JAYKIMs MaKCUMaJibHa B 06J1aCT! CIMPaJIbHBIX BeTBel. B cpeaneM, mior-
HOCTb SHEPrU¥ MArHUTHOTO M0Js 6JIM3Ka K IJIOTHOCTU SHEPTUU XaOTH-
Yeckux ABYKeHUi rasa (mopsaka 10712 spr/cm®). Konburypauus mu-
HMH MarHUTHON MHAYKIUM GbIBaeT KaK YHOPSAXOYEHHOH, TaK U Xa0TUY-
HOM, 3aMyTaHHOM, 0COGEHHO B 06J1aCTSIX IPOMCXOMSLIETO 3B€31000pa3o-
BaHUs (9TO OHPEREJISIETCS XapaKTePOM [ BIKEHUS Ia3a).

Ecsv He y9uTHIBaTh M3/TyYEHUS aKTUBHOTO S/Pa, TO MOIHOCTD HETEI -
JIOBOTO PaVIOU3JIy4eHHs TaJIaKTUKU IIPONMOPLIMOHAIbHA KOJTMYECTBY MO-
JIOABIX 3BE3J, TO CTh TEMITY 3Be31000pa3oBaHus. ITO OOBSICHSIETCS TEM,
YTO OCHOBHbIE HCTOYHMKH DEJISITUBHCTCKUX 3JIEKTPOHOB, POXIAIOLINX
CHHXPOTPOHHOE M3JIy4eHue (CBEDXHOBbIE 3B€3/Ibl, MACCUBHbIE 3BE3MBI C
aKKPeIUpPYOIMMK KOMIIOHEHTAMH B TECHBIX apax ), CBA3aHbI C MACCHB-
HBIMU KOPOTKOXXUBYIIVIMH 3B€3IaMH. ’

11.7. 3Be3006pa3oBaHye B raaKTHKaX
11.7.1. O6mue cBeneHus

DopmupoBaHye raJJaKTHYECKUX IUCKOB ellie He 3aBepLIMJIOCh, U IIPo-
LIECC POXAEHYSI 3BE3/L U3 MEXK3BE3HOTO rasa NMPOAOJKaeTcs. 3Be3n000-
pasoBaHKe — 3T0 HauboJiee MacLITaGHbIN MPOLECC B raakTUKax. MiMeH-
HO OH (popMUpPYyeT KOHTPACTHBIE CIMPAJIbHbIE BETBH, NOAMUTHIBAET S3HEP-
rueil Bce KOMIIOHEHTHI MEXX3Be3HOI CpelIbl, ONpeesisieT IBET U CHEKTP
raJlaKTUKU.

CTpyKTypa rajiakTUKH, ee CBETUMOCTb, XMMUYECKUH COCTaB 3Be3J U
rasa — BCE 9TO Pe3yJIbTAaT ONpPEAEIEHHOM «MCTOPUM» 3Be34006pa3oBa-
HUSI — OT Hayasia GOPMUPOBAHUS raJlaKTHKHU [0 HalIMX JHeH.

Kak u B Hameit ['asaxTuke, B APYTUX 3BE3THBIX CHCTEMAX MPSMBIM
CBUIETEIHCTBOM IPOMCXOASIIEr0 3Be3X000Pa30BaHUs SIBJISETCS NPH-
CYTCTBYE MaCCHUBHBIX KODOTKOXMBYILIMX 3Be3[ U CBA3aHHBIX C HUMU
06BbEKTOB: MOJIOABIX 3BE3MHBIX CUCTeM (CKOIUIEHMI, acconuanuit), 06-
nacreit HII, ceepxuosbix Tumna Ib/c u II. Hemocpeacrsenubie Habmoze-
HUSI OTJEJIBHBIX MOJIOABIX 3BE3/] ¥ UX TPYNITHNPOBOK BO3MOXKHBI JIMIIb JJISt
6mxaiiiyx ranaktuk. OXHAaKO B GOJIBLINHCTBE CIYYaeB O MPOMCXOMIS-
HeM 3Be31000pa30BaHMU MIPUXOAUTCS CYAUTh MO KOCBEHHbIM IMPU3HA-
kaM. K TakoBbIM, mIpeXxze BCero, OTHOCSITCS !

— BBICOKasi CBETMMOCTb FaJlaKTUKH B 3MUCCHOHHBIX JIMHUSX 00Jia-
cTelt MOHM30BaHHOTO BOAOPOAA; HanboJiee 4acTo B KAYeCTBE MHAUKATO-
pa 3Be31000pa30BaHMs MCIIOJIb3YETC UHTEHCUBHOCTD IMHUK H,y;
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— MOBBIMIEHHAs! MOLTHOCTD U3JIy4eH!sI TaJIaKTHKHY B yJIbTpaduoiero-
BOi1 ¥ rosiy6oit 061acTsX CHEKTPa, HEMOCPEACTBEHHO CBSA3aHHAS C TIPU-
CYTCTBHEM MOJIOIbIX FOPSYMX 3BE3T;

— MOBbIIIEHHAs MOLIIHOCTD u3nydenust B UK guanasone Ha gnuHax
BOJIH OKOJIO 8 MKM, IZie M3/Iy4al0T MHOTOATOMHbIE MOJIEKYJIbI TOJIMAPO-
MaTHYeCKUX yrjeBomopoznos, u B gajekom UK auanasone (FIR), rme
MaKCHMYM B CIIEKTPaX rajakTuk npuxonutcsa Ha 60-200 mkm; aTo u3-
JIydeHHe MPUXOIUT OT MEXX3BE3AHBIX MBIJIMHOK, HATPETHIX A0 TeMIlepa-
typsi 20-30 K. OCHOBHBIM HCTOYHUKOM SHEPTUM, HATPEBAIOLIEH MbLIIb U
MOJIEKYJISIPHBIi1 ra3, ABJIsieTcs roy6oe u yabTpaduosIeToBoe U3JIyYeHHe
MOJIOZBIX TOPSYMX 3Be3x. Bramu ot obsacteit 3Be3anoobpasoBaHus Clia-
Oblii HarpeB MMBUIH POMCXOAUT 32 CUET CTAPBIX 3BE3/ AUCKA; MAKCUMYM
M3JIyYeHVsI 9TON XOJIOAHOM IbIJIM PUXOAUTCS Ha oJiee AJIMHHBIE BOJI-
HbI, COOTBETCTBYOIIME 60JIee HU3KOI TeMIepaType;

— MOBBIIIEHHAas] MOLIHOCTD TEMJIOBOTO U CMHXPOTPOHHOIO U3JIyye-
HUsI B PaIVIOKOHTHHYYMe; 002 KOMIIOHEHTA PAIUOM3JIYUYEHUS CBA3aHbI
C aKTMBHOCTBIO MAaCCHUBHBIX 3Be3[], HArPEBAIOMIUX a3 ¥ MOCTABJISIIOIMX
PENIATUBUCTCKUE 3JIEKTPOHBI B MEXX3BE3AHYIO CPEAY;

— HOBBIIIEHHAs] MOLUIHOCTh DEHTTEHOBCKOTO M3JIy4eHUs AUCKA, CBsI-
3aHHas C TOPSYHM Ta3oM.

Mexay norokom B suauu H,, motokom B ganekom WK nuama-
30He, a TaKXke TEMJIOBBIM Y HETEIJIOBBIM PAJHUOU3IYYEHNEM CYIIECTBY-
10T TeCHBbIE KOPPEJALMH, OATBEPXKAIONIUE, YTO HOHM3AMS a3a, Ha-
IPEB MbLIX U 06pPa30BaHME PEJISITUBMCTCKHMX 3JIEKTPOHOB MMEIOT OIMH
HCTOYHUK: aKTMBHOCTb MAacCHBHBIX 3Be3l. K coxaneHuio, ucxoas us
MHOTOYHUCJIEHHBIX, HO KOCBEHHbIX NTPU3HAKOB CYHIECTBOBAHUS MaCCHB-
HBIX 3Be3/l, HEBO3MOXKHO IMOJIyYUTb HEMOCPEACTBEHHO KOJIMYECTBEHHYIO
OLIEHKY TeMITa 3Be31000pa3oBanus (st KpaTkocTy o6o3naunm ero SFR),
MOZ KOTOPBIM MOHKMAIOT CYMMapPHYIO MacCy BO3HUKAIOMIKX 3Be3/ B pac-
yere Ha oguH rof. [lns xonwuectsenHoit ouneHkun SFR nHeobxomumo
HUMETD OIpelieJIEHHYIO MOJIEJb «II€PEKAYKy» 3HEPTUU MOJIOABIX 3B€3/ B
U3JIy4eHME B TOM WK MHON 00J1aCTH CIIEKTPa.

Temn 3Beanoobpa3oBanusi SFR = dM, /dt onpenensier noHyo Mac-
CY POKAAIOUIMXCS 3Be3[ B €IWHHUIY BPeMeHU. Ero MOXKHO paccyuTaTh
KaK JIJIst 3B€3J BCEX MACC, TaK U TOJIBKO JJISi MACCUBHBIX 3Be3J, C KOTOPBI-
MM CBsi3aHbl HabJI0aeMble MHAMKATOPHI 3Be3aoo6pa3oBanus.. Hampu-
Mmep, SFR, onpeneseHHbIi MO SMUCCUOHHBIM JIMHHUSIM, OTHOCUTCS TIpe-
ymymectBeHHo k O-3Be3gam, mo FIR-uanyyenuio — k 3Besgam B 60-
Jiee HIMPOKOM HHTepBaJIe Macc (3Be3m>1 kiaccoB O—B—-A). Yro kacaercst
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3Be3/I C Maccoil MeHb1le cosHeyHol (M < M), To OHM HACTOJIBKO c1a6o
MPOSIBIAIOT cebsi IPU POKIEHUHM, YTO BKIIOYUTD UX B oLieHKY SFR Moxk-
HO JIMIIBb IMyTeM SKCTPAINOJISALMK pacnpenesieH)si OTHOCUTEIBHOTO YHCa
3Be3/ 10 Macce, TO €CTh OLEHUBast WM NMPUHUMAasl ONpelesieHHbIi BUI
(yHKIMYM pacrpenesieHHsT MaCC MOJIOABIX 3Be3J, Ha3bIBAEMOW Hadajb-
Ho dyukiumeit macc (HOM). B mupokom uHTepBasie 3B3HBIX MacC
H®M xopoi1o omuchIBaeTcst CTeNeHHbIM 3aKOHOM dN ~ M ~%*dM, rae
a~23+2.5.

Taxum obpasom, s onenku SFR npuxonurcs MCXOTHTb U3 HEKOTO-
pO¥t MoZesy 3B€3MHOr0 HaceseHust. ICXOmHBIMU JaHHBIMM IIPU [IOCTPO-
€HUM MOZEJIU SIBJISIIOTCS CIEKTPhl ¥ CBETUMOCTHU 3Be3[] B 3aBUCHMOCTH
OT MX BO3PacTa, MacChl M XMMUYECKOTO COCTaBa, a Takxe opma HOM.
Bosbiiyio npobsieMy mpu 3TOM NPEACTABIISIET YYET MOIJIOMEHUS U3y~
4eHusl, KOTOpoe 0cobeHHO 3HauuTeNbHO B Y D obsactu cnekrpa. B aTom
OTHOWIEHUN Haubosiee HaLeXXHBIM TpeacTaBisiercs oneHka SFR mo mo-
JeJIMPOBAHUIO Bcero criekTpa rajaktuku — ot Y @ go FIR, umm o onen-
KaM CBETHMOCTH TaJIaKTHKM B IBYX MHTepBasax crekrpa: B YO guana-
3oHe u FIR, nmockonbKy Best moriiomeHHast sHeprust Y @ sydeil «BbIcBe-
yuBaercs» B gaynekoM UK nuanasore.

OueHK NOKa3aTesell 1{BeTa ralakTHK TaKXKe MOTYT OBITh HCIIO/IB30-
Baub! A1 u3MepeHus SFR. Oxnako, NOCKOJIBKY IIBET 3BE3XHOTrO HaceJe-
HUS 3aBHCUT HE TOJIBKO OT KOJIMYECTBA MOJIOABIX 3Be3/, HO U OT 3Be3]
6oJiee cTaphIx, 31eCh TPeOYETCs MCMOIb30BAHIE METOAA BOJIIOLMOHHO-
ro MOZIeTMPOBaHus. MeTox 3aKiI04aeTcsi B MOAEIMPOBAHUY CIIEKTPA ra-
JIAKTUKH, KOTOPHBII pacCCMaTPUBAETCS KaK CyMMa CIIEKTPOB 3Be3[ pas-
JIMYHOTO BO3PacTa X MacChl CO CTaTUCTUYECKMM BECOM, DaBHbIM OTHO-
CHTEJILHOMY BKJI2Zly STHX 3Be3/l B WHTEHCUBHOCTb M3y YeHNs 3BE3QHOI
CHUCTEMbI Ha BbIOPAHHOI A/IMHE BOJHBL.

MMmeromuecs oneHKY MOKa3bIBAIOT, YTO TUIIWYHbIEe 3HayeHUs1 SFR B
raJJakTHKaxX CoCTaBaAl0T 1 <+ 10Mp/ron mis CiMpa/ibHBIX FajlaKTUK U
< 1Mg/ron nns ranaktuk E-SO (32 oyeHb penKUMM UCKIIIOYEHUSIMHU).
Cpasrenue orieHok SFR, BEIMONHEHHBIX Pa3/IMYHBIMU METOLAMM U pas-
JIMYHBIMH aBTOPAMM, IIOKA3BIBAET, YTO OHU MOTYT OTJIMYAThCS B 2—3 pa-
3a, KaK [TPaBUJIO, BCJIEACTBYE IDUHATHS B MOZEJIbHBIX PacyeTax pasJiny-
Heix HDOM, pasnuyHbIX 3BOTIONMOHHBIX TPEKOB 3B€3/I U UCIIOIb30BAHUSA
Pa3IMYHBIX CMIOCOOOB OLEHKH MOIJIOWEHHs uanydenust. CleLyer Takxe
HMeTb B BUAY, 4TO BesimurHa SFR 3aBUCUT OT MPUHSATOrO PacCTOSTHUSA A0
raJIaKTUKY, IOCKOJIbKY 6a3upyeTcst Ha U3MEPEHUU €€ CBETMOCTH B TOM
YT UHOM cnex*rpémmom unTepBase. Ho gasxe ecu Gbl OLIEHKH, BBINOJ-
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HeHHblE Pa3/JMYHbBIMKM METOAAMH, ObLIM a6COJIOTHO TOYHBI, OHU BCE PaB-
HO He COBMajy Obl IIPU MCIOJIb30BAHUK PA3JIMYHBIX MHAMKATOPOB 3BE3-
noobpasoBanus. Tak, ”HTEHCMBHOCTh SMUCCHOHHBIX JIMHUIA U TEIJIOBO-
rO PagMOM3JIyYeH sl ONPENEISETCs] KOJMYECTBOM Hanbosiee MaCCUBHBIX
3Be3[l ¥ JaeT <«TEKYIIMi» TeMII 3Be31000pa3oBaHusl 3a CPEIHUN MHTED-
BaJl BpEMEHH B HECKOJIbKO MUJUIMOHOB JieT, Y D u3siydyeHue 3aBUCUT OT
MIPUCYTCTBUS 3BE3] C BO3PACTOM B HECKOJIBKO JECSITKOB MUJUIMOHOB JIET,
a nanexoe VK uanyyenue, koropoe Takxke orpaxaer SFR B Habmona-
eMy10 310Xy, 06YCJIOBJIEHO HE TOJbKO CAaMbIMM MaCCUBHBIMM 3BE3IaMH,
HO ¥ 3B€3[IaMU YMEPEHHBIX MACC, II0ITOMY OLEHKU L p p XapaKTePU3YIOT
TeMn 3Be3f006pa3oBaHus 3a nocaeqnue =~ 108 ner. Yto kacaercs «ro-
ny6bIx» Mokasaresei uBera (B-V, U-B), To 31ecbh BpeMsi yCPETHEHUS
~ 10° ner. IToaroMy, cpaBHMBasI pa3/MyHble METOADI OLEHOK dM, /dt,
MO’KHO TOJIYYUTh HH(POPMaIHIo 06 HCTOPUH 3Be31000pa30BaHuUsI.

11.7.2. ®duauyeckue nNpoueccsl,
ynpasJisiomue 38€31000pa3oBaHneM

3Be3no06pa3oBaHye HOCUT XapaKTep JIOKAJbHBIX BCIbILIEK, AOCTa-
TOYHO KOPOTKMX MO BpPeMeHM (IPOLOJIKUTEIBHOCTHIO OT HECKOJIBKHMX
MMWIJIMOHOB 0 HECKOJIbKMX HECSITKOB MWJIJIMOHOB JieT). Makcumass-
HbII pa3Mep obacTei 3Be31006pa30BaHysi COCTABJISIET HECKOJIBKO COTEH
napcex. CucTeMsl Takoro Macumraba HOCST Ha3BaHME MOJIOABIX 3BE3A-
HbIx komiutekcoB (0. H. E¢ppeMoB) u npucyTCTBYIOT B rajlakTHKax BCEX
TUIIOB, B KOTOPbIX TPOMCXOAUT 00pa3oBaHue 3Be3/. Bblaensorcs KoMm-
IJIEKCHI TJIaBHBIM 00pa3oM mo KoHueHTpauuy OB-3Be3n 1 Mex3Be3HO-
IO rasa, ¥ B OQHOM raJJaAKTHKE UX MOXET OBITb HECKOJIBKO AECSTKOB.

3Be3aHble KOMIJIEKCH! OYeHb HEOJHOPOAHBI MO MJIOTHOCTH, U BHYT-
PU HMX BBIZEJAIOTCS 60siee MeJIKYe CKOILIEHUST MOJIOABIX 3BE3/ U aCCO-
nuanuy. Kak nokaspiBaior HabogeHUs G/ypkailinx raakTUK, BHYTPU
KOMILJIEKCOB, MO-BUAMMOMY, MOTYT 00Opa30BbIBAThCSI HE TOJIBKO 3BE3[-
Hble TPYNIUPOBKY, HO U OJVMHOYHbIE 3Be3/Ib, HE BXOASIIME HU B KaKye
CKOILJIEHMSI.

3Be3qHble KOMILIEKCH, LEJIMKOM OXBayeHHbIe 3Be31000pa3oBaHyEM,
BCTPEYAIOTCS1 OYeHb pefko. X MpHHATO Ha3bIBaTh CBEPXacCOMHanus-
mu. [Ipumeps! cBepxaccoauuanuii: kommiaekc 30 Doradus B Bosbiom
Marennanosom O6naxke, rae HaxonuTcs obaacts HII rurantckux pas-
MepOB, KOTOpas fake mosiydnna cobcrBenHoe umst («TapaHTyis), u sp-
yaiiiasi YacTb CIIUpaIbHON BeTBU TyMaHHOCTH AHAPOMENH, BOIIEAIast
B karajor NGC kax otaennHbli 06bekT (NGC 206). Eciin MoHO 6b110
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GBI IEPEHECTH OTAEBHO B3STYIO aCCOLMALMIO B MEXTATAKTUIECKOE TIPO-
CTPAHCTBO, TO ATOT 06bEKT 6bLI GBI KJIACCU(PUIMPOBAH KaK KapJIUKOBas
HeNpaBIIbHAS TAIAKTHKA CO BCIBIIIKOI 3B€31000pa30BaHusl.

3ameTuM, 4TO 3Be37000pa30BaHKE B CBEPXACCOLMALUSIX TIPOUCXOMUT
BCE-TAKH HE BIIOJIHE OZHOBPEMEHHO: OOBIYHO TPYNIUPOBKM MOJIOABIX
3Be3/l BHYTPH HUX UMEIOT Pasbpoc BO3PACTOB MOPSIAKa MUJIIMOHA JIET.

Co 3Be3qHBIMM KOMIUIEKCAMH aCCOLIMMPYIOTCS TUFAHTCKUE [a30Bble
KOMILJIEKCHI, PacIosiaraioiyecs (B CIUPAJIbHBIX [AJaKTUKAX) IPEUMY-
LIECTBEHHO B CIMPaJbHbIX BETBsiX. Macca rasa B HuX mopsiaka 107 Mg,
YTO MPEBBIIIAET MACCY TEX 3B€3/I, KOTOPbIE OHU MOPOXAaIoT. ['a3 Habro-
JaeTcs1 Bo BeeX pOpMax — OT XOJIOXHBIX MOJIEKYISPHBIX 06/I2KOB [0 TTOJI-
HOCTBIO HOHU30BaHHBIX Obacreit. C10XKHbIN XapaKTep 3Be31006pa3oBa-
HUS B KOMIUIEKCAX CBSI3aH C UX HEOZHOPOAHOCTHIO: PAaclpeesieHUe ra-
3a HOCUT MepapXUYeCKuii xapakTep, Koraa Mejkue (1 Gosee MIOTHbIE)
CTPYKTYpHble 06Pa30BaHUs ABISIOTCS 4aCThI0 GoJiee KPYMHBIX (U paspe-
XEHHBIX), & T€, B CBOIO 0Y€Pe/b, YACThIO ellle 60JiIee KPYIMHbIX CTPYKTYP.
Hau6onee norHble 06pa3oBaHusi GBICTPeE OCTHIBAIOT, CTAHOBSITCS IPa-
BUTALMOHHO CBSI3aHHbIMM Y HEMPO3PAYHBIMY IJIsI U3JTyYEHHUS], HATPEBA-
tomiero raa. I1o Mepe 3aTyxaHusi BHyTPEHHUX TYPOYJIEHTHbIX ABUKEHUH
caMble IUIOTHBIE 06J1aCTH Fa30BBIX KOMILJIEKCOB COKUMAIOTCS, HENATCS HA
MOJIEKY/ISiPHBIE 00J1aKa U TOPOXKAAIOT 3BE3/bL.

Yepes HECKOJIBKO AECATKOB MUJUIMOHOB JIET I10CJ/IE Hayasla 3Be31006-
pasoBaHusi 6oJiblLIast YaCTh ra3a YXOAUT U3 KOMILIEKCa, HanboJiee sipKue
3Be3/Ibl FACHYT, HEYCTOMYMBBIE 3BE3AHBIE CUCTEMBI PACTIALAIOTCS, U KOM-
TJIEKC «PaCcTBOPSIETCsi» cpeau Gosee cTapbix 3Be3st. Cuntaercs, 4To 6071b-
1asi YaCTh 3Be3/[ AMCKA — 3TO YCIEBIIMe MIOCTAPETh U <IePeMelIaThCS»
3B€3/bl HEKOT/[a CYLIECTBOBABLIMX ¥ PACMABIIMXCS 3BE3HBIX CUCTEM.

Takum 06pa3oM, IPOLECC TPEBPALEHNS ra3a B 3Be3bI MOXKHO YCJIOB-
HO pa3fieInTh Ha HECKOJIbKO 3TanoB: (hOPMUPOBaHKE KPYHMHOMACLITAG-
HBIX Ta30BBIX KOMIUIEKCOB, MOSIBJIEHHWE B HUX IPABUTALIMOHHO CBSI3aH-
HBIX MOJIEKYJISIPHBIX O0JIAKOB, CxaTue HauboJiee IJIOTHBIX 00/acTell B
o671aKax 0 BOBHUKHOBEHUsI 3Be3]l, HATPEB ra3a MOJIOABIMH 3BE3laMy U
BCTBIIIKAMU CBEDXHOBBIX M, HAKOHEILl, YXOJ Ia3a; MPMBOAALIMIA K Ipe-
KpallleHUI0 3Be31000pPa30BaHuUs U PACNaly «PHIXABIX> 3BE3AHDBIX CUCTEM.
IIpoao/KUTENBHOCTD MEPBOTO 3TaNa COMOCTABUMa C MEPHUOAOM 060po-
Ta BOKDPYT LIEHTPA FaJaKTUKY (MM CO BPEMEHEM IMEPECEYeH s POMe-
XKYTKa MEXIY CupasmMu) — okoso 108 siet. Pas HauaBWIKCh, aKTUBHAS
¢asa 38e31006pa30BAHMS AJIUTCSI HECKOJIBKO JECSTKOB MUJUIMOHOB JIET.
HakoHel1, NPMMEPHO TaKoe ke BpeMsi TpeGYeTCs ist Pa3pyIEHUs: KOM-
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YaapHbuie BONHb!
Tennosas HeYCTOWYUBOCTb
IpaBUTaLMOHHaA HEeYyCTONUMBOCTL

Pa3pexeHHbH ras

ras,
cHpoLeHHbI}
38€342MK

['a30Bbie KOMIMNEKCHI

O

[

Monoawve 3pesaHbIe pae. cBA3aHHbLIE
CKOMAEHNs MOneKynspHele

obnaxa

Puc. 11.10. Cxema 3Be31006pa30BaHus B rajlakTHKAX.

nnexcos’ . ITpu aTom 3Be3006pasoBaHue, 3aBePUIMBIIMCE B OHOM 0612~
CTU FaJIaKTHKHU, MOXET, MOPOKAasl BOJMHBI CXKATUA B ra3e, yCKOPUTH Ha-
4aJI0 TOTO e IPOLIecca B COCEAHUX 00JIaCTsX ANCKA.

CJ10KHOCTD CO3RaHMs PU3NYIECKON KapTHHBI MPOLECCa 3Be31006pa-
30BaHUSA CBsI3aHa C ABYMA (paKTOpaMu: BO-TIEPBBIX, C €70 3aBUCHMOCTHIO
OT MHOTMX NTapaMeTPOB ra30B0ii cpexbl (IJIOTHOCTD, IaB/IEHUE, XUMMYe-
CKMI1 cOCTaB, MarHUTHOE I10JIe, MOMEHT UMITYJIbCA, XapaKTep U CKOPOCTH
BHYTPEHHUX ABM)XXEHMIT), a BO-BTOPBIX, C CyIleCTBOBaHUEM (M CJIOKHO-
CTIO pacyeTa) oOpaTHOM CBs3U B cUCTeMe ra3d—3Be3[bl—ra3, 00yCJI0B-
JIEHHO} BO3/eiCTBHEM IOSIBUBIIMXCSI 3Be3[ Ha ra30BYIO CPeLy, B KOTO-
poit onu poxnaarorcsi. IIpuuem aTa obpaTHast CBs3b MOKeT OBITh KaK 1o-
JIOXKUTEJIbHOI (CTUMYINpPOBaTh 06pa3oBaHye 3Be311), TaK U OTPULIATE/b-
HOH (TOPMO3UTDH 3TOT NPOIECC), BCE 3aBUCUT OT COOTHOUIEHHUSI MEXIY
TEMIIOM Tlepela¥il SHEPTUH Ta3y U CKOPOCTBIO €T0 OCTHIBAHMS. OcHos-
HO# «KaHaJI» 06PaTHOI CBA3M — 5TO B3PHIBHI CBEPXHOBBIX ¥ PaCIIMPeHHe
HX Fa30BbIX OCTAaTKOB. B3pniB onHO# cBepxHOBO# TUMNa II npuxoauTcs Ha
HECKOJIbKO COTEH BO3HUKIIMX 3Be3/l. ITO 03HAYAET, YTO YePe3 HECKOIbKO
MUJIJIMOHOB JIET NOC/Ie Hayasla 38e31000pa3oBaHUs B MOJIOZOM CKOILIe-
HUM WY KOMILJIEKCe mpousoiaer cepust Benbiniek. CyuiecTBeHHas 401
3HEPTUHY, BbIAEJISIOMAsICS IPY B3PbIBE CBEDPXHOBOI, EpeiaeTcsi OKpyxa-

7Tem e MeHee, Cliabble Cebl KOMINIEKCOB MOXHO NPOCTIEAUTD B TeYEHHE 3HAYUTE b-
HO GOJIbILIEro BpeMEHH — MO MOBbIIEHHOH KOHLEHTPALUM yXKe: HE CBSI3aHHBIX MEXKAY CO-
60i1 3Be3 CXOHOTO BO3pacTa, Hanpumep, Ledens.
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foleit cpeme. B utore BO3HUKAIOT pacliypsomuecs: 06J1aCTH FOPAYEro
Pa3peKeHHOro rasa ¥ yAapHble BOJIHbI, PACIPOCTPAHSIIONINECS [0 MEX-
3BE3[HOMY rasdy. ITU yAapHble BOJHBI UTPAIOT POJIb OJIOKUTENIBHOM 06-
PaTHOIA CBsI3Y B IIPOLIECCE 3Be3M000pa30BaHMsI — OHM CXKUMAIOT CPaBHU-
TENBHO IUIOTHBIE YYACTKH ra3a, yCKOPsisi MX OCThIBAHME M AajibHejillee
CoKaTHe, CTUMYJIUPYs TEM CaMbIM poXaeHue 38e3s. OLHaKO OYeHb MOIII-
Hasi BCIBIIIKA 3Be3006Pa30BaHus MPUBOAUT K MHOMY: OHAa HarpeBaeT U
BbIOPACHIBAET ra3 U3 KOMIUIEKCA ¥ TO3TOMY cama celsi racur.

Taxum 06pa3oM, 3Be311000pa30BaHue ABJSAETCS, 0 PACCMOTPEHHBIM
BbIlIE IPUYMHAM, CAMOPETrY/IUPYIOIUMCS TTPOLIECCOM: OH MOXKET GBITh
CaMOTOAKEPKUBAIOLIMMCSI, HO OY€Hb BBICOKAsi aKTUBHOCTb MOXET CO-
XPaHUTBCS JIMIIb Ha KOPOTKOE BpeMsi M3-3a Harpesa rasa M €ro yxo-
na u3 obsiacTH 3Be31000pasoBanys. Y MEHbIIEHUE KOJMYECTBA MOJIOABIX
3Be3/I, B CBOIO OYepe/Ib, yMEHBIINUT ¥ Harpes rasa. Temmeparypa rasa Hay-
HET NaJaTh, BHYTPEHHHUE IBUKEHUS] — 3aTyXaTh, TaK YTO TJIOTHOCTD ra-
3a Gyner BO3pacTaTh, IPUBOAS, B KOHEYHOM CYeTe, K HOBOMY BCILJIECKY
3Be31000pa3oBaHus. B loKaibHBIX 06J1ACTAX TaJaKTUK UK B KapJIMKO-
BBIX TaJAKTHKax 3Ta 00paTHasi CBA3b MOXeT 00YyCJIOBUTH aBTOKOJIEDA-
TEJIbHBIA PEXXUM 3B€3L006Pa30BaHUs. '

B Takux rajakTHKax Kak Hauia, ras, 6arogapsi moJjyyeHHOH aHep-
CUM, MOXET YAAISTHCS OT MJIOCKOCTHU VMCKA Hal JIOKAJIBHBIMU 00J1aCTs-
MM 3Be31000pa30BaHUA HA COTHU MapCEK, 3aT€M OH YaCTUYHO OCTHIBAET
Y MaJaeT Ha3aj K JIOCKOCTH /MO0 CMEMINBAETCS C TOPSYUM ra3oM rajo,
XOTSI M He MIOKUAET ralakTUKY. Ho B Kap/IMKOBbIX ra/IaKTHKAX IPH MOLLL-
HbIX BCIBIIIKAX 3Be31000pa30BaHusl HAOIIOAAETCS HHTEHCUBHBIM OTTOK
MOHM30BAHHOIO ra3a, HaJoJITO WJIM HaBCeraa MOKUAALIErO rajlaKTHKY,
MIOCKOJIbKY €€ Macca HeIOCTATOYHA [Jis yAePsKaHUs GBICTPBIX MOTOKOB.
IToaToMy mJisi MAIOMACCUBHBIX TAJIAKTUK HHTEHCUBHOE 3B€31000pa30Ba-
HHe MOJKeT 3aBEPIIMTHCSA MOYTH ITOJIHOH MmoTepeit rasa. Takux KapJyuKo-
BBIX FJIAKTUK, JIMIIEHHBIX [a3a, U3BECTHO JOBOJBHO MHOTO.

JloCTaTOYHO CTPOTUX KOJMYECTBEHHO PACCYMTAHHBIX CXEM, CBSI3bIBa-
IOLIMX YCJIOBUs BO3HUKHOBEHUS M XapaKTep 3BOJIOIMK 3B€31000paso-
BaHMsI CO CBOMCTBaMM ra30BO# CPebl MOKA He co3mano. OaHako Hab/o-
IEHUs Ha KA4eCTBEHHOM YPOBHE yOeauTesbHO ZEMOHCTPUPYIOT KaK 3a-
BHCHUMOCTb TEMIIOB 3B€371000pa30BaHMsA OT [JIOTHOCTH Iasa, TaK U CTU-
MYJIMPYIOLIYIO POJIb PACLIMUPSIIOUIETOCsS Ta3a B MOSIBJEHUU HOBBIX 04aroB
3Be31000pa30BaHusl.

U3 nepeuncieHHBIX 3TAaNOB CaMbIM MPOAO/IKUTEILHBIM SIBJISETCS
nepBblit (PopMUPOBaHHE PAaBUTALMOHHO CBS3aHHBIX 00JIAKOB M Ta3o-
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BbIX KOMILJIEKCOB), IO3TOMY OCHOBHbIE (haKTODBI, BIMSIOLIME HA TEMII
3B€31000pa30BaHusl, AEMCTBYIOT MMEHHO HA 9TOM HayajJbHOM OTpe3Ke
BPEMEHMU.

CaMblif BakHBII HapaMeTp, OT KOTOPOTO 3aBHCHUT MHTEHCUBHOCTD
3B€31006pa30BaHUsl — IJIOTHOCTD I'a3a B TON MJIM MHOM O6JIACTH rajsak-
THKHU. DTO 06YCJIOBJIEHO TEM, YTO C BO3PACTAHUEM IIOTHOCTH:

— ra3 ObICcTpee OCTBIBaeT, 4TO obsierdaer GopMupoBaHUE JIOOBIX
yIIoTHeHUH (0671aK0B);

— obJsiaka rasa yaile CTaJKMBAIOTCSI MeXHy CObOM, U MOCKONbKY
CTOJIKHOBEHMUSI He aBCOIIOTHO YIIPYTH, 3TO IPUBOAUT K CXKATHIO U OCTBI-
BaHMUIO ra3a, a TakyKe K YMEHbIIEHNI0 OTHOCUTEBHEIX CKOpOCTel 061a-
KOB U YCKODEHUIO UX CIIUSIHUS,

— cpeZia CTAaHOBMTCSI JIOKQJIbHO HEITPO3PAYHOM AJis YJIbTpaduosieTo-
BbIX JIy4eii (13-3a IIbLJIN ), 3KPAaHUPY4A ra3 OT UICTOYHUKOB U3JIyYeHus], a-
JIaeT ero TEMIIEPATyPa, YTO MPU TOCTATOYHOM AaBJIEHUH CPEBI YCKOPSIET
(bOpMHPOBaHHUE XOJIOAHBIX MOJIEKY ISPHBIX 061aKOB. ,

Mesxay Temnom 3Be3noobpasoBanusi (SFR) 1 mosHBEIM KOIM4eCTBOM
rasa B rajJlakTuke (MOJIEKYJISIDHOTO + aTOMapHOTO) CyLIECTBYET XOPOLIO
BbIpa’KeHHas! B3aMMOCBs3b. YeM BbIllle Macca rasa B rajJlakTHKe, KOTOpast
paBHd My ~ 1.4(Mur + Mpy,), TeM B cpeiHeM 60Jiblie MOJIOABIX 3BE3
B Heit HabmonaeTca®. OnHAKO 3Ta 3aBUCUMOCTb HOCHUT JIMIIb CTATUCTH-
JeckHii XxapaKTep: IPU TOH e Macce ra3a KOJIMYEeCTBO MOJIOABIX 3Be3/l B
Pa3/IMYHBIX FATAKTMKAX MOXKET OTIMYAThCsI 6oJiee yeM Ha MOPSLOK, 0CO-
GeHHO y KapJMKOBBIX CHCTEM, IZe 3Be31000pa3oBaHue, M0-BUAUMOMY,
HOCHUT 0COBEHHO SIPKO BBIPA)KEHHBIH BCIbIeuHblit xapakTep. CienoBa-
TEJIbHO, KOJIMYECTBO Ia3a B rajlakTHKe He SIBJISIETCS] eIMHCTBEHHBIM I1a-
PaMeTpoM, OTpeeIIONMM UHTEHCUBHOCTD ITPOIIECCa POXKAEHUS 3Be3.

PaccMOTpuM BiMsiHHME APYTUX (DaKTOPOB, CIOCOOCTBYIOIIMX POXK-
JEHUIO 3BE3J M YBeIMYMUBAOWMX 3¢ (HEKTUBHOCTD 3Be31006pa3oBaHusl.
Ion 3¢ dexTUBHOCTBIO 3Be31006pa3oBanus (3 GyaeM IMOHMMATh TEMIT
POKIEHMsI 3Be3]] B pacyeTe Ha eJUHUIY MacChl rasa:

B = (dM./dt) - (1/My) .

BennuuHa, obpaTHast 8, UMeeT pa3MePHOCTD [FOZ] ¥ 1O CBOEMY CMBICITY
SIBJISIETCSI TIPOMEXKYTKOM BDEMEHH, 32 KOTOPBIH 3amackl ra3a, eC/iv OHM He
TIONIOJTHAIOTCS, yMeHbIIAIOTCs B e pa3. OueHky [ nokasasy, YTo 3Ta Be-
JIMYMHA c1ab0 3aBUCUT OT MaCChI ra3a B TAJAKTHKAX ¥ AJIs1 CTUPAJIbHBIX

8Kos¢qmunen'r 1.4 yunrsiBaer cojiepakaiive rejivist M GoJiee TIKeNbIX 2J1EMEHTOB.
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raJIakTHK cocTaBister ~ 102 +10~10 ner—!, xoTs s [rr-ramakTuK oHa,
KaK IIPaBUJIO, B HECKOJIBKO Pa3 HIXKE.

Bricokas addexTuBHOCTD 3Be371006pa3oBaHus 03HayaeT Gosee biia-
TOTIPUSATHBIE YCJIOBUSL IJIsE POXKAEHUS 3Be3]l B JaHHOMN CHUCTEME, HO caMa
10 cebe He XapaKTEPU3YeT TEMIT IPOUCXOASIIETO 3Be31000pa30BaHMsl.
Eciu B raaktuke HabmonaemMoe 331006 pa3oBanme c1aboe, TO 3TO elte
He O3HayaeT, 4To ero 3¢ ¢eKTUBHOCTb HNU3Ka; BO3MOXKHO, YTO B FaJIaKTHU-
K€ BeCh ra3 yoxe IIOYTH MCYEPIaH.

INosicHuM 3TO Ha MPOCTOM IpHMepe.

IIycts apdexTrBHOCTD 3B€37006pa3oBanys (3 He MEHSETCS CO Bpe-
meneM. Torza, ¢ yyeToM Toro, 4To 3Be3/(bl 32 KOPOTKOE BpeMs (110 CpaB-
HEHHUIO CO BpEMEHEM MCYEPIaHUs rasa), BOSBPAIAIOT B MeX3BE3LHYIO
CcpejLy 4acTb CBOeit Macchl (110 onieHkaM r = 0.3—0.4%), 6ynem umers: '

dM, dM; 1 | .
& =@ 1-r- Mo (11.36)

OTKyZa
d(nM,) _
a
Wnrerpupys ypaBuenue no BpeMenu ot 0 1o T', rne T — BO3pacT AMCKa,
¥ CuMTad, 4TO B Havase sBosonuu ¢ = 0 BeCh AUCK ¢ Maccoit My 6bin
ra3oBbIM, ITOJIyYaeM JJIsI «TeKylero» BpeMenu t = T

dM.

_B(1 7). (11.37)

= BM,(T) = BMyexp[—B(1 — r)T). (11.38)

O6o3nauum S, sennyuny (1 — r). Ilonyyennas 3aBucumoctb SFR
oT (3, mpoxoaut yepe3 MakcUMyM (dMy/dt)maz = Mg/eT(1 — r) pn
Br = 1/T (cm. puc. 11.11). 1o 03HAYaET, YTO €M HabIIOLAaeMBIii BO3-
pact aucka ranaktuku T < (71, To yeM Bbiuie 3, TeM UHTEHCUBHee 00-
pasoBanue 3Be3n. OHaKo, eciiv Bo3pacT AuckKa rajaktuku T' > G 10
CUTyalus CTAHOBUTCsI 06paTHO. B aToM ciydae, yeM Bbiine 3¢ ¢dexTuB-
HOCTb 3B€3006pa30BaHus, TEM HIDKE €0 COBPEMEHHBIE TEMIIbI, OTHe-
CEHHbIE K TIOJIHOM Macce aucka My, ¥ IpUYKHA 3TOTO B TOM, 4TO 60JIb-
1Iast yacTh rasa yoke Iepelwia B 3Be3abl. B Touke Makcumyma 3, = T2,
Y COOTBETCTBYIOLIast OTHOCUTEIbHAsI MAacca ra3a B IUCKe COCTABUT

(%) — exp(=B,T) = e~ ~ 0.37. (11.39)
mazr

99Ta BeIMUMHA 3aBUCHT OT HayasIbHOM GyHKIIMU Macc 3Be3z,
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Puc. 11.11. 3aBucuMocTb Temma 3Be31000pa3oBaHNsi, HOPMUPOBAHHOTO HA IO~

HYIO Maccy aucka, oT adbeKTHBHOCTH 3Be31000pa3oBanus (G st GUKCUPOBaH-

Horo Boapacta 3e3fibl T ~ 1010 ner npu ycnoBuu, uTo § He MeHsIeTCA CO BpeMe-
HeM. PasamepHocTsb o obenm ocam 10~° ner ™.

B GosbuIvHCTBE TaJIakKTMK OTHOCUTEJIBHASI MAcca ra3a B AUCKE MEHb-
ue e~!. 3amenuB oTHoueHue My/M, OTHOLIEHHEM IMOBEPXHOCTHbIX
IJIOTHOCTeH 0g/04, MOJIy4yaeM TOT JKe BBIBOX — €CJIM JOJIS ra3a MeHb-
me e~! = 0.37 (a 910 crnpaBeasMBO A1 aBCOMOTHOrO GOMBIIMHCTBA
CIMPAJIbHBIX I'AJIAKTHK) U TIPU 3TOM (3, MOXKHO CUUTATbh IOCTOSIHHOI, TO
yeM BbI1e 3pPeKTMBHOCTD 3Be3000pa30BaHMs, TEM HUXE ero Habmona-
eMble TEMITHI B Pacy€eTe Ha eAMHUILY TOBEPXHOCTHOMN MJIOTHOCTH JUCKA.

OTa 3aBeIOMO YIPOLIEHHAst MOAE/b HBOJIOLNY AUCKA FATAKTHKHU MO-
KasbIBaeT, YTO MEXAY TEMIIOM 3Be3Ko00pa3oBaHusi, ero addeKTuBHO-
CTBIO U OTHOCUTEJIbHBIM COREP:KaHHEM Ta3a B AMCKE HET OQHO3HAYHOTO
COOTBETCTBUSL.

IIpennonoxerne o NocToAHCTBe 3¢ HeKTHBHOCTH 3Be31006pas3oBa-
HUSI MOXKET He BBIIIOJIHATBCH, €CIM YCJIOBUS 3BE3000pa30BaHUsT CUIIb-
HO MEHSIMCD B IIpornecce aBosonnu. [ToaToMy B 0611eM ciyyae uctopus
TraJaKTHKM MMeeT GoJlee CI0XKHBIit XapakTep. CaMblit BaxHbI (akTOD,
KOTOPBbI HE yYUTHIBAET PACCMOTPEHHA BBIIE MOZEJb, 3TO AKKPELMs Ia-
3a Ha JMCK, KOTopas Mo/KHa 6bl1a GITh 0COBEHHO CHIIbHOI Ha CTafuu
dopmupoBanus aucka. B To ganexoe BpeMst Macca raJlakTUKH POCJIa KaK
Sttt £ ey SRR SRR
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3a CYeT BHIMAJAHUA Ha Hee MEXTaJJaKTUYECKOTO ra3a, TaK M 3a CYeT Io-
IJIONIEHUS] CIIYTHUKOB WJIM C/IMsIHUS GOJiee MEJIKMX TajlakKTUK B €UHYIO
cucremy. CoBpeMeHHbIE TEMITbI aKKPELUM Ha TalaKTUKH, TOA06HbIE Ha-
11eit, He PEBOCXOAAT HECKOIbKUX Macc COJTHIA B TOJ, YTO, OXHAKO, CO-
MOCTaBMMO C TEMIIAMHU 33e3noo6paaoBaHpm B HUX.

J1Ba OCHOBHBIX (aKTOpa, KOTOpBIE IPUBOAAT K BO3PACTaHMIO ddex-
THBHOCTH 3Be31006pa30BaHysl Ha JAHHOM PAacCTOSIHUM OT IeHTpa:

, @) HaJIM4Me YAApHBIX BOJH (MJIM IPOCTO CHJIBHBIX BOJH CXKaTHUs),
YBEJIMYHMBAIOIIMX [UIOTHOCTD Ta3a U, KaK CJIEACTBUE, YCKOPSIOIIUX €ro
oxJIaxieHue, o6pasoBaHye U CKaTHe XOJMOMHBIX 06IaKOB, a TAKXKe

6) rpaBUTaMOHHAs HEYCTOWYMBOCTD Ta30BOTO CJIOA.
Oba atu ¢axTopa OTBETCTBEHHBI 3a MOBbILIEHNE 3(DGHEKTUBHOCTU
3Be31006pa30BaHUs B CIMPAJIbHBIX BETBSAX FAJIAKTHK.

11.7.3. Boansl cxxaTus

B Menkux Macimtabax (COTHY ITapceK) YAApHbIE BOJIHBI, CXKUMAIOIIUE
OKDY’KAIOI!ii ra3, BO3HUKAIOT IIPU PACIIMPEHNM <IIy3bIPeil» ropsero
rasa BOKDYT MOJIOZBIX -3Be3HBIX TPYMIHUPOBOK. Pacuupsiiomuiics ras
HOJIy4YaeT HEPIUIO OT BCIIBIIIEK CBEPXHOBBIX, 3BE3/THOTO BETPA U MOHU-
3UPYIOLIETO U3JIyYEHMsI TOPSAYMX 3Be3l. 3Be3000Pa30BaHUE YCKOPSIET-
Cs1 IDY CKaTUM M MOC/IeNyIoNeM oxJaxaeHuy rasa. Ilossienne HOBbIX
0YaroB POKAEHHUS 3Be3]] B CBOIO OYepelib IOPOXKIAeT HOBbIE BOJIHBI CXKa-
THSI U CIIOCOOCTBYET PaclpoOCTPaHEHHUIO 3Be31000Pa3oBaHusI [0 ra30BO-
MY IMCKY FaJIaKTMKKM — I10 aHAJIOTHM C PaCPOCTPaHeHNeM JIECHOTO I10-
’Kapa, Tie KaKA0e ropsilee JePEBO C HEKOTOPOi BEPOSTHOCTHIO MOMXKU-
raeT cocennee. [Ipy onpeneseHHON BEPOSTHOCTU <«NOKUTa» COCEAHE-
ro ZiepeBa 1 ONpeZie/ieHHOM TeMIIEe BHIDACTaHUSI HOBBIX A€DEBbEB HOJIXKEH
YCTAaHOBUTBCS CTALIMOHAPHBII PEXUM «TOPEHUsI>. AHAJIOTMYHAS CUTYa-
1151 MOXET UMETb MECTO U MIPU PACIPOCTPAHEHMHU 3Be31000pa3oBaHus B
JOVCKaX TaJIaKTHK.

TToMuMoO JIOKaIbHBIX obJacTeil CxKaTUs rasa, B TAJIAKTUKAX PacIipo-
CTPaHSAIOTCSI KPyHOMAcCIITaGHble BOJIHBI, CBSI3AHHbIE CO CIIMPAJIbHBIMU
BOJIHAMM TUIOTHOCTH, KOTOPbIE CXMMAIOT a3, BXOJSIIUA B CIIUPaIbHYI0
BETBb, U TEM CAMBIM CUHXPOHU3UDYIOT 3Be31000pa3oBaHue BAOJDb PPOH-
Ta. B peasbHBIX TraJakTMKaXx CUJIbHAsh HEOZHOPOAHOCTb MEXK3BE3THOMU
cpenbl TPUBOAMUT K 60Jiee CI0KHOMN KapTHHE: BIOJIb CIIUPaJIH MOSIBJISIET-
Cs1 1ieJiasi CeTKa TMePeNIETAIoMUXCs HGPOHTOB CXKATHsL, KOTOPbIE BBIAAIOT
CBOE IPUCYTCTBHE POCTOM HENPO3PAaYHOCTH CPEABI C YBETMYEHNEM ILJIOT-
HocTH rasa. Ha usobpaxkeHusix raJlakTMK XOpOIIO 3aMETHO, YTO BAOJb
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CITPaJIbHBIX BeTBel (Kak ITPaBUJIO, TI0 X BHYTPEHHE KPOMKe) KOHUeH-
TPUPYIOTCSI MHOTOYHCJIEHHDIE TTbLIEBbIE IPOKMIKH.

3Be31006pa3oBaHye B CIIMPAJIbHBIX BETBSIX YCUIMBAETCS HE TOJIBKO
MMOTOMY, YTO B HUX BBIllIe IJIOTHOCTD Ta3a, HO U MMOTOMY, YTO 3G PeKTUB-
HOCTb 3Be371006pa3oBanus 3 Takxe Boiure. OnHako BozpacTaunue apdek-
TUBHOCTH IpOIeCCa B CIIMPAJIbHBIX PYKaBaX B 3HAYUTEJIbHOIL CTeleHU
KOMIIEHCUPYETCSI er0 yMeHbIIIeHNEeM MeX Iy CIMPabHBIMU BETBSIMH, HO-
3TOMY HaJIMyMe CIUPaJIbHON CTPYKTYpPHI c1ab0 OTpakaeTcsi Ha XapaKTe-
pe 3Be31000pa30BaHysl B FaJlaKTHKE B LIEJIOM.

JlomoTHNTEIbHBIM MEXaHHU3MOM, CXKMMAIOLIUM ra3 U yBeJIMYMBalo-
M 3¢ HEKTUBHOCTD 3Be31000pa30BaHysl B AUCKOBBIX TaJaKTHKax 60-
TaThIX CKOIJIEHUH, MOXET CJYXHUTb CTATUYECKOE JaBJIeHHEe CO CTOPOHBI
ropsiYero MeXraJlakKTH4ecKOTrO ra3a, OKpYsKaloliero rajakTukyu (3acos,
1974).

Y 1apHbIe BOJIHBI B ra30BOit Cpe/ie, CTUMYIMPYIOIIYe TPOIECC 3Be3/0-
00pa3oBan¥si, BOSHUKAIOT TAKXKE PU CHJIbHBIX TIPUIMBHBIX B3aMMOJEH-
CTBUSIX B TECHBIX CUCTEMax rajiakTik. Bo3aMymaliomas cusa co CTOpoHBI
61M3KOH TAIAKTUKY BHI3BIBAET HEKPYTOBBIE IBMIKEHUS Ta3a, Hen36eHo
NPUBOASLINE K POCTY AUCIIEPCUM CKOPOCTeH 0671aKOB U UX 60J1ee YacTbIM
CTOJIKHOBEHUSIM. Y CHJIEHKE TEMIIOB 3Be3/10006pa30BaHUsl B CUJIbHO B3ay-
MOJENCTBYIOMMX, 0OCOOEHHO B3aUMOIIPOHUKAIONINX, CUCTEMAX 3aMETHO
MPOSBJISIETCS] B BO3PACTAHUU MOLIHOCTHU M3JIyYeHUsI SMUCCUOHHBIX JIM-
HUU ¥ MOBBIIIEHUHU cBeTUMOCTH Lprg B ganexoit UK obnactu.

Bimxaiimas rajakTyka, DEHTP KOTOPOil OXBayeH MOIIHOM BCIIbILI-
KOii 3Be31006pa3oBanysi — HenpaBWibHasi rajaktaka M82 B Bosbmoit
Mensennue. HecMoTpst Ha ee He6oIbILYIO MacCy, TEMITHI 3Be31000pa3o-
BaHUS B Heil B HECKOJIBKO pa3 Bblllle, yeM B Haeii ['anaktuke. Ho ca-
Masi BBICOKasi UHTEHCMBHOCTD 3Be371006pa3oBanus (a Takxe ero ahdex-
THBHOCTb) HabJII0AeTCs Y B3aUMOTIPOHUKAIONIMX UM CJIMBAIOIINXCS Fa-
JaKTUK. ['a3 coxuMaeTcs B TOit 06J1aCTH, Te MPOUCXOAUT CTOJKHOBEHHUS
JBYX Ta30BbIX IUCKOB, KaK B M3BECTHOI1 cucreMe Antennae. YBenuye-
HYE IUIOTHOCTH Ta3a Y BCIBIIIKA 3Be31000pa30BaHUsl MOXKET UMETh Me-
cTo 1 Ha 6oJiee MO3AHEM 3Talle, KOTAA B pe3yJibTaTe NepepacipeneeHus
rasa GopMHUpPYeTCsl OYeHb MJIOTHBII MOJIEKYJISPHBII AUCK BOKDYT sApa
rajakTuKu. [I0BepXHOCTHAS IIOTHOCTD r'a3a B TAKUX IMCKAX JOCTUTAET
10*M /nx? (xak B usBectHol ranaktuke NGC 6240). Temns! 3Be310-
06pa30oBaHys B OKOJIOSIEPHBIX JUCKAX MOTYT U3MEPSITBCS COTHSIMH COJI-
HEYHBIX MacC B FOJl, a TEMITbI MCYEPIIAHUsI ra3a B 00J1acTsIX 3Be31006pa3o-
BaHMs — He TIpeBbIaTh 102 JIeT, YTO rOBOPHUT O HECTALIMOHAPHOCTH TIPO-
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necca. M3-3a BBICOKOIT HENPO3PaYHOCTH IJIOTHBIX Fa30MBUIEBBIX MCKOB
OCHOBHasi 9HEPIHsI FAJIAKTHK CO BCIIBILIKON 3B€31006pa30BaHUs U3/Iyda-
eTcs He B BUAUMOH, a B nanekoit UK obnactu criekrpa.

OnnoBpeMmeHHO Bbicokue 3HaueHusi § u SFR B rajaktuke cBuze-
TEJIBCTBYIOT M60 O TOM, YTO rasakTuka eme Mosogast (I' < fB71),
760 o Bembliuke 3Be31006pa3zoBanus. IlepBblit BapuaHT, B NIPUHLMIIE,
TPMEMJIEM IS HEKOTOPBIX KapJMKOBBIX TaJIaKTUK, CUJIBHO «O0GenHeH-
HbIX» METaJIJIaMH, XOTS B GOJIBIIMHCTBE CJIy4YaeB M y HUX YAAETCs Haii-
TH KOCBEHHBIE CBUETEJIbCTBA CYLIECTBOBAaHMSI CTapOrO 3BE3JHOrO Ha-
cesleHUs1 (HalpUMep, NPHCYTCTBUE B CIIEKTPE CJIENOB 3B€3X YMEPEHHO-
rO BO3PacTa WM IJIafKoe pacrpe/esieHre MOBEPXHOCTHOM SPKOCTH AyC-
Ka, Ha (DOHEe KOTOPOTO BBIAENSIIOTCS OYary NPOMCXOASIIETO 3Be31000pa-
3oBanus). [ToaToMy B 6OJIBLIMHCTBe CIy4aeB MPUYMHON BbICOKOIt SFR
SIBJISIETCSI BCE K€ BCIIBILIKA 3Be31000pa3oBaHus (T. €. KPATKOBPEMEHHOE
Bo3pacTraHue ) B cTapoii 3Be3HOI cucTeMe. 3a peqyaiiiinMy UCKITIoYe-
HUSIMH, HabJIIOIeH NS TAJIAKTHK He IPOTUBOPEYaT NPEeACTaBIEHHIO 06 ux
6osbiom Bospacte (10-13 MuIIHapaoB JieT), HE3aBUCHMO OT MX MOp-
(bos10rnYecKoro TMIa 1 HabJIIOAAEMOr0o TEMIIA 3B€31000pa30BaHMUsI.

11.7.4. TpaBuTanMOHHAA HEYCTOIKYMBOCTD ra30BOro JUCKa

Ecny Bpaumaomuiics ra3oBblii JUCK SIBJISIETCS TPAaBUTALMOHHO HEYC-
TONYMBBIM, B HEM MOTYT Pa3BMBaTbCsI KPYIHOMACIITabHble HEOAHOPOL-
HOCTH, IPUBOZsLIME K 00Pa30BaHUIO MACCUBHBIX a30BBIX KOMILJIEKCOB.
Bpamenue aucka spisiercst GakTopoM, CTaGUIN3UPYIOUIMM IUCK OTHO-
CHTeJIbHO KPYITHOMACIITaOHbIX FPaBUTALIOHHBIX BO3MYILIEHUH U TaKMM
06pa3oM yMeHbIIAIMM 3¢ heKTUBHOCTD 3Be31000pa30BaHMsI.

Kak otMevanocs Bbiue (pasaen 11.4.8), kputnueckoe 3HaYeHue 115
MOBEPXHOCTHOM IVIOTHOCTH r'a3a BO BPALAIOLIEMCS IMCKe

S Cyn
9T QG

(11.40)

[yt rajlakTUYeCKUX JUCKOB MapaMeTp YCTOHYUBOCTU (J, COCTaBJIsA-
er 1.5-2, snunukanyeckas yacTora » ~ 10~!% ¢!, a ckopocTb 3Byka
C, ~6-10 xM/c.

B 1970-e roap! BriepBbie 6bl1a BHIABUHYTA Mesl, YTO PACIpPEAesieHre
rasa B AYCKax TFaJaKTHK CJeAyeT 3aBUCUMOCTH o4 (R) (KBupk, 1972).
JanpHeiiye vcclieOBaHUs TIOKA3aJIH, YTO B FAIaKTUKAX, COAEPKALIUX
CPaBHUTEJILHO MHOTO rasa (Sbc-Irr), pacnpenenenue niaoTHocT! og(R)
IeACTBUTENBHO GIU3KO K 0g,(R), IpryeM Ha 6oJiblieil YacTH ANCKaA pas-

R
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JIMYMe MeXay HabionaeMoit 1 KPUTUYECKON MJIOTHOCTBIO ra3a XOTS U
peajsibHO, HO He IpeBbIlIaeT $HakTopa 2, YTO COMOCTABMMO C TOYHOCTBIO
onpezenenus oy !0, Ha nepucdepuu ranakTux, rie mIOTHOCTb ra3a 3Ha-
YUTENbHO HUXE KDUTUYECKOM, TEMITbI 3Be31006pa30Batmsl, Kak U ero -
dbekTuBHOCTB, GbICTPO NManaioT. TeM He MeHee, cnaboe 3Be3006pa3oBa-
HUe [IPOIOJIKAETCS U TaM, B OTAEJIbHBIX «OCTPOBKAX», TIe KOHIIEHTPUPY-
eTcs ra3. PoxxneHue 3Be3[ B YCIOBUSIX HU3KOI CpeHell IIAOTHOCTH rasa
o6ycoBieHo 60 3HAYNTEIPHO MEHbBLIEH UCIIEPCHEl CKOPOCTelt Tasa,
b0 APYrUMH TPOLECCAMH, YBEIUYMBAIOUIMMH €r0 JIOKAJIBHYIO TLJIOT-
HOCTb U He CBA3aHHBIMH C KPYITHOMAcINTabHON HeyCTONYMBOCTDIO.

B nucke gonroe BpeMst (MUJLIMApABI JIET) MOXET HNOANEPKUBATHCS
IJIOTHOCTD I'a3a Ha yPOBHe, 6JIM3KOM K KDUTUYECKOMY (0g X 0g,c) — KaK
U3-32 HU3KMX TEMIIOB 3B€3/000Pa30BaHysl, TaK U B Pe3YJIbTaTe MOIMOJI-
HEeHMSI 3a[1aCOB MeX3Be3/[THON CPeZbl P aKKPELIUU MEXXTaJIAKTHYECKOTO
rasa Wiy rasa, COpOLIEHHOTO CTapbIMHU 3BE3[IaMU TaJIAKTUKY Ha 3aKJII0UHU-
TEJIbHBIX CTAAUsIX UX 3BoJonuu. [Ipyu ni10THOCTH, NpeBblLAoEel KPU-
THYECKYI0, HO 6JIM3KOM K Hell, pa3BUTHE IPAaBUTALIMOHHON HEYCTONYMBO-
CTH B Ta30BOM JHCKe JIOJDKHO IPUBOAUTb K 06Pa30BaHUI0 HEOAHOPOAHO-
CTell ¢ XapaKTEePHbIM MacIITabom

- 27r2Gag
22

A

(cm. pasgen 11.4.8). [lnst BeIMuMH 04 U >, HabIOZAaEMbIX B ralakKTHKAX,
A COCTaBJIsIET HECKOJIBKO COTEH MapCek BO BHYTPeHHeEN 06,1acTH [UCKa 1
6osnee 1 knx Ha ero nepudepuy, €C/M TIOTHOCTD ra3a TaM elle He OIycC-
KaeTcsl o, KpUTHYECKUiT ypoBeHb. [Ipeanosnaraercs, 4To cxkatHe TaKux
HEOZHOPOAHOCTEH U TIPUBOAUT K TOSIBJIEHMIO «CBepx06akoB» B Gora-
THIX Ta30M TaJIAKTHUKaX.

Haxonen, eciin o4 3HaunTeNbHO GosbLIE Og,c, TO Pa3BUTHE HEYCTOI-
YUBOCTH AOJIKHO IPUBECTH K POCTY KPYIMHOMACIITaGHBIX HEOMHOPOAHO-
cTell B JUCKe ¥ BO3PACTaHUIO CKOPOCTEN XaOTUYECKUX ABM)KEHUH rasa. .
9To, B CBOIO OYepeb, bYAET yCHIMBaTh 3B€31000pa3oBaHUE BCIIEACTBHE
c2KaTHsl Ta3a MPHU CTOJKHOBEHUSAX ra3oBbix Macc. Ilo-BunuMoMmy, Taxoit
pexkxuM 6ypHOTO 3Be31000Da30BaHUs UMET MECTO B MOJIOJbIX TAJIAKTU-
Kax, IIpY BBICOKOH IJIOTHOCTH Ta3a (POpMUPYIOIIETrocs AUCKA.

10O rHowenme MexLy HaBNIOAAEMOI M KPHTHYECKOH ILJIOTHOCTDIO Fa3a 3aBUCHT OT NpH-
HATOTO PaCCTOSIHUS /10 TaslakTHKU. [T03aTOMYy ycs0B1e, COrIacCHO KOTOPOMY 1IOTHOCTD ra-
3a He NpeBbIIIaeT KPUTHYECKOTO 3HAYEIINS ISl YCTOWYMBOCTH M 00bIMHO GiiM3Ka K HeMy,
MOJKHO MCTI0JIb30BATH /IS YTOHHEIIUs PacCTosHUM 10 ratakTvk (3acos, 1983).
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Puc. 11.12. PagnanbHble 3aBUCHMOCTH: a) sipkocTH B iMHNU Ho (X g, ), KoTOpas

IPONOPLMOHAIbHA JIOKAJILHOMY TeMITy 3Be3/000pa3oBaHus, 6) NOBEPXHOCTHOM

IJIOTHOCTH ra3a (Xgas ), ¥ B) KPUTHYECKOH MJIOTHOCTH ra3a (Xerie ) IS ABYX CIIU-
pasbHbIX rajsakTuk (no Wong, Blitz, 2002).

YcnoBre rpaBUTalMOHHOM YCTOMYMBOCTH HaKJIaAbIBAaeT OrpaHMye-
HMe Ha MacCy rasa B raJJaKTHKe

Rmaz

My(Rmaz) < / 2nRo, .(R)dR, (11.41)
0

rie Rmqqz — Pamuyc ra3oBoro AUCKa, B Ipejesax KOTOPOIo 0y R Og c.
IIpuHMMast CKOPOCTD BpallieHus IPUMEPHO NTOCTOSTHHOMN BIOJb pafu-
yca (4To, KaK NMpaBWIO, HENAJIEKO OT UCTHUHBI, 32 UCKIIOYEHHMEM CaMBIX
BHYTDEHHHUX 06JIaCTei JUCKA) U CYUTAs, YTO PAANYC Rpnqy 611M30K K ON-
THYECKOMY Pamuycy Ropt IMCKa, IOMYuM 47151 Q. =~ V2, cm. (11.40):

M, < 2%3,0”. (11.42)

ITO COOTHOIIEHHE T03BOJISIET OOBSICHUTD, IOYEMY OTHOCHTEJIbHAS
Macca HI magaer ¢ pocrom ckopocty Bpaitenust (ot Irr no Sa-ranaktuk).
Cuwuras, 4To Macca rajakTuku M = VZRO,,t/G, a Cs ~ 10 xkm/c, u3

IpebIAYIIETO YPAaBHEHUS IMEEM:
~

2C, 20

—_— N 11.43
V  Vikm/c] ( )
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3necb My ~ 1.4(Mpyr + Mpy,) BKIIOYaeT Bce aeMeHTHI, Tsokesee H.
Ecin 04 ~ 04, T. € ra3oBblil AUCK GJM30K K FPaHULE YCTOHYM-
BOCTH, TO BHeILHee BO3JeHCTBUE (HApUMep, CUJIbHOE TPaBUTAlIMOHHOE
BO3MYILEHHME CO CTOPOHDI OJIM3KOM TaJlaKTUKKM) MOXKET CIIPOBOLIMPOBATh
HEyCTOMYMBOCTD JUCKA U, KAK CJEACTBUE, BHI3BATh BCIIBIIIKY 3BE31006-
pa3oBaHUs B HeEM. ITO AOMOJHUTENbHbBIA MEXaHU3M YCUJIEHUS 3BE3/I0-
06pa3oBaHKsl BO B3aMMOJENCTBYIOLIMX FaJAKTUKAX, MOMMMO TPSIMOTO
CTOJIKHOBEHMSI Ta30BBIX MaCC ABYX B3aMOIPOHUKAIOUIUX AIAKTUK.

11.8. SAapa rasakTuk
11.8.1. O6mue ceenenus :

TepMUH «sIpO rajJaKTUKU» MOXET MMETD Ba CMbICJIA: SIAPO KaK LieH-
TpaJjibHasl, BHIAEJISAIOMIASCS BBICOKOI SIPKOCTbIO, HanboJee mioTHas 06-
JIaCTh ralakTUKK (711 6IM3KUX U HaJIeKUX TajJlakTUK 3Ta o0sactb 6yaer
UMeTb Pa3Hble JIMHEHHbIE Pa3Mephl), U SIIPO KaK MCcYe3aollee MajeHb-
Kast (110 CPaBHEHMIO C Pa3MEPOM TaJIaKTMKU) 00JIaCTh, Tl€ Pas3bIrphIBa-
I0TCs TIPOLIECCHI, COMPOBOXKAQIOLINECS BbIAEIEHUEM GOIBLIOrO KOInye-
CTBa DHEPTUH, He OOBSCHAIONUIMECS aKTUBHOCTDBIO OTAE/bHBIX 3831, Hu-
e MbI OyZIEM MCIIOJIb30BaTh UMEHHO BTOPO BapUaHT TEPMUHA.

IlepBoe oOHapyeHHe raJlaKTUK C aKTUBHBIMHU SiADAMM [PUHaIe-
xkuT aMepukaHckoMy actpoHoMy K. Ceiidepry (1943). On BoImenua
He6OJIBIIIOE YNCIIO BHEIIHE HOPMAJIbHBIX CIUPAJIbHBIX TAJIAKTHK, Y KOTO-
PBIX SIIPO BBIMJISIAUT KaK 3Be34000pa3Hblil 06BEKT M MMeeT HeOObIYHbIM
IJIS TAJIAKTUKY CIIEKTP, CONEPIKAIIMil APKUE ¥ OYEHb IIMPOKHE SIMHICCH-
oHHble MHNU. TTofo6HBIE TasakTHKU (2 OHM, KaK OKA3aJIoCh BIIOCJEA-
CTBUH, COCTABJISIIOT OKOJIO 1% OT ITOJIHOTO YHCJIa CHIMPAJIbHBIX TAJIAKTUK)
TIOJIy4u/IM Ha3BaHUe ceitpepToBCKuX.

WHTepec k aKTMBHOCTH siIEP PE3KO MOAHSLICS ¢ OTKPbITHEM B 1950-¢
TOZbl PAIMOTAIAKTUK, MICTOYHMK MOLIHON SHEPTUM KOTOPBIX HeJb3st Obl-
JIO O6BACHUTD aKTUBHOCTBIO 3Be3], a NI03/IHEE — C OTKPBITMEM KBa3apoB
— PaMOUCTOYHUKOB OYEeHb MAJIOTO YIJIOBOTO Pa3Mepa, Ha MeCTe KOTO-
PbIX B ONTUKE OblIM 06HAPYKEHBI HEOOBIYHBIE 3BE3N0MOAOOHBIE O6BEK-
TBI, 3aMeTHO MEHSIOIUE CBOIO SIPKOCTh U TO3TOMY TPYAHOOTJIMYHMBIE
OT IIePEMEHHBIX 3Be3[. VIX SMUCCHOHHBIN CIIEKTD He MOANABAJICS pac-
u$poBKe, NOKA He CTAJI0 OYEBUAHBIM, YTO OH COAEPXKMT JMHUU 00bIY-
HBIX 3JIEMEHTOB, HO CWJIbHO CIBUHYTEIE B KpacHy10 cTtopoHy (M. IlImunr,
1963 r.). ITocnennee cpasy yka3ano Ha BHETaJaKTU4ECKYIO IIPUPOAY Ta-
Kux o6bextoB. Ho mpy 3TOM NPUULIOCH NMPUHSATDH, YTO UX M3JIyYeHUE
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