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Everything should be made
as simple as possible, but
not one bit simpler.

A.Einstein
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SOYUQ INFLYASIYA - KORUKLONON KAINAT VO SKALYAR SAHO

Rauf Caforov,

Fizika Probemlori Institutu

2009-2015-ci illordo Azarbaycan Respublikasinda elmin inkisafi strategiyasinin
islonilmasi istigamatinda miiasir fizikanin va ona qohum olan elmlorin tatbigi sahalor ilo
alagasinin aydinlasdiriimast va bu alagalorin miiayyanlosdirilmasi yollarinmin aragdirilmasi
zarurati darhal giindoma galmisdir. Har bir elmdas oldugu kimi fizikada da, bir qayda olaragq,
Azarbaycan fizika elminda sonuncusu dominantliq taskil edon, tatbiqi va fudamental xarakterli
tadqiqatlar aparilir. Fizika elmina qlobal platformadan baxdigda, Azarbaycanli fiziklor
torafindon  aparilan fundamental xarakterli tadgiqatlarin tatbiqi elmlords yararlilig
imkanlarimin miiayyan edimasi va bu tadgigatlarin Diinya elmini narahat edan problemloris
uzlasdirtlmasi, strategiyami miiayyan etmak kontekstinda qagilmazdir. Fizikamin bir sira
bolmalari, mikrodiinya fizikasi (o ciimladon nano-elmlar va kondensa olunmus miihit fizikast),
va meqadiinyanin (Astronomiya, astrofizika va kosmologiya da daxil olmagla) yaranmasi
nazariyyasinin fundamentini taskil edon elementar zarraciklor fizikasimin riyazi aparati olan
kvant saha nazariyyasininin mévgeyinin vacibliyinin nazara ¢apdirilmasi da qagilmazdir. Elmin
bu sahasinda tadgiqtlar, toxminan 50 il bundan avval, kegon asrin ortalarindan baslayaraq bu
gilinlarimizadak davam etdirilir. Bu illor irzinda Respublika va xarici jurnallarda 1000-dan artiq
elmi maqala dorc etdirilmis, motabar konfranslarda yiizlarlo maruzalor edilmis va diinyanin bir
swra qabagqcil 6lkalarinin elmi markazlori ilo miistarak tadgiqatlar aparilmisdir. Bu giin da
fizikanin bu bolmasinin azsayli niimyandalari bir sira Beynalxalg elmi proyektlords istirak
edirlor. Bu néqteyi-nazardon, Baki Doviat Universitetinin  Fizika Problemlori Institutu
tarafindan miitamadi olaraq kegirilon “Fizikanin Miiasir Problemlori” IV Elmi konfransinin
(24-25 dekabr 2010-cu il) “Yiiksak Enerjilor Fizikasi, nazori vo riyazi fizika’ bolmasindo,
professor A. Kazimzadanin Nobel Miikfati lauretar V.L. Ginzburqa istinadon fizikada
narahathq doguran va har bir tadgiqat¢iya an azi malum olmali “fiziki minimum” adli 30
problem, va mashur astronom Alan Sendica istinadan, 23 problem haqqinda etdiyi maruzadaki,
yvuxarida adlart ¢akilon hor iki alimin qoyduglart bazi problemlarin iist-iisto diigmasi, bir
coxunun isa fizika, yaxud astronomiya elmlori noqteyi nazorindon bir-birini tamamlamasi
(qeyd edilmalidir ki, astronomiya va astrofizika problemlorini aragdirilmasinda, riyaziyyat va
mexanika ila birlikds fizika da bazi digor elmlar kimi astrofizika va kosmologiya ilo ayrilmaz
vohdad taskil edirlor), idara olunan termo-niiva reaksiyalari, fullerenlor va nanoborular,
materiyanin fundamentini tagkil edon elementar zarraciklorin kiitlo spektrindan tutmus Béyiik
partlayis nazariyyasindon irali galon kvark-gliion plazmasi, Kainatda materiyanin generasiyasi,
gizli kiitla, kosmoloji problemlar, Inflyasiya, kosmologiya va yiiksak enerjilor fizikasimn alaqasi,
va digarlori 0z aksini tapmis vo sadalanan problemlar atrafinda mévzu a¢cmaq ahamiyyati
yaranmisdir. Oxuculara tagdim olunan hal-hazirki material Elm va Hoayat jurnalimin 2011-ci il
3N-li buraxilisinda ¢apa getmis “Boyiik partlayis nazoriyyasi - haqigat va miiommalar”
maqalasinin elmi-mantiqi davami olaraq Kainatin yarandigu ilk saniyalarin cirasinda(10 tistii
43 san) Kainatin testi(“xomiri”) sayila bilacak materiyamn kvark-gliion plazmast adlanan
aqreqat hali va Miiasir Kainatin Inflyasiya nazoriyyasi hagqqinda gedarak, Bioloji varligin
riiseymlarinin yaranmasina Kvant biologiyasi platformasinda yanasilmasinin nazori asaslarinin
dark olunmasit magsadi dasiyr.

Isiglandirdigimiz mévzu, hamginin, 2013-cii ilin 31 oktyabr —1 noyabr tarixlorinda
kegirilocak Il Baki Beynalxalq Humanitar Forumun Texnologiyalarin konvergensiyasi va
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galacayin konturlari: XXI asrin asas ¢agwrislart dayirmi masasindaki is¢i bélmalords (Kvant
hesablamalari; Materiyanin tadqiqinda nailiyyatlor; Yasil enerji) edilocak miizakiralor ila
hamahang olmasi néqteyi-nazarindon 6z aktualligini giindoma ¢ixarir.

Sorho, Stenford Universitetinin fizika professoru, Soyugq Inflyasiya nazoriyyesinin
muollifi Andrey Lindenin Con Uillerin 90 illik Yubileyindoki vo Rusiyanin Dinastiya
Fondunun toskil etdiyi, inflyasiya edon Kainat nazariyyasi ilo baglh olaraq, materiyanin kiitlo
oldo etmosi mexanizmlorini haqqindaki miihazirolorinde sOylodiyi, asagidaki frazalar ilo
baslamaq yenidon yazmaqdan daha somoroli olar: Kainatin, yaxud, sarti olaraq, halo ki, ... ila
isaralayacayimizin, qisa torciimeyi-halini: yast —13.7 milyard il; Kainatin miisahido olunan
miqyas Olctisii — 13.7 milyard isiq ili, toxminon 10°°sm; maddonin orta sixiigr —
107 gr/sm®; cokisi ~10%°  tondan artiq; dogum amnda ¢okisi —Boyiik Partlays
nazoriyyasina gora sonsuz agir caki; Inflyasiya nazariyyasina gora milligramdan da kicik, qeyd
edoarak , avvalco kosmologiyaya iimumi giris edok. Inflyasiyaya ugramis kosmologiya nadon
yaranmugdir (buna ehtiyac nadon lazim oldu)? Ona (Boyiik Partlayisa) gadar na olmusdur? .

Kainatin “yogruldugu xomir(test) —kvark-gliion plazmasi” haqqinda, basqa yazida,
ayrica sohbot agmaq 6hdagiliyini gotlirorak, bu suallarin miimkiin cavablar1 otrafinda miizakiro
acmazdan ovval, asagidaki biografik dalillori geyd etmak lazim galir: son miisahida olunan
alamatlara asason, “..."-nun sinnindan danisarkon, hor dofs diigiinmali, va, darhal bir vergiil
qovaraq, avvala qayitmaq va sonra qeyd etmak lazim galir ki, balka do Kainat sonsuz daracada
ulu qocadir. Insanlarin, Kainatin sinnindon danismalari, yani 13,7 miyard il ragami, ¢ox
giiman ki, 10% daqiqliyi ilo él¢iiliir. Insanlar bunu indi daha yaxsi aywd edirlor. Kainatin
miisahida olunan ol¢iisii — “...” . “Miisahido> olunan” na demakdir? Isiq biza 13,7 ildir ki,
sayahat edir, bunu isigin stiratino vurub, bizim indiyadak gordiiklorimizin masafasini miiayyan
edirik. Bunu deyarkon, diisiincomizda, yena da vergiil goymall oluruq ki, asiinda bu bela deyil!
Cuinki, 13,7 miyard il avval biza isig1 gondaron obyektlor, indi bizdon daha uzaqda
verlagdiyindan biz daha uzag bir nega dafo daha genis goriiriik. Biz yalniz onlarin isigin
goriiriik, onlar isa isigin siirati vurulsun Kainatin movcud oldugu zamandan, daha boyiik
masafadadirlor.

Azorbaycanca, inflyasiya edon Kainat “koriiklonon (iifiirtilorok sison) Kainat”
adlandirila bilor, amma standart ad “Inflation”-dir. Son zamanlar “Multi-verse” termini ortaya
¢ixib. Bu termin «Universe» soziinii ovaz edir. Demoli bir Kainat ovozino— bir Kainatda ¢oxlu
sayda Kainat basa diisiiliir ki, yaxs1 torclimodo “coxsifatli (¢oxiizlii) Kainat” frazasi da yerino
diisordi. S6hbatin, mahz bu haqda gedacayina ¢alisacagiq.

Daha sonra ... . Maddanin orta sixligi— toxminan [ 0 2/cr’~dir. Bali, cox kicikdr.
Amma bizim yasadigimiz yerda, o ..... kondensa olunub. Kainatin miisahids olunan (goriinan)
hissasinin kiitlosi— 10°° tondan ¢oxdur. Yaranma (dogulma ) amndaki kiitlo ..., bax bu ¢ox
maraqlidr. t=0 amnda, yoni Kainatin doguldugu zaman anindan hesablansa, onun kiitlasi
sonsuz boyiik olmali idi. Ogor ixtiyari digor zaman amndan..., bu Plank zamani adlanr,
hesablansa. Plank zamani —bu zaman ant 10 tistt manfi... qadardir. Demali, t Plank zamani—
bu toxminan 10 tistii monfi qurx ii¢ saniyadir (t,~1 0% san). Bu zaman miiddoti, yoni Kainati
normal zaman-va-makan termini anlaminda — ilk dofo miisahido etmaya baslamagimiz
kontekstinda, agar obyektin miisahida miiddatini (zamani) bu zaman miiddatindan daha kicik va
masafoni Plank masafssindon (bu 1077 sm) kicik se¢sok,—agor daha kicik masaf> se¢sok, onda
bu kigik masafoda zaman-vo-makan els giiclii flitktuasiya edacak ki, onu ol¢mak miimkiin
olmayacaq: bu “halda” xatkeslor ayilir, saatlar he¢ da yaxsi... dovr etmir. Biitiin bunlara gora
normal miisahids, mahz, Plank zamanindan baslaywr. Va bu zaman aminda Kainat geyri adi
boyiik ¢akiya malik olub. Bu haqda daha sonra... . Amma inflyasiyali Kainat: biz, bir
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miiligramdan da ki¢ik maddadon bizim bu giinlards gordiiyiimiiz... — Kainatin amala galmasini
izah etmayi oyronmigik.

Zoif vo elektromaqnit qarsiligli tosirlorinin vahid kalibrlogsmis nozoriyyasini va giiclii
qarsiligh tesirin kvant nozoriyyasini 6ziindo birlogdiron Standart modelin asas ideyalarindan biri
olan, miixtalif tip qarsiligl tesirlor arasinda “biitiin foza iizorinda” sabit, Hiqqs sahasi adlanan,
klassik sahonin yaranmasi ilo miisaiyot olunan simmetriynin spontan pozulmasi giiclii, zoif vo
elektromaqnit qarsiliqli tosirlori arasinda forqi prinsipal olaraq aradan gotiiriir —onlarin biitlin
fozada yaranmasi, vektori (kalibrlogmis) saholorin boyiik kiitlo oldo etmaosilo noticolonorok,
grsiligh tosirlorin “qisa-qapanmasi1” bas verir ki, bu da biitdvliikde fiziki vakuumun yenidon
qurulmasi ilo naticolonir vo bununla da vahid nozoriyyenin qurulmasini tomin eden,
dediklorimizo yenidon qayitsaq, simmetriyanin pozulmasi bas tutur.

Bir vaxtlar— bu 1984 ido bas verib —Andrey Dmitriyevi¢ Saxarov, Qorkida olanda,
vazilmasinda oldugca févgalada olan bir magamdan basqa, yazilmasimin lazimliligt namalun
olan bir swra seylor hagqinda maqals yazmisdr. O deyirdi ki, agor Kainat ¢oxsayli 6l¢gmalara
(6l¢iilora) malikdirsa, onda bu ol¢malori, bu giin gordiiyiimiiz ol¢ii tipina gatiran, azman (¢ox
boyiik) sayda iisulla biikmalayib sixlagsdirmaq olar. Va bu azman sayda iisul, bu giin movcud
olan, vakuumun enerji sixliginin, niya mohz bu qiymato malik olmasini izah eda bilir. Niya?
Ctinki, bu vakuumlar o sayda ¢oxdurlar ki, onlardan biri— tasadiifan— bu giin movcud olan
vakuumun enerji sixligimin qgiymotino malikdir, va agor biz bir az asagida, yaxud bir az
yuxarida yasasaydiq, onda HOYAT miimkiin olmazdi.

Kainatin sado modellori sirasina, artiq dorsliklors daxil edilmis, kegon osrin 20-ci
illorindo Fridmanin toklif etdiyi vo Eynsteynin sevmadiyi (Bu mosalonin do miizakirasini ayri
bir yaziya hovals edok.), iic miimkiin modeli —qapali Kainat, a¢iq Kainat vo miistovi Kainat1 aid
etmok olar (bax S$ok.1.). Bunlar yalniz niimayis iiclin sokildirlor, monalarini iso hondosonin
ixtiyarina buraxaraq irali gedok: kosmoloji sabitin indi niya bela kigik olmasinin izahini veran
ideya méveuddur! O zamanlar, vakuum hallarim stabillasdirmayi neca etmayi biz bimirdik. Indi
biz bunu eda bilirik — va aydinlasdirmisiq ki, bunun tisullari ¢coxdur.

QAPALI, ACIQ VO MUSTaVi KAINAT

Qapali Kainat

Aciq Kainat

Miistoavi Kainat

Sokil 1
Lindenin tobirinca desok, bunun {i¢iin «Silicon Graphicsy -in istehsal1 olan kompiiterlor kdmoyo
golir(albotto, xiisusi fizika tohsili olmayan oxucuya ¢ox da sado golmomok ¢ortilo). Bir nego
addim iroli gedok: Biz bilirik ki,bizim maxusiyyatlorimiz, valideynlorimiz torafindan biza miras
qalan, genetik kod adlanan, kodlar ilo miiayyan edilir. Biz hom doa bilirik ki, mutasiyalar da
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moveuddur. Har-hanst bir qaribalik bas veranda, mutasiyalar yaranwr. Kosmik siialar, hor—
hanst bir kimyavi torkib neca lazimdir ela deyilsa, hormatli oxucu, Siz daha yaxst toklif edorsiz
ki, nayi neca etmak lazimdir ki, mutasiya bas versin. Biz, hamginin, bilirik ki, bax bu ¢oxlu
sayda tisul- mutasiyanin bas vermasi iictin lazim idi. Bax bela, Kainatin genislonmasi zamani
da mutasiyalar bas vermisdi. Sizdo Kainat, hatta bagslangic halda bels, bir minimumda
verlasirdisa bela, mutasiyadan sonra, bir minimumdan digarina si¢grayaraq, naticada miixtalif
tip Kainatlar qurulurdu. Kainati bir yerdan, bir haldan digarina dasiyan (salan, ¢eviran, quran,
vaxud..., va i.a.) kvant fliiktuasiyalart mexanizmlori—onlart ... adlandirmaq olar — kosmik
mutasiyalar qarsimizdadir.

Sakil 2.
Biitiin bunlar biza naya lazimdir? Daha sonra, miiasir insanlar 25 il arxaya— bir az da artiq—
Boéyiik Partlayis nazariyyasina baxirdilar va miixtalif suallar verirdilor: He¢ no olmayanda, no
movecud olub? — Landau va Lifsitsin kitablarinda yazilmasina — Eynsteynin tonliklorinin monfi
zaman oblastinda halli miimkiin deyil —, va buna gora do sual vermak monasizdir deyimina
baxmayaraq, yena da sorusurdular. Niya Kainat bircins va izotropdur? Dogrudan da niya?
Kifayat qador fiziki biliya malik olan oxucu bunlart takzib edan misallar gatira bilor. Kegan
asrda bu tokziblori “iitiilayan” Albert Eynsteynin daxil etdiyi “kosmoloji prinsip” adlanan bir
cavab var idi: Kainat bircinsdir, ciinki ..., o bircinsdir! Sadaca, o zamanlar, insanlar
bilmirdilar, va indi do bir ¢ox astronomiya kitablarinda insanlar kosmoloji prinsipi miizakira
edirlor. Niya Kainatin biitiin hissalori eyni vaxtda genislonmoya baslayiblar? Niye Kainat
miistovidir? — Kainatin goriinon hissosindo biitiin paralel xottlor kosismirlor. Moktobdo
oyradirlar ki, paralel xattlor kasigmirlor, universitetds isa deyirlor ki, Kainat qapalidir, vo onlar
kosiso bilorlor. Beloliklo, Evklid niys dogru idi? Bilmirik... . Niys Kainatda bu qodor ¢cox boyiik
sayda elementar zorrociklor movcuddur? — Kainatin goriinon hissasindo 10*-don artiq
elementar zarrocik var. Bollidir ki, biz hor birindo 10" sayda ulduz oan, toxminon 10''-10"
sayda galaktikas1 olan Kainatin yalniz bir, Giines adlanan sisteminin, yalniz bir, Yer adlanan
planetindo yasayirig. Niys Yer planetindo 6 miyard adam yasayir? Qalaktikamizin digor ulduz
sistemlorinin nec¢o planetindo hoyat mdvcuddur? Niyo bu godor planet movcuddur? Vo
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umumiyyatlo Kainatda no qodor adam adam var ? Standart cavab bu ola bilor ki, Kainat ax1
boyiikddr ... .

Indi, misal ticiin, kvant mexanikast ila birlikda, timumi nisbilik nazariyyasinin malik oldugu, —
10 sm, baslangic 6l¢ii kimi tipik migyasa malik olan Kainata —Qapali Kainata baxaq. Demali,
maddoni Plank sixig1 adlanan —toxminan, 10”qr/sm’...-a barabar son hadda catdirilmis sixliga
qadar qismaq (yummagq) lazimdir. Niya son hadd? Ciinki, son hadd —o monada ki, bundan
sonra “olmaz” —yani materiyani bu sixliga qador qissaq, Kainat els fliiktuasiya edacak ki, bunu
normal tisulla tasvir etmak miimkiin deyil. Ogor, materiyant nazari olaraq daha boyiik sixliga
qador gqisaraq,onun daxilina real olgiiva malik qapali Kainati yerlogdirib zarraciklorin
migdarini saysaydiq, onda orada 1, balka do 10 dona elementar zarracik olardi. Biza iso 10°
sayt lazimdwr. Bax bu real problemdir —haradan, niya bu qador ¢ox elementar zarracik
moveuddur? Is bununla bitmir. Kainatda biitiin enerji haradan gotiiriiliib? Galin hesablayagq.

Kainatda maddonin enerjisi saxlnilmwr. Bu ilk paradoksdur. Biz bilirdik ki, enerji
saxlanilir —son dema diiz geyilmis. Ciinki, masalon, agor, qazi qutuya doldurub, qutunu
genislonmoaya... sovq edak. Tutaq ki, qutu — bizim Kainatdwr, qutunu genislonmaya sévq edak.
Qaz— o qutunun divarlarina tazyiq edir. Qutu geniglondikca, bu qaz qutunun divarlari tizarinda
is goriir, va qutu genislondikca, qaz 6z enerjisini itirir. Ciinki o is goriir, har sey diizdiir, enerji
balanst movcuddur. Amma fakt ondadir ki, Kainatin genislonmasi zamani qazin tam enerjisi
azalir. Ciinki, standart tonliya gora: monfi tazyiq vurulsun hacmin dayismasi (dE=—PdV).
Kainatin hacmi artir axi, tazyiq isa miisbatdir, buna géra da enerji azalir.

Boyiik Partlayis nazariyyasi ilo assosiasiya taskil edon biitiin normal Kainat
modellarinds tam enerji azalir. 9gar indi 10°° tonndursa, ona ilkin halda neca olub? Ciinki,
enerji, axi, yalmz xoarclonirdi. Moantiqi olaraq, ilkin halda daha ¢ox olmali idi. Kimsa, bu
Kainati, indikina nisbaton, daha ¢ox enerjili etmali idi. Digar torafdon, na isa saxlanmalidir.
Kainatin geniglonmasi zamani bu enerji hara xarclonir? Bu enerji Kainatin 6l¢iistiniin
dayismasina xoarclonir ki, Kainat hor-hansisa bir siiratlo genislonir. Kainatin hondasasinda
gizlonan har— hansi bir enerji mévcuddur. Qravitasiya ilo baglh enerjinin movcudlugu da
stibhasizdir. Budur, maddanin tam enerjisi vo qravitasiya enerjisinin comi saxlanilir. Ogar, tam
comi hesablaya bilsak, bali, enerji saxlanilir. Miixtalif hesablama tisullart movcuddur — va
orada har-hansi bir vergiil qoyulur, —amma maddanin tam enerjisi va qravitasiya enerjisinin
tam caminin hesablanmasi tisullarindan birinda, tam com sifira barabar olur. Yoni materiyanin
enerjisi qravitasiya qarsiliqli tasirinin enerjisi ilo tam kompensa olunur, buna gora da tam com
sadaca sifir olur. Buna gora da, bali, o sifirdan baslayib, sifirda da qurtarir, har sey saxlanilir,
amma, bu ciir saxlanma qanunu biza tam yaramwr. “Bu qanun”, bela boyiik enerjinin haradan
gotiiriildiiyiinii izah eds bilmir. Demali sual yaranr : na gadar?

Boyiik Partlayis nazoriyyasina gora, ilkin, Kainatin doguldugu anda, maddanin tam

kiitlasi E = mc? formuluna gora 10°° tonndan ¢ox olmali idi. Bu isa ¢oxdur... . Ogor, biz bu
raqami, sinqulyarligin oziindon belo hesablayib ¢ixartsaq idik, onda Kainatda sonsuz migdarda
madda olmali idi. Onda sual yaramir: agor, Kainatin yarandigi ana qadar he¢ na olmamisdisa,
onda haradan va kim biza bu gador sonsuz miqdarda maddani verdi? Ovvalca he¢ na yox idi,
sonra isa birdon bu gadar ¢ox oldu ki, bu da bir az qoriba gorsanir. Yoni kim bunu eda
bilordi?... Fiziklor suali bela formula etmoak istamirdilor, va indi da istomirlar [2]. Bir milliqgram
xtsusi maddodon Kainatin yaranmasim1i izah edon vo bununla da, Boyiik Partlayis
nozariyyesinin bir ¢ox problemini ¢ozon Inflyasiya nazoriyyasi movcuddur: Buna goro do,
bolka do yaxsidsir ki, he¢ olmasa prinsipco ilkin olaraq 1 milligramdan az olan, Kainatin kicik
bir hissaciyindon ibarat —baslangic materiya miqdarindan biitiin bunlar1 neco etmayi izah eloyan
nozoriyya tapildi. Bax belalikla, man biitiin bunlar: séylayarkon, heg bir tonlik yazmadan va i.a..
savayt, lap ¢oxdan bu hagda danisilsaydi, har bir normal adam na diisiinordi? Yadima diistir
ki, burada, Rusiya EA-min Lebedev adina Fizika Institutunda, moni boyiik elmi is¢i vazifasino
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kegirarkon, ¢agiritb sorusdular: “Va, siz no ilo mosgulsunuz?”. Va man, basladim danismaga ki,
xtisusi halda, o haqda ki, Kainatin miixtalif yerlorinda ola bilar ki, fizika qanunlar: miixtalif ola
bilar: bir yerds elektromagnit qarsiliqli tasiri movcud olur, digar yerda —yox ... . Onlar mana
dedilor: “Bu haddini asmaqdir!” Amma boyiik elmi is¢i vazifasini, buna baxmayaraq verdilor.
Bizim bu yazida, artiqg movcud olan, homin o Coxiizlii Kainatdan sohbot gedir.

Inflyasiya vo Skalyar Saha
V(¢) =562

MOKAN-ZAMAN KOPUYU

PLANK SIXLIGI 7

Daimi in |yaS|ya BOYUK KVANT
FLUKTUASIYALARI

KIGIK KVANT
FLUKTUASIYALARI

POTENSIAL ENERJI
<+——iNFLYASIYA

___ KAINATIN
ISTILIK SISTEMi

{

~
-

AN\

SKALYAR SAH®
Sakil 3.
Moasaloni, inflyasiyali kosmologiyam, dork etmok iiciin sado bir model se¢ak: Siza, enerjisi
skalyar sahanin kvadratina diiz miitanasib olan, hor-hansi bir skalyar saha verilib. Ilk sad>
sozlor— burada artiq sual dogur: skalyar saha mahiyyatca nadir? Cavabi bir gisim adamlar
bilir, digor gisim bilmir. Indi hami bilir ki, Isve¢rodo Boyiik Adron Kollayderindo Hiqgs
zarraciyi adlanan, vo miisllifino 2013-cii il Fizika iizro Nobel miikafati qazandiran, skalyar
bozon qeydo almmusdir. Higqs zarraciyi —bu zorracik, xiisusi tip skalyar sahonin, sanki
hayacanlasmis kvanti sayila bilar. Yoni, insanlar artiqg 40 ildon artigdir ki, bu sahalordan
istifads edirlor. Qeyd edok ki, bu giinlordo Baki Ddvlot Universitetinin Fizika Problemlori
Institutunun miitomadi olaraq kecirtdiyi “Fizikanin Miiasir Problemlori” VI Elmi konfransinda
(14-15 dekabr 2012) AMEA-nin miixbir {izvii V.A. Hiiseynovun Identification of neutral boson

with mass 1253 GeV/126 GeV discovered in CMS and ATLAS experiments at LHC adli vo

R.Q. Coforov vo L.A. Agamaliyevanin Hccreoosanue 31eKmpoportcoeruss Xueeco8cKo2o
0030HA 6 UMKIIO3UBHOM aHHueunAyuonHom Kpocc kauane adli moaruzslorinds Hiqqs skalyar
zarrociyinin laboratoriya soraitindo miisahido edilmosi imkanlar1 haqqinda nozori baxislar
miizakirays ¢ixarilmisdilar. Matlobs gayidaraq, bu sahalorin intuitiv anlamint A.D. Lindenin
sozlori ilo oxucuya cardiraq: analogiyaya miiraciot etsak, daha asan basa diigorik. Bizda
sabakada 220 voltdur. Ogar, sadaca 220 volt olsaydi va sifir olmasaydi, onda biitiin Kainati 220
volt doldurardi, va onda he¢ bir carayan olmazdi, he¢ na he¢ yera axmazdi, ¢iinki, sadaca, bu
basqa bir vakuum hali olardi. Amerikada 110 voltdur. Yena do eyni hadisa olardi— agor,
sadaca, 110 volt olsaydi, he¢ na axmazdi.... Ogar siz bir alinizla bir torafi, digar alinizlo digorini
tutsaniz, darhal qgisa qapanma bas verar, ¢iinki potensiallar farqi yaranir— bu o demoakdir ki....
Moan dayanmaltyam .... Demali, sabit skalyar saho —belo saho ilo doqiq do olmasa, niimunovi
analoq toskil edir. Vektori saha, masalon, elektromaqnit sahasi— onun qiymati va istigamati
movcuddur. Skalyar sahonin iso qiymoti var, istiqgamoti iso yoxdur, yoni elektromaqnit
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sahosindon daha sadodir vo on osasi lorens invariantdir. Lorens skalyari— yoni, siz onun
boyunca gag¢saz, qagmaginizi hiss etmoyacoksiniz. Noticodo he¢ no doyismir. Ogor siz donsoz
do, bunu hiss etmoyacoksiniz —he¢ no doyismoyocok. Bu skalyar ogor sabit qalirsa —vakuum
kimidir. Amma xiisusi vakuumdur, ¢linki onun potensial enerjisi ola bilor. Bu onun ilkin
xUsusiyyotidir. Sonra, ogor sizdo Kainatin miixtolif istigamotlorindo miixtolif vakuumdursa,
onda elementar zorrociklorin do kiitlosi miixtolif, xassolori miixtalif olacaq. Buna goéro do,
Kainatda elementar zorrociklorin xassolori vo vakuumun enerji sixligi, bu skalyar sahonin
varligindan asili olub olmamasi, prinsipca, vacib seydir. Bels ki, enerjisi kvadrat1 ilo miioyyan
olunan skalyar saho modeli garsimizdadir. Hollorini axtarmamaq sortilo, asagidaki horokot

P e
tonliklorino, sadolosdirilmis Eynsteyn tonliyini i~ = (E) = %qﬁ:‘, (1) vo skalyar saho
L

iiciin Kleyn-Qordon tonliyini ¢ + 3H¢p = —m* @, (2), ossilyatorun ¥ + &x = —kx (3)
tonliyi ilo miiqayisa etsok: (1) tonliyi, - Kainatin genislonmasi siirotinin @ 6l¢iiys & nisbatinin
kvadratinin Habbl sabitino barabor olaraq, son ayaqda iso Kainatda maddonin enerji sixligina
miitonasibliyini gostorir. Hor seyi, qazi vo i.a..., nozors almayaraq yalmiz skalyar sahoni
saxlasaq ( (1) formulunda “unudaraq” yazmadigimiz vuruglari..., vo qravitasiya elmi ilo
masgul olan adamlarin etdiyi kimi: “qravitasiya sabitini, isiq siirotini, Plank sabitini, ifadslorin
sadolosdirilmasi... tiglin, vahido borabor gotiirok, hor seyi holl edondon sonra barpa edorik!” stili
ilo, gravitasiya sabitini do nozaoro almasaq), vo Kainatin siiratlo “sismasi” ilo daha bir nego
hoddin “siradan ¢ixmasi* ilo birlikdos, - skalyar sahonin horokot tonliyini ifado edor. Bu skalyar
sahonin tacilidir, vo sahonin 6z minimum enerjisind yonalmasinin (cummasinin) tomin edon
quivvoni gostorir. Harmonik ossilyator ilo miiqayisads, bu harmonik ossilyatorun tocilidir. Bu
qiivve ossilyatoru x=0 noqtesino qaytaran qiivvadir, bu iso tocil demokdir. Noticosi iso bizo
ballidir, ossilyator bu tisulla ossilyasiya edir. 9gor x ndqtali haddini olava etsok, bu ossilytorun
horokot siirati olar. Yoni, bu, ossilyatorun harokotino mohdudiyyst qoyan qiivve kimi 6ziinii
ifado edocok. Bu iso, suya salinmis roqgasin daha zoif ossilysiya etmosino sobab olan,
stirtlinma, yaxud 6zliililys ¢ox oxsayir. Kainatda da, skalyar sahanin tonliyini ifads edon hadd
movcuddur. Bu tonliklor bir-birine ¢ox oxsayirlar. Demali, Kainat siirotlo genislonirso, Kainatda
stirtlinma effekti yaranir. No is9 belo bir fond. ©vvalki soklo qayidaq. Skalyar sahonin enerjisi
az olanda Kainat zoif genislonir, yoni heg bir siirtinmo yoxdur. Enerji ¢ox boyiikdiirss, onda
Habbl sabiti do boylikdiir, siirtinmo sabiti do boyiik olur. Ogor siirtiinmo sabiti bdyiikdiirso,
onda skalyar saho asagiya yavas— yavas enir. Bu boylik zaman aninda davam edirso, onda
skalyar saho demok olar ki, sabit qalir. ©gor bu sabit qalirsa, (1) tonliyi on sados differensial
tonlik olaraq, eksponensial hollo malik olur. Belo halda Kainat eksponensial geniglonir.

Montiq asagidaki kimidir: ogor skalyar saho qiymoti ¢, Kainatin geniglonmasi vo
siirtlinmo sabiti bdyiikdiirsa, ¢ sahosi asta olaraq (todricon) asagi diyirlonir. Sabit vuruqlu
diferensial tonliyi hoall edorak eksponensial genislonmoni almis oluruq. Bu sadacs inflyasiyadir.

Kainat genislono —genislona elo bir hoddo catib ki, biz sanki, bu nohong globusun
sothindo Ozlimiizii miistovidoki kimi hiss edirik. Buradan da biitiin istigamotlora goro
bircinslilik vo izotropluq ¢ixir. Bu qayda ilo digor problemlor hall olunur, yoni biz noyin hradan
gotiiriildilyiinii artiq bilirik. ilkin Kainatda biitiin garsiligh tosirlor arasinda simmetriyanin barpa
olunmasi naticosinda biz konkret bir yerdo olmali idik. indiso tamam basqa stadiyadayiq —bax
bu, inflyasiya noticosindo bas verin kvant fliikktuasiyalarinin tozahiiriidiir.
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osas ideya:
boyiik H boyk siirtiinma

——

¢ sahasi va onun potensial
enerjisi cox yavas dayisirlar
a m
H=== m ~ const

a l\/(_i
CLNth

Bu inflyasiya marhalasidir
Sokil 4

boyilk ¢

inflyasiya Kainati miistavi,
bircins va izotrop edir

inflyasiya nazariyyasinin
sada variantlarinda,

Kainat Inflyasiya zamani
101 000 000 000 000 dafa L_L
tfuralorak gisir.

Biz Kainatin yalmiz 10"
isiq ili dl¢lili ¢cox kigik
hissasini goririk.

Ona goéra da o, miistavi,
bircins va izotrop

kimi gériniir.

Sokil 5

Dorhal sual ortay ¢ixir: biz hansi yolla bu minimuma diismiisiik? Erken Kainatda, halo
temperatur ¢ox qaynar olanda, yalniz bu minimum olmusdu. David Abramovi¢ Kirjnitsin
ideyasia goro, erkon Kainatda biitiin qarsiligh tosirlor arasindaki simmetriya borpa olunur.
Sual1 tokrar etsok: ax1 niyo biz mohz burda yerlosirik? Bizim burada olmagimizin yegano sobobi
inflyasiya zamani generasiya olunan(yaranan) kvant fliiktuasiyalar1 ils baglidir. Skalyar saho bu
minimumlarin birindon gah si¢raya, gah da dona bilor, vo yenidon homin minimuma qayida
bilor. Vo beloliklo, belo bir minimumdan sigrayirsa —Kainatin bir hissosi — vo eksponensial
artma bas verir.... vo Kainat eksponensial boyiik sayda, eksponensial boyiik 6l¢iilii, hor birinin
Oziiniin tipik fizika qanunlar1 olan hissoalors boliiniir. Bu no demokdir? Birincisi, ¢oxlu sayda
skalyar saha ola bilor. Ikincisi, coxlu sayda miixtolif minimumlar ola bilor. Daha sonra, bizim
hara dligmoyimizdon asili olaraq, Kainat, hor biri 6z xiisusiyyatlorine gora lokal gdrseonon —
nohong Kainat kimi — eksponensial boylik oblastlara bdliine bilor. Bunlarin hor biri ¢ox nohong
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6l¢iilora malik olur, vo biz burada yasayaraq, Kainatin digar hissalorinin olmasini bilmays (hiss
etmoyo) bilorik, amma olarin potensial mévcud olmalari iso insan siiuru iigiin dorkolunandir.
Bunlarin hor birindo, effektiv olaraq, fizika qanunlar1 miixtalif olacaq. Yoni, hogigotdo, mosalon
maye, qaz vo bork miihit kimi aqreqat hallar1 olan su kimi, bir nozoriyys torkibindo fizika
qanunu eyni bir mahiyyatdadir.

Amma, baliq yalniz maye miihitds yasaya bilir.

Biz yalniz bu minimumda yasaya bilorik. Buna goro do biz bu minimumda yasayiriq.
Ona gora yox ki, Kainatin digar hissalari yoxdur, ona gors ki biz yalniz burada yasaya bilirik.
Bax beloliklo, «coxiizlii Kainaty, yaxud «Universe» ovozino «Multiverse» adlanan monzors
yaranir.

Basqa dillo, Lindenin tobirinco tokrar edok —bizo molumdur ki, bizim
moxsusiyyatlorimiz, valideynlorimizdon bizo miras qalan, genetik kodlarla miioyysn olunur.
Hom do bilirik ki, mutasiyalar olur. Mutasiya —no iso qeyri—adilikdon yaranir. Masalon,
geyri(gorib) kosmik stialar, yaxud kimya (homginin, ekoloji) yaranirsa ..., hor koso
Ozilinomoxsus ballidir ki, hans1 halda mutasiya bas verir. Homg¢inin, bilirik ki, biitiin bu, s6hbaot
etdiklorimiz kontekstindo miixtolif ¢esidlor olmalidir ki, bu mutasiyalar bas versin.

Bu qayda ilo, Kainatin genislonmosi zamani da mutasiyalar olmusdur. Sizin Kainat,
hotta ilkin halda, konkret bir minimumda yerlosmisdiso do, bir minimumdan digorino sigrayaraq
miixtolif tip Kainatlara bdliinmiisdiir. Biitiin danisdiglarimizdan —bu kvant fliiktuasiyalar
mexanizmi Kainati bir yerdon digorine sigratmigdir —bunu ... adlandirmaq olar, bunu kosmik
mutasiya adlandirmagq olar.

Kainatin vahid kodu kimi, vahid fiziki ganun da ola bilor. Amma bu ganun, neca ki, su
miixtalif yerlordos, qaz, maye vo bork halda oldugu kimi, miixtalif yerlordo miixtalif cilir 6ziinti
biruzs vera bilar.

Elementar zorraciklor fizikasinda fiziki qanunlarin 6ziinli tozahiir etmoyi, skalyar
saholordon, vo vakuumun xiisusiyyatlorini miioyyan edon, fozanin 6l¢iisiiniin toyin olunmasinin
kompaktlasdirilmasi xiisusiyyatlorindon asilidir.

Inflyasiya zamani, kvant fliiktuasiyalar1 Kainatin kigik bir hissasinde vakuumun moxsusiyyatini
doyisorok sonra bu hissoni eksponensial boyiik edo bilor. Qarsida sual durur: Kainatin genetik
kodu harada yazilib?
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BOQOLYUBOV TOROFINDON LANDAU KABUSUNUN (MOSKVA SIFIRI) KVANT
SAHO NOZORIYYOSINDON DOF EDILMOSi BASLANGICININ 50 ILi

L.A. Agamahyeva,

Baki Doviat Universitetinin Madda qurulusu kafedrast
ag.leyla@hotmail.com

Kvant saha nazariyyasinda Landau polyusu (Moskva sifirt) problemi va onun daf
edilmasi metodlart haqqinda va giiclii garsiligh tasirli asimptotik azad nazariyyalards bu
problemin halli hagqinda sarh verilir.

1.Fotonun propaqatorunda Landau polyusu va kvant saha nazariyyasinin daxili
ziddiyyat problemi. Kvant saho nozoriyyesi materiyanin fundamental zorrociklorinin
xUsusiyyotlorini vo onlarin garsiliqh tosirlorini dyronir. Digor material obyektlori togkil edon
fundamental zorrociklorin sirasindan, mosal iicilin, elektronu, fotonu, kvarklart vo qlyuonu
sadalamaq olar. Misal {i¢iin, hidrogen atomu, elektromaqnit sahosi (foton) vasitosilo qarsiligl
tasirdo olan elektron vo, qlyuonlar vasitosilo bagli halda olan kvarklardan ibarot protonun
rabitoli halidir. Zarrociyin osas xarakteristikalarina, mosalon, genis auditoriyada moshur olan vo
ixtiyari inersial sistemdo 6donilon, asagidaki tonasiib,

E2 -2 = m2c? (1)
(c-1s181in vakuumdaka siiratidir) vasitosilo slagodar olan siikunat kiitlesini m, enerjini £ vo
impulsu p aid etmok olar. Zorraciyin siikunat sistemindo ( p =0) bu formul, moshur Eynsteyn
formuluna,

E=mc? , (2)
kecir. ©gor zorrociklorin nisbi impulslart vo garsiligh tosir enerjilori siikunot kiitlosi ilo
miigayisado boyiik deyillorss, onda bu ndv zorrociklorin horokoti kvant mexanikasi ilo ifado
olunur: har bir zarraciys, Sredinger tonliyinin halli olan dalga funksiyasi y, qarst qoyulur.
Enerji artirildiqda, prinsipce yeni: zarraiklorin dogulmasi vo mohv olmasi fiziki menzarasine
miiqabil olaraq, onlarin, imumi gobul olunmus kvant-mexaniki ifadosi yararsizlagir. Masolon,
yiisok enerjili fotonun( y -kvant) niivodon sopilmasi naticosinds elektron vo onun antizaorraciyi —

pozitron dogulur. Elektron vo pozitron, 6z ndvbasindo annihilyasiya eds bilorok, fotona c¢evrilo
bilirlor.

Yiiksok enerjilordo doyison miqdarda zorrociklor sistemini ifado etmok tigiin, miixtolif
sortlu horbir fundamental zarraciys, zorrociklorin dogulmasi vo moshv olunmasi operatorlari
daxil olan kvant sahasi qars1 qoyulur. Elektronun kvantlanmig sahasi y , kvant mexaniasindaki
kimi adi tmumilosmis funksiya deyil, daha miirokkab riyazi obyekt olan, operator-manali
timumilosmis funksiya olur. Bu cilir kvantlanmis saho, iimumiyyatlo desok, verilmis sort
zorraciklori ifado edir. Mosolon, elektron sahosi, Kainatin biitiin elektronlarina, foton
(elektromaqnit) sahosi-biitiin fotonlara vo i.a.-ya samil olunur. Belo ifado olunmada, zorraciklor
iki kateqoriyaya bolliniir: real zarraciklor verilmis fiziki prosesin ilkin vo son marhalslorinds
moveud olurlar, virtual zorraciklor qarsiligl tosir anlariin cirslorindo mévcud olurlar. Real
zarraciklor {i¢ilin enerji vo impuls arasindaki (1) relyativistik tonasiibii 6donilir. Yiiksok enerjili
zarraciklor fizikasinda, adoton istifado edilon tobii vahidlor sistemino asason (Plank sabiti # vo
151q sliroti ¢ vahido borabor gotiiriiliir: ¢ =% =1). Belo hesablama sistemindo, relyativistik kvant

mexanikasinin postulat kimi 4-6lciilii vektor transkripsiyasi, p=(py,p), po=E = real

zarraciyin impuls vo enerjisi arasindaki tonasiib sado soklo diistir:

2 2 _ =2 2
P =pp—p =m.
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Fiziklor deyirlor ki, real zorrociklor kiitlo sathinds yerlasir. Virtual zorraciklor {iclin bu tonasiib
Odonilmir. Biitiin fiziki eksperimentlords yalniz baslangic vo son hallarin parametrlori
Olciildiiyiindon, virtual zorrocik konsepsiyasi, heg¢ ciiro enerji-vo-impulsun saxlanilmasin
pozmur.

Kvant saho nozoriyyosindo osas hesablama obyekti kimi saholorin hasilinin vakuum
ortasi,

<O Ty (x)y (xp) -y (x,) 0>,

gotiirtiliir. Burada |0 > —vakuum halini(yani, real zarraciklorin olmadig: hal), x = (x,, X) -dord-
oOl¢iili fozada koordinatin 4-vektorunu, 7 ise saha operatorlarinin evolyusiyaya uygun xronoloji
siralanmasini ifado edir. Sonuncu isaralomo sobabiyyat prinsipinin 6donilmasini, yoni, qarsiliqlt
tosir zamani, hadisalorin diizgiin ardicilligini tomin edir. Vakuum ortasini bilmokls, hom
fundamental zorrociklorin, hom do onlardan ibarat digor obyektlorin fiziki xarakteristikalarini,
yani kiitls, efektiv kasik, qeyri— stabil zorrociklorin yasama miiddstini vo i.a.-ni hesablamaq
olur.

Nozoariyyagilor, qisa olaraq, sahslorin hasilinin vakuum ortalarini, Qrin funksiyas1 kimi
adlandirirlar. Bu termin, riyaziyyatda oldugundan (& -obrazli qeyri— bircinsliys malik
diferensial tonliklorin holli kimi adlandirilan Qrin funksiyalarindan) forqli olaraq, daha genis
monada istifado olunur.

On sado fiziki monada, Qrin funksiyasi — iki-noqtali(bir—zarracikli) Qrin funksiyast,

D(x—y)=<0|Ty(x)y(y)[0>,
zarraciyin yayilmast funksiyasini (propaqator) ifado edir.  Propagator yalmz 4-6lg¢iili
dayisondon x—y, asilidir. Bu fakt nozariyyenin, translyasiya invarianthigmi(fiziki hadiselorin
koordinat sistemi secilmosindon asili olmamasi) ifado edir. Qarsilighh tosirdo olmayan
zarraciklora adekvat sorbast saholor iiclin propaqatorlarin hesablanmasi nisbaton miirokkab

olmayan mosalo sayilir. Sarbast saholorin propaqatorlar1 xiisusilo impuls fozasinda sads sokildo
olurlar

D.(p)= j dxe' ™D, (x) ~ ——
p —m

Qeyd edok ki, bu formuldaki p real zorraciyin impulsu deyil, yalniz koordinata Furye-qosma
olan impuls doyisonidir. Goriindiiyii kimi, propaqator impuls doyisonino goro polyus
maoxsusiyyating malikdir. Bu fakt imumi sayilaraq, hamginin qarsiligh tosirde olan sahalor
tictin do dogrudur. Hom zorraciklor, hom¢inin do onlarin rabitoli hallar1 impuls fozasinda
yazilmis Qrin funksiyalarmin polyuslarina uygundurlar. Basqa sozls, Qrin funksiyasinin
p’ =m’ ndqtosindaki polyusu, kvant saho nozoriyyasi dilindoki monasi, impulsu p vo kiitlosi

m olan zarraciyin mévcudlugunu gostorir. Kiitlasis zorraciklora (masalon, foton) p°=0
noqtasindaki polyus uygun golir, vo sarbast fotonun propaqgatoru asagidaki kimidir

1
Dc(p)z_z'
p

Qarsiligh tasirdo olan zarracilorin nozoriyyosindo Qrin funksiyasini hesablamaq he¢ do asan
mosala deyildir. Kvant saho nozoriyyasinin yarim asrlik tarixi orzindo tam fiziki mahiyyot kosb
edon elo bir kvant saho modeli yoxdur ki, orada her-hans1 bir doqiq hall alde edilmis olsun.
Buna goro do, igorisindo on effektlisi hoyacanlagsma nozoriyyasi olan miixtolif yaxinlagmalar

totbiq olunur. Bas hodd kimi, sorbast sahonin Qrin funksiyasi gotiiriiliir vo ndvbati haddlor kicik
2

hoyacanlagmalar ilo miisyyan olunur. Qarsiligl tosir sabiti « = z— = é (inco qurulus sabiti)
T

ilo miioyyon olunan, elektron vo fotonlarin qarsiligh tosiri nozoriyyoesindo (kvant
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elektrodinamikasi1) hoyacanlagsma nozoriyyasinin totbiqindo kigik hoyacanlagmalarin istifadosi
tam osaslanmis sayila bilor. Bu parametr kvant elektrodinamikasinda hayacanlagma nazariyyasi
paylanmasinin kigik parametri rolunu oynayir.

Kecon osrin 50-ci illorinin ortalarinda hacanlagsma noazoriyyassino osaslanan kvant
elektrodinamikasinin niliyyotlori tam toossiirat yaradirdi. Hidrogen atomunda elektron
soviyyelarinin ifrat inco qurulusu, elektronun anomal maqnit momentinin va digar fenomenlarin
doqiq cavabi tapilmis bir sira elektrodinamik hadisolor tam miivoffoqiyyotlo nozori izahim
tapmisdi. Bu miivaffoqiyyatlor, nazariyyagilords, kvant elektrodinamikasinin totbiq sarhadlorini

miioyyon edilmasi istoyini yaradirdi. 1954-1955-ci illordo Landau omokdaslar ilo birlikdo kvan

elektrodinamikasinda impuls doyiseninin, p? bdyiikk qiymotlorine uygun olan Qrin

funksiyasinin asimptotik davranis1 haqqinda 6z hesablamalarinin naticolorini [1, 2] ¢ap etdilor.
Bu naticalar son doraca garibs idilar, vo onlarin sonraki interpretasiyasi kvant saho nozariyyasi
ligiin son doaraca kadarli agibat perpektivi verirdi. Aydin olmusdu ki, | p ['’>> m’-da fotonun

propaqatorunun asimptotik davranis1 asagidaki formul,
1 1

D(p)~—- N
o]
RY/4 m

ilo miioyyon edilir, yoni fotonun propagatorunda fotonun moévcudlugunu goéstoron normal
3z

3)

p*> =0 polyusu ilo yanasi, p? =—m? ea noqtosindo, konar, xayali bir polyus da mévcuddur.

Bu fakt kvant saho nozoriyyasi kontekstindo oalavo olaraq monfi kiitloli(?!) zorrociyin varligina
dolalot edir. Belo zorraciklor noinki eksperimental miigahids olunmus, onlarin varlig
zgrrgeiklor fizikasinin osas prinsiplori ilo tam ziddiyyat toskil edirdi. Bundan olavo, onlarin
fotonun propaqatorunda mdvcudlugu, fiziki miisahido olunanlarin  hesablanmasinin
interpretasiya olunmasi tigiin do boylik ¢atinliklor yaradir.

Olbotto, Landau polyusunun mdévcudlugunun he¢ do kvant elektrodinamikasinin
nailiyyatlorini siibho altina alinmamasi ilo yanasi, onun eksperimental qurgularda nail olunan
enerji dohlizindon ¢ox uzaqda yerlogsmosi, onun naticolora tosirini minimuma endirir. (3)
formuluna asason miioyan olunan “Landau kiitlosi” asagidak: kimidir,

M, 210" .m,
halbuki, miiasir siiratlondiricilordo zarraciklorin oldo olunan enerjisi, 10" -m hoddini 6tmiir.
Buna goro do haddindon artiq uzaqgligda yerloson polyusun tosiri son doraca kicikdir. Amma o,
moveuddur, vo sonraki nozori todqiqatlarin noticesinds onlarin digor modellordo do
movcudlugu, onu inkar etmoyin miimkiinsiizliiyiinii ortaya qoydu.

Naticods heg yerds sevilmayen ikili standart vaziyyoti yaranir. Bir torofdonkvant
elektrodinamikas1  ¢or¢ivosindo  hoyacanlasma nozoriyyosino osaslanan  hesablamalar,
eksperimental naticalora tam uygunluq toskil edir. Digor torofdon kvant elektrodinamikasinda
konar monali mofhumlarin olmasi, onun asas prinsiplorinin pozulmasi ziddiyyeti yaradirdi. Bu
ziddiyyatlor o zamanlar, giiclii qarsiliqh tesiri ifado etmoys namizod olan digor kvant saho
modellarina ds aid idilor.

Landaunun 6zii, voziyyati son doraca pessimist giymatlondirarok goti gorar verirdi:
“Miisahide olunan infrmasiyani1 6ziindo dasiyan y operatorlar1 nazoriyyadon yox edimalidir;

vo, hamiltonianin yalniz  operatorlar1 ilo qurulmasi ndqteyi nozorindon, giiclii garsiligh tosir

ticin hamilton metodu 6zii-6ziinii aradan ¢ixardigindan onu, olbatts, 6ziiniin nail olduglar ilo
birlikdo dofn edilmolidir ”’[3].

Oz ozliiyiindo, Landau, yiiksok enerjili zorraciklorin qarsiliqhi tosirinin ifado
olunmasinda kvant saho konsepsiyasini tomamils rodd etmoys ¢agirirdi. ©vozindo, O, sopilmo
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amplitudlar1 vo onlarin analitik davamini istifado edon yeni nozoriyyo qurmag toklif edirdi.
Amma, sonraki illor bir ¢ox nozoriyyoginin gohromancasina soylorino baxmayaraq, bu
istigamoatdo son doraco tovazokar naticolor oldo olundu. Malum oldu ki, saho operatorlarinda, vo
onlar vasitasilo qurulan laqranjian vo hamiltonianlarda dasinan informasiyani he¢ na ilo avoz
etmok miimkiin olmur.
Bir yol qgalird1 — problemi kvant saha nazariyyasi ¢ar¢ivasindace hall etmok.

2.Boqolyubov-Loqunov-Sirkovun propaqatorun analitik xiisusiyyatlorinin barpasi
metodu vd Landau polyusunun dof edilmasi. Analitik funksiyanin polyusundan neco
qurtulmaq olar? Yegano korrekt (yoni anlitiklikdon tam imtina edimodon) riyazi lisul —
nazoriyyonin biitlin prinsiplorinin 6donilmasi sortilo, kosiklorin sifira ¢evrilmasi iisulu, yoni
polyusun, eyni bir ndqtodo polyusa malik -oks isaroli kosikli digor analitik funksiyanin
komakliyi ile aradan qaldirilmasi.

Landau polyusu probleminin bu iisulla halli imkani Redmond [4] torofindon toklif
olunmus, vo Boqolyubov, Loqunov, Sirkov torafindon realizo olunmusdur [5]. Bogolyubov-
Loqunov-Sirkov metodunun osas ideyasi, kvant saho nozoriyyasinin asas prinsiplorindon(
sobabiyyat, enerji-impulsun saxlanilmasi, fiziki miisahido olunanlarin tam sistem togkil etmasi,
qarsiligl tosirin lokallig1 vo i.a.) irali golon, Qrin funksiyalar liclin spektral tasvirin totbiqi ilo
baglidir. Bu tasvirlarin, ixtiyari tip qarsiliql tosir ii¢lin dogrulugundan ¢ixir ki, bu metod model
segmok noqteyi-nozorindon universaldir.

Xiisusi halda, zarraciyin propaqatoru ii¢iin Cellen-Leman tosviri,

D(p)zjdﬂZ%,
VU -p

tam yararhidir. Burada p—miisbot meyarh spektral funksiyadir. “Spektral” soziiniin islodilmosi
(monasi1), saxlanma ganunlarinin 6dondiyi biitin miimkiin hallar1 oks etdiron miixtolif
zarrociklor dostinin  p funksiyasina daxil ola bilmosi ilo baghidir. Yoni bu funksiyada
nozoriyyonin biitlin kiitlo spektri 6z oksini tapir.

Sorbost nozoriyyede, p funksiyasinda yalmz p, =&(u? —m?) —bir-zororcikli hal oks

olunur ki, bu da 6z névbosindo sorbast propaqgatora uygun golir. Hoyacanlagma nozoriyyasindo
spektral funksiyanin hesablanmasi, bozi standart inteqrallarin hesablanmasina gatirilir.
Bogolyubov, Loqunov, Sirkov, mohz Landau vo omokdaslarinin istifado etdiklori
yaxinlasmada, amma ovvalco fotonun propaqatorunu deyil, spektral funksiyani hesablamuis,
sonra, Cellen-Leman tosvirini istifade etmaklo fotonun propaqatorunu hesablayiblar.
Bogolyubov, Loqunov, Sirkovun | p['>>m’~ da fotonun asimptotik propaqgatoru asagidaki

sokildo alinib,

RY/4
1 1 ;
D(p)x— - Tl )
e
RY/4 m o

Birinci hadd diiz Landaunun noticasi il tit-listo diisiir, ikinci hadd iso Cellen-Leman tosvirinin
naticasinda yaranib. Ikinci haddin asagidaki asrarangiz xiisusiyyatlori mévcuddur:

- birinci, o, Landau noqtesindo, oks isarali kosikli polyusa malikdir. Demali, fotonun
propaqgatorunda geyri-fiziki polyus yoxdur;

- ikinei, o -nin funksiyasi kimi, bu hadd sifirda exp(— 3—”) tipli moxsusi ndqtays malikdir
a

ki, @ > +0 -da, bu hadd vo onun « -ya gors biitiin toromalori sifira yonalir. Noticados, fotonun
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propagatorunun «-ya goro siraya ayrilmasinda he¢ bir doyisiklik olmur, vo hoyacanlagsma
nozoriyyasinin biitiin naticalori tam hocmdo doyisilmoz galir.

Belolilo, xoyali Landau polyusu(kabus) problemi 6z riyazi hollini tapmis olur. Xoyali
sinqulyarliglarin dof edilmasi vo Qrin funksiyasinin diizglin analitik xiisusiyyatlorinin barpa
olunmasiin bu metodu, kvant saho modellorindo oxsar situasiyalarin hallinds, indiyadok, 6z
nlimunaviliyini qoruyub saxlayir.

Toosiif ki, belo orarongiz naticonin fiziki interpretasiyasi aydinlasdirilmamis qalir. Birincisi,

muolliflor torasfindon qeyd olundugu kimi: spektral funksiyaya exp(— 3—”) -don asili olan
a

istonilon haddin oslave olunmasi, nainki propaqatorun analitik xiisusiyystlorini, o ciimloden
hoyacanlagsma nozoriyyasino uygunlugunu pozur. Homginin, bu doracods sinqulyar haddin Qrin
funksiyalarinda meydana golmosinin dinamik osaslar1 da namolum qalirdi. Bagqa sozlo ifado
etsok — belo hadd dinamik saha tonliklorinin hallinden alinmalidir ki, bu giinadak belo xarakterli
hall hoals do olds olunmayib.

Bu sobablordon, xoyali Landau polyusu problemi, Bogolyubov, Loqunov va Sirkov
torofindon riyazi lisulla aradan qaldirilsa da, indiyoadok qiivvado olan nozoriyyo iigiin qeyri-
genaatboxs bir fakt olaraq qalir v fiziklar iiglin narahatgiliq toradir.

Giclii garsiligh tesirin yegana nazoriyyasi olan kvant xromodinamikasinda, qlyuonlarin
Oziinlin —0z{lino tosiri fenomeni, igorisino Landau polyusu situasiyasinin da daxil oldugu bir sira

naticoloro gotirir. | p |>>> m? - da qlyuonun asimptotik propagatoru asagidaki formul ilo verilir:

D(p)~— 5)
{HCIn(_[Z H
m

burada —kvarklarin sortu va rongi ilo bagli miisbat sabitdir. Bu sabitin qarsisindaki isaronin

miisbotliyi p?- min menfi giymetlorindo, 6z-6zlilyiinde glyuonun proparatorunda polyusun

olmamasin1 gdstarir. Digar torafdon, gqlyuonun propaqatorunun bdyiik impulslarda asimptotik
davraniginin, loqarifmik hadd doqiqliyi ilo sarbast propaqator ilo iist-listo diismosi, kvant
xromodinamikasinda hoyacanlasma nozoriyyasinin (modifikasiya olunmus) totbiq edilmosi
imkani yaradir (asimptotik azadliq).

Gorindiyt kimi, (5) formulu impulsun kvadratinin menfi qiymatleri ti¢iin dogrudur.
Impulsun kvadratinin musbgt qiymatlarinds is9, analoji hesablamalar impulsun kvadratinin bir
neco yiiz meqa-elektronvolt (kvadratda) qiymotindo polyus amolo golmoyino sabob olur. Belo
polyus, impulsun kvadratimin monfi qgiymatlorindoki polyus qodor qorxulu olmasa belo,
impulsun kvadratinin monfi qiymotlori geyri-fiziki xarakters malikdir, vo heg¢ bir halda real
zorracik kimi interpretasiya oluna bilmoz. Bu xosagolmoz hal, D.V. Sirkov, 1.L. Solovtsov,
K.A. Milton, A.I. Alekseyev, B.A. Arbuzov vo digarlori tersﬁndan Bogolyubov-Loqunov-
Sirkovun metodunun kvant xromodinamikasi halina modifikasiyas1 edilmosi noticosindo
analitik hayacanlasma nazariyyasinin yaranmasi ilo aradan qaldirildi.

Landau polyuslarinin yenidon peyda oldugu giiclii qarsiligli tesir bdlmalorindon ndvbatisi,
giclii qarsiligh tosirin  effektiv modellori oldular (Kvant xromodinamikasinin, kvant
elektrodinamikas1 ilo miiqayisado riyazi torofdon c¢ox miirokkob kvant saho nozoriyyasi
oldugundan, bir ¢ox fiziki hadisolori ifado etmok {iglin, giiclii qarsiliqlt tesire yararh
sadalosdirilmis — effektiv modellor secilir). Belo modellordon biri Nambu-Yona-Lazinio kvark
modelidir. Umumiyyatlo, effektiv modellords fiziki komiyyatlorin hesablanmasi naticolori bazi
dagilan inteqrallarin hesablanmasi lsulundan asili olaraq doyisir (neco deyorlor, naticolor
requlyarizasiyadan asili olur). [6] isindo Nambu-Y ona-Lazinio modeli ii¢lin bu asililigin aradan
qaldirilmast istigamatinds miioyyan miivaffoqiyyst qazanilib, ovozindo iss, kvark vo
antikvarkin rabitrali hali olan 7 —mezonun propaqatorunda Landau polyusu omoalo golib. [7]
isindo Rogev torafindon bu polyuslarin dof edilmaosi tisulu toklif edilib. Bu metod, Bogolyubov-
Loqunov-Sirkov metodundan forqli olaraq propaqatorun analitik xiisusiyyatlorine istinad deyil,
modelin moxsusiyyatlorino osaslanib ki, Battistel metoduna goéro modelo osason Kkiitlo
spektrindo m kiitloli kvarkla yanasi, homg¢inin —2m kiitloli xoyali kvark da md&vcuddur.
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Modeldaki bu fakt, alave, kvant soviyyesinds, oks isarali qarsiligli tesir kimi interpretasiya
oluna bilorak, mohz bu sokilds pionun propaqatorundaki Landau polyusunu dof edir. [8-9]
islorindo Nambu-Yona-Lazinio modelindo, yuxarida adi ¢okilon yaxinlasmada Landau
polyuslarinin doqiq yerlari hesablanib.
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MODELLING AND SIMULATION OF JOSEPHSON JUNCTION BASED QUANTUM
BIiTS

LN. Askerzade™”
“Computer Engineering Department and Center of Excellence of Superconductivity Research,
Ankara, Turkey
PInstitute of Physics Azerbaijan National Academy of Sciences, Baku, Azerbaijan

The great majority of Josephson junction (JJ) research since the beginning of the 21st
century has focused on possible applications in the field of quantum computation [1, 2]. In
classical digital computation, the processor takes as its input ones and zeros (coded, in the case
of silicon integrated circuits, as two distinct voltage levels) and derives an output by performing
some kind of classical Boolean logical operation on this input. By contrast, in quantum
computation the processor takes as its input a quantum coherent superposition of ones and
zeros. The quantum processor then performs a quantum mechanical operation on this input state
in order to derive an output which is also a quantum coherent superposition. The basic element
of a quantum computer is known as a qubit. The state of the qubit, [y> is a linear superposition
of the two quantum basis states [0> and |1> [1, 2]. For the realization of qubit operations based
on JJ and their application requires the mK temperature regions. As followed from last years
investigations [3, 4], anharmonic character of current-phase relation becomes important at this
temperatures and as result anharmonicity must be taken into account in consideration of JJ
qubits. Such conclusion also supported by investigations [5].

In order to analyze the qubits with JJ, one has to solve the corresponding stationary
Schrodinger equation with an appropriate boundary condition. Quantum dynamics of an
isolated Josephson junction is described with the Mathieu-Bloch picture for a particle moving
in a periodic potential, similar to the electronic solid state theory. In this study, we shall
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describe the quantum dynamics of two type of qubits: namely phase and charge qubits. Such
qubits have distinguished limiting regimes: the phase regime, EJTJEC, is analogous to the tight-
binding approximation, and the charge regime, EJ<<EC, is analogous to the near-free particle
approximation. At the end, we also will discuss a flux qubits, using low inductance
interferometer with anharmonic current phase relation JJ.

Phase qubit: Corresponding Hamiltonian of the system associated with unharmonic
current-phase relation can be written as

H= —Ec_jlz + Ej; {z.-,.-—ms-:— %ca:‘: Eu} ‘

where ib=Ib/Ic is the ratio of the bias current applied to the system; and ¢ denotes the phase
difference; Ec is the electrostatic energy; and EJ is the Josephson coupling energy. In some
models suggested by Kornev [6], current —phase relation of Josephson junctions includes
second and third harmonics. For instance, the potential has a single minimum at =0 for 0<0.5.
Whereas, it has double minima for o>0.5 in the ranges -n<@<0 and 0<@<mu respectively. The
authors in [7,8], also discussed how U(¢) changes from single potential well to double potential
well in the case 7 junctions.

In study [6] only asymptotical solutions of Mathieu equations were presented. Here we
performed full numerical analysis of Mathieu equation with second harmonics in phase qubit
regime (i.e., EJ/JEC[11). As followed from the results, all energy levels split into two sub-levels

&i+=¢&i+/i. Energy spectrum of Mathieu equations for i=0,1 using numerical calculations are
presented in Fig.1 coincides with the results in [6]. The ground (i=0) and first (i=1) states of the
energy spectrum are obtained and it is shown that, splitting in the ground and first excited states
depend on the unharmonicity parameter o. For high values of energy scale EJ/EC, the splitting
between 0=0 and o#0 cases become large. On the other hand, it can be seen from the
calculations, the change in splitting of ground state is smaller than the change of the first level.
This means that, the first state is more sensitive to unharmonicity parameter o.

Furthermore, the numerical modeling is conducted to analyze the influence of the
control parameters on the splitting of energy states Ai-=[1i[]-[1i[ 1. Fig. 1 presents the behavior
of the splitting of energy states Ai for various energy scale Ej/Ec. The results for ATl are
presented in Fig. la within the range 0<o<2. As mentioned before, the authors in [6],[9]
analytically found similar results for de-SQUID from an oscillatory model. Unlike our results,
their findings are limited to the range 0.5<a<1.5 for A[l. In contrast to [6],[9], we observed fine
structure in dependence All(a) for different Ej/Ec values. For small unharmonicity parameter
(i.e., 0<0.65), the splitting parameter Ai decreases linearly with an increase in a. The results for
Ai are in good agreement with findings of solid state theory. By fixing the amplitude of first
harmonic, negative sign of second harmonic leads to an approximate linear decreasing of
ATl(a0)=EJ(1-a) [10]. Similar behavior of linear decreasing in Al was obtained in our
numerical results presented in Fig. 1a. However, compared to approximate result, the vanishing
point of Al has located in the range 0.6<a<0.9 for various energy scales. The reason for this is
that numerical results are more precise than the results obtained from preceding approximate
expression.
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Fig.1 Splitting parameters versus unharmonicity a of the CPR. (a)
Splitting of the ground state. (b) Splitting of the first excited state.

As followed from discussion of the shape of the potential was switched from a single
well to a double well structure for 0>0.5. For higher energy scale such as EJ[JEC >9, the
behavior of All(a) illustrates different tendencies. For instance, All(a) keeps decreasing from
0=0.5 to o=acritical until it vanishes. The value of acritical are determined from our
calculation (see Fig. 1a) as 0.6231, 0.6007, 0.5784, and 0.5634 for energy scales 9, 15, 30, and
50 respectively. The height of the hump of the double well is not so high in this region and the
energy levels are strongly coupled. Such behavior corresponds to two level crossing. For
o>amax the hump of the double well increases so does the energy level become weakly
coupled. Consequently, the second harmonics in above presented Eq. becomes dominant and
leads to a two-level crossing
Charge qubit: The Hamiltonian of the charge qubit system [11-12] associated with unharmonic
current-phase relation can be written as

H=FE/(nr— ng_lz — E; {z'-,,u—l- oS o —%Cﬂl:‘;?u}\

where EC=Qg?%2C2X is the electrostatic energy (Cooper pair charge energy) depending on gate

voltage Vg and the capacitor CX=Cg+Cj, and Ej=7ic/2e is the Josephson coupling energy in
terms of critical current of Josephson junction Ic. In addition, n=-i(6/(0¢)) is the dimensionless
momentum operator that refers to the number of Cooper-pair on the island and has a physical
meaning of charge Q accumulated on the junction capacitor Cj in the units of double electronic
charges (i.e., O=2en). Furthermore, ng=CgVg/2e refers to the dimensionless charge number
used to externally control the system [13].
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As mentioned before, the energy scale Ej/Ec<I corresponds to the single Cooper box
charge qubit limit. In this limit, energy spectrum can be described as quasi-charge approach
[11] similar to quasi The results for Ai are in good agreement with findings of solid state
theory. By fixing the amplitude of first harmonic, negative sign of second harmonic leads to an
approximate linear decreasing of A |(a)=~EJ(I-a) [10]. Similar behavior of linear decreasing in
ATl was obtained in our numerical results presented in Fig. la. However, compared to
approximate result, the vanishing point of Al has located in the range 0.6<0<0.9 for various
energy scales. The reason for this is that numerical results are more precise than the results
obtained from preceding approximate expression.

Momentum representation in solid-state theory [10]. Energy gap All versus
unharmonicity parameter o presented in Fig.2a resembles to phase qubit case in Fig. 1. Similar

to ALJ which is the difference between &1 and &L at n,=0.5, the "secondary energy gap" ALl is

the difference between €[] and €[] at ng=1. The detailed description is left to [11]. Notice that
Ai refers to energy gap in charge qubit whereas it refers to splitting of energy states in phase
qubit. In Fig. 2b, it is illustrated the dependency of gap parameters Ai on energy scale Ej/Ec.
However, in case of single Coulomb box the growing A4i with Ej/Ec has revealed a nonlinear
behavior.

Thus, the aim of the presentation is the analysis of properties of Josephson junctions
based qubits with anharmonic current-phase relation. Firstly discussion of theoretical
foundation of anharmonic CPR in different Josephson structures and their experimental
observation presented. The effect of anharmonicity of current-phase on characteristics of JJ
based qubits are discussed.

This study partially supported by Ankara University BEYOD program.
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Fig.2 Results for the charge qubit obtained at ng=0.5

304



Fizikanin miiasir problemlori VII Respublika konfransi

REFERENCES

1. Nielsen M.A., Chuang L.L., Quantum computation and quantum information, Cambridge
University Press (2000)

. Valiev K.A., Physics-Uspekhi, 48, 1(2008)

. Canturk M., Askerzade I.N., IEEE Applied Superconductivity,21, 3541 (2011)

. Canturk M., Askerzade I.N., IEEE Applied Superconductivity, 22,1400106 (2012)

. Bauch T. et al , Phys.Rev. Lett, 94,087003(2005)

. Klenov N.,Kornev V., Pedersen N., Physica C, 435, 114 (2006)

. Goldobin E., et al, Phys.Rev.B 76,224523 (2007)

. Yamashita T., et al, Phys.Rev. Lett., 95,097001(2005)

9. Askerzade I.N., Technical Physics, 56,744 (2011)

10. Zaiman J., Principles of the Solids, UK, Cambridge Univ. Press (1995)

11. Canturk M., Kurt E., Askerzade I.N., Int. J. Comput. Math. Elect. Electron. Eng, 30,
775(2011)

12. Wendin G. and Shumeiko V. S., Fiz. Nizk. Temp. 33,957 (2007) (Low Temp. Phys. 30,
724 (2007)).

13. Nakamura N., Pashkin Y.A., Tsai J.S. Nature, 398, 6730, 786(1999)

03 N L B~ W

YARIINKLUZiV PROSESLORDO A’-HIPERONUN POLYARIZASIYASI

S.Q. Abdullayev, M.S. Qocayev
Baki Déviat Universiteti, Azorbaycan
m_gocayev@mail.ru

Yiiksok enerjilor fizikasinda leptonlarin nuklonlardan dorin geyri —elastiki sopilmo
(DQES) proseslori xiisusi rol oynamigdir. Mohz homin tocriibolordo miqyas invariantligl kosf
olunmusdur ki, bu da avvelco kvark-parton modelinin, sonralar iso giiclii qarsiligh tesirlorin
rongdinamikasi nozariyyasinin yaradilmasi ilo naticolondi. Son illordo anonovi DQES proseslori
ilo yanas1 yariinkliiziv proseslor do genis miizakiro olunur. Bu isdo leptonlarin nuklonlardan
DQES zamani polyarizs olunmus A —hiperonun yaranmasi proseslarine baxilmigdir:

e +N=e +Ah)+X, (1)
v,W)+N=v, v, )+Ah)+X, (2)
v,(W)+N=pu (1 )+Ah)+ X, 3)
eEe)+N=v,(v,))+Ah)+X, 4)

burada 4, — A -hiperonun uzununa polyarizasiyasidir.

Kvark —parton modeli gergivasinds homin proseslarin effektiv kosiklori

Zf (x )—Df(ii,“)( 2) (5)

dxdydz

soklindo yazilir, burada f ¥ (x) — kvarkin nuklon daxilindo paylanma funksiyasi, D;\((,fj“))(z) —

polyarizo olunmus kvarkin polyarize olunmus A -hiperona fragmentasiya funksiyasi,
dd/dy — parton proseslorinin effektiv kosiyi, x, y vo z iso kinematik doyisonlordir.
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Elektron-nuklon DQES prosesinin parton proseslori elektron-kvark vo elektron-antikvark
sopilmoloridir:
e +tg=>e +q, e +tq=e +q.
Yiiksok enerjilordo zorraciklorin spiralliglt saxlanilir, bu sobobdon elektron-kvark
sopilmosino 4 spiral amplitud uygun golir: F,,, F,,, I, vo Fy; (birinci indeks elektronun,
ikinci indeks iso kvarkin spiralligina uygundur). Spiral amplitudlar asagidak: ifadslorls verilir:

e q
F, = O _ e85 (g pLiR) (6)
xys  xys+M,

burada /s —elektron-nuklon sisteminin tam enerjisi, O, —kvarkin elektrik yiki, g; vo gy

(g? vo gi) — elektronun (kvarkin) Z°-bozonla sol vo sag rabito sabitlori olub, x,, =sin*g, —

Vaynberq parametrindon asilidir.
Elementar elektron-kvark sopilmasinin effektiv kosiyi barabordir:

‘;—6 = s {4+ b F2+ (= ) F2 T+ (1= k) [FZ +(1— ) F2 1}, )
y

h, =+1 — kvarkin spirallifidir. Elektron-antikvark sopilmasinin effektiv kosiyini almagq ti¢tin

(7)-do Fyp © Fy, vo F,, < F;; oavozlomolori aparilmalidir.
(7) ifadesini effektiv kosiyin (5) diisturunda nozors alaq:

99— e xs Y CODN N FR + Fl+ (1= 1) (Fpy + F)1+

dxdydz
4 YD OFY + Fly+ (1= ) (Fy + F)1+ hy[f, ()AD ()
X (Fay = 3, = (1= ) (Fay = F)l+ £ (OAD (F = Fiy — (=W (F = Fi)}b s (8)
burada D;\ (2)= D;\((fll)) (z)+ D;\((fll)) (2), AD;\ (2)= D;\((fll)) (z)- D;\((_%) (2).

A -hiperonun uzununa polyarize olunma doracasi
_do(h, =1)-do(h, =-1)

= , 9
Y do(h, =1)+do(h, =-1) ®)
ifadosi ilo hesablanir vo antikvarklarin pay1 nozordon atildigda alirq:
2. (OAD] (2) [ Frp = F = (1= y)* (Fo, = Fo)]
(10)

P, = S N A 2 2 2, 2 2 :
qu (X)Dq (Z)[FRR+FLL+(1—)/) (FRL+FLR)]

Neytral zoif coroyanlar hesabina bas veran (2) yariinkliiziv prosesinin parton proseslori
neytrino-kvark va neytrino-antikvark sopilmoloridir:
v,tq=>v,+q, V,tq=>V, +q.

Homin proseslor iki spiral amplituda malikdir: F,, vo F,, (neytrino sol polyarizo olunmus

zarracikdir) Elementar parton prosesi v, +g = v, +¢

do
ya ma xs[(1-h)Fj +(1+h )Fj(1-y)*] (11)
effektiv kosiyo malikdir. Bu ifadoni (5) diisurunda yerino yazib, alinan effektiv kosikdon A -

hiperonun polyarlasma doroacasini hesablaya bilarik (antikvarklarin pay1 nezarden atilmisdir):
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2.1 (D)AD] ()1~ y)* Fiy — F ]

Py = N A 2 202 1
D YD DFL + (=) Fl)]

(12)

Zoif yiiklii corayanlarin hesabina bag veron v, + N = x4~ + A+ X prosesinin parton proseslori
asagidakilardir:
votd = p tu, v+s=u ru, v,tu=u +d, v, +i = +5.
Bu parton proseslarinin har biri yalniz bir spiral amplituda malikdir:
P 1 . U,

xys+My  x,
burada U, , =cosé,., U, =sinb,., 6, —Kabibbo bucagidir.
Antikvarklarin pay1 nozordon atildigda A -hiperonun polyarlagsma doracasi li¢lin alinmisdir:
AD! (2) AD)(2)+ R-ADNE) (1
D, (2) D;(z2)+R-D}(z)

PA(VH:>/[):_ , (13) PA(V!I:/H):—

burada R =tg°6,. ~0,056.

Gorlindiiyli kimi, A -hiperonun uzununa polyarlasma doracasi yalniz z doyisoninin
funksiyasidir. Uygun naticalor e (¢")+ N = v, (V,)+ A+ X proseslari iigiin ds aliriq:

AD; (z)+ RAD/ (z) AD,(z)
- D})+RDNE) D)z)”
A -hiperonun uzununa polyarlagma daracasini qiymatlondirmok mogsadile onun fragmentasiya
funksiyalar1 asagidaki kimi secilmisdir:
ADM(z)=zDM(z), AD.(2)=AD}(2)=N,AD} (2);

a ilo N, parametrlori barabordir:

(15) Pe"=V,)=- (16)

PA(67 = Ve) =

1-ci variant: a=0,62, N, =0;
2-cl variant: a=0,27, N,=-0,2;
3-cii variant: a =1,66, N, =1;

Kvarklarin nuklon daxilinds paylanma funksiyalar1 iss adabiyyatdan gotiiriilmiisdiir [1, 2].
l-ci sokildo polyarlasma doracosinin x doyisonindon (y=0,1 vo z=0,5 olduqda), y
doyisonindon (x=0,3 vo z=0,5 olduqda) vo nohayat z doyisonindon (x=0,3 vo y=0,1
olduqgda), asililiq grafiklori verilmisdir. Goriiniir ki, fragmentasiya funksiyalarinin 1-ci vo 2-ci
variantlarinda polyarlagma daracasinin qiymati kicikdir x, y, z doyisenlorindon zaif asilidir. 3-

cli variantda polyarlagma doracasi monfidir vo z —dayisoninin artmasi ilo modulca artaraq 70%-
9 ¢catir.
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a)

02 |
3
03 L
0.1 Pa
b T b)
2
0 T T T T ﬁy
4? 0.2 0.4 0,6 0,8 1
0.1 1
-0'2 g

Sak. 1

1. H.Y. Cheng, S.N.Lai, C.Y. Wu. Phys. Rev. D 53 (1996), 2380.
2. A.D. Martin et. Al., ar : 0901. 0002 v. 3 [hep-ph] (2009).
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VUD - SAKSON POTENSIALLI SAHODO D - OLCULU SREDINGER TONLIYININ
ASIMPTOTIK ITERASIiYA METODUNUN KOMOYILO HOLLI

V.H. Badoalov

Fizika Problemlari Institutu, Baki Déviat Universiteti

Isdo asimptotik iterasiva metodundan (AIM) [1-3] istifada etmakla ixtiyari | - halinda
Vud-Sakson potensiallt sahada alaqali hallar iiciin D - 6lgiilii radial Sredinger tonliyi hall
edilmis va Qausun hiperhandasi funksiyasi ila ifads olunan radial dalga funksiyasi tapilmigdir.
Hoamginin potensialin V,, darinliyindan, radial n va orbital | kvant adadlorindon, D, a, R,

parametrlarindan asilt mahdud sayda enerji spektri miiayyan edilmigdir.

Sferik simmetrik ¥ (r) potensialli sahodo D —0lgiili radial Sredinger tonliyi asagidaki
kimidir:

2 2 _
dR+zd_R+2_,U E—V(}")—MRZO,(OSF<OO) (1)
dr* rdr h? 2 ur?
burada / —orbital kvant odadi, ¢ —sistemin gotirilmis kiitlosidir.
D-1
Yeni u(r)=r 2 R(r) funksiyasi ii¢iin (1) tonliyi
d’ 2
dr?+h—él[E—Vgﬁ(r)]u=0, )
5
olur, burada / =Z+DT_3 -yeni parametr, V. (r) =V (r) + Lljl) - effektiv potensialdir.
f wur
Sferik simmetrik standart Vud-Sakson potensiali [4]
V
V(r)=-—0  (a<<Ry), 3)
I+e ¢

soklindadir, burada V', — potensialin dorinliyi, R,—potensialin eni vo ya niivonin radiusu, a —
parametri sath toboqosinin qalinligi vo o, ionlagma enerjisinin tocriibi qiymati ilo miioyyan

olunur. Vud-Sakson potensialli sahodo I #0 gqiymotindo (2) tonliyini analitik holl etmok
miimkiin  deyil, buna sobob olan effektivi,, (») potensialin orbital morkezogagma

o~
Lljl) potensialidir. Ona goro do yeni x= A
ur 0

r=R,(1+x) vo orbital morkozoqagma V,(r) potensialini x=0 (r=R,) noqtaesi otrafinda

Vi (r)= Ry doyisonini daxil edib,

Teylor sirasina ayiraq:
PRI+ rId+D) 1
2ur? 2uR;  (1+x)°

V,(r) = =5(1-2x+3x2 —4x> +..), 4)

B2 (1 +1)
2uR;
gotiiriilir [5-6]:

burada & = —dir. Pekeris approksimasiyasina goro V,(r) potensiali asagidaki kimi

Vl*(”):g[co"' ol + < Ja (5)

l+e™ (1+e™)?
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burada a =R,/a -dir. V,"(r) potensialimi x=0 (r=R,) noqtasi otrafinda Teylor sirasina

ayirib, x —in uygun doracelorinin miiqayisesindon C,,, C,, C, sabitlorini tapiriq:

4 12 8 48 48
Co=l="r+ Z’Clz___z; Cr=—. (6)
Belaliklo, yeni effektiv potensial
y o= 5c. Vo=oC 5C
Ve (r) =Vyg (r)+V; (r) =6C, — 0 - Rol _ 2 7

0 r—R, 2
I+e @ l+e @

olur. Pekeris approksimasiyasina asason (2) tonliyinds ¥, (r) yerind Ve;} (r) yazsaq vo yeni

r=Ro \"!
= (1 +e ¢ j doyisonino kegsok, alariq:

[E—Sco +(V, —gCl)z—ngzz]u(z)zo , (0<z<1).(8)

2
22(1-2)2u"(2) + 2(1- 2)(1 - 22)u'(2) + 2:‘;

Olagoli hallarin olmasi tigiin £<0 bgrabgrsizliyi ddonmolidir. Olgiisiiz

2 X 23
82:_2/161 (E2 0Cy) >0, ,3 _2ya (Vg §C1)>0, 72:2,uaz5C2 20 9)
h h h
parametrlori daxil etsok, (8) tsnliyi asagidaki soklo diigor:
-2z —et+ prz—yi2?
u"(z )+ u'(z) + u(z)=0. (10)
2(1-2) (z1-2))

Belolikla, (10) tonliyina asimptotik iterasiya metodunu totbiq edsrok normallagsmis dalga
funksiyasini asagidaki kimi axtaraq:

u(z)=z°(1-2)" x(z) (11)
Qeyd edok ki, radial dalga funksiyasinin sonluluq sortindon u(0)=u(l) =0 oldugundan

¢ >0, n>0 alinir. (11) ifadosini (10) tonliyinds yerino yazsaq, alariq:

2 2 2 2 21,2
;("(z)+2g+1_2(§+’7+1)2;(’(z)+g —& +[F QoD +mE+c+n) +e+n—y]z A2)=0.

z(1-2) z? 1- Z)2
¢ va 7 parametrlorini elo segok ki, yuxaridaki tonlik sadologsin. Ona goro do ¢ vo 7
parametrlorini

{g —e2=0
B2 -Qc+)s+m)=-lc+m* +s+n-7r"]
soklindo gotursak, ¢ >0, 7>0 sortindo c=£>0, 5=4&° - B> +»* >0 olar. Onda alariq:

" 26 +1-2(e+n+1 , &+ +e+
')+ (Eam ez gy XD te s g (12)

z(1-z2) z(1-z)

Ikinci tortib bircins adi diferensial tonlik asagidaki kimidir:
y'(2) =20 (2)y"(2) + 50 (2)y(2) (13)

(12) vo (13) tonliklorinin miiqayisasindon A,(z) va s5,(2) funksiyalarl lictin alariq:

A (2) =

26 +1-2(s+n+1)z ()_(6‘+77) +e+n— 7/
z(1-z) > %o (z-2))?

(13) tonliyini » tortibdon téromo alsaq

(14)
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yN2) = 2,(2)y'(2) + 5, (2)y(2) (15)
olar, burada A4,(z) va s,(z) funksiyalar1 agagidaki rekurrent diisturlarla verilir:
,(2) =2, (2) +5,.(2) + 4, (2) A (2), 5,(2) =s5,,(2)+5,(2)2,,(2). (16)

(14) miinasibatlori ilo verilon funksiyalardan istifado edorok (16) rekurrent diisturlarina osason
A(2), 4,(2), 5,(z) , s,(z) funksiyalar1 licun tapiriq:

2(2)=A(2)+s,(2)+ A5 (2) =27 (1-2)" {2(g+1)(2g+1)+[(g+77)2 te+n—y -
2026 +2n+ 3z +[3(e+7)° +9(e+7) +y? + 6127
5,(2) = 5b(2) + 50 ()2, (2) = [(s +n)° +8+77—272][(€;r77+2)z—(8+1)]
z°(1-2)

2,(2) = A/(2) +5,(2) + Ay (D)4 (2) =z (1 - 2) {— 2 +DQe+1)(2e +3) +[-4(e + (e +71)* +
+8(e+DBe+)(e+n)+4(e+1)y> +24(e +DRe + D]z +[4(e + 1)’ — (20 —4)(e +1)* —
—2(40s + 277 +15)(e+n)—4(e +3)y* =36(Qe + D]z +[4(e + 1)’ +24(s +1)* +
FA(pY +10(E+ ) +8(77 +3))2° )

5,(2) =5{(2)+5,(DA(2) =27 (1-2)[(e+ ) +e+n -y N2e + D(2e +3) +{(e +17)” -

(e+n)—7> —4Qe+3)-2Qe+1)R2e+2n+3)]z+[3(s+1)> +15(s +n) + * +18]22}

Bu funksiyalar1 kvantlanma sortlorindo [1-3]

s;(2) _ s;1(2)

A(2) A (2)

=a, k>0 (17)

yerina yazsagq, alariq:

J1+4y2 -1
$0(2) _ 51(2) = gt /55 _ B4y = + 27/

)“0(2) 11(2)

51(2) _ 5,(2) —~ e 4 82_ﬂ2+}/2_\/1+472_3
ad AP AP Al & e = 7 -
2

4(z) A, (2)

$,(2) _ 55(2) T N ‘V1+472 -5
2 3l , +E; =3 7 -
2

lz (2) /13 (2)

(18)

Yuxaridaki miinasibotlori iimumilogdirsok, & {igiin alariq:

J1+4yr —2n—1
g 1Al —payt = +72 n (19)

burada » - radial kvant adadidir. Beloliklo, (19) ifadasindon tapariq:
2.2
8=%[n'+ﬂ—,7/], (20)

n

J1+4y? -1 o :
burada n' = -n ++. £>0, \J&" = +7* >0 borabarsizliklorindon n' > 0 alinir, yoni

Jl+4y? -1
OSn<++. Q1)

B? —7? >0 borabarsizliyinden iso
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~
W +1a

VoR; 22)
2p
almir. y -nin ifadosini (21)-do yerino yazsaq, alariq:
T
0Sn<l[\/l+w—1} 23)
2 R}

&, B,y parametrlorinin (9) ifadslorini (20)-ds yerins yazsaq, / - halinda enerjinin moxsusi
giymati ii¢lin agagidaki ifadoni tapariq:

2
27,7 2 2 T(T 4
:hl(l+1)(1+l2a J_ h 1[\/1+1921(1+1)a _2}1_1} .

2u R} R; 2ua’ 16 o

nl

(24)

~ o~ 2
4(;11/0612 4l +1)a3]
h? Rg +/uV0a2

+
— " 2 72
l+w—2n—l
R,

D=3 oldiqda, /=0 halinda sistemin oslagali hallar1 yoxdur. Ciinki, bu halda (23)
borabarsizliyi 6donmir. D>3 oldiiqda, /=0 halinda sistemin olaqgali hallar1 vardir. (24)

ifadosindon goriiniir ki, enerjinin moxsusi qiymati potensialin ¥, dorinliyindon, potensialin R,

enindon, sothin a qalinligindan vo D parametrindon asilidir. Beloliklo, n vo ¥, ticin miioyyan

olunmus sortlor, yoni (22) vo (23) borabarsizliklori 6donarss, onda slagoli hallar mévcuddur vo
bu hallarin enerji spektri mohdud saydadir. D=3 olduqda, (24) ifadasi [5,6] — doki E,, -nin
ifadosi ilo tist-iisto diisiir.

Asagidaki sokilds olan
N +1 N
az m + 1 wz
"(z) =2 - "(z) - ————y(z 25
y'(2) (l_bzm j (2) = = v (2) (25)
ikinci tortib bircinsli adi xatti diferensial tonliyin analitik halli [3]:
y,(2)= (=D"C(N +2)"(0), ,F(=n, p+n;0;bz""?), (26)
burada (), =10 *M o _2mEN+3 o (@miDbtla
I'(o) N +2 (N +2)b
(12) vo (26) tonliklorinin miigayisesindon
a= 277+l,b:l, N=-1,m= 28_1, o=2c+1, p=2c+2n+1, W=(6‘+77)2+6‘+77—}/2

oldugundan (26) ifadssindon istifado edorok / halinda y,,(z) funksiyasi tigiin alariq:

r2e +n+1)
re+1

burada , F\(-n,2¢+2np+1+n; 26 +1; z)- Qausun hiperhondssi funksiyasidir vo C

. (z2)=(=D"C S (-n,2e+2n+1+n;2e+1;2z2), 27)
miioyyan sabitdir.
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7-MESON-NUCLEON COUPLING CONSTANT g_ ., FROM
ADS/QCD MODELS IN THE AXIAL GAUGE

Sh. Mamedov' and N. Huseynova®
(1) Institute for Physical Problems and
(2) Theoretical Physics Department of Baku State University

We consider pseudoscalar- spinor interaction in soft-wall AdS/QCD model in the axial
gauge. The Lagrangian for this interaction is taken from earlier work. The solutions to 5D
equations of motion are presented. Using these solutions the g.y, coupling constant can be

calculated in axial gauge case as well.

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 nucleons in this model. Action for this model has a form:

I =_|"d5xw.'"§e_q’£, (1)
where g = |detg,,, | and metric of AdS space is given by
Gy dx™dxV = e243 (dz? + y, dxtdx") (2)
Here @ = &(z) is the dilaton field and the metric 7, is Minkovski metric
N = diag(—1,1,1,1) (3)

The dilaton field is chosen in such a way that to regulate 5-dimensional integrals at z — =o. In
simplest case for this field we have
—A=kz"+1logz (4)
1. 7 -mesons in soft-wall model
In the bulk of AdS space there are gauge fields A;" and A} , which transform as a left
and right chiral fields under SU(2);, x SU(2);. Besides gauge fields there is scalar field X,
which transforms under bifundamental representation of gauge group SU(2), X SU(2)..
7 — mesonsare introduced in this model via scalar field X [4]: X = X exp(2im®t®). Action
for these fields has a form:
I=[d°x e ®% [g {— |Dx|? + 3|x]2 —ﬁ (F + ng}, (5)

2 _ 124° . . .
Here gz = ; . We shall work in A; = 0 gauge. Equations of motion for = — meson field
i}

will be obtained from the action (5) and have forms:

5, (Tm0,07) + S22 (e ey = g, (©)

—q%0,0% + 50 ne =0, @)

]

2. Nucleons in soft-wall model
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We introduce a fermion field in background geometry (2) following to Ref. [2]. Such a
field is described by following action:

s = [ @ 1xyge “*U( Pe' D, ‘F——(D )T 0N Py (M+qb(z])w) (8)

r T
Here e‘; = zé“; and the covariant derivative is Dy =dy —I-Ewﬂ.-AE [4,r®]. Non-zero

. . 1
components of spin connection are: Wz = "Wz = My

The five dimensional gamma matrices obey anticommutation relation {4, ¥} = 2¢*%
and defined as d = 4, I'* = (y*, —iy*). Equation of motion obtained from the action (8) has a
form below:
A A —
[LEA r<p, — —[ﬂ ¢) eirt — (M+ ¢[z]}] =0 9)

with A= ;— M. Here A is the conformal dimension of spin 3/2 operator and M is the 5D mass.

=

From the (9) it will be obtained second order equations for profile functions:

5 Zl:’M+i'{:z" ;l M—ktz" 5 5 ZIM+T="
oz -2y, L 2| =0 [z -2 o =0 o)
Solutions of (10) are expressed in Laguerre polinomials:
#" (2= n LB, @) =n 8TV @) (11

The normalization constants are equal to

——

1 | & (ntl) )
: - = oC

k“'-*\llka+n+1:" g = n, Vo +n

n; =

And final profile functions are:

g (2) Fup " ()
— oz T mrL — oo R~
fi[prz] ] 'l-,u:—mi 5 fR (p,z] ‘l?’:_mi (12)

3. Bulk interaction Lagrangian for the boundary 7 -meson- nucleon coupling
The interaction in the bulk fermion with the pseodoscalar field is described by the
Yukawa interaction type Lagrangian:
Loyy = —g[N XN, + N, X7 N,]. (13)
This Lagrangian leads to following expression of this coupling

gom =g Z e (DT @ - A DAT @) a8

az*

In the hard-wall case of & (—) =1, (u= —,x = uz) the analytically soluble cases are:

1]5* i}-} (5x2)? (z small or ¢ = 0),
(@) =t | |
d_m(q,z ——,.151 g* — gimzz | + BY, q?— gimyz
gimizZ[? \ = "\ o
2)@9 = (6x7)? » mq(qz large,z not extremely small ),

-
=

q
0.m(q.z) = ———F—I[4,(qz) + BY,(gz)]
g%zzf
3 (6x7)%» g = mq (zlarge),
2 oz’ %/3 gz3 %/
a.m(q,z) —q—{ AAL (gE + BEi s 1
gic?z3z; 2 2

In the soft-wall case of & (i) = x?, the analytically soluble cases are:
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1)g%, M 5 (6x%)* (z small or 0 = 0),
Eki [ Z2_ 2.2 ,.- Z_ 1.2 )
ﬂzﬂ(q,z]—qﬂ f{.ﬁlM 1—%,1,(&:2]‘ + BU 1—q—£m,1,(f-cz]‘}
smg 4k* ] 4k*
2) §2= (6x5)7 » fﬁi (q2 large,z not extremely small ),

Ekéz [ qi ) [ qi _
d Z) =——F{AM |1 — —,3,(kz)° |+ BU |1 — —,3,(kz)"
m(@,2) = Lo A (1 55,3, (k) ]+ 13 (D) ]}
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NUVO KVADRUPOL QARSILIQLI TOSIiR INTEQRALLARININ
HESABLANMASINDA MOLEKULYAR KOMOKCIi
FUNKSIYALARIN TOTBIiQLORI

T.H. 9liyeva
BDU, Fizika Problemlori ETI
alivevatarana@rambler.ru

Isd> Sleyter atom orbitallar: daxil olan iki— va iigmarkazli niiva kvadrupol qarsiligh
tasir inteqrallarimin  hesablanmasi masalasino baxilmisdir. Bu moagsadlo Sleyter atom
orbitallarimin kogiiriilmasi diisturundan istifado olunmusdur. Kogiirma diisturu ilo iki— va
tigmarkazli inteqrallar daha sado birmarkazli inteqrallarin swrasi soklinda gostorilmisdir.
Swramin amsallar ikimarkazli o6rtmo integrallaridir. Ortma integrallart molekulyar komokgi
funksiyalarla ifads olunmusdur.

Molumdur ki, molekullarda niivo kvadrupol qarsiligli tosir enerjisinin hesablanmasi
kvadrupol niivelordo elektrik sahosinin qradientinin hesablanmasi masalosine gatirilir. ©gar
kvadrupol niivads elektrik sahoasinin qradienti vo niivonin spini molum olarsa niivo kvadrupol
qarsiligh tesir enerjisini hesablamagqla niivenin elektrik kvadrupol momentini tapmaq olar. Bu
da niivonin qurulusunun todqiqinds miihiim rol oynayir.

Kvadrupol niivalards elektrik sahosinin qradienti nozori olaraq Xartri-Fok-Rutan (XFR)
metodu ilo hesablana bilor. Bu metoda goro molekul daxilindo elektronun hali birelektronlu
dalga funksiyalari olan U, —molekulyar orbitallari ils tosvir olunan MO LCAO yaxinlagsmasina

asason molekulyar orbitallar molekuldaki atomlarin y, atom orbitallarinin xatti kombinasiyasi

soklindo axtarilir

U =>C.x,- (1)
q=1
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X, —atom orbitallar1 olaraq Sleyter funksiyalarindan istifado olununr. C,, —namolum om-

sallarmin qiymotlori XFR tonliklorinin hollindon tapilir. U, molekulyar orbitallarint bilorok

molekulun determinant dalga funksiyasini qurmagq olar.
Determinant dala funksiyalar1 vasitosi ilo matris elementlorinin  hesablanmasi

teoremindon istifads etdikdo kvadrupol niivolords elektrik sahosinin qradienti g, bir— iki— vo
ligmoarkazli niive kvadrupol garsiligh tosir inteqrallart ilo vo C; omsallarinin giymatlori ilo

ifads olunurlar.
gt (€)= C,C [ 1, GV (D, (7). 2)
ipq
V¥ —niiva kvadrupol garsiligh tosir operatorudur [1].

[1]-do Sieyter atom orbitalli niivo kvadrupol qarsiligh tosir inteqrallari iiglin imumi ana-
litik ifado alinmigdir.

Isdo iki — vo ugmarkozli niiva kvadrupol qarsiligl tesir inteqrallarnin hesablanmasi
masalosing baxilmisdir. Bu magsadlo Sleyter funksiyalarimin kogtiriilmasi diisturlarindan
istifado olunmusdur [2]. Bu diisturlardan istifado etmoklo iki— vo ugmorkozli niive kvadrupol
qarsiliglt tosir inteqrallarim1  birmorkazli inteqrallarin siras1 goklindo ifado etmok olar.
Ikimorkazli inteqrallar {iciin bu amoliyyat asagidaki kimi hoyata kegirilir:

—X; )(Z] X ) é;j 16

Ul (b) = [ 2.( Z,(Dav, =

lb

_hmzz Z AT CARGA ) (3)

N o =0 m =1,

Burada y, =%, , ., X, =X, @ Vo b noqtolorinds morkozlogmis Sleyter atom orbi-

tallari, y,, y, —kvadrupol niivalorin vo x;, x, iso elektronlarin dekart koordinatlaridir.

P,=EP, vo P,— vo a vo b morkozlorini birlogdiron radius vektordur. &— Sleyter

funksiyalarmin eksponensial parametridir. U}, (b) birmoarkazli niive kvadrupol garsiliqh tosir
inteqrallardir.

W" — komiyyatlori Sleyter atom orbitallar1 daxil olan ortmo inteqrallar1 ilo ifado
olunurlar [2].

W wom (Py) = ZQ (N)[(nlm) /(' 0'm)] (4)

n"=0"+1

Q( (N) ( 1)”+”[ n+/+1(2n 0) +(+1(2 O)]l/z

N
x D [Fu("+L+1L0)F, , (n"—(~1,0)x

n"=max(n,n")

xF, . "+ 0+1,0)F, , (n"—0-1,0)]". (5)

N!
F,(N,0)=————— 6
»(N,0) N =) (6)
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binomal amsallardir.
[Gam) 10 0| = [ 2,0 (070,00 0 (€',1,0,0, )l (7)

Sleyter atom orbitallar1 daxil olan 6rtma inteqrallaridir.
[sdo 6rtmo integrallarmi hesablamaq iigiin A (o) vo B,(B) molekulyar kdmokgi

funksiyalarindan istifads olunmusdur.
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JIBYX®OTOHHOE IOTJIOIEHUE B KBAHTOBOU SIME
B MAT'HUTHOM IT1OJIE

N.P. I'agupoBa
baxuncxuii I'ocyoapcmeennulii Ynueepcumem
igadirova@yahoo.com

Paccmompenvr  08yxghomonnvie  medc30HHble  DNEKMPOHHbIE — nepexodbl 8
napabonruyeckou K8AHMOBOU AMe 6 NPUCYMCMEUU MASHUMHO20 noad. Beposmuocmos
08YX()OMOHHBIX Nepexo008 A6IAemcsi HeMOHOMOHHOU (@QYHKyuel uacmomvl ceema C
MAKCUMyMamu npu 4acmomax, cOOmeemcmeayroumux nepexooam mexcoy Ho8ou napoi NoO30H.
B maenumnom  none  maxcumymvl  08YX()OMOHHO20 — NO2NOWEHUS — CMEWAOMcs 8
8bICOKOUACTNOMHYIO 001ACTb.

B nmanHOil paboTe TeopeTHUeCKH M3ydaeTcs NBYX(OTOHHOE MEXK30HHOE TOTJIONICHUE
CBeTa B MapabOJIMUECKOW KaBHTOBOH sIME B MPUCYTCTBU BHEUTHETO OJHOPOIHOTO MAarHUTHOTO
MOJIsI, BBIUMCISIETCS BEPOSITHOCTh UM KOA((UIMEHT TOTJIOMICHHUS M0 TEOPHH BOMYIICHUM.
PaccmoTpensl pa3pelieHo—pa3pelieHHbIE MePeX0bl, B KaU€CTBE MPOMEKYTOUHBIX COCTOSHHI
pPacCMOTPEHBI Pa3MEPHO—MArHUTO—KBAHTOBAHHBIE YPOBHHU 30HBI NPOBOJUMIIOCTH, B KOTOPYIO
MPOUCXOIST EPEXOIBI.

lamunbTOHMAH IS AJEKTpOHA B MapabOIMUecKOd KBAHTOBOW siMe, TIOMEIICHHON B
OJHOPOJIHOE MarHUTHOE 1MoJie, UMeeT BU. [ 1[:

2
A 1 (. e- K.
H=—/|p+—4 +—=Lz%, (1)
2m c 2
SAE, . .. o
rne K, = e -, AFE, —BbICOTa KBaHTOBOH sIMbl B i —i 30HE, d —TOJIIIMHA CJIO KBAaHTOBOM

saMbl. B kannbpoBke s BekTopHoro noteHimana A(0, Hz,0) eciu HanmpsKEHHOCTh BHEIITHETO
MarHUTHOIO  MOJII ~ HAmpaBi€Ha  BJOJb  IOBEPXHOCTH  pPa3MEpPHO—OTrPAHUYEHHOU
cucrembl H(H,0,0) BomHOBBIE (YHKIIMM M COOCTBEHHbIE 3HAUYEHUS raMuiIbTOHHaHa (1) UMeroT

BUI:

Vi) =<7 0, (2 @
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1 1 2R? zZ—Z.
z)= . e 7 -H : 3
72 (2) J2nt \NzR, "\ R ©
212 B2 2
E -:h k +—= -w—"§+ nc+l hQ, “)
“k 2m,  2m, Q 2

31ech lg, £ —BOJHOBOW BEKTOP W PaaUyC —BEKTOP 3JCKTPOHA B IUIOCKOCTH KBAHTOBOM SIMBI
XOY,S —momanb Cios  KBAaHTOBOM  sIMBbL,n Mn, —HOMEp KBAaHTOBOTO  YpPOBHS
COOTBEPCTBEHHO B 30HE MPOBOAMMOCTH M BAJICHTHOW 30HE,
_eH

, , R =
me

_hok,

' 2
ComQ;

22 2 _
Q' =w) +w , o,=

H,(z) —nonnHOMBI OpMmuTa, E, —HpHHA 3aNPEIIEHHON 30HBI OJIYIPOBOJHHKA.
BonHoBas ¢yHKIUS 4acTUIBI B KBAHTOBOM siMe, IOMEMIEHHON BO BHEUIHEE MarHUTHOE
MoJie, C y4€TOM NEPUOIUYECKOTO MO KPUCTAUNIMYECKON PeIIeTKy paBHa [2].
(A (r)= ”io(r)‘//,-,,;; (r) (5)
rne u,,(7) - nepuoandeckas 4acTb OJI0XOBCKON (pYHKIIMH HCXOIHOTO TOIYITPOBOJHHKA.
PaccMoTpuM npocTyro IBYX30HHYIO MOJIETb. BO BTOpOM MOpSIAKE TEOPUH BO3MYILIECHUI

JJIA BEPOATHOCTH I[BYX(bOTOHHOFO nepexoga us3 BaJICHTHOM 30HBLI B 30HY MNPOBOAMMOCTHU
nmeem [2]:
2r - |2
w =7Z‘Mw(k)‘ S(E,~E, -ho, —ha,), (6)
covfp

Trac COCTaBHOM ManHqHBIﬁ QJICMCHT pPaBCH
(GHp)eH ) | (CH ) H )
E,—E,-ho, E,—E,-ho,

M, (k)= , (7)

@ ,0, M & ,&— 4YacTOThl U BEKTOPbI MOJSPU3ALMK CBETOBBIX MOTOKOB, H, , u H,—

MaTpUYHBIE JIEMEHTHI OIIEpaToOpa BO3MYILEHUS B MATHUTHOM T10JIE
R A N
H=—Ap+—-4") (8)
mc c
Ha BOJHOBBIX QYHKIHSIX (2) BaJIEHTHOW 30HBI U 30HBI TPOBOAMMOCTH.

- N27Nho

A— BEKTOP—TIOTCHIIMAT SJICKTPOMATHUTHOW BOJIHBI |A|=—, v— (da3oBasi CKOPOCTh
/v
c . . ~
v=—, p=—ihV, N — gucno ¢otoHoB B enunuiie oobema, 4A°(0, Hz,0) — BEKTOp-MOTCHIIAAT
n

JUIS IOCTOSIHHOTO MarHUTHOTO TIOJISL.

Ucnonwzys (1)-(8) u paccmaTpuBas B Ka4eCTBE MMPOMEKYTOUHBIX COCTOSIHUM pa3MEpHO—
MarHUTO—KBAaHTOBAHHBIE YPOBHM B 30HE MPOBOJUMOCTH, IS BEPOSTHOCTH MEXK30HHBIX
IBYX(OTOHHBIX MIEPEXO0I0B MOTYUUM:
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s ( ed j4Z 5 jlim‘ 1,,8(E, —E, - 2hw)dkxdky )
7\ mc nom,l, (EmC _Ezv —hw)
rac
Z=E(&P.) +26.6.(&P)EDL)+E(EDL) (10)
L, =[en (=209, (z-2,)dz (11)

* A
In(,mE = .[(pn( (z— zc)ngomv (z—2z,)dz
P.,— MaTpUUHBI 3JIEMEHT OIepaTropa UMIIyJbCca Ha BOJHOBBIX (QyHKIUAX bioxa B 30HE

IPOBOJUMOCTH U B BAJICHTHOH 30HE, —BEKTOP MOJIAPU3ALMU JIEKTPOMArHUTHOMN BOJIHBI.
B BbIpaxxeHuu (9) Mbl IPUHUMAEM 4aCTOThI CBTOBBIX IOTOKOB PABHBIMHU () = (0, = () .

KoaddunmeHnt mornomeHus onpeaensercss 13 COOTHOLICHUS:

o =—— 2haoW , (12)
4
rie
I =Nho (13)

WHTEHCUBHOCTh M3JTyUEHUS B BemecTBe, V = Sd - 00BEM €101 KBAHTOBOH SIMBI.
Ucnonbiys Beipaxenus (9) u (12), mis kosddununenta 1ByXOTOHHOTO MEK3OHHOTO
MOTJIONICHHMS TIPH JIEKTPOHHBIX TIEPEX0AaX MEKIY HIKHUMH ITOJ30HAMH MTOTYIUM:

b - l6z’e*yuMI1Z R, e’ (14)
Y hdm*c’ew’  R(RP+RY) (0—Q.)
L, 1 Lo o MQho—151Q, 051, ~E) Ry Ra, |
e —=—+—-, — = , a= - 5
U m M mQ mQ (& -R) o Q

& — IUDJIEKTPUYECKas TPOHUIIAEMOCTD MOJTYITPOBOIHUKA.

Kax BunHo u3 Belpaxkenuin (9),(10) u (14) B ciydae paspelnieHHO—pa3peIIeHHbIX
NEepexo/I0oB JIBYX()OTOHHOE TMOTJIOIMIEHHE MOXET HaOJI0aThCs, €CIM BEKTOp MOJISIpU3alUn
OJIHOTO W3 JIBYX CBETOBBIX IIOTOKOB HMMEET COCTABJISIONIYIO, HAIlPaBJICHHYIO BJIOJIb OCHU
KBAaHTOBaHUSI.

Koaddumuent nByxhOTOHHOrO TOTJIOMICHUs SIBISETCS HEMOHOTOHHOW (yHKIIMEH
YacTOThl CBETAa C MAaKCHMyMaMH TOTJIOIIEHHS IMPH YacTOTaX, COOTBETCTBYIOIIUX IEPEX0]amMm
3JIEKTPOHOB MEXAY HOBOHM Mapoil Mmoa30H. B MarHWTHOM MoJjie MaKCUMyMBbI JIBYX(OTOHHOTO
MIOTJIOIIEHHS CMEIIAIOTCS B BHICOKOYACTOTHYIO 00J1acTh.

He cymectByer mpaBun orOopa MO KBAaHTOBBIM 4YHCIaM HA4ajJbHOTO M KOHEYHOTO
COCTOSIHUH, T.€. MEepexXoAbl MOTYT OCYIIECTBIATHCS MEXAY JIIOOBIMH pa3MEepHO—MarHUTO—
KBaHTOBAHHBIMU TOA30HAMMH.

JIUTEPATYPA
1. S. Schmitt — Rink, D.S. Chemla, D.A.B. Miller. Adv. Phys. 38(2), 1989, p. 89

2. ®@. baccanu, JIx. [Tactopu [TappaBuurHN. DIEKTPOHHBIE COCTOSHUS U ONTUYECKUE
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SELMEYER OMSALLARINDAN iSTiFADO ETMOKLO Zn;. Mg,Se KRISTALINDA
SINXRONiIZM BUCAGININ HESABLANMASI

G.9. Saforova, L.S. Haciyeva, N.N. Heydarov
Baki Doviat Universiteti, Fizika Problemlori Institutu

Isd> ikinci harmonika generasiya geyri —xatti prosesi iiciin faza miinasibatlorina baxilib
va Zn; . Mg,Se bark mahlullar ticiin dispersion bucaq amsallart hesablanmisdir. Tadqiq olunun
qarisiq tipli kristallarin geyri-xatti optik xassalarinin 6yranilmasi ti¢iin mévcud adadi tisuldan
istifads olunub. Hesablamalar tacriibadon olgiilon Selmeyer amsallarimin qiymatlarindon
istifada etmoakla aparilib. Bundan alava tacriibada realizo olunmus infraqirmizi diapazona aid
stialanmanin - A=5mxm, A=5.3mrm, A=6mrm, A=6.3mrm, A=9.5mxm, vo A1=9.64mkm vo
A=10.6mxm dalga uzunluglarinin qiymatlori iigiin sinxronizm bucagi vo uygun dalgalarin
qiymoatlorinda sindirma amsallarinin miitlaq qiymatlari tayin olunub.

Qeyri-xotti optika iiciin maddonin todgiqatda bir material kimi Oyronilmesinin
perspektivli istiqgamotlorindon biri qgeyri-xotti optik {isullardir. Anizotrop miihitlordo
stialanmanin tezlik c¢evrilmasi prosesinin todqiqine vo onun parametrlorinin  maddenin
xUsusiyyotlori ilo olagesine olan maraq onunla osaslanir ki, ¢evrilmis siialanma verilmis
maddanin xassalori hagqinda molumati 6ziinds dasiyir.

Maddoys lazer siialanmasinin resonansh tosir ilo bagli mosalalorin hoalli {igiin miixtolif
spektral diapazonlarda tezliyo goro cevrilon koherent siialanma monbalorinin olmasi vacibdir
[1].

Spektrin orta IQ diapazonunda CO, lazerin siialanmasinin effektiv generasiyasi
koherent siialanmanin g¢evrilmosini hoyata kegirmoyo imkan verir. Orta IQ diapazonda CO,
lazerlarin tezliyinin ikiqat artmasi {igiin ikinci harmonika generasiyasi halinda isiq dalgalarinin

daha effektiv vektor garsiligh tosiri bas veron 42m simmetriyanin ndqtavi qrupunda qarisiq
kristallar maraqli ola bilor. Bu A"™ BY' sinfinin heksaqonal kristallaridir [2-3]. A"BY'
kristallarindan alinmis momulatlar kvant elektronikasinda, lazer spektroskopiyasinda genis
istifado olunur. Onlar CO,-lazerlorin poncorolori kimi istifado olunur. Molumdur ki, A"BY!
kristallarinin infraqirmiz1 sitialanmaya soffaf olan sahosindo oksigen birlogsmolorinin asqari
udulma zolagina malikdir [11].

Kristallarin texniki xassolorinin yaxsilasmasi vo defektlorin azaldilmasi onlarin
istifadasino genis imkan yaradir. Bu nodv kristallardan hazirlanan xiisusi material olan
xalkogenid siigolori qeyri —xotti effektlordon istifads edon bork cisimli lazerlords totbiq
olunur[5].

Bu tip kristallarin istiinlityline CO; lazerin va onun ikinci harmonikasinin generasiyasi
sahosinin kristalin maksimal soffaliin spektrilo Ortiilmosi, yliksok qeyri —xotti kvadratik
qavrayiciliq dse vo asqarin torkibinin (1-x) secilmosindo 90° geyri-kritik sinxronizmi yaratmaq
imkanlar1 aiddir [10].

Hazirki isdo tocriibi miisbot heksagonal kristalinda A™ BY! sinifi miixtslif parametrlorin
cevrilmo effektivliyino tosirinin naticolori osasinda sinxronizm bucaginin eni hesablanmisdir
[3].

Tezlik vo foza dispersiyasi sinxronizmin spektral vo bucaq enini toyin edirlor. Biitiin név
kristallarda sinxronizmin vo faza sinxronizmi istigamatinin bucaq eni toyininin metodikasi
polyar koordinat sisteminds iki bucaqgla 6 vo ¢ miisyyen edilir. ¢ bucagi firlanma koordinat
sistemi, Ak=k;-k,-k;=0 faza sinxronizmi sortini hoyata keciron 6 bucagi iso qarsiliglt tosirdo
olan dalgalarin k; (i=1,2,3) dalga vektorlarinin istigamatini miioyyon edir. Bir oxlu kristallar
liclin @ bucagi faza sinxronizminin istigamotini toyin edir. Tezliyin effektiv c¢evrilmosinin
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miloyyon qodor azaldigi faza sinxronizmi istiqgamatindon miimkiin yayilmasi olaraq, sinxronizm
bucagmin eni kristalin vahid uzunlugunda hesablanir. Sinxronizm bucaginin enini toyin edon
tisulda bucaglardan biri 65 bucagi olur, onun sayasindo miimkiin olan baglangic istigamotdon
doyismosi siialanma dostosinin oxu yerlogon miistovido toyin olunur. Bir oxlu kristallarda ¢
bucagi altinda sinxronizm qeyri —kritikdir vo bucaq eni 2A0 kritik sinxronizm bucaq enindon
daha boyiikdiir [8].

Biroxlu kristallarda qarsiliglt toesirdo olan dal@alarin sindirma omsallar1 {i¢iin normal
sothlar birinci tortib tonliklo ifado olunur. Bucaga gors qeyri —kritik sinxronizm, sinxronizm
eninin kristalin uzunlugundan asililig1 ilo xarakterizo olunur. Bu en kritik sinxronizmdo
oldugundan bdyiikdiir.

Qeyd etmok lazimdir ki, sinxronizmin bucaq enlorinin lazer siialanmasinin sopilmoasi vo
kristalin bucaqlar forqini toyin edon miioyyan koordinat sistemindo hesablanmasi vacibdir.

Kristalin ononovi hesablama sistemlorindo toyin edilon sinxronizmin bucaq enlori
bucaga nazaron qeyri —kritik sinxronizmdos iimumilikds daha yiliksok giymatlorine malik olur vo
sinxronizm bucagmin kigik giymotindo kristalin oxu istigamotindo sinxronizm enini toyin
etmays imkan vermir. Qeyri —xatti kristallarda lazer sualanmasinin tezliyinin ¢evrilmosini
sulanmanin xiisusi polyarlasma koordinat sistemindo hesablamaq mogsods uygundur [4].

Biz Zn, . MgSe qarisiq tipl biroxlu kristalda CO, lazerin ikinci harmonikasinda asas
dalganin ii¢ uzunlugunda sinxronizm bucaq eni hesablanmasina baxmisiq [3, 10]. Zn,_Mg,Se
kristal ti¢lin qarsiliglt tesirin birinci tipi ee—o gotiiriiliib. Mohlul-arinti halindan gdyarilmis
kristal iiglin, sinxronizm bucaqlari, onun bucag vo spektral enlorinin giymotlori Selmeyer
tonlikloriylo hesablanaraq tocriibados alinan qiymatlorlo uzlasir [4].

Yeni Zn, MgSe qarisiq tipli kristallar, otaq temperaturunda x garigdirma nisbotinin
secimiylo qeyri-kritik faza sinxronizmin yaranmasina vo faza sinxronizmi istiqgamatinda qrup
sinxronizmin sortlorinin doyismosi tiglin imkan verir. CO, lazer sualanmasinin A=9,64 mkm
dalga uzunlugunda x parametrin 6l¢iisii 0,48 borabordir [8]. Bu ciir optik elementlordo macburi
stialanma movcud olan lazer miihitinin foal xassalori gqeyri —xotti optik xassolori ilo uygunlasir,
burada tezlik ¢evrilmosinin bag vermosi meydana ¢ixir [9].

Qanisiq tipli kristallar tiglin dispersiya asililigin hesablanmasi Selmeyer minimal
kvadratlar tonliyile aparilib:

BX
2

n*(A)= A+

Hesablamada cadval 1-da tacriibada alinan sabitlardan istifada olunub.

Cadval 1. Zn,s5;Mg,sSe kristalin adi vo qeyri —adi dalgalarin sindirma amsalinin
qiymoatlorinin miiayyon edilmasi iiciin Sellmeyer miinasibatinda A, B, va C amsallarinin
hesablanmig giymatlari gostorilib [§].

A B C
My 5,910 -1,303 | -0,590
e 5,988 -1,308 | -0,622

Bu isdo eksperimental molumatlar asasinda [6] siialanmanin orta IQ diapazonun A dalga
uzunlugunda adi vo geyri-adi dalgalar ii¢lin sinxronizm bucaqlar1 hesablanmigdir. Tacriibado
maraq kosb edon vo realizo olunmus dalga uzunluglar arasdirilmisdir. Beloaliklo, stialanmanin
IQ diapazonun A=5mkM, A=5.3MkM, A=6MKM, A=6.3MKM, A=9.5MKM, Vo A=9.64MKM V3
A=10.6mMxMm dal@a uzunluglar ii¢lin sinxronizm bucagi vo sindirma omsallar1 toyin olunub.
Naticalor cadval 2-do gostarilib.
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Cadval 2
X A, n? ngw neZw n? S'i'mironizmin Og
mkm novu bucaq doracasi

0,48 | 5,3 |2,15262 |2,19487 | 2,18779 | 2,16987 ee—o0 86,15711
7 5

0,48 6 2,15128 | 2,16498 | 2,182786 | 2,168459 | ee—o 63,44704[3]
1 6

0,48 | 6,3 |2,15083 |2,16336 |2,181091 | 2,16799 | ece—o 58,88451
4 1

0,48 | 9,5 |2,14836 | 2,15411 | 2,171426 | 2,165399 | ee—o 35,69899 [3]
3 3

0,48 | 9,6 |2,14832 |2,15395 | 2,171263 | 2,165356 | ee—o 35,28969
2 8

0,48 | 10,6 | 2,14797 | 2,15262 | 2,16987 | 2,164994 | ee—o 31,68418 [3]
7 7

Hesablamalarin noticosi Zn,.Mg.Se qarisiq tipli biroxlu kristalda IHG-nin hoyata
kecirilmosi imkanini tosdigloyir [2]. Alinmis notico kristal —¢eviricinin qeyri —xotti optik
xassolorinin kompleks toyini ii¢lin istifado oluna bilor. Bu da yiiksok effektli geyri-xotti
miihitlorin axtarisi tigiin aktualdir.
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ABSERON YARIMADASI ORAZILORINDO RADiOEKOLOJi
TODQIQATLAR VO ONLARIN NOTiCOLORI

Q.Q Mammadov, V.H. Badolov, C.9. Nagiyev
Fizika Problemlori Elmi Tadqiqat Institutu, Baki Doviat Universiteti
AMEA-nmin Radiasiya Problemlari Institutu

Uzun illordan bari neft va qazin ¢ixarilmasi, emali vo dasinmast ilo bagli Abseron
yarimadasinin torpaqlart torkibinds radioaktiv elementlor olan tullantilarla son daraca
cirklonmisdir. Isda Abseron yarimadasi torpaglarinda radioekoloji tadgiqatlar aparilmis, askar
olunan o p vo y radioaktiv siialanma manbalarnin torkibi, enerjilori, aktivliklori, Ekspozisiya

Dozasimin Giicii ( EDG) normadan artiq olan lokal arazilorin cografi koordinatlar: tayin
edilmisdir. 1930-1990-c1 illorda faaliyyat géstoron Baki—Suraxani vo Baki-Ramant yod emali
zavodlarmin arazilori daha c¢irkli olmusdur. Hazirda bu arazilords torpaqlrin neftdon va
radioaktiv tullantilardan tomizlonmasi islori aparilir.

Planetimizds radioaktiv atomlar Yer kiirosinin yaranmasi ilo eyni zamanda yaranmislar,
lakin onlar Yer kiirosindo eyni sixligla paylanmamiglar. Masalon, Skandinaviya 6lkoalorindo vo
o climlodon Azorbaycan Respublikasinin Abseron yarimadasinda, belo niivolorin
konsentrasiyas1 vo yaratdiglart EDG bozi lokal orazilordo normadan 100 dofolorlo yiiksokdir.
Radioaktiv atomlar (elementlor) asason Yerin Litosfera qatinda (qalinligr ~30 km) yerlosirlor vo
miixtolif proseslor zamani (neft vo gaz quyularinin gazilmasi, yeraltt palgiq vulkanlarinin
piiskiirmalari va s.) Yerin iist torpaq qatina ¢ixirlar vo canli orqanizmlar tigiin zararli siialanma
morkozlorino ¢evrilirlor. Siialanma dozasi normadan artiq olduqda radioaktiv siialar kond
tosorriifatt bitkilori {iclin zororli siialanma monbolori yaradirlar. Belo siialar torpagda qumusu
mohv edir, mévcud olan molekulyar rabitslori pozur vo s.

Abseron yarimadasinda uzun illordon bori neft vo qaz ¢ixarilmis, ¢oxlu sayda neft-qaz
emal1 zavodlar1 foaliyot gdstormisdir. Neft vo qaz miixtalif yollarla qonsu 6lkolors vo Diinya
bazarlarina  ¢ixarilmigdir.  Abseron  regionunun  torpaqlart  torkibinde  radioaktiv
U, B3U, BT, %8Ra, (9K izotoplar1 olan neft vo qaz tullantulari ilo ¢ox ¢irklonmisdir. Orazido
siradan ¢ixmis vo hazirda foaliyyot gostoron, otraflart neft gélmogolori ilo dolu olan minlorlo
neft quyulart mévcuddur. Radioaktiv siialarin EDG-si normadan artiq olduqda (norma EDG=5-
7 mkR/saat — dir.) vo bu proses uzun miiddot davam etdikdo ¢ox zororli tosirlor yaradirlar.
Atom bombalarinin partladilmasi, Atom elektrik stansiyalarinda bas veron qozalar zamani
yaranan radioaktiv siialar ¢ox bdyiik fosadlarin —canli orqanizmlordo genetik doysikliklorin,
onkoloji xostoliklorin va s. yaranmasina sabob olurlar. Homginin nazors almaq lazimdir ki,
radioaktiv atomlarin yasama miiddotlori bir negco dogigodon milyon illorlodir. Radioaktiv
stialarin otraf miihits yayilmasinin zararli naticaleri olaraq Cernobil vo Yaponiya AES-lorinda
bas veron gozalar zamani yaranan proseslori gostormok olar. Onu da qeyd edok ki, otraf miihitin
radioekoloji c¢irklonmosi insanlarin yasamalar1 {i¢iin tobii ehtiyaclarinin 6donilmosi zamani
gorilon bir sira antropogen proseslorin noticosindo do bag verir.

Radioaktiv siialardan tobabotdo, geologiyada, ekologiyada vo s. saholords ¢ox genis isti-
fado edirlor. Tobabotdo miixtolif xostoliklorin diagnostikasinda, fizoterapiyada, agir xostolik-
lorin mialicesinde radoaktiv slialar analoqu olmayan vasitalordondir. Geologiyada bu siialar-
dan minerallarin cografi koordinatlarinin toyin olunmasinda, onlarin torkibinin vo miqdarinin
miioyyon edilmasinds, minerallarin tomiz halda alinmasinda molumat dasiyict bir parametr
kimi genis istifado olunurlar. Eyni zamanda yol verilon radiyasiya dozasi giicii tortibindo bu
stialar Yer lizorindo canli orqanizmlar liglin normal hayat tominati yaradirlar, hotta xiisusi sorait
vo sartlor daxilinds bu siialardan on agir xastoliklorin miialicasindo do istifads edilir.
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Azorbaycan Respublikast miistoqillik gazandigdan sonra 1997-ci ildo Azorbaycan
Respublikasmin Prezidenti conab Ilham Heydor oglu ©Oliyev torofindon radiasiya
tohliikesizliyino dair forman verildi vo bu sahoyo dair dovlot qorarlart gobul olundu.
Radioekologiya sahasindo ciddi elmi-tadqiqat islori aparilmaga baslanildi. Kanada D&vlatinin
maliyyo dostoyi osasinda (240 min ABS dollar1) Baki Dovlot Universitetinin vo AMEA-nin
Radiasiya Problemlori Insitutunun amokdaslar1 torafindon Beynolxalq Qrant layihosi (Kiyev
sohori, 2009-2012-ci illor, Ne3998) c¢or¢ivoindo aparilan elmi-todqiqat islori gostordi ki,
Abseron yarimadasinin bozi lokal orazilorindo radioaktiv slialarin EDG-si normadan 100
dofalorlo yiiksokdir. Aparilan grant isindo dozimetrik vo spektrometrik todqiqatlarin kémaoyi ilo
Baki goharindon baglayan 10 marsurut iizrs radiasiya dozasinin giiciiniin vo konsentrasiyasinin
cografi koordinatlardan asililigi, radiontiklid torkibi, enerji spektri vo s. kimi parametrlori todqiq
olunmusdur [1-5].

Molum olmusdur ki, Baki —Suraxani, Baki —Ramana, Baki —Lokbatan marsurutlarinda
stialanma dozasmin giicii (EDG) daha yiiksokdir. Bels ki, biitiin bu radioekoloji ¢irklonmolor
neft vo qazin ¢ixarilmasi, emali vo dasinmasi ilo baglhdir.
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Sokil 1. Ke¢mis Baki Yod Zavodunun Sabungu rayonunda yerloson istehsal sahosindo “Ramana 110 adlt
6l¢cmo ndqtesinde tomizlonmo aparildigdan ovval sothdon gotiirlilmiis torpaq niimunesinin HPGe gqamma
spektrometerds ¢okilmis enerji spektri

Aparilan ciddi radioekoloji tadqgiqatlarin vo niifuzlu Beynolxalq toskilatlarin apardiglari
ekspertiza roylorinin noticosi olaraq, 2011-2012-ci illordon baglayaraq Diinya Bankinin maliyo
dostoyi osasinda, Abseron torpaqlarinin neft tullantilarindan ve radioaktiv elementlorden
tomizlonmoasi isloring baslanilmisdir. Tk ndvbado, bura 1930-1990-c1 illorde foaliyyat gdsto-ron
vo otraf orazilori neft vo radioaktiv maddslorlo giiclii surotds ¢irklondirmis Baki —Suraxani vo
Baki —Ramana yod zavodlarinin orazilorinin tomizlonmasi islorino baslanmasini géstormok olar.
Todqiqgatlar stibut etmisdir ki, imumi istehsal sahosi 32,5 ha olan bu zavodlarin orazilorindo y

silalanmasinin  doza giicii 15—600 mkR/saat intervalinda doyisir. Bu zavodlarda neftin
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cixrilmast ilo bagli olan lay sularindan kristallik Yod almaq iigun istifado olunan ko&miir
tullantilarinda effektiv aktivlik 300—13000 Bk/kq arasinda doyisir vo komiir tullantilarinin
hocmi iso ¢ox bdyiikdiir (toxminon 32000m° tortibindadir). Belo arazilorde kiiloksiz giinlordo
radonun qazmim (22Rn) havada hocmi aktivliyinin 110 Bk/m* oldugu miisahido edilmisdir.
(norma iso <60 Bk/m> -dir).

Diinya ekspertlorinin hesablamalarina goro ionlasdiric1 stialarla bagli olan onkoloji
xostolorin say1 2000-ci ildo 10 milyon nofor olmugsa, 2020-ci ildo belo xostolorin say1 20
milyona catacaqdir. Respublika matbuatinda verilon malumatlara goéra Abseron yarimadasin-da
onkoloj1 xastolorin say1 Azorbaycanin digor regionlarina nisboton daha ¢oxdur. Bunlar1 nozors
alaraq, respublikamizda onkoloji xastolorin diagnostikast vo miialicosi tiglin Baki sohorindo
Milli Onkologiya Morkozi yaradilmigdir. Fizika elminin vo texnologiyanin inkisafina
osaslanaraq son illor Beynolxalq klinkalarda vo Respublikamizda ionlagdirict siialardan
onkoloji xostolorin miialicosinds daha genis istifado olunur. Tocriibalor gostorir ki, bu iisullarla
mialicolor xastaliyin ilkin dovrlerinds aparildiqda daha effektli vo samarali olur.
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Sokil 2. Ke¢mis Baki Yod Zavodunun Sabungu rayonunda yerloson istehsal sahosindo “Ramana 110” adli
6lcmo ndqtesinde tomizlonmo aparildigdan sonra sothdon gétiirlilmiis torpaq niimunesinin HPGe gqamma
spektrometerds ¢akilmis enerji spektri

Qeyd etmok lazimdir ki, respublikamzda onkoloji xastaliklori yaradan sobablorin aradan
galdirimas1 sahosindo do ¢ox islor goriiliir. Bu mogsadlo hazirda Sabungu vo Ramana
regionlarinin  torpaqlarinin  neft tullantilarindan tomizlonmosi, radioaktiv —elementlorin
toplanmas1 vo onlarm tohliikosiz yerlordo basdirilmasi (FHN-nin Izotop Xiisusi Miiossasinin
quyularinda) proseslori gedir. Bu orazilorin avvalki vaziyyatine qaytarilmas: sahoasinds olduqca
boylik islor goriilmiisdiir vo siibhasiz ki, bu islor davam etdirilocokdir.

Ke¢mis Baki Yod Zavodunun Sabuncu vo Suraxanmi rayonlarinda yerloson istehsal
saholorinin orazisindo aparilmis 6lgmo noqtolorin koordinatlart codval 1-do, monitoringin
naticolori gokil 3-do verilmisdir.
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Cadval 1. Suraxani yod zavodu orazisindo radioekoloji nozarot néqtolori vo onlarin cografi
koordinatlar

Noqtenin
adi
Cografi N40°24'37.6" | N40°26'12.2" | N40°26'11.5" | N40°26'12.6" | N40°26'11.5" | N40°26'14.9"

koordinatlar | £50°01'01.4" | E50°02'44.3" E£50°02'43.6" | E50°02'41.3" E£50°02'43.6" | E50°02'43.0"

N6 N7 N8 N9 N10 N11

N6-N11 ndqtelorinde radioekoloji  tomizlonmadon ovval aparilan  Slgmalarin
tomizlonmodon sonraki Slgmolora nisboton EDG-nin qiymoti 6-8 dofoyo yaxin azalmis vo
norma haddins yaxinlasmisdir. Bu o demakdir ki, hamin noqtalori shats edon orazilari ekoloji
baximdan normal hesab etmak olar.

100 "~ Suraxani —~—NG6
5 907 = N7
S 80- N8
D s
é"é 40 - —-—N11
3 30 ‘
S 20 - \
° N oA
2 10 - s 8 AR 3 3 4 B
:g‘ 0 —— ¢ & —— -—N
= T T T T T

UV U U T R R P FR F ¥
0""\ 0"'\ 0"5\ 0@'\ 0"'\ Qb'\ QQ"\ 06\ Qb'\ 6\'\ 6\'\ Q/\:\
SO IRY. XN & & &
E XN A, N N N - U\

Zaman

Sakil 3 . Komiirls 6rtiilmiis sahanin perimetri bdyunca 6l¢iilmiis ndqtslards orta doza giiciiniin zamandan asililig1
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JOCTATOYHBIE YCJIOBUA OIITUMAJIBHOCTH
BBICOKOI'O TIOPAJAKA

M.A. Caabiros
baxuncxuii I'ocyoapcmeennwiii Yuusepcumem
misreddin08@rambler.ru

B pabote ucnone3ys kiaaccel @ —(a, [, v, 0) TOKaIbHO JTUMIIUIEBBIX QYHKIUI B TOUKE, B
KOHEYHOMEPHOM IPOCTPAHCTBE IOJYYEHBl JOCTATOYHBIE YCIOBHS 3KCTPEMYMa BBICOKOIO
NOpsiiKa IIPY HAJIMYMU OrpaHUdYeHui. Mcrons3ys paBHOMEPHO IO HAIIPaBICHUSM HUKHEU
MPOM3BOJHON OTHOCHTENHFHO KOHYCa B OaHaXxOBBIM IMPOCTPAHCTBE TaKKe MOJIY4YEHBI JIOCTa-
TOYHBIE YCIIOBUSI SKCTPEMYMa BBICOKOTO MOPSAKA TPU HAIUYUU OTPAHUYEHUH.

B [1, 2] monydeHsl HOCTaTOYHBIE YCIOBUSI DKCTPEMyMa BBICOKOTO MOpAAKA MPU HATUIUHU
orpannueHui. JlanHoe coo0IIeHNe SIBISETCS MPOIOJDKEHUEM padoThl [ 1, 2] aBTOpa.

1. CuabHo @ —(o,B,v,0) JokanbHO JunmuueBasi ¢yHkuusi. PaBHomepHasi mo
HAINPaBJCHUIO IPOU3BOAHAS

[Tyctp X - GanaxoBo mpoctpanctBo, Cc X, f: X >R, ¢p: X >R, a>0, v>0,

pzav, >0 u w:R, >R, tne o(0)=0, R, =[0,+0). Tonoxnm d(x,y)=|x-3,
B={xeX:||x||S1}.

OyHKIMIO [ Ha30BeM CWIbHO ¢ — (&, f,v,d) JOKaJIbHO JIMIIIUIIEBON C MOCTOSHHON

.ot
L B Touke Xy, €ciu cymecTByeT QyHkius o:R, >R, , roe 11}(1)17) =0, Takas, 4To f y/IOBJIET-
t

BOPSIET YCIIOBHIO:
o

a

#ol )+ o)

y||§§ . Ecmm ¢ =0, 1T0 f HazoBeM cmibHO (a,fB,V,0) JOKaIbHO

|Bfav

[f(x, +x+y) = f(xy+ X) = @(x + p) + ()| < L|y]” (¥
x|| <0,

JUTIIITUIEBOM C TIOCTOSIHHON L B TO4YKe X¢ (cM.[3]).

npu x,ye X,

.ot
Ecnu cymectByer pynkuus w: R, — R, , rae hng) =0, Takas, yTo f ynoBieTBOpseT
t

xﬂéé‘, ||y||s8, TO f Ha30BeM

cwibHO (1,v,Vv,8) JIOKaTbHO JTUMIIMIIEBON WM CHIBHO ¢ —(1,Vv,V,0) JOKambHO JTUMIIMIIEBON

YCIIOBHIO |f(x0 +x+y)—f(x,+ x)| < L||y|| + (o(||x||v) npu x,yeX,

(n B TakoM 0003HaueHHH, pazymeercs, 4to ¢(t) =0) ¢ mocrostHHON L B TOUKE X, .
OTtMeTuM, 94T0 MOXKHO MOJ0XKUTH @(0) =0 .
MmuoxectBo K < X HasbiBaeTrcst KOHycoM, eciu Ax € K mpu Beex xeK,A>0. Ilycts
K < X Bemmyxisliit konye, f:{x,+K} >R u ¢:K - R, r1e ¢(0)=0.
OyHkMi0 f HazoBeM CWIbHO ¢ — (&, 3,V,0) JOKalIbHO JIUIIIMIEBOH OTHOCHUTEIHHO
koHyca K c mocTossHHOM L B Touke x,, eciu cymecTByeT QyHKuus :R, - R, , rae
w(t

lifn—) =0 Takas, 4To f yZOBJIETBOPSET YCIOBHIO
o ¢

B—av
"] o)
|x||£§,||y||§5. Ecin @(x)=0, To dynkuuo f HazoBeM cuiabHO (0,P,Vv,d)—

[ Gy + x4 9) = £, + ) = 9+ ) + 90| < L] ([
npu x,yek,

JIOKAJIBHO JIMIIIIMIIEBOM OTHOCUTEIBHO KOHYyca K ¢ mOCTOsAHHOM L B TOUKE X .

327



Fizikanin miiasir problemlori VII Respublika konfransi

ITycts K < X xonyc. Ecim f:{x,+K} > R u 9:K—> R, rae ¢(0)=0, TO HOJIOKHUM

) 1 o1
S Gooz0) = dim =5 (f (g + ) = f () = () = sup inf - (f (xy +6) = f (x0) = p(tx)
t >0 0<t=
npu xe K .
ByneM TroBOpUTBH, YTO HWKHSS MPOU3BOIHAS fqiﬁ}‘(xo;x) CYIIIECTBYEeT PAaBHOMEPHO I10

HATIPABIICHAAM OTHOCHTENbHO KoHyca K< X, ecnn ¢ynkuus x — f,”"(x,;X) KOHeuHa mpu

X € K u g1s  mgoboro  €>0  cymectByer umcamo  9>0  Takoe,  4TO
01<1t1<f§ o (f (g + 1) = f(x0) = 0(£) > f,7 (x5

U3 dopmyisl Tennopa BhITEKaeT, 4to ecnmu " (x,) B cMmbicie Dpelne CymecTBYeT U

1
go(x)=f'(x0)x+...+( 1)'f(” Y(x,)(x,...,x), TO fw{”}’(xo;x):—'f(”)(xo)(x,...,x)— paBHOMEPHO
- n!
110 HAPABJICHUSAM HUKHEH MPOU3BOIHONW OTHOCUTEIHLHO X .
[Tonoxum (cm.[2])

f(k)(xo,X)—hm (f (g +10) = £ (x0) =t "(x30) = = "7 £ (330))

npu k =1,2,..., rae 3anuch f ( )(x,;X) o3Hauaet, uto /' (x,;X) CylIecTBYeT U KOHeUHa.
OyHkuuio f  HA30BeM #1—TO TOpsAAKa paBHOMEPHO AuddepeHuupyeMon 1o
HANPABJIEHUSIM B TOUKE X, €U [ (X3 %), £ (x5 %), £ (X,;X) CYNIECTBYIOT, KOHEUHA

i moboro x € X u juid modoro € >0 Haiinercs Takoe 4ucio t, >0, 4ro

tln(f(xo +10) = f(x) = 1f " (xg5.) == " LUV (g3 0) = £ (xg52))| < &

Jlerko mpoBepsieTcsi, 9TO eClau f 7 —To TMOpsaKa paBHOMEPHO TuddepeHiupyemast mo
HATPABICHAAM B Touke X, GyHKuusA, TO f""(X,;X) CyIIECTBYeT paBHOMEPHO IO
HaNpaBIEHUIM OTHOCHTENBHO X , e @(x) = f'(x,;x)+...+ " (x,;%).

ITycts Cc X, d.(x) = inf{d(x,y) 1y e C}. Ecmu x, € C, To mon0XKUM
T (xx) = ltiTrOn%dc(xo +1x), T(x;C)=1{xe X :d" (x,;x) =0},

K(x,)=con(C—-x,) = {ﬂ(x—xo) xeC,A> O}.
2. O 10CTAaTOYHBIX YCJOBUAX IKCTPEMyMa B KOHEYHOMEPHOM IPOCTPAHCTBE NPH
HAJIMYMHU OTPAaHUYEHHH

Ilycte Cc R, x,€C, f:R°  >Rue@, :R" > R,tneiel={2,...n},9,0)=0.
Teopema 1. [Iycts Cc R’, x,€C, dynkuus [ ymosueTBopsieT CHIBHO ¢; —(1,B;,V,,0)
JIOKaJIbHO JIMIIIHUIEBY YCIOBHIO C IOCTOSIHHOM L; B TOUKE X, CyLIECTBYeT uucio o >0 Takoe,
uro @020, iel, npn xe(C—x)NeB u | JixreT(x;0): £, (x,3%)> 0 T(x,;O)\ {0} . Torma
i=1
X, € C sBIsIeTCS TOUYKOW CTPOrOro JOKaIBbHOr0 MUHIMYyMa (pyHKIK f Ha MHOXecTBe C.
IMonoxum C5 =C[1(x,+0B), rae 6>0 u K;(x,)=con(C; —x,), rae x, € C. Uepe3

clK;(x,) 0003HauuM 3aMblKaHuEe MHOKeCTBA K 5(x,).
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Teopema 2. Ilycte K, < clK;(x,) 3aMKHyTbl€ BBINYKJIble KOHYChl NpH i€l W

clK (x,) = U K, ¢ :K, > R ¢yakuuu, roe ¢(0)=0, iel, dyukuus [ yHAOBIETBOPSET

i=1
cuibHO @, — (1, B,,v,,0) JIOKalbHO IMIIIMUIEBY YCIOBHIO C HOCTOSHHOM L, B Touke X,
OTHOCH-TeNbHO KoHyca K., cymectByer umcio o >0 Takoe, uro ¢@,(x)>0,iel, mpu
A “
xeK,NaB u f(;_ﬂ" (x,;x)>0 mpu xe K,, x#0. Torna x, € C aBnaseTca TOUKOH CTPOroro

JOKaJbHOrO MUHUMYMa ¢pyHkuuu f Ha mHOXecTBe C.
1 oo
Monoxmm [ (xy3x) = Hm—(f (x, +1x) = £ (x,) = 1f (x5 %) = .. =" f 7 (1)),
t t”

0,(x) = ['(xy:%) +..+ [V (x,;x), Tae 3ammeh [ (x,;x) o3Hauaer, uto " (x,;X) CyuecTByeT
¥ KOHEYHa.
Teopema 3. TIycTh CyIIeCTBYIOT KOHEYHAsI TOJIOKUTETHHO OJJHOPOIHAS CTEIEHH I — V,

GyHkuMa y, :R* >R, (i=2,...,n,0<v,<i) u o(t): R, > R,, TOe ﬂ_m npu t4 0, 0(0)=0,
t
ypcia 0 >0 u L, >0, j=1,...,n, Takue, 910
|f(x0+x+y)—f(x0+x)|SL1||y||+0(||x),

[£Cx, +x+y) = £(x, + %) = 0,(x + V) + 0,0 < Ly (w, 0 + 5] ™) +o(x])
npu x,y € R’ x||£5, y"éé',ZSiSn u nyctb M, ={xeM,  :f" " (x,;x)<0}, Tme
m=2,...,n, M;=T(x,;C) u [f"(x,;x)>0 npu xe M

s x|| =1 u cymectByer unucio a >0
takoe, 4t0 @,(x)>0, i=2,...,n, npu xe(C—x,)(1aB. Torna x, € C sBISETCS TOYKOU
CTPOTOro JIOKaJbHOr0 MUHUMYMa QpyHkuuu f Ha C.

[Tycte @ : R* — R, tae ¢(x) =0. [Tonoxum

S(xy +1x) = f(x,)
; )

£ (x,:%) = lim £, (xp50) = lim S (xy +1x) — (Zﬂ(lx) —f(x,) ’
L0 4o t
M, ={xeT(x;C): [ (x52) >0}, M, ={x e T(x;0): 1 (x30) < 0}
Teopema 4. ITycTh CymIeCTBYET KOHEUHAS IOJIOXKHUTEIBHO OJHOPOIHAS CTENEHU 2—V
o(t)
t

bynkmus y:R* >R, (0<v<2) u oft):R, >R, tae —0 mpu 140, 0(0)=0, uncia

0>0, L, >0wu L, >0 Takue, uto
[f Gry x4+ ) = f Gy + ) < L |y] + o)

npu x e M|, x||$5,yeX, y||$5,x0+x+yeC,

/(g + x4+ 2) = [ (5 +0) = 90+ 1)+ 90 < Ly w () + o) + o)
npu xeM,, x||£5,yeRS, |y||£5,xo+x+yeC. Kpome ToroO, f;2}7(xo;x)>0 npH
xeM,, x":l U cymiecTByeT uuciao o >0 takoe, uro @(x)>0 mpu x € (C—x,)1aB.

Torma x, € C - To4uKa CTPOTroro JOoKaJabHOr0 MUHUMYMa pyHkuuu f Ha C.

PaccmoTtpum mMuHuMmu3anun GyHkouu f(x) Ha MHOXkecTBe G={xeC: f,(x)<0,iel},
rae [ = {1,...,k}, fi:R" >Rupni=0,1,... k.

Monoxum I(x,)={iel: f,(x,)=0}U{0} u I,cI(x,).
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Teopema 5. Ilyctre CcR’,x,€G, ¢yHkuus  f, YIOBIETBOPSET CHIIBHO
o, — (1, B,,v,,0) IOKaIbHO JUIIINIEBY YCIOBUIO C IOCTOSHHON L, B TOUKE X,, rae ¢,(0)=0,
byakums  f,, iel,, ynosuaerBopsior cuwisHO @, —(1,[,,v,,0) n (I,E ,V,,0)-IIOKaJIbHO
JMIIINIEBBIM YCJIOBUAM C IIOCTOSIHHOW L. B Touke Xx,, rae ¢,(0)=0, f, > ,E’l >0 mpu
iel, cl(x,), cymectByer uncio « >0 Ttakoe, yT0 @,(x) >0 mpu x (G -x,)NaB (WM npu
xe(C—x,)NaB), ¢ (x) TOTOXATENbHO OTHOPOIHASA CTeNMeHH [ (YHKIHUA TpH i€ I, n
fo{q'f)‘)}_ (x0;2)>0 mpu ze{xeT(x,;;C):¢,(x)<0,iel,}, z#0. Torga x, -TO4Ka CTPOroro
JOKaJILHOTO MUHUMYMa GyHKIMK f, Ha G .

CaenctBue 1. ITycte f(x) = rnax{fo (xX)= fo(xp), f1(2),..., fL(X)}, x, € G, byHKIUH
fi» J=0,,....k, ynosnerBopsitor cuibHO (1,/5;,v;,5) JOKAIbHO JHMIIIALEBY YCJIOBHIO C

IIOCTOSIHHOM L, B TOuke X,, rae i=L...,n u U{xeT(xO;C):f{ﬂ‘}f(xo;x)>0}:T(x0;C)\{O}. Torma x,

i=l
SIBJISIETCS] TOYKOM CTPOroro JIOKaJIbHOTO MUHMMYyMa QyHKIMH f; Ha G .

Paccmorpum Munnmusaimu Gyukiaun - f (x) Ha MHOkectBe P={xeC: f;(x)<0, j=
=1,2,....,k, F(x)=0}, rne f;,:R >R, jel={0l,..,k}, F:R°—>Y, Y 0anaxoso
npoctpanctBo, y € Y . Homoxum I(x,)={i €{l,2,....k}: f,(x,) =0}U{0}, A=(1y,4,,....4,) u

L(x, A, y") =2 fy () + 24,1, () + {7 F ().

Teopema 6. Ilycte CcR’, x,€P, bynkuus f, u F yIOBIETBOPSAIOT CHIBHO
o —(1,B,v,0), (I,E,ﬁ,é) u S-0,8,v,0), (I,Ek+1,17k+1,5) JIOKAJbHO JIUMIIUIICBBIM
YCIOBUSAM C HOCTOSHHBIMU L, M L,,, B TOUKe X, COOTBETCTBEeHHO, rae ¢,(0)=0,iel,

S(0)=0, B>B,>0, i=0,,.. kk+1, cymectByror A, >0, A, >0,....,4, 20,y €Y, rue
k

Af(x,)=0 mpu i=L..,k, u yucio o >0 Takoe, 4TO ¢(x):/10¢0(x)+z/1i(pi(x)+ <y*,S(x)> >0
i=1

npu x € (C—x,)NaB, ¢,(x), iel(x,), n S(X) HNOIOXHUTEIFHO OXHOPOIHBIC CTEIICHH El u
B  Oyukumm u  orobpakenue  coorserctBenno, LY (x,,4,y;0)>0  npu
Vel (x)=xel(x;O): @(x)<0,i€l(x,), S(x)=0}, v#0. Torma f, nocTuraer B x, CTPOroro
JIOKaJIbHOTO MHHAMYyMa Ha MHOXECTBE P .

Otmerum, uto eciu C  Beimykio, @,(x), i€l(x,), u S(x) HeOnpepbIBHHI,

J(x,)={ied: f(x,)=0},rne J ={l,...,k}, To Teopema 6 ocTaercs BEpHOii, €CIIH 3aMECHUTD
T,(x,) Ha MHO)keCTBO {x € T(x,;C): ¢,(x) <0, L0.(x)=0npu i € J(x,), S(x)=0}.

CaeacrBue 2. Ilycte C c R*, x, € P, dynkuus f, u F yIoBIeTBOPSIOT CHIBHO
¢, —(1,B,v,0) u S—(1,5,v,0) NOKaNbHO JIUIIIMLIEBbIM YCIOBUSAM C IIOCTOSIHHBIMHM L, U L,
B TOuYKe X, CcooTBercTBeHHo, rrne ¢,(0)=0, iel, S(0)=0, cymecTBylOT

A 20, 4,20,...,4, >0, y" €Y ', tme A.f,(x,)=0 mpu i=1,...,k, u uncio « >0 Takoe, 4T0
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P(x) = Ay, (x) + ixli(pi (x) +<y*,S(x)> >0 npu xe(P-x,)NeB (wm npu xe(C-x,)NaB) u

i=1
Lif (x5 4,";x)>0 mpu xeT(x,;P), x#0. Torma x, sBIfeTcs TOYKOH CTPOroro
JOKaJIbHOTO MUHUMYMa QYHKIMU f, Ha MHOXecTBe P.
CaeacrBue 3. Ilycte x, € P, cymectByior A 20,...,4, 20,y"e€Y", rne
A,f;(x,)=0, j=1,....,k, Takume, 4YTO B TOYKE X, IpH f(x)=L(x,A,...,4,y") =

k
=/ (x)+z/1_/ S (x)+<y*,F (x)> BBINIOJIHAETCA ycioBue Teopembl 1. Torma x, sBisgercs
j=1

TOYKOU CTpOIroro JOKaJIbHOI'O MUHUMYMa (bYHKHI/II/I fO Ha MHO>KECTBCE .
Honowum A= (A, Ay,eos A) s 1= 1012, kY, I, ={0,1,.... k. k +1},

LAy )= 2 4L+ FO), o, - (0)=2 40,00 +(y".5(),

k
Em)={(A,y)eR™"xY": > A =14 >0,iel, y*"Sm, Py, ()20 npu x e (C—x,)(aB}.
i=0 |

Teopema 7. Ilycte CcR', x,€P, pyukuus f, u F yIOBIECTBOPSIOT CHIBHO
o, —(1,6,v,9), (I,E,Vi,é’) u S—-(,48,v,0), (I,Ek+1,17k+1,5) JIOKAJbHO JIUIIIIHUI[CBBIM
YCIOBHUSIM C MOCTOSHHBIMH L. M L,,, B TOUKE X, COOTBETICTBEHHO, rae ¢,(0)=0, iel,
S(0)=0, ,6’>,E’l. >0 mpu iel,, f,(x,)=0 mpu i=1,...,k u cymectByoT uncia o>0 u
m > 0 Takue, uto E(m)# 3D, ¢,(x), i€l,n S(x) NOITOXUTEIHHO OAHOPOHBIEC CTEIICHN E u

By  OGYyHKIMH M OTOOpa)keHHE COOTBETCTBEHHO, sup Lff " (%, 4,y7;x) >0 Tipm
(Zy)eE(m) 4
xeTl,(x)={xeT(x;;C):0,(x)<0,iel, S(x)=0}, x#0. Torma x, sBIfeTCSI TOYKOH
CTPOroro JOKalIbHOTO MUHUMYMa QyHKIUHN f, HA P.
AHaJor cineacTBUs 2 BEpEH Uit TeopeM S U 7.
OtmeTnM, dYro TeopemMa 7 oOCTaeTcsi BEpPHOH, €cClii 3aMEHUTH ycioBue

sup Lff =

. (x0,4,7;x)>0 mpu xeT,(x,), x#0 ycnosuem [ (x,;x)>0 1pm
(Z,y")eE(m) .

xeTlp(xy)),x#0, rme f(x)= sup L(x,4,y") u ¢,,,(x)=0 mpu xeaB,
(2.7 )eE(m) ’
(A4,y") e E(m).
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BiR INTEQRO-DIFERENSIAL TONLIKLOR SISTEMININ
ASIMPTOTIK HOLLi HAQQINDA

T.H. Hiiseynov, A.T. Hiiseynova, S.S. Racabov
Baki Doviat Universiteti

Toklif olunan isdo kigik parametrli diferensial tonliklors inteqral hadlorin alavo edilmosi
hallin 6ziinli aparmasini keyfiyyot doyismasinae gatirir, yoni dayaniqliq sortini nozors almadan
bir sinqulyar hoyacanlanmis inteqro —diferensial tonliklor sistemi tadqiq edilib.

Isdo
z(t, ) = z, (1)
baslangic sort daxilinds asagidaki
T
ﬂ%= —A(t)z(t, 1)+ [ K (£5) 2 (s, ) ds + B(t) )
0

tonliklor sistemi arasdirilib.
Burada 0<7<T, 0<s<T, A(t) vo K(t,s) -nxn-ol¢ilii matrisler, B(¢)-n—0l¢iili

vektordur. Forz edok ki onlar kifayst qodor hamardir, 0 < g -kigik parametrdir, K (t,s) =0 vo
A(t) matrisinin 4, (¢) xarakteristik adodlori

ReA, (¢)>0, i=1.n, t€[0,T] (3)
sortini 6dayirlar.

Baxmayaraq ki, inteqral hadlor istirak etmadikdas (yoni K (t,s) =(0olduqgda) (2)-(1)
masalasinin halli (3) sorti daxilinds vo x — 0, imumiyyatlo gostorilmisdir ki, K (t,s) =0
oldugda (2)-(1), (3) masoalasinin halli var , mohduddur vo onun limiti

lim 2 (£, 41) = 2 (1)

—A(t)z(t)+TK(t,s)E(s)ds +B(t)=0

inteqral tonliklor sisteminin hallidir.

Qeyd edok ki, alinan naticolar genis praktiki ohomiyyato malikdir vo elmin bir ¢ox
sahalorinda, masalon, avtomatik nizamlama nazariyyasindo, qeyri-xatti ragsler nazariyyosinda,
kvant mexanikasinda, qaz dinamikasinda, kinetika vo s. kimi sahoalords 6z totbiqini tapa bilor.
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O MIPEACTABUMOCTHU UHTEI'PAJIOB TUIIA KOLIHX 110 CBOUM
I'PAHUYHBIM 3HAYEHUAM HA ITOJYIVIOCKOCTH

T.T. Annackepon, P.A. AnueB

[Mycte pynkuus f (l) UHTETpupyeMa Ha JACHCTBUTEIBLHOW OCH R . AHaIUTHYECKHUE
byHKIUH
+ 1 4 +
Fe)= [ g
2mit—z

rne G' = {z eC:Imz> 0}, G = {z eC:Imz< 0}, Ha3bIBAIOTCS HUHTerpajamMu Tuna Korm

bynxmun f € L, (R)
Ananutnueckue pyHKIUM F* UMEIOT KOHEYHbIC HEKAcaTeIbHbIE TPAHUYHBIE 3HAYCHHUS
TMOYTH /T BCeX Touek ocH R (cM. Hamp. [1]). Ho rpanuunsie sHauenus F*(¢), t € R Boobue

TOBOpsI, HE TPUHAJICKAT JaKE Kiaccy (yHKIHI Lgl’)")(R )

B pabote ucnonb3ys nouatue 4 —MHTErpupOBaHUE JJOKA3bIBACTCS, YTO MHTErpall THUIA
Komm unrerpupyemsix no Jlebery Ha qeficTBUTENBbHON ocu R (QyHKIUI Ha BEpXHEW U HUKHEN
HOJIyIIOCKOCTH siBisieTcss 4 —uHTerpanamu Komm. OTMeTHM, 4TO aHAJIOTUYHBIE PE3YJIbTaTh
JUIsL OTpaHUYEHHbIX 00sacTsax ¢ JlsnyHoBckux rpanunax nomydeHo ILJI. ViabsHoBbIM [2], a ¢
peryisipabix rpanunax T. C. CanumoBsiM [3].

Omnpenenenne. M3zmepumas Ha 1eCTBUTENBHON OCH R KOMIUJIEKCHO3HAYHAs (PYHKIIMS
g(t) Ha3bIBAeTC A - HHTETPUPYEMOM Ha R, €CJIM BBINIOIHAETCS YCIOBHE

/lm{te[a,b]:|g(t]>/1}:0(l), A — +o0

lim J. g(t)dt .

At {rer: |g(1)<2}

U CYIIECTBYET Mpeel

OTOoT npexaen Ha3plBaeTcd A - UHTErpajgoM OT (PyHKLIUU g(t) no R u obo3Havaercs yepes
(4) g(e)ae
Teopema. Ilycts f €L, (R) u '
F+(z)=LJ‘&dt , zeG"
z

2mint—
uHTerpan tumna Komm ¢yakuun [ (t) COOTBETCTBEHHO Ha BEPXHEH M HIKHEU MOITYIUIOCKOCTH.

Toraa s moboro z e G* CIIPaBEJINBO PABEHCTBO
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)= () E W,

=z

rae F*(t) — nexacarenbuble npejienbHble 3HaueHns dynkuun F*(z) pu z >t e R.
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Ob OJJHOM PEHIEHUU IN'NITEPBOJIMYECKOI'O YPABHEHMA,
OMHCBIBAIOIIEIO T'A3JIU®THBIN MMPOIIECC
METOAOM I'AJIEPKUHA

I'.M. A6bacos
bakunckuii 'ocyoapcmeennwiii Ynusepcumem

Hncmumym Ipuxnraonot Mamemamuxu

YPaBHCHI/IC FaSJ'II/I(i)THOFO nponecca B MAaTpUIHOM BUAC 3alIMCbIBACTCA B BUJIC

u_ Aa—u + Bu, (1)
Ot Ot
rre
2
c
- 0 0
4=l B ‘F 2
F 0 —
(1) mepenuiiem B oriepaTOPHOM BHUIE
Luz%—Aa—u—Bu:O. 2)
ot ox

CornacHo MMpEANOJIOXKCHULO, HEKas ABYMCPHAasA 3aaa4da OIIHUCHIBACTCA JIMHENHBIM
nuddepeHIaIbHBIM YpaBHEHUEM

L(u)=0 A3)
B obnmactu D(X,1) Mpu rpaHUYHBIX YCIOBUSIX
Su)=0. 4)

B wmerome TanmepkuHa mpenmonaraercs, 49ro HeusBecTHOe pemieHus (1) Moxker OBITh
JI0CTATOYHO TOYHO MPEICTABICHO MPUOIIMKeHHbIM pemnenneM U,

N
U, =U,(x,y)+ Y a,0,(x,1), (5)
Jj=1
TZIe @, -U3BECTHBIC aHAIMTUIECKNE ¢bynkuuu, U, -BBeJEHO, YTOOBI YOBIETBOPATH IPAHUYHBIM
YCIIOBHAM, A a; -K03(h (HOHUIMEHTHI, TTOJICXKAIIIE ONPECICHHIO.

[TocTanoBka BeipaxeHnus (5) B ypaBHeHUE (2) NPUBOIUT K OTIIMYHOM OT HYJSI HEBA3KE
R , BeIpakaeMo# B BUE
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N
R(ao,al,...,aj,x,y):L(UO)+ZajL((pj). (6)
Jj=1
Y 106HO naTh cienyroliee onpeeieHue BHyTPEHHEMY ITPOU3BEICHUIO
(f-g)=[[fgdxd. (7)
D

IIpu obOpamenun k merony lamepkuHa HensBecTHbIE KOX(POHUIMEHTH d ;, BXoasmme B (5)
JIOJKHBI ONPENIENATCS U3 PEIICHHUH CIeAYIOIIEH CUCTEMbl YPaBHEHU

(R,p,)=0, k=1,2,.,N. (8)
(8) nonnmaercsa B cMbicie (7). 3gecb R HeBsA3Ka JaHHOTO YPaBHEHMS, a ¢, -T€ K€ CaMble

aHAIUTUYECKUE QYHKINH, KOTOpbIe purypupyor B (5).
VYpaBHeHus (8) moryr OBITh 3aMEHEHBI MATPHYHBIM YpaBHEHHEM, OTHOCHTEIHHOTO
KOO QUIHMEHTOB g, 8 IMEHHO

2 a,(L(p). ) =~(LWU,). 2,) ©)

[locTanoBKka a;, OmpeeNnsIeMbIX MyTeM pelieHus ypasHenus (9) B popmyie (5) naet uckomoe

npubIIMKeHue.

TouHocTh OBICTpO BO3pacTaeT ¢ yBenuueHueM uwcina N . B panpHeiimem s
OTIpeNIeJICHUsT TOTPEIIHOCTH pemeHnit (5) OyaeM HCIob30BaTh CIEAYIONINE HOPMBI.
IMorpemHocTs B HOpMe L, onpeaensercs GopMyInoi

:kU—UJ%kF

o =lw-vyrad.

I |lu-u,

2. lu-u,

CTAIIMOHAPHAS 3AJAYA O BJIIMAHUN HEITPOHUIAEMOI'O BKJITOYEHU A
HA ITPUTOK HE®THU K CKBA’)KUHE

B.IO. Ba6anani, A.M. AitueB
BI'Y, Unemumym Ilpuxnaonoi Mamemamuxu,
aahmad(07@rambler.ru

OOBIYHO TPU IKCIUTyaTallMM HE(PTSIHBIX MECTOPOXKICHHH C TOJOIIBEHHON BOJIOMH,
0€3BOHBII MEepHO He BeNUK. J{JIs yBEIMUEHUs 3TOTO NEepHOAa MPUMEH-
SIOT pa3IN4HbIe METO/BI.

OnHuM 13 3GPEKTUBHBIX MEPONPHUATUN 1O 00phOe ¢ MPUTOKOM IOAOIIBEHHON BOJIBI
ABJISIETCS 3aKayKa IIEMEHTHBIX PacTBOPOB B COUETAHUU C TUIPABIUYECKUM Pa3pbIBOM C IIEJIBIO
CO3JIaHUH HETIPOHUIIAEMOT0 SKpPaHa y HIDKHUX JbIp ep(opaluu CKBaXXUHBI, TPEMATCTBYIONICH
IPOHUKHOBEHUU BOJIbI K CKBaXKHHE.

PaccMoTpuM BiMsiHME HENPOHUIAEMOTO 3KpaHa HAa MPOU3BOAMTEIBHOCTH CKBAKMHBI,
IIPU YCTAHOBUBILIEMCS IBMKEHUN OJTHOPOJHOM JKUJKOCTH B OAHOPO/I-

HO-aHM30TPOITHOM IIJIaCTe MPU 33JaHHOM 3a00MHOM JaBIEHUU CKBa)XHMHBL. Maremarudeckas
MOCTaHOBKA 3aJ1a4M CJeAyIoIas: HaJl0 HAWTH pellieHue YypaBHEHHE
aﬁ>1a®+1,y®

+ =0
or’> r or ;(2 azlz
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IIPH CISAYIOIINX TPAHUYHBIX YCIOBUSX:
O(r,z) =@, upu r=r,, hy<z<h O(r,z)=D,,npu r=R,, 0<z<h,

62:0’ npu z, =0u h, r.<r<R,,

0z

D k
a_zo, npu z, =h, r,<r<R,, tne ©®=—"(p+pgz),
MU

0z
rne k, u k_- ecTb ropu3oHTalbHAs U BepPTUKAIbHAs KO3((UIHUEHTHI IU1acTa COOTBETCTBEHHO,

M- KO3 PUIUEHT TUHAMHUYECKOW BS3KOCTH HE(PTH, p —TEKyllee NaBJIICHHE B IulacTe, O —
IUIOTHOCTh He(PTH, /s — TONIMHA [JIacTa, A, — PacCTOSHUE OT MOAOMIBHI 10 3KpaHa, R,— panuyc
JKpaHa, 7, — pajnyc CKBaXKUHbI, R, — paJiyc KOHTypa ILIacTa.

3aMeHOW yz =z JaHHOE ypaBHEHHUeE oOpainaercs B ypaBHeHue Jlariaca.
OO6nacTb TeueHUs AEIUTCS Ha BE 30HBI ¢ paguycoM R, 7. <r<R, u R, <r<R,
Ha o6meii rpanute obaacreil cobaoaat0TCs yCIOBUS:

D D

o0, 0%, npu r=R,, h <z<h,

or or

D, =0, opu r=R,, h <z<h,

@Akm@=®o+zppm2“4m 0<z<h,
i=1 2hl

= — I¢)(Rmzyk

1

Bo Bropoii 30ne, npu R, <r < R, , noteHuuan ckopoctu D, (r,z) ompeaensercst u3 peleHus
ypaBHeHust Jlammaca ana  ynkoum @, meronom I'.A. I'punOepra. 3pech HaxoIum
COOCTBEHHYIO (DYHKIIHIO B BHJIC:

0, (z)= %cos U,z

_
e u; = ]7, j =12,... cOOCTBeHHBIE YHnCIIA.
YmHoxuB ypaBHenus Jlamaca miist Gynkuun @, (r,z) Ha Q;, IOTOM MHTErPHUPOBAB OT

0 1o # 1 0003HAYNUB:
h
@Amzj®xnagxmﬁ
0

nojty4aeM ypaBHeHue beccens:

pelieHre, KOTOporo UMeeT BU:
q)j(/’ljﬂr) = Aolo(ﬂjar)+BoKo(ﬂjar) >

rne [y(u;,r) m Ky(u;,r) ectb Gynkuuu beccens HylaeBOro mnopsijika COOTBETCTBEHHOKO

IIEpBOrO M BTOPOro poaa MHUMoro aprymenta. Koaddumu-entsr 4, u B, ompeaemnstorcs u3

TPaHUYHBIX YCIOBUHU. B pe3ynbpTaTe U3 MOIYYEHHOIO PEIIEHUS IPK ¥ = R MOIy4aeM:

O (u;,R)) = \/7J'CD +Za 0032

i1
2h,

7z]cos pu;zdz +
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2 h
+\/% ;!:<I>0 oS 44, zdz

CoxpaHuB TpH 4iI€Ha psija BXOIAMIMKA B 3Ty (GOpMYIy IOCIE€ HEKOTOPBIX MpeoOpa3oBaHUi
HaXOJMM JUUIsl BTOPOU 30HBI paclpeesieHus IOTEHIUana B BUJIE:

2h
O, -0, - (a, -2+ D
S - S T
CDZ(I/’,Z)Zq)k— In——+
ln& R
k
4h u T 3 5
N 12 0(:”1 ) . a, R azz . . a; — xcosy/hlcos,ujhl,
7 Tu(u RO\K —4h0 77 Oh® —4hj* - 25h* — 47 |

rAe MOCTOSAHHBIC a,, d, U d,; OINPCACIIAIOTCS N3 UHTErPATIbHbIX COOTHOIIICHUH:
h

j-aCI)2 (r,z) g

=0 opu r=R,, i=123
or

0
Pacnipenenenus moTeHIana CKOpOCTH IS IEPBOM 30HBI U3 TEUCHHE HEPTH K COBEPIICHHON
CKBa’XMHEC B BHUJIC:

O, O
D, (r) =0, +——<In".
Ro r,
In— ¢
P

c

HeusBectnas ¢ynkuus @, omnpexpenserca M3 YCIOBUA Ha TpaHule 30H. B wurtore s
IIPOU3BOJUTEIILHOCTH CKBAXKUHBI I101y4aeM CIIEAYIOLIEE BhIpaKe-

HHE:
O, -D
O =2x(h _hl)#
R, 1
In——-——
r. AR,

3BOJIIOIUSA CYMMbI BECKOHEYHO MAJIBIX BO3MYIIIEHUIA

I'.T. Apa3os, T.I'. AnueBa
baxuncxuii I'ocyoapcmeennuiii Yuusepcumem
HUN Tpuxnaonon Mamemamuxu
arazov_h@yahoo.com

B oaunnoti pabome noxazano, umo npu ananuze Xaomuyeckux OUHAMUYECKUX NPOUeccos
CYWecmeeHtblll ol uzpaem mMo4YHOCMb onpedeneHus nozpewHocmeil epemenu. Hcnonv3ys
pe3yibmamos usmepeHull u HabI0eHull pasHvlx aemopos, 8 pasHvle 8peMeHd, Pa3HbIMU Me—
Mmooamu 8 pasiuuHbIX OUHAMUYECKUX CUCTNEMAX U3VUeHa IBONIOYUSL CYMMbl DECKOHEUHO MAbIX
803MYWeHULl, NOPAOKA No2pewHocmell, npu onpeoeileHuu 2pasumayuoHHOU NOCMOAHHOLL.
Yemanoeneno, umo xaocvl 6 OuHamuueckux cucmemax Moz2ym 8ecmu cebsi KAk CYMMbl
JIUHEUHBIX U HEeTUHEUHbIX OUHAMUYECKUX NPOYECCO8.

Knrouegvle cnosa: nMHaMUYECKHUE CUCTEMBI, Xa0ChI, BpeMsl, TOUHOCTH KOOPAUHAT.

Bo Bcex ¢usnueckux, MaTeMaTUYeCKUX U JUHAMUYECKHUX CHUCTEMax MPOUCXOSIINE
SBJICHUSI B3aMMOCBS3aHbI CO MPOLIECCaMU JACMCTBYIOIIMMHU KaK B OKpPYKaloIlleM MPOCTPAHCTBE
TaKk U MEXAY dJEeMEHTaMH paccMaTpuBaeMod cucTeMbl. JlaBas MpakTUYECKUE MPHIIOKEHUS
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HOBOU MOACIIN MTPCACKA3bIBACM OXHUAACMOC IMMOBCACHHUC KaXIAOI0 JJICMCHTA B GYI[yH_IGM n
packpbiBaeM 3 PEKTUBHOCTD MpeIaraeMoro MeToia.

[Tpu ompeneneHuu OOATOTHI Ha HIMPOTE JKBAaTOpa OUIMOKE B OTCYETE BPEMEHH Ha
t+1yac coorBerctByer +1592,75kMm, +1 MHHYTBI HMCKa)KEHHE pPACCTOSIHHS Ha T 27,6 KM;

ommOke B £ 1 cexyHapl nckaxxkenune Ha + 460 m, u ommobke B + 0,001 cexynapt Ha £ 27 M.

B cpennux mmporax ommbke B ompexaenaeHun BpemeHu Ha +0,001 cekyHa cooTBeT—
CTBYET TMOIPEIIHOCTh B OMNpPEACIICHUH PacCTOSHMS, paBHas =+ 25M. OTKyna clieyeT, 4To
TOYHOCTb B M3MEPEHUU BPEMEHU HUIPAET CYIIECTBEHHBIM pON B MPENONpe/IeICHUU TPaHHUIL
MECTO POKIACHHS Pa3HBIX Xa0TUUECKUX TUHAMUYECKHUX SIBICHUM.

HekoTtopsie auHamMudeckue mpoiiecchl, Habmoaaembie B mpupoae [1]-[12], MoryT ObITH
MIPEICTaBICHBI CUCTEMOU A depeHIInaTIbHbIX YpaBHEHUH.

dzx_ dx
o —F(E,g(x))+h(t)

. dx, . .
rae x€[x;,x;,], telt, ], (i>12,.,n): F(W g(x)) —cymMma BO3JEUCTBUM, KOTOpBIE AO-

MyCKAlOT MAaTeMaTUYECKOE MOJEIHMPOBAHUE, T. €. MO3BOJISIOT IOJy4aTh PELICHUS 3aJa4d B
3aMKHYTOM BHJI€; HaKOHeN /(1) — cymMma OECKOHEYHO MAaJbIX BO3MYIICHHH, KOTOPHIE MOTYT

OBITh MPUYMHON MHOTOYHCICHHBIX HEYJIOBUMBIX, CKPBITBHIX HEIMHEHHBIX XAOTHUUYECKUX IMHA-
MHUYECKHX mporeccoB. K mpumepy, TakOBbIMH SABISIOTCS CaMOPETYIUPYIOLIUECS —CaMOop-
TaHU3YIOIUECS BUXPEBbIe (OPMHUPOBAHMS W JIBIXKCHHS aTMOC(HEpPHBIX SBICHUN 3eMI,
3EMJIETPSICEHHS], OIOJ3HM, W3BEPKEHHS BYJKAHOB M T.[I. A CaMbIMU CIIOKHBIMH CpPEIU HUX
SBJISIFOTCS. HEYJIOBUMBIE, CKPBITUE XAOTHYECKHUE MPOIECCHI, KOTOPhIE MPOHUCXOISAT B MO3TY
JKUBBIX CYIIECTB M 00€CIEYNBAIOT UM YCTOWYHMBBIC (MM HEYCTOWUMBEIE) 00pa3bl ku3Hu. [Ipu
ONpENIETICHHBIX YCIOBUAX OHH 3apOXKIAl0TCs, Pa3BUBAIOTCA W B KOHIE KOHIIOB CO BpEMEHEM
YMHPAIOT 32 CYET JAMCCUIIALMU dHEPruu. Takue mpoiecchl, HaOII0gaeMble B TPUPOJIE, OMpe—
JEJSI0TCS: TOYHOCTBIO BOBJICUEHHBIX XApPAaKTEPHBIX MapaMeTpoOB; TOYHOCTHIO BOBJIEYEHHBIX
OTPaHUYECHUI MMOrPAaHUYHBIX 3HAYEHHI; TOYHOCTHIO METO/IA AIIITPOKCUMAIIUH.

B nanHO# paboTe IBONIOIMSA ITHX BEIWYMH HM3YYEHBI ISl TPAaBUTAIMOHHON IMOCTO—
saHoi G. [Ipu ATOM HCMOIB30BaHBI PE3YNHTATHl U3BECTHHIX HAOIONEHUN U TEOPETHUYECKUX
BBIYHCIICHHU, TPUBEJICHHBIX B padoTtax [1-12].

H3MeHeHus co BpeMEHEM TI'PaBUTALMOHHOW MOCTOSIHHOM SIBJISIETCS €CTECTBEHHBIM, TaK Kak
OpOUTHI BCEX TEN HUCIHONb3yeMble Mpu ompeaeneHuu G, BapbUPYIOTCS HEMpEphIBHO. Takue
U3MEHEHHUs, CO BpeMeHeM, HabOmojmarorcs kak BHYyTpu COJHEUHON CHCTEMBI, TaK U 3a e
npenenamu. CrepoBarenbHO, MOXeM nonmyckarb, 4ro G =G, +AG. Torga wusBecTHbIE

d*x GMx
YpaBHEHUS TBUKCHHUS o =— e MO>KEM TIepernucaTh B BUC
d*x  GMx AG GMx GMx G GMx
2 3 3 3 4 3At' (1)
dt r G r r G r
OTtkyna cienyer, 4To
G Podix 1
—=( —_— (2)

+
G GMx dt* " At
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Tabmuma. 1.
3nauenus (G/G), (1=1, 2, ...,7) noay4eHHbIE pa3HBIMU AaBTOPAMH,
B pa3HbIC BpEMEHA, B Pa3HBIX IWHAMHUYECKUX CHCTEMaxX

i (G/G). .10 Hcrounuk

1 2+4 R.W. Hellings, et. al., Phys. Rev. Lett. 51 (1983) 1609
2 1.0+ 2'3)101 T. Damour, et. al., Phys. Rev. Lett. 61 (1988) 1152

3 0.1£10.4 J. Muller, et. al., Astrophys. J. 382 (1991) L 101

4;5 | 4+£5; -9+18 | V.M. Kaspi, et. al. Astrophys. J. 428 (1994) 713

6 1+8 J.G. Williams, et, al., Phys. D 53 (1996) 6730

7 0.6+2.0 S.E. Thorsett, Phys. Rev. Lett., 77 (1996) 14 321435

B TaGmuue 1 npuBeneHs pe3yastathl mis G/ G, Onpe/eeHHbIe Pa3HEIMU aBTOPAMH B
pa3HbIX MHAMUYECKHX CHUCTEMaxX, B pa3lIMyHble BpeMeHa. DBOJIOLMS OECKOHEYHO MajbIX
HEYJOBUMBIX, CKPBITBIX BEJIMUUH IIPEJICTABIECHbI HA pUCYHKE 1. 3aMeTHM, UTO B IIEPBOM CTPOKE
TaOnMuIel | TIPUBENEHHBIN PEe3yNbTaT MOMYYEH M3 paJapHbIX MapCHaHCKUX HU3MEPEHH; BO
BTOPOH CTPOKE Ha OCHOBAHMHU HAOIOACHUI ABOWHBIX MYJIbCAPOB; B TpeThel cTpoke JlazepHbIX
HaOmofeHun JlyHpl; B ueTBepHOW cTpoke maHHbIX PSR B1933+16; B maToil CTpoke

HaOmonenuit PSR B 1855+ 09; B miectoil cTpoke U3 aHanu3a JaHHBIX Jla3epHBIX HM3MEpeHHi
JIyHBI; B c€IBMOI CTPOKE U3 aHaIM3a JAHHBIX U3MEPEHUI MAcC HEUTPOHHBIX 3BE3/I.

€ 907
G
A

10

1983 1988 1991 190s 1996 t(rom

Puc. 1. 306paxenust cyMMbl OECKOHEYHO MaJIBIX BO3MYILEHHUH, TOPsAKa

norpemHocreii, B ouenkax (G/G),;, i =1,2,...,7 B 3aBucuMocTy OT BpeMeHN.

B pucynke 1 moka3aHbl SBOIOIIH OECKOHEYHO MAJIBIX BO3MYIIEHUH, TOPSIKA MOTperi—
HocTel, npu onpenenenuu (G/G), , (i=1,2,...,7) oueHok nmpuseieHHbIX B Tabmuue 1. OHu

CBHUJICTENBCTBYIOT, UTO AuHamuka usMmeHenus (G/G),, i=1,2,..,7 orpaHudeHa B IpaHUIAX

~9-10"” <£<10™". & cooTBeTcTByeT K MaJOMy NapaMeTpy & B TEOPUM YCTOMUMBOCTH,
BapuallMil OLICHOK MpPEAENIOB T.€. TPaHUIl M3MEHEHHUs MapamMeTpoB JAMHAMUYECKUX CHCTEM B
cMmeiciie A.M. JlamyHoBa. /{751 BBISIBJICHUS HEIMHEWHBIX HEYCTOMYMBBIX OLIEHOK HEOOXOIMMO
OoJee TOUYHbIE HAOTIOACHHS, KOTOPhIE 0OXBATHIBAIOT IITUTEIHHBIC TPOMEKYTKH BPEMEHHU.

B manHoit paboTe mokazaHo, 4TO MPH aHAINU3E Xa0THYECKUX TUHAMUYECKHUX MPOIIECCOB
CYIIECTBEHHBIN POJI UTPAET TOYHOCTh OMPEACIICHUsI MOrpelHocTeld BpeMeHu. Vcrons3ysa pe—
3y/IbTaTOB M3MEPEHUN W HAOMIOJECHUI pa3HBIX aBTOPOB, B pa3HbIE BpEMEHa, Pa3HBIMU METO—
JaMH B Pa3IMYHBIX JUHAMUYECKUX CHCTEMax U3ydeHa HBOJIIOLHS CyMMbl OECKOHEYHO MalIbIX
BO3MYIIICHUW, TOPSAKA MOTPEIIHOCTEH, MPHU ONPEACICHUU TPABUTALMOHHON IMOCTOSHHOM.
Y CTaHOBIIEHO, YTO XA0CHI B JMHAMHUYECKHUX CUCTEMaX MOTYT BECTH ce0s KaK CyMMBbI JTHHEHHBIX
Y HEJIMHEMHBIX TUHAMUYECKUX YCTOMYMBBIX WJIM HEYCTOMYMBBIX B cMbicie A.M. JlsmyHoBa,
IIPOLIECCOB .
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RW AUR: IS THERE LONG-PERIOD VARIABILITY WITH TIME SCALE
MEASURED IN MONTHS?

J.S. Aliyev
Shamakhy Astrophysical Observatory, NAS of Azerbaijan, AZ5618, Shamakhy
jascience(@yahoo.com)

AAVSO database for RW Aur is analysed using the program — package DalmAn [1, 2].
The spectral study of the data covering 1989 — 1995 yrs show that there are cyclic variability
with periods of 30, 60, 90, 120 days.

1. Short history of the RW Aur

In 1891, Mr. Knott wrote that the magnitude of T Tauri varies from 9.4 to 14, but it is
not a regular variability [3]. In 1942, 1945 and 1949 Alfred Joy presented a new class of
variable stars called T Tau now [4 - 6]. As Joy pointed out the distinctive features of T Tauri
stars are as follows:

e An irregular changing of the luminosity by 3 magnitude;

e They belong to the spectral classes F5 - G5 and have emission lines as the solar
chromosphere;

e They have low luminosity;

e They surrounded by bright or dark nebulae.
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RW Aur, UY Aur, R CrA, S CrA, T Tauri and other stars have been included in a new
class of variable stars. It is now believed that T Tauri stars are young objects (YSO), which
come in the Main Sequence. They are also called stars are born.

T Tauri stars with respect to the spectrum are divided into three parts [7]:
1) Weak T Tauri Stars (WTTS) - spectral class later than KO and EW <10A (EW -

equivalent width of the line of H,);
2) Classical T Tauri Stars (CTTS) - spectral class later than KO and EW > 10 A;

3) Early type T Tauri Stars (ETTS) - spectral class of KO or earlier.

T Tauri stars variability, also mainly divided into three types.

The first type variability is a periodic variability and one is directly related to the
rotation. The first type variability is very clearly seen in WTTS, and sometimes in CTTS and
ETTS. This kind of variability period covers the interval 0.5-18 days and sometimes irregular
combustion activity is observed. The maximal value of changing of the amplitude in V is Am

=0.8. When the stars are weakening their color becomes redder, in the colors of B and U occur
random jumps with the growth of flare activity. The light curve shape changes with time, but
the periodicity is maintained for several months, and sometimes years.

Second type variability is irregular changes with time intervals measured in hours. This
variability is mainly observed in CTTS, and rarely WTTS and ETC. Typical variation of the
amplitude is less than one, while the observed value of Am = 2.6. Over the stars diminish their

color blush, but it is very different from the first type variability. In the colors of B and U there
are random jumps with the amplitudes reaching Arn = 3.8. These types of changes associated

with accretion.

The third type variability is irregular changes of unknown origin, measured in days and
weeks. The ETTS with spectral class K1-A0 show such a variability.

One of the characteristics of T Tauri stars is the presence of ultraviolet and infrared
excess in their spectra. From the point of view of the spatial distribution of matter striking
feature is the existence of disks and jets around the stars.

RW Aurigae is the wellknown member of CTTS. It is believed that RW Aur is a triple
system. The star RW Aurigae A has an effective temperature T_.. = 4995 K and luminosity

L/L

T.f

star C has been called into question. Star B is very weak, and therefore the bulk of the emission
of the system belongs to RW Aurigae A. Photometric observations show that the light curve of
RW Aurigea changes over time. Herbst et al [7] using the photometric data for 30 years
examined periodicity in the brightness and color RW Aur. Qahm, Petrov et al [8], using the
same and new data have come to the conclusion that there is variability in the period range 2.6 -
2.9 days. They argue that the maximum of the power spectrum is at 2.77 days. In addition to the
photometric variability in RW Aur was found also the spectral variability.

= 3.37, and RW Aurigae B is a star of spectral type K6, has an effective temperature

Fun

# = 4200 K. Other quantities have not been determined. Recently, the existence of a third

2. Statement of the problem and tools to analysis
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In this note we seek to answer the question of whether long-period variability with time
scale of months is on the RW Aur. For this purpose, we use the A4VSO data of the last 70
years. These data are not homogeneous and have the time gaps. It is known that the spectral
analysis of data with unequal time steps still remains problematic and analysis of these data
without examining gaps cannot lead to the correct results.
For this goal we use the program-package (module) DalmAn [2]. DalmAn contains
subprograms as DIPI, DATAN, PoSm, AutoCor. As DIPI imports data from the Internet, it can
be used for spectral analysis. DATAN searches data set among all the data with the length
greater equal than given / and the time step less equal than given &. For example, search for a

data set with a time step less equal than the 3-day and length of more equal than 20 points.
PowSpm plots power spectrum and finds frequencies by nonlinear optimization, CurveFit fits
the data to a curve and continues this procedure until a good match.

3. Outcome

First, using DalmAn it was found 6 segments with length 200-300 days covering 1989 -
1995 — yers., which can be considered as continuous. Further, by applying the spectral analysis
one determined that the spectrum contains periods 30, 60, 90, 120 (days). To find what period
is the fundamental harmonic requires further investigation.

Curve Fitting
Time Interval of observation 1968.7.22¢ 1969.5.12

e UM | bt

-0.2 l"‘ ¥ ¥ ‘% 'i‘ !'f‘ 'l I'ﬂ-':,“ time (days)
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SOLAR ACTIVITY II. Spin-Orbit Interaction

J. S. Aliyev
Shamakhy Astrophysical Observatory, NAS of Azerbaijan, AZ5618, Shamakhy
jascience(@yahoo.com

To simulate the solar activity we created a program —package called SA (Solar
Activity). SA generates a motion of the Sun and planets about the solar system barycenter,
calculates the speeds of planets, angular momenta and other physical parameters, and solves a
system of equations that govern the spin —orbit interaction. Using SA, variation of the solar
angular momentum in time is found, and it shows that its extremes and extremes of the curve of
solar activity (wolf numbers) coincide.

As it is noted (Aliyev 2012), planetary hypothesis took three periods of development,
from the simple assumption that Jupiter affects solar activity (Wolf 1859), more solar activity
correlates to the movement of the sun around the center of mass of the solar system (José
1965), to the idea that there is an interaction between the solar spin and orbital angular
momentum, which drives the solar activity (Aliyev 1998a, 1998b, 2001, Juckett 2000, 2003).

Observational evidences for planetary hypothesis. Many studies have been performed
to determine the influence of planets on the solar activity.

Livingston & Duvall (1979) were the first to find that over the 1966 — 1978 years the
solar photospheric rotation rate has increased by 3.7% near the equator. Howard & LaBonte
(1980) and LaBonte & Howard (1982) discovered the “torsional oscillation”, i.e. a series of
zones which drift from the pole to the equator in 22 years. The torsional oscillations change its
direction of torsion from east to west and vice versa during 11years.

On the importance to take into account of inclinations of the planetary orbits and the
solar equator to the ecliptic was first pointed out by Blizard (1983), Javaraiah (1996, 2003), and
the spin —orbit interaction by Aliyev (1998, 2001, 2012), Juckett (2000). Juckett (2000) noted
that the Hale cycle, sunspot cycle, 17-yr neutral-line cycle, hemispheric asymmetry cycles, and
solar differential rotation may all be driven or modulated by the spin-orbit interaction. Juckett
(2003) by analyzing the spatial and temporal patterns of sunspot groups spanning 125 years
comes to the conclusion that solar activity is modulated by the Sun’s motion around the solar
system barycenter.

Javaraiah & Gokhale (1997), Javaraiah (1998, 2000) suggested that the 22 year and 11
year cycles in the differential rotation coefficient B might be dominant in the rotation
perturbations and the variation in the equatorial rotation rate 4 is significant only in the odd
numbered cycles.

The Gnevyshev — Ohl rule is usually used to predict the sunspot numbers of odd cycle
using that of preceding even cycle. Nevertheless, this rule is sometime violated. Javaraiah
(2005) draws attention to the fact that the Gnevyshev and Ohl rule is violated when the Sun
makes retrograde orbital motion around the solar system mass center. Moreover, he shows that
the solar equatorial rotation rate during the period 1879-2004 is correlated to the solar orbital
torque, positively before 1945 and negatively after that time.

343



Fizikanin miiasir problemlori VII Respublika konfransi

Using the mean shift in f-mode frequencies and assuming that this frequency shift is due
to change in solar radius, it was established that the solar radius during the solar cycle changes
(Delache et al. (1985), Wittmann et al. (1993), Fiala et al. (1994), Laclare et al. (1996), Noeel
(1997), Antia et al. (2000)).

Wilson et al. (2008) using data of Jose (1965) and Javaraiah (2003) try to show that the
solar equatorial rotation rate and orbital motion around the barycenter are correlated. On the
view of this they point out that it indicate to the possible spin-orbit coupling between the Sun
and Jupiter.

Antia et al. (2008) used the helioseismic data from GONG and MDI to study temporal
variations in the solar rotational kinetic-energy and they found that at high latitudes (> 45¢)
variation in the kinetic energy within the convection zone correlates with the solar activity, but
in the equatorial latitudes (< 45°) it anticorrelates except for the upper 10% of the solar radius
where both are in phase.

The variation of the angular velocity of the Sun and solar activity. We have created a
module SA (Solar Activity) that allows us to imagine the movement of the sun and planets
around the center of mass, to calculate the physical parameters such as velocity, acceleration,
angular moments and others, and to solve a system of equations of the spin-orbit coupling. In
this note we limit ourselves to present only two results of the calculations, namely the variation
of solar angular velocity in time and configuration of the major planets and the sun in 2169. As
can be seen from Fig. 1, the solar cycle extremes (Wolf numbers) coincide in time with the
extremes of the z-component of the solar angular velocity.

Solar retation angular velocity (z-component)
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Fig. 2 shows the spatial configuration of the major planets and the sun in 2169. In this

case, the solar orbital angular momentum becomes negative, after which there is a violation of
the Gnevyshev - Ohl rule.

1=2169.6

The configurations of the major planets and Sun in 2169

. .
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OINPEAEJIEHUE CKOPOCTH OCEBOI'O BPAIIIEHUA
MATHUTHBIX CP - 3BE3/]

C.I'. AnueB, B.M. Xanujos
LIAO HAH A3zepbaiioxcana

Ha ocnose svicokoxauecmeennvix (4A/mm) cnekmpanoHvlx Mamepuaniog noiydeHHvle
Ha 2m meneckone LIIAO 6vLiu onpedenenvl ckopocmu ocesozo epaujerus (Vsini) BO-FO. Ilpu
IMOM  YUUMBIBANACh dghekma NeKyIApHOCMU, KOMOPbIL NPpUBOOUmMsb K USMEHEHUNO
napamempos 6 mMoM 4ucie, U WUPUHY CHEKMPAIbHbIX JUHUL, C NOMOWbIO KOMOPHIX
onpeoenenvl Vsini.

Bpamenue sBiseTcs HEOTBEMIIEMBIM CBOWCTBOM BCEIEHHOM M €r0 CTPYKTYPHBIX
3JIEMEHTOB —HebecHBIX Tel. K HacToseMy BpeMeHH OMyOJUKOBAHO, MPUMEPHO MOJ THICAYY
paboT, B KOTOPBIX paccMaTpUBAINCh CTAaTHUCTUYECKHE, TEOPETUUECKHE, HBOJIOLHUOHHBIE U
MHBIE aCIEKThl MpoOJeMbl BpaleHus 3Be3l. Tem He MeHee, MpoOjeMa BO3HUKHOBEHUS H
JaNbHEWInas SBONIONMS BpallleHus (YIJIOBOTO MOMEHTAa) 3BE€3[l OCTaeTcs J0 CHUX Iop
HEpeIIeHHBIM.

Hesicna nepBonpu4nHa NpOUCXOXKACHUS YIIIOBOIO MOMEHTa (BpalleHHsT) IPOTOo0IaKa,
HEMOHSTHO, 32 CYET KaKUX MEXaHU3MOB MJIET JUCCUIIALIKS YTJIOBOTO MOMEHTA MPOTO3BE3THBIX
¢parMeHTOB, MO KaKOW MPHYMHA U HA KAaKOM JTare 3BOJIONUHN MEKYJIsSpHble U MarHUTHbHIE
3BE3/1bl TEPSIOT OOJBIIYI0 YacTh CBOETO YIJIOBOro MoMeHTa. O4YeBHIHO, YTO Ul PELICHHS
3THUX BOIIPOCOB, B TNEPBYIO oOdepedb, HEOOXOAMMO UMETh OOJbIIOE KOJIUYECTBO
BBICOKOKQUECTBEHHBIX OJIHOPOJHBIX MaTepuanoB HaOIIOAEHUH, HAa OCHOBaHMM KOTOPBIX
MOKHO IOTOYHEE ONPEIENIUTh CKOPOCTH OCEBOrO BpallleHUS (TOUHEEe, MPOEKIMH Ha JIy4
3peHus — Vsini|) 3Be31.

K Hacrosmemy BpeMmeHH ompejaeieHus Vsini| pa30pocaHbl M0 OOIBIIOMY KOJHYECTBY
paboT, BBIMOIHEHB! Pa3HBIMU METOJIAMU U C PA3JIMYHONW TOUHOCTHIO, UTO BeChbMa 3aTPyAHSET
UX UCIOJb30BaHUE.

B ciydan MarHUTHBIX XUMUYECKH NEKYIApHbIX (MCP) — 3Be311 HUPHUHBI CIIEKTPATIBHBIX
JMHUAN, TIO KOTOPOMY YacTO HCIOJB3YIOTCS Ui OnpeAeNeHHus Vsini|, M3MEHSIOTCS H3-3a
AHOMAJILHOTO COJIEP’KaHUsl Pa3NUYHbIX ( MEKYJISPHBIX ) 3JIEMEHTOB U CHJIBHOTO MarHUTHOTO
noss (~1000I'e), T.e. n3—3a 3¢ dexra MeKyIIpHOCTH B BUAE KPYIHO MACIITAOHBIX IISTEH.

K cosxanenuto, BO Bcex OMyOJUKOBAHHBIX padOT NP ONPENEICHUN CKOPOCTEH 0CEBOTO
BpameHuss mCP — 3Be3n, He Oblla yauTaHa 0COOCHHOCTH d(peKTa MeKyaIPHOCTH ITUX 3BE3/I.

Llens mpemmaraeMoil paboOTBl —Ha OCHOBE OJHOPOAHBIX BBICOKOKAUYECTBEHHBIX
CHEKTpaJIbHBIX MaTepuasoB ONPeAeNuTh CKOpOCTH oceBoro BpameHus mCP —3Be3n ¢ yuerom
addekra nexynspHocTd. B ganHON paboTe OBLTH HMCIONB30BAHBI MAaTePHANbI CHEKTPATbHBIX
HaOmoeHu#, mpoBoauMbIX Ha 2M teneckore [ITAO. beuto momydeHo 0oJbIIoe KOJIUYECTBO
BBICOKOKAUECTBEHHBIX CIIEKTPOB (4A°/MM) B IBYX BapHaHTAaX:

1.C nomompio TpaguoHHoro ¢otorpadupoBanus cnekTpoB. 2.C momolnpto Dmiene
cnexkrtpoMerpa B couetanuu CCD kamepoii.

Cnekrpanbhble paspemenuss s ¢ororpadpuueckux 1 CCD CHeKTpoB COCTaBIsSET
AA=0,03A° 1 0,30A°, COOTBETCTBEHHO.

bnaromaps BBICOKMM CHEKTPalIbHBIM  pa3pelieHUusIM B O3TOM pabore ObUIH
HCITOJIH30BaHbI (OTOrpadUIECKUE CIIEKTPHI.

Jst xkaxmoit ucciemyemoit (cm.tabn.) mCP —3Be3nbl Obliu mostydeHsl Oosiee 20
dororpaduyecKkux CIEKTPOrpamMM, KOTOpPHIE TOJHOCTBIO OXBATHIBAIOT MEPHOJ] OCEBOTO
BpalieHus HTuxX 3Be3A. [nga ydera sddexra mekyIsipHOCTH HCHOIB30BAHBI PE3YJIbTAThI
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KOMIUIEKCHBIX HAOJIIOJICHUI, C TIOMOIIBI0 KOTOPBIX 3apaHee ObLIM OmpeAesieHbl  (a3bl
COOTBETCTBYIOIIME HAUOOJbIIe MEKYIIpHOi P ( mATHUCTOMN) U ( OTHOCHUTEIHHO) HOPMATHHON
obyact Ha moBepxHOCTH I Kaxaod mCP- 3e3nwr [1]. B mocnennux cronbmax TaOiuiibl
MIPUBOJISATCS. PE3YNIbTAThl KOJTUYECTBEHHOTO OIPEACIICHUSI CKOPOCTH BPAIIEHUST HUCCIEAYEMBIX
3Be3n 1o moaymmpuHaMm npoduneit muaun Hel 4471 (ana pannux 3Be3nq BO-AO) U Mgll
4481 (nna mozgHux AO-FO 3Be3n). Ilpu sTomM monymmpuHa JuHME u3Mepsuiack 1o 2-—3
CIIEKTpOTpaMMaM, COOTBETCTBYIOIIHE (OTHOCHTENbHO) HopMmanbHOW (N) u HamOobieh
nekyssipHoit (P) obmactu Ha moBepxHoctd MCP —3Be3n. TowyHOCTH ompeneneHust Vsini, B
OCHOBHOM, 0O0ycioBiaeHa pa3zdopocom 3aBucuMoctd AL (0,5) -Vsini, MOCTPOCHHOW IO
HOpPMaJTbHBIM (HEMarHUTHBIM) 3Be3/1aM [2] u cocTaBiseT okoyio 25%. V3 Tabmuiel BUAHO, YTO
W3MEpPEHHBIC 3HAUYCHMSI BEIMUMH Vsini s (a3 COOTBETCTBYIOIMINE HAUOONBIIHNE MEKYIIPHON
U HOpPMAaJIbHOW 00JacTH Ha MOBEPXHOCTU 3BE3/IbI CYIIECTBEHHO OTIUYAIOTCS APYT OT APYra, a
TaKk)K€ U OT pe3yJIbTaTOB APYTrUX aBTOPOB. McXons W3 BBIIEU3TIOKEHHBIX, MOXKHO CIENaTh
3aKJTFOYEHHUE O TOM, YTO HEPAaBHOMEPHOCTH (P (eKTa MeKyIIPHOCTH HETIOCPECTBEHHO BIIHSICT
Ha mpouecc GOpMHUPOBAHUS CHEKTPAIBbHBIX JTUHUN U IPUBOJUT K U3MEHEHHUIO UX TTapaMeTpPOB,
B TOM YHCJIC ¥ IIUPUHY C TTOMOIIBIO KOTOPHIX OMPEICISIOTCS BPAIICHUS 3BE3TbL.

HD my Sp THII Be Vsini
+ Boasp | B.LK | Aot | P H
neKy.1.

358 2.06 | B9.6 Hg, Mn -350/+550 -- 52 -- 47 55
19832 | 5.79 | B7.30 He, Si -350/+550 -- -- 142 | 140 | 160
34452 | 5.41 | B4.50 | Si, 24200 +550/-600 -- -- 46 43 60
40312 | 2.62 | B9.10 Si, Cr +270/-370 -- 50 49 46 52
65339 | 6.01 | A2.00 | Sr, Cr, Eu +4200/-540 -- -- 15 15 18
108662 | 5.29 | B9.35 | Mn, Hg, +1100/ +450 22 20 14 15 24

Cr

108945 | 5.46 | A2.45 Sr, Eu 0/-400 66 62 64 60 71

112185 | 1.77 | A1.05 Cr, Ca 1200~ 34 135 | 25 24 36
112413 | 2.90 | B7.90 | Eu, Cr, Sr | -1400/+1600 -- 23 29 22 32
118022 | 4.54 | A0.00 | Sr, Cr, Eu -130/-800 10 27 14 15 29
124224 | 5.01 | B7.20 Si, Cr -600/+1000 -- 125 | 119 | 117 | 130
129174 | 494 | B9.80 | Hg, Mn + - -- 10 -- 9 14
133029 | 6.16 | B8.80 Sr, Si +4060/-1150 -- - 25 20 28
137909 | 3.68 | A7.70 | Eu, Cr, Sr +650/-430 -- 15 18 15 30
140160 | 5.33 | B9.80 Sr, Cr +760/-1840 -- -- 64 58 65
140728 | 5.51 | B8.70 | Si, Cr, Sr +310/-1100 -- -- 70 68 72
148112 | 4.57 | A0.00 | Cr, Sr, Eu -250/-100 49 52 35 36 55
184905 | 6.50 | B8.20 | Ca, Si, Eu ~3000 -- -- -- 18 --

189849 | 4.64 | A4.90 | Cr, Sr, Fe +420/-630 -- 20 -- 18 25
193722 | 6.50 | B8.60 | Si, Cr, Eu -+ -- - -- - --

196502 | 5.20 | A2.90 | Ti, Sr, Eu -700/+200 -- 4 -- 5 14
201601 | 4.69 | A8.65 | Eu, Mg, Sr | +200/+880 -- 9 -- 10 15
220825 | 494 | B9.90 | Sr, Cr, Eu +450/-200 -- 43 36 38 52
224801 | 6.38 | B7.60 | Si,Cr, Eu +2300~ -- 38 37 37 42
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OPTRONLARDA INFORMASIYANIN VERILMOSI.

I.I. Qasimov, Y.B. Namazov, G.A. Maslohi
Goncoa doviat Universiteti
meslehi.gunel@mail.ru

Optron  elementlori  informasiyanin  verilmosinds  elektron qurgularin  osas
elementlorindon biri kimi sayila bilor. Optronlar diod tipli, diod —tranzistor tipli, diod —tristor
tipli vo s. olurlar. Optron ciitlori 6z is prinsiplorina gora ¢ox zongin vo maraql fizikaya
malikdir- Hor bir optron ciitiiniin 6ziino moxsus islomo funksiyas vardir. informasiyanin optik
tisullarla verilmosi, formalagsma vo optik islonmosi modulyator, deflektor, transparant vo basqa
bu kimi vasitolorlo hoyata kecirilo bilor. Elektrik vo impuls signallar roqamlorls analoq
formasinda verilo bilor. Analoq vo rogomlorlo informasiya verilon zaman giris vo ¢Ixi1s
signallarinin fasilesiz doyismasi bir —birindon asil1 olaraq bas verir. Analoq signallarindan forqli
olaraq informasiyanin rogomlarlo verilmasi vo gobulu ¢ox boyiik doqiqlik tolob edir. Bu onunla
olagolondirilir ki, rogom siqnallarinda diapazon araligi boyilik vo xarici tesir faktorlarina qarsi
davamlilig1 yiiksokdir. Montiqi element qurgularinda signallar hansi tisulla verilirso, optik
traktda da informasiya homin tisullarla verilir.

Optronlarda informasiya verilon zaman onun qarsiligli elementlori arasinda bir sira
funksiyalar1 nozere alinmalidir. Bu funksiyalar optron ciitlerinde asagidakilardir. K; — corayana
goro Otlirmo omsali, f; —sorhad tezliyi, qosulma vaxti — ¢, mksan, agilma miiddsti — #, mksan,
giris parametrlori 12 (mA), u(mV) )
S .

Optoelektron elementlorinds informasiyanin verilmesi vo yazilmasimin ¢ox genis
imkanlar1 vardir. Bu prosesin on osasli xiisusiyyoti ondan ibarotdir ki, informasiyanin
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oxunmasinda magqnitooptik effektdon istifado olunmasina baxmayaraq bu ciir yazilisi
“termomaqnit” yaddas adlandirmaq miimkiindiir. Termomaqnit yaddas elementlori osason
asagidakilardir. MnBi, MnAlBe, MnCuBi vo s. Bu yaddas elementlorinds yazilma xiisusi fiziki
funksiyalarla yerina yetirilir. Optoelektronikada yazilan bu informasiyanin asagidaki kimi ol¢ii
giymotlori vardir. MnBi osasinda hazirlanmis termomaqnit yaddas elementlorinin on asagi
yazilma miiddoti 10® s vo bu yazilma miiddotindo yiiksok doracodo ayirdetma sistemliliyi iso
10° xott/mm ilo hesablanir. Optronlarda elektrik vo impuls signallari zamanin on kigik
qiymatlarinde dayisilmadon verils bilir. Bu ciir tortib olunmus sxemds bunun analizini vermak
miimkiindiir.

Cox emitterli bu ciir optronda informasiya cox genis diapazon aralifinda verilir.
Informasiyanin reversiv yazilist tigiin bu 10" — 10™'? san kimi ki¢ik zaman miiddotine uygun
golir. Optik tisulla informasiyanin verilmosinds bu sxemlorin genis totbiq saholori vardir.

HD225094 ULDUZU ATMOSFERINDO BAS VERON QEYRIi-ADI
DOYISKONLIKLOR

Y.M. Maharramov, 9.S. Baloglanov
AMEA N.Tusi adina Samaxi Astrofizika Rasadxanast

Bu isdo HD225094 (B3la) ulduzu haqqinda qisa malumatlar va onun 2013-cii ilda
Samaxi1 Astrofizika Rasadxanasinda alinmis spektriorinds qeyri-adi xiisusiyyatlor taqdim
olunur. Ulduzun atmosferindo miisahid> olunan P Cyg tipli H, xattinin profili islonorkaon
miiayyon edilmisdir ki, o qisa zamanda kaskin dayisan struktura malikdir. Bels ki, ilk dofa
olarag HD225094 (B3la) ulduzu spektrlorinds H, xattinin profilinin tam yox olmast kimi unikal
miisahida fakti agskar olunmusdur.

HD225094 (B3Ia) ulduzu, vizual ulduz olgiisii m,=6.27, effektiv temperaturu 7oy =
16500K, kiitlasi M/M =27, radiusu R/R =54, sothinds agirliq qlivvasinin tacili log g=2.3 olan
isti ifratnohong ulduzdur [1-4]. Bundan slave bu ulduzun isighliginin log L/L =5.12 va
firlanma siiratinin Jsin i = 68 km/s oldugu tapilmigdir [5-6]. Son molumatlara géro HD225094
ulduzuna goador masafo r=(1075+660) pc-dir [7]. HD225094 ifratnohong ulduzunun spektral vo
fotometrik todqiqi ilo R.K. Prinja, D.L. Massa, Ricardo Genova, John E. Beckman, N.D.
McErlean, D.J. Lennon, P.L. Dufton, lan D. Howarth, Kaj W. Siebert, Gaitee A.J. Hussain,
Raman K. Prinja, A. Fitzsimmons, A.Pasok, I.Kolka, C.D. McKeith, C. Leitherer, B. Wolf vo
basqalart mosgul olmuslar. SAO/NASA ADS sistemindo HD225094 ifratnohong ulduzu ilo
olagoali 100-9 yaxin elmi mogals vardir. Lakin homin elmi moqalolorin bdyiik oksariyyoti todqiq
olunan ulduzun fiziki parametrlorinin vo fotometrik kamiyyastlorinin toyinine hosr olunmusdur.

Spektral todgiqatlardan bir niimuno kimi A. Pasok vo I. Kolkanin iglorino digqot yetirok.
A.Pasok va [.Kolka [8] torafindon Estoniya Respublikasinin Tartu Astrofizika Rosodxanasinda
HD225094 ifratnohong ulduzunun 1983-1989—cu illordo aparilmis spektral miisahidolori vo Hy
xottinin profil doyiskonliklori {i¢iin alinmis noticolor nozordon kegirilmisdir. Homin isdo qeyd
olunmusdur ki, spektral miisahido materiallar1 1.5 m-lik teleskopda, 27A/mm dispersiya ilo
alinmisdir. Mislliflor geyd etmislor ki, onlar 1983-1989—cu illordo HD225094 ulduzunun orta
keyfiyyotli comi 10 spektrini oldo etmislor. Isdo H, xattinin toqdim olunmus profillorindon
miuoyyan edilmisdir ki, onun diiz P Cyg, invers P Cyg, tam udulmada olan profil formalari
miisahido olunmusdur. Digor torofdon homin mogqalodo HD225094 ulduzunun 30.03.1983,
19.04.1988—ci il tarixli spektrlorinds H, xottinin profilinin struktur doyiskenliklorinden
miioyyon edilmisdir ki, onun udulma vo siialanma komponentlori zoiflomis vo qaliq
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intensivliklori uygun olaraq 0.94 vo 1.06 olmusdur. Udulma vo siialanma komponentlorinin
qaliq intensivliklorinin maksimal qiymatlori isa uygun olaraq 0.80 vo 1.30 alinmisdir. Eyni
zamanda H, xottinin udulma vo siialanma komponentlorindo ekvivalent en vo siia siirotinin
qiymatlari verilmisdir [8].

[8] —do muslliflor gqeyd etmislor ki, bu ulduzun atmosferinin spektral todqiqi ilo baglh
miisahido materiallarinin hom yliksok keyfiyyatli, hom do ardicil olmamasi sobabindon ulduzun
atmosfer xiisusiyyetlori qeyri miisyyon qalmigdir. Belolikls, HD225094 ifratnshong ulduzuna
dair indiyadok nosr olunmus elmi mogqalolorin tohlili gdstormisdir ki, bu ulduzun spektral
tadqiqine az yer verilmisdir. Odur ki, HD225094 ifratnahang ulduzu spektroskopik todqiqatlar
baximindan maraq dogurmus vo noticodo 2013-cii ilin Sentyabrindan etibaron Samaxi
Astrofizika Rosodxanasinin 2m-lik teleskopunun Kasseqren fokusunda quragdirilmis miiasir
CCD kameras1 vasitosilo onun miintozom spektral miisahidslorine baslanmigdir [9]. Noticodo
2013-cii ilin Sentyabr-Noyabr aylar1 orzindo homin ulduzun 25-odok yiiksok keyfiyyatli
spektrlori alinmis vo onlar DECH-20 vo DECH-20t paket proqramlari vasitasilo islonmisdir
[10]. R=15000 vo S/N=150 otrafinda olmusdur.
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Sokil.1. HD225094 ulduzu spektrlorinds H,, xattinin profili, 24.09-29.10.2013.

Sokil.1 —dan goriiniir ki, HD225094 ifratnshang ulduzu spektrlorinds H,, xattinin profili
diiz P Cyg, tam udulma profili vo tam siialanma profili formasinda miisahide olunmagqla giiclii
doyiskon struktura malikdir. H, xattinin udulma vo siialanma komponentlorindo ekvivalent en,
yarim en, qaliq intensivliyi vo slia slirotinin qiymatlori Ol¢iilmiisdiir. Alinmis naticalor
gostormisdir ki, bu parametrlorin qiymotlori zamandan asili olaraq koskin doyisir.
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Sokil.2. HD225094 ulduzu spektrlorinds H, xattinin profili, 23-25.11. 2013

Sokil.2—don goriiniir ki, 23-25.11.2013-cii il tarixlorinds alinmig HD225094 ulduzunun
spektrlorindo H, xattinin udulma vo siialanma komponentlorinin hor ikisi eyni zamanda yox
olmusdur. Aparilmig miisahidolor gostorir ki, bu unikal miisahido fakti tokrarlanan hadisodir.
Bu hadiso ulduz atmosferinin qgeyri-stasionarlig1 vo sferik olmayan ulduz kiiloyinin tosirinin
naticasi ola bilar [11-12]. Qeyd edak ki, H, xottinin profili yox olan giinlordoki spektrlordo Hg,
Hel, CII, SII va digor xatlorin hamis1 miisahids olunur. Homin qeyri— adi doyiskenliklorin
periodik olub-olmamasin1 vo bu hadiso bas verorkon ulduzun parlagliginin neco doyismosini
miioyyon etmok iiglin Samaxi Astrofizika Rosodxanasinda HD225094 ulduzunun ardicil
sinxron (spektral vo fotometrik) miisahidslori davam etdirilir.
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Gly-Lys DIPEPTID MOLEKULUNUN NOZORi KONFORMASIYA
ANALIZI

A.S. Nazarli
alimnezerli@gmail.com
Qafqaz Universiteti

Nazori konformasiya analizi tisulu ilo Gly-Lys dipeptid molekulunun foza qurulusu
tadqiq olunmusdur. Hesablama naticasinda Gly-Lys dipeptidinin mahdud sayda an optimal
konformasiya vaziyyatlori askar olunmus va bu konformasiyalar: stabillosdiran quvvalorin
tabiati va enerji paylart miiayyan olunmusdur. Gly-Lys dipeptid iiciin biitiin optimal faza
quruluslarin ikitizlii firlanma bucaqlarimin giymatlori va atomlarin ii¢él¢iilii koordinatlar
alinmuisdir.

Miioyyon edilmisdir ki, yiiklii radikallar1 olan lizin amin tursusu qaligindan togkil
olunmus bozi dipeptidlor miixtolif neytrofin  reseptorlarina qarsi aqonist vo antaqonist
aktivliyine malikdirlor. Gly-Lys dipeptidi bels dipeptidlorden biridir. Bioloji testlor vasitasi ilo
gostarilmisdir ki, Gly-Lys dipeptidi miioyyon polyar miihiitlordo farmakoloji tosirloro malikdir
[1]. Bu baximdan Gly-Lys dipeptidin tosir mexanizmini Oyronilmosi moqsadi ilo onun
konformasiya imkanlarinin totqiqi elmi maraq kosb edir.

Toqdim olunan isdo Gly-Lys dipeptid molekulunun foza qurulusu nozori konformasiya
analizi tisulu ilo polyar miihit ii¢lin (dielektrik sabiti e=10) todqiq olunmusdur. Konformasiya
analizi zaman1 molekulun Van der Vaals ,elektrostatik,torsion qarsiligli tosirlorin enerji paylari
vo hidrogen rabitesi enerjisi nozors almmisdir [2]. Konformasiya masalolorin halli zamani
N.M.Qocayev vo 1.S.Maksumov torofindon tortib edilmis universal program va alqoritmdon
istifado edilmisdir[3,4].Enerjinin minimumlagmasi birinci tortib téromolora goro qradient iisulu
ilo aparilir. Ikiiizlii bucaqlarin hesablanmasi [IUPAC-IUB nomenklaturasina asason aparilmisdir
[5]. Ilkin hesablama variantlarmin segilmosindos Lys qalig {i¢iin 2 miimkiin olan asas zoncirin
konformasiya voziyyetlori B,R vo Gly iigiin iso 4 B,R,L,P formali variantlardan istifado
olunmugdur. Malumdur ki, iki qaligdan ibarat olan peptid molekulu 2 optimal foza qurulusu tipi
yarada bilor : e vo f. Gly-Lys molekulunun hesablama modeli 32 atomdan ibarotdir vo bu
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modeldo 11 firlanma bucagi nozoro alinmisdir.Dipeptidin konformasiya analizindo 72 ilkin
konformasiya variantlar tortib edilmisdir. Bu variantlarda Lys qaliqinin yan zancirlor miixtalif
oriantasiyalar1(60°,180,-60) nozora alinmigdir. Hesablama naticasindo dipeptid molekulunun
mohdud sayda optimal konformasiya vaziyyatlorinin enerji vo hondesi parametrlori miioyyan
edilmisdir. Coadval 1-do Gly-Lys dipeptidin optimal konformasiyalarini stabillosdiron geyri
valent tosirlorin  enerji paylarn (kkal/mol) gostorilmosdir. Bu codvaldon goriiniir ki, Biitiin
optimal konformasiya voziyyatlordo dispersiya enerji payilarinin paylar1 daha ohomiyyotlidir.
Cadval 2.ds is9 e va f seypino uygun olaraq on optimal konformasiyalarinin qaliglardaxili v
galiglararasi qarsiligl tosir enerjilori verrilmisdir.

Bu coadvaldon goriiniir ki,on optimal konformasiyada Gly vo Lys qaliglart arasinda
omolo golon qarsiliglt tosirin enerji payr -0.8 kkal/mol. Bu da onunla izah olunur ki, Gly
qaliqmnin yan zonciri olmadigindan, Gly va Lys qaliqlar1 arasinda effektiv qarsiliq tosir
yaranmir.

Beloalikla, Gly-Lys dipeptidinin nozari konformasiya analizi molekulun bir y1igim asagi
enerjili konformasiya voziyyetlorini askar etdi. Miioyyon edildi ki, totqiq olunmus dipeptid
molekulu konformasiya ¢evikliyine malikdir. Onun optimal konformasiya vaziyyetlorinin nisbi
enerjilori oxsardir vo 0-1 enerji intervallarina disiirlor.

Cadval 1.Gly-Lys dipeptidin optimal konformasiyalarini stabillosdiran geyri valent
tasirlorin enerji paylan (kkal/mol).

Konformasiya Forma Eqv Eq Eor

LR32222 e -5.21 6.31 0.08
LR2222 e -4.94 6.11 0.23
BR322» e -5.11 6.49 0.07
BRi22 e -5.38 6.41 0.47
RR22222 f -5.00 6.04 0.25
RR3202 f -5.00 6.23 0.09
PR32222 f -4.98 6.30 0.08
RRi22 f -5.16 6.16 0.41

Cadval 2.Qahqulararasi va qahqlardaxili qarsihqh tasir enerjilori

Konformasiya Gly Lys

RR2202 1.9 -0.7

RR3202 1.9 -0.8
Gly

LR3202 1.9 -0.8

LR22220 1.9 -0.6
Lys

LR3202 0.2

LR2202 0.1
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OCOBEHHOCTH JIEKTPUYECKO# IMTPOBOJIMMOCTH TBEPIBIX
PACTBOPOB HA OCHOBE (CulnSe;); (FeSe), x=0.03,0.05,0.1

HI.M.I'acanan, ¥.®.Camenona, A.fSl.imanoBa, P.I(.l“yceﬁﬂon1
E-mail: hasanli sh@rambler.ru
Unemumym Quzuxu HAH Azepbaiioscana
1-Tsnoocunckunl I'ocyoapcmeennwviii Ynusepcumem
1143 Baky, np.I". /[rcasuda 33. AZ-1143,Pecnybnruxa Azepbatiodxcana

Ilokazano, umo 3asucumocmv o (T) 6 obaracmu nuszkux memnepamyp(80-200)K nocum
APBINHCKOBLIL Xapakmep U onucvieaemcs 6 npubnudxcenuu Momma. Paccuumanvl 3HaueHus
NJIOMHOCMU JIOKAIU308AHHbIXCOCMOSAHULL Nf, Hepeuu axmusayuu E, Onunvl npulockos R,
PpazHocmu medcoy sHepeuamu cocmosnui AE 601usu yposus @epmu u KOHYyeHmpayuu 21yO00Kux
noeyutex N.

BBenenune

B Hacrosimee Bpemsi Hambosiee MEPCIEKTHUBHBIM IMOJYIPOBOIHUKOBEIM COCIUHEHHEM,
KOTOpPOE MOXKET MPUMEHSTHCS JIJISl COJHEUHBIX AJIEMEHTOB M KOHKYPHUPOBAaTh C KPEMHHEM U
apCeHU0M rajuiieM sBisieTcst TpoiHoe coenuunenue tuna CulnSe;[1].

Bbonbmioli matepec uccnenonareneid k CulnSe, U TBepabIM pacTBOpamM Ha €ro OCHOBE
OOyCIIOBJICH TE€M, 4YTO CJIOXHBIA DHEPreTUYECKUN CIIEKTP OJIIEKTPOHOB M aHU30TPOIUS
ONTUYECKUX CBOMCTB TMO3BOJSIOT CO3[aBaTh HAa OCHOBE XaJIbKONMHUPHUTHBIX KPHCTAJIIOB
CBETOBBIX JHOMAOB, (DOTOJETEKTOPBI, JJIEMEHTHI COJIHEYHBIX Oarapeil, KOTepeHTHbIE U
HEKOT€PEHTHBIE UICTOYHUKH MOJISIPU30BAHHOTO M3JTydeHus [2,3].

B  mpemmaraemoii  paboTe  TPENCTaBICHBI  Pe3ydbTaThl  AKCIEPUMEHTAIBHBIX
WCCJICIOBAHMI DJIEKTPOIPOBOIHOCTH TBEPABIX pacTBopoB Ha ocHOoBe (CulnSe;);x (FeSe)x
x=0.03,0.05,0.1 B HOCTOSIHHOM 3JIEKTPUYECKOM I10JIE

2. DKcnepuMeHTAJbHAS METOAMKA

Tpoitasie coequuenuss CulnSe,0bUTH CHHTE3MPOBAHBI U3 0CO0O YHCTHIX AJIEMEHTOB(
uaauii mapku MH-000, cenen OCY 17-3, menp anektponutudeckas). CuHTe3 00pasioB
IPOBOAMJIN B BEPTUKAJIBHON INeun B BakyymupoBaHHbIX (~0,1IIa ) B KkBapueBbIX ammynax
CIIEYIOLIMM 06pa3oM: TeMIlepaTypa Iedn Obla mosblieHa co ckopoctbio 80° C/aac 1o 700°C
U aMITyJIbl JepKaIMCh MPU ITOW TeMmrepaType Ha 2 yaca, 3aTeM TeMIeparypa Oblia MOBHIIIeHA
1o 1050 - 1100°C. Ilpouecc cuHTe3a npoAoKanaca 8 4. [l mpuBeIeHUs CHHTE3MPOBAHHBIX
00pa3IloB B COCTOSIHHE, MAaKCUMAIBHO OJIM3KOE K PABHOBECHOMY, UX IMOJABEPralid OTKUTY MPH
600°C B Teuenmne 500 u. DJIEKTPONPOBOHOCTh M3MEPSUIACh 30HIOBBIM KOMIIEHCAIITUOHHBIM
MerosoM. W3mepeHuss mapameTpoB  MPOBOAWIMCH  MPU NOCTOSHHOM Toke. Ilpum 3ToM
U3MepeHue MaJeHHs] HaIpsOKEHUS Ha 30HAaX MPOU3BOJIMIINCH B JIBYX HalpaBlieHUSX Toka. B
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KaueCcTBE KOMIIEHCATOpa MPUMEHSUICS MOTEHIMOMETP TMOCTOSIHHOIO  TOKa P348.
OTtHocuTenbHASI U3MEPUTENBHASI TIOIPELIHOCTH COCTOBIIsANA 2%.
3. DKcnepuMeHTAJNbHbBIE Pe3yJIbTaThl H UX 00CYKIeHUS

HccnenoBanue yaenbHOM 3JEKTPONIPOBOJHOCTH G MPOBEACHBI B UHTEPBAJIE TEMIIEPATYpP
80-300K. PesynbraThl HccienoBaHuid mnpuBefeHbl Ha puc. 1. M3 pucynka 1 BuAHO, 4YTO
TEMIEPATYPHbIE 3aBUCUMOCTH G HOCUT CIIOXKHBIM XapakTep M HMX MOXKHO pa3leiauTh Ha
3o6nactu. Ilpu sTom kak BugHO U3 puc.l. B obnactu 1(80K<T<150K) ¢ poctom TemnepaTypsl
HaOMIOZAaeTC MOHOTOHHBIA  POCT  YAETBHOW  AJEKTPONpoBOAHOCTH. B obOmactu 2
(150K<T<220K) nabaronaercs 6ojee pe3Kuil pocT yaeIbHOM IEKTPOIpOBOIHOCTH. B obmactu
3 (220K<T<300K) nabnromgaercss MOHOTOHHBIH POCT G.

TemmeparypHasi 3aBucumocts Lno=f(10°/T) (puc.l) mokassiBaeT, 4T0 B pasIndHBIX
o0JacTsx TeMnepaTyphl JeHCTBYIOT pa3IMiHble MEXaHU3MbI IIPOBOIUMOCTH.

W3 temmnepaTypHOl 3aBUCUMOCTH YIEIBHOW 3JIEKTPONPOBOAHOCTH Ln0=f(103/T) B
Pa3IUYHBIX TEMIIEPATYPHBIX 00JIacTAX ObUIM ONpeAeNieHbl BETUYUHBI YJHEPIUH akTuBauu. 13
aHaJIM3a OKCIEPUMEHTAIBHBIX pPE3YJbTAaTOB YCTAHOBJIEHO, 4YTO B 3alpelICHHON 30HE
HCCJIEIOBAaHHBIX 00pa3L0B CYIIECTBYIOT JOHOPHBIE YPOBHU C Pa3HOW BEIMYMHOW SHEPTUU
AKTHBAIIUU.

©.24
Culnse, 3mon% FeSe+97mon%CulnSe,
0.3
0,4
2 o5

-s.64

0.7

X3
Py 3 3 7o b3 3 3 1o

Ino0-lem!

.16 10mon% FeSe+90mon%CulnSe,,

SmoneSe+95mon%CulnSe,

.20

-0.2a

0,28

9,32

3 L3 L] 1o 3 b3 5 £3 7 3

Puc. 1. 3aBucumocts Lno=f(10%/T) B TBepabIX pa,CTBOan (CulnSe,);x (FeSe)x x=0.03,0.05,0.1

9,22 - 9,2 u=2v 2
u=2v 1 :
9,23

-9,24 9,3
-9,25
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Puc. 2. 3aucumocts Inl/U~(1/T)"* 8 TBepabIX pacTBopax (CulnSe,),x (FeSe)x x=0,
0,1
1-CulnSe;; 2-10m01%FeSe+90mo01%CulnSe,
AHanu3 TeMNEepaTypHbIX 3aBUCHUMOCTEH AJIEKTPUYECKONW MPOBOJUMOCTU TBEPABIX PACTBOPOB
nokasai, 4yro B oOiactu temnepatyp 80 - 200 K snexTpudeckas IpoBOJUMOCTb MO TUUHSACTCS
3akoHy 1/4 (3akony Motta) (puc 2).

Kak BHOHO M3 pPHCYHKOB OJKCIIEpUMEHTalIbHbIE TOYkM KpuBod o (T) xopomo
cpsaMIIsitoTesl B koopaumHatax Motra [4,5] (puc. 2). B sTom ciydae BwIpaxkeHUe s
IIPOBOAMMOCTH UMEET CIIEIYIOIINNA BU:

17

1

ﬂ':
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3necp T- aOcomoTHas TeMIiepaTypa, Go-Cab0 3aBHCSIIMK OT TeMIEpPaTypbl MHOXXHUTEIb
pPa3sMEpHOCTH HIIEKTPOIPOBOJHOCTH. 3aech mapamerp T ompenensercs mo ¢opmyie rae A-
Oe3pa3MepHas MOCTOsTHHAsS, UMEIoIIast 3HadeHue~16 [5].

B pamMkax paccmaTpuBaeMON MOJEIU CPeIHss JUIMHA IPbLKKAa HOCUTENEH 3apsaaa R o
JIOKaJM30BaHHBIM COCTOSIHUSIM BONM3W ypoBHS Depmu 1 3agaHHON Temmeparypbl T
HAXOJIUTCA U3 BhIpaXKeHus [ 5]

3 T, -

R=2a(2) 3)
W3 mnpuBeneHHOrO YypaBHEHHS CIEAYeT, YTO TpPU MOHIKCHWH TEeMIepaTypbl BeIHYUHA
napamerpa R yBenmuuBaercsa. [Ipu 3TOM MpoHMCXOIUT OBICTPOE OMYCTONIEHHE JOKAIbHBIX
COCTOSIHUH B 3alpelieHHOW 30HE€ W 3aMETHYI pOJb B IPOIECcCce DIEKTPOIPOBOTHOCTH
HAYMHAIOT UTPATh MEPECKO KU HOCHUTEJIECH MO OTAEIHHBIM IPUMECHBIM YPOBHSIM 0€3 aKTUBAIIUU
B 30HY IPOBOJMUMOCTH. B pe3ynbraTe pacTeT BEpOSTHOCTh NMPBDKKOB HOCUTENEH 3apsiia Ha
MPOCTPAHCTBEHHO 00JIee yAalleHHbIe, HO DHEPTeTHYECKU OoJiee OIM3KUE IICHTPHI JIOKATH3AIIH,
YTO SIBJISCTCS IPUYUHON yOBIBaHUS YHEPTUN aKTHUBAIIMU NPBDKKA. Benmunna pa3dpoca sHepruu
JIOKAJIBHBIX COCTOSTHUH B 3TOM cllydae ornpeaensieTcs GopMyoi

AE =—2— (4)

2nR® g(Eg)
IIPpY 5TOM BE€IMYMHA KOHICHTPALMU JIOBYIICK AJIA CBETOBOTOM TEMHOBOI'O PEXKHUMa NU3MEPEHUS
HaxXOJNUTCA U3 YPABHCHUSA

N; = g(Ep)AE (5)
3HayeHusl MapaMeTpoB  XapaKTEPHU3YIOIIHUX MPOLECC MPBDKKOBOTO  AJIEKTPOINEpEeHOca
IPUBEJICHBI B TAOJIHUIIE.

OO6pasibl Ty K Np,cm'3 R,mkm AE,»B N, cm™
CulnSe, 1.12%¥10° | 1.78*10" | 7.34*107 | 0.034 6.03*10"
3mon%FeSe+97mon%CulnSe, | 1.2*10° 1.83*10" | 7.63*107 | 0.031 5.27*%10"
5mon%FeSe+95mon%CulnSe, | 4.03*10° | 4.9%10" | 1.09*10° | 0.036 1.8%10"
10mon%FeSe+90mon%CulnSe; | 1.3*10° 1.91%10" | 7.34*10° | 0.030 6*10"

[Ipu poBeieHnH COOTBETCTBYIOIIMX PACUETOB IJIOTHOCTh JIOKATM30BaHHBIX cocTossHUl g(EF)
ornpenensiach 1o Gopmyne (4), a g paguyca JOKaIW3aluu ObIIO B3STO 3HaYeHHE a = 20A°.

4. 3aki04eHune

TakuM o0pa3oM, aHamU3 JaHHBIX TEMIEPATypHOU 3aBHUCHMOCTH  DIIEKTPOIPOBOJHOCTU
yKa3bIBa€T Ha BO3MOXKHOCTh peau3allid B TMOJMKPUCTAJUIMYECKUX TBEPIBIX pacTBOpax
(CulnSe,);x (FeSe)x x=0.03,0.05,0.1 mpbpbKKOBOro MeXaHU3Ma MPOBOJAMMOCTU C MEPEMEHHOU
JUIMHOM MPbIKKa I10 JIOKATM30BaHHBIM COCTOSTHUSM BOJIM3H ypoBHS DepMmu.
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