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YKye -ycayouit masemya Y3MYuune ... kenzawununz 2016 iun oazu -
COHJIU KAPOPU OUNaH MACOUKKA MAGCUA KUIUHZAH.
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I. UIHYU JACTYP
Kupum

Maskyp nacTyp pHUBOXKIIAQHTAH XOPWKMM JABIATIIAPHUHT OJUH  TabIUM
coxacuja dpUINTaH ITYKIapy XaMJla OPTTHPraH Taxpubdanapu acocuaa “Dusuka’
KalTa Tau€piam Ba MaJIaKa OLIMPHUII MYyHAIUIIM YYyH TaW€pilaHTaH HAMYHAaBUU
YKyB peka Xamja AacTyp Ma3MyHHJIaH KelnO YMKKAH XOoJiaa Ty3wiraH O0ymuo, y
3aMOHaBMIl Tajmabnap acocuaa Kailta Tail€praml Ba Majlaka  OLIMPHIL
JKapaéHJIApUHUHT Ma3MyHMHM TaKOMWUIAIITUPUII XaMJa OJIMM  TabiIuM
Myaccacajapyd IMeJaror KaJpJIapuHUHT KacOuW KOMIIETEHTJIUTMHU MYHTa3aM
omupud OOPUIITHU MaKcaa KUIaau.

Kamusar Tapakku€étu Hadakar MamiIakaT MKTUCOAUNA CATOXUSATHHUHT
IOKCAKJIUTH OuiiaH, Oayiku Oy cajoxXuaT xap OWp WHCOHHMHI KamoJI TOMUIIM Ba
VUFYH pHUBOXIIAHMIINIA KAaHYAIUK WYHAITUPUITAHINTH, WHHOBAUUSJIADHUHT
TaMOWK HJTWITAaHJIWTK OwilaH XaMm Viuanaau. Jlemak, TabiuM THU3UMU
camMapaJopJIMTUHU OLUMPHI, TEAArorjapHd 3aMOHaBUN OWJIMM XamJa amMaiuil
KYHMKMa Ba Majlakajlap OWJIaH KypOJUIAHTHUPHI, YET 3J1 WIFOpP TaKpUOalapuHU
Vpranum Ba TabJIUM aMalu€Tura TaJ0uK OJTUII OYTyHTM KYyHHUHT J0J13ap0
Bazudacugup. “FOxopu 3HEeprusuiap Pusznkacu Ba acTpodU3UKAHUHT 3aMOHABUMN
XOJIaTH~ MOJAYJIM alHaH MaHa LIy MHYHAJIUIIJAard MAacalaJlapHU Xaj HSTHIIra
KApaTWITaH.

«¥Oxkopu sHeprusuiap usukacu Ba acTpoDU3UKAHUHT 3aMOHABUN XOJIATH
KYPCUHUHT MakcaJd THUHTJOBYWIAPHU XO3UpAa MaBxXyjd OYiraH 3aMOHaBUUN
SHTUJIMKIIAP, CYHITH XOpWXUN anabuétinap OuilaH TAHMIITUPUIN Ba aHa Iy
SHTUJIMKIIAp/IaH Maxopat OwiaH (oiigasaHuIn MalaKaCUHU AKIIAH TUPHUIIIAD.

MoayaHMHI MaKcaau Ba Ba3zudasgapu

“lOxopu sHeprusuiap ¢Qu3MKacu Ba acTpO(PU3MKAHUHT 3aMOHABUUN XonaTu’
MOJYJMHUHI MAKCaAM: T[eJaror KaJpjapHU KaiTa Tai€priall Ba MajlaKaCUHU
OLLIMPUII KypCH TUHTJIOBYMIIAPUHU FOKOPH SHEprusiap (pu3ukacu Ba acTpopusnka
COXACHJAru CYHITH SHTMJIMKIAP, 3aMOHABUM DKCIEPUMEHTAN TEXHOJIOTHSJIAPD Ba
XOpMKUHM agabuérnap Xakuaaru OMIMMIIApUHUA TaKOMWUIAIITUpULI, Oy Oopaaaru
MyaMMOJIapHU aHUKJAIl, TaXJujia 3TUIl Ba Oaxonami. [IlyHUHTIEK ynapaa WIFop
TaXpuOadapHu YpraHuil Ba aMmaija KyJjam KYHHMKMa Ba MajlaKaJlapuHU
IAKJJTAHTUPUILL

“FOxopu sHeprusnap pusukacu Ba acTpodU3MKAHUHT 3aMOHABUN XOJaTH
MOJYJMHUHT Ba3udanapu:

e THHIIOBUMIIApPTa TAbJIMM-TApOUsl Macajlajmapu Oyiuda WIFOp TabiIuM
TEXHOJIOTUSUIADUHUHT ~ KOHIIENTYyall acoCliapu, KeIuO YMKHUII Tapuxu TYFpHUCH]IA
MabJIyMOTJIap O€pwill, 3aMOHABUM MOIYJIM TEeXHOJOTHUsIapaad (oiinananud
TUHIJVIOBYWIAPHU MA3Kyp WyHaIUIIAAa MAIAKACUHY OLUMPHUILITa KYMaKIalUIIL;

e TabiuM-TapOusi kapa€Huga MOAYJUIM  SHTWIMKIAPHU — KYJUTAIIHUHT
ad3aITUKIapUHU EPUTHIL Ba TUHIJIOBUMIIAp/a yiaapaaH GoiiiaJaHuil MaXopaTHHU
HIAKJIJTAHTUPULLI;




olOkcak Mmamakanmu  MyTaxacCUC  Kajapmap Taiiépnam  Oopacuaaru
UCJIOXOTJIADHU amalira OLIMPHIN >KapaCHuAa WIFOpP TaXKPUOACHMHU VpraHuil Ba
yJapJaH camapaiiv (GonJamaHuIll MaxOopaTUHU OIIUPHUII.

Moays 0yiin4a TUHIJIOBYMJIAPHUHT OMJIMMHU, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHUMSUIAPpUTa Ky HHJIaJuraH Tajnadaap
“lOxopu sHeprusiiap ¢u3MKacu Ba acTpOPU3UKAHUHT 3aMOHABUHN XoJlaTh™
MOAYJIMHM  y3JAIITUPUII  JKapa€HWJa amaira OIIMPWIAJWraH macajianap
Joupacuia:
TunriaoBun:
- FOKOpH dHeprusuiap (pu3ukacu Ba acTpo(u3uKamaru acoCuil SHTUIUKIIAD Ba
3aMOHaBH amaduériap;
-CYHITM HWWUIapiard  aHWKJIaHTaH  KOHyHUsITiIap, Kamduérnap Ba
TamounusIap;
- XO3UpPrd 3aMOH SKCIEPUMEHT Ba Ky3aTyBjiapAaH camMapanu (ouaanaHulil
xaxuoa bunumnapea sea oyauwu;
TunrgoBun:
nearoruk (haousT kapaéHUHU MOIYJUIAIITHPUIIL;
Ha30par Kapa€HUHU T€3 Ba caMapaliv yTKa3a OJIulL,
HA30paTHUHT TYpJIY MIaK/UIApUIaH camapaiu (ponganaHui;

- UHTEPAKTHUB METOJJIADHM MAKCaJlJId paBHUILJIAa TYFpU TaHJall Ba
dbornanaHuIn

KYHUKMAAAPUHU 32aIAWU,

THHIJIOBYM:

- YKYB KypCUHUHT MOJIYJIMHU TY3HIII;

-IOKOpM  dJHeprusuiap  ¢usukacu  Ba  acTpodu3MKa  MOAYJIMHU
CTPYKTYpaJIalITUPHILL;

- TasTa0aapHUHT MYCTAKUI aMaliiid (aoaUsTUHYU TAIIKWI 3TULL,

- Tayjlabanap OWIMMUHUHT HA30pAaTUHM TAIIKWJ DJTUII Ba DJPUIIWITAH
HATWKAIAPUHU TaXJIAJI THILI,

- UHTEPaKTUB METOUIapAaH (poiiaanaHull

MANaKaiapuHu 32aiiauiu,

Tunriaosyu:

- ¥3 coxacura ouji axOOpOTHH MAaHTUKUN OJIOKJIapra aXpaTHIL Ba aHUK, PaBOH
Xam/ia TyIIyHapiy paBullia 0aéH STHIL;

- MOJlyJIJI €HAAIIYB aCOCUAA YKYB KapaéHUHU TaIIKWI 3THIL;

-Taxpuba TexXHoJoruslapura €HAAllyB acocuja TablidM Ba TapOus
»apa€HUHU OOLIKAPUIILI,

- KOMMYHHUKATUBIMKHYA Ba MYCTaKWI (PAOJTUSATHU TAIIKWJI 3TUIL F03acUAaH

KOMNemeHYUAIApHU 32aINAUU IO3UM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3UII OyiM4Ya TaBCUsLIap

“Okopu sHeprusijiap Ba acTpodU3UKAHUHT 3aMOHABHM XoJlaTh’ MOMIYJIU

Mabpy3a, aMaluil Ba Ky4uMa MalIFyJIoTIap Makiauaa oJud Oopuiaiu.
KypcHu yxkuTuin xapa€Huja TabIMMHUHT 3aMOHABUN METOAJIapH, ax0opoT-

KOMMYHUKALIMS TEXHOJIOTUSIapH KYJUTAHWINIIY Ha3apAa TYTUITaH:




- Mappy3a Japciapujia 3aMOHAaBH KOMIBIOTEpP TEXHOJOTHsSIIApH €pAaamuaa
MPE3EHTALMOH Ba AJIEKTPOH-IUAAKTUK TEXHOJIOTHsUIapaaH GhoiiaiaHull;

- VTKa3WiaJuraH aMajui MalFyJoTJIap/ia TEXHUK BOCUTAIApJlaH, dKCIpecc-
CYpoBiap, TECT CYPOBIIAPH, aKIUN XYXyM, TYPYXJH (QUKpiall, KUYUK TypyxJjiap
OwJiaH unuIall, Ba OOIIKa HHTEPAKTUB TabJIUM YCYJUIApUHU KYJUIAlll;

- KYyuMa MaIlfyJoTJiapJla 3aMOHABUN WIMUN Taxpuba KypwiMalapud Ba
Ky3aTyB ac0o00Jiapy OuiaH O€BOCHTA TAHUILIUIII

Hazapoa mymunaou.

Moy THHHT YKYB pexajaru 001Ka MOAYJLIap Ou/JIaH OOFJIMKJINIHY Ba

Y3BHIJIUTH

“FOxopu »Heprusmap (pusukacu Ba acTpoPU3MKAHUHT 3aMOHABUUN XOJIaTH
MOJYJIH YKYyB pexaaard OMpUHYHM OJIOK Ba MYTaxacHCIUK (paHIApUHHUHT Oapua
coxajmapu OwyiaH V3BUM OOFJaHTaH XOJJa MEeAaror XOJWMIIAPHUHT YMyMHUUI
Tal€prapivk JapaKaCUuHUA OLIUPUIITa XU3MaT KHIAIH.

MoayaHUHT OJIMH TABJIUMMAATH YPHU

MopayiHHd V3IalITUPUIL OPKAIW TUHIJIOBUWJIADHUHT TabIUM KapaéHUHU
TalIKWJI ATHUIJA TEXHOJOTUK EHJAIyB acoclapuHu Ba Oy Oopajgaru HIFOp
TaxpubaHu YpraHaauiap, yJIapHU TaxXJWi 3THII, aMalja Kyjulamn Ba OaxoJaiira
Joup KacOUii KOMIIETEHTIIMKKA 3Ta Oynaauiap.
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HA3APUIA MAUIFYJOTJIAP MASMYHHA

1-Mag3y: FOxopu 3Heprusijiap ¢pusukacu Ba actpopusnka paHuHUHT
acocuil Ma3MyHH, MaKcaau Ba Basudaaapu. Tapuxuid kupuul.

Oxopu »sHeprusuiap ¢usukacu Ba acTpo@u3uka (aHUHUHT acoCUi
Ma3sMyHUHH EpuTuil, ymoly QaHHUHT (Qu3MkaHuHT Oolika (aHmapu Ouiax
OOFNIMKJIUTMHUA TYIIYHTUPHIL. YOy (QaHHUHT PUBOXKIAHUII Tapuxu OwWjiaH
TaHUIITHUPHIIL.

2-MaB3y: KOMHOTHMHT KATTa MOPTJAll HATHKACH/IA SIPATHJIMIIH,
uHasnuA xxkapaéuu. OyHaamMeHTas y3apo TabCUpJap.

®dyHnamenTan y3apo tabcupiap. KomHOTHUHT mHusauuoH monenu. Keapk-
IJIIOOH IUIa3Macy, sApOJap, ME30HJIap Ba JENTOHAAp. bupinamMuu AapoBHii
peaknusuiap xamja JEHTPOH, Teluil Ba JUTUW SIPOJIADUHUHT XOCUJ OYIuUIIu.
bupnamun  ronmy3 Ba TalaKTHKaJapHUHT Taigo  Oynumm. 3aMoHaBUU
PEISATUBUCTUK KOCMOJIOTHSIAa MATEPUSHUHT SHTH (opmayiapu: XO3UPTrH dTanja
KOMHOTHUHT TE3JIaHUII OWJIaH KeHTalHUIIIH.

3-Mag3y: Konnotaa 10/1y3,1apHUHT A0 OYJIMIIN BA IBOJIIOLMSICH.
[ManakTukanap KJIacCU(DUKAIUSCH. [ManakTukanapnaru FOJIAY3JapHUHT
Mapkasyjard — TepMOSApO  peakuumsulap  Ba  3Bosonuscu.  HOnmysnap
knaccudukanusacu, I'epummnpysr - Paccen quarpammacu.
4-Mag3y: 'anakTukajgap Ba yJapHUHT IBOJIIOIUSICH.
[anakTvkanap  KiIacCU(pUKALMICH. lNanakTukanapHuHr  Iaiao Oy
MEXaHU3MJIapU. [ alaKTUKAJIapHUHT 3BOJIIOLUSACH, TaJaKTUKAJAPHUHT aKTUB
AIPOCH.
5-Mag3y: AcTtpodusnkagaru KOMNaxkT oobektaap. Koponru marepusi Ba
KOPOHFH 3Heprus. ' paBUTAllMOH TYJIKUHIIAP.

AcTtpodusukagaru KOMIAKT OOBEKTIap — OK MUTTHJIAp, HEUTPOH IOJITy3/ap Ba
KOpa TyHHYKJap. 3aMOHAaBUW PENSTUBUCTUK KOCMOJOTHSIA MATEPUSHUHT SIHTU
dbopMmanapu: KOPOHFH MaTepusi Ba KOPOHFH SHEPTUA. XO03UPTU 3Tania KOMHOTHUHT
Te3NaHuIl OwraH KeHravumm. Kymanok Kopa TYHWHYKIAp OJBOJIIOIUSICH Ba




kyumnumm: GW150914 00beKTHHUHT TpaBUTALMOH TYJIKWHIAP OpKaJd UK OOp
KA1 DTUJINIIN.
AMAJINA MAIIFYJIOTJIAP MABMYHH
1-Amannii mamFyaoT. KoMHOTHH KaTTa MOPT/IAaLl HATHKACHIA
sipaTWINIIM, HHQIAAIUA xapaéau. DyHagaMeHTaJ y3apo TabCUpJIap.
Xab0n momMuiicMHU XucoOiam Oyinda macananap euuni. bupmamuu sapoBuii
peakuusuiap, XycycaH ICHTpOH, TelIuid Ba JIMTUW SJIPOJIAPUHUHT XOCHJI OVIIMIIN
peakuusiap 3HeprusUIapuHA XUcoOIanml.
2-AMaynii MamryJotT: Konnoraa o/ay3napHuHT naiigo 6yauium Ba
IBOJIIOLUSICH.
HOnny3napHuHr ainaHum Oypyak MOMEHTH, HWHEPLHS MOMEHTH, MAacCacH,
ynaprada 0ynran macoda Ba 6omka Typyid (pU3nK KaTTATMKIApUHA Oaxoarl.
3-AMajuii MAIFyJI0T: DKCIEPUMEHT Ba Ky3aTHIILIAPra MyJIKaJlJIaHT aH
yekyHagaap. Tesnarruuiaap. Teneckoniap.
SAnpo peakuusUIapuHU  SKNEPUMEHTIA Ky3atumniap Ba ymOy Macajara
MYJDKaJUTaHTaH ycKyHanap, tesnarruwiap. Karra agpon komnaiinepu (LHEPH) Ba
OolIKa WIMUN MapKasziapAa MaBxKyJ OYIraH Te3narruwiap Ba YyCKyHauap.
Teneckoruiap, Xa66n Ba Yanapa rteneckonu. MaiiiaHak TEIECKONU Ba YHHHT
épllamMuia ey iurad Bazudanap.
4-Amanuii MamryaoT: lanakrukajgap Ba yJapHHUHT IBOJTIOIHUSICH.
["amakThkanap MaccajJjapyH Ba YypTadya 3UWIMKIApUHU Oaxonmam Oyiinya
MacaJlaJlapHU €YUII.
S-AManuii MaIIFyJa0T: ACTPOQU3NKAZATH KOMIIAKT 00beKTJIap.
Koponru maTtepusi Ba KOpOHFHU 3Heprusi. ' paBUTalMoOH TYJIKUHJIAP.
Kopa TyiiHykiap rpaBUTallMOH paguyCUHU aHUKJAIl Oyiiya Macajajap Cyulll.
GW150914 OOBEKTUHUHI TpaBUTALMOH TYJIKUHIAp OpKAIM WIK O0p Kailja
sy, ['paButanuon tynkuniap oocepatopusinapu: LIGO, VIRGO, KAGRO,
LISA.

KYUMA MAIIFYJIOT
Kyuyma MamuryJIOTHY TaIIKWJI dTHII IIAKJIA Ba MAa3MYHHU

Kyuma wmamrynornap MOAYJJIAPHUHI XYCYCHSTJIIApUHM HHOOATra oJira
XO0JI1a KyWMIAary MaKuiapaa TalKWI dTAIAIu:

- V36ekucron Mummit YHUBEPCUTETUHUHT Kolujaaru Amanuii Qusuka
WHCTUTYTH WIMUKA-Ta00paTOpUs XOHAJIAPUA;

- V3P®A AcTpoHOMMS MHCTHTYTH Ba OOIIKA MapKasnap OWIaH TY3WIraH
miapTHOMajapu acocuaa TallKWi JTWIAAA XamJa YpHaTWIraH TapTudaa
pacMUWIAIITUPUIAAN.

MYCTAKWJI TABJIUM
MycTaKWJ UITHA TANIKWI 3STUIIHUHT HIAKJIA Ba MAa3MyHH
TUHTIIOBYM MYCTaKWJI UITHA MYalssH MOJTYJIHUHT XYCYCUSITIQpUHUA XucoOra
OJITaH X0JIJ1a KyWuaard makyuiapaan goiigananunbd taiépiamm TaBCHs dTUIIAH:
-VKyB Ba WAMUN anabuériapnad (orgamaHuin acocuja MOIYJT MaB3yJapu
OWJIaH TAaHUIIUII Ba YpraHMIIL,




- TapKaTMa MaTepuaiap 0yiinya Mabpy3anap KUCMUHH Y3IaIITUPHIILL

- aMaJIUii MaIIFyJ0TiIapAa Oepuirad TONIIUPUKIAPHU Oakapull;

- aBTOMATJIAIITUPUIITAH YpraTryBud Ba Ha3opaT KUJIYBYM JacTypiap OujaH
UIIan;

-Maxcyc angabuérnmap OViimua Moayn OyiauMiapu Ba MaB3yJapu yCTHIA
WIUTAIL.

YKUTHII ITAKJJIAPHA
Maskyp Moayn OVitnda Kyiduaara YKUTHIN MakJlapyuaad Gongananuiaiu:

- Mabpy3ajgap, aMaluidi MaImFyjaoTiaap (FOKOpU DJHeprusyap (Qu3nkacu Ba
acTpO(U3MKAHUHT 3aMOHAaBUI XOJAaTH acOCIApUHU Y3mamTupuil, Oy coxamaru
OWIMMIIApHM aMaluil KyJulall MallakaCMHM —drajulalll, IOKOpPU JHEeprusiap
¢usukacu Ba acTpo(U3UKAHUHT YPHUHM aHTJAll, Y3IaIITHPHITaH OWIUMIapHU
y3JIyKCHU3 paBHUIllJla CHHaO Ba MycTaxkamiiad Oopuii);

-aMaliuii  TaxpuOanap Ba YyJIapHH MyXokamaiapu (IOKOpU SHEprusuiap
¢dbu3uKkacu Ba acTpo(U3MKAHUHT 3aMOHABUM XOJIATUTA OWJI aMaJIui TaxkpuoOaiap
YTKa3Mlll, HaTWKaJapHU MyXOKaMa STHUII, Ha3apuil Ba aMajiuil OWIMMIIApHU YKYB
Ba WIMUHN TaJAKUKOTIap/a KyJiaid OJIMII MajaKaCHHU drajuial);

- Y3NMamTUpWIrad OMIMMIIApHU TaxJIHII STUII Ba MyCTaxkamiiail (Mabpy3ajiap
Ba aMajguil MamFyjioTiIap Oyiuua Y3jamTUpuiIraH OWIMMIIApDHU  FOKOpHU
sHeprusiap (u3MKacu Ba acTpOPU3MKAHWUHT 3aMOHABUN XOJaTH HYKTau
Ha3zapuJaH TaxXJwil KWIHIL, 3apyp XoJulapAa KylmuMmya agabuériap Marepuaiapu
OwiaH OOWMTHIL, YYyKypJalITHPUII Ba fAHAJAa MyKaMaJJIalITUpUO Oopuin
KYHUKMAaCUHU 3rajuialll).

baxojiam Me30H/1apU

Makcuman
baxomnamnr me3oHun
Ne SJ’KyB-TOHHII/IpI/IK TypJiapu S
- 2 5 "a,LJ-IO" "ﬂXIlII/I" "ypTa"
' 22-25 | 18-21 | 1,4-1,7
1 TecT-CHHOB TONIIMPUKIAPUHA 05 0405 |034-044| 02803
OaxxapuI
p. |  YKyB-JIOHHXa MILTADHHM 1 09-1 |0,73-0,83 | 0,56-0,7
OaxxapuI
3, Mycrakui uim 1 09-1 |0,73-0,83 | 0,56-0,7
TONTIMPUKJIAPUHU OarKapuIIl




. MOJAYJIHU YKUTUIIJIA ®OUJTATTAHUIAJIUT AH
UHTEP®AOJ TABJUM METO/IJIAPH.

“SWOT-Taxania” MeToau.

MeTOAHUHT MAaKcaAM: MaBXyJ Hazapud Oujgumiap Ba aMajauid
TaXpuOadapHU TaxXJWd KWIUII, TaKKOCHAll OpKaId MYaMMOHH Xall dATHII
WyniaapHu TomMira, OWIMMIIAPHM MYyCTaxKamulalll, TakKpopJiami, ©OaxoJarira,

MYCTaKWJI, TaHKUIUN (PUKpIAIIHKA, HOCTAaHIAPT TapakKypHH IIAKIJIAHTHPHUIITa
XU3MaT KWJIAIH.

S — (strength) * KyWIH TOMOHIIAPH
W — (weakness) * 3an(, Ky4cu3 TOMOHIAPH

O — (opportunity) * UIMKOHUATIIAPHU

T — (threat) * TYCHKJIAp

HaMYHa: KounotHu karrta I[MopTiaall HaTHXKaCcuaa APaTHIIUIIN, I/IH(I)J'IHIII/IH

xapaéuu. Dyngamentan y3apo tabcupnap SWOT taxiawivHua ymOy kaaBajira

TYIIUPHHT.
KonHOTHU KaTTa noptiiam HaTHXKacuaa Ym0y Hazapus EpraMuia KOMHOTHUHT
S SPATUIIAILIH, HHQIISAINS )KapaHu. PUBOKJIAHUIIKHU 4 Ta GyHIaMEHTAal
DyHIaMeHTaN y3apo TabCUpIIap y3apo TabCHUp Kywiapu €paaMuia
Gboii1aTaHUIIHUHT KY4JId TOMOHJIapU TYIIYHTUPUIIA]IN.
KounoTHu kaTTa nopTiiam HaTHXacuaa
W SPATWIIAIIN, UHOISAIUS j)KapacHH. Xo3upuru nauTaa 3KCrepuMeHTaa
dyHIaMeHTaN y3apo TabCUpIIap TEKIIUPUIT UMKOHUSTH UYK.

¢oii1aTaHUITHUHT KYy4CU3 TOMOHJIApH

KounoTHu kaTTa nopTiam HaTHXacuaa
0 SPATWIIALIHN, UHOISAIUS )KapacHH. ®U3MKaHUHT KOHYHJIAPUHU Y3apo

@yHaaMeHTall y3apo TabCcupiiap OOFIMKJIUTMHU KypcaTaiu.
(oiifaNaHUIITHUHT UMKOHUSTIIApU (MUKN)

. HazapussHUHT MaTeMaTHK armapaTu
T Tycuxiap (Tamkm) P P

Mypakkao.




“AccecMeHT” MeTOaH

MeTOAHMHI MAKCAJAU: Ma3Kyp METOJl TabJIUM OJYBUWJIAPHUHT OWINM
JapakacuHM 0axojall, HazopaT KWIWII, Y3JalITUPUIIl KYpCaTKUYM Ba aMalluid
KYHHUKMAJIAPUHH TEKIIMPHUILITa HyHANTUpWITaH. Ma3Kyp TEXHHKA OpKaJlIH TabJIuM
ONlyBUMJIAPHUHT  Ounumn  Qaonustu Typad — WyHamunuiap (TecT, amaiui
KYHUKMaJIap, MyaMMOJM Ba3usTIap MalllKyd, KHUECUU TaxJIWJI, CUMIITOMJIAPHU
aHMKIam) Oyitnua Talxuc KWIMHAIN Ba 0aXxoIaHaIu.

MeToaHu amMaJjira OIMPUILN TAPTUOM:

“AccecMeHT” napJlaH Mabpy3a MaIIFyJoTiapuaa Tajla0ajJapHUHT EKU
KATHAIYWIAPHUHT  MaBXyld  OWJIMM  JapakaCcMHU  YpraHumiua,  sSHTU
MabIyMOTJIapHU OaéH KWIMILA, CEMUHApP, aMalliid MAIFyJoTJapAa 3ca MaB3y
€KM MabIyMOTJIAPHU Y3JIAIMITUPHUIL TapaKaCUHU Oaxojall, ITYHUHTACK, Y3-Y3uHU
Oaxonam Makcaauja WHIMBHIyal IHakiAa  (oljganaHuIl TaBCUS ATHIIAJIH.
[IIyHuHraek, YVKUTYBUMHUHT WXKOIHMM EHAAINYBM XamJa YKyB MakcaJJapuaH
KeJnO YMKUO, acCEeCMEHTra KylllMMua TONMIIUPUKIAPHA KUPUTHUII MyMKHH.

Hamyna. Xap Oup karakgaru Tyrpu xaBoO S5 Oamn €ku 1-5 Oanraya
0axoJIaHUIII MYMKHH.

-

S

4 Tecr Kuécuii Taxini
Z y 9
/w?f‘ 1. Kyucus y3apo TabcupHA DyHIaMEHTAN y3apO TAbCUP
\ TalllyBYM 3appajlapHU KypCAaTHHT. Ky4JIapHHHU TaKKOCJIaHT
* A.W-6o30n
* B. ¢oron
* C. nooH
¢}y Tymynuya taxjuiau K i‘ﬁ AMaJIMHi KYHUKMA
/ij * W -6030H TyLWlYHYaCUHMU &“‘;“ K/ * 3appavaHuHr
e N30XNaHT... p W s 9HepPruACUHU xmcobnaHr




“JlaBpa cyxb0aTtu” meToan
Aiinana cton arpoduma OepuiaraH MyaMMoO €KH CaBoJIIap l03acuaH
TabJIUM OJYBYWJIAP TOMOHMJIAH Y3 (UKP-MYJIOXa3IapUHA OWIITAPHUII
OpKaJIu 0JIu0 Oopuiiagural YKUTHII METOIUIUDP.
“JlaBpa cyx0aTu” MeTOU KYJUTaHWITaH/a CTOJ-CTYJJIApHU Joupa IIaKIuaa

KounamTupuin kepak. by xap Oup TabiauM OJIyBUMHHMHI OuUp-Oupu OmiaH “Ky3
ayokacw HU YpHATHO Typumura épaam Oepamu. J[aBpa cyxOaTHHUHT OF3aKU Ba
¢3Ma maksuiapu MaBxyaup. OF3aku naBpa cyx0arujaa TabiuM OepyBUM MaB3yHU
Oomad Oepaau Ba TabaUM OJyBUHJIapAaH ymlOy caBon Oyiinua ¥3 Qukp-
MyJIoXa3aJdapyuHu OWJITUPHUIIUTIAPUHM cYpalu Ba aitnaHa OViinad xap Oup TabiuM
ONyBUM ¥3 (DUKp-MyJoXa3aapuHu oF3aku 0aéH sramunap. Cy3maérraH Tabium
OJTyBUMHM Oapua JMKKAT OWjiaH TUHIJIAMAM, arap MyXxoKama KHIUII JJ03uM OViica,
Oapua (GuKp-Mynoxazajgap THUHIJIAHUO OVIMHTaHIaH CYHT MyXOKaMa KWJIMHA]IU.
By sca TapauM onyBYMIIApHUHT MYCTaKUI (PUKpIAIIUra Ba HYTK MaJaHUSITHHUHT
pUBOKJIaHUIIIUTA EpAaM Oepaliu.

[~ 1

bearunaap:
1-Tabium oyBUMIIAp
2-aiimaHa CTOJ

.

JlaBpa CTOJTMHHMHT TY3WJIMACH

Esma maBpa cyx6aTuja cTO-CTy/Iap aiilaHa MAaKIuAa KOMIamTupuiInG, Xap
OWp TabJIUM OJIyBUMIA KOHBEPT KOFO3M Oepuiiagu. Xap OUp TabiuM OIyBYH
KOHBEpPT yCTUra MabliyM OWp Map3y Oyiinua y3 caBosmHu Oepanu Ba “YKaBoO
Bapakacu HHUHT Oupura y3 jkaBoOWHU €310, KOHBepT nuura coymb kysaau. [yngan
CYHI KOHBEpPTHHM coaT HyHanmuimu Oyinya €HuAAard TabjIUM OJIyBUHMIa Y3aTaju.
KonBeptHu osiran TabiauMm oiyBYM ¥3 xkaBoOuHu ‘“KaBoOjap Bapakacu HUHT
Oupura €310, KOHBEPT UUMTa CONUO KYSIIU Ba EHUJATH TAbJIUM OJYBUWTa y3aTaju.
bapua konBeprTnap ainaHa OVina0d xapakaTiaHaau. SkyHud kKucMmjaa Oapua
KOHBepTJIap WuFuO onuHUO, Taxaun KwinmHaau. Kyihupa “/laBpa cyx6atu”
METOJAMHUHT Ty3UJIMACH KENTUPUIITaH




Cyx0aTHM yTKa3MII IIAPT/IapU OWJIaH
TAHUIITHD UL

l

Konseptaap Ba “’KaBobdap Bapakajapu”Hu
TapKaTHII

l

Kongepriapra caBoJuiap é3um

l

KonBepTHHN éHUAArH YKYBYMIa y3aTHII

|

CaBoJsuiapra :xaBo0 é3uin

l

BbaxoJsam Ba TaxXJinJ KHJIHAII

“JlaBpa cyx0aTH” METOAMHHMHT a()3a/IUKIAPH:
YTWIraH MaTepUAIMHUHT XM 3C/1a KOJIuIura épaaM oepaiu;
Oapua TabJIUM OJTYBUMJIAP UIITUPOK ATATUIIAD;
Xap OUp TabJIUM OJYBYM Y3UHUHT 0aXOJIAHUIIIN MAChyJIUSITUHU XUC ATAIH;

V3 buKpuHU 3pKUH UPOJa FTUII YIYH UMKOHUST SIpATUIIAIN.




I11. HASAPUH MAIIFYJOT MATEPUAJLIAPU

1-MAB3Y: JOKOPU SHEPTMSIIAP ®U3UKACH BA ACTPO®U3UKA
OAHUHUHI' ACOCUU MA3BMYHU, MAKCAJ/IN BA BASUDAJIAPU. TAPUXUU
KHWPHUIILIL.

PEZKA

1.1. FOxopu snepeusnap guszuxkacu gpanunune mascughu.
1.2. Acmpogusuxa ¢hanunune mascugu.
1.3. Ywby ¢pannune pusosxcranuw mapuxu

Tasnu udopanap: FOxopu suepeusnap ¢uzuxacu, Acmpoghuzuxa, KouHom
6a yHuHe pugoxcianuwu, Dynoamenman 3appanrap, Kyuiu MacHum 6a
2pasumayuor MamooHIap

1.1. FOxopu >Heprusiiap ¢pusukacu GaHuHUHT TaBcuuU.

WNHcoHHM TOMMO MKKH CaBOJI KU3UKTUPHUO KenraH: 1) Moaianap Ba OJJaMHUHT
V31U KaHAall 3JIeMEHTap 3appadajiapJaH TamKwi TonraHu Ba 2) KOMHOTHHMHT
TY3WINIIN BA YBOJONHSICH. Y3UHUHT GUIMMHHN KEHIaTHPHUII JOUPACHIA MHCOH
UKKHTAa Kapama-Kapiu #yHanumapaa ¢ukp rooputrad: 1) Ky HWyHanumaa
XapakatinaHub (MoJieKyna — aToM — sIIpO — MPOTOHJIAP, HEUTPOHTIAp - KBapKIIap)
WHCOH KHYMK Macodanapjard >xapa€HjiapHU TYIIYHHUINra XapakaT Kuwiau; 2)
IOKOpY HYHaIWIIIa XapakariaHuO (IlaHeTa — Ky€Iml CHUCTEMacu — TrajakThKa),
KOMHOTHUHT YMYMUI TY3WIMILH Ba TAPKUOU XaKuJa TacaBBypJiapra ara Oyiiu.

proton
(6 types of quarks: up, down,
charm, strange, top and bottom)

1-  Pacm. Unconusm Kyiu UyHamumoa xapakamiaub (Moaiekyia — amom — s0po — npomoHIap,
HelmpOoHIap - K8ApKIap) UHCOH KUYUK MACOpanapoazu Jcapaéniapuu mywyHuumed xapakam
KUaou




TankukoTnap HaTWXkacuaa U1y Hapca MabiyM Oynnuku, KoMHOTHHMHT Y31
Oynnan 13 mupna. Wun aBBan «Karra moprTnamn» HaTtwKacuja naijgo OyiaraH Ba
nacTiabKu JaBplla MUKPOCKOMUK Yiyamiapra sra Oymrad. Iy HykTam Hazapaa
AJIEMEHTAap 3appaiap XakKuJard X03Upru 3aMOH TakpuOa KypuiMaiapu Epaamuia
OJIMHTaH MabJIyMOTJIap KOMHOT pPUBOKIIAHUIIMHUHT aCcTIA0KK dTanuaaru Gu3mnK
JKapaHmapHu TymyHumra épaam  oepamul.  XycycaH, Te3narrudinapiaaru
TYKHAIIyBYM 3appadaJlapHUHT SHEPTUsSICH KaH4Yalu KaTTa Oyiica, MaTepUsHUHT
TAAKUK STUIAETTaH KUCMHUHHUHT yauyaMjapy [IyHYa KUYUK OYnmaau, IIyHUHTICK
KOVWHOTHUHT 3BOIOIUSACUHUHT KYPUIAETTaH JaBpU IIYHYAIMK OJIIUHPOK OyJaau.
[ysaait Knaud, MEKPO- Ba MaKpO-OJIaMJIAPHUHT YHUFYHJIAITYBH COIAP OYIIIH.

2- Pacm. Huconusm maghaxxkypoa rokopu uynanuuoa xapakamianuob (nianema —
KyéuL cucmemacu — 2aiaKmuKa), KOUHOMHUHS YMYMULL My3uiuuy 6a mapkuou
xaxuoa macassypiapea 32a 6ynou.

bynnan 50 iinn aBBan 6apya Mojjaiap aroMjiapiaH, yjiap sca ¥3 HaBoaTuaa
3 Tta ¢dynaameHTan 3appaiapiaH TAlIKWI TONTAHJIWTKH MabiayM Oynau (mycOat
3apsAJIaHTaH MPOTOHJIAD Ba DJIEKTP JKUXaTAaH HelTpan OynraH HEWTpoHmap —
MapKazuil SIAPOHU TAIIKWI 3Taau, MaH(uUil 3apsjajiaHraH dJIEKTPOHJAp SAPO
atpodua opOuTtanap O6yiisiad xapakatiaHan).

Cyurru naiitnapzia npoToH Ba HEUTpoHIap xaM y3 HaBOaTtuaa GyHAaMEHTal
00BeKTIap — KBApKJIApAaH TAIKWI TONTAHINTH MabIyM OViau. OnTuTa KBapKiap,
ONITUTA JIENTOHJap (PJMETPOH, MIOOH, Tay Ba yuTa MOC HEHTpHUHOJAp) Ba TYpTTa
yTum Bektop 0030HIap OunaH Oupranukaa KonHoTmarn MoamanapHUHT aCOCHHU
TATITKWT ATaIH.

1 A.R. Choudhuri, Astrophysics for Physics, Cambridge University, 2010, 471 p.

2 Povh, K.Rith, C.Scholz, F. Zetsche, Particles and nuclei. An introduction to the physical concepts. Springer, 2006.
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Time line
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3-pacm. Tabuamoaeu s1emenmap 3appanap.

KOxopu sneprusinap pusrkacu Ba actpogusuka ymoy MOJaTapHA TAIlKII
ATYBUU (yHIAAMEHTAI OOBETIIAPHUHT XOCCATapUHK Ba XYyCYCUSITIIApUHU YpraHajy.
VYapHUHT XyCyCHSTIapU TYpTTa MabiiyM (QyHAAMEHTAI Y¥3apo TabCUP KyddapH —
IPAaBUTALMOH, KYy4Ju SAJpO, BJIEKTPOMArHUT Ba Ky4CH3 sapo — €paaMuia
taBcuuananu. lllyHn TapKuagamkyd JTO3UMKH, XO3MPIHM 3aMOH TacaBBYpJapura
Kypa Ky4ucu3 SApO Ba AJIEKTPOMATHUT Y3apO TabCUpiiap OUTTAa TAbCUPHUHT UKKHU
XU HAMOEHIAHUIIUAUD. SIKMH Kenaxkakiaa ymoly TabCHUp KyWwIH SApO TabCHPU
Owinan Oupranukna “Karra Ouprnamrad Hazapus HU TalIKWI KWIUIIK Ba yJap
rpaBUTAllMOH ¥y3apo Tabcup OunaH Owupramukaa “SAroHa y3apo Tabcup
HazapuscK Ta Oupnamuiy GU3KKIAp TOMOHUIAH KyTHIMOK/IAS,

dyHIaMeHTal 3appajlapHu Ba YIApPHUHT ¥3ap0 TAbCUPUHU TATKUKOT KUJTUIII
YUyH TUTaHT Te3NaTrUWIapHu (JIEMEHTap 3appadaiapHu EPYFIUK TE3UTUTa SIKUH
TE3JIMKJIapraya Te3JIaTUIIl Ba yJapHU Oup-Ompu OwiaH TYKHAIIUIT WMKOHWUHU
OepyBUYM KypwiIMasiap) KypuIl 3apyp. YOy KypuiManap yJkaH yiauamjapra sra
oynrannuru Tydaim (Oup Heya YH KUIOMETpJIap), yjap ep OCTU TyHHeJIapuaa
XKOMIamTupuiagd. OHr  KyBBaTiu Te3nartruwiap Kyduparunapaup: CERN
(OKenesa, IIsetintapus), Fermilab (Yukaro, CIIIA), DESY (I"amOypr, ['epmanus),
SLAC (Kanudopaus, CIIIA).

Xozupru mnaitaa JKeneBamaru EBpoma sSapo TaaKUKOTIAp Mapkasujaa
(CERN) Karra anpoH kojutaiiiepua TaAKUKOTIap OJuMO OOpHIMOKIa Ba
KyHujaru Oup KaTop HaTUxKajiap OJMHIaH.

- Xurrc 0030HM KaiJ dTUIrad Ba yHUHT Maccacu 125,09 = 0,21 ['3B ra Tenr
-8 TsB osHeprusga MNPOTOH TYKHAUIYBJIAPUHUHI ACOCHUM  CTaTHCTHUK
XapaKTEePUCTHKATIAPU YPTaHWITaH — Maig0 OyaraH aApOHIaApHUHT COHH, YIapHUHT

3 T. Padmanabhan, Theoretical Astrophysics, Volume I, Cambridge University Press, 2010.
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TE3NMUKIapy OYHnYa TaAKCUMOTH, ME30OHJIAPHUHT 003€-3HHIITEHH KOppersuusiapu
Ba X.K.

- IPOTOH Ba AHTUIIPOTOHJIAP Opacuja aCUMMETPUSHUHI MaBXKyJl 3MaciIuru
KYpCaTHJITaH.

Ym0y TagKuKoT/Iap HaTWXKacuaa MOJAAHUHI Xocui Oynaran xonaru “Karra
noptiamt”’1ad 10 MUKpOCEeKYH/IJIaH KeWHUH Maiao Oyiranu AHUKJIAHTA ",

Oxopu osHeprusimap ¢usukacu Ba acTpopusuka (aHHU HMHCOHUATIA
dakaTriuHa oylaM TY3WIMIIU XaKHJla TaCaBBYPJIAPHUTHHU dMAcC, OalKu 3aMOHABHM
TEXHOJIOTHSUIADHU PUBOXIIAHTHPUII Ba aMajuEéTra KyJulall UMKOHUSTHHU XaM
o6epamu. FOxopu sHeprusmap OVitmya TaxpuOadapHH KYWIJIAITN Ba WIUIATHINIA
oJlaTAa I0371a0 oNMMIIap, SJEKTPOHUKA, MATEPUANIIYHOCIMK Ba WH(OPMalOH
TEeXHOJIOTHsIIap OYyiinya MyTaxaccuciap »Kajabd dTUIaIu.

Xo3upru 3aMoH acTpo(U3UKACHHUHI acocuid Myammonapu Oy Epnarm
naboparopusnapaa sAparu0d Oyiamaiiiuran mapouTiapiard: VyTa  OKOpU
DHEPIUsJIap, IOKOPH 3UYIMKIIAp, FOKOPH TeMIlepaTypajap, Kyw@wIM MarHuT Ba
IPaBUTALIMOH  MaiJOHJIAp  MaBXyJl OKCTpeMal  XoJylaTiapia  MOJJIaHHHT
XOCCAIapUHY YPraHuLiIad uooparaup®.

Kounotnaru ¢usuk xapaéHiaapHu Ypranuil acTpo(U3UKaHUHT acCOCHUM
npeaMetu xucoobmanaau. O, mnaHetanap Ba Ky€m cUCTEMAacHMHUHI KHYHMK
KUCMIIApUHU OE€BOCHTAa KOCMOHABTHKA yCIyOJapu OpKaiu TaJKUK STUILIApHU
xucoOra onmacak, KOCMHK OOBEKTIap XakuJa MabIyMOTJIap acocaH
ANEKTPOMArHUT  HypJAHHUILIAp oOpkKamu etud kemanu. IIyHuHr  y4uyH
acTpopu3MKaHUHT acocui Mmacajgacu Oy KOCMHUK OOBEKTIap/aH KeJyBUYd
AIIEKTPOMArHUT HYPJIAPHUHT UHTEHCUBJIMK, CIEKTp, MOJSpHU3alHs Ba X.K. Ky3aTyB
XapakTepUCTHKaIapy OunaH OOFMKIUTUHU MOJIEIUIAIITUPUIIIAH HOOpaTIUD.

1.2. Actpodusuxa paHuHUHT TaBCUPU

Xo3upru 3amMoH actpodusukacu XX acpHHUHT VYpTajapujiaH Ooriniad
puBoxianau. Ky3aTyB HyKrau HazapjaaH Oy Kail 3TWIYBYM 3JEKTPOMArHUT
HYPJIAHUIITHUHT CIEKTpal AWANa30HUHUHT KeHrahumm Ounan Oornuk. WMnrapum
acTpodu3uka HHCOATaH TOP IMANA30HIAard — ONTHK JWANa3oOHIard acTPOHOMMK
Ky3aryBiapra acocianrad >Au. LIIyHUHr ydyH OJMMIIapHUHI JUKKAT MapKa3zuja
acocan KowmHoTHmarm kypuHyBuUM EpYFIMK HYpPUHU TapKaTyBYM OOBEKTIAp —
I0JIy3/1ap, TYMaHJIMKIAp, TallakKTHKajgap — OynraH. YJapHUHT HypJIaHMII
MexaHusmiapu Ep mapowTwma oJMHraH WIMHA HaTwKajgapra acoclaHTaH dIu.
Xo3upru mantaa actpodusnkaga paguoTyIKUHIAPIAH TOPTUO raMMa-HypJiaprada
OynraH KEHr Juama3oHJard Ky3aTyB HaTWKajlapura acocliaHraH — XoJija
TaAKUKOTIap onub  Oopwiagu. ACTPOHOMHUSHUHI  KEHI  JHara3oHJaru
Ky3aTyBiapra VyTuiid OujiaH MabiyM oOBeKTiap TyFpucuga OatadCcuipox
MabJIyMOTJIAap OJIUI OusiaH OWp KaTtop/a SHTH 00BEKTIApHH, XyCycaH, dSKCTpeMall

4 L. Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752 p.
5 ®dunpuenkos M.JL, I'paBuranus, actpodusnka, KOCMOJOTHS: IOMOJHUTENIbHBIC TiaBbl, «JIMBPOKOMy,

2010.




XOJIaTAa JKOMIAITaH OOBEKTIapHM Kami) 3THII MMKOHMSATIAPHM Haimo Oyaam®.
Yy TabKuUIaHTaH MIapouTiIapAa MOJja SHru (QU3MK Xoccaiapra sra 0yiud
Kojaau. KOWHOT pUBOXIAHUIIMHUHT JACTIA0KU JaBpiiapujard MOJJIaHUHT
IOKOpY 3UWIMKJIAapra sra OYJIUIIM; HEUTPOH IOJAYy3/1ap MYKM KHUCMHUAArd Ba Kopa
TylHykinap arpodugaru  GU3MK Kapa€Hiap; OK MUTTHIAp Ba HEUTPOH
IOJIy3/IapJar Ky4wid TpaBUTAllMOH XaMjla MarHuT MaijoHiap Oyiapra MHCOJ
Oynaau. AifHaH IIyHAAM 3KCTpeMall XoJaTAaru 0ObEeKTIapHU TaIKUKOT coxaiapu
XO3UPTd 3aMOH FOKOPH JSHeprusuiap (usukacw Ba acTpo(DU3WKAHWHT acOCHUH Ba
J0J13ap0 MyaMMOJIapu XUCOOTaHA T .

Tapkuanam >KOW3KH, MaBXyJd 3aMOHAaBUM TEXHOJOTHSJIAP JKCTpEMa
XOJIaTAard MOJJIAaHWHT MAaKpPOCKONHUK XoccajmapuHu (pakaTtruHa acTpopu3uK
OOBEKTIApHU Ky3aTyBH OPKAIHM TAAKWK ATUII UMKOHMHH Oepamu. llly >xuxatman
3amMoHaBUi acTpodusuka unrop (an coxacu xucoOnaHagu Ba y “Epnaru
bu3MKa”HUHT Ky4yd eTMaiauraH (QyHIaMeHTaln XoJuca Ba KapaCHJIApHUHT
TaIKUKOTH OwjaH Inyry/utaHaau. Macanan, Epnaru nmaGopartopusi miapouTujia
OJIMHTaH MAarHUT MaWJIOHJIAPHUHT KY4YIaHTAHJIWTH OK MHTTHJIAD MAarHUT
Maiinonnapu Kydnanranauknapuaad (107-10° I'c) Gup Hewa yH Mmapra, HEHTpOH
IOJIy3IapHUHT MarHuT maiinonnapunan (1012 I'c) sca Gup Heda 103 MUHT MapTa
KUYUKIHP.

1.3. Ym0y paHHMHT PUBONKJIAHUII TAPUXH

Kyiinga 6u3 skcTpeman acTpo(pu3MK IIAPOUTIIAPU BYKYAra KEIyBUM yuTa
OOBEKTHH MHCOJI TapuKacHaa KeATUpaMu3: OOIUIaHFUY JaBpAard KOWHOTHUHT
PUBOXIIAHWINN, KOCMHK TraMMa-yakHampiap (raMMa-BCIUIECKHM), Ba sSKUHAA
ralakTHKaMU3/a OYIraH “MHKpOKBasapiap”’.

Kocmomorusima acocnii MyaMMO KOMHOTHHMHI pPHBOXIJIAHUII MOJAEIVHHU
TaHJai OusiaH OOFIUK (OYMK — YEKCU3 KOCMOJIOTHK KEHraluIll; €MUK — JacTia0Ku
yTa 34 MOJJAHUHT KCHTAWHMINM KEWWHTH JaBpjapJard CUKWINHIL OwJiaH
anmamuinn) Ba “Karra moptiam”naH KeWWMH KOMHOTHUHT JAcTIa0KW KEHTaWHUII
CIICHAPUICUHU aHUKJIAIllIaH noopar.

KOMHOTHUHT XO3Upru 3aMOHAArd KEHraium cypbatd Xab0a goumuiicu
Oownan anwkimaHagu H = 50 - 100 (xkm/c)/Mnk (SbHM Ky3aTyBUUIaH Xap
Meranapcekka y3okiamranna oobextiap 50-100 km/c Te3nuk OuaH y30KjIaliau.
OObeKkT KaH4ya y30KAa »oWjamraH Oyica, y IIyHYaJUK KaTTa TE3JHUK OuWiaH
Ou3/IaH y30KJIaIIan).

v=Hr
Oy epma V — OOBEKTHHHI Ky3aTyBUMJIaH Y3OKJAIIMII YWU3WKIM TE3JIUTH, I —
Ky3aTyBuuJaH oObeKTraya oyiaran macoga.

KOMHOTHUHT 0YMK €K EMUKIUTH Y30KIard 00bEKTIIap TE3TUTHHUHT KPUTHK

TE3JIMK/IaH KaTTa (OYHUK, V>V¢r) €KUM KMUUK (MUK, V<Vcr) TUTH OUJIaH aHUKJIAaHAIH.

61 Padmanabhan, Theoretical Astrophysics, Volume I, Cambridge University Press, 2010.
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KOuHOT »BOMIOLMACUHUHT KOHKPET CXEMacCHHUHI KaHJail OynmummnaH
KaTbuil Hazap xo3upru mnaitaa “KoMHOTHMHT wHCCHUK Mojaenu” TYFpu J1e0
xucobyianaau. byH/1a KOMHOT PUBOXKJIAHUIIIMHUHT J1acTIa0KHU JIaBpHia Xapopar Ba
3UWIMK aH4a KaTTa KuiiMatriapra sra Oynaran. JlactiaOku maiTaard mojja Tyia
HMOHJIAITaH XoJijia OViaraH Ba HYPJIAHUIITHUHT SPKUH IOTYPHUII WYIH KOMHOTHUHT
Yayamnapura HucOaTaH Kuuuk Oynran®. Harwkaza Mojjga Ba  HypJIaHMII
TEPMOJMHAMHMK MYBO3aHAT XOJjaTua OViIraH Ba YHUHT HypJlaHuIl criekTpu [lmank

dbopmyrnacu OmnaH TaBcu(IaHTaH Ba KyWHJIard 4acToTa w * 2.8 kT/h, h — [lmank

nonmuiicu. Kernraium >xapa€Huga Moama Ba Temrmeparypa Kamanb® Oopran Ba
“Karra mopmianr’aaH CYHr TaxXMHUHAH MWUIMOH wimaH T # 5-10° K OyiraH Ba

WOHJIADHUHT BJICKTPOHJIap OWiaH peKoMOMHaIus s>kapaéHu OonutanuO, HerTpan
aTomsiap maigo OYyma Oonutaran. HelTpan mojpanap HypiaHuin OwiiaH ¥3apo
TabCUpU HUCOATAH Kydcu3 OYJIranauru cadabiu “penukt’ (KOJAHMK) Hypiap
KBaHTJIAPUHUHT SPKUH IOTYPUILI WYJIM KOMHOTHHHI YiIYaMjlapHJaH KaTTa Oynuo
KoJiraH. AHa 11y “pexoMOUHaIMs JaBpy aH Oonuiad Mojiia Ba “peluKT Hypiapu”
MYyCTaKuJ paBuIlga puBOXIAaHUO kenrad. KenraioBunm kouHotna [omrmuiep
3Q(}eKTH Ky3aTWIyBYM PENHMKT HYpPJAHUIIM YacCTOTACHHUHI KaMmMaluIIura Ba
HypJIaHMII CIIEKTPHHM aHHMKJIOBYM TEMIIEPATYyPaHUHT KaMmaiumura onub kemamu®.
XO03Upry IaBpAa peJIMKT HypJIaHUII Temiieparypacu 2,7 K ra TeHr Ba y CaHTUMETP
XamMJia MWIJTUMETP PaauoTYJIKUHIAp Auana3onuaa Ky3arwiaau. llyau tabkuian
KOM3KHM, penukT Hypaanum 10-12 Mumapa WAl wiarapd  peKoMOWHaIus
JaBpUJiard KOMHOT CTPYKTYpacH TYFPUCHUIArM MabIyMOTJIAPHHU Y3UJa CaKJIOBYH
aroHa MaH6a 0ynu0 xucoOIaHaau.

Ha3zopar caBoJsiapu:
. FOxopu sueprusnap ¢pusukacu haHu.
. Konnor ka4on naiino 6ynran?
. DneMeHTap 3appajiap Huma?
. ITpoToH Ba HEUTpOHIAP TAPKHUOU.
. Xurrc 6030HU HUMA?
. Xa001 noumuiicu HuManu udoganangn?
. KOMHOTHUHT UCCUKIIMK MOJEIIH.
. TepmoanHaMHUK MyBO3aHaT HUMA?
. Hypnanummunr [Inank ¢popmynacu.
10. PenukT HypriaHui HUMa?
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2-MAB3Y: KOMHOTHH KATTA HOPTJIAIII HATHKACUJA SIPATHJINIIN,
NHOJIANUA KAPAEHU. ®YHJAAMEHTAJI Y3APO TABCHUPJIAP.

PEKA
2.1. Dynoamenman yzapo mavcup Kyuiapu.
2.2.Kamma nopmaau.
2.3. 1 anaxmukanapHure y30K1auuiu
2.4. Unpnayus spacu
2.5.Moooanune natioo oyauwu.

Tasnu ubopanap: mypmma @ynoamenman y3apo mavcup Kyuiapu,
Kamma nopmiawi, 2alaKmukaiap me3nanul OuiaH Y30KIauiuwiu, UH@ AU
apacu, Hykieocunmes, Xab6s ooumuticu, MOOOAHUHE NAUO0 OYIUUU

2.1. ®yHgamMeHTAaJ Y3apo TAbCUP KYyWIapH.

Maktab ¢usukacu gaBpuaaH Ouz “kKyd”’ TylmIyHYacu OWJIaH TaHUIIMU3.
Kywrap Typauda Oynanu: TOPTULIMIN KydjlapH, WINKAJAHWII KY4H, AJIACTHK
Kywiapu Ba X.K. TaOuatna Typiau Xwi Kydigap MaBxkya. Jlekun Oy KydiaapHUHT
XamMMacu Xam (yHJIaMEHTall XapakTepra 3ra sMac. MacajaH, WIIKAJTaHHUII Ky4d
MoOJIEKyJlajgap ¥3apo TabCUPUHUHT HATIKAacu OYnuO, WKKWIAMYd XOJuca
cudaruga HamMoEH OVnaau. MoJekylallapHUHT Y3apo TabCUPU XaM HKKUJIAMYH
xucoOnaHaau, MacaiaH, Ban-nep-Baanbc Kyunapu 35€KTpOMarHuT y3apo TabCUP
KY4IAPUHUHT MKKAJIAMYY KYPHHMIIAA HAMOEH Oy mummanpC,

NHcoH nouMm TabuaTaard WKKWIAMYM KyWIapHU KEITHUpUO UYUKAPYyBUU
byHAaMeHTaJl  TallKWJ  JTYBYWJIAPMHM  aHMKJIAIIra  MHTWIMO  KeJraH.
DNEeKTPOMArHuT Kyuiaap €KU DSJeKTp KydjJapu (QyHIaMeHTal ¥3apo TabCUP
HKAHJIUTH Ou3ra MabiiyM. YOy Kywiap MakcBeml TeHrjiamanapujaH Keiuo
YUKYBYHM ¥3ap0 TabCUp Kywiapuaup. MakcBel1 TeHriamaaapu tabuataara oapua
AJIEKTP Ba MArHUT Yy3apo TabcupiiapuHu TaBcudad Oeprannuru Tydaitnm, ynap
tabuataaru GpyHaamMeHTan y3apo TabCUp KywiapuaaH oupu 0ynub xucobianau.

bomka épkun mucon Oy rpaButanusiaup. busra HeroToHHUHT OyTyH ojlam
TOPTUILIUII KOHYHM OpPKajdd TPABUTALMOH Kywiap TaHUII, Xo3upaa Oy y3apo
TabCUP KyWIapu ODWHINTEH TEHIrJIamMalapyd OpKajil yMyMJAIITHUPWITaH Ba Ou3na
X03up OWHIITEHHHUHI TpaBUTalMs Hazapusich MapxkyA. LyHuHr yuyH
IPaBUTAIIMOH y3apo TabCcUp — (PyHIaMEHTan ¥y3apo TabCHp KyuJapuaaH Oupu
oymu6 xucobnanaau. Kaduonnapaup Oy UKkajia y¥3apo TabCUpruHa (QpyHIaaMeHTas
V3apo Tabcup kyun nae6 xucoOnanraH. KeimnHuanuk, aroMm sapocu Kamid
ATWITAHJAH CYHT yJlapJard 3appajlapHUHT 3appyalapHUHT ¥3apo TabCHUPJIALIMIIN
AHrM (QyHIAMEHTaNl Ky4IapHUHT Maijgo Oynumwmra onul kenau. Ymly sapo
Kywiapyu Vi4YaHau, TYIIYHWIIM Ba TaBcudiaangu. Yinap xam Y3 HaBOaruga
dbyHIaMEeHTa)I XapakTepra dra dMaciuru Ba KaWcuaup MabHOAa Ban-mep-Baanbc
KYWIApWHU ICIATHUINN aHUKJIaH]IH.

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




Kyunu ¥y3apo TabcupHHM ByXKyara KENTHUPYBUM XaKUKUN (yHAaMeHTan
y3apo Tabcup — Oy KBapkjap opacuiaru yzapo Tabcup Kyuwiapuaup. Kapkiap
y3apo Oup-Oupu OusiaH TabcuUpiallaJd Ba OYHMHI HAaTWXKAcU VIapoK sSApojaru
IPOTOH Ba HEHUTPOHJIAP Opacuaard y3apo TabCUp BYXKyAra kemanud. Tabuatmaru
y4YUHYMd (QyHIaMEHTan ¥y3apo Tabcup Oy KBapKiIap opacuaa TIIOOHIApPHUHT
JIMAIIIUAIIY HATHKAacUaa ¥3apo TAbCUPHUHT Mai10 OYIUImuaup.

[lly OunaH XWKOAMH3 TaMOM OYyiIMalau. OJeMeHTap 3appajapHUHT
napyajgaHuim (Oapua OFUp 3appavanap CSHTWIPOK 3appadaiapra napyajiaHajiu)
SIHTH ¥3apo TabCcup Kyuilapu opakanu udomananaau. Ymoly Tabcup daHaa Kyucus
y3apo Tabcup Kywiapu ne0 HomiaHamau. Kydcu3 ne6d HommaHwmmm ymioy y3apo
TAbCUP KYWIAPUHUHT 3JEKTPOMArHUT Yy3apo TabCUp Kywiapura HucOaTaH aH4Yd
KHYHKIATAIapL,

[yngait kuamb, XO3WPru 3aMOHAA TYpTTa (yHAAMEHTal y3apo TabCUP
Ky4Japyu MaBXyJ. bynap — aeKTpoMaruuT, Ky4iu, Ky4cu3 Ba rpaBUTALIMOH y3apo
TabCUP Kywlapu — OMTTa yMyMUH NPUHLMII acocujaa Kypwiaau. by nmpunHuumn
¥3apo TabCcup Kywlapu 3appajiap opacujia KaHJalaup BOCUTauu €pAamuia amasira
OLUUIIINTA ACOCJIAHTaH.

OJEeKTpOMarHuT  ¥3apo  TabCUp (POTOHJAPHUHI —  3JIEKTPOMArHuT
TYJKUHJIAQPHUHT KBAaHTJIADUHUHI — aJMAallUIIM Xojucacura acocianrad. Kywin
y3apo TabcHpiap TJIIOOHJIAPHUHT ajMalllMlIM Xojaucacura acocnanrad. Kyucus
y¥3apo TabCcUp Ica OpalMK BEKTOp OO30HJap aJMallWIId  XOJWCACUTa
acocnmaHranaup. TYpTUHUM Vy3ap0 TabCHP — T[PABUTALMOH Y3apO TabCUP 3cCa
TPaBUTOH [1€0 HOMJIAHYBYM TPaBUTAIIMOH MaNJOHIAPHUHT KBaHTJIAPH OpPKAIU
TYITYHTUPHUIIA]IH.

2.2. Karra nopraam

KoMHOTHUHT KaHIal TYy3WITAHJIWTA XaKuJa MabIyMOTIap HWHCOHUST
sapatrad acbobmap €paamuaa Ky3aTUIl MyMKHH OViaraH y30K wMacodanapHu
Ypranuin opKaidu aHuKIaHaau. YOy macodanap acTpOHOMHSIA HIILIATHITYBUYU
Macoda EpyrauK Wunum  Oupnukoapu  OunaH  TaBcudianca (1 Epyrnmk
imm=9.5102 kv éxm ~0.3 mapcek, 1 mapcek ~3.1'108° km), sHr y3okna
xKoimamran oObekTiapraya Oynran macoda 5000 mumon mapcek €ku 15
MUJUTHAp] EPYFIHUK HWuiaura TeHr! Xo3upru KyH/Aa Ky3aTuiaéTraH KOMHOT YJIKaH
I0JTy371ap WMFUHANCH — TATaKTHKATApAaH Ba I0JAy3Iapapo MyXHUTIAru Ta3iapaaH
nbopar. Acnuza 5ca KOMHOT MOJJIa Ba HypJIaHULIIapAad uboparaup2,

Jlactna® KoWHOTIArm MojJa Xakujaa cyxOariamamus. MablyMKH, MOAA
aToOM siIpoJiapuaH — HYKIHIJapJaH TallKWI TomraH. Sapoma aca ¥3 HaBOaTtHma
NPOTOHJIAp Ba HEUTpOHIap >KoinamraH. YJapHU HYKJIOHJIap Ae0 araiaju.
[IpoToHnap COHM SAPOHUHT 3apsSAUHU aHUKIA0 Oepagu (Z), TPOTOH Ba
HeuTponnapHuHr (N) yMyMuil COHM YHMHTI Macca COHU aAeitmnaau (A), s’bHU

1 CusyxuH /1.B, Kypc obmieii ¢pusnku, yueOHoe mocoOue aiist By30B, T. 5 — AToOMHas U sjiepHast pu3uka, 3-e

m3nanue, DUSMATHA3, 2011.

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




Z+ N=A. llynnaii kunud SIPOHUHT WKKU MapamMeTpu — Z Ba A — HYKJIHJ Ba
MOJIJTAaHUHT XapaKTepUCTUKACUHU aHUKJIa0 Oepau.

1':'.‘“;\

Accelerating \1
ENPANLIon

Farthest
Slenwing SUpernova

Tirme
(=15 billion years)

Bar

Expanding universe

1'paCM. Kounomnune xamma nopmﬂamdan KeUuuH KeHeauuuu.

Macanan KOMHOTAA DHI €HTWJI CaHalraH Ba KEHT Tapkairan Bomopon
aromu yuyH Z=1 (ymuunr Genrunanumu — ‘H), orup saponapaan Gupy caHajirad
ypaH yuyH 3ca Z = 92 (*?U). Acrpodusukanunr acocuil Basudanapugan oupu Oy
KOMHOTAaru Mapxyj Oynran 300 ra sSKUH HYKIWUIADHUHT Maiao Oynuinu Ba
TapKaJTaHJIUK TAKCUMOTUHU YpraHuiijiad uoopar.

2.3. lanakTuKAJAPHUHT Y30KJIAINIIN

bytok ¢uzuk omumiap M. Heioton Ba A. DWHIITEHHIAp KOMHOTHU CTaTHK
ne6 xwucoOnarannap. M. HplOTOH KOMHOTHUHT CHUKWJIUIIUAAH KYPKUO, yHAAru
rajakTHKajgap COHMHU 4YeKCU3 KarTa Je0 xucobyarad. A. DiHmTeH 1917 wnna
3ca Y3UHUHT YMyMUN HUCOMNIMK Ha3apuscHa KaTTa maccara sra OyJaraH ocCMOH
YKUCMJIAPUHUHT OUp-OMpHUIaH Y30KIAIIUIINHU TaBcU(IIalll YI9yH CYHbUH paBUIIIa
KOCMOJIOTUK XaaHu kuputrad. Uy imnHunr y3una amepukanuk onuM B. Cnaiidep
KOCMHUK TYMAHJIMKJIAPHUHT Y30KJAIIMIIA XaKWJard WIMHA WIIMHUA YOIl JTraH,
1924 iimnpa sca pyc onumu A. @puaMaH y30KJIAllyBUM rajakTHKalap Ha3apusIch
— KeHraioBudM KowHOT HazapuscMHU UNUIA0 YUKIW. YOy Hazapus OW3HHUHT
OJJaMHM TyNIyHMIIJATH TaCaBBYPIAPMMM3 YUyH PEBOJIONMOH Kamduér 6ymau’s,

1929 #mnna amepukanuk 3. Xab05 TrajaKTUKATAPHUHT Y3O0KJIAITUIITHHA
Ky3aTyB HaTI>KaJlapy OpKajivi ncOoTianu Ba OpuamaH TUIoTe3ac y30KIamaéTral
rajakTukanapaadn  (paszOeraroniue  TalaKTHKW)  KemagTraH  dJIEKTPOMArHUT
HYpPJIADHUHT KHU3WJ CHJDKMIIM HATWXKAcHAa SKCIEPUMEHTal TAaCAUFUHU TOIIIH.
[ajakTUKaTapHUHT  Y30KJAIIMIN  TE3JIMTM  yiapradya Oynaran  macodara
MPOTNOPLIMOHANT  DKAHJIWTH aHUKJIAHAW. YOy OKCIEpPUMEHTal HaTWwKalap
épnamuga KonHotHuHr €mm 6axonanau — Oy €m TaxMuHad 15 mwurap wuira
TeHraury anukanau. [lynamaait kunmmb kocMosiorusijia SsHry JaBp OOIILIaHIH.

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




TaOuuit caBon ¥y3-y3unman Tyrunaad: KOMHOT PUBOKIAHUIIMHUHT OOIIMIA
HUMa OViran?

XX acpuuHr 40-timmnapuaa Oyrok onum ['. 'aMOB oam sIpaJIMIIMHUHT SHTU
Ha3apuaACUHM Takiud d>Tau. YHra kypa OusHuHr kowHOT Kartra mnoptiam
HaTWXKacua BY>Ky/Ara KenraH (pacMra Kapasr).

1028
4
10 PacctoAaHMe, cm

10 | 400000 ner DPEMS, ceK
104 e —
10 40000 neT 15 mnpa. net

TemnepaTypa,.K

2.73

2-pacm. Kamma nopmnaw  ouaepammacu — Kenearosuu  KOUHOMHUHE
xapaxmepucmuxacu éa naiioo 6ymuwu xamoa acocuti oaspaapu. 10 cexynozaua
xamma yzapo mavcupiapruxe byrox buprawuwu oaepu xykmpouaux cypeau éa 10
® cexynooa xeapxnapnune aopounapaa duprawmwu ounan myaazan. 10 cexynooan
bownab paouayuor 3pa 60ULIaH2aH, SbHU HYPAAHUW 3UYIUSUY MOOOA 3UYIUSUOAH
kamma oOynean. 40000 vunoan cymeeuna MOOOAHUHE 3UYAUSU  HYPIAHULL
3uYaUeUOaH YyemyH 0yaa bouwinazan. bynune namuoicacuoa amomaap naiioo 6yna
bownaean (4.000.000 tiunoan cyne). Moooanune oomunanm oaspu 15 muniuapo
uun ymeay xam OU3HUHE AKMUMU32a4d CaKIaHub KeiMoKod.

Karra moprnmam Oy pactinabku maitnard KOMHOTHHHT KHYHMK Xa)XMHJA
My)KaccaMJIalliTaH yJIKaH 3WYIMK, TeMIleparypa Ba OOCHMHHHI KEHraHHIII
apaéaua nacaiin6 6opummaup. Jactnadku naiitna Kounor 10° r/cm® suunukka
Ba 10%° K temmeparypara sra 6ynran. Takkociam yayn KyEmHUHT Mapkasugaru
TeMriepatypa ymoy xapoparaad 1000 MapTa KHUUKIUDP.

2.4. Uudpasiuus spacu
Nudnsmmon spa ne6 wHommanran kucka wmyagat wuuga (10-36  cek)
KWYKMHATMHA KOMHOTUMHU3 (yHIaMeHTan 3appadaiapjaHruHa ubopar Oyiras.
Ymly ¢yngamentan 3appadanap HYKJIWJIap, MPOTOHJIApP Ba HEHUTpOHJIApAaH
dapkau paBumaa OynmuHMacaup. Yoy 3appadanap dhepMuoniap 0yand, mpoToH
Ba HEUTPOHJIAPHUHT TApKUOWN KUCMHUHHU TALIKWJ Taau Ba OUp-Oupu OmiiaH sroHa
¥3apo TabCHp KywIiapu OpKajdu Tabcupiamran (ymoy TabcHp Kywiapu ¢akar




KOMHOTHUHT NacTIa0Ku dTanuaa MaBxya Oynran). YmoOy y3apo Tabcup 0030HIIAp
OpKajy amaira omupuirad. byHnai 0030HIapHUHT TYPT TypH MabiyM — (OTOH
(ramMMa KBaHT), TTIIOOH Ba UKKUTa WBa Z 6o30nnap. OyHIaMeHTal 3appadjapHUHT
y3mapu 3ca 6 XuiI KBapkjiap Ba 6 X JENTOHJapAaH uOopaT (hepMHOHIApIUD.
AitHan my 12 Ta dyHaaMeHTan 3appavaiap rypyxu Ba 4 Ta 0030HJap AacTiIaOKu
KounoTHHMHT “XamupTypymin vy Tamkwi 3trad. 1y Vpunga OymapiaH Tanikapu
xap Oup (yHIaMeHTan 3appaHUHT aHTU3appacu O00p SKAHIUTHUHU XaM KauJ dTUII
nosum™®. AHTH 3appaua 3appadanad KalCHAUP 3apsAIMHUHT HIIOpacu Ounal (apk
KWIaau. DHT conaja xosja Oy 3apsii AJeKTp 3apaau OViMIIM MyMKUH (pacmra
KapaHnr). Macaias, JienToHIapJan Oupu 3JIeKTpoH MaH(puil Ba MycOar 3apsiara sra
Oymumm MymMkuH. MycOar 3apsijiaHrad JISNTOH MO3UTPOH 10 HOMJIAHAAW Ba Y
ANEKTPOHHUHT  aHTU3appadacuaup. AHTH3appayanap (OTOH Ba  ailpuMm
3appavagapiad  Tamkapu (yJgap y4yH aHTWM 3appayaiap XaM  y3jiapu
xucobanaawiap) 6apua 3appadanapaa MaBxyl.

HacTuuel - AHTHYACTHUEI
MpoToH AHTHAPOTOH

SNEKTROH MozMTROH
) -1 &+
3-pacm. 3appavanap (npomon 6a 21eKmpown) 6a YIapHUHe AHMU3Appadailapu
— AHMURPOMOH 64 NO3UMPOH. A2ap 21eKMpoH 6a NO3UMPOH OUp-oupudan
Gaxameuna 2nekmp 3apaoiapu ouran gapxianca, nNpomox 6a AHMUNPOMOH ICd
UYKU CIMPYKMYPALAPUHUHE PapKu OUlan xam axcpaiubd mypuuaou (Keapxiap 6a
AHMUKBAPKIAp). 3appaia 6a aHMU3appavyaHuie CNUHU 3ca oup xui 6ynaou.
KouHOTHUHT gacTiabku malTuAaru yTa roKopu TeMIiepaTypa 3appajapHUHT
¥3apo TYKHAIIYBH Ba OOINKa 3appadajapra aljaHUIIMHU BYXXYJra KeJITHpraH.
MacanaHn, ukkuTa (OTOHAAH AJIEKTPOH Ba MO3UTPOH XKYy(PTIUrd maiino OYyira,
yIapHUHT ¥3apo TYKHAIIyBM d3ca (3appa Ba aHTH3appaHUHT TYKHAIIYBH —
AHHUTHWIALNS TeWniiaan) sHa GOTOHIApHUHT Naiao Oynuiura onub Kemaau
(27) —=(e,e)
(e*,e) —(2v)

147, Padmanabhan, Theoretical Astrophysics, Volume I, Cambridge University Press, 2010




HeiitpuHo () Ba aHTUHEUTPHUHO (V) JIAPHHUHT IMali0 OYIIAIIHM XaM MyMKHH OYJraH
(e",e) = (v¥)

He#iTpuHo Ba aHTMHEUTPUHOHMHT TYKHAITyBH 3ca y3 HaBOaTHIa 3JIEKTPOH Ba
TNO3UTPOH KY(DTINIHHA XOCHI KHITaH. YTa IOKOPH TeMIIepaTypa 3appalapHHUHT
¥3apo TYKHaIIyBH Ba OOINKa 3appayajiapra ailaHuIM KaiHaO TypraH “urypsara”
yxmab ketaaw, OyHaa “mrypBagard’” 3appa Ba aHTU3appaliap COHU Oup-Oupura
teur. by Kounor Ounan Oup Karopaa AHTUKOMHOTHHUHT MAaBXYIJUTH KeEIHO
YUKAIH.

Xo3upru 3aMoH ¢Gu3MK TacaBBypyiapra kypa Karra moprnampgan keiiuH mnaiino
oynran ¢epmuoH Ba 06030HJIap OYaMHMAc ne0 xucoOnaHaau. by ymapHUHT WUYKH
CTPYKTYypacu TYFPUCHIA MABIYMOTHHHI MYKJIWTMHU aHriaaragu. depMHOH Ba
6o3onnap Kowmnor pusoxiaanummuauar 1029 cex raua maccacus 3appaganap
OynraH KWYMK KOMHOTHUHI ‘‘KailHa0 TypraH LIYpPBAacH HUHI aCOCHM TalIKHII
STyBuHCH Oyiran’®,

KouHoT puBosknanumuauAar gactaadku 100 cexynnuma srona Tabcup Hazapusicu
Gap6oy 6y, Y3apo TabCHpIapHUHT Tabuath y3rapa Goruraau. KOkopu xapopaTt
byHaaMeHTall 3appayanapJaH OFUPPOK 3appajiap XOCHJ KWIHII HWMKOHHHH
oepmaran. Keiiuarm 1 mxc gaH cyHr KoOWHOT cOBUINM HaTWKAacHaa KHYKK
3appauanap maccara sra 6yna Gouulaiiaunap Ba KOMHOTHUHT yauamu 1074 cm ra
teHr Oynmu6 komamu. Iy maiitma KowHoTmarm MomaHu TalIKuWid 3TYBUYU
“FUIIIT JIApU — KBapKJIap maiiyio 6yna 6ouutaiinu. KBapkinapausr y3apo Oupiammuo,
MacCHB 3appavaiap — aJpoH Ba aHTHaIpOoHIap Xxocuia Oyna 6ouuiagu. KouHOTHUHT
COBMILM aJpOHJIap COHMHUHI JIEITOHJIAp COHMra HucOaTaH nacaiummra oJyuo
kennu. Jlemronnap opacuna HeWrtpunHonap xam Oop. Koumnotnunr €mm 10 cex
Oynranma Maccara sra OyiaMaraH HEWTPUHO KOJITAH 3appalaplJaH MYCTaKHII
paBulia KeHras Oouuiagu. Ym0y HEUTpUHOJIAp PEIUMKT HeWTpuHoJapu ae0
atananu. Yoy HypJaaHUILIAp XO3UPI'H MalTraya cakjJaHuOo KeIMOKAa.
AHUTUISIIUS CYpPBAaTUHUHT OLIMIIM (POTOHJIAP COHMHU OPTUIIUTA OJUO KENJH.
Kounot pnespnau ¢gotonnap Ba HeHWTpuHOMapaaH ubopar Oynuod xonau. KounHot
PUBOXIAHUIIIMHUHAT Oy JaBpU paJHaiioH 1naBp 1ed atananu. KOMHOTHUHT siHazia
KeHraiimmum sca 10 MUHT WwulapgaH CYHr MOAJAA 3UWIMTHMHUHT HYpJIAHMII
3UWINTUAAH OPTUIINTA OO KEJIH.

2.5. MoaaanuHr naiiio 0yaummu.

KOMHOT pUBOXJIAHUIIMHUHT PAJAMAIMOH dPACH KyJa MYXUM XHOOJaHAIH.
AitHan wy pgaBpaa [l MenpeneeB JaBpuil CUCTEMACHUHU TallKWUI KHJIYBUU
AJIEMEHTJIAPHUHT acOCU — OFUP siApojap maiao Oyna OonuianraH. Ymly kapaéH
HYKJIGOCUHTE3 Je0 HOMJIaHaJu. ODHI eHrujl siapo — mpoToH KowHOT mnaiigo
ooumrangan 10 cekynn VyTu6 mnaigo OYnran. YmOy npaBpaa KouWHOTHUHT
TeMrepaTypacu Ba 3UYIWTU JACHTEpUH — WKKUTA HYKJIOHJIAaH TAaIlIKWUJ TOMTraH

5 Povh, K.Rith, C.Scholz, F. Zetsche, Particles and nuclei. An introduction to the physical concepts. Springer,

2006.




SPOHU CUHTE3U YUyH eTapiii KaTta Oynub, mMpOTOH Ba HEHTPOHHUHT TYKHAITUIIN
HaTHXKaCHUa Mmai1o OyiraH.
p+n —?H+7v+Q.

by epna Q = 2.2 M»aB — ymi0y cuHTe3 peaknusacuaa axpaaud YMKaaIurad SHeprus.
Keiinn 10-15 munyt BakT nuuna °H neiitepuiinu H TpurtHiira aiinaHumm, cyHIrpa
neifrepuii Ba Tputwmiinan °He renmil sSAPOCHMHUHI Naiio OYNMIN peakuusIapu
coqup Oynran’®. Xwucob HaTmkanmapura Kypa renuii 6apua HyKJIOHJIap nuujaa 24
GOM3HM TamKWJI KWITaH. XO3WPTH MAaWTIard Ky3aTyB HaTWKajdapu XaM IIyHH
TabKUJIaMOKJIA.

“. Massive star near the end
. of its lifetime has an
. "onion-like' structure
. Just prior to exploding
% as a supemova

 Nuclear buming occurs at the
- boundaries between zones

4-pacm. FOnoysnapoazu HyK1eocuHmesHuH2 CXeMamux KypuHuuiu.

16 Ounpuenko M.JL., ['paBuranus, actpodusnka, KOCMOJIOTHS: TOMONIHUTEIbHBIC M1aBbl, «JIMBPOKOM», 2010.




Ha3zopar caBoJsiapu:
. Tabuatnaru ¢pyHngamenTan y3apo Tabcupiap.
. I'paBuTaIion Ky4mnap.
. DJEKTPOMarHuT KyuJap.
. Kyunu ¥3apo tabcup.
. Kyucus ¥3apo tabcup.
. KeHraroBum KOWHOT.
. Karra noptnam ka4oH 103 6epraH.
. ['anakTuKagapHUHT Y30KIAIIUIIH
. ['anakTuKagapHUHT Y30KJIAIIUII T€3JIUTH.
WNudnsmus spacu. KBapk Ba nentonmnap.
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3-MAB3Y: KOMHOT/IA IOJIJTY3JIAPHUAHT MAI/I0 BYJINAIIN BA
IBOJIIOLUSICH

PEKA
3.1. FOnoy3napnune memnepamypacu
3.2. FOnoysnap cnexmpu
3.3. fOnoy3napuu atinanuwiu 6a MacHum mMatiooHu '
3.4. Aneu 6a yma sineu on0y3nap
3.5. fOnoy3nap seonoyuscu

Tasauu noéopanap: fOnoysiap memnepamypacu, 10a0y31ap 380I0YUACU,
I'epywnpyne-Paccen ouacpammacu, 1010y31ap MazHum MauooHu, yma aHeu
ron0y3aap.

Kymunnuk ronay3nap Kyém cunrapu tabuatra sra. UyHKU ymapHUHT
cnexktpu Ky€mnHukura yximan Kopa (F0THIHII, aOCOPOIMOH) YM3UKIIap OusiaH
KEeCHJITaH TyTall (y3JIyKCU3) CrieKTpaan ubopar. Ilact aucnepcusiiiu criekTpra oup
Kapaniaad Xocui 0ynran Oy yXIanuivK I0KOPH TUCTIEPCUsIUIapaa MyKoiaau.

KOnny3nap onamu panr-6apasr, ynap opacujia aiiHad Kyémira yximarannapu
xaM Oop. bBUpOK KYMUWIMK OJAY3JIap CHEKTPUAAKIAPUHU OSKOMIIAIIUIINA Ba
UHTEeHCUBIUTH Oyinua Kyé€mpan ¢apk kuinagunap. YIapHUHT aldpumiapu
CHEKTpUAa FOKOPH WOHJIAHWII TOTCHIHMAIUTa d3ra OYJAraH KUMEBHHA DJICMEHT
vornapu (H*, C**, O™") unsukimapu xypuHca, OomkaiapuHukuaa (Gakat BOJIOPO.T
aTOMH YM3WKJApH, YYUHYM  XWUIAPUHUKHAA 9Sca (akaT MmacT HOHJIAHHUII
MOTEHIIMAJIUTa d2ra aroMjap Ba MOJIEKyJajap YH3UKJIApW  Ba TacMmajiapu
Ky3aTunaan’’,

HOxopuna xypranumusnek tyrtam crektp ronay3 (Kyém)aunar dbortochepa
KATJIAMUHUHT TMACTKU KUCMJIApWJA YU3HMKJIAp 3Ca YHHHT YCTUTa HUCOATaH MacT
TeMIlepaTypara sra KHCMIIapua XOCHJI OyJiica, JITy3IapHUHT CIIEKTPUAArd paHr
Oapanriuk ynapHuHr Qorochepacugaru UMK MAPOUTHH TYPIUYAIUTH OuiIaH
O0oruK Jeran xynocara kenamus. Crextpu Ky€mnanku cuarapu 6yaran onmaysiap
HOpMaJl €KW CTallMOHAp IoJay3iap ne6 atanaau. byHmail ronmysinapHu €pyFiuru
nesipiu (~0.1 %) y3rapmaitau. emak, ynapaunr (T) TemnepaTtypacu Ba paauycu
(R) mesipiiu y3rapmaiinu, 0IIy3HUHT HUKK Ba TAIIKM KaTJIaMJIapd TEPMOIAHAMHK
MyBO3aHaT/a.

AWpuM  [ONAY3/Map CHEKTpUAAa KEHI JMHUCCHOH (EpYyF) 4M3UKIap
OOITKATAPUHUKK/IA FOTUIIUIIT YM3UK OUlaH OMprajankiaa, yHu €HuIa KU yCTUIa 11y
aTOMra TETHIILTA YMUCCHOH YHU3UK XaM Ky3aTWIaJd. YUUHYH TypJard oJay3Jiap
EpyFiuru OWiiaH OWpraivkiaa CIeKTPUHH Y3rapTupuO Typaau. bynnai ronmysnap
HOCTAallMOHAp HKOJAY3JIap ACHWIagv. YJApHA YpraHuiura YTUIIJAAH OJIAUH
CTaI[MOHAp IOJAY3JIapHU (PU3UK XyCYyCUATIApHU OUlaH TAaHUIIUO YUKAMMU3.

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




3.1. Oaay3n1apHUHT TeMIiepaTypacu

KOnay3napan HypJlaHUIIM YHUHT atMocdepa KarilaMIapuaaH 4YUKaaud Ba
YHH ¥y4amra acoclaHuO TONWIraH TeMIepaTypa aHa mIy arMocdepa
KaTJaMJIapUHUHT ~ Temrieparypacu Oymamu. Onmysmap  TemmeparypacuHu
YIHanrHUHT OWp HeYa YCyJIapu MaBXy[d, ylap IOJIy3 CHEKTPUAa SHEPTUSHU
TaKCUMJIQHWIIMHU Ba FOJIy3 YH3UKIAp WHTCHCUBIUTUHU EKU TYIa SHEPTUSHU
ya4amra acoCJIaHraH.

Kynnaammaérran ycynra kypa xuco61a6 TonuiaéTrad TeMiiepaTypa Xap Xuil
HOM OWJIaH IOPUTHIIAIU. Xap XWI yCyJl OuiiaH ymyaHaéTrad oyy3 TeMIiepaTypacu
oupo3 dapk xkwimaau. byHuHT ca®abu ymap 1OAay3 HYPJIAHWIIWHUHT Xap XU
coxanapunu udonanaiimu. Ly ycynnapra Kuckada Tyxranu6 yraimmk:e,
a) myna suepausnu yayauwl uyau ounan T-nu xucobaaw. By ycymHu Oypuakuit
TUaMETpd MabIyM OYIraH Iojay3jiapra Kyjulall MYMKHH Ba Y IOJJIYy3HH
00JIOMETpHK KaTTAJIMKHU YIdamHu Tanad Kwiaau. byHamail ycyn OunaH Tonmwirad
temrneparypa 3¢GGeKTuB TeMmreparypa 1ed artamamd Ba y TyJIa OSHEPTUACH
IOJTy3HUKHICK OyiraH aOCoNIOT Kopa >KHUCMHH TEMIIEpaTypacuHU Kypcaraan
L=4nr?E-rongy3auar épxuaanry, E-ronnys Hypu Macanad, Epra ocun Kunaérran
EpPUTUNraHIMK, [-roiay3HUMHr Epnan ysoxmuru. L=4nR%cT’- pammycun (R)
IOJTy3HUKHICK OynraH  a0coioT Kopa JKUCMHU — EPKUHJIATH, | .-yYHUHT
TEMIIEPATypPaCH. VY napan TEHTJIATUPHO TeMIIepaTypaHu TOITAMH3

4
T.=642.3 /% X 6:206265% F0JITy3HUHT OypJakwmii CeKyH1apaa
o r

uponananran aguamerpu. lllynnaii mynocabarau Ky€m yuyH xaMm €3uIl MyMKHUH.
Kyémuaunar T.=5700° Ba mMp=-26M.85 numruHm imcoOra oJcak, y iojaga Mpy-
OOJIOMETPUK FOJIIY3Ui KaTTAIMKKA 3Ta FOJIy3HUHT 2G(HEKTUB TeMIIepaTypacu

lg T.=2.718-0.1m; -0.51g6
dbopmyna Eépaamuaa xucoonaHuiu MyMkuH. By ycynnu 0 cu mabiiym 6yaran 100
ra sIKMH 0JIy33J71apra KyJuiail MyMKHH.

6) cnexkmpuoa dSHepeusHU MAKCUMIAHUWMUKHY Yayawl uyau ouran T-Hu
anukniauw. By ycyn XaMm 10i1y3 CHEKTpUAa IHEPTUSHU TAKCUMIIAHUIIN aOCOIIOT
KOpa *XKUCMHUKH CHUHTapu OYyma neraH (apasra acocinaHaau. Mabiymku abCcoOT
KOpa JKUCM CHEKTpHUaa dHEpTrusHu Takcumianumu [lnank opmynacu €pmamuma
udoaananuiy MyMKuH. By ycyn Oup Hewa ycyndanapra a)xpajiaiu.

1)Bun cundicuws KoHyHu2a acocau xucoonaw. BUH CHIDKHUIIT KOHYHH EPUTKAY
CICKTPH/IA PHEPrUsi MAKCUMYMHUHHUHT TYJIKWH Y3YHJIMrd OwiaH temmeparypa (Te)

: . " 0.29
opacuiaru Opjnanuinnu udopanaiinn Ba yHaaH Qoinananud 7, =-—K Hu

max
Tonamus; Oy epla Ama- crnektpaa wuHteHcuBIWK |n(T) Makcumymu TYFpu
KeJIauraH TYJKUH Y3YHJIMK, CM JlapAa. by ycynHM Ku3uil ojigy3iapra KyJuiail
MYMKHH. Te—paHr temneparypacu.

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




2) pame kypcamkuuunu ynuaws acocuda T, xucobaaws. Arap OITy3HHHT
EpPYFIIMTH YHUHT CIIEKTPUHU HMKKM KucMmaa (Macasan V (Busyan) Ba B (kVk))
YigaHraH Oyica y XoJia TemMreparypa

7920
" (B-V)+0".72

dbopmyna Eépaamuaa Xucoomanumy MyMKuH. byHanai ycyn Ounan ymuanran T xam
paHr TeMIIeparypa AeUWIaIN.

3) Cnekmpan 4u3ukiap uHmMeHCcUsIueUnY yruawl uyau ounan T-Hu anuxnau.
bupoprta kuMEBHIT AIEMEHT aTOMIIApU €KW MOHJIAPHUHT KYTIIa0 YM3UKIApU FOJITY3
cnekTpuga Oyica y Xojija aToMJapHU YWUFOHraH Xojamiap Oyiinya
TaKCUMJIAHMIIIUHA ~TONUII MyMKUH. bonbiman €Exu  Caxa ¢dopmynanapu
TEPMOJIMHAMHUK MYBO3aHaT/Aa YWFOHTAH XojaTiap (carxjap) Oyiimya aTomiiapHu
TaKCUMJIAaHUIIUHU ~Hdoaanaiamn Ba Oy TaKCUMIJIAHMII XOJIATHU  YWFOHMIII
noTeHuanm () Ba Myxutau temrnepatypacura (T) Goruk.

N XX
V” —Eugir bonbuman hopmymacu

&

Oy epla (-sHepreTuk catiHu crtatucTuk Ba3HM, N; Ba N,—OupuHuum Ba N—HUuU
caTuiapja aTomisiap COHHM. UM3MKIapHU MHTEHCUBIUTMHM ymua®d N Tonmmnaau Ba
bonpuMman  ¢dopmynacura acocnmanu® T-xucoOmananu. byHpail ycyn Owuian
xucobOmanran T-yliroHuIn Temreparypacu aciiunaau. Arap KUMEBUN IJIE€MEHTHU
aTOMJIapU Ba MOHJIApY YM3UKJIAPH IOJIy3 ceKTpuaa Oyica y xonna bonbiiman Ba
Caxa ¢opmynanapu €pramujia TeMIEpaTypaHu Ba 3JIEKTPOH KOHUEHTPALUSCUHU
xucoOnam MyMKuH. byHnait ycyn 6unan tonunrad T — noHU3aIys TeMiepaTypacu
JIennIaau.

Xap xun ycymnap Ounman xucob6nmad Tormmnran T map Oup Oupura sSKUH
Oy mamgu  Ba  10JIy3 arMoc(epacHHHHT  TeMIepaTypacMHH  KypcaTalu.
FOnny3napuunr remneparypacu 1000 gan 50 000 K raua opanukka TyFpH Kejaau,
SBHU I0JIIy3JapHU SHT macT Ba tokopu T-mapu 50 mapra dapk Kuiiamu, xoJioc.
bynpait ycymmap OwiaH yiauaHral TemrepaTypa IOJAY3HHUHT aTMmocdepa
KAaTJaMJapUHUHT TEMIEpAaTypacHIUTMHU YHYTMaclMK Kepak. Temmeparypa
I0JITy3HMHT MUKHU KaTjamiiapujia OyHaaH I0KopH OViaau.

Epxunnuk temneparypa (T) HUHT TYpTHHUM Japaxkacura 60T JTUKIUTHHA
xucoOra oJicak, FOKOpH/ia TOMWIITaH I0JAY3JIapHUHT 1032 TeMIiepaTypanap Gapku
yAapHUHT EpKUHINKIapunu 2.5-10° mapra y3rapummnan tabmunnaim. Jemak L
Hu y3rapum auanasonu (10)au kormam yays R Hu y3rapum auanaszonn 10°
MapTaJaH KaM OYIMacIuru 3apyp.

3.2. IOany3nap cnekTpu
a) Cnexrpaja cuH@IAIITHPHULL.
Kynna® cranmonap rongysnap CHEKTPUHM — TaxJwil KWiauO, ynapaaru
YU3UKJIAp TYJIKUH Y3YHJIUTH Ba UHTEHCUBJIUIU Xap XWJI dKaHJIUIUra UIIOHY XOCHII




KAJTUII MyMKUH. UH3UKIapHU MHTEHCUBIIMIUTA KYpa 0JTy3IapHU MabIyM KeTMa-
KETJIMK/A >KOWIAIITUPUIIT €KW CIEKTpall cUHIapra axxpaTuil MyMKuH. bByHnai
i 6upuHuK HaB6ataa Bojgopon (Ha, Hp, Hy, Hs) Ba remmii (AL 5875 A, 6678 A) Ba
keitmn meran wonnapu (H Ba K Ca Il) arommapu (D, D,, Na), monexynamap
ynsukiapura Hucobaran AKIIuaunar [MapBapa yHuBepcureTnaa Oakapwiran Ba y
rapBapj crektpan cuHpnamrtupum —ae6 aramaau. 1918-24 #unnmapna 3bIoH
kunuHrad Ba ['eapu penep (HD) xatanoru ne6 atanaguran 9 TOMJIMK >kajBaiia
225330 ronay3HH crieKTpai CHH(H OenrunaHrad. Xo3upru KyHra kenu6 >xamu 500
000 maH OpTHUK IOJIAY3HH criekTpan cuHu aHukIanrad. Crexrpan cuddiap J0THH

ammdoocuauHT 6011 Xadmapu 6unan oenrunanaam: O, B, A, F, lG , K, M , (L,T).
By xapduap KeTMa-KeTIUTHMHH 3ClIa0 KOJWMII YY9yH TrapBap]l YHUBEPCHUTETH
Tanabanap mwyHnai xasuia yina6 tonummran: Oh, Be A Fine Girl Kiss Me?°,

O-cunadra mancyO rommy3map crnektpuiaa reiauii nonu (He 1) Ba roxopu
napaxana nonmanras azot (N 111 4514 A, N IV 13479 A), yrnepon (C Il 14647
A) xucnopon (O 11l 23700 A, OIV 13385 A) uumsuxnapu Kypunaau.

B- cundra mancy6 ronmysnap cnektpun Heitrpan remuii (He | L5875 A) sa
nact fgapakana nonnanrad asot (N 11 16578 A, 14267 A), yraepox (C 11 L6578 A,
14267 A), xucopon (O 11 14649 A, 24119 A) Ba Bomopox atomu umsuxaapu (Ho
16563 A, Hp 14861 A, H, A4340 A) xy3artunamu.

BO R

BS | ” —
A0
A5
FoO R
Co 3 S

csp -
KO —

ks i —

MO

B iRy

i'}i'iiﬁ?g@é
——
— : | Heii il ;v,l

K H Hg Hy HB

PacMm- 1. Xap cniektpai cundra MancyO 0aay3IapHUHT CUHPH

M3

M5}

M6

R

A-cund, Bogopoxn atomu umsukiapu (He 16563 A, Hp 24861 A, H, 14330

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




A) sur unrencus xypunagu. CyMOyNaHMHIO-CH CHEKTPHIA BOAOPOJ aTOMH
yn3ukiiapu Hes, Hp, Hy, Hs Ba 1aK030 HT HHTEHCHUB, T'eJIMii YU3UKIapU HYKOJITaH.

F- uarencus Bogoponx Cupmyc (o0 CM)  umsukmapu Hq, Hp. . . . Ounman
oupramukaa meramn uonnapu (Ca Il AA3934 A, 3956 A) umsuknapu xypunamy.
[Mpomwon (oo CMi) mucon Gceaomay.

G- acocuii umsukiap meramiap (Na, Mg, Fe, Ca)uuku Bogopoa Yu3MKIapu
1aM kypuHaau, Oupok aHuya xupanamras. Kyém G-cuadra mancyo.

K- xanpumii wonu (Ca Il) uymsukmapu Ba metayuiap uusukiapu (G Tacma
24305 A ma 4315 A) sxkon xypumagu, wmonekynanap (TiO) umsmkmapu Ba
TacManapu kypuHa Oonuiaiinu. Annebapan (CaBpHuHr o-cu, oo Tau) mucon 6yna
OJIaJIH.

M-monekynanap (Ti, Oz, C2, CN) Tacmanap Ba uusukiap opacuaa Ti O Tacmanapu
axxpamu6 typaau. berenreiize (OpuonHuHT o-cu, oo Ori) Mucon Gynaonany.

L- cundra mancy0 ronaysnap cuektpuia uimkop Metawiap (Li, Na, K, Cs)
YU3UKJIApU Ky3aTUIIA]IH.

T- cundra kupamuran tonmaysnap croekrpuaa meran (NHs) Ba wmmmkop
MeTasuiap YM3UKJIapu KYpPUHAIH.

Oxupru uxkuta cuHd (L, T) sxkunma (2000 i.) xamd stungu. G man
oounutanran C-cund cnextpuna yriaepon (Cp, CN) momnekynanapu YU3UKIapU
allHUKCa aXpaiaud TypraHu ydyH OyHIail IoJay3iap yriepoaiu Aed araiajiu.
Myaunaraex K-cund €nmpa xoitnamran S-cuH( crekTpuaa MUPKOHUN, UTTUPUN
Ba JIAHTaH OKCUJIAPU YU3UKJIApH KypHHaIuZ’,

HOnay3napauHr (U3HK KEepcaTTUWIApUHM STHA XaM aHUKPOK Oesruiani
MaKcaJauaa CIeKTpan CUH(]Iap KeTMa-KeTJIUTH KeATHPWIAId, acocuil cuH(pIap
opacu eHTa opanuk cuHpra axpartuiaau: O5, 06, O7, 08, 09, B0, B1, B2, . . .,
B8, B9, A0, Al, ... A8, A9, JO, . .. Ba Xxako3o0.

0) 'apBapa cnekTpaj CMH(IAIITHPUINHUHT GU3MK acocCJIapu.

Cnekrtpan cuHbIapaard 4YH3WKIAp TYpiad TYMaHJIUTH HOJIY3JapHUHT
KUMEBUHM TapKUOM Xap XUJI 9KaH JieraH XyJjocara ojin0 keiamaciuru kepak. UyHku
YU3UKHU XOCUJT OYIIUIITM MyXUTHH Temreparypacura 6ormuk. KOnmay3 criektpuna y
¢xu Oy aTOM YM3HUKJIAPWHU KYPUHUIIUHYU 3apyp MIApTU FOJIAY3 aTMocdepacuia mry
AJIEMEHT aTOMJIAPMHU MaBXyJJIMrM Oyica, erapiau maptd  armocdepana
TEMIEpAaTypa I[IAPOUTH aTOMJAPHU YWFOHTAH XOJIATra YTKA3WII YYyH €Tapiu
Oymumm kepak. [lemak crnekTpan KeTMa-KeTJIMK acocHlia TeMIieparypaiap Xap
XWUIMTH  €Tagu. ATOMIIADHM YHFOHraH XxoJsiarjnap Oyinya TaKCUMIIAHMILIN
bonuman Ba Caxa dopmynanapu Ounan wudopanaHagu. Xap Oup KUMEBUU
AJIEMEHTHU KYIMUMIIMK aToOMJIapu MabiiyM Temmnepatypazaa (Ty) yiroH xojaTiapra
yramu. Arap T>T, 6yica aromnap MOHIaHagu Ba Oy YM3MKHM XOCWJI KWJIUILIJA
UIITAPOK 3TAETraH aroMjap COHUMHHM KaMalWIra oju0 Keaaiau. Exu T<T, 6¥ynca
Oy X072 XaM [Ty YU3UKHU XOCUJT KUJTUIIIIA UIITHPOK ITAIUTaH aTOMJIAP COHU Kam
Oynaau. BomopoaHUHT KYMYMIMK aTOMJIAPUHU YyWFOoHTaH xosatiapra (=10 sB)

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




yrkasum yayn Ty,=10* K 6ynunm kepax.

bynnaii mapoutr A cuHdra wmaHcyO ronaysnapaa  MaBxyA.  Arap
temneparypa T>10* (B cund) éxu T<10* (F cund) 6yica Bogopos unsukiapu Ho,
Hg, H,, Hs —nap untencusauru T=10* (A-cun@) maru xaparangan xam OYiiaia,
OyHmait papk Temmepatypa aitupmacu |T-Ty| opTran capu ky4aitud 6opaBepaau Ba
y MabiyM gapaxkara 5 000° etrad BOAOpPOJ YHU3MKIAPU YMYMaH KypUHMAaau.
['enuit aromnapuHu yWronui noteHnuan y>20 3B, ’bHU BOJOPOJHUKUJIAH UKKHU
MapTa KaTTa, JIeMaK TeJMi aToMu 4du3ukiIapu xocwn Oymumm yuyH T~20 000
Ooymumm kepak. bynnait mapoutr B cundra mancy0 ronmysnapaa MaBxyd. A —
CUH(} I0Jay3Japua TemrepaTypa Telnuil aTOMJIapWHU YWFOHTaH XoJjatjapra
yTKa3u yuyH erapau sMmac. lllyHnunr yuyH ynapaa renmii ynsukiapu Kydcus. K,
M-cund rongy3napuna temneparypa anda nact (4500-3500 K) Ba monexkynaiap
XOCHJI OYJIMIIN YUYH IIAPOUT E€TapPIIH.

Mynaail kKunuo, xap OMp KUMEBUN 3JEMEHT aTOMJIAPU YM3UKJIAPU MabIyM
TeMmriepatypajgard (cuHdaaru) Ioaay3napa  MakCMMal HHTEHCHUBJIMKKA 3ra
oynaau. by cundaan yan €k YHr TOMOH/IA JKOUJIAIran cuH(IIapa HTEHCUBIIUK
kamass Oopamu. CroekTtpan cuHbIap YH3MKIAPDHU HMHTCHCUBIUTU OYiinda
oenrmwiananu. TemrepaTypaHu aHUKJIANI YYYH OpaMK CUHGIAp KUPUTHITaH. A
owian B opacu yHTa opanuk cundra OynuHraH.

Arap IOJIy3HU CIEKTpU OJIMHTaH OYJica, yYHM CHEKTpal CHHOUHH Ba
temrepatypacu (T) Hu aHukimam MymKkuH. byHpmail iyn Owian aHukiadradn T
TyTalll CIIEKTPJIa YHEPTUSHN TaKCUMIIAHUIIU €K paHr Kypcatkuuu (B-V) O6yitnua
aHUKJIAHTaH TeMIlepaTypara Moc Keauumu ucOotnanrad. [IIyHUHT yuyyH cniekTpan
cuniap ypuuna Te €xku B-V kynmnanunamu. Kagsan 1 ga Gom KeTMa-KeTJIMK
cnektpai cund, Te Ba B-V kentupunras.

1-sxkaaBaJ
05 BO A0 FO GO KO MO L T
Te 40 28 9900 | 7400 | 6030 | 4900 | 3480 | 1700 | 1300
000 000
B-U | -0.33 | -0.31 | 0.00 0.27 0.57 0.89 1.45 (3) (5)

B) I'epumnpynr-Pacces nmarpammacu

XX acp Oomnuiapurada OWp He4Ya 103 IOJIIY3HH Y30KIUTH (WHIJLTHK
napajyiakcu) Vidanaau Ba aOcomroT karraimurd (M) xuco6sad tommmaau. [y
naiTra KenuO yIapHUHT crekTtpan cuHbimapu xam axukianagud. 1905 — 1913
wmapaa ganwsiak O. eprimmpysr (1873-1967) Ba amepukanuk I'.H. Paccen
(1877-1957) Oup Oupura OOFnMK OYyIMaraH Xojaa OJaAy3iap AuarpaMMacHHU
Ty3aauiap. Ynap opauHata YKu OVitna® rommysnapHU aOCOMIOT KaTTaduKIIapH
abrmcca yku O6yinabd sca criektpan cuHdiaapunu Kysauiap. bynmait quarpammana
xap Oup tonmy3 Outra Hykra cudaruma ypun sramwraiau. “T'eprmmpynr-Paccen
auarpaMmMa”’ cd HOMH OuiaH (aHra kupraH, Oy amarpamMma 2-pacmjaa




TacBUpIaHran’’,

JuarpamMmMaja rosaay3iiap MabiyMm TapTuoaa sxovnamaauiap. Kymunmuk (90
%) ronmy3nap JauarpaMMaHM OKOpPM 4Yam TOMOHMJAH Oouutanu® YHr nacT
TOMOHHMIa 4Yy3WJIraH HMHTUYKAa coXaja >Kounamanuiap. by rommysnapHu Oorn
KeTMa-KeTJIMru  Jedunaau. JluarpaMMmand ypracugaH OMpO3 damnmpok Ba
IOKOpUPOKIa Oup TYAa 10Jay3fap YpuH sraiaiaunap. Yiaap TUTaHT IOJAy3Jap
neb aranajau, YyHKHA yiap OOl KeTMa-KeTJIMKAArd HIyHJal crekTpan cuH(pAaru
KapJauK (Xupa) I0ay3napaad 1031ad Mapta EpKuHAUpIap Ba Oy YIApHUHT PaInyCH
YH1a0 MapTTa KaTTamuru Ouian OoFuK. JlmarpaMManu FOKOPY KUCMHUJIAH STHA XaM
karra (10* MapTa) EpKMHIMKKA 5ra IOJLy3/ap YpuH onagunap. byHnaii oonmgysnap
yTa
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TUI'aHT I[e6 aTajiaav Ba yJiap KaMiYWJIIMKHU TallKWJI 9TaaH.

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




2-pacm. ['epwnpyne-Paccen ouazpammacu 6a aupum 0a0y3iap eypyxiapuHuHe
Gazosuil xapakam me3nukiapu

JluarpaMMaHu TIACTKM 4Yaml SIpUM KHCMHJA KaWHOK OHMpOK IIyHZaid
TEeMIepTypagaru 0ol KeTMa-KeTIHMK IONAy3JIapuaaH 10371a0 MHUHIVIA0 MapTa Kam
EpKUHJIMKKA 3ra IoJIy3nap skoinamangunap. by tommysmap Oom kKeTMa-KeTJIHK
IOJIy3/apuial YHiIa0 MapTa KUYMK OYNTaHIMKIApU y4YyH OK MHTTHIAp Jed
aTajarasiap.

Kapmuk ronaysnap cnekrpan cuadu onaura knauk d (dwarf), cyokapmukmap-
sd, ruranTnap-g, yra rurantiap-sg €ku xapd kynmoO Oenrwnanrannap. Macanas,
cA éxu SgA-A curdra mancy6 yrarurant, §G-G cundra kupysun ruraat, SAM-M
cua(ra kupyBun cy6 kapiuk, dG-G curdra kupyBuu OO KeTMa-KETIUK FOITY3H
Ba WA-A cuHpra KupyBuM OK MUTTWIAp. byHpmall axpaTuiuiga croekTpal
YU3UKJIAPHU KEHIJIMTM Ba WHTEHCHUBIMIUM acoc KWiauO osuHrad. by Oenrummap
OJIVH 4YMKKAaH >KaJBajulap Ba KUTOONapAa yupailnu. Xo3Uprud 3aMOHJa Yyiap
KyJianunManaa. Yaap Vpauga pum pakamiapu |, 1, 1, 1V, V, VI, VIl 6unan
udonanaHaaurad EPKUHINK CUHPIAPU KYIUTaHUIAAH.

3.3. Oaay3napuu aiiiaHMIIM Ba MAarHUT MaiI0HU

Kyém ¥3 Yxu arpoduna aiiaHaau Ba YHUHT alJIaHUII TE3JIUTU SKBATOpUAA
2 km/c. KyE€IIHUHT yMyMU MarHuT MaigoHu Kywianrawiauru 0.5 rc ra TeHr Ba y
V3rapyBuaH (22 vwmmuk uukan)aup. FOngysnap xam ¥3 arpoduna aitiaHaHUIIN Ba
YHUHT TE€3JIMTUTa MOC PaBUIIJIa Ky4JaHTAaHJIUKKA Ara Y3rapyBuyaH MarHUT MaiIoH
XOCWJI KWJIUO TYpUIIM Kepak. Arap roiay3 ¥3 arpodua ainanaérrad 0yica yHUHT
Oup yeTn OW3ra TOMOH XapakaT KWJica KapaMa-KapHIlyd OW3[aH Yy30KjalllaJuraH
XapakaT Kuiaad. JleMak roiy3HUHr OyTyH rapauiiy Oyinya WMFUHIW HYpPJIaHMIL
cnekTpuaa yusukiaap pomnmiep sbdexty Tydannu kenraviran 6ymaau. [IyHuUHT
yayH Oup Xwi1 cuH(pra MaHcyO0 HWKKWTA IOJIIy3 YM3UKIapu Gapku yaapHH YK
aTpoduma alIaHUIIM Ba MAarHUT MaiJOHM OwiaH OOFJIMK OVIHMIIKA MYMKHH.
XaKuKaTaaH Yu3ukiap npoQuivMHu ypranui myHu kypcatauku, O5-F0 cundra
MaHCy0 0ol KeTMa-KeTIUK I0ay3lapu VK atpoduna ainanuimu sxBaropuna 300-
400 km/c ra etumm MmymkuH. F5-M cundra mancy0 ronmay3napauku 10 kM/c nax
olIMalIu. yTaruradT Ba ruranT O-F ronmgy3nap 6o KeTMa-KeTIHNK FOJIy3/Iapura
Hucbaran cekuH ainancanap, G-M ronmysnap Te3 (100 km/c raya) alinanagunap?2.

XO03UPrH 3aMOH YCYJUIAPH FOJIAY3JIap MAarHUT ManuIOHU KyWwiaHranauru H >
200 rc 6ynca ynuait onagunap. FO3man 1011y3 MarHuT MaiIoHra sra SKaHJIuTu
aHUKJIaraH.

3.4. SIuru Ba yTa SIHrM 0JAy3J1ap

Kucka Bakrt (1-2 kyH) nunaa €pyrIMrMHA MUHTIIA0 €KW MUJUIMOHIA0 MapTa
omrpu6d rOOpaaNran, yHrada Xxed KaHaai Kypcarruyu OuiiaH Ky3ra TalliaHMara,
YyaKHaIll mauTuaa 3ca arpoduaaru Jiay3nap opacuaa sSKKOJI KYpUHATUTaH FOJITy3
SHTY €KM YTasHTU 107y3 1e0 atanaan. MabiayMm BakT gaBomuza (VHiad dusiap)
SHTW OJAMHTH XOJIATUIa KaWTaau, YTasHIM YPHHAA 3CAa HEUTPOH KOJIAY3 XOCHII

22 Boukapes H.I".06 Maruurnsie nosst B kocmoce, M.: Kumxasiid tom «JIMBPOKOM», 2011. — 216 c.




Oynanu. Sluru Ba yTasHru xoaucacu HadakaT EPyFIUKHU Y3rapuily OWIaHTHHA
dbapk KuaIMan Oanku, ymap oaay3 Gdaonuaruaa OyTyHial  OoIika-0oIiKa
xapaéHnapaupaap. HOnay3 Oup Hewa mMapTa sSHTM cudaTuia YaKkHAIIM MYMKUH,
Oupoxk Oup Mapra yragHru cudatuga yYakHaWau. SHTU I0Jay3/map KaTtopu
YaKHOBYM MUTTH IOJIIy3JIapra yIaHuO KeTaiu.

bupok ynapHu Xocwsl KWJIaJAWraH OJAy3Jap 3W4  KYIIaIoK OYIuIiu
TabKUIJTAHMOK/IA.

a) siuru_1oJaysaap. O Ba B cunpra mancy0d XaBo paHT KapiawK YaKHAII
cudaTtuna KypuHaaurad OyHIal IOJNIy37TapHU HMKKA TypyxXra OYJIWII MYyMKHH.
buprHuym Typyxra xyaa Te3 Ba Te3 SHTUjap KUPaad, YIAPHUHT CYHHUII (a3zacua
EpYFIIMTUHU Y3TapuIll dTpUcH HUcCOaTaH Tekuc OYnmuoO (3-pacM) MakCUMyMHIA
abCoMOT BU3yan KaTrTanura My=-8+-14" opanukna 6ynaau. Epyrmurusu y3rapum
amrumatynara A=11.9" raua ertagn. UkkuHYH rypyxra mact gapaxaja Te3 Ba Ky/a
CEeKUH SIHTUJIAD KUpaAu. YIApHUHT EPYFIMK OJTPUCH CUJUIMK OYIMald HYKH
TYy3WJIMIITa 3ra Ba Xap XWJ SHTUJApPHUKK Oup-Oupura Vyxmamaiinu. bynnai
SHTHJIAPHUHT a0COMIOT BH3yal KaTTaimurd My=-6+-7" opanukma, EpyrlIUrHHHA
y3rapum amrumtynacd  A=9.2".  SHrmmap Oomka rajgakTHKanzapAa  Xam
Ky3aTI/IJIa,Z[I/123. Macanan, Aaapomena tymarmmu (M 31)ma 300 aKuH SHTH Kan
KWIMHTaH. AHIpoMeaa TyMaHauruaa Ba Ou3HuHr ['anaktukana (~200 Tta) sHrmmap
I0JI/Ty3 TUBUMHUHT aCOCUN TEKUCIUTU SIKUHUIA, TU3UM MapKa3d TOMOH 3UWJIAIINO
Oopaauran xojija Ky3aTwiaguiap. SIHTMHMHI MakCUMyMHAa aOCONIOT BHU3Yal
KaTTauTd (My vax) OWJIAH YHM yd OMpJIMKKA KaMalWIIu y4yH KeTraH BakT (13)
opacuia Kyiujaaru CTaTUCTUK OOFIaHUII TOTHIITAH:

My yax=-11.75"+2 51gts.

1975 ii. OkKyniaa Ky3aTuiaras sary yuyH t3=4.19 Ba My ya,=-10.2". Kymuunnk
oOcepBaTopusiIap UIITUPOKUIA YTKAZUIIAUTaH MaXCyc Ky3aTuluiap/aa
AHIpoMea TyMaHIuruaa oup mriaa 26 ta SHTH Kan1 KYWTHH/IH.

SAuarunapau  undpaxkuzun (MK) Hyprmapga KysaTumra kypa adpum
aarwnapHuar MK €pyr onTvK MakCMMymJaH KEMMH KaMaWWIl YPHUTA OPTHIL
kypcatanu. Mucon yuyH 1976 #i.na yakaaran NQVal saruauar UK (A=3.2 Mkm)
Epyriuru 80 kyH wumma 3™ Oupnukka opTau. by sHTU atpoduma xocun OyiaraH
(T=1000°) ynkaHn yanr KoOyF¥ OusIaH OOFIIHUK.

Yaknamr nmantuaa MakCUMymrada SHTMHUHI CIHEKTPU YTaruraHira Xoc
XyCycusTIapu Kywass OopaguraH HOpMall IOJAy3 CIHeKTpujgaH wuoopar. by
XYCYCHUATIAp CHEKTpasl YM3UKJIAPHU KyAa MHTMUYKaIanMO Ba KeCKUHiama 0opud
HaMOEH Oynaau. By IOTWIMIN 4YM3UKIApU CHEKTpHU OuHadumia KUCMH TOMOH
CWDKHUTaH Ba Oy CHJDKUII Ky3aTyBUM TOMOH HyHairaH OupHeE4a 103  KM/C
TE3JIMK/JAru XapakaTra Moc Kenaiu.

23 Max Camenzind, Compact Objects in Astrophysics, Springer, 2007, 682 p.
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3-pacm. Aneu won0dy3 épyenueunu yzeapuud Yu3ueu Wakiu.

MakcuMyM/JlIaH KEHUH CHEeKTpJla KECKUH Yy3rapuiuiap pyu Oepaau: KHcKa
TYJIKUHIN TOMOHUTA aOCOPOIMOH (FOTWIIMIN) YHU3UKIAp EMUIIMO TypraH KyIuiad
AMHUCCHOH MoJioca (TacMa)iap nainao oynaau. AGcopOoimon ynsukiaapra suau 1000
KM/C JIaH OPTHK XapakaT MOC Kenaau. MakCUMyMIaH KeWHH, SSHTU EpyFaura 5-6™
OMpJIMKKaYa KaMmairad TyTalll CIIEKTp KyAa Xupa, I0Jy3HUHT CIIEKTPU KalHOK Ta3
CHEKTpUIa yXmiaml SMHUCCHOH YM3MKIapAaH uoOopaT. by mailTaa sSHTM CHEKTpH
Bonb(-Paiie ronpy3napuHukdra YyXmanau; 4YakKHAIIHUHT OXUPIH OpcKUuYnaa
SMHCCUOH YU3UKJIAp MYKOJIaaWd Ba SIHTU EPYFIMTMHHA MacalMIIMra MOC KeaaauraH
TyTalll CIIEKTpra 3ra 0yamd Koiaau.

MakcumyMmiaH KeWuH sHru cnekTpuHu Bonbd-Paiie ronmays3map cnekrpura
yxmanumry ynaapra Kooyru te3 (1500 km/c raya) keHras€Tran 10/1y3 CTaTyCHHU
Oepuiira UMKOH Oepaau. Makcumymaan keiinH suru ciektpuga H, Call, Ni, Fe Il,
Ti I, Ol Ba Ci abcopOunoH Yu3uKIapH Ky3aTuiaaad. by SHTUHHHT OOII FOTHJIMII
cruekTpuaup. bynapman tamkapu crekTpaa TabKukiaanran ynsuiiap [Ol] AA5577,
6300, 6363, [NI1] A5755 mynunraek kydaiiran He | A5876 unsuk kypunaau. bom
criekTp-auddy3-yakMOK CIekTpra anjmaHaad (uusumkiaap keHr, €éimk vy 1500
km/c). SAruan Epyraurn 3.5™ Oupivkka macaiirad SHTUHU IOUTHIIUIN CTIEKTpH B
cuHpra MaHcyO IOJAy3JIapHUKHra yxmainu. byHIaH KeWWH ronay3 YTuil
dazacura tymaau: OyHAa €kd roay3 E€pyFIUrd KAYUMK TeOpaHUIUIap KypcaTa
Oonutaiinu €ku 5™ OMpIMKKAa KeCKWH macaiin® keranu. byHmaan Oup Heda xadra
KEHUH I0JIy3 EPYFIUTY OJJUHIA YMYMHUU [acalMIl Japa)kacurada KyTapuiiaau
Ba STHTMHM CYHUIIM JaBOM 3Tanu. CrieKkTpa ITHINII YU3UKIapu HyKoiaau, Gakrt
KEHI DMHUCCHUOH YM3WKIap Kouamu. SlHru Oy dazacu HeOymsip (TyMaHJIMKKa
yxmarmn) ¢aza ned atanaayd Ba y SHTM YaKHAIIJAH aBBAJIWTH Japakara TYIITyHYa
JTABOM 3TAJIU.

SAHru €pyFauru Ba COEKTPUHM Y3rapUIIMHU “FOJIY3 IIMIIAAN Ba €puiiagn’
ne0 TYIWIYHTUPUII MYMKHH. XaKdKaTJAaH 4YakHall OONUIAHUIIUAA YHUHT
EPYFIIMTUHU OPTHUILIU Ba CIEKTPUHU AP Y3TapMAaCIUTUHM YHUHT DPaJAnyCHUHHU
KaTTalallMIIKy €KW FOJIIY3HU €Tapiid Japaxkana KaiauH (I>>1) koOyF KaTJIaMUHU
KeHTalumu OunaH TymyHTUpu MyMkuH. Onny3 nuamerpu Kyé€mnukugan oup
Heya 103 MapTa KaTrajamrad, KoOyF IoNKaiamagud Ba Ovp Heua OyIyTCUMOH
Oynakmapra OynuHUO keTaau. by OVnakmap ronay3nad Oapya TOMOHTa Y30KJjalia
oomnaiaunap. FOnayznan ketma-keT Oup Heda KOOYF KaTiamjap y3winO 4uKaau
Ba keHsau. lOnmy3 arpoduaa Tymanmuk xocwn Oymamm. YakHamn HaTmKacuua




saru ongy3HuEr 10%-10° me maccacu Qasora ymokrupuO 00OpHIAmU, EKH
YHUHT atpoduaa ra3 TYMaHIUK XOCHI OYIaau.

A¥ipuM sSHTWIap 3W4Y KYIIAJIOK OJKaHJIUTH aHHWKJIaHTaH. Mwucon ydyH
I'epkynec ronmy3 typkymuaa 1934 ii. ma gyaknaran saru N Her 1934 tycunma
KYIIa7d0K OYIM6 EpyFIMIMHHU Y3rapui amrautygacu 2™ oupnuk naspu 4" 39M-—
kucka. Illynnail kypcarimmyra ara saruaap T-Aur (B=4" 54™), V603 Agl (3" 20™).
by sHrunapuu Maccacu kam jieran xysocara o6 keiaaau: m=(0.87+0.33)me

6) Yragaru( SN) ronayszaap. yrasarm  (SN)  uyakHamm — HaTHKachIa
aXpanud YUKaaAWraH SHeprus OyTyH OWp TajlaKTHKa COYaéTraH JHEprusra sSKWH
oynamu. 1885 imnmma Asapomena tymamnuruga kKysatwiarad NS 6™ rommysuit
KarTanukka sra OynraH. CoJMmTUpHUII Y4yH AHApOMENa TYMaHJIUIH HUFMa
Epyrmuru 4.4™. Macumymaa SN mapHM aOcomioT kaTTanuru yprada My=-15T,
SbHU SIHTUJIAPHUKUAAH 7" OWpIMKKa IOKOpH. AWpuM yTa SHTHIAp MaKCHMyMJa
My=-20" ra eragu Oy Ky€mnaukunan 10 mupa. MapTa opTUK aeMakaup. busHuHT
[Namaktukaga oxupu 1000 ¥un wumpa yu mapta (1054 #. na Caspna, 1572 #. na
Kaccuonesma, 1604 #. nga WnowsaryBumpa) SN waknaran. 1670 iuiinga
Kacceonesna yaknarad yta ssHru taconudan Kaij KWIMHMarad. Xo3up 0y roJay3
atpopuaa ra3 TyMaHIMK Ky3aTHJIaad Ba Kywid paauonypianum (Cas A)
coumaan®,

2428750 28800 28850 28900 28950 29000 28950 1.D.
T T T T T T

1 1 1

g 20 40 60 & 700 720 744 760
T T T T 1

I I

4-pacm. SN 1(a) ea SN 11(b) mypoacu yma sineunapnu épyenueunu yzeapuu wuzuu.

241 Padmanabhan, Theoretical Astrophysics, Volume 11, Cambridge University Press, 2010.




bomka ranaktukanapaa kymiad SN ky3arunras. yprada xap oup ramaktukamna 200
munga Ooutra SN yaknHaiiau. 1957-61 Hwmapaa YTKa3wiraH Maxcyc XallKapo
naTpyJa HaTuxkacuaa 42 yrasuru kamd >Twiad. Xo3uprava yra saruiap couud 500
JIaH OILIIH.

Epyrmurunn  y3rapum srpucura kypa SN JapHM HKKH Typra Oyami
myMmkuH: SN | Ba SN Il. SN |-mMakcumymu Tte3 (6up xaBTa) yTaau Ba yHJIaH
KenHrn 25 kyH nuuga épyrmru kyaura 0.1™ man kamas 6opaau. llynmgan kelinH
EpYFJIMTMHU MacailMii CeKMHiamaay (4 pacMm) Ba 10y Tap3/Ja TO FOJIIY3 Kan[
KU OYynMaliuran Japajxkarada xupajamryHya oup xui cypat kynura (0.014™
naH) Ouan cyHaau. SN HE EPYFIUTU SKCIIOHEHIHA Tap3Aa 55 KyH/1a UKKU MapTa
kamas Oopamu. CaBp ronmy3 Ttypkymuna 1054 iwmiga yakHaraH IOay3
MakcUMyM#Ia My=-5" kaTTanukka eTrad Ba Oup ol JaBOMHUA KyHIY3H KYpHUHTaH,
y Kedacu 2 WWJI JaBOMHAA TEJNECKOICU3 onauil ky3ra kypuHuO Typrad. SN |
Makcumymaa Mpg=-19", €pyraurunu y3rapum amrutygacu A=-20™.

SN Il-HuHr épKUHIMTH MAcTPOK: MakcuMmymaa Mpg=-17", (A-HOMabIyM) Ba
my ngapaxana oup "Heda BakT (20 kyH) Typamu. YHaad 100 xyH keiun xap 20
kyHma 1M Oupnukka kamas 6opanu (4 pacmma 6). SN yap rajakThka TEKHCIUTH
yerapanapu skuauaa Kyzatwiaan. SN |-uxtuépuii makingaru rajaktukaiapaa, SN
I1-pakat ciupas ranakTukanapaa Ky3aTHiIaIu.

SN | ciekTpu sHTHIIapHUKKHAaH OyTyHiIai gapk Kuiiaau. CeKkTpuaaru KeHr
OMHUCCHOH TacMmajiap Xed OWp 3JIEMEHT aTOMHU UYM3HKJIapra MOC KelMaraHjaaH Oy
TacMajap YM3WK 5Mac OalKh TyTall CIEKTp COXaJapuaup. YJIapHU axpaTuO
TypyBYM KOpa coXajlap KEHTaWraH Ba CWJDKWTAH FOTHIIMIN YW3UKJIAPH JeTraH
xynocara kemuHau (O.P. Mycren, FO.II. TlckoBckuii, Poccusi). By kopa
tacManapau Tekmupum Hatwxkacuaa SN | maituma rommy3gan maccacu 0.3 Me
oynran kKoOyr axpanmaau Ba 15 000 kM/c Te3nuk OwiaH KeHras Oouuiaigu.
Tesnuknap keHr opanukuu sraaian. KoOyr 0ymaknapra axpanu6 kerrad. SN 11-
CIIEKTPU OJJMU SIHTY FOJIAY3Jap CIIEKTPUra yXINall: KMCKA TYJIKWHJIM TOMOHHWIa
IOTWIIUII YU3UFU MU0 TypraH KEHT SMUCCHUOH TacMmanapjaH uoopat. Bomopon
yn3ukyiapu uHTeHCUB. SN |-Bogopoan €éuud Tyrarad ronmysnapaup. SN 11-sca €m
HOJLLy3/1ap AUp .

SN yakHaiM HaTH)KAacHIa YaKHaraH rojay3 arpoduaa ra3 TyMaHJIUK XOCHIT
oynmagu. SN 1054 -ypuuna KucknubakacumoH TyMmannuk cudaruaa kypuHaau. SN
1054 Ba SN 1572 (Kaccuones) ypHHIa XO03UPru KyHJa KywId PagUOHYpJIAHUII
man6anapu (Tau A Ba Cas A) sxoinamiras.
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4033 ¢c=33mc

%54 Mc

40135 c=73,5mc

S5-pacm. Kuckuubaxacumor mymaHIuk 6a yHUHe uduoa Ky3amuiaoueam
NYIbCAPHUNHS UHMEHCUBTUSUNHU V32apULL YUSURU.
KuckpubakacuMoH TymaHiauk 16" kaTTanwkgarm wWYuga KYIIajdoK N3
xoinamrad. FOnay3napaun O0apu KyiH criekTpan cuH(pra MaHcyOd MKKMHYMCH 3cCa
XKyda KallHOK, Ky4djiu yibTpaOuHadIima paHr OpTUKJIMKKA dra roiay3. by ronmays
paauo Ba PEHTIeH AMANO30HJIAp/a MMITYJIbCIAp TapUKaCcUJa HYPJIAHUII COYaJH.
Nmnynscnap opanuru —naspu 0.033 cex. by HeliTpoH ronay3 0ynubd Yk arpoduaa
Te3 ainanumm (cexkynaura 33 MapTa) HaTWwKacuja myiscap cudaruia KypuHau.
NP 0532 pakam Owian pyixarra ojMHraH Oy MyJIbCAPHU JaBPU CUCTEMATHUK
paBuia optud OopMoKIa (alimaHuWII Te3nMurd kamanmokna): 2500 iwnma 2.7
mapra. bynpaii cexunnamys sHeprusau 10% spr/c ra kamaiimimmunu Kypcaraim.

(Pacm-b).
3.5. IOaay3nap 3BoJnionusicu
HOnay3napHuHr QuU3MK XapakTepUCTHKAJapUHU, WYKWA TY3WIMLIIMHU Ba

KUMEBUM TapKUOMHM BakT OyiWYa Y3rapuilid FOJIYy3HU DSBOJIOLMICH EKU
PUBOXIIAHMIN KapaéHuaa y3rapumu Aed atananu. CTauuoHap XoJjaTAard roJay3
Oy ruapocTtaTuk (rpaBUTALMOH Ky4 WYKA OOCMM KydHMra TEHI) Ba SHEPIreTHUK
(arpodra counnaérraH Hypul SHEprus IOJAy3 y3aruja axpainaéTraH sHeprusra
TEHT') MyBO3aHatJaru ra3 (mimasma) map. IOnay3uu «ryrunmuimm» 0y atpod dasora
COUMJIAETIaH SPHEPIUSICUHU Y3UHUHT MUYKH DHEpPrusi MaHOaum Xucodura Tyiaaupuo
TYpyBYH THIPOCTATUK MYBO3aHATIAru OOBEKTHUHT Xocui Oymummaup. FOnny3uu
«ymumuy Oy THUKIAHMAWIUTaH MYBO3aHATHU OY3WJIUIIM €KUM YHU XaJIOKaTIH
XO0JIATAa CUKMIMIIAAUPZS,

Onny3 cupTraan 3HEprusi COYWIMIINA YHHHI MYKU KaTJIAMJIAPUHU COBMILIH,
YHM CHUKWIMIIM HAaTWXKacUAa axpanud 4YUKaEéTraH TpaBUTALMOH MOTEHIHAI
Heprust €Ku SAApo peaknusuiap xucodbura pyi Oepumm MymkuH. CoBuil Ba
raBUTAlMOH cUKuiuil, MacayiaH, Kyémnu 10 MUITHOH MHIT XO3UPrU KYHJAruaeK
HYpJaHUII COYMO TypUIIM y4yH eTaiau. XoJoyku, Kyém Ownan Oupra xocun
oynran Epuunr €mu 4.5 Musiap/1 Huira TeHr, 1eMaK YHUHT SHEPTHsICH CUKUITUII
HHEPrUACH dMAC.
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KOnay3HuHT 3BOMOIMACH OOIUAaH OXUpHrada Ky3atubd OynMaiimuraH Kyaa
y30K JOBOM OdTaauran sxkapa€éH. [IyHUHT yuyH, IOJIIy3 3BOJIOIUSCUHU
TEKIIUPHUIIIA Xap XWUJ Maccara 3ra JAy3JapHUHT WYKU TY3WIAIIA Ba KUMEBUN
TapKUOWMHU BaKT OYyiinya Y3rapuiimHi HAMOWHUII 3TYBYHM SBOJIIOLUOH MOJIEIIapHU
Ty3Ull yCYJIu KYJUlaHWIaau. By 5BOJIONMOH Mojeiap Ky3aTHIl HaTWXKajlapu,
MacajaH, Xap XWJ JBOJIONMS OOCKMUMIArW KYIUal IOJAY3JIApPHUHT EPKUHIIUTU
OwiaH TemriepaTrypacuHu OofnoBud ['epmmpynr-Paccen nuarpammacu OuiiaH
COJIMIUTUPHUIIAAU Ba Oy I0JAY3HU IBOJIIOIMOH KETMa-KETIMKAA YPHUHN aHUKJIAIIra
épmam Oepagu. By ycyn ronny3 Tyaamapu (TapkoOK Ba IIAPCUMOH) YYyH
KYJUTaHWITaHAa alHUKCa XN HaTHka Oepanu. UyHKH TYaa ab3oiapu OMp BakTIa
Oup Xua KUMEBUHM TapkuOAaru TyMaHJIMKIaH XOCUI OYiranmap.

FOnay3napHu >BOMIOIMOH KETMa-KETIMKIApH YJIAPHUHI HWYUJa MACCaHH,
3UYJIMKHH, TEMIIEpaTypaHu Ba EpKUHIMKHUA uHdojanoBun auddepeHunan
TEHIJIaMaJlapHU Ta3JapHUHT XO0JIAT TEHIJIaMacH, HEPTUsl aKpajdull KOHYHIIApH,
WYKM  KaTJIaMJIapHU ~ HOTHMHHMKJIMTMHM  XucoOnam  ¢opmynamapu Ba Oy
KaTJIaMJIapHUHT KUMEBUIM TapKUOWMHU BakT Oyinya Y3rapuil TeHriaMaaapu OuiiaH
Oupranvkaa eduaaim.

a) I0JIIY3JIaPHU XOCIWJI OYJIMIIUAA TPABUTAIMOH CHKMJIMII 00CKUYN.

OHI KEeHI TapKaJiraH Kapalira Kypa JIy3Jap Hoaay3iapapo MyXUTAard
MOJIJIaHU KOHJICHCALIMSJIAHUIIN HaTWXKacuaa xocws Oynamunap. ByHuHr yuyH
I0JIy3/1apap0 MYXUT HMKKM OOCKMYHM YTHINM 3apyp: 3U4 COBYK OyiIyT Ba
IOKOPUPOK ~ TEeMIEpPNTypajard Ccuipakiamrad MyxuT. bupuHum  OGockuu
IOJITy3J1apapo0 MYXMTAArd MarHuT MaigoHna Penen-Telnmop HOTYpryHINATH
Typainm pyi Oepca MKKMHYUCUTA 3UY OyJIyT MOJJACMHU KOCMHUK Ba PEHTTEH
Hypjap TOMOHMJAH MOHJIAHTUPHUII HaTWXacuaa Pyl OepraH HCCHUKIMK
HOTYPFyHJIUTU cabab G6ymamu. *akukatnan maccacu MM, = (10° — 108 Mo (Me-
Kyém maccacu) tenr, ymaamuaap 10 — 100 napcek, 3appa KoHnenTpanusicu N = 108
M2 GyiraH 4aHr+ras KoMILIEKCIap Ky3aTuinaad. ByHjail KoMIUIeKcIap CHKUIUIIN
y4yH ylapja 3appajJlapHUHT TpaBUTAIMOH OOFJIAHUIN HHEPTUSACHU 3appajapHUHT
UCCUKJIMK  XapakaTh, OyJIyTHHHT SXJIUT XOJJa alJaHWIl  JSHEPTUsiap
nuruHaMCcHaaH karta 6ymumm kepak (QKuHc kputepusicu). Arap (pakaT MCCUKIHK
sHepruscu xucobra onuHca JXXuHC kputepusicura Kypa Xocuia OynaraH OyTyTHUHT
Maccacu

M, > M= 150 T23 n2 Mo,

6ymumu kepak. By epaa T - KeIBHHIapAa XUCOOIaHTaH TeMIEpNTypa, N — 6up cm
Ja 3appa KOHIGHTparuscu. [az+tdanr Oynymiap y4YyH XO3UPTH 3aMOH[A
anuKiaadrad T Ba N mappa ynapauar maccacu M1, > 10° M o 6ymumm kepak?’.
Kunc xkputepusicura kypa Maccacu Xo3up mMabiiym Oynran opamukgara (0.01
— 100 M o) ronays xocun 6ynuimyM yuyH cukunaérran 6ymyraa n = 10 — 10° cm®
oynmumu kepak. by raz+uanr Oynytnapaa ky3atunaérrangan 10 — 100 - mapra ki
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nemakaup. bupoxk OyHpmail 3appanap KOHIGHTparus OynayT Vy3aruga Oymwim
MyMKHUH. [leMak maccuB OylyTaa KeTMa-KeT pyi Oepanuran Oynakiapra askpaiuiil
HaTWXKacuaa IOJAy3 XOCHJI OViHMIIM MyMKHH. By 1onmysmap Tyaa xoJjijga maio
OYnaau, nerad Xyyuoca KWJIUIITa UMKOH Oepaiu.

KelnHuanuk KoJianc HaTWKacuja IOJay3ra ailnmananurad oObekT (OyiyT
Oynaru) mpoTorofiay3 ae6 arananyd. byHaa MarHUT Mali0HCU3 Ba ailylaHMaluraHn
chepuK CUMMETPHUK MPOTOIOIY3 OupHeua Oockuwiapau 6ocud yraau. lactaBBan
OMPKUHCIIM Ba U30TEPMHUK OYJIyT Y3UHUHT UCCUKJWK HYPJAHUIIUA YUYyH THHUK Ba
KOJUTATNIC PHEPrusi MYKOTUIN HaTwkacuiaa OonuiaHagu. Yanr ras3 3appaiapuHu
KHHETHK JHEPTUsACH XHCOOWTa HMCCHUOONUIAWIM Ba yHAA DSHEPTUS HCCHUKJIHK
y3aTyBUaHJIMK HATWKacuAa TapKaIaOONUIaau Ba TMPOTOIOJIY3HU TaIIK{
yerapacuJiaH HWCCUKJIMK HypiaHumu cudartuma ¢aszora counnagu (dHEPTUS
nykotumr). bupxxuHcou Oyinytna OOCMM TpaMeHTH HYK Ba CUKWIWII SPKUH
tymum  cudaruaa OonviaHagu. CHKWAIWIN OOINIIaHTaHAAHOK OyiayTaa TOBYII
TE3JIMTUAa YHUHT MapKasra TOMOH TapKalaJuraH CHMpaKIAIUII TYJIKUHU XOCHII
Oynaau. YyHKH KOJUIAIC 3UWIMK IOKOPH KOMIa Te3, HaTHXaaa IPOTOIOJIY3 KYIOK
Y3aKKa Ba KEHI CHHpaK KOOyKKa apalalu. y3akia 3appa KoHueHTpauuscu 101!
cM ra eTrad y Y3MHMHT UH(QPAKU3UI HYpPJIAHHUIIN Y9yH HOTHHHKJIAMIAMM. Y3aK1a
aXpana€TraH »HEPrus YHUHI CHUpPTUTAa Hypuil #yn OunaH yuKaOoIUIakIu.
Temneparypa aamabatuk kyTapwiadonuiaidgu Ba Oy OOCMMHHU KYTapUIIMIIINATA
0JIM0 Kelaau Ba y3aK T'MJIPOCTATHK MyBo3aHarra yraau. KoOyk mMomnacu y3akka
TYIIMIIMHU IOBOM 3TaJIM Ba ¥3aK yeTuaa 3ap0 TYIKUHU Xocuia Oynanu. by naitna
y3aK mapaMeTpiapyd NPOTOIOAY3 Maccacura kKaMm OOFJIMK Ba YHHHI Maccacu,
paauycu, 3U4JIMrY, Ba TeMIepaTypacu Kyluaaruia

My =5*10° Mo, ry=100 Re, p =2*10"% r/cm3, T =200 K.

KoOGyrman ¥3akka wmoana Tymwmmd (akKpemus) HaTwkKacula yHUHT
temriepatypacu 2000 K ra errynua agunabatuk kytapuwiaau. Temneparypa 2000 K
ra errad BOJOPOJI MOJIeKyJalapy MapuaiaHa Oommaiau Ba aaumabara KycaTKU4Ud
4/3 nman kamasau. by Xosarna OOCHMHHHT Y3rapuIlli TpaBUTAIUS KyWIapHHH
CHTHIITa €TMalIi. Y3aK sSHa CUKWIAaIU (KOJUIANC) Ba YHUHT MapameTpiapy dHIU
KylHaarnda

My=5%10°Mo, ry=1Re, p=2*102r/cMm3, T = 2%10* K.
KoOyFrnan y3akka Mo//1a aKKPEKIUSICH TaBOM 3TaJld, TEMITepaTypaHu Ky TapUIIHIIN
JAaBOM JTaJH. DHAM Y3aKia BOJOPOJHW MOHJIAHUINM OOIIaHAAW Ba FOKOPHUAArd
Vy3aKHU KalTa Ty3WIHUIIN Pyl Oepaa.

V3akan Ko6yr XHCOOHMTa KaTTalallyBH KOOYFJa MOJJA TyraryHda J0BOM
stagu. KoOyr MOAJacHHUHT OMp KUCMH IOJIIY3HUHT HYpUHl OOCUMHU TabCHpHUJIA
¢dazora Tapkanub keraau, y3ak Ba KoOyraaH ubopat roiaysnap UK nyp manOau
cudaruaa kyzatuinaau. KoOyr onTHk romka Oyiarad mpoTOrJIy3 H0JIIy3 MaKOMUTa
sra 00BeKT cudaruaa Ky3aTuiaaad. AWpUM MacCUB IOJIIy3fiapia KoOyF y3akia
APO peakuusnapyu OoumutanryHua Konagd. IpoTronays xommamcu 10° — 10° fiun
JIOBOM ATaJH. ¥3aK TOMOHHUJIaH EPUTUIIAETTaH KOOYF KOJIIUKIApH FOJIAY3 IIaMOJIn
Tacupuaa Te3naTwiaau. byHmaih oObekTmap Xepbur - Apo oOektmapu aeb
atamanu. Kam maccamaru ronmysnap kypuHaOomiaranna yiaap Caspauar T — cu
CUHTapH XyCycusiTiapra 3ra 0ynaau.




['uapocratuk MyBO3aHATJark Kam Maccara sra IoJiy3iap y3arujaH SHeprus
KOHBEKIMs Wynu OwnaH yukaau. Maccacu KyEIIHUKMHUHT yuyjaaH OupuAaH KTl
IJIIy3/1ap Yy3aruja Hypuid MyBo3aHaT Kapop Ttomaad. Maccacu yu Kyém
MaccacuAaH KyII I0JIIy3J1ap y3aruja Hypuil MyBO3aHaT Te31a IaKWJIJIaHAIH.

0) AP0 peakuusAJIAPU ACOCUAA KOJIAY3 IBOJIIOIHUSICH.

JactmaOku siapo peakuusuiap TaxmuHaH MwuimoH K - temmeparypana
neutepuid, TuTUN Ba Oop umm OuiaH OonuiaHagu. by sneMeHTIapHM AacTiaOKu
MUKJOpHU 1Ty Jlapa)kaja KaM YJapHUHT €HUIIW aMalijia IPOTOIOJIIY3 CUKUIUIITUHU
TyxTaraonMaiiau. IOnmys mapkasuma Ttemmeparypa =10 K ra erramga Ba
BOJIOPOJIHM E€HUIIM OOUUIAHTAHJA YHU TPABUTAIIMOH CUKWIMIIK TYXTalau. UyHku
dakaT BOAOPOJIHM EHMIN DHEPrusick 1Jay3 (o3ora coda€TraH >SHEPTUSHU
TYNOIUpUO TYpUII YYyH €Tapiu. y3aruja BOJOPOAHM EHUIIM OOIUIaHTaH
oupxuncan roaysnap -] na nactmadku Oom ketma-ketinukau (BKK) tamkun
kwiaan. MaccuB ronays3nap BKK ra kam wmaccanumapra Kaparanjua Te3pOK
tymaaunap. bBKK ra tymrannan 6omnuiad 1oiaay3 3BOJIONMICH SAPOJIAPHU EHUIIN
acocuza (ApoBUil OOCKUUIap KaJaBayila KeITUPUITaH) Oopaju.

2-KanBai. SapoBuii 10JITy3 YBOIIOIUSCHHUHT aCOCHIA OOCKUYIIap

SAnposun Enpm Ennm OHeprusa | OHeprusiHu | [JloBomuiisinry,
EKWIIFH | MAXCYJIOTH | TEMIEPATYPACH, | YAKAPHILI, 00 10J14y3 €1In
K apr/r KETYBUH dbouznapuna
3appa
H He (1- 3)* 107 7*10*® | poronmap =90 %
He CO0 2* 108 7*10% | poromrmap <10
C Ne, Na, 1*10° 5*10% | meltrpuno <1
Ne Mg 1.3*10° 1*10% | meiitpuno <1
O O, Mg |[1.8*10° 5*10%" | meitrpuHO <1
Si Si+Ca |3.4*10° HEHUTPHUHO <1
Sc + Ni 3.4*10%7

Temneparypa <18*10° Gyaranga HpPOTOH-NPOTOH LUKIM, YHAAH OKOPH
oynranna yraepoa-azor 1ukiau (CNO) acocuit sHeprusi maHObau OVmaau. DHT
MaccuB rosaysnapaa maccaHuHr 50% koHBekuusuiaHaau. Bogopognu Tyna €Huii
Bakti Maccacu I, =1 M o Oup Kyém Mccacura tenr rongysaapaa 101 iun, N, =
50 Mo - ronmysmapma 3*10° imn. XKampanman kypuHUOG TypunTH, OOIIKA
peakiusiap XucoOura roJAy3HU sanl BaKTH YyMyMud simiam BakTuHu 10% man
ommManau. lynunr yuyn I'-J] nuarpammaza KYMUuwiMK rojaysiaap YpHH Oomn
ketMma-keTmkAup (BKK). Bomoponnu énuinm y3ak Mogmacuam ypraya MOJICKYJISIP
Maccacl OIIUpaad, THUAPOCTATHK MyBO3aHaT y4yH Mapka3ga OocuM Ba
TeMIiepaTypa KyTapwiaau, EpKHHJIMK oOIlaau, KOoOyF TuHHKJIamaau. Karra
MUKJIOPAryd YHEPrusi MYKOTUIITHN TaMUHJIAII YYyH Y¥3aK CUKUIA0O0IUIaliI1, KaOyF
sca keHrasOonutaiigu. ['-J[ mmarpammana tonay3 BKK man yHra cumkwiinm.
Maccacu karra ronny3nap BKK au Oupununnap katopu tapk stagu. |, = 15 Mo
ronnysnapan BKK ma 6yamm Bakta 10 e #iwn, N, = 5 M o mapauku - 70 MiaH




iimn Ba N, = 1 M, o napuuku 10 Mmurap iu.

B) I0JIIy3 IBOJIIONUSICHHUHT oXupru 6ockuumn. Maccacu N, > 5 M o Oynran
IONIY3JIADHUHT  MapKasWii  KUCUMJIapuja JKaJBajjga KypcaTwiraH Oapua
peakiusiap pyd OepuIlM MYMKUH. TeMHp VY3aKHH XOCHJI OYJIHUIIN alpum
XO0JIJIapAa YHIAAH XaM OJIIMH TMAPOCTAaTHUK MYBO3aHAT WYKOTWJIMIIM MYMKHH Ba
rPaBUTALIMOH KoJulamc pyi Oepaau. Kommanc matmkacupga suamk 102 r/cm® ra
eTaaM Ba Mojia Helitpamnamanu®. Arap M, < 2 M o 6yca aiiauran ras Ba y = 5/3
na 00CHMM Ba TOPTHUIIUII TEHTJIAMAIN. AKC X0Ja KOJUIarc YeKCH3 Ba I0JITy3 Kopa
Ypara aitnanaau. Konnmanc TyxTatuiaranaa HEHTPOH [ONTy3 CUpTUAA 3ap0 TYIKUH
pyi Oepaam Ba y TalmlKu TOMOH TapKajJaad Ba KOOYKHHM YIOKTHpHUO roOopamn
(YTasgHru 1oaay3).

Ha3zopar caBoJsiapu:

KouHnota 101/1y31apHUHT Naiii0 OYIUIIN Ba HBOJIIOLUACH.
Kuzun ruranr.

HOnny3napHuHr TeMepaTypacu

BuH cripkuI KOHYHU

HOnay3napHUHT ciekTpas KiaccupuKauscu
I'epummpyr-Paccen nuarpamMmmacu.

Panr xypcarknuuHuy ynyar.

CriexTpall YM3UKJIap UHTEHCUBIUTHHY YITYAIL.

IOnny3nap cnexkrpu.

IOnay3napHUHT 3BOMIOLUSACH.
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4-MAB3Y: I'AJIAKTUKAJIAP BA YJIAPHUHI 3BOJIIOIUACHU

PEKA
4.1.I anaxmuxanu mexuupuuoan MaKkcao
4.2.Comon Hynu 2anaxmuxacunune Kypunumu
4.3.1'az 6a uane mymauiukiap
4.4. I'anakmuxanune my3uiuiuy 6a mapKuou

Tasnu udopanap: Comon uynu, uane mymauiukiap, niaHemap
MYMAHAUKAAp, OUDhy3 mymMaHIuxkiap, UOHIAH2AH 8000PO0 coxaiapu, Kopa
MYMAHAUKILAP

4.1. 'asakTUKaHU TEKIIMPUIIIAH MaKCa
bu3z rokopuaa ronay3gapHUHT GU3NK KYpCaTKUWIApU Ba yiiap Opacujaru
OOFJIaHUIILTIAD, FOJITY3JaPHUHT WYKUA TY3WJIUIIN Ba DBOJIIOIUSICU OWJIaH TaHUIINO
yukauk. bapua ronmaysmnap, mry skymnanan Ky€m xam, y3unan atpod dazora moana
coun® TYpHIIMHUA KYPJIMK Ba IONAYy3/1apapo MYXUTIAArd 4YaHr+ra3 MOJJIaHU
CUKWIMIIIM HaTWKacuJa IOJay3 XOCWJ OYIUIIM MYMKUHJIUTHHHU, J€MaK
I0JITy371apapo MyXHUT OwWwiaH I0Jy3 opacuja Vy3apo TabCUp Ba OOFJIAHUII
Ooopiurura 3pTHOOP KapaTauk. KYMuuinuk 1oiaay3/apHUHT (QU3UK KYpcaTKuwiapu
Kucka (YHnad Huiap) BakT opalidKiapia AesSpiau y3rapMaau, aipuMIIapuHUKA
aca KeCKWH Yy3rapaau. byHmail ronjaysfiapHd CTallMOHAp MOJAy3dap 1e0 aTajuk.
AlipuM roiy3nap KalHOK Oomkajgapu macT TeMmiepaTypaja, aiipumiapu ¢ao
Oomkanapu coku. bynnai panr-6apanriuk HuMma Ounan 6oriuk. By caBosmapra
aBOoO OepHIll yuyH FOJIIY3HH XOCWUJI KWJITaH MaHOa TaOWaTWHU YpraHuIl 3apyp.
HOnny3uu Tamaktukana sramnaran YpHUHM OWIMOK 3apyp. UyHKM 1ommysnap
raJlakTukaga xocuia Oymamwmmap. FOmmay3nap skka Xojjga smac Oanku KypT Exu
Kappym Xoija €ku arpoduma caii€panap TU3UMU OUIaH XOCUIT OYJIMITUHU KYPIUK.
bynnait Tuzumiap sHa XaMm KaTTa THU3UM TapKUOWTa KUPUIIHM a€HJIAIUO KOJIJIH.
OHau Ou3 MWwIIMapanad [oJay3JapAaH TAmIKWI TONTaH YIKaH TH3UMIIAPHH
Ty3WIUIIM Ba (U3UK KypcaTKUUJIApUHU YpraHumra yTtamu3. by umHu 06u3
AmaéTral iay3 THU3UMHAaH, [amakTukanan OonutaimMu3. ABBan ["amakTukanu
KYPUHUIIM, YHU YpraHum ycymiapu OwiaH TaHumuO uukamus. Keitnn
[NanakTkaHu TapkuOW Ba yYHra KUpaJauraH oObeKTIap TaOuaTh, XyCyCUsTIapura
TYXTaJlaMU3 Ba HUXOST YHUHT TY3WJUIIW, GU3UK KYpCATKUWIAPU, XYCYCUATIApH
OMJIaH TaHUIINO YNKAMU3.
4.2. Comon M§1n raJakTHKACHHUHT KYPUHHIIH
ComoH UMynm rommysnap OCMOHMHM KaTTa ajimana (I'aJakTHK SKBATOp)
Oyiinab wkkura OYynuO TypaauraH TUM KOPAaHFM OCMOH CaxHUJAru Epyr 0erndor
kypunuira sra. CoMoH PI}“]HH Kamzo, CaBp, Apasakami, Kocceomes, Iledeii,
Oxkym, Kankon, Kasc, WnonsntyBun, Akpal, Llenrasp, XKany6uit byr, Kuu,
Enkan, Karra Ur, fxka Illox Ba OpHOH 10J1y3 TYpKYMIIApU OpPKaIU YTaju.




[Nanaktuka mapkasu KaBc ronny3 Typkymunaa, YHUHT Akpa® OuiaH uerapacu
sxkuanna (C) kypunany. By #iyramimaa Comon Mymm makcuman (18°) keHrimkka
ara. Mapkasz arpodu Kyrokmacu 18°x28° karrammknaru EpyF COXaHHU ATajUTai]Iu.
CoMoH I\/JIS’/JII/IHI/I Vypracuan YyTajuraH KaTTa aillaHa TajakTUK SKBaTop nae0
aTajgaJy Ba y OCMOH 3KBaTOpH OuiIaH 62°.6 Oypuak XOCHII Kuaan2e,

laymakTrKaga rOIY3JapHUHT YPHU MKKUTa Oypyak KOOpJAWHATA TajJaKTHUK
y3yrinama () Ba kenrmama (D) opkamu Oenrmnananm: |-I'ajmakTuka mapkasujaH
Oonnab mapkka TomoH 0° man 360° raya, b-ramakTHK 3KBaTOpIAH KyTOJIap TOMOH
+90° rawa y3rapanu. [anakTUKAHWHT TY3WIMIIMHUA VPraHWIl YYyH YHHUHT
TOMOHJIapy Omp i rpatycra TSHT KBajapaT MIaKIard MaioHgazapaa MmabiayM (m)
KaTTaJMKKa4ya OYJraH IOJIAy3JIapHH caHalra acocianrad. by ycynnu B. I'epuiens
(1738-1822) OmpuHum OOp KyiularaH Ba OCMOHHMHT xap xwin y3ymiama (l) Ba
kenrmamara (b) osra 1083 Tta wMaigondyacunma 14M.5 karraaukkada OyiaraH
IONy3/IapHu caHa0 ['ajakThka MOJETMHM Ty3raH. XO03WpTdu 3aMoHma I amakThka
TY3WIUIINHYU YPraHUIaa UKKU XWI CTATUCTUK YCYJI KYJUlaHuimaau. bupunum ycyn
OCMOHJa M—HYM KaTTaJuKkaya EpyFIuMKKa sra Oynaran Oapua roJay3JIapHU
caHalira acocyianrad. bynaail ycyn Kyiuaaru HaTHXKaJlapHu Oep/iu:

N(0)=4 (oHr €pyrman Ooluiad HOJMHYM KaTTaJIMKKada OYJIraH FOJITy3jap
coun), N(1)=17 (sur &épyrman OupuHum Karranukkada), N(2)=50, N(3)=175,
N(6)=3100, N(7)=8400, N(10)=166x10% N(21)=889x10° .

Kypunu® typubmuku, xwupa tonmgy3nap conu N(m) opra Oopmokna.
["amakTrkaga >Hr Ky oaay3nap M=30™ karrammkka sra. m>30™ ronmy3nap coHn
kamas 6opanu. ['anakrukana xammacu 6yau6 200 Mmummmapa rmays 0op.

Al
1-pacm. Ocmon cpepacunune wumonutl (vanoa) éa
arcanyoutl (yneoa) sapumwapaapuoa CoMoH UyauHu
KYPUHULUU.
Wxxunun yeyn-nuddepennuan épyrnuk pyHKkuusicuau (A(mM)) HU TomUIITa

dN(m)
dm

acocjiaHrad. A(m) = m-y3rapuim ounad A(mM) xam opta 6opaau.

IOxopuna kentupwirannapaan N(6): N(5)=2,85, N(13): N(12)=2,47 Ba
N(21): N(20)=1,76. SpHu, xupa IOJAy3Iap COHWHM KYNAWWII CypaTh Kamas
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o6opanu. by NamakTukana ronmy3napHd HOTEKAC TAKCUMIIAHTAHIIUTUHU KypcaTaju.

N(m+1)

Arap ¢azoza ronaysnap OUp TEKUC TaKCUMIIaHTaH/a =398 6ymyp omu’,

bup xun karranmkgarn OMPOK Xap XWJI TajakTUK KeHrjamara sra OyiraH
MaloHYaNapaa ay3iap COHU xap xwi Oymanu. byHnai canammmap ['amaktuka
tekucaurn  (b=0)ma rommy3map coHm HSHT Kym b-keHrinamara sra  Oynrad
MaiimoHuama oSkaHuHU Kypcartagu. N(m;b)-sur Epyr ronmy3maH TO M-HYM
KaTTaluKKada Oymran rongysnap comd. N(m,0°)-ramaxTmka Texucnurugaru
N(m,90%)-kyrOnapy HyHanMmmMga Ky3aTHIagurad M-KaTTalMKKada OyJraH
ronaysnap coru. N(m,0°: N(m,90%-ranaktuk KoHueHTpauus €6 aranajm.
Kysarumjan onmHrad Hatwkanmapra kypa N(7,0°: N(7,90°=3,5 Ba N(21,0°:
N(21,90%=44,2. SIxan ronmy3napausr 95 % u coMOH Hymuaa kypunamu. bynmaii
caHamuiapfaH Ty3wiran [amaktuka wmopenu-auamerpu 30Kmk (kumimomapcek)
Oynran ynkaH TucKk KypuHuiura sra. Ky€m skuHmna muckHuHT Kayuaaurd 0,5
Knk. Kyém I'amaktuka mapkasuaan 10 Kok, Tekucnuruaad sca 25 Mc mmamosiia
JKOWJIAILITaH.

2-pacm. ['anakmuxanu waxkiu. ) eailaKkmuxa
meKucaueudan Kapazanoa, b) earaxmuxa Kymouoan
Kapazanoa.

Kyém sxununa ronays konnentpanusicu 0,064 nx3, aseam Tomonnapu 2,5
nk Oynran xky0 muura Outra maccacu KyE€IIHMKUIEK KelaauraH Jy3 TYFpu
kenanu. ['anakTuka y3aruaa KOHIIEHTpalusl OyHIaH MUJUTMOH MapTa KYTaup.

lNanakTukaga amoxuja, KyWajdoK €KW Kappaiaud KYypUHAIWTaH FOJAy3jap
Tyaanapu Xam Kyszatwiagu. FOnny3 TynanapuHd HMKKH  XWIH  MaBxXy/I:
IOJIIy3JIADHUHT TapKOK Ba IapcuMoH Tymanapu. Tapkok tynamap (1180) Tacu
pyiixatra onuHraH) OWp HeYa YHTajgaH, OMp HeYa YH MUHITarada, mapCHUMOH
Tynanapu 3ca (136 tTacu Mabiaym) OMp HeYa MUHTIIaH OMp HEYa YH MUHTTarada
onay3aad  ubopar Oymamu. Tymamapgan Tamkapu [amakTukaga Kopa YaHT
oynytnapu (1000 mad), Epyr nuddy3 tymanmukmap (150) xam ky3armiaau. Kopa
TYMaHJIMKJIap Y3uJaH OpKaJaru IOJAy3Jiap HYpPUHU XUpaJallTUPUIIN Tydaiau
HOMOEH Oynanu. 3-pacMia ["anakTrka MapkasuHUHT (OTOCYpATHU KEJITHUPUIITAH Ba
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YHJa KOpa COXaJapHU Kypull MyMKWH. bynap Kopa tymannukiapaup. Macaias,
«Kymup kom» ne0 arajmaauraH Kopa TyMaHJIHK EpyF oimy3nap (oHHAA SIKKOJ
kypuHn6 Typubmm. Kopa Tymamnukmap Comon Mymuaum OKKym  roiay3
TypkyMuan 6omnuiad To ['anaktuka Mmapkaszurada (Akpad 10ay3 TypKyMH) HKKHATa
OYynuHuGO KkypuHummura cab6abuuaupnapSl. Karra épyr auddys TyMaHIukIap
Ounman OWp KaTopAa KHYMK XaJKa €KUM TapIull IMakIJAard MHUHTIAH OPTHK
IUTAHEeTap TYMAHJIMKJIAp XaM Ky3aTwiaad. byHmaid EpyF  TyMaHJIHKIAp
nrybiangaHaérran ra3 OynmytnaH ubopatauprnap. Jlemak, roiagy3napapo MyXHTIa
MOJIJIa YaHT Ba Ta3, HIYHUHTJIEK yJap apaiaimMacuaan noopart OymyTiaap MIakinaa
kypunagu. Tapkok Xonjgaru OyHIaH TaIIKapH IOJTy3/1apapo MYXUT YaHT Ba ras
Owran Tynaupuirad. DHau ["aylakTUKaHW aHa [Ty TAIIKWI ATYBYHJIAPU TaOWaTH
OWJIaH TaHUIITNO YNKAMU3.

3-pacm. I'anakmuka maprasunune gpomocypamu.
4.3. T'a3 Ba YaHT TYMaHJHUKJIAp

Cnektpu 5SMHUCCHOH (€pyF) UM3UKIAp Ky3aTWIAJAUTTaH TyMaHJIUK Ta3
TyMaHJMK Ae0 aramagu. ['a3 TyMaHJIukiIap y3napujaH HypJaHUII 4duKapaauiap,
YIapHUT WKKA XWJIU MaBxkyd: nuddy3 Ba taderap TtyMmannuk. Juddys
TyMaHJIMKJIap OJaTAa HOTYFPHU IIakiia Oyinaauiap Ba yIApHUHT KYHIAJaHT KeCMU
OoupHeua mapceknan 150 mapcekraya Oynamu. bynnait Tymannukiapau 150 tacu
KaWJl KWIMHTaH. [[manerap TymaHIMKiIap 3JUIMIITHK €KW ailJlaHa Tapauil €KW XalKa
makiaaa oynaau. Yaapuur quamerpu 10-100 MUHT acTpOHOMUK OMPIUK OpaTuKIa
oynaau. bynnait manerap tymannukiaapauar 1100 qa opTuru TOnmuiraH Ba Kaiija
kwinHarad. MOkopuma aitranumusnek [anmaktukama kym (1000 mab) kopa
TYMaHJUKIap OOpJUIM aHUKJIAaHTaH Oy TyMaHJMKJIAp YaHT TyMaHJIUK €0
aTanaan’.

a) Ilnanerap tymanaukiap. Ilnanerap TymaniukmapHuHr ¢oTorpapuk
Epyrmuru 7+13", y3oxmuru 1.5 Knc raga, mmamerpu 0.05+0.2 nc (Oypuakuit
10+1000") maccacu 0.05+0.2 Kyém maccacu oanuruaa xovnamagmiap. Kammgan
KaM XOJUIpHU XHUcoOra oJIMaraHja IUIaHeTap TYMaHJIMK ypTacuJa XaMMa BakT
kKaiiHOK (OB) ronay3 ky3atunaau. KYypuHummaaHn TyMaHJIMKHU HYpPJIaHTHUPYBYHU
MaHOa aHa ny KaiiHOK tonmy3 Oymamu (pacm 4). Epyrmuk Hyprapuia ronmys
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tymammkaad 100 mapTa xupa OMpOK y Kywin yiabTpaOuHadIa HypJIaHUIIl COYaIn
Ba Oy HYpJIAHMIN TyMaHIWKIA IOTHIAJAW Ba EPYFIMK Hypiapu cudaruga Kanrta
COUMJIA]IH.

A-pacm. [Inanemap mymannux 1C 418(a) 6a Jans wn0dy3 myprxymudacu NGC
7293 (paduycu 6up napcexka emaou,).

TyMannuk 10Jay3 HypJaHUIIMHU KakTa unutaiau. FOnay3gan counsaétran
IOKOpY DHEPTrUsIN yibTpaOuHadIa KBaHTIAp TyMaHJIMK aTojapy Ba MOHIJIAPUHU
YUFOHTAH XoOJatrjiapra }"ITKa3am/I33. YiroHraH XoJUIpaJaH acoCud XoJiaTra
KalTUIIAa [y aToMJiap Ba MOHJAp EPYFIIMK HypajapHu JUama3oHu 4acToTallapujia
HYpJAHUII YMKapaauiap: OUTTa IOKOPH SHEPTUSIN yiIbTpaOuHadIIa KBAHT UKKUTA
EpyFIMK KBaHTH Xocull Kujanud. by xoaumca ¢ayopecumHuus ne® aranaau.
[ImaneTap TyMaHJIMKIIAp y3aruaard 0Jay31ap yTa KalHOK FOJAy3aapaup.

VYnapuunr temnepatypacu 35 mudraad 100 munr K opanukkatyrpu kenanu,
HypJIaHUIMIHUHT Makcumymu A<1000 A ¥30k ynrpaGunadmia HypiaHHII
IUana3oHura Tyrpu kenmagu. Tymannumk y3aruzgaH counnaérrad Lc (Jlakiman
cepusicu KoTuHyymH) kBauTaap (A<912 A) Bogopon atomnapunu yitrorran (nN>4)
xoJatiapra yTkazanu. by atommap acocuit xonatra tynmna-tyrpu (4—1 cunrapmu)
VTmacoan Oanku 4—2 Ba 2—1 €ku 4—3, 3—>2—>1 yrunutapau Oaxkapaiw.
Mabnymkn, 3—2 yrum banMep cepusicu OMpUHYM YM3UFUHU Oepaaud YHHUHT
TYJIKUH y3ynura A=6563 A CHEKTPHU KHU3WUJ KUCMHUTA TYFpHu Kenaau Eku 4—2
Yrum kyn umsuk (A=4861 A) um Gepamu. lllynpaii kumu6, ourra Lc kBaHT Gup
HeuTa EpYFIMK KBAHTU XOCHJT KUJIA U,

byHnaii )xap€HHM MYyBO3aHATJINTHYA Y3arMHUHI TYMaHJIMK TEMIIEpaTypacu
aHukjanrad (3ancTpa ycynu). Macanan tokopuaa pacmu kentupuiarad NGC 7293

31, Padmanabhan, Theoretical Astrophysics, Volume 111, Cambridge University Press, 2010.




y3arunuHr temmneparypacu 100 muar K ra tenr. Ilnmanerap Tymanmmkiap
CHEKTpHUAa BOAOPOJ Ba a30T MOHJApUHUHT [laynu npHumnu 6yiinya TaKUKJIaHTaH
amsuinapu [Ol] 3727 A, [NI1] 6584 A [OllI] 4959 A Ba 5007 A xysatunanu.
Avipum [lnanerap TyMaHJIMKIAPHUHT SMHUCCHOH YHM3UKJIHA CHEKTPUJA KyUCHU3
TyTall CIIEKTP XaM KypuHaau. Y alHUKca banbMep ceprsacu KOHTHHYYMHIA SIKKOJI
KYpHUHAIU Ba 0307 3JCKTPOHHU UKKHMHYHU CaTXra peKOMOMHAIMACKH OujiaH OOFJIHK.

[Tnanerap tymanmuknap maccacu 0.1+0.211he opanukna Ba ynap 14-40 xkm/c
TE3JIMK OuJiaH KeHranMokaaiap.

By HaTmka ynap rurant J1y3Hd TYCaTIaH MOPTIANIN Ba KOOYF KaTJIaMUHU
KEHraluIy HaTUXKacuaa XOCHJI OYJraH JeraH xyJjocara oiaud kemaaud. Yiap yrta
SHIM KOJAWFW Oyna oiMainunap, uyyHkd [amakThkaga OyHya yTa sHIU
yaKkHaMaras“’.

0) muddy3s tymanamkaap. Kynumnuk nuddy3s TyMaHIMKIAPHUHT
KyHaananr kecumu 1+25 mnic (Oypuakuit karramuru 10-100"), y3okmuru <1.5 Kmc,
maccacu 0.1+10* Kyém maccacu, ypraua snekTpoH kKoHuenrpanusacu 201000 ey
KypuHMa ronay3ui kartanru 1+10™ opanukna xoinamann. Juddy3 Tymanaukiap
XaM IUIaHeTap TYMAaHJIMKIApD CUHIapu HuYujaru €xku E€HMJard KanHOK FOJIy3
HYpJIaHMIIM XucoOura urybiaigaHaaunap. [lmanerap tymannuknap [ amakTtuka
TEKUCIUTUIAH YeTAa Ky3atuicanap nud@y3 TyMaHIUKIap KOHLEHTPALUACH yHra
TOMOH opTUO Oopaau. by KalHOK rongys3napHu [‘ajakThka TEKHUCIMIHM TOMOH
KOHIIEHTpausick optabopuinu OwiaH OormuK. AvpuMm nuddy3 TymaHIHMKIap
TacoaudaH KalHOK IONAy3 sIKUHMAA OYynuO Kodraniapu Tydaiiaum KypuHcanap
Oowmkamapu  0JAy3 ~ OuiaH  «KapuHAOU»AMpiap.  MacanaH — Mamxyp
KucknubakacMMOH TyMaHJIMK YTasHTW IOJJy3 YaKHAIIM HaTHXKacuAa XOCHI
6ynran. Exu Opuon rongys Typkymuparu auddys TyMAHIUKHHHT JHI EpYF
Mapka3uil KUCMU siKuHuJa Mamxyp OpuoH Tpamneuuscu Ae0 aTanaauraH KailHOK
oiaysnap kounamrad. lynaai ronay3 Ba TyMaHJIMK accolMalysuiapuaaH sHa
oup wmamxypu Skkamox ronay3 Typkymuna kysatuiaauran NGC 2237-38
TyMaHJIMKIUp. By TyMaHIMK HuYpMaa SMUCCHMOH 4YM3MKIapAa HypiaaHaaurad O
onay3nap (O-accommammsi) tymacu NGC 2244 xoinamran (pacMm-5). by
IOJIy3J1ap TYMaHJIUMKHH IITybJIaIaHTUPAIWIAp, YIapHUHT Temmeparypacu (15-25
munr K) mianetap TyMaHIWK Y3arMHUKA CUHTApW IOKOPH OYJIMaraHiauru y4dyH
TYMaHJIMK MOJJaCHHU YHFOHHMII aapaxacu macT, crekrpuaa [O 1] A3727 ky3ra
Tauuianu® Typagu. Tymanmuk temneparypacu 10* Kra skun. OpuoH TyMaHIMIua
banemep KOHTMHYyyMHZAa WHTEHCHB TyTall CHEKTp Kypcaraau. byHpau
TyMaHJuKiIap Epyr OYNraHauru ydyH OOIIKa rajakTHKanapAa XaM Ky3aTWJaju.
Macanan Ontun bamuk (Tapantyn) ne6 nHommianran tymannuk Karra Marennan
Bynyrura ternmmuanp. YHuHT KyHaanasr kecumu 400 nic, maccacu
5-10° Kyém wmaccacu, dnekTpoH kouueHrpamus ~200 cm®. By TymaHiuksu
OupHeuya KailHOK Ba MmaccuB (100 Ky€m wmaccacu) roiy3 UIybJIaJaHTHPAIH.
Tymannukiapaa Moaaa xapakatu (~10 kM/c) yropMaiapu Ky3aTusiau.
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S-pacm. Unou w0n0y3 mypkymuoa KypuHaou2ax KauHoxk a0y3nap myoacu
M16 6unan 602nuk 2az mymauaux. Qun mymuwykiapu 0ed6 amanaouean Heumpan
KOpa MoO00aru ypad mypyeuu épye XaikaiapHu Kypuul MyMKuH.

B) Honaanran Bomopox (H I1) coxanapm. Kaiinok ronay3 (06-B2) ¥3
SKUHHUJATH oJAy3napapo (a3ogaru ra3HU HOHJIAHTUPAIU Ba I0Ny3 arpoduiaa
nonnanran Bojgopoa H II coxa xocun 0ynanu. by coxana Moana Tyiaa MOHJIAHTaH,
SBHU aCOCaH AJIEKTPOH Ba MPOTOHJApAaH Tapkub tonrad O6ymamu. H Il coxanunr
KaTTaJMT¥ IOJITy3HUHT TeMIepaTypacura Ba épkuniaurura 0oriuk. XKaasanna xap
XWJI CTIEKTpaJ CHH(], aOCOFOT KaTTaINK Ba TEMIIEpaTypaiard aay3nap atpoduua
xocwn Oymamurad H Il coxa pagmycu kenrupunran. H |1 3orann HewTpan Bogopona




coxa (H 1) ypab typamu®.

1-s;kaaBaJi.
Sp My Tx r, mc
06 -3,9 40 000 80
BO -3,1 25000 28
-0,9 10 700 0,6

Mabsaymku H | A=21 cM na paguonypaanui codagau. Illyaunr yays 21 cMm ga
paguokaptanapaa H Il coxa axpanub kypunaau.

r) TymanaukiaapHM WYKH TY3WIHIIM Xycycusarjapu. KalHOK roiay3
atpodunaru kuzaupuarad (5 000 — 10 000 K) ra3 6unan yHu ypad TypyBUH COBYK
(100 K) ra3 derapacuma Mypakkad MoJja XapakaTd BYXyAra Keiaau Ba
TYIKUHIAp Xocun Oymamu. bymap ¥3 HaBOatuga yerapajga HOTHHHK MOJJIA
KyloKMajapu Xocwi Oynuimura caba® Oynamu. byHaalt kopa Kyrokmamap &pyr
mubdy3 TymaHIMKIap HuUMAa Kys3aTwiaad. Mwucon Tapukacunga MioH ronmy3
Typkymuaara nuddy3 TyMaHIUKIa KYpUHAIUTAH «QUIT TYMIIYFU»HU €KU EpYF
TyMaHJIMKJIapCcaxHua Ky3aTWIaauraH KMYMK TapJulliua makijgard Kopa oyiayrya
(rmoOyna)napHu Kypcatuill MyMKUH. ['7100ya rpaBUTallMOH CUKIJIMIIL JJapaskacura
yTran Mojaa KyrokmMacu OVl yHIaH 0J11y3 XOCHI OyIaau.

Kynmumimk TyMaHiIvknap paiMoHypiIaHUII coyaiau. by HypJlaHHIII MCCUKIIMK
TabuaTra sSra Ba KaWlHOK Ta3fgaru »JJEKTPOHJIADHUM HOHJIAp MAaNJOHH]IA
TOPMO3JIAHUILIM ~ HaTWKacujga Xocwi Oynaau. Panvonypnanumm — Oyiinua
TyMaHJukiap opacujna KucknubakacCUMOH TyMaHJUK axpanud Typaaud. YHHUHT
HYpJAHUIIN HOUCCHUKJIMK TabuaTra sra. YHHU PEISITUBUCTUK 3JIEKTPOHIAP XOCHI
kuwiagu. by Tymannuk amopd Ba TOJACMMOH TAalIKWJI 3TYBUMJIApAaH MOOparT.
AmMopd Moama TyTaml, TOJACHMOH MOJJa 3Ca YM3UKIU CHEKTp KypcaTajiw.
Tymannmuk wumaa amopd MoOJJa TalKapyd KUCMIIApUJA 3ca TOJACHMOH MOJJIa
acocuil ATyBuMra ainanagu. AipuMm auddy3 TyMaHIUKIApPHU HOTYFPHU INAKITa
ATAJIMTH YJIAPHUHT HYPJIAHUIIN FOKOpHAa 6a€H ATWITaH IJIaHeTap TyMaHJIMKIapaa
Ky3aTWIaauraH skapaéHiap/ian OolkKauya SMaCMUKaH JIeTaH IIyOXaHu KOJITUPAIH.

r) kopa tymamamkiaap. Comon Mymm caxHuma KysaTHnaguraH OyHZaif
TyMaHJMKJIap YaHr KylOHIapu €xu Oyinyminapu OunaH Oofnuk. byHpmail dasr
Kytokjgapu (macanan JKanyouit byt skunummarm  «Kymup Kom» HOMIN)
I0JIy3/1apapo MyXMTHAa >KOWJIAlTraHjiap Ba OpKajapuaard Jay3Jap HYpUHU
VTKazmanauiap, Hartmwxkaga CoOMOH fI}"/JIH caxHuJa Kopa OyJIyT MIaKIAaru
TYMaHJIUK XOCcui Kutaaunap. Kopa tymannukauHr ¢pusuk kypcarkudaiapu (p, 1h,d)
VHUHI WYWJla Ky3aTWIAJWTaH OJAy3/1ap KOHLEHTPALMSCUHUA TallKapuCHUIaru
OWJIaH COJUINTHUPHIN HATHXKACHIA 6axomanaan>’. MacaiaH «Kymup Kom» numpna
I0JITy371ap KOHUEHTPALMICH TalllKapucujarujaH y4 Mapra kam. JleMak yHUHT
ontuk Kamuaiaurd T=1g3=1.1 Ba yH&ma CEpPYFIMKHH KYyYCHU3JIAHWII MHKIOPU
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Am=1.08t=1.2". Arap wuyaHr 3appajapu KyHIajdaHr kecumu ~1 MkM €0
xucobnacak 6yHaall KydcusnaHuiHyu 3uaaurn p=2-102* r/em®, kanuuauru d~8 ric
KeJIauTaH YaHT OyIyT Oepaosaim.

Kopa TyManmuknapHu yd4 XWJl Typd MaBxKyld. YJIapHUHT (PU3MK
KypcaTKA4YIapy *aaBaiaa Kentupuirad. Apg-gororpaduk Hypaapaa Tyiia FOTHII
MUKJIOPH.

2- JKaaBaJ
TymaHIIK d, nc Apg p, r/em® /Mo
TypH
TI'nooyna 0.5 1.5m 5.10% 0.05
Kymup xon 8 1.5M 2.10-% 15
Kamma o6yaym 40 1.4m 5.1025 300

Kymup xon cunrapu xopa Oynyrnap Opuonaa, UnoHs>nTyBUMHUHT p Ba 0
10JTy3napu sikuaua, OKKyIn Ba OOIIKa 1oay3 TypkyMmiaapuaa Ky3atunaau. Karra
Kopa Oynytinap Akpad, Kasc, Oxkym, CaBp, OpuoH Ba Ooiika siHa 8 Ta 10J1y3
TypKyMiapuaa Ky3atuiaau. YiaapHuHr karraiura 10°x10° gan to 50°x20° raua,
maccacu 100+5001he, Bu3yan mypmapaa Tyma rotumm 1+2". Kopa Oymytiap
HOTYFpH IIaKjira sra. bynyTiapjia yaHr Ba ra3 apajail xojjga Oyiaau UIyHHHT
y4yH ajJoXuja 4YaHr Ba ra3 OynyT OynMaiau Ba ylapHH axpaTud ¢GU3HK

KypcaTKuwiapuHu 6epud OyimMainu. f— ~100.
puanz
bynyrtnap Tamaktuka Tekuciuruga KysaTwiaaunap Ba 7 % ¢da3oHH
srayuaiianiap. Ynap ypraua nuamerpu 15 nc opacunaru macoda 40 nic Ba Kapari
ynsurn O6yina6d 1 Kmc macodara 10 ra skuHu Tyrpu kemaau. burtra Oymytna
IOTUJIUII MUKJIOpU BU3yall Hypaapaa yprayda 0.2,

6-pacm. I'anakmuxaoazu 2az 6yrymiapuoan OUPUHUHS MACEUPU.



lamakThkaga yaHr Ba ra3 OynyTiap IIAaKiAa Ky3aTUJIUIIM OuiaH Oup
KaTop/a yjiap TapKOK XoJia XaM TapKairaH. byHpmait Tapkok Ba Oup >KUHCIU
XOJIJary YaHT Ba ra3 I0JIy3Jap EpYFIUTMHA KyYCU3JIAHTUPAIU Ba yJiap CIIEKTpUIA
ra3 4Yu3MKJIapu KypuHaau. ['amakThka TEKHCIWMIU SKUHUAA OUPKUIONapCceK
Macodara TYFpu KelaJuraH BU3yasb HypJapnaa oTuiumHuHT Ay=2"/Kmc acocwmii
kucmu (1.6™ /Knc) 6ynyrnap xuccacura konrad kucMu (0.4™) TapKoK dYaHITa
TYFPH KETaau.

4.4. T'alaKTUKAHU TY3WIHIIHA Ba TAPKUOH

lanaktuka mapkasujga auameTpu 1 mapcek OYyiraH y3akda »Koiallira.
Vuga romays suammrd 108 Yme®. Vsakdya nmumpga xydnd pamuo Ba MHOPAKU3KI
HYpJIAHMII COYAJWTaH FONAY3CUMOH 00BekT (aumamerpu < 10 a.0.) >xoitnmamrax
Oynumu MyMKHH. Y yTa KaTTa maccara sra Oyiaran Kopa ypa OyJIuIIu MyMKHH.
y3akua ommnc makmugard (15x30 1c) y3ak mumpa skoimarmran®’, V3akuu
muamerpu 1600 mc 6ynran ra3 AuCK ypad Typaau. Y3ak aTpOoGUHUHT KaTTaIurd
4.8x3.1 Knc Oynran mapkasuii KyrokMma ypad typamu. Ocmonga y 28° x 18°
katTanukaa Axkpa0d Ba KaBc ronay3 Typkymiapuaa kKypuHaau. Y acocaH KH3WI
TUTAHT Ba KapJuK IojaysiapaaH mbopat. Mapkasuil Kytokmaga 200 kM/c Te3nuk
OwinaH KeHras€TraH 3u4 ra3 oKumuiapu KyszaTuiaau. Crnupain TapMOKJap aHa Iy
MapKa3uil KyroKMaaaH OoluIaHaauiap.

["amakTvika TYypTTa chnupan TapMOKKa 3ra: OMpPUHYM TAPMOKHHMHI YypTaua
paguycu 3 Kric. Y nonnanran BoAopoiiaH Tapkub Tomnran Ba 0y TapmMok 50 km/c
TE3NMMK OWJIaH KEeHralMOKJa; MKKWHYM TapMOK [ amakTuka mapkasumaH 6-7 Krc
Macodaaa KoilamraH Ba y HEUTpasl BoJIOpojyiaH Ba kyruiad kaiHok (O Ba B
cuH() ronmysnapaan moopar. by Tapmox KaBc 1onmay3 TypkymumaH YTKaHIWATH
yuyH KaBc enru ne6 atamanu; yaunun TapMok (OproH €HTH) HEHTpasl BOJIOPO/] Ba
XaBOPaHT — OK IOJIAy3JapaaH TapkuO TonraH. YHUHT keHrura 2-3 Kne, Kyém ¥3
caiiépanap TH3MMHU OWJIaH aHa Iy TAPMOK ab30CU XUCOOTaHAAN. Y HUHT YeTJIapuaa
lNanaktuka mapkasuaan 10 Knc y3okaukaa sxoinamras; HUX0SIT TYPTUHYNA TAPMOK
(ITepceii enrn) ["anakTUKaHU SHT TAlIKW TAPMOFW YHUHI Tallky derapacu 15 Kmc
Maco(araua eraau. TapMmokjap WUYMJard OJAy3Jap KaWHOK Ba &m 0ynuO,
TapMOKHUHT TalllKapucuaa HUCOAaTaH TacT TeMIepaTypalid KeKca HoJay3iap
Ky3aTHJIaJIu.

Xap xui (U3MK XyCyCHATra 3ra IJIIy3JIapHU OCMOH/JIAa >KOUJIAITUIIUTa Kypa
[NamakTrika Oemita TamKWiI 3TyBYMTa OynuHamu. Yinap [ajakThka TEKUCITHTUIAH
xap Xwi1 OanaHIvK (Z)aa skounamraauiap. bupuauucu — cepuk Tamkmn STyBUH
ne6 aramaau Ba yura RR-Lir (JIupanuar RR u) cuHrapu 1osmysnap Ba I1apcCMMOH
JIIy3 Tyhanapu kupaau. bymap l'amakTuka TEKUMCIWTHIAH BHT YeTiapia Xam
Ky3atwiaau. By rommysmap Kekca, COBYK, KH3WJ THUTAHT IOJay3nap Oyiumo,
[aakTUKa TEKUCIMIHMAAH YUKUO (a3ora COunIno KeTrannape.
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HNxxuHuncu-opanuk chepuk TaIIKWI 3TyBuu 1e0 opuTuiaau. byHra karra
dazoBuil Teznukka sra A Ba B cundra mancyO ronaysnap, Y3yH JaBpiu
y3rapyBuaH I0JIay31ap KUpaad. Y YMHYUCH-OPAIHMK JUCKCUMOH-ACHIIaaM Ba OOl
KETMa-KeTJIMK FOJIIY3JIapHUHT acocHil KUCMHUHM Inynap katopu Ky€mHu sHru
I0JIZIy3JIapHU Ba TUIAHETap TYMAHJIUKJIAPHU, KU3WJ TUTAHTIApHU Y3 MUMra OJIaju.
TYpTUHYUCU-ICKU SICCH OpANMK TU3UM Jeiuiagu Ba yHra A cuHpra mancyO
IOJIy3/1ap, Yy3yH JaBpiau Iuedeuiap, TapKOK IONAy3 Tyaagapu KUPaAJU.
bemmnuncu-ém opanuk tuzuMm, O Ba B cundra mancy6 kaiinok Ba CaBpuunr T-cu
CHUHTapH IOJIAy3JIapHH, Ta3 Ba YaHT Oy’myTiaapHH (MOJIEKyJsp OyiyTiap IIyiap
KyMJIaCHIaH) Y3 WuHura oyiagu. by Tamkun »TyBumwiap Oup-OupiapugaH OFup
aTomJiap MUKIopu Owinad (apk Kuiamguiaap. Macanan chepuk Tamkuia 3TyBuu (1)
I0JITy371apua MeTajiap MHUKIOpH €l siccura (5) kupaauran rongysnapaad 100
Mapraraya kaM. Cpepuk Tamkua 3TyBYM HOJAYy31apu € siccu roaay3napuaad 100
MapTa KeKca.

[NayakThKa TaIKWI ATYBUUIIAPUHU alpuM U3HUK KYpcaTKUWIapH >KajaBajia
KEJITUPUIITaH

3-KaaBaj
Opasiuk TH3UM banannuk Orup sremMeHTIIap baxonanran
mKajgacu 3, nc. | HICOM MaccacH, % | MM, MIIPA.
15050)
Cddepux 2 000 0.1-0.5 13
Opanuk cepuk 700 1 7-12
Opanuk, TucK 350 2 2-7
Slcen, ackn 160 3 0.1-15
Em, siccu 100 4 0.1

IOxopunarunapra acocnanu® xyjnoca Kuiauim MyMkuH. HOnmgysnap
["anakTika TEKUCIUTUAAru ra3+danr OyJayTIaH XOocHJ Oylaauiap Ba acTa-CEeKUH
yHU Tapk stagunap. Kekcaiiran capu ynapHUHI KMUMEBHUM TapkuOu Xam y3rapuod
Ooopaau. ["amakThka TEKUCIUTHHHU TapK 3TraH HOJAy3JapHu (a3oBUN TE3TUKIAPH
xaMm y3rapanau. JlactiaOku TeKmupyBUMiIap cepuk TalIKWI 3TYBYHU IOJIYy3IapHU
dazouit Kyémra nucbaran te3nukiapu karra (70 km/c) Oyiranu ydyH 4OKUpJap
ne6 aramrad. Xarto Oytok onuM . Oopt (I"onnanaus) Oy ronay3nap [anaktukara
TalmkapugaH Kupranjmap ne6 aiftran. KelimHuanmk Oy «YOKHp»iIap aciuaa
["amakTHKaga 3HT CEKMH FOPAINUTaH I0JAY3J1ap SKaHIUTH aHUKJIaH/IH.

lN'an mynpaky, [anakthka y3 MapkasygaH YTyBYM TEKUCIUIUIA THUK
x)oimamrad VK arpoduma ainanHaau. ['amakThka MacCaCMHUHT acCOCHUN KUCMU
VHHHT Y3aTHa KOWIAIraH. Y3aK[IaH TalIKapuaard [0JIy3Jiap YHHHT aTpoduia
Kemniep xonyHiapura OYiicyHraH Xojjaa aillaHdlIapu Kepak, OyHJai aijlanMa
xapakatu Oypyak Te3JIUTH

W = Ba OpOUTAT TE3TUTH

3/2
r




1 .
U=@r=—. DbUpPOK TEeKIMpUIUIAPHK KypcaTUIIM4Ya TE3JIMKHU Macoda

Jr

Oyitnua kamaiuimu Oy OOFJIaHMINTa KaparaHjaa CeKHHPOK pYi Oepaau. Aimanma
XapaKaTHUHT YM3MKUI TE3JIMIM L MapKa3daH y30KJallraH capu opTa Oopaau Ba
Kyém sxuanaa makcuman kKuiimatra 250 km/c ra, €Taau Ba yYHJIaH KEWHWH CEKWH
kamasoopaau. Jlemak ['anakThkaga MaccaHM TAaKCUMJIAHUIIM TPAaBUTALMOH
Marnormaruaan ¢gapk Kuiaaau. ["amakTuka y3aruma maccanuHr 80 % jxoinaimraH,
KoJIraH KucMu 3ca OyTyH ['anmakTuka Xakmu Oyiina® Oup TeKHC TaKCHMJIaHTaH.
Yynku ["anakTrka y3arujgan Tamkapura HyHaurad 314 raz okMMH OKUO Typamn>.
«Honkupynap ['amaktuka Mapkasu atpoduman ¢azora coywiIrasiap.
VYnapuu aitnanma te3nuru kuuuk. Kyém [Mamaktuka mapkaszu arpoduna tes (250
KM/C) ailllaHraHu y4yH yJiap YHra HucOaTaH Te3 XapakaT KujaérraHra yxiiad
KypHUHaIUap.
Ha3zopar caBoJsiapu:

1. Crauuonap ronaysnap

2. CoMOH Wy TalakTUKacH

3. lNaymakTk sxBaTOp HUMA?

4. YaHr TymMaHIMKIap

5. [InaneTtap TyMaHJIHKIAp

6. Iuddy3 Tymanmukiap

7. MloHnianran BOJIOpPO/JI coxanapu

8. TymMaHIMKIapHUA WYKU TY3WIUIIHN XyCYCUSTIAPU

9. laylakTHKaHU TY3YJIUIIW Ba TApKUOU

10. Kennep konyHapu
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5-MAB3Y: ACTPO®U3BUKAJAT' KOMITAKT OB BEKTJIAP. KOPOHT'Y MATEPUA
BA KOPOHI'M DHEPI'US. TPABUTALIMOH TYJKHWHJIAP.

PEKA
5.1. [Onoyznapnune cyHuwiu 6a KOMnakm o0beKmiapHute naioo oyauuu
5.2. Ok mummunap, HeumpoH 110y31ap 6a Kopa MmyuHyKiap.
5.3. Mamepusanune aneu wakiiapu: KOpoHau moood 8a KOPOHeU dHepusl.
5.4. [pasumayuon myaKuuiap.

Tasinu nbéopanap: ox mummunap, HelimpoH 110y31ap, Kopa myuHyKkuap,
KOpOH2U Mamepust, KOPOHRU dHep2usl, 2pA8UMayuor myaKuHIap.

5.1. FOuay3/1apHUHT CYHMIIM BA KOMIIAKT 00bEKTJIAPHUHI NAKW10
OyIuIIm

Kopa Ttyiinykinap — Oy (a30-BakTHMHI IWIyHJAl COXacCUKH, KyWwIid
IpPaBUTAIIMOH MalJIOH XHCOOMTa Yy €pHM XarTo EpyFIMK  TE3JIHUruja
XapakaTjlaHyBUd 3appajlap, UIYHUHIZIEK EPYFIUMK KBaHTJIapU XaM TapK »dTa
onMaiauiap. YmOy COXaHMHI uerapacu XoJucaliap TOpPU30HTH €0 aTaiaju,
YHUHT YI49aMH 3ca TpaBUTALMOH pajuyc AeHmiaad. DHr coajaa xonjaa — cepuk-
CUMMETPHUK KOpa TyHHyKJap yuyH ymOy ymauam IlIBapimminbn pagdycura TEHT.
Hazapuii  >xuxatnman OyHaald  OOBEKTJIADHUHT  MaBXYJUIUTH  DUHINTEHH
TEHIJIAMAJIAPUHUHT Oab3M aHMK €4YMMIIAPM TOMOHHUJAH KenuO uumkaiau. byHnai
eunmiIapHuHT oupuHancu Kapn [IBapumminss Tomoruaan 1915 iumi Tomuran,
3amoHaBuil (haH Ou3ra cyHyBYM MAacCUB HOJIIy3iap OujlaH OOFIMK KYNTryuHa
XalpaToMyC XOAWCAJIAPHU TAHUIITUPAAH. YJIADHH MWUIMOH WHWIIAp JAaBOMHJA
cakjad KeiraH CHUJIFHCHUHUHT eTapiu OyiMail KOJNWIK OWIaH IOJITy3 OPTHUK
MyBO3aHAT XOJIATUHU CakKjad Koja oJIMaiau Ba ¥3 OFUPJIMTU TabCUPHJIa MapKa3u
TOMOH CUKWJIaIH, S’bHU KoJularcra ydpaiinu. MHcoH xaérura yxmald roimgysniap
XaM Y3UHUHT sIIanl UKJIATa 3ra. YIap Yanr OyiyTiapuia TyFWIaau, Yycaaud Ba
MWJUIMOH WWiutap EpyrmmK coun® mapmanand Ba Yiaau. HOnmy3  y3uHHMHT
nacTiabku  OocKMunapuaa XOCWJ OYiaraH BOJOPOJJIaH, KEeWMWH OocKuuapa
TeJIMIaH Ba HUXOSAT OFUP DJIEMEHJIapAaH HOOpaT WYKH EHWIFMCH XucoOura
EpyFIIuK coyaau. Xap Oup 10Jay3 Y3MHMHT MapKasra TOPTYBUYM TpaBUTALMAICU Ba
yHIa Kapama Kaplii WyHaaunuiapaard Uk 00OCUM KywJapu OWJIaH MyBO3aHATra
sra. by MyBo3aHar €EHWIFM TEMHUpra aijlaHaJuraH BakKIradya CakJIaHaIu.

['paBuTanust 60cuM KywiapuiaH KaTTajallaly Ba I0JIy3 CUKUIA OOILIaian.

5.2. OK MUTTHJIAP, HETPOH I0JIIY3J1ap Ba KOpa TyHHYKJap.
MabnyMKH, 10J4y3 SHEPrusl 3aXUpacH Kyja KaTta Oyiaumura Kapamail Oy
DHEPTUs BaKT YTUIH OusiaH O0CKuIMa-00CKHY sipoKcu3namub 6opaau. FOmmysnap

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




XyJ/IM MHCOHJIApra yXad siaiau, Kapuilad Ba ynaau. YJIapHUHT sIIanl BaKTH-
naijgo OynaraHugaH TO sApO EHWIFM pecypciapu IoJay3 Oynmud Hyp couuld
TypuIIUTa eTapiu OyiaMmai Kojuiurada OViaraH BakTaup. by BakT xap Owup
IOJIIy3HUHT Maccacura OOFmuKIup. XyCycaH, SHI SKUH I0Jay3- Oy 5 Muuimapn
Wutapgad O6epu Spo CHUHTE3W >KapaCHM XHUCOOWTa XOo3upAa Y3UHUHI aKTHB
o0ocknunaa 6ynaran Kyémiaup Ba YHHMHT €HUIIFM 3aXypacy sHa 5 MUJIIMapA Wuira
eraqu*. Kyém V3 énmmrucunm capguab Tyraraérran OGOCKMYJA Y3UHUHT
rpaBuTanuscu xucoounan Ep cali€pacu ymuamuaaH karra Oyamarad yadamrada
cukunagu. byHma y  xocwsn  OynraH  3MeKTpoH ra3  Oocumu  OwiaH
MYBO3aHATJAIITaHAaH CYHI CUKWIMIIIAH TYXTa0 OK MUTTHUTa ainanaan. Maccacu
Kyém maccacuman 3-5 mapra karra Oynran lOmmysnmap ¥3 ympuHu Oomikada-
HEUTPOH OJAYy3/apra aljgaHraH XoJia SKyHJIaau, OyHAa rpaBUTALMS IIyHJal
KYWIMKH 3JICKTPOHJIAPHU aTOM SIAPOCUTA KOUTAIITUPAAN. DHIU UUKU OOCUM Ky4yu
ANEKTPOH Ta3 OocuMu 3Mac Oalku HEUTpOHJIap OOCUMH XHMCOOHMTa TpaBUTAIIUS
KyWwIapuHU MyBo3aHatTiaaiau Ba 10 kM raya cuxkuianbd 6opasu.

SAHaga OFUPPOK Ba KYNPOK BOJOpOJ EHWIFM 3axupacura sra Oyirax
I0JITy371ap KY4JIu FPaBUTALMS Ky4Jlapy TabCUPU OCTHIA T€3 €HAAM Ba SIIAII BAKTH
XaMm Kucka O0ynamu. Maccacu kuxaTaaH WUpUK OYIraH rOJIy3jap TOM MabHOJA
Oup Hedya MUJUIMOH WHII TaBoMuja “‘€HMO Typajau’”, Maiijia rojay3iap 3ca r3nad
MUJTHapA Wumnap naBomuna “smaian’. I[lynpai sxaH, Oy MabHOAA OWM3HHHT
Kyémr “mycraxkam ypra’” JINKKAa KUPAIH.

Hazapuii xuxaTaaH ronaysiap AacTiadKkd maccaiapura OOFIIMK X0J4a yd
XWI1 KYypuUHULIAA XaE€TUHU sIKyHJauau: 1. Arap roiay3 SAPOCMHUHT JACTIa0OKu
Maccacu Yanapacekap uerapacu nAe0 aramaguraH (taxmuHaH) 1.4 Kyém
MaccacugaH KMYMK OYiica KUCKAa BaKT KU3WJI TMTAaHT XOJIaTUIaH KeMUH OK MUTTHUTA
aitmanangu. OK MUTTH XoiMJaa OMp Keya MWUIMOH Huiuiap simald COBYK Kopa
MUTTHUTA, SbHU XaKUKUH KOCMUK YJIUK KUCM- I0JITy3HUHT MypJlacura aijianaau. 2.
Arap rJIy3HUHT aactiaOku maccacu YaHapacekap uderapacuaad omubd Bomkos
yerapacu ne0 aranmagurad taxmuHaH 2-3 Kyé€m maccacupaH karra 6yica, sapo
SHWIFUCUHUHT aCOCUW KUCMM KaMalWIIHMIaH KEWWH DJIEKTPOH Ta3HUHT OOCUMH
KApIIWJIMK Kuja ojMmarad IpaBUTalMs KydJapu TabCUPH OCTHAA TAIIKU KaTiaMu
IOJITy3HUHT Mapkasura Tymaau. ByHuHr HaTmxkacuna tongy3 xaxmu 100000
MapTa KaMasiiy, YHUHT ypTada 3UWIATHY [IyHYa MapTa OpTaJid, paIlyCy 3ca aTUru
10km atpoduma Oymamu. Jespiau mry OwnaH Oupraivkiaa HOJIAY3HUHT YCTKH
KaTyiamu noptiami Hatwkacuaa 10 000 km/c TapTuOuiary kaTTa TE3JIUK OUIaH Xap
TOMOHTa OTWJIMO KeTaau. by xoauca mMapkasuja HEUTPOH IOJIYy3 XOCHJ OYIUIIN
OWJIaH SAKYHJIAHYBYH YTa SHIM IOJIy3HUHT HOpTIAIKAEK Ky3aTunaan*2. By Xuroii
Ba SnoH Tapuxupa aWtud® yrunaran 1054 #iumnga xo3upaa mapkasuja HEUTPOH
1011y3 kounamradn KpaGopua Tymaninuru ypHuga EpKUH I0JAy3 KaOu sipkupaO,
WKKU XadTa JaBOMHUIA XaTTOKU KyHIy3japu XaM KypuHuO Typras. 3. Kommamncra
yapaéTrad IOJy3HUHT Maccacu KaHMaWIup KPUTHUK KuWMatgaH kartrta Oyica (3

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

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




Kyé€m maccacuman) rpaBuTanus NIYHYaJIMK Karra Oyinaauku OyHW Xed Hapca
TyXTaTa oaManau. ['paBuTanus Ky4yiapH FOJIIY3HHU TAlIKWUI KWIYBYH MOJAAIapHU
mryHjai cukuO 6opaauku OyHIA F0JITY3 YIIYaMu SHT KUYMK Yiiyamrada KHapasiu.

1-pacMm. Kopa TyiiHyKJIapHUHT pacMiapH.

by ydana koMmakT oOBeKTIap OAAMN FONTy3TapAaH WKKUTa (hyHIaMEHTal
oenru OunaH dapkianaau. bupuHuupaH, sapo EHuUnFUcMHU capdiaald ymap
TPaBHUTAILMOH KOJIJIArcra TEPMOAMHAMHUK OOCUM XMCOOMIaH KAPIIMINK KypcaTau.
Ok MHUTTHJIap TPAaBUTAIMOH KOJUIATCTa 3JEKTPOH Ta3 O0CMMU OWjaH KapIIHIUK
KWIaau, HEHTPOH IOAy3iap- HeWTporsap Oocumu Owiran. Kopa TyiiHykmap aca-




V3UHUHT TPABUTALNS KywIapura KaplImidK Kujia oJIMac/aH ssHoTa OWp HyKTarada
cukunuO OopraH. Ywuyana kommnakT oObekTiap KowHOTHUHT €mu TapTuOujaru
JaBpAa TYpFYH OOBEKTIap XHUCOONAHWIW. YJApHHU IOJAY3JIApHUHT SHT OXUPTU
OocKHuugara O0O0BEKT Je0 XucoOJjam MYMKHH. NkxkuHun  dapku- oaaui
V3MapyUHUHT Maccacd TapTHOUJAru IOJIY3JapHUHT YiiuaMmjapura HucOaTaH aHua
KHYMKIATUIAP™®,

By yuana ronay3napHUHT OXUpTU OOCKHUUIArd 0ObEKTIapAaH SHT OMPUHYU
Oy10 OK MUTTHJIap aCTPOHOMHUK Ky3aTHILIap HaTwkacuja tonuiarad. OK MUTTU
Taxpubama acTpoHoMJIap OyHAAW FONAy3 KaHAald KuinO Hyp COYMO TYpHIIWHU
TYIIMHUJAH OJAUH Tomwirad. 1914 #unm amepukaink acTpoHoM Ajamc
OCMOHHUMM3aru 3HT €pKuH 1onay3 0ynran CupuycHunr iynnomm Cupuyc B HUHT
CHEKTPUHU aHaiu3 KWwia€tuO 1oKopu xapoparra - Cupuyc IOJITy3UHUHT
XapopaTura siKhH Xxapopatra 3ra Ba Maccacu Ky€m maccacu taptuOuia 0yiica xam
panuycu Ep panmycuaan KUUMK Jerad Xyjocara Kenagu*t,

HelitpoH ronay3napu Tapuxu 3ca akcuHya, 1934 iinn baane Ba LIBukku
HEUTPOH IOJNAYy3/ap —IOKOPH 3WWIMKKA, KHYMK pajdycra Ba OOIIKAa OJIUN
I0Jiy3/1apra HucOaTaH KywIM TpaBUTalusAra dra OYiraH IOJay3jiap FOSCUHU
takimud kwiangu. HeWTpoH ronmysnap aciujga acTpOHOMIJIAP TOMOHHUJAH Karig
ATWITYHTa KaJap Ha3apauéTymiap TOMOHUAAH OUp acp OJIUH KaJlaM y4uuja Kamid
KWINHTaH. YaapHUHT acTpPOHOMMK Ky3aTyBllapia TOMWIMIIKA OyHYaJIHUK
KEUMKUIIMHUHT cababu Te3 opaau TYJIUK TYWUHApaH OYyinau. Arap KOCMHK
XKUCMHUHT paauycu 10km Oyica XaTTOKM yHrada macoda 3HI SKUH IOJAy3rada
(Ky€mpgan tamkapu ) macodara (10 épyrnuk Wuiam) TeHr Oyiaca XamM YHHM DHT
KYJIpaTJIid TEIECKON €p/laMua XaM Ky3aTHIll MyMKHH 3Mac. Ba XaTToku HEUTpOH
1oJiTy3radya Macoya MyMKUH Kaaap KMYMK OyJsica xam! byHnaH kenu0 4uKaJauKu
HEUTPOH IOJIAY3JIApHU ONTHK ycy/ulap OuiaH Ky3aTuluiap MyBo(dakkKusTra
yupanau.

Ba 6upnan kytuiamarad Hapcea cogup OViau: HEUTPOH 0Jy3/1apy TOMUIIIH.
VYnap TaMoMaH KuaupuiMaras KoiIaH, u3jJaMarad ojjamjiap TOMOHUIAH TOTTUIIIN.
1968 itun despanuma mamxyp Nature wuiamuil KypHainu caxudanapuaa TaHUKIN
WHTJI3 aCTPOHOMU XBIOII Ba YHUHI XaMKacOJiapd TOMOHHJIAH MyJicCapIAapHUHT
Kamrg >TUaMIMra OaFviIaHTaH MakoJia Maimo Oymaau. ACTpOHOMUSHUHT XX
acpnmaru SHr Oyrok kampuétu 1967 iimn KemOpumke YHuBepcutetn Marmmapn
paauoacTpoHOMHK oOcepBaTopusicuaa [xocenuHn bemn TOMOHUAAH O4YWIraH Te3
allllaHyBUM HEUTPOH IOJAY3JIap-NyJICapJapHUHT Kamd HTwidiun OynraH. by
myJcapiap pajdo AMANo30HAa ypraHwiran®. YIapHUHr ouwnMind Inapadura
benn, Ouronn Xstonutapra 1974 itun HobGen mykodortu Oepmnmu. Xo3upraua
2000 ra AkuH myJcapyiap MabiyM, KEHWHYAIMK ITyJcapiap PEHTIEH AUANO30HUIa
Ba KEHMHPOK ¢akar Iy [AMANo30HJa KYpUHAJAWraH ramma-mysicapiap Xam
AHUKJIAH]IH.

43 Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752 p.
4 T. Padmanabhan, Theoretical Astrophysics, Volume I-111, Cambridge University Press, 2010.

4 Boukapes H.I".06 Maruurnsie nosst B kocmoce, M.: Kumxasiid tom «JIMBPOKOM», 2011. — 216 c.




HOnny3un myHpmaii paamycrada cukuO Oopamusku, OyHaa yHmaH (aszora
EpyrIuK TapkwiMainau. by paauyc lIBapimunsa paanycu nemnaau. Kyém yuyn
Oy 3 kM arpoduma. Arap Kyém xam 3 kM Ba yHJaH KHYMK YidamMrada CUKujca
épyrnuk HypJapu Kyé€m Tamkapucura yuka onmaiian. Kopa TyliHykra aitnaHraH
ocMOH >kucMmiapu KonHoTna WykoauO keTmaiau. Y y3uM Xakuja Tallkh ojiaMra
V3UHUHT TpaBUTAIMSCKH XUCOOWJAHTHMHA MabIyMoT Oepanau. Kopa TyiHyk
aKkuHugaH VYTran EpyrmukHu rotaau (y [Bapummnbi paanycujaH KUYHK
Macoanapraya sKHUHJAIICa) Ba EHUAAH YTaéTraH HYpJIapHU Ce3WIapiu
Macodanaprada OFJUpaJIu.

VTa oFup I0JIy3Map OK MHUTTH XaM HEHTPOH IONAy3 XaM Oyiaa onMaiimi,
YYHKH yJIApHUHT UYKH OOCHMIIApH T'PAaBUTALMSHU KOMIICHCALUS KUIUIITa €Tapiu
sMac. XaTTOKM OOIIKaya KYpUHUIIJArd OOCHMJIAp Kydra KHpraH TakIupaa Xam
rpaBUTAIIMOH KoJulanic Oapubup kKaiitMac OYiauO KonaBepaau. ['paBuTtamus xan
KWIYBYM Ky4 OYynaau, HaTWKala OJIY3HUHT SKYHHM — XoJjaTu (Xoaucaiap
TOPU3OHTH OWJIaH YypairaH CHHTYJS)p HyKTa) ¢akKTTiHa OWHIITHEWTHHUHT
rpaBuTanys Hazapusicu Epaamuna Eputunaau. llynnait kunmb, kopa TyHHYyKIAp
KounoTtaaru >xymMO00KIM XycycusiTra sra OyiraH cupiau oOBeKTIapAaH OWpH.
MabiyMkn, Kopa TyHHYK (a30-BakT cOXacu JeWWIaau, TpaBUTAIUs MailJloHU
IIYHYAIUK KYYJIUKH, XaTTOKH EPYFIMK XaM Oy COXaHM Tanuiad 4yukub Kera
onmMaiiau. By *ucM Ymyamu y3MHHHT TPAaBUTAIMOH YTYaMHUJaH KUYMUK OYiraHja
conup Oynmanu. ['paButanuon paauyc Kyém yuyn 3km, Ep yuyH sca 9mm
orpopuaa. A. DHHIITEHHUHI YMyMUWA HHUCOMWIMK  Ha3apuscu  Kopa
TYUHYKJIApPHUHT aXaOTOBYp XYCYCHSITU-KOpa TYHHYK Y4YyH MyXuUM Oyirax
XoaMcanap TOPU30HTH MAaBXYUIMTHMHM Kypcaragn. Kopa TylHYK xoaucanap
TOPU30HTHM WYKAPHUCH TAaIIKM Ky3aTyBUMIra KypHHMauav, Xamma KapacHiap
XoJAucanap ropu3oHTH Tamkapucuaa conup Oymanu. Illy caGabnan, xoaucanap
TOPU30HTHUTA IPKUH TyIAETrad (Ga3orup dXTUMOJ TaMoMaH Oomka KonHoTHH Ba
XaTTOKHU ¥3 KeJIaKaruHU XaM KYpHIIU MyMKWH. by myHu Ownmupaiauky, Kopa
TyHHYK W4Kapucuaa ¢azo Ba BaKT KOOpJAUHATATIAPH Y3 YPHUHU aIMaIITHPAIU Ba
Ou3 Kopa TyHHYK Muuja (Xoaucanap rOpU30HTH Wukapucuaa ) ¢haszo Oyiinua amac
Oanku BakT Oyiinua caéxaT Kujlamus.

Kopa tylinyknapHuHr OyHIai fFallpu oOAIUNA XYCYCHSTH KYMYMIMKKA
HIYHYBKHU (paHTacTHKa OYnu0 TyHuiIaau Ba yJIapHUHT MaBXyUIMTUTa Ty0Xa naiao
Oynaan. AMMO IIYHM TabKUJUIAIl >KOM3KH, SHT SIHTH Ky3aTyB MabJyMOTJIapura
Kypa Kopa TyHHyKJIap XakakaraH xaM Mapxyz. Macanan, XXI acp Oycaracuna
OM3HUHT TaJlaKTUKaMHU3 Mapkasuzjaa ¥yrta orup, Maccacu 4 mwumoH Kyém
Maccacura TeHr OYJraH Kopa TYWHYK MaBXyIJUTH TONWIIU. By- Kopa TyiHyKI1ap
Ba VIAPHUHT XYCYCHUSTJIApU U3JAHUIIMAArA SIHTM OOCKUY Kelau Ba SKUH
KeJnaxakaa ymlOy coxala WIMHM — TaaKUKOTJIAp  CEe3WIapiu  Japaxkana
PUBOKIJIAHUIITA SPUIIMIIAMHU3TA OJHO KEIMIIU KEpaK Aeranu’®,

[y ypurna OupuHyn HaBOATHa Mamxyp (u3uk, actpodusrka Ba Hazapuit
bu3mKa coxacuaa Kynruaa EpKuH unuiap myawtudu, oup Bakmiap Mcaak HeroToH
Ba [lonp [upakmnap paxGapmuk kunran KemOpumke YHuBepcutetu Kadempacu

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




ap3ocu CTtuBeH XOKMHTHU TabKUAMA0 YTUIN >KOM3. YHHUHI HW3JAHUILIAPUHUHT
acocuii 00bekTH Oy Kopa TyWHyKJIap (QU3MKacuAWp. YHUHI acapiiapyd opacujia
“BakTHUHT KHCKaya Tapuxu’’ KUTOOW SHI cojja Tuiaaa (PU3MKAHUHT KUWHUH Ba
n0J13ap0 MyaMMOJIApUHU XaMMara TyIuHapiu Kuinb €3uwirad. by XokuHr xakuaa
XamMMacH sMac. Y KyJla oFup Kacaj 0yiu0 yHUHT Xo3up/ia (pakaTruHa UKKUTa YHT
KyJ1 OapMOKJIapu xapakaTu cakjiad KojiumHraH Ba oxupru 30 Hun gaBomujia
ranvpuilIaH XxaMm MaxpyM Oynrad. Y atpoduaarmiapu OuinaH HyTK CUHE3aTOpH Ba
KoMITbIOTep €paamuaa ramiamanu. [llynra kapamacman, y ¢oan Ba moxuiioHa
WIMHUIN U3JaHUTIUIAp 0Ju0 60pMOKIa.

1974 wwunga CtuBeH XOKHMHT Kopa TyHHYKIap arpoduga BaKyyMJlaH
3appajapHUHr Haugo OYynumM Kypud YWKaAu. YHUHT XHUCOOJanuiapu LIyHU
TabKUUTAWINKA aillaHyBUd KOpa TYWHYKJIap HypJiaHagd Ba Oy Kopa TyHHYK
alJIaHWIIVMHA CEKMHJIAIITHPAIN. by HypJIaHWMII CIEKTPH UCCUKIMK HYypJIaHWIIUTA
MOC KeNnuinu alTtu® ytaau. BUpoK HaTwkamap sSpUM KIACCHUK yCYJja OJIMHTaH,
aciujia TpaBUTALMS MaWJOHUM YMyMHUH HHCOUMIMK Ha3apusiCH TEHTIJIaMallapH
OwsaH, Kopa TYWHYK SKUHUJArd BaKyyM KBaHJIAHTaH MailoH Hazapuscu OuiaH
épuTmiMmy  Kepax®’. Kymunnuk onumnap XOKMHI HKKHTa Ha3apUsSHU
OupnamTupub xarora Uy Kyiau ned xucoobnamaau. YHUHT Kopa TYWHHYKIIAp YUyH
OJIAMH KalyJ KWIMHraH Oapua KOHyHJapHHM Oy3anu. KeluHpok 3ca XOKHHI XaK
OYynM0O YMKaau Ba YHUHT HaTWXaJlapy STPHJIAHTAaH BaKT-(Pa30Jacurd KBaHJIAHTaH
MalJJOHJIApHUHT KOHYHJIapU KYpUHUIIKMA pacMaH KoOyn kuimuuau. Ly cababnan
IPABUTALMOH, AJIEKTPOMAarHUT Ba OOIIKAa TypJard HypJIaHHWILIAPHU KBaHJIAHTaH
Maiiionnap ae6 Kapanaau. bomikada cy3 OunaH alTraHja TYJIKUHIAD KaHYaJIMK
KBaHT MEXAHUKACH TEHTJIaMaJlapy OWiaH EPUTHIIMACHH, yJIap Y3UHU OUp BAaKTHUHT
¥3uaa xaM TYJIKUH XaM 3appaJieK TyTau.

[IlyHuHT IEK, XOKHHI XHMCOO KHUTOONAapu Kopa TYHHYKJIAPHUHT
HYpJAHUIIMHU XaM Kypcatanu. [lopTinamgan xocwsn OYiAraH ssHTM OOBEKT Kya
KM4MK Xapoparra sra 6ynaanu (3*10°® K nan kuuuk), Kopa TyHHYKHUHT CHKAIIMLIN
yayH 5ca 10% imnman xynpok BakT kepak Oynanyu. CUKMIUII HATHKACUIA YHHHT
xapopaTd omub Oopaau, HypJaHUIUIAD XaM Kydasaud Ba “OyFaHuimu’
te3namanan. Huxoar maccacu Oup Heya MWJUIMOH TOHHArada kamaWraHuaa Ba
YHHMHT XOAMcajlap TOPU30HTH PaJANyCH aTOM SIAPOCH YiryaMura TeHr 0ynuo, y xKyna
karTta (103120 MuuoH K) xapopatraua Ku3uitam.

XOKHHI' XMCOJIALIUIApUAAH sHA LIYHU KYpHUII MYMKHH: arap Kopa TYWHYK
TYJIMK HYpJIaHUO KETCa, YHUHT XOJaTH TYFPUCHA MabIyMOT y30KIaru Ky3aTyBuu
yuyH OyTyHmail iykomanu. By kiaccuk Hazapusi jqouwpacuja TYFpu. bormika
TOMHAAHKOPA TYHHYKHHUHT “OyfJIaHUIIN XUCOOMIaH WYKOTUITaH axO0poT KBAaHT
MEXaHUKACUHUHI  axO00poT  MaBXYJJIMTMHUHT  TYFPUCHUIATHM  YHUTAPIMK
TaMOWMJIUTA 3U]T Ba YHM aHMKJaml KuinH. dapa3 Kujaaliauk, Ou3na MKKUTa YHT
KM3WJI TIAWTIOK Ba Yal KYK Malmok Oop. Arap Ou3 4am KyK MaMOKHU Kopa
TyWHYKra Taluulacak Ba KUMIUP YHT KU3WI NAaUNOKHH XKy(THucu3 Tonud ojca Ba y
VHTaMIUKY Yan KU3WJl MalloKHU Kopa TyWHYKTa TaluiaraH Jae0 TaXMUH KHiaad

AT, Padmanabhan, Theoretical Astrophysics, Volume I-111, Cambridge University Press, 2010.




SbHA MOJOMHUKHM X€4 KaHAail axO0opoT Kopa TYHWHYKIAH YMKUO KEToJIMac dKaH
Y30KJIard Ky3aTyBuM YHUHT H4M1a HUMA OOpPIMIMHU Ouita onmaiim®e,

[yngait kuimO, Kopa >KUCMHUHT HYPJIAHUIIM YHUHT HWYKH TY3WJIUIIH
TYFpUCHIA X€U KaHJald axO0opoT oubd YMKMaiau, 1eMak XOKHHTHUHT KamipuéTu
XaM Kopa TyWHyKra TyIIMO KOJITaH >KMCM Xakuja Oupop Hapca OWUIMIIMMU3Ta
&pnam Oepa onmaiiau. bomka cy3 Ounan aiitranga, XOKHHT TakKWJIaéTraH Kopa
TYUHYKHUHT HYpPJAQHUIIUM YHUHT WYKU TY3WIHMIIA TYFpUCHAA OW3ra MabiyMOT
oepMaiiiu. by XOKHHI TOMOHMAAH KUPUTWITaH axOOPOTHH MYKOJWII MapagoKCH
nedunany. Y UIyHU TabKUAJauAuKy, On3HUHT KonHOTIaH ax00poT MyKoJap 3KaH
Oomika >xoina maitno 6ynmaau. JIekuH, KBaHT Hazapusicura OMHOAH KOpa KHCMra
IOTUITaH ax00poT TYa iyKomagu*®,

Xynoca ypHHUJA IIYHU TaKUJIAII KOM3KH, KOpa TYWHYKIap— y3uaa Kymiao
cuHoaT SAmMpuO KemaértraH KOMHOTHHHI KyMOOKIHM oObekTiaapuaup. Kynruna
O0axc Ba MyHo3ajapra ca®ab OyiaérraH Kyn COHJIM MapaJioKC Ba MyaMMoJjapra
KapaMacJaH WIIOHY OWIaH aWTUIl MYMKHHKH, XO3UpJla *KaBoOCH3 KoJaéTraHn
caBOJUIap KeJakakaa V3 »KaBOOMHU TOIA]IH.

5.3. MaTepusiHUHT SHI'M IIAKJIJIAPH: KOPOHFU MO/Ia Ba KOPOHFH JHEPrusi.

XXI| acpma kKocMmoJorusiia pEeBOIONMOH  Kamduérinap pyu  Oepmau.
Anvknanuimnya, KoumHOTHarm Vy3uaaH SJIEKTPOMAarHUT HYPJIAHUII TapKaTyBUd
(bapuoH Mopmanap) KOWHOTHUHT Oop Wyru 4% WIrWHA TalIKWI STapKaH.
Kounotaunr 21% uHU X03upaa KOPOHFU MOJ1a 1e0 HOMJIaHYBYM Ba Y3uHU (akaT
TpaBUTAIIMOH ¥3apo TabCcUpiap/la HAMOEH STYBUYM HOMABJIYM MOJJAA TaIIKUII
TapkaH. YOy MoOJJa TaJakTUKaJapAard IOJAY3JIApHUHT TrajakTUKa MapKa3u
atpoduaa allaHUIl YU3UKJIM TE3JIUTUHUA TAAKUK ATUII HATHUKACUIA aHWKJIAHTaH.
Koponru Moaia Gynmaran Mojesuiap roiaay3iap xapakatu Kemiep KoHyHUTa Kypa
rajakThKa MapKa3ujaH y30KJallraH capu YJIAPHUHT YU3UKIM TE3JIUTH KaMaiub
Ooopumm kepak Oynran. KyszaryBimap 3ca TalakTHKaJaH Y30KJaIlTaH capu
IOJITY3JIADHUHT YW3HUKJIM TE3JIUTH KaMaiMaii Oallki acta CEeKMH OpTHUO Oopuiu
Kyzatwiau. by ramaktukanapga ky3ra  KypuHMalnuraH —(SepHU  Y3ulaH
ANIEKTPOMArHUT HYpJIAHUII TapKaTMailAUraH) MacCHMB MOJJAAHWUHT MBXKYJJIUTUHU
TacauKIanau. Yoy kam@uér rpaBUTAlMoOH JuH3a d(Pdextu aed0 HOMIaHYBUU
AJIEKTPOMArHUT HYPJIAPHUHI TPAaBUTALMOH MAaWJOHJa MNYHAJIWIIWIAH OFUILINATra
ACOCIIAHTaH Ky3aTyBJIap/a XaM MyCTAaKUIl PaBULIA Y3 TACAUFUHU TOIIIM

KounotnuHr acocuit 75% KucMH 3ca XO03uUpJia KOPOHFH JHeprus Jed
HOMJIAHYBYM MATEPHUSHUHT SHTH IAKJIWAAH TallKWI TONTraH. MaTepussHUHT SHTU
OUMJITAH MIAKJIA Y3UHUHT aHTUTPABUTALIMOH TabCUPU OWJIaH JTUKKATTa Ca30BOPIUP.
AbHU ymOy KOPOHFM 3HEPTUSHUHT XHCOOMTa Oup-OMpuIaH y30KIa *KOMalraH
rajlakTUKajgap Ba TrajakTHKajap TYIUIaMH ¥y3apo Oup-OupuIaH HUTapHUIIapKaH.
Yy Tummard OSHEPrUsSHUHT TabuaTAa MaBXKYMJIMTA Yy30KJda KOMIaliran
raJlakKTUKQJIApHUHT OM3[aH Y30KJAIIMII TEe3JIMIMHU aHUKjIam Oyinya oiaud
Oopwiran Ky3aTyB HIIJIapy HaTWXKAcua aHUKJIAHIA. AHUKIAHUIINYA, OW3mgaH
KaHmaaup Macodana >KOWamraH TajakThkaizap Xa00n KoHyHH Oyiinya

4 L. Rezzolla, O. Zanotti, Relativistic Hydrodynamics, Oxford University Press, 2013, 752 p.
4 Max Camenzind, Compact Objects in Astrophysics, Springer, 2007, 682 p.
%0 T, Padmanabhan, Theoretical Astrophysics, Volume I-111, Cambridge University Press, 2010.




aHWKJIAaHAJUTaH Te3JIMK OnaH sMac 0ajky, yHAaH KaTTapoK TE3JMK OwiaH Ou3maaH
Y30KJTAaIIMOKa 3KaH. YOy Ky3aTyBlap PeIUKT HypJIapUHH aHHUKIam Oyitnda
YTKa3WiaTaH Ky3aTyB HaTwkalapu €pramuaa xam tacaukinangu. Llynnait kummo,
Oup Heya MyCTaKWJ Ky3aTyB Ba TaXpuOa HaTmKajgapud Taduaria KOPOHFH
SHEPTUSHUHT MaBXY TATUHU TaCTUKIIA/IH.

Tabuatna KOPOHFM MOJJa Ba KOPOHFH SHEPTUSHUHT MaBXKYIJIUTHHUHT
aQHUKJTAHUIIM  (QyHIAMEHTI — PEeBOJIONUOH Kamduétnap OYaub, yJIapHUHT
TaOMAaTUHU Ba XYCYCHUSITIAPUHU YPraHHII — 3aMOHABUN acTPO(U3UKAHUHT XO3UPTH
naiTaara 1013ap6 MyaMMolapuaaH Oupy XUCOOIaHAIH.

5.4. I'paBUTALMOH TYJIKHHJIAP.

2016 wmmamar 11 depammma AKII Mwumumit wimuit orau (National
Science Foundation — NSF) TtomMoHMIaH TpaBUTAIMOH TYJIKWHJIAPHUHT WK Oopa
Taxpubajga Kail[ HSTWITaHU 5bBJIOH KWIMHAM. YOy Kamduér ojaaMurymyl
kamduér Oynub, 3amMoHaBHIl acTpodu3MKana SHTU WIMUN WYHaTUIUIApHU
ouagu’?.
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2-pacm. MkkuTa Kopa TYHHYKJIQpHUHT KYIIWIUIINA HATHXKacua TapKajiral
rPAaBUTALMOH TYJKUHJIAPHUHT KaiJ STUIUIIN.

['paBUTAIIMOH TYJIKUHIAp MaBXKyJ OYVIMIIN Ha3apuil KUXaTAaH DUHIITEHH
TOMOHHJIAaH YMYMHMA HUCOWWIIMK HA3apUACUHU spaTraHugan cyHr 1916 hunmaék
aiitwran sau. Opanan 100 imn YO, rpaBUTAMOH TYJIKUHIIAP Kamid ITHIIH.

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




AKIII garu rpaButaunoH TynkunHiaapuu kaiin 3tyBun LIGO — oOcepBatopusicu
toMoHuaH 2015 vinmHuHT 14 ceHTA0puaa HKKUTA Kopa TyWHyKIap (Maccanapu 29
Ba 34 Kyém maccacura TeHr OynraH) HUHT OMpJAIIMIIMA HATHXKAcuia stHTU OuTTa
Kopa Ttyitnykauar (maccacu 60 Ky€m wmaccacura TeHr) nmaifjno Oynuiu
HATWKACHIA a@Kpadu® 4YMKKAH TPABUTALMOH TYJIKUHIAPHU Kaijg OSTAn .
['paBUTAIMOH TYJIKUHIAp TaOMaTaH KMYMK WHTEHCUBIIMKKA 3ra OYnuO, yJTapHUHT
WHTEHCUBIIUTH  TpaBUTAllMOH  TYJIKMUH  MaHOACMHUHI  Maccacura TYFpU
nponopunoHanaup. Kopa TyilHyknap maccailapu eTapiavda Karra OYiranjiuru
Tydaitnu ynapaaH kena€TraH TpaBUTAMOH TYJIKUHHUHT MHTEHCHUBIUTH TaKpuOa
KypuJMaliapu aHUKJIUTH HHTEepBajIuaa Oyiiu.
Ha3sopar caBoJsiapu:

1. YOny3napHuHT cyHUIIN KaHaal 103 6epaaun?

2. KommmakT o0bekTiapra Kaiicu o0beKTaap Kupaam?

3. OK MuUTTH, HEUTPOH IOJIy3 Ba KOpa TyHHYyKJIap Oup-OupuiaH KaHAail
XapaKTepUucTUKanapu opkanu (apkiananm?

4. Kopa TyiiHYKHHM XapaKTepJIOBUM aCOCHI mapaMmeTpIap.

5. Helitpon ronny3 Mmarautocgepacu

6. [lynbcapnap — HEHTPOH IOJITY3I

7. apHUHT OUp KYypUHUIIHU cudaTua.

8. KoMHOTHUHT Te3nammb KeHralumm Ba KOPOHFU YHEPTusl.

9. NanakTukagaru [OJNIy37TapHUHT OPOUTAN YM3WKIU TE3NMUKIAPU TaKCUMOTHU
Ba KOPOHFU MOJJIA.

10. ['paBUTALIMOH TYJIKUHIAPHUHT Kall() STUIHILIH.

11. ['paBuTallUOH TYJIKUH 00CEpBATOPUSIAPH.
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V. AMAJIMHA MAIUFYJOT MATEPUAJLJIAPU

1-Amaunii MmamryJoT. KOMHOTHH KaTTa NOPTJIaIl HATHKACHIA
ApaTHIMIIKA, UHPIsuuA xkapaéau. PyHaaMeHTa y3apo TabcupJap.
Xabb6n nmommmiicuHM Xucobnam Oyiinya Macamanap euuinl. bupmamun
SIIPOBUM peaKkIusaiIap, XyCyaH INEWTPOH, IelIud Ba JINTHU SIPOJAPUHUHT XOCHUI
OYNMILIN peakuMsIap SHEPTUsIapuHU XUCOOIAILL.

2-Amananii MmamryJjaotr. Konnoraa w0aay3jiapHUHT naiao 0yJaumu Ba
IBOJTIOLHSICH.
HOnny3napuunr ainanum Oypuyak MOMEHTH, WHEPIUS MOMEHTH, MAacCacH,
ynaprayda 0yiran macoda Ba 6o1Ka Typiid GU3UK KaTTATUKIAPUHU Oaxoall.

3-AMaJInii MAIIFYJIOT. JKNEPUMEHT Ba Ky3aTHILIAPra MyJ/LKAJIAHTaAH
yckyHagap. Tesnarruunap. Teneckonap.

Anpo peakuusmapvHM SKIEPUMEHTAAa  Ky3aTHILIap Ba ymoOy Macajara
MYIDKaJUIaHTaH ycKyHanap, te3narruwiap. Karra agpon komnaiinepu (LUEPH) Ba
OOlIKa WIMUH Mapkasiapia MaBXyJ OyJraH Te3narruwiap Ba yCKyHauap.
Teneckomnap, Xab6n Ba Yanapa Ttenmeckonu. MaiijaHak TeJIECKONMA Ba YHHUHT
épaamuia edriagurad Bazudanap.

4-Amasmii MamryJioT. [anakTukagsap Ba yJIapHMHT 3BOJIIOLMACH.

[NanakTvkamap MaccajlapuHU Ba YypTada 3UWIMKIApUHM Oaxosnaml Oyiinua

MacajalapHy €4YHIll.
S-AMajuii MaFyJa0T. ACTpoQU3UKATATH KOMIAKT 00bEeKTIap.
Koponru maTtepusi Ba KOpOHFU 3Heprusi. ' paBUTalMOH TYJIKUHJIAP.
Kopa TyilHykmap rpaBUTalMOH paAuyCUHHM aHUKJAlm Oyiinuya macaajap

eunil. GW150914 0OBEKTUHUHT T'PaBUTALIMOH TYJIKUHIIAP OPKaIU MK O0Op Kai[
srunmid. ['paButanmon tynkuHnap oocepsaropusiiapu: LIGO, VIRGO, KAGRO,
LISA.




V. KEMCJIAP BAHKH

Munu-keiic 1.

«IKcnepm Kenzawiu: uHMUIUWL 64 IOKCATUWL?»

TuarnoBumnapHn OWIMMUHU Oaxojamiga yJIapHH OWIWIM Tajnad JTHITaH
MEBEP Mapakacuaa CHHOB YTKa3Wiaau. MarTepuajulapHH SXIIW Y3JIallTHPraH
TUHTJIOBUMJIAp OaxoJlaHTaH CYHT OJaT[a dpHUINraH OMIUMIIApU JOUpACUIA TYXTa0
KOJTaJy Ba KyImMM4Ya OWIMHHINY FOKCAITHPHINTa WHTHIMaian. MarepuaiiapHu
SXIIA Y3TAIITUPMaral TUHTJIOBYHIAP 0axojiall CHHOBUIAH 030]] KHJIUILIAPHHU
XOXJIalIM Ba YHTa WHTHJIAIUIAP, aMMO OMITMMU THKJIAIl HHTUIMAIUmap.

Heza 6ynoaii easusm xyzamunaou? bBynu oapmapagh smuwi yuyH Y3uHeUSHUHE
MakaughuHeUu3Hu OepuHe.

Munu-keic 2.

“lOnoy3napnune awaw oaepaapunu I'epywnpyne-Peccen ouazpammacu
époamuoda anuxknam”

['epummpyr-Paccen JIrarpaMmacu F0JITy3J1ap EPKUHIIUTH €K1
TEMIIEpaTypaCUHUHI YHUHI Maccacura OornaHuiimHu udonanaiinn. Kysatysmap
HATWKACHJIA OJIMHTaH EPKUHIMK €pAamMua Ba Juarpammajad GoigaiaHral xoJija
YHUHI MacCacHMHU aHWKJAIl MyMKUH Oynamu. HOnmy3nmapHuHT smiam J1aBpu
yJIapHUHT Maccajlapura Teckapy IpornoplroHal paBuiia 0ornadrad. KOmmy3HuHr
Maccacu KaHJaJliK KaTTa 0yiica, YHUHT SIIalll JaBpU IyHYATHK KUIUK OYIa/In.

Heza rondysnap sawaw eakmu yraprune maccacuea meckapu nponopyuoHall
pasuwoa  6ozmuk?  FOnoysnapoacu — mepmosopopeakyusiiapuHune — Keduud
camapaoopnuey YyHuHe maccacued KaHoat 60anux?

Munu-keiic 3

«Heca xounomnunz oacmnadku oaspaapuoa y épyz 0ya2a, Xo3upoa ica
Ou3 KopoHau KOUHOmMHU Kyzamuo mypuomus?”

Mabnymkn KouHOTAArvn HypiaHWIl 3UWIATA KOMHOT KEHTrauim OwuiiaH
YHUHT YIIYaMJIapUHUHT 4-Iapa)kacura Teckapu MporopIlyoHal paBullga KaMano
O0opaau. MoJJaHUHT 3UYINTH 3Ca KOMHOT YITYaMJIApUHUHT 3-Aapa)kacura TecKapu
MIPOTIOPIIMOAHAI paBUIa KamMaitno 6opaau. MoIqaHuHT 3UYIUTH HYPIAHUIITHUHT
3UUJIUTHTa HHUCOATaH CEKWHPOK KamaillTaHW Y4yH, JacTia0ku TaiTaa Karra
3UYJIMKKA 3ra OynraH €pyrIMK Te3 opaja MOJJAHUHT 3UWINTHAAH KaMpOK OYin0
KOJIaJIH.

Ywby xooucanu mywynmupuwi yuyH ﬁ

cuz  Xam  V3UHeU3HUHZ  (DUKDAAPUHSUZHU ,;Vf—,———é . r— ~
. 4

ounoupune. Heea épyanuxk 3uunueu me3

Kamasou 6a KOUHOM PUBONCIAHUUUHUHS ’

dacmaabku  0aspuoa Moo0oa 3UUIUSUOAH
Kypa Kamma 3udauxkka 3ea 0yuean?

Acocuii Kelichu uwiad yuKuu.
Xap Oup rypyx MUHUKEHCIApHU UIILIa0




YUKHIIA ACOCHM KeWCHM €YMMWHU TONUIN OyinYa SpHIlraH OwimMiiapu Oyhinda
V3uHuHT TakiauduHu Oepanu. byHuHr Hatwkacuga y €ku Oy Kapop KaOyn
KWIMHAIU €KU XyJlocara KeJIMHAIH.

«Pegnexcusa casamu

TUHTIOBYMIAP CHH(-YCTACHHM MIIMHH OaxoNaiiu. Y3WHMHT TakpH3WHH
Maxcyc caBaTra COJIUILIA]IH.

Ketic yTkazum Oyitnua yMyMuil Xynoca KWIMHT (aCCECMEHT).




VI. MYCTAKWJI TABJIUM MAB3YJIAPU

MycTaku1 HIIHHM TAINKWI 3THITHUHT IAKJIM Ba Ma3MYHHU
TUHIIIOBYM MyCTaKWJI MIIHU MyalsiH MOJIYJIHH XYCYyCUSTIIAPUHU XHUCOOra OJIraH
XOJija Kyruaary makuiapaad ¢hoigananu0 Taiépiaiiy TaBCus dTHIIA N
- MebEpui XyXoKaTiapAaH, YKyB Ba WMIMUN anabuérnapiaaH QoiganaHur
acocuia MOAYJ MaB3yJapyUHHU YPraHMIIL
- TapKaTMa Matepuasuiap oyinua Mabpy3ajiap KUCMUHH Y3IaIITHPHUILL
- aBTOMATJAIITUPUIITAaH YpraTyBud Ba Ha30paT KWIyBYM JacTypjap OwuiiaH

WIIIJIAII;

- Maxcyc anabuérinap Oyiuda Moayn Oynumiapu €KW MaB3yJapu YCTHAA

HIIIAIT;

-TUHTJIOBUMHUHT KacOuil (aonusatu Ounan OOFIMK OYiaraH Moays OyIumiiapu
Ba MaB3yJIApHU YYKYp YpraHuII.

©Coo~NOoO Ul WM

MycTakui TabJauM MaB3yJapu

. @yHaamMeHTal ¥3apo TabCUpP Ha3apUsUIAPHUHT Kall() STUIMII TAPUXH.

. KOMHOTHUHT €NMK, OYMK Ba SICCH MOJIEIUIAPH.

. FOnny3napraru peakuusiapHUHT KECUMIIAPH.

. FOnny3nap knaccudukanusicu Ba Katajoriapu.

. l'anakTukanap xkaraaoriapu.

. 'paBuTaiMoH nuH3a cucTeManapu.

. [lynbcapnap Ba marserapiap.

. Kocmonorusaga MarauT Manioumnap.
. FOnny3 naiigo Oynuimaa MarHuT MailIOHUHUHT POJIH.

10. DnemeHTap 3appajapHUHT Karig) STHUIHII TAPUXH.
11. Jlynénaru kaTTa Te3IaTruuwiap TyFpUcHaa MabIyMOTIap.
12. Jyné€maru karta paauoTeNecKoIiap TyFpUcHIa MabIyMOTap.

VII. TJIOCCAPU

V36ek THuIMAATH
Tepmun NHrau3 Tuiamaard mapxu
mIapxu
In particle physics, a hadron is a
Kyunu ¥3apo composite particle made of quarks
Apona tabcupaa umtupok | held together by the strong force in
P P ATYBYH 3JIEMEHTAp a similar way as the
3appanap electromagnetic force holds
molecules together.
aJIPOHJIAPHUHT A quark is an elementary particle
ngpziiazﬁﬁ:rn anemenTap tamkui | and a fundamental constituent of
P A P ATYBUHUIIAP — matter. Quarks combine to form
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KBapKJIapHUHT
OofJIaHTaH
TU3UMHUIAH HOOpaT
neb KapamyBYu
MOJIEIIH.

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.

Bo3on

OyTYH COHJIM CITHMHTa
sra OynraH 3appada

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

Bywk Oupaamys

KYWIH, Ky4CHU3 Ba
AIEKTPOMATHUT
y3apo
TabCUPJIAPHUHT
sAroHa TabuaTura sra
OKAHJIUTH XaKUJaaru
TacaBBypra
acocjaHTaH
byHnameHTan
bu3uKaBuit
XOIUCaTapHUHT
Ha3apui MOJIEJIN

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.

Baiin6epr-Canam

QJICKTPOMAIHUT Ba

Electromagnetic and weak
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https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Fermion
https://en.wikipedia.org/wiki/Paul_Dirac
https://en.wikipedia.org/wiki/Paul_Dirac
https://en.wikipedia.org/wiki/Boson#cite_note-4
https://en.wikipedia.org/wiki/Indian_people
https://en.wikipedia.org/wiki/Satyendra_Nath_Bose
https://en.wikipedia.org/wiki/Satyendra_Nath_Bose
https://en.wikipedia.org/wiki/Boson#cite_note-NYT-20120919-6
https://en.wikipedia.org/wiki/Bose%E2%80%93Einstein_statistics
https://en.wikipedia.org/wiki/Bose%E2%80%93Einstein_statistics
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Electromagnetism
https://en.wikipedia.org/wiki/Strong_interaction
https://en.wikipedia.org/wiki/Weak_interaction
https://en.wikipedia.org/wiki/Classical_physics
https://en.wikipedia.org/wiki/Quantum_physics
https://en.wikipedia.org/wiki/Elementary_particle

Ha3apHsICH KydcHu3 ¥3apo interactions unified theory. In
TabCUPJIAPHUHT particle physics, the electroweak
Oupamiran interaction is the unified
Ha3apHICH. 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 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.
Stars, constellations, interstellar
OIIVAIAD. TOIYS gas and dust, and dark matter to
TﬂyK P J"Ia Hﬂy gravitationally bound system. The
YPKYMIIAPH, Milky Way is the galaxy that
IOJIOYy3J1apapo ra3 Ba .
contains our Solar System. Its
I'anakTuka YaHT, XaMJa KOPOHFHU Y r s : )
name "milky" is derived from its
MoaaadaH I/I60paT . .
appearance as a dim glowing band
I'paBUTAllIOH . .
arching across the night sky whose
OOFJIaHTaH TU3UM L2
individual stars cannot be
distinguished by the naked eye.
Gamma-ray astronomy is the
astronomical observation of
gamma rays,™1I the most
energetic form of electromagnetic
TypJn4a KOCMHUK . - . .
S — radiation, with phot_on_enermes
AU FAMMA above 100 keV. Radiation below
yiap 100 keV is classified as X-rays
Auaria3oHujgaru . .
o and is the subject of X-ray
(TYJIKUH
astronomy. September 02 2011
Y3yHIIMKJIapH -
12 Fermi Second catalog of Gamma
I'amma- A< 107**M, poron
Ray Sources constructed over 2
AcTpoHOMUS SHEPIrHUsICU 3Ca

£ > 10°3B 6yuran)
AJIEKTPOMArHuT
HYpJIaHUILIApU
Oyiinua ypraHyBuu
aCTPOHOMUS OYJIUMU.

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
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https://en.wikipedia.org/wiki/Particle_physics
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https://en.wikipedia.org/wiki/Electromagnetism
https://en.wikipedia.org/wiki/Weak_interaction
https://en.wikipedia.org/wiki/Electroweak_scale
https://en.wikipedia.org/wiki/GeV
https://en.wikipedia.org/wiki/Galaxy
https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Gamma_rays
https://en.wikipedia.org/wiki/Gamma-ray_astronomy#cite_note-2
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Photon_energy
https://en.wikipedia.org/wiki/Electron_Volt
https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/X-ray_astronomy
https://en.wikipedia.org/wiki/X-ray_astronomy
https://en.wikipedia.org/wiki/Solar_flare
https://en.wikipedia.org/wiki/Terrestrial_gamma-ray_flash
https://en.wikipedia.org/wiki/Terrestrial_gamma-ray_flash
https://en.wikipedia.org/wiki/Solar_System

in the study of extrasolar, and
especially extra-galactic
astronomy.

I'1roon

Oupra TEHT CITUHITN
Ba HOJITA TEHT
TUHYIMK Maccaiu
Xamjia KBapKJiap
opacuaard Ky4iau
y3apo TabCUPHHU
TalllyBYU 3IEKTPUK
HEWTpaJ 3appa.

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.

Epyriauk itninu

acTpoHOMUSIAA

KYJUTAaHUJIaUTaH
Y3YHJIUK OUPJIUTH;
EpyFIIuK Oup Hunnia
06ocub yTaguran
Macogara teHr. (1
E.it. = 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 is sometimes
misinterpreted as a unit of time.

Kyucus y3apo
TabCHP

Oup Heya
arromerpaad (1078y)
KH4YMK Macodaapaa
AJIIEMEHTap 3appaiap
opacujaru y3apo
Tabcup; OyHaai
y3apo Tabcup
XyCyCaH aToM
AIPOJIAPUHUHT OeTTa
EMUPWINILIUTA OJTUO

KeJIaIu.

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
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https://en.wikipedia.org/wiki/Strong_interaction
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https://en.wikipedia.org/wiki/Vector_boson
https://en.wikipedia.org/wiki/Gauge_boson
https://en.wikipedia.org/wiki/Strong_interaction
https://en.wikipedia.org/wiki/Quark
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https://en.wikipedia.org/wiki/Particle_physics
https://en.wikipedia.org/wiki/Fundamental_interaction
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https://en.wikipedia.org/wiki/Strong_interaction
https://en.wikipedia.org/wiki/Electromagnetism
https://en.wikipedia.org/wiki/Gravitation
https://en.wikipedia.org/wiki/Radioactive_decay
https://en.wikipedia.org/wiki/Radioactive_decay
https://en.wikipedia.org/wiki/Subatomic_particles

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).

Kga3zap

y30KJallrad
raJUTaKTHKAHUHT
daon y3arugan
ubopat 6ynran
KyApaTIid KOCMUK
AIIEKTPOMArHUT
HypJIaHUII MaHOAaH.

Quasars or quasi-stellar radio
sources are the most energetic and
distant members of a class of
objects called active galactic
nuclei (AGN). Quasars are
extremely luminous and were first
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."

KBapkaap

X03Mpra TacaBBypra
Kypa 6apua
aJIPOHJIAPHUHT
TapKuOuit
KUCMJIAPUHU TAIIKUIT
KWITyBYU
byHnameHTan
3appadanap.

A quark (/'kwo:rk/ or /' kwa:rk/)
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.l!!
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. For this
reason, much of what is known
about quarks has been drawn from
observations of the hadrons
themselves.

Kounort

MOJJIUN TYHEHUHT
KYy3aTHIIl MyMKUH

part of the material world that can
be observed. The Universe is all
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OysraH KUCMHU.

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.

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

3apsAaaiaHrad . . .
research tool in particle physics by
3appajlapHUHT . - .
accelerating particles to very high
Kapama — KapIiuu .. .
Kouwiaiize AT AT Kinetic energy and letting them
Aep A p Impact other particles. Analysis of
y4panryBH 103 .
- the byproducts of these collisions
Tefﬂmeq 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.
Space objects in the field of radio
electromagnetic radiation. Radio
KOCMHUK waves are a type of
OOEKTIapHUHT electromagnetic radiation with
KocMik PaHOTYIIKUHIIAP wavelengths in the
S — coxacuaa electromagnetic spectrum longer
PATHOHYPT JICKTPOMArHUT than infrared light. Radio waves
HYPJIAaHUIIIN. have frequencies from 3 THz to as

low as 3 kHz, and corresponding
wavelengths ranging from 100
micrometers (0.0039 in) to 100
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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 astronomical

objects.

Ky4smu y3apo
TabCHP

Oup HeuTa

M) KHYHK
Macodanapa

y3apo TabCcup.
XycycaH, aToM
saipoapuiaru
HYKJIOHJIAPHUHT
y3apo OOFJIaHUIITUHUA
TabMUHJIANIU.

interactions of nature, the others
aJpoHNap opacumard | . .-

In particle physics, the strong
interaction is the mechanism
responsible for the strong nuclear

demromerpaan (107 force (also called the strong force,

nuclear strong force), one of the
four known fundamental

being electromagnetism, the weak
interaction and gravitation. Despite
only 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
1038 times stronger than
gravitation at that range.

Jlenronnap

Ky4Ji1 y3apo
TabCHUPJA UIITUPOK
dTMalIUTaH
dJIIEMEHTAap
3appaJIApHUHT
YMyMUH HOMH.

A lepton is an elementary, half-
integer spin (spin ¥,) particle that
does not undergo strong
interactions.*! Two main 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.

MaiioH firoHa
Ha3apusicu

AJIEMEHTAap 3appajap
Xoccajapy Ba y3apo
TabCUPJAPUHUHT

Oapua xunma —
XUJUINTMHY YHYA Kam

(UFT), occasionally referred to as
a uniform field theory,™ is a type

In physics, a unified field theory

of field theory that allows all that
is usually thought of as

COHJIM YHHUBEPCAJl

fundamental forces and elementary
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TaMmouunIIapra
KEJITHPHUILITA
KApaTHJIraH

Ha3apusCH.

MAaTCPpUAHUHI ATOHA

particles to be written in terms of a
single field. There is no 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.

Miwoonaap

MacCcCacCH JJICKTPOH
MaccaCuaaH

KaTTa Ba
AIEKTPOMArHUT
XaM/Jla Ky4ucus y3apo
TabcUpiapaa
UIITUPOK 3TYBYU
3apsiAJIaHTaH
AJIEMEHTap 3appajiap.

takpuban 207 mapra

The muon is an elementary
particle similar to the electron,

with electric charge of —1 e and a
spin of %, but with 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 us. 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.

HeiiTpoH waay3nap

FOJITY3JIaPHUHT UUKHU
TY3WINIIN
Haszapusacura Kypa
O3TMHA JIEKTPOHJIAP
apajiamras
HEUTPOHJIAPJIAH yTa
OFUP aTOM SIApOJIapHU
Ba MPOTOHJIAp/IaH
TAIIKWJI TOITaH SHT

3UY4 I0JITy31ap.

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.
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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 guantum degeneracy pressure

due to the phenomenon described
by the Pauli exclusion principle.

Hyxieocunres

SHTHIIPOK
SIpOJIapAaH OFUPPOK
SIIPOJIAP XOCHUIT
oynmumura omob
KEJIYBUH SIIPOBUIA
peakIusap
3aHKHUPH.

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.

Ok MuTTHJIIAD

Maccanapu Kyém
Maccacu Tapkuoua
OynraH Ba
panuycnapu Kyém
paguycunauar ~0,01
XUCCACUHU TaIKHUII
KWIYBUYH KUYUK
IOJIy3J1ap.

A white dwarf, also called a
degenerate dwarf, is a stellar
remnant composed mostly of
electron-degenerate 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
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dwarfs among the hundred star
systems nearest the Sun.L 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.

IHapcek

aCTPOHOMHUSIIA
UILUIATWIAJUTaH
Y3YHJIMK OUPIIUIH;
1mx=3,0857 - 10%°Mm.

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.

IHo3urpon

KaTTaJIMTH )KUXATIaH
AJIEKTPOH 3apsiiura
TEHT MycOaT
3apsUId, Maccacu
AJIEKTPOH Maccacura
TEHT OYynraH
DIIEMEHTap 3appa,
AJIEKTPOHTA HUCOATaH
aHTH3appa.

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

DepMUOH

ApyUM OyTYH CIIMHTa

In particle physics, a fermion (a
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ara O¥yiraH 3appaua.

name coined by Paul Dirac from
the surname 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.

Xa00J1 roumuiicu

KYpUHYBYH
KonHOoTHHUHT
KOCMOJIOTHK

KeHrauumm Tydaitim
raJUIaKTHKaaH
TanrKapu
OOEKTJIapHUHT
Y30KJIAIIUIIH
TE3JIMKJIapU OMIIaH
yJapraya OyyiraH
Macodaap
opacujaru
OOFJIaHUIILTIApAATH
MYTaHOCHOJIUK
kodhpurmeHTH.

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
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these two competing values.

FOuny3 typkymiiapu

Oupnaii €mary Ba
Ouprajavkiaa By)KyAra
KeJITaH TPaBTAIMOH
OOFJIaHTaH I0JITy3Jap

rypyXJapH.

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 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.

KOany3nap

rpaBUTAIS
KYWIAPUHUHT UCCHUK
Moja (ra3) HUHT
oocumHu xamaa
HypJaHUTLIap OuiiaH
MyBO3aHATH
xucobura 6apkapop
OynraH ynkaH
HYpJIaHyBYH
TUIA3MaBUH LIapJap.

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.
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I0J1/Ty371ap Ba OOIITKa
camMoBHiA 00eKTIapaa
coaup OYIyBUH

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

SAnposuii N theoretical estimation of nuclear

Oapua siIpoBUiA :

acTpodusuka o reaction rates, cosmology,
JKapa€HJIapHU TaIKUK .
wysun da cpsmochemlstry, gamma ray,

K ' 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.
A black hole is a region of
FpaBUTALIS KydnApH spa_cetl_me exhibiting such st_rong
gravitational effects that nothing—
KHUCMHHU YHUHI . . .
. including particles and

IrpaBUTa0UABHHA . - .

S electromagnetic radiation such as

pKfIqZIK f) light—can escape from inside it.
Kopa Tyiinyk . POK The theory of general relativity
yladaMiiaprada . . .
predicts that a sufficiently compact
CUKUJINIIIN

HATWKACHUIa ro3ara
KEITyBYM KOCMUK
00BEKT.

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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