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AEROKOSMIiK USULLARIN OTRAF MUHITIN VO ZOLZOLOLORIN
OYRONILMOSINDO iSTIFADO EDIiLMOSI

Moagalada atraf miihitin va tabii falakatlorin oyranilmasinda aerokosmik tisullarin tatbiqi
haqqinda malumat verilir. Respublikamizda bu sahada faaliyyat géstoran elm va tadris miiassisalori
milli peyklor hagqinda malumat verilir. Bu sahada diinya tacriibasindan, apariis tadqiqatlarm
naticalari niimunalor géstorilir. Beynalxalq aerokosmik miisahidalor iizra programlar arasdrily, o
ctimlaodan ¢oxpeykli sistemlor asasinda tabii falakatlorin beynalxalq kosmik monitoring sistemlorinin
varadilmasi haqqinda malumat verilir va bununla bagh taklif irali siiriiliir.

Acar sozlor: aerokosmik tisullar, zalzalo, siini peyk, katastrof, fovgalada hadisalar.

Giris

Yer kiirosindo son zamanlar bas veran tobii vo texnogen folakatli hadisolor tam aydmnliqla
gostorir ki, bu hadisalorin yaranmasi vo inkisafinin prognozunu vermok problemi olduqca aktualdir.
Diinyada on tohliikoli vo ¢ox yayilan tobii folakotlordon zolzololor, sunamilor, vulkan piiskiirmolori,
torpaq siiriismolori vo subasmalaridir. Hor il katastrofik zolzololor noticosindo Yer {lizorindo 30 min
msan tolof olur. Ayri-ayr1 hallarda 6lkonin sorvatinin 40%-ni toskil edir. Bundan basqa, diinyanin hor
yerindo yuz minlorlo tohlukali sonaye vo digor obyektlor foaliyystdodir (kimya, radiasiya, yangm,
partlayis tohlikali obyektlor, hidrotexniki qurgular). Bu arazilords yiiz milyonlarla insan yasayir.

Hesablamalara goro son zamanlar hor il bitin nov texnogen vo tobii fovgelads hadisalordan
doyon ziyan bir trillion amerika dollarmdan ¢ox olur. Bu rogom onlarm omoalo golmasinin
qsamiiddatli  prognozunu tomin edo bilocok aerokosmik monitoring sisteminin yaradiimasma qoyula
bilon vosaitdon, az yiiz dofo yiiksokdir . Bu sistem vasitosi ilo texnogen va tobii fovgelads hadisalorin
Vo onlarm xoabaredicilorinin - monitoringqi  osasmda xobordar edilmasi  fovgolads hadisalorin
naticalorinin aradan qaldrlmasindan iqtisadi cahatdon daha slverislidir. Belo ki, bas tutacaq texnogen
Vo tobii hadisalor haggnda molumat onlara qabaqcadan hazirhq todbirlorini hoyata kegirmays, doyan
ziyann gabagmi almaga vo yaxud onun azaldiimasi imkanlarmi1 verir (1) (®.M.I'amxmsane. 2013 1.,
c.130-131).

Azarbaycan Respublikasinda tabii vo texnogen folakatli hadisalorin 6yranilmasi vo
todgigatrin aparilmasi. Azorbaycan Uclin daha ¢ox zolzoblor, torpaq siiriismolori, subasmalari,
quraglglar, doniz Soviyyssinin galxmasi, meso yangmlari miihiim ohomiyyat kosb edon tobii
fovgolads hadisalor sayilir. Digar torafdon, respublika orazisindo yizlorl tohliiko potensiali sonaye
Vo kond tosaorriifatt obyektlori, strateji shomiyyatli nef-gaz komorlori, nogliyyat infrastrukturu, su
ambarlar1 vo digor mihum igtisadi obyektlor yerlosir. Bunlar iso potensial texnogen folakatli
hadisalorin monbayidir.

Azorbaycan Respublikasinda tobii vo texnogen folakotli hadisslorin yroniimosi ve tadgigatin
apariimasi sahosindo AMEA (Geologiya vo Geofizika Institutu, Akademik Hoson Oliyev admna
Cografiya Institutu, Torpagsiinashq vo Aqrokimya Institutu, Radiasiya Problemlori Institutu), ali
tohsil moktoblori (Baki Dovlot Universiteti, Azorbaycan Neft Akademiyasi, Aviasiya Akademiyasi,
Azorbaycan Memarhq vo Insaat Universiteti) vo saho elmi-todqigat institutlars (Milli Aerokosmik
Agentliyi, ETSN-nin Hidrometeorologiya Institutu) faaliyyat gostorir.

Subasmalarm, torpaq siirtismolorinin, sel hadisalorinin, palgiq vulkanlarmi Oyronilmosindo
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son olli ildo respublikada boyiik tocriiba toplaniimis, 6nomli noticolor alnmisdir. Bunlarm bir gismi
aerokosmik iisullardan istifado etmoklo oldo edilmis vo bu istigametdo elmi-todgiqat islori davam
etmokdadir. Azorbaycan 2013-cii ildo geostasionar orbito 6z birinci milli rabito peykini, iki ildon
sonra iso “AzerSky” asagi orbith peykini buraxmisdr. Peyklorin idaro olunmasi “Azorkosmos” ASC
torofindon hoyata kecirilir, onlardan alnan molumatlar elmin vo igtisadiyyatm inkisafina, miidafio
masololorin halline xidmot edir.

Tadqigat obyektlori olan tobii folakatlor srasinda respublikanin alimlorinin diqget morkazindo
zolzolblorin  Gyronmasi Ustlinliik togkil edir. Alimlorimizin bu istigamotdo apardigi todqigatlar artiq
Olkomizin hiidudlarmdan konarda tanmir vo alman naticolor xarici alim vo miitoxassislor torafindon
yiiksok giymotlondirilir.

Respublikamizda otraf miihitin, tobii vo texnogen fovgolads hadisalorin = Gyronimasinda,
elmi-tadqiqat islorinin aparilmasmnda, iqtisadiyyatin vo horbi midafio masallorin hall edimasinda
aerokosmik todqgigatla bagh bir sra bdyiik tocriibo ilo yanasi, texniki imkanlarda yaranmigdir. Bu iso
aparict Olkalorin elmi morkozlori ilo tobii vo texnogen hadisalorin dyronilmosinds va monitorinqinda
birgo istirak etmok imkanlarma zomin yaradir.

Z31z313larinin prognozu haqqinda. Diinyanin elmi morkozlorinds Yer zorindo bas tuta
bilon texnogen va tobii hadisalorin uzun (bir negs il gabagcadan), orta (bir nego ay gabaqgcadan) vo
qisamiiddatli prognozlarmin (bir nega gun Vo saat) hazirlanmasi {izorinds todgigatlar aparilir. Qeyd
etmok lazmdir ki, qisamiiddotli effektiv prognozu (ginlor vo saatlar) insan vo maddi itkilorin saymi,
on az1 20% qodoar azalda bilor vo bununla miasir zamanda bu mosalo béyiik aktualliq kosb edir (2)
(Hacizado F.M., 2014.,5.43-45).

Zslzablorin prognozu oldugca mirakkab mosaladir vo indiyadok onun mikommsal metodikasi
movcud deyil. Hal-hazrda mdveud qurgu vo metodikalar zslzoloni onun bas vermasindon bir nego
saniya 0nco molumat vermoys imkan verir. Miasir seysmologiya zslzololorin vo onlarin yerlorini
gbstarmoklo etibarl prognozunu bir nega il qabagcadan vers bilir — uzun middstli prognozlar. Lakin
bu prognozlar zslzolonin daqgiq vaxtmi deys bilimir. Zalzablorin orta middostli prognoz metodlarinin
diizgiinliyli daha da asagidir. Qisamiiddatli prognoz metodlar1 indiyadok inkisaf etmomigdir. Hor (¢
név prognoz vacibdir.

Umumiyyatlo, hor bas vera bilocok tobii dagidict hadisoni gabagcadan bilmok, onun
noticasindo bas vers bilon falakoto hazir olmaq, onun qarsismi almag, naticolorini yumsaltmagq, digor
profilaktik todbirlor hoyata kecirmok va on nohayat, insanlarm hoayatm tohlikadan qorumaqg
demokdir. Bu baximdan qisamiiddatli prognozlarim olmamasi ¢oxlu sayda xosagalmoz hadisalora
gotirib ¢xarmr. Belolorindon bir negasi Italiyada 2009-cu ilds, Yaponiyada 2011-cu ildo, iranda 2012-
2013-cu illorde 2013-cl il Cilido va Meksikada bas vermis zalzalblorinin naticaloridir.

Italiyada Akvilla sohorindo 2009-cu ilin aprel aymda bas vermis zolzolo noticosindo boyiik
dagmtilar bas vermis, 287 insan zoalzolonin qurbam olmusdur, Yaponiyada Xonsii adasmmn sarq
sahilinds 11 mart 2011-ci ildo magnitudasi 9 bala barabar olan zalzalo vo onun ardinca amolo golmis
sunami  naticasinds 19 mina yaxm insan halak olmus vo itkin diismiisdiir.”Fukusima-1” Atom
stansiyast vo onun 20 kilometrlik radiuslu otrafi goriinmomis folakot zonasma ¢evrilmisdir.
Hesablamalara asason bu dohsatli gozanin naticalorinin tam aradan galdrmasma 35-40 il lazimdir.
Homin hesablamalara géra vurulan igtisadi ziyan 210 milyard amerika dollar1 civarmdadir.

Bununla yanasi, zolzololorin  prognozunun dogigliyinin - vo etibarhligmm yiiksaldilmasi
istijamotindo axtariglar, arasdrmalar vo todgigatlar dayanmadan davam etmokdodir. Potensial
seysmik monbolor strafinda anomal vaziyyatlor (bunlar zalzololorin xobaredici slamatlori kimi istirak
edir) haqqnda miifassal molumatlar toplanir, statistik molumatlar arasdirilir, yeni yanagmalar, yeni
metodlar yaradilir vo S. Prognozun dogigliyi bu aliman molumatlarm keyfiyyati vo hocmi ilo baghdir.
Bu anomaliyalarin isa, yeraltt sularm soviyyasinin doyismosindan, mixtalif qazlarm va aerozollarin
emanasiyasindan, elektromaqnit siialanmanin intensivliyindon, istilik, magnit vo gravitasiya
sahalorinin, elektromaqnit stialanmanmn intensivliyindon, digor xisusi metodlarla vo qurgularla
Olcilon  coxlu sayda parametrlordon asiligi askar edilib vo bu istiqgamotdo todgigatlar aparilir.

4-



NAXCIVAN DOVLOT UNIVERSITETI

Tobiotdo bu anomaliyalar (geoloji, geofiziki, hidroloji, meteoroloji, bioloji va s.) zalzallorin
prognozunda istifads edilmokdadir.

Prognozlarm  doqigliyinin  vo etibarhligin  yiiksaldilmasine  yOnoaldilmis  todgigatlarda,
oblxiisus magnitudast 5-don yilksok olan zalzololorin  prognozunda hadisadon 1-7 gin 6nca 6zin(
biruzo veran zalzolo olamatlorinin askar ediimosina diggat yetirilmolidir. Bu masalodo, yoni seysmik
cohatdan tohliikali orazilorin monitorinqi zamani zalzalolorin  xobaredicilorinin  geyd edilmasinds,
muasir kosmik metod va texnologiyalar miihiim rol oynayur.

Kosmik metodlarm zslzololorin prognozunda istifads edilmosi ilo dinyanm aparici 6lkalorinin
alimlori mosgul olur. Rusiyann “Roskosmos” sirkatinin - mitoxassislorinin - todgiqatlar1 diggoato
layiqdir.

Bu sirkat torafindan seysmik cohotdan tohliikali arazilorin monitoringi Uglin istifads olunan
kosmosdan onlarla parametrlorinin askar olunmasi istigamotinds todgigatlar hoyata kegirilmis, bir
srra naticolor almmuisdr. Lakin hal-hazirda bir sra texniki vo ya iqtisadi sabablordon bitliin  bu
parametrlori birgo istifado etmok olmaz. ilk novbodo, hor bir geydo alnmis parametrin praktiki
istifadoys yararh olmasi, onlarm etibarhligi, zalzoblorin Xoboredici kimi gobul olunmasi tayin
olunmahdr. Bunun {igiin genis miqyash todgiqatlar aparimaldir. Eyni zamanda tadbigq olunan
parametrlori 6lgmok Uglin xdsusi, yeni, keyfiyyatli metodlar islonilmali, XUsusi 6lgmo vasitalori
hazirlanmaldir. Bu iso 0z ndvbasinds yuksokixtisasli miitoxassislorin vo maliyya vasaitin calb
olunmasmi talob edir.

Artiq bu sirkat seysmoloji cohotdon tohliikali orazilori xarakterizo edon kosmosdan bir sra
parametrlorini geyds alan muvafig yeni metod vo texnologiyalar hazirlamisdir. Todgigatlar bu sirkoto
moxsus movcud cihazlarla (coxkanalh optik, istilik, spektrometrik, radiolokasiya, maqnit vo
gravitasiya ¢okilislori vo s.) vo muasir peyk navigasiya sisteminin vasitolori ilo aparilmisdir. Homin
vasitolorin kdmoayi ilo artiq bes tipli miixtolif muhim xobaredici hadisalori (magnitudas: 5-don ¢ox)
geyds almaq miimkiin olmusdur. Bu da seysmik cohatdan tahliikali arazilorin monitoringinin praktiki
istifadasinin  névbati morholosine ke¢moys imkan yaradir.

Sirkatin - mutoxassislori torafindon seysmik cohotdon tohliksli orazilords fiziki sahslorin
muxtalif doyisikliklorinin (variasiyalarmm) toyin edilmasi Ggiin gucli zalzololorin xoboredicisi olan
xisusi metod, mosafadon zondlama vo bdylk hocmli verilonlorin  operativ emali texnologiya lar1
islonilmisdir. Totbiq olunan yanasmanm oasas xisusiyyati — kosmik monitoring prosesindo geyds
almmis mixtolif geofiziki parametrlorin anomaliyalarmin kompleks analizidir. Homin geofiziki
parametrlorin anomaliyalar1 seysmik aktivliyi xarakterizo edir:

- mixtolif zamanlara aid olan kosmik sokillordo lineament sistemlorinin mugaisasi naticoasindo
askarlanmast;

- 2olzalo gOzlonon orazilor Uzorinds Yer ionosferasi xarakteristikalarmm doyisilmosi;

-yer sathinin vo yeriistii hava laymmn temperaturunun va spektrin infraqrmizi diapazonunda
yiksolon elektromaqnit siialanmann anomal variasiyalarmm miisahido olunmasi va S.

Bu yanasma artiq yer kiirasinin miixtolif rayonlarmda son on il arzinds glcli zalzalo tohlikasi
olan orazilorin Uzorindo monitoring zaman smaqdan kegirilmisdir. Bu amillorin  dyronilmasi vo
aparilan todgigatlar noticosindo alman ilkin timiidverici naticolor kosmosdan zslzallorin  prognozu
probleminin halli yollarmda yeni perspektivlor agr vo bu baximdan Yerin aerokosmik monitoring
sisteminin yaradilmas1 vo inkisafi__oldugca mihim bir problemin - tobii vo texnogen fovgolada
hallarm xobordar edilmasi vo prognozunu hall etmok imkanmi yaradir.

Miiasir kosmik miisahido sistemlori Yer iizorindo bdylik orazilorin, atmosferin vo kosmos
otrafinm global monitoring imkanlarmi alds edoarak , son naticads bir sira fovgalade hallarm va digor
geofiziki hadisalorin  xobaredicilorinin - qisamiiddatli askar edilmasini tomin etmok imkanlarina
malikdirlor. Eyni zamanda alman molumatlar operativ suratdo yer kirasinin istonilon nogtosine
oturule bilor (3) (®.M. I'amxu-3ane, ©.0.Muprynamiet. 2014 r.,c.17-20).

Rusiyanin Kosmik sistemlor ETi-da adigokilon problelorin holli istigamotinds  on ildon
artigdir ki, todqgigatlar aparilir, tobii vo texnogen fovgelads hallarm monitoring sistemlori iglonilmis
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Vo yaradilmisdir, mithiim naticolor aldo edilmisdir. Bu islorlo bagh miivafiq qurumlar torofindon
patent verimisdir — “Tobii Vo texnogen katastroflarm prognozu vo global geofiziki hadisalorin
monitoringinin beynolxalq aerokosmik sistemi” (MAKCM). MAKCM layihasi dofslorlo xaricdo vo
BMT institutlar1 soviyyasinds niimayis etdiriimis, diinyada boyiik maraga sabab olmugdur. BMT-nin
kosmos iizro Elmi-texniki alt komitosinin 49-cu sessiyasmnda, tam bu layiho io bagh is¢i sonad
paylanmisdir.

Bu sahods Rusiya alimlori ionosferin bir swa xarakteristikalamin yer tokinin tektonik
vaziyystindon asilhgini askarlamiglar. Yerin Avropa masafodon zondlama sisteminin peyklorindan
alman molumatlar1 osasmda vo Conubi Kaliforniya Vahid Qlobal mosafodon pozisiyalagsma
sisteminin  sobabokasindon (SCIGN) alman malumatlar ssasinda yer tokinin qrilmalarmin fizikasmin
Oyroniimasinds, qmrilmalar sisteminin horokatlorinin todgiginds mihim ugurlar sldo edilmisdir.

Son zamanlar ¢oxpeykli sistemlor asasinda tobii folakstlorin beynslxalq kosmik monitoring
sistemlorinin  yaradimasma boyiikk diqget verilmokdadir. Belo layiholor ABS, Avropa, Asiyada
miixtolif islonilmo morhoalolorindadir:

-“Yerin miisahido sisteminin Qlobal sistemi (GEOSS)”;

-“Otraf miihit vo tohliikosizlik mosalolori iizra global monitoring sistemi (GMES)”’;

-“Katastroflarm vo tobii folakotlorin xobardarliq sistemi Sentinel Asia”;

-“Kosmos va iri katastroflar” Beynolxalq Xartiya”;

- “Tobii folakotlorin Beynolxalq monitoring sistemi (DMC)”.

Layihalorin aragdirmasi gostormisdir ki, bunlarm osas faaliyystindo  tobii falakatlorin vo
texnogen katastroflarm noticolorinin  aradan qaldirilmast  mosaklorinin - hallinoe  prognoz
masalolorindon daha ¢ox yer ayrilr.

Tobii folakatlorin vo texnogen katastroflarm o climlodan, zalzololorin qisamiiddstli prognozu
moasalolorinin holl edilmasi t¢un Yerin litosferinin, atmosferinin  vo ionosferinin  parametrlorinin
doyismo dinamikas1 haqqmda xiisusi operativ global molumatlarm almmasi, bu molumatlarm xiisusi
emah vo gorar gobul edici mivafiq nozarst vo idaroetmo organlarma o6tiiriilmosi vacibdir. Bunlari
tomin etmok Ucgln orbital kosmik sistem muvafig yiksok keyfiyyatli cihaz vo qurgularla tochiz
olunmah, aero- Vo yeriistii miisahido va 0Olgo sistemlori mutomadi olaraq sinxron surotdo foaliyyot
gbstarmolidir. Eyni zamanda butin bu molumatlarm almma prosesini miisayiot edon, onlarm emalini
aparan effektiv yertstii infrastruktur yaradimalidir. Bu baximdan yuxarida gostorilon sistemlorin
he¢ biri butdvliikdo homin taloblori 6daya bilmir.

DMC tobii folakotlorin Beynolxalq monitoring sistemi molumatlart yalniz  goriinon
diapazonda aldigndan, tobii folakatlorin vo texnogen katastroflarm prognozu mosalasinin hall etmir.

GEOSS Yerin miisahido sisteminin Qlobal sistemi ¢argivasinda tobii falakatlorin vo texnogen
katastroflarm prognozu ti¢iin istifado edilon xiisusi kosmik aparatlar bu sistemo miihiim doracodo
xidmot edo bilor. Lakin, hal-hazirda bu sistemin 6ziine moxsus orbital vasitolorinin  kosmosa
buraxiimast nozordo tutulmur. Eyni zamanda GEOSS sistemi ¢or¢ivosindo hazirda yaradilan yeriistii
infrastruktur tobii falakatlorin vo texnogen katastroflarm prognoz sistemi {igiin fayda ilo istifado oluna
bilor.

GEOSS Yerin miisahido sisteminin Qlobal sistemi, Katastroflarm vo tobii folakotlorin
xobardarhq sistemi Sentinel Asia vo “Kosmos vo iri katastroflar” Beynolxalq Xartiya” layihosi
istifado edilon cihazlarm mohtudiyyotindon holl etdiyi masalolorin torkibine zslzololo xoboredicilorin
kompleks sokildo toyin olunmasi mosolosini daxil etmomiglor.

Aparilan aragdirmalar gostorir ki, tobii folakatlorin vo texnogen katastroflarm prognozu tigiin
global hadisolorin Beynolxalq aerokosmik monitoring sisteminin (MAKCM) yaradilmasi miihiim vo
aktual mosolodir. Bu problem iso, giiclii raket-kosmik  texnikaya, aviasiyaya vo miiasir
texnologiyalar potensialma  malik olan Olkolorin  imkanlarmm vo foaliyyotinin  birlogdirilmosi
sayasinds holl etmok miimkiin olacaqdir.

MAKCM-n yaradilmasmm osas mogsadi aerokosmik potensialn, monitorinqin gabaqcil
texnologiyalarm vo emal iisullarm tobii folakotlorin vo texnogen katastroflarm global operativ vo
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qisa- miiddotli prognozunun tomin olunmasidr.

MAKCM-n toyinati — yer sothinin, atmosferin vo yeratrafi fozanmn qlobal aerokosmik
monitoringi, miisahido molumatlarmin operativ surotdo va real vaxt migyasinda tobii folakotlorin vo
texnogen katastroflarm xobordar edilmosi mogsadi ilo bohran voziyyotlordo yeristli gobuledici vo
idaraedici mantogalora otiirtilmasidir. Bundan slava, bu sistem miioyyan obyektlorin yerlogmosinin
yiiksok doqigliklo koordmnatlarmi toyin edocak, bir sira igtisadi ohomiyyot dastyan masalolorin hallinog
komoklik gostoracokdir.

Orbital qruplasmaya daxil olan peyklori geostasionar Vo ginas-sinxron orbitlords
yerlosdirilmosi nozoards tutulur. MAKCM-n mogsadlorini tomin etmok ti¢iin onun torkibine kosmik,
hava vo yeriistii seqmentlor daxil olmahdwr. ©Osason, qisamiiddoth xoboredici amillorin
askarlanmasma istigamotlonmis birgo kosmik vo aviasiya monitorinqin foaliyyoti noticodo
z3lzololorin prognozunun etibarhlhigini va zoruri effektivliyini tomin eds bilor.

Natica va taklif. Belo miirokkob toskilati-texniki global shatoli sistemin yaradiimasi diinya
Olkalorinin, o ctimlodon MDB 6lkalorinin movcud va prognoz liglin yaradilacaq monitoring Vvasitalorinin
imkanlarmdan kompleks istifadasini nazards tutur. Bu sistemin miislliflorinin fikrinco, MAKCM-1n
torkibino Rusiya Federasiyasi, ABS, Kanada, bir sra Avropa olkolori, Yaponiya, Cin, Hindistan,
Avstraliya, bir sra Afrika 6lkolori, Conubi vo Morkozi Amerika 6lkolori daxil edilo bilor.

Azorbaycan Respublikasi kosmik 0Olkoys ¢evrilmosi (iki geostasionar rabito vo bir asagi
orbith peyklori foaliyyotdodir) vo cografi mévqgeyinin olverish olmasi, yuxarida gostorildiyi kimi,
soziigedon sahodo elmi, texniki vo kadr potensialnin moévcudlugu, eloco do “Tobii vo texnogen
katastroflarm prognozu vo qlobal geofiziki hadisolorin monitorinqinin  beynolxalq aerokosmik
sistemi’ndo bir swra iqtisadi vo siyasi sortlorin 6donilmosi ugur vo boyilkk somors ilo istirak etmok
imkanlar1 yaradacaqdr.
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ABSTRACT
Fuad Hajizade
Fuad Aliyev
APPLICATION OF AEROCOSMIC METHODS IN STUDYING THE ENVIRONMENT
AND EARTHQUAKES

The article provides information on the application of aerospace methods in the study of the
environment and natural disasters. Information is provided on scientific and educational institutions
and national satellites operating in this field in our country. Examples from world experience in this
field, the results of research are shown. Programs on international aerospace observations are being
studied, including information on the establishment of international space monitoring systems for
natural disasters based on multi-satellite systems, and a proposal is being made in this regard.

Key words: aerospace methods, earthquake, satellite, catastrophe, emergency situations.

PE3IOME
®yan INagkusage
dyan Anues
INPUMEHEHHUE ADPOKOCMHUYECKUX METO/10B JUISI U3YUEHUSA
OKPY KAIOII EN CPEJbI U BEMJIETPSICEHU I

B crartbe mpeacrtaBieHa wHGOpMAIWA O TNPHUMEHEHHH a’pPOKOCMHUYECKUX METONOB IpHU
BYYEHHH OKpYXKarollleil cpelibl M CTUXMHHBIX OenctBuil. IlpegocTaBnsercs uapopMalms O HAy4IHBIX
1 00pa30oBaTebHbIX YUYPEXKIEHUAX W HALMOHAJBHBIX CIYTHUKaX, paboTaronmx B 3TOH 00nacTu B
Hameld ctpade. [lpuBeneHpl TpEMEphl W3 MHPOBOTO ONBITA B 3TOM 00JACTH, pPE3yIbTaThI
uccrneoBanuil.  M3y4yaroTcs mporpaMMbl  MEXIYHAPOIHBIX  a’POKOCMHYECKHUX HAOJIOJEHUH,
BKJIIOYas MHPOPMAIMIO O CO3JaHHMM MEXKAYHAPOIHBIX CHCTEM KOCMHUYECKOrO MOHUTOPHHTA
CTUXUMHBIX O€JCTBUI HAa OCHOBE MHOTOCITyTHHKOBBIX CHCTEM, U B 3TOM OTHOIICHHH BHOCHTCS
TIpe IJIOXKEHHE .

Knrwouegwvie cnoga: aspoxocmuueckue memoosl, semiempscenue, CRymHUK, kamacmpoaga,
Ype3evluatiHble CUmyayuu.



NAXCIVAN DOVLOT UNIVERSITETI

XANOLI HOSONOV
xanelil950@ mail.ru
GUNAY XOLILZADO
Naxg¢ivan Déviat Universiteti

DASIYICI RAKETLORIN HOROKOTI

Maqala dasiyici raketlorin harakatinin spesifik xtisusiyyatlarinin tahlili ilo baslayir. Bels Ki,
awoala, onlar Yerin caziba sahasinda olurlar, lakin trayektoriyalarmin bir hissasi atmosferda, hatta
atmosferdan kanarda (boslugda) oldugundan, onlara iraliloma harakatini veran sabab farglonir.
Tkinci bir tarafdan dasiyici raket start gotiirondan qisa bir miiddat sonra boyik siirat alda etdiyindan,
atmosferin qalin qatlarmda havanmn giiclii miigavimati ilo rastlasdigindan, onda kaskin qizma
yaranwr. Homg¢inin kosmosa aparilan mixtalif canlilar, insan va daqiq aparatlar agirlagmaya (2lava
yuklanmaya) moruz galr.

Moaqalanin birinci yarisi garsiya ¢ixan bu manealarin hall edilmasina hasr edilib. Daha sonra
raket yanacagi haqqinda molumat vo reaktiv harakatin fiziki izaht verilib. Ardi ilo raket
muharriklarinin noviariva is prinsiplori gostorilib.

Dinamikadaki dayisan kitlali cismin harakat tanliyi — Mesers tanliyinin dasiyict raketa totiqi
fizikiolaraqasaslandwrilib. Belo ki, raketstartgotiranda o saquliistigamatda yuxar, soplodan boyiik
tazyiqlo ¢ixan gaz isa asagi yonalir. Umumi hava qgaz axinin nisbi siirati zamana gora dayisir. Lakin
baxilan isda onu sabit gabul etmaok o diferensial tanlik inteqrallanib.

Alinmig diferensial tonlik hall edilarak raketin stiratinin onun kitlasindan asililig: tapilmigdr.
Raketin soplosundan ¢ixan qaz axmumn siiratina asasan yanacaq sarfi cadval saklinda verilmisdir.

Isda maraq doguran naticalor alinmigdir:

1.Daswyici raketda futlyar hissanin hava ilo stirtinmada gizmanin azalmasinin yollari,

2.Raketin haraokatiiiciin yanacaq ehtiyatinin va Sarfinin hesablanmast.

Acar sozlar: raket, kosmos, yanacaq, gaz axint, reaktiv harakat, dayisan kitlo.

Dasiyict raketlorin vozifasi Yerin suni peyki, planetlorarasi avtomatik stansiyam vo digar
kosmik aparatlar1 onlar1 noviindan, icra edocoyi islordon asii olmayaraq orbito ¢ixarmaqdir. Yoni
geyd edilon sistemlori Yerin cazibo sahosindon ya gisman, ya da tamamilo ¢ixarmaqdr.

Dastyic1 raketlor Gglin do dinamikanin ganunlari 6donilir. Onlarm harakati Yerin sothindon
konarda — atmosferds oldugundan bir gadar forglidir. Mosalon, insan yer (izorinds ayagr ilo Yers,
avtomobil tokorlori ilo asfalta, elektrovoz relslora, gomi parlori ilo suya, ugan toyyars ganadlart ilo
havaya tokan vermoklo horokoat edir. Burada Nyutonun t¢incl ganunu 6zini biruzo verir: Tasir oks
tosira barabar olur.

Moalumdur ki, raketlorin trayektoriyasmin boyuk bir hissasi havasiz miihitdo (boslugda) olur.
Onda sual olunur: Dinamikanm bu qanunu neca isloyir? Suali cavblandirmagdan avval raketin xarici
gorlinligiinii yada salaq. Raket sivri bashqh silindirik formam xatrladir. Trayektoriyanm birinci
hissasindo (yerdon start gotirondon sonra) atmosferin six qati tropesfera vo stratosferani yarib
ke¢mosindo havanin miigavimatini Ve strtiinmasini minimuma endirmok tig¢iin. ©goar ganadl dastyict
raketdon sohbot gedirso, onun ganadlarmmn konstruksiyasi toyyaroninkindon forglidir. Qanadlar
silindirik govdoyo paralel olarag elo qurasdirilir ki, raketin xarici sathinin sahosi az olsun. Yoni hava
ilo tomas1 boyiik olmasm.

Raketin yanacaq doldurulmus hissasindo kamerada yanacaq yanarkon ondan ayrilan qazlar
kameranm har torafins tozyiq gostorir. Yan divarlara diison tozyiq quvvalori bir-birini garsiligli olaraq
kompensasiya edir, saquli istigamotdo tasir edan quvva isa oks istigamoatlo dof edilmir. Clnki raketin
asag1 hissasi (soplosu) aciq, ham do dar oldugundan siiratlo konara atilan gaz onu iraliys dogru italoyir
(xarici muhitlo hec bir alago olmadan).

Qeyd edok ki, raket qurgusundan basqa, hansi cismo =~ 8km/san siirati verilss, o havamn
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mugavimatini qurib siini peyka ¢evrilo bilmir. Masalon, toyyars na godar glcli miharrike malik olsa
bels, Yer sothindon 50 kilometrdon artiq hiindiirlilys galxa bilmaz. Yaxud artilleriya topu lilosindan
atlan mormi kosmosa galxa bilmoyoacok. Cinki Ufligi vo ya yer sothi ilo bucag omolo gotiron
istigamoatdo atimis mormi atmosferin qaln gatlarmda giicli stirtiinmo qvvasine moruz galaraq 6z
stiratini az bir zamanda itirocokdir. ©gar mormiys ucus miiddotindo mutomadi olaraq quvve impulsu
vera bilsak, o siini peyka cevrilo bilor. Bu iso mimkin deyildir.

Yeganos yol dastyict raketdir. Ciinki raketlor hom atmosferds, ham do ondan konarda ixtiyari
anda istiqgamatini vo slratini doyismok imkanma malikdirlor. Digor torofdon raketlor atimis
mormidan forgli olaraq, 6z siratlorini todricon artrirlar. Bu iso kosmosa kosmik aparat vasitasi ilo
galxan insani, miixtolif canlilar1 vo hotta belo, doqiq aparatlar agirlasma (slavs ylikloma) tosirindan
xilas edir. Yaxud todricon agrlagsmaya vadar edir. Digor torofdon raket harokat tocilini buraxilan
andan baslayaraq todricon artrdigmdan yer atmosferinin galn gatlarmda ona tasir edon surtlinmo
quvvasinin tosirini azaldr. Basqa sozlo desak, strtinmoa quvvasini dof etmok (clin slavs yanacaq sarf
etmok lazim golmir, hatta belo, raketin futulyar hissasi kifayat godor qizanadok, artiq o atmosferin
galn gatlarm tork edir.

Raketo suni peyki dairovi, yaxud elliptik orbito ¢ixarmaq tgiin istonilon surati vermok
mumkindir. Homginin o, 6zU do stni peyk kimi Yer otrafindaki orbitdo qgala bilir. Bir dofolik dastyici
raketlorda bu nazors alnmur.

Raket muhorriklori kimyavi reaksiya naticosindo alman mohlulun yanmasi naticasinds hasil
olan gaz1 6ziindon konara atmagla oks tasir yaradan prinsip asasmda isloyir.

Yanacagmn noviindon asili olaraq, miiharriklor iki qurupa boliiniir: a) baritla isloyan, b) maye
yanacagla isloyon. Baritla isloyon mihoarriklordon raket texnikasmndan istifadonin ilk illorinds istifado
edilib. Onlarda partlayslar vo yangmlar tez-tez oldugundan istismardan tez ¢ixarid. Indi maye
yanacaql miihorriklordon istifado edilir.

Dasiyict raketin horokot tonliyi dinamikadaki doyison kitloli cismin tonliyi kimidir. Raketin
horokat muddstinds yanacagn yanmasmndan alnan gazlarm xarico ¢ixmasi naticasinds onun kitlosi
azalr.

Horokot tonliyini fiziki muhakimalor osasmda ¢ixaraq. Raket soplodan konara atdigi qaza
boylk qivvs verir. Atilan qaz da 6z ndvbasinds oks istigamotds Nyutonun 3-cli ganununda raketo
tosir edorok ona tocil verir. Xarici quvvalor yoxdursa, raketo atilan gazla birlikdo qapahl sistem kimi
baxmag olar. Bu sistemin impulsu zamana goro doyismir. Raketin horokati nozoriyyasi homin fakta
osaslanrr. Raketo xarici quvvalorin  tasirini nazoro alaraq mosaloni  Umumilosdirmok  daha
magsadouygundur. Xarici qiivvalor, yerin agrhq qlivvesi, Glnagin vo planetlorin gravitasiya
quvvalori, homginin havanin miiqavimot qivvasi do ola bilor.

Tutaq ki, zamanmn ixtiyari t aninda raketin kiitlosi m(t), surati v(t) -dir. Bu an onun harakot
migdar1 mv” olar. dt middotdon sonra raketin kiitlosi va sirati dm vo dv godor artacaq (dm monfidir,
yoni azalacaq). Indi onun horokot miqdar1 (m + dm)( ¥ + dv) olacag. Daha dogigi buna dt
middatinds yaranan gazm horokot miqdaqri dmgg, .Vgq, —m da olavo etmoliyik. Dinamikanin
mMashur teoremina gors sistemin horokat migdarmm doyismasi quvva impulsuna borabar oldugundan

(m+ dm) (7 +dP) +dmgg, vge-m¥ =Fdt

Burada F-rakets tosir edon bitiin xarici quvvalarin handasi comidir. Bu ifadodo métorizoni agsag, dt,
dm vo dv —nm sifira yaxinlasmasmi nozors alsaq, (bizi limit hah maraglandirdigindan).
dm+ dmgq,= 0, dm .dv = 0 nozoros alsaq,
Mds = ¥,;dm +Fdt
alariq. Burada U= Vgq,- ¥ —qaz axmmm raketo nisboton sirotidir. Ona qaz srnagmmn siiroti do
deyirlor. Hor torafi dt —ys bolsok
md_: = Unis, C;Ltn +F 1)

almar. Bu tonlik onu ilk dofs alan rus mexanikinin adma Meserski tonliyi adlanir. Formasma goro
Nyutonun ikinci ganununa oxsayir. Forq odur ki, Messerski tonliyindo kitlo sabit galmir, maddanin
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. . N .. . . ) .. ; L d
itmo sababindon zamana goro doyisir. Sag terofde xarici quvvalorin ovezloyicisine edilon vm-s_d—T

reaktiv qivve adlanir. Messerski tonliyino doyison kitloli cismin harokat tonliyi do deyilir.

Messerski tonliyini xarici quvvalor tosir etmoyan (17‘:0) raketin horakotino totbiq edok. Bu
halda (1) tonliyi
Iﬂdﬁ:ﬁnw..dnl
soklino diisiir. Tutaq ki, raketin harokati dlzxatlidir vo qaz swrnagmm harokatinin oksina yonalib.
Ucgusun istigamoti misbot gobul edilibso v,,; vektorun proeksiyasi monfi olacag. Ona goro do tonlik
skalyar sokildo

- dm
dv = ~Unis—
kimi olur.
Qaz srrnagmm  siirati ¥,,;¢ ugus miiddoti doyiso bilor. Onun sabit galdigi hal sads vo miihiim

olan haldrr. Bu zaman sonuncu ifadadan
— - am -
U = -Vpis. f? = Vnis. Inm+C
almr. Inteqrallanma sabiti C- nin giymoti baslangic sortlordon tapir. Tutaq ki, zamanmn
baslangicmda raketin siirati sifir, kiitlosi my —dir. Onda C= v,,;5.In m, vo noticodo
vV = VUps. In %

v

mo

Vo ya — = e'nis. )
Bu tanlik geyri-relyativistik Siolovski tQIllly1 adlanr. Relyativistik hal ti¢iin (v < ¢) —da bu tanlik
vardrr. Siolovski tonliyi raketo milayyan v sirati vermok (iclin yanacaq ehtiyatimi hesablamaga imkan

Verir.
Asagidaki codvalds (2) dusturuna asasan raketin baslangic kiitlosi 1y —m onun son kiitlosi m-
2 nisbatinin ”/vm.sl-in muxtalif giymatlorinds giymatlori verilmisdir.

v/vnis. mo/m
1 [ —2=el=272
2 |r=e?=739
3 | 2=e?=201
4 | r=e*=b4p
5 | 2=e%=148
6 % = ¢%=403
7 |2 =e7=1100
8 | =2 =e8=2980
9 | —=e%=8100
10 = 10=22000
11 = ¢11=59900
12 | =2 = e11=163000

Tutaq ki, rakets birinci kosmik sirati, yani onun Yer otrafinda dairavi orbit izro harokat strati
vermok lazimdir. Bu siirat togribon v ~8 km/san —dir. Raketdon ¢ixan qaz srnagmnmn  siirati U,,;5=1
km/san oldugda cadvaldon gorinir ki, mg/m= 2980 Belo oIduqda prakt|k| olarag raketin bitin

kitlosini yanacaq toskil etmoalidir. Dogrudan da, — =2980 =

mo— mq B 1—%;
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Vo ya 2980 (1- = ) =1

mo

2980% =2979 ;  mq~ my

0
Vnis. =2 km/san oldugda yeno doa codvoaldan gorinir ki, mg/m =54,6 , v,,;s =4 km/san- do mq/m =7,39
Vo S.

Belliklo, raketin nisbi faydali kiitlosi gaz swrnagmm siirotinin artmasi ilo Slrotlo artir.
Raketdon ¢ixan gazlar miimkiin qador yuksok temperatura v kicik molyar kitloys malik olmahdrlar.
Gunki, vy;s ~+/T/u —dir.

Mouasir raketlords v,;s=4 km/san olur. (2) Siolkovski disturunu elliptik orbitlordo hoarakat
edon raketlords (bunlar Aya va planetlors uganlardir v > 11,2 km/san), parabolik orbitdo harokat edon
raketlora (bunlar Giinas sistemini tork edib ulduzlara gedonlordir v >16, 7 km/san) do totbiq etmok
olar.

Noticalor. 1.Dasiyic1 raketi futluyar hissasin hava ilo surtinmods koskin qizmasmi azaltmagm yolu
gostorilib. 2.Raketin horokatini davam etdirmoesi iiciin yanacaq ehtiyatmn hesablamasi qaydasi
almmisdir. 3.Raketin soplosundan ¢ixan gqaz axmmin siiratine asason yanacaq sarfi cadval soklinds
verilmisdir.

ODOBIYYAT

1. D.CuByxun. OOmmii kypc ¢pmuku ToM. Mexannka M. Hayka, 1984, 520 c.
2. R.O.Hiiseynov. Astronomiya Baki: Maarif, 1997, 467 s.
3. M.M.laraeB. ActpoHomusi Mocksa [Ipocsemenue, 1983, 377 c.

SUMMARY
Hanali Hasanov
Gunay Khalilzade
MOVEMENT OF CARRIER ROCKETS

The paper begins with an analysis of the specific features of the movement of launch vehicles.
So, at first, they are in the gravitational field of the Earth. Since part of their trajectories passes in the
atmosphere or even outside the atmosphere (in emptiness), the reason for their moving is different.
On the other hand, shortly after launch, the launch vehicle picks up high speed and encounters strong
air resistance in the dense layers of the atmosphere, which causes it to overheat. Also, various living
beings, people, and high-precision devices transported into space are subject to overloads.

The first half of the paper is devoted to overcoming these obstacles. It provides information
about the propellant and a physical explanation for the movement of the jet. The types of rocket
engines and operating principles are also considered.

The equation of motion of a body of variable mass in dynamics, ie. the application of the
Meshchersky equation to a launch vehicle, is physically substantiated.

Thus, when launched, the rocket goes up vertically, and the gas exiting the nozzle under high
pressure goes down. Typically, the relative velocity of the gas flow varies over time. However, in this
work, the differential equation is integrated, taking it as a constant.

The resulting differential equation is solved, and the dependence of the rocket speed on its mass is
found. The fuel consumption is given in the table form, based on the gas flow rate from the rocket
nozzle.

In this work, we obtained interesting results.

1. Methods for reducing the heating of a part of the rocket body during friction against air.
2. Calculation of reserves and fuel consumption for the movement of a rocket.
Key words: rocket, space, fuel, gas flow, jet engine, variable mass.
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PE3IOME
Xanaysm I'acanoB
IN'onaii Xanuasane
NBUKEHUE PAKET-HOCHUTEJIEN

CraThsi HAYMHAETCS C aHAIM3a CICIM(PUUIECKUX OCOOCHHOCTEH JBIDKEHHS PaKeT-HOCHUTENCH.
Tak, cHagyana OHM HAXOMATCS B TPABUTALMOHHOM TIOJi€ 3€MJIM, HO MOCKOIBKY YacTh TPAaCKTOPUHU
MPOXOJIMT B aTMOC(epe WM Jaxe 3a rnpejaesiaMu aTMochepsl (B IyCTOTE), IPUYUHA, 0 KOTOPOH OHU
IBWKYTCSI, pyrasi. C Ipyroi CTOPOHBI, BCKOpE TIOCIIE 3aIlyCKa paKeTa-HOCUTE b HAaOUpaeT OOJbIIyIO
CKOPOCTh W BCTpEYaeT CWIHHOE COMNPOTHBIICHWE BO3JyXa B IUIOTHBIX CJIOSX aTMOC(Epbl, YTO
BBI3BIBACT €€ MeperpeB. Taxke neperpy3kaM IOJABEPKEHbI PA3JIMYHbIE >KHMBBIE CYILECTBA, JIOAU U
BBICOKOTOYHBIE YCTPOWUCTBA, MIEPEHOCHMBIE B KOCMOC.

[lepBasi moNOBMHA CTAaThHU TOCBSIICHA TPEOMOJICHMIO ATHX MPEIBITCTBUNA. 3aTeM JaeTcs
uHpOpMaIMsl O PaKEeTHOM TOIUIMBE M PMBHUECKOE OOBSICHEHHE JBWKCHHS PEaKTHBHOM CTpPyH. Takxe
TMOKa3aHbl THIBI PAKETHBIX JBUrATEJICH U MPUHIMIIBI PAOOTHI.

YpaBHEHHE JBIKCHHS Tejla TIEPEeMEHHON MACChI B IMHAMUKE — MPUMCHCHHE YpaBHCHUS MeIepcKkoro
K PaKeTE-HOCHUTEII0 — (PU3MIECKH 00OCHOBAHO.

Takum 00pa3om, mpu 3alycKe pakeTa WIeT BBEPX B BEPTUKAIHHOM HATIPABICHWM, a Ta3,
BBIXOJSIIMA W3 COIUIA TOJ] BBICOKMM JaBJieHHeM, WieT BHM3. OOBIYHO OTHOCHTENBHAsT CKOPOCTh
ra30BOro MOTOKa MEHSIETCs co BpeMeHeM. O1Hako B JaHHOW paboTe nuddepeHmaisHoe ypaBHEHUE
UHTETPHUPYETCSI, TIPHHAMAS €€ 3a TIOCTOSHHYIO.

[TonmyuenHoe nuddepeHaibHOe YpaBHCHHE pEIICHO W HaiicHa 3aBUCUMOCTH CKOPOCTH
paKeThl OT ee Macchl. Pacxon TorwmBa npuBeieH B BHUIE TaOJMIBI, UCXOIS W3 CKOPOCTH TMOTOKA rasa
U3 COIUIA PaKeTHI.

B pabore noimy4deHpl HHTEpPEeCHBIC Pe3y/IbTaThI.

1. CriocoObl yMEHBITICHHST HATPEBA YaCTH KOPITyCa PaKETHI-HOCHUTEIS TIPH TPSHAU O BO3IYX.

2. Pacuer 3amacoB u pacxojia TOIUIMBA ISl JIBIDKCHUS PAKETHI.

Knroueewle cnosa: paxema, xocmoc, moniugo, 2a308wuitl NOMOK, PeaKxmusHblil 08ucamery,
nepemenHas maccd.
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ASTEROID-KOMET TOHLUKOSIi PROBLEM

Son onilliklardaki elmi arasdirmalarin naticalari gostarir ki, nisbatan boyik tobii obyektlorin
Yerlo togqusma ehtimali basariyyati tohdid edan obyektiv bir realligdir va bazi hallarda onun galocok
movcudlugunun perspektivlorini siibha altina alir. Bu ciir tobii obyektlor Glnag sisteminin kicik
cisimlori - asteroidlor va kometlor, habelo onlarin tahlikali masafalords Yera yaxinlasan oldugca
boyiik parcalandwr. Yer ti¢iin potensial tahlika yaradan bu tobii obyektlora tohliikali goy cisimlori
deyilir. Kicik cisimlarin Yerla togqusmasi yerli, regional va qlobal xarakterli falakatlara sabab ola
bilar. Olglilari bir nega yiiz metra gadar cisimlar yerli falakatlora, bir nega yiiz metr olanlar regional
falakatlora va taxminan bir kilometr va ya daha ¢ox olanlar isa global falakatlora sobab olar.

Acar sozlar: asteroid, komet, zarba kraterlori, gravitasiya qosqusu.

Giris

Glnos sistemini toskil edon soma cisimlorinin  bir-biri ilo garsiigli tosirds olmasi Giinos
sisteminin movcudlugunu sartlondiron amillordon biridir. Qarsiligh tasirin osasinda biitiin Kainatda,
0 cimlodan Glnas sistemindo do qravitasiya vo ya cazibs tasiri durur. Qravitasiya tosiri bozon soma
cisimlorinin adi toqgqusmasma sabob olur. Giinos sistemi togokkiil tapmaga bagladigi andan bu giina
godor belo togqusmalar davam etmokdodir. Glinas sisteminin hom togokkiil tapmasinda vo sonraki
tokamilindo bu prosesin halledici rolu olmusdur..

Yer kirasinin Ginos sisteminin kigik cisimlori ilo togqusmalari homiso olmusdur vo bu gin
do davam etmokdadir. Yerkb toqqusan cisimlorin 0Olcllori bir nego mikrometrdon baslamis yiizlorlo
kilometr ola bilor. Basqa sozlo desak, bu cisimlor toz donaciyindon tutmus asteroidlora godor genis
bir ohatoys malikdir lor.

Yer kirasinin Olgulori bir ne¢o metri agsmayan kigik cisimlorlo togqusmasi meteor hadisasi
kimi miisahido olunur. Daha iri obyektlor iso Yerin sothino diisorok meteoritlora c¢evrilirlor. “Soma
dasr’ adlandirilan meteroitlor lap godim zamanlardan insanlara molum idi. Ancaq digor tobiot
hadisolori kimi “soma daslarmmn” mahiyyati Vo monsoyi haqqnda insanlara ¢ox az sey molum idi.
XIX osrin ikinci yarismdan baslayaraq Yerlo togqusan kigik cisimlorin  tobioti yavas-yavas
aydnlagsmaga basladi. Moalum oldu ki, bu cisimlor asteroid vo komet monsali olmagla ya gox kicik
asteroidlordir ya da pargalanmis komet niivasinin golpsloridir.

Problemin astronomik va fiziki aspektlari

XX osrin ikinci yarsmdan baslayaraq Yerin siini peyklorinin vo planetlorarasi kosmik
aparatlarm vasitosi ilo yerotrafi fozanin Syranilmasi va Yer sathinin kosmosdan todgigi naticasinda
Yer kurasinin digor sama cisimlori ilo togqusmasmin bir ¢ox gozlonilmoz aspektlori ortaliga ¢ixdi.
Malum oldu ki, orbiti Yer orbiti ilo kosison va ya yaxmlasan kifayst godor asteroid vardr. Yerin siini
peyklorindon alman goriintiilor Yer sathindo zorbs xarakterli vo diametri kilometrlorlo 6lgtilon ¢oxlu
sayda krater adlandirilan guxurlarm oldugunu gostordi. Duzdir, kosmik monsali belo kraterlorin
bozilori goxdan malum olsa da, onlarm monsayi barads biliklor ¢ox sathi va realhigdan uzaq idi. Bu
iki faktn ortaya ¢ixmasi ilo Yer kiirasinds biosferanin neca bOyuk bir tohliko garsismda oldugu
askara ¢ixdt: moalum oldu ki, diametri bir ne¢s kilometr olan asteroidin Yerlo toqqusmasi canh alomin
tamamilo mohv olmasma sabab ola bilor vo orbiti Yerin orbitino yaxm olan vo nohang planetlorin
tosirine moruz galan ixtiyari asteroid vo ya komet Yer kiirasi ii¢iin potensial toqqusma tohlikasi
monbayidir. Bundan sonra hom yeristu vasitolorlo, hom do kosmik aparatlarm komokliyi ilo bu
obyektlorin hartorafli tadgiginin  vo monitoringinin hayata kegirilmasi baslandi. XX asrin axirlarmdan
etibaron “Asteroid-komet tohlikosi” problemi daha da aktuallasdi. Buna soboab o idi ki, mioyyan
sortlor daxilinds texnoloji vasitolorlo miimkiin togqusmanmn qarsismi almaq vo ya togqusmanin
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naticalorinin minimuma endirmak imkam aldo edilmisdir.

Todqigatlar gostoriri ki, Yer kirasinin bir planet kimi formalagdigi dovrdan indiya godor iri
Vo ¢ox iri (diametri 1 km-don boyik) soma cisimlori ilo ¢oxlu sayda toqqusmalar bas vermisdir. Belo
toqqusmalar vaxti kiillii miqdarda enerji ayrilir vo noticods planetin sarthinds diametri diigon cismin
Olcilorindon 15-20 dofs artiq olan kraterlor amalo golir. Yer izorinds ham quruda, ham ds okeanin
dibindo 200-don artiq belo krater agkar edilmisdir. Bunlarm igarisinds diametri 200 km-don artiq olan
bir ne¢a krater vardir [1].

Yer kirasinin soma cisimlori ilo  togqusmasmdan biosfera {giin yaranan tohlikani
giymatlondirmak Uclin belo hadisalorin dagidic1 effektini vo tezliyini muoyyan etmok lazimdir.
Togqusmanm dagidict effekti miixtalif faktorlardan — togqusma cismini Slgiilorindan, Yers nisboton
sUratindan, diisma bucagindan, toqqusma cisminin mineral torkibindon, diismo regionundan (oken,
quru) vo s. asihdir. Diametri on metrlorlo Olgtlon nisbaton kicik cisimlor oksor halda Yeratmosferindo
partlayaraq tamamilo vo ya gismon parcalamb dagilirlar. Partlayis vaxti yaranan zorba dalgasi Yer
Uzorindo lokal dagmtilara sobob ola bilor. Bu dagmtilarin miqyast giiclii termoniiva bombasinin
yaratdigi dagmtilarla miigayiso edilo bilor. Bu cisimlorin  Yer sothina diison hissasi diametri yiiz
metrlorlo, bazan iso kilometrdon artiq olan kraterlorin yaranmasma sobob olur. Diametri yiiz metrlorlo
Olcllon cismin Yer sotnino diismoasi onlarla vo yizlorlo min kvadrat kilometr sahsni shato edan
regional falakoato sabob olar.

Toqqusma cisminin diametri bir ne¢o Kilometrdon artiq olarsa, togqusmanm naticasi global
falakat hoddino cata bilor. Bu halda togqqusmanmn Yer kiirasinin hansi regionunda olmasmmn heg bir
ohomiyyoti yoxdur. Togqusmanm tasiri ilo blitin Yer kurosinds tufanlar, yangmlar, zslzololor, guclu
sunamilor, palgiq vo tursu yagmtilari, atmosferin ¢ox yiiksok doracads qizmasi (yiizlorlo daraca) va
s. kimi muxtalif falakotlor bas vera bilor.

Bas bas vera bilocok toqqusmalar hagqnda bu giin bizim kifayst godor molumatimiz varmi?
Bu suala cavab vermok U¢in bazi anlaysslar1 izah etmok lazimdir. Periheli mosafasi 1,3 a. v. vo ya
195 milyon kilometr olan asteroid vo kometlor Yerlo yaxmlasan obyektlor hesab olunurlar. Onlardan
orbitlori Yerin orbitine 0,05 a. v.-don (7,5 milyon kilometr) ¢ox olmayaragq minimum masafoya gadar
yaxmlasanlar1 potensial tohlikoli obyektlor srasma daxil edilir.

Yer kiirasino yaxmlasan vo potensial tohlikali obyektlorin askar edilmoasi ¢ox yiksok templo
artr. Buonunla slagadardir ki, son 20 ildo belo cisimlorin askar edilmasinds kosmik vasitalorin totbiqi
cox siratl hoyata kecirilir. Bu muddat orzindo Yers yaxmlasan vo diametri 1 km-don artiq olan
asteroidlorin 90%-don ¢oxu askar edilmisdir [2] .

Codval 1-do Yerayaxmlagsan vo potensial tohliikali obyektlorin tipi vo migdar1 hagqnda 2009-
cu ilin sonuna olan molumatlar 0z oksini tapmusdir. Cadvaldon do goriindiyl kimi, Yers yaxmlasan
cisimlor icorisindo kometlor sayca azliq toskil edir. Ancaq nozoro almaq lazimdr ki, kometlorin
harakatini avvalcadan prognozlasdirmaq ¢ox ¢atindir. Dolanma ddvri 200 ildon az olan qisa periodlu
kometlorin harokatlorinin prognozlasdirilmasi qeyri-gravitasiya effektlori naticasindo xeyli ¢otinlosir.
Uzun dovrli kometlor iso on yaxsi halda Giinoso yaxmlagmasma bir nego ay qalmis askar edilir.

Bu glin potensial tohlikali obyektlor hagqinda bildiklorimiz tominat vermir ki, sabah, bir
ildon sonra, on ildon sonra, yiiz ildon sonra, Umumiyyatlo no vaxtsa Yerl togqusma ehtimal olan
daha tohlukali soma cisimlori askar edilmoyacokdir. Miiasir yeriistii miisahido Vvasitalorinin
imkanlarmm miioyyan monada mohdud olmasi sababindon potensial tohlikali obyektlorin bazilori
tamamilo tosadifon askar edilmisdir.
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Cadval 1
S Obyektin tipi Obyektin sayi

1 Yerls yaxinlagan obyektlar 6500
kometlor 84
kilometrlik asteroidlor 795
hektometrlik asteroidlor 5705

2 Potensial tahlikali obyektlar 1070
kometlor YOX
kilometrlik asteroidlor 146
hektometrlik asteroidlor 924

3 Sarti tahlikali obyektlar 75

4 Real tohlika tdorads bilacok .

obyektlar 1 - Apofis

Promlemin halli yollar

Problemin ugurlu holl yollarmin tapiimas: igiin ik ndvbado onun muxtalif aspektlordon —
astrofiziki, geofiziki, kimyovi, energetik, bioloji, igtisadi, sosial vo s. noqgteyi-nozordan
giymatlondirilmasi vacib sortlordon biridir. Bu mogsad tgun muxtalif kriteriyalardan istifads edilir.
Bu kriteriyalarn islonib hazrlanmasinda istifado olunan komiyyat vo parametrlor arasmda toqquma
cisminin harakat xisusiyyatlori, o6lcilori, kutlosi va togqqusma chtimal osas yerlori tutur. Bas vera
bilocok togqusmanm miimkiin naticalorinin  giymotlondirilmasi Ugun Turin vo Palermo skalalar:
kriteriyalar: totbiq edilir [3].

Asteroid-komet tohliikasi probleminin hollinin ikinci morhalosi miiayyan sortlor daxilindo
togqusmanmn bas vermosinin garsismmn alnmasi vo ya togqumanm tasirinin- minimuma endirilmasi
Uclin muoyyan elmi-texniki metod va vasitolorin islonib hazirlanmasidir. Metod vo vasitalorin
secilmosi tohlikali obyektin Olcllorindon  vo gabaglama vaxtmdan asiidir. Qabaglama vaxti
toqqusmaya goadar galan vaxt hesab olunur. Ogor gabaglama vaxti kifayat gadar ¢coxdursa (bir nege
onilliklor), onda miiasir baxislara goro toqqusmanmn gqarsismm alnmasmm an Mmagsedouygun yolu
tohlikali obyektin togqusma orbitindon uzaglasdirilmasidir. Obyektin orbitinin  tohlilkasiz hala
gotirilmasi dovrimizdo asagidaki 4 tisuldan biri ilo hoyata kegirilo bilor [2]: kosmosa ¢ixarilan agr
kitlli cismin obyektlo togqusdurulmasi naticasinds yaranan kinetik zorbo effekti; gravitasiya tosiri
(gravitasiya qosqusu); obyektin sothindo Vo ya yaxmliginda termoniivo partlayisi vasitasi ilo italoyici
impulsun yaradilmasi, kigik reaktiv qosqulardan, mosalon, elektroreaktiv. muhorrikli qurgulardan
istifado etmokilo.

Yer Kkirasi Ucln tohliks téradon soma cisminin ol¢ilori Kicikdirsa vo ya kitlosi azdwrsa va
gabaglama vaxti mohduddursa, onda asteroid-komet tohliikasi probleminin holli ¢alarlar almis olur.
Ogor obyektin kiitlosi kifayat godar kigikdirsa, onda sado mexaniki vasitolorlo — masalon, kicik bir
kosmik qurgu ilo togqusdurmagla, onu elo parcalamaq olar ki, amolo golmis fragmentlorin he¢ biri
ayrihgda ciddi tohlike monboyi olmasm. Mexaniki vasitolorlo pargalanmasi miimkiin olmayan
nisboton daha kitlli obyektlorin  fragmentlors ayriimas: ti¢iin niivo bombalarmdan istifado
edilmalidir.

Yerotrafi fozada movcud olan potensial tohliikali soma cisimlorinin Yerlo togqusmasmin
garsisiin almmasi {iglin gostarilon Gsullardan hor hansi birinin totbiq edilmosi avvalcadan ¢ox ciddi
elmi vo texniki hazirhq islori gorulmolidir. Obyektin vo totbiq edilocok miimkiin tisullarm bUtin
cohatlori nozors almmalidir. Elo vaziyyat yarana bilor ki, toqqusmanmn garsismmn alnmasi ti¢iin bu vo
ya digar sobabdan he¢ bir todbir gorilo bilmoz. Masalon, gqabaglama vaxtmmn az olmasi sababindan
tohlikays garst yonalmis heg bir kosmik missiyan1 hoyata kegirmaok mimkin olmaz. Belo vaziyyat
bas verarso, onda toqqusma noaticasinds yarana bilocok dagmtilarin vo insan itkisinin minimum olmas1
tiglin gabaglayict todbirlor gorilmalidir.
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Natico

XXI asrin avvallorindan  etibaron  “Asteroid-komet  tohlilkasi”  problemi ¢ox siratlo
aktuallagaraq artiq comiyyatin osas problemlarindan birina ¢evrilmokdadir. Hom potensial tohlikali
soma cisimlori haqqinda avvallor slgatmaz hesab edilon hartorafli informasiyalarm oldo edilmasi, ham
do oksar hallarda togqusmanm garsismin almmasi va ya doyaCok ziyann minimuma endirilmasi U¢ln
muasir elmi va texnoloji bazann mévcudlugu problemin halli {igiin real imkanlar yaratmisdir. Sadaco
olaraq diinyann aparict doévlstlorinin  elmi vo texnoloji potensialnin imkanlarmdan istifado
edilmosinin yollar1 axtariimaldir.

Yer kirasinda bosariyysti narahat edan istonilon sayda ekoloji, bioloji, igtisadi, harbi va digor
problemlor vardir. Asteroid-komet tohlikasi probleminin digarlorindon fargli spesifik cohati ondan
ibaratdir ki, bu problemin halli Gglin Yer 6zorinds moskunlagmis sivilizasiyanm timumi elmi, texniki,
maddi vo monavi potensialindan istifado olunmalidir. Bu giin bagoariyyatin qarsismda duran bu ciddi
problema hartorafli vo genis diggoat gostarilmasi tendesiyasi timid etmays imkan verir Ki, cox da uzaq
olmayan golocokdos asteroid-komet tohlilkosi problemi artiq tarixo ¢evrilocakdir.
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SUMMARY
Gulu Gaziev

PROBLEMS OF ASTEROID-COMET HAZARD

The results of scientific research of recent decades show that the probability of a collision of
relatively large natural objects with the Earth is an objective reality that threatens humanity, and in
some cases casts doubt on the prospects for its further existence. Such natural objects are small bodies
of the solar system - asteroids and comets, as well as rather large fragments of them, which approach
the Earth at dangerous distances. These natural objects that pose a potential threat to the Earth are
called dangerous celestial bodies. The impact of small bodies on the Earth can lead to disasters of a
local, regional and global nature.

Key words: asteroid, comets, impact craters, gravitational tractor.

PE3IOME
. I'yny I'azues
MHNPOBJIEMBI ACTEPOUJHO-KOMETHOMU OITACHOCTH

Pe3yabraThl  HAYYHBIX ~ HCCACIOBAHHM TOCJIEAHUX  JCCATWICTHH TOKAa3bIBAIOT, YTO
BEPOSITHOCTh CTOJIKHOBEHHS OTHOCHUTENIbHO KPYIHBIX TPUPOIHBIX OOBEKTOB ¢ 3emJjei — 3TO
O00OBEKTUBHAsI PEaIbHOCTh, YTPOXKAIOIAsl YEJIOBEUECTRY, a B PJIe CIydacB CTaBsILAs O COMHEHHE
U TEPCIICKTUBBI €r0 JaJbHEHMIIero CyIiecTBOBaHMA. TaKUMU MPUPOIHBIMH OOBEKTAMU SIBIISIFOTCS
Majbie Tesia COJTHEYHONM CHCTEMBI — acTePOMIbI M KOMETHI, 2 TaKKe JOCTATOYHO KpYIHBIC HX
(parMeHThI, KOTOpbIE MPHUOJIIDKAOTCSL K 3€MJIe Ha OMACHBIC PACCTOSIHUS. DTH MPUPOIHBIE OOBEKTHI,
NpeICTABISIONME TOTEHIMAIBLHYIO Yrpo3y 3emiie, MMEHYIOTCS ONACHBIMH HEOCCHBIMH TEJaMU
VY aapel MajbIX TeJ1 0 3eMJIF0O MOTYT MPHBECTH K KaTacTpodaM JIOKaJbHOTO, PETHOHAILHOTO |
r7100aIbHOrO XapakTepa.

Kniwouesvie cnosa: acmepoud, komem, yoaphvie Kpamepbi, 2pasumayuoHHblll mieay.
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AJIEJIA T'YJIMEBA

HAWJIA TAPJAIII BEKOBA

Haxuuesanckuii I'ocyoapcmeennwiti Ynusepcumem
AHUTIOH CYJITAHOBA

Haxuueeanckun Hncmumym Yuumeneu

MEPCIHEKTUBBI PABBUTHSA COJJHEYHOW SHEPTETHUKH

OO0HOll U3 XapaxkmepHuvix 0COOEHHOCMEN COBPEMEHHO20 IMANA PA3BUMUS Yel08eUecnBa
A6715emcsi ObICMPBLIL POCH IHEPSONOMpeONIeHUs .

B nocnednue decamunemuss Mupoeas CONHeYHAs IHeP2emuKa pa3eusaemcs 8biCOKUMU
MeMnamu, CoNHeYHble INEKMPOCMAHYUU CMAHOAMCS YACHbIO dHep2emuyecKou UHGPacmpyKnypol
MHO2ux cmpawu. Pazeumue conneunvlx mexHono2ull OKA3bleaem CyuwecmeeHHoe GIUIHUE HA
9KOHOMUKY. ModicHO odicudamp, umo 6 baudicatiuiue 0ecsamuienusi COJTHEYHAS IHEP2eMUKA CMAHem
CIMUMYTIOM OJi51 IKOHOMUHECKO20 PA3BUMUSL.

Conneunoe usznyuenue npeocmagisiem coO0U NPAKMUHECKU HeUCUePRaemblil UCTOYUUK
anepeuu. OHo nocmynaem 8o 8ce Y20.IKU 3eMIU U HAXOOUMCS «N0O PYKOU» Yy 1106020 nompeobumers.
Conneynoe usnyuenue ABAAEMCS IKONOLUHECKU YUCBIM, OOCMYNHbIM UCTMOYHUKOM DHep2ul,
001a0arWUM 8bICOKUM IHEp2emuyecKum nomenyuaiom .[1]

Memoo npeobpazoganusi CcONHEYHOU SHepauu 8 INeKMPUUECKYIO C  NOMOWbLIO
NOJIYNPOBOOHUKOBLIX CONHEUHLIX JINeMEeHMO8 AGNAemcs 6 Hacmosaujee 6peMs Haubonee
Pa3padomanuviM 8 HAYYHOM U npakmuyeckom niare. OH WUPOKO UCHOIb3YEMC 8 CUCTEMAX
IHEPSONUMAHUS KOCMUYECKUX ANNApamos U noydaem ece Oo.vuiee NPUMEHEHUEe 8 HA3EMHbIX
YCa08usx 01 0becneueHus 31eKmpo3Hepeuell dgmMoHOMHbIX NOmMpeou meell.

Knrwouegwie cnosa: conneunas bamapes, MakCuManibhas 3¢ gekmusnocmo, no1ynpoeo OHUKY,
Ko2(puyuenm nonesnezo oeticmsus, 3anpeujeHHas 30Hd, npoeooUMOCm

Hcnosb30Banue cOJTHEYHOM SHEPruu.

CBeT, KOTOpBIN M3IydaeT COJNHLE Ha 3eMJie, IPU MOMOIIM NMACCHUBHBIX, a TAK)Ke aKTUBHBIX
CHUCTEM MpeBpallaeTcsl B TEIUIOBYIO SHepruto. K maccuMBHBIM CHCTEMaM OTHOCSTCA 3[aHUsI, MPH
CTPOUTEIbCTBE KOTOPHIX MPUMEHSIOT TaKUe CTpolMaTepHasbl, KOTopble Haubonee 3(PEeKTUBHO
TMOTJIOIIAOT JHEPrHi0 COJHEYHOM pajuaimy. B aKTHBHYIO CHCTEMY BXOISAT aKKyMYJSTODHI,
KOJUIEKTOPBI, CONHEUYHbIEe OaTapei.|[2]

B name BpeMs NpaBWIbHO HCIOJb30BAaTh BO3CO3/]aBA€Mble MCTOYHUKM TEIUIAa B JIMYHBIX
LeJISIX CTAHOBUTCS BCE TOMyJIsipHee.3/1ech OOIbIle BCETO OTMEUYAETCsl aKTUBHASI CUCTEMA.

B mame#i ctaTbe MBI pacCMOTpPUM TOAPOOHO OJWH W3 DIIEMEHTOB AKTHBHOM CHUCTEMBI
(comHeunyto Garapero).

ComnneuHast 6aTapesi — 3TO YCTPOICTBO ISt BBIPAOOTKHU SIIEKTPUIECTBA, paboTaroIiee TOIbKO
OT COJHEYHOW 3Heprur. KOHCTPYKTHBHO OHa MpeiCTaBisAeT COOOH HECKOIBKO COEMHEHHBIX MEKIY
co0oil ompeeneHHpIM 00pa3oM (OTOSIYEEK, TIOMENICHHBIX B 3alUTHBIA KOPIYC CO CTEKISTHHOM
nepenHeld maHenpro. Kaknas w3 HUX clellaHa W3 TOMyNPOBOIHUKOBOIO MaTepHasa, HampuMmep,
KPEMHHSI, KOTOPBIH YaIle BCETO HCTIONB3YEeTCsl B COHEYHBIX Oatapesix. Pasymeercs, HECOMHEHHBIMU
NPEUMYIIECTBAMH  KPEMHHSI  SIBISIIOTCS €r0  BBICOKAas PAacNpOCTPAaHEHHOCTh B TPHPOJE,
HETOKCUYHOCTh Y OTHOCHUTEJIbHAS JI€IIEBH3HA. [2]

Korna myun nagarot Ha NoJynpoBOAHUK, TOT HATPEBAETCS, YaCTUYHO MOIJIONIAsl UX SHEPTHIO.
[Tpurok SHeprud BBICBOOOXKIAET OSJCKTPOHBI BHYTPH MONMyNpoBoAHMKA. K  ¢orosneMenry
NPWIATAETCS DJICKTPHYECKOE TOJIe, KOTOPOE HATPABIAET CBOOOJHBIC AJICKTPOHBI, 3aCTaBILIS X
JIBUraThCsl B ONPE/ICJICHHOM HAIpaBJICHUU. JTOT MOTOK 3JEKTPOHOB U 00Pa3yeT AIEKTPHUECKUI TOK.

Ecim npunoxurs MeTalniMuecKue KOHTAKThl K BEepXy M K HIBY (DOTOINEMEHTa, MOXKHO
HAIPaBHUTh TOJMYYCHHBIH TOK 1O MPOBOAAM H HCTIONB30BATH €0 I pabOThl pa3iMIHBIX YCTPOUCTB.
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Cwia TOKa BMECTE C HANPHKCHHEM SYEHKH OMNPENENSIOT  MOIIHOCTh  AJIEKTPO’HEPTUH,
MPOM3BOAMMON  (DOTOIIIEMEHTOM.

Jlnst  BCceX COBPEMEHHBIX ~ CONHEYHBbIX  OaTapeid MakcuManbHas  3()QPEKTHBHOCTb
npeoOpa3oBaHusl SHEPruM TAJAIOIIETO HA HUX CBETa B DJIEKTPUUECKUH TOK MUMEET TEOpEeTUdEeCKHIl
npeaen. Hampimep, KITJ[ mo0bIX 0JHOCTOMHBIX COJHEYHBIX AJIEMEHTOB, COCTOSIIMX M3 OJTHOTO P-N-
nepexoaa, orpaHumuuBaeTcsa npenenoMm Illoxmm — Ksaliccepa, KOTOpBIM ompenesnseTcss Aoiei
COJIHEYHOI'O CBETa, MOTJIOMIAEMOro (POTOIIEMEHTOM, M COCTAaBJIAET OKOJO 34 mporieHToB. YUTOOBI
MPEOA0NETh ATOT Mpeell, yYeHbIe MpeJiaraloT pa3MdHbIe CIOCOOBI, HATIPUMEP, UCTIONb3YIOT JJIS
MPOBOAMMOCTM  TaK Ha3blBa€Mble TOpSYME HOCUTENM 3apsiia, KOTOpble TMOSBIAIOTCS B
TMOJTYNIPOBOIHUKE TIPY TOTJIOIIEHUN CBETAa C 3HEprueil OOoJblIe MIMPUHBI 3alMpeIIeHHON 30HBI.

Bunpl conredHbIx OaTapeit
1. ToHKOIUIEHOU HBIE.

2. MOHOKpHCTaJUTMYECKHE.
1. ITonukpucTaINYECKHE.
ToHKOIUIEHOY HbIe _COJIHEYHbIe OaTapeu

TOHKOIUIEHOYHBIE OaTapew COCTOST U3 HATSHYTHIX IUICHOK, KOTOpPBIC JIETKO MOXKHO YCTaHOBHUTH
B Mmo0oe ynobHoe mecTo. He 6osTcs mbut 1 MOTYT paboTaTh Jaxe B HEOJaronpuaTHBIX YCIIOBUAX.
B o6maunyro morogy ux 3¢hdexTuBHOCTH cHmkaetcs Ha 20%. Hemoporwe, HO TpeOyroT OO MO
IIOIIAAU JJIsl YCTaHOBKU.

MOHOKpHUCTAIUIMIECKHE OaTapen

Jansplii Bun Oarapeil M3roraBiMBaeTCs W3 OONBIIOTO KOJIMYECTBA WHAMBUIYAIbHBIX SUYEEK,
KOTOpBIE 3aJIMBAIOTCSl CHWIMKOHOM.  MOHOKpHUCTAJUIMIECKHE OaTaped HMEIOT OTHOCHTEIhHO
HEeOOIBIIYI0 MaccCy, KOMIIAKTHBI B pazMepax. X orimdaer rHOKOCTh, Malblii BEC, KOMIAKTHOCTD,
HaJIe’)KHOCTH U JOITOBEYHOCTH. [IpOCThl B MOHTaXe U 3aBHUCST OT MPSIMBIX COMYHBIX Jydeit. [Ipu aTom
Jae JIeTKas 0071a4HOCTh MOXKET NMPUBECTH K MPEKPAIICHAI0 BBIPAOOTKH SHEPT UM

[TonmkprcTAINIMIECKUE COJHEUHbIe OaTapen

Otun 6aTaper OT MOHOKPUCTAIUIMIECKUX OTJIMIAIOTCS TEM, UTO B slUeHKaX HAXOASATCS KPUCTAIUIBI,
HalpaBJICHHbIE B pa3Hble CTOPOHBL. DTO MO3BOJSET YJIABIMBATH PACCESIHHBIA CBET M MEHbILE
3aBUCETH OT MpsIMOro ocBelieHus. OHU BBIMYCKAIOTCS B BUIE TaHelNeil 0J1aropoHoOro CUHEro IBETa.
[Ipy 3TOM OHM HECKOJBbKO JEIIeBlie, YeM MOH OKpHCTaJUIMueckue Mmozend. Wx ycmemmo
WCTIONB3YIOT JIJISI CBEILECHHUS TOMOB, 8 IMUHACTPATHBHBIX 3/IaHHUA U Ja)Ke YIIHIL

CUCTEMBI HOBBIINEHUSI YPPEKTUBHOCTHU COJTHEYHBIX FATAPEM

OBUKKA TPEeINIOKWIH  CTOCO0 MOBBIICHU A(PHEKTUBHOCTH COBPEMEHHBIX COJHEYHBIX OaTapei
3a CYET JIOKAJbHOTO CJAaBJIMBAHUS MOMYNPOBOJAHHUKOBBIX KPUCTAIUIOB NPH OOJYYEHHHM HX CBETOM.
CnaBnmBaHMe MaTepuasia TPUBOAUT K BO3HMKHOBEHMIO B HEM TpaJieHTa MEXaHHM4eCKOro
HANPSDKEHUST W CTAHOBHUTCS TPUYHMHOM BIEpBBIE OOHApYKEHHOrO (hriekco-(poTOBONBTAMMECKOTO
adpdexra, KOTOpbIi HAOIIOAAETCS BO BCEX M3BECTHBIX MOIYTPOBOHUKAX, BKIIFOUAsi KPEMHHH.

B maTepuanax, y KpUCTaIUIMIECKOW CTPYKTYpPhI KOTOPBIX OTCYTCTBYET LIEHTpabHasi CUMMETPHS
, IpeoOpa30BaTh JONOJHUTEIILHYI0 SHEPIUI0 CBETA B AMEKTPUUECKUNA TOK TAKXKE Y/1aBaJlOCh 33 CUET
aHOMaJILHOTO (hOTOBOJIbTAaMUECKOro 3(dpdekra, mpu KOTOPOM (HOTOBO3OYKICHHBIE JJIEKTPOHBI B
MaTeprase UIMEIOT Pa3HyI0 TIOJABIKHOCTH B Pa3HBIX HANpaBieHWIX. V3-3a 3TOro mpw TOrjone HUu
CBETa DJJIEKTPOH CMEINAeTCs BJAONb OXHOM W3 OCeH KpUCTauia, TMOclie Yero B pe3yJbTaTe
0e3bI3IIy4aTeNIbHOTO TIepexoja CIIyCKaeTCsl Ha COCEJHHI BaJICHTHBIM ypPOBEHb M CTAHOBUTCS
CHocOOEH BHOBb TOMJIOLIATH CBET, CMEIIAsCh Jajblie. B pe3ynbTaTe BO30YKIEHHS TaKOTO «TOKa
CMEILEHUSD MaTepHas MOXKET MOTJIOMATh CBET C SHEPrUe, BO MHOIO pa3 MPEeBOCXOASIIYIO MNP HHY
3amnpelieHHon 30HbI. [3]

BOmbmMHCTBO COJHEYHBIX MMAHENEeH CrnoCOOHBI padorate mo0 25 netr u 6onee. Onwnako,
NepPBOHAYAIIbHBIE  XapakrepuCTuku CO  BPEMEHEM  YXYAMIAIOTCS, TPOUCXOAWMT  TAJIEHKE
npom3BOaMTELHOCTH U, Kak crnencreue, ymenbinenre KITJ[. ®akropsl, Biusiomme He JUTEILHOCTh
skcmnyarammm (HOTO3neMeHTOB: Thr KOHCTPYKimn. Uewm Bhiie m3HadaibHash NPOU3BOAUTELHOCTD,
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TeM O0nee BrICOKKe pesynbTarsl maHesb OYynet nokaseiBaTh MOCIE MHOTONETHEH CIlyKObI
ycnoBus skcmyarammm. B pernOHax C CwibHBIMH CPEIHECYTOYHBIMH M CPEIHETOIOBBIMHU
nepenazamMu Temnepartyp Pecypc maHenei ObICTPO YMEHbILAETCS.
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XULASO
Adils Quliyeva
Naila Qardasbayova
Aygun Sultanova
GUNOS ENERJISININ iINKiSAF PERSPEKTiVLORI

Comiyyotin miiasir inkisaf morhalosinin xarakterik cohatlorindon biri do enerji istehlakinimn
siratlo artmasidir.

Son onilliklords  glinas energetikasi yiiksak siratl inkisaf edir, giinos elektrik stansiyalar: bir
¢ox Olkonin enerji infrastrukturunun  bir hissasine cevrilir.  Gunos texnologiyasmin inkisafi
iqtisadiyyata ohomiyyatli tosir gostarir.

Yarmmkegirici giinos elementlorindon istifado edorok glinos enerjisini elektrik enerjisino
cevirmok tisulu hazirda elmi vo praktiki olaraq an inkisaf etmis metoddur.

Mogalomizdo, aktiv sistemin elementlorindon birini  (giines batareyasmi) otrafh sokildo
nozordan kegiracoyik.

Glnos batareyasi, elektrik enerjisi istehsal edon bir cihazdir. Struktur olaraq, miioyyan bir
sokildo bir-birina bagh, 6n paneli siiso olan goruyucu qutuya yerlosdirilmis bir nego fotoseldon
ibaratdir. Panellorin hor biri yarimkegirici materialdan hazrlanmisdir.

Acar sozlar: glnas batareyasi, maksimum effektlik, yarimkeciricilor, faydali is amsall,
qadagan olunmusg zona, kegiricilik.

SUMMARY
Adila Quliyeva
Naila Gardashbeyova
Aygun Sultanova
DEVELOPMENTAL PERSPECTIVES OF SOLAR ENERGY

One of the characteristic features of the modern society development is the rapid increase in
energy consumption. In recent decades, solar energy has been developing rapidly, and solar electric
stations are becoming apart of the energy infrastructure of many countries. The development of solar
technology has a significant impact on the economy. Converting solar energy into electrical energy
by using semiconductor solar cells is currently the most scientifically and practically developed
method. The article deals with one of the element of active system (Solar battery) thoroughly. A solar
battery is a device that transmits electric energy. Structurally, it consists of several photocells placed
in a protective box with glass.Each panel is made of semiconductor material.

Key words: solar battery , maximum effectivness , semiconductor ,efficiency factor, restricted
area, conductivity
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PACHIPEAEJIEHUE DOHEPI'MHU B CIIEKTPAX 3BE3/]

B pabome uznoowcen npumensemulii Memoo NOCMPOEHUs pacnpeoelenus dHepeull 8
cnekmpax 36e30 N0 OAHHbIM WUPOKONOJOCHBIX POMOMEMPUYECKUX BeIUYUH 8 CHEKMPAIbHOM
ouanasone 0.36-100 mxm. [Qna smoco ObiIU UCNONIL308AHBI Pe3VIbMAMbL MHO2OYBENHbIX
gdomomempuueckux nabarodenuil 8 cucmeme UBVRIIHK, a maxoice oannvie kamanozos WISE u
IRAS. Jlannwvie pasznvix kamanozo8 mpanchopmuposanvl 8 NOMOKU 8 eOUHOU cucmeme eOUHUY.
Jannas memoouxa 6viia npumenena 0 NPOOHLIX CMAHOAPMHBIX 36€30, A MaKdce 05 38€30,
Komopwie 001a0am 2a308blm Uil 2a30Nbl1e8blM OUcKoM. IIpednonazaemces, umo Had.100aemvlil
U3OLIMOK UBYYEHUSL POPMUPYEMCSL 8 OKOJI038€30HOM OUCKe, KOMOPblll (hopmupyemcs, nocie
ouccunayuu npomonIAHemHo20 OUCKA.

Knwouesvie cnosa: 36e30b1, 0k01036e30Hble OUCKU, KDUBbIE pacnpedeieHue IHepeUuu

BBeaenue. B npakTuyeckoil acTpouzrke NpeCTaBsieT MHTEpEC W3YUYEeHUE paclpeiesICHUs
sreprun B crekTpax (POC) uccienyembix KocMUdeckuX OOBEeKTOB. M3BeCTHO, 4TO, HANpUMED,
3BE3/1bl, 00J1a/1a10IIME OKOJIO3BE3/JHBIM T'a30IbUIEBBIM JUCKOM, UMEIOT 3HAUUTENILHOE MHPpaKpacHOE
(MK) mnyuenne B Ompkueit u nanpHeit UK obnactu crexrpa. K Takum 00beKTaM MOXKHO OTHECTH
3ge3n tvma 1 Tempia, Ae/Be Xepbura, Be 3Be3nbpl, pa3zHble THIBI NEKYSIPHBIX TaJaKTHK C
aKTUBHBIMHU SIIpaMHy, U T.J]. XapakTep W3IydeHus OKoso3Be3Horo aucka B MK ywactucnekrpa Moxer
JIaTh UCYEPIIHIBAIOIILYI0 HHPOpMAIMIO O (DMBMKE W CTPOCHMH OKOJO3BE3/HBIX JHUCKOB y HA3BaHHBIX
00bekTOB. B Hacrosmeidt pabore mnpuBOAMTCS METONM TOCTpoeHus KpuBbiXx POC KoTOphId B
NanbHeHeM OyeT IPUMEHEH IS I3YUEHUsI CTIEKTPOB HEOECHBIX TEJl.

Metoa. Ongumm w3 MetTonoB mnoctpoenuss POC ocHOBaH Ha JaHHBIX HAOMIOEHUI
MHOTOIIBETHOM (oToMeTpun. B HacTosmeir paGore Mbl OyaeM MOAPOOHO M3IAarath MeETOI
noctpoeHnst POC y MononbIX 3Be3[ HAa OCHOBAaHMM JIaHHBIX MEXIYHApOIHOM IIMPOKOIOJIOC HO M
UBVRIJHKLM doromerprmn. Kpome Toro, nmms Oomee mmpokoro MK nwamazona MOXHO
ucnonb3oBaTh AaHHble kaTtajoroB Wide-field Infrared Survey Explorer (WISE) [1] u Infrared
Astronomical Satellite (IRAS) [2], 0 KOTOpPBIX MBI OyeM HATIMCATH HIDKE.

MmuoromngetHast (oromerpuueckas cuctema UBVRIJHKLM ¢opmupoBanace Ha 0ase
knaccraeckor cuctembl UBV [xoncona [3], u nanee, ¢ pa3BUTHEM TEXHOJIOTHMM NPOM3BOACTBA
cBetonpueMHnkoB B MK uacTu cnekrpa, Obula [JOMONHEHa pa3HBIMU (WIbTpaMu, KOTOpbIE
TMO3BOJISIFOT OXBaTbIBAaTh JUana3oH JMH BOJH A~ 0.36-34 mxm. [IpuHimn noctpoenus POCy pa3Hbix
O00BEKTOB HA OCHOBAHWM 3BE3/HBIX BEJIMYMWH, TOJYYECHHbIX B pa3HbIX MOJIOCAX IIMPOKOINOJIOC HO M
(boTOMETpUH, COCTOUT B IIEPEBOJIE UMEIOIIME 3BE3/IHBIC BEJIMYMHBI M) B aOCOMOTHBIE MOTOKU F; 1o
M3BECTHOMY BBIPaKECHHIO

F/1 — FO ) 10—0.4(m1—m0) (1)

3nech Fg —aganTupoBaHHBI MOTOK M3JTy4eHHS /UL Hy/lb-TIyHKTA CHCTEMBI, KOrjaa My NPUHAMAETC S
paBHBIM Hymo. [IpuBs3ka OOBIYHO BBITIONHAETCS K AAANTHPOBAHHOMY aOCONIOTHOMY IIOTOKY
BIydeHHs CcTaHmapTHOH 3Be3abl AOV HyneBOi BeJMYMHBI BO Beex moniocax mnydenus [4]. Taxmm
CTaHIAPTOM C OIpe/IeNICHHBIM TPHOJIIDKEHHEM MOXET OBITH M 3Be3a Bera.
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Ho npesxae dem, BRIMIONHATE 3Ty padoTy, HEOOXOAUMO 3HATH KOIP(UIIMEHT MEK3BE3THOTO
MOKPaCHEHUs  JUIsl  KaXKAOW 3BE3Jbl M TMOJYYCHHbIC 3BE3JHbIC BEJIMYMHBI JUIA  KAXKIOU
(hoTOMETpHUYECKON TONOCHl HY)KHO OYHMIIATH OT MEXK3BE3/IHOrO MOKpacHeHWs. B karanorax 4acro
MOXXHO HalTh KOA(p@UIIHEHT TOKpacHeHWs B V-mojoce AV, WM TaK Ha3bIBAEMbIN, W30BITOYHBI I
noKazaTeslb 1BeTa, Wi kojop-akcuecc E(B-V). Komop-skcnece  E(B-V)  ompenensiercs
COOTHOIIICHHEM

E(B-V) =B-V —(B-V)o (2)
Benmmunna Mex3Be3aHOTO MOTJIoNeHHss AV onpeessieTCs BRIpakeHHEM

Av=R-E(B-V) (3)
Jlyist HopMallbHOTO 3aKOHa MeEX3Be3JHoro moromeHus koddoummenr R ~3.1. B mpemenax
JUTMHBI BOJIHBI MEHbIIE 3.5 MKM 3aKOH MEXK3BE3IHOT'O TIOKPACHEHHSI MMEET B OCHOBHOM OJIMHAKOBbI i
xapaxkrep [5]. g onpenenenus BeIMUUHBI MEXK3BE3/IHOTO TMOIJIOMICHUS JIsl JF000H Ipyroi JJIMHBI

BOJIHBI A MOXXHO NPUMEHUTH (POopMYyITy
A, [E(B-V) =EA-V)/E(B-V) +R (4)

Jannbie karanora WISE
JIiis KamOpOBKKM HYJTb-TIYHKTA 3TOH CHCTEMBI TI0 a0COMIOTHOMY TIOTOKY B BEO caiire MUCCHH
(https://wise2.ipac.caltech.edu/docs/re lease/allsky/expsup/sec4_4h.htmHWISEZMA)  mpusoasTcs
creayromme KodhduipeHrsl i nojoc 3.4, 4.6, 12 n 22 mxm: 8.178-10°1> W cm2 uml, 2.415-10-15
Wcem2 pum?, 6.515-1017 W em2 pmt 1 5.09-10-18 W cm2 umrl, coorBeTCTBEHHO. DTH MOTOKH JIETKO
BBIPa3uUTh B aHI'CTPEMaAX, U TOrJa NOJIY4UM HY>KHbIC HaM KOB(I)(I)I/H_II/IG HTBI HYJIb-IIYHKTA IJId IIEPCXOoaa
B a0COJIIOTHBIE MIOTOKU:
(Fwi)o = 8.178-1012 ergst cm? A,
(Fw2)o = 2.415-1072 erg st cm2 AL, (4)
(Fwa)o = 6.515-1014 ergs? cm? A,
(Fwi1)o = 5.09:10%5 erg st cm2 AL,

Jannbie karanora IRAS

T nononuenust kpuBbix POC mporpamMmmubix 3Be3n B nanekod MK wgacTu criektpa Mbl
ucnonb3oBamu (poromerpuueckue manHbie katanora muccun IRAS (CILIA, Aarmust w Hunepnann),
(https://irsa.ipac.caltech.edu/IRASdocs/iras.html)  mpuBenenHsie B creayonmx 3(OPEeKTUBHBIX
nmHax BonH: 12, 25, 60 u 100 MxM, cooTBeTCTBEHHO. [1IOTHOCTH MOTOKA M3IIy4yeHUs B 3THX MOJIOCAX
MPUBOASITCST BO BHECUCTEMHON eauHuiie SHCKUX (JY), MOATOMY MPUXOAMTCS TMEpeBECTH UX B Ooree
TIONYNSAPHYIO W NPUBBIYHYIO €IMHHIly TOoTOKa B ergs?tcm?2 AL,
ITockonbky enunnua Jy B cucteme CI'C BblpakaeTcsi 4acTOTOM CJIEIYIOIIMM COOTHOLIEHHEM, 1 Jy
=102 erg st sm?2 Hzl, mma mepeBoja Ha JUIMHEI BONHBI B A, HYXKHO BBIYMCIIUTH TIOTOK,
COOTBETCTBYIOLIMI K €IJUHULIE 4aCTOTHI. VI3 I3BECTHOrO COOTHOLUCHUSI JJIs 3JIEMEHTAPHOIO y4acTKa
JUIMH BOJIH OA W YaCTOTHI OV MOYKHO HAIMCATh

SA A2
v=%, av=—liza/1 > Z2=_2 (5

sv [

[Tocne BeruncieHMs W3 BhipaxkeHws (5) BemmuuHy A”2/C , TpUBEICHHYIO IUIOTHOCTH MOTOKa B Jy
Hy’)KHO TOJCJIUTH Ha 3Ty BenmamHy. J{mst momocsl A= 120000 A = 12pm nomyumm

SA (12-105)° 1441010 A2 18 1
|=| = —— = —— = 0.48:10%8 A-Hz
Sv 31018 As—1 3-1018 A-Hz

Torna,
1Jy =102 erg stsm? Hz1/0.48-1018 A-Hz1=2.08-10"25 ergslcm2 Al (6)
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Ceiac Ha npumepe maaHHbIX 3Be3bl HD 33917, MbI BeuHcIMM TIOTOKH BO Beex nonocax MK
obmactu. HyxHo mpocTo 3HadueHuwe, cooTBeTcTBYytomiee 1 Jy w3 (6) yMHOXAaTh HA BEIMYUHY
IUIOTHOCTH TIOTOKA, TpUBEJCHHOW B mosoce 12 Mim. M3 karasnora HaxommMm, uTto Fip = 0.252 Jy =
5.24-106 erg s cm2 AL,

AHAJIOTHYHBIC BBIYUCIICHUS CJEaeM I OCTaJbHBIX TPEX T0JIOC.

Jlnst monockl A=25 pm = 250000 A

SASV =- (2.5°105)2 A23-1018 A-Hz=- 6.25-1010 A3-1018 Hr= 2.0810° AHz |

1Jy =102 erg stsm2 Hz1/2.08:108 A-Hz1=4.807-10-6 ergstcm2 A1 (7)

LTS TOM JKe 3BE3/IbI M3 KaTasiora oepem
F25=0.25 Jy=1.2-10-16 erg st cm?2 AL,
JIIst IBYX OCTANBHBIX TI0OJIOC TIONyd4aeM, COOTBETCTBEHHO, A=60 pm= 6105 A

SA_  (e10°4)%  36100A 8o T -
Zo. nm o 2212100 AHz=1.2:10 AHz
1Jy =103 erg stsm2 Hz%/1.2:107 A Hz1=8-10"7 erg s cm? Al (8)

Feo = 0.4 Jy=3.2-10-17 erg st cm?2 A
U nakorern, mms A=100 um= 106 A

8A_ (10°4)2 10124
Sv 31018 AHz 3-1018Hz

~33310 A Hz

1Jy =102 erg stsm2 Hz%/3.33-107 A Hz1=3-1017 ergslcm2 Al (9)
F100=5.623 Jy = 1.68-10-16 ergs™cm2 A+l

CyllecTBYIOT CaifThl, KOTOPBIE B OHIIAHH PEKUME TIO3BOJISIOT MEPEBECTH MOTOKU B KEJIAEMYIO
bopmy € JTVHHI] (cm. HATIpUMep, https://www.gemini.edu/sciops/instruments/midir -
resources/imaging-calibrations/flux-conversion-tool,u  eme https//www. nebulousresearch.org/
codes/ fluxunits). B mocneaHem caiite MOXXHO TPOBEPUTH CBOW BBIYUCIICHUS, YTOOBI YOCIUTCS O
NPaBWIBHOCTU TEPEBOJIA €/IMHULL

[Ipexxae uem moctpour KpuBble POC mporpaMMHbBIX 3Be37, [Jsl MPOBEPKU NPAaBIILHOCTHU
MPUMEHIEMOM METOJMKU M BBITIOJIHEHHBIX BBIYKCICHUHA MBI HOCTPOWIM KpuBble POC st MHOrMX
3BE€3/] CTAHIAPTOB W IS 3BE3J C Pa3HUMHU OKOJIO3BE3HBIMH XapaKTepucTHKaMH. B paGore [6]
MoKa3aHo, 4To 3Be3na Bera umeer cnabyro 000710UKy, WIM KOJBLO U3 MbUIM, KOTOPOE BBIABISAETCS
Tonbko mpu 60-100 MKM. ABTOpbI OOBSICHWIM TAaKOE M3JIy4eHHE TBLICBHIMU YACTHLIAMH Pa3MepoM
Ooree MWIIMMETPA U TeMIepaTypoit okono 85 K.

Jnga mpoBepkM METOOMKM MBI HCHOJIb30BaIM 3BE3/1-CTAHAAPTOB, KOTOPbIE MPUBEIACHBI B
paborax [6, 7], u moctpowm s HuX KpuBble POC mo Hameit metonmke. Ha prc.1 mpuBemeHbI
rpadukn kpuBbix POC, moctpoenHsie 1o Hareil Mmetoauke. Kaxkpiii U3 pUCYHKOB COCTOHT U3 JIBYX
naHesneld. B BepxHel maHen M MokazaHa SKCIEpUMEHTaJbHAsi KpuBasi, Kotopas B unrepsaie 0.36-20
MKM OBbLIa armpoKCUMHUpOBaHa Mojenbio Kypyda (cruomnmHast KpuBasi), a TAKKe IITAHKOBCKOW KpPUBOM
(mynktupHas swHEs B uHTepBasie 0.36-100 mxMm. Kak BumHO, 00€ KpHBBIE XOpOIIO JIOXKATCS HA
HaOJro1aTesbHBIC JTaHHBIE 10 3Be37aM. Bo BTOpol HWKHEW NaHe M TPUBEJEHA PAa3HOCTh MOTOKOB
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V3JTy4EHUSI

3B€3JIbI M MOJICJIM B TOM e IIKaje abcimcca. J{yis HopMasbHBIX 3BE3J13Ta pa3HOCTh paBHA

uymo. Ha puc.1 nokazan ypoBeHb pa30poca TOUEK IJIsl CTAHIAPTHON 3BE3/IbI. Y 3Be3] C H30BITOYHBIM
M3JIy4€HUEM, TaKasi Pa3HOCTb 3HAUMTEIBHO OTJIMYAETCS OT HyJisl. DTO MO3BOMSIET YYUTHIBATH BKJIA]L
M30BITOYHOTO M3y4€eHUs HA MBIYYEHUS OT CaMOM 3BE3[bl.

Ha puc.2 nokazanel ananormussie kpuBble POC s 3Be3ast Ae Xepoura HD 179219 u T Tenbua

V410 Tau. Kak BugHO, 00€ MOJOIBIE 3BE3MBI JEMOHCTPHPYIOT 3HauurenpbHoe MK wm30BITOUHOE
BIIy4eHHe, KOTOPOE PACTET C JJIMHOW BOJIHEI.
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Puc.2. Kpuevie POC 0ns 36e3061 Ae Xepouea 179218 (cneéa) u
36e30b6t muna T Tenvya V410 Tau (cnpasa).

3ak/noue Hu e

B paGore Oblia AeTanbHO M3JI0KEHA METOJUMKA MocTpoeHuss KpuBbIX POC B crekTpaibHOM
nuanazone ot 0.36 no 100 mxwm. [TomydenHsie HaOMmoOMaTEIbHBIE JAHHBIE MOXKHO aIMPOKCUMHUPOBATh
c momemo Kypyua, a Takke C MOMOIIbIO IUIAHKOBCKOTO M3IyUYEHHA. OTO TO3BOJMUT M3YYUTh
pacnpejiesieHie TOTOKa M3Iy4eHUsl pa3iMuHbIX KOCMHYECKUX OOBEKTOB, 3B€3]l, TAJIAKTHUK, U T.[.

[Tomyueno BbIpaxkeHue Mepsl m30bITouHOro MK m3mydenus, koropasi INO3BOSIET OLEHUTb
JIOJI0 TA30BOTO MBNMYYEHUS AWCKA OTHOCUTENHHO F3IYYEHUs 3BE3bl. DTOT MapaMeTp MO3BOJSIET
OLICHUTH 3BOJIIOLMOHHBINA CTATYC OKOJIO3BE3/IHOTO AMCKA.

PaGora OyzmeT mone3Ha BceM HAyYHBIM PaOOTHHKAM, KOTOpPBHIE MHTEPECYIOTCS JHCCHTAIINAC i
OKOJIO3BE3/HBIX JMCKOB, BOIPOCAMU O00pa30BaHMsl IUIAHET, (POPMHUPOBAHHEM COJIHEYHOM CHUCTEMBI U
BonpocamMu POC kocMudecKkix 0ObEKTOB.

Pabora 6b1a BeimonHeHa nipu nopaepikke @onna Passurus Hayku npu [pesunenre AP (rpanrt
No EIF-BGM-4-RFTF- 1/2017-21/07/1).
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XULASO
Ulvi Valiyev
Nariman Ismayilov

ULDUZLAR SPEKTRADA ENERJi PAYLASMASI

Isdo geniszolagh fotometrik miisahidalorin osasmda 0.36-100 mkm arahgmda ulduzlarin
spektral enerji paylanma oyrilorinin qurulmasi metodu sorh olunmusdur. Bunun ii¢iin UBVRIJHK
coxrangli fotometrik sistemds miisahido noticalori, habelo WISE va IRAS kataloglarmin naticalori
istifado olunmusdur. Miixtalif kataloglarm verilonlori eyni vahidlor sistemi ilo ifads olunan sello ifadoa
edilmisdir. Metod standart ulduzlar vo gaz vo toz diskino malik ulduzlar UGgln totbiq ediimisdir.
Gostorilmigdir ki, miisahido olunan siialanma artighgn planetlor yarandigdan sonra qaliq diskdo
formalasir.

Acar sozlar: ulduzlar, ulduz atrafi disklar, enerji paylanma ayrilari

SUMMARY
Ulvi Valiyev
Nariman Ismailov

ENERGY DISTRIBUTION IN THE SPECTRA OF STARS

The paper describes the applied method for carrying out the energy distribution in the spectra
of stars on the data of broadband photometric values in the spectral range of 0.36-100 pum. For this,
the results of multicolor photometric observations in the UBVRIJHK system, as well as data from the
WISE and IRAS catalogs, were used. Data from different catalogs are transformed into fluxes in a
same system of units. This technique was applied to test standard stars, as well as to stars that have a
disk of gas and dust. It is assumed that the observed excess of radiation is formed in the circumstellar
disk, which is formed after the dissipation of the protoplanetary disk.

Key words: stars, circumstellar disks, energy distribution curves
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TURKAN MOMMODOVA
turkan.bao_anas_nb@yahoo.com
AMEA Nax¢ivan BOlmoasi
Batabat Astrofizika Rasadxanasi

ASTRONOMIYADA SUALANMA ENERJISINI XARAKTERIZO
EDON KOMIiYYOTLOR

Moaqalada siialanmant xarakteriza edan energetik kamiyyatlor hagginda malumat verilir.
Bunlardan siialanma enerjisinin migdari, siialanma seli, isigin giicii, energetik isiglanma ilo bagh
qisaca bahs olunur. Iki néqtavi monba arasimdak: ulduz élciilarinin fargi Pogson ganunu ila ifads
olunmusdur. Stialanma gabuledicilarinin bir ¢oxu selektiv xtsusiyyatino malikdirlar, yani tam
enerjiya yox elektromaqnit siialanmasmin miiayyan diapazonuna hassashq gostorirlor. Bela ki,
mixtalif dalga uzunluglarinda diison eyni siia enerjisi migdarmma gabuledici mixtalif giymotlor
gostaracakdir.

Acar sOzlar: siialanma enerjisi, ulduz parlaqhgi, energetik komiyyatlor, siialanma seli,
Pogson ganunu.

Forz edok ki, nogtovi stialanma monbayinin olcllori ona godar olan mosafodon noazors
almmayacaq qodor Kigikdir. Belo monbo ulduz ola bilor (sokil 1). Ogor bu ndgtovi siialanma
monbayini har torafdon radiusu r olan xoyali sfera ilo ohato etmis olsaq, onda sahasi olan bu sferanin
tam sathindon t zaman muddotinds W elektomaqnit stialanmasi1 kegmis olacaqdir.

Vahid zamanda bu sferanmn sathindon kegon siialanma enerjisinin miqdari

174
L=— 1)

Sakil 1. Osas isig kamiyyatlorinin tayin olunmasi

olacaqdir. Monbayin elektromaqgnit siilanmasmm gliciinii tam xarakterizo edon bu komiyyat
astronomiyada ulduz parlagigi adlanrr. Qeyd edok ki, fizika va texnikada parlaqhq dedikds isiq sagan
sothin vahid hacmindon bitiin istigamoatlords yayilan tam stialanma axmi nazords tutulur. Bir gox
halda ulduzun parlagigi saniyado erglo vo yaxud vattla deyil, basqga bir ulduzun, moasalon, Giinogin
parlagligmin hansi hissasi godor olmasi kimi doyarlondirirlor. Qeyd edok ki, Glinasin parlaqligi

33
3.g.107erg

=3.8-10"°Vt kimidir. Tosowviir edok ki, nogtovi monbode konusun topasini

yerlosdirmisik vo ® cisim bucagma baxiriq [2].
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Isign diiz xott boyunca yayimasi ganununa osasen bu konusun hiidudunda monbadan ¢ixan
stialanma hor zaman bu konusun daxilindo qalacaqdr. Se¢diyimiz sferada konus sahasi S olan bir
hisso ayrmis olur. Bu araliq o bucag ilo asagidaki sokildo asihdir.

S = wr?

Verilmis sahodon vahid zamanda ke¢on Ws —isiq enerjisi miqdar1 stialanma seli adlanir. Sel
bir gayda olarag, F ilo isara olunur:

Ws
G

Astrofotometriyada hor zaman gobuledicinin giris desiyindon kecon sel élculir: (teleskopun
obyektivi, gozin boboyi v s.)

Ogor verimis istiqamatds yaylan siialanma selinin bir steradian Ucln hesablasaq, yoni S
sahasindon kegon F selinin sferanmn sahasina olan nisbatini 1 sr(r?) cisim bucagmm sahasina vursaq,

bu zaman alman giic

. r2 F L

[=F ? = Z = (2)
kimi olar. (2) ifadosi isigm giicii adlanr.

Bu stialanma enerjisinin verilmis istiqamotdo yayilan, amma sanki izotrop olaraq bir steradian
arah@r ti¢lin hesablanmis giiciinii gostarir.

Parlaqliq vo isign giicii monboyin xarakteristikalaridir vo gobuledicidon asii deyildir. Isiq
selinin giymati iso hom monbonin xarakteristikasidir, hom do gobuledicinin giris yarigindan asihdir.
Muxtolif gobuledicilords bu yarigm 6lgiisii miixtolif oldugundan (teleskoplarm giizgiilorinin 6lgulori
muxtalifdir vo s.) elo bir komiyyat lazimdir ki, miixtalif sahali sathlordon kegan gliclori miigayisa
etmok mimkin olsun. Bunun Ug¢in bitin S sahasinin vahid sahasine (sm2, m? v s.) uygun siialanma
miqdarmi hesablamaq lazimdir. Vahid zamanda vahid sahoys diigon siialanma miqdarma energetik
isiglanma deyilir [1].

p=flo_1 3)

Isiglanma erqg/c sm?2 6l¢ii vahidi ilo tayin olunur (va ya BS vahidlorindo Vt/m?2 ils toyin olunur).

Forz edok ki, iki nogtovi monba vardr vo onlardan biri bizim g6zimizds (vo yaxud
teleskopun obyektivindo) E; isiglanmasi, digori iso E; isiglanmasi yaradir. Asagidaki kamiyyat 1 va
2 manbalarinin ulduz 6l¢ulorinin forqi adlanr.

my —my = —2,5 lgi—: (4)

XIX asrin ortalarmda toklif olunan (4) disturu Pogson ganununun ifadssidir. Bu, iki enerjini va iKi
ulduz olgilorini alagelondiron tamamils dogru va doagiq ifadadir.

Bozon Pogson gqanununun onluq deyil, natural logarifma soklinds yazmaq daha minasib olur.
Bu halda disturda 2,5/In10 amsali ortaya ¢ixir ki, bu da toxminan 1,086- ya barabardir.

—_ %5 B E
my —my == In 5~ 1,086In 5 (5)

Pogson diisturu insan goziiniin siialanmann yegano (obuledicisi  oldugu zamanlar
astrofotometriyada boyiik rol oynamigdir. Lakin digor gobuledicilor meydana galdikco aydmn oldu ki,
bu dustur ¢ox az effekt verir. Manbalordon ¢ixan energetik dostalor — bu he¢ do bizim konkret cihazlar
(fotoplastinka, fotoelement va s.) torafindon gobul edilon birseylor deyil vo mixtalif gobuledicilor
torofindon miioyyan olunan ulduz o6lculorini  bir-biri il migayiso etmok olmaz. Siialanma
gobuledicilorinin bir goxu selektiv xususiyystino malikdirlor, yoni tam enerjiya yox, elektromagnit
stialanmasmmm miioyyon diapazonuna hassashq gostorirlor. Belo ki, muxtslif dalga uzunluglarinda
diison eyni siia enerjisi miqdarma qobuledici mixtolif giymotlor goOstoracokdir. Dogrudur, elo
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gobuledicilor var ki, mohz butin enerjiya hassashq gostarir vo onlar bolometrlor adlanirlar. Onlar
genis dalga uzunlugunda diapazonunda siialanmanm biitiin dal§auzunluglar1 ticlin eyni hossashq
gGstorirlor. Muasir bolometrlor Ugun osas catismazliq onlarm hassashglarmm kigik olmalarmdadir.
Belo cihazlar1 kifayat godor giicli isigseli ilo isiglandrmaq lazimdir ki, astronomik obyektlor Ggln
bu he¢ do homigo mimkin olmur [4].

G0z do daxil olmagla bitiin selektiv gobuledicilor ¢ox yiiksok hossashiga malik olurlar. insan
g0zii artiq babaya bir nego onlarla kvantn diismasi ilo isig1 hiss edo bilir. Empirik olaraq mioayyan
edilmisdir ki, agor insan gozu t¢un xarakterik olan 0,1 san middatindon babays bir ne¢s onlarla kvant
diisorso, bu zaman qaranliga yaxsi adaptasiya olunmus goéz bu isiq selini goriintii olaraq hiss
edocokdir. Eyni seyi miiasir fotoelekrtik gabuledicilor hagqnda da demok olar. Hagigaton (4) va (5)
disturlarmdak1 E; vo E; energetik isiglanmalar siialanma enerjisinin mahiyatini ifado etmoklo genis
spektral diapazonu ohats eds bilor. ©gor mioyyan tezlik vo ya dalga uzunlugu {iciin kigik bir dalga
uzunlugu intervalinda siialanma selinin bu intervala olan nisbatini gotlirsok, o zaman enerji selinin
spektral sixhgini almis olarig. Analoji olaraq isign gulcunl Vo isiglanmanin spektral sixhgmi almaq
olar [3].

Spektral sixliq hom vahid tezliys, hom do vahid dalga uzunluguna aid edilo bilor. Bozon
spektral sixhq termini yerino xiisusi axin vo ya xiisusi igiglanma terminlori islonir, lakin nozors almag
lazmdir ki, energetik isiglanmanin spektral sixligi vo energetik axim (selin) spektral sxhigi terminlori
do metrologiyada gobul edilmisdir. Energetik isiglanmanin spektral sxxhg1 termini iiciin qisaca EISS
yazilist qgobul edilmisdir vo BS-do bu komiyyat Vt/m2-dir. Bir ¢ox ulduz spektrofotometrik
kataloglarda miixtalif ulduzlar torofindon Yer atmosferinin yuxar1 sorhoddinds yaradian EISS
giymatlori bu vahidlordo verilmis olur. Bir qayda olaraq, “energetik isiglanmanm spektral sixhigr’ vo
ya “enerji selinin spektral sxxligr” terminlorindon genis istifado olunmur. Ona gors ki, astronomiyada
biitiin bu funksiyalar1 spektrds enerjinin paylanmasi E(A) adlandrmaq gobul olunmusdur. Ulduzun
spektrindaki enerjinin moxsusi paylanmasi Eo(A) ilo ulduzun yer atmosferinin yuxari sarhadindaki
spektrindoki enerji paylanmasi E(LA) —ni forglondirmok lazimdr. Giinos sistemi istigamoatindo
yayilarkon ulduzun igig1 ulduzlararasi miihitds udulma va sapilmo naticasindo zoifloyir. Bu halda
aydndr ki,

E(M)= Eo()- [ EQ)IX (6)

burada E(A) vahid ulduzlararast maddads (mihitds) isign spektral zoiflomasi, X iss ulduzun isiginin
yolundaki ulduzlararasi madds vahidlorinin sayidir.
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SUMMARY
Turkan Mammadova
CHARACTERIZING RADIATION ENERGY QUALITIESTHAT CHARACTERIZED
RADIATION

The article provides information on the energy quantities that characterized radiation. These
are briefly discussed in terms of the amount of radiant energy, the radiation flux, the intensity of the
light, and the energetic illumination. The difference in stellar size between two point sources is
expressed by Pogson’s law.Many radiation receivers are selective, that is they are sensitive not to full
energy but to a certain range of electromagnetic radiation. Thus, the receiver will show different
values for the same amount of radiant energy falling at different wavelengths.

Key words: radiation energy, star brightness, energy quantities, radiation flux, Pogson’s law.

PE3IOME
Typkan MammenoBa
SHEPIT'ETUUYECKAS KAYECTBA, KOTOPBIE XAPAKTEPU3YIOT
N3JIYUYEHUE

B cratbe npencraieHa uHbopMaimsi 00 SHEPreTHUECKUX BEJIMUMHAX, XapaKTEPU3YIOIIUX
mitydenre. OHM KpaTKO OOCYKHAIOTCSI ¢ TOUKH 3PEHHS KOJMYECTBA JIyYUCTOM SHEPruM, MOTOKA
MBJIy4eHUsl, MHTEHCHUBHOCTH CBETA M 3HEPreTHMYECKOro OCBElIeHMs. PasHuila B pasmepax 3Be3N
MEXIy IBYMS TOYCYHBIMU HCTOYHMKAMHU BBIpakaeTcs 3akoHOM [lorcona. MHorme npueM HUKH
VBITyYeHUs SIBIAIOTCS. CEJIEKTHBHBIMY, TO €CTh OHH UYYBCTBUTENBHBI K OMPEICIICHHOMY JHANa30Hy
ANIEKTPOMArHUTHOTO IBNYYEHUs, a He K TMOJHOM oHepruu. TakuMm oOpa3oMm, NpUeMHUK Oyner
MOKa3bIBaTh Pa3HbIC 3HAUEHUS JJIS OTHOTO M TOTO K€ KOJIMYECTBA JIy4YUCTOM SHEpruy, IMajaroiiel Ha
Pa3HBIX JIMHAX BOJIH.

Kniouegvie cnosa: suepeusi usiyyenus, ApKOCMb 36€30bl, GeAUUUHbL IHEPIUU, NOMOK
usnyyenus, 3axou [loecoua.
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UZUNDOVRLU KOMETLOR

Maqalada uzundovrli kometlarin bazi xarakterik xtsusiyyatlorindan bahs olunur. Gostarilir
ki, bu kometlor arasinda orbital parametriori bir-birina ¢ox yaxin olan obyektlor varduw.
Tadgigatgilarin fikrinca, bu, uzundévrli kometlor sisteminda presessiyanin naticasidir. Bu baximdan
“Kreyts ailasi” kometlorinixisusigeyd etmok lazimdwr. Uzundovrlii kometlar Ggln Tisseran sabitinin
qiymatlari istonilan sistemda genis diapazona malikdir va he¢ bir ganunauygunluq askar edilmir.
Tanmmus kometologlarin fikrinca 1sa, biitiin bu ganunauygunluglarin hanist miibahissiz deyil va
bazilari kosmogonik sarha malik olmaya bilor. Bunlardan bazilarinin seleksiya effektinin naticosi
olmast miimkiindiir.

Acar sozlar: komet, uzunddévrlii komet, “Kreyts ailosi”, ekliptik uzunlug, Tisseran sabiti

Glnos sistemindon ¢ox uzaqda iken, kicik solgun dumanhga banzayan kometlor, ulduzlara
nisbaton suratli yerdoyismolori vo xarici goriiniiglorinin doayisilmasi ilo diggati calb edirlor. Digar goy
cisimlorindon forgli olarag, kometlor ¢in hom diiz, hom do tors horokot Xarakterikdir. Giinos
otrafinda dolanma miiddotine gbro qisadovrlii vo uzundovrli olarag, osason, iki sinfo ayrilirlar.
Qisadovrlii kometlor Tigiin yalniz diiz harokat xarakterikdir. Uzundovrli kometlordon hom diiz, hom
do tors harokat edonlori var. ©ksar komet orbitlori boyiik ekssentrisiteto malik olub, Yer orbiti ilo
muxtolif meyl bucagi amolo gatirirlor.

Hal-hazirda 1000-don ¢ox kometin orbiti toqribi hesablanmisdir. Bunlardan 190-a yaxini
periodik orbito malikdir. Kometlorin Giinos otrafinda firlanma vaxtt 200 ildon az oldugda
qsaperiodlu, 200 ildon ¢ox oldugda iss uzunperiodlu kometlor olaraq adlandiriimisdir. Bilinon on az
perioda sahib kometin periodunun 3 il 4 ay oldugu miiayyan edimisdir. Halley kometi 75,3 ildon bir
miisahido olunduguna goro ortaperiodlu komet sayilr.

Miisahido olunan kometlorin boyuk oksariyyati Giinos sisteminin uzaq oblastlarmdan galir.
Planetlorin harokat zonasinda gsamiiddotli bir zaman arzinds galarag dinamik vs fiziki monada clzi
do olsa, doyisikliya ugrayaraq yeno goldiklori yers qayidirlar. Moalum oldugu kimi, bunlar, asasan,
uzundovrli kometlordir. Bu kometlor planet zonasinda ¢ox azbir zaman kegirdiklori t¢tin demak olar
ki, ciddi tokamilo ugramadan qalmislar va buna gors do uzaq kainatin sirlorini 6ziinds miihafizo edon
ilkin madds dasiyicilar1 sayilmaqdadirlar.

Uzunddvrli kometlorin xeyli mirokkob olan monsayi problemi 200 ildon artiq bir zaman
orzindo alimlorin  todgigat obyekti olsa da, halo ki, bu giino godor 6z hollini tam monada tapa
bilmoyib. Is tokco bunlarmn ¢ox xaotik bir struktura malik olmalarmda deyil. Unutmaq lazim deyil ki,
indiyadok uzunddvrli kometlarin cox ciizi bir hissasi miisahido olunmusdur. Ola bilsin ki, bunlarin
holo miisahido olunmamis ¢ox nohang bir hissasi tamamilo basga xisusiyyatlora malikdir. Bundan
basga, onlarm oksariyyatinin boylik yarmoxlarmin giymati ya, Umumiyyatlo, he¢ molum deyil (e=1),
ya da doqigliyi ¢ox asagidir. Bu, osason, XIX asro godor miisahido olunmus kometlora aiddir.
Problemi miirakkoblogdiran sobablordan biri do budur ki, insanlq tarixinde yalniz bir dofo miisahido
olunan bu kometlorin orbit elementlorini vo kosmogoniyada ¢ox mihium olan fiziki parametrlorini
kifayot godoar dogiglosdirmok mumkiin deyil.

Uzundovrlli  kometlorin - on  xarakterik xususiyyatlorindon  biri L (ekliptik  uzunluq)
parametrinin - giymotlorinin - geyri-borabor paylanmasidir, L=90° vo L=270° qgiymotlorinin yaxin
otrafinda Li parametrlorinin hiss edilocok doracodos sixlagmasi miisahido olunmaqgdadir (uygun olaraq,
90 vo 150 odod). Ikinci maksimum [1]-do genis todqiq olunmusdur. Orada gostormislor ki, bu,
kometlorin ““ulduzlararas1 monsoyi” hipotezi lio slagodardr. Lakin belo halda birinci maksimumun
sababi geyri-muayyan olaraq galir.
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Uzundovrli kometlorin  oksariyyati Uglin tors harokat xarakterikdir. Marsdenin kataloquna
gora bu kometlorin 54%-dan ¢oxu Ugln i > 90°-dir .

B (ekliptik enlk) parametrinin paylanmasmnda da miisyyon sixlagma hiss edilir. Diiyiin
nogtalorinin paylanmasmnda 86° va 266° uzunluglar ostrafinda maksimumlar mévcuddur [2].

Bir cox muolliflor hesab edir ki, perihelilorin paylanmasi Giinos apeksi (L=270°, B=53.5°)
yaxmhginda yiliksok sixhia malikdir.

Bozi komet orbitlorinin  boyik planet orbitlorindon minimal mosafasi onlarn tosir sferasi
radiusundan Kicikdir [3]. Uzundovrli  kometlorin  oksoariyyati ¢in g<l1 a.v.( n=421). g vo a
parametrlori arasnda tors mutonasibliyo bonzor bir statistik asililiq var; periheli mosafalori artdigca
a-nn qiymotlori azalr. Bu asililiq uzundovrlii kometlorin ilkin orbitlorini todqiq edorkon askar
olunmusdur [4]. Bu kometlor yiksok parlaghglar: ilo segilirlor.

Bozi orbit elementlori (mosalon 2 vo i) arasinda statistik alago tapimus, lakin kifayat godor
osaslandirimamisdr [5].

Uzunddvrlli kometlor sistemindo boazi effektlor nozars ¢arpr ki, bu da bozi todgigatgilarin
fikrinca, presessiyanmn noticoloridir. Bu kometlor arasinda orbital parametrlori ilo biri-birino ¢ox yaxin
olan obyektlor vardr. Bu baximdan “Kreyts ailosi” kometlorini xtsusi geyd etmok lazimdir.
Uzundovrli kometlor Ggiin, Tisseran sabitinin giymatlori istonilon sistemdo genis diapazona malikdir
Vo heg bir ganunauygunluq askar edilmir.

Tanmmis kometoloq ©.Quliyevin fikrinco, yuxarida gostorilon biitiin bu qanunauygunluglarin
hamis1 miibahisasiz deyil vo bozilori kosmogonik sorho malik olmaya bilor. Bunlardan bazilorinin
seleksiya effektinin noticosi olmasi miimkiindiir [6] . Bundan basqa, bu vo ya digor xisusiyyatin,
dinamik proseslorin naticasi olub-olmadigmi aydmlasdrmaq lazmdir. Uzundovrli komet sisteminin
¢ox nizamsiz olmasi1 onun monsayi masalosini xeyli mirokkablosdirir. Buna gora do bu sistemi daha
¢ox va daha dorindon analiz etmaklo, aldo olunan naticalori konar effektlorin tasirindon tomizlomoak
lazmmdr. Biitiin bunlardan sonra miioyyan bir konsepsiya yaratmag veo ya artiq mdvcud olan
hipotezlorin dogrulugunu yoxlamaq olar.
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SUMMARY
Vefa Gafarova
SOME CHARACTERISTICS OF LONG-PERIOD COMETS

The article discusses some of the characteristics of long-period comets. Its shown that, there
are objects which very close to each other with orbital parameters among these comets. According to
the researches this is the result of precession on the system of long comets. In this regard, the “Kreits
family” comets deserve special mention. The values of the Tisseranian constant for long-range comets
have a wide range in any system, and no regularity is found. According the well-known
cometologists, not all of these regularities are indisputable, and some may not have a cosmological
interpretation. Some of these may be the result of a selection effect.

Key words: long comets, “Kreits family”, ecliptik longitude, Tisseranian constant

PE3IOME
Bada I'adgaposa
HEKOTOPBIE XAPAKTEPUCTUKHU JOJITONEPUOINYECKUX KOMET

B crarthe paccMaTpuBarOTCS HEKOTOPHIE XapaKTEPHCTHKU JIOJTONEPHOUYECKUX KOMET.
31ech ToKa3aHa 4TO CPeAu ITHX KOMET €CTh OOBEKTHI KOTOPHIM OYEHb OJIM3KHE APYr K JIPYry IO
nmapameTpam opouthsl. 1o ciioBam ucciie1oBaTeN 3TO SBISIOTCS PE3YJIbTATOM MPELECCUN HA CUCTEMY
JUIMHHBIX KOMET. B 3TO# cBsI3u 0cO00ro yrnomMuHaHus 3aciy’KuMBarOT KomeT “‘cemeiicTBa Kpeifrc”.
3HaueHus KOHCTaHT TuccepoHa I MalbHUX KOMET UMEIOT IIMPOKUN JWAla30H B JIIOOOW CHUCTEME,
1 HUKaKOW 3aKOHOMEPHOCTH He oOHapykeHo. M3BecTHbiii komertosor A. [lo crmoBam W3BECTHBIC
KOMETOJIOTH, HE BCE OJTH 3aKOHOMEPHOCTHM OECCIOpHbI, a HEKOTOphle MOTyT HE WMETh
KOCMOJIOTHIECKOM MHTEeprpeTami. HekoTopbie 3 HUX MOTYT OBITH pe3yibTaToM d(hdeKrTa BrIOOpa.

Knioueevle cnosa: onunnvie komemol, ‘“‘cemericmea Kpeumc”, sxiunmuyeckue 00a2omda,
koncmanm Tuccepona
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CH CYG SIMBIOTiK ULDUZUNUN 1998-2020-Ci iL UCUN PARLAQLIQ
OYRISINDO QISA PERIODLU (P=95%) DOYiSMOLORIN NUMAYiSi

Magalada simbiotik ulduzlar, o cumladan CH Cyg simbiotik ulduzu haqqinda genis malumat
verilir. Qeyd olunur ki, CH Cyg simbiotik ulduzunun AAVSO-nun apardigi fotometrik
miisahidalarinin naticalarina baxilmig va AAVSO miisahidalori asasinda ulduzun V filtirinda 1988-
2021-ci illor dovrii iigiin parlaqhq ayrisi qurulmusdur. CH Cyg simbiotik ulduzun periodikliyin
arasdirdmastiigiin biz biitiin miisahida naticalarinin parlagliq ayrisinda Scargle metodundanistifada
etmok o statistik spektral furye-analizini tadbiq etmisik. Naticado ulduzun parlaghginda 95 giinlik
periodik dayismalaor tapilmigdir. Alinan period avwalki todqgigatcilarin aldigi naticalarlo Ust-Ust
diistir.

Acar sozlar: simbiotik ulduzlar, CH Cyg, fotometriya, period.

Giris

Simbiotik ulduzlar qarsiigli tosirde olan Ortlklo ohato olunmus qosa sistemlordir. Onlar
inkisaf etmis qrmizi nohong vo isti komponentdon-ag cirtdandan ibarstdir. Dumanligin material
monbayi 6z maddoasini ulduz kiloyi v ya pulsasiya vasitasi ilo itiron qrmizi nohang, enerji monbayi
iSo isti ag cirtdan hesab olunur.

CH Cyg simbioitik ulduzu genis spektral diapazonda otrafli Gyronilmis ¢ox miirokkob va sirli
doyisandir. CH Cyg Simbiotik ulduzu 19-cu asrin 80-ci illorinds tapilmisdir. Onun 130 ildon artiq bir
dovr li¢lin fotometrik miisahidolori movcuddur [1]. O, simbiotiklor igorisinds on parlagt vo oan
yaxindir.

CH Cyg ulduzu, 270.66 parsek masafodo yerlosir [2] vo an parlag simbiotik ulduzdur. Uzun
illor 0 100 glnluk periodla pulsasiya edon adi qrmizi nahong hesab olunurdu. 1963-cl ilo godor onun
spektrinds simbiotik sistemin xususiyyatlorini 6ziinds gostaron slamotlor — ultrabonévsayi kontinuum
Vo hidrogenin emissiya Xotlori miisahido olunmamisdi.Onun vizual ulduz Olgiisii maksimumda
V=6.0m, minimumda V=10.5" vs infraqrmiz1 siialarda daha parlagdr. CH Cyg simbiotik ulduzunun
ilk faydah spektrlori Joy torofindon 1924 vo 1927 araliginda almmusdr [3]. 100 giinlik period {izro
yaxs1 paylanmis 5 spektra gora ulduzun spektral tipi M6, radial strati iss -52.5 km/s toyin edilmisdir.
Emissiya Xotlorinin mévcudlugu haqqnda molumat verilmomisdir. 1952-ci ildo Gaposchkin Harvard
patrul miisahido materiallarmi analiz edorok CH Cyg-ni 1™ amplitudlu 90-100 sutkaliq periodla
doyison M6-M7 spektral sinfi kimi klassifikasiya etmisdir [4]. Bu doyismalor spektrdo nozors
carpmadigima gora onu hatta standart kimi gobul etmiglor. Bu Klassifikasiya 1963-cu ilo godor dogru
hesab edilirdi. 1963-cii ilin sentyabrinda Deutsch ilk dofo ulduz spektrinds gucli doyismo askar etdi
[5].

CH Cyg simal yarmkiirasindo olverisli yerdo (+50°) yerlosdiyindon, onun mintozom
spektral, fotometrik, infraqrmizi vo radio misahidolori aparimugdr. Misahidolor gostordi Ki,
muxtolif vaxtlarda ulduzda tokrarlanan aktiv prosesslor bas verir. CH Cyg sisteminin torkibi halo
muoyyan edilmomisdir: ikili vo U¢li ulduz sistemlorinin modellori toklif edilmisdir [6].

CH Cyg simbiotik ulduzun demok olar ki, kegan osr boyu fotografik vo fotometrik

-34-


mailto:mikailov.kh@gmail.com
mailto:ruslan_rtm@yahoo.com
mailto:memmedovaxuraman13@gmail.com

NAXCIVAN DOVLOT UNIVERSITETI

miisahidolori apariimisdir. Bu miisahidolor vaxti uzun periodlar askar edilmomisdir. Yalniz 90-100
giinlik qisamiiddatli periodik doyismolor askar edilmisdir. Sonralar bir ¢ox tadqigatcilar aparimis
fotometrik molumatlar1 toplayib, analiz edarok parlaghq ayrisinds bir ne¢s periodik doyismolor askar
etmisdilor. Muzik vo b. 1929-1977-ci il dovrii tgilin parlaghq oyrisini qurmusdular. Bu ayrini analiz
edorok onlar sistemds iki gisa 100 vo 157 glinlik period vo 40-c1 ildon sonra isa parlagliq oayrisindon
bir uzun 780 giinliik period askar etmigdilor. Onlar belo gonasts golmisdilor ki, qisamiiddatli periodik
doyismoalor qrmizi nohangin pulsasiyasi ilo baghdir.

Mikayilov va b. 56504 uzun period toklif etmoklo [7] 1998-2001-ci illords, lijima vo b. 1995-
2004-cl illordo alnmus spektrlor asasmda qrmizi nahoangin fotosfer xotlorine gors siia siiratlorinda
7564 gunlik periodun optik oblastda da movcud oldugunu askar etdilor [8], alman naticalor CH Cyg
simbiotik sistemin 3 ulduzdan ibarat olmasm dastokladi.

Bu igdo bizim mogsadimiz ilk avvol uzun bir dovr (33 il) 1988-2021- ci il G¢gin AAVSO
(American Association of Variable Star Observers) fotometrik molumat bazasi asasmda CH Cyg
simbiotik ulduzunun parlagliq oayrisini qurmaq ve mimkin periodik doyismolori askar etmokdir.

Tadgigat metodu. Sokil 1-do AAVSO-nun [9] fotometrik miisahidalor bazasindan istifado
etmoklo CH Cyg simbiotik ulduzun 1988-2021-ci il dovri Ucin vizual vo V filtrlorinds  qurulmus
parlagliq oyrisi verilmigdir. Sokildon gorunduyu kimi, CH Cyg simbiotik ulduzu mixtslif vaxtlarda
muxtolif xarakterli doyismolor gostormisdir.

* Vis
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Sakil 1. AAVSO-nun malumatlarina asasan 1988-2021-ci il dovr ii¢iin parlaglq ayrisi

Sokil 2-do AAVSO-nun apardigr fotometrik miisahidolorinin naticalori osasmda ulduzun V
filtirindo 1988-2021-ci illor dovrii {igiin parlaghq oyrisini qurmusuq. Ufiigi ox (absis oxu) — julian
gliniinii (zamani), saquli ox (ordinat oxu) — V filtrinin ulduz Olcusinin doyismosi gostorilib (V
filtirinin ulduz 6l¢usinin Yulian tarixindon asiiliq oyrisi).
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Sakil 2. CH Cyg simbiotik ulduzunun 1988-2021-ci il dovri ti¢clin (AAVSO
miisahidalari asasinda) V- filtrinda parlagliq ayrisi.
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AAVSO-nun 1997-2001-ci illordo apardigi fotometrik miisahidalords do 90-100 ginlik
doyismolor askar sokildo gorsonir. Sokildon do gorindiyu kimi, ulduz nisbaton sakitlosands bu
doyismoalor nazors carprr. Ola bilsin ki, giiclii aktivlik proseslorinin fonunda qisa kigik amplitudlu
doyismolor itir. Digor bir ehtimal da var ki, qisa pulsasiya xarakterli doyismolor zaman-zaman
davamh olur, soniir vo bir middoatdon sonra yenidon baslayir.

Periodikliyin arasdiriimasi {iglin biz biitiin miisahido noaticalorina Scargle metodundan istifado
etmoklo statistik spektral furye-analizini todbiq etmisik. Ulduzun ~95 giinliik qsa periodlu
doyismosini tapmisiq. Sokil 3-don do periodik doyismoalor askar sokildo gorsonir. Ulduzun V filtrindo
ulduz o6lcllori AAVSO-nun miisahido bazasmdan gotiiriiimiis va sorti olaraq faza 1998-ci il (JD tarixi
ilb 2450815) miisahido movsimiiniin baslangicmdan hesablanmugdr.  Sokil 3-do sol torofdoki
sokillordo V-filtrindo parlaghgn fazadan, sag torofdoki sokillordo V-filtrindo parlagligin  zamandan
asihliq oyrilori verilmisdir. Sokillordon do gorindiyu kimi, fotometrik doyismoalor ~95 ginlik period

ayrisino ¢ox gozal oturur.
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Sakil 3. CH Cyg simbiotik ulduzun 1998-2020-ci il parlaqlig ayrisinda
qisa periodlu (P=959) dayismalorin niimayisi.

Natica

CH Cyg simbiotik ulduzunun 33 illik bir dovr ii¢lin parlagliq oyrisi qurulmus vo periodun
giymatlondirilmasi mosalosine baximisdir. Scargle metodundan istifado etmoklo CH Cyg simbiotik
ulduzunun parlagliginin  doyismosinde ~95 gunlik periodun torofimizdon  tapilan  qgiymotlori
muxtolif zamanlarda muxtslif todqigatgilar torofindon tapimis qiymotlori ilo ¢ox uygunluq toskil
edir. CH Cyg simbiotik ulduzunda bas vermis qisamiiddatli doyismolori isti cirtdan (White Dwarf)
ulduz otrafindaki akkresiya diskinin qeyri-stabilliyi ilo izah edilirdiss, bizim (eloco do digor
todqiqat¢ilar torofindon tapilan) tapdigimiz ~95 giinlik periodik doyismolori iso simbiotik sistemin
asas ulduzu olan qrmizi nohangin (Red Giant) radial pulsasiyasi ilo izah oluna bilor.
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SUMMARY
Khidir Mikailov
Ruslan Mammadov
Khuraman Mammadova
DISPLAY OF SHORT-PERIODIC (P = 95d) CHANGES OF CH CYG SYMBIOTIC STAR
INTHE BRIGHT CURVE FOR 1998-2020

The article provides detailed information on symbiotic stars, including the symbiotic star CH
Cyg. It is noted that the results of AAVSQO's photometric observations of the symbiotic star CH Cyg
were considered, and on the basis of AAVSO's observations, a luminance curve was constructed in
the star's V filter for the period 1988-2021. To investigate the periodicity of the CH Cyg symbiotic
star, we applied statistical spectral fourier analysis using the Scargle method on the brightness curve
of all observational results. As a result, the star's 95-day period was found. The period we have
received also coincides with the results obtained by previous researchers.

Key words: symbiotic stars, CH Cyg, photometry, period.

PE3IOME
Xb1AbIp MuKanI0B
Pycnan Mamenos
Xypaman MamejaoBa
JNTEMOHCTPAIIUS KPATKOBPEMEHHBIX (P = 959 U3SMEHEHU I
KPUBOM BJIECKA CAHMBUOTHYECKOM 3BE3/IbI CH CYG 3A 1998-2020TT.

B cTarwe npencraBnena noapodHast MHPOpMAIMS O CUMMOWOTHYECKHX 3BE37aX, B TOM YHCIIE
o 3Be3n1e CH Cyg. bputo oTmMeueHo, YTO y4TEHBI pe3yiabTaThl (JOTOMETPUUECKHX HAOIIOICHUIA
cumbuornueckoit 3Be3asl CH Cyg, npoBenenHbix AAVSO u Ha ocHoBe HaOmonenuwii AAVSO
MoCTpoeHa KpuBas sipkoctu B ¢wirpe V 3a mepwon 1988-2021 rr. Jns wucciemoBaHus
MepUOAMIHOCTH cuMOmoTraeckoi 3Be3161 CH Cyg MBI pUMEHWIN CTaTUCTHIECKUN CTICKTpasIbHbI
aHam3 dypre metonom Ckapria Ha KpUBOM SIPKOCTH BCEX pe3yJIbTaTOB HAOMoneHML. B pe3ynbpTate
Obuta HaiiieHa 95 NHEBHbIC TEPUOIMYECKHE HM3MEHEHHWE B SIPKOCTH 3Be3aa. HalimeHHslii mepuon
COBIA/IAET C Pe3yNbTaTaMU, MOTyYEHHBIMH JPYTUMU HCCIEI0BATEISIMHUL.

Knroueswvie cnoea: cumbuomuyeckue 36e30vt, CH Cyg, pomomempusi, nepuoo.
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VARIABILITY OF REEMISSION SPECTRAL LINES IN THE SPECTRUM

The results of spectral monitoring of the Herbig Ae/Be star MWC 614 (HD 179218) are
presented. Two wave-like quasi-cyclic variations in parameters for the emission component of the Ho.
line with the characteristic time ~40 days have been detected. The first of the wavelike variations is
more profound; decrease and increase in spectral parameters of the line is more marked.
Simultaneously with the first minimum, in the profiles of the line Ho. have exhibited unusual changes:
the appearance and disappearance of additional blue and red emission components. The obtained
results suggest duplicity of the star.

Key words: stars: variables: Herbig Ae/Be— stars: circumstellar matter — stars: individual —
HD179218

The Herbig Ae/Be type stars (HAeBe) are pre-main sequence (PMS) objects of intermediate

mass 2-10 M and are considered to be the progenitors of Vega type stars, which are surrounded with
a residual protoplanetary disks. Spectral monitoring of individual objects has shown that in the spectra
of these stars are observed variable emission and absorption lines (see, for example, Praderie et al.
(1986), Pogodin (1994), Rodgers et al. (2002), Mora et al., (2004 )). The same features are also
characteristic of classical T Tauri stars (CTTS) (see, for example, Johns & Basri (1995), Schisano et
al. (2009) and references therein). It is known that in young stars, emission lines, as well as some
absorption lines, are formed in the circumstellar disks or in the envelopes of the stars. Such
circumstellar matter can often participate in accretion, polar outflows, winds and other forms of disk
interaction with the central star. Tracking the variation in the observed spectral lines makes it possible
to perform diagnostics of the physical processes that are occurring in the stellar atmosphere and in
the circumstellar environment. In young stars, in particularly, these processes can directly affect the
formation of the planets and their evolution. Consequently, one of the important problems in the study
of the early stage of evolution of stars is the study of the characteristics of the circumstellar structure
and the processes of interaction of the central star with the surrounding matter.

HD 179218 (MWC 614, Sp B9-A2) is anisolated HAeBe type star. Despite the fact that the
star is relatively bright comparatively to other HAe stars, it has been studied less. Only when the star
was included in the catalog of The et al. (1994), it became the subject of active research. The
circumstellar surroundings of the star were studied by IR photometry and speckle interferometry by
Millan-Gabet et al. (2001), Prizkal et al. (1997), which did not reveal closely spaced components.
Spectral studies of the star were performed by Miroshnichenko et al. (1998) and in more detail,
Kozlova (2004), Kozlova and Alexeev (2017).

According to the classification of Meeus etal. (2001), the spectral energy distribution (SED)
of the star belongs to group I, i.e. starting with the infrared band K and further there is an excess of
radiation excited in the dust. On the Mendigutia et al. (2012) the profile of the line Ha is consisting
of a stable single-peak structure. Perhaps the star has a close companion, about 2.5 arcsec apart
(Wheelwright et al., 2010). Fedele et al. (2008) showed that the star has two dust rings at distances
of 1 AU and 20 AU, and the space between from 1 to 6 AU from the star filled with gas. The magnetic
field of the star was measured by Hubrig et al. (2009) where on the data 2008 they have got about 51
+30 G.

The purpose of this paper is to carry out monitoring of the spectral variability of the star on
spectral lines obtained in the visual range of spectrum.
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Spectral observations of the star were performed at the Cassegrain focus of the 2 m Karl
Zayss telescope of ShAO of Azerbaijan NAS by using an echelle spectrometer constructed on the
base of the spectrograph UAGS (Ismailov etal., 2013). Asa light detector we have used a CCD with
4000x4000 elements. Observations were performed in the range A 3700-9000 A. The spectral
resolution is R = 28000. Reduction and calibration of the spectrograms is performed in the DECH
programs (Galazutdinov, 1992). The method of observations and material processing is described in
more detail in the work of Ismailov et al. (2013).

[Table 1] shows the log of observations, where in columns are respectively presented the
names of the spectrum, the Gregorian and Julian dates, the signal accumulation time and the signal-
to-noise ratio in the region of the line Ha. Observations were conducted for the season May-
September 2017. In total, 13 pairs of spectrograms were obtained for 13 nights of observations. For
to control of instrument stability and position measurements the spectra of standard stars HR 7300
and HR 7734 for each night were obtained. The equivalent widths EW, the bisector radial velocities
Vbis, the radial velocities at the peak of the line Vp, the half-widths FWHM (full width at half
maximum), the central depths RA (intensities) of lines Hel A5876 A, D1, D2 Nal, Sill 16347, 6371
A, [OI] A 6300, 6363 A were measured.

The average error in the intensity measurements as a function of the S/N level was up to
30% for [OI] A 6300, 6363 A lines. The average error in measuring the radial velocities for individual
spectral lines in the spectra of standard stars does not exceed + 1.5-2.0 km/s.

Tablel. The log of observations of the star HD 179218.

Spektr Date JD 2450000+ | t (sec) SIN
KF 1296-97 06.07.2017 7940.5256 1800 94
KF 1443-44 21.07.2017 7954.5798 1800 89
KF 1471-72 29.07.2017 7963.3909 1800 103
KF 1483-1484 30.07.2017 7964.4166 2000 90
KF 1495-96 31.07.2017 7964.85 2000 93
KF 1538-39 02.08.2018 7966.5562 2400 89
KF 1554-55 03.08.2017 7967.5715 2400 99
KF 1565-66 05.08.2017 7970.4041 2000 91
KF 1762-63 14.08.2017 7979.3965 2400 97
KF 1859 27.08.2017 7992.402 1800 87
KF 1990-91 02.09.2017 7997.5645 2000 91
KF 2069 10.09.2017 8006.2347 1800 96
KF 2070-2071 13.09.2017 8009.3791 1800 98

Line Hel 5876

In the [Figure 1] have shown the spectral region containing the lines He I A5876 A and the sodium
doublet D1, D2 Nal. This section presents the results of the analysis for the helium line. As can be
seen, this line has blue and red emission components separated by a central absorption. This is the
line in which only a saddle-like two peak emission profile is observed. The average half-width of the
absorption is 1.5 A with a scatter of up to 1.0 A. The total width of the line at the continuum level is
more than 20 A. As can be seen, the profile of the He I line A5876 A stably keeps the structure from
night to night, does not show any noticeable variations. In the [Figure 2] have shown the overlap and
mean profile of 13 nights of lines He I, Na D2, NaD1 for the season May-September 2017.
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Fig.3. Profiles Hel, NaD of individual ranges of the star’s spectrum, averaged over 13 nights of
observations using the 2017 data

The average value of the shift of the emission peaks in the He I line of 5876 A corresponds to
approximately -150 and +150 km/s, for the blue and red components, respectively. The radial
velocities of individual emission peaks is showing a variability of about an average value 50 km/s.
The central absorption is displaced about +20 km/s.

Figure 4 is presentded diagrams of variations in the equivalent widths of the central absorption of
EWa, the radial velocities of the absorption vertex Vp, the ratio of the equivalent widths of the blue
component to the red EW1/EW2, and the half-width of the FWHM absorption in the line Hel 5876.
As canbe seen, while parameters of the hydrogen lines are decreased, the parameters of the absorption
component of the line Hel 5876 is showing a certain variation: EWa tends to increase, Vp is shifted
to the red part of the spectrum by about 20 km/s, the ratio EW1/EW?2 is increased by 5-7 times, and
the parameter FWHM is also increased. A decrease in the FWHM of the absorption is observed
between two waves of parameter reduction.

Lines D Nal
Figure 1 shows that the profiles of the D1, D2 Nal lines represent narrow blue-wing absorption

lines in which they will have a weak emission (inverse P Cyg). Such structure is a sign of matter
accretion. Interestingly, according to Kozlova (2004), the profiles of these lines have an emission
component on the red wings. This indicates that in these lines in different seasons both the matter
outflow and its accretion can be observed. Perhaps this depends on the orientation of the direction of
motion of the circumstellar gas to the observer.

The Fig. 4 shows diagrams of time variations for the parameters of D1, D2 Nal lines. As can
be seen, in general, the radial velocities of the peak of lines Vp show a radial velocity of -15 km/s
with a mean scatter = 10 km/s. The shift of the radial velocity of the peak Vp to the blue part of the
spectrum is observed with a decrease in the intensity of the hydrogen lines.

The intensities RA of the D1, D2 Nal lines show a wavy-like variation with a small amplitude. A
similar character of the variations is shown also by the FWHM of lines (Fig. 4). The characteristic
time of variations in individual waves is about 10-20 days. The last line of the panels below shows
the variation in the intensity ratios and the equivalent widths of the lines D2 to D1. As can be seen
from this, in general, the intensities and equivalent widths of these lines are varied from night to night.
This is especially right for equivalent widths of the line, which are continuously decreasing with time.
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Si 1l lines

The lines Si II 16347, 6371 A are observed in the absorption without signs of the presence of
the emission components. The mean value of FWHM of the lines Si II A6347, 6371 A was obtained
2.37 + 0.05 A with the mean-square deviation from the mean value =+ 0.37 A and + 0.50 A,
respectively. Inthe Fig. 5 have shown the overlap and mean profile of 13 nights of lines Sill and [Ol]
for the season May-September 2017.

In the Fig. 6 was shown fragments of the star's spectrum section containing Si Il lines of
16347, 6371 A, as well as the [OI] A 6363 A line. As can be seen, the general structure of Si II line
profiles varies considerably from night to night. This is also seen from the variation in the parameters
of the spectral lines. In the Fig. 11 is given, for example, diagrams of the dependence of the radial
velocities and equivalent widths of the Si II A6347 A line, as well as the ratio of the half-widths of
the mentioned silicon lines. As can be seen, the average value of the radial velocity of these lines has
positive values of +12 and +18 km/s with a scatter of 7-8 km/s at the mean. The values of the
equivalent widths show a significant variation after the first wave of variations observed in the
parameters of the hydrogen lines. The ratio of the half-widths of the lines also shows a smooth
variation, reaching a maximum between the first and second minima of the variations. In addition,
the forbidden lines [OI] 46300, 6363 A are observed in the spectrum of the star in a weak form.
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CONCLUSION
The speed of rotation of HD 179218 in Bernacca & Perinotto (1970) is 60 km / s, and
Guimaraes et al., (2006) gives the value vsin i =72 £ 5 km / s. According to Dent et al. (2005), the
angle of inclination to the axis of rotation of the star is about 40 °. Then, if we consider the observable
minimum characteristic time equal to 10 days, for the rotation speed of the star we obtain v= 112 +

8 km / s and for the star radius - about 22 R ©, which is not reasonable and differs significantly from

the data of Alecian etal., (2008) ( 4.8 R ®). An even greater discrepancy is obtained for the radius if
we take the angle i = 20 °, as suggested by Leinert et al. (2004). This means that the observed cycle
of about 10 days cannot be a period of axial rotation of the star. Recall that the characteristic time of
10 days is obtained from the variation in the radial velocities of the peak of the dominant emission
component and the intensity of the line. Therefore, it should be assumed that it arises in the outer
parts of the disk. However, if the observed 10-day activity is related to the axial rotation of the disk,
it can be assumed that such a variation could occur at the boundary between the accretion and outflow
streams. Then one of the assumptions of the cause of the observed variations in the emission lines of
the star may be the existence of a stellar magnetosphere. In favor of the possibility of the existence
of magnetospheric accretion, the star is also proposed in the work of Mendigutia et al. (2017). The
dispersion of velocities found in our work along different lines indicates that lines with a higher
ionization potential can form in the accretion zone. The main indicator of the existence of the
magnetosphere of a star is the magnitude of the magnetic field. In classical T Tauri stars, for which
the presence of the magnetosphere is assumed, the magnitude of the magnetic field is several
kilograms (see, for example, Bouvier et al., 2007). However, the result of measuring the magnetic
field of star HD 179218 shows the existence of a weak magnetic field (Hubrig et al., 2009).
It is also possible that a star can be a spectral-double or multiple system. In fact, it is difficult to
explain the observed wave-like variation of the radial velocities and other parameters of the Ha line.
Kozlova & Alekseev (2017) showed that the dependence of the brightness V on the color index V-I
has two separate distributions. This fact is accepted by the authors in favor of the duality of a star.
The time of our observations from May to September 2015 corresponds to the minimum of the 4000-
day cycle of variability found in Kozlova & Alekseev (2017). Therefore, the observed features of the
variation in the spectrum of a star in the Ha line can be related to the moment of the star's stay at the
minimum of the 4000-day cycle. Then the results obtained by us, perhaps, are a kind of unique event
and can be observed only in the minima of the 4000-day cycle. Our observations have shown that in
order to elucidate these questions it is necessary to perform a more dense series of photometric and
spectral observations of the star.
Based on the results obtained in this paper, we can draw the following conclusions:

1. There are two wave-like variations lasting about 40 days each, in the parameters of the emission
component of the Ha line in the spectrum of the star HD 179218. The first wave is deeper, the second
is relatively less significant, and possibly distorted by fluctuations.
2. An unusual variation in the profile of the Ha line near the minimum in the descending and
ascending branches of the first wave of variations in the spectral parameters was observed. At the
entrance to the minimum and during the passage of the minimum, the appearance and disappearance
of additional emission components in the Ha line was detected. The displacement of each component
corresponds to approximately = 150 km /s. During the rest of the observation time, such profiles
were no longer detected.
Observed properties of the spectral lines He 1 5876 and D Nal showed that we have some indicators
of the matter accretion and outflow in the star atmosphere. These are:

* Observed invers-P Cyg and P Cyg profiles in lines D Nal;

*  Observed emission component in the red wing of the line He | 5876;

* Possible cyclic wave like variability of spectral line parameters with characteristic time ~40

days.

They are intriguing results which showed that perhaps, accretion and outflow processes are occurred
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in the magnetosphere of this star. So we conclude that Ae/Be Herbig type star MWC 614, just as its
low mass counterparts - T Tauri type stars may be possessed the stellar magnetosphere.
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XULASO
Homayil Adigozs Izada

HD 179218 ULDUZUNUN SPEKTRINDO PREREMISSiYA XOTLORININ DOYISMOSI

Isda Ae/Be herbig tipli HD 179218 ulduzunun spektral miisahidalavinin naticalari verilmisdir.
Ha siialanma xattinin parametrlarinin iki dévrda ~40 giinliik xarakterik vaxtla dalgavari gakilda
dayismasi askar edilmisdir. Birinci dalgavar: dayigma dahadarindir, spektral parametrlarin azalma
Vo artma qanadlart daha aydin nazara ¢arpir. Eyni zamanda birinci minimumda Ha stialanma
xattinin profilinda ham bévsayi, hom dao gumizi ganadlarda alava siialanma komponentlorin
yaranmasi va yox olmasi miisahida olunmusdur. Aliman naticalarin sistemin qosaligi ilo alaqadar
olmasi farziyyasini irali sirmaya a2sas verir.

Acar sozlar: Ae/Be tipli ulduzlar, ulduzatrafi miihit, emissiya xatlori, dayiskanlik-HD179218

PE3IOME
Xamaiina Aabiro3aisaae

W3MEHEHHUE NNEPESMUCCHOHHBIX JTIMHUM B CIIEKTPE 3BE3/IbI HD 179218

B pabome npusoosamcs pe3yrvmamvl cnekmpanivHwvix Habato0eHutl 36e30vl muna Ae/Be Xepouea
HD 179218. Obnapyaicenvl 06a 801HO0OPA3HBIX YUKIA UBMEHEHUL NAPAMempOo8 SMUCCUOHHOU
KomnoHenmol aunuu Ho ¢ xapaxmeprovim epemenem ~40 oueii. Ilepsas 60na usmenenul a6.151emcs
OoJee enyOOKUM, ICHee BblPANCEHbL BeMBU YMEHbUEHUS U Y EeNUdeHUs] CNeKMPATIbHbIX NAPaAMempos
aunuu. OOHOBPEMEHHO, 8 MOMEHM NEePBO2O0 MUHUMYMA 6 Npoghuie damuccuonnou aurnuu Ho
Haboaemcs nosigleHue U UCYe3HOB8eHUe OONOIHUMENbHLIX CUHUX U KPACHBIX IMUCCUOHHBIX
KoMnoHenmos. Ilonyuennvle pe3yiomanmvl 0aiom 0CHOGAHUE NPEONOLONCUMb O OB8OUCMEEHHOCHIU
cucmembl.

Knroueevie cnosa: 3s6e30vi, nepemernnvie, Ae/Be Xepbueca — okono3zee30Hvle OUCKU,
unousuoyaawtvie - HD 179218
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HUnemumym Qusuku HAH Azepbaiioscana

O IMMPOMCXOKIEHUU YBET'AIOLLIMX 3BE3]]

B 0annou pabome evidsucaemcs uoes 0 nPOUCXoricoeHuu yoe2arouux 2pynn Moo 0blx 36e30.

IIpu onpedenenHvix ycioBusax 3pvlé C8EPXHOBOU 36€30bl 8 00IACTU AKMUBHO20 363000 0P A306aHUsA
MOJICEm  GLIMOIKHYMb U3 9MOU obaacmu 001aKo, 6 KOMOPOM NO X00Y CB80e20 OBUICEHUs
NPOOOAACUMCSL npoYyecc podicoenus 36e30. Ecau e3pvleaemcs eunepHoeas 36e30d, mo OHA 6
cocmosanuu evigecmu u3 obracmu 36e300006pazosanus obraxa maccoti 0o ~10* macc Coanya, 6
KOMOPBIX NO X00) UX OBUNCEHUSL POHCOAIOMCSL HOBbLE 38€300bl.

Knroueswie cnosa: 8bicokoCKopoCcmuble 36e30bl; C8EPXHOBbIE 36€30bl, CUNEPHOBbIE, YOapHbie
B0JIHbI

BBenenue

Yo6eraronwe 38e3161 (Blaauw,1961) ormuarorcst OT 00BIYHOIO HACEJICHHMS 3BE3/I PAHHUX THIIOB
(cnekTpanphpie Kiacckl O u B) cBomMu OGompimmmu mekyJsipHIME - ckopocTsiMu (1o 200 kM / ¢)
OTHOCUTEJIBHO OKPYXAIOIIEH MEX3BE3IHOM Cpellbl U COCEJIHMX 3BE€3J] aCCOLMAIMH, KOTOPOM
npuHa ekt oHd. Okoro 30% 3Be3n O u 5-10% 3Be3n B — yoeraronme (Hoogerwerf et.al 2000).
[TockonbKy 3BE37bI PAHHETO THIA OTHOCHTEJLHO MOJIOABI (OT HECKONBKMX MWDIMOHOB 10 S50
MWUIMOHOB  JIET), PACCTOSIHHS, TPOWICHHBIC YOErarolliMHu 3Be37aMH, OTHOCUTEIHHO MaJlbl, U
MOITOMY B HEKOTOPBIX CITydasX BO3MOXKHO HWICHTU(DHMIIMPOBATH pPOAUTENBCKHIA KiacTep, T. €. ,
3Be3/Has TpyIma, W3 KoTopoil mpowsomien mnober. Kcratu, B pabore (Blaauw,1961) mnpennaraercs
NPUMEHUTh TEpMUH yOeraromas 3Be3na (Run-away) k 3Be3iaMm C BBICOKMMHU CKOPOCTSIMH, KOTJa
BEKTOp CKOpOCTH TMoOKasbiBaeT Ha OB-accormaimro, KOTOpOW OHM TpWHAJEKAT, B MPOTUBHOM
cJlydae UX TPOCTO HA3BIBATh BHICOKOCKOPOCTHBIMH 3BE3JIaMHL.

deHOMEH yOerarmnmx 3Be3]] B COBPEMEHHOW acTpo(M3WKe 3aHMMAaeT 3aMETHOE MECTO IO
HECKOJIbKMM TPUYMHAM. BO-TIepBBIX, OHM CO3/AIOT MOMYJISIIMIO MOJIOMBIX OAMHOYHBIX 3BE3], Oolnee-
MEHEE€ pPAaBHOMEpPHO pacHpeesIiCHHBIX B MPOCTPAHCTBE. OTH 3BE3JIbI MOTIYT B30pBAThCS Kak
cBepxHoBble (CH) BHe 3Be3IHBIX accolMalmii, W TEM CaMbiM YYacTBYIOT B (POPMHUPOBaHUU
CTPYKTYpBI TaJlAKTHKU. BO-BTOpBIX, HAOJIOZCHUE TaKHMX 3BE3J MOMOTaeT M3YYCHHIO MEK3BE3IHOM
cpeasl (M3C), Tak kak mpu cBoeM JBwkeHud B M3C OHM CO3/1alOT TOJIOBHBIE YJApHBIC BOJHBI,
KOTOpBIE SBISIIOTCS WCTOYHHKAMHU F3JIy4eHWS B ONTHIECKOM W HMH(PpPAKpacHOM JHara3oHax. B-
TPEThHX, TIOHUMAHHE CaMOro SIBICHUS YCKOPEHHSI 3B€3/ /10 OONBIIMX CKOPOCTEH Mpe/CTaBISAET
OONBIIOI MHTEpPEC TaK KaK ATO SIBJICHHE MOXKET OBITh KAaKUM-JTHOO 0Opa3oM CBS3aHO C MPOLIECCOM
POKICHHS 3BE3]] WIH SIBISICTCS CIICCTBUEM B3aUMOJICHCTBUS 3BE3/IbI C IPYTHIMHU YJICHAMH CHCTEMBL

OOmenpuHATHl JIBa MEXaHM3Ma BO3HUKHOBCHHS BBICOKMX CKOPOCTEH Y OJMHOYHBIX 3BE3:
ClicHapHii B3pbIBAa CBEPXHOBOW B JBOIHOI cucTeMe (BrepBbie mpeioxkeH biay (Blaauw) (Blaauw,
1961) u cueHapuii quHamMudaeckoro Beiopoca (Poveda etal. 1967; Gvaramadze etal. 2009). B nepsom
ciydae yOeraromiasi 3Be3/ia TOJdy4yaeT CBOK CKOPOCTh TIOCJIC B3pbIBA CBEPXHOBOH B MaCCHBHOM
TECHOW JBOMHOM CUCTEME WM, €CIIM MPH B3pbIBE JBOMHAsI CUCTeMa (MHOTJa) pacragaeTcs, BTOpoi
KOMIIOHEHT ATOM CHCTeMbl HauumHaeT naBUratbcsi B M3C €O CKOpPOCTBIO, CpPaBHUMOW C €ro
opOUTaNIbHOM CKOPOCTHIO 70 B3pbiBa. COrjlacCHO BTOPOMY CLIEHAPHIO, yOeraroiiasi 3Be3/1a HaOupaeT
CKOpOCTH 3a CUET TUHAMUYECKOrO B3aUMOJICHCTBHS C OMHOW WM HECKOJIbKHUMHU JAPYTMMHU 3BE31aMU
accoipaipi. B 3TOM ciyuae CKopocTH yOeraromux 38e31 MoryT ObITh oueHb Oosbime (Hills, 1988).
HenaBHO OTKpbITasi CBEPXBBICOKOCKOpPOCTHast 3Be3na A-tuna (~1700 xm/c) (Koposov et al., 2020)
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TOBOPUT O TOM, YTO BTOPOH CIICHAPHIL, B OTJHMYHE OT MEPBOrO, B COCTOSHUM OOBSICHUTH OYCHBb
BBICOKHE CKOPOCTH YOETaloIIMX OIHMHOYHBIX 3Be3/l. B JaHHOE BpeMs KaKoi W3 JBYX MEXaHU3MOB
JOMHUHUPYET B 00pa30BaHMM OOJBIIOrO 4YKCIAa BBICOKOCKOPOCTHBIX OJMHOYHBIX 3BE3]] CKa3aTh
TPYAHO, ¥ 3TOT BOIPOC OCTAETCsI NPEIMETOM MHTEHCUBHOTO HCCJIEIOBAHUS CICLMAIUCTOB.

B nocnenHee Bpems MccieoBaHusT B 3TOM 00JacTh acTpOQM3UKY TOMyYIIM HOBBIN TOMYOK B
CBSI3M C ycremnmHow pabortoit muccuii Hipparcos, Gaia. HemaBuo B pabore (Drew et al., 2021)
c00011aIoCh 00 OTKPBITUM TPYIIBI BBICOKOCKOPOCTHBIX 3Be3a OB Tuma. B nanHO# pabore MBI
TMOMBITAEMCSl OOBSICHUTH BO3HHKHOBEHHE TAaKUX 3BE3]l B paMKax B3pbIBA CBEPXHOBOM B 001acTu
aKTHBHOTO 3B€371000pa30BaHUS.

IIpoucxoskne HEE BHICOKOCKOPOCTHBIX 3B€ 3/1.

Poxnenue 3Be3/ MPOMCXOIUT B THFAHTCKUX MOJIEKYJSIPHBIX O0JaKax B XOJ€ MHOr00Opa3HbIX
CJIIOKHBIX AaKTUBHBIX TIPOLIECCOB (parMeHTalmy Ha Oojee MelKue 00pa3oBaHMs pa3HBIX Macc U
pazmepoB. Ilporiecc 3Be3go000pa3oBaHMe JAajeKk OT TOHMMAaHUS, XOTS OYE€Hb MHOIO YCHIUN
npwiaraeTcs K 3Toi mpoGieme. Psij crelmamcToB CUYUTAIOT, UYTO 3BE3IbI POXKIAIOTCS MEJIKUMU
rpymmamu, B KOTOpeIX comep:karcs g0 100 3Be3n (Lada & Lada, 2003). Takwe pasmeps! 00J1aKOB, U3
KOTOpBIX 00pa3yloTcsi 3BE3]bl, SIBISIOTCS pE3yJbTaTOM (pparMeHTalmy TUTaHTCKOro o0jaka
BCIICJICTBUE PAa3MYHBIX HEYCTOMYMBOCTEW B mpollecce TypOyIeHTHBIX ABWKECHHH rasa. [lepBbie
3BE3/IbI OOMNBIION MACChl MOTYT B30PBaThCS €Ille B caMOM Hadajie Tpolecca 3Be3J1000pa30BaHus B
ruranrckoM obOnake. Poms CH B mporecce 3Be3nooOpaszoBanusi odeHb 3HauuresnbHas U CH m ux
OCTAaTKU TIpU OMpPEJEJICHHbIX YCJIOBHSX MOIYT CTaTh MOJHOCTBHIO PETYIATOpPAaMH JajbHEHIIET O
nporiecca 3Be3qooopazoBanus (McKee & Ostriker,1977). BonbimmacTBo Habmomaembix CH 310
B3pbIBBI C BhlleneHueM ~10%1apr. IIpu B3pbiBe 3B€3/bI 4ACTh UMITYIIECA BBHIOPOLICHHONH OOONOYKH

MOJKET Mepe/1aBaThCs 00IaKy
a MSNESI KM
V=100 1 (=),
M, C

rne Mgy - Macca BBIOpOIICHHOW Tpu B3pbIBe 000710uku B Maccax ComHia, u Eg; — KUHETHUECKa s
SHEPIrHs ATON OOONIOYKU B €IMHHUIAX 1051 apr, M, — macca obnaka B 102 macc ConmHa. a — goms
nepelaHHoi o0nake ummysbcea. [lapamerp a onpenenseTcst TeAECHBIM YITIOM, NMOJI KOTOPbIM BHITHO
00yak0 M3 TOYKM IieHTpa B3pbiBa CH, mosToMy ymauHOe pacHoNOXKEeHHe LEHTPA BCIBIIIKH 10
OTHOILICHUIO K OOJIaKy CTAHOBUTCS OJHUM U3 (haKTOPOB, OMPEEISIONIMX HMITYJIBC MONydaeMblil
00JlakoM OT CBEpXHOBOH. [IpocThie TeoMeTpudeckne cooOpa’keHMs TOKa3bIBAIOT, YTO I 3TOTO
nmapamMeTpa mmeetr MecTo oneHka, @ < 0.4. Jlnga >hpekTuBHON Tepemsadn UMIyabca HEOOXOANMO,
9TOOBI 3TOT MapaMeTp UMENT 3HAUCHUE OJIKe K BepXHEW rpanvile 3Ha4eHWil. PaccMoTpuM mporecc
B3aMMOJICHCTBUS yAapHOM BOJHBI CBEPXHOBOH C obsakoMm. MccnenoBanue 3TOro Gpu3nuecku O4eHb
CJIOXKHOIO Tpollecca YCJIOXKHAETCS, B TMEpBYIO OdYepelb, M3-3a TPOMAIHOTO pa3zHOOOpa3us
peammBaimii (HayalbHBIX MapamMeTpoB) 3agayn. Ho B oOmmx ueprax HMHTEpECYIONIMIA Mporecc
nepenauu umiyiabca or CH k 06siaky MOXKHO OOBSICHUTH TE€M, UTO MPOHMKINAs B 00JAKO yHapHas
BOJIHA OYCHb OBICTPO CTAHOBHUTCS m3oTepMmudeckon (paauatuBHoi) (McKee, C. F. & Cowie, L. L.
1975; McKee et al., 1978) u mocne NpoxoXIeHus yJapHOH BOJHBI 4epe3 O00JaKO OHO TONydaeT
CPEHIOI0 CKOPOCTb MPOIOPLIMOHATEHY0 CKOPOCTH BEIECTBa 3a (JPOHTOM yAapHOM BOJIHBI B O0JIaKe.
B 3aBucumocTu oOT reomeTpur M (GU3MYECKHX YCJIOBHM MOXKHO OXHUAATh OYE€Hb OOJbIIOE
pa3zHooOpa3ue ApPYyrux pe3yJbTaToOB CTONKHOBeHMs yaapHoi BomHel OC ¢ obGmaxkom. Hampumep,
o0Jlaka MaJIbIX pa3MEePOB MOTYT OBICTPO UCTIAPUTHCS, OCTABIIAS MOcTe ceOst HeOOoMbIIMe BO3MYILEHHUS
wioTHOCTH BHyTpu octaTka CH. OnmHako B o0jake OONbIIOro pa3Mepa MPOHUKINAsE B HETO yJapHast
BOJIHA MOXXET MHMIIMMPOBATH 3apOXK/I€HHE HOBOM 3BE3/bl B PE3yNbTaTe CKAaTHs BELeCTBa YAapHOM
BOIHOM. PonuBmiasics B aBmwkymemcs obnake 3Be3a Oyner passuBaThes 3a ~10° net, 3a 510 Bpems
3Be3/la B pe3yJIbTaTe aKTUBHBIX NPOLIECCOB HA HaYaJbHBIX CTAAMSIX 3aPOXKICHHUS pacTepsieT OCTaTKU

KM 6
rasa W, OJuHOYHas yOeraromas 3Be3qa okaxercs Ha pacctosamun ~30— X 10° et = 30 nc or
C

MECTa B3phIBa CBGpXHOBOfI. Ecmm 3Be3msl wim MPOTO3BE3AbI YXKC B o0ake €CTh, TO H3-3a OYCHb
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MaJIOTO MX HONEPEYHOr0 CEYEHUsI OHM NPAKTHMUECKU HE MONMy4yaT MMIYJIbCa OT YJApPEHHOM BOJIHBI,
XOTS BEUIECTBO B BUIE raza Oy/neT CMETEHO ylapHOi BoiHOW. KoHe4HO, paccMOTpPEHHbIH ClieHapuit
HEJIb351 CYUTATh OCHOBHBIM MEXaHM3MOM YCKOPEHHS! 3BE€3]], HO MCKIIIOUUTh €T0 U3 PACCMOTPEHUS HE
crour. OTIMIUTEIHHBIM CBOWCTBOM B 3TOM CIlieHapuu OyaeT To, 4To yOeraromas 3Be3/a J10JDKHA
OBITH OYe€Hb MONOMON. [l Apyrux BBHIIICONMCAHHBIX MEXAaHM3MOB YCKOPEHHIO TIOJIBEpraeTcs
TIOJTHOCTHIO C(POPMHUPOBABIIHECS 3BE3/bl. TakuMm 00pa3om, yoeraromwe 3B€3/1bI C HA0II01aTeILHBIMU
NpU3HAKAMU MOJIOZIBIX 3BE3]] MOTYT TOBOPHTH B MOJb3Y PabOTOCIIOCOOHOCTH MPEJIaraeMoro 3/1ech
MeXaHM3Ma.

PaccMoTpeHHbIli MeXaHM3M MBI MOXEM T[E€PEHECTH Ha Cllydadl TUIEPHOBOM, T.€.
TUIOTETHIECKOH CBEPXHOBOI ¢ sHeprueil Boienenus ~10%35pr. IMeroTcs KOCBEHHbIE YKa3aHusA Ha
peanbHOCTH CyIIecTBOBaHMS Takux 00bekToB (Asvarov, 2003). JlomyckaeTcs, 9TO HEKOTOPhIE 3BE3/IblI
MOTYT BBIJICJUTH TIPU B3pPBIBE DSHEPrMI0 HA [(Ba TOpSJKAa OOJBIIYI0, TakKasl BCIBIIIKA MOXET
BBIOPOCUTH M3 CUCTEMBI KOMITAKTHBIE 00JIaKa, B KOTOPBIX TOJ BO3JAEHUCTBHUEM MPOXOAMBIICH uepe3
HUX YJapHOW BOJIHBI HAYHETCS AKTHBHOE POXKIEHHE HOBBIX 3Be3[. Ecim B3sTh XapakTepHble IS
runepHoBoii mapameTphl Eg; ~ 100, Mgy =~ 10, To uMnyibe, nonydaeMblii obnakom ¢ Maccoi 103
Macc CorHila, MOXKET TIOBECTH €ro CKOpocTh 10 100 %

JlanHast paboTa BBINONHEHA TPU YacTHUHOM (pmHaHCOBO# momaepkke PoHna PaszBurns
Hayku npu Tlpesunenre AzepOaiimkanckoit Pecnyomuku - I'panr No EIF-BGM-4-BFTF-1/2017-
21/07/01.
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XULASO
Abdul Asvarov
9had Allahverdiyev
GuUnel Mammadxanova
Heyran Novruzova
QACAN ULDUZLARIN YARANMASI

Isdo qagan cavan ulduz qruplarmm yaranmasi haqqnda ideya iroli siiriilmiisdiir. Miioyyan
soraitds aktiv ulduz omalogalmo bolgalorinds  ifratyeni ulduzun partlayisi bu sahadon mioyyan bir
buludu italoyib ¢ixara bilor. Bu harokato gotirilmis buludda ulduzomologomos proseslori bas verir.
Hiperyeni ulduz partlayarkon ulduzomologalmo boélgosindon ~103 Giinos kiitlli bulud italonib
¢xarila bilor ki, burada da yeni ulduzlarin yaranmasi prossesi davam edir.

Acar sozlar: yiksaksuratli ulduzlar, ifratyeni ulduzlar, hiperyeni, zarba dalgalar:.

SUMMARY
Abdul Asvarov
Ahad Allakhverdiev
Gunel Mammadkhanova
Heyran Novruzova
ON THE ORIGIN OF THE RUNAWAY STARS

In this paper, we put forward the idea of the origin of the runaway groups of young stars.
Under certain conditions, a supernova explosion in the region of active star formation can push out
a cloud from this region, in which the process of star birth will continue in the course of its motion.
If a hypernova starexplodes, then it is able to push out clouds with a mass of up to ~ 103 solar masses
from the star-forming region, in which new stars can be born in the course of their movement.

Key words: high-speed stars; supernovae; hypernova; shock waves

-52-



NAXCIVAN DOVLOT UNIVERSITETI

CABUP AJIMEB

sabirshao5@gmail.com

BATU® XAJINJIOB

Hlamaxunckas Acmpogusuueckan Obcepsamopus
um.H.Tycu HAH Azepbatioscana

OCHOBHBIE TAPAMETPBI ITPORBOJIOIIMOHUPOBABIIIEN
MAT'HUTHOMU CP-3BE3/1bl 21 COM

B pabome onpedenenbl OCHOBHbIE NApaAMempbl AMMOCc@epvl U I80TIOYUOHHBIN CHIAMYC
maenumnoit CP-36e3061 21 Com usz cmapoeo cxonnenus Bonocol Beponuxu (Comae Berenikes)
Ammocgepnvle napamempul onpedenenvl ¢ yuemom d¢hexma neKyaapHocmu - Haaudue 00Tbuux
XUMUYECKUX AHOMANUL U CUTbHO20 MacHumHoz20 noas (Be<I1000 G). bBviiu onpedenenvt gpasv
Haubonvue nexkyaapHot (P) u nopmanvrou obnacmu (N) na nosepxnocmu 36e306i. 1lpu nocmpoenuu
Gazosvie Kpuevle ObLIU UCNONLIOBAHBI Mamepuaivl HabawoeHuu nonyyenuvle ¢ ILIIAO ¢
npusiedeHuem OaHHbIX 835MblX U3 ONYOIUKOBAHHBIX panee pabom. Ilonyueno, umo -36e30a 21 Com
pacnonodicena 6audice k epxueil epanuye (TAMS) nonocor I'l1.

Knrwuegwle cnosa: maznummnsie 36e30bl, napamempvi ammoc@epa, 360110y UOHHbII CIAMYC

1. BBenenne

B psine onyOnmkoBaHHBIX  padot, B ToM uucie [1,2] orMeuaeTcs, 4TO OCHOBHBIC TapameTpbl
atMocepnl y marauTHeix CP-3Be3n (3a MCKIIFOUEHHEM CKOPOCTH BpAILCHMS), B LIEJIOM HE CIIBHO
OTJIMYAIOTCA OT aTMOC(EpHBIX MapaMEeTPOB HOPMAJbHBIX 3BE3J TEX K€ CIEKTPAIbHBIX KJIaCCOB.
OnHako B pabore Xyopuk u ap. [3] Ha ocHoBanme HaOmonennn ['MIITTAPX Ovlmm npeacTaBiaeHbI
coobpaxkennsi o ToM, 4To MCP 3Be3nbl ¢ maccamu meHee 3-X COJHEYHBIX MaccC, IPOXKWIH, 0
kpaitneit mee 30 npoueHToB cBoel ku3HM Ha ['maBHoit IlocnenoBatensHoctu (I'TI). ITo ux naHHBIM,
OOJIBIIMHCTBO MAarHUTHBIX 3BE3]] PACTIONIATAIOTCS B LIEHTpaIbHOW uacTnoiockl ['11.

Jlo cux mop HeT YeTKOH KapTHHbI SBOJIIOIMMA MAarHUTHOIO TMOJA, XUMHUYECKMX aHOMAaJMi U
CKOPOCTH OCEBOro BpaitieHue Bo Bpems npeObiBannss MCP—3Be3n Ha I'TI. Kpome Toro, Bonpoc 00
SBOMIOLMM MATHUTHBIX TIOJICH, €Ille He MOATBEPXIECH JOCTATOYHO HAJICKHBIMU HAaOJIONATEIbHBIMU
nanHpiMU. OcoOBIN MHTEpEC TpeCTaBsIET Bonpoc: M3MEHAIOTCS M MeKyJIsIpHbIE OCOOEHHOCTH —
MHTEHCHBHOCTH MAarHUTHOTO TIOJS M JIMHUM TEKYJSIPHBIX AJIEMEHTOB, COOTBETCTBEHHO XUMHYECKOT O
aHOMaJIMM M CKOpocTH oceBoro Bpamenne MCP-—3Be3asl Bo Bpemsi mpeObiBanums Ha [T1. C
COBPEMEHHOM TOYKHU 3peHus OoJiee BaXKHBIM SIBIIICTCS BOIPOC O TOM, YTO UMEHHO KaKHE OCHOBHBIE
mapaMeTpsl (xapakrepucTukr) MCP—3Be31 nonBepraoTcs I3MEHSHNIO B Tieprof] ¥X skm3Hu Ha ['T1
[TosTOMy, ecTecTBeHHO, OCOOBIN WHTEpeC TpEeICTaBIsIET 3aJada WM3y4eHWs aTMOCQEpHBIX
napaMeTpoB U 3Bomomm  MCP—3Be3 1 npuHaAsIe)kalux CKOIUICHHSIM pa3HOro BoO3pacTa.

B pabore [4] oTMeU€HO, UTO MarHUTHBIE NOJIST TIPUCYTCTBYIOT Y 3BE3/1 110 BCEM IIMPHUHE TIOJIOC bl
or ZAMS no TAMS. CraTuCTHYECKHU MOIY4Y€HO, YTO I 3Be3]] C MaccaMu 0oJblIe 3- X COITHEYHBIX
MacC MarHuTHBIE TIOJS OCJIa0eBaIOT C BO3PACTOM, 10 BO3pacTOB mopsaka 30 MWUIMOHOB JeT. A 'y
3Be31 Maibix Macc (M»<2M;) He OOHApYKMBAeTCS yYMEHBIIICHHE BEJMYMHbBI MATHHTHOTO TIOJS
BIUIOTH /10 Bo3pacTa ropsiaka 100 muH net [4] .

K HacTosimeMy BpeMeHH OOIIETPH3HAHO, KaK 3TO OTMedeHo B [1], 4To HaOmoneHus He
MOKA3bIBAIOT M3MEHEHMH (3aMeJICHUs) CKOpPOCTH Bpalenuss marHutHeix CP-3Be3n Bo Bpems ee
xmHu Ha ['TI.

O0600m1as BBIIEM3IOKEHHbIE (PAKThI HAOIIOEHHUI TIO3BOJISIIOT BBIIIBUHYTH HICI0 O TOM, YTO
JUTSL peIIeHNsT OCHOBHOM MPOOJIEMBI MarHUTHBIX 3BE3Jl- MEXAHM3M TPOUCXOXKICHHS MarHUTHBIX
noje M aHoOMa M XUMHUYECKOTO COCTaBa, HEPAaBHOMEPHOIO pACIpe/eNIeHHs] XMUMHYECKHUX
aHOMAaJIMii M MAarHATHOTO TOJS IO TMOBEPXHOCTH M MO TIIyOMHe aTMocdepsl, B TIEPBYIO ouepedb
HEOOXOMMO BBISICHATH 3aBHCHMOCTH OCHOBHBIX CBOMCTB MaruTHeIXx CP-3Be3[ OT MX Bo3pacTa.
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Jlnst 3TOr0 HeOOXOAUMO TPOBEICHHE KOMIUIGKCHBIX mM3ydeHwii marutHeix — CP-3Be3n paszHoro
BO3pacTa. i BeISICHEHUS MeXaHmMa (TUMOTe3) MPOUCXOXKICHHUS U ABOMIOIMU MarHuTHeIX CP-
3Be3 Tpedyercs m3ydeHue (M3MUECKUX XapaKTEPUCTHK 3THX 3Be3l, B CKOIUICHHSX pPA3HOTO
BO3pacTa, TaK KaK YWICHCTBO B CKOIUICHHM OOECTIeYMBAET mapameTp Bo3pacta [1].

Baxxneifieli 0COOEHHOCTHIO Pa3HBIX 3BE3/HBIX CKOIUIEHMH MpPU W3YYEHWHU 5SBOJIOLIUN
3BE3I, IBJIETCS JIOCTATOYHO TOYHO OMpeessieMbIil BO3pAcT TPYIIIBl 3Be3/1, C(OPMHUPOBABIIIE HC 5T
U3 OJTHOTO MOJIEKYJIIPHOTO 00Jiaka. A aHaJM3 MOJIOKEHUST OOBEKTa Ha AMarpaMme TeMrepaTypa —
CBETHUMOCTH [O3BOJIIET UCCIICIOBATH OCOOCHHOCTH IBOJIIOIMU ATHX 3BE3[I,  TAKIKE BIIMSHAC TaKUX
(aKTOpOB, KakK BpallcHHE, XMMUYECKUHA COCTaB, MAarHUTHOE TMOJIE ¥ T.JA.. HA SBONIOIMOHHEIC
napaMeTpsl 3BE3I.

Hcxons w3 BBIIEMBIIOKEHHOTO MBI PEUIWIA W3YYHTh OCHOBHBIE (NIEKYJISIPHBIE )
XapaKTePUCTUKU U ABOJIIOIMOHHOrO cTaTyca MaraurHoil CP - 3Be3nnr 21 Com, mpuHaasiexaiie i
crapomy (log t= 8.7) ckomiernmo Com (Comae Berenikes).

Ienp pa®oThI - OnpeieieHHe OCHOBHBIX XapaKTePHUCTHK (ITapaMeTpoB) atMochepbl U
spomorMonHoro craryca MCP 3Be3nb1 21 Com u corocTaBiieHUE TIOTyY €HHBIX JAHHBIX C
pe3ynbTaTamu nomydeHHpIME st MCP 3Be3 moJjo0HOTO THIA MEKYISIPHOCTH pPa3HOro BO3pacTa.
2. Ha6awnenus u o0paboTka

3Be3na 21 Com (HD = 108945 = HR 4766 = HIP 61071 = Renson 31610) siBysieTcst OMHOM
W3 SIPKUX MATHWUTHBIX 3BE3]] CIEKTpajbHOro kimacca A3p ¢ TunoMm nekymsipHoctu SrCr.
KoMIuiekcHbIe HaOMIOACHMS TOKa3ajd, YTO OHA SIBISIETCS (DOTOMETPHYECKH, CIEKTPAIbHO H
MarHATHO- TIEPEMEHHOM 3Be310i ¢ neprogom P=19.026 [5].

CriexTpanbHele HaOmoaeHus 3Be3bl 21 Com OblM mpoBesieHsl Ha 2-M Teneckone HIAO
HAH Aszepbaiimxana. K HacTosieMy BpeMeHH
TIOJTy4 €HO OoubIIIoe KOJIMYECTBO Wi
KaYeCTBEHHBIX CTICKTPOB B JIBYX BapHMaHTax: a) 17 4 . .
knaccudeckue (ororpaduueckue CHEKTPhI C * Hy ¢
nucriepcreit  4A°/mMm); 6) CCD  croekrpsl, . .
KOTOpbIE TMOMyYEHbl C TOMOLIBIO JIIeie- .. | . ¢
crekrpomeTpa (ShaFES) ycTaHoBiIeHHOrO B
¢dokyce Kaccerpena. beimm momydensr 6 map ee®
CCD crexrporpamm c paspemenreM R=55000 .

W JaBa crekrpa c paspemenreM R=27500.
[Tonpobnass wunpopmammss 00 ammapatype H
METO/IMKE O00pabOTKH Mpe[cTaBieHbl B [6]. 15 |* e Hs Lo

CrektpanpHble  HAaOMOMCHUS  OBLIM | ¢«
IpoBENEHbl B ampene — mone 1971 roma B
¢doxyce kymd 2 — meTpoBoro teieckorna [IIAO ™ 7 * e
HAH Asep0Oaiimkana. beuio momydeno 23
¢ororpadrueckue CIEKTPOrpaMMbl c 1 ; ; e
nucriepcuii 4 A°/MM B 00JIaCTH JUTHH BOJH 0 03 - L
M3700 — 4700A°. Bce crekTporpaMMBbl
PaBHOMEPHO pPacIoNIOKEHbI MO (paze mepuoma
spamiermst  (P=19.026). Boeumi  00pabGoraHs
BOJIOPO/THBIC JIMHHM, 3KBUBAJICHTHBIC IUPUHBI KOTOPBIX TIOKA3BIBAIOT CUHXPOHHBIC W3MCHCHHUE 110
daze (cMm. puc.1) [7]. IlepBoie poromeTpraeckue HabmoaeHus 3Be31bp121 Com ObUTH TPOBEICHBI
Wolff u ap. [8]. 3a 12 Houeii B 1970 r deBpasib — MapT MeCSIICB UMU OBLUTH MOIYYCHBI OOJIBIIOE
KOJIMIECTBO MAaTEpHalioB, KOTOpbIE OXBaTBIBAIOT TOMHBI  mepuox (P=19.026) 3Be3nbL
Habmonenus npoBoamwiock B cucteme Y, B,V u U, koropeie 6msko B cucteme Kitt Peek. ®aszbr
nepuofa Obum ompeaeneHsl ¢ dpemepunamu  JD = 2440630,03 + 19.026E. 3nauenue >TOro
neproia ObLTO TIOIYYEHO €IIe paHee o M3MeHeHMsIM uHTeHCHBHOCTH Jmavk  KCall [5].

(%]

Puc. 1.
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3. Onpeaenenue nmapaMmeTpoB aTMocCdepnl ¢ yde TOM 3ppe KTa NeKyIAPHOCTH.

IIpu onpenenennmn napamerpoB atmochepsr y wmarmurHeix CP (MCP) — 3Besn
HEOOXOIUMO YUMTHIBATh BIMSIHHE A(PPeKTa NEeKyIIPHOCTH (HAIM4MsA B aTMOc(epe XUMHYECKHX
QHOMAJIMA M CWIHHOTO MAarHWTHOTO TMOJISI) Ha CTpoeHHe aTMocdepsl 3THX 3Be31 [9]. OTMeTHM,
YTO HEPABHOMEPHOE pachpeeieHne XMMHUYECKHX aHOMAJMid M MarHUTHOTO TIOJs, KOTOpBIE
xapakrepHo 1711 MCP 3Be3/1, MpensTCTBYIOT NMPSIMOMY TIPUMEHEHHIO TeX )K€ METOJIOB, UTO  JIJIS
HOPMaJIbHBIX 3Be3. Jleo B TOM, YTO HapaMeTpsl aTMoc(epbl, ONMpelelIeHHbIe C TMOMOIIb 0
MaTepHaJiOB HAOJIFOICHHI, TIOTy4YEHHBIX oT HeomgHoponHo mo aucky MCP 3Be3nbl, He
COOTBETCTBYIOT pCaIbHBIM 3HAYCHWSIM 3THX TMApaMeTPOB HU B ISITHAX (TEKYJSIPHBIX), HA BHE
mITeH (HopMalbHbIX) obnactsax. CremoBaTesbHO, TIPH ONPEEICHAN TMapaMeTPOB aTMOCHEphI
MCP -3Be31 HeOOXOMMMO YUYUTHIBATH IP(PEKT MEKYIIPHOCTH (HEOHOPOTHOCTH) ITHUX 3Be3.. Jlst
ATOr0 HEOOXOIUMO OMpeeNHTh (ha3bl COOTBETCTBYIOIINE Hanbonee neKkyisipHoil (P) (maTHUCT 0¥h)
1 oTHOcHTENIbHO HOopMasibHOM (N) 00J1acTH Ha MOBEPXHOCTH 3BE3JIbI.

Jis  sToro ObUM comoCTaBiCHHl (a30Bbie KpuBble M3MeHeHus Osecka (V) u
skBuBaJicHTHBIX TmpuH (W) muamii Ca, Sr, Cr m Eu, KoTopble SBISIFOTCS TEKYJISPHBIM U
smemenraMu y 3Be3nbl 21 Com. OmHOBpeMEHHO OBUTM TIOCTPOCHBI (ha30BBIE 3aBUCHMOCT U
SKBUBaJCHTHBIX ImmmpuH JmHu Hy m HO (puc.1). Ha puc.2 mpenctabiieHpl (pa30BbIE KpUBBIE
mMeHeHns 6jecka (V) u skBuBasieHTHOW tmpuHbl juam WA Call(A3933 ) u Sr Il (A4215 A).
W3 3TUX pUCYHKOB BHIHO, YTO (ha3bl SKCTPEMYMOB ISl BCEX MOCTPOCHHBIX 3aBUCHMOCTEH TOUTH
coBrnagaroT (Ap~=+0.05).

028 - N
L Sr . *
\Y) e %o e . . .
° ° 04 .
0.26 - L. . . .
° 02 A * .
U,E - [}
0.24 T T 1 . Ca N .
. .
0 0.5 1 15 0.4 1 .
- o ¢ ¢
02 - .
.
O T T
05 1 PHASE

Puc.2 ¢pazoswie kpusvie bnecka (N ) u Wi ons Call(23933 ) u Srll (/142]54).

C nomompo CONoCTaBICHU TIOCTPOCHHBIX (PA30BBIX KPHBBIX OBUIM OMpeaesieHbl (a3l
sKcTpeMyMoB. CorinacHo MOJENH HAKJIOHHOTO potaTopa ¢azamakcumyma (¢ ~0.0-0.1) dazoBeix
kpuBbIX BeamauH V 1 WA cooTBeTCTBYeT HauOonee nekymsipor (P) o6macty, a paza Mmunnmym a
(¢ = 0.5 — 0.6) orHOcuTenbHO HOopMasibHOM (N) obsacTu Ha moBepxHocTH 3Be3zbl 21 Com (Cm.
Tabn.1)

[Toutu Bce mapameTpbl aTMOcdephl, yKa3aHHbIE B TaOmwIe 2, ObLIM ONpesesieHbl, Ha Oase
HaOmoaTe bHbIX MaTepuanoB nomydeHHeix B IIIAO HAH Aszepb6aiimxkana. DddexTuBHas
temnepaTypa Tef U yCKOpeHUs CWIbl TSDKECTH § OBUIM ONpeAesieHbl MO MpOGWIiM JUHUN

Bonopona (Hy, H3) u ¢poromerprueckum mHaekcam B cuctemax Jpxoncona (UBV) u Ctpemrpena
(ubvy) [10]. HalinenHbie 3HaueHus JUisi BeJIMuuH Tef 1 10g g mpencraBnensl, B Tadmie 1.

Panuycel 3Be311bI ObUTH BBIYUCIICHBI TI0 HAMICHHBIM S(P(EKTUBHBIM TeMIEpaTypam (s
T(P) u T(N)) cornacHo u3BecTHON (GopmyIie

log R =8.46 - logTes — 0.2Mpq1
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rae Mpo 60nomeTpuueckas 3Be3aHast BeamduHa Myo= My + Ampg. bomomeTprdeckas nonpaBka
Amy, ompeneneHa IMyTeM SKCTpanoaiuy ¢ noMoupto aanHbix Crpaibkuca [10]. Halinennoe
3HaueHue 111 Myo Takoke mprBeieHo B Tadmmie 1.

W3BecTHO, 4TO B cpeHEM cKopocTH BpameHue Vsin i MCP-3Be3n B 2-4 pa3a mwke VSin
| HOpPMaJIbHBIX 3BE3]] TAKUX € CINCKTPaJbHBIX KiaccoB. B pabore [1] ObUIO MOMydeHO, YTO
XOJIOJTHBIE TIeKYJISIpHBIC 3BE3JIbI 3aMEJUJISIOT BPAICHHE B TPOIECCE DBOJIONMM OT HAaYaJIbHOM
UCXOAHOM TnaBHOW mocnenoBatenbHocT (UI'TI - ZAMS). Pe3ynbTaThl, NONMYy4YeHHBIE PA3HBIM A
aBTOpPaMH HEYBEPEHHbIE U MPOTHBOpeYMBbIe. [l0 CHX MOp HESICHO, MO KAKOM MpHYMHE, M HA KaKOM
sTane 3BoMolMM MarHutHele CP-3Be3bl TEpSIIOT OOJBIIIYI0 YacTh CBOETO YITIOBOTO MOMEHTA.

OcHnognble napamempuol 0nsa nekyaaphou (P) u nopmanwvnoit (N )oonacmu
ammocghepor MCP 3Be3ab1 21 Com.

JlaHHbie U3
No ITapameTpsl P N JIMTEPATYPBI
®a3bl COOTBETCTBYIOIIHE
nexyssipHoit (P) u HopmanbHOU .0.05-0.15 0.5- 0.6
(N) obmactu atMmocdepsl.
2
Tes u log g HalimeHHBIE TIO 9200 8400
POPWISIM BOJAOPOTHBIX JTUHHI 491 4.77
3 Ter 1 l0g g HalineHHbIC TIO 9000 8300 8600 [14]
(hoTOMETpHUIECKUM HHIEKCAM 4.04 3.88
4 Panuyc 3Be3/1bI HAWICHHBIE TIO 2.23 2.63
Teff (P) u Teff (N)
5 [Tpoeximst ckopocTh 78 60

BpAICHHS Ha JTyd 3pCHHS —
VeSin i. (km/s)

6 D¢ dexTrBHBIC MaTHUTHBIE -400 +537 [12]
nonst (Be) momyuen-spie ¢
TIOMOIIBIO aHATIM3aTOpPa
3eemana (["aycc)

7 3HaycHHE BeMYMHBI Be, +20 +440 [11]
MBMEPEHHBIC TIO JIMHUSM
Bojioposia ( o mapameTpam

Crokca)
8 bamvepoBckwii ckavuok 0.48 0.52
9 CriekTpasbHble HHIEKCHI 2.70, 4.80, 2.20,
nekymsipHoctu P(E) st xpoma 2.85 4.45,
CTPOHLMSL U €BPONUs 2.50
10 DoTOMETPHIECKIE UHICKCHI 0.026
nekysipHoctd Ao u Z (B
3BE3/HBIX BeJ.) B BeHckol u -0.027
KeneBckoli cuctemax
11 AOcomoTHass 3Be3/Has 0.82 0.67

BemmuuHa MV u My

12 Csetumocth Log L+/ 1.65 1.7[4]
Lo
[To3TOMY MBI COYIM LIEIECO00pa3HBIM  ONPEAEINTh IPOSKIMI0 CKOPOCTH BpalleHus Ha
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ayu 3penwst (VSini) mis 3Be3nbl 21 Com, koTopasi SIBISICTCS YICHOM CTAapOro CKOIUICHHS B
Bonocax Beponnkn. CKOpOCTH BpallleHHs JJIS 3TOM 3B€3/bl ObLUIM OmMpeiesieHbl (CM. Tadul.) 1mo
noaymmpuHaM  Juam - Mgl M481A n Fel M476A s KoTOopbIX (akTop Jlanme MeHbIue
enuanpl (g <1.0.5).

Uucno m3MepeHnid MarHUTHOTO TIONST Majio M HEJOCTATOYHO I TOCTpoeHus (a3oBO
3aBucuMocTd. [loaromy B Tabmn. 1 mpencTtaBieHsl 3KCTpeMalsbHble 3HaueHUs 3()PEKTUBHOTO
MarHiuTHOTO TIOJIs, KOTOphle Opanuch u3 pador [11,12].

K nactosimeMy BpeMeHM OIMyOJIMKOBaHbI HECKOIBKO Pa0OT, B KOTOPBHIX OTMEYAIOTCs
AHOMAJILHOCTU 0aJlbMepOBCKUX cKaukoB y MmarHuTHbIX CP-3Be3n. HegoctaTkoMm Bcex aTux padbor
SIBJIIETCS TO, YTO BEJIMIMHBI  0aJIbMEPOBCKHX CKkaukoB (D) 6bumm onpenenenbl 0e3 yueta addekra
neKkymsipHocTu. [1o3ToMy MBI BIUMCTINIM ~ 0albMEpPOBCKHUE CKAayKHM MO HHIEKCAM B CHUCTEMax
Jlxorcona (UBV)u Ctpemrpena (ubvy) [10], ¢ yaeToM HEOTHOPOTHOCTH aTMOocdepbl 3Be3 bl 21
Com. Ilomyueno, yto BeqmumHa D mist mexynsipHoM oOnacTu 3Be3[bl yMeHblleHO — Ha 15%
(AD=0.064).

JUii KONMMYEeCTBEHHOM XapaKTepUCTHKU AaHOMAJIbHOTO XHMHMYECKOro COcTaBa atmocdep
MarautHelx CP - 3Be37 HawlydnmM  CHOCOOOM SIBJSIETCS HENOCPEACTBEHHOE OIMpeeIcHHUE
JIOKaJIbHOTO ~ XMMHYECKOr0 COCTaBa B IITHAX y oTux 3Be3d. /Jlnmi KommuecTBEeHHOM
XapaKTepUCTUKA aHOMAJIbHOTO XHUMHYECKOro coctaBa atmocdepbl 3Be3abl 21Com  Mbl
HCTIONB30BaJIM HMHAEKCHI CrieKTpaibHoi mekymsipaoctr P(E) [13].

CrekTpanbHble  HMHAEKCHI  mekymsipHoct  P(E), ompemensiorcs Kak — OTHOIIE HUE
SKBHMBAJICHTHOW IMPUHBI WA JIMHUM TIEKYJSAPHOTO 3JE€MEHTa (WIM MEKYJSPHBIX SJIEMEHTOB S,
Cr, Eu ) B criekTpe MarHuTHOW 3Be31bl K e WA B CIEKTpe HOPMAaJIbHOM 3BE3/bl INIABHOM
nocnenoaresbHocT (I'T1) ¢ Takumu ke Tef u Sp. Uunexc P(E)=W(P)/ W(N) xapakrepusyet
KOJIMIECTBEHHbIE MEPbI YCWIEHUS] JIMHUM TEeKyJsipHOro oiementra B cniekrpe MCP 3Be3nsl. B
aTMocepe HCCteTyeMol 3Be3/1bl OCHOBHBIMH TEKYJISIPHBIME dJieMeHTaMu siBisttotrcst Sr, Cr u Eu.
[Tosromy Bemmuuebl P(E) ObLM ompesiesieHbl JJISL 3THUX 3JIEMEHTOB M HAWICHHbIC 3HAYCHHUS
noKa3aHel Ha Tabmme 1.

4. DBOJIIOMOHHBIN CTATYC.

B pabote[14] oTmMeueHO, UTOHET HUKAKOTO Pa3JIdusi MEKIy HOPMAJIbHBIMA U MarHUTHBIM U
CP-3Be3namu, u Bce maruutHble CP - 3Be31bl JieskaT BHYTpH nosiockl ['T1

Hogrwie nannsie, nomydyennsie w3 HaOmoaennii [ UITITAPX, mo3BossitoT MOATBEPAUTH paHEee
C/IeJIaHHbIE BBIBOABI O TOM, YToMaruuruie CP-3Be3nni npuHaiexar ['Tlu ux dyHnameHranbHbie
napamMeTpsl (3a UCKIIFOYEHUEM CKOPOCTH BpALICHHS) B IIEJIOM, MPAKTUYECKH HE OTIMYAIOTCS OT
rapamMeTpoB HopmaibHelx 3Be3a ['T1[14].

OcoObIif uHTEpEeC MpeacTaBisIeT BOMPOC O TOM, YTO KOrJla MarHWTHas 3Be3/a MpHoOperna
CBOIl aHOMAaJbHBIM XUMHUYECKUM cocTaB. Bompoc 00 5BOMOIMM XUMHYECKUX AaHOMAaJHid B
atMocdepax maraurHelx CP-3Be3n 710 koHma emie He pemeH. Iloka emie HeT 4eTKOW KapTHHBI
SBOJIIOIIMM MATHATHOTO TIONs BO BpeMsi mpeObiBanusa 3Be3q Ha [T1. Ilosromy MBI permuin
OIPEJICIIUT HSBOMIOLMOHHOTO CTaTyca MPO3BOJIIOLMHUPOBABIIEH 3Be3Abl 3Be3abl 21 Com.

Jns oTol 1PNBI0 ObUTM BBIYKCIEHBl €€  CBETUMOCTh C HCTIOJb30BAaHHEM CTaHIAapTHBIX
COOTHOILICHUIA.
Log(L+/ Lo) =04 (M®- M*) ,
rne M® abcomoTHas 3Be3nHas BemmanHa ConHia paBHast 4M.8. AGCOMOTHAS 3Be3HAS BEJIMIUHA
s 21Com M,=0.82, u ee ceetumocts log L/Ly = 1.65 £0.14 .

C nomoImpl0 HAWAEHHBIX 3HAYCHUHA CBETHMMOCTH M 3(P(EeKTUBHONM TeMmepaTypbl ObLIO
YCTAHOBJICHO MecTonojioxkenue 3Be3Anl 21 Com na guarpamme ['epuumpynra- Paccena. Ona
SIBISICTCSL OHOW W3 cTapwix 3Be3x (3,5 -10° jer) u pacrnosnokeHa OJmke K BEpXHEH TI'paHHUIIE
(TAMS) monocsr I'TI (puc.3). Ha aToii nuarpaMMe 4epHbIM KBaJpaTOM CO CTPEJIKOW OTMEUYEHO
nonokenrie  3Be37bpl 21Com. BumgHo, 4TO OHa pacmonaraercs psoM C paHee W3YYEHHBIMH
nposBosorioHpoBaBinMu MCP- 3Be31aMu, OTMEUEHHBIMHU YEPHBIMU KPY>KKaMH.
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Puc.3. Jluacpamma I'epywunpynea- Peccena ommeuenuvimnonoxceruem 36e30ut 21 Com
(uepHbiii keaopam) u 36e30 cpasnenuss HD66318, HD144897.

B oty ke rpymiy BXOAT psiA CcTapbix 3Be3n, Takue kak, HD8441, HD5797, HD40711,
HD103498, HD204411 w np. [lyist oT0M Tpymmibl 3BE3/ XapaKTEPHBI CIIbHBIE ¥ MHOTOYHCIICHHBIE
JIMHUM 3JIEMEHTOB KEJIE3HOr0 MUKa B criekTpax. OIHAKO JIMHUM PEeIKO3€MEIIbHBIX JIEMEHTOB IO
CPaBHEHHUIO C IPYTUMH HECKONbKO ociabiensl. Ha nuarpamme 3Be310ukaMu 0003HaU€HBI 3BE3/IbI,
obnajarompe cwibHbIMU MarHuTHeIMH mnonsiMmu (HD66318 u HD144897). B cnekrpax 3Tux
MOJIOIBIX 3BE€3]l HAaOJIIOMAIOTCA BBICOKOE COAEpXKAaHUE, KaK AJIEMEHTOB JKEJIE3HOTro IHKa, TakK U
penko3eMenbHbIX sneMeHToB. OHu  Obum  BbIOpaHbl aBTOpaMu [15] nnst cpaBHeHHS C
nposBomononuposasminvu - MCP - 3Be3namn.

OTKpBITBIMU KPYXKaMU OTMEYEHBl KJIACCHUECKHE MyJIbCUPYIOIIME MAarHUTHBIE 3BE3[bI C
nepuonamMu mynbcarmid ~ 6- 12 muHyT. Ilomokenmne 3Tux 3Be3a Ha ['11 BOMM3M JMHMM HYJEBOTO
BO3pacTa TOBOPHT O TOM, 4YTO OHU sBIIIOTCA MomoabiMmu MCP-3Be3namu. PesymbraThl
onpe/eIeHNsI CTIEKTPAJIBHOrO MHIEKCA MEKYISIPHOCTH STHX 3BE3]l IOKA3bIBACT CIIBHBIA M30BITOK
CoZiepKaHusl KpeMHUs, Kelie3a U 0COOCHHO penko3emenbhbix anemenroB (Eu, Nd u ap.). I[Ipu
nocTpoeHud avarpaMmmbl ['eprimpynra — Peccena ¢ oTMeueHHbIM monoxkeHreM 3Be3zsl 21Com
(4epHBIi KBaJApaT) WCIONb30BaHbI JaHHBIC M3 PaboThl [15].

5. O6cyxx1enue u 3akjaw0yeHue. B GombImMHCTBE OMyOJIMKOBAHHBIX PabOT OTMeEuaeTcs,
YTO CpeHsisa BeqmunHa MarnurHoro mosisi MCP-3Be3j1, yMeHbIIaeTCsl ¢ YMEHbIIIEHHEM BO3pacTa
3Be3q. [loaToMy pa3HO€ 3Hau€HME MAarHUTHOIO TOJsl TPYHIbl IMPOIBOMIOLMOHHPOBABIIMX H
mononbix MCP-3Be31 MOXKeT OBITh pe3yabTaToM 3BOMIOIMY.  OTCIOa MOYKHO NPEIIOI0KHUTh, YTO
OoOHapyKuBaeMbIe pa3auuusi XuMmuaeckoro coctaBa MCP-3Be3n pa3Horo Bo3pacta TakkKe MOXKET
OBITH CBS3aHO C BOMIOIMEH ATHX 3Be3. OHAKO SBONIOIMS MAarHUTHBIX TIOJIEH W XUMHUYECKOTO
cocTaBa 3Be31 BO BpeMmsi ux mnpeObiBanmsi Ha [Tl moka He mNOATBEpXKIECHA HAJICKHBIM U
HAaOMIOJATebHBIMU  JaHHBIMH. MBI CYUTAeM, YTO U TOATBEPKICHUS O3TOro, TpedyeTcs
mBy4YeHUe OOJbIIETO KOMMYECTBA MPOIBOMIOLMOHUPOBABIINX 3B€37, KOTOPhIE K HACTOSILEMY
BPEMEHU U3y4YE€HbI B HEJIOCTATOYHOM KOJIMYECTBE.

Hpyroit Baxksblii Bompoc 3Bomoim  MCP-3Be3y CBsI3aH ¢ T€M, YUTO KOTJa 3TH 3BE3[IbI
nproOpe CBOM XMMHYECKHE aHOMaMi. ABTOpPHI [16] He OOHAPYKWIM HUKAKUX KOPPEJIs Ui
MHICKCA TMEKYJSPHOCTH JUIS MEKYJApHbIX snemeHToB He, Si u Sr C Bo3pacToM 3Be3bl MpH
UCCIICIOBAHUH TIEKYJIAPHBIX 3BE3]l, B CKOIUICHUSX Pa3HbIX BO3PACTOB.

Pe3ynpTaThl KOMIUIEKCHBIX HCCJIEIOBaHMI MO3BONWIN HAM YCTAaHOBHTH MECTOIONOKEHHE
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3Be3abl 21 Com Ha nwarpamme [eprmimpynra - Paccena m TeM caMbiM — ONpeJeNUTh €€
ABOJIOIMOHHBIM  cTaTyc. OHa pacrmojokeHa  psSaoM C  TOpodBOoOLMOHUpoBaBIIMMU  MCP-
3Be3/laM U, KOTOpbIe PUOIIIDKAtOTCsl K KOHIy *m3HA Ha ['T1. B ciekTpax 3T0ii Tpymmbsl MarHATHBIX
3B€3]] JIMHUM PEIAKO3€MEJIbHBIX AJIEMEHTOB, MO CpaBHeHMIO ¢ mononbiMu MCP 3Be3namuy,
HECKOJIbKO OCJIa0JIeHbl. 3BE3/bl 9TOM TPYIMbl 00JAal0T CJIA0OBIMM MarHATHBIMHU TIOJISIM U,
KOTOpbI€ He XapakTepHbl st MmarHuTHbIX CP -3Be3q [10].

B xoHeuHOM wWTOre, MBI COIIACHBI C MPETNONOKEHHEM aBTOpOB [15], o ToM, 4TO B X0/1€
SBOJMIOLMM MATHUTHBIX 3BE€3J] UX MAarHUTHOE TOJiE U COMAEpKaHHE PEIKO3eMEJIbHBIX 3JIEMEHTOB
YMEHBIIACTCS.

CornacHo Bbllle M3JIOKEHHBIX  (DAKTOB MOXKHO CHEJaTh CJEAYIOIME BbIBOABI
1. 3Be3na 21 Com sBisieTCsl MPOIBOMIOLIMOHUPOBABIIEH 3BE310M, KOTOpas NpUOIIDKAeTCs K
KOHIy >km3Hu Ha I'TI.

2. MarnuTtHoe monie u uHAeKCH nekyasipHocTu P(E) penkoszeMensHbIX aneMeHToB 3Be3bl 21 Com
YMEHBIICHbl [0 CPAaBHEHHIO C MOJOABIMH MarHuTHeiIMU CP-3Be31amu, COOTBETCTBYIOIIETO €i
CIIEKTpaJIbHOrO Kiacca.
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XULASO
Sabir 9liyev
Vaqif Xalilov
COX TOKAMUL EDON 21COM CP-MAQNIT ULDUZUNUN
ATMOSFER PARAMETRLORININ TOYINI

Qoca Veronikanin Saglart ulduz topast 21com magnit ulduzunun atmosfer parametrlori vo
tokamil statusu mioyyon edilmisdir. Atmosfer parametrlori toyin edilorkon ulduzun pekulyarliq
effekti —yiiksak kimyavi anomaliya va glclii magnit sahasinin (Be~1000 G) olmasi nazors alnmusdir.
Ulduzun sathinds an cox peculyar( P) vo normal (N) oblastlara uygun fazalar miioyyan edilmisdir.

Faza oyrilorini qurmaq ticiin SAR-da alman miisahidalordon basqa, ovvallor doarc olunan
islordon do istifado edilmigdir. Alnmigdr ki 21com maqnit ulduzu Bas Ardicilliq zolagmmn yuxari
sarhoddinds (TAMS) yerlogmisdir.

Acar sozlar. magnit ulduzlari, atmosfer parametrlari, tokamil statusu.

SUMMARY
Sabir Aliyev
Vagif Khalilov
DETERMINATION OF ATMOSPHERIC PARAMETERS OF THE EVOLVED
MAGNETIC CP STAR 21 COM

The paper defines the main parameters of the atmosphere and the evolutionary status
of the magnetic CP-star 21 Com from the old Comae Berenikes cluster. Atmospheric parameters are
determined taking into account the peculiarity effect - the presence of large chemical anomalies and
a strong magnetic field (Be~1000 G). The phases of the most peculiar (P) and normal (N) regions
on the surface of the star were determined.

When constructing the phase curves, we used observational materials obtained at ShAO
with the use of data taken from previously published works. It was found that the 21 Com star is
located closer to the upper boundary (TAMS) of the Main Sequence band.

Key words: magnetic stars, parameters of the atmosphere, evolutionary status.
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GUNOS VO PROSION ULDUZUNUN .SP.EKTRIN]')B' BOZIi Cr XOTLORININ
PROFILLORINIiN TODQiQi

Isda Gunas ulduz kimi va Kigik Kopak biircinin aulduzu -Prosiyonun uygun olaraq, Haute
Provense va La Silla Paranal rasadxanalarinda yiiksak dispersiya va yiksak ayirdetmaya ilo alinmgs
spektral materiallar: asasinda goriinan oblastda Cr xatlorinin daqiq profillari qurulmus va asas
spekrofotometrik xarakteristikalari tayin olunmusdur.

Acar sOzlar: Glnas, Prosiyon, spektr, fraunhofer xatlari

Giris

Glnos vo ulduzlarm spektrlorinds  Fraunhofer xotlori ulduz atmosferinin - on hassas
gostaricisidir. Ulduz atmosferinds bag veran biitlin fiziki proseslor onun spektral xatlorin profillorindo
Oziinli agiq gostorir. Ona goro ulduz spektrinds ayri-ayri spektral xatlorinin  kifayst godor doqiq
profillorinin  qurulmasi vo onlarm osas spektrofotometrik xarakteristikalarmin  toynii  ulduz
atmosferlorinin dogiq analizi Ugun ¢ox mihimdr.

Glnas G2 spektral sinifli bas ardiciliq ulduzudur. Prosiyon ulduzu iso F5 spektral sinifli
subnohong ulduzdur. Onlarn spektral siniflori bir-birino yaxmndir.

Owalki islorimizds [1-3] Giinesin Kurug va b. [4] tarafindon Furye spektrometrlorinds yiiksak
dispersiya vo yiksok ayrdetmo ilo almmig spektral materiallardan istifado olunmusdu. Bu atlas
spektrin AL 2960A-13 000A bélgosini ohato edir. Burada qalq intensivliyi 1-2 mA addm ilo verilir.
Homgcinin Prosiyonun Qriffin [5] tarafindon tortib etdiyi rogomsal atlas Maunt Vilson rosadxanasmnin
100 millimetrlik refraktorunun kude fokusunda almmisdir. Comi ii¢ seriya miisahido aparimisdir.
Spektrin AA3140-5400A bolgesi spektrin 1V va I11 tortiblorinda, A\5400-7470A bélgosi iso spektrin
Il tortibinds almmusdir. Atlasda qahq intensiviiyi SmA addmu ilo verilir. Hal-hazra diinyanm bir
neco rosadxanasmmn boyilk diametrli teleskoplarmda almmis spektral materiallar bu rosadxanalarin
saytlarmda arxiv materiallarmda yerlosdirilmisdir. Miiasir texnologiyalarla alnmig bu spektral
materiallardan istifado etmoklo daha doqig profillor qurmaq vo daha inamh noticalor aldo etmok
mumkandur.

1. Miisahido materiah

Isdo spektral material olaraq Giinos iiciin Fransanmn conub sorgindo yerloson Haute Provense
rosodxanasmnda 1.93 m-lik teleskopun kasseqren fokusunda alnmis spektal materiallardan istifado
olunmusdur. Bu rogomsal spectral material spektrin 11 3872-6943A bolgosini ohato edir. SOFIYA
eselle spektrografinda almmus bu spektrdo ayrdetmo 75000-dir. Istifads etdiyimiz spektr 2017-ci ilin
avqustun 3-do almmusdlr [6].

Prosiyon ulduzu ugun iss Cilids La-Silla Paranal Resodxanasmm 3.6 metrlik teleskopunun
kasseqren fokusunda almmis spektral materialdan istifado olunmusdur. Bu rogomsal spektral material
spektrin 11 3780-6910A bolgesini ohato edir. Bu teleskopun HARPS eselle-spektrografinda
ayirdetma gabiliyyoti boyikdir — R =115 000-dir. Bu da zoif vo orta intensivlikli xatlorin kifayot
odor dogiq profillorini qurmaga vo onlarm inco qurulusunu Oyronmoys imkan verir. Istifado
etdiyimiz spektr ~ 2010-cu ilin iyulun 30-do almmusdir [7].

2. Profillarin islonmasi va asas spektrofotometrik parametrlarin tayini.

Todgigat isindo osas mogsod Glinosin  vo Prosiyonun spekrinds gorinon oblastda
blendlonmomis  zoif vo orta intensivlikli Cr xotlorinin  profillorinin =~ qurulmasi,  onlarmn
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spektrofotometrik xarakteristikalarmin bdylik doqigliklo tayini vo profillorin  inco qurulusunun
dyranilmasindan ibaratdir.

Spektrlorin islonmoasi Qalazutdinov [8] torofindon togdim olunmus DECH-20 vo DECH-30
paket programlar1 vasitosilo aparimisdr. Sokildo Giinesin spektrindo 4616.638 A xottinin DECH
programmda qurulmus profili gostarilmisdir.

B (sophie [51d 22562601 fts): ol @ e

Miisahido olunan bitiin Xatlor eynilogdirilmis, onlarm spektrofotometrik xarakteristikalari -
ekvivalent eni (W), yarm eni, dorddo bir eni vo Xatlorin morkoazi dorinliklori (Ro) hesablanmisdir.
Xatlorin eynilosdirilmasi [9] vo VALD 3 [vald.astro.uu.se] verilonlor bazasi asasinda apariimisdir.

Glnosin vo Prosiyon ulduzunun spektrinds dalga uzunluglari vo uygun spektrofotometrik
paramerlori codval 1 va cadval 2-do gostorilmisdir.

Cadval 1.
Gunas spekrinda bazi Cr xatlorinin asas spektrofotomerik xarakteristikalart
LA | Element | W, | Ak | Al Ro
mA | mA | mA
4616,638| Crll 472 117 188 0,636
4634,088| Crll 672| 128 201 0,545
4651,308| Crl 865 119 179 0,367
4652,178| Crl 1075 135 213 0,295
4718417 Crl 706 121 206 0,494
4922237 Crll 1022 177 260 0,453
4942517 | Crll 98| 156 236 0,442
5205907 | Crl 2173 228 330 0,176
5313607| Crl 319 131 228 0,796
5334,897| Crl 372 126 210 0,743
5348,347| Crl 41 136 230 0,360
5409,797| Crl 1035| 146 241 0,362

Xottin ekvivalent eni bir gayda olarag, [19] terofindon togdim olunmus program asasinda
Olgiilmiisdiir. Lakin profillori qonsu xotlorlo glcli tohrif olunmus bazi blendlonmis  xatlorin
ekvivalent enlori iso asagidaki gayda ilo Olgiimiisdiir: Bu magsadlo profillori qonsu xatlorlo tohrif
olunmamis blendlonmomis xatlorin ekvivalent enlorindon istifado edoarok xottin ekvivalent eninin
(W,) Xattin darinliyindon (R;) asiihg1 qgrafiki qurulmusdur. Belo ki, todqig olunan spektrlords xatlor
kifayat godor genisdir vo onlarm profillori instrumental profillorlo deyil, bu ulduzlarin atmosferindo
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bag veran mikroturbulent harokat siirati ilo xarakterizo edilir. Belo oldugda xottin ekvivalent eni onun
dalga uzunlugundan deyil, intensivliyindon asihdir. Ona gora do giicli olmayan Xatlor tigiin (W < 300
mA\) xottin ekvivalent eni ilo dorinliyi arasmda vahid asililiq mévcud olmaldir.

Cadval 2.
Prosiyon spektrinda bazi Cr xatlorinin asas spektrofotometrik xarakteristikalar
A A Element | W, mA | Aly, mA | Adys MA Ro
4616,524 Crll 729 150 220 0,568
4633,974 Crll 91,6 156 228 0477
4651,163 Crl 58,7 143 229 0,64
4652,064 Crl 82,2 149 219 0,508
4718,302 Crl 49,1 149 232 0,696
4922,139 Crll 68,1 177 273 0,652
4942,35 Crll 489 183 275 0,714
4942357 Crl 48,9 183 275 0,822
5204,397 Crl 144 210 320 0,319
5348,256 Crl 74,7 173 254 0,616
5409,656 Crl 106,3 191 291 0,473

9sas naticalar
G2 spektral sinifli Glinos tigtin 1.93 m-lik teleskopun SOFIY A eselle spektrografinda almmis

yuksok ayrdetmoli (75000) vo F5 spektral sinifli Prosiyon ulduzu Ggtin 3.6 metrlik teleskopun
HARPS eselle-spektrografinda alnmis yiiksok ayrdetmali (115 000) spektral miisahidalordon
istifado edoarak goriinan oblastda Cr xatlorinin profillori qurulmusdur.

Profillorin  asas spektrofotometrik xarakteristikalari toyin olunmusdur. Malum olmusdur ki,

bu ulduzlardan Prosiyonun spektrinda profillorin ekvivalent eni nisboton bdytkdir. Bu da hamin
ulduzun effektiv temperaturunun Giinasinkindon bdyiik olmasi demokdir.

o o

o N
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SUMMARY

Tarlan Nasibova
Zamina Aliyeva
Khidir Mikailov

STUDY OF PROFILES OF CERTAIN LINE OFCr IN THE SPECTRUM
OF THE SUN AND THE STAR OF PROCYON

In this work, accurate profiles of lines in the visible region of Cr were constructed and their
main spectrophotometric characteristics were determined based on spectral materials obtained with
high dispersion and high resolution at the observatories of Haute Provence and La-Silla Paranal,
respectively, for the Sun as a star and Procyon.

Key words: Sun, profiles, spectrum, Fraunhofer lines

PE3IOME
Tapaan Hacu6osa

3amuHa AiimeBa
Xb1AbIp MuKanios
NCCIEJAOBAHUE NTPO® WJIE HEKOTOPBIXJIMHUM CrB
CIIEKTPE COJIHIE U 3BE3bI IPOITUOHA

B oanmnoii pabome 6viiu nocmpoensvt mounvie npoghunu auHul 8 euoumou oonacmu Cr u
onpeoeenbl UX 0CHOBHble CHeKMPOpomoMempuyecKue XapaKkmepuchuKki Ha 0CHO8e CReKMP AJIbHbIX
MaAmepuanos, NOIYYEeHHbIX C 8bICOKOU OUCnepCUell U 8bICOKUM pa3peuleHuem 8 00cep8amopusx
Bepxneeo I[Iposanca u Jla-Cunvsa-Ilapanans, coomsemcmsenno o Connye kax 36e30a u Ilpoyuona.

Knioueswie cnosa: Connye, npogunu, cnexmp, ¢ppayneogheposa iunuu
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UZUNUNA POLYARLASMA HALINDA ELEKTRONLAR OSAS LANDAU
SOVIYYOSINDO, POZITRONLAR iSO BIRINCi LANDAU SOViYYOSINDO

YARANDIQDA v, - v.e"e" PROSESLORI HESABINA BAS VERON ENERJI iTKiSi VO
ORTAYA CIXAN SPIN ASIMMETRIYASI

Belaliklo, ifratgiiclu magnitlogmis ulduzlarda gedon v, —v.e"e* proseslorinda diison

antineytrinolar sahays perpendikulyar istiqamatda daxil oldugda, sapilan antineytrinolar isa sahanin
aksi istiqamatinda harakoat etdikda elek tronlarin asas Landau saviyyasinda, pozitronlarmn isa birinci
Landau saviyyasinda dogulmast zamani bas veran enerji itkilori antineytrino aromatina va
pozitronlarin spinlarinin polyarlasmasina hassas olub, asimmetrik bas verir. Bu o, demakdir ki, diison
antineytrinolar sahayo perpendikulyar istigamatda, sopilon antineytrinolar isa sahanin aksi
istiqamatda harakat etdikda, maqnit sahasinin induksiyasinin giymati elektronun (pozitronun) kitlasi,
elektron (pozitron) qazinin kimyavi potensiali, elektron (pozitron) qazinin temperaturu, sapiln
antineytrino qazimn temperaturu ilo migayisada ¢cox boylk parametra gevrildikda elektronlarin asas

Landau saviyyasinda, pozitronlari isa birinci Landau saviyyasinda dogulmasi halinda B >10"Qs

tortibli maqnit sahalarina malik olan ifratgucli maqgnitlogmis ulduzlarin v, —v,e"e"  proseslafi

hesabina soyumasina spinlari yalniz “sag” polyarlasmis pozitronlar pay verir.
Acar sozlar: Maqgnit sahasi, asimmetriya, enerji, polyarlasma, spin

Elektronlarm va pozitronlarm spinlorinin uzununa polyarlasmasi halinda elektronlarm osas
Landau saviyyasinda (n’ = O), pozitronlarin isa birinci Landau saviyyssinds (n =1) yarandigi hala
baxaq. Forz edok ki, diigon antineytrinolar z-oxu boyunca yonolmis maqnit sahoSina nazaron
perpendikulyar istigamotdo (9 = 77/2), sopilon antineytrinolar sahonin oksi istigamotindo (9" = 7)
harokat edir vo diison va Sopilon antineytrinolarm azimutal bucaglari bir-birine  barabardir: o =«a'.
Qeyd etmok lazimdir ki, bu handosi sortlor daxilinds v, — v.e"e" proseslorinin bas vermosi enerjinin

Vo impulsun  z -komponentinin saxlanmasi qanunlarma zidd deyil Buhalda v, —v.e e proseslori

zamant itirilon enerji Gglin, yoni vahid zamanda mahitin vahid hacmins 6tlirlilon enerji liclin asagidaki
diisturu almig oluruq:

2 2 f 2\V2
LS gLJa)?‘a)’(a)w')Jm§+2m§f+w'2L1+(l(%j} ¢ |x

E 327t V
1)

o' w? 1 / '
X[l—é—m}em(—m?j(l— fv')(l_ fo Xl_ fo )da) dQ

Burada ¢ - pozitronun spin kvant adodi olub, spinin Umumilosmis impuls iizro proyeksiyasini
miloyyan edir: pozitronun spini Umumilosmis impuls vektoru istiqamotindo yonoldikde ¢ =+1,
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pozitronun spini  Umumilosmis impuls vektorunun oksi istigamotindo yonoldikdo iso ¢ =-1
gotirilir. Baxilan proseslordo antineytrino w -bozon buraxa bilmadiyino goro vV, —V_ e e* prosesina

Z -bozonun istirak etdiyi neytral coroyan pay verir. Ona gore do v, —>v.e e’ proseslori Ugiin
g, =-0,5+sin? @, gotirilir. Burada @, - Vaynberq bucagidr. Bu fakt onu gostarir ki, uzununa

polyarlasma halinda v, —v.e"e" proseslori noticosinds elektronlar ossas Landau saviyyssinds,
pozitronlar iss birinci Landau saviyyasindo yarandiqda soziigedon proseslor hesabma bas veran enerji
itkisi antineytrinonun aromatma (ndviina) hassas deyil.

Enerji itkisinin ifadesino ¢ ilo miitonasib hadlorin daxil olmas1 ona doalalot edir ki, enerii itkisi

v, > v.e'e" proseslrinds dogulan pozitronlarn spinlorinin  polyarlasmasma hossasdir. Enerji
itkisinin pozitronlarin spinlorindon asihiligi onu gostorir ki, enerji itkisi pozitronlarin spinlori onlarin
Umumilogsmis  impulsu  boyunca vo Umumilosmis impulsunun oksi istigamotindo  yonaldikdo
simmetrik vo ya borabor olmur. Buhalda enerji itkisi zamam spin asimmetriyast ortaya ¢ixir. Dogulan
pozitronlarm (Hiiseynov 2012, 243 - 252) spinlori onlarm tmumilosmis impulsunun oksi
istigamotinda  yonoldikde (& =—1, yani spinlori “sol” polyarlasmis pozitronlar) eneriji itkilori Ggtin

2 2
G N T el
L T

m, )’ v o' o’ 1 )
x[l[l[Ej J [1+\/m]exp(— 2m? fjx

(- f )i-f, Ji- £ do'do
ifadasi, pozitronlarm spinlori onlarm {imumilogsmis impulsu boyunca (é’ =+l) yOnaldikda iso (
¢ =+1, yoni spinlori “sag” polyarlagmis pozitronlar)

2 2
(5 i St T
R T

©)

2]/2 ' 2
m w w1
1+11-| = l-— - — - f i J1—1F _f—f "dQ’
’ +[ (EH { ,/2m§f+w'2JEXp( 2m§f]( M1 1 o

ifadasi dogrudur.

17i —>17ie‘e* proseslori hesabma dogulan pozitronlarm spinlorinin uzununa polyarlagsmalari
halinda enerji itkisi zamam ortaya ¢ixan spin asimmetriyasmni asagidaki diistur tizro toyin edirik:

(&), (&
dt ), dt ),
(dEj (dE j ' @
PR + PR
dt J; \dt ),
Diigon antineytrinonun enerjisinin sopilon antineytrinonun enerjisindon ¢ox-¢ox boyiik oldugu
@ >> @' (5)

A=
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halma baxaq. Biz ham do onu forz edirik ki, sopilon antineytrinonun enerjisi pozitronun birinci
Landau saviyyasini tutmasi hesabma maqnit sahoasindo qazandigi (Ky3suerioB, Muxees 2000, 863-
876 ) saciyyavi enerjidon vo onun kitlosindon ¢ox- ¢ox kicikdir, yani

o' <<./e,B, m,. (6)
Biz burada /e ,B kemiyyatinin giymotinin m_ -don ¢ox-gox bdyiik oldugu

Je,B >>m, (7)

halna deyil,
e,B>m, )
olan hala baxiriq. Bu halda spin asimmetriyas1 {igiin asagidaki sado ifadoni almis oluruq:
mz )" 1)
A=[1-—2 =1-—1 . 9
2e,B 2f

Spin asimmetriyasmi odadi giymotlondirmok Ggin ifratgiicli magnitlosmis ulduz miihitina
baxag. Adi neytron ulduzu (B ~1013Qs) halnda asimmetriya iigiin A= 70,7% giymot almr. Bu, o
demokdir ki, adi neytron ulduzunun v, —>v.e"e" proseslori hesabma soyumasma birinci Landau

saviyyasindo dogulan va spinlori “sag” polyarlasmis pozitronlarm verdiyi pay birinci Landau
soviyyasindo dogulan vo spinlori “sol” polyarlagsmis pozitronlarin verdiyi paydan shomiyyatli

dorocado boyikdir. B ~10"Qs tortibli magnit saholorine malik olan magnitar miihiti halnda iso
asimmetriya Ucln kifayot godor boyilk giymot ahnr: A=97,5%. Bu halda maqnit induksiyasi

B ~10"Qsolan magnit sahskbrino malik magnitar mihitinin v, - v.e"e" proseslori hesabma

=99

soyumasma birinci Landau saviyyasindo dogulan va spinlori “sag” polyarlasmis pozitronlarin verdiyi
pay dominanliq toskil edir.
Indi isa (5) vo
@, m,, a1, <<T,T, <<.,/e,B=m, ¥ (10)
sortlori daxilindo enerji itkilorini hesablayaq. Burada g, - elektron (pozitron) qazmmn kimyovi
potensialnm  (Nacofov 2021, 549 -554) miitlog giymoti, sz, - sopilon antineytrino qazmnm kimyovi
potensiah, T - elektron (pozitron) qazmm temperaturu, T, - Sopilon antineytrino qazmnin
temperaturudur. Biz ovvolco m, <<./e,B sortindon istifado edib,
B>>B, (f>>1) (11)

minasibatini, daha sonra iso Dbaxidan sopilmo  hondssasi (glin  pozitronun  enerjisinin

E = m?+2m*f + o' ifadosindon istifado edib,

m ) 1
— | =—<xl1 (12)
E 2f

miinasibotini aliriq. Bu sort, mosalon, magnit sahasinin induksiyasmin qiymoti ~10"Qs tortibindo
olan magnitarlarda (Abdullayev 2012, 484-490), ulduz nivasinin qravitasiya kollapsmin ilkin

fazasnda reallasir. (10) vo (12) minasibatlorini (1) ifadasinds nazors almagla 17, —>17ie’e+ proseslori
zamam vahid zamanda ifratgiiclii magnitlogsmis ulduzun vahid hocmi torafindan itirilon enerji giin
asagidaki diisturu almis olurug:

dE Gé gE 4 12 g2

—=—=m/w: f1+&). 13

dt 16z% Vv ° ™ 1+¢) (13)
Burada «/, - sopilon neytrinonun enerjisinin maksimum giymoti vo € = 2,718 - sabit ododdir.
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Bu diisturdan goriindiiyii kimi (10) sorti daxilindo v, — v.e"e” proseslori hesabma eyni zamanda ciit
soklinds osas Landau saviyyasinda elektronlarm vo birinci Landau saviyyasinda “sol” polyarlagmis
pozitronlarm (¢ =—1) dogulmas: gadagan olunub vo bu halda enerji itkisi sifra borabordir:

dE
—| =o0. 14
) .

Enerji itkilorino payr  birinci Landau soviyyasinds dogulan vo spinlori yalniz “sag
polyarlasmis pozitronlar (& = +1) verir

2 42
9E) - Ce 90 ey g2, (15)
dt J); 8z'eV

Aydmndr ki, bu halda asimmetriya maksimum olur: A =100%.

Demoli, eyni zamanda ciit soklindo osas Landau saviyyasinds elektronlarm va birinci Landau

soviyyasindo pozitronlarin dogulmasi zamam v, — v,e e proseslori hesabma B ~10"Qs —10™ Qs
tortibli magnit sahosino malik ifratgucli magnitlosmis ulduzlarm soyumasma asas payi spinlori “sol”
polyarlagmis pozitronlar deyil, spinlori “sag” polyarlasmis pozitronlar verir, lakin B >10"Qs
tortibli magnit sahosino malik ifratgliclii magnitlosmis ulduzlarin soyumasma payi spinlori yalniz
“sag” polyarlasmis pozitronlar verir.

ODOBIYYAT

1. Hiiseynov V.A. Kvant eclektrodinamikas1. Ali moktablor Uc¢lin dorslik. Baki “Sorg-Qarb”
nosriyyaty, 2012, 235s.

2. Abdullayev S.Q. Lepton-lepton vo lepton-hadron qarsiiglt tasirlorinds zoif corayan effektlori,
2012, Bakt: AM965 MMC nasriyyati, 484 s.

3. Nocafov I.M. Miiasir klassik elektrodinamika (dors vesaiti). Bak: “Adilogly” nosriyyati,
2012, 549s.

4. Kuznetsov A.V., Mikheev N.V. Neutrino-electron processes in a strong magnetic field and
plasma // Modern Physics Letters A, 1999, v. 14, pp. 2531-2536.

5. Kuznetsov A. V., Rumyantsev D. A., Savin V. N. Creation of electron-positron pairs at
excited Landau levels by neutrino in astrong magnetic filed. Int. J. of Mod. Phys., A 29 (2014)
26, 1450136 [Arxiv: hep-ph/1406.3904]. 6.

6. KysmenoB A. B., Muxees H. B. BzaumoseiicTBue HEWTPHHO C CHIBHO
3aMarHAYEHHOM 3JIeKTPOH-TIO3UTPOHHOM 1w1azmoi. XKOT®, 118 sem. 4 (10) (2000) 863-876.

SUMMARY
Billura Gadzhiyeva
Yakut Shukurova
WHEN ELECTRONS ARE CREATED AT THE MAIN LANDAU LEVEL IN THE LONG
POLARIZATION, POSITRONSARE CREATED AT THE FIRST LANDAU LEVEL AT
THE EXPENSE OF THE PROCESS

Thus, when antineutrinos falling in ultra-strong magnetized stars 17| —>t7ie‘e+ enter the field

perpendicular to the field, and scattered antineutrinos move in the opposite direction of the field, the
energy losses during the birth of electrons at the main Landau level and positrons at the first Landau
level are spin-sensitive gives. This means that when the falling antineutrinos move in a direction
perpendicular to the field and the scattered antineutrinos move in the opposite direction, the value of
the magnetic field induction is the mass of the electron (positron), the energy of the scattered
antineutrino, the chemical potential of the electron (positron) gas. When the temperature of the
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(positron) gas becomes a very large parameter B >10'°Qs compared to the temperature of the
scattered antineutrino gas, only "right" polarized positrons allow the electrons to cool at the primary

Landau level v, — v.e"e" and the positrons at the first Landau level.
Key words: Maqnetic field, asimmetry, energy , polarization,spins

PE3IOME
buanypa I'anxue Ba

Axyr I ykypoBa
IPU POXKIEHUU SJEKTPOHOB HA TJIABHOM YPOBHE JIAHJIAY B JINIMHHOWM
MNOJAPU3ALINU HA TIEPBOM YPOBHE JIAHJIAY CO3JAIOTCA TIO3UTPOHBI 3A
CYET ITPOIECCA

Taxum 06pa3om, Kor/ia aHTUHEUTPHUHO, MAJAIONME B CBEPXCWIBHBIX 3aMarHMUEHHBIX 3BE3]1aX
V; = V.e"e" BXOAAT B TOJIe, TEPNeHANKY/IAPHOE MO0, a PACCESHHbIE AHTHHEHTPUHO JIBIDKYTCS B
HalpaBJIeHUM, NPOTHBONOJIOKHOM OO, TIOTEPH SHEPTUU TIPH POXKIECHUM NIEKTPOHOB HA OCHOBHOM
ypoBHe JlaHnay ¥ O3UTPOHOB Ha NEpBOM YpoBHE JlaHnay ypoBEHb UYBCTBUTEJNIEH K CIIMHY AA€T. ITO
O3HayaeT, 4TO KOI/la Majarolllfe aHTUHEWTPHHO JBIKYTCS B HANpPAaBJICHUH, MNEPNEHAMKYISIPHOM
HOJI0, A PACCEsSHHbIE AHTMHEHTPUHO JIBWKYTCS B IPOTHUBONOJIOKHOM HAIpPABICHWM, BEJINYMHA
VHIYKIMM MAarHUTHOIO IO paBHA MAacce IEKTPOHAa (TO3UTPOHA), DHEPIUM PACCESTHHOIO
AHTUHEWTPHHO, XUMMYECKHMI MOTEHLMAN 3JIEKTPOHHOro (MO3UTpoHHOro) rasa. Korma temmepartypa
(NO3UTPOHHOrO) Tras3a CTAHOBUTCS O4eHb OoMbIMM mHapameTpoM B >10"Qs no cpaBHeHmo c
TEMIIEPATypoll PpPAacCesHHOIO Ta3a aHTHHEHTPUHO, TOJNBKO <«IIPaBWIbHBIC» IOJISPU3OBAHHBIE

~ ~ -t
NO3UTPOHBI TIO3BOJIAIOT JJICKTPOHAM OXJIAXKIATbCA Ha OCHOBHOM Vi —)Vie e YPOBHE HaHz(ay. u

MO3UTPOHBI Ha TIEpBOM ypoBHE Jlannay.
Knrwueguoie cnosa: Maecnumnoe none, accumempus,enepus, nOIUPU3AYUS,CRUH.
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CdSe NAZIiK TOBOQOSININ CdTe-A TRANSFORMASIYA
PROSESININ ARASDIRILMASI

Bu igdo Kimyavi ¢okdirmo yolu ilo alinmis kadmium selenid nazik tabaqasinin elektrolit
mohlullardan ion mibadilasi yolu ilo kadmium tellurida transformasiya prosesi 6yronilmisdir.
Transformasiya prosesindan avval va sonra CdSe nazik tabaqasinin udma spektrlari ¢akilmis, Taug
dusturundan istifada olunmaqgla onlarm qadagan olunmus zonalari hesablanmisdwr. Miiayyan
edilmigdir ki, transformasiya prosesi naticasinda CdSe nazik tobaqasinin gqadagan olunmus zonasi
kKicik enerjilor torafa siiriisiir, hom da transformasiya nazik tobaqonin ¢ox kigik bir gatinda reallasa
bilir. CdSe nazik tabaqasinin a¢iq sathinin nazik tellur gati ilo 6rtilmoasi ion mubadilasi prosesini
¢atinlagdirir va onun butlnluklo CdTe-a ¢evrilmasina mane olur.

Acar sozlar: Kimyavi ¢okdirma, CdSe nazik tabagasi, CdTe, transformasiya, ion mibadilasi
prosesi, optik udma spektri, gadagan olunmusg zona.

Giris. Kadmium selenid CdSe, almazabanzor yarmmkegiricilor qrupuna daxil olmagla iki
polimorf modifikasiya soklindo kristallasir: sfalerit tipli qofosi olan B3 (mp. rp. F43m) kubik kristal
strukturda vs termodinamik cahotdon daha dayaniqh olan viirgit B4 (mp. rp. P63mc) tipli heksaqgonal
strukturda.

CdSe n-tip yarmkegirici olmaqla, ki¢ik qadagan olunmus zonaya malikdir (sfalerit {igiin 1.74
eV vo wurtzite Ggln 1.80 eV). Bu giymotlor glinos isigmin udulmasmm vo onun elektrik enerjisine
cevrilmasinin  optimal bolgoesino daxil edilir vo yuksok udma omsah ilo birlikds CdSe giinos
elementlori hazrlanmas1 t¢lin perspektivli  material hesab olunur [1, 2]. CdSe birlosmoasi
yarimkegirici lazerlordo [3], maye kristal displeylordo, gamma-siia detektorlarmda vo Qaz
analizatorlarinda [4] aktiv miihit kimi istifado olunur. Bundan slavea, CdSe, fotorezistorlarin va isiq
diodlarm [5, 6], yiiksok effektivli nazik tobogoli tranzistorlarm [7], optik giiclondiricilorin,
fotokatalizatorlarm vo fotokatalitik sistemlor t¢lin materiallarm [8] almmasi iglin perspektivli
birlogsmodir.

CdSe-nin nazik tobagalorinin almmasmnda elektrokimyavi ¢okdirms [9], cilomo piroliz [10],
kimyoavi ¢okdirmo [11] tsullarmdan istifado olunur ki, onlardan da kimyavi c¢okdirmo Usulu 6z
effektivliyino vo ucuz basa galmasina gora daha ¢ox istifads olunur.

Kimyavi ¢okdirmo yolu ilo CdSe nazik tobogosinin alinmasi metodikasi torafimizdon otrafli
sokildo Oyronimisdir [12] .

Tellurun digar birlosmalori kimi CdTe nazik tobagosinin kimyavi ¢okdirme yolu ilo alnmas1
demok olar ki, indiyadok problem mosalb olaraq qalr, ¢iinki bu prosesdo mohlula daxil etmok Gglin
dayanigh tellur komponenti demok olar ki yoxdur. Boazi todgiqatgilarin bu birlosmonin  kimyavi
¢cOkdirmo yolu ilb almmasma aid magalblorino rast galmok mimkindir. Lakin bitin hallarda bu
birlosmonin almma texnologiyas: ya tam sokildo agiglanmir, ya da bu agiglamalarda xeyli garanliq
magamlar Uzo ¢xir [13]. Kimyavi ¢Okdirma yolu il CdTe nazik tobagelorinin alnmasi problemlari
Va perspektiv toroflori [14] isindo arasdirilmisdir.

Lakin CdTe nazik tobagosinin almmasi mosalesine tamamilo basqa yondon yanasmaq olar.
Hor seydon avval geyd etmok lazimdrr ki, kimyoavi ¢okdirmo tisulu nanostrukturlarin almmasmda
olverigli tisuldur vo CdX nanostrukturlari osasmda onlarm 6z aralarmda (o ciimlodon CdSe/CdTe
heterokecidinds) ginos elementlori almmasi miimkiindiir. CdSe nazik tobogosi osasmnda belo bir
kecidin ahnmasi isa bu nazik tabagonin mioyyan qalnhgda bir gatmm CdTe-a transformasiyasi ilo
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hoyata kegirilo bilor. CdS/CdTe heterokegidinin vo PbS/PbTe heterokegidinin almmasi prosesinds do
biz ilk dofs olarag bu Gsuldan istifado etmisdik [15, 16]. Toklif etdiyimiz bu tisulda CdTe gatmnin
¢cOkdirdlmasi  prosesi aradan gotirilir vo CdSe Uzorindo CdTe gatimin ahnmasi CdSe nazik
tobagosinin agiq sathinds mioyyan qalnhgli bir tobagonin CdTe-a transformasiyasi vasitasilo hoyata
kecirilir. Ona goro do CdSe-in CdTe-a transformasiyasi CdSe/CdTe osasinda giinos elementi almmasi1
istigamatindo ¢ox boyik perspektivilor aca bilor.

Hor bir texnoloji yenilik birlosmoalorin yeni keyfiyyatlorinin izo ¢ixarlmasma imkan verir. Bu
Usulla CdTe nazik tobogesinin, CdTe narm tozunun vo CdSe/CdTe heterokeg¢idinin alnmasi bu
birlosmonin vo alinacaq giinos elementlorinin  bir sra unikal xassalorinin zo ¢ixarilacagma timid
VErir.

Bu isdo ikivalentli tellur ionlarmdan ibarot olan elektrolit mohlulundan istifado olunmagla
kimyavi ¢oOkdirmo yolu ilo alnmis CdSe nazik tobogosinin ion mubadilosi yolu ilo CdTe-a
transformasiya prosesi aragdirilmisdir.

Tacribi hissa CdSe nazik tobagesinin kimyavi ¢okdirms yolu ilo alnmasi {giin istifado
olunan mohlul asagidaki qaydada hazirlanmis mohlullarin har birindon eyni godar (hacm 06lgisi ilo
13 ml olmagla) gétirilmaklo hazrlanir: 05 M kadmium xlorid (CdClLx2,5H,0), 134 M (25%)
nasatr (NH3OH), 7,4 M trietanolamine (CgH1sNO3) vo 0,2 M natrium selenosulfat (Na,SSeO3).
Kimyovi ¢okdiirmo prosesi 60 ml-lik laboratoriya stokaninda, otaq temperaturunda apariimigdir.

Natrium selenosulfat (Na2SeSO3) 6 gram selen tozunun 10 gram natrium sulfitin (Na2S03)
100 ml distills  suyu mohlulunda 7 saat miiddotinds 90° C temperaturunda oks soyuducuda aparilan
reaksiyasi noticosindo almmigdr. Reaksiyadan sonra mohlul otaq temperaturuna godor soyudulmus,
hall olmayan selen hissociklori filtr vasitasilo mohluldan konarlagdirilmisdir. Noticods soffaf natrium
selenosulfat mohlulu almmugdr [17]. [18] isindo gostorildiyi kimi, CdSe-nin almmasmnda selen
komponenti olaraq natrium selenosulfatdan istifado olunarkon mohlulda pH:9 oldugda daha yaxsi
naticolor almaq olar. Vo yalniz pH: 9 olduqda kristallik strukturlu CdSe nazik tobagosinin almmasi
MUmkiindiir ki, yuxarida gostorilon qaydada hazirlanmis garisigda mohlulun pH-1 9-a borabor
olmugdur. Mohlulun pH-m o6lgiilmosinde “Axsmion pH-410" pH metrindon istifade olunmusdur.

Mohlula daxil edimomigdon gabaq amorf siigo althglar (38x26x1 mm) bir nec¢o saat xrompik
mohlulunda saxlanimis, distillo suyunda yuyulmus vo havada qurudulmusdur. Siiso althglar
icorisindo mohlul olan stokana saquli sokildo yerlosdirilmislor. Kimyovi ¢okdiirmo prosesi otaq
temperaturunda (27°C), 48 saat miiddotindo yerina yetirilmisdir vo bu prosesdo firlanma totbiq
olunmamusdr.

Prosesin gedigindo ik 6nco stokanmn dibinds ag ¢okiintii almir. Zaman kegdikco (toxminon {i¢
dord saat sonra) bu ¢okiintii vo stokandaki soffaf mohlul ovveles tiind sari rong alr, daha sonra iso
CdSe-o uygun olan qrmuzi rongd ¢evrilmis olur. Bu prosesdon sonra siiso althq stokandan ¢ixarilir,
distillo suyunda yuyularaq qurudulur. Noticods siiso lizorinds yaxsi adgeziyaya malik, bircins, qrmizi
rongli CdSe nazik toboqgosi alinmigdir. Alnmig tobogonin galmhgi 200 nanometr (¢oki iisulu ilo toyin
olunmusdur) olmusdur.

fon miibadilosi prosesini hoyata kegirmok {igiin ikivalentli tellur ionlarmdan ibarat olan su
elektrolit mohlulu hazrrlanmisdr. Natrium tetraborat (NaBH,) distillo suyunda hall edildikdon sonra
almmig mohlulun {izorino narmn ozilmis metallk tellur tozu olavo edillmisdir. Noticodo asagidaki
reaksiya gedir:

4NaBH+2Te+7H,0=2NaHTe+Na,B,0/;+14H,

Mohlulda NaHTe-un dissosiasiyas1 naticosindo ikivalentli tellur ionlart omslo golir:
NaHTe = Na*+H*+Te?

Alnmis elektrolit mohlulunun ig¢orisino CdSe nazik tobogosini daxil etdikdo ion miibadilosi
bas verir, tellur ionlar1 CdSe nazik tobagosinin agiq sothindon selen ionlarmi sxisdirb ¢ixarir:
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CdSe+Tez=CdTe+Se?

Bu reaksiya noticasindo selen ionlar1 mohlula kecgir. CdSe nazik tobogoasinin agiq sothindo iso
cox kicik galmhgda bir tobago CdTe-a transformasiya olunur. Siss tizorindo kimyavi ¢okdiirmo yolu
o almmig qrmizi rongli CdSe nazik tobogosinin ag¢iq soth torofdon gohveyi rongo boyanmasi
miisahido olunur. Aparian todqigatlar onu gostormisdir ki, transformasiya prosesinin bas tutmasi
CdSe tobagosinin miioyyon qalnligh ¢ox kigcik bir gati ticlin miimkiindiir. Transformasiya apariimisg
nazik tobagads ikinci dofs bu proses aparildigda nazik tobogads heg bir doyisiklik bas vermir.

Naticolor vo onlarin miizakirasi. Sokil 1-do CdSe nazik tobogosinin transformasiya
prosesindon ovval vo prosesdon sonra ¢okilmis udma spektrlori gostorilmisdir. Almmig bu nazik
tobagalorin U-5100 Hitachi ultrabonévsayi spektrofotometrinds optik udma spektrlori ¢okilmigdir
(sokil 1).

absorbance (a.u)
= = Pl (9%
vl = LN [T W e

=

1 1,5 2 2,5
hv, eV

Sakil 1. CdSe nazik tobaqasinin transformasiya prosesindan avval (1) va
prosesdan sonra (2) udma spektrlori

Sokildon gériindiiyii kimi, monoxromatik isiq siasmm enerjisinin istonilon qiymotindo optik
udma omsalnin transformasiya prosesindon sonraki giymotlori prosesdon oavvalki giymotlorindon
boylikdiir vo biitlinliikds transformasiya prosesindon sonraki udma spektri prosesdon ovvolki spektra
nisbaton enerjinin kigik qiymotlori torofs yerini doyismis olur. Bildiyimiz kimi, udma spektrindon
yarmkegiricinin gadagan olunmus zonasmm enini hesablamaq ii¢iin Taug diisturundan istifade edilir
[19]:

(ahv)Vn =A(hv—Ey)
Burada A-sabit ododdir, E,-yarmkegiricinin gadagan olunmus zonasmmn eni, hv-fotonun
enerjisidir. n-isa kecidin tipindon asih olaraq dord miixtolif qiymot ala bilor. Belo ki, icazo verilmis
diiz kecid ticiin N = %, icazo verilmis ¢op kecid iigiin n = 2, qadagan olunmus diiz kegid iigiin N =%,
gadagan olunmus ¢op kegid tligiin n =3 [20]. CdSe diizzonali yarmkecirici oldugundan [21] bu
birlosmo {i¢iin N = % miinasiboti dogrudur.

Bu birlosmonin gadagan olunmus zonasmm enini tapmaq igiin (aAv)2-nmn hv -don asililiq
oyrilori qurulmusdur (sokil 2).
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20

10

1,5 2,5

hv, eV

Sakil 2. CdSe nazik tobaqasinin transformasiya prosesindan avval va
prosesdan sonra (ahv)? ~f(hv) asililiglar.

Bu asihliglardan diiz xott oblastmmn absis (4Vv)oxu ilo kosigmosino asason mioyyon edilmisdir
ki, kimyavi ¢okdirmo yolu ilo alinmis CdSe nazik tobogosinin transformasiya prosesindon oavval
qadagan olunmus zonasmm eni Eg=2,17 eV, prosesdon sonra iso Eq= 2,0 eV-a baraboardir. Eg-nin bu
cur doyismoesi CdSe-in (E4=1,75 eV) CdTe-a (E;=1,43 eV) [22] transformasiyasi istigametine uygun
golir.

Transformasiya prosesini daha otrafli Syronmok Gglin  kimyavi ¢okdirmo prosesinda
mohluldan ¢okiintii soklinds ayrilan CdSe-in narn tozunun {izorine ikivalentli tellur ionlarindan
ibarat olan elektrolit mohlulu olavs edilmisdir. Noticods tez bir zamanda qwmizi rongli CdSe tozu
gohveyi range ¢evrilmisdir.

Glman etmok olard1 ki, CdSe narm tozunun Olgiilori transformasiya prosesinin butovliklo
hoyata keg¢mosino imkan verocokdir. Lakin transformasiya prosesindon sonra bitovliklo CdTe
oldugu giiman edilon gohveyi rongli tozun rentgenogrammasi gostormisdir ki, burada CdSe tstiinliik
toskil edir.

Alman noticolori asagidaki kimi izah etmok olar: NaHTe zaif duzdur vo tez bir zamanda
hidrolizo moruz qalir. Hidroliz naticosinds sorbast tellur ayrilir vo CdSe nazik tobagoesinin vo ya CdSe
narn toz donasinin Uzorino oturur. Bu ortik ion mibadilosi prosesini ¢oatinlosdirir. Noticada
transformasiya prosesi nazik tobagenin ¢ox nazik bir qatinda ger¢oklosmis olur.
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SUMMARY
Mammad Huseynaliyev
Leyla Ibrahimova
INVESTIGATION OF TRANSFORMATION PROCESSES OF
CdSe THIN FILMS TO CdTe

At present work was learned transformation processes of cadmium selenide thin film, obtained
by chemical bath deposition to cadmium telluride by ion-exchange of electrolytes solutions. The
optical absorption spectra of a thin CdSe film before and after the transformation process were
constructed, and their band gaps were determined using the Tauc formula. Itis shown, that as a result
of the transformation process, the band gap of the thin film is shifted towards low energies, and the
transformation covers a very small thickness of the CdSe thin film. It was supposed that, thin film
cowered with of tellurium make difficulties for ion exchange processes and prevents its complete
transformation into CdTe.

Key words: chemical deposition, thin film, CdSe, CdTe, transformation, ion-exchange
processes, optical absorbtion spectrum, band gap.

PE3IOME
Mawmen I'yceiinanueB
Jleiina UoparumoBa
NCCIEJOBAHHUE ITPOLIECCA TPAHC®OPMAIINAN
TOHKOM IIJIEHKH CdSe K CdTe

B nanHoii pabore m3ydeH mpouecc TpaHC(opMalmK TOHKOM IUICHKH CEJICHWIA KaJMUs,
TOJIy4CHHOTO XUMHYECKAM OCKICHHEM, Ha TeJUTypuIa KaaMusl IyTeM HOHHOrO oOOMeHa W3
PacTBOPOB AJICKTPOJIMTOB. BBUIM MOCTPOCHBI CIIEKTPHI ONTHYCCKOrO TIOTJIONICHHS TOHKOW IUICHKH
CdSe 1o u mocne mporecca Tpanchopmarmm U 1o (opmyrne Tayna ompenesieHbl MX IIMPUHBI
3ampenieHHpIx 30H. [lokazaHo, 4TO B pe3ynbTaTe MIporecca TpaHchOpMally 3amlpelieHHAs 30Ha
TOHKOW TUICHKH CMEIAETCS B CTOPOHY MaJIbIX SHEPIHi, W TaKKe TpaHC(OpMaIWsi OXBATHIBACT OUCHb
MaJlyro TomiuHy TOHKON mieHkd CdSe. CaenaHo mpeanonoKeHne, YTO TOHKAs IVICHKA TOKPHIBACTCS
TOHKMM CJIOEM TeJUTypa, YTO 3aTPyIHSICT HOHOOOMEHHBIM TMpOIECC W TPEIMSITCTBYET TOJHOMY
npeBpameHio ero B CdTe.

Knrwueswvie crrosa: xumuueckoe ocaxcoenue, monxas nienxa, CdSe, CdTe, mpancgopmayus,
UOHOOOMEHHBLI NPOYECC, CREKMP ONMUYECKO20 NO2TIOWeHUs, 3aNpeuyeHHas 30HdA.
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NAXCIVAN MUXTAR RESPUBLIKASINDA GUNOS SUALARININ
ENERJi EHTIYATLARI VO ONLARDAN iSTiFADO USULLARI

Moaqaloda Naxg¢ivan MR-in arazisinda gunas enerjisi ehtiyatlarmmn tadqiginin naticalori
gOstarilmisdir. Naxg¢ivan Muxtar Respublikasinin miirokkob dag relyefli arazisina diison gunag
enerjisinin migdart analiz edilmis, araziya diison QUnas enerjisinin enerji ehtiyatlar hesablanmusdir.

Naxg¢ivan Muxtar Respublikasinin daghq arazilorinda, saffaf buludlar garaitinda, daniz
saviyyasindan mixtolif hiundurlilyindon asili olaraq, Ilanli dagimin yamaclarinda giinas
radiasiyasinin xtisusiyyatlorinin tadqiqi hayata kegirilmis vo hundurlikdan asili olaraq, radiasiya
saraitinin dayismo qanunaygunlugu analiz edilmisdir.

on yiiksak mohsuldarliiga malik olan va nisbaton az xarc talob edan, miistaqil istehlak¢ilarm
ehtiyaclarmmi asanliqla 6daya bilacak, disk novli kolektorlar se¢ilmislor.

Acar sOzlar: glnas siialari, giinas enerjisi, havanin temperaturu, istilik, atmosferin saffaflig,
radiasiya balanst.

Glinas enerjisi ananavi yanacaglar tizorinds daniimaz fstiinliikloro malik olan enerjinin son
doraco tomiz formasidir. Tikonmoz enerji monboayi olan Giinos enerjisi, ekoloji tomiz barpa olunan
enerji manboayidir. Glinas enerjisi an Sarfali va ekoloji cohatdon tomiz, otraf mihiti ¢irklondirmayan
enerji novuddr. Ondan istifado olunmasi ononovi yanacaga qgonast edilmasi vo otraf mhitin
tohliikali maddoslorin tullantilarmdan qorunmasi demokdir.

Glnosin enerjisindon istifads etmoklo fordi enerji problemlarini an sads vo ucuz yoldan
glnos stialarmm enerjisindon istifado etmoklo hall etmoak olar. Giinos enerjisindon istifado etmok
Uclin ginos stialar1 axmmm enerjisinin ~ kigicik bir hissasini digor enerjiyoa cevirorok, itkisiz
istehlak¢iya tohvil vermok moasalolorini hall etmok lazimdr.

Umumiyyatlo, glines silalarmm yer sothino golmosi vo basqa soklo salmmis halda getmosi
arasmnda tarazliq mévcud olarsa, Yer kirasindo global iglim doyismoz qalir. Bu tarazliq pozuldugda
iqlim doyisikliyi bas verir. Yerin sothino gatan Gunes siialarmm enerjisinin  15% - o godori insan
foaliyyati Gcln istifads edilo bilor. Bu iss ildo 63 000 milliard MVt saat elektrik enerjisi vo ya 7700
milliard ton sorti yanacaq demokdir [ 1].

Yer sathino diison giinas stialart ilo oks olunaraq atmosfers qayidan stialarm nisbatino albedo
deyilir. Yerin albedosu glinasdon galon iimumi enerjinin axmmm 26 % -ni toskil edir: A = 0,26.

Yer sothino ¢atan giinas stialarmin intensivliyina Vo spektral torkibino atmosferin gostardiyi
tosiro “atmosfer kiitlosi” (AM) omsal deyilir.

Glnas enerlisinin parametrlorinin  6lglmasi U¢iin BMT-nin Avropa Birliyi vo Beynolxalq
elektrotexnika komissiyasmin tovsiyalorine asasan, Glinas “zenit” - do oldugu anda, giinas siialarinin
buludsuz atmosfer qatmdan doniz Soviyyasinadok olan mosafoni got etmosi zamam atmosfer
kutlosinin giymoti AM = 1,5 (6= 420) gobul edilmisdir.

Glnas “zenit” - do oldugu zaman, giinos siialarmm buludsuz atmosfer gatndan doniz
saviyyasinodok olan masafoni got etmoasi zamam atmosfer kiitlosinin giymoti 6 = 90° vo AM=1
gobul edilmisdir. Stia axm atmosferdon kecdiyi zaman hava, toz zarraciklori torafindon udulur vo
atmosfer kitlosi spektral sixligin na godar azaldigni gostorir. Glnin hor hansi bir aninda yer sathinin
hor hans1 bir saviyyasi Ug¢iin "Atmosfer kitlosi" asagidaki diisturla toyin edilir:

1

AM{) ==
X, sin@
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Burada: x— atmosfer tozyiqi, Pa;
x,— normal atmosfer tozyiqi 1,013 + 10° Pa vo ya 101,3 kPa borabordir;
©— Ufugo olan glineso nishaton bucaqdir.

Glnas Ufligdon uzaglasdigca atmosfer kiitlosi artir. Bu zaman giinasin intensivliyi zoifloyir
Vo isiq stialarmm atmosferdoki yolunun uzunlugundan asili olaraq alave udmalar olur (Sakil 1.):

yerin sathi

Sok. 1. Gunasin iiflige nisbaton mixtalif voziyystinds giines stialarmm
atmosferds kecdiklori mosafa.

Naxgivan Muxtar Respublikast 399 simal en dairasinds vo 45° sorquzunlug dairasinds
A (9%=390; 0 =450) yerlosir.

COkoklikda yerloson Nax¢ivan MR-in Daraloyaz vo Zongozur silsilo daglar1 vo Iran Islam
Respublikasmin dag sistemlori ilo shats olunur. Bu daglar buludlarm harakatinin garsism alir. Buna
gora do Naxgivan MR-in arazisinds quru iglim Ustinlik toskil edir vo yay aylarmda temperatur +45
0C va daha gox olur.

Naxg¢ivan MR- o galon glinos stialarmm davamiyyatliliyi kifayat godar yiksokdir (2900 +
3000 saat). Nax¢ivan MR-do ginasli giinlorin davamiyyatliliyi martda 290 -300 saat, aprelds 300 -
310 saat, mayda 320 - 330 saat, yunda 460 saat, iyulda 470 saat, avqustda 470 saat, sentyabrda 330-
340 saat vo oktyabrda 320 saat toskil edir [ 2].

Nax¢van MR-ds radiasiya rejimi mart aymdan noyabr aymadok toxmini sabit olaraq galir
Vo asason regionda havamm buludlu olmasmdan asili olaraq doyisir. Daghq orazilordo atmosfer
tozyiqi azalr, giinos stialarmmn effektivlyi artrr, temperatur vo ritubatin xususi ¢okisi azalir.

Daniz saviyyasindon hindurliys qalxdigca, atmosferin optik qatmm azalmasi sobabindon
atmosfer radiasiyasmin maksimum qiymoti, har 100 metrdo 0,007 +0,14 kVt/m? artir

Muayyan bir zaman oarzinds, yer sathinin miayyan bir hissasins, radiusu 5° olan bir doasts
paralel siianin golmosine glinas stialarmm sixlig (S) deyilir (Sokil 2.):

G

2 Saks
A L A I S Al A L e

1-glinag, 2 —yerin sathi, 3 — gabuledici, 4 — buludlar, toz va aerozollar.
Sakil 2. Yer sathina galon glinas siialarinin sxemi.
Qabul edon qurguya (Sq) mloyyon zaman kKesiyindo glines stialarmm ii¢ axm daxil olur [ 3]:
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Sq(®) = Sp(t) +Sq (1) + Sks (1)
Burada: — birbasa stialar Sy (t);
— Sopilmis va ya diffuziya siialart Sy (t);
— yerin sathindon oks olunmus stialardir S.s (t).

Glnas stalar1 axmmi 6lgmok ¢ln goy qubbasinds glinesin mévgeyini, hiindiirkiyiini,
azimutunu, meyilliyini, bir saathq bucagmi bilmok lazimdr. Yer sathino diison glinas enerjisinin  bir
hissasi (S) asagidaki diisturla hesablanir:

S=S'sinh
Burada: h — giinos stialarmm yer sathina diismo bucagidir:
S' —glinos sabitidir (Vt/m2).

Nax¢ivan MR orazisi Ugin A (¢ = 39% 0 = 459 yaym giinosli giiniinds, glinasin
maksimum hindurliyind tapag:

Hmax = 900 -0 + 2350 = 900 — 390+ 2350 = 7450
Naxcivan MR orazisi ii¢lin qisin giinogli giinlinds, glnosin maksimum hiindiirliytinii
tapag;

Hmin = 900 —p0—2350 = 900 — 390 — 2350 = 27,50

Onda atmosferdon kegoarok yaym giinogli giiniindo Naxg¢ivan MR orazisinoe diison giinas
slalarmm enerjisi Sey (f) = 1214 VU/m?, qism giinosli giiniinde S¢y (1) = 567 V/m?  oldugunu
tapiriq.

Nax¢ivan MR-do glnos enerjisindon istifado olunmasi bu enerjinin istilik vo elektrik
enerjisino gevrilmosi hesabma hoyata kegirilo bilor. Nax¢ivan MR-m orazisindo bir gun arzindo
gunasli giiniin (Tg) davamiyyatliyi asagidaki diisturla hesablanr (Codval 1):

T,y (saat) =2 /15 -arccos (- tgp - tgs 0)
Cadval 1.

Ay I I Il v V VI Vil | VI IX X Xl | XN

Tesaat | 9,6 | 10,57 | 11,74 | 13,02 | 14,13 | 14,69 | 14,44 | 13,48 | 11,76 | 10,95 | 9,8 | 9,3

Naxgvan MR orazisinds (¢ =39 s.e.d. vo y 0 =450 gu.d.) ilin ginlori (ni) Ggin glnos
stialarmm enerjisinin bir giindo maksimum dayismosini 3y, ( KVt-saat/m?- giin) hesablayaq:

Bh:(Z'Tg[]n/ﬂ')‘Rmax'lo_s

Burada: Rmax=1214 Vt/m?;
Codval 2-do Naxgivan MR —in orazisindoki A noqtesi {liglin hesablanmis Dp- m  qiymotlori

gostorimisdir:
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Cadval 2.
Hesablanan T. Rmax Oh
guniin gun (kVt saat/m? -

Ay nomrr?SI, saat Vime gun)
I 15 9,6 294,36 1,800
I 45 10,57 459,36 3,092
i 74 11,74 682,44 5,103
v 105 13,02 900,24 7,466
V 135 14,13 1050,72 9,457

VI 166 14,69 11114 10,400
VII 196 14,44 1089,0 10,016
VIl 227 13,48 976,8 8,387
IX 258 11,76 7788 5834
X 288 10,95 543,84 3,793
Xl 319 9.8 337,92 2,109
XIl 349 93 242,88 1,438

Sokil 3. —do ilin aylari tizro Dy - nin doyismo grafiki gostorilmisdir:

5 WV - saat
md - oiin

1 M M 1 M M M M M N M L] M r
I II III v VoOWVI VII OVIID IX X NI XII

Sak. 3. Ilin aylart iizrady - nin dayismo qrafiki.

Muiollif torofindon todgiq olunan Culfa rayonunda yerloson, mixtolif relyefo malik,
hindlrliyld  1500-3200 metr arasnda doyison dagliq orazilordo hiindiirlik artdigca havamn
temperaturu azalmaga baslamas1 miisahido olundu.

Aparilan arasdrmalar noticosinds dikliyi 50° olan Ilanh dagmm yamaclarma xas olan
Saclyyavi radiasiya balansmm qiymatlorinin hiindirliikdon asih olaraq doeyismesinin qanunauygunlugu
tosdiq olunmusdur.

Bu mogsadl, todgiq olunan osrazids bitin il Ugln radiasiya balansi hesablanmigdir. Culfa
rayonunun orazisindo yerloson mixtolif hiindiirlikliic ~ daglarm yeriistii radiasiya balanslari
(MCoul/m?) codval 3-do gbstorilmisdir:
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Cadval 3.
Hundarluk, Aylar 11
m. I i {Iv | Vv VI | VII | VI IX X | Xl [ Xl | orzin
750 3 | 47 | 129 | 217 | 309 (376 [391 | 323|219 |124 | 24 | -5 |2157
1000 -14 | 31 | 121 | 201 | 294 (347 (363 | 311 (212 | 114 | 16 |-24 | 1972
1500 -32 | 14 | 99 | 187 | 273 (314 (329 | 295|205 (107 | 6 |[-39 |1758
2000 51| -2 | 8 |174 | 251 (287 (299 | 274 | 197 | 104 | -3 |-53 | 1560
2500 -68 | -19 | 62 | 159 | 226 258 [268 | 247 | 189 | 100 |-11 |-70 | 1341

Glinas enerjisi nisboton asanligla istilik, mexaniki vo elektrik enerjisina cevrilo bilir. Giinos
enerjisinin  gevrilmasi vo ondan istifado edilmasi zamani totbiq edilon texnoloji proseslor Ozlorinin
texnoloji murakkabliklori ilo ¢cox muxtslif olurlar vs bir-birindon shamiyystli doracados forglonirlor.
Sado, diiz sothli istilik qizdiricilarindan, giinos stialarmm qobulediciys diismosini artrmaq ti¢iin
glnasin harakatini izloyan mirokkob idarsetmo sistemlorindon istifads edilir.

Hal-hazirda, giinos enerjisindon istifado etmok Ugln on genis yayilmis dsul giinos
enerjisindon birbasa elektrik enerlisinin almmasidir. Bu qurgularm qlisuru, onlarm yalniz soma agiq
olarkan, ginosli giinds islomoasidir.

Nax¢ivan MR orazisindo ginosin enerjisindon elektrik enerjisi vo istilik almaq Gcln ¢ox
miinasib iglim soraiti vardr. Glinoes enerjisinin elektrik enerjisina ¢evrilmasi fotoelementlor vasitosi
ilb hayata kecirilir. Fotoelektrik cevirici ilo isloyan GEQ - nun giicii asagidaki diisturla tapilir [5]:

er:nfeFfe|, Vi

Burada: 7te — fotoelektrik ¢eviricisinin FiO — dr. ne =014 - 0,17.
Fe — fotoelektrik ceviricisinin Umumi sahasidir, m2.

Nax¢ivan MR- do ta godim zamanlardan yerli ohali evlorin gizdirilmasi va isti su almmasi igiin
glines enerjisindon genis istifado edirlor. Bu mogsadlo nisboton sado texniki vasitalordon istifads
olunur. Aciq va qapal ¢onlori damlara vo hoyatlora qoyaraq, sakinlor 6zlorinin moisat ehtiyaclari
tigiin isti su alrlar. Son zamanlar bu magsadlor giin guinas kollektorlarimdan ( GK) istifads edilmoaya
baglanmisdir [5].

Naxg¢ivan MR orazisinds istonilon tutumda toplanmis (akkumilo edilmis) istiliyin miqdarini
T (k coul) asagidaki diisturla tapiriq [ 4]:

T=m 'Cp . (Tz—Tl),

Burada: m — (akkumilo edilmis) toplanmus istilik kiitlosi (kQ);
C, — (akkumilo edilmis) xiisusi istilik tutumudur, (k coul’kq °C);
Suyun istilik tutumu (C,) —4,19.
T1 Vo T, —akkumilo edilmis istiliyin ilkin vo son temperaturunun giymotloridir, (°C).

Misal: Kitlosi 10000 kg, dorinliyi 1 m. olan suilo doldurulmus ¢ondo toplanmus istiliyin T migdarini
toyin edok:

Ty1—suyun ilkin temperaturunu +18 °C gobul edirik ,

T, - suyun son temperaturunu + 40 °C gobul edirik.

T=10000 -4,19 - 22 0C =921800 k coul =256 kVt saat

Yayda Naxgivan MR- da otraf mihitin orta temperaturunun +45 9C- ys catdigmi nozors
alsaq, miivafiq olaraq, ilkin temperaturun artdigm gérorik.

Ogor suyun ilkin temperaturunu T;= +40 °C ; suyun son temperaturunu T, = +80 °C gobul
etsok, onda ¢onin istiliyinin faydal giici T = 465 kVt - saat olar.

Conin istiliyinin faydal giicti asagidaki diisturla tapilir:
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W:=Rys Fs 1y cos 0 Kii- Kgq

Burada: R, yay vaxtida ¢onin 1 m? sahasine diison glines siialarmm
enerjisi — 1,21 kvt/m?;
Fs — ¢onin sahasi —100 m?;
r,— suyun oaks etma gabiliyyati, (0,75);
COs 6 — guinas stialarmm ¢ons haqigi diisma bucagi, (0,80);
Kii — istilik itgisi amsali, (0,85);
Kig— ¢onin Ust sathinin girklonmo (tozlanma) smsahdr, (0,95).
Sonda ¢onin istiliyinin faydah giiciinin W, = 58,6 KVt - a barabor oldugunu tatiriq..

Bunlar1 nazars alaraq Nax¢ivan MR-in orazilorindo fardi obyektlorin istilik enerjisi ilo tomin
olunmalar1 {i¢lin sads, asirlorlo 6ziinii dogrultmus, su quzdricilarindan istifade edilmasi moaskohot
goriilir. Quzdric1 kollektorda istilik dastyicist kimi soyuqda donmayan antifrizdon istifads olunur.
Glnas stialar ilo quzlmis antifriz boru vasitasi ilo ¢ondoki suya 6tirlr vo ¢ondoki su quzir (Sakil 4. ):

N

A - gemslandir
; bala
/ ¥
kollektorlar
Ve 1t —- gan
nasos—

Sakil 4. Glnas su qizdiricisimn sxemi

Norve¢ energetiklorinin  hesablamalarma @oro, tokco simali Avropada giinos quzdirici
sistemlorinin  hesabma 1 m?2 saho Ugtn illik enerjiys gonast 250-300 kVt saat olur. Noazors alsaq ki,
simali Avropada bir ildo glnosli giinlorin say1 va giines stialarmm enerjisinin  giicii Nax¢ivan MR-
don (¢ dofo azdrr, onda biz asanligla Nax¢ivan MR-da glinos qizdirict sistemlorinin 1 m? saho Gcln
illik enerji genastinin 450 - 500 kVt saat oldugunu tapariq. Bu zaman ononovi yanacagm
yandiriimas1 zamani otraf mihitin cirklonmasi istisna olunur.

Musllif torafindon Nax¢ivan MR- da giinos stialarmm enerjisini elektrik enerjisino ¢evirmok
mogsadi ilo “ Hovuzda giinas enerjisini elektrik enerjisino ¢evirmak tigiin qurgu” toklif olunur.

Naxgivan sohori yaxmhgmda ‘“Duzdagr” deyilon x0rok duzu modoni yerlogir. Madandan
cixarllan x0rok duzunun ¢ox hissasi tullantt soklinds Duzdagm otoyinds toplanr. Bu yemok Uglin
yararsiz, xorok duzunu (NacCl) giinas hovuzunda holl etmoklo glinas stialarmm enerjisindon elektrik
enerjisi almaq toklif olunur (Sokil 5.):
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. : 3
T = ==
- a
‘30 100°C |.Z/7 77 LT
Giinss sitalarinm isti wohlulda
alkkumulyasiya olunma zonas

.&

1 — toplayicilar; 2 — yuksak gatiliql va sixligli duz mahlulu ilo doldurulmus hovuz; 3— qazla
doldurulmus boru; 4 — nasos; 5 — istilik mubadilasi qurgusu; 6 — turbin; 7 — generator; 8 —
kondensator.

SaKkil 5. Glnas hovuzunda elektrik enerjisi almmasmin sxemi.

Dorinliyi 3 metr, sahasi (400 mx 500 m) olan giinas hovuzunun har 1m? sahasi ti¢tin 500-1000

Kg. yemoak ligiin yararsiz olan xorok duzu (NaCl) istifado olunur.
Glnos hovuzunun konstruksiyasindan vo x0rok duzu mohlulunun gatiligmdan asih olaraq giinos
hovuzunun alt gatmda 70+100 © istilik ahnr. Gilinos stialarmi hovuza yonaltmoklo hovuzun alt
gatmdaki quzdriimis vo duzla (28,9 %) doydurulmus mohlulun temperaturunu 108,8 °C —dok
galdrmaq olar.

Mohlulun alt gatnda boyiik miqdarda istiliyin toplanmasi, giines stialarmm udulma
xususiyyati vo x6rok duzu mohlulunun yiksok qatiligindan asihidir. Giinos stialart suyun iist gatindan
kecorak xorak duzu ilo gatilagdirilmis alt gata daxil olur va istiliya ¢evrilir. Suyun gunes stialarmi
udma omsal (0,995)-0 borabordir.

Ilin fosillorindon asih olarag, hovuzun iist gatmda suyun temperaturu +15°C —don +25 °C-
dok olur. Bundan slave hovuzun temperaturu atmosferin vo suyun soffafigindan, hovuzun dibinin
Vo Konarlarmmn 6rtiilmesindon Vo s. asihdir.

XOrok duzunun miqdari hovuzun {ist su qatinda ¢ox ciizi, orta qatda sudaki gatihq suyun
hocmina borabor sokildo paylanrr vo dorinlik artdigca gatiiq artr vo dib qatda duzun qatihgr on
yuksok hodda
catrr. Qatiligmin dib gatda ¢ox yiiksok olmasi sobabindon istilik alt qatda yigilir.

Glnosin enerjisi ilo qizdirilmis, hovuzun dibindoki yuksok qatiigli su boyiik sixhga malik
oldugundan istiliyin yuxari qata galkmasma imkan vermir. Bu istilikdon elektrik enerjisi hasil etmok
Ucln xususi gazla doldurulmus spiral boru qzir vo onun i¢indaki gaz turbino toraf harokats baslayir.

Hovuza galon glines siialarmm giiclinii artrmaq tgiin, alave olaraq gilines toplayicilarinda
oks olunan giinas stialarmdan da istifado edilmasi maslohat gorulr.

Toplayicilarda (1) oks olunan guines siialar1 bucaq altnda hovuza(2) daxil olaraq, su sathinin
isti mohlul gatma yonolmis siialarm qayitma (oks etmo) gabiliyyatlorini azaldirlar. Giinas stialarinin
toplayicilarda toplanaraq onlarm istiliyinin hovuzda yigilmasi, giinos  enerjisinin  hovuzda
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toplanmas: omsalm xeyli artirir.
X0rok duzu mohlulun (Nacl) istilik keciriciliyini (Coul / kg, K) codval 4-do g6storilmisdir:

Codvoal 4.
Moahlulun Temperaturu, °C
gatihg. % | 10 20 |30 40 50 60 70 80 90 |100 |110 {120
26 — | 3269 | 3274 | 3274 | 3274 | 3269 | 3265 | 3261 | 3258 | 3240 | 3276 | 3284

Gunas hovuzunun faydah istilik giicilinii asagidaki diisturla hesablanir:
Wgh =Ry Fn 1, cOs 0 Kii K

Burada: Ry, — Hovuza diison glines stialarmm enerjisi — 1214 Vt/m?;
Fn — gunas hovuzunun sahasi (400 mx 500 m) =200 000 m?
r,— suyun oksetdirmo gabiliyyati ( 0,75);
Cos 6 — gunos stialarmm hovuza diismo bucag (0,80);
Kji— istilik itirilmoasi omsah (0,85);
K;— hovuzun Ust sathinin tozlanma omsah (0,95).
Beloliklo, toklif etdiyimiz, (400 mx500 m) sahosi olan glnas hovuzunun faydahl istilik
gucunin Wy, =12 MVt oldugunu tapiriq.
Elektrik enerjisi almaq {iclin qurgunun (GEQ) giiciinii asagidaki diisturla hesablayriq:

We = 7 QT KV

Burada: 7— qurgunun FIO - dir (4548 %).
Q — isti suyun sorfi, Q = 4 kq /san;
Tm — Mohlulun(Nacl) istilik tutumudur
GEQ — nun gucu:
— +80 9Cuglin  Weq = 5870 kVt;
— +100 °C Ggiin Weq = 6830 kVt;
Beloliklo, Nax¢van MR orazisinds istehlakg¢ilarin elektrik enerjisi ilo tomin olunmalari ti¢iin
muasir toloblora cavab veran glines ¢eviricilorinin asasinda enerji sistemi genis miqyash tatbigino
kifayot godor gorait oldugunu goriirik.

ODOBIYYAT

1. Aaaepcon b., Conmneunas sneprus, Mocksa, Crpoimzaar, 1998, c. 375.
2. bopsenkoBa M.H., K Bompocy 0 BIMSHMM MECTHBIX (JAaKTOPOB HA MPHXOJ pajuallii B TOPHOM
mectHocTH, Tpynel I'TO, 1997, Bem.2, c. 70 —77.
3. BuccapuonoB B.U, [eprormna I'.B., Ky3nenora B.A, Mammmvn H.K, Pacuer
pecypcoB conHeuHoM sHepreTrkd, Mocksa, U31-8o MOU, 1999, c. 61.
4. Ynanos C.H., Bo3oOHOBIsieMble UCTOUHHMKK dHeprud, yueOHuk, HoBocubupck: HI'TY, 2007, c.
432.
5. Ymapos I'.4, EpmoB A.A., ComHeuHasi srepreTuka, Mocksa, 3uanue, 2004, c. 96.

-83-



“FIZIKANIN VO ASTRONOMIYANIN MUASIR PROBLEMLORI”
MOVZUSUNDA RESPUBLIKA ELMi KONFRANSI

PE3IOME

Max0y0o KazbimoB
SHEPTETUYECKHUX PECYPChI COJTHEYHBIX JIYYENA B HAXYUBIBAHCKOM AP 1
IIYTHU UX UCIIOJIb30BAHUASA

B cTarbe nokazaHel pe3yibTaThl HAYYHBIX HCCIIEAOBAHMI SHEPreTUUECKUX PECYpPCOB COJHIIA
1 WX KCIIOJIb30BaHue Ha Teppuropur HaxubiBanckoih AP. Paccuural KOIMuecTBO COMHEYHBIX JIydeil
ronajiaromxcss Ha Teppuroputo HaxubiBanckoii AP B yCIOBHSAX CIIOKHOTO TOpPHOTO peiibeda u
SHEPreTHUYECKU TIOTEHIMAal AaKKyMYJUPOBAHHOrO Termia it Tteppuropuii HaxubiBanckoit AP.

[IpoBeneHbl wucciaenoBaHus, NpPU SCHOM OOJAYHOCTH HAa pa3HbIX BBICOTAX H.Y.M. U
AQHAJIMBUPOBAHbl 3HAYEHHE pAJUAIMOHHBIX XapaKTepUCTHK HA CKIOHaX ropbl HMnanmeinar,
YCTAHOBJICHbI 3aKOHOMEPHOCTH MX M3MEHEHHS! B 3aBUCUMOCTH OT BBICOTHI H.Y.M.

Onpe neneHbl KOJUIEKTOpPBI Tapeab4aToro  THIIA, o0aiarommue HauOOoJbIIE i
MPOM3BOIUTEILHOCTBIO M TPEOYIOIMX CPaBHUTEIHHO HEOONBIIMX 3aTpaT, C MOMOILBI0 KOTOPBIX
JIETKO MOXKHO YJIOBJIETBOPUTH TIOTPEOHOCTH aBTOHOMHBIX TMOTPEOUTEIIEH.

Knrwuegvie cnoga: conneunvie nyuu, snepaus COIHYa, memnepamypa 6030yxa, meniond,
npo3pPaAYHOCHL AMMOCghepbl, paOUaAyUOHHbII OANAHC.

SUMMARY
Mahbub Kazimov
ENERGY RESOURCES OF THE SUN'S RAYS IN THE NAKHCHIVAN AUTONOMOUS
REPUBLIC AND METHODS OF USING THEM

The article shows the results of scientific research on the energy resurcesof the sun and their
use in the territory of the Nakhcivan Autonomous Republic. The amount of sun rays falling on the
territory of the Nakhchivan Autonomous Republic in conditions of a difficult mountainous relief and
the energy potential of the accumulated heat for the territories of the Nakhchivan Autonomous
Republic have been calculated.

Investigations were carried out with clear clouds at different altitudes above sea level. and
analyzed the value of radiation characteristics on the slopes of Mount Ilanlydag, established the
patterns of their change depending on the altitude.

The disc-tyupe collectors have been identified, which have the highest productivity and
require relatively low cosis, with the help of which it is possible to easily satisty the needs of
autonomous consumers.

Key words: sun rays, sun energy, air temperature, heat, atmospheic trasparency, radiation
balance.
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Pho.75SNg.2s Te<Sn> MONOKRISTALLARINDA VO ONLAR OSASINDA
METAL-YARIMKECIRICIi STRUKTURLARDA ELEKTRON DASINMASI

Stexiometriyadan 0,5 at.%-dok artig qalaya malik Pbg75SNg 25Te monokristallari va onlar
asasinda metal-yarumkecirici strukturlart alinaraq onlarda 77-300K intervalinda elektron dasmma
hadisasi tadgiq edilmisdir. Miiayyan olunmusdur ki, artiq qalay atomlar: 0,05 at.%-dak kristallarda
qurgusun va qalay altqafasinds olan vakansiyalarla neytral va ya birqat ionlasms kompleksir

yaradaraq xtsusi mugavimati (p) vo termoehq amsalini, yiiksok migdarlarda isa yeni donor
morkazloriyaratmagla kegiriciliyi artirir. Termoehq amsalinin temperatur asitiligi kristalin malik
oldugu miirakkab valent zonadaki agir degiklorin keciricilikdaoki payimn dayismasi ilo baghdur.

Metal-yarimkecirici strukturlari kontakt migavimati vo onun temperaturla artmasi kontakt
arintisi  komponentlorinin kristalin kontaktyani sahasina diffuziyasi naticasinda hacmi yUklor
oblastini gapayan metal suntlar amola gatirmasi ilo toyin olunur. Kontaktyani sahaya diffuziya edan
komponentlar metal suntlarla yanasi, yuksak kegiricilikli Ag.Te tipli aralq fazanin va degiklorin
konsentrasiyani artiran alava akseptor markazlorinin yaranmasina da sabab olur.

Acar sozlar: bark mohlul, vakansiya, valent zona, stexiometriya, artiq atomlar

Gins

Dordincu grup elementlori xalkogenidlori, o climlodon PbTe, SnTe v onlarn bark mohlullari
orta temperaturlu termoelektriklor vo spektrin yaxm infraqrmizi oblastnda  fotohassas
fotoelektriklordir.

PbTe vo SnTe mirokkob valent zonaya malik olub stexiometriyadan konara ¢ixma ilo
kristallasirlar. Bu birlosmolorin  kristallarmda Pb vo Sn altgofosindo 1019+-1020 sm-3 konsentrasiyaya
godor elektroaktiv vakansiyalar mdvcuddur. Birlosmolor NaCl tipli kubik strukturda kristallasan
kasilmoz bark mohlul omolo gotirirlor. Hom do ~40 mol.%-dok SnTe —Iu bark mohlullarin valent
zonasmm strukturu PbTe-un zona qurulusu kimi olur. Sistem {izro on Yyiksok termoelektrik
effektivliyi ~25-30 mol.% SnTe-a malik bork mohlullarda miisahido olunur [1-5].

Gostorimisdir ki, PbTe, SnTe kristallarma uygun olaraq stexiometriyadan artiq Pb vo Sn olave
etmoklo, onlardaki elektroaktiv vakansiyalarm konsentrasiyasmin idaro etmok mimkindir [6].
Kristal qurulusu vs valent zonanmn strukturunun eyniliyine g0ro forz etmok olar ki, vakansiyalarin
uygun idars olunmasma PbTe-SnTe sistemi bark mohlullar1 kristallarmda da nail olmaq miimkiindiir.

Termoelektriklords yiksok effektivlik

Nopt = 2(2tm'KT) 3/2 h3 (1)
ifadosi ilo toyin olunan yiikdasiyicilarin  optimal konsentrasiyasmda  almwr. Digor torofdon

termoelektriklorin totbigi ilo hazirlanmig termoelementlorin effektivliyi
0(2
Z_(J+;—:‘)u’ 2)
ifadasi ilo mioyyan olunur. (1) va (2) ifadolorinds m'-coroyan dasiyicilarm  effektiv kiitlosi, k-
Boltsman sabiti, h-Plank sabiti, a, p, % uygun olaraq istifado olunan termoelektriklorin termoehq
omsali, xiisusi mugavimati, istilik kecirmo omsali, ry termoelementds xususi kontakt (kommutasiya)
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mugavimati, |-termoelement budaglarmm uzunlugudur. Miioyyan yaxmlagmalarla gostorilmisdir ki,
termoelektrikdo maksimum Z-in almmasmin osas sorti yiksok p/yq-o nail olunmasidir (burada p-
coroyan dastyicillarm yiiriiklityli, yq-gofos istilikkegirmo omsaldir). Termoelementdo ry iso metal-
yarmmkegirici sarhodinds gedoan bir sira fizik-kimyavi hadisalorlo (kontakt materiali komponentlorinin
termoelektrikin kontaktyan: sahosine diffuziyasi, termoelektrikin komponentlori ilo kontakt orintisi
komponentlormin  kimyavi garsiighh  tosiri naticosindo yeni arahq fazann yaranmasi vo S.)
mioyyanlosir [7.,8].

Bunlara goro Pb,Sn altgofosindo muxtolif konsentrasiyada vakansiyalara malik Pbg 75Sng »sTe
bark mohlulu monokristallarmin gdyardilmasi, onlarda vo onlar asasinda termoelementlordo elektron
dasmma proseslorinin todqigi elmi-praktiki ohomiyyat kosb edir.

Bunu nazors alaraq Pb vo Sn alt gofaslori vakansiyalarmin Pbg 75Sng 25Te monokristallart vo
onlar asasmda termoelementlorin  kommutasiya kontaktlarmda elektron dagmma hadisalorino tasiri
ganunauygunluglarmi  miioyyonlosdirmok  mogsadi i, isdo gostorilbn  bark  mohlulun
stexiometriyadan olavo 1,0 at.%-o godor galay atomlarma malikk monokristallar1 gdyardilmis,
Pbg.75Sng. 25 Te<Sn>-metal strukturlar1 yaradimiug vo onlarda 77-300K intervalinda elektrikkegirmo
todqiq olunmusdur.

Eksperimentin aparilmasi

Pbo.75SNg. 25 Te bark mohlulu komponentlorin  10-3Pa tozyige godor sorulmus kvars ampullarda
~1245K temperaturda 6 saat middotindo birgo oridilmasi yolu ilo aparimisdir. Stexiometriyadan
artiq 0; 0.01; 0.05; 0.10; 0.50; 1.0 at.% Sn torkiba sintez prosesinds daxil edilmisdir. Sintezdo yiiksok
tomizlikli OCY-000 markal galay, C-0000 markali qurgusun, T-cU markah tellurdan istifado
olunmusdur. Bork mohlula daxil olan komponentlor 00001 gram doqigliklo ¢okimisdir.
Monokristallar Bricmen metodu ilo ikizonali elektrik qizdiricismda goyardimisdir. Goyardilmo
qurgusu ikizonali elektrik qizdricisi, qizdiricinim temperaturunu idars edon sistem vo sintez olunmus
bork mohlul doldurulmus xiisusi formah kvars ampulam qizdiriciya Otiiriilmo suratini idars edon
sistemdon ibaratdir. GoOyordilmis  kristallarm  bircinsliyi vo birfazahligi Rentgen isulu ilo
yoxlamlmisdir.

GoOyordilmis monokristal ¢ubuglardan todgigat Ugln Olglort 3x6x12 mm olan diizbucaqh
rapallelepiped formal nimunolor kosilmisdir. Alnmis niimunslor spektral tomiz arqon mahitinds
400°C-do 120 saat termik emal kasmugdir. Niimunolorin elektrik parametrlori vo kontakt miigavimati
doyisan corayanda zond Usulu ilo Slgtilmiisdiir. Kontakt miigavimatini todqgiq etmok {i¢lin kristalin
uc sothloring kiitly %. 95In+4%Ag+1%Au evtektikas1 tobogasi gokilmisdr. Olgmalorin Xotasi ~4%-
don artiq olmamugdir.

Eksperimental na ticalar vo onlarin miizakirasi

Eksperimental noticalor 1-ci sokilds vo codvaldo gostoriimisdir.

Noticalordon gorinur ki, Pbg 75Sng 25 Te bark mohluluna 0,10 at.%-dok stexiometriyadan artiq
galay olavs etdikdo ~77 va 300K-do kristalm xiisusi miiqavimati p artr, sonra iso qalaym miqdari
artdiqca p azalr. Termoehq omsalnin igarasi ~77K-do nimunalorin hams1 ti¢tin monfidir.; 300K-do
stexiometrik vo 0,01 at.% artiq galayl niimunalorin termoehq omsalnin isarasi musboatdir.

(In-Ag-Au) - Pbg 75Sng.2sTe <0,05 at.%Sn> strukturunun ~77K-do kontakt migavimati ry
stexiometrik kristal asasmda olan strukturun kontakt migavimotindon bir tortib asagidir. Qalayin
migdarmm sonraki artimi ilo ry—nm giymoti 2,58-104 Om-sm? —dok yuksalir.
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Sakil 1. Pbg7sSng.2sTe <Sn>kristallarinin xtisusi miigavimatinin (&) va Pbg 75Sng 25 Te <Sn>
(In-Ag-Au) strukturlarmn xtsusi kontakt miqavimatinin (b) temperatur asililiglar:. 1-6 ayrilori
uygun olaraq, stexiometriyadan 0; 0.01; 0.05, 0.10, 0.50; 1.0 at.% artig galaya malik kristallara
aiddir.

Kristallarm va strukturlarm hamust {igiin p Vo Iy temperaturla artir.

Qurgusun vo qalay telluridlori stexiometriyadan konara ¢ixma ilo kristallagirlar. Bu birlogsma
kristallarmda Pb va Sn altgqofasinds ~1020 sm3-5 godor elektroaktiv vakansiyalar mévcud olur.
Homin vakansiyalarm hor biri 2 odod desik yaradir.

PbTe vo SnTe birlosmoalori murokkoab valent zonaya malikdirlor [1,9,10]. PbTe tigtin [10] toklif
olunan iki valent zona modelino g0ra, OK-do birinci zona (yiingiil desiklor zonasi) keciricilik
zonasmm dibindon 0,19 eV, ikinci valent zona (agr desiklor zonasi) iso 0,36 eV enerji
mosafasindodir. Temperaturun artmasi ilo birinci valent zonanm maksimumu kegiricilik zonasmin
dibindon ~4,1-104 eV/doraca sliratl uzaqglasaraq 2-ci valent zonann maksimumuna yaxanlasr vo
~450K-ds bu zonalar arasmda enerji moasafasi yox olur. Temperaturun sonraki qiymotlorinds ylingul
desiklor zonas1 keg¢iricilik zonasmdan daha bdyiik energetik masafads olur.
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Pbo.75Sno25Te <Sn> bark mohlulu kristallarinin xiisusi miigavimati p(Om- sm), termoehq

amsalt a(mk V/K), giic faktoru a?o (Vt/sm-daraca2) va (In-Ag-Au)- Pbg 755N 25 Te <Sn> strukturlarmm
xisusi kontakt migavimati r, (Om-sm?).

Cadvol
~T7K-do ~300K-do
Bork px10* | rex10° a a2ox10 | px10% | 1 x103 a 025x1086
mohlulda 6
artlq qalaym
miqdari, at.%
0 6.08 25,3 -3.4 0,02 1,06 1,62 51,9 2,6
0,01 9,84 493 -22,1 0,50 181 1,43 91 0,05
0,05 9,53 2,0 -18,0 0,34 2,72 6,58 -13.8 0,07
0,10 16,7 4,24 -20.0 0,25 2,24 6,19 -34,3 05
0,50 6.90 9,60 -214 0,70 1,33 1.31 -44.4 15
10 2,63 25,8 -279 3,0 1,47 1,57 -101,1 72

PbTe-SnTe sistemi bork mohlullarinda ~30% SnTe-dok zona qurulusunun xiisusiyyatlori
PbTe birlosmasinin zona qurulusuna uygun qalr. Buna goro SnTe-un migdarmm artmasi ilo hamin
bork mohlullarda elektronlarm yiiriikliyii siirotlo azalsa da desiklorin  yurikliyt ~500 sm2/V-san
tortibinds qalir [5].

Bu molumatlara osaslanarag gobul etmok olar ki, Pbg7sSng2sTe bark mohluluna
stexiometriyadan artiq daxil edilmis qalay atomlar1 0,05 at.%-dok vakansiyalarla elektroneytral vo
ya bir qat ionlasmig komplekslor yaradaraq desiklorin konsentrasiyasmi Vo uygun olaraq keciriciliyi
azaldr. Qalaym sonraki migdarlarmda Sn atomlarmm vakansiyalarla kompleks yaratmayan hissosi
kristalda yeni donor moarkozlori yaradaraq yiikdastyicilarm konsentrasiyasmi vo kegiriciliyi — artirir.
Maye azot temperaturunda Pbg 75Sng 25Te kristalmin  termoehq omsalnin giymoti ~3,4 mkV/K toskil
edir. Belo kigik giymoat gostorir ki, kristal garisiq kegiriciliyo malikdir vo kegiricilikdo istirak edon
elektron vo desiklorin  konsentrasiyalar1 biri-birine yaxmndir. Elektronlarm yiiriikliiyiiniin desiklorin
yurtkliyindon ¢ox oldugundan o-nin isarasi monfidir. Stexiometriyadan artiq qalay atomlarinin
daxil edilmosi ilo ovvolco desik yaradan kation vakansiyalarmmn kompensasiyasi, sonra iso Yyeni
donor morkozlorinin  yaranmasi bas verdiyindon termoehg-nin mitlog giymoti artir. Temperaturun
artmast ilo yiingiil desiklor zonas1 agr desiklor zonasma yaxmlasdigmdan kegiricilikdo agir desiklorin
pay1 artir vo naticado stexiometrik torkibli kristalm termoehg-si yuxari temperaturlarda isarasini
monfidon misbots doyisir.

Pbo.75SN0.25Te kristalmin uc sathina (In-Ag-Au)- evtektikasi ilo kontakt ¢okdikds evtektikani
toskil edon komponentlorin atomlar1 kristaln  kontaktyani hissosino  diffuziyasi vo kristalin
komponentlori ilo kimyavi qarsiligh tosiri bas verir. Evtektikani togkil edon elementlorin diffuziya
parametrlorinin mugayisasi gostorir ki, Ag atomlarmm kristala diffuziyasi ustiinliik toskil edocokdir.
Giimiis atomlar1 PbTe-da (o climladan todgig olunan bark mohlulda) akseptor moarkazlori yaradir va
desiklorin  konsentrasiyasmi ~1,5-1020 sm3-dok artra bilir [1]. Digor torofdon Ag atomlarmin
elektromonfiliyi Pb vo Sn atomlarminkindan asagidr vo 2 Ag+ Te= Ag,Te reaksiyasi iigiin

AGO=Zn;(AH;%95-TAS{%g5)yek-2Ni(AH;%05-TAS{%95)i1k (3
ifadosi ilo  [11] hesablanmis reaksayanmn Gibbs enerjisi ~ - 42 kCoul/mol-dur. Burada AH;%gs -
standart soraitdo entalpiyann doyismoasi, ASi%gs-entropiyanm standart giymatinin doyismasidir.
Kristaln kontaktyam hissasindos Ag akseptor markazlorinin vo Ag,Te tipli asagi miiqavimotli arahq
fazanin yaranmasi termoelementin (metal-yarmkecirici strukturun) kontakt miigavimotinin asag
giymoto (104-10°0Om-sm?) malik olmasma gatirir.

-88-



NAXCIVAN DOVLOT UNIVERSITETI

Pbo.75Sng 25 Te<Sn> kristallarmm  xiisusi miiqavimatinin temperatur asiihigi p(T) metallik
xarakterdodir.

PbTe kristallnda oldugu kimi [12] Pbg7sSngsTe kristalnm miigavimatinin - temperatur
astlihgmda da miioyyon temperatur intervalnda (77-300K) asqar morkozlorinin ionlasmasi hesabma

yarmmkegirici xarakter miisahido olunur. Pbg 75Sng 25Te <Sn> kristallarmm hamismda p(T) asililig:
metallik xarakterdadir.

Metal-yarmkegirici kontaktinda corayanaximi asasontermoelektron emissiyasi, sahs emissiyasi
Vo ya termosahs emissiyast mexanizmlori ilo bas verir. Hor ic halda kontakt migavimoti temperaturla
azalr vo ya togribon sabit galr. Sokil 1-don gorindiyt kimi, Pbg7s5Sng s Te<Sn>-(In-Ag-Au)
strukturunun kontakt migavimeti ry bitln hallarda temperaturla yiksolir. [13] isindo gOstorimisdir
Ki, oritmo ilb yaradilan metal-yarmkegirici kontaktlarmda  coroyan axmu metal atomlarinin
diffuziyas1 noticosindo yarmkeciricinin kontaktyani hissoasindo yaranan vo hocmi yiklor tobagosini
gapayan metal suntlar vasitasi ilo do bas vera bilor. Bu halda kontakt miigavimati

_(pot+BM
- - - - T[dZK (4) -
ifadasi ilo mlyyan olunur vo temperaturla artr. Axirmnci ifadas p, -metal suntlarm OK —do XUsusi
migavimati, B —homin xlsusi migavimotin temperatur amsal, |—hocmi yiklor tobagesinin eni,

d- metal sunt komponentlorinin atom radiusu, K- metal atomlarmin otura bilocoyi kristaln = struktur
pozuntularmm sxhgidr. Ifadoys daxil olan hodlorin hamusi sabit komiyyatlor oldugundan 1y
temperaturun funksiyasi olaraq temperatur yiiksaldikco artacaqdr.

Pbo75SngsTe kristallar1 ilo kontakt materiah  (IntAgt+Au)-un Qgofos sabitlori  forgli
oldugundan kontakt c¢okilorkon kristalda sothyam sahodo pozuntular artr vo suntlarm yaranma
chtimal yiiksalir.

Natica

Texnoloji rejimi mioyyanlosdirilorok  Pbg 75Sng 25 Te bark mohlulunun  stexiometriyadan 1,0
at.%-dok artiq qalaya malk monokristallari, onlar osasmda (IntAgt+Au)- Pbg75Sng.25Te<Sn>
strukturlar1 almmis, onlarda elektron dasmma hadisalori todqiq olunmusdur. Gostorimisdir ki,
kristalda qgalay atomlar1 0,05 at.%-dok kation altgofasinds olan vakansiyalarla elektroneytral vo ya
birqat ionlagmus ciitliiklor yaradaraq desiklorin konsentrasiyasmni vo keciriciliyi azaldir, termoehqni
artirrr, artiq miqdarlarda isa Ozlori donir morkazlori yaradaraq elektrikkeciriciliyini artwr. Termoehq
omsalinin temperaturla artmasi vo isarasini doyismosi valent zonanmn miirokkobliyi vo temperaturun
artmasi ilo agr desiklorin Kkegiricilikdo paymmn ¢oxalmasi ilo baghdr. Baxilan metal-yarimkegirici
strukturlarmin ~ kigik  (~10°0Om-sm?2) kontakt mugavimoti vo bu migavimatin  temperaturla
yuksalmasi, evtektika komponentlorinin kristalin kontaktyani oblastma niifuz edorok hacmi yiklor
oblastmi gapayan metal suntlar yaratmasi vo kontaktda coroyanm bu suntlarla axmasi hesabmadir.
1,0at.% artiq qalaya malik kristallarm giic faktoru stexiometrik kristallarmkindan 3 dofoyadok artiq
olur.
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SUMMARY
Tunzala Aliyeva
Gully Abdinova
Nailya Akhundova
ELECTRON TRANSFER IN Pb0.75Sn0.25Te SINGLE CRYSTALS
AND STRUCTURES OF METAL-SEMICONDUCTOR BASED ON THEM

Single crystals of the Pby 75Sng 25 Te<Sn> solid solution have been grown and structures (In-
Ag-Au) - Pby 75Sn0 25 Te<Sn> have been created, their electrical properties have been investigated in
the temperature range 77 + 300K. It was found that superstoichiometric tin atoms up to 0.05 at.%,
Forming electrically neutral or singly charged complexes with vacancies in the lead and tin sublattice
in crystals, increase the resistivity p and the Seebeck coefficient a, and at high contents, creating new
donor centers, decrease p. An increase in the Seebeck coefficient with temperature is caused by an
increase in the contribution of heavy holes to the conductivity. The contact resistance ry of the studied
structures and its growth with temperature are determined by the diffusion and deposition of the
ingredients of the contact alloy along the lines of imperfections in the near-contact region of the
crystal, the formation of metal shunts at the interface, which short-circuit the space charge layer.

Key words: solid solution, vacancy, valence band, stoichiometry, excessatoms.
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PE3IOME
Tyn3ana Anuesa
I'ronmo A0auHOBa
Haniass AxyHaoBa

IMEPEHOC JIEKTPOHOB B MOHOKPUCTAJIJIAX Pho.75Sno.2sTe
U CTPYKTYPAX METAJUI-TIOJYITPOBOAHUK HA UXOCHOBE

BeIpaiiieHsl MOHOKpPHUCTAILTBI TBEPAOro pacTBopa Phg 755Ny 25 Te<Sn> u co3paHsl CTPYKTYphI
(In-Ag-Au)-Pbg 75Sng 25 Te<Sn>, wucciemoBaHbl KX AJICKTPUYSCKUE CBOWCTBA B  HHTEpBAJe
temnepatyp 77+-300K. BriscueHo, 4T0 CBepXCTEeXHOMeTpHuHble aToMbl ofioBa 10 0,05 aT.%,00pa3ys
ANEKTPOHEHTPAJIbHBIE WIM OJIHOKPATHO 3apsyKEHHbIE KOMIUIEKCHl C BaKaHCHSIMU B TOApPELICTKE
CBUHI]A W OJIOBa B KpPHCTA/UIAX, YBEJIMYMBAIOT YACIHHOE COMPOTHBICHHWE P W Kod(duiue HT
TEPMOJC O, a PU OONBUIMX COAEPKAHUAX, CO3/]aBasi HOBbIE JOHOPHbIE LEHTPbI, YMEHBILAIOT .
VBemmuenne KodhUIIMeHTa TEPMOIIC ¢ TEMIIEPATYpPOl OOYCIIOBIEHO MpW STOM POCTOM BKJIaza
TSIKEJIBIX ABIPOK B IPOBOMMOCTH. KOHTaKTHOE COMpOTHBICHUE [ M3YYEHHBIX CTPYKTYP M €TI0 POCT
C TeMIIepaTypoil onpeaensroTcs quddy3nueil 1 ocaxxIeHHeM HHIPEIUCHTOB KOHTAKTHOTO CIUIABA IO
JMHUSIM HECOBEPIICHCTB B MPUKOHTAKTHOW 00JacTH KpUCTaslia, 00pa3oBaHMEM HA TPAHHUIE pasjelia
METaUTMIE€CKUX IIyHTOB, 3aKOpAaYMBAIOIINX CJIOW 00BEMHOrO 3apsja.

Knroueevie cnosa: meepoviii pacmeop, 6aKaHcus, 6ANEHMHAs. 30HA, CMEXUOMempPus,
u30bIMOYHbIe AMOMUL.
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FiZIKANIN TODRIiSi PROSESLORINDO PEYK RABITOSININ ROLU

Baxilan tadqigat isindo elektron talimin hayata kecirilmasinda peyk rabitasinin tohsilda
istifada imkanlar: arasdirilir. Todgiqat isinda distant tohsilin hayata kecirilmasinda peyk rabitasinin
funksional xarakteristikasi tahlil olunur. Respublika tahsil sisteminda TYITV-dan istifadanin inkisafi
uc istigamat-dadir: 1) sahar moktablarinda komplterlagmanin hayata kecirilmasi; 2) Umumtahsil
moktablorinda  YITV-nin totbigi vo intensiv istifadanin hoyata kegirilmasi tciin - méveud
infrastrukturun muayyanlasdiril-masi; 3)YTV-nin totbigina asaslanan modernlasdirilmis tahsilinin
proqram taminati va yenitexnologiyanin kiitlovi manimsanilmasi, hayata kecirilmasi t¢iin mévcud
infrastrukturun miayyanlandirilmasi. Praktik olaragbutin 6lkalor komputer talim texnologiyalarmin
hazirlanmasint va inkisaf etdirilmosini aktiv suratdo hoyata kegirirlor. Tolim prosesinda
komputerlardan istifada edilmasinin ilk tacriibalari 60-cz illarin avwallaring tasadiif edir. Ik olarag
avtomatlasdwrilmig olim kurslari (ATK), sonraisa programlas-dirilmus talim formalarinireallasdwan
avtomatlasdrimis talim sistemlori (ATS) formasinda ilk program talim vasitalaori yaradilnusd.
Komputer talim texnologiyasit informatika prinsiplorina asaslanan va komplter vasitasib
reallasdirilan talim texnologiyasidir. Fizika tadrisininfaal tolim metodu ilo elektron darsliklor va
internetin komoayila hayata kecirilmasina dair nimunalar verilir. Miasir dévrda tolim prosesinin
tokmillosdirilmasi vo inkisaf etdirilmosi ii¢iin hazirlanmus bir ¢cox kompiiter programlart mévcuddur.

Acar sOzlar: talim texnologiyasi, avtomatlasdirilmg talim sistemi, komputer, fizika, peyk

Giris

Azorbaycan Respublikas1 Prezidentinin ik kosmik peykimizin orbito buraxiimasi miinasiboti
ilo Azorbaycan xalqma tinvanlanan tobrik moktubunda geyd edildiyi kimi, 6ton geco Azorbaycanin
kosmik hoyatinda ik ugurlu addim atiddi Hoyata kegirilon genismiqyasli iglor gostorir ki, bu halo
baslangicdir. Azorbaycanm ik telekommunikasiya peyki, 6lkomizdo kosmik sonayenin yaradimasi,
hoyata kecirilon islordon oldo edilocok. Kosmik sonayenin yaradiimasi vo telekommunikasiya
peyklorinin, o ciimlodon digor ¢oxmogsadli peyklorin orbito buraxiimasi ik ndvbade informasiya
miibadilosinin  xarici Olkolordon asililiginin aradan qaldrilmasi vo informasiya tohliikosizliyinin
tomin edilmosi, eyni zamanda O©lkodo yeni iqgtisadi saholor iizro mdvcud insan ehtiyatlar1 vo
intellektual potensialm  inkisaf etdirilmosi, tam tochizath maddi-texniki bazanmn yaradimasi,
elmtutumlu yeni layiholorin hoyata kegirimoasi va notica etibarilo innovasiyayoniimlii iqtisadiyyatin
formalagdirilmas1 istigamotindo aparilan iglor arasinda 6z xiisusi vo strateji ohomiyyoti ilo secilir. Bu
monada tohsilin saxslondirilmoasi vo yeni sonaye saholorinin inkigafi ilo bagh Azorbaycan hokumoti
torofindon hoyata kegirilon osas layiholordon biri do peyk layihosidir. Kosmik sonayenin yaradimasi
va telekommunikasiya peyklorinin, o climlodon digar ¢oxmogsadli peyklorin orbito buraximasi ik
novbodo informasiya miibadilosinin xarici Olkalordon asiiigmin aradan galdirimasi vo informasiya
tohliikasizliyinin tomin edilmasinds, eyni zamanda 6lkodo yeni igtisadi saholor ilizro mdvcud insan
ehtiyatlar1 vo intellektual potensialin inkigsaf etdirilmosi, elmtutumlu yeni layiholorin hoyata
kecirilmosi vo notico etibarilo innovasiyayoniimlii tohsilin formalagdirilmasi istigamotindo aparilan
islor arasmda 6z xiisusi vo strateji ohomiyyoti ilo segilir.

Todgigatin gedisi

Tohsil xidmatlorinin yer, zaman, yas, magsad, kiitlo va s. cohotlordon elastiki olmasmi tomin
edon, sagirdino fordi vo mistaqil, interaktiv xarakterli, keyfiyyatli, gonastcil va siratli bir tohsil imkan1
veran va forgli saviyyslords totbigi xUsusiyyatlora sahib bir tohsil xidmoti togdim edon uzagdan tahsil,
mixtolif imkanlarda olan genis kiitlolora istigamatlonmis bir tohsil formasidir.
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Ononavi Xususiyyatdoki tohsil problemlorine  bir alternativ olaraq ortaya ¢ixan, toahsil
foaliyyotlorini planlayanlar vo totbig edonlor ilo sagirdlor arasinda iinsiyyat vo mibadilonin xisusi
olaraq hazrrlanmis tohsil modullar1 vo muxtalif mhitlor yoluyla miayyan bir markezdon toskil edilon
bir tohsil Usulu olarag gobul edilon uzagdan tohsil, ananovi modeldaki tahsil problemlorine va xisusilo
bu yolla hall oluna bilmoyan kitlovi tohsil problemlsrinin hallinds miisbat bir variant olaraq ortaya
¢xmusdir.

Yeni texnologiyalarm uzaqdan tohsilds istifads edilmosi, daha asagiqiymot, daha asanistifado
va mihit inteqrasiyas kimi muxtalif tomayillori do ortaya ¢ixarmisdir. Kompiiter dastakli tohsil, tohsil
olagalori vo tohsil texnologiyalari sahasindoki shomiyyotli inkisaflardan biri olub, uzaqdan tohsil
modelinds davamhliq, ohatalilik,elastiklik, motivasiya, fordilik, mistaqillik vo siratlilik Kkimi
xususiyyatlora malikdir (Mardanov 2001, 4-18).

Uzaqdan tohsildo istifado edilon multimedia texnologiyalart;, radio, televiziya, telefon, video,
kompdter, videomagnitofon, video konfrans, videodisk, tele-Unsiyyst, tele-texnologiya, interaktiv
video, interaktiv tosirli televiziya, kabelli televiziya, dijital televiziya, fiber-optikinteraktiv televiziya,
dijital Unsiyyat sobokasi, telsiz, faks, interaktiv qrafikalar, hipermedia, teletekst, viewdata, peyklor,
peyk televiziyasi, elektronik sinif, elektronik kitabxana, kommunikasiya peyklari, peyk va nsiyyat
sobokasi tele-konfranslari, interaktiv tosirli tele-tnsiyyat sistemlori, internet, yerli saho sobokalori,
multimedia is stansiyalar, kompiiter, modem, elektronik xobarlosmo (e-mail), ISDN, CD
texnologiyas1 vo s. texnologiyalardir. Uzaqdan Tohsil, miasir bir tohsil modelidir.(.Svergin
2001,123-156)Uzaqdan Tohsil, forgli zaman vao mokanlarda musllim vo sagirdin ayr1 oldugu
mokanlarda ¢oxlu mihit dostayi ilo reallagdirilan tohsil modeli kimi torif oluna bilor.Uzagdan Tahsil
baghca dord osas element Uizorinds qurulur:

m Tohsil middatinin ¢oxunda sagird vo misllimin ayri mokanlarda olmasi.

m Miollim vo sagirdi birlogdiracok, dors mozmununu ¢atdiracaq tohsil mediasmmn var olmast.

m Misllim vo ya tohsil veran ford ilo sagird arasnda iki torafli bir tnsiyyatin tomin edilmasi.

m Tohsil middatinds sagird giymatlondirmasinin tomin edilmasini ehtiva edon mitasakilliyin
tosiri.

Hal-hazirda uzaqdan tohsildo on mohsuldar olan texnologiya; iki torofli olmasi, daha ucuzolmasi,
Unsiyyat yollarm1 vo programlarmi dostoklomosi sababiylo elastik bir qurulusa sahib olan internetdir.
Internet diinyada on ¢ox istifado edilon, siiratli, tam molumat transferi edon vo anohatsli tinsiyyat
vasitasidir.

Uzagdan Tohsilin magsadinin daha yaxs1 qavrana bilmasi va Internetin do bu miihitds rolunun
na oldugunun basa diismok Ugln; Uzagdan Tahsil metodunun tomin etdiyi faydalari bilmokdo fayda
vardir:

m Mokan vo zaman anlayisindaki problemlori ortadan galdrar

m Tohsil prosesini demokratiklosdiror

m Hoyat boyu tohsil tomin edor

m Fordi tohsil reallasdiriimaqdadir

m Oz 6ziino Gyronmo reallasmaqdadir

m Oyronmoda xUsusi gabiliyyotlor inkisaf etmokdodir

m Oz 6ziino Oyranmo noticosindo insanmn 6ziino inami inkisaf etmokdadir

m Sagirdi miioyyan Ol¢lido motivasiya edar, 6yronmado davamhliq v harokatlilik tominedor

m Motbuat - nasr, tinsiyyat vasitalori, Uiz-lizo tohsillo U¢ 6l¢lll integrasiya tomin edilmokdadir

m Tohsil informasiya-kommunikasiya texnologiyalarina osason davam etdirilor

m Tohsil istoyi artar

m Sorhadsiz, middoatsiz tohsil anlayis1 ortaya gixar

m Standartlasmus tohsil vo tohsil imkanlar1 tomin edor

m Elastik vo obyektiv 6lgmo - giymoatlondirma tomin edor

m Pedagoqun tohsili do reallasmus olar. Uzagdan tohsil sahosinds ixtisaslasmis
pedaqogsaymmn az olmasi sobobilb bu pedaqogdan daha ¢ox soxs faydalanar. Movzuya
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maraqduyanlara igiq tutar.

m Tohsil xorci azalar: ©Ononavi Usullara gora daha ucuz, sayahot, yasayis va S. Xarcloryoxdur.

m Tohsildo tutarhliq niimayis etdiror: Miuhitdon, sagirddon, tolimgidon Vo digor
otrafsartlorindon mistaqil formada niimayis etdirar.

m Maragn artmast Fordi istirak, qarsihigh interaktiv tosir, mivaffaqiyystin artmasitohsilo
marag artirar.

Y uxaridaki faktorlarmn mivoffagiyyato catmasi ligiin istifado edilon
texnologiyalarmxiisusiyyatlorinin vo siiurlu istifado soklinin  shamiyyatinin  bdyiikk olmas1 goadar
yaxsiprogramlara  da  ehtiyac  vardr. Iki torofli interaktiv tosir xUsusiyyoti Internetin
digartexnologiyalardan forgliliyini gostorir. 21-ci asrdo yeni tohsil sokli, sirotl miasirlosma
yolundairalilomokdadir. Yeni sistem, molumat oldo etmokdon ¢ox molumati meydana gotirmoyi,
analizvo  sintezlordon yeni naticalor ¢mxarmagi vo molumat tocriibslorini  paylasmagi 6z
garsismamoaqsad gqoyub (Belyan in , Seti 1 sivyaz Cetu u cBsizn” Ne3, 200410,35-56).

Ali tohsil miossisalorinds  hoyata kegirilon  tohsil islahatlarmin  effektivliyinin =~ vo
Ssomarabliyinin  artirilmasi, tohsilin - keyfiyyatinin  yiksaldilmasi, shomiyyatli daracads pedaqoji
innovasiyalarm, miiasir IKT- nm, telekommunikasiya sistemlorinin tolim-todris prosesindo inizibat1
idaroetmado totbigi ilo olagodardr. Qeyd edok ki, 6zU-0zliyinds tohsil sisteminin informatlagmasi,
todris-tolim prosesinin idarsedilmasinin va tohsilin texnologi tominati olmaqgla yanasi, baslica olaraq
didaktik-pedaqoji prosesin torkib hissosi kimi ¢ixis edir.Ali moktoblords tohsilin informatlasmasi
0z0-0zliylindo  texnoloji  tolim  sistemlorininrealiza olunmasi  baximmdan  saciyyslondirilir
(Mehrabov, 2008, 234-345).

Belo ki soboko infrastrukturu bazasmnda avtomatlasdirilmis idaroetmo sistemininqurulmasi,
informasiya tohsil resurslari sisteminin yaradiimasi va istismart Texnoloji TolimMokanmin (TTM)
formalasmas1 kimi qiymotlondirilmolidir.Ozi-6zlilyiinds Texnoloji Tohsil Mokam konkret tolim
texnologiyalarmm baxilanhalda Distant Tohsil Sisteminin (DTS) realizo edilmo muhitidir. Bu
baximdan DTS —ninpedaqoji praktikada totbigi kifayat doracods saciyyavi bir haldir.(Mammadov
.Baki,1989 106)Distant tolim gobokalorinds korporativ  informasiyast sistemlorinin  rolunun
aragdirlmasmoqsadiylo ik O0nco DTS-nin qisa didaktik metodoloji texnoloji xarakteristikasini
verok.DTS-nin  didaktik vo pedagojik xarakteristikasiun — osas istigamoatlori  vo  bashca
xususiyyatloriasagidaki sokildo mioyyan edimisdir. ©sas xususiyyatlor:

I.Mobillik

2.Modullug

3.Texnolojilik

Tolim metodlar

1) informasiya-reseptor metodu

2) Reproduktiv metod

3) Problemli sorh metodu

4) Evristik metod

5) Elmi-todqigi metod

Didaktiv prinsiplor

I.Nozari biliklorin aparict rolu

2.Tohsil va torbiys funksiyalarmin vohdati
3.Motivasiyanin stimullagdirilmasi
4.Kollektiv vs fordi faaliyyatin vohdoti
5.Mcarradliliyin va ayaniliyin vahdati
6.0yronclorin mistoqil idraki foaliyyoti
7.Sistemlilik

Tolim vasitolori

l.Elektron darslik

2.Elektron tolim vasitolori
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3.Audio-video tadris vasitalori

4 Kompiiter gsobokalori

Kommunikativ talim texnologiyalar1

l..Elektron poct

2.Elektron 16vha

Distant tohsil sisteminin realizo olundugu Distant Tohsil Mokam (DTM) miivafiq
olaragasagidaki torkibds mioyyon ediimisdir.(. Tixanov,TuxoHoB, Rayx,Paiix,2006,Moskva,103-
150)

1. Todris prosesinin kompiter tominati metodikalar

2. Todris informasiya resurslari

3. Tadris informasiya resurslarmm aktualizasiya texnologiyalari

4. Elektronun sonad dovriyyasi

5. Texnoloji tohsil mihitinin inzibati idarsetmo metodikalar

Moaktablorin kompiterlosdirilmasi tohsil sistemindo ¢ox ciddi doyisiklikloryaradir. Tocriba
gbstorir ki, informasiya texnologiyalarindan bu giin nainki moktabinidaroolunmasmnda, ham do
sinifdonxaric vo moktobdonkanar tadbirlorin hoyata kegirilmasinds dogenis istifado olunur. Xususan
do internetinyaranmasi, gonclor arasmda onun ¢ox populyarolmasi, tohsilin cox mixtalif sahslorinds
yeni-yeni Ufuglor acir. Bu giino godor pedaqoglar fardi komputer kimi gicli talim vastasing tarixon
he¢ vaxt malik olmamigslar. Toalimdo elo texnikivasito yoxdur ki, didaktik imkanlarma géro migayiso
edilo bilsin. Todrisds istifado edilon informasiya resurslarmmn irihocmli olmasi miivafiq tutumlu
informasiya dastyicismdan istifadoni tolob edir. Bu sobobdon multimediya kurslari iigiin CDROM
texnologiyalarmdan istifado edilir. interaktiv mulitimediya kursu informasiya tosvirininmuxto lif
muhitlorini  (motn, statik vo dinamik grafika, audio-videotosvir) sintez etmoys imkanverir, sagirdi
tolim prosesinin foal istirak¢isma ¢evirir (sagirdo togdim edilon har yeniinformasiya bloku onun
owolki faaliyyatine, monimsomo saviyyasino mivafiq olaraq kompiiter torafindon secilir vo operativ
togdim edilir). Bebliklo, ETV-nin yaradiimasmda {i¢lincii prinsiptodris materialnn multimediya
formada togdimatidir. Tohsil sistemindon, lazimi molumatmn on siratli vo dogru sokildo sagirdlora
catdiriimasi1 gozlonilmokdo olub, gunimiiz peyk Unsiyyat sobokasi texnologiyalarindaki inkisaf,
tohsilsistemino  verilon bu vazifoni xeyli asanlasdrmaqdadr. Oton illorde, tolimgilor tigiin balks
donadir texnoloji bir sans yaradidi vo diinyanm on bOylk molumat kitabxanasmmn qapilari
sonunagodar onlar t¢lin agildi Tohsil materiallarma vo molumat monbalorine pulsuz va dinamik
olaragdaxilolma vo biitin diinya sagirdlorino borabar tohsil sansi tomin etmisdi. Sohbatin
nodongetdiyini doarhal basa diisdiiniiz yaqin ki: World Wide Web yoni, Internet. Lakin burada da,
digorservis  xidmotlorindo olan problem yasanird: Xidmotinkeyf1yyoti.Internetin effektiv  bir
tohsilvariantt olmasi ti¢iin avval hor koas torafindon olgatan olmasi, daha sonra da siiratli, mogbul
vomantigli  bir xidmot toqdim edo bilmosi vacibdir. VSAT (Very Small Apperture
Terminal)larsayasindo bu gin slgatma, inam vo slirat ehtiyaclari ¢ox az bir say ilo, Olkalorin on
ucqgarnoqgtlorindoki tohsil qurumlarma belo asanhqla toqdim oluna bilor. Xisusilo bir geosenkron
unsiyyat peyki diinyadan baxilanda, orbitdo sabit bir noqtadir.Yerlosdiyi noqtadan bir 6lkadoki bitin
moskunlagsma bolgalorina va ¢6l seqments xidmat verabilor. Yerlosdiyi bu nogtadon, bir dlkani hotta
bir gitoni ohato sahasino gotlirmasi mimkiindir. Azorbaycamn Tiirkiyonin Turksat, Eutelsat vo Intelsat
kimi Avropa Unsiyyat peyklori do ohatasahasine gétiirmokds Vo genisbant Internet baglantismm tomin
edilmasi  he¢ do ¢otingdrinmomokdadir.  Peyk Unsiyyat sobokasinin  tobii  folakatlordan
tosirlbnmomosi, folakot sonrasiverilocok  xidmatlorin - gaydasinda  olmasma, keyfiyyatinin
azalmamasma vo bu sayodo yaralarmdaha qisa miiddotdo sarilmasma da imkan yaradir.
(Kaitmumn, 1999, Moskva,16-22) Diinyadan 35.000 km yuxaridaki bir tinsiyyatpeyki dinya Uzarinda
1000 km-lik bir sahoys xidmot vers bilmokds Vo Istanbuldan Hopayaqodar eyni Internet onurgasma
bagh, eyni xidmati eyni anda alan moktablor tok mokandatoplanmis kimi, eyni tohsili alma sansma
sahib ola bilmokdadir. Peyk Unsiyyat sobokasi ilomasafalor ortadan galxir ki, tohsilin ana mogsadi
"Hoar kasa ¢catmag, hor kasa eyni tohsili verabilms imkanma qovusmaq", hom da bunu ¢ox suratli va
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daha asagi xarclorlo etmok, peykinsiyyat texnologiyalarindan faydalanmanmn rasional bir alternativ
olacagmm  gostoriciloridir.  Mogsad, Interneto daxilolma boraborlik deyildir. Osas mogsad,
moktoblorin va sagirdlorinborabar tohsil almalarni tomin etmok (izro Interneto daxilolma imkami tomin
etmokdir. Sistembuna g0ro hazirlanmali vo optimizasiya edilmolidir. Maraqhdr ki, peyk tinsiyyat
sobokoalori busokildo qurulmusdur. Peyk iinsiyyot sobokslori ulduz topologiyasi ilo qurulmusdur.
Yonijmoktoblordon  dinyaya qurulan  Onsiyyat, tok bir morkozi soboko paylayicisi
vasitasiloreallasmaqdadir.  Sistemin qurulusu; tohsil qurumlarmm , valideynlorin  vo sagirdlorin
unsiyystindo olduglar1 mazmunun tok bir markozdon nozarst edilmasino imkan tomin etmokdadir.
Vebsaytlarnm bu moarkozdo filtrlonmasi ilo  zorarli gobul edilon mozmuna c¢atimasma manea
toradilobilor. Bununla yanasi, sagirdlorin olds edoacoklori mozmun vo Veb saytlar1 basdan toayin
olunarag,toyinatli saytlarm xaricindo basqa bir mozmuna g¢atdlmasma da on basdan maneo tOradilo
bilor. Ancag bu yanagma sagirdloro mohdud bir tohsil sobokasi tomin edor. Lakin, sobokonin
suratimohdud daxilolmadan 6tri artar, Unsiyyot sobokosindoki trafik azalar vo Xorclor diisor.
Bunaqgarsiiq  istonilon  molumata  daxilolma  suroti  yavaslayar. Qurulacaq strukturda;
"Multicast"soboks texnologiyasmin istifads edilmasi ilo adodi mozmunun, soboks Uzorinds oldo
olunmah biitlin noqtalorin eyni anda soboko paylayicisindan kegirimoasi  sistemi ilo  yuxarida
haqqndadanisilan meonfiliklor ortadan qaldirila bilor, soboka monblorinin istifadosinds inanilmaz
gonaatloredilo bilor. Ulduz topologiyasi ilo hazirlanmis {insiyyat sobokasi Uzarindoki morkazi idaro,
mozmuna nozarat Vo onun idaresi baximindan da iistiinliiklor tomin etmokdadir. Olka moktoblorinin
bagh oldugu tok morkoaz, ham mazmunu hom do Umumi sistemi, tok tok vo yabiitiin olaraq aninda
izloya bilor vo ya midaxilo edos bilor. Markazi sistem, xarc gonasti tomin edarkon, bas agris1 yarada
bilocok bozi faktorlar1 da ortadan qaldrmaqdadr. Yeni olmagla birlikdo c¢ox shomiyyatli digor bir
tinsir da sebokanin tohlikesizliyidir. Oton illorda, dinya soviyyasinde milyardlarla dollar zaror veran
kompiiter viruslarmin qgarsismmn almmasi boyiik ohomiyyst dasmmaqdadr. Moarkozi strukturlari
gargivasinda, peyk sobakalori nishaton asan goruna bilmokdodir. Sagirdlorin idarsli bir tohsil sobokasi
icindo galmalar1 halnda, yoni sobokonin bitin diinyaya aciq olmamasi garsilasilacaq riski do
azaltmaqdadr. Peyk texnologiyalarmin, tohsil diinyasi ti¢iin ¢ox miixtolif 0stinluklori vardr.
Dunyada tohsil moagsadli istifads edilon sobokalor vo bu mévzuda slds edilon mixtslif tocribalor ilo
bozi peyk operatoru firmalar 6no ¢xmusdr. Tocrlbalor noticosindo tohsil sobakasinin, totbig
programlari, idara problemi, mozmun idarosi, Xotdoki sixhgm tonzimlonmosi, ehtiyatlasdrma vo
tohlikasizliyi movzularmda ixtisaslasmusdir. Peyk (nsiyyat sobokoslorinin bir basqa tstiinkiyi do
MPEG, video vo TV yaymu kimibanzori tamamlayici texnologiyalar1 da Internet ilo birlikdo istifado
edo bilmo imkani tomin etmosidir. Tohsil magsadli hazrrlanmis videolar, TV yaymu keyfiyyatindo
imumi Vo ya xisusi mogsadli olarag, eyni anda 6lkadoki biitiin moktablora internet xatti vasitogiliyi
ilb ¢atdirila bilor (I'arones, Moskva, 1999, 34-56). Markozdon moktoblora canli verilislor vermok do
miimkiindiir. Yuxarida yekunlagdirilmaga ¢alsilan biitiin sistemlor, “tohsildo barabarlik” ganunu
daxilinds, tohsil keyfiyyoatinin yiksoldilmasinds vo yeni imkanlarm acimasmda boyuk rol
oynamaqdadir. Moktoblor tiguin peyk Unsiyyat sobokasi infrastrukturunun tomin edilmosi diisiincasi,
“Uzaqdan Tohsil” kimi daha inkisaf etmis bir hollin qapism da aralamaqdadir. iki torofli
Internetqurulacaq  “Virtual Moktoblor”, yeni bir bazar vo tohsil imkam tomin etmokdadir. Oz
Olkasindon xaricds yasamaq macburiyystinds olan, ancaq 6lkasinin tohsilini almag istoyan tolobalor,
peyk Unsiyyat soboakasi ilo qurulmus virtual moktablora davam eds bilocok, 6Olkasinin moktablorinda
totbig olunmaqda olan markazi tohsilin eynisini ala bilocok vo ya xilsusi hazirlannmus alternativ
tohsillordo istiak eda bilocoklor. “Uzaqgdan interaktiv effektiv tohsil” sisteminds, Interneto alagonin
clit yonlii olmasi ila, tohsil alan talobslor tohsil aninda talimgiys sual sorusa bilocak, annda cavab ala
bilocaklor. Bu sistemds canh verilisi qagiran tolobalor, bitiin yaymlara daha sonra baxa bilocok vo
tohsillorindon geri qalmamus olacaglar. VSAT peyk platformasinda, sual-cavab hissasinds uzaghga
bagh olmadan hor koso borabar muddstds imkan yaradimaqgdadir. Toalimgilor, tohsilin foaliyyatini
Olco bilmok mogsadiylo Kicik imtahanlar verabilmokds, totbiq olunan program sayesindo standart
imtahanlar va sertifikat imtahanlar1 da reallagdirila bilmokdodir. ideal hollor bazon liks kimi goriilso
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do, inkisaf edon texnologiyalar ilo molumatin paylama vo boliisiimii on hesabli vo effektiv hala gatiro
bilmokdadir. ideal hallor, giiniimiiz diinyasinda bdyiik bir rogabat i¢inds olan is diinyasmda six olaraq
istifadoedilmokdadir. Cox yaxinda oxsar tocribolor, tohsil diinyasmda da yaylacaq. VSAT
platformasistifado  edilorok vo iki torofli Interneto qosulma ilo reallasdirimisdr. Tohsilin
nformatlagdirilmast problemi {imummilli lLderimiz H.O.Oliyevin vo Azorbaycan Respublikasinin
prezidenti conab I.H.Oliyevin daim diggot morkozinds olmusdur. Bu, Azarbaycan Respublikasinimn
tohsil sahasindoki islahat programlart Vo Soroncamlarnda aydn sokildo gorinir. Tohsil islahatinin
toloblorine  osason tohsil misssisalori miasir texnologiyalarla, kompiter vo pedaqoji program
vasitolorilo  tochiz olunur, komputer morkoazlori, elektron kitabxanalar, program tominati inkisaf
etdirilorok musllimlorin  kompiter savadna, konkret desok, kompyuter modaniyystino yiyalonmasi
hoyata kegcirilir.  2003-cti ildo “Azorbaycan Respublikasmm inkisafi namino informasiya
kommunikasiya texnologiyalar1 (IKT) tizra Milli Strategiya (2003-2012-ci illor)” gobul olunmus va
10 il orzinds bu sahads gorilocak islorin Umumi istigamotlori mioyyonlosdirilmisdir. Respublika
moktablorinin - yeni informasiya texnologiyalar1 ilo tochizi masalonin bir torofidir. Hoamin
texnologiyalarm moktablorimizds somorsli totbigi sagirdlorin yaradiciiq qgabilliyyatini inkisaf etdiran
fundamentallasdirma, informatlasdirma, sosiallasdirma va s. yeni mosalblorin hallina yoénaldilmalidir.
Qeyd edilon tohsil sahalorine miiasir texnologiyanin qoyacag investisiya ilo alagodar konkret inkiga f
istigamoatlori mioyyanlosdirilmalidir. Bu moasalolor “Azarbaycan Respublikasinda fasilosiz pedaqoji
tohsil vomiollim hazrhginin milli konsepsiya Vo strategiyasr’nda va yeni tohsil ganununda da 6z
oksini tapmusdir: “Tohsilin inkisaf problemlori il bagh elmi arasdrmalar innovasiya xarakteri
dasmmagla, miiasir metodlarla qurulmasma, todrisin yeni texnologiyalarmin va digar istigamotlor (zro
pedaqoji innovasiyalarin hazrlanmasma vo tatbigine yonaldilir”. indi moktobin qarsisma qoyulmus
baslica vozifo mistoqil diistinmoyi, yaradici ¢ahsmagi vo bilikloro daha dorindon yiyalonmoyi
bacaran, tosobblskar gonclorin torbiys edilmosidir. Bu giin respublikamizda ugurla aparilan tohsil
islahatmm naticasi olaraq Umumtahsil moktablorinds 6yronilon bitiin fonlords oldugu kimi, fizika
fonninin mazmununu toskil edan biliklorin xarakteri do doyisdirilmis, yenilosdirilmisdir. Bu monada
muasir comiyyatdo informasiya axmmndan bas c¢ixaran, hortorofli inkisaf etmis soXsiyyatin
formalagdirilmas1 2sas masalo kimi qarsida durur vo hor sey tohsil alanin maraglarmm &donilmasina,
soxsiyyat Vo noticoyonimli  tolimin  hoyata Kkecirilmosino istigamoatlondirilmalidir.  Dinyada
informasiya comiyyatinin formalasdigi bir dévrde Azorbaycan Respublikasi miisllimlori garsisinda
yeni toloblor goyulur: 6z Gzarlorinds mistaqil islomoklo bilik va bacariglarmi daim yenilogdirmok,
sosial foaliglarmi, eyni zamanda pesokar mobilliklorini miasir tolim texnologiyalar1 osasmnda
yuksaltmak, giicli informasiya axmm miihitindo meydana ¢ixan istonilon geyri-muoyyanliyin halli
ucin effektli garar gobul etmok va s. Bunun (glin tohsilin informatlagdirilmasi xiisusi shamiyyat kasb
edir. Bu giin tohsil sistemindo YITV-don istifado globallasan diinyanm, informatlasan comiyyatin
innovativ  inkisafimin  zoruri toloblorindon, ehtiyaclarmdandir. Tosadufi deyil ki, akademik
R.O.Mehdiyev “Ictimai vo humanitar elmlor: zaman kontekstindon baxis” adh mogalosinde geyd edir:
“Qloballasma, informasiya texnologiyalar1 vo internetin hokmranhgi oasrinds tohsil prosesini
kohnolmis metodlarla qurmaq olmaz”. Bu baximdan miiasir tohsil sisteminin onsnavi tahsil
sistemindon  prinsipial  forgi mohz onun texnoloji bazasndadr. Respublikamzda tohsil
texnologiyalar1 indiki godor fordi komputer kimi gucli vasitoys, internet kimi nohong informasiya
resurslarma malik olmamisdir. Tolimdo didaktik imkanlarma gora YITV ilo migayiso edilo bilon
texniki vasito yoxdur. Mahz informasiya comiyyatindo tohsilin somorasi bu texnologiyadan istifado
soviyyasi ilo muoyyan edilir. Mduasir tohsil sistemi bu texnologiyadan maksimum faydalanmaqla
tolim  prosesinds  fordilosdirmo, fordi yanasma, differensiallasdrma, humanitarlasdirma,
humanistlosdirms, intensivlosdirmo Vo optimallasdrma kimi didaktik prinsiplori ¢ox asanhqla hoyata
keciro bilor. Bunun ugun bazi mosalolorin halli zoruroti meydana ¢ixir:

- birincisi, Oyronanlords texnoloji savad, modaniyyat Vo tofokkiiriin formalagdirilmasi {iigiin
comiyyotin yaradict miitoxassislorlo tominatm hoyata kegirmok. Bunlar iso sadoco muasir pedaqoji
texnologiyaya yiyalonmis bilik dastyicilar1 deyil, hom do tofokkir prosesinin toskilatgist kimi ¢ixis
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etmolidir;

- ikincisi, todris prosesinds 06zlnl dogrultmus tolim vasitolori, forma vo metodlar
tokmillogdirilmosli, miiasir pedaqoji texnologiyalarin, xiisusan do yeni informasiya texnologiyalarinin
totbigi tomin edilmalidir. (Murquzov M.1., Abdurazaqov R.R, 2007, Baku.) Tohsilin informatlasdir ma
prosesi pedaqoji foaliyyotin yeni bazasmmn yaradilmasmi, todris informasiyalarmin toplanmasi, emall,
saxlanmlmasi vo yayilmasi vasitolorinin infrastrukturunun formalagdirilmasmi talob edir. Fizikanin
todrisi do bu prosesdon konarda gala bilmazdi. Buna goro do son illordo fizika toliminds sagirdlorin
yalniz talim vo torbiyasi deyil, eyni zamanda onlarm inkisafina da xiisusi diqqot yetirilir. Fizikanin
todrisindo  bu mosalolorin halli informasiya texnologiyalarinm tatbigi ilo fundamental psixoloji,
pedaqoji todgigatlarm apariimasmi, diinya tocriibasinin dyranilib 6lkomizds totbig edilmasini, bu
texnologiyalarla slagodar program tominatmin, elektron doarsliklorin yeni variantmmn yaradiimasini,
fonnin tadrisindo yeni informasiya texnologiyalarindan istifadonin nazari vo praktik problemlorinin
islonmosini  tolob edir. Muasir fizika muslliminin elmi metodik saviyyasi onun muasir talim
texnologiyalarmdan istifado edorok todris informasiyasmi sagirdlora neco catdirmasi ilo mioyyan
olunur. Fizika fanninin montigi qurulusu, program vo kurikulumlardak: realhglar YITV-nin tatbigine
daha genis imkan verir. Bu giin fizika programlarmda ciddi doyisikliklor edilmisdir. Daqiq desak,
yuxart siniflordo todris materiallart mozmunca dorinlosdirilmis, timumilogdirmo prinsipi  osasmnda
yenidon islonmisdir. Toassiif ki, bu materiallarm todrisine ¢ox az vaxt ayrilmisdir: baza tohsilindo X
sinifdo hoftods 2, XI sinifdo iso 1 saat. Bu iso ziddiyyatli voziyystin yaranmasma sobob olmusdur.
Lakin kursun qurulusu sadolosdirilsa da, elmi saviyyanin yiiksaldilmasine nail olunmusdur. Masalan,
X sinfin fizika kursunda mexanika vo molekulyar fizikann miixtolif modellorini  fizikanin
fundamental prinsiplori ilo montigi olagoalondirmok miimkiin olmusdur. Ik dofo olarag mexaniki
horakatin nisbiliyi, Qaliley cevrilmalori, surotlorin toplanmasi foza-zaman simmetriya prinsipi
osasnda verilmis, “dinamikanm osaslar”, “Saxlanma ganunlarr’, “Relyativistik mexanika”
bolmasinds, “Kinematikanin osaslar’” vo “Qravitasiya quvvealori” fasillorinds muvafiq doyisiklik lor
edilorok tokmillosdirilmisdir. Eyni omoliyyatlar fizika kursuna daxil olan basga bolmolor Uzro do
aparimigdr. Belo Ki, todris materiallar1  xeyli sadolosdiriimis, elmi vo montigi  cohotdon
guclondirilmis, miisllim vo sagirdlor Ucln olverisli voziyysto gotirilmisdir. Fizika tolimindo yeni
informasiya texnologiyalarinin  tatbiginde miallimlorin  produktiv  foaliyyati (¢cln imitasiya
modellogsdirmasi mikro proseslorin ayanilosdirilmoasini tomin edir, informasiyalasdirma probleminin
hallindos musllim vo sagirdlorin imkanlarmi geniglondirir, muisllimin pesokarliq vo Saristaliyino tosir
edon amillorin yaratdigi motivasiya iso méhkom vo sistemli biliklorin formalasdirilmasini, yiiksak
naticonin almmasma zomin yaradir;-( Coforov S.A., Haciyeva B.X. 2021, Naxg¢iwvan: 109-113) Fizika
toliminds  miisllimlorin  YITV-don soristali istifadesinde pedaqoji foaliyyatin produktivliyino tasir
edon amillorin giymatlondirilmosi ilbslagodar islonmis metodika tohsil trayektoriyasmm tam tasvirini,
pedaqoji somoaraliliyi avvalcodon miioyyanlosdirmoys imkan verir. Respublikann tahsil sisteminds,
xisusondo fizika tolimindo yeni informasiya texnologiyalar1 vasitolorindon (YITV) istifadonin
voziyyayinin i morhalosi  vo yeri miioyyanksdirilmis, YITV —in tohsildo tatbiginin iki ndvii
verilmisdir. todrisi prosesinin idaro olunmasi ,miiollim omoyinin  elmi toskili vo pedaqoji
totgiqatlarm effektliyinin ytiksaldilmasindo EHM-in rolu geyd edilmis, onun totbigi yollari, ¢OX
murokkob cihazlar gostorilmisdi. Fizikanin todrisi prosesinds fonno daxil olan nozariyyslorin
izahinda, fundamental tocribslorin mahiyyotin  agilmasmnda gotirilmosi  mimkin  olmayan
tocribolorin niimayisindo Vo S. Xlsusan do mirokkab cihazlarm tolob edon eksperimentlorin
apariimasmda miiollim fordi komputerlordon istifado edo bilor. Fiziki proseslordo mikroalomin
Oyronilmasinds meydana ¢ixan formalizmi aradan qaldrmaq, idraki foaliyysti artrmaq daha
murokkabniimayis eksperimentlorin  komitasiya modeli ilo avoz olunmasi tigiin komplter niimayis
programlar1 xiisusi ohomiyyat kasb edir (Ismayilov 1., Baki 2008, 140-170). Fizikanmn todrisindo
YITV-nin totbigi ilo masalo hollinds yilksok oyanilik hesabma masalonin mahiyyotinin asan basa
disiilmasi, hallin - modellorlo  hoyata kecirilmasi, mirokkob hesablamalarm avtomatik yerino
yetirilmasi, sagirdlorin mistaqil algoritm va sads programlar tortib etmok bacariq vo Vvardislorineg
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yiyalonmasi, masalo hallinin gedisindo buraxilan sohvlorinkorreksiya edilmasi, todris materiali ¢otin
monimsanildikdo  muallimin  miracioti  dorsin  somaraliliyini  ylksaldir vo lazimi bacariglar
inkisafetdirilir: (Murquzov M.I., Abdurazaqov R.R,2007, Baki, 46-89) YITV-nin totbigi ilo kegirilon
laboratoriya moasgoalosindo hor bir sagird garsiya ¢ixan problemlori mistaqil hall etmoklo mivafiq
biliys vohoyati bacariglara yiyolonir, 6z maragma miivafiq sahays daha gox vaxt vaguc sorf etmoklo
yuksok monimsamoays nail olur. Bu, sagirdlorin laboratoriyadoarslorine maragm artirr, onlarda
todqgiqatgiiq bacariglar1 formalasdirr, soxsiyyoatyonimli tolimi tomin edir. Elektrik  sahosinin
intensivliyi vo Elektrik sahasinin qivva xatlori slave oxu bloklarindaki motnlori diggatlo oxuyub,
oradaki tosvirlor yadda saxlamaglar1 tapsmilir. 1-ci sokildo elektron darsliyindoki uygun sohifodoaki
alava motn bloglarmda fragmentlor tosvir edilir.

¥E MBNT yUkos qurtarr;

Elektrik sz x qlivve xarakteristikas: — intensivlik.

Elektrik sahasinin qlivve xatlori.

Elektrik sahasinin superpozisiyasi.

Darslar 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 K< >3 ‘

Sakil 1.

Sagirdloro elektrik sahs intensivlik vektorunun vo elektrik sahs qlvwa Xatlorinin neco
yonalmo ardicilhginn  montige uygun sralamaq tapsirigi yerino yetirilir. Musllim gah bu, gah da
digor qrupa yaxmlagmagla tapsimign necd Yyerino yetirilmoasini yoxlayr. Asagida homin suallar
sistemina dair nimuna verilir;

1.Elektrik sahosinin qlivva xarakteristikast no adlanr.

2.Elektrik  sahasinin quvve  xarakteristikasmin ifado edon vektoryal komiyyat sahani
xarakterizo edon hans1 komiyyatlordon asihdir.

YITV-nin intensiv totbigi Uiclin  Azorbaycan respublikas1 tohsilportalmm  imkanlar1
genislondirilsin, moktablorin xususi serverlorlo tominolunmasi, respublikada va tlrkdilli 6lkalords
yaradilan elektron dorslikloro clmlodon, kitlovi istifadonin rahathgiigiin  fizikadan parolsuz
dorsliklorokecid tomin edilsin) mohz burada yerlosdirilsin;

Natica va Takliflar

Sonunda onuda geyd etmok olar ki, yaxm golocokdo Azorbaycan 6z milli peykina sahib
olmasi, bu imkan yaradacag ki keyfiyyatli vo ectibarh rabito oslagolorine, televiziya yaymma vo
kanallarm saymm artmasma imkan yaradacaq, Peyk rabitosinin tohsilimizds istifado imkanlarini
genislondiracokdir.

Doarslorin bu ciir kegirilmasi albatto, tolimin keyfiyyatino misbat tosir géstorir, miosllim vo
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sagirdlorin fonno, movzulari dyronmoys maraqlarmi artirr vo todrisin keyfiyyatini yiksaldir.

6. Elektrik sahssi

Elektrik sahasinin qiivvs xatleri.

Elektrik sahasinin superpozisiyas:.

Darslar 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 K < >

Sakil 2.

« 1k 6nca moktablor yeni kompiiterlor va audiovizual vasitalorlo tomin olunmal;

* Fizika dorslorinds audiovizual sistemlorin istifadasine diqget artiriimals;

» Kompiiterlordon istifadoni yaxsilagsdrmaq moqgsadilo miollimlor  xdsusi kurslaracalb
olunmaly

» Moktob rohbarliyi dorslords audiovizual sistemlordon istifadoys nazarat etmoalidir.

Kompiiter texnologiyalarinm multimediya imkanlarmin fizika todrisinds dulzgiin istifadasi,
informasiyanin bir ne¢o kanalindan eyni vaxtda istifado etmoays imkan verir. Sagird tolim materialini
hom gorir, hom esidir, hom foal suratdo materialn monimsanilmasina calb edilir (6yronmo, nozarat,
korreksiya). Bu amillor sagirdlorin tofokkir foaligmin yiiksalmosino sabab olur.
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SUMMARY
Seyfaddin Jafarov
Aygul Rzayev
THE ROLE OF SATELLITE COMMUNICATION IN PHYSICS
TEACHING PROCESSES

The study examines the possibilities of using satellite communications in education in the
implementation of e-learning. The research analyzes the functional characteristics of satellite
communications in the implementation of distance education. The development of the use of
HHUTplementation of HUT; Virtually all countries are actively developing computer training
technologies. The first experiments with the use of computers in the training process date back to the
early 60's. First, the first software training tools were created in the form of automated training courses
(ATC), and then in the form of automated training systems (ATS), which implement programmed
forms of training. Computer learning technology is a learning technology based on the principles of
informatics and implemented through the computer. Examples of the implementation of physics
teaching with the help of electronic textbooks and the Internet are given in the active learning method.
In modern times, there are many computer programs designed to improve and enhance the learning
process.

Key words: education technology, computer aided education system, computer, Physics, The
satellite

PE3IOME
Ceiipanaun Txadapos
Aiiryas P3aeBa
POJIb CHIYTHUKOBOM CBSI3U B MIPOLIECCE OBYUEHUS ® UBUKE

B uccnenoBanun paccMaTpuBarOTCS BO3MOXKHOCTH HCTIONB30BAaHMS CITyTHMKOBOM CBSI3U B
00pa3oBaHMM @IpU BHEJPEHUM JIEKTPOHHOro oO0ydyeHws. B uccienoBaHMM —aHAIMBUPYIOTCS
(GyHKIMOHAIbHBIE  XapAKTEPUCTHUKU CIyTHHUKOBOM  CBA3M IPU BHEJIPEHMH JIUCTAHLMOHHOTO
ooyuenusi. PasBurue ucnonszoBanmss CHUT B pecnyOnvkaHCKOW cucTeMe 0Opa30BaHMs WIET IO
TPEM HampaBJIeHWsIM: 1) BHEIpEHHE KOMIbIOTEPU3ALMM B TOPOJCKUX IIKOJIAX; 2) ONpeleeHHe
CYIIECTBYIOMIEH HMHPPACTPYKTYPhl I TPUMEHEHHS W MHTEHCHUBHOro wucrionb3oBanusi CHUT B
CpeIHMX IIKONMaX; 3) ONpelesieHHe CYIIECTBYIOIEH MH(PacTpyKTypsl I  BHEJIPEHHS
MOJIEPHU3UPOBAHHOTO 00Pa30BaTEILHOTO TMPOrPaMMHOIO O0ECTieUYeHHsT M MacCOBOTO BHEAPEHHUS
HOBBIX TexHojormi Ha ocHoBe BHenpeHuss CHUT; IlpakTuuecku BO BceX CTpaHaX aKTHBHO
Pa3BUBAIOTCS KOMIIbIOTEPHBbIE TEXHOJIIOIMH OOydeHus. IlepBble SKCIIEpUMEHTHI € HCTIONb30BAHUEM
KOMIIbIOTEPOB B TPEHUPOBOYHOM TpoLiecce OTHOCATCS K Hauairy 60-x ronoB. CHauasa ObUTH CO3/1aHbl
NIepBbIE€ MPOrpaMMHBIE CpEACTBa OOYUYEHUsI B BUIE aBTOMATH3UPOBAaHHBIX yueOHbIX KypcoB (AVYK),
a 3aTeM B BHJI€ aBTOMATH3HpOBaHHBIX cucteM obOyuenmsi (ACO), peammByrompx NporpaMMHbIE
¢dopmbl 00ydeHuss. KomnbroTepHast TEXHONOTHMsST OOYUEHHs - 3TO TEXHOJOrus O0y4YeHuUs, OCHOBaHHA
Ha NPUHIMIAX MHQOPMATHKM U pealmzyeMas yepe3 KoMIbroTep. IIpuBeeHsl npuMeps! peanusanuu
oOydeHust (pyBHKE C TIOMOIIBIO DJJICKTPOHHBIX y4ueOHMKOB u VIHTepHETa B METOJE AKTHBHOTO
oOyuyenusi. B Haiie BpeMmsl CyILIECTBYET MHOKECTBO KOMIIBIOTEPHBIX IMPOrpamMM, Npe/IHa3HauEHHbBIX
JUISL yOTydIIeHrs | yIydIleHus mpouecca o0ydeHus.

Knwuegvie cnosa: mexnonozcuu o0yyeHus, agmomMamusupo8aHuds cucmema o00yye Hus,
KOMNblomep, pu3uka, ChymHux
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ZOFOR QODIROGLU

ISMIXAN NOSIBOV
AMEA Fizika Institutu

CuiLO® LEGIRO OLUNMUS Cdin;S: MONOKRISTALLARINDA
FOTOKECIRICILIYIN OPTIiK SONDURULMOSI

Cu il legira olunmus CdIn,Ss monokristallarinda fotocarayamn optik tisulla sondiiriilmasi,
fotocarayanin relaksasiyasi, termostimuloedilmis carayan va garanhqdaki carayamn temperaturdan
asililigr oyronilmisdir. Askar edilmisdir ki, Cu ilo legiro olunmus CdIn,Ss kristallar: 0.62-3.0eV
enerji  intervalinda  fotohassashiga  malikdir. Fotohassashq — moarKazlorinin  ionlasma
enerjisi (Eg, =86eV) va yapisma saviyyasinin enerjisi (E=0.17eV) muayyan olunmusdur. Alinan
naticalor Ugsaviyyali rekombinasiya modeli ¢argivasinda (r-va s-rekombinasiya va t-yapisma
Saviyyalari) izah edilmisdir.

Acar sozlar: fotoelektrik xassalari, fotocarayamn optik séndiiriilmasi, termostimuloedilmis
carayan, lokal saviyyalar, rekombinasiya markazlari, fotohassasliqg markazlori, anistruktur defektlor

Giris

CdIn,S, liqat birlogmoasi A2B3C2 tip almazabonzor yarmkegirici birlosmolor sinfino aiddir.
CdIn,S, spektrin  gorinon hissasindo  ylksok fotohossashga vo parlag fotoliminessensiyaya
malikdir. Bu yarmmkegiriciya marag onun ginss clementi, fotokatalitik material, fotodetektor, isiq
stialandiran diod, rentgen siialanmasi detektoru va s. kimi totbiq oluna bilmasi imkani ilo slagodardir
[1-18].Gostorilon  xassalor CdIn,S, (ggat birlogsmasinin - optoelektron  cihazlarda istifadosini
sartlondirir, generasiya va rekombinasiya proseslorinin mexanizmini todgiq etmoyi tolob edir.

CdIn,S, birlosmasi fotoelektrik parametrlorini asgarlama vo homogenlik oblastinda ayri-ayri
komponentlor zro artrmagla CdInyS, birlosmoesinin  xususi mugavimatini vo fotohassashgmi genis
diapazonda doyisdirmok mimkunddr. CdIn,S; monokristallarmin  kristal qurulusunun  kation
altgofosindo bir-birino  nazoron nizamla diiziilmiis iki ndv atom stexiometriyadan bir az konara
coxmagla genis diapazonda doyisdirilmosi mumkin olan bark cisimlor grupuna aiddir. Malumdur ki,
Cu,Ag Vo ya Au asqart daxil etmaklo, habelo torkibindaki kiikiirdiin miqdarmi1  artrmagla CdIn,S,
birlosmoasinin  xususi migavimatini vo fotohassash@ni genis diapazonda doyisdirmok mumkiindir.

CdIn,S;  monokristallarmin  kristal qurulusunun kation altqofosinds bir-birino  noazaron
nizamla diiziilmiis iki név atom vardir. Bu zaman kationlarm qarsiliglt avozlonmosi ilo sartlonon
antistruktur  defektlorinin - (Cdj, u Ingg), kadmium vo kiikiird vakansiyalarmm (Vgg Vo Vs),
diylnloraras1 kadmium (Cdin) Vo dlyinlorarasi kiikiird (Vin) atomlar1 kimi defektlorin, habelo bu
noqtovi defektlorin komplekslorinin yaranmasi miimkiindiir.Bu faktorlar yarmmkeg¢irici birlosmonin
gadagan olunmus zonasmndaki lokal soviyyslorin bolluguna vo tarazhgda olmayan fotoelektron
proseslorin xususiyystlorinin - mixtalifliliyino gotirib ¢ixarr. Amma CdIn,S, birlogsmasinin qadagan
olunmus zonasmndaki lokal saviyyslorin energi spekiri, generasiya vo rekombinasiuya proseslorinin
mexanizmi hoalo kifayat godoar Gyronilmomisdir.

Toqdim olunan isdo mogsadimiz Cu ilo legiro edimis CdIn,S,s (1 mol Cdin,Sy0:-2 0,002
mol Cu daxil edilmisdir) birlosmosinin gadagan olunmus zonasmdaki lokal saviyyslorin energi
spektrini, defektlorin vo asgar atomlarmm fotohassasliq morkozlorinin  formalagsmasindaki  va
generasiya-rekombinasiya proseslorindaki rolunu 6yronmokdir. Bu moagsadlo Cu ilo legiro edilmis
CdInyS4 monokristallarnin elektrik vo fotoelektrik xassolori todqiq olunmusdur. Fotocaroyanmn optik
usulla sondirtilmesinin  spektral paylanmasi, optik iisulla sondlrmonin kinetikasi, fotokegiriciliyin
spektral paylanmasiqaranliqdaki coroyanm, fotocoroyanm vo termostimuloedilmis caroyanm
temperaturdan asiihigr Syronilmisdir. Bu tocriibalor nisbaton sads tisulla gadagan olunmus zonadaki
lokal saviyyalori agkar etmoaya Vo onlarm parametrlorini toyin etmays imkan verir.
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Birlosmanin sintezi vo nimunalarin hazirlanmasi

CdIn,S; birlogsmasinin  polikristallar1 yiiksok tomizlik daracasine malik ilkin elementlorin
(99.999%-don yuksak tomizlikds) kvars ampula i¢arisinds, vakuumda sintezi naticosinds almmuisdir.
Sintezdon alnmis mohsul monokristallarim  goyardilmosinds istifado edilmigdir. Monokristallar
oridilmis mohluldan istigamatlonmis kristallasma tisulu ilo almmisdir. Rentgen todqigatlari gostorir
ki, CdIn,S, kubik spinel strukturunda (0} - Fd3m faza qrupu) kristallagir (a=10.784). Numunolorin
garanhqdaki xiisusi miigavimoti 108+1080m.cm araliginda doyisir. T=300K temperaturda vo 200LuUKs
isiglanmada niimunsalorin qaranhqdaki vo isigdaki miiqavimatlorinin nisbati 102+10°-5 barabardir.

CdIn,S; monokristallar1 n-tip kegiriciliyso malikdirlor. Cu ilo legiro edildikdo CdIn,S,
birlosmasinin  rongi aciq qrmizidan qaraya doyisir. Cu asqari kegiriciliyin tipini doyigdirmir.
Olgmoalori aparmaq Gctin nimunalor  paralel wzlii 16vho soklinde hazrlanmisdir. Omik kontaktin
almmasi {iglin kristallk indiumdan istifado edilmisdir. Niimunslors totbiq olunan elektrik sahasinin
intensivliyi  20V/cm—don  bdyilk  olmanusdr. Intensivliyin  bu qgiymotlorinds  volt-amper
xarakteristikas1 xattidir vo hocmi ylklorlo slagoli coroyanlarm yaratdigi effektlorin bas vermasinin
qarsist almr.  Olgmolori  aparmag  Ugin nimuna xdsusi kriostatda vo 0.1Pa tozyiqdo
yerlosdiriimisdir. Termostimuloedilmis  coroyann oOlgiilmosi  zamani numunolor uzun middat
garanhqda saxlamlmis, 110K temperatura qodor qaranhqda soyudulmus vo bundan sonra moXsusi
udma oblastindan isiglandirilmis vo elektrik sahosi totbiq ediimisdir.

Fotokeciriciliyin optik Usulla sondurtlmasini  todqgiq edorkon fon fotocoroyan spektrin
moxsusi udma oblastindan SI-6-300 lampas: ilo isiglandirmagqla, spektral, neytral vo su siizgoclorlo
yaradilmigdrr.  Asgar oblastdan  isiglandrmaq  Ggln  (olave  hoyocanlandrma  SF-4
monoxromatorundan istifado edimisdir.

Tacrubadon ahinan naticalar va onlarin aras dirllmasi

Tocrubalor gostorir ki, Cu il legiro edimis CdIn,S; monokristallart 0.62+3.0eV  enerji
aralgmnda fotohossashga malikdirlor. Sokil 1-do nlimuneni isiglandran isigm intensivliyinin forgli
giymotlorindos (yuxaridaki sokilda I;1=lp; ortadaki sokildo 1,=4lo; asagidaki sokilds 13=101o)

g Sokill. Isiglandirmamn intensiv-liyinin fargli
giymatlorinds  (yuxkaridak:  sokilde  I1=I;
ortadaki sokildo L=4ly; asagidak: sokildo
[=10lo) Vo dalsa uzunlugunun skanira
edilmasinin - muxtalif istigamatlaorinda  (Kigik
dalga uzunlugundan béyiik dalga uzunluguna 1
scan Vo oksina 2) Cu ilo legira edilmis CdlInsSs
r monokristallarimin fotokeci-riciliyinin spektral
S, paylanmast (T=300K)

204
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Sakil 2.Cu ila legira edilmis monokristallarinda
CdInzSs fotocarayanin optik sondiiriilmasinin
spektral paylanmast (T=100K)
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Sakil 3. Cu ila legira edilmis CdlnzSa
monokristallarinda fotoca¥ayanmin optik
sondurdlmasinin kecid ayrilari (T=110K)

Fotokeciricilik spektrinin iki maksimumu var. Birinci maksimum itidir vo onun yerlogsmosi

istigamotindon  asihdur.

Bu maksimum kicik dalga

uzunlugundan boyiik dalga uzunluguna skaniro edondo 1.84eV, oksino skaniro edonds 1.81eV
enerjisino uygun golir.(1,29-1,30) eV enerjisina uygun goalon ikinci maksimum nisbaton genisdir.
Isign intensivliyini artrdigca bu maksimum birinci maksimumla miiqayisads Kicilir va daha boyiik
intensivlikdo miisahido olunmur.
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Sokil 2-do Cu il legiro edimis CdInyS; monokristallarinda  fotocoroyanmn optik
sondirtlmoasinin spektral paylanmasi tosvir edilmisdir (T=110K). Optik sondiirmo spektrinin qirmizi
sorhaddino goro fotohossaslq saviyyslorinin valent zonanin zirvesindon hesablanan optik enerjisi
mioyyon edilmisdir: EQ. = 0.86eV. Sokildon gorindiyu kimi, optik sondirms spektrin  genis
oblastimda 0.86+1.63¢V bas verir.

125 1
100 + ] . .
I Sakil 4. Cu ilo legira edilmis
g 75 CdInzSs monokristallarinda
= i termostimulaedilmis carayanin(1)
°,:’ 504 L Va garanligdaki carayanin (2)
5 temperaturdan asuilig
251
2
0+

100 125 150 175 200 225 250

Temperature,K

Sokil3-do  Cu ilo a legiro edimis CdIn,S; monokristallarinda  fotocorayann  optik
sondurtulmoasinin - kegid oyrilori  (T=110K) verimigdir. ~Fotocaroyanmn optk sondiirmasinin
kinetikasmm todqigi gostorir ki, fotonun enerjisinin 0.86+1.06eV giymatlorinds yalniz fotocarayanin
sondirilmoesi miisahido olunur. Bu o demokdir ki, fotonun enerjisinin bu giymatlorinds elektronlar
valent zonadan fotohassashq moarkoazlorine, desiklor iso fotohassashiq morkazlorindon azad olaraq
valent zonaya kegirlor. Bu iso 0z ndvbasindo fotohosssasliq markoazlorindon rekombinasuiya edon
elektronlarm saymm azalmasma vo suratli s-rekombinasiya morkazlorindon rekombinasiyanin
intesivlosmosino  gotirib ¢ixarwr. Noticodo kegirici zonadaki elektronlarm yasama miiddati Vo
konsentrasiyasi azalr. Fotonun enerjisinin  1.2+1.63eV giymotlorindo  fotocoroyanmn owvoalco
generasiyasi, sonra iso SOnMosi miisahido olunur. Yoni isiq dalgasi elektronlar1 lokal soviyyadon
gadagan olunmus zonaya kegirarok fotocoroyani artwr vo eyni zamanda desiklori fotohosasliq
markazlorindon valent zonaya kegirorok fotocoroyam azaldr. Amma baxilan enerji oblastmda
fotocoroyann sénmosi fotocoroyann  generasiyasim istoloyir. Fotocoroyanin generasiyasinin
uzundalali konarma goéro lokal saviyyanin aktivlosmo enerjisi Ec-1.06eV mioyyon edilmisdir.

Soki4-do Cu ilo legiro edimis CdIn,S; monokristallarinda TSC-nin(1) vo qaranliqdaki
coroyanm (2) temperaturdan asilihqlar: tosvir ediimigdir. TSC niimuns 110 K temperaturda A=640nm
dalga uzunluglu monoxromatik isigla isiglandirdigdan sonra OSlglilmiisdiir. Tocribalor gostorir ki,
TSC-nin - maksimumuna uygun temperatur Tma isiglandrma  miiddstindon asii deyil Tpac—un
nimunonin isiglandrma  miiddatindan, Yyoni yapisma saviyyslorinin - dolma doracasindon asili
olmamas1 asgkar olunan yapisma soviyyslorinin yavas tipli olmasmmn naticasidir. Bu fakt yapisma
saviyyalorinin dorinliyini asagidaki diisturla hesablamaga  imkan verir. Yapigsma soviyyalorinin
dorinliyi Ggln E; =0.17eV qiymoti almmisdir.

Cu ilo legiro edimis CdInySs; monokristallarmda qaranhqdaki coroyanmmn temperaturdan
asilihg1 110-300K temperatur intervahnda Olgiilmiisdiir.110+-225K  temperatur intervahnda
garanhqdaki elektrik coroyanmmn artmasi miisahido olunmur. Bu fakt mislo asgarlama naticasindo
akseptor morkozlorinin konsentrasiyasmin artmasi ilo izah olunur. Birvalentli mis atomlar1 CdIn,S,
birlosmasinin  kristal gofosinds ikivalentli kadmium atomlarmm yerini tutaraq (Cucg) akseptor
markazlori yaradirlar. Akseptor markoazlorinin konsentrasiyasmm artmasi
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hesabma, daha dayazda yerlogsmis donor soviyyolori “neytrallasdirili” vo elektrik cohotdon daha
dorindo yerlosan donor soviyyalori aktivlosirlor. Yoni termodinamik tarazhq zamam akseptor
moarkazlor kristalda olan donor markazlori hesabma kompensa olunurlar. Bu ise 6z ndvbasinds Fermi
Soviyyasini gadagan olunmus zonanmn ortasma torof siirlisdiirlir vo naticodo garanliqdaki elektrik
coroyani daha yiiksok temperaturlarda aktivlosmoys baslayr. Giiman ki, fotocaroyanmn spektral
paylanmasmndak: (1,29-1,30) eV enerjisino uygun golon ikinci maksimum ki¢cik dalga uzunlugundan
boyiik dalga uzunluguna skaniro edon zaman bu soviyyslorin elektronlarla dolmasmm noticasido
yaranir.

Sokil5-do  A=700nm dalga uzunluqlu isiqla ardicil isoglandrma zamani fotocarayanin
relaksasiyast (T=300K) tosvir edimisdir. Bu goOstorir ki, Cu il legiro edimis CdIn,Sy
monokristallarmda 11 név uzunmiiddotli relaksasiya, basqga ciir desok, “fotoelektrik yorgunlugu”
miisahido olunur. Isiglandrmanin ik saniyalorindo fotocorayan maksimum giymoto catir,sonra iso
isiglandirma prosesindo fotohossasliq azalr.Intensiv isiglandirma noticosinds fotocoroyan bir nego
tortib azalaraq garanhqdaki giymoto yaxm giymoto godar azala bilor.

Natica

Cu ilb legiro edilmo noticasinds CdIn,S; monokristallarmda  fotohassasliq morkazlori
doyisikliyo ugrayr. Belo ki, legiro edilmomis CdIn,S, monokristallarinda fotohassasliq markazlorinin
(r-moarkazlorinin) valent zonadan olan enerji uzaqhg: E2.=0,73eV-a borabardir. Amma Cu il legiro
edilmis CdIn,S,; monokristallarinda fotohassasliq markoazlorinin valent zonadan enerji uzaghgr {igiin
EJ.=0,86eV qiymotini aliriq. Hesab edirik ki, r-morkozlorin enerji uzaghgmin doyismasi kristal
gofosda Cucgq antistructur defektlorinin yaranmasi ilo olagoedardr. Cu* va Cd?* ionlarmin radiuslari
¢ox yaxmdr: R(Cd?*)=0,97A u R(Cu*)=0,96A. Buna géro do Cu atomlarmm kristal qofosdo Cd
atomlarmm yerini tutma ehtimali ¢ox bdyiikdiir.Yoni, kadmium vakansiyalar1 (Vcq) mis Cu atomlari
ilb garsiigh tosirdo olaraq Cucy defektini omolo gotirirlor. Noticods, yaranmis Cucq defektlori r
fotohossashq morkozi rolunu oynayirlar.

Tadgiqatlarm naticalori Cu ilo legira edilmis CdIn,S; monokristallarinda elektron kegidlorini
ucsoviyyali enerji sxemi osasida (qadagan olunmus zonada yerlogon  r-yavas vo s-slratli
rekombinasiya Ve t-yapisma saviyyslori) izah etmays imkan verir.
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SUMMARY
Zafar Kadiroglu
Ismixan Nasibov
OPTICAL QUENSHING OF THE PHOTOCURRENT IN SINGLE GRYSTALS
CdInzS: DOPED Cu

The optical quenching of the photocurrent, the relaxation of the photocurrent, the thermally
stimulated current, and the temperature dependence of the dark current in Cu-doped CdIn2S4 single
crystals has been studied. It has been determined that Cu-doped CdIn2S4 crystals have
photosensitivity in the energy range 0.62 +3.00 eV. The ionization energy of photosensitivity centers
(E°,=0.86eV) and the attachment energy (E{=0.17eV) were determined. The results were explained
in terms of a three-level recombination model (levels of r- and s-recombination and t-trap).

Key words: photoelectric properties, optical quenching of photocurrent, thermally
stimulated current, local levels, recombination centers, photosensitivity centers, structural defects.

PE3IOME
3adap Kaabiporiasi
Hcevnxan Hacu6os
OIITHYECKOE TAINEHUA ®OTOTOKA BMOHOKPUCTAJUIAX
Cdin;S: IETUPOBAHHBIX Cu

N3yueHo onruueckoe raimeHue (GoToToka, penaakcaims (poToToka, TePMOCTHUM YIHPOBa HHBI M
TOK M TeMIepaTypHasi 3aBHCHMOCTh TEMHOBOIO TOKa B MOHOKpucTamiax Cdln,S,, nerupoBaHHbIX
Cu.Ompeneneno, uto kpuctawibsl CdIn,S, nmerupoBanrsie CU 00agaroT (OTOUYBCTBUTEIBHOCTIO B
JTMATa30He SHEPIHi 0.62+3.003B. Omnpe ieJieHbI SHEPIHS VOHM3AIINHT [ICHTPOB
¢dorouyscTBureabHOCTH (E=86 3B) wu sweprus npwmwmanust (E=0.17eV 3B). PesymbTaThl Oblan
0OBSICHCHBI B pAMKaX TPEXyPOBHEBOM MOCIIM peKOMOUHAIMN (YPOBHH [- M S-peKoMOMHaImu | t-
NPT HUS).
Knwuegvie cnosa: Gomosnekmpuueckue ceolicmeda, onmuyeckoe 2auierue )omomoxa,
MEPMOCUMYTUPOBAHHBILL  MOK,  JIOKAIbHbIE YPOBGHU, YEHMPbl PeKOMOUHAYUU, YeHMmpbl
GomouyscmeumenvHocmu, cmpyknypHbvie oepexnvl.
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ASTROLOJI SIMVOLIZMDO iDEYA-MOZMUN VO
MONOVI-OXLAQI AXTARISLAR

Moqgalods astroloji simvolizmds ideya-mozmun va monoavi-oxlagi axtarislar todqig vo tohlil
obyektina ¢evrimigdir. Qeyd olnur ki, mifologiyadan kainata baxis mifoloji inamlarm vasitasilo 0z
oksini tapmusdr. O da gostorilir ki, kosmoloji miflords zaman vo mokan varhgn yaradicilar1 kimi
togdim olunur. Kosmoloji mifologiyaya keciddos, hor seydon Onca, kosmik mifologiyanin — yani
bagimiz {lizorinds dayanan ulduzlu somanm yegano monbs oldugunu gors bilorik. Magalods, hamginin
kosmoloji miflorin yazih modaniyyat nimunolorinds neco oksini tapmasi miigayisali sokildo
arasdmrilmsdir.

Acar sozlar: astroloji simvolizmlar, kosmoloji miflor, mifoloji inamlar, kainata baxis,
Manavi-axlaqi axtariglar.

Mifologiya ¢z tarixi inkisaf prosesindo mifoloji siiurun ¢oxsayh morhololorindon kegmisdir:
animizm, fetigizm, totemizm, antropomorfizm, samanizm vo S. Bu corayanlar godim ocdadlarimizin
inanc sisteminin xtsusi marhablori olmusdur. Moagalods, homginin astronomiyada miflordan istifada
masalolorini  tohlil  edorkon mifologiyanin  istirakimin ~ hanst  sortlordon asii  oldugu da
muoyyanlosdirilmisdir. Burada mifologiyanin tarixi inkisaf morhololorindon kegorak tam sabitlosona
godar ne¢o minilliklor orzinds ibtidai stiura hakim oldugu miioyyanlosdirilmisdir.

Muiasir sosial antropologiya etiraf edir ki, bitln bosariyyat ¢in tosnifat modeli — tosnifatda
anadangalmo olaraq bacariglar vardr ki, bunsuz fardin mokan-zaman va sosiomodani farglori gabul
edilo bilmazdi. Qarb antropoloqu C.Overing bununla bagh asagidaki naticoalora golmisglor: “Miixta lif
insanlar arasmnda na godor ki, eyni kateqoriyalar yaranir, bizdo yalniz bu tosnifatn insan qavrayisinin
osasnda oturan hansisa timumi prinsiplori tosnifati oks olunur” [1, s. 38]. Oslindo, sistemlogmoa
anadangalmo idraki bacariga xasdr. Baxmayaraq ki, tosnifat modellori ayri-ayr1 fordi tocriiboanin
garsihigh olagalori, linqvistik forma, madani anano, sosial kontekst vo hoyat soraitlori osasinda ortaya
¢ixir. Bu todqiqat¢1 {igiin tosnifat funksiyasi sosial-modoni dovrads yox, insan badaninds (onun
ritmlorinds, psixosomatikasnda Vo konstitusiyasinda) gizlonmisdir. Belo yanasma psixoanalitikliklo
birlbsmoklo bizi E.Kassirerin baxiglarma yaxmlagdirr. Onun fikrinco, mifoloji kainatn vahid, yegane
struktur modeli insan badoninin qurulusuna aparib ¢ixara bilir [2, s. 104-105].

Simvolik formalarn elmi yaradicilar1 {igiin mifin vo ya ofsanonin mokam tamamilo struktur
mokan kimi g6z oninds dayanrr. Belo struktur mokanda onun bitin elementlorinin  slagalorini
farglondirmok olar. Bu, geyri-iradi olaraq dinds, incasanoatdo, dildo va elmi diisiincads 6ziine miitlq
yer tutur. Mifik mokanin qurulusunda o elo bir yegans struktur ortaya ¢ixarir ki, onun da asasinda
biitlin kainatm modeli qurulur. “Biitiin hadisolori biitiin varligi timumi mokan gaydalarma tabe
etdirmok cohdi-Umumini: mivaqgeti gaydaya tabe etdirmoklo 6z mikommal tocossimiine gatr...
burada diinyanin monzaroasinin artdigi struktur oks olunur; baxmayaraq ki, onun sozin asl monasinda
koklori daha uzaglara — mifoloji stiurun ibtidai tobagoasine gedib ¢ixir” [2, s. 85] va onlar dildo 6zin(
biruzo wverir.

Tosdiglodiyimiz tosnifatn asasinda qoyulmus diinyann yaranmasmm kosmogonik modeli
Zodiak strukturunda ortaya ¢ixir. Astroloji simvolizm heg¢ do avval (ikkin) deyil, o, siiurun sonraki
proyeksiyasidir, daha dogrusu, elm marhalosinds kegidin baslangicidr ki, bu, {i¢c min ilo yaxm davam
etmigsdir. Mifo goldikdo iso o, prinsip etibari ilo kosmikdir. Y. Meletinskinin sézlorina gora:
“gordiiylimiiz  kimi bir sra kosmoqoniyalarda diinyann bir kosmik insan bodoni kimi diisiincasi
ustiinliik toskil edir, buna gora do kainatn yiiz forgli hissasi: insan vicudunun hissalorine uygundur
ki, bu da makro va mikro alomin birliyini niimayis etdirir” [3, s. 212]. Odur ki, mifoloji obrazlarm ilk
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sistemlorini  godim zodiaklar toklif etmisdi. Bu, tosnifatlarm votoni hesab edilon Sumerds bas
vermisdi. Bu tasnifat vordiglorini, astronomik hesablamalari isa sumerlordon yunanlar gobul etmisdir.
Artiq e.a. Il minillikdo Glinas dovrlori allahlara — planetlors qarst qoyulmus hissalora, parcalara
bolunmiisddi.

Astrologiyada tarixon xaotik mifoloji rasional (agilh) miinasibatin, onun Zodiakda gaydaya
salman allahlar vo tobiot qlvvalorine zaman vo mokan yerini mioyyanlsdirmoklo bagh cohd
edilmisdir. Kegid marhalasi kimi mifoloji diisiinco miiasir olmagla onlar arasnda korpii kimi xidmot
etmoklo, ham da elo onun mdvgeyindon mifin dorkine toraf addim atimigdir. Snonovi forglondirilon
mifoloji obrazlar (tufan yaradan, yeralt1 diinya allahi, ilahi ekizlor vo s. Burada astral allahlar1 Giinos,
Ay va Ulduzlar — Zdhralor) biitov sokilds hor hansi zodiakal mifologiyaya miivafigdir.

Zodiakin strukturu kosmoqonik fazalarm ardiciligmi oks etdirdiyindon mifoloji obrazlarin
genezis morhalolori bosor diinyasmm tarixi morhslesinin ibtidai qurulusuna miivafiq olmaqla,
zodiakal dairs olduqca rahat proyeksiya olunmagla isaralorin oks ardicilhigmi korrelyasiya edir. Daha
dogrusu, an godim obrazlari — bOyilk ana — Danizi, yaradict — GOyu, el bir ilkin yaradicmi ki,
insanlarm taleyini onlarm Yerds yasamaq vardislorini miayyanlosdirmoklo, hom do zodiakal dairanin
sonuna miivafiq olur (Balglara, Dolgaya, Oglaga va s.). Allahlar iso daha yeni arxetipik funksiyalar
— sevgi ilahasi obrazi, yaxud sevgi hissalorinin  poetiklogsmosini niimayis etdiron ideal asgor, yaxud
monavi ideallarmm inkisafina — onun avvaline (Bugaya vo Qoga) muvafiqdir.

Astronomik analogiyam  presessiya siklindo nozordon kecirmok olar (geco-gundizin
nisbaton ekliptik biircliniin garisdirlma noqtasi kimi gétlrilon); madani Misir ananasinds (I asrin
Dender togviminds), kosmoqonik inkisafin spiralmn Giinagin ekliktik biirc soklinds getmasini
sOylomok olar. Miisahidolor gOstorir ki, siiuraltnda vo diisiincods yaradicihigm mifik ardicilligi
gorunaraq yenidon yaranmagla godim tarixin marhallorine miivafiq olmagla arxetiplorin zodiakal
klassifikasiyasmi vo yaxud tosnifatmi 6ziindon asili edir. Burada birinci yeri C.Kempbell gostarir vo
buradaki mifik obrazlarm ardicilhg1 insanm, bosor dvladmin inkisafin1 tokrarlayr. Ikinci, bu,
insanlarla trans vaziyyatinds vo arterapiyada gedon psixoloji tocribs isidir. Bu zaman sarsmtilarin,
yaxud sokil-obrazlarin daxili morholosi soxsiyystin dorindo olan problemlorini ortaya ¢ixarib bir-
birini ardicilliqla avazlomoklo mifoloji obrazlarm dogulusu analoji tarixi morhallor, mifoloji
yaradicih@in arxetipik fazalarmda uygun zodiakal ardicilliqla gedir. Sonuncu obraz vo simvollarin
tobii psixoloji vo monovi tosnifatim ortaya ¢ixarmagla bu fazalarm simvolik monasmi interpretasiya
etmoys imkan verir. Daha dogrusu, konkret insanm, soxsiyyatin inkisafi, bu marhallorin monasini
tosvirino istigamatlonmoyan psixi prosesin istigamatini gormok vo tobiinin  mogsadini dork etmoys
sorait yaradir.

Eramizdan avval IX asrds Hindistanda muxtalif mif vo rituallarm miihiim psixoloji sarhlori
meydana ¢xmusdir [4, s. 357]. C.Kempbellin yazdigi kimi, “mifoloji simvollar —6zbasmahq mohsulu
deyil, onlar1 diistinconin iradassi ilo araya-arsays gotirmok olmaz, icad da etmak, bogmaq da miimkiin
deyildir. Onlar psixikanin spontan mohsuludur va onlardan hor biri 0zii-6zliyinds 6zinin ilkin
monbolorinin toxunulmamis, dogulmamis qiivvasini dasimaqdadir” [5, s. 17]. Bu, mifoloji siijetlorda
do eynilo imumi kosmogonik modelin — allahlarm, yaxud arxetipik enerjinin minasibatlorini 6ziinds
oks etdirir: onu 6zbasma yaratmaq yox, yalniz ortaya ¢ixarmaq miimkiindiir. O, diistincomizdo Glnos
sisteminin  bizim hoyatimizdaki qurulusu kimi Yerdo gedon proseslori tosvir edon, yaxud ilin
fasillorinin  doyisilmasini simvolizo edon Zodiak strukturudur ki, mohz bizim psixikamiz lap godim
zamanlarda ilin fasillorini elo beloca gobul etmoys meyilli olmusdur.

Ikigayarasi, yaxud Misir zodiakal tasnifati Giinasin ekliptik koordinatlarinin soma torlarini
allahlarm miioyyan keyfiyystlorilo uygunlasdirmagi bacarmisdirsa, bu giin artiq yolunu azib, ¢asmaq
kimi yox, godim dovr insanlarmm modoni nailiyyati kimi nozordan kegirilmalidir. Bu bels bir ideyani
tosdiq edir ki, arxetiplor godim stiurda he¢ do inkisafin yaddan ¢ixarimig, hotta ogor onlarm daimi
aktuallasmas1 getmaso belo, sadocs kigiimis pillolori deyildir. Lakin tobii, sosial vo fordi hoyatin
hadisalori global vo daimi olmagla, hom do eyni zamanda miisyyan ganunlarm aktuallasmasi orada
0z oksini tapr vo harokatlori doyisilmoz ganunlar goriinan torzds planetlori niimayis etdirir. Mohz elo
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buna gora do 5 min il avwal godim Sumerds allahlarm arxetiplorini diinyann keyfiyyatini kosmik
dinamika ilb uygunlagdrmagmn miimkiinliyi ortaya qoyulmusdur. Bu, ik mucarrad biliklarin
oldugca boyuk falsofi kosfi idi ki, bunu planetlorin harokati ilo bagh olan hesablama, yaxud ri-
yaziyyatin inkisafi {i¢lin sigrayis rolunu oynayan Giinagin tutulmasi hesablamalarmdan da boyiik bir
sey kimi gobul etmak vacib idi. Bu bir daha tosdiq etdi ki, Kainatin fiziki proseslori insan siiurunda
analogiyaya malikdir. Bu, ilk dofo olaraq horokot ganunlarm fikirlor sferasiilo uygunlasdirdi.

Universal struktur modelin mifologiyada tesvirinin axtarismda bu ilkinlori tarixon malum
mifoloji obrazlarm tosnifati kimi istifado etmok olar; ¢inki E. Kassirerin gostordiyi kimi,
mifologiyada daxili strukturlugun “diinyann astroloji monzorasinin Kklassik ifadasinin bitkinliyi
vardrr... Varligm oavvalcadan individuum (ford) G¢in molumlugu miisyyandir ki, bu da Kainatda da
harokatdo, foaliyyatdadir... Noyi nozordon kegirmoyimizdon asili olmayaraq, tobii folakotlorin gedisi,
zamanlar gaydasi, cisimlorin torkibi, yaxud tipik xassolori, insanlarda “temperamentin” névlori — biz
onlarda daim eyni bolimlorin, parg¢alanmalarm ilkin sxemini, eyni biitiiniin “lizorine 6z fordi
xUsusiyystlorini qoyan “artikulyasiyani” [2, s. 104-106] goracayik. Beloliklo, astroloji anono analoji
universal sistemdir ki, onun bitin tiplorini birliys yaxmlasdirr. Baxmayaraq ki, bu Yeni Zaman elm
torafindon rodd edilmis vo bununla analogiya Uzro diisiinco prinsiplorinin 6z ilo birge (M. Fukonun
gostordiyi  kimi) qanunauygun sokildo elm ii¢iin bu prinsipin elmi baximdan &yranimasi Vo
reabilitasiyas1 ilo birgo dogula bilor. Daha dogrusu, mifologiya (lap qodim arxetiplorin muasir
semantik proyeksiyasi), astroloji onono kimi onun hesablama metodlari humanitar elmlor sirrasinda
onlarm hamismdan daha ¢ox va ciddi yer tuta bilor.

Mifologiyanin bazasi kimi xidmot edon simvolik yanasma mocrasi altmda K.Q.Yunq
astrologiyam asagidaki kimi basa distirdii: “Psixologiyann miiraciot etdiyi astrologiya kollektiv
instiktiv  kimi, bir ne¢o simvolik konfiqurasiyalardan ibarotdir: planetlor — bu stiuralti hakimiyyot
simvollar1 olan allahlardr” ki, onlarda mifoloji arxetiplorin analogiyalar1 vardir [6, s. 175-177].
Mifologiyanin  forglondirdiyi ononovi allahlarm tipik obrazlart vo onlar arasmda olan siijet
minasibatlori zodiak dairasinds minasibatlor strukturuna oldugca yaxsi oturar. Bu model 6z névba-
sindo mifologiyanin rahat manimsanilmasina kOmak edir ki, onun xaotik ¢coxsayh obrazlarm miithiim
ardicil sistemoa daxil etmaklo, hom do onlart mitkommol istigamatlora kecirmoya kdémok edo bilor. Bu,
zodiakal dairs sistemindon mifoloji obrazlarn struktur tosnifati {i¢iin rahat model yaratmagla, hom do
tarixi baximdan ilkin vo yetorinco sadodir.

Bebliklo, gostormoys calisdiq ki, diinya xalglarmin mifologiyas1 bir-birilo qgarsiliglt tosir
olagalorindo olub, comiyyat hoyatnda monavi-ruhani minasibotlorin - formalagmasi ilo toraqgi
etmisdir.
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SUMMARY
Tarana Jamalova
IDEOLOGICAL-CONTENT AND SPIRITUAL-MORAL RESEARCHES
IN ASTROLOGICAL SYMBOLISM

In the article, the idea-content and spiritual-moral searches in astrological symbolism have
become the object of research and analysis. It is noted that the view to universe from mythology is
reflected through mythological beliefs. It is also shown that in cosmological myths, Time and Space
are presented as the creators of existence. In the transition to cosmological mythology, we can see
first of all, that cosmic mythology is the only source of the starry sky above us. The article also
investigate comparatively how cosmological myths are reflected in written culture examples.

Mythology has gone through many stages of mythological consciousness in the process of its
historical development: animism, fetishism, totemism, anthropomorphism, shamanism etc. These
currents were special stages in the belief system of our ancient ancestors. In the article, it has also
been determined under as well as what conditions the participation of mythology depends when
analyzing the use of myths in astronomy. Here it is established that mythology dominated primitive
consciousness for thousands of years until it passed through the stages of historical development and
became fully stabilized.

Key words: astrological symbolism; cosmological myths; mythological beliefs; view of the
universe; spiritual-moral researches.

PE3IOME
Tapana /Iz>xamajioBa
UJIEHNHO-COJEPXATEJBHBIE U JYXOBHO-HPABCTBEHHBIE IOVMCKHA
B ACTPOJIOT'MTYECKOW CUMBOJIMKE

B cratbe uneiHo-conepkaTelbHble U JyXOBHO-HPABCTBEHHBIE IIOUCKH B aCTPOJIOTMUECKOM
CUMBOJIMKE CTall O0BEKTOM wHcciefoBaHud. OTmeuaercs, 4TO MHQOJOTMIECKUA B3IJIAJ Ha
BCEJICHHYIO OTpa)kaeTcs uepe3 MHGOIOrMieckue BepoBaHusA. Takke TOKa3aHO, YTO B KOCMOJIO-
rmaeckux Mudax BpeMss M TOPOCTPAHCTBO TIPENCTaBiIeHbl Kak TBOpIkI ObiTwsa. [lepexons
KOCMOJIOTHYECKON MU(OJIOrUM, MBI BUIIUM, YTO, MPEXKJE BCETO, KocMuyeckass MU(osIorus, TO ecTb
3Be3HOE HeOO, CTOsIIee HAJl HAIIMMH TOJIOBaMU, SIBIISICTCS €JMHCTBEHHBIM HCTOYHUMKOM. B crarbe
CPaBHUTEIIHHO PACCMOTPEHO, KaK KOCMOJIOTHYECKHUE MH(BI OTpa)karoTCs HA MpUMepax MUCbMEHHOM
KYJIbTYpBI.

Mudornorus B mpolLecce CBOET0 UCTOPUYECKOr0 pa3BUTHUS MPOIUIa MHOTOYHCIICHHBIE 3Taribl
MH(OJIOTHUECKOI0 CO3HAHUS: aHUMIBM, (ETHIN3M, TOTEMI3M, aHTPONIOMOP(HI3M, MIaMaHI3M U JIp.
OTH TeyeHus: ObUIM OCOOBIMU 3TanaMH CHCTEMbI BEPOBAaHMI HAIMX JPEBHUX NpeakoB. B crarbe
TaKKe OMpEeJeNIeHO0, OT KaKMX YCJOBHMM 3aBUCHUT y4acTHEe MH(OJIOTHM TPH aHAIM3E BOMPOCOB
UCIIONb30BaHUsI MH(POB B aCTPOHOMMH. 3J€Ch OMpPEIENICHO, CKOJIbKO ThICSYENeTHH NMepBOOBITHOE
CO3HaHWE JOMMHUPOBAJO HaJ MHUQOJOTrHel, MOoKa OHAa HEe MpOoIUIa Yepe3 dTalbl HCTOPHIECKOrO
Pa3BUTHS U MOJHOCTBIO HE CTAOWIM3HMPOBAJIACh.

Knroueevie cnoea:  acmponocuueckas — cuM80IUKA,  KOCMOJo2udecKkue  Muguwl
Mugonozuyeckue epo8aHus, 83250 Ha CENEHHYI0; OYXO06HO-HPABCMEEHHbIE NOUCKU.
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TERMOELEKTRIK MATERIALLARIN XUSUSIYYOTLORI

Moaqalada termoelektrik materiallarin xususiyyatlori, termoelektrik effektivlik amsali vo
onlarm artirilmast iisullary, tatbiq sahalari analiz edilib, hamginin yeni vo daha ucuz termoelektrik
materiallarin axtarisi tahlil edilir.

Acar sozlar: termoelement, termogeneratorlar, termoelektrik soyuducular.

Muasir elm vo texnikanin vacib problemlorindon biri ds enerjinin termoelektrik cevrilmasidir.
Hazirda aparilan todgigat islorinds termoelektrik materiallarm effektivliklorinin artwilmasi ilo yanasi,
hom do yeni, daha perspektivli materiallarm axtariimasi nozords tutulur. Bu todgigat islorinin osasmi
hom asagi temperaturlu soyutma, hom yiksok temperaturlu qizma termoelementlorin hazrlanmasi,
hom do termoceviricilorin yeni ndvlorinin axtarisi togkil edir. Homin materiallar defektli kristallik vo
mirokkob zona qurulusuna malik, ¢oxkomponentli yarmkegirici birlosmalor Vo onlarm bark
mohlullar1 hesab edilo bilor. Clnki bu materiallar kicik istilikkegirtmo omsalna, kifayat qodor yiksok
elektrik kegiriciliyino, termo-e.h.q. amsalna malikdirlor. Onlarm tarkiblorini doyismoklo arzu edilon
parametrloro malik, yiksok termoeffektivlikli maddslor almag mimkindir (Panken W. A., Koeng
D. R 1979, 1425-1431).

Molumdur ki, giicli termogeneratolarm hazrlanmasi ii¢lin istifado olunan materiallarin

2
termoeffektivlik omsallariz = % kifayot godor ylksok giymoto malik olmahdwr. Genis kegirici

zonal yarmkegiricilordo gadagan olunmus zonanmn eni kigik olur. Temperaturun bir qodor
doyisilmosilo  moxsusi kegiricilik baslayr. Moxsusi keciricilikdo elektronlarm vo desiklorin eyni
zamanda istirak etmasi termo-e.h.g.-nin yox olmasma gotirir. Termoelement ti¢iin asqarlarn optimal
konsentrasiyasida (101 — 1020sm3) moxsusi keg¢iriciliyin olmamasi ti¢iin gadagan olunmus zonanin
eni >4kT sortini 0domelidir. Termoelektrik materiallar Gcun yuksok temperaturlarda ydraklik
kicikdir, bu halda effektiv kitlo do kicik giymot alir. Ona gors do adsiz adod olan zT hasili z-o nozaran
temperaturdan daha zoif asih olur. Bu xiisusiyyat tocriibolords do tosdiq edilmisdir. Biitiin bunlara
baxmayarag, muasir nazariyysloro osason effektivliyin optimal giymotini dogiq mioyyanlosdirmak
mumkin olmur. Bunun sobobi effektiv kiitlo, gofasin istilikkegirmasi, gadagan olunmus zonanmn eni,
sopilmo  parametrlori arasmda qarsihglt olagonin  ¢ox mirokkab olmasidir. Hoalo kegan asrin
ortalarmda baslayaraq termoelektrik enerji ¢eviricilori kimi yarmkegirici materiallar askar edilorak
todqiq edilmisdir. Miiasir termoelementlor tiglin z-T< 1 gorti 6donilir vo bu somoarslilik omsalindan
daha ¢ox istifado edilir. Hazirda, asason, Bi;Tes, PbTe vo GeSi birlogsmolorindon istilik enerjisini
elektrik enerjisino cevirmok Ggln istifads edirlor. Ilk dofs olaraq termoelektrik soyutma tictin Bi;Tes
birlosmasindon, daha sonralar iso onun asasmnda alnmus bark mohlullardan Bi,«ShyTes vo BibTes.
xSey istifado edilmisdir. (AiBazoB A.A., Anyxun A.W.,Masuna A.U., ba6omko H.A. 1991, 922-928).
Termoelektrik soyuducular xisusi toyinath kosmik cihazlarm, tibds vo biologiyada istifado

olunan sensorlarm xarakteristikalarmin termostabilliyini tomin etmok mogsadilo istifado edilir. Bu
cihazlar Olcilorinin kigik olmasi vo lokal tosiretmo gabiliyystlorine malik olmalar: ilo forglonirlor.
Termoelektrik soyuducular ozon tobagesine osason hazrlanmigs soyuduculara nisbaton ekoloji
baximdan c¢ox Sarfolidir: Sassiz isloyir, titromo olmur, atmosferi c¢irklondirmir (Goldsmid H.J.,
Douglas R.W 1954, 386-390). Bunlarla yanasi, enerjinin termoelektrik ceviricilori asagidaki
ustunliklora  malikdir:

- Hom qizdirma, hom do soyutma imkanlarma malikdir;

- Surath soyutma gabiliyystino malikdir;

- Temperaturun yiksok doagigliklo nizamlanmas1 va caroyanin doyismoasi ilo termostatik
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miihitin yaradiimasi: miimkiindiir;
- Termoelektrik parametrlori kanar amillorin tasirindon zoif asilidir;
- Texniki nazarats ehtiyac yoxdur.

Peltye effekti asasinda hazirlanmis termoelektrik soyutma mogqsadilo soyuducu agreqatlarin,
igim kameralarmm, vakuum tolblorin hazrrlanmasinda, elektron sxemlorin - komponentlorinin
soyudulmasmnda totbiq edilir. Termoelektrik qzdrmadan dénmoyon qizdrma, termostatlar, az istilik
otalotliyino malik miniatiir qizdirict elementlorin  hazirlanmasinda istifads edilir. Amma nazaro
almmalidir ki, Peltye effektino osaslanaraq hazirlanan soyuducu aqreqatlar kifayot godor bahahdir.
Bu onunla slagedardr ki, yarmkegiricilor Gzoarinds aparilan texnoloji amoliyyatlar vo bu mogsadlo
istifado edilon materiallarm tellur komponenti kifayat Qgodor bahadr. Bu sobabdon do Bi;Tes
birlosmasino vo onun bork mohlullarina osaslanaraq hazirlanan soyuduculardan genis istifado edilmir.
Amma bu effekts asaslanaraq hazirlanan elementlordon vo qurgulardan elektron qurgularmm inteqral
sxemlorinin  temperaturlarmm  stabil saxlanilmasinda ¢ox effektiv vasito kimi istifads edilir
(M.K.Kururckasi, C.A. Hemos, T.E. CseunukoBa, JI.H. JlykesiHoBa, I1.I1. KoncranrumoB, B. A.
Kyracos 2003, 1193-1196).

Bozi mosabolorin effektli hollini tomin etmok {i¢lin hazirlanma texnologiyas1 sado olan yeni
Vo daha ucuz termoelektrik materiallarm axtaris1 dovrimiiziin aktual problemlorindon biridir.
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SUMMARY
Aysel Hamzayeva,Niyazi Guliyev
FEATURES OF THERMOELECTRIC MATERIALS

The article features of thermoelectric materials, coefficient of thermoelectric efficiency and
ways of their augmentation, a scope, and as to search of new, cheaper thermoelectric materials are
analyzed.

PE3IOME
Aiiceas I'am3aeBa, Husizu I'ysine B
OCOBEHHOCTHU TEPMOJJIEKTPUUYECKUX MATEPHUAJIOB

B craThe aHAMMBUPYIOTCS. OCOOCHHOCTU TEPMOAIEKTPHHECKUX MaTepHualioB, Kod(dume HTa
TEPMORJICKTPHIECKON IPHEKTUBHOCTH U CHOCOOBI MX YBEIMYEHHUS, O0JaCTH MPUMEHEHUS, a TaK ¥Ke
TIOUCKY HOBBIX, OOJIEE JACMIEBBIX TEPMOAJICKTPHICCKUX MaTEPHATIOB.
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JUHAMUKA ®OHOHOB, B CJIOUCTBIX KPUCTAJUIAX BiyTe,1Se03<Ni>

Hccneoosanucy  croucnwie  monoxpucmanivl  BipTep:Seqs<Ni> ¢ ucnonwzosanuem 6  wupoxom
CNEKIPAILHOM  UHMEPBATe, DPAMAHOBCKO20 DPACCEsHUS, A MAKyice Memooa cnekmpockonuu. Mzyuena
OUHAMUKA (DOHOHOB, OOHAPYIHCEHBI OCOOEHHOCIU, CES3AHHbIe C HAIUYUeM YNOPSOOYEHUs. 8 OepheKmHblX
RO3UYUSIX, INIEKINPOHHbIE Nepexo0bl HOOMBEPHCOAIOM KOOPOUHAYUOHHbIe ocobernocnut uonos Ni2t,

Kniouesvie cnosa:. VK noenowenue, KomOuHayuoHHoe pacceusanue, (poHOHHbIE YACHOMbL.

1. BBenenue
CMelIaHHbIe TPOWYHBIE COSIWHCHHS B TIOCIICAHEE BPEeMs TOMydacT BCe OOMbIllee BHUMAHUE

K CTPYKTYPHBIM U BUOPAIMOHHBIM CBOMCTBAM B Ka4eCTBE ONTOAICKTPOHHBIX ycTporicTB (Radautsan,
79,1980).
SIBneHre KOMOMHAIIMOHHOTO PacCceMBaHKs YA0OHEe OICHUBATh TOJb3YsCh MPECTABICHUSIM U

00 PHEPreTHIECKUX YPOBHSX.

Mornekyna obagaet KoaeOaTeIbHPIMH SHEPreTHICCKUMHE YPOBHAMHU AV, hvy, hvau T.1. [lpu
nmajicHmd (DOHOH B3aMMOJICHCTBYET C TAKOW MOJICKYJIOH W NPUOOpPETaeT SHEPruro /vy, 3Ta SHEPTUU
MPEJIOMITSIETCS, OTPa)KaeTCs WIM pPaCCEeMBAETCs, MPUYEM OJHEprus (J4acTora) B TAKOM cCiydyae He
M3MEHSIOTCA.
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N
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Puc.1l. Bupmyanvtvle nepexoovl 31eKmMpOHA, COOMBEMCMBYOUjUe CHOKCOBbIM
(cnesa) mpoyeccam u ammucmoxcosvim (cnpasa) npoyeccam. Cmpenxu,
HANPaeIeHHbLe 66€PX COOMEEMCMBYIOM NO2/LOWEHUIO, 6HU3 USTYYEHUIO K6anma Ny

u N, - onexmponnvie yposuu, |, - konebamenvuuiii yposenn.

KomMOMHAIIOHHBIM  paccestHieM HasbIBAeTCsl Ta YacTh SHEPIWH, KOTOpasi OCTAETCsl BHYTPU BEILECTBA U
TpaTurcss Ha BO3OYXICHVE KoreOaTesbHbIX ypoBHeil. CoXpamsieTcss Takas SHEprvsl B BWIE PACCESHHOT O
WIydeH ¢ yacToraMu (Vo Va)(Vo Vo) ¥ T.10. DHEPIETHUECKIE YPOBHHM C YacTOTAMHM ViV, | T.J. OyIyT WMETh
3HAYMTEIIHHYIO KOHIRHTPAIMIO HOCHTETICH 3apsiia BOKPYT YPOBHEH, €CIM JHEpPreTHHEcKHe YPOBHU OJZKO
pACTiONiOKEHBI K OCHOBHOMY COCTOSHIIO C MUHUMAIBHOM SHEprveil  3aceNieHHOCTh  ONpelesBieTCS
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pacrpeneneHreM bonbivara. B TakoM ciydae MOIKYIBI TI0CTe B3AMMOZCHCTBIS  C MRIAIONEMHE ()OHOHAM U
MOTYT BEPHYTHCS B OCHOBHOE COCTOSHME C CyMMAapHbIMH yactoramu (Vo + vi)(vo + vo) u 1.0 UK u KPC
ormMatorest TeM, yro B MK momomeHny 310 B3aMMOZICHCTBYE  paccMaTpHBacTCsl B IpoLecce KoneOaHUs
aToOMOB B MQJVIEKYJIE C TOMOILBIO VBMEHEHUS JTUONbHOrO MoMeHra, a B KPC anekrpoMarHuTHoe 13Tyd eHHe

KOHTaKTHPYET C MyJIbCHPYIOIIIM, Je(HOpMUPYEeMbIM ICKTPOHHBIM 00JakoM Morekyibl (Cympmckmii , 1969).
MonokpricTasbl THR BipTe; o0mamaror poMOIpHHeckoi CTPYKTYpOH M OTHOCSTCS K KPUCTaJLIam

C TPOCTPAHCTBEHHOM TPYIIOi ng (R§m) (Tomivan, 1972, ¢320). UK u KPC 1o cremyronmm

MEXaHBMaM B3aUMOICHCTBUSL MEXKITY TRIAIONIM VRITYICHHEM H SHEPICTHHMECKIMHU YPOBESIMH MOJICKYJIBI: B
VK romomeHnr 310 B3aUMONICHCTBHE PACCMATPHBACTCS B TPOIECCE KOIeOaHsI aToMOB B MOTCKYE C
TOMOIIBIO  IBMEHeHI  AunonbHOro Momenra, B KPC anekTpoMarHWTHOE —IBIydeHrEe KOHTAKTHUPYeT C
IyJILCUPYFOLIEM,  IeOpMHPYEMBIM  AIEKTPOHHBIM - 0OsiakoM Marekyibl (Cyriprckmii, 1969).

Hwke mprBeneHa CTPYKTypa KPUCTAUTMICCKOM PEHMIETKA MOHOKPUCTAJUIOB Tuma BipTes,
CIpaBa MoKa3aHbl cMenieHns: aToMoB i1 KP u MK-aKkTUBHBIX MOJI.

Puc.2. a). Kpucmannuuecxas cmpykmypa (R3m) pombosuonoeco coeounenusn V', -VI. 3navenus
ons14d, d3 pasnwi. CnaowHvle npsimvie COOMEEeMCmMEY0M KOBAICHMHbIM CE53AM. AKYeHMUpo8aHHas
OCHO8a ABNAMCA 0OOHUM U3 mpex 6 Auelike Buenepa-3etimya kpucmanna. 6). Ungpaxpacuvie u
pamarnosckue pedxicumul coeoureruti pomoosopos \V, V1 (eepxuue unoexcol 1, 2 6 o603nauenusix Eu
A coomeemcmeyom HUZKO- U bICOKOUACTMOMHOMY PENCUMBL COOMBEMCMEEHHO). JIunetiHo -yentvie

Mooenu 0nsk KOMOUHAYUOHHO-AKMUBHBIX MOO, cxemamuuno noxkazamnwl sepxy (lorvyman, 1977,C.
619).

1 1 2 2 1 1 2 2
Bemmupnnsr wactor KP ( Eg , Alg , Eg , Alg) u UK (E,, Ay, E;. Aj) axruseeix Mox (8

cmt) B moHokpuctamiax BiyTes u BipSes mpu temneparype 300K mpuBeaeHsl Hwke B TabOmre 1.
(AGmymnaes, C. 242, 2013).

Tabmmma 1
Cocta 1 2 1 2 1 2 1 2
B Alg Alg Eg Eg Alu Alu Eu Eu
Bi,Tes 62,5 134 103 94 120 50 95
Bi,Ses 72 1745 - 1315 - - 65 129
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DieMeHTapHas siueiika BiTes3 cOCTOUT U3 MSITH aTOMOB M, COOTBETCTBEHHO, 15 pemiéTOuHbIX
KojeOaTe bHBIX MOJ] B LIeHTpe 30HbI bpumosna (mpu (| = 0), Tpu U3 KOTOPBIX aKycTHYECKHe U 12

ONTMYECKUE MOABL. 12 ONTHMYECKHX MOJ XapaKTepU3YIOTCS 2Eg + 2Aig + 2Eu + 2A1u

CUMMETPHEH, KaKaas 13 Eg u Alg MO BBl BRIpOKIeHBL. Ha prcyHke 1B, crpaBa MokasaHbl

1 1 2

COOTBETCTBYIOLIME CMEIlEHIs aTOMOB I konebanmix 1 paman-aktusHbix Mo Eg, Ay, Eg,
2 1 2

A.Lg- ITpu koneGanmsx Ej, Eg CMEIIEHUS aTOMOB MPOMCXOMAT TEPIEHIAUKYISPHO OCH C - OCH

.. 1 2
CUMMETPHH TPETHETO MOPsIIKa, T.€. B ILIOCKOCTH CJIOEB, a MPU KOJIECOAHUSIX Alg' Alg CMEILEeHUs

aTOMOB TPOUCXO/ISAT, COOTBETCTBEHHO, MApajebHO OCH C, T.C. IEPIICHIUKYIIPHO IUIOCKOCTH CIIOEB.
CrexTpbl komOuHaimioHHoro paccesiusi (KP) u uH@paxkpacHoro (MK) orpaxkeHus OUHApHBIX
00BEMHBIX MOHOKpHCTaLIOB BiyTes, Bi,Sez; u SbpTe;  xopoiio M3y4eHbl TEOPETHYECKH |
aKcriepuMenTanbHo cTpykTypbl (Mombiman, 1977, c. 619).

YaurpBasi BBITIECKA3aHHOE O OMHAPHBIX OOBEMHBIX MOHOKPHCTAUIOB U CIRKTpax ONTHHMECKOT O
TIPOICKAHWS, B JIAHHOM CTaThe MCCIISIOBAHBI CIIOMCTBIE TBEPIbBIC pacTBOpbI BiyTe, 7S¢y MHIepKaIMpoBa HHbIC
HYKEJIEM.

Llems paOoTHI 3aKMOYANIOCH B KCCIICZIOBAHMM (DOHOHHBIX BO3OYKICHHM W YWIEKTPOHHOW CTPYKTYPBI
VHTCPKATMPOBAHHBIX HUKEJIEM TPUMECHBIX CJIOMCTBIX KpucTawioB BhTe;7Ses

2. JKCrepuMeHT

CrexrpasibHble  MCCTieIoBaHKsT  TpoBOMWCh A 3D KOHpOKAJFHOM —paMaHOBCKOM — MHKPOCKOTIE
Nanofinder 30 (Tokyo Instr.), mmma BomHbI BO3OYKIeHWT A =532 mm. Pamuyc rajaromero Ha IéHKY
TA3EPHOrO Jyda OBbUT OKOTO 4 MKM.

Kak BugHO 13 pricyHKa 3, B CIEKTpe KOMOHHAIMOHHOTO paccestHust MOHOKprcTaimia BiyTes 7Seqs
XOPOIIIO HAOJIFOMAIOTCS TPU CHieKTpaibHble Jann ¢ yactoramu 60 cml, 101 cnl w136 cml,
OTH 3HaYCHUS OJMBKH K TMOJIOKEHUSIM CIEKTPaIbHBIX JIMHHM, ¢ 9acToTaM KP-aKTHBHBIX MOJI

Allg, Eg u Alzg B BiyTes (Tabma 1). CriekTpaibHble JIMHAK JOCTATOYHO Y3KHE C TIOTYIIMPH HAM K

okoo 7-8 cml.
[luprHa KA CWILHO YMEHBIIAETCS KPUCTAIUIBI CTAHOBSATCS KPyIHEE.

b)

Eé'lb L \!; ; \') Aﬂaig |
'J r« ,, I . TV
‘M“‘wﬂ# \"‘I'W'A‘W’IM“MAW‘W‘ ) "

Raman shift, liem

aman shif 1/cm
Raman shift, I'cm

Puc.3.Cnexmpol kombOunayuonno2o paccesnus céema besnpumecrozo BiaTe, 7Seq 3 (a) u,
necuposanno2o nukenem BiyTes7Seos (b). npu mowmnocmu naoarwezco na obpasey
nazeproeo uznyuenus 0,6 mBm; 532 nm.
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OtmernM, uto niocjie omxura BipTe; 7Sep s muanmn ¢ wactoramu 93 cvt u 120 cml - BeposiTHO

1 2
HK-akTuBHBIE MOJBI Alu u Alu TPOSIBIISTIOIIMECS] B CTIEKTPEe KOMOMHAIIMOHHOTO paccesiHus. Takoe

BO3MOXKHO M3-3a HAJMUYWs BHYTPEHHUX jacdopMalmii U HanpsokeHWi B iéHKax (AOmymiaes, C.242,
2013). LleHTpocMMMETpPHYHBIC TIO3ULIMHU, H, CIICAOBATEIILHO, PACTIOJIOKEHHbIC B HUX HMOHBI HE OymyT
BHOCHTH BKJIaJl B KOMOuHaImoHHOe paccesiaue. (Popescu, 2009, ¢.1815). B patdore (bananosa,2019)
BBISIBIICHA 3aKOHOMEPHOCTh B 3aBUCUMOCTH BeiMduH 4acToT KP-akTuBHBIX ()OHOHOB B
MOHOKpHCTasLIax Biyres Bisesu Shyresor mace atomos. [TokazaHo, 4To npu cHH(pA3HOM KOICOaHHN
nap atomoB Se(1)—Bi B mpuOmokeHMN IMHEHHON NENOYKM A HU3KOYACTOTHBIX MOA Eig m Ay
MOXKHO CUMTaTh MacCy paBHOW cymme Macc atomoB, M = mBi + mSe, a mpu nporuBodaszHbIX
KONeOaHMIsIX 11 BEICOKOYAaCTOTHBIX Mox E%y m A2g macca paBHa npuBeenHoi Macce [ (1/p = 1/mBi
+ 1/mSe).B Harem cityuae kaTHoHHbIE aToMbI Bi 1 Ni oueHb O3k

B pa6ore (Richter 1977, c¢. 619) cTpykTypsl OBUIM BBEICHBI KIaCTEPHBIC MOICIH JIJIS
OOBSICHCHMST BO3HHMKHOBEHHSI TOHKHX CTpPYKTyp B HWK-cmexrpax, NpunmchIBaeMbIX —HAJINY HIO
pa3IMuHbIX  CTPYKTYPHBIX €JWHMI, HAPyIIAIOUMX  CJIy4ailHOCTh TBEPAOro pactBopa. B
npuMensieMbix Moaeiax REI ¢pyHnamenransHoe mpeamnonoXeHue COCTOUT B TOM, YTO MOHBI OJTHOTO
Y TOT'O XK€ BHJIA JIBIKYTCS B (ha3e 4epe3 CMEIIAHHbI KPUCTAIUI, TAKAM 00pa3oM, BBO/ISI (PUKTUBHY IO
CAMHIYHYIO SYCiKY B CMEIIaHHyI0 peiieTKy. A B padore B wmozaemu (ITpocuukos, 2016) mokaszaHo,
YTO CYIIECTBOBAaHME KJIACTEPOB B CTEKIOBHIHBIX  XaJBKOTCHHIAX TOAABIIIOT  TPOLECCbI
(OTOMHITYKITHH.

o=

Puc. 4. Pamanosckue cnexkmpul u coomsemcmsytoujue ¢pononnvie wacmomst 05 Bi, (Te-Se), (0 5 x
5 1). a) Pamanoeckue cnekmpul (no HYy1€80U OCU OPpOUHAM CMelujeHbl MmouKu), 0) poHoHHbIE
yacmomol 8 3a8UCUMOCHIL OM COCMABA.

Kak BiiHo 13 prc 4. PaMaHOBCKKE CIEKTPBI M COOTBETCTBYIOIIVE (DOHOHHBIE 4acToThI it BhTez75€e0 3
TPYBE/ICHRI B TaOIMEe 2.

DKCTIEpUMEHTAIILHBIC ~ 3aBUCHUMOCTH BO BCEX FWCCJICIOBAHHBIX TBEPABIX pacTBOpax
CHPSMJIIFOTCS. B KoOpAuHaTax a2—hv. DTO CBHAETEILCTBYET O TOM, YTO B UCCJICIOBAHHBIX TBEPIIBIX
pacTBopax Ha nopore Mesk3oHHoro norjomeHus npu T = 300K peamm3yroTcst npsiMbIe pa3pellieHHbIe
onruyeckue nepexonnl. (Betic, 2012, c. 2053).
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Puc.5. UK- cnexmp BiyTe, 71Seq 3. 1€cuposanioco nukeiem cnekmp nponycKkanus C1oucmoz2o
meépoozo pacmeopa BiyTe, 1Seq 36 6uoumotl u 6.audxcr el ungpakpacHoil wacnsx cnekmpa,
moawunotl lcm, necuposantnozo 1- mun. (kpacmoiii), 2- MuH. (3eyenvlil), 3-MuH. (CUHULL).

Ha picyHke BmHbl TOJIOCHI TODIONIEHWS B CHHEM W 3€JICHOM YaCTsAX CIEKIpa M Y3Kas JIMHUSA
TONOMICHYST HA JUIMHE BOMHBI 694 HM- JymHe BOHBI minydeHrs. [lpp mBkux dacrorax or 200-320- wM
KOX(UIMKET TPOIMyCKaHKS Y/BTpadHoNeTOBBIX Jlydel COOTBETCTBYET 2 - 8% MPOLHT.

Koarimker mporyckanmst B oomactu 400-900 xapakrepusyrorcsi Nrocod NOMOmeHus ¢ mkamu 590
m -1694 cv®, 710 mm -1408 cm? 836 mm -1196 cml DTH KK TOIOIIEHNST COOTBETCTBYIOT OIMTHYECK O

Morie Alzg. [ 11829 cm!B mrdpakpacHOi 00JACTH XapaKTepBYeTCsl M COOTBETCTBYET OIMTHMECKONH MO

BiyTe,7Seqs<Ni> nervpoBaHHOTO HUKETIEM.

Tabmagp 2
CocTasn 1 2 1 2 1 2 1 2
Ang Alg Eg Eg Alu Alu Eu Eu
Bi,Te, 7Seq 3 60,47 139,54 - 106,98 94 - 39,54 -
169,77
Bi,Te, 7Sep s<Ni> 118,29 - 83,3 - - 31,65 -
138,29 46,65

U Tak crorcThie coeiuHeHHS TBEPIBIX pacTBOpPoB Bl Te, 7S€p 3 Obun m3ydeHsl MeTonamMu Pamana,
HK- crieKTpocKOnmMu ¥ peHTTEHOBCKOW JTU(DPAKITIH.

3. OcHOBHBIE pPe3y/IbTaThl H BHIBO/IbI
1 OOHapykeHbl OCOOCHHOCTH, CBS3AHHBIE C HAMUVEM YIOPSIOUCHUST B JICPEKTHHIX — TIOSHIIHISIX.

3aperucTpUpOBAHHbIE WIEKTPOHHBIE TEPEXOIbl B OOJACTH TIONTBEPKIAIOT KOOPIMHAIIMOHHBIE OCOOCHHOCT U
woroB NP,

2. Mk 11829 cm! B wmHppakpacHOH 00JacTH XapaKTEpUCTHYECKass M COOTBETCTBYET
ornrudeckoir moze BiyTep 7S€0 3<Ni> ierupoBaHHOr0 HHKEJIEM.
3. 3atyxanue onrudeckux Moxm Ailg , E g2 u mosBienne HOBBIX (oHOHHBIX Mox Elu , Ajlu

MOKa3bIBACT POJIb YBEJMUCHHE (DOHOHHOTO TOMJIOIICHUS CBeTa B kpuctammax BiyTe, 7Seqs<Ni>
JIETUPOBAHHOTO HHKEJIEM.
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XULASO

Sevinc 9zimova
Nadir Abdullayev
FONON DINAMIKASI, LAYLI KRISTALLARDA Bi2Te2.7Se0.3<Ni>

Layl Bi2Te2.7S¢0.3 <Ni> monokristallar1 genis spektral diapazonda Raman sapilmo vo

spektroskopiyadan istifado etmoklo todqiq edilmisdir. Fononlarm dinamikasi Gyronilmis, defektlordo
yerlosmis diiziiliiglorin -~ miisahidosi ilo bagh xiisusiyyotlor askar edilmis, elektron kecidlor Ni2+
ionlarmm koordinasiya xiisusiyyatlorini tosdigloyir.

Acar sozlar: IQ absorbsiyasi, Raman sapilmosi, fonon tezliklori.

SUMMARY
Sevinj Azimova
Nadir Abdullayev
PHONON DYNAMICS, IN LAYERED CRYSTALS Bi2Te2.7Se0.3<Ni>

Layered Bi2Te2.7Se0.3 <Ni> single crystals have been studied in a wide spectral range by Raman

scattering and spectroscopy. The dynamics of phonons is studied, the features associated with the
presence of alignment in defect positions are revealed, and electronic transitions confirm the
coordination properties of Ni2 + ions.

Key words: IR absorption, Raman scattering of light, phonon frequencies.
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