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LEPTON-NUKLON DARIiN QEYRI-ELASTIKI SOPILMBSINDD
HIiQQS BOZONUN YARANMASI

S.Q. Abdullayev, L.A. Agamahyeva, M.S. Qocayev
Bak: Dovlat Universiteti

ag.leyla@hotmail.com, m_qocayev@mail.ru

Standart Model cargivasinda lepton-nuklon darin  geyri-elastiki  IN = IHX, IN = v,HX,
v,N=v, HX, v,N= pHX sopilma proseslorinda skalyar Higqs bozonun ZZ- va WW -bozonlarin
birlagmasi naticasinda yaranmas: mexanizmlari atrafl: dyranilmigdir. Kvark-parton modeli carcivasinda
gostorilmigdir ki, Ig=IqH prosesi I,q, =1.q,H, 1,09z =1.gzH, 1;9, =1q,H va l;q; = l;q;H spiral
proseslarina uygun dord spiral amplitudla (F, ,F,, Fs Vo Fs), neytrino-kvark sapilmasinda Higgs
bozonun yaranmas: prosesi v,q, =v,qH Vo v,q,=v,qsH spiral proseslorina uygun iki spiral
amplitudla (F,, vo F_) fasvir olunur. ww -bozonlar:n birlagsmasi naticasinda Higgs bozonun dogulmas:

prosesina isa yaln:z bir spiral amplitud uygun galir. Gostorilon spiral proseslorin effektiv kasiklori va tam
effektiv kasik ¢lin analitik ifadalor alinmeg, kvarklarin nuklon daxilinda paylanma funksiyalar:ndan istifada
etmokla, effektiv kasiyin x dayisanindan asiil:q qrafiklori qurulmugdur.

Standart Modelin (SM) muhim middealarindan biri skalyar Higqgs bozonun varligini
ovvalcadon sdylomasi olmusdur. 2012-ci ildo Boyiuk Hadron Kollayderinde ATLAS vo CMS
kollaborasiyalar: torafindon aparilan eksperimentlords Higgs bozon kosf edildi vo onun kutlasinin
125 GeV tortibindo olmast muoayyan edildi. Higgs bozonun kosfi ilo olagodar olarag onun
mixtolif yaranma vo ¢evrilmo kanallarmin nozari éyronilmasi mihiim shomiyyat kasb edir. Bu
mogsadlo tagdim olunan isdo lepton-nuklon darin geyri-elastiki sopilmo proseslorinds Hiqgs
bozonun ZZ - vo WW -bozonlarnn birlogsmasi naticesinds yaranmas: mexanizmlori 6yranilmisdir:

I+N=1+H+X, @ V,+N=v, +H+X, (3)
[+N=v,+H+X, 2 V,+N=>u+H+X, 4)
burada I —ytkli lepton (e vaya u), v, —uygun leptonun neytrinosu (v, vaya v,), X iso
geydo alinmayan hadronlar sistemidir. Ik, %)
ZZ=H mexanizmi. Kvark-parton modelina géro, (1) v
prosesi yiklu lepton-kvark (antikvark) sopilmesinds Hiqgs
bozonun yaranmasi ilo olagodardir: l+gq=I1+q+H,
l+g=I1+q+H.
lg=IlgH prosesinin Feynman diagram: 1-ci sokildo
tosvir edilmisdir  (motarizolordo  zarraciklorin - 4-6lculi Z*(q,)
impulslar va spiralliglar gostarilmisdir).
Malumdur ki, fundamental fermionun (leptonun va ya q(p, h,)

kvarkin) Z bozonla vo Z-bozonlarin Higgs bozonla garsiligh
tosir lagranjianlar: asagidak sokildos yazilir:

[k, 2y)

Z*(q)

q(p:h,)

Sokil 1. Ig= IgH prosesinin
Feynman diagram.

fy Lo (F)A+75)+ 9 (DA-y N -2, (5)

L =
" 2sing,, -cosb,
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eM
L = z Z 7 H (k),
2 = sin, -cosd, o ()
burada
g, (f)=1,(f)-Q,sin*6,,, g.(f)=-Q,sin’4, (6)

— fermionun Z-bozonla sol va sag rabits sabitlori, 6, — Vaynberq bucagi, 1,(f) vo Q; -
fermionun zaif izospininin Ugiinc proyeksiyasi vo elektrik yukidur.

lg = IgH prosesino dord spiral amplitud uygun golir: F, ,F; , F; Vo Fg; (burada birinci
vo ikinci indekslor leptonla kvarkin spiralliglarmi gostarir). Homin spiral amplitudlar asagidaki
proseslors uygundur:

I, +q, =I1_+q_+H, I, +qs =1 +0z +H,
I, +q,=>I,+q,+H, I, +q, =1, +q, +H
Vo
F,. =D,D,g,(e)g,(q), Fir =D.D,9,(e)gr(a), )
Fo. =D.D,9:(e)g, (a), Fer = D,D,0¢(e)9:(q)

ifadolori ilo toyin edilir.

Ayri-ayrt spiral proseslorin effektiv kosiklarinin ifadslori osasinda Iq = IqH prosesinin
baslangic zarraciklorin spiralliglarina goro ortalanmis, son zarroaciklorin spiralliglarina gore iso
comlonmis tam effektiv kosiyi G¢uin asagidak: ifado alinmigdir:

1
olg=1gH) =7 [o(.a. =16, H) + o(l.d; = 1,8.H) + o(la, = 1.6, H) + o (ldx = 1,9:H)] =

1 a ’ 2 2 2 2 )
ETE (Xw(l_XW)J [0 (€) + 92 (&)[97 () + 92 (@] 1 r,). ®)

Burada
f(rH):(1+rH)In—1 —2+72r, ©9)
r

H

funksiyas: daxil edilmis, r,, = M? /§ vo M, — Hiqgs bozonun kitlosidir.
Lepton-antikvark sopilmasinin (Ig = IgqH ) effektiv kasiyi do eynilo (8) ifadasi ilo verilir.
Neytrino-nuklon dorin qeyri-elastiki sopilmosinds Hiqgs bozonun yaranmasi prosesi
(v,N = v, HX) do ZZ = H mexanizmi hesabina bas verir vo onun kvark-parton alt prosesi

v, (k) +a(py,hy) :>V;,(k2)+q(p2’h2)+ H (k)

reaksiyasidir. Kvark-parton prosesins iki spiral amplitud uygun golir: F, vo F  (neytrino sol
polyariza olunmus zarracikdir). Homin spiral amplitudlar v, +q,  =v, +q, +H, v, +0; =
=V, + (g +H proseslorini tosvir edir vo

F,.=D,D,g,(V)9.(@), Fir=D,D,g, (V)gs(a) (10)

ifadolori ilo toyin edilir.
Ayri-ayn spiral proseslorin effektiv kosiklorinin ifadalori ssasinda v,q = v,qH prosesinin
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tam effektiv kosiyi Uglin agagidaki ifads alinmigdir:

3
1 o 2 2 2
Vv v .gqH) = . ' + - f(r 11
o(v,a=v,qH) 16M? (Xw(l_XW)J 9.9 (@) +gr (@) T(ry) (11)
Neytrino-antikvark sopilmasinin v, g =v,qH effektiv kosiyi do (11) dusturu ilo

hesablanir.

WW=H mexanizmi. Lepton-nuklon dorin geyri-elastiki sopilma prosesinds Hiqgs bozon
W -bozonlarin birlosmasi mexanizmi WW = H naticasinds do yarana bilor. Belo (2) va (4)
proseslora uygun kvark-parton alt proseslor

l+g=v,+q+H, vV,+q=pu+q+H

ola bilor vo onlara uygun Feynman diagram: 2-ci sokildo verilmisdir.

Yukli zoif corayanlara sol polyarizo olunmus zarraciklor daxil oldugundan bir spiral
amplitud sifirdan forglonir: 1, g, = v, q H .

lg = v,q'H prosesinin tam effektiv kasiyi Gg¢ln alinmis ifados
‘2

' _‘qu‘ (QJS
o(lg=viqH)=—>|—| - f(r) (12)

16M.> | x,,
soklindadir. Burada U, =cosf. (u<> d kegidinds) vo ya
sinf. (u<s kegidinds) ola bilor, 8. — Kabibbo bucagy,
M,, —W -bozonun kutlssidir.

Analoji  sokilds v, +q= u+q+H prosesinin dos
effektiv kosiyi hesablanmigdir:

2 3
‘ (KJ f(ry). (13) Sekil2. Ig=v,q'H prosesinin

Xu Feynman diagrami

Uy

16M2

o(v,q=uq'H)=
Noticalorin muzakirasi. Kvark-parton proseslorinin effektiv kasiklori malum olduqda

lepton-nuklon doarin geyri-elastiki sopilmo zaman: Hiqgs bozonun yaranmasi proseslorinin
effektiv kosiklorini asanligla hesablaya bilorik:

(;—C;(IN = IHX) =Y q(X)o(lg= 1gX) =

_ 1 a ’ 2 2 2 2 . i
" 16M? (xw(l—XW)J [0 @)+ 03 N aC0T0? (@) + g7 @]- (1) (14)
0 N =, HX)=;;q(x)o(lq:>v.q'H)=m[f—wJ Y Yuaf ety 09)
(;—i(qu =Vv,HX) =Y q(X)o(v,q=V,qH) =
1 a ’ ) 5 , . _
ETYE (xw(l—xW)J gL(v)Zq)q(x)[gL(quR(q)] fr); (16)
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do 1 a : 2
_ "N = 17
(N = uHX) §q;§q,)q(x)a(v,,q:qu) 16MVZV[XWJ§q:§q;|qu.| ae)f (r,). (17)

Burada comlonmo nuklonun torkibindoki biitlin kvark vo antikvarklarin say: tzro aparilir, q(x) —
nuklon daxilindo kvarkin (antikvarkin) paylanma funksiyasidir. ©dodi  hesablamalar
p+rp=>pu+H+X, u+p=>v,+H+X, v, +p=>v,+H+X vo v, +p=>v, +H+X

proseslri tgun aparilmisdir. Mlon (neytrino)-proton sisteminin tam enerjisi s =500GeV , Hiqgs
bozonun kitlesi M, =125GeV , Vaynberq parametri x, =0,232 oldugu hesab edilmisdir. Proton
daxilinds kvarklarin vo antikvarklarin paylanma funksiyalari adobiyyatdan goturtlmusddir.

3-cu sokildo muon-proton u+ p=> u+H + X dorin geyri-elastiki sopilmo prosesinin
effektiv kasiyinin x doyisonindon asililiq qgrafiki verilmisdir. Hesablamalarda araliq Z-bozonun
kutlosi M, =911875GeV qobul edilmisdir.

Gorunduyd kimi, x doayisoninin artmas: ilo effektiv kosik artir vo x=~0,31 oldugda
maksimal qiymatini alir, x doyisoninin sonraki artmasi ilo effektiv kosik monoton olaraq sifra
qodor azalir.

4-cll sokildo x~0,31 vo M, =125GeV olduqda p+ p= u+H + X prosesinin effektiv
kasiyinin enerjidon asililiq grafiki verilmisdir. Qrafika goros, enerjinin artmasi ilo effektiv kasiyin
artmasi1 musahids olunur.

Mdon-proton dorin geyri-elastiki sopilma prosesinds Higgs bozonun yaranmasi prosesinin
effektiv kosiyinin M, kitlesindon asililiq grafiki 5-ci sokildo ntimayis etdirilmisdir.

Qrafikdon gorindiyd kimi, Higgs bozonun kitlssinin artmas: ilo prosesin effektiv kasiyi
azalir. Hesablamalarda +/s =500 GeV va x ~ 0,31 oldugu gobul edilmisdir.

Analoji olaraq, v, + p=v,+H+X, v,+p=>pu+H+X Vo u+p=v,+H+X proseslori
uclin do mivafiq asililiglar todqiq edilmis vo naticalor grafik tosvir olunmusdur.

T T T T T T T T T
o, fbarn 54
4.8~ A
4. T
3.6 A
4 J
2.4 T
1.8 A
1.2~ T

0.6~ T

1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

X

Sakil 3. up = uHX prosesinin effektiv kasiyinin x-don asililig:
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Sakil4. up= puH X prosesinin effektiv kasiyinin enerjidon asililig

1 T T T T
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1

My, GeV
Sokil 5. y p= uH X prosesinin effektiv kasiyinin
Higgs bozonun kitlasindsn asililig:

HiQQS BOZONUN CEVRILM® KANALLARI
S.Q.Abdullayev, M.S. Qocayev
Baki Dovlat Universiteti

s_abdullayev@mail.ru, m_qocayev@mail.ru

Boyuk Hadron Kollayderindo 2012-ci ildo ATLAS u CMS kollaborasiyalar: torafindon
aparilan tocruboslordo kiitlosi 125 GeV olan Higqgs bozonun varligi askarlandi. Yeni skalyar
bozonun digar zarraciklorlo slage sabitlorinin doqiq 6lglilmasi bu zarraciyin Standart Modelin
Higgs bozonu olub-olmamas:t massalasine aydinliq getira bilor. Bu ndqteyi-nazordon Hiqgs
bozonun mixtslif cevrilmos vo dogulma kanallarinin nazoari todgigine maraq xeyli artmisdir.

Toqdim olunan is Higgs bozonun mixtslif ¢evrilma kanallarmin todgigino hasr olun-
musdur. Bu mogsadlo asagidaki proseslora baxilmigdir:

H-f+f, (1) HoZ+f+f, (2 HoW+f+f, (3)
Hoy+y, 4 Hoy+Z. 5) H—->g+g. 6)
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Higgs bozonun leptonlara (kvarklara) cevrilmasi. (1) <

prosesinin  Feynman diagram:  sokil 1-do  gdstorilmisdir f(p,.s.)
(motorizado zorraciklorin 4-impulsu vo polyarizasiya vektorlar H(p)
verilmisdinn. T
Odobiyyatda eyni zamanda psevdoskalyar 4 bozonu da
nozoardan kegcirilir. Bu magsadlo elo @ bozonu goturdlir ki, onun _ f(91’§«)
fermion ctil ilo garsiligh tosiri eyni zamanda hom CP-cit vo hom ~ $9k-1. H — ff prosesinin
do CP-tok hissalors malik olsun: Feynman diqgarami
_.m
M(®— ff):#[U(p1’51)(a+b75)0(p2132)]q)(p)- (7)

Burada m, — fermionun kiitlosi, = (v/2G,_)™¥? =246 GeV - Hiqgs bozon sahosinin vakuum

giymati, G — zoif qarsiligh tesirin Fermi sabiti, ®(p)— @ -bozonun vahids normallasmis dalga
funksiyasi, a vo b — ixtiyari sabitlordir.

(7) ifadesi osasinda @ — ff prosesinin cevrilmo ehtimali tigiin ifade alinmis vo miioyyen
olunmusdur ki, enina polyarlasmis fermion-antifermion citinin spinlori paralel oldugda @ -
bozon CP-cit, antiparalel oldugda iso CP-tok qarsiligh tosir hesabina cevrilir. ®-bozonun
uzununa polyarlagmis fermion-antifermion citlino ¢evrilmasi iss fermion vo antifermionun eyni
spiralliga malik oldugu halda mimkdndr.

® -bozonun fermion-antifermion cuttndn spin hallart tzro comlonmis ¢evrilmo ehtimali
asagidaki ifada ils tayin olunur:

a) skalyar Higgs bozonu tglin —

G N,

I'(H= ﬁ)zmMHmfﬂfi (8)
b) psevdoskalyar A bozonu glin —
]XA:fﬂ:jj;hMmﬂ%, 9)

burada M,, vo M, — uygun olaraq skalyar vo psevdoskalyar bozonlarin kitlslori, N. — reng

vurugu (leptonlar tigiin N =1, kvarklar tgin N =3), B, =,1-4m? /M —fermionun
stratidir. Noticalor osasinda muxtslif proseslorin gevrilmo eninin Higgs bozonun kitlosindan
asililig1 todqiq edilmis vo grafik asililiglar qurulmusdur.

Higgs bozonun Z(W)-bozon va fermion cutlina ¢evrilmasi. Enerji-impulsun saxlanmasi

ganununa  goros Hiqgs  bozon H — 72" — Zff, Z(k)

H —>WW " — Wff' kanallar izro cevrilo bilor (burada Z" vo - i)

W™ -virtual bozonlardir). ©vvalco H — ZZ~ prosesine 2 f(p,,%2)
baxilmisdir (sokil 2) (motarizods zorraciklarin 4-impulslari;

fermionun  vo antifermionun  spiralhglarn  (4,, 4,) f(p,,2)
gOstarilmisdir). Sok. 2. H — Zff prosesinin

Higqgs bozonun cevrilmasinin  tam ehtimali Ggln Feynman diagrami
asagidaki ifado alinmigdir:
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o N (MY gi(f)+gi(f)
(H=2ff) =< (UJ M., o) R(X). (10)

Burada g, (f)=1,(f)-Q,sin’6,, g5(f)=-Q, sin*6, — fermionun neytral Z -bozonu ilo

sol vo sag alage sabitlori, 6, — Vaynberq bucagi, x, =sin®é,, — Vaynberq parametri,

3(20x* —8x +1)
arcc
Vax -1
va x=(M, /M)
D> Nelgl(f)+gz(f)] ifadosini molum fermionlar tizro (t-kvarkdan basga) comlomoklo
f

R(x) = os(gx‘l} §(4x2 —6X +1)Inx—12_—x(47x2 ~13x+2) (11)
X

2x\/§

bitiin miimkiin H = Zff kanallar: iizro Higgs bozonun tam cevrilmo eni ligiin asagidaki ifadoni

yazmag olar:
2
To(H >2Z7) = az- M., M, (Z—Exw+ﬂx§,j-R(x). (12)
327° X, @-x,)\ 71 4 3 9

Eyni gayda ilo hesablamalar aparmagla Higgs bozonun H —-WW ™ —Wff' kanal Gzro
cevrilmosinin (f =v,,v,,v_,u,c, f'=e*,u", ¢*, d, §) (sokil 3) tam eni Ugiin asagidaki ifado

pr trr
alinmisdir. Wk)
o Ba My (MY L o)
'H —->wWwW ):32 5 H( Wj ‘R(x),  (13) Flo,0)
7w AT Wg) o
burada R(x) funksiyasi x = (M,, /M )* nazers ahnmagla (11) f(p, 1)
ifadasi ilo hesablanir. Sok.3. H > W ~ ff ' prosesinin
Alinmis (12) va (13) ifadolori osasinda Higgs bozonun Feynman diagram:

H = zff vo H > WIff' sxemlori (izra gevrilmo eninin Higgs
bozonun kiitlasindon asililig: todgiq edilmis vo naticalor grafik tasvir olunmusdur.

Higgs bozonun fotonlara ¢evrilmasi. Fotonlar (gliionlar) kitlasiz zarraciklor oldugundan,
H — yy cevrilmosi virtual yuklu zarraciklor hesabina sokil 4-do tosvir olunmus Ugbucaql
diagramlar izro bas verir.

Sok. 4. H — yy prosesinin Feynman diagramlar:

Qradiyent invariantligina asason H — yy cevrilmosinin matris elementi

M(H — )= A'a"a?p,, p, = (P~ P,)9, 1, (13)
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soklinds yazila bilor. Burada a, vo a)® — fotonlarin 4-6lciilii polyarlasma vektorlar, p, vo p,
— uygun impulslar, A" =A7 + A}, iso fermion vo W -6030n diagramlarnin (ilgaklorinin)
amplituda verdiyi pay: xarakteriza edon hoddir.

y -kvantlarin sirkulyar polyarizasiyalar: Uizro comlomo aparmagla vo fermion vo W -bozon
ilgaklarinin amplituda verdiyi payr nozara almagla H — yy cevrilma prosesinin ehtimal tgiin
ifadoni asagidaki sokilds yazmaq olar:

G.a’*M’ ’
— F H 2
I'(H %77)—M—2ﬁZNchA¥(ﬁ)+Aﬁ(Tw) : (14)

Gorundayd kimi, H — yy ¢evrilmasinin eni Higgs bozonun kdtlasinin artmasi ils artir.

Higgs bozonun fotona va Z-bozona cevrilmasi. Higgs bozonun H — yZ sxemi Uzra
cevrilmoasi do mimkiindir. Prosesin matris elementini asagidaki sokilds yazmagq olar:

*

M (H - 7/Z) = Aze;Uv[pZu plv _(pl . pZ)guv]' (15)

Burada e; vo U - uygun olarag y -kvantin vo Z -bozonun 4-6lcuilii polyarizasiya vektorlar,
A* = A? + Al iso fermion vo W -6ozon diagramlarimin (ilgoklorinin) amplituda verdiyi pay:

xarakteriza edan hoddir.
H — yZ prosesinin gevrilma eni t¢tin ahnmas ifads asagidaki sokildadir:

1 g N Q 2 |\/|2 : 2
a cXf 3 z

Higgs bozonun iki gliona cgevrilmasi. Higgs bozonun H — gg sxemi Uzro ¢evrilmasi
ehtimali Gi¢lin asagidaki ifads alinmigdir:

r(Hagg)=§[%J [%J “:I , 17)

2
burada ¢, = 3—3 — guclu garsihgl tesir sabitidir. Higgs bozonun kutlesi M, =125 7B olduqda
T

H — gg cevrilmasinin parsial eni I'(H — gg) ~0,2 MeV toaskil edir va Higgs bozonun kitlesinin
artmast ilo artir, mosalon, M, ~ 400 GeV oldugda I'(H — gg) ~ 10 MeV-a barbor olur.

Standart Model c¢orgivasindo Higgs bozonun mixtalif mimkin cevrilmo kanallarinin
amplitudu vo ehtimallar: tguin alinmus analitik ifadolordon vo todqiq olunmus asililiglardan goérinur

ki, Higgs bozonun Kkiitlesi 100 GeV<M , <130 GeV arahginda olarsa, osas proses H — bb
cevrilmosidir. Masalon, M, =120 GeV oldugda muxtalif ¢cevrilmo kanallarmin nisbi ehtimallar:

I'(H —bb) ~68%, B(r t")~7%, B(CT) ~3%, B(gg)~7%, BWW")=13%, B(ZZ")~2%
I'(H — wamwido
toskil edir, digor ¢evrilmo kanallar1 iss zaifdir.

Higgs bozonun kitlasinin artmast ilo H ->wWw ™ va H — ZZ" ¢evrilmalarinin ehtimal artir,

digor cevrilmalorin ehtimali iso azalir. Moasalon, M, =300 GeV oldugda B(WW ) ~ 69%,
B(ZZ") ~ 30%.

B(bb) =
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e"e* = hX PROSESIND® ELEKTROZiF ASIMMETRIYALAR
S.Q. Abdullayev, A.S. Quliyeva
Bak: Dovlat Universiteti
s_abdullayev@mail.ru, ayte191 @box.az

Elektron-pozitron annihilyasiyasinda hadronlarin yaranmas: ham nozari, hom do tocribi
todgiqatlarda mihim yer tutur. Xususon uzununa polyarlasmis elektron-pozitron citunin
annihilyasiyasinda son hadronlarin birinin geydos alindigi proseslor

e +e"=>h+X 1)

hadronlarin qurulusunun Oyranilmasinds vo mixtalif modellorin yoxlanilmasinda, mustosna
ohomiyyato malikdir, burada X — geyds alinmayan hadronlar sistemidir.

Kvart-parton modelino (KPM) g06ro, homin proseslor iki morholodo bas verir. Birinci
morholodo, e e’ -ciitil ovvalco Ozlorini sorbest aparan kvark-antikvark citiine cevrilir. Ikinci
morhalodos iso kvarkla antikvark bir-birindon uzaglasdigca giclonan gliion sahasi vakuumdan
yeni kvark-antikvark citlori yaradir. Homin zarraciklor do 6z ndvboasinds ilkin kvarklara qosulur
va onlarin ronglarini neytrallasdirarag, hadronlarin yaranmasina sobab olur.

inkluziv hadronun yaranmas: prosesi araliq fotonun ve Z°-bozonun mibadilosi ilo bas verir.
Lakin e e*-cutiiniin enerjisi Z°-bozonun kitlosine yaxin olan oblastda (\/_ ~M,) Z°-bozonla
mubadilo diagramt holledici rol oynayir vo bu halda prosesin invariant amplitudunu

2

sin 20

M(ee" =hX)= :D,0(p,)7,[9, (©)A+75) + g (©)L—75)lu(py)-(hX [, 10)  (2)

w

soklinds yazmagq olar, burada D, (s) =1/(s—M?Z +iM,T,)™", p, vo p,elektronla pozitronun 4-
olglli impulslar, s=(p,+ p,)° — kitlo morkazi sisteminds elektronla pozitronun enerjilori
cominin kvadrati, T', — Z°-bozonun tam eni, J, — Z° = h+ X kegidini tosvir edon zoif hadron

corayani, g, (e) Vo g, (e) —elektronun Z°-bozonla qarsiligh tasirinin sol vo sag rabito sabitlori

gL(e):—%+sin20W,

©)
ge(e)=sin?6,,,
6,, — Vaynberq parametridir.
(1) prosesinin diferensial effektiv kosiyi asagidaki sokilds yazilir:
do(e’e” = hX) a’ 2 -
= D L H,, 4
dXdQ 32XW(1—XW) | z | ﬂx uv - uv ( )

burada x = 2E, /+/s = hadronun enerjisinin elektronun enerjisina nishati, B va Q(0,¢) — hadronun

sliroti vo Gixg cisim bucag, L, vo H,, —elektron vo hadron tenzorlar, x,, =sin’#@, - Vaynberg

parametridir.
Uzununa polyarlasmis zarraciklor halinda elektron tenzoru invariant amplitud (2) asasinda
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asanhqla hesablanir:
L, ={[(9Z(e) + 9 )L~ 22,) +[(9 (&) — 9r (e)(A, — A)LE) +
+[(9f (e) - gr (€)1 A 4,) + (97 (B) + 92 ()(4, — 4)ILW} ()
Ly = Py Pay + Py Py = (P P2) G, Lo = =i€ o iy P2cs
A, Vo 4, — elektronla pozitronun spiralliglaridar.

H,, tenzorunun Gzarindski xatt hadronlarin spin hallarina goro comlomonin, impulslarina
g0ro iso inteqrallamanin aparildigin1 gostorir:
H, = (2n)3j<hx 13, 10)(hX |3, [0")8(aq— p—Py)dd, , (6)

p —hadronun (h) 4-6lctlu impulsu, g = p, + p, — hadronlara 6turtlen impuls, P, va d®, - geyds
alinmayan hadronlarin tam impuls v faza hacmidir.

Hadron tenzoru, (6) ifadoesindon gorindiyd kimi, yalmz p vo q impulslarindan asili
olacaqdir:

L1 qtqv 1 q2 q2
H, =W,(-9, +——)+=(@a,-p, )@, —p, W, —
S R R € 2 ¢)) (p-q)” °
+ —
_ igﬂvpﬁ ppq(S W3 + pu?v W4 + puqv pvqu WS +| puqv pvqu‘, WG (7)
(p-q) q (p-q) (p-q)

W, (n=1+6) - hadronlarin haqgiqi struktur funksiyas: olub, x=2(p-q)/s ve s. dayisonlorindon
asilidir.

Elektronun kiitlosini nozoro almadiqda L, tenzoru saxlamlir: L% q, = L% g, =0vo (1)
prosesinin effektiv kosiyi yalmz W,, W, vo W, struktur funksiyalardan asili olacaqdir (hadronun

kltlasi nazars alinmir):

do(ee’ =hX) _a?|D, [
dxdQ 32x

sx{[(9:(e) + gr ()T~ 44,) + (97 (€) — Gr (€))(2, — A)]%

w

x[2W, +W, sin® 0) + 2[(9 () — 9z (€))A - 4, 4,) + (9L (&) + 9z ())(A, — 4, )W, cos 6} (8)

Effektiv kosiyin bu disturu osasinda hom diferensial, hom do integral elektrozoif
asimmetriyalan ala bilorik. Uzununa polyarlagsmis elektronla polyarizo olunmamis pozitronun
annihilyasiyasi prosesinds (8) effektiv kasiyini

do(ee" =hX) «a’|D, [
dxdQ 32x,,(1-x,)

X[+ A (5, %,0) — L, A: (5, %,0)] )

sx[gZ(e) + g (e)]x (2W, +W, sin’ 0) x

soklindo yazmagq olar. Burada A (s, x.0) Vo A;(s, x,0) irali-geri bucaq asimmetriyas: ilasol-sag
spin asimmetriyasidir:
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2W, cosO
A (8,%,0) = A, - 2 —
2W, +W, sin“ 0 (10)
2W, coso
A.(s,x0)=A + 3 .
e ( )= A 2W, +W, sin® @
burada
Z(e)—g2(e
g, (e)+9gg(e)

Indi e +e"=h+X prosesinin integral asimmetriyalarina nozor yetirok. Bunlara
asagidaki elektrozoif asimmetriyalar daxildir:
1) Hadronun irsli-geri bucaq asimmetriyasi

do. /dx—dog /dx 3w,
B — : = =A- (12)
dop /dx+dog /dx 2(3W, +W,) "
do./dx vo dog/dx — irali (cosé>0) vo geri (cosf<0) yanmsferalarda barionun

dogulmasimin effektiv kosikloridir;
2) Elektronun spiralligini nazors almagla hadronun irsli-geri bucaq asimmetriyasi

AFB (}"1) — SO-F (A’l)ldx_do-B (ll)/dx _ 'A\e _}"1 . 3/\/3 : (13)
o (4)/dx+dog (1) /dx  1-A4 A 2(3W,+W,)
3) Sol-sag spin asimmetriyasi

_do, /dx—dog /dx
' do, ldx+dog /dx

=A (14)

do, /dx vo doy/dx — e  +e" = h+ X vo e;+e” = h+ X proseslorinin effektiv kosikloridir;
4) Iroli-geri spin asimmetriyasi
'—&FB () = dor(4)/dx—dop (-A)/dx—[dog(4,)/dx—do,(-4,)/dx] _
dor(4)/dx+dop (-4)/dx+do,(4,)/dx+dog (—4,)/dx
3w,

=, W) (49)

Elektrozoif asimmetriyalari qiymotlondirmok Gglin KPM osasinda hadronlarin struktur
funksiyalarin1 toyin edok: struktur funksiyalara osas pay veron parton proseslori e’e”
annihilyasiyasinda kvark-antikvark ciitiiniin yaranmasidir: e” +e* = (Z°) = q+q

KPM-do e +e" = h+ X prosesinin diferensial effektiv kasiyi

do(e e” = hX) do, %4 s
xdO ZdQ D (X)+Z D (x) (16)

soklindo yazilir, burada DQB(X)(DQB(X)) —kvarkin (antikvarkin) hadrona fragmentasiya
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funksiyasi, do,/dQ, —elementar parton prosesinds kvarkin bucaglara gére paylanmasini
mioayyan edan effektiv kasikdir:

do, a’N;s|D, |?
dQ, 16x2(1-x,)>

x(9¢(a) + g (a)(A+cos® ) + 2[(9 (e) - 9r (€))L - A,4,) + (9L (6) + 9 (€)
x (2, = 2)I(9:(a) - gr (4)) cos G} (17)

Ne=3 — rong wvurugy, g, (q)=1,(q)-Q,sin*6,, gg(q)=-Q,sin*6,, 1,(q) vo Q, -
kvarkin zoif spininin Gglinct proyeksiyast ilo elektrik yukudur.

(8) vo (16) effektiv kosiklorinin miqgayisesindon hadronlarin struktur funksiyalari Ggln
asagidaki ifadalori aliriq:

7AI(9L(e) + 9 (€)X~ A44,) + (9 (8) — 9r (€))(A, — Ay)]

KW, = —XW, = X(Z%Z[gf(q) + g2 @D} (0 + D! ()]

Z[QL(Q) 9 (@)I[D; (x) — Dg (X1

(18)

XW, =
X (1

7 — K* —=vo D* — mezonlarin dogulmas: proseslorinds irali-geri bucaq asimmetriyasinin

Olcllmosi LEP suratlondirici morkozdo muxtalif qruplar terofindon hoyata kegirilmisdir.
Yukgosma vo izotop spin invariantligina gors, fragmentasiya funksiyalari arasinda asagidaki
munasibatlor olmalidar:

D; (x)=DJ (x)=Dj (x)=D{ (x),
D2 (x)=D2 (x) =D (x) =D2 (x),
DY (x) =D (x) =D (x) = DY (x).

Bu halda elektrozoif asimmetriyalar fragmentasiya funksiyalarindan asili olmur:

Ay =A% = Ay =A% =D ()= -D& (0= A - Ay;

A (=2 =-A5 (4 =D = A (4 =) =-Ag (4, =2]) =

- A% (=) =—A (% =) =T A,

A=A =AfL =AL =A% =A% =A;

Aoy () =Ry (1) = B (2) =~R () = A2 (1) =-AZ (1) =T 2 A,

burada
gi(u)—ga(u)—g/(d)+ga(d)

A W)+ 02 @)+ 07 (0) + 92(d)
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ee” = BX PROSESIND® HADRONLARIN
STRUKTUR FUNKSIYALARI
S.Q. Abdullayev, A.S. Quliyeva
Baki Dovlot Universiteti
s_abdullayev@mail.ru, ayte1991@box.az

Hadronlarin daxili qurulusunun dyronilmoasinds lepton-nuklon dorin geyri-elastiki sopilmo
(DQES) proseslori ilo yanasi elektron — pozitron annihilyasiyasinda polyarlasmig barionlarin
yaranmasi proseslori do muhim yer tutur.

e (P, A)+e (P, 4,) = (r":2°) = B(p,hg) + X, 1)
motorizalards zarraciklorin 4-6l¢ilu impulslar va spiralliglari gostarilmisdir, B —sonda geyds
alinan % spinli bariondur (p, A,X" vas.), X — geydo alinmayan hadronlar sistemidir.

Elektron —pozitron annihilyasiyasinda 4 — Olculi p impulsuna vo hg spiralligina malik
inkluziv barionun yaranmasi prosesinin invariant amplitudunu asagidaki sokildo yazmagq olar:

M :%Zg(pz’lz)ﬂl[ei(l"'?/s)+G|i?(1_75)]u(p1’}1) <B(p,hg)X |‘]L |0>, 2)
burada

i
JL(r)e

Gl = ,
s M2 +iIM T,

comlomo araliq foton vo Z°bozon iizro apanlr (i=y;Z°) ( bundan sonra com isaresi
yazilmayacaqdir), M, vo I, — Z°-bozonun kiitlasi vo tam eni ( foton halinda M, =T, =0-dw),

JL — i= B+ X kegidini xarakterizo edon hadron corayan, g (e) vo g (e) — elektronun fotonla
va ya Z°-bozonla qarsiligh tosirinin sol vo sag rabito sabitloridir:

gl (e)=9gr(6)=Q, =-1,

g.(e) gr(€)
sind,, cosh,, 'sind, coso,,

gr(e)=

g, (e) = —%+sin2 O »
g.(e) =sin’ 4,
6,, — Vaynberq parametridir.

(1) prosesinin diferensial effektiv kasiyi borabordir:

do  a® i =i
=—xL" H", 3
dxd@ 16 " * ®)
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burada x:ZEB/\/g — barionun enerjisinin elektronun enerjisina nisbati, Q(8,¢) — barionun
¢ixis cisim bucagi.
Ly, =009 (1= 425) + 95 (2 = A)ILPy, P2y + Pa, Py = (Pr - P2)D,, 1
X [(g;k A-244,)+ glik (4, - }“1)]iguvpg P, Pao 4)
0F =GIG" +GiG, ¥ =G{G[ ~GyG"

— lepton tenzoru, H iso hadron tenzorudur. Hadron tenzorunun Uzsrindoki xott geydo

alinmayan hadronlarin spinlorina gbro comlomonin, impulslarina goro iss inteqgrallamanin
aparildigini gostorir:

Hi = (@27)° Y [(B(p.hg)X |3} [0)(B(p,hg)X | ) [07)5(a— p—Py)dD,  (5)

spin
q — hadronlara oturtlen impuls, P, vo d®, — geyds alinmayan hadronlarin tam impuls vo faza

hocmidir. H? vo H 2’ tenzorlan e” +e* = B+ X prosesinin fotonla vo Z°-bozonla miibadilo

diagramlanina uygundur. H?”2 vo HZ tenzorlan iso foton Z°-bozon diagramlarimin

uv

interferensiyasmi xarakterizo edir.
J, veo J;Z hadron coroyanlarnin foza inversiyasina goro simmetriya xassolorini bilorak,

H . tenzorlanmin imumi qurulusunu miloyyan etmok miimkinddr. Bu zaman e +e* = B+ X

prosesinin dinamikasin1 bilmok he¢ do zoruri deyildir, sadeco birfotonlu va Z°-bozonlu
mexanizmlarin xususiyyatlorini bilmok zoruridir. (5) inteqralindan gortndr ki, hadron tenzoru

H* barionun spiralhg:r ilo 4-6lgiili p vo q impulslarindan asilidir (lepton tenzoru

v

saxlanildigindan L g, = L*

w4, =L,d,=0,q,va q, ilo mitanasib olan hadlar nazardan atilmigdir):

T i i i i i i(w. ; PP
H ukv = _(Vvlk + hBle )guv + (szk + hBGZk) p” pv ' (pqq)2 B I(VV?,k - hBGSk )gﬂ‘/ﬁfﬁ (p : q;;z

(6)

W* vo G¥(n=1, 2, 3) — x vo s — dayisonlorindon asil1 struktur funksiyalardur.

Lepton vo hadron tenzorlarmin vurulmasi noticosinde e  +e” = B+ X prosesinin
diferensial effektiv kosiyi licun asagidaki ifadoni aliriq:

do aZ i i i i ; : ]
—dXdQ ZESX{[glk A-244,)+ gzk (4, —ﬂ,l)[Z(\le +hBle)+(\N2k +hBsz)sm2 0]+

+2[9; (- 242,) + 9y (2, — 2)W," +hgGy*) cos6} (7)

SE sado kvark-parton modelindo (KPM) toyin edok. hamin modelo goro, (1) prosesi iki
morholodo bas verir. ovvelco arahq foton vo ya Z°-bozon kvark —antikvark citiino cevrilir
(y*;2° = q+qq), sonra iss onlar hadronlara fragmentasiya edir (q+d = B+ X ). Forz edok ki,
prosesds kvarkin impulsunun boyuk hissasini dasiyan barion (x=Eg /E, :ZEB/\/_zl) geyds
alinmigdir. Hesab etmok olar ki, belo barion eyni istiqgamotdo horokot edon sirotli kvarkdan
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113

formalasmusdir, suratli kvark catismayan iki kvarki “ donizdon * zobt edir vo sirstli bariona
cevrilir.

KPM-do e +e" = B + X prosesinin diferensial effektiv kosiyi asagidaki sokilds yazilir:

46,(1) o Dot
KA Yt LRy dg, D{fs () ®)

a,hy a.hg

comlomo barionunun torkibindoki bitiin kvarklara gére aparilr, Df(‘h:B))(x) — spiralligi h, olan
kvarkin h; spirall: bariona fragmentasiya funksiyasidir. Uzununa polyarlasmis kvarkin bucaglara

gOro paylanmasini tosvir edon e” +e" = q+Qq parton prosesinin diferensial effektiv kosiyi
barabordir:

do,(hy) _a®N
dQ 32

q

+2[g; (1= 44,) + 97 (A, = 4,)(@; —hya;) cos6} ©)

°S’[g (L= A4,)+ 95 (A, = 2,)(0) —hyg; )(L+cos? 0) +

burada N, =3 rong vurugu,
9 =0, (@9 (@) +9; (@9 (@), 95 =9gx(@)gx(@) - gx(a)gr(q),

0.0 o 9@ g

(Y — a7 () — Z(qy=__ 9L\M)
9. (a) =9z (a) Qq’gL(q) Siﬂ@W-COSQW’ sin@,, -coso,,

9. (a) = 1,5(a) —Q,sin?6,,, 9, (q) =—-Q, sin* 4,,,

1,(9) vo Q, — kvarkin zaif izospininin G¢lnc proyeksiyasi va elektrik yikadur.

Uzununa polyarlasmis antikvarkin bucaglara goro paylanma dusturunu almagdan 6tru (9)
ifadasinds h, = —h; va cos @ = —cos & avazlomalori apariimalidir.

Qeyd edok ki, e"+e* =Z7°=q+q prosesindo yaranan kvarklar boyiik polyarlasma

doracasine malikdir. Masalon, e +e* =Z°=u+0 vo e +e* =Z°=d+d proseslorinds u-
vo d- kvarkin polyarlasma doracasi uygun olaraq -0,67 vo -0,97-dir. Lakin kvarklar sorbast
sokildo musahido edilmodiyindan onlarin polyarlagsma doracalarini bilavasito 6lgmok mimkin
deyildir. Forziyys gabul etmok olar ki, stratli kvark 6z spinini bariona 6ttrir. Mahz bu sababdon

e +e" =B+ X proseslorindo  mixtalif barionlarin  uzununa polyarlasma doracalarinin
Olgtlmosi mihim shamiyyato malikdir.
Muayyan isaralar gobul etmaklo

Dy (X) = Dgity) (x) + Dy (),

(11)
ADZ (x) = D5 (x) = D&Y (%),

q(+1)
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hadronlarin SF Gg¢lin asagidaki ifadslori aliriq:
XW* = —xW,* :—N Zq [DZ (x)+Dg (x)],
XW,* _EN Zq [DZ (X) - D¢ (X1,
XG¥ = —xG _—%N Zq [AD? (x) — ADZ (X)], (12)
XG¥ = —xGj :—EN Zq [AD? (x) — ADZ (X)],
XGY == chq:ql [AD? (x) + ADZ (X)],

Z° —rezonans oblastinda (s=M2) e” +e* = Z° = B+ X prosesinin effektiv kosiyi asagidaki
sokil alir (KPM-do alinmis W,”* =-W,** vo G;* = -G, minasibatlor nozors alinmisdir):

d
dxgg 16 5007 40z )WL +heG" )L+ cos” 0) +
+2(95 - 4,97 )W,” +h;GZ*) cos ]. 13)

Homin effektiv kasik asasinda asagidaki inteqral xarakteristikalari ala bilarik:
1) iroli-geri bucaq asimmetriyasi

Z[QL(Q) 9 (@)1Dg ()

EECHORHOY 14)
® 4 gie)+9i(e) Z[QL(QHQR(Q)]D (X)
2) sol-sag spin simmetriyasi
BCHORCHOR
3) barionun uzununa polyarlasma doroacasi
2 [9 (@) gz (@)]ADg (x)
q (16)

Py =— 2 2 By’
D [9¢ (@) + 9z (@)]AD; (x)

Goriindiyi kimi, Z°-rezonansinda sol-sag spin asimmetriyas: yalniz elektronun, barionun
uzununa polyarlasma doracoasi yalniz kvarklarin, irsli-geri bucag asimmetriyast iso hom
elektronun, hom do kvarklarin neytral zsif coroyan parametrlorindon asilidir. Homin elektrozoif
asimmetriyalan tocriibalords Olgmoklo polyarizo olunmus kvarklarin polyarlasmis barionlara
fragmentasiya funksiyalari hagqinda informasiya oslds etmok mimkunddr.
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HIGHER -TWIST MECHANISM AND MESON PAIR
PRODUCTION IN PROTON-ANTIPROTON COLLISIONS
A.l. Ahmadov
Institute for Physical Problems, Baku State University

We calculate the contribution of the higher-twist Feynman diagrams to the large- p; 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 o, (Q?). In principle, in perturbative QCD (pQCD) calculations, the argument

of the running coupling constant in both the renormalization and factorization scale Q2 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 o (Q?) . 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 aS(QZ) 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

o (Q?) 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 a(Q?) very often in various calculations done
in the framework of the leading logarithmic approximation where most important logarithmic
contributions are totally resumed while a,(Q?) 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 mé, and the other is extensively discussed [31, 32] where the gluon

propagator goes to zero where the momentum Q2 — 0. In both cases the freezing of coupling
constant appears in the infrared. In the case where squared momentum of a hard gluon gets the

formQ? - Q®+mj, for running coupling constant leads t0 a(Q?) > ag(Q*+mj3). Here m 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 5 —»Mx are taken as Q7=§/2 and Q% =-i/2.
Additionally, we can also come across other physical properties of frozen coupling constant in
the confinement mechanism suggested in [33, 34] as 1+1 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 productionin gg > 7"z and 2. q0 > 7’7" .
Then the parton-level cross section within frozen coupling constant method becomes

o(gg > "7 )=

8ralf, | j f ¢, ()¢, (y) x(@L-x)+y(d-y)
7208 7|y % xy(l X)(L-y) xy+@Q-x)(A-y)

oc(qQ > n'n)=

4¢4 2_2 4 1 1
ragt 16 n l,{_fdxjd AV
9728 12968 o o xy(l-x)1-y)

oy 43 4xy
x(7—16XV— Xy + (- X)(1—y) (A-2y(x+y))+ xy+@-x)A-y) xy+(@-x)(1- y)ﬂ
here | —j - () dx
T x(L-x)

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 c, and c, are extracted from BELLE experiment:

@, (x) =+3f, x(1-x)
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2
Par (6.18) = 0., (9] G5 2x-)+ 202 2x-1) |

D g (X, 12) = @, () [CE2(2x-1) +0.20C3'2 (2x - 1) - 0.14C¥'2 (2x - 1),
Do (X, u2) = @, ()]CE2(2x 1) +0.12C3'2 (2x ~1) + 0.08C 2 (2x - 1) | .

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- p; hadron production beyond the leading twist.
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NEW MODEL FOR THE GENERATION OF STRONG
MAGNETIC FIELDS IN MAGNETARS
Maxim Dvornikov*?

®Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation of the
Russian Academy of Sciences (IZMIRAN), Russia

®Physics Faculty, National Research Tomsk State University, Russia

Magnetars are neutron stars having extremely strong magnetic fields B >10"G . 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 B, =10%G,
typical in a pulsar, up to B >10"G, 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 (10° —10°)yr, 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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MAQNITLOSMiS MUHITD® MUON (TAUON) NEYTRINOLARI VO ELEKTRON
ANTINEYTRINOLARININ MUON (TAUON) VO POZITRONLARA
ANNIHILYASIYASI: ENIN® POLYARLASMA HALI

R. E. Qasimova
AMEA Samax: Astrofizika Rasadxanas: Glinag fizikas: s6basi, Bak: Dovlat Universiteti Nozori
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Universiteti Umumi va nazori fizika kafedras:, Naxgivan, Azarbaycan
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Bu isdo mogsad magnitlosmis muhitdo mion (tauon) neytrinolari vo elektron
antineytrinolari magnit sahasinin intensivlik vektoru ilo ist-tisto diison z -oxu Uzrs bir-birina oks
istigamatlords horakot edorkon

v +v, > L +e” (1)

reaksiyas: Uzro bas veran muon (tauon) neytrinolarinin vo elektron antineytrinolarinin muonlara
(tauonlara) vo pozitronlara annihilyasiyas: proseslori [1] naticasinda spinlari enina polyarlagmis
muionlarin (tauonlarin) vo pozitronlarin eyni zamanda dogula bilmesi mimkiin olan on asag
Landau saviyyslarini mioyyan etmok vo alinan naticalorin kosmik va astofiziki totbiglorini
gOstormokdir. Magnitlosmis mihitdo mion (tauon) neytrinolart magnit sahasi istigamoatindo,
elektron antineytrinolar: iss magnit sahosinin oksi istigamatindo horokot etdiyi halda (1)
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reaksiyas: Uzro gedon proseslorin effektiv kosiyi dogulan miionlarin (tauonlarin) vo pozitronlarin
spinlorinin enins polyarlasmalari nozors alinmagla asagidaki ifads ilo verilir:

G_G 2 H ZZ EE' ( f Xl f )ts n—ln (2)

4 0Lﬂﬂ0l|EpZ|_EpZ||

Burada G - zoif qarsiligh tesirin Fermi sabiti, H - magnit sahasinin intensivliyinin qiymati,
Hy =m? /e =(m,/m, ) (m2/e)- magnit sahosinin 7 =c =1 olan vahidlor sisteminda m,_ kitloli
yUKIii leptona uygun bohran giymoti, m, - elektronun (pozitronun) kiitlssi, E;(E/) vo p,.(p}),

uygun olarag, pozitronun (mionun va ya tauonun) enerjisi vo impulsunun Gglincti komponenti,

f_. va f_, uygun olarag, mion (tauon) vo pozitron gazlarmin Fermi-Dirak paylanma
funksiyasidir. Bu isdo (+———) signatural: psevdoevklid metrikasindan vo 7 =c =k, =1olan

vahidlar sistemindon (k; - Bolsman sabitidir) istifads edirik. (2) ifadasindaki In,n’—l(x) funksiyasi

_0*sin® 9+w'’sin? 9 + 2ww'sin Isin § cos(a —a')
2eH

©)

arqumentindon asihi olan Lyaher funksiyasidir. (3) ifadesinde $(9') vo a(a’), uygun olarag,
muon neytrinosunun vo ya tauon neytrinosunun (elektron antineytrinosunun) impulsunun polyar
vo azimutal bucagi, - miion neytrinosunun vs ya tauon neytrinosunun enerjisi, @' iso elektron
antineytrinosunun enerjisidir. t, spin omsal asagidak: kimi tayin edilir:

1 ' '

:Z(1+v)(1+v Y1+BY1-CB). (4)
Burada
p _ b
- =z 5
1% c 1% £ ()
m m

f=——t | Bl=——Lt (6)

E? - p? VE? -p;?
E=m?+2eHn+p?, E'=./m?+2eHn +p;?, (7)

¢ vo {'- uygun olaraq, pozitronun va mionun (tauonun) spinlarinin saha istigamotinds vo ya
onun oksi istigamotindo proyeksiyalaridir. (2) ifadasino daxil olan |n_1,n'(X=0) funksiyasi

An=n-n’ forginin yalmz An = +1soartini 6doyan n vo n’ giymatlori tgin sifirdan forgli olub
vahido boraboardir. An = +1 olduqda (1) proseslorinin effektiv kosiyi asagidaki ifads ilo verilir:

2 0 '
GG 2HZZ E,E,

o|_n1 i |E pZI_E p2||

Q- ot Jaeviaev s pla-¢p). @)
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n Vo n' bas kvant ododlorinin An = +1qiymatleri ticin 1., ,.(x=0) funksiyas: sifra

borabar olduguna géro o =00lurve v, +v, — L™ +e* proseslori gadagan olunub.

Demoli, miion (tauon) neytrinolart magnit sahosi istigamotinds, elektron antineytrinolar: iso
magnit sahasinin oksi istigamotinds horokot etdiyi halda (1) proseslori hesabina pozitronlarin vo
mionlarin (vo ya tauonlarin) dogula bilocoyi asagi Landau soviyyolori asagidakilardir:
n=Ln=0; n=2,n"=1; n=3,n'=2 vo s. Basga s6zlo, miion (tauon) neytrinolari magnit
sahasi istigamotindos, elektron antineytrinolari iss magnit sahasinin oksi istigamatinds horokot
etdikdo (1) proseslori hesabina pozitronlarin vo mionlarin (tauonlarin) dogula bilocoyi asag
Landau saviyyslori Uclinn =n’"+1 muinasibati 6donilir. Burada n=1,2,3,... vo n'=0,1,2,....
Belolikla, tohlillor gostorir ki, muon (tauon) neytrinolart magnit sahasi istiqamotinds, elektron
antineytrinolari iso magnit sahasinin oksi istigamatindo horokot etdiyi halda (1) proseslori
hesabina pozitronlarin asas Landau saviyyasinds dogulmasi mimkin deyil. Pozitronlarin dogula
bilocoayi on asag1 saviyys birinci Landau soviyyssidir. Bu halda mtonlarin (tauonlarin) dogula
bilocayi on asagi soviyys osas Landau saviyyasidir. 9sas Landau saviyyasinds yaranan muonlar
(tauonlar) Gg¢lin n'=0, p, =0, {'=-1 olduguna goro onlarin enerjisi 6z stikunat enerjisino
E=m,(E=m,) barabar olur vo hamin muonlar (tauonlar) kinetik enerjiys vo mumiyystls,

sukunat enerjisindon savay:r olavo enerjiyo malik olmadiglarina goro yarandiglarnn guclu
magnitlosmis mdihitdo galr. Gucli magnitlosmis muhit dedikds gicli magnitlosmis kosmik
obyektlor basa dusdlur. Birinci Landau soviyyesindo  yaranan pozitronlar iso

E =\/m§ +2eH +(w-w')? enerjisino malik olduglarina géra miihiti tork eds bilir. Noticado

v, +v, = L +e" proseslori hesabina yaranan bu pozitronlar kosmosa sigrayir ve yliksok enerjili

pozitronlar kimi kosmik stalarin torkibinds olan elektronlarla migayisado Ustiin pay yaradir.
Demoli, PAMELA vo AMS-02 eksperimentlorindo miisahids olunan pozitron artighiginin [2-4]
mimkin monbolaorindon vo yaranma mexanizmlorindon biri do glcli magnitlosmis kosmik
obyektlordo maqgnit sahosi istigamotindo horokot edon mion (tauon) neytrinolar: ilo magnit
sahasinin oksi istigamotinds harokot edon elektron antineytrinolarinin asas Landau saviyyasinda
olan mionlara (tauonlara) vo birinci Landau soviyyasindo olan pozitronlara annihilyasiyasi
prosesloridir.
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Bu isdo mogsod xarici, sabit, bircins magnit sahasindo neytrino vo antineytrinolar Oxy
mustovisindo  qgarsi-qarstya horokot etdikdo yUKkli lepton vo antileptonlarin  enina
polyarlasmalarini nezers almagla v, +\7u —e +e" (v.+v. —>e +e") prosesinin effektiv
kasiyini hesablamagq, effektiv kosiyin saho parametrindon asihiligin1 analitik vo qrafik olaraq
arasdirmag, magnit sahasinin baxilan proseslors tosirinin shomiyyatli dorocods olmaga basladig
saha intensivliyini muoayyanlasdirmak vo alinmis naticalorin mimkin astrofiziki totbiglorini
gOstormokdir.

Neytrino vo antineytrino Oxy mistevisinde (9 = 7/2; 9'= 7/2) qarsi-qarstya (' = o +7)
harokot etdikdo baxilan proseslorin effektiv kasiklorini miisyyan edon muxtslif indeksli 1., 1,,
I, vo 1, Lyaher funksiyalarmin arqumenti olan

X = |w? sin? 9 + ' sin> 9’ + 2w’ sin Isin 9" cos(er —r')|/(2eH ) (1)

doyisoni x = (w— ')’ /(2eH ) kimi toyin edilir. Kifayat godor giicli magnit sahalorinda neytrino
va antineytrinonun enerjilarinin bir-birine yaxin giymatlorinda l(a)—a)')z/(ZeH )J <<1olurva x

doyisoni tglin x = 0 gobul edilo bilor. Magnit sahasinin baxilan proseslors tasirini grafik olarag
arasdirmaq moqgsadilo konkret fiziki soraito baxaq. E>> u, E<<T, E'>>u, E'<<T sorti
daxilindo neytrino vo antineytrino sahoyo perpendikulyar istigamotds garsi-garsiya daxil oldugda
(9=7/2; 9=7r/2; a' = a + ) pozitron birinci Landau soviyyssinds (n =1), elektron iso ikinci
Landau soaviyyasinds (n" =2 ) yaranarsa, bu halda prosesin effektiv kosiyi asagidaki sads ifads ilo
verilir:

L @) 2)? 5
c —05(1+§)]/2 +(1+2§)]/2 t,. )
Burada
,_G§\/2 ) _H
" ex ™ 7w, ©
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b=l v )-g v v e 20, b - o) @

P P
=z =T S
% = % = 5)
m m

=, B =T—— (6)

VE* - p; VE# - p7?
E=+m?+2eHn+p?, E'=.m?+2eHn + p? (7)
9.=0y*0s 9.=0v0s- (8)

& va ¢'-uygun olaraq, pozitronun va elektronun spinlarinin saha istigamatinds vo ya onun aksi
istigamatindo proyeksiyalan, g, =-0,5+2sin®0,, 6, — Vaynberq bucagi, sin?e,, ~0,23. (8)
dusturundan alinan o/c’ nisboti & doyisonindon asili olan hor hansi bir f funksiyasidir:

9 (&)= f(£). Lakin magnit sahesinin baxilan prosesloro tosiri son haldaki elektron vo

!

pozitronlarin spin hallarindan da asilidir. Burada dérd hal mumkunddir:
DNE=+1L¢"'=+1, 2)¢=-1L¢"=-1, 3){=+L¢'=-1, 4)L=-1,C"=+1. (9)

Biz burada diqgoti colb edon 2-ci vo 3-ci hallann todqiq edib mugayisolor aparacagiq.
¢=-1¢"=-1 olan halda o/c’ nisbatinin & dayisonindon asilihgi Sokil 1-do,
¢ =+1 ¢'=-1olan halda o/c’ nishatinin & doyisonindon asiiligi Sokil 2-do verilmis
grafiklorlo tosvir olunmusdur. & doyisonino uygun golon absis oxu logarifmik migyasda
verilmisdir. Qrafiklordon gérindilyt kimi magnit sahesinin tesiri & =10% giymotinda, yoni
H ~10% Qs tartibli saholordo (masalon, magnitarlarda) 6ziinii shomiyyatli doracode géstormoyo

baslayir. Eyni zamanda maqgnit sahasinin baxilan prosesloro tasiri son haldaki elektron va
pozitronlarin spin hallarindan da asilidur.

{=-1¢"=-1vo {=+1 ¢ =-1olan hallarda v, +v, >e +e" (v, +v, >e +e")
prosesinin bas vermosinin effekiv kasiklorinin nisboti ticiin asagidaki ifados alinir:

o6, £ =-1¢"=-1) _ _[29f\—ZngA(v+v’)_kl+ﬁ). (10)
ole, ¢ =+1¢"=-1) 207 —29,9,(v+v)1-B)

Fiziki komiyyatlorin n=1, n'=2, H=10°H, [1, 2] vo p, =m, giymatlori iigiin v =0,07,
v 20,05, =007, B =005 giymatlorinin alindigini nazors alsaq (10) ifadasindon istifado
etmoklo asagidaki adadi giymatlondirmo alinir:

o6, ¢ =-1¢"=-1)
o6, ¢ =+1¢"=-1)

1

21. (11)
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Sakil 1. ¢ =—1, ¢ =—1 olan halda 2,(5) funksiyasmin & doyisenindon astliligy
c

Demoli, saho effektlori 0z tosirini  ohomiyyatli dorcodo  gOstormoys  basladig:
H =10° H, ~ 10" Qs tortibli magnit sahalorinds [1, 2] pozitronlar birinci Landau saviyyssinds,

elektronlar iso ikinci Landau saviyyssindos doguldugda v, +v, —>e” +e" (v, +V_—>e +e’)

prosesinin elektron vo pozitronlarin spinlorinin sahonin oksi istigamotinds yonoldiyi halda bas
verms ehtimali pozitronlarin spinlarinin sahs istigamatinds, elektronlarin spinlarinin iss sahanin
oksi istigamatindo yOnaldiyi haldak: ehtimalindan togiban 21 dofo boylkdir. Tohlillar gostorir
ki, spinlori magnit sahasi istigamotindo y&nalmis (£ =+1, {'=+1) elektron va pozitronlarin
yaranmasi spinlari magnit sahasine nozaran oks istigamotlords yonalmis elektron vo pozitronlarin
yaranmast ilo migayisodo dominantliq toskil edir. E>>u, E<<T, E'>>u, E'<<T sorti
daxilinds neytrino vo antineytrino sahays perpendikulyar istigamotdo garsi-qarsiya daxil oldugda
magnitarlarda gedon v, +\7u —e +e" (v.+v. >e +e") prosesi hesabina birinci Landau

saviyyasindo yaranan pozitronlarin vo ikinci Landau soviyyssindo yaranan elektronlarin
oksariyyatinin spinlori eyni zamanda ya magnit sahasi istigamotinds, ya da magnit sahasinin oksi
istigamatinda yonalmis olur.

0
10° 10" 10°

Sakil 2. ' =+1, ¢ =—1 olan halda 2’(5) funksiyasmin & doyiseninden astlilig
o
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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, Qafgaz University, Baku-Sumgayit Road
vgusseinov@yahoo.com

Recently a new neutral boson (NB) at a mass around 125 GeV [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 125 GeV is one of

the most important questions of LHC physics. The different J° =07,07,1",17,2" models were
discussed for identification of the NB at a mass around 125 GeV . Obviously, the discovered NB
at a mass around 125 GeV 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 J° =07,1",17,2" models at confidence levels above
97.8% and provide evidence for the spin J” = 0* nature of the indicated NB [5]. However, the

J " =2* model has not been completely excluded yet. Thus, so far the spin of the discovered NB
atamass around 125 GeV 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 0<M<2m,, (including the NB at a mass around 125 GeV ) 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

0<m<2m, and to estimate the MF strength required for realization of the new decay channel.

On the ground Landau level the w - (VV+)-boson spin is oriented opposite to (along) the
MF direction, i.e. s, = -1 (s,, = +1), and the w ¥ -boson energy satisfies the inequality

E,- =4my —eB <m, 1)

for B =0 provided that B<B, .
One of the main decay modes of the NB at a mass around 125 GeV observed in the LHC

experiments is the H — ww “. We have obtained the following relation for the energy of the
decaying NB which we assume to be at rest

E=m=2{m} —eB <2m,, . )
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We have determined that B should satisfy the condition
B 2 Bmin ! (3)
where

¢ (4)

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

I, m2 m2
2r—W W <B<- W

m, e e

()

instead of the range 0<B<B,,. At the same time B 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
0<m<2m, into the on-shell w - - and w * -bosons on the ground Landau level. The minimal
MF strength B, also determines the maximal mass of the arbitrary NB that can exist in the mass

range 0<M<2m, and decay into the on-shell w ~- and W * -bosons on the ground Landau
level in a MF

O<m<m.. (6)
where
T
m,, =2m, [1-27z—% (7)
mW
and
Max <2y (8)

Now let us estimate the maximal mass of the NB that may exist in the mass range
0<m<2m, 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 T}y = 2.085GeV
[6] instead of Iy, where I\,?, is the W ¥ -boson decay width in free case when a MF is absent. In
this case we obtain 147 Gev 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 Iy, in a MF is
not equal to the free decay width f\,?, and it may be greater or smaller than f\,?, Depending on the
W * -boson decay width (mean lifetime) in a MF the maximal mass of the NB existing in the

mass range 0<mM<2m,, and decaying into the on-shell w - - and w * -bosons on the ground

Landau level in a MF is around about 147 GeVv . The spin of this NB canbe J =0,1,2.

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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27V
nwmﬂ2mw(1—2ﬂEile+(2ﬂliLj] . 9)
mW mW

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

133GeV<m<147GeV. (10)

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

1) if the NB at a mass around 125 GeV is not the only NB (except the known neutral Z -
boson) in the mass range 0<M< 2, it means that in the indicated mass range there may exist

the new NBs with the spins J =0, J=1 and J =2 besides the 125 Gev Higgs boson; the
predicted NBs may be either fundamental particles or bound states; the bound state consisting of
W "W *-pair may be a candidate for the quantum state or particle possessing the properties J =0,

J=1and J=2. At the same time it should be noted that the mass m, .. of the w "W * -bound
state lies in the range 0<m<2m,,.
2) if the NB at a mass around 125 GeV is the only NB with the spin J #1 in the mass

range 0<mM<2m,,, it means that the NB at a mass around 125 Gev possesses both the spin

J =0 property and the spin J =2 property. The LHC experimental data show that the spin
J =2 version still remains. Even the existing experimental data can not completely exclude the
spin J =2 version.

The existing experimental data also show that there are weak signals around 135 GeV that
are in favour of the predicted new NB in the mass range below160 Gev .
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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. lichenko*
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A search for the associated production of the Higgs boson with a top quark pair is
performed in multilepton final states using 20.3fb™ of proton—proton collision data recorded by

the ATLAS experiment at Js=8TeVat the Large Hadron Collider. Five final states, targeting
the decays H -WW ", 7z, 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 7 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 z leptons. No significant
excess of events is observed above the background expectation. The best fit for the ttH
production cross section, assuming a Higgs boson mass of 125 GeV, is2.1"); 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 is1.80; the
expectation in the presence of a Standard Model signal is 0.95.

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—->y H—>ZZ"—>4l, andH — WW * — [wiv and evidence has been reported for
H — 77, 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(“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 ttH production mode in multilepton final states. The five final states considered are: two
same-charge-sign light leptons (e or p) 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 t candidates. These channels are

sensitive to the Higgs decays H -WW ", 7z, 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 ttHin H —>bband H — yy 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 ttV ), 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 ttH production; as such, production of tHgband tHW is
considered as a background and set background to Standard Model induces expectation. a shift of
Including 4u=-0.04this 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 H —WW ",

and ttZ production, and use theoretical predictions for these values as experimental
measurements do not yet have sufficient precision. The best-fit M value as a function of these
Ccross sections is

ulttH)= 2.1—1.4(@ —1J —1.3(@ —1J

232fb 206 fb

A search for ttH production in multilepton final states has been performed using 20.3fb of

proton—proton collision data at ttH recorded by the ATLAS experiment at the LHC. The
best-fit value of the ratio p of the observed production rate to that predicted by the Standard

Model is 2.17}5. This result is consistent with the Standard Model expectation. A 95%
confidence level limit of x<4.7 is set. The expected limit in the absence of ttH signal is
1< 2.4. The observed (expected) p-value of the no-signal hypothesis corresponds '[01.80(0.90).

— ot ATLAS

o) SN vE=8TeV,203fb !
tot. (stat.)
2607341 | za3d i |
e e Z8 2 0
20074} O | 09 3 ;{r:’é._;j:l)_
el A ——F LY
12714 - : = 06135 (321
Cosininag, e d 2144 1]

T S T N
Best fit u(ttH) = o /oy, for my, =125 GeV

Figure 1. Best-fit values of the signal strength parameter 4 = o lo

ttH, obs ttH,SM *
For the 41 Z-depleted category, 1« < —0.17 results in a negative expected

total yield and so the lower uncertainty is truncated at this point.
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AKSIAL-VEKTOR MEZONUN NUKLONLARLA
QARSILIQLI TOSIR SABITI
$.9. Mammodov', N.C. Hiiseynova*?
(1)BDU, Fizika Problemlori ET/
(2) BDU Nazari Fizika Kafedras:

nerminh236@gmail.com

AdS/KXD-nin saort divar modelind> @, aksial vektor mezon ilo nuklonlarin qarsiigql: tosiri
masalasing baxilmusdir. AdS fazasimin daxilinda 4; va A kalibrlagmo sahalori vasitasilo aksial vektor
saha vo kiral simmetriyan: pozmaq Ucin psevdoskalyar saho daxil edilmigdir. Bu sahalor Ug¢lin AdS
fozasinin daxilinda Laqgranjian yazilmes, harakat tonliklori alinmis va bu tanliklarin halli olan profil
funksiyalar: tapdmusdir. AAS/KSN uygunluguna asaslanaraq daxili fazada yaziimus qarsigl: tosir
Lagranjian:ndan istifada edarak a4 mezon-nuklon qars:iql: tosir sabiti g, ,, Ucln sartdivar modelinda

alava 0lgU Uzra integral ifadalor alinmusdir.
Acar sozlar: Anti de Sitter fazas:, aksial vektor, mezon, nuklon, profil funksiya

|. GIRIS

Konformal sahoa nozoriyyasi uygunluguna gora 5 6l¢ili Anti-de-Sitter fozasinin daxilinds
toyin olunmus ixtiyari sahays, bu fozanin ultrabondvsayi sarhoddinds operator garsi qoyulur.
Sarhadds toyin olunmus Kvant Xromodinamikasindaki konfaynment xassosi daxildoki AdS
fozast ilo 2 Gsulla verilir ki, bunlar da AdS/KXD nazariyyasinin sart vo yumsaq divar modellori
adlanir [1,2] :

1)Sort divar modelinds fozanin Uzorino koskin (infragirmizi) sarhad sorti goyulmagla,
nazariyys mohdud oblastda qurulur. Sort divar modeli mezonlar (iglin xatti asili olaraq artan kitlo
spektri verir.

2)Yumsag divar modelinds 5 6lculu integralin giymatini sonlu etmok Gglin tosirin ifadasine
eksponensial vurug soklindo Dilaton sahasi daxil edilir. Yumsag divar modeli mezonlarin
kitlasinin kvadrati Ggin xatti asili olaraq artan spektr verir.

Toaqdim olunan isdo aksial-vektor mezon ilo nuklonlarin garsiligl tosir masolosi AdS/KXD-
nin sort divar modelinds todqiq edilmisdir. Qeyd edok ki, bu garsiligh tasir buguns godor sort
divar modelindo arasdirilmamisdir. Biz avvalki islorimizds yumsaq divar modelinds vakuumda
a,-mezonun nuklonlarla [3] garsiligh tosirini arasdirmis vo uygun garsiliqli tasir sabitinin ododi
giymatini hesablamisig.

Mogalods sort divar modeli gorgivasinds w@,-mezon vo nuklonlar Gglin AdS fazasinin
daxilindo Lagranjian yazilmis, horokot tonliklori alinmig vo bu tonliklorin halli olan profil
funksiyalar tapilmisdir.

Anti-de-Sitter Konformal Saha Nozariyyasi uygunluguna ossaslanaraq daxili fozada yazilmis
garsilglt tesir Lagranjianlarindan istifado edorok AdS fozasmin daxilinds a;-mezon-nuklon
garsiligh tosir sabiti t¢tn olava 6lgl Uzro integral ifado alinmigdir Sonra iss aldigimiz ifadani
yumsagq divar modelinds alinan giymotlo migayiso etmisik.

358



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

1. SORT DIVAR MODELI

Sort divar modelindo fozanin Uzorino koskin (infragqirmizi) sorhad sorti goyulmagla,
nazariyys mohdud oblastda qurulur v tasir (1) dusturu ils tayin olunur:

I=[Mdx [gL (1)

burada inteqrallama 0-dan z,,-o qadar apanlir, g = |det gy, | (M,N=1,2,3,4,5) va AdS fozasmin
metrikas: asagidaki sokilds toyin olunur.

,_ 1 )
ds* = — (—dz® +n,,dx*dx") pv=0123
22
Guydxdx" = 4@ (dz® + 1, dx*dx”), (2)

Burada ,,, iso Minkovski metrikasidur.
Ny = diag(1,—1,-1,—1) 3)

I11. ANTI-DE-SITTER FOZASININ SORT DIVAR MODELINDO
AKSIAL VEKTOR MEZON
AdS fozasinin daxilinde 2 odod A} vo AY¥  Kalibrlosmo saholori vardir ki, bunlar da
SU(2), xSuU(2); kiral simmetriya qrupuna tabe olaraq sol va sag kiral sahalor kimi cevrilir. ¢
fozada kalibrlosmo saholorindon basga bir skalyar X sahosi do var ki, bu sahenin A}" vo A%
kalibrlosma sahalari ilo garsiligh tasiri noticasinds kiral simmetriya pozulur. Skalyar X sahasi
SU(2), % SU(2)z qrupunun bifundamental tasviri kimi cevrilir. VVektori sahalar Giclin Anti De

Sitter Konformal Saho Nozoriyyasi prinsipino goro vektori sahonin Kaluza-Kleyn modalarinin
ultrabondvsoyi sorhoddoki qgiymati vektor mezonlarin hallarina uygun golir. Zoarraciklor
fizikasinda on yilngul zorrocik pmezon oldugundan, Kaluza-Kleyn modasmin birinci

hoyacanlagsma soviyyasino pmezon uygun golir [3]. Lakin aksial wvektor Gcun sarhod
sortlorindan istifads olunur va belslikls @, mezon Ggln ham kutls spektrinin ifadasi vo ham da
hayacanlagma saviyyoalori p mezonun kitls disturu va saviyyslori ilo Ust-Usto dusur.

Butln bu sahalor tigtin yekun tasir bels olur:

I=[d*x g {-IDxI* + 3|x]? — = (F 4+ F2)) (4)

Burada 5-6lcull garsiligl tesir sabiti rong yukindon asilidir:

127
= =2x
N

c

-
=

gz =

Bu iki kalibrlosmo saholorini toplayaraq yekun vektori sahs vo aksial-vektori saho alariq:
1 1

Sadslik uclin biz A; = 0 Kkalibrovkasinda isloyacayik. Tasirin (4) ifadesindon toyin olunan
vektori saho Uiglin harokoat tonliyi asagidaki sokildadir:
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-5, ()o.+ a0 =0 ®
A (z=0)=0,A,(z) =0 (6)

sarhod sortindon istifado edorak @, aksial vektor mezon tgiin asagidaki dalga funksiyasi alin-
misdir:

A, (7) = —=Llma? )

»\:I-I‘DZM dzz [l‘_':maa_z:']
Burada J;(m, z) 1-ci tortib Bessel funksiyasidir.

IV. ANTI-DE-SITTER FOZASININ SORT DIVAR MODELINDO NUKLONLAR
Isdo osas mogsadimiz sorhoddoki aksial vektor spinorlarmi tosvir etmok ciin 5 6lgulii
daxili fozada 1cit spinor daxil etmokdir. Sorhaddoki @, v2 @z nuklonlar SU(Z), x SU(2),

grupunun tasiri altinda muxtslif ctr ¢evrildiyindon 5 olgult fozada @, v2 @5 -0 uygun olaraq 2
odod 5 6lgilu vektor spinorlar daxil edilir. Bu nuklonlar Ggiin tosir asagidaki sokildadir:

i — i J- —
S = [d*xdz [g (1 P,ef T4D ¥, — L (D, ¥ Tl T 4%, —m T, %) (8)

burada e5 = z85 ayrixotli fozadan diizxotli fozaya kegid veylbeyni adlanir vo g"" = eXfeyn®.
D, = dy —gmﬁ.‘g [F4,r8] —i(A%),,t* iso kovariant téromodir. Spin alagenin sifirdan forqli

komponentlori agsagidakilardir:

54 45 _ 1 o4 _
w, —wy " = 3—5# (r=10,1273)

{r4,r8y =2n*% r4 = (y*,—iy®) iso 5-6lcuili gamma matrislordir.
Tasirin (8) ifadasindon harokot tonliyi asagidak: sokilds tapilir:
[ief T8y — > wi® [F*,I"]elT* —mg]¥, =0 (9)
(12) ifadasindan profil funksiyalar tigtin asagidaki tonliklor sistemi alinir

0220, + =2 £ = —p2fg

[02 - 20, + Emm £, = 2y (10)

32

Sarhad sortlorindon istifados edorak nuklonlarin profil funksiyalar: tglin asagidaki ifadslor
alinmisdir:

fu = Clzgh(lplz}, fir = sz§]3[|p|z]
fa = —C:zglailpIZl far = C1z§]2(|13|2) (11)

Burada C, va C, normallasma amsallaridir va normallasma sartindsn onlar tiguin asagidak
ifadalor alinir:
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S - (12)

zpy Jo (my zpg)

[o%

(11) ifadalarindon gorundiyu kimi nuklonlar tgiin profil funksiyalar bir-birilo asagidaki
sokil-da olagslidirlor:

fi = fary Fir = —fau
V. AKSIAL-VEKTOR MEZONUN NUKLONLARLA QARSILIQLI TOSIR SABITI
I¢ fozada nuklonlarin aksial vektori saho ilo garsiligl tosiri | tosirlo ifado olunur:
I1=[d% [g £, (13)
Burada qarsihigl tasir Lagranjiant £_ ;. 2 haddan ibaratdir:
Loe=4L4 +4; (14)
Burada £, minimal garsiligh tesir Lagranjian: club
Ly ={FT*A, %, — T,I*A, 7)), (15)
aksial vektori sahanin nuklon carayani ilo garsiligl tasiri haddindan ibarotdir.
L, = <k (P[5, T¥|8,4,%, + F,[[°,T*]8,4,%,} (16)

L, vo L, Lagranjianlanindan g, . Qarsiligh tesir sabiti Gglin asagidaki integral ifadslori
ahnq:

oo = M EA G (AP @R @ - A @A E)  a7)

Analoji olaraq

gl = [ EE A @ (T @A @+ A2 @A () (18)

Belsliklo, AdS/KXD-nin sort divar modelinds aksial vektor mezon nuklon qgarsiligl tosir
sabiti (17) va (18) tasirlarinin comi saklinds ifads olunur:

_ _(0dnm (1)nm
Ga,nn T g, nn T o, (19)
Cadval.
Aksial vektor mezon nuklon garsiligli tasir sabitinin adadi giymati

i i RTeS A gxP.
n mn M e Qiﬁ-? Eéﬂ? Gan | amin | Gamw
0 0.94 1.089 -0.12 1.85 1.43 0.7704 | 47406
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
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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 a; meson respectively. The action was obtained from the
bulk interaction Lagrangian, where was included condensate dependence of profile function of a; 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 z = z,. 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 a, meson. For this aim we consider condensate depends of

profile function of a, meson.
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1. 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]:

[ = _r:M d5x 1,.."? L (1)

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

21 2
ds* = = (—dz? +n,,dx*dx") pv=0123
72
Gundxdx" = ¥4 (dz? + 1, dx*dx”) | (2)

where 17,,,, is @ Minkovskii metric
N = diag(1,—1,-1,—1) 3)

I11. AXIAL VECTOR MESON AND ITS PROFIL FUNCTION

In the bulk of AdS space there are gauge fields A¥ and A, which transform as a left and
right chiral fields under SU(N;), x SU(N:)z. Besides gauge fields there is scalar field X , which
transforms under bifundamental representation of gauge group SU(Ny), X SU(N:)z Action for
these fields has a form:

I=[d*x /g {—IDXIE + 3|x|? —:T;[Ff + ng]. (4)

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

127
= =27
N

c

-
=

gz =

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

1 1

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:

A%y (6.2) = By (x,2)

where 1% (x, z)is a pion field. We shall work in A; = @ gauge.
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Equation of motion for axial vector field will be obtained from the action (4) and has a
form:
02ap +20,a3 + @2 — g% (my + 02%)" — Z[af =0 (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 z — z;5
limit from (4) and set the z = z;; in the condensate term. Before doing this approximation let us
compare numerically the last two terms in equations (4) when z — z,; . The approximate values
are as follow:
z A 033 GeV, z;p ¥ 3(GeV) ™Y,z ¥ 81(GeV)™*
o % (0.3)3(GeV)?, g = 4n?/N_~ 13.2
Then
g20%(z;5 ) ¥ 0.06(GeV)?, 1/(z;5)° = 0.1(GeV)? (6)

Thus, the 1/z term contributes twice more than the gZe*z* term and so, we may make an
approximation in (4) by setting z = z,. only in the condensate term and keeping the term 1/z*

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 J,:

ajs = cz];(Mmgz) ()

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

[ - 2 + 22
75 = |(@5)? — g2(m, + o(zz)?)’ ~ &5 2 (mq + (21 )?)
0y o aq (mj

2608
after using from the boundary conditions (6) , we get the profile function for the axial-vector
meson a, as:

Al[zj _ z ]y (Fipz) (8)

'\!I.'I-DZM dz = [l al ”_'1'; z}] :

where maz) is a first kind Bessel function, & is a vacuum mass of axial vector meson.
1 o o
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PACIIPEJAEJIEHUE I'AJIAKTHUK 1 KBA3APOB 110 3SHAUYEHUSIM
KPACHOI'O CMEILIEHUS
dx. C. Anues, I1. H. llycrapes
Hlamaxunckas Acmpoghusuueckas Obcepsamopus, HAHA, AZ5618, [llamaxwvl
jascience@yahoo.com

Bnepevie Bapouoxc u  Bapbuooc [1], usyuas xpacnvle cmewjeHus u36ecmmuvix HA Mo 8peMs
HECKONbKUX 0eCsimKo8 K8a3apog, 0Opamuiu GHUMAHUe HA Mo, Ymo 6ojee Oecsimu U3 HUX UMEIOMm
npumepno oounaxogvle 3nauenus (2=1.95 ). B Odaavnetiwem, ucciedosanuto 3moi npobremovl Obilu
ROC8AUWEHbl MHONCECTNB0 pabom, u ObLIU HANOeHbl OONOTHUMENbHbIE NUKU 8 PACHpedeieHul 3HAYEeHUT
Kpachozo cmewjenus. Yoce ¢ nauane 70-x 20008 npoutnoco eexa cmano ACHO, YMO NOOOOHBIX NUKOG 8
pacnpedenenuy 00CMAmMO4YHO MHO20 U ACMPO QUIUKU HAYATU NOUCKU 00 bICHEHUTI OAHHOMY (DeHOMEHY .

B nacmosiyee epems naxonneno 60avui020 00veMa OAHHBIX HO  HOMOMEMPUYECKUM KPACHBIM
cMeujeHUusAM, KaxK OJisl 2alaKmuK, mak u 0t k8asapos. /[ 0opabomxu 2mux OAHHbIX, HAMU ObLIO CO30AHO
npoepamma-naxema GalRedShifAn u ona npumenena k ananuzy oannvix xamanoza SWIRE. Ha ocnose
AHANU3A NOOMBEPIHCOEH UCTNOPUYECKULL 8bIGOO O OUCKPEMHOCIU PACHPedeNeHUs 2ANAKMUK U K8A3apOs No
KPACHbIM CMEWeHUsIM, U BPOBEOeH CHEeKMPALbHbIIL AHANU3 MAKO20 PACHPeOeNeHUs..

1. Bgegenue

Bonpoc o paBHOMEpHOCTH pacmlpejefieHHs] BHEraJaKTUUeCKnX OOBEKTOB BO BceneHHOM
SIBJIICTCS, TIOXKAITYH, OJHUM U3 KIIOYEBBIX B MPOIECCE MOCTPOCHUS CIICHAPUSI €€ BOZHUKHOBEHUS
Y 9BOJIONMH. AHaU3 HAOIIOJaTebHBIX JAaHHBIX JI0JIT0€ BPeMs HE J1aBajl OJIHO3HAYHOTO OTBETA
Ha OTOT BOINPOC, BCIEACTBHE WX MAJIOYUCICHHOCTH, OJHAKO HEKOTOpPbIE CTPaHHOCTH,
BBISIBJISIEMBIEC B pe3yJIbTaTe UX 00pabOTKH, CTAIHM U3BECTHHI YK€ BO BTOpOii mojoBuHe 60-X rogoB
MPOILIOTO BEKa.

BriepBrie B pabote bapoumk u bapoumk [1], aBTopsl 00paTiiii BHIMaHUE HA TO, YTO U3
W3BECTHBIX Ha TO BpPEMS HECKOJIbKHX JAECATKOB KBa3apoB, OoJiee NECATH UMEIOT MPUMEPHO
OJIMHAKOBBIC 3HAUeHHs KpacHoro cmerieHus (z=~1.95). B cnenyromieir padote bapoumk [2] Ha
OCHOBE aHaJIM3a KPacHBIX CMEUICHHH Uis /3-X KBa3apoB, MOJYUYWJ pacrlpeiesieHHe 3HaueHUi
KpacHBIX CMEIEHWH B BUAE psAga MHUKOB, NMPUYEM s JBYX MHUKOB Oblla IMOKa3aHa HX
crarucrudeckas 3HaunMmocTh (z~0.061 m z=1.95 ). Kpome TOrO, B padore ObLIa craenaHa
MOTBITKA TI0 ONPEACICHUIO BEJIIMYMH Z JUIS APYrux MuKoB — Z0bs=0.061n , rae N-mopsakoBbIid
HoMep Tpymmbl. Ho nanHas smnupudeckas Gpopmyna Oblia o MHOTUM NPUYMHAM HETOYHA.

B nanbHeiinieM, TOTIOTHUTENBHBIE MKH B PACIIPE/ICICHUU 3HAYEHUN KPACHOTO CMEIIECHUS
ObUIM HaiiieHBl B psiie padOT pa3lIMYHBIX aBTOpOB, a B pabore Kapncon [3] aBTopom ObLia
BBIBE/ICHAa OoJiee TOYHAs HSMMHpHUYEcKas (Gopmyria Ajs ONpeAesieHUs] TMOJOKEHUH MHKOB Ha
KPUBOW pacrpeaesieHust U COOTHOIICHUN BBICOT COCETHUX MTUKOB.

B 2000-x rogax bBapOuwmk ¢ coaBTopamu Bo3Bpamiaercsi K AaHHOI Teme. B pabGote [4]
aBTOPBI aHATM3UPYIOT HOBBIC HAOIIOJATENbHBIC JAaHHBIC, MOJyYEHHBIE JJISI KBa3apoB. ABTOPHI
CUMTAIOT, YTO 3aKOHOMEPHOCTh, Moiy4deHHas KapiicoHoMm, ecTb pesynbraT Tpex 3PQeKTOoB:
KOCMOJIOTHYECKOT 0, T.. A dekTa pacmuperns BeeneHHo, NeKyIsIpHBIX CKOPOCTEH KBa3apoB U
¢usukoit Toro wim wuHOro oObekra. B pabore [5] Hamep u bBapOumxk aHanmusupyrot
3aKOHOMEpPHOCTh, TMONy4eHHYI0 KapicoHoMm, Ha OCHOBE HAONIONATENbHBIX JAaHHBIX IS
OJIHOPOIHOM TpymIbl KBa3apoB u3 0630pa 2dFQSO. Kak nokasan aHanu3, HMEIOTCS JOCTATOYHO
OOJIBIITHE PACXOKICHUS.

365



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

B 70-x romax mpomwioro Beka Tudt [6-8] mokaszan, 4To y 4acTH CHHPAIBHBIX TalaKTUK
UMEIOTCSl JIBa MPOTHUBOMOJIOXHO HAMpPAaBJICHHBIX MOTOKA MAaTepUd, MPUYEM pasHUIA HX
CKOPOCTEH y BCEX TaJIAKTUK COCTaBIsieT mpuMepHo 72.5 km/c. B tex xe pabotax ObUIO MOKa3aHo,
YTO TPABUTAIMOHHO-CBSI3aHHBIC TAJIAKTHKY ([Iapbl, TPYIIILL ¥ T.J.) ABMXKYTCS IO CBOMM OpOHTaM
C TOU ke ckopocThio — 72.5 km/c. Biocnencruum, kak Tudrom, Tak u IpyruMu aBTOpaMu ObLIO
MOKA3aHO, YTO JJIsi TaJlaKTUK TaK JX€ BO3MOXKHBI M JPYrHe 3HAUYCHHUS PA3HOCTH CKOPOCTEH
(Hanpumep, B padore [9] aBTOpHI yBEpEHHO BBIICISIOT JJIsi HEKOTOPBIX TAIAKTHK U CKOPOCTH
375 km/c ), Ho Bcerma kpartHble 3HadeHuto /2.5 km/C u Obuta BeiBereHa (opmyrna Juis
BBIYHCJICHHUS JTUX 3HAYCHHI, BIIOCJICICTBMU HAa3BaHHAs HMMEHEM BBIJAIOIIETOCS KaHAJICKOTO
actpo¢usuka cepueit bemia. B a1oit cepun ( a BepHee B popmyie, ONMUCHIBAIOIIECH €€) Y HAC YKe
JIBa IEJBIX TOJOXHUTEIbHBIX YHCJA, YTO JaJ0 IMOBOJ HEKOTOPHIM acTpO(PU3MKaM TOBOPHUTH O
HEKOeM “KBaHTOBaHMI~ 3HaueHUil z. OJHAKO MOJeNel, YIOBICTBOPHUTEIBHO OOBSCHSIOMINX
MoJTy4eHHbIC HaOMoaTeIbHbIe (PaKThI, TAK U HE OBLTO CO3AAHO.

Bonpmio#t Bkiag B UCCIEIOBAaHWME pACHpPECNICHUS] BHETAJTAKTHYECKUX OOBEKTOB 110
3HAYCHUSM KpacHOro cMerneHus BHec berr [10].

B 2000-x romax mMOSBISAIOTCS HOBBIC, 3HAUYUTEIBHO OOJiee IMIUPOKHUE 10 O00BEMY
(doToMeTpHIeCcKOTO HAOM0JATeIHbHOTO Marepuana, 003opel HebOa (Hanpumep, SDSS, SWIRE u
ap.). beuin  mpemiokeHBl  pa3iMYHBIE  METOJAbI  ONPEJACICHUS, TaK  Ha3bIBaEMOro,
(hOTOMETPHUIECKOTO KPACHOT'O0 CMEMICHHUS, YTO MO3BOJUIIO, B CBOIO OYepe/b, IPOBOJUTH aHAIH3
pacmpesieneHusl 3HAUYEHUH KPacHOTO CMEIICHHS Ha Topa3no OouiblieM HaOII0AaTeIbHOM
matepuane. Ho Hamo cka3arh, 4YTO MPOCTO YBEIWYEHHE KOJIMYECTBA HAOIOAATEIHLHOTO
MaTepuala emle He TapaHTHUs ero KadyecTBa, a TAaKXKe KaueCTBa METOJUK, WUCIOJb3YEMbIX IS
BBIYHCJICHHS TEX WA UHBIX TAPAMETPOB.

B pabore [11], tme Ha ocHOBe ImmHpoKoro o03opa Heba (Oomee MWDIHOHA
BHeranaktniueckux o0wvekToB) m3 SWIRE Photometric Redshift Catalogue [12], 6bu10 OKa3zaHo ¢
00JBIION JOCTOBEPHOCTHIO, YTO BHETAJIAKTUYECKHE OOBEKTHI pPACHpPENeICHbl MO 3HAYCHHUAM
KPacHOTO CMEUICHHS HEPaBHOMEPHO. DbBBIIM ONpeneneHbl MOJIOKEHUS TMHUKOB Ha KPHUBBIX
pacnpeeneHui 11 BHETANAKTUIECKIX 00BEKTOB Pa3IHUHBIX MOP(OIOTHYECKUX THUTIOB.

B mHactosmeidr paboTe, S JaNbHEWIIErO aHadW3a KPHUBBIX pACMPEACIICHUM, MBI
MOJIb3YeMCsI HaOMI0IaTeIbHBIMH JaHHBIMU U3 BhIIIEynoMsHyTOTro 0030pa SWIRE.

2. ITocTtaHoBKa 321a4YM M METOJALI HCCJIEI0BAHUSA

B »T0#i 3ameTke MBI HamepeHbl mpoBecTH 00paboTky manHbix u3 SWIRE, ¢ menbio
NPHUBECTH SICHOCTh K TpoOJeMe O IMCKPETHOCTH pACIpPENCNCHHs TalakTHK W KBa3apoB BO
BCEJIEHHOM, C OJHOM CTOPOHBI, M TNPOBECTH CIEKTPAJIBHBIA AHAIW3 JAaHHBIX IO KpPacHBIM
cMemieHusiM, ¢ apyroil. UroObl BemonHUTH 00paboTky manubix SWIRE, Owuio cozmano
nporpamMma-riaketa GalRedShifAn (Galaxy Redshift Analyzer), xortopas BbImONHSET
MOCTPOCHUS. JIBYMEPHBIX M TPEXMEPHBIX TpadHKOB pacmpeliesieHus JaHHBIX 10 o (mpsiMoe
BOCXOXJIeHHE), O (HakJOHeHHe) U z (KpacHOe CMEICHHE); MPOBOIMT CHCKTPAIBHBIA aHAIN3,
OTOXIECTBIISIET TEOPSTHICCKIE KPUBBIC C JIAHHBIMU U T.JI..

N3 SWIRE s ananu3a BbIOpaHBl JaHHBIE 10 YETBIPEM MPOCTPAHCTBEHHBIM
HAIPaBJICHUSIM:

1) o e (239.495,245.689), & e (52.877, 57.12);
2) o e (247.10,251.16), S e (39.64, 42.56);

3) o e (157.665,165.097), S e (57.04, 59.75) ;
4) o e (33.44,37.3), S e (-6.52, —3.70).
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beutu PaCcCMOTPCHbBI BCC OJJUIMIITUYCCKHUC U CIHUPAJIBHBIC TaJIaKTHKH, KBa3apbl a
OTACJIBHOCTH M BMCCTC.

3. Pe3yabTaThl

JIns w3ydeHusl paclpe/elicHHss TaJlakTUK M KBa3apoB M0 KPAaCHOMY CMEIICHUIO OBbLIH
MOCTPOCHBI JIBYMEPHBIC U TPEXMEPHBIC 3aBUCHMOCTH Z OT O M O, U MOCTPOCHBI 3aBUCHMOCTHU
YKclla TaJaKTHK M KBa3apoB OT Z, MPOBEICH CIEKTPalIbHBIN aHAIU3 pacrlpeaciiCHHs YHcia
0OBEKTOB OT Z.

3.1. iBymepHBbIe pacnipeaeaeHust

Kax BHIHO M3 Puc. 1, JJI1 CIIMPAJIbHBIX T'aJIaKTUK M KBA3apOB PaCIpCACICHUE KPaCHOI'O
CMEUICHUA OT INPAMOI'0 BOCXOXKACHUSA UMECT CIIOMCTYIO CTPYKTYPY.

Spiral Galaxies: Redshifts vs DE

419 420 421 422 423 424 425 426 427 428

a) b)
Puc. 1: 3aBUCHMOCTB KPAaCHOTO CMEIIEHHS OT IPSIMOTO BOCXOXKICHUS
JUTSI CITUPAJIBHBIX TATAKTHK (&) 1 kBazapos (D)

3.2. TpexmepHblie pacnpeeeHust
Puc. 2 eme pa3 mokaspiBaeT, 4YTO NPOCTPAHCTBEHHOE pACIpeeleHHe CIIHPAIbHBIX
TJIAKTUK U KBa3apOB 110 KPACHOMY CMEILIEHUIO UMEET CIIOUCTYIO CTPYKTYPY:

45.689), delta& (52877, 57.123) Spatial Distribution of the QSOs, alpha€(239.5, 245.7), delia €(52.9, 57.1)

a), ,

Puc 2: TIpocTpaHCTBEeHHOE pacmpeneneHne raJakTuk (a) u kBazapos (D) mo KpacHOMY CMEIIECHUIO

3.3. PacnpenesieHue 4KCIa raJIAKTHK U KBA3apOB 10 KPACHOMY CMelleHHI0

U3 Puc. 3 BHUAHO, YTO YHCJIO T'aJIaKTHK W KBAa3apOB HMCCT SABHBLIC IIMKKW B OTACJIbBHBIX
3HAYCHHAX KPACHOI'O CMCIIICHUS.
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Spiral Galaxies Number vs Redshift, alpha €(239.493, 245.689), delia €(52.877, 57.123)
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CriexTpanbHbIi

IIHMKH.

Takum 06pa30M, ABYMCPHBIC U TPEXMCPHBIC DPACIPCACIICHUA U CHCKTpa.TIBHBII‘/’I aHaJInu3

200 50

Puc 3: 3aBucumocTs uncia ranaktuk (8) u kBasapos (0) ot kpacHoro cmemieHns

3.4. CnekTpaJibHbI aHAJIU3 JAHHBIX FTAIAKTHK H KBa3apOB

aHaJInu3 JaHHBIX nmpeciaeayeT ciab BBISIBUTD

T T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

z

|— Jdanneie — MogeapHas KpHBAas

Puc. 4: ConocTaBieHne TaHHBIX JUIANTAYECKUX TATAKTUK U MOJIEIbHON KPUBOM

MNOATBCPIKAACT JUCKPETHOC PACTIPCACIICHUC T'AJIAKTHUK U KBA3apOB IO IIPOCTPAHCTBY.
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AHAJIA3 TPAHUYHBIX 3HAYEHUI CYMMbI BECKOHEYHO
MAJIBIX BOSMYIIEHUM B MATEMATHYECKHWX MOJIEJISIX
IMAPAMETPOB ®UI'YPbI 3EMJIN
I'.'T. Apa3sos, T.I'. AnueBa*
bakunckuii 'ocyoapcmeennwlii Yuusepcumem
HUU Ipuxnaonoti Mamemamuxu, HUHU @uszuueckux Ilpobrem™
arazov_h@ yahoo.com

Oyenxu nabiooenuti ompasjicaem 8 cebe cymmvl 6cex Oelicmseull 6cex 00beKmo8 U npoyeccos 80
6celi Bcenennoti. Ona cywecmgyem Kak eOUHAsl AGMOMAMUUPOSAHHAST OuHamuveckas cucmema. K
KA2A#COOMY MOMEHMY MO CUCTNEMbl COOMBEMCMEYem eOUNAs. CUCMEeMd CIAMUCTUYECKUX OaHHbIX. dmu
cmamuyeckue OanHvle MOXCHO pasdensm Ha 08yx kaacc: 1) Cymma Oeiicmeuii komopuie 6onbuie
nogpewnocmetl  HabnooeHul. OHu Mmo2ym  Oblmb  YUmMEHbl NpPU  HNOMOWU — MAMEMAMUYECKUX
MmoOdenuposanutl. Bce 6 npupode wnabniooaemvie OCHOBHblE 3AKOHOMEPHOCMU HOPMUPOBANbL HOO
Oeticmguem cymmovl smux Oeticmguil; Taxogvl 3axonvl Kennepa, 3axomnvt Tacomenus Horomona,
sakonomepnocmu s8omoyuu 6ocxoda u 3axooa Coanya, Jlynet u max oanee [1]; 2) Cymma Oeticmeuil
KOMOPbIX pagHbl UIU MeHblie NOpeuHocmel HAOMOOeHUll. Omu cyMMbl HA3LIBAIOMCSL  CYMMOU
beckoneuno manvix gozmyuenuu. OHU 60 6cex HADIIOOAEMBIX OUHAMUYECKUX NPOYECcax NPUHUMAIOM
cKkpwvimoe yuacmue. B npupode nabniodaemvle ce anomanviivie s81eHUs GOPMUPYIOMC NOO Oelicmauem
omux Heynosumvix Oeticmeuti. Takosvl MHOMCECMEA AMMOCHEPHBIX AGNEHULl, YYHAMU, 3eMIEMPSCEeHUs,
U36€epPIICeHUsT 8YIKAHOG; IBONIOYUU AGTIEHUL OTIUBO8, NPUTUBOE U OBUICCHUSI 3eMHBIX NAUM U MAK Oalee
[1;2;6].

B oannoii pabome noxazano, umo npu onpedenenuu napamempos 3emiu HeoOX00UMO OKA3amb
0cob0e GHUMAHUE K CyMMe DEeCKOHeYHO MANbIX Oelcmeutl, YUCIeHHble 3HAYEHUsl, KOMOPbIX PAGHLl UlU
MeHbule OYeHOK noepewHocmetl Habniodenui. Ona npu NoAGIeHUU PE30OHAHCO8 MedCcOy Cla2aeMbiMu
MOJICEm NPUHUHOU PA3TUYHBIX AHOMATbHBIX S61eHUL.

KawueBble c10Ba: cymma 6€CKOHEUHO MANbIX O3MYWECHUL; CHEKMPATbHLII AHATU3; SPAHUYHbLE
3HAueHue; napamempul 3emau.

[ToBepxHOCTH UTYpBI 3eMIIH, €€ BHYTPEHHSS CTPYKTYPa, ABUKECHUS U CKOPOCTH BPAILIEHUS
HAXOMSTCS MO/ BO3JCHCTBHEM CyMMBI O0ECKOHEUHO MHOXKECTBO CHII U TiporieccoB. Habmogaemblie
COCTOSIHUSI 3eMJIM SIBJSIETCS PE3yJIbTAaTOM HBOJIIOIHMH 3aKOHOMEPHOCTEH BCeX ee MapaMeTpoB
onHoBpeMeHHO. CpOK BapHallMu JaHHBIX BEJIMYWH PaBEH WHTEPBAy BPEMEHH CYIIECTBOBAHUIO
3emmn, T.e. (4,6+0,2)10° zem.

HaGnronaempie (a Takke W HeHaOJIOJaeMble) SBJICHUS W IMPOIECCHI B3aUMOCBSI3aHBI CO
BCEMH OO0BEKTaMH M TIpoleccaMu BO BceneHHOW. DTH CBs3W pasneisrorcss (WM MOXKHO
pasnmensar) Ha aBe 4yactu: 1) Cymma JeiicTBUIT KOTOPBIX OOJbIIE MOTPENIHOCTSH HAOIIOICHHIA.
OHu MOTYT OBITH ONpEAEICHBI NMPH MOMOIIM MaTeMaTHYeCKHX MozenupoBanuii. 2) Cymma
JNEHUCTBUI KOTOPBIX MEHBIIE TOYHOCTH HaOmojeHuil. OOBIYHO OHAa HEYJIOBHMMa M CKPHITA,
NPUHUMAET y4acTHE BO BCEX SBJICHUSAX M mporeccax. OHa Ha3bIBaeTCs CyMMOI OECKOHEYHO
MaiblX Bo3MymeHuil. [Ipu pezoHaHce MEXIy ClaraeMbIMH CYMMBI OSCKOHEYHO MalbIX BO3-
MYIIEHUH OHA MOXET CTaT MPUYMHON MHOXKECTBO HAONIOJaeMbIX aHOMAIIBHBIX SIBICHUH Kak
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Xa0CHhI U KaTtacTpod.
BOnu3u 3eMHOTO SKBAaTOpa BO3MOXHBIE CKPBITUE U HEYIOBUMBIE CYMMBbI OECKOHEUHO
MaJIbIX BO3MYIIIEHUH MOTYT HaXOJIUTHCSI BHYTPU 00JIacTeil C pazMepamu

0,46m <1 <27,6)m (0°,001<At<1™).

B ckoOke yka3zaHbl OLIEHKHM BPEMEHHU, COOTBETCTBYIOIIHME YKAa3aHHBIM TpejaesiaMm o0yacTeit
CKPBITBIX CYMM OECKOHEYHO MaJbIX BO3MYyIIeHUH .TakoBbl NEHCTBUS CHJI CyMM OECKOHEUHO
MaJbIX BO3MYIICHHUN HENUHEHHON BHemHed GopMbl QUIypel U HEOJHOPOIHOCTEH
pacnpeneneHus HBOJIIOLIMY MacC BO BHYTPEHHEH CTPYKType 3eMIIH.

Hcnonp3yss 4YHCICEHHBIE 3HAYECHHUs COOTBETCTBYIOIIHWE COBPEMEHHOM JI0XE MapaMmeTpoB
3eMiIM pazIuYHbBIMU METOJaMU JJIi CKOPOCTH HM3MEHEHHs €€ CPEIHEro pajauyca, pasHbIMU
aBTopamu [2; 3], moyryueHst:

R _ —(0,273+0,031) s/ 200. @
dt

OTKy,I[a CJICAYECT, 4TO HA JOJII0O CYMMbI 0OECKOHEYHO MaJIBIX HCﬁCTBHﬁ COOTBCTCTBYIOT I'pa-
HHNYHBIC 3HAYCHHUA OLICHOK BOSMyH.ICHI/Iﬁ CKOPOCTHU UBMCHCHUA CPCAHCTO paJjuyca 3emin.

~0,031< g(A(:j—T) < +0,031 2/ 200, )

JUisi IpOTrHO3UPOBAHUSI HEKOTOPBIX AHOMAIBHBIX SIBJICHUH Takas TOYHOCTbH SBJISIETCS
YIOBJIETBOPUTEIbHOM. VIM COOTBETCTBYIOIEE OLEHKH CXaTusi ceBepHoro (o . ), HOXKHOIO

Cco8.

(oo, ) ucpenHero (o

FOJICH .

epeo.) TIOJIYLIAPUH YPOBEHHOM MOBEPXHOCTH 3€MIIU PABHBI

a,, (0-C)<4-10°,
Oy (0—C) <11-10°°, (3)
Qper (0—C) <6-10°°,
rae 0-—ykaspIBaeT Ha OICHKH IMOJIyYCHHbIC Ha OCHOBaHMH HaOrojeHui, a C — COOTBETCTBYIOT
pe3ynbTaTaM BBIYMCICHUM MO (QopMyliaM pEIIeHUH MOJICIBHOW 331aud TPEeX HEMOABUKHBIX
ueHTpos [4; 5].
3aMeTuM, YTO JIETKO MOKa3aTh
-0186<g,, (0-C)<0,230 eax.,
-0180<g,,. (0O-C)<0,2202ax., 4)
-5<g (0)<52axn,
e g, =9 (90°)—yckopenue cuinl TskecTH Ha ceBepHoM momioce, ¢, = g(90°)—yc-

KOPCHHUC CHUJIbI TSHKCCTU Ha KOKHOM IIOJIFOCE 3€MJ'II/I, g= g(OO) — YCKOPCHUC CUJIbI TSAKECCTU HaA

9KBAaTOpPC 3CMJ'II/I, KOTOPBIC OIIPCACIIAIOTCA N3 HCITIOCPCACTBCHHBIX I/IBMCpCHI/Iﬁ.
I[J'ISI CPaBHHUTCIIbHOI'O aHaJIi3a IMpuBcaACM 3HAYCHUA KOS(I)(l)I/H_[I/IeHTOB npu

sinfo(p=0,1,2,3,4) B pasnoxkenusx GyHKUui r, g u Apyrux mo cremeHsm Sin @ [4]. Ouu
naubl B Tabimie 1.
Taoauna 1.
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3navenust kodpduumentos npu sin” ¢ (p=0, 1 2, 3, 4)B paznoxeHusx GpyHKuui r, g u
Ap. 1o cteneHsM Sing (¢ —reorpaduyeckas OITOTa TOUEK MOBEPXHOCTH (PUTYPHI 3EMIIH.

Bennuunnbl EILI/IHI/IHaV 0 1 2 3 4
G yHKIMN HU3MEpEHUuil
r m 6 378 165 —21.34 —21474.02 +40.57 +88.99
r, 6 378 165 —24 —21475 +41 +88
r, 6 378 165 0 —21494 0 +108
Fa— T 0 —24 +30 +41 —34
r,—r, 0 —24 +19 +41 —-20
r—r, 0 —24 +20 +41 —-19
g 2an. 97803061 | —0.00748 | +5.22747 001246 |~
g,—-0, —0.002 —0.007 +0.017 +0.012 —0.019
g9, -9, —0.001 —0.007 +0.013 +0.012 —-0.013
g-g, +0.001 —0.002 +0.002 +0.012 +0.001

OTkyna cieayeT 4To OJHA M3 CllaraeMbIX OECKOHEYHO MaibIX BO3MYIIEHUI COOTBEET-
CTBYET K CyMME HEYYTCHHBIX YJICHOB B PA3JIOKCHUU MOTEHIMAJA CUIIOBOM (PYHKIIMH 3eMJIH.
3akmouenne. Takum o0pa3oM, B CTaThe MOKA3aHO, YTO MPH OMPEICIICHHN IMapaMeTPOB
3emuin HEOOXOIMMO OKa3aTh 0co00€ BHHMaHHE K CyMMe OECKOHEYHO MallbIX JIeHCTBUH,
YUCJICHHBIC 3HAYEHUSI, KOTOPHIX PAaBHBI WIIM MEHBIIIE OIICHOK MOTperHoCcTei HabmoroaeHnit. OHa
MPH TOSBJICHUM PE30HAHCOB MEXIY CJIaraéMbIMHA MOXET MPUYMHON Pa3IWIHBIX aHOMaIbHBIX
SIBJICHUM.
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HD187982 ULDUZU SPEKTRLORIND H, VO Hg XOTLORININ TODQIiQi
9.S. Baloglanov, 9.M. Xaslilov, 9.R. Hasanova, Y.M. Maharramov
AMEA N.Tusi ad:na Samax: Astrofizika Rasadxanas:

baloglanov-eli@rambler.ru

Isd> HD187982 ifratnahong ulduzunun 2013-2015-ci illarda Samax: Astrofizika Rasadxanasimmin 2
metrlik teleskopunda al:nmzs spektrlari todgiq olunmugsdur. H, vo Hgxatlarinda gsiia surati, ekvivalent en v
dorinliyin zamana g0ra dayismalori Oyranilorkan miayyan edilmigdir ki, bu dayismalorda miayyan
korrelyasiya vardur.

HD187982 (Allab; m, = 5.58; Tt = (9300 + 250)K; Isin i = (15+6) km/s) P Cyg tipli
ifratnohong ulduzdur. Bu ulduz Vul OB4 assosiasiyasina aiddir vo log g = 1.60 %0.15,
M./M =15, R./R =78 - dir [1-3]. .

HD187982 ifratnohong ulduzu todgiqatcilar torafindan nisbaton az dyranilmisdir. Indiyadok
aparilan todgigatlardan malum olmusdur ki, bu ulduzun atmosferinds yaranan H, Xatti Gmumi
udulma formasindadir. H, xottinin daxilinds olmagla profilin girmiz1 ganadinda zosif siialanma
komponenti yaranir va itir [4-6]. Lakin bu hadisonin bas verma sobabi halo do tam izahim
tapmamisdir. Bundan oalave, HD187982 ulduzu atmosferinin Olcust vo orada gedon fiziki vo
kimyavi proseslor tam dyranilmomisdir.

Cadval 1.
HD187982 ulduzu spektrlarinin Hy, vo Hp xatlarinds sla sursti va spektral parametrlar.
Tarix D HDIS87982
2450000+ H, (abs) H, (zm) Hs
Vi [ W] R [ Vi ] W] s Vi [ W [ R
(km's) | A (km's) [ A (km's) [ A

01.092013 653721 39 089 028 79 002 108 33 246 033
06.00.2013 6342.20 23 077 024 w0 003 104 330 226 032

02.102013 636821 -13 128 0351 - - - -13 240 0357
03102013 656023 -17 133 032 - - - -19 242 035
21062014 6830.36 -1 106 033 - - - -6 233 038
04072014 6843 3¢ -3 115 37 - - - 40 233 061
11.07.2014 633029 -G 110 037 - - - 135 241 0460
13.07.2014 6357.38 -3 135 038 - - - -3 237 062
24072014 636330 -12 136 041 - - - -4 241 043
09032014 687929 -13 138 041 - - - -120 280 0461
27052015 717036 24 130 036 - - - 4 23 0.59
30052015 717335 S0 129 056 - - - -4 228 0358
09062015 718347 -17 123 0357 - - - -3 220 0359
19062015 719343 -1 1135 033 - - - -13 242 042
21062015 7193.43 -6 122 036 - - - -4 234 0358
28062015 T202.36 23 129 036 - - - 23 245 080
30062015 720451 27 136 037 - - - 23 231 037
07.072015 7211.34 -6 148 039 - - - -13 213 0460
11082015 7246.29 -190 138 044 - - - -33 198 042
30082015 7265.40 14 139 044 - - - 300 223 041
04.002013 727039 -14 170 043 - - - 30 233 041

Yuxarida geyd etdiyimiz kimi bu ulduzun spektrlorinde misahido olunan H, Xattinin
qirmizt ganadinda zoif sllalanma komponentinin yaranmas: vo itmasi, hamin hallarin
tokrarlanmasi onun atmosferinin éyranilmasine marag: artirmisdar.
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Hesab edirik ki, yeni misahido materiallari geyd olunan ulduzun névbasti todqigatlarinda
baza rolunu oynayacaq vo alinmis noticalor onlarin atmosfer xususiyystlorinin 6yranilmasinds
yardimci olacaqdir.

2013 - 2015-ci illordo AMEA N.Tusi adina Samaxi Astrofizika Rosadxanasinin 2 metrlik
teleskopunun kasseqren fokusunda qurasdirilmis miuasir CCD spektrometri ilo HD187982
ulduzunun spektral misahidslori aparilmis vo 21 glinlik yuksok ayirdetmsli spektrlor alinmisgdir
[7]. Ayirdetma R=15000, spektral diapazon A14700-6700AA, S/N=150+200 otrafinda olmusdur.
Alinmig spektrlor DECH-20 vo DECH-20T paket programlari vasitesilo islonmisdir [8].
Olgmolorin xotas: stia stirati ticiin £2 km/san, ekvivalent en {igiin iso 5-7%-don ¢ox deyil.

Bu isdo 2013-2015-ci illordo alinmis yeni musahide materiallart ossasinda HD187982
ifratnohong ulduzu spektrlorindoe H, vo Hg xotlorindo slia slroti, ekvivalent en vo Xatlorin
darinliklori 6l¢ilmus vo bu parametrlorin zamandan asili doyismalorina baxiimisdir.

Vr (kn/s)
5
5 Hp =t
10 4 AE*I = i
! *
-15 4 o x 1 k
20 4 r——— 1A
/ \
25 A / i !
30 | / \\
- .
s M v
i 2456600 2456800 2457000 2457200
Vr (kmy/s)
5 4 M HCL
[
10 o,
15 =T ——_
o ~—_ AR ANY,
20 , - ; "ﬁLIJ
R Tty
ELE + i
D
-35 T T T T
2456600 2456800 2457000 2457200

Sakil 1. H, vo Hg xoatlorinds siia siiretinin zamana gore doyismasi

Codvel 1-do HD187982 ulduzu spektrlorindo misahide olunan H, vo Hp Xatlorindo
parametrlorin 6lculmis giymatlori verilmisdir. Sokil 1 vo 2-do iss 6lgiilmis homin parametrlorin
zamana goro doyismolari nozordon kegirilmisdir. Bu doyismolorin analazi gostorir ki, todgiq
olunan xatlordo hom siia stroti, ham do spektral parametrlor arasinda muoyyan korrelyasiya
vardir. Lakin misahido materiallarnin sayr holo kifayst etmodiyino goro korrelyasiya omsalini
hesablamaqg mogsadouygun deyildir.

Bundan olave, Codvol 1-don vo [9]-dan gOrindr ki, HD187982 ulduzunun bizim
torafimizdon alinmis spektrlorinds do H,, Xattinin gqirmiz1 ganadinda zoif slialanma xotti yaranmis
vo itmisdir. HD187982 ulduzu spektrlorindo H, Xottinin profillorindoki belo doyiskonliklor
ulduzun atmosferinin yuxar: gatlarinda giicli madds atilmalarinin vo 6rtiyun hoyacanlanmasinin
naticasi ola bilor. Lakin ulduz kilayinin yaranmasi vo doyismasi hom do ifratnohong ulduzlarda
bas veron pulsasiya hadisasi ilo olagodardir. Bunu askar etmok mogsadilo bu ulduzun miintazom
spektral musahidalorinin aparilmasi nazards tutulur.
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Sakil 2. H, vo Hg xoatlorinds ekvivalent en vo xattin dorinliyinin zamana goro doyismasi
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HEKOTOPBIE ACIHEKTbBI ITIPEACKA3AHUSA MOUHBIXCOJHEYHBIX
BCIHBIIIEK 110 PAJIUO — OIITUYECKUM JAHHBIM
HI.II. I'yceiinoB
Hlemaxunckas Acmpogusuueckan Obcepeamopus um. H. Tycu HAH Aszepbatioxcana

shirin.guseyn@gmail.com

B pabome npooonoicenvi na npumepe 6onee 50 u301UpoBaHHBIX COTHEUHBIX BCHBIULEK MOUHOCBIO >
2 6amnos Habmodaswuxca ¢ 1979-82 co. u 1989-90 ce. ma paouomeneckone PT-12 Uncmumyma
Honocgpepvr  Pecnyonuxu Kazaxcman u PT-22 Paouoacmponomuueckoii cmaunyuu Qusuyeckoeo
uncmumyma PAH. Boinu ucciedoganvt MoOyasyuu S-KOMROHEHMbl MUKPOBOIH06020 usnydenus Connya
na wacmomax t =1-2 I'T'y u 1=2-4 I'Ty. Ilokasano, umo npu onpeoeientvix YCio8usx ¢ NPUOIUNCEHUEM K
ecnvliike mypOyIeHmHbIL HpoYyecc NOCMENeHHO Nepexooum K OemepMUHUPOBAHHBIM XAOMUYECKUM
npoyeccam co cpeonum nepuooom T > 25 * 2 mun. Ecau uzeecmuvl omuocumenvHvle Qrykmyayuu
cnoxotinou ammocpepvr Connya, mo, npoeoos paduoCheKmpozpaguueckue uUaMepeHus 8 AKMUGHbIX
obnacmax 6 WUPOKOM Ouanasone, MNOAGIAEMC 603MONCHOCL UCCIE0068aMb  HUSKOUYACTOMHbIE
nyavcayuu ¢ xapakmepHoim epemenem =5-10 mun. Ipu uccredosanuu npedecnvluleHblX COCMOAHULL 8
YEHMPAax aKMuGHOCIMU € PA3GUBAIOWUMUCS SDYINAMU NAMEH, maKdice 6 eblopanHvle OHu no brornemenio
«Conneynble OanHble» GU3VATLHO AHATUSUPOBATUCL COHEUHbIe ONMUYEeCKUe Kapmbl U ObLIU 6bIYUCTEHD
yucna namen 8 Kadcoou epynne 3a 1-3 Owsa 0o ecnvuuku ¢ cunoti > 2 obannos. Ilonyueno, umo
Habniodaemvle RYIbCAYUU 8 PAOUOCNEeKMpax cawmumempogozo paouousiyvenuss Conmya ty > 25
MUHYmMHble USMEHEeHUsl, Y6eluueHue U YMeHbUleHue KOMUYecmeo nNsameH 6 cpynnax, seisemcst
aghghexmusnviM Kpumepuem O1si NPeOCKA3AHUS MOWHBIX COMHEYHbIX écnviutek 3a 1+3 Ona do nauana
BCIBIUIKU.

BBenenne. IIpoGiiemMa CBSI3M TPOSIBJICHUN BCIBIIICYHONW AKTUBHOCTU TPYMIN TATEH B
ONTHYECKOM M MHMKPOBOJHOBOM H3JIyYEHUSX YK€ JUIMTEJIbHbIE BPEMs MPUBJIEKACT BHUMAaHUE
uccaenoBareneii. MHOIOJETHUM  WHTEHCUBHBIM — HMCCIIEJOBAaHUSIM B ATUX JIMala30Hax
NOATBEPKIAeHO, 4To atMocdepa CoNHIA CYIIECTBEHHO HEOAHOPOAHA. DTa HEOJHOPOIHOCTH
MMEeT KaK peryJsipHylo, TaK U HEPETYIApHYI0 cocTaBistonue. VccienoBarenu B 3Tol o0actu
OCHOBHOM BHUMAaHHME YJEJSUIM aHAJU3UPOBAHUIO CTALlMOHAPHON COCTABIIAIONICH, B YACTHOCTH B
pe3yNbTaTe ATUTEIBHBIX UCCIICA0BAHUN HAKOTICH OOJIBIION MaTeprual O CyIeCTBOBAaHNH KBA3U-
nepuoandeckux mynbcanuid (KIII1) B «aKTUBHBIX» M «CHOKOWHBIX» 00jacTsax ConHua. XoTs K
HACTOSAIIEMY BPEMEHH ObUI PsiJi MEXaHU3MOB Il 00BICHEHUS 3TOro siBieHus, npupona KIIIT no
CHX TOpP HE YCTAaHOBJICHA.

OCHOBHOH TPYIHOCTBIO SIBJISETCS TO, YTO B ATUX pabOTax MO aHAIM3Y BPEMEHHBIX PSIIOB
(OTHOILIGHHE CHTHAI K IIyMy) OYeHb HH30K (ammuuTyaa duykryamuu coctasmsier (107 +10) or
ypoBHsi oOmiero paauousnydenus Connma. Kpome storo, maHHbIE AIsSCO3MaHHE BPEMEHHBIX
pA0B OBLIM TOJMY4YeHBI HAa (UKCHPOBAHHON YaCTOTE, TaK HA3BIBAEMBIM PAaTUOMETPUUYECKUM
METO/IOM.

Benpika va ConHile npeAcTaBisieT co00i 0OMMPHON KOMILIEKC SIBICHUN C Yepe3BbIYaiiHO
CJIO)KHBIM Pa3BUTHEM B MPOCTPAHCTBE W BO BPEMEHH. DBONIONUS 3TUX COOBITHI OXBATHIBACT
6omb1I0it 00beM B atmMochepe ConHIla, HAUMHAS ¢ HIDKHEH XpoMocdepbl 1 KoH4Yasi KOpoHoit. M3
BBIIIECKA3aHHOIO CIIEAYET, YTO ISl TOYHOTO PEIICHUs MOCTaBICHHOW 3aJauyd, HECOMHEHHBIN
MHTEpEC MNPEICTABISIET OIpPEAC/ICHUE XapaKTePHBIX MapaMeTpOB HECTAMOHAPHOCTH, T.€. €ro
npeackasaHue. MHOrOJETHUM  MHTEHCHUBHBIM — HCCIEIOBAHMSIM B  ONTHYECKHMX U B
paaroamnana3oHax TIOATBEPHKIEHO, YTO OOpa3oBaHHWE BCHBIIKH BCErjla TECHO CBS3aHO C
MarHuTHBIM ToJieM. J[oka3aHo, 9TO TOBEICHHUE 3eMHOM aTMoc(hephl, )KUBOTHOW M PaCTUTEIIBHON
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KHU3HU Ha 3emuie cBsi3aHbl ¢ akTUBHOCThIO CousHia. [losTomy, M3ydeHne ux 3aKOHOMEpPHOCTEH
uMeeT OOJIBIIOE TEOPETUIECKOE U MPUKJIIATHOE 3HAYCHHE.

B nmanno#i paborte mist 0OpabOTKM HECTAIIMOHAPHOCTH Y BPEMEHHBIX PSIOB MPUMEHSIICS
cnektpansHo-Bpemennorr (CBAH), meTton makcumanbHOU SHTpormu (MMD) u dpakranbHOU
aHamu3. C MOMOUIBI0 TPUMEHEHHs] MOIAU(UIIMPOBAHHOTO METO/Ja OCHOBAHHOTO HAa TEOPHH
JETCPMUHUPOBAHHOTO  Xa0Ca, OICHMBACTCS OHTpONHMA M  (paKTAIbHOE Pa3MEPHOCTh
aHAJIM3UPYEMOTO BPEMEHHOTO psna. IJTOT psia ObUT MOJy4eH B CleACTBUM (IyKTyaruii Ha
MHUKpPOBOJTHOBOTO ~ PaJMOM3IIy4eHUs, (DIyKTyalu paguou3lydeHusi S-KOMIIOHEHTa U
OTHOIICHUSM TOTOKOB S-KOMITOHEHTHI F75/F15, KOTOpBIC SBISFOTCS TOKA3aTENSIMU BCITBIIICYHO M
aktuBHOoCcTH ConHia. Bo Bcex 50-Tu paccMaTprBaeMBbIX BCHBIIICYHBIX COOBITUSIX MBI HE MOTIIU
MPOBECTH TOYHBIE OICHKH [UIS IIeCTH CcoObITHiA. B cTaThe NPHUBOASTCS THCTOTPAMMBI,
OTpaXKAOIIUE 3aBUCHMOCTh YACTOTHI MOSIBICHUS MYJIbCAUHA OT €r0 XapaKTEPHOTO BpPeMEHHU ty
JUI ABYX Toa nuamasoHe. 5-15 mmH m 20-65 MmH. A Takke, TPHUBEACHBI yCpPEIHCHHBIC
OTHOCHUTEINIbHBIE CHEKTPhl S-KOMMOHEHTa paauomn3inydenus ConHma B nuanasone 2-4 I'TT,
OTPAXKAMOIIUX Pa3BUTUE aKTUBHBIX 00JIaCTeH M JAIOIIHUX BCIIBIIIKY C MOIIHOCTBIO > 2 OailioB 3a
1-3 anus no Hayama BCUBIIKHA. M3 TpadukoB BHIHO, YTO HAHWOOIBIINE M3MEHEHHUS B CIICKTPE
npoucxoaar B muamnazone 3.1 + 3.6 I'Tm. Jlpyrumu cioBamu, B aKTHUBHBIN TEpHOJ HAKJIOH
CIIEKTPOB 0 — KosieOusiercst oT 5-Tu 10 10 mpoIeHTOB 1Mo CPaBHEHUIO ¢ CUTHAJIAMH, TIOJTYYCHHBIM
U Ha CTIIOKOWHOM ypOBHE (Ha HEepa3BUBAOIICHCS TPYIIIIE MATCH) B COJIHEUHOM aTMochepe.

Hcnoab30BaHHbIN JIKCNEPUMEHTAJNbHBIH MaTepuaJ M ero odpadorka. B kauectBe
WCXOJHBIX JIAaHHBIX HCIIOJb30BaHbl Matepuaisl HaOmomenud 1979-82 rr. m 1989-90 rr.
Marepuan Obul modydeH Ha pamuoteneckonax PT-22 (PammoactpoHOMUWYecKas CTaHIUS
¢uznueckoro uacruryra PAH) u PT-12 (Uucrtutyra Monocdepsr Pecybnmku Kazaxcran). Ha
OCHOBAaHWHU M3MEPEHHsS MHTEHCHUBHOCTU B JHama3oHe A=3 CM MU (IIyKTyalliu HaKJIOHA CTIEKTpa
MEJIJICHHO MEHSIONIETOCs] S-KOMITIOHEHTa paanon3nydeHus COJHIA B IMUPOKKX Auanazonax f=1-
2ITu wm f=2-4I'Tu mnpoBeJeH CpaBHHUTENBHBIA aHAIH3 HAKIOHA CIEKTpa S-KOMIIOHEHTA
pPaMON3IyYeHHU aKTUBHBIX O0JIACTEH ¢ MX BCHBIIMIEYHOW aKTUBHOCTHIO. PammocmexTtporpadsi,
paboTaroiue mociea0BaTeNbHBIM pexkume B auanazoHax 1-2 [T u 2-4 I'Ta Obutu pa3paboTaHsl
AM. I'yceitnoBbiM, cootBeTcTBeHHO 1975 1 1978 1. Habmoaenus 3a ConHIleM TPOBOIUIIHCH C
8% yacos yrpa 1o 18%uacos Beuepa (1o MecTHOMY BpeMeHH). BpeMst CHATHS OJHOTO CIIEKTpa 10
muanazony f=1-2 I'Tnq u f=2-4 I'T'n cocTaBmiio 2 MUHYTHI B O/IHY CTOpOHY. Jlanee, B criekrpe S-
KOMITOHEHTa paauousnydeHus: COoHIA BRIYUCISIACHPA3HOCTh MEXKIY HHTEHCHBHOCTBIO CUTHAJIA
B Hauase U B koHIe crektpa Ali(t). CoorBerctByromuii Bpemennon psa Ali(t) — cogepxut
nH(}OpMAIHIO 32 TIOCTeI0BaTeNbHBIE 7-8 4acoB BCYTKH, uTO cocTaBisieT ~250-300 3HaueHuit, 4to
SBJIIETCS. BIOJHE JOCTATOYHBIM I aHAIM3a MOIYJSLIUU HM3MEHSIOIIUXCS C XapaKTEePHBIM
BpeMeHeM ty — B uHTEepBaie ot 5 MuH 10 70 MUHYT.

[Ipy wuccnenoBaHMM  TPEIBCHBINICYHBIX COCTOSHUH B IIGHTpaxX AaKTUBHOCTH C
Pa3BHUBAIOIIMMCS TPYIIAaMHU ISTEH, Takke B BbIOpaHHbIe THU 1o bromnetento «CoHeuHBIC
nannaeie» u«Solar — Geophysical Data»Bu3yaibHO aHATM3HPOBAIKCH COJIHCYHBIC ONTUYECCKUE
KapThl ¥ OBUIM BBIYHMCIICHBI YHCIIA MSATEH B KaX10i rpymie 3a 1-3 aHs 10 BCHBIMIKY ¢ CHIION > 2
0aoB.

O wMeToauke W3MEpeHHH M pPe3yJbTaThl NpEeJBAPHUTEIbHON 00pabOTKU MOIYyYEHHBIX
CIEKTPOB OoJice TOAPOOHO ObUTO W3NIOKeHO B pabore [1, 2]. JlanpHeimas o0OpaboTka
MOJYYCHHBIX PAJHOCIIEKTPOB C TOMOIIBIO METOJOB MaKCHMAabHBIA JHTporuu (MMD),
cnekTpaipHO-BpeMeHHOro (CBAH) u ¢pakransHoro anamm3zoB (M®A) ObuM TpHBENCHBI B
paborax [3, 5].
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JKCcNEepUMEHTANIbHBIE pe3yabTaThl W o0cy:xkaenme. Ha puc.l mnpuBeneHsl 1Be
THUCTOTPaMMbl, WJUTIOCTPUPYIONINE 3aBUCHMOCTh YacTOTHI MOSIBICHHS MYJIbCAIlMH OT €
XapaKTepHOTO W3MEPEHUs. Bl BBIJCIICHBI ABa MOAIMANA30HA C XapaKTEPHBIM BpeMeHeM t=5-
15 muH. (puc. 1 a) u t,=25-70 muH. (puc. 1 6). Kak BugHO u3 rpadukos puc. 1 a, Hanbosiee yacTo
BCTPEYAKOTCS MYJIbCAIIMU C XapaKTepHBIM BpeMeHemly, Omuskom k 5 muH. WccnemoBarenun B
OCHOBHOM CYHTAIOT, YTO TaKasi MOIYJISIHS ONpeAeseTcs TIo0anbHpIMu ocumuisiusaMu CotHIa
Kak ra3oBoro mapa. OTHUM U3 BO3MOXKHBIX MEXaHU3MOB BO30YKIICHHS ITyJbCAIIMN C TIEPHOAaMHU
okoio 10 MuUH. sBISeTCS MNApaMETPUUYCCKH PE30HAHC, BO3HHUKAIOIIMX B KOPOHAIBHBIX
MarHUTHBIX METJSAX MOIXOISIICH JIUHBL. B pe3ynbrare B3auMOACUCTBUS ¢ HUMHU BO30YXKICHHUSI

0]
CyOrapMOHHMKH C 4aCTOTaMH 5 (10 mun). Ha puc. 1 6 npuBeneHa myabcaluu ¢ XapaKTePHBIM

BpemeH 4,=25-70 muH. U3 rpadukoB BHIHO, YTO HAWOOJBIIYI0 YAaCTOTY MOSBICHUS HMEET
OCHMJUIALIUS C XapaKTepHbIM BpeMeHneM =30 MuH.

(a)

Yacrota noABAEHUA TUHUIA

o T T T T T T T T T T
1 3 5 7 9 11 13 15

Mepuopg nynscaymn, (mmuu)

Puc.1 (a) — YacToTa MOSIBICHUS MYIbCALMN CXapakTepHOM BpeMerH (t = 5-15 MuH.) B paauonsinydeHun
Comnnna Ha gacrorax 1.25 T + (1.6 — 1.9) I'Tu u (3.6 — 3.9) I'T'u. HauGonbmreit gacroroii
MosIBJIEHUs 00anaet 4-5 MUH. MyJbCalui.

0.7
(6)

0.5

0.3

YacroTa nossneHUs MHUIA

0.1

T T T T T T T T T T T
25 30 35 40 a5 50 55 60 65 70 75

Mepvog nynscauus, (Muu)

Puc. 1 (6) — Yacrora MOSIBJICHUS ITyITbCALINK CXapakTepHOM BpemerH (ty = 25-70 MUH) B pagHon3TydeHuUs
Connua Ha yactorax 1.25 I'T + (1.6 — 1.9) I'Tu u (3.6 — 3.9) I'T'. Hau6onsuieit gacroroit
nosiBieHust oonanaer 25-30 MuH. mynbcanuii.

JUis uHTEepnpeTauuy MOJIYYEHHBIX pPE3YlbTaTOB, PACCMOTPUM OJHMH U3 BO3MOKHBIX
MEXaHM3MOB BO3HHKHOBEHHUs IMyJIbCAllMH C XapakTepHbIM BpeMeHeM ty > 25 mMmH B oOnactu

MSITEH, KOTOPBIE TOJYYWIM OOJIBIIYIO MOIMYJISIPHOCTD CPEAH CIIEIHATUCTOB 3a MocienHue 8 yer.
Mexanusm, npeanoxxeHHbiii A.A. ConoBseBoM 1 E.A. Kpuuekom, Ha3pIBaeTCS MOJCIBIO MEKUX
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COJHEYHBIX IsATeH [6]. B 3Toi Monenn MMeeTcss HECKOJIBKO THUIOB COOCTBEHHBIX KOJICOAHUM.
[epBblii THIT OCUMIUISAIMI TpeACTaBIsIeT cOO0M BO3BpATHBIE BpaIIaTeIbHBIC JBU)KCHUS ISITCH, B
LEJIOM WIH OTIENbHBIX AETajel uX CTPYKTYpbl. BTOpoil TuI mysnbcanuii CBS3aH ¢ U3MEHEHUEM
IUIOMIA/IN TSITEH WIM PAaJUAIBbHOTO PACCTOSHUS MEXIy ero ¢parmeHtamu. C 3TUM K€ THIIOM
MyJIbCAIlUi C XapaKTEPHBIM BPEMEHEM CBS3aHbl U3MEHEHHUS! HAINPSHKEHHOCTH MAarHUTHOTO TOJIS
MSTEH U BapUallid MHTEHCUBHOCTH CAaHTUMETPOBOTO pajuou3iaydeHus. [IepBblil 1 BTOPOW THIIBI
MyJIbCALUI OTHOCSTCS K ITYJIbCAIMSM C XapaKTepHBIM BpeMeHeMty > 25-70 muH.

[Tomumo 3TOrO, MOKHO HAOJIOAATH TPYIIY MATEH C PA3BUBAIOLICHCS aKTUBHOCTHIO. Hamun
WCCJIEIOBAHMS TTOKA3aJIH, YTO CIEKTP MOIIHOCTH, MOJYYEHHBIA NMPU OTHOCHUTEIHHO CIIOKOWHOM
COCTOSIHUM TISITEH, TOKa3bIBA€T MHOTOYHCIICHHBIE HEYCTOWYMBBHIC NHKH, COOTBETCTBYIOIIUX
pa3HBIM MyJIbCAIMAM C XapaKTePHBIM BpeMeHaM B uHTepBasie oT 5 10 70 muH. B ciydae, xorna
TPYIIBI MATCH Pa3BUBAIOTCS (YBENUYHMBAIOTCS IUIONIATU OTICIBHBIX TSATEH W YHCIO IISITCH)
HAOMIOTaeTCA CIEKTP MOIIHOCTH, B KOTOPOM HCYE3AI0T MHOTHE TMEpPHOAbl MyIbCallii B
uHTEpBaje OT 5 10 15 MUHYT U MpUITOM ocTaercsi OoJiee UIMHHBIEC MyIbCAIIMH C XapaKTEPHBIM
BpeMeHeM Uy > 25 MuHyT. MBI nipenoiaraeM, 4To NpUIUHA HCUYE3HOBAHUS OTPEICICHHON YacTH
KOPOTKHUX TIOPSIIKOB ITYJIbCAIIUN SIBISIETCS HOBBIC OCIIJUISIIIMK, KOTOPBIE BO3HUKAIOT B
AKTUBU3HPYIOIIUXCA OONACTSIX MATEH W CHOCOOCTBYIOT 3aTyXaHHIO NPEXKHHUX (DIyKTyaruii.
BcenenctBue Takoro 3aTyxXaHHs B CIEKTPax MOIIHOCTH HAONIONAIOTCS MUKH, COOTBETCTBYIOLINE
OCHWJUISIHSAM C XapaKTepPHBIM BpeMeHeM ty > 25 muH [7 -9].

Ha puc. 2. npuBeeHbI yCpeIHECHHBIE OTHOCUTEIBHBIC CIICKTPHI (CIICKTPBI YCPETHSITUCH 32
JIeHb) S-KOMMOHEHTHI paguounsiaydeHus ConHna B auanaszone 2-4 I'T'm, mosydennsie ¢ 12/VI-
1989 r. mo 16/VI-1989 r. 15/VI-1989 r. mpomsomuiu miaureiabHble Bemblmku (1.5 dac) ¢
MOIHOCTBIO >2 N OawioB. Kak BHOHO W3 puc. 2, HaWOONbIINEe H3MEHEHUS B CIEKTpe (B
3aBHCHMOCTH OT MOBBIIICHHS COJTHEYHON aKTUBHOCTH) MPOUCXOAAT B auanazone f=3.4+4.8 I'T1.

3akmoyenne. Ha OCHOBaHWUW MPOBEACHHBIX HCCICAOBaHHWN (B pajii0 M ONTHYECKUX
JIMaIa30Hax) v MOJy4eHHBIX KOJMYECTBEHHBIX OIIEHOK, OBUIN CJICJIaHBI CIISTYFOIIUE BEIBOIBI:

1. Tlo oOmmpHBIM HAOMIONATEIBHBIM MaTepHaiaM MOJITBEPKICHO, YTO YACTOTHBIN CIIEKTP
S-komnioHeHTHI pamuounsiaydenuss Connna B juanazoHax f = 1-2 T u f = 2-4 T umeercs
«Tonkas cTpykTypa» ¢ pazmepamu, cooTBeTcTBeHHO, 7/0-120 MI't u 100-200 MI 1.

2. TloctpoeHHBIE BpeMEHHBIC PsIbI 10 OTHOMICHHSM MOTOKOBS-KOMIOHEHTHI F75/Fi5 — B
OCHOBHOM COJICPKAIOT MYJIbCAIIMKM C XapaKTEPHbIM BpeMeHeM Oonbine uemty > 25 muH. 3a 1-3
JTHST IO BCTIBITIIKH C YPOBHEM > 2 Oajuia.

3. U3 50 momrHbIX coHeuHBIX Benbimek B 44 (~ 90%) ciydasx Ha noBepxHOCTH ColrHIIA
YHCIIO TSITEH B rpymmax ymenblnaercs (~ 20 + 50%) 3a 1-3 qHs 10 BCIBIMIKY C CHIION

> 2 n 6aina.

4. Ha Bembmuku ¢ cwioit > 2 fu 2 b 3a 1-2 quHs B rpymmax KOJMYECTBO MATEH MPUMEPHO
ctabmibHO win yBenmarBaercs (30- 50%).

5. TlomydeHo, 9TO IMOCJIE MOIIHBIX COJHEYHBIX BCIIBIIICK ¢ CHIION > 2 0aJUTOB KOJMYECTBO
MSITEH B rpynnax yBenuuusaercs ~ 1.5 — 2 paza.

Pestomupysi cka3aHHOE, MOYKHO TPHHTH K BBIBOJY, YTO HAOJIOJaeMbIe IyJIbCAIlMH B
PaIMOCIIEKTPaX CAaHTHMETPOBOro pamuomznydeHus ConHmaty > 25 MUHYTHBIE W3MCHEHHS,
YBEIUYCHUE W YMCHBIIICHNE KOJIMYECTBO ISITCH B TPYIIAX, SBISICTCS d()PEKTUBHBIM KpUTEpHUEM
JUTSL TIpEJICKa3aHMsl COJHEYHBIX BCIBIIICK ¢ MOIIHOCTHIO > 2 OamwioB 3a 1-3 mHS 1m0 Havama

BCIIBIIIIKH.
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¢12.VI1.1989 r. no 15.V1.1989 r.

JIUTEPATYPA

I'yceitnoB A.M. [Tuccept. Ha couckaH. Kauj. TexH. HayK. Mockaa (1987) 150.
I'yceitnoB A.M., I'yceitnos IILII. u ap. Actpon. uupk. AH CCCP, Ne1242 (1982), 3-5.
Ab66acoB A.P., I'yceitnos L1I., ComcukoB B.M. Pagnounsnyuenne Connma. Uza. JII'Y,
rop. Jlennnurpas, Boin. 5, (1984), 164-170.

I'yceitnos LIIII. Iuccept. Ha couckaH. kau.. ¢pu3. Mat. HayK, Amradar (1993), 155.
I'yceitnoB A.M., I'yceitnos I1LII. N3B. HAH Asep6. XXII, Ne5 (2002), 127-131.
ConoBeeB A.A., Kupuuex E.A. Conneunas u conneuno-3emHast ¢usuka — Tp. Xl —
[TynkoBckoit Mex. koH}. o ¢usuke Connia, C.IlerepOypr, [Tynkoso (2008), 349.
I'yceitnoB HIII., Taxpamanos W.I'. 95 ner BI'Y, CoBpemeHH. mpoOn. ¢Gu3ukH.
Martepuainst VI — Pecy6i. kondepen., 24-25 nexadp 2014 r. 367-371.

bromrerens «Conmreunsie nannabie», 1979-82 rr. u 1989-90 rr.

Solar — Geophysical Data, 1979-82, 1989-90.

379



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

OOTOMETPUUYECKAS AKTUBHOCTD DR TAU NOCJIEAHUX 30 JIET
H.3. Ucmannos, A.H. Anbire3ansaae
Hlamaxunckas Acmpogusuueckas Obcepsamopus AHAH

adigozalzade@rambler.ru

UBVRI BenuuuHsbl 3B€3/161 HAMH OBLITH COOpaHBI MO JTUTEPATYPHBIM JIaHHBIM, HAKOTUIEHHBIM
B apxuBax. 37ech Obuto mosrydeHo okono 1200 V-3nauenuit Giecka 3Be3/bI OXBATBHIBAIOLIUI
HaOmogarensHbIi iepuoa 1978-2003 rr. Habmonenus B mosocax V, | 3a mepuoa 2002-2009 rr.
Obuto B39TO 1O JaHHBIM Kataimora ASAS (www.astrouw.edu.pl/asas). [lpu cocraBnenun
KaTaJoroB B HEKOTOPHIC ATkl ObLIA TOMYyIIEHA MEXaHUYECKasi OIIMOKA — MepenyTaHbl MeCTaMHu
useroBble mokazatenmu U-B u B-V, mostomy HamMu OBUIO BBINOJIHEHO COOTBETCTBYIOIIEE
ucrnpanicHue JaHHBIX. CpaBHEHUS MMOKA3aJIH, YTO XOTS CPEIHSS OIIMOKAa U3MEPEHUH 0 JTaHHBIM
ASAS xyxe (V £0.05™), uem mo gammemM (V +£0.01™), cucTemaTnuecknx pasziudmii 10 3THM
KaTajoraMm He 0OHapY)KUBACTCS.

Kak BumHo u3 puc.l, cpeanuii ypoBeHb Ojiecka 3Be3nbl mocie Bemblmku 1978-1983 rr.
MPaKTHYECKU HE U3MEHSJICS, B TO BpEMs KaK, CE30HHbIC HaOIr0AeHUs (3a OJHMH roj1) MOKa3bIBaIN
3HAYMTENILHOE M3MeHeHHe Oyecka, uHoraa goxopsmme no 1.8™ (mampumep, B 1995 r.). Taxxe
BHUJIHO, YTO B K&XJBIH OTICIBHO B3SATHIM CE30H HAOIIOJCHWN WHTEpBAJ HM3MCEHEHUH Oyiecka
pasnuuaerca. Hanpumep, B untepBane JD 2447500-2450000 ammumTtyna m3MeHeHHH Onecka
BHYTpH ce30Ha n1oxoauT a0 2" , mpu JD2451000-2453000 3nauntensHo MeHbe — okosto 1™, a B
OCTaJIbHOE BPeMs CHOBA YBEJIUYCHA.
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2443000 2445000 2447000 2449000 2451000 2453000 2455000 JD
00.08.1978  30.01.1982 23.07.1987 12.01.1993  05.07.1998  26.12.2003  17.06.2009

Puc.l. Croanas V-kpuBas Onecka DR Tau 3a 1978-2010 rr. TemHusie
kpyxku (1), - nannsie u3, ceetnbie (2) — u3 karamora ASAS.

Hamu ObUT IpIMEHEH MOJIENTh XOJIOJHOTO IATHA JUIsl OOBSCHEHUS U3MEHEeHHH Ojecka V u
1BETOBBIX Moka3ateneit U-B u B-V. bbur ucnons30BaH mpocToi reoMeTpHIECKH MOJIETh TIATHA,
OTHOCHTEJIbHAS IUIOMIAh KOTOpOor m3MeHsercs B mpeaenax 0-1, T.e. ¢ guctoit dotochepsl, 10
MTOJTHOCTBIO TMIOKPBITON MATHAMH M3Ty4aroniel TOBEPXHOCTH JIUCKA.

MO0HO HCITOJTB30BaTh CIICIYIONIYI0 (hopmyiy:

Am = -2.5Ig[1+G(Bs/B* -1)]

380



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

3nech 4m — BenMuMHA U3MEHEHHs OJiecka B JaHHOM moioce, BS u B*, miankoBckoe u3imydeHue
IpU TeMIiepaTypsl mATHA 1S u 3Be31bl 1%, G-OoTHOCHTENbHAs IUIOIIAJh ISATHA, ONpeaessemMas
OTHOILIEHHEM IIIOIIAAN IIATHA K IUIOMIAAN BUIUMOTO qUcKa 3Be3abl G=Ss/S* .

Temneparypa 3Be3abl mpu cnektpe KOSV Bzsra 4400 K, a temmeparypa msiTHa
BapeupoBanack ¢ marom 100 K ot 2500 no 4000 K. s mokasaresneii 1BeTa 3B€3/bl HAMITYYILEE
cornmacue monydeHo mpu Ttemmeparype matHa 3400 K u mpum u3MEHEHUM OTHOCUTEIIBHOU
wromanu ot 0 1o

Hampumep, Ha puc. 4 npuBeIeHa 3aBUCUMOCTh V-3HaueHHI OJiecka OT Iokasares 1eta B-
V s nByx Hanbosee 01m3kux 3HadeHuid temmneparypsl stHa 3200 K u 3400 K. Kak BuaHO, ipu
IOJHOM WHTepBale u3MeHeHuii Onecka V~10.5"-13.5™ s onmcanus HaOmMOIAEMBIX
BCCBO3MOXKHBIX 3HAYCHUH TMoKazaTeseld 1BeTta B-V HeoO0XoauMO MEHSTh OTHOCHTEIBHYIO
miomaas B uaTepBase 0-1. Ha camom nene, Tak Kak B OTJCIbHBIC IUKJIBI aKTHBHOCTH H3MEHEHUE
Omecka AV 3HaUUTENBHO MEHbINE, U BapbupyeT B npenenax ot 0.5 1o 1, yto mpu temmeparypsl
msatHa 3400 K TpeOyeT n3mMeHeHre 0 THOCUTENbHOM TuTomtaau msatHa 1o 0.5.

0.2

0.2 4 DR Tau DR Tau
04| DR Tau (T*=4400, G=0:1, Ts=3200)
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Puc.4. 3aBucuMoCTh 1IBETOBBIX MOKazateneit B-V ot V-3nauenuii 6necka. Pa3Hble TMHUM COOTBETCTBYIOT
MO/JICTIH XOJIOAHOTO IISITHA C Pa3HBIMH TEMIIEPATypaMHu, IPUBECHHBIMU Ha PUCYHKAX.
Hawnnyumiee onucanne HabmroeHuil moaydeHo mpu temmneparype nstaa 3400 K (cripasa)

Kak wu3BecCTHO, OJHMM M3 MEXaHM3MOB AaKTHBHOCTH 3Be3n Tuma T Tenbma sBisiercs
HECTaIlMOHApHAs aKKPeIHs U3 OKOJI03BE3IHOrO Jucka. Kak mokaspiBamy pa3Hble aBTOPHI, OJECK
3Be3bl IOKA3bIBACT 3HAYMTEJIBHBIE W3MEHEHHWs B TEUCHHH OTAENbHBbIE ce30Hbl. Hambomee
KOPOTKHM TIEPUOJIOM H3MEHEHHI OJiecKa MoJydeHO OKoJio S5 aHeil. B paborte AneHkapb u Jp.
OBLJIO TMOKAa3aHO, YTO MPO(HMIN CHEKTPaIbHBIX JIMHUI MEHSIOTCS, HO HE BCEr/a OJIMHAKOBBIM
NEPHOIOM. AHAIOTUYHBIA pe3yNbTaT ObUT MOJy4eH B padoTe APTEMEHKO W Jp. MO aHAIU3Y
JaHHBIX MO (OTOMETPHUU. DTO IOKA3bIBAET, YTO JIOKAIbHOE O0pa3oBaHHWE C OMpEACIICHHBIMHU
(bu3MYECKUMHU YCIIOBHSMH SIBIIIETCSI HEYCTOMUYMBBIM. Takoe JIOKaJbHOE OOpa30BaHHE MOXKET
OBITh, HATIPHUMEP, XOJIOTHOE MSITHO HA TIOBEPXHOCTHU 3BE3/IbI.

B nmanHO# paGoTe HamMM MOKa3aHO, YTO B MPOCTOM T€OMETPUYECKONW MOJENH XOJIOJHOTO
MsITHA MOXHO OOBSICHUTH BECh MHTEPBAJ U3MEHEHHUs V-3HaueHUH Jiecka U mokaszaTesnei npeTa B-
V, U-B. IIpu sTOM, 4T0OBI M3MeHHTH Oyeck 3Be3usl B mHTepBane V ~ 10.5™-13.5" myxHO
W3MEHUTH TJomanp naraa B uatepBane 0-1 mpu mocrossHHOUM Temmepatypsl nataa Ha 1000 K
HIKE YeM TeMIIEpaTypa 3BE3/Ibl.
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3Has paccrosHue 10 3Be31bl 140 1nc, HopManbHBIN OKa3aTeNlb BETa AJIs 3Be3/1bl | 1aBHOM
[MocnenoBarensHoct (B-V)o =1.15" u xosduumenta skcrunkmmn R=3.1, 10d BeaMuMHEI
MEK3BE3HOTO MoKpacHenus nomyunm Av=0.93"+0.3",

DTO 3HaueHWE XOpPOIIO corylacyercs ¢ JaHHbIMM. Torma Juig  abCONMIOTHOH W
00J10METpHUIECKOI 3BE3AHBIX BEIMUUH MTOTYUHM

Mv =m +5 - 5lgr —Av=5".04
BC=-0.66, Mg, =Mv +BC =4.43"

3uas 11 CosHua GOJIOMETPHYECKYIO abCOTIOTHYIO 3BE3IHYI0 BeIMUMHY Mgy = 4.74™ 1

CBETHUMOCTH L@=3.83~1026 BT, MOXHO OLIEHUTHh CBETUMOCTD 3BE3/IbI 10 BHIPAKECHHUIO
L=L. 10 0.4(M6oare-601)
—Lko

rae monydeno L =5-10% Br Termeps HCIOIB3Ys 3aKOH
L=4zR%sT* u  06=5.67-10°BT-M>K™,

Ut pajmyca 38e3asl monyanM R = 1.4-10° m = 1.9 R, . 3aMeTiM, 4T0 paguyc 3Be3/Ibl paHee ObLT
ompeneneH B pabore kak R =1.46 Ry, a.B. o1 1.2 Ry 10 2.7 Ry, COOTBETCTBEHHO.

Takum 00pa3oM, B HacTosIIIEH paboTe MOTYUYCHBI CIEAYIONINE Pe3yabTaThl:

1. Pesynbrarel ¢oroenexkTpuueckoii ¢orometpun mnocineaHux 30 JeT MOKa3aad, dTO
CPEIIHETO/IOBOM YpOBEHBb OJieCKa 3BE3/bl TMPAKTHYECKH OCTACTCS IMOCTOSHHBIM. [lpu sTOoMm
Ha0JII01aI0TCS 3HAYUTENIHBIE CE30HHBIE U3MEHEHUS, ¢ aMInTy a0 AV =1M-15",

2. Ce30HHBIE W3MEHEHHUs 0JecKa MOKa3bIBAIOT WM3MEHEHWE aMIUIMTYIbl C KBa3HIUKIOM
okoJo 15 ner.

3. Habmomaemyro mnepemMeHHOCTh Oiecka M TOKa3aTeliell IBeTa 3BE3Abl B IEPBOM
NpUOIIKEHUU MOKHO ONUCAaTh B PaMKaxX XOJOJHOTO MATHA ¢ Temreparypoit, ke Ha 1000 K,
yeM 3¢ (heKTHBHAS TeMIepaTypa 3BE3/Ibl.

ONPEJAEJEHUE BAJIBMEPOBCKOI'O CKAYKA Y HOPMAJIBHBIX 1
MAT'HUTHBIX 3BE3/] C YYETOM 3®®EKTA INEKYJIAPHOCTHU

C.I'. Aunes, B.M. XanuioB
Hlemaxunckas Acmpoguzuueckas Obcepeamopus HAHA um. H.Tycu

sabirshao@rambler.ru

B pa6bome onpedenenvi 6anomeposckue ckauxu (D) u memnepamypor macnumuuix 36e30 ¢ yuemom
agpexma nexynaprnocmu. Buiaeneno, umo eenuuuna D macnumnvix 36e30 cywecmeenno meuvue uem y
HOPMANbHBIX 36€30 COOMBEMCMEYI0Ue20 CHEKMPAIbHOO KAACCA.

Hanuume cuUIbHOrO MAarHUTHOTO TIOJSI, PE3KO BBIPAKCHHBIE XUMHYECKHE AaHOMAIIUU-
3pdeKkT NeKyIIpHOCTH B aTMocdepax MAarHUTHBIX 3BE3]l, HEMOCPEJACTBEHHO BIHAIOT Ha
busnyeckue nmpouecckl GOPMUPOBAHUS CIEKTPATBHBIX JTUHHA, 0COOCHHO, Ha JTMHUU MEKYISIPHBIX
(Mn, Si, Sr, Cr, Eu u ap.) anemenTos [1].

Leabr pabdoTrbl -BbIsiBICHUE BiAMAHUA d(pdexra mnexynsIpHocTH Ha HaOIIOAaeMble
0ambpMepOBCKUE CKAUYKH U 3P (HEKTUBHYIO TEMIIEPATypy MArHUTHBIX 3BE3I.

C oT1oil 1enpl0 HaMHU OBLTH BBIOpPAHBI MPEJACTABUTENN PA3JIMYHBIX TUIIOB MEKYISIPHOCTH
MCP-3Be3/1 pacrosioxKEeHHBIX B CIIeKTpalibHOM jauarazone BO-FO (tab.).
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Jlns  pemieHusT TOCTABJICHHOW 3ajadyd B TMEPBYIO OdYepeab, HEOOXOIMMO BBISIBUTH
HEeKYyJSIpHbIE 00JacTh (MATHUCTBIE CTPYKTYPBI) C TOMOIIBI0 KOMILICKCHBIX-CTIEKTPAIbHBIX,
MarHUTHBIX U (POTOMETPHYCCKUX HAOIIIOICHUI HCCIIeYeMbIX 3Be3]] (CM. HIDKE).

CnexrpajnbHble HalawoaeHus1 nonydeHsl Ha 2-M Tesneckone IITAO um. H. Tycu HAH
Azepbaiimkana, Kotopble Obutn Hadatel ¢ 1969 r. K HacTosmeMy BpeMeHU Moy4eHo OOoJbIoe
KOJIMYECTBO BBICOKOKAYECTBEHHBIX CIEKTPOB (4A/MM) B IBYX BapuaHTax: 1) ¢ororpaduyeckue
(A3700-4800A) u 2) CCD cnextps (AM4600- 6600A) nonyuenst B hoxyce Kyne u kaccerpena
Ha 1IeIUIe-crieKTpoMeTpe B couetannu ¢ [13C- kamepoid.

CornacHo wnenel NaHHOW pabOThI, HAMH TepepabOoTaHbl T€ CIEKTPOTPAMMBI, KOTOPHIE
COOTBETCTBOBaNIM Hauboubineil nekyisipHod (P) u otHocurensHo HOpManbHOM (N) oOnmactu Ha
MOBEPXHOCTH KAXKI0M MAarHUTHOM 3Be3/Ibl, Kak B padote [2].

BanbmepoBckue ckauku (D) omnpenereHsl ¢ MOMOIIBIO TOKa3aTesei konop-unaekcos (B-
V) u (U-B) B cucteme JIrxoHcoHa. Benmnunapl D ObUTM BBIYHCICHBI TI0 CICAYIOMICH H3BECTHOU
dopmyine D=0.52+0.55 Q, rne temmeparypusiii mapamerp Q=(U-B)- 0.72 (B-V). IlonyueHHbIe
pe3yIbTaThl MPHBEACHBI B IOCICAHEM cTOJI0IE Tadr. 1.

s cpaBHenus B ctonbue 8 B Tabn.1 npuBenens! Benuunnsl D momyuennsie B CAO PAH
[3]. CpaBHEHHE 3THX BENMYUH TOKA3bIBAET, YTO OAIBMEPOBCKUE CKadyku moiydeHHsie B [IIAO
npumepHo Ha 30% Oomnbire yem BenmuuHbl D nomydennsie B CAQO. [To-BuauMoMy, 3TO CBA3aHO €
TeM, 4To mpu onpeesenuu D He yurensl 3 eKTs! mekyasipHOCTH.

banbmepoBCcKkue CKayKW Ui HOPMAaJbHBIX 3BE3] OBLIN TMOIYYECHBI TEM K€ CIIOCOOOM, Kak
310 ObITO caenano st MCP-3Be3n. Crnemyromum 3TanoM paboThl ObLIO BBISIBICHUE PA3THUYUS
3aBucuMOCTH D oT a¢dexTuBHON TemmepaTypsl Te sl HOpMalbHBIX M MarHUTHBIX 3Be3q. K
HACTOAIIEMY BPEMEHH OMYyOJIMKOBAHO MHOTO PAa0OT CBHUJETEILCTBYIOIIUX 00 aHOMAIbHOCTH
0aIbMEPOBCKHUX CKAYKOB y MAarHUTHBIX 3Be3/. K cokalneHuro, mpu ompenesieHud TeMIIEpaTyphl
BO BCEX NpeAbIAyIINX paboTax He yuTeHbI 3((HEKThl NeKyIIPHOCTH U 00 aHOMaNusIX BenudarH D
MOXHO TOBOPHTH B 3HAYUTENBHOW Mepe KadecTBeHHO. Mcxoms u3 3toro, 3ddexTuBHBIC
TEeMIIepaTypsl OBUIM OIpelnesieHbl B HauOoyiee TMEKYISIpHOM W HOPMajbHOM o0nmacTu Ha
MOBEPXHOCTH MAarHHUTHBIX 3Be3] [2]. B artoii paGoTe OBUIM MOJYYEHO, YTO BEIMYUHBI Te B
nexyysipHor ( msTHHcTOM ) obOmactm Ha 600-1500 K Gosbllie yeM B HOpMAabHOH 00JacTH
atmochepst MCP-3Be3a. IIpu onpenenennu 3¢ hexKTUBHON TeMIepaTyphl ObLIN HCIIOIb30BAHbI, B
OCHOBHOM Tmpodminn Boaopoanbix juHuid, Cl m Q mapamerpsl. [lo moiydeHHBIM JaHHBIM
MOCTpOeHa 3aBUCHUMOCTh BenuunH D ot Te u npexncraBnena Ha puc.l. Ha atom pucyHke BUIHO,
yto B wuHTepBane Ttemmeparypsl 9 000-10000K Bemmumna D  pgocturaer MakcuManbHOTO
3HaueHus. B nuamazone Te >10000 K nabmromaercs ymensinenue D, taxke u npu Te< 9000K.
VYwmensmenne D ¢ pocTtomM Temmeparypbl, MO BHAMMOMY, CBS3aHO C YMEHBIICHHUEM
Kod(hpuIeHTa HeMPEePHIBHOTO TMOTIONICHUS aTOMOB BOJIOPOJa COTJIaCHO 3aBUCHMOCTH KA ~\3,
Torma kak ymeHblieHHe BedmauHbI D 1ius HOpManbHbIXx mo3gHHX A-3Be3n (Te-8000K)
00yCIIOBJIEHO, B OCHOBHOM, C MPOSIBIIEHUEM HEMPEPHIBHOTO MOTJIOMIEHUS OTPULIATEIILHOTO HOHA
BOZOPO/a W TIOTJIOIIEHWEM B MHOTOYMCIICHHBIX JIMHHUSAX METANIOB, KOTOPHIE MMEIOT HU3KHE
MOTEHIIUAIBI BO30YKICHHS U MOHU3ALIH.

Omnpenenennl oTHOImeHus BenmanH (AD=D wmar./D HOp.), AJI1 MAarHUTHBIX H HOPMAJIBHBIX
3BE3/1 [NIABHOMW IMOCJIE0BATEILHOCTH TOH K& TeMIlepaTyphl (B KauecTBe MEphl aHOMAIILHOCTH). B
pe3ynbpTaTe ObUTH MOdydeHo, yTo 3HaueHue AD, nns Bcex uccrmemyembix MCP-3Be3n mMeHble
emuauiel (AD<1,0). Munaue roBopsi, 6aabMEpPOBCKHE CKAUYKH y MArHUTHBIX 3BE€3J CYIIECTBEHHO
YMEHBIIIEHBI TI0 CPABHEHHIO C HOPMAaJIbHBIMH 3BE3/1aMU. BBIABIEHO UTO, HANOOBIINE aHOMAINU
OOHAPYKUBAIOTCS [Tl KpEMHEBBIX (Si) MAarHUTHBIX 3BE3/aX.
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[Monpo6ubIe nHMOpMaru 00 3ToM 3 dekre OyayT MPENCTABICHI B CASIYIOMNUX padoTax.
B 3akmouenue aBropsel OmaromapsaT J.A.AXyHIOBY 3a MOMOIIb NMPU OPOPMIICHUU CTaTbU K

IneyaTu.
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HD u mv SP. (B-V) (U-B) Tun neky.r. Te D (CAO) Q D
Ha3B. (IIIAO)
358 2.06 B 9.6 -0.11 -0.46 Hg, Mn 11100 0.23 -0.36 0.32
107 83 6.56 A2 -0.055 -0.160 | Sr,Cr,Si, Eu 10000 0.39 -0.12 0.45
11503 483 B9 -0.03 -0.12 Si, Sr, Cr, Eu 9600 0.46 -0.10 0.46
15089 459 A 3.8 +0.072 +0.18 Sr, Cr, Eu 8600 0.46 +0.13 0.59
18296 511 B 8.8 -0.025 -0.24 Si, Sr, Cr, Eu 10570 0.39 -0.22 0.40
19832 5:65 B7.3 -0.09 -0.39 Si 24200 12510 0.28 -0.33 0.34
25823 5.27 B 6.8 -0.16 -0.49 Si, Sr 24200 12900 0.26 -0.37 0.32
34452 5.39 B4 -0.17 -0.55 Si 24200 15650 0.20 -0.43 0.28
40312 2.64 B9.1 -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 Al -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 549 A2 +0.055 +0.10 Sr, Eu +0.06 0.55
112185 1.68 Al -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 493 A2 +0.030 +0.010 | Sr,Cr 9450 0.45 -0.01 0.46
124224 490 A0 -0.13 -041 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 548 B9 -0.070 -0.30 Si, Cr +0.25 0.66
148112 45 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 712 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 051 +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 AQ -0.045 -0.047 -0.02 051
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
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MMPOXOKJIEHUE 3APSI)KEHHON YACTHUIILI YEPE3
HEOJAHOPOJHYIO AAEPHYIO CPEAY
C.K. AdayaBaradosa, P.A. Axmenos, H.11I. bapxauaosa, T.O. baiipamoBa
bakunckuii 'ocyoapcmeennvlii Yuueepcumem

sajida.gafar@gmail.com

B oannoii pabome uzyueno npoxoosicoenue neckux UOHO8 uepe3 HEOOHOPOOHYIO SIOePHYIO cpedy,
obycnosnennyio gaykmyayuel nIOmMHOCMU. [ ONUCAHUsi MHO2OKPAMHO20 PACCESIHUSL 8 KHEOOHOPOOHOU
cpede npumenend ONMUYECKAss MOOelb, 8 PAMKAX KOMOpOU paccmampugaemcs ypaeueHue Jlunwana-
Llsuncepa c «aghpexmugnviv nomenyuanom». <«Ipgekmusnvlii nomenyuamr» HnO36015em HAUMuU
UHMEHCUBHOC b KO2EPEHMHOU U HEeKO2ePeHMHOU PACCesIHHOU UOHHOU BOIHbL.

1.BBegenue

SlnepHble TpoOIECCHl C MPOTOHAMHU COCTABIIIIOT HAaWOoJee MOAPOOHO M3YUYCHHBIN pazien
(GU3HKYN SIEPHBIX B3aUMOJEUCTBUH. [|OCTUTHYTBIN 3/1€Ch CYIIECTBEHHBIM IMPOTPECC CBsI3aH C
MOSIBJICHUEM ~ KAa4eCTBEHHOW  OKCIEPUMEHTANbHONW  WHpopMamuu 00  O0COOEHHOCTIX
SHEPTETUYECKON W YIIIOBOM 3aBUCHMOCTEW COOTBETCTBYIOIIMX CEUEHUW W C OYEBUIHBIMHU
YCIIEXaMH TEOPETHYECKON HHTEPIPETALNH TAHHBIX.

B nanHOii paboTe M3y4eHO MPOXOXKIEHHE JErKUX MOHOB Yepe3 HEOHOPOIHYIO SACPHYIO
cpeny, oOycioBieHHYIO (iuykTyanmei MmioTHOCTH. HeomHOpOAHOCTH cpeabl MOXKET OBITh
00ycCIIOBJIeHa KaK JAWHAMUYECKHUMH (IYKTYallUsIMUA TUIOTHOCTH, TaK U HOCUTH CTATUCTHUYECKUI
xapaktep. s paccessHus B «HEOAHOPOAHON» cpene MpuMeHeHa AP (GEKTHBHAS ONTHYECKast
MOJIeNIb, B paMKax KOTOpOM paccMmarpuBaercs ypaBHeHue Jlunmana-llIBunrepa. Ontudeckuii
MO TEHIMAII TTO3BOJISIET HAUTH MHTEHCUBHOCTD PACCEIHHOW BOJIHBI MOHA.

2. CeyeHue yNpyrux U Heynpyrux npoueccoB
Bribpas v, (r) = exp(ikr)B BUJIC TUIOCKOW BOJIHBI, OTBEUYAIOUIETO MOHA C UMIyJIbcoM K,
ypaBHeHue Jlunmana —lIBuHrepa B KOOpAMHATHOM MPEACTABICHUH UMEET CIETYIOUINI BU
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y/k(r):exp(ikr)+IG(r,r')éUy/k(r')dr', (1)

rae oU - Bo3myleHne, 00ycloBleHHOE (IIyKTyalusiMy TUIOTHOCTH /1pa, a pyHkums [ puHa
HMMEET BH/I:

U exp(ik‘r—r")
2ah®  |r—r|

G(r,r')=- (2)

[Morenuman dU HenokaneH, eciu ero ¢GopMpakTop <k |5U|k> 3aBUCUT HE TOJIBKO OT

paszHoctn BekTopoB K —K (T. €. oT BekTopa mepenaun ummyibca g =K —K), HO B OT camoro
BekTopa K.
PaccesiHust HOHHO# BOJIHBI MOKHO y4ecThb, H30paB pealibHOM yacTh noteHnuana oU B Buje
[1]:
U, = (27h* | u) < 6n > Rea, (3)

IJle @ Ha3bIBaeTCsl AJIMHOM paccestHue, On - ciydaiiHple QUIyKTyallud IUIOTHOCTH. 371€Ch CKOOKHU
<...> 0003Ha4alT YCpPEeIHEHUE M0 CTaTHYECKOMY DACIHpEENICHHI0 COCTOSHUI paccenBaromeit
CUCTEMBI.

C nomo1bro GopmyIisl, aHATIOTHYHOM (3), MOKHO BHIOPaTh MHUMYIO YacTh MOTEHIIHANIA

U, = (2nh*lu)<n>Ima, (4)

MHHMMasg 4YacThb 3TOr0 MOTEHUHUajJa MOJAEIUPYET HEYNPYrue NPOLECChl, COMYTCTBYIOLINE
YOPYroMy paccessHUIO U OMpeiesieT oclabieHrne KOTepeHTHON BOJHBI BO BXOJIHOM KaHalle.

Hcnonp3ys acumntotuky ¢yHkuuu [puna (3) mpu r — oo, u3 (1) HETpyAHO BHIACTH, YTO
aMIUTUTY/y paccesiHus MOKHO MPEACTaBUTh B BUJE:

F(k,k'):—i]exp(—ik'r)éuwk(r)dr, (5)

riae K’ MMITyJIbc MOHA MOCTIe PacCesTHHS.

CoOTBETCTBYIOIIEE CEUYEHHE CBSI3aHO C ATOM aMIUIMTYHOW cieayromum odpazom. Yucio
HMOHOB, IIPOXOAIINX Yepe3 IUIOWAaAs r'dQ, €CTh OTHOLICHUE MAJAOIIET0 II0OTOKA K PACCEIHHOMY
noToky. Toraa nqaxbl quddepeHIuaTbHOE CEYCHHE PACCESHUS PABHO

2
do v 1 dre"“”Zb b, "%, (6)
dQdE v, 27rh

rae 7 =t—t,, ® =w, —®"', V CKOPOCTh HOHOB IIOCJIE paccesHus, V, 10 paccesnusd, a =Kk, —k,
d- d - paccTostHue OT LIEHTpa 10 TOUKH, I7ie HAOI0JaeTCd MOHHAs BOJHA.

W3 (6) BbLIeNIMM KOTEPEHTHYI0 W HEKOTCPCHTHYIO BOJHY. [IpuMHHMMas BO BHHMaHHE
M3BECTHOE KBAHTOBOMEXAHUYECKOE BBIPAXKEHUE /ISl IVIOTHOCTH PACCESIHHOTO TOKA

i) =2‘—i[w(r)vrw*(r)—w*(r)vrw(r)], 7)

M UCIIOJIB3Ys BBIPAXKCHUC.
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V-l (P Wy (0) =, (Vi )]+ 20w (P, (=0, (8)

MOHO HOJYYUTh IJI1 AUBCPTCHI NN J COOTHOLICHUC

Vi = foxn afon) may (7). ©)

T.€. B TeX TOYKax, rae on # 0 auBepreHuus j OTIMYHA OT HYJs, U071 XapaKTEpPU3yeT KyXOmi»
yacTull. Vcye3HOBEHHE YaCTULl C UMITYJIbCOM K ClielyeT IMpUIHUCATh MOTJIOLIEHUI0, KOTOPOE, B
CaMOM JIeJI€, CBSI3aHO C HEYIIPYTUM PACCESTHHUEM.

CeueHue ynpyroro paccessHusi paBHO

2
a,, (k)= [|F(k 9) d, (10)
1 €Tr0 MOKHO IPCACTABUTb B BUAC PA3JIOKCHUSA B P KPATHOCTH YHPYTIHUX paCCGSIHI/Iﬁ
2 N ! ! ! 2
&,y ()= N, [[F(k, 9) "d +k—§jdk IF(k)F(k -k dQ+...., (11)
1 "
rieN, = ' jexp(— 015170r)(— 015170r) dr.3zmeck o,- NOJHOE CEUCHUE PACCESTHUS, OTHECEHHOE
o,n!
K OJHOMY pacCEHUBAIOIICMy LICHTPY.
2
o, = 4n(Rea)t L (%j (12)
Vo n

rae V,- 00beM, IPUXO/SIIMICS Ha OUH IIEHTP, a 1) - YUCIIO PACCEHUBAIOLINX IIEHTPOB.
VYupyroe paccestHue CBSI3aHO YCIIOBHEM YHHTAPHOCTH CO BCEMH HEYNPYTHMH HPOLECCAMH.
Tak Kak ceueHUe HEYNPYroro pacCessHusl B MPUOJIMIKEHUM TSHKEJIOW MUIICHH MPONOPIIHOHATBHO
CCUCHHIO YIIPYroro paccesHus [2]:
2 2
O seynp. = Nowp 7, Nogpp V (R€ @) <(61)" > (13)

Heynp .

Yucno N,,, = N; npu 5T0M HMeeT cMbICI dQPEKTUBHOIO YKCIa s/ep, YYaCTBYIOLIHMX BO

BBaHMOHCﬁCTBHH.

OT,I[GHBHBIG pacCCuBarOINC NCHTPBI PACCCUBAIOT HCKOI'CPCHTHO. pryFOC HCKOI'CPCHTHOC
pacCCAIHnC Ha IMPHMCCAX IPUBOJIHUT K 0CJ1a0JIEHHIO KOFCpCHTHOfI BOJIHBI 9TO CBA3aHO C
q)HYKTyaHHﬂMH IJIOTHOCTH PACCCHUBAIOIICTO BCIICCTBA.

HCKOFCpCHTHOC paccessHue HE 3aBbICUThL OT HAIIPABJICHHUA M UMECT BU.

<5’70>2

2
~ N,y T4z (14)

‘l// HeKoeep

HaHpOTI/IB, KOICepCHTHOC pacCeIHUC CHJIBbHO 3aBbICUThL OT YyIJla W CYHICCTBCHHO B
HaIllpaBJICHUU BIICPEOA, T.C. €CJIIM HCHTPbI PACIOJIOKCHBI YHOPAAOYCHHO II0OJ 6p3FFOBCKI/IMI/I
yriiaMu. B sTux HarpaBJICHUAX KOTCPCHTHAA MHTCHCUBHOCTDb NMCCT BU/L
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2 N2 <5770>2
~ 20pep d2

¥ e (15)

NHTEeHCUBHOCTH KOTCPCHTHOI'O paCCCAHUs MPOIMOpUHUOHAIbHA O HO €€ 3aBUCUMOCTD OT

Kozep !
YHUCJIa pacCeBAONINX IICHTPOB KBAAPATHIHO.

3. 3akj0uenue

Wnrtepdepernnnonnsie  3¢GGEKTh, NPUCYTCTBYIOIIME B CEYCHHHM HEKOT€PEHTHOTO
paccesiHusl, 3aBUCST TOJIBKO OT CPEIHUX JJTUH pacCcesHUs siaep. AMIUIMTYAa HErorepeHTHOTO
paccesiHMs MMEeT BEJIMYMHY TMOpPSIKA HECKOJbKUX EIUHHI] Ha 10°. [ToaTOoMy pe3oHaHCHBIE
JIMHUU CTAHOBATCA yxke, koraa N Bo3pacTtaeT. B o0acT Hepa3pelieHHBIX U MEePEKPBIBAIOIINX
PE30HAHCOB TOHKAas CTPYKTypa CEUCHUU CIIIAKUBACTCS HM3-3a SHEPICTHUECKOTO YCPETHCHWS.
Eciu wuHTEpBanm ycpegHEHHsT BEIMK 10 CPaBHEHUIO CO CPEJHUM PACCTOSHHEM MEXIY
pE30HaHCaMH, TO B YCPETHEHHBIX CEUCHUSAX OYIyT MHPOSBISATHCS JIMIIL COOTBETCTBYIOIIHE
MIPOMEKYTOUHBIC CTPYKTYPhI, M OHH CBSI3aHBI C pe3yJbTaTaMHd MOJICIH KOMILICKCHOTO
MOTEeHIHANA.

JINTEPATYPA

1. CremanoB A.B.// DUAS, 1996, Tom 7, Bein.4, ctp. 989.
2. Aonynsara6osa C.K.// HzBectus Briciimx YueOHbIX 3aBeacHuii. dusuka.
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OIIPEJIEJIEHUE ITIAPAMETPA CIIMHOBOWM 3ABUCUMOCTHA
HEYIPYI'O PACCESIHUSI HEUTPOHOB
X.II. Adaynnaes, M.ILI. Mamenos, H.A. UOparumoB

bakunckuii 'ocyoapcmeennvlii Yuusepcumem

U3 ananuza yenosvix pacnpedeieHuti Heynpyeo paccesiHiblX HeumpoHo8 ¢ HauaibHol sHepeuet 1,3
MbB  onpedenen napamemp cnunosoii 3sasucumocmu o o sdep Sc, Ti, V, Ca, Mn, Cr.
OKcnepumenmanbHo onpeoeiieHHble 3HAYeHUs O, HUXCE elUYUH, NONYHAeMbIX 68 paciemax no mooenu
nezasucumolx yacmuy. Obviacuenue HadI00aemMo2o 3¢ pexma, Kax npossieHue 83aUMO0elCmMEUss MeNHCOY
yacmuyamu, OMaUYaWe20cs Om NApHLIX KOPperAyull, Kaxcemcs Haubonee npasoono0oOHbIM .

UccnenoBanue yriaoBbeIX pacnpeiesieHUil YacTHL], UCITYIIEHHBIX M3 COCTABHOIO Spa, JaeT
BO3MOJKHOCTb ONPEAEIUTh MapaMeTp CIMHOBOM 3aBUCHUMOCTU CEYEHHs HEYNPYTroro paccesHus
HEUTpOHOB G. [Ipy STOM OOBIYHO HCIHONB3YIOT BBIPAKEHUE Ui YIJIOBOW 3aBUCHUMOCTH
g depeHuanbHbIX CEYEHUH, morydeHHOe JpukcoHoM u CtpytuHckum [1]:

azaab(Eb,u)_C 1+i<€§(Ea)>< 2
OE,, 00, 12 o

Edp, (o) )

rje ¢ —HekoTopas kouctaurta, </(2(E,)> m </(:(E,)> -cpelIHMEe KBaapaThl OpOUTAILHBIX

YIJIOBBIX MOMEHTOB MAJAIOIIMX U BBUICTAOIIMX HEHUTPOHOB, COOTBETCTBEHHO; P, —mojanHOM
Jlexanapa BToporo nopsiaka.
Cpennuii KkBaapaT yriioBOro MOMEHTA ONPEAEIISETCS CIEIYIOIIUM COOTHOILIEHUEM
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0

<3(E)>= Y (20 +1)T ()1 +1) 1Y (20 +1)T, (F) )

0

rae T, - Ko3QUIMEHT NPOHUIIAEMOCTH, PACCYUTHIBAEMBIN 110 ONTUYECKOH MOJIENH SIpa.

CootHomrenue (1) momydeHo s ciuydas ciabod CBSI3H, T.e. JJIsi MaJOd aHH30TPOIHU
YTIIOBOT'O PACIIPEIEIICHUS.

Jlns  ompeneneHust mapaMmerpa  CIMHOBOW — 3aBUCUMOCTH  OBUIM  MCTIOJIB30BAaHBI
muddepeHuanbHble  CEUYeHUsT HEWTPOHOB C HavanpHOW dHepruedr 7,3 Mb»sB, nHeympyro
paccesHHBIX Ha spax Sc, Ti, V, Ca, Mn, Cr [2]. YrioBble pacnpe/esieHus, COOTBETCTBYIOIIHE
WHTEPBAJy SJHEPIrHii BhUIETAIOMKNX HEUTpoHOB OT 0,5 10 3 M»1B, ObuIH NpeacTaBIeHbI B BUAC:

o(0)=- 2. BP.(0)

Benuunna mapamerpa 3aBUCMMOCTH BBIUUCIISIIACH M3 CPaBHEHHMS HOPMHUPOBAHHOTO 1O Bg
kodpdunmenta B, mpu nomumaome Jlexanapa Py(0) c¢ Beipaxenuem (1). J{nst BeravcieHus
CpeIHUX KBaJIpaTOB YIJIIOBBIX MOMEHTOB HCIIOJIb30BaJIHCh KOA()(DUIIMEHTH MPOHHUIIAEMOCTH W3
pa6otsl [3]. [TonydyeHHble 3HAUYECHMS TPEICTABICHBI B Tabmuie 1.

Taoauna 1.
Iapametp 6° i orHoureHns T/ To, MOJIyYCHHBIE U3 aHAIN3a YTIIOBBIX
pacnpezesieHuil HeUTPOHOB, UCIYIICHHBIX U3 siaep ¢ sueprusimu 0,5-3 M»aB.

Onemenm Sc Ti \Y Cr Mn Co
c 5,3+1,2 6,2+1,2 7,3+1,6 74+1,4 9,2+3,1 9,6+2,3
To/To 0,7+0,1 0,6+0,1 0,7+0,2 0,6+0,3 0,7+0,2 0,7+0,3

VYka3zaHHbple OMMUOKKA OOYCIOBIEHBI OIMMMOKAMH B SKCIEPUMEHTAIBHBIX JaHHBIX. Kpome
TOTO 3HAYEHUS, G MOTYT COJEpXaThb CHUCTEMATHUYECKHUE OMMOKH H3-32a TMPHUCYTCTBUS B
aHAJIM3UPYEMOM JHala3oHe JPHEPTHil HEHTPOHOB, WCHYIIEHHBIX B IPEIPAaBHOBECHOW CTaauu
peakuuu. Ho OHM HEe MOTYT CYIIECTBEHHO H3MEHHTH TMOJYYCHHBIE pPEe3ylbTaThl, TaK KaK B
paccMaTpuBaeMOM HHTEpPBAJie HSHEPrHid JOJII HEUTPOHOB W3 HEPABHOBECHBIX MPOIECCOB B
MHTETPANBHBIX crieKTpax MeHbIIe 10%. DTo MOXKeT MPUBECTH K OIIHUOKE B MapaMeTpe CIIMHOBOM
3aBucuMocTH <15%.

Hamm nanHBIe CpaBHUBAIKCH C TAHHBIMH JPYTUX PabOT, B KOTOPBIX MapameTp CIUHOBOM
3aBHCHUMOCTH H3BJICKAE€TCS W3 OKCIIEPUMEHTAIBHBIX YIJIOBBIX pAacHpelesieHui TpPOAYKTOB
peakuuii (n,p), (n,@), (n,n’). Hamm nanHble Hambojee XOPOIIO COTIACYIOTCS C Pe3yJIbTaTaMU
paboTel [4], B KOTOpOiWl mMapameTp G TMOJYYCH W3 aHaIM3a CIEKTPOB YMNPYro pPacCEsTHHBIX
HEUTPOHOB C HayaJbHOW SHeprueit 7 M»oB. DkcnepumeHTanbHbIE BEJIMYUHBI G, B OCHOBHOM,
HUKE 3HAYCHHUH, MOJTy4aeMbIX B pacyerax Mo MOJENH HE3aBUCUMBIX YaCTHI] C TBEPIOTEIbHBIM
MOMEHTOM HHEPIIHH:

» LT

hZ
rae T — aaepHas Temneparypa, lo- MOMEHT HHEPIUU SApa, pACCMAaTPUBAEMOTO KaK TBEPJIOE TEJO,
umeroniee paanyc R u Mmaccy A m, T.e. paBHBII

)

o
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IozémARz (4)

YMeHbIlIeHHe MOMEHTa MHEPIUU s/ipa N0 CPABHEHHIO C TBEPAOTEILHBIM, MOBUIAMMOMY,
MOJKET OBITh 00YCJIOBJICHO TPEMsI IPUUNHAMHU:

a) BIIMSIHUEM OCTATOYHOTO B3aMMOICHCTBUS CBEPXIIPOBO/ISILECTO TUTIA,

0) BIUsHUEM 000JOYCHHBIX IPPEKTOB;

B) HAJIMYUEM B SIpE B3aUMOCHCTBUS YACTHIl, OTIMYAIOIIETOCS OT MAPHBIX KOPPEIALHUi,
KOTOpOE KaK MOKa3aHo B paboTe [5] MOKET 3aMETHO YMEHBIIUTS G.

YMeHbllIeHne MOMEHTa, 00YCIIOBIIEHHOE BIMSHUEM MapHBIX KOPPEISIHiA, HE3HAYUTEIHHO,
TaK KaK XapaKTepHasi YHepTHsi BO30YKIEHUsI OCTATOYHOTO siAjpa OJIM3Ka WM JaKe BBIIIE YHEPTUU
(ba3oBoro nepexoja, KOTopas JuUIs UCCISIOBaHHBIX siyiep coctaBisieT ~(5+10) MaB.

[Ipu paccMoTpeHUM pe3yabTaTOB JaHHON pabOThl COBMECTHO ¢ [4] HEe OOHapyKHUBAeTCs.
Koppermsiyi  MexkJy BEIMYMHOW MOMEHTAa WHEPTMHM W MAarm4eCKHMMHU 4YHCIaMH. OJTO JaeT
BO3MOKHOCTb YTBEPXK/1aTh, UTO YMEHbIIEHHE | HE CBA3aHO C 000704eYHBIMU YPPEKTaMHU.

Takum oOpaszom, o0bscHeHHe HalOIrOAaeMbiX 3G (EKTOB Kak MPOSBICHHE OCTATOYHOTO
B3aMMOJACHCTBUS YACTHIl, OTJIMYAIOIIErOCS OT TMapHBIX KOppeIsilud, KakeTcs Hauboee
npaBnonoo0HbIM. [1oaTOMYy 3HaHME IKCHEPUMEHTATBHBIX MOMEHTOB HMHEPUUH (| oxen) HaeT
BO3MOYKHOCTh OIICHUTH KOHCTAHTY AaCHMMETPUYHOW MO CHOUHY YacTH B3aUMOJCHCTBUS W3
COOTHOIICHHS, TOJIy4eHHOTO B padoTe [5]:

Lo/ 1ogen, = 1+gf 42 (5)

rae | o 1 | sxen —“TBEPAOTENBHBIA U AKCIEPUMEHTATBFHO HAOII0JaeMBbIi MOMEHTBI MHEPLIUHU SAPA,
COOTBETCTBEHHO,  — IUIOTHOCTH OJHOYACTHYHBIX COCTOSIHHMIT BOMH3M ypoBHs ®epmu, gf 7/2-
KOHCTaHTa aCHMMETPUYHON MO CIIMHY YaCcTH B3aUMOJICHCTBHUS.

Bemnmupna gf /2, W3BICUCHHBIC W3 HAIIMX JAHHBIX, KAYECTBEHHO COTNIACYETCS CO
3HaYCHHEM, TIOJTyYeHHBIM B paboTe [4] 1 MCTIOIBb3yeMbIM B TeOpUH GpepMu-kuakoctu [6].
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IPOBJIEMA 3AITYTAHHBIX COCTOSIHUH B
KBAHTOBOW ®U3UKE
M.U. Anues, J.A. UcaeBa, U.M. Anues, A.M. AnneBa
Hucmumym @uszuxu Hayuonanvnoti Axkademuu Hayx Azepoaiioscana

elmira@physics.ab.az

B mnocnennee Bpems HEKOTOpble (U3UKH YICISIOT OOJBIIOE BHUMAHHE MPOOIieMe
Bocrpusatus. Tak, Kagomie B cBoedt moHorpaduu [1] TOBOPUT O TOM, 4TO W3MEpEHHE B
KBAHTOBOIM MEXaHHKE — 3TO MH()OPMAIMOHHBINA MPOIIECC U MOITOMY Ul €r0 OHUMAHUS BaXKHA
HE CTOJBKO JHEPreTHYECKas, a CKOJBbKO COICPIKATEIHLHO-CMBICIOBAsl CTOPOHA MEpPeIaBacMbIX
curHasioB. CaM WHPOPMALIMOHHBII ACMIEKT U3MEPEHHUs, Kak roBopuT KamomiieB, MOXXHO Ha3BaTh
JNCTEKTUPOBAHHEM WJIM BOCIPHSITHEM CUTHaNA. TakuM o0pa3oM, BO3HHKACT BONPOC O CaMOM
BOCIIPHUSTHY YEJIOBEKA B (DU3UKE.

OOBEKTHI ABJISIOTCSI HCTOYHHKAMU MH()OPMAIMH U MOHSITHO, YTO KOJIMYECTBO HH(OPMAIHU
3aBHCUT OT 4YHCJIa OOBEKTOB, KOTOpbIE BOCIPHHUMAIOTCS  4YeJIOBEKOM. Makpomup
BOCIIPUHUMAETCS YEJIOBEKOM HETIOCPECTBEHHO, a MUKpOMHUp 4epe3 npubop. Ho depe3 mpubop
OyZeT BOCIPUHHMMATBHCSI HAMHOTO MEHbIIEE YHCIO OOBEKTOB, W ModTOMy MHpOpMammu OyneT
MeHbie. [103ToOMy MOXXHO CKa3aTh, YTO BOCIHPHUATHEC HEBHUIUMOTO MHUKPOMHUpA SIBIISICTCS
HenoJHbIM. HaBepHOe, B 3TOM CKpBIBACTCS MCTHHHAS MPUYHMHA, NMEIONIMX MECTO B KBAHTOBOU
¢bu3uKe cOOTHOLIEHUI HeonpeaenenHocTel I elizendepra.

OO6o3naunm uyepe3 N¢x um Ny 4Yncio BOCIPUHMMAEMbIX OOBEKTOB B MaKpOMHUpE
(kmaccwdeckuii MHp) W MHKpoMupe (KBaHTOBBI MHUp), COOTBETCTBEHHO. I[IOHSATHO, dTO
HEOIPEICIICHHOCTh O0paTHO MPOMOPIMOHATIBHA YHCIY BOCIPHHUMAEMBIX OOBEKTOB, M MBI

MOXEM BBECTH CIMHHUIYy HEONpPEIeNIeHHOCTH, KoTopas Oymer Ay =——B Makpomupe U
k
A 3
Aaq = —— B MHUKpPOMHpE, IJe A —IOCTOSHHAs, CBA3aHHAs C YEJOBEYECKOW CIOCOOHOCTHIO
q

BocpusTys. M3-3a Toro, uto Ng >> Ny, Mukpomup Oosee HeonpeaeIeHHbIN, HEXeIN MaKPOMHUD.
[lpy Hay4YHOM MMO3HAHMM MHpa YEIOBEK IPOM3BOAMT HaOmroJeHHe (HAONIOICHHE —3TO
[[CJICHANPABJICHHOS BOCTIPUSTHS), B KOTOPOM YK€ BOCIHPUHHMAIOTCS HE BCEe OOBEKTHI, a
n30opounbie. O0O3HAYMM 3TO YUCIO 4Yepe3 Nk B MakpoMHupe U Ng B MUKpomupe. SIcHO, 4To
HEOMPECICHHOCTh O MPOTOPIUOHANIBHA YHUCIY OOBEKTOB OCTABIIMXCS BHE HAOJIOCHUS.
O6031aunM 310 ymciao uepe3 (Nk - Ni) B makpomupe 1 (Ng - Ng) B MEKpOMUpE.
Takum obpazom:

A
a, =(N, —n)Aa, =(N, _nk)N_ B MaKpOMHpPE U
k
a, =(N,-n)Aa, =(N,—n )ABMI/I oMHpe
9=\ g q 9=\ g N Kp pe.
q
PaccMmoTpum cityuaii, korna B 000MX MHpax HEONpPEIeIEHHOCTh OJHA U Ta e, T.€. Ok= Og.

9ToT cnyqaﬁ, KOHCYHO BO3MOXXCH TOJIbBKO B CaMOM IIpoHecCcc H3MCPCHUH, KOIrJa YHCIIO
Ha6HIOI[aCMBIX B MUKPOMHUPE CTAHOBHUTCA 6OJ'IBH_I€, 4YeM B MAaKpOMHUPEC. Cam npouccc U3MCpCHUA
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MOXHO OXapakKTepui3oBaTb, KakK ,Z[CI‘/'ICTBI/IC YCJIOBCKa B ((MaKpOMHp+MHpOMHp>> CHCTCMC.

CozHanue HaOMIOAATENSI MOXKET JINOO BXOJIUTH, JINOO HE BXOJUTH B ATy cuctemy. MTak, u3 ox=oq

MBI II0Jy4YaceM, 4TO nq Z—an. HpI/IHI/IMaﬂ BO BHHMMAHHEC, 4YTO NK n Nq INOCTOAHHBIC, U3 3TOM

k
(opMyJITBI BUTHO, YTO YBEIMUYCHHE YUCIIa HAOIIOAaeMbIX B MUKPOMUPE MPUBOAUT K YBEITHUCHUIO
qrclia HaOMIOaeMBIX B MaKkpoMupe. BHYTpeHHss KOppelsiiusi B KBAaHTOBOW CHCTEME, KOTOpas
uMeeT MecTo B u3BecTHOM OitHiutedH — [lomomsckuit — Posen (OI1P) mapamokce[2]. B atom
Mapajiokce pPacCMATPUBAIOTCS JBE YaCTHIIbI, KOTOpbIC B3aMMOACHUCTBOBAIM IPYT C APYroM
HekoTopoe Bpems. OHM OKa3bIBAIOTCS B 3alyTaHHOM, WM JIy4llle CKa3aTh B CBA3aHHOM
COCTOSIHMH, TOTOMY YTO U3MEPEHHUEM UMITYJIbCa OJHOM M3 YaCTHUI] MOXKHO MPECKa3aTh, HE Jemast
WU3MEpEHHs], HUMITYJIbC JApyro dyactuubl. Ho pa3Be 3T0 He O3Ha4aeT yBEJIWYCHHE YHCIIA
HaOmogaeMbIix? Benp He Jenas cnenuanbHO HAONIONCHUS WM U3MEPEHUsl, Mbl TeM HE MEHee
MOJIy4aeM JIOTIOJTHUTENbHYI0 nHpopMaimio. Hunsc bop B cBoe BpeMsi OOBSICHSIT 3TOT MapaioKe
ornpeneneHHoN koHurypanuei nprubopos[3]. MeHHO 3Ta KOHPHUTYypamusi OTBEYACT YCIOBHUIO
YMEHBIIICHUS HEONPEACIEHHOCTH B MUKPOMHpPE, M3-3a KOTOPOW B PE3YNbTaTe MBI IMOJIydaeM
JIOTIONHUTENbHYI0 uHpopMarnuto.  Kak mmmer bop: «.. B KakIOl JKCHEPUMEHTAIBHON
YCTaHOBKE  HEOOXOIMMO TPOBOAUTH MPOBOAWUTH TPAHUIy MEXIYy TEMH YacTIMU
paccmarpuBaeMoil  (PU3UUECKON CHCTEMBI, KOTOPBIE MBI TEPEUHCISIEM K HW3MEPHUTEIbHBIM
npubopaM M TeMH, KOTOpHIE SIBISIOTCS OOBEKTaMH, Mojiekammmu uccieaoBanuio». Cam bop
BBIOMpAET ATy TPaHUIy TaKUM 00pa3oM, Kak OH mHIIeT: «BpiOop MecTo s 3TOHM TpaHUIIBI
BO3MOXKEH IIMIIb B TpejaesiaX TOW 00JIaCTH, TJe KBAaHTOBO-MEXAaHMYECKOE OIMMCAHHWE JAHHOTO
mpoIiecca 1o CyniecTBY SKBUBAICHTHA KJIACCHYECKOMY onucaHuio». Takum o0pa3om, B KaHTOBOM
¢usnke Bce 3aBUCUT OT BbIOOpa TpaHUIBI. BBIOOp 3TOW TpaHHIBI OyIeT MPOU3BOIUTHCA CO
CTOPOHBI HAOJONATENs, KOTOPBIH JOJDKEH HJISi 3TOTO LEeMH He OBITh BKJIIOYEH B CHCTEMY
«makpomup+mupomup». Takasd cuctema sBisieTca OTKpbITod. Ho dro mnpowmsoiper, ecnu
HaOmogaTenss BKIIOYUTH B 3Ty cHcTeMy? B 3ToM ciiyuae wuMeeT MecTo cHcTeMa
«MaKpOMHP+MHUPOMHUP+CO3HAHNE HAOTIOAATENs», KOTOpas sBISIETCS yxe 3aMKHYTOH. [ToHATHO,
YTO TPaHHILy BHIOTIPATh yXkKe OyJeT HEKOMY U IMOATOMY BOTIPOC O TPAHMIIE TEPSET CMBICH. Brile
HE BKIIOYCHHBI B CHCTEMY HaOIt0aTeNb MPH OMNpPEAeTIeHHOW KOH(UTypamuu mpuOOopoB MOT
MOJIYYUTh JOTOJTHUTEIbHYI0O HH()OPMAIMI0O O MHUKPOMHpPE, TeM CaMbIM MOTJIa YMEHbBIIATHCS
HEOTIPE/ICNICHHOCTh KBAaHTOBOTO MwHpa. B 3TOM ciy4ae, MHUKPOMHpP CTAaHOBHTCS TaKUM
HEOTIpe/IeTICHHbIM, KaKk MakpoMup. Ho npu BKIIIOYEHHOM B CHUCTeMY HaOIIofaTene MpOUCXOIUT
Bce mo-apyromy. HaOmronatenb OTOpPBAaHHBIM M3 MaKpOMHUpPa OKAa3bIBae€TCS B MHKPOMHUPE,
MO3TOMY MAaKpOMHpP CTAaHOBUTCS JJISl HETO TAaKUM HEOTPEIENCHHBIM, Kak MUKpoMup. Hanmomunm,

4YTO MBI pacCMaTpuBa€EM C CaMOro Hadajia cnyqaﬁ Ok=0Og ¥ OHO BBIOJIHACTCA B 00oux clIydasx.

Ho ecnu B cityuae 6e3 BKiIrOUeHUS HAOMIOAATENS B CHCTEMY HEONPEACIEHHOCTh 0L YMEHbBIIANACH,
TO, HAampoOTWB, TPU BKIOYCHUs HaOmomarens B cucreMy (cucTeMa — 3aMKHYyTasl)
HEOIIPEJEIECHHOCTh  yBEIMYMBAJIACh. DBce  BBIIIECKa3aHHOE MOXKHO HCIIOJIB30BaTh NP
paccMorpenun dkcriepumenta «llpeauHrepoBckuii koT» [4]. B aTOM 3KCliepuMeHTe COCTOSIHUE
aToOMa «OJHOBPEMEHHO PACHAJICS W HE PACHajcs» CTAHOBUTCS CBA3aHHBIM HE C aTOMOM, KaK B
OIIP mapagokce, a ¢ MaKpPOCKOIMYECKHMM OOBKTOM —KOTOM B 3aKpBITOH Kamepe ¢
paccMaTpuBaeMbIM aToMOM. B3aumopeiicTBre 3TuxX IBYX OOBKTOB M3 Pa3HBIX MHUPOB BO3MOJKHO,
U OHO OCYILECTBILSIETCA YePe3 YCTPOMCBO AETEKTOP pacmaga —MOJOTOK —aMIlyJla ¢ CHHUJIBHOM
kuciaorou. IloaToMy mMMeeT MeCTO MapagoKC —3alyTaHHOE COCTOSIHUE «KOT JKMB W MEpTB
OJTHOBPEMEEHHO». B OTKpBITON cHUCTeMe MapagoKC MOYKET pa3pelIuThCsl TeM, YTO HabIroaareasb
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M3-3a TOTO, YTO OH HE OXBA4Y€H CaMON CHUCTEMOM, MOKET OTKpPBITh KaMepy M YBUJIETh, YTO,
Harpumep, KoT kuB. (B 3TOM ciydae NMpOHMCXOMUT KOJLUIANC MPOUCXOJUT BOJHOBBIX (DYHKIUI
CO3HAHMsI HAOJIOAATeIIsl U OKPYKAIOIIEr0 MHUpa. JTO sBJICHUE ecTh JekorepeHiws. [4]). ['panuia,
0 KTOpOHl TOBOPWJIOCH BBINIE, B Ciy4yae, KOrjga Kamepa CO LIPEIMHIEPOBCKUM KOTOM €IIe
3aKphITa, MPOXOAMT Nepe kKamepoil. UHdopManuu HeT OTHOCUTENBHO U KOTa, U aToMa. JTa OJIHa
KoHpurypamusi npubopoB. B cmyuae, korga kamepa OTKPBIBA€TCS, TpPaHHUIA YK€ MOXKET
MPOXOJUTh BHYTPU KaMepbl, OXBaTbiBasi KoTa. MBI moixy4aeM WHPOPMAIUIO O COCTIHUHU KOTa
(oxuB wiu MepTB). [10 €ro COCTOSHUIO MBI MOXEM y3HATh M O COCTOSTHHU aToMa (pachasics Wil He
pacmascs). PaccmaTpuBaeMblii aTOM CTAHOBUTCS KaK-Obl 00BEKTOM MaKpOMHUpa. JTa yxKe Ipyras
KOHUTypanus MpUOOpPOB, MPU KOTOPOM MBI TOJy4aeM [OMOJHHUTEIBHYI0 HH(POPMAIHIO O
Mukpomupe. Atom OHa nogo0Ha To# KoHpuryparmu npudopos B JI1P ombiTe, 0 KOTOPO MUILIET
Bop. Takum o6pazom, MBI TIOJTy4aeM JIOTOJTHUTENbHYIO HH(POPMAIIHIO O MAaKpO- © MUKPOMHUPAX
U CJEJ0BATEIbHO, HEOPENEIEHHOCTh B MHUKPOMHUPE YMEHBIIAACh MOKET CTAaHOBHUTCS PaBHOU

HEONPEJEICHHOCTH B MaKpOMHUpE, T.€.0k =0q. B 3aMKHYTOI CHCTEME MMEET MECTO yXKE COBCEM
npyras kaptuHa. M3-3a Toro, 4ro Habmiomarenb, €ro CO3HAHME OXBAa4€HO CaMOW CUCTEMOU
«IllpenMHrepOBCKUI KOT», HE MOKET NPOUCXOAUTH BBILICOYNOMSHYyTas Jekorepeuus. Hekomy
OTKpBITh Kamepy U mocMoTpeTh. Kot llpenunrepa craHoBUTCS Kak-Obl OOBEKTOM MUKPOMHpA.
Takum 00pa3oMm, HEONMpeAeNeHHOCh MAaKpOMHpA, OIATh, YBEIMYUBASCH, CTAHOBHUTCS PaBHOM

HEONPEIEICHHOCTH MUKPOMUPA, T.€. OISTh Ok =0q. ECIM 3a1aTh BOIPOC O MPOSIBICHUU MEPbI
HEOTIPEIETICHHOCTH.0. B M3BECTHBIX (OpMyJax KBAaHTOBOW (hM3MKE, TO A ATOTO, HApUMeED,
MO>KHO PACCMOTPETh U3BECTHYIO (POpMyITy aTOMHBIX crieKTpoB banbmepa [5], a umenHo:

1 1
V=R -=3), (1=345,6)

rJIe V - 9TO 4aCTOTa CBETOBBIX KojeOanuii, R — mocrosinHas Punbepra.

Eciu mossaTh, uyTO 1eEnoe YUCIO N B 3Toi (GoOpMylie CBSI3aHO HEMOCPEJCTBEHHO C
JETEeKTUPOBAHUEM WJIM BOCIIPHUSITHEM CO CTOPOHBI HAOMIOJATENs] CIIEKTPOB, TO 3TO (opmyna
OyAeT y)xe IpUHUMATh BUIL:

1 4Aa?
V:R(Z—z— 7-[2 )
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O JIBYX CBA3AHHBIX CMEIIAHHBIX 3AJIAUAX
H.A. Asmes, B.IO. Ba6amini, AM. Aimes, M. I'. Tacanos”

Baxuncxuii I'ocyoapcmeennwiii Yuusepcumem
Hnemumym Ipuxnaonou Mamemamuxu, HUH I[Ipodorem Quzuku

aahmad07 @rambler.ru

HccnenoBanne MareMaTHYECKOW MOJENN 3a7add JTIOOBIMM HE(PTH W rasa U MX CMECH B
CKBa)KMHE TPEeOyeT CKPYIYJIE3HOr0 M3YYEHHUE MPHUPOJIBI ITUX MPOIECCOB. Y CTAHOBIEHO, YTO BCE
MOHSTHS W ONPEJICIICHNUs, U3JI0)KEHHBIE B TCOPHH JBW)KCHHUS CMECH B TpyOax, B paBHOH Mepe
MPUMEHUMBI K MPOLECCY IKCIUTyaTallud CKBAKWH U CITy’KaT €€ OCHOBOM.

Ha nmpakTuke 94acTo NpUXOIUTCSA PaCCUUTHIBATh Ta30KUAKOCTHBIE MOTOKU C MEPEMEHHBIMU
0 CEYEHUI0 TNapaMmeTpamu. B psae cliydaeB 3TH HOTOKHM MOXHO pacCMaTpHUBATh Kak
OJHOMEPHBIE, C HEKOTOPBIMH CPECIHUMH 3HAYEHUSIMH I[1apaMETPOB B KaXKIOM CEUCHUHU.
JIBKeHHWE TI0TOKa B CKBOKHHE XapakTepu3yercs MHOTMMH (aktopamu. Hampumep,
OTHOCHUTEJbHOE ABWXKECHUE (a3, TPEHHE IMOTOKa O TPYyOBI M T.I. DTH (HaKTOphl HEOOXOIUMO
YYHUTBIBATh MPU PACUETE M OCYIIECTBICHUH, HApUMEp Ta3mu@THOTO criocoba q00bdH HEPTH.

PaccmarpuBaeTcs mapa CMEIIaHHOW 3ajayd, NEPBOE€ M3 KOTOPHIX B MPABOM YaCTH
ypaBHeHHUs (IapabOJMUYeCKOTr0 THIA) COACPKUT AeinbTa (yHkiui Jupaka. MaremaTuueckas
MOJIeJIb pacCMaTPUBAEMOI0 TIpoIiecca SIBIIETCS CHCTEMOM, (BTOpas 3a1ava) COCTOAIICH U3 ABYX
JIBYMEPHBIX JIMHEHHBIX UG dEepeHITHATBHBIX YPaBHEHUH ¢ YaCTHBIMH TPOU3BOIHBIMH IIEPBOTO
nopsaka runepooamdeckoro tumna [1]. Mccnenyemast npobiaema u uies €€ pelieHns JUKTYeT HaM
YTO, OMPEJICINB PEIICHUS TIEPBOM 3a/1a4u M BRIOpPATh €€ 3HAUCHHWE T'PAHWYHBIM 3HAYCHHUEM JIJIS
BTOpPOW 3a/1a4uH.

Uraxk, nepBasd 3aga4a UMeET BHI:

lﬁ(r 5P(r,t)j+iqh(t)5(r_rc)ZEM, r.<r<r,t>0 @)
kb X

ror or ot
p(r,0)=p, =const, r . <r<r, 2
op(r,t)
Bl vt SRR = t),
or |, gy (t) 3)

p(r,t) = py(t), t>0
rae 3anada (1)-(3) paccmarpuBaeTcs Ha MMOJTy TOJIOCE
D ={(r,t); re(r,,r), t>0},

0, x, Py, I, - BELIECTBEHHble NOCTOAHHBIE umcna, (,(t) » p,(t) usBecTHble QyHKUUU
Bpemeny, O(r —r,) - nenvra pynkuuii dupaka, a p(r,t) - uckomas (GyHKIHS.
Bropas 3amaua Gpopmymupyercs clienyronmM o0pa3om:
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_ap(xt) _ alpw(x.1))

pW 2(x, t)+pgsma+—[1+ﬁ Jo WA (X, t)],

OX ot
1 ap(xt) _ alpw(x t)) @
= Ut A . O<x<l, t>0,
¢’ ot X
p(x,00=0, w(x,00=0, xel0,l], (5)
P(0.1) = p, (1) = Py (1),
{p(l,t) =p,®), t>0, ©)

rie 3amaua (4)-(6) paccmarpuBaeTcs Ha MOJTYIIONIOCE
={(x1); xe(0,1), t>0},

A,0,B,C,l,a u r,— BeleCTBEeHHbIE IOCTOSIHHBIE YUCaa, P, (, P, (t) — u3BeCTHBIC BEIIECTBEHHO

3HauyHble QyHKIMH, P, (t) —onpenensercs u3 nepBoil cMemanHoit 3anaun a p(x,t) u  W(Xx,t)
HCHM3BECTHBIC (QYHKIIHH.

Bepuemcs k nepBoii cmerrannoit 3amaue (1)-(3)

IMpeanonaras uro, P(r,t)-ects opurunai [1], T.e.

|p(r,t)| < Ce°, (7)
HNMECM
p(r, s)+ p(r, s)——p(r s) = —7—k—qh(s)5(r r.), (8)
p(r,s) =q, (),
{ ? ( )\r_rs~ a, (5) o
p(r.,s) = p,(s),
rae S C — C€CTh napaMeTp, ITOJABUBIINCCA U3 Hp€06pa30BaHI/I5[ Hannaca, Res > O-O, ’
B(r,s) = [e~ p(r,t)dt (10)
0

C stum cmemanHas 3agada (1)-(3) cBenena k rpanmuHol 3amaue (8)-(9) koropas 3aBucut
OT KOMIUJIGKCHOTO Tapamerpa S. Tenepb aist Toro 4ro0bl ypaBHeHus (8) mpuBecTH K ypaBHEHUIO
beccens npusenem 3ameny

Z=ar (11)
B(r,s) = ﬁ(g,s) = y(2,9), (12)

p(rs)=y(zs)a p(r,s)=y(r,s)a’.
Torna uz (8), moayYuM CIIEAYIONIYIO YPABHEHHIO
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a’y (r, S)+—y (r,s).a” ——y(r s) = —7——%(8) S(=-r) (13)

Omnpenensis « TakuM o0pa3oM, YTO

at=->, re a=i|, (14)
P P

22y (r,s)+zy (r,s) + (22 =0 y(r,s) = z{ psm 20 ~h(s)5(——r )} (15)

TO HMECM

ze(ar,ar)

_15
. = qy (s), (16)

y(rs) =15
(04

y(aer,,s) =P, (s)

VuuteBag, u4to J,(z) u Y,(Z) ABmAIOTCS JIMHEHHO HE3aBUCUMBIM  PEILEHUEM

OJTHOPOJIHOTO ypaBHEHUsI COOTBETCTBYMIICH ypaBHeHuto (15) m mpumensiss mMeTo] BapHaluu
MOCTOSIHHBIX JIJIsI OOIIET0 PEIICHHUs 3TOTO HEOHOPOIHOTO ypaBHeHus (16), moxydanm

y(z,8) =C1J,(2) +C,Y,(2) +

&j Jo(r)Yo(Z)—Yo(r)Jo(Z) AL § (s) Jo(ar)Yo(z) =Yy (ar)d,(2)
s 2 2() " okps x(ar.) ’
17)
ze(ar,,ar)
rac
x@:ﬁ% Ji& (19)

a HBOﬁKa B 3HAMCHATCJIC IIOCJICOHCTO CJIaracMoro HpaBOﬁ qaCTHu (17) HOoABHUIIACH 3a CUCT
HHTCIrpalia

(e 11 «
S| Z—r ldr==-===, 19
f[ j 1272 )

o
o
[TocrosiHHbIe C, U C, Bxomsamuecs B (18) ompenemstorcs u3 rpanuanoro yciaosust (16).
JIs1st 3TOTO BBIYUCITUM TTPOU3BOIHYIO 13 (17).

y'(z,8) =C,J4(2) +C,Y,(2) +

+&j Jo (Yo (1) =Y, ()3 (2) | . 200 = . (s). Jo(arr)Yo(z) = Yo (ar)Jo(2)
S z2(7) 2kb x(ar,)

y(z,5) =CJ,(ar) +C,Yy(ar,) +
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Jo(ar)Yo(ar,) =Y (ar,)J,(ar)

+&0]Ek Jo(r)YO(ark)—YO(T)JO(ark)d 10 . (). _ ﬁ((s),
S o 2(7) " 2kbs x(ar,)
Cl‘]é(z)|z =ar, +C Y (Z)|z =ar,
x0a Jo(ar)Ys(ar) —Yo(ar)dg(ar) _£~
! 2kbs I (s) x(ar,) a I (s)
CJg(ar ) +C,Y,(ar,) = A(S)
CI(2),, +C¥(@) ., =B) (20)
rie
A(S) — ﬁk (S) _h J‘k ‘]O(T)YO (ark) _YO (T)‘]O (ark) dr —
S ar, 2(7)
;{keba G, (s )J o(ar)Yolar) =Yy (a rc)‘]O(ark), 1)
x(ar)
1o e Js(@n)Ygen) ~Y(ar)dien,)
B(s) = ” gy (s) Skbs q,(s) @) :
Ilycts
Jo(ary) Y, (ar,) 29
., vl )
Toraa u3 (20) moxyunm:
1|A(s)  Yo(ar)
FTBBG) Y@, |
1 [Jolary)  A(s)
* 789, BO)
Takum o6pasom, st perrenust 3anauu (15),(16), u3 (17) momyuwm:
3, @A) Yolor) |y (z)[doleni) A(S)
N -TO HCY N Al R HE3 H-1O
k (23)

+&j’ ‘JO(T)YO(Z)_YO(T)‘]O(Z) 75905~ g, (s). Jo(ar )Yy (2) =Yy (ar,)dy(2)
S i 2(@) " 2kios ™ x@r,) |

YunteiBas (23) u3 (12) umeem:
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~ J,(ar) A(s)  Yolar) Y, (ar) Jolar)  A(s)
PO ="0 8 Y@l " a |5l Be)|T
0 z=ary 0 z=ar (24)
+&T Jo(@)Yo(ar) =Yy (r)do(ar) dr + 20 g, (s). Jo(ar)Yo(ar)=Yy(ar)d,(ar) .
S o x(7) 2kbs x(ar,)
ITpumensis oOpatHoe npeobpazoBanus Jlamnaca, monydaem p(r,t) B Buze
1 o+io =
p(r,t)=—= [e*p(r,s)ds (25)
2m

o—io

rae p(r,s) mauo B Bune (24).
C sTuM mocTaBieHHas nepBas cMemanHas 3anada (1)-(3) pemena.

Teopema 1. Ilycte p(r,t)- opurmnan, 6,K,b, y,r.,r, u P, BemecTBeHHbIC 3alaHHBIC

yucna, Torga cmemanHas 3amada (1)-(3) uMeer eIMHCTBEHHOE peElIeHHe, MPEICTABUMOE C
MOMOIIEI0 00paTHOTO MpeoOpa3oBanwst Jlamiaca (25).

JUTEPATYPA
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HNCCIEJOBAHUE MPOUECCA ®UJIBTPALIUU I'A3A
IIPU HAJIMYUU AJCOPBLIUHN I'A3A B IIVIACTE
B.1O. baGanabl
BI'Y, Uncmumym Ilpuxnaonou Mamemamuku

babanl-vahid@rambler.ru

DKCNepUMEHTAJIbHBIE HCCIIEOBAaHMS MOKAa3bIBAIOT, YTO ONPEJCIICHNE HAaYalbHOTO 3amaca
ra3a B MECTOPOXIEHHH 0e3 ydyeTa ajacopOuuu raza B 3epHBl MOPUCTON Cpeabl NPUBOAHT K
OomMOOYHBIM pe3ynpTaraM. Kak W3BECTHO TpU TIOJCUETE 3amaca MCIONb3YeTCsl MEeTO.
MaTepUaJbHOro OajlaHca MpPHU IMOBEIEHWHU IUIACTOBOTO JaBIICHHs, HO B OCHOBHOM 0e3 yuera
COpOMPOBAHHOTO KOJMYECTBA T'a3a B IJIaCTe.

CrnenoBaTenbHO, Y4€T Ipoliecca COpOLMOHHBIX MPOLIECCOB T'a3a B 3epHAX MOPUCTOM CPe/Ibl
umeeT 3HaueHue. CopOuus ra3a 3aBUCHUT OT JAABJICHHS M TEMIIEPATYPhI CPEIbI.

[Ipouecc copOuMM MPOUCXOIUT B IBYX dTANax: OCAXKICHUS MOJIEKYIN T'a3a Ha MOBEPXHOCTh
YacTHIl, KOTOPOE MPOUCXOAUT MIHOBEHHO M AU(PQy3us MOJEKYT Ta3a BHYTPb OJIOKa 3epeH
MOPOJBI, KOTOPasi IPOUCXOIUT OYCHBb MEAJIEHHO.

Hcxons w3 BbIIE NMPUBENCHHBIX MaTeMaTUYECKasi MOCTAHOBKA 3aadyd O U30TEPMUYECKOU
TUHEHHON (UIbTpanMM Ta3a B IUIACTE MOXKHO ONHCATh CIEMYIOIIEH CHCTEMOW YpaBHEHHUH,
COCTOSIIIIUX U3 YPABHEHUS HEPA3PBIBHOCTH r'a3a C y4€TOM COpOIHH

m@:—div6+d (1)
ot
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1 3akoHa QuibTpanuu Japen

U:—hgrad 0, (2)
y7i

rae m-ko3GUIUEHT TOPUCTOCTH IUIACTa, O -TUIOTHOCTDH Ia3a, O -CKOpOCTh (GuiIbTpaiuu, K -
K03 pULMEeHT NMPOHMIIAEMOCTH MJIacTa,  -Kod3(GHUIMEHT JUHAMUYECKOW BSI3KOCTH rasa, -

IUIACTOBOE JaBiieHue, d -BeNMYMHA YUUTHIBAIOIIAs MAacCOOOMEHa rasa.
Ancopbuus Ta3a B 3epHaxX Cpepl paccoTpuM Kak mpouecc nupdysuu raza. Jluneinas
n3zoTepMudeckas 1uy3usi OMUCHIBACTCS yPaBHEHHEM

oc 9°C
—=Db—, O<x<l (3)
ot OX
rae | -pasmep obmactu quddysun, D -xoadpdumment quddys3un, €-macca copOUpOBaHHOTO ra3a
B JIMHUIIE O0BEMa CKIIETA MMOPO/IbI, X -JIMHEWHAs KOOPINHATA.
HauanbHoe ycioBus k ypaBHeHHIO (3) UMeeT BUJI

C(0, x)=C, 4)
I'PaHUYHBIC yCJ'IOBI/ISI:
aC(x, t)
=20 x=0, 5
P npu ®)

YCJIIOBUC HA KOHTAKTC CBO6OI[HOFO ra3a Ha ITOBCPXHOCTb TBCpI[OfI HaCTHIbI

oC(x, 1) _ _c(xt)=co(p)

- T mpu X =1, (6)

rae Cy =C,(p) usorepma copbuuy, T.e. B PAaBHOBECHBIX YCIOBUSX, T -IIapaMeTp, COU3MEPUMOi

BpCMCHI/I.
BCJ’II/I‘II/IHa MaCCOO6M€Ha MC)KI[y CBOGOI[HBIMI/I nu aILCOpGI/IPOBaHHOM ra3a OHpe,HeJIS{eTCSI
TakK.
oc(l, t)
q=-D———. (7)
OX
MC)KI[y BCIIMYHUNHAMNU q nu d NMCECTCA COOTHOIILICHUA
d=s(1l-m)q, (8)

rJie  S-yJCJBHBIA IMOBEPXHOCTh MOPUCTON cpenbl. Takum oOpasoMm, ypasHenus (1)-(8)
COCTABJISIIOT TOJIHYIO 3aMKHYTYIO CHCTEMY JUJISl JIMHEHHOW (Duiibpaluy raza ¢ y4eToM COpOIuu.
JInst pereHust 3Toi CUCTeMy, IpeABAPUTEIBHO BBOAUM HOBYIO (DYHKIIHIO B BUJIE

C(x,t) =U(X) +W(x, t). 9

IMoacrasus (9) B ypaBHeHwue (3) moiydaem cienyromue ypapuerus it yakuuii U (X) u
W (x,t):
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2
d?U(x) _ 0.
dx?
AW (x,t) dAW (1)
=D .
ot ox>

Pemras ypasuenue (10) mpu yciioBusix

U@0)=U, u U(l)=U,

HUMECT BU]

u, —u
U(x) == I O x+U,
K ypaBuenuio (11) umeem ciieiyromue yCIoBus
W(x,t)=0 mpu t =0,

oW (x,t) _ aC(x,t) _ C(x 1) -Co(p)
ot ot T

, mpu x=I,

oW (x,t) oC(x,t)
OX OX

O,mpu x=0.

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Jns pemenus 3agaun (11), (14)-(16) npumMeHsieM MeTO pa3iesieHusl iepeMeHHbIX Dypre

W (x, t) = X(x)-T(t)
IMToctaBus (17) B (11) umeem aBa ypasuenus st pyaximid X (X) u T (t)

dT (t)

— L 2?DT(t)=0
e (t)
U
d?2x
+2°X(xX)=0
dx? )

peuenue ypaBHenus (18) umeer Bun
T(t) = Ke P,

rae A -co0cTBeHHOE Ynciio, K -MOCTOSTHHAS HHTETPUPOBAHUS.
Oomiee pemienue ypaBaeHus (19) umeet Buj

X (x) = B, cosAx + B, sin AXx..
I/ICHOJ'IIBYSI T'paHUYIHBIC YCIIOBUA HAXOAUM PCHICHUC
i

X(x) =B,sinAx, A:T, =12, ..
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Torja peurenue ypasaenue (11) npumer BuI
2
W (x,t) = Be °*'sinAx,
rae B = B,K . CienoBatensHo, pemenueM ypasaenus (9) Oyner

C(x, t) = @x+u0 + Be °*sin Ax

Teneps, mpu oMoty (7) u (23) MOKHO onpenenuTs nepeTok ( mno Gopmyne (7)

oC(x,1)| _Ui-Yo +Bae %t cos
OX |

|x:|

q= —D(@ +Bie At cosll}

(22)

(23)

(24)

Tenepb MOXKHO OIPECIIUTh BeMMYMHY d YYUTHIBAMOIIYIO HIepeTek mpu oMoy (8) u (24)

d=-DS(l- m)(@ +BlePM cosMJ :

(25)

[TocraBuB (25) B cuctemy (1)-(2) MOXHO MOJNYy4UTHh ypaBHEHHE (DHIBTPALMU C YIETOM
COPOIMOHHOTO MPOIECCOB, M peIllasi er0 MOXKHO HCCIICJO0BATh (HIBTPAIMU ra3a MPU HATHIHH

COpOIIMOHHOTO TpoIiecca B TUIACTE.
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HEKOTOPBIE AITPUOPHBIE OIIEHKMU JIJISI PEHIEHUAH ITOYTH BCIOAY
OJJTHOMEPHOM CMEIIAHHOM 3AJIAYM JIJISI OJTHOI'O KJIACCA
HNOJYJIMHEMHBIX CAHMMETPUYHO PEI'YJIIPU3OBAHHBIX

YPABHEHHWH JJIMHHBIX BOJIH
®.M. Hama3zos, C.JI:x. AnueB
Baxunckuii 'ocyoapcmeennwiii Yuusepcumem

neikoos@yahoo.com, samed59@bk.ru

B HacTtosimee Bpemsi 00JIbIIIOE BHUMAHUE MPUBIEKAIOT 33/1a4M MaTeMaTUYeCKOU (HH3HKH,
CBA3aHHBIE C OMKCAHHUEM BOJIHOBBIX JBMKEHUH KUAKOCTEW Pa3IMYHOW MPUPOJbI, B YACTHOCTH,
CTpaTU(PUIMPOBAHHBIX. OTOT UWHTEPEC OOYCIOBICH HE TOJBKO OOJBIION NPUKIATHON
3HAQUMMOCTBIO YKa3aHHBIX 3aJlad, HO U HUX HOBBIM TEOPETUYECKUM U MATEeMaTUYECKUM
conepxxanueM. B mocienHee BpeMsi B CBSI3U € MpoOJieMaMU OXpaHbl U M3YUYCHHUS OKPYKAIOIICH
Cpelbl 3HAYUTEJIBHO BO3POC HMHTEPEC K HCCIECIOBAHMIO MHPOBOTO OKEaHa, B YAaCTHOCTH, K
mporeccam KojeOaHWil pa3nuyHOW TNPUPOABI B TOJIIE >KUAKOCTH. Bo3HHKaromme 31ech
muddepeHuanbHble  YpaBHEHHS OKAa3bIBAIOTCS 3a4acTyl) YPE3BBIYAHO CBOEOOpa3HBIMHU.
HoctatouHo BcrmoMHUTH wu3BecTHOe ypaBHeHne C.JI.CoOosieBa OUHAMHKH BpalIaroOIIEHcs
KUJKOCTH WM AHAJIOTWUYHOE €My YypaBHEHHE, OINHCHIBAIONIee KOJeOaHUS HECI)KUMAeMOU
CTpaTUPUIMPOBAHHON KUKOCTH.

B nmannHO#t paboTe wucclemyeTcss pEIIeHHE IOYTH BCIOAY CIEIYIOIEHd OXHOMEPHOM
CMEIIAHHOW 3a7a4u:

Uy (t1 X) — Uy (t1 X) — Ol gy (t1 X) =
= F(t1 X,U(t, X),Ut (t1 X),Ux(t, X),Utx (t1 X)fuxx (t1 X)futxx (t, X))

0<t<T,0<x<7), @
u(0,x) =p(x) (0<x<x),u,(0,x)=w(x) (0<x<7), (2
ut,0)=u(t,z)=0 (0<t<T), ®))

rie 0<T <+ ; a>0 -¢pukcupoBanHoe uucio;, F, @,y -3amansele pyHkuuy, a u(t,x)-
uckomasi (QYHKIHsS, IPUYEM IOJ] PelIeHueM TouTH Bcroay 3aaadu (1)-(3) monuMaem GyHKIUIO
u(t, x) , o6mamaromryto cBOMCTBaAMH:

a) u(t,x),u, (t, x),u, (t, ), u, (t, X),u, (t, X),u, (t, X) € C[0,T]x[0,7]);

Uy, (£, X),u,, (t, %), U, (t,X) € C([0,T] L, (0, 7))

0) ypaBuenue (1) ynosnerBopsiercst moutu Bcrony B (0,T) x (0,7) ;

6) Bce ycioBust (2) u(3) ynoBIeTBOPSIIOTCS B OOBIMHOM CMBICIIE.

B pabote cTaHmapTHRIMU METO/IaMH, & KIMEHHO, MOJb3ysICh ypaBHeHHEeM (1) yCTaHOBJICHBI
pa3IMYHbBIC aAlPUOPHBIC OLCHKH, HYXKHBIC ISl JOKA3aTeIbCTBA TCOPEM CYIIECTBOBAHUS B IIEJIOM
pemeHus nouTy Beroay 3amauu (1)-(3).

Teopema. Ilycts

1. F(t,X,U,,...,u;) € C([0,T]x[0, 7] x (~o0,0)°).

txx txx
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2. F(t,x,u,u,,u,,u
uxx’u

tx’u utxx): f(X,U)+cD(t,X,U,Ut,UX,U
)+ fl(t,X,U,Ut,UX,UtX)X + fz(t’ut)x + fS(X’ux)x’

XX ! tx !

XX

MPUYEM
a) f(x,u)eC([0,7]x(—0,0)) uB [0, 7] x (—o0,)

[f(x&)dE=g(x,u) <C-(L+U* —gy(u)), 0= g(u) € C(—o0,);

0

6) ®(t,X,Uy,...,Ug) € C([0,T]x[0,7]x (=0,0)®) mu B [0,T]x[0, 7]x (—o0,0)°
D(t, X, Uy ..., Ug) -U, SC-(L+UZ +U5 +UZ +U +7,(U,));

6) fi(t,xup..,u,), fi (XU, u,), f (8 XU uy,)
(i=1,4) e C([0,T]x[0,7]x (~0,0)*) m B [0,T]x[0, 7] (~o0,0)*

—f,(t,X,U,...,u,) U, <C-(@Q+u7+u2 +uZ +ul +g,(u,));

2) F,(t,V), f,, (t,V) e C([0,T]x (=o0,0));
0) f,(x,V)eCY([0,7]x (~0,0)) u B [0, 7] x (—00, )

—Vj f,(x,&)dE <C-(1+V?)

rne C>0 — nmocrossHHAA.

(4)

®)

(6)

(7)

(8)

Torma ans BCEBO3MOXKHBIX perneHuid moutd Bcroay U(t,X) 3amaum (1)-(3) crmpasennmBa

alIpuopHas OLCHKA.

juf (t, x)dx +ju§(t, x)dx +jufx(t, x)dx <C, Vte[0,T].
0 0 0

3ameuanue. Tak kak  Vte[0,T]u xe[0,7]

u(t,x)|= fué(t,g)dg < ﬁué(t,g‘)‘dg‘ < \/;-{Tuf(t, x)dx}z ,
Ju, %)= futg (t,£)dé| < ﬁutg (t,&)de <z .{fu;(t, x)dx}z,

TO U3 aanOpHoﬁ OLICHKHU (9) CICOYET CIPABCIIMBOCTD CICAYIOIIUX allpUOPHBIX OLICHOK:

”u(t’ X)”c@T) <Ry, ”ut (t, X)”c@T) <Ry,
rae Q; =(0,T)x (0, 7).

AHanmM3upyeM yCIOBHUS TCOPEMBI.
Kak Bugno 13 (4), o0mmii Bua GyHKIUN
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@(t, X,u, U, U, U, U, U, ) (10)

Q)opMaano OXBAaTbIBACT BCC OCTABIINECCA CJ1araCMbIC
f (x,u), f.(t,x,u,u,u,,u,),, f,tu), f(x,u,),, (11)

¢urypupyromue B (4). OnHaKo, Kak BUIHO U3 YCJIOBUHA 2a — 20 Teopembl, 00bEIMHEHHE BCEX
cmaraembix (10) u (11), T.e. Britouenume Bcex ciaraembix (11) B (10), BooOmIE roOBOpH,
HereliecooopasHo. Bee 310 00sicHiMo. Bo mepBbIbX, 0YEBUIHO, UTO VIS BHIMOJHEHHS YCIOBUN
(6) mocrarouHO, YTOOBI BHIIOIHSIOCH (B TOM JKe 00J1aCTH) yCIIOBHE

(Dt X,Uy oy Ug)| < C - (L Uy 4+ Juy |+ |+ |u,]),

KOTOpoe, Mo cpaBHeHHIO ¢ (6), 3HauMTEeNnbHO cyxaer kmace ynkmmit d(t, X, U,,...,U;). A 1pu
BeIMONIHEHNK ycnoBus (6) ¢ynkmus O(t, X, U,,...,U) , UMes HYXHBIH 3HaK, MO aOCOJIOTHOM
BEJIMYMHE MOJXKET PacTH IMpH |u1|+...+|u6|—>+oo KaK yrojHo OBICTpO; Hampumep, (GyHKIHsS
®(t, X, Uy ,...,Us) MOKET UMETh BUJ

D(t, X, Uy,..., Ug) =U, - D(t, X, Uy,..., Ug)
rae Cf)(t, X,Uy,...,Us) - IPOM3BOJIbHAS (DYHKIUS, YIOBICTBOPSIOIIAS YCIOBHUSM:
D(t, X, U, ..., Us ) € C([0, T]x[0, 7] (—o0,20)°),
D(t, X,Uy,...,u;) < C .

Henocratkom sxe ycioBust (6) sBisieTcss TO, 4TO OHO MMeeT SPQPEeKT B cliydae, Koria
bynknua  O(t, X,U,...,Us) OT aprymMeHTa U, CYIIECTBEHHO 3aBUCHT, MOO B cilydae, KOraa

¢ynxuus O(t, X, U,,...,Us) OT U, HE 3aBHCHT, ycaoBue (6) mpuHuMaeT (eciu B HeM Opath U, =1 1
u, =—1) Bun
D(t, X, U ,..., Ug )| <C -(1+ u’+ul+u?+ go(ul)), (12)

CIIeI0BATENILHO, NOPsIAOK pocTa pyHkuuu D(t, X, U,,...,Us) Ipu |u1| + ... +|u6| — +00 CHJIBHO
OrpaHWYeH, JaXe IO CYIIECTBY, MMEET MecTo Oolice CHIbHOE orpaHmyeHue, Hexxenmn (12), a
UMEHHO, €CJId B ATOM cllydae, T.e. B ciydae, korga ¢ynkuus d(t,x,u,,...,U,) HE 3aBUCHUT OT

apryMeHTa U,, 6pats U, :1+|u1|+|u3|+|u4|+,/go(u1) u u2:—(1+|ul|+|us|+|u4| +1/go(u1))’ TO yCIIOBHE

(6) mpumeT BH

D, X, Uy, U - (L |+ [y |+ /90 (U) ) <
36-(1+u12 +ul+ul +go(u1)),

KOTOPOC PaBHOCUJIBHO YCJIOBHIO
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(L, X,Uy .., Ug)| < C -ﬁl+|u1|+|u3|+|u4|+1/g0(u1) );

U 910, 1Mo cpaBHeHur ¢ (12), emie cuibHEe OrpaHHYMBACT TMOPSJIOK pocTa (YHKIUU
(L, X, Uy Ug) TPV U]+ [Ug| > +00.

Hanee, npucoenunenue f(x,u) x d(t,x,u,u,,u,,u

o Uy s Uy, ) TAKOKE Helleecoo0pasHo. DTo
MOYXHO MOJTBEPANTh MHOTOUMCICHHBIME IpuMepamu. Hanpumep, myctb

f(x,u)=—u®, O(t,X,u,u,u,,u,,u,,u,) =u>*sinu,

f=f,=f,=0,
T.C.

F(t,x,u,u,,u,,u,,u_,u._)=-u*+u*-sinu,; Torma, oyeBMAHO, YTO MOXHO Oparh
0o (U) = Uu'® u ycnosue

@(t, x,u,u,,u,,u,,u_,u,)-u, <C-@+u’+u?+u’+u’ +g,()),

T.¢. ycaoBue (6), BBIMOJIHEHO, KOO B ATOM CTydae

d(t, x,u,u,,u,,u
1

<=

50 o; 50
s Unos Un) - Uy = U sinu, U, <u®-[u,| <
1
< (u1°°+uf)3—(1+u2+uf+uf+ufx+u1°°);
2 2

A ecnu f(x,u) nmpucoemunuts k O(t, X,u,U,,u,,u

oo Ug Uy, ), €CTECTBEHHO cumTast B (6)
g,(u) =0, To ycnosue (6), mpuHUMAarOLIEe B TOM CIIydae BH

(~u® +u®-sinu,)-u, <C-[+u? +u? +u +u?)
T.C. BUJ

(~u®® +u* sinu, )-u, <C-([L+u? +u?), (13)
T

HE BBINOJIHUTCSA, 0O, HAlIpUMep, Ipu U, =5 U — —oo HepaBeHCTBO (13) HeBepHO.
SlcHo, uto ¢yHKuEo0O ¢,(U), ¢urypupyromyo (5), MOXKHO OTOPOCHTH, T.e. CUHTATh

g,(u) =0, HO ee Hammume (ocTaBienue) B (5) BHOCHTH CBOI MOI0OKUTENbHBIN BKiIaa B (6) u (7),
YTO YACTUYHO OBLIO IEMOHCTPUPOBAHO B MPEIBLAYILEM ITPHUMEPE.
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ABSERON YARIMADASINDA RADIAEKOLOJI TODQIQATLAR
Q.Q. Mommadov', C.H. Nagiyev?
Bak: Dévlat Universiteti, Fizika Problemlori Znsitutu®
AMEA Radiasiya Probllemlori /nsitutu?

Baki otrafi orazilorls ilk dofs 1963-1964 illords tanis oldum vo bu tanislig monds ¢ox

boyik toasuf hislori yaratdi. ©traf mihit vo orazilor torkibinds neft vo gaz olan tullantilarla
daha c¢ox cirklonmisdi. Bu tullantilar igarisinds zororli Radioaktiv tullantilar xtsusi yer tuturdu.
Belo ki, Radioaktiv niklidlarin otraf muhits vo canli organizmlors vurdugu ziyanh tosirlor artiq
¢coxdan malum idi.1900-2000-ci illordo Abseron yarimadasmin orazilorinds vo Xozar donizinda
do Radioekoloji voziyyot eyni idi. Bu barado odobiyyatda vo olagodar toskilatlarda heg bir
molumat yox idi. Horgand ki, kegon osrin 80-1 illorinin sonlarinda SSRI miitoxasislori tarafindon
va onlarin rohboriyi altinda Azarbaycan torpaglarinda Aerokosmik usullarla radioekolji mosalarlo
bagl tocurbalor aparilmisdi. Lakin,“moxvilikpardasi”altinda bu masalolor barads shaliys he¢ bir
molumat verilmamisdi.

1) Olkomiz ikinci dofs mistoqillik gazandigdan sonra Respublika Prezidenti conab ilham
oliyevin formanlarn osasinda, Respublikanin olagadar toskilatlarnin  rohborliyi  altinda
Radioekologiya sahodo ciddi elmi -todgigat islori aparilmaga, Abseron yarmadasinin
torpaglarinin neftdon vo radioaktiv tulantilardan tomizlonmosi islorino baslanildi.

Radioekoloji todgigatlar aparmaq ugln torofimizdon qurgu yigildi va etalon nimunalarin
Radioekoloji parametrlori o6lgildi. Bu moagsadlo salahiystli organlar torafindon gurgunu
yoxlanmasmi tomin etmok Uglin Xozor donizi suyunun Lonkaran ¢okokliyi vo Volga ¢aymin
Xozora tokuldiyld yerdon goturilmis su numunslorinin; hamginin  Kalium xlor (KCI)
kristallarinin Radioekoloji parametrlori toyin olundu.Toadgiqgatlar naticasinds miiayyan olundu ki,
Loankoaran ¢okakliyi sularinda KCI-un konsentrasiyas: daha yiksokdir.

2) Beynolxalg Qrant Lahiyasinin islonmosi:Baki otraft Abseron torpaglarinda radioekoloji
todgigatlarin aparilmas: ( icra miiddoti 3 il-2009-2012 illor; doyori-40/000 ABS-dollan). is
icragilarmin say1 16 noafor.

Qrant-proekt isindo Baki soharindon baslayan 10 margurut Uzra ¢0l soraitinds EDG-niin
(ekvivalent doza gucinun) cografi koordinatlardan vo 6lsu ndgtoalarinin sayindan asililigi miyysn
edilmis vo EDG-cu boyuk olan lokal orazilordon laboratoriya soraitinds spektrometrik todgiqgatlar
aparmaq tgun torpaq nimunari gotirdlmasdur.

Sok.1-do Baki-Samaxi, Baki-Qurd gapisi, Baki-LOkbatan, Baki-Quba marsurutu (zro
Radioekoloji todgigatlar noticesi olarag EDG-nin noqtelor sayindan (a) vo cografi
koordinatlardan asililiglar (b) verilmisdir [1-3].

Eksperimental naticalarin tohlili gostordi ki, DGE-nin 6l¢t ndqtslorinin sayindan asililig
Qauss paylanmasina uygun galir:

N (x) = Ae*(xi*ﬂ)z/ZCf2

Belo ki, A-EDG-nin olgllmosinds on ¢ox tokrarlanan ndqtolorin maksimal say,x i
noqtesindo EDG-nin giymoti, u EDG-nin orta qiymoti, o iso ortakvadratiq giymotdan konara
cixmadir.
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Sokil-1

Tadgigatlar naticasinda malum olmusdur ki, Baki-Suraxani, Baki-Ramana marsurutlarinda
EDG-nin giymoti daha yuksokdir vo bunu kegcmis Suraxani vo Ramana yod zavodlarinin
orazilorindon gotirilmus torpag numunoslorinin HP GaGe dedoktorlu gamma Spektrometri
vasitosi ilo ¢okilmis enerji spektri cox aydin gostorir (sok.2).

5 Gamma - 11212.CNE

File MCA Caibratz Display Analyze Edit Options

=ed |29 || E|

Datasource  Help

(ol 0] el =|olo]|HS]

46.6 keV. Counts: 321 Preset: 300000/15757.12

Idlc | Channel: 151 ¢
Acquire
Expand Off

96
ROI Index:

Datas:

64

e

32

5
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!

| I
900 1000

VFs-12m =

azay

R

Jrm—r

NUCLIDE INFO
FwHM:
Nuciide:
Eneray:

Tz
2%

0822 keV
PE-210
465 keV

Area: 736
Halflife: 204y
Yield: 4%

+6.86%

- 3320348

Sokil 2

Qeyd etmok lazamdir ki, tadgiq olunan arazi torpaglarinda mévcud olan Radionuklidlarin
torkibi,onlarin doarinliys goro paylanmasi, enerji spektirlori vo digor shomiyyatli parametrlori
yiiksak elmi saviyyads todqig olunmusdur. Sakil 3-do ¢oxlu sayda tadbig sahslori olan bertonit
suxurlarinin enerji spektri do verilmisdir.
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1) Bakiotrafi orazilordos torkibindo Radionuklidlor olan neft-qaz tullantilar ilo girklonmis
torpaglarda Radioekoloji todgiqatlar aparilmis,Radioniklidlorin konsentasiyasinin yiiksok olan
lokal arazilorin (yerlorin) cografi koordinatlart vo EDG-nin négtolor sayindan asililiglar: toyin
edilmisdir.

2) EDG-nin notalor sayinin tezlyindon asililigi ¢ox ¢irkli olan osrazilords eksponensial, az
¢irkli torpaglarda iss kigik meyl bucagzsif olan xotti xarakter dasiyir.

3) Radioekoloji todqgiqg olunan orazi torpaglarinda movcud olan Radiontklidlorin
torkibi,konsentrasiyalari,aktivliklori,enerji spektirlori kimi bir sira shomiyatli parametrlori toyin
edilmisdir.

4) Alinan noticolor 3-Beynslxalq Simpoziumlarda (2-dofo ABS-do, 1-dofo Fransada)
moruzs edilmis, Beynalxalq vo Respublika motbuatonda ¢ap olunmusdur.
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METEOROLOJI PEYK SISTEMLORI
V.1. Sanyev
Mingagevir Dovlat Universiteti
V.Saryev-1970@mail.ru

Peyklarin orbitlari onlarda cihaz va avadanl:iglarin imkan va tayinatindan as:/: olaraq segilir.
Orbitilar Yerdan olan masafalari va firlanma mistavisinin Yera nazaran vaziyyatlori ila bir-birindan
farglanir.Orbitlar névlarina gora,an ¢ox istifada olunan geostasionar va polyar névli olurlar.

Op6I/ITBI COYTHUKOB MW OTJIIMYACTCA B 3aBUCMOCTH OT HA3HAYCHUSA HpI/I60pBI u
060py,[[0BaHI/I€ BO3MOKHOCTB. Op6I/ITBI ¢ 3eMiaH Ha AUCTAHIIMUM W BpalllCHUA CIICKTP HAIIHUX
COCTOSIHUM C 4YeM OTJIMYaIOTCS ApPpYyTr OT Jpyra. Op6I/ITLI 110 BI/II[aM,HaI/I6OJ'I€€ HCIIOJIb3YCMbIX Ha
reoCTalMOHApHYIO U CTAHOBUTCA IIOJIAP .

Peyk rabitosi 1945-ci ildo Amerikali A.Klark torofindon toklif edilmisdir.Onun bu toklifi
osa-sinda 1957-ci ildo kegmis SSRI torafindon siini peyk kosmosa buraxilmis,bununla kosmik asr
baslamisdir.

Rabito peyki ilk dofo 1 fevral 1958-ci il ABS,26 aprel 1962-ci il Boyuk Britaniya,29
sentyabr 1962-ci il Kanada,26 noyabr 1965-ci il Fransa,29 noyabr 1967-ci il Avstraliya
torafindon kos-mosa sixarilmisdr.

1965-ci ildo kecmis SSRI torafindon kosmosa “Molniya -1” rabits peyki buraxilmusdar.

Yuksok buraxiciliga malik olmasi,gox uzaq mosafalora informasiya verilisinin tomin
olunmasi vo etibarli rabitonin tomin olunmas: peyk rabitosinin Ustlin cohatlorindandir.
PeykinYerdo hundurliyt 36000 km-o catir. Peyk rabitosindon danisig,verilonlor vo televiziyz
signallarinin verilmasi Ggiin istifado edilir. Onlarin verilmasi tGgtin muxtalif verilis suratlorindan
istifado olunur.

Maosolon,terminallar arasinda verilis strotinin giymati 2400 bit/san,riyazi programlarin
suroti 50 kbit/san,veriloniorin otlrulms sirati 1 Mbit/san-dir. Peyk rabitosinds sshvin yaranma
ehti-malmin giymoti 10 —a borabordir. Diger rabito kanallarina nisboton peyk rabito
kanallarinin effektivliyi vo gonastliliyi (800 km-dan sonra) ¢cox bdylk olur. Ona goro do peyk
rabitasi kanalina olan tolabat getdikco artur.

Peyk rabitoasinds kanallarin ayrilmas: tezliys,zamana,muhits vo koda goro aparilir.Yerusti
stansiyalardan peyks informasiyanin otlrilmasi vo onun gobulu kanallarin ayrilmas: tsullarina
osaslanir.

Peyk rabitosindo muxtalif diametrli antenalar istifado olunur ki, onlarin maksimal diametri
30 m,minimal diametri 1.5 m olur. Peykds istifads olunan retranslyatorun say: 12 + 48 arasinda
doyisir. Retranslyatorun har birinin zolaq tezliyi 36 MHs olur. Retranslyatorlar hom do yiiksok
tezlikli olurlar,onlarn tezlik zolag: 14/12 HHs, bazan tezlik zolag 6/4 HHs toskil edir.

Yeriistii A stansiyas: “Yer-peyk” kanah vasitosilo mioyyon tezlikli signal verir. Oz
ndvbasindo peyk homin signali gobul edorok “Peyk-Yer” kanali vasitosilo digor yerlstu B
stansiyasina Otlrtr. Bu kanal Uzro verilon signali gobul orazisinds hor bir stansiya ala
bilor.Signallarin gobulu va verilisi transponderlorls aparilir.

Bu ndv rabitads bir nego min telefon kanali yaratmaq,onlarla transponderlor yerlosdirmok
mumkiindir.Onlarin har birinin verilis strati 48 Mbit/san,imumi buraxiciligt 0.5 min.bit/san
toskil edir. Belo sobokolords informasiya verilisi molumat kommutasiyasi Gsulu ilo aparila bilar.
Bu Ustlin cohotlora yanasi peyk sobokasinin catismayan cohotlori do var : hava soraitinin
pislosmoasi ilo alagodar tohrifin yaranmasi,informasiyanin gecikmo vaxtinin béyuk olmasi miasir
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dovrds Yer Uizorinds bas veran iglim dayismalorinin todgiginds aerokosmik tsullarin (masafodon
zondlamanin) [1] noticalori 6z aktualligi ilo boyiik shomiyyst kasb edir.

“Yerin masafodon zondlamasi” dedikdo,Yerin mixtalif tobiotli obyektlorinin oks etdirdiyi
vo ya stalandirdigr sahalor haqginda,pilotsuz vo ya mosafodon idars olunan hava gomilarinin
(toyyaro vo aerostatlarin) vo ya kosmik platformalarda (kosmik apparatlar,raketlor,kosmik
gomi,peyk vo stansiyalarda) qurasdirilmis cihazlar vasitesilo alinan informasiyanin emal: no-
zords tutulur.

Aerokosmik zondlama Gc¢tin nazords tutulmus kosmik cihazlar ugus hindurliklorina goro,
alcag,orta hundurlikli v geostasionar cihazlar bolinr.

Geoinformatikada [2]Yerin obyektlori osason 3 tip xarakteristikalara malik olur

1. Mokan xarakteristikasi- obyektin avvalcadon gobul olunmus koordinat sistemino goro
vaziyyeti toyin olunur. Bu xarakteristikanin garsisinda goyulan asas tolob obyektin yerlosdiyi
mokan1 ,0 cimladan Yer sathinin digor obyektlora nozaran voziyystinin dogiq tayin olunmasidir.

2. Zaman xarakteristikas1 —-zamandan asili olarag, Yerin sothindo olan obyektin
xususiyyatinin, proses vo hadisslorin doyismosini xarakterizo edir,bu xarakteristikanin garsisina
goyulan asas tolob aktualligdir.

3. Tematik xarakteristika —obyektin zaman vo mokan istisna olmagla xususiyyatlorini tosvir
edir, asas tolobi iso praktik masalalarin hallinds dolgunlugu vo kifayatliyidir.

Peyklorin orbitlori onlarda cihaz vo avadanhglarin imkan vs toyinatindan asili olaraq segilir.
Orbitilor Yerdon olan mosafolori vo firlanma mdistavisinin Yera nozoran voziyyatlori ilo bir-
birindan forglonir. Orbitlor ndvlorina gore,on ¢ox istifado olunan geostasionar vo polyar novli
olurlar. Geostasionar orbitlorin osas stlnliyd alinan informasiyanin zaman gors,yuksok
ayirdetmoys Vo sabit goriis bucagina malik olmasidir. Bu orbitdo ugan peyk Yerdon o godor
hindirds yerlosir ki,o yuksok foza ayirdetmosino vo keyfiyyatli misahidsloro eyni zamanda
zomanot vers bilmir.Homin orbitds 5-6 peyk ugdugda Yerin ekvator oblastina misahids oldugca
faydali olmaqgla Yerin qutblorini gormdrlor.Adoton geostasionar orbitdo meteoroloji vo rabito
peyklari ucurlar. Aerokosmik usullar (Mosafodon zondlama) lgun nozords tutulan peykloarin
oksariyyati hazirda qutb orbitlori Gzra ugurlar.Bu o demokdir ki,peyk simal istigamoatinds uganda
Yerin o biri torafi Gizarindon ,conub istiqamatinds u¢duqgda ise 0 biri torofi Gizorindon kegir. Bu cur
peyk orbitinin bir coxu Gilinaso goro sinxronlasdirilir, yoni peyk secilmis arazi Gzorindan eyni
vaxtda kecir.Bu hallar bir nego illor aparilan todgiqgat tgun eyni isiglanma soraitini tomin edir.
Orbitin simal dogru gedan hissasina galxan orbit,digor hissasing isa dlson orbit deyilir. Polyar
orbitlor geostasionar orbitloro nazoran Yero yaxin olur. Polyar orbital dasiyicilara yerlosdirilon
cihazlar mokana goro ayirdetmoni daha yaxsi tomin etmoklo,aerokosmik usullar zamani yiksak
keyfiyyatli noticalor oldo etmoyo imkan verir. Asagida adlari ¢okilon cihazlarin hamisi qutb
orbitinds ucan peyklords yerlosdirilir:

MSS cihaz1 ( LANDSAT peyki ),AVHHR cihazi ( NOAA peyklori ),SMMR vo SSMi
mikrodalgali radiometrlor,SAR cihazi (ERS-2 peyki ), METEOSAT ,METEOR.

Beynolxalg hava limanlarinda istifads olunan Yerin siini meteoroloji peyklorins isa:

PS SAT SADIS,INTEL SAT-VI,SADIS Reception,PC WINSAT. Orbital peyklordon o
ctiimladan,nishaton az yiiksoklikds ucan cihazlar(tayyars,vertalyot va s.) vasitosilo geyds alinmis
bu dayismalor sahanin tobii obyektlorinin fiziki xassalorinin doyisma gostaricisi ola bilar.
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INFORMATIVENESS OF X-RAY IMAGES OF HUMAN BODY
S.R. MiJovic
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 (1) through D’Alember’s Law,

1(x)=1(0)exp (- x/2) (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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STATE-OF-THE-ART OF NEUTRON ACTIVATION ANALYSIS AT THE REACTOR
IBR2 OF JOINT INSTITUTE FOR NUCLEAR RESEARCH IN DUBNA, RUSSIA

Marina Frontasyeva
Department of Neutron Activation Analysis and Applied Research, Division of Nuclear Physics,
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,
str. Joliot-Curie, 6, Dubna, 141980, Moscow Region, Russian Federation

marina@nf.jinr.ru

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 Programy), 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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PAJUOAKTUBHOCTDb U XUMHNYECKHUE AHAJIN3bI MUHEPAJIbBHBIX U
TEPMAJIBHBIX BOJ] IPUKA CIIUMACKOM HU3MEHHOCTHU

T.A. UmamoBa

BI'Y, Uncmumym @uzuueckux npobnem

Cmambsa nocesawaemcsa 2uOpoO2eOXUMUHECKOU XAPAKMEPUCMUKe  NOO03eMHbIX MUHEPATbHBIX U
mepmanbHuix 600 IIpuKacnuiickol HU3MeHHOCHIU.

C yenvio ycmanosnenus dmux NOO3eMHbIX 600 Hamu uzyuenvl Oonee 50 cksadxcumn, xomopwvie
npobypenvl Ha MmepMalbHble 800bl 83MoM pecuone Bo ecex smux ckeaxcuHnax, Komopvie npoypeusi Ha
cmpykmypax Anama, Xyoam, Habpane, Xaumac u [usuuuncrkoeo paiionog. bvliu gvisignenst mepmanvhvle
600bl, KOMOpble XAPAKMEPU3VIOmMcsa pasHooopasuem no UOHHO-CONEBOMY U 2a3080MYy COCMABY, HO
cmeneHu  MuHepanuzayuu, memnepamype, 0ebumy, MUKDOKOMHOHEHMHOMY COCMABY, YCI08UAM
Gopmuposanus u pacnpocmpaHneHus pecypcos, a makice cooepicanuem 6aibHeoNI02U4ecKUx aKmueHbixX
KOMNOHEHMO8.

Cucmemamusayusi u 0600ujeHUs OAHHBIX AHANUZ08 NOO3EMHBIX MUHEPANLHBIX U MEPMATLHBIX 800
IHpuxacnuticko HusmenHocmu , m.e.800vl Mmedxcoypeuvs Camyp-Amayaii no @uU3UKO-XUMUYECKOTU
Xapaxmepucmuke umeem 60160 HAYUHO-NPAKMUYECKOE SHAYEHUE .

PannoakTUBHOCT, MHMHEpAJbHBIX M TEPMAJbHBIX BOJ JIaBHO TPHUBIEKAET BHUMAaHHUE
0aTbHEOJIOTOB, MBITAIOIIUXCS YCTAaHOBUTH MPHUYMHY JIEYEOHOTO ACWCTBUS MHUHEPATU30BAHHBIX
TepMaJbHBIX BOJl HA OPraHU3M YeJIOBEKaA.

VY CTaHOBIEHO, YTO MOBBIIICHHON PaJMOAKTHBHOCTHIO OOJIQIAIOT JIMIIL HE3HAYUTEIbHBIC
KOJIMYECTBO TEPMAJIbHBIX BOJA. Kpome TOro, BBICOKas paJHOaKTUBHOCTh, KaK MpaBuUJo,
YCTaHaBJIMBACTCS B XOJOJHBIX MUHEPAIbHBIX BOJAX.

Kputepun paavoakTUBHOCTH MHUHEPAJIBHBIX BOJ C LEJIbI0 HMX MPAKTHUYECKOIO
MCIIOJIb30BaHUs B Pa3IMYHbIX CTpaHaX MUpPa BECbMa Pa3JInYHbI.

N3yyas paaMoOakTHBHOCTH BOJ HUCCIEIyEMOTO PETrMOHa, Mbl MPUIUIM K BBIBOAY, YTO
HEOOXOAMMO COBEpPIIEHCTBOBATh METOAbI AHAIM30B M BBISIBICHUS MHKPODJIEMEHTOB B
MUHEPATbHBIX H TEPMAIBHBIX BOJIaX peruoHa. Torma oOHapy)KeHHE B TOM WM UHOM KOJHMYECTBE
COJICH paIO0aKTUBHBIX METAJUIOB B BOJaX OyAeT 00Jiee TOUHBIM, JOCTOBEPHBIM U JIETATbHBIM.

C nenpro M3y4eHUs] TUAPOXMMHYECKOW XapaKTEPUCTHKU TMOA3EMHBIX TEPMAJIBHBIX BOJ
HaMH W3y4deHbl JaHHble Oosiee 50 CKBaXKMHBI, KOTOpPBIE MPOOYPEHBI Ha TEPMAaJIbHBIE BOJBI B 3TOM
pernoHe. OTH CKBOXMHBI TPOOYypeHBI B Mpejaesiax KOHKPETHBIX TEKTOHHYECKUX CTPYKTYP
(Slmama, Xymar, Xaumac, Kycaper u 1p.). Bo Bcex ckBakMHaX, KOTOpbIE MPOOYypeHBI Ha
cTpykTypax Xymar, Slmama, HaOpanp, Xaumac m JIMBUYMHCKOTO pPaiOHOB, OBLIM BBISBJICHBI
TepMallbHbIE BOJIbI, KOTOPBIE XapaKTePHU3YIOTCS pa3HOOOpa3UeM HE TOJBKO 10 HOHHO-COJICBOMY
M Ta30BOMYy COCTaBy, HO U TIO CTENEHHM MHHEpaIM3allid, TeMIeparype, AeOury,
MUKPOKOMITOHEHTHOMY COCTaBy, YCJOBHSM (DOPMHUPOBAHMS W PaCHpPOCTPAHEHUS] PECYPCOB, a
TaKXKe cofepKaHreM OOJTBbHEOIOTUIECKUX aKTUBHBIX KOMIIOHEHTOB.

C 1nenpl0  YCTaHOBJCHHS 3aKOHOMEPHOCTH (OPMHUPOBAHUS XHMHUYECKOTO COCTaBa
MUHEpPAJTbHBIX U TEPMAIBHBIX BOJ cOOp, cuctemMaru3anus U 000OIIeHHS JTaHHBIX aHAJIU30B BOJ]
M0 THIPOT€OXUMUYECKONW XapaKTEPUCTHKE MMENIO OOJIBIIOE HAYYHO-TIPAKTUYECKOE 3HAYEHHE U
BCE ATO JIETJIO B OCHOBY pa3paboTKH THAPOTEOXUMHH BOJ U3Yy4aeMOT0 PEruoHa.

HNoHHO - coneBoil cocTaB MHHEPAIbHBIX U TEPMAIbHBIX BOJ IO CPAaBHEHHUIO C Ta30BbIM
COCTaBOM JIY4IIE BCETO XapaKTEPU3yeT XUMUIECKHUE CBOMCTBA BOJBI U OTPAXKAET FE€OJIOTMIECKYIO
UCTOPHIO peruoHa. POpMHpPOBAHUE COJIEBOIO COCTaBAa MUHEPAIBHBIX W TEPMAIbHBIX BOJ
MPOUCXOJNUT B TEUCHUE JIUTEIBHOTO T€OJIOTHYECKOTO BPEMEHH.

Kak wu3BecTHO, K HacrosimeMy BpeMeHH H3 87 CTaOWIBbHBIX XHMHUYECKHX SJIEMEHTOB,
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W3BECTHBIX B 3eMHOU Kope, Oonee 70 oOHapyXeHbI B IMOJ3EMHBIX BOJAX W HET HHUKAKUX
COMHEHHI B TOM, YTO OCTAQJIbHBIC AJJIEMEHTBHI TaKke OYAYT BBISBICHBI B OyaylieM o Mepe
YCOBEpPIIIEHCTBOBAHUS aHATUTUIECKIX METOIOB.

B OCHOBHOM XMMHYECKMM KOMIOHEHTOM MOJ3€MHBIX MHHEPAIBHBIX U TEPMAIBHBIX BOJI
otnocsresa Cl, SO4, HCO3, Na, K, Ca, Mg, KoTopble XapakTepu3yrT TUIBI BOJ ¥ IIPUCYTCTBYIOT
B CaMbIX Pa3HOOOPAa3HBIX COYETAHUSAX M OTHOUICHWsX. Hinke B Tabnuue (Ta6. 1) mpuBencHbI
pe3yNbTaThl XMMHUYECKOTO aHaln3a MHUHEPAIbHBIX U TEPMAIbHBIX BOJ Mexaypeudbs Camyp -
Arayaii.

Taoauna 1
P€3y.]'IBTaTBI XUMHYCCKHUX aHaJIM30B MEXIYPCUbI CaMyp -ATtayaii

Mecro Ne

Poxxnenue CKB. I'mybunam Cl SO, HCO; Na+K Ca Mg
Anama-HabpaH 1/80 1205 87 12 - 93 - -
Snama-Habpan 12 82,6 16,2 0,99 79,4 145 6,05
SInama-HaGpan 7 1245 57,1 13 41,6 93,1 34 35
Snama-Habpan 10 2461 92,7 6,0 1,3 86,5 47 8,8
Slnama 111 1140 85,8 13,1 0,9 88,9 6,0 51
Slnama 14 1164 54,1 42,4 3,0 62,7 6,7 3,6
Slnama 5 60,5 20,2 18,5 911 6,4 2,5
Snama-Habpan 9 1852 70,6 24,7 4,7 93,0 3,9 31
Xynar 20 1926 99,5 0,1 04 82,4 14,6 3,0
Xynar 112 2877 99,7 - 0,3 85,5 12,6 19
Xynar 113 1594 79,0 18,8 2,2 76,4 18,8 4,8
Xynar 116° 1853 95,7 2,14 1,76 91,3 8,35 0,35
Xaumac 115 1615 77,2 18,6 4,20 85,0 8,7 6,3
Xaumac (b.Teruaii) 15 3350 36,1 38,0 2,6 91,0 6,2 2,6
Xaumac 1° 2497 99,0 0,3 1,0 87,0 10,7 2,7
JuBrun 45 54,6 78 3,7 96,0 24 19
JuBrun 54 433 1,0 5,7 96,1 0,6 3,0
T'ycap 9 1067 - 16 80 85 96 29

JIyisi BBISBIICHUSI 3aKOHOMEPHOCTH PacIpOCTPAHCHHUS MUHEPAIBbHBIX W TEPMabHBIX BOJ,
OILICHKA MX 0aJbHEOJOTUYECKUX CBOMCTB, YCTAHOBICHUU WX T€HE3Hca OOJIBbIIOE 3HAYCHUE UMEIOT
MPUPOJHBIC Ta3bl KaK CBOOOJHO BBIJICIISIONINECS, TaK M PACTBOPCHHBIC B MHUHEPAIbHBIX W
TepMaJIbHBIX BOJIAX.

B.U. Bepunanckuii [1] mo razoBomy cocTtaBy BbLIEIHI 6 OCHOBHBIX MPUPOIHBIX BOA: 1.
Kucmoponueie; 2. VYraekucisle; 3.A3otHbie; 4. Mertanoeie; 5. CepoBomopoaHsie; 6.

Bonoponnsie.
B mexnypeurs Camyp -ATaudail MUHEpaibHbIE U TEPMalbHbIE BOJIbI CONMPOBOKIAIOTCS B
OCHOBHOM  a30THBIMHM,  METAaHOBBIMH,  a30THO-METAaHOBBIMHM,  METAHO-a30THBIMU U

CEpOBOJOPOAHBIMHU I'a3aMH.
OtMmeuass 310 B cBoux Tpynax A.I'AckepoB [2] B kiaccupuKalMu MUHEPAIBLHBIX U
TepMaJIbHBIX BOJ A3epOaiikaHa, 1o Ta30BOMY COCTaBy, B OCHOBHOM, IPHUBIIEKA€T BHUMaHUE Ha
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yeTblpe Haubosiee pacmpoctpaneHHbie rassl (CO,, HS, CH4, Nj). A mpu pailioHupoBaHuU
tepputopun AsepoOaitkana Ha nsith TUOB (CO2, HS, CH4, N2, Rn) rasos.

MuHepanbHbple W TepMalbHble  BOAbl  [IpuKacmuilckod  HU3MEHHOCTH  UMEKOT
MUHepanu3amnuo, koneoyronrytocs ot 0,3 ( ckB.Ne 5, 7, 9, 10, 12, 14, 3) no 106,56 r/a ( ckB.Ne
112,20 - Xynar).

[To creneHn MUHEpaAIM3allMd MUHEPAJIbHBIE H TepMaIbHbIC BOJIBI pETHOHA COOpaHbl HAMH B
3 rpYIIIIHL.

1.  Boabl co cnaboit u cpeaHeit MuHep anu3anuei - 1o 10 r/i;

2. BOBI C BRICOKOW MuHepanu3aiuei - ot 10 mo 35 1/,

3. BOABI paccotibHBIC - Oogee 35 /.

K mepBoii rpymmbl OTHOCSTCS: MUHEpaJIbHBIE M TEPMaIbHbIE BOJBI ¢ MUHEpanu3auu 10 10
r/mu3 ckB.NeNe 5, 7, 9, 10, 12, 14, 3/65, 113, 55, 14.

Bropas rpynmna npeacraBieHa BogaMu ¢ MuHepanuzanueid ot 10-35r/1 BeISIBIIEHHBIC B CKB.
NeNe 1/80, 33, 34, 30, 43, 35, 54, 58, 115, 111, 110, 36, 115.

K TpeTbeil rpynmne MUHEpaTbHBIX M TEPMAJbHBIX BOJ OTHECEHBI BOJBI - PACCOJbHBIC, C
MuHepanmu3aiuei 6onee 35 r/n ckBaxknn NeNell12, 115, 20. 6, 116, 10, 7, 111,43, 34,1, 2, 4, 10.

TemnepaTypa MUHEpPaIbHBIX W TEPMAIBHBIX BOJ SIBISETCS OIHHUM U3 OCHOBHBIX
noKasatesield sl uX OaIbHEOJIOTHYECKOT0 MPUMEHEHHSI U MCTIOJIb30BaHUS B KYPOPTHOM Jiefe, a
TaK)Ke XapaKTePUCTHUKA €€ COJIEBOTO U T'a30BOTO COCTABOB.

AM. OBunHHUKOB [3] ¥ Ap. MO TeMIepaTypHBIM NPU3HAKAM PA3NINYAIOT MHHEPATHHBIC
WCTOYHHKHU:

A. Xonoausie: 1.BecbMa xonoanbie (Hmwke 4°C);

2. xonoaubie (ot 4 1o 20°).
b. Tepmansubie: 1.temsie (cyoTepmanbhbie - oT 20 1o 37°C);
2.. ropsiane (TepMmanbHbie - oT 37 10 42°C);
3. oueHb ropsune (rurmorepmanbabie-cBbiiie 42°C);

OmHuM M3 BaXHBIX TIIOKa3aTeleld OIEHKHM XHMHYECKOrO COCTaBa W TEOXUMHUYECKUX
yclioBuil  (POpPMHpPOBAHMS TON3EMHBIX MHHEPATBHBIX W TEPMAIBHBIX BOJ SBISIETCA WX
KHCJIOTHOCTB M IIEJIOYHOCTH, BBIpaykaemas BelmdynHou pH.

Benmuunna pH ompenensier ¢GopMmbl HaxoXkAeHHS B BOJax cHaObIX KHCIOT, a TaKkKe
BO3MOKHOCTH MPUCYTCTBUSI B HUX HEKOTOPBIX TSDKEIBIX METAJUIOB. pH sIBIIsieTCs Tarke BaXKHBIM
KpUTEpUEM TIPH OIEHKE BOJ C IEJIbI0 MPAKTHYECKOTO KCIONb30BaHUS B JICUeOHBIX,
MPOMBIIUICHHBIX U TEIJIODHEPTeTUYECKUX OO BEKTaX.

Enunoro obmenpunsaroro neneHuss Box mo BenmuumHe pH He cymectByer. Pasnuunbie
aBTOPHI MPEAIATalOT B 3TOM OTHOUICHUH Pa3HbIE TPaJaluu: OOBIYHO BBIACISAIOT 6-7 TPYII BOJ
M0 UX KUCJIOTHOCTH U IIEJIOYHOCTH OT CHIBHO-KUCIBIX JI0 CUIBHO-IIEIOYHBIX.
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AZORBAYCAN IQTiSADIYATININ DAYANIQLI
EKOINKISAF MODELI
T. Hasanov, M. Babayev
Bak: Dovlat Universiteti
tapdighasan@mail.ru, m.babayey@mail.ru

Azorbaycan Respublikast mistoqillik oldo etdiyi ilk gundon baslayaraq otraf midihitin
muhafizasi problemlorine diggati artirmis vo onlarin halli istigamatindo magsadyonli morhalali
holl programi hoyata kegirmoys baslamisdir.Islonib hazirlanmis ugurlu holl strategiyas: gisa
zaman middeti orzinds kegmis ittifagin dagilmast ilo biitin MDB dévlotlori tigiin xarekterik olan
ekoloji bohranin stabillosmasina imkan vermis onun gedisinds shamiyyatli doniist tomin etmis
vo iqtisadiyyata longidici tosir faktorunu aradan galdirmigdair.

XXI asrin baslangicinda batun inkisaf etmis dunya dovistlorinds oldugu kimi, tobii resurs
potensiali 1lo secilon Azorbaycan Respublikasinda da resurs sorfinin, homginin otraf muhito
tosirin minimum gostoricilari ilo xarakterizo olunan igtisadiyyatin dayanigli ekoinkisaf modelinin
qurulmas: hayati zoruriyystdon dogan baslica vezifaya cevrilmisdir. Ilk névbods garsida duran
vazifanin yerina yetirilmasinin zoruri aspektlorinin tohlilina ke¢mozdon ovval, togdim olunan
masalonin asas mahiyyatinin agiglanmas: zorinds dayanmaq vo onun tarixi xronologiyasi
hagqginda gisa molumat verilmoasi zoruridir.Bu kontekstdo hazirda oksor todgiqatgilar torafindon
tez-tez tokrarlanan molum tezis: “XX asrin on boyuk itkisi-ekologiya vo basoriyystin 6z galocok
varhigini real tohliks qarsisinda goymasidir” —diqgoeti colb edir. Butln basoriyyst Ucunci
minilliyin baslangicinda real tohlikoys garst mubarizo todbiri kimi ekoloji cohotdon dayanigh
sosial-igtisadi inkisaf yolunu osas istigamoat kimi gobul etmok zoruriyyati ilo UGzlogmisdir.
Noticalorin aradan galdirilmast ilo yanasi, artiq daha ¢ox saboblor Uzarinds distinmok zaruriyyati
meydana galmisdir.Tabiot igtisadiyyatin deyil, igtisadiyyat tobistin torkib hissasidir tendensiyasi
0zlnln gabarighg ilo basoriyysti real faktlari qobul etmayi vo ona meyilliliyin zoruri vektoru
istigamatinda horokat etmoyi moacbur etmisdir.

Azorbaycan respublikasinda, “Ekoloji Cohotdon Dayamqh Sosial-igtisadi inkisafa dair”
Milli Programin hoyata kegirilmosino, faktlara istinad edorok 2003-cu ildon baslandigini
ominliklo geyd etmok olar.Bu Programda ekoloji cohatdon dayanigl sosial-igtisadi inkisafi tomin
etmok mogsadi ilo birinci marhalods 2003-2010-cu illori shats edon 7 illik dovr arzinds hayata
kecirilmasi planlasdirilan 93 tadbir daxil edilmisdir ki, bunlar da Umumilikds 5 asas saha: otraf
muhitin mihafizasi vo tobii ehtiyatlardan somarali istifads ( 34 todbir), global ekoloji problemlor
(14 todbir), sonaye kompleksi (26 todbir), kond tesorrifatt vo turizm (9 todbir), elm -tohsil —
madoniyyst (10 todbir) tzro —qruplasdirilmisdir. Artig “Ekoloji Cohotdon Dayaniqlt Sosial-
Igtisadi Inkisaf“a dair Milli Programda birinci morhala (iglin nazords tutulmus todbirlorin do
yerino yetirilmoasinin hesabat ili basa ¢atmaq uzradir.Umumilikdo, respublikada “Azarbaycan
Respublikas: Regionlarmin 2009-2013-cii illordo Sosial-Igtisadi inkisafi Dévlet Programi”nda
hoyata kecirilmasi planlagdirilan todbirlor nozoro alhinmamaqgla, tokco 2 osas Programla
(“Azarbaycan Respublikasinda Ekoloji Cohatdon Dayamqgli Sosial-igtisadi inkisafa dair” Milli
Program, “Azarbaycan Respublikasinda Ekoloji Vaziyystin Yaxsilasdiriimasina dair 2006-2010-
cu illar tguin Kompleks Tadbirlor Plant”) 2003- 2010-cu illor orzinds dayaniglh inkisafin asas
inkisaf vektorunu tomin edo bilocok bazanin yaradilmasi dgiin nozords tutulmus 158 ekoloji
todbirin basa catdiriimas: yekunlasdirilma srafosindadir.

417



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

Kegon middat arzindo Azorbaycan Respublikasinin tobii mihitinds nozards tutulmus
program todbirlorinin hoyata kegirilmasi fonunda bas veron keyfiyyat doyisikliklorina nozor
salsaq gororik ki, tobii muhitin saglamlasdirilmas: istigamotinds bir sira shomiyyatli musbot
iralilayislor artiq hiss olunmaqgdadir. Bunu movcud statistik hesabatlar vo mivafiq nazirliklorin
molumatlan da siibut edir. Belo ki, 1990-c1 illords ekoloji baximdan gorginliyi ilo secgilon 50
arealin imumi sahoasi respublika orazisinin 25%-ni togkil edirdiso do vo bu orazilordo Umumi
ohalinin 40%-i yasayirdisa, eyni zamanda 64 heyvan, 37 bitki novu nosli koasilmokdos olan
kateqoriyaya aid edilirdiss, hazirda orazinin zongin bioloji mixtolifliyinin gorunub muhafizo
olunmasina imkan veroan xususi muhafizo olunan tebist arazilarinin imumi sahasi 2003-ct ildaki
478 min ha-dan 2009-cu ildo 890min ha catmis vo ya 1,9 dofo artaraq respublika arazisinin
10,3%-ni ohato edo bilmisdir.Bu middost orzinds respublika orazisinds Milli Parklarin  4mumi
sayt 8, Dovlot Tobiot Qoruglart 11, Dovlst Tobiot Yasaghglarmin sayr iss 24-o
catdinllmisdir.Hazirda tokco Milli Parklarin imumi sahosi respublika arazisinin 3,6 %-ni 6zinds
birlogdirir, hans1 ki, 1990-c1 illords respublika orazisindo Milli Park statusuna malik orazi yox
idi.Qeyd olunmalidir ki, bu istigamotds yeni layiholorin hayata kegirilmasi planlasdirilir va yaxin
2015-2020-ci illordo  xususi muhafizo olunan tobiot orazilorinin Umumi sahosi respublika
arazisinin 15,0 %-doan ¢oxunu 0z noazarat sabakasi daxilinds birlasdira bilocokdir.

Keyfiyyat doyisikliklori adam basina dlison on asagi tominat qostoricisi ilo segilon torpaq vo
su ehtiyatlarmin mihafizesi sahosinds do misahids olunur. Programlarin icrasina baslanmazdan
ovval respublika orazisinin umumilikds 40,0%-i muxtslif doracods erroziyaya , 1,2 min ha sahasi
soranlasmaya, xazorsahili akvatoriyanin 26,6% cirklonmoys, 24 min ha saho texnogen pozulmaya
moruz galmis,657 min ha sahodo meliorativ todbirlorin  aparilmasina ehtiyac yaranmas,
adambasina diisen okin sahasi 1970-ci ildaki 0,23 ha-dan 2009-cu ilds 0,15 ha diusmussa, tokca
2006-2010-cu illor arzinds 3,0 min ha neftlo cirklonmis, lay sullari altinda galmis sahonin
landsaft-arxitektura planina uygun rekultivasiyasinin basa catdirilacagr , 86 km  xozorsahili
akvatoriyanin ¢irkab axinlarinin zororli tosirindon azad edilmasi, homin arazilordon sutka arzinds
Xazar donizina daxil olan 6,1min kub metrdon ¢ox mirrakob ingridient torkibli girkab axint:
sularmin garsisiin alinmasi, Xazoryani dovlstlor icorisinds ilk dofo olarag Xoazor donizinin
ekoloji muhitinin mihafizasi sisteminin yaradilmasi, Kir ¢ay: zolag: boyunca yerlason vo daima
standartlara cavab vermoyon sulardan istifado machuriyystinds qalan 224 min nofor ohalinin
Umumdiinya Sohiyyo Toskilatmin standartlarina cavab veron igmoli su tochizat: va yaxin dovr
arzinds onlarin sayinin 394 min nofars ¢atdirilacagi, eyni zamanda morkazlosdirilmis su tochizati
sobokasinin respublikanin 30 rayonunun 218 kond yasayis montaqasini 6ztinds birlosdira bilmasi
ekoloji durum sahasindo tarixi naliyyst kimi giymatlondirilmalidir.

Dovlatin gucli ekoloji ganunvericilik, program vo maliyys dostoyino baxmayaraq hazirki
dovra godordayamigh inkisaf sahesinda hayata kegirilon biitiin islor, 2013-cli ildo UDM 85%-don
coxunun, masgul shalinin iss 70%-ni 6zlnds birlogdiron (Azarbaycan Respublikasinda hazirda
sonaye istehsalinin 91%, kond tasarrifati istehsalinin 99,8%, tikintinin 67%, nogliyyat xidmatinin
78%-i 6zal bolmonin payina dustr) 6zal bolmonin texnogen igtisadiyyatinin tosiri altinindan vo
onun bazasi asasinda hoyata kecirilmoasindon azad ola bilmomisdir.

Aparilan tohlillor gostorir ki, Azorbaycanda UDM mohsulun 1000$ iiciin Rusiyaya nisbatdo
su monbaslorindon 6,5, Qazaxstana 1,6, Boylk Britaniya 57,2, Fransaya 15,9, Almaniya 20,4,
Yaponiya 12,4, ABS 7,4, Kanadaya nisbotdo isa 7,0 dofo ¢ox su goéturilir, natica ehtibari 1ls su
moanbaalarins atilan ¢irkli suyun migdar: da ganunauygun olaraq artir v respublika barpa olunan
su ehtiyatinin 35%-dan ¢coxunun istehsala calb etmok macburiyyati ilo zlogir.

otraf mihito zarar vuran noticalarin aradan galdirilmast ilo yanasi, artiq daha ¢ox soboblor
Uzarinda dustinmok va yeni ekoinkisaf piramida modelinin qurulmas: zaruriyyati yaranmisdir.Bu
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tipli ekoinkisaf piramidas: ti¢lin Respublika Prezidentinin bilavasito rohborliyi ilo baza imkanlar::
foal dovlot dostoyi, doviot maliyys yardimi, hiquqgi tonzimlomoni tomin edon ekoloji
ganunvericilik aktlari vo otraf mihito zoror vuran goxasirlik naticolorin aradan galdirilmas: ilo
olagodar son illordo hoyata kegirilon islor;-artig formalasdirilmigdir. Azorbaycan Respublikasi
Prezidentinin bilavasito rohborliyi ilo hoyata kegirilon islor ohali saglamligina olverissiz otraf
mhit tosirinin aradan galdiriimasina vo ekoinkisafin yeni modelinin qurulmasinin boyik zaman
perspektivino hesablanmis faaliyyat kimi giymatlondirilmslidir. Bu foaliyyat iso otraf mihitin
mihafizosi sahasindo bltun soylori  birlosdirmoyi  tolob etmoklo yanasi, ekoinkisafin
zoruriyyatdon doganholledici inkisaf yolu oldugunu birdofalik baslica foaliyyat mogsadi kimi
qobul etmayi tolob edir.
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AZORBAYCANIN ALTERNATIV ENERJI POTENSIALINDAN
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A.M. Maharramov, R.S. Safagatov
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Acar sozlar: alternativ enerji, energetika, barpaolunan enerji

Dinamik inkisafda olan dinya birliyi 6lkslorinin garsisinda duran an muhim mosalalordan
biri kimi ohalinin vo sonayenin artan enerji tominatmin Odonilmasi U¢un Azarbaycan
Respublikasinin cografi movgeyi, tobii soraitinin xususiyystlori vo modvcud sosial-iqtisadi
resurslart 6lkomizin alternativ vo barpa olunan enerji monbolarinin monimsanilmasino genis
sorait yaradir. Mumkin potensial imkanlarin duzgin qiymotlondirilmasi vo onlardan somorsli
istifado yollarinin axtarilib tapilmas: vo bu zaman c¢oxvariantli hallordon optimalmin segilmasi,
habelo real hoyatda maksimal effektivliklo totbigi davamli inkisafin vacib saxasi olan bu sfera
Uzro uzunmiddatli naticalor oldo etmoyo imkan vers bilor. Xususilo, muxtolif alternativ enerji
monbolorinin hibrid halinda birgo istifadesi imkanlarinin arasdirilmas: bolgslordo mirokkab
olcatanlig: olan orazilorin davamli olaraq enerji ilo toamin edilmasi t¢iin muhim shamiyyat kash
edir [3, s. 18]. Digor torofdon adoton avtonom rejimds calisan belo qurgularin mixtslif iglim
soraitina uygunlasdirilmis olmas: texniki baximdan kasintisiz enerji aldo edilmasi demokdir.
Bundan olavo, optimal birgo istismar: osaslandirilmig olan alternativ enerji monbolori Uzro
ixtisaslagdirilmis enerji parklarmin yaradilmasi 6lks tizro imumi enerji istehsalinda barpa olunan
enerji resurslarindan olds edilmis enerji migdarini kamiyyotcs artirmagla yanasi alternativ enerji
monbalarindan alinan enerji Gizra giymatlorin do maya doayarinin enmasine sobab ola bilor. Bu iso
alternativ enerjinin sonaye formasinda istehsalina boyuk zomin yaradir vo potensial investorlarin
bu sahoays calb edilmasi tgin igtisadi mihitin formalasdiritlmas: mexanizminin torkib hissasi kimi
cixis eda bilir. Olkomizdo alternativ. vo borpa olunan enerji monbolori (izro qurgu vo
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avadanhglarin idxalmin gémrik risumundan azad edilmis olmas: da yaxin besillikds sahibkarliqg
foaliyyati subyektlorinin kapital yatirrmlarinin artiracagmin prognozlasdiriimasina imkan verir.
Butin bunlar dovlstin bu sferaya olan diggstinin gostoricisidir vo bu cir stimullasdirict
todbirlarin davam etdirilmasi zaman baximindan ¢ox shamiyyatlidir. Lakin, vahid enerji paylama
va satist sistemino malik olan 6lkomizds alternativ enerji istehsali holo do ¢ox asagi soviyyadadir
vo Umumi sobokoys Otirilmoklo alternativ enerji istehsalina sahibkarlar hovassiz yanasir, oksar
hallarda biznes mohsulu olaraq avtonom sistemlors tstunliik verirlor. Buna gors do borpa olunan
enerji resurslarmin monimsonilmasini vacib dovlot siyasoti kimi garsiya qoymus Azorbaycan
hékumatinin bu sahads investisiya muhitinin yaxsilasdirilmas: i¢tin islahatlart davam etdirorok
dorinlosdirmasi vo psixoloji faktorlar da noazoro alinmagla alternativ enerji vasitolorinin vo
umumilikds yasil texnologiyalarin insanlarin giindslik hoyatina daxil olub adi hal almas: tguin
aparilmaqda olan dovlat siyasatini tokmillogsdirmasi garsida duran on zoruri vozifalordon biri
olaraq ortaya ¢ixir. Bu sahado imkanlar vo resurslar boldur, texnoloji yeniliklarin totbigi tgln
innovativ sahalor genisdir vo gortlmali olan islor gox, kecilmali olan yol bodyukdur. Mévcud
alternativ vo barpa olunan enerji resurslarinin diizgin giymatlondirilmasi bu isds ugurlu baslangic
ola bilar.

Kilok enerjisi digor alternativ enerji monbalari olan giines, hidroenergetika, geotermal vo
biokitlo enerjisindon 6zinln maya doyaring, ekoloji tomizliyino vo tiikonmazliyino goro on
sorfolisidir. Hesablamalar gostorir ki, Azorbaycan Respublikas: 6zinun cografi vaziyyating, tabii
soraitina vo iqtisadi infrastrukturuna gora 800 MVt-a yaxin illik killok enerji ehtiyatina malikdir.
Bu ehtiyat ildo toxmini hesablamalara goro 2,4 milyard kVt/saat elektrik enerjisi demokdir. Bu
iSo, 6z novbasinds, ildo 1 milyon tona yaxin sorti yanacaga gonast, on osasi iso ildo kulll
miqgdarda tullantilarin, o cimlodon azondagidic1 olan karbon dioksidin atmosfers atilmasinin
garsisinin alinmas: demokdir [1, s. 4]. Xoazorin Azarbaycan sektorunun sahilyan: bdlgslarinin do
kiilok potensialin1 bura olave etsok kiilok enerjisinin 6lkomizo no godor boyuk fayda vers
bilocayini tasovvir etmok ¢atin deyil.

Azaorbaycanin tabii iglim soraiti glinos enerjisindon do istifado etmoklo elektrik vo istilik
enerjisinin istehsalin1 artirmaga genis imkanlar acir. Belo ki, guinogli saatlarin migdar il arzinds
ABS-da vo Orta Asiya Olkalorinds 2500- 3000 saat, Rusiyada 500-2000 saat, Azarbaycanda isa
2400—3200 saatdir. Bir il arzindo 1m?® yer sothino diissn giines enerjisinin migdart ABS-da
1500-2000 kVts, Rusiyada 800-1600 kVts, Fransada 1200-1400 kVts, Cindo 1800-2000 kVts va
Azorbaycanda 1500-2000 kVts togkil edir [1, s. 4]. Sonayenin movcud qurulusu da bu sahads ¢ox
olverisli mévgeds yerlosdirilmisdir. Belo ki, giinas batareyalar: tiglin foto-elementlor istehsal edon
Sumqayit Texnologiyalar Parki cografi movgeyino goro Qaradag, ©lot, Xiz1 kimi boyik gunas
enerjisi potensialina malik oraziloro yaxin yerlogsmisdir. Paytaxt Bakini enerji ilo tomin edon
yuksok gorginlikli osas magistral elektrik xattlori do bu araziys yaxindir va qosulma tglin bitiin
imkanlar vardur.

Azorbaycan Respublikasmin orazisi termal sularla zongindir. Bunlar Boylik va Kigik
Qafqaz daglari, Abseron yarimadasi, Talis dag-yamac zonasi, Kir ¢okakliyi vo Xozaryani-Quba
orazisi kimi genis sahalori shato edir [1, s. 6]. Gostorilon orazilords olan termal sular: istifadoys
colb etmaklo moigatdo vo digor saholords istilik enerjisino olan ehtiyacin bir hissasini 6domok
mumkindur. Hazirda Ganca soharinin simal gorbinds hoyata kegirilon eksperimental layihanin
torkib hissasi olaraq xisusi qurgular vasitasi ilo termal monbadon alinan enerjinin potensialinin
askarlanmasi1 imkanlari sinagdan kegirilir. Asagidaki codvoldo Azorbaycan Respublikasi Uzro
termal sularin prognozlasdirilan ehtiyatlar: verilmisdir.
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Hidrogeoloji bilgalar Suyun Hararati Prognozlasdirilan ehtivatlar
_ §9) m’/sutka
Boyiik Qafgazin dag-yamac 35.50 2000
zonalar
Qusar dagatoyi ovaliglar 30-67 21654
39-97
Abseron yarimadasi 20-90 20000
Kigik Qafgazin dag-yamac 30-74 4171
zonalar (mineral bulaglar)
' Naxg¢ivan MR 40-53 3000
 Tahis dag-yamac zonasi 31-43 14405
Lankaran ovaligi 44-64 7908
| 42-50 |
Kiir cokakliyi 22.71 172466
I : 2695 |
Respublika tizra comi: 245604

Manba: Alternativ enerji moanbolarindan istifado olunmasi tizra milli program, s.12

Azorbaycan Respublikasinin Gmumi enerji sisteminds su elektrik stansiyalarmin istehsal
gucliniin xususi gokisi hazirda toxminon 18 faiz toskil edir. Olkodo indiya godor istifado
edilmamis hidroenergetika ehtiyatlarinin monimsanilmasi Gglin genis imkanlar vardir. Bu
istigamotdo aparilmis todgigat islori naticosindo Azorbaycan Respublikasindaki caylarin tam
hidroenerji potensialinin 40 mlird. kVt.s, texniki cohotdon olverisli potensialin iso 16 mird. kVt.s
oldugu mioyyan edilmisdir ki, bunun da 5 mlird kVt.s kigik su elektrik stansiyalarinin payina
disur. Su elektrik stansiyalarinin tikintisi -sel sularinin tonzimlonmasi, ekoloji cohatdon tomiz
elektrik enerjisi istehsali vo yeni suvarma sistemlorinin yaradilmas: kimi dovlot shomiyyatli
mosalolorin hallinds mithiim rol oynayir. Olkado homginin vahid enerji sisteminin elektrik
xotlorindon vo yarimstansiyalarindan uzaqda yerloson obyektlorin, yasayis montoagolarinin
elektrik enerjisi ilo tochizindo mikro SES-lardon ds istifado olunmas: elektrik enerjisi problemlori
ilo yanasi, digar sosial masalalorin do hallino imkan yarada bilar.

Olkomizdo biokitlo enerjisinin istehsali da boyiik perspektivlor vod edir. Aparilmis
todqgiqatlar gostorir ki, Azorbaycanda iqtisadiyyatin bitiin saholorinds istehsal tullantilarinin
torkibinin ¢ox hissasini biokutlo maddslori togkil edir. Homin biokutlo maddoslorindon elektrik
enerjisinin istehsalinda istifado olunan bioqaz, biomaye vo bark biokitlonin alinmasi
mimkindur. Belo ki, Azorbaycan Respublikasinda hor il tullantilarin zorarsizlosdirilmosi
poligonlarina 2,0 milyon tondan ¢ox bark moisot vo istehsalat tullantilar atilir. 2012-ci ilds
istifadoys verilmis Baki bork moaisot tullantilarmin yandirilmas: zavodunun illik emal giicu 500
min ton moisat tullantis1 vo 10 min ton tibbi tullant: toskil edir. Zavod iki xottdon vo elektrik
enerjisi istehsal edon turbindan ibaratdir. Tullantilarin yandirilmas: prossesi naticasinds alternativ
enerji kimi oldo edilon elektrik enerjisinin migdar: ildo 235,5 milyon kilovatt/saatdir. Zavodun
foaliyyati naticasinds illik 60 milyon kub metrdon artiq tobii gaz hacminds enerjiys gonaot edilir.
Oldo edilon elektrik enerjisi 100 min evin enerji ilo tomin olunmasina imkan yaradir. 9lbatts ki,
moigot tullantidarnin bu ctr emalimin bitin Olks orazisinds, xususilo, Ganco, Sumgayit vo
Mingocevir kimi soharlordo do togkili tokco elektrik va istilik istehsali tGiglin deyil, hom do ekoloji
tomizliyin tomin edilmasi tg¢iin do boyuk faydalar vers bilar.
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ODOBIYYAT

1. Azorbaycan Respublikasinda alternativ vo barpa olunan enerji moanbolorindon istifado
olunmasi izro Dovlat Programi

Alternativ enerji moanbolorindon istifado olunmasi tizra milli program

3. AMEA Xoborlor. EIm vo Innovasiya jurnali 2010 N3

n

AZBRBAYCANDA EKOLOJI VOZiYYOT VO EKOLOJI SIYASOTIN
REALLASDIRILMASININ BSAS ISTIQAMBTLORI

Nilufar Muradova
Bak: Dovlat Universiteti, /qtisadiyyat vo idaroetmo kafedras:

Hor bir tarixi dovr 6zinun miayyan xususiyyatlori ilo forglonir.Muasir dovrimizu do
elmin, informasiya texnologiyalarinin, texnikanin inkisafi baximindan farglondirs bilorik. Bir
zamanlar elm sahslarinin bir birindon ayrilmas: musahids olunursa da, asrin avvallorindon artiq
elm saholarinin bir birino inteqrasiyas: prosesi 0zini gostorir. Bu prosesin son morhalasi
globallasmaya gotirib ¢ixardir, dolayisiyla global problemlarin birlikds hall olunmasini zoruri
edir.

Qloballasman:  zoruri edon bir c¢ox faktorlar movcuddur. Bunlara informasiya
texnologiyalarinin inkisafi, istehsal olunmus mohsullar realizo etmok (cun bazarlarin axtarist,
ekoloji problemlar vo s aiddir.

Son illords global ekoloji bohranin bilavasits insanlara tesir etmoys baslamasi ilo olagodar
olaraq tobistin iqgtisadiyyatinin dork olunmasi, tobiot ilo insan foaliyyatinin vo yasayisinin
garsiligh minasibatlorinin  darindon tohlil olunmasi, miasir dévriin an vacib problemloarindan
biridir. Baslangic noqtosi bir 6lko olmasina baxmayaraq, otraf 6lkoloro do tez bir zamanda
yayilmasi,bu bohranin bas vermosindo he¢ bir ginahi olmayan insanlara da zorar vermosi,
problemin globalligindan, eyni zamanda problemin hollinin do ancaq birgo soylo tapila
bilinacayindon xabar verir.

Umumiyyatlo insanin biitiin hoyat foaliyyoti onun monafeyi, istoklori, soxsi tolobatlar ilo
s1x baglidir. Mohz bu sobabdon do, insanin tobistlo slagslaring six nozarat hoyata kegirilmoli, onu
soxsi monafeyi ugruna talan edilmasino icazo verilmomolidir.Sadaladiglarimiz yalniz eko-insan
munasibatlorino dovlot nozarati ilo mimkin ola bilor. Bu miinasibatlords nazarstin goyulmasi
sosial vo modoni vazifolor hesab olunmalidir. Hele Engels geyd edirdi ki, “ Tobiot tizorindoki
golobalorimizlo ¢ox da Oyunmomoaliyik. Hor bir goloba Ugun tabiot bizdon intigam alir.Bu
goloboalardon hor biri, dogrudur, bizim gozlediyimiz noticalori verir. Lakin ikinci vo uguncu
ndévbado ¢ox zaman birinci naticalorinin shomiyyatini puca ¢ixaran lap basga godzlonilmoz
naticalor verir[1, s.339].

Sanayanin inkisafi vo texniki toraqqi insan vo otraf mihit minasibatlorine yeni, belo demok
mimkinss ziyanli anana gotirib.Atmosferin kutlovi sokilda cirklondirilmasinin tomali sanayenin
inkisafi ilo goyuldu. Noticodo atmosfers killi miqdarda zororli qazlar, o cimlodon kikird,
karbon, azot 4 oksid vo ozon dagidict karbon 2 oksiddon ibarot zohorli birlogsmolor
buraxildi.Zamanla atmosfers buraxilan zararli gazlar ekologiyanin pislosmasine vo yer kiirasinds
hayatin tohliiko altina gotirib ¢ixarmasina sobob oldu. Dinya Uzro hor il sonaye muossisalori
torofindon atmosfers toxminan 1 250 milyon ton karbon 2 oksid buraxilir. Karbon 2 oksidin
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atmosferdo istilik effektinin yaranmasina vo prosesin davami olaraq yer planetinds temperaturun
yiuksoalmasina sabob olur. Temperaturun artmas: prosesi irimigyash dasqinlarin bas vermosino
sabab olur ki, bunun naticasinds diinya ohalisin blyuk bir hissasi aziyyat ¢okir. Alimlarin ilkin
hesablamalarina gors, global istilosmo davam edacayi toqdirds, yer kiirasinin yarisi su altinda
galacaq [2, s.3].

Ekoloji tahlikaya sabab olan bir ne¢a amillar mévcuddur ki, onlar asagidakilardur.

1. Atmosfers istilik effekti yaradan zohorli gazlarin buraxilmasi.

2. ©ftraf muhitin neft vo neft mohsullar: ilo girklondirilmasi.

3. Kimyovi va radioaktiv tullantilarin okeanlara vo donizlers axidilmasi (DAMPING)

4. Ozon gatinin dagilmasi.

5. Mesoalorin siiratlo qirilmast, sshralasma problemi, torpaq striismolarinin artmasi.

6. Tursu yagislarinin yagmasi [3, s.13].

Yuxarda sadaladigimiz butin problemlor onu gostorir ki, ekoloji problemlarlo mibarizo
vacibdir.Elo bu sobobdon do, kegon osrin 70-ci illarindon etibaron bu hagqda yazilmaga vo
mizakiro edilmoya baslandi. Otraf muhitin problemlarina hasr olunmus ilk beynslxalg konfrans
1972-ci ildo Stokholmda kegirildi.

Ekoloji problemlorin dorinlogsmasi , problemin hallina kaskin ehtiyac yaranmasi ucbatindan,
bir miiddot sonra BMT -nin Rio-de-Janeyro konfransi kecirildi.

Kopenhagen sohorindo kecirilon son iglim toplantisinda da havaya buraxilan zohorli
gazlarin azaldilmas: mizakirs edilib. Bu sahodo bazi sonayesi inkisaf etmis vo atmosfero daha
cox zorarli gazlar buraxan 6lkslorin daha ¢ox 6hdolik gotirmolori mizakirs olunub. Havaya daha
cox zororli gazlar buraxan ABS, Cin, Avropa birliyi, Yaponya 2020 ci ilo gador zorarli gazlarin
azaldilmas: Uzro Ohdalik gotirublor. Cunki ABS da dinya ohalisinin yalniz 4%-i yasamasina
baxmayaraq, diinya Uzro havaya buraxilan butlin zoharli gazlarin 25%-i ABSin payina dusdr.
Eynt misali Almanyaya da aid edo bilorik.Almanya federativ Respublikasinin ohalisi dinya
ohalisinin yalniz 1%-ni toskil etmasina baxmayaraq, diinya izro havaya buraxilan zorarli gazlarin
4%-i bu 6lkoys aiddir [4, 5.24]

Dinyada gorilon bitin todbirlorlo yanasi, Azorbaycan Respublikasinda da ekoloji
problemlar vo onlarin halli masalolori digget morkoazindodir.Bu da tobii bir haldir.Kegan asrin
ovvallorindan baslayaraq, Abseron yarimadasinda neft ¢ixarilmas: ilo olagodar olaraq ekoloji
tarazliq pozulmus vo yizlorlo hektar torpag cirklonmayo moruz galmisdir. Umumiyyotlo,
Azorbaycan Respublikas: Sovetlor Birliyinin torkibindan ayrilaraq mistaqilliyini barpa etdikdon
sonra beynalxalq tosorrifat slagslarinin girilmas: uchbatindan boyuk iqtisadi vo siyasi ¢atinliklarlo
rastlasmugdir. Holo SSRIi-nin torkibindo olarken bdyiik potensiali olan Azorbaycan, mistoqillik
barpa olundugdan sonraki 5 il (1991-1996) orzinds ciddi béhran yasamisdir. 1996-c1 ildon
etibaron hor il 10 faizlik artim misahids olunmusdur. Son 20 ilds istehsal olunmus 283,6 milyard
manatlig sonaye mohsulunun 61.7%-i moadongixarma,29,3%-i emal sonayesi, 7.5%-i elektrik
enerjisi, qaz, buxar istehsali,galan hissasi iso su tohcizatitullantilarin tomizlonmasi vo emali
muoassisalorinin payina diusmusdur. Respublikanin muxtslif regionlarinda yerlogon bu istehsal
sahalarinin hor biri otraf muhito 6zlinomoxsus tullantiar ataraq 6lkonin ekoloji durumunu xeyli
korlamisdir [5, s.3].

Sumqayitda 1949-cu ilds insa edilon kimya zavodlari, 90-c1 illarin avvallorina godor hor il
atmosfera 120 min ton zahorli madds buraxird: ki, bu da Sumgayit vo otrafi arazilords mévcud
ekoloji durumun pislasmasina gatirib gixartmisdi.Sovet dévrinds insa edilon kimya zavodlarina
muoyyan yenidanqurma islori aparilmasina baxmayaraq, burada har il atmosfera yens do 96,5
min ton zoaharli gaz buraxiimagdadir.Atmosfer havasina atilan tullantilarin hacmina vo xususi
¢okisino gbro Baki, Sumgayit, Oli-Bayramli, Ganca vo Mingagevir sohoarlori 6nds gedirlor.Bu
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soharlorin hava hovzasini girklondiron osas sonaye miuossisolori, neftayirma, neft-kimya, kimya,
energetika, metallurgiya,tikinti materiallari sonayesi saholori vo avtomobil nagliyyati hesab
olunurlar. Belo senoye sahslori tokco atmosferi girklondirmoklo galmir, hamginin, butévlikda
soharlorin otraf muhitinin ¢irklondirilmasinin baslica monbayi hesab olunurlar. Respublikanin
atmosfer havasina atilan tullantilarin 79.0% Baki sohorinin,4.7%-i Mingagevirin,4.6%-i Oli-
Bayramlinin,3.5%-i Sumgayitin, 1.5%-i Goanconin payina disir. Bununla borabor, Abseron
yanmadasinda neft ¢ixarilan orazilordo neft mohsullarinin illorlo ¢okiib galmas: naticasindo
radiasiya fonu da yuksokdir. Tokco Abseron yarimadasinda 3200 hektardan g¢ox orazi neftlo
cirklonmisdir. Bununla barabar Abseron va otrafi arazilordo otraf mihitin moaisat tullantilan ilo
cirklonmasinin garsisint almaq ugin vo mévcud voziyysti yungullasdirmok Gglin Azarbaycan
Respublikasmin Prezidenti Ilham Sliyev 6 avqust 2008ci ildo “Baki sohoarinda maisot tullantilan
ilo bagl idarsetmonin tokmillogdirilmasi haqginda” Soroncam imzaladi. Bu soroncama istinadon
“Tomiz gohor” Sohmdar Comiyysti yaradildi. Balaxani: poligonunda bark maisot tullantilan
zavodunun insasina baslanildi va 2012-ci ildo istifadoys verildi.

Aparilan aragdirmalar onu gostorir ki, Otraf muhitin mihafizosi sahasindo Azorbaycan
Respublikas1 diizgun siyasat yeritmoklo MDB 6lkalori igarisinda secilir. Ekoloji tohlikasizliyin
tomin edilmosi sahasindo do, bir ¢ox islahatlar apariimis va yiksak noticalor oldo edilmisdir.
Ovvala onu geyd etmoliyom ki, indiki dayanigli ekoloji tohlikasizliyin olds edilmasi Gglin halo
mustaqiliyin ilk illorindon baglayaraq islor goriilmoays baslanilmisdir.2003-cu ildon baslayaraq iso
programlar gobul edilmisdir.Bu programlarin sirasina “Ekoloji cohotdon dayanigl: sosial-igtisadi
inkisafa dair”, “Mesolorin barpa edilmasi vo barpa edilmosinoe dair” milli programlar, “Abseron
yarimadasinda tobii das yataqlarinin somorali istifadosi vo inkisafi” regional programlan
hazirlanmigdir vo sabiq prezident Heydor OSliyevin soroncamu ilo 18 fevral 2003-cu ilds tosdiq
edilmisdir. Azorbaycan Respublikasinda Ekologiyaya dair Milli programda 6lko orazisinda
ekoloji tohlukasizliyin tomin edilmasindan, tobii ehtiyatlarin somorali istifadesindon, ekoloji
tarazligin qorunmasinin zoruriliyindon vo golocok nasillora ekoloji tomiz bir dlkonin 6ttrtlmasi
problemlari islonib hazirlanmisdir.

Umumiyyatla, respublikamizda ekoloji problemlorin aradan galdiriimas: Gctin son 10 ildo
dovlst soviyyasindo ciddi tadbirlor hoyata kegirilib. Ekologiya vo Tabii Sorvatlor Nazirliyi
torafindon ekoloji tarazligin barpasina vo otraf muhitin ¢irklonmasinin garsisinin alinmasina dair
“Ekoloji cohatdon davaml: sosial-igtisadi inkisafa dair” Milli program hazirlanib vs icrasi hoyata
kecirilir. Bundan slavs, ddvlst basgis1 torafindon 2010-cu il Azarbaycanda “ Ekologiya ili” elan
edilmigdir. Prezident 2010-cu ilin sosial-igtisadi inkisafinin yekunlarina vo 2011-ci ilds garsida
duran vozifalors hasr olunmus iclasda demisdir “Moan ¢ox sadam ki ” Ekologiya ili”” ¢argivasinda
hom dovlot torofinden bdyiik islor gorildii, hom do 6zol sektor bu islora gosuldu.®s.241) ©n
sevindirici hal iso ondan ibarstdir ki,6lka shalisi do bu tosobbiiso qosularaq ekoloji voziyystin
yaxsilagdirilmasina 6z doyarli téhfalorini vermisdir.

Alti milyondan artig agac okilmisdir.Bu proses qarsidaki illordo do davam etdirilocok.
Ekoloj vaziyyatin yaxsilagdilmas: 6lkemizin ugurlu inkisafi G¢un, ohalinin saglamligt tglin ¢ox
boylk ohomiyyat dasiyir. Prezident onu da slave edib ki, ekoloji tadbirlor ancaq agac okmaklo
bitmoyib. Caylar otrafinda yerloson kondloro xususi tomizlayici qurgular yerlosdirilmasi
naticasindo 300 min Azorbaycan votondasi Diinya Sohiyys Toskilatinin standartlarina uygun
icmali su ilo tomin edilmisdir.

Molumdur ki, respublikamiz mohdud su ehtiyatlarina malikdir. Konkret olarag, Canubi
Qafgaz regionu Uzro,umumi su ehtiyyatinin 62%-i Girclstanin, 28%-i Ermonistanin vo yalniz
10%-i Azoarbaycanin payina dustr. Lakin bununla bels, alimlorin apardigi hesablamalar gostorir
ki, respublikanin potensial su ehtiyyatlari sanayenin, kond tosarriifatinin vo ohalinin suya olan
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tolobatmi 6doyo bilor. Respublikanin illik suya olan tolobati 11-13 kub km arasinda dayisir. Har il
respublikamizin su hdvzoslarindon 12 kub km, yeralti laylardan iso 1.2 kub km. sirin su gétardlur.
Gotlrulan suyun 60-70%-i kond tosarriifatinin, 20-25%-i sonayenin, galan hissasi iso tosorrufat
vo icmoali su tolobatmin ddonilmasine sorf edilir. Olko (izro su obyektloring atilan tullant: sularin
Umumi hacmi 160-170 min.kub metr arasinda toraddid edir ki, bu gostaricilor su obyektlorinin
ekoloji saglamlig1 hagqinda bizi bir az daha dorindon fikirlosmoyo vadar edir.

Azorbaycan orazisinin (86,6min km) 49.3%-i (4.2 min ha) kond tosorriifat: torpaglarinin
payina distr. Sovetlor dovriinds adambasina duson kond tesorriifatina yararl torpag sahasinin
hacmins goro (0.7ha) Azorbaycan 15 muttofig respublika arasinda 14-ct yeri tuturdu. Bu gin
ermoni isgahnda olan orazilori do nozoro alsaq,voziyystin na dorocads acinacagl oldugu hor
birimiz aydin olar. Muasir dovrdo adambasina duson togribon bir hektarliq(0.92ha) yalniz 0.6
hektar1 okino yararlidir. Olks orazisinde mévcud olan biitin torpaq resursunun 51.6 faizini
otlaglar, 30.2%-ni okilo bilon torpag saholori toskil edir.30.2%-lik torpaglarin yalniz 12.8%-i
uzun zamandir okilir. Suvarilan bozi bitgilor okilon torpaglar tez-tez suvarildagina goro
torpaglarin aginmasina sabob olur. Hoddindan artiq gtibrolonmok do torpagda duzun miqgdarinin
artmasina, kimyovi cirklonmaya sobob olur. Torpagin kimyavi ¢irklonmosi isa  yeralti su
ehtiyatlari, igmali su ehtiyatlarini, ¢aylar: ¢irklondirir. Son dovrlora godor aparilan arasdirmalar
gostorir ki, “ icmali suyun keyfiyystinin xeyli asagi olmas: aran rayonlarinda saglamliq tgun
xeyli tahlukalidir’(s.3)

Uzun illor orzindo 0Olkodo aqrar sonaye kompleksinin ekstensiv inkisafi, okingilik
madoniyyatinin asagi soviyyado olmasu,ilbail artirilan dovist planlarinin vo 6hdsliklorinin yerino
yetirilmasi namins torpaglarin amansiz istismar: onlarda soranlasma, eroziya, kimyavi girklonma,
okinalti gatin kiplogsmoasi kimi moanfi proseslorin tosiri altinda boylk orazilordo torpag
deqgredasiyasina(torpagin  biyoloji vo igtisadi mohsuldarliginin itmasi) sobob olmusdur.
Umumiyyatlo Azorbaycanda 1.5 milyon hektar soranlasmis torpag sahesi var ki onunda 900 min
hektar: suvarila bilir.

Torpaglarin yararsiz hala galmasine digar bir sobab isa,sonayenin iki sahasidir. Bu sonaye
saholorindan biri neft sonayesi, ikinci iso dag-modon sonayesidir.Faydali gqazintilarin agiq tsulla
istismar1 otraf muhitin bltin elementlorino tosir edir. Respublika iqtisadiyyatinin osas sonaye
sahasi olan neft hasilati vo neft ayirma zavodlarnin 6lks ekologiyasina vurdugu zorar godar,
dag-madon sonayesi sahalori do ziyan vurur. Sonaye saholorinin otraf muhito vurdugu ziyan
zoncirvari halqgalar soklinds torpag fondlarin asinmasindan tutmus kond tesarriifatt mahsullarinin
istehlakgis1 olan shalinin sshhatinin korlanmasina godor, demok olar ki bitin ekoloji sahalords
6z0nu biruzs verir.

Tobii sorvotlor baximindan diinyanin secilmis Glkalorindon olan Azorbaycanin SSRi
dagildigdan sonra istismarina son qoyulmus vo mustaqilliyin ilk illarinds 6lkanin tabii sarvatlori
igtisadiyyatin qurulmasinda bazis rolunu oynamisdir.SSRI dévriinde Azarbaycan igtisadiyyatinin
suratlo inkisaf etdirilmasi fonunda ekoloji problemlora Umumiyyatlo diggest yetirilmomis vo
naticado min hektarlarla torpag sahslori, mesalor, gollor, caylar yararsiz hala diismisdir. Tokcs o
fakti geyd etmok kifayatdir ki, Baki sohorinin “Qara sohar ” adlanan sonaye shomiyyatli hissasi
tikilarkon “gul kuloyi” nazars alinmamis va belsliklo zavodlardan havaya buraxilan bitin zoharli
gazlar soharin havasini yararsiz hala salmigdir. Mustoqillik dovrindon etibaron dovlst ekoloji
problemlora xisusi digget ayirmaga baslamisdir ki, bunun da naticasi ¢ox gisa zamanda hiss
olunmusdur.Havanin, torpagin, su ehtiyyatlarin hotta Xozor donizinin kegmiso nozoran, nozors
carpacaq dorocods tomizlonmasi bizi golocoys nikbin baxmaga vadar edir. Bununla yanasi
dovlstin ekoloji strategiyas: iqtisadiyyatin inkisafi ilo borabor apanlir ki, bu da Azorbaycan
dovlatinin ugurlu siyasatinin naticasidir.
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B3AUMOCBA3b DKOHOMUNYECKUX U 9KOJOI'MYECKHUX
HAIIMOHAJIBHBIX UHTEPECOB
I'.b. Pycram0exoB
BI'Y, kagheoa «Muposas sxoHomuka»
haji_@mail.ru

HammonanpHple SKOHOMHYECKHE WHTEPECHl BBIJBUTAIOT MOCTOSHHOE, €IUHCTBEHHO
peallbHOE OCHOBAaHME JJsl peaju3allii WHTEPEeCOB HACTOSIIEro W OyAylmuX TOKOJICHUN
XO3SIMCTBEHHBIX CYOBEKTOB, COTJIACOBAHHOTO HAPAIIMBaHUS MPOU3BOJACTBEHHOTO MOTEHIMAIA U
pemieHust dKojorudeckux npodrem. KonewHoit oOmield HENbl0 HAMOHATBHONW JKOHOMHKH
SABJIICTCSl O0ECTeYeHUE YCIOBUM ONTUMAJBbHON JKU3HEACITENFHOCTH BCEX UYJICHOB OOIIECTBA U
OyAymMX TIOKOJIEHHWH TpaxmaH -B OTOM 3aKJIIOYaeTcs JICHTMOTHUB  HAIMOHAIBHBIX
HSKOHOMUYECKHX HHTEpecoB. B JTaHHOM MOMEHTE IeJernojaraionee Hadauno BCeX CYyOBEKTOB
HSKOHOMUKH COBIAJACT, POXK/Iasi HOBBIA MCTOYHHK MOTHUBALUU K CO3UIATEIHLHON JESITeIbHOCTH,
CTUMYJIMPYS MOIIHBIE MPOIECCH HAIIMOHATBHON IKOHOMUYECKON caMOOpTraHU3aIiK, MOOITU3Y S
HencuepraeMble HallMOHATBHO-MOTHBUPOBAHHBIC PECYPChl HBIHEITHETO W OYAYIIETO Pa3BUTHSL.

CBSI3aHHOCTh HAIIMOHAJIBHBIX JKOHOMHYECKHX MHTEPECOB C OKPYKAIOUIMM MHPOM
TPUPOJIBI M COLIMYMOM JIFOACH HE MOXET MOJABEPrarhcsi COMHEHUI0. Ho BOompoc cocTouT B TOM,
KaK IMOHMMATh 3TOT MHP M KaKHM 00pa30M OMpeIessiTh OTHOIICHHE K HeMy 4enoBeka. Eciu 3To
TOJIbKO OOBEKTUBHOCTH, JaHHAs BHE YeJOBEKa W 0ojiee TOro, MOJUUHAIONMIAS ACSITeIbHOCTD
YeJI0BeKa 3aKOHAaM Pa3BUTHUS ATOH OOBEKTUBHOCTH, TO 3TO OYAET CBEIEHUEM POJH CYOBEKTa K
YTHJIU3alUU 3aKOHOB, JAHHBIX HaJ HUM. HO eciu BHEIIHUE MO0 OTHOIICHUE K YEJIOBEKY YCIOBUS
(IpUPOIHBIC ¥ CONMABHBIC) pacCMaTPUBATh KaK 00BEKT, chepy, MPOCTPAHCTBO, B KOTOPOM OH
JIEHCTBYET COTJIaCHO CBOMM MHTEpPECcaM U B IEJNIIX UX peallu3allii, TO 3TO OyJIeT BO3BHIIICHUEM
poJin uenoBeka 10 ypoBHS cosumatens ¢opMm sku3HH. CyImecTBYIOT JM MPU ITOM KaKHe-TO
KOHKPETHBIE OpPHEHTUPHI BBIIBMKCHUS Iieiell dernoBekoM? Jla, W OHM 3aKIIOYArOTCS B
KOMOHMHAIIMY YKOHOMHYECKUX U HKOJIOTUIECKUX (PaKTOPOB Pa3BUTHSL.

Jlna peanu3anyy CBOMX MHTEPECOB YEIIOBEKY BCET/1a HEOOX0UM OOBEKT, TapaHTHPYIOIIUN
€ro camMo —BOCTPOM3BOACTBO. ClieoBaTeNbHO, OOBEKT U CYOBEKTHl MHTEPECOB HAaXOJIATCS B
TUAIEKTUYECKOW CBSI3M M TPEANOiararoT Apyr apyra. B 3Tom u 3akimodaercss mMpennochuika
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CKJAJbIBAaHUSI HAIMOHAJIBHBIX 5JKOJOTHMYECKUX HWHTEPECOB, TO €CTh TaKOr0 COCTOSIHUS
OKpY>Karolled NPUPOTHOM Cpenbl, KOTOPOE HE MOABEPracT yrpo3€ KU3Hb U 3I0POBBE Tpa)kaaH,
rapaHTHpPyeT COXPaHHOCTh reHopoHaa Haruu. OJHAKO, PEIICHHE AKOJOTHUYECKHX MpoOIemM
KOKIBIM TOCYJAapCTBOM B OTIEIBHOCTH NPAKTHUYECKH HEBO3MOXKHO - TMPHUPOAHBIE (HaKTOPHI
JKU3HEACSATEIILHOCTH Yallle BCETO HE 3HAIOT rpaHul]l. HanmoHanmbHBIE YCHIIMS TIO OOeCTIeYeHHUIO
9KOJIOTHYECKOW 0€30MacHOCTH TMPENIoJIaraloT, MO3TOMY, MEXIYHAPOIHOE COTPYIHHUYECTBO. B
ATOM CBS3M BO3HHMKAET LIEIBINA Psijl MPOOIIeM, HapuMep, Y4€Ta TOro, YTO SKOHOMUKH CTPaH MHUpPa
HAaXOJATCS HA Pa3HBIX CTYIECHSAX TEXHOJIOTHUYECKOTO PA3BUTHSA, a CICAOBATENRHO, PA3IUYHA U UX
JIOJIS B 3arPsI3HCHUM OKPYIKAFOIICH Cpeibl B MEXKAYHAPOIHOM MacIiTaoe.

Ceronns HanOOBIINK yIIEpO 3KOJIOTHH 3eMIIM HAHOCSAT IMPOMBIIIICHHO Pa3BUTHIC CTPAHBI.
Ho u oM e o0manaroT HamboJiee MPOJBHHYTON HAyYHO-TCXHUYECKON 0a30i i1 BhIPAOOTKH
Mep TIO 3alliTe OKPYXKAIomeld Cpellbl B TJI00aJbHOM MPOCTPAHCTBE. VIMEHHO 3TOT MOTCHIIHAI
MOXET HE€ OTOJBUTraTh, TO €CTh HE MEPEHOCUTh «TPA3HBIE» IMPOU3BOJCTBA B MEHEE PAa3BUTHIE
apeayibl MUPOBOTO XO3SMCTBA, a PEIIATh UX B HHTEPECAaX BCETO YEIIOBEUYECTRA.

Cpenu 1100a1bHBIX YKOJIOTHICCKUX MPOOJIEM MOYKHO BBIJICIIUTD CIICIYIOIIUE.: COKPAICHUE
BBIOPOCOB B OKPYKAIOMIYIO CpeAy MPOAYKTOB YTHIIM3AIMU YTIEBOJOPOJIOB, obOecreueHre
MOTPEeOHOCTEH B YUCTOH BOJIEC, HAXOXJICHHE HOBBIX HCTOYHUKOB yIOBJICTBOPEHHUS TOTPEOHOCTEH
monel 0e3 YHHUYTOXKCHHS TPATUITMOHHO-CIIOKHUBIIETOCS TPHUPOJIHOTO OKPYXKEHHUs, Ojaromaps
KOTOPOMY BO3HUKJIA M MPOJIOJDKACTCS KHU3Hb Jtoei. Peub uaéT, mo cymecTBy, 0 TOM, 4TOOBI B
IUTAaHETAPHOM MacIiTade CoryIacoBaTh HAIMOHAILHBIE HSKOHOMHYCCKHE M DKOJOTHYCCKHUE
WHTEPECHI MOCPEICTBOM COBMECTHBIX ycuiauii. CaMble MHOTOOOCHIAIONTNE BO3MOYKHOCTH JIJISt
ATOr0 TPEIOCTABJISIIOT HAHOTEXHOJIOTMH, CIOCOOHBIC MpHAaBaTh CPEICTBaM MPOU3BOJICTBA
MOJIC3HbIC W SKOJIOTHYECKH O€30TacHbIC CBOWCTBA YK€ HA  ypOBHE MHKPOYACTHIL JIFOOOTO
BelecTBA. 10O €CTh MOXKHO OYJET MPOW3BOANTH, HAIPUMEDP MOJIOKO, HCIIONB3Ysl JIUIh HY)KHBIC
JUISL 3TOTO 3JIEMEHTHI -YTJIEPOJl, KHUCJIOPOJ, BOAOPOX W T. J. B HEOTPAHWYCHHBIX OO0BEMAxX
MPaKTUICCKA HE 3aTparuBas OKpPYXKAloNlyro Npupody. To ke camoe KacaeTcss oOecredeHus
YHUCTON BOAOM, MCTOYHUKAMH JHEPTHH, JICKAPCTBEHHBIMU CPEACTBAMH, & BO3MOXKHO W BCEMU
HeoOXoMMMBIMKA  TIpoaykTamu. (OOecrnieuynBas HSKOHOMHWYECKHH pPOCT TMPAKTHUYECKH BHE
MPUMEHEHUST TPUPOJHBIX (PAKTOPOB, HAHOTEXHOJOTHH BBIIBUTAIOT KAXYIIHECSd Ha CETOIHS
(aHTaCTUIECKUMH BO3MOXKHOCTH JUISl OyIyIIer0 Pa3BHUTHS YEJIOBEKAa M 3allUTHI CPEIbl €ro
oOuTaHus.

Poct HamuoHaIbHON HSKOHOMHKHM SBISIETCS OOBLEKTHBHOUN TeHmeHuuii. Ho HeoOxoamumo
HMETh B BUAY, YTO OCHOBHBIE 3KOHOMHUYECKHE PECYPCHI, UMEIOIIHNE PUPOJHOE MIPOUCXOKIECHNUE,
OrpaHH4eHbl B CBOMX oOOBemax. To €cTh HAcTymaeT MOMEHT, KOT/la JKOHOMHYECKHUA pPOCT
HEeH30€)KHO CTAJKUBACTCA C €CTECTBCHHBIMUA OTPAHMYCHUSMH, U 3TO OTHOCHUTCS KaK K Ka)Jaou
HallMOHAIBHOM, TaK M MHUPOBOM DJKOHOMHUKE B IejoM. KapauHaibHOE paspeiieHue AaHHOU
Mpo0JeMbl BO3MOXKHO JIMIIL Ha OCHOBE TEXHHUKO-TEXHOJIOTHYECKOTO TMporpecca, HO 0Oe3
HapacTaHWs JaBJICHUS HA OKPYKAIOUIYIO0 NMPUPOAHYIO CpPENly, MTOCKOJbKY UMEHHO OHa SIBIIAETCS
WCTOYHUKOM JKM3HM BOOOIIE, a HE TOJBKO TPOU3BOJACTBA. MHBIMH clloBaMH, Tiepen
YeJIOBEYeCTBOM CTOMUT TpoOieMa YBEJIMYEeHHS OOBEMOB NPOM3BOJICTBA TPU CHIDKEHHH €&
pecypcHOM 3aTpaTHOCTH. Bce HWHHOBanMM B SKOHOMHMKE HAIPaBJICHBl HA PELIICHUE 3TOM
npo0JieMbl, KoTopasi Bc€ Oonee aktyanusupyercs. [losBHIOCh naxke Takoe HamnpaBIeHUE B HAYyKe,
KOTOPYIO Ha3bIBaOT HaHOKoyoruewt (nanocology). B 3ol cBsi3u oco0oe BHUMaHKME MPUBIICKACT
WHYCTPHS COJIHEUHBIX OaTapeil, KoTopas HampsiMylo CBsi3aHa C HAHOTEXHOJOrHid. Pa3Butne sToi
WHIYCTPHUU TPUBOJIUT K OTKa3y OT MacCOBOTO CXXUTAHUS KAaMEHHOTO YIisl U He()TEHnpOayKTOB,
MIPEOI0JICHHSI OMTACHOCTH MAapHUKOBOTO 3(ekTa U 3arpsi3HEHUsT BO3yXa MPOIYKTAMU CTOPAHUSI.
Hupextop Acconumanuu Okonornueckodt Muxenepun Anan Jlucc, Hampumep, CUUTAET, YTO
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nu3ydass JKOCHUCTEMY, Mbl INOHHUMACM, UYTO €€ (1)YHKI_II/II/I OCYHICCTBJEIIOTCA OHPCACIICHHBIMU
OopraHu3mMamMu WJiId TrpymnmnaMu OpraHUu3MOB. 9Ty pOJIb MOTYT BBIIIOJIHATL H HaHOO6’b€KTBI,
yopaBJIAOmue 3KoIlpouneccamu TaM, TIIC OeCCHUIILHEI €CTECTBEHHEIE PETYJIATOPHI. Yacto
HAHOTCXHOJIOTHMIKO HAa3bIBAIKOT Hay1(0171 6y,]1y11l€1"0. Ho YK€ HUMCCTCA HCMAJIO I[OCTI/I)KCHI/II‘/‘I B
HAHOTEXHOJIOTHAX, KOTOPBIC NOMOTAIOT YMEHBIINTL BPECAHOC BJIMSHUC HA OKPYKAIOIIYIO CPEaY.
HallpyuMeEp, 35Ta HaykKa I[aéT HOBBIC BO3MOXHOCTH nepepa60TKH Mycopa, OYHUCTKH BO/HbI,
ONpCACIICHUA PTYTHU KW TaK JajicC. ﬂaﬂbHeﬁIHHe HUCCIICAOBAHUA NaAyT HOBBIC PC3YJIbTATHI, a,
3HA4YUT, U HOBBIC BO3MOXKHOCTH. B name BpEeMs Pa3sBUTUC HAYKHWM HAHOTCXHOJIOTHMH, a4 TaAKIKCE
MIPOMBIINIJIICHHOCTH, C Hel CBHBaHHOI}'I, IMOKa3bIBACT HA PAa3BUTOCTb I'OCyAapCTBA, HA pACIIUPCHUC
MNOTCHIHAJIA pCaIn3allui HAIMOHAJIbHBIX 9KOHOMHWYCCKUX UHTCPCCOB.

Bwmecte ¢ TEM, HCJIb34 AYyMAaThb, YTO BCC 3KOJOTHUYCCKUC HpO6J'ICMBI MOr'yT aBTOMAaTU4YCCKU
peuiaTbCAa 6.]'[.’:11"0)13})5[ TEXHOJOTMYSCKUM HoBIIecTBaM. (OdYeHbh Ba’KHO COXpPAaHUTb PECYPCHI,
KOTOPBIC npeacCTaBsIlOT  IMPUPOAHBIC, IIpOU3BOACTBCHHBIC U KYJIbTYPHBIC CCIMCHTHI
HanmMOHAJIbHOI'O oorarcTtBa B COBOKYITHOCTH. Bce onu BXOAAT B IIOHATHC HALMOHAJIBHBIX
OKOJIOTHYCCKUX MHTCPCCOB, IOHUMACMBIX B HIMPOKOM CMBICJIC. OTO HKOJOTHS HaHHOHaHBHOfI
HMJICHTHUYHOCTH, BKIOYAaromasa 1u HC(l)OpMaHBHBIC HHCTUTYTHI XO3SIMCTBEHHBIX B3aI/IMOOTHOH_I€HI/II‘/'I,
W HPABCTBCHHBLIC LCHHOCTHU, U TpaJULHUH IIPUPOAOIIOJIb30BAHHA. HanorexHojoruu u Apyrue
nepeaoBbIC MCETOAbI pocTa Mmponu3BOACTBA TOJIbKO B OpFaHHqCCKOﬁ CBiA3U C YKa3aHHbIMU
q)aKTopaMI/I CITOCOOHEI OpeaACTaBUTb SKOHOMHUYCCKHUEC U 3KOJIOTUYCCKHUC MHTCPCCHI B IMapagurMe
HallMOHAJIbHBIX HMHTCPCCOB, UX MO,Z[CHBHOﬁ KOH(l)I/IpraL[I/II/I.

DYNAMICS OF BALANCED COMPARATORS BASED ON
SMALL JOSEPHSON JUNCTIONS WIiTH COULOMB BLOCKADE
I.N. Askerzade®®, R.T. Tagiyeva Askerbeyli*
4Comp. Eng. Dep. and Center of Excellence of Superconductivity Research,
Ankara University, Turkey
®Institute of Physics Azerbaijan NAS 33, H.Cavid 33, Baku, AZ1143, Azerbaijan
‘Karabuk 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].

. L . . E
It is well know that small Joephson junctions characterized by the ratio x =E—J, where
C

hl ayn 2 .
E, = 2ec Josephson energy, |, critical current, E. = (22 Coulomb energy, C capacity of

c

junction [1-3]. The case of x >>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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(2e)*
C

small capacity, Coulomb energy E. = >

becomes considerable, which leads to Coulomb

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

dg

i Y

dE,(9)/dq
——pR 1)

where E,(q) is the dispersion relation for lower band, R normal resistance of junction.

Such approach is equivalent to nonlinear alternating differential Bloch capacity C;(q),
which determined by the expression

d*E, (@)
dg?
Recently in paper [6] it was shown, that the equation for dynamic of quasicharge g 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

qg.

Ce(a) = ( )" (2)

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

d*q dq

L Ly R4V =V_,

(@) 2+ ROV () -, 3)
d? d

L, (qz)—dt‘iz RV (,) =V, +V, 4)

where V, voltage in comparator circuit related with strob-pulse, V, signal voltage. It is useful to

note, that Eqs. (3), (4) without first terms, i.e. neglecting Bloch inductance was used in
calculation [7] of transient characteristic of balanced comparator. Periodical function V(q) in

Egs. (3), (4), replace term sin¢ in Egs. of usual Josephson effect [8]. Expression of V(q)
presented below (—e < g <e) and was used in [1-3]
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V(Q)=— 2_ (2)3 (5)
¢ J((q)z L
e 4

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

expressions for Bloch inductance L;(Q).

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

and V.. For small quasicharge increment o&q=0,—0, in respect to pulse V, we have the
following system of Eqs.

d’sq _ddg  av ~

LB(q+) dt2 +R dt +d_q(q+)5q_vsa (6)
d’gy , o dg,

Ls(q,) prERi i +V(q,) = V., ©)

where q, =(g,+0,)/2. Asymptotic solution of (7), under linear growing external voltage
V, = at has the following form

of, at t<<lla
1/2 1/3
——(at 1)+ —(t 1)° 2 1 +
27
q ; , 1 1/2 1/3
V== {E(atl) (—(t 1) _Ej } , at %<t<t0, ®)
61dBe2’ at t, <t<t,
(tD_t)
where t, =l+%, I = 27 lc , @, is magnetic flux quantum. In Equation (8) near
3 ak D,

q = e Bloch inductance L;(q) can be approximated by expression [6]
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Y

Transient characteristic H(z ) of balanced comparator on small Josephson junctions taking
into account Bloch inductance L; 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(z ) of balanced comparator on small Josephson junctions H(7 ) has an oscillating
character in the case of t < 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(z ) and above presented definition of time-resoltuion, for 67 we found

ot z1.15(1+i) )

V2 2d R

For typical values of resistance R=5.2kQ and critical currents |, =0.1 uA of small
Josephson junctions, at which arises Coulomb blockade, time resolution can be estimated at the

(11)

E
level 0.12ps. In calculations parameter x =E—J considered to be equal 0.333. As followed from
C

expression (11), time resolution 67 becomes worse with increasing of parameter x . 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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SJIEKTPOIIPOBOJHOCTD IIPU PACCESIHUU HA AKYCTUUYECKUX
®OHOHAX B KBAHTOBOM SIME CO CJIOXKHBIM ITPO®UIIEM

C.P. ®uraposa, M.M. Maxmynos, I'.H. Xacuesa
baxunckuii I'ocyoapcmeennwiii Yuusepcumem

mmm@bsu.az

ToHKHE IIJIEHKU U MHOTOCJIOUHBIE HU3KOPAa3MEPHBIC CTPYKTYPBI, B KOTOPBIX q)OpMI/IpyeTCﬂ
I[ByMepHBIﬁ 3HeKTp0HHBII>i ra3, HallllId IIUPOKOC INPHUMCHCHHUEC B COBpeMCHHOI;'I TBCpI[OTeJ’IBHOﬁ
HAHOJJICKTPOHUKE. B »tux cucremax 06pa3yIOTC5[ KBAHTOBBIC AMBbI PA3JIMYHBIX (bOpM SBneuus
MePEeHOCa B TAKWX KBAHTOBBIX sIMax O0JIQJalOT cBOeoOpa3HeIMU cBoicTBamu [1,2]. B manHOU
pa60Te BbIYUCIACTCA DJICKTPOIIPOBOAHOCTDH KBAHTOBOU SIMBI HE I/IMCIOH_[I/II\/'I YIJoOB, C KOHEYHOU
].HHpHHOﬁ U C IIOTCHIIUAJIOM

cos’(z/a)’

1)

rac UO_ MUHUMYM HOTCHHH&HBHOﬁ SHEPruv, a- IMpuHa KBAHTOBOH SIMBL. I[JISI BBIYHCIICHUA
QJICKTPOIIPOBOJHOCTHU OBLI MCIIOJIBE30BaH 3H€pF€TI/I‘ICCKI/II71 CIECKTP BHUIA:

hk?
gn,kx,ky = 2mi +gn’ (2)

rie k? =k? + kf , M - 3¢ pexTuBHAS Macca HOCUTENEH TOKa, a &, UMeeT Bup [3]:

2
gn:go[1+2n+ /1+%J : (3)
0

31€ch €, = h2n2/8ma2 -sHeprmsinpu N=0u U, =0, n=0,1,2,... - KBaHTOBOE YHUCJIO.

DJNEeKTPONPOBOJHOCTh MOXET OBITh OINPENCICHO W3 BBIPOKEHUS IUIOTHOCTH TOKa
cieayronmM oopasom [4]:

o=emn, <1> (@)
m
rac e- BHCMCHTapHBIﬁ 3ap$[,u, ne, - KOHI_IGHTpaI_II/Iﬂ BHCKTpOHOB:
m < of
n, = BOle—c)(e-¢)| ——2 |dg, 5
' ﬂath (=2,)( n)( 88} (5)
T- BpCMH peHaKcaL[I/II/I, a er'IOBBIe CK06KI/I<> OHpeI[CJ'ISIIOTCH KaK.
m < of
= Olc—c Ne—c)(.)| ——2 |dg. 6
() ﬂanﬂhz;jn (e —&,)(&—5,)( )( 88} (6)

Kak cnenyet u3 (5) u (6) aist BEIYKCIICHHS SIEKTPOIPOBOIHOCTH HY)KHO 3HATh BBIPKCHHUC
BPEMCHH PeNIakCIMK. B MaHHOM cilydae BpeMsl peslakcalid OOpaTHO MPOTIOPIHOHATBHO IUIOTHOCTH
KBaHTOBBIX COCTOSHUH [5]:
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m
7 h%a

g(e) = 2.0(-¢,). (7)

rae O(e —¢,) - crynenuaras QyHkuus X3Bucaiina.

B CJIydac BBIPOXIACHHOI'O 3JICKTPOHHOI'O I'a3da IpPpU PACCCAHUN HA aKYCTHYCCKHX (1)OHOHaX
OCI¢ CYMMHUPOBAHUS 110 KBAHTOBBIM YMCJIAM IJIS 3JICKTPOIIPOBOJHOCTH IIOJIyYHM

o L+m)(u; —U;‘)—ﬂg; [ﬁg +3n? +2ﬁ+§j—
o 3 2

0
—Jei (el +U) (M +T+2)

rae o, =e%r,n,/m, n, = mk,T/mah?, e" =¢/k,T, &’ =¢,/k,T, ur = e /KT, e - yPOBEHD
®epmu, KOTOPHI B IaHHOM CJTydae UMeeT Bu [5]:

e =%%+U0 +2M(ﬁ+l)+
g, (ﬁ?’ +3n%+2n+ gj ’ ©
3(M+1)
31ecb N €CThb 1enasg 4YacTh 4ucia N :\/m a/ﬂh—O.S—m / 2, KOTOpBIH

onpeAcBICTC U3 YCIOBUS U = & .

, (8)

Ha ocnoBe dopmynsl (8) mocTpoeHa 3aBHCUMOCTH JJIEKTPOIPOBOJIHOCTH BBIPOKICHHOTO
JIBYMEPHOT'O DJICKTPOHHOTO Tra3a MpH pPacCessHUM Ha aKyCTUYECKHMX (POHOHAX OT IIHUPHHBI
kBaHTOBOW siMbl (puc.l). Ilpm sToM mcmonb3oBamuck crnexyromue 3HadeHus: m=0,067m,

g, =60meV, a=10nm, n, =10°m™.

(6 / 00) x 102

-6 I I
0 1 2 3
a, (nm)

Puc.l. 3aBUCHMOCTb 3JIEKTPOIPOBOJHOCTH  BBIPOXKAECHHOTO
JIByMEPHOT'O JIEKTPOHHOTO Ta3a OT IHUPUHBI KBAHTOBOH MBI IIpU
paccesHUM Ha aKyCTUYECKHX ()OHOHAX.
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)4 Fpa(l)I/IKa CICAyCT, qTo QJICKTPOIMMPOBOAHOCTD BBIPOKACHHOI'O ABYMCEPHOI'O
QJICKTPOHHOI'O Ira3a OCHUJUIUPYCT C HJHpHHOﬁ KBAHTOBOMU SIMBI. HCpI/IO,Z[ OCL[I/IJIJIFII_II/Iﬁ 3aBUCHUT OT
KOHLCHTpAaluu HOCHUTEIICH TOKa. HpI/I pacCCiaHnun HOCHUTEJICH TOKa Ha AKYCTHYCCKHUX (bOHOHaX
HAMeeTcsl 00J1acThb C OTpHHaTGHBHOﬁ QJICKTPOIIPOBOHOCTBIO. OTpI/II_[aTCJ]LHOCTB QJICKTPOIIPOBOAHOCTH
CBs3aHa C IMOJIOKCHUCM YPOBHA (DCpMI/I OTHOCHUTCJIbHO IOTCHIKAJIa KBAHTOBOM SIMBI. HpI/I 9TOM
CTCIICHb JIOKAJIM3allun HU3MCHACTCA, NPOHUCXOAUT HpOCTpaHCTBeHHBIﬁ MEPCHOC JBJICKTPOHOB U3
KBAHTOBOM SIMbI B HapaJ'IJ'IeJ'IBHBIfI clioi OpOBOAHUMOCTH HJIN HaO60pOT - OJICKTPOHBI 00
BTAT'MBAIOTCS B KBAHTOBYHO SIMY, 100 BBITAJKHUBAIOTCS U3 HEE.

Jdannasi padora BbinosHeHa npu ¢puHancoBoii nouepxke @onpa Pazsutus Hayku npu
Ipe3unente AzepoOaiimkanckoit Pecrryomuku -I'pant Ne EIF-2013-9(15)-46/04/1
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IKiOLCULU ELEKTRON SISTEMININ TERMOELEKTRIK
HOROKOT QUVVOSINO GUCLU ELEKTRIK SAHOSININ TOSIRI
M.M. Babayev, X.B. Sultanova
AMEA-n:n H.M.Abdullayev ad:na Fizika nstitutu

mirbabababayev@yahoo.com , xatire280@gmail.com

Gucli elektrik sahasinda ikidl¢lll elektron sisteminin (2ES) termoelektrik harakat quvvasi tadgiq
edilmigdir. Gostarilmigdir ki, termoehg-nin elektron hissasinin giymati elektrik sahasinda xeyli art:r, fonon
hissa isa elektrik sahasindan asili deyil. Natica elektron temperaturunu birbaga 6lgan 2ES termocitinin
6lcmo intervalin: genislondirmaya imkan verir. Elektrik sahasinin intensivliyinin mixtalif qiymatlaorindas
termoehq-nin gafasin temperaturundan asi:/:q grafiklori qurulmugdur.

Guclu elektrik sahasindos elektronlarin gizmas: termoelektrik vo termomagnit effektlorin
giymatlorini, eloco do bu effektlorin elektronlarin konsentrasiyasindan, gofasin temperaturun-dan
vo S. asililiglarmi xeyli dayisdirir. Bu, bir torafdon asagiflcull sistemlordo termoelektrik vo
termomagqnit effektlorin giymatini elektrik sahoasi vasitasi ilo idaro etmoys, digor torafdon iso bu
sistemlori xarakterizo edon kamiyyatlori 6lgon cihazlarin yaradilmasina imkan verir.
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Termoelektrik harokot qiivvasinin elektron temperaturundan asililigindan istifado edorak,
asag1 temperaturlarda elektron temperaturunu birbasa 6lgon 2ES termocitu yaradilmigdir [1].
Termoehq iki hissodon-elektron vo fonon hissadon ibarst olur [2]. Bu cihazin isi termoehg-nin
elektron hissasinin elektron temperaturundan asililigina osaslanir vo cihaz gqofas temperaturunun
2K-o godor giymatlorinds yaxsi naticalor verir. Daha yuxar temperaturlarda termoehg-nin fonon
hissasi shamiyyatli rol oynadig: tgln, muslliflor hesab edir ki, elektron temperaturunun tayininds
bu cihazdan istifado edilmasinin dizgunliyl subha dogurur. [1] isindo naticalorin analizindo
qizmis elektronlarin  termoelektrik horokot quvvasinin elektron hissasinin - fenomenoloji
disturundan istifads edilmis, fonon hissanin elektrik sahasindon asili olub-olmamasi masalasi isa
arasdirilmamasdir.

Biz burada 2ES sistemlorindo yaranan termoehg-ys glcli elektrik sahosinin tasirini
Oyronarkan Bolsmanin kinetik tonlik metodundan istifads etmisik vo termoehqg-nin hom elektron,
ham do fonon hissasini hesablamisig. Elektrik sahosinin intensivliyi vo temperatur gradiyenti
elektron gazi tobagosi Uzrs goturulir. 2ES-dos tobaga boyunca kvantlanma bas vermoadiyi tglin bu
tobaqo Uzro elektrik coroyanmi hesablayanda Bolsmanin kinetik tonlik metodu yaxsi islayir [2].
Elektronlarin akustik fononlarin deformasiya vo pyezoelektrik potensialindan, asqar ionlardan
sopilma mexanizmlori, eloca do sopici potensiallarin ekranlagsmasi nozars alinmigdr.

Mbohdudlayici potensial olaraq parabolik potensial gotiralmuisdur:
1 hk?
= Z+N |ho, + —— 1
¢ (2 ) “ T om 1)

Burada m- kegirici elektronlarin effektiv kutlesi, w,- parabolik potensialin parametri, N -

ossillyasiya kvant adadi, IZ(ky K, ) elektronlarin dalga vektorudur.

Elektronlarin sopilmoasi kvazielastiklik sortini 6doyirse vo 6z aralarinda togqusmalarinin
tezliyi onlarin fononlardan sopilmo tezliyindon boylkdirss, paylanma funksiyasinin izotrop

hissasi, gofasin T temperaturundan forgli T, temperaturu ilo xarakteriza olunan Fermi —Dirak

paylanmas: kimi gosterilo bilor. Elektronlarin effektiv temperaturu T, balans tanliyindan

(stasionar halda elektron sisteminin elektrik sahosindon aldigi enerjinin bu sistemin fononlar
sistemino verdiyi enerjiys barabarliyindon) tapilir [3]

Biz fononlarin elektrik sahasinds gizmadigi hala baxirigq, onda uzundalgali fononlarin
N(G,F)paylanma funksiyasinin izotrop hissasi T temperaturlu Bolsman paylanmasi ilo ifado
edilir, anizotrop hisss ise fononlar tglin kinetik tonlikdon tapilir. Elektron gazi tobagasi boyunca

By (T.)
ay,(T.)

VT temeratur gradiyenti yaradilanda amalo galon termoehq tictin alirq [2] o =

)
B,,(T,)omsal (vo demali o) iki hissadon -elektron vo fonon hissadon ibaratdir:

B, (T.)=B;,(T,)+ B (T,). Qizdirict elektrik sahosinin intensivliyi kvantlanmanin olmadig: z

oxu istigametinds yaradilmigdir. Gucli cirlasmis elektron gazi Ugiin termoehg-nin elektron
hissasi asagidaki sokilo dusdir:

_k_oﬁ_2i|:1 o aV(T]O ):|Te aTe . (3)
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Burada 7, = 7°kZ /2mk,T -elektronlarin gatirilmis kimyovi potensiali, k. elektronlarin Fermi

saviyyasine uygun dalga odadi, v(1, )iso elektronlarin sopilmo tezliyidir.
Termoehg-nin fonon hissasinin hesablamalar: gdstarir ki,

T rrrrrrrrrrrrrrrrri

giclu cirlagmis elektron sistemindo elektronlarin  qizmas: 200 [—&=0 ]
termoehg-nin fonon hissesini doyisdirmir. Bu hisse lclin alinan o = R
ifadonin murokkabylini, elektrik sahosindon asili olmadigini vo 150 Lo E=taviem |.-" -7 3

[4] isindoki natico ilo Ust-Usto disdlylni nozers alarag onun
ifadosini burada vermirik. Termoehg-nin elektron hissasi, (3)
ifadosindon gorundiyd kimi, elektronlarin  gizmasina ¢ox
hoassasdir. Termoehq Uglin ododi hesablamalar elektronlarin sath
sixh@ n=1.78x10"m™2, mohdudlayic1 potensialin parametri ,
w, = 7x10%san"olan ikidlgulii  GaAs/ Al Ga, As kvant 0
cuxurunda aparilmisdir. Sokildo elek-trik sahosi intensivliyinin T

sabit giymatlorinds (E=0.8; 1, 1.2 V/m) va elektrik sahassinin olmadig:1 halda termoehg-nin
elektron hissasinin gofos temperaturundan asililiq grafiklari verilmisdir.

Sokildon goriindiyd kimi, elektrik sahasi olmayan halda termoehg-nin elektron hissasi
gofasin temperaturu ilo diiz mitonasibdir. Elektrik sahosinds elektronlarin gizmasi naticasinda
termoehqg-nin elektron hissasi saho olmayan halla miqgayisodo xeyli artir, 2K <T <10K
temperatur intervalinda bu artim 2-4 intervalindadir.

Burada alinmis noticalor [1] isinds tosvir olunan, elektron temperaturunu birbasa 6lgon 2ES
termocitunin oOlgmo intervalint genislondirmoys imkan verir. Termoehg-nin fonon hissasi
elektrik sahasindon asili olmadigindan elektrik sahasinds termoehq-nin doyismasi yalniz elektron
hissonin doyismoesi naticesindo bas verir: Aa(T,)=a(T,)-a(0)= a,(T,)-a,(0). Ona gore do
muvafiq doyisiklik etmoklo (hor bir temperatura uygun fonon hissani ¢ixmaqgla) homin termoctit
daha yuxar temperaturlarda da elektron temperaturunu 6lgmok Gglin totbiq oluna bilor.

a(uV/em)

100 |
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SPEKTRIN iQ DIAPAZONUNDA AgGagslng4Se; QARISIQ

BiRLOSMODO iINDIUMUN NiSBi TORKIBININ TEZLIiK
CEVRILM®OSININ EFFEKTIVLIYINO TOSIRI
R.C. Qasimova, G.9. Safarova’, N.V. Karimova?, L.S. Haciyeva
Bak: Dovlat Universiteti, 'Fizika Problemlari /nstitutu, >Azarbaycan Tibb Universiteti

safarovagulnara@rambler.ru

Isd> moveud tocriibalor soraitinds AgGagglngsSe, novlii garisiq kristallarda masalonin miixtalif
parametrlarin gevrilma effektivliyina tsirinin tadgiqinin naticalari gostarilmigdir. Tarkibindaki indiumun
migdar: ilo farglanan i ndv AgGaylny,Se; kristallar: G¢iin bucagq dispersiya amsallar: hesablanmusdur.

Bir sira Gstinliklorine goro todgigat obyekti kimi qansiq kristal ndvlorindon
AgGapslng4Se, secilmisdir. [1]-do aparilmis todgiqatlar géstormisdir ki, indiumun torkibini (x)
se¢moklo yaxin vo orta infragirmizi diapazonda ikinci harmonikanin generasiyas: zamani 90°%-li
geyri-kritik faza sinxronizmi sortini hoyata kecirmok olar. Bu zaman CO, lazer slialanmasmin
A1 =9,64mkm dalga uzunlugunda x parametrinin qiymoti 0,6-ya borabordir. Molumdur ki,

AgGagslngsSe; kristalt Gglin geyri-xotti kvadratik hossashigin ol¢ilmis giymati dyq = 41pm/V

borabordir. Spektrin IQ diapazonunda totbigi mosalalor lciin CO, lazerlori aparici rol oynayur,
onlar spektrin bu oblastinda giiclu optik koherent stialanma monbayidir.

Secilmis nov kristalin geyri-xotti optik xassolorini todgiq etmok Uglin, hayacanlanan
dalganin hoyacanlandiran dalgaya oks tasirini nozera almaga imkan veran sabit intensivlik
yaxinlagsmasindan [2] istifado etmok mogsadouygundur. Bu yaxinlasma verilmis garisiq név
kristallarda [4] CO, lazerin stialanmasinin tezliyinin ikigat artmas: prosesins faza effektlorinin
tosirini nazardan kegirmays imkan verdi [3].

Bu isdo mévcud eksperiment soraitindo AgGag slno.sSe; kristalinda x parametrinin ¢evrilmo
effektivliyino tosirinin todgigat noticalari gostarilmisdir. istifade olunan analitik Gsul ham gevirici
kristalin, hom ds stialanma monbayinin optimal parametrlorini konkret tocriibado geyri-kritik faza
sinxronizmi sortlori Ugun optimal parametrlori hesablamaga imkan verir. Belo ki, masalon
verilmis itkilordo kristalin uzunlugu vo doldurma dalgasinin invensivliyi, bu ¢evrilmoanin
gozlanilon effektivliyini giymoatlondirmays imkan verir.

Birinci ndv oo — e skalyar sinxronizm soraitindo monfi biroxlu AgGagglno 4Se; kristalinda
w tezliyindo CO; lazer suialanmasinin tezliyinin ikigat artmas: prosesini (2@ tezliyinds) tohlil
edok.

Doldurma dalgasmin t¢ uzunlugunda: 9.64 mkm, 9.55 mkm vs 9.31 mkm CO; lazer
stialanmasmin ikinci harmonikasinin generasiyas: halinda monfi biroxlu qarisig AgGagslngsSe;
kristalinda sinxronizmin bucaq enini toyin edok. Sinxronizm istigamatindon meyletms bucaginin
A0 hesablanmasmi [5, 6]-a uygun olaraq kristalda indiumun migdarini oks etdiron U¢ giymot
tcln (0; 0.3; 0.4) aparag. Bu zaman [5-6]-da verilmis Selmeyyer amsallarindan istifads olunur [7,
8].

IQ diapazonda AgGagglngsSe, kristalinda CO, lazer sualanmasinin tezlik gevrilmosinin
effektivliyinin artirnlmas: yollarini todqiq etmok G¢uin sabit intensivlik yaxinlasmasinda alinmis
cevrilmo effektivliyi Ucgln analitik ifadoni ododi hesablayag. Bu zaman maosalonin
parametrloriverilmis kristal tigiin movcud tocriibalorin sortino uygun secilir [7-9].
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Molumdur ki, AgGagslno.4Se, qarisiq strukturlarinda kristalin xassalarina indium tasir edir
[1]. Sokilds indiumun kristalda Us muxtslif konsentrasiyas: halinda tezlik ¢evrilmasi prosesinin
sabit intensivlik yaxinlagsmasinda tohlilinin naticalori gostorilmisdir. CO, lazerinin doldurma
dalgasinin uzunluglarinin t¢ variant: nazardon kegirilmisdir: 9.31 mkm, 9.55 mkm vo 9.64 mkm.
Ug oyridoen 1 vo 4 qrupu AgGap7Ing3Se; kristahnin (x=0.7) uygun olaraq 1.05 sm vo 0.65 sm-o
barabar olan uzunluglarinda doldurma dalgasinin stialanmasinin U¢ dalga uzunlugu halinda
cevrilmo effektivliyinin n,(3) asiliigina uygundur. Ug ayridan 2 va 5 grupu iso AgGagslno.sSe,
kristalinin (x=0.6) uygun olaraq 1.05 sm va 0.65 sm-o barabor olan uzunluglarinda doldurma
dalgasinin stialanmasmin U¢ dalga uzunlugu halinda 7,($) asilihglarina uygundurlar. Uglinci
grup oyrilori iso AgGaSe; kristalinin (x=1) 0.8 sm borabor uzunlugda doldurma dalgasinin
stalanmasmin (¢ dalga uzunlugunda 7, ($) asililiglarina uygundurlar. Har bir grupda yuxaridaki
oyri 9.64 mkm sualanma dalgas1 uzunluguna, ortadaki 9.55 mkm, asagidaki iss 9.31 mkm
stialanma dalgas1 uzunluguna uygundur.

3, 4 vo 5 grupu ayrilarinin mugayisasindan gorindr ki, garisiq kristalin torkibinds indiumun
konsentrasiyas: 1-don 0.6-ya godor artdiqda 7, (9) asililigi horizontal forma ayrisino meyl edir.
Bu o demokdir ki, kristalin faza sinxronizminin ddonmasi sortino qarsi geyri-kritik rejimina
kecilir. Beloki, masalon, AgGaSe, kristalinda ¢evrilmo effektivliyinin 0.036% doyismosi -0.6
mrad +0.6 mrad giymotli bucaq intevalinda bas verir. Kristalda Ga-un bir hissasinin indiumla
x=0.7-ya godor ovaz edilmosi (AgGag7IngsSe,) efektivliyin analoji doyismosina gotirib ¢ixarir,
lakin 1.67 dofs boyuk bucaq intervalinda (-1 mrad-dan +1 mrad-adok). Kristala sonradan x=0.6-
ya godor indium olave olunmas: (AgGaoeslnosSe,) AgGaSe, kristali ilo mugayisado bucaq
intervalin1 33 dofs artirir (-20 mrad +20 mrad). Buradan AgGagslngsSe; kristallarinda faza
sinxronizmi sortinin  6donmosinin  geyri-kritikliyi, AgGagzIngsSe; vo elocodo AgGaSe;
kristallarina nazoran daha boylik bucaq diapazonunda 6donilir. Bu masalo [1]-do tocrubi todgiq
olunmusdur, lakin tocriibi AgGaxInixSe, kristalinin 1.05 sm uzunlugunda bizim halda 1 (x=0.7)
vo 2 (x=0.6) ayrilor grupuna uygundur. 1 vo 4; 2 vo 5 qrup ayrilarinin miiqayisasi gostarir ki,
cevirici —kristalin optimal uzunlugunun istifadesi ¢evrilma effektivliyini i¢ dofs, 1,(9) =0.15-
don 0.45-dok artirmaga imkan vers bilar.

-30 20 10 0 10 20 30
9, mrad

Sok. AgGaylny,Se; kristalinda ikinci harmonikaya m, ¢evrilmo effektivliyinin doldurma dalgasmin 1,,= 0.6
MW/cm? intensivliyinds x=0.7 -AgGay 7IngsSe; (1 va 4 ayrilori), x=0.6 - AgGagsIngsSe; (2 va 5 qing-
qurig ayrilar), x=1 - AgGaSe, ( 3 ayrilori) U¢lin sabit intensivlik yaxinlagsmasinda hesablanmis fazalar
forgindon asililigi. Yuxari ayrilor 9.64 mkm, orta - 9.55 mkm , asag1 iss - 9.31 mkm dalga uzunluguna
uygundur. Kristalin uzunlugu | = 1.05 sm [4], (1 vo 2 ayrilari), 0.8 sm [1] (3 ayrilori) 1 0.65 sm (4 va 5
ayrilori). AgGaSe; kristalt tigiin itkilor 8,=0.09 cm™, §,=0.15 cm™ [1] vo AgGaylni,Se, kristalinda
8,=0.06 cm™, 5,=0.08 cm™* [1].
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Belolikls, faza effektlorini nozoro almagla qarisiq kristallarda tezlik ¢evrilmasinin nazori
todqiqi cevrilmo effektivliyini artirmaq yollarini askar etmoyo imkan verir. Yoni gevirici kristalda
uzunlugun verilmis giymatlorinds doldurma dalgasinin intensivliyinin optimal giymatini, eloco do
stialanan lazerin secilmis doldurma dalgasmin intensivliyindo cevirici-kristalin koherent
uzunlugunu hesablamaq olur. Analitik Gsul hom do lazer sGalanmasmin mixtalif dalga
uzunluglarnda gozlonilon gevrilmo effektivliyini giymatlondirmoys imkan verir. Qarisigq tip
kristallar t¢un indiumun mixtalif konsentrasiyalarinda sinxronizmin bucaq eni 6lgulmusdur.
Faza sinxronizmi sortinin 6donmosina qeyri-kritik rejimino sorait yaradan sortlor meydana
¢ixartlmsdr.

Bu is gisman Azarbaycan Respublikasmn Prezidenti yaminda Elmin Inkisafi
Fondunun maliyya yardimu ila yerina yetirilmisdir- Qrant Ne EIF-2013-9(15)-46/04/1
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MEK30HHOE OIITUYECKOE IOIJIOIIEHUE B MOJIU®UIIMPOBAHHON
NOTEHIIUAJIBHOM SIME NENLISA-TEJLJIEPA

N.P. I'aguposa
baxuncxuii I'ocyoapcmeennviil Ynusepcumem

irada.gadirova@mail.ru

Boiuucnen  kosaghuyuenm  mesxc3onnozo  nocnoweHus —ceema 8  2emMepoCMpPYKmMypax
moouuyuposannoti  nomenyuanvroti  samou  Ilewns-Teinepa.  Paccmompena — 3asucumocms
K03 huyuenma no2nowjenuss Om 4acmomul cema U NApamempos K8aHMOBOU Ambl.

PaccmoTpuM MOTYNPOBOAHUKOBYIO CTPYKTYPY € MOIU(MDUIMPOBAHHOW MOTCHIIMAIHLHON
svou llemuta- Temmepa, B KOTOPOM 3aBUCHUMOCTh NOTEHIHWATLHOW JHEPTrUHU YaCTHUIBI OT
KOOpIWHATHI Z uMeeT Bun [1]:

a

V, th *(az) |2|< 5
V(z) = . : @)
V, 2> =
2

2 2
hWa

2m
B npubnmxennn orubaromierd GyHKIMKM BOJHOBBIC (PYHKIIMU 3JIEKTPOHA B KBAHTOBOH siMe
MO>XHO HaImucaTh B BUJC.

rae V, = A(A+1), 1 >0, a -mupuHA KBAHTOBOU SIMBI

Ve, (F) =570, (Fexp(ik, F,) g, (2) )
3nech MHAEGKC | 0003HAa4aeT COCTOSHUS, NpHHAIeKaIMe 30He mnpoBoguMmoctH (i=C) u
BaJleHTHOM 30He (I =V), N, —HMHAEKC MOJ30HBI, I, -ABYMEPHBIH BEKTOp B IJIOCKOCTH CIIOEB,
uMeromux mmomans S, U, (F) -mepuoandeckas 4YacTb OJOXOBCKOH (YHKIUM HCXOIHOTO
Marepuana, kf:kf+kf @, (2) - 3aBucsinas or Z orubdaromas Qpynkuus. Orubaromue QpyHKIUN
@, (2) sBusroTes pemenusamu ypashenus Llpeaunrepa ¢ norenuunanbHoi sueprueit (1) u moryt

OBLITH HAIlMCAHBI B BUIC:

a(A-nI(2A-n+1)
rn+1)

; (0z)= ( jz P (th(ea)) 3)

re P*(th(az)) - npucoennnénusie nonunomst Jlexanapa, n=0,1,23,...[A], [A] -uenas gacts
oT A.CoOcTBeHHBIC 3HAYCHUS DHEPTHH [T ToTeHImana (1) paBHsI :
hla?

2m

€ (A(A+1) = (A-n)*) (4)

n

HOJ‘IHBIC 3HepFI/II/I 3J'ICKTpOHa B 30HC HpOBOI[I/IMOCTI/I U B BaJ‘IeHTHofI 30HC COOTBCTCTBCHHO
paBHEL:
hzkz h2a2 h2k2
L = (l(l+1)—(l—n)2)+—l
2m 2m 2m

C C C

E.(k)=¢&,+

Q)
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2

K2k

nk ho?
E =-E, -&- 2ml =B, - [A(A+1) - (A -1)*]- o

\ \ \

(6)

rie Eg - IINPUHA 3alpenIEéHHON 30HbI 00BEMHOTO MOIYITPOBOIHHKA,

PaccMoTpuM TpOCTYIO JBYX30HHYIO MOJENIb W MPEINOJI0KHM, YTO BAaJCHTHAs 30HA
MOJTHOCTBIO 3aIIOJIHEHA, & 30Ha MPOBOJUMOCTHU IMOJHOCTHEO CBOOOMHA B mepBoM mpuOimxeHun
TEOPUU BO3MYIICHUHN JIJIsl BEPOSTHOCTH IEPEX0Jida W3 BAJCHTHOW 30HBI B 30HY MPOBOJIUMOCTH
umeem [2]:

12
W:%”Z‘Hw(k)\ 5(E, —E, - ho), )
rie H, (K) - MaTpuuHbIii 57IeMEHT HEPrUM BO3MYIIEHHS
H == Ap
mc

Ha BOJTHOBBIX (DYHKIMAX (2) BaJICHTHOHN 30HBI U 30HBI IIPOBOIMMOCTH,
- 27mNhw

A- BCKTOP-IMIOTCHI AT 3HCKTpOMaFHHTHOI>‘I BOJIHBI, |AI Zf, V- (1)3.30Ba$[ CKOpPOCTb
w/V

C . . _
v=—, p=-iaV, N -uucio potoHos B enunune oowvema. Jia H, (k) nmeem:
n

Ho (K) =S5 @ER)5, . L. ®)

3necy & -eAMHUYHBIA BEKTOP MOJSAPU3ALMM AJIEKTPOMArHUTHOW BOJHBI, P, -MaTpUYHBIN

JJIECMCHT oOIllepaTopa HMMIIyJIbCa HA BOJIHOBBIX (1)YHKLII/I$IX broxa B 30He IpoOBOAMMOCTU U B
BaJICHTHOM 30HC, 5k K OTPAXKACT 3aKOH COXPpAHCHUA KBA3UUMITYJIbCA ,
LKL

Ly = [ 0(2) B, (2)d2 9)
[TonacraBu Beipaxkenue (9) B (8) m yuutsiBas, yto |, =-0, , MOCIEe MHTEIPHUPOBAHUS
MOJIYYUM:
—LZAC’Z(EP_’)ZZG)(M— g, 1o’ [A(A+1) - (2 —n)*]) (10)
r*(a+b)ym’c® 7 Y 4 ° 2u
1 1 1 .
rne —=—+—, b — mupuna 6apwepa, O(X)- ctynendaras GyHkus Xepucaia.
pomgom,

K03(1)(1)I/ILII/I€HT MOI'JIOIICHUS ONPEACISICTCA U3 COOTHOLLICHMSA .

o == W/ , (11)
Nc

T7Ie & - QUAIIEKTPUYECKasi TPOHUIIAEMOCTb MOJIYTIPOBOTHHUKA.
Ucnone3ys Beipaxenus (10) u (11), ansg xoaddunmerta MeK30HHOTO MOTIIOIICHHUS
MOJTY4HM:
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B 47rye2(EP_cv’)2 ~ _hzaz o
= ha+b)mic \/Eha)zn:@(hw E, 2 [A(4+1) = (L —n)2]) (12)

U3 Beipakenwii (7), (8) u (9) BuAHO, 4TO pa3penieHbl ONTHYECKUE TEPEXOIbI TOJBKO MEXTY
MOJI30HAMH BaJICHTHOW 30HBI U 30HBI IPOBOJMMOCTH C OJTMHAKOBBIMU HOMepamu N =1 .
Ha puc.l m 2 mnpenacraBieHa 4YacTOTHAs 3aBHCHMOCTh KO3(D(UIMEHTa TOTJIOMICHUS st
GaAs/ Al,Ga, ,As mpu pa3nuuHBIX 3HAUCHUSX IapameTpa A u mapamerpa « . Ilpu sTom

HCTIOJIb30BaHbI Clleqyronme 3HAYCHUSA MMapaMeTpPOB: E, =1.43ev, a=500A,

m, =0.06m,, m,=0.4m_, £=8.2, P, =1.2-10 ¥spz-2, b =5a. U3 rpaduxos S(w) BUmHO, 4TO
C yBeJHMYCHHEM MapameTpa A MaKCHMMyMbl TOTJIOMICHUSI CMEIIAIOTCS B BBICOKOYACTOTHYIO
00J1aCTh, PACCTOSTHUE MEX/y HUMH YBEIMYHUBACTCS, BHICOTA COOTBETCTBYIOIIUX MAKCHUMYMOB U
BBICOTA CTyMEHEK yMeHbImaeTcss. C yMCHBIICHHEM MapameTpa «f MaKCHMYyMbI IMOTJIONICHHS
CMEIIAIOTCA B HU3KOYACTOTHYIO 00JacTh, PACCTOSHHE MEXIy HHMH yMEHBIIACTCS, BBICOTA
COOTBETCTBYIOIUX MAaKCUMYMOB U BBICOTA CTYIIEHEK YMEHBIIIACTCS DTO OOBACHIKTCS TEM, UTO C
pPOCTOM A IIHUPHHA COOTBETCTBYIOLIMX IMOJ30H YBCIMUYMBACTCSA, a C YBEJIMYCHHEM HOMEpA

MNOJA30HbI IIPpW JaHHOM A , & TAakKXK€ C YMCHBUICHUCM TIapaMeTpa «& MIIMPHHA TOJA30H
YMCHBIIIACTCA.
T 1=2 [ ™. s I s ——
a0 [ wl 100 [
a0 b
ao [
a0 b &0 -
o [
£l ol
ol
o b
100 | 9, ev il il n, e
73 150 Ie3 ) s 150 1% o 1;5 ) T 16 7 15 1

ol  Teeall
1000 [ .
600 | ‘
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= —— @
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AHAJIN3 PASPABOTOK CBEPXITPOBOJHUKOBBIX
JETEKTOPOB MAJIOTI'O UUCJIA ®OTOHOB
MLIIL I'acanoBa, 3.A. Uckenaep3ane, J.A :kadaposa™, H.T. I'yceiinoBa
Aszepbaiioxncanckuii mexnuweckutl ynusepcumem, * Hucmumym gusuxu HAHA,
mhsh28@mail.ru

Ilpusedensvt ocnosHule 6udbl cogpemennvix CII Oemexkmopoe mano2o yucia omono8, NPUHYUN
Oelicmsus 6oroMempa Ha OCHOBE 20PAHUX INEKMPOHO8, AHANU3 OUHAMUKY PA3GUMUSL 20PAYE20 HAMHA 80
spems npoyecca OemeKmupo8anus QOmoHo8, O0emeKmopbl U CcMecumeny Ha 0XHCO3ePCOHOBCKUX
nepexooos. Paccmompenvt ocnosnvle napamemput CII 00noghomonnvix demexmopos u obracmu ux
NPAKMUYECKO20 NPUMEHEeHU.

KauecTBeHHBIN CKauOK B JIOCTHI)KEHHH OJIHOBPEMEHHO BBICOKOW UYYBCTBUTEIBHOCTU H
OBICTpOJICHCTBUST TIpHOOpa MJIsl PETHCTPAIlMM H3ITy4eHHUs B IIMPOKOH OONACTH CHEKTpa OT
paauoBoH 10 onTukK (OoJOMETpa) BO3HHKACT MPU HArpeBe JIMIIL 3JIeKTpoHHOTO Ta3a B CII
IUICHKE Ul €r0 Mepexoja B HOPMAIBHOE COCTOSIHUE -KOHIEMIHS TOPSYero MATHA, dPQexT
anekTpoHHoTo pazorpeBa B CII mnenkax. K HUM oTHoOcATCs OOMOMETpHl Ha OCHOBE TOPSYMX
anextpoHoB (Hot Electron Bolometer HEB —mixers), cercopsr kpast nepexona (transition edge
sensors, TES —0oiomeTpsl), JETEKTOPBI M CMECUTENIM Ha OCHOBE CTPYKTYP CBEPXIPOBOIHUK —
JTUAJIEKTPUK-CBEpXNpoBoAHUK SIS (mko3edcoHoBckuit  mepexon), u, Hakonen, CII
HAHOIOJIOCKOBBII/MPOBONIOYHBIN 0qHOGOTOHHBI AetekTop (Superconducting Nanowire Single-
Photon Detector SNSPD) Ha kMHETHYECKON HHYKTUBHOCTH.

[Tpunnun nefictBus OosoMmeTpa Ha OocHOBe ropsuux snekrponoB (HEB — Gosometp)
OCHOBaH Ha d(p¢eKTe 3JIEKTPOHHOTO pa3orpeBa B TOHKOW IUICHKE CBEPXIpOBOAHHUKA. [Ipu
MOTJIONICHUH W3ITyYEHUs] CBEPXIIPOBOJIHUKOM, HAXOAAIIUMCS B CBEPXIPOBOJSIIEM COCTOSHUU
BOm3n T, (B Touke ¢ wmakcumanbHbiM 3HaueHweM OR/AT), compoTuBieHHE CTPYKTYpHI
W3MEHSETCSl BCJICJCTBUE YCTAHOBJICHUS JJEKTPOHHOM TEMIEpaTyphbl BBIIIE TEMIIEPATyphl
pemretkn. B cimywae, ecnum dacTora MOAYISLHMS TAJAIOIIETO W3IyYEHHUs] MEHbIE OOpaTHOTO
BPEMEHH OCThIBaHUS 31eKTpoHHOM nmoacucteMsl CII (onmpenensercs B OCHOBHOM BPEMEHEM Te-ph
U BBIXOJAa HEPAaBHOBECHBIX (DOHOHOB W3 IUICHKH B IMOJUIOXKKY Tph.sub), Ha KOHIAX CTPYKTYPHI,
CMEIICHHOW TMOCTOSTHHBIM TOKOM, BO3HUKAET DJJICKTPHYECKUI CHUTHAJ, MOIYJIHUPOBAHHBIA C
YaCTOTOW MOIYJSIMHU W3nydeHus. Jns cozmanusi OBICTPBIX OOJOMETPHYECKUX NPUEMHUKOB
HeoOxonuM no6op CII maTepuanoB ¢ MajlblM BPEMEHEM Teph, @ TAK)KE CO3JAHUE YCJIOBHM AJIS
YMEHBIIIEHUS] BpEMEHH BBIXO/Ia HEPAaBHOBECHBIX (POHOHOB B MOJJIOKKY. [locienHee cHIKaeTCs ¢
YMEHBIIICHUEM TOJIIMHBI TUICHKW. Jlmst Ttummaaeix ToHkMX TwieHok CII mpm T, Onumskoi
kputnaeckoil Tc, Tepnh coctaBmsaet: qus Nb ~ 10° %, mst NbN ~10 ¢, a ana BTCIT YBaCuO ~
10" 2. BpeMs MeX3/IEKTPOHHOTO B3aUMOJECHUCTBHUS Tee €IIE MEHBIIE WU TOTO K€ TOPSAJKA
BennurHbl. CyIIECTBEHHBIM CIIEJICTBHEM TOCIIEIHETO SIBISIETCSA TO, YTO YHEPTHsl JaXke OOJBIIOTO
N0 BENMYMHE KBaHTa HE TepseTCcs Jake YacTHYHO, YCIEeBas IepepacrpelesuTbCs Cpeau
AJIEKTPOHOB TPH HMX CTOJIKHOBEHHH JPYr C APYyroM. B sToM ciyuyae BeaWuuMHA TeMIiepaTypbl
AJIEKTPOHOB 3aBUCUT JIMIIL OT MOIIHOCTH W3JIyYeHUS W HE 3aBUCUT OT YaCTOTHI MOYJISIUH.
Comportusinenune ToHKOM CII TUIeHKM B PE3UCTHMBHOM COCTOSIHUM OBICTPO M C BBICOKOM
YYBCTBUTEIBHOCTBIO PACTET MPOMOPLUHOHATIHLHO MOIIHOCTH H3IIy4€HHE HE3aBUCUMO OT €ro
YaCTOTHI B OUEHb IIUPOKHX TpeIemax.

[Mpuemnusrit anement HEB —6omometpos ( puc.1) Ha ocroBe 1uieHOK ( NDN, N i BTCII
Bi,Sr,CaCu,0x ¢ T, ~90K) na momnoxxke MgO pacrnosioraroT Ha XJaJ0IpPOBOJIE ONTHYECKOTO
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KPHOCTATa, OXJIAKIAEMOTO KUIAKAM a30TOM. I eOMeTpHUecKie pasMephl MOIIOKKH —8+8 MM’ .
JUs IOBBIIIEHUS] YYBCTBUTEIBHOCTH 00JIOMETpa B IIEHTpe 00pasiia ¢ MOMOIIBIO JTa3epHOU pe3Ku
dopmupyetcs MeanapoBas cTpykrypa (puc.16). ConpoTuBieHre 00JI0OMETpa COCTABISLIO OKOJIO
1 kOM B HOpMAJTEHOM COCTOSIHUH.

Au contacts

1mm

Puc. 1. Buemnnii Bux qyBcrBuTenbHOro snementa SNSPD nerexropa (a) i 4yBCTBUTENBHAS
9acTh JeTeKTopa — MeaHap. M300paxeHus OTydeHbl Ha CKAaHUP YIOII[EM
JNEKTPOHHOM MHKpOCKore. CBETIbIe yuaCTKH — MOJIOCKH CBEPXIIPOBOJHHKA,
TEMHBIC — Y4aCTKH, Tl CBEPXIPOBOIHKK ynajeH (6).

B HacTosmee Bpems I ONMCaHUs JUHAMUKH TeIlIa rmocie noriomnieHus gpotona B SNSPD
[IMPOKO KCIIONB3YeTCsl KOHIEMIMs ropsiyero msatHa [1]. AHanm3 mokasbiBaeT, 4TO CO3/IaHHOE
(OTOHOM TOpsYEe ISITHO MMEET pa3Mephbl OT HECKOJIBKHX JI0 JECATKOB HaAaHOMETpOB. I opsuee
MATHO OXJIAXKIACTCS, OTIaBas HHEPIHI0 BO30YKIEHHBIX JJIEKTPOHOB (DOHOHAM MOCPEICTBOM
3JIEKTPOH-()OHOHHOTO paccesHusl, ¢ MOCTOSHHON BpeMeHH Te.ph (~ 10 me — st NbN). donon-
(OHOHHOE paccesHUe, 3aTeM, IEPEHOCUT PHEPTHIO B MOJJIOKKY C HOCTOSHHOW BPEMEHH Tph-sub-

hv nornouenwe
KBaKTa Gopuuposanve
fopaero nATHa

wanyvenn

HopwansHas
nﬁngm AnoTHOCTS ToKka

1)
Puc.2. [Tonepeunoe ceuenue 00JacTu nepepacnpenenenus miotHocty toxka B CII miieHke ¢
TOPSIIUM ISITHOM, T1e GbuT moromnieH $oToH (1) u quHAMUKA pa3BUTHS TOPSYETO
ISITHA BO BPEMsI Mpoliecca IeTeKTHPoBaHus (2a-1).

Ha cerogns mexaHu3m JeTeKTUpOBaHMs ()OTOHOB MOJHOCTHIO HE BhisicHEeH [2]. [To omHoi
MOJIETH TOpsYee MATHO CaMo MO ce0e He JOCTATOYHO OOJIBIIOE, YTOOBI MEPEKPHITh IUPHHY
HaHotpoBoJIoKH ~100 HM. [lo3TOMY CBEpXTOK BBIHYXIEH T€Yb BOKPYT PE3UCTUBHBIA 00JIACTH
(puc. 2a, puc.2 (2a, 6)). JlokanbHas IUIOTHOCTh TOKA B OOJIACTSX MEXIY TOPSIYUM IISITHOM U
IpaHUIAMH TIJICHKH YBEIMYUBACTCS W TPEBBIMIAET KPUTUYECKYIO TUIOTHOCTh TOKa, 00pa3yeTcs
pe3ucTuBHAas 00JacTh TO BCEW IIMpPHHE HAHOMPOBOJOKKM (puc.2m). Pe3koe yBemuueHwue
COTIPOTHUBIICHHS OT HYJIS IO KOHEYHOTO 3HAYECHHS TIOPOKIAET U3MEPSIEMbIN UMITYJIbC BBIXOIHOTO
HATIPSHKCHUSL.

SNSPD pnerektop cnocoOeH perucTpupoBaTh CBETOBBIE MOTOKH OT ~OIHOrO ()OTOHA B
MUHYTY 110 10°+10"° ¢oronor B cekynay. KpantoBas s¢¢extuBHocth (QE) nerexropa
cocTanisieT, B BaxxHoM nuanazone 0,85+1,5 mxm QE = 30 %(cpaBuenue, Ha A = 1,3 MKM Jrydiine
@Y (mamp. Gpupmsl Hamamatsu, mpi MakcHManbHOl ckopoctr cdeta 9-10° (wrurtep ~150rc)
umeer QE ne 6onee 0,1% u temuoBoii cuet mopsiaka 2000, Baxknoii xapaxtepuctukoir SPD
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sBisieTcs: JokutTep (At), ycTaHaBIMBarKOIIee €ro BPEMEHHOE pa3pelleHUe — HEONpPeACICHHOCTD
BPEMCHHOU 3aJIEpKKU MEXIy NPUXOJOoM (OTOHA B JETEKTOp W TCHEpalueil BBIXOTHOTO
UMIyJbca OT Hero. JKUTTep yCcTpoHCTBa ONPEACISIOT MO MOJIYIIMPHHE HHCTPYMEHTAIBHOMN
¢yukuuu otkiuka (cuera), 1t NDTIN CIT onnodoTtonHOTO Netekropa npu A=1550 HM pKHTTEp
At~60 mic .

beutn pa3paboTaHbl TaKKe IETEKTOPbI M CMECUTEIM Ha OCHOBE JPKO3¢(COHOBCKUX
nepexonoB SIS. KynepoBckue mapbl MOTYT TYHHEIUPOBATH Yepe3 AUIICKTPUK MPU Pa3HOCTH (a3
¢ BonHOBBIX QyHKIwMiA map B nByx CII m uepe3 mepexon Jxo3edcona Oymer mpoTekath TOK B
OTCYTCTBHE PA3HOCTH TOTEHIUANIOB J=]¢, SING (crarmoHapHbiil d3pdekT Jxo3edcona) (puc.la).
Ecim npmiioxute k nepexony Hanpsbkenue U, TO IpU TYHHEITHMPOBAHUM KYIIEPOBCKOM Maphbl 13
onHoro CII B apyroit u30biTok ee sHepruu 2eU m3nmydurcs B Bune (oToHA (HECTAIMOHAPHBIN
s dext Jxozedcona). Yactorayy 3TOr0 KBaHTa OMPENEISICTCS 3aKOHOM COXPAHCHUSI YHEPTHU:
hvo= 2eU (kpyrosas wactora wc =4ne/h) V.=V, /®y =2A(0)/e ®¢ rae ®y— KBaHT MarHUTHOTO
nortoka, 1/®y=4,836x10%I'/B

=3
Current (mA)
=

Detected power, P (a.u.)

: y 00
2 m i A Nk T 0
04 -03 -02 -01 00 01 02 03 04
o ) LB ’ ¥ Voltage, ¥, (V)
a) 6)

Puc.3. BAX mxo3etcoHOBCKOTO epexoa (IpoTeKaHne TOKa B OTCYTCTBUE PA3HOCTH
MOTEHIIHAIIOB U TIpu HanpspkeHnn U>V, (a) u mpu 00mydeHn KBaHTaMu CBETa
hv=77,08 I'Tu (xpusas b); kpuBas C IOKa3bIBACT ACTCKTHPOBAHHYIO MOIIHOCTh
n3nyuenus Ha gacrore 78,28 I'T'1 (6).

Ecnu, Hao60poT, 00s1ydaTh 1K03€()COHOBCKUN TIEPEXO U3ITyUYEHHUEM C YACTOTOH V , TO TPU
COBIMAJICHUH ATON YACTOTHI C XapaKTEePHOU Il JaHHOTO HanpspkeHust U 4acToToi Vo BO3HUKAET
pe3oHaHCHOE B3aumoieiicTBre. Takoil jxe pe30HaHC HACTYMaeT IpH Vv =Wy/N, rae N—moboe nenoe
4HCI0, B pe3ynbTare yero Ha BAX mosBisitoTcss 0coOCHHOCTH B Buje cryreHek (puc. 30) mpu
Hanpspkenusx U = n+(h/2e)+ v. DT1o nenaet BO3MOXHBIM co3/1aBath He ToJIbko CBY renepaTopbl
3JIEKTPOMArHUTHOTO TOJIsi Ha 0a3e HecTarmoHapHOTO >ddekra J[Ko3edcoHa, HO U MPUEMHHUKHU
CBY — Ha 6a3e «1x03e()COHOBCKOTO TOTJIOMICHHS».

Bonomerpuueckne CII neTeKkTopbl MMEIOT BBICOKHE pPaJMALMOHHYI) YCTOMYUBOCTH W
HaXOJST MPAKTUUECKOE MPUMEHEHHE B PA3TUYHBIX 00JaCTAX YEJIOBEUECKON AEATEIbHOCTH.
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CAMOCOIJIACOBAHHBIN PACYET DJIEKTPOHHOM CTPYKTYPBI
INOBEPXHOCTHU B CJIOUCTBIX KPUCTAJIJIAX TUITA GeSe

METO/IOM ® YHKIIUA TPUHA
3.A. Z[)Kaxaﬂrnp.ﬂnl’z, I'.C. OpymlceBl’z, T.O. BaﬁpaMOBas.
1HHcmumym Quszuxu AHAH
2A3€p6aﬁc)ofcayc1<uﬁ Texnuueckuii Ynueepcumem
Baxunciuii I ocyoapcmeennblll Yrusepcumem

zakircahangirli@yahoo.com

Ha ocnoBe teopun ¢ynkuuu I'puna B Oasuce Jluneitnoit KomOuHammm ATOMHBIX
OpOurarneii paccMoTpeHa JdiieKTpoHHas cTpykTypa mnosepxHoctd (010), okxaHumBaromuecs
atomamu Ge u Se B ciouctom nonynpoBoanuke GeSe. OOCyKIeHbI AIEKTPOHHBIE COCTOSIHUS B
3aMpelieHHol 30HE, PE30HAHCHI M HM3MEHEHHE IUIOTHOCTH DJHEPTEeTUYECKHX COCTOSIHHHA B
KpHUCTAJIJIe, CBA3aHHbIE C Ne()eKTOM. 30HHAS CTPYKTypa HICAThbHOTO KPUCTAJIa Oblja BEIYHCICHA
¢ nomompto JIKAO, moctpoeHHoro u3 S-, p- u d- tun opOutaneir. ToT e cambiii HabOp
JIOKQJIM30BaHHBIX OpOWTANel NPUMEHSUICS Al BBIPAKCHHS TaMUWJIbTOHHMAHA W TOTEHIHAA
BO3MYILIEHHUS B MAaTpUIHOI Gopme. B Hammx pacyeTax y4TeHO B3aUMOJICHCTBHE MEXKIY aTOMaMH
JIO YE€TBEPTHIX OJIMKAUIITNX COCEICH.

Pesynbrarel pacuera mpoektupoBanHod Ha (010) TOBEpXHOCTH 30HHOW CTPYKTYPHI
(IpoeKIMs YHEpreTHYecKHX 30H oObeMHoro kpucramia En ¢ k=(Q, k,) mma xaxmoro q Ha
MOBEPXHOCTHYIO 30HY bpmmumosna) ans GeSe mpuBenensl Ha puc. 1. B cooTBercTBHE €
(doTodMUCCHOHHBIM cieKTpaMm [1,2], mpoeKkTHpoBaHHAas 30HHAsI CTPYKTypa BaJleHTHOU 30HBI GeSe
COCTOMT U3 TPEX TPYII pa3AeICHHBIX YHEPTETUIECKUM 3a30POM.

B mamux pacuerax Juis CO3/aHUsI TIOBEPXHOCTH HCIIONB30BAHO “METOJ 0OphIBa CBsizel”,
ormmcanubiii B [3]. Kak m3BectHO, B GeSe nBa caMbix Ommkaimux cocela KaTHOHA (QaHHOHA)
pAacIONIOKEHBI Ha TOM e TOQPHUPOBAHHOM CJO€, 4TO caM KartuoH (aHuoH). Tpertwil camblii
Omkadmuii cocen pacrosiosked Ha creaytomeM cioe (010), mosroMmy yraleHHe KaTHOHA A
aHMOHA MPUBOAMT K OOPBIBY CBsI3ei UeTBEPTHIX OMmkaimmx coceneil. Co3maHue MmoBepXHOCTH,
okaHuuBarpmue atomom Ge (Se), mocruraercs ynaieHueM ojHOro ciosi aromoB Se (Ge),
npuBosImeld Kk 64x64 martpune ¢ynkinun ['puna. Ha mpoexTHpoBaHHOW 30HHOW CTPYKTYype
BUJHBl JHEpreTwmdyeckue ‘“‘menn” W “KapMaHel, T/A€ CIEAyeT NPOU3BOAUTH PACUETHI
JIOKAJIM30BAaHHBIX YPOBHEH.

Ha puc. 1 TBepapIMH  IJIMHUSMHU TIOKa3aHbl TOBEPXHOCTHBIC 30HHBIE CTPYKTYPHI H
paccuMTaHHBIE CBA3aHHBIE COCTOSHUSA. JleTann BBIYMCICHHUS BOJHOBOW (DYHKIMHU, M3MEHEHUS
TUIOTHOCTHU COCTOSIHHI, BBI3BaHHBIE BHECEHHEM MOBEPXHOCTH, JIOKAJTHbHON MJIOTHOCTH COCTOSTHHI
Ha KKJIOM CJIoe OnucaHsbl B [4-6].

BHecenne NMOBEpXHOCTH MPUBOJUT K TOSBICHHUIO JOKAJbHBIX YPOBHEH B 3allpELICHHBIX
30HaX U K U3MEHEHHUIO TUIOTHOCTH COCTOSIHUHN B pa3pelIieHHbIX 30Hax. Ha puc. 2 u 3 moka3zaHsl
JIOKaJIbHAs TUIOTHOCTh COCTOSTHUM, W3MEHEHHE B JIOKAJHHON IUIOTHOCTH COCTOSIHUH W TIOJTHOE
M3MEHEHHUE TUIOTHOCTH COCTOSIHUN B MEPBBIX MIECTH CIOSX JJIsl TOBEPXHOCTH, OKAHYMBAIOIIICHCS
atomamu Ge u Se, cooTBeTCTBeHHO. M3 pricyHKa BUIHO, YTO MOYTH BCE CBSI3aHHBIE COCTOSTHUS
CWJIBHO JIOKAJM30BAaHBI M MPAKTHYECKU TOCIE TPETHETO CIIOSA JIOKAIbHAS IJIOTHOCTH COCTOSTHUI
CTAQHOBUTCS TOYTH WJEHTHYHBIM C IUIOTHOCTBIO COCTOSIHUA OECKOHEUHOTO WEeabHOTO
KpUCTa/U1a. JTO SBISIETCS CIEACTBUEM TOTO (paKTa, YTO OTAENbHBIEC ciou B GESe pacmonokeHbl
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JIAJIEKO APYT OT ApyTa U, IOITOMY, B3aUMOIeHCTBIE Mexay HUMH ciiaboe. Ha puc. 2 u 3 Bmecte
C TMOJTHBIM M3MEHEHHUEM JIOKATBHOH TUIOTHOCTH COCTOSTHUH ISl KaXKIO0TO CJIOSI, OTPAKEHBI TaK Ke
PE30HAHCHI, AHTHPE30HAHCHI W JIOKAIM3alMs BOJHOBBIX (yHKIM. O0e TOBEPXHOCTH,
okaH4mMBaromuecs aromamu Ge u Se, UIMEIOT JIOKAJTM30BaHHbBIC TTIOBEPXHOCTHBIEC COCTOSTHUS OKOJIO
-145 eV u -7.5 eV. DTu CcoCcTOsIHHS JIOKaJM30BaHbI B Ipeaeiax JBYX CIOEB U MPOUCXOMIST
MOJIHOCTBIO W3 BAJICHTHBIX COCTOSIHME. Kpome TOoro, mjisi MOBEPXHOCTH, OKaHYMBAIOLIEHCS
atomamu Ge, UMCIOTCS JIBa COCTOSIHMS, JJOKAIM30BaHHbIC OKoJIo Ey - 13 eV, rie pacnososkeHbl
S- COCTOSIHUSI S€ W JBa COCTOSHHUSA, IS TOBEPXHOCTH, OKAHYMBAOIICHCS aToOMaMu Se,
JIOKaJIM30BaHHbIC 0K0JIO Ey - 7 €V, r/1e pacnolioxkeHs! S- cocTosiHus atoma Ge.

Ge - Terminated
Se -TERMINATED

-
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Puc. 1. TIpoekTipoBaHHAas 30HHAs CTPYKTYPa M IIOBEPXHOCTHASI 30HHAS
crpykrypa nosepxuoctu (010) oxanuuBaromuecs aromom Ge u Se.

OTO TOKa3pIBaeT, YTO XapakTep MW DHEPreTUYECKOE TIOJIOKCHHWE OOJIBIIMHCTBA
MMOBEPXHOCTHBIX COCTOSIHMM 3aBHCHT OT MPUPOABI aTOMOB B TepBOM clioe. PasnokeHwue
aMIUTUTY]] BOJHOBBIX (DYHKIIMH MO OpOUTAISIM, 3aBUCHMOCTb JIOKAJIbHOW IJIOTHOCTH COCTOSIHUN U
HM3MEHEHHUS JIOKAJIbHOU IIOTHOCTH COCTOSHMM (puc. 2, 3) OT HOMepa CIIOS TMOKa3bIBaIOT, YTO
MMOBEPXHOCTHBIC COCTOSIHUS OKoJIo Ey -13 €V 11 moBepXHOCTH, OKaHYUBAOIIICHCS aTOMOM Se,
CWJIBHO JIOKAJIM30BAaHBI B TIpeJesiaX TPEX CIOEB M IMPOHMCXOIAT M3 S- COCTOSHUH aHHMOHA.
[ToBepxHOCTHBIE COCTOSIHUS OKOJIO Ey -7 €V 11t moBEepXHOCTH, OKaHYuBaromiekcs atomom  Ge,
TOXE CHJIBHO JIOKAJIM30BaHBI B TpEeaX TPEX CJIOCB W MPOUCXOIAT M3 S- U Pyx- COCTOSHHM
KaTHOHA. DTO coracyercs ¢ (DakKToM, YTO BAJICHTHBIC COCTOSHUS 00BEMHOTO KpHCTaIa OKOJIO
Ev - 14 eV 00s13aHpl CBOMM TPOUCXOXKACHIEM aHUOHHBIM COCTOSHUSM, a 30HBI 0KoJIo Ey - 7 eV
KATHOHHBLIM COCTOSHHSIM.

Kax BumHo w3 puc. 1, cymecTByeT OJHO CBS3aHHOE ITOBEPXHOCTHOE COCTOSHHE B
3arnpenieHHoN 30He i 00enx moBepxHocTeil. [loBepxXHOCTHOE cocTOsiHUE B (DyHAaMEHTAIBHOMN
3aMpenieHHOW 30HE Il TMOBEPXHOCTH, OKaHYMBarommieiics aromoM Ge, SBISICTCS TOYTH
Oe3IMCTIEepCHOHHBIM, TOT/Ia KaK TIOBEPXHOCTHOE COCTOSIHHE VISl TIOBEPXHOCTH, OKAHIHBAIOIIEHCS
aTOMOM S€, pacrojoKeHO ONMKe K BAJICHTHBIM COCTOSIHHUSIM M TIOKa3bIBaeT TIOJO0HYIO
JTIACTICPCHIO.

Wurerpuposanuem A N(E) B q(0.5,0,0) no npoekrupoBanHoit BasieHTHOH 30He [3,4], Hamu
HCCIIC0BAHO MTPOUCXOKICHUE TTOBEPXHOCTHOTO COCTOSIHUS IS IIOBEPXHOCTH, OKAHIMBAIOICHCS
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aToMOM Se B (pyHIaMEHTaIbHOW 3ampenieHHO 30He. Pe3ynbTraT MHTerpupOBaHUS TOKA3bIBACT,
YTO B OOIIEM OJIHO COCTOSTHUE BBIHECEHO M3 BAaJCHTHOM 30HBI, U IOATOMY MOXKHO CJI€JIaTh BHIBO/I,
YTO TOBEPXHOCTHOE COCTOSIHUE OTUICIUIAETCS OT BAJEHTHOM 30HBI. AHAJOTMYHO, MHTETPUPYS
AN(E) o mpoeKkTHpoBaHHOM 30HE MPOBOMMOCTH, JJIs IOBEPXHOCTH, OKAaHYHMBAIOIICHCS aTOMOM
Ge, HaxoaWM, YTO OJHO COCTOSHHE BBIBEJACHO W3 30HBI MPOBOAMMOCTH. ClieI0BaTeIbHO,
MOBEPXHOCTHOE COCTOSIHWE B (YyHJIAMEHTAJbHOM 3alpelIeHHON 30HE MPOMCXOJUT W3 30HBI

MMPpOBOAMMOCTHU U HC 3aHATO 3JICKTPOHOM

Local Density of States N_{g,E)
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Puc. 2. a- JIokanbHasi IUIOTHOCT COCTOSIHHI Ha MEPBBIX MIECTH CI0sx st moBepxHocTH (010),

OoKaHuMBaromelca aromamMu Ge. b- n3MeHeHne NOKanbHOM INIOTHOCTH COCTOSHUMN

Ha OEPBLIX IECTU CIOAX.

Se-TERMINATED

(05,0 (&

LOCAL DENSITY OF 3TATES Nu(4.E)
I

CHANGE IN THELOCAL DOS ANgla E)

14 0 -4
E(=B)

E(=B)

Puc. 3. a- JlokanpHast INIOTHOCTH COCTOSIHU#H Ha EPBBIX IIecTd crnosx mist mosepxaoctu (010),
b- u3MeHeHre TOKANTBHOMN INIOTHOCTH COCTOSHHUM

OKaH4YMBarouleiics atoMamMu Se.
HA MEPBBIX IIECTH CIOSX.
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UToObl OMpenesnTh 3aCeNCHHOCTh MOBEPXHOCTHBIX COCTOSHHW B 3alpelieHHOW 30HE,
nocrarouHo 3HaTh A N(E) u uuciio amextpoHoB, BHeceHHOE nedektoM. [Ipu ynanennn atoma  Se
LIECTh 3JEKTPOHOB MOKHUIAET BAJIEHTHYIO 30HY U OJHO COCTOSIHUE MEPEBOAUTCA B 3AIPEILIEHHYIO
30Hy. [lo3TOMYy, NOBEPXHOCTHOE COCTOSHHE OKAa3bIBAa€TCSI IYCTHIM M TMOBEPXHOCTb HOCHUT
MOJIYIPOBOJHUKOBBIN xapakTtep. OKa3aHUe MyCTOro COCTOSIHUS B 3alpeliEHHOM 30HE, NeUCTBYS
KaK JIOHOp WJIM aKUENTOp, CYLIECTBEHHO BIMSET Ha ONTUYECKHUE M AJIEKTPUYECKHE CBOMCTBA
MOJIYIPOBOJHUKOB.

AMIIUTYy BOJHOBOM (DYHKIIMU TTOBEPXHOCTHBIX COCTOSIHHI, CYMMHUPOBAHHBIE TIO S- , P- U
d- opOuransMm JuIs IecaTH CIOeB, OKaHYMBaroIecss aroMamM Ge ¥ Sé MOXKHO ONpeJIeIHUTh I10

dbopmye:
fME)= D, | A" (E.

a
AHanu3 aMILTUTY]] BOJHOBBIX (DYHKIIMI MOBEPXHOCTHBIX COCTOSSHHN B (PyHAaMEHTaIbHOMN
3ampenieHHo 30He (puc. 2 W 3) NPUBOIUT K BBIBOAY, YTO O3TH COCTOSHHS TIOJIHOCTBIO
JIOKQJIM30BaHbl HA TOBEPXHOCTHOW TUIOCKOCTH. OpOWTANIbHOE PA3JI0KEHUE AaMILTUTYAbI
BOJTHOBBIX (DYHKIMIA JIJIsI STUX COCTOSIHUM MOKa3bIBAET, YTO 00a 3TU COCTOSHUSI MPOUCXOIAT U3
P; — COCTOSTHUI C HEKOTOPOW MPUMECHIO S- COCTOSIHUN U JIEHCTBYIOT KaK ‘‘MOCTHUKOBAs CBS3b
MEK/1y IOBEPXHOCTHBIMH aTOMaMHU.
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Qrin funksiyasi metodu ila layh GeSe kristalinda sath elektron strukturunun 6z6ziini tanzimlamakla
hesablanmasi.
Z.A. Cahangirli, H.S. Orucov, T.O. Bayramova

Lokallagmis orbitallar vasitasilo Qrin funksiyasi metodu ilo 6z6zinl tonzimlomoklo GeSe kristalinda lokal
defektlorin-vakansiyalarin elektron strukturlari hesablanmigdir. Qadagan zolaginda elektron soviyyslarinin genezisi,
orbital torkibi, valent zonasinda rezonans va antirezonanslar, homginin defektin yaranmasi ils elektron sixhgmin
dayismasi analiz olunmusdur.

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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KRISTALLARDA ELEKTRONLARIN KANALLASMA SUALANMASI
M. R. Racabov, S.I. Tagiyeva
Bak: Dovlat Universiteti
shahnaz.ilgarzadeh.92@mail.ru

Noazori olaraq yeni fiziki effekto-relyativistik kanallagmus zorraciklor tarofindan y- kvantlarin
stalanmasina baxiir. Bu slialanma hadisasi kvant elektrodinamikas: va klassik mexanika metodlar: ilo
tadqiq edilmigdir. Hor iki yanasma demok olar ki, eyni naticalor verir. Kvant baximindan siialanma atom
mistavilari vo zancirlori potensial:nda formalagan muxtalif soviyyalor arasinda kegidloro asaslan:r.
Zarraciklorin enerjisi ~ 0 1+10GeV olduqgda, stalanma daha intensiv gokildo O 1-bir neco on MeV

diapazonda bas verir.

Yiksok stratli elektronlarin kanallasmas: zamani klassik mexanikanin ganunlar: totbig
oluna bilor. Cunki bu zaman yaranan saviyyslorin say: kifayst godor boyuk olur. Isds Lindxardin
verdiyi atom mistovi potensialindan istifads olunur:

V)= 272, 2N, (% + e?a?) 2 — ] (1)

Burada, y sorhoddon olan mosafo, d,-kanalin enidir, N-atomlann sixhgi, Z,e, Z;e-mivafiq

olarag zarraciyin vo hadof atomunun yukidir. C=3, a- Tomas-Fermi atom modelinds ekranlasma
sabitidir. Elektronlar t¢un (1) potensiali cozbetmo xarakterlidir. Elektronlar potensial ¢uxura
distr vo atom mustavisina dogru harakat edir onunla kasisir sonra cazibs naticasinds yenidan
geri qayidirlar va belaliklo  harokot dekanallasma bas vermayinca davam edir. Elektron sathin
yaxinliginda ossilyasiya edir vo onun trayektoriyasi ilk yanasmada sinusoidi xatirladur.

Sado giymatlondirmolor tgiin (1) potensialini y=0 noqtesinin yaxinhginda siraya ayiraq vo
ayrilisin ikinci haddi ilo kifaystlonok, yoni, hesab edek ki, elektron parabola sokilli ¢uxurda
harokot edir. Bu cur yaxinlagsma olbotto ki, tam doqiq deyil vo burada yalniz hesablamalarin
sadoalogmasi tigun istifads olunur.

Z oxunu elektronun uzununa surati boyunca yoani atom sathi boyunca yonsldok. Parabola
soklindo potensialli sahads horokat tonliyi asagidak: sokilds olacaq

d m i'.-‘!-

dr . TPtvE -___-___EVDy )
|__l—|:—=:l 2
InZ, F,e- Ndg ; A . . .
Burada, V, = %ﬂ ; v}_=':—*';J v;% stiratin y Vo z istigamotlorindo proyeksiyalaridir
Z
Kanallasma zamani v, v,

(2) tanliyinin halli bu ciir olacaq:
Y(t)=¥, sin dit (©)
a z 1_.".""
@z 1- 2] " (4)

G:

¥m-baslangic amplituddur.
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Zorraciyin  mustovi potensialinin tosiri altinda trayektoriyasinin oayilmosi noticasindo
stialanma yaranmalidir. R - radiuslu ¢evra boyunca harokoat edan relyativistik zarraciyin(w, & )

slialanma guct:

_2 ec( E

I_E ra (mcz) (5)
soklindo olur. Burada R? —oyrilik radiusunun kvadarat1, E-zorraciyin enerjisidir. Zorracik tacilla
harakat edon zaman ayrilik radiusu

z

R= Ezsvgz (6)

baraboardir. v/ -enina stirstin dayismasidir. Bizim halda v/ =—&?y_, sin @t ,yani, R*=2 ‘74{_4 2
Bu sobabdon orta glic asagidaki kimi olacaq:

=2 S ™)

Bu masaloni kvant mexanikas: ganunlari ilo do holl etmok olar Bizim halda elektron
uzununa relyativist, enino iso geyri-relyativist horokot edir. Bu zaman uzununa harokoti Dirak
tonliyi ilo, enina harokoti Sredinger tonliyi ils tosvir etmok olar.

R dy

P— Uy =Eyp (8)
Ey= (cap + psme?)P ©)
Burada, @ = (a,a,a;) vo p; Dirak matrisloridir.
0 o _(I ©
a=(, 5) e=( 2) (10)
(E— Uy = (cap + pyme® )y (11)

v,
iy,

c-vony DE)=CE o+l ) e

(70 su) ()= (@ DI n) o

Matrislarin vurulmasi gaydasina asasan yaza bilorik:

(E —U) wﬂ) _ (mczwﬂ + c(&ﬁ)wb)
E—-Uly) 4y c(op)ap, — mcy,
{(5 — U, = me* P, + C(Eﬁ]ﬁ’b}
(E — U(y)¥,) = cloplp, — me*ip,
(GBI, = (B — U(y) —me,

(1D)tonliyinds 3 = ( )Va Dirak matrislorini yerina qoyarag alanq:

(14)
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p= —ih¥ oldugunu nozars alaq:

—ihe(GV)p, = ((E - U() —mc?) ¥,
[Eﬁ)wb _ |E— Ul__:::;mc :I‘J.,EJ'E

(0)w, — 152y =0 (15)

he

Analoji gaydada (12) tonliklor sisteminin ikinci tonliyindan [EE);&E n1 tapa bilorik:

(E —U() ), = c(@pdyp, —me 4,
clop)y, = (E— U(y) + me*)y,
—ihe(8V ), = (E — U(y) + me®)p,

_E—U(y) + me?

5_') “ —ihc z
@@, = ET0OT T,
(6%, — iw% =0 (16)
Sonda asagidaki tonliklori aliriq:
(), — T2y =0 (17)
(6F), — i 2y, = 0 (18)

¢ = (0,0,0.) Pauli matrisloridir.
(17) vo (18) harokat tonliklorindon istifado edorak yaza bilorik:

(6V)—— — (6¥)y, — i E00my — (19)

i(E-iyl+me®) ho
y
)

y= ez":er+kzz}w(};j

Ogor nazars alsaq ki, E= U(y)

Onda (20) harokat tonliyi enina harakat tclin Sredinger tonliyini 6ziinds aks etdirmis olur

dhy, +E‘—m‘c‘*—h‘cﬂ[kykﬂ—zmﬂi}i ~ 0
ﬂ'_}':l‘ h:l‘ﬂ:l‘ a (20)
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Enina harakot Uctn U(y) potensiali dovri d, olan dévri funksiyadur. Y=Vgy? potensialli
sahads dipol yaxinlagmasinda stialanma intensivliyi Gi¢iin alariq:

2_2 2
jcfehon 1y 12 gy B gl g Y
myC 3(1_ﬁz) ﬂz ﬂz Zﬂz 1_ﬂz c
ODOBIYYAT
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OQTOEDRIK SIMMMETRIYALI LIQANT SAHOSINDO Fe*™
IONUNUN ENERJI SOVIYYOLORININ HESABLANMASI
D.B. Bayramova
BDU, Fizika Problemlori ET/

dilbar.bayramova@mail.ru

Domir ionlarmnin istiraki ilo meydana ¢ixan kompleks birlosmolor canli organizmlorin hoyat
foaliyyatini tomin edon bir ¢cox proseslords asas rol oynadigindan uzun illordir tabiststinaslarin
diggot markezindadirlor. Fe™ ionunun xarici elektron tobagesinda yerloson elektronlarin [Ar] 3d°
4s* konfiqurasiyasina uygun maksimal spin momentino malik olma imkan1 meydana ¢ixdigindan
[Fe™ X]n quruluslu komplekslor yiiksak spinli olmalar1 néqteyi-nozorindon xiisusi maraq kosb
edirlor. Magnit nanozarraciklorin, nanokompozitlorin oldo edilmosi Gclin olverigli olan bu tip
birlosmoalarin nozori modsllorinin qurularaq, elektron foza qurulusunun todqiqi, qurulus-xasse
alagesinin muayyanlosdirilmasi magsadine xidmot edir.

Toqdim edilon moruzoda Fe™ ionunun miixtolif model ligantlarla kompleks birlosmo-
larinin faza modellarinin qurularaq stabillosma xUsusiyystlorinin analizi, oktoedrik simmetriyaya
malik ligand sahosindo [Ar] 3d° 4s* elektron konfiqurasiyasinda S=3 yiiksok spinli hala uygun
markazi ionun enerji saviyyalorinin hesablanmasi naticalori sorh olunur. Hesablamalar zamani 3d
vo 4s orbitallarin ekranlagsma sabitlori Sleyter-Qener gaydalarina osason muioyyan edilmisdir.
Kompleksin handasi qurulusunu modellosdirarkon 6 H,O moleku-lundan ibarat oktoedrik ligant
sahasi qurulmusdur.

Cadval 1.
Fe™ (H,0)s kompleksinin foza qurulusu
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 056969
H 0.233739 -2.86481 -
0.643439
H 0.232837 -2.79762 059155
H 0.236952 -115414 226996
H 0.233366 0.20014 237237
H 0.238661 -0.30805 -0.96612
H 0.237599 -0.87313 056601
Cadval 2.
Fe™ (H,0)s kompleksinda Fe™ ionunun enerji soviyyslori (eV)
Saviyyslor Enerji
IS -35.96
3P, -18.20
3p, 1811
3P, -15.43
3d,Z -12.67
3d,z -7.61
3d,z 859
3dz 12.76
3dyy 1277
Cadval 3.
Fe™ (H20)s kompleksinin Fe™ kompleksinin energetik parametrlori (KKal/mol)
Etot -82755.10
= -2493.30
= -80261.81
= -252349.65
Ecc 169594 54
H -1411.420
ODOBIYYAT
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SOME PROPERTIES OF “HYDRINO” STATES
T.A. Abdulrahimbayli*® and M.Kh. Eyyubzade?”
YUncnown;?Theoretical Physics Department, Faculty of Physics, BSU

3 turkan5@live.com ; ® meyyubzadel7 @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, 1 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
guantum 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 Schrodinger equation, which in the Cartesian coordinates has a form (in units
h=c=1)[3], [4]

— A V@) = EP(), €
where
_ 8t a° a2
ASV-V=o ot s+ m (2)
Is a Laplacian.

In spherical coordinates can be represented as follows:
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W(r) = RO¥(6,0) = 2176, ). 3)

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

1 3 s . [k, - F i nn | s
~ L[S s R v = 2R @
=2 v utr) = ) 5
Im gt Impl . Lf L L -0 LI . L J

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

Vip(r) =0 (6)

Which in Cartesian coordinates have the form

, (92 8% 8?
Vielr) = (_axf_au-f_a:f)"f’("‘"-"":) -0 7
(S+28) 0= ©)

We note that though = =0 is an ordinary point in the full Schrodinger 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:

[i N Ei)u(ﬂ - E(d_:_ Ei)u(r) +u(r) (ﬂr_:__ Ei) (EJ <9 %% (EJ —

¥ ridr?  rdr dr®  rdr/\r ¥

h%

-2 E-ue)]i=o, ©)

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:

HE) +u(S+22) () - 22 s omE - U(n)] 2 =0, (10)

N o rars \rJ -

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

d? Ed_ldlf’:ﬂ']_?: 11
elr? ’rd’r_’r:d’r~r dr! 7 (11)
we conclude that :
Vi(2) = v3(3) = —4ms@ (), (12)

and, thus, equation (D2) becomes:
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d*u(r) 11+ | R
HEUD B ) 4 4n6 D @utr) - 2ml - U ()

u(r) _

T

0 (13)

Let’s consider the following derivative (for more detail see works by A.A. Khelashvili [4],

also [5]):
fd? 2dY\ /1
=) G) 14

A naive 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:

1

——=lim 15)
T ':_":".‘.T': —(‘[: (
Equations (14) and (15) lead to:
d 1 i d ( 1 J . ae i n
- | = —aafas L 2 =
drr  a=odr V2 + a2 r(r e
and
d* /1 e mian 3 o e s ea .
7 (;J =—r(r-+a")77" —E’r Ar(rttat )t ==t at) Y 3 (v at) T

— (’r: I ﬂ:)—s :[:3?: _ [’r: _ﬂ:)} — (’r: I ﬂ:)_E :(2?: —a:).

After following:

‘d* 2d .
[————) (EJ:‘- (r=+a") '[2?'—&')—;[?'—&' THE =

dr?  rdr/\r

=@ +a?) (2P —a® —2(r? +a¥)) = — (16)

The right- hand side of equation (16) behaves well everywhere for o = 0, butasa a — 0t
becomes infinite at » = 0 and vanishes for » = 0. To make the connection to a delta function, we
integrate the right-hand side of equation by d°7 = +*drd(2, which gives:

s " 3 2 g -
.T' [’r:—a:ffr T. (17}

We divide the volume of integration into two parts: A sphere of eradius 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® 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:

3

30 @

COECERr (18)

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 =0 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]

E=— +V(s
2m [r‘)
B_P=—ihv E+E=ih%,
Ay h* .,
th— = |——A%+ V(3 .
ﬂ.:?r { 2m [r) v

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:

E=+/c?p? +mict.

If we do substation with our upper formula we get:

b G T e 2,4
th— = |—c"h-V-+m-c ¢y
At \ ]‘L

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:

2 —mict Jp(re) =o0.

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:

=t =5 )

Then:
[:F‘Hﬁ“ —m? c:}uﬂ (x)=0

Or:

['a#a# —mﬂ—c) w(x) = 0.
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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:

divj+—=0.
T

If we multiply Klein-Gordon equation to "(x), and equation for 1" (x) to y(x),and
minus result from first equation we get:

%Y mict

-, 1
L e

2 Tz YV =0
—. 137 y* mic?
W VoS T e W0

S CENR 1/ & a2 ) —o
YT — VY 2 .\‘1'5 51‘:1"5 war:w =
Let’s doing such substation:

YV — VYT — V(T — VY, (19)

&

w'%w—ﬁ%?:;[wgw—wgw-} (19a)

Equation which shown upper are checking.

I(1+1) 2Ea «a’
-+ |r=0 (195)
] 72

w2, . .
R"+—R' +|E*—m*
T = s

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

Emx

g =2Vm* —FE% A= == P=J(1+1/2) -a’ =0 (20)
We must require m* = E- 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

<y 1
T = — - fr (2 l)
C: (2VmZ — E9)
and for eigenstates we have the following equation
r(i/2—Ai-Fr) ———\F\ (1 —-2P)
r(1/2—A<P) ~r((2/m* = E?) JF[l—EP) (22)

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)

459



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

E,= ; m, =01.2.. (23)

4 o o
(1/2+m, £ P)°
m
E .= ; m,=012.. (24)

Iy 4 a
(1/2 +n, — P)*

Exactly these (24) levels are called as “hydrino” levels in [6-7]. It is evident that the
hydrino levels are analogical to E_.. states, but these two cases differ from each others.
Particularly, it is possible to pass the limit 1; — 0 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 (o 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 t=0 and t = . Contrary to
that case we performed SAE procedure, derived the Eq.(22) and take attention to the hydrino
(when t = +o00 ) problem.

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

a —0, which must be performed by definite caution. The hydrino existence condition for
such states folows from earlier constraints and the restriction 0<P< 1,/2 It has a form

(1+1) = & (25)
and it is evident that for states with 120 in transition to the nonrelativistic o—0 limit the
additional (hydrino) states disappear. Therefore we must consider only I=0 states.

For the ground states (n,. = [ = @) we have
—_—
EQ =" |1+ 1 4a? (26)
st ‘.,'5‘\". W J
-_—
_ gl _ M ]
E.’:_‘.'r.' =E ;= 5,\‘! 1—+/1—4a- (27)
Expansion in powers of o gives
(o Cat
E;_-=m[1———— (28)
* . 2 8
By = m(a+a®/2) (29)

It follows that the hydrino is very tightly bound system and sensitive to the sign of a.
If we expand ! = 0; n, = 0 states till to order of «” , we derive

E;r..l =m .\l —m) (30)
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EHLY.:' = (l - 2(::_):) (31)

Comparison of these two expressions shows that there appears some kind of degeneracy
between the levels with n,. +— 1 nodes of hydrino and energies for n,. nodes of standard states.
This degeneracy disappears in the next order. The fact that the additional (hydrino [1-2] states of
the (n, + 1)th 5, state is nearly degenerate with the usual n th S, 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
L.A. Agamalieva
Dept. of matter structure BSU

ag.leyla@hotmail.com
Key words: Higgs boson, non-perturbative approarch

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 ¢/ -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 (2n-point (n-particle) in the for of ¢(x) scalar field theory in Euclidean
space (xeE,) with the action in the symmetric phase (m2 >0, 2>0) in this method has the
following form [2, 3]

G(1)= N[ D(g.4") expl-S — [ dxdyg” (xr(x, y)o(y)]

Here n(x,y) bilocal source fields and the normalization constant N is determined from
G(0)=1.

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

* 5 * *
[D@.87)—2—¢" (v)expl-S - [dxdyg (X)n(x Y)o(y)|=0
54" (x)
And generating functional G =exp{Tra, *n}=exp{[dx,dy;A(x;, y; n(y1, %)} of the main
approximation generates linear iterative scheme [2]:

G :G(O) +G(1) +...+G(n) +---,

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

&G

n(y.x)

A=[m§+4/m(0)]71. the value A(0) determined from the gap equation, which is a consistent
solution of equations [2]

5°G ) oG
A _(m? -0 _5(x-y)G = [dym(x, v,
577()(’ X)577(y, X) (m )577(y,X) (X y)G I yin (X, Y,)

derivative of the generating functional source A(x—y)=(g(x)p(y))=- and has the form:

n=0

©_
on(y, Y,

First iteration step generating functional of the it is determined from GM =p™.G©

P™ _ 2n-order polynomial of sources n, where = is operator in a functional sense:

1
pY =EtrIAz(X1Y1: Xz)’z)’]()’rXl)U(YZ:Xz)dxlddehdYZ+IA(NLO)(X1: yan(yz, X Jdxgdy; ).
In the first step, what is next step of the leading order, arise the equation for the two-

particle functions A, and next-to-leading order (NLO) propagator A9 of a scalar
particle.Aamputation ~ of  external lines gives us to  four-point  function

):

52G
AZ = GZ(va X' yl)= 2
on“| _
n=0

Gaf |0 yIN(Cy)- el B(-x) o -l - Yo -y)

and
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2
f(p):1+/1L0(p)’

where

Lo(p)=,-2°% a(p+ a()-

(2n)*
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

L=(0, —ieA,)¢" (0, +ieA,)d - m2¢*¢—%(¢*¢)* —%(avAﬂ —0,Af —i(aﬂAﬂ 3

Itis 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 ¢; -theory, i.e., we can tend A to zero but the masses of Higgs and gauge bosons

will retain non-zero values. At 1 — 0 the admissible values of the parameter m?lie in the region
—w<m? <6u?[2]. Also, the investigation of Landau pole is our elaboration.
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APPROXIMATION” AND NON-PHYSICAL LANDAU POLE PROBLEM

P. Aghakishiyeva'?, S. Rahimzade' and M.M. Mutallimov®®
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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: E2 — p2c? =m?c*, which is satisfied in any inertial reference frame. Here
c - light speed in the vacuum. In the rest system of the particle (p=0) this ratio turns to the

\textcolor{magenta}{Einstein}'s famous formula: E=mc?. 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 v ,
which is the solution of the Schrddinger 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 (y —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 v 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 ¢ and
Planck’s constant #zequal to one: c=#7=1. In this system of units using conventional 4-vector
notation of relativistic mechanics p=(py, P), po=E  the ratio between the momentum and

energy of real particles takes the simple form: p? =p3 — p? =m?. As physicists say, the real
particles are on the mass shell mass shell. For virtual particles, this relation is not satisfied:

p? #m? 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[Ty(x y(x; ). (x,)0)  Here |0)- the vacuum state, i.e.

state without real particles - 4-vector x=(x,,X) 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): D(x — y):<0|Tz//(x)q/(y} 0>. Propagator depends only
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on a 4-dimensional variable x—y. 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:

i 1 o . .
Dc(p):jdxe'(”x)DC (x) ;mz——pz 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 p? =0, and, accordingly, the propagator of a free photon has

1 . . . . .
the form: Dc(p);—Zl 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

e2

determined by the «o ~an =% — a small and expansion parameter in the perturbation theory in
T

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 p?. These
results were very strange, and further interpretation led them to a very sad for the QFT. It was

found that when ‘pz‘» m? asymptotic behavior of the photon propagator is described by the

2

-1
1 —
following formula: D(p); {1—1In[ g H , i.e., apart from the normal pole at p?=0

-p*l 3z |m
3z
the photon propagator has "ghost pole” at p?=-m?e« 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 M =1028m, while the energy of the particles that can be achieved in the

most modern plants do not exceed 10" . 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 w 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 ¢* 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 ¢* 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]):

%:éﬂahim,r)y(r)dr (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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1
= =u(). 2
v u(t) )
Then we get
u(t) :jK(t,r,u(r))dH f(t) (3)
K (t,7)

on the segment 0<t<T, where K(t,z,u(r)) = ) and f(t) :%H(t). U3 (3) BuaHO, UTO
T

u(0) = f(0). From (3) it is seen that u(0) = f (0). Then for every n >1 integer define a constant
integration step h = Ll and consider a discrete set t, = h(i—1), where i =1,2,...,n. It's obvious

that t, = 0,t, =T . At the points of t =t ,the equation (3) takes the form
5
u(t,) :jK(ti zu(r))dr + f(t,). ()
0

To obtain an explicit formula for the solution of the recurrence to find u, =u(t), the
integral in the expression (4) using a quadrature formula of rectangles [4] on the segments [ti,tm]
with the selection of the value of the function at the left end t =t,. Then we have

[K(t0ue)de = 3 AK(Ge,.0,) ©)

Label f, = f(t,)and using (5) as in [3] we obtain the relation of recursion formulas

u, = f,

u; :Zi:AjK(ti,rj,ule f,1=23,..,n ©)

Further, from (6) we obtain the solution of equation (1)

Y; =i, i=12,..,n
u.

Example. Let some constant g , and the function K (t,7) and I(t) are set as follows

K(t.r) == -1+ logitt 1 7 logtE*?).
t t “1l+7 T(1+1)

I(t) = (% -Dlog(1+t)+ (- g)(l—%log(1+t)).

By setting different values g, T and n we obtain approximate solutions whose graphs are

shown below.
3.Conclution. By decreasing the values of g, Landau "point” m_ 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.

& ¥’ 0. :
YO, g=100 L . g=0.1
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t Fig.l. t Fig.2. " Fig.3.
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IXTIYARI | - HALI UCUN D- OLCULU SREDINGER TONLIYININ
VUD-SAKSON POTENSIALI SAHOSIND® OLAQOLI HOLLORI
V.H. Badalov
Fizika Problemlari Institutu, Bak: Dovlat Universiteti

badalovvatan@hayoo.com

Isd> Pekeris yaxinlagmasmin komayilo Vud-Sakson potensial: ticiin D - 6lgiilii radial Sredinger
tanliyinin alagali hallori arasdirilmusdir. Ixtiyari |- hal: Gigiin Sonlu polinom metodunun komayi ilo
enerjinin maxsusi giymatlari va onlara uygun radial dalga funksiyalar: tap:imwsdir. Homginin potensialin
V, darinliyindan, radial n, vao orbital | kvant adadlaorindan, D, a, R, parametrlorindan as:i mahdud

sayda enerji spektri mlayyan edilmigdir.

Qeyri-relyativistik kvant mexanikasinda Sredinger tonliyinin halli kvant sisteminin tam
tosvir olunmas: tigiin bitiin vacib informasiyani 6ziindo oks etdirir. Ixtiyari n, va I kvant adadlori
uctin bir neco potensiallarda radial Sredinger tonliyinin doqiq hall olunmasi mimkunddr. Radial
Sredinger tonliyi Vud-Sakson potensiallar: ticiin orbital kvant odadinin 10 ixtiyari gqiymatindo
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doqiq hall oluna bilmir. Belo ki, S. Flugge 1=0 halinda Vud-Sakson potensiali sahasinds radial
Sredinger tonliyini analitik hall edorok dalga funksiyas: tglin doqiq ifado almis, lakin enerjinin
moxsusi giymatlorini grafik Gsulla misyyan etmisdir [1]. Vud-Sakson potensiali [2] oan muhim
yaxina tosir potensiali olub, nive va hissaciklor fizikasinda, atom fizikasinda, materiallar vo
kimyavi fizikada muxtalif problemlors totbiq edilmisdir.

Isdo Vud-Sakson potensiali sahasindo ixtiyari 1 hah (iclin morkezogagma potensialina
tokmillogsmis yaxinlasma sxeminin kdmoyilo D — Olcull radial Sredinger tonliyini analitik hall
edilmis, enerjinin moxsusi qiymotlori vo onlara uygun moxsusi funksiyalari mioayyan
olunmusdur. Hesablamalar ixtiyari 1 halinda effektiv vV (r) potensialin r =r;,, minimum noqtasi

otrafinda mioyyan olunan C,, C,, C, approksimasiya parametrlori asasinda v,(r) morkozagagma
potensialina Pekeris yaxinlasmasmi totbiq etmoklo Polinom metodunun [1,3] kdmayi ilo
aparilmisdir.
Sferik simmetrik v (r) potensial sahodo D -0l¢ilu radial Sredinger tonliyi asagidaki kimidir
[4]:
d ZRnI (r) +E anI (r) +2_/l
dr? roodr h?

721(1+ D —2)

r2

R,(r=0,(0<r<x) (1)

Enl -V (r) -

burada | - orbital kvant adadi, u - sistemin gatirilmis kitlssidir.
D-1

Yeniu, (r)=r TRnI (r) funksiyasi t¢un (1) tonliyi

d?u,(r) 2
drlz( )+ hl; [Em —Veﬁ(r)]um(r)zo, (2)
,~
burada V. (r) =V(r)+L|2+1) - effektiv potensiah vo |~=|+DT_3-dir.

Sferik simmetrik standart Vud-Sakson potensiali [2]

Vo
r-Ry
l+e @

V(r) = - (@ << R,) 3)

soklindadir, burada Vv, - potensial ¢uxurun darinliyi, R,-potensialin eni vo ya nlivonin radiusu, a
- parametri soth tobagoasinin gahnligi vo o, ionlagma enerjisinin tocriubi giymati ilo muoayyan

olunur. a =0 oldugda niivs sathinds potensialin sigramasi ilo 0 sads potensial cuxura cevrilir.
Vud-Sakson potensiali sahasinds | =0 giymatinds (3) tonliyini analitik hall etmak mimkin
Fogs
deyil, buna sobob olan effektiv v, (r) potensialin orbital morkezagagma V,(r):w
ur

r—Ry

potensiahdir. Yeni adsiz x :T dayisonini daxil edib, r = R, (1+ X) vo orbital morksezogagma

v (r) potensialmi effektiv V4 () potensialnin ekstremum nogtasi, yani
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avee™  nil(l +1) 2

_ . 4
(L+e™ ) 2uRE 1+ x)° @

transendent tonliyini 6doyon x=x.;, (r =r,;, ) minimum noqtasi otrafinda Teylor sirasina ayiraq:

min

I+ a2+ 5 = 1 2
v MU PO 8 L2 )+
2ur 2LR; @+x) @+x)° @+x) )
3 2 3
+ “(x=%,) +o((x—x
Lo x) (x=x;)" +o((x—x) )}
(4) tonliyinin halli 1 orbital kvant ododindon asili oldugu Gglin x.;,=x olur. Pekeris

approksimasiyasina gors V,(r) potensiali asagidaki kimi goturultr [5-7]:

~ ~ C C
Vi(r)=8|Cy+—2—+ 2 , 6
1) ( 07 11 e™ (l+e”‘x)2] ©)
~ 2~ T . ~ . - -
burada «=R,/a Vo 5-n '('le) -dir. V,(r) orbital markazogagma potensialini effektiv Vg (r)
HRo
potensialinin x=x., =% (r=r,, =r ) Mminimum noqtesi strafinda Teylor sirasina ayirib, onun (5)

ifadasilo x - in uygun doaracalorinin mugayisssindan C,, C,, C, sabitlori ticuin alariq:

0

__ 1 (1+e™)? |e®™ -3 3™
Q+x)* ™ (@+x,)*| 1+e”  a(l+Xx)

ax \ 2 —oX)
- 2(1+e”") |2-e ~30+e ™) )
ae™ (1+x,) al+x)
ax; \3 —ax,
- (L+e™) e _1+3(1+e )
ae™ (L+Xx,) a(l+x,)
Beloliklo, yeni effektiv potensial tGglin alarq:
~ ~ K K
Ve (1) =Vis (N +V, () =K, - - 2 (8)

r-Ry + R, 2!

burada K, :é:CO, Klzvo—gcl, K, :ECZ- dir. Pekeris approksimasiyasina osason (2)
tonliyinda V4, (r) yerino \79ff (r) yazsaq, alanq:
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d’u,(r) 2u
drlz +h_2 EnI_KO+ ﬂ —[ R 2 unl(r)zo. (9)
1+e a 1+e a J

r-R, \ 7t )
(9) tonliyinds yeni z =[1+ e @ j dayisonina kegib, dl¢lsliz ¢2 =_W> 0

2 2
B’ = ﬂzKl >0, 72 = % > 0 parametrlori asasinda (9) tanliyi asagidaki soklo disor:
_ Y 2, 2.2
u"(z) + 1(1 22) u'(z)+ =% (+(f Z))Z £ u(z)=0, (0<z<1). (10)
z(1-12 2(1- 2

(10) tanliyin halli z—0 vo z —1 limitinds sifra yaxinlasir, yani u(z) — 0. Asimptotik dalga
funksiyast z¢(1-2)" oldugundan radial u,,(z) dalga funksiyasmi asagidaki sokilds axtarag:

U, (2)=2°(1-2)"1,,(2). (11)

Bu halli (10) tonliyinds yerino yazsaqg, alang:
2(1-2f"(2) + (L+ 25 —2(L+¢ +n)z)f'(2) +

¢’ &' (2 e +2em+n-ple+(’ o 2nen’ 4n -y f@=0 12
z(1-2)

Ogor ¢?—e?=0 Vo c*+c+2n+n*+n—y>=2c*+c+2cn+n— B> gotirsok, onda
dalga funksiyasinin sonlu olmas: sortindon ¢ vo n parametrlori tigiin tapanq:

c=e>0, ==+ >0. (13)
(13) miinasibatlorini (12) tonliyinds nazars alsaq, noticads asagidaki hiperhandasi tonlik
2(1-2f"(2)+ (26 +1- 2e + 21+ 2)2)f'(2) ~[(e + )2 + e+ —y* 1T (2) F (2) =0. (14)
alinir. Bu tonliyin halli hiperhandasi funksiyadir [37], yani
f(z)=,K(a,b,c,2), (15)

T | 2 + / 2
burada a:g+n+#, b:g+n+# , C=2¢+1 . Belaliklo, (10) tonliyin halli

u,,(2)=2"A-2)",F(ab,c,2) (16)
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olar. Asagidaki miinasibatdan stifados edorak[37],

I'c)ri(c-a-b)

I'(c—a)(c—b) *

I'cr'(a+b-c)
(@I (b)

,R(@,b,c;2)= F(a,b,a+b-c+11-72)+
1-2)°*" ,F(c-a,c—b,c—a-b+1;1-2)

z=1 noqtasi otrafinda tonliyin hallini arasdirsaqg, alariq: e@w:
I'(@)r(b)

a+b-c=2n>0 osason I'(c)=0, I'(a+b-c)=0 oldugundan %:0 Vo ya

0. c=2e+1>0,

1 j—
rb)
Buradan I'(a) =« va ya I'(b) =0 olar. Naticads, tapariq: a=-n, voya b=-n, . Belaliklo,

— 2
P Py NV N o/ A (17)

2

0.

olur, burada n, radial kvant adadidir (n, =0,1,2,...) . (17) munasibatlordan alanq:

e+ =B +y’ =1, (18)

burada

2 f—

n = M -n,. (19)
2
Belslikls, (18) minasibatindon ¢ Ugln tapang:
2 2
g:l(n'+ﬁ—,7j. (20)
2 n

Olagoli hallarin -, <E<0 vo dalga funksiyasinin sonlu olmasi sortlorindon £>0 vo

g2 —p*+y*>0 almir. Buradan n'>0 vo g%-y*>-n? olur. Beloliklo, (4) vo (19) minasibatlorina
osason asagidaki baraboarsizliklori alariq:

K
osm<1{ 1+8“a—22—1J, (21)
2 h
-
VORSZM' (22)
u

¢, B,y Vo n'- nin ifadalarini (20) — do yerins yazsaq, E,, enerjinin moxsusi giymati Gi¢lin
asagidaki munasibati alarq:
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2ua’
_ 2 2 2 7(K1_K2)2
EnlzKo_Klsz_Bzh 2( 1+8,u;1—2K2_2nr_1J - i 5 (23)
' Ha 2
(1/1+8“;‘2K2—2n, —1J

Ogor (21), va (22) vo -V, <E<0 borabarsizliklori 6danirlarss, oslageli hallar mévcud olur.

Demoli, (23) enerji spektri mohduddur, yani enerjinin moxsusi giymatlori sonlu saya malikdir.
(21) borabarsizliyins asason D=3 olduqda 1 =0 hali Ggln sistemin alagali hallar1 yoxdur. Cunki,
bu halda (21) borabarsizliyi 6donmir, yani n, <0 olur. Bu o demokdir ki, impuls momentinin sifir

giymatinds standart Vud - Sakson potensiali t¢iin Sredinger tonliyinin alaqall hallari olmur. D>3
oldiigda, 1=0 halinda sistemin olagoali hallar1 vardir. (23) vo K,=6C,, K, =V, -5C,, K, =5C,
ifadolorindon gorundr ki, enerjinin maxsusi giymoti potensialin Vv, doarinliyindon, potensialin R,

enindoan, sothin a galinhigindan vo D parametrindon asilidir. Enerjinin har hansi maxsusi gqiymati
-\,- dan kicik olmamalidir, yani -V,<E<0. | orbital kvant adadinin verilmis giymotinds (22)

baraborsizliyino osason potensial cuxurun dorinliyi v, azaldiqda a parametri azalir, amma R,

parametri artir vo oksina.
1—y1+4y? 1++/1+4y°
2 2

osason u,(2) - radial dalga funksiyas: t¢in tapariq:

Belolikla, a=¢+n+ =0, b=¢+n+ =2e+2n+1+n, c=2¢+1

r

u,,(2)=C,,z° Q- 2)"" " JR(-n,, 2 + 27 +1+n,, 26 +1,2), (24)

burada C,, normallasma sabitidir vo ortogonalliq

nl( )|

T|Rn,(r)|2rD’1dr:T|u (n)|°r Dldr_aj| dz:l (25)

sartindan tayin olunur.
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SINGULAR BEHAVIOUR OF THE LAPLACE
OPERATOR IN SPHERICAL COORDINATES
Anzor A. Khelashvili*?
YInstitute of High Energy Physics, Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

2St. Andrea the First-called Georgian University of Patriarchy of Georgia, Tbilisi, Georgia

anzor.khelashvili@hotmail.com

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 Thilisi 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

_%{3_}%%%@% LR R(=ERM) @

or

{_i£+ =y (r)}u(r): Eu(r)  u(n=r(r) @

2mdr?  2mr?

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
r=0. 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 r =0 (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 r > 0 strictly, but r =0 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
R(r)= M (3)

into the Eq. (1) and
2. Replacement of the differential expression in the parenthesis of Eq. (1) as [8-10]"

d> 2d 1d?
— + = | =—(r. 4
{dr2 rdr} rer( ) @

We demonstrate below that in both cases the mistakes were made.

J1n 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

Iy e (5)
This equation may be solved simply by separation of variables. The solution has the form

[10]
(D(X, Y, Z) — eiiaxeiiﬁyeiwz (6)

Clearly the solution is regular everywhere and at the origin is constant
»(0) = const @)

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]
d> 2d
a0 ®

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

=—(re)=0, (9)

the solution of which is
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u(r)=rp=ar+b (10)
But, determining from here the function

p=a +E (11)

r

does not obey to Eq. (8), because

d> 2d
il = 4750 12
[derrrdrj(j 8 () (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
o(r) = ( ) (13)
in order to remove the first derivative term from the Eq. (8). Then we obtain
1(d* 2d d> 2dY1) .dud(1
—+—— ur)+ur)—+-——1|=|+2——| = |=0 14
[dr2 rdr)i()Jr ()[derrrdrIr}r drdr[rj (14)
The last term cancels the first derivative term in the first parenthesis and there remains
2 2
id—u+u d +2d (]—0 (15)
rdr? dr? rdr
But, according to Eq. (18), it follows
1d%
———4 N ry=0 16
S = 4m ) (r)u(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]

d? 2d 1d?
F+?E=Fm(r‘)—4ﬂ5(3)(r)r‘ (17)

This expression defines the form of the Laplacian precisely everywhere including the origin
of coordinates.
It is evident, that after substitutions

d> 2d 1 d?
- 422 —==-—(r and u=r 18
[dr2 r drjq) rer( ?) ¢ (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 r =0 is absent. The Jacobian of
transformation to spherical coordinates has a form J =r?sin@ and is singular at points r =0 and
O=nz (n= 0,1,2,...).

Singularity in angles is eliminated by requirements of continuity and uniquiness, which
lead to spherical harmonics Y"(6,) 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 R"and R"/{0} 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]5 ) (F) = fﬂ the Eq. (20) can be reduced to

r

21

r(;% ~5(ru(r)=0 (19)
or

dZ

rdTl;—u(O)S(r): 0 (20)

Let us require that the additional term does not present, i.e.
u(0)=0 (21)
Moreover the delta function be “overcome” if at least

limu(r) = r (22)
r—0
Then, owing to the relation r5(r) =0, 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 b =0, i.e. u=ar and ¢(r)=a = const. 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 ASIL1 XOTTi POTENSIAL UCUN SREDINGER
TONLIYININ BOZI HOLLORI
S.M. Nagiyev', A.i. Kazimova®, K.S. Caforova’
'AMEA Fizika Institutu
2Ganca Dovlat Universiteti

1. Giris

Kvant nozariyyssinin osas mosalolorindon  biri  fiziki sisitemlorin  zamana gors
evolyusiyasmin todqiqidir. Qeyri-stasionar horakot tonliklorinin doagiqi hallorinin qurulmas:
béyluk maraq dogurur, c¢inki onlar kvant sistemlorinin zamana goro inksafin1 tosvir edir vo
baxilan sistemi xarakterizo edoan fiziki kemiyyatlorin dayismasini an dolgun sokilds izlomaya
imkan verir. Lakin yaxs1 malumdur ki, zamandan asili Sredinger tonliyinin dogiq hallori tapilan
kvant sistemlorinin say1 ¢ox deyildir. Zamandan asili harmonik ossilyator vo zamandan asilt xatti
potensial modellari dogiq hall olunan modellors yaxs1 misallardir. Bu modellor fizikanin mixtolif
sahalorinds genis totbiqlor tapmaqgdadir.

Mogsadimiz zamandan asili xatti potensial Uglin Sredinger tonliyinin boazi dogiq hallorini
tapmaq vo onlart aragdirmaqdir. Biz bunun Uglin evolusiya operatoru metodundan istifado
edocoyik. Qeyd edok ki, 30 ildon goxdur ki, zamandan asili xotti potensial Gg¢lin Sredinger
tonliyinin analitik hollori fiziklorin digqgetini colb etmisdir [1-7]. Zamandan asili kvant
sistemlorini 6yronmok Ucln bu islordo Lewis-Riesenfeld (LR) invariant metodundan [8],
trayektoriyalar tizro integral metodundan [9] v foza-zaman c¢evirmoalori metodundan [5] istifado
olunmusdur. Naticodo mustovi dalga tipli, Eyri paketi tipli [1, 5] vo Qauss dalga paketi tipli [6]
hallor tapilmagdr.

Biz malum hollorlo yanasi masalonin yeni hallorini masoalon, ossilyator tipli hallorini do

tapmisig. Biz masoaloni hom konfiqurasiya fozasinda, hom da impuls fozasinda on tmumi halda -
zarraciyin kutlasinin zamandan asili oldu halda hall etmisik.

2. Konfiqurasiya fazasi

Zorraciyin zamandan asili xotti potensial sahodo horokatini tosvir edon Sredinger tonliyi
belodir

hZ
2M (t)

ino,y (x,t) = {— 0% - F(t)x}//(x, ), 2.1)

burada M (t) -kitls, F(t)-quvvadir. Onlar zamanin ixtiyari funksiyalandir. (2.1) tonliyinin halli
evolusiya operatoru U (x,t)-nin kémoyilos tapila bilar:

v (x,1) =U (x,hw (x,0), (2.2)

burada y(x,0) baslangic zaman aninda sistemin dalga funksiyasidir. U (x,t) operatorunun askar
sokili [10] isinda tapilmisdir:
ixs(t) it
- 1 . 2
Ux,t)=e " e " —iho, +o(t")[ dt’, 2.3
(x.t) JZM“,)[ )] (2:3)
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t
burada o(t) = j F(t")dt". (2.3)-0 (2.2)-da yerina yazsaq, Sredinger tonliyinin hallori Ggln
0

[Xb(t) S (t)] ;
w(xt)=e 0 =S1(t)oy emSZ(t)ail//(X,O) , (2.4)

Umumi tosvirini alirig, burada

t

dt’

o)
So(t) = jZM( )dt S, (1) _g—( dt’, S, (t) = jZM(t,). (2.5)
Ogor u(t) =m gotursok
s, =2W 50)=20 5 -t (2.6)
2m m 2m

t t
olar, burada &, (t)=[s(t")dt’ Vo &,(t)=[5(t)dt"
0 0

Indi (2.4) ifadasindo muxtolif baslangic dalga funksiyalari (x,0) segorok, t>0 zaman
anlar gun muxtalif w(x,t) dalga funksiyalari qura bilorik. Misallara baxag.
1) w(x,0) = C =const. Bu halda asanlhgla aliriq ki,

w(xt) = Ce’ -5 O1 2.7

Bu hall mistavi dalga tipli halldir.
2) w(x,0)=Ce™,C, A=const. Bu halda tapiriq Ki,

i
ATx— i 2 —x8(t)=So(t)]
w(x,t) = Ce" g 0% gn . (2.8)

3) w(x,0) = Ai(Bx), burada Ai(x)- Eyri funksiyasi, B—isa ixtyari sabitdir. Natica beladir:

%[xb‘(t)—so(t)] ih52(t)B?’[x—Sl(t)]—gih?’Sg(t)BG

v(x,t)=e e .
- Ai(B[x - S, (t) -#*SZ(t)B°]). (2.9)
3. Impuls fazas:
(2.1) Sredinger tonliyini impuls fozasinda yazaq:

ih0,(p,t) = {2&2@) - th(t)ap}CD(p,t) . (3.1)

Impuls fazasinda evolusiya operatoru sado sokilo malikdir:

**I[p —5 )+ ()2 4 0 (1dp
2M (t')

U(p,it)=e © : (3.2)

Indi biz (3.1) tonliyinin simvolik hallini yaza bilorik:
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R CEIOLI(0)

o(pt)=e " M ©(p-5(1)0). (3.3)

®(p,0) p-fozasinda ixtiyari funksiyadir (baslangic dalga funksiyasidir).

Misal olaraq Qauss tipli dalga paketi halli tapaq. Bunun Gc¢iin baslangic dalga funksiyasini
bels segok:

o(p.0) =202/ zn* |* exp{— Gz(ph‘z P)" (p—hpo) xo}, (3.4)

burada p, vo X, baxilan kvant halinda impulsun vs koordinatin orta giymatloridir. Sadeo
cevirmolardan sonra Qauss tipli halli tapiriq:

O(p,t) = (20—2 /;rhz)“4 exp(—l | &dt}exp(w[p— Ioc(t)]ZJ><

2M (t’
| hy 2M(t) 35)
i
xeXp(—%[p — P (DI (t)}
burada p,(t)vo x.(t) funksiyalar: asagidaki kimi tayin olunur:
t
P(t)
t)= o(t), x.(t)=x <~ dt’. 3.6
p.(t) = Py +5(1), x.(t) 0+£M(t') (3.6)
Burada
o’
ot _ n
T(t)= = 3.7
(t) 0 j ot 3.7)
0 2M (1)
parametri Qauss dalga paketi (3.5)-in dagilma muddatinin zamandan asili 6l¢usudr.
Konfiqurasiya x -tasvirinds (3.5) dalga funksiyasi bels sokil alir:
1 it pA(t) o’ (A+it/T(t)) )
X,t) = exp| —— | = 5—-dt’ [exp| ————=[p—p. (D] |x
v O et O) p( h!ZM(t’) P e PPt
X=x% (O] i
exp| ———————+—p, ()X |,
x p( 402 (1) +hpc()

burada o (t) =c®(@+it/T (t)).
4. Ossilyator tipli hallor

Sredinger tonliyi (2.1) -in sonlu sayda hallari var. Bu paraqrafda biz onun ossilyator tipli
hallarini tapacagig. Bunun Ggln basiangic dalga funksiyasini bels segak

2

L
v, (x0) =c,e 2 H, (%), A=Vmwlh, (4.1)
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Burada H, (x)- Ermit coxhodliloridir vo c,-omsali normallama vurugudur. Evolusiya
operatorunun (4.1) -o tasirini hesablasag, alariq

)" (i ) )
v (X, )_Jg(t) exp( g(t)J exp(%[w(t) So(t)]j

«exp| - AIx=S, ()] H A[X=S, (1)]
2s(t) " @) )

4.2)

burada e(t) =1+ 2inA*S, (t) -isarolomasi daxil edilmisdir. (4.2) hallorini udulma vo dogulma

operatorlarinin
a(t) - }[ 7,0+ 150 1(t)}

. , 4.3)
a’ (1) = f( At)—ﬂ ”1(t)J

kdémoyils do almag olar, burada

% (t)=%-S,(t), f,=p-5(t): @)
at)y, (%) =y, (xt), a" Oy, (1) =Vn+1y,, (x1). '

Sredinger tonliyi (2.1)-in Gmumi halli buttin w (x,t)-larin superpozisiyas: olacaqdir, yani

w(xt) =2 ay,(xt), (4.5)
burada a, -ixtiuyari sabit omsallaridar.

5. Sarbast zarracik va xatti potensial sahada horakat edan zarracik masalalori
arasinda unitar ekvivalentlik

Sredinger tonliyi (2.1) —i bels yazaq:

hZ

S,w, (x,t) =0, S, =ino, +ma§ ~F(t)x. (5.1)
Unitar ¢evirmo aparaq
2
. (0 =U (0 $.(0U, (0 =ind, + I\’; 5o (5.2.)
ve (D) =U Oy (x1). (5.2)
Bu halda (5.1) tanliyi belo sokilo dusr:
S, )y, (x1)=0, (5.3)
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yani biz sorbast zarrocik Gc¢lin Sredinger tonliyini alang. Gostormok olar ki, (5.2) sortlorini
0dayan unitar operator

U, (t)=¢’

[xs(o—so(t)]e,sl(t)ax (5.4)
soklindadir. Belaliklo, U, (t) -operatoru sarbast Sredinger tonliyinin har bir hallini xatti potensiall:
Sredinger tonliyinin hallins kegirir, U, (t) -operatoru iss oks kegidi dogurur.
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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 90° 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, J;, or

J,, depending on the type of bond (Fig. 1a). The contribution to the Hamiltonian of the system
from each elementary plaquette is given by

H =-J(s;S, +5,8,) — J(S,0, +S,0, +S,0,+5,0,). (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 P(K,K.,K,) and

Q(K,K,K,) of the centered square lattice (Fig. 1b)

(b)

Fig. 1. (a) Elementary plaquette of 3-7 lattice, (b) Transformation by elimination of the internal spin
variables s; and s, .
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Fig. 2. Critical temperature as a function of J,/J for several values of J,/J : (a) J >0,

(b) J < 0. The slightly inclined lines are the asymptotes in the limit T, — O indicating
reentrance in a tiny interval.

>exp(- H/KT)= Yexp[Ks;s, +Kyso(s; +5,)+ Ky (8101 +8,07)]=
S1,S2 S1,S2
where
exp(4P) = [exp(~ K )+ expcosh 2(K, + K, )|/[exp(- K )+ expcosh 2(K, - K, )], (3)
exp(4Q) = [exp(K) + expcosh 2(K, +K,)]x
[exp(~ K )+expcosh 2(K, — K, )]/[exp K cosh 2K, + exp(- K )cosh 2K, |’ (4)
=16[exp(~ K )+ exp cosh 2(K1_+ K, )Jexp(~ K)+expcosh 2(K, - K, )]x
[exp K cosh 2K, +exp(~ K )cosh 2K, |

A4
()

K=J/kT, K;=J;/kT, K,=J,/kT, kis 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 P(K,K,,K,) is even function of K, and K,,

while  Q(K,K;,K,) is odd function of the same arguments. Therefore
P(K,- K;,~K,)=P(K,K{,K,) and Q(K,-K;,-K,)=Q(K,K;,K,), and the space of parameters to
be examined can be reduced to J, >00r J, >0.

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]
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Fig. 3. Ground state energy and spin orientations of the elementary plaquette: ((a) J >0, (b) J <0,
(c) two basic ground states when J <0 and |J,| <|J|. FM - ferrimagnetic state, F -
ferromagnetic state, OD - coexistence of order and disorder.

(y+2P 0+ =20-x2F,  (y+0P(¢+2f =2v-x2f,  @®

where x=tanh P and y =tanh Q. Alternatively the equation for T, is given by [9, 11]

(1— x4)2 + 4x4(1— y2)2 = 4[xy(1+ x> )]2 (7)

where x=exp(-2P) and y=exp(-2Q). The latter equation can be factorized, which leads to the
following simplified expressions

1+ X2 1+ X2

\/EX ' y3,4 =+1- \/EX (8)

Only y, and vy, are positive and provide the expressions for determination of the critical
temperature.

In Fig. 2a the dependence of T, on the exchange interaction parameters is shown for the
case J>0. The critical temperature increases with the increase of the strength of J;
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 J, vanishes. The
analogous curves for J <0 are shown in Fig. 2b. The critical temperature, similarly to the case of
the triangular lattice, vanishes due to frustration when J, =i|J|. The approach to zero, for
J, >0, follows the asymptotic law

y1’2 = il‘f’

KT, /J =(4/In2)1+J,/J) (9)

or its symmetric expression when J, <0. The same asymptotic law is found for the dependence
of T, on J, foragiven J,,when J ——{J,|.
In a narrow interval for J,when |J,|>]J|, 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 J <0 and |J,|<|J|, 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
J<oand |[J,|<|J|,and J, <0 or J, <0, respectively.

Depending on the interaction parameters, the ground state is ferromagnetic (F) or
ferrimagnetic (FM), except for the case when J <0 and |J,| <|J]. In the latter case, at T = 0, one

observes coexistence of order and disorder (OD).

(a) _ _ _ (b) s = -
t++ ++7+ +7++ ++7Jr +7++ ++j +++7 7+++ +++7 7+++ +++7 7+++
L e ol e K Ay, R, Ly

ol + =4 + -+ gt = o e -4+ -
£ 4w S 45 4 s a1
M=1/6 M=1/12 M=0 M =1/6 M=1/12 M=0
. ++7+:+ . ++7+:+ i g +_,__++ R Yupl T e
i, i s, S, Ay, 5 e, EEE TS
gD Fag g e o o o = o
S i S T T A T 4 L
M=0 M=-1/12 M=-1/6 M=0 M=-1/12 M=-1/6

FIGURE 4. Quadruplets of elementary plaquettes in the ground state: (a) J < 0, J, < 0, =[J| < J, < [J|, (b)) J < 0, J; > (
—|J] < J» < |J]. Plaquettes on each diagonal have their own specific orientation which is rotated by 90° in comparison to th
orientation of plaquettes on the other diagonal. Central spins are disordered. the remaining spins have antiferromagnetic (a) an
superantiferromagnetic (b) order.

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 S, = In(2)/6. The magnetization of the quadruplets with lowest energy

takes one of the following values: 0,+1/12and +1/6. 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 J — 0 the model is reduced to decorated square lattice, for J — oo it becomes
equivalent to partly decorated pentagonal Cairo lattice. Other limiting cases considered
previously are: J, »> o , J, > 0and J, - «.

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.
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QCD SUM RULES FOR THE 70-PLET BARYONS
T. Aliev and V. Zamiralov”~

Institute of physics, Baku, Azerbaijan and Physical Department,
Middle East Technical University, Ankara, Turkey, taliev@metu. edu.tr,

* Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow,
Russia, zamir@depni .sinp.msu.ru

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 X -like hyperons. Excplicitly we
write it for 2° - hyperon:

I =i [ dk d* x exp(ipx )<0[T{n*(x), n*(0)}y>, 1)
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where interpolating currents (in some way analogue of the baryon wave functions in NRQM)
could be chosen as
n2(x) =[u*' Cs"ysd®-dT Cs’ysu* (Cs’y5— CyssX)],  (2)

where a, b, c are the color indices, C is the charge conjugation matrix. Other baryon currents (but
that of A ) 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 X -like octet 56-plet baryons
us [7, 11] as

ag” g exp(-m% M?) = (e, + eq) IT1(u , d, s) + esI1,(u, d, 9), (3)

while for the A-hyperon we obtain result with the use of the relations from [11]. The ag are SO-
called Borel residue, M is characteristic parameter of the Borel transformation and IT; 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 X-like baryon B(gq, Q) and with a single quark Q. As an example let the
magnetic moment operator has the form eqw, a%, where new operator wq just differs between a
single Q quark and a biquark (g; q; ) or (g; q;) through the matrix elements

<01 AnQulWel Q1 A1,.Q>=Wiy, < Gy 1, Q4lWel 0y 41, Qr>=Wyy,
<q 10y A1,QuWal 41 41,.Q>=V1r, <01 01,.Q1Wal G 4,,Q1>=Vyy, (4)
Then magnetic moment of the proton p(uu,d) yields:
wp=Y <ptleq Wq o, Ip1>=1/N18 <2uj u; da-Uy dy Uz =01 U1 Uz +2U7 dy Ug-U1 Uz di =03 Ugls
+2d, Uy Ug-Uz Up di — Updy Uy | &g Wq 677 | p1>
=(4/3) | eu Wiy - €4 (2 Vp1 -V1y) = €u2prt+ed( pr-po) (5)

with wyy = 3pur 12, Wy =pp , (2 vy -V;)/3=( pe-pp). (It is worth noting that the assumption wy, =
wy, yields F/D = 2/3 1)

The main results are:

*» The F coupling is related to the interaction of the y 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 y 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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ue = (Bu + €q)F + & (F-D) (6)

Now we try to transfer this reasoning to the QCD sum rules of baryons with spin %2 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 Uy d?_-Ul d1 U2—d1 Uq Uo-Uq d?_ Uq-Uq Uo d1
+2d; Uouq -dy Ug Ug-Uo U7 dg +2 Uodq Ug > (7)

Using this wave function with the modified operator for the magnetic moment form eqw a’
for N* we get
Hn~= €y 2/3(2Wyy +Wy )+ eg 1/3 (2 vy +vy)) = euprted( 2pe-pp)  (8)

with Wy = 3],L|: /2, (2 Vip -VTl)/3:( HF'HD) .
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 eqchanged to pq
Hn=+= 8y PFted( 2pF-pp) —2/3 py +1/3 py,

W s*+= ey uptes( 2up-pup) —2/3 py +1/3 pg,
W s0= Y2(Eut €d) Mr +es( 2pr-pp) —1/3 py +1/3 pg +1/3 s, ©)

W ax= 1/6(ew€q)(9 ur -4 pp)+1/3esup —1/3 py +1/3 pg +1/3 p,

in accord with the NRQM results [13].

Let us now assume that the same transformations from p, to pun= 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 X -like
octet 70-plet can be written in the form similar to eq. (3);

I (u, d, s)=1/2(ey + eg+2e5) II:{ U, d, ) + esITx(u, d, s), (10)

while for the A*-hyperon we obtain result with the use of the relations from [11]. Comparing
these relations with sum rules for the £° and A 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]: un+ changes from
=2.72 un 10 0.83 un, p ==+ changes from 2.52 uy to 0.70 pn, p A+ changes from -0.50 py to -0.11
HN-

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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HUCCJEJOBAHUE NOJSPU3AIIMOHHBIX Y®®EKTOB B PEAKIIMU dt+H— 7°+X
S.I'. I'yceiinanues, I'.b. Uoparumos, JI.51. I'yceiinaiueBa,
A.D. Habues, I''M.AaueBa, H.J. AmupoBa
Aszepbarioacanckuti [ ocyoapcmeennviil [ledazoeuueckuti Ynusepcumem

yashartur@yahoo.com

IIpedcmasnensl pe3ynbmamul usmepeHull 6eKMOPHOU AHATUSUPYIOWel cnocobHOCMU
(A,) 6 pearyusx UHKTIO3UBHO20 POIHCOEHUS NUOHOE 6 COIKHOBCHUAX NOAPUSOBAHHBIX OEUMPOHOE

¢ muwenvio H,noo yeramu oxono 90° 6 1.c.,npu umnynscax nyuka om 3 0o 9IB/c. Hsmepenus nposedetivi
nHa cunxpogpasompone OHAU ([yo6na). Obuapyscena 6ombwias eeiuyuna A, u pasuoii 3nax

acummempuii 015 1 -me30106 6 peaxyuu d1+H— 7°+X npu ommnocumenvno nebonvuiux umnynvbcax nyuka
u ona nuonos c¢ umnyivcom 300-350MaB/c. Pesynomamer Moume-Kapnogckozeo modenupoganus
VKA3bI8AION HA OOMUHUPOBAHUE KAHANO8 C POdICOeHUeM A—u300apos @ KuHemamudeckou obracmu, 2oe
Haobnodaemcs bonbwias eenuiuna A, .

HccnenoBanus nonsipusaioHHbIX 3¢ dextoB B PP [1-3] u pA —B3aunmoeiictBusx [4] npu
BBICOKUX DHEPrUsIX MOKA3aJIH, YTO MUOHHAs aCUMMETPUs ( WM CBSI3aHHAS C HEH aHATM3UP YIOIIas
CIIOCOOHOCTB) HE UCUE3aET C POCTOM IMOIMEPETHOr0 UMIYIIbCa P U PeHHMAHOBCKON MacCIITaOHOM
IEPEeMEHHON Xp. VI3MepeHHs acHMMETpHH B MHKIIO3HBHBIX mpomeccax P 1 +p— 7-° + X,

nposenennbie B [IEPHe [1], BHJI [2] u ®HAJI [3], moka3anu, 4to acuMMeTpusi OJIM3Ka K HYJIIHO
BIUIOTH J10 Xg =~ 0.3, a 3aTeM JIMHEHHO pacTeT 1o abCOIFOTHON BeJIMInHE BILIOTH 110 40% mipu Xg =

1.
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Jlnst OOBSCHEHHST ITHX PE3yJIbTATOB M Pa3pabOTKH MOJEIed MEXaHM3MOB, OMUCHIBAIOIINX
MOSIBJICHHE aCUMMETPUU MPU BBICOKUX JHEPrHsiX, MpojesiaHa OoJIbIIas TeopeTHiecKas pabora.
bbuto pa3BUTO OOJBIIOE YHUCIO TEOPSTHYECKMX MOJICNICH, OCHOBAHHBIX HAa PACCMOTPCHUU
pa3IMYHBIX CIHH — 3aBHCUMBIX MEXaHHM3MOB B3aMMOJCHUCTBHS KBAapKOB. Pe3ynmbTaThl 3THX
UCCIICIOBAaHUI TMOKA3ali, YTO ACHMMETPHUSI MOXKET OBITh CIICJICTBUEM OPOUTAIBHOTO JIBHKCHUS
BaJICHTHBIX KBapKOB B IOJSIPU30BAHHOM IMPOTOHE. B pamkax MapTOHHO# MOJIEIM aCHMMETPUS
CBSI3BIBACTCSI C 3aBUCUMBIMH OT CIHHA WAapPTOHHBIMH PACIPEICIICHUSIMH, MAPTOHHBIMU
CCUCHHSIMHU ¥ MAPTOHHBIMU (PparMeHTANMOHHBIME (DYHKIIASIMHU.

['maBHOW 1eJBI0 JAHHOTO SKCHEPUMEHTA OBbLIO HCCICAOBAHUE IOBEICHUS BEKTOPHOM
aHaMM3UpYoMmas cnocoOHocTH ( Ay ) B 9HEPreTHIeCKOH 001acTH, Iie Mbl 0XKHJAEM NEPEeXoa OT
HYKJIOHHBIX K HEHYKJIOHHBIM H KBapK — [JIFOOHHBIM CTENEHsIM CBOOOJbI. Tak Kak HEeT yKa3aHui
Ha BO3MOXXHOCTH CHJIBHOW YTJIOBOIM 3aBUCHUMOCTH BEKTOPHOW aHAIM3HPYIOMICH CIOCOOHOCTH B
HCCIIeLYeMbIX IPOLECCaX, MbI COBMECTHO aHAIM3HPYEM JaHHbIC, monydeHHsle mox yriamu 90° i
78° (yruisl BbeTa mHoHOB 0Kko010 90°).

BekTopHasi aHAIM3UpYOIIas cnocodnocts B peaknun d T +H — 7% + X
Benuuuna A, JUlsl TIOJIOKUTENBHBIX U OTPUUATENBHBIX MMOHOB C UMITYJIbCAMH B 00J1acTH

300-350M»5B/c B 3aBHCHUMOCTH OT HMITyJibca Iy4Kka NpeicTaBieHa Ha puc.la. W3mepenus
MIPOBOIMIUCH MOJ yriaMu 90° n.c. 3HaunTENbHAS BENMUMHA A, , Ha ypoBHE 40%, HaOrogaeTcs B

00/71aCTH OTHOCHUTEIHLHO HEOONBIIUX HUMITYJIBCOB ITy4YKa. 3Hak ACUMMCTPHUU 3aBUCUT OT 3apsana
PEruCTprUpPyCMbIX TUOHOB, U BCIIMIUHA Ay YMEHBIIACTCA C pOCTOM UMITYJIbCA ITyYKa.

A%

»

a

80

40}

0

px F3Blc

Puc.1 a- 3aBucumocth Ay OT HMITyIIbCa ITydKa [T 77~ U /T 1HOHOB B peakimi T +Horx* (900) +X
npu P_=300-350MsB/c, Touku:*-7 ", A -7 " (78%), o-7 " ;6, 8 —-MK —pacueTsl OTHOCHTEIh-

HBIX BKJIAJI0B PA3IMUHbIX KaHAIoB poxaenns nuoHos B peakiuu d + H — 77 + X B 3aBucu-

MOCTH OT UMITy/bca MHOHOB pu P, =4T3B/c (6) u 9B/ (B).

Ha puc. 16 u 1B mpuBeneHsl pe3ynbTaTthl pacderoB metomom Monte—Kapino (MK)
OTHOCUTEJIbHBIX BKJIAQJOB pPa3JUYHbIX KAHAJOB B POXKJIECHUE MMHOHOB JUIsl pEaKIUu

d+H >z +X nox yrnom 6_ =90° npu aByx mMmynecax mydka 4 u 95B/c. Mcrnonb3oBana

MK-nporpamma, KOTOpast XOpO11IO0 ONMCHIBAET AKCIIEPUMEHTAJIbHbBIE JTAaHHBIE
(MHOECTBEHHOCTH, Pt —CIICKTPBI, CEUCHHUSI) JUIS AIPOH — U SAPO—SICPHBIX B3aUMOJICHCTBUM MPU
IPOMEXYTOYHBIX M BBICOKHX SHeprusix. Kak BuaHo u3 puc.16 u 1B, nosemeHne A, MOXHO
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CBA3aTb C MCXAaHU3MaMHU POXIACHUSA IIMOHOB. HpI/I HUMITYJIbCC TIIY4YKa 4FBB/C, Koraga B
OKCIICPUMCHTC Ha6J'II-OI[aCTC$I 0oJbIIas BEIHYHHA Ay’ OCHOBHAA 4aCTb OTPULATCIIbHBIX ITMOHOB

poxnaercst B kanane ¢ A’ -m306apoii. B o6nactu ummyssca myuka 9I5B/c (e BenuumHA A,
MaJia) JOMUHHPYET KaHal “IpsMoro” poxacHus MHOHOB. [lomoOHas kapTHHA HAOIOAAETCS U
TS TIOJIOKUTEIIBHBIX 3apsKEHHBIX MUOHOB. [Ipy HEOOIBIIMX HMITYJIbCAX ITyYKa B POKICHUU 7T

-ME30HOB JOMHMHHMpYeT KaHan ¢ A™ -uzobapoit. Kopoue rosops, pesyabratbi MK —
MO/ICTTUPOBAHMS TMOKA3bIBAIOT, YTO BEJIMYMHA NMHOHHOW aHATU3UPYIOUIEH CIOCOOHOCTH CHIIBHO
KOppeIMpoOBaHa ¢ MPUCYTCTBUEM BKJIa/1a MPOMEKYTOUHBIX A -M300apHBIX COCTOSTHHIA.

[onyyeHa 3aBUCMMOCT A, /Ul 77~ -ME30HOB OT WMILYJIbCA [IMOHOB, U3MEPCHHAs MPH
uMIyibce mydka 6.5I9B/c. 3Hak A OTpHLATEIbHBIA, aOCONOTHAsA BEAMYMHA A~ JOCTUraeT
~50% mnpu p,=200M»5B/c u ymeHbpLIaeTCsI ¢ POCTOM HMILyJIbca MHUOHOB. Takoe MOBEIECHUE

COBIIAJIA€T C MOJABJICHHEM “PE30HAHCHBIX KAHAJIOB POKICHUS 77~ -ME30HOB.
Kpome Ttoro mosyuensl nanHble mnpu wummylbce mydka 8.9 [»B/c. Bemmunna A,

COBMECTHMA C HYJIEM INMPH HEOOJBIINX MMITYJIbCAX PETUCTPUPYEMbIX MUOHOB. OcOoOBIN MHTEpEC
NPE/ACTABISICT IOBEACHHE A, B obnmacTu OONBIIMX WMMITYJIbCOB THOHOB. CymiecTByeT
MIPEINOJIOKCHNS, OCHOBAaHHBIC Ha PEJISTUBUCTCKOW MOJCIHM JEUTPOHA, YTO TPH HMMITYJIbCE
nuoHOB okojio 600M»B/c Moker HayaTh MEHATHCSA 3HAK A,, TaK Kak B 3TOM 00JacTu
nomunupyeT D —coctosiHue BonHOBOM (yHKIMM nedTpoHa. bonee Toro, B KyMmyJnSTHUBHOUN
o0jacTd H3 —3a CYIIECTBEHHOTO0 BKJIa/Ja HENEpTYpOATHBHOTO B3aUMOJCHCTBHS KBapKOB
0’KHJIaeTCSl POCT a0COJIFOTHOW BEIMUMHBI aHAJU3UPYIOIIECH criocoOHOoCTH. Hamm naHHbIe MOXKHO
paccMaTpuBaTh KaK yKa3aHHWE Ha BO3MOYKHOCTh TaKoro noBeaeHus . OTHAKO JJIsl OKOHYATEIbHOTO
BBISICHEHHUS 3TOTO BaYKHOTO BOIIPOCA HEOOXOIMMO ITPOBECTH U3MEPEHHUS C OOJIBIIION TOYHOCTHIO.

3akiarouenune

OCHOBHBIE pe3yJIbTaThl MOXXHO CYMMHPOBATh CJICIYIOIIUM 00pa3oM:
1) mabmomaercst OoblIas BEIMYHMHA BEKTOPHOW aHAIM3HPYIONICH CIOCOOHOCTH (BILIOTH

10 50%) B peakmusax d T+H — 7* + X npu umnynscax aeiitporos P, = 6.5 [B/c 1 n1oHOB
u p_=300 - 350 M»B/c.

2) AcUMMeETpHsI IMEET Pa3HbIN 3HAK:MOJIOKUTEIbHBIA I 77 ° U OTPHULATEIbHBIN IS 77~ .
AOGcoIroTHas BeJIUYHMHA A, YMEHBILIAETCSI C POCTOM MMITYJIbCA My4Ka [y M HMILYJIbCA IIHOHOB

P

3) PE3yJIbTAaThl MK - MOACIINPOBAHUA YKA3bIBACT HA JOMUHUPOBAHUC KaHAJIOB POKACHUA
IMMOHOB YCPC3 A - I/ISOGHPBI B KHHCMATHYCCKHX O6J'IﬂCT5[X, rac Ay HUMCECT 6OJ'IBH_IYIO BCIIMIUHY,
T.. B 3THX 00JIacTAX BBIACJICH BKJIaJ OHHOﬁ P —BomnoBo# AMIUIUTY ABIL. I/IHTep(bCpCHI_II/IH C

APYTUMH aMIUTUTYIaMU U MOXKET IPUBOIUTDH K OOJIBIION BETMYMHE aCUMMETPHUH.
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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(N.) gauged NJL model with N;-flavor fermions,

167°q,

W[(‘VV/)Z + (l/7|75fal//)2 ] : 1)

I—qNJL = anuqe + l/7iDl// +

where Ly, q denotes the pure SU(Nc) gauge Lagrangian and ¢° indicates the generator of SU(Ny)

flavor symmetry. We normalized the four-fermion coupling, g, by Ns, N¢ and the compositeness
scale, A. The Lagrangian can be rewritten by the auxiliary field method,

L. =L +17(iD—0'—Taira ——°(0'2+7raz). (2)

where the fields, o and =, can be identified with composite scalar and pseudo-scalar fields,
respectively. On the other hand, the gauged Higgs Yukawa theory is given by

2
Ly =Ly +i8 @“G+i o,n°0'n" —ﬂz(az +7ra7ra)—

auqe 2y2 H 2y2 2y
_ 4y (02 +7Z'a72'a)2 - 1;: R(G2 +7za;za)+1ﬂ|51//—l/7(0+i7/5raﬂa)4/, (3)

where Yy indicates the Yukawa coupling. We noted that the ordinary gauged Higgs Yukawa

Lagrangian is obtained by the replacements, ¢ — yo and =% — yz?.
The compositeness conditions are imposed at the scale A [3, 4],
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1 AA) o mP(a) 2N(NA’
y*(A) y'(A) 7 y*(A)  167’g,

Egs. (2) and (3) coincide under these conditions. Evaluating the renormalization group
equation with neglecting the running of the SU (N.) 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, A.

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.

f()=3. (4)

5

-

g gauged Higgs Yukawa

rauged NJL

\VAVAVAVAY

-

M
)
1]
n
(e}
o
wl
o
&
M

inflationary expanding era

Figure 1: Assumed energy scale

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 Ny, the energy scale, p and the composite scale, 4. The initial field
configuration is set to generate an enough e-folding number, Netoig = 50 ~ 60.

After some numerical calculations we obtain the amplitude of the density fluctuation, s, the
spectral index, n, the tensor-to-scalar-ratio, I' and the running of the spectral index, «, . In Tab.
1 we show some typical results for a fixed N, N¢, i 4 and Netoig. A constant parameter, o, is
introduced to define the renormalized four-fermion coupling, g,,.,. The amplitude of the density
fluctuation, &, can be tuned by strength of the interactions, a, and g,.,. 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 Ny =1, N. = 10, g = 10-5Mp|, A = Mp and Negorg = 50.
¢ 1/ Qypen 1 @ o Ns r Gs
107 10" 702x10~ 0.970 0.08 -0.00059
o Do om
7.02x10
10:: 10:2 7 02x10°5 0.970 0.08 -0.00059
10 10 7 48x10~7 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
integralsl. 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]).

c (MeV) | m (MeV) | £ K = 3gm*[2r*
-210 357 0.333 | 0373
-220 356 0.289 | 0.322
-230 354 0.252 | 0.277
-240 353 0.221 | 0.242
-250 352 0.195 | 0.212

Table 1. The model parameters in leading order (dimensionally-analytical regularization): chiral
condensate ¢, quark mass m, regularization parameter £ and dimensionless coupling .

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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c (MeV) | m (MeV) | A (MeV) | ky = 3gA%f2n°
-210 123 733 1.86
-220 323 791 1.448
-230 276 873 1.315
-240 253 047 1.240
=250 236 1029 1.187

Table 2. The model parameters in leading order (4-dimensional cutoff): chiral condensate ¢,

quark mass m, regularization parameter A and dimensionless coupling sa.

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.

e (MeV) [ m, (MeV) | £ k= 3gm?[2m*
-210 339 0.432 | 0.486
-220 336 0.385 | 0.434
-230 333 (0.346 | 0.387
-240 330 0.312 ] 0.334
-250 328 0.284 | 0.316

Table 3. Model parameters with frst-order corrections (dimensionally-analytical regularization):
chiral condensate ¢, quark mass m,, regularization parameter £ and dimensionless coupling k.

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.

c (MeV) [ m, (MeV) [ A (MeV) | k4 = 3gAZ /277
-240 310 785 1.501
-250 283 819 1.408

Table 4. Model parameters with first-order corrections (4-dimensional cutoff): chiral condensate

¢, quark mass m,, regularization parameter A and dimensionless coupling k.

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, Thilisi State University,
Department of Theoretical Physics, Thilisi, 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
Vladimir.Rochev@ihep.ru

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: 10.1134/51063778815020258

We will consider a system of Schwinger-Dyson equations for the model involving a
complex scalar field ¢ (phion) and a real scalar field y (chion) and take the Lagrangian for this
model in the four-dimensional Euclidean space in the form

L= —auqs*auqs—m§¢*¢—%(a;,x)2 2yt 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 x € E,. 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 n 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

($00"(y)) =~ @

~only.x)’

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 y, the
functional-differential Schwinger—Dyson equation for the generating functional Z[n]=InG[n] an
be represented in the following form by using the property of translation invariance of the
functional-integration measure:

2 527 oL oL 2 _ 752 —62(0)
+ 9 D, (x- Xl){én(xl, xJon(y,x) () on(y, X)}r m _GX)577 y.x)
4 _
+Idy177(x, yl)m+5(x— y)=0. )

Here, we have used the notation D, = (u* - 8°)™. 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

5z s7© 52 ©
2l dx. D (x — 2 _ 52
+d I X, c(X Xl)én(xl,xl)Sn(y,x)+(m° X)gn(y,x)
sz
oy O+ 8lx-y)=0. @
' Y1
Once the source has been switched off, the phion-field propagator in the leading order is

2
obtained from Eq. (4): A, =(m2 —62)_1. Here, m? smg—g—zA(x=0) is the renormalized phion
M
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:

g2<g?2. For g?>g?2, 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 ]7/\/? - 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 <¢(x)¢(x')¢*(y)¢*(y')>

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 7,

(600 b (Yo" (v )y = 67 1 amly',x Jon(y, %), (5)
<¢(X)¢(X')¢*(y)¢*(y')> = 5216y xpnly.x ). (6)

Equation (3) corresponds to the version in (5), and the following equation corresponds to
the version in (6):

or in the form

2 527 FoYA FoYA
g*[ oD (x- Xl)[(sn(xl, Xon(y. %) (. x) on(y, xlﬂ "
2 2 oL _
+(mg —8X)W+Idyﬂ7(x, yl)m+5(x—y)—0- (7)

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

A (p?)=m?+p?+Y (p?) ©)
> (p?)=-20)-p*Y (0). (10)
Elp)=-0*] 5,5 .ol

where

Here, A 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 p?> — oo- that is, by the massless propagator 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

p’ 1 4 9’
t =, = —A ’ ﬂ, = y 11
m? Y= 327°m? (1)
this equation assumes the form
(ty)=2@L-2)+ 2r (12)
y

the respective boundary conditions being y(0)=1 and y(0)=1. 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).

504



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalq konfrans

In the weak-coupling region of 1 < 1, we have y = (1 —A)t for t—o and A 7 1/p. In the

strong-coupling region of 2 > 1, we have y = % +0 (1) and A [Jconst. At the critical point of 4

=1, the arrive at y:\/%+0 (1) and A~l/\/?.

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 10"*® 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 ~10™ eV is mainly attributed to solar cosmic rays,
intermediate energies (up to ~10* eV) to galactic cosmic rays, and highest energies (greater than
10" 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 10" 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
vovspr [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 (ng)
scaled v, as a function of scaled pr . All data are from 200 GeV Au+Au minimum bias collisions.
The dot-dashed-line is thescaled result of the fit to Koand A.)
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The first measurement of elliptic flow of charged particles in Pb-Pb collisionsat the center
of mass energy per nucleon pair vsyn= 2.76 A GeV [5], with the ALICE detector, demonstrated
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that the v,(py) does notchange within uncertainties from the syy = 200 GeV to 2.76 TeV. ALICE
LHC data demonstrated that values of the v,increase 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. 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].

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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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:

Y (r)=",explip(r)]

where ¥, is amplitude of wave function, r — vector 1, ¢ — 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)].

1.5
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Number of observations

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:
f12mv.dl +[f]2eAdI =nh (1)
L L

where L is contour of the circulation, V.- 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

Fszp(l)dl )

where V¢ 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
guantum 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
nonguantized 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”).

~ /‘
rerr/f 1))
"'« \:-

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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