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I.LISHCHI DASTUR

KIRISH
Dastur O‘zbekiston Respublikasining 2020-yil 23-sentyabrda tasdiglangan

“Ta’lim to‘g‘risida”gi Qonuni, O*‘zbekiston Respublikasi Prezidentining 2020-yil
3-dekabrdagi “Iqtidorli yoshlarni saralab olish tizimi va akademik litseylar
faoliyatini takomillashtirish chora-tadbirlari to‘g‘risida”gi PQ-4910-son hamda
Vazirlar Mahkamasining 2022-yil 1-iyundagi “Akademik litseylar rahbar va
pedagog xodimlarining uzduksiz malakasini oshirish tizimini joriy etish
to‘g‘risida”gi 296-son Qarorlarida belgilangan ustuvor yo‘nalishlar mazmunidan
kelib chiggan holda tuzilgan bo‘lib, u zamonaviy talablar asosida malaka oshirish
jarayonlarining mazmunini takomillashtirish hamda akademik litseylar pedagog
xodimlarining kasbiy kompetentligini muntazam oshirib borishni magsad giladi.

Dastur doirasida berilayotgan tayanch modullari mavzulari orqgali akademik
litseylarda faoliyat olib borayotgan pedagog xodimlarning borlig haqgidagi
garashlar evolutsiyasini o‘zlashtirish, yulduz turlari va ularning evolutsion
bosqgichlarini o‘rganish, astrofizik kompakt gravitatsion ob'ektlardan foydalanish
darajasini oshirish hisobiga ularning pedagogik mahorat va kasbiy kompetentligini
muntazam takomillashtirish bilan birgalikda pedagog xodimlarning ehtiyojlari
asosida tanlab olingan tanlov modullari bo*yicha bilim, ko‘nikma va malakalarga
ega bo‘lishlari ta’minlanadi.

Modulning magsadi va vazifalari
Modulning magsadi pedagog xodimlarning o‘quv-tarbiyaviy jarayonlarini
yugori ilmiy-metodik darajada ta’minlashlari uchun zarur bo‘ladigan kasbiy bilim,
ko‘nikma va malakalarini muntazam yangilash, kasbiy kompetentligi va pedagogik
mahoratining uzluksiz rivojlanishini ta’minlashdan iborat.
Modulning vazifalari

- pedagog xodimlarning kasbiy bilim, ko*nikma, malakalarini uzluksiz
yangilash va rivojlantirish;

- pedagoglarning zamonaviy talablarga mos holda akademik liseylardagi
o‘gitish sifati va samaradorligini ta’minlash uchun zarur bo*lgan kasbiy mahorat
darajasini oshirish;

- 0“gitishning innovasion texnologiyalari va ilg‘or xorijiy tajribalarni
o‘zlashtirish hamda ulardan o*quv jarayonida samarali foydalanish ko*‘nikmalarini
shakllantirish;

- 0“‘quv jarayonini ilm-fan va ishlab chigarish bilan samarali integrasiyasini
ta’minlashga garatilgan faoliyatni tashkil etish.



Modul bo‘yicha tinglovchilarning bilimi, ko‘nikma va malakalariga
go‘yiladigan talablar
“Fizika va astronomiya” modulini o‘zlashtirish jarayonida amalga

oshiriladigan masalalar doirasida:

ekompakt ob’ektlarning turlari va ularni kuzatish imkoniyatlarini;

ekompakt obyektlarning shakllanish bosgichlarini;

eyulduzlarda moddalarining shakllanishi va ularning koinot bo‘ylab
tagsimlanishini bilishi kerak.

Tinglovchi:
ekompakt ob’yektlar atrofidagi magnit maydonini o‘rganish;
eneytron yulduzlar va oq mittilar hagidagi tushunchalarni farglay olish;
egalaktikamiz markazidagi gora tuynuk va uni kuzatish:
eastrofizikadagi kompakt ob’ektlar va gravitatsion to‘Iginlarini tahlil etish;
eastrofizika nuqtai-nazaridan gravitatsion kollapsning turlarini farglash va
amaliyotga tatbiq etish ko‘nikma va malakalariga ega bo‘lishi lozim,

Tinglovchi:
e olamning rivojlanishidagi hal qiluvchi bosqgichlaridan aniq ma’lumotlar
olish;
e astrofizika nuqgtai-nazaridan yulduzlarda kechadigan jaryonlarni tahlil etish,
baholash va umumlashtirish kompetensiyalariga ega bo‘lishi lozim.
Astrofizik kompakt gravitatsion ob’ektlarni o*qitishda ilg“or xorijiy
texnologiyalardan foydalanish moduli bo‘yicha soatlar tagsimoti

Tinglovchining
0‘quv yuklamasi, soat
Auditoriya
_ 0‘quv yuklamasi
Ne Modul mavzulari a jumladan
wn
S| E| R |E
T ) zZ <
1 | Kompakt ob’ektlarning turlari va  ularni
o : : 2 2 2
kuzatish imkoniyatlari.
2 Qora tuynuklar. 2 2 2
3 | Neytron yulduzlar va oq mittilar hagidagi
: . 2 2 2
tushunchalarni farglay olish.
4 | Astrofizika nuqgtai-nazaridan  gravitatsion | 2 2 2
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kollapsning turlarini farglash.

Jami: 8 8 4 4

NAZARIY MASHG‘ULOTLAR MAZMUNI
1-Mavzu: Kompakt ob’ektlarning turlari va ularni  kuzatish
imkoniyatlari.
Kompakt ob’ektlarning turlari va ularni kuzatish imkoniyatlari. Akkretsion
disk. Kompakt obyektlarning shakllanish bosgichlari. Kompakt ob’yektlar
atrofidagi magnit maydon.

2-Mavzu: Qora tuynuklar.
Qora tuynuklar. Qora tuynuk tasviri. Aylanuvchi va aylanmaydigan qora
tuynuklar. Yulduz tipidagi va o’ta og’ir qora tuynuklar. Galaktikamiz markazidagi
gora tuynuk va uni kuzatish.

AMALIY MASHG‘ULOTLAR MAZMUNI
1-Mavzu: Neytron yulduzlar va ogq mittilar hagidagi tushunchalarni

farglay olish.

Neytron yulduzlar va og mittilar hagidagi tushunchalarni farglay olish.
Kvazarlar, pulsarlar, magnitarlar. Astrofizikada mavhum ob’yektlar.

2-Mavzu: Astrofizika nuqtai-nazaridan gravitatsion kollapsning turlarini
farqglash.

Astrofizika nugtai-nazaridan gravitatsion kollapsning turlarini farglash.
Olamning tezlanish bilan kengayishi. Qorong‘i materiya va gorong‘i energiya.
Astrofizikadagi kompakt ob’ektlar va gravitatsion to‘lginlarini tahlil etish.
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Il. MODULNI O*QITIShDA FOYDALANILADIGAN INTERFAOL TA’LIM
METODLARI.

“SWOT-tahlil” metodi.

Metodning magqgsadi: mavjud nazariy bilimlar va amaliy tajribalarni tahlil qilish,
tagqoslash orgali muammoni hal etish yo*llarni topishga, bilimlarni mustahkamlash, takrorlash,
baholashga, mustaqil, tanqidiy fikrlashni, nostandart tafakkurni shakllantirishga xizmat giladi.



S — (strength)

¢ Ky4JId TOMOHIIapHu

W — (weakness) * 3au(, Kyucu3 TOMOHIapH

O — (opportunity) * IMKOHUATIApU

T — (threat) * TYCHUKIIap

Namuna: Koinotni katta portlash natijasida yaratilishi, inflyatsiya jarayoni.

Fundamental o*zaro ta’sirlar SWOT tahlilini ushbu jadvalga tushiring.

Koinotni katta portlash natijasida yaratilishi,
inflyatsiya jarayoni. Fundamental o0‘zaro
ta’sirlar foydalanishning kuchli tomonlari

Ushbu nazariya yordamida koinotning
rivojlanishini 4 ta fundamental o‘zaro
ta’sir kuchlari yordamida tushuntiriladi.

Koinotni katta portlash natijasida yaratilishi,
inflyatsiya jarayoni. Fundamental o*zaro
ta’sirlar foydalanishning kuchsiz tomonlari

Xozirigi paytda eksperimentda
tekshirish imkoniyati yo‘q.

Koinotni katta portlash natijasida yaratilishi, | Fizikaning gonunlarini 0‘zaro
inflyatsiya jarayoni. Fundamental o‘zaro bog“ligligini ko‘rsatadi.
ta’sirlar foydalanishning imkoniyatlari (ichki)
To*siglar (tashqi) Nazariyaning ~ matematik  apparati

murakkab.

“Xulosalash” (Rezyume, Veer) metodi

Metodning magsadi: Bu metod murakkab, ko‘ptarmogli, mumkin gadar, muammoli
xarakteridagi mavzularni o‘rganishga garatilgan. Metodning mohiyati shundan iboratki, bunda
mavzuning turli tarmoglari bo‘yicha bir xil axborot beriladi va ayni paytda, ularning har biri
alohida aspektlarda muhokama etiladi. Masalan, muammo ijobiy va salbiy tomonlari, afzallik,
fazilat va kamchiliklari, foyda va zararlari bo‘yicha o‘rganiladi. Bu interfaol metod tanqidiy,
tahliliy, anig mantiqiy fikrlashni muvaffaqgiyatli rivojlantirishga hamda o*quvchilarning mustaqil
g‘oyalari, fikrlarini yozma va og‘zaki shaklda tizimli bayon etish, himoya gilishga imkoniyat
yaratadi. “Xulosalash” metodidan ma’ruza mashg‘ulotlarida individual va juftliklardagi ish
shaklida, amaliy va seminar mashg‘ulotlarida kichik guruhlardagi ish shaklida mavzu yuzasidan
bilimlarni mustahkamlash, tahlili gilish va tagqoslash magsadida foydalanish mumkin.




MeToaHu amaJjira OIUMpHII TAPTHOM

TPEHEP-YKUTYBYH UIITUPOKUYUIIAPHUA 5-6 KUITUIAH HOOpaT KUIUK
rypyxJjapra axxparaju;

TPEHUHT MaKCaJu, IIapTJiapy Ba TapTUOW OMIIaH UIITUPOKYUIAPHU
TaHULITUPray, Xxap Oup rypyxra yMyMuii MyaMMOHHU TaxXJIWJI KWIHMHUILINA
3apyp OViraH KUCMJIapH TYHIMPWITaH TapKaTMa MaTepuaiapHu

xap Oup rypyx y3ura 6epuiran MyaMMOHHU aTpoduirda TaxJInuia KUiuo,
¥3 Mys0Xa3ajgapuHu TaBCHs dTHUIAETraH cxeMa Oyiinya TapkarMara €3ma
0aH KuiIaay,

HaBOaraaru 6ockuyaa Oapya rypyxJjap y3 TaKIuMOTIapUHH
yTkazaaunap. [llyHaan CyHT, TpeHep TOMOHUAAH TaXJWJIap
YMYMJIAIITUPUIAIN, 3apYPHUI aX00poTap OMIaH TYIAUPUIAIN Ba MaB3y

Namuna:



“Assesment” metodi
Metodning magsadi: mazkur metod ta’lim oluvchilarning bilim darajasini baholash,

nazorat qilish, o‘zlashtirish ko‘rsatkichi va amaliy ko‘nikmalarini tekshirishga yo‘naltirilgan.
Mazkur texnika orgali ta’lim oluvchilarning bilish faoliyati turli yo‘nalishlar (test, amaliy
ko‘nikmalar, muammoli vaziyatlar mashqi, giyosiy tahlil, simptomlarni aniglash) bo‘yicha
tashhis gilinadi va baholanadi.

Metodni amalga oshirish tartibi:
“Assesment” lardan ma’ruza mashg‘ulotlarida talabalarning yoki gatnashchilarning

mavjud bilim darajasini o‘rganishda, yangi ma’lumotlarni bayon gilishda, seminar, amaliy
mashg‘ulotlarda esa mavzu yoki ma’lumotlarni o‘zlashtirish darajasini baholash, shuningdek,
0°‘z-0°‘zini baholash magsadida individual shaklda foydalanish tavsiya etiladi. Shuningdek,
o‘gituvchining ijodiy yondashuvi hamda o‘quv magsadlaridan kelib chigib, assesmentga
go‘shimcha topshiriglarni kiritish mumkin.

Namuna. Har bir katakdagi to‘g‘ri javob 5 ball yoki 1-5 balgacha baholanishi mumkin.

-y
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IHL.NAZARIY MASHG*ULOTLAR MAZMUNI.
NAZARIY MASHG‘ULOTLAR MAZMUNI

1-Mavzu: Kompakt ob’ektlarning turlari va ularni kuzatish
imkoniyatlari.

Kompakt ob’ektlarning turlari va ularni kuzatish imkoniyatlari. Akkretsion
disk. Kompakt obyektlarning shakllanish bosgichlari. Kompakt ob’yektlar

atrofidagi magnit maydon.
1. FOnay3napHUHT CYHUIIN Ba KOMIAKT OOBEKTIAPHUHT a0 OVIuimm

2. Ok MUTTHIIAp, HEUTPOH FOJITy3J1ap Ba Kopa TyHHYyKIap.
3. MarepusHUHT SHTY MIAKJUTapH: KOPOHFU MOJ1a Ba KOPOHFU SHEPIHUs.

4. I'paBUTAlIMOH TYJIKHHIIAD.
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Tasinu néopanap: ox Mummunap, HeUmpoH 110y31ap, Kopa MyUHYKIAp, KOPOH2U
mamepusi, KOpOHEU IHepeUsl, 2pasumayuor myaKuHIap.
FOaay3/apHUHT CYHMIIIM BA KOMNAKT 00bEeKTJIAPHUHT NMaii10 Oy 1uiu
Kopa Tylinyknap — Oy (a30-BaKTHHUHI LIyHJAal COXACHKM, KyWIM I'DaBUTAllMOH MaiJ0H
Xpcobura y epHM XarTo EpyFiMK TE3NUTua XapakaTJIaHYBUYHM 3appajiap, LIYHUHTIEK EPyFIMK
KBaHTJIApU XaM TapK 3Ta oiaMmanauiaap. Ymly COXaHMHT uYerapacu Xojucaiap TOpU30HTU Ae0
aTalagy, YHUHI YI4aMHM 3ca TPaBUTALMOH pajuyc AeWniIaad. DHI coaja Xojijga — CQepuk-
CUMMETPUK KOpa TyHHyKJIap yuyH ymOy Yymuam IlBaprmmmnsn paauycura TteHr. Hazapwuii
xKuxaTnaH OyHJIall OOBEKTIApDHUHT MaBXyMAJIUTH DUHINTEHH TEHIVIaMaJIApUHUHT 0ab3U aHUK
eurMJIapy TOMOHUIaH KenuO uukanu. bynnait eunmnapuunr Oupunuucu Kapn IlIBapummmnb
TomonuaaH 1915 inmm Tormumnran?,

3amoHaBUi (paH Ou3ra CYHyBUM MacCUB IOJIy3/1ap OwiiaH OOFJIMK KYNI'MHA XalHpaToMyc
XOJuCaIapHU TQHUIITUPAAU. YIApHH MWUIMOH WWUlap JaBOMUAa cakiad Keyra
EHWIFUCUHUHT eTapiy OYiMail KOMUIIM OUJIaH 10Jy3 OPTUK MYBO3aHAT XOJIATHHH cakjad KoJa
OJIMalIM Ba Y3 OFUPIUTH TabCUpPUAA MapKa3u TOMOH CHKWIAIW, SbHU KOJUIANCra ydpaiau.
Wucon xaérura yxmabd rongys3nap XaM Y3WHHUHT slIall OUKIWra sra. Yiap 4aer OyniyTiapuia
TYFUJIQAM, YCaJud Ba MHJUIMOH HWIap EpyFiuk cound mapnanaau Ba ynaau. IOnmy3 Y3uHUHT
JacTiabKu OOCKUWIapuaa XOCHI OYIraH BOAOPOAIaH, KEHUH OOCKUUIap/ia TeIUiIaH Ba HUXOST
OFUp JJIEMEHJIapJlaH uOopaT MYKM EHWIFUCU XucoOura EpyFJIMK codaau. Xap Oup 1oiays
Y3UHUHI MapKas3ra TOPTYBUM TIpaBUTALMSCH Ba yHra Kapama Kapluu HyHajauliapJard WYKd
6ocuM Kyuiapu OnWiIaH MyBo3aHaTra sra. by MyBo3aHaT €HWIFM TeMHpra ailaHaJuraH BaKIraya
cakyiaHaau. ['paBuTanus 0ocuM KywiapuaaH KaTTajamail Ba I0JIIy3 CUKUIa OoLuTaiu.

OK MUTTHJIAP, HEUTPOH K0JIAY3J1ap Ba KOPa TYHHYKJIAp.

MabiiyMKH, F0JITy3 SHEPrus 3axupacu Kyjaa Karra Oynummra Kapamaid Oy
SHEPrus BaKT YTUIIM OMilaH 00CKUUMa-00CKHUY sipokcu3ziammo 0opanu. HOnnysnap
XYyJITA MHCOHJIApTa yXIIad siraaun, Kapuiau Ba Ynaau. YJIapHUHT SIIall BaKTH-
naijio OynaraHujgaH TO SApPO EHWIFM pecypciapu woiay3 OViaumb Hyp couub
TypuIIura erapiu OynaMail Kohuimiudrada OViarad BakTtaup. by BakT Xxap Oup
IOJITy3HUHT Maccacura OOFnmuKaup. XyCycaH, dHT SKUH IOJay3- Oy S5 MuIuapn

Humiapaan Oepu g1po CUHTE3U XKapa€HU XHUCOOMTa XO3UpAa Y3UHUHT aKTUB

O6ocknunna 6ynran Ky€minup Ba yHUHT EHUIIFHM 3aXUpacy siHa S MIJLIHAP] Huira
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eranu > . Kyém V3 énunrucunm capduab TyraTaétran OOCKHMYAA Y3HMHHHT
rpaBuTanuscu xucoouaan Ep caii€pacu ymuamujaH karra OyaMaraH yimyamrada
cukuiaau. bynHaa 'y  xocun  OynaraH  anekTpoH ra3  Oocumu  OuiiaH
MyBO3aHaTJIallTaHAaH CYHI CUKWIHIIJIaH TYXTab OK MUTTHUTra aiinaHaad. Maccacu
Kyém maccacumpan 3-5 mapra karra O6ynaran FOnmysnap ¥3 ympuHu Oomikaya-
HEUTPOH IOJAy3/apra awjgaHTaH Xojja SKyHJaWau, OyHIa TpaBUTAIMs IIyHIAN
KYUYIUKH DJICKTPOHJIAPHU aTOM SIIPOCUTA KOUIAITUPaAu. DHIU UUKKU OOCUM Kydd
ANIEKTPOH Ta3 OocuMu sMac OalKku HEUTpOHIAp OOCMMHU XHMCOOWTa TpaBUTAIUSA
KywiapruHa MyBo3aHatiaaiiau Ba 10 km raga cukunubd Gopamw.

SHana OFUPpPOK Ba KYMNPOK BOJOPOJ EHUIFM 3axupacura sra OyiraH
I0JIJTy3J1ap Ky4Id TpaBUTALMS KyWIapy TabCUPH OCTHAA Te3 €HAJU Ba SIALI BaKTH
XaM KuCKa Oymaau. Maccacu xuxaTiaaH WMpUK OYJIraH roJiaysjiap TOM MabHOAA
Oup HeYa MWJUIMOH WHJI JaBoMuaa “€HuO Typanu”, maiiia roimysnap 3ca 1031a0
MUUHap] Wuutap naBomuaa “smanau”’. [lysmait sxaH, 0y mMabHOIA OWU3HHUHT
Kyém “mycraxkam ypra” JIMKKa KUpau.

Hazapwuii >xuxaTiaH roimy3fiap AacTia0Ku maccajapura OOFIHMK XOJiaa y4
XU KYpUHHUIIAA Xa€TUHU sKyHmaau: 1. Arap 1ojay3 SAPOCHHUHT JAcCTIa0KU
maccacu Yanapacekap derapacu jae0 arajgamuran (taxmuHan) 1.4 Kyém
MaccacuJiaH KMYMK OyJica KMCKA BaKT KU3WJI TUTAHT XOJIATH/IaH KEHUH OK MUTTHTa
aiinanagu. OK MHUTTH XO0JMJa OWp Keya MWUIMOH HWIap smad COBYK Kopa
MUTTHUTA, S’IhPHU XaKUKUA KOCMUK VMK KUCM- I0JY3HUHT Mypjacura ainanamnu. 2.
Arap 10J1y3HUHT JacTia0ku Mmaccacu Yanpapacekap derapacuaad omub Boskos
yerapacu ae0 atamamuran tTaxmuHaH 2-3 Kyé€m maccacupman karra 0yica, sapo
CHWIFUCUHUHT aCOCUM KMCMHU KaMaWWIUAaH KEHUH OHJIEKTPOH Ta3HUHT O0OCHUMU
KapIIWJIMK Kuja ojMarad rpaBUTalMs KydJapyd TabCUPH OCTHJA TAIIKWA KaTJIaMH
IOJITy3HUHT Mapkasura Ttymaau. byHuHT Hatmkacuaa ronmay3 xaxmu 100000
MapTa KaMasiii, YHUHT ypTaya 3UWINIY [IyHYa MapTa OpTajau, paanyCcH 3ca aTUTH
10xkm atpodwmma OYymamm. Jlesapiaum mry OwmimaH Oupraivkaa IOAAY3HUHT YCTKH

KaTiaamu nopriaam Hatmkacuaa 10 000 km/c TapTuOuaaru kaTTa Te3IUK OUIaH Xap
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TOMOHTa OTWJIMO KeTaau. by xoauca Mapkasujia HEMTPOH IOJIAY3 XOCHI OYJIMIIH
OMIaH SKYHJIaHYBUM YTa SHTH FOJY3HUHT TOPTIAIIMAEK Ky3atuaaams. by Xuroii
Ba fnoH Tapuxuna aituo® ytunran 1054 iunga xo3upia mapkasuga HEUTPOH
10J11y3 >koinamrad KpaGopua Tymannuru ypHuaa EpKUH IOJIYy3 KaOu spKupao,
UKKHM XadTa gJaBOMHJA XaTTOKU KyHAy3JIapu xam KypuHuO typrad. 3. Komnancra
yupaéTrad FOJy3HUHI MaccacH KaHJalaup KPUTHK KuiiMatinaH karta Oyica (3
Ky€m maccacunman) rpaBuTanus IIYHYAJIUK KarTta Oynaauku OyHHM Xed Hapca
TyXTara onManau. ['paBuTanus KydjaapH FOJIy3HU TAIKWI KATYBYH MOJJIAJapHU

HryHjai cukub 6opaauku OyHAa OJITy3 YIIYaMy SHT KUYMK yiyamradya Kudpasiu.
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1-pacm. Kopa TyiHyKJIapHUHT pacMiiapu.

By ydana xoMmakt oObeKTIap OAUHN IOJAY3/ap/aH UKKUTa (PyHIaMeHTas
Ooenrm OunaH QapknaHaau. bupuHumpan, saapo EnHuwiarucuHu capdiad ynap
TPaBUTAIMOH KOJUIATICTa TEPMOJIMHAMUK OOCUM XUCOOMIAH KapIIMIIUK KypcaTaH.
OK MUTTWIAp T'PaBUTALMOH KOJUIAICra 3JEKTPOH ra3 0ocuMH OWJIaH KapLIWIIUK
KWIaau, HEUTPOH [Ofy3nap- HeWTponsap O6ocumu Owmian. Kopa TyiHykmap sca-
V3UHUHT TPABUTAIMS Ky4wIapura KaplIHJIMK KUjia OJIMac/iaH ssHOTa OMp HyKTarada
cukuinO Ooprad. VYuana KoMnakt oobekTinap KomHOTHUHT €mu TapTubuaaru
JTaBpAa TYpFyH OOBEKTIap XHMCOONMAaHWAU. YJApHU IOJAY3JTapHUHT JHT OXHUPTH
Oockuuugara OO0BEKT Je0 XucoOJsialml MYMKHH. NxxkuHum  dapku- omauit
Y3MapyUHUHT Maccacu TapTHUOMJAru HOJAY3JIapHUHT Yidamiapura HucOaTaH aH4a
KUYMKJIATU AP,

By yuana ronay3mapHUHT OXUPTH OOCKUYMAAru OObEKTIapIaH SHT OMPUHYHU
Oynu0 OK MUTTHJIAp aCTPOHOMHMK Ky3aTHILIAp HaTwkacuaa Tonwiradn. OK MUTTH

Taxpubana acTpoHomsiap OyHAAW IOJTYy3 KaHJal KWIUO HYp COUMO TYpHUIIIMHHA
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TYIIMHUAAH OJauH Tormmiarad. 1914 #imnm aMepukalivK acTpoHOM Ajamc
OCMOHMMU3/IAry 3HT EpKUH 101y3 Oyiaran CupuycHudr uynnomu Cupuyc B HUHT
CHEKTpUHM aHanu3 Kuiaa€tud rokopu xapopatra - CupHyc HOJNTy3UHUHT
XapopaTura sikuH Xapopartra sra Ba Maccacu Kyé€m maccacu taptubuna 0yiica xam
pamuycu Ep paguycuian KMYMK Jera Xyjocara Keaaiau .

Hetitpon ronmy3napu Tapuxu 3ca akcuu4va, 1934 iiun baane Ba IlBukku
HEUTPOH IOJAy3/1ap —IOKOPU 3WWIMKKA, KHYMK paadycra Ba OOlIKAa OAauid
I0Jiy3apra HucOaTaH KywIM TpaBUTanusira sra OYyiraH IOJAy3Jap FOSICUHU
takiud kKuinaau. HelTpoH ronaysnap aciujia acTpoHOMJIAp TOMOHHMJAH Kaiid
STUWITYHTA KaJap Ha3apau€Tuuiap TOMOHHJIaH OUp acp OJAMH KajlaM yuyuja Kaiid
KWIHHTaH. YaapHUHT acTpOHOMHK Ky3aTyBiapja TONWIHINK OyHYAIHK
KEUMKHUIIMHUHT cababu Te3 opaau TYJIUK TYWUHApAd OYiad. Arap KOCMHK
KUCMHHUHT panunycu 10xkM Oyica XaTTOKM yHraua macoda SHT SIKMH IOJay3rada
(Ky€mman Tamkapu ) macodara (10 épyrnuk ¥umm) TeHr Oyiaca XaM yHH 3HT
KYApaTid TEJIECKON EpaMuia XaMm Ky3aTUIll MyMKHUH 3Mac. Ba XarToku HEUTPOH
10JIy3rada Macoda MyMKUH Kajgap kuumk Oyica xam! ByHman kenu0 uukaavku
HEUTPOH HOJAY3JapHU ONTHUK yCyJjlap OujlaH Ky3aTHILUIap MYBO(aKKUATTa
YUYpauIu.

Ba O6upnan xytuiamarad Hapca coaup OViau: HEUTPOH 0JITy31apy TOMUIIIH.
VYrnap TaMoMaH KuAMpUIMaraH >KoMaH, u3jgamarad ogamiaap TOMOHUAAH TOMUJIIM.
1968 itnn ¢peBpamna mamxyp Nature wiamuit xxypHamu caxudanapuaa TaHUKIN
WHIJIN3 aCTPOHOMM XBbIOII Ba YHMHI' XaMKacOJlapu TOMOHUJAH IyJicapJapHUHT
Kam STUaMIKra OaruillJIaHTaH MakoJia maigo Oymanu. ACTPOHOMUSIHUHT XX
acpnaru SHr Oyrok kamduétu 1967 iimn KemOpumke YHuBepcutetn Manmmapn
paaunoacTpoHOMHK oOcepBaropusicuaa [[xocenun benn TOMOHUIAH OuYMiIraH Te3
ailllaHyBUM HEWTPOH IOJAY3Jap-MyJicapiapHUHr Kamid stuaumu Oynarad. by
myJicapiap paauo IUano30H/1a ypraumwiran®, Ynapauar ounuiny mwapadura e,

Onronn Xpronutapra 1974 v HoGen mykodorn 6epunan. Xoszuprada 2000 ra
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AKAH TIyJIcapjlap MabJlyM, KEWMHYAIMK IIyJcapiap PEHTIeH AUaro30HUAA Ba
KeMMHPOK (akar 1y Juano30oHAa KYypUHAAWraH ramma-myJjicapiap Xam
AHUKJIAH/IN.

HOnny3nu mynmail paguycraya cukuO Oopamm3ku, OyHna yHaaH (azora
EpyFiuk TapkrwiMaiiau. by pagnyc Bapummisa pagnycn aenunaau. Kyém yayH
oy 3 km atpodunma. Arap Ky€m xam 3 KM Ba yHJaH KMYHK yidaMrada CUKUJICA
épyriuk Hypsapu Ky€m Tamkapucura yuka onMaiiau. Kopa TyliHykra aiijaHran
ocMoH cxkucmiiapu KounoTna iykonu6 kermaiinu. Y ¥3uM Xakuaa TallKd ojamra
V3UHUHT TpaBUTALMSCK XUCOOUJAHTMHA MabIyMoT Oepanau. Kopa TyiiHyk
skuHUZaH yTraH Epyriukau totaau (y [lIBapummnbsa paauycuIaH KAYHK
Macodanapraya sIKMHJAlIca) Ba CHHOAH VYTaéTraH HyplIapHU Ce3HIapiiu
Macodanapraya or Iupajy.

Vra OFUp IOJAy3J7ap OK MHUTTH XaM HEUTPOH IOJIIy3 XaMm Oyia oiMaiiiw,
YYHKH YJIapHUHT WYKU OOCHUMIIApH IPaBUTALUSAHNA KOMIEHCALMS KUIIUIITa eTapiu
sMac. XaTTOKM OollKauya KYpuHUIIAArd Oocumilap Kydra KUpraH TakIupAa Xam
TpaBUTAIMOH KoJIIarc Oapubup Kaitmac OYynub KonaBepamau. ['paBuTtanus xai
KWIyBYM Kyd OVyiaaw, HaTWKala HOJAY3HUHT SKyHUE — xojartu (Xomucaniap
TOPM3OHTH OWJIaH VypajiraH CHHIYJIAp HyKTa) (akTruHa ODWHIITHEHTHHHHT
rpaBuTanus Hazapuscu €paamuaa €putmwianu. lyngail kummb, Kopa TyHHYKIap
KouHoTaaru >xyMOOKIM XycycusiTra 3ra OyiraH cupiu oObeKTIapAaH OupH.
Mabnymky, Kopa TyWHYK (a30-BakT cOXacHu AeWMIaAu, TpaBUTALUS MaiJIOHU
IIYHYAJIUK KYYJIMKH, XaTTOKU EpYFIMK XaM Oy coxaHu Taunuiad 4ukKuO Kerta
oJlMaiiii. By kucM yiyaMu Y3MHUHT T'PaBUTAlMOH YIIYaMUJaH KUYUK OYirannaa
comup Oynmaau. I'paButanmon paauyc Kyém yuyn 3xM, Ep yuyH sca 9mm
orpodpuga. A. DHUHIITEHHUHT yMYMHH  HUCOMIUIMK  Ha3zapusicu  Kopa
TYUHYKJIQPHUHT a)XaOTOBYp XyCYCHUATH-KOpa TYWHYK Y4YyH MYXUM Oyiras
XOoAucallap TOPU3O0HTM MAaBXYJUIMTHUHU Kypcatagu. Kopa TylHyK xoaucanap
FOPU30HTU MWYKApUCH TallKU Ky3aTyBuUMra KypHUHMaWI{, XamMma jKapacHiap
XoJlicanap ropu3oHTH Tamkapucuaa conup Oymamm. Iy cababman, xomucanap

TOPU3OHTHUTA IPKUH Tymaérran (pazorup 3XTumos1 TamomaHn Oomka KonHoTHH Ba
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XaTTOKHU ¥3 KeJaKaruHu XaM KYpHUIIM MYMKHH. By myHu Ounaupaauku, Kopa
TyHHYK W4Kapucuia ¢pazo Ba BaKT KOOpAUHATAJIAPHU Y3 YPHUHU aaMalITHUpPaId Ba
Ou3 Kopa TyHHYK nunja (Xoaucanap rOPU3OHTH WUKapucuaa ) ¢aszo Oyiinda smac
OaJIKy BaKT OYiunya caéxaT KujiamMus.

Kopa TtyiiHyknapHuHr OyHnail falpu OnOuN XYCYCHSITH KYIUYMIMKKA
IIYHYBKU (paHTacTHKa OYIMO Tylnaaau Ba yJIapHUHT MaBXKy/UIMTUra ury0xa naiao
Oynaau. AMMO IIYHM TabKUJJIall >KOM3KH, SHT SIHICH Ky3aTyB MabiIyMOTJapura
Kypa Kopa TYWHyKJIap XakakataH xaMm MaBxyn. Macanan, XXI| acp Oycaracuna
OM3HUHI TaJaKTUKAaMH3 Mapka3u3aa yrta orup, maccacu 4 wmwumoH Kyém
Maccacura TeHr OyJIraH Kopa TYWHYK MaBXy[JIUTH TONWIAH. by- Kopa TyHHYyKIap
Ba YJIAPHUHT XYCyCHSTJIApW W3JAHUIIUAATU SHTA OOCKUY KENJAW Ba SKUH
KeJnaxakaa ymoOy coxaJa WIMHA — TaAKUKOTIap  Cce3wsapiid  Japaxana
PUBOYKJIAHHMILTA SPULIHIIMMH3TA OJHMO KEJIUIIN KEPaK JIeTaHu .

[y ypunma Oupuaum HaBOaTaa Mamxyp (Gusuk, actpodus3nka Ba Hazapuu
du3mKa coxacuaa KynruHa €pkuH uiuiap myamuiudu, o6up Bakriap Mcaak HetoToH
Ba [lonp upaxnap paxOapmuk xuiaran KemOpumke YHuBepcutetu kadenpacu
ab3ocu CThBeH XOKHUHTHU TabKUAJNA0 YTHUIN KOU3. YHUHT W3JIaHUIUJIAPUHUHT
acocuii 00bekTH Oy Kopa TyWHYKIap (U3MKACUIUp. YHUHT acapiapu opacuja
“BakTHHHT KHCKAada Tapuxu KHTOOW SHI cojja Tuida (PU3HKaHWHT KUHUH Ba
10J13ap0 MyaMMOJIapUHU XaMMara TyIuHapiad Kuiauo €3uwirad. by XokuHr xakuaa
XamMMacu smac. Y KyJza orup kacai 0ynu0 yHUHT xo3upiaa ¢hakaTTuHa UKKUTA YHT
Kya1 OapMOKIapu xapakaTth cakigad KommHraH Ba oxupru 30 W JaBoMmIa
ranupuiigal xaM MaxpyM Oyiran. Y atpoduaaruiapu OuiiaH HyTK CHHE3aTOPH Ba
KomnbioTep €paamuna ramiamanu. IlyHra kapamacgan y ¢oan Ba JOXuHOHA
WIMHUN U3aHUILIap 0o 60pMoKIa.

1974 imnna CtuBen XOKMHT Kopa TYWHyKJIap arpoduaa BakKyyMaaH
3appajlapHUHT Maiao OynumM KypuO YMKaIuM. YHUHT XUCOONALUIapU ILIyHH
TabKUIJAWIUKA allaHyBUM KOpa TYWHYKJIap HypJiaHaad Ba Oy Kopa TyHHYK

alJIAaHUIIMHYA CEKUHJIAIITUPAAU. by HypraHHUII CIEKTPU MCCUKJIMK HYPJIAHUIIUTA
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MOC Kenuiuu auTtu® yraau. bupok HaTmkamap sipuM KJIAcCHK YCYJiJla OJMHIaH,
acnMjaa TpaBUTALMS MaWJIOHM YMyMUH HUCOMIUIMK Ha3apusCcu TEHrjiamanapu
OunaH, Kopa TYHHYK SIKHHUJArd BaKyyM KBaHJaHTaH MailIoH Hazapuscu OWiiaH
EPUTUIMIIY  KEpak ©° . Kymunnuk onumnap XOKMHI HWKKHWTa Ha3apuUsHU
Oupnamtupud xarora Hyn Kyitau ned xucobnamaau. Y HUHT Kopa TyHHYKJIap y4yH
OJITMH KaOys KWJIWHTaH Oapya KoHyHJapHu Oy3aau. KeitmHpok sca XOKHHT XaK
Oynu0 4YMKaauM Ba YHUHI HaTWKajapu STPUIaHTaH BaKT-(a30Jacuru KBaHJIAHTaH
MalOHIapHUHT KOHYHJIapU KYpUHUIIMAA pacMaH KoOyn kuinHau. Ly cababnan
IPaBUTAIIMOH, 3JIEKTPOMAarHUT Ba OOIlKAa TypJard HypJIAHMIILJIAPHU KBaHJIAHTaH
Maiiionnap ae6 Kapanaau. boikada cy3 OuiaH alTraHjaa TYJIKUHIAP KaHYaIUK
KBaHT MEXaHUKACH TeHIJIaMajapy OmiiaH EpUTUIMACHUH, yiIap Y3UHU OUp BAaKTHUHT
Vy3U/1a XaM TYJIKUH XaM 3appaeK TyTalu.

[IIyHuHT IEK, XokuHT XHCcOO0 KuTOoOMapu Kopa TyHHYKIaQpHUHT
HYpJAHUIIUHU XaM Kypcataau. [lopTmamigan xocun OynaraH ssHTH OOBEKT XKyJia
KM4HK Xapopatra sra 6ynamm (3*10® K nan kuuuk), Kopa TyHHYKHUHT CHKWINIIN
yayH 5ca 10% imnnan xynpox BakT kepak Oynany. CUKMIMII HATHKACHAA YHHHT
xapopatu omu0 Oopaau, HYpJaHUIUIAp XaM Kydasaud Ba “OyFJaHUIINA
Teznamand. HuxosT maccacu Oup Heua MWIUIMOH TOHHAaraya kKaMairaHujga Ba
YHUHT XOJKcajap TOPU30HTH PaJyCy aToM SAPOCH YIuaMura TeHr 0yiuo, y xkyaa
katTa (r031a0 Mmuwutron K) xapopaTtraua Ku3uidau.

XOKHUHI XMCOJIALIUIAPUAAH sHA LIYHU KYpUII MYMKHH. arap Kopa TyWHYK
TYJIHMK HYpJIaHUO KETCa, YHUHT XO0JIaTU TYFPUCHIA MAbJIYMOT y30KJaru Ky3aTyBUH
yuyH OyTyHnaii Hykomanu. By kmaccuk Hazapus noupacuaa Tyrpu. boinka
TOMHJAHKOpa TYWHYKHHUHT “OyFJIaHUIIN XUCOOWIAaH WYKOTUIITaH axOOpOT KBAHT
MEXaHUKACUHUHI  axO00pOoT  MaBXYyIJUTMHUHT  TYFPUCHIATH  YHUTAPJIUK
TaMOWWJINTA 3U]l Ba YHU aHMKJIAm KuiuH. Dapa3 KuIaiimk, Ou3ia UKKUTa YHT
KM3WJI TAWIOK Ba Yal KyK Mamok Oop. Arap Ou3 dYam KYK TaWMOKHUA KOpa
TyHHYKra Tanuiacak Ba KUMJIUP VHT KU3WJ MalMOKHU Ky(TUCU3 TONUO oJica Ba y

VImaauKy 4an Ku3Wi MaloKHU Kopa TyHWHYKra Tanuiaral 1e0 TaxXMUH KWJIaau
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SbHU MOJIOMUKH X€4 KaHJalh axOopoT Kopa TyHWHYKJAaH YMKUO KETOJIMac JKaH
Y30KJary Ky3aTyBud YHHHT MUM/1a HUMA OOpJIMIMHM Ouia onMaiian®.

[yngait kunub, Kopa >KUCMHUHT HYPJAHUIIN YHUHT WYKUA TY3WIHIIA
TYFpUCcHAa X4 KaHJail ax0opoT 0au0 YMKMaiiau, 1eMak XOKUHTHUHT KaliQueéTu
XaM Kopa TyWHYKra TymwuO KOJTaH XHUCM XaKujaa Oupop Hapca OWIMITUMHU3TA
épnam Oepa onmaiinu. bomka cy3 Ounan aiftranga, XOKUHT TakuaIagTrad Kopa
TYWHYKHUHT HYPJIQHUIIU YHUHT WYKM TY3WIHIIA TYFpUCHAA OU3ra MabiyMOT
oepmaiinu. by XOKMHT TOMOHUZAaH KUPUTUIITAH aXOOpOTHU WYKOIHII IMapaoKCh
nevnnany. Y UIyHHW TabKUAIaiauky, 0u3HuHr KonHoTnan ax060poT iyKoiaap 3KaH
Oolka >xoiaa naigo Oynaau. JIekuH, KBaHT Hazapusicura OMHOAH KOpa »KUCMra
IOTUITaH ax6opoT Tyna iyKonaau™.,

Xynoca ypHUJa IIYHA TaKUJJIAIl )KOU3KH, Kopa TyHHyKIap— y3ujaa kymiad
cuHoat sAmupud kenaétraH KomHOTHHHT XyMOOKIM oObekTinapuaup. Kymruna
O0axc Ba MyHo3amapra ca®a0d OymaérraH Kym COHJIM TapaJoKCc Ba MyaMMoJjapra
KapamacJaH WIIOHY OWJIaH aWTHUIl MYMKHHKH XO3UpAa »aBoOCH3 KOJIAETraH
caBOJUIap KeJakakia ¥3 >KaBOOWHU TOTIA/IH.

MaTepnmer SIHI'M HIAKJIJIAPpHM. KOPOHFHU MOAJa Ba KOPOHIFHU JHEPIrusl.

XX| acpma kocMmonorusija peBONONMOH Kamiuérmap pyi  Oepau.
Anuknannimmya KowHoTAaaru Y3ujgaH dJIEKTPOMAarHUT HYPJIAHUII TapKaTyBYH
(bapuon Mopmmanap) KOMHOTHUHT Oop ¥Hyru 4% wWruHa TamKWI STapKaH.
KonnoTHuHT 21% WHU X03upaa KOPOHFH MOJ1a 1e0 HOMJIaHYBUYHM Ba Y3WHM (akat
IPAaBUTALIMOH ¥3apo TabCUpiap/ia HAMOEH STYBUM HOMAbIyM MOJJa TaIlllKHWII
sTapkaH. Ym0y Mojja TaJakTUKalapaard IOJAY3JIapHUHT TrajakThKa MapKasu
atpoduaa ailaHUII YU3UKJIM TE3JIMTUHU TAJIKUK STHUII HATHXKACHUJla aHUKJIAHTaH.
Koponru moaia 6ynMaran Mojesiap 1oiay3iap xapakatu Kernnep KoHyHUra Kypa
raJlaKTUKa MapKa3ujaH y30KJAIlraH Capu yJIAPHUHT YM3UKIW TE3JUTH KaMmainO
Ooopumn kepak OVynrad. KysaTyBnap 5ca TajllakTUKaJaH Y30KJallraH capu

IOJITy3IAPHUHT YM3HUKJIU TE3JIMTM KaMalMail Oallku acta CEKMH OopTHUO Oopwuiiu

19



Ky3aTWiau. by ramaktukanapjaa Kysra KypuHMadmurad —(SeHU  Y3uJaH
JIEKTPOMArHUT HYPJIAHUII TapKATMAaHIWTaH) MacCHB MOJJAHHHT MBXKYJTUTHHU
TacaukiIanau. Ymly kam@uét rpaBUTalMoH JnH3a 3PdekTr 1e0 HOMIAHYBYH
AJIEKTPOMArHUuT HYPJAPHUHI TPABUTAUMOH MAWIOHAA WYHAIUIIWAAH OFUIINATA
aCOCIAHTaH Ky3aTyBJIap/a XaM MyCTaK/JI PaBUIIA Y3 TACAUFUHU TOILIA L,

KounotHuHr acocuit 75% KucMH 3ca XO03HMpJa KOPOHFH SHeprus jed
HOMJIAHYBUM MATEPHUSHUHT SHTU IIAKIUAAH TAIIKWUI TONTraH. MaTepUustHUHT SHTH
OYMJITaH MIAKJIA Y3UHUHT aHTUTPABUTAIIMOH TaAhCUPHU OWJIaH JUKKATTa Ca30BOPAUD.
AbHU ymidy KOpOHFM HEPrUSIHUHT XHcoOura Oup-OMpuIaH y30KIa >KOWalraH
rajlakTUKajgap Ba TajJakTUKaJIap TYIUIaMu Y3apo Oup-OupaJaH uUTapHILapKaH.
Ymly TUnmard SHEPrUSHUHT Ta0uaTAa MaBXYUIMTA Y30KJa KOWJIAIITaH
raJlakTUKaJapHUHT OW3/IaH Y30KJIAIIMII TE3JIUIMHU aHUKJIam Oyiinya onud
OopwiIraH Ky3aTyB WIILIApU HATIWKACUIA aHWKJIAHAW. AHUKIAHWUIIAYA, OW3NaH
KaHmaaup ™acodana SKOWNamraH TalakTHKamap Xa00m KoHyHH Oyitnda
aHUKJIAHAJUTaH Te3JIUK OuilaH sMac O0ajku, YHIAH KaTTapoK TE3IUK OuiaH OM3naH
y30KJIallIMOKIa 3KaH. YOy Ky3aTyBiap pPeIuKT HYpJIapUHU aHMKIAI Oyinda
VYTKa3uiraH Ky3aTyB HaTwxanapu épaamuiaa xam tacaukiaanau. llynmait kumuo,
Oup Heya MYCTaKWl Ky3aTyB Ba Taxpuba HaTIKajgapu TaOuaTaa KOPOHFU
SHEPTUSHUHT MABXYIJIMTUHU TACTUKIAIN.

Tabuatna KOpOHFM MOJAJAa Ba KOPOHFU HSHEPTUSHUHI MAaBXKYIJIUTHHUHT
aHUKJAHUIM (GyHAAMEHTaI — PEBOJIONHMOH Kamduétnap OYnubd, yrmapHUHT
TaOMaTUHU Ba XYCYCUSATIAPUHU YPTraHUII — 3aMOHABUN acTPOPU3UKAHUHT XO3UPTH

naitaary g0y3apd Mmyammosapuiad Oupy XucooiaHaau.
5.4. 'paBUTAlIMOH TYJIKUHJIAP.

2016 #umauar 11 depamupa AKII Mwuummii wimuii douau (National
Science Foundation — NSF) ToMoHHMIaH IpaBUTAIMOH TYJIKAHIAPHUHT WIK O00pa

TaxXpubaga Kaij OSTWIraHU 5BJIOH KWIMHAM. YOy Kamduér oaaMurymyn
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kamuér Oynub, 3aMoHaBHl acTpo@u3MKana SHCU WIMUNA HYHaIUMUIUIApHU
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2-pacm. MkkuTa KOpa TYHHYKIapHUHT KYIIHIUIIN HaTHKAcH 1a TapKaJITaH

rPaBUTALMOH TYJKUHJIAPHUHT KaJ STUIUIIN.

['paBUTAMOH TYJIKUHIAp MaBXKyJ OVIHINN Ha3apuid KUXATAaH DUHIITCHH
TOMOHHIAH YMYMHI HUCOWWUIWK Ha3apusCHHH spatraHugad cyHr 1916 innnaék
aiitunrad 3au. Opagan 100 iun yTuO, TpaBUTAIMOH TYIKWHIAp Kamid STUIAM.
AKII maru rpaButanmon TynkuHiapau kKaig styBun LIGO — oGcepBaTopuscu

tomonuaad 2015 #vmHunHr 14 ceHTaOpua uKKuTa Kopa TyiHykiaap (Maccanapu 29
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Ba 34 Kyém maccacura TeHr OyiraH) HUHT OUpJIAIIUIIA HATHXKACHIA SIHTH OUTTA
Kopa Ttyiinykauar (maccacu 60 Ky€m wmaccacura TeHr) maigo OYuinu
HATHKACHJA aXpanu0 4YMKKA TI'PAaBUTALMOH TYIKMHIADHM Kaig o»taum = .
['paBUTALIMOH TYJAKUHIAp TaOMaTaH KMYMK MHTEHCHUBJIMKKA 3ra OYiau0, yJapHUHT
WHTEHCUBIIUTH  TPaBUTALMOH  TYJKMH MaHOACHMHMHI  Maccacura TYFpu
nponopruonanaup. Kopa TyiHykimap maccanapu erapiuya Karra OYJIraHIuru

Tydalau ynapaaH Keiaa€TraH I'paBUTALMOH TYJKUHHUHT MHTEHCUBIUIH TaxpuOa

KypWIMaJlapu aHUKJIUTH HHTEpBATIAIA OYIIIH.

Ha3zopart caBoJsiapu
1. KOngy3napHUHT CYHUIITN KaHaai 103 Oepanu?

2. KommnakTt oObekTiapra Kaiicu o0beKTIap Kupaiu?

w

OK MUTTH, HEWTPOH IOJAy3 Ba KOpa TYWHyKIap Oup-OupumaH KaHaai
XapaKTepUCTHKAIApU OpKaK (apKiIaHau?

Kopa TyliHyKHM XapakTepjaoBUU acCOCUI ITapaMeTpiiap.

Heiitpon ronmy3 maraurocdepacu

[Tynbcapnap — HEUTPOH IOJAY3JIapHUHT OMp KYPUHUIIU cU(aTHIa.

KouHoTHUHT Te3namunb KeHraluim Ba KOPOHFH SHEPTUs.

© N o g &

lanakTukanaru 1OJAY3TapHUHT OpPOUTAN YU3MKIM TE3IMKIAPU TaKCUMOTH Ba
KOPOHFU MOJZA.
9. I'paBUTAMOH TYJIKUHJIAPHUHT KAl STHIUIIH.

10. I'paBHUTAIIMOH TYIKUH 00CEPBATOPHUSIIAPH.

doiinasaHWIrad agadouéraap
1. James B. Hartle, Gravity: An Introduction to Einstein’s General Relativity, Pearson
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4. T. Padmanabhan, Theoretical Astrophysics, Volume I-Il1l, Cambridge University Press,
2010.

5. L. Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752
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2-Mavzu: Qoratuynuklar.

Qora tuynuklar. Qora tuynuk tasviri. Aylanuvchi va aylanmaydigan qora
tuynuklar. Yulduz tipidagi va o’ta og’ir qora tuynuklar. Galaktikamiz markazidagi

gora tuynuk va uni kuzatish.
Ok MuUTTHJIApP, HEUTPOH K0JIAY3J1ap Ba KOPAa TYHHYKJIAp.

MabinymKH, 10Jy3 SHEPrusl 3aXMpac *KyJa KaTTa Oyiaumiura Kapamai Oy
SHEprus BakT YTUIM OusiaH O00CKuIMa-00CKUY poKcuznamub 6opaau. FOnay3nap
XYyJUTA MHCOHJIApTa yXIIad sraaun, Kapuiay Ba Yaaau. YJIapHUHT SIIall BaKTH-
naijo OynaraHugaH TO SApPO EHWIFM pecypciapu woiay3 OYnaumd Hyp couud
TypuIIura erapiu OynaMmail Kohumiudrada OVirad Baktaup. by BakTt xap Oup
IOJITy3HUHT Maccacura OOFIuKaup. XycCycaH, dHT SKUH IOJay3- Oy S5 MuIuapn
Humiapaan Oepu 41po CUHTE3U XKapa€HU XHUCOOMTa XO3upAa Y3MHUHT aKTUB
o6ocknuna 6ynran Ky€minup Ba yHUHT EHUIIFHM 3aXUpacH siHa S MIJLIHAP] Huira
eranu 4. Kyém ¥3 énmmmrucunn capduab Tyraraérran OOCKMYIAa Y3MHMHT
rpaBuTanuscu xucoouaan Ep caii€pacu ymuamujaH karra OyimaraH yiayamrada
cukuinaau. bynHga 'y xocun  OynaraH  anekTpoH ra3  Oocumu  OuiiaH
MyBO3aHaTJIaIllTaHAaH CYHI CUKWIHIIJIAH TYXTab OK MUTTHUra aiinaHaad. Maccacu
Kyém maccacuman 3-5 mapra karra Oynaran IOmnmysmap ¥3 ympuHH OoIKadva-
HEUTPOH IOJAy3/apra awjgaHTaH Xojja SKyHJaWau, OyHIa TpaBUTALMs IIyHIAN
KYUYIUKH DJICKTPOHJIAPHU aTOM SIPOCUTA KOUIAITUPaAu. DHIU UUKH OOCUM Ky4du
AJIEKTPOH Ta3 OocuMu sMac Oalku HEUTpOHIAp OOCMMHU XHMCOOWTa TpaBUTAIUSA
KywiapuHA MyBo3aHataaiiam Ba 10 km raga cukuinubd Gopamiw.

SHana OFMPPOK Ba KYMNPOK BOJOPOJ EHUIFM 3axupacura sra Oyirax
I0JIJTy3J1ap Ky4Jd TpaBUTAIUS KyWIapy TabCUPH OCTHAA Te3 €HAJU Ba SlIAII BaKTH
XaM KHucKa Oymaau. Maccacu xuxaTAaaH WMpUK OYJraH roJiaysjiap TOM MabHOAA

Oup Heya MWJUIMOH WHJI JaBoMuaa “€HuO Typanu”, maiiia oimysnap 3ca 1031a0

14 Arnab Rai Choudhuri, Astrophysics for Physics, Cambridge University Press, 2010, 471 p.
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MuJTHap A Wutap naBomuga Csmaviau.  [lynpait sxan, 0y mMabHOMAa OW3HUHT
Kyém “mycraxkam ypra” JIMKKa KUpaIu.

Hazapwuii >xuxaTian roimysfiap AacTia0Ku maccajapura OOFIHMK XOJaa y4
XU KYpUHHUIIAA Xa€TUHU sKyHmaiau: 1. Arap 1ojay3 SAPOCHHHUHT JacCTIa0KU
maccacu Yanapacekap derapacu ae0 arajgamuran (taxmuHan) 1.4 Kyém
MaccacuJiaH KMYMK OYJica KMCKA BaKT KU3WJI TUTAHT XOJIATH/IaH KEHUH OK MUTTHTa
aiinanagu. OK MHUTTH XO0JMJa OUp Keya MWUIMOH HWIap smad COBYK Kopa
MUTTHUTA, SIbPHU XaKUKUA KOCMUK VIIHK KUCM- I0JY3HUHT Mypjacura ainananu. 2.
Arap 10Jy3HUHT JacTia0ku Mmaccacu Yanapacekap derapacuaad omub Boskos
yerapacu ae0 atamamuran tTaxmuHaH 2-3 Ky€mr maccacuman karra 0yica, sapo
SHWIFUCUHUHT aCOCUM KMCMHU KaMaWWIUAaH KEHUH OHJIEKTPOH Ta3HUHT O0OCUMU
KApIIWJIMK Kuja ojMarad rpaBUTAlMs KydJapyd TabCUPH OCTHJA TAIIKWA KaTJIaMH
IOJITy3HUHT Mapkasura Ttymaau. byHuHT Hatmkacunaa ronmay3 xaxmu 100000
MapTa KaMasiii, YHUHT ypTadya 3UWINIY [IyHYa MapTa OpTajau, paanyCH 3ca aTUTH
10xkm atpodwmma OYymamm. Jlespiaum mry OwmimaH Oupraivkaa IOAAY3HUHT YCTKH
KaTiaamu nopriaam Hatmkacuaa 10 000 km/c TapTuOuaaru kaTTa Te3IUK OUIaH Xap
TOMOHTa OTWJIMO KeTaau. by xoauca Mapkasujia HEMTPOH IOJIAY3 XOCHI OYJIMIIH
OWJIaH SAKYHJIaHyBYH YTa SHIH FOJLY3HHHT NOPTIAIIMAEK Ky3atunam >, By Xuroi
Ba Snon tapuxupa aitu® Yyrwiran 1054 iwnnma xo3upma Mapkasuja HEHTPOH
10J11y3 >koinamrad KpaGopua TymMannuru ypHuaa EpKUH IOJIYy3 KaOu spKupao,
WKKU XadTa JaBOMHUAA XaTTOKU KYHIy3JIapu XxaMm KypuHuO Typra. 3. Komnamcra
yupa€TraH IOJAY3HHHI Maccacu KaHIaWIup KPUTHK KUKWMaTAaH katTa Oyica (3
Ky€m maccacuman) rpaBHTalds INyHYAIUK KaTTa OYJaaauKu OyHH Xed Hapca
TyXTaTa oaManau. ['paBUTalvs Ky4yjaapH FOJIIy3HU TAIIKWI KWIYBYH MOJAAIapHU

nryHjai cuku0 6opaauku OyHAa OJIY3 YIIYaMy SHT KUYMK yiidyamrada Ku4pasiu.

15 Max Camenzind, Compact Objects in Astrophysics, Springer, 2007, 682 p.
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1-pacm. Kopa TyliHyKIapHUHT pacMIapHu.

By yuwana xommakT oOBeKTIap OO IOJAy3JapiaH MKKATA (QyHIaMeHTal
Oenru OwunaH QapknaHaau. bupuHumaad, sApo EHWIFUCHMHHM capduald yrnap

rpaBUTAIIMOH KOJUIaricra TEPMOJAMHAMUK OOCUM XHUCOOUaH KapIIWINK KypcaTaau.
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OK MUTTWJIAp TPABUTAIIMOH KOJUIATICTa 3JEKTPOH Tra3 OOCMMHU OWJIaH KapIIMIUK
KWIaau, HEUTPOH IOAy3iap- HelTponsap Oocumu OwnaH. Kopa tyiiHykmap sca-
Y3UHUHT TpaBUTALUS Ky4wlapura KapIIWIMK Kuja OJIMacaH sHora Oup HyKrarada
cukuinO Ooprad. VYuana KoMmnakT oobekTinap KomHOTHMHT €mm TapTtubuaaru
JaBpa TYpFyH OOBEKTJIap XUCOOJaHUAW. YJIapHU IOJAY3JAPHUHT SHT OXHUPIH
Oockuunmaru OOBEKT ae0 XucoOmam MyMKHH. NkxkuHum  dapku- ot
Y37TapuHUHT Maccacu TapTHOWJAry IOJAY3JapHHUHT yiauamjapura HucOaTaH aHda
KMYHUKIMTHAAP™S,

By yuana ronay3napHUHT OXUPTU OOCKUYMAAru OObEKTIapIaH SHT OUPUHYHU
Oynmu0 OK MUTTHJIap aCTPOHOMHUK Ky3aTHILIAp HaTwkacujaa Tonunrad. OK MUTTH
Takpubana actpoHomiap OyHAal rONAy3 KaHAal KWIUO Hyp COYMO TypULIMHU
TyIIMHUAAH OJauH Tommiarad. 1914 #imnm aMepuKalMK acTpoHOM Ajamc
OCMOHUMMU3JIATH 3HT EPKUH 1011y3 0ynran CupuycHuHr nyngomu Cupuyc B HUHT
CHEKTPUHM aHanmu3 Kuina€tud rokopu xapoparra - Cupuyc HOJIIy3UHUHT
XapopaTura sikuH Xapopartra sra Ba Maccacu Kyé€m maccacu taptubuna 0yiica xam
pamuycu Ep paauycuian KHUMK JeraH xyjocara Kenaau'’,

Hetitpon ronmy3napu Tapuxu 3ca akcuH4va, 1934 iimn baane Ba IlBukku
HEUTPOH IOJAy3/1ap —IOKOPH 3MWIMKKA, KHYMK pajdycra Ba OolIKa OJauid
I0J1y3apra HucOaTaH KywIM TpaBUTanusra sra OYyiraH IOJAy3Jap FOSICUHU
tTaknud Kuiaanad. HeHTpoH ronmy3map aciuaa acTpoHOMIIAD TOMOHHUIAH Karid
TWITYHIa KaJap Hazapau€Tymiap TOMOHUIAH OUp acp OJIIUH KajlaM yduja Kaiig
KUJTMHTaH. YiaapHUHT AacTpOHOMHK Ky3aTyBlapja TONWUIUIIHN OyHUYATHK
KEUMKHUIIMHUHT cababu Te3 opaau TYJIUK TYWIUHApAU OYiad. Arap KOCMHK
KUCMHHUHT pannycu 10xkM Oyica XaTTOKM yHraua macoda SHT SIKMH IOJay3rada
(Kyémman Tamkapu ) macodara (10 épyrnuk Wuiau) TeHr Oyica XaM YHH SHT

KyZpaTiy TEJIECKON EpAamMuia XaM Ky3aTUIl MyMKHUH 3Mac. Ba XaTToku HENTPOH

16|, Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752
p.

17T, Padmanabhan, Theoretical Astrophysics, Volume I-11l, Cambridge University Press,
2010.

26



10JiTy3rada Macoa MyMKUH Kajap Ku4uk Oyica xam! ByHnan kenubd yukaauku
HEUTPOH HOJAY3JapHU ONTHUK yCyJjlap OujiaH Ky3aTHILUIap MYBO(aKKUATTa
yUYpauIu.

Ba 6upaan kyTuiaMaran Hapca coaup OVIIau: HEUTPOH KOJIIy3JIapy TOTUIIIH.
VYnap TaMOMaH KuJupuUiIMaraH *oiad, u3jlaMarad ojjamijiap TOMOHUJAH TOMUJIIIN.
1968 itnn peBpamna mamxyp Nature wiamuit xxypHamu caxudanapuaa TaHUKIU
WHIJIM3 acTpoHOMHU XbIOII Ba YHUHI XaMmKacOJjJapu TOMOHMJIAH ITyJIcCapAapHUHT
Kami STUnMImHra OaruiJIaHTaH MakoJia mango Oymamu. ACTPOHOMUSHUHT XX
acpaaru SHr Oyrok kamduétn 1967 imn KemOpumke YumBepcutetn Mammapn
paauoacTpoHOMHK oOcepBaropusicuaa [[xocenun benn TOMOHUIAH OuYMiIraH Te3
ailllaHyBYM HEWTPOH IOJAY3Jap-myJicapiapHUHr Kamid stuaumu Oynarad. by
myJicapiaap pagMo AWano30HAa ypranwirad®. Vioapaunr oummumm mapadwura
benn, Ouronn Xptonutapra 1974 #iun Hoben mykodotu Oepunam. Xozuprada
2000 ra gxuH myJicapiiap MabJiyM, KEHMHYAIMK MyJicapyiap PeHTIeH IUarno30HuIa
Ba KEHMHPOK akar M1y [AMano30HAa KYpUHAIUIaH raMMa-mysicapiap Xam
AHUKJIAH/IH.

HOnny3nu mynpail paguycrada cukuO Oopamm3ku, OyHIa yHaaH (azora
EpyFiuk TapkrwiMaiiau. by pagnyc lBapummiba pagnycn aenunaau. Ky€m yayH
oy 3 km atpoduma. Arap Ky€m xam 3 KM Ba yHJaH KMYMK yiIdaMmraya CUKUJICA
épyriuk Hypsapu Ky€m Tamkapucura yuka oaMaiiau. Kopa TyliHykra aijaHran
ocMoH ckucmiiapu KounoTna iykonu6 kermaiinu. Y ¥3uM Xakuaa TallKd ojamra
V3UHUHT TPaBUTALMSICH XUCOOMJAHTMHA MablyMOT Oepanau. Kopa TyHHYK
SKUHUIAH VYTran Epyraukau totagu (y IlBapmmmiaba paguycugaH KHYUK
macoanapraya sKdHIAIca) Ba CGHUAAH yTaéTraH HypJIApHH Ce3HIapiIu
Macodanapraya or Iupay.

Vra OFUp IOJAy3J7ap OK MHUTTH XaM HEUTPOH IOJIIy3 XaMm Oyna oMaiiiw,
YYHKU YJAPHUHT WYKH OOCHMIIApY TPABUTAIMSHU KOMIIEHCAIMS KWIUIITA €Tapiu

sMac. XaTTOKM OollKauya KYpUHUIIAArd OocuMIlap Kydra KUpraH TakIupAa Xam

18 Bboukapes H.I'.0 Marautasie nojist B kocmoce, M.: Kawknbiit qom «JIMBPOKOM», 2011.
- 216 c.
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IpaBUTALIMOH Koyutaric Oapubup kaWTtMac OYiauO KonaBepaau. ['paButamus xan
KWIyBYM Kyd OVyiajaw, HaTWKala HOJAY3HUHT SKyHUE — xojartu (Xomucaniap
TOPM3OHTH OWJIaH VypajraH CHHIYJISAp HyKTa) (akTruHa ODWHIITHEHTHHHHT
rpaBuTanus Hazapusicu €paamuaa éputwiaau. Llynmait kunub, Kopa TyHHYKIap
KonHoTaaru >xyMOOKIM XycycusiTra 3ra OyiraH cupiu oObeKTIapAaH OupH.
Masbnymky, Kopa TyWHYK (a30-BakT cOXacHu AeWMIaAM, TpaBUTALUS MaiJIOHU
IIYHYAJIUK KYYJUMKH, XaTTOKU EpYFIMK XaM Oy coxaHu Taunuiad 4ukKub Kerta
onMaiau. By ucMm yinuaMu y3UMHHMHT FPaBUTALMOH YIYaMUAaH KUYUK OYyiraHaa
comup Oymamm. I'paBurtammon pammyc Ky€mr yuyn 3kMm, Ep yuyH sca 9mm
orpodpuga. A. DHUHIITEHHUHT yMYMHH  HUCOMIUIMK  Ha3zapusacu  Kopa
TYUHYKJIQPHUHT a)XaOTOBYp XYyCYCHUATH-KOpa TYWHYK YYyH MYXUM Oyira
XoaMcanap TOPU30HTH MAaBXKYJUIMTMHM Kypcaraau. Kopa TylHyK Xozaucanap
FOPU30HTUM WYKApPUCH TallKU Ky3aTyBUMIa KypHUHMaWIHd, XamMma KapacHiap
XoJlicanap ropu3oHTH Tamkapucuaa conup Oymamaum. Illy cababman, xomucanap
TOPU30HTHUTA 3PKUH TymaéTrad (a3orup 3XTUMOJ TamMoMaH Oomika KonHoTHU Ba
XaTTOKHU ¥3 KeJaKaruHU XaM KYpHUIIH MyMKHH. by miyHW Ouiawpamuku, Kopa
TyHHYK W4Kapucuga ¢azo Ba BaKT KOOpAUHATAJIAPHU Y3 YPHUHU aIMalITHpPaId Ba
Ou3 Kopa TyiHHYK nunja (Xoaucanap rOPU3OHTH WuKapucuaa ) ¢aszo Oyiinda smac
Oanku BakT Oyiinua caéxaT KUJaMus.

Kopa tyliHykiapHuHr OyHAail fadpu OAAMM XYCYCHUATH KYMUYUIMKKA
IIYHYBKU (paHTacTHKa OYnMuO Tylnaaau Ba yJIapHUHT MaBXKy/UIMTUra uryoxa naiao
Oynaau. AMMO IIYHM TabKUJJIall >KOM3KH, SHT SIHICH Ky3aTyB MablIyMOTJapura
Kypa Kopa TyWHyKJIap XakakaraH xaMm Mamxyl. Macanan, XXI| acp Oycaracuna
OM3HUHI TaJakKTUKaMu3 Mapka3u3ga yrta orup, maccacu 4 wmwumoH Kyém
Maccacura TeHr OyJIraH Kopa TYWHYK MaBXy[JIUTH TONWIAH. by- Kopa TylHHYyKIap
Ba YJApHUHI XYyCYCUATIApU H3JTAHUIIUAATH SIHTU OOCKMY KeJlau Ba SKUH
Kenaxakaa ymly coxala WIMHE — TaIKUKOTIap  Ce3WwIapid  Japaxanaa

PUBOKIIAHMILTA SPUIIMITUMH3IA OJMO KEJIUIIK KEPaK JAeTaHu >,

19 James B. Hartle, Gravity: An Introduction to Einstein’s General Relativity, Pearson
Education Ltd., 2013, 554 p.
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My ypunpa OupuHum HaBOaTaa Mamxyp (usuk, actpodus3nka Ba Hazapuiu
du3mka coxacuaa KynruHa €pkuH uiuiap Mmyamuiudu, o6up Bakriap Mcaak HetoToH
Ba [lonp upaxnap paxOapmuk xuiaran KemOpumke YHupepcutetu kadeapacu
ap3ocu CtuBeH XOKHMHTHU TabKUIIa0 YTUIN >KOW3. YHHUHI W3JIaHUILIAPUHUHT
acocuii 00bekTH Oy Kopa TyWHYKJIap (U3MKACUIUp. YHUHT acapiapu opacuja
“BakTHHHT KHCKAada TapuxXw KHTOOW SHI cojja Tuida (PU3HKaHWHT KUHUH Ba
10J13ap0 MyaMMOJIapUHU XaMmara TyIuHapiau Kuiauo €3mwirad. by XokuHr xakuaa
XamMMacu aMac. Y KyJna orup kacan 0ynu0 yHUHT xo3upaa ¢hakaTTuHa UKKUTa YHT
Kya1 OapMOKIapu xapakaTth cakigad kKommHraH Ba oxupru 30 W JaBoMmaa
ranupuigal xaM MaxpyM Oyiran. Y atpoduaaruiapu OuiiaH HyTK CHHE3aTOPH Ba
KoMIpioTep €paamuna rarmnamanu. [llyHra kapamacgan y ¢oan Ba 1oXuiioHa
WIMHUN U3aHUIIap 0aud 60pMoKIa.

1974 imnna CtuBen XOKMHT Kopa TYWHyKJIap arpoduaa BakKyyMaaH
3appajlapHUHT Maiao OynumM KypuO YMKaIuM. YHUHT XUCOONALUIapu ILIyHH
TabKUIJAUIUKA allaHyBUM KOpa TYWHYKJIAp HypJiaHaad Ba Oy Kopa TyHHYK
allJIaHUIIMHA CEKWHJIAIITUPAIUA. By HyplaHUII CIIEKTPU UCCUKIUK HYpPJIAHMIIINUIA
MOC Kenuiuu auTtu® yraau. bupok HaTkamap sSipuM KJIACCHK YCYJiJla OJMHIaH,
acnua TPpaBHUTAIMS MaWJIOHM YMyMUW HUCOMIUIMK Ha3apusCcH TEHTrJamaiapu
OwsiaH, Kopa TYWHYK SKWHUJArd BaKyyM KBaHJIAHTaH MaWJOH Hazapusicu OwiiaH
éputunmmy  kepak 20 | Kynmumink onumnap XOKHMHI HWKKHATA Ha3apysSHU
OupnamTupud xarora Hyn Kyitau ned xucobnamaayn. Y HUHT Kopa TyHHYKJIap Y4yH
OJITMH KaOys KuiuHraH Oapya KoHyHiapHu Oy3zaau. KeilmHpok sca XOKHHT Xak
Oynu0 yMKaauM Ba YHUHI HaTWKajapu STPUIaHTaH BaKT-(a30[acuru KBaHJIAHTaH
MalJOHJIApHUHT KOHYHJIapH KypUHUIIKAA pacMad KoOyn kunuHaau. Ly cababnan
IPaBUTAIIMOH, 3JIEKTPOMAarHUT Ba OOIlKAa TypJard HypJIAHMIILJIAPHU KBaHJIAHTaH
Maigonnap ae6 kapanamu. borkauya cy3 OwiiaH alTranjga TYJIKUHIAD KaHUYAJIUK
KBaHT MEXaHUKACH TEHTJIaMaJlapy OWsiaH EPUTUIIMACHH, yiap Y3UHU OUp BaKTHUHT

y3uJa XxaM TYJIKUH XaM 3appaleK TyTaau.

20 T, Padmanabhan, Theoretical Astrophysics, Volume I-11I, Cambridge University Press,
2010.
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[ITyHuHr 1€k, XOKMHT XHCOO KHUTOONapu KoOpa TYWHYKIApPHUHT
HYpJAaHUIIUHU XaM Kypcataau. llopTnampgan xocun OyiaraH sHrd oOBEKT Kyna
KM4MK Xapopatra sra 6ynaanu (3*10® K nan xuuuk), Kopa TylHYKHUHT CUKAIIULIN
yayH 5ca 10% iimnpan kynpox BakT kepak 6ynanu. CHKUIMII HATHXKACUIA YHUHT
xapopaTd omub Oopanu, HYpJAAHUIUIAp XaM Kydasad Ba “OyFjiaHUIIN
Te3namanau. Huxoar maccacu OWp Heuya MUJUTMOH TOHHAraya KaMaWraHuja Ba
YHUHT XOAHcallap TOPU30HTH paInyCH aTOM JIpOCH YiIyaMura TeHr 0yiuo, y xKyaa
katTa (r031a0 Muntron K) xapopaTraua Ku3uidau.

XOKHHI' XMCOJIAUIapUAaH siHa LIYHU KYpUII MyMKHH. arap Kopa TyHHYK
TYJIHMK HYpJIaHUO KETCa, YHUHT XO0JIaTU TYFPUCHIA MAbJIyMOT y30KJaru Ky3aTyBUH
yuyH OyTyHnail iykonaau. By knaccuk Hazapus nowpacuia TyFpu.  boika
TOMHJIAaHKOpa TYWHYKHUHT “OyFJIaHUIIM XUCOOUJIAaH MYKOTWJITaH axOOpOT KBAHT
MEXaHUKACHHUHT  axO00pOoT  MaBXYyIJUTUHUHT  TYFPUCHIATH  YHHUTAPJIUK
TaMOWWJINTA 3UJl Ba YHU aHMKIAm KuinH. Dapa3 KuIaiimk, Ou3a MKKUTa YHT
KU3WI MalIMoK Ba 4Yam KyK Maumok Oop. Arap Ou3 yanm KyK MHadMOKHU Kopa
TYyWHYKra Taluiacak Ba KUMIUP YHT KU3WJI MAaHNOKHU Ky (pTHCH3 TONUO oJica Ba y
Vimaauky yan Ku3ui ManoKHU Kopa TyHHYKra Taunularad €0 TaxMUH KUJIaau
SbHU MOJOMHUKH X€4 KaHJall axO0opoT Kopa TYWHYKJAaH YMKUO KETOJIMac dKaH
Y30KJaru Ky3aTyBud YHHHT MYK1a HUMA OOPJIMIMHU OMiia onMaiian,

[lynnait kuind, Kopa >KUCMHUHT HYPJAHUIIM YHUHT HMYKU TY3WJIUIIN
TYFpUCHA X€U KaHJal ax0opoT oinub YMKManI1, feMak XOKHHTHUHT Kamduétu
XaM Kopa TyHHyKra TymuO KOJIraH XHUCM XaKujaa Oupop Hapca OMIMIIMMU3TA
épaam Oepa onmaiau. bomika cy3 OunaH alitranja, XOKUHI TakuaJaéTraH Kopa
TYUHYKHUHT HYpPJIQHUIIW YHUHT WYKU TY3WIUIIH TYFpUCHAA OW3ra MabilyMOT
oepmaiinu. by XOKMHI TOMOHUZAH KUPUTUIITAH aXOOpOTHU MYKOIMII MapagoKCH
nevnnaan. Y IMIyHU TabKUAIaiauku, On3HUHT KomHoTnan ax0opoT yKoiap sKaH
Oomka xoina nmaigo 6ynmaau. JlekuH, KBaHT Hazapusicura OMHOAH KOpa >KHCMra

I0TUITaH ax60poT TYna iyKonaau??,

2L L. Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752 p.
22 Max Camenzind, Compact Objects in Astrophysics, Springer, 2007, 682 p.
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Xynoca ypHUJa IIYHA TaKUIJIAIl )KOU3KH, Kopa TyHHyKIap— y3ujaa kymiad
cuHoaT sAmMpuO kemaérraH KoOMHOTHUHT >kKyMOOKIM oObekTiapuaup. Kynruna
O0axc Ba MyHo3anmapra ca®a0d OymaérraH Kym COHJIM TapaJoKCc Ba MyaMMoJjapra
KapamMacJaH HWIIOHY OWIaH aWTUIl MYMKHHKHA XO3UpJa XKaBoOCH3 KoJaéTraH
caBoJUIap KeJakakia ¥3 >kaBOOWHU TOTIA/IH.

5.3. MaTepUsIHMHT STHIH IIAKJJIAPU: KOPOHFU MO//1a BA KOPOHFH 3HePIus.

XX| acpma kocMmonorusija peBONONMOH Kamduérmap pyi  Oepau.
Anugnaaummya KowHOTHarm V3ujaaH dICKTPOMArHUT HYPJAHUII TapKaTyBYH
(bapron Momnmangap) KOMHOTHMHI Oop Hyrum 4% wWruHa TamKWiI 3TapKaH.
Kounotaunr 21% wHu xo3upaa KOpOHFH MOJ1a 1e0 HOMJIaHYBUYHU Ba Y3UHU (pakat
TPAaBUTAIIMOH y3apo TabCcUpiapla HAaMOEH STyBYM HOMAbJIyM MOJJA TAIIKHII
TapkaH. Ym0y Mojja TaJakTUKalapaard IOJAY3JIapHUHT TrajakThKa MapKasu
aTpodua aiaHUI YU3UKJIM TE3JTUTHHH TAJAKUK DTHII HATWXKACHUJIA aHUKJIAHTaH.
Koponru moaaa 6ynmaran Mojaesap oiaay3nap xapakatu Kemiep KoHyHura kypa
raJlakTUKa MapKa3uJaH y30KJAIllraH Capu yJIAPHUHT YM3WUKIW TE3JIUTH KaMmainO
Oopumn kepak Oymran. KyszaTyBmap »ca TranakThKaaaH y30KJallraH capu
IOJITy3IAPHUHT YM3HUKJIU TE3JIMTM KaMalMail Oallku acta CEKMH OpTHUO Oopwuiiu
Ky3aTwind. by ramakTukamapaa  Ky3ra KypuHMmaiguran —(SpHU  Y3ujaaH
ANIEKTPOMArHUT HYPJIAHMII TapKaTMalIuraH) MacCUB MOJJIAHUHT MBXKYIJIUTHHH
TacauKiIanau. Ymly kam@uét rpaBUTanMoH JnH3a 3PdekTr 1e0 HOMIIaAHYBYH
AJIEKTPOMArHUT HYPJAPHUHI TPABUTAUMOH MAaWIOHAA WYHAIUIIWAAH OFUIINATA
aCOCIIAHTaH Ky3aTyBJIap/ia XaM MyCTaKMJI PaBUIIA Y3 TACAUFUHU TOIINZ,

KounotauHr acocuii 75% KucMH 3ca XO03HMpJa KOPOHFU JHeprus ned
HOMJIAHYBYM MATCPUSHHWHT SIHTHM IIAKIWIAH TAIIKWJI TONraH. MaTepUsHUHT STHTU
OYMJITaH MIAKJIA Y3UHUHT aHTUTPABUTAIIMOH TAhCUPHU OWJIaH JUKKATTa Ca30BOPAMD.
AbHU ym0y KOpOHFHM SHEPTUSHUHT XHcoOura Oup-OupuiaH y30KJa >KOWMJIaITraH
rajakThKagap Ba TalakTUKalap TYIjaaMu ¥y3apo Oup-OupamgaH uTapuIIapKaH.

Ymlby Tunmard SHEPrUSHUHT Ta0uaTAa MaBXYUIMTA Y30KJa KOWJIAIITaH

23 T. Padmanabhan, Theoretical Astrophysics, Volume I-11I, Cambridge University Press,
2010.
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raJlakTUKaJapHUHT OW3/IaH Y30KJIAIIMII TE3JUIMHU aHUKJIam Oyinya onud
OopuiraH Ky3aTyB HUIJIapu HATHXKACUJA aHUKIAHAW. AHMKJIAHUIIAYA, OW3JIaH
KaHmaaup wacodana SKOWNaAmraH TalakTHKamap Xa00m KoHyHH Oyitnda
aHUKJIaHAJUTaH TE3JIMK OWJIaH 3Mac Oajku, YHAaH KaTTapoK Te3UK OuiiaH Ou3/iaH
y30KJallIMOKIa 3KaH. YOy Ky3aTyBiap PeIuKT HYpJIapUHU aHMKIA Oyinda
YyTKa3uWiaraH Ky3aTyB HaTwxanapu €pramuia xam tacaukianau. Llynmait kumuo,
Oup Heua MyCTaKwil Ky3aTyB Ba Taxpuba HaTWXKajlapu Tabuatia KOPOHFU
DHEPTUSHUHI MABXKYUIMTMHU TaCAUKIaIu.

Tabuatna KOPOHFM MOJJIa Ba KOPOHFU SHEPTUSHUHT MAaBXKYIJIUTHHUHT
aHUKJIAHUIIM (yHAAMEHTal — PEBOJIOLMOH Kamduétnap OYnubd, ylaapHUHT
TaOMaTUHU Ba XyCYCUSATIAPUHH YPTaHUII — 3aMOHABUN aCTPOPU3UKAHUHT XO3UPTH
naitaary g0y3apd Mmyammosiapuiad Oupy XucooiaHaau.

Qora o‘ra yoki qora tuynuk — gravitatsiya (tortishish) kuchi ta’sirida jismni 0°z
markazi tomon juda katta tezlikda siqilib borishi (gravitatsion kollaps jarayoni)
natijasida vujudga keladigan koinotdagi obyekt. Kuchli tashqgi gravitatsiya
maydoniga ega. Albert Eynshteyn nazariyasi bo‘yicha ,,Qora tuynuk*“ning yaqin
atrofidagi jismlar doimo yopiq bo‘lmagan egri chizigli orbita bo‘ylab harakat
giladi. Isaak Nyuton mexanikasiga muvofiq uzoqdagi jismlar esa konus
kesimlari bo‘ylab harakat giladi. Qora tuynuk, asosan, katta massali yulduzlar
evolyutsiyasining eng oxirgi bogichida vujudga keladi va uning mavjudligi
bevosita kuzatilmaydi. Birog Qora tuynuklar zich qo‘shalog yulduzlarning
ko‘rinmas komponentlari ham bo‘lishi mumkin. U holda ikkinchi yulduzdan Qora
tuynukga relyativistik tezlikda tinimsiz o‘tayotgan
gaz ogimi 0‘zidan rentgen nurlarini
targatadi. Qo‘shalog yulduz hisoblangan Ogq Qush
X—I obyekti shunday Qora tuynuklardan biridir.

Qora tuynukning xayoliy sirt hodisalar
gorizonti deyiladi. Hodisalar

gorizonti radiusini gora tuynuk radiusi sifatida

gabul qgilishadi. Eng oddiy holda
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u Shvartsshild radiusiga teng:

Yorug‘lik kuchli gravitatsiya maydonigaega obyektlardan o‘ta olmasligi
gipotizasini birinchi bo‘lib fanga 18-asrda Jon Michell va Pyer-Simon Laplacelar
kiritishgan. Qora tuynukga 1916-yilda Karl Shvartsshild tomonidan atroflicha ta’rif
bergan. Devid Finkelsteyn 1958-yili Qora tuynukni hech narsa o‘tolmaydigan
kosmik hudud sifatida ta’riflab uni nashr gilgan birinchi olimga aylangan. 1960-
yilga gadar uzoq yillar davomida Qora tuynuk matematik tushuncha deb garalgan
va ba’zi olimlar Qora tuynukni nisbiylik nazariyasining umumiy taxmini sifatida
garashgan. 1967-yilda Joselin Bell Burnell tomonidan neytron yulduzlari hagidagi
kashfiyoti gravitatsiyaviy tarzda parchalangan kompakt ob’ektlarga qizigish
uyg‘otdi. Birinchi tanilgan qora tuynuk 1971-yili bir nechta tadgigotchilar
tomonidan mustaqil ravishda aniglangan "Oqqush X-1"-1 bo‘gan.

Yulduz oz hayotiy siklini tamomlayotganida qora tuynuk hosil bo‘ladi. Halok
bo‘layotgan yulduz atrofida paydo bo‘lgan gora tuynuk kattalashib yulduzni yutib
yuboradi. Qora tuynuk massasi o‘layotgan yulduzni yutib yuborayotganida va
boshgqa qgora  tuynuk  bilan  go‘shilish  jarayonida  kattalashadi.
Ko‘plab galaktikalar markazlarida supermassiv gora tuynuklar mavjudligi hagida
gipotizalar bor.

Qora tuynuk ko‘z bilan ilg‘anadigan elektromagnit nurlari bilan o°zaro ta’sirlanadi.
Qora tuynuk ichiga tushgan obyekt yutib yuborilayotganida o‘zidan kuchli gizish
natijasida paydo bo‘ladigan yorug‘ disk hosil giladi va juda kuchli nurlanishga ega
bo‘ladi. Supper massiv Qora tuynukga juda yaqgin kelib golgan yulduzlar
parchalanib ketadi va parchalanish jarayonida o°zidan juda kuchli nurlanish hosil
giladi. Qora tuynuk atrofida aylanayotgan yulduzlar mavjud bo‘lsa ularning

arbitasi orqali gora tuynuk joylashuv kordinatalarini aniglash mumkin.

Tarixi
Hatto yorug‘lik ham o‘tolmaydigan katta jism hagidagi g‘oyani, ilk bor ingliz

astronom olimi Jon Michell 1784-yil noyabr oyida o‘zining maktubida gisgacha
keltirib o‘tgan. Michellning soddalashtirilgan hisob-kitoblari Qora tuynuk Quyosh

bilan bir xil zichlikka ega bo‘lishi mumkinligini va Quyoshning diametridan 500
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baravarga oshirib, yuzasidagi tezlik odatiy yorug‘lik tezligidan yuqori bo‘lishi
mumkinligi ko‘rsatgan. Michell shunday katta massaga ega, ammo nurlanishsiz
bo‘lgan qora tuynukni fagat ko‘rinadigan chegaralari orgali aniglash mumkinligini
aytgan. Ko‘p yillar ilgari katta haymli ammo ko‘rinmas gora yulduzlarning ko‘zdan
g‘oyib bo‘lishi mumkinligi hagidagi fikrlardan go‘rgishgan ammo 19 asr
boshlarida yorug‘lik nurining to‘lginli harakati o‘rganilganidan so‘ng fikrlar
0°zgardi.

Zamonaviy gravitatsiya nazariyasi, Michellning yulduz yuzasidan to‘g‘ridan-
to‘g‘ri o‘tadigan yorug‘lik nurlari hagidagi nazariyasiga qarshi chiqgadi.
Michellning nazariyasiga ko‘ra yulduz gravitatsiya tomonidan sekinlashtirilib,
to‘xtatiladi va gora tuynuk yuzasidan tashgariga chigib ketadi. Makon va zamon
gora tuynukda shunchalar o‘zgarib ketganki, yorug‘lik o‘tadigan geodezik

chizig hech gachon Qora tuynuk yuzasidan chigolmaydi.

Umumiy nisbiylik nazariyasi
1915-yili Albert Eynshteyn o‘zining umumiy nisbat nazariyasini ishlab chiqdi,

unga ko‘ra gravitatsiya yorug‘likka ta’sir o‘tkaza oladi. Bir necha oy o‘tgach, Karl
Shvartsshild Eynshteyn maydon tenglamalariga birhil yechim bergan. Tenglama
yechimi birhil bo‘lishiga garamay nugtaviy massa va sferik massa haqida ko‘proqg
ma’lumot bera olgan. Tenglamani yechishda Karl Einsteindan ko‘ra ancha fargli
yo‘nalishdan foydalangan, bunga sabab esa Einstein tenglamada ko‘plab o‘sha
davrlarda tushunilmagan va cheksiz yuza deb garalgan formulalardan foydalangan.
1924-yili Artur Eddington singularlik koordinatalarning yo‘qolganini aniglagan.
1933-yili Jorj Lemetr shvartschild radiusidagi singularlik jismoniy bo‘lmagan
singularlikning kordinatalari ekanligini aniglagan. Arthur Edington 1926-yilgi
kitobida Shvartschild radiusigacha bo‘lgan masofada sigilgan masali yulduz
bo‘lishi mumkinligi hagida  sharh  bergan. Einstein  nazariyasi
bizga Betelgeyze kabi ko‘rinadigan yulduzlarning zichligini to‘g‘ri hisoblash
imkonini beradi, chunki "250 million km radiusli yulduzda Quyosh kabi zichlik

bo‘lishi mumkin emas.
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IV.AMALIY MASHG‘ULOTLAR MAZMUNI

1-Amaliy mashg’ulot: Neytron yulduzlar va oq mittilar haqidagi
tushunchalarni farglay olish.

Neytron yulduzlar va og mittilar hagidagi tushunchalarni farglay olish.
Kvazarlar, pulsarlar, magnitarlar. Astrofizikada mavhum ob’yektlar.
Neytron yulduzlar - katta massali yulduzlar evolyusiyasida sodir bo‘lishi mumkin
bo‘lgan  oxirgi  bosgichlardan  biri.  Neytron  yulduzlar  moddasi,
asosan, neytrondan va gisman elektron, proton va ogir yadrolardan tashkil topgan.
Neytron yulduzlarning koinotda bo‘lishi mumkinligini birinchi marta L. D.
Landau aytgan (1932). 1934-yil esa amerikalik astronomlar U. Baade va F. Svikki
Neytron yulduzlar o‘ta yangi yulduzlarning chagnashlarida xosil bo‘lishi mumkin,

deb taxmin gildilar.

Yulduzlar evolyusiyasi nazariyasida ko‘rsatilishicha, katta yulduzlarning yadro
"yonilg‘isi” tugagach, ularning markaziy gismlarida falokatli suratda tez yuz
beradigan gravitatsion siqilish (gravitatsion kollaps) kuzatiladi. Kollaps paytida
modda zichligi shu gadar ko‘p ortadiki, bunda neytronlar protonlarga nisbatan
turg‘unrog bo‘lib goladi. Bunday sharoitda protonlar va turgun atom yadrolari
neytronlarga va ko‘p neytronli atom yadrolariga aylanadi. Neytron yulduzlarning
o‘rtacha zichligi moddaning yadro zichligiga teng yoki undan ham katta bo‘ladi,
shu sababli, Neytron yulduzlarning tuzilish xususiyatlari, asosan, yadro
kuchlariga bog‘lig. Neytron yulduzlar uchun gravitatsion energiya (~1053 erg)
ham harakterli. Bu ikki omil Neytron yulduzlarning ichki tuzilishini o‘rganishda
katta ahamiyatga ega. 1967-yilda ayrim Neytron yulduzlar
(pulsarlar) kashf etildi.[1]

Eng katta massali neytron yulduz topildi

Yerdan 4 600 yorug‘lik yili narida juda katta zichlikka ega bo‘lgan sharsimon

materiya mavjud. U — bir zamonlar charaglab yashab o‘tgan va allagachon so‘ngan

yulduzdan qolgan bor-yo‘q goldig narsa xolos aslida. Bunday jismlarni

astronomlar neytron yulduz deyishadi. Bugungi kunga kelib shu narsa ayon

bo‘lmoqgdaki, o‘sha 4 600 yorug‘lik yili naridagi atigi 20 kilometr diametrga ega
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goldig — neytron yulduz — koinotdagi eng katta massali neytron yulduz ekan! Bu

hagda Nature Astronomy jurnalida xabar gilingan.

Foto: VideoNews

Uning massasi bizning Quyosh massasidan 2,14 marta katta bo‘lib, bu fizika
gonunlari bo‘yicha erishish mumkin bo‘lgan eng katta, chegaraviy massaga juda
yaqindir.

Astronomiyada bu neytron yulduz J0740+6620 nomi bilan gayd etiladi va u 0z
o‘gi atrofini bir soniyada 289 marta aylanib chigadi. Ya’ni bu yulduz pulsar
hamdir. Yagindagina olimlar uning massasini katta aniglikda hisoblashdi va u
Quyoshdan 2,14 marta og‘ir ekani ma’lum bo‘ldi. Shunga ko‘ra, endilikda
J0740+6620 koinotdagi eng og‘ir neytron yulduz magomiga ega bo‘ldi. Avvalgi
eng og‘ir neytron yulduz massasi Quyosh massasidan 2,01 marta katta edi.

Ushbu pulsarni Green Bank va Arecibo radioteleskoplari to‘plagan ma’lumotlar
orgali sinchiklab o‘rganildi. Ushbu rasadxonalar aynan shu kabi pulsarlarni
kuzatish uchun maxsus ishga tushirilgan NANOGrav loyihasining tarkibiy bir
qismidir.

Ushbu radioteleskoplar vositasida mazkur neytron yulduz kuzatilganda, olimlar
radioto‘lgin ma’lumotlari kutilganidan ko‘ra biroz kechikayotganini paygab goldi.
Bunday kechikish fanda “Shapiro effekti” deyiladi, u mazkur effektni kashf gilgan

astrofizik olim — Irvin Shapiro sharafiga nomlangan. Bu effekt kuzatilayotgan
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obyekt yaqginida yana bir gandaydir yirik massali obyekt aylanayotgani tufayli
yuzaga keladi va o‘sha ikkinchi obyekt o‘z harakati bilan radioto‘lginlar
kechikishiga omil bo‘ladi.

Sinchiklab kuzatishlar shuni ko‘rsatdiki, hagigatan ham ushbu neytron yulduz
yaginida yana bir og mitti bor ekan va u ham juda katta shiddat bilan neytron
yulduz atrofida aylanar ekan. Aynan ushbu kechikish vaqtini asos gilib olish bilan
olimlar o‘sha og mitti va neytron yulduz massasini hisoblashga muvaffaq bo‘Ildi.
Va, yugorida aytilganidek, hisoblash natijalari J0740+6620 neytron yulduzlar
orasida rekordchi ekanini ko*rsatdi.

Qizig‘i shundaki, J0740+6620 fizika gonunlari yo‘l go‘yadigan eng chegaraviy
massaga ega neytron yulduzdir. Zero, yirik yulduzlar hayotining eng so‘nggi
kunida, so‘nish arafasida portlaganda, koinotda o‘ta yangi chagnashi ro‘y beradi va
yulduz tirikligida massasi ganday bo‘lganiga garab u yoki neytron yulduzga yoki
gora tuynukka aylanadi. 2017-yilda olimlar ushbu massa chegarasini hisoblab ham
chigigan edi. Agar yulduz massasi Quyosh massasidan 2,17 marta va undan
kattarog bo‘lsa, u albatta qora tuynukka aylanadi; undan kichik massa esa neytron
yulduzni hosil giladi. J0740+6620 esa 2,14 Quyosh massasi bilan bu chegaraga
juda yaqgin kelgan. Bunday katta massaga ega obyektlarda esa fizika g‘alati va
g‘ayrioddiy xulosalarni taqdim etadi. Bu borada olimlar nazariy taxminlarga ham
unchalik shoshilmaydi.

Neytron vyulduzlari birlashishi- bu neytron yulduzlarining yulduzlarning

to'gnashishi.

Ikki neytron yulduzi o'zaro orbitasiga tushganda, ular gravitatsiyaviy nurlanish
tufayli asta-sekin ichkilikka spirallashadi.Ular nihoyat uchrashganda,ularning
birlashishi katta miqgdordagi neytron yulduzini yoki agar goldigning massasi
Tolman-Oppenheimer-Volkoff chegarasidan oshsa, qora cho'ggani hosil
giladi.Birlanish bir yoki ikki milisaniyada Yerdan trillion baravar kuchlirogq magnit
maydonini yaratishi mumkin.Ushbu hodisalar gisqga gamma nurlar portlashlarini

yaratadi deb hisoblanadi.
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Neytron yulduzlarining birlashishi birozlik uchun r-r-process sodir bo'lishi
mumkin bo'lgan juda o'tkir neytron ogimi mubhitini yaratadi.Ushbu reaktsiya
temirdan og'ir elementlarda isotoplarning taxminan yarmini yadro sintezi uchun

hisoblanadi.

Bir shuningdek kilonovalar hosil gilinadi,bular birlanish jarayonida ishlab
chigariladigan va chigariladigan og'ir r-process yadrolarining radioaktiv buzilish
tufayli izotrop uzoq to'lginli elektromagnetik radiatsiyalarning o'tkinchi manbalari
hisoblanadi.Kilonovae 1999-yilda r birinchi marta taklif qgilinganidan beri r-
process maydonchasi sifatida muhokama gilingan edi,ammo mexanizm 2017- yilda
GW170817 ko'p elchi hodisasi kuzatilganidan keyin keng gabul gilindi.

Yer yuzida ta'sir

Ikkilamchi neytron yulduzlari birlashishi natijasida chigindilar o'tishi mumkin,agar
ular Yer 10 parseklar ichida yuz bersa. Agar gisqa gisga Gamma Ray Burst
(SGRB) Yerga ursa, o'limga olib kelishi mumkin bo'lgan ta'sir darajasi yuzlab
parseklargacha kengayadi.Yerga vyaqin supernovalar kabi boshga emissiya
komponentlarini ko'rib chigishda gamma nurlari va rentgen nurlari shaklida yugori
energiyaviy foton emissiyasi ozon pasaytiradi va Yer aholisi Quyosh zararli UVB
radiatsiyasiga qo'l uradi.Birog,neytron yulduzlari birlashishi ular uchun
noyob,chunki ular zararli radiatsiyalarning ko'p manbalariga ega,shu
jumladan,sGRB kokoni tomonidan targalgan og'ir elementlarning radioaktiv
buzilishi,sGRb shishgogligi va sGRB shishqoqi hamda portlash tomonidan
tezlashtirilgan kosmik nurlar ega.Qoshish tartibida fotonlar birlanishdan keyin
birinchi bo'lib,kosmik nurlar 100 ming yildan 1000 yilgacha keyin keladi.Ejected
material interyulduz o'rtacha tarmog'ini olib tashlaydi va u ichida saglangan
kosmik nurlarning o'limli dozasi bilan supernovalar-galin-galinlik kabi bulbul
yaratadi.Agar Yerni qolgan gismlar goplasa,kosmik nurlar, gamma nurlari
kabi,ozonni yo'q qgiladi va atmosfera bilan muloqot qilib,zaif muloqgot giluvchi
muonlarni hosil qilishi mumkin.Ushbu gismlar katta miqdorda hosil bo'ladi

shuning uchun ulardan gochish mumkin emas,hatto g'orlarda yoki suv ostida. Xavf
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ular organik mavjudotlarning DNK bilan mulogot gilishda tug'ma nugson va
mutatsiyalarga olib kelishi gobiliyatida joylashgan.

Supernovalarga nisbatan ular o'xshash hajmdagi ko'rgazmaga ta'sir ko'rsatadi.Ular
ham kamroqg uchraydi va Yerga nisbatan hodisaning yo'nalishiga nisbatan kuchli
bog'liglik bor.Shunday qilib,ikkilamchi neytron yulduzlari birlashishi xavfi

kamroq.

2-Amaliy mashg’ulot: Astrofizika nugtai-nazaridan gravitatsion
kollapsning turlarini farglash.

Astrofizika nugtai-nazaridan gravitatsion kollapsning turlarini farglash.
Olamning tezlanish bilan kengayishi. Qorong‘i materiya va gorong‘i energiya.
Astrofizikadagi kompakt ob’ektlar va gravitatsion to‘lginlarini tahlil etish.

2007 yil kuzida UNESCO 2009 yilni Astronomiya yili deb e’lon qildi va bu
bilan astronomiyaning inson sivilizatsiyasidagi muhim ahamiyatga ega ekanligini
tan oldi » Bugungi kun astronomiyasi olimlar oldiga yangi va yangi chaqgiruvlar
bermoqda. Yaginda Koinotda tabiati mutlago no’malum bo’lgan materiyaning
yangi formalari topildi. Ularning (Qorong’i Energiya va Qorong’i Modda)
Koinotdagi tarkibi asosiy bo’lib 96 foizni tashkil giladi  Bizlarga ma’lum bo’lgan
materiyaning barion formasi (atomlar va molekulalar) - yulduzlar, planetalar,
odamlarning tarkibiy qismi - Borligning atigi 4 foizini tashkil etadi e
Astronomiyaning bugungi kun yutuglarining hisobiga olimlar - odamzodning
atrofidagi hodisalarning bilmasligi ganday oqgibatlarga - olib kelishi anglab olishdi.
Bu fanning rivojlantirish uchun asosiy omildir

Kosmologiyadagi 3ta revolyutsia ¢ 2chi Asr: Claudius Ptolemy (Aristotle
Fizikasi) Model: Markazda joylashgan Er-atrofidagi Kosmologiya Asosiy G’oya:
Erda va Kosmosda qonuniyatlar o’xshamasligi « 16chi Asr: Nicolaus Copernicus
(Newton Fizikasi) Model: Markazda joylashgan Quyosh-atrofidagi Kosmologiya
Asosiy G’oya: Universal fizika; qonuniyatlar hamma joyda bir xilligi « 20chi Asr:
Edwin Hubble (Einstein Fizikasi) Model: Buyuk Portlash Kosmologiyasi Asosiy

G’oya: Koinot 0’zgaruvchan va kengaymoqda
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osmologiya va astronomiyada qora energiya energiyaning noma’lum shakli bo‘lib,
u koinotga eng katta miqyosda ta’sir giladigan kuchlardan biri. Qora energiyaning

asosiy ta’siri  koinotning kengayishini  tezlashtirishdir. Katta portlash
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nazariyasiga tayangan holda[1], qora energiya koinotning dominant komponenti
bo‘lib, hozirgi koinotdagi jami energiyaning 68% ni qora energiya, gora
materiya 26% va barionlar esa 5% ni tashkil giladi. Neytronlar va fotonlar kabi
boshga komponentlar 1% ni tashkil gilgan holda deyarli ahamiyatsiz
hisoblanadi[2][3][4][5]. Qora energiyaning zichligi juda katta bo‘lib: tahminan
uning zichligi 7x10-30 g/sm3 ni tashkil giladi (massa-energiyasida 6x10—10
J/m3), galaktikalar ichidagi gora materiya yoki qora energiyaning zichligidan
ancha kuchlirog. Qora energiya koinotda muhim ahamiyatga ega, chunki u

kosmosning hamma joyida bir xil va o‘zgarmasdir[6][7][8].

NGC 4526 yaginidagi 1A guruhiga kiruvchi o‘ta yangi yulduz (pastki chapdagi
yorgin nuqta).

Qora energiya mavjudligining birinchi kuzatuv dalillari o‘ta yangi yulduzlarning
yorug‘lik o‘lchovlarini o‘Ichashi hisobiga olingan. 1A guruhiga kiruvchi o‘ta yangi
yulduzlar doimiy yorug‘likka ega, ya’ni ular anig masofa o‘lchovlari sifatida
ishlatilishi  mumkin. Bu masofani o‘lchash uslubi koinot kengayishi
tezlashayotganini ko‘rsatadi[9][10]. Bu kuzatuvdan avval olimlar koinotdagi
materiya va energiyaning tortishish kuchi vaqt o°tishi bilan olam kengayishini
sekinlashishiga olib keladi deb o‘ylashgan. Olamning kengayishi tezlashishing
kashf etilgandan beri, gora energiya mavjudligini tasdiglovchi bir nechta asosli

dalillar topilgan.

Qora energiyaning aniq tabiati sir bo‘lib golmoqgda va tushuntirishlar juda ko‘p.
Asosiy nazariyalar kosmologik konstanta[11][12] (bo‘shligni bir hil to‘ldiruvchi
doimiy energiya zichligini ifodalaydigan nazariya)
va kvintessensiyava moduli kabi skalyar maydonlar hagidagi nazariyalar
hisoblanadi(vagt va makonda o°zgaruvchan energiya zichligiga ega dinamik
miqgdorlar haqidagi nazariya). Kosmologik konstanta vaqt va makonda doimiy
bo‘lib goladi, skalyar maydonlar esa o‘zgarishi mumkin. Bu nazariyalarda gora
energiyaning o‘zaro ta’siridan tashgari kuzatuvchi effekti va kosmologik

bog‘lanishlar hagida ham asosli fikrlar ilgari surilgan.
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Enshteynning kosmologik konstantasi

Kosmologik konstanta — bu Enshteynning nisbiylik nazariyasi va maydon
tenglamalariga go‘shilishi  mumkin bo‘lgan doimiy atama. Agar maydon
tenglamasi atama sifatida garalsa, uni bo‘sh joy massasiga (kontseptual jihatdan
ijobiy yoki salbiy bo‘lishi mumkin) yoki vakuum energiyasiga ekvivalent sifatida

ko‘rish mumkin.

Kosmologik konstanta Enshteyn tomonidan birinchi marta gravitatsion kuchni
ifodalash uchun ishlatilgan va bu qora energiyadan samarali foydalangan holda
statik koinotga olib keladigan gravitatsion maydoni tenglamasining yechim
mexanizmi sifatida taklif gilingan[13]. Enshteyn kosmologik konstantning ramziy
belgisi sifatida A (gerkcha lambda) belgisini bergan[14][15].

1980-yillarda kosmologik tadgiqotlarning aksariyati fagat materiyadagi kritik
zichlikka ega modellarga asoslangan. Bu tadgigotlarda koinotning 95%i qora
materiya va 5%i oddiy materiya (barionlar)dan tashkil topgan degan tushuncha
mavjud bo‘lgan. Ushbu modellar gallaktikalarning shakllanishini tavsiflab bergan,
ammo 1980-yillarning oxirlarida bu modellarda ba’zi kamchiliklar paydo bo‘lgan:
xususan, model Hubble konstanti uchun talab gilinganidan pastroq giymatni talab
gilgan va model katta hajmdagi kuzatuvlarni tahlil gila olmagan. Bu kamchiliklar
1992-yilda COBE kosmik apparati  tomonidan  kosmik  to‘lginlar
fonida anizotropiya aniglangandan keyin Kkattalashgan va 1990-yillarning
o‘rtalarida bir nechta modifikatsiyalashgan qora materiya modellari faol ravishda
o‘rganilgan. Aynigsa kosmologik konstanta (gora energiya hagidagi model) bular
ichida asosiysi hisoblangan. Qora energiya uchun birinchi to‘g‘ridan-to‘g‘ri dalil
1998-yilda olim Riess tomonidan o‘ta yangi yulduzlarning kuzatuv natijalarida
olingan[16]. Buning natijasida kosmologik konstanta modeli yetakchi modelga
aylangan.

1930-yillardagi Fritz Zwicky tomonidan qora materiya atamasi qo ‘llangan. Bu

atamadan foydalangan holda 1998-yilda Michael S. Turner tomonidan gora
energiya atamasi fanga kiritilgan[17].Koinotning kengayishi
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Koinotning kengayish tezligining vaqgt va makonda ganday o°zgarishini tushunish
uchun yuqori aniglikdagi o‘lchovlar talab gilinadi. Umumiy nisbiylik nazariyasida
kengayish tezligining evolyutsiyasi koinotning egri chizig‘i va holatning
kosmologik tenglamasi (har ganday kosmos mintagasi uchun harorat, bosim va
materiya, energiya va vakuum energiyasining zichligi o‘rtasidagi bog‘liglik)
asosida hisoblanadi. Qora energiya uchun holat tenglamasini o‘lchash bugungi

kunda kuzatuv kosmologiyasidagi eng katta sa’y-harakatlardan biridir.

2013-yilda kosmologik konstanta modelini batafsilrog o‘rganish uchun Plank
kosmik kemasi Supernova deb nomlangan kosmik ekspeditsiyaga chiggan. Bu
tadqgiqgotlar natijasida kosmologik kuzatuvlar bu modelning tog‘ri ekanligini yana
bir bor isbotlashgan. Ekspeditsiyaning birinchi natijalari gora energiyaning
o‘rtacha xatti-harakati (ya’ni, holat tenglamasi) Eynshteynning kosmologik
konstanta modeli kabi 10% aniglikda harakat qgilishini aniglashgan[18]. Higher-Z
jamoasining Hubble kosmik teleskopida amalga oshirgan so‘nggi tadgiqot
natijasida gora energiya kamida 9 milliard yil oldin paydo bo‘lgan va u koinotning
kengayishidan oldin ham bor bo‘lgan deya xulosaga kelishgan. Bundan tashqari
1998-yilda High-Z jamoasi tomonidan amalga oshirilgan boshga bir kuzatishlar
natijasida[19] IA guruhiga mansub o‘ta yangi yulduzlar turkumi kashf etilgan[20].
Ushbu kashfiyoti uchun High-Z jamoasining a’zolari bo‘lgan Saul Perimutter,
Brayan P. Shmidt va Adam G. Riss fizika bo‘yicha 2011-yilgi Nobel mukofoti
bilan taqdirlanganlar[21][22].

O‘shandan beri bu kashfiyot bir gancha mustagil manbalar tomonidan
tasdiglangan. Ba’zi olimlar qorong‘u energiya mavjudligining Yyagona
ko‘rsatkichlarini gallaktikalararo masofani o‘lchash orgali bilish mumkin deya
ta’kidlaydilar[23].

Supernovalar kosmologiya uchun foydalidir, chunki ular kosmologik masofalarda
mukammal joyda joylashgan vyulduzlar hisoblanadi. Ular tadgigotchilarga
obyektgacha bo‘lgan masofa va uning yerda ganchalik tez uzoglashishini

ko‘rsatadi. Bu imkoniyat kosmologlarga koinotning kengayish tarixini o‘lchash
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imkonini beradi. Odatda, astronomlar kosmosda masofani o‘lchashda standart
shamlardan foydalanadilar. Standart shamlar deb — yorqgin yulduzlar, ichki
yorginligi yoki mutlag kattaligi ma’lum bo‘lgan obyektlarga aytiladi. 1A guruhiga
mansub o‘ta yangi yulduzlar ekstremal va doimiy yorqinligi tufayli kosmologik

masofalar bo‘ylab eng mashhur standart shamlar hisoblanadi.

O‘ta yangi yulduzlar (supernovalar) hagidagi so‘nggi kuzatuvlar koinotning
71,3%ini gora energiya va 27,4%ini qora materiya va barionlar birikmasidan

tashkil topganiga mos keladi[24].

Tabiati
Qora energiyaning tabiati gora materiyanikidan ko‘ra ko‘proq noaniq va u hagida

ko‘p narsalar noma’lumligicha golmoqgda[25]. Qora energiyaga tortishish kuchidan
tashqgari biron bir asosiy kuchlar orgali o‘zaro ta’sir gilishi ma’lum emas. U
kamdan-kam uchraydigan va massiv bo‘lmaganligi uchun uni laboratoriya
tajribalarida aniglab bo‘lmaydi. Qora energiya koinotga shunday chuqur ta’sir

ko‘rsatishi mumkinki, buning natijasida u koinotning 68% ni tashkil giladi.

Vakuum energiyasi, ya’ni Geyzenbergning energiya-vaqt formulasidagi noaniqlik
prinsipiga muvofig vaqt oralig‘ida hosil bo‘lgan va o‘zaro yo‘q gilingan zarracha-
antizarra juftligi ko‘pincha gorong‘u energiyaning asosiy elementlari sifatida
go‘llanadi[26]. Umumiy nisbiylik nazariyasi tomonidan gabul gilingan massa-
energiya ekvivalenti vakuum energiyasi tortishish kuchiga ega bo‘lishi kerakligini
anglatadi. Buning natijasida, vakuum energiyasi kosmologik konstantaga ta’sir
ko‘rsata oladi degan faraz mavjud, bu esa 0°z navbatida koinotning kengayishiga

ta’sir giladi.

Hagiqiy tabiatidan gat’i nazar, qora energiya koinot kengayishining tezlashishini

amalga oshirish uchun kuchli salbiy bosimga ega bo‘lishi kerak. Umumiy nisbiylik

nazariyasiga ko‘ra, modda ichidagi bosim, xuddi uning massa zichligi kabi, boshga

jismlar uchun tortishish kuchiga yordam beradi. Buning sababi, moddaning

tortishish ta’sirini keltirib chigaradigan jismoniy miqdor energiya tenzori bo‘lib, u

moddaning energiya (yoki materiya) zichligini va uning bosimini o0z ichiga oladi.
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Friedmann-Lemaitre—-Robertson—Walker modeli shuni  ko‘rsatadiki, butun
olamdagi kuchli doimiy salbiy bosim (ya’ni keskinlik), agar koinot allagachon
kengayib borayotgan bo‘lsa, kengayishning tezlagining sekinlashishiga olib keladi.
Ushbu tezlashtiruvchi kengayish effekti ba’zan gravitatsion itarilish deb ham

nomlanadi.

V. KEYSLAR BANKI

Mini-keys 1.

«Ekspert kengashi: intilish va yuksalish?»

Tinglovchilarni bilimini baholashda ularni bilishi talab etilgan me’yor
darajasida sinov o‘tkaziladi. Materiallarni yaxshi o‘zlashtirgan tinglovchilar
baholangan so‘ng odatda erishgan bilimlari doirasida to‘xtab qoladi va gqo‘shimcha
bilinishi  yuksaltirishga intilmaydi. Materiallarni  yaxshi  o‘zlashtirmagan
tinglovchilar baholash sinovidan ozod qilishlarini hohlaydi va unga intiladilar,
ammo bilimi tiklash intilmaydilar.

Nega bunday vaziyat kuzatiladi? Buni bartaraf etish uchun ozingizning
taklifingizni bering.

Mini-keys 2.

“Yulduzlarning yashash davrlarini Gersshprung-Ressel diagrammasi
yordamida aniglash”

Gersshprut-Rassel diagrammasi yulduzlar yorginligi yoki temperaturasining
uning massasiga bog‘lanishini ifodalaydi. Kuzatuvlar natijasida olingan yorginlik
yordamida va diagrammadan foydalangan xolda uning massasinip aniglash
mumkin bo‘ladi. Yulduzlarning yashash davri ularning massalariga teskari
proporsional ravishda bog‘langan. Yulduzning massasi ganchalik katta bo‘lsa,
uning yashash davri shunchalik kichik bo‘ladi.

Nega yulduzlar yashash vaqti ularning massasiga teskari proporsional
ravishda  bog‘liq?  Yulduzlardagi  termoyadroreaksiyalarining  kechish
samaradorligi uning massasiga ganday bog‘liq?

Mini-keys 3

«Nega koinotning dastlabki davrlarida u yorug* bo‘lgan, xozirda esa biz
gorong‘i koinotni kuzatib turibmiz?”

Ma’lumki Koinotdagi nurlanish zichligi koinot kengayishi bilan uning
o‘lchamlarining 4-darajasiga teskari proporsional ravishda kamayib boradi.
Moddaning zichligi esa koinot o‘lchamlarining 3-darajasiga teskari proporsioanl
ravishda kamayib boradi. Moddaning zichligi nurlanishning zichligiga nisbatan
sekinroq kamaygani uchun, dastlabki paytda katta zichlikka ega bo*lgan yorug‘lik
tez orada moddaning zichligidan kamroq bo‘“lib goladi.
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Ushbu xodisani tushuntirish uchun siz ham o‘zingizning fikrlaringizni
bildiring. Nega yorug‘lik zichligi tez kamayadi va koinot rivojlanishining dastlabki
davrida modda zichligidan ko‘ra katta zichlikka ega bo‘lgan?

Asosiy keysni ishlab chigish.

Har bir guruh minikeyslarni ishlab chigishda asosiy keysni yechimini topish
bo‘yicha erishgan bilimlari bo‘yicha o‘zining taklifini beradi. Buning natijasida u
yoki bu garor gabul gilinadi yoki xulosaga kelinadi.

«Refleksiya savati»

Tinglovchilar sinf-ustasini ishini baholaydi. O‘zining tagrizini maxsus savatga
solishadi.

Keys o‘tkazish bo‘yicha umumiy xulosa giling (assesment).
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VI. MUSTAQIL TA’LIM MAVZULARI
Mustagqil ishni tashkil etishning shakli va mazmuni

Tinglovchi mustaqil ishni muayyan modulni xususiyatlarini hisobga olgan xolda
quyidagi shakllardan foydalanib tayyorlashi tavsiya etiladi:

- me’yoriy xujjatlardan, o‘quv va ilmiy adabiyotlardan foydalanish asosida
modul mavzularini o‘rganish;

- targatma materiallar bo‘yicha ma’ruzalar gismini o‘zlashtirish;

- avtomatlashtirilgan o‘rgatuvchi va nazorat giluvchi dasturlar bilan ishlash;

- maxsus adabiyotlar bo‘yicha modul bo‘limlari yoki mavzulari ustida ishlash;

-tinglovchining kasbiy faoliyati bilan bog‘lig bo‘lgan modul bo‘limlari va
mavzularni chuqur o‘rganish.

Mustagqil ta’lim mavzulari

Fundamental o‘zaro ta’sir nazariyalarning kashf etilish tarixi.
Koinotning yopig, ochiq va yassi modellari.

Yulduzlardagi reaksiyalarning kesimlari.

Yulduzlar klassifikatsiyasi va kataloglari.

Galaktikalar kataloglari.

Gravitatsion linza sistemalari.

Pulsarlar va magnetarlar.

Kosmologiyada magnit maydonlar.

© 0o N o g B~ w DN PE

Yulduz paydo bo‘lishida magnit maydonining roli.
10.Elementar zarralarning kashf etilish tarixi.
11.Dunyodagi katta tezlatgichlar to‘g‘risida ma’lumotlar.

12.Dunyodagi katta radioteleskoplar to*g‘risida ma’lumotlar.

VIl. GLOSSARIY

| Termin | O*zbek tilidagi sharxi | Ingliz tilidagi sharxi
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Adronlar

Kuchli
ishtirok
elementar zarralar

ta’sirda
etuvchi

o0‘zaro

In particle physics, a hadron is a
composite particle made of quarks held
together by the strong force in a similar
way as the electromagnetic force holds
molecules together.

Adronlarning kvark | adronlarning  elementar | A quark is an elementary particle and a
modellari tashkil ~ etuvchilar - | fundamental constituent of matter.
kvarklarning bog‘langan | Quarks combine to form composite
tizimidan iborat deb | particles called hadrons, the most stable
garaluvchi modeli. of which are protons and neutrons, the
components of atomic nuclei. Due to a
phenomenon known as color
confinement, quarks are never directly
observed or found in isolation; they can
be found only within hadrons, such as
baryons (of which protons and neutrons
are examples), and mesons.
Bozon butun sonli spinga ega | In quantum mechanics, a boson is a

bo‘lgan zarracha

particle that follows Bose—Einstein
statistics. Bosons make up one of the
two classes of particles, the other being
fermions. The name boson was coined
by Paul Dirac to commemorate the
contribution of the Indian physicist
Satyendra Nath Bose® in developing,
with Einstein, Bose—Einstein statistics—
which theorizes the characteristics of
elementary particles. Bosons are integer
spin particles.

Buyuk birlashuv

kuchli, kuchsiz
elektromagnit
ta’sirlarning
tabiatiga ega ekanligi
haqgidagi tasavvurga
asoslangan fundamental
fizikaviy  hodisalarning
nazariy modeli

va
o‘zaro
yagona

Great integration of the fundamental
interactions, also known as fundamental
forces, are the interactions in physical
systems that do not appear to be
reducible to more basic interactions.
There are four conventionally accepted
fundamental interactions—qravitational,
electromagnetic, strong nuclear, and
weak nuclear. Each one is understood as
the dynamics of a field. The
gravitational force is modelled as a
continuous classical field. The other
three are each modelled as discrete
guantum fields, and exhibit a measurable
unit or elementary particle.

Vaynberg-Salam
nazariyasi

elektromagnit va kuchsiz
0‘zaro ta’sirlarning
birlashgan nazariyasi.

Electromagnetic and weak interactions
unified theory. In particle physics, the
electroweak interaction is the unified
description of two of the four known
fundamental interactions of nature:
electromagnetism and the  weak
interaction. Although these two forces
appear very different at everyday low
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energies, the theory models them as two
different aspects of the same force.
Above the unification energy, on the
order of 100 GeV, they would merge
into a single electroweak force.

Galaktika

yulduzlar, yulduz
turkumlari, yulduzlararo
gaz va chang, xamda
gorong‘i moddadan
iborat gravitatsion
bog‘langan tizim

Stars, constellations, interstellar gas and
dust, and dark matter to gravitationally
bound system. The Milky Way is the
galaxy that contains our Solar System.
Its name "milky" is derived from its
appearance as a dim glowing band
arching across the night sky whose
individual stars cannot be distinguished
by the naked eye.

Gamma-Astronomiya

turlicha kosmik
manbalarini ularning
gamma  diapazonidagi
(to*lgin uzunliklari
A<107t?m , foton
energiyasi esa
£>10"3B bo‘lgan)
elektromagnit

nurlanishlari bo*yicha

o‘rganuvchi astronomiya
bo*limi.

Gamma-ray  astronomy is the
astronomical observation of gamma
rays,I™1 the most energetic form of
electromagnetic radiation, with photon
energies above 100 keV. Radiation
below 100 keV is classified as X-rays
and is the subject of X-ray astronomy.
September 02 2011 Fermi Second
catalog of Gamma Ray Sources
constructed over 2 years. An all sky
image showing energies greater than 1
biilion electron volts (1 GeV) ub.
Brighter colors indicate gamma-ray
sources. Gamma rays in the MeV range
are generated in solar flares (and even in
the Earth's atmosphere), but gamma rays
in the GeV range do not originate in the
Solar System and are important in the
study of extrasolar, and especially extra-
galactic astronomy.

Glyuon

birga teng spinli va nolga
teng tinchlik  massali
hamda kvarklar orasidagi
kuchli  o‘zaro ta’sirni
tashuvchi elektrik neytral
zarra.

Gluons are elementary particles that act
as the exchange particles (or gauge
bosons) for the strong force between
guarks, analogous to the exchange of
photons in the electromagnetic force
between two charged particles.®! In
layman terms, they “glue™ quarks
together, forming protons and neutrons.

In technical terms, gluons are vector

gauge bosons that mediate strong
interactions of quarks in guantum
chromodynamics (QCD). Gluons

themselves carry the color charge of the
strong interaction.
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Yorug‘lik yili

astronomiyada
go‘llaniladigan  uzunlik
birligi; yorug‘lik bir yilda
bosib o‘tadigan masofaga
teng. (1 Yo.y. = 9,4605
-10%5m)

A light-year (or light year,
abbreviation: ly) is a unit of length used
informally to express astronomical
distances. It is approximately 9 trillion
kilometres (or about 6 trillion miles). As
defined by the International
Astronomical Union (1IAU), a light-year
is the distance that light travels in
vacuum in one Julian year (365.25
days). Because it includes the word year,
the term light-year is sometimes
misinterpreted as a unit of time.

Kuchsiz o‘zaro ta’sir

bir nacha attometrdan
(10%8m) kichik
masofalarda  elementar
zarralar orasidagi o‘zaro

ta’sir; bunday o°zaro
ta’sir  xususan  atom
yadrolarining betta

yemirilishiga olib keladi.

In particle physics, the weak interaction
is the mechanism responsible for the
weak force or weak nuclear force, one
of the four known fundamental
interactions of nature, alongside the
strong _interaction, electromagnetism,
and gravitation. The weak interaction is
responsible for the radioactive decay of
subatomic particles, and it plays an
essential role in nuclear fission. The
theory of the weak interaction is
sometimes called guantum
flavordynamics (QFD), in analogy with
the terms QCD and QED, but the term is
rarely used because the weak force is
best understood in terms of electro-weak
theory (EWT).

Kvazar uzoglashgan Quasars or quasi-stellar radio sources
gallaktikaning faol | are the most energetic and distant
0‘zagidan iborat bo‘lgan | members of a class of objects called
qudratli kosmik | active galactic nuclei (AGN). Quasars
elektromagnit nurlanish | are extremely luminous and were first
manbai. identified as being high redshift sources

of electromagnetic energy, including
radio waves and visible light, that
appeared to be similar to stars, rather
than extended sources similar to
galaxies. Their spectra contain very
broad emission lines, unlike any known
from stars, hence the name "quasi-
stellar.”

Kvarklar hozirga tasavvurga ko‘ra | A quark (/'kwo:rk/ or /'kwa:rk/) is an

barcha adronlarning
tarkibiy gismlarini tashkil
giluvchi fundamental
zarrachalar.

elementary particle and a fundamental
constituent of matter. Quarks combine to
form composite particles called hadrons,
the most stable of which are protons and
neutrons, the components of atomic
nuclei.l) Due to a phenomenon known
as color confinement, quarks are never
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directly observed or found in isolation;
they can be found only within hadrons,
such as baryons (of which protons and
neutrons are examples), and mesons. For
this reason, much of what is known
about quarks has been drawn from
observations of the hadrons themselves.

Koinot

moddiy dunyoning
kuzatish mumkin bo‘lgan
gismi.

part of the material world that can be
observed. The Universe is all of time
and space and its contents. The Universe
includes planets, natural satellites, minor
planets, stars, galaxies, the contents of
intergalactic  space, the  smallest
subatomic particles, and all matter and
energy. The observable universe is about
28 billion parsecs (91 billion light-years)
in diameter at the present time. The size
of the whole Universe is not known and
may be either finite or infinite.

Kollayder

zaryadlangan
zarralarning garama -
garshi dastalarining
uchrashuvi yuz beradigan
tezlatgich.

A collider is a type of particle
accelerator involving directed beams of
particles. Colliders may either be ring
accelerators or linear accelerators, and
may collide a single beam of particles
against a stationary target or two beams
head-on. Colliders are used as a research
tool in particle physics by accelerating
particles to very high Kinetic energy and
letting them impact other particles.
Analysis of the byproducts of these
collisions gives scientists good evidence
of the structure of the subatomic world
and the laws of nature governing it.
These may become apparent only at high
energies and for tiny periods of time,
and therefore may be hard or impossible
to study in other ways.

Kosmik radionurlanish

kosmik obektlarning
radioto‘lginlar  sohasida
elektromagnit nurlanishi.

Space objects in the field of radio
electromagnetic radiation. Radio waves
are a type of electromagnetic radiation
with wavelengths in the electromagnetic
spectrum longer than infrared light.
Radio waves have frequencies from
3 THz to as low as 3 kHz, and
corresponding  wavelengths  ranging
from 100 micrometers (0.0039 in) to 100
kilometers (62 mi). Like all other
electromagnetic waves, they travel at the
speed of light. Naturally occurring radio
waves are made by lightning, or by
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astronomical objects.

Kuchli o*zaro ta’sir bir nechta femtometrdan | In  particle  physics, the strong
(101 m) kichik | interaction is  the  mechanism
masofalarda adronlar | responsible for the strong nuclear force
orasidagi o‘zaro ta’sir. | (also called the strong force, nuclear
Xususan, atom | strong force), one of the four known
yadrolaridagi fundamental interactions of nature, the
nuklonlarning 0‘zaro | others being electromagnetism, the weak
bog‘lanishini interaction and gravitation. Despite only
ta’minlaydi. operating at a distance of a femtometer,

it is the strongest force, being
approximately 100 times stronger than
electromagnetism, a million times
stronger than weak interaction and 103
times stronger than gravitation at that
range.

Leptonlar kuchli ofzaro ta’sirda | A lepton is an elementary, half-integer
ishtirok etmaydigan | spin (spin %) particle that does not
elementar  zarralarning | undergo strong interactions.[! Two main
umumiy nomi. classes of leptons exist: charged leptons

(also  known as the electron-like
leptons), and neutral leptons (better
known as neutrinos). Charged leptons
can combine with other particles to form
various composite particles such as
atoms and positronium, while neutrinos
rarely interact with anything, and are
consequently rarely observed. The best
known of all leptons is the electron.

Maydon yagona | elementar zarralar | In physics, a unified field theory

nazariyasi xossalari  va  o‘zaro | (UFT), occasionally referred to as a
ta’sirlarining barcha | uniform field theory,!! is a type of field
xilma — xilligini uncha | theory that allows all that is usually
kam  sonli  universal | thought of as fundamental forces and
tamoyillarga keltirishga | elementary particles to be written in
garatilgan materiyaning | terms of a single field. There is no
yagona nazariyasi. accepted unified field theory, and thus it

remains an open line of research. The
term was coined by Einstein, who
attempted to unify the general theory of
relativity with electromagnetism. The
"theory of everything” and Grand
Unified Theory are closely related to
unified field theory, but differ by not
requiring the basis of nature to be fields,
and often by attempting to explain
physical constants of nature.

Myuonlar massasi elektron | The muon is an elementary particle

massasidan taqriban 207
marta katta va

similar to the electron, with electric
charge of —1 e and a spin of Y, but with
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elektromagnit hamda
kuchsiz o‘zaro ta’sirlarda
ishtirok etuvchi
zaryadlangan elementar
zarralar.

a much greater mass. It is classified as a
lepton. As is the case with other leptons,
the muon is not believed to have any
sub-structure—that is, it is not thought
to be composed of any simpler particles.
The muon is an unstable subatomic
particle with a mean lifetime of 2.2 ps.
Among all known unstable subatomic
particles, only the neutron (lasting
around 15 minutes) and some atomic
nuclei have a longer decay lifetime;
others decay significantly faster.

Neytron yulduzlar

yulduzlarning ichki
tuzilishi nazariyasiga
ko‘ra ozgina elektronlar
aralashgan neytronlardan
o‘ta og‘ir atom yadrolari
va protonlardan tashkil
topgan eng zich
yulduzlar.

A neutron star is a type of compact
star. Neutron stars are the smallest and
densest stars known to exist in the
Universe. With a radius of only about
11-115 km (7 miles), they can,
however, have a mass of about twice
that of the Sun. They can result from the
gravitational collapse of a massive star
that produces a supernova. Neutron stars
are composed almost entirely of
neutrons, which are subatomic particles
with no net electrical charge and with
slightly larger mass than protons. They
are supported against further collapse by
quantum degeneracy pressure due to the
phenomenon described by the Pauli
exclusion principle.

Nukleosintez

yengilrog  yadrolardan
og‘irroq yadrolar hosil
bo‘lishiga olib keluvchi
yadroviy reaksiyalar
zanjiri.

Nucleosynthesis is the process that
creates new atomic nuclei from pre-
existing nucleons, primarily protons and
neutrons. The first nuclei were formed
about three minutes after the Big Bang,
through the process called Big Bang
nucleosynthesis. It was then that
hydrogen and helium formed to become
the content of the first stars, and this
primeval process is responsible for the
present hydrogen/helium ratio of the
cosmos. With the formation of stars,
heavier nuclei were created from
hydrogen and helium by stellar
nucleosynthesis, a process that continues
today.

Oqg mittilar

massalari Quyosh
massasi tarkibida bo‘lgan
va radiuslari  Quyosh

A white dwarf, also called a
degenerate dwarf, is a stellar remnant
composed mostly of electron-degenerate
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radiusining ~0,01
hissasini tashkil giluvchi
kichik yulduzlar.

matter. A white dwarf is very dense: its
mass is comparable to that of the Sun,
while its volume is comparable to that of
Earth. A white dwarf's faint luminosity
comes from the emission of stored
thermal energy; no fusion takes place in
a white dwarf wherein mass is converted
to energy. The nearest known white
dwarf is Sirius B, at 8.6 light years, the
smaller component of the Sirius binary
star. There are currently thought to be
eight white dwarfs among the hundred
star systems nearest the Sun. The
unusual faintness of white dwarfs was
first recognized in 1910. The name white
dwarf was coined by Willem Luyten in
1922. The universe has not been alive
long enough to experience a white dwarf
releasing all of its energy as it will take
close to a trillion years.

Parsek

astronomiyada
ishlatiladigan uzunlik
birligi;

1pk=3,0857 - 10*4m.

A parsec (symbol: pc) is a unit of length
used to measure large distances to
objects outside the Solar System. One
parsec is the distance at which one
astronomical unit subtends an angle of
one arcsecond.! A parsec is equal to
about 3.26 light-years (31 trillion
kilometres or 19 trillion miles) in length.
The nearest star, Proxima Centauri, is
about 1.3 parsecs (4.24 light-years) from
the Sun. Most of the stars visible to the
unaided eye in the nighttime sky are
within 500 parsecs of the Sun.

Pozitron

kattaligi jihatdan elektron
zaryadiga teng musbat
zaryadli, massasi
elektron massasiga teng
bo‘lgan elementar zarra,
elektronga nisbatan
antizarra.

The positron or antielectron is the
antiparticle or the antimatter counterpart
of the electron. The positron has an
electric charge of +1 e, a spin of %, and
has the same mass as an electron. When
a low-energy positron collides with a
low-energy electron, annihilation occurs,
resulting in the production of two or
more gamma ray photons (see electron—
positron annihilation). Positrons may be
generated by  positron  emission
radioactive decay (through  weak
interactions), or by pair production from
a sufficiently energetic photon which is
interacting with an atom in a material.

Fermion

yarim butun spinga ega
bo‘lgan zarracha.

In particle physics, a fermion (a name
coined by Paul Dirac from the surname
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of Enrico Fermi) is any particle
characterized by Fermi-Dirac statistics.
These particles obey the Pauli exclusion
principle. Fermions include all quarks
and leptons, as well as any composite
particle made of an odd number of these,
such as all baryons and many atoms and
nuclei. Fermions differ from bosons,
which obey Bose-Einstein statistics. A
fermion can be an elementary particle,
such as the electron, or it can be a
composite particle, such as the proton.
According to the spin-statistics theorem
in any reasonable relativistic guantum
field theory, particles with integer spin
are bosons, while particles with half-
integer spin are fermions.

Xabbl doimiysi

ko‘rinuvchi  Koinotning
kosmologik  kengayishi
tufayli gallaktikadan

tashqari obektlarning
uzoglashishi tezliklari
bilan ulargacha bo‘lgan
masofalar orasidagi
bog‘lanishlardagi
mutanosiblik
koeffitsienti.

The value of the Hubble constant is
estimated by measuring the redshift of
distant galaxies and then determining the
distances to the same galaxies (by some
other method than Hubble's law).
Uncertainties in the physical
assumptions used to determine these
distances have caused varying estimates
of the Hubble constant. The value of the
Hubble constant was the topic of a long
and rather bitter controversy between
Gérard de Vaucouleurs, who claimed the
value was around 100, and Allan
Sandage, who claimed the value was
near 50. In 1996, a debate moderated by
John Bahcall between Sidney van den
Bergh and Gustav Tammann was held in
similar fashion to the earlier Shapley-
Curtis debate over these two competing
values.

Yulduz turkumlari

birday  yoshdagi va
birgalikda vujudga
kelgan gravtatsion
bog‘langan yulduzlar
guruhlari.

Star clusters or star clouds are groups
of stars. Two types of star clusters can
be distinguished: globular clusters are
tight groups of hundreds or thousands of
very old stars which are gravitationally
bound, while open clusters, more loosely
clustered groups of stars, generally
contain fewer than a few hundred
members, and are often very young.
Open clusters become disrupted over
time by the gravitational influence of
giant_molecular clouds as they move
through the galaxy, but cluster members
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will continue to move in broadly the
same direction through space even
though they are no longer gravitationally
bound; they are then known as a stellar
association, sometimes also referred to
as a moving group.

Yulduzlar

gravitatsiya kuchlarining
issiq modda (gaz) ning

bosimi hamda
nurlanishlar bilan
muvozanati xisobiga

bargaror bo‘lgan ulkan
nurlanuvchi  plazmaviy
sharlar.

A star is a luminous sphere of plasma
held together by its own gravity. The
nearest star to Earth is the Sun. Other
stars are visible to the naked eye from
Earth during the night, appearing as a
multitude of fixed luminous points in the
sky due to their immense distance from
Earth. Historically, the most prominent
stars were grouped into constellations
and asterisms, the brightest of which
gained proper names. Extensive
catalogues of stars have been assembled
by  astronomers, which  provide
standardized star designations. For at
least a portion of its life, a star shines
due to thermonuclear fusion of hydrogen
into helium in its core, releasing energy
that traverses the star's interior and then
radiates into outer space.

Yadroviy astrofizika

yulduzlar va  boshga
samoviy obektlarda sodir
bo‘luvchi barcha
yadroviy jarayonlarni
tadqiq giluvchi fan.

Nuclear astrophysics is an
interdisciplinary  branch of physics
involving close collaboration among
researchers in various subfields of
nuclear physics and astrophysics, with
significant emphasis in areas such as
stellar _modeling, measurement and
theoretical estimation of nuclear reaction

rates, cosmology, cosmochemistry,
gamma ray, optical and X-ray

astronomy, and  extending  our
knowledge about nuclear lifetimes and
masses. In general terms, nuclear
astrophysics aims to understand the
origin of the chemical elements and the
energy generation in stars.

Qora tuynuk

gravitatsiya kuchlari
jismni uning
gravitatsiyaviy

radiusidan kichikroq
o‘lchamlargacha sigilishi
natijasida yuzaga

keluvchi kosmik ob’ekt.

A black hole is a region of spacetime
exhibiting such strong gravitational
effects that nothing—including particles
and electromagnetic radiation such as
light—can escape from inside it. The
theory of general relativity predicts that
a sufficiently compact mass can deform
spacetime to form a black hole. The
boundary of the region from which no
escape is possible is called the event
horizon.
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