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L.ISHCHI DASTUR

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

“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 chigqan holda tuzilgan bo‘lib, u zamonaviy talablar asosida malaka oshirish
jarayonlarining mazmunini takomillashtirish hamda akademik litseylar pedagog
xodimlarining kasbiy kompetentligini muntazam oshirib borishni magsad qiladi.

Dastur doirasida berilayotgan tayanch modullari mavzulari orqali akademik
litseylarda faoliyat olib borayotgan pedagog xodimlarning borliq haqidagi
qarashlar evolutsiyasini o‘zlashtirish, yulduz turlari va ularning evolutsion
bosqichlarini 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 magqsadi va vazifalari
Modulning magsadi pedagog xodimlarning o‘quv-tarbiyaviy jarayonlarini
yuqori 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‘qitish sifati va samaradorligini ta’minlash uchun zarur bo‘lgan kasbiy mahorat
darajasini oshirish;

- 0‘qitishning 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
qo‘yiladigan talablar
“Fizika va astronomiya” modulini o‘zlashtirish jarayonida amalga

oshiriladigan masalalar doirasida:

ekompakt ob’ektlarning turlari va ularni kuzatish imkoniyatlarini;

ekompakt obyektlarning shakllanish bosqichlarini;

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

Tinglovchi:
ekompakt ob’yektlar atrofidagi magnit maydonini o‘rganish;
eneytron yulduzlar va oq mittilar haqidagi tushunchalarni farqlay olish;
e galaktikamiz markazidagi qora tuynuk va uni kuzatish:
eastrofizikadagi kompakt ob’ektlar va gravitatsion to‘lginlarini tahlil etish;
eastrofizika nuqtai-nazaridan gravitatsion kollapsning turlarini farqlash va
amaliyotga tatbiq etish ko ‘nikma va malakalariga ega bo‘lishi lozim.

Tinglovchi:
e olamning rivojlanishidagi hal qiluvchi bosqichlaridan aniq ma’lumotlar
olish;
e astrofizika nuqtai-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 taqsimoti

Tinglovchining
o‘quv yuklamasi, soat
Auditoriya
o‘quv yuklamasi
No Modul mavzulari - jumladan
<
=) N
o] < E
T S| Z | <
1 | Kompakt ob’ektlarning turlari va  ularni ) ) )
kuzatish imkoniyatlari.
2 Qora tuynuklar. 2 2 2
3 | Neytron yulduzlar va oq mittilar haqidagi ) )
tushunchalarni farglay olish.
4 | Astrofizika  nuqtai-nazaridan  gravitatsion ) ) )
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 bosqichlari. 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
qora tuynuk va uni kuzatish.

AMALILY MASHG‘ULOTLAR MAZMUNI

1-Mavzu: Neytron yulduzlar va oq mittilar haqidagi tushunchalarni farqlay
olish.

Neytron yulduzlar va oq mittilar haqidagi tushunchalarni farqlay olish.
Kvazarlar, pulsarlar, magnitarlar. Astrofizikada mavhum ob’yektlar.

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

Astrofizika nuqtai-nazaridan gravitatsion kollapsning turlarini farqlash.
Olamning tezlanish bilan kengayishi. Qorong‘i materiya va qorong‘i energiya.
Astrofizikadagi kompakt ob’ektlar va gravitatsion to‘lginlarini tahlil etish.
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I1. MODULNI O‘QITIShDA FOYDALANILADIGAN INTERFAOL TA’LIM
METODLARI.

“SWOT-tahlil” metodi.

Metodning magqsadi: mavjud nazariy bilimlar va amaliy tajribalarni tahlil qilish,
taqqoslash orgali muammoni hal etish yo‘llarni topishga, bilimlarni mustahkamlash, takrorlash,
baholashga, mustaqil, tanqidiy fikrlashni, nostandart tafakkurni shakllantirishga xizmat qiladi.



S — (strength) * KyWIH TOMOHIIAPH

W — (weakness) * 3an(, Ky4cu3 TOMOHIAPH

O — (opportunity) * UIMKOHUATIIAPHU

T — (threat) * TYCHKJIAp

Namuna: Koinotni katta portlash natijasida yaratilishi, inflyatsiya jarayoni.

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

Koinotni katta portlash natijasida yaratilishi, | Ushbu nazariya yordamida koinotning
S | inflyatsiya jarayoni. Fundamental o‘zaro | rivojlanishini 4 ta fundamental o‘zaro
ta’sirlar foydalanishning kuchli tomonlari ta’sir kuchlari yordamida tushuntiriladi.

Koinotni katta portlash natijasida yaratilishi, | Xozirigi paytda eksperimentda
W inflyatsiya jarayoni. Fundamental o‘zaro tekshirish imkoniyati yo‘q.
ta’sirlar foydalanishning kuchsiz tomonlari

Koinotni katta portlash natijasida yaratilishi, | Fizikaning qonunlarini 0°zaro
0] inflyatsiya jarayoni. Fundamental o‘zaro bog‘ligligini ko‘rsatadi.
ta’sirlar foydalanishning imkoniyatlari (ichki)
T To‘siqlar (tashqi) Nazariyaning  matematik  apparati
murakkab.

“Xulosalash” (Rezyume, Veer) metodi

Metodning maqsadi: Bu metod murakkab, ko‘ptarmoqli, mumkin qadar, muammoli
xarakteridagi mavzularni o‘rganishga qaratilgan. Metodning mohiyati shundan iboratki, bunda
mavzuning turli tarmoqlari 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, aniq mantiqiy fikrlashni muvaffaqiyatli rivojlantirishga hamda o‘quvchilarning mustaqil
g‘oyalari, fikrlarini yozma va og‘zaki shaklda tizimli bayon etish, himoya qilishga 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 qilish va taqqoslash maqgsadida foydalanish mumkin.




MeToaHu amMaJira olMpull TAPTUOM:

TpPEHEP-YKUTYBUYHM UINTUPOKIMIAPHUA S5-6 KUIIKMJAH HOOpAT KUUUK
rypyxJiapra axxparaju;

TPEHUHT MaKCaJy, MapTIapy Ba TAPTUOU OUIIaH UIITUPOKIMIAPHU

TaHULITUPrad, Xxap Oup rypyxra yMyMuid MyaMMOHHM TaXJIWJI KWIMHHUILIA
3apyp OyJraH KucMJapH TYHIMPUIITaH TapKaTMa MaTepHaJlJIapHH

xap Oup rypyx y3ura Oepuiarad MyamMMOHH aTpodirya Tax i1 KUiuo,
¥3 MyJoxaszalaprHU TaBCHUs ATHIIAETTaH cxeMa Oyitnda TapkarMara €3ma
0aéH Kniaau;

HaBOaTgaru 0ockuyaa 6apya rypyxJjap y3 TaKIuMOTIapUHA
yTkazagunap. lllyamad cyHr, TpeHEp TOMOHHUIAH TaXJIUJLIap
YMYMJIAIITUPWIAANA, 3apyPHUIl aXO00pOoTiIp OMiIaH TYIOUPUIAAA Ba MaB3y

Namuna:



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

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

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

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

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

M TaXJIUJI
n3 ¥3apo TabCUPHU TallyBYH IMEHTAJI Y3apP0 TabCUP
PHH KYpPCATHHT. PUHH TAKKOCJIAHT
e A. W-6030n
* B. ¢oToH
e C. rnooH
14a TaxXJIUJIu 11 KYHUKMA
6030H TyLlYHYaCUHU PAYaHUHT SHEPIUACUHMU
XNaHT... obnaHr

III.LNAZARIY 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 bosqichlari. Kompakt ob’yektlar

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

2. Ok MUTTHIAP, HEUTPOH IOJAY37ap Ba KOpa TYHHYKIIap.
3. MarepusHMHT SHIM MIaK/UTApU: KOPOHFU MOJIa Ba KOPOHFU SHEPTUS.

4. I'paBUTALIMOH TYJIKHUHIIAP.
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Tasinu ubopanap: ox Mummunap, HellmpoH 10J10y31ap, KOpa MyUHYKIap, KOpOHeU
mamepusi, KOPOHEU SHePeUst, 2PAGUMAYUOH MYTKUHAAD.
HOuay3/IapHUHT CYHUIIN BA KOMIIAKT 00bEeKTJIAPHUHT Naia0 0y auim
Kopa TyiiHyknap — Oy (a30-BaKTHUHT HIYHAAil COXAaCHKH, KYyWIM TPaBUTALMOH MaiJI0H

XUCOOUIa y €pHHU XaTTO EPYFJIMK TE3JIUI'MJa XapakaTJIaHyBUYM 3appajlap, LIYHUHTAEK EPYFIUK
KBaHTJIAPH XaM TapK 3Ta oiMaiamiap. YOy COXaHHHI 4yerapacu XoJucajiap TOPU30HTH J1e0
aTajaay, YHUHT VJIYaMH 3Ca TPABHTAIMOH paJWyC NeWuiaanu. DHr comua Xoiga — chepuk-
CUMMETPUK KOpa TyHHyKiap yuyH ymOy ymuam LlBapmmmnbn paaumycura Tenr. Hazapuit
XKuXaTnaH OyHIail OOBEKTIAPHUHT MaBXYyJJIUTH DWHINTEHH TEHTJIaMaJapUHUHT 0ab3u aHUK
€4MMIIApH TOMOHMJIAH KenuO umkanu. bynnait eanmnapuunr oupunuricu Kapn IBapmmibsg
tomouuman 1915 ¥umm Tommaran’.

3amoHaBuii (haH OM3ra CYHYBYM MACCHB IOJIAy3JIap OWiaH OOFJIMK KYNTHHA XalpaToMyc
XOIUCATAPHU TAaHUIOTHPAAW. YJIApHH MIWUIMOH WWIIAp JaBOMHAA cakiad KelraH
EHWJIFMCUHUHT eTapiu OYIMail KOJIUIIM OWIaH 0J/1y3 OPTUK MyBO3aHAT XOJIATUHH CaKjiad KoJia
OJIMAMIIM Ba Y3 OFUPJIMTH TabCHPHUJAa MapKa3d TOMOH CHKWIAIW, S’bHU KOJUJIAlcra y4ypauiu.
WNHcon xaétura yxmad roiay3nap XaM Y3WHHMHT SIIIall IUKJIATa dra. YJap 4aHr OynmyTiapuaa
TYFWIAIW, YCaau Ba MIIIHOH WuJuiap €pyrIMK couuO mapiaHaau Ba ynamu. Onmy3 Y3uHUHT
nacTnabku OoCKHYIapuaa XOCHI OYITraH BOAOPOIaH, KEHMH O0CKUYIIap/ia renuijad Ba HUXOST
OFUp JJIeMEHJapJaH uOopaT WYKM EHWIFUCH XHcOOMTa EpyFIuK couyaau. Xap Oup ronmays
V3UHMHI MapKasra TOPTYBYM TIpPaBUTALMACH Ba yHIa Kapama Kapliv MyHAIWIUIapJard W4K{
00ocuM Kywrapu OWIaH MyBO3aHaTra sra. by MyBo3aHaT €HWIFM TeMUpPTra aillaHaIuTaH BaKTTada
caknaHaau. ['paBuTarnus 00cHM Ky4WwiapuaaH KaTTalamaiy Ba FOIIy3 CUKUIAa OOLLIakIu.

OK MHUTTHJIAp, HEHTPOH 10JIAY3/1ap Ba KOpPa TyHHYKJIap.

MabnymMKH, 10JIIy3 SHEPrusl 3aXUpacu kKyjaa KaTra Oynuiiura Kapamaii 0y
DHEPTUs BaKT YTUIH OuiiaH 00CKUIMa-00CKUY sipokcu3inamub 6opaau. FOmmysmap
XyJJIM UHCOHJIapra yximal simaiau, Kapuiay Ba yinaau. YJIapHUHT sIIail BaKTH-
naijo OYnraHwgaH TO AApO EHWUIFM pecypciapu Ionaay3 Oynmubd Hyp couud
TypUIlITa €Tapiau OYynMal Koimmiurada OynaraH BakTAup. by Bakr xap Owup
IOJITYy3HUHT Maccacura OOFIUKANp. XyCyCaH, SHI SKUH HOJay3- Oy 5 Musuapa

Wutapgan O6epu SApOo CHUHTE3W jkKapaéHW xucoOura Xo3upjia Y3WHUHT aKTHB

oocknunaa 6ynran Ky€maup Ba YHUHT EHWIFU 3aXypacu siHa S5 MUIIUap Wuira
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eraqu > . Kyém V3 émmmrucunm capguab TyrataéTran OOCKMYJA Y3UHUHT
rpaBuTanusicu xucobuman Ep caii€pacu ymuamugan karra OyiaMmarad yiuamrada
cukunagu. byHpa y  xocwsn  OynraH  3NeKTpoH ra3  Oocumu  OwiaH
MyBO3aHATJAIIraHaH CYHI CUKWIMIIJIAH TYXTab OK MUTTHUTa ainaHaau. Maccacu
Kyém wmaccacuman 3-5 mapra karra Oynran lOmmysmap ¥3 ympuHu Oomikada-
HEUTPOH OJAy3/apra aijgaHraH XoJia SKyHJIaau, OyHAa rpaBUTALMS IIyHJal
KYWIMKH AJIEKTPOHJIAPHUA aTOM SJIPOCUTA KOMIAIITUPAIN. DHJIM WIKU OOCUM Ky4H
AJIEKTPOH Ta3 OocHUMH 3Mac OalKu HEUTpoHJap OOCMMH XUCOOMTa TpaBUTAIUS
KyWwIapyuHU MyBo3aHatTiaiau Ba 10 kM raya cukuinb 6opasu.

SAnaga OFUPPOK Ba KYNPOK BOJOPOJ EHWIFM 3axupacura sra Oyirax
I0JITy3J1ap Ky4Jd TpaBUTAIMS Ky4Jlapu TabCUPU OCTHIA T€3 €HAJM Ba sIIIAII BaKTU
XaMm Kucka Oynamu. Maccacu kuxaTaaH WHpUK OYIraH rJIy3jaap TOM MabHOJA
Oup Heua MUUIMOH MU NaBomuaa “‘€HUO Typaauw’”, Maila oJiay3Jiap 3ca 10371a0
MUWTHapA utap naBomuga “smaiian’. [lynpaid sxaH, Oy MabHOJIa OU3HUHT
Kyém “mycraxkam ypra’” JIUKKA KAPAIU.

Hazapuii >xuxaTaan ronaysjap AacTiadku maccaiapura OOFJIMK XOJaa y4
XWI KYypuHUIIAa XaéTUHU sSKyHnaumau: 1. Arap ronay3 SApOCHHUHT NacTIaOKu
Maccacu Yanapacekap uerapacu nAe0 aramaguran (taxmuHaH) 1.4 Kyém
MaccacugaH KMYMK OYiica KUCKAa BaKT KU3WJI TMTaHT X0JaTUAaH KeMUH OK MUTTUTA
aimanangu. OK MUTTH XoliMja OWp Keya MWJUITMOH Hwuiap sAmad COBYK Kopa
MUTTHTA, SbHU XaKUKUH KOCMUK YIIMK KMCM- FOJITY3HUHT MypJacura aitnanaiu. 2.
Arap roIy3HUHT aactiaOku Maccacu Yanmpacekap derapacumad omubd Bomkos
yerapacu ae0 atamamuran taxmuHaH 2-3 Ky€m maccacupgan karra Oyica, sapo
EHUJIFUCUHUHT aCOCUN KUCMHM KaMaWHWIIWAaH KeWHH JJIEKTPOH Ta3HUHT OOCHUMH
KApIIWJIMK Kuja ojMarad IpaBUTalUs KydJapu TabCHPHU OCTHAA TAIlKU KaTiaMu
IOJIIY3HUHT MapKasura Tylaad. byHMHTr Hatwxkacuaa ronmy3 xaxmu 100000
MapTa KaMasiiu, YHUHT YpTadya 3UWINTY IIyH4Ya MapTa OpTajiud, paJiuyCH 3ca aTUru
10km atpoduma Oymamm. Jlespnu ury OwiaH Oupraivkaa IOMAY3HUHT YCTKH

KaTyiamu noptiail Hatwkacuaa 10 000 kM/c TaptuOuary kaTTa Te3JIMK OMIaH Xap
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TOMOHIa OTHIIMO KeTaau. by Xoamca Mapkaszujia HEMTPOH OJIAY3 XOCHI OYIuIIN
OWJIaH SKYHJIAHYBYM yTa SHTH FOJIAYy3HUHT NOPTJIAIMIEK Ky3aThianu'. By XuToi
Ba fnoH Tapuxuna aiitu® yrunran 1054 Hunnma xo3upaa Mapkasuna HEHTPOH
10y3 xonnamrad Kpabopun tymannuru ypHujga €pkuH 10JIAy3 kaOu spkupao,
WKKU XadTa JaBOMHUIA XaTTOKUA KyHIy3JIapu XaM KypuHuO Typras. 3. Kosuramcra
y4paéTrad IOJAY3HUHI Maccacu KaHIaWaup KPUTUK KuiMataaH karra Oynca (3
Kyém wmaccacunan) rpaBuTanusi LIyHYaJIMK KaTta Oynaguku OyHU Xed Hapca
TyXTara onManau. ['paBuTanus KydjaapH IOJAY3HU TAIKWI KWIYBYMA MOJJATApHU

mryHjai cukuO 6opaauku OyHIa F0JITy3 YIIdaMu SHT KUYMK Yiidyamrada KUapasiu.
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1-pacMm. Kopa TylHHYKIapHUHT pacMIIapHu.

By yuana koMmakT oObEKTIap OJIUHN FOJIy3Jap/aH UKKUTa (QyHIaMeHTas
Ooenru Ounan Qapxinananu. bupunHumman, sapo EHWIFMCMHU capduald yrnap
IPaBUTAIMOH KOJIJIATICTa TEPMOJUHAMUK OOCHM XUCOOMIaH KapIIMIIUK KypcaTau.
Ok MHUTTHJIap TPAaBUTAIMOH KOJUIANCTa 3JEKTPOH ra3 00CMMU OWjIaH KapIIHIIUK
KWIau, HEUTPOH I0Jy3JIap- HeuTponsap 6ocumu Owian. Kopa TylHykiap sca-
V3WHUHT TPaBUTAIMS Ky4lapura KapIiiniuK Kujia ojiMaciaH ssHora Oup HyKTarada
cukunuO OopraH. Ywuyana kommakT oObekTiap KowHOTHUHT €mu TapTuOugaru
JIaBpAa TYpFYH OOBEKTIAp XHCOONAHWIW. YJApHH IOJAY3JIApHUHT DHT OXUPTH
O0ockuunmarn 00BeKT ae0 Xucobiamr MyMKHH. Wkxkuaum  dapku- omauit
VY3MapuHUHT Maccacu TapTHOWJArd FOJIY3JIapHUHT YiuaMmjapura HucOaTaH aHda
KUYUKIUTHIADP?.

By y4ana ronmy3napHuHT oXupru 60CKHUUIaru 00beKTIIapaaH YHT OMPUHYN
OYMO OK MUTTHJIAp aCTPOHOMHK Ky3aTHILIAp HaTmwkacuaa Tomwirad. Ok MUTTH

Taxpubaza acTpoHOMJap OyHIal IOJay3 KaHAak KWiIMO HYyp COYMO TYpPHUIIUHU
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TYWIMHUAAH OJAWH Tomwirad. 1914 #Huim aMepukamvk acTpoHOM AJjamc
OCMOHUMM3JAru 3Hr €pKUH 1oay3 0yinran CupuycHunr iynnomu Cupuyc B HuHT
CIEKTPUHM aHanu3 Kwia€Tuo Kopu Xapopatra - Cupuyc HOJIIy3UHHUHT
Xapopartura siKiH xapopatra 3ra Ba maccacu Kyém maccacu Taptuduia 6yica xam
panuycu Ep paanycugan KMYMK JieraH XyJiocara Kelaiu.

Helitpon ronmay3napu Tapuxu 3ca akcuHya, 1934 iiun baane Ba lIBukku
HEUTPOH IOJNAy3/1ap —IOKOPH 3WWIMKKA, KHYMK pajadycra Ba OOIIKa OJIuil
I0Jiy3/1apra HUCOATaH KywIM TpaBUTAIUsATa dra OYiraH Oay3Jap FOSCUHU
takimud kwianau. HeWTpoH ronmysnap aciujga acTpOHOMIJIAP TOMOHHUJAH Karig
ATWITYHTA KaJap Ha3apauéTymiap TOMOHUAAH OUp acp OJIJUH KaJlaM yuuja Kamid
KWIMHTaH. VYaapHUHT acCTpPOHOMHUK Ky3aTyBllapfa TONWIMIIKA OyHUYAIUK
KCUMKHUIIMHUHT cababu Te3 opaau TYIUK TyLIUHApIU OYiau. Arap KOCMHK
XKUCMHUHT paauycu 10km Oyica XaTToku yHrada macoda 3HI SIKMH IOJAy3rada
(Kyémman tamkapu ) macodara (10 €pyrnuk imnam) TeHr Oyica Xam YHH SHT
KyJIpaTiu TeJIeCKOoN €pAaMuia XaM Ky3aTHIll MyMKHH 3Mac. Ba XaTTOKu HEUTpoH
IoJiTy3rada Macopa MyMKHH Kaaap KMYMK Oyisica xam! byHnaH kenu0 4uMKaauKu
HEUTPOH [OJAY3JIapHU ONTHK YyCyJiap OWlaH Ky3aTUIuiap MyBO(MaKKUSTTa
yUpaay.

Ba Gupnan xyTuiamMaraHn Hapca coaup OYiiu: HEUTPOH IO y3apy TOTUIIIN.
VYnap TaMoMaH KuaupuiMaras >Koi1aH, u3jaMarad ogamiaap TOMOHHIAH TOTIHIIJIH.
1968 itun ¢peBpanuaa mamxyp Nature wuiaMuil )KypHaiu caxudanapuaa TaHUKIU
WHTJIN3 aCTPOHOMH XBIONI Ba YHHUHT XaMKacOJiapu TOMOHHJIAH MyJICapIAapHUHT
Kam STunummra OaruIIaHTaH MakoJyia maijo Oymamu. AcTpoHOMHUSHUHT XX
acpaaru SHr Oyrok kamduétu 1967 hun KemOpumke YHuepcutetn Mamapa
paanoacTpoHOMUK oOcepBaTopuscuna JxocenuHn bemn TOMOHWAAH OYWITaH TeE3
aliJlaHyBYM HEUTPOH HOJAY3/iap-myJicapiapHUHT Kamid dSTuinuimu Oynrad. by
myJIcapiap pajuo IUano30Haa yprauuiran®, Ynapauar ounmimy mapadura bem,

Onronu Xpronwiapra 1974 iinn Hoben mykodortu 6epunau. Xosuprada 2000 ra
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AKAH TyJIcapjlap MabJiyM, KEWHHYAJIMK IIyJcapiiap pPEHTIeH AUaIllO30HHa Ba
KeMMHpOK (akar 11y JUano30HAa KYpUHAJWraH ramma-mylicapiap Xam
aAHUKJIAH]H.

HOnny3nu mynnait paamycrada cukud Oopammu3ku, OyHaa yHAaH ¢asora
Epyriuk TapkuwiMmanau. by pagnyc lIBapummnen pagnycu nevivnaau. Kyém yuyx
Oy 3 kM atpoduaa. Arap Ky€m xam 3 KM Ba yHJaH KMYUK yIyamrada CUKUJICA
épyriuk HypJsapu Kyé€m Tamikapucura yuka onmaian. Kopa TylHykra aitnaHrax
ocMOH >xucMiapu KouHotna WykonuO kermaiau. Y Y34 xakyja TallkKd ojamra
V3UHUHT TpaBUTAIMSCH XUCOOMJAHTHHA MabiayMoT Oepanau. Kopa TyitHyK
akuHugaH YTran EpyrmukHu rotaau (y [Bapumumnbsa paanycugaH KUUYHK
Macodanapraya sKWHJAlica) Ba EHUAAH YTa€TraH HypJIapHU Ce3uJIapiiv
Macodanapraya OFIUpaJIu.

VTa ofup ronmy3ap OK MUTTH XaM HEHTPOH IONIy3 XaM Oyna oiMaiim,
YYHKHU YJAPHUHT WYKA OOCHMIIAPU TPABUTALMSIHU KOMIEHCAIUS KUJUIITra eTapiiv
sMac. XaTTOKu OolIKaya KYpUHUILArd OOocHMIIap Kydra KUpraH TakIupla Xam
rpaBUTALIMOH KoJutanc Oapulup KailtMac OYnmO KomnaBepaau. ['paBuTtanmst Xxai
KWIyBYM Kyd OYnaay, HaTWKala HJIY3HUHT SKYHHM — XoJaTu (Xoaucaiap
TOPU30HTU OWJaH YpanraH CHHIYJsSIp HyKTa) (GakKTThHa OWHIITHEWTHHUHT
rpaBuTanus Hazapuscu €pramuaa éputwianu. llynnait kuaub, kopa TyHHyKIap
KouHoTaaru >xyMOOKIM XycCycHsiTra 3ra OYyiraH cupiau OOBeKTIapAaH Oupwu.
Mabnymkn, Kopa TyWHYK (ha30-BakT cOXacu AeHuIagu, TpaBUTAIUs MaiJIOHU
HIYHYQJIMK KY4JIMKH, XaTTOKU EpPYFIMK XaM Oy coXaHM Tanuiad 4YuKuO Kerta
onMmaiiiu. By *&ucM yiyamu y3WHUHT TPaBUTALMOH YI4aMUJaH KHUYUK OyiraHia
conup Oymamu. I'paButanvon paauyc Ky€m yuyn 3km, Ep ydyH sca 9mm
orpodpuma. A. DHWHIITEHHUHT yYMyMUH  HUCOMHIMK  Hazapuscu Kopa
TYUHYKJIaQpPHUHT aXaOTOBYp XYCYCHUSITU-KOpa TYHHYK Y4YyH MYyXuUM Oyirax
XoJlMcanap TOPU30HTH MAaBXYyIJIUTMHU Kypcataau. Kopa TyilHykK Xoaucanap
TOPU30HTH MWYKAPUCH TAlIKA Ky3aTyBUMra KypUHMauau, XamMma Kapa€aiap
XoJucanap TOpU3OHTH Tamkapucuaa cogup Oymamu. Illy cababGpan, xomucanap

TOPU30HTUTA IPKUH Tymaérrad (a3orup dXTUMOJ TaMoMaH Oomka KonHOTHHM Ba
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XaTTOKHM V3 KellaXXaruHu XaM KYpHIId MyMKUH. by myHu Ownnupaauky, Kopa
TyHHYK W4Kapucuaa Ga3o Ba BaKT KOOpJMHATajIapu ¥3 YPHUHU alIMallTUPaId Ba
Ou3 Kopa TyHHYK numaa (xoaucaiap TOpU30HTU HUKapucuaa ) (azo O6yitnda smac
OaJIKu BakT OYyinya caéxaT KujaMus.

Kopa TtyiiHyknapHuHr OyHIal fFaiipu OIOMM XYCYyCHSITH KYIMUYHIUKKA
HIyHYBKHY (haHTacTHKa OYmu0 TyHniaaay Ba yJIapHUHT MaBXyIJIMTUra Iryoxa naimo
Oynmaau. AMMO IIYHM TabKHUUIAIl >KOU3KH, HHT SHTM Ky3aTyB MabJyMOTJIapura
Kypa Kopa TyHHYKJIap XakakaTaH XaMm MaBxya. Macaman, XXI acp Oycaracuna
OM3HMHI TaJlaKTUKaMH3 Mapkasuzaa yTta ofup, Maccacu 4 wmwuimoH Kyém
Maccacura TeHr OyaraH Kopa TyHHYK MaBXy UMY Tonwiau. by- Kopa TyiHykIap
Ba YJIAPHUHT XYCYCHSTJIIAPUM U3JAHUIIMAArA SIHTM OOCKUY Kelau Ba SKUH
Kenaxakaa ymly coxala WIMHM — TagKUKOTJIap — Ce3uapid  Japaxaja
PUBOKJIQHHUIITA SPUILHMIIAMU3TA OJMO KUK KEPAK JIETAHH .

Iy ypunna OupuHuM HaBOaTAa Mamxyp (U3MK, acTpopu3MKa Ba Ha3zapui
¢u3nka coxacuaa KynruHa EpKuH uiuiap Mmyaudu, oup Bakriap Mcaak Heroton
Ba [lonbp Qupaxnap paxOapnuk kuiran KemOpumke YHuBepcutetu kadenpacu
ap3ocu CtuBeH XOKWHTHU TabKUIIa0 YTUIN KOW3. YHUHT W3JTAHUIUIAPUHUHT
acocuit o0ObekTH Oy Kopa TylHykJap (u3MKacUAWp. YHUHT acapjapu opacujia
“BakTHUHT KUCKAaua Tapuxu~ KWUTOOW SHI coaja Tuida (PU3MKaHUHT KUIUH Ba
70713ap0 MyaMMOJIapUHU Xammara TyIrnHapiu Kuiaub €3wirad. by XokuHr xakuaa
XxamMmacu 3mac. Y KyJa ofup kacan O0ynuO yHUHT Xo3upaa (pakaTriHa UKKUTA YHT
Ky71 OapMOKJIapu xapakaTu cakyimad KoiuHraH Ba oxupru 30 Wunm gaBomuja
ranupuIlIaH XaMm MaxpyM Oynrad. Y atpodugarmiapu Ouinad HyTK CHHE3aTOPH Ba
KoMIbtoTep €paamuaa ramnamanau. [llynra kapamacman y Qoan Ba qoxuiioHa
WIMHUIN U3TaHUTILUIAp 0Ju0 60pMOKaa.

1974 i#mnpa CtuBeH XOKMHI KOopa TyWHyKJIap arpoduaa BakyymaaH
3appajapHUHT Taugo OViaumM KYpud YMKaau. YHUHT XHCOOJaluiapu IIyHU
TabKUUIAWINKN aillaHyBUd KOpa TyWHYKJIap HypJiaHaaud Ba Oy Kopa TyHHYK

allIaHUIIIMHUA CEKWHJIAIITUPAIU. By HypJlaHUII CNIEKTPU UCCUKJIMK HYpPJIAHUIIUTA
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MOC Keluiuu alTtud yraau. BUpoK HaTwkaizap sSipyUM KIACCHUK yCyJJa OJIMHTaH,
aciujia TpaBUTALMS MaWJOHM YMyMUN HHCOMWIMK Ha3apuACH TEHTJIaMallapy
OunaH, Kopa TYHHYK SIKHHUJArd BaKyyM KBaHJIaHTaH MaWJOH Hazapusicu OujaH
EPUTHIIMIIM  Kepak ° . Kymuniuk onumiap XOKUHI UWKKWATA Ha3apUsHU
Oupnamtupud xarora iyn Kyiau aed xucobnamanyd. Y HUHT KOpa TyHHYKIIap YayH
OJITMH KaOyJl KWJIMHTaH Oapua KOHyHJIapHU Oy3amu. KelnHpok 3ca XOKHHT XaK
OYynMO YMKaau Ba YHUHT HaTWXalapu STPWIIAHTAaH BaKT-(Pa30Jacurid KBaHIJIAHTaH
MalIOHIApHUHT KOHYHJIApU KYpUHUIIHIA pacMaH KoOyn KumHau. [y cababnan
IPaBUTAIMOH, DJIEKTPOMArHUT Ba OOIIKAa TypJard HYpJAHUIUIAPHU KBaHJIAHTaH
Maiiionnap ae6 Kapanaau. bomikada cy3 OwnaH adTraHga TYJIKUHIAD KaHYAIHK
KBaHT MEXAHUKACU TEHIJIaMaJlapy OWIaH EPUTHIMACHH, yiap Y3UHUA OUp BAKTHUHT
y31ua XaM TYJIKUH XaM 3appaieK TyTalu.

LITyHuHT IEK, XOKHHI XHMCOO KHUTOONAapu Kopa TYWHYKIAPHUHT
HypJaHUIIMHU XaM Kypcartaau. [lopTiampan xocwsn OyaraH siHTM OOBEKT KyJa
KM4MK Xapoparra sra 6ymanu (3*10® K nan xuurk), Kopa TyHHYKHMHT CHKAIMIIA
yayH oca 10% iimnpan kynpok BakT kepak Oynamu. CUKUIUII HATHKACUIA YHHHT
xapopaTd omu0 Oopanu, HypJaHUIUIAD XaM Kyyasaud Ba “OyfiaHumm’
tesnamwagn. Huxoar maccacu OMp Heya MWJUIMOH TOHHAarada KamairaHujaa Ba
YHUHT X0JHcaJlap TOPU30HTH PaJUyCH aTOM SAPOCH YiIyaMura TeHr 0ynuo, y xKyna
karTa (103120 MuuoH K) xapopatraua Ku3uitam.

XOKHMHI XMCOJIAIapUAaH SHA IIYHH KypUII MyMKHH: arap Kopa TyHHYK
TYJIUK HYpJIaHUO KeTca, YHUHT X0JIaTu TYFPUCHAA MAbIyMOT Y30KIaru Ky3aTyBuu
yuyH OyTyHnail iykomanu. By kmaccuk Hazapus joupacuaa Tyrpu. bomika
TOMHJIAaHKOpPA TYWHYKHUHT “OyFJIaHUIIN XUCOOWJAH WYKOTHIITaH axOOpOT KBAaHT
MEXaHUKACUHUHT  axO0poT  MaBXKY/UIMTMHUHT  TYFPUCHUIATH  YHUTAPJIHK
TaMOWMJIUTA 3U]T Ba YHM aHMKJaAml KuiuH. dapa3 Kujgaliauk, Ou3na MKKUTa YHT
KU3WI MalMoK Ba 4Yam KYK maimok Oop. Arap OW3 4dam KYK MalloKHU Kopa
TyWHYyKra Taluiacak Ba KUMIUP YHT KU3WI NAaUNOKHU Ky(]Trcu3 Tonub onca Ba 'y

VHIai MKy yan KyW3uil MalMmoKHU Kopa TyHWHYKra Tanuiaral Ae0 TaxMUH KWJaJIu
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SbHU MOJIOMUKHM X€4 KaHAaill axO0opoT Kopa TyHWHYKIAaH YMKUO KEToJMac 3KaH
Y30KJaru Ky3aTyBud YHMHT MYUIa HEMA OOPJIMIUHU Ouia oaMaian’.

[llynnait kuinb, Kopa >KUCMHUHI HYPJAHUIIA YHUHT WYKU TY3WIHILIHA
TYFpUCHIA X€U KaHJald axO0opoT o0 YUKMaiu, 1eMaKk XOKHHTHUHT KamipuéTu
XaM Kopa TyHHYKra TymHO KOJraH >KHMCM XakKujaa Oupop Hapca OMJIMIIMMU3ra
Epmam Oepa onmaiinu. bomka cy3 OunaH aiTranga, XOKHHT TakuIaéTraH Kopa
TYUHYKHUHT HYpPJIAHWUIIM YHUHT WYKA TY3WIMIIA TYFpUCHIAa Ou3ra MabiIyMOT
oepmaiinu. by XOKHHI TOMOHUAAH KUPUTWITaH axOOPOTHH MYKOJWII MapagoKCH
nevunanu. Y myHU TabKuainaiauky, ousHuHr KouHornan ax6opot ykomap sKaH
Oomrka xoiia naiigo 6ynaau. JIekuH, KBaHT Hazapuscura OMHOAH KOpa »KUCMTra
IOTHIITaH ax00poT Tya hykomamm'’.

Xynoca ypHUIa IIyHU TaKUJJIall )KOU3KH, Kopa TYWHYKIap— y3ujaa Kymiad
cuHoar SAmMpuO kKemaértraH KOMHOTHUHI KyMOOKIH oObekTiaapuaup. Kynruna
O0axc Ba MyHo3alapra cabad OymaérraH KyI COHJIM TMapaJoKC Ba MyamMoJiapra
KapaMacJaH WIIOHY OWJIaH alTHIl MYMKHHKH XO3HpJa >KaBOOCU3 KOJIa€TraH

caBoJUIap KeJlakaksa y3 »KaBOOWHU TOMAIH.
MaTepHﬂHI/IHF SIHT'H IHAKJIJTApU: KOPOHTH MO1a Ba KOPOHFH JHEPrus.

XXI acpma xkocMmoJiorusiia pPEBOJIONMOH Kamduétinap pyu Oepau.
Anuknannmmya KouwHOTAarn Vy3ujaH »IIEKTPOMArHUT HYpPJAHUII TapKaTyBud
(GapuoH Mopnmanmap) KOMHOTHUHI ©Oop WyFu 4% WruHa TaIIKWI JTapKaH.
Kounotaunr 21% uHM X03up/1a KOPOHFU MOJIIa 1e0 HOMJIaHYBYM Ba Y3WHU (DakaT
IPaBUTAIIMOH y3ap0 TabCcUpiiapAa HAMOEH JTYBUM HOMABIYM MOJJIA TaITKUJ
dTapkaH. Ym0y MoJja TaJaKTHKaJIapAard OJIy3JTapHUHT TajJakTUKa MapKasu
aTpodua alaHUII YU3UKJIA TE3JTUTUHUA TAJIKUK JTUIN HATHXKACHA aHUKJIAHTaH.
Koponru mogaa 6ynmaran Mozesap roiaaysnap xapakatu Kemiep KoHyHura kypa
rajJjakTKa MapKa3wlaH y30KJIallTaH Capyh YJIApHUHT YU3WKIU TE3JIUTH KaMaiuo
Oopumm kepak Oynran. KyszaryBmap 3ca TalakTHUKaJaH Y30KJAITaH CapH

IOJITy3JIApHUHT YM3UKJIM TE3JIUMTM KaMaliMmail Oaliku acTa CEKMH opTHO OopuIlu
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Ky3aTwiau. by ramakTukanmapma Ky3ra  KYpuHMaiaurad (SpHU - Y3uJaH
AJIIEKTPOMArHUT HYpPJAHUII TapKaTMalIUraH) MacCUB MOJJAHUHT MBXKYIJIUTUHU
TacAMKIaiau. Yoy kam@uér rpaBUTanuoH jJuH3a d(pdextr ned HoMIIaHyBYU
AIEKTPOMArHUT HYPJIApPHUHT TPaBUTALMOH MaWJIOHJAa WYHAIWINWIAH OFHWILIWTa
aCOCJIAaHTraH Ky3aTyBJapAa XaM MyCTaKujI PaBUIIA Y3 TACAUFUHHU TOI I .

KounotauHr acocuit 75% KucMH 3ca Xo3upAa KOPOHFM HHEprus ned
HOMJIAHYBYM MAaTEPUSHUHT SIHTM IMAKJIWAAH TAlIKWI TONTraH. MaTepusHUHT SHIU
OYWJITAH IIAKIU Y3UHUHT aHTUTPABUTALIMOH TabCUPH OMJIaH JTUKKATTa Ca30BOPAUP.
AbHU ymidy KOpOHFHM SHEPTUSHUHT XHCOOMTa OWp-OMpuIaH y30KIa *KOMIalraH
rajlakTUKajgap Ba TaJakTUKalap TYIUlaMu y3apo Oup-OupajaH HUTapUIlapKaH.
Ymly TtUnpard SHEPrUSHUHI TaOuaTaa MaBXyMJIUTH Y30KJIa >KOMJallraH
raJlakTUKaJapHUHT OW3/IaH Y30KJIAIIUII TE3JIUTMHU aHuKjIam Oyinya onaub
OopwiIraH Ky3aTyB HILJIapy HaTWXKacuJa aHUKIAHIWA. AHUKIaAHUIINYA, OWU3aaH
KaHaaiaup Macodaza SKOWIalraH TallakTukaizap Xa00a KOHyHH Oyiinua
aHUKJIAHAJUTaH TEe3JIMK OujaH sMac OajKku, YHAaH KaTTapoK TE3JIMK OuiiaH OusiaaH
Y30KJIallIMOKJa dKaH. YOy Ky3aTyBlap PEJIUKT HypJapuHU aHUKIaIm Oyinua
YTKa3wiIran Ky3aTyB HaTwkalapu €paamuaa xaMm Tacaukianau. [yugait kummo,
Oup Heua MYyCTakWi Ky3aTyB Ba Taxpuba HaTwKajapu TaOuaTga KOPOHFHU
SHEPTUSHUHT MaBXYIJTMTUHU TACIUKIAIN.

Tabuatna KOpOHFM MOJJa Ba KOPOHFU DHEPTUSHUHT MAaBXKYJIUTHHUHT
aHUKJIAHUIIM (yHAAMEHTAI — PEBOJIOLMOH Kamduétnap Oynubd, yraapHUHT
TaOUMaTUHU Ba XYCYCHUSTIAPUHH YPTaHUII — 3aMOHABUN acTPOPU3NKAHUHT XO3UPTU

nauTaara 10y3ap0d MyamMoIiapuaaH Oupu XucoOIaHa Iu.
5.4. 'paBUTALIMOH TYJKHHJIAP.

2016 #wnaunar 11 ¢espamupa AKII Mwumnuit wnmuit donau (National
Science Foundation — NSF) ToMOHH1aH TpaBUTALMOH TYJIKWHJIAPHUHT WIK Oopa

Taxpubana Kaia OSTWITaHU DJBJIOH KWIMHAW. YOy Kampuér oJaMirymy
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kamuér Oynub, 3aMoHaBUN acTpoPu3MKaga SHIU WIMHH HYHAIMIILUIApHU

ouau'?.

2-pacm. MkkuTa Kopa TyHHYKIAPHUHT Ky HATHKACHIa TApKaJITraH

rPaBUTALMOH TYJKUHJIAPHUHT KA1 STUIUIIN.

['paBUTALIMOH TYJIKUHIIAP MaBXKyA OVJIMILIM Ha3apui KUXATIaH DUHIITEHH
TOMOHHMJIAH YMYMHI HUCOMWIIMK HA3apUACHUHM ApaTraHuaan cyHr 1916 hungack
aiitwran oau. Opanan 100 imn YTrO, rpaBUTAIMOH TYJIKUHIIAP Kamid ITHIIH.
AKII ngaru rpaButanvion TYnkuHiapHu Kaiga 3TyBun LIGO — oGcepBaropusicu

tomoruan 2015 fimnauAT 14 ceHTsIOpuaa MKKUTa Kopa TyHHYyKIap (Maccanapu 29
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Ba 34 Kyém maccacura TeHr OYyJraH) HUHI OWpPJIAIIMIIKM HATH)KacUa SIHTH OUTTa
Kopa Ttyinykaunr (maccacu 60 Ky€m wmaccacura TeHr) mnaijgo Oynuiu
HATIDKACHA aXpaiub YMKKA TIPABUTALMOH TYIKWHJIAPHM Kaijg oram

['paBUTAIMOH TYJIKUHIAp TaOMaTaH KMYMK WHTEHCUBIIMKKA 3ra OYnuO, yJIapHUHT
WHTEHCUBIIUTH  TPaBUTAIlMOH TYJIKAH MaHOACHHUHT  Maccacura TYFpHU
nponopunoHanaup. Kopa TyilHyknap maccailapu eTrapiavda Karra OYiIranjiuru

Tydaiiau ynapjaaH kena€TraH TPaBUTALMOH TYJIKUHHUHT UHTEHCUBJIMIU TakpuOa

KypuiIMallapu aHUKJIUTU UHTEpBaIuaa Oyiau.

Ha3zopar caBoJsiapu
1. FOnmy3napHUHT CYHUIIM KaHAal 103 Oepaau?

2. KommakT o0bekTiapra Kaiicu oObeKTiIap Kupaiau?

(O8]

OK MUTTH, HEWTpPOH IOJIAY3 Ba Kopa TyHHykiIap Oup-OupuaaH KaHzuai
XapaKTepUCTHKaJIapyu OpKaiu (apkiaHaan?

Kopa TylHYKHM XapakTepaoB4M aCOCUM ITapameTpiiap.

Heiitpon 1o11y3 maraurocdepacu

[Tynbscapiap — HEUTPOH 1OJAY3TapHUHT OUp KYpUHUIIN cudaTuaa.

KouHOTHUHT Te3mammb KeHralinuIly Ba KOPOHTH SHEPTHA.

® N s

[NanakTukanaru rOJIY3JapHUHT OpOMTAN YM3HMKIM TE3JUKIApU TaKCHUMOTH Ba
KOPOHFY MOZJI.
9. I'paBUTaLMOH TYJIKUHJIAPHUHT KAl STHIUIIN.

10. 'paBUTALIMOH TYIKUH 00CEPBATOPUSIIAPH.

doiiagaHmiIrad agaduéraap

1. James B. Hartle, Gravity: An Introduction to Einstein’s General Relativity, Pearson
Education Ltd., 2013, 554 p.

2. Arnab Rai Choudhuri, Astrophysics for Physics, Cambridge University Press, 2010, 471
p.

3. Max Camenzind, Compact Objects in Astrophysics, Springer, 2007, 682 p.

4. T. Padmanabhan, Theoretical Astrophysics, Volume I-III, Cambridge University Press,
2010.

5. L. Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752
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6. boukapes H.I'.6 Marautasie nons B kocmoce, M.: Kamwxknebrit jom «JIMBPOKOM»y, 2011.
—216.c.

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

qora tuynuk va uni kuzatish.
Ok MuTTHJIAp, HEUTPOH 10JI1Y3J1ap Ba KOpa TYHHYKJIap.

MabayMKkH, 10JIy3 SHEPrusl 3aXupacu KyJa Karra Oynwmmmra Kapamaii 0y
SHEPrUs BaKT YTUIIHM OusiaH O0CKUIMa-00CKUY sipokcu3iamub 6opaau. KOnmysmnap
XyJJIM UHCOHJIapra yximal simaiau, Kapuiau Ba yinaau. YJIapHUHT siail BaKTH-
naijo OyiaraHujaH TO AApO EHWIIFU pecypciapu Ioiaay3 Oynubd Hyp couud
TypUIlITa eTapiu OYynMai Koiuiiuradya OynraH BakTAup. by Bakr xap Oup
IOJIIy3HUHT Maccacura OOFMUKIup. XyCycaH, SHI SKUH 10Jay3- Oy 5 MuIIMapn
Wutapgan O6epu sSIpo CHUHTE3W jKapa€HU XucoOura Xo3upjia Y3WHUHT aKTHUB
o0ocknunaa 6ynran Ky€maup Ba YHUHT €HWIFU 3aXypacu siHa S5 MUIIUapi Wuira

eramu '

. Kyém ¥3 &énumnrucunu capdmad tyrataértran Oockuyaa Y3UHUHT
rpaBuTanuscu xucobuaan Ep caiépacu ymuammmad katta Oyamarad yayamrada
cukwiaau. byHga y  Xxocua  OyiraH  2JIeKTpoH Tra3  Oocumu  OuiiaH
MyBO3aHATJAIIraHaH CYHI CUKWIMIIIAH TYXTab OK MUTTHUTA aiinaHaau. Maccacu
Kyém wmaccacupman 3-5 mapra karra Oynran IOmnmysnap ¥3 ympuHu Oomikada-
HEUTPOH OJIAYy3/apra aljaHraH XoJijia sSKyHJIaau, OyHAa rpaBUTALMS IIyHJal
KYWIMKH JJICKTPOHJIAPHUA aTOM SIPOCUTA YKOWIAIITHPAINA. DHIA WIKA OOCUM Ky4H
ANEKTPOH Ta3 OocuMu 3Mac Oanku HEUTpOHJIap OOCUMH XHMCOOMTa TpaBUTAIUS
KyWwIapuHU MyBo3aHatiaiau Ba 10 kM radya cukuianbd 6opaau.

SHaga OFUPPOK Ba KYMPOK BOJOPOJ CHIJIFM 3axupacura sra Oyirax
I0JITy3J1ap Ky4Jd TpaBUTALMS Ky4Jlapy TabCUPU OCTHJIA T€3 EHAJM Ba sIIIAII BaKTH

XaM Kucka Oymamu. Maccacu >KuxaTJaaH WHPUK OYJTaH IOJIy3jap TOM MabHOJA

Oup Heua MUUIMOH WU NaBomuaa “‘€HUO Typaauw’”, Maiiia roJay3Jiap 3ca 1037a0

14 Arnab Rai Choudhuri, Astrophysics for Physics, Cambridge University Press, 2010, 471 p.

23



MUJTHapA utap naBomuaa “smaan’. [lynpai sxaH, Oy MabHOJa OU3HUHT
Kyé€m “Mycraxkam ypra’ JIMKKa KUPaJIU.

Hazapuii )xuxaTaaH royaysjap AacTiiadKu Maccaiapura OOFIHMK XOJaa y4
XWI KYpUHUIIAA XaETUHU sKyH’iaiau: 1. Arap 10oiay3 sIPOCMHUHT JacTiaOKu
maccacu Yanapacekap derapacu ne6 atamamuraH (taxmuHaH) 1.4 Kyém
MaccacugaH KMYMK OYica KMCKA BaKT KU3WJI TMTaHT X0JaTUAaH KeMUH OK MUTTUTA
aimanagu. OK MUTTH XoJija OWp Keya MUJUIMOH Huwuiap fAmad COBYK Kopa
MUTTHTA, SbHU XaKUKUH KOCMUK YIIMK KMCM- FOJITY3HUHT MypJacura aitnanaiu. 2.
Arap MJIy3HUHT Jactiabku Maccacu Yannpacekap derapacuaan omubd Bomkos
yerapacu ne0 aranmagurad taxmuHaH 2-3 Kyé€m maccacupaH karra Oyica, spo
SHUJFUCUHUHT aCOCUN KUCMHM KaMalWIIWAaH KEWWH JJIEKTPOH Ta3HUHT OOCHUMH
KApIIWJIMK Kuja oJMmarad IpaBUTalMs KydJapu TabCUPH OCTHAA TAIIKU KaTiaMu
IOJIIY3HUHT MapKasura Tylaad. byHMHr Hatwxkacuaa ronay3 xaxmu 100000
MapTa KaMasiiy, YHUHT ypTadya 3UWIWTY IIyHYa MapTa OpTaJid, pailyCH 3ca aTUru
10km atpoduma Oynaau. Jespnu ury OwiaH Ouprajuvkaa IOIAY3HUHT YCTKH
KaTyiamu noptiail Hatwkacuaa 10 000 kM/c TapTuOuary kaTTa TE3JIMK OWIaH Xap
TOMOHTa OTWJIMO KeTaau. by Xoauca Mapkasuaa HEMTPOH FOJAY3 XOCHIJ OYIIHIIN
OWIaH SKyHJIAQHYBYU YTa SHIU FOJLY3HUHT MOPTIAIKMAEK Ky3atuaaau'~. By Xuroi
Ba Snon tapuxupa aitub® yTwiran 1054 iiunga xo3upiaa Mapkasuaa HEUTpPOH
10J11y3 >kounamran Kpabopun Tymannuru ypHuga EpKuH 10Iay3 Kabu spKupao,
WKKUA XadTa gaBOMUJa XaTTOKH KyHIy3Jdapu Xam kypuHuO Typrad. 3. Kosmnamncra
yupaéTrad IOJAy3HUHT Maccacu KaHIaWaup KPUTUK KuhMaTaaH karra Oynca (3
Kyém maccacuman) rpaButanus HIYHUYaJIMK Karra Oyinaauku OyHU Xed Hapca
TyXTaTa oaMaiau. ['paBuTaIus Ky4wiapH IOJIy3HH TAllKWI KWJIYBUM MOJIaJIapHU

nryHaai cuku0 6opaauku OyHJa 10J11y3 YI4aMu 9HT KUYUK YiuaMrada KHupasiu.

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

By yuana koMImakT oOBEKTIap OIWH FOJTy3JapJaH MKKUTa (PyHIaMeHTas
oenru OwnaH dapkinanaau. bupunumpan, sapo EHuarucuHU capdaad yiaap

TPaBUTAIIMOH KOJUIATICTa TEPMOJUHAMUK OOCUM XHUCOOWIaH KapIIMINK KypcaTau.
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OK MHUTTHJIap TPABUTALIMOH KOJUIANCra 3JEKTPOH ra3 00cMMU OuiaH KapIIMJIUK
KWJIaau, HEUTPOH [oAy3iap- HeWTponsap O6ocumu Owmian. Kopa TyiHykiap sca-
V3UHUHT TpaBUTALMs Kywlapura KaplWiuK KHja oJIMacJaH stHora Oup HyKTarada
cukunuO OopraH. Ywuyana kommnakT oObekTiap KowHOTHUHT €mu TapTuOujaru
JaBpAa TYpFYH OOBEKTIAp XHUCOONAHHMIW. YJApHH IOJAY3JIAPHUHL DHI OXUPIU
O0ockuupmaru o0OBEKT 1e0 xucoOnamr MyMKHH.  WkkuHuM Qapku- opaui
V3MapyUHUHT Maccacd TapTHOUJAru IOJIY3JapHUHT YiiuaMmjapura HucOaTaH aHua
KUUUKIUTHIMp C.

By yyana ronmy3napHUHT oXuUpru O0CKHUUUIard oObeKTIapAaH SHT OMPUHYU
OynMO OK MUTTHJIAp aCTPOHOMHUK Ky3aTUIUIap HaTwkacuja tomwirad. OK MUTTH
Taxxpubaza acTpoHOMJap OyHIal I0NAy3 KaHAall KWiIMO Hyp COYMO TYpPHUIIUHU
TYIIUHUAAH OJAWH Tomwirad. 1914 #Huim aMepukalvk acTpoHOM Ajamc
OCMOHHMMM3JAru 3Hr €pKUH tonay3 0yinran CupuycHuHr iynnomu Cupuyc B HUHT
CHEKTPUHU aHaiu3 KWwia€tuO 1oKopu xapoparra - Cupuyc OJIIy3UHUHT
XapopaTura siIKuH xapopartra sra Ba maccacu Kyém maccacu taptuOuia 6yiaca xam
panuycu Ep paanycugan KMYMK JeraH XyJjocara Kenamu' '

HelitpoH rongy3napu Tapuxu 3ca akcuH4ya, 1934 iiun baane Ba LIBukku
HEUTPOH IOJAYy37ap —IOKOPH 3UYIMKKA, KHUYMK pajadycra Ba OoIIKa OJIui
I0Jiy3/1apra HUcOAaTaH KywIM TpaBUTalusra odra OYiraH mojaysjiap FOSICUHU
taknmud kwianu. HeWTpoH ronmysnap aciuga acTpOHOMIJIAP TOMOHHUJAH Karig
ATWITYHTA KaJap Ha3apauETumiap TOMOHUAAH OMp acp OJAUH KaJlaM yduJa Kamid
KWINHTaH. YaapHUHT acTPOHOMMK Ky3aTyBiapJa TOMWIHMIINA OyHYaJIUK
KEUYUKUIIMHUHT cababu Te3 opaau TYJIUK TyMIMHApad Oynau. Arap KOCMHK
XKUCMHUHT paauycu 10km Oyica XaTToku yHrada macoda 5HI SIKUH IOJAy3rada
(Ky€miman Ttamkapu ) macodara (10 épyrnuk ¥unm) TeHTr Oyica XaM yHH DHT

KyJIpaT/u TeJIeCKoMN €paaMuIa XaM Ky3aTHUIll MyMKHH dMac. Ba XaTTOKu HEUTpoH

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

p.
7 T. Padmanabhan, Theoretical Astrophysics, Volume I-III, Cambridge University Press,
2010.
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I0Jify3raya Macoda MyMKUH Kajgap kuuumk Oyica xam! ByHnaH kenu® 4uMKaauku
HEUTPOH IOJAY3JIapHU ONTHK YyCyJjiap OWliaH Ky3aTuluiap MyBO(MaKKUSTTa
yUpanIy.

Ba Ouppan kyTuimaran Hapca coaup OYiIu: HEUTPOH HOJAy3JIapy TOTIHIIIN.
VYnap TaMoMaH KMIMpUJIMAaraH KOiaaH, u3jiaMarad oJamiiap TOMOHUIaH TOMHIIIN.
1968 #iun ¢eBpanuaa mamxyp Nature WIMHIA XKypHaTU caxudanapuna TaHUKIU
WHIJIA3 acTPOHOMU XBbIOII Ba YHUHI XaMKacOJiapy TOMOHHJAH MyJICapAapHUHT
Kamg >Tunummra OaruilyiaHraH Makosia maiino Oymamu. AcCTpOHOMHSIHMHT XX
acpnaru SHr Oyrok kamduétu 1967 hun KemOpumke Yuuepcutretrn Masuiapa
paanoacTpoHOMUK obOcepBaTopusicuaa /xocennn bemn ToMoHuzaH ouwiraH Tes
allllaHyBYM HEWUTPOH IOJAY3JIap-MyJICApIApHUHT Kamd »Twimimy OynraH. by
myJicapiaap paaMo JWaro30HAa yprammirad '®. Viapaudr oumnvmm mapadura
benn, Ouronn Xetonutapra 1974 itun HobGen mykodotu Oepunmu. Xo3upraua
2000 ra AKuH Imyscapjap MabiayM, KEHMHYAIMK ITyJcapiap PEHTIEH AUAN0o30HUIA
Ba KEWMHPOK (akaT Iy [IMano30HJIa KYpHUHAJuUraH TaMMa-IyJcapiap Xam
aHUKJIAH]H.

HOnny3nu myHnait paguycrada cukud Oopammu3ku, OyHaa yHAaH ¢asora
EpyFiuk TapkuiaMaiian. by pannyc HBapummnen pagnycu neimnaau. Kyém yuyn
Oy 3 kM arpoduma. Arap Kyém xam 3 kM Ba yHJaH KHYUK YiyamMrada CUKuica
Epyriuk HypJsiapu Ky€m tamkapucura uuka onmaiau. Kopa TylHykra ainasrax
ocMOH >xucMiapu KouHotrna WykonuO kermaiau. Y Y31 xakyja Tallkd ojamra
V3UHUHT TpPaBUTAIMSICH XHUCOOWMJAHTHHA MabJayMoT Oepanmau. Kopa TyitHyK
AKUHUAAH YTraHn éEpyfmukHu rotaau (y [Bapummnbsa paanycugaH KUYHMK
Macodanapraya sKWUHJamica) Ba EHUAAH YTa€TraH HypJapHU —Cce3usiapiiu
Macodanapraya OFJUpaJIu.

V1a OFMp HOJIIY3/1ap OK MUTTH XaM HEWUTPOH IOJIy3 XaMm OyJja ojaMaiiiu,
YYHKHU YJAPHUHT WYKKM OOCHMJIAPU TPaBUTALMSHA KOMIICHCALIMS KUJIMILTa eTapiu

sMac. XaTTOKU OOIKaya KYpUHUIIIArd OOCHMIIap Kydra KHpraH TaKaupaa Xam

18 Boukapes H.I'.6 Marauthsle ons B kocmoce, M.: Kamxnsiit nom « IMBPOKOM», 2011.
—2l6¢c.
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IpaBUTAIIMOH KoJularic Oapubup kadWTmac OynuO KomaBepanu. ['paButamus Xan
KWIyBYM Ky4d OYnaau, HaTWKaaa OJIY3HUHT SKYHMM — XoJjaTu (Xoaucaiap
TOPU30HTH OWJIaH YpalraH CHUHTYJSp HyKTa) (akTruHa ODWHIITHEHTHHUHT
rpaBuTanus Hazapuscu Eépaamuaa éputwianu. llynnail kuaub, Kopa TyHHYKIap
KonHoTmarn >xyMOOKIHM XyCycHsTra 3ra OyiraH cupiau OOBEeKTIapaaH Oupwu.
MabnayMku, Kopa TyHHYK (a30-BakT COXacH NEHWIIaAW, TPaBUTAIUS MailJ0HU
HNIYHYAIUMK KYyWIMKH, XaTTOKH EpPYFIMK XaM Oy coxaHu Tanuiad 4yukub Kera
omMaiau. By *ucM ynyamu y3MHHMHI TPAaBUTALMOH YI4aMHUAAH KMYMK OYyiraHaa
comup Oynanu. ['paBuranmon pammyc Kyém yuyn 3xm, Ep yuyn sca 9mm
orpodpuma. A. DHWHIITEHHUHT yYMyMUH  HUCOMMIMK  Hazapuscu Kopa
TYUHYKJIaQpHUHT aXaOTOBYp XYCYCHUSITU-KOpa TYHHYK Y4YyH MYyXuUM Oyirax
XoJucanap TOPU30HTH MaBXYJUIMTMHM Kypcaragu. Kopa TylHHyK xoaucaiap
TOPU30HTM WYKAPHUCH TAalllKM Ky3aTyBUMra KypUHMAalaW, Xamma >Kapa€Hiuap
XoJucanap ropu3oHTU Tamkapucuaa conup Oymanu. Illy caGabnan, xoaucanap
TOPU30HTUTA 3PKUH TyIIAETraH (pa3orup 3XTUMOa TamoMmaH Oomika KomHoTHU Ba
XaTTOKHU Y3 KeJaKaruHu XaM KYpHIIM MyMKUH. By myHu Ounnupaguky, Kopa
TyHHYK W4Kapucuaa Ga3o Ba BaKT KOOpJWHATAJIapU ¥3 YPHUHU aJIMAIITUPAIN Ba
Ou3 Kopa TyHMHYK Muuja (Xoaucajnap rOpU30HTH Wukapucuaa ) ¢as3o Oyiinua smac
OaJIku BakT OYyiinya caéxaT KujiaMus.

Kopa tyliHykimapHuHT OyHmail fallpu OAIUNA XYCYCHSITH KYIMYHIIMKKA
IIYHYBKM (paHTacTUKA OYnuO Tyiusiaau Ba yIapHUHT MaBXKyJIMTUra nryoxa naimo
Oynamu. AMMO IIyHH TabKUAJIAII >KOM3KH, DHI SIHTH Ky3aTyB MabJIyMOTiapura
Kypa Kopa TyWHYyKJIap XakakataH xaM MaBxyn. Macaman, XXI acp Oycaracuna
OM3HUHI TaJlaKTUKaMHU3 Mapkasuzjga ¥yrta orup, Maccacu 4 wmwumoH Kyém
MaccacHura TeHr OyaraH Kopa TyHHYK MaBXy UMM Tonwiau. by- kopa TyiHykiIap
Ba YJAPHUHT XYCYCHUSTJIApU U3JAHUIIMAArA SIHTM OOCKUY Kelau Ba SKUH
KeJnaxakaa ymly coxala WIMHM — TaaKUKOTJIAp  CEe3WIapid  Japaxkana

PUBOXKJIAHMIITA SPUIIUIIMMU3TA OJMO KEIUIIHN KEPAK JIeraHu .

19 James B. Hartle, Gravity: An Introduction to Einstein’s General Relativity, Pearson

Education Ltd., 2013, 554 p.
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[y Ypunna Oupunuu HaBOaTaa Mamxyp Gusuk, actpodusrka Ba Hazapuii
bu3mka coxacuaa KynruHa EpkuH unuiap myamuddu, oup Bakmiap Mcaak HeroToH
Ba [loms [lupaxmap paxOapnuk kunran KemOpumxe Yuuepcutetu kadeapacu
ab3ocu CTuBeH XOKWMHTHU TabKUIIa0 YTUII KOW3. YHUHT W3JTAHUILIAPUHUHT
acocnii 00beKTH Oy Kopa TYWHyKJIap (U3MKaCHUAWp. YHHUHT acapiiapyd opacuia
“BakTHUHT KHCKaya Tapuxu~ KUTOOW SHT cojja Tuiaaa (HU3WKAHWHT KUWWH Ba
J0J13ap0 MyaMMOJIApUHU XamMara TyIuHapiu Kuinb €3mirad. by XokuHr xakuaa
XamMmacH 3mac. Y KyAa ofup Kacan 0ynu0 yHUHT xo3upna (pakaTrhHa UKKUTA YHT
Kya1 OapMOKJIapu xapakaTu cakyiad kKoiumHraH Ba oxupru 30 Hun gaBomuja
ranupuIlIaH XxaMm MaxpyM Oynrad. Y atpodunarmiapu OuinaH HyTK CUHE3aTOpH Ba
KoMIbtoTep €paamuaa ramnamaau. [lynra kapamacman y ¢Qoan Ba JoxXuiioHa
WIMHUHN U3NaHUIILIAp oJub 60pMoOKaa.

1974 imnpa CtuBeH XOKMHI KOpa TyWHyKJIap aTpoduaa BakyymaaH
3appajapHUHr Taugo OViaumM KYpuO YWMKagu. YHUHT XHCOOJanuiapu IIyHU
TabKUIJAWANKNA allaHyBUd Kopa TYHWHYKJIap HypJiaHagu Ba Oy Kopa TyHHYK
allIaHUILIMHYA CEeKUHJIAIITUPAIU. by HypJlaHUII CHEKTPU UCCUKJIMK HYpJIAHUIIUTa
MOC KeNnuinu auTtu® yraau. BUpoK HaTwkamap sSpUM KIACCHUK yCyJiJa OJIMHTaH,
acnMa TpaBUTALMS MaWJOHM YMyMUH HHCOMWIIMK HA3apuACH TEHIJIaMallapy
OwsiaH, Kopa TYWHYK SKUHUZArd BaKyyM KBaHJAHTaH MaiJIoH Hazapuscu OuiaH

éputmimmu  kepak 20 .

Kynmuunuk onumnap XOKHHI MKKWTA Ha3apusSHU
OupnamTupuO xarora Mya Kyilau n1e6 xucodnamaad. Y HUHT Kopa TYHHYKIAp y4yH
OJITMH KaOyJl KWJIMHTaH Oapua KOHyHJIapHU Oy3amu. KeWnHpok 3ca XOKHUHT XaK
OynMO YMKaau Ba YHUHT HaTWXKalapy STPWJIAHTAH BaKT-(Pa30[acuryd KBaHJIAHTaH
MaiJIOHJIAPHUHT KOHYHJIapU KYpUHUIIINUIA pacMaH KoOyn kuauHau. [y cabadnan
TPaBUTAIMOH, DJIEKTPOMAarHUT Ba OOIIKAa TypJard HYpJAHWIUIAPHA KBaHJIAHTaH
Maiiionnap ae6 Kapanaau. bomikada cy3 OwnaH alTraHjga TYJIKWHIAD KaHYaIMK

KBaHT MEXAHUKACU TEHTJIaMaJlapy OuiaH EPUTHIIMACHH, yiIap Y3UHU OUp BAKTHUHT

y3uaa XxaM TYJIKUH XaM 3appaZieK TyTalau.

20T, Padmanabhan, Theoretical Astrophysics, Volume I-III, Cambridge University Press,
2010.
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[IIyHuHT IEK, XOKMHI XHMCOO KHUTOONAapu Kopa TYWHYKJIAPHUHT
HypJIAaHUIIMHU XaM Kypcataau. [lopTiamgan xocus OYiaraH ssHTM OOBEKT KyJa
KHYKK Xapoparra sra 6ymamu (3*10°® K nan xuurk), Kopa TyHHYKHHHT CHKAIMIIA
yayH 5ca 10% imnman xynpok BakT kepak Oynamu. CUKUMIUII HATHKACUIA YHHHT
xapopaTd omuO Oopany, HypJaHUIUIAP XaM Kydasaud Ba “OyfiIaHumm’
Te3namaau. HuxosT Maccacu Oup Heua MWUIMOH TOHHAaraya KaMaWraHwjaa Ba
YHUHT X0JHcaliap TOPU30HTH PaJUyCH aTOM SPOCH YiiyaMura TeHr 0ynuo, y xKyna
katTa (1035120 Mol K) xapoparraya Ku3uiu.

XOKHUHT XHUCOJIAlJIapUAaH sSHa IIYHH KYpPUII MyMKHH: arap Kopa TyHHYK
TYJIUK HYpJIaHUO KETCa, YHUHT XOJIaTH TYFPUCH]IA MAbIIyMOT y30KJaru Ky3aTyBuu
yuyH OyTyHnail iykomanu. By kiaccuk Hazapusi gouwpacuja TyFpu. bomika
TOMHJAHKOpa TYWHYKHUHT “OyFJIaHHIIN XUCOOUJIaH WYKOTWITaH axO00poT KBaHT
MEXaHUKACUHUHT  aXxOopoT  MaBXYJJIUTHHUHT  TYFPUCUAATH  YHUTAPJIUK
TaMOMWJINIa 3UJl Ba YHU aHUKJIAIl KUWWMH. Papa3 KWIAIMK, OM31a UKKATA YHT
KU3WJ TIAWUIOK Ba Yal KYK Malmnmok Oop. Arap Ou3 yam KYK MalMoKHU Kopa
TyHHYKra Talulacak Ba KUMIUP YHT KM3WJI MAaWMOKHU Ky(PTUCU3 TOMHUO OJica Ba y
VHIal MKy gan KA3Wil MaWImoKHU Kopa TyHHyKra Taluiaral jae® TaxMuH KuJaad
SbHU MOJIOMUKH X€4 KaHaall axOopoT Kopa TyHHYKJaH YUKHO KEToJIMac JKaH
Y30KJard Ky3aTyB4d YHUHT HYU1a HUMa OOpJIMTUHM Ouia onMakam’!.

[yngait kMO, Kopa >KUCMHUHT HYPJIAHUIIM YHUHT WYKH TY3WIWIIU
TYFpUCHAA X€U KaHJal axO0opoT o0 YUKMaiiu, 1eMak XOKHHTHUHT KalipuéTu
XaM Kopa TyHHyKra TymuO KOJITaH XHCM Xakuia Oupop Hapca OMIUIIMMMU3TA
épnam Oepa onmaiinu. bomka cy3 OunaH aitranja, XOKHHT TakuiaéTraHn Kopa
TYWHYKHUHT HYPJIAQHUIIUM YHUHT WYKA TY3WIUIIA TYFpUcCHUIa OU3ra MabiyMOT
o6epmaiinu. by XOKHHT TOMOHUAAH KUPUTWITAH aXOOPOTHHU HYKOJUII MapaJoKCH
nevnnany. Y IIyHHW TabKUJIalaIuku, Ou3HUHT KonHOoTIaH ax0opoT iyKonap dKaH
Oolka >xoiaa nanao Oynaau. JIekuH, KBaHT Hazapusicura OWMHOAH Kopa KHUCMra

IOTHIITaH ax00poT TYIa WyKomaau>2.

21 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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XyJoca YpHUJIa ITyHW TaKUJJIaIl >KOU3KH, KOpa TYHHYKIIap— y3uja Kyriao
cuHoat smmpub kenmaérraH KOMHOTHHHT KyMOOKIHM oObekTiaapunup. Kymnruna
O0axc Ba MyHO3ajapra ca®ab OymaérraH Kym COHJIM MapagoKC Ba MyamMMoJapra
KapaMacJaH MIIOHY OWJIaH alTHII MYMKHHKH XO3HpJa >KaBOOCU3 KOJIa€TraH

caBoJUIap KeJlakakja y3 »KaBOOWHHU TOMAIH.
5.3. MaTepnmer SIHI'N HIAKJIJIAPpU: KOPOHTU MO/1la BA KOPOHTH JHEPIrusl.

XXI acpma KoOCMOJOTHSIA PEBOJIONHMOH Kamduérmap pyi Oepaw.
Anvknannmnya KouHOTAarn y3uaaH »IEKTPOMArHUT HYpPJIAHUII TapKaTyBUYd
(bapuoH Mopmaniap) KOWHOTHUHT Oop Wyru 4% WruHa TalIKWI STapKaH.
Kounotaunr 21% uHU X03upaa KOPOHFU MOJ1a 1e0 HOMJIaHYBYM Ba Y3uHU (akaT
IPaBUTALIMOH y3apo TabCUpJIApJla HAMOEH STYBUM HOMAbIyM MOJJAA TalIKHII
TapkaH. YOy MOJJa TaJlaKTUKAJapAard IOJAY3JIapHUHT TajlakTUKa MapKa3u
atpoduaa allaHUIl YU3UKJIM TE3JIUTUHUA TaAKUK STUII HATHKACUJA aHUKJIAHTaH.
Koponru mojia 6ynmaran Mozesap roiaay3nap xapakatu Keriep koHyHura kypa
TaJIaKTUKA MapKa3uJaH y30KJallraH Capu YJApHUHT YM3UKIU TE3JUTH KaMaiuO
Oopumm  kepak Oynran. KyszaryBmap 3ca TalakTHKaJaH Y30KJAIlTaH Ccapu
IOJIY3TAPHUHT YM3HUKJIM TE3JIMTM KaMaiiMaid Oallku acta CEeKMH OpTHO Oopuiin
Ky3aTwigu. by ranmaktukamapga Kky3ra KypuHMaiguraH —(SbHU  Y3UMJaH
AJIEKTPOMArHuT HypJaHUII TapKaTMaiguraH) MacCHUB MOJAAHWUHT MBXKYIJUTUHU
tacnukianau. Ymoly kam@uér rpaBuTalvoH jJuH3a dPdektu ned0 HOMIIaHYyBUYU
AJIEKTPOMArHUT HYPJIAPHUHI TPABUTALMOH MAaWJOHJa MNYHAJIWIIWIAH OFUILINTa
aCOCIIAHTaH Ky3aTyBJap/a XaM MyCTaK/I PaBUIIA Y3 TACAUFUHU TOILIA>.

KounotauHr acocuit 75% KucMH 3ca Xo3upAa KOPOHFM JHEprus ned
HOMJIAHYBYM MATEPUSHUHT SIHTW INAKJIWAAH TallKWI TONTraH. MaTepusHUHT SIHTU
OUYMJITAH MIAKJIA Y3UHUHT aHTUTPABUTALIMOH TabCUPU OWJIaH JTUKKATTa Ca30BOPIUP.
AbHU ymIOy KOPOHFM 3HEPTUSHUHT XHCOOMTa Oup-OMpuIaH y30KIa *KOMIalraH
rajlakTUKajgap Ba TaJakTUKaIAp TYIUIaMH y3apo Oup-OWpagaH HWTapUIlIapKaH.

Yy Tunmard OSHEPrUSHUHT TabuaTAa MaBXKYyJIMTA Yy30KJa Koiialiran

23 T. Padmanabhan, Theoretical Astrophysics, Volume I-III, Cambridge University Press,
2010.
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raJlakTUKaJapHUHT OW3aH Y30KJIAIIWII TE3JUIMHU aHuKjIam Oyinya onub
Oopwiran Ky3aTyB HIILJIapy HaTWXKacula aHUKJIAHIW. AHUKIaHUIIN4YA, Ou3maH
KaHmaaup Macodama >KoWjamraH TajlakThKaigap Xa00m KoHyHHM Oyiinua
aHUKJIAHAJUTaH Te3JIMK OujiaH sMac Oajku, YHAaH KaTTapoK TE3JIMK OuiiaH OusiaH
Y30KJAIIMOKa 3KaH. YOy Ky3aTyBlap pPEIUKT HYpJIApWHUA aHUKIAN OYinda
YTKa3uWiaraH Ky3aTyB HaTwkalapu Epaamuaa xam tacauknanau. lynmait kumuo,
Oup Heuya MyCTakui Ky3aTyB Ba Taxpuba HaTwkajlapu Tabuaria KOPOHFH
DHEPTUSHUHT MaBKXYJIATUHU TACAUKIIAIN.

Tabuatna KOpOHFM MOJJa Ba KOPOHFU DHEPTUSHUHT MAaBXKYJJIUTHHUHT
aHUKJIAHUIU (GyHIAMEHTaI — PEBOJIONMOH Kamduétinap OYnub, yraapHUHT
TaOMAaTUHU Ba XyCYCHUATIAPUHU YPTaHHII — 3aMOHABHUNA acTPO(U3UKAHUHT XO3UPTH
nauTaara 10y3ap0o Myammoliapuaal Oupu XucoOIaHaIu.

Qora o‘ra yoki qora tuynuk — gravitatsiya (tortishish) kuchi ta’sirida jismni o‘z
markazi tomon juda katta tezlikda siqilib borishi (gravitatsion kollaps jarayoni)
natijasida vujudga keladigan koinotdagi obyekt. Kuchli tashqi gravitatsiya
maydoniga ega. Albert Eynshteyn nazariyasi bo‘yicha ,,Qora tuynuk“ning yaqin
atrofidagi jismlar doimo yopiq bo‘lmagan egri chiziqli orbita bo‘ylab harakat
qiladi. Isaak Nyuton mexanikasiga muvofiq uzoqdagi jismlar esa konus
kesimlari bo‘ylab harakat qiladi. Qora tuynuk, asosan, katta massali yulduzlar
evolyutsiyasining eng oxirgi boqichida vujudga keladi va uning mavjudligi
bevosita kuzatilmaydi. Biroq Qora tuynuklar zich qo‘shaloq yulduzlarning
ko‘rinmas komponentlari ham bo‘lishi mumkin. U holda ikkinchi yulduzdan Qora
tuynukga relyativistik tezlikda tinimsiz o‘tayotgan

gaz oqimi o‘zidan rentgen nurlarini

tarqatadi. Qo‘shaloq yulduz hisoblangan Oq Qush

X—I obyekti shunday Qora tuynuklardan biridir.

Qora tuynukning xayoliy sirt hodisalar

gorizonti deyiladi. Hodisalar

gorizonti radiusini qora tuynuk radiusi sifatida

qabul qilishadi. Eng oddiy holda
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u Shvartsshild radiusiga teng:

Yorug‘lik kuchli gravitatsiya maydoniga ega 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 qadar uzoq yillar davomida Qora tuynuk matematik tushuncha deb qaralgan
va ba’zi olimlar Qora tuynukni nisbiylik nazariyasining umumiy taxmini sifatida
qarashgan. 1967-yilda Joselin Bell Burnell tomonidan neytron yulduzlari haqidagi
kashfiyoti gravitatsiyaviy tarzda parchalangan kompakt ob’ektlarga qiziqish
uyg‘otdi. Birinchi tanilgan qora tuynuk 1971-yili bir nechta tadqiqotchilar
tomonidan mustaqil ravishda aniqlangan "Oqqush X-1"-1 bo‘gan.

Yulduz o‘z hayotiy siklini tamomlayotganida qora tuynuk hosil bo‘ladi. Halok
bo‘layotgan yulduz atrofida paydo bo‘lgan qora tuynuk kattalashib yulduzni yutib
yuboradi. Qora tuynuk massasi o‘layotgan yulduzni yutib yuborayotganida va
boshqa qora  tuynuk  bilan qo‘shilish  jarayonida  kattalashadi.
Ko‘plab galaktikalar markazlarida supermassiv qora tuynuklar mavjudligi haqida
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 qizish
natijasida paydo bo‘ladigan yorug* disk hosil giladi va juda kuchli nurlanishga ega
bo‘ladi. Supper massiv Qora tuynukga juda yaqin kelib qolgan yulduzlar
parchalanib ketadi va parchalanish jarayonida o‘zidan juda kuchli nurlanish hosil
qiladi. Qora tuynuk atrofida aylanayotgan yulduzlar mavjud bo‘lsa ularning

arbitasi orqali qora tuynuk joylashuv kordinatalarini aniqlash mumkin.

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

astronom olimi Jon Michell 1784-yil noyabr oyida o‘zining maktubida qisqacha
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 gora tuynukni faqat ko‘rinadigan chegaralari orqali aniglash mumkinligini
aytgan. Ko‘p yillar ilgari katta hajmli ammo ko‘rinmas qora yulduzlarning ko‘zdan
g‘oyib bo‘lishi mumkinligi haqidagi fikrlardan qo‘rqishgan ammo 19 asr
boshlarida yorug‘lik nurining to‘lginli harakati o‘rganilganidan so‘ng fikrlar
o‘zgardi.

Zamonaviy gravitatsiya nazariyasi, Michellning yulduz yuzasidan to‘g‘ridan-
to‘g‘ri o‘tadigan yorug‘lik nurlari haqidagi nazariyasiga qarshi chiqadi.
Michellning nazariyasiga ko‘ra yulduz gravitatsiya tomonidan sekinlashtirilib,
to‘xtatiladi va qora tuynuk yuzasidan tashqariga chiqib ketadi. Makon va zamon
qora tuynukda shunchalar o‘zgarib ketganki, yorug‘lik o‘tadigan geodezik
chiziq hech gachon Qora tuynuk yuzasidan chiqolmaydi.

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 qaramay nuqtaviy massa va sferik massa haqida ko‘proq
ma’lumot bera olgan. Tenglamani yechishda Karl Einsteindan ko‘ra ancha farqli
yo‘nalishdan foydalangan, bunga sabab esa Einstein tenglamada ko‘plab o‘sha
davrlarda tushunilmagan va cheksiz yuza deb qaralgan formulalardan foydalangan.
1924-yili Artur Eddington singularlik koordinatalarning yo‘qolganini aniqlagan.
1933-yili Jorj Lemetr shvartschild radiusidagi singularlik jismoniy bo‘lmagan
singularlikning kordinatalari ekanligini aniqlagan. Arthur Edington 1926-yilgi
kitobida Shvartschild radiusigacha bo‘lgan masofada siqilgan masali yulduz
bo‘lishi  mumkinligi  haqida  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.AMALLY MASHG‘ULOTLAR MAZMUNI

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

Neytron yulduzlar va oq mittilar haqidagi tushunchalarni farqlay olish.
Kvazarlar, pulsarlar, magnitarlar. Astrofizikada mavhum ob’yektlar.
Neytron yulduzlar - katta massali yulduzlar evolyusiyasida sodir bo‘lishi mumkin
bo‘lgan  oxirgi  bosqichlardan  biri.  Neytron  yulduzlar = moddasi,
asosan, neytrondan va qisman 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 qildilar.

Yulduzlar evolyusiyasi nazariyasida ko‘rsatilishicha, katta yulduzlarning yadro
"yonilg‘isi" tugagach, ularning markaziy qismlarida falokatli suratda tez yuz
beradigan gravitatsion siqilish (gravitatsion kollaps) kuzatiladi. Kollaps paytida
modda zichligi shu qadar ko‘p ortadiki, bunda neytronlar protonlarga nisbatan
turg‘unroq 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 qoldiq narsa xolos aslida. Bunday jismlarni

astronomlar neytron yulduz deyishadi. Bugungi kunga kelib shu narsa ayon

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

hagda Nature Astronomy jurnalida xabar qilingan.

Foto: VideoNews

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

Astronomiyada bu neytron yulduz J0740+6620 nomi bilan gayd etiladi va u o‘z
o‘qi atrofini bir soniyada 289 marta aylanib chigadi. Ya’ni bu yulduz pulsar
hamdir. Yaqindagina olimlar uning massasini katta aniqlikda 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 maqomiga 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
orqali 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‘lqin ma’lumotlari kutilganidan ko‘ra biroz kechikayotganini payqab qoldi.
Bunday kechikish fanda “Shapiro effekti” deyiladi, u mazkur effektni kashf qilgan

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, haqiqatan ham ushbu neytron yulduz
yaqinida yana bir oq mitti bor ekan va u ham juda katta shiddat bilan neytron
yulduz atrofida aylanar ekan. Aynan ushbu kechikish vaqtini asos qilib olish bilan
olimlar o‘sha oq mitti va neytron yulduz massasini hisoblashga muvaffaq bo‘ldi.
Va, yuqorida aytilganidek, hisoblash natijalari J0740+6620 neytron yulduzlar
orasida rekordchi ekanini ko‘rsatdi.

Qizig‘i shundaki, J0740+6620 fizika qonunlari yo‘l qo‘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
qora tuynukka aylanadi. 2017-yilda olimlar ushbu massa chegarasini hisoblab ham
chigigan edi. Agar yulduz massasi Quyosh massasidan 2,17 marta va undan
kattaroq bo‘lsa, u albatta qora tuynukka aylanadi; undan kichik massa esa neytron
yulduzni hosil qiladi. J0740+6620 esa 2,14 Quyosh massasi bilan bu chegaraga
juda yaqin 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 yulduzlari birlashishi- bu neytron yulduzlarining yulduzlarning

to'qnashishi.

Ikki neytron yulduzi o'zaro orbitasiga tushganda, ular gravitatsiyaviy nurlanish
tufayli asta-sekin ichkilikka spirallashadi.Ular nihoyat uchrashganda,ularning
birlashishi katta miqdordagi neytron yulduzini yoki agar qoldigning massasi
Tolman-Oppenheimer-Volkoff chegarasidan oshsa, qora cho'qqani hosil
qiladi.Birlanish bir yoki ikki milisaniyada Yerdan trillion baravar kuchliroq magnit
maydonini yaratishi mumkin.Ushbu hodisalar qisqa 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 oqimi muhitini yaratadi.Ushbu reaktsiya
temirdan og'ir elementlarda isotoplarning taxminan yarmini yadro sintezi uchun

hisoblanadi.

Bir shuningdek kilonovalar hosil qilinadi,bular birlanish jarayonida ishlab
chiqariladigan va chiqariladigan 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 qilinganidan ber1 r-
process maydonchasi sifatida muhokama qilingan edi,ammo mexanizm 2017- yilda
GW170817 ko'p elchi hodisasi kuzatilganidan keyin keng qabul qilindi.

Yer yuzida ta'sir

Ikkilamchi neytron yulduzlari birlashishi natijasida chiqindilar o'tishi mumkin,agar
ular Yer 10 parseklar ichida yuz bersa. Agar qisqa qisqa Gamma Ray Burst
(sGRB) Yerga ursa, o'limga olib kelishi mumkin bo'lgan ta'sir darajasi yuzlab
parseklargacha kengayadi.Yerga yaqin supernovalar kabi boshga emissiya
komponentlarini ko'rib chigishda gamma nurlari va rentgen nurlari shaklida yuqori
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 tarqalgan og'ir elementlarning radioaktiv
buzilishi,sGRb shishqoqligi 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 saqlangan
kosmik nurlarning o'limli dozasi bilan supernovalar-qalin-qalinlik kabi bulbul
yaratadi.Agar Yerni qolgan qismlar qoplasa,kosmik nurlar, gamma nurlari
kabi,ozonni yo'q qiladi va atmosfera bilan muloqot qilib,zaif muloqot giluvchi
muonlarni hosil qilishi mumkin.Ushbu qismlar katta miqdorda hosil bo'ladi

shuning uchun ulardan qochish mumkin emas,hatto g'orlarda yoki suv ostida. Xavf
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ular organik mavjudotlarning DNK bilan muloqot qilishda tug'ma nuqson va
mutatsiyalarga olib kelishi qobiliyatida joylashgan.

Supernovalarga nisbatan ular o'xshash hajmdagi ko'rgazmaga ta'sir ko'rsatadi.Ular
ham kamroq 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 nuqtai-nazaridan gravitatsion
kollapsning turlarini farqlash.

Astrofizika nuqtai-nazaridan gravitatsion kollapsning turlarini farqlash.
Olamning tezlanish bilan kengayishi. Qorong‘i materiya va qorong‘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 chaqiruvlar
bermoqda. Yaqinda 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 -
Astronomiyaning bugungi kun yutuglarining hisobiga olimlar - odamzodning
atrofidagi hodisalarning bilmasligi ganday oqibatlarga - 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 o’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 qiladigan kuchlardan biri. Qora energiyaning

asosity 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, qora
materiya 26% va barionlar esa 5% ni tashkil giladi. Neytronlar va fotonlar kabi
boshqa komponentlar 1% ni tashkil qilgan holda deyarli ahamiyatsiz
hisoblanadi[2][3][4][5]. Qora energiyaning zichligi juda katta bo‘lib: tahminan
uning zichligi 7x10—30 g/sm3 ni tashkil qiladi (massa-energiyasida 6x10—10
J/m3), galaktikalar ichidagi qora materiya yoki qora energiyaning zichligidan
ancha kuchliroq. Qora energiya koinotda muhim ahamiyatga ega, chunki u

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

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

Qora energiya mavjudligining birinchi kuzatuv dalillari o‘ta yangi yulduzlarning
yorug‘lik o‘lchovlarini o‘lchashi hisobiga olingan. IA guruhiga kiruvchi o‘ta yangi
yulduzlar doimiy yorug‘likka ega, ya’ni ular aniq masofa o‘lchovlari sifatida
ishlatilishi  mumkin. Bu masofani of‘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, qora energiya mavjudligini tasdiqlovchi bir nechta asosli

dalillar topilgan.

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

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

Kosmologik konstanta — bu Enshteynning nisbiylik nazariyasi va maydon
tenglamalariga qo‘shilishi mumkin bo‘lgan doimiy atama. Agar maydon
tenglamasi atama sifatida qaralsa, uni bo‘sh joy massasiga (kontseptual jithatdan
jjobiy 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 qilingan[13]. Enshteyn kosmologik konstantning ramziy

belgisi sifatida A (gerkcha lambda) belgisini bergan[14][15].

1980-yillarda kosmologik tadqiqotlarning aksariyati faqat materiyadagi kritik
zichlikka ega modellarga asoslangan. Bu tadqiqotlarda 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 qilinganidan pastroq qiymatni talab
qilgan va model katta haymdagi kuzatuvlarni tahlil qila olmagan. Bu kamchiliklar
1992-yilda COBE  kosmik apparati  tomonidan kosmik  to‘lginlar
fonida anizotropiya aniqlangandan keyin kattalashgan va 1990-yillarning
o‘rtalarida bir nechta modifikatsiyalashgan qora materiya modellari faol ravishda
o‘rganilgan. Ayniqsa kosmologik konstanta (qora energiya haqidagi 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 gora materiya atamasi qo ‘llangan. Bu

atamadan foydalangan holda 1998-yilda Michael S. Turner tomonidan gqora
energiya atamasi fanga kiritilgan[17].Koinotning kengayishi
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Koinotning kengayish tezligining vaqt va makonda qanday o‘zgarishini tushunish
uchun yugqori aniqlikdagi o‘lchovlar talab gilinadi. Umumiy nisbiylik nazariyasida
kengayish tezligining evolyutsiyasi koinotning egri chizigi va holatning
kosmologik tenglamasi (har qanday 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 batafsilroq o‘rganish uchun Plank
kosmik kemasi Supernova deb nomlangan kosmik ekspeditsiyaga chiqqan. Bu
tadqiqotlar natijasida kosmologik kuzatuvlar bu modelning tog‘ri ekanligini yana
bir bor isbotlashgan. Ekspeditsiyaning birinchi natijalari qora energiyaning
o‘rtacha xatti-harakati (ya’ni, holat tenglamasi) Eynshteynning kosmologik
konstanta modeli kabi 10% aniqlikda harakat qilishini aniglashgan[18]. Higher-Z
jamoasining Hubble kosmik teleskopida amalga oshirgan so‘nggi tadqiqot
natijasida qora 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 Perlmutter,
Brayan P. Shmidt va Adam G. Riss fizika bo‘yicha 2011-yilgi Nobel mukofoti
bilan tagdirlanganlar[21][22].

O‘shandan beri bu kashfiyot bir gancha mustaqil manbalar tomonidan
tasdiglangan. Ba’zi olimlar qorong‘u energiya mavjudligining yagona
ko‘rsatkichlarini gallaktikalararo masofani o‘lchash orqali bilish mumkin deya

ta’kidlaydilar[23].

Supernovalar kosmologiya uchun foydalidir, chunki ular kosmologik masofalarda
mukammal joyda joylashgan yulduzlar hisoblanadi. Ular tadqiqotchilarga
obyektgacha bo‘lgan masofa va uning yerda gqanchalik tez uzoqlashishini

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 — yorqin yulduzlar, ichki
yorqinligi yoki mutlaq kattaligi ma’lum bo‘lgan obyektlarga aytiladi. A 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) haqidagi so‘nggi kuzatuvlar koinotning
71,3%ini qora energiya va 27,4%ini qora materiya va barionlar birikmasidan

tashkil topganiga mos keladi[24].

Tabiati
Qora energiyaning tabiati qora materiyanikidan ko‘ra ko‘proq noaniq va u haqida

ko‘p narsalar noma’lumligicha qolmoqda[25]. Qora energiyaga tortishish kuchidan
tashgari biron bir asosiy kuchlar orqali o‘zaro ta’sir qilishi 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 qiladi.

Vakuum energiyasi, ya’ni Geyzenbergning energiya-vaqt formulasidagi noaniqlik
prinsipiga muvofiq vaqt oralig‘ida hosil bo‘lgan va o‘zaro yo‘q qilingan zarracha-
antizarra juftligi ko‘pincha qorong‘u energiyaning asosiy elementlari sifatida
qo‘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 o‘z navbatida koinotning kengayishiga

ta’sir giladi.

Haqiqiy tabiatidan qat’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, boshqa
jismlar uchun tortishish kuchiga yordam beradi. Buning sababi, moddaning
tortishish ta’sirini keltirib chiqaradigan jismoniy miqdor energiya tenzori bo‘lib, u
moddaning energiya (yoki materiya) zichligini va uning bosimini o‘z ichiga oladi.

44


https://uz.wikipedia.org/wiki/Qora_energiya#cite_note-24
https://uz.wikipedia.org/wiki/Qora_energiya#cite_note-25
https://uz.wikipedia.org/wiki/Qora_energiya#cite_note-26
https://uz.wikipedia.org/wiki/Tenzor

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 qo‘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 o zingizning
taklifingizni bering.

Mini-keys 2.

“Yulduzlarning yashash davrlarini Gersshprung-Ressel diagrammasi
yordamida aniqlash”

Gersshprut-Rassel diagrammasi yulduzlar yorqinligi yoki temperaturasining
uning massasiga bog‘lanishini ifodalaydi. Kuzatuvlar natijasida olingan yorqinlik
yordamida va diagrammadan foydalangan xolda uning massasinip aniqglash
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'liqg?  Yulduzlardagi  termoyadroreaksiyalarining  kechish
samaradorligi uning massasiga qanday bog ‘liq?

Mini-keys 3

«Nega koinotning dastlabki davrlarida u yorug‘ bo‘lgan, xozirda esa biz
qorong ‘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 qoladi.
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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 ‘Igan?

Asosiy keysni ishlab chiqish.

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

«Refleksiya savati»

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

Keys o‘tkazish bo‘yicha umumiy xulosa qiling (assesment).
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VI. MUSTAQIL TA’LIM MAVZULARI
Mustaqil 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;

- tarqatma materiallar bo‘yicha ma’ruzalar qismini o‘zlashtirish;

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

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

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

Mustaqil ta’lim mavzulari

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

Yulduzlardagi reaksiyalarning kesimlari.

Yulduzlar klassifikatsiyasi va kataloglari.

Galaktikalar kataloglari.

Gravitatsion linza sistemalari.

Pulsarlar va magnetarlar.

Kosmologiyada magnit maydonlar.

s - R R I

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.

VII. GLOSSARIY

| Termin | Ozbek tilidagi sharxi | Ingliz tilidagi sharxi
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Adronlar

Kuchli
ishtirok
elementar zarralar

ta’sirda
etuvchi

o‘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
modellari

kvark

adronlarning  elementar
tashkil  etuvchilar —
kvarklarning bog‘langan
tizimidan  iborat  deb
garaluvchi modeli.

A quark is an 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. 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
bo‘lgan zarracha

In quantum mechanics, a boson is a
particle that follows Bose—FEinstein
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 Bosel!' 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
haqidagi 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—gravitational,
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
quantum 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

Stars, constellations, interstellar gas and
dust, and dark matter to gravitationally

gaz va chang, xamda | bound system. The Milky Way is the
gorong‘i moddadan | galaxy that contains our Solar System.
iborat gravitatsion | Its name "milky" is derived from its
bog‘langan tizim 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 | Gamma-ray  astronomy is the
manbalarini ularning | astronomical observation of gamma
gamma  diapazonidagi | rays,™>1 the most energetic form of
(to‘lgin uzunliklari | electromagnetic radiation, with photon
A< 107%%M , foton | energies above 100 keV. Radiation
energiyasi esa | below 100 keV is classified as X-rays
£>10%3B  bolgan) and is the subject of X-ray astronomy.
elektromagnit September 02 2011 Fermi Second
nurlanishlari bo‘yicha catalog of Gamma Ray Sources

o‘rganuvchi astronomiya
bo‘limi.

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
quarks, 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 quantum
chromodynamics (QCD). Gluons

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

astronomiyada
qo‘llaniladigan  uzunlik
birligi; yorug‘lik bir yilda
bosib o‘tadigan masofaga
teng. (I Yo.y. = 9,4605
-10*°m)

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 (IAU), 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 1is sometimes
misinterpreted as a unit of time.

Kuchsiz o‘zaro ta’sir

bir nacha attometrdan
(107"¥m) 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 quantum
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 uzoqlashgan Quasars or quasi-stellar radio sources
gallaktikaning faol | are the most energetic and distant
o‘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 qismlarini tashkil
qiluvchi 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.’! 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 qarama —
qarshi 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

51



https://en.wikipedia.org/wiki/Baryon
https://en.wikipedia.org/wiki/Meson
https://en.wikipedia.org/wiki/Time
https://en.wikipedia.org/wiki/Space
https://en.wikipedia.org/wiki/Planet
https://en.wikipedia.org/wiki/Natural_satellite
https://en.wikipedia.org/wiki/Minor_planets
https://en.wikipedia.org/wiki/Minor_planets
https://en.wikipedia.org/wiki/Star
https://en.wikipedia.org/wiki/Galaxy
https://en.wikipedia.org/wiki/Outer_space#Intergalactic_space
https://en.wikipedia.org/wiki/Subatomic_particle
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Observable_universe
https://en.wikipedia.org/wiki/1000000000_%28number%29
https://en.wikipedia.org/wiki/Parsec
https://en.wikipedia.org/wiki/Light-year
https://en.wikipedia.org/wiki/Comoving_distance
https://en.wikipedia.org/wiki/Particle_accelerator
https://en.wikipedia.org/wiki/Particle_accelerator
https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Particle_accelerator#Circular_or_cyclic_accelerators
https://en.wikipedia.org/wiki/Particle_accelerator#Circular_or_cyclic_accelerators
https://en.wikipedia.org/wiki/Linear_accelerator
https://en.wikipedia.org/wiki/Particle_physics
https://en.wikipedia.org/wiki/Particle
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Frequencies
https://en.wikipedia.org/wiki/THz
https://en.wikipedia.org/wiki/KHz
https://en.wikipedia.org/wiki/Inch
https://en.wikipedia.org/wiki/Speed_of_light
https://en.wikipedia.org/wiki/Lightning

astronomical objects.

Kuchli o‘zaro ta’sir bir nechta femtometrdan | In  particle  physics, the strong
(1071 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 o‘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 10°®
times stronger than gravitation at that
range.

Leptonlar kuchli o‘zaro 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
qaratilgan 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 ', 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
11-11.5 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

yengilroq  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.

Oq 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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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

radiusining ~0,01
hissasini tashkil giluvchi
kichik yulduzlar.
astronomiyada
ishlatiladigan uzunlik
birligi;

1pk=3,0857 - 106m,

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 '2, 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 quantum
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
uzoqlashishi  tezliklari

bilan ulargacha bo‘lgan
masofalar orasidagi
bog‘lanishlardagi

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

mutanosiblik
koeffitsienti.

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
issig modda (gaz) ning

bosimi hamda
nurlanishlar bilan
muvozanati xisobiga

barqaror 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  boshqa
samoviy obektlarda sodir
bo‘luvchi barcha
yadroviy jarayonlarni
tadqiq qiluvchi fan.

Nuclear astrophysics is an
interdisciplinary branch of physics
involving close collaboration among
researchers 1in 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

kuchlari
uning

gravitatsiya
Jismni
gravitatsiyaviy
radiusidan kichikroq
o‘lchamlargacha siqilishi
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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