MnoTte3a: «KaK ycTpoeHbl raflakTUKn»

Hukkenb Cepreit AnekcaHgposuy, sergeynickel@gmail.com

Lenbto ctaTbu ABnseTca obbAcHeHWe cTpoeHus ranaktukm NGC 1512 c npuBneyeHMem rmnotesbl rasoobpasHoro
a¢upa. JaHHas ranakTMka BblbpaHa MO MPUUMHE ee 3HAYUTENIbHOW, C TOYKWU 3PeHMA aBTOPa, MOPOSOrMYECKOM
CNOXKHOCTW.

Fanaktnka NGC 1512

Fanaktmka NGC 1512 saBnsaetca ogHMM K3 Hambosiee CNOXKHbIX B MOP(DOIOrMYECKOM CMbICAE FasakTUYECKUX
06bekToB. [na noapobHOro paccMOTPEHUAs ee CTPOEHWAs PEKOMEHAYH BOCMO/Ib30BaTbCA OPUIMHAIbHBIM
nsobparkeHmem caenaHHbiMm Teneckonom Hubble. MpuBeseHHble B cTaTbe ¢oTorpadum cyuwectseHHO 6Gonee
HU3KOro KayecTBa MCMO/Ib30BaHbl C LEeAbl0 MUHMMM3aLUMKM pasmepa ¢danna. OpurnHan M306paxkKeHUA ranakTUKu
MOXHO HalTu 34eck: https://www.spacetelescope.org/images/heic1712a/.

NGC 1512

Puc. 1.1 — O6wuit Bug ranaktmkum NGC 1512

PaccmoTpeHue ctpoeHns NGC 1512 (pucyHoK 1.1) HauHeM C LeHTpanbHOW ee YacTu.

a-061acTb

Puc. 1.2 — a-o61acTb ranakTmkm
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LleHTpanbHasa obnacTb rafiakTuku (Hasosem ee a-06/s1acTb) NpeacTaBasieT coboi APKO CBETALLMINCA Kpyr (pUCYHOK
1.2). BHyTpeHHsiA CTPyKTypa obnactu He npocmatpmsaeTca. o-06/1acTb ABAAETCS caMoWn sipKoM obsacTbio

ranaKTuKun.

Puc. 1.3 — B-o61acTb ranakTmkm

O6nacTb BHelIHAA MO OTHOLUEHUIO K a-06nactu (B-obnactb) umeet dopmy snamunca. a-obnacTb PacnonoKeHa B
LEeHTpe 3Toro anaunca. MMeHHoO B LEHTpe, a He B 0g4HOM M3 GpOKycoB. BHewHAs rpaHMua B-obnacTn onpeaenaetca
KO/MbLEBbIM CKOM/IEHMEM BellecTBa, B cCpeAe KOTOpOro uaeT akKTMBHoe 3Be3goobpasosBaHue. B npocTpaHcTse
MeXAy KOJIbLEBbIM CKOM/MEHMEeM BeLlLecTBa M 0-06/1acTblo YETKO MNPOCMATPUBAETCA CnupasnbHas CTPyKTypa.
CnupanbHaa CcTPyKTypa o6pa3oBaHa BeLECTBOM, NPeAno/IOXKUTENbHO, aKKpeuupylowmMm Ha a-obnactb. B
CNUPabHYIO aKKPELMIO BOBJ/IeYEHbl OTAEe/IbHbIe 3Be3/bl U3 KOJIbLEBOM CTPYKTYPbl.

Y-obnactb

Puc. 1.4 — Y-o6nacTb ranakTukm

O6nacTb BHellHAS NO OTHOWEHWUIO K B-obnactn (Y-06nacTb) Takke umeeT dopmy 311UNCa, B LEHTPE KOTOPOro
pacnonaraetca B-obnactb (pucyHoKk 1.4). BHewHAa rpaHuua Y-o6nacT onpeaenneTca KOAbLEBbIM CKOMAEHMEM
BELLECTBa, B CpeAe KOTOPOro MAET aKTMBHOe 3Be34000pasoBaHMe. B MpoCTpaHCTBE MeXAy KObLEBbIM
CKOM/ieHWeM BellecTBa M [B-06nacTblo YETKO MNPOCMATPUBAETCA CNUpasnbHas CTPyKTypa, obpasyemas ABymsA
pyKaBamu BeliecTBa. PykaBa 3TM MO CNMpanu COeAMHAIOT BeplUMHbI 6obwKxX oceit anauncos Y u B-obnactei.
TaKKe XOpoLwo MPOCMATPMBAETCA CBETAWAACA 06/71acTb B BUAE BepeTeHa, YNMPAIOLLEerocs CBOMMM KOHUAMW B



BepwmMHbl 6onblioi ocn anamnca Y-obnactm (pucyHoKk 1.5). O6nact 3TUX BepLIMH CYLLECTBEHHO BblAENAOTCA

60/1blliei 0CBeLLEHHOCTbIO.

Puc. 1.5 — CnupanbHble pyKasa Y-061aCcTu ranakTMkm

1 — BepwunHbl 6bosbLWON ocK anaunca Y-obnacTu.

2 — BepwMHbI BonbLol ocu annunca B-obnactu.

3 — aBa pyKaBsa Y-0651acTu, coeguHaoLwme BepLUNHbI 31UMNCOB.

3a npegenamm Y-obnactv Xopowo BMAHbI CNKpanbHble pyKaBa cieaylowein CTPyKTypHol obnactu. Hasosem 3Ty
obnactb: 6-06nactb. paHMupbl 3TOM 0bnacTM M ee dopma He NPOCMATPMBAIOTCA, MOITOMY ObOO3HayeHa OHa
A0CTaTO4YHO YCNOBHO (PUCYHOK 1.6).

6-06nactb

Puc. 1.6 — 6-061acTb ranakTMKu

TpyAHO NpeacTaBuTb, KaK MOMHO 06bACHUTb MOAOGHYIO CTPYKTYPY B pamKax O6LLEenpUHATON KOCMOJIOrMYecKom
KOHLenuuu.

Mpegnarato BapuaHT ob6bAcHeHUs mopdonorun NGC 1512 ocHOBaHHbIA Ha rMnoTese CylLecTBOBaHMA 3GUPHOMN
cpeabl. Ecnv Bbl saBnseTecb NPOTUBHUKOM 3dMpa, NPUMUTE TUMOTE3y ero CyLLeCcTBOBaHWA B NpeasiaraeMom
BapuaHTe xoTA 6bl Ha BPEMA UYTEHUA AAHHOW CTaTbW. M3noxKeHMe ByaeT KpaTKMM, Te3UCHbIM, Aabbl He pacnbiNATb
BHMMaHWe YnTaTeNA U AaTb eMY BO3MOXKHOCTb ObICTPO Y/I0BUTL CYTb.



dup

3dupHan rMnoTesa yTBep:KaaeT:

1. Bce maTepuanbHoe B Hawem MuUpe ecTb CyTb IPUp 1 3dnpHbIE CUCTEMBI.

2. Becb BeWEeCcTBEHHbIN MNP — CYyTb BUXPEBble 3QUPHbIE CUCTEMDI.

3. 3¢bMp HEYHMUTOXKMM U He co34aBaeM, T.e. NOAYNHAETCA 3aKOHY COXPAaHEHMA MaTepPUMN.
4. BelLecTBO, KaK BUXpPEBblE CUCTEMbI, MOXKET GOPMMPOBATLCA U PA3PYLLATHLCA.

3¢up n Amepbl

3pup — 3TO peanbHblli ras, 3anosHAWMIA Bce (6e3rpaHMyHOe, 3BKINA0BO) MUPOBOE NPOCTPAHCTBO. Monekynamu
spupHoro rasa aenatotca Amepbi .

AMepam NpucyLM cneaytolime CBOMCTBaA:

Amepbl He 061243a10T MacCoi HU B rPaBUTALMOHHOM, HU B MHEPLMAIbHOM CMbICE.
AMepbl ABUKYTCA PaBHOMEPHO U NPAMOJIMHENHO C HUYEM HE OrpaHNYeHHOM CKOPOCTbIO.

3. B3aumogeMncTBME amepoB HOCWUT WMCKNOUMTENIbHO KMHETUYECKMIA XapaKTep, T.e. amMepbl B3aMMOAENCTBYHOT
TOJIbKO MPW CTONKHOBEHUMU.
AMepbl XapaKTepM3yoTcA YCIOBHbIM AMaMETPOM, onpeaensaowmnm 3pdeKTMBHOE CeYeHne B3aumMoaencTBns.

5. CTonkHOBeHWe amepoB abcoNtoTHO ynpyroe.
MpK CTONKHOBEHMM amMepPOoB NPOUCXOANT OBMEH KOMYECTBOM ABUMKEHUA C cOBA0AeHMEM 3aKOHa BEKTOPHOro
COXPaHEHUA KOIMYECTBA ABUKEHUSA.

7. B cuny reomeTpumu CTO/IKHOBEHMA aMepPOB BbIMOJHAETCA COXPaHEeHMEe KBaZApaToB CKOPOCTEM A0 M nocne
CTO/IKHOBEHMUSA, YTO MOKET MHTEPMPETUPOBATLCA KaK 3aKOH COXPaHEHMA KUHETUYECKOW SHEPTUM.

3dupy (obnactn adpupa) npucywm cneaytowme CBOMCTBA:

1. KoHLeHTpauma — KONMYEeCTBO aMepoB B eauHMLLE 06bemMa.
2. TemnepaTypa — CpefHAA KMHETMYECKan IHeprma XaoTMYeCcKoro ABUKeHUA aMmepos.
3. [pynnoBas CKOPOCTb — OTHOLLEHME BEKTOPHOM CYMMbl CKOPOCTEN aMepoB K UX KOIMYeCTBY.

BewecTBo 1 BUXpeBble CTPYKTYPbI

OCHOBOW CTpoeHuWa BelecTBa ABAAIOTCA BUXpeBble 3dpupHble 06pa3oBaHUA. BuxpeBble CTPYKTYpbl CNOCOB6HbI
B3aMMOAEeNCTBOBaTb APYyr C APYrOoM MO 3aKOHam ras’oBOM AMHAMWKM BO BCEM CMEKTpe W3BecTHbIX ¢u3MKe
B3aWMOZAENCTBMIA: rPaBUTALMOHHBIX, 31EKTPOMATHUTHBIX, CUbHBIX 1 cnabbix M.

XapaKTepUCTUKM  BUXPEW WM MapameTpbl MX B3aMMOAEUCTBMI MOMHOCTbIO ONpPeAensAlTca CBOWCTBAMM
(KoHUeHTpauus, TemnepaTtypa) Toi 0bnacTn apMPHOro NPOCTPAHCTBA, B KOTOPOWN OHM 06PA30BANIUCH U CYLLLECTBYHOT.

Hanbonee pacnpocTpaHeHHOM 1 CTaBUALHOI BUXPEBOI CTPYKTYPOit 3dupa AsnseTca TopcuoH?.

TopcumoH

TopcnMoH — 37O TOpOMAaﬂbeIVI BUXPb. Ka)-l-(p,blﬁ 3/1eMeHT NOBEPXHOCTU TOPCUOHA MMeeT ABe CoCTaBaAwowmne
Kpyrosoro ABu>xeHnAa: ToponaaibHOE U KOJibLEeBOeE.



BOPOHKa UcxoaAaLwan

NoAOC UcXoaALmn
BpalyeHune
KonbLesBoe

TeNo TOPCHUOHa

aKBaTop

\ BHYTPEHHUI
BpaweHne — / A\ __----°-°
TopouaanbHoe
aKBaTOP
ropaoBuHa BHELIHMN

NOAOC BXOAALMI

BOPOHKa BX0AsALLanN

Puc. 2.1 — dnemeHTbl CTPOEHMA TOPCUOHA
B cTpoeHUM TopcMOHa MOKHO BbIe/IUTb Ceayollne Hanbonee CcylLecTBeHHbIe 31eMeHTbl (pUCyHOK 2.1):

Teno TopcnoHa — cobecTBeHHO cam Top (6y6nuK).
BHELHNI 3KBATOP — OKPYKHOCTb MOBEPXHOCTU TOPCUOHA, Hanbonee yaaneHHas OT OCU KOJIbLLEBOTO BpaLLEeHUs
(Hanbonbluan napannens).

3. BHYTpeHHMI1 3KBATOP - OKPYMKHOCTb MOBEPXHOCTM TOPCMOHA, HaMMeHee yJafeHHas OT OCU KOJbLEBOro
BpalLeHUa (HaumeHbLIas napannenb).

4. MonapHaa napannenb (nontoc) — napannenb, Haubonee yaaneHHas OT NJOCKOCTU 3KBaTopa. Y TOPCMOHa ABa
Notoca: BXOAALWMIA U UCXOAALLMIA MO OTHOLLIEHMIO K MOTOKY TOPOMAA/IbHOTO BPaLLEHMS.

5. [opnoBMHa — BHYTPEHHAS NOBEPXHOCTb TOPa MEXKAY BXOAALMM U UCXOAALLMM MNOJIOCaAMMU.
BopoHKa — 061acTb BX04a OT NOJIOCA B FOP/IOBUHY. Y TOPCMOHA AB€ BOPOHKU: BXOAALLAA U UCXOAALLASA.

B 3aBMCMMOCTM OT B3aMMHOMO Hanpas/iieHUs TOPOWAANbHOMO M KOJbLEBOro BPallleHU TOPCUOHbI 6biBaloT
NnpaBoOBUHTOBbIE (MpaBble) U 1eBOBMHTOBbIE (NeBble). ECM CMOTPETb CO CTOPOHbLI BXOAALLEro Nnoakca TOPCUOHA, TO
Hamnpas/ieHMe KONbLEBOro ABWMMKEHUA BUXPA ByAeT onpeaenatb NPUHAAIEKHOCTb TOPCMOHA rPynme npasbiX UAK
NeBbiX. ITO CBOMCTBO Ha3bIBatOT MOAAPHOCTHIO TOPCMOHOB.

O6pasoBaHMe TOPCMOHA NPUBOLMT K CYLLLECTBEHHOMY M3MEHEHUIO XapaKTEPUCTUK 3PUpa B €ro NPUNOBEPXHOCTHOM
cnoe (CTeHKe BMXPA) MO CPaBHEHUIO C XapaKTepUCTMKaMK BHelHel adupHoON cpeabl: adup B CTEHKE BUXPSA
obnagaet 60/1bLLONM rPYNNOBON CKOPOCTbIO, MOHMKEHHOM TEMMNEPATYPOI N BbICOKON KOHLEHTpaLMel amepos.

CB060aHbI TOPCMOH

CBO6OAHbIN TOPCMOH HE MOXET HaXoAUTbCA B HEMOABMMKHOM COCTOAHMW. CBO6OAHbLIA TOPCMOH HayMHaer
paBHOYCKOPEHHOEe ABUMEHWE BAO/b OCM KOJbLLEBOTO BPALLLEHMA OT BXOAALLErO K UCXOAALLLEMY NOJOCY BNAOTh A0

AOCTUXKeHUA HeKOTOpOﬁ npep,eanon CKOpOCTM[Z].

B3anmoaencreme TOPCMOHOB

OKpyrKatoWwmin TOPCUOH 3dUp, B CUAY NpUCYLLEN emy BA3KOCTM, BOB/IEKAETCA B ABUMKeHWe, 0bpasys BTOPUYHbIE
npucoeguHeHHble MOTOKW. [pucoeguHEHHble MNOTOKM ONpeaenatoT XapaKTep B3auMMOAEWCTBUSA TOPCMOHOB.
BsamMmoaeictasme TOPCMOHOB XOPOLLO OMMCAHO B MHOFOYMUC/EHHbIX NybanKaumax. [na noayyeHusa AeTanbHOM
nHbopmauumn npeanarato ob6paTUTbCA K cneayowmm Hanbonee MHTepecHbIm cebiikam: [1], [2].

TOPCUOHHbIE CTPYKTYPbI - [IYySTOHbI

v v ) 2
HauBonee ycTOMYMBOI CTPYKTYpOi Ha OCHOBE TOpcuMOHOB asnseTca [ysToH. [ysToH — 3710 aysT (4Ba)
Pa3HONOIAPHbIX TOPCMOHA, KCAMMLUMXCA» TOPLAMM, T.e. BOPOHKaMM, MpW 3TOM HaMpaB/ieHWEe KObLEBOro

BpalWEeHNUA TOPCUMOHOB AO0/IKHO coBragaTb. BO3MOXKHbI ABa BapuaHTa CAMNAHWMA PA3HOMOAAPHbLIX TOPCUOHOB:
nexogAaAwWMMM  BOPOHKaMmM M BXO4AWMMM  BOPOHKaMW - pyr K 4Opyry. ZEREL ABYX BapMWaHTOB Hambonee
IHepreTn4yeCcKn BbIFTOAHbIM ABNAETCA BTOpOﬁ. AikoBnes B.B. B cBoei ny6nm<au,14v1[2] Ha3blBae€T 3TO NOJAPHOCTbIO
AYy3TOHOB, Npunyem camnaHne ncxoaAawmmm BOpPOHKamMun o6pa3yeT NONAPHOCTb NONOXUTENTbHYIO (I'I/'IIOC-AVQTOH), a



CAvNaHve BXOAALMMW BOPOHKAMM — MOASPHOCTb OTPULATENbHYI (MUHYC-Ay3TOH). B AanbHeiwem 6yaem
NPUAEPKMBATLCA AAHHOW TEPMUHONOTUN.

npaBsblit NOAOC

npasblit 3KBaTOP

npasblii TOPCMOH

———————————————— 3KBAaTOpMasibHanA

_____ A obnactb
A
. 3KBaTopuasibHaA

NNOCKOCTb

__________ LueHTpanbHasA
obnacTb

N1eBblA TOPCUOH

""" NeBbl 3KBaTOP

NIeBbl NONKOC

Puc. 2.2 — dnemeHTbl CTPOEHUA Ay3TOHa (MUHYC-AY3TOH)

B CTpoOEHMM AY3TOHOB MOXKHO BbIAEANTL Caeaytolime Hanboee CyLecTBEHHbIE 3/1IEMEHTbI (PUCYHOK 2.2):

1. JleBbin n MpaBblit TOPCUOHDI.

2. Jlesblit 1 MpaBblii NOAOCA AY3TOHA — 3TO MOJIOCA, MPOTUBOMOOKHbIE CAUMWIMMCA MOIKOCAM, COOTBETCTBEHHO,
NIeBOro 1 NpaBoro TOPCUOHOB.

3. Jlesblit 1 MNpaBblii 3KBATOPbI AYSTOHA — 3TO 3KBATOPbI, COOTBETCTBEHHO, /IEBOTO M NPABOr0 TOPCUOHOB.
JKBaTOpMaNbHasA NAOCKOCTb AY3TOHA — 3TO MAOCKOCTb CIMMNAHUA TOPCUOHOB.

5. Yé&TKoi NnnMHMKM 3KBaTOpa Yy Ay3TOHA HET, OAHAKO MOXKHO OnpeaennTb DKBATOPUANbHYO 061acTb Kak BHeLHMe
061acTn Ten TOPCMOHOB, HEMOCPEACTBEHHO NMPUMbIKAOWME K 3KBAaTOPUANbHOM MAOCKOCTU AySToHa. MHbiMK
cnoBamm — 370 061aCTb MeEXKAY NPaBbIM U 1€BbIM 3KBaTOPaMM AySTOHa.

6. LleHTpanbHaa 06n1acTb —061aCcTb BHYTPU BOPOHOK CAUMLLINXCA TOPCUOHOB.

p — o6nacTb KOHGAMKTYIOLYMX IGUPHBIX NOTOKOB

Puc. 2.3 — lyaToH B paspese (MUHYC-Ay3TOH)

Bosiblwoli MHTepec NpeacTaBAAloT 061acTU KOHOAMKTYIOWMX 3GUPHBIX NOTOKOB. BHYTpW AysTOHa Takasa obnacTb
O4HAa M pacno/ioXeHa OHa B UeHTpe AysToHa (pucyHok 2.3). KoHbAukT o6pasyetcA BCTPeYHbIMU



npMcoeamMHEHHbIMM NOTOKaMW 3dMpa B 3KBATOPMANbHOM MAOCKOCTU MMHYC-AYSTOHA. KOHOAMKTHasa cuTyaums
MOMKeT b6biTb paspelleHa TOMbKO OAHWM cnocobom — GopmMMpoBaHMEM B LEHTPE MWHYC-AYy3TOHA BTOPUYHOTO
BHYTPEHHEro NC-AY3TOHA, KOTOPbIA pa3BedeT KOHOAMKTyIoUMe BCTpedHble NoTokM. OAHAKo Takoe pelieHue
KOH}NMKTA He ABNAETCA OKOHYATeNbHbIM: B LEHTPE BTOPUYHOrO BHYTPEHHEro MAC-Ay3TOHA BO3HWKaeT 0bnacTb
KOH}NIMKTA BCTPEUHbIX FOPJOBUHHBLIX MOTOKOB. ITOT KOHGAMKT MOKeT bbiTb paspelleH nytem (popmMUpoBaHUA
TPETUYHOrO BHYTPEHHEro MMHyC-Ay3ToHa. M TaKk ganee. Ha Kakom-TO U3 ypoBHel Ay3TOH He obpasyeTtcsa, 30Ha
KOH)/IMKTa OCTaeTCa «HepaspeLleHHoM» 1 cTaHoBUTCA 061acTbio GOPMUMPOBaHUA BUXPEN.

obnacTb KOHPMKTa
npaBoro nosatca

KOPHEBOM Ay3TOH

06/1aCTb KOHPNIMKTa
3KBaTOpManbHoOM obnactu

obnacTb KOHPMKTA
NeBoro nostoca

EnnHoe HanpasneHue

{t-------->

A 4

KO/1bL,EBOrO BpalweHnAa

HpMCOQﬂ,MHeHHbIVI

BHELWHWW AySTOH

Puc. 2.4 — BHewHMe 061acT KOHNMKTHBIX NOTOKOB 3dupa
LeHTpanbHas 061acTb AySTOHa ABNAETCA HEe eAMHCTBEHHOM 061acTbio KOHGNKTA NOTOKOB 3dupa.

MpucoennHeHHble NOTOKM 3dupa BHEWHUX obnactei AysTOHA MOTYT 06pa3oBaTb BHEWHWA BTOPUYHLIN AY3TOH,
ropasgo 60nblmMX Pa3smMepoB, a TaKKe — NPOTUBOMOOKHON (MO OTHOLIEHMIO K KOPHEBOMY AY3TOHY) NMOAAPHOCTU
(pucyHOK 2.4). Mexay KOPHEBbIM W BHELWHMM Ay3TOHaMM CYLLECTBYIOT elle TPU 061acTu KOHQMKTa MOTOKOB
adupa: ABe nosspHble (CMHME 3HAYKM) M OAHA IKBATOPMAJSIbHAA (3eNeHble 3HauyKM). DKBATOpMabHAA 06sacTb

onoAcbiBaeT KOpHEBOﬁ AYy3TOH U B pa3pese 0T06pa)KBETCFI ABYMA 31IEMEHTaMMU.

PesynbTaToM paspelleHnn KOHPIMKTOB B KaXKA0M M3 NoNAPHbIX 06aacTell MOXKeT cTaTb 0bpa3oBaHMe Ay3TOHa ToM

e NoNAPHOCTU, 4YTo U KOpHeBOﬁ AYy3TOH.



PaspelleHnem KOHAUKTA B IKBAaTOPUAbHOM 061aCTU MOKET cTaTb 06pa3oBaHNe ABYX Pa3HOMONAPHbLIX AY3TOHOB,
OMNOACHIBAIOLLMX KOPHEBOM Ay3TOH MO 3KBATOPY. BAvKe K Tesy KOpHeBOro AyaToHa byaeT pacnosiaratbCa Ay3TOH
NPOTMBOMNO/IOXKHOM MNOAAPHOCTK, @ 33 HUM (4anblue OT Tena) — Ay3TOH TOM »Ke MOAAPHOCTU YTO M KOPHEBOW AY3TOH

(pncyHoK 2.5).

MonapHbIn

BHewHn" BHELHW

[AYy3TOH

KO/IbLLEBOM AY3TOH KONbLLEBOM Ay3TOH

.
" 7

'\\ BHyTpeHHUI “\vvl )/ BHYTpeHHM

\

\
\ KO/IbLLeBOM Ay3TOH V'l ¥  KOJIbLLEBOW Ay3TOH

EanHoe HanpasneHne

KO/IbLLEBOrO BpaLLeHua

MonapHbIn

Puc. 2.5 — KopHeBOW Ay3TOH M Ay3TOHbI, NOPOXKAEHHbIE B 061aCTAX KOHMIMKTA MOTOKOB 3dupa

dopmupoBaHME BHYTPEHHMX W BHELWHMX [AYSTOHOB MO OTHOWEHWIO K KOPHEBOMY Ay3TOHY YKasblBaeT Ha
onpeaeneHHyto GPaKkTanbHOCTb CTPYKTYPbl BUXPEBOIM camoopraHusaumm apumpa. CKoMbKO YPOBHEWN BAOMKEHHOCTU
6y4eT OpraHM3oBaHO BOBHYTPb W Hapy)Ky OT KOPHEBOTO Ay3TOHA, 3aBUCWUT, BEPOATHO, OT BHYTPEHHeW
KMHETUYECKOW 3HEprMn M pasmepoB 3TOrO Ay3TOHA, a TaKKe OT XapaKTepUCTUK OKpYKatlowero ero apupa —
KOHLIEHTpaL MK 1 TemnepaTypbl.

O6nacTn BCTpeYHbIX 3PUPHbLIX NOTOKOB

OpraHusauma BTOPUYHBLIX AYSTOHOB He CnocobHa NPUBECTM K MNOJHOMY YCTPAHEHMIO KOH(AMKTA BCTPEUHbIX
3QMPHbIX MNOTOKOB, M HA KAKOM-TO paKTa/bHOM YpPOBHE KOHQIMKT OCTAaeTca HepaspelleHHbIM, He
CKOMNEHCUPOBaAHHbIM. TakMe 06/1acTM He CKOMMEHCMPOBAHHOIO KOHG/MKTA MOTOKOB MOTYT CTaTb o6aactamu
dbopmmpoBaHMA TOPCMOHOB 60/iee HU3KOrO YPOBHA. ITO ByayT y)Ke TOPCMOHbI BHE CUCTEMbl (GPaKTanbHOCTU
KOPHEBOro Ay3TOHA. 3To 6yAyT TOPCMOHbI HOBOrO, MacliTabHo — bosiee HU3KOro, YPOBHA camoopraHusaumm adupa.



Utoru:

1. OcHoBOW A/1A CTpOeHWs BELLEeCTBa ABNAOTCA TOPCUOHbI — CAMOABUMNKYLLMECA TOopouaasbHble BUXpU. B
3aBUCMMOCTM OT B3aMMHOrO Hanpas/eHMs TOPOWMAANbHOMO M KOAbLEBOrO BpalLeHWIA TOPCUOHbI AeNATcA Ha
npasosuHmMosbie v 1eeo08UHMoOBbIeE.

2. Pa3sHOBWMHTOBbIE TOPCMOHbI CMOCOB6HbLI 06Pa30BbLIBATL Mapbl «CAMMAACL» BXOAALMMU NMBO MCXOAALMMU
BOPOHKAaMM C COHaNpPaB/ieHHbIM KOJIbLEBbIM BpalleHnem - JyamoHsl. B 3aBUCMMOCTU OT BapuaHTa CAUMNaHMA
OHU AENATCA Ha Ay3TOHbl NoA0XUMensHoli » ompuyamenoHoli NONAPHOCTY.

3. [lyaTOHbl 06pasyloT CTPYKTYPY (hpaKmanbHO20 XapaKTepa CTPEMACb KOMMNEHCMpoBaTb 061acTM KOHGAMKTA
BCTPEYHbIX 3PUPHbLIX MOTOKOB, YTO MPMBOAUT K OOPA30BAHUIO B/IOKEHHOW CTPYKTYPbl OYySTOHOB BHYTPU W
CHapPY»KM KOPHEBOTO Ay3TOHA, a TaK¥Ke MNapHbIX PAa3HOMOIAPHbIX AY3TOHOB B €r0 3KBaTOpPUabHOW 061acTy.

4. TnybuHa ppakmanbHocmMu (KONNYECTBO YPOBHE) CUCTEMbI BTOPUYHDBIX AYySTOHOB ONpenenaeTca aHepreTUKo
KOPEHHOro Ay3TOHA, a TaK¥Ke XapaKTePUCTUKAaMM OKPYXKAIOLWEro KOPHEBOM AyaToH adupa.

5. 06nactu He CKOMMNEHCUMPOBAHHbLIX BCTPEYHbIX 3OMPHbLIX MOTOKOB MOrYT cTaTb ob6bnactamu GOPMUPOBAHMSA
TopcuoHos cnedyouje2o ypoeHsa camoopraHusaumm apupa.

6. BosBpalasacb K MepBOMy MYHKTYy 3TUX WTOroB, caeayeT MpearosioxuTb, YTO WUCXOAHblE TOPCUMOHbLI Hblan
06pa3oBaHbl B 061aCTAX BCTPEYHbIX 3PUPHbIX NOTOKOB Ay3TOHOB 60/1€€ BbICOKOrO YPOBHA OpraHu3aumm apupa.
Llenb 3amKHynace.



3dupHaa mopponorna NGC 1512

Tenepb BepHemca K ranaktuke NGC 1512 u nonpobyem 06bACHUTL ee CTPOEHWE C TOYKU 3PEeHUs Bbille
N3N10KEHHOrO MaTepuana. [1na 3Toro Heob6XoANMO BbINOHUTL 3/1IeMEHTAPHOE AENCTBME — MbICIEHHO PAa3MeCTUTb B
ee UEeHTpe natoc-AysToH. Pasmep AyaTOHa [OMKEH COOTBETCTBOBATb pasmepy o-061acTv ranaktuku. Jns
onpeneneHHOCTU Ha30BeM 3TOT AY3TOH O-Ay3TOH.

Tenepb MbIC/IEHHO CHOPMUPYEM BTOPUYHbIE MPUCOEAMHEHHbIE BUXPU MOPOXKAAEMble O-AYSTOHOM, CTPYKTYpY
KOTOPbIX paccmaTpuBann Bbie. BTOpuuYHble BUXpM 0OpPasyrOT MUHYC-AYSTOH, PasMepbl KOTOPOro AOJIKHbI
COBMAcCTb C rpaHuUamm B-06,1acT ranakTMKKU. ITOMY AySTOHY AaANMM Ha3BaHMe B-Ay3TOH.

MPOAOMKMM MbICNEHHbIE MNOCTPOEHMA. BTOpPUYHLIA B-Ay3TOH AO0MKEH 06pa3oBaTb NPUCOEAMHEHHbIE BUXPU

cneayloLlero ypoBHS — NAKC-AY3TOH, rPaHMLa KOTOPOro AO0/IKHbI ONPeAensiTbCsa rpaHmuammn Y-06,1actv ranaktuku.,
3710 byAeT yxKe Y-AyaTOH.

3Hepl'eTMI-(a BTOPUYHbIX AY3TOHOB CYLWECTBEHHO cnabeet No OTHOLWEHMUIO K JHEPreTnKe KOpPeHHOro Ay3TOHa. Mo

3TOlM NPWYMHE MUHYC-ZAYSTOH C/eaylowero (YeTBepToro) ypoBHA MMEET oYeHb cnabble BU3yasibHble NPOSBAEHMA.
MprcBouMM emy UM &-Ay3TOH.

Cnepyet oTMETUTb TOT GaKT, YTO Mbl HE MOXKeM HabnoaaTb 3MPHYIO CTPYKTYPY HenocpeacTBeHHo. HabatoaeHuio
OOCTYNHO NI1LIb BELLECTBO, M3Aydalollee UM oTpaxkatoliee DM U3NydeHUe PerucTpMpyemoro Hamu cnekTtpa.
Mo3ToMy Heo6X0AMMO NOCTPOUTL CXEMY ABUMKEHUSA BelllecTBa, Hen3bexHo yBeKaemoro notokamm apupa.
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Puc. 3.1 — Cxema pacnosioxXeHna AysTOHOB U MX COOTBETCTBUE obnacTam ranakTnku. Cxema ABUNXXeHnA BellecTsea.

Ob6nactblo pOPMMPOBAHMA BELLLECTBA ABAAETCA LEHTP a-Ay3ToHa (pucyHok 3.1). BelwiecTBo No 3KBaTOpWanbHOM
NNIOCKOCTM Q-Ay3TOHA NonagaeT B LEHTpanbHylo o6nactb B-AyaToHa, NnoaxsaTblBaeTcA 3GMPHLIMU NMOTOKAMU U
YyCTpeMIAeTCA OT LLeHTPA HapyXy Mo ropsoBuMHam B-AysToHa. [anee BeLLECTBO CMYyCKAeTCA K 3KBATOPMANbHOM
obnactn B-aysToHa. [lOCTUTHYB 3KBaTOopuanbHOW 06nacTu B-Ay3TOHA, BELLECTBO «YCMOKAMBAETCA», CYLW,ECTBEHHO
3aMeaNsneT CKOPOCTb CBOEro ABWMMKEHWMA, HauMHAeT KOHAEHCMPOBATbCA M NPUCTYNaeT K 06pa3’oBaHUI0 3BE3AHbIX



cuctem. OAQHAKO 4acTb BellecTBa YB/EKaeTCAs MOTOKaMu 3¢upa K LEeHTpy B-AysTOHa B ero 3KBaToOpWanbHOM
naockoctu. C y4eTom KONbLEBOro BpalleHMA obpasyeTcs cnupanbHoe ABUMKEHME BellecTBa OT BHELWHUX rpaHuL, B-
obnacTu ranakTUKM K ee a-obnactu.

B 3KBaTOpMasNbHOM NAOCKOCTM Y-AySTOHa ABUXeHMe 3dupa NPOUCXOAUT MO HaMpPaBAEHUID OT  UEeHTpa K
nepudepun. CooTBETCTBEHHO, 4YacCTb BelleCTBA M3 3KBATOpPMasbHOM o0b6nactu P-AysToHa YBAEKAeTCA B 3TOM
HanpasneHun. Mo AOCTUNKEHUWM 3KBATOPMANbHOM 06nacTU Y-AySTOHa MPOUCXOAMUT KOHLEHTpauMa BeLLecTBa C
obpasoBaHMeM 30Hbl aKTUBHOIO 3Be34,000pa3oBaHUA Y-06/1acTM ranakTUKMU.

YacTb BellecTBa M3 3KBAaTOpManbHOM obnactu Y-AyaToHa yBAEKaeTCA K ero nosocam, a ganee rno ropaosuHam 6-
[y3TOHa YCTpeMAAETCA B ero aKkBaTopuasbHyto o6i1actb. OTTyAa BELWECTBO B 3KBAaTOPMaAbHOM NIOCKOCTU 6-Ay3TOHa
BbiNagaeT B 3KBaTopuasbHylo obnactb Y-gystoHa. TakMum 06pa3om, BHeWwHMEe BuAMMble pyKasa 6-06/1acTu
raNakTUKK ABAAIOTCA Pe3y/IbTaTOM aKpeLMm BelLecTBa Ha BHeLHIO 061acTb akTMBHOTO 38e34006pa3oBaHuA.

Ons obbAcHeHMA anamnTudeckon dopmbl B- 1 Y-obnacTtei, a TaKkKe NPUpPoAabl ABYX «COEANHUTENbHbIX» ClMpPanen
Y-o6nactn ranaktukn NGC 1512 HeobxoAMMmO MOHATb, YTO NpeacTaBaatoT u3 cebs ocobble o61acTu, OT KOTOPbIX
6epyT CBOE HAYasI0 M HA KOTOPbIX 3aKAHYMBAIOTCA 3TU CMMpPAsbHbIE PyKaBa. BbicKaxy NpeanonoyxKeHune, 4to ocobble
obnactu ABAAKOTCA pPe3y/ibTaTOM 3axBaTa 3QUPHOM CTPYKTYPOM TaNaKTUKM BHELWHUX [OYS3TOHOB MeEHbLUEN
3HepreTMKKU. ITOT 3axBaT MOF MPOU3ONTM eLle Ha camblX paHHUX 3Tanax ¢opmupoBaHma NGC 1512. A BHelwHue
Oy3TOHbI A0 3aXBaTa MO NPeACTaBAATb COBOM raNakTUKM ropasao MeHbLUMX Pa3MepoB.

Kak mor npoucxoamTtb 3axBaT?

MpU CTONKHOBEHUM ABYX 3OUPHO-TaNaKTUYECKUX KOHrnomepatoB A u B pasnuuHbix sHeprui (A > B), meHee
3HepreTMYHasa CTPYKTypa b paspywiaeTcs npu AOCTUMNKEHUN HENPeodoMMbIX ANA Hee 3GUMpPHbIX NOTOKOB bonee
3HEepPreTMYHOM CTPYKTYpbl A. Mpu aTOM CTpyKTypa b nnwaeTtcs Bcex BTOPUYHBIX BUXPEN, @ CaM KOPEHHOW AYy3TOH
3aXBaTbIBAETCA 3KBATOpPMasbHOW 06NacTblo Ay3TOHA KOHrnomepata A, 3HEpreTuKy KOTOpPOoro OH He cmor
npeogonetb. CopBaHHble BTOPMYHbIE BUXPW BblOpacbiBalOTCA 33 npegenbl CTPYKTYpbl A M MOTMYT MPOLOAXKMUTb
cobcTBEHHOE CyWecTBOBaHWE B BUAE MWHWATIOPHOMW rafakTUKK. oxoxe, MMEHHO TakMM OObeKTOM sBAseTcA
cnyTHUK ranaktnmkn NGC 1512 — ranaktnka NGC 1510.

OcTaeTcAa 06bACHUTD, KAKMM 06pa3omM Ay3TOH MOXKeT ObiTb 3aXBa4yeH 3KBaTOpPMUaNbHON 061acTbio APYrOro AySTOHA.

HanomHIo, 4To B 3KBaTOpPMaNbHOM 061acTK Ay3TOHA MOTyT 6bITb 06pPa30BaHbI ABa PA3HOMOAAPHbIX Ay3TOHA 0coboit
KOHUrypaLnMn: OHM OXBATbIBAOT CBOMMW TeNamu POAUTENbCKUI AySTOH MO BCEW ero 3KBaTopuanbHOW obnacTw.
[lyaTOH-}KepTBa He MOXET 6bITb B LLe/IOM BUAE 3aXBayeH 3KBATOPMA/bHbIMU AYy3TOHAaMM B CUAY TOFO, YTO NOTOKM
adMpa B ropA0BMHAX Pa3HONOAAPHbLIX TOPCMOHOB Ay3TOHA-KePTBbl — PasHOHanpas/eHbl. [0 3Toi nNpuunHe npu
3axBaTe [y3TOH-)KepTBa pacy/ieHseTcs Ha [Ba Pa3HOMOJAPHbLIX TOPCMOHA, KOTOpble «HaHW3bIBAOTCA» Ha Tena
3KBaTOPMA/bHbBIX TOPCMOHOB Ay3TOHA-3axBaTyMKa. [pn 3TOM HanpaBieHWe TOPOUAaAbHOrO BPALLEHUSA TOPCUOHOB-
KEPTB COHANpPaBAAOTCA C KO/bLEBbIM BpallEHWMEM 3KBAaTOPMaNbHbIX [Ay3TOHOB-3axXBaTuMKOB. [lpu TaKkow
OpPUeHTauun TOPCMOHOB-KEPTB UX NPUTAXKEHNE APYT K APYyry CMeHAETCA OTTa/IKUBaHUNEM. OHu BbIHYXXEHbl 3aHATb
Ha 3KBaTOPMa/ibHbIX TOPCMOHAX ANAMETPANbHO-NPOTUBOMNONONKHbIE NOMOXKEHUA. [PU 3TOM TOPCUOHbI-KepTBbl (B
cuny ceoeit npupoasl) 6yayT ABUraTbCA BAO/Ib SKBATOPMA/IbHbIX TOPCMOHOB B CTOPOHY MX KOJIbLLEBOTO BPaLLEHUA.
[BWXKEeHNe 3TO CPOLHM ABMUMKEHUIO MO OpbUTE, MO3TOMY JIOTMYHO HasBaTb TOPCUMOHbLI-KepPTBbl OPOUTaNbHBIMM
TOPCUOHaMMU.

Takum obpasom, ocobbie obnactm NGC 1512 (BeplimnHbl 60bLIKX OCel 311MncoB) obpasoBaHbl OpbUTaNbHbIMMK
Pa3sHONO/IAPHLIMM TOPCMOHAMM 3KBaTOpMasbHbIX obnactet B- u Y-gyaToHOB. Bonpoc: anstoTcs nm ocobble
061acTN 30HOM 06Pa30BaHMA BELLECTBA — OCTAETCA OTKPLITbIM. Ha JaHHOM 3Tane byaem cuMTaTb LEHTP ranakTuku
€AMHCTBEHHbIM MECTOM, rae obpasyeTcs BeLwecTBo.

Opb6uTanbHble TOPCMOHbLI MOPOXKAAOT 061aCTU NOBbIWEHHOW NAOTHOCTU KOIMYECTBA ABMMKEHMA Ha BHYTPEHHEN
CTOpoHe op6buThbl. Mo 3ToN NpUYNHe opbuTa NpUHMMaeT Gopmy anaunca.



CneayeT yTOYHWUTb, KakMm o06pa3om opbuTanbHbIii TOPCUOH MOMKET b6biTb HaHW3aH Ha 4 TOPCUOHa ABYX
pa3HOMONAPHbIX AYSTOHOB 3KBaToOpuasbHOW obnacTn. Mory nNpeasioXKutb Takol BapuaHT: opbuTanbHbIM TOPCUOH
HaHW3bIBaeTCA He Ha Bce 4 Tena TOPCMOHOB, @ TONbKO Ha [iBa M3 HUX, NMPUYEM AMaroHanbHO (pUCYHOK 3.2).
OpbutanbHblii TOPCMOH OXBaTbiBaeT CHAPYXKM Tena TOPCUMOHOB TOWM e MOJIAPHOCTM, YTO M OH Ccam, T.e. ecau
opbuTanbHbIN TOPCUOH NPaBOM MOJIAPHOCTM, TO OH OXBAaTUT CHAPYXW ABa Tena TOPCUMOHOB TOW e MnpaBoW
nonsApHocTU. Ecnm opbuTanbHbIi TOPCUOH NE€BOWN MOJIAPHOCTU, TO OH OXBAaTUT Tesla TOPCUOHOB JIEBOM NMONSPHOCTY.
TopCcMOHbI NPOTUBOMONOXKHOW MOAAPHOCTM OH OXBaTbiBaTb He OyAeT, a NPONOXKMUT CBOE TEN0 MeXKAY HUMM,
obpasoBaB He4yTo nogobHoe 6y6AMKy cCKaTtomy nocepeguMHe B (GOpMe He3aMKHYTOM BOCbMepKM. TaKas
KoHdUrypauma Hambonee HenpoTUBOPEUMBA MO COMIACOBAHMIO B3aMMHbIX 3PUPHBLIX MOTOKOB OpP6UTANbHOMO
TOPCUOHA Y TOPCUOHOB Ay3TOHA 3KBaTOpManbHOM obnacTu.

opb6UTaNbHbIM TOPCUOH

Puc. 3.2 — Opbu1TanbHbI TOPCMOH, HAHW3AHHbBIN Ha TOPCUOHBI 3KBAaTOPUaNbHOM obnacTu
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