BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

IV BOLMS

NOZBRI VO RIYAZI FiZziKA, YUKSOK ENERJILBR FIZIKASI,
ASTROFIZIKA V8 EKO-ELMLSBR

325



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

326



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

LEPTON-NUKLON D8RIN QEYRI-ELASTIKI SOPILM8SINDS
HIQQS BOZONUN YARANMASI

S.Q. Abdullayev, L.A. Agamaliyeva, M.S. Qocayev
Baki Dovlat Universiteti
ag.leyla@hotmail.com, m_gocayev@mail.ru

Standart Model ¢argivasinda lepton-nuklon darin geyri-elastiki  IN = IHX, IN =vHX,
v,N=v HX, v ,N=nHX sapilma proseslarinds skalyar Higgs bozonun Zz- va WW -bozonlarin
birlasmasi naticasinda yaranmasi mexanizmlari atrafli dyranilmisdir. Kvark-parton modeli ¢argivasinda
gostarilmisdir ki, lg=IgH prosesi I, g, =1,q,H, 1.0z =1,gzH, 1.q, = 1.,q.H V8 l,q; = I.qzH spiral
proseslarina uygun dord spiral amplitudla (F,,F, Fs, V8 Fgg), neytrino-kvark sapilmasinds Hiqgs
bozonun yaranmasi prosesi v.q, =v,qH V8 v,0z =V, 0:H spiral proseslarine uygun iki spiral
amplitudla (F, va F) tesvir olunur. Ww -bozonlarin birlasmasi naticasinds Hiqgs bozonun dogulmasi

prosesina isa yalniz bir spiral amplitud uydun galir. Gostarilan spiral proseslarin effektiv kasiklari va tam
effektiv kasik Ggtin analitik ifadslar alinmis, kvarklarin nuklon daxilinds paylanma funksiyalarindan istifada
etmakls, effektiv kasiyin x dayisanindan asililiq grafiklari qurulmusdur.

Standart Modelin (SM) muhim muddaalarindan biri skalyar Higgs bozonun varhgini
avvalcadan soylsmasi olmusdur. 2012-ci ilds Boyuk Hadron Kollayderinde ATLAS va CMS
kollaborasiyalari tarafindsn aparilan eksperimentlarda Higqgs bozon kasf edildi ve onun kitlasinin
125 GeV tartibinds olmasi musyyan edildi. Higgs bozonun kasfi ile slagadar olarag onun
muxtalif yaranma va ¢evrilma kanallarinin nazari éyranilmasi mihim shamiyyst kasb edir. Bu
magsadls taqdim olunan isda lepton-nuklon darin geyri-elastiki sapilma proseslarinds Hiqqgs
bozonun ZZ - va WW -bozonlarin birlasmasi naticasinda yaranmasi mexanizmlari 6yranilmisdir:

I+ N=Il+H+X, 1) Vo,+N=v, +H+X, 3)
I+N=v,+H+X, 2 Vo,+N=m+H+ X, 4)
burada | —yiKlu lepton (e va ya m), v, —uygun leptonun neytrinosu (v, va ya v,), X isa
geyda alinmayan hadronlar sistemidir. Ik, 1)

ZZpb H mexanizmi. Kvark-parton modelina gors, (1) .
prosesi yukli lepton-kvark (antikvark) sspilmasinda Hiqqgs
bozonun vyaranmasi ils alagadardir: l+g=Il+q+H,
l+d=I1+0+H.

lg=IgH prosesinin Feynman diagrami 1-ci Sakilda
tasvir edilmisdir (moterizalards  zarraciklerin  4-6lcili Z(q,)
impulslar va spiralliglar gostarilmisdir).

Malumdur ki, fundamental fermionun (leptonun ve ya gq(p,h,)

kvarkin) Z bozonla va Z-bozonlarin Higgs bozonla garsiligl
tasir lagranjianlari asagidaki sakilds yazilir:

Sakil 1. Ig=IgH prosesinin
Feynman diagrami.

foLo, (F)A+05)+ 9. (HA-g,If - Z,,, (5)

L. =
™~ 2sinq, -cosqy,
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eM
L = z Z Z H k),
ZZH ZSian'Coqu m rgmr ()
burada
gL(f):IS(f)_QfSinqu' gR(f):_QfSinqu (6)

— fermionun Z-bozonla sol va sag rabita sabitleri, g, — Vaynberq bucagi, 1,(f) ve Q, -
fermionun zaif izospininin dglncu proyeksiyasi va elektrik yukidur.
Ig = lgH prosesina dord spiral amplitud uygun galir: F, ,F; , Fy Vo Fgs (burada birinci

va ikinci indekslar leptonla kvarkin spiralliglarini gostarir). Hamin spiral amplitudlar asagidaki
proseslara uygundur:

I, +q, =1 _+q_+H, lL+0z=I_+0; +H,
I, +q. =l +0q,+H, Il +0, =1 +q; +H
Vo
Fu = DlngL(e)gL(q)! Fir = DlngL(e)gR(q)v @)
Fa. = DlDZgR(e)gL(q)l Far = DlngR(e)gR(q)

ifadalari ila tayin edilir.
Ayri-ayri spiral proseslarin effektiv kasiklarinin ifadslari asasinda g = IgH prosesinin

baslangic zarraciklarin spiralliglarina gore ortalanmis, son zarraciklarin spiralliglarina gors ise
comlanmis tam effektiv kasiyi G¢iin asagidaki ifads alinmisdir:

1
S (Iq3|qH)=Z[S (ILqL :>||q|_H)+S (ILqR :>ILqRH)+S (IRqL :>IRqLH)+S (IRqR :>IRqRH)]=

1 a ? ) , , ,
g (Xw(l_xw)j [90(8) + gr (®)I[9L(A) + 9 (@)1 T(1iy)- ®8)

Burada
f(rH)=(1+rH)Inri—2+2rH 9)

H

funksiyasi daxil edilmis, r, =M? /§ va M, — Hiqqgs bozonun kitlssidir.
Lepton-antikvark sapilmasinin (1q = IgqH ) effektiv kasiyi da eynils (8) ifadssi ila verilir.
Neytrino-nuklon darin qeyri-elastiki sapilmasinds Higgs bozonun yaranmasi prosesi
(v,N = v HX) ds ZZ = H mexanizmi hesabina bas verir va onun kvark-parton alt prosesi

Vin(k) +a(py, ) = v (k) +0(p,, hy) + H (k)

reaksiyasidir. Kvark-parton prosesina iki spiral amplitud uygun galir: F, va F (neytrino sol
polyarize olunmus zarracikdir). Hamin spiral amplitudlar v,,+q, = v, ,+0q, +H, v, +0; =

=V, +0g + H proseslarini tasvir edir va

Fo= DlngL(V)gL(q)’ Fir = D1D2gL(V)gR(q) (10)

ifadalari ila tayin edilir.
Ayri-ayr spiral proseslarin effektiv kasiklarinin ifadslari ssasinda v,.q = v,,gH prosesinin
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tam effektiv kesiyi Ucun asagidaki ifads alinmisdir:

S (1,0 = Vo) = - -[X x )j g WIOA@+ @] f(r,) (D)

Neytrino-antikvark sspilmasinin v, g =v, qH effektiv kasiyi da (11) dusturu ils

hesablanir.

WWP H mexanizmi. Lepton-nuklon darin geyri-elastiki sspilma prosesinda Hiqgs bozon
W -bozonlarin birlasmasi mexanizmi WW = H naticesinds ds yarana biler. Bels (2) va (4)
proseslara uygun kvark-parton alt proseslar

l+g=vVv,+q+H, V,,+0q=m+q+H

ola bilar va onlara uygun Feynman diagrami 2-ci sekilda verilmisdir.

YUkl zsif carayanlara sol polyariza olunmus zarraciklar daxil oldugundan bir spiral
amplitud sifirdan farglenir: 1, g, = v, q,H

lg = v,q'H prosesinin tam effektiv kasiyi t¢tin alinmis ifada

U \2 3 1k, ) v (k)
s(lg=v,gH)= -f(ry) (12)
soklindadir. Burada U, =cosq, (u < d kegidinda) va ya ' HIK
sing. (u<s kegidinds) ola biler, g. - Kabibbo bucagr, &
M,, —W -bozonun ktlssidir. W*(q,)
Analoji sakilds v +g=m+q+H prosesinin ds
effektiv kesiyi hesablanmisdir: q(Pu) q(p:n,)
2 3
' ‘U qq“ a . , .
s(v,g=m'H)= — | f(ry). (13) Sekil2. lg=v,g'H prosesinin
16M 2 ( X,

Feynman diagrami

Naticalarin muzakirasi. Kvark-parton proseslarinin effektiv kasiklari malum olduqgda
lepton-nuklon darin geyri-elastiki sapilma zamani Higgs bozonun yaranmasi proseslarinin
effektiv kasiklarini asanligla hesablaya bilarik:

d_‘:’((m = IHX) = q(x)s (Ig= lgX) =
q

1 a )., ) , N
- oi? (X ox )j CROREHOD WO EHORHORIC: (14)

(IN:>VHX) ZZq(x)s(lq:v,q H)= oM ( jZZquq(X)f(r) (15)

_X(VmN = VmHX) = Zq(X)S (qu = quH) =
q

1 a ’ 2 ) 2/, _
= ToM? [Xw(l_XW)J 91 ()2 a9 (@) + 05 (@) F (1) (16)
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ds , 1 : 2
o (VN :>rrHX)=;§q(X)s (v.q=nHg') = TIVE (f—wj ;;\qu,\ q()f (ry). (17)

Burada cemlenma nuklonun tarkibindaki batlin kvark va antikvarklarin sayi tzrs aparilir, q(x) —
nuklon daxilinds kvarkin (antikvarkin) paylanma funksiyasidir. 9dadi hesablamalar
m+p=m+H+X m+p=v, +H+X, v, +p=>v, +H+X v v +p=>v, +H+X

proseslri tictin apariimisdir. Mtion (neytrino)-proton sisteminin tam enerjisi +/s =500GeV , Higgs
bozonun kutlasi M, =125GeV , Vaynberq parametri x, =0,232 oldugu hesab edilmisdir. Proton
daxilinds kvarklarin va antikvarklarin paylanma funksiyalari adabiyyatdan gottralmusddr.

3-cu sekilda muon-proton m+ p=m+H + X darin geyri-elastiki sapilma prosesinin
effektiv kasiyinin x dayisenindan asililiq grafiki verilmisdir. Hesablamalarda araliq Z-bozonun
kutlesi M, =911875GeV qabul edilmisdir.

Gorlunduyu kimi, x dsyisaninin artmasi ila effektiv kasik artir vo x=~0,31 oldugda
maksimal giymatini alir, x dayisaninin sonraki artmasi ila effektiv kasik monoton olarag sifra
gadar azalir.

4-ci sakilds x~0,31 va M, =125GeV oldugda m+ p= m+H + X prosesinin effektiv
kasiyinin enerjidan asililiq grafiki verilmisdir. Qrafika gora, enerjinin artmasi ila effektiv kasiyin
artmasi masahida olunur.

Muion-proton darin geyri-elastiki sapilma prosesinds Higgs bozonun yaranmasi prosesinin
effektiv kasiyinin M, kitlasindan asililiq grafiki 5-ci sakilde nlimayis etdirilmisdir.

Qrafikdan gorindiyd kimi, Hiqgs bozonun kiitlasinin artmasi ils prosesin effektiv kasiyi
azalir. Hesablamalarda +/s =500 GeV va x ~ 0,31 oldugu gebul edilmisdir.

Analoji olarag, v,+p=n,+H+X, v,+p=>m+H+X va m+p=n_+H+X proseslari

ucun ds muvafiq asilihglar tadgiq edilmis va naticalar grafik tasvir olunmusdur.

o

s, fbarn al
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X

Sokil 3. np = mHX prosesinin effektiv kasiyinin x-dan asilihgi
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Sokil 4. mp = mH X prosesinin effektiv kasiyinin enerjidan asililii
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Sokil 5. mp = mH X prosesinin effektiv kasiyinin
Hiqgs bozonun kiitlasindan asihiligi

HIQQS BOZONUN CEVRILM8 KANALLARI
S.Q. Abdullayev, M.$. Qocayev
Baki Dovlat Universiteti
s_abdullayev@mail.ru, m_gocayev@mail.ru

Bdyuk Hadron Kollayderinds 2012-ci ilde ATLAS n CMS kollaborasiyalari tarafindan
aparilan tacrubalarda kitlssi 125 GeV olan Hiqgs bozonun varh§i askarlandi. Yeni skalyar
bozonun digar zarraciklarle alaga sabitlarinin daqiq 6l¢tlmasi bu zarraciyin Standart Modelin
Higgs bozonu olub-olmamasi masslasine aydinliq gatire bilar. Bu ndqgteyi-nazarden Hiqqgs
bozonun mixtalif cevrilma va dogulma kanallarinin nazari tadgigine maraq xeyli artmisdir.

Taqdim olunan is Higgs bozonun mixtslif ¢evrilms kanallarinin tadgigina hasr olun-
musdur. Bu magsadls asagidaki proseslara baxiimisdir:

Ho f+f, 1) HoZ+f+f, (2 How+f+f, (3
H—->g+g, 4 Ho>g+Z. 5) H->g+g. (6)
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Hiqgs bozonun leptonlara (kvarklara) cevrilmasi. (1) z

prosesinin  Feynman diagrami  sakil 1-da  gostarilmisdir (P25
(motarizada zarraciklarin 4-impulsu ve polyarizasiya vektorlart  H(p)
verilmisdir).
Odabiyyatda eyni zamanda psevdoskalyar A bozonu da
nezardan kegirilir. Bu magsadls ele ® bozonu gétiiriilir ki, onun ey
fermion citii ila qarsiligl tasiri eyni zamanda ham CP-ciit ve hom ~ $3K- 1. H — ff prosesinin
da CP-tak hissslara malik olsun: Feynman digarami
.. m
M(® — ff) = h—f[U( Py S)(a+bgs)u(p,,s,)]P(p) - (7)

Burada m, — fermionun kiitlesi, h = (v/2G,)™¥? = 246 GeV — Hiqqgs bozon sahasinin vakuum

giymati, G, — zaif qarsiligh tasirin Fermi sabiti, ®(p)— ® -bozonun vahida normallasmis dalga
funksiyasi, a va b — ixtiyari sabitlardir.

(7) ifadasi asasinda @ — ff prosesinin gevrilma ehtimali ticiin ifads alinmis ve miiayyan
olunmusdur ki, enina polyarlasmis fermion-antifermion cutlnln spinlari paralel oldugda @ -
bozon CP-cit, antiparalel oldugda iss CP-tak qgarsiligh tasir hesabina cevrilir. ® -bozonun
uzununa polyarlasmis fermion-antifermion cittina ¢evrilmasi isa fermion va antifermionun eyni
spiralhga malik oldugu halda mimkundr.

® -bozonun fermion-antifermion cutinun spin hallari Gzrs cemlanmis ¢evrilma ehtimali
asagidaki ifada ils tayin olunur:

a) skalyar Hiqgs bozonu G¢lin —

G.N

F(H:ff_):TZSMHm?bf; 8)
b) psevdoskalyar A bozonu tgin —
F(A:ff)zjj/g;MAmibf, 9)

burada M,, va M, — uygun olaraq skalyar va psevdoskalyar bozonlarin kitlslari, N. — rang

vurugu (leptonlar tGgin N, =1, kvarklar dgin N, =3), b, =.,1-4m? /M2 —fermionun
suratidir. Naticaler asasinda muxtslif proseslarin ¢evrilma eninin Higgs bozonun kitlasindan

asthhgi tadqgiq edilmis va grafik astlihglar qurulmusdur.
Higgs bozonun Z(W)-bozon va fermion cuttina ¢evrilmasi. Enerji-impulsun saxlanmasi

ganununa  goéra  Higgs  bozon H—zz2" — Zff, Z(k)

H —WW " — Wif’ kanallari tizra gevrila bilar (burada Z" va i)

W™ -virtual bozonlardir). &vvelce H —ZZ™ prosesing 7K f(p.,72)

baxilmisdir (sakil 2) (métsrizads zarraciklarin 4-impulslari;

fermionun va  antifermionun spiralliglart  (1,, 1,) i fip,, )

gostarilmisdir). Sek. 2. H — Zff prosesinin
Higgs bozonun c¢evrilmasinin  tam ehtimalh (gln Feynman diagrami

asagidaki ifada alinmisdir:
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F(H = zffy = &N [&J o, 9+ ooy (10)

384p° | h X, (1— X, )

Burada g, (f)=1,(f)-Q,sin’q,, gx(f)=—-Q, sin*q,, — fermionun neytral Z -bozonu ils
sol va sag alaga sabitlari, g,, — Vaynberq bucagi, x,, =sin®q,, — Vaynberq parametri,

2 —
R(X) = 3(20x2 —8x +1) amco{e)

x-1
Jax-1 2xy/x
va x=(M, /M)
ZNC[gf(f)+g§(f)] ifadasini malum fermionlar Gzrs (t-kvarkdan basga) camlamakls
f

J— g(4x2 —6x+l)|nx—12_—x(47x2 ~13x+2) (11)
X

biitiin miimkiin H = Zff kanallari iizre Higgs bozonun tam cevrilma eni (iclin asagidaki ifadani

yazmag olar:
2
I,(H—>ZZ")= 8.2' M, M, [Z—EXW+4—OXV2VJ-R(X). (12)
32p° x,@-x,)L h 4 3 9

Eyni gayda ilo hesablamalar aparmagla Higgs bozonun H ->WW "™ —Wff’ kanali {izra
cevrilmasinin (f =v,,v_,v.,u,c, f'=e*,m’,t*, d,s) (sokil 3) tam eni Ugiin asagidaki ifads
alinmisdir.

W (k)
sa M, (M, -__-.HEEL__WW
F(H->WW") =—— “[ WJ ‘R(¥), (13) (o, 1)
burada R(x) funksiyasi x =(M,, /M,,)* nazars alinmagla (11) f(p,,.)

ifadasi ila hesablanir. Sek.3. H —>W ~ ff’ prosesinin
Alinmis (12) ve (13) ifadalari asasinda Higgs bozonun Feynman diagrami

H = zff va H —>Wff’ sxemlari (izra cevrilma eninin Higqgs

bozonun kitlasindan asilili§i tadqiq edilmis va naticalar grafik tasvir olunmusdur.
Hiqgs bozonun fotonlara gevrilmasi. Fotonlar (glonlar) kitlasiz zarraciklar oldugundan,
H —ag cevrilmasi virtual yikli zarraciklar hesabina sakil 4-ds tasvir olunmus tgbucagli

diagramlar uzra bas verir.

Sak. 4. H — gg prosesinin Feynman diagramlari

Qradiyent invariantligina asassn H — gg ¢evrilmasinin matris elementi

M(H - g) = A%a;Ya @[, Py — (P, P2)Im ], (13)
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soklinda yazila biler. Burada a, ve a'® - fotonlarin 4-6lgiilii polyarlasma vektorlari, p, va p,
— uygun impulslar, A®=A?+ A} iso fermion ve W -6030H diagramlarinin (ilgaklarinin)
amplituda verdiyi pay! xarakteriza edan haddir.

g -kvantlarin sirkulyar polyarizasiyalari tizra comlama aparmagla va fermion va W -bozon
ilgeklarinin amplituda verdiyi payl nazare almagla H — gg cevrilma prosesinin ehtimali Ggln
ifadani asagidaki sekilds yazmaq olar:

2

Gea M., LSNGQIANE )+ AL ) (14)

128\/_

Gorundiyu kimi, H — gg ¢evrilmasinin eni Higgs bozonun kitlasinin artmasi ils artir.
Higgs bozonun fotona va Z-bozona cevrilmasi. Hiqgs bozonun H —gZ sxemi (zra
cevrilmasi da mumkundur. Prosesin matris elementini asagidaki sekilda yazmaq olar:

M(H —>gZ) = Aze*mu:[pzmpjn _(pl‘ pz)gnn]- (15)

Burada e, va U’ — uygun olaraq g-kvantin va Z -bozonun 4-6lgiilii polyarizasiya vektorlari,

'Ho>g)=—F—+"F

A* = A7 + A; isa fermion va W -6o3oH diagramlarinin (ilgaklarinin) amplituda verdiyi payi

xarakteriza edan haddir.
H — ¢Z prosesinin gevrilma eni tglin alinmis ifads asagidaki sakildadir:

1 ( ga NcQ MZZS. 2
r(HagZ)—gzp(pM w0sq, (f)} ( MaJ - (16)

Hiqqgs bozonun iki gliona ¢evrilmasi. Higgs bozonun H — gg sxemi 0zra cevrilmasi
ehtimali G¢lin asagidaki ifads alinmisdir:

F(Hagg)=%ﬁ—5j (nﬂ v (17)

2
burada a = f—s — guclu garsthgh tasir sabitidir. Higgs bozonun kitlasi M, =125 'sB olduqda
p

H — gg cevrilmasinin parsial eni r(H — gg) ~0,2 MeV taskil edir va Higgs bozonun kitlssinin
artmasi ils artir, masalsn, M, ~ 400 GeV oldugda I'(H — gg) ~ 10 MeV-a barbar olur.

Standart Model carcivasinds Higgs bozonun mixtslif mimkin cevrilma kanallarinin
amplitudu va ehtimallari Gg¢un alinmig analitik ifadalardan ve tadqgig olunmus astliliglardan gorinar

ki, Higgs bozonun Kiitlasi 100 GeV<M, <130 GeV aralijinda olarsa, asas proses H — bb
cevrilmasidir. Masalan, M, =120 GeV oldugda muxtslif ¢cevrilma kanallarinin nisbi ehtimallari
I'(H — bb)

I'(H — wamucy)
taskil edir, digar ¢cevrilma kanallari ise zaifdir.

Hiqgs bozonun katlssinin artmasi ile H ->WwW ™ ve H — ZZ" ¢evrilmalarinin ehtimali artir,
diger cevrilmalerin ehtimali iss azalir. Masalan, M, =300 GeV oldugda B(WW ") ~ 69%,
B(ZZ") ~30%.

B(bb) = ~68%, B(1 T°)~ 7% B(CC)~3%, B(gg)=~7% BWW")=13%, B(ZZ")~2%
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e e’ b hX PROSESIND® ELEKTROZ3IF ASIMMETRIYALAR
S.Q. Abdullayev, A.S. Quliyeva
Baki Dovlat Universiteti

s_abdullayev@mail.ru, ayte191@box.az

Elektron-pozitron annihilyasiyasinda hadronlarin yaranmasi ham nazari, ham ds tacribi
tadgigatlarda mihim yer tutur. Xisusen uzununa polyarlasmis elektron-pozitron citiinln
annihilyasiyasinda son hadronlarin birinin geyda alindi§i proseslar

e +e"=>h+X Q)

hadronlarin qurulusunun dyranilmasinda ve miuxtalif modellarin yoxlanilmasinda, mistasna
ahamiyyata malikdir, burada X — geyds alinmayan hadronlar sistemidir.

Kvart-parton modelina (KPM) go6rs, hamin proseslar iki marhalads bas verir. Birinci
marhalada, e e’ -ciitii avvalca ozlarini sarbast aparan kvark-antikvark ciitiina gevrilir. ikinci
marhalada ise kvarkla antikvark bir-birindan uzaglasdigca gliclanan gliion sahasi vakuumdan
yeni kvark-antikvark citlari yaradir. Hamin zarraciklar da 6z ndvbasinds ilkin kvarklara qosulur
va onlarin ranglarini neytrallasdirarag, hadronlarin yaranmasina sabab olur.

inkluziv hadronun yaranmasi prosesi araliq fotonun va Z%-bozonun miibadilssi ils bas verir.

Lakin e”e*-citiiniin enerjisi Z°-bozonun kiitlesina yaxin olan oblastda (\/_ ~M,) Z°-bozonla
mubadila diagrami halledici rol oynayir va bu halda prosesin invariant amplitudunu

2

. D,0(p,)gn[0, B)L+0s) + 9r ()T )u(p) - (hX [3,,10)  (2)
sin2q

w

M(ee" = hX) =

soklinds yazmagq olar, burada D, (s) =1/(s—M?Z +iM,I,)™", p, va p,elektronla pozitronun 4-
olgult impulslari, s=(p, + p,)*> — kitle markazi sisteminda elektronla pozitronun enerjilari
caminin kvadrati, I, — Z°-bozonun tam eni, J,, — Z° = h+ X kegidini tesvir edan zaif hadron

carayani, g, (e) va gg(e) —elektronun Z°-bozonla qarsiligli tasirinin sol va sag rabite sabitleri

1 .
gL(e) =_§+SmZQW!

(3)
gr(€) =sin*qy,
g, — Vaynberq parametridir.
(1) prosesinin diferensial effektiv kasiyi asagidaki sakilda yazilhr:
-at 2
e ) f D, b, )
dxdQ 32x,,(1-x,)

burada x = 2E, / /s — hadronun enerjisinin elektronun enerjising nisbati, b va Q(q,j ) — hadronun
stirati va ¢ixis cisim bucadi, L, ve H, - elektron va hadron tenzorlari, x, =sin’q, — Vaynberq

parametridir.
Uzununa polyarlasmis zarraciklar halinda elektron tenzoru invariant amplitud (2) asasinda
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asanligla hesablanir:
Lon =€0(92 (&) + 92 @IA-1,1 ;) +[(9¢ (e) — ga(e)I( , — 1)L +
+[(9¢(€) ~gr @@~ ;) +(g7 () +aga(e)(! , —1 DIL} ()
L = PinPan + PomPin = (P P2)Tm Lim = ~1€mes Py P
|, va I, —elektronla pozitronun spiralliglaridir.

H ., tenzorunun uzarindaki xatt hadronlarin spin hallarina géra camlamanin, impulslarina
gora isa integrallamanin aparildigini gostarir:
Ho = (@0)°[(hX 13,10)(hX |3, [0")d(a - p—Py)dd, , (6)

p — hadronun (h) 4-6l¢ulu impulsu, g = p, + p, — hadronlara &ttrulan impuls, P, ve d®, - geyds
alinmayan hadronlarin tam impuls ve faza hacmidir.

Hadron tenzoru, (6) ifadasindan gorindiyd kimi, yalmz p va q impulslarindan asih
olacaqdir:

O 00y 1 q2 q2
Hrm :W(_grm+ )+_(qm_pm )(qn _pn —)W -
' a> * g’ (p-q) (p-q) °
_iermrd P: Qg W3 I pm?n W4 n Pmln + Pn qu5 4 Pmln — Pn qrrh W6 (7)

(p-q) q (p-q) (p-q)

W, (n=1+6) — hadronlarin hagiqi struktur funksiyasi olub, x=2(p-q)/s va s. dayisanlarindan
asilidir.

Elektronun kiitlesini nazers almadigda L, tenzoru saxlanilr: L g, =L% g, =0va (1)
prosesinin effektiv kasiyi yalniz W,, W, va W, struktur funksiyalardan asili olacaqdir (hadronun
kltlssi nazars alinmir):

ds(ee" =hX) a’|D, |
dxdQ 32x

w

s{[(9C(e) + 9r (€A1, ) +(9C(e) - 9 () , 1)

x[2W, +W, sin®q) +2[(g{ (e) - 9r (€)@ -1l ,) +(g{ (&) + ga(e))(l , —I )W, cosq}. (8)

Effektiv kasiyin bu disturu asasinda ham diferensial, ham da inteqral elektrozaif
asimmetriyalari ala bilsrik. Uzununa polyarlasmis elektronla polyariza olunmamis pozitronun
annihilyasiyasi prosesinda (8) effektiv kasiyini

ds(ee"=hx) a’|D,[
dxdQ 32x,,(1—x,,)

x[1+ Ag (8, %,0) =1 ;AR (s,x,0)] 9)

sx[9. () + gr (&)]x (2W, +W, sin”q) x

soklinda yazmagq olar. Burada A (S,xq) va A ;(s,x,q) irali-geri bucaq asimmetriyasi ilasol-sag
spin asimmetriyasidir:
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2W, cosq
2W, +W, sin?q’

2W, cosq
A.(s,x0)=A + 3 .
w (5:%,0) = A, 2W, +W, sin?q

A (s,x,q)=A, -
(10)

burada
_ gi(e)_g;(e) (11)
2 2 '
gc(e)+9r(e)
indi e +e"=h+X prosesinin inteqral asimmetriyalarina nazar yetirak. Bunlara

asagidaki elektrozaif asimmetriyalar daxildir:
1) Hadronun irali-geri bucag asimmetriyasi

ds . /dx—ds ; /dx 3w,
FB :d - : =A- (12)
S /dx+ds ;/dx 203V, +W,)’
ds./dx va ds,/dx - irali (cosq>0) va geri (cosq<0) yarimsferalarda barionun

dogulmasinin effektiv kasiklaridir;
2) Elektronun spiralligini nazars almagla hadronun irali-geri bucag asimmetriyasi

ds.(l,)/dx—-dsg(l,)/dx A -1, 3w,
Acg (I 1) = (13)
dsF(Il)/dx+dsB(I1)/dx 1-1,A 2(3\N +W)
3) Sol-sag spin asimmetriyasi
dsL/dx—dsR/dx:Ae (14)

' T ds | /dx+ds . /dx

ds /dx vads./dx —e +e" = h+ X va e, +e” = h+ X proseslarinin effektiv kasiklaridir;
4) irsli-geri spin asimmetriyasi
A()= ds¢(l,)/dx—ds ¢ (-I,)/dx—[ds (I ,)/dx—ds (-1 ,)/dX] _
YV ds (1) /dx+ds (- ) /dx+ds g (I ,)/dx+ds 4 (I ,)/dx
M3

le'M' (15)

Elektrozaif asimmetriyalari giymatlandirmak U¢iin KPM asasinda hadronlarin struktur
funksiyalarini tayin edsk: struktur funksiyalara asas pay veran parton proseslari e e”
annihilyasiyasinda kvark-antikvark ciitiniin yaranmasidir: e” +e* = (Z°) = q+q

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

ds(ee” = hX) s, ST n,
o _zq:dgq D (x)+z o D (x) (16)

saklinda yazilir, burada DSB (x)(Da“B (x)) —kvarkin (antikvarkin) hadrona fragmentasiya
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funksiyasi, ds’,/dQ, -elementar parton prosesinde kvarkin bucaglara gérs paylanmasini
muayyan edan effektiv kasikdir:

ds, a’Ns|D, |,
dQ,  16x2(1-x,)?

x(9¢ (@) + gr(a)(@+cos’ ) +2[(9/ (e) - gr (€)@~ 1,1 ;) + (97 (e) + g (€))
x (1, =1)1(9:(a) - 9z (@)) cosq} (17)

{[(9: () + gr(ENA-1,1,)+ (9l (e) ~ gr(eN( , ~1 )%

N=3 - reng vurudu, g,(q)=1,(q)-Q,sin’a,, gs(q)=-Q,sin’a,, I1,(q) ve Q, -
kvarkin zaif spininin tgiinct proyeksiyasi ils elektrik yukudr.

(8) va (16) effektiv kasiklarinin mugayisasindan hadronlarin struktur funksiyalari Ggtin
asagidaki ifadalari aliriq:

W, = W, = %Z[gi(q) + g2 (@D} (%) + DI (),

— > [9{(a) - 9z (@)1[Dg (x) - D3 (x)]

(18)

XW, =
X (1 Xu) G

p*— K*—va D* - mezonlarin dogulmasi proseslarinds irali-geri bucaq asimmetriyasinin

Olcilmasi LEP suratlendirici markazds miuxtalif qruplar tarsfinden hayata kecirilmisdir.
Yukgosma va izotop spin invariantligina gora, fragmentasiya funksiyalari arasinda asagidaki
munasibatlar olmalidir:

D2 (x)=DE (x) =D} (x)=DE (x),
D2 (x)=D? (x) =D (x)=D2 (x),
DX (x) =D (x) =D (x) = D (x).

Bu halda elektrozaif asimmetriyalar fragmentasiya funksiyalarindan asili olmur:

+ - + - + - 3
Ay =—A% = AFKB = _AIIZ<B = DFDB (x) = _DFDB (x) =_Ae Ay

AL (1, =40) =A% (1, = 40) = A (1, =41) = —A% (1, = £1) =
SRS (1, =) =-AL (1, =2 =T A,

pY _ AP _ AK' _ AKT _ AD' _ AD _ .
ALR _ALR _ALR _ALR _ALR _ALR _Ae’

A% (1) ==A% (1) =AS (1) =A% (1) =A% (I,)=-A% (I,) =

4>|w
:>
o

burada
gi(u)—gé(u)—gﬁ(d)+g§(d)_
g¢(u)+ga(u)+g7(d)+ga(d)

Ag =

338



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

ee" = BX PROSESINDS HADRONLARIN
STRUKTUR FUNKSIYALARI
S.Q. Abdullayev, A.S. Quliyeva
Baki Dovlat Universiteti
s_abdullayev@mail.ru, ayte1991@box.az

Hadronlarin daxili qurulusunun dyranilmasinda lepton-nuklon darin geyri-elastiki sspilma
(DQES) proseslari ile yanasi elektron — pozitron annihilyasiyasinda polyarlasmis barionlarin
yaranmasi proseslari ds muhium yer tutur.

e (p.ly)+e"(p,l,)=1(9":2%) = B(p,hg) + X. (1)
motarizalarda zarraciklarin 4-6l¢ilu impulslar va spiralliglari gosterilmisdir, B —sonda geyds
alinan % spinli bariondur (p, A,X" vas.), X — geyda alinmayan hadronlar sistemidir.

Elektron —pozitron annihilyasiyasinda 4 — 6l¢lli p impulsuna ve hg spiralligina malik
inkluziv barionun yaranmasi prosesinin invariant amplitudunu asagidaki sakilds yazmag olar:
M =§ZJ_(|02,I 2)90[GL (L+05) +Gr1-g)lu(p,, ! ) <B(p,hg)X [, 10> (2)
burada |

Gl gli_(R)e
MR T s M2+iM T

comloma araliq foton ve Z°-bozon iizre aparilir (i=g;Z°) ( bundan sonra cem isarasi
yazilmayacaqdir), M, va I, — Z°-bozonun kitlasi va tam eni ( foton halinda M, =T, =0-dir),
JI —i= B+ X kegidini xarakterizs edsn hadron cerayani, g, (e) va g;(e) — elektronun fotonla
va ya Z%-bozonla garsiligl tssirinin sol va sag rabits sabitlaridir:

9/(e)=0r(&)=Q. =-1,
g.(e) gg(e)
sing, cosq,, ' sing,, cosq,, '

gc(e)=

1 .
gL(e) :_E+Sln2qw'

gR(e) :Sinzqw

g, — Vaynberq parametridir.
(1) prosesinin diferensial effektiv kasiyi barabardir:

ds a’

_ 2 e 3)
dxdQ2 16
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burada x =2E, /+/s — barionun enerjisinin elektronun enerjisine nisbati, Q(q.,j ) — barionun
¢Ix1s cisim bucag.
Liri:n :[(glik(l_l 1| 2)+ gizk (l 2 -1 1)][p1mp2n + PomPn _(pl ’ pZ)gr‘m]X
X[(gizk @-1,0,)+ glik (I, =1 )li€ms Py Pas 4)
0 =GLGX +GIG", g¥ =GlG¥ ~G1G;"

— lepton tenzoru, H* isa hadron tenzorudur. Hadron tenzorunun Uzarindaki xatt geydas

alinmayan hadronlarin spinlarina gora caemlamanin, impulslarina gora ise integrallamanin
aparildigini gosterir:

o =(20)° X [(B(p.he)X 135, 10)(B(p,hg)X [ 3 [0)d(d— p—P)dD,  (5)
spin

q — hadronlara oturtlen impuls, P, va d®, — geyds alinmayan hadronlarin tam impuls va faza
hacmidir. H® va H?Z* tenzorlari e” +e* = B+ X prosesinin fotonla va Z°-bozonla miibadils
diagramlarina uygundur. H¥% ve HZ® tenzorlari iss foton Z°-bozon diagramlarinin

interferensiyasini xarakteriza edir.
J¢ va J* hadron carayanlarinin faza inversiyasina gére simmetriya xassalarini bilarak,
H X tenzorlarinin imumi qurulusunu miisyyan etmak miimkiindiir. Bu zaman e” +e* = B+ X

prosesinin dinamikasini bilmak he¢ ds zeruri deyildir, sadacs birfotonlu ve Z°-bozonlu
mexanizmlarin xdsusiyyatlarini bilmak zaruridir. (5) integralindan gortnur ki, hadron tenzoru

HX barionun spiraligi ils 4-6lcilii p ve q impulslarindan asihidir (lepton tenzoru
saxlanildigindan L g, =L% g, =0, g, Ve g, ils miitanasib olan hadlar nazardsn atiimisdir):

2
caari i P. P
q 2 _I(WSk + hBGSk )ermab ( :

Falb g
(p-q) p-a)’ ©

ﬁr:i; = _(Wlik + hBGlik)gn'n + (Wzlk + hBG;k) PmbBy -
W* va G (n=1, 2, 3) — x va s — dayisanlarindan asih struktur funksiyalardir.

Lepton va hadron tenzorlarinin vurulmasi naticasindes e +e” = B+ X prosesinin
diferensial effektiv kasiyi t¢tn asagidaki ifadsni aliriq:

ds a?’ i i , i i .
dxdQ :ESX{[glk (1_| 1| 2)+ gzk (I 2 -1 1)[2(\le +hBle)+(\N2k + hBsz)Slnzq]+
+2[g¥ (A-1,0 )+ 9l (1, ~1 )W +h,GY)cosa}. )

SE sads kvark-parton modelinds (KPM) tayin edak. hamin models gors, (1) prosesi iki
marhalada bas verir. avvalca araliq foton va ya Z°-bozon kvark —antikvark ciitiina cevrilir
(g";2° = q+qq), sonra isa onlar hadronlara fragmentasiya edir (q+q = B+ X ). Farz edak ki,

prosesda kvarkin impulsunun bdyuk hissasini daslyan barion (x=Eg/E, = 2E, s ~1) qeyds
alinmisdir. Hesab etmak olar ki, bela barion eyni istigamatde harskst edan siratli kvarkdan
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formalagmisdir, stratli kvark catismayan iki kvarki “ danizdan * zabt edir va suratli bariona
cevrilir.
KPM-da e” +e" = B+ X prosesinin diferensial effektiv kasiyi asagidaki sekilds yazilir:

ds (h) ds , (hy)
dde Z Dc?((rwhES)( )+Z d:L c?((hh8>)( X) (8)
q

4y q.hg

comlama barionunun tarkibindaki butiun kvarklara gora aparilir, Df((h:f*))(x) — spiralhgr h, olan

kvarkin h; spiralli bariona fragmentasiya funksiyasidir. Uzununa polyarlasmis kvarkin bucaglara

gora paylanmasini tasvir eden e +e" = q-+q parton prosesinin diferensial effektiv kasiyi
barabardir:

dS(h) _a’N,s ‘b

dqQ ! 32 J'[g (1_| 1I 2)+ g (l | 1)(qlk _hqqzk)(1+COSZQ)+

q

+2[gy @-141 ;) + 9, (I, ~1,)(@; —hyq;") cosa} ©)

burada N, =3 rang vurugu,

9 =g, (@9, (@) +9. (@9 (@), 95 =09r(@)x(@)—gr(@)ax(a),

__ 9@ yrg-__9@ (10)
sing,, - €osq,, sing,, - €osq,,

9l (@) =92(@)=Q,.9/ () =

9. (a) = 1,(a@) - Q,sin’q,,, 95 (q) = -Q, sin’q,,

I,(q) ve Q, — kvarkin zaif izospininin G¢linct proyeksiyasi va elektrik yikaddr.

Uzununa polyarlasmis antikvarkin bucaglara gore paylanma disturunu almaqgdan 6tri (9)
ifadasinds h, = —h; va cosq = —cosq avazlemalari apariimalidir.

Qeyd edak ki, e"+e* =Z°=q+{ prosesinds yaranan kvarklar boyiik polyarlasma

daracasina malikdir. Masalan, e +e* = Z°=u+0 va e +e" = Z°=d +d proseslarinds u-
va d- kvarkin polyarlasma dsracasi uygun olaraq -0,67 ve -0,97-dir. Lakin kvarklar sarbast
sokilds musahida edilmadiyindan onlarin polyarlasma daracalarini bilavasite 6lgcmak mimkin
deyildir. Farziyys qgabul etmak olar ki, siiratli kvark 6z spinini bariona 6tlrir. Mahz bu ssbabdan

e +e" = B+ X proseslarinds muxtalif barionlarin  uzununa polyarlasma daracalarinin
Olctlmasi mihim shamiyyste malikdir.
Muayyan isaralar gabul etmakls

Dg (X) = Dgityy (x) + Dy (),
(11)

ADy (x) = Dgityy (x) = D) (),

a(+1)
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hadronlarin SF iigiin asagidaki ifadaleri aliriq:
XW,* = —xW,* = 1 NCqu”‘[DqB (x)+DZ (X)],
AW =N, NACHOREAO)!
XG = —xG'k——éN S0/ 1A} () ~AD{ () 12)
Gl = —xGY =N S 1AD] () -4} (),
xGY = ——N Zq [AD? (X) + ADZ (X)],

Z° —rezonans oblastinda (s=MZ?) e" +e" = Z° = B+ X prosesinin effektiv kasiyi asagidaki
sokil alir (KPM-da alinmis W,”* = -W,** va G}* = -G/* miinasibatlar nazara alinmisdir):

ds a?
dx dQ:E X[(g 192 )(\lez +h GZZ)(1+COS q)+
+2(95% 1,9/ )W;* +hyG;*)cosq]. (13)

Hamin effektiv kasik asasinda asagidaki integral xarakteristikalari ala bilarik:
1) irali-geri bucag asimmetriyasi

D?
3 g2®)-0l() Z[g (a) - 92 (a)1D (x)

FB — 14
4 gZ(e)+9i(e) Z[g (@) +ga(a)]D¢ ) a4
2) sol-sag spin simmetriyasi
" gi(e)+gi(e)’
3) barionun uzununa polyarlagsma daracssi
2. [9¢(a) - g7 (@)]ADg (x)
- (16)

Pg =~ 2 2 Broy'
> [9¢ (@) + gz (@)]ADS (x)

Gortunduyd kimi, Z°-rezonansinda sol-sag spin asimmetriyasi yalniz elektronun, barionun
uzununa polyarlasma daracasi yalniz kvarklarin, irali-geri bucaq asimmetriyasi isa ham
elektronun, ham da kvarklarin neytral zasif carayan parametrlarindan asilidir. Hamin elektrozaif
asimmetriyalar1 tacribalards 6l¢makls polyariza olunmus kvarklarin polyarlasmis barionlara
fragmentasiya funksiyalari hagqinda informasiya alds etmak 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 constantas(Qz). In principle, in perturbative QCD (pQCD) calculations, the argument

of the running coupling constant in both the renormalization and factorization scale Q? 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 a (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 a (Q?) 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

as(Qz) 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 aS(QZ) very often in various calculations done
in the framework of the leading logarithmic approximation where most important logarithmic
contributions are totally resumed while aS(QZ) 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 to a,(Q?) — ag(Q?+mj3). Here mj 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 og—Mx are taken as Q?=3§/2 and Q3 =-{/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 —>p‘p and 2. q0—>pp .

Then the parton-level cross section within frozen coupling constant method becomes

oy 8pfal ) e e 0 (Y) x(@-x)+y(d-y)

S(g—>p'p >—ngs“{£“£dyxya_x>a_y> xy+(1—x)(1—y)}

_ alf’ 16°p° i f, 00f, (y)
s(@1>p'p )= 9728 1296 h ! xy(—0@-y)

2x 4x? 4xy
X[7_16Xy_ xy +(1—x)1-y) A=2y(x+y+ xy+(@-x)A-y) xy+@-x)1- y)ﬂ
here 1, 1de
5 X(1=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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e, (%,17) =cbasy(x)[csm(zx—l)+§c§’2(2x—1)},

@ gys (X, M) = @, (X)[CI2(2x-1) +0.20C2'2 (2x - 1) - 0.14C¥'2 (2x - 1),
@ e (6, NF) = D, (X)[C3?(2x~1) +0.12C¥?(2x 1) + 0.08C3' 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

PPhysics 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 MUHITDS MUON (TAUON) NEYTRINOLARI V8 ELEKTRON
ANTINEYTRINOLARININ MUON (TAUON) V8 POZITRONLARA
ANNIHILYASIYASI: ENIN® POLYARLASMA HALI

R. E. Qasimova
AMEA Samaxi Astrofizika Rasadxanasi Gunas fizikasi sobasi, Baki Dovlat Universiteti Nazari
fizika kafedrasi, Qafgaz Universiteti Fizika kafedrasi, Baki, Azarbaycan; Naxcivan Dovlat
Universiteti Umumi va nazari fizika kafedrasi, Naxcivan, Azarbaycan

gasimovar@yahoo.co.uk

Bu isde magsad magnitlasmis mdihitde mion (tauon) neytrinolari va elektron
antineytrinolari magnit sahasinin intensivlik vektoru il Gst-tsta diisan z -oxu uzra bir-birina aks
istiqgamatlards harakat edarkan

n_+n, > L +e" (1)

reaksiyasi izra bas veran mion (tauon) neytrinolarinin va elektron antineytrinolarinin miionlara
(tauonlara) va pozitronlara annihilyasiyasi proseslari [1] naticasinda spinleri enina polyarlasmis
maonlarin (tauonlarin) va pozitronlarin eyni zamanda dogula bilmasi mumkin olan an asagi
Landau saviyyslarini muayysn etmak va alinan naticalarin kosmik va astofiziki tatbiglarini
gostarmakdir. Magnitlasmis muhitde mion (tauon) neytrinolari magnit sahasi istigamatinds,
elektron antineytrinolari iss maqgnit sahasinin aksi istigamatinds harakat etdiyi halda (1)
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reaksiyasi Uzra gedan proseslarin effektiv kasiyi dogulan muonlarin (tauonlarin) va pozitronlarin
spinlarinin enina polyarlasmalari nazars alinmagla asagidaki ifads ila verilir:

S G ZZ EE, ( f Xl f )5 n—ln (2)

p 0Lnn0l|EpZ|_EpZ||

Burada G - zaif qarsiligh tasirin Fermi sabiti, H - magnit sahasinin intensivliyinin giymati,
Hy =m? /e =(m,_/m, ) (m?/e)- magnit sahasinin 7 =c =1 olan vahidlr sisteminda m,_ ktlali
yUKIi leptona uygun bohran giymati, m, - elektronun (pozitronun) kitlssi, E;(E/) ve p,,(p4).

uygun olarag, pozitronun (miionun ve ya tauonun) enerjisi va impulsunun Gglinci komponenti,

f_ ve f_., uygun olarag, mion (tauon) ve pozitron gazlarinin Fermi-Dirak paylanma
funksiyasidir. Bu isds (+———) signaturali psevdoevklid metrikasindan va 7z =c=k; =1olan

vahidlar sistemindan (k, - Bolsman sabitidir) istifads edirik. (2) ifadasindaki 1, ,,(x) funksiyasi

_w?sin®J +w'?sin?J’+2ww'sinJ sinJ ‘cos(a —-a’)

2¢eH @)

argumentindan asili olan Lyaher funksiyasidir. (3) ifadssinde J(J’) ve a(a ), uygun olarag,
miion neytrinosunun va ya tauon neytrinosunun (elektron antineytrinosunun) impulsunun polyar
ve azimutal bucagi, w - miion neytrinosunun va ya tauon neytrinosunun enerjisi, w' ise elektron
antineytrinosunun enerjisidir. t, spin amsali asagidaki kimi tayin edilir:

t, =%(1+n)(1+n')(1+zb)(1—z bY). @
Burada
pz ’ p;
=—, =—, 5
n=—= n'=Z 5)
m m

b = e b=t (6)

2 pz /EIZ _ p;2
Ez\/m§+2eHn+ p?, E’=\/mf+2eHn’+ p2, (7

Z va z'- uygun olarag, pozitronun va mionun (tauonun) spinlarinin saha istigamatinda va ya
onun aksi istigamatinds proyeksiyalaridir. (2) ifadasina daxil olan |n_1,nf(X=0) funksiyasi

An=n-n’ farginin yalniz An = +1gartini 6dayan n va n’ giymatlari tgin sifirdan fargli olub
vahids barabardir. An =+1 olduqda (1) proseslarinin effektiv kasiyi asagidaki ifads ils verilir:

2 0 ’
.- G 2HZZ EE

o|_ n—l i |E pZI -E pZ|

- f_ Y- f. JL+n)i+nY1+2zb Y12 b"). (8)
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n va n’ bas kvant adadlarinin An = +1qiymatleri tigiin 1., .(x=0) funksiyasi sifra

barabar olduguna géra s =0olurvan,_+n, — L™ +e" proseslari gadagan olunub.

Demali, miion (tauon) neytrinolari magnit sahasi istigamsatinds, elektron antineytrinolari isa
maqnit sahasinin aksi istigamatinda harskat etdiyi halda (1) proseslari hesabina pozitronlarin va
maonlarin (va ya tauonlarin) dogula bilasceyi asadi Landau saviyyslari asagidakilardir:
n=1,n"=0; n=2,n"=1; n=3,n'=2 va s. Basga sozls, miion (tauon) neytrinolari magnit
sahasi istigamatindas, elektron antineytrinolari iss magnit sahasinin aksi istigamatinds harakat
etdikda (1) proseslari hesabina pozitronlarin ve mduonlarin (tauonlarin) dogula bilscayi asagi
Landau saviyyslari U¢inn=n"+1 manasibati 6denilir. Burada n=1,2,3,... va n'=0,12,....

Belalikls, tahlillar gostarir ki, mion (tauon) neytrinolari magnit sahasi istigamatinds, elektron
antineytrinolari iss maqnit sahasinin aksi istiqgamatinds harakat etdiyi halda (1) proseslari
hesabina pozitronlarin asas Landau saviyyasinds dogulmasi mimkin deyil. Pozitronlarin dogula
bilacayi an asagdi saviyys birinci Landau saviyyssidir. Bu halda muonlarin (tauonlarin) dogula
bilacayi an asagl seviyya asas Landau saviyyssidir. 9sas Landau saviyyasinda yaranan mionlar
(tauonlar) Ggun n"=0, p, =0,z"=-1 olduguna gdra onlarin enerjisi 6z sukunat enerjisina
E=m_(E =m,) barabar olur va hamin muonlar (tauonlar) Kkinetik enerjiys va Umumiyyatls,

stkunat enerjisindan savay! alava enerjiya malik olmadiglarina goére yarandiglari gucli
maqnitlesmis muhitds qgalir. Gucli magnitlasmis muhit dedikds gicli magnitlasmis kosmik
obyektloar basa dusdlur. Birinci Landau saviyyesinds yaranan pozitronlar is8

E= \/mf + 2eH +(w—w’)2 enerjisina malik olduglarina gora muhiti tark eds bilir. Naticads

n_+n, — L +e" proseslari hesabina yaranan bu pozitronlar kosmosa sigrayir va yiiksak enerjili

pozitronlar kimi kosmik stalarin tarkibinds olan elektronlarla mugayisads Ustiin pay yaradir.
Demali, PAMELA va AMS-02 eksperimentlarinds musahida olunan pozitron artighginin [2-4]
mimkin manbalasrindan va yaranma mexanizmlarindan biri da gicli magnitlesmis kosmik
obyektlards magnit sahasi istigamstinds harskat edsn miion (tauon) neytrinolari ils magnit
sahasinin aksi istigamatinds harakst edan elektron antineytrinolarinin asas Landau saviyyasinds
olan mionlara (tauonlara) va birinci Landau saviyyssinds olan pozitronlara annihilyasiyasi
proseslaridir.
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POLYARLASMIS ELEKTRON V8 POZITRONLARA ANNIHILYASIYASI
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Bu isda magsad xarici, sabit, bircins magnit sahasinda neytrino ve antineytrinolar Oxy
mistavisinds qarsi-garsiya harskat etdikds yikli lepton va antileptonlarin  enina
polyarlasmalarini nazers almagla n_+n, —>e +e" (n, +n, —>e” +e") prosesinin effektiv
kasiyini hesablamaq, effektiv kasiyin saha parametrindan asilihgini analitik va grafik olaraq
arasdirmag, magnit sahasinin baxilan proseslars tasirinin shamiyyatli daraceds olmaga basladigi
saha intensivliyini muayysnlasdirmak va alinmis naticalarin mumkin astrofiziki tastbiglarini
goOstarmakdir.

Neytrino va antineytrino Oxy mistavisinda (J =p/2;J ’=p/2) garsi-garsiya (a'=a +p)
harakat etdikda baxilan proseslarin effektiv kasiklarini miayyan edan muxtalif indeksli 1., I,,
I, va I, Lyaher funksiyalarinin arqumenti olan

X =|w?sin?J +w'2sin?J "+ 2ww’sinJ sinJ "cos(a —a’)]/(2eH) 1)

deyiseni x = (w—w’)*/(2eH ) kimi tayin edilir. Kifayat gadar giiclii magnit sahalarinda neytrino
va antineytrinonun enerjilarinin bir-birina yaxin giymatlarinda [(w—w’)2 /(2eH )] <<1 olurva x

dayisani Ggiin x=0 gsabul edils bilar. Magnit sahasinin baxilan proseslara tasirini grafik olaraq
arasdirmaq magsadila konkret fiziki saraits baxag. E>>m, E<<T, E'>>m, E'<<T sarti
daxilinda neytrino va antineytrino sahays perpendikulyar istigamatda garsi-garsiya daxil oldugda
(J =p/2;J'=p/2;a'=a +p) pozitron birinci Landau saviyyssinda (n =1), elektron isa ikinci
Landau saviyyesinds (n"=2) yaranarsa, bu halda prosesin effektiv kasiyi asagidaki sads ifads ils
verilir:

1+x )72 (1+ 2x )
S =sX ( . 2
Lox) s (e 22 @
Burada
2
s’:GF\Emj, x:i, 3)
16p H,
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t= oo )-g a2 -2, en b Yieen), @

P P
. £ (5)
m m
b:—e y b’:—e (6)
VE® - p; VE” - py’
E= \/mez +2eHn + p2, E'= \/mj +2eHn’ + p!? (7)
gi:g\figi’ 9, =09v0a - (8)

X Va8 z'- uygun olarag, pozitronun va elektronun spinlarinin sahs istiqgamatinda va ya onun aksi
istigamatinds proyeksiyalari, g, =-0,5+ 2sin’q,, ¢, — Vaynberq bucagdi, sin’q, ~0,23. (8)
dusturundan alinan s /s’ nisbati x dayisanindan asili olan har hansi bir f funksiyasidir:

S—,(x): f(x). Lakin magnit sahssinin baxilan proseslera tesiri son haldaki elektron ve
s

pozitronlarin spin hallarindan da asilidir. Burada dord hal mimkaindur:
z=+Lz"=+1, 2)z=-12"=-1, 3)z=+L2z'=-1, 4)z=-Lz'=+1. (9)

Biz burada diggati calb edan 2-ci va 3-ci hallari tadgiq edib migayisaler aparacagiq.
z=-1z"=-1 olan halda s/s' nisbatinin X dayisenindan asilihg Sekil 1-ds,
z =+1,z'=-1olan halda s/s’ nishatinin X dayisanindan asilihg Sakil 2-da verilmis
grafiklerla tasvir olunmusdur. X dayisanine uygun galen absis oxu logarifmik migqyasda
verilmisdir. Qrafiklardsn gorindilyl kimi magnit sahasinin tasiri x =10* giymatinds, yani
H ~ 10" Qs tartibli sahalarda (masslan, maqnitarlarda) 6ziinii shamiyyatli daracads gostarmays

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

z=-1z'=-1va z=+12z'=-1olan hallarda n ,+n, —e” +e" (n, +n, —>e” +e")
prosesinin bas vermasinin effekiv kasiklsrinin nisbati tcun asagidaki ifads alinir:

s(x,z=-1z'=-1) [2g2-2g,9,0 +n")J1+b)
s(x,z =+Lz'=-1) [2gZ -29,9,0 +n")[1-b)’

(10)

Fiziki kemiyystlarin n=1, n'=2, H =107 H, [1, 2] vo p, =m, giymatlari t¢ln n =0,07,
n'=0,05 b=007, b’'=0,05 giymatlarinin alindi§ini nazare alsaq (10) ifadasindan istifada
etmakla asagidaki adadi giymatlendirms alinir:

~21. (11)



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

, S _ I y
Sekil 1. Z =—1, Z" = -1 olan halda —,(X) funksiyasinin X dayisanindan asihligi
S

Demali, saha effektlori 06z tasirini  shamiyyatli dercads gdstermays  basladig
H =10°H, ~10" Qs tartibli magnit sahalarinda [1, 2] pozitronlar birinci Landau saviyyssinda,

elektronlar ise ikinci Landau seviyyssinds doguldugda n_+n_ —e” +e* (n, +n, —>e +e")
prosesinin elektron va pozitronlarin spinlarinin sahanin aksi istiqgamatinds yonaldiyi halda bas
verma ehtimali pozitronlarin spinlarinin saha istigamatinds, elektronlarin spinlarinin isa sahanin
aksi istigamatinda yonaldiyi haldaki ehtimalindan taqgiban 21 dafe boyukdur. Tahlillar gostarir
ki, spinlari magnit sahasi istigamatinda yonalmis (z =+1,z" =+1) elektron va pozitronlarin
yaranmasi spinlari magnit sahasina nazaran aks istigamatlards yonalmis elektron va pozitronlarin
yaranmasi ila miqayiseda dominantliq taskil edir. E>>m, E<<T, E'>>m, E'<<T sorti
daxilinds neytrino va antineytrino sahaye perpendikulyar istigamatds garsi-garsiya daxil oldugda
magqnitarlarda geden n_+n_—e” +e* (n, +n, —>e~ +e") prosesi hesabina birinci Landau
saviyyasinda yaranan pozitronlarin ve ikinci Landau saviyyasinda yaranan elektronlarin
aksariyyatinin spinlari eyni zamanda ya magnit sahasi istigamatinda, ya da magnit sahasinin aksi
istiqgamatinds yonalmis olur.

1" 11 115" 1 il

S
Sekil 2. Z =+1, 2" = -1 olan halda —,(x) funksiyasinin X dayisanindan asilihg
S
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HIGGS BOSON SEARCH AT LARGE HADRON COLLIDER
AND PREDICTION OF EXISTENCE OF NEW BOSONS
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University Campus
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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
at amass 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<mM<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 - M+)-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,- =My —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, . (2)
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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

2 2
gpr_WﬂgB<ﬂ ) (5)
m, € 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<mM<2m, and decay into the on-shell W ~- and W * -bosons on the ground Landau
level ina MF

O<m<m,.., (6)
where
1—‘W
My = 2My, [1-2p —— (7)
mW
and
My <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 I, = 2.085GeV
[6] instead of I, where l'v?, 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 1'\2, and it may be greater or smaller than I'V% Depending on the
W * -boson decay width (mean lifetime) in a MF the maximal mass of the NB existing in the
mass range 0<M<2M,, and decaying into the on-shell W - and W * -bosons on the ground

Landau level in a MF is around about 147 GeV . The spin of thisNB 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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2772
My e = 2My, (1— 2p ;—W]{H (Zp ;—WJ ] . 9)
W W

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<2m,,, 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 =1 and J=2. At the same time it should be noted that the mass L] W 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<M<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 GeVv .
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SEARCH FOR THE ASSOCIATED PRODUCTION OF THE
HIGGS BOSON WITH A TOP QUARK PAIR IN MULTILEPTON
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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 ", 11, and ZZ", are examined for the presence of the Standard Model (SM)
Higgs boson: two same-charge light leptons (e or p) without a hadronically decaying 1 lepton;
three light leptons; two same-charge light leptons with a hadronically decaying t lepton; four
light leptons; and one light lepton and two hadronically decaying 1 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 0.90.

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" >4, andH — WW * — Iwlv and evidence has been reported for
H — 171, 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(ttH)wouId 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 t lepton; three
light leptons; two same-sign light leptons with one hadronically decaying t lepton; four light
leptons; and one light lepton with two hadronically decaying t candidates. These channels are
sensitive to the Higgs decays H —-WW ", 11, 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 T
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 Ap=-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
Cross sections is

u(ttH )= 2.1—1.4(@—1] —1.3(@—1]

2321b 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 y of the observed production rate to that predicted by the Standard

Model is 2.177;. This result is consistent with the Standard Model expectation. A 95%
confidence level limit of y<4.7 is set. The expected limit in the absence of ttH signal is
U < 2.4. The observed (expected) p-value of the no-signal hypothesis corresponds t01.80(0.90).

— tot. ATLAS

— stat Vs =8TeV, 203!
tat. (stat.)
20074 ¢ H—— 28 75 {4
| ey 28 {3 G
207t e 0.8 Fy {181
40l e 1 18 728 {55
16274 bo- ; | 96 155 (23]
Combined} e 2113 U1

A0 8 6 4 2 0 2z 4 8 8 10 1z 14
Best fit u(ttH) = o /o, for m, =125 GeV

Figure 1. Best-fit values of the signal strength parameter J = 0 /o

ttH,obs ttH,SM *
For the 41 Z-depleted category, Y < —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 TSSIR SABITI
S.8. Mammadov', N.C. Hiiseynova®?
(1)BDU, Fizika Problemlari ETI
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AdS/KXD-nin sart divar modelinds @, aksial vektor mezon ila nuklonlarin garsiligh tasiri
masalasina baxiimisdir. AdS fazasinin daxilinds A; ve Ay kalibrlasma sahslari vasitasile aksial vektor
saha ve kiral simmetriyani pozmaqg Ug¢lin psevdoskalyar sahs daxil edilmisdir. Bu sahslar tcin AdS
fazasinin daxilinds Lagranjian yazilmis, harakat tanliklari alinmis va bu tanliklarin halli olan profil
funksiyalari tapiimisdir. AdS/KSN uygunluguna asaslanaraq daxili fazada yazilmis qarsilgh tasir
Lagranjianindan istifads edsrak @, mezon-nuklon garsihigh tasir sabiti g,_x UGln sart divar modelinds

alava Olcu Uzra integral ifadalar alinmisdir.
Acar sozlar: Anti de Sitter fazasi, aksial vektor, mezon, nuklon, profil funksiya

I. GIRIS

Konformal saha nazariyyssi uygunluguna gora 5 6lctlu Anti-de-Sitter fazasinin daxilinds
tayin olunmus ixtiyari sahays, bu fazanin ultrabantvsayi serhaddinds operator garsi goyulur.
Sarhadds tayin olunmus Kvant Xromodinamikasindaki konfaynment xassasi daxildaki AdS
fazasi ila 2 Gsulla verilir ki, bunlar da AdS/KXD nazariyyasinin sart va yumsaq divar modellari
adlanir [1,2] :

1)Sart divar modelinds fazanin Gzarina kaskin (infragirmizi) sarhad sarti qoyulmagla,
nazariyys mahdud oblastda qurulur. Sart divar modeli mezonlar G¢iin xatti asili olaraq artan kitls
spektri verir.

2)Yumsag divar modelinda 5 6l¢lu integralin giymatini sonlu etmak Ugtin tasirin ifadssina
eksponensial vuruq seklinds Dilaton sahasi daxil edilir. Yumsaq divar modeli mezonlarin
kitlasinin kvadrati Giclin xatti asth olaraq artan spektr verir.

Taqgdim olunan isda aksial-vektor mezon ila nuklonlarin garsthgli tasir masalasi AdS/KXD-
nin sart divar modelinds tadqiq edilmisdir. Qeyd edsk ki, bu garsiligh tssir buguns gadar sart
divar modelinda arasdirilmamisdir. Biz avvalki islerimizds yumsaq divar modelinds vakuumda
a,-mezonun nuklonlarla [3] garsthgh tasirini arasdirmis va uygun garstligh tasir sabitinin adadi
giymatini hesablamisiq.

Magalads sart divar modeli cargivasinds a,-mezon va nuklonlar d¢un AdS fazasinin
daxilinds Lagranjian yazilmis, harakat tanliklari alinmis va bu tanliklarin halli olan profil
funksiyalari taptimisdir.

Anti-de-Sitter Konformal Saha Nazariyyssi uygunluguna ssaslanaraq daxili fazada yazilmis
garstigh tasir Lagranjianlarindan istifads edarak AdS fazasinin daxilinda a;-mezon-nuklon

garsthgl tasir sabiti tcun slave 6l¢l Uzra integral ifads alinmisdir Sonra ise aldigimiz ifadesni
yumsaq divar modelinds alinan giymatla migayisa etmisik.
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Il. SORT DIVAR MODELI

Sart divar modelinda fazanin (zerina kaskin (infragirmizi) sarhad sarti goyulmagla,
nazariyys mahdud oblastda qurulur va tasir (1) dusturu ils tayin olunur:

I= f:“f d®x NE L @

burada integrallama 0-dan z,-a gadar aparilir, g = |detg,,,| (M,N=1,2,3,4,5) vo AdS fazasinin
metrikasi asagidaki sakilds tayin olunur.

1 -~ Jy
ds® =— (_ z° + nm,dx“dx‘) mwv=01,23

]

Gy dxMdx = 242 (dzz +1l dx“dxv), (2)

Burada Hw is9 Minkovski metrikasidir.
Mo = diag(1,—1,—1,—-1) (3)

I1l. ANTI-DE-SITTER FOZASININ SORT DIVAR MODELIND®
AKSIAL VEKTOR MEZON
AdS fazasinin daxilinds 2 aded A} ve AY¥ kalibrlosma sahaleri vardir ki, bunlar da
5U(2), x5U(2); kiral simmetriya grupuna tabe olaraq sol va sag kiral sahalar kimi gevrilir. i¢
fozada kalibrlasma sahslarindan basga bir skalyar X sahasi de var ki, bu sahanin A} veo AY
kalibrlasma sahalari ila garsiligh tasiri naticesinda kiral simmetriya pozulur. Skalyar X sahasi
SU(2), x5U(2)g grupunun bifundamental tasviri kimi cevrilir. Vektori sahslar t¢iin Anti De

Sitter Konformal Saha Nazariyyssi prinsipina gora vektori sahanin Kaluza-Kleyn modalarinin
ultrabandvsayi sarhaddeki giymati vektor mezonlarin hallarina uygun galir. Zarraciklar
fizikasinda an yingul zarracik p mezon oldugundan, Kaluza-Kleyn modasinin birinci

hayacanlasma saviyyasine pmezon uygun galir [3]. Lakin aksial vektor Uglin sarhad
sartlarindan istifada olunur va belalikla @, mezon t¢iin ham kutls spektrinin ifadasi va ham da
hayacanlasma saviyyalari p mezonun kitls disturu va saviyyalari ils Ust-Usta disur.

Buitlin bu sahalar tiguin yekun tasir bels olur:

1=[fdx g {-IDXI* +3IX° - = (R + )} (4)

Burada 5-6lcull garsthgl tasir sabiti rang yuktndan asilidir:

I ,
s — = 2T
s N

c

Bu iki kalibrlasma sahalarini toplayaraq yekun vektori saha ve aksial-vektori saha alariq:
V=Z(AtAy A=3(4,-Ag

Sadslik u¢tin biz A. = 0 kalibrovkasinda islayacayik. Tasirin (4) ifadasindan tayin olunan
vektori saha t¢un harakat tanliyi asagidaki sekildadir:
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- = 9. (%o, +‘g'”]A,,(z)=o )

A (z=10)=3,A,(z)=0 (6)

sarhad sartindan istifads edarak a, aksial vektor mezon (¢lin asagidaki dalga funksiyasi alin-
misdir:
z [, (mg, 2)

\Jlljaz“ dz z[’:{mn:z}]z

Ay(z) = (7

Burada J,(m, z) 1-citartib Bessel funksiyasidir.

IV. ANTI-DE-SITTER FOZASININ SSRT DIVAR MODELINDS NUKLONLAR

Isda asas maqgsadimiz sarhaddaki aksial vektor spinorlarini tasvir etmak Gciin 5 6lcilii
daxili fazada 1cit spinor daxil etmakdir. Sarhaddeki @, va Op nuklonlar SU(2), X SU(2)z

grupunun tasiri altinda muxtslif cur cevrildiyindan 5 6l¢ili fezada ©; vs O -8 uygun olaraq 2
adad 5 olculi vektor spinorlar daxil edilir. Bu nuklonlar G¢in tasir asagidaki sakildadir:

S =[d*xdz,[g(3P,ed 4D ¥, — 2 (D\W,) T°eiT4%, —m T, ¥,) (8)

burada e} = z&“"'ayrixetli fazadan duzxatli fazaya kegid veylbeyni adlanir ve g"¥ = effeina8.
Dy = 0y —3 i [P, r%] —i(A7),t® ise kovariant téramadir. Spin slaganin sifirdan fargli
komponentlari agagldakllardlr:

! A5 _ 104 —
W, = —wy —;6‘# (u=101,23)

{r4,r°}y =2n"% r4 = (y*,—iy®) isa 5-6lciili gamma matrislardir.
Tasirin (8) ifadasindan harakat tanliyi asagldakl sakilds tapilir:

[ies 740y — ‘:?E [r4,r®leir% —m]¥; =0 (9
(12) ifadasindan profil funksiyalar t¢lin asagidaki tenliklar sistemi alinir
[6’3 - iag -k 6_m5-_m;]f = —p*fini

S o = —PPfuus (10)

a2 -2a, +

Sarhad sartlarindan istifads edsrak nuklonlarin profil funksiyalari G¢tin asagidaki ifadslar
alinmisdir:

fir = Clzé Jo(Iplz), fig = ila (Iplz)
for = —€272 J3(Ipl2), far = C12 Ly(Ipl) (11)

Burada €, va C, normallasma amsallaridir va normallasma sartindan onlar tgiin asagidaki
ifadalar alinir:
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VZ

|C1,:| IR rp— (12)

zy Jz(muzpy)

(11) ifadslarindan goriundiyd kimi nuklonlar Ggun profil funksiyalar bir-birils asagidaki
sakil-da alagalidirlar:

fir = fary fin = —fau

V. AKSIAL-VEKTOR MEZONUN NUKLONLARLA QARSILIQLI TSSIR SABITI
i¢ fazada nuklonlarin aksial vektori saha ile garsiligl tesiri | tasirls ifada olunur:
I=[d% [g L (13)
Burada garsiligl tesir Lagranjiani £, 2 haddan ibarstdir:
Lo =Ly +L, (14)

Burada £, minimal garsiligh tasir Lagranjiani club
- P —
aksial vektori sahanin nuklon carayani ila garsiligh tasiri haddindan ibaratdir.
Ly =k, {Py[T5,1*]0:A, % + B [T5, %64, %) (16)

L, vo L, Lagranjianlarindan g, ., darsiligh tasir sabiti Gctin asagidaki integral ifadslori
aliriq:

g = M EA QAP @ @O AR ®) an

2z
Analoji olaraq

9;1_)1\::1 — J‘:M k.dz 331‘11 (2_) (filfja (Z)fj_lm) (Z) - fil‘:g?‘&_:'% (z)filil?m) (Z)) (18)

ZS

Belalikla, AdS/KXD-nin sart divar modelinds aksial vektor mezon nuklon garsthigli tasir
sabiti (17) va (18) tasirlarinin cami saklinds ifada olunur:

_ _(0)nm (Lnm
Ganw — 8 a, NN * a, NN (19)
Cadval.
Aksial vektor mezon nuklon garsiligl tasir sabitinin adadi giymati
w (0) &8 W, w. sxp.
n N mn i :2-_.":;?1 aﬁ.":"f\:'n g 2:"” Qi:\-‘,\i Ga.nn
0 0.94 1.089 -0.12 1.55 1.43 0.7704 | 4.7%0.6
1 1.44 1.323 -0.105 1.28 1.175 0.4363
2 1.535 1.556 -0.08 1.026 0.946 0.295
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The condensate dependence of axial vector meson-spinor interaction was considered in the hard-
wall framework of AdS/QCD. Bulk-to boundary propagators for the bulk axial vector field was presented,
which boundary values are corresponded to the @; meson respectively. The action was obtained from the

bulk interaction Lagrangian, where was included condensate dependence of profile function of 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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Il. 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]:

I= f:“f dsx NE L @

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

] 1 I 1
ds< = = (— z< + nm,dx“dx‘) wv=01273

GundxMdxV = 243 (dz? + M dx¥dx”) (2)

where .., is @ Minkovskii metric
M. = 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(N;), X SU(N;)g. Action for
these fields has a form:

1=[d% [g {-IDXI* +3Ix]? — o (P + )} (4)

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

12n?
3 = =2r
gs N

c

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

1 1
LJ:E(AL+ARJ J‘:l =E(AL_ARJ

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:

Afyy (x,2) = 0y Y (x,z

where ¥(x, z)is a pion field. We shall work in A. = 0 gauge.

363



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

Equation of motion for axial vector field will be obtained from the action (4) and has a
form:

a*af +§aza2+ [.:Ec,:—gz(mq+crz‘?)z —:—_] al=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;,

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:
Ze ™ 033 GeV, z;; N 3(GeV) ™, z5; ~ B1(GeV)™*
o % (0.3)3(GeV)?, g* = 4n*/N_~ 13.2
Then
g2o2(z; ) X 0.06(GeV)?, 1/(z;z)* = 0.1(GeV)? (6)

Thus, the 1/z7 term contributes twice more than the g ?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,:

af, = czfy(mzz) (7)

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

e = g(my+o(zg)?)
my :\JJ(W@‘ —g‘(mq"'c(zm)‘) N @y — ) 26 -

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

1 (Fgz)
Ay (r) = ===t ®
\:‘fn dzz[],_{ﬁoz_fl]

where ], (m3z) is a first kind Bessel function, ¢ is a vacuum mass of axial vector meson.
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PACIPEAENEHVE T'ANAKTUK 1 KBA3APOB MO 3HAYEHUNAM
KPACHOIO CMELEHWA
x.C. Anves, IN.H. LLycTapes
LLIamaxuHckas AcTpodmsnyeckas O6cepsaTopus, HAHA, AZ5618, LLIamaxbl
jascience@yahoo.com

Bnepsble BapbuiXk u  bapbug>k [1], u3yyas KpacHble CMeLLeHUs M3BECTHbIX HA TO Bpems
HECKONbKUX [eCATKOB KBa3apos, 06paTwiM BHUMaHWE Ha TO, YTO Gonee JeCATW W3 HUX UMEOT
MPUMEPHO OAMHAKOBble 3HauyeHus (z=1.95 ). B pasibHeilem, WUCCNeLOBaHWIO 3TOW Npobnembl Gbiu
MOCBALLEHbI MHOXKECTBO paboT, v Obin HalifeHbl JONONHUTENbHbIE NMUKU B PacnpedeneHni 3HaueHui
KPacHOro CMeLLeHns. Y>ke B Havane 70-X rofioB MpoOLLIOro Beka CTalo ACHO, YTO MOLOGHbIX MUKOB B
pacnpefeneHny 4OCTaTOYHO MHOTO U acTPOU3NKN HaYas I MOUCKN 06 BACHEHUIA JaHHOMY (DEHOMEHY.

B HacToALee Bpems HakonneHo 60MbWOro 06bema faHHbIX Mo (POTOMETPUYECKUM KPACHLIM
CMELLEHUAM, KaK 414 ranakTvK, Tak 1 Ana ksasapos. [nsa 06paboTK1 3TUX AaHHbLIX, HAMW 6b1710 CO3aHo
nporpamma-nakeTa GalRedShifAn n oHa npumeHeHa K aHanu3y faHHbIX kaTanora SWIRE. Ha ocHose
aHa/n3a NoATBEPXKAEH NCTOPUYECKUIA BbIBOZ O AUCKPETHOCT U pacnpeseneHns ralakThK 1 KBa3apos no
KpacHbIM CMELLEeHNAM, U NPOBEAEH CNeK T PaUibHbIA aHann3 Takoro pacnpeseneHus.

1. BsefeHue

Bonpoc 0 paBHOMEPHOCTW pacnpefefieHns BHeranakTmyeckux O6bEKTOB BO BceneHHoN
ABNSETCA, NOXKaNYR, OLHUM U3 KNKOYEBbIX B NPOLLECCE MOCTPOEHMSA CLEHapUs ee BOSHUKHOBEHMA
W 3BOMIOLMMN. AHaNN3 HabNo4aTe bHbIX JaHHbIX 40/r0e BPeMA He [aBasl OAHO3HAYHOro OTBeTa
Ha 3TOT BOMPOC, BCNEACTBME WX Ma/lOYUCNEHHOCTM, O[HAKO HEeKOTOpble CTPaHHOCTH,
BbISiIB/ISEMbIE B pe3ynbTaTe X 06paboTKu, CTa/lv U3BECTHbI YXKe BO BTOPOI NoN0BMHe 60-X rofoB
MPOLLIIOrO BeKa.

Bnepsble B paboTe bapbumk n bapouak [1], aBTopbl 06paTUIN BHUMaHWE Ha TO, YTO U3
M3BECTHbIX HA TO BPeMs HECKONIbKUX [EeCATKOB KBa3apoB, 60/iee [LecATU MMEeKT MNpPUMepHO
O/VHaKOBble 3HAYeHMs KpacHOro cmelleHus (z=1.95). B cnegytoweli pab6ote bap6umx [2] Ha
OCHOBE aHa/in3a KpacHbIX CMeLLeHUA ana 73-X KBa3apoB, MOAYy4Yns pacrnpefefieHve 3HauyeHu
KpacHbIX CMeLLeHVWn B BuAe psga MUKOB, NPUYeM And [BYX MWUKOB Oblna nokasaHa WX
cTatucTmyeckas 3HauymmocTb (z=0.061 m z=1.95 ). Kpome Toro, B paboTe Oblna cpenaHa
MOMbITKA MO ONpeAeneHNo BEIMYUH z ANa ApYrux NMKoB — zobs=0.061n , rae n-nopsiAKoBbIi
HoMep rpynmnbl. Ho faHHas amnupuyeckas popmyna 6bii1a N0 MHOTUM NPUYMHAM HETOYHA.

B panbHenwem, LONOMHUTENbHbIE MUKW B pacrnpefeneHn 3Ha4eHU KpacHOro CMELLEHNS
OblN HaifeHbl B psade paboT pasMYHbIX aBTOpPOB, a B paboTe KapncoH [3] aBTopoMm Obinia
BblBeZleHa 60fiee TOYHasd 3aMNMpuueckas opmyna A1 OnpeaeneHUs MOSIOXKEHWUIA MUKOB Ha
KpU1BOW pacnpefefieHns 1 COOTHOLLEHUI BbICOT COCeHMX MUKOB.

B 2000-x rogax bapbumk ¢ coaBTOpamy BO3BpaLlaeTcs K fJaHHON Teme. B pab6oTte [4]
aBTOPbl aHa/IM3NPYIOT HOBble HabnoAaTenbHble AaHHbIe, MONYYEHHbIe ANS KBa3apoB. ABTOPbI
CYMTalOT, 4YTO 3aKOHOMEPHOCTb, MoflydeHHas Kap/iicOHOM, ecTb pe3y/ibTaT Tpex 3((eKToB:
KOCMO/OMMYecKoro, T.e. afiekTa pacumpeHns BceneHHOM, NekynapHbIX CKOPOCTel KBa3apos U
(hM3MKON TOro wnM uHoro obbekta. B pabote [5] Hamep wn Bbapbumpk aHanvsupytoT
3aKOHOMEPHOCTb, MOMYYeHHYO Kap/icoHOM, Ha OCHOBe Hab/nofaTe/lbHbIX [AaHHbIX A1
OJHOPOAHOI rpynnbl KBa3apos 13 063opa 2dFQSO. Kak nokasan aHanmns, UMetoTcs 4OCTaTO4HO
60/bLLME PACXOXKAEHMS.
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B 70-x rogax npowsnoro Beka TudT [6-8] nokasan, YTo y 4acTu CrMpasibHbIX FafakTnK
MMelTCS [Ba MNPOTMBOMOMIOXKHO HampaBfieHHbIX MOTOKa MaTepuun, MpuyYeM pasHuua KX
CKOPOCTEN y BCeX ranakTuK COCTaBNAeT NpuMepHo 72.5 km/c. B Tex »e paboTax 6bIs10 NoKa3aHo,
YTO rpaBUTALMOHHO-CBA3AHHbIE FaNaKTUKK (Mapbl, FPYNnbl U T.4.) ABWXKYTCA MO CBOMM opbutam
C TOW Xe CKopoCTblo — 72.5 km/c. Bnocneacteun, Kak TUQPTOM, Tak U ApyrMmm aBTopaMu 61710
MoKa3aHOo, YTO A/ raflakTUK TaK >Xe BO3MOXHbl M ApYrve 3HayeHusi pasHOCTM CKOpPOCTel
(Hanpvmep, B paboTe [9] aBTOpPbI YBEPEHHO BbIAENAOT ANS HEKOTOPbIX FalakTUK U CKOPOCTb
37.5 km/c ), HO Bcerga KpaTHble 3HauyeHW0 72.5 km/c u 6blna BbiBefeHa opmyna gns
BbIYMC/IEHMS 3TUX 3HAYEeHWI, BMOCNEACTBMW Ha3BaHHas MMEHeM BbIAtOLLErocs KaHagCcKoro
actpousvka cepuein benna. B aToin cepum (a BepHee B (hopMyrie, OMUCHIBAIOLLEN e€) Y HacC yKe
[Ba LefbIX MOMOXUTENbHbIX YMCNa, YTO Aano MOBOJ HEKOTOPbIM acTpom3vKam roBOpUTbL O
HEKOEM “KBaHTOBaHWIA” 3HayeHUid z. OAHaKo MoAenel, YAOBMETBOPUTENIbLHO OOBACHSIOLLMX
noslyYyeHHble HabntoJaTelbHble PaKTbl, Tak U He 6bIN10 CO34aHO.

Bonbloin BKMag B UCCNefoBaHWe pacnpefefieHns BHeranakTuyeckux OO6BLEKTOB MO
3HaYeHMAM KpacHoro cmelleHmns BHec benn [10].

B 2000-x rogax nOSABNAOTCA HOBble, 3HAYWUTE/NlbHO 60/ee LIMPOKME MO 06beMY
(POTOMETPMYECKOro HabnofaTeNlbHOro marepuana, 063opbl Heba (Hanpumep, SDSS, SWIRE n
ap.). bbiv  npeanoxeHbl  pasnMuHble  METOAbl  ONpefeneHns, TakK  Ha3bIBaeMoro,
(POTOMETPMYECKOr0 KPacHOro CMeLLeHMs, YTO NO3BO/IWMO, B CBOKD OYepelb, NMPOBOAUTL aHaIn3
pacrpefeneHns 3HavyeHWn KpacHOro CMelleHWst Ha ropasgo  6onbleM  HabnogaTeslbHOM
marepuase. HO Hafo CkKasaTb, 4YTO MNPOCTO YBe/IMYEHMe KOMMYecTBa HabnoaaTelbHoOro
martepuana ele He rapaHTuA ero KayecTBa, a TAKXKE KayeCcTBa METOAMK, MUCMO/b3yeMbIX A/1S
BbIYMC/IEHMSA TEX UM UHBIX NapameTpoB.

B pabote [11], rge Ha OCHOBe LUMPOKOro o0630pa Heba (bonee MWUNIMOHA
BHeranakTnyecknx o6vektoB) n3 SWIRE Photometric Redshift Catalogue [12], 66110 nokasaHo ¢
00/bLION [AOCTOBEPHOCTHIO, UTO BHEraslakTUyeckme OO6BEKTbI pacrnpefefieHbl M0 3HAYeHUsIM
KpacHOro CMeLLeHUs HepaBHOMepHO. Bbiin onpefeneHbl MOIOXKEHUS MWUKOB HAa  KPUBbIX
pacrnpegeneHnii 4ns BHeranakTUyecKux 06beKTOB pas/IMYHbIX MOPKOIOrMYECKUX TUMOB.

B HacToswein paboTe, 418 [anbHEMWero aHaimsa KpYBbIX  pacrpefefieHwin, Mol
nonb3yemcs HabngaTeNbHbIMU AaHHBLIMU K3 BbilLeynoMsiHyToro o63opa SWIRE.

2. [MocTaHOBKa 3ajayn U MeToAbl UcCnefoBaHNA

B 3Toli 3ameTke Mbl HaMepeHbl MPOBecTM 06paboTKy AaHHbIX M3 SWIRE, ¢ uenbto
MPMBECTU ACHOCTb K MpobneMe O [AMCKPETHOCTW pacnpefesneHns rafakTvk U Ksas3apoB BO
BCE/IEHHOW, C OfHON CTOPOHbI, W MPOBECTM CMEKTPa/ibHbIA aHain3 AaHHbIX MO KPacHbIM
CMeLleHuaM, C Apyroi. YTtobbl BbINOMHWUTL 00paboTKy fAaHHbIX SWIRE, 6bi10 c034aHO
nporpamma-naketa GalRedShifAn (Galaxy Redshift Analyzer), kotopas BbINOMAHAET
MOCTPOEHUA [ABYMEPHbIX W TPexXMepHbIX rpaduKoB pacrnpefeneHns AaHHbIX Mo o (npsmoe
BOCXOX[EHWE), & (HakNOHeHWe) U z (KpacHOe CMeLLeHWe); MPOBOAUT CMEKTPa/IbHbIA aHan3;
OTOX[ECTBNAET TEOPETUYECKNE KPUBBIE C AaHHLIMU U T.[,..

N3 SWIRE pgna aHaimsa BblGpaHbl  AaHHble MO YeTbIpEM  MPOCTPAHCTBEHHbLIM
Hanpas/ieHNAM:

1) a €(239.495,245.689), d (52.877,57.12);

2) a e (247.10,251.16), d € (39.64, 42.56);
3) a e (157.665,165.097), d € (57.04, 59.75) ;
4) a e (33.44,37.30), d e (-6.52, —3.70).
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Bbinn pacCMOTPEHbI BCE 3/IUNTUYECKME W CNUPa/ibHbIE Ta/laKTUKKW, KBa3apbl a
OTAENBHOCTU U BMECTE.

3. PesynbTatbl

[ns n3yyeHus pacnpefeneHns ranakTMK M KBa3apoB MO KPacHOMY CMELLEHWIO Obln
MOCTPOEHbI ABYMEPHbIE U TPEXMEPHbIE 3aBUCUMMOCTM Z OT O M O, U MOCTPOEHbI 3aBUCUMOCTU
ymcna ranakTMK W KBas3apoB OT z, MPOBefEeH CMeKTPa/lbHbI aHanv3 pacrnpefeneHns yucna
00OBEKTOB OT Z.

3.1. ByMepHble pacnpegeneHns

Kak BuAgHO 13 Puc. 1, gna cnupanbHbIX ranakTUK WU KBas3apoB pacnpejesieHne KpacHoro
CMELLIEHNS OT NPAMOro BOCXOXAEHUA UMEET C/IOUCTYIO CTPYKTYPY.

Spiral Colavies: Redshifts vs DE

4.1 4201 4 422 4723 424

a) b)
Puc. 1: 3aBUCKMOCTb KPacHOr0 CMELLEHUS OT MPSIMOTr0 BOCXOX/AEHNS
ANs cnupanbHbIX ranakTuk (a) u keasapos (b)

3.2. TpexmepHble pacnpeaeneHns
Puc. 2 ewe pa3 nokasbiBaeT, YTO MNPOCTPAHCTBEHHOE pacnpejeneHne crnupaibHbIX
rafakTuK 1 KBas3apoB Mo KPacHOMY CMELLEHWNIO UMEET C/IOUCTYIO CTPYKTYpPY:

At | AR T 145, U, B WO, ST Syeetiod Distrioustion uf s G50 alpbe S{IRT, 25T, debw {20, T

a)

Puvc 2: TpocTpaHCTBEHHOE pacnpeseneHve ranakTuk (a) 1 keasapos (b) No KpacHOMY CMeLLEHUIO

3.3. PacnpepgeneHue ymcna ralakTUK M KBas3apoBs Mo KpacHOMY CMeLLEeHUIO

M3 Puc. 3 BMAHO, YTO YMCNO raflakTuK n KBa3apoOB MMEET ABHbIE MUKW B OTAENbHbLIX
3Ha4eHUNAX KPpaCHOIro CMeLLEHNA.
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Apival Galevies Veanber 15 Redshift, alaba (200405, 22400 delta & SINTT STI00

i 0 Naember vx Kenfokifly olpfie (22ANE, 245,08V, delia ¢ (S2477, 57,123
1x00
T

Bt~

N =
&0

400 i

T s

a) b)
Puc 3: 3aBMCMMOCTb Umcna ranakTuk (2) 1 kBasapos (b) 0T KpacHOro CMeLLeHNs

3.4. CneKTpasbHblii aHa/IN3 AaHHbIX FaNaKTUK 1 KBa3apoB

CrekTpa/ibHbliAi ~ aHaMM3  [aHHbIX  MNpecnefyeT LUefb  BbISBUTb  MEPUOANYHOCTb
(AMCKPETHOCTb) pacnpefeneHns umMcna O6bLEKTOB MO KpacHOMY CMelleHuio. B npumepe
AN/IMNTUYECKUX TaNakTUK 6blny HalifeHbl BO3MOXHbIE LUAry uvepefoBaHus. ComnocTaBneHve
[aHHbIX 1 MofenbHOl KpuBoi (PuUC. 4) yKasblBaeT Ha MpaBWMbHOE HaXOX/AeHue Neprofos,
TOYHEe 3HAYEHWI LLAroB KPacHOro CMELLEeHWs, Mpu KOTOPbIX pacnpefeneHne AaHHbIX MMeeT
MUKW,

TiM) 4
00
5040
400
3iM)
200

LU

1 L 1 1 1 1 1 1 1
0.2 0.4 0.6 0.3 L0 1.2 14 1.6

|—_.7'[mml.m — Mogeanuan K|HIR8W|

Puc. 4: ConocTasfieHne JaHHbIX 3MIMMTUYECKUX FaNakTUK 1 MO,CI'e}'IbHOVI KpVIBOVI

Takum 06pa3oM, ABYMepPHble U TpexMepHble pacnpefenieHns U CrnekTpanbHblii aHanm3
MOATBEPXKAAET ANCKPETHOE pacnpeenieHne ranakTyK 1 KBa3apoB Mo NPOCTPaHCTBY.
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AHAJIN3 TPAHNYHBLIX 3HAUEHWIA CYMMbl BECKOHEYHO
MAJ1bIX BOSMYLLEHUA B MATEMATUYECKNX MOAEAX
NMAPAMETPOB ®UI"'YPbIl 3EMJ1A
I".T. Apasos, T.I'. AnneBa*

BakuHcKkuii FocyaapCTBeHHbI YHUBEPCUTET
HWW MpuknagHoin MaTemaTunkn, HAW ®dusnyecknx Mpobnem*
arazov_h@ yahoo.com

OugeHKK HabnogeHnini oTpa>kaeT B cebe CyMMbl BCEX [e/CTBWIA BCeX 06BHEKTOB 1 MPOLECCOB BO
Bceil BceneHHoi. OHa CywleCTBYeT KaK efyHas aBTOMaTMW3MpOBaHHas AMHamuyeckas cuctema. K
Ka>K/]JOMy MOMEHTY 3TOI CUCTEMbl COOTBETCTBYET eAnHasi CUCTEeMA CTAaTUCTUYECKUX AaHHbIX. DTU
cTaTWyecKne [aHHble MOXKHO pas3fenaT Ha fAByx knacc: 1) Cymma [AeicTBWiA KOTOpble 60nbLle
norpeliHocTeid  HabnoaeHnin. OHM  MOryT OblTb YY4TeHbl MpU  MOMOWWM  MaTemMaTUYECKUX
MOJeNMpoBaHuiAi. Bce B npupoge HabMOAAEMble OCHOBHble 3aKOHOMEPHOCTW (DOPMMPOBaHbI Mo
NeliCTBMEM CYMMbl 3TUX AeiAcTBuMiA; TakoBbl 3akoHbl Kennepa, 3akoHbl TAroTenus HblOTOHA,
3aKOHOMEPHOCTW 3BOMOUMK Bocxoda 1 3axoga ConHua, JlyHbl 1 Tak ganee [1]; 2) Cymma fAeiicTBuit
KOTOpbIX paBHbl WM MeHblUe MOrPELIHOCTEA HabnoaeHWid. OTKU CyMMbl Ha3blBAOTCA CYMMOIA
GECKOHEYHO ManbIX BO3MYLLEHWA. OHM BO BCEX HAOMHOJAEMbIX AMHAMUYECKMX NpoLeccax MPUHUMAaT
CKpbITOE yyacTve. B npupoge HabnogaeMble BCe aHOMasbHbIE SBNEHNS (hOPMUPYIOTCS Noj AeicTBUEM
3TUX HEYNOBUMbIX AEACTBUA. TakoBbl MHOXKECTBA aTMOCHEPHbIX SBAEHWA, LyHaMK, 3eMneTpPsSCeHNns,
N3BEPXKEHNA BYNKAHOB; 3BO/OLMM SIBNEHNIA OTNMBOB, NPUMMBOB 1 ABVXKEHWSI 3eMHbIX MAMT 1 Tak Aanee
[1; 2; 6].

B paHHON paboTe nokasaHo, YTO NpW onpeaeneHMM napameTpoB 3eManm Heo6XOAMMO OKasaTb
0c060e BHMMaHMe K CyMMe GECKOHEYHO ManblX AEACTBUIA, YMCNEHHbIE 3HAYEHWS, KOTOPbIX PaBHbl WK
MEHbLLE OLEHOK MOrpeLlHOCTeNn HabnogeHuin. OHa Npu NOSBNEHUM PE30HAHCOB MedXKAy CnaraembiMu
MO>KET MPUYMHON Pa3nnyHbIX aHOMasbHbIX SBNEHWIA.

KntoueBble cnoBa: cyMMa GECKOHEYHO MarbIX BO3MYLLEHWA; CMEKTPasbHbIA aHain3; rpaHnyHble
3HaueHve; napameTpbl 3eMan.

MoBepXHOCTb PUrypbl 3eMIN, ee BHYTPEHHSA CTPYKTYpPa, ABVKEHUS 1 CKOPOCTb BpaLleHus
HaxoaATcs Nof BO3AeNCTBNEM CYMMbl 6ECKOHEYHO MHOXECTBO CUA 1 NpoLeccoB. Habnogaemble
COCTOSHWS 3eM/IN AIBNSIETCA Pe3yNbTaTOM 3BOJOLMM 3aKOHOMEPHOCTEN BCEX ee NapaMeTpoB
0AHOBpeMeHHO. CpoK Bapuauumn [aHHbIX BEIMYMH paBeH UHTepBasly BPEMEHM CYLLECTBOBAHMIO
3emmm, T.e. (4,6+0,2)10° neT.

Habntogaemble (a Takke M HeHabnwogaemble) SBNEHUS M MPOLECChl B3aUMOCBA3aHbl CO
BCEMM OOBEKTaMM U MpoueccaMn BO BceneHHOW. 3Tu CBS3M pasgenstorcs (MM MOXHO
pasgendt) Ha fge yactu: 1) Cymma [eicTBUA KOTOPbIX 60/bLUe MOrpeLlHOCTeNn HabMroAeHNIA.
OHM MOryT O6biTb OMNpefenieHbl NPy MOMOLUM MaTeMaTUYecKux MoAenvMpoBaHuii. 2) Cymma
[ENCTBMIA KOTOPbIX MeHbLUe TOYHOCTWM HabnogeHuid. OB6bIMHO OHa HeynoBMMa W CKpbITa,
NPVHUMAET y4yacTue BO BCeX SIBMEHWAX W npoueccax. OHa HasbiBaeTCA CYMMON GECKOHEYHO
Ma/ibIX BO3MYLLEHUIA. pn pe3oHaHce MeXAy crnaraeMbIMU CYMMbl 6ECKOHEYHO MaslblX BO3-
MYLLEHWIA OHa MOXXeT CTaT MPUYMHON MHOXECTBO HabM0aeMbIX aHOMasIbHbIX SBMEHWUIA Kak
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XaocCbl U KaTacTpod.
B6/M3M 3eMHOr0 3KBaTOpa BO3MOXHbIE CKPbITVE W HEYNOBUMblE CYMMbl GECKOHEYHO
MasibIX BO3MYLLEHWIA MOTYT HaXO4UTLCA BHYTPU 061acTel ¢ pasmepamm

0,46M<r<27,6kM (0°,001<At<1™).

B ckoOke ykasaHbl OLEHKN BpeMeHW, COOTBETCTBYIOLLME YKa3aHHbIM npegenam obnacTel
CKPbITbIX CYyMM GECKOHEYHO MaslbiX BO3MYLLEHWIA .TakoBbl AEWACTBMA CUM/T CYMM OGECKOHEYHO
Ma/lbIX  BO3MYLLEHWA  HENMHEMHOM BHeLHen opMbl  QUrypsl U HEOAHOPOAHOCTEMN
pacnpefeneHns 3BONOLMI Macc BO BHYTPEHHe CTPYKType 3emn.

Mcnonb3ys umcneHHble 3HaYeHMst COOTBETCTBYHOLLME COBPEMEHHOW 3MOXe MapaMeTpoB
3emMny pasnnyHbLIMKM MeToaMU [ CKOPOCTW M3MEHEHUS ee CpefHero paguyca, pasHbiMu
aBTopamu [2; 3], nony4eHsbi:

(;_T =—(0,273+0,031) mm/ rog, 1)

OTKyfa cneflyet, UTo Ha [0/0 CYyMMbl GECKOHEYHO MaslbIX AeCTBUIA COOTBETCTBYHOT rpa-
HUYHbIE 3HaUYEHMS OLIEHOK BO3MYLLIEHWIA CKOPOCTU U3MEHEHUS CpeHEro paanyca 3eMu.

—-0,031<e(A ?j—?) <+0,031 mm/rog, 2

[N NPOrHO3MPOBAHMS HEKOTOPbIX aHOMaslbHbIX SBMIEHWIA Takas TOYHOCTb SB/ISIETCA
YI0BNETBOPUTENbHOW. M COOTBETCTBYHOLLEE OLEHKM CXATWsi CEBEPHOTO (o ., ), HOXKHOIO

) ncpegHero (a

coB

(O e cpen,) MONYLLIAPNIA YPOBEHHOM MOBEPXHOCTY 3EM/INN PABHI:

8, (0—C) <4-10°°,
A, (0-C) <11-10°°, A3)
8pes (0-C) <6-107°,
roe 0—ykasbiBaeT Ha OLEHKWU MOMyYeHHble Ha OCHOBaHWM HabnoaeHuid, a C — COOTBETCTBYHOT
pesynbTaTaM BblYMC/IEHWIA MO (DOpMYy/iam peLleHniA MOAENbHOM 3afadn Tpex HemnofBYKHBLIX
LleHTpoB [4; 5].
3amMeTnM, YTO /IErKO MoKasaTb
—0,186 < g, (O—C) <0,230 ran.,
—0,180 < g oy (O—C) £0,220ran., 4)
-5<g (0)<5ran,
rAe O =0 (90°)—yckopeHre cunbl TSXKECTU Ha CEBEPHOM MOMOCe, Jone. = 9(90°) - ye-

KOPEHME CUMbI TAHXKECTU Ha HOXXHOM nosoce 3emnm, g = g(0%)—yCKOpPeHne Cuibl THKECTU Ha

3KBaTOpe 3eM/n, KOTOPbIE ONPEAENAOTCA U3 HEMOCPEACTBEHHBIX M3MEPEHNIA.
Ons cpaBHUTENbHOrO  aHanM3a  NPUBEAEM  3HAYeHUs  KOID(MLMEHTOB  Mpu

sinPe(p=0,1, 2,3, 4) B pasnoxXeHnax yHKUMIA r, g W Apyrux no creneHsm sin e [4]. OHu

JlaHbl B Tabnuue 1.
Tabnuua 1.
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3HaueHus koadduumeHToB nNpu sin® @ (p=0, 1, 2, 3, 4) B pa3noXxeHnaX QYHKLUA 1, g 1

[p. MO CTeneHAM sinj

(¢ — reorpaduyeckas fonroTa To4eK rMoBepXHOCTY Urypbl 3eMn.

BennuunHel E,qVIHVILI,aU 0 1 2 3 4
(YHKLMW 13MepeHnii
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
r,—r, 0 —24 +30 +41 —34
r,—r, 0 —24 +19 +41 —20
r-r, 0 —24 +20 +41 —19
g ran. 07803061 | —000748 | 4522747 | 4001246 | 2o
Jg,—9, —0.002 —0.007 +0.017 +0.012 —0.019
g, -9, —0.001 —0.007 +0.013 +0.012 —0.013
g-9, +0.001 —0.002 +0.002 +0.012 +0.001

OTKyda cnefyeT 4To OfHa M3 craraeMblX GeCKOHEYHO MaslbIX BO3MYLLEHMWIA COOTBEeT-
CTBYET K CYMMe HeyUYTeHHbIX Y/IEHOB B pa3fioXKeHUN NoTeHUMana CUnoBoin yHKLMN 3eMan.
3akntoyveHve. Takum 06pas3om, B CTaTbe NMOKAa3aHO, YTO MpW ONpefeneHny napameTpoB
3eM/IM  HeO6XOAMMO OKas3aTb 0C060e BHMMaHMe K CyMMe 6GeCKOHeYHO MasibiX [AenCTBUiA,
YMCNeHHble 3HAYEHNS, KOTOPbIX PaBHbl UM MeHbLLE OLEHOK NOrpeLlHoCcTel HabnoaeHnid. OHa
npy NOSIBMIEHNM PE30HAHCOB MEXAY CrlaraeMbIMU MOXET MPUYMHON Pas/IYHbIX aHOMaslbHbIX
SB/IEHWIA.
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HD187982 ULDUZU SPEKTRLBRINDS H, VO H, XOTLORININ TaDQIQI
©.S$. Baloglanov, ©.M. Xalilov, ©.R. Hasanova, Y.M. Maharramov
AMEA N.Tusi adina Samaxi Astrofizika Rasadxanasi

baloglanov-eli@rambler.ru

isde HD187982 ifratnshang ulduzunun 2013-2015-ci illards Samaxi Astrofizika Rasadxanasinin 2
metrlik teleskopunda alinmis spektrlari tadgiq olunmusdur. H, ve Hy, xatlarinds slia surati, ekvivalent en va
darinliyin zamana gdrs dayismalari Oyranilarken musayyan edilmisdir ki, bu dayismalarda misayyan
korrelyasiya vardir.

HD187982 (Allab; my, = 5M.58; Tesr = (9300 + 250)K; Jsin i = (15+6) km/s) P Cyg tipli
ifratnshang ulduzdur. Bu ulduz Vul OB4 assosiasiyasina aiddir va log g = 1.60 +0.15,
M./M_=15, R./R =78 - dir [1-3]. _

HD187982 ifratnshang ulduzu tadgigatcilar tarafindan nisbatan az dyranilmisdir. Indiyadak
aparilan tadgiqgatlardan malum olmusdur ki, bu ulduzun atmosferinds yaranan H, Xatti Gdmumi
udulma formasindadir. H, xattinin daxilinds olmagla profilin girmizi ganadinda zaif stialanma
komponenti yaranir va itir [4-6]. Lakin bu hadisanin bas verms sababi hale da tam izahini
tapmamisdir. Bundan slave, HD187982 ulduzu atmosferinin 6l¢lsi ve orada gedan fiziki va
Kimyavi proseslar tam dyranilmamisdir.

Cadval 1.
HD187982 ulduzu spektrlarinin H, va Hg xatlarinds slia stirati va spektral parametrlar.
Tarix 1D HDI37982
2450000+ H., (abs) H., (2m) Hs
Vi [ W] R | ¥Vt [ W][& | Ve | W]ER
(km's)| A (km's)| A (em's)| A

01.092013 653721 5 089 028 e 002 104 33 246 033
06092013 634220 23 077 024 M0 003 104 33 2326 052

02102013 6568.21 -18 129 0351 - - - -13 240 037
03.102013 636023 -17 133 032 3 3 = -19 242 053
21062014 683036  -11 1.06 033 - - - -16 2335 038
04072014 684334 -3 1.15 037 - - - £ 233 0461
11.072014 683029 -4 110 037 - - 2 -13 241 060
18.07.2014 6857.38 -3 133 038 2 2 = -3 257 062
24072014 63633 -12 13 041 - - - -14 241 0463
00.08.2014 687920 -13 133 041 = = = -12 230 041
27052015 717036 24 130 036 3 3 3 6 231 039
30052015 717335 -30 129 036 - - - -14 228 0353
09.062015 7183.47 -17 123 037 - - - -3 220 0359
19062015 7193.45 -1 115 038 2 e x -13 242 062
21062015 7195.43 -16 122 036 5 5 = -14 234 033
28062015 720236 23 129 036 - - - 23 245 060
30062015 720431 21 136 37 = 2 = 25 131 057
07.072015 721134  -16 143 039 3 3 = -18 213 060
11082015 7246290 12 139 04 - - - 33 193 0462
30082015 726540 -14 139 044 - - - 300 223 041
04002015 72703 14 170 043 - - - 30 223 0461

Yuxarida geyd etdiyimiz kimi bu ulduzun spektrlsrinds masahida olunan H, Xxattinin
girmizi ganadinda zsif stalanma komponentinin yaranmasi ve itmasi, hamin hallarin
takrarlanmasi onun atmosferinin 6yranilmasina maragi artirmisdir.
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Hesab edirik ki, yeni misahida materiallari geyd olunan ulduzun névbati tadgigatlarinda
baza rolunu oynayacaq va alinmis naticalar onlarin atmosfer xisusiyyatlarinin dyranilmasinds
yardimg!i olacaqdir.

2013 - 2015-ci illards AMEA N.Tusi adina Samaxi Astrofizika Rasadxanasinin 2 metrlik
teleskopunun kasseqren fokusunda qurasdiriimis muasir CCD spektrometri ils HD187982
ulduzunun spektral muisahidalari aparilmis va 21 ginliik yiksak ayirdetmali spektrlar alinmisdir
[7]. Ayirdetma R=15000, spektral diapazon AA4700+6700AA, S/IN=150+200 atrafinda olmusdur.
Alinmis spektrlar DECH-20 va DECH-20T paket programlari vasitesile islanmisdir [8].
Olgmalarin xatasi stia surati tigin 2 km/san, ekvivalent en ticlin isa 5-7%-dan ¢ox deyil.

Bu isda 2013-2015-ci illerds alinmis yeni misahide materiallari ssasinda HD187982
ifratnshang ulduzu spektrlarinds H, ve Hg xatlerinds sua slrati, ekvivalent en va Xxatlarin
darinliklari 6l¢tilmus va bu parametrlarin zamandan asili dayismalarina baxiimisdir.
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Sakil 1. H, va Hg xatlarindas slia slrstinin zamana gérs dayismasi

Cadval 1-de HD187982 ulduzu spektrlarinds musahids olunan H, va Hp xatlarinds
parametrlarin 6l¢ulmis giymatlari verilmisdir. Sakil 1 va 2-ds iss 6lgllmis hamin parametrlarin
zamana gora dayismalari nazardan kegirilmisdir. Bu dayismalarin analazi gostarir ki, tadqgiq
olunan xatlarda ham siia sirati, ham da spektral parametrlar arasinda misyyan Kkorrelyasiya
vardir. Lakin musahids materiallarinin sayi hals kifayst etmadiyina gora korrelyasiya amsalini
hesablamaqg magsadauygun deyildir.

Bundan slava, Cadval 1-den va [9]-dan gOrtntr ki, HD187982 ulduzunun bizim
tarafimizdan alinmis spektrlarinds de H,, xattinin girmizi ganadinda zsif slialanma xatti yaranmis
vo itmisdir. HD187982 ulduzu spektrlarinds H, xattinin profillarindaki bels dayiskanliklar
ulduzun atmosferinin yuxari gatlarinda gucli maddas atilmalarinin va 6rtiyiin hayacanlanmasinin
naticasi ola bilar. Lakin ulduz kilayinin yaranmasi va dayismasi ham da ifratnahang ulduzlarda
bas veran pulsasiya hadisssi ils slagadardir. Bunu askar etmak magsadile bu ulduzun miintazam
spektral misahidaslarinin apariimasi nazards tutulur.
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Sakil 2. H,, va H; xatlarinda ekvivalent en va xattin darinliyinin zamana grs dayismasi
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HEKOTOPbBIE ACIMNEKTbI NMPEACKA3AHA MOLHBIXCO/THEYHbIX
BCIMbILLEK MO PAANO - ONTUYECKNM JAHHbLIM
LLI.LLI. MyceiiHOB
LLiemaxnHckas AcTpodusnyeckas ObcepsaTopus um. H.Tycu HAH Asepbaing>kaHa
shirin.guseyn@gmail.com

B paboTe npogon>keHbl Ha npumepe 6onee 50 U301MPOBaHHBIX CONMHEYHbLIX BCMbILLEK MOLHOCTBIO =
2 6GannoB Habnopaswmxcad B 1979-82 rr. m 1989-90 rr. Ha paguoTeneckone PT-12 UHCcTWUTYyTa
VMoHocdrepbl Pecnybnuku KasaxcTaH u PT-22 PagvnoaCcTPOHOMMUYECKOWA CTaHUMM  (PU3MYECKOro
nHcTuTyTa PAH. Bblnn nccnefosaHbl MOAYNAUUM S-KOMMOHEHTbI MUKPOBOMHOBOIO M3nyyeHns ConHua
Ha yacToTax f =1-2 'y n f=2-4 I'Tu. Moka3aHo, YTO Npu onpeaeneHHbIX YCNOBUSAX C NPUONIKEHNEM K
BCMbILKe TYPOYNeHTHbIA NpoOLecC MNOCTENeHHO MepexoanT K [AeTepMUHUPOBAHHLIM XaoTUYECKUM
npoueccam co cpefHuMm nepuogom T = 25 + 2 MuH. EC/M M3BECTHbI OTHOCUTENbHbIE PNYKTYyauuu
CMOKOIiHOM aTMmoctepbl ConHua, TO, NPOBOAA PpagnocnekTporpauyueckme M3MEpPeHUs B aKTUBHbLIX
00MacTAX B LUMPOKOM [uanasoHe, MNOABNAETCA BO3MOXKHOCTb UCCNEA0BaTb HWU3KOYACTOTHbIE
nyNbcaLlun ¢ XapakTepHbIM BpeMeHeM t,=5-70 MuH. Mpu nccnefoBaHN NPeaBCbILLEYHbIX COCTOAHMIA B
LeHTpax akTUBHOCTM C pPasBMBatOLLMMUCA TpynnaMu NATEH, Tak>Ke B BblOpaHHbIe AHK N0 BlonneTeHto
«CO/HeYHble JaHHble» BU3yasbHO aHaNM3UPOBA/IUCH CONMHEYHbIE OMTUYEeCKUe KapThbl U BbI BbIYMC/EHDI
yncna NATeH B KadKaol rpynne 3a 1-3 gHA O BCObIWKM C cunoik = 2 6annos. onyyeHo, 4TO
Habnofaemble MynbcauuMM B paguocnekTpax CaHTUMETPOBOro paguousnydveHuss ConHua t, = 25
MWUHYTHbIE U3MEHEHMs, YBENWYEHWE W YMeHblUeHMe KONMYeCTBO MNATEH B rpynnax, fABlsSeTCA
3()(PeKTVBHLIM KpUTepueM AN NPeAcKa3aHWs MOLLHbLIX COMHEYHbIX BCMbIWeK 3a 1+3 gHA [0 Havana
BCMbILLIKW.

BeeaeHuve. Mpobnema cBA3WM NPOSBMEHWUM BCMbILEYHON aKTUBHOCTU rpynn MATEH B
OMTUYECKOM M MWKPOBOSIHOBOM M3/yHYEHMSX Y)Ke [ANUTeNbHble BPEMS MPUBNEKaeT BHMMaHMWe
uccnegoeateneil.  MHOTOMETHAM  MHTEHCMBHLIM ~ UCCNEfOBaHUAM B 3TUX  AManasoHax
MoATBEPXKAEHO, 4YTO atmocdepa CoNHUA CYLLECTBEHHO HEOAHOPOAHa. 3Ta HeO4HOPOAHOCTb
MMeeT KaK pPerynsipHyto, Tak U HeperynspHyto cocTasfistoLve. Viccnenosatenn B 3Toi 061actm
OCHOBHOI BHUMaHWe YAensain aHan3npoBaHMI0 CTaLMOHAPHON COCTaB/ISIOWENA, B YaCTHOCTM B
pesynbTate AIMTeNbHbIX UCCeA0BaHWIn HAKOMIeH GO/MbLUOI MaTepuan O CyL,eCTBOBAHNM KBa3M-
nepuogmnueckmx nynbcaunii (KMM) B «aKTUBHbIX» U «CMOKOMHbIX» 061acTax ConHua. XoTs K
HacTOALLEMY BpeMeH Bbln pag MexaHWU3MOB A/1 0ObSCHEHWS 3TOro sABneHus, npupoga KM go
CUX MOp He YCTaHOoB/IeHa.

OCHOBHOI TPYZAHOCTbIO ABNAETCA TO, YTO B 3TUX paboTax Mo aHaM3y BPeMeHHbIX PALOB
(OTHOLLIEHME CUTHAN K LLYMY) O4eHb HU30K (amnanTyaa haykTyaumn coctasnseT (107 +10™)) ot
YPOBHA 006Llero paguounsnyyeHus CosHua. Kpome 3Toro, gaHHble ANSCO34aHWE BpPEMEHHbIX
PAL0B OblM NOMYyYeHbl Ha (PUKCUMPOBAHHOW 4acTOTe, TakK Ha3blBaeMbIM PafMOMETPUYECKUM
METOZOM.

Benbiwka Ha CosHLe npeAcTaBnseT coboi 06LLUMPHOWN KOMMEKC SABMEHWI C Yepe3BblyaliHO
C/TIOXHbIM Pa3BUTVEM B MPOCTPAHCTBE M BO BPEMEHW. IBOMIOUMA 3TUX COObITWIA OXBaTbiBaeT
60/1bLLIOIK 06beM B aTmocepe CosHUa, HauYMHas ¢ HUXKHEN XpoMocdepbl M KOHYasi KOPOHOW. 3
BblLLIECKA3aHHOIO CneayeT, Yto A9 TOYHOrO pPeLUeHWUs MOCTaB/eHHON 3afayn, HECOMHEHHbIV
MHTepec MpeAcTaBffeT OnpefesieHve XapaKTepHbIX NapaMeTpoB HecTauMoHapHOCTW, T.e. ero
npefckasaHne.  MHOTONETHAM — WHTEHCMBHBIM  WUCCMELOBaHWAM B OMTUYECKUX U B
pagvoauanasoHax MoATBEPXKAEHO, 4TO 00pa3oBaHMe BCMbIWKM BCErfa TEeCHO CBA3aHO C
MarHWTHbIM nosem. [JokasaHo, 4YTO NoBefAeHUe 3eMHOI aTmocdepbl, XXUBOTHOM M PacTUTe/IbHOM
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XM3HM Ha 3emne CBA3aHbl C aKTUBHOCTbIO ConHua. 03ToMy, M3yyeHne MX 3aKOHOMEPHOCTEN
MMeeT 60/1bLLIOe TEOPETUYECKOE U NPUKNaLHOE 3HaYeHNe.

B paHHON paboTe ans 06pabOTKM HECTALMOHAPHOCTU Y BPEMEHHBIX PALOB MPUMEHSNCS
CneKTpanbHo-BpemeHHoi (CBAH), meTog MakcuManbHOW sHTponun (MM3) n dpakTaibHOM
aHann3. C MOMOLLbIO MPUMEHEHUA MOAM(ULMPOBAHHOIO METOfa OCHOBAHHOIMO Ha Teopun
[eTEpPMVHUPOBAHHOIO  Xaoca, OLEHMBAETCA 3HTPONUA U (PpakTasibHOE  pasMepHOCTb
aHa/IM3MPYeMOro BPEMEHHOro psga. dToT psg Obln NOAyvyeH B CNeACTBUM (DAYKTyauuin Ha
MWKPOBO/IHOBOTO  paguvonsfiyvyeHns,  (ayKTyauuy  pagumousnyyeHus  S-KOMMOHEHTa WU
OTHOLLEHWSAM MOTOKOB S-KOMMOHEHTbI F75/F15, KOTOpbIE ABNAKOTCA NOKa3aTeNAMM BCMbILLEYHOM
akTuBHocTu CosnHua. Bo Bcex 50-Tn paccMaTpuBaeMbIX BCMbILLEYHbIX COObITUAX Mbl HE MOT/N
MPOBECTU TOYHbIE OLEHKW NS LWecTu cobbliTuiA. B cTaTbe nNpMBOAATCS TUCTOrpaMMmbl,
OTpaXkatoLme 3aBMCUMOCTb YaCTOTbl MOSAB/EHUA MyNbCalMU OT €ro XapakTepHOro BPeMEHU ty
Ana OByx nof AumanasoHe: 5-15 MuH m 20-65 MUH. A Takxke, NpuBEAeHbl YCpeLHEHHbIe
OTHOCWUTENbHbIE CMEeKTPbl S-KOMMOHeHTa paguvousnydeHusa ConHua B AuanasoHe 2-4 [T,
OTPaXXKaKLMX pa3BUTUE aKTUBHBIX 06/1aCTEN U AatoLLMX BCMbILKY C MOLLHOCTbIO = 2 6asiioB 3a
1-3 fHA 00 Hayana BCMbIWKKW. M3 rpayMkoB BUAHO, YTO HambO/bLUME U3MEHEHWS B CMeKTpe
npomcxofsaT B AmanasoHe 3.1 + 3.6 'y, Apyrumy cnoBamu, B aKTUBHbIA MEpuof Hak/IoH
CMEKTPOB O — Koebnsetca oT 5-11 o 10 NpoLUeHTOB MO CPaBHEHUIO C CUMHAIAMW, NOYYEHHBIM
1 Ha CMOKOMHOM YypOBHe (Ha Hepa3BMBAOLLLEICA Ipyrrne NATeH) B COMIHEYHOW aTMocdepe.

Vcrnonb3oBaHHbIA 3KCMepUMeHTa/IbHbIA MaTepyan 1 ero obpabotka. B kayecTse
MCXOAHbIX [aHHbLIX WCMOMb30BaHbl Matepuanbl HabnwogeHnin 1979-82 rr. n 1989-90 rr.
Matepuan 6bln1 nonyvyeH Ha paguoteneckonax PT-22 (PagmoacTpoOHOMMYECKas CTaHLms
(hm3myeckoro nHctutyta PAH) n PT-12 (UHcTuTyTa VoHocdepbl Pecnybnmnkmn KasaxcraH). Ha
OCHOBAHVN U3MEPeHUss NHTEHCUBHOCTU B Auana3oHe A=3 CM U (pIyKTyaluy HaK/IoHa CrekTpa
MeZ/IeHHO MEHSIOLLIErocs S-KOMMOHeHTa paanonsnyyeHns ConHua B LIMPOKUX AuanasoHax f=1-
2y wn f=2-4I'Ty npoBeAeH CpaBHUTE/IbHLIA aHaIM3 HaK/IOHA CMeKTpa S-KOMMOHEHTa
paguon3NyyeHns akTUBHbIX 06M1acTeil ¢ UX BCMbILEYHON aKTMBHOCTLIO. PaguocnekTporpadebl,
paboTatoLyme nocnefoBartesibHbIM peXxume B AnanasoHax 1-2 'y n 2-4 Ty 6binm pas3paboTaHbl
A.M. T'yceintHOBbIM, COOTBETCTBEHHO 1975 1 1978 r. HabntoaeHns 3a ConHuUeM NpoBOAWNCH C
8% yacos yTpa A0 18%°yacos Beuepa (MO MeCTHOMY BpeMeHM). Bpems CHATIS OHOTO CReKTpa Mo
Avanasony f=1-2 'y n f=2-4 I'Ty cocTaBW/IO 2 MUHYTbLI B OAHY CTOPOHY. [lanee, B CNeKTpe S-
KOMMNOHeHTa pagnomnsnydeHns ConHUA BblYMCNANACbPA3HOCTb MEX/AY NHTEHCUBHOCTLIO CUrHaNMa
B Hayane M B KoHUe cnektpa Ali(t). CooTBeTcTBYIOWMIA BpemeHHON pag Ali(t) — cogepxuT
MHOpMaLMIO 3a NocnefoBaTe/bHble 7-8 4acoB BCYTKM, YTO cocTaBnsieT ~250-300 3HaUEHUIA, YTO
ABNAETCA BMOJIHE [LOCTATOYHbIM A1 aHanm3a MOAYNALUN U3MEHAIOWMXCA C XapaKTepHbIM
BpemeHeM ty — B UHTepBasie OT 5 MUH A0 70 MUHYT.

Mpy wnccnefoBaHWM  MPEABCMbILWEYHbIX  COCTOAHWA B LIEHTpPax akTUBHOCTU C
pa3BMBalOLLMMCA TpynnaMn nATeH, Takke B Bbl6paHHble AHW MO BronneteHto «Co/HeyHble
faHHble» n«Solar — Geophysical Data»Bu3yasbHO aHaM3NPOBA/INCL COJSTHEYHbIE OMTUYECKME
KapTbl 1 Obl/IM BbIYMCNEHBI YMCNa NATEH B KaXKAOM rpynne 3a 1-3 AHA 40 BCMbILWKMW C CUION = 2
6annos.

O MeTOAMKe W3MepeHWid W pesy/bTaTbl NpeaBapuTenbHOW 06paboTKM  NOMYyYeHHbIX
CNekTpoB 6onee nNoApo6HO 6bIN0 M3NOXKEHO B pabote [1, 2]. [anbHeiwas o6paboTka
MONYYEHHbIX PaAMOCNEKTPOB C MOMOLLLIO METOLOB MaKCUMabHbI  aHTponuu (MM3J),
cnekTpasibHO-BpeMeHHoro (CBAH) u ¢paktasbHoro aHanmsos (M®A) 6biM NpuBeLeHbl B
pa6boTax [3, 5].
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JKCcnepMeHTa/lbHble  pe3ynbTaTbl U 06CYyxAeHue. Ha puc.l npuBeaeHbl [Be
rMCTOrpaMMbl, WAIKOCTPUPYIOLWMEe 3aBUCUMOCTb 4acTOTbl MOABMEHWA Ny/nbcauun OT eé
XapaKTepHOro n3mepeHus. bbinv BblAeneHbl ABa NoAAMana3oHa ¢ XapakTepHbIM BpeMeHeM t,=5-
15 MuH. (puc. 1 a) n t,=25-70 MuH. (puc. 1 6). Kak BugHo 13 rpakos puc. 1 a, Hanbonee 4acto
BCTPeYatoTCA MyfbCauun C XapakTepHbIM BpemeHeMty, 6aM3KoM K 5 MuH. ViccneposaTtenn B
OCHOBHOM CUMTAIOT, YTO TakKas MOAYNAuuUa onpeaensetcs rnobansbHeiMy ocumnnaumamm ConHua
Kak rasoBoro wwapa. OgHUM 13 BO3MOXHbIX MeXaHW3MOB BO30Y)KAeHWS Nynbcaluii ¢ nepmogamu
O0Kofo 10 MMH. £BNASETCS NapameTpPUYeCKUii Pe30HaHC, BO3HUKAIOWMX B  KOPOHA/IbHbIX
MarHUTHbIX NeTAAX NOAXoAALWel A/MHbl. B pesynbTaTte B3anMOAEWCTBUSA C HUMU BO30Y)KAEHNS

Cy6rapMOHUKM C YacToTaMu % (10 muH). Ha puc. 1 6 npuBeaeHa NynbCaLymn ¢ XapaKTepHbIM

BpemeH t,=25-70 MUH. V3 rpatMkoB BMAHO, YTO HaMBOMbLUYKD 4acTOTy MOSBAEHUS UMeeT
ocuMNNALMA ¢ XapakTepHbiM BpemeHeM t,=30 MUH.

(a)

YacTata NOABNEHUA NUHMI

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

Mepurog, nynscauma, (mmrH)

Puc.1 (a) — YacToTa nosiBieHMs NynbcaLum cXapakTepHOM BpeMeHm (t, = 5-15 MUH.) B pagnonsnydeHnm
ConHua Ha yactoTtax 1.25 'y + (1.6 = 1.9) 'y 1 (3.6 — 3.9) 'y, HanbonbLueli YacToToM
nosiBNeHns 06nagaet 4-5 MUH. NynbcaLmii.

0.7
(6)

0.5

0.3

YacToTa NOABAEHHA MH AR

0.1+

T T T T T T T
25 30 35 40 45 50 55 11} 65 70 75

Mepuog myascauua, (mua)

Puc. 1 (6) — YacToTa nosBneHWa nynbcaLym cxapakTepHoM BpeMeHu (ty = 25-70 MUH) B pagvon3nyyeHus
ConHua Ha yactoTax 1.25 'y, + (1.6 — 1.9) 'y m (3.6 — 3.9) 'y, Hanbonblueli YacToToM
nosBneHns 06nagaet 25-30 MUH. NynbcaLunii.

[na wHTEpnpetauuy MOMYyYeHHbIX pe3ynbTaToB, PacCMOTPUM OAWH U3 BO3MOXHbIX
MeXaH13MOB BO3HUKHOBEHMWS My/bCalMil C XapaKTepHbIM BpeMeHeM ty = 25 MWUH B 06/1acTu
NATEH, KOTOpble MONYyYMM 6ONbLUYIO MOMYNAPHOCTL CPeAy CreuunanmcToB 3a nocnegHve 8 ner.
MexaHn3am, npegnoxeHHbln A.A. ConoBbesoM 1 E.A. KpnyekoMm, Ha3bIBAETCA MOLE/IbIO MEIKUX
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CO/IHEYHbIX NATEH [6]. B 3TO MOAeNn MMeeTcs HECKOMbKO TUMOB COBCTBEHHbIX KOnebaHWiA.
MepBbIi TUM OCUMNNALMIA NPefCcTaBNseT cOO0l BO3BpaTHbIE BpallaTe/ibHble ABMXKEHUS MATEH, B
LeSIOM MIN OTAENbHBIX AeTasneil UX CTPYKTYpbl. BTOPOA TUN nynbcaumin cBA3aH ¢ U3MEHEeHMeM
nnowaan nNaTeH UM paguasibHOrO PacCTosHUA MexXAy ero gparmeHtamu. C 3TMM >ke TUNOM
nynbcauuii ¢ XapakTepHbIM BPeMEHEM CBSi3aHbl U3MEHEHUS HANPSXKeHHOCTU MarHUTHOrO Nons
NATEH W Bapvauuy MHTEHCUBHOCTW CaHTUMETPOBOIO pPajmMonsnydeHus. Mepsbiii U BTOPOI TUMbI
nynbcauuii 0THOCATCA K Ny/bCaLmsam ¢ XapaKTepHbIM BpeMeHeMty = 25-70 MUH.

IMoMMMO 3TOro, MOXHO HabAaTL rPyNny NATEH C Pa3BMBAOLLECs aKTUBHOCTbIO. Haluu
“ccnefoBaHNsA Mokasaiv, YTO CNEKTP MOLLHOCTU, MONYYEHHBIA NPWU OTHOCUTENIbHO CMOKOMHOM
COCTOSIHUN MATEH, MOKa3blBaeT MHOMOYUC/IEHHbIE HEYCTOWYMBBLIE MUKW, COOTBETCTBYHOLLMUX
pasHbIM MyfbcauusM C XapaKTepHbIM BpeMeHaM B MHTepBasie oT 5 o 70 MuH. B cnyyae, Korga
rpynnbl NATEH pa3suBatoTCA (YBENMUMBAKOTCHA MIOWAAN OTAENbHbLIX MATEH WU YUCMO MATEH)
HabntogaeTca CMeKTp MOLLHOCTW, B KOTOPOM MCYe3atoT MHOrve nepumofbl nyfbcauuin B
MHTepBane OT 5 A0 15 MUHYT M NPUITOM OCTaeTcs 60/1ee AIMHHbIE Ny/bCalun C XapaKTepHbIM
BpeMeHeM ty = 25 MUHYT. Mbl npegnosiaraeM, 4To NPUYMHA UCHE3HOBAHWS ONpeseeHHOW YacTu
KOPOTKMX MOPAAKOB MNy/bCalnii  ABNAETCA HOBblE OCUMANALMKM, KOTOPble BO3HMKAKOT B
aKTVBM3NPYIOLLMXCA 06/1acTAX NATEH UM CMOCOOCTBYHOT 3aTyXaHUK MPEeXHUX (ayKTyauui.
Bcneacteue Takoro 3atyxaHus B CMeKTpax MOLHOCTU Habnto4atoTCA MUKW, COOTBETCTBYHOLLME
OCLMNNAUMSAM C XapaKTePHbIM BpeMeHeM ty = 25 MUH [7 -9].

Ha puc. 2. npuBeaeHbl yCpeLHeHHble OTHOCUTE/IbHbIE CMEKTPbI (CNEeKTPbl YCPeLHANNCH 3a
[leHb) S-KOMMOHeHTbI paguonsnyyveHns CosnHua B AvanasoHe 2-4 Ty, nonyyeHHble ¢ 12/VI-
1989 r. no 16/VI-1989 r. 15/VI-1989 r. npousowsn [fauTenbHble BChbiwku (1.5 yac) ¢
MOLLHOCTbIO >2 n 6annoB. Kak BMAHO M3 puC. 2, HambosnbluMe W3MeHeHMs B criekTpe (B
3aBMCMMOCTM OT MOBbILIEHUS CO/IHEYHOM aKTMBHOCTM) NpomcxoaaT B AnanasoHe f=3.4+4.8 [Ty,

3akntoyveHre. Ha OcCHOBaHWM NPOBEAEHHbIX WCCNefoBaHUA (B paguo UM OMTUYECKUX
AvanasoHax) 1 Nosly4eHHbIX KOIMYECTBEHHbIX OLEHOK, Oblfv CAeNnaHbl CNefyoLme BbiBOAbI:

1. To o6wmMpHbIM HaboAaTeIbHBIM MaTepuaiam NoATBEPXKAEHO, YTO YaCTOTHbIN CMeKTp
S-KOMMNOHeHTbI pagunounsnydeHns ConHua B guanasoHax f = 1-2 Ty n f = 2-4 TTy umeetca
«TOHKas CTPYKTypa» C pasMepamu, COOTBeTCTBEHHO, 70-120 My 1 100-200 MI L.

2. T1OCTPOEHHble BPEMEHHbIE PSAbl MO OTHOLUEHWSIM MOTOKOBS-KOMMOHEHTbI F75/Fis — B
OCHOBHOM COZEPXKAKT Ny/bCauun C XapakTepHbIM BpeMeHeM 60/iblue Yemty = 25 MuH. 3a 1-3
[HA 00 BCMbILLKM C YPOBHEM = 2 6asina.

3. 13 50 MOLLHBIX CONMHEYHbIX BCMbllweK B 44 (~ 90%) cny4yasx Ha nosepxHocTy ConHua
4MCNo NATEH B rpynnax ymeHbluaetcs (~ 20 + 50%) 3a 1-3 AHSA 40 BCMbILKW C CUIOW

> 2 n 6anna.

4. Ha Bcnblwkn ¢ cunoin =2 fn 2 b 3a 1-2 gHA B rpynnax KoIMYeCTBO NATEH NMPUMEPHO
cTabunbHo nnmn ysenmumeaetcs (30- 50%).

5. TMonyyeHo, YTO NOCNE MOLHBIX COMTHEYHbIX BCMbILEK C CUIOI = 2 6GannoB KONMYECTBO
NATEH B rpynnax ysenuumeaercd ~ 1.5 — 2 pasa.

Pe3tloMUpys CKa3aHHOe, MOXHO MpWUIATW K BbIBOAY, YTO Habnogaemble My/nbcauum B
paguocnekTpax CaHTUMETPOBOro pagmounsnydeHns ConHuaty = 25 MUHYTHblE W3MEHeHWs,
YBe/IMYEHNE N YMEHbLUEHWE KO/IMYECTBO MATEH B rpynnax, ABNAeTca aPdeKTUBHbIM KpUTEprem
[0N19 NPefCcKas3aHMa COMHEYHbIX BCMbIWeK C MOWHOCTB0 = 2 6ainoB 3a 1-3 AHA 4O Havana
BCMbILLKMN.
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POTOMETPUHECKAA AKTUBHOCTbL DR TAU NOC/TEAHNX 30 JTIET
H.3. icmannos, A.H. Aabiresansage
LLIamaxuHckas AcTpodmsndeckas ObcepsaTopus AHAH

adigozalzade@rambler.ru

UBVRI BeiMunHbI 38€3/bl HaMy Obl cOBpaHbl N0 IMTEPaTYPHBIM LaHHbIM, HAKOMNIEHHbIM
B apxmBax. 34ecb Oblno nosydyeHo okono 1200 V-3HauyeHWid 6recka 3Be3fbl OXBaTblBaOLLNIA
HabntoaatenbHbIv nepuog 1978-2003 rr. HabnoaeHus B nonocax V, | 3a nepuog 2002-2009 rr.
Obl10 B3ATO NO JAaHHbIM Katasora ASAS (www.astrouw.edu.pl/asas). Mpu cocTaBneHun
KaTajioroB B HEKOTOpble AaTbl Oblia JoMyLleHa MexaHU4YecKas owmnbka — nepenyTaHbl MecTaMu
uBeToBble Mokasatenn U-B u B-V, no3atomy Hamy 6b110 BbINOSHEHO COOTBETCTBYHOLLEE
“cnpassieHne faHHbIX. CpaBHEHWS NOKa3aun, YTO XOTA CPefHAs OWMn6Ka N3MepeHnid No AaHHbIM
ASAS xyxe (V £0.05™), uem no gaHHbIM (V +0.01™), cucTemaTUUecKuX pasnmyuuii No aTum
KaTanoram He o6Hapy»XunBaeTcs.

Kak BugHO 13 puc.l, cpeaHUin ypoBeHb Griecka 3Be3fdbl nocne Benblwky 1978-1983 rr.
MPaKTUYECKW HE U3MEHASICA, B TO BPEMS KaK, Ce30HHble HabntoAeHNs (3a OAWH rof) nokasbisanu
3HauNTeNbHOE M3MEeHeHMe 6necka, nHorga goxoasiime go 1.8™ (Hanpumep, B 1995 r.). Takxe
BMAHO, YTO B KaXKAbIi OTAEMbHO B3STbIA CE30H HAOMOAEHUIA MHTEPBaN W3MEHeHMn 6necka
pasnuyaetcs. Hanpumep, B mHTepBasie JD 2447500-2450000 amnnuTyda M3MeHeHWUA Gnecka
BHYTPM ce30Ha foxoamuT Ao 2™, npu JD2451000-2453000 3HaUNTENbHO MeHbLLe — okono 1™, a B
0CTa/IbHOE BPeMsi CHOBa yBe/InyeHa.
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Puc.1. CogHas V-kpuBas 6necka DR Tau 3a 1978-2010 rr. TemHble
KPY>XKM (1), - faHHbIe 13, cBeT/ble (2) — n3 Katanora ASAS.

Hamu 6bin NpUMEHeH Mofe/lb XOMOAHOIO NATHA AN 06bACHEHUS U3MeHeHUl Gnecka V U
L|BETOBbIX MoKasatesieit U-B 1 B-V. Bbifl NCMOMb30BaH NPOCTOl reoMeTpUYecKuii Moaenb NsTHa,
OTHOCMTE/NbHAs NNOLWAAb KOTOPOI M3MeHsieTcs B npeaenax 0-1, T.e. ¢ umcToli hoTocepsl, A0
MOMHOCTbIO MOKPLITON NATHAMU U3/TyYatoLLeli NOBEPXHOCTM AUCKa.

IMOXXHO MCMO/b30BaTb CeAYHOLLYHO (hopmyny:

Am = - 2.5Ig[1+G(Bs/B* -1)]
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3pecb Am — BeIMUMHA M3MEHEHUS 6riecka B AaHHOIM nonoce, Bs n B*, nnaHKOBCKOE M3Ny4YeHme
npu TemnepaTtypbl NATHa TS 1 3Be3dbl T*, G-0THOCMTENbHaA nuowab NATHa, onpeaenseMas
OTHOLUEHVEM MoLLaan NATHA K NIoWaan BUAUMOro Ancka 3se3abl G=Ss/S* .

Temnepatypa 3Be3fbl npu cnektpe K5V B3dra 4400 K, a TemnepaTtypa nAaTHa
BapbupoBanack ¢ warom 100 K ot 2500 go 4000 K. [ns nokasaTtenei LBeTa 38e3/bl Hanyullee
cornacue nonyvyeHo npu TemnepaType nATHa 3400 K u npyv U3MEHEHWU OTHOCUTESIbHOM
nnowaam ot 0 go

Hanpuwep, Ha puc. 4 npuBeaeHa 3aBUCUMOCTb V-3HaueHuI 61ecka OT nokasatens LupeTa B-
V ons AByx Hambonee 6M3KMX 3HaveHMin Temnepatypbl NaTHa 3200 K 1 3400 K. Kak BugHo, npu
MOMHOM WHTepBane M3MeHeHUit 6Gnecka V~10.5M-13.5" pana onucaHus HaGMOAAEMbIX
BCEBO3MOXHbIX 3HaYeHWn Mokasateneid LBeTa B-V Heo6XOAMMO MeEHATb OTHOCUTE/bHYHO
nnowaab B nHTepsasie 0-1. Ha camom fene, TaK Kak B OTAe/NbHbIE LMK/l aKTUBHOCTU U3MEHEHWe
6necka AV 3HauMTe/IbHO MeHbLUe, U BapbupyeT B npefenax ot 0.5 fo 1, yto npu Temnepatypsbl
naTHa 3400 K TpebyeT n3meHeHMe OTHOCUTENbHOM niowaan naTHa o 0.5.
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Puc.4. 3aBMcMOCTb LiBETOBbIX MOKasaTeneli B-V oT V-3HaveHuit 61ecka. PasHble NMHUK COOTBETCTBYIOT
MOZENN XOM04HOr0 NATHA C Pa3HbIMK TEMMeEpPATypamu, NPUBELEHHbIMU Ha PUCYHKAX.
Haunyuiiee onucaHve HabnofeHUiA nonyyeHo npy Temnepatype natHa 3400 K (cnpasa)

KakK W3BECTHO, OJHUM W3 MexXaHU3MOB aKTMBHOCTW 3Be3f Tuna T Tenbua ABNAeTCA
HecTaLMoHapHas akkKpeLus 13 0KOM03BEe34HOro Aucka. Kak nokasbiBasn pasHble aBTopbl, 6/1ecK
3Be3/bl MOKa3blBAeT 3HAUMTE/IbHble W3MEHEHUS B TEYEHWM OTAe/IbHble Ce30Hbl. Hawboree
KOPOTKMM NEepUoAOM M3MEHEHWIA BGiecka MoMy4YeHO OKOMo 5 aHeil. B paboTe AneHkapb u ap.
ObISI0 MOKAa3aHO, YTO MPOGUAN CMEKTPaIbHLIX IMHUIA MEHAIOTCH, HO He BCerga OAWHaKOBbIM
nepuoioM. AHaNOrMYHbIA pesy/nbTaT Obln MoAyYeH B paboTe APTEMEHKO M Ap. MO aHaiusy
JaHHbIX M0 ()OTOMETPMU. ITO MOKA3bIBAET, YTO JIOKa/IbHOEe 06pas3oBaHWe C OnpefeneHHbIMU
(PU3NYECKMW YCIOBUSIMU SIBNISIETCA HEYCTONUMBBLIM. Takoe /I0Ka/lbHoe 06pasoBaHue MOXET
ObITb, HaMpVMep, X0N04HOe NATHO Ha NOBEPXHOCTY 3BE3AbI.

B paHHON paboTe HaMKM NOKas3aHO, YTO B MPOCTOM FeOMETPUYECKON MOAENN XON0AHOro
NATHA MOXHO 0O6BACHWUTL BECb MHTEPBAN M3MEHEHNS V-3HauyeHWI lecka 1 nokasateneii LupeTta B-
V, U-B. MNpn 3atom, 4To6bl M3MEHUTb GNecK 3Be3fbl B MHTepBasie V ~ 10.5™-13.5™ Hy»KHO
M3MEHWTb NoWaab NATHa B MHTepBase 0-1 Npy NOCTOSHHOW TemnepaTypbl NATHa Ha 1000 K
HVXXe YeM Temnepartypa 38e3abl.
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3Haa paccTosiHMe Ao 3Be3abl 140 nc, HopMasibHbIN NoKasaTesb LBeTa 415 38e34bl ['1aBHOi
MocneposatenbHocT (B-V)o =1.15" 1 KosdhumMeHTa SKCTUHKUMM R=3.1, AN BENUYMHbI
MEXX3Be3/JHOro NokKpacHeHus nonyunm Av=0.93"+0.3".

3T0 3HayeHVMe XOpOLIO Ccornacyetcs C fAaHHbiMuW. Torga Ansa  abCcontoTHOM 1
60/10MeTPUYECKOM 3BE34HbIX BETMYUH MOTYyHUM

Mv =m +5 - 5lgr —Av=5".04
BC: = 066, M,60ﬂ =MV + BC = 4 43m

3Haa ans Co/nHua 60/10METPUYECKYHO abCOMOTHYIO 3BE3AHYH BENNUUHY Mgon = 4.74™ 1

cBeTMMOCTb L-=3.83-10%° BT, MOXHO OLIEHWUTb CBETUMOCTb 3B€3/1bl MO BbIPAXKEHMIO
L=L\ ‘ 10 0.4(M6on(1-60n)

rfe nonydeHo L =5.10% BT Tenepb 1CMOMb3ys 3aKOH
L=4nR%T* n  0=5.6710°BT-M*K*,

ana paguyca 3sesgbl nonyymm R = 1.410°m = 1.9 R, . 3ameTum, uTo paguyc 3Be3fbl paHee Obin
onpegeneH B pabote Kak R=1.46 R, a.B. 0T 1.2 R, 40 2.7 R, COOTBETCTBEHHO.

Taknm 06pa3oM, B HacTOsLLEN paboTe NOMyYeHbI CreaytoLme pesynbTaTbl:

1. Pe3ynbTaTbl (POTOENEKTPUYECKOW (hoTOMETpUM nocnegHux 30 feT nokasanu, 4To
CpefHerofoBon YpoBeHb 0necka 3Be3/bl MPAKTUYECKN OCTaeTCA MOCTOSAHHbIM. [py 3TOM
Ha6M0AI0TCA 3HAUUTE bHbIE CE30HHbIE M3MEHEHUS, C aMnauTygoin AV =1"-15™

2. Ce30HHble M3MeHeHWs O/1iecka MOKasblBAKOT U3MEHeHMe amnauTyAbl C KBa3ULMK/IOM
oKono 15 ner.

3. Habniofaemyto nepemMeHHOCTb 6niecka W MokasaTefieil LBeTa 3Be3fbl B MEPBOM
NPUBMXEHUN MOXHO OnucaTb B paMKax XO/I0fHOr0 NATHa C TemnepaTypor, Hmke Ha 1000 K,
yem aPQeKTUBHAA TeMMepPaTypa 38e3Lbl.

OMNPEAENEHVE BAJIbMEPOBCKOI'O CKAYKA Y HOPMAJIbHbBIX
MAIHNTHbIX 3BE3[, C YHYETOM 3®PEKTA NEKYJTAPHOCTU

C.I'. Anves, B.M. Xanunnos
LLlemaxnHckaa AcTpodumsnyeckas ObcepsaTopus HAHA um. H.Tycu

sabirshao@rambler.ru

B paboTe onpefeneHbl 6aibMepoBckue ckaukn (D) 1 TemnepaTypbl MarHUTHbIX 3Be3[, C Y4eTOM
athcpekTa NeKynsIPHOCTH. BbISBNEHO, YTO BeIMYMHA D MarHUTHbIX 3Be3[, CYLLECTBEHHO MEHbLLE YeM Y
HOpPMa/IbHbIX 3B€3[, COOTBETCTBYIOLLErO CMEKTPa/IbHOrO Knacca.

Hannune cunbHOr0O MarHUTHOTO MOASA, PE3KO BbIPAKEHHbIE XMMWUYECKME aHOMasnm-
ekt nekynsapHOCTM B aTMocepax MarHWTHbIX 3Be3f, HENoOCPeACTBEHHO BAUAKOT Ha
(hnsnyeckme npoLecchbl HOPMUPOBaHMS CEKTPaSIbHBLIX IMHNIA, 0COBEHHO, Ha IMHUN NEKYNAPHBIX
(Mn, Si, Sr, Cr, Eu 1 fip.) anemeHTOB [1].

Llenb paboTbl -BbisiB/ieHWE BAUAHUA 3ddheKTa MEKYNAPHOCTM Ha  HabfjaemMble
6a/IbMepOBCKME CKauKMN U 3PPEKTUBHYIO TeMMePaTypy MarHUTHbIX 3Be3[.

C 37Ol Uenbo Hamy 6bl1M BblGpaHbl NPeACTaBUTENM Pa3/IYHLIX TUMOB MEKYNAPHOCTU
MCP-3Be34, pacnonoXeHHbIX B CnekTpaibHOM Anana3oHe BO-FO (Tabn.).
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[na  pelleHns MOCTaBNEHHOW 3ajays B MEPBYD Ouepedb, HEOOXOAUMO BbISIBUTb
nekynspHble 061acT (NATHUCTbIE CTPYKTYPbl) C MOMOLLLK KOMIMIEKCHBIX-CNEKTPasbHbIX,
MarHUTHbIX U (POTOMETPUYECKMNX HABMOAEHNIA NCCNeayemMbIX 3Be3[, (CM. HUXKE).

CnekTpa/ibHble HabnaeHNA nonyyeHbl Ha 2-m Teneckone LWAO um. H. Tycn HAH
AsepbainmxaHa, KoTopble 6bii HavaTbl ¢ 1969 r. K HacTosemMy BpeMeHM NOayyYeHO 60/bLIoe
KO/IMYECTBO BbICOKOKAYECTBEHHbIX CrEKTPOB (4A/MM) B ABYX BapuaHTax: 1) dhoTtorpaduyeckue
(AM\3700-4800A) 1 2) CCD cnekTpbl (AM4600- 6600A) nonyyeHsl B thokyce Kyze 1 KaccerpeHa
Ha 3LLenNe-CNeKTpoOMeTpe B coveTaHuu ¢ M3C- Kamepoii.

CornacHo ueneil faHHOM paboTbl, HaMu nNepepaboTaHbl Te CMEKTPOrpaMMbl, KOTOpble
COOTBETCTBOBa/IM Hanbosbluein nekynsapHoli (P) n oTHocuTenibHO HopMasnbHoW (N) o6nactu Ha
MOBEPXHOCTMN KaXKOW MarHUTHOW 3Be34bl, kak B paboTe [2].

BanbmepoBCcKMe ckauku (D) onpeaeneHbl ¢ NOMOLLbHO NoKasaTesein Konop-nHaekcos (B-
V) n (U-B) B cucteme [yKoHcoHa. BennumHbl D 6biniv BbIYUCIEHBI MO CNELYHOLLEn 13BECTHOW
(hopmyne D=0.52+0.55 Q, rge TemnepaTypHblin napametp Q=(U-B)- 0.72 (B-V). MNony4yeHHbIe
pe3ynbTaTbl NPUBEAEHbLI B MOCeAHEM CTON6Le Tabn. 1.

[ns cpaBHeHUs B cToN6Le 8 B Tabn.1 npmeefeHbl BenmymHbl D nonyveHHble B CAO PAH
[3]. CpaBHeHMEe 3TUX BENMUYMH MOKa3blBaeT, YTO 6asibMepOBCKME CKayku nonydeHHble B LLIAO
npumepHo Ha 30% 6onbLue Yem BennynHbl D nonyyeHHble B CAO. Mo-BMAMMOMY, 3TO CBA3aHO C
TeM, 4TO Mpuv onpeseneHnn D He yuTeHbl 3deKTbl NeKyNAPHOCTY.

BanbMepoBCKME CKauku 19 HOPMasibHbIX 3Be3[, Oblfv NOMy4YeHbl TEM >Ke CroCcOoO0M, Kak
370 6bINO caenaHo ana MCP-3Be3n. CnegyrowMm 3atanoM paboTbl 6b110 BbISB/IEHWE pa3nyns
3aBucmMmocT D oT adhdpekTMBHON Temnepatypbl Te 419 HOPMa/lbHbIX U MarHUTHbIX 3Be3fd. K
HacTosALLEMY BpeMeHW Ony6/MKOBAaHO MHOro paboT CBUAETENbCTBYHOLWMX 06 aHOMasbHOCTU
6a/IbMepPOBCKUX CKAYKOB Yy MarHWUTHbIX 3Be3f. K coxaneHuto, npu onpeaeneHny Temneparypbl
BO BCEX MpefblayLimx paboTax He yUTeHbl 3eKTbl NEKYNAPHOCTU U 06 aHOManuAX BenuynH D
MOXHO FOBOPWTb B 3HAYMTENbHOM Mepe KayeCTBEHHO. Wcxoad W3 3Toro, addeKTVBHbIE
TemnepaTypbl 6bliM  OnpeAeneHbl B Hanbonee MNEKYNspPHOM W HOPManbHOM 06n1acTu Ha
MOBEPXHOCTM MarHUTHbIX 3Be3d [2]. B 3Toli paboTe ObiAvM MOMYYEHO, YTO BENUYMHLI Te B
NeKYNApHON ( NATHWUCTON ) ob6nacTh Ha 600-1500 K 6onblie 4YeM B HOpPMasibHOM 061acTu
atMoctepbl MCP-3Be3a. MNpu onpegeneHnmn athheKTUBHONM TeMmnepaTypbl Oblav UCMONb30BaHbI, B
OCHOBHOM nNpouaM BOAOPOAHLIX NMHWIA, C1 n Q napameTpbl. 10 MONYYEHHbIM AaHHbIM
NnocTpoeHa 3aBMCUMOCTbL BeNnMYMH D oT Te n npeacTasneHa Ha puc.1l. Ha aToM pucyHKe BUAHO,
yto B WHTepBase Temnepatypbl 9 000-10000K BennumMHa D [oCTUraeT MakKCUMasibHOro
3HayeHus. B gnanasoHe Te >10000 K Habnogaetcs ymeHblleHue D, Takke 1 npu Te< 9000K.
YMeHbleHne D ¢ pocTOM Temnepatypbl, NO BUAUMOMY, CBSi3aHO C  YMeHbLLEHWEM
KO3((ULIMEHTA HEMPEPLIBHOTO MOT/IOLEHNS aTOMOB BOJOPOAa COTNacHo 3aBUCUMOCTU KA ~A°,
Torga Kak ymeHblleHMe BefnMuMHbl D And HopMasbHbIX no3gHuMX A-3Be3sn (Te-8000K)
06YyC/IOBNEHO, B OCHOBHOM, C MPOSB/IEHWEM HENpPepbIBHOrO MOT/IOWEHNs OTpULATeIbHOr0 MoHa
BOAOPOZA WM MNOTMOWEHVEM B MHOTFOYUC/IEHHbIX NIMHUAX METaioB, KOTOPble WMEHT HU3KKe
MoTeHUMasbl BO30YXXAEHUA N NOHM3ALN.

OnpefeneHbl 0THOWeHMs BenMynH (AD=D mar./D Hop.), 415 MarHUTHbIX Y HOPMa/IbHbIX
3Be3[ rNaBHON NocnefoBaTelbHOCTU TOM e TemnepaTtypbl (B Ka4eCTBe Mepbl aHOMabHOCTH). B
pesynbTate OblIN MOMyYeHO, YTO 3HadeHWe AD, ans Bcex uccrnegyembix MCP-3Be3f MeHbLUe
eaHuubl (AD<1,0). NHaye rosBops, 6a/lbMepOBCKME CKAYKM Y MarHUTHbIX 3Be3[, CYLLECTBEHHO
YMeHbLLUEHbI M0 CPaBHEHWIO C HOPMa/IbHbIMY 3Be3Lamu. BbIiBNeHO 4TO, HaMbo/bLLNe aHOMASTUN
06Hapy>K1BaKOTCA A4/19 KpeMHEBbIX (Si) MarHUTHbLIX 3Be34ax.
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Moapo6Hble nHopmaumm 06 3TOM apekTe OYAYT NpeACTaB/IEHb! B CNeAYHOLLMX paboTax.
B 3akntouveHvie aBTopbl 6narogapAt [O.A.AXyHLOBY 3a MOMOLLb Mpy OPOPMSIEHWMN CTaTbh K

neyvyartu.
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HD un mv SP. (B-V) (U-B) Twvn neky”n. Te D (CAO) Q D
Has3B. (LLAO)
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 4.83 B9 -0.03 -0.12 Si, Sr, Cr, Eu 9600 0.46 -0.10 0.46
15089 4.59 A 3.8 +0.072 +0.18 | Sr,Cr, Eu 8600 0.46 +0.13 0.59
18296 5.11 B 8.8 -0.025 -0.24 Si, Sr, Cr, Eu 10570 0.39 -0.22 0.40
19832 5:65 B7.3 -0.09 -0.39 Si 24200 12510 0.28 -0.33 0.34
25823 5.27 B6.8 -0.16 -0.49 Si, Sr AM200 12900 0.26 -0.37 0.32
34452 5.39 B4 -0.17 -0.55 Si M200 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 Ab +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 5.49 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 4.93 A2 +0.030 +0.010 | Sr, Cr 9450 0.45 -0.01 0.46
124224 4.90 A0 -0.13 -0.41 Si 4200 12460 0.31 -0.32 0.34
133029 6.16 B9 -0.135 -0.43 Si, Cr 11000 0.36 -0.33 0.35
137909 3.72 F2 +0.27 +0.11 | Sr,Cr, Eu 7880 0.40 -0.08 0.47
140160 5.26 A0 +0.04 +0.05 | Sr +0.02 0.53
140728 5.48 B9 -0.070 -0.30 Si, Cr +0.25 0.66
148112 4.5 A2 -0.000 -0.040 | Cr, Eu 9400 0.48 -0.04 0.50
153882 6.29 B9 +0.035 +0.040 | Cr, Sr +0.01 0.53
173650 6.39 B9 +0.03 -0.011 | Si, Cr -0.03 0.50
176232 5.90 AT +0.250 +0.105 | Sr, Cr, Eu 7750 0.44 -0.08 0.47
179761 5.15 B8 -0.070 -0.400 | Si 11900 0.33z -0.35 0.32
184905 6.62 AO -0.110 -0.230 | Si, Sr,Cr, Eu 10100 0.33 -0.15 0.44
189849 4.6 A4 +0.180 +0.160 | Am 8100 0.45 +0.03 0.54
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192678 7.12 A4 -0.015 -0.015 | Cr 9000 0.48 +0.05 0.55
196502 52 A2 +0.080 +0.106 | Sr, Cr, Eu 8900 0.51 +0.05 0.55
201601 5.0 A9 +0.09 +0.26 | Sr, Cr, Eu 7600 0.40 +0.19 0.62
204411 5.4 A4 0.07 0.16 Si, Cr, Hg 8800 0.49 +0.11 0.58
215038 8.18 AQ -0.045 -0.047 -0.02 0.51
215441 8.84 A0 +0.025 -0.515 | Si 4200 14900 0.18 -0.53 0.23
220825 4.94 A2 -0.03 -0.01 Sr,Cr, Eu 9600 0.43 +0.01 0.53
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MPOXOXAEHWE 3APSYXEHHOW UACTMUbI HEPES3
HEOAHOPOAHYHO AAEPHYHO CPELY
C.K. AbgynsaratoBa, P.A. Axmezos, H.LLl. Bapxanosa, T.O. baiipamoBa
BakuHckuii FocyaapCTBEHHbIV YHMBEPCUTET
sajida.gafar@gmail.com

B naHHON paboTe M3yyeHO MPOXOdKAEHWe NErkux WOHOB 4Yepe3 HeOLHOPOAHYID AfepHYo cpesy,
06YyCNoBNEHHYO (hyKTYyaumeil noTHOCTK. [Ang onucaHns MHOTOKPaTHOrO pacCcesHus B «HEO4HOPOLHON»
cpefe NpUMeHeHa OnMTUYeckas MOfenb, B pamKax KOTOpOi/ paccMaTpuBaeTCs ypasHeHue JlunmaHa-
LLIBuHrepa ¢ «3(PGeKTUBHBIM MOTEHUMAIOMY». «IPMEKTUBHBIA MOTeHUMan» MO3BOMSET HaATH
VHTEHCUBHOCTb KOrepeHTHOM 1 HEKOrepeH THOMN PacCesHHON VOHHOM BO/HBI.

1.BeegeHue

FOepHble MpoLecchl ¢ NPOTOHAMK COCTaB/AKT Hambonee NOAPOOHO U3YYeHHbIA pasgen
(hU3NKM ALepHbIX B3aMMOAENCTBUN. [OCTUTHYTbIA 34eCb CYLUECTBEHHbIA NPOrpecc CBA3aH C
MOsIB/IEHWEM  KAYeCTBEHHOM  3KCMepPUMEHTa/IbHOM  MH(opmauum 06  0COBEHHOCTAX
9HEPreTUYeCKONn W Yr/0BOM 3aBMCMMOCTEN COOTBETCTBYIOLUMX CEYEHWIA U C OYEBUAHBLIMU
ycrnexamu TeOpeTUYeCKON MHTepnpeTauuy AaHHbIX.

B faHHONM paboTe M3y4yeHO MPOXOXAEHWE NErKnX MOHOB Yepe3 HeOLHOPOLHYHO ALEPHYHO
cpesy, OO6YC/OBNEHHYHO (yKTyaumein NAOTHOCTU. HeoZHOPOAHOCTb Cpefdbl MOXeT ObITb
06YyC/IOBNeHa KaK AUHAMUYECKUMWU PIYKTYaUUsMU NIOTHOCTU, Tak U HOCUTb CTaTUCTUYECKMI
xapaktep. [ paccesHVs B «HEOLHOPOAHOW» cpefe NpumMeHeHa 3((eKTMBHasA ONTUYecKas
MOfeNb, B paMKax KOTOPOW paccMaTpuBaeTcsi ypaBHeHMe JlnnmaHa-LLBuMHrepa. OnTuyeckumi
MOTeHLUMan No3BO/ISET HANTN UHTEHCUBHOCTb PaCcCEeAHHOM BOJIHbI NOHA.

2. CedeHue ynpyrux u Heynpyrux npoLeccos
Bbi6pae y ,(r) = exp(ikr)B Buae niocKoii BO/HbI, OTBEYAIOLWETO MOHA C UMMYMLCOM K,

ypaBHeHve J/IunmaHa —LLIB1Hrepa B KOOPAWHATHOM NPeACTaBNeHNI MEET CeayHoLLniA BUA
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y k(r)=exp(ikr)+.[G(r,r')1Uy r )

rae dU - Bo3myLLeHMe, 00yCNoBNEHHOE (PIYKTyaUusiMU NIOTHOCTY S4pa, a hyHKUmMs MpuHa
MMeeT BUA;

m exp(ik‘r—r")
~ 2ph? ‘r—r" '

G(r,r')= )

MoTeHuman dU HenokaneH, ecnu ero hopmgakTop <k'|dU|k> 3aBUCUT He TO/bKO OT

pasHocTU BekTopoB k —K (T. €. OT BekTOpa nepegaun umnynsca g =Kk —k), HO 1 OT camoro
BekTopa K .
PaccesiHWS MOHHOW BOSTHbI MOXHO Y4eCTb, M30paB peasibHO YacTb noTeHumana dU B Buge
[1]:
du, = (2pn* /m) <dh > Rea, (3)

rfe a HasblBaeTca AMHOW paccesHue, dh - cnydyaitHble AyKTyaumMm MAOTHOCTU. 34eCb CKOOKM
<...> 0003Haval0T yCpeAHEeHWe MO CTaTUYeCKOMY pacnpefeneHnio COCTOSHWI paccenBaroLLel
CUCTEMBI.

C nomoLbto (hopMy/ibl, aHANOrMYHOM (3), MOXHO BblGpaTb MHMMYHO YacTb MOTEHLMana

du, = (2p #*/m) <dh > Ima, (4)

MHMMas 4acTb 3TOr0 MOTeHUMana MOAENNPYET Heynpyrve npoLecchl, CONyTCTBYHOLLME
ynpyromy paccesiHuio 1 onpegenset ocnabsiieHne KOrepeHTHOM BOJHbI BO BXOLHOM KaHaJie.

KMcnonb3ys acumntotuky yHKumm MpuHa (3) npn r — o, 13 (1) HETPYAHO BUAETH, UTO
amnanTyay paccesiHUA MOXHO NPeACTaBUTb B BUE:

F(k,k'):—%jexp(—ik’r)jUy (r)dr, (5)

rae k' MnynbC MoHa Nocne paccesH.

COOTBETCTBYIOLLEE CEYEHMe CBA3AHO C 3TOM aMMAMTYAOI cneaytowmum o6pasom. Yncno
MOHOB, MPOXOAALLMX Yepe3 MoLWadb r'dQ, ecTb OTHOLLEHME NaJaoLLEr0 MOTOKA K PaccesHHOMY
noToKy. Toraa Aax /bl AuddepeHLmansHoe CeyeHne PaccesiHus PaBHo

d’s v 1

= .= _[dte™ Y bb,e ), 6
dQdE v, 2pn ;' : ©

roet =t—t,, w=w, —w’, v CKOPOCTb MOHOB MOC/Ie pacceaHus, v, [0 pacceaHus, a q =Kk, -k,

d- d - paccTosiHMe OT LieHTpa A0 TOUKK, Fe HabnraaeTcs MOHHAs BOJHA.
N3 (6) BblAENUM KOTFEPEHTHYH U HEKOrepeHTHyt0 BOMHY. [pvHMMas BO BHUMaHWe
M3BECTHOE KBAHTOBOMEXAHWYECKOE BblpaXKeHWe 15 NIOTHOCTM PacCesHHOro ToKa

] in . .
J(r)=%& OVy “(N-y "(HVy 1) )

N NCNOJb3YyA BbIPaXKEHNE:!
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Vo Wy (0)-y vy ()]s 2iduy Ly (D=0, @)

MOXXHO NOSyuYUTb AN ANBEPreHLUNM j COOTHOLLEHME

V.j= —Em(Zp hzlm)<dh>lmay a(ry  (r), (9)

T.e. B TeX Toukax, rae dh =0 avBepreHuMsi j oTiMYHa OT Hynsi, ndh XapakTepusyeT «yxom»

yacTuL,. VcuesHOBEHME YacTUL, C UMMYNLCOM k CNefyeT MpuUnucaTb MOT/OLLIEHNIO, KOTOPOE, B
camMoM fiefe, CBA3aHO C HeYNpYriIM paccesiHUEM.
CeueHue ynpyroro paccesiHnsi paBHo

Sy (k)= [|F(k.3) de, (10)

ynp.

M ero Mo>XHO NpeacTaBUThb B BUAE Pa3/iIOXKEHUA B PAL KPAaTHOCTU YNpPyrux paCCEHHMVI

Sy ()= N, [|F(k,3) +%jdk' F(k)F(k =Kk} dQ+ ..., (11)
raeN, = L : [exp(—s ,dh,r)(—s,dh,r)"dr. 3aech s, - MOMHOE CEUeHME PacCesHMSA, OTHECEHHOE
s,n!
K OJHOMY PacCevBatoLLEMy LEHTDY:
Vv [(dnh, )
s, =4p(Rea)’ " (TOJ (12)

rae v,- 06beM, MPUXOAALLMIACA Ha OAVH LIEHTP, a h - Y1CNo paccemBatoLLMX LIEHTPOB.

Ynpyroe paccesiHve CBA3aHO YC/I0BUEM YHUTAPHOCTM CO BCEMW Heynpyrumum npoLeccamu.
Tak KaK ceyeHne Heynpyroro paccesiHus B NPUGIKEHUN TSXKENOW MULLEHW NPONOPLUOHANIbHO
CeYeHuto ynpyroro paccesHus [2]:

S Heynp. — N3(bcbs ynp. N3Cb(bv (Re a)2 <(dho)2 > (13)

Uncno N, = N, NpU 3TOM MMeeT CMbICA 3EKTUBHOTO YmMcna Aaep, y4acTBYHOLIMX BO

B3aMMOJENCTBUMN.

OTAe/bHble paccerBaroLLMe LEHTPbI paccenBatoT HEKOrepeHTHO. Y NpYroe HeKOrepeHTHoe
paccesHMe Ha MPUMECAX MPUBOAMT K OCNabMeHNI0 KOFepeHTHOW BOMHbI  3TO CBSI3aHO C
(hNyKTyaumsaMm NAIOTHOCTU PacCenBatOLLLEro BELLLECTBA.

HekorepeHTHOe paccesiHne He 3aBbICUTb OT HanpaBneHUst U UMeeT BUA:

L’ o 2 (dh, >2

~ Ny 42
HanpoTuB, KOrepeHTHOE pPacCesiHUe CUMbHO 3aBbICUTb OT Yyr/ia W CYLIECTBEHHO B
HanpaBNeHUN BRepef, T.e. €CAM LEHTPbl PAcMOOXEeHbl YMNOPSA0YEHHO MOf 6GP3ArrOBCKUMM
yrnamu. B aTux HanpaBieHUsX KOrepeHTHass MHTEHCUBHOCTb UMEET B/,

(14)
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b’ Korep

NHTEHCUBHOCTb KOrepeHTHOr0 paccesiHns NponopLUmMoHabHa S

ymcna pacceBaroLLMX LLEHTPOB KBALPATUYHO.

3. 3aKnoyeHne

VHTepgepeHUMOHHbIe  3(h(heKTbl, MPUCYTCTBYIOWME B CEYEHUW  HEKOTEPEHTHOro
paccesHns, 3aBUCAT TONIbKO OT CPeAHMX A/IMH paccesHus sgep. AMNAUTYAA HErorepeHTHoro
PAcCesHNS VMEeT BEMUMHY NOPSAAKA HECKOMbKNX eauHnL, Ha 10™. [M03TOMy pe3oHaHCHble
NIMHUW CTaHOBATCA yxKe, Korga N Bo3pacTaeT. B 06nacTvi HepaspeLlLeHHbIX Y NepeKpbIBakoLLMX
PE30HaHCOB TOHKasf CTPYKTypa CEYeHW CrnaXuBaeTCs WU3-3a 3HepPreTMUecKoro ycpegHeHus.
Ecnm wvHTepBan ycpegHEHUs BefMK MO CPaBHEHWKO CO CPeAHWM  PacCTOSHUEM  MeXAy
pe3oHaHcamu, TO B YCPeAHEHHbIX CeYeHUsX OyayT MNPOsSBAATLCA /Wb COOTBETCTBYHOLLME
MPOMEXYTOUHbIE CTPYKTYPbl, W OHW CBSI3aHbl C pe3y/fbTaTamy¥ MOAENN KOMMIEKCHOrO
noTeHumana.

2z (dho)’

athh d—2 (15)

HO €€ 3aBNCUMOCTb OT

Korep !
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OMPEJENEHUE NAPAMETPA CMMHOBOW 3ABUCUMOCTW
HEYMNPYIO PACCEAHNA HENTPOHOB
X.W. Abgynnaes, M.LL. Mamegos, H.A. 6parumos
BakuHckuid FocyaapcTBeHHbI YHUBEPCUTET

W3 aHanm3a yrnoBbIx pacnpeseneHnini Heynpyro paccesHHbIX HeTPOHOB C HavanbHOI aHeprueit 7,3
MaB onpeaeneH napameTp CMMHOBOW 3aBucumocTw s gna agep Sc, Ti, V, Ca, Mn, Cr.
SKCNepUMEHTabHO OMNpefeNeHHble 3HAYEHUs S, HUXKe BelUYMH, NoyvyaemblX B pacyeTax no Mogenu
He3aBMCKMbIX YacTul, Ob6bsAcHeHNEe HabAaeMoro aekTa, Kak NposiBNeHne B3aMOLENCTBUA MEXKAY
yacTumuamu, OTNYALOLLErocs OT NapHbIX KOPPEeNsLnid, KadKeTcs Hanbonee NpasLonoLo6HbIM.

WccnenoBaHue yrnoBbiX pacnpeaeneHnii yacTul, UCMYLLEHHbIX U3 COCTaBHOIO AApa, AaeT
BO3MOXHOCTb OMpefe/MTb napaMeTp CMMHOBOI 3aBUCUMOCTW CEYEHWUS HEYymnpyroro paccesiHus
HelATPOHOB . [py 3TOM 06bIYHO WCMOMB3YIOT BLIPAKEHWE A8 YINOBOW 3aBUCUMOCTY
amdpepeHLManbHbIX CeueHuid, NnonyyeHHoe SPUKCOHOM U CTPYTUHCKUM [1]:

o*s . (E,, 2 2
s (Eu) u)=c 1+i<€a(Ea)>4<£b(Eb)Pz(Q) 1)
oE, 00, 12 s

2 2
rae c —Hekotopas KoHCTaHTa, </(2(E,)> u </ (E,)> -CpedHvie KBaapaTbl OpOUTa/IbHbIX

YINI0BbIX MOMEHTOB NafaloLMX W BblNETalOLWMX HEATPOHOB, COOTBETCTBEHHO; P, —MOAVMHOM
NexkaHapa BTOPOro nopsaka.
CpefiHWiA KBafipaT YrnoBoro MOMeHTa ONpeAenseTcs CrefytoL MM COOTHOLLEHNEM:
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o0

<(E)>= Y (20 +)T(E)(r+1) /Y (20 +1)T, (F) @)

0

rae T, - KO3(h(ULMEHT NPOHULLAEMOCTH, PACCUUTBLIBAEMBIN MO ONTUYECKON MOAENN afpa.

CooTHowweHve (1) nonyyeHo Ans cnyyas cnaboil cBssw, T.e. 419 Manoii aHM30TPOMUK
YrN10BOro pacnpeaeneHus.

Ons  onpegeneHns  napaveTpa  CMWHOBOW  3aBMCMMOCTM  OblM  UCMO/b30BaHbI
anddepeHUManbHble CeYeHUs HEWTPOHOB C  HayvanbHOW 3Hepruel 7,3 MaB, Heynpyro
paccesiHHbIX Ha agpax Sc, Ti, V, Ca, Mn, Cr [2]. ¥YrnoBble pacnpefeneHunsi, COOTBeTCTBYHOLLME
NHTepBay 3Hepruii BolnetaroLmx HenTpoHos ot 0,5 o 3 MaB, 6bin NpeacTaBneHbl B BUAE:

s(q)=$ZOB/Pf(q)

BenuumHa napameTpa 3aBMCUMOCTU BblYMC/IANACL U3 CPaBHEHUA HOPMMPOBAHHOMO Mo By
KoahuureHTa B, npu nonuHome JlexaHngpa P,(0) ¢ BbipaxeHvem (1). Ana BbluMCNEHUA
CpefHUX KBafpaToB Yr/10BbIX MOMEHTOB WCMO/b30BA/INCL KOIPMULMEHTBI MPOHULLAEMOCTU U3
paboTbl [3]. MonyyeHHble 3HayeHMs NpefcTaBneHbl B Tabnuue 1.

Tabnuua 1.
MapameTp o> 1 oTHOLEHNS Toe/ T, MoNyYeHHbIe U3 aHa/In3a YrioBbIX
pacnpeaeneHnii HEMTPOHOB, UCNYLLEHHbIX K3 agep ¢ aHeprusmm 0,5-3 M3B.

ONeEMEHT Sc Ti \ Cr Mn Co
S 5,3+1,2 6,2+1,2 7,3+1,6 7,4+1,4 9,243,1 9,6+2,3
Toxe/ 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

YKa3aHHble OLWWOKM 06YCNOB/EHbI OLIMOKAaMWU B 3KCMEPUMEHTANIbHBIX faHHbIX. Kpome
TOr0 3HaYeHWs, © MOryT COAepXaTb CUCTEMATUYECKMe OWWOKM Un3-3a NPUCYTCTBUA B
aHa/IM3MPyeMOM Anana3oHe 3HEPruii HEeMTPOHOB, UCMYLUEHHbIX B MNpeApaBHOBECHOW CTaauu
peakumMn. HO OHWM He MOryT CYLLECTBEHHO W3MEHWTb MOJMlyYeHHble pe3y/bTaTbl, TaK Kak B
paccMaTpvBaeMOM WHTepBasie 3HEPruii [oNs HEeWTPOHOB W3 HEepaBHOBECHLIX MPOLIECCOB B
VHTErpasibHbIX CnekTpax MeHbLle 10%. 3T0 MOXeT NPMBECTU K OLIMOKe B napameTpe Cr1HOBOW
3aBucMMocTn <15%.

Hawwm gaHHble CpaBHUBAIMCH C AaHHBIMU ApYruX paboT, B KOTOPbIX MapaMeTp CrMHOBOWA
3aBMCUMOCTM W3B/IEKAETCA U3  IKCMEepUMEHTa/IbHbIX YI/I0BbIX PacrpefeneHnin  NpoayKToB
peakumin (n,p), (n,a), (n,n’). Haww fgaHHble Hanbonee XOPOLUO COrNacyktTCs C pesynbTaTaMu
paboTbl [4], B KOTOPO napaMeTp o MOMYYeH W3 aHam3a CNeKTPOB YMPYro pacCesHHbIX
HEMTPOHOB C HayasbHON 3Hepruer 7 MaB. 3KCnepuUMeHTa/IbHblE BE/IMYMHbI G, B OCHOBHOM,
HUKe 3HAYeHWiA, NOy4aeMblX B pacyeTax MO MOAENN He3aBUCUMbIX YacTuUL, C TBEPLOTE/bHbIM
MOMEHTOM VHEPLLUN:

s?= I;l—;r
roe T — aaepHas Temnepatypa, lo- MOMEHT nHepuun Sapa, pacCMaTpyBaemMoro Kak TBepgoe Teno,
nmetoLee pagmyc R 1 maccy A m, T.e. paBHblii

(3)
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I, = % mAR? (4)

YMeHbLUEHNEe MOMEHTa MHEepLUN Afpa No CPaBHEHWIO C TBEPAOTe/bHbIM, MOBUAMMOMY,
MOXET ObITb 00YC/IOB/IEHO TPEMSA NPUYUHAMN:

a) B/IMSAHMEM OCTaTOYHOr0 B3aMMO/ENCTBUA CBEPXNPOBOAALLErO TUMA,;

6) BNMAHMEM 0060/104EHHbIX 3 (EKTOB;

B) Ha/IMYMEM B fape B3aUMOLEWCTBUSA YacTuL, OTIMYAKOLWErocs OT NapHbIX KOPPensauui,
KOTOpOE KaK NnoKasaHo B paboTe [5] MOXET 3aMETHO YMEHbLUNTD G.

YMeHbLUeHNe MOMeHTa, 00YC/0B/IEHHOE B/IMSAHMEM MapHbIX KOPPEeNsuuiA, He3HaunTelbHO,
TaK Kak XapaKTepHas aHeprus Bo30y)XXAeHWUs 0CTaTOMHOro fapa 6/1M3Ka Unm Aaxe Bbille 3HEprum
(ha30BOro rnepexofa, Kotopas 4s1s uccrefoBaHHbIX aaep coctasnseT ~(5+10) MaB.

Mpy paccMOTPeHUM pe3ynbTaToB [JaHHOW pPaboTbl COBMECTHO C [4] He OGHapy»XMBaeTcs.
Koppensuuy mMexay BefIMYMHON MOMEHTa WHEeprum u MaruyecKUmy uucnamun. 310 faet
BO3MOXXHOCTb YTBEPXaTb, UTO YMeHbLLEHME | He CBA3aHO C 060104eYHBIMY APdeKTamMu.

Takum 006pa3omM, 00bACHEHWe HabntogaeMbIX 3((EKTOB KakK MPOSB/EHME OCTATOYHOIO
B3aVIMOJENCTBMS  4YaCcTULL, OT/IMYAIOLLEroCs OT MapHbIX KOPPensuuii, KaxeTcs Hambosee
npaBgonofo0HbIM. MO3TOMY  3HaHME 3KCMEPUMEHTa/IbHbIX MOMEHTOB WHEpUUA (I oen) AaeT
BO3MOXHOCTb OLeHWTb KOHCTaHTYy aCMMMETPUYHOM MO CMWMHY YacTU B3aUMOLENCTBUA U3
COOTHOLLIEHWS, MONYy4YeHHOro B pabore [5]:

roe 1o v | oen —TBEPAOTENbHBIA U 3KCNEPUMEHTANIbHO HA6/IHOLAEMbI MOMEHTbI UHEPLN A4pa,
COOTBETCTBEHHO, § — MMOTHOCTb OfJHOYACTUYHbIX COCTOSIHUIA B6MM3N ypoBHs depmu, gf 4/2-
KOHCTaHTa aCUMMETPUYHOW MO CMMHY YacTW B3auMOLENCTBUS.

BenmumHa gf %/2, WM3BNEUEHHble W3 HAWIMX [JaHHbIX, KauyecTBEHHO COFNacyeTcs CO
3HaYeHneM, Nosly4yeHHbIM B paboTe [4] U UCNONb3YeMbIM B TEOPUU (hepMU->KNAKOCTH [6].
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MPOB/IEMA 3AMYTAHHbIX COCTOAHUI B
KBAHTOBOW ®UN3NKE
M.WN. Anues, 3.A. VcaeBa, .M. Annes, A.M. Annesa
NHCTNTYT Pusnkn HaumoHanbHol Akagemun Hayk Asepbaiig>kaHa
elmira@physics.ab.az

B nocnegHee Bpemsi HeKoTOpble (DM3UKWM yAendlT 60/Mbloe BHUMaHWe npobreme
BocnpuATuA. Tak, KagomueB B cBoeli MoHorpaguu [1] roBoput O TOM, YTO U3MepeHMe B
KBaHTOBOWM MeXaHWKe — 3TO0 UH(OPMaLMOHHbIN MPOLIECC U NO3TOMY AJ1 €r0 MOHUMaHWUA BaXKHa
He CTONbKO 3HEpPreTMyYeckass, a CKOMbKO COAepXaTeNbHO-CMbIC/IOBAsA CTOPOHA MNepejaBaeMblX
curHanos. Cam MH(OPMAaLMOHHbIN acnekT U3MepeHus, Kak ropoput Kagomues, MOXHO Ha3BaTb
[eTeKTMPOBaHWEM WM BOCMPUSATMEM CUrHana. TakMm 06pa3oM, BO3HMKaeT BOMPOC O CaMOM
BOCMPUSATAM Ye/IOBEKA B (DU3MKE.

OO6beKTbI ABMAKTCA UCTOYHUKAMU UHDOPMAaLMUW 1 MOHATHO, YTO KOJIMYECTBO MH(OpMaLLMK
3aBUCMT OT unucna O6BLEKTOB, KOTOpble  BOCMPUHUMAKOTCA  4YesfioBeKOM.  Makpomup
BOCMPMHMMAETCS YeNOBEKOM HEMOCPeACTBEHHO, a MMKPOMUP Yepe3 npubop. Ho yepes npubop
OyaeT BOCMPUHMMATLCS HAMHOrO MeHbLLEee YMCN0 OOBEKTOB, M MO3TOMY MHGopMauun byget
MeHbLUe. [103TOMy MOXHO CKa3aTb, 4YTO BOCMPUATME HEBUAMMOIrO MUKPOMMPA ABNSETCS
HENonHbIM. HaBepHOe, B 3TOM CKpbIBAeTCA UCTUHHASA MPUYMHA, UMEIOLLMX MeCTO B KBAHTOBOM
(hM3MKe COOTHOLLEHWNI HeonpeaeneHHocTen IMeit3eH6epra.

O6o3Haunmm uyepe3 Ny ¥ Ny uYMCNO  BOCMPUHMMAEEMbIX OOBEKTOB B  Makpomupe
(Knaccmyeckmin Mup) M MUKpOMUpe (KBAHTOBbIA MWP), COOTBETCTBEHHO. [1OHATHO, 4TO
HeonpeaeneHHOCTb 06paTHO MPOMOPLMOHabHA YMUCAY BOCTPUHUMAEMbIX OOLEKTOB, UMbl

A
MOXeM BBECTU eAVHWLly HeonpeAeneHHOCTW, KoTopas bygeT Aa =N—B MaKpoMupe u
k

Aaq = —— B MUKpOMWUpE, rae A —MOCTOAHHas, CBAi3aHHas C YesloBEYECKOW CMOCOBHOCTHIO
q
BocnpuaTmnA. 3-3a Toro, u4to Ny >> Ny, MUKpOMUMP 6osiee HeonpeeNieHHbIN, HeXenu MaKpomup.
Mpn Hay4yHOM MO3HAHUW MUpa 4YeNnoBeK MNPON3BOAUT HabnogeHWe (HabnaeHWe —3To
LleNIeHanpaB/IeHHOe BOCMPUATAA), B KOTOPOM Y>Ke BOCMPUHUMAKOTCA He BCe O0ObeKThl, a
1360poyHble. OBO3HAYMM 3TO YWCMIO Yepe3 N B MakpoMupe U Ng B MUKPOMUpE. FCHO, YTO
HeonpeeneHHOCTb O MPOMopLMOHa/IbHA YMUCy OOBEKTOB OCTaBLUMXCA BHE HAOMOLEHMA.
O603Ha4uMm 310 uncsio yvepes (N - nk) B Makpomupe 1 (Ng - Ng) B MAKPOMUPE.
Takum o6pasom:

A
a, =(N,—-n)Aa, =(N, —nk)N— B Makpommpe u
k
=(N Aa,=(N A
a,=(N,-n,)Aa =(N, —nq)N— B MUKPOMMpE.
q
PaccmMoTpuM criyyaid, Korga B 060MX MUpax HeornpefeneHHOCTb OAHa U Ta Xe, T.e. Ok= Oq.

STOT Cnyvail, KOHEYHO BO3MOXEH TOMbKO B CaMOM TMpOLECCe W3MEepeHWW, Korfa uucro
HabN0AaeMbIX B MUKPOMIMpPE CTAaHOBMTCS 6OMbLLe, YeM B MakpomMupe. Cam NpoLecc N3MepeHus
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MOXHO OXapakTepu3oBaTb, KakK [eiiCTBME 4YesioBeKa B «MaKpOMUP+MUPOMUP» CUCTEME.
Co3HaHUWe Habnoaatens MoXeT IM60 BXOAUTb, MO0 He BXOAUTL B 3Ty cucTemy. MiTak, 13 ok=dq

Mbl MONyYaem, uto n, =%nk. MpuHMMas BO BHUMaHWe, Y4TO Nx U Ng NOCTOSHHbIE, U3 3TOWA
k
(hopMynbl BUAHO, YTO YBE/IMYEHME Yncna HabogaeMblX B MUKPOMUPE NMPUBOAUT K YBEMUYEHUIO
yncna HabngaeMbIX B MakpoMupe. BHYTpeHHSS KOppensuns B KBAHTOBOW CUCTEMe, KOTopas
MMeeT MeCTO B M3BECTHOM JWHLITeMH — Mofgonbckmini — Po3eH (3MP) napagokce[2]. B aTom
napaZiokce paccMaTpuvBalOTCA [Be YacTULbl, KOTOpble B3aUMOLENCTBOBa/IM [pPYr C APYrom
HekoTopoe Bpems. OHM OKasbIBAKOTCA B 3aryTaHHOM, WM Jlydlle cKas3aTb B CBA3aHHOM
COCTOSIHWK, NOTOMY YTO U3MEPEHNEM UMMNY/IbCA OLHOMN U3 YaCTUL, MOXHO NpejcKasaTtb, He Aenas
N3MEpPeHNs, WMMyNbC APYron uvactuubl. HO pas3Be 3TO He O0O3HA4YaeT YBE/MYEeHWEe u4ucna
HabntofaeMbIx? Befb He nenas cneunanbHO HAOMOAEHUA UM U3MEPEHUS, Mbl TEM He MeHee
noslyyaem AOMNOSHUTENbHYIO MH(opMaLmio. Hunbe bop B cBOe BpeMsi 06BACHAN 3TOT napafokc
ornpefeneHHon KoHgurypaumein npnbopos[3]. IMeHHO 3Ta KOH(Urypauus OTBeYaeT YC/I0BUIO
YMeHbLUEHUS HeonpefeNneHHOCTM B MUKPOMUpPe, M3-3a KOTOPOW B pe3ynbTaTe Mbl MOJyyvaem
[ONONHUTENbHYIO  MH(opMaumio.  Kak nuwet bop: «.. B KaX4OW 3KCNepUMeHTa/lbHOM
YCTaHOBKe  HEOOXOAMMO  MPOBOAUTL  MPOBOAUTL — TpaHULy  MeXay TeMM  YacTAMM
paccmaTpuBaemMolri (M3UYECKON CUCTEMbI, KOTOPble Mbl MEPeUYncnseM K WU3MepUTE/bHbIM
npubopam 1 Temu, KOTOpPble ABNAIOTCA 0ObEKTaMM, MOAMeXalumMmn nccrefosaHnio». Cam bop
BbIOMpaeT 3Ty rpaHvLy Takum 06pa3om, Kak OH MnuweT: «Bblbop MecTo Ans 3TOW rpaHuULbl
BO3MOXEH /Wb B Npejenax ToW 0651acTW, rAae KBaHTOBO-MeXaHW4eckoe OnucaHue [aHHOro
npoLiecca no CyLLecTBY 3KBUBASIEHTHA K/1ACCUYECKOMY ONMUCaHUIo». Takum 06pa3oM, B KAHTOBOM
(hm3nKe Bce 3aBMCUT OT BbIGOpa rpaHMUbl. Bbi6op 3TON rpaHUUbl 6yAeT NPOM3BOAWUTLCS CO
CTOpPOHbI Habnwogatens, KOTOPbIA AOMKEH AN 3TOTO LeM He ObiTb BK/KOYEH B CUCTEMY
«MaKpoOMMp+MUpoMUp». Takas cucTemMa SABMASETCA OTKPbITOW. HO 4TO npow3oinger, ecnm
Habnogatens BKMOUATL B 3Ty cuctemy? B 3Tom criyyae uMeeT MeCTo  CcUCTeMa
«MaKpOMMP+MUPOMUP+CO3HaHMe HabnaaTeNns », KoTopas ABASeTca y)Ke 3aMKHYTOMR. [OHATHO,
4TO rpaHuLy BbIGNpaThb y)Ke 6yAeT HEKOMY 1 MO3TOMY BOMPOC O rpaHuLe TepseT CMbICA. Bbiwwe
HE BK/IOUEHHbIA B CUCTeMY Habnogatenb Mpy onpeaeneHHo KoHpUrypayum npmbopos mor
NoNyYNUTb [LOMONHUTENBbHYKO MH(OPMaLMI0 O MUKPOMUpE, TeM CaMbiM MOr/ia YyMeHbLUaTbCA
HeonpezeneHHOCTb KBAHTOBOrO Mwupa. B 3TOM cfyyae, MWKPOMUP CTaHOBUTCA TaKuUM
HeonpeaeneHHbIM, KaK Makpomup. Ho npu BKIKOYEHHOM B CUCTEMY Habnogartesie MpOUCXoanT
Bce no-gpyromy. Habntogatesb OTOpPBaHHbIA M3 MakpoMupa OKasblBaeTCs B MUKPOMMPE,
MO3TOMY MakKpOMUP CTAHOBUTCH A4/ HEr0 TakUM HeornpeeneHHbIM, KaK MUKpoOMUp. HanoMHuM,

YTO Mbl pacCMaTpuBaeM C CaMOro Ha4dasa cnyqa|7| Ox=0qg X OHO BbINOJIHAETCA B obonx cny4asx.

Ho ecnu B ciyyae 6e3 BK/IOYeHUA HabnoaaTeNs B CUCTEMY HeOonpee/sieHHOCTb O YMeHbLUIanach,
TO, HanpoTMB, MNpW BKIOYEHUS Habnwgatends B cucTeMy (CUCTemMa  3aMKHYTas)
HeomnpeneneHHoCTb  yBenuyMBanacb. Bce BbllLeCKa3aHHOE MOXHO WCMOMb30BaTb  MNpu
paccMOTpeHNn 3sKcnepumeHTa «LLpeanHrepoBckuii KoT» [4]. B 3TOM 3KCnepyMeHTe COCTOsIHME
aToma «0[HOBPEMEHHO pacrnasics U He pacnancs» CTaHOBUTCA CBA3AHHbLIM HE C aTOMOM, KaK B
JMP napagokce, a C MAaKPOCKOMMYECKUM OOBLKTOM —KOTOM B 3aKpbITO/ Kamepe C
paccmaTtpuBaeMbiM aTOMOM. B3aumopelicTBMe aTUX 4BYX 06BKTOB U3 pa3HbIX MMPOB BO3MOXHO,
M OHO OCYLLECTBNAETCS Yepe3 YCTPOMCBO [LETEKTOp pacnafa —MOJIOTOK —aMmyfa C CUHWUIbHOWA
KUCMoToN. MO3TOMY MMeeT MeCTO MapafloKC —3anyTaHHOe COCTOSHWE «KOT >XMB U MepTB
OAHOBPEMeeHHO». B OTKpbITON cncTeMe napafokc MOXET paspeLumTbCs TeM, YTO Habnwogatenb
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M3-3a TOr0, YTO OH He OXBa4eH CaMOli CUCTEMOW, MOXET OTKPbITb KaMepy W YBWUAETb, 4TO,
Hanpumvep, KOT XuB. (B 3TOM C/lyyae NPOMCXOAMUT Konnanc NpOUMCXOAUT BOIHOBbIX (DYHKL WA
CO3HaHWA HabNKAATeNA N OKPY>KAKOLLIEr0 Mupa. JTO AB/EeHWe eCTb feKorepeHums. [4]). paHuua,
O KTOpOI FOBOPM/IOCH Bbille, B Cly4yae, KOrga Kamepa CO LUPEAUHIEPOBCKMM KOTOM eLle
3aKpbIiTa, NPOXOAUT nepes KaMepoin. IHpopmauum HeT OTHOCUTENbHO U KOTa, U aToMa. dTa 0fHa
KOH(Urypauma npuoopos. B cnydvae, korga Kamepa OTKPbIBAeTCH, rpaHMLA YXXe MOXeT
NPOXOAMTbL BHYTPU KaMepbl, OXBaTblBas KoTa. Mbl nonyyaem MHGoOpMaUmio O COCTAHMM KOoTa
(>kuB nnm mepTB). M0 ero COCTOAHMIO Mbl MOXEM Y3HaTb M O COCTOSAHUM aTtoma (pacnasncs uan He
pacnancs). PaccmaTpmBaemMblii aTOM CTaHOBUTCS KaK-Obl 06EKTOM Makpomupa. 3Ta yKe apyras
KOH(Mrypaumsa npubopos, Mpyv KOTOPOM Mbl MNOMy4YaeM [JOMOSHUTE/IbHYIO MH(OpMaLUno 0
MUKpomMupe. ATom OHa nogo6Ha Tol KoHgurypauum npn6opos B SIP onbITe, 0 KOTOPOI NULET
Bop. Takum 06pa3oM, Mbl NOy4YaeM [JOMOSTHUTENbHYIO MH(OPMALMIO 0 MaKpo- U MUKPOMUPaX
N cnegoBaTeNbHO, HEOPeeNeHHOCTb B MUKPOMMPE YMEHbLLUAsAChb MOXKET CTaHOBWUTCS PaBHOM

HeonpeaeneHHOCTN B MakpoMmpe, T.e.0k =0q. B 3aMKHyTOI7I CUCTEME UMEET MECTO Y>XKE COBCEM

Apyras KapTuHa. M3-3a TOro, 4to Habntogatenb, ero CO3HaHWe OXBayeHO CaMOWi CUCTEMON
«LLIpeanHrepoBCKMiA KOT», He MOXET MPOUCXOAUTDL BbILLEOYNOMSHYTas fAekorepeuys. Hekomy
OTKPbITb Kamepy 1 nocmoTpeTb. KoT LUpeanHrepa cTaHOBUTCA Kak-Gbl 06bEKTOM MUKPOMUPA.
Takum 06pa3om, HeornpefeneHHOCh MakpoMupa, OnsiTb, YBE/NYMBAsCb, CTAHOBUTCS PaBHOVA

HeonpeseneHHOCT MUKPOMMPa, T.e. OMSTb Ok =0q. ECMM 3a4aTh BOMPOC O NPOSIBNEHUN Mepbl

HeonpeAeneHHOCTN.0 B M3BECTHbIX (hOpMynax KBaHTOBOW ()M3MKe, TO AJ/1 3TOro, Hampumep,
MOXHO PacCMOTPETb U3BECTHYHO (hOPMY/y aTOMHbIX CNeKTpoB banbmepa [5], a UMeHHo:
1 1
n= R(Z_Z__Z , (n:3,4,5, 6)
n

rAe v - 3T0 YacToTa CBETOBbIX KonebaHuiA, R — nocTosiHHas Puabepra.

Ecnm noHATb, 4TO Uenoe 4ucio n B 3TOM (hOpMynie CBSI3aHO HEMOCPEACTBEHHO C
[leTEKTUPOBAHMEM WA BOCNPUATUEM CO CTOPOHbI HabnfaTens CnekTpos, TO 3T0 (popmyna
OyLeT y>e NpuHUMaTb BUA:

1 4Aa?’
n= R(Z—z—p—z) .
NNTEPATYPA

1. Kagomues B.b. AvHamvka u uH(opmaums, WM3[-Bo «Ycnexuv (PUNYecKmx Hayk»,
Mocksa, 1999, 400c.

Einstein A., Podolsky B., Rosen N., Phys. Rev., 47, (1935), 777

Bohr N., Phys. Rev., 48, (1935), 696

MeHckuii M.B., Y®H, 43, 6, (2000), 631

Llextep B.M., AHcenbM A.A. ATOM K KBaHTOBasA MeXaHuKa, W34-BO «3HaHue»
Mocksa, 1984, 93c.
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O ABYX CBA3AHHbIX CMELUWAHHbLIX SAOAUYAX

H.A. Anves, B.KO. BabaHnbl, A.M. Anves, M. I". MacaHoB ™
BakuHcKuiA TocyaapCTBeHHbI YHUBEPCUTET
WHcTuTyT MpriknagHoii MaTemaTukn, HA Mpobnem dusmnkm
aahmad07@rambler.ru

WccnepoBaHne mateMaTuyecko Moenn 3afadn fobbluvM HedTM M rasa M UX CMecu B
CKBaXKWHE TpebyeT CKPYMNy/fe3HOro n3yyeHue npupoAbl 3Tux npoLeccoB. YCTaHOB/EHO, YTO BCe
MOHATMA N ONpefeNieHns, N3MI0XKEHHbIE B TEOPUU ABMXKEHUS CMecK B Tpybax, B paBHON Mepe
MPMMEHNMbI K NPOLLECCY KCMyaTauum CKBaXXUH U CYXXaT ee OCHOBOWA.

Ha npakTuke 4acTo NPUXOAMTCS PacCUMTbIBATb Fa30XMAKOCTHbIE NOTOKN C NepeMeHHbIMU
Mo CeYyeHUIO napameTpamu. B psge cnyyvaeB 3TV MOTOKM MOXHO paccMaTpmBath Kak
O[JHOMEpHbIE, C HEeKOTOPbIMU CPefHUMU 3HAYEHUAMU MapameTpPoB B KaXKAOM CEYeHUMU.
[BWKeHVe TMOTOKAa B CKBaXWMHE XapaKTepu3yeTca MHOrMMW  aktopamn. Hanpumep,
OTHOCUTENbHOE [BWKeHWe (ha3, TPeHWe MOTOKa O TPybbl U T.4. DTU (hakTopbl HEOBXOAMMO
YUUTbIBATb NPW pacyeTe 1 OCYLLEeCTB/IEHUN, HAaNpUMep rasMTHOro cnocoba JobbIun HegTw.

PaccmaTpuBaeTcs Napa CMELUaHHOW 3ajayn, MepBoe M3 KOTOPbIX B MPaBOiA 4acTu
ypaBHeHMs (NapaboMyeckoro Tuna) COAePXWT fenbTa (yHKUmMiA [upaka. Matematunyeckas
MOZe/lb paccMaTpMBaeMoro npotecca sBseTcs CUCTEMOW, (BTopas 3ajada) COCTOSALLENR M3 ABYX
[BYMEPHbIX NIMHEWHbIX AnMpQepeHumaibHbIX YPaBHEHNA C YAaCTHBLIMW NMPOU3BOAHBIMW MEPBOro
nopsgka runepbonuyeckoro tTuna [1]. Viccnegyemasn npobiema n nges ee peLleHns AMKTyeT Ham
4TO, ONpPeSenu B peLLeHNs NepBoi 3afadun 1 BbIGpaTb ee 3HaYeHUe rPaHUYHbIM 3HaYeHVeM Ans
BTOPOW 3a4aun.

WTak, nepsas 3afa4a UMeeT BUL;

10/(_ op(rt 1 op(r,t
F&(r—pér )]+%qh(t)d(r_rc):€%, r.<r<r,t>0 (1)
p(r,0)=p, =const, r <r<r, 2
op(r,t)
L S A — t ,
or |, =0 o

p(r.t) = p (), t>0
rae 3agada (1)-(3) paccmaTpuBaeTcs Ha nosy rnosoce
D={rt); re(r,r), t>0},

g, C, P, I, I,- BELIECTBEHHblE MOCTOAHHbIE uucna, g, (t) n p,(t) wu3BeCTHble (YHKLWK
BpemeHn, d(r —r,) - Aenbta yHKUMin [umpaka, a p(r,t) - uckomasa yHKUyA.
BTopas 3agaya hoopmynmpyeTcs crefytoLwmm obpasom:
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_mun_aawun)
ox ot w

—rw?(x,t)+rgsina +—[1+b r w2 (X, t)l

1 ap(x,t)  a(r w(x,t)) )
il A L, O<x<l, t>0,
c® ot ox
p(x,00=0, w(x,00=0, xel0,l], 5)
p(O,t) = pc (t) = p20 (t),
{p(l,t): p, (), t>0, ©)

rae 3agada (4)-(6) paccmarpveaeTtcs Ha Mosynonoce
={(x1); xe(0,1), t >0},

| ,d,b,c,l,a u r, —BelecTBeHHbIE NOCTOsSIHHbIE YnC, T ,d, P, (t) — U3BECTHbIE BELLECTBEHHO

3HauHble PyHKUMK, P, (t) —OonpeaenseTcs U3 NepBoil CMeLaHHoM 3afaumn a p(x,t) un  w(x,t)

HEeW3BECTHble (YHKLMM.
BepHemcs K nepBoii cmelaHHo 3agade (1)-(3)
Mpegnonaras 4to, p(r,t)-ectb opuruHan [1], T.e.

p(r,t)| < Ce*, (7)
NMeeEM
p(r, S)+ p(r S)——lO(r s) = —T——qh(S)d(r re), (8)
p(rs) =q,(s)
{ _rj( )Lf: a, (5) o
p(rkvs) = Py (5),
rae s e C —ecTb napameTp, NosiBMBLLVECS U3 MpeoGpa3oBaHus flannaca, Res>s
B(r,s) = [e~ p(r,tydt (10)
0

C atm cmellaHHas 3agada (1)-(3) cBegeHa K rpaHnyHoi 3agade (8)-(9) KoTopas 3aBUCUT
OT KOMIM/IEKCHOTO NapameTtpa S. Tenepb 415 TOro YTobbl ypaBHeHMs (8) MPUBECTU K YPaBHEHUIO
Beccens npusesem 3ameHy

Z=ar (11)
B(r,s) = '5(ai,s) = y(z.5), (12)

p(rs)=y(zs)a, p(rs)=y(rsa’.
Torpa us (8), nonyynm cnefyroLLyro YpaBHEHNHO
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a’y (r, S)+—y(r s)a’ ——)/(r 5) = —T——qh(S)d(——r) (13)

Onpefenas a TakuM 06pas3oM, YTO
at=-> Te a=i|>, (14)
c \c

22y (r,s)+zy (r,s) + (z° = 0%)y(r,s) = z° {%—ﬂ~ (s)d(= —rc)} (15)

ze(@r,ar)

TO UMEEM

1.
. = gqh (), (16)

y(rs)=1p(rs)
a

y@r,.s)=p,(s)

YuutbiBasd, 410 J,(Z) N Y,(z) ABNAOTCA JIMHEWHO  HE3aBUCUMbIM  pPeLleHViem

OIHOPOJHOr0 YpPaBHEHUs COOTBETCTBYHOLLE YypaBHeHWO (15) W MpUMeHss MeTon BapuaLuvn
MOCTOSIHHBIX A5 06LUEro PeLLeHns 3TOro HeOAHOPOAHOrO YpaBHeHwMs (16), Nony4nm

y(z,5)=C,J,(2) +C,Y,(2) +

+hj‘ Jo(t)Yo(2) Y, (t )Jo(z) L caa = g, (5). Jo@r)Ys(2)-Yo(ar)J,(2)
S clt) " Jkos c@r,) ’
17)
ze(@r,ar)
rae
Jo(2) Yo(2)
c(2)= Jo(2) Y o(2) g (18)

a OBOliKa B 3HaMeHaTefle MOC/MEAHEro Craraemoro npasoit yacty (17) nosBuAach 3a CueT
VHTErpana

ar;

¢ (e 11 a
d =-r, jdt ==—. ===, 19
R 9
a

MocTosiHHbIE C, U C, BXogAwwecsa B (18) onpedenatoTcs U3 rpaHnyHoro ycnosus (16).
[1ns 3TOro BblYMCANM NPON3BOAHYHO 13 (17).

y'(z,8) = CJ4(2) + C,Yo (2) +

+hi Jo)Yo(2) Y, €)3:(2) . ., caa - i (s). Jo@r)Ys(2)-Y,(@r)d;(2)
S clt) " ks c@ar,)

ar,

y(z,8) =CJ,(@r,) +C,Y,(ar) +
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Jo@r)Yo(@r) -Yo@r.)J,@r)

o Pa [ B ON@R MO @) | caR g =
S an c) 2kb c@r)
cng(z)|Z: +C,Y,(2), ar
Lcqa s Jo@r)Ys@n)-Yi@r)d@n) 1
* ks MO~ c@r,) =a e
Cl‘]O(ark) + CzYo (ark) = A(s)
CI(2),.., +C¥i(@),., =B) “0)
roe
_p _&ark Jo ()Y, @r) —Yo(t)J,(@ar) _
A(s) =R (s) =~ j 0 dt
LS g (LG K@ R n) ey
c@ar,)
1o o coa (Jo@r)Ys@rn)-Y.@r)ls(@an)
B(s) = 3 g, (s) Skbs q,(s) c@r) ,
MycTb
Joar)  Yo@r) -
- J(')(Z)|z:ark YO'(Z)|z:ark - ( )
Torpa u3 (20) nonyyum:
1|A(s)  Yo(an)
'TBBG) V),
1d.@r)  Als)
* 7B, BO)
Takum 06pasom, And peweHns 3agaun (15),(16), ns (17) nonyymm:
~Jy(2) A(s)  Y,(ar) Y, (2) Jo(ar) A(S)
y(z,5) “ A |B(S) (@), Al 0D, B(s)| " -
&I Jo )Y (2) Yo )0 (2) 4, . COa - 3 (s). Jo@r)Ye(z)-Yo(@r)dy(2)
S ct) " 2kbs " c@ar) '

YuutbiBas (23) 13 (12) nveem:
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_ J,(r) A(s) Y,(ar,) Y, (ar) Jo@ar,)  A(®s)
PES=" e v | A @)L B
0 z=ar, 0 z=ar, (24)
N OV A ORI P YO CLAVA L R AGL AR L )
o, ct) 2kbs c@r,)
MpumeHss obpaTHOe Npeobpas3osBaHus Jlannaca, nonyyaem p(r,t) B BuAe
1 s+ioost~
p(r,t) = [e*p(r,s)ds (25)
2p'5—ioc

roe p(r,s) gaHo B Buge (24).
C 3TUM nocTaB/ieHHasn nepsas cMellaHHas 3agada (1)-(3) pelueHa.
Teopema 1. Tlyctb p(r,t) - opuruHan, q,k,b,c,r,,r, 1 P, BeLleCTBEHHble 3afaHHble

yucna, Torga cmellaHHas 3afada (1)-(3) umeeT eAMHCTBEHHOE peLUeHWe, MpeAcTaBUMOe C
MOMOLLIbIO 06paTHOro npeobpasosaHms Slannaca (25).

NNTEPATYPA

1. YapHbin L.A. HeycTaHOBMBLLEECA [BMXKEHMS peasibHOM XMAKOCTU B Tpybax. M.,
Moctexunsgar, 1951.

NCCNEAOBAHWE MPOLIECCA ®UTbTPALNN FTA3A
NP HANNYNIN AACOPBLIN TA3A B MNACTE
B.FO. babaHnebl
Bry, MHcTuTyT MprknagHoii MaTeMaTuKu
babanl-vahid@rambler.ru

3KcneprMeHTa/IbHble UCCeLOBaHMA MOKa3blBaKOT, YTO ONpefefieHne HavyaibHOro 3anaca
rasa B MeCTOPOXAeHWM 6e3 yuyeTa afcopbummn rasa B 3epHbl MOPUCTON cpefbl NPUBOAUT K
OWMOOYHbIM pe3ynbTaTaM. KakK M3BECTHO nNpu MNOACYeTe 3amaca WUCNO/b3yeTcs MeToq,
mMaTepuasibHoro 6anaHca npu MOBeAEHUM MNAACTOBOrO [aBfieHWs, HO B OCHOBHOM 0e3 yueTa
cop6u1poBaHHOI0 KONMYeCTBa rasa B nnacte.

CnepoBatesnibHO, YYeT npouecca CopOLMOHHbIX MPOLIECCOB rasa B 3epHax NMopuCTol cpeabl
MMeeT 3HayeHne. CopbLys rasa 3aBUCUT OT AaBNEHUS U TEMMEPATYPbl Cpedbl.

Mpouecc copbummn NPOMCXOANT B ABYX 3Tanax: 0CaXAEHWS MOJIEKYN rasa Ha NoBepXHOCTb
4yacTuL, KOTOpPOe MPOUCXOAUT MIHOBEHHO W AUMY3nUS MOMEKYN rasa BHYTPb 6/10Ka 3epeH
MopoAbl, KOTOopas MPOUCXOANUT OYEHb MeL/IEHHO.

Mcxopfs v3 Bblle NpuBeeHHbIX MaTeMaTuyeckas NoCTaHOBKA 3aaun O U30TepMUYECKON
NIMHEeHOM (unbTpauun rasa B MjaacTe MOXHO OnNucaTb CNeAyHoLeil CUCTEMOIN YypaBHEHWA,
COCTOSALLMX M3 YPaBHEHWS HEpa3pbIBHOCTH rasa ¢ y4eToM copbLmm

m@:—diVLT+d Q)
ot
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1 3aKOHa (hunbTpauun dapeH

u_:—hgrad r, 2
m

rge m-KoapguuUeHT NOpUCTOCTM NnacTa, r -NAOTHOCTb rasa, U -CKOpoCTb (mnbTpauuu, k -
KO3(h(hMUMEHT NPOHULEAEMOCTU Mnfiacta, M-KO3IPMUUMEHT AMHAMUYECKON BA3KOCTWU rasza, p -

rnnacToBoe fasneHne, d -BeIMUMHA YUUTbIBAIOLLAA MacCOOOMeHa rasa.
Afcopbumsa rasa B 3epHax Cpefbl paccoTpuMM Kak npouecc anddysumn rasa. JInHeiHas
n3oTepMmyeckasn Anddysna onmcbIBaeTCca ypaBHEHVEM

2
o< = Dg, O0<xx<l (3)
ot ox?
rae |-pasmep obnactv guddpysun, D -KoaghmumeHT anddysmm, ¢-macca copbrMpoBaHHOIO rasa
B eAMHMLE 06BbEMA CKNeTa MOPOAbI, X -NMHeHas KoopanHaTa.
HavanbHoe ycnosus K ypaBHeHUtO (3) NMeeT BUf,

C(Ov X) = Cl (4)
rpaHW4HbIe YCIOBUSA:
M:0 npn x =0, (5)
OX

YCNOoBME Ha KOHTAKTE CBOGO,EI'HOFO ra3a Ha NOBEPXHOCTb TBepAOVI HacTuubl

aC(x, t) _ c(xt)-cy(p)
ot T

npn x=1, (6)

roe C, = C,(p) u3oTepma copbuumu, T.e. B PaBHOBECHBIX YCNOBUsX, T -NapameTp, COM3MepUMOii

BpE‘MEHI/I.
BennunHa maccoobmeHa Mexay CBO60,C|,Hb|MI/| N aACOp6I/IpOBaHHOM rasa onpegenseTca
TaK:
oc(l, t
q=-p*LY, @)
OX

Mexay BenMumHaMmn g U d MMeeTcs COOTHOLLEHNS
d =s(1-m)q, (8)

rAe S-YAerbHbl MOBEPXHOCTb MOPUCTONM cpedbl. Takum 06pa3om, YypaBHeHus (1)-(8)
COCTaB/IAOT MOMHYIO 3aMKHYTYHO CUCTEMY A8 JIMHENHOW (ubpalumn rasa ¢ y4eToM copoumu.
[na pewleHuns aToi cucTemy, npeaBapuTesibHO BBOAWUM HOBYHO (DYHKLMIO B BUE

C(xt)=UX)+W(x, t). 9)

Mopactasus (9) B ypaBHeHUe (3) Mosiydaem crefyrowiue ypaBHeHUs ana gyHkumi U (X) u
W (x,t):
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2
d?U(x) _ 0.
dx?
AW (x,t) %W (x,t)
=D .
ot ox?

Pewwas ypasHeHue (10) npwm ycnosmsax

U(@)=U, nUu(l)=U,
MMeeT BUA

U (x) = ul;uo x+U,

K ypaBHeHuto (11) nmeem cnegytoLve ycnosus
W(x,t)=0npn t=0,

oW (x,t) _ aC(x,t) _ C(x, t)—Co(p)

., nopn x=1,
ot ot T P

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

=0,npn  x=0.

(10)

(11)

(12)

(13)

(14)

(15)

(16)

[ns pewenns 3agaun (11), (14)-(16) npumeHsem MeTo[, pasfeneHns nepeMeHHbIX Pypbe

W(x, t) = X (x)-T(t)

MocTasue (17) B (11) nmeeM fBa ypaBHeHUS Ana (yHKUMIA X (X) n T (t)

erlzDT(t):o
dt
n
d?x .,
+1“X(x)=0
e, (X)

peLLeHune ypaBHeHus (18) nmeeT BMA
T(t) = Ke™®'™,

roe | -cobetBeHHOe uncno, K -nocTosiHHas UHTErpupoBaHus.
OO6LLee peLLeHKe ypaBHeHus (19) nmeeT BMA

X(x) =B, cosl x+ B, sinl x.
Mcnonb3ys rpaHuyHble YCN0BMA HAXOAVM PeLLeHwe

X(x)=B,sinlx, | =P i=12 .

©
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TOrja pelueHue ypasHeHve (11) npumveT Bug,
W (x,t) = Be® sinl x, (22)
roe B = B,K . CnegoBsarensHo, peLleHvem ypasHeHus (9) byaert

C(x, t):MX+UO+Be’D'2t sinl x (23)

Tenepb, Npu nomoLm (7) n (23) MOXXHO onpeaennTb NepeTok g no opmyne (7)

oC(x,1)| U, -U,

2.
= +Ble ™™
OX |x:|

cosl |

q= —D[WI—UM Bl e 2" cos| |j (24)

Tenepb MOXHO ONpPeaennTb BeiMUMHY d YUUTLIBAIOLLYIO NepeTek npu nomouu (8) u (24)

Ul _U

d :—DS(l—m)( 0, Ble ™™ cosl |J. (25)

MoctaBmB (25) B cuctemy (1)-(2) MOXHO NONYYUTb YpaBHEHUE PUNLTPALMM C YHETOM
COpPOLIMOHHOr0 NPOLLECCOB, M peLlas ero MOXHO MCCnefoBath (UNbTPALMK rasa npu Haamyumum
COp6LMOHHOrO npotiecca B niacTe.
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HEKOTOPLIE AMPUNOPHBIE OLIEHKW A/19 PELLEHWI NOYTW BCOAY
OAHOMEPHOW CMELLUAHHOW 3ALAUN 419 OAHOIO K/TACCA
NONYNUHENHBIX CUMMETPUYHO PETY/TIAPU30OBAHHbIX

YPABHEHWI A/IMHHBLIX BOJIH
®.M. Hamasos, C.[)x. Anves
BakuHCKUin TocyJapCcTBEHHbIA YHUBEPCUTET

neikoos@yahoo.com, samed59@bk.ru

B HacTosiee Bpems 60/bLUOE BHUMaHWE MPUBMEKAOT 3a4aqyn MaTeMaTUYecKol (hU3NKK,
CBSi3aHHble C OMWCAHWEM BOJIHOBbIX ABVXXEHUI XUAKOCTE pasfIMyHO NPUPOAbI, B YaCTHOCTH,
CTPaTUUUMPOBAHHbIX. JTOT WHTEPeC O0O0YCMOBMEH He TONbKO 6OMbLIOA MNPUKIAAHON
3HAUYMMOCTbIO YKasaHHbIX 3afay, HO W WX HOBbIM TEOPETUYECKMM W MaTeMaTUYeCKUM
coAepXkaHneM. B nocnefgHee Bpems B CBS3W C MPO6/1eMamMyt OXPaHbl M U3YUYeHUS OKPYXKatoLLel
cpefibl 3HauYWNTENbHO BO3POC MHTEPEC K MCCNeAO0BaHMKO MUPOBOIO OKeaHa, B 4aCTHOCTM, K
npoueccaMm KonebaHwidi pa3nMyHOA MPUPOAblI B TO/MLIE XXWAKOCTW. BoO3HMKaroLlMe 3[4ech
anddepeHUmManbHble  YpaBHEHWS OKa3blBAOTCA 3a4acTyt) 4pe3BblyaliHO CBOeOOpasHbIMM.
JlocTaTo4yHO BCMOMHUTL 13BEeCTHOe YypaBHeHWe C.J1.CoboneBa [AUHAMWMKM BpALLAOLLEACS
XUOKOCTM WAN  aHaNorMYyHOE €My YpaBHEHWE, OMNUCbiBatoLLee KonebaHusi HeC)KMMaeMol
CTPaTUMLMPOBAHHON XUAKOCTN.

B paHHOW paboTe wuccnefyeTcs pelleHne MouYTv BCHOAY Clefytolleil 0gHOMEpPHOM
CMeLLIaHHOW 3afayu:

Uy (t, X) —Uy (t1 X) — AUy (t, X) =
= F(t, xu(t, x),u, (8, X), u, (8, X), Uy, (8, X), U, (8, X), Uy (£, X))

0<t<T,0<x<p), 0
u(0,x) =j (x) (0<x<p), u,(0,x)=y (x) (0<x<p), 2
u(t,0) =u(t,p) =0 (0<t<T), 3)

rpe 0<T <+4w; a >0 -(ukcupoBaHHOe uncno; F,j,y -3adaHHble PyHKUMM, a u(t,Xx) -
MCKOMas (PYHKUMA, NMpUYeM MOoA pelleHreM nodtu Bcrogy 3agayun (1)-(3) noHumaeM (yHKLUMIO
u(t, x) , obnagatoLLyro CBOCTBaMM:

a) u(t, X),u, (t, X), u (8, X), Uy, (t, X), Uy (£, X), Uy, (8, %) € C(O, T]x[0,p ) ;

uxx (t, X)’ utxx (t, X)' uttxx (t, X) € C([O’T]’ L2 (in))’

6) ypasHeHwe (1) ynosneTsopsietcs noyutu sBcogy B (0,T)x(0,p);

B) BCe ycnoBus (2) 1(3) y4oBNeTBOPSAOTCS B 00bIYHOM CMbIC/IE.

B paboTe cTaH4apTHLIMU METOLaMK, & UMEHHO, MONb3YACh YpaBHeHMEM (1) yCTaHOB/EHbI
pas/inyHble anpuUopHbIE OLEHKW, HY)KHble A4N15 [A0Ka3aTe/IbCTBa TEOPEM CYLLECTBOBAHMS B LIE/IOM
peLueHuns noyTn Bcrogy 3agadu (1)-(3).

Teopema. IycTb

1. F(t, X, Uy,...,Us) € C([0,T]x[0,p]x (=o0,0)°).
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2. F(t,x,u,u,,u,,u,,u
u

xx’utxx =f(X,U)-{—(D(t,X,U,Ut,UX,UtX,
Uy )+ Tt x,u,u,,u,,u, ), + T, (8U), + f.(Xu,),,

XX !

NPUYEMm
a) f(x,u)eC([0,p]x(—0,2)) nB [0,p]x (-o0,)

]‘ f(x,x)dx =g(x,u)<C-(L+u®*-g,(u)), 0<g,(u)eC(~w,x);
6) ®d(t,X,Uy,...,U;) € C([0,T]x[0,p]x (—0,0)°) nB [0,T]x[0,p]x (~o0,0)°
D(t, X, Uy ,...,Ug) U, C-(L+UZ +UZ +uZ +uZ +7,(U,));

B) fi(t,X,Uy,...,U,), fr, (6 X Uy,esuy), fry (6 XUy, U,)
(i=14) e C([0,T]x[0,p]x (~o0,50)*) nB [0,T]x[0,p]x (~o0,00)*

- f,(t,x,Uy,...,u,)-u, <C-(L+uZ +uZ +uZ +uZ +9,u,));

r) f,(tV), f,y (t,V) e C([0,T]x (~0,0));
A f;(xV)eCO([0,p]x(~,)) nB [0,p]x (~o0,0)

—\‘/[ f,(x,x)dx <C-(1+V?),

roe C>0 — nocTosHHas.

(4)

()

(6)

(7)

(8)

Torga NS BCEBO3MOXHbIX pelueHnid nouTty Berogy u(t,x) 3agaun (1)-(3) cnpaseg/mBa

anpuopHas OLEHKa:

P, P P
.[uf (t, x)dx +juf(t, x)dx JrjufX (t,x)dx<C, Vte[0,T].
0 0 0

3ameuaHue. Tak kak  Vte[0,T]n xe[0,p]

ut, x)|= .X[ux (t,x)dx| < j' u, (t,x)‘dx < \/E-{j'uf(t, x)dx}z,
lu, (t, x)| = Jx'utX (t,x)dx| < j' U, (t,x)‘dx < Jﬁ-{iué(t, x)dx}z,

TO 13 anpUopHoIA oLieHKM (9) cneflyeT CrpaBeAnMBOCTb CMEAYIOLLMX anpUOPHbIX OLLEHOK:

Jut W,y <Ror et X)c 5,y < Ro.

roe Q; =(0,T)x(0,p).
AHanu3npyem ycnoBus TEOPeMbI.
Kak BnaHo 13 (4), 06Lwumii Bug gyHKLMn
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cD(t’ X’u’ut’ux’utx7uxx1utxx) (10)
(hopManibHO 0XBaTbIBaET BCE OCTaBLLMECS ClaraeMble
f(x,u), f,(t, x,u,u,u,,u,),, f,(tu), f(x,u),, (1)

(urypupytowme B (4). OfHaKo, Kak BUAHO U3 YC/IOBUI 2a — 2[ TeOpeMmbl, 00benHEHNE BCeX
cnaraembix (10) n (11), T.e. BK/IO4YeHWe Bcex cnaraembix (11) B (10), BOOOLlE rosops,
HeLienecoobpasHo. Bce 310 065iCHMMO. BO nepBbibX, 04EBUAHO, UTO A/15 BbIMOIHEHUA YCNOBUIA
(6) focTaToO4HO, YTOGLI BbIMOHANOCH (B TOM XXe 061acTu) ycnosue

@(t, X, Uy,...,Ug )| < C -(1+|u1|+|u2|+|u3|+|u4|),

KOTOpPOE, MO CpaBHEHWIO C (6), 3HAUMTENBHO CYXKaeT Krace (yHKumn d(t, X, uy,...,Us) . A npu
BbINOMHEHUN YycnoBusa (6) dyHKuma d(t, X, U,,...,Us), UMeA HY>XHbIA 3HaK, Mo abCcosHoTHON
BE/MUNHE MOXET PacTh MpW ||+ ...+[Us| > +o0 KaK yrogHo GbICTPO; Hanpumep, (yHKLS
D(t, X,Uy,...,Us) MOXKET UMETb BUA

d(t, x,Uy,...,Ug) = U, -CB(t, X, Uy, Ug)
roe EIi(t, X,Uy,...,Us) - MPON3BO/BHAA (YHKLMA, YA0BNETBOPAOLLASA YCIOBUAM:
DO(t, X, U,,...,Ug ) € C([0,T]x[0,p]x (—o0,0)°),

d(t, X, u,,...,.u;) < C .

HepocTaTkom ke ycnoBus (6) sIBNsSeTCs TO, YTO OHO MMeeT 3(eKT B Cnydae, Korga
QyHKUMs  @(t, X,U;,...,U;) OT aprymMeHTa U, CYLIECTBEHHO 3aBMCWT, MGO B CNy4ae, KOrfa

yHKuma ®(t, X, U,,...,Us) OT U, HE 3aBUCUT, yCnoBwe (6) NPUHMUMaET (ec/m B HeM 6paTb U, =1 u
u, =-1) Bug
D(t, X, Uy,.., Ug )| < 6-(1+ u’ +u?+ul+ go(ul)), (12)

CiefjoBaTeNbHO, MOPAZOK POCTa MYHKUMM D(t,X,Uy,...,Ug) MPU |u;|+...+[Ug| = +o0 cinbHO

orpaHuYeH, faxe Mo CYLLECTBY, UMeeT MeCTO 6osiee CUIbHOE OrpaHuyeHve, Hexenun (12), a
VIMEHHO, €cnn B 3TOM C/yyae, T.e. B C/yvae, Korga (yHkuma @(t,x,u,,...,Us) He 3aBUCUT OT

aprymMeHTa U,, 6paTh U, = 1+[Uy|+ || +[u,|++/g, (u,) w u2=J;L+\ul\ +uy +\u4\+‘/go(u1)), TO YC/oBUE
(6) npnmeT BMA

|d)(t,x,ul,...,u6)|-(1+|u1|+|u3|+|u4|+1/go(ul))§

ﬁé-(1+U12+U§+u§+go(ul))’

KOTOpPOE paBHOCWU/IbHO YC/TI0BUIO
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D (t, X, Uy,.., Ug )| < 5-él+|u1|+|u3|+|u4|+,/go(ul) );

W 3TO, MO cpaBHeHMO C (12), eule Cu/bHee oOrpaHUYMBaeT MOPAAOK pocTa  (YHKLMK
DL, X, Uy, Ug) PY Uy |+ fug| = oo,

Nanee, npucoeanHernne f(x,u) K d(t, x,u,u,,u,,u,,U,, U, ) TaKKe HeLenecoobpasHo. 3T1o
MOXHO MOATBEPANTL MHOTOYUC/IEHHBIMU NpUMepamu. Hanpumep, nycTb

f(x,u) =—u®, O(t,X,u,u,,u,,u,,u,,u,) =u*sinu,,
f=f,=f=0,

Te. F(t,x,u,u,u,u. u,u,)=-u”+u®-sinu; TOrga, OYEBMAHO, YTO MOXHO 6paTh
g, (u) =u® v ycnosue

@(t,x,u,u,,u,,u,,u U )-u <C-@+u’+u’+u’+u2+g,(u)),

T.e. ycnosue (6), BbINOSIHEHO, 60 B 3TOM C/ly4ae

DL, X,U, Uy, Uy, Uy, Uy, Uy ) U, = U sinY, -, <u™-Ju | <
1 1
SE<U100 +Ut2)SE(1+U2+Ut2+U§+U§(+u100);

A ecnm f(x,u) npucoegnHutb K O(t, X, u,u,,u,,u,,u,,,u

ox)» ECTECTBEHHO cumTas B (6)
g,(u) =0, To ycnosue (6), NpMHMMalOLLEe B 3TOM CNy4ae BUS,

(—u99 +u® -sin ut)-ut <C -(1+ u®+u? +u’ +ufx)
T.6. BUA

(—u99+u5°-sinut)-utSC-(1+u2+uf), (13)

He BbIMONHWTCSA, 160, HaNpUMep, NPy U, =%, U — —oo0 HepaBeHCTBO (13) HeBepHO.

7ACHO, uTO (yHKUMO g,(u), urypupyroyto (5), MOXHO OTOPOCWUTL, T.e. CUUTAThb

g,(u) =0, Ho ee Hasmuue (ocTasnieHne) B (5) BHOCUTL CBOI MONOXUTENbHbIA BKAag B (6) n (7),
4TO YaCTMYHO ObIN0 AEMOHCTPUPOBAHO B NpeablayLLemM npumMepe.
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ABSERON YARIMADASINDA RADIAEKOLOJI TODQIQATLAR
Q.Q. Mammadov?, C.H. Nagiyev?
Baki Dovlst Universiteti, Fizika Problemlari insitutu®
AMEA Radiasiya Probllemlari insitutu?

Baki atrafi arazilarls ilk defs 1963-1964 illards tanis oldum va bu tanislig manda ¢ox

boylk teasuf hislari yaratdi. ©traf mihit va arazilsr tarkibinda neft va gaz olan tullantilarla
daha cox cirklanmisdi. Bu tullantilar icarisinds zararli Radioaktiv tullantilar xtsusi yer tuturdu.
Bels ki, Radioaktiv niiklidlsrin atraf muhite ve canli organizmlara vurdugu ziyanl tasirlar artiq
coxdan malum idi.1900-2000-ci illsards Abseron yarimadasinin srazilsrinds va Xazar danizinda
ds Radioekoloji veaziyyat eyni idi. Bu barade adsbiyyatda ve alagadar taskilatlarda hec bir
malumat yox idi. Harcand ki, kegan asrin 80-1 illarinin sonlarinda SSRi miitexasislari tarafinden
va onlarin rahbariyi altinda Azarbaycan torpaglarinda Aerokosmik tsullarla radioekolji masalarla
bagli tactrbaler apariimisdi. Lakin,“maxvilikpardasi”altinda bu masalalar barads shaliys heg bir
malumat verilmamisdi.

1) Olkamiz ikinci dafe mistagillik gazandigdan sonra Respublika Prezidenti canab ilham
Oliyevin farmanlari asasinda, Respublikanin slagadar taskilatlarinin rshbarliyi altinda
Radioekologiya sahads ciddi elmi -tadgigat isleri aparilmaga, Abseron yarmadasinin
torpaglarinin neftdan va radioaktiv tulantilardan temizlenmasi islarina baslanildi.

Radioekoloji tadgiqgatlar aparmaq tgun tarafimizdan qurgu yigildi va etalon nimunalarin
Radioekoloji parametrlari 6lguldi. Bu magsadla salahiystli organlar tarsfindsn gurgunu
yoxlanmasini tamin etmak lglin Xazar danizi suyunun Lankaran ¢Okakliyi va Volga cayinin
Xazara tokdldiyu yerdsn gotlrdlmis su ndmunslerinin; hamginin  Kalium xlor (KCI)
kristallarinin Radioekoloji parametrlari tayin olundu.Tadgiqgatlar naticasinds misyyan olundu ki,
Lankaran ¢okakliyi sularinda KCI-un konsentrasiyasi daha yiksakdir.

2) Beynalxalg Qrant Lahiyasinin islanmasi:Baki atrafi Abseron torpaglarinda radioekoloji
tadgigatlarin apariimasi ( icra middati 3 il-2009-2012 illar; dayari-40/000 ABS-dollari). Is
icragtlarinin sayi 16 nafar.

Qrant-proekt isinda Baki saharindan baslayan 10 marcurut tzra ¢ol saraitinds EDG-niin
(ekvivalent doza glclinun) cografi koordinatlardan va 6lst nogtalerinin sayindan asililigi miyysn
edilmis va EDG-cl boyik olan lokal srazilardan laboratoriya saraitinds spektrometrik tadgiqatlar
aparmagq ugln torpaq nimunari goturdlmasddr.

Sok.1-ds Baki-Samaxi, Baki-Qurd qapisi, Baki-Lokbatan, Baki-Quba marsurutu (zra
Radioekoloji tadgigatlar naticasi olarag EDG-nin ndqtslsr sayindan (a) ve cografi
koordinatlardan asilihiglari (b) verilmisdir [1-3].

Eksperimental naticalarin tahlili gostardi ki, DGE-nin 6l¢i ndqtalarinin sayindan astliligi
Qauss paylanmasina uygun galir:

N(x) = Ae~(i-m?/2s7

Bels ki, A-EDG-nin o&lc¢llmasinds an cox takrarlanan noqgtslarin maksimal say,x; i
nogtasinde EDG-nin giymati, m EDG-nin orta giymati, s ise ortakvadratiq giymatdan kanara
cixmadir.
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Sakil-1 -
Tadgigatlar naticasinda malum olmusdur ki, Baki-Suraxani, Baki-Ramana marsurutlarinda
EDG-nin qiymati daha yuksskdir va bunu kegmis Suraxani ve Ramana yod zavodlarinin

arazilarindan gotirilmus torpag numunalarinin HP GaGe dedoktorlu gamma Spektrometri
vasitasi ila ¢cakilmis enerji spektri cox aydin gosterir (sak.2).

Fls A Calbemn Dsplay Anshen Edl Opiors Datassurce el

| | | 8|S | bl afwl-=| —jo|=] W
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Sokil 2

Qeyd etmak lazimdir ki, tadgiq olunan arazi torpaglarinda mévcud olan Radionuklidlarin
tarkibi,onlarin darinliye gora paylanmasi, enerji spektirlari va digar shamiyysatli parametrlari

yiksak elmi saviyyada tadqgig olunmusdur. Sakil 3-ds ¢oxlu sayda tadbiq sahalari olan bertonit
suxurlarinin enerji spektri da verilmisdir.
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Sokil 3

NOTICBLOR

1) Bakiatrafi arazilards terkibinds Radioniklidlar olan neft-gaz tullantilari ila girklanmis
torpaglarda Radioekoloji tadgiqgatlar aparilmis,Radionuklidlarin konsentasiyasinin yiksak olan
lokal arazilarin (yerlarin) cografi koordinatlari va EDG-nin noqgtalar sayindan astliliglari tayin
edilmisdir.

2) EDG-nin notalar sayinin tezlyindan astliligi ¢ox cirkli olan srazilarda eksponensial, az
cirkli torpaglarda ise kicik meyl bucagzsif olan xatti xarakter dasiyir.

3) Radioekoloji tadqgig olunan arazi torpaglarinda mdvcud olan Radioniklidlarin
tarkibi,konsentrasiyalari,aktivliklari,enerji spektirlari kimi bir sira shamiyatli parametrlari tayin
edilmisdir.

4) Alinan naticaler 3-Beynalxalq Simpoziumlarda (2-dafs ABS-da, 1-defs Fransada)
maruza edilmis, Beynalxalq va Respublika matbuatanda ¢ap olunmusdur.

ODOBIYYAT

1. G.G. Mamedov, M.A. Ramazanov, J.A. Naghiyev, A.A.Mehdiyeva, M.M. Bakirova,

T.T. Vandergraaf, Investigation into Natural and Anthropogenic Radionuclide
Contamination on the Absheron Peninsula Azerbaijan - 10208, WM2010 Conference,
USA, Phoenix, Arizona, March 7-11, 2010, 10 p.

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

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

408



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

METEOROLOJI PEYK SISTEML®SRI
V.i. Sariyev
Mingacevir Dovlat Universiteti
V.Sariyev-1970@mail.ru

Peyklarin orbitlari onlarda cihaz va avadanliglarin imkan va tayinatindan asil olaraq segilir.
Orbitilar Yerdan olan masafslari va firlanma mustavisinin Yera nazaran vaziyyatlari ila bir-birindan
farglenir.Orbitlar névlsrina gdra,an ¢ox istifads olunan geostasionar va polyar névli olurlar.

OpOuTbl  CNYTHWKOB W OT/IMYAETCA B 3aBMCMOCTM OT HasHavyeHWs npubopbl W
o6opyfoBaHMe BO3MOXHOCTb. OpOUTbl C 3eM/IM Ha AUCTaHUMM W BPALLEHWUS CMEeKTP Hawmx
COCTOSIHWI C YeM OT/IMyatoTCs Apyr oT Apyra. OpbuTbl Mo BMAam,Hanboee NCNosb3yeMblX Ha
reocTalyoHapHYyHo 1 CTaHOBUTCA NOJIAP.

Peyk rabitasi 1945-ci ilds Amerikali A.Klark tarafindan taklif edilmisdir.Onun bu taklifi
asa-sinda 1957-ci ilda kegmis SSRI tarafindan siini peyk kosmosa buraxilmis,bununla kosmik asr
baslamisdir.

Rabits peyki ilk dafe 1 fevral 1958-ci il ABS,26 aprel 1962-ci il BOyik Britaniya,29
sentyabr 1962-ci il Kanada,26 noyabr 1965-ci il Fransa,29 noyabr 1967-ci il Avstraliya
tarafindan kos-mosa sixartimisdir.

1965-ci ilda ke¢mis SSRI terafindan kosmosa “Molniya -1” rabita peyki buraxilmisdir.

Yuksak buraxiciliga malik olmasi,cox uzag masafslare informasiya verilisinin temin
olunmasi ve etibarli rabitanin temin olunmasi peyk rabitasinin Gstin cshatlerindandir.
PeykinYerda hindurliyd 36000 km-a catir. Peyk rabitasindan danisig,verilanlar ve televiziyz
signallarinin verilmasi Ugin istifada edilir. Onlarin verilmasi Gg¢un muxtslif verilis surstlarindan
istifads olunur.

Masalan,terminallar arasinda verilis sdratinin qiymati 2400 bit/san,riyazi programlarin
srati 50 kbit/san,verilaniarin 6turdlms sursti 1 Mbit/san-dir. Peyk rabitasinds sshvin yaranma
ehti-malinin giymsti 10° —a berabardir. Diger rabitse kanallarina nisbsten peyk rabits
kanallarinin effektivliyi va ganaatliliyi (800 km-dan sonra) ¢cox boylk olur. Ona gdra da peyk
rabitasi kanalina olan talabat getdikca artir.

Peyk rabitasinds kanallarin ayrilmasi tezliya,zamana,mihits va koda gors apartlir.Yerust
stansiyalardan peyka informasiyanin otirilmasi va onun gabulu kanallarin ayrilmasi Gsullarina
asaslanir.

Peyk rabitasinds muxtalif diametrli antenalar istifada olunur ki, onlarin maksimal diametri
30 m,minimal diametri 1.5 m olur. Peykds istifads olunan retranslyatorun sayi 12 + 48 arasinda
dayisir. Retranslyatorun har birinin zolaq tezliyi 36 MHs olur. Retranslyatorlar ham da yiiksak
tezlikli olurlar,onlarin tezlik zolag1 14/12 HHs, bazan tezlik zolagd 6/4 HHs taskil edir.

Yerustli A stansiyasi “Yer-peyk” kanali vasitasila muayyan tezlikli signal verir. Oz
ndvbasinda peyk hamin signali gabul edsrak “Peyk-Yer” kanali vasitasila diger yerlstu B
stansiyasina Oturir. Bu kanal Uzrs verilan signali gabul srazisinds har bir stansiya ala
bilar.Signallarin gabulu va verilisi transponderlarls aparilir.

Bu nov rabitads bir nega min telefon kanali yaratmag,onlarla transponderlar yerlasdirmak
mumkindar.Onlarin har birinin verilis strati 48 Mbit/san,umumi buraxiciligi 0.5 min.bit/san
taskil edir. Bela sabakalards informasiya verilisi malumat kommutasiyasi Gsulu ils aparila bilar.
Bu 0stlin cahatlara yanasi peyk sabakasinin c¢atismayan cahatlari da var : hava saraitinin
pislasmasi ila alagadar tahrifin yaranmasi,informasiyanin gecikma vaxtinin boyik olmasi miasir
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dovrda Yer izarinds bas veran iglim dayismalarinin tadqiginds aerokosmik tsullarin (masafadan
zondlamanin) [1] naticalari 6z aktualhgi il bdyuk shamiyyat kasb edir.

“Yerin masafadan zondlamasi” dedikda,Yerin muxtalif tabistli obyektlarinin aks etdirdiyi
vo ya slalandirdigi sahaler hagqinda,pilotsuz va ya masafaden idara olunan hava gamilarinin
(tayyara va aerostatlarin) va ya kosmik platformalarda (kosmik apparatlar,raketlar,kosmik
gami,peyk va stansiyalarda) qurasdirilmis cihazlar vasitasils alinan informasiyanin emali nas-
zarda tutulur.

Aerokosmik zondlama Gg¢tin nazards tutulmus kosmik cihazlar ugus hindurluklsrina gors,
alcag,orta hindurlukli va geostasionar cihazlar béltndr.

Geoinformatikada [2]Yerin obyektlari asasan 3 tip xarakteristikalara malik olur

1. Makan xarakteristikasi- obyektin avvalcadan gasbul olunmus koordinat sistemina gora
vaziyyati tayin olunur. Bu xarakteristikanin garsisinda goyulan asas talsb obyektin yerlasdiyi
makani ,0 cimladan Yer sathinin digar obyektlara nazaran vaziyystinin dagiq tayin olunmasidir.

2. Zaman xarakteristikasi —zamandan asili olarag, Yerin sathinds olan obyektin
xususiyyatinin, proses ve hadisalarin dayismasini xarakterizs edir,bu xarakteristikanin garsisina
goyulan asas talab aktualligdir.

3. Tematik xarakteristika —obyektin zaman va makan istisna olmagla xtsusiyyatlarini tasvir
edir, asas talabi ise praktik masalalarin hallinda dolgunlugu va kifaystliyidir.

Peyklarin orbitlari onlarda cihaz va avadanliglarin imkan va tayinatindan asili olaraq segilir.
Orbitiler Yerdan olan masafalari va firlanma mustavisinin Yera nazaran vaziyyatlari ile bir-
birindan farglanir. Orbitlar novlarina gors,an ¢ox istifads olunan geostasionar va polyar névli
olurlar. Geostasionar orbitlarin asas Ustinluyd alinan informasiyanin zaman gors,yiksak
aylrdetmays ve sabit goris bucagina malik olmasidir. Bu orbitds ugan peyk Yerdsn o gadsr
hindirds yerlasir ki,0o yiksek faza ayirdetmasina ve keyfiyystli misahidslara eyni zamanda
zoamanat vera bilmir.Hamin orbitds 5-6 peyk ugduqda Yerin ekvator oblastina musahids oldugca
faydali olmagla Yerin qtblarini gérmurlar.Adatan geostasionar orbitds meteoroloji va rabits
peyklari ucurlar. Aerokosmik Usullar (Masafadan zondlama) Gc¢lin nazards tutulan peyklarin
aksariyyati hazirda qutb orbitleri Gzra ugurlar.Bu o demakdir ki,peyk simal istigamatinda ucanda
Yerin o biri tarafi Gizarindan ,cenub istiqamatinds ucduqgda iss o biri tarsfi tizarindan kegir. Bu cur
peyk orbitinin bir coxu Gulnasa gora sinxronlasdirilir, yani peyk secilmis arazi Gzarindan eyni
vaxtda kegcir.Bu hallar bir neca illar aparilan tadgigat tgiin eyni isiglanma saraitini temin edir.
Orbitin simal dogru gedsn hissasina galxan orbit,digar hissasina isa dlsen orbit deyilir. Polyar
orbitlar geostasionar orbitlara nazaran Yera yaxin olur. Polyar orbital dastyicilara yerlasdirilan
cihazlar makana gora ayirdetmani daha yaxsl tamin etmakla,aerokosmik usullar zamani yiiksak
keyfiyyatli naticalar alds etmays imkan verir. Asagida adlari ¢akilan cihazlarin hamisi qltb
orbitinda ucan peyklards yerlasdirilir:

MSS cihazi ( LANDSAT peyki ),AVHHR cihazi ( NOAA peyklari ),SMMR va SSMi
mikrodalgali radiometrlar,SAR cihazi (ERS-2 peyki ), METEOSAT,METEOR.

Beynalxalq hava limanlarinda istifada olunan Yerin stini meteoroloji peyklarina isa:

PS SAT SADIS,INTEL SAT-VIi,SADIS Reception,PC WINSAT. Orbital peyklardan o
ctimladan,nisbatan az yuksaklikds ugan cihazlar(tayyars,vertalyot va s.) vasitssila geyds alinmis
bu dayismalar sahanin tabii obyektlarinin fiziki xassalarinin dayisma gostaricisi ola bilar.

ODOBIYYAT

1. Muwwes [. « AncTaHUNOHHbIE UccnefoBaHus 3emnm » Mockea 1985
2. B.C.TukyHoBa « "'eonHopmaTmka » Mocksa 2005

410



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

INFORMATIVENESS OF X-RAY IMAGES OF HUMAN BODY
S.R. MiJovic
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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 (I ) through D’Alember’s Law,

1(x)=1(0)exp (- x/1) (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
IBR 2 OF JOINT INSTITUTE FOR NUCLEAR RESEARCH IN DUBNA, RUSSIA
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The history of the development of neutron activation analysis in the Laboratory of
Neutron Physics at Joint Institute for Nuclear Research is briefly outlined. Created under
initiative of Academician I.M. Frank in the 1960s a small group now turned into a large
international team involved in projects in the framework of programs coordinated and supported
by IAEA, the European Union, the Russian Fund for Basic Research, as well as grants of
Plenipotentiaries of JINR Member States. Modernization of the pneumatic system, recently
equipped with three automatic sample changers, and created NAA database to automate the
measurement and processing of gamma spectra of induced radionuclides are described.
Experience in the life sciences and materials science is summarized. Examples are given of
projects related to the monitoring of atmospheric deposition of heavy metals and radionuclides
carried out in the framework of the United Nations Program on Long-Range Transboundary Air
Pollution in Europe (UNECE ICP Vegetation), a project to assess the state of the environment in
Egypt, based on the analysis of soil and the sediment basin of the river Nile, as well as project on
monitoring trace elements in aquatic ecosystem in the Western Cape, South Africa («Mussel
Watch Program»), etc. In combination with microscopy, the synthesis of nanoparticles of various
metals via biotechnology is studied. Our investigations on applying NAA to solve the problem of
industrial wastewater treatment were twice awarded Gold Medals by the European Union, in
2013 and 2015. New areas of research — study of natural medicinal plants and search for cosmic
dust in natural planchettes (Arctic and Antarctic mosses, Siberian peat bog cores, etc.) - reflect
the public and scientific interest in these topics. Future extensions of the department’s research
will be connected with the development of radioecological studies using precision gamma-
spectrometry and the creation of a low-background laboratory for carrying out measurements of
natural and anthropogenic radioactivity.

Keywords: automation of neutron activation analysis, monitoring of atmospheric
deposition of heavy metals and radionuclides, monitoring aquatic ecosystem, bionanotechnology,
medicinal plants, cosmic dust, microscopy, radioecology.
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PAONOAKTVBHOCTb N XUMWNYECKWE AHAJIM3bl MNHEPAJTbHbBIX
TEPMAJIbHbIX BOA NMPUKACITMNCKOWN HNUSMEHHOCTW

T.A. VimamoBa
Bry, HCTUTYT ®u3nyecknx npobiem

CTaTba MOoCBAWAETCA MMAPOreOXMMNYECKOW XapaKTepucTUKe — MNOA3EMHbIX MUHEpPabHbIX U
TepMaibHbIX BOA MpUKaCnMNCKoin HU3MEHHOCT .

C Uenblo YCTaHOBNEHUA 3TWX MNOL3EMHbIX BOA Hamu W3ydyeHbl Gonee 50 CKBa>KWH, KOTOpble
npobypeHbl Ha TepMasbHble BOAbl BATOM pervoHe Bo BCeX aTuX CKBa>KMHaX, KOTOpble NpOypeHbl Ha
CTPyKTYypax Anama, XyaaT, HabpaHb, Xaumac v AMBUYMHCKOro paitoHOB. Bbinn BbisiBNeHbl TepMalibHbIe
BOfbl, KOTOpble XapakTepusylTcsa pasHoobpasMeM M0 WOHHO-COMEBOMY U rasoBOMYy COCTasy, Mo
CTEMNeHn MuHepaimMsauuu, TemnepaType, OeOUTY, MUKPOKOMMOHEHTHOMY COCTaBy, YCMOBUAM
(hopMMpOBaHWA WU PacnpOCTPaHEHNs PeCYpPCoB, a TakXKe Cofep>KaHuem 6anbHeonornyecknx akTUBHbIX
KOMTOHEH T OB.

CucTemaTy3auma n 0606LLIEHUSA AaHHbIX aHaNN30B NOA3EMHbIX MUHEpabHbIX U TepMasbHbIX BOA
MpPUKacnuCKoO HU3MEHHOCTU , T.e.Bofbl MeXKaypeubss Camyp-ATayail Mo  (PU3NKO-XMMUYECKOI
XapakTepucTyKe UMeeT 60/bLIOE HAYYHO-NPaKTMYECKOe 3HaYeHNe.

PafM0aKTMBHOCTb MUHEpPa/bHbIX W TepMasibHbIX BOJ AaBHO MpPUB/IEKaeT BHUMaHWeE
6a/bHe0/10roB, MbITAKOLWMXCA YCTAHOBUTL NPUUYMHY N1e4ebHOro AeNCTBUS MUHEPasM30BaHHbIX
TepMa/ibHbIX BOJ, Ha OpraHn3m YesioBeka.

YCTaHOB/MEHO, YTO MOBbLILEHHOW PajMOaKTUBHOCTLIO 06/1a4a0T /UL He3HAYUTE/bHble
KO/IMYeCTBO TepMa/ibHbIX BOA. Kpome TOro, BbICOKAsA pajgvoakTUBHOCTb, KaK Npaswuio,
yCTaHaB/IMBAETCA B XONOAHbLIX MUHEPa/IbHbIX BOAAX.

Kputepun  pafvoakTMBHOCTU  MWHepPasibHbIX BOA C  Lefbld  WUX  MPaKTUYeCcKoro
MCMO0/b30BaHMSA B pPa3/IMYHbIX CTpaHax MuUpa BeCbMa pas/inyHbl.

M3yyaa pagmoakTMBHOCTbL BOJ WCCNelyemMoro pervoHa, Mbl NPULWAM K BbIBOAY, YTO
Heo6X0AMMO COBEpPLUEHCTBOBAaTb MeTOAbl aHa/IM30B U BbISB/IEHUA MUKPO3/IEMEHTOB B
MUHepa/ibHbIX Y TepMasibHbIX BOZaxX pervioHa. Torga o6HapyXXeHue B TOM UM UHOM KOJINYeCTBe
CO/eN pafmnoaKTMBHBLIX METa/IOB B BoAax 6yaeT 60/1ee TOUHbIM, JOCTOBEPHbLIM U eTallbHbIM.

C Uenblo M3yyYeHUs TUAPOXUMMYECKON XapaKTepUCTUKWU MOA3EMHbIX TepMasibHbIX BOZ
Hamu M3y4eHbl faHHble 60/iee 50 CKBaXKUHBI, KOTOPbIE NPO6YPEHbI HAa TepMasibHbIe BOAb! B 3TOM
pernoHe. 3TU CKBaXWHbI MPOOYpeHbl B MpefeniaX KOHKPETHbIX TEKTOHWYECKUX CTPYKTYp
(Anama, Xypat, Xaumac, Kycapbl u gp.). Bo Bcex CKBaXuHaxX, KOTOpble MNPO6ypeHbl Ha
CTPYKTypax Xypgat, HAnama, HabpaHb, Xaumac u [AMBUYMHCKOrO paioHOB, OblNN BbISB/EHDI
TepMa/ibHble BOAbI, KOTOPble XapakTepu3yrTCa pa3Hoo6pasneM He TO/bKO M0 MOHHO-CO/IEBOMY
W Tra3oBOMY COCTaBy, HO W MO CTENeHW MUHepaimM3auuu, Temnepatype, Le6uTy,
MWKPOKOMMOHEHTHOMY COCTaBy, YC/IOBMSIM (DOPMMPOBaHMA W PacnpoCTpaHeHUs pecypcos, a
TaKxXe cofepXxaHvieM 60/1bHe0I0rMYEeCKMX aKTUBHBIX KOMMOHEHTOB.

C Uenbt0 YCTaHOBNEHUS 3aKOHOMEPHOCTM  (DOPMMPOBaHMA  XMMWYECKOro COCTaBa
MUHepa/ibHbIX 1 TepMasibHbIX BOZ, CO0p, cucTeMaTm3aums u 0606 eHNS JaHHbIX aHaIN30B BOJ,
Mo rMAPOreOXMMMUYECKON XapaKTePUCTUKE UMeNo BOJbLIOE HayYHO-NPaKTUYECKOe 3HaYeHue U
BCE 3TO JIEr/10 B OCHOBY pa3paboTKu rMaporeoXuMmn Bof, U3y4aemoro pervmoHa.

VOHHO - coneBoli COCTaB MWHepPa/IbHbIX U TepMasibHbIX BOJ, MO CPaBHEHWIO C ra3oBbIM
COCTaBOM J1yuLLie BCErO XapaKTepusyeT XMMUYECKIE CBOMCTBA BOLbl N OTPAXKAET reosiorMyeckyto
NUCTOPUIO pernoHa. PopmMypoBaHME COMEBOr0 COCTaBa MWHepPasibHbIX W TepMasibHbIX BO[
MPOUCXOAUT B TeYeHWE A4/IMTE/IbHOr0 reo/1I0rMyeckoro BpeMeHM.

Kak W3BECTHO, K HaCTOALEMY BpemMeHU u3 87 CTabWbHbIX XUMUYECKUX 3/1EMEHTOB,

414



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

M3BECTHbIX B 3eMHOI Kope, 6onee 70 OOHapyXXeHbl B MOA3EMHbIX BOAAX WM HET HUKaKMX
COMHEHWUI B TOM, YTO OCTa/lbHble 3/1IEMEHTbI Takke OYAYyT BblisiBNieHbl B Oyayliem no mMepe
YCOBEPLUEHCTBOBAHWUA aHA/IMTUYECKNX METOLOB.

B OCHOBHOM XMMWYECKUM KOMMOHEHTOM MOA3EMHbIX MUHEpPasbHbIX U TePMa/lbHbIX BOA
otHocaTtca Cl, SO4, HCO3, Na, K, Ca, Mg, KOTOpble XapaKTepusytoT TUMbl BOA U NPUCYTCTBYIOT
B CaMbIX pPa3HO06pa3HbIX COYeTaHWUAX W OTHOLeHWAX. Hwxke B Tabnuue (Tab. 1) npvseeHbl
pe3ynbTaTbl XMMUYECKOTO aHain3a MWHEPaIbHBIX U TepMasibHbIX BOL MexXaypeubsd Camyp -
ATavaii.

Tabnuua 1
PGSyI'IbTaTbI XUMUYECKNX aHaJTN30B MEXAYPEeUbA Calvlyp-ATaanl

MecTo Ne

PoxxaeHve CKB. I ny6vHam Cl SO, HCO; Na+K Ca Mg
Anama-HabpaH 1/80 1205 87 12 - 93 - -
Anama-HabpaH 12 82,6 16,2 0,99 79,4 14,5 6,05
Anama-HabpaH 7 1245 57,1 13 41,6 93,1 3,4 3,5
Anama-HabpaH 10 2461 92,7 6,0 1,3 86,5 4,7 8,8
Anama 111 1140 85,8 13,1 0,9 88,9 6,0 51
Anama 14 1164 54,1 42,4 3,0 62,7 6,7 3,6
Anama 5 60,5 20,2 18,5 91,1 6,4 2,5
Anama-HabpaH 9 1852 70,6 24,7 4.7 93,0 3,9 3,1
Xypat 20 1926 99,5 0,1 0,4 82,4 14,6 3,0
Xypat 112 2877 99,7 - 0,3 85,5 12,6 1,9
Xypat 113 1594 79,0 18,8 2,2 76,4 18,8 4,8
Xypat 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.Tervait) 15 3350 36,1 38,0 2,6 91,0 6,2 2,6
Xaumac 18 2497 99,0 0,3 1,0 87,0 10,7 2,7
[vBunun 45 54,6 7,8 3,7 96,0 2,4 1,9
[vBunun 54 43,3 1,0 57 96,1 0,6 3,0
lycap 9 1067 - 16 80 85 96 29

[Nna BbIABNEHNA 3aKOHOMEPHOCTU PaCMpOCTPaHEHUA MUHepPasibHbIX U TepMasibHbIX BOf,
OLeHKa MX 6a/lbHe0N0MMYECKMX CBOMCTB, YCTAaHOBEHWUN X reHe3nca 60/bLioe 3HaUYeHNe MMEKOT
NpUPoAHble rasbl Kak CBOOOAHO BbIAENAOLIMECS, TaK WU PacTBOPEHHble B MWHEPaIbHBLIX U
TepMa/ibHbIX BOAAX.

B./. BepHaackuin [1] no rasoBomy cocTaBy BblAennn 6 OCHOBHbIX MPUPOAHbLIX BOA: 1.
KucnopogHole; 2. ¥Yrnekucnole; 3.A30THble; 4. MetaHoBble; 5. CepoBofopofHble; 6.
BogopoaHsble.

B mexaypeubs Camyp -ATayali MUHepasibHble U TepMasibHble BOAbl COMPOBOXAAKOTCS B
OCHOBHOM  @30THbIMW,  METaHOBbIMW,  a30THO-METAHOBbLIMW,  MeTaH0-a30THbIMU W
CepoBOIOPOAHBIMU Fa3amu.

OTtmeyas 3ato B cBoux Tpygax A.IAckepoB [2] B Knaccuumkauum MUHepasibHbIX |
TepMasibHbIX Bog A3epbaiigkaHa, No ra3oBoMy COCTaBy, B OCHOBHOM, MPUB/IEKAET BHUMaHWe Ha
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yeTblpe Hambosnee pacnpocTpaHeHHble rasbl (CO,, HS, CH4 N2). A npu paiioHMpoBaHWM
Tepputopmn AsepbaiimpkaHa Ha naTb TNoB (CO,, HS, CH4, N2, Rn) rasos.

MwuHepanbHble U TepMasibHble  BOAbl  [PUKACMUACKOA  HWU3MEHHOCTU  UMEKT
MUHepanu3aumto, konebnyrouwyroca ot 0,3 ( ckB.Ne 5, 7, 9, 10, 12, 14, 3) go 106,56 r/n ( cks.Ne
112,20 - Xypar).

Mo cTeneHn MnHepanmn3aLmMm MUHepPasibHbIe U TeEpMasibHble BOAbl PermoHa cobpaHbl HaMu B
3 rpynnbi:

1. BOAblI CO cnaboii n cpefHel MuHepanusaumen - go 10 r/n;

2.  BOfbl C BbICOKOW MUHepanu3auumein - ot 10 go 35 r/n;

3. BOAbI paccosbHble - 6onee 35 r/n.

K nepBoii rpynnbl OTHOCATCA: MUHEpasbHble U TepMasibHble BOAbI C MUHepanu3aumm o 10
r/nu3 cks.NeNe 5, 7, 9, 10, 12, 14, 3/65, 113, 55, 14.

BTopas rpynna npeAcrasneHa BogaMu ¢ MUHepanu3aumeid ot 10-35r/1 BbIsiB/IEHHbIE B CKB.
NeNe 1/80, 33, 34, 30, 43, 35, 54, 58, 115, 111, 110, 36, 115.

K TpeTbein rpynne MUHepasibHbIX U TePMasibHbIX BOZ OTHECEHbl BOAbl - PacCo/ibHble, C
MUHepanu3aymeii 6onee 35 r/n ckeaxkmH NeNel112, 115, 20. 6, 116, 10, 7, 111, 43, 34, 1, 2, 4, 10.

Temnepatypa MUWUHepa/lbHbIX W TepMasibHbIX BOfL SBNAETCA OLHWM W3  OCHOBHbIX
rnokasaresieil Ana nx 6a1bHe01I0rMYecKoro NPUMeHeH1s U UCMob30BaHUA B KYPOPTHOM fJefie, a
TaKXKe XapaKTepucTMKa ee CO/IeBOro M ra3oBoro COCTaBoB.

A.M. OBYMHHMKOB [3] ¥ Ap. NO TemnepaTypHbIM MpU3HAKaM pas3nnyatoT MUHepasibHble
NCTOYHUKMN:

A. XonogHble: 1.8ecbMa XonogHble (Huxke 4°C);

2. XonoAHble (ot 4 go 20°).
b. TepmasnbHble: 1.Tensble (CyoTepMasibHble - 0T 20 go 37°C);
2.. ropauue (TepmanbHble - 0T 37 o 42°C);
3. 04eHb ropsayve (runoTepmanbHble-cBbie 42°C);

OfHUM U3 BaXHbIX MOKa3aTesflel OLEHKM XMMWYECKOro COCTaBa M FeOXMMUYECKMX
YCNIOBWIA  (POPMMPOBaHNSA MOA3EMHbIX MUHEPaIbHBIX U TePMa/bHbIX BOA  ABISETCH WX
KVC/IOTHOCTb U LLIENIOYHOCTb, BbipaXkaemasi BenimumnHol pH.

BennunHa pH onpegenset (opMbl HaxOXAeHWs B BOAAX CnabblX KWCMOT, a Takxke
BO3MOXXHOCTb MPUCYTCTBUSA B HUX HEKOTOPbIX TAXKENbIX MeTa//IoB. pH ABNAETCA TakKe BaXKHbIM
KpuUTepuemM npu OLEeHKe BOA C Lefbl0 MNPaKTUYECKOro WUCMOMb30BaHUA B /1eYebHbIX,
MPOMBbILLIEHHBIX U TEM/IO3HEPreTUYECKNX 0ObEKTAX.

EavHOro oOLLENPUHATOrO fefeHns BOA4 MO BefMuMHe pH He cyulecTByeT. PasnnyHble
aBTOpbI MpefnaratoT B 3TOM OTHOLUEHUW pasHble rpafauuun: 06bl4HO BbIAENAOT 6-7 rpynn BoOg
MO UX KUCNOTHOCTU W LWENOYHOCTU OT CU/IbHO-KUC/IBIX 10 CUNbHO-LLIENOYHBIX.
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AZSRBAYCAN IQTISADIYATININ DAYANIQLI
EKOINKISAF MODELI
T. Hasanov, M. Babayev
Baki Ddvlat Universiteti
tapdighasan@mail.ru, m.babayey@mail.ru

Azarbaycan Respublikasi mistaqillik slds etdiyi ilk glndsn baslayaraq straf mibhitin
mihafizasi problemlarina diggati artirmis va onlarin halli istigamatinds magsadyonli marhalali
hall programi hayata kecirmays baslamisdir.islanib hazirlanmis ugurlu hall strategiyasi qisa
zaman miiddati arzinds ke¢mis ittifagin dagilmasi ila bitiin MDB dovlatlari ticiin xarekterik olan
ekoloji bohranin stabillasmasina imkan vermis onun gedisinda shamiyyatli donusu tamin etmis
ve iqtisadiyyata langidici tesir faktorunu aradan galdirmisdir.

XXI asrin baslangicinda butin inkisaf etmis diinya dévlstlarinda oldugu kimi, tabii resurs
potensiali 1le secilon Azarbaycan Respublikasinda da resurs sarfinin, hamgcinin atraf muhits
tasirin minimum gostaricilari ile xarakterize olunan igtisadiyyatin dayaniqh ekoinkisaf modelinin
qurulmasi hayati zaruriyystdan dogan baslica vazifays cevrilmisdir. ilk névbads garsida duran
vazifanin yerina yetirilmasinin zaruri aspektlarinin tahlilina ke¢mazdan avval, taqdim olunan
masalenin asas mahiyystinin agiglanmasi Uzsrinds dayanmaqg va onun tarixi Xxronologiyasl
haqginda gisa malumat verilmasi zaruridir.Bu kontekstds hazirda sksar tadgiqgatcilar tarafindan
tez-tez tokrarlanan malum tezis: “XX asrin an boyuk itkisi-ekologiya va baseriyystin 6z galacek
varhgini real tshluks qarsisinda goymasidir” —digqgati calb edir. Butlin basariyyat Uclinci
minilliyin baslangicinda real tshlikays garsi mubariza tadbiri kimi ekoloji cehatdan dayaniqgli
sosial-igtisadi inkisaf yolunu asas istigamat kimi qabul etmak zaruriyyati ile Uzlasmisdir.
Naticalarin aradan galdirilmasi ila yanasi, artiq daha ¢ox sabablar Uzarinds distinmak zaruriyyati
meydana galmisdir. Tabiat igtisadiyyatin deyil, igtisadiyyat tabisatin tarkib hissasidir tendensiyasi
6zlnun gabarighgr ile baseriyyati real faktlari gabul etmayi va ona meyilliliyin zaruri vektoru
istigamatinda harakat etmayi macbur etmisdir.

Azarbaycan respublikasinda, “Ekoloji Cahatdan Dayanigh Sosial-igtisadi inkisafa dair”
Milli Programin hayata kecirilmasing, faktlara istinad edsrek 2003-ci ildan baslandigini
aminlikla geyd etmak olar.Bu Programda ekoloji cahatdan dayanigli sosial-igtisadi inkisafi tamin
etmak magsadi ila birinci marhalada 2003-2010-cu illsri shats edsn 7 illik dovr arzinds hayata
kecirilmasi planlasdirilan 93 tadbir daxil edilmisdir ki, bunlar da tmumilikds 5 asas saha: atraf
muhitin muhafizasi va tabii ehtiyatlardan ssmarali istifads ( 34 tadbir), global ekoloji problemlar
(14 tadbir), sanaye kompleksi (26 tadbir), kand tasarrifatl ve turizm (9 tadbir), elm -tshsil —
madaniyyat (10 tadbir) tzra —qruplasdirilmisdir. Artiqg “Ekoloji Cahatdan Dayanigli Sosial-
igtisadi inkisaf“a dair Milli Programda birinci marhals (igiin nazards tutulmus tadbirlarin da
yering yetirilmasinin hesabat ili basa catmaq uzradir.Umumilikds, respublikada “Azarbaycan
Respublikasi Regionlarinin 2009-2013-cii illarda Sosial-igtisadi inkisafi Dévlst Programi”nda
hayata kecirilmasi planlasdirilan tadbirlar nazare alinmamagla, takce 2 asas Programla
(“Azarbaycan Respublikasinda Ekoloji Cahatdan Dayanigli Sosial-igtisadi inkisafa dair” Milli
Program, “Azarbaycan Respublikasinda Ekoloji Vaziyystin Yaxsilasdiriimasina dair 2006-2010-
cu iller tgin Kompleks Tadbirler Plani”) 2003- 2010-cu iller arzinds dayanigh inkisafin asas
inkisaf vektorunu tamin eda bilacek bazanin yaradilmasi Uglin nazards tutulmus 158 ekoloji
tadbirin basa catdiriimasi yekunlasdirilma srafasindadir.
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Kegan muddat arzinds Azarbaycan Respublikasinin tabii mihitinds nazards tutulmus
program tadbirlarinin hayata kegirilmasi fonunda bas veran keyfiyyst dayisikliklarina nazar
salsaq gorarik ki, tabii mihitin saglamlasdiriimasi istigamatinds bir sira shamiyystli misbat
iralilayislar artiq hiss olunmaqgdadir. Bunu mdvcud statistik hesabatlar ve muvafiq nazirliklarin
malumatlari da stbut edir. Bels ki, 1990-ci illards ekoloji baximdan garginliyi ils secilan 50
arealin imumi sahasi respublika arazisinin 25%-ni tagkil edirdiss da va bu arazilards Gmumi
ahalinin 40%-i yasayirdisa, eyni zamanda 64 heyvan, 37 bitki novi nasli kasilmakds olan
kateqoriyaya aid edilirdise, hazirda arazinin zangin bioloji muxtahifliyinin qorunub muhafizas
olunmasina imkan veran xususi muhafiza olunan tabist arazilarinin imumi sahasi 2003-cu ildaki
478 min ha-dan 2009-cu ilds 890min ha catmis va ya 1,9 dafe artaraq respublika srazisinin
10,3%-ni shats eda bilmisdir.Bu muddat arzinda respublika srazisinds Milli Parklarin Gmumi
sayl 8, Dovlat Tabist Qoruglart 11, Dovlst Tabist Yasagliglarinin sayr iss 24-3
catdirlmisdir.Hazirda takca Milli Parklarin Gmumi sahasi respublika srazisinin 3,6 %-ni 6zinda
birlasdirir, hansi ki, 1990-ci illarda respublika srazisinds Milli Park statusuna malik arazi yox
idi.Qeyd olunmalidir ki, bu istigamatds yeni layihalarin hayata kecirilmasi planlasdirilir va yaxin
2015-2020-ci illards  xisusi muhafiza olunan tabist arazilsrinin Gmumi sahasi respublika
arazisinin 15,0 %-dan ¢oxunu 6z nazarat sabakasi daxilinds birlasdira bilacakdir.

Keyfiyyat dayisikliklari adam basina dlisen an asagi teminat qostaricisi ila secilan torpaq ve
su ehtiyatlarinin mihafizasi sahasinds ds misahids olunur. Programlarin icrasina baslanmazdan
avval respublika arazisinin tmumilikda 40,0%-i mixtslif deracads erroziyaya , 1,2 min ha sahasi
soranlasmaya, xazarsahili akvatoriyanin 26,6% cirklanmays, 24 min ha saha texnogen pozulmaya
maruz qalmis,657 min ha sahads meliorativ tadbirlerin aparilmasina ehtiyac yaranmis,
adambasina disan akin sahasi 1970-ci ildaki 0,23 ha-dan 2009-cu ilds 0,15 ha dismusss, takce
2006-2010-cu iller arzinds 3,0 min ha neftla ¢irklanmis, lay sullari altinda galmis sahanin
landsaft-arxitektura planina uygun rekultivasiyasinin basa catdirilacagi , 86 km  xazarsahili
akvatoriyanin ¢irkab axinlarinin zararli tasirindan azad edilmasi, hamin srazilerdan sutka srzinds
Xazar deanizina daxil olan 6,1min kub metrdan ¢ox murrakab ingridient tarkibli cirkab axinti
sularinin garsisinin alinmasi, xazaryani dovlatlar icarisinds ilk dafs olarag Xazar danizinin
ekoloji muhitinin mihafizasi sisteminin yaradilmasi, Kir ¢ayi zolagl boyunca yerlasan va daima
standartlara cavab vermayan sulardan istifads macburiyyatinds galan 224 min nafar shalinin
Umumdiinya Sshiyys Taskilatinin standartlarina cavab veran icmali su tachizati va yaxin dovr
arzinds onlarin sayinin 394 min nafars ¢atdirilacagi, eyni zamanda markazlasdirilmis su tachizati
sabakasinin respublikanin 30 rayonunun 218 kand yasayis mantagasini 6ziinda birlasdira bilmasi
ekoloji durum sahasinds tarixi naliyyst kimi giymatlandirilmalidir.

Dovlstin gucll ekoloji ganunvericilik, program va maliyya dastayine baxmayaraq hazirki
dovra gadardayanigli inkisaf sahasinda hayata kegirilan biitiin islar, 2013-cii ilds UDM 85%-dan
coxunun, masgul shalinin iss 70%-ni 6zlnda birlasdiran (Azarbaycan Respublikasinda hazirda
sanaye istehsalinin 91%, kand tasarrufati istehsalinin 99,8%, tikintinin 67%, nagliyyat xidmatinin
78%-i 6zal bolmanin payina disir) 6zal bolmanin texnogen igtisadiyyatinin tasiri altinindan va
onun bazas! asasinda hayata kecirilmasindan azad ola bilmamisdir.

Aparilan tahlillar gostarir ki, Azarbaycanda UDM mahsulun 1000$ lciin Rusiyaya nishatda
su manbaslarindsn 6,5, Qazaxstana 1,6, Boylk Britaniya 57,2, Fransaya 15,9, Almaniya 20,4,
Yaponiya 12,4, ABS 7,4, Kanadaya nisbatds isa 7,0 defa ¢ox su gotirilur, natice ehtibari 1ls su
manbaalarina atilan cirkli suyun migdari da ganunauygun olaraq artir va respublika barpa olunan
su ehtiyatinin 35%-dan ¢coxunun istehsala calb etmak macburiyyati ils Gzlasir.

otraf mihita zarar vuran naticalarin aradan galdirilmasi ila yanasl, artiq daha ¢ox sabablar
uzarinda dustinmak va yeni ekoinkisaf piramida modelinin qurulmasi zaruriyysti yaranmisdir.Bu
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tipli ekoinkisaf piramidasi t¢tin Respublika Prezidentinin bilavasita rahbarliyi ils baza imkanlari:
foal dovlat dastayi, dovlst maliyys yardimi, hiiqugi tsnzimlamani tamin edan ekoloji
ganunvericilik aktlari va atraf muhita zarar vuran goxasirlik naticalarin aradan qgaldiriimasi ila
alagadar son illerds hayata kegirilan islar;-artiq formalasdiriimisdir. Azarbaycan Respublikasi
Prezidentinin bilavasita rahbarliyi ilo hayata kegirilan isler shali saglamligina alverissiz atraf
mahit tasirinin aradan galdirilmasina va ekoinkisafin yeni modelinin qurulmasinin béyuk zaman
perspektivina hesablanmis faaliyyat kimi giymatlandirilmalidir. Bu faaliyyst ise atraf mihitin
muhafizasi sahasinds butin saylari birlasdirmayi  talsb etmakla yanasi, ekoinkisafin
zoruriyyatdan doganhslledici inkisaf yolu oldugunu birdafalik baslica faaliyyst magsadi kimi
gabul etmayi talab edir.
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AZBSRBAYCANIN ALTERNATIV ENERJI POTENSIALINDAN
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Acar sozlar: alternativ enerji, energetika, barpaolunan enerji

Dinamik inkisafda olan dinya birliyi dlkalarinin garsisinda duran sn mihim masalalardan
biri kimi shalinin va sanayenin artan enerji taminatinin 6dsnilmasi Ucin Azarbaycan
Respublikasinin cografi movqeyi, tabii saraitinin xususiyyatleri va movcud sosial-igtisadi
resurslari 6lkamizin alternativ va barpa olunan enerji manbalarinin manimsanilmasina genis
sorait yaradir. MUmkin potensial imkanlarin duzgin giymatlandirilmasi va onlardan ssmarali
istifada yollarinin axtarilib taptimasi va bu zaman ¢oxvarianth hallardan optimalinin secilmasi,
habels real hayatda maksimal effektivlikla tatbigi davamli inkisafin vacib saxasi olan bu sfera
Uzra uzunmuddatli naticalar alda etmaya imkan vera bilar. Xisusils, muxtslif alternativ enerji
manbalarinin hibrid halinda birgs istifadasi imkanlarinin arasdirilmasi bdlgslards miirakkab
alcatanh@r olan srazilarin davamli olaraq enerji ila tamin edilmasi U¢iin mihim shamiyyat kasb
edir [3, s. 18]. Diger tarafdan adstan avtonom rejimds calisan bela qurgularin mixtalif iglim
saraitina uygunlasdiriimis olmasi texniki baximdan kasintisiz enerji alds edilmasi demakdir.
Bundan alavs, optimal birgs istismari asaslandirilmis olan alternativ enerji manbalari (zra
ixtisaslasdiriimis enerji parklarinin yaradilmasi 6lks tizrs Gmumi enerji istehsalinda barpa olunan
enerji resurslarindan alda edilmis enerji migdarini kemiyyatca artirmagla yanasi alternativ enerji
manbalarindan alinan enerji Gzra giymatlarin de maya daysrinin enmasina sabab ola bilar. Bu isa
alternativ enerjinin sanaye formasinda istehsalina boyiik zamin yaradir ve potensial investorlarin
bu sahays calb edilmasi U¢in igtisadi mihitin formalasdiriimasi mexanizminin tarkib hissasi kimi
cixis eda bilir. Olksmizda alternativ va barpa olunan enerji manbalari izra qurgu ve
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avadanhglarin idxalinin gémriik risumundan azad edilmis olmasi da yaxin besillikda sahibkarliqg
foaliyyati subyektlarinin kapital yatirimlarinin artiracaginin prognozlasdiriimasina imkan verir.
Butin bunlar dovlstin bu sferaya olan diggstinin gostaricisidir ve bu clr stimullasdiric
tadbirlarin davam etdirilmasi zaman baximindan ¢ox shamiyyatlidir. Lakin, vahid enerji paylama
Vo satisl sistemina malik olan 6lkamizda alternativ enerji istehsali hale da ¢ox asagi saviyyadadir
va Umumi sabakays Oturilmakles alternativ enerji istehsalina sahibkarlar havassiz yanasir, aksar
hallarda biznes mahsulu olarag avtonom sistemlars tstunliuk verirlar. Buna goéra da barpa olunan
enerji resurslarinin manimsanilmasini vacib dovlat siyassti kimi garsiya qoymus Azarbaycan
hokumatinin bu sahads investisiya muhitinin yaxsilasdirilmasi Gg¢in islahatlari davam etdirarak
derinlesdirmasi ve psixoloji faktorlar da nazars alinmagla alternativ enerji vasitalarinin va
umumilikds yasil texnologiyalarin insanlarin gindslik hayatina daxil olub adi hal almasi Ugln
aparilmaqda olan dovlat siyasatini tekmillasdirmasi garsida duran an zaruri vazifalardan biri
olaraq ortaya ¢ixir. Bu sahada imkanlar va resurslar boldur, texnoloji yeniliklarin tatbigi Ggln
innovativ sahalar genisdir va gorilmali olan islar gox, kegilmali olan yol boyikdir. Movcud
alternativ va barpa olunan enerji resurslarinin diizgiin giymatlandirilmasi bu isds ugurlu baslangic
ola bilar.

Kilsk enerjisi digar alternativ enerji manbalari olan giinas, hidroenergetika, geotermal va
biokitla enerjisindan 6zinin maya dayarina, ekoloji tamizliyina ve tlikanmazliyina gdrs an
sarfalisidir. Hesablamalar gostarir ki, Azarbaycan Respublikasi 6zinun cografi vaziyystins, tabii
saraitina va iqtisadi infrastrukturuna goére 800 MVt-a yaxin illik killak enerji ehtiyatina malikdir.
Bu ehtiyat ilds texmini hesablamalara gors 2,4 milyard kVt/saat elektrik enerjisi demakdir. Bu
ise, 6z novbaesinds, ilde 1 milyon tona yaxin sarti yanacaga ganast, an asasi isa ilda kdllu
miqdarda tullantilarin, o cimladan azondagidici olan karbon dioksidin atmosfera atiimasinin
garsisinin alinmasi demakdir [1, s. 4]. Xazarin Azarbaycan sektorunun sahilyani bélgalarinin da
kilak potensialini bura alava etssk kilak enerjisinin élkemiza na gadar bdyuk fayda vera
bilacayini tasavvir etmak ¢atin deyil.

Azarbaycanin tabii iglim saraiti giinas enerjisindan da istifads etmakls elektrik va istilik
enerjisinin istehsalini artirmaga genis imkanlar acir. Bels ki, gunasli saatlarin migdari il arzinds
ABS-da va Orta Asiya 0Olkalarinda 2500- 3000 saat, Rusiyada 500-2000 saat, Azarbaycanda isa
2400—3200 saatdir. Bir il arzinds 1m? yer ssthina diisan giinas enerjisinin migdari ABS-da
1500-2000 kVts, Rusiyada 800-1600 kVts, Fransada 1200-1400 kVts, Cinda 1800-2000 kVts va
Azarbaycanda 1500-2000 kV1ts taskil edir [1, s. 4]. Sanayenin mdvcud qurulusu da bu sahads ¢ox
alverisli movgeds yerlasdirilmisdir. Bela ki, glinas batareyalari Ggtin foto-elementlar istehsal edan
Sumqgayit Texnologiyalar Parki cografi movgeyina gore Qaradag, dlst, Xizi kimi boyik glinas
enerjisi potensialina malik arazilara yaxin yerlasmisdir. Paytaxt Bakini enerji ile tamin edan
yuksak gearginlikli asas magistral elektrik xattleri da bu sraziys yaxindir va qosulma dgiin bitln
imkanlar vardir.

Azarbaycan Respublikasinin arazisi termal sularla zangindir. Bunlar Boyuk va Kigik
Qafqgaz daglari, Abseron yarimadasi, Talis dag-yamac zonasi, Kir ¢okakliyi ve Xazaryani-Quba
arazisi kimi genis sahalari shats edir [1, s. 6]. Gostarilan arazilards olan termal sulari istifadays
colb etmakle maisatds va diger sahalardas istilik enerjisina olan ehtiyacin bir hissasini 6dsmak
mumkindir. Hazirda Gance saharinin simal garbinds hayata kegirilon eksperimental layihanin
tarkib hissasi olaraq xdsusi qurgular vasitasi ila termal manbadan alinan enerjinin potensialinin
askarlanmasi imkanlari sinaqdan kegirilir. Asagidaki cadvalda Azarbaycan Respublikasi zra
termal sularin prognozlasdirilan ehtiyatlari verilmisdir.
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Hidrogeoloji bolgalar Suyun Hararati Prognozlagdirnilan chtiyatlar
_ _ _{DC} | I'l‘l::-"ﬁll[ka
Baviik Qafgazin dag-yvamac 35,50 2000
zonalan
Qusar dagatayi ovaliglar 30-67 21654
39-97
Abseron yarimadasi 20-90 20000
Kigik Qafgazin dag-yamac 30-74 4171
zonalan (mineral bulaqglar)
- Nax¢ivan MR _ 40-53 3000
' Tahig dag-yamac zonasi 31-43 14405
Lankaran ovalifi 44-64 7908
| 42-50
Kiir ¢okakliyi 22-71 172466
_ | 2695 |
Respublika tizra comi: 245604

Manba: Alternativ enerji manbalarindan istifada olunmasi tzra milli program, s.12

Azarbaycan Respublikasinin tmumi enerji sisteminds su elektrik stansiyalarinin istehsal
guctnin xususi cakisi hazirda taxminan 18 faiz taskil edir. Olkads indiys gadar istifads
edilmamis hidroenergetika ehtiyatlarinin  manimsanilmasi Gcglin genis imkanlar vardir. Bu
istiqgamatds aparilmis tadqigat isleri naticesinde Azasrbaycan Respublikasindaki caylarin tam
hidroenerji potensialinin 40 mlrd. kVt.s, texniki cahatdan alverisli potensialin isa 16 mlird. kVt.s
oldugu muayysn edilmisdir ki, bunun da 5 mlrd kVt.s kicik su elektrik stansiyalarinin payina
duslr. Su elektrik stansiyalarinin tikintisi -sel sularinin tanzimlasnmeasi, ekoloji cahatden temiz
elektrik enerjisi istehsali va yeni suvarma sistemlarinin yaradilmasi kimi dovlat shamiyyatli
masalalarin hallinds mihim rol oynayir. Olkads hamginin vahid enerji sisteminin elektrik
xatlarindan va yarimstansiyalarindan uzaqda yerlasan obyektlarin, yasayis mantagalarinin
elektrik enerjisi ils tachizinds mikro SES-lsrdan ds istifads olunmasi elektrik enerjisi problemlari
ils yanasi, digar sosial masalalarin da hallina imkan yarada bilar.

Olkamizda biokiitla enerjisinin istehsali da boyik perspektivlier vad edir. Aparilmis
tadqigatlar gosterir ki, Azarbaycanda iqtisadiyyatin bitiin sahalarinda istehsal tullantilarinin
tarkibinin ¢ox hissasini biokutls maddaslari tagkil edir. Hamin biokitls maddalarindan elektrik
enerjisinin istehsalinda istifade olunan biogaz, biomaye va bark biokutlsnin alinmasi
mimkindir. Bela ki, Azarbaycan Respublikasinda har il tullantilarin zararsizlasdirilmasi
poligonlarina 2,0 milyon tondan ¢ox bark maisat va istehsalat tullantilari atilir. 2012-ci ilds
istifadaya verilmis Baki bark maisat tullantilarinin yandiriimasi zavodunun illik emal giici 500
min ton maisat tullantisi va 10 min ton tibbi tullanti tagkil edir. Zavod iki xattdan va elektrik
enerjisi istehsal edan turbindan ibaratdir. Tullantilarin yandiriimasi prossesi naticasinda alternativ
enerji kimi alda edilan elektrik enerjisinin migdari ilds 235,5 milyon kilovatt/saatdir. Zavodun
faaliyysti naticasinds illik 60 milyon kub metrdsn artiq tabii gaz hacmindas enerjiya ganast edilir.
Olda edilan elektrik enerjisi 100 min evin enerji ila tamin olunmasina imkan yaradir. Slbatts ki,
maisat tullantilarinin bu clr emalinin bitin 6lks srazisinds, xususils, Ganca, Sumqgayit va
Mingacevir kimi saharlarda da taskili takca elektrik va istilik istehsali tgiin deyil, ham ds ekoloji
tamizliyin tamin edilmasi t¢un da boylk faydalar vers bilar.
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Har bir tarixi dovr 6zinin muayysn xususiyystleri ils farglenir.Muasir dévrimuzi ds
elmin, informasiya texnologiyalarinin, texnikanin inkisafi baximindan farglendira bilarik. Bir
zamanlar elm sahalarinin bir birindan ayrilmasi misahids olunursa da, asrin avvallarindan artiq
elm sahalarinin bir birina integrasiyasi prosesi 0zinl gostarir. Bu prosesin son marhalssi
globallasmaya gatirib ¢ixardir, dolayisiyla global problemlsrin birlikds hall olunmasini zaruri
edir.

Qloballasmani  zsruri edsan bir c¢ox faktorlar mdévcuddur. Bunlara informasiya
texnologiyalarinin inkisafi, istehsal olunmus mahsullari realiza etmak Ucin bazarlarin axtarist,
ekoloji problemlar va s aiddir.

Son illards global ekoloji bohranin bilavasits insanlara tasir etmays baslamasi ila alagadar
olarag tabistin igtisadiyyatinin dark olunmasi, tabiat ila insan faaliyyatinin va yasayisinin
garsthgli minasibatlarinin  darindan tahlil olunmasi, mdasir dévrin an vacib problemlarindan
biridir. Baslangic noqtesi bir 6lke olmasina baxmayaraq, straf dlkslars de tez bir zamanda
yayillmasi,bu boéhranin bas vermasinda he¢ bir gunahi olmayan insanlara da zarer vermasi,
problemin globalligindan, eyni zamanda problemin hallinin da ancaq birge sayle tapila
bilinacayindan xabar verir.

Umumiyyatls insanin biitiin hayat faaliyyati onun manafeyi, istaklari, saxsi talabatlari ila
six baglidir. Mahz bu sababdan da, insanin tabistls alagalarina six nazarst hayata kecirilmali, onu
saxsi manafeyi ugruna talan edilmasina icaza verilmamalidir.Sadaladiglarimiz yalniz eko-insan
munasibatlarina dovlat nazarati ils mimkiin ola bilar. Bu minasibatlards nazarstin goyulmasi
sosial va madani vazifalar hesab olunmalidir. Hele Engels geyd edirdi ki, * Tabist zarindaki
gelabalarimizla cox da Oylnmamesaliyik. Har bir gsalsba Ucun tabist bizdsn intigam alir.Bu
galabalardan har biri, dogrudur, bizim gozladiyimiz naticalari verir. Lakin ikinci va dgunci
nodvbada ¢ox zaman birinci naticalarinin shamiyystini puca c¢ixaran lap basga gozlsnilmaz
naticalar verir[1, s.339].

Sanayanin inkisafi va texniki taraqqi insan va atraf muhit minasibatlarina yeni, bels demak
mumkunsa ziyanli anana gatirib. Atmosferin kutlavi sakilda ¢irklandirilmasinin tamali sanayenin
inkisafi il qoyuldu. Naticads atmosfers kulli migdarda zarerli gazlar, o cimladan kukird,
karbon, azot 4 oksid ve ozon dagidici karbon 2 oksiddan ibarat zsharli birlasmalar
buraxildi.Zamanla atmosfera buraxilan zararli gazlar ekologiyanin pislasmasina va yer kirasinda
hayatin tahlika altina gatirib ¢ixarmasina ssbab oldu. Dunya (zra har il sanaye miassisalari
tarafindan atmosfers taxminan 1 250 milyon ton karbon 2 oksid buraxilir. Karbon 2 oksidin
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atmosferda istilik effektinin yaranmasina va prosesin davami olaragq yer planetinds temperaturun
yuksalmasina sabab olur. Temperaturun artmasi prosesi irimiqyasli dasqinlarin bas vermasina
sabab olur ki, bunun naticasinda dlinya ahalisin blyuk bir hissasi aziyyst ¢akir. Alimlarin ilkin
hesablamalarina gors, global istilasma davam edacayi taqdirds, yer kirasinin yarisi su altinda
galacaq [2, s.3].

Ekoloji tahliikaya sabab olan bir ne¢a amillsr mévcuddur ki, onlar asagidakilardir.
Atmosfera istilik effekti yaradan zaharli gazlarin buraxilmasi.
otraf mihitin neft va neft mahsullari il girklandirilmasi.

Kimyavi va radioaktiv tullantilarin okeanlara va danizlara axidilmasi(DAMPING)
Ozon gatinin dagilmasi.

Mesalarin suratla girilmasi, sshralasma problemi, torpaq striismalarinin artmasi.
Tursu yagislarinin yagmasi [3, s.13].

Yuxarda sadaladigimiz butin problemlar onu gostarir ki, ekoloji problemlsrle miibarizs
vacibdir.Els bu sababdan ds, kecen asrin 70-ci illsrindan etibaren bu haqqda yazilmaga va
mizakirs edilmaya baslandi. ©traf mdhitin problemlarina hasr olunmus ilk beynalxalq konfrans
1972-ci ilds Stokholmda kegirildi.

Ekoloji problemlarin darinlasmasi , problemin hallina kaskin ehtiyac yaranmasi ucbatindan,
bir miiddat sonra BMT-nin Rio-de-Janeyro konfransi kegirildi.

Kopenhagen ssharinda kecirilan son iglim toplantisinda da havaya buraxilan zaharli
gazlarin azaldilmasi mizakirs edilib. Bu sahada bazi senayesi inkisaf etmis ve atmosfers daha
cox zararli gazlar buraxan 6lkalsrin daha ¢cox 6hdslik gétirmalsri miizakirs olunub. Havaya daha
cox zararli gazlar buraxan ABS, Cin, Avropa birliyi, Yaponya 2020 ci ila gadar zararli gazlarin
azaldilmasi lzre 6hdslik gdtirublar. Clnki ABS da diinya ahalisinin yalniz 4%-i yasamasina
baxmayarag, diinya lzra havaya buraxilan butlin zsharli gazlarin 25%-i ABSIn payina dusur.
Eyni misali Almanyaya da aid eds bilarik. Almanya federativ Respublikasinin shalisi diinya
ahalisinin yalniz 1%-ni taskil etmasina baxmayaraq, diinya (izra havaya buraxilan zararli gazlarin
4%-i bu Olkaya aiddir [4, s.24]

Dinyada gorilan bitin tadbirlarle yanasi, Azarbaycan Respublikasinda da ekoloji
problemlar va onlarin halli masalalari diggat markszindadir.Bu da tabii bir haldir.Kegan asrin
avvallarindan baslayaraq, Abseron yarimadasinda neft ¢ixarilmasi ile slagadar olaraq ekoloji
tarazliq pozulmus ve yuzlerls hektar torpaq cirklenmays maruz galmisdir. Umumiyysatls,
Azarbaycan Respublikasi Sovetlar Birliyinin terkibindan ayrilaraq mastaqilliyini barpa etdikdan
sonra beynalxalq tasarriifat alagslarinin girilmasi ucbatindan boyuk igtisadi va siyasi ¢atinliklarla
rastlasmisdir. Hala SSRi-nin tarkibinds olarkan béyiik potensiali olan Azarbaycan, miistagillik
barpa olundugdan sonraki 5 il (1991-1996) arzinds ciddi bohran yasamisdir. 1996-ci ildan
etibaran har il 10 faizlik artim musahida olunmusdur. Son 20 ilds istehsal olunmus 283,6 milyard
manatliq ssnaye mshsulunun 61.7%-i madancgixarma,29,3%-i emal senayesi, 7.5%-i elektrik
enerjisi, qaz, buxar istehsali,galan hissesi isa su tahcizati,tullantilarin tsmizlsnmasi ve emali
muassisalarinin payina dismisdir. Respublikanin mixtslif regionlarinda yerlasen bu istehsal
sahalarinin har biri straf mihite 6ziinemaxsus tullantiar atarag 6lkenin ekoloji durumunu xeyli
korlamisdir [5, s.3].

Sumgayitda 1949-cu ilds insa edilen kimya zavodlari, 90-ci illsrin avvallarina gadar har il
atmosfera 120 min ton zaharli madds buraxirdi ki, bu da Sumgayit va atrafi srazilsrds mévcud
ekoloji durumun pislasmasina gatirib ¢ixartmisdi.Sovet dovriinds insa edilen kimya zavodlarina
muayyan yenidanqurma islari aparilmasina baxmayaraq, burada har il atmosfers yens da 96,5
min ton zsharli gaz buraxilmagdadir.Atmosfer havasina atilan tullantilarin hacmina va xususi
cokisina gora Baki, Sumgayit, Sli-Bayramli, Ganca va Mingagevir saharlari 6nda gedirlar.Bu
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saharlarin hava hovzasini ¢irklandiran asas sanaye muassisalari, neftayirma, neft-kimya, kimya,
energetika, metallurgiya,tikinti materiallari sanayesi sahalari va avtomobil nagliyyati hesab
olunurlar. Bela senaye sahaslari tokce atmosferi cirklandirmakls galmir, hamginin, butévlikds
saharlarin atraf mihitinin cirklandirilmasinin baslica manbayi hesab olunurlar. Respublikanin
atmosfer havasina atilan tullantilarin 79.0% Baki saharinin,4.7%-i Mingagevirin,4.6%-i Oli-
Bayramlinin,3.5%-i Sumgayitin, 1.5%-i Gancanin payina disir. Bununla barabar, Abseron
yarimadasinda neft cixarilan arazilards neft mahsullarinin illarle ¢okiib galmasi naticasinda
radiasiya fonu da yuksakdir. Tekca Abseron yarimadasinda 3200 hektardan ¢ox arazi neftls
cirklsnmisdir. Bununla barabar Abseron va atrafi arazilarda atraf muhitin maisat tullantilari ila
cirklanmasinin garsisini almag G¢tn va mdvcud vaziyyati yiingillasdirmak Uglin Azarbaycan
Respublikasinin Prezidenti ilham Sliyev 6 avqust 2008ci ilds “Baki seharinds maisat tullantilari
ila baglh idarsetmanin takmillasdirilmasi haqqinda” Ssrancam imzaladi. Bu sarancama istinadan
“Tamiz gshar” Sshmdar Camiyysti yaradildi. Balaxani poligonunda bark maisat tullantilari
zavodunun insasina baslanildi va 2012-ci ilds istifadaya verildi.

Aparilan arasdirmalar onu gostarir ki, Straf muhitin muhafizasi sahasinda Azarbaycan
Respublikasi diizgiin siyasat yeritmakls MDB 0lkalari i¢arisinda secilir. Ekoloji tahlikssizliyin
tamin edilmasi sahasinda ds, bir cox islahatlar apariimis ve yiiksak naticalar alds edilmisdir.
Ovvala onu geyd etmaliyam ki, indiki dayaniqli ekoloji tahlikasizliyin alds edilmasi tgln hals
mustaqiliyin ilk illarindan baslayaraq isler gériilmayas baslaniimisdir.2003-ci ildan baslayaraq ise
programlar gabul edilmisdir.Bu programlarin sirasina “Ekoloji cehatdan dayanigh sosial-igtisadi
inkisafa dair”, “Mesalarin barpa edilmasi ve barpa edilmasina dair” milli programlar, “Abseron
yarimadasinda tebii das yataglarinin samarali istifadasi ve inkisafI” regional programlar
hazirlanmisdir ve sabiq prezident Heydsr Sliyevin ssrancami ila 18 fevral 2003-cu ilds tesdiq
edilmisdir. Azarbaycan Respublikasinda Ekologiyaya dair Milli programda 6lke arazisinda
ekoloji tahlukasizliyin temin edilmasindan, tabii ehtiyatlarin ssemarali istifadasindan, ekoloji
tarazligin qorunmasinin zaruriliyindan va galacak nasillara ekoloji tamiz bir 6lkanin 6tlrilmasi
problemlari islanib hazirlanmisdir.

Umumiyyatls, respublikamizda ekoloji problemlarin aradan galdiriimasi tigiin son 10 ilds
dovlat saviyyasinda ciddi tadbirler hayata kecirilib. Ekologiya va Tabii Sarvatlar Nazirliyi
tarafindan ekoloji tarazligin barpasina va straf mihitin cirklsnmasinin garsisinin alinmasina dair
“Ekoloji cahatdan davamli sosial-iqtisadi inkisafa dair” Milli program hazirlanib va icrasi hayata
kegirilir. Bundan alavas, dovlat basgisi tarafindan 2010-cu il Azarbaycanda “ Ekologiya ili” elan
edilmisdir. Prezident 2010-cu ilin sosial-igtisadi inkisafinin yekunlarina va 2011-ci ilda garsida
duran vazifalara hasr olunmus iclasda demisdir “Man ¢ox sadam ki ” Ekologiya ili” ¢argivasinda
hem dévlet terafindan boyuk isler gortldi, hem da 6zal sektor bu islera qosuldu.%s.241) &n
sevindirici hal ise ondan ibaratdir ki,0lka shalisi da bu tasebbilise qosularaq ekoloji vaziyyatin
yaxsilasdiriimasina 6z dayarli tohfalarini vermisdir.

Alti milyondan artig agac skilmisdir.Bu proses qarsidaki illards do davam etdirilacak.
Ekoloj veziyyatin yaxsilasdilmasi 6lkemizin ugurlu inkisafi tctn, shalinin saglamligi Ggin ¢ox
boylk shamiyyst dasiyir. Prezident onu da alava edib ki, ekoloji tadbirlar ancag agac skmakls
bitmayib. Caylar atrafinda yerlasan kandlara xususi tamizlayici qurgular yerlasdirilmasi
naticesinds 300 min Azarbaycan vatsndasi Dinya Sehiyys Taskilatinin standartlarina uygun
icmali su ils tamin edilmisdir.

Malumdur ki, respublikamiz mahdud su ehtiyatlarina malikdir. Konkret olarag, Canubi
Qafqgaz regionu Uzra,imumi su ehtiyyatinin 62%-i Gurcistanin, 28%-i Ermanistanin va yalniz
10%-i Azarbaycanin payina dusir. Lakin bununla bels, alimlarin apardi§i hesablamalar gosterir
ki, respublikanin potensial su ehtiyyatlari sanayenin, kand tasarrifatinin va shalinin suya olan
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talabatini 6daya bilar. Respublikanin illik suya olan talabati 11-13 kub km arasinda dayisir. Har il
respublikamizin su hovzalarindan 12 kub km, yeralti laylardan isa 1.2 kub km. sirin su gottruldr.
Goturulan suyun 60-70%-i kand tasarrifatinin, 20-25%-i sanayenin, galan hissasi isa tasarrifat
va icmali su talabatinin 6danilmasina sarf edilir. Olks tizra su obyektlarina atilan tullanti sularin
Umumi hacmi 160-170 min.kub metr arasinda teraddud edir ki, bu gostaricilar su obyektlarinin
ekoloji saglamhgi hagqinda bizi bir az daha dsrindan fikirlasmays vadar edir.

Azarbaycan arazisinin (86,6min km) 49.3%-i (4.2 min ha) kand tasarrifati torpaglarinin
payina dustr. Sovetlar dévrinds adambasina dusan kand tasarriifatina yararl torpag sahasinin
hacmina gora (0.7ha) Azarbaycan 15 muttafiq respublika arasinda 14-ct yeri tuturdu. Bu gln
ermani isgalinda olan arazilari do nazera alsaq,vaziyystin na daracaeds acinacaglli oldugu har
birimiz aydin olar. Muasir dovrds adambasina diisan tagriban bir hektarlig(0.92ha) yalniz 0.6
hektari akina yararlidir. Olks arazisinda movcud olan biitiin torpaq resursunun 51.6 faizini
otlaglar, 30.2%-ni akila bilan torpag sahalari taskil edir.30.2%-lik torpaglarin yalniz 12.8%-i
uzun zamandir akilir. Suvarilan bazi bitgilar akilan torpaglar tez-tez suvarildagina gors
torpaglarin asinmasina sabab olur. Haddindan artiq giibraleanmak ds torpagda duzun miqgdarinin
artmasina, kimyavi cirklanmays sabab olur. Torpagin kimysvi cirklanmasi ise yeralti su
ehtiyatlari, icmali su ehtiyatlarini, caylari cirklandirir. Son dovrlara gadsr aparilan arasdirmalar
gostarir ki, “ icmali suyun keyfiyystinin xeyli asagi olmasi aran rayonlarinda saglamlig tgin
xeyli tahlukslidir”(s.3)

Uzun illar arzinde Olkads aqrar senaye kompleksinin ekstensiv inkisafi, akingilik
madaniyyatinin asagl saviyyads olmasi,ilbail artirilan dévlst planlarinin va 6hdasliklsrinin yerina
yetirilmasi namina torpaglarin amansiz istismari onlarda soranlasma, eroziya, kimyavi cirklanms,
akinalti gatin Kiplasmasi kimi manfi proseslarin tasiri altinda boyilk arazilsrda torpaq
degredasiyasina(torpagin biyoloji va iqtisadi msahsuldarliginin itmasi) ssbsb olmusdur.
Umumiyystls Azarbaycanda 1.5 milyon hektar soranlasmis torpaq sahasi var ki onunda 900 min
hektar suvarila bilir.

Torpaglarin yararsiz hala galmasina digar bir sabab iss,sanayenin iki sahasidir. Bu sanaye
sahalarindan biri neft senayesi, ikinci ise dag-madan sanayesidir.Faydali gazintilarin aciq tsulla
istismari atraf mihitin bltin elementlarina tasir edir. Respublika igtisadiyyatinin asas senaye
sahasi olan neft hasilati va neft ayirma zavodlarinin 6lka ekologiyasina vurdugu zarsr gadar,
dag-madan sanayesi sahalari de ziyan vurur. Senaye sahalarinin atraf mihits vurdugu ziyan
zancirvari halgalar seklinds torpaq fondlarin asinmasindan tutmus kand tasarrifati mahsullarinin
istehlakgisi olan shalinin sahhatinin korlanmasina gadar, demak olar ki btun ekoloji sahalarda
6z0na biruza verir.

Tabii sarvatlar baximindan diinyanin secilmis olkalarindan olan Azarbaycanin SSRi
dagildigdan sonra istismarina son qoyulmus va mastaqilliyin ilk illsrinds 6lksnin tabii servatlari
igtisadiyyatin qurulmasinda bazis rolunu oynamisdir.SSRi dovriinda Azarbaycan igtisadiyyatinin
stratla inkisaf etdirilmasi fonunda ekoloji problemlara Umumiyystls diggst yetirilmamis va
naticade min hektarlarla torpaq sahalari, mesalar, goller, caylar yararsiz hala dismusdiir. Takca o
fakt qeyd etmak kifaystdir ki, Baki saharinin “Qara sshar ” adlanan ssnaye shamiyyatli hissasi
tikilerkan “gul kulayi” nazars alinmamis ve belslikle zavodlardan havaya buraxilan bitin zsharli
gazlar ssharin havasini yararsiz hala salmisdir. Mustaqillik dévriindan etibaran doévlst ekoloji
problemlara xisusi diggst ayirmaga baslamisdir ki, bunun da naticasi ¢ox gisa zamanda hiss
olunmusdur.Havanin, torpagin, su ehtiyyatlarin hatta Xazar danizinin kegcmise nazaran, nazara
carpacaq daracada tamizlanmasi bizi galaceys nikbin baxmaga vadar edir. Bununla yanasi
dovlatin ekoloji strategiyasi igtisadiyyatin inkisafi ila barabar aparilir ki, bu da Azarbaycan
dovlatinin ugurlu siyasatinin naticasidir.
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B3AMMOCBA3b SKOHOMUNYECKMX N SKOJIOITMYECKUMX
HALUWMOHAJIbHbIX MHTEPECOB
I".b. PycTambekoB
By, katpesa «Muposasi 3KOHOMMKa»
haji_@mail.ru

HaumnoHanbHble 3KOHOMWYECKME WHTEpechl BblABUralOT MOCTOSIHHOE, eAMHCTBEHHO
peanbHOe OCHOBaHWE A/ peanun3auyMiM MHTEPECOB HACTOALEro W OyAyliMX MOKONEeHWI
XO03AACTBEHHbIX CYObEKTOB, COrMacoBaHHOIO HapallVBaHWS MPOV3BOACTBEHHOrO MOTEHLMana u
PELLEHMSI 3KONIOrMYeckux npobnem. KoOHeYHOlW O06Lein Lenbi HauMOHaNbHON 3KOHOMUKM
SBNSIETCA 00ecneyeHne YCMOBMIA ONTUMANbHOW YXU3HEAEATeNbHOCTY BCEX YNEHOB 06LLECTBA W
Oyaywmnx MNOKONEHWIA TrpaaaH -B  3TOM  3aK/OYaeTCs  NEeMTMOTMB  HaUMOHaNbHbIX
39KOHOMMWYECKMX WHTEPecoB. B JaHHOM MOMeHTe Liefnenosnaratllee Hadano BCex CyObLEeKTOB
39KOHOMMKW COBMafaeT, poxaas HOBbIA MCTOYHUK MOTUBALMM K CO3MAATENbHON AesTeNbHOCTH,
CTUMYNMPYS MOLLIHblE MPOLIECChI HALMOHANbHOW 3KOHOMMYECKOW CaMOOpraHm3aLumn, Mobunmsys
Hemncyepnaemble HaLMOHaIbHO-MOTUBMPOBaHHbIE PECYPChI HbIHELLHErO 1 ByAyLLero passBuTus.

CBSI3aHHOCTb  HaLMOHa/bHbIX  3KOHOMMYECKUX WHTEPECOB C  OKPYXXAKOWMM  MUPOM
npMpoabl 1 COLMYMOM NHOfei He MOXKET MoABepraTbCs COMHeHU0. Ho BONpoc COCTOWT B TOM,
KaK MOHMMaTb 3TOT MUP M KaKnM 06pa3oM OnpeaensTb OTHOLLUEHME K HEMY YenoBeka. Ecnm ato
TONbKO 00BLEKTMBHOCTb, [laHHas BHE 4YenoBeKa W 6onee TOro, MOAYMHAIOWAA AeATeNbHOCTb
YeNOBEKA 3aKOHaM Pa3BUTMS 3TO 0OBEKTUBHOCTW, TO 3TO OYAET CBefeHWEM Ponn CyObekTa K
YTUNN3aLMM 3aKOHOB, [aHHbIX Haf HAM. HO ecnu BHeLIHWe MO OTHOLLIEHME K Ye/oBeKY YCNoBuS
(NpupoaHble 1 coumanbHble) paccMaTpMBaTh Kak 00beKT, cthepy, NPOCTPAHCTBO, B KOTOPOM OH
AeNCTBYeT COrlaCHO CBOMM MHTEpecaM M B LIENsSX UX peann3auumn, To 3TO OyAeT BO3BbILLIEHNEM
pOMM YenoBeKa [0 YPOBHA co3ugatens opM >Xu3HW. CyllecTBYHOT MU NpU 3TOM KaKue-To
KOHKPETHbIe OPUEHTMPbI BbIABVMXKEHWSI Leneli 4enoBekoM? [la, M OHM 3aK/uvalTcs B
KOMOWHaLMIN 3KOHOMUYECKMX 1 3KONOTMYECKMX (haKTOPOB PasBUTUS.

[nsa peanusauum CBOMX MHTEPECOB Ye/0BEKY BCera HE0OX0AMM 0ObEKT, rapaHTUPYHOLLWIA
ero camo —BOCNPOM3BOACTBO. CneaoBaTeNlbHO, 0ObEKT U CYObEKTbl MHTEPECOB HAXOAsATCs B
AVaneKTUYecKol CBA3WM M npefnonaratoT Apyr Apyra. B aTom u 3akniouaetcs npeanochiika
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CKNafblBaHNA  HaUMOHa/IbHbIX  3KOMOTMYECKMX WHTEPECOB, TO €CTb TaKoro COCTOSIHWS
OKpY>KatoLLein NpUpOAHOI cpedpl, KOTOPOe He NOABEPraeT Yrpo3e XM3Hb M 3[40pOBbE MPaXiaH,
rapaHTUpyeT COXPaHHOCTb reHogoHAa Hauuu. OfHAKO, PeLLeHVe 3KOSIOrMYecKMX npobriem
KaKObIM TOCYAapCTBOM B OTAEMbHOCTM MPaKTUYECKM HEBO3MOXHO - MPUPOAHbIE (DaKTOpbI
YMU3HEAEATENIbHOCTY Yalle BCero He 3HarT rpaHul. HaumoHanbHble yecunmns no obecneyveHuto
9KO/IOrMYeCcKon 6e30nacHOCTY NpegnonaratoT, No3aToMy, MeXAyHapoAHOoe COTpyAHUYecTBo. B
3TOV CBSI3U BO3HWKAET LieNbli psig npobaemM, Hanpumep, y4éta Toro, YTo 3KOHOMUKM CTpaH Mupa
HaXOLATCA Ha PasHbIX CTYNeHAX TEXHONOrMYECKOro pasBuTus, a CnefoBaTesibHO, pasiyHa n nx
[0N5 B 3arpsisHEHUN OKPYXKatOLLLE cpefbl B MeXAYHapo4HOM MacLuTabe.

CeroHs HaMb60/bLUNIA yLLepb 3KONOr MK 3eM/IN HAHOCAT NPOMBILLIEHHO Pa3BUTbIE CTPaHbI.
Ho n oHun e 061agatoT Hambonee NPOABMHYTOM Hay4HO-TEXHWYECKOM 6a3oi Ana BbipaboTKM
Mep Mo 3aliuTe OKpYXKatoLlen cpedbl B rnobasbHOM MPOCTpaHCTBe. VIMEHHO 3TOT MOTeHLuman
MOXET He 0TOABUraTb, TO €CTb He MEPEHOCUTb «rpPs3HbIE» MPOM3BOACTBA B MEHee pa3BUTble
apeasibl MMPOBOro X035IMCTBA, a PeLlaTh UX B MHTepecax BCEro Ye/l0BEYECTBa.

Cpeayn rnobasibHbIX 3KOOrMYeCKMX NPo6/IEM MOXHO BbIeNUTh CeAYoLLMe: COKpaLLleHne
BbIOPOCOB B OKPYXXalOLLyt0 cpedy MPOAYKTOB YTWU/M3aUMKU  YreBOLOPOLOB, 0b6ecneyeHue
noTpe6HOCTEN B UMCTOM BOJAE, HAXOXAEHME HOBbIX MCTOYHUKOB YL0B/ETBOPEHNSA MOTPeOHOCTEN
nofert 6e3 YHUUTOXEHUS TPaguLMOHHO-CIOXUBLLETOCA MPUPOLHOro OKpYXeHus, Gnarogaps
KOTOPOMY BO3HMK/A W NMPOAOIKAETCA XKU3Hb NltoAei. Peub MAET, NO CyLLeCTBY, O TOM, YTOObI B
nnaHeTapHOM MacliTabe CornacoBaTb HaUMOHa/IbHbIE 3KOHOMUYECKME W 3KONOrMYeckue
MHTepecbl NMOCPEACTBOM COBMECTHbIX YCunmii. Camble MHOroo6eLLarolime BO3MOXHOCTU A/1S
3TOr0 MpefoCTaBNAOT HaHOTEXHONOrMW, CMOCO6HbIE MpuAaBaTb CPeacTsamM MNPOM3BOACTBA
Mofies3Hble U 3KOMOrMYeckn 6e3onacHble CBOMCTBA Y)XKe Ha  YPOBHE MMKpoyacTul, 60ro
BeLlecTBa. TO €CTb MOXHO OyZeT NPOM3BOAUTbL, HAMPUMEP MOJIOKO, WCMO/b3YsA NNLWb HY>KHble
AJ18 3TOTO 3/MEeMEHTbI -Yrfieposd, KUCNopof, BOAOPOL W T. A. B HEOrpaHWYeHHbIX 0O0bEMax
MPaKTUYECKN He 3aTparmbas OKpY>XKatollyro npupofy. To e camoe KacaeTcd obecrneyeHus
YMCTON BOLOM, UCTOYHMKAMUN 3HEPrUMW, NEKapPCTBEHHbIMW CPEeACTBAMM, & BO3MOXHO M BCEMMU
HeobxoauMbIMK  NpodykTamu. Ob6ecrneumBass 3KOHOMMYECKUA POCT  MPaKTUYECKU BHE
MPUMEHEHNA MPUPOAHBIX (DAKTOPOB, HAHOTEXHOMOTUW BbIABUTAKOT KaXyLMecs Ha CerofHs
(hbaHTaCTUYECKMMU BO3MOXHOCTU N4 OyAyLlero pasBUTUA YenoBeka W 3alWTbl Cpefbl ero
obutaHms.

POCT HalMOHaNbHOW 3KOHOMUKM SBNSETCA OObEKTUBHOW TeHAeHUMiA. Ho Heobxoammo
MMETb B BUJY, YTO OCHOBHble 3KOHOMMWYECKWE PECYPCbI, MetoLLMEe NPUPOAHOE NPOUCXOXKAEHWE,
OrpaHuyYeHbl B CBOMX 06beMax. TO eCTb HacTyrnaeT MOMEHT, KOrga 3KOHOMWYECKUA pocCT
HEN30EXHO CTA/IKMBAETCA C eCTECTBEHHLIMW OrpaHUYeHUSMU, U 3TO OTHOCUTCA KaK K KaXKaoW
HaUMOHa/IbHOM, TaKk M MUPOBOW 3KOHOMMKE B LenoM. KapauHanbHOe paspeLleHue LaHHOW
npo6neMbl BO3MOXHO /MWL Ha OCHOBE TEXHUKO-TEXHO/OMMYECKOro nporpecca, Ho 6e3
HapacTaHWs 4aBNeHUs Ha OKPYXXaloLLyto MPUPOAHYIO Cpefy, MOCKO/bKY MMEHHO OHa ABNSeTCA
MCTOYHUKOM >KM3HM BOOOLLE, a He TONMbKO MNPOM3BOACTBA. WHbIMW crioBamu, nepes
4esIoBEYECTBOM CTOUT npobriema yBenveHWss 0ObLEMOB MPOU3BOACTBA MPU CHUDKEHUM €€
PECypCHO 3aTpaTHOCTU. Bce WHHOBaUMM B 3KOHOMMKE HanpasfieHbl Ha peLleHue 3ToM
npobnembl, KOTOpas BCE 60/ee akTyanmsmpyeTcs. [NosB1NOCH JaxKe TaKOe HarpasB/ieHNe B Hayke,
KOTOPYIO HasblBatOT HaHOKonoruein (nanocology). B aToii cBsi3n 0co60€e BHUMaHVe MpUBEKaeT
VHAYCTPWS CONHEYHbIX baTapeid, KOTopas HanpsiMyto CBsi3aHa C HAHOTEXHO/OrMiA. Pa3BuTue 3ToiA
WHAYCTPUU MPUBOAMT K OTKA3y OT MacCOBOr0O CXMUraHuWs KaMeHHOro Yrfis U HeTenpoayKTos,
MPeoONEeHNs 0NacHOCTM NapHUKOBOMO 3(h(heKTa 1 3arps3HeHNs BO34yxa NPOoLYKTamu CropaHus.
[vipektop  Accoumaumm Ikonornyeckon VHxeHepum AnaH Jluce, Hanpumep, CYMTaeT, 4yTo
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M3yyasi 3KOCWUCTEMY, Mbl MOHMMAEM, 4TO ee (YHKLUMM OCYLLECTBSIOTCA OnpeaeneHHbIMM
opraHvM3mMamu WM Trpynnam OpraHvMsmoB. 3Ty POSb MOTYT BbIMOMHATbL WM HAHOOGBLEKTHI,
ynpaBnstoLlye 3Konpoueccamn TaMm, rfe GecCUbHbl eCTECTBEHHblE PerynsTopbl.  YacTo
HAHOTEXHOMOTMI0 Ha3blBalOT HayKoi Oyayllero. Ho yxe UMeeTcs Hemano [AOCTUXKEHWUIA B
HAHOTEXHONOrMAX, KOTOPbIE NOMOralT YMEHbLUUTbL BPeHOE BMSHIUE HA OKPYXKatOLLLYO Cpefy:
Hanpumep, 3Ta Hayka [aéT HOBble BO3MOXHOCTV MepepaboTKyM Mycopa, OYWUCTKW BOAbI,
onpedeneHns pTyTM U Tak Aanee. [anbHelilune UCCNeaoBaHWS [aayT HOBble pe3ynbTaThl, a,
3HAuMT, 1 HOBble BO3MOXKHOCTW. B Hallle Bpemsi pasBMTME HayKW HAHOTEXHO/OMMM, a Takxke
MPOMBILLNIEHHOCTW, C Heli CBA3aHHOM, MOKasblBaeT Ha PasBMTOCTb FOCYAAPCTBa, Ha pacLLMpeHNe
MoTeHLMaNa peann3aLmm HalMoHaNbHbIX 3KOHOMMUYECKMX MHTEPECOB.

BMmecTe ¢ Tem, Hefb3s lymaTb, YTO BCE 3KONOTMYeCKMe NPo6IeMbl MOTYT aBTOMATUYECKU
pewatbcs 6Gnarogaps TEXHOMOTMYeCKMM HoBLUECTBaM. OYeHb BaKHO COXPaHUTb PeCYpChbl,
KOTOpble  NPeACTaBMsAtOT  NPUPOAHble, MPOM3BOACTBEHHbIE U KYNbTYPHble  CETMEHTbI
HaLMOHa/IbHOro 6oraTcTBa B COBOKYMHOCTW. Bce OHWM BXOAAT B MOHATWE HaLMOHa/bHbIX
3KO/IOrNYECKMX UHTEPECOB, MOHMMAEMbIX B LUMPOKOM CMbIC/E. DTO 3KOMOMMS HaLMOHANbHO
WAEHTUYHOCTU, BK/HOYAIOLLAs N He(hopMasibHbIe MHCTUTYThI X03SACTBEHHbIX B3aMMOOTHOLLEHWA,
M HPaBCTBEHHbIE LEHHOCTWU, U TpaguuMu NPUMPOAONO/b30BaHMS. HaHOTEXHONMOrMM 1 gpyrue
nepefioBble MeTOAbl  POCTa MPOM3BOACTBA TONMbKO B OPraHWYeckoi CBS3W C YyKazaHHbIMU
(hakTOpamMmn CNOCOBHbLI NPeACTaBUTL IKOHOMMYECKME N IKONMOTMYECKME MHTEPECHI B NapagurMe
HaUMOHa/IbHBIX WHTEPECOB, X MOAENbHOM KOH(UIypaLmu.

DYNAMICS OF BALANCED COMPARATORS BASED ON
SMALL JOSEPHSON JUNCTIONS WiTH COULOMB BLOCKADE
I.N. Askerzade®®, R.T. Tagiyeva Askerbeyli ©
4Comp. Eng. Dep. and Center of Excellence of Superconductivity Research,
Ankara University, Turkey
PInstitute 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].

: N : . E
It is well know that small Joephson junctions characterized by the ratio k :E—J, where

(2¢)°

Al . .
E, = 2; Josephson energy, |, critical current, E. = Coulomb energy, C capacity of

C

junction [1-3]. The case of k >>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. = 5

becomes considerable, which leads to Coulomb

blockade under tunneling of Cooper pair [1-3]. It means that k <<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 ., GdE;(q)/dq
E"(t) — R )

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 2Eo (q)

Ce(a) = (T)_l : )

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

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’g, ,dg

LB(ql) dt21+Rd_tl+V(q1):Vev (3)
d’ d

Ly (0) g2t + R +V (@) =V, +V, @

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

note, that Egs. (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 sinf in Eqgs. of usual Josephson effect [8]. Expression of V(q)
presented below (—e < g <e) and was used in [1-3]
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4_9y
vig=f__€e e
(a) = c - : )
d.» k
(5)* -1)*+—
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(1) [7], which represents the output signal of the comparator Vo, 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 dg=0q, —q, in respect to pulse V, we have the
following system of Egs.

d %dg ddg gv
L R — dg=V., 6
B(q+) dtg + dt + dq (q+) q S ( )
d’q, , pdg
Lg(a,) e dtl +V(q,) =V,, (7

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

at, at t<<l/a
1/3
k2 l 1/2
“Z@t-)+|—(@t-1%*-— +
{ @t-1) ( @t-1) 27j
k 1 1/2 1/3
v:%: +[—E(at—1) (—(at 1)? —Ej ] cat Y <t<t, (8)
6kIBe2, at t,<t<t,
(tD _t)
where t, :a£+ﬁ’ I, = ZDCII;BIC , @, is magnetic flux quantum. In Equation (8) near
a 0

q = e Bloch inductance L;(q) can be approximated by expression [6]
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Py . 1

Transient characteristic H(t ) 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(t ) of balanced comparator on small Josephson junctions H(t ) has an oscillating
character in the case of 1 < 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(t ) and above presented definition of time-resoltuion, for dt we found

1 ) @,
J2k ' 2pI R

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

dt ~1.15(1+ (11)

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

expression (11), time resolution dt becomes worse with increasing of parameter k . 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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SNEKTPOMNPOBOAHOCTD MNPV PACCEAHNN HA AKYCTUHECKUX
®OHOHAX B KBAHTOBOW AME CO C/1O>XHbIM MNMPO®UNJIEM

C.P. ®uraposa, M.M. Maxmypos, I".H. XacureBa
BakuHckuid FocyfapCTBeHHbI YHUBEPCUTET
mmm@bsu.az

TOHKME NAEHKN Y MHOTOC/NOMHbIE HU3KOPA3MEPHbIE CTPYKTYPbI, B KOTOPbIX (POpMMpYeTCS
[BYMEPHbIV 3M1IEKTPOHHbIN a3, HalWW LWMPOKOe MpPYMEHEeHWe B COBPEMEHHON TBEPLOTENbHOM
HaHO3/MEKTPOHMKE. B 3TUX cucTeMax 06pasytoTcs KBaHTOBbIE SMbl Pa3MyHbIX (HOPM. FBEHMS
nepeHoca B TaKMX KBAHTOBbIX sMax 06/1aaat0T cBOeobpasHbiMu cBovicTBamy [1,2]. B gaHHOWR
paboTe BbIYMCIAETCS 3/EKTPOMNPOBOLHOCTL KBAHTOBOM SMbl HE WMEOLLMIA YI/I0B, C KOHEYHOWA
LUVPWHOWA 1 C NOTEHLMAIOM

__ Y
cos?(z/a)’

(1)

rge Uo- MUHUMYM I'IOTEHLI,I/IGJ'IbHOVI SHeprun, a- LWnpuHa KBaHTOBOW SAMblI. ,ﬂ,ﬂﬂ BbIYNC/TIEHNA
INIEKTPONPOBOAHOCTHN Obl1 UCMO/b30BaH SHGPFGTMLIGCKMVI CNeKTp Bmnaa:
thZ
Lie, (2)

en,kx,ky = 2m n

rae ki =k +k;, m - athhekTnBHaA Macca HocuTeneld ToKa, a e, umeeT BuA [3]:

2
e =¢g,|l1+2n+ 1+$ , (3)
n 0 e
0

3feck e, = 1°p ?/8ma® - sHeprus npu n=0 n U, =0, n=0,1,2,... - KBaHTOBOE YMC/IO.
ONEKTPOMNPOBOAHOCTE  MOXET ObiTh OMPEAENEHO U3 BbIPOKEHUA MIOTHOCTM TOKa
cnegyrowmm obpasom [4]:
t
s =e’n, (—), (4)
m

rae e- aneMeHTapHbIi 3apsgd, N, - KOHLEHTPaLMs 31eKTPOHOB:

n, = phzZJ@)(e e,) (e~ e)( ) (5)

t - Bpems penakcauym, a yroBble CKOGKM (...) ONpeaensioTes Kak:

()= zj®(e e)e—e,) (. )[ j . (6)

Kak cnegyet 13 (5) u (6) 415 BblYMCNEHNSA 3N1EKTPOMPOBOAHOCTA HY)XXHO 3HATb BbIPXKEHWE
BPEMEHW penakcumn. B JaHHOM criyvae Bpems pefiakcauuy 06paTHO MpOropLyOHaIbHO MIOTHOCTY
KBaHTOBbIX COCTOSIHUIA [5]:

pan, hz
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m

roe ©(e —e,) - cTyneHyaTas yHKUma XaBucaga.

B cnyyae BbIPOX/EHHOIO 3/1EKTPOHHOMO rasa Npy PaccesiHM Ha akyCTUYECKMX (HOHOHAX
rnocne CyMMMPOBAHWS NO KBAHTOBbLIM YMCNaM 151 3N1eKTPONPOBOAHOCTU NOMYUNM:

S 4 3
= =@A+n)(m -U)——el| M +3n°+2n+= |-
S~ @emint -U) e )

0
—Jer(e; +U) (M +m+2)

roe s, =e’,n,/m, n, =mk,T /pan?, e" =e/k,T, e =e, /k,T, mt =m. /k,T, M- ypoBeHb
®epmu, KOTOPbI B JaHHOM Crydae umeeT Bug [5]:

; (8)

2
m :E"?‘E£+U0 +24/e) +eU, (M+1)+
m(n +1)
) 9
4e0(ﬁ3 +3m° +2ﬁ+2j ©)
3(N+1)

30eCb N ecTb LUenas uYacTb uucna n=.2mm a/ph—-0.5-,1+U,/e, /2, KOTOpbII
OnpeAenseTca U3 ycrosus me =e, .

Ha ocHoBe dopmysbl (8) nocTpoeHa 3aBUCMMOCTb 3/1EKTPONPOBOAHOCTU BbIPOXAEHHOIO
[BYMEPHOIO 3/IEKTPOHHOrO rasa npy pacCesiHUM Ha aKyCTUYecKMX (OHOHaxX OT LUMPUHbI
KBaHTOBOW fAMbl (puc.1). Mpu 3TOM WCMOMb30BANUCL Criefytolime 3HaveHus: m=0,067m,,
e, =60meV, a=10nm, n, =10"m=>,

(0/0y) x 102

_6 1 1
0 1 2 3
a, (Hm)
Puc.l. 3aBMCMMOCTb  3/1IEKTPOMPOBOAHOCTY  BbIPOX/IEHHOTO

[BYMEPHOIO 3/1EKTPOHHOTO rasa OT WMPUHbI KBAHTOBO SMbl MpK
PaccesHUM Ha aKyCTMYECKMX (DOHOHaX.
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N3 rpajuka cnegyet, UTO  3MEKTPONPOBOAHOCTb  BbIPOXKAEHHONO  ABYMEPHOrO
3MIEKTPOHHOIO rasa OCUMANMPYET C LUMPWUHONM KBAHTOBOM AMbI. Mepnog oCcUMNALMIA 3aBUCUT OT
KOHLEHTpaL1mn Hocutenein Toka. Mpu paccesHUM HOCUTENE TOKa Ha aKyCTMYeCKMX (DOHOHAax
MMeeTCs 0611aCTb C OTPULATENBHOM 371IEKTPONPOBOAHOCTLIO. OTPULATENBHOCTL 3/IEKTPOMPOBOAHOCTM
CBAi3aHa C NOJIOKEHNEM YPOBHA depMy OTHOCUTENBHO MOTEeHLMana KBaHTOBON AMbl. Mpn 3TOM
CTeneHb NI0KaNM3aLMmn U3MeHSETCS, NMPOUCXOANUT NPOCTPAHCTBEHHbIN MEPeHOC 3N1EKTPOHOB U3
KBAaHTOBOM fIMbl B MapasfefibHblli CMOM MNPOBOAMMOCTU WM HAa0bOPOT - 3NEKTPOHbI N16O
BTArMBAKOTCS B KBAHTOBYH) SIMY, MO0 BbITA/IKNBAKOTCA M3 HEe.

AaHHas pa6oTa BbINo/HEHa NPy (HHAHCOBOW Nogaepxke PoHaa Passntus Hayku npu
Mpe3ngeHTe AsepbarigpkaHckor Pecny6nuku -I'paHT Ne EIF-2013-9(15)-46/04/1
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IKIOLCULU ELEKTRON SISTEMININ TERMOELEKTRIK
HOROKOT QUVVESINS® GUCLU ELEKTRIK SAHBSININ ToSIRI
M.M. Babayev, X.B. Sultanova
AMEA-nin H.M.Abdullayev adina Fizika institutu
mirbabababayev@yahoo.com , xatire280@gmail.com

Gucli elektrik sahasinda ikiolcull elektron sisteminin (2ES) termoelektrik haraket quvvasi tadqiq
edilmisdir. Gostarilmisdir ki, termoehg-nin elektron hissasinin qiymati elektrik sahasinda xeyli artir, fonon
hissa isa elektrik sahasindan asili deyil. Natica elektron temperaturunu birbasa 6l¢an 2ES termocdtiinin
Olcma intervalini genislendirmays imkan verir. Elektrik sahasinin intensivliyinin mixtslif giymatlarinds
termoehg-nin gafasin temperaturundan asililiq grafiklsri qurulmusdur.

Guclu elektrik sahasinda elektronlarin gizmasi termoelektrik va termomagnit effektlarin
giymatlarini, elaca ds bu effektlarin elektronlarin konsentrasiyasindan, gafasin temperaturun-dan
ve s. astlihglarini xeyli dayisdirir. Bu, bir tarafdsn asagiol¢ilu sistemlards termoelektrik va
termomagnit effektlarin giymatini elektrik sahasi vasitssi ils idare etmays, digar tarafdan iss bu
sistemlari xarakteriza edan kamiyystlari 6lgan cihazlarin yaradilmasina imkan verir.
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Termoelektrik harakst qlivvasinin elektron temperaturundan asilihgindan istifads edarak,
asagl temperaturlarda elektron temperaturunu birbasa 6lgan 2ES termociti yaradilmisdir [1].
Termoehq iki hissadan-elektron va fonon hissadan ibarat olur [2]. Bu cihazin isi termoehg-nin
elektron hissasinin elektron temperaturundan astlihigina asaslanir va cihaz gafes temperaturunun
2K-a gadar giymatlarinda yaxs! naticalar verir. Daha yuxari temperaturlarda termoehg-nin fonon
hissasi shamiyyatli rol oynadigi tgtin, misllifler hesab edir ki, elektron temperaturunun tayininds
bu cihazdan istifads edilmasinin dlzginliyd stibha dogurur. [1] isinds naticalerin analizinda
qizmis elektronlarin  termoelektrik harakat quvvasinin elektron hissasinin  fenomenoloji
dusturundan istifads edilmis, fonon hissanin elektrik sahasindan asili olub-olmamasi masalasi isa
arasdiritilmamisdir.

Biz burada 2ES sistemlarinds yaranan termoehqg-ya gucli elektrik sahasinin tasirini
Oyranarkan Bolsmanin kinetik tanlik metodundan istifads etmisik va termoehqg-nin ham elektron,
ham da fonon hissasini hesablamisig. Elektrik sahasinin intensivliyi va temperatur gradiyenti
elektron gazi tabagasi Uzrs gotirilur. 2ES-da tabaga boyunca kvantlanma bas vermadiyi tgln bu
tabaga Uzra elektrik carayanini hesablayanda Bolsmanin kinetik tanlik metodu yaxsi islayir [2].
Elektronlarin akustik fononlarin deformasiya va pyezoelektrik potensialindan, asgar ionlardan
sapilma mexanizmlari, elace da sapici potensiallarin ekranlasmasi nazara alinmisdir.

Mahdudlayici potensial olaraq parabolik potensial goturulmusdur:

1 h2k?
e=|=+N |aw, + —— 1
(2 j " 2m @

Burada m- kecirici elektronlarin effektiv kutlasi, w,- parabolik potensialin parametri, N -

ossillyasiya kvant adadi, IZ(ky K, ) elektronlarin dalga vektorudur.
Elektronlarin sapilmasi kvazielastiklik sartini 0dayirss va 0z aralarinda togqusmalarinin
tezliyi onlarin fononlardan sapilma tezliyindan boyukdirss, paylanma funksiyasinin izotrop

hissasi, gafesin T temperaturundan fargli T, temperaturu ila xarakterize olunan Fermi —Dirak
paylanmasi kimi gostarils bilar. Elektronlarin effektiv temperaturu T, balans tanliyindsn

(stasionar halda elektron sisteminin elektrik sahasindan aldigi enerjinin bu sistemin fononlar
sistemina verdiyi enerjiya barabarliyindan) tapilir [3]

Biz fononlarin elektrik sahasinds qizmadigi hala baxirig, onda uzundalgali fononlarin
N(q,F)payIanma funksiyasinin izotrop hissasi T temperaturlu Bolsman paylanmasi ila ifads
edilir, anizotrop hissa isa fononlar Ggln kinetik tanlikdan tapilir. Elektron gazi tabagasi boyunca

b, (T.)
s,(T.)

VT temeratur gradiyenti yaradilanda amals galen termoehq tigtin aliriq [2] a =

)

byy(Te)emsall (vo demali a) iki hissadsn -elektron va fonon hissadan ibaratdir:

b, (T,)=b¢ (T,)+ b (T,). Qizdirici elektrik sahasinin intensivliyi kvantlanmanin olmadigi z

oxu istigamatinda yaradilmisdir. Guclu cirlasmis elektron gazi Ggun termoehg-nin elektron
hissasi asagidaki sakila dlsur:

{1_h_oan(ho)}Te aT, 3)
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Burada h, =7°k? /2mk,T -elektronlarin gatirilmis kimyavi potensiali, k.elektronlarin Fermi

saviyyasina uygun dalda sdadi, n(h, )iss elektronlarin sapilms tezliyidir.
Termoehg-nin fonon hissasinin hesablamalari gostarir ki,

15,22 LA 55 LS L 1 DU ) e |

guclu cirlasmis elektron sisteminda elektronlarin  gizmasi 200 [[—g | e
termoehg-nin fonon hissasini dayisdirmir. Bu hissa t¢lin alinan Lot ==r, .
ifadenin murakkabylini, elektrik sahasindan asili olmadigini ve g 150 plooocEstavem -7 -7 4
[4] isindaki natice ila Ust-Usts dusdlylni nazers alarag onun S | F 5=
ifadesini burada vermirik. Termoehg-nin elektron hissasi, (3) ¥ ok BT ]

ifadasindan gorundiyu kimi, elektronlarin gizmasina ¢ox
hassasdir. Termoehq t¢un adadi hesablamalar elektronlarin ssth
sixhdl n=1.78x10"m™, mahdudlayici potensialin parametri AT s e
w, =7x10%san*olan ikiolglli GaAs/ Al Ga,,As kvant 0123456738910
cuxurunda aparilmisdir. Sakilds elek-trik sahesi intensivliyinin Tk

sabit giymatlerinds (E=0.8; 1 1.2 V/m) va elektrik sahasinin olmadigi halda termoehg-nin
elektron hissasinin gafas temperaturundan astliliq grafiklari verilmisdir.

Sakildan gorunduyu kimi, elektrik sahasi olmayan halda termoehqg-nin elektron hissasi
gafasin temperaturu ils diz mitsnasibdir. Elektrik sahasinda elektronlarin gizmasi naticasinda
termoehg-nin elektron hissasi saha olmayan halla mugayisada xeyli artir, 2K <T <10K
temperatur intervalinda bu artim 2-4 intervalindadir.

Burada alinmis naticalar [1] isinda tasvir olunan, elektron temperaturunu birbasa 6lgan 2ES
termocituntn 6lgma intervalini genislandirmaya imkan verir. Termoehg-nin fonon hissasi
elektrik sahasindan asili olmadigindan elektrik sahasinds termoehg-nin dayismasi yalniz elektron
hissenin dayismasi naticesinds bas verir: Aa(T,)=a(T,)-a(0)=a,(T,)-a,(0). Ona gora da
muvafiq dayisiklik etmakls (har bir temperatura uygun fonon hissani ¢ixmagla) hamin termocut
daha yuxari temperaturlarda da elektron temperaturunu 6lgmak tcin tatbig oluna bilar.
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SPEKTRIN iQ DIAPAZONUNDA AgGagslng4Se; QARISIQ

BIRLOSMSD®S INDIUMUN NiSBi TORKIBININ TEZLIK
CEVRILM®SSININ EFFEKTIVLIYIN® ToSIRI
R.C. Qasimova, G.8. Safarova’, N.V. Karimova?, L.S. Haclyeva
Baki Dévlat Universiteti, *Fizika Problemlari institutu, 2Azarbaycan Tibb Universiteti
safarovagulnara@rambler.ru

isde moévecud tacriibalar seraitinds AgGagelng4Se, névlii qarisiq kristallarda masslenin miixtalif
parametrlarin gevrilma effektivliyina tasirinin tadgiginin naticalari gostarilmisdir. Tarkibindaki indiumun
miqdari ils farglanan g név AgGaylny.,Se, kristallari tictin bucaq dispersiya smsallari hesablanmisdir.

Bir sira UstlnlUklerine gora tadgigat obyekti kimi qarisiqg kristal novlsrindan
AgGagslng4Se; secilmisdir. [1]-da aparilmis tadgigatlar gostarmisdir ki, indiumun tarkibini (x)
secmakla yaxin ve orta infraqirmizi diapazonda ikinci harmonikanin generasiyasi zamani 90°-li
geyri-kritik faza sinxronizmi sartini hayata kecirmak olar. Bu zaman CO, lazer stialanmasinin
| =9,64mkm dalga uzunlugunda x parametrinin giymati 0,6-ya barabardir. Malumdur ki,

AgGagslng4Se; kristali Gguin geyri-xatti kvadratik hassashigin 6l¢tilmis giymsti d,q =41pm/V

barabardir. Spektrin IQ diapazonunda tatbigi masalalar iiciin CO, lazerlari aparici rol oynayir,
onlar spektrin bu oblastinda giicli optik koherent stialanma manbayidir.

Secilmis nov kristalin geyri-xatti optik xassalarini tadgiq etmsk (gclin, hayscanlanan
dalganin hayacanlandiran dalgaya aks tasirini nazara almaga imkan veran sabit intensivlik
yaxinlasmasindan [2] istifade etmak magsadauygundur. Bu yaxinlasma verilmis garisiq név
kristallarda [4] CO, lazerin stialanmasinin tezliyinin ikigat artmasi prosesins faza effektlarinin
tasirini nazardan kecirmays imkan verdi [3].

Bu isda mdévcud eksperiment saraitinde AgGagslng 4Se; kristalinda x parametrinin ¢evrilma
effektivliyina tesirinin tadgigat naticaleri gostarilmisdir. istifads olunan analitik tisul ham cevirici
kristalin, ham da slialanma manbayinin optimal parametrlarini konkret tacriibada geyri-kritik faza
sinxronizmi sartleri ¢ln optimal parametrlari hesablamaga imkan verir. Belo ki, masalan
verilmis itkilarda kristalin uzunlugu va doldurma dalgasinin invensivliyi, bu cevrilmanin
gozlanilan effektivliyini giymatlandirmaya imkan verir.

Birinci név 00 — e skalyar sinxronizm saraitinds manfi biroxlu AgGapslng4Se; kristalinda
w tezliyinds CO, lazer sualanmasinin tezliyinin ikigat artmasi prosesini (2w tezliyinds) tahlil
edak.

Doldurma dalgasinin ¢ uzunlugunda: 9.64 mkm, 9.55 mkm ve 9.31 mkm CO, lazer
stialanmasinin ikinci harmonikasinin generasiyasi halinda manfi biroxlu garisig AgGagslng4Se;
kristalinda sinxronizmin bucaq enini tayin edak. Sinxronizm istigamatindan meyletma bucaginin
Aq hesablanmasini [5, 6]-a uygun olaraq kristalda indiumun migdarini aks etdiran ¢ giymat
ucln (0; 0.3; 0.4) aparag. Bu zaman [5-6]-da verilmis Selmeyyer amsallarindan istifads olunur [7,
8].

IQ diapazonda AgGagglnosSe; kristalinda CO, lazer suialanmasinin tezlik gevrilmasinin
effektivliyinin artirtlmasi yollarini tadgiq etmak Uglin sabit intensivlik yaxinlagsmasinda alinmis
cevrilms effektivliyi Gcun analitik ifadsni adadi hesablayag. Bu zaman masalanin
parametrlariverilmis kristal G¢iin movcud tacribalarin sartina uygun segilir [7-9].
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Malumdur ki, AgGaoslnosSe, qarisiq strukturlarinda kristalin xassalarina indium tasir edir
[1]. Sakilda indiumun kristalda us mixtalif konsentrasiyasi halinda tezlik ¢evrilmasi prosesinin
sabit intensivlik yaxinlasmasinda tshlilinin naticalari gostarilmisdir. CO, lazerinin doldurma
dalgasinin uzunluglarinin ti¢ varianti nazardan kegirilmisdir: 9.31 mkm, 9.55 mkm va 9.64 mkm.
Ug ayridan 1 va 4 grupu AgGagIngsSe; kristalinin (x=0.7) uygun olaraq 1.05 sm va 0.65 sm-a
barabar olan uzunluglarinda doldurma dalgasinin sualanmasinin U¢ dalda uzunlugu halinda
cevrilma effektivliyinin h,(J) asiliiina uygundur. Ug ayridan 2 va 5 grupu iss AgGaoslng.sSez
kristalinin (x=0.6) uygun olarag 1.05 sm ve 0.65 sm-a barabar olan uzunluglarinda doldurma
dalgasinin stialanmasinin tg dalga uzunlugu halinda h, () astliliglarina uygundurlar. Uglinci
grup ayrilari ise AgGaSe, kristalinin (x=1) 0.8 sm barabar uzunlugda doldurma dalgasinin
stialanmasinin ti¢ dalga uzunlugunda h,(J) asilihglarina uygundurlar. Har bir grupda yuxaridaki

ayri 9.64 mkm sualanma dalgasi uzunluguna, ortadaki 9.55 mkm, asagidaki iss 9.31 mkm
stialanma dalgas!I uzunluguna uygundur.

3, 4 va 5 grupu ayrilarinin migayisasindan gorundr ki, garisiq kristalin tarkibinds indiumun
konsentrasiyas! 1-dan 0.6-ya gadar artdiqda h,(J) asthihgi horizontal forma ayrisina meyl edir.
Bu o demakdir ki, kristalin faza sinxronizminin 6danmasi Sartina qgarsi qeyri-kritik rejimina
kecilir. Belaki, masalan, AgGaSe, kristalinda cevrilma effektivliyinin 0.036% dayismasi -0.6
mrad +0.6 mrad giymatli bucaq intevalinda bas verir. Kristalda Ga-un bir hissasinin indiumla
x=0.7-ya gadar avaz edilmasi (AgGapzIngsSe,) efektivliyin analoji dayismasina gatirib ¢ixarr,
lakin 1.67 dafa boylk bucaq intervalinda (-1 mrad-dan +1 mrad-adak). Kristala sonradan x=0.6-
ya gadar indium alava olunmasi (AgGapslng4Se;) AgGaSe, kristali ila mugayisads bucaq
intervalini 33 dafa artirir (-20 mrad +20 mrad). Buradan AgGagglng4Se, kristallarinda faza
sinxronizmi sertinin  6danmasinin  geyri-kritikliyi, AgGag;Ing3Se; va elacads AgGaSe;
kristallarina nazaran daha bdyuk bucaqg diapazonunda ddanilir. Bu masals [1]-ds tacriibi tadqiq
olunmusdur, lakin tacriibi AgGaylnixSe, kristalinin 1.05 sm uzunlugunda bizim halda 1 (x=0.7)
vo 2 (x=0.6) ayrilar grupuna uygundur. 1 va 4; 2 va 5 grup ayrilerinin miqayisesi gosterir Ki,
cevirici —kristalin optimal uzunlugunun istifadasi cevrilma effektivliyini ti¢ dafs, h,(J)=0.15-
dan 0.45-dak artirmaga imkan vers biler.

-30 =20 =14 1] 1} 240 30
3, mrad

Sak. AgGaylny,Se; kristalinda ikinci harmonikaya m, ¢evrilma effektivliyinin doldurma daldasinin 1,4= 0.6
MW/cm? intensivliyinda x=0.7 -AgGay-IngsSe, (1 va 4 ayrilari), x=0.6 - AgGagglng4Se, (2 va 5 qirig-
qing ayrilar), x=1 - AgGaSe, ( 3 ayrilari) U¢ln sabit intensivlik yaxinlasmasinda hesablanmis fazalar
fargindan asililigr. Yuxari ayriler 9.64 mkm, orta - 9.55 mkm , asagi iss - 9.31 mkm dalga uzunluguna
uygundur. Kristalin uzunlugu | = 1.05 sm [4], (1 va 2 ayrileri), 0.8 sm [1] (3 ayrileri) n 0.65sm (4 va 5
ayrilari). AgGaSe, kristali t¢lin itkilar 8,=0.09 em?, §,=0.15 cm? [1] va AgGagln,,Se, kristalinda
$,=0.06 cm*, 8,=0.08 cm™ [1].
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Belalikla, faza effektlarini nazars almagla garisiq kristallarda tezlik gevrilmasinin nazari
tadqiqi cevrilma effektivliyini artirmaq yollarini askar etmaya imkan verir. Yani cevirici kristalda
uzunlugun verilmis giymatlarinda doldurma dalgasinin intensivliyinin optimal giymatini, elaca da
stialanan lazerin secilmis doldurma dalasinin intensivliyinde cevirici-kristalin koherent
uzunlugunu hesablamaqg olur. Analitik Gsul ham ds lazer stialanmasinin muxtslif dalga
uzunluglarinda gozlanilan c¢evrilma effektivliyini giymatlandirmays imkan verir. Qarisiq tip
kristallar G¢un indiumun mixtalif konsentrasiyalarinda sinxronizmin bucaq eni 6l¢ulmusdur.
Faza sinxronizmi sartinin 6dsnmasina qeyri-kritik rejimina sarait yaradan sartlar meydana
cixartimisdir.

Bu is gisman Azsrbaycan Respublikasinin Prezidenti yaninda Elmin Inkisafi
Fondunun maliyya yardimi ils yerina yetirilmisdir- Qrant Ne EIF-2013-9(15)-46/04/1
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ME>K3OHHOE OMNMTUYECKOE MOl JIOWEHNE B MOANDULINPOBAHHOW
MOTEHUWMAJIBHOW AME MELWNA-TENNEPA

W.P. Magnposa
BakuHckuiA TocyaapcTBeHHbIA YHUBEPCUTET

irada.gadirova@mail.ru

BblumcneH  Ko3hMUMEHT  MEXK30HHOrO MOFMOWEHNS CBeTa B TETEPOCTPyKTypax ¢
MOAMMLMPOBAHHOW  NOTeHUMaNnbHOW  AMoil  [Mewns-Tennepa.  PaccMOTpeHa  3aBUCMMOCTb
KoaghdmumeHTa NOrNOLWEHNst 0T YacTOThl CBETA WU NapaMe TPOB KBaH T 0BOI AMbI.

PaccMOTpUM MONYNPOBOAHMKOBYHO CTPYKTYPY € MOAM(ULMPOBAHHOM MOTEHLMaNbHOV

Amon [Mewns- Tennepa, B KOTOPOM 3aBUCUMOCTb MOTEHLMANbHOW 3HEPrMM YacTuubl OT
KOOpAuHaTbl z umeeT Bug [1]:

V, th *(az) |z s%
V(z) = . ) @
A 2|~ >

h’a’ y
[ (I +1),1 >0, a - wWK1pUHA KBAHTOBOW AMbI
m

roe V, =

B npubnuxeHun orunbatoleli GyHKUMM BOMHOBbIE (YHKLMM 3N1EKTPOHA B KBAHTOBOI siMe
MOXHO HanucaTb B BUAE:

Y i, (F)=87"u;(F)exp(ik F,)j , (2) 2
3[ech MHAEKC | 0603HauaeT COCTOAHMWSA, MpUHAANeXalle 30He MNPoBOAMMOCTM (i=c) W
Ba/leHTHO 30He (i =V), N, —WHOEKC MOA30HbI, T, -ABYMEPHbI/i BEKTOP B MIOCKOCTU CrIOEB,
umelolmx naowans S, u,(F) -nepuoguueckasl 4acTb 67I0XOBCKOM (DYHKLUMM MCXOAHOrO
matepuana, ki =ki+k’ j  (z)- sasucallas oT Z oruGaiowan tyHkLMA. OrubarolLme thyHKLMM
j , (2) ABNAIOTCA PeLLEHMAMN ypaBHeHNs LLIpeauHrepa ¢ MoTeHLMAnbHOM aHepruedt (1) u moryT
6bITb HaMucaHbl B BUAE:

- (a(ll —=mI'(2l —n+1) % el
I (aZ)—( F(nhd) J R™ (th@z)), @)

roe P"' (th(az))- npucoeanHéHHbIe NoMHOMbI JSlexaHapa, n=0.123,..[I ], [I ] -uenas yacTb
o7 | . CobCTBEHHbIE 3HAYEHMS aHEpPrK Ans noTeHumana (1) paBHbl :

ha

@+ = -n)%) (4)

MoNHble SHEPTUM 3MIEKTPOHA B 30HE NMPOBOAMMOCTUA U B Ba/IEHTHOW 30HE COOTBETCTBEHHO
PaBHbI:

E (k)=€ + ’Zr: =ha (0 +1)- (|—n))+hk (5)

c C
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21,2 2
E :_Eg_el_hzkl :_Eg_ha
mV

2

2 .. Rk
A RS (i B

\ \

(6)

rae E,- wnpvHa 3anpewgHHoi 30Hbl 06bEMHOr0 NOMYNPOBOAHMKA,

PacCMOTpUM NPOCTYH0 [BYX30HHYKO MOAENb W MPeAnoNoXMM, YTO BaleHTHas 30Ha
MONHOCTbIO 3aMO/IHEHA, & 30Ha MPOBOAUMOCTM MOIHOCTLIO CBO6OAHA B nepBOM MpubAVKEHMM
TeopuM BO3MYLLEHWIA ANs BEPOSTHOCTM Mepexoda W3 BaleHTHON 30Hbl B 30HY MPOBOAMMOCTM
nveem [2]:

w =2 5|, ) d(E, €, ~mw), )

rae H, (K) - MaTpuuHbIi 31EMEHT 3HEPTUM BO3MYLLIEHMS

A8 o
H =—Ap
mc
Ha BOSHOBBIX (DYHKLMAX (2) BaNEHTHOM 30HbI 1 30HbI MPOBOAUMOCTH,
~ o \ 2pNAaw
A - BEKTOpP-MOTEHLIMAN 31EKTPOMArHATHOI BO/HBI, |A|=—/, V- (ha3oBasi CKOPOCTb
w/v

v==_ , P=—inV, N - uncno hoToHOB B eAnHuLe ob6bema. [Ans H_ (k) umeem:
n

_ e —_—
Ho (K) = 22 R, L ®

3heCb X  -EAMHWYHBIA BEKTOP MOMAPU3ALMM SNEKTPOMArHUTHOA BOMHBI, P, -MaTPUUHbIi]

37IeMeHT orepaTopa UMMy/bca Ha BOMHOBLIX (PYHKUMSX Bnoxa B 30He MPOBOAMMOCTV U B

BAJIEHTHOM 30HE, d . OTPAXAeT 3aKOH COXPaHeHWst KBasUMMIy/ibCa
JARAIE

Ly = [i 1(2)Bj \(2)dz )
Moactasus BblpaxeHve (9) B (8) u yuntbiBag, yto |, =—d,, Nocne MHTErpMpoBaHus
nonyynm:
=L2A5(§P“W)Zz@(hw—5 Pat G en—d ) (o)
7% (a+b)m?c® - ¢ 2m
1 1 1 o
rae e +—, b — wupuHa 6apbepa, O(x)- cTyneHyaTas PyHKUMSA XeBucainaa.
Koath(hmuMeHT MorioLeHns onpeaensieTca n3 COOTHOLLEHUA:
a ==W\/E : (11)
Nc

rae e- AuaneKkTpuyeckas NPOHMULAeMOCTb NOMYNPOBOAHMKA.
Mcnonbsys BblpaxkeHnsa (10) n (11), 408 KoapduLmeHTa MEX30HHOrO MOrioLLeHUs
nofy4nm:
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__ 4’ (xP,)’ . na? o
_h(a+b)mzc\/€hwzn:®(hw B om [ +D-0 -7 (12)

13 BblpaxkeHwii (7), (8) 1 (9) BUAHO, YTO pa3peLLeHbl ONTUYECKME Nepexobl TONIbKO MeXAy
MoA30HaMM Ba/IeHTHOM 30HbI 1 30HbI MPOBOAUMOCTY C OAMHAKOBbIMU HOMepamyt n =1 .
Ha puc.l »u 2 npeacTaBneHa 4acTOTHasA 3aBMCMMOCTb KO3((uLUMeHTa MOrIoweHns ans
GaAs/ Al Ga, ,As npu pas3nyHbIX 3HaueHusx napameTtpa | u napametpa a . Mpu 3Tom

NCMNONb30BaHbI cnefyrowme 3HaYeHns napameTpoB: E,=1.43ev, a=500A,

m, =0.06m,, m,=0.4m ,e=8.2, P, =1.2-10"*aspr-r, b="5a. 3 rpagmkos b(w) BuaHo, 4to
C yBe/NMueHMeM napameTpa | MakCUMyMbl MOF/OWIEHNS CMELLAtOTCA B BbICOKOYACTOTHYHO
06/1aCTb, PACCTOSHME MEXAY HUMW YBEJIMYMBAETCSA, BLICOTA COOTBETCTBYHOLINX MAKCUMYMOB U
BbICOTA CTYMEHEK yMeHblUaeTcsi. C yMeHbLUEHMEM MapameTpa @ MaKCUMyMbl MOT/IOLIEHNS
CMELLAtOTCA B HWU3KOYACTOTHYHO 06/1aCTb, PACCTOSIHME MEXAY HUMW  YMEHbLUAETCsl, BbiCOTa
COOTBETCTBYHOLLMX MAKCUMYMOB 1 BbICOTA CTYMEHEK YMEHbLIAETCA ATO 0OBLACHAKTCS TEM, UTO C
pocToM |  WMpUHA COOTBETCTBYIOLIMX MOA30H YBENNUMBAETCS, a C YBENNYEHMEM HOMEpa

MOA30HbI MPU fAaHHOM | |, a Takke C YMeHblUeHVeM MapameTpa a LuMpMHa MNOA30H
YMEHBLLIAETCS.

B 8 8 8 8 8
& 8
g 8

B

A=4

‘ ‘ ‘ ‘ Cooe
15 16 17 18 19 20 @

PuC.2
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AHAJTN3 PASPABEOTOK CBEPXINPOBOAHMNKOBbIX
OJETEKTOPOB MA1IOIO YWACJIA $OTOHOB
M.LL. MacaHoBa, 3.A. VckeHgep3age, 3.A Mxadaposa*, H.T. NyceitHoBa
Azepbaii>KaHCKUIA TeXHUYECKNIA YHUBEPCUTET, *VHCTUTYT (msnkn HAHA,
mhsh28@mail.ru

MpuBeaeHbl OCHOBHbIE BUbI COBPEMEHHbIX CIT e TeKTOPOB Manoro uucia (oTOHOB, MPUHLWAN
AeiicTBUs 6OOMETPa Ha OCHOBE FOPSUMX 3M1EKTPOHOB, aHaIU3 AYHAMUKN PasBUT WS TOpsYero NsTHa BO
BpeMs npouecca AeTeKTUPoBaHWs (POTOHOB, AETEKTOPbl M CMECUTENN Ha  AXKO03e(hCOHOBCKUX
nepexofoB. PaccMOTpeHbl OCHOBHble napameTpbl CIM 0AHODOTOHHLIX AETEKTOPOB WM 06NacTU UX
NPaKTWUYECKOr0 NPUMEHEHNS.

KayeCTBEHHbIA CKayoK B [JOCTVMDKEHUM OLHOBPEMEHHO BbICOKOW YYBCTBUTE/IbLHOCTU U
ObICTpOAENCTBUSA Npubopa ANA PerucTpauum n3fydyeHus B LUMPOKOM 061acT crnektpa oT
PafMoBONIH A0 ONTMKKM (60/10MeTPa) BO3HMKaET MpW Harpese /MWL 3MEKTPOHHOro rasa B CI1
MIeHKe AN ero nepexoja B HOPMaslbHOE COCTOSHWME -KOHLEMUUA ropsayero nsATHa, ekt
3NeKTPOHHOro pasorpesa B CI1 nneHkax. K HWMM OTHOCATCA 60/10METpbl HA OCHOBE TOPAYMX
anektpoHoB (Hot Electron Bolometer HEB —mixers), ceHcopbl Kpas nepexoga (transition edge
sensors, TES —60/10MeTpbl), LETEKTOPbI U CMECUTENN Ha OCHOBE CTPYKTYP CBEPXMPOBOAHUK —
AN3NEKTPUK-CBEPXNPOBOAHMK SIS (@K03e)COHOBCKMIA  nepexof), W, HakoHed, CIl
HaHOMO/I0CKOBbLIN/NPOBOMOYHbIA 04HOMOTOHHBIA AeTekTop (Superconducting Nanowire Single-
Photon Detector SNSPD) Ha KMHETUYECKON MHAYKTUBHOCTU.

MpuHYuMn aericTBua 60/0MeTpa Ha OCHOBE ropaymx anekTpoHoB (HEB — 6onomeTp)
OCHOBaH Ha 3(eKTe 3/1EKTPOHHOIO pas3orpeBa B TOHKOW MJIEHKE CBePXNpPOBOAHMKa. [Mpu
MOT/IOLLEHUN U3NYYEHNA CBEPXMPOBOAHMKOM, HaXOAALUMMCA B CBEPXMPOBOAALLEM COCTOAHUU
BOM3N T, (B TOYKe C MakCMMasibHbIM 3HaveHneM dR/dT), conpoTUB/IEHME CTPYKTYPbI
M3MEHSIeTCA BCMIELCTBUE YCTAHOBMIEHUA 3/IEKTPOHHOW TeMmnepaTypbl Bbllle TemnepaTypsbl
peweTki. B cnyuyae, ecnn yactota MOZYNAUMA MafaloLLero U3NyvyeHWs MeHblue 06paTHOro
BPEMEHW OCTbIBaHWS 3/1EKTPOHHON nofcucTembl CI (onpefenseTcs B 0CHOBHOM BPEMEHEM Te-ph
W BbIXOfla HEPaBHOBECHLIX (POHOHOB M3 M/IEHKN B MOLJIOKKY Tphsub), Ha KOHLAX CTPYKTYpb,
CMELLEHHON MOCTOSAHHBIM TOKOM, BO3HUKAeT 3/IeKTPUYECKMIA CUTHaN, MOLYNMPOBAHHLIA C
4yacToTOM MOLYNAUUU M3NydeHus. [ns co3faHus ObICTPbIX 6OMOMETPUYECKMX MPUEMHUKOB
Heobxoaum nogbop CIT matepuasnos ¢ MaslbiM BPEMEHEM Teph, & TAKXKE CO3JaHWe YCI0BUN ANd
YMEHbLLUEHWNA BPEMEHW BbIX04a HEPABHOBECHbLIX (POHOHOB B NOAJIOXKKY. IMocnefHee CHMXaeTcs ¢
YMEHbLUEHVEM TONWMHbI MAEHKW. [N9 TUMWYHBIX TOHKMX nneHok CI npu T, 6/113KoM
KPUTUYECKOM TC, Teph cOCTaBNAET: Anst Nb ~ 10" °c, ana NbN ~10" ¢, a ana BTCIM YBaCuO ~
10" *?c. Bpems MeX3neKTPOHHOTO B3aUMOJECTBUS Tee ELLE MEHbLUe WM TOro XKe Mopsaka
Be/IYMHbI. CyLLeCTBEHHbIM C/IeACTBUEM MOCNELHEr0 ABMSETCA TO, YTO 3Heprus faxke 60/1bLI0ro
Mo Be/MYMHE KBAHTA He TepseTcs [AaXe 4aCcTUYHO, YcneBas MepepacrpefeniMTbCA Ccpeau
3NEKTPOHOB NPW UX CTONKHOBEHUW [pYr C ApyroM. B 3TOM cfyyae BenvumHa TemnepaTypbl
3NEKTPOHOB 3aBUCUT /LU OT MOLLHOCTU W3/YYEHWUA M He 3aBUCUT OT 4acTOTbl MOAYNALMN.
ConpotusnieHve TOHKOW CI1 nNieHKM B pPe3sUCTUBHOM COCTOSHUM ObICTPO M C BbICOKOWA
YyBCTBUTE/IbHOCTHI0 PACTET MNPOMOPLMOHATIbBHO MOLLHOCTU U3/lyYeHWEe He3aBUCUMO OT ero
4aCTOTbl B OYEHb LUMPOKMX Mpesenax.

MpriemHbI anemeHT HEB —6010meTpoB ( puc.1) Ha ocHoBe nneHoK ( NbN, N nam BTCI
Bi,Sr,CaCu,0x ¢ T, ~90K) Ha nognoxke MgO pacnonoratoT Ha X/1a40npoBoje ONTUYECKOro
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KpMOCTaTa, OXMaX/A3EMOr0 XIAKIM a30TOM. [eoMeTpUyeckie pasMepbl MOANOXKKA —8 8 MM .
NS NOBbILLEHWS YYBCTBUTENBHOCTI 60/10METPa B LieHTpe 06pasua C MOMOLLGH0 1a3epHOI Pe3Ku
(hopmmpyeTca MeaHApoBas CTpyKTypa (puc.16). ConpoTrBneHne 60/10MeTpa COCTaB/ANO OKOJO
1 KOM B HOpMa/IbHOM COCTOSAHUMN.

Au contacts

1 mm
a) 6)

Puc. 1. BHelHWiA BUg 4yBCTBUTENbHOMO 3nemeHTa SNSPD getekTopa (a) 1 YyBCTBUTEbHAS
yacTb feTeKTopa — MeaHap. V1306paxkeHns nonyyeHbl Ha CKaHUPYHOLLEM
3/IeKTPOHHOM MUKpOCKone. CBeT/Ible y4aCTKM — MOJIOCKM CBEPXMPOBOAHMKA,
TeMHble — Y4acTKu, Fe CBepXNpPOBOAHUK yaaneH (6).

B HacTosLLee BpeMs Ana ONUCaHNA AUHAMUKK Tena nocse nornoweHnsa gotoHa 8 SNSPD
LUMPOKO MCMOMb3YeTCA KOHLEenuua ropsavero natHa [1]. AHanm3 MokasbiBaeT, YTO CO3JaHHOe
(POTOHOM ropsyee MATHO WUMEET pasmepbl OT HECKOSIbKMX [0 AeCATKOB HaHOMeTpoB. [opsuee
NATHO OXNaXKAaeTcs, OTAaBas 3HEPrut0 BO3OYXKAEHHbIX 3/IEKTPOHOB (HOHOHAM MOCPeACTBOM
3NEKTPOH-(POHOHHOIO PaccesiHNA, C NOCTOAHHOW BPeMeHU Tepn (~ 10 nc — gna NbN). ®oHoH-
(hOHOHHOE paccesHune, 3aTeM, NEPEHOCUT 3HEPTUIO B MOA/I0XKKY C MOCTOAHHON BPEMEHU Tph-sub.

1)
Puc.2. MonepeyHoe ceveHne 0651acTu nepepacnpeseneHns NnoTHocTy Toka B CI nneHke ¢
ropsiumMm NATHOM, rae 6bin NornoLLeH GoToH (1) 1 AUHaMMKa pa3BUTUS ropsayero
NATHa BO BPeMs rpouecca AeTeKTupoBaHus (2a-4).

Ha cerogHs MexaHu3Mm LeTeKTUPOBaHWUs (POTOHOB MOHOCTLIO He BbIACHEH [2]. Mo ofHol
MOZENN ropsyee MATHO caMoO NO cebe He [OCTATOYHO 6O0/bLIOE, YTOOLI NEPeKPbITh LUNMPUHY
HaHOMpPoBO/IOKM ~100 HM. 03TOMY CBEPXTOK BbIHYXEH TeYb BOKPYr Pe3vCTUBHbIA 06/1acTu
(puc. 2a, puc.2 (2a, 6)). JlokanbHas NAOTHOCTb TOKA B 06M1acCTAX MEXAY ropsyunM MATHOM WU
rpaHuLamy MaeHKN yBeNMYMBaeTCA M NPeBbIlLaeT KPUTMYECKYHO MNOTHOCTb TOKa, 0bpasyetcs
pesncTMBHas 00/1acTb MO BCEi LUMPWHE HaHOMPOBOMOKW (puc.2n). Peskoe yBenmueHue
COMPOTMB/IEHNA OT HYNSA 40 KOHEYHOrO 3HAYEHUS NMOPOXAAET U3MePSEMbIV UMMY/IbC BbIXOAHOIO
HanpsHKeHus.

SNSPD pfeTekTOp CrnocobeH perucTpuMpoBaTb CBETOBblE MOTOKW OT ~OAHOr0 (POTOHA B
MuHyTy fo 10°:10° dotoHoB B cekyHay. KsaHTosas athekTuHOCTh (QE) pAeTekTopa
cocTasnseT, B BaXKHOM ananasoHe 0,85+1,5 mkm QE = 30 %(cpaBHeHMe, Ha A = 1,3 MKM ny4Luue
®3IY (Hanp. GupMbl Hamamatsu, npu MakcuManbHol ckopocTy cueta 9-10° (mkuTTep ~150nc)
nmeeT QE He 60nee 0,1% un TeMHOBOM cuyeT nopsigka 2000, BakHOI xapakTepucTnkoin SPD
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aBnsetca mHxuTTep (At), ycTaHaB/nMBaloLee ero BPEMEHHOE pa3peLLeHne — HeonpeeeHHOCTb
BPEMEHHOW 3aflepXXKN MeXAy NpuxXoAoM (OTOHa B [JETEKTOp W reHepayueri BbIXOAHOMO
MMNynbca OT Hero. [PKWUTTep YCTPOCTBA OMNPeAenstoT No MONYLWMPUHE WHCTPYMEHTa/bHOW
(byHKUMKM oTKMKa (cyeTa), Ana NbTiN CIT o4HOOTOHHOrO feTekTopa Npu A=1550 HM KUTTep
At~60 nc .

Bblin pa3paboTaHbl TakKe [ETEKTOPbl WM CMECUTENIM Ha OCHOBE [XXO03e)COHOBCKMX
nepexogos SIS. KynepoBckue napbl MOryT TYHHENMPOBATb Yepe3 AUANEKTPUK NMpu pasHOCTM (a3
¢ BOSTHOBbIX (PYyHKUMIA nap B aByX CI un uepe3 nepexof [ko3edcoHa 6yaeT nMpoTeKkaTb TOK B
OTCYTCTBME PasHOCTM NOTEHLUMANO0B j=jc, Sing (CTaumoHapHbI aekT [xosedcoHa) (puc.la).
Ecnn npunoxuTb K nepexogy HanpskeHve U, TO Npy TYHHEIMPOBaHUM KYMNepoBCKOWN napbl 13
ofHoro CIT B Apyroi n3bbIToK ee aHeprumn 2eU m3nyumntcs B BUAe (hoToHa (HecTauMOHapHbI
adpekT [pKosehcoHa). YacToTany 3TOro KBaHTa OnpefensieTcs 3aKOHOM COXPaHEHUs SHePrumn:
hno= 2eU (kpyrosas yactota wc =4ne/h) V.=V, /Py =2A(0)/e ®¢ rae ®o— KBAHT MarHUTHOIO
noToka, 1/,=4,836x10"T/B

T

Dretected power, P {a.u.]

Current (mA)

o B

S L ST T e N TV D N | e e T ¥

2 U I.‘_"”Hj“w v?- i Valtage, ¥, (V)
a) 6)

Punc.3. BAX pk03e(hCOHOBCKOro nepexoga (NpoTekaHue ToKa B OTCYTCTBME PasHOCTH
NOTEHLUMANOB 1 NpK HanpsxxeHun U>V, (a) 1 npu 06/1y4eHnn KBaHTaMm CBETa
hn = 77,08 'y, (KpuBas b); KprBas ¢ NoKasbIBaeT [eTEKTUPOBAHHYIO MOLLHOCTb
N3nyyeHns Ha yactoTe 78,28 'y (6).

Ecnun, Hao6opoT, 06/1yyaTh AK03ethCOHOBCKUIA NEPEXOA N3yYEeHUEM C 4YacTOTOM N, TO Npu
COBMafEeHNN 3TOM YaCTOTbI C XapaKTepHON Ans AaHHOTO HanpskeHus U 4acTOTOM Ny BO3HUKAET
pe30HaHCHOe B3aMMogeicTBMe. Takol e pe3oHaHC HacTynaeT npu n =ny/n, rae N—n6oe Lenoe
yncno, B pesy/bTate Yyero Ha BAX nosBnsOTCA 0COOEHHOCTU B BUAE CTyneHekK (puc. 36) npwu
HanpsbkeHnsx U =n (h/2e) n. 310 fenaeT BO3MOXHbIM CO3JaBaTb He TO/Ibko CBY reHepatopsl
3N1eKTPOMarHWTHOro noss Ha 6ase HecTauuMoHapHOro addekra [)ko3edcoHa, HO U MPUEMHUKM
CBY — Ha 6a3e «pK03e)COHOBCKOI0 MOT/IOLLEHUS».

Bonometpuueckne CIT [feTeKTOpbl MMEHT BbICOKME PanalMOHHYK YCTONYMBOCTL W
HaXOL4AT NPaKTUYeCKOe NPUMEHEHMWE B Pas/InyHbIX 061aCTAX YeN0BEYECKON AeATeNbHOCTH.
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TexHuKn Ne2 2012.
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CAMOCOIMTACOBAHHbIV PACYET 3/IEKTPOHHOW CTPYKTYPbI
MOBEPXHOCTW B CJIONCTbIX KPUCTAJIJTAX TUIMA GeSe

METOAOM ®YHKLA FTPUHA
3.A. Dxaxanrupnn'?, I.C. Opympkes*?, T.O. baiipamoBa’.
"MucTuTyT Drsukm AHAH
2AsepbaiiyKaHCKuii TexHnieckinin YHBepcuTeT
BakuHCKIi [ocyjapCTBeHHbI YHNBEpCUTET
zakircahangirli@yahoo.com

Ha ocHoBe Teopun QyHKuuM [puHa B 6asuce JIMHeliHOW KomOMHaLMM ATOMHbIX
OpbuTanen paccMOTpeHa 3/eKTPOHHas CTpykTypa nosepxHocT (010), okaHumBatoLmecs
atomamu Ge 1 Se B CNOMCTOM MoMynpoBoAHUKe GeSe. OBCYXAeHbl 3M1eKTPOHHbIE COCTOSHUSA B
3anpeLweHHoN 30He, pe30HaHCbl W W3MEHEHWEe MIOTHOCTU 3HEepreTMyYecKuX COCTOSAHWUWA B
KpucTasne, cBA3aHHble C fedeKToM. 30HHas CTPYKTYypa UaeabHOro Kpuctania bbina BblyncieHa
¢ nomouwlbto JIKAO, NOCTPOeHHOro u3 s-, p- u d- Tmun opbutanein. TOT Xe camblii Habop
NOKaIM30BaHHbIX OpbuTaneli NPUMEHSNCA A1 BbIPOKEHUA ramuibTOHMaHa W noTeHuuana
BO3MYLLEHWNSA B MATPUYHOM (hopme. B HalLmx pacyeTax y4YTeHO B3aIMOAENCTBYE MeXay aToMamu
[0 YeTBEPTbIX 6/VKaLLIMX COCefelt.

Pe3ynbTaTbl pacuyeTa NpPoeKTUpoBaHHOW Ha (010) MOBEPXHOCTU 30HHOW CTPYKTYpbI
(NpoeKums 3HepreTnyeckmMx 30H 06beMHOro Kpuctanna En ¢ k=(q, k,) And Kaxgoro g Ha

MOBEPXHOCTHYKO 30HY BpunnosHa) ana GeSe npusefeHbl Ha puc. 1. B cooTsBetcTBUM C
(hOTO3IMMCCUOHHBIM cnekTpam [1,2], NpoeKTMpoBaHHasA 30HHas CTPYKTypa Ba/leHTHON 30HbI GeSe
COCTOUT 13 TPEX rpynn pasfeneHHbIX IHEPreTUYeCKNM 3a30POM.

B Hawux pacuetax g CO3L4aHWs MOBEPXHOCTU UCMO/b30BaHO “MeTof 06pbiBa CBA3en”,
onucaHHblA B [3]. Kak n3BecTHO, B GeSe fBa caMblX 6amKaimMx cocefia KaTuMoHa (aHWMOHa)
pacrofioXXeHbl Ha TOM >e ro)pMpOBaHHOM C/I0e, YTO CaM KaTWOH (aHWOH). TpeTuid cambli
6vKalLWLnA coceq, pacronioxeH Ha cnegytowlem cnoe (010), noaTomy ypaneHue KaTvoHa wau
aHMOoHa NpUBOAMT K 06pbIBY CBA3eM YeTBepTbIX 6nvKanmx cocefeil. Co3gaHne noBepxXHOCTH,
OKaHumBarowme atomom Ge (Se), JocTuraeTca ypaneHuem ofHoro cnos atomos Se (Ge),
npueoasLWwen K 64x64 matpuue QyHKumyM FpuHa. Ha NpoekTUpoBaHHOW 30HHOW CTPYKType
BUAHbI 3HepretTnyeckune “wenn” n  “kapmaHbl”, rae Ccnepgyet MpousBOAUTbL — pacyeTbl
NOKA/IN30BaHHbIX YPOBHENA.

Ha puc. 1 TBepAbiMM  [IMHUAMM MOKa3aHbl MOBEPXHOCTHbIE 30HHbLIE CTPYKTYPbl U
paccymTaHHble CBA3aHHbIE COCTOAHWA. [leTann BbIYMCNEHUS BOMHOBON (YHKLMUW, M3MEHeHUs
MI0THOCTN COCTOSAHWIA, BbI3BaHHbIE BHECEHVEM MOBEPXHOCTU, NOKaSIbHOW NIOTHOCTY COCTOSHUI
Ha Ka&X[0M CJ10€e onucaHbl B [4-6].

BHeceHVe MOBEPXHOCTW NPUBOAUT K MOSBNEHWMIO JIOK&/IbHLIX YPOBHEW B 3anpeLleHHbIX
30HaX U K M3MEHEHMIO MIOTHOCTM COCTOSHWUIA B pa3peLLeHHbIX 30Hax. Ha puc. 2 n 3 nokasaHbl
NoKa/lbHasl NNOTHOCTb COCTOSIHWM, U3MEHeHWe B NIOKa/IbHOM MIOTHOCTM COCTOSIHWIA U NOJHOE
M3MeHEHWe MI0THOCTU COCTOSAHUIA B MEPBbIX LUECTM CNOAX A1 NOBEPXHOCTH, OKaHUMBAtOLLENCS
atomamu Ge 1 Se, COOTBETCTBEHHO. /13 pUCYHKa BUAHO, YTO MOYTU BCE CBA3AHHbLIE COCTOAHUA
CWNbHO NTOKa/IM30BaHbl U MPaKTUYECKM MOC/Ee TPETLEro C/0S /IOKabHaA MAOTHOCTb COCTOSHWI
CTAHOBUTCH MNOYTU WAEHTUYHbIM C MIOTHOCTHIO COCTOSIHWIA GECKOHEYHOro MAeasbHOro
KpucTtasina. 310 ABMSETCA CNeACTBMEM TOr0 (PakTa, YTo OTAE/bHble Criov B GeSe pacnosnoxeHbl
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[aneKo Apyr OT gpyra v, No3ToMy, B3anMOAENCTBIE MeXAY HUMKM cnaboe. Ha puc. 2 n 3 Bmecte
C MOJIHLIM M3MEHEHNEM NIOKa/IbHOM NAOTHOCTM COCTOSAHWIA AN KaXKA0r0 CNosi, OTPaXKeHbl Tak e
PE30HAHCbl, AHTUPE30HAHCbl W JIoKa/m3aums BOMHOBLIX (DYyHKUMA. O6e MOBEPXHOCTH,
OKaH4umBaroLwueca atomamut Ge 1 Se, UMEIOT JIOKa/IM30BaHHbIE NMOBEPXHOCTHbIE COCTOAHWA OKOJI0
-145 eV n -7.5 eV. 3T CcOoCToAHMA /I0KaNIM30BaHbl B Mpejenax [ABYX C/I0EB W MPOMUCXOAAT
MOSIHOCTbIO M3 Ba/IEHTHbIX COCTOSHWUIA. Kpome TOro, And MNOBEPXHOCTW, OKaH4YMBatoLLelcs
atomamu Ge, MMeHTCA [1Ba COCTOAHUA, NOKaIM30BaHHbIe OKONo Ey - 13 eV, rae pacnosioxeHsbl
S- COCTOAHMA Se M [Ba COCTOSHUA, AN1S MOBEPXHOCTM, OKaHYMBAKOLecs aTtomamu Se,
JIOKaNIN30BaHHbIe 0KoNo Ey - 7 eV, rae pacnosioxeHbl s- COCTOAHUA aToma Ge.

G - Temminuted
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Puc. 1. MNpoeKTpoBaHHas 30HHas CTPYKTypa 1 NOBEPXHOCTHas 30HHas
CTPYKTYypa nosepxHocTu (010) okaH4YmMBatoLimecs atTomom Ge u Se.

3T0 nokKasblBaeT, UTO XapaKTep W 3HEpPreTUYeckoe MOIOXKeHWe  6O0/bLUMHCTBA
MOBEPXHOCTHbIX COCTOSIHWI 3aBUCUT OT MPMPOAbl aTOMOB B MepBOM C/oe. Pa3sfoxeHue
amnanTyL BOTHOBbIX PYHKLMI M0 opbuTansimM, 3aBUCUMOCTb /TOKA/IbHOM MIOTHOCTY COCTOSHUIA 1
M3MEHEHUA NIOKA/IbHON MIOTHOCTU COCTOSHWUI (puc. 2, 3) OT HOMepa C/losl MOKa3bIBaKT, YTO
MOBEPXHOCTHbIE COCTOSHUA OKOM0 Ey -13 eV [n1s NoBepXHOCTU, OKaHYMBAOLLECs aTOMOM Se,
CWNbHO JIOKa/IM30BaHbl B Mpejenax TPex CNoeB W MPOUCXOAAT U3 S- COCTOSAHMI aHMOHa.
[MOBEPXHOCTHbIE COCTOAHMS OKONO Ey -7 eV A5 NOBEPXHOCTU, OKaHYMBatoLLeinca aTomoM  Ge,
TOXE CW/IbHO /10Ka/IM30BaHbl B Npefenax TPex CNOeB U MPOUCXOAAT U3 S- U Pyx- COCTOSHWIA
KaTMOHa. TO cornacyercs ¢ (hakToMm, YTO BaJIEHTHble COCTOSAHWUA 06BEMHOMO KpucTaia oKoso
Ev - 14 eV 00653aHbl CBOUM MPOUCXOXAEHWEM aHUOHHbLIM COCTOSAHMSAM, @ 30Hbl OKO/I0 Ey - 7 eV
KaTMOHHbIM COCTOSHUAM.

Kak BuagHO u3 puc. 1, cywlecTByeT OHO CBfi3aHHOE MOBEPXHOCTHOE COCTOfHMe B
3anpeLleHHoN 30He Ana 06emx NnoBepxXHoCTel. NoBEpXHOCTHOE COCTOSAHME B (PYHAAMEHTa/IbHOM
3anpeLLeHHON 30He ANs MOBEPXHOCTW, OKaHumBarowelics atoMoM Ge, SABASETCA MOYTU
6e34MCNepcMOHHbIM, TOTa Kak NoBEPXHOCTHOE COCTOSHME A1 NOBEPXHOCTU, OKaHUMBAOLLENCs
aTOMOM Se, PacrofioXeHo O6/MKe K BAIEHTHbIM COCTOSHUAM W MOKa3blBaeT MOA0OHYIO
aucnepcuio.

WuTerpuposaHnem AN(E) B ((0.5,0,0) no NpoeKT1pOBaHHON BasieHTHON 30He [3,4], HaMu
MCCnefoBaHO NPOMCXOXKAEHME MOBEPXHOCTHOIO COCTOSHUA A4/1S MOBEPXHOCTU, OKaHUYMBatOLLENCS
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aToMOM Se B (PyHAaMeHTa/IbHON 3anpeLleHHON 30He. Pe3ynbTaT MHTErpupoBaHUA MOKasbIBaeT,
4TO B 06LLEM OZJHO COCTOSHNE BbIHECEHO W3 BA/IEHTHOM 30HbI, ¥ MO3TOMY MOXHO CAenaTh BbIBOA,
YTO MOBEPXHOCTHOE COCTOSIHWE OTLLENASETCS OT BaJIEHTHOM 30Hbl. AHANIOTMYHO, WHTErpupys
AN(E) no npoeKT1poBaHHOW 30He NPOBOAMMOCTH, A5 MOBEPXHOCTW, OKaHUMBAIOLLECA aTOMOM
Ge, Haxo4um, 4YTO OAHO COCTOSIHME BbIBELEHO M3 30HblI MPOBOAMMOCTW. CriefoBaTe/bHO,
MOBEPXHOCTHOE COCTOAHWE B (PYHAAMEHTa/IbHOW 3arpeLleHHON 30He MPOUCXOAMUT W3 30HbI

nPoBOANMOCTU N HE 3aHATO 3/IEKTPOHOM

Local Density of States N_{g E)
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Puc. 2. a- JlTokasibHasi NIOTHOCTb COCTOSIHMIA Ha MePBbIX LECTM crosx ans nosepxHocTty (010),
OKaHuuBaroLeiics aTomamu Ge. b- 3MeHeHWe NOKaNbHOM MIOTHOCTY COCTOSHMIA

Ha NepBbIX LWECTWN COAX.
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YTobbl ONpefennTb 3acefieHHOCTb MOBEPXHOCTHLIX COCTOSIHWMIA B 3amnpelyeHHON 30He,
[0CTaTouHO 3HaTh AN(E) M 4MCO 3N1EKTPOHOB, BHECEHHOE AeeKToM. [pun yaaneHum atoma  Se
LLIECTb 3/1EKTPOHOB MOKUAAET BaSIEHTHYIO 30HY Y OfHO COCTOSIHWME NEepeBOANTCA B 3anpeLLeHHYHo
30HYy. [103TOMY, MOBEPXHOCTHOE COCTOSIHME OKa3blBaeTcAa MYCTbIM W MOBEPXHOCTb HOCUT
NoNyNPOBOAHNKOBbLIN XapakTep. OKa3aHune MyCcTOro COCTOSAHMA B 3anpeLLeHHON 30He, AencTBYs
KakK [OHOP WM aKUenTop, CYWeCTBEHHO BAMUSET Ha OMTUYECKME W 3NEKTPUYECKUE CBONCTBA
noNynpoBOLHUKOB.

AMNANTYAY BOMIHOBOW (hYHKLMMN NOBEPXHOCTHBLIX COCTOSHMIA, CYMMUPOBaHHbIE MO S- , p- U
d- opbutansm Asis AecaTu Cnoes, OKaHuMBaloLmeca atomamMmm Ge 1 Se MOXKHO OnpegenuTb no

hopmyre:
fM(E) = D, A" El.

AHanM3 aMnNAUTyf, BOMHOBbIX (YHKLMIA NOBEPXHOCTHBIX COCTOSIHWIA B (DyHAAMEHTaNbHOV
3anpelleHHol 30He (puc. 2 W 3) MPUBOAUT K BbIBOAY, UTO 3TW COCTOSIHWSI MOMHOCTbHO
NIOKaNM30BaHbl Ha MOBEPXHOCTHOM NMOCKOCTU. OpOMTaNbHOE pasnoXeHue amnauTygpl
BO/IHOBbIX (DYHKUMIA AN 9TUX COCTOSHMIA NOKa3bIBaeT, YTO 06a 3TN COCTOSHMS NMPOUCXOANT U3
P, — COCTOSIHUIA C HEKOTOPOIA MPUMECHIO S- COCTOSIHWIA W [eliCTBYIOT KakK “MOCTMKOBas” CBsi3b
MeXay NMOBEPXHOCTHbLIMM aTOMaMMm.
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Qrin funksiyasi metodu ila layli GeSe kristalinda ssth elektron strukturunun 6z6zini tanzimlamskla
hesablanmasi.
Z.A. Cahangirli, H.S. Orucov, T.O. Bayramova

Lokallasmis orbitallar vasitasila Qrin funksiyasi metodu ile 6z6zinl tenzimlamakla GeSe kristalinda lokal
defektlarin-vakansiyalarin elektron strukturlari hesablanmisdir. Qadadan zolaginda elektron saviyyslarinin genezisi,
orbital terkibi, valent zonasinda rezonans va antirezonanslar, hamginin defektin yaranmasi ila elektron sixhginin
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. Racsbov, S.i. Tagiyeva
Baki Dovlat Universiteti
shahnaz.ilgarzadeh.92@mail.ru

Noazeri olaraq yeni fiziki effekto-relyativistik kanallasmis zarraciklar tsrafinden y- kvantlarin
stialanmasina baxilir. Bu stalanma hadisasi kvant elektrodinamikasi ve klassik mexanika metodlari ila
tadqgiq edilmisdir. Har iki yanasma demsak olar ki, eyni naticalar verir. Kvant baximindan siialanma atom
mustavilari va zancirlari potensialinda formalasan miixtalif saviyyalar arasinda kegidlara asaslanir.
Zarraciklarin enerjisi ~ 0 1+10GeV oldugda, stialanma daha intensiv sakilde O 1-bir ne¢a on MeV

diapazonda bas verir.

Yuksak suratli elektronlarin kanallasmasi zamani klassik mexanikanin ganunlari tatbiq
oluna bilar. Cunki bu zaman yaranan saviyyslarin sayi kifayst gadar boyuk olur. Isda Lindxardin
verdiyi atom mustavi potensialindan istifads olunur:

U(y)= 2n%,Z,e’Nd, [(y-"' - cza.fji.f"z - \] (1)

Burada, y sarhaddan olan masafs, d,-kanalin enidir, N-atomlarin sixlgi, Z,e Z,e-muvafiq

olaraq zarraciyin va hadaf atomunun yikidir. C=3, a- Tomas-Fermi atom modelinds ekranlasma
sabitidir. Elektronlar Ggun (1) potensiali cazbetmsa xarakterlidir. Elektronlar potensial ¢uxura
dislr ve atom mudstavisina dogru harakst edir onunla kasisir sonra cazibs naticasinda yenidan
geri qayidirlar va belslikls harakst dekanallasma bas vermayincs davam edir. Elektron sathin
yaxinhginda ossilyasiya edir va onun trayektoriyasi ilk yanasmada sinusoidi xatirladir.

Sada giymatlandirmalar Ugiin (1) potensialini y=0 ndqtssinin yaxinhginda siraya ayiraq va
ayrihisin ikinci haddi ils kifaystlanak, yeni, hesab edek ki, elektron parabola sakilli ¢uxurda
harakat edir. Bu ciir yaxinlasma albatta ki, tam daqig deyil ve burada yalniz hesablamalarin
sadalasmasi U¢un istifads olunur.

Z oxunu elektronun uzununa sursti boyunca yani atom sathi boyunca yonaldak. Parabola
saklinda potensialli sahada harakat tanliyi asagidaki sakilda olacaq

oy, @)
3. ta+us o, - 2roY
dt |:1_ tl’z_‘ll—.
L5
2nZ, Z,e* Nd, dy dz . . . . .
Burada, V, = im_&_:_:_ . v~ = slirstin y ve z istigamatlarinda proyeksiyalaridir

Kanallasma zamani v, v,
(2) tanliyinin halli bu cir olacaq:
y(t)=v,, sin at 3)
is

)" ®

@3=

¥,,-baslangic amplituddur.
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Zarraciyin mdastavi potensialinin tasiri altinda trayektoriyasinin ayilmasi naticasinda
stialanma yaranmalidir. R - radiuslu ¢evra boyunca harakat edan relyativistik zarraciyin(v, = ¢)

stialanma gticu:

=55 () )

n
me”

soklinda olur. Burada R* —ayrilik radiusunun kvadarati, E-zarraciyin enerjisidir. Zarracik tacills
harakat edan zaman ayrilik radiusu

R=C & E (6)
barabardir. v/ -enina siratin dayismasidir. Bizim halda V|, =—&*yZ sin &t ,yoni, R*=2 c* aty2
Bu sababdan orta glic asagidaki kimi olacaq:

=2 S ™)

Bu masalani kvant mexanikasi ganunlari ile da hall etmak olar Bizim halda elektron
uzununa relyativist, enina isa geyri-relyativist harakat edir. Bu zaman uzununa harakati Dirak
tanliyi ils, enina harakati Sredinger tanliyi ila tasvir etmak olar.

_ Ky

amay T U (Y = EyY (8)
EY= (cap + pymc*)y (9)
Burada, @ = (@,@,a,) va p; Dirak matrislaridir.
0 o I 0
T (O’. %) P3 = (0 _1) (10)
(E— UGy = (cap + pyme*)y (11)

z“)va Dirak matrislarini yerina qoyarag alariq:
b

e-uon(y D)@ D+ Dmel(l)  w
(70 o)) =(an “DIC)+05 _naly) @
Matrislarin vurulmasi gaydasina ssasan yaza bilsrik:
(E - Uu(y) wa') _ (mczwﬁ + c(c‘r'p*)wa)
E-U() ¥/ \c(ap)y, — mc’y,
{(E — U)W, = me*y, + c(c?ﬁ)wb}

(E — UO),) = c(p)Y, — me* Y,
clop)y, = (E —U(y) —mc* )y,

(L1)tenliyinde ¥ = (

(14)
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p= —ihV oldugunu nazars alag:

—ihe(6V)p, = ((E - U(»)) —me? )y,

( V)IID _ i,E U{y)-mc?® ItID
—ihe a
(6V)p, — iy, — 0 (15)

Analoji gaydada (12) tanliklar sisteminin ikinci tanliyindan (&?)wa ni tapa bilarik:

(E— U, = c(ap)y, —mc?y,
c(Gp)y, = (E— U(y) + mc*)y,
—ihe(8V )W, = (E — U(y) + mcd)y,

E—U(y)+mc?
( v)‘lba - E;?w '-F’b

(G,

E.' U(y) + mc?

he b
(), — iw% =0 (16)
Sonda asagidaki tenliklari aling:
(6V)w, — aE—”{”‘m‘ W, =0 (17)
E-U(yd—me _
GV, — -;—cwb =0 (18)

o = (o,0,0,) Pauli matrislaridir.
(17) va (18) harakat tanliklarindan istifada edarak yaza bilarik:

E-U(y)-mc*

V) e (O Wa — 1 ¥a = 0 (19)

v=(y2)

Y= eilkarti=zly(y)

Oger nazars alsaq ki, E=> U(y)

Onda (20) harakat tanliyi enina harakat Gglin Sredinger tanliyini 6ziinds aks etdirmis olur

&y, B -mic*-n'c (k42 )-280 (y)
t pl a2 =0 (20)
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Enina harakat Gcun U(y) potensiali dovri d, olan dovri funksiyadir. Y=Voy? potensialli
sahada dipol yaxinlasmasinda stialanma intensivliyi tgctn alariq:

2 K2
e e Ly D2 gy bbby Y
mee”  3(1-Db;) b, b; 2b;  1-D, C
SDOBIYYAT

I.M. Nacafov Miasir klassik elektrodinamika Baki, 2012

S.Q. Abdullayev Kvant elektrodinamikasi Baki, 2014

M. TomncoH KaHanvpoBaHue YacTul, B Kpuctanne. Y®H, 1.99, Bbin.2, ctp.297-316
M.A. KymaxoB Teopus W3NYYEHMSA 3apSXKEHHbIX YacTUL, B KpucTanie npu
KaHanupoBaHun. XKOT®, 1.72, 1977, cTp.1489-1502
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OQTOEDRIK SIMMMETRIYALI LIQANT SAHSSINDS Fe**
IONUNUN ENERJI S8VIiYYSLBRININ HESABLANMASI
D.B. Bayramova
BDU, Fizika Problemlari ETI
dilbar.bayramova@mail.ru

Damir ionlarinin istiraki ils meydana ¢ixan kompleks birlasmalar canli organizmlarin hayat
faaliyyatini tamin edan bir ¢ox proseslards asas rol oynadigindan uzun illerdir tabistsiinaslarin
diqgat merkazindadirlar. Fe™ ionunun xarici elektron tabagasinda yerlasen elektronlarin [Ar] 3d°
4s* konfiqurasiyasina uygun maksimal spin momentina malik olma imkani meydana cixdigindan
[Fe*™ X], quruluslu komplekslar yiiksak spinli olmalari ndqteyi-nazarindan xiisusi maraq kash
edirlar. Magnit nanozarraciklarin, nanokompozitlarin alda edilmasi tgciin alverisli olan bu tip
birlasmalarin nazari modsllerinin qurularaq, elektron faza qurulusunun tadgiqi, qurulus-xasse
alagasinin muayyanlasdirilmasi magsadina xidmat edir.

Taqdim edilan maruzada Fe™ ionunun miixtalif model ligantlarla kompleks birlasma-
larinin faza modellarinin qurularag stabillasma xususiyyatlarinin analizi, oktoedrik simmetriyaya
malik ligand sahasinds [Ar] 3d°® 4s’ elektron konfiqurasiyasinda S=3 yiiksak spinli hala uygun
markazi ionun enerji saviyyalarinin hesablanmasi naticalari sarh olunur. Hesablamalar zamani 3d
vo 4s orbitallarin ekranlasma sabitlari Sleyter-Qener gaydalarina asassn musyyan edilmisdir.
Kompleksin handasi qurulusunu modellasdirarkan 6 H,O moleku-lundan ibarat oktoedrik ligant
sahasi qurulmusdur.

Cadval 1.
Fe™ (H,0)s kompleksinin faza 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 0.56969
H 0.233739 -2.86481 -
0.643439
H 0.232837 -2.79762 0.59155
H 0.236952 -1.15414 2.26996
H 0.233366 0.20914 2.37237
H 0.238661 -0.30805 -0.96612
H 0.237599 -0.87313 0.56601
Cadval 2.
Fe™ (H,0)s kompleksinda Fe™ ionunun enerji saviyyslari (eV)
Saviyyalar Enerji
4S -35.96
3P, -18.20
3P, -18.11
3P, -15.43
3d,z -12.67
3dyz -7.61
3d,z 8.59
3d,z 12.76
3dyy 12.77
Cadval 3.
Fe™ (H,0)s kompleksinin Fe™ kompleksinin energetik parametrlari (KKal/mol)
Etot -82755.10
Ebin -2493.30
Eizo -80261.81
= -252349.65
Ecc 16959454
H -1411.420
SDOBIYYAT
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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, | 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 Schrédinger equation, which in the Cartesian coordinates has a form (in units
h=c=1)[3], [4]

— 2 a+v()|w() = Ep(r) (D)

where
A=V.V=

7 3, &
g & . )

Is a Laplacian.
In spherical coordinates can be represented as follows:
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-

W(r) = ROI(6,0) =*2¥7(6,0). ©

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

L i) + B R = R, @

1 d® | 1(1+1) . \ ,
[—:T +—+ V(r)|u(r) = Eu(r). (5)
It is clear that we know all of these from quantum mechanics, electrodynamics and etc.
Let’s consider the Laplace equation in vacuum:

Vig(r)=0 (6)

Which in Cartesian coordinates have the form

#?  # o ) oo .
627 TayE agz) YA T @)

Vig(r) = (

L1

(£ +22) e =0 ®

We note that though = =0 is an ordinary point in the full Schrédinger 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:

(d? 2d\u(r) 1{/d® 2d\ .. d® 2d\/1\ _dud (1
e e =) Rl e[S R

—[;1—?“(5— U(:r))];:_'=0. 9)

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

l("_“) g (“_ _:L) (1] - _1 i +2m[E— U(r)] : =0. (10)

T AET .

As we do the derivatives in the second term naively, we obtain zero, when » = 0. If we take
into account that:

d? gd_1d_:i]_v: -
e ral"s) =" (1)

we conclude that :
v2 (1] = v? (1] = —4n5% (7 (12)

and, thus, equation (D2) becomes:
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1[d%u(») 1(l+1 e 1
— :Er_) - L ~ )u['r')] + 4768 (Fulr) — 2m[E —U ()] 1(r) =0 (13)
x| dr* e : - 4
Let’s consider the following derivative (for more detail see works by A.A. Khelashvili [4],
also [5]):
L_a’rI r d:-‘,) \r/’ (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 1 -
- = lim— = 15)
T e=lyrs +a” '
Equations (14) and (15) lead to:
d1l d 1 \ . o
e 1im_-_(.—,] =-r(r°+a’)"vs
arr a=uar \Wp=- L g=/ '
and
d* (v I . e n ) — o a . ee—zin
()= 07 @) e 20 £ ) = (0 = @) 30 4 a?)
— ('Y’: 4 L’I:)_‘: 2(-3?.2 _ f_?": —L'I:)) — ('Y’: a a.':)-.: 2(2},2 _ CI:).
After following:
fd* 24\ R o~ 2, n— /D
(£ +28)(2) = 02+ 2 2r - ) - 27 4 a1y -
dr<  rdr)\r - - o -
. . 3a’ .
=(@r*+a?) 2 (2 -a? -2(r* +a)) = ——5——=7 16)
(r* +a?) (2r°—a (r*+a )) 7 + i) (16)

The right- hand side of equation (16) behaves well everywhere for @ = 0, butasa a = O it
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 = r2drd2, which gives:

i 3a’ .
-4?’."’ ,H—,\E:T"’d}“. (l?)

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:

3a* a® af -
(@*)*~ 3 @a° -

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= - 5 Coulomb potential [4]

E=—<+V(r
2m ( )
F_F=—_iv BoB=inl
oy R .,
th—=|— AT+ V().
! at 2m (M|¥

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 =+yc2p? +mict

If we do substation with our upper formula we get:

- I 5
n = ="
N

dt

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:

21.2%7 12 8 g o
(C'n_-v —hf = — }rrc‘)wt_r*.r) =0.

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:

x, = (ct,—1), a¥ = (%:i —r).
P* = jho* = (sii —ih¥ |
at’
Then:
[_ﬁj’l*‘ — m:r::)w(x) =0
Or:

[ m*c®
(3,0% +— )11{1(_:(_)=O.

L=
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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:

G —
I+ 5¢

If we multiply Klein-Gordon equation to 1 "(x), and equation for ¥ (x) to ¥(x),and
minus result from first equation we get:

D2 1 9%y m?c? ‘—m

vy — ) ——— " =

"|"J ‘1" ko C: ar: h: ‘1" W )
19*°y" mic*

wt‘ IIL'! - ’1"__ a YA - 3z ww = O-‘
c T n

o = 1'a— a2 )
WV Y — YV — (Y s — Yoy

Let’s doing such substation:

WV — YVt — V(W Vg —yViy), (19)

B ¥ — af. .8 . .8 .,
YoYU ¥ =;(w ZY—YY ). (19a)
Equation which shown upper are checking.

v 2, , o l(l+1) 2Ea a? _
R'+-R' +|E°—m* — —F +—|R=0 (19b)
T re r o '

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

Ea

p=2Vvm? —E%; A= P=\(+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

C‘-l 1 . -
T=— : 5 (21)
& (2\’ - B

and for eigenstates we have the following equation
r(i/2—i1-p)

r(1/2—A+P)

\(1-2P)

:—r(( \m——E ]”(1—'- (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)
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m .
E, = ; n,=012.. (23)

E gu= ; n,.=012.. (24)

| T (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 1=0 and T = +c. Contrary to
that case we performed SAE procedure, derived the Eq.(22) and take attention to the hydrino
(when T = %00 ) 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 O<P< 1/2 It has a form

I(1+1) < a? (25)
and it is evident that for states with 10 in transition to the nonrelativistic a0 limit the
additional (hydrino) states disappear. Therefore we must consider only 1=0 states.

For the ground states (7, = [ = 0) we have

E'LC',' _m '1 1 ﬁ £l
st “2‘ \' i) = (26]
o) m Il.— | — T . "
E,vi=E_,,=—=.]1—+1—4a“ (27)
4 [edrlird \ 2 \ . .
Expansion in powers of a gives
o g a® a* .
B,';'=m(1————) (28)
st ; 2 8 . g
EQLID =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 I = 0; n, = O states till to order of «* , we derive
£ = m(1-o %) G0
. — TR -
. 2(n, +1)? =
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o ] a o
Eivp = ., 1- 2(n.)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 =, nodes of standard states.
This degeneracy disappears in the next order. The fact that the additional (hydrino [1-2] states of
the (. + 1)th 'S, 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 fj -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 f(x) scalar field theory in Euclidean
space (xeEy) with the action in the symmetric phase (mZ >0,1 >0) in this method has the
following form [2, 3]

Glh)= N1 D( f “)exp|-S - faxayt (< (x, v (y)}

Here h(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],
d
df *(x)

ID(f ) =2t * (ypexpl-5 — faxayt *(xh(x ) (y)}=0
And generating functional G@ =exp{TrA, *h}=exp{[dxdy;A(x, y h(ys, %)} of the main
approximation generates linear iterative scheme [2]:

GZG(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
dG

——— and has the form:
dh(y,x)

h=0

derivative of the generating functional source A(x—y)=(f (x} (y))=

A:[m§+4| A(O)Tl. the value A(O) determined from the gap equation, which is a consistent
solution of equations [2]
d’G » 2\ dG
—\mj -0
dh(x, x)dh(y, x) ( )dh(y,x)

~d(c-y)6 = [ayh 0oy g o).

First iteration step generating functional of the it is determined from G™ =pM.G©
P™ — 2n-order polynomial of sources h, where = is operator in a functional sense:
1
PO :EtrIAZ(Xﬂ'lv XzYzh(YbX1h(Y2aXz)dxldxde1dy2+JA(NLO)(X1, yoh (1, % )dxgdy; ).

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 AN'®) of a scalar

particle.Aamputation ~ of  external lines gives us to  four-point  function
oy 4%
A2=G2(Xy,xy)=—2 ):
dh )

Gaf | Y a(y)- el s -5) o - o~ Yl )
and
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f(p)=—

T1+1 L (p)’

where
dq

Lo(p)= s~z A(P+aA(a)-

(2p)*
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 ) —m? *f —IE(f )" —%(an A — 0, f —Zi(amAm)2
a

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

the triviality of f ;' -theory, i.e., we can tend | to zero but the masses of Higgs and gauge bosons
will retain non-zero values. At | — 0 the admissible values of the parameter m? lie in the region
—w<m? <6nt [2]. Also, the investigation of Landau pole is our elaboration.
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THE INVESTIGATION OF ASYMPTOTICAL BEHAVIOR OF THE AMPLITUDE

FOR LARGE MOMENTA IN THE SO-CALLED "TWO-PARTICLE
APPROXIMATION” AND NON-PHYSICAL LANDAU POLE PROBLEM

P. Aghakishiyeva'?, S. Rahimzade'” and M.M. Mutallimov®®
UBaku State University, Faculty of Physics
2Baku State University, Institute for Applied Mathematics
Ap_aghakishiyeva@outlook.com, Psara.rehimzade@gmail.com
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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 y ,

which is the solution of the Schrédinger 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 (g —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 y is

no longer the usual generalized function in quantum mechanics, and much more complex object -
as operator's (operators-like generalized function). Such a quantized field describes, in general,
all the particles of the class, i.e, electronic field describes all the electrons in the universe, the
photon (electromagnetic field) - all photons, etc. The particles are divided into two categories -
real particles existing in the initial and final stages of the physical process hysical and virtual,
particles, which play a role only in the process of interaction between the particles. For real
particles the usual relativistic relation between energy and momentum is valid. In high-energy
physics so-called natural system of units is commonly used in which of light speed c¢ and
Planck’s constant #equal to one: c=7=1. In this system of units using conventional 4-vector
notation of relativistic mechanics p=(p,, p) po =E the ratio between the momentum and

energy of real particles takes the simple form: p®=pZ - p> =m?. As physicists say, the real
particles are on the mass shell mass shell. For virtual particles, this relation is not satisfied:

p?2=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 ¥ (x, ).y (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[Ty (xy (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
Dc(p):jdxe'(px)DC (x) ;F' 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
2

. 1 . . . .
determined by the a =Z—p=— — a small and expansion parameter in the perturbation theory in

137
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 p2. 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

N2
following formula: D(p)= L {1—iln( 2
3p m

2

-1
ﬂ ,i.e., apart from the normal pole at p? =0

3p
the photon propagator has “ghost pole” at p?=-m2? _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 y 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 j * 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 j * 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]):

%zén(mim,t)y(t )dt (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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—==u(). )

Then we get

u(t) =Jt-K(t,t ut))de + f () 3)

on the segment 0<t<T, where K(t,t,u(t)) =%and f(t) :l+l(t). M3 (3) BugHo, 4TO
u g
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

u(t,) :]‘K(ti tut))dt + f(t.). (4)

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(ti,t,u(t ))dt zzi:Ain(ti,t U ) (5)

Label f, = f(t)and using (5) as in [3] we obtain the relation of recursion formulas

u, = f,

U; =Zi:A,jK(ti,t U )+ £ i=23..,n ©

Further, from (6) we obtain the solution of equation (1)

y, = l i=12,..,n
u.

Example. Let some constant g , and the function K (t,t ) and I(t) are set as follows

K(tt) :t——1+llogli+t Iogt(1+t) ,
t 1+t t(1+t)

t

I(t) = (%—l)log(l+t) +(1- g)(l—%log(lth)).

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.
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IXTIYARI | - HALI UCUN D- OLCULU SREDINGER T&NLIiYIiNiN
VUD-SAKSON POTENSIALI SAHSSINDS SLAQSLI HOLLSRI
V.H. Badalov
Fizika Problemlari institutu, Baki Dévlat Universiteti

badalovvatan@hayoo.com

isda Pekeris yaxinlasmasinin komayila Vud-Sakson potensiall iigin D - 6lciilii radial Sredinger
tanliyinin alagali hallari arasdiriimisdir. ixtiyari |- hal igiin Sonlu polinom metodunun kémayi ila
enerjinin maxsusi giymatlari va onlara uygun radial dalga funksiyalari tapiimisdir. Hamginin potensialin
V darinliyindan, radial n, va orbital I kvant adadlarindan, D, a, R, parametrlarindan asili mahdud

sayda enerji spektri miayysn edilmisdir.

Qeyri-relyativistik kvant mexanikasinda Sredinger tanliyinin halli kvant sisteminin tam
tasvir olunmasi t¢un butln vacib informasiyani 6zlinda aks etdirir. Ixtiyari n, va | kvant adadleri

ucln bir neca potensiallarda radial Sredinger tanliyinin dagig hall olunmasi mimkunddr. Radial
Sredinger tanliyi Vud-Sakson potensiallari t¢tin orbital kvant adadinin 10 ixtiyari gqiymatinds
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dagiq hall oluna bilmir. Bels ki, S. Flugge 1=0 halinda Vud-Sakson potensiali sahasinda radial
Sredinger tanliyini analitik hall edsrak dalga funksiyasi tcln daqiq ifads almis, lakin enerjinin
maxsusi giymeatlarini grafik Gsulla misyyan etmisdir [1]. Vud-Sakson potensiali [2] san mihim
yaxina tasir potensiali olub, niva ve hissaciklar fizikasinda, atom fizikasinda, materiallar va
kimyavi fizikada muxtslif problemlars tatbiq edilmisdir.

Isda Vud-Sakson potensiali sahasinds ixtiyari | hali {iclin markezagagma potensialina
takmillasmis yaxinlasma sxeminin kémayila D - 6lcull radial Sredinger tanliyini analitik hall
edilmis, enerjinin maxsusi qgiymatlari ve onlara uygun maxsusi funksiyalari miayyan
olunmusdur. Hesablamalar ixtiyari 1 halinda effektiv v (r) potensialin r =r,;, minimum noqtssi

atrafinda muayyen olunan c,, C,, C, approksimasiya parametrlari asasinda v,(r) markazaga¢cma
potensialina Pekeris yaxinlasmasini tatbiq etmakls Polinom metodunun [1,3] kémayi ils
apariimisdir.
Sferik simmetrik Vv (r) potensial sahada D -6l¢ull radial Sredinger tanliyi asagidaki kimidir
[4]:
d RnI (r) anI (r)
+
dr? Y dr h?

vyt |(|+tz—2)

R,(r)=0, (0<r<w) (1)

burada | - orbital kvant adadi, m - sistemin gatirilmis kutlasidir.
D-1

Yeni u, (r)=r 2 R, (r) funksiyasi tigiin (1) tenliyi

d“u, (r
drnlz( ) [E - Vg (r)]unl(r)z 0, 2)
B2 (1 +2)
burada V4 (r) =V(r)+2— effektiv potensiali va I —|+7-d|r

Sferik simmetrik standart VVud-Sakson potensiali [2]

Vir)=-—Yo

,RO
l+e @

(a << Ry) 3)

soklindadir, burada V, - potensial guxurun darinliyi, R,-potensialin eni va ya nivanin radiusu, a
- parametri sath tabagssinin galinli§i va o, ionlasma enerjisinin tacribi giymati ile mlayyan
olunur. a=0 oldugda niva sathinds potensialin sigramasi ila 0 sads potensial ¢uxura gevrilir.

Vud-Sakson potensiali sahasinds I =0 giymatinda (3) tenliyini analitik hall etmak miimkiin
(1 +1)

deyil, buna sebab olan effektiv v, (r) potensialin orbital markezagagma V,(r)= o
nr

potensialidir. Yeni adsiz x=% dayisenini daxil edib, r =R, (1+ x) va orbital markazagagma

v,(r) potensialini effektiv V.4 () potensialinin ekstremum néqtasi, yeni
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aVoe™ afl(l+1) 2
L+emf  20R¢ 1+ x)°

(4)

transendent tanliyini 6dayan x=x., (r =r,;, ) minimum noqtasi strafinda Teylor sirasina ayiraq:

R+ A2+ d S 1 2
V|(r)= ( 2 ): ( 2 )' 2=d 2_ 3.(X_X|)+
2nr 2nR, @1+x) @+x)° @+x) )
3 : 0|
+ “(x=X,)°+o((x—x
L)’ (x=x)" +o((x=x) )}
(4) tonliyinin halli 1 orbital kvant adadindan asili oldugu Gglin x.,=x olur. Pekeris
approksimasiyasina gora Vv,(r) potensiali asagidaki kimi goturalar [5-7]:
T(rY—d G C,
Vi (r) _d[co P (1+eaX)2]’ (6)

R +1)
2
0

potensialinin x=x.,, =% (r=r,, =r) Minimum noqtssi atrafinda Teylor sirasina ayirib, onun (5)
ifadasila x - in uygun daracalarinin miigayisasindan c,, C,, C, sabitlari t¢un alariq:

burada a =R,/a V8 d = -dir. V,(r) orbital merkezegagma potensialini effektiv Ve (r)

1 (1+e™)? e""‘x'—3+ 3e
Po+x)? ae™(@+x)°| 1+e™ a(+x)

ax; \2 —ax
- 2(1+e™) : P _3A+e™) )
ae™ (1+x,) a(l+x)
ax; \3 —ax
. @+e™) : e 14 3(1+e™")
ae®™ (1+x,) a(l+x,)
Belslikls, yeni effektiv potensial i¢tin alariq:
~ ~ K K
Ve (1) =Vis (N +V, () = K, - ——+ 2 , (8)

burada KO:OTCO, Kl:VO—d~C1, K2:d~C2- dir. Pekeris approksimasiyasina asasan (2)
tanliyinda V4 (r) yerina \7Eff (r) yazsaq, alariq:
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d’u,(r) 2m K K
drIZ( )+h_2 E, - K,+ :_RO - :RO ~ |u, (r)=0. (9)
) 2ma’(E - K
(9) tenliyinda yeni z :{1+e a ] dayisenina kecib, lgiisiiz e? = - <M2 E"10) ;2 LN
2 2
b?= Zm; Ko 0,g°= 2m:2 Kaso parametrlari asasinda (9) tanliyi asagidaki sakls diiser:
_ a2 2, 2.2
u(2)+ 1222 gy 28 P2 I % u@)=0, (0<z<1). (10)
z(1-2) (z(1-2))

(10) tanliyin halli z -0 va z—1 limitinds sifra yaxinlasir, yani u(z) — 0. Asimptotik dalga
funksiyasi z¥(1-2)" oldugundan radial u,,(z) dal§a funksiyasini asagidaki sakilde axtarag:

U, (2)=2"1-2)" f,,(2). (11)

Bu halli (10) tenliyinds yerins yazsaq, alariq:
21— 2f"(2) + L+ 2V-2(1+V+h)z)f'(2) +
V? —ge? —(2V2 +V+2\h +h —bz)z +(V2 +V+ 2 +h? +h —gz)z2
z(1-2)

(12)

f(z)=0

9ger V2 -e’=0 va V' +V+2Wh +h?+h —g*=2V* +V+2\Wh +h —b?* gotiirsek, onda
dal@a funksiyasinin sonlu olmasi sartindan v va h parametrlari t¢in tapariq:

V=e>0,h=,e’-b?+g* >0. (13)
(13) minasibatlarini (12) tanliyinds nazars alsaq, naticads asagidaki hiperhandasi tenlik
z(1-2f"(z) + (2e +1- (2e + 2h + 2)2)f'(z) - [(e +h)? +e +h —g’1f (2) f(2) =0. (14)
alinir. Bu tanliyin halli hiperhandasi funksiyadir [37], yeni

f(z)=,R(a,b,c,2), (15)

e e
Lryirdg “12”9, b—e+h 4 ZEVLTAGT V12+49 _c=2e+1 . Belalikle, (10) tenliyin halli

burada a=e+h +

u, (2)=2°(-2)" ,F,(a,b,c,z) (16)
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olar. Asagidaki minasibatdan stifads edarak[37],

I'c)r(c—a-h)

2Fl(a’b’c;Z)Zr(c—a)r(c-b)

,R(@,b,a+b-c+1;1-2)+

rc)r(a+b-c)

@) 1-2*** ,F(c-a,c-b,c—a-b+11-2)

2% [(c)'(@a+b-c) _

z=1 noqgtasi atrafinda tanliyin hallini arasdirsaqg, alarig: e @ 0.c=2e+1>0,

I'(@)r(b)
a+b-c=2h>0 asasen I'(c)=0, I'(@+b—-c)=0 oldujundan 1 0w ya Ny
G(a) G(b)

Buradan I'(a) =oo va ya I'(b) = olar. Naticads, tapariq: a=-n, va ya b=-n, . Belalikls,

= | 2
e+w/e2—b2+gz+ﬂ=—nr (17)

2

olur, burada n, radial kvant adadidir (n, =0,1,2,...) . (17) munasibatlardan alariq:

e++e’-b%+g’=n, (18)

burada

2 f—

n = w -n,. (19)
2
Belslikls, (18) minasibatindan e Uglin tapariq:
2 42
ezi(n#b—,gj. (20)
2 n

Olagali hallarin -,<E<0 ve dalga funksiyasinin sonlu olmasi sartlerinden e>0 va

e?-b%+g?>0 alinir. Buradan n'>0 va b?-g?>-n olur. Belalikls, (4) ve (19) miinasibatlarina
asason asagidaki barabarsizlikleri alariq:

8 2
OSn,<£( 1+%K2—1], (21)
2 n
- -
VoRSEM- (22)
m

e,b,g va n'- nin ifadalarini (20) — ds yerins yazsaq, E,, enerjinin maxsusi giymati G¢ln
asagidaki minasibati alariq:
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2ma’
2 2
_ 2 2 (Kl_Kz)
n|=Ko—K12K2—32h [ 1+8m;2K2 —2nr—1J - " = (23)
ma 2
(1+8T;K2—2m—€

9gar (21), va (22) va -\, <E<0 barabarsizliklari 6danirlarse, slagsli hallar mévcud olur.

Demali, (23) enerji spektri mahduddur, yani enerjinin maxsusi giymatlari sonlu saya malikdir.
(21) barabarsizliyina asasan D=3 olduqda 1=0 hali t¢in sistemin alagali hallari yoxdur. Cunki,
bu halda (21) barabarsizliyi 6danmir, yani n, <0 olur. Bu o demakdir ki, impuls momentinin sifir

giymatinds standart Vud - Sakson potensiali U¢in Sredinger tanliyinin alaqall hallari olmur. D>3
oldiigda, 1=0 halinda sistemin alagali hallari vardir. (23) va K,=dC,, K, =V, -dC,, K, =dC,
ifadalarindan gorundr ki, enerjinin maxsusi giymati potensialin V, darinliyindan, potensialin R,

enindan, sathin a galinhgindan ve D parametrindan asilidir. Enerjinin har hansi maxsusi giymati
- dan kigik olmamalidir, yani -V, <E<0. I orbital kvant adadinin verilmis giymatinda (22)

barabarsizliyina asasan potensial ¢uxurun darinliyi v, azaldiqda a parametri azalir, amma R,

parametri artir va aksina.
2
b—e+h s tVl+40" \/12+491

asasen u,(z) - radial dalga funksiyasi t¢un tapariq:

1-1+49°

Belalikls, a=e+h+ =N =2e+Zh+1+n, c=2e+1

T

u,,(2)=C,,2°@-2)"* """ ,F(-n,,2e + 2h +1+n,,2e +1,2), (24)

burada C,, normallasma sabitidir va ortoqonalliq

_T|R (I’)|2 Dldr_J.|unl(r)|2 rolgr — J‘ﬂd (25)

7)

sartindan tayin olunur.
ODOBIYYAT

1. S. Flugge, Practical Quantum Mechanics, vol. 1 (Springer, Berlin, 1994).

2. C.L. Pekeris, Phys. Rev. 45 (1934) 98.

3. W. Greiner, Quantum Mechanics (Springer, Berlin, 2001).

4. J. Avery, Hyperspherical Harmonics. Applications to Quantum Theory (Kluwer,
Dordrecht, 1989).

5. V.H. Badalov, H.I. Ahmadov and S.V. Badalov, News of Baku University, 2 (2008) 157.

6. V.H. Badalov, H.I. Ahmadov and A.l. Ahmadov, Int.J.Mod.Phys. E 18 (2009) 631.

7. V.H. Badalov, H.I. Ahmadov and S.V. Badalov, Int.J.Mod.Phys. E 19 (2010) 1463.

473



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

SINGULAR BEHAVIOUR OF THE LAPLACE
OPERATOR IN SPHERICAL COORDINATES
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YInstitute of High Energy Physics, Iv. Javakhishvili Thilisi State University, Thilisi, Georgia
2St. Andrea the First-called Georgian University of Patriarchy of Georgia, Thilisi, 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_;+§%}R(r)+I;:ﬂt?R(rﬁV(r)R(r):ER(F) 1)

or

1 d*> I(1+1
{_%WJF gmrz) +V(r)}u(r):Eu(r) u(r)=rr(r) 2)

All of this is well known from the classical textbooks on quantum mechanics,
electrodynamics and etc. We display them here for further practical purposes. It will be shown
below that the status of the Eq.(2) is problematic.

From both mathematical and physical points of view it is very important that the solutions
of radial equations were compatible with the full Schrodinger equation.This is verbaly mentioned
in books , not only earlier [1,2], but also in the modern ones [3]. For example, P.Dirac [1] wrote:
“Our equations ... strictly speaking, are not correct, but the error is restricted by only one point
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)=1") ©)

into the Eqg. (1) and X
2. Replacement of the differential expression in the parenthesis of Eq. (1) as [8-10] )

d> 2d 1 d?
e “

We demonstrate below that in both cases the mistakes were made.
“1n 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
V¥ (r)=0 ®)
This equation may be solved simply by separation of variables. The solution has the form
[10]
j (X, Y, Z) _ eiiaxeiibyetw/aﬂbzz (6)

Clearly the solution is regular everywhere and at the origin is constant
j (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 )
[d7+__) (r)=0 (8)

The operator in parenthesis of Eq. (8) often is rewritten ([8], Ch.20, [9] etc.) according to
(4) and, subsequently, equation (8) takes the form

(1 )=0, ©)

the solution of which is
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u(r)=rj =ar+b (10)
But, determining from here the function
j :a+% (11)
does not obey to Eqg. (8), because
d> 2d (1
—+Z— || = |=—4pd® (r 12
(dr2+rdr](rj pd™(r) (12)

i.e. the function (11) is the solution everywhere except the origin of coordinates. It does not
satisfy to the boundary value (7) as well.

What happens? It seems that we made an illegal action somewhere (see, Feynmann [8]).

It is possible to consider this problem by another way also, namely,following to the
substitution (3), take

. u(r
j(= —(r ) (13)
in order to remove the first derivative term from the Eq. (8). Then we obtain
1(d* 2d d> 2dY1) ,dud(1
Sl —+=—ulr)+ur| —+-——|=|+2——| = |=0 14
r[dr2 i er )+l {dr2 i drlrj+ dr dr(r) (14)
The last term cancels the first derivative term in the first parenthesis and there remains
2 2
Ld g+u[dz+ad_j(1j:0_ (15)
rdr dr rdr JUr
But, according to Eq. (18), it follows
2
%(;Tl:—@d(s‘)(r)u(r):o (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]

@ 24 10

o rarrae ()t (17)

This expression defines the form of the Laplacian precisely everywhere including the origin
of coordinates.
It is evident, that after substitutions

d2 2.4d ). 1d? . i
el - and u=r 18
(drﬁrdrjJ rdr2(rJ ) ] (18)

the solution j =u/r obtained from the equation (9), never satisfies to the initial equation (g)
everywhere.

476



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

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?sinqg and is singular at points r =0 and
q=np (n= 0,1,2,...)_

Singularity in angles is eliminated by requirements of continuity and uniquiness, which
lead to spherical harmonics Y,"(q,j ) 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]d ® (F): fﬂ the Eq. (20) can be reduced to

pre’
4 a0 (19)
or
d2
ra;—mmddzo (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 rd (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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TONLIYININ B&Zi HSLLSRI
S.M. Nagiyev', A.i. Kazimova?, K.S. Cafarova’
'AMEA Fizika institutu
2Ganca Dovlat Universiteti
1. Giris

Kvant nazariyyssinin asas masalalarinden biri fiziki sisitemlarin zamana gors
evolyusiyasinin tadqiqgidir. Qeyri-stasionar harakat tanliklarinin dagiqgi hallarinin qurulmasi
bdyuk maraq dogurur, cinki onlar kvant sistemlarinin zamana gors inksafini tasvir edir va
baxilan sistemi xarakteriza edan fiziki kamiyyatlarin dayismasini an dolgun sakilds izlamays
imkan verir. Lakin yaxsi malumdur ki, zamandan asili Sredinger tanliyinin daqiq hallari tapilan
kvant sistemlarinin sayi ¢cox deyildir. Zamandan asili harmonik ossilyator ve zamandan asili xatti
potensial modellari dagiq hall olunan modellars yaxsi misallardir. Bu modellar fizikanin muxtslif
sahalarinda genis tatbiglar tapmaqgdadir.

Magsadimiz zamandan asili xatti potensial tglin Sredinger tanliyinin bazi daqiq hallarini
tapmaqg ve onlari arasdirmaqdir. Biz bunun Uglin evolusiya operatoru metodundan istifada
edacayik. Qeyd edak ki, 30 ildan coxdur ki, zamandan asili xatti potensial Gglin Sredinger
tanliyinin analitik hallari fiziklarin diqgstini calb etmisdir [1-7]. Zamandan asili kvant
sistemlarini dyranmak Uclin bu islerde Lewis-Riesenfeld (LR) invariant metodundan [8],
trayektoriyalar Gizra integral metodundan [9] ve faza-zaman c¢evirmalari metodundan [5] istifada
olunmusdur. Naticads mistavi dalga tipli, Eyri paketi tipli [1, 5] va Qauss dalga paketi tipli [6]
hallar tapiimisdir.

Biz malum hallarls yanasi masalanin yeni hallarini masslan, ossilyator tipli hallarini ds
tapmisig. Biz masalani ham konfiqurasiya fazasinda, ham de impuls fazasinda an imumi halda —
zarraciyin katlasinin zamandan asili oldu halda hall etmisik.

2. Konfiqurasiya fazasl

Zarraciyin zamandan asili xatti potensial sahada harakatini tasvir edan Sredinger tenliyi
beladir

2

h
2M (t)

im0y (x,t) = [— 0% — F(t)x}y (x,1), (2.1)

burada M (t) -kitls, F(t)-quvvadir. Onlar zamanin ixtiyari funksiyalaridir. (2.1) tanliyinin halli
evolusiya operatoru U (x,t)-nin kémayils tapila bilar:

y (X!t) =U (X,t)y (X,O), (22)

burada y (x,0) baslangic zaman aninda sistemin dalda funksiyasidir. U (x,t) operatorunun askar
sakili [10] isinda taptimisdir:
ixd(t) it
_ 1 ] )
U(x,t)=e " e —iho, +d(t")| dt’, 2.3
(x,1) JZMG,)[ )] (2:3)
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t
burada d(t) = j F(t"dt". (2.3)-0 (2.2)-da yerina yazsaq, Sredinger tanliyinin hallari G¢in
0

i
Lxd-so(] _ L
y (x,t) =e’ e g% 0%y (y )| (2.4)

Umumi tasvirini alirig, burada

S, (t) = j ZdM(:))dt S, (t) = ! Sl((tt?)dt', 5, ()= a_ 2.5)

Bgar m(t) =m gotlrsak
d, (t)

5,00=%0, 5,0=20, 5,0=0, (2.6)

t t
olar, burada d,(t)=[d(t")dt’ va d,(t)=[d*(t")dt"
0 0

Indi (2.4) ifadasinda miixtalif baslangic dalga funksiyalari y (x,0) secarsk, t >0 zaman
anlari ugun muxtslif y (x,t) dalda funksiyalari qura bilarik. Misallara baxag.
1) y (x,0) =C =const. Bu halda asanhqla aliriq ki,

v (x.1) = Ce (o) SO 2.7

Bu hall mistavi dalga tipli halldir.
2) y (x,0)=Ce™,C, A=const. Bu halda tapiriq ki,

i
AT X— | 2 —[xd(t)-Sp(t)]
y (X,t) =CeIA[X Sl(t)]e inS, (t) A eh . (28)

3)y (x,0) =Ai(Bx), burada Ai(x)- Eyri funksiyasi, B —isa ixtyari sabitdir. Natica beladir:

i[xd(t)—SO(t)] ih32(t)B3[><—Sl(t)]—§ih3sg(t)86

y (x,t)=e" e -

- AI(B[X =S, (t) — 22SZ (t)B?]). 2.9)
3. impuls fazasi

(2.1) Sredinger tanliyini impuls fazasinda yazaq:

2

i70,0(p,t) = {m\i 0

Impuls fazasinda evolusiya operatoru sads sakila malikdir:

- th(t)ap}Cb(p,t). (3.1)

f[p ~d (O+d (12 -0 (D0
2M (')

U(p,t)=¢e "o . (3.2)

Indi biz (3.1) tenliyinin simvolik hallini yaza bilarik:
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i pp-d O+ OF

o(pt)=e’ M @o(p-d(t)0). (3.3)

®(p,0) p-fozasinda ixtiyari funksiyadir (baslangic dalga funksiyasidir).

Misal olaraq Qauss tipli dalga paketi halli tapag. Bunun tg¢tin baslangic dalga funksiyasini
bels segak:

(p.0)= 25 z,phz)mexp[_s 2(ph—2 Po)’ (p—h Po) XO} (3.4)

burada p, va x, baxilan kvant halinda impulsun va koordinatin orta giymatleridir. Sads
cevirmalardan sonra Qauss tipli halli tapiriq:

®(p,t)=(2s 2/ph2)”4exp(—%.[2p° (t',) dt’Jexp(S(l;:ﬂ[p— pc(t)]zjx

_ M) (3.5)
i
orp -1 0~ PO
burada p.(t)ve x.(t) funksiyalari agsagidaki kimi tayin olunur:
t
(D)= P+, X () =%+ J o (36)
Burada
s’t
st n
T(t)= = 3.7
(t) 7S, 0) j it 3.7)
0 2M (1)
parametri Qauss dalga paketi (3.5)-in dagilma muddatinin zamandan asih él¢tsudur.
Konfiqurasiya x -tesvirinds (3.5) dalga funksiyasi bels sakil alir:
1 i ¢ pi(t) S 2(+it/T(t) )
x,t) = exp| —— [ =~2-dt’ [exp| ————Z[p-p,(t
Y U= s T p[ S P TYY G R i G R L
[x=x, (1)1
e —p.(t
onf B0 1)

burada s *(t) =s *(L+it/T(t)).
4. Ossilyator tipli hallar

Sredinger tanliyi (2.1) -in sonlu sayda hallari var. Bu paragrafda biz onun ossilyator tipli
hallarini tapacagig. Bunun Ugiin basiangic dalga funksiyasini bels segak

122

y . (x0)=ce? H.(I,x), | =Jmwin, .)
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Burada H, (x)- Ermit c¢oxhadlileridir va c, -emsali normallama vurugudur. Evolusiya
operatorunun (4.1) -a tasirini hesablasag, alariq

Cc, e®m) (i ) )
Y (01) = mexp( e(t)j exp(h[xd(t) so(t)])

< exp P [x=S,(01° H | [x=S,(t)]
2e(t) "oe® )

burada e(t) =1+ 2ial *S, (t)-isaralomasi daxil edilmisdir. (4.2) hallsrini udulma ve dogulma
operatorlarinin

(4.2)

a(t) = [[I L0+ (t)j

t (4.3)
a*(t)=f( (t)—'e O (t)J

kémayils ds almaq olar, burada

X () =X=S8,(t), p,=p-d(t):

a(ty ,(xt)=vny L (xt), a" @y ,(xt) =Vn+ly . (xt). @9

Sredinger tanliyi (2.1)-in umumi halli bitun y (x,t) -larin superpozisiyasi olacaqdir, yani

y (xt)=2ay . (x1), (4.5)
burada a, -ixtiuyari sabit amsallaridir.

5. Sarbast zarracik ve xatti potensial sahadsa harakst edsn zarracik masalalari
arasinda unitar ekvivalentlik

Sredinger tanliyi (2.1) —i bels yazaq:

~ ~ #2
Sy . (xt)=0, S, =ino, +ma§ —F(t)x. (5.1)

Unitar cevirma aparaq
2

$.(t) =U(t) S, (U, () =iho, + 2|\7| 5o (5.2,)
y e (6t =U )y L(x.1). (5.2)

Bu halda (5.1) tenliyi bels sekile disi:
Se(ty £ (x.t)=0, (5.3)
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yani biz sarbast zarracik ugun Sredinger tanliyini alarig. Gostarmak olar ki, (5.2) sertlarini
Odayan unitar operator

i
HAO-%01 sz,

U,(t)=e” (5.4)

soklindadir. Belalikls, U, (t) -operatoru sarbast Sredinger tanliyinin har bir hallini xatti potensialli
Sredinger tanliyinin hallina kegirir, U™ (t) -operatoru isa aks kegidi dogurur.
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ISING MODEL ON A 3-7 LATTICE: ORDER AND DISORDER
Viktor Urumov
Partenij Zografski 46, Skopje, Macedonia
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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 plaguette 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,+55,)—J(5S,+S,S,+S;5;+5,S,). Q)

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,Ky,K,) of the centered square lattice (Fig. 1b)

59

[ |\\\ ¢
~,

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.

Zexp(— H/kT)= Zexp[Kslsz +KiSg (51 + 52)+ K2(31S 118558 2)]:
S]_,SZ S]_,Sz

= Aexp[Psy(s 1 +5,)+Qs S ,], 2)
where
exp(4P) = [exp(— K )+expcosh 2(K, + K, )]/[exp(- K )+expcosh2(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)
A* =
=16[exp(— K )+ expcosh 2(K, + K, )[exp(- K )+ expcosh 2(K, - K, )]x

5
[exp K cosh 2K, + exp(~ K )cosh 2K, |° ©)

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, Ky, KZ) 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+1)2(x2 +1)2 :2(1—x2)2, (y+1)2(x2 +1)2 :Zy(l—xz)z, (6)
where x=tanh P and y =tanhQ . Alternatively the equation for T, is given by [9, 11]
(1— x“)2 + 4x4(1— yz)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
Yip =21+ v Y34 =%1- (8)
L2 J2x 4 J2x
Only y, and y, 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, =4J|. The approach to zero, for

J, >0, follows the asymptotic law

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).

[l S i = = i hy
+—|— i s d, o +—|— et I+_— et e d
Fha o & sermmih bk e -
Foceat gk - ==+ iy -+ + - - ++ =
SR, i S oo b=y ksl
M =16 M=1412 M=t M=t M=1012 M=0
+—+—_+ - Tpmp Ak e g + - -+ + - =+
S, g el LR, gt S o e
S P e —raE B e oy
- —+ - - - ——+ - Jinie et LR
e Tk + = s =
M_D M_—112 M_-15 M=0 M=-1/12 M=-16
FIGURE 4. Quadruplets of clementary plaquettes in the ground state; (a0 J = 0,00, < 0, =[J] = J: = W, (b J = 0, ) = (
=l = Jy = [J|. Plaquettes on each diagonal have their own specific orientation which is rotated by 90° in comparison to th
oricntation of plaquettes on the other diagonal. Central spins are disordered, the remaining spins have antiferromagnetic (a) an
superantiferromagnetic (h) order.

The central spins of each plagquette 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, >« , 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 BﬁRYONS
T. Aliev and V. Zamiralov
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Magnetic moments of the positive parity 70-plet baryons are estimated within the nonrelativistic
quark model and QCD sum rules method. It is found that the magnetic moments of the 70-plet baryons can
be expressed in terms of the D and F couplings. Results reproduce the nonrelativistic quark model
predictions and exhibit unitary symmetry pattern.

Study of the electromagnetic properties of hadrons represents very important source of
information about their internal structure and can provide valuable insight in understanding the
mechanism of strong interactions at low energies, i.e., about nonperturbative aspects of QCD.
Particular interest deserves magnetic moments of baryons as the subject of permanent study due
to growing experimental information [1]. Magnetic moments of the positive parity octet and
decuplet baryons are studied in framework of different approaches such as nonrelativistic quark
model (NRQM) [2], static quark model [3], QCD string approach [4], chiral perturbation theory
[4], Skyrme model [5], traditional QCD sum rules [6], light-cone version of QCD sum rules [7],
lattice QCD [8].

Shortly we discuss construction of QCD sum rules introduced in [9], [10].

The starting point is polarization operator (correlator) for X -like hyperons. Excplicitly we
write it for =° - hyperon:

=i [ dk d* x exp(ipx )<O[T{n*(x), "*(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
N=°(x) =[u?T C s’ ys d°- d*T Cs"ys Us- (Cs"ys — Cyss°X)],  (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’ Us exp(-m* M?) = (e, + eg) My(u, d, s) + esMx(u, d, s), (3)

while for the A-hyperon we obtain result with the use of the relations from [11]. The ag e SO-
called Borel residue, M is characteristic parameter of the Borel transformation and TM; 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(qg, Q) and with a single quark Q. As an example let the
magnetic moment operator has the form eqw, a% where new operator wy just differs between a
single Q quark and a biquark (g: g: ) or (g; q,) through the matrix elements

<0; 9:,QuWql 91 0:,Q>=W14, <0; 0,,Q:1lWgl 91 41,Q1>=W;,
<q+0: 9+,Q:Wq| d: 41,Q,>=V11, <0 4,,Q:[Wql 91 0,,Qi>=V4,, 4)
Then magnetic moment of the proton p(uu,d) yields:
Hp=3 <ptleq Wq 07 |p1>=1/V18 <2uy Uy dp-Uy dg Up—dy Uy Up +2U3 dp Ug-Ug Up di —dg UpUy
+2d, Up Ug-Uz Up di — Updy Uy | €q Wq 07 | p1>
=(4/3) | ey W11 - €q (2 V41 -V+11) = ey 2Het+eq( He-Hp) ®)

with w;; = 3Yg /2, Wi, =lp , (2 Vi -V )/3=( Yr-Up). (It is worth noting that the assumption w,; =
w;, 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 2°(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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Ug = (éu *+ €qg)F + &5 (F-D) (6)

Now we try to transfer this reasoning to the QCD sum rules of baryons with spin % 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

V18 |N*+>:|2U1 Uy dz-Ul d1 Us —dl Uy Up -Uq d2 Up-U1 U2 dl
+2d; Us U7 -0 U1 Ug-Us U dq +2 Uxdy Uug > (7)

Using this wave function with the modified operator for the magnetic moment form eqw, a‘
for N* we get
HN*+: eU 2/3(2WTT +WTl)+ ed 1/3 (2 VTT +VTl) = eu |JF+ed( ZUF‘”D) (8)

with w;, = 3ue /2, (2 Vi1 -V;,)/3=( Yr-Mb) -
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=+= €y Hrteq( 2HF-pp) — 2/3 Py +1/3 Y,

M s*+= €y Mrtes( 2Up-Hp) — 2/3 Py +1/3 Ys,
M sx0= Y2(eyt €q) Mk +es( 2Up-HUp) — 1/3 py +1/3 pg +1/3 s, 9)

M A= 1/6(Eu+€a)(9 UF -4 Up)+1/3esup — 1/3 Wy +1/3 pg +1/3 s,

in accord with the NRQM results [13].

Let us now assume that the same transformations from p, to pn=+ 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);

M (u, d, s)=1/2(ey + eq+2es) M{ u, d, s) + e My(u, d, 5), (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 Z° 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 YN, M 5=+ changes from 2.52 py to 0.70 py, WU A+ changes from -0.50 py to -0.11
MN-

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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NCCNEAOBAHUE MONAPUSALMNOHHbBIX 9®PEKTOB B PEAKLINW d1+H - 1" +X
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A.32. Habues, I'.M.AnneBa, H.2. AM1poBa
Asepbaing>kaHcKunii FocyaapcTBeHHbIV Megarornyeckuii YHmeepcnTeT

yashartur@yahoo.com

MpeAcTaBneHbl pe3ynbTaThbl U3MepeHuil BeKTOPHOI aHan3npytoLLel CNoCcoBHOCT U
(A,) B peaKuusx NHK/O3MBHOTO PO>K/AEHMSI NIMOHOB B CTO/IKHOBEHNSIX NOMSIPU30BAHHBIX A/ TPOHOB

¢ MuLLEeHbo H,nog yrnamu okono 90° B A1.C.,Mpu uMnybcax nydka oT 3 Ao 9MaB/c. M3mepenns nposeeHbl
Ha cuHxpocasoTpoHe OWAW ([y6Ha). OGHapy>keHa Oonbluas BenMuMHa A, W pasHblii  3HaK

acUMMeTPWiA AN P -Me30HOB B peakwLumn dt+H - T*+X Npu 0THOCUTENLHO HEGOMLLLINX UMMYNbCAX MydKa
W ana nuoHos ¢ umnynscom 300-350MaB/c. PesynbTaTbl MoHTe-Kapnosckoro mogennposaHus
yKasblBaldT Ha AOMMWHMPOBAHWE KaHaloB C pOXKAeHMeM A-M306apoB B KMHEMATMUYECKOW obnacTw, rae
HabntoAaeTes bonbluas BeMmumHa A, .

WccnefosaHnsa nonsapusayMoHHbIX ahekToB B pp [1-3] n pA —B3aumnmMogeicTausx [4] npu
BbICOKUX 3HEpruax nokasaau, 4To NMOHHas acMMMeTpUA ( UK CBA3aHHasA C Heil aHam3mpyoLas
CMOCOBHOCTb) He 1CYe3aeT C POCTOM NMONepeyHoro nMnysnbea Py U PeinHMaHOBCKON MacLUTabHOM
nepemMeHHoli Xr. VI3MepeHns acuMMeTpuu B WMHKMIO3MBHLIX mpoueccax p T +p—>p°+ X,

nposegeHHble B LIEPHe [1], BHJT [2] n ®HAJT [3], nokasanu, 4To acCMMMETPUS 6/IM3Ka K HY/0
BMNOTb A0 X = 0.3, a 3aTeM IMHEHO pacTeT No abCOMOTHON BeNMUMHe BNOTh 40 40% npu Xg =
1.
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[ns 06BbACHEHWS 3TUX Pe3ynbTaToB U pPa3paboTKM Mogeneli MexaHM3MOB, OMMCHIBAKOLLNX
nosiB/ieHNe aCUMMETPUM MpPY BbICOKUX 3HEPrusX, NpogenaHa 60Mblias TeopeTuyeckas paboTa.
Bblno0 pa3BUTO 6ONbLUOE YMCNIO TEOPETUYECKMX MOZENel, OCHOBAHHbIX Ha PacCMOTPEHWU
pas/IMyHbIX CMWH — 3aBUCUMbIX MEXaHW3MOB B3aUMOLEWCTBMUA KBapKOB. PesynbTaTbl 3TUX
nccnefoBaHMii NoKasanu, YTo aCUMMETPUS MOXET ObITb CNeACTBMEM OPOMTA/ILHOTO ABVXKEHUS
Ba/IEHTHbIX KBapKOB B MOMSAPU30BAHHOM MPOTOHE. B pamkax NapTOHHON MOAen acUMMETPUs
CBA3bIBAETCA C 3aBUCMMbIMW OT CMMHA MAPTOHHLIMW  pacrpefeneHusaMu, MNapTOHHbIMM
CeYeHMAMU 1 NaPTOHHbLIMU (hparMeHTaUMOHHLIMN PYHKLMAMU.

(NaBHOM LENb0 [aHHOro 3KCMepuMMeHTa OblI0 UCCNefoBaHWe MOBEAEHUS BEKTOPHOM
aHaNM3MpyroLLLas cnocobHOCTM ( Ay ) B 3HEPreTMyecKoin 061acTu, rae Mbl OXugaem nepexopa ot
HYK/TOHHbIX K HEHYK/IOHHbIM W KBapK — I/IFOOHHLIM CTeneHsM cBo6obl. Tak Kak HeT yKa3aHWiA
Ha BO3MOXHOCTb CW/IbHOIN Yr/I0BOW 3aBMCUMOCTW BEKTOPHOW aHa/M3UPYHOLLE CnocoBHOCTY B
MccnefyeMblx NPOLECcax, Mbl COBMECTHO aHaM3MpyeM AaHHble, mofyyeHHble nog yrnamu 90° u
78° (yrnbl Bbineta nNoHoB okoso 90°).

BekTopHas aHanuaunpyowas cnocobHocTb B peakuun d T+H —p* + X
BennumHa A, 15 MONOXMTENbHBIX U OTPULIATE/bHBIX MOHOB C MMMY/bCaMn B 06/1acTU

300-350M3B/c B 3aBMCMMOCTM OT MMMYy/bCa My4vka MNpeAcTaBfeHa Ha puc.la. M3mepeHus
npoBoANINUCH NMOoA yrnaMu 90° n1.c. 3HauNTeNbHAs BENNYMHA A, , Ha ypoBHe 40%, HabntoaaeTcs B

06/71aCT OTHOCUTENIbHO HEGOMbLUMX UMMYMLCOB MyyKa. 3HAK acMMMETPUM 3aBUCUT OT 3apsaa
PErVICTPMPYEMbIX MOHOB, 1 BE/IMYMHA A, YMEHbBLLIAETCS C POCTOM MMMY/ibCa My4Ka.

ok,

L L 1 1 = 1 1
4 b 8 10
pa [2Bic

Puc.1 a- 3aBMCMOCTb A, OT UMMy/bca Nyuka Ans P * v P~ nnoHos B peakuyn d T+H —>p*O0)+X
npn P, = 300-350Ma3B/c, Toukm: * -p “, A -p*(78%, O-p; 6, B—MK —pacueTbl OTHOCUTENb-

HbIX BK/IAZJ0B Pa3/IMUHbIX KaHANI0B poxaeHns nuoHos B peakuum d + H — p ™~ + X 8 3aBucu-
MOCTM OT UMMY”NbCa NMOHOB Npu P, =4M3B/c (6) n 9raB/c (B).

Ha puc. 16 n 1B npusefeHbl pe3ynbTaTtbl pacyeToB Metofom MoHTe-Kapno (MK)
OTHOCUTE/IbHbIX ~ BKMAZOB Pa3MYHbIX KaHalOB B  POXAEHWE TMNWOHOB [AJ11  peakuuu

d+H —p~+X nog yrnom g, =90° npn gBYX UMMynbcax myuka 4 u 9M3B/c. Mcnonb3osaHa

MK-nporpamma, KoTopas XopoLlo onucbiBaeT 3KCNepMeHTaIbHbIe faHHble
(MHOXECTBEHHOCTW, P; —CMEKTPbI, CEYEHUA) AN1S afpOH — U AAP0—AAePHbIX B3aUMOLENCTBUIA Npu
MPOMEXYTOUHbIX U BbICOKMX 3Heprusx. Kak BugHO u3 puc.16 n 1B, nosefeHue A, MOXHO
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CBA3aTb C MexaHuM3MaMu poxzaeHus nuoHoB. [Mpy wumnynbce nyyka 4MsB/c, Korga B
3KcnepuMeHTe HabrogaeTes 60Mblias BENMUYMHA A, OCHOBHAsH YaCTb OTPULATE/bHBIX MMOHOB

poxpaaetcs B KaHane ¢ A’ -n306apoii. B o6nactv umnynbca nyyka 9rsB/c (rge senmunHa A,

Mania) JOMUHUPYET KaHan “npsMoro” poXkaeHus nuoHos. MopobHas KapTuHa HabnogaeTca u
4719 NONOXMUTENbHbIX 3aPSHKEHHBIX MMOHOB. Mpn HEBOLLLMX UMMAYNbCAX Ny4YKa B POXAEHUN p

-ME30HOB AOMWHUPYET KaHan Cc A" -u306apoii. Kopoue rosops, pesynbTatbl MK —
MOZE/IMPOBaHNSA MOKa3blBatOT, YTO BE/IMYMHA MUOHHOWN aHa/IM3MpYyHoLLel CNoCO6HOCTU CUMBHO
KOppenupoBaHa ¢ NpUCYTCTBUEM BK/1aZa MPOMEXYTOUHbIX A -M306apHbIX COCTOSHUIA.

lNonyyeHa 3aBMCMMOCTb A ANA P~ -ME30HOB OT MMMYyNbCa MUOHOB, U3MEPeHHas Mpw
nMnynbce nyyka 6.5MB/c. 3Hak A, OTpULATENbHBIA, abCOMOTHAA BENNYMHA A, pocTuraet
=50% npu p,=200M3B/c 1N ymeHbLUaeTCs C POCTOM WMMysbca MUOHOB. Takoe MOBejeHVe

COBMajaeT C NoAaB/IeHNEM “Pe30HAHCHbLIX” KaHa/0B POXAEHUA P © -Me30HOB.

Kpome TOro nosy4eHbl [faHHble Npu umnynbce nyyka 8.9 [aB/c. BenmunHa A,
COBMECTUMA C HyNleM Npy HeGOMbLUMX UMMNYNbCax PerncTpupyembix MMOHOB. Oco6bI MHTEpeC
NpeAcTaBnseT mMoBefjeHWe A, B 06/1acT OOMbLUMX MMMYNbCOB MUOHOB. CyliecTByeT
NPeAnosIOXKEHNS, OCHOBaHHbIE Ha PENsTUBMCTCKOW MOAENVW AENTPOHa, YTO NpU MMMyNbCe
NMOHOB OKOoNMO 600M3B/c MOXET HauaTb MEHATbCA 3Hak A, TaK Kak B aToi obnacTu
JOMUHMPYET D —COCTOSHME BOMHOBOW (PYHKUMM AeliTpoHa. bonee Toro, B KyMYNSTUBHOW
o6nacTm ©3 —3a CYLIECTBEHHOro BKfafa HenepTyp6aTMBHOIO B3aUMOLEWCTBMUA KBapKOB
0XMJaeTca pocT abCOMOTHON BEIMUNHBI aHAIM3UPYIOLLE CNOCOOHOCTU. Halm AaHHbIE MOXHO
paccmaTtpuBaTh Kak yKasaHue Ha BO3MOXHOCTb Takoro nosegeHns. O4HaKo 15 OKOHYaTeIbHOro
BbISICHEHWS 3TOr0 BXXKHOI0 BONpPOCa HEO6XOAMMO NPOBECTU U3MEPEHNSA C 60/bLLION TOYHOCTBIO.

3aknoyeHve

OCHOBHble pe3y/ibTaTbl MOXXHO CYMMUPOBATHL C/eAyHoLWnM 06pasom:

1) HabnogaeTcs 6onbLIas BeNMUYMHA BEKTOPHOW aHanM3MpyHoLLein cnocobHocTn (BNOTb
0 50%) B peakumax d T+H —p* + X npu umnynscax gedTpoHOB p, = 6.5 MB/C 1 NMOHOB

n p,=300 - 350 MaB/c.

2) ACUMMETPUS MeeT PasHblii 3HAK:NONOXKUTENbHbIV A1 P * 1 oTpULATENbHbIA 41s p ~.
AG6COMIOTHasA BENMUMHA A, YMEHBLLIAETCA C POCTOM MMMY/NbCa MyYka P, W MMMY/bCa NUOHOB
Pp -

3) pe3ynbTaThl MK — MOAENMPOBaHMS YKa3blBaeT Ha AOMUHMPOBaHKE KaHa/I0B POXK/AEHNS
M1OHOB Yepes A - 1306apbl B KMHEMATUYECKMX 06/1aCTAX, TAg A, UMEET BO/bLIYIO BENNUNHY,

T.. B 3TUX 06/1acTAX BblAeneH BKNaj OfHOW P —BONHOBOI aMnauTyabl. WHTepdepeHums c
APYTUMU aMIAIUTYAaMU U MOXKET NPUBOANTL K GOMLLIOI BEMNUYMHE aCUMMETPUN.
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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,

I—qNJL = anuqe y_'[’iy SJI;IGpN q/4\2 [(y y +6/ Ig t ay ) ] (1)

where Lg,q denotes the pure SU(Nc) gauge Lagrangian and t # indicates the generator of SU(N)
flavor symmetry. We normalized the four-fermion coupling, g, by N, N and the compositeness

scale, /. The Lagrangian can be rewritten by the auxiliary field method,
2N N A’ (

+p?). 2
16p *q, P) @

Lo = Loauge +y_(iI5 -s -t a)/ -

where the fields, 0 and 7, can be identified with composite scalar and pseudo-scalar fields,
respectively. On the other hand, the gauged Higgs Yukawa theory is given by

1 I 113
I‘qHY:anuqe ar’rsarrb +_8np a”b y (S +P p )

(s +p°p ) R(52+papa)+)ﬂlﬁy —y_(s +ig.t apa)/, (3)

4yt 2y?

where Y indicates the Yukawa coupling. We noted that the ordinary gauged Higgs Yukawa

Lagrangian is obtained by the replacements, s - ys and p? — yp?.
The compositeness conditions are imposed at the scale A [3, 4],
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1 1 (A) , m?(A) 2N N.A’

yi(A) T oytA) T yE(A)  16pZg,

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, s , contributes
the inflationary expansion and apply the slow roll scenario of the chaotic inflation.

x(1)=3. 4

/
S S
gauged Higgs Yukawa 2 gauged NJL
>
2 —p
A  Energy scale

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, a, the four-fermion coupling, g4, the number of
fermion spices, N. and Ny, the energy scale, i and the composite scale, A. The initial field
configuration is set to generate an enough e-folding number, Nesoig = 50 ~ 60.

After some numerical calculations we obtain the amplitude of the density fluctuation, d, the
spectral index, ng, the tensor-to-scalar-ratio, I and the running of the spectral index, a . In Tab.
1 we show some typical results for a fixed N;, Nc, it A and Negoig. A constant parameter, w, is
introduced to define the renormalized four-fermion coupling, g,,.,. The amplitude of the density

fluctuation, d, 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, Nc =10, u = 10-5Mp|, A = Mp and Negforg = 50.
a 1/ Qapen —1/W d Ns r g
107 107 702 %10~ 0.970 0.08 -0.00059
10° 10" 29210~ 0.970 0.08 -0.00059
10° 107 702x10°° 0.970 0.08 -0.00059
10° 10° 702x10°° 0.970 0.08 -0.00059
10° 10° 7 48%10~7 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.

Acknowledgements

The main part of this talk is based on the work collaborated with Hiroki Sakamoto and
Sergei D. Odintsov. The work is supported in part by JSPS KAKENHI Grant Number 26400250.

REFERENCES

1. Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122 (1961) 345; Phys. Rev. 124 (1961) 246.

2. V. A. Miransky, Dynamical Symmetry Breaking in Quantum Field Theories, World
Scientific (1993); M. Harada and K. Yamawaki, Phys. Rept. 381 (2003) 1.

3. W. A. Bardeen, C. T. Hill and M. Lindner, Phys. Rev. D41 (1990) 1647.

4.C. T. Hill and D. S. Salopek, Annals Phys. 213 (1992) 21.

5. M. Harada, Y. Kikukawa, T. Kugo and H. Nakano, Prog. Theor. Phys. 92 (1994) 1161.

6. B. Geyer and S. D. Odintsov, Phys. Lett. B376 (1996) 260; Phys. Rev. D53 (1996) 7321.

7. T. Inagaki, S. D. Odintsov and H. Sakamoto, arXiv:1509.03738 [hep-th], to appear in
Astro. Space Sci.

ON NLO CONTRIBUTION TO QUARK MASS IN PION SECTOR
AND SOME OTHER PROPERTIES OF REGULARIZATION
PROCEDURE IN NJL MODEL
R.G. Jafarov
IPP BSU
rauf_jafarov@hotmail.com

As well known Namby-Jona-Lasinio (NJL) model [1] with the quark content [2] is one of
the most successful effective models of quantum chromodynamics of light hadrons in the non-
perturbative region (see, for example, reviews [3] and [4] and references therein). Since the
foundation of the NJL model is a non-renormalizable interaction, the quite essential point of the
model is a regularization. It already advances in the literature an opinion, that the NJL model for
different regularization can lead to different physical results. But as concerning to most common
regularizations (such, for example, the 4-dimensional cutoff in comparison with the Fock-
Schwinger “proper-time” regularization or the Pauli— Villars regularization) this statement is not
mean some principal distinctions of main effects in the leading approximation of the model. In
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the next-to-leading order, which includes the meson contributions in chiral condensate and
corrections to the quark propagator, these distinctions become apparent more clearly (see, for
example, [5] - [7]), but do not change essentially the physical content of the model in the case
too. Nevertheless, a regularization of the NJL model exists in which the physical effects differ
from the effects of the classical variant of the model with 4-dimensional cutoff as early as on the
level of two-particle amplitudes. It is a dimensional regularization considered as a variant of the
analytical regularization. Note, the traditional treatment of the dimensional regularization as a
transition to D-dimensional space strikes in the application to the NJL model the essential
obstacle: the regularization parameter, i.e. a deviation in physical dimension of space, is included
in formulae for physical quantities. This circumstance makes an interpretation of results to be
very awkward. In the alternative treatment of dimensional regularization as a variant of analytical
regularization all calculations are made in four-dimensional Euclidean space, and the
regularization parameter is treated as a power of a weight function, which regularizes divergent
integrals1. Such treatment of dimensional regularization was consistently developed for the NJL
model in mean-field approximation by Krewald and Nakayama [8]. In work [9] in the framework
of this regularization the meson contributions in chiral condensate were calculated. It should be
stressed that in such treatment of dimensional regularization the regularization parameter is not a
deviation in the physical dimension of space.

Conclusion

The results of present work demonstrate that the NJL model with dimensionally-analytical
regularization essentially differs from the NJL model with 4-dimensional cutoff at least in two
aspects. Firstly, there is the different behavior of scalar amplitude in threshold region. For the 4-
dimensional cutoffit is possible to separate near the threshold a pole term, which is usually
associated with a scalar particle —sigma-meson (note, however, that reasoning doubts in such
interpretation have been stated as early as in founder’s work [1]).

c (MeV) | m (MeV) | £ k= 3gm* 27"
-210 357 0.333 | 0.373

-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) | k4 = 3gA%/2n?
-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.

c (MeV) | m, (MeV) | £ k= 3gm?[2n*
-210 339 0.432 | 0.486
-220 336 0.385 | 0.434
-230 333 (.346 | 0.387
-240 330 0.312 ] 0.334
-250 328 0.284 | 0L316

Table 3. Model parameters with frst-order corrections (dimensionally-analytical regularization):

chiral condensate ¢, quark mass m,, regularization parameter £ and dimensionless coupling s.

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) | ky = 3gA% /277
-240 310 T85 1.501
-250 283 819 1.408

Table 4. Model parameters with first-order corrections (4-dimensional entoff): chiral condensate

¢, quark mass my, regularization parameter A and dimensionless coupling sa.

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/S1063778815020258

We will consider a system of Schwinger-Dyson equations for the model involving a
complex scalar field @ (phion) and a real scalar field x (chion) and take the Lagrangian for this
model in the four-dimensional Euclidean space in the form

L=-0f"0f —mif —%(amc)z—gc%gf*fc, (1)

500



BDU-nun Fizika Problemlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalg konfrans

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 h 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

(F (¥ “(y)) = —#ﬁx), @)

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 n as a convenient tool for studying phion—antiphion functions for the model
specified by Eq. (1). After Gaussian functional integration with respect to the field ¥, the
functional-differential Schwinger—Dyson equation for the generating functional Z|h]=InGfh] an

be represented in the following form by using the property of translation invariance of the
functional-integration measure:

d?z dz dz dz©
2 d D _ 2_62
+9 .[ %0 (x Xl)[dh(xl,xl)dh(y,x)+dh(x1,xl)dh(y,x)}r(mo X)

*

) g wdlcy)=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

(0) (0) (0)
A AL g
dh(x,, %, )dh(y,x)

az©
dh (y’ yl)

Once the source has been switched off, the phion-field propagator in the leading order is
2
obtained from Eq. (4): A, :(m2 —82)71. Here, m? zmg—%A(x:O) is the renormalized phion
mass. Differentiation of Eqg. (4) with respect to the source n 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?>g2, 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
Eqg. (1), it was considered in [5]. The two-particle approximation is the set of equations that
consists of Eq. (3) at n =0 and the equation obtained by differentiating Eq. (3) in which the term

+ gzjdxlDC(x—xl)

+[dyh(xy,) +d(x-y)=0. 4)
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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 1/ \/E - 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 <f (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 n,

(F (x¥ (x'}*(y)f*(y')>:>d2/dh(y',x’ﬁh(y,x), (5)
<f (x¥ (x)‘ “(y¥ *(y')> =d?/dh (y’, x)jh (y, 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 d?’z dz dz
o’ dxch(X‘xl{dhmxnh(y, x1>+dh(xl,xwh(y,xl)}+
2 A2\ OZ dz B
+(m3 —5x)m+_|.dy1h(xayl)m+d(x—Y)—O- (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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dz (0) dz (0) dz (0)
2 d D _ 2 _62
g -[ %D, (x Xl)dh(xl,x)dh(y,xl)Jr(mO X)dh(y,x)Jr
dz © dz©
+|m? - o2 +|dyh(x,y,)———+d(x-y)=0. (8)
( 0 )dh(y j 1 l)dh(y,yl) ( )

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

Aﬁl(p2)=m2+p2+zr(p2), 9)
where
> (p?)=—=20)-p* ), (10)
—~q)A(a?)

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, | = ’ 11
m? y m? 32p*m? ()
this equation assumes the form
- 2|
(ty)=2-1)+-. (12)

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).
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In the weak-coupling region of A < 1, we have y = (1 —\)t for t o and A 7 1/p°. In the
strong-coupling region of A > 1, we have y = ||—1+ 0 (1) and A 7 const. At the critical point of A

=1, the arrive at yz\/%T+0 (1) and A~1/\/?.

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 pt . All data are from 200 GeV Au+Au minimum bias collisions.
The dot-dashed-line is thescaled result of the fit to K,°and L )
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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 Gsyn= 2.76 A GeV [5], with the ALICE detector, demonstrated
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that the v»(p;) does notchange within uncertainties from the Gsyy = 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

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:

P(r)="¥oexp[ij (]

where ¥, is amplitude of wave function, r — vector T, ¢ — 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)].
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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:

[ﬁZmVSdI + j 2eAdI =nh (1)

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

r:ngj (Hdl 2

where Vj 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 (] ,lI).

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
qguantum and classical physics defined with the Heisenberg principle of uncertainties is being
cancelled and we have come to the classical physics on the new level of universal motion as the
nonquantized classical circulation.

Following the informatiology (science of the information nature studying) approved with
the special UNO Doctrine of Informatiological Development of the Mankind in the XXI century
we have defined accordingly the information as a system of relations [1] lying in the basis of all
kinds of correlations in Nature of the Creator. And information in the language of the circulation
has got the fundamental definition throughout Bohr-Heisenberg complementarity of uncertainties
as the united correlation of oppositions — phase wave vector change and its coherence in the
circulation leading us to the two-dimensional Universe and lying in the basis of all kinds of
interactions, being defined through phase shifts and their correlations. As soon as we try to fix
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separately phase change or its coherence we come to uncertainty — fundamental sense of
Heisenberg principle based on the Bohr’s complementarity.

As a result of above-mentioned all matter particles from Cooper pairs, electron-hole pairs
up to Higgs bosons can be represented as of the same nature coherent de Broglie wave packages
of circulations throughout (positive and negative-oriented) Kepler-Bohr stationary orbits
superpositions and revealed also in the Hudson’s [1] two-dimensional function unity of maximal
likelihood of mathematical expectation and dispersion of the random values of wave vectors
(vector whose all directions are equiprobably coincided with travelling wave direction
generating scalar Bose-Einstein condensate) generalized in the geometry spaces of vortexes from
Democritus, Descartes, Newton up to neurons computing united on the same basis of the
circulation in our model (see Fig. 4. A).

So instead of unsuccessful searching of elementary particles we have come to fundamental
“elementary” physical phenomenon as a circulation forming our Universe.

Having repelled from Newton method of fluxes and Minkowsky geometry of numbers with
his fundamental tangency of algebraic curves finely noted by D. Gilbert and Weyl in their
introduction to “Space and Time” by Minkowsky astonishingly have coincided with Euler
approach in his “Analysis of Infinitesimal* introduction. All these signs of the language including
“zero” and “infinity” are constructed in our model as geometrical patterns of derivative of curves
tangency (The Cross) in the circulation with opposite signs (following physics of Landau rotons
defined by Landau as “a soul of disappeared vortex”).

N p
rrr (i 1Y v
T ~

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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