDEs for the single-particle and two-particle Greens functions. For standard 
QFT procedure, which is the beyond our knowledge, we will to investigate the following  
nonlinear second order Volterra-type integral equation for amplitude (for detail mathematical 
foundation, see [2]): 

t

dytKtl
gty 0

)(),()(1
)(

1                                            (1) 

2. Numerical realization. For getting of the standard nonlinear second order Volterra-type 
integral equation in the form of Urysohn [3] make the following change, 
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)(
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1 tu
ty

.                                                             (2) 

Then we get  
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0

tfdutKtu
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                                                      (3) 

on the segment Tt0 ,  where  
)(

),())(,,(
u

tKutK and )(1)( tl
g

tf .  (3) ,   

)0()0( fu . From (3) it is seen that )0()0( fu . Then for every 1n  integer define a constant 

integration step 
1n

Th  and consider a discrete set )1(iht i , where ni ,...,2,1 . It's obvious 

that Ttt n,01 . At the points of itt ,the equation (3) takes the form 

)())(,,()(
0

i

t

ii tfdutKtu
i

.                                                   (4) 

To obtain an explicit formula for the solution of the recurrence to find )( ii tuu , the 
integral in the expression (4) using a quadrature formula of rectangles [4] on the segments 1, ii tt  
with the selection of the value of the function at the left end itt . Then we have 

),,())(,,( 1
20

jji

i

j
ij

t

i utKAdutK
i

                                        (5) 

Label )( ii tff and using (5) as in [3] we obtain the relation of recursion formulas 
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                                    (6) 

Further, from (6) we obtain the solution of equation (1) 

ni
u

y
i

i ,...,2,1,1  

Example. Let some constant g , and the function ),(tK  and )(tl  are set as follows 

)1(
)1(log

1
1log11),(

t
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()( t
t
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By setting different values Tg,  and n  we obtain approximate solutions whose graphs are 
shown below. 

3.Conclution. By decreasing the values of g, Landau "point" mL slowly increases (see 
Fig.1) and in terms of lower than g=0.99, the situation doubles (!) (see Fig.2) for Landau pole, 
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which confirms the well known opinion: such non-physical poles must be reduced via counter 
non-physical pole, in the summation of infinite number Feynman diagrams. And less than g=0.1, 
a non-physical pole disappears (see Fig.3). 

Authors thanks to prof. RG Jafarov for the useful discussions and new trend in research of  
quantum field theory. 

Fig.1. Fig.2. Fig.3. 
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XT YAR  l  - HALI ÜÇÜN D - ÖLÇÜLÜ RED NGER T NL N  

VUD-SAKSON POTENS ALI SAH ND LAQ  H LL  
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 Pekeris yax nla mas n köm yil  Vud-Sakson potensial  üçün D  - ölçülü radial redinger 
nliyinin laq li h ll ri ara lm r. xtiyari l - hal  üçün Sonlu polinom metodunun köm yi il  

enerjinin m xsusi qiym tl ri v  onlara uy un radial dal a funksiyalar  tap lm r. H mçinin potensial n 
0V  d rinliyind n, radial rn  v  orbital l  kvant dl rind n, 0,, RaD  parametrl rind n as  m hdud 

sayda enerji spektri mü yy n edilmi dir. 

Qeyri-relyativistik kvant mexanikas nda redinger t nliyinin h lli kvant sisteminin tam 
svir olunmas  üçün bütün vacib informasiyan  özünd ks etdirir. xtiyari rn  v  l  kvant dl ri 

üçün bir nec  potensiallarda radial redinger t nliyinin d qiq h ll olunmas  mümkündür. Radial 
redinger t nliyi Vud-Sakson potensiallar  üçün orbital kvant dinin 0l  ixtiyari qiym tind  
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qiq h ll oluna bilmir. Bel  ki, S. Flugge 0l  hal nda Vud-Sakson potensial  sah sind  radial 
redinger t nliyini analitik h ll ed k dal a funksiyas  üçün d qiq ifad  alm , lakin enerjinin 

xsusi qiym tl rini qrafik üsulla mü yy n etmi dir [1]. Vud-Sakson potensial  [2] n mühüm 
yax na t sir potensial  olub, nüv  v  hiss cikl r fizikas nda, atom fizikas nda, materiallar v  
kimy vi fizikada müxt lif probleml  t tbiq edilmi dir.  

 Vud-Sakson potensial  sah sind  ixtiyari l  hal  üçün m rk qaçma potensial na 
kmill mi  yax nla ma sxeminin köm yil  D  – ölçülü radial redinger t nliyini analitik h ll 

edilmi , enerjinin m xsusi qiym tl ri v  onlara uy un m xsusi funksiyalar  mü yy n 
olunmu dur. Hesablamalar ixtiyari l  hal nda effektiv )r(Veff  potensial n minrr  minimum nöqt si 
traf nda mü yy n olunan 210 ,, CCC  approksimasiya parametrl ri sas nda )r(Vl  m rk qaçma 

potensial na Pekeris yax nla mas  t tbiq etm kl  Polinom metodunun [1,3] köm yi il  
apar lm r. 

Sferik simmetrik )(rV  potensial sah  D -ölçülü radial redinger t nliyi a dak  kimidir 
[4]: 
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burada l  - orbital kvant di,  - sistemin g tirilmi  kütl sidir. 
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22

2

rurVE
dr

rud
nleffnl

nl ,                                      (2) 

burada 
2

2

2
)1~(~

)()(
r
llrVrVeff  - effektiv potensial  v  

2
3~ Dll -dir. 

Sferik simmetrik standart Vud-Sakson potensial  [2] 

)(
1

)( 0
0

0
Ra

e

VrV
a
Rr                                             (3) 

klind dir, burada 0V - potensial çuxurun d rinliyi, 0R -potensial n eni v  ya nüv nin radiusu, a  
- parametri s th t sinin qal nl  v  o, ionla ma enerjisinin t crübi qiym ti il  mü yy n 
olunur. 0a  olduqda nüv  s thind  potensial n s çramas  il  o sad  potensial çuxura çevrilir. 

Vud-Sakson potensial  sah sind  0
~
l  qiym tind  (3) t nliyini analitik h ll etm k mümkün 

deyil, buna s b olan effektiv )(rVeff  potensial n orbital m rk qaçma 2

2

2
)1~(~

)(
r

llrVl  

potensial r. Yeni ads z 
0

0

R
Rrx  d yi nini daxil edib, )1(0 xRr  v  orbital m rk qaçma 

)(rVl  potensial  effektiv )(rVeff  potensial n ekstremum nöqt si, y ni 
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32
0

2

2
0

)1(
2

2
)1~(~

1 xR
ll

e

eV
x

x

                                              (4) 

transendent t nliyini öd n minxx  ( minrr ) minimum nöqt si traf nda Teylor s ras na ay raq: 

))(()(
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)1(
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32
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3222
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2
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l

l
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l

xxoxx
x

xx
xxxR

ll
r
llrV

.             (5) 

(4) t nliyinin h lli l  orbital kvant dind n as  oldu u üçün lmin xx  olur. Pekeris 
approksimasiyas na gör  )r(Vl  potensial  a dak  kimi götürülür [5-7]: 
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2
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~

R
ll -dir. )(~ rVl  orbital m rk qaçma potensial  effektiv )(rVeff  

potensial n lxxx min  ( lrrr min ) minimum nöqt si traf nda Teylor s ras na ayir b, onun (5) 
ifad sil  x  - in uy un d rinin müqayis sind n 210 ,, CCC  sabitl ri üçün alar q: 
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Bel likl , yeni effektiv potensial üçün alar q: 

2
21

0
0

0

11
)(~)()(~

a
Rr

a
RrlWSeff

e

K

e

K
KrVrVrV ,                  (8) 

burada 2210100
~,~,~ CKCVKCK - dir. Pekeris approksimasiyas na sas n (2) 

nliyind  )(rVeff  yerin  )(~ rVeff  yazsaq, alar q: 
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2)(
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e
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nl

a
Rr

a
Rrnl

nl .             (9) 

(9) t nliyind  yeni 
1

0

1 a
Rr

ez  d yi nin  keçib, ölçüsüz ,0)(2
2

0
2

2 KEa  

02,02
2

2
2

2
2

1
2

2 KaKa  parametrl ri sas nda (9) t nliyi a dak kl  dü r: 

)10(,0)(
)1(

)(
)1(

21)( 2

2222

zzu
zz

zzzu
zz
zzu .                    (10) 

(10) t nliyin h lli 0z  v  1z  limitind  s fra yax nla r, y ni 0)(zu . Asimptotik dal a 
funksiyas  )1( zz  oldu undan radial )(zu lnr

 dal a funksiyas  a dak kild  axtaraq: 

)()1()( zfzzzu lnln rr
.                                              (11) 

Bu h lli (10) t nliyind  yerin  yazsaq, alar q: 

0)(
)1(

222
)()1(221)(1(

22222222

zf
zz

zz
zfzzfzz

.    (12) 

r 022  v  22222 222  götürs k, onda 
dal a funksiyas n sonlu olmas rtind n  v   parametrl ri üçün tapar q: 

0,0 222 .                                 (13) 

(13) münasib tl rini (12) t nliyind  n  alsaq, n tic  a dak  hiperh nd si t nlik 

0)()(])[()()222(12)(1( 22 zfzfzfzzfzz .    (14) 

al r. Bu t nliyin h lli hiperh nd si funksiyad r [37], y ni 

),,,()( 12 zcbaFzf ,                                              (15) 

burada 12,
2

411,
2

411 22

cba . Bel likl , (10) t nliyin h lli 

),,,()1()( 12 zcbaFzzzu lnr
                                 (16) 
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olar. A dak  münasib td n stifad  ed k[37], 
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411 2
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olur, burada rn  radial kvant didir ...),,,n( r 210 . (17) münasib tl rd n alar q: 
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rnn
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141 2
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Bel likl , (18) münasib tind n  üçün tapar q: 

n
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laq li hallar n 00 EV  v  dal a funksiyas n sonlu olmas rtl rind n 0  v  
0222  al r. Buradan 0n  v  222 n  olur. Bel likl , (4) v  (19) münasib tl rin  

sas n a dak  b rab rsizlikl ri alar q: 
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3
00 .                                                      (22) 

,,  v  n - nin ifad rini (20) – d  yerin  yazsaq, lnr
E  enerjinin m xsusi qiym ti üçün 

dak  münasib ti alar q: 
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r (21), v  (22) v  00 EV  b rab rsizlikl ri öd nirl rs , laq li hallar mövcud olur. 
Dem li, (23) enerji spektri m hduddur, y ni enerjinin m xsusi qiym tl ri sonlu saya malikdir. 
(21) b rab rsizliyin sas n 3D  olduqda 0l  hal  üçün sistemin laq li hallar  yoxdur. Çünki, 
bu halda (21) b rab rsizliyi öd nmir, y ni 0rn  olur. Bu o dem kdir ki, impuls momentinin s r 
qiym tind  standart Vud - Sakson potensial  üçün redinger t nliyinin laq li hallar  olmur. 3D  
oldüqda, 0l  hal nda sistemin laq li hallar  vard r. (23) v  2210100

~
,

~
,

~
CKCVKCK  

ifad rind n görünür ki, enerjinin m xsusi qiym ti potensial n 0V  d rinliyind n, potensial n 0R  
enind n, s thin a  qal nl ndan v  D parametrind n as r. Enerjinin h r hans  m xsusi qiym ti 

0V - dan kiçik olmamal r, y ni 00 EV . l  orbital kvant dinin verilmi  qiym tind  (22) 
rab rsizliyin sas n potensial çuxurun d rinliyi 0V  azald qda a parametri azal r, amma 0R  

parametri art r v ksin . 

Bel likl , ,
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sas n )(zunl  - radial dal a funksiyas  üçün tapar q: 
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rtind n t yin olunur. 

BIYYAT 
1. S. Flügge, Practical Quantum Mechanics, vol. 1 (Springer, Berlin, 1994). 
2. C.L. Pekeris, Phys. Rev. 45 (1934) 98. 
3. W. Greiner, Quantum Mechanics (Springer, Berlin, 2001). 
4. J. Avery, Hyperspherical Harmonics. Applications to Quantum Theory (Kluwer, 

Dordrecht, 1989). 
5. V.H. Badalov, H.I. Ahmadov and S.V. Badalov, News of Baku University, 2 (2008) 157. 
6. V.H. Badalov, H.I. Ahmadov and A.I. Ahmadov, Int.J.Mod.Phys. E 18 (2009) 631. 
7. V.H. Badalov, H.I. Ahmadov and S.V. Badalov, Int.J.Mod.Phys. E 19 (2010) 1463. 



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 474 

SINGULAR BEHAVIOUR OF THE LAPLACE  
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Singular behaviour of the Laplace operator in spherical coordinates is investigated. It is shown that 
in course of transition to the reduced radial wave function in the Schrodinger equation there appears 
additional term containing the Dirac delta function, which was unnoted during the full history of Physics 
and mathematics. The possibility of avoiding this contribution from the reduced radial equation is 
discussed. It is demonstrated that for this aim the necessary and sufficient condition is a requirement of  
the fast enough falling of the wave function at the origin. The result does not depend on character of 
potential – is it regular or singular 

INTRODUCTION 
This talk is prepared in collaboration with Teimuraz Nadareishvili, fellow of High Energy 

Physics Institute of Tbilisi State University. 
The aim of this talk is to survey the singular behaviour of the Laplacian in spherical 

coordinates. Laplacian is encountered almost in all disciplines  of  Theoretical physics as well as 
in mathematical physics. In this article our attention is paid mostly to the Schrodinger equation.  

In spherical coordinates after separation of angular variables following two forms of radial 
equations are used in practice 

2

2 2

11 2
2 2

l ld d R r R r V r R r ER r
m dr r dr mr

              (1) 

or     
2

2 2

11
2 2

l ld V r u r Eu r u r rR r
m dr mr

          (2) 

All of this is well known from the classical textbooks on quantum mechanics, 
electrodynamics and etc. We display them here for further practical purposes. It will be shown 
below that the status of the Eq.(2) is problematic. 

From both mathematical and physical points of view it is very important that the solutions 
of radial equations were compatible with the full Schrodinger equation.This is verbaly mentioned 
in books , not only earlier [1,2],  but also in the modern ones [3]. For example, P.Dirac [1] wrote: 
“Our  equations ... strictly speaking, are not correct, but the error is restricted by only one point 

0r . It is necessary perform a special investigation of solutions of wave equations, that are 
derived by using the polar coordinates, to be convince are they valid in the point 0r  (p.161)”. 

We are sure that mathematicians knew about this problem (singularity of the Laplacian) for 
a long time, but character of singularity never been specified. It was always underlined in 
mathematics that 0r  strictly, but 0r  is not somehow prominent point for the 3-dimensional 
equation. Therefore refinement of the behaviour of the radial wave function at that point has a 
basic meaning by our opinion.  
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The first papers [4-7] on this problem appeared recently almost in parallel. 
To complete the picture we first discuss briefly the essence of this problem and then some 

of its applications  will be considered.  
In the teaching books and scientific articles two methods were applied in the transition 

from Eq. (1) to Eq. (2): 
1. Substitution      

u r
R r

r
                                                                          (3) 

into the Eq. (1) and 
2. Replacement of  the differential expression in the parenthesis of Eq. (1) as [8-10]*) 

2 2

2 2
2 1 .d d d r

dr r dr r dr
                                                         (4) 

We demonstrate below that in both cases the mistakes were  made.  
*)In the fundamental book of J.D.Jackson [10] this relation is even  exhibited on the cover-

page in the list of the most fundamental forms! 
Because all the principle information is concentrated in the Laplacian, we begin by 

consideration the classical Laplace equation in the vacuum  (electrostatic equation) 

1. THE LAPLACE EQUATION 

Let us consider the Laplace equation in vacuum  
2 0r                                                                      (5) 

This equation may be solved simply by separation of variables. The solution has the form 
[10] 

zyixi eeezyx
22

,,                                               (6) 

Clearly the solution is regular everywhere and at the origin is constant 

const0                                                                 (7) 

There are another forms of solution of Eq.(5) depending on alternate ways of separation, 
but all of them gives the constant values at the origin. 

Now, let us find the spherically symmetric solution. The corresponding equation is written 
as [8] 

02
2

2

r
dr
d

rdr
d                                                     (8) 

The operator in parenthesis of Eq. (8) often is rewritten ([8], Ch.20, [9] etc.) according to 
(4) and, subsequently, equation (8) takes the form 

2

2

1 0d r
r dr

,                                                                   (9) 

the solution of which is 
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barrru                                                               (10) 

But, determining from here the function 

r
ba                                                                         (11) 

does not obey to Eq. (8), because  
2

3
2

2 1 4d d
dr r dr r

r                                            (12) 

i.e. the function (11) is the solution everywhere except the origin of coordinates. It does not 
satisfy to the boundary value (7) as well.  

What happens? It seems that we made an illegal action somewhere (see, Feynmann [8]).  
It is possible to consider this problem by another way also, namely,following to the 

substitution (3),  take    

r
rur )()(                                                              (13) 

in order to remove the first derivative term from the Eq. (8). Then we obtain  

0121221
2

2

2

2

rdr
d

dr
du

rdr
d

rdr
druru

dr
d

rdr
d

r
                                 (14) 

The last term cancels the first derivative term in the first parenthesis and there remains  

0121
2

2

2

2

rdr
d

rdr
du

dr
ud

r
.                                          (15) 

But, according to Eq. (18), it follows 
2

3
2

1 4 0d u u r
r dr

r                                                  (16) 

The appearance of the delta function is unexpected. Comparing this one with Eq. (13) we 
conclude that the representation of the Laplace operator in the form (4) is not valid everywhere. 
The correct form is [5, 7] 

2 2
3

2 2

2 1 4d d d r r
dr r dr r dr

r                                         (17) 

This expression defines the form of the Laplacian precisely everywhere including the origin 
of coordinates.  

It is evident, that after substitutions  
2 2

2 2
2 1d d d r

dr r dr r dr
     and    u r                       (18) 

the solution /u r , obtained from the equation  (9), never satisfies to the initial equation  (8) 
everywhere.  
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By unknown for us reasons this simple fact stayed unnoted and in all papers as well as in 
all books the expression (7) was used.  As we made clear up above, in this case the obtained 
solution (11) looks like if there is a point source at the origin. However it is not so – 
mathematical reason is that in spherical coordinates the point  0r    is absent. The Jacobian of 
transformation to spherical coordinates has a form sin2rJ  and is singular at points 0r  and 

0,1, 2,...n n . 
Singularity in angles is eliminated by requirements of continuity and uniquiness, which 

lead to spherical harmonics ,m
l . As regards of the radial variable r , there is no such 

restriction for it.  Therefore if we want to derive the solution valid everywhere, we are forced to 
include the delta function in the consideration. 

It  must  be  noted  that  the  appearance  of  the  delta  function  in  the  Laplace  equation  was  
discussed also in article [6], where the difference between spaces nR and  / 0nR  is studied from 
the positions of distribution theory.  

The question is: how to formulate the problem in such a way  that to remain all results 
derived earlier for  the central potentials with the aid of traditional reduced radial equation (2) 
containing the second derivative only? One of the reasonable way is the following: Because in 

spherical coordinates [11] 2
3

4 r
rr , the Eq. (20) can be reduced to  

02

2

rur
dr

udr                                                   (19) 

or  

0)0(2

2
ru

dr
udr                                                    (20) 

Let us require that the additional term does not present, i.e. 

0)0(u                                                                     (21) 

Moreover the delta function be “overcome” if at least  

rru
r

)(lim
0

                                                              (22) 

Then, owing to the relation 0rr , the extra term falls out and the standard equation (9) 
remains. Let us look at first what the condition  (21) gives in above obtained solution, (10). 
Requiring (21), it follows 0b , i.e. aru  and  constar . Hence we obtain  the correct, 
consisting with the full equation (5) value (7). It is consisting also with the real physical picture.  

Therefore  in the reduced radial equation (2) we must consider only such class of solutions, 
which vanish at the origin. All the other boundary conditions loss the physical meaning and have 
only mathematical interest. It is precisely the main result of this Section – the equation  (2) gives 
the consistent with the primary equation in cartesian coordinates solution only if the restriction 
(21) is satisfied. Appearance of this condition is purely geometrical  ( not a dynamical)  artefact. 
In short words, the Eq.(2) and the condition (21) appear simultaneously.  
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2. CONCLUSIONS 

We have found a singularity like the Dirac delta function in process of reduction the 
Laplace equation in spherical polar coordinates, that was not mentioned earlier. The cornerstone 
in our consideration was a requirement of Dirac that the solution of the radial equation at the 
same time must be a solution of the full 3-dimensional equation.  

On the basis of this observation we have proved that for removing this extra term from the 
radial equation it is necessary and sufficient to impose the reduced radial wave function by 
definite restriction, which has a form of the boundary condition at the origin, eq. (21). Moreover 
this condition is independent of whether the potential in the Schrodinger equation is regular or 
singular. The singular potential influences only the character of turning to zero the radial function 
at the origin.  

The substitution (3) is convenient because the problem reduces to one dimensional one on 
the semi-axis. 

Above discribed situation takes place in spaces with dimensions three and more. Therefore 
in all equations of mathematical physics, where the Laplacian is involved, after the separation of 
angular variables the singular solutions, generally speaking, would  not be the solutions of the 
primary equations.It concerns e.g. to spherical Bessel functions – the spherical Neuman function 
is singular and is not the solution of the full problem. 
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ZAMANDAN ASILI X TT  POTENS AL ÜÇÜN RED NGER  

NL N B  H LL  
.M. Na yev1, A. . Kaz mova2, K. . C rova1 

1AMEA Fizika nstitutu 
2 nc  Dövl t Universiteti 

1. Giri  
Kvant n riyy sinin sas m rind n biri fiziki sisiteml rin zamana gör  

evolyusiyas n t dqiqidir. Qeyri-stasionar h t t nlikl rinin d qiqi h ll rinin qurulmas  
böyük maraq do urur, çünki onlar kvant sisteml rinin zamana gör  ink af  t svir edir v  
bax lan sistemi xarakteriz  ed n fiziki k miyy tl rin d yi sini n dol un kild  izl  
imkan verir. Lakin yax  m lumdur ki, zamandan as redinger t nliyinin d qiq h ll ri tap lan 
kvant sisteml rinin say  çox deyildir. Zamandan as  harmonik ossilyator v  zamandan as  x tti 
potensial modell ri d qiq h ll olunan modell  yax  misallard r. Bu modell r fizikan n müxt lif 
sah rind  geni  t tbiql r tapmaqdad r.  

qs dimiz zamandan as  x tti potensial üçün redinger t nliyinin b zi d qiq h ll rini 
tapmaq v  onlar  ara rmaqd r. Biz bunun üçün evolusiya operatoru metodundan istifad  
ed yik. Qeyd ed k ki, 30 ild n çoxdur ki, zamandan as  x tti potensial üçün redinger 

nliyinin analitik h ll ri fizikl rin diqq tini c lb etmi dir [1-7]. Zamandan as  kvant 
sisteml rini öyr nm k üçün bu i rd  Lewis-Riesenfeld (LR) invariant metodundan  [8], 
trayektoriyalar üzr  inteqral metodundan [9] v  f za-zaman çevirm ri metodundan [5] istifad  
olunmu dur. N tic  müst vi dal a tipli, Eyri paketi tipli [1, 5] v  Qauss dal a paketi tipli [6] 

ll r tap lm r.  
Biz m lum h ll rl  yana  m nin yeni h ll rini m n, ossilyator tipli h ll rini d  

tapm q. Biz m ni h m konfiqurasiya f zas nda, h m d  impuls f zas nda n ümumi halda –
rr ciyin  kütl sinin zamandan as  oldu halda h ll etmi ik. 

2. Konfiqurasiya f zas   
rr ciyin zamandan as  x tti potensial sah  h tini t svir ed n redinger t nliyi 

bel dir 

),,()(
)(2

),( 2
2

txxtF
tM

txi xt                              (2.1) 

burada )(tM  -kütl , )(tF -qüvv dir. Onlar zaman n ixtiyari funksiyalar r. (2.1) t nliyinin h lli 
evolusiya operatoru ),( txU -nin  köm yil  tap la bil r: 

),0,(),(),( xtxUtx                                                             (2.2) 

burada )0,(x  ba lan c zaman an nda sistemin dal a funksiyas r. ),( txU  operatorunun a kar 
kili [10] i ind  tap lm r:  

t

x

itix

tdti
tM

eetxU
0

2
)(

)(
)(2

1),( ,                                  (2.3) 
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burada 
t

tdtFt
0

)()( . (2.3)-ü (2.2)-d  yerin  yazsaq, redinger t nliyinin h ll ri üçün  

)0,(),(
2

210 )()()]()([
xeeetx xx tSitStStxi

,                                         (2.4) 

ümumi t svirini al q, burada  

t tt

tM
tdtStd

tM
ttStd

tM
ttS

0 0
21

0

2

0 .
)(2

)(,
)(
)()(,

)(2
)()(                         (2.5) 

r mt)(  götürs k  

m
ttS

m
ttS

m
ttS

2
)(,)()(,

2
)()( 2

1
1

2
0 ,                            (2.6) 

olar, burada  
t

tdtt
0

1 )()(  v  
t

tdtt
0

2
2 .)()(   

ndi (2.4) ifad sind  müxt lif ba lan c dal a funksiyalar   )0,(x  seç k, 0t  zaman 
anlar  üçün  müxt lif  ),( tx   dal a funksiyalar  qura bil rik. Misallara baxaq.  

1) .)0,( constCx  Bu halda asanl qla al q ki,  

)]()([ 0),(
tStxi

Cetx .                                                 (2.7) 

Bu h ll müst vi dal a tipli h lldir. 
2) .,,)0,( constACCex iAx  Bu halda tap q ki,  

)]()([)()]([ 02
21),(

tStx
i

AtSitSxiA eeCetx .                        (2.8) 

3) )()0,( BxAix , burada )(xAi - Eyri funksiyas , B is  ixtyari sabitdir. N tic  bel dir: 
6)(3

2
3

3
2

)](1[3)(2)](0)([
),(

BtSitSxBtSitStxi

eetx , 

]))()([( 32
2

2
1 BtStSxBAi .                                      (2.9) 

3. mpuls f zas  
(2.1) redinger t nliyini impuls f zas nda yazaq: 

),()(
)(2

),(
2

tptFi
tM

ptpi pt .                                (3.1) 

mpuls f zas nda evolusiya operatoru sad kil  malikdir: 

 
pt

e
t

td
tM

ttpi

etpU

)(

0
)(2

2)]()([

),( .                                          (3.2) 

ndi biz  (3.1) t nliyinin simvolik h llini yaza bil rik: 
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).0),((),( 0

2

)(2
)]()([

tpetp

t

td
tM

ttpi

                                (3.3) 

pp )0,( -f zas nda ixtiyari funksiyad r (ba lan c dal a funksiyas r). 
Misal olaraq Qauss tipli dal a paketi h lli tapaq. Bunun üçün ba lan c  dal a funksiyas   

bel  seç k: 

,)()(exp/2)0,( 0
0

2

2
0

2
4/122 xppippp                  (3.4) 

burada 0p  v  0x  bax lan kvant hal nda impulsun v  koordinat n orta qiym tl ridir. Sad  
çevirm rd n sonra Qauss tipli h lli tap q: 

,)()]([exp

)]([))(/1(exp
)(2
)(exp/2),( 2

2

2

0

2
4/122

txtppi

tpptTittd
tM
tpitp

cc

c

t
c

    (3.5) 

burada )(tpc  )(txc  funksiyalar  a dak  kimi t yin olunur: 

),()( 0 tptpc  
t

c
c td

tM
tpxtx

0
0 )(

)()( .                                   (3.6) 

Burada   

t

tM
td

t

tS
ttT

0

2

2

2

)(2
)(

)(                                                  (3.7) 

parametri Qauss dal a paketi (3.5)-in da lma müdd tinin zamandan as  ölçüsüdür.   
Konfiqurasiya x  -t svirind  (3.5) dal a funksiyas  bel kil al r: 

,)(
)(4
)]([

exp

)]([))(/1(exp
)(2
)(exp

))(/1(
1),(

2

2

2
2

2

0

2

4/1

xtpi
t
txx

tpptTittd
tM
tpi

tTit
tx

c
c

c

t
c

 

burada ))(/1()( 22 tTitt .  

4. Ossilyator tipli h ll r  
redinger t nliyi (2.1) -in sonlu sayda h ll ri var. Bu paraqrafda biz onun ossilyator tipli 

ll rini tapaca q. Bunun üçün ba an c dal a funksiyas  bel  seç k  

/),,()0,(
22

2
1

mxHecx n

x

nn ,                                      (4.1) 
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Burada )(xH n - Ermit çoxh dlil ridir v  nc msal  normallama vuru udur. Evolusiya 
operatorunun (4.1) -  t sirini hesablasaq, alar q  

.
)(

)]([
)(2

)]([exp

)]()([exp
)(
)(exp

)(
),(

1
2

1
2

0

2/*

t
tSxH

t
tSx

tStxi
t
t

t
ctx

n

n
n

                 (4.2) 

burada )(21)( 2
2 tSit -i ar si daxil edilmi dir. (4.2) h ll rini udulma v  do ulma 

operatorlar n  

.)(ˆ)()(ˆ
2

1)(

,)(ˆ)()(ˆ
2

1)(

1

*

1

11

tptitxta

tptitxta
                                 (4.3) 

köm yil  d  almaq olar, burada  

).,(1),()(),,(),()(

:)(ˆˆ),(ˆ)(ˆ

11

111

txntxtatxntxta

tpptSxtx

nnnn

          (4.4) 

redinger t nliyi (2.1)-in ümumi h lli bütün  ),( tx -l rin  superpozisiyas  olacaqd r, y ni  

n
nn txatx ),(),( ,                                                         (4.5) 

burada na  -ixtiuyari sabit msallar r.  

5. rb st z rr cik v  x tti potensial sah  h t  ed n z rr cik m ri 
aras nda unitar ekvivalentlik 

redinger t nliyi (2.1) –i bel  yazaq: 

.)(
)(2

ˆ,0),(ˆ 2
2

xtF
tM

iStxS xtLLL                                  (5.1) 

Unitar çevirm  aparaq 

,
)(2

)()(ˆ)()(ˆ 2
2

1
1

1 xtLF tM
itUtStUtS                                      (5.2a) 

),()(),( 1
1 txtUtx LF .                                                           (5.2b) 

Bu halda (5.1) t nliyi bel kil  dü ür: 

0),()(ˆ txtS FF ,                                                        (5.3) 



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 483 

ni biz s rb st z rr cik üçün redinger t nliyini alar q. Göst rm k olar ki, (5.2) rtl rini 
öd n unitar operator  

xtStStx
i

eetU )()]()([

1
10)(                                                    (5.4) 

klind dir. Bel likl , )(1 tU -operatoru s rb st redinger t nliyinin h r bir h llini x tti potensiall  
redinger t nliyinin h llin  keçirir, )(1

1 tU -operatoru is ks keçidi do urur.  

YYAT 
1. M.V. Berry, N.L. Balazs, Am. J. Phys. 47 (1979) 264. 
2. M.A. Gregorio, A.S. de Castro, Am. J. Phys. 52 (1984) 557. 
3. V.V.Dodonov, V.I.Manko, O.V.Shakhmistova, Phys. Lett. A102 (1984) 295. 
4. I. Guedes, Phys. Rev. A63 (2001) 034102. 
5. M. Feng, Phys. Rev. A64 (2002) 034101.  
6. P.-G. Luan, C.-Sh.Tang, Phys. Rev. A71 (2005) 014101. 
7. H.Bekkar, F.Benamura, M.Maamache, Phys. Rev. A68 (2003) 016101. 
8. H.R.Lewis, W.B.Riesenfeld, J.Math.Phys. 10 (1969)1458. 
9. R.Feynman, A.R.Hibbs, Quantum mechanics and path integrals (McGraw-Hill, New 

York, 1965). 
10. Sh.M. Nagiyev, K.Sh. Jafarova, Phys. Lett. A377 (2013) 747. 
 
 

 
ISING MODEL ON A 3-7 LATTICE: ORDER AND DISORDER 

Viktor Urumov 
Partenij Zografski 46, Skopje, Macedonia 

v.urumov@gmail.com 

The analytic solution of the model is obtained using the method of mapping. One observes 
ferromagnetic and ferromagnetic phases, and the reentrance phenomenon. For a certain range of 
interaction parameters between nearest neighbors, as a result of geometrical frustration, the ground state 
is degenerate, but nevertheless the system exhibits phase ransition at a finite critical temperature 
accompanied by coexistence of order and disorder. 

INTRODUCTION 

The model proposed by Lenz [1] to his student Ising [2] has an important place in the 
theory of phase transitions, as shown by the huge number of published papers accumulated over 
the years. The model has been applied to magnetic systems, lattice gas, binary alloys, systems 
with random interactions and random fields, and different types of lattices 

with nearest and further neighbor interactions. An introductory guide to the literature in the 
field has been prepared by Tobochnik [3]. 

Geometrical frustration first appeared when the triangular lattice was considered [4]. The 
spin system is said to be frustrated if its minimum energy does not incorporate the minimum of 
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all local interactions of each pair of spins. In an elementary triangle with Ising spins with two 
possible orientations at each vertex, when the interaction is antiferromagnetic, all three bonds 
cannot be simultaneously in the state of lower energy. 

ISING MODEL ON THE 3-7 LATTICE AND ITS TRANSFORMATION 

The elementary plaquette of the lattice in the shape of a square is depicted in Fig. 1a. There 
are five internal sites, connected in the shape of bow tie and four at the corners of the square. The 
spin at each site can be in one of two possible states, denoted as upwards and downwards 
orientations, or plus and minus. The lattice has a structure similar to a chessboard pattern. Each 
plaquette is surounded by four plaquettes, all of them rotated by 90o with respect to the one in the 
middle. This gives rise to heptagons from the elements of each pair of eighboring plaquettes. 
Hence the name 3-7 or bow tie lattice. The Cairo lattice has a similar structure, containing only 
pentagons [5, 6]. There are sites with two different coordination numbers, three and four. Only 
pair interactions between nearest neighbors are assumed, with an interaction strength, J , 1J , or 

2J , depending on the type of bond (Fig. 1a). The contribution to the Hamiltonian of the system 
from each elementary plaquette is given by 

)()( 443322114321 ssssJssssJH .                        (1) 

There are several ways to proceed. It can be verified that the partial summation in the 
partition function leads to a system that satisfies the free fermion condition [7] and subsequently 
to an equation for the critical temperature. Another method is to use star-triangle and 
dedecoration transformations [8] to map the model to the centered square lattice with nearest and 
next-nearest neighbor diagonal noncrossing interactions solved by Vaks et al. [9]. It is simpler to 
achieve the mapping to the above mentioned lattice by using the general transformation [10]. 
Thus, summation over all possible orientations of the internal spins of an elementary plaquette 
and the subsequent identity in Eq. 2, provide the effective interactions 21 ,, KKKP  and 

21 ,, KKKQ  of the centered square lattice (Fig. 1b) 

 
Fig. 1. (a) Elementary plaquette of 3-7 lattice, (b) Transformation by elimination of the internal spin 

                  variables 1s  and 2s . 
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Fig. 2. Critical temperature as a function of JJ 2  for several values of JJ1 : (a) 0J , 
            (b) 0J . The slightly inclined lines are the asymptotes in the limit 0cT  indicating  
            reentrance in a tiny interval. 

 

2,1
22112210121

2,1
expexp

ssss
ssKsssKsKskTH  

                                    21210exp QPsA ,                                                      (2) 

where 
2121 2coshexpexp2coshexpexp)4exp( KKKKKKP ,      (3) 

)(2coshexp)exp(4exp 21 KKKQ  
2

2121 2coshexp2coshexp2coshexpexp KKKKKKK         (4) 

4A  

2
21

2121

2coshexp2coshexp

2coshexpexp2coshexpexp16

KKKK

KKKKKK
(5) 

kTJK , kTJK 11 , kTJK 22 , k is the Boltzmann constant and T  is the absolute 
temperature. Here A  represents a factor contributed to the partition function from each 
elementary plaquette. The effective interaction 21 ,, KKKP  is even function of 1K  and 2K , 
while 21 ,, KKKQ  is odd function of the same arguments. Therefore 

2121 ,,,, KKKPKKKP  and 2121 ,,,, KKKQKKKQ , and the space of parameters to 
be examined can be reduced to 01J or 02J . 

CRITICAL TEMPERATURE 
There are two equivalent ways for determination of the critical temperature. In the first case 

it can be obtained from one or both of the following two equations [9] 



BDU-nun Fizika Problerl ri nstitutunun yarad lmas n 10 illiyin  h sr olunmu  
_______________________________Beyn lxalq konfrans________________________________ 

 486 

 
Fig. 3. Ground state energy and spin orientations of the elementary plaquette: ((a) 0J , (b) 0J , 

  (c) two basic ground states when 0J  and JJ 2 . FM - ferrimagnetic state, F –  
  ferromagnetic state, OD - coexistence of order and disorder. 

 

                        
2222222222 1211,1211 xyxyxxy ,            (6) 

where Px tanh  and Qy tanh . Alternatively the equation for cT  is given by [9, 11] 

2222424 14141 xxyyxx                                  (7)  

where )2exp( Px  and )2exp( Qy . The latter equation can be factorized, which leads to the 
following simplified expressions 

x
xy

x
xy

2
11,

2
11

2

4,3

2

2,1                                  (8) 

Only 1y  and 2y  are positive and provide the expressions for determination of the critical 
temperature.  

In Fig. 2a the dependence of cT  on the exchange interaction parameters is shown for the 
case 0J . The critical temperature increases with the increase of the strength of 1J  
independently of its sign. The minima of the curves correspond to the critical temperature of the 
doubly decorated square lattice which is obtained when the interaction 2J  vanishes. The 
analogous curves for 0J  are shown in Fig. 2b. The critical temperature, similarly to the case of 
the triangular lattice, vanishes due to frustration when JJ 2 . The approach to zero, for 

02J , follows the asymptotic law 

JJJkTc 212ln4 ,                                            (9) 

or its symmetric expression when 02J . The same asymptotic law is found for the dependence 
of cT  on J , for a given 2J , when 2JJ . 

In a narrow interval for 2J when JJ 2 , increasing the temperature from zero, a 
disordered phase appears, which is followed by an ordered phase that disappears with further 
increase of the temperature. Such a behavior is known as reentrance phenomenon. 
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GROUND STATE 

The ground states of the system are shown in Fig. 3a and 3b. When 0J  and JJ 2 , the 
ground state is degenerate. There are altogether 8 different arrangements of the spins on an 
elementary plaquette with a minimal energy. They arise from the two basic configurations (Fig. 
3c) by mirror symmetry with respect to vertical line and from interchange between up and down 
spin orientations. Only the configurations obtained from the upper arrangement in Fig. 3c can 
cover the whole plane with plaquettes at their lowest energy. All possible coverages can be 
obtained by the quadruplets containing four elementary plaquettes shown in Fig. 4a and 4b for 

0J and JJ 2 , and 01J  or 01J , respectively. 
Depending on the interaction parameters, the ground state is ferromagnetic (F) or 

ferrimagnetic (FM), except for the case when 0J  and JJ 2 . In the latter case, at T = 0, one 
observes coexistence of order and disorder (OD). 

 

The central spins of each plaquette have arbitrary orientation, while the remaining spins are 
ordered antiferromagnetically (Fig. 4a) or superantiferromagnetically (Fig. 4b). The entropy at T 
= 0 for  the OD state  is  62ln0S . The magnetization of the quadruplets with lowest energy 
takes one of the following values: 12/1,0 and 6/1 . Despite the degeneracy of the ground 
state  for  the  case  under  consideration,  the  system  has  a  finite  critical  temperature  (Fig.  2b).  
Similar behavior was observed in other two-dimensional Ising models [12]. 

DISCUSSION 

The analysis of the model was performed without any approximation. It shows phase 
transition to some ordered phase or transition to a state leading to coexistence of order and partial 
disorder. For 0J  the model is reduced to decorated square lattice, for J  it becomes 
equivalent to partly decorated pentagonal Cairo lattice. Other limiting cases considered 
previously are: 1J  , 02J and 2J . 

The model is exactly solvable in the more general case with higher spins included, not 
necessarily equal, at the intermediate locations between the central and corner spins. Also, the 
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symmetry of the interactions could be avoided and one can introduce further neighbor 
interactions between spins in the first part of Fig. 1b. 

REFERENCES 
1. W. Lenz, Z. Phys. 21, 613-615 (1920). 
2. E. Ising, Z. Phys. 31, 253-258 (1925). 
3. J. Tobochnik, Am. J. Phys. [69, 255-263 (2001). 
4. R. M. F. Houtappel, Physica 16, 425-455 (1950). 
5. V. Urumov, J. of Phys. A: Math. Gen. 35, 7317-7321 (2002). 
6. M. Rojas, O. Rojas, and S. M. de Souza, Phys. Rev. E 86, 051116-1-11 (2012). 
7. C. Fan, and F. Y. Wu, Phys. Rev. B 2, 723-733 (1970). 
8. I. Syozi. ”Transformation of Ising Models” in Phase Transitions and Critical Phenomena 

Vol. 1, edited by C. Domb and M. S. Green, Academic Press, New York, 1972. 
9. V. G. Vaks, A. I. Larkin, and Yu. N. Ovchinnikov, Zh. Eksp. Theor. Phys. 45, 1180-

1189 (1965) [Sov. Phys. JETP 22, 820-826 (1966)]. 
10. O. Rojas, and S. M. de Souza, J. of Phys. A: Math. Theor. 44, 245001-1-17 (2011). 
11. T. C. Choy, and R. J. Baxter, Phys. Lett. A 125, 365-368 (1987). 
12. P. Azaria, H. T. Diep, and H. Giacomini, Phys. Rev. Lett. 59, 1629-1632 (1987);  
H. T. Diep, M. Debauche, and H. Giacomini, Phys. Rev. B 43, 8759-8762 (1991). 
 

 
QCD SUM RULES FOR THE 70-PLET BARYONS 
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Magnetic moments of the positive parity 70-plet baryons are estimated within the nonrelativistic 
quark model and QCD sum rules method. It is found that the magnetic moments of the 70-plet baryons can 
be expressed in terms of the D and F couplings. Results reproduce the nonrelativistic quark model 
predictions and exhibit unitary symmetry pattern. 

Study of the electromagnetic properties of hadrons represents very important source of 
information about their internal structure and can provide valuable insight in understanding the 
mechanism of strong interactions at low energies, i.e., about nonperturbative aspects of QCD. 
Particular interest deserves magnetic moments of baryons as the subject of permanent study due 
to growing experimental information [1]. Magnetic moments of the positive parity octet and 
decuplet baryons are studied in framework of different approaches such as nonrelativistic quark 
model (NRQM) [2], static quark model [3], QCD string approach [4], chiral perturbation theory 
[4], Skyrme model [5], traditional QCD sum rules [6], light-cone version of QCD sum rules [7], 
lattice QCD [8]. 

Shortly we discuss construction of QCD sum rules introduced in [9], [10]. 
The starting point is polarization operator (correlator) for  -like hyperons. Excplicitly we 

write it for 0 - hyperon: 
 =i  dk d4 x exp(ipx )<0|T{ (x), (0)}| >,                          (1) 
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where interpolating currents (in some way analogue of the baryon wave functions in NRQM) 
could be chosen as 

0(x) =[uaT C sb
5 dc - daT C sb

5 uc- (C sb
5  C 5 sb x)],      (2) 

where a, b,  are the color indices,  is the charge conjugation matrix. Other baryon currents (but 
that of  ) are written by changing quark symbols. 

The idea of the QCD sum rules [9],[10] could be stated as follows:  polarization operator is 
calculated in two different schemes:  

(1) Upon using some phenomenological pole model saturated by baryon poles and 
resonances plus high energy contributions;  

(2) Upon performing Wilson operator product expansion (OPE) and calculating quark 
diagrams with insertions of non-zero vacuum expectation values. 

Putting them equal and performing Borel transformation one arrives at desired sum rule .  
We can write QCD sum rules for the magnetic moments of   -like octet  56-plet baryons 

B [7, 11] as 

aB
2 

B  exp(-m2/ M2) = (eu + ed) 1( u , d, s) + es 2(u, d, s),               (3) 

while for the -hyperon we obtain result with the use of the relations from [11]. The aB are so-
called Borel residue, M is characteristic parameter of the Borel transformation and i can be 
found in [6] and [12].We have shown earlier that unitary symmetry plays essential role in the 
QCD sum rules in relating various couplings through well-known F- and D-type structures 
reducing number of independent correlation functions to minimum. We would show here in what 
way unitary pattern of the QCD sum rules arrives. We remind in what way SU(3) description in 
tems of F- and D couplings arrives in NRQM. Let us begin with the discussion of the 56-plet 
baryon octet 1/2+ in SU(3) and assume that photon  interacts in a different way with two quarks 
of similar flavor of the -like baryon B(qq, Q) and with a single quark Q. As an example let the 
magnetic  moment  operator  has  the  form eqwq aq, where new operator wq just differs between a 
single Q quark and a biquark  (q  q  ) or  (q  q  ) through the matrix elements 

< q  q ,Q |wq| q  q ,Q >=w ,  < q  q ,Q |wq| q  q ,Q >=w , 

 <q q  q ,Q |wQ| q  q ,Q >=v ,  < q  q ,Q |wQ| q  q ,Q >=v .                  (4)  

Then  magnetic moment of the proton p(uu,d) yields:  

p= <p |eq wq z
q  |p >=1/ 18 <2u1 u1 d2-u1 d1 u2 –d1 u1 u2 +2u1 d2 u1-u1 u2 d1 –d1 u2u1 

+2d2 u1 u1-u2 u2 d1 – u2d1 u1 | eq wq z
q | p > 

=(4/3) | eu w  - ed (2 v  -v ) = eu F+ed( F D)                                        (5) 

with w  = 3 F /2,  w D , (2 v  -v )/3=( F D). (It is worth noting that the assumption w  = 
w  yields F/D = 2/3 !) 

The main results are: 
• The F coupling is related to the interaction of the  with 'biquark' composed of two quarks 

of (almost) equal flavour and the same spin projections 
• The (F - D) is related to the interaction of the   with the single quark 
Magnetic moment  of the  photon to °(ud,s) containing two quarks u, d in a biquark state 

and a single quark s would have the form similar to that of the QCD sum rules of (3) 
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B = (eu + ed)F + es (F-D)                                                 (6) 

Now we try to transfer this reasoning to the QCD sum rules of  baryons with spin ½ of  the 
70-plet. 

Let us analyze magnetic moments of baryons entering  70-plet representation SU(6) with  
decomposition 70 = (8,2) + (10,2) + (8,4) +(1,2) in framework of NRQM and quark-diquark 
model.  The wave functions of 70-plet within the NRQM were obtained in a number of works 
(see [13] and references therein). Following [13] the wave function of N*+ state in 70-plet with 
positive parity can be written as 

18 |N*+>=|2u1 u1 d2-u1 d1 u2 –d1 u1 u2 -u1 d2 u1-u1 u2 d1 

+2d1 u2 u1  -d2 u1 u1-u2 u1 d1 +2 u2d1 u1 >                                                (7) 

Using this wave function with the modified operator for the magnetic moment form eqwq aq 
for N* we get 

N*+= eu 2/3(2w   +w )+ ed  1/3 (2 v  +v ) = eu F+ed( 2 F D)        (8) 

with w  = 3 F /2,  (2 v  -v )/3=( F D) . 
In a way similar for 56-plet one can predict the magnetic moments of the octet in 70-plet. in 

terms of D- and F- quantities and their NQRM limit with D=1, F=2/3 and  eq changed to q 
N*+= eu F+ed( 2 F D) 2/3 u +1/3 d, 

 *+= eu F+es( 2 F D) 2/3 u +1/3 s, 

 *0= ½(eu+ ed)  F +es( 2 F D) 1/3 u +1/3 d +1/3 s,                     (9) 

 * = 1/6(eu+ed)(9 F -4 D)+1/3es D 1/3 u +1/3 d +1/3 s, 

in accord with the NRQM results [13]. 
Let us now assume that the same transformations from p to  N*+ in NRQM and quark-

diquark model hold in QCD sum rules framework, i.e. at interpolating current level. In this case 
even when the explicit expressions for interpolating  currents of octet baryons belonging to the 
70-plet representation are not known, one can predict the magnetic moments of these baryons. 
Derivation of sum rules for 70-plet baryons  follows this reasoning. QCD sum rules for  -like 
octet  70-plet can be written in the form similar to eq. (3); 

0* (u, d, s)=1/2(eu + ed+2es) 1{ u , d, s) + es 2(u, d, s),         (10) 

while for the *-hyperon we obtain result with the use of the relations from [11]. Comparing 
these relations with sum rules for the ° and  baryons of the 56-plet we see that they change 
itself drastically and this constitutes the main result of this work. 

As examples  we cite  only few of  them, the rest  can be found in [14]:  N*+ changes from 
=2.72 N  to 0.83 N,  *+ changes from 2.52 N to 0.70 N,  * changes from -0.50 N to -0.11 

N. 
Thus it is shown that octet baryons in the 70-plet can be analyzed in the way similar to 

those of 56-plet. In particular magnetic moments are written in terms of the D and F quantities 
characteristic for octet coupling. Moreover the main formulas for the magnetic moments are 
written in such a way as to obtain the NRQM results as well as unitary symmetry ones. Borel 
QCD sum rules are constructed for the magnetic moments of the 70-plet octet.  
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INFLATIONARY EXPANDING UNIVERSE BY A COMPOSITE SCALAR FIELD 

Tomohiro Inagaki 
Information Media Center and Core of Research for the Energetic Universe, 

Hiroshima University, Higashi-Hiroshima, 739-8521, Japan 

inagaki@hiroshima-u.ac.jp 

One of the basic concepts of the particle physics is symmetry and its breaking. It is con-
sidered  that  a  more  fundamental  theory  with  a  higher  symmetry  realizes  and  the  symmetry  is  
broken down at high energy scale. Hence, there is possibility to test the fundamental model by 
observing the critical phenomena induced by symmetry breaking at early universe. 

A simple model of the symmetry breaking has been introduced by Y. Nambu and G. Jona-
Lasinio to study the meson physics, low energy phenomena of QCD [1]. A scale up version of 
the model has been applied at the electroweak symmetry breaking is known as Technicolor 
model (see, for example [2]). Here we regard the gauged Nambu-Jona-Lasinio (NJL) model as a 
simple prototype model at inflationary expanding era of our universe and investigate the 
evolution of the universe. 

We start from the SU(Nc) gauged NJL model with Nf -flavor fermions,      

2
5

2
2

4
2

8
16ˆ a

cf
qauqeqNJL i

NN
qDiLL  ,                    (1) 

where qauqeL  denotes the pure SU(Nc) gauge Lagrangian and a  indicates the generator of SU(Nf) 
flavor symmetry. We normalized the four-fermion coupling, 4g  by Nf, Nc and the compositeness 
scale, . The Lagrangian can be rewritten by the auxiliary field method, 

                22

4
2

2

16
2ˆ acfaa

qauqeaux q
NN

DiLL  .              (2)  

where the fields,  and  , can be identified with composite scalar and pseudo-scalar fields, 
respectively. On the other hand, the gauged Higgs Yukawa theory is given by    

aaaa
qauqeqHY y

m
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LL 2
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2
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,ˆ
2
1

4 5
2

2

22
4

aaaaaa iDiR
yy

               (3) 

where y  indicates the Yukawa coupling. We noted that the ordinary gauged Higgs Yukawa 

Lagrangian is obtained by the replacements, y  and  aa y .  
The compositeness conditions are imposed at the scale  [3, 4], 
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Eqs. (2) and (3) coincide under these conditions. Evaluating the renormalization group 
equation with neglecting the running of the )( cNSU gauge coupling and the higher order terms in 
the curvature, R, we obtain the solution to satisfy these conditions [5, 6]. Therefore we regards 
the gauged Higgs Yukawa theory with the compositeness conditions as an effective theory of the 
gauged NJL model below the compositeness scale, . 

As is illustrated in Fig. 1, we assume that the dominant contribution to the energy density 
of the universe can be described by the gauged Higgs Yukawa theory with the compositeness 
conditions at the inflationary expanding era.   We also assume that only the field, , contributes 
the inflationary expansion and apply the slow roll scenario of the chaotic inflation. 

 

Starting from the renormalization group improved effective potential for the gauged Higgs 
Yukawa theory with the compositeness conditions, we evaluate the inflationary parameters [7]. 
Our model has parameters, the gauge coupling, , the four-fermion coupling, g4, the number of 
fermion spices, Nc and Nf, the energy scale, µ and the composite scale, . The initial field 
configuration is set to generate an enough e-folding number, Nefold = 50 ~ 60. 
After some numerical calculations we obtain the amplitude of the density fluctuation, , the 
spectral index, sn , the tensor-to-scalar-ratio, r  and the running of the spectral index, s . In Tab. 
1 we show some typical results for a fixed Nf,  Nc, µ  and Nefold. A constant parameter, , is 
introduced to define the renormalized four-fermion coupling, reng4 . The amplitude of the density 
fluctuation, , can be tuned by strength of the interactions, , and reng4 . The other parameter 
dependence is much smaller. We also found that the spectral index, the tensor-to-scalar-ratio and 
the running of the spectral index are consistent with the Planck 2015 data. 

Table 1:  
Inflationary parameters for Nf = 1, Nc = 10, µ = 10-5Mpl,  = Mpl and Nefold = 50. 
 /1/1 4reng   ns r s 

10-7 10-1 41002.7  
0.970 0.08 -0.00059 

10-8 10-1 41022.2  0.970 0.08 -0.00059 
10-9 10-1 51002.7  0.970 0.08 -0.00059 
10-9 10-3 61002.7  0.970 0.08 -0.00059 
10-9 10-5 71048.7  0.968 0.11 -0.00061 
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A composite scalar field has been investigated as an alternative candidate for the inflaton 
field. The gauged Nambu-Jona-Lasinio model is employed as an simple model of the composite 
scalar field. The model can be described by the gauge-Higgs-Yukawa theory with the 
corresponding compositeness conditions. Evaluating the renormalization group improved 
effective potential, we have calculated the inflationary parameters: the amplitude of the density 
fluctuation, the spectral index, the tensor-to-scalar-ratio and the running of the spectral index. 
Under the slow roll approximation and some assumptions it is shown that the model predicts 
consistent the spectral index, the tensor-to-scalar-ratio and the running of the spectral index. 
Therefore we conclude that the inflation induced by a composite scalar field predicts consistent 
CMB fluctuations. 
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ON NLO CONTRIBUTION TO QUARK MASS IN  PION SECTOR  

AND SOME OTHER PROPERTIES OF REGULARIZATION  

PROCEDURE IN NJL MODEL 
R.G. Jafarov 

IPP BSU 
rauf_jafarov@hotmail.com  

As well known  Namby–Jona-Lasinio (NJL) model [1] with the quark content [2] is one of 
the most successful effective models of quantum chromodynamics of light hadrons in the non-
perturbative region (see, for example, reviews [3] and [4] and references therein). Since the 
foundation of the NJL model is a non-renormalizable interaction, the quite essential point of the 
model is a regularization. It already advances in the literature an opinion, that the NJL model for 
different regularization can lead to different physical results. But as concerning to most common 
regularizations (such, for example, the 4-dimensional cutoff in comparison with the Fock–
Schwinger ”proper-time” regularization or the Pauli– Villars regularization) this statement is not 
mean some principal distinctions of main effects in the leading approximation of the model. In 
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the next-to-leading order, which includes the meson contributions in chiral condensate and 
corrections to the quark propagator, these distinctions become apparent more clearly (see, for 
example, [5] - [7]), but do not change essentially the physical content of the model in the case 
too. Nevertheless, a regularization of the NJL model exists in which the physical effects differ 
from the effects of the classical variant of the model with 4-dimensional cutoff as early as on the 
level of two-particle amplitudes. It is a dimensional regularization considered as a variant of the 
analytical regularization. Note, the traditional treatment of the dimensional regularization as a 
transition to D-dimensional space strikes in the application to the NJL model the essential 
obstacle: the regularization parameter, i.e. a deviation in physical dimension of space, is included 
in formulae for physical quantities. This circumstance makes an interpretation of results to be 
very awkward. In the alternative treatment of dimensional regularization as a variant of analytical 
regularization all calculations are made in four-dimensional Euclidean space, and the 
regularization parameter is treated as a power of a weight function, which regularizes divergent 
integrals1. Such treatment of dimensional regularization was consistently developed for the NJL 
model in mean-field approximation by Krewald and Nakayama [8]. In work [9] in the framework 
of this regularization the meson contributions in chiral condensate were calculated. It should be 
stressed that in such treatment of dimensional regularization the regularization parameter is not a 
deviation in the physical dimension of space.  

Conclusion 

The results of present work demonstrate that the NJL model with dimensionally-analytical 
regularization essentially differs from the NJL model with 4-dimensional cutoff at least in two 
aspects. Firstly, there is the different behavior of scalar amplitude in threshold region. For the 4-
dimensional cutoffit is possible to separate near the threshold a pole term, which is usually 
associated with a scalar particle –sigma-meson (note, however, that reasoning doubts in such 
interpretation have been stated as early as in founder’s work [1]).  

 
For the dimensionally-analytical regularization the singularity of scalar amplitude is not of 

pole type at physical values of regularization parameter.  
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This fact, even if does not exclude entirely, makes its interpretation as a physical particle to 

be awkward. But much more principal thing is the different behavior of these models with respect 
to quantum fluctuations caused by meson contributions in chiral condensate.  

 
As it follows from results, the NJL model with dimensionally-analytical regularization is 

stable with respect to these fluctuations, whereas for the NJL model with 4-dimensional cutoff 
the meson contributions can lead to destabilization. 

 
Surely, a number of physical applications of the NJL model are connected exclusively with 

the leading order of mean-field expansion (mean-field approximation), for which the possibility 
of such destabilization can be simply ignored. On the other hand, some physical applications of 
the NJL model exist, that connected with multi-quark functions (such as pion-pion scattering, 
baryons etc.). For these applications the neglecting by the meson contributions in quark 
propagator is certainly noncorrect from the point of view of the mean-field expansion, and, 
consequently, the stability of basic model parameters with respect to these contributions becomes 
a determinative significance.  

The calculations of meson contributions in the quark chiral condensate and in the 
dynamical quark mass demonstrate, that these contributions though their relatively smallness can 
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destabilize the Nambu–Jona-Lasinio model with 4-dimensional cutoff. On the contrary, the 
Nambu–Jona-Lasinio model with dimensionally-analytical regularization is stabilized with the 
next-to-leading order, i.e. the value of the regularization parameter shifts to the stability region, 
where these contributions decrease[10]. 
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QFT APPROACH WHICH SAVES PROBABILITY INTERPRETATION 

OF THE WAVE FUNCTION 
Alexander Kvinikhidze 

Razmadze Mathematical Institute, Tbilisi State University, 
Department of Theoretical Physics, Tbilisi, Georgia 

"The wave function is the most fundamental concept of quantum mechanics. According 
the standard interpretation of the wave function today the square of its absolute value represents 
the probability density for particles to be measured in certain locations." 

However none of existing "quantum mechanical" approaches developed within quantum 
field theory (incorporating quantum mechanics) confirms such interpretation. Indeed all of them 
offer expressions for the charge density of a few body system which is altered by interaction 
between them in spite of that the probability interpretation would require the charge density of a 
few-body system to be only the sum of single particle charge densities. 

Here the quantum field theoretical approach is presented for the description of strongly 
interacting particles where the expression for the charge density is consistent with the 
probability interpretation of the particles' wave function. A key bases of this achievement is the 
fundamental property of gauge invariance which is kept manifest up to the last step of our 
derivation. 

Apart from the obvious conceptual importance of this result it is extremely useful for 
practical applications. For example it significantly simplifies high accuracy first principle 
calculations of electromagnetic properties of few nucleon systems which are extensively studied 
in the proposed by S. Weinberg chiral effective field theory 

 
 

SCHWINGER-DYSON EQUATIONS 

V. E. Rochev 
Institute for High Energy Physics, National Research Center Kurchatov  

Institute, Protvino, Moscow oblast, 142281 Russia 
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A system of Schwinger–Dyson equations for the model of scalar-field interaction is studied in a deep 
Euclidean region. It is shown that there exists a critical coupling constant that separates the weak-coupling 
region characterized by the asymptotically free behavior and the strong-coupling region, where the asymptotic 
behavior of field propagators becomes ultralocal. 

DOI: 10.1134/S1063778815020258 

We will consider a system of Schwinger–Dyson equations for the model involving a 
complex scalar field  (phion) and a real scalar field  (chion) and take the Lagrangian for this 
model in the four-dimensional Euclidean space in the form 

             ,
22

1 *2
2

2*2
0

* gmL                        (1) 
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where g is the coupling constant that have dimensions of mass. This model, also known as the 
scalar Yukawa model, is used in nuclear physics as a simplified version of the Yukawa model 
without spin degrees of freedom and as the effective model of scalar quark interaction. Despite its 
well-known imperfection associated with the presence of instability (more precisely, metastability 
- see [1]) in it,  this model, which is the simplest field-interaction model, is frequently used as a 
prototype of more sophisticated theories for studying the properties of various nonperturbative 
methods of quantum field theory and for comparing them. 

It is well known that the generating functional for Green’s functions (vacuum expectation 
values of time-ordered products of fields) G can be represented as a functional integral that 
depends parametrically on some functions called sources. Such sources are usually chosen in the 
form of functions of one variable 4Ex . We will refer to such sources as simple ones. It is also 
possible to choose sources in the form of functions of several variables. The derivatives of the 
generating functional with respect to such higher sources correspond to vacuum expectation 
values of several fields (their number is equal to the number of source variables). For example, a 
source  that depends on two variables can be introduced for the model specified by the 
Lagrangian in Eq. (1). The derivative with respect to this source is the vacuum expectation value 
of the phion and antiphion, that is, the propagator 

xy
Gyx

,
* ,                                                   (2) 

where the angular brackets mean the vacuum expectation value of a time-ordered product. Such a 
source is referred to as a bilocal source. For a long time, higher sources has been used both in 
statistical mechanics [2] and in quantum field theory [3] to study so-called higher Legendre 
transformations (a more correct term would be Legendre transformations with respect to higher 
sources). It is also convenient to use such sources in constructing nonerturbative expansions (of 
the 1/N-expansion type) and in studying many-body equations. In the present study, use is made 
of the bilocal source  as a convenient tool for studying phion–antiphion functions for the model 
specified by Eq. (1). After Gaussian functional integration with respect to the field , the 
functional-differential Schwinger–Dyson equation for the generating functional GZ ln  an 
be represented in the following form by using the property of translation invariance of the 
functional-integration measure: 
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Here, we have used the notation Dc  ( 2 - 2)-1. The successive differentiation of this equation 
yields an infinite system of Schwinger–Dyson equations for phion–antiphion functions. In order 
to calculate chion functions, it is necessary to introduce a simple chion source. 

The mean-field approximation is the simplest exactly solvable nonperturbative 
approximation for this equation. The mean-field approximation and the expansion based on it are 
extensively used in statistical mechanics. This expansion does not involve a small parameter 
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{Even though there is a small parameter in lattice field theory - in this version, the mean-field 
expansion is a 1/d expansion, where d is the dimensionality of space (see, for example, [4])}. 

The mean-field expansion for the generating functional in the model specified by Eq. (1) is 
based on the leading-order approximation 

xy
Zm

xy
Z

xx
ZxxDdxg xc ,,,

0
22

0

0

11

0

11
2  

0
,

,
1

0

11 yx
yy

Zyxdy .                                            (4) 

Once the source has been switched off, the phion-field propagator in the leading order is 

obtained from Eq. (4): 122
0 m . Here, 02

2
2
0

2 xgmm  is the renormalized phion 

mass.  Differentiation of Eq. (4) with respect to the source  yields an equation for the two-
particle function. In terms of diagrams, the calculation of the two-particle function amounts to 
summing chains; therefore, we refer to this version of the mean-field expansion as the chain 
expansion. 

The calculation of the remaining multiparticle functions is also straightforward (see [5]). A 
feature peculiar to multiparticle functions in the leading-order approximation is their incomplete 
structure from the point of view of crossing symmetry. This seeming mismatch is characteristic 
of many nonperturbative approximations. It is inherent, for example, in the Bethe–Salpeter 
equation in the ladder approximation. In order to restore crossing symmetry lost in the leading-
order approximation, it is necessary to consider the next-to-leading-order (NLO) approximation. 
Calculations in the NLO approximation show that crossing symmetry lost for the two-particle 
system in the leading-order approximation is restored. This restoration of crossing symmetry is 
typical of nonperturbative expansions in the bilocal-source formalism (in [6], one can find similar 
examples for other models). 

The expressions for the propagators and multiparticle functions in the mean-field 
approximation involve divergent quantities and call for a renormal-ization. The renormalization 
procedure performed according to standard recipes shows that the asymptotic behavior of the 
two-particle amplitude and the chion propagator, which is related to it, in the deep Euclidean 
region is self-consistent in the approximation being considered only in the weak-coupling region: 

22
cgg . For 22

cgg , the asymptotic expression for the inverse propagator becomes negative, 
which means that the chion propagator develops a Landau singularity in the Euclidean region. 
This in turn means the breakdown of basic physics principles. The existence of a critical coupling 
constant in the scalar Yukawa model was noticed by almost all of the authors who studied this 
model by various methods (see, for example, [7] and references therein). According to the opinion 
of some of the authors, it is obvious that the presence of such a critical constant reflects the 
metastability of the model. The point of view advocated in the present article is that the presence 
of a singularity of this type means, first of all, the inapplicability of the method in question to 
calculations in the strong-coupling region and entails the need for constructing more adequate 
nonperturbative approximations. 

The two-particle approximation is one of such approximations. For the model specified by 
Eq.  (1),  it  was  considered  in  [5].  The  two-particle  approximation  is  the  set  of  equations  that  
consists of Eq. (3) at  =0 and the equation obtained by differentiating Eq. (3) in which the term 
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involving a three-body function is discarded. This set of equations can be reduced to a set of two 
nonlinear integral equations for the phion and chion propagators. An investigation of this set of 
integral equations reveals that the asymptotic behavior of the propagators in the deep-Euclidean 
region changes at some value of the coupling constant. At small values of the coupling constant, 
the propagators behave as free ones in agreement with the commonly accepted opinion that 
perturbation theory is dominant for this superrenormalizable theory. In the strong-coupling 
region, however, the asymptotic behavior changes quite drastically- both propagators in the deep 
Euclidean region tend to some constant limits, and this corresponds to the ultralocal limit [8]. At 
the critical point, the propagators behave asymptotically as 21 p  - that is, their behavior is 
intermediate between that in the case of weak coupling and that in the case of strong coupling. 

Thus, one can see that, in the two-particle approximation, a self-consistent solution for 
propagators exists for the strong-coupling region as well-that is, the existence of a critical 
coupling-constant value rather looks as a phase transition in accordance with the general 
definition of a phase transition as a sharp change in the properties of a model in response to a 
smooth variation of its parameters. 

In the present study, the existence of such a phase transition is confirmed by the alculation 
of the asymptotic behavior of the phion propagator in the ladder approximation, which is one of 
the versions of the mean-field expansion and which is an alternative to the chain expansion 
considered above. In order to construct the expansion in question, we note that, in deriving the 
functional-differential equation (3), the quartic term, which belongs to the '**' yyxx  
type and which corresponds to the interaction after Gaussian integration with respect to chion 
fields, admits representations of two types, in the form of derivatives of the generating functional 
with respect to the source , 

xyxyyyxx ,,/ ''2'**' ,                        (5) 
or in the form 

                            ''2'**' ,,/ xyxyyyxx .                                          (6) 

Equation (3) corresponds to the version in (5), and the following equation corresponds to 
the version in (6): 
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These two versions are fully equivalent from the point of view of constructing a 
perturbation-theory series in the coupling constant or from the point of view some imaginable 
exact solutions of the model being considered. However, they lead to different versions of 
nonperturbative expansions belonging to the type of the mean-field expansion. Of course, this is 
due to the aforementioned incomplete crossing structure of multiparticle functions in such 
expansions. 

For Eq. (7), the leading approximation of the mean-field expansion has the form 
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In contrast to what we obtain from the chain expansion, in which the phion propagator is a 
free propagator (apart from a trivial mass renormalization) in the leading-order approximation, a 
nontrivial nonlinear integral equation for the propagator arises from Eq. (8) upon switching off 
the source. Differentiation of Eq. (8) yields an equation for the twoparticle function; in terms of 
diagrams, the latter corresponds to the Bethe–Salpeter equation in the ladder approximation (the 
only difference is that the phion propagator is a solution of the aforementioned nonlinear integral 
equation). In view of this, the expansion in question is referred to here as a ladder expansion. The 
renormalized leading-order equation for the phion propagator in momentum space has the form 

,22221 ppmp r                                           (9) 
where 

00 '22 ppr ,                                      (10) 

2
4

4
22

2
qqpDqdgp c . 

Here,  and m are, respectively, the renormalized propagator and the phion mass. 
In studying the asymptotic behavior of the solution of Eq. (9) in the deep Euclidean region, 

relevant calculations can be simplified substantially by using the approximation in which Dc is 
replaced by its asymptotic expression for 2p - that is, by the massless propagator 2/1 p . This 
massless-integration approximation is quite a conventional tool in studying the deep-Euclidean 
region. In this approximation, Eq. (9) reduces, after integration with respect to angular variables, 
to a one-dimensional Volterra equation, which, in turn, reduces readily to an ordinary nonlineal 
differential equation. In terms of the dimensionless variables 

22

2
1

22

2

32
,1,

m
g

m
y

m
pt ,                             (11) 

this equation assumes the form 

y
yt 212  ,                                               (12) 

the respective boundary conditions being y(0)=1 and 10y . This equation coincides with Eq. 
(57) in [5], where the present author derived it in studying the two-particle approximation. The 
results obtained in [5] by asymptotically solving this equation therefore apply directly to Eq. (12). 
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In the weak-coupling region of  < 1, we have y  (1 )t for t  and   1/p2.  In  the 

strong-coupling region of  > 1, we have 0
1

y  (1) and   const. At the critical point of   

= 1, the arrive at 0
3
8ty  (1) and 2/1~ p . 

Thus, the changeover of the asymptotic regime in the scalar Yukawa model in the two-
particle approximation used in [5] also occurs within the ladder expansion considered here. 
Equation for the phion propagator has self-consistent solutions in the Euclidean region not only 
in the weak-coupling region, where the dominance of perturbation theory is obvious, but also in 
the strong-coupling region. In the strong-coupling region, the field propagators tend to constants, 
and this corresponds to the ultralocal approximation [8]. This approximation, in which the model 
being considered is exactly solvable, is based on discarding the kinetic terms in the Lagrangian. 
As a result, all of the Green’s functions become combinations of delta functions in coordinate 
space – that is, constants in momentum space. It would be difficult to interpret this approximation 
physically, but one can consider it as the leading-order approximation for a strong-coupling 
expansion. The solutions obtained in the present study within two different approximations of the 
set of Schwinger–Dyson equations for propagators in the strong-coupling region at high 
Euclidean momenta tend to constants; that is, they asymptotically correspond to the ultralocal 
approximation and the strong-coupling expansion based on it. It is noteworthy that these 
solutions (in contrast to the ultralocal approximation itself) are free from the interpretation 
problem, since, in the region of low momenta, they exhibit a traditional pole behavior. 
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COULD QUARK GLUON PLASMA BE A SOURCE OF SUPER HIGH 
ENERGYCOSMIC RAYS? 

Mais Suleymanov 
Department of physics COMSATS Institute of Information Technology Islamabad 

mais_suleymanov@comsats.edu.pk 

Cosmic rays can provide us an important information on appearance and evolution of the 
Universe. Since super high energy particle beams (greater than 1017-18 eV) are not available in 
ground-based laboratories, super high energy cosmic rays are the only resource to study 
interactions of the particles in this energy domain. The source of super high energy cosmic are 
still unknown [1], moreover, we don’t even know whether their origin is galactic or extragalactic. 
The flux of cosmic rays with energy up to ~1010 eV is mainly attributed to solar cosmic rays, 
intermediate energies (up to ~1015 eV) to galactic cosmic rays, and highest energies (greater than 
1015 eV) to extragalactic cosmic rays. The electromagnetic fields generated by some massive stars 
are considered as plausible sources for the super high energy cosmic rays [2], however, some 
theoretical predictions show that these fields could be too weak to accelerate particles to energies 
of order 1015 eV. 

The talk focuses on one of the possible sources of the super high energy cosmic particles 
and  proposes  the  Quark  Gluon  Plasma  (QGP)  is  formed  in  the  centre  of  some  super  massive  
starsas a possible source of the super high energy hadrons - super high energy cosmic rays. 

Azimuthal anisotropy observed experimentally at RHIC and LHC shows a collective 
behavior, which is likely to be formed at an early, parton, stage of the space-time evolution of the 
produced hot and dense matter [3]. The anisotropy indicates that matter under extreme conditions 
behaves as a nearly ideal liquid rather than an ideal gas of quarks and gluons. Scaling behavior of 
v2vspT [4] gives a possibility to assume that the collective behavior of the partons defines the 
dynamics of the expansion in the longitudinal plane namely (see Fig.1, Number of quark (nq) 
scaled v2 as a function of scaled pT . All data are from 200 GeV Au+Au minimum bias collisions. 
The dot-dashed-line is thescaled result of the fit to K0

Sand .) 

        
Fig. 1                                      Fig.2 

 
The first measurement of elliptic flow of charged particles in Pb-Pb collisionsat the center 

of mass energy per nucleon pair sNN= 2.76 A GeV [5], with the ALICE detector, demonstrated 
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that the v2(pt) does notchange within uncertainties from the sNN = 200 GeV to 2.76 TeV. ALICE 
LHC data demonstrated that values of the v2increase with energy. 

We support that above mentioned parton collective behavior could lead to formation of 
coherent parton system likes “Mini” Color Glass Condensate (M CGC). It means parton 
collective behavior and interactions in hot and dense matter ,in the QGP could lead to increase 
locally the density of the matter due to for example parton percolation (decreasing the volume) 
[6] and fast growth of  the number of gluons (increasing the energy) and something likes M CGC 
could be formed [7] (Fig.2) 

Fig.3 

 
 

 

 

 

 

It is widely discussed that the dense and/or hot quark matter– QGP can be formed in the 
center of some massive  stars, for example as a result of supernova explosion, and could lead to 
the neutron stars formation [9] and formation of the Quark Stars [10]. The M CGC might formed 
in the centre of the stars and be a source ofsuper high energy hadrons -super high energy cosmic 
rays. 
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Fig.3. Shows schematically the coherent prompt parton production by collected parton system. 
As a result of coherent interaction with collected partons(s) within the M CGC could be 
emitted the partons with limited high-transfer energy and hadronized. The energy of the 
hadrons would depend on the parameters of the system and limited by the total energy of the 
mini M CGC only –could be obtained from the parton Coherent Tube Model (CTM) [8]. 
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SUPER SYMMETRY AND CONSERVATION OF PHASE VECTOR-POTENTIAL  

CIRCULATION ON THE BASIS OF FIELD TRANSISTORS WITH  

CIRCULATION RING GEOMETRY (THROUGHOUT HISTORY OF SCIENCE 
AND TECHNOLOGY) 

P. Asatiani 

Georgian Technical University 
pavleasatiani@mail.ru 

 

Discovery of superconductivity and helium superfluidity in experiments of Camerling-
Onnes and Kapitza awarded with Nobel prizes have led to the formation of macroscopic quantum 
physics of condensed matter and postulation of macroscopic wave function of Bose-Einstein 
condensate of ideal gas in the works of F. London, R. Feinman, Bardeen-Cooper-Schrieffer 
leading to quantized vortexes based on the below-mentioned circulation:  

0( ) exp[ ( )]r i r  

where 0  is amplitude of wave function, r – vector r ,  – phase of wave function’s real part of 
the radius-vector. 

Due to these works appearance in quantum metrology fundamental constant as above-
mentioned circulation is established experimentally by W. Vinen and B. Josephson. In such a 
way the indicated relict factor of helium in the Universe formation from the very beginning, is of 
great historical and practical interests [[1], Asatiani (1977)].  

 
 
 

Fig. 1. Discovery of Circulation in Vinen’s experiment 
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The fundamental condition of the circulation quantification has been obtained as follows:  

2 2s
L L

mv dl eAdl nh      (1) 

where L is contour of the circulation, sv - velocity of superfluid motion, m – mass of helium 
atom, e – charge of electron, A – Maxwell vector-potential; h – Planck’s constant, n - order of 
quantification.  

Generalization of experimental equations of quantum hydrodynamics of superfluids and 
Caushy circulation integrals in (1) expression has led us to indivisible two-dimensional 
phenomenon of motion – the circulation of phase angular wave vector – real part of wave 
function (further the circulation) of the condensate using Feynman theory  

( )l dl                            (2) 

where  is the boundless phase velocity of superfluidity limited due to our feelings organs 
possibilities boundaries only (see below neuron in Fig. 4 with inbedded circulation); dl – 
differential of coherence (correlation) length in the space of generalized coordinates ( ,l).  

Defining motion as the Bohr complementarity of oppositions - the change and coherence 
(correlation) we have come to the universal kind of motion as the indivisible change of phase and 
its coherence giving circulation of matter, and to the Planck’s constant as the derivative of more 
fundamental value of circulation than the “elementary” action quanta following the relation (1).  

As is known Einstein has built his theory of relativity on the basis of the space curvature 
tensor using the Maxwell electrodynamics of continuous media. As a result we have come to 
conclusion that the space curvature itself is the derivative of the universal circulation. As a result 
the charge and mass are the derivatives of the same space-time curvature tensor revealing the 
same nature and carrying only the function of bond coefficients between Planck’s constant – 
action quanta and circulation in (1) expression. Circulation generates the united space-time. 
Space and time are indivisible as derivatives of the same nature circulation in our model.    

Being engaged in history of science and technology our analysis of the whole history of 
science shows the universal character of circulation, which is in the basics of all fundamental 
physical experiments and observations [1] beginning with the very first lines of the Old 
Testament of the Universe Creation “... and the God Soul carrying on the waters...”; with the 
circulation on the hydrodynamic orbits closed on the God Soul. Circulation itself in the classical 
definition is a vector of a point moving on the orbits (see Fig. 4, D).  

As a result of the above-mentioned experimental facts and postulates the boundary between 
quantum and classical physics defined with the Heisenberg principle of uncertainties is being 
cancelled and we have come to the classical physics on the new level of universal motion as the 
nonquantized classical circulation.   

Following the informatiology (science of the information nature studying) approved with 
the special UNO Doctrine of Informatiological Development of the Mankind in the XXI century 
we have defined accordingly the information as a system of relations [1] lying in the basis of all 
kinds of correlations in Nature of the Creator. And information in the language of the circulation 
has got the fundamental definition throughout Bohr-Heisenberg complementarity of uncertainties 
as the united correlation of oppositions – phase wave vector change and its coherence in the 
circulation leading us to the two-dimensional Universe and lying in the basis of all kinds of 
interactions, being defined through phase shifts and their correlations. As soon as we try to fix 
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separately phase change or its coherence we come to uncertainty – fundamental sense of 
Heisenberg principle based on the Bohr’s complementarity.   

As a result of above-mentioned all matter particles from Cooper pairs, electron-hole pairs 
up to Higgs bosons can be represented as of the same nature coherent de Broglie wave packages 
of circulations throughout (positive and negative-oriented) Kepler-Bohr stationary orbits 
superpositions and revealed also in the Hudson’s [1] two-dimensional function unity of maximal 
likelihood of mathematical expectation and dispersion of the random values of wave vectors 
(vector whose all directions are equiprobably coincided with travelling wave direction  
generating scalar Bose-Einstein condensate) generalized in the geometry spaces of vortexes from 
Democritus, Descartes, Newton up to neurons computing united on the same basis of the 
circulation in our model (see Fig. 4. A).  

So instead of unsuccessful searching of elementary particles we have come to fundamental 
“elementary” physical phenomenon as a circulation forming our Universe.  

Having repelled from Newton method of fluxes and Minkowsky geometry of numbers with 
his fundamental tangency of algebraic curves finely noted by D. Gilbert and Weyl in their 
introduction to “Space and Time” by Minkowsky astonishingly have coincided with Euler 
approach in his “Analysis of Infinitesimal“ introduction. All these signs of the language including 
“zero” and “infinity” are constructed in our model as geometrical patterns of derivative of curves 
tangency (The Cross) in the circulation with opposite signs (following physics of Landau rotons 
defined by Landau as “a soul of disappeared vortex”). 

 
Fig. 2. Landau’s Physical Model of Roton [[1], Asatiani (1977)]] 

 

On the basis of above-mentioned we have come to conclusion that all history of physics 
throughout quantized vortexes, circular motions or spins generating matter is based on the 
circulation of phase wave vector of wave function as a new language fundamentals generalized 
finally in the theories of superconductivity and superfluidity by Onsager-Feynman and Bardeen-
Cooper – Schrieffer (experimentally approved accordingly in Vinen’s and Josephson’s 
experiments), awarded with Nobel Prizes.   

Earlier we have constructed the computer machine as the field MOS (metal-oxide 
semiconductor) transistor with circulation ring geometry tested successfully on the cosmic 
apparatus revealing the negative transversal resistor of tunneling phase transition between normal 
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matter (visual) and unconscious superfluid and superconducting (spiritual) states according to the 
two-fluid model of superconductivity (superfluidity) of semiconductors [[1], Asatiani (1977)]].   

 
Fig. 3. MOS Field Transistor with Circulation Ring Geometry 

 

This superfluid state experimentally correlated with 5-7% of the above-mentioned Bose-
Einstein condensate (BEC) (BEC discoveries awarded with Nobel Prize), in our opinion is the 
limit state of experimentally interpreted part of the Universe (so-called “black matter”) due to the 
above-mentioned natural neurocomputing’s limited possibilities.  

As a result we have come to the basics of universal mechanism of our geometrodynamics 
language on the wave vector circulation, put in the very nature of neuron (see Fig. 4 - model of 
neurons with superconducting axial and radial ion currents of the circulation) as the universal 
machine.  

Using the circulation as fundamentals of universal language we have transferred the 
circulation in the machine language of information technology too. Following our above-
mentioned MOS field transistors with circulation ring geometry last investigations in 
nanotechnology show for today the revealed opportunity for construction of the spin transport 
and Internet machine on the basis of circulation taking into account that the spin itself is the 
derivative of the circulation.  

As a result of last investigations in nanotechnology for today the fundamental type of 
machines remains above-mentioned MOS field transistors with circulation ring geometry.  
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Fig. 4. Experimental Model of Neuron.  

 
 Examples of closed-open and open-closed fields for different types of neuron pools  

in the central nervous system (see Lopes da Silva and Ab van Rotterdam in [1] 
 
So we have got for today the model of machine with universal computing language 

including neurocomputing, on the basis of circulation, which communicate two natures micro- 
and macrocosmos, its ideal (superfluid) and normal components in the two-fluid model of 
superfluids, uniting cognizable and incognizable parts of our Universe with the feedback.  

Materials have been protected at Nobel Symposia Committee.    
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