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Qeyri-xatti mexanika — tabiatina gora, iki rabitali osilyatorun problemidir.
Klassik va kvant statistikast - artiq, coxlu sayda qeyri-relyativistik rabitali osilyatorlarin problemi-
dir. Kvant saho nazariyyasi — isa, sonsuz sayda rabitali relyativistik kvant osilyatorlar: sisteminin
problemidir. Bels ki, bu problemlarin eyni tabiata malik olmast haqiqi va danilmazdir.
Catinlik, yalniz goyulan problemin mazmununu ifada edon masaloni xarakteriza edon, kicik para-

metrin tapilmasindadir.

Nikolay Nikolayevi¢ Bogolyubov

Fizika “bassindirmalar” dasti deyil.
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B Hacmoswem o0Ooknade ob6cyscoaemces 80npoc  ACUMAMOMUYECKO20 peuleHus:
o o 4
ypaenenusi muna beme-Connumepa 6 maccusHoti —meopuu ¢ 3aumooeicmeuem A@" 6

JecmHuyHom npubaudxcenuu. Haweti ocHosHoll 3a0aueti sansemcs pazpabomra peyenma OJisl
000CHOBAHUSL  KOHKPEMHO20 —ACUMHMOMUYECKO20 peuleHuss ypasHenuu muna beme-
Connumepa 051 amMuaumyovl 8 MOOensX C Yemvlpex-QepMUOHHBIM B3aUMOOelicmeuem 8
PA3IUUHBIX 00IACTIAX UBMEHEHUSL UMNYTIbCA.

Hcnonvzoeano unmezpanvroe ypagnenue 0isi MHUMOU Yacmu amMaumyosl paccesHus enepeo ¢
08YXUACMUYHO-HENPUBOOUMBIM 0poM. Onpedeneno s6Hoe vlpadiceHue 07 10pa, KOmopoe
cocmoum u3z npocmoeo “nyswips’(bubble) u cocmaensem uacmov sA0pa paccmompeHHo20
ypasuenus. Coomeemcmeyrowee ypasHeHue KOMIIEKMOBAHHO PEUEHO 8 2IYOOKOHEYNPY2eoll
001aCMU UMNYILCOB, 8 8UOe CMENEeHHOU (YHKYUU.

Knwuesvte cnosa: acumnmomuueckoe nogeoenue, 21yO0KOHeYnpyeas 001acmb UMNYIbCOB,
ypasuernue beme-Conanumepa.

Kaxk u3BectHo, Meton ypaBHeHus: bere-Connutepa (YBC) npuHsATO cUUTATh HAYAJIOM
HOBOTO  pasznena  coBpeMeHHOM  kBaHTtoBoM  Teopunm  noisi(KTII), wumenyemoro
HeneptypoatuBHoi KTII. YBC nmist aMmimnTyasl paccessHusl ¢ MUHUMAIbHO TIEPTYPOATHBHBIM
AIpOM B MOJENSAX TEOPUHU TMOJSI MOCIHYKWJI OJHHUM M3 IEPBbIX MOAXO0A0B OOOCHOBaHUS

ACUMITOTUKM TPU BBICOKHX OHEPrHsIX U C TOYKH 3pEHUS MHOTOUYHCICHHBIX
OKCIIEPUMEHTAJIBHBIX W TEOPETHYECKHUX  HCCIEAOBAaHUM  aMIUIMTYABl  pAacCEestHUS B
IyOOKOHEYNpYyro o01acTd, MpeAcTaBiIsieT OcCOoObIi HHTEpec y HccheaoBarenei

HenepTypOaTuBHBIX 3()(eKkToB B (M3MKe BBHICOKMX HHEpruil. B pamkax 3Toro meroma c
€IMHOMN TOYKHU 3PEHHsI YIAaeTCsl ONMHMCHIBATh AMILUIUTYAY paccesiHus Kak B PEIKEBCKOI (IOTHas

2
DHEPIHUs — § :(p+ p') o, a wuMOyIbCH  p>, p”°  QUKCHpOBaHBI), TaKk M B

rITy6OKOHEYNpyroii (ObepkeHOBCKOi — p'° — o) obmactax [1], [2]. [Tpu BeIGOpe Moaenn s

TEOPETHUUYECKOTO HCCIEIOBAHUS aMIUIUTYl, HEO0OXOAMMO MpUHUMATh BO BHUMAaHHE JBa
OCHOBHBIX OTPAaHMYCHHUS, HAKJIAJBIBAEMBIX OKCIICPUMEHTAMH — CTEIEHHOE ITOBEJCHUE B
pemKeBCcKol 00acTH 1 Torapu(PMUUIECKOE MOBEACHIE MOMEHTOB B ObEpKEHOBCKOW 00IACTH.
N3BecTHB Kak TOYHBIE, Tak W acuMmnToTudeckue pemeHus YbBC s MHUMOW 4YacTu
aMILTUTY]IbI PACCESTHUS JJISI 1IeJIOTO Psifia MOJIeJeil, OCHOBAaHHBIX Ha TOW WJIM MHOM TEOPETUKO-
MOJIEBOM ammpoKcuMaluu sijapa ypasuenus (cm. [3], [4], [S], [6], [7], [8], [9] u uutupyemyro
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B HUX JIpyTHE UCTOYHUKH). B MpuMEHEeHUH 3TOr0 METO/1a Hapsy C U3JIOKEHUEM M TITyOOKHM
aHaiau3oM MeToaoB pemieHMH YBC B pa3nuuHbIX KBAaHTOBO-TIOJIEBBIX MOJENSAX W IS
MporeccoB (DM3WKKM BBICOKMX DHEPTUi, BO3HUKACT NMPUHIUIUAAIBLHBIE MOMEHT O TOM, 4YTO
CTCTNICHh MPHUOMMKCHHOCTH WX PEIICHUS HYXHO COIJIACOBBIBATH C HCXOJHBIMHA
KMHEMATUYECKUMHU YCIOBUSIMU, U JOMYCKaMH, KOTOpbIE NMPUHUMAIOTCA NpH Mojenkax. Ha
TOM OCHOBE, ACHMNTOTHYECKHE pEIICHUs BBHIINICHA3BAHHBIX YPaBHEHHUM [UJII aMIUIUTY]]
paccesiHus B JOCTaTOYHOM CTETIEHH oOecreunBaroT HH(popMaIel o MOBEISHUN aMIUTATY/IbI
B BBICOKOOHEPTETUYECKOM MPEIEIIE.

Jlns moneBBIX Mojened ¢ Oe3pasMEpHOW KOHCTAaHTHI CBSI3H, IMPEACTABISIONINC
HanOobpIMi pu3ndeckuiit mHTEpeC, Bce pemieHuss YBC 001a1atoT cTeneHHbIM MOBEICHUEM B
PEIKEBCKON 00JIaCTH W3MEHEHHUS SHEPIHMM TpH (DUKCHPOBAHHBIX BHEIIHUX HMITYJIbCAX.

Takske, B 3TUX MOJIENSIX MOMEHTHI UMEIOT CTEMEHHYIO aCUMITOTHKY MPH — p'° — 00, 4T0 M

MPOTUBOPEUYUT YCIOBUIO JIOTAPU(PMUIECKOTO TOBEJCHUS MOMEHTOB B TIIYOOKOHEYIPYTOi
(ObepkeHOBCcKOM) oOmactu  [10]. HarmsaaeiM npuMepoM  SBISIOTCS  MOJICIH — CO

B3aumMojieiictBrueM @, (“my3sipkoBbiMu uTepanusimu’(bubble iterations)[4]) nim “truss-bridge
iterations” fé@> + A@* [4], nmecTHMuYHas MomeTh C IOKABCKUM B3amMojeiicteueM [9],
JIECTHUYHAsA MOJIJIb CO B3aMMOJEHCTBUEM ¢63 [6]. OTO 00OCTOSATENHCTBO, B CHUIy TOTO, YTO

BBIIICHA3BAHHBIE B3aUMOJICUCTBUS  SIBISIFOTCS ~ OCHOBHBIMH B 3()()EKTHUBHBIX MOJEIIIX
CUJIbHO-B3aUMOJICHCTBYIOIIMX YaCTHUL, CTAHOBUTCS CEpPbE3HBIM apPryMEHTOM MpHU UX
MPUMEHEHUH JIJIs1 ONMCAaHUs aMIUTUTY/IbI paccesiHus B r1yOoKoHeynpyroi obdiactu. B padote
[10] ™meTomOM pEeHOPMIPYNIOBOTO aHalM3a BOCCTAHOBIUBAETCS  JIOrapupMUUECcKoe
MOBEJICHHE MOMEHTOB B TIyOOKOHEYNMpPYrod OOJaCTH B MOJENAX C aCHMITOTHYECKON
cBoOOMONH. MOXKHO clenarh 3akIOYeHHe, 4TO MOCKONbKY ypaBHeHus Tumna bC umeror
CIIOXKHOE SIPO, MONYYUTh WX PEIICHUS B SBHOM BHUJAC BO BCEX (U3NYCCKU HHTEPECHBIX
00JacTsIX U3MEHEHUs! UMITYJIbCOB B 00OOIIEHHOM BbIpaxeHHH Uil 3(H(PEeKTUBHBIX Mozenei
CHWJIBHOB3aMMO/ICHCTBYIONINX YACTHI] BPST JTM BO3MOXHO. OHAKO, B KOHKPETHBIX 00IaCTIX
MOJIHOW DHEPTrUd M UMITyJIbca, MeToaoM paboT [7], [8] ymaercs auaroHamm3oBaTh
paccMOTpeHHbBIE ypaBHEHHs. B 3TuX paboTax mccienoBaHO acUMITOTHYecKoe perrenus Y bC
JUISE MHUMOM 4acTH aMIUTUTY/Ibl PacCesiHUS B PEKEBCKON 00JIaCTH U3MEHEHHs SHEPTUH, T/Ie
U3JIO)KEHBI TUIMHWYHBIC 3a7a4d B PEIKEBCKOW 00JacTH W3MEHEHHsS SHepruu. [IpuBeneHb
HEOOXOJUMBIE YCIIOBHUS, OOECIEeYMBAIONINE PEIKEBCKOTO TOBEICHUS AaMILTUTYIbl U
CIIy4aeB paccesHUs BIepel, W B ONuU3M paccesHus Brepea. [IpenmoKeHHBId METO
MpeJICTaBIsIeT cO0O0M pelenT aCUMITOTUYECKOTO peleHus: nHTerpanbHbix ypaBHeHuit KTII B
BUJIE PU3NICCKU-UHTEPECHON (YHKIIMH IMOJTHON SHEPTUH, TePEJaHHOTO UMITYJIhCa U APYTUX
TUHAMHYECKHX M KHHEMaTH4YecKuX mapaMeTpoB . KiroueBbIM BBIOOPOM SIBISIETCSI BH]
UCKOMOW (PYHKIIMH, OTBEUAIONIUN KOHKPETHHIM KHHEMATHYSCKUM O00JacTSIM H3MEHEHHS 4-
UMITyJIbCa, MO0 TOTHOW SHEPTruu (s) U MEePEeJaHHOr0 UMITYJIbCa (t) Kpome storo, takxe

MOSIBIISIETCA TEXHUYECKAsl BO3MOXKHOCTh aHAJIMTHYECKU uccienoBarb YBbC mpu HEHyNIeBbIX
NepelaHHbIX UMITYJIbcax [8]. DTOT METOJ XOTS U SBISETCS MPUONMIKEHHBIM, HO T.K. MPHU
BBICOKMX SHEPrusX U MpH OONBIIMX BHEIIHUX UMITYJIbCAaX OCHOBHOW BKJaJ B aMIUIUTYAY
JTAIOT CTENEHHbIE YIEHBI 110 TIOJTHOW SHEPIrUu U UMIIYJIbCY, TO Ha HAlll B3I TAKOW MOJIXO/ B
JIOCTATOYHOM cTerneHu HHPOPMUPYET 00 aMIUIUTYAE paccesiHUsI.

MBI paccMaTpuBaeM TEOPHUIO ¢ B3aMMOJEHCTBUEM @, (HIKHUH HHIEKC yKa3bIBAET
pa3MepHOCTh MpOCTpaHCTBa-BpeMeHu). Kak M3BECTHO MOJENIb C YEeThIpeX-YaCTUYHBIM
B3aMMOJICHCTBUEM SIBJISIETCSl 0a30BOM jabopaTtopueit s a¢hdexTuBHON Teopun moiis. Bee
MOCIIEAYIOLIEE PAacCMOTPEHUE (B TOM YHCIIE MPU Y4YETE LIBETOBBIX U CIHUHOBBIX CTENEHEH
CcBOOOABI - KBAaHTOBO-XpOMOJMHAMHUECKHe 3S((HEKTHBHBIE MOJIEIH) B MPHUHIMIIE MOXXHO
0000111aTh Ha 3TOT CITyYail.
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Kunemartuka mpoliecca paccessHusi npuBeneHa Ha Puc.l, roe uepes F (p, p') o0o3HaYeHa

a0copOTHBHAs YaCTh HJIACTUYECKON aMIUTUTYIbI T( D, p') paccestHus BIEpEN; AP0 ypaBHEHUS

B paccMaTpUBa€MOM HaMH TPUOIIDKEHUH OO0pa3yeTcss M3 CYMMHPOBAHHS TPOCTHIX
JIBYXUaCTUYHO-HENpUBOAUMBIX auarpamMm (bubble exchange) [. VYpaBHeHue wumeer

HIDKECIeAyIolee peacTaBieHue [S]
p p

, /

p Y

Puc.1. I'padmueckoe npencrasnenue ypasuenus bere-Conmurepa.
F —MHHMast 4acTh aMIUTUTYABI U [ —4acTh sipa ypaBHEHHUS.

2 4 2 2 2 '
F(p,p')zl(p,p')+WId al(p.q)2(q? =m?)F(q. p) . (1)

rIe A(q2 —mz) - IpOTIaraTophl BJOJIb MY3bIPHKOBBIX JIECTHUIL, 71 - Macca mojied @ . Suapo
I B Hammen Mouenu,

/1277'2 o ‘
I(s,p. ) I 3la> ~m*Plla~p- ¥ ~molp, + 'y, )il ddlda, sin 9a54¢

(3Oech s = ( ptp ) — [OJIHAsi PHEPTHUA) Tociie cTanaapTHoro Beruucnenus B C.1.H.:

p+p'=0(p, +p'0:\/;) UMeeT BUI:

327‘[ ]

KOTOPOE COTJIacyeTcsi aHaJIOTHYHBIMU BeIpaKeHUsIMH ApOy30Ba, [IbsikonoBa u Pouesa [4] u
Kannana u 'onnbeprepa [5].
] 4m

Ucnons3ys ¢pyHkmio (2) B ypaBHEHUU (1) UMeEEM,
4 2 2 [
q 4m Js' o
1- F(g,p';s"). 3
e —m)[ SHJW ) ¥

(YuuthiBass BHYTpEHHHME CTEIIEHU CBOOOJBI U CIIMHA, IIPU HAJIMYUM KOTOPHIX ypaBHEeHHE (3)
OyJIeT IPeICTaBIATh COO0H CUCTEMY YpaBHEHUM ISl MTHBAPUAHTHBIX aMILTUTYI).
Jlis aHaJOTWYHBIX ypaBHEHUW B psjge padot [4], [S] u [6] HaiineHbl TOYHBIC PENICHHUS,
KOTOpBIE B aCUMITOTHYECKOM PEKHUME (S — 00) AAIOT CTEINEHHOE MOBEICHHE aMILIMTY] B
BHUJIE PEIKEBCKOW AaCHMMNITOTHUKH, YTO COOTBETCTBYET 3KCIEPUMEHTAJIbHBIM OTPAaHUYCHHSM,
HaKJIaJbIBAEMbIM Ha aMIUTUTYAY PACCESTHUA.

AHanM3 CTPYKTYpbl YPaBHEHHS TIOKA3bIBAET, YTO HAXOXKJIEHHUE PEIICHHS JTaHHOTO
ypaBHEHHUS MeTojoM paboT [7] u [8] HaTamkWBarOTCS HA HEKOTOPHIE MaTeMAaTHUYECKUE

2)

F(p,p';s)=
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TpyrHOCTH. OIHAKO, B KHHEMATHUECKOH 00/IacTh § >>m’, IpH GOMBIINX YHEPIUIAX § — 0 1
JUIS OTHOCHTEIBHO MaJblX 3HAYCHHWH KOHCTAaHTHI CBsizu A, smupo [ (2) npuHHMaeT
HauWIpOCTEHIMA  BUJ  (YTO  COOTBETCTBYET  IIEMOYEUYHOMY  NIPHOIMKEeHHI0-‘chain
approximation”, uinu monenu Tuppunra 4-xmepHoii Bepcun). [IpeneOperass HEOAHOPOIHBIM
YJICHOM, B MPUIIUIIE YpaBHEHUE (3) IPUMET BI/I,Z[

F(p.p'is)= = H(ZH)J - )ZF(q,p';s'). )

Kaxk uzBectHo u3 nuteparypsl ([10]), B MOJENsIX ¢ YEThIpEX-4aCTUYHBIM KOHTAKTHBIM
B3aMMOJIeHCTBIEM, TTapLHaIbHas eBKINI0BA AMILIMTYIA B 00/1acTH GonbuX p'°> B 4-X
MEPHOM MPOCTPAHCTBE-BPEMEHU UMEET BUJL

2 a(/\,n)—%
F(p*.p) 07,0 Im’. A)(%j ’ Q)

T.€. IOKA3aTelib O SBJACTCS (bYHKIII/Ieﬁ KOHCTAHTbI B33HMOI[€I>1CTBI/I$I, " CYHICCTBCHHO BJIMACT
Ha aCUMIITOTHUYCCKOC ITOBCACHUC aMINNINTYAY Ha MaJIbIX PACCTOAHUAX. ITomumo 9TOI'0, TAKXKC

npu GosbIMX p'> (IIpM YCJIOBUH, YTO BCEe 0COOEHHOCTH T, B KOMILIEKCHOH O — IJIOCKOCTH
JeXaT JieBee TOYKHM J =n) TyTeM peIIeHUs PEeHOPMIPYNIOoBOro ypaBHeHus Karrana-
CumaH3uka [ MaplUalbHBIX EBKJIMAOBBIX aMIUTUTYJ pacCesHUS BIepeld, TMOSBISETCS
HEINOCPE/ICTBEHHAs CBSI3b C MOMEHTaMHU
n,
M, (p?)= mc® (02 ) p? V2 ReT, (p*, p ) (e ¢ = [ (n+ (k =2)/ 2)/nil ((k =2)72), k —pasve
P-HOCTh TPOCTPAHCTBA-BPEMEHHU), KOTOpas JaeT OTBET Ha BOIPOC JOrapu(pmMuueckKoro
K(n) . .
MOBEJICHUsI MOMEHTOB (M n(p'2)= (log p'2) ) B TIyOOKOHEynmpyroit (ObEpKEHOBCKOM)
obuactu (— p° - oo) [10].
[Tocne mepexoaa B €BKINA0BY METPUKY yYpaBHEHHE (4) MOKET ObITh AMArOHATU30BAHO
pasioxxeHueMm 1o noimHoMam [erendayspal10]

F(p.p)=3.C,(cos)F, (p. "),

n=0
rae cosd = (pp')/ﬂ])zp'2 .
[Tocie mHTETpUPOBAHUS TIO yIiIaM MOJIYYHM YPaBHEHHE JUIS MAPIHATLHBIX €BKIUIO0BBIX
ammmryn F, (pz, p'Z):

F,(p2.p?)= r dlo’ )y’ F(g’,p™). (6)

128773(n+1)([(q m’)

2 ay (A) 2 an (/‘)_5
CorunacHo (5), BeIOMpas penienue ypasuenus (6) B Buze F, (pz, p'z) D(Z—j (Z—j ,

(B MOABIHTErPAIBHOM BBIPQXKEHUM Ul aMIUIUTY/bl IPOM3BOAMM 3aMEHY p — ¢ ), Aaliee
TIPOBOJI MHTETPUPOBAHUE TIO ¢ / m’ TmosydaeM NpocTyro Gopmyiry

N AT )
p _ A EQ’ +1 1
= =- 0 : 7
{mz} 12877 n+1 sin(mm,) @)
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KOTOpPOC IIpH (bI/IKCI/IpOBaHHOM p2 , 4a€T IPUHOUITHAJIbHYIO BO3MOXXHOCTb OIIPCACIINTD SIBHBIN

2 2
m

2 a, () 2 \n (1)-3
BU] O, (/1) . A BbIOOp penieHus ypaBHeHus (6) B Buge F, (p2, p'z) D[ L 1] (p_] )
m

npu m”> >> p”> MPUBOIMT HAC K CIIEAYIOMEMY Pe3yIbTaTy IS MOKA3aTels

2
orn(;l):l 11\/1 A

32 (n+)

[N~

) 2 \n (A)-1 2 \%n (1)-
BeiOupas pemienue B Bune F, (pz, p'2) Dlnz[p—zj EEP—2] (p—zj , TIocJe
m m m

IIPOBEJICHUS CTAaHAPTHOM NPOLeypbl UHTEIPUPOBAHUS ITOJIy4aeM HUXKECTEAYIoLIee

BbIPAKCHUC
a, (1)1
an p_2 p_2 - /12 D an(A) X
m* ) \m’ 12877 (n+1) sinmm, (1)

qwa+a,(A)-pa-a,)F +¢a+a,()+pa-a,Q)y.
rae  Y(z)- norapudpmudeckoe npousBogHOoe [ —dyHKIMH, a Y'(z)- HABaxIbI-
norapudmuueckoe mnpousBonHoe [ —dyaknuu. Hcnons3ys Beipakenue bune[ll] mns
Y(z) (a manmee ucnonb3ys THpeAcTaBlieHus (J(z)u (Y'(z) B BUAE psAla U OrPAHUYMBASICH
TOJIbKO HYJIEBBIM YIIEHOM psia), MOocie pa3joKeHus JorapubmMudeckux (yHKIUN TuIa

2
ln(p2 / m?*) B pan B oOnacTu p / ,>0 ¥ ocTaBIsgs TOILKO TJaBHBIC YIICHBI BHJA
m

2
p/ -1
2
20345 — | B npenene pz/mz ~ 00 4 a, (/1) TIOJTy4UM
p/ +1
2
m

AZ
-1
3
256 17 (n +1)
HpI/I 9TOM BOIIPOC 000CHOBaHUSI JIOFapI/I(l)MI/I‘-IGCKOFO IIOBE€ACHUA MOMCHTOB B JaHHOM

MOJXO0JIE OCTACTCS OTKPBITBIM, KOTOPBIA SBISETCS TPEAMETOM HalIUuX JdaJlbHEWUIINX
HUCCJIETOBAHMI.

a, (/1)2 log

3ak/r04yeHu

Mpbl KOCHYIHCH TONBKO 4YacTH Hambojee MJOCTYMHBIX JeTajeil HucCleqOBaHUs
ypaBHeHuii Tuna bBbC. Ha nam B3risa, takoi mpoctoil crioco0 pemeHust YbC moxeT ObITh
npuMeHeH B 3((EKTUBHBIX MOJENAX, a TaKKE B aCUMIITOTHUYECKH CBOOOTHOW TEOpHH MO
h¢* (manpumep, B mpuOIIKeHn: ¢ AByXuacTuunbM (bubble) o6MeHoM u “truss-bridge”).
[Tomumo 3TOro CymecTByeT BO3MOXHOCTb NPUMEHEHHS JaHHOIO pelenta s pelieHus
ypaBHeHud Tuna bC ans MHUMOHM 4acTH aMIUIUTYbl paccesHUs Ha KOHEYHbIE YIJIbl U s
BBIUMCJICHHS] MHKJIFO3UBHBIX CIIEKTPOB B JIECTHUYHOM MNPUOIMIKEHUH, YTO TAK)KE COCTaBISET
peIMeT HAallluX JajdbHeUIuX ncciae10BaHuM.
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IDENTIFICATION OF NEUTRAL BOSON WITH MASS 1233 GeV/126 GeV
DISCOVERED IN CMS AND ATLAS EXPERIMENTS AT LHC

Vali A. Huseynov

! Department of Theoretical Physics, Baku State University,
Z. Khalilov 23, AZ 1148, Baku, Azerbaijan;
? Department of General and Theoretical Physics, Nakhchivan State University,
University Campus, AZ 7012, Nakhchivan, Azerbaijan

We discuss the questions connected with the search of the Standard Model scalar
Higgs boson in the CMS and ATLAS experiments at the Large Hadron Collider.

It is shown that a single neutral scalar boson with the mass 125.3 GeV /126 GeV
can not be produced via the known charged vector boson fusion channel. The impossibility of
production of a single neutral scalar boson in the mass range below 160.770 GeV due to the
energy and spin conservation laws and the possible production of a single neutral boson with
spin J =2 in that region enable us to come the conclusion that the single neutral boson with
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the mass 125.3 GeV /126 GeV discovered in the CMS and ATLAS experiments is neither

the Standard Model Higgs boson nor a scalar boson at all. The neutral boson with the mass
125.3 GeV /126 GeV discovered in the CMS and ATLAS experiments is a new neutral

boson with spin J =2 (a tensor particle) that is not included in the Standard Model. Both the
P —parity and C — parity of this new particle are +1, i.e. this is a new neutral boson with

the quantum numbers J PC =™,
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URAN VO RADIUM TORKIBLI MATERIALLARIN FiZiKi XASSOLORININ
TODQIQI
A.A.Qoribov, R.N.Mehdiyeva, M. N. Mirzayev, Z.A.Mansimov

AMEA Radiasiya Problemlari Institutu, B.Vahabzada 9
E-mail: nukl@box.az

Niivo materiallarinin respublikamizda istifado saholorinin agkar edilmosi xiisusi
ohomiyyat kasb edir. Bu magsadls asagidaki istiqamatlarin todqiqi daha persrektivlidir.

1. Niivo energetikasi, radiasiyali texnologiyalar li¢iin agag1 aktivlikli niive yanacaginin

vo materiallarinin alinmasi;

2. Galacayin 4-cii nasl niive reaktorlari tigiin temperatura davamli niivo yanacaginin
alinmasi;

3. Elm va texnikanin miixtalif sahalorinda dozimetr, elektrohassas materiallarin

alinmasi;

4. Miixtolif magsadli radiasiyali texnologiyalar {igiin stia monbalarinin islonmasi:

L Uranil-silikatin elektrofiziki xassalorina daxili silalanmanin tasiri

Miiasir elmi vo texniki layiholordo detektor vo dozimetr materiallar1 kimi adoton
individual germanium-Ge, silisium-Si, ikili vo ii¢lii yarimkeciricilor istifads olunur. Niivo
energetik qurgulardaki son qozalar gostarir ki, yarimkegirici materiallar osasinda hazirlanmig
cihazlar ekstremal soraitdo igloyo bilmir vo onlar tez siradan ¢ixirlar. Dielektrik materiallarin
189 1onlagdirict siialara qars1 hossashigi asagidir. Onlarin hossashigimi artirmaq mogsadi ilo
onlarin torkibino 6z-6ziind radioaktiv pargalanaraq sistemdo olavo yiikdasiyicilar1 yaradan
tobii radionuklidlorin daxil edilmasi ekstremal soraitdo davamli sistemlorin alinmasinda osas
tisullardan biridir. Bu magsadls torkibinda U?* + U’ olan uran-silikat sintez olunub. Sintez
osason asagidaki sxemlar iizro aparilib.

Uranil-silikat sisteminin sintezi:

* Sistemin sintezinds ehtimal olunan kimyovi reaskiyasiyalar

b SI(OC2H5)4 + 4H20 — SI(OH)4 + 4C2H50H (1)
*  Si(OH)4 + 2UO0,2S04 - Si04(UOy); + 2H,S04 2)
« (C;H50H + CH3COOH - CH3;COOC;Hs+H,O 3)

Alinmug birlosmolorin iimumi torkibini timumi olaraq (UO;).(Si10,), kimi ifado etmok
olar. Osasan li¢ torkibli uranil-silikat sistemi alinib.
I torkibda 3,97 % uran olan UO,-Si0,
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IT torkibda 6,83 % uran olan UO,-S10,

I torkibdo 10,12 % uran olan UO,-SiO,
Birlosmonin torkibi  vo radioaktivliyi RSA,
spektrometrik, termoqravimetrik iisullarla todqiq olunub.

IQ-spektrometriya,

gamma,

alfa

Niimunalorin qurulusu va torkibi IQ oblastda udma va diffuz sopilms iisulu ilo todqiq

olunub. Alinmis niimunalorin radioaktivliyi HPGe spektrometrinda toyin edilib.

Cadval 1.
Sira Uranilsilikatin torkibinda uranin coki Birlogsmalorin radioaktivliyi,
Ne-si iizro faizlo miqdari, % Bk/q
1 3,97 5900
2 6,83 7950
3 10,12 8270

Niimunolorin torkibindoki su molekullarinin miqdart DTA vasitosi ilo toyin edilmisdir.
Sokildon goriindiiyii kimi (sokil 1,2) DTA oyrilorinds 3 endoeffekt miisahido olunur.

o

10

204

ESTHE 1

SO0 FOO |00 oS00

Sekil 1. (UO,)4(Si0y,), birlogmalarinin DTA va TG tadqiqinin naticalori:

1. 3,97 %-1i UO, —silikat; 2. 6,83 % UO, silikat; 3. 10,12 % UO; silikat

Amyo, 6ec %
—_
(=)

¢

1 2 3 4 5 6 7 8 9 10 11
G %

Sakil 2. Miixtalif adsorbsiya formal1 suyun uranin migdarindan asililigt
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Alinmus uranil-silikat 2Mpa tozyiqindo sixilaraq xiisusi paralelopiped formasina
salinmig, xilisusi Ag kontaktlar1 qoyulub, TERAOMMETR cihazinda niimunolorin xiisusi
miiqavimati todqiq edilmis, 10* Om.mm oldugu miisyyanlagmisdir.ilk dnca SiO,-nin termik
islomadon sonra elektrik keciriciliyinin temperatur asililig1 todqiq olunmusdur. Niimunolor
D=9-45 kQr intervalinda vo T=300-500 temperatur intervalinda gamma siialanmaya maruz
qalmigdir. Miiqayiso tliglin niimunalorin siialanmadan ovvol vo sonra elektrik kegiriciliyi
Olglilmiisdiir (sokil 3,4,5).

- Birinci

ikinci

Elekdirik kegiricllpi Om !

T T T T T T T T T T
364 KX JHG E&Y 546 556
Temperainr (K}

Sekil 3. SiO,-in 723 K temperaturda termiki islomodon sonra elektirik kegiriciliyinin
temperaturdan asililigi.

.
i -— hirinei
-
E |
B
B -7
2
" 1 Uelincid
gz
-
)
el
1 ikinci
] _
@ 10
-1 T T T T T T T T T
200 350 400 4350 500

Temperatur T (X)

Sekil 4. Torkibinds 3,97 % uran olan uran-silikatin giialanmig niimunoslorinin elektrik
kegiriciliyinin temperatur asililig1
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Sakil 5. Torkibindo 6,83 % uran olan uran-silikatin giialanmig niimunalorinin elektrik
kegiriciliyinin temperatur asililig

Tomiz vo torkibino U3Og daxil edilmis SiO, niimunalarinin elektrik kegiriciliyl hava
ilo tomasda T=300-500K intervalinda ol¢iiliib. Homin niimunalorin elektrik keciriciliyinin
temperatur asilihiglarinin tipik formalari sokil 5-7-da verilib. Alinmig naticalordon goriiniir ki,
tomiz SiO; niimunalorinin elektrik keciriciliyi T=300-350K intervalinda nisbaton sabit, uran
torkibli S10; niimunslarinds iso uranin miqdart atrdigca bu interval T=300-400K goder artir.
Temperaturun sonraki artimi oblastinda biitiin niimunalorin 0=f(T)-do azalma miisahido edilir
vo T=450 K-do stabillosmoys meyllilik miisahido edilir. Nozaro alsaq ki, SiO, qadagan
olunmug zonasinin eni E,=10eV olan dielektrikdir, adoton temperaturun artmasi elektrik
kegiriciliyini stimullagsdirmalidir.

Alinmus asililifin saboblorini agkar etmak liglin eyni niimunalarin elektrik kegiriciliyi
birinci dl¢iilordon sonra yenidon aparilmis (II-6l¢ii) vo bir giin atmosferlo kontaktdan sonra III
Ol¢li aparilmigdir. Goriindiiyti kimi II tsikl Olgiilordo niimunalarin elektrik kegiriciliyi asagi
diistir vo yuxart T=450 K oblastinda III vo I Ol¢iilordo alinmis giymatlors yaxinlagir. Bir
glindon sonraki 6l¢gmolarda niimunalarin elektrik kegiriciliklori I-6l¢iiys yaxinlagsmig qiymotlor
alir. Homin niimunslorin Differensial Termik Analiz naticolori gostorir ki, T=300-550 K
intervalinda biitiin todqiq olunmusg sistemlordo niimunalorin dehidratasiya proseslori gedir.
Dehidratasiya proseslori vo elektrik kegiriciliyinin azalma proseslorinin hom temperatur
intervallar1, hom do 6lgmoaler iizro doyismo qanunauygunluglarinin iist-iisto diismasi bir daha
hidrat tobaqgosinin silikat sistemlarinin elektrik kegiriciliying tosiri haqqinda fikir yiiriitmoyo
imkan verir.

Su molekullan silikat sistemlorindo kationlarla Si**, U™ ion-dipol qarsiligh tosirinda
olur vo bu tosir naticosinda sathi hidroksil qrupu vo xemosorbsiya olunmus su molekullarinin
hidrogen atomlar1 protonlasmis halda olur. Odur ki, hidrat ortiiklii silikat sistemlarda elektrik
ylikdagtyicilart natamam dehidratlagsmug II 6l¢mo aparilan niimunalaors nisbaton daha ¢ox olur.
Niimunalor bir giin qaldigda straf miihitdon su molekullarinin yenidon sorbsiyasi naticasinda
hidrat ortiiyii barpa olunur. Odur ki, bu niimunslorin elektrik keciriciliyi II vo T 6lgmo
qiymatlori arasinda olurlar.
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Hidrat oOrtiiyli desorbsiya olunduqdan sonra sistemin elektrik keciriciliyinde osason
Si0, vo Si0,-U30,  sistemind xarakterik qiymatlor miisahido olunur. Niimunalorin elektrik
kegiriciliyinin temperatur asililig1 biitiin sistemlar li¢iin eyni xarakterli olurlar (sokil 4-6). Bu
asililiqda osason 3 torkib hisso I- baglangic vo son- III stabil hissolor, II- koskin azalma
interval miisahido olunur.. Bu hissolordo miisahido olunmus elektrik kegiriciliyinin I vo III
intervallara miivafiq qiymaotlorinin uranin silikatda qatilifindan asilihig sokil 7-do verilib.

° 1

6 —o—
’/ R L, III 6lcmo

-7 [ ] 2

II 6lgm¥

3
stabil oblast

Elektrik keciriciliyi, om™, mm”
e e
o] = o] jSe]
1

iR
A
1

1 2 3 4 5 G 7 3 9 1¢ 11 12

C, uran, ¢aki %

Sakil 6. Torkibinds uran olan silikatin elektrik kegiriciliyinin uramin migdarindan asililig:
1. Niimunaloar birinci vo 24 saat havada saxladigdan sonra T=300-350 K
2. Nimuns T2550 K- gader qizdirdiqdan sonra T=300-350 K
3. T=550 K oblastinda niimunalerin kegiriciliyi

Goriindiiyti kimi hidrat tobogeali niimunalarin elektrik keciriciliyi uranin gatiligindan
asih olaraq az doyisir. Natamam dehidratlagsmig silikat sistemlordo uranin 3,97%-li
qatihigindan sonra 0=f(Cy)- asililiginda stasionar zona miisahido olunur vo miitloq qiymot
hidratlasmis niimunalords 2-3 tortib az olur. Niimunalarin 6ziino moxsus elektrik kegiriciliyi
III intervalda da uranin miqdarindan asili olaraq artir vo bu asililigda da Cy=4 ¢oki faiz
intervalinda stasionar oblast miisahido olunur. Goriindiiyii kimi silikat sistemlorin moxsusi
keciriciliyi hidrath niimunslorden azdir.

Ohidrat(1, I 8lgma)™ O(II 6lgmo)=> OTII moxsusi 8lgma(biitiin dlgmelor)

Silikatin torkibindo uranin miqdarinin artmasi ilo elektrofiziki xassosindo miigsahido
olunmus doyisikliklori torkibdo radioaktiv par¢alanma mohsullarinin tasiri ilo izah etmak olar.
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Urantorkibli silikatda U(U>®-U*) izotoplarinin radioaktiv parcalanmasi naticosindo

olavo adsorbsiya morkozlari vo yiikdasiyicilar: alinar.

UR - Thi + He!
L =B 3)
Paz)
Bu radioaktiv par¢alanma zonciri iizro 8 - alfa, 8 — betta parcalanma getmoklo
Pb.Y° stabil niivasi alinana godar davam edir. Sistemds amolo golon O vo [ siialar uran-silikata
tosir edorok hom yiiklii, hom do struktur defektlori yaradir.

U0»-5i0; —%Ps @ e 8% = 5i0; =si )

harada K& , e desik va elektron geyri-tarazh yiik dagiyicilar, S’ - adsorbsiya iizro aktiv
moarkaz, =S10 va =Si radikal hallaridir.

omoalo galmis geyri-tarazh yiikdasiyicilar strukturda movcud kation (elektronodonor)
vo anion (elektronoakseptor) vakansiyalarda lokallagirlar.

P
+AD - AP (5)
e+ Axr > A; (6)

harada Ap, Aa —elektronodonor vo akseptor lokallasma markazlari, Ap vo A. iso geyri- tarazh
ylikdagtyicilarinin lokallagmis hallaridir. Homin hallardaki yiikdasiyicilarin elektrik
keciriciliyinda istiraki li¢iin lokallasma morkozlarinin bos yeri (AE,,) qodor sistema enerji
vermak lazimdir. Odur ki, elektrik kegiriciliyind artim asason T=450 K-do miisahids olunur.
Belaliklo, uran-silikat sistemlorinds daxili uranin radioaktiv par¢calanma mohsullarinin
tosiri altinda alavo yiikdasiyicilart amalo galir, bu silikat sisteminin elektrik kegiriciliyinin
koskin doyigmasind sobab olur.

Natica: Uranil tarkibli silikatda uranin radioaktiv parcalanma mahsullarumin silikatin
elektrik kegiriciliyini 3 tortib artirmasi va bu yiiksak qatiliqli yiikdasiyicilarina malik halini
T<400K-na gadar davaml saxlamasi askar olunub.

Ekstremal hallara yarumkegirici va polimer birlasmalordon daha davamli olan oksid
dielektriklorin radioaktiv atomlarimin daxil edilmasi naticasinda elektrohassas halinin
alinmast davamli detektor va digor fiziki cihazlarin islonilmasi istigamatlorindan biri kimi
qabul edils bilar.

IIL. Uranil tortibli silikatlarin suyun radiasiya-katalitik parcalanmasina tasiri.
Uranil torkibli silikagelin suyun radiolizindon hidrogen alinma prosesinds radiasiya katalitik
aktivliyi tadqiq olunub.
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Sakil 7. (Si0,) va tarkibinds 0.01% (2) vo 1.00% (3) uran olan silikagel lizorindo suyun y-radiolizi
(D=3,05 Qr/s, T=296K) zaman1 amolo golon molekulyar hidrogenin kinetikasi:
Gi(Hy)

=0.38; Gy(H,)=0.59; G3(H,)=0.84molekul/100eV.

Allmmis Yuxarida gostorilon metodika iizro torkibindo uranil olan silikagel sintez
olunub.

niimunalar T=623 K-do vakuumda tam dehidratlasmaya qodar termovakuum Px10” Pa
islomoys moruz qalib. Homin miihitdo UO,-SiO, sistemin radiasiya-katalitik xassosini
modifikasiya etmok moqgsadi ilo silikagel UO,* vo Be** mohluldan birgo ¢cokdiirms tisulu ilo
(UO»)x(Be0)(Si0,), sorti torkibli uranil-silikat vo uranil-berillium-silikat sintez olunub.
Alinmig niimunolor T=723-923 K ovvalco havada, sonra iso termovakuum soraitindd
islonmaoys moruz qalib. Niimunolordo uramin miqdart izotop-kiitlo spektrometrik vo
radiospektrometrik iisullarla toyin olunub. Uranil-silikatin iki qatihigl 0,01 vo 1 atom faizli,
uranil-berillium-silikatin iso 0,01 atom faizli uran torkibli niimunalari sintez olunub. Alinmig
niimunalorin xiisusi sothi sahasi BE iisulu ilo toyin olunub.

Cadval 2.

Normal silikat Cyat % Gisusi
niimunoslori m’/ qr

Si0, -I silikogel - 110

Si0,-U0O, 0,01 102

Si0,-U0O, 1,0 113

(UO,).(Be0)(SiO,), 0,01 374

Cg. 10 at %

Almnmig niimunalorin radiasiya-katalitik xassasi suyun statik soraitdo qgamma-radiolizi
prosesinda sinanib. Radioliz mohsullar1 gazoxrom-3101 xromatoqrafinda analiz olunub.
Hidrogenin alinmis niimunalarin istiraki ilo heterogen radiolizi mohsullar1 sokil 7 vo 8 —do
verilib.

Berillium uranil-silikat timsalinda radiasiya-kimyovi ¢iximin katalizatorun sathinin su
molekullart torafindon Ortiilma doracasindon (8) asililgi Gyronilib. Bunun iiclin miixtalif 0



Fizikanin miiasir problemlari VI Respublika konfransi

qiymatlorindo H-nin alinma kinetikalar1 todqiq olunub vo kinetik oyrilorin baslangic xatti
hissosind goro G(H) toyin olunub. $okil 8-do suyun berillium-uranil-silikat istiraki ilo
radiolizindo molekulyar hidrogenin ¢iximinin katalizatorun sothi Ortiilmo doeracasindon
asililig1 verilib. Goriindiiyti kimi G(H»)=f(0) asililiginda 6=0,1 giymatlorindo stasionar oblast
miigahids olunur.

Temperaturun urantorkibli silikatlarin radiasiya-katalitik xassosing tosiri tomiz SiO;-I
vo urantorkibli Cy=0,01 at% silikagel timsalinda T=673 K, suyun miihitdo buxarinin
sixliginin szo=6,5mqr/sm3 qiymatlaorinds statistik soraitdo kvars reaktorda aparilib.

Cadval 3.
Silikat niimunalari Cy, silisiuma T temperatur, K P20 G (Hy)
gora atom %-i mqr/sm’ | molekul /100 eV
Si0,-1 - 673 6,5 2,0
U0, -SiO, 0,01 673 6,5 3,0
(U0,),(Be0),(Si0,), 0,01 673 6,5 4,5

Almmis naticalar gostorir ki, uran silikagelin suyun radiasiya-katalitik xassasini artirir.
Miisahido olunmus artim uranin 9lava enerji 6tiirmo morkazi yaratmaqdam basqa, radioaktiv
parcalanma mohsullarinin enerjisinin suyun radiolitik par¢alanmasinda istiraki ils izah olunur.

Si0-1 —m—> @ +e+ex (7
U0, - Si0, Jaxili sialanma o o | o 8)
e ;ma@ +e + ex ©)
P, e, ex
Harada silikagel strukturunda amaols galon desik, elektron vo hoayacanlanmis

hallardir.

SiO, — I tomiz silikatda radioliz yalniz xarici siialanma hesabina AE, bag verdiyi halda,
uran tortibli silikatda iso radioliz prosesi xarici stialanma (AE,) vo daxili radioaktiv
parcalanma AEp enerjilorinin hesabina bag verir. Odur ki, radioaktiv sistemdo udulma siia
enerjisi intensivliyi sarti olaraq iki torkib hisso ilo miioyyon edilir (Jim=Jdaxiti+Ixarici) - Odur ki,
radioaktiv katalizatorlarin istiraki ilo prosesin siirati adi sistemlorden ¢ox olacaqdir.

W(HZ)mdioakziv - Jdaxili + J,mrici - 1 + Jdaxili (10)

W(H 2 )SiOz -1 xarici xarici
b 2L
=
g 0
Ej
S 1,0
o 6
o]

1 | ]
0,05 0,10 0,15 ©

Sakil 8. (UO,),—~(BeO),~(Si0,), katalizatorunun igtiraki ilo suyun y-radiolizi (D=3,25 Qr/s) zamani hidrogenin
radiasiya-kimyavi ¢iximinin sathin tutulma doracasindon asililigi.
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III. Radium tarkibli silikatlarin suyun radiolitik parcalanmasinda radiasiya —

katalitik xassalori.
Tobii radionuklidlorin tipik genis yayilmis niimayondasi radiumdur. Odur ki, torkibindo
radium olan silikat agagidaki reaksiyalar iizro sintez olunur.

Si(OC,Hs)s + H,0 SHCOOH g 0H), + 4C,H0H (1)

C,HsOH + CH3;COOH — CH3;COOC,Hs + H,O 2)

. .
SI(OH)4 T=873+1073’K Si0, + 2H,0 (3)

Gostarilon reaksiyalar iizra tomiz SiO; alinir. Radium-silikat almagq ticiin iso Si(OH)4
gelinin tizorinae RaCl, slave edilib, T=373K, t=12 saat miiddotinds reaksiya aparilir:

Si(OH); + RaCl, — Ra-Si0; +2HCI + H,O  (4)

4 3
3.5 1
= 3
—
g 251
P 2]
g i 2
<~ 1.5
=)
4 1
1
0.5 |
% M M ¢
0 T T T T T !
50 100 150 200 250 300
T, daq

Sakil 9. Ra — SiO; + H,O sisteminds radiasiya — termiki proseslords radiumun migdarindan
asili olaraq malekulyar H, —nin alinmasinin kinetik ayrilori.
1 A=2A0 Rk/o 72 A=72500 Rk/c 3 A= A10N Rk/o T=ANN K D'=0N4

6.0 -
3
- ]
P~
(=]
£ 40 | 5
=
i ]
T
Z 20 | .
0 ///
60 120 180 240 300 1, doq

Sakil 10. Ra — SiO; + H,O sisteminds radiasiya — termiki proseslords radiumun miqdarindan
asili olaraq molekulyar H, —nin alinmasinin kinetik ayrilari. ,
1. A= 260 Bk/g, 2. A=2500 Bk/g, 3. A= 6100 Bk/g, T=373 K, D = 0,4 Qr/s
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Kinetik oyrilor osasinda toyin edilmis W(H»), Gimumi (H2) vo Gugs(H2) qiymatlari

cadvalds verilib.

Cadval 4.

Radium - silikat T=300K, D = 0,4 Qr/s T=373K, D = 0,4 Qr/s

niimunalari, W(H,)[102 Gum(Hs) G oas(Hy) W(H,)[10™"? Gim(Ho) G 4is(Hy)

onlarmn Molekul/ Molekul/ Molekul/ Molekul/ Molekul/ | Molekul/
radioaktivliklori qrls 100 eV 100 eV qr3 100 eV 100 eV
Bk/q

1. 260 0,33 0,012 2,61 0,56 0,024 5,14
2. 2500 2,25 0,09 17,60 2,78 0,12 25,60
3. 6100 3,06 0,12 23,87 4,17 0,18 38,54

Alinmus noaticalar gostarir ki, silikatin torkibinds radium izotoplarinin miqdarn artdigca
onun sothindo suyun radiolitik parcalanmasinda hidrogenin ¢iximi artir. Temperaturun
T=300+373K intervalinda doyismosi do hidrogenin ¢iximuni artirir. Cadvoldo verilmig
Gads(H2) giymatlorinin homogen halda tomiz suyun radiolizindo miisahido olunan qiymatlo
(G(H»)=0,45 molekul/100eV) miiqayisasi gostorir ki, Gags(H2)2Gpom(H2), bu da alinmig
radium-silikat sistemlorinin suyun radiolizinds radiasiya-katalitik tosir gdstormasini siibut
edir.

Radium-silikatin suyun radiolitik par¢alanmasina tosiri asagdaki faktorlarin hesabina
ola bilar:

* radium-silikat gamma-giialarinin enerjisini udaraq onu geyri-tarazh ytikdasiyicilarin
enerjising ¢evirir:

Ra-Si— V> Ra-Si(e+®)
Su Ra-Si sisteminde Ra** kationun starfinda ion-dipol qarsiligh tosiri tizro adsorbsiya
olunur.

H H
>0—Ra-Si—A> >0"—Ra-Si+e - (H,0")Ra-Si
H H

(H,O*) —Ra— Si — Ra—Si + H + OH
H+H— H,

Omolo golon OH qrupu silikat strukturu torafindon tutulur. Bunun siibutu IQ- udulma
spektirlorindo OH qrupuna aid udulma zolaginin miisahido edilmasidir. Nozors alsaq ki, Ra-Si
—da radium Ra*? kation kimi suyun adsorbisyasi vo sonraki proseslorde aktiv enerji otiirmo
moarkazi rolundan basqa da, radioaktivlik vo miivafiq ionlagdirici siia monboyi rolunu da
oynaywr. Radium vo onun parcalanma mohsullar1 torofindon hom a-siialari, hom do
parcalanmalarin digor mohsullar1 alinir ki, onlar da silikat strukturuna tosir edirlor:

daxili siialanma

Ra—Si » Ra—Si’

Ra** radioaktiv parcalanma

Ra—-Si" +H,0 — Ra—Si - H,O*— Ra—Si+H + OH

Almmmig noticolor gostorir ki, radium-silikatin suyun radiolitik pacalanmasinda
radiasiya-katalitik aktivliyi niimunolorin radioaktivliyinin artmasi ilo artir. Bu da radioaktiv
silikatin suyun radiolitik parcalanmasinda daxili siialanma enerjisinin do istifado olunmasi
noaticasing golmoya asas verir.
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Miihiim notica: [k dofs> olaraq radioaktiv radium-silikatin daxili siialanma
enerjisinin tasirindon onun suyun radiolitik parcalanmasinda radiasiya katalitik aktivliyinin
yiiksalmasi fakti askar olunub.
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NCCIEJOBAHUE JIEKTPOPOXKIAEHUA XUI'TCOBCKOI'O BO3OHA
B THKIIO3UBHOM AHHUTUWJIALHNOHHOM KPOCC KAHAJIE

JI.A. Aramanuesa, T.O. baiipamoBa
Kagheopa cmpoenus sewecmea baxunckuii I'ocyoapcmeennwiii Yuusepcumem
ya. 3. Xanunosa., 23, AZ1148 baky, Azepbatiorcan

B nacmosiwem Ooxnade npusooumcs 00CydicOeHUe BO3ZMONCHO2O —PONCOEHUS.
+ * o « o
xXueecogcko2o 6o3ona 6 npoyecce ee — L, — Z,H . Haweii ocnosnou 3a0aueil signsemcs

paspabomka 6asvl acumnmomuyeckoeo peuienus ypasnenuu muna beme-Coinumepa 0ns
AMIIUMYObl 8 21YOO0KO-Heynpyeou 00aacmu UMEeHeHUsT UMNYIbCA NPU PodicOeHuu 0030HA
Xueeca. Hcnonvzosano unmeepanvhoe ypasuenue beme-Connumepa o0ns MHUMOU yacmu
amaumyobl paccesiHusi 6neped ¢ MUHUMAIbHO NEPmypOaAmueHuiM s0pOM - CYMMA NPOCHbIX
JeCmHuunblx  ouazpamm. Haiideno acumnmomuyeckoe peuienue ypasHenus 6 6uoe
PeOAHCEBCKOU ACUMNIMOMUKU.

Knroueesvie cnosa: acumnmomuueckoe nogeoenue, 21yO0KOHeynpy2as 061acms UMnYIbCos,
ypaeuenue beme-Connumepa, xueeco8ckuti O030H.

1. BBenenme. B wuccnenoBanusx B boasmom Anponnom Kommaiinepe (BAK)
oOHapyxeHa HoOBas (QyHIaMEHTAllbHAs CcKalsgpHas (WIM TICeBIOCKAISIpHAS) YaCTHIIA.
M3mepeHre KOHCTaHTBI CBSI3M 3TOTO HOBOro 0o30Ha B cTaHaapTHoW monaenu (CM) Moxer
OBITH apryMEHTOM B TIOJb3y, HJIM B TPOTUBOBEC TOTO, YTO OH SBJISIETCS JIM B
nerictBuTenbHOCTH 0030HOM Xwurrca CM [1-6]. XoTs Takoe OTKpBITHE, O€3yCIIOBHO,
MOTBEP)K/IaeT Halle MOHMMAaHUE O MPOUCXOXKJIEHUM MAacChl 4YacTHIl, TEM BpEMEHEM OHa
OTpaHWYUBACT THIBI TEOPUH, KOTOPHIE MOTJU ObI OBITH TMpeMIOKeHBbI 3a pamkamu CM.
Hampumep, Hekotopsle npocreiinme cynepcummerpuynslie (SUSY) mMoaenu npenckasbiBaroT
Macchl 0030Ha XHITca MEHbIIE M3MepeHHoro 3HadeHus maccel M, [ 125-126 GeV [3].

Takast cutyanus TpeOyet 6osee AeTaIbHOTO UCCIIEAOBAaHUS U3MEPEHHsI MacChl U KOHCTAHThI
B3auMOJIeHicTBHUA 0030Ha XWITCa B PA3IMYHBIX NPUOIMKEHUIX. JIst JOCTHOKEHHS ATOHM 1enu
B HACTOALLEE BpPEeMs INPEANPUHUMAIOTCSA PA3NIMYHBIE NMOAXONBI(CM.[4], M LUTHUpyEMBIE TaMm
UCTOYHUKH). Kak M3BECTHO, XUITOBCKHE OO30HBI KAK B PP CTOJKHOBEHMSAX, MOTYT OBITH
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OXKMIATBCS TAKKE B €€’ CTONKHOBEHHMSX (HampuMep, B mporecce ee’ — Z  — ZH) [7-9],
¢ nanmpHedmuMm pactagom  H — 2)[10]. Ecth MHeHHMe, YTO paccesHHE 4YacTHI[ B
TyOOHEKOYTpyTron 00JIaCTU HM3MEHEHMSI HUMITyJIbCa TMepeaaeTcss OOMEHOM IIeJIon
TpaekTopuer yactuil [11, 12]. BpuucieHue aMmruiMTyn paccesiHus YacTUI] B OCHOBHOM
BeJyTcs B paMKax metoaa teopus BosmyueHus (TB). Boixon 3a pamku TB B kannGpoBodHOI
TEOPHH MOJIsI MOKET IMPUBECTU K HETPUBHAIBHBIM pe3ynbTaram [13].

Kax n3BecTHO cymMMmHpoBaHHE AMAarpaMM JIECTHUYHOI'O THIIA BCErAa MPUBOAMUTCA K
MHTerpajdbHbiM ypaBHeHUsiM Tuna bere-Conmnurepa (BC) mna ammnutyasl paccesHus [14].
[Tpumenennem merona ypaBHeHus bC B pabdorax [15] Bbuncisaigach aMIUIMTYyIa paccesHUs B
paznuuHbIX Mopesnsix kBaHTOBOM Teopuu monst (KTII). Ilpu BeMMCIEHMH aCHUMOTOTOTHK
aMIUTUTY]T PACCeSHUSI KOHKPETHBIX MPOIECCOB MPHU BBICOKUX YHEPTHUAX, C TEXHUUECKON TOUKHU
3peHHsl YIOOHOH SBIsIETCS METOJ MPEeANIOKEHHBIM B [16] M pa3BUTHI B MOCIENYIOIIUX
paborax [17].

B Hacrosmield paboTe HaMH TPEINPHUHATA TOMBITKA BBIYHCICHUS aMIUIATYIbI
paccesiHUsl XUITOBCKMX OO30HOB B JIECTHMYHOM mpuOmmkennd R kammbOposke [7], 4ro

~ + 3
MOKeT ObITh 6a30ii McclleOBaHUs MPOLECCOB THNA ee — Z;, — ZH , nnu uccienoBaHus
MHKJIIO3UBHOTO KaHajla B pp CTOJKHOBeHUSX [1,2].

2. YPaBHeHI/Ie JJIA MHHMOM 4aCTH AMILIATYAbI pacCeIHUS XUTTOBCKUX 0030HOB 1
€ro aCHMNOTOTHYECKOE pelIcHHUuEe NMPH § — O, B OonpmuHCTBE BCPOATHBIX MCXaHHU3MOB
POXICHUA XHUITCOBCKO JaCTHUILIbI YC€pE3 B3aI/IMOI[€I\/JICTBI/I$I C TSKCIBIMHA (bepMI/IOHaMI/I u

‘- 0

KanHOPOBOYHBIMU GO30HAMH MeHee moxasiensl [7]. Jlaxe B nponecce e’ +e” — Z° + ¢

npu noiHoi sHepruu s = 200GeV B03MOXKHO pOXKIIEHHE XUITCOBCKOW YaCTHIIBI C MaCCOM
37 2 .

okosio 100GeV wu ceuennem 6omee 10 " sm”, KOTOPBIit COOTBETCTBYET OJTHOMY COOBITHIO B

2 2 . .
nenb pu ceetumoctd 107 sm” [3 [18]. Kak ussecto B CT HeT pU3NUECKON 3apsHKEHHOM

XUTTCOBCKOM 9acTUIlpl. HO BO MHOTHX PacIIMPEHHSIX MOJACTH TaKUEe YaCTHIIBI UMEIOTCS, YTO
npuBOAUT K Ooiee Goratoii penomenonorun [18]. Tak kak 3HaUSHHSI MacC U KOHCTAHT CBSI3U
9THX YaCTHIl HE CHJIBHO OTPAHWYHMBAIOTCS TEOPHEH, TO OHH MOTYT POKIAThCs B IPOIIECCE
e'e” - @' @ 3acuer PoTOHHOrO OOMEHa.

C apyro# CTOPOHBI, COTJIACHO MOJICITH «TEXHHIIBETa» XUTTCOBCKUE O030HBI SBIISIFOTCS
oueHb TspkenbiMu My, L1 TeV wu cocraBHbiMu wactunmamu. OHH HOCTPOCHBI M3 TaK

Ha3bIBAEMbIX «TEXHHMKBApKOB», B3aMMOJIECHUCTBYIOLIUE MEXAY COOOM «TEXHOTTOOHAMM».
Pagnyc koHpaiiHMEHTa I TEXHHIIBETOBOIO B3aMMOIEWCTBUS — mopsaka | TeV™'. Kak
U3BeCTHO [8], B cilyyae XHUITCOBCKUX 0030HOB ¢ Maccamu mopsiaka 1 TeV  gomkHO umersb
MECTO CHUJIBHOE B3aUMOJIEHCTBHUE  MEXAY H, W wu Z, upu DHEPIrUsiX
S L necxonvkux TeV . MoxHO TPEANONOKNUThb, YTO KaK cocTaBHas yactura H - 0030H

BO3HMKAeT KaK CBS3aHHOE WJIM pPE30HAHCHOE COCTOSIHHE U SIBJISIETCS  CIIEJICTBHEM
B3aUMOJICHCTBHS MEXK]y 2JIEMEHTapHBIMU YaCTHUIIAMU. DTH COCTABHBIE YaCTULIBI OY/IyT JIeXkKatT
Ha TPAEKTOPHUSX, 10 AaHAIIOTHH C Te€M, KaK 3TO €CTh B IIOTEHIIMAIHHOM PACCESHUH.

Jns Toro 4ToOBI MOMYYUTHh TAKHE COCTABHBIE YACTHUIBI, HEOOXOAMMO PACCMOTPETh
OECKOHEYHBIE COBOKYITHOCTH (EHHMAHOBCKMX JHarpaMM. OTOT (akT MOXXET He OBITh
CTPOTUM B MaT€MaTHYECKOM CMBICIIE, OJTHAKO IO MEHBIIEH Mepe MpHU MalbIX KOHCTaHTax
CBs3M, rae psanxy TB MOXHO mpuaaTe HEKOTOPBIA CMBICH, OH KaKeTcs BechbMa
IPaBJOMIOI00HBIM.
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3HAYUTENBHO 0O0Jiee HMHTEPECHBIM SIBISIETCS BOMPOC CYMMHPOBAHHS JAMATrPAMM
JECTHUYHOrOo Tuna. W3BECTHO, YTO CyMMHpOBAHHE JIECTHUYHBIX JMarpaMM IPUBOAMUT K
HMHTETrpajbHOMY ypaBHEeHHIO0 bC, KOTOpBIN laeT BO3MOXHOCTb BhIXoja 3a pamku TB [14,15].

B Hameil Moaenm CyMMHpPYIOTCS JIECTHMYHBIE JUarpaMmbl JUId CTaHAAPTHOMU
SU((2)xU(1) - teopuu B R; - KOBapHAHTHOW KaNMOPOBKE M CO CMIOHTAHHOM HAPYIIEHHEM

CI/IMMeTpI/II/I C JIanaH)I(I/IaHOM BSaHMOHeﬁCTBHH Lint
1 1 1 1 1 ! !
L, =8A,0"9'a'-0"p'g )+5g2A,,A”(¢f +@’) -

A . , o
—Z(ﬂz +@)) + g UA 4,9 g (@’ + @)
q)l\ ,,'(Dl q)l\\ "(Dl

CDI(P)\ /'CDI(P) .. R ~ s
L L Y---7 Y---

Puc.1.

(3neco (01 =| @ +i@ |- cKansApHBIC OIS, (£, -HECOCTASIBIINECS TOHICTOYHOBCKHE OO30HBI).

NG

[Ipu 3TOM He yunThIBasi AMarpaMMsbl IpuBeeHHbIE Ha Puc.2,

D;. D, Dy D, O SO,
b 7’ ~

. . . N . S
(D; S (Dl (D; ~ (DZ (D{ ~ (Dl

a) 0) B)
Puc.2.,

npuxoauM K ypaBHeHmio bC, rpaduueckuii BHI KOTOpOro mpejacTaBieH Ha Puc.3.
AHaJIUTHYECKU JaHHOE YpaBHEHHUE [JIi MHHMOW YacTH aMIUIUTYAbl paccesHus BIEpen B
kanmoposke Deitamana ¢ =1 umeer By

sP lfa
A % (D'\‘?—(Bi-r'/(bl

B N, D, D, pP-ay 4k—q

N / '>TF“ .f+

O 7 PTPORD g D/
k P »

/If \I\

P Kk

Puc.3. I'padmuecknii Bua ypasuenus bere-Conmurepa (1).

F(s;p®,p?)=36700°0|(p+ p)> —2M2 |+
26 (Fs3(p=9)".p")3q" - 2M7)8(p + p=g)* = '|dS (py + p'y=a0)
7 lp-9)? -2

d*qds'
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2.2
947y
2 2
8IM
UHTEPIPETHPOBAHA TAK)KE KaK Macca XMITOBCKUX 0030HOB. (B Harmielr Mozenu, B Lemsax
n30eKaHus BO3MOXKHBIX PAaCXOJMMOCTEH B MOJIBIHTETPAJIbHOM BbIPaKEHUH, KOHEUHBIM

3nece, G = M ,, - macca ckaaspHOTrO OIS ¢1, KOTOpasi MOXKET OBIThH

YACTHIAM IPHIIACEIBAEM Macchl ). s =(p + p')> — ToJHAs SHEprus HAIETAIONINX YACTHIL,
s =(p+p —q)*. IIpu 5TOM B IIOJBIHTErPATEHOE BEIPAKEHHE BBEICHA
1=[ds'3|(p+ p'=q)* =S|6(py + Py ~a0).

CorJlacHO KCIIEPUMEHTAIBHBIM PE3yJIbTaTaM O MOBEICHUU aMIUTUTYBI TIPU § — OO,
peleHre BHIOMpaeM B BHJE peKeBCKoi acummnToTuku F(s)=s% [16-17, 20]. IIposoxs
unarerpupoBanus B C.ILM: p+ p'=0 1o yrioBeIM U HMITYJIECHBIM TIEPEMEHHBIM ( TIPH 3TOM

o 2 4,2
npeamnosarasia, 4ro BHECIIHHUEC YaCTHIBI HaAXOAATCA Ha MAaCCOBOM ITOBCPXHOCTHU: P —,U N

p'> = [4*, a mompaBKa K aMIUIATYJIe 3a cueT BbIXoxa 3a pamku TB mopsika (p” — *)/s,

, +dF ,)» TOIy4nM

2
PTEU

1
1=G .[ w d )
0y’ +2v7
2
IYE ) KOTopasi MPUBOJIUTCS K CYMME JBYX THIEPTreOMETPHUUCCKHIX
§ H
bynakuwmii ['aycca [18]

i yr=H

Bmecy y=1-

2 .
%(a+1)(a+2):2F] 12, a+3 M|y +,F|12;a+3; -

3)
J2u \/_ 2

HpaBasI YaCTb 3TOro paBCHCTBA SABJISACTCA CYMMOfI OAHO3HAYHBIX AHAJIUTHUYCCKUX

| M M
GYHKIHUHA OT l\/zz B obmactu |arg(l _:/_TZ) < JT: TakuM 00pa3om, paBeHCTBO (3) maeT

aHAJIMTUYECKOe MPOJIOJDKeHNe it , F| ¢bynkuuit [21].

B cmyuait korma M, <+/2/ (T.e. BUPTYalbHBIH XHUITOBCKHH 0030H KaKHM-TO
MEXaHU3MOM TPHOOpETAaeT AOMOIHUTENBbHYI0O Maccy) ypaBHeHHE (3) BbIpakaeTcs B BUJE

psana [21]:
4y e M,@, | i MyY i M,
1 2)= -

GM} (@rias) Eo(a+3)nn! [\/5 U j +[ V2 p j ’

OTKYyAa HAXOOWM SIBHOC aHAJIMTUYCCKOC BbIPAKCHUC IJIA a
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KOTOpPOE MUMEET XOPOIIYI0 COIIaCyeMOCTh C BBIBOJIAMH IMPOJICTAaHHBIMH B PaMKaX IOJIOCOB
Pemxe [15-17], [20].

BMmecTo 3aKjI104eHUA.
HpOBO,Z[I/IMLIe HaMH BBIYMCIICHUA COCTaBiAT npeaMcET PaCCMOTPCHUA mponecca

+ *
ee. - 7Z, - ZyH wu mpouecca BO3MONKHOIO POXKIEHHA XUITCOBCKOro 0030Ha B
PP — CTOJIKHOBEHUSIX.

Ha mamr B3risi, Takod MOIXOJ UCCIENOBAHUS IIIEKTPOPOKIACHHS 0030Ha XHUTTCA TIO3BOJISIET
MIPOCTHIM CITOCOOOM (XOTsI B TpyOOM MPUOIMIKEHUH) BBIYUCIMTH KOHCTAHTY B3aMMOJICHCTBHS
CIIOpHOM yacTHIll, 00HapyxeHHoro B BAK [1], [2].
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n-Meson- NUCLEON COUPLING CONSTANT g,y FROM SOFT-WALL
AdS/QCD MODEL

Shahin Mamedov', Ibrahim Atayev2
(1) Institute for Physical Problems and
(2) Theoretical Physics Department of Baku State University

We consider axial-vector spinor interaction in soft-wall AdS/QCD model. We write
Lagrangian for these fields in the bulk of AdS space in the free case and find solutions to
equations of motion. Having write an interaction terms for these fields in the bulk we extract
Hnn coupling constant in the boundary QCD by use of AdS/CFT correspondence.

Introduction.

As is known there are two basic models of newly developed AdS/QCD theory: the hard-
wall and soft-wall models. Let us outline basic principles of soft-wall model [1] and introduce
m-meson and nucleon in this model. Action for this model has a form:

1= [d°x *.-"E e®r, (1)
where g = |detg,, | and metric of AdS space is given by
Gupda™ ™ = e (4, dxvds?)  (2)

Here @& = &(z) is the dilaton field and the metric 17,,,, is Minkovski metric
N = diag(—1,1,1,1) (3)



Fizikanin miiasir problemlari VI Respublika konfransi

The dilaton field is chosen in such a way that to regulate 5-dimensional integrals at infrared
brane (z = 20). In simplest case for this field we have

#—A=k%z2+ log z (4)

1. 7 -mesons in soft-wall model
In the bulk of AdS space there are gauge fields 4}" and AF , which transform as a left and

right chiral fields under SU(Nz); X SU(N;)z. Besides gauge fields there is scalar field X,
which transforms under bifundamental representation of gauge group SU(Nz), X SU(N:) .
7 — mesonsare introduced in this model via scalar X [4]: X = X, exp(2im®t®). Action for
these fields has a form:

1= [ax =@ 5 (-IDXI? +31X1° - (F2+ £} (®)

. . . . . 7 _ 12x®
Here 5-dimensional coupling constant is related with number of colors g = TT We can get
e

axial-vector field from these gauge fields by composing them: 4 = % (4, —Az). We shall

work in A; = @ gauge. Equations of motion for axial-vector and @ — mesen field will be
obtained from the action (5) and have forms:

-#(z] 3, —#l Ty ElE
a rz zvi=ls a
[a( 0,47 )+ T—ar —BEIs a2 | _
1

-#(z] giulz)le #(z)

8, (T—0,0°) + XL (me— o) = 0 (7)
—8,0° + 250,77 = 0 8)
—(z) 2 _—&(z]
o, (—a,17) +—ur=0.09

2. Nucleons in soft-wall model
We shall introduce here fermion field interacting with vector field following to Ref. [2]. Such
a field will be described by following action:

Idd+'x\/_e ( We'T“D LIJ—2(DN‘P)+I'°eQ’I'ALIJ—(M +¢(z))¢wj (10)

[FA I'B]—lV Non-zero

Here e} = z0) and the covariant derivative is D, =0, +1 . Wy s

. . 1 . . .
components of spin connection are: @ Wz = My The five dimensional gamma

'I_,Lg 1
matrices obey anticommutation relation {FA } 2n7** and defined as " = ( o ,—i}f).
Equation of motion obtained from the action (10) has a form below:

[zeA o, ——(aNqn)egrA -(Mm +<D(z)):|‘P =0 (11)

With A = % —M from the (11) it will be obtained second order equations for profile functions:
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2.2 2.2 2.2

{ai VRSS9 PY: Uk's )+p2}fR =0 {ai ), +p2}fL =0
z Z Z

Which have following solutions expressed in Laguerre polinomials:

w(2)=n, L), W (2)=n& 2L(E) (12)

The normalization constants are equal to

+
S I - ) B e

kT (a +n+1)

And final profile functions are:

_& fm? () fpw (z)
fL(p’Z)_nZ:(; pz_mz ’ fR(p’ ) Z m (13)

n n

3. Bulk interaction Lagrangian for the boundary z -meson- nucleon coupling
The interaction in the bulk fermion with the vector field is described by the action

I=[d e” #(z) .-gL (14)
The interaction Lagrangian will contain different kind terms, which we shall establish here.
First of all it contains term of Yukawa interaction:

int

L NN = _gﬁ_irlXNg + h..C., (15‘]

T

We can utilize another Lagrangian terms introduced in [3] for description of complete bulk
interaction of scalar field with the fermion in the hard-wall model. Of course, these kinds of
interaction are model independent and will be hold for the bulk interaction in the soft-wall
model as well:

Lenn = %kl[mlxrlwﬁ(FR JunNy + N XF TV (F, ) yyyNy — h.c. ] (16)

Unknown parameter k; will be found from the fitting g_,,, coupling constant of ground state
of nucleons. These Lagrangian terms will lead to following contributions to this coupling:

PN OOV SORS SO T O)

2zt

9’;1-3:3?“ — & (ml n) +m m])fﬂ df @IH}H(Z)'D(Z)( in)s Ifﬂ _ ﬁ-lfh )(17)

0 = 2
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On p-MESON- NUCLEON COUPLING CONSTANT [g o NN )IN THE SOFT-
WALL MODEL OF AdS/QCD

Shahin Mamedov', Narmin Huseynova®
(1) Institute for Physical Problems and
(2) Theoretical Physics Department of Baku State University

We consider vector spinor interaction in soft-wall AdS/QCD model. We write
Lagrangian for these fields in the bulk of AdS space and find solutions to free equations of
motion. Having write an interaction terms for these fields in the bulk we extract coupling
constant in the boundary QCD using AdS/CFT correspondence.

Introduction.

As is known there are two basic models of newly developed AdS/QCD theory: the hard-
wall and soft-wall models. Let us outline basic principles of soft-wall model [1] and introduce
in this model p-meson and nucleon. Action for this model has a form:

I = _r dox *.-"E e o, (1)

where g = |detgy, | and metric of AdS space is given by

Gy ™M dx™ = 43 (dz? 4+, dxtdx¥) ,  (2)
Here @ = ©(z)is the dilaton field and the metric Ty i1s Minkovski metric
Ny = diag(—1,1,1,1) (3)

The dilaton field is chosen in such a way that to regulate 5-dimensional integrals at infrared
brane (z — c2). In simplest case for this field we have

¢—A=k'z"+log z (4)
1. p-mesons in soft-wall model
In the bulk of AdS space there are gauge fields A and AY | 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(Ng); X SU(Nz) 5
Action for these fields has a form:

—&i= 2 2 1 2 2
[=[d°x e~ *= [g {—|DX| + 31X| —rgg(ﬂ. +FR]} (5)

. . . . . 7 1Im®
Here 5-dimensional coupling constant is related with number of colors gz = IU—T We can get
P

a vector field from these gauge fields by composing them: V' = 4, +4;. We shall work in
V. = 0 gauge. Equation of motion for vector field will be obtained from the action (5) and

has a form

d.(e58,v,) + mie Fv, =0, (6)
where B= ¢ — A. Making substitution

v, = e® 2y (7)

This equation is reduced to the Schroedinger equation form and will have solution in the form
below:

—
P (z) — e—k”‘zg‘fzzm+1.-'“2 [ 2m Lm(z:j (Ej
m ‘lql (min) T

For p-mesons m = 1 and solution (8) becomes
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[(1+m)!

v, (2) = 2% |22 11 () 9)
*-q

And mass spectrum for excited states has reliable linear dependence from n: m3 = 4(n + 1).

Now introduce the fermion fields in the bulk of AdS space.

2. Nucleons in soft-wall model

We shall introduce here fermion field interacting with vector field following to Ref. [2]. Such
a field will be described by following action:

= jdd*‘x\/ge‘“’(z)(%%jr'*z)ﬂ —é(DNWT MMy —(m + qn(z))@vj (10)

Here e} = zd} and the covariant derivative is D, =0, +1 < an [FA r? ]—zV Non-zero

components of spin connection are: w,., = —@,,. = z—:r;m,. The five dimensional gamma

matrices obey anticommutation relation {FA, r } =21n"* and defined as[* = (y” iy )
Equation of motion obtained from the action (10) has a form below:

Le"]""’ D, —— (o BT — (M + @[z]ﬂw =0 (11)
With A= % — M from the (11) it will be obtained second order equations for profile

functions:

{62_2(M+k212)a +2(M—kzzz)+pz}f _o- {az_Ma +p2}f =0
Z R ’ : ! ’

A 2
Z Z Z
Which have following solutions expressed in Laguerre polynomials:

1
W (o) =n, ELNE). wi2)=n,& 2L07(E) (12)
The normalization constants are equal to
1 2l n+1
K\ (a+n+1)’

n, = atn

And final profile functions are:

o (n)
A= S g (=S L0

n=0 n n
3. Bulk interaction Lagrangian for the boundary p-meson- nucleon coupling
The interaction in the bulk fermion with the vector field is described by the action
1= [d®x e ¥l .-g,E (14)
The interaction Lagrangian will contain different kind terms, which we shall establish here.
First of all it contains term of simple interaction of vector field with the current of fermions
Loy = N,T*V,Ny + N,THUN, (15)
This interaction gives following integral for the g,y

G = [ e, @) (A @A @+ @A @) (16)

Here g,(z) = v~ (z) and superscript nm indices indicate excited states of nucleon. We can

int

utilize another Lagrangian terms introduced in [3] for description of complete bulk interaction
of vector field with the fermion in the hard-wall model. Of course, these kinds of interaction
are model independent and will be hold for the bulk interaction in the soft-wall model as well:
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Lpyy = thy [NyT ¥V (F) Ny — Ny (Fg) e No 1+
+ <k, [N, XM (F) N, + NoX T TMY(F) N, — Buc. ] (17)

Unknown parameters k; and k, are found from the fitting g,,, coupling constant of ground

state of nucleons and is g, = —8.6. The contribution of Lagrangian (17) to the coupling
constant g,y
(1) Az e (e g lm) _ o) o(m)
Hm'-.-',:.:m = _EJ z_:ae e g’ [kl(fu-n ’ L :f ’ i )
0

+ho @A AT + £ AT)]. a8y
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O IBKEHUU PEJSATUBUCTCKON KBAHTOBOM YACTHIIGI B
HNEPEMEHHOM OJHOPOJHOM IIOJIE

laxkup M Harues
Hnemumym Qusuxu HAHA
smnagiyev@physics.ab.az

Paccmompena 3adoaua 06 oomomepnom O8udceHuu pensimueUCMCKOU KE8AHMOBOU
yacmuyvl noo oelicmseuem 3asucsiujeli om epemenu cuivl. Hatioen semwiii 6ud onepamopa
asoaroyuu. Ilonyuenvl onepamopuvie moocoecmea muna ¢opmynvt beiikepa-Kamnbenna-
Xaycoopgha. Bviuucnenvt nponozamopsi persmusucmckol K6AHmMo8ou 4acmuybl 60 GHeuHeM
0OHOPOOHOM NEPEeMEeHHOM NoJle.

1.B manHo# paboTe paccMaTpuBaeTcs 3a1a4a 00 O JTHOMEPHOM JIBMKCHUU PENIITUBUCTCKOM
KBAaHTOBOM YaCTHUIIBI IO ICHCTBUEM 3aBUCAIIEH OT BPEMEHH CHIIBI F (t) . DTO TOYHO

peraeMas 3afada copMyIupoBaHa B paMKax peIsITUBUCTCKOW KOHEUHO-PAa3HOCTHOM
KBaHTOBOI MEXaHUKH, pa3BUTON B padoTax [1-14]./[BuxeHne yacTUIIbI B pEISTUBUCTCKOM
KOH(HUTYypaIIMOHHOM X-TIPE/ICTABICHUH OMHUCHIBACTCS YPaBHEHUEM

ihw =[H,, - F(t)x]w(x.1). (1)

rae H,, =mc®ch(ikd ) - pensiruBuCTCKMi CBOGOHBIN ramunbToHuan, 0, =0/0x,
A= h/ mc -KOMITOHOBCKas! JUIMHA BOJIHBI U exp(ad ) f(x) = f(x +a). B HepensTuBUCTCKOM

npejene, Korjaa ¢ — ©, 3TO ypaBHEHUE NEPEXOUT B COOTBETCTBYIIEE YPAaBHEHUE
[Ipenunrepa [15,16]

S O T @
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h
C HEPENATUBUCTCKAM CBOOOJHBIM raMIJIbTOHUAHOM H =—2—6)2C. VYpasuenus (1) u (2)
m

ABIIAOTCA HaCTHBIMU CJIy‘-IaSIMI/I ypaBHeHI/IS'I BHJIa
20 <[ Cino,)-aleloler). o

rne H,(—ih0 ) - cBoGOmHbI# raMUIBTOHHAH, a a(t )— cua.

Jlnsa pewenust ypaBHeHus (3) ya00HO NEpEeUTH B UMITYJIbCHOE y-IIPEJCTaBICHUE, TJ€ OHO
IpUHUMAaeET BUA U PepeHINaIbHOr0 ypaBHEHUS:

m%{Ho(y)—ma(r)%}u(y,r). “

DOyHKIMHU U(x, 4 ) " u(y, 4 ) CBSI3aHBI IpYT C l[perM yepe3 Dypbe Mpeodpa3oBaHUEM, T.€.

U X, l_ uy/h (5)

J__w

OueBuaHO, 4TO ypaBHeHUS (2) u (3), 3aMUCaHHBIE B MMITYJBCHOM p-TIPEICTABICHHE OyIyT
YAaCTHBIMHM CIy4asMH ypaBHEHUs (4), MpUYeM B PEISITUBUCTCKOM ciiydae Y =MCX,

Ho(y)szZCh/\’ " u(y,t)=CD(p,t), a B HEPENATUBUCTCKOM Cclydae Y =p,
H,(y)=p’/2mu u(y,t)=CDN(p,t).

[IpencraBum peuienue ypaBHeHus (4) B BUzE

0
u(y,t)=U(y,t)uE(y,O), t>0 (6)

rIe
ot

0 —éI[HO(y)—iha(t')ay]dt'
U(y,t)=Te ° 7

€CTh OIIePaTOpP IBOJIIOLUH CHUCTEMBI B UIMITYJIbCHOM TIPE/ICTABICHUHU C HAYaJIbHBIM YCIIOBHEM
]
U(y,00=1,a u,(y,0) =¢@(y)— 3HaueHue BOIHOBOH (YHKINN B MOMEHT BpeMeHH ¢ =0.

B nmanpHeiimeM B kadecTBe HauadbHOW BOJTHOBOW (DyHKIIMU OyaeM OpaTh BOJTHOBYIO
(GYHKIIUIO CTaIlMOHAPHON 3az[atn/1 KoTrJia a(t) a=const,T.e. (y)=ul(y,0), rae

—(yE- Gom)

uO(y,1)=e" , Go(y)=IHo(y)dy- 8)

PackpsiTne xpoHosnorudeckoro 7-npousBeneHus B (7) HNPUBOAUT K CIEAYIOLIEMY
BBIPAXCHUIO JJIS OllepaTopa 3BOJ‘II—OI_[I/II/I

U (yot) =072 7000 ©)
3,[[6(:]: HUCIOJIb30BaHbl 0003HAUECHUS:
1 ( I I 0 I !
S(y,l)=%J-H0(y+5(t )ar', o) = [a(t')ar'. (10)
0 0

3Has SBHBIM BUJ omepaTopa 3BOJIOUMH (9), MBI MOXEM Telepb HANTH pEIICHHE
ypaBHeHus (4)

u(y,1) =500 (y - 5(1),0) (11)
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U TEM CaMbIM HAWTH BOJHOBYIO (YHKIIHIO CD(p,t) paccMaTpuBaeMoOn PEATUBUCTCKON
KBaHTOBOU CHCTEMBI B p —IIPEJCTaBICHUN

@, (p,1)=e S 00O (y— 5 (1)0). (12)
3nech
1 L(XE—mczsh)()—ﬁ
DV (x,1) = ———e"" ", p=mcsh 1
N 7T pEmesty a3)

€CTh BOJIHOBAsa q)YHKIH/ISI peJ'ISITI/IBI/ICTCKOf/'I KBaHTOBOM JaCTulbl B TOCTOAHHOM OJHOPOAHOM

none, T.e. ipu F'(f) = F, = const [14], J,(t) = LJ‘F(t')dt' ,a
mc

S O =< j ch(y +0(t"))dt' = a(t)chy + y(1)shy ,
2t ' 2t (14)
o(t) =2 [cnd,(thdr'.  y0) =" [ shE,(tar'.

Jnst BonHOBOM QyHKIuK (12) BBINOIHAIOTCS YCIOBHS OPTOHOPMUPOBAHHOCTH U MOJTHOTHI:
fq’E(PJ)q’Ev(p,t)dQP =dE-E) ,
o (15)
0 . ’ 1 '
J‘(DE(PJ)CDE(P J)AE :%5(X—)() .

B HepensTUBUCTCKOM Mepeiesie OHa MEPEXOJUT B BOJHOBYIO (DYHKIIMIO HEPEISTUBHCTCKOU
KBaHTOBOM YaCTHUILIbI B HECTALIMOHAPHOM OJHOPOJHOM I10JI€

@, (p,1) = SO0 (-5, (1),0), (16)
rae GyHKIUS
i 3 iEyt
1 hp[PEé’m]ff
cD(O)( ,l) — e’ 17
wetl 27HF, (1

SIBJIICTCSI BOJIHOBOM (bYHKHHeﬁ HepeHﬂTHBHCTCKOﬁ JacTulibl B ITIOCTOAHHOM OAHOPOIHOM

none (cm. Hanpumep, [15]), Ey = PE.}(E _mcz)’ Oy (1) = JF([')d[', a
0

—_ L 0 1\\2 ] — 1 2
Su(pn=o - j (p+o,w)ar = (p2+2p8,0)+6,0)).
. . (18)
5.() = [ 8, (t)ar, 5, = [ &t
0 0

VIMeeT MeCTO CleyIoIee Pe/eNbHOE COOTHOLICHHE
2
: mc
lar{g{SR()(,t)—Tt}:SN(P,I). (19)

MOoXHO TMOKa3aTh, YTO TOCJIE HEKOTOpHIX mpeobOpasoBanuii Gynkmms (16) coBmamaer ¢
pe3ynbTaToM padoTsl [16].
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Jns monmydyenust peunieHne ypaBHeHus (1), T.e. BOJHOBYIO (YHKIIUIO 7 E (x,1) B x-

MIPEACTABICHUH MOYKHO TeIeph coBepmuTh B dopmyse (12) mepexon k ¢ypre-o6pasy (cwm.
dopmymy (I1.1)). OTBeT OyIeT CIeaYIOIUM:

Dopu o>y
1 L LUNE P
wE(x’t)zﬂk—\F\e YR Ky WY =0 thg =0y )
0
2)upu o>y
txJ (1) LA

Ve = F 3o H2,(o* =y, thg, =ylo. @)

[epeiinem Tenepp k Gypbe-o0pasy B dopmyne (6) 1 TeM caMbIM MOTYYHM SIBHBIA BHJ
oIepaTopa 3BOJIOLUHU B X-IIPEACTABICHUN

O
U(x, t) =U(x,t) U(x,O), t>0, (22)
rue
hj[HO( ind )-a(t') x}dr ixd(r fIHO( ind ,~3(1"))dr'
U(x t)=Te =e " e . (23)

[ToquepkHeMm, 4YTO 371ech CBOOOJHOW TaMMJIBTOHHMAH  MOXET MMETh IPOU3BOJIbHYIO
(YHKIMOHATIBHYIO 3aBUCUMOCTH CBOETO apTyMEHTA.

O
2.3uanue onepartopa 3Bostoiuu U (f) TuHAMUYECKON CHCTEMbl SKBHBAJICHTHO PEIICHUIO
ypaBHEHHsI JIBHKEHUS, MOCKOJIBKY 3TOT OIEpaTop MO OMPEACTICHHUIO MEPEBOJUT COCTOSHHUEC

“// (0) > B cocrosinue ‘l//(t) >

0
W >=Umk©0)> >0 (24)

Ero mMaTpuuHbie 31€MEHTHI B pa3UYHbIX 0a3ucax MaloT HaM nponaraTopsl (GyHkuuu ['puna)
B Pa3NUYHBIX MPEACTABICHUSIX. 3/1€Ch Mbl OyJleM HaWTHU Mpomaratopbl paccMaTpUBaEMOM
PENATUBUCTCKONH CHCTEMBI B UMIYJIBCHOM, KOOPJAMHATHOM, CMEUIAHHOM M SHEPreTUYeCKOM
MPE/ICTABJICHUSIX.

Mgl ux HaiineM B obmieM Buae ucxoas uz ¢popmyn (9) u (23) , T.e. HEKOHKPETUZUPYS
SIBHOTO BHJa CBOOOAHOro ramuiabToHHaHa H,. [loaToMy pe3ynbTarsl, 00Cyk1aeMble B 3TOM

naparpadge B JaJbHEHIIEM OCTArOTCS CIPaBEUIMBBIMH JUIS JIOOBIX 3a7ad, OMHCHIBAEMBIX
ypaBHEHUSMHU TUIA ypaBHEeHUS (3) uiu (4).
1) UmnyabscHoe mnpeacraBjienue. [Ipomaratop B MMIYJIbCHOM y-IPEACTaBICHUN

K (yz,t ;yl,O) MPEJCTaBIsAeT cO00 aMITUTYy BEPOSITHOCTH MOMACTh YACTHIY M3 TOYKH

(yl ,0) B TOUKY (yz,t):
u(y,1) IK vost;0:0)u (0, 0)dy,, 10, (25)

DyHKIUA K (yz, Ly, ,0) YOOBJIETBOPSET CIEAYIOLIEMY I'PAHUYHOMY YCIIOBHUIO
K(yz,t;y1,0)=0 mpu t<0. (26)



Fizikanin miiasir problemlari VI Respublika konfransi

Ee MoxHO ompenenuTs Kak MaTpPUUYHBIM DJIEMEHT olepaTopa 3BOJIOLUUA B -
MpeICTaBICHUHT

O O
K(y,.15,,0) =< y,[U @)y, >=U(y,.0)3(y, = ,). Q7

U3 (27) u (9) nonyuyaem, 4to

K(yz,t;yl, ) O(t)e St ( Y, =Y —5(t)). (28)
OquI/IZ[HO, YTO BBIITOJHACTCA MPEACIIBHOC PaBCHCTBO
lzig)lK()’mt;yl’O):d(yz_yl)- (29)

Kpowme Toro, nponararop K (yz, t; yl,O) MOJTYUHSETCSl YpaBHEHUIO (CM. (4)):

|:th —-H ( )+ tha(t) i:| (yz’[; > O) = ihd(t)a—()’z - yl) (30)
ot dy,
rne O(t) ectb O-QyHkims [Jupaka. DT0 ypaBHEHHE BMECTE C TPAHUYHBIM yCIoBHEM (26)
oIpezeNsieT 3aa3/IbIBalolIvii mpomnaraTop.
2) KoopannaTtHoe npeacrabiaenne. [I[ponaratop B KOOpAMHATHOM X-TIPEACTaBICHUHN
MO’KHO OIPENEIUTh TMO0 KaK MaTPUUHBII 3JIEMEHT onepaTopa 3BoJouuu (23)

0
K(xz,t;xl,O) =<x,|U (t)|x, >=lﬁ(x2,t) 5()62 —xl), (31)

60 HalTH U3 ypaBHeHHs (cM. (3))
{ih% —HO(— ihdx, )+ a(t)xz}K(xz, t;x,>0)=ihd()d(x, - x,) (32)

C HauaJIbHBIM yCIIOBHEM
K(xz,t;xl,O) =0 nmpu tr<0. (33)
N3 (31) oueBUAHBIM 00pa30M CIICIYIOT YCIIOBHE
lim K (x,,1:,0) = (x, — x;) (34)
Y MHTETPAJIbHOE TIPE/ICTABIICHHE

txzé—(t) o —'J.Ho(y+5( )
K(x,,1:x,,0 )——H(t)e ,[e K ey (35)

—00

JUTS TIpoTiaraTopa.
B npenene a(t) — 0 u3 (28) u (35) momyyaem mponaratop st CBOOOTHOM YaCTHIIBI,

COOTBCTCTBCHHO B p- U X -Hpe,Z[CTaBJ'IeHI/ISIX

KO(yZ,t;yl,) Q(Z)e h )

3y, = ). (36a)

ftHO +t)(x2 -x)/h

Ko (.15, )——G(I)I dy. (366)

3) Cmemannoe (BurnepoBckoe) mpenacraBiaenue. CMeIIaHHOE TNPEICTABICHUE
omnpenensercs CleAyIOIMM 00pasoM. Ecin sIpo [pOM3BOIBHOTO omeparopa A B
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O

KOOPJMHATHOM TMPEJICTaBICHUU A(x, x') =<x|Alx'> WM B HMIYJIbCHOM MpPEICTABICHHH

O

A(p, p') =< p A|p' > u3BecTHO, TOraa HYHKIIUSA
0 ipx' o ip'x
Alx,p)= [Alv.x)e " dv' = [A(p,p.)e " dpf (35)

m]
Ha3bIBACTCS AIpOM (CMMBOJIOM) omeparopa A B CMEUIaHHOM IPEACTaBICHUU, TIE
I I

X P
Xip—X + 5, Pi,—P + ? Jlns mpomnaraTopa B CMEIIaHHOM IPEJCTaBICHUN HAXOIUM
BBIpAKEHHE

_ixd(1) —iS[y—%cS(z),zj

K(x,t; y,O) =0l(t)e " e 37)

4)JHepreTHyecKkoe mpeacTaBiieHHe. [Iponaratop B JHEPreTHUECKOM IPEICTABICHUEC
npecTaBisieT co00i aMIUIMTYIBI MEepexoja MEKAY COOCTBEHHBIMH COCTOSIHHSIMA SHEPTHU

‘Ei > u ‘E # >, COOTBECTBYIOLIMMH IOCTOSHHBIM 3HaueHusM cuibl d(f) =a; npu t<0n

a(t):afnpn t — o0

O
K(E,,t;E0)=<E,,fjU®)|E,,0>=
e 0 (38)
= J< E. 1y, >< yz‘U(t)‘)ﬁ >< )ﬁ‘EnO >dy,dy,.
BBI‘-II/ICJIGHI/IG HpI/IBOZ[I/IT K BBIpa)KeHI/IIO
K(E,.t;E,0) L e T 00y
LE0)=———e " e~ dy | 39
! 270,)a,a, o 9
rac
E E._ G G,(y-o(t
Q(y)={y(—’-—’)+ () _ Gy = 0W) Ih=S(y—=0(),1) . (40)
a, a; a; a;

Ecmn @, =a; =0,H0 a(?) # 0, TO aMIIINTya TIEPEXOAA U3 COCTOSHUS O(y—y,) B COCTOSIHUE

oy -y, )CXP{— étH0 (v, )} OyzieT paBHOI

K,(Ef,t;El,O) — eil_tHo(yf)/h—S(yi,l)Jd(yf -y, _5(1_)) , (41)
e E; , = Hy(y; ;)
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3. OnepaTopHsie pelieHus: ypaBHeHui (3) u (4) npuBeIu K paCKPBITHUIO XPOHOJIOTHYECKOTO
T -npousBenenus (7) (u (23)), a UMEHHO

it 9
~L1H, (v)=iha () -1dr"
h-([[ o(y)—i a(t)ay] t

Te =

—iAjHo<y—5(r>+6<r'>>dr' o —i(l—ﬁ)jHo(y+6(r'>)dt' (42)
=e h 0 e aye h 0

bl

rne A = A(t) ectb npousBosibHAsK QYHKIUS BPEMEHH U

Lt
—%{[Ho (=ihd ,)—a(t')x)dr'

Te =

.t . t
—A[ Ho(=ind, =30+ 3(t ' x0() = (1= [ Ho (=i, +5(r ) . (43)
=¢ " e e

1) H,(—ih0 ) =ih0 , a(t) = a, = const. B stom cayuae O(t) = a,t u popmyna (43)

npuHUMaeT Bu (Y = ~ayX):

—t[éy+aoay] —Aao(t8y+12t—h) —%y —(1—A)a0(tay—’2Lh)
e —-e e e (44)

. | h?
2) H,(=ihd ) =—(=ihd )* = __axz , a(t) = a, = const. B stom ciydae Gpopmyna
2m 2m

(43) mpuHUMaET CIEAYIOIUNA BU

i R’ )
—t[—0 . +ayx]
hoom Y YT —
e =
/1 i a 2 +Clot a la02t3 iaot lh 2 aotz ia02t3 45
m  2m " 6mh 7)5 (1_A)(7fax ) 6x_6 h) 5

9
YTO COTJIaCyeTCs ¢ pe3ysibTaTamu padot [17,18].
3) IlpuBenem Takxe “pesTUBUCTCKHI aHanor ¢popmyist (45). st atoro 6epem H, B

sune H,(—ih0 )= mczchixax , a(t) = a, = const. Toraa, peIaTHBUCTCKUM aHAIOToM (45)
oyner dhopmyna
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—;l—.t [mc 2chikd , —aox]

e ju
. 2 . . 2
AT L (yehin  +B(shixd,] s —(1=2)" o (1)ehind - B(1)shixd,] (40
—e M e e h
b
¢ at mc . ayt ¢ apt mc( , ayt
me @)= [ch=dt' ===sh="=,  B(t)= [sh="d' ==—| ch==~1]  (47)
0 mc ao mc 0 mc a, mc

IIpu ¢ - oo (46) nepexoaut B (45).

4. B Hacrosimiedt paboTe MBI WU3ydaad OJHOMEPHOE JBIIKEHHWE KBAHTOBOW YaCTHUIIBI B
MIEPEMEHHOM OJIHOPOJIHOM I0JIE. DTO OJIHO M3 TOYHO PEIIAeMbIX HECTAllMOHAPHBIX 3a/ad.
3amaya chopMynHpoBaHa B paMKaX KOHEYHO-PA3HOCTHOM PENSATUBUCTCKON KBaHTOBOM
MeXaHUKH. BoiHOBas (yHKIHS CHCTEMBI B PEISTUBUCTCKOM  KOH(MUTYpPAI[MOHHOM X -
MPEJCTABICHUU YJIOBIETBOPSIET KOHEUHO-PA3HOCTHOMY, & B UMIYJIbCHOM p -IIPEJICTABICHUN

— muddepennnanbHOMy ypaBHEHHIO. CBA3b MEXITy KaHOHUYECKU COIPSDKEHHBIMH X- U P -

MPEICTABICHUSIMU OCYILECTBIICTCS C MOMOIIBIO PEJISITUBUCTCKOTO TIpeodpazoBanus Dypoe.
VYpaBHeHME IBHKEHHS ObUIO PEICHO (KaK B p -TIPEJCTaBICHUH, TaK U B X -TIPEJICTABIICHUN) C

UCIIOJIb30BAHUEM OIepaTopa JBOJIOIMU CHUCTEMBI, KOTOpPbIM ompeneneH uepe3 71 -
IPOU3BE/ICHHUE.

Haiineno Taxke pemieHue OIpenesieHHOro kiacca Tud@epeHIaTbHbIX YpaBHEHHH B
YaCTHBIX IMPOU3BOAHBIX IIEPBOI'0 MOPAAKA, OITMCBIBAIOIICTO ABUKCHUEC B p -IIPEACTABIICHHUU U

pemieHre  ompeneneHHoro  kiacca UG (GepeHIHANbHBIX WM KOHEYHO-PAa3HOCTHBIX
YpaBHEHHI, OMHCHIBAIOIIETO ABM)KEHHE YACTHIIBI B MEPEMEHHOM OJHOPOJHOM IIOJIE B X -
Npe/ICTaBJICHUN.

MpI nody4nian omnepaTtopHbie (OopMyJibl, aHAJIOTWYHBIE HM3BecTHOW (opmyne beiikepa-
Kamnobenna-Xaycnmopda. OTv ¢GopMynbl 3aar0T, MO CYTH Jiela, MPaBHJIO PACKPBITHS
XpoHosorudeckoro 7 -mpowusBenieHHs. B 4aCTHBIX cCilydasix OHM BOCHPOHM3BOJISAT HM3BECTHHIC
bOopMyIIBI.

Mpbl HazeeMcsi, 4TO TOJYYEHHBIE ONepaTopHbIE (HOPMYIBI MO3BOJAT CHOPMYIHPOBATH
KBaHTOBOMEXaHUYECKUE aHAJIOTH TeOpeMbl BHKa, XOpOIIO W3BECTHOH B KBAaHTOBOH TEOPHHU
HOJISL M Pa3BUTh CBOETO POJA TEOPHH BO3MYIIICHHUS.

OTMeTuM, YTO MOXKHO OMNEPATOPHBIM METOJIOM DPEUINTh W JIPYrHe HeCTallMOHApHBIC
KBaHTOBOMEXaHHYECKHEe 3amaun. K mpuMepy MOXKHO yKa3aThb 3ajadyy O TapMOHHYECKOM
OCIUIJIISITOPE.

Ipunoxenne

Beruucnum unrerpan [ = J‘ei(”x+“61”+bm)dx ,TI€ da, b U p - HEKOTOPBIE JEHCBUTENILHEIE

BeJIMYMHBI. MBI MOXKeM UHTerpai / MPUBECTH K OJHOMY M3 TaOJUYHBIX UHTErpasoB [19]

@ pri
J-emh"_’”‘dx = 7e ? H;l)(a), Reia <0,

o _rnt
J’eiashx—px)dx =2 pz Kp (a), |Re p| <1, a>0.

—00

B PE3yabTaTC HAXOAUM, YTO
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I=ire H“)( J1-b*/a*), thg, =bja npu [a| > |b .
=i """ K, (0\1-a’[b), thg, =alb npu |b| > |d|
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INVERSE CHAOS SYNCHRONIZATION BETWEEN THE UNI-DIRECTIONALLY
COUPLED SYSTEMS WITH MODULATED MULTIPLE TIME DELAYS

E.M.Shahverdiev, R.A.Nuriev, M.V.Qocayeva and P.A.Bayramov
Institute of Physics, H.Javid Avenue,33, Baku, AZ1143, Azerbaijan
e-mail:shahverdiev@physics.ab.az

ABSTRACT
We report on inverse chaos synchronization where a driven modulated multiple
variable time-delay chaotic system synchronizes to the inverse state of the driver system.
Numerical simulations fully support the analytical approach.

Chaos synchronization as a chaos control method is of fundamental importance in a
variety of complex physical, chemical and biological systems [1]. Some of these systems can
be used in laser chaos-based secure information exchanges, because of their ability to mask a
message inside high-complexity chaotic signals and to recover the message at the receiver end
with the synchronization between the transmitter and receiver.
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In this paper we aim at reporting on inverse chaos synchronization between uni-
directionally non-linearly coupled modulated multiple time delayed Ikeda models. For inverse
synchronization [2], a time-delayed chaotic system x(¢) is coupled with an another system

y(t) in such a way that one system's dynamics synchronize to the inverse state of the other
system: x(t) = —y(t).

Consider inverse synchronization between uni-directionally coupled variable time-
delayed Ikeda systems,

%:—a’x—ml sinx(t—7,)—m,sinx(t—7,) (1)

t

%: —ay —mysiny(t—1,)—m,siny(t —7,)+ K _sinx(t —1;) 2)
t

This investigation is of considerable practical importance, as the equations of the class
B lasers with feedback (typical representatives of class B are solid-state, semiconductor, and
low pressure CO , lasers) can be reduced to an equation of the Ikeda type, see e.g. references
in [2]. The Ikeda model was introduced to describe the dynamics of an optical bi-stable
resonator and dynamics of some solid-state, semiconductor, and low pressure CO , lasers can

be reduced to an equation of the Ikeda type. Physically x is the phase lag of the electric field
across the resonator; @ is the relaxation coefficient for the driving x and driven y dynamical
variables; 7,, =7y, *+x,()7, ,sin(@,,t) are the variable feedback loop delay times;
T, =Ty +x ()T ,sin(@,t) is the variable time of flight between systems x and y; 7 3
are the zero-frequency components, 7, ,, ., are the amplitudes, @, , ; are the frequencies of
the modulations; x,(7) 1is the output of system (1) for constant time delays; m,, and m,, are
the feedback strengths for x and y systems, respectively; K  is the coupling strength
between the systems. Variable time delays 7,,; are chosen in such a way to include both

chaotic and non-chaotic components.
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One finds that systems (1) and (2) with fixed time delays @,,; =0can be
synchronized on the inverse synchronization state x(¢) =-y(¢#) under conditions
m,+m, =K _ ,m, =m,, T, =T,. As it is demonstrated by the numerical simulations this
conjecture is also works for the modulated time delay systems.

o 20 a0 == a0 100 =0 10 1e0 ET="] oo
=

Figure 1 depicts time series of the Ikeda system x (solid line) and system y (dotted
line) for inverse chaos synchronization between uni-directionally coupled systems, equations
(D and ) for variable feedback time delays
T,(t) =4 +3x,(¢)sin(0.1¢),7,(t) =7 + 3x,(¢)sin(0.15¢) and
T,(t) =4+3x,(t)sin(0.1z) with parameter values as a =3, m,=m, =25, m =175,
my =14,

K, =8.9. x,(t) is the solution of equation (1) for 7, =4 and 7, =7.

To conclude we have reported on inverse chaos synchronization in uni-directionally
coupled variable multiple time delayed Ikeda systems. These finding can be applied in secure
laser chaos-based communication systems.
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BIDIRECTIONALLY COUPLED VARIABLE MULTIPLE TIME DELAY SYSTEMS
AND INVERSE CHAOS SYNCHRONIZATION

E.M.Shahverdiev, R.A.Nuriev, M.V.Qocayeva, P.A.Bayramov
Institute of Physics, H.Javid Avenue,33, Baku, AZI143, Azerbaijan
e-mail:shahverdiev@physics.ab.az

We present the report on inverse chaos synchronization between bi-directionally non-
linearly coupled variable multiple time delay lkeda systems. The results are of certain
importance in secure chaos-based communication systems.

Chaos synchronization is an important basic feature in nonlinear science and is one of
fundamental importance in a variety of complex physical, chemical, and biological systems,
see e.g. references in [1]. Potential application areas of chaos synchronization include secure
communications, optimization of nonlinear system performance, information processing,
etc.[1]. The high complexity of the multiple time-delayed systems can provide a new
architecture for enhancing message security in chaos based encryption systems [2]. In such
communication systems message decoding would require chaos synchronization between
multiple time-delayed transmitter and receiver systems [1,3-4]. Variable multiple time delay
systems are further generalization of the fixed time delay systems. Investigation of
synchronization possibilities in such systems is of certain importance. With this in mind this
paper presents the first report of the inverse chaos synchronization between bi-directionally
non-linearly coupled modulated multiple time delayed Ikeda models with two feedbacks. For
inverse synchronization [4], a time-delayed chaotic system x(z) is coupled with an another

system y(¢) in such a way that one system's dynamics synchronize to the inverse state of the
other system: x(t) = —y(¢).

Consider inverse synchronization between bi-directionally nonlinearly coupled
variable time-delayed Ikeda systems with two feedbacks,

? =—ax—msinx(t —7,) —m,sinx(t —7,) + K sin y(t —7;) ()

t

%: —ay—mysiny(t—1,)—m,siny(t—7,)+ K _sinx(t —1,) 2)
t

This investigation is of considerable practical importance, as the equations of the class
B lasers with feedback (typical representatives of class B are solid-state, semiconductor, and
low pressure CO , lasers) can be reduced to an equation of the Ikeda type, see e.g. references

in [4]. The Ikeda model was introduced to describe the dynamics of an optical bi-stable
resonator. Physically x is the phase lag of the electric field across the resonator; @ is the
relaxation coefficient for the driving x and driven y dynamical variables; 7,, =7,

+x,(07,,,, SIn(@, ,t) are the variable feedback loop delay times; 7, =7, +x, ()T, sin(@,t)
is the variable time of flight between systems x and y; 7,,,, are the zero-frequency
components, 7, ,, ,; are the amplitudes, @, , ; are the frequencies of the modulations; x, (¢)
is the output of system (1) (K, =0) for constant time delays;m,, and m,, are the feedback
strengths for x and y systems, respectively; K~ are the coupling strengths between the
systems. Variable time delays 7,,, are chosen in such a way to include both chaotic and

non-chaotic components.
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Before considering the case of modulated time delays, we present the conditions for
inverse synchronization for fixed time delays, i.e.@,,, =0. The case for fixed time delays
was investigated in [4] and here we briefly reproduce the results from [4]. As mentioned
above, in real situations modulated time delays systems could be more realistic models of the
communicating systems. As established in [4] systems (1) and (2) can be synchronized on the
inverse  synchronization regime x(¢#) =-—y(tf) under the existence conditions
m, =my,m, =m,,K =K . The sufficient stability condition for the inverse synchronization
regime can be investigated by the use of Razumikhin-Lyapunov functional approach and is
found to be of the form [4]: a > |m3| + |m4| + ‘Ky‘ .

In the case of variable time delays establishing the stability conditions for the
synchronization is not as straightforward as for the constant time delays. Having in mind that
for @,,; =0 we obtain a case of constant time delays, then as an initial guess one can
benefit from the existence conditions for the constant time delays case. It is our conjecture
that high quality synchronization could be obtained if the parameters satisfy conditions
above. As evidenced by the numerical simulations below, this conjecture is found to be well-
based. In numerical simulations to characterize the quality of synchronization we calculate the
cross-correlation coefficient C [5]. This coefficient indicates the quality of synchronization:
C=1 means perfect inverse synchronization x(¢) = —y(¢) . As mentioned above, in chaos based
communication schemes synchronization between the transmitter and receiver systems are
vital for message decoding. Figure 1 portrays time series of the Ikeda system x (solid line)
and system y (dotted line) for inverse chaos synchronization between non-linearly coupled
systems, equations (1) and (2) for variable feedback time  delays
T,(t) =3+2x,(t)sin(0.15¢),7, (t) =5+ 2x,(¢)sin(0.15¢) and
T,(t) =7+ 2x,(t)sin(0.15¢) with parameter values as @ =3, m;, =m, =3.1, m, =m, =2.5,

K, =K,6 =0.03. x,(r) is the solution of equation (1) (K y=0) for 7, =3 and 7, =5.

Fig.1
T

-1.5} -

—2 ! ! ! ! ! ! ! ! !
(o] 50 100 150 200 250 300 350 400 450 500
t

Figure 2 depicts synchronization error dynamics A = x+ y versus time for parameters as in

figure 1. C =0.99 is the cross-correlation coefficient between the transmitter x and receiver -
y system outputs.
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It is noted that the parameters used here in the numerical simulations satisfy the existence
condition , but fail to satisfy the sufficient stability condition . Nevertheless high quality
synchronization is achieved. Indeed, the value of the cross-correlation coefficient C testify to
the high quality chaos synchronization, which is vital for information processing in chaos-
based communication systems.

To summarize we have reported on inverse chaos synchronization in bi-directionally
non-linearly coupled variable multiple time delayed lkeda systems. These results are of
certain practical importance in secure chaos-based communication systems.
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YASAMAL RAYONU 9RAZISINDO RADIOEKOLOJ TODQIQATLAR

Q.Q.Mammadov*, M.8.Ramazanov*,V.H.Bada!ov*, C.G.Naglyev**,
Z.A.Agamahyev , G.9.Saforova’, T.9.Imamova’
*Baki Dovlat Universiteti,%AMEA-nm Radiasiya Problemlari Institutu.

Isd> Yasamal rayonu arazisinin torpaglarinda aparian radioekoloji tadgqiqatlarin
naticasi verilmisdir Miiayyan olunmus yerlords  radioaktiv sualanma monbalorinin
ekspozisiya dozasimin giicii (EDG) tadqiq olunmusdur. Alinan naticalarin tohlili gostorir ki,
EDG-nin  olgii  nogtalorinin  saymmdan  (tezliyindon) astiligit  Qauspaylanmasina
uygundur.Torpaq niimunalaorinds askar olunan radioizotoplarin radioniiklid torkibi va
aktivliklori tayin edilmisdir.Aparilan radioekoloji tadqiqatlar asasinda Qurd Qapist va Qanli
Gol arazilarinin radioekoloji durumu haqqinda miiayyan naticaya galinmisdir.

Molumdur ki, Abseron yarimadasi dziiniin neft vo qaz ehtiyatlarina goro zongin bir orazidir vo
200 ilden artiqdir ki, bu osrazilordon neft ¢ixarilir. 1901-1905 —ci illords diinyada hasil olunan
neftin yarisi, 1939-1945 —ci illordo Ikinci Diinya Miiharibasi zamani iso SSRI-do istehsal
olunan neftin 70,4%-1 Azorbaycanin payma diisiirdii. Hazirda ¢oxlu sayda xarici vo yerli
kampaniyalarin istiraki ilo Abseron yarimadasinda intensiv siirotdo neft vo tobii yanacaq
qazinin istehsali, emal1 vo dasinmasi proseslari gedir. Qeyd etmok lazimdir ki, neft vo qazla
bagh biitiin proseslorin gedisindo otraf miihit miixtolif xarakterli zarorli tullantilarla ¢irklonir.
Bels ki, bu tullantilarin torkibinds canli orqanizmlor iiglin son dorace zararli olan radioaktiv

sualanma monbalori **U, **U, **Th, “K kimi maddslar da olur.Gosterilon tabii radioaktiv

izotoplar Yer qabigimin asag1 qatlarinda (esason Yerin litosfera qatinda) yerloasirlor vo neftin
cixartlmasi proseslorinds laysular1t vo Yeralti sularin vasitosi ilo Yerin {ist qatina (torpaq
qatina) ¢ixaraq miixtolif nov yiiksok enerjili stialar buraxan manbalars ¢evrilirlor [1-3]. Otraf

miihitin, o ciimlodon, Abseron yarimadasinin ¢irklonmosi, homginin do B7Cs, Sr va s. kimi

siini radioniiklidlorin vasitasi ilo do bas verir. Siini radioniiklidlor, istehsal miiassisalarinda,
atom elektrik stansiyalarinda bas veron qozalar nticolorinds, atom bombalarinin partlayis
zaman1 bas veran proseslordo yaranir vo miixtolif miqrasiya iisullar1 vasitosi ilo daha uzaq
graziloro do yayilirlar.

Baki gohorinin markazi rayonlarindan biri olan Yasamal rayonu, soharin qorb hissasinda
yerlosir.Orazisinin relyefi conubdan simala vo sorqdon qorbo dogru yiiksolon yoxuslardan
ibarotdir. Yasamal rayonu inzibati orazi vahidi kimi 1932-ci ildo yaradilmisdir, rayon
conubdan Sabail (3 km), qorbdon Qaradag (3,2 km), simaldan Binogadi (2,8 km) vo sorqdon
Nosimi (5 km) rayonlart ilo homsorhaddir. Rayonun orazisi 16,22 kv.km, shalisi 238 600
nofordir.

Todgiqat isinin osas moqgsadi Yasamal rayonu orazilorindo secilmis marsurut
istigamatindo dozimetrik, radiometrik vo spektrometrik tisullarla todqiqatlar vasitositosi ilo
homin orazilorin radioaktiv niiklidlorlo ¢irklonmadoracesini agkara ¢ixarmaq, bu manbalarin
cografi koordinatlarim1 vo osas fiziki-kimyovi parametrlorini toyin etmok, todqiq olunan
arazilorin radioekoloji durumu haqqinda molumat toplamaqdan ibarat olmugdur.

Tadqiq olunan orazilorin (Qurd qapist vo Qanli gol orazilori) radioekoloji durumunu
miloyyonlogdirmak iigiin ¢ol soraitindo dozimetrik vo radiometrik Olgmalor, stasionar
laboratoriya soraitinds iso spektrometrik 6lgmalor aparilmisdir. Qamma siialanmasinin EDG-
i MKC-AT1125 tipli dozimetrlor (Belarusiya istehsali) vasitosi ilo, cografi koordinatlari
toyini 189 GPS cihazinin (ABS$ istehsali)) komoyi ilo aparilmisdir.Spektrometrik analiz
NaJ (Tl) detektorlu “PROGRESS” - Gamma spektrometri (Rusiya istehsali) vo Yiiksok

Tomiz Germanium detektorlu gamma-spektrometr (HPGe Gamma Spectrometer Canberra,
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ABS-istehsalt) vasitosi ilo aparlmigdir. Istifads olunan GPS cihazi (eTrex Legend Cx, Garmin
ABSYS) koordinatlar1 saniyonin 0,1 doqiqliyi ilo gostorir vo ndqtonin cografi voziyyotini5 m
daqiqliyi il tayin edir.

Orazilordon gotiiriilmiis torpaq niimunalori radionuklid torkibino goro analizi miixtolif
texneloji toloblorouygun olaraq aparilmigdir. Belo ki,qamma spektrlorin ¢okilmasi prosesinda
niimunalor avvolco qurudulur, iyidiilorak lazim olan miqdarda niimuno analiz qabina
(Marinelli gabina) yerlosdirilorok hermetik baglanir. Torkibindoki Ra”*® radionuklidinin 6z
parcalanma mohsullar1 ilo radioaktiv tarazligq halina catmast iiclin niimuno 1 ay
miiddotindoxiisusi qablardasaxlanilir. Bu morhoalolordon sonra niimunonin gamma-
spektrometrda spektri cokilir.

Yasamal rayonunun Qurd Qapisi vo Qanli g6l orazilori iizro radioaktiv siialanma
manboalarinin cografi koordinatlardan asili olaraq eksposisiya dozasini giicii (EDG) 6l¢iilmiis
vo bu parametri xarakterizo edon komiyyaotlorin qiymotlori toyin edilmisdir. Qamma-
stialanmanin  ekspozisiya dozasimn giici (EDG) qamma-dozimetrlorin  komoyi ilo
dlciilmiisdiir. Olgmo ndqtesinde EDG  6lgiilorkon dozimetrin detektoru yerdon 20 sm
hiindiirliikkds saxlanilmigdir. Hor 6l¢ma noqtesinda EDG 3 dofo 6l¢iilmiisdiir vo EDG qiymati
kimi bu 6lgmo naticolorinin orta qiymoti gdtiiriilmiisdiir. Olgmo néqtalerinin  golocakda
asanligla tapilmasi {i¢iin, bu noqtolorin cografi koordinatlari GPS cihaz1 vasitosilo toyin
olunmusgdur.

Ekspozisiya doza giicliniin intervali va ekspozisiya dozasimin orta giici,
respublikamizda qiivvado  olan
Radiasiya Tohliikosizliyi /

/\
Normativindo (HPB-76/87), Atom 40.365
Enerjisi uzro Beynalxalq / (Q N ¥ &
C_
4
DY

Agentliyin radiasiya tohliikesizliyi 40-360 ﬁ\g
\ i e® s

normativlori  ilo  miigayisada
Sl S
\//V\

normaldir[4,5] vo tobii radiasiya 40355
fonuna uygundur. Q

Yasamal rayonunun Qurd 4°-3%°
gapist vo Qanli gol orazilorindo (]
gotiiriilmiiy torpaq niimunalorinin %% j
spektrlorda yalniz tabii f
radionuklidlorin piklori miisahido
olunur. Bu radionuklidlor U**® vo
Th*? radioaktiv ailosing
daxildirlor. Bunlardan basqa bu
spektrlordo tobii K* radionuklidi
do miisahids olunur.

Todqiq olunmus orazilorda
EDG-nin qiymati norma daxilin- 44350
dodir vo bu yerlor radiasiya
tohliikesizliyi baxmindan yasayis
yeri kimi tamamiloe yararlidir, yoni
Qurd qgapist vo Qanli g6l orazilori neft vo
radioaktiv tullantilarla ¢irklonmasi yol
verilon norma(5-12 mkR/saat) tortibindadir[4,5]. Qurd qapist orazisindo 136 vo Qanli gol
orazisinds 153 20 noqtada dl¢ii aparilmigdir. $okil 1-do Qurd qapisi orazisinde EDG-nin kontur
grafiki verilmisdir. Belo ki, saquli oxda simal enliyi (N) vo iifiiqi oxda iso sorq uzunlugu (E)
gostarilmigdir.

40.340

40.335

40.330

40.325

I
49.780 49.785 49.790 49.795 49.800 49.805 49.810 49.815

Sokil 1. Qurd qapisiorazisi tizro kontur grafik
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Qeyd edok ki, Qurd qapist arazisindo todgiqat aparilan 6l¢gmo marsurutun uzunlugu
24,6 km, EDG-nin minimal qiymeoti D, , =2,2 mkR/saat, maksimal qiymoti
D, . =78 mkR/saat vo Qanli g0l orazisindo iso EDG-nin minimal qiymoti
D, =3,0 mkR/saat , maksimal qiymoti D, =6,3 mkR/saat olmusdur.

Eksperimental naticolorin tohlili gostorir ki,Qurd qapist orazisindo EDG-nin 0Ol¢ii
noqtalorinin  sayindan (tezliyindon) asililigt normal paylanmaya uygun golir (Qaus
paylanmasina):

(=)’
2

N(x)=Ae 27 |, (1)

burada A - on ¢ox tokrar olunan ndqtalerin say1; x, - inoqtesinde EDG-nin qymati; g -

EDG-nin orta qiymoti; ¢ - EDG -nin orta giymotdon konara ¢ixmasinin kvadratik orta
qiymotidir.Qeyd edok ki, Qurd gapist orazisindo Qauss paylanmasinin parametrlori A =136,
EDG-nin orta qiymoti 4 = 3,8 mkR / saat va ortakvadratik
konaragixma g =1,3mkR / saat olmusdur.

Sokil 2-do todqiq olunan Qurd Qapisi orazisi iizro dozimetrik tisulla ¢ol goraitindo
radiasiya dozas1 miioyyon olan cografi koordinatlarda enerji spektri (EDG-nin siialanma veron
hissaciklarin sayindan asililiq grafiklori) ¢okilmisdir.

Qurd Qapist Qurd Qapist
70 9
g * [
60 1 7 0. *
7
-
50 4 i -
L]
& 40 = 5 .‘. - * 0.0. *| .
H 5.- *: L . DN
% g 4 Y * - & alee
= 30 =] PO rd » & + + et
= T TN IR NRARIY TN S & e
- +* e - ¥

20 4 , Per Y e ey %

10 + 9

0 + L

.............................. H 45 4 a5 P S
1 F & T & 31 a3 3h A7 248 231 23 25 2¢ 29 M
DR (uR/h) Location Number
a) b)

Sokil 2. Qurd Qapisi orazisi iizro a) Noqtolorin saymin (N) (rastgolmo tezliyinin)
EDG-don asililigi; b) EDG-nin ndqtonin yerindon asililig1

Effektiv xiisusi aktivlik (Aeﬁ-) vo kvadratik orta konaragixma (0, ) asagidaki diisturlarla

hesablanmisdir [5]:

A

off — ARa226 +1,3 1ATh232 + O’OSSAK4O (2)

— 2 2 2
Jeﬂ - \/O-ARaZZ(m + 1’70-14711232 + 0’0070-A,(40 (3)
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burada A,, vo A, uran vo torium ailasinin digor niiklidlarls radioaktiv tarazliqda olan Ra-226
vo Th-232 nuklidlorin xiisusi aktivliklori, A, i1so K-40 —in xiisusi aktivliyidir. (2) vo (3)

diisturlarindan istifade edilorok hesablama naticalori cadval 1-do gostarilon Qanli gol orazisi
tzro N 40 22 35,1 E 49 47 56,2 cografi koordinatlar1 yerdon gotiriilmiis QI-14

torpagniimunasinineffektiv ~ xiisusi (Ag) vo kvadratik orta konaragixma

(Ueff )hesablanmigdir: Ay = 127,67 Bk | kq .0 =14,30 Bk /kq.

aktivliyi

Cadval 1. EDG-nin giymati 6,3mkR/saat olan N 40 22 35,1 E 49 47 56,2cografi
koordinath yerden gotiiriilmiis niitmunads radionuklidlarin xiisusi aktivliklori.

Radionuklidler Niimunenin Aktivliyi, Bk/kq Xata, Bk/kq
K-40 571,0 114,0
Ra-226 30,78 5,932
Th-232 36,9 6,788
Cs-137 3,67 2,082

Qanli gol orazisi tizro N 40 2235,1 E 4947 56,2cografi koordinatlar1 olan yerdon

gotiiriilmiis QI-14 torpaq niimunasinin qgamma-spektri verilmigdir (Sakil 3).

Count rate

I| 1"r“ﬁlnl'"‘q‘llvﬂ"*ﬁr' ‘I,!J,V".ru " ﬂ)IH
[ f-\‘*\““‘"*"r'"."'\*’"’"“’L"J‘H'rnl':hmw_.m\_u o '“'I"'._‘_ e
v, el v Wi vy

1500

Energy. keV

0 560 750 1000 1250

Sakil 3. Qanli gol arazisi iizro QI-14 torpaq niimunasinin qgamma-spekitri
Tacriibi naticolordonalinir ki, Qurd qapist vo Qanli gol orazilori iizro todqiq olunan

torpaq niimunoalorinde EDG-nin qiymati normal radiasiya fonu (~ 5 + 12 mkR/saat)

tortibindadir.

ODOBIYYAT

1. G.G.Mamedov, M.A.Ramazanov, J.A.Naghiyev, A.A.Mehdiyeva, M.M.Bakirova,
T.T.Vandergraaf. WM2010 Conference. Investigation into Natural and Anthropogenic
Radionuclide Contamination on the Absheron Peninsula Azerbaijan-10208, USA,

Phoenix, Arizona, March 7-11, 2010, 10 p.



Fizikanin miiasir problemlari VI Respublika konfransi

2. T.T.Vandergraaf, G.G.Mamedov, M.A.Ramazanov, J.A.Naghiyev, A.A.Mehdiyeva,
N.A.Huseynov. Proceedings of the 14th International Conference on Environmental
Remediation and Radioactive Waste Management ICEM2011. ”Determinatiom of the

radionuclide contamination on the Absheron peninsula in Azerbaijan”. France, Reims,
September 25-29, 2011, 9 p.

3. N.F.Qohromanov, B.S.Barxalov, Y.Q.Nurullayev, Radiasiya vo hoyat foaliyysti, SDU,
2012, 150 s.

4. International Basic Safety Standards for Protection Against Snoozing Radiation and for
the Safety of Radiation Sources Safety Standards Series No 115-Vienna IAEA (1996).

5. Hopmbl  panmanmonnon — 6e3omacHoctn  HPB-76/87,  http://bestpravo.ru/sssr/eh-
akty/v3n.htm.

MOLEKULLARDA S_PiN -SPIN Vo NUVO KVADRUPOL QARSILIQLI
TOSIRLORININ HESABLANMASINDA MOLEKULYAR
FUNKSIYALARIN TOTBIQLORI

T.H. 9liyeva
Baki Dovlat Universiteti, Fizika Poblemlori ETI
e-mail: alivevatarana @rambler.ru

Isd> molekullarda spin-spin va niiva kvadupol qarsiligh tasirini hesablayanda istifads
olunan Qf..(p,t), A,(p) vo B,(B) molekulyar komakg¢i funksiyalarina baxilmigdir. Bu

Sfunksiyalar iiciin analitik vo rekurent miinasibatlor alinnuisdir. Parametrlorin istonilon
miimkiin giymatlarinda yararli olan kompiiter programlart tortib olunmusdur.

Acar sozlor: Kvantmexaniki hesablamalar, spin-spin va niiva rvadrupol qarsiligl
tasiri, Sleyter funksiyalari, molekulyar funksiyalar.

Molekullarin miixtolif xassolorinin kvantmexaniki metodlarla nozori dyronilmasinin
boylik shomiyyati vardir. Belo todqgiqatlart aparmaq ii¢ciin molekulun dalga funksiyast vo ko-
miyyato uygun operatorun ifadosi molum olmalidir. Isdo molekullarda spin-spin vo niiva
kvadrupol qarsiligh tosirlorinin hesablanmasinda istifado olunan molekulyar funksiyalara ba-
xilir.

Molekullarin antisimmetriya sortini vo Pauli prinsipini 6doyon dalga funksiyas: deter-
minant soklindadir. Determinantin hor bir elementi molekulyar spin orbitallar1 adlanan bir-
elektronlu dalga funksiyalaridir. Onlar molekulyar orbitallarla elektronun spin funksiyasinin
hasili soklindo axtarila bilor. Molekulyar orbital molekul daxilinds elektronun halim tosvir
edon dalga funksiyasidir. Onlarin axtarilmasinin miixtalif tisullart movcuddur. Bunlar i¢arisin-
do on genis yayllam MO LCAO metodudur. Bu metoda goro U; molekulyar orbitallar1 mole-

kuldaki atomlarin atom orbitallarinin xotti kombinasiyas: soklindo axtarilir:

U =2 CuX,- (1)

q=1

Burada X, —atom orbitallaridir, onlar malum hesab olunur. 1§d9 atom orbitallar1 kimi

haqiqi Sleyter funksiyalarindan istifado olunmusdur:
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F =£r”_le_‘(’51m(9,¢). )

Xq E/Ynzm(f’ﬁ) m

S,,(6,9) —hoqiqi sferik funksiyalardir. ¢ —parametrinin qiymati Sleyter torsfindon

miioyyan olunmus yarimempirik qaydalar [l] vo ya Bessis diisturu asasinda hesablana bilor
[2:3].

Determinant dalga funksiyalar1 vasitosilo matris elementlorinin hesablanmasi teore-
mindon istifado etmoklo molekullarda spin-spin vo niive kvadrupol qarsihiglli tosir enerjilorini
C,; emsallar1 va Sleyter atom orbitallar1 daxil olan spin-spin vo niive kvadupol qarsiligh tesir

inteqrallart ils ifado etmak olar. C,; omsallarimin qiymsati se¢ilmis molekul ti¢iin Xartri-Fok-

Rutan tonliklorinin hallindan tapilir. Bu tonliklorin halli els bir riyazi ¢atinlik toratmir. Onlari
0z-0ziind qorarlasmis saho metodu totbiq etmoklo hall edirlor. Qeyd olunan qarsiligh tosir
enerjilorini hesablayarkon osas cotinlik Sleyter atom orbitalli spin-spin vo niive kvadrupol gar-
sihiglt tosir inteqrallarinin hesablanmasi zamani yaranir. Bu inteqrallar1 hesablamagq li¢iin mo-
lekulyar koordinat sistemindon Z oxlar1 qarsi-qarsiya yonalmis standart koordinat sistemind
ke¢mok lazimdir. Belo kegid koordinat oxlarinin @, S vo y Eyler bucaqlart gadar firlanmasi
ilo aldo olunur. Firlanma zaman1 hoqiqi Sleyter atom orbitallarinin ¢evrilma diisturlarindan
istifado etdikdo spin-spin v niivo kvadrupol qarsiligh tosir inteqrallar1 asagidaki kimi mole-
kulyar komaokgi funksiya ilo ifads olunur:

04 (1.9 = [ () (o) (=) @y ®

-1

Burada p vo v elliptik koordinatlar, g, N vo N' miisbot tam ododlordir. Z iso

1< Z <o giymatlorini alir. Hesablamalar zamani adston Z =1 qiymating rast golinir. Bino-
mal hasil ticiin

N+N'

(u+v)¥(u-v)" = S F, (NN N 4)

m=0

diisturundan istifade etmoklo Qf..(p.t,1) =Qf..(p,t) funksiyalar @iciin asagidaki ifadoni

alarq:
N+N'
Oy ()= 3 F(N. N Ay s gom (P) By (P1) 5)
m=0
Burada
min(m,N")
F (N,N')= | > (=1)'F,_(NOF(N'0) (6)
T=5{(m—N)+(m—N)}
Vo
N!
F, (N,0) = ————— —binomial omsallardur.
m!(N —m)!

(5)-doki A,(p) vo B,(f) molekulyar komokgi funksiyalar1 asagidaki kimi ifado
olunurlar:
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A(p)=[W'e ™ au, (8)
1

1
B,(B)= [v"e dv. 9)
-1

Hissa-hisso inteqrallama aparmaqla A, (p) molekulyar komokgi funksiyalari ii¢iin asa-
gidaki rekurent miinasibati alariq:

P

A,(p)= —+pAn 4(p)=Ay(p)+— An-l(p), (10)
© P
Ay(p) :je"’“du:%. (1)
1

A, (p) funksiyalar iiglin analitik ifads almaq moqsadi ilo

no_y ax n
J‘ n [dex ( 1) n’;lle Z( /ax)k (12)
k=0

barabarliyindan istifads etmok olar. Onda

4P == Zp (13)

alarqg.
B, () funksiyalarida A, (p) ilo ifads oluna bilar.

=D)"A, (=B -A,(B), B0
B,/ =11 [+ 5= (14)
n+1[1+( 1) ],,8 0.

(5), (13) vo (14) diisturlar1 asasinda parametrlorin istonilon miimkiin qiymatlorindo
yararli olan kompiiter programlar1 tortib olunmusdur. Bu da molekullarda spin-spin vo niivo
kvadrupol qarsiligh tosir enerjilorini hesablamaga imkan verir.
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YARIINKLUZIV v, (V)N = " (4" )AX PROSESLORINDO
A -HIPERONUN POLYARIZASIYASI

S.Q. Abdullayev
Baki Doviot Universiteti

Kvark-parton ~ modeli  ¢ar¢ivosindo  yariinkliziv v, +N=u +A+X  vo

V,*N= U"+ N+ X proseslorinin effektiv kosiklori ti¢iin éimumi ifadolor alinmug, A-

hiperonun uzununa polyarlasma doracosi toyin edilmigdir. Miioyyon edilmisdir ki, A-
hiperonun uzununa polyarlasma daracasi yalniz z- doyisoninin funksiyasidir.

Dorin geyri-elastiki sopilmo (DQES) proseslorindo yariinkliiziv yaranan %2 spinli
barionlarin polyarizasiyasinin Oyronilmosi polyarizo olunmus kvarklarin paylanma vo
fragmentasiya funksiyalar1 haqqinda yeni informasiya vero bilor. Toqdim olunan isdo
yariinkliiziv

V,*N=p +A+X, (1)
V,+N=>u" +N+X ()

proseslarinda yaranan A -hiperonun polyarizasiyasi todqiq edilmigsdir.
Polyarizo olunmus A -hiperonun yariinkliiziv yaranmasi prosesinin effektiv kosiyi

do N(hN) d& A(hp)
= x)— D}, N (z 3
dXdde ;;flﬂhﬂﬂ ( )dy ‘I(hq)( ) ( )
ifadosi ilo verilir, burada fq?',f:fv ' -polyariza olunmus kvarkin nuklonun daxilinds paylanma

. /\(h ) . . . .
funksiyasi, D, i (2) - polyaraizs olunmusg kvarkin polyariza olunmus hiperona fragmentasiya

funksiyasi, d—&:—elementar alt proseslorin effektiv kosiklori, x, y vo z iso DQES prosesinin
Y

kinematik doyisonloridir.
Neytrino d-vo s-kvarklarla (u -antikvarkla) qarsihigh tosirds ola bilor vo bu zaman u-
kvark (d —vo § -antikvarklar) yaranir yalmz u-,d- vo s-kvarklarin pay1 nozore alinir):

V,*q=> 1 +q, q=d.s,q =u
Vv,*q=>M +q', qg=u.q' =d,s; “4)
V,tq=>u"+q, q=u.q =d,5;
V,+q =M+ =g =d.5g =0 5)

Kvarkin (antikvarkin) kiitlosini nozordon atdigda hor bir elementar alt proses sifirdan
forgli bir spiral amplituda malikdir: /¥ oy
U, 1

M Va, = 10 =M e VG = HnGy) = —2 =F, ©)
W = Hid. wrer Vi dr = Hedr sin” 8, xys+M,
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AﬁLR;LR (VpC_IR = /J;E}’e) = AERL;RL(V,UQL = IU;CI'L) =F(d-y),
burada 8, -Vaynberq bucagidir, U,, =cos8.,U, =sin8,, 8 -Kabibbo bucagidir.

Baglangic vo son zorrociklorin spiralliglart nozoro almagqla, elementar proseslorin
effektiv kasiklori hesablanmigdir:

d&(v,q, = 1.q,) _ d0WVeqr = Hrdr)

=’ xsF?,
dy dy
dﬁ(VLqR = /'Iqul'{) — dﬁ(VRqL = ﬂ;q;) — m2xsF2(1— y) (7)
dy dy ,

Yariinkliziv v, + N = g~ + A+ X prosesinin effektiv kosiyi agafidaki ifads ilo
verilir:
dU(/’lN,h ) A N A —_ o) _
A00) =2 T T (006 12 (04N -)
~ o (o) o) - ( )02 1= ) |- [, (aD2 (21 - 72 (AD2 )1 - y) |+
by [qu (a0 )+ o7, (s @)1= ) |}
(®)

Burada
fqzv (X):quzl:r)l)( )+f12/(1+)1)(x) AfN(x)=fq1(Vfl+)l)( ) — fz(v<1+)1) ,
D;} (Z)— /\<+1>( )+DA(+1)(Z) ADA (Z) /\<+1)( ) — DA(H)(Z)

Neytrino (antineytrino) —nuklon DQES proseslorindo yaranan A -hiperonun
polyarlasma doaracosi

_do(hy;hy, =1)=do(hy,;h, =-1)
doa(hy;h, =1)+do(hy;h, =~1)

9

ifadasi ilo toyin edilir.

Biz antikvarklarin paylanma vo fragmentasiya funksiyalarini nozordon ata bilorik,
ciinki x vo z-doyisanlarinin biiyiik qiymatlarinds onlarin pay: ¢ox kigikdir. Onda A -hiperonun
polyarlasma doaracaleri iiglin ¢ox sads ifadalar alirq:

) AD” (z)
P(v, N AX)=—— 22 10
V,N=u ) DM 2) (10)
_ . AD” (7) + RAD™ (2)
PV, N AX)=-—4 s 11

Burada R = tgzﬁc =0,056. Goriindiiyii kimi, (10) vo (11) polyarlasma daracalari

yalmz z doyisonindon asihidir. Bu  polyarlasma doracalarini tocriibolordo Oyronmoklo
polyarizd olunmus kvarkin polyarizo olunmus  A-hiperona fragmentasiya funksiyalar
haqqinda giymatli informasiya oldo etmak olar.
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A -hiperonun uzununa polyarlasma dorocasini qiymotlondirmok {igiin polyarizo
olunmus kvarklarin polyarizo olunmus A -hiperona fragmentasiya funksiyalar1 asagidaki kimi
secilmisdir (1):

AD; (z) =AD; (z) = N,AD] (),
AD (z) = z2°D’ (2). (12)

Ododi Hesablamalarda a vo N, parametrinin iki miixtolif qiymaetlorinden istifado
edilmisdir:

Parametr I variant II variant
a 0,27 1,66
N, -0,2 1

Hesablamalar gostorir ki, parametrlorin birinci variant giymotlorindo A -hiperonun
uzununa polyarlagsma dorocasi miisbatdir vo z doyisonin artmasi ilo zaif artaraq 10-15%-2
yaxinlagir. Homin variantda A -hiperonun polyarlasma doracasino s-kvarkin payr istiinliik
toskil edir, u-vo d- kvarklarimin pay1 iso 20% tartibindadir.

Ikinci variantda A -hiperonun uzununa polyarlasma doracasi manfidir vo z-doyisonin
artmast ilo modulca siiratlo artir vo spektrin sonunda -100%-9 catir.
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DAIMAN PROQRAM-PAKETI VO MUSAHIDO
MATERIALLARININ iSLONMOSININ
AVTOMATLASDIRILMASI

Casarat S. 9liyev
AMEA Samaxi astrofizika rasadxanasi, AZ5618, Samaxi
(Email: jascience @ yahoo.com)

Ragomsal  saxlanmis  boyiik hacmli  eksperimental materialin islon-masini
avtomatlasdirmaq gorayi ilo DalmAn proqgram-paketi yara-dilnisdir. DalmAn materiali
internetda yerlasdirilmis arxivdon ¢akib gotirir, tomizlayib riyazi formata salir, va sonra
dovriiliiyii axtarib tapmagla yanasi onu analitik funksiyaya interpolyasiya edir. Bu isdo misal
kimi RW Aur ulduzunun AAVSO — da yerlas-dirilmis arxiv materiali iglonmigdir.

Bugiin astronomiya informasiya dasqini il liz-iizadir vo artiq 1 PB —a (petabyte) yaxin
material internet vasitosilo alds edilo bilor. Bu hocm ilde 0.5 PB artir. Bu materiallarin oldo
edilmosi artiq astronomiyada arasdirmada cevrilis edir vo STScl — nin (Space Telescope
Science Institute) verdiyi xobaro gora arxiv materiallarina goro aparilan arasdirmalarin say1
yeni alinan material osasinda aparilan aragdirmalardan ¢oxdur.

Digar torofdon vaxta goro borabar paylanmayan miisahido materiallarinin islonmosi,
asasan do, periodikliyin diizgiin tapilmasi bu giino kimi problem olaraq qalir [1-3].

Biitiin bunlar nozoro alaraq biz, arxiv materiallarinin internet vasitosilo ¢akilib
gatirilmoasi (masalon, AAVSO-dan) vo islonmasinin avtomatlagdirilmasimi hoyata kegirmok
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ticiin DalmAn — program-paketini yaratdiq. DalmAn materiali ¢okib gotirir, tomizloyir,
lazimi riyazi formata gevirir vo itmomasi li¢iin verilmis bir ad altinda har hansi bir iinvanda
saxlayir, isin diizglin yerina yetirildiyini gostormok ii¢iin materiali qrafik sokilds {izo ¢ixarr.
Bu vaxt programa yalmiz informasiya yerloson internet tinvanim1 vermok kifayatdir. Bu isi alt
program olan DIPI goriir.

Sonra igin ikinci hissosi, materialin iglonmoasi prosesi baglayir. 50-100 — il vaxt
kosiyini ohato edon materiali hatta virtual qucmaq cox catindir. Onca alt program DATAN
vasitosilo gorok olan olan sortlori ddoyon, masolon, vaxt uzunlugu / giindon (aydan, ildon)
boyiik borabor olan vo miisahido giinlori arasindaki vaxt m giindon (aydan, ildon) kigik
barabar olan material axtarilaraq tapilir vo qalan materialdan ayrilir.

Bunun ardinca az gala borabor addimli olan bu material tigiin giic spektri qurulur vo
tezliklor tapilir. Sonra model ayri qurulur v ilkin materialla tutusdurulur. ©gor forq ¢oxdursa
tezliklorin tapilmasi model oyri ilo miisahido oyrisinin ¢ox yaxin olmasina godor davam
etdirilir.

Asagida, RW Aur ulduzunun misalinda DalmAn — mn necs islomasi gostarilir. Onca
DalmAn cagirilir vo ona RW Aur ulduzuna aid materialin, masalon, ulduz 6l¢iisiiniin vaxtdan

asilili1 yerloson internet tinvan verilir. O, materiali ¢okib gatirir vo aydin olur ki, bu material
1937 — 2011 —ci illori ohato edir (Sokil 1):

Tin: = 1937.1.16, Tripa; = 2011.4.4
Dependence of magnittsde of the RW Ay o tivne
1

13

124

e
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Sokil 1

Indi, deyakki, bu materialinigorisindon addimi, yani miigahids giinlori arasindaki farq
2 giindon ¢ox olmayan vo uzunlugu 15 noqtodon kicik olmayan hissalori axtaririq. Bu isi alt
program DaFi goriir. Tapilan hissolor asagida grafik olaraq gostorilib ($aokil 2, ordinat oxu
ulduz olciisiinii, absis oxu isa giinlor forqini gostorir) . Analiz {iciin onlarin i¢orisindon birini
secirik, o 23 elementdan ibaratdir (Sakil 3):

Dependence of mean magnitude on time
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Bu material {igiin giic spektrini qurulur vo MxFnder alt proqrami vasitasilo tezliklor tapilir:
wo =095, w,=2.23, w, =322, w, =522, w, = 634

CurFit alt programinin komaoyi ilo model oyri qurulur vo o, ilkin materialla tutugdurulur. Forq

coxdursa iterasiya davam etdirilir. Baxdigimiz halda {i¢ iterasiya bas edir ki, ayrilor iist-listo

salinsin(Sokil 4):

om
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Model curve
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Sokil 4

Belo iist-iisto diisma programin no darcado yaxsi islodiyini gostorir.
Beloliklo program — paket DalmAn bir torofdon miisahido materialim Fiirye sirayla
interpolyasiya edir. Digor torofdon tezliklori tapmaqla sistemds hansi dovrii proseslorin

getdiyini agkarlamaga imkan verir. )
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SOLAR ACTIVITY

Jassarat S. Aliyev
Shamakhy Astrophysical Observatory, NAS of Azerbaijan, AZ5618, Shamakhy, Pirgulu

(Email: jascience @yahoo.com)

It is suggested that solar activity is a result of the mechanical chaos in the solar
system, which transforms into physical one inside the Sun. Despite the total angular
momentum is conserved, the spin-orbital interaction leads to a change in solar spin moment
in time. Due to the interaction between the spin and orbital moments, a velocity field inside
the Sun is redistributed. If the velocity gradient is greater than a certain critical value the
instabilities appear and mechanical chaos turns into a physical one.

The theories explaining the solar activity are of two types. The first type of those takes
into account the influence of planets as the main cause of activity. The second type theories
are based on idea that the cause of solar activity is contained only inside the Sun.
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The idea which lies on the basis of model considered by us is that the main reason of
solar activity is influence of the center of mass of solar system on solar inside layers due to
which the differential rotation and also own angular moment change with time. From this
model for a full solar cycle follows T=22.36 yr., and the halfcycles equal to 11.2 year.
Historically many authors to explain the solar activity have suggested to consider the
influence of planets (Wolf 1859; Brown 1900; Schuster 1911; Jose 1965; Wood & Wood
1965; Wood 1972; Blizard 1981, 1983, 1989; Fairbridge &Shirley 1987; Sperber &
Fairbridge 1990; Gokhale & Javaraiah 1995, Gokhale 1996; Zaqarashvili 1997; Landscheidt
1999; Charvatova 2000; Juckett 2000, 2003). This idea has passed a way of development
from simple approach taking into account the influence of Jupiter, because of similarity of the
solar cyclic activities and the periodic motion of Jupiter (Wolf 1859), through the approach
about influence of motion of the sun around the center of mass of solar system (José 1965) up
to the account of interaction between the solar spin and orbital moment (Juckett 2000, 2003).

We assume that solar activity is a result of the mechanical chaos in the solar system,
which transforms into physical one inside the Sun. The Sun and the planets move around the
center of mass and there is chaos in the mechanical system in the sense that the orbits are not
closed. Mechanical chaos turns into physical chaos due to rising velocity gradient inside the
rotating sun due to the spin-orbital interaction. Despite the total angular momentum is
conserved, the spin-orbital interaction leads to a change in solar spin moment in time. Due to
this interaction between the spin and orbital moments, a velocity field inside the Sun is
redistributed. If the velocity gradient is greater than a certain critical value the instabilities
appear and mechanical chaos turns into a physical one.

We divide the solving of problem into two parts: mechanical and physical.

* First, one begins with a study of the system of equations governing a spin-orbital
interaction. In the first instance the bifurcation points must be found. It will give us
the start times of instabilities. Moreover, solving the equations, we have to find a
change of the spin moment of the Sun in time and the velocity distribution inside
the Sun. This means that the mechanical part of the problem was solved.

* Second, we write the known equations of the electromagnetic field of the solar
dynamo models (for example, the classical mean-field theory, the flux transport
dynamo model of solar dynamo group in Boulder (Dikpati et al. 2006), or another
flux transport dynamo code developed in Bangalore (Choudhuri et al. 2011),
adding to it the velocity field and the forces that have been before found. It is
possible that one will derive a new coupling of equations governing the evolution
of magnetic and velocity fields. We think that this approach will solve the problem
of periodicity, and it will answer questions such as the latitudinal and longitudinal
dependency of the appearance of spots. To solve this problem we create module
SA (solar activity), which will allow us to describe the motion of the sun and
planets around the center of mass, and more.

Below it is shown the solar center motion around the mass center of solar system for
epoch 1966-2006 (Pic. 1). As seen from comparing the Pic.1 and Pic. 2, it is very similar to
the Chua’s double scroll attractor:
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Solar center motion around the barycenter Chua's double saroll attractor

Pic.1 Pic.2
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ULDUZ SPEKTRLORIND® GUCLU UDULMA X9TLORININ MORKOZI
INTENSIVLIYININ TEMPERATURDAN ASILILIGL

S.H.9liyev, V.M.Xslilov
Samaxi Astrofizika Rasadxanast
sabir-shao @rambler.ru

Isda Bo-G5 spektral sinif ulduzlarda H, vo H sxatlorinin markazi intensivliklori
verilmis va temperaturdan asil olaraq dayismasi askar edilmisdir. Alinnusdur ki, bu ulduz
spektrlarinda markazi intensivlik biitiin hallarda nazari giymatlordan cox olur.

Giiclii udulma xatlorinin morkazi intensivliyi Ry(0) = 1- Ry ulduz spektrlorinin izahi
baximindan c¢ox bdyilk maraq kosb edir.Tosssiif ki,indiyo kimi ulduz spektrlorinin izah
olunmasinda  giiclii franghafer xotlorinin morkasi intensivlik parametrindon istifado
edilmomis vo diqqatdon yayinmamigdir. Spektral xatlorin yaranmasi nazariyyaloring goro tam
sopilmo halinda, yaxud monoxromatik siia tarazlifn hallarinda giicli udulma xotlorinin
morkozi intensivliyi sifira yaxin olmalidir [1,2].

Taodqgiqatlar gostorir ki, yalniz sopilmo halinda haqiqi udulma nozoro alinmadan
modeldon asil1 olmayaraq nazari hesablamalarin naticalori miisahidodon shomiyyatli doracads
forqlonirlor.

Lakin haqiqi udulma hallarinda iso bu mosolo tamamilo basqa xarakter dasiyir. Giiclii
xatlorin udulma amsallar1 K xattin markazindo daha boyiik oldugu iiciin atmosferin on yuxari
qatlar1 - sothi miisahido edilo bilir. Ona goro do baxilan xottin morkozi verilon dalga
uzunlugunda atmosfer olduqca geyri-soffaf olur vo bu halda xattin markozinin yaranmasinda
atmosferin on xarici qatlar1 osas rol oynayir. Ona goro do atmosferin yuxar1 sorhoddinde
temperatur sath temperaturuna (Tp) uygun galir.

Ulduz spektrlorindo giiclii xotlorin (H, - Hs) morkozi intensivliklorinin nozori
hesablanmig qiymotlorinin miisahido ilo iist-iisto diigmomosi fakt1 ilk dofo olarag A.Q. Sayn
[1] askar etmigdir.

Molumdur ki, [2,3] daha ¢ox isti ulduzlarda (esason O, B sinif) yiiksok temperatur vo
tozyiq effekti noticosinds hoqiqi udulma amsali (€) tocriibi olaraq udulma xotlorinin hamaisi
iciin vahide yaxin olmalidir. Ona gors do bu ulduzlarda R(0) komiyyati xeyli boyiik vo
intensivlik iso toxminen Plank funksiyasina B;(Ty) uy8un olmalidir. Burada T ulduzun soth
temperaturudur. Buradan aydin olur ki, giiclii xatlorin morkozi intensivliyi (temperaturdan
asili olaraq) isti sinif ulduzlara getdikco artmalidir.

Morkazi intensivlik problemi tam sopilmodon forgli olan digor fiziki proseslorlo do
olagodar olur. Oslindo ulduz atmosferlorindo florosensiya prosesi bas verir, yoni a)
stialanmanin  xotlor aras1 paylanmasi (birinin giiclonmosi, digorinin zoiflomasi), b)
stialanmanin udulma xatti ilo kosilmoz spektr arasinda paylanmasi. Birinci hal az ehtimalhdir.
Ikinci hal iss daha maraqli vo ulduz atmosferi iigiin daha ¢ox bag veran prosesdir.

Ulduzun daxili qatlarinda demok olar ki, har iki proses bir-birlorini kompensa edirlor
(T.T. hali). Lakin ulduzun sathinds birinci hal - yoni xatt daxilinds kvantin yaranmasi ikinciya
nisbaton ustiinliik toskil edir ki, bu da morkozi intensivliyin sifirdan forqli olmasina gatirir.
Nozars almaq lazimdir ki, kasilmoz spektrdo stialanmanin sixlif1 (siia seli) atmosferds sabit
qalir (lokal termodinamik tarazhq sorti). Lakin spektral xott daxili stia seli atmosferin asagi
gatindan yuxariya getdikco azalir (udulma vo sopilma effektlori).
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Beloaliklo, florosensiya prosesi, xiisusilo siia selinin spektral xatt vo kosilmoz spektr
arasinda paylanmasi morkazi qaliq intensivliyini artira bilor. Ona goro do kociirma tonliyi
florosensiya effektini nozora almagla hall edilmalidir.

Molum oldugu kimi spektral miisahidalor osasinda ulduzlarin fundamental parametrlorini
(Te, 1g g) toyin edarkon Hy - H; xotlorinin nazari vo miisahido olunan profillorindon vo
hoamginin onlarin tam intensivliklorindon (W) istifado edilir.

Adaton bu prosesda nazari vo miisahids edilon profillori miiqayiso edarkon profillarin
morkozi hissolorino deyil, qanadlarin Ust-iisto diismosing Ustiinliik verilir. Qeyd etmok
lazimdir ki, miixtolif modellor asasinda (hom Suster - Svartssild vo hom do Eddinqton)
udulma xatlari ligtin hesablanan nazari profillar (Ro) miisahido olunan profillarlo tam iist-iisto
diismiirlor. Bu forqlonmaloer an ¢ox profillorin markazi hissalarinda (R) = 0) miisahids olunur.
Bir qayda olaraq giicli xatlor (Hy - Hj) ticiin morkozi hissado Rj-nin nazori giymatlori
miisahida olunanlardan daha ¢ox farqlonirlar.

Qeyd olundugu kimi molum noazariyyalora gors on giiclii udulma xatlorinin moarkozi
intensivliklari sifira yaxin olmalidir. Lakin bizim miigsahidolor gostorir ki, Hy - Hs xatlorinin
morkazi intensivliklori, kasilmoz spektr vahidlorinds ¢ox hallarda 0.1-don ¢ox olur (sokil 1).
Bu problem miixtolif nozariyyolor asasinda bir ¢ox todqiqatgilar torofindon arasdirilmisg, lakin
birqiymatli (vahid) notico alinmamusdir.
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Giiclii franghofer xotlorinin morkozi intensivliyl vasitosilo atmosferin yuxari
qarlarinda bas veron hoqiqi udulma, koherent vo geyri-koherent sopilmalori, florosensiya,
firlanma, mikroturbulensiya va s. proseslarin nisbi rolunu miioyyan etmak olar. indiyo kimi
bu miihiim problem no nazari vo nd do miisahido baximindan kifayat qodor dyronilmomisdir.

Bu problemin halli ii¢iin florosensiya ilo yanas1 asagida gostorilon on osas faktorlari
nozora almaq lazimdir: 1) Giiclii udulma xatlorinin (Hy - Hs) morkozi hissolori emissiyaya
daha ¢ox hassas olurlar; 2) Udulma xatlorinin markazi hissalari ulduzun sathinds yarandigina
goro orada termodinamik tarazligin pozulmasi; 3) Bork firlanan ulduzlarin xarici sothindon
madds axini; 4) Kimyavi pekulyar magnit ulduzlarinda (CPM) kimyavi anomaliyanin ulduzun
sothinds daha ¢ox olmasi vo ulduzun sathinin geyri-bircins olmasi va s.

Bunlarin hamisi ulduzun noviindon, spektral sinfindon vo ya temperaturdan asili daha
cox Oziinli biruzo veron osas amillordir. Goriindiiyli kimi bunlar1 agkar etmok ligiin giiclii
udulma xotlorinin morkozi intensivliklorinin temperaturdan asili olaraq doyismasinin
arasdirilmasi xiisusi ohomiyyat kasb edir.
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Isin osas moagsadi a) Bag ardicilliq ulduzlar spektrlorinds giiclii hidrogen xatlorinin
(Hq - Hs) markozi intensivliyinin nozari vo miisahidodon alinan forqgin askar edilmasi; b) Hyq -
Hs xotlorinin morkoazi intensivliklorinin (spektral sinifdon) temperaturdan asili doyismasini
miloyyon etmokdan ibaratdir.

Hidrogen xatlorinin markazi intensivliyinin nazari hesablanmig qiymatlori ii¢iin on cox
istifads edilon Kurugun son 1993-cii il modelindan istifados edilmigdir.

Istifado edilon miisahido materiallarinin demok olar ki, hamisi SAR-m 2 m
teleskopunda alinmisdir.

Tadqiqat iigiin 28 adod miixtalif maqgnit vo 20-ya goder geyri-magnit ulduzlarinin
spektrlorindo H, - H; xatlorinin morkazi intensivliklori toyin edilmisdir. Niimuna kimi, Hy vo
Hs xotlorinin morkozi intensivliyinin (Ro) temperaturdan asili doyismosi sokil 1-do
gOstorilmisdir. Morkozi intensivliyin Ry temperaturdan asili doyismasini arasdirarkon har bir
ulduz igiin effektiv temperaturun miiollifin ovvalki islorindo toyin etdiyi qiymotlorindon
istifado edilmisdir [4].

Mogqalonin tortib olunmasinda gostordiyr komeokliyo gore E.A.Soltanovaya dorin
minnatdarligimi bildirirom.

9sas naticalor
1. Askar edilmigdir ki, T, = 6000 - 20000 temperatur intervalinda hidrogen
xotlorinin  nozori vo miisahido olunan morkozi intensivliklori bir-birlorindon
oshomiyyatli doracads forglonirlor vo bu forq temperaturdan asili olaraq artir.
2. Baxilan xatlorin moarkazi intensivliyi maqgnit ulduzlarinda geyri-maqnitlords
oldugundan xeyli (toxminan 0.1) az olmas1 miioyyaon edilmisdir.
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C.I'. Anues, B.M. Xaiujos
IIIAO HAH A3zepbaiiosxcana
sabir-shao @rambler.ru

Onpeoenena konuuecmeeHuvie CNeKmMpaibHble UHOeKChbl (cmeneHu) nekyaiaprocmu P
0I5l PA3IUYHBIX MACHUMHbBIX 36€30 6 UHMEPBANO8 Cnekmpanbhvlx kiaccoge B6 — @O.
Hccneoosanvl 3aeucumocmu eeruuunvt P om sgpgpexmusnoti memnepamypor (1500 > Te >
7000 K ).

Buvisenenvt  xapaxkmepmnvix  ocobenHocmu  nogedenusi uroekcoe P 600.1b
memnepamypHol noc1e008amenbHOCmU.

BriepBrie TOHSTHE KOJMMYECTBEHHOM CTENEeHM (MHACKCA) MEKYJISpHOCTH P ObLIO
BBEICHO B [l] BBEIEHHE KOJIMYECTBEHHOM MEpbI MEKYJISIPHOCTH CIEKTPOB MarHUTHBIX
xuMudecku mekyisipHbix  (MCP) 3Be3 SIBWJIOCH BaXKHBIM 3TaoM JJIs KOMILIEKCHOIO
U3YyYCHUs HaOo/aeMble U (PU3WYECKUE OCOOCHHOCTH 3THX 3Be3l. HeoOxommmo oOparut
CliellMajlbHOE BHMMAHHUE HA BBISBJICHUE BO3MOKHBIX 3aKOHOMEPHOCTEH B IMOBEICHUHU 3THUX
napamMeTpoB B 3aBUCMMOCTH OT TEMIIEpaTyphl 3BE3/Ibl, BEIMYMHBI MATHUTHOTO TOJIS, & TAKXKE
Ha TIOUCKM KOHKPETHBIX KOJIMUYECTBEHHBIX COOTHOIICHUH MEXKIYy CHEKTpPaJIbHBIMU U
(oTOMETpHYECKUMH KPUTEPUSAMH, XapakTepamu Juia pasnudabix THnmoB MCP - 3Be3n. B
KOHEYHOM UTOT€, CTapaTcsi TMOJY4YUTh JIONOJHUTEIbHBIC MJaHHBIC JJIS CYXACHHS O
(GU3UYECKON MPUPOJIC U MeXaHU3MaX 00pa30BaHUs XMMUYECKUX aHOMAIIUH [2].

OnpenenuM KOJIUYECTBEHHBIM CIEKTPANbHBIA HHJIEKC MEKyIspHOCcTH P jnmHuM
xuMuueckoro anementa E B cnektpe MCP-3Be3nbl ¢ addekTuBHON Temmneparypoir Te u
CreKTpanbHbIM KiaccoM Cn Kak OTHOIIEHUE SKBUBaJNEHTHOW mupuHbl W (P) nmuaum storo
sneMeHTa B crnektpe naHHoil MCP-3Be3anl k ee W (H) B cnekTpe HOpMaibHOM 3BE3bl
IJIaBHOM mociieoBaTenbHOCTH ¢ TakuM ke Te u Cn. Takum obpazom, unuexc P (E) = W (P) /
W (H) xapakrtepusyeT HaM KOJWYECTBEHHO MEPY YCUJICHHMS JMHUM JTaHHOTO JJIEMEHTa B
cnektpe MCP —3Be3nbl [2], IpyruMu cloBaMH, CTENEHb (MHACKC) MEKYJISIPHOCTH CHEKTpa
MCP —3Be3/1bl B OTHOILIEHUH PACCMATPUBAEMOI0 XMMUYECKOTO JIEMEHTA.

B oa1oif wactm paboTBl MPEACTABISETCS TMOMBITKH ONPEACICHUS W HM3yYCHHS
KOJIMYECTBEHHBIX  MHJEKCOB  CHEKTPAJbHBIX MEKYJSIPHOCTH  MAarHUTHBIX  3B€3] B
cnekTpajibHoM auana3one B4-®O. CnekTpalibHbIil MaTepua, UCIOIb3yEeMOH Ui 3TOH 1eH,
ObuT TOTydeHbl Ha 2 M. Teneckone IITAO HAH Asep6aiimkana. OCHOBHBIE HCXOJIHBIE
JAaHHBIC IS BBIOPAHHBIX MATrHUTHBIX 3BE3]] MPHUBEACHBI B TaOIHIEC, B CTOJOIAX KOTOPOU
nocienoBareabHo garorcs: 2-Homep IIJI; 3-Buaumass BenwuumHa 3Be3q B GuibTpe B; 4-
KOJIMYECTBEHHBIN CIEKTpaIbHbIN Kilacc, HaineHHsle B [1,2]; 5-TuUn mekymasipHOCTH OBLIN
B34THl U3 [2]; 6-10 uHIeKcHl nekynsapHocTu P, HalijieHHbIe TOJIbKO 110 auHUsIM Cu, MH, XKp
Cp u Ey. PesynapTaThl NOJyYE€HHBIE [0 JPYTUM aAHOMAJIbHBIM DJIEMEHTOM, OYyIyT
MIPE/ICTABJICHBI B OTACIBHON cTaThe. [|JIsl u3MEpeHus BHIOpAIMCh JABE-TPU HAaUOOJIee CUIIbHBIC
JUHUU KaXXJI0T0 3eMeHTa. J[Jis KaXK10ro UCCIeyeMOro 3JIeMEeHTa ObUIH MOJICYUTAHbl CYMMBbI
SKBHUBAJICHTHBIX IIMUPUH HECKOJbKUX JIMHUH, HM3MEPEHHBIX B CIEKTpaX MAarHUTHBIX W
HOpPMaJIbHBIX 3Be37. llocime HSToro il KaXKJ0Ml MarHUTHOW 3BE3/IbI C YYETOM €€
CIIEKTPAJILHOIO KJIacca ONpEACISUIMCh BEJIWYUMHBI P, 1O OTIENbHBIM JJIEMEHTOM |
npezcTaBiIeHbl B Tabmaumax crondmax 6-10.
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Ne | 3Be3na A\ Sp Tun NHaekchbl NeKyJIAPHOCTH

HD neKy.Jl. Sill | MnllI | CrII | SrII | Eul

I

1 358 2.07 | B6.2 Hg, Mn 1.55 5.90 2.10 1.00 --

2 19832 5.60 | B7.3 Si 4200 2.00 -- 1.15 1.60 --

3 40312 2.64 | B9.1 Si,Cr 2.60 1.60 1.50 1.05 --
4 108662 5.27 | B94 | Sr,Cr, Eu 1.25 2.40 5.20 230 | 5.70
5 108945 549 | A24 | Sr,Cr, Eu 1.40 1.60 2.20 445 | 2.50
6 112185 1.76 | Al1.0 Cr, Eu 0.50 1.35 2.10 0.80 | 1.90
7 112413 289 | B79 | Cr,Eu,Si 2.25 2.30 3.10 1.62 | 6.00
8 118022 493 | A0.0 | Sr,Cr, Eu 1.32 3.15 4.35 3.82 | 549

9 124224 5.01 B7.2 Si 4200 3.20 -- 2.30 2.62 --

10 129174 4.54 | B8.0 Hg, Mn 1.48 5.80 2.40 1.61 | 3.78

11 137909 3.68 | A80 | Sr,Cr,Eu | 1.30 1.70 2.15 1.50 | 5.30

12 148112 458 | A0.O | Sr,Cr,Eu | 0.81 1.52 2.20 1.55 | 2.40

13 184905 6.32 | B8.2 Si, Cr 0.83 1.21 1.80 1.20 | 2.30

14 196502 520 | A29 Sr, Cr 0.91 2.30 3.30 2.70 | 3.80

15 201601 4.68 | A8.6 Cr, Eu 1.10 1.12 1.10 2.00 | 2.82

16 220825 495 | B98 | Sr, Cr, Eu | 1.10 2.05 3.10 3.90 | 6.00

17 224801 6.37 | B7.6 | Sr,Cr,Eu | 290 - 1.80 2.80 | 6.20

Huwxe paccmarpuBaeTcsi moBeleHHE BEIMYMHBI P MOJydyeHHbIE Ha KaXIOTO
BBIOPAHHOTO JJIEMEHTA.

Kpemnmnit. Unnekc nexyasspHOCTH OMPEACNSUIMCH 0 CyMME 3KBUBAJICHTHBIX IIUPUH
muanu Cu bIbI 4128-30, 3862, 3856.

BrisiBiieHO, 4TO JNMHUU TPEeMHs UMEIOT MAaKCUMAaJbHbIE 3HAYEHUSI WHTEHCHUBHOCTU B
obsactu cniekTpaibHbIX KiaccoB B 8.0-A 0.5. ComnocraBenust 3HadeHust P co cnekTpaibHbIM
KJlaccoM mokasbiBaet, 4To Bce 3HaueHus P (P CU blbl) HopmanbHBIX 3B€3/1 HAXOASTCS B
npeaenax omubok ( A m = £ 0,1). [{ng 3Be3nx B kotopeix 3uadenus I1 (Cu)>1 obOmagaror
AHOMAJIMEH B OTHOIICHUU KPEMHUS U SBJISIIOTCS «KPEMHUEBBIMU» 3BE3[aMHU.

3aBUCUMOCTh BEIMYMHBI P OT CHeKTpanibHOro Kiacca, MO3BOJSET 3aKIHOYUTh, YTO
CTENEHb NEKYJISIPHOCTU KPEMHHUSI IOCTENIEHHO pacTeT oT HopMaibHbIX 3Be31 [P (H) =0,7-1,2]
K 3HayeHUaM 114 38e31 MCP.

Mapraunen. Bennunna P s mapranma ObuUtH ONpeAeNieHbl MO0 HHTEHCHUBHOCTSIM
nuauM 4282 u 4206. IHTEHCUBHOCTH JMHUM MapraHila JJjis HOpMalbHbIX 3BE€3]l COCTaBJISET
W (Mu)<0,1 A, a gaa MCP —3Be3g W =0,3-0,4 A’ Pacnipenenenue 3Be3n no BenuunHam P u
M0 CHEKTPaJIbHBIM KJIACCOM 3JIeCh aHAJOTHUYHO KpeMHHEeBbIM. (OJIHaKO, MaKCUMaJIbHOE
3HaveHus P i, mapranima 6omnbiie 4,5 a s kpemuus P & 3,5.

Xpom. Benmmunnel P Beraucisimucs i muauid 4558 n 4275. Hanbomnbinyro BeTUInHY
P nns xpoma MMEIOT MaprasiieBble 3Be3/1bl yCHIeHHe JuHUU xpoma B MCP 3Be3nax mMeHblie,
YeM y JIPYTUX NEKYISIPHBIX 3JIEMEHTOB.

Crponumii. Benmnuunel P ompenensiiuce no jsunusim 4215, 4161 u 4077. Ilpu
onpeaeneHun P (Cp) OneHIMpPOBAHUM HCIIOJIB3YEMBIX JMHUM HE WIPAIOT CYIIECTBEHHBIN
pOJIM, TaK KaK BKJaj OJICHOB JUIS ATUX JIMHWK oueHb Masl. B criektpax MCP-3Be3n nuHuun
CTPOHIIMSI UMEIOT OOJIBIIYIO SKBUBAJICHTHYIO IIUPUHY, OJlaroapsi 4ero MOKHO CKa3aThb 4TO
CTPOHIIMH SIBJISIETCS OJTHUM U3 HauOOJiee aHOMAJIBHBIX 3JIEMEHTOB B MAarHUTHBIX 3BE3/1aX.

EBponus. /Ins naxoxnenus P (Ey) ucnonb3oBanuce aunun 4205 u 3930 (Gnenna-
3930-3debl). Conocranenue 3HaueHue P (Ey) co crnekTpaabHbIM KJIACCOM MOKa3bIBAET, YTO
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BCE HOpMasbHBIC 3BE3/bl UMEIOT 3HaueHHs P B mpenenax (BeposTHbIe) omuOKu. B To ke
Bpemsi st marHuTHbIX 3Be3n LIJ[108662, 1[A112413 wu [[J1118022 Bemuuunst P (Ey)
JIOCTUTAIOT MaKCUMalIbHOMY 3HadeHuto — P = 5,5 — 6.00.

B 3akmoueHuu ciemyer OTMETUTh, YTO OJiarojapsi Onpe/ieficHHe CTEIIeHH (MHIEKCA)
NEKYJISAPHOCTU NJIsi pacCMaTPUBAEMBIX DJIEMEHTOB, (JIETKO) MOXHO OTKpHIT HoBble MCP
3BE3/Ibl, MIPUYEM 0e3 MpOoBeJIcHUH (HOTOMETPUUYSCKUX M MATHUTHBIX HAOIIOJCHHM, KaK 3TO
OBLJIO CAENAaHO B CIy4al MarHUTHBIX 3BE3/I.

Astoper: D.A.CynranoBoit u 3.M.AnmeBoit Gnaromapst 3a OMoOIIb B 0hopMIIeHUU
paboThI B e4yaTu
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CHEKTPAJIBHAS KTACCHOUKALINA U HOHU3U3AITNOHHAS
CTPATHO®UKALIUA OBOJIOYEK 3BE3/] TUIIA BOJIb®A-PAUE
WR134 1 WR136.

J.H. PycramoB, A.®.A0ay/IKepuMoBa
Hlamaxunckas Acmpoguszuueckas Obcepeamopus um.H.Tycu HAH Azepbatioscana
e-mail: janmamed @yahoo.com

Ilo swenne-cnekmpozpammam, nonyuyenHvim 6 2005-2010 2o0ax, Ha KaccecpeHO8CKOM
goxyce meneckona “ILleticc-2000”, Ilamaxuncroi Acmpoghusuuecxoii Obcepsamopuu
um.H.Tycu HAH Aszepbaiiddncana ucciedoganvl npogunu smuccuonnvlx aunutl Hell4859,
Hell5411, CIV5808, Hel5875 6 cnekmpax 36e30 muna Boavgha-Patie WRI134 u WRI36 .
Onpeoenenvl 2Kk6UBANEHMHbIE WUPUHBL U NOTYUUPUHBL IMUX IMUCCUOHHBIX TuHUl. Hcnonsb3ys
COBPEMEHHYI0 KIACCUDUKAYUOHHYIO cXem)y O CheKmpaivHou Kiaccugurxayuu 36e30 WR
A30MHOU NOCe008aAMENbHOCMU, ONpedeleHbl chekmpanbhble noomunvl 36e30 WRI134 u
WRI136. Hccrnedosarno makawce cpasHumenbHas UOHU3AYUOHHAA CMPYKMYpa 000104eK Imux
36e30.

BBenenue

3Besna Tuna Bomeda-Paite (WR) WRI134 (WN6, SBI1) okpykeHa KOJIBIICBOM
tymaHHocThi0 S 109 m Haxomurcs B co3Be3auu JleOems. 3Besga WRI134 sBrsiercst camoid
nepeMeHHoil cpeau 3Be3n moaruna WN6. Haxoknenne Ha OONbIION BBICOTE Z  OT
TraJaKTUYECKOM IIOCKOCTH, MPUCYTCTBUE KOJIBIIEBOM TYMAaHHOCTH BOKPYT 3TOM 3BE3bl U
BBISIBJICHHAss  (JOTOMETpHUYECKass TEepPeMEeHHOCTh ¢ mepuopom 7.44  mus  [1, 2]
MHTEPNPETUPOBAIACH TPUCYTCTBUEM KOMIIAKTHON KOMIIOHEHTHI Y 3TOH 3Be3/1bl (WR+C).

3Be3ma Tuna WR, WR136 (WN6, SB1) ansercs oqunounori WN6 3Be3701 U SABISCTCS
crangaproM noatuna WN6. B [3] oOHapykeHa NEpeMEHHOCTh JIYy4YEBBIX CKOPOCTEH M
npoduiell pa3IMYHBIX JTUHUNA B criekTpe 3Be316l WR136 ¢ meprogom 495 ITOATBEPKJICHA
aBTopamMu padoThl [4]. OCHOBBIBasSCh ATHUM JIaHHBIM, IOJarajioch, 4to 3Be3na WRI136
apisiercs:i TecHoW JaBowHON cuctemonr (TJIC) ogHa KOMIIOHEHTa KOTOpPOHW SIBIsIETCS
HEUTPOHHOMU 3BE3/10M. CrnenoBarenbHo, 3Be3/161 WR134 1 WR136 MoryT ObITh 3BE31aMH
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WR ¢ koMnakTHbIMH KOMIOHEHTaMH. OJIHAKO JaJIbHEHIIINE UCCIEIOBAHUS HE MOATBEPIUIIN
npupozy 3TuX 00bekToB Kak WR+C TBOWHBIX CHCTEM.

B pabGore [5] Obputa BbICKa3zaHa THIOTE3a O TOM, 4YTO ‘“‘OAWHOYHBIC  3Be31bl WR,
pacCIOJIOKEHHBIE B IIEHTPaxX KOJIBIEBBIX TymaHHocTeu, MoryT ObiTh TJIC, comepkamumu B
Ka4yecTBE CIYTHUKOB MajoMaccuBHbIe “HOopMasibHbIE” K, M 3Be3nbl. OCHOBaHUEM JJIsI TAKOUH
TUTIOTE3bI SIBIAECTCS TO, YTO HAOJIOAAETCs] OOJBIIOE YHUCIO MAJTOMACCHUBHBIX PEHTTEHOBCKHUX
JBOMHBIX CHCTEM, COCTOSIIMX M3 MajloMacCUuBHOM ontuueckod K-M 3Be3npl u
AKKpEUMPYIOIIEH  HEUTPOHHOM  3Be3Abl.  [lpapoauTensiMu  3THX  MaJIOMACCUBHBIX
PEHTICHOBCKUX JBOHHBIX CHCTEM MOTYT OBITh 3Be3/lbl THIIAa WR comepkamumu B Ka4ecTBE
CITYTHUKOB MajyioMaccuBHbIe “HOpMaiibHble” K, M 3Be3abl. CienoBarenbHO, MPUPOIA 3BE3]]
tuna WR, WRI134 u WRI136 He 10 koHua pasrajgana. Jljisi yCTaHOBJICHUS UX NPUPOJIBI
1[EJIECO00Pa3HO OMpPEIeTICHNE UX PA3IMYHbBIX MapameTpoB. Llenpio qaHHO# paboThI ABIISIETCS
OnpeeIieHUE CIEKTPAIbHbBIX MOATUIIOB ATUX 3BE3/I.

Habaronenusi u pe3yJjibTaThl

CnekrtpanbHbie HabOmonmeHus 3Be3asl WRI134 um WRI136 Obutn mpoBenmeHbl B (okyce
Kaccerpena 2-merpoBoro teneckoma, IIIAO wum. H.Tycu HAH A3sepbaiimkanckoii
PecniyOnuku. Ilpumensncs smemne-cnekTpomeTp, ¢ cetornpuemMHukoMm [13C-matpuna, c
dopmarom 530x580 mukceneii, crekTpanbHbI auamason AA4000-7000 AA, crexrpanbroe
paspemenne R=13 600, orHomenue curnana k mymy S/N ~100. Annapatypa HaOIr0AeHUI
noapoOoHo omucana B [6]. Ilomydenme u obOpabotka II13C -m3o0pakeHuMil »drieie-
CHEKTPOrpaMM OCYLIECTBISUINCH ¢ nmoMmolnbto nakera nporpamm DECH20 u DECH20T [7].
CrnekrtpanbHbie HabmoneHus 38e3161 WR 136 O0bi1u ipoBeiersl B 2005-2009 1T. 1 MOTy4YeHBI
46 »smemte-cnekTporpaMMm. Bpems HakoruteHuss 20 muHYT. CrHeKTpalibHBIC HAOIOICHUS
3Be3161 WR 134 0b11u poBenensl B 2006-2010 rr. v mosydeHsl 34 s1ielie-CrieKTporpamMmm.
Bpems HakoruieHus 25 MUHYT.

Onpenenenbl SKBUBaJIEHTHbIE MMMPUHBI (W)) W monymupusbl (Vi) 3MHUCCHOHHBIX
muani - Hell4859, HellA5411, CIVAS5808, Hell5875. CpeanexBagpartudyHbie OIIUOKA
ompesieNieHUs] SKBUBAJICHTHON HIMPUHBI M TONYIIUPHHBI OMpPEJEICHHbIE MO CTaHJIAPTHOMN
3Be3ne HD 189847, ~10% u ~110 km/c cCOOTBETCTBEHHO.

CnekrpanbHas kiaaccupukanusi. CoriacHo [8] npu CEKTpaIbHONW KiIacCH(PUKAIIMKN 3BE3]]
WR  a30THOM IOCIENOBATEIBHOCTH CIEAYIOIIUE OTHOLICHHS 5SKBHUBAJIICHTHBIX IIHPUH
HCITONB3YIOTCS Kak Kinaccudukaronnble kputepun: Hell5411/Hel5875, CIV5808/Hell5411,
CIV5808/Hel5875. B 3aBucumoctu log(CIV5808/Hel5875) ot log(Hell5411/Hel5875) WN
noATunbel Xopomo otnaenstores (puc.l). Ilpu cnektpanbHoil kinaccudukanuu 3Be3n WR
A30THOM TIOCIIEIOBATEILHOCTH  MCIOJB3YeTCs dTa 3aBUCUMOCTh. Ha puc.l rpaHuibl
pa3nuuHbix WN MOATUIIOB OTMEUYEHBI MYHKTUPHBIMU JIMHUSAMU. B 3TO# 3aBUCUMOCTH TOJIBKO
WN4 u WNS noarunsl He O4E€Hb YETKO OTACNAIOTCA M IS pa3leieHMs] ITHX IOJTHUIIOB
HCIIONBb3YIOTCS JOMOJHUTEIbHbIE KpuTepun. Touku cootBercTByromme WR 134 u WR 136
ABJIAIOTCS ~ YCPEAHEHHbIMM 3HaueHussMH 1o 23 wu 17 »suemie-cieKkTporpaMMam
coorBerctBeHHO. Ha pwuc.l BupHo, uro B 3aBucumoctu log(CIVS5808/Hel5875) ot
log(Hell5411/Hel5875) 3Be3ast WR134 1 WR136 HaxonsaTcss B 00JIaCTH COOTBETCTBYIOMICH
noartuny WN6. CrnenoBaTenbHO, HAlllM PE3yAbTaThl MOATBEPKAAIOT MPUHAICKHOCTH 3BE3[T
WR134 u WR136 k nogruny WN6. HecmoTpst Ha TO, 4TO 3TH 3Be3/bl MOMAAAIOT B 00JaCTh
cooTBeTcTBYyOIMYI0 WNO, 0JHAaKO MMEIOTCS OTJIMYMS MKy HUMHU. 3Be3na WRI136 Goree
TOYHO cOoOTBeTCcTBYeT noaruny WNO, onnako 3se3nqa WR134 Haxoautcs Ha rpaHULIe MEXKAY
WNS5 u WN6. Ormerum, uro cornacHo [9] B atmocdepe 3Be3nsr WR136 ects Bomopon,
onHako 3Be3na WRI134 momHOCTBIO mMOTEpsiia CBOIO BHEIIHIO BOJOPOAHYIO OO0OJOYKY.
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OTnuune MEXIy 3THUMU 3BE3/1aMH MOXET OBITh CBSI3aHO 3THM OOCTOSITENbCTBOM, a TaKXe
pa3auuMeM B Ha4aJIbHbIX Maccax 3THX 3BE3/l.

HNonun3zannonnas crpatupukanus o6onodek. OTHON U3 XapaKTEPHON 0OCOOECHHOCTEH 3BE3]T
WR sBnsieTcss 3aBUCUMOCTh MEX]ly MOJIYIIMPUHAMU SMUCCHUOHHBIX JUHUM M MOTEHIMaIaMu
MOHU3AILMN NOHOB COOTBETCTBYIOIIMX 3TUM JMHUAM [10]. DTa 3aBUCUMOCTB NposBIsSeT cels
B CIEAYIOLIEM: MOJIYUIMPUHbI JUHUM HOHOB C MEHBIIMMU MOTEHIHAJIaMU HOHU3ALUU B
cpeaHeM OoJiblile NOIYHIIMPUH JIUHUNA MOHOB C OOJIBIIMMH NOTEHIMAIaMU MOHU3AIUH. DTOT
HaOroAaTeNnbHbI (HaKT OOBSICHSAETCS TE€M, YTO JIMHUU MOHOB C OOJIIIMMHU TOTEHIMAIaMU
MOHU3aIMK 00pa3yroTcss B 00JacTM 00OJIOYKM PACIONIOKEHHBIH BOJW3M 3BE3]bl a JIMHUU
MOHOB C MEHBIIMMH TOTEHIMAJaMHd HOHHM3allMd 00pa3yloTcss B HAPYXHBIX OO0JIACTIX
000J10uKH. DTa 3aBUCUMOCTb (PAKTHUYECKH MOKA3bIBAET F'€OMETPUUECKOE MECTO 00pa3oBaHuUs
JUHUM pa3iuyHBIX MOHOB B oOoioukax 3Be3n tuna WR. Ha puc.l. u puc.2. npuBeneHsl
3aBUCUMOCTH MEX]ly TOTEHIIMAIaMU MOHU3ALMH U NOJIYIIMPUHAMM JIMHUH (B €JUHULIAX KM/C)
s paznuuabsix moHoB (Hel, Hell, CIII, CIV, NV) y 3Be3n WR 134 u WR 136
COOTBETCTBEHHO. B 3THX pHCyHKax TpeyroJibHUKaMU OTMEUYEHBl OIPEICICHHbIE HaMu
JaHHbIe, KpPY)KKaMU JaHHbIe B3sAThle W3 paborel [11]. Kak BuAHO M3 3THX pPHCYHKOB
CTPYKTYPbI 000JI04EK ITHX 3BE3/] OTJINYAIOTCS.
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OIMIMCAHME JINHEMHOI'O AHTAPMOHHUYECKOT' O OCOULJIAATOPA B
TEOPUHU C B3BAUMOJENCTBUEM /]¢4 B ®OPMAJIN3ME BHJIOKAJIBHOI'O
WUCTOYHUKA JIMHEMHBIM UTEPAIIMOHHBIM METOJIOM POYEBA

T.I'. AnneBa
Bakunckuii I'ocyoapcmeennsiii Ynusepcumem
Hncemumym @uzuueckux Ilpobnem
Va. 3. Xanunosa., 23
AZ1148 baxy, Azepbatiodcan
e-mail:aliyevatarana@rambler.ru

B nacmoswem ooknaoe cmpoumcs cmpykmypa 6mopo2o uiaza pasnodHceHus Cpeone2o
. . 4
nons 0N OOHOMEPHOL MOOeNU CKAIApHO20 oA ¢ camooeiicmeuem @ . Hcnonvzyemcs

MEmMoO umepayuoHHo2o peuterust ypasuenus Llleuneepa 0ns npouzeoosuje2o GHKYUOHANA 8
Gopmanuzme OGUNOKATLHBIX UCMOYHUKOS, paspabomanibiil B.E. Pouesvim. Dmum cozoaemcs
b6aza eviuucnenuii NLO-nonpasku K 9Hepeuu OCHOBHO20 COCMOAHUSA  JIUHEUHO20
AH2APMOHUYECKO20 OCYUIAMOPA.

Knrwoueswie cnosa: nenepmypdoamusHas K6aHMOBAs MEXAHUKA, AHEAPMOHUYECKULL
ocyunnamop,ypasrenue Illsuneepa.

1. Beepenue. Kaxk wusBectHo, Teopust Bo3myuieHuil (TB) mo koHcTante cBs3U
B3aMMOJCMCTBHS YaCTHIL SIBJSETCSI OCHOBHBIM METOJIOM IIPOBE/ICHUS] BBIUMCIICHUN HE TOJIBKO
B KBaHTOBOM TEOPHM IIOJIA JJIEMEHTApHBIX YacTUL, HO M KBAaHTOBOM TEOPUH aTOMOB M
Monekynl u ap. B meprypbartuBHoil oOmactu mno koHctaHte cBsisu  (TB) ynaercs
AQHAJIM3UPOBATh IIMPOKUM KPyr BOIPOCOB. BmecTe ¢ Te€M HM3BECTHO, YTO, OIPAaHUYMBASICH
muib pamkamu TB, Henb3s paccuuThIBaTH Ha JOCTATOYHO IIOJHOE HM3YYEHHE CTPYKTYpPBI
paccMarpuBaeMor AMHAMUYECKOM monenu. [IpuueM 310 Kacaercs Takke TEOpHii, B KOTOPBIX
KOHCTaHTa CBA3M OTHOCHUTEIBHO Mana (HampuMep, B KBAaHTOBOM XMMMHM, KOrza
JIEKTPOMATHUTHOE B3aUMOJCHCTBUE MEXKJYy aTOMaMU M MOJIEKYJaMH JIOMUHHUPYET Haj
OCTIbHBIMU  (PYHAAMEHTAIBHBIMU  B3aUMOJACUCTBUAMM). B KBaHTOBBIX JMHAMHMUYECKUX
TEOPHSIX AIIEMEHTAPHBIX YaCTHUI] U3BECTHO OOJIBIIIOE YMCIIO 3334, pEIIeHUEe KOTOPBIX TpeOyeT
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MPUMEHEHUsST METOJIOB, IMO3BOJIAIONIMX BBIXOAWTh 3a paMku TB 1o KOHcTaHTe CBS3M
(HerepTypOaTUBHBIE TOAXO/bI).

Haunnas c¢ ocHoBomonaramomux pador Xaptpu u @Doka, NpeANPUHUMAINUCH
pa3uyHbIe MOAXOJBI TI0 pa3paboTKe METOJOB, JAIOUIMX TOT WM MHOW Croco0 BhIXOna 3a
pamku TB. CaMbIM pacnpOCTpOHEHHBIM METOJOM SIBJIETCS MNPUOIIIKEHUE HMEHYeMOe
pasznoxenuem cpenanero noiss (PCII) (camocormacoBanHoe nosie Xaptpu-®oxka). OnqHuM u3
HamnpaBjieHUW sBisgeTcss cymmupoBaHue psgoB TB[1]. Ilpu 3TomM 17 4YIE€HOB BBICHIKX
MOPSIIKOB, HANpHUMEP, METOJOM (YHKIIMOHAIHHOTO TepeBaia MPUMEHSIOTCS Pa3InIHbIC
acumnitorndeckue hopmynsl [2]-[3]. [Ipouenypa cymmupoBaHust Takux psjoB TB comepkut
HEKWi (YHKIIMOHATBHBIA TPOW3BOJI, a /I KOPPEKTHOCTH pPacCMaTpPUBACMbBIX 3a/1ad
MIPUBJIEKAIOTCS JIONOJIHUTENbHBIE yClIOBUS O cymMme psnoB [4], [5]. Cpean Meronos
CBSI3aHHBIX C psaoM TB, caMbIM MIMPOKOPACTPOCTPOHEHHBIM SIBJISIFOTCS BAPUALMOHHBIE
noaxonpi[6]- [7]. OpHako, B paMKax HE BCEX BApUAIMOHHBIX METOJOB YJA€TCs MOCTPOUTH
AJITOPUTMbI BBIYMCIIEHUS IIOMPABOK, YTO B CBOKO OYEPEAb CO3AAET 3aTPyIHEHUE OLIEHOK
3¢ (}eKTOoB CBA3aHHBIX C KBAHTOBBIMH (IIOKTyarusiMu. B BapHallMOHHBIX MeTOAax
IMIPUHUUIINAIBHYIO POJIb UT'PAIOT CBOWCTBA CXOAMMOCTH psja. [laxe B cilyyae MMHUMAIbHON
(cmaboit) cBs3m, pacxonsuuiicss psg TB annpokcuMUpyeT paccMaTpUBaeMy0 BEJTMYHUHY KaK
pPSAI aCHMIITOTHYSCKH, a Ha amnmpOKCUMHUPYIOMIEMY PSAy BO3JIOTAIOTCS 0oJiee JKECTKHE
TpeOoBaHUs, M3-3a OTCYTCTBUSI Majoro mapamerpa [8]. B stom cmywae, nnsi momyudeHus
HAJICKHOW WMH(OPMAIMK €CTECTBEHHO BO3HHMKACT HEOOXOIUMOCTh TIOCTPOSHUS HEKOTOPOUH
UTEPALlMOHHONW CXEMbI, MO3BOJISIIONICH, B MPUHIMUIIE, MPOAENaTh CKOJb YroJHO OOJbIIOE
YHCIIO IIAaroB 10 HAINPaBIICHUIO K MOJHOMY (00Jiee TOYHOMY) ONIPENIEICHUIO TOMPABOK K TaK
Ha3bIBAEMOMY ‘‘OCHOBHOMY BKJIay H3y4daeMoro “oObekta”’. Takas cxeMa BBIYMCICHHI
npemioxena B.E. Pouebim (cm. [9]- [11] ), koTOpast ocHOBaHA Ha anmpOKCUMAIIUU CUCTEMBI
ypaBHenuii [lIBunrepa-Jlaiicona nans npousBoadiero pynkuuonana GpyHkuuii ['puna To4HO
pemaeMbiM ypaBHeHueM [11]. DTo pemieHne reHepupyeT JIMHEHHYIO UTEPALUOHHYIO CXEMY,
KOKIBIA IIar KOTOPOW OIMHUCHIBACTCA 3aMKHYTOW CHCTEMOM HHTErpo-auddepeHInanIbHbIX
ypaBHeHwmii [11]. YpaBuenus mis ¢ynkuuii ['puHa B rmaBHOM NMpHONMKEHWH W HAa TIEPBOM
niare UTepalnuii B pa3HbIX KOHTEKCTaX BBIIMCBHIBAINCH U UccienoBanuck panee [11]. HoBeim
SABJISIETCS MX MOSIBJICHHE B COCTAaBE PETYJISPHOM MTEPALIMOHHOM CXEMBbI, IPUYEM MUMEHHO 3TO
00CTOSITENECTBO U MO3BOJISIET JaTh UM IOCJIEIOBATEIbHYIO HHTEepHpeTanuio [11].

B nacrosmen noknazae, B paMKax JIMHEMHOIO MTEPALMOHHOIO PELICHHS YPaBHEHHUS
[Bunrepa st npousBonsuiero ¢ynkiuonana Gynkuuii ['puna [9] obcyxmaercs BTopoit
11ar 3a IJIaBHBIM NMPUOJIMKEHUEM PA3JI0KEHUS CPETHETO MOJISL JUIsl MOJIEIH CKAJISIPHOTO MOJIS

¢ camoneiicteuem @ (d —pasmeprocts mpoctpanctsa) [9]. Ilpu d =1 sra momens

COOTBETCTBYET KBAaHTOBOMEXAHMUYECKOMY AHTAaPMOHUYECKOMY OCIMIUIATOPY, JJISI KOTOPOTO
CYIIECTBYET NPHHIIMIHUAIBHAS BO3MOXXHOCTh BBIYHCIUT NLO momnpaBKy K SHEPrUH H
BBISIBUTH KBAHTOBBIC (DITFOKTYAIIHH.

2. Metoa. B pamkax npe/jio’)KeHHOT0 METO/1a TIPOU3BOAAIINK (DYHKIIMOHAT (PYHKITUN

I'puna Teopuu CKansipHOrO OIS ¢(x) B eBKIM0BoM mpoctpanctee (X L E ) ¢ nelicrerem

2

S (qo) = [dx %(a ﬂ¢)2 + m?(ﬂz +A¢' } umeer HIKecaenyromMi GYHKIMOHANBHBIN BH [9]
G(n)= N"' [ Dgexp{-$ + [dxdy@x)7(xv)A v} (1)

31ech l](xy) — GMIIOKAJIBHBI HMCTOYHUK TIOJIEH, N —HOpMHpPOBOYHAs ~ KOHCTaHTa

OTIpeIeNsIeTCs U3 G(O) =1. Cyrp npemioraeMoil UTEPalMOHHON CXEMbl MOXHO IMOHSTbH 10

AQHAJIOTUU C 3a7adyell 00 onpeAeNeHUH CTAllMOHAPHBIX COCTOSHUM aTOMa, XapaKTepU3yeMbIX
ONpENIeNIEHHbIMU  3HAUEHWSMM HHEpPIUH, COOTBETCTBYIOIIMM  3ajJayaM  OINpE/eeHus
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COOCTBEHHBIX KoJieOaHuil U, olliee, Ha JIMHEHHbIE ONEepPaTOpbl U UX COOCTBEHHbIE 3HAYECHUS
MaTeMaTHYECKOW (PU3MKH, B KOTOPBHIX OIPENIEIICHHBIE COCTOSHUS CHUCTEMBI BBLICISICTCS U3
psiia OCTaJbHBIX, B KOTOPBIX PAJ 3HAYEHUH JTaHHOM BEIMUYUHBI caM co00i BblaenniIcs Obl U3
JIpYruX MBICIMMBIX 3HaueHuid. Takoro poja obGocHoBanuwe wuzaen ocymectsisier PCII,
HauuHas ¢ OCHOBoIoJaraomx pador Xaprpu u Poka Kak 3a7aya Ha COOCTBEHHbIE 3HAYECHUS
OIIEpPaTOPOB.

CornacHo TpPaHCIALUMOHHOW HMHBAPHMAHTHOCTH MEpbl MHTEIPUPOBAHMS M3 MacTep
YpaBHEHHs OIpeneNserTcss SBHbIM Buji ypaBHeHHs LlIBuHrepa misi HPOM3BOASIIETO

dbynkmonana ynkuumii ['puna [9]

Se-y)+ad—2 L i -02) E " L raxp{rra2n) o (12)

-olx—y)+4 + -0 | ——  Lexpy7TrA21)Lh(12); =0, (2)
on(yx)an(xx) an(yx)

u MIPOU3BOISIINI (G yHKIIMOHAT TJ1aBHOTO MPUOJIKEHUS

G = eXP{TFA(21)D7(12)} = eXP{I dxldylA(xl » V1 )/7()71 s Xy )} TeHEPUPYET  JINHEHHYIO

UTEpaIMOHHYIO cxeMy [9]:
G=G"+G" +II+G™ + I . 3)

B sT0i1 uTepanMOHHON cXeMme HEeT Majoro mapamerpa. Ero ponps urpaer, B omnpeneieHHOM
CMBbICIIE, UCTOYHUK /). Pa3znoxkenue mpousBopsmiero gpynkuuonana (3) cienyer MOHUMATh
Kak anmnpoKCUMAIUIO G(/]) B Onu3u touku /) = 0. [To cymiecTBy, BMECTO BOMPOCA O MajioM
napaMerpe ClelyeT CTaBUThb BOIPOC O CXOJMMOCTH Pa3JIOKEHUs Il KBAHTOBOIIOJIEBOMN
3aaaun[11]. MOXHO OrpaHMuYMTBCS 3aMEUaHUEM O TOM, YTO MOXXHO TPUBECTH PsJl
KaueCTBCHHBIX COOOPaKCHHI B TIOJB3Y TOTO, YTO CXOJUMOCTH Pa3JIOKEHHUS TaKOTO THUIIA BO
BCSIKOM CJIy4ae He XYyXKe€, 4eM CXOaAuMOCTh psna TB no konctante cBsazu (cM. [12]). Kpome
TOTO, CJIEAyeT OTMETHUTh, YTO JUISi MOJICIBHOW “Hylb-MepHO# Teopuu” mpu d =0, korma
(GyHKIIMOHATIBHBIA HMHTErpajl CTAaHOBUTCA OOBIYHBIM, a ypaBHeHus llIBunrepa-/laiicona —
0OBIKHOBEHHBIMU (D (PepeHITMATBHBIMI YPaBHCHUSIMH, TAKOE Pa3lIoKEHUE 00J1aaeT BeChMa
XOPOIIUMH CBOMCTBaMHU cxoaumocTtu (eMm. [9], [12]) [11].

EnunacTBeHHAss CBs3Has (DYHKIMS TJIABHOTO MPHUOIMKCHUS —SBISCTCS CBOOOIHBIN
pornaratop  CKaJsIpHOM  YacTULbI,  KOTOpas €CTh  mepBas  NPOU3BOJIHAA

A =— mnpousBomsiiero GyHKIHOHATA G(/]) 110 UICTOYHUKY /] U UMEET

n=0

-1
— 2
BI/IZ[IA—[m +4/1A(O)] , BEIIMYMHA A(O) OTPEZIENseTCs] U3 YCIOBHS CaMOCOITIACOBAHHUS,
KOTOpasi COCTOMT B MOCJIEI0BATENbHOM PENIEHNH ypaBHEHHi [9]

41 o*p™ )+( 2—62) o™

o7(yx)on(ex W—J(x— y)P™ L xp{Tra(21)p(12)} =

=27( xl)% xp{Tra(21) n(12)} “)
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[IpousBonsaumii  (QYHKIMOHAN IEPBOTO IMara MWTEpaluil  ONpeiensercs W3
G =P G (P™ —muorounen 2n -[IOpsAJIKA [0 MCTOYHWKaM /], tae n=12,.., a
C o3nHagaer IPOU3BENCHUE B (YHKIMOHATLHOM CMBICJIE) [9]:

1
pY :EtrjAz (xl)’w xzyz)ﬂ(yl,xlh(yz,xz)dxldxzdyldyz +.[A(NL0)(X1’ )’1)’7()’1’)51 )dxld)’1

B Hacrosimiem - B mepBoM Imiare, T.€., B CIEAYIOIIEM IlAre 3a IJaBHBIM MPHOIMKECHHEM
TOSIBJISIFOTCSL YPaBHEHUs 11s1 [Byx4uacTuuHor ¢ynkiuu I'puna A, u NLO-nonpaska AN g
npomaratopy A ckanspHoil yactuisl. [locie aMIyTalMid BHEIIHMX KOHIIOB MOJYYarOTCs
0°G
on’

4 ' ) — [13 [13 e
yerblpex-TodeuHas ¢pyHkuus G (xy, Xy ) = -“4-xBoctka‘) . Jlanee, o M3BECTHOU

n=0
dE 4
bopmyse, d_/l =G (0,0,0,0) (cM. 0030p [8]) , OTYUEHO SABHOE AaHATUTHYCCKOE BBHIPAKCHHE

JJIA DHEPTUKU OCHOBHOI'O COCTOAHUA AHIAPMOHHYCCKOI'0 OCHUIIIIATOpPA [9],
dE_ 1 1 24 [ 2]
dA apr M| A+ (M +2u)

(M = /4y2 +% , ,uz =m? +% - IepeHopMupoOBaHHasg Macca, U = ,LI2 ),

KOTOpasi anmnpoKCUMHUPYET SHEPIHI0 OCHOBHOT'O COCTOSIHMSI BO BCEM HWHTEpBaje 3HAUCHHI
KoHCTaHTHI cBsi3u A ¢ TounocThio, ot O (mpu A — 0) 10 13 % (npu A — ©)[9].
3. Bropoii mar pasnoxenus. [lpousBoasimuii (QyHKIIMOHAN BTOPOTO Imara

BBIOMpAETCST B BI/IZ[GIG(Z)[U]ZP(Z)G(O), rre mommoM P mmeer mHmkecnmemyromee
IpeJICTaBIECHNE
po =

1
:Z”IA4 (x1y17 X2Y25 X33 x4y4)/7(y1,x1)/7(y2,x2)l7(y3,x3)/7(y4,x4)dx1dx2dx3dx4dy1dy2 dysdy, +
1
+§”IA3 (xlyl’ X2Y25 X3)3 )/7(y1,x1)/7(y2,x2 )’7()’3’)53 )dxldxzdx3dy1dy2 dy;

1
+§trIA(2NL0)(x1y17 XY )’7()’1’)51)’7()’2’)52 )dxldxzd)’ld)’z +IA(NNLO)(X1’ yl)q(yl’xl )dxldyl

W3 ypaBHenus (3) n—ro mara TmoOdy4yaeM YypaBHEHHE BTOPOrO Iara, KOTOPbIH
HUKECIEAYIOUUI BU:

- 52 (n) 5 ) d)(") _
{-5(x-y)p L P A, )W} oxp{Trs, (21)(12)) =
:zq(xl)% axp{Tra, (21)p(12) )

B BrOpoM Iare nosBistoTcs ypaBHeHus ms 4-dactuuHoi (A,) m 3-wactmunoit (A;)
. . NLO
byHKIMHA, Takke ypaBHeHus Juisi NLO-nonpaBku K 2-4aCTUYHOU (YHKIIUH A(z ) 1 NNLO-

MOMPaBKU K MpHaratopy AN B ypaBHenue it NNLO-nomnpaBku kK npraratopy ANNEO)
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NLO NLO
BXOJIUT A(Z ), a B HCONHOPOJHAS YACTh ypPABHEHHS IS A(Z ) Brmouaer B ce6s NLO-
NLO . .
IIOIIPaBKU K IIPIaraTopy AN (sBrpIii BT KOTOPOTO HaliieHa B pabote [9]) u 3-4acTUuHyrO
dynkuuro A,.
Jlnisa Berancnenus: NLO-nonpaBku K SHEPTUU OCHOBHOT'O COCTOSIHUS

NLO
ocHuIuIATOpa | —— Tpedyercs omnpeneneaus NLO-monpaBku K 2-4acTHYHON (DYHKITUH
dA
(NLO)
A, )
Crnenyer OTMETHTbh, YTO HEOHOPOHAS YACTh YPaBHEHUS U1 3-4aCTUYHOW (YHKIIMH

I'puna A; Bxmouaer B cebs NLO-mompaBku K Hpraratopy AN eyxuacTHuHyo

ynkumro A, u 4-gactnunyro ¢yukuuo I'puna A, . B cBoro odepens ypaBHeHue st 4-

qactruHOH (yHkuun I'puna A, comep)KHUT TONBKO JHULIb AByX4acTHYHYIO GyHKmio A, . C
9TO# 1enbIo HeoOXxomMo penrats 4-yactuanyio (A, ) Gyukuun I'puna.

CrnenoBatenbHO, JUIsi BO3MOXKHOTO HaxoxaeHuss ~ NLO-mompaBku K 3SHEpTuu,
HE0OXOJMMO HCCJIC[OBaHHS U HAXOX/ICHUS pelIeHus ypaBHeHus i A, nanee perieHue
ypaBHeHust st A\, 3aTeM peleHHe ypaBHCHHs UL A(ZN Lo
ANLO)

B KyIE€ C yX€ HU3BECTHBIM [9]

pellieHneM ypaBHEHUS s , U COOTBETCTBEHHO MOXXHO MOJIXOIUTh K PEUICHHUIO
npuHIMnuagbHod 1enu - NLO-monmpaBku K 3HEPTMH OCHOBHOTO COCTOSIHUS JIMHEWHOTO
AHTApMOHHUYCCKOI'0 OCHUIIATOPA, BBI3SBIBACMBIMH KBAHTOBBIMU (1)JIIOKTyaIII/I$IMI/I.

4.Bmecto 3akiaiouenusi. VccienoBaHue KOHCTPYKIIMM YpaBHEHHUI MOSBICHHBIX B
Paznene.3. siBrsieTcst HAIMMU 337ja4aMH UCCIICAOBAHHM B OyAyIIeM B BH/IE KOJIAaOOpaLuy.

[Tpennoxennsiii Metog noctpoeruss PCII nmpuBoAUT K MOMYyYEHUIO BBIPAKECHHS IS
ONpE/ENEHUs] JHEPrMM OCHOBHOI'O COCTOSIHMSI AHTapMOHMYECKOro ocuuuiaropa 0e3
OTpaHMYEHUs] HA 3HAYEHUs KOHCTAHTHI CBSI3M [9], CyllleCTBEHHOE YIYy4YII€HHWE TOYHOCTH
MOJKET JaTh puMeHeHune Meto1oB BTU (cMm., Hanpumep 0630p [8]).

Bbaarogapuocru.
Astop nmpuszHateneH P.I'. JlxadapoBy 3a uaero u 3a MoAIEPKKY.
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CONHeYHOU @cnbluku (22 6anna) 6 akmusHulx obnacmsax. AHATUBUPOBAHbL pe3Ylbmanvl
obpabomxu 3anucei Gaykmyayuil u paouocnekmpozpaguyecKue usMepeHus MeoeHHO
Menstowelcss Komnonenmol (S-komnonewmot) paouousznyyenus Coanya 6 Ouanazoue
(141Ty). IIpu obpabomxe 3anuceii NPUMEHSICS CHEKMPATbHLIUL U QPAKMATbHBIL AHATUS.
IIposedennviii ananus nokasau, ymo usmepenus gppaxmanvusii pazmepuocmu (D) u cmenenw
HAKJIOHHOCMU OMHOCUMENbHbIX CHeKMPO8 (G) MON*Cemb CAYHCUMb KOIUYECMBEHHOU Mepol
260MI0YUU AKMUBHBIX 00IACmell OAIOUUX MOWHOU 8CNblKY 3a 1+3 Ousl.

Knrwoueevie cnoea: cnexmpol  paouousnydenuss ConHya, CHEKMPAIbHbll U
@pakmanvHblll AHATU3, NPOSHO3.

BBenenue

OnHOM M3 aKTyalIbHBIX 33J1a4 COJIHEYHO-3€MHOM (DM3UKH SBIISETCS KOPOTKOCPOUHOE
MIPOTHO3MPOBAHUE COJTHEUHBIX BembIiek. dnykryanuu paauonsnydcausi COJHIIA OTPaXaroT
HaJM4Ke B COJIHEUHOH aTMocdepe BOJHOBBIX M TYpOYJICHTHBIX IBWKeHUU. M3BecTHO, 4TO
bnykryaruu paauonsnydeHuss CoJHIIA CBS3aHBI CO BCIBIIIKAMH M TO3TOMY MX H3ITydeHUE
MIPEACTABISIET OONBIION TPAKTUYECKUIA HHTEPEC.

@OyKTyallid COJIHEYHOTO PAJMOM3IIyYeHHs BIEpBbIE OBUIM HCCIEOBAaHBI B paboTe
[1]. O630p paboT MmO nmanmpHEWIIOE HCCcaeAOBaHUE (IYKTyaluid pagdou3IydeHHs] Kak
AKTHUBHBIX, TaK U CIIOKOWHBIX oOnacreii Ha ColHIle mpecTaBiieH B padore [2,3].

B »Tux paborax quHaMHUYECKHI PEXKUM XapaKTEPU30BaH C MOMOIIbI0 aHanu3a Oypbe
U e€ MomuduKauen. ITH KIACCHUYECKUE METOJIbI HE TIO3BOJISIET IPOBECTU PA3ITUYUS MEKITY
KBa3HUIIEPUOINYECCKUX, JICTCPMHUHUPOBAHHBIM XaoCcOM M OenbiM IIymMoB. I[loaToMy, Takoi
IIoaxoa HE HaUlIn IHI/IpOKOFO HpI/IMeHeHI/ISI B HpaKTI/IKe HpOFHO?;I/IpOBaHI/ISI MOIITHBIX
COJIHEYHBIX BCIIBILIEK.

K HacrosimemMy BpeMEHM HAKOIUICH OOJBIIOE KOJUYECTBO HAOIIOAATEIBHBIX
MaTepHaJIOB MOJYyYEHHBIE C MIOMOIIBI0 PATUOMETPUUECKUMHU U PaIMOCIEKTPOTrpadhUueCKUMHU
I/I3MepeHI/I$IM. CJIGZ[yeT TaKXX€ OTMCTUTH, YTO Ha HpaKTI/IKe YCHGIHHGFO HpI/IMeHeHI/Ie
dbpakTambHON aHamM3 K 0OpabOTKE XaOTHYECKMX CHUTHAJIOB, Jajld HaM BO3MOXKHOCTh B
HeKOTOpBIf/'I CTCIICHU ITIOBBICUTH TOYHOCTH HpOFHO?;I/IpOBaHI/ISI MOIIIHBIX COJIHCYHBIX BCIIBIIICK

[4].
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Hacrosimass paGoTta mnocBslleHa JdanbHEHIIEMY HCCIEAOBAaHUIO TUHAMUYECKME U
CHEKTpAIbHBIC XapakTepucTUKU (prykryannii COJHIIA M BBISICHEHHIO POJIM 3TUX (PIIyKTyarui
JUISl IPOTHOCTUYECKUX LIETIEH.

Pe3yabTarsl HaGM0AeHUA 1 00PA0OTKH

B kauecTBe UCXOAHBIX TAaHHBIX MCIOIB30BAIUCH MaTepuaibl HabmoaeHui ¢ 1978r. o
1984 r. usmepenust ”HTEHCUBHOCTHU (A=3 cM) Ha paaunoreneckomnax PT-2 8 HUP®U 3umenku,
PT-22 (PammoactpoHomuyeckass craHuus ¢usnueckoro wuHcturyra PAH) u  PT-12
(Mucturyra nonocdepst AH pecriydnnku Kazaxcran).

C uenbro ompeneneHus: BO3MOXHOCTb MPOTHO3UPOBAHUS BPEMEHU HACTYIUICHHS
MOIIIHOW BCTBIIIKA (22 Oayuibl) B aKTUBHBIX OOJACTSAX, aHATU3UPOBAHBI PE3YJIbTAThI
o0OpaboTku 3amuceil Quykryanuit paguousnydeHus CoiHIIa B CAHTHUMETPOBOM JIMANa30HE
BOJIH M PaJUOCHEKTpOrpapuuecKue M3MEPEHUs MEIJICHHO-MEHSIOMIEHCsS KOMIIOHEHTHI (S-
KOMIOHEHTa) paguounsnydenust Connua B nuanasone (f=1+4 I'T'TY).

Metoauka U3MEpeHH U MpeIBapuTeIbHas 00paboTKa MOTYYEHHBIX CHEKTPOB ObLIH
U3NOXKEeHbl B paborax [5,6]. B pabGote mist oOpaboOTKM BPEMEHHBIX PSIOB MPUMEHSJIICS
CICKTPAJIbHBIM W (pakTalbHBI aHamu3. Kpome 3TOro, JUisi TOYHOTO OIpEAeTICHUS
XAaO0TUYECKUH XapakTep AMHAMUYECKON CHUCTEMBI, TaK)K€ MOCTPOECHBI aBTOKOPPEISIIIUOHHON
¢ynkunu. U3BectHo, uTo ecnu aBToKOppensaunonHoil ¢pynkuun (AK®) Ry(t) = const. mm
KoJI00JIgeTcs, Toraa ABMXKEHUS cucTeMa perynspHbl. Korga aBrokoppensiuoHHast GyHKIUS
OBICTPO 3aTyXaeT, TOTJA ABUKEHUS CUCTEMa XaOTHYHO. J[JI1 MHOTONIEpHOANYECKUE IBUKECHUE
(GYHKIIMH CIIEKTPOB IJIOTHOCTH P () uMmeroTcss Habop JIMHUU MapanelbHO K OChbI0 OpJAMHATA.
B xaormueckue nBwkenue ¢yHkuus P (®) WMeeT MMPOKO IIYMHBIA CIEKTp W
JIOKAJIU3UPYETCs] HU3KOU 4acTOTe.

B ciyyae cranmoHapHOro Imporecca UCIoJIb3yeTCsl METOJL OLIEHKHU CIIEKTPAa MOIIHOCTH
CUTHAJIOB, MAaKCUMYMbl KOTOPBIX COOTBETCBYIOT IEPUOAMYECKMM KOMIIOHEHTaM CHUTHAJA.
[ToaToMy, [OBEpUTENBHBIA MHTEPBAI ONpPEAEIsUICS aHAJIOoruyHo wmertoauke M.IIpauko
U3NI0’KEeHHOM B pabote [7]. Onpenenensl crenenu cBo0oab! (D) - 1151 pa3mu4HbIX METO/I0B.

1. Metoa nepugorpamma:
D =2a.N/L (1)
I'Jle 0-3aBUCUT OT TUIIA BECCOBOM (yHKLMHU U MeHstoTCs ¢ 1 1o 3, N-umcio JaHHbIX
BPEMEHHOTO psifa u L-/uimHa cerMeHTa.
2. Merton aBTOKOPPENALUOHHON (PYyHKIIMHU:
D =2N/P
rze P-uucno ncnosap3yeMbix 3Ha4€HUI aBTOKOPPENISALIMOHHON (PyHKIUH.
3. Metoa MakcUMalIbHOM SHTPOIHUU:
D=N/L
rze L-4ncio aBToperpecCuBHBIX KO PHUIIMEHTOB
4. Meron GpunbTpOB:
D =2N.T/L
rne T-nepuona orcuera, L-nmna ¢uiisTtpa.
HaiineHo, 4Tro onTHMajbHOE YHCIO CTerneHed cBoOoabl D Juist pa3nuuyHBIX METOJ0B
MeHsieTcs o pasHomy ¢ 20 go 150.

Onenka IPOrHo3a

C mOMOIIIBIO BBIIIEH3IIOKEHHONW METOIMKH OBUIH BBIOPAHBI M POAHAIN3UPOBAHBI
JIBEHAJIATh COJTHEUHBIX BCIIBIILIEK C MOIIHOCTBIO =2 0ajIoB, IPUXOIUBIINX 32 IEPUOJL C
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1978 r. mo 1984 r. Tpu u3 3TUX SBJICHUI HEBO3MOXKHO ObLIO TpeacKa3arh. [Ipuunna
YMEHBIICHNE OIEHKH IMPOTHO3a 3aBUCUT WHTEPBAJI BPEMEHHU 3TUMH cOObITUAMU (1+2 1HS)
WA OHU CBSI3aHBI C aKTUBHOM 00J1aCTHIO C OYEHBb OBICTPOM IBOIIOIMEN U pa3Mephl
JIOKAJIbHBIX aKTUBHBIX 00Jacteil Ha CoJlHIle MEHBIIIE HIMPUHBI THarpaMMbl HAallPaBJICHHOCTH
AQHTCHHBI.

3akjaueHue

Pesromupys ckazaHHOE, B 3aKJIIOUEHUH IEPEYUCINM OCHOBHBIE BHIBOJIBI 11O 3TOU padoTe:

1. CriekTp MOIHOCTH IJIOTHOCTH (IIYKTyalluM CAaHTUMETPOBOTro paguonsiaydyeHus CosHua B
OCHOBHOM MMEET IUPOKYIO MOJIOCY YaCTOT, & aBTOKOPPENSIUOHHAs (PYHKINS ObICTPO
3aTyXaeT CO BpEMEHEM. DTO CBUIETEIBCTBYET, YTO ABM)KEHUS CUCTEMA XAOTHYHO.

2. BoNmbIIMHCTBO KOJIEOaHUH HECTAI[MOHAPHBI, MX aMILIUTY/bI, ()a3bl U IEPUOJIBI MEHSIOTCS

co
BpeMeHeM. HecTalimoHapHOCTh OBBILIAET BHYTPEHHUHN Xa0C, YBEIMUMUBAET SHTPOIHIO
JUHAMHYECKON CUCTEMBI.

3. Haiineno, uto (1+3 mHst) 10 BCIBIIKH (HPaKTaTHLHON pa3MEPHOCTD JOCTHTAET 0 BEIIMYHHEI
(D=1.62 £0.14).

4. YcraHoBlieHO, 4TO (1+3 IHSI) 10 BCHBIIIKK SHTPOMHUS YMEHbBIIAETCS U B KOHIIE «HAaYaJIbHOU
(a3bl» CIIEKTp CTAHOBUTCS BHICOKO-YACTOTHOM.

Taxum oOpa3oM, B HacToALIeH paboTe MHE yJaJI0Ch, YTO HAWTH HEKOTOPBIHN 3¢ (heKTUBHON
KpUTEpUEN I KOJIMUYECTBEHHON OIIEHKU KpaTKocpouHOro (1+3 aHs) IporHo3upoBaHus
COJIHEYHBIE BCIIBLIIIKY C MOIIHOCTBIO =2 Oayuia.
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PEJIATUBUCTCKASA KBAHTOBAS YACTHULA
KBA3ZHOJHOPOJAHOM IIOJIE

[akup M. HarueB Moxy66at M. PacymioB”

Hrnucmumym Qusuxu Hayuonanvnot Axademuu Hayx Azepbaiioxcana,
Aszepbatioscancras I'ocyoapecmeennas Hepmannas Axademus
E-mail:smnagiyev @physics.ab.az

PaccmoTpeHo ojHOMEpHOE ABUKEHHE CBOOOIHOMN PENsSTUBUCTCKON KBaHTOBOM YacTHUIIbI B
HECTAIMOHAPHOM KBa3HOAHOPOJHOM MoJie. BoiHOBast (yHKIHMS CUCTEMBI B PEISATUBUCTCKOM
KOH(HUTYypallMOHHOM X -TIPEJICTABIICHUH  YJIOBJIETBOPSIET KOHEYHO-Pa3HOCTHOMY, a B
UMITYJIbCHOM  p -TIpEACTaBIeHUU - JuddepeHnnanbHOMy ypaBHEeHHI0. HwmmynbcHoe

MIPOCTPAHCTBO SIBIISICTCS OJHOMEPHBIM TPOCTPAaHCTBOM JI0OaueBCKOro, peain30BaHHBIM Ha
o o 2

BepXHel BETBM MaccoBOi runep6onsl p,” — p° = m’c’. YpaBHEHHE JBUKEHUS PEIIEHO KaK B

PENATUBUCTCKOM KOH(PUTypallMOHHOM X -TIPEICTABIICHUH, TaK WU B HMIIYJIbCHOM p -

MPEJICTABICHUH C UCIIOJIB30BaHUEM OIlepaTopa 3BOJIIOIMHU crucTeMbl. HaiiieHo Takke perieHue
oTpenieieHHoro Kiacca auddepeHnnanbHbIX 1 KOHEUHO-PA3HOCTHBIX ypaBHEHUH. [lomyueHs
orepaTopHbIe ToKIecTBa Tumna belikepa-Xaycaopda.

1.I_I€J'II> HaCTOHIHGﬁ pa6OTI>I — U3YUUTDb JABUIKCHHUC peHHTHBHCTCKOﬁ KBaHTOBOH qaCTHUIbI
B ICPCMCHHOM KBA3HOAHOPOAHOM II0JIC, KOTOPOC B p -IIPCACTABJICHUU OITMCBIBACTCA

nuddepeHIMaIbHBIM YpaBHEHUEM

ihw = {mczch)( - licxxF(r))(‘"1 —ikF (1) x*° i} @, (p,0). (1)
ot 2 ox

+
3/1ech BeJIMUMHA Y = PP osicTpoTa, p, =mc ch, p=mc shy, aUR, F(t)-
mc

cuna, IENCTBYIOIIAs HA YacTHILy, a A = /i/mc-KOMITOHOBCKAs JJIMHA BOJHBI [1-5].
VYpaBHeHus (1) sABIAETCS YaCTHBIM CIIy4aeM ypaBHEHUS BHJA

in Qe PD) - {H(,(y,t) ~iha(r)y® i}uaw), @
ot Oy

B KoTOpoM H ,(y,t)— “cBOOOJHBIN raMUIbTOHUAH B UMILYJIbCHOM IIPEJCTaBIECHUH, a a(t)—
“nepemeHHas cuna’, npudeM H(y,t) sBIseTcs NPOU3BOJIILHOM (YyHKLHUEH CBOMX
aprymMeHToB. bynem wuckaTh pemieHue ypaBHEHHs (2), YIOBJIETBOPSIOIICE HAYaIbHOMY

ycrosuto u(y,0) = @(y) .
JIns pemieHust 3TOro ypaBHEHHsI PaCCMOTPUM OTAEIBHO ciaydad, korqa @ =1 u a #1.

t
BBenem o6o3Hauenne O(r) = ja(t')dt'. IIpu a =1 ¢ MOMOIIBIO MOACTAHOBKK y = e, a npu
0

a #1 c IOMOIIBIO MOJICTAHOBKH y = (0'1/7)1/ “ e @, =1-a, ypasuenue (2) npeobpasyercs
K BULY

in 9101 _ H,(y)—iha(t)— u(y,1) . 3)
ot 0y
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Pemennie 3Toro ypaBHeHUsI UMEET BU:
a)npu a =1

R Lt
—’I{How,z’)—iha(z')y;}dz’ [ Hy (ye 2 1y
0

h -3(1
u,(y,1) =Te gy =e " P(ye’"),  (4a)

O)npu a #1 (a,=1-a)

it AN I i
‘hJ{Ho(y,l )=iha(t')y a}dt
U, (y,t)=Te " T P(y) =

¥ 46
—éJ‘HO (Y - 5(t)+a, 5 )V 1) dr' (40)
— 0

—-€

P(ye™ —a,0(1))"™).

[TomuepkHeM, uTo GopMyibl (4) FKBHBAICHTHI CICAYIOIIUM OTIEPATOPHBIM TOXICCTBAM,
BO3HUKAIOIIMM IIPU PACKPBITUN T -IIPOU3BENCHUS:

a)npu a =1
—iJ{How,z')—iha(r')ya}f
n dy
Te ° =
. t , . t , Sa
-éﬂjHo(ye“‘(””“),t')dt' sy~ (-B) [Ho(ye® D tar (52)
=e e Ve 0 ,
0) mpu a #1
—ij Hy(y i y=iha()y? 2 ar
h dy
Te ° =
_i t ar_ mwar oy g 0 _i_ t a mwWar oy g (56)
SB[ Hy (O -ad s )Nl gy el B[ Ho (¥ +a, 8 iyar
=e e Ye 0
[TpuBenem onuH yacTHBIN cirydai popmyisl (5a). Ilycte H  (y,1) = Ay,
a(t)=a, =const, A= —%/]1. Torga mocne BBIMOJHEHUS WHTETPUPOBAHMS TOTYyYHM
TOXJIECTBO
A B1-e")y L a-pra-e)y
—t(Ay+apyd,) _ a, —aghy0, a, ’
e —-e e (6B)
[TpuBenem Tenepb yacTHBIN cirydaid hopmysl (50). [Tycthb
£ % .
H,(y,t")= —12y2”‘, a(t) = a, = const. Beenem o6o3naueHust b = — Y , bT=y“ 6y.
a, a

+1_
Kommyratop onepatopoB b u B pasen [BD ]=1 Torna, nocne Bemonsenns
UHTErPUPOBaHKE 110 1, popMyia (50) IpUHUMAET BUJL

2 + 2 _ 2 + _ 2 _ 2
eeb +0b :eeﬁ(b ob+o /S)eab e(l Be(b” +ab—o /3) , o
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e £=-igt/h, O =-ayt.
®opmyna (7) mpu [ =0 cosnagaet ¢ GopMyJIoH, MOTydeHHBIN B [24].
2. Uccnemyem Tenepb paccMaTpUBaeMyr 3ajady B x -lipeacraBieHuu. [lyctp

L% _ 1 7w
v, (x,t)= e™"u,(y,t)dy, @x)= e @(y)dy. 8
()M_L (y,)dy \/ﬁjw é(y)dy (8)
Tornma BMecto (26) monay4yuM ypaBHEHUE
ihw = [H,(=ind ..t) - a(r)(=ind ) x]v, (x.1) )

C Ha4dalbHBIM ycioBueM U, (x,0) = ax).

Beimumiem opmansHoe penienne ypaBHeHust (9)

—éj [HO(—ihaXt')—a(t')(—ihax)a x]dt'
U,(x,t)=Te ° w(x). (10)

1) Ipu a =1 u3z (10) nomydyaem HOBOE OMEPATOPHOE TOXKJECTBO, pacKpwiBatomiee 71 -
npousBenenue ([ = [(t) — npousBoibHasA QYHKIUS BPEMEHH):

ot
—é j [Hy (=it 1 )+iha(')d x|t
0

Te =
.t , . t , 1 1
—iﬂjHo(—ihaxe“’(”*"“ ) ydr' ) j Hy(=ind &2 ¢yar' an
— " 3()d,x , Mg
- € e e
PaccmoTpum vactabie ciaydan ¢popmyast (11). 1) [Tomoxum B Helt
: £ . . .
H,(=ihd ,t) = —E(—lhax)z = lhéﬂxz u a(t) =a, = const ¥ BBIIOJIHUM HHTETPHPOBaHUI
o ¢'. B pe3ynbrare moay4umM ornepaTopHOE TOXKIECTBO
5 ﬁ(l_e—Zaot)aXZ ﬁ(eZaot _l)ax2
et(é‘ax +ay0,x) —e 2q, eaotaxxe 2q, , (12)

KOTOpOE coBMagaeT ¢ popmyIioi, mosryuennoi B [25]. 2) Ecnm xe BeiOpate H, Buae
H,(-ihd ,t) =ih&,0 wu a(t) =a, =const, To (11) mpeBpaiaercs B TOKIECTBO

(60, +ad %) PR 2 e,
(&0, —_ 10 .
o1 E0 00 — o0, 13)

OHO TOXE coTlacyeTcs C pe3yJbraraMu padoTsl [25].

2) Ilycte Tenepy @ #1. B atom cinywae u3 (10) momydaem ¢dopmalibHOE OrnepaTopHOE
TOJIECTBO BHJIa

Lt
—é.[[HO(—ihax )=a(t)(=ihd ) x)dt'
0

Te =

—éﬁJ.HO(((—ihd\,)a‘ —a,5(t)+a, (N ¢ydr' id(t)(—ihéx)” . —é(l—ﬂ)J.Ho(((—ihax)"l +a, 5NN Y dr'
=e 0 e " e 0 )
(14)
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B »aroit dopmyne Bcrpewarorcs omepartopsl auddepeHnupoBanus B 000 (IpoOHOH,
oTpunarenbHoi) crenenu. Hampumep, eciu B3sth B (14) @ =@, =1/2 u BbiOpars H, B BujE
H,(=ihd ) = —ih0 , To noxyunm ipu 5 =0
1 - ih, o
10 +by[=ihd x _ byy[=ind,x  “HOx+ bo 70 = b7
e =e e , (15)

i
rae b, = %aot. Taxue onepaTopsl Hy’)KHO OCMBICIUTD.
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GUNOS RADIASIYASININ ENERGETIK POTENSIALININ QIYMOTININ
ZAMANDAN ASILI OLARAQ DOYISILMOSININ TODQIQI

0. R. 9hmoadov’, M. E. Iliyev*, N. V. Mahmudova*, A. A. Qarayev.
"AMEA Nax¢ivan Bolmasi
Az 7000, Naxgivan s, H. Oliyev pr. 35, Email: orucahmedov@mail.ru, Email:meftun-
aliyev@rambler.ru., Email: nr_garaev@mail.ru.

Isdo giinas fotoelektrik qurgularinda siia seli intensivliyinin energetik potensialinin
giymatinin zamandan asili olaraq dayisilmasinin tayin olunmasi tadqiq olunmusdur. Ufiigo
sarbast istigamatlonmis gabuledici sahaya diison giinas radiasiyasi intensivliyinin giymoatinin
gliniin ~ saatlarina uygun hesablanmas: arasdirilnugs, istonilon zaman intervalinda
hesablamalar aparmagq iiciin ifadalor tortib olunmus va giin arzinda har bir saata miitonasib
Giinas radiasiyasimin enerji potensialimin tayin olunmast iisulu miiayyan olunmusdur. Miixtalif
meteoroloji saraitlords va regionun ayri-ayri bolgalorinda, homginin Naxg¢ivan Muxtar
Respublikast iiciin da bir giin arzinda saatlara uygun doayisilon giinas siialart selinin
intensivliyini hesablamagq, Yyiiksok daqiqliklo hor bir saata uygun sistemin isinin
parametrlarina asaslanmuis giinas enerji qurgularimin avtomatik layihalondirilmasinin islonib
hazirlanmasina imkan yaratdigi aydinlasdirimisdir.

Respublikamizin bir cox bolgalorinde oldugu kimi, Nax¢ivan Muxtar Respublikasinda
da alternativ enerji monbalorindon, o ciimlodon Giinos enerjisindon istifado etmoklo elektrik
enerjisi almaq imkanlar1 arasdirilir, daha optimal parametrlors malik ¢evirici qurgularin totbiq
olunmasina Ustiinliik verilir [1]. Giinag fotoelektrik qurgularinin hondasi 6lgiilori, gobuledici
sahonin {ifiigo vo azimuta gora yerlosma bucag: vo regiondaki giinasli saatlarin miqdarn alinan
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enerjinin miqdarina ochomiyyatli tosir gostorir. Bununla yanas1 miixtolif meteroloji soraitlordo
v regionun ayri-ayri1 bolgolorindo bir giin orzindo saatlara uygun doyisilon giinog siialari
selinin intensivliyini toyin etmok vo avtonom istelak¢ilarin (Al) istifado etdiyi gobuledici
qurgudan akkumulyator batereyasina vo akkumulyator batereyasindan istehlakciya verilon
enerjinin zamandan asili olaraq doyisilmosi, homginin enerji sisteminin optimal
parametrlorinin secilmasi iiciin uygun hesablama metodikasindan istiado olumasi talab olunur
[2]. Bu mogsadlo giinos enerji qurgularinda gobuledici sahonin yerlosmosinin optimal
istiqgamoatini miisyyan etmok va bunun Al istifads etdiyi enerjinin yiik grafiki ilo qarsiligh
olagasini tomin etmak asas sartlordon biridir.

Bu isdo Giinos fotoelektrik qurgularinda siia seli intensivliyinin energetik potensialinin
gqiymatinin zamandan asili olaraq doyisilmosinin vo bunun osasinda alinan enerjinin
miqdarinin toyin olunmasi tadqiq olunmusdur.

Giinos radiasiyasinin saatlara uygun hesablama metodikasinin islonib hazirlanmasinda
qurgunun gobuledici sahosinin  {ifige vo azimuta goro meyl bucaginin neco
istigamatlondirilmasi nazars alinmalidir. Bu onunla slagadardir ki, Giinos bir giin orzindo
sorqdon qorba torof yerdoyismo edir vo siia selinin gobuledici sahays diismo bucagindan asili
olaraq sistemin istehsal etdiyi enerjinin qiymati ohomiyyatli dorocado doyisilir. Avtonom
istehlakgilarin yiik qrafiki vo akkumulyatorun faydali is omsal (FIO) noazors alinarsa, aydin
olur ki, stasionar qabuledicinin optimal istiqgamati gobul olundugu kimi yalniz conuba deyil,
Al yiiklonmo pikindon asili olaraq miioyyan bucaq qodar meyl etmolidir.

Klimatoloji sorgu vo molumat kitablarinda iifiiqo istiqamotlonmis gobuledici sahaya
diison birbasa diffuziyon Giinog radiasiyasinin illik orta saat qiymotlori haqqinda malumatlar
verilmigdir. Lakin sorbost istiqgamatlondirilmis gobuledici sahays diison Giinas radiasiyasinin
(GR) giymatini toyin etmak {i¢iin miioyyon meyl bucagina malik iifiiqi istiqgamatlonmis sahado
saatlara uygun siia seli intensivliyinin toyin olunmasi tisuluna ehtiyac duyulur.

Moalumdur ki, qurgunun gobuledici sahasina birbasa giinog siialar1 ilo yanag1 somada
buludlarin, su buxarlarinin vo atmosferin toz hissaciklori torofindon oks olunan siialanma —
diffuziya siialanmasi1 vo yerin sathindon oks olunan Giinas radiasiyalarinin da tosiri olur [3].
Yer sothinds yerlogon sorbast istiqgamatlonmis qobulediciy istonilon zaman intervalinda diison
Giinog stialarinin intensivliyi asagidaki diisturla hesablanir:

By — By By By
Ez _Ebb +ED +E'ks,,

burada E/Y- Giinog diskindon bilavasito golon birbaga (diiziine) Giinos radiasiyasi —

stia selidir; E A diffuziya Giinos radiasiyast; E!” - yerin sothindon gayidan oksolunma Giinag

radiasiyasidir. Hesablama intervali bir saata borabor olan birbasa Giinos radiasiyas: iifigi
sothlo meyl bucaginin forqi kimi qiymatlondirilir vo agsagidaki diisturla hesablanir [4]:

EY = (Eg —-EJ ) K

burada K,,“ - sorbast istigamotlonmis sath ils iifiqi sethin Giinag radiasiyasinin birbaga

)

diigmosinin nisbatini xarakterizo edon omsaldir. Homin omsal agagidaki diisturla hesablanir:

. . T
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Sorbast istigamotlonmis qobuledici sahays diison diffuziya Giinos radiasiyasinin qimati
bu diisturla hesablanir [5]:

Ep” = Sypin, “drg = 2- R*(1- p/180) - drq = Ep "(1- /180)
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Sorbast istiqgamatlonmis gobuledici sahoyo diison oks olunan Giinog radiasiyasinin
qiymati asagidaki kimi toyin olunur:

E! [p, burada, p — sothi albedodur.

Yekun olaraq, yuxaridaki ifadslori nozors almagla istonilon zaman intervalinda Yer
sothindo yerlogson saorbast istigamotlonmis gobuledici sahoyo diison Gilinos radiasiyasinin
qiymotini hesablamaq iiciin asagidaki ifadoni almis oluruq:

By — H _ pH H _£ H .
Ez" —(Ez E;))IK, +E; Ll 180)+Ez pr%ﬁmﬁ

Alinmus bu ifado iifiigo sorbost istigamotlonmis gabuledici sahays diisgon GR — nin
comini hesablamaq iiciin Lyui vo Jordan torofindon toklif edilmis ifadodon osashi surotdo
forglonir [5].

Beloaliklo, bu isdos iifigo sarbast istiqamotlonmis gobuledici sahoyo diison Giinog radiasiyasi
intensivliyinin giymatinin giiniin saatlarina uy8un hesablanmasi todqiq olunmus, istonilon
zaman intervalinda hesablamalar aparmaq ti¢lin ifadalor tortib olunmusg vo giin orzinds har bir
saata miitonasib Giinos radiasiyasinin enerji potensialinin toyin olunmasi tisulu miioyyan
olunmusdur. Bu iso yiiksok doqiqliklo hor bir saata uygun enerji sisteminin isinin
parametrlorino osaslanmig Giinos enerji qurgularinin avtomatik layiholondirilmosinin islonib
hazirlanmasina imkan yaradir

Tadqiq olunmus meodikadan istifado etmakls Giinas enerjisindon istifads ligtin alverigli soraiti
vo giinasli saatlarin miqdarinin digar regionlara nisbaton daha ¢ox (il arzinda 2900 saat) olan
Naxc¢ivan Muxtar Respublikasinda Giinog enerji qurgularindan maksimal enerji almaq vo
istehlakg¢ilarin tolobatini gismon 6domok miimkiin olar.
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FIZIKA FONNININ TODRIST PROSESINDO PRAKTIK MOZMUNLU
MOSOLOLORIN KOMOYI ILD $9XSIYYOT YONUMLU BACARIQLARIN
FORMALASMASI

S.K.Riistomova
Gonca Dovlat Universiteti

Togdim olunan isdo fizikamin tolimi  prosesinda sagirdlorda va talobalorda
saxsiyyatyoniimlii bacariglarin formalasdirilmasmi tomin etmok iiciin praktiki mazmunlu
masalalar hallindon istifada olunmasi yollart arasdirilnus, onun reallasdiriimast marhalalori
gostorilmisdir.

Praktik mozmunlu mosololorin  hoallinin  sagirdlors Oyrodilmasi prosesini nozari
biliklorin formalagmas1 vo praktik bacariglarin inkisafi proseslorinin birliyinin tomini modeli
osasinda qurmaq magsadauygundur. Modelin asas elemenlarind asagidakilar aiddir: biliklorin
formalagmas1 vo bacariqlarin inkisafi didaktik proseslorinin strukturlarinin birliyi; biliklorin
formalagsmas1 vo bacariglarin inkisafi vasitolorinin birliyi; tolimi idrak foaliyyatinin
naticolorinin birliyi. Praktik mozmunlu masalalarin hallinin sagirdlors 6yrodilmasi prosesindo
modelin se¢ilon element-lorindon har birinin hansi yer tutdugunu arasdiraq [1].

Biliklorin formalagsmasi vo bacariglarin inkisafi didaktik proseslorinin strukturlarinin
birliyi 6z oksini metodikada onda tapir ki, biliklorin vo praktik bacariqlarin formalasmasi
prosesing daxil olan morhalslor dyradilma prosesina aid olur: motivasiya, idraki foaliyyatin
ozii, idraki foaliyyatin idars edilmasi. Secilon bu morhalalordon har birinin mozmununu sorh
edok.

Birinci marhalonin (motivasiya) aparilmasi mogsadi, sagirdlori fizika biliklorinin vo bu
biliklori miixtalif praktik masalalorin hollinds totbiq etmok bacariginin biitiin insanlar ii¢iin
zoruriliying inandirmaqdir. Ciinki bunlar praktik foaliyyet icra etmok iigiin tocriibonin
formalagmasinda osas olur. Bu is sagirdlor qarsisinda asagidaki suali qoymagqla baglaya bilar:
”Sizin hor birinizo fizika elmi haqqinda biliklor no i¢iin lazimdir?” Bu sualin miixtolif
cavablari ola bilor: bozi sagirdlor deys bilar ki, fizika onlara tamamilo lazim deyil, digarlori -
fizikadan bilik onlara ali moktoba gobul olmaga komok edor, ii¢linciilor - fizikadan bilik
onlara yaxs1 i tapmaga komok edor-kimi cavab vero bilor. ,agirdlorin verdiklori cavablari
esitdikdon sonra miiallim 6z fikrini bvildirmoalidi. Istonilon adam hoyatda fizika biliklorini
istifado etmoklo coxlu praktik masals hall etmali vo belo masalalori niimuns gotirmali olur. Bu
halda geyd etmok zoruridir ki, masolonin hoallini yalniz o halda tapmaq miimkiin olur ki,
sagird miioyyan qodor nazari bilik vo praktik bacari§a malik olsun.

Ikinci morholods (idrak foaliyyatinin 6zii) miiollim sagirdlori praktik mozmunlu
masalolorin miixtolif gokillori ilo tamig etmoli, onlarin halli prosesinin hansi harokotlor
sistemindan ibarat oldugunu izah etmalidir.

Praktik mozmunlu masalalarin hallinin dyradilmasinds tolim faaliyyastinin strukturu ilo
sagirdlorin tanishg bir neco tisulla togkil edilo bilor.Onlardan osaslarimi sorh edak: 1) sinifin
biitiin sagirdlorino ev tapsirigr kimi praktik mozmunlu 2-3 masalonin hoall edilmasini toklif
etmok vo bu masolalorin holli prosesinin hansi addimlardan ibarst olmasini gostormok
lazimdir. Miisllim geyd edir ki, mosalalorin halli prosesindo miitloq tokrarlanan horokatlor
olacaqdir vo onlar1 askarlamaq lazimdir. Novbati darsin baslangicinda ev tapsiriginin yerind
yetirilmo naticalorinin miizakirasini aparmaq lazimdir. Bunun ii¢iin 2-3 sagirds ev tapsiriginin
yerind yetirilmasinda harokotlor ardicilligimi 16vhado yazmaq tapsirilir. Sagirdlor torafindon
toklif olunan masala halli planinin miizakirasindon sonra miiallimin v biitiin sinifin birlikdo
cohdi ilo praktik mezmunlu masalalorin holli tizro foaliyyatin timumi strukturu hazirlanir.
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Qeyd edok ki, bu tisulu hazirhigh sinifdo totbiq etmok maslohotdir. 2) praktik mozmunlu
masalolorin halli izro proqramin hazirlanmasi tapsirigim sagirdlor qrup soklindo birlogorok
sinifdo yerina yetirirlor.Sonraki horokotlor 1-ci tisuldaki kimi yerina yetirilir. 3) miiollim
praktik mozmunlu masalalorin halli {izro foaliyyat strukturunu sagirdloro 6zii hazir sokildo
verir, hor harokati izah edir vo toklif olunmus struktura uygun masals halli niimunasi verir. Bu
tisulu zoif hazirligl siniflords istifade etmok moslohatdir.

Sagirdlari foaliyyat strukturu ilo tanis etdikdon sonra miisllim tok-tok harokatlorin vo
biitdv foaliyyotin sagirdlor torofindon yerino yetirilmosi iizro is togkil edir. Misal iiciin,
strukturun birinci harokatinin yerind yetirilmasinin moktobliloro dyradilmasi lizra isin neca
togkil edils bilmasina baxaq. Bu i masalonin garti ilo tamighgr nozards tutur.

Pedaqoqlar maslohat bilirlor ki, sagirdlordon birind sortin oxunmasindan sonra 6z
sozlari ilo onu tokrar etmoyi tapsirsinlar; bu, sagirdlori digqatlo qulaq asmaga vo masalonin
mozmunu haqqinda fikirlogmoyo tohrik edir. Siibhosiz, bu priyom xeyirlidir, belaki, o,
sagirdlori sorti esitmoyo macbur edir; lakin, kifayot qodor somorli deyil, ona goro ki,
masalonin gartinin bu formada tokrarlanmasinda daha ¢ox sagirdin yaddas: isloyir. Sagird
masalonin gartini s6z-s6z demays ¢alisaraq mahiyyoto diqqat vermir [2].

Masolonin gortinin monimsanilmasindo miiollimin biitiin sinif qarsisinda qoydugu
suallar osasinda tokrar toskil edilondo somoro oldo edilir. Bu, suallarin komoyilo
aydinlagdirilir: a) sagirdlor noyi tapmaq zoruri oldugunu bilirlormi; b) moasalonin sualina
cavab almaq {iglin nolor (askar vo qeyri-askar) molumdur; c) hall zamani hansi
mohdudiyyatloro amol etmok lazimdir; d) nolori nozoro almamaq olar; €) masalonin gartind
daxil olan biitiin terminlor aydindirmi.Mosalonin holli ilo bu formada tamighq bir sira
tstiinliikloro malikdir: 1) o, masolonin gartini sadoco yadda saxlamaga mocbur etmir, sortdon
qoyulan suala cavab olan hissoni se¢cmok ii¢iin onu arasdirmagi, dork etmoyi tolob edir; 2)
masalonin sortinin monimsanilmasi isinin yering yetirilmasi zamani sagirdlor digqotli olmaga
macbur olurlar; 3) sinif sagirdlorinin ¢ox hissasi iso colb edilir vo bununla onlarin yiiksok
idraki foallig1 tomin olunur.

Sagirdlora praktik mozmunlu masalolorin sortinin izah edilmasi bir ne¢o sababdon
vacibdir. Birincisi, mosoloni hall etmok ii¢iin sagirdlor ilk ndvbado onlardan no tolob
olundugunu bilmalidirlor. Tkincisi, hoamiso dagiqlogdirilmali sual var, yeni terminlor, usaqlara
aydin olmayan anlayislar ola bilar. Ugiinciisii, istonilon masalani hall etmoak iigiin onun sartina
“psixoloji” uygunlagsmaq li¢iin miioyyon miiddot lazimdir. Sonra sagirdlora sortin qisa vo
masalonin tolobinin isars formasinda yazilmasini dyratmok lazimdir.

Uciincii morholo (idraki foaliyyetin idaro edilmosi) miiollim torofindon diagnostik
todbirin aparilmasini nozords tutur vo sagirdlorin oldo etdiklori bilik vo bacariglar hoyat
foaliyyatindo totbiq etmaya hazirhigimi qiymotlondirmok moqsadi giidiir.Bels is tolimi-idrak
foaliyyotinin gedisino nozarot etmoyd vo zorurdat olanda metodikanin osas miiddoalarina
diizalislor etmaya miiallima imkan verir [3].
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