BaxxupiM acTpopu3nueCKUM METOJOM OLIEHKHM MacChl TpaBHTALIU-
OHHO-CBSI3aHHBIX CHCTEM SIBJISIETCSI MCIOJIb30BAaHUE TEOPEMBI BUpHAJIa
(cm. TIpusnoxenue), KOTopas yCTaHABIMBAET 3aBHCHMOCTh MEXY YCPe-
HEHHOU 0 BPeMEHU NOJHOM KUHETHYeCKOll Heprueil U MOTEHINaJb-
HO¥i sHeprueit cucremsl. Hanpumep, no Habi0qeHUsIM CKOPOCTEN IBU-
JKEHUH OTAEeJIbHBIX 3Be3]] (MM rajlakTUK) B CKOTJIEHMH 3Be3/L (TaJIaKTHK)
¥ HabJII01aeMbIM Pa3MepaM CKOTIJIEHHSI MOXKHO CENIaTh BRIBOJ O MOJIHOM
Macce (BKJIIOYasi HEBUAMMYIO) 9TOTO CKOIJIEHUsI. DTOT MPUEM LIHPOKO
HCIIOJIb3YETCsI TAKXKe MPU OIEHKEe MaCC CBEPXMACCHUBHBIX YEPHBIX JBID B
siIpax aKTUBHBIX FaJIaKTHUK U KBa3apoB (cM. riasy 11).

1.1.4. ComHeuHble e JUHMIIBI

O65I4HO NIPY U3yYEHNHU 3BE3] MOJIb3YIOTCSI COTTHEYHBIMY €IUHULIAMHI
MAacchl, paguyca ¥ CBETUMOCTH:

macca Conaia Mg =~ 21033 1

BuanMbIi paguyc Comana Re ~ 7 - 1010 cm;

6onomerpuueckast ceeTumoctb CosHia (MOIIHOCTh U3JIyYEHMs BO.
BCEM JMaNa3oHe SJIeKTPOMAarHUTHOro criektpa) Le ~ 4 - 1033 apr/c.

9Ty enquHULBI YAOOHDI, OMHAKO, TOJHKO KOTZA MBI PACCMATPUBAEM
HOpMaJibHble (HEBBIPOXKIEHHbIE) 3BE3/lbl, NICTOYHUKOM 3HEPTUH KOTO-
PBIX SIBJISIIOTCS siieDHbIE PEaKIUU CHHTe3a TsKeJsbIx ajeMeHToB. Koraa
peyb 3aX0AHUT O KOMIIAKTHBIX OCTAaTKaX 3Be3AHOM 3Bosoruu (6essix Kap-
JIMKaX, HEWTPOHHbIX 3Be3/1aX UM, OCOOEHHO, YEPHBIX AbIPAX) JIsI OLEH-
KM XapaKTepPHbIX Pa3MEPOB YacTO UCTIOb3YIOT ZPA6UMAUUOHHDLIL PAOUuYC
TeJla, KOTOPBIH 3aBHCHUT TOJIbKO OT ero MoJHoM MaccH, Ry = 2G M/ cﬁ.\,)

Hanpumep, paauyc HeiTpoHHOH 3Be3npl Ryg ~ 1 =20-KM; 4TO CO-
CTaBJIsIeT B TPaBUTAllMOHHBIX paguycax ~ 3—-4 Rg. [Ipyroit mpumep: pa-
IMyC TocyIeiHelt ycToiuuBoit! KpyroBoit op6uUTH MPo6HOI YaCTUIIbI BO-
KpyT HeBpaufamouieiics (1IBapIIIXIbIOBCKON) YEPHOH ABIPHI, OT KOTO-
poro 3aBucUT 3¢ (eKTUBHOCTh SHEPrOBbIICIEHNs] TPH MaZeHnH (aKKpe-
1K) Ta3a Ha YePHYIO AbIPY, paBeH 3R,.

1.2. Cocrosinue Beunecrsa Bo Beesiennoit

OcHoBHas (hopMma CyiecTBOBaHYsI BeLIeCTBa B IPHPOZE — 3TO Ia3 C
CaMBIMH Pa3/JMYHBIMY 3HAYEHUSIMM KOHLIEHTPAIMM YaCTHIl U TeMIlepa-
TypblL. ['a3 npu /11060t JIOTHOCTY U TEMIEPATYPe, Ha JI0ObIX PACCTOSTHU-

B ToM cMBICJIE, 4TO BCCKONEUIIO MAIOC BO3MYHICHME IIPUBOJIMT K HALEIHIO YACTHILH B
YEPHYIO AbIPY.
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SIX OT Hac (32 UCKJIIOYeHNeM ILTaHEeTHBIX aTMOCGhED) COCTOUT U3 BOAOPO-
/A ¥ Tenust ¢ HeBOIbUINM BKIIOYEHHEM GoJlee TsIKebIX S/IeMeHTOB. Pas-
JINYAIOT IJIOTHBIHA FOPSTYMiA ra3, HETIPO3PAYHbIN /sl U3JIyYEHHUs], C TEMIIe-
paTypoi OT HECKOJIbKUX THICSY [I0 HECKOJIBKUX COTEH MIJIJIMOHOB Ipajy-
coB, u 1uddy3HyI0 pasperxeHHYI0 cpeny. III0THBIN ra3 cCoCTaBJIsIET 3BE3-
n6l. IMeHHO B HUX 3aK/TI04€HO OCHOBHOE KOJIMYECTBO BEIECTBa, HabJ1wo-
ZAEMOTO MO €T0 3JIEKTPOMArHUTHOMY M3JIy4eHHUI0, U UMEHHO 3Be3/Ibl SIB-
JISIIOTCSI OCHOBHBIMM MICTOYHMKAMU 9HEPTUU B COBpeMeHHOM BcesieHHoI.
Brarogapst HanM4MIO TEPMOSITEPHOI MJIa3Mbl B [EHTPAJIbHON 0671aCTH
3Be3]I, 9HEPrsl, 00Pa3y0asCs IPY CUHTE3E ATOMHbIX SIIED, MOANEPKHU-
BaeT TeMIIepaTypy 3Be3[ U X YCTOIYMBOCTD B T€YEHHE MUJLIMOHOB (f1J1s1
HanboJiee MACCHUBHBIX 3B€31) U MUJLUIMAPAOB (11 GO/IBIIMHCTBA 3B€31)
Jsiet. Jloss1 BelecTBa, MPUXOISILIETOCS] Ha MJIAHETHI, POXKAAIOIINECS BMe-
CTe cO 3Be3/laMH, HUYTOXHO MaJja. IlsaHeTsl coCTOsIT U3 MJIOTHOTO XO-
JIOIHOTO ra3a WK TBepAOTO BELIECTBA U €ro PaCcIJIaBOB, ¥ TOJIbKO Ha HUX
TIPY OTIpEIe/IEHHBIX YCIOBUSIX BO3MOXKHO 3apOXKIEHUE U CYLIECTBOBaHUE
CJIOXKHBIX OPTaHUYECKUX COETUHEHUI U KU3HU.

U nnaneTtsl, ¥ 3B€34bl, U TAIAKTUKY CYLIECTBYIOT He B aGCOIOTHOM
IyCTOTE, a B pa3pexKeHHOM Cpene, CI0KHBIM 00pa3oM B3aMMOAEHCTBYI C
Heit. [IpuHsITO pa3aensiTs 3Ty cpely Ha MEXXIUIAHETHYI0, MEXK3BE3IHYI0 U
MeXrajjaktudeckyro. MexnaHeTHasi Cpefia B COJIHEYHOM CUCTEME — 3TO
HpeXk/e BCero PacIIMpsIOINIACs HOHU30BaHHBI! ra3 BHellHel atMocde-
phI (KOpOHbI) Cosnnna. Ero TeMneparypa nopsigka Mmmnona rpanycos, a
KOHIIEHTPAIHs1 TTPOTOHOB — HECKOJIBKO aTOMOB Ha CM3 (Ha pacCTOSHUM
3emsn). dTa cpena mpo3pauHa s cBera. Kak u ras, obpasyroumii at-
Mocdepy CosHila ¥ 3Be3Z1, MEeXIJIAHETHAsI CPeZia XOPOILO MPOBOAUT TOK
U 3aMarH{4eHa, YTO POXJAeT CJIOXHbIE IMIasMeHHble 3 deKTs! mpu ee
B3aUMOZEHCTBUM C MOHM30BaHHBIM ra30M KOMeT WJIM MarHuTocghepamu
NJIaHeT.

Hawubonee paspexeH mexranakruieckuil ras. OH Habiomaercs B
CKOIJIEHUSIX TAJIAKTHK, B KOTOPBIX YAEPKUBAETCSI CYMMapHbBIM IDaBUTa-
I[MOHHBIM T10JIEM TraJlaKTHK U TaK Ha3bIBa€MOM TEMHOM (UJIM «CKPBITOI» )
Macco¥, cocTaB KOTOPOI Hen3BecTeH. TemnepaTypa MeXXrajJakKTH4eCKOro
rasa gocturaer 107108 K, nostomy ero uanyuenve TIPUHUMAETCS JTUIIb
B PEHTTEHOBCKOM Juamna3oHe (IJI1MHa BOJHbI U31yyeHus: < 1 A) ITpu ra-
KOJ TeMIIepaType ra3 npeacTasJsieT cob0ii BBICOKOMOHU30BAHHYIO T1J1a3-
My NpaKTU4eCKU IPO3PAYHYI0 [J1s1 CBETA, MOCKOJIbKY KOHLIEHTPaLlUsI aTo-
MOB B Heit ouenb Masa — 10™4~1073 cMm~3, 4T mo3BONSIET BUIETH CKBO3b
ra3 AajeKue rajJakTUKu (TEOPETUYECKH — C TOYHOCTHIO 0 HEGOJBLIOro
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Pa3MBITHUS1, CBSI3AaHHOTO C paccesiHueM (HGOTOHOB Ha CBOGOAHBIX 9JIEKTPO-
Hax). IIpu aToM noJiHast Macca BelecTBa B CKOIJIEHUH TaJlaKTUK MOMXKET
HPEBBILIATH CyMMapPHYIO Maccy BCEX TaJIaKTHK CKOILJIEHMSI.

HawuGosee cioXHast O CBOMM CBOMCTBaM Cpefa — MEX3BE3[Hasl.
OHa xpaiiHe HEOZHOPOZHA Ha CaMbIX Das3lMYHBIX Macliutabax u comep-
JKUT Ta3 ¢ OYeHb CUJIbHO PA3IMYAIOLMMUCS MJIOTHOCTSIMU ¥ TEMIIEPATY-
pamu — OT Heckosbkux K (Mosiekyssiphbie o6j1aka) 10 BeJIM4UHBI HO-
psiika musinona K (ropsiuve ny3sipu paspexeHHOM I171a3Mbl, CBSI3aHHbIE
CO B3pbIBOM CBEPXHOBBIX 3Be3X). B MosiekyJisipHbix obakax Habiozma-
10TCs1 (110 pazyio ¥ MHGPAKPACHOMY U3JIYYEHHUIO) HOCTATOYHO CJIOKHBIE
MOJIEKYJIBI, BIJIOTH 0 MPOCTBIX OpPraHWYECKUX coennHeHmit. B kauecTBe
He6obIIoN prMecH (Ttopsizka 1 % 1o Macce) B MEXK3BE3IHOM rase IpHu-
CYTCTBYET MeJIKasl ITbLJIb, OTJIoLIalomast ¥ paccenBaiouiast cser. [loato-
My B HEKOTODBIX HallpaBJIEHUSIX MeX3Be3[HOE MPOCTPAHCTBO OKa3bIBa-
€TCsI HEMPO3PauHbIM AJIs1 cBeTa. Henmpo3pauHbIMu SIBJISIIOTCS, HAITPUMED,
MOJIEKyJIsIpHbIE 00J1aKa.

3amUIIeHHBIN OT BO3[EHCTBUSI HarPEBAOIIEro U3J1yYeHH s], ra3 BHYT-
DU MOJIEKYJISIPHBIX 00JIAKOB OCTHIBAET [0 OYEHb HU3KUX TEMIIEPATYD, U
B HEM CO3ZAIOTCsI YCJIOBUSI, MPUBOSINE K TPABUTALMOHHON HEYCTOM-
YMBOCTH U CXKAaTHUIO ra3a B 3Be31bl. MeXx3Be3Hasi cpeja TPOHU3BIBAETCS
HOTOKaMH BBICOKOSHEPTUYHBIX YaCTHUI[ — KOCMUYECKUMHU JIy9aMHU, pac-
MPOCTPaHSIOIIMMUCS MO BceM HampassieHusiM. OHa Mpy 9TOM 3aMarHu-
YeHa, IPUYeM MJIOTHOCTH S9HEPTHH MarHUTHOTO NOJIsI, TEMJIOBOTO U Typ-
OyJIEHTHOTO BU)KEHUsI Ta3a U SHEPTUM KOCMUYECKHUX JIy4ell COMoCTaBu-
Mbl MeXay coboi. ITocKoIbKY B MeX3BE3MHOM cpefie pH J060H TeM-
niepaType BCerJa MpUcyTCTBYIOT CBOOOIHbIE 3JIEKTPOHBI, CPEA HIEKTPO-
HPOBOAHA, ¥ MATHUTHOE TOJIE€ OKa3bIBaeT OOJIbILIOE BIAMSHUE Ha XapaKTeD
ee IBH)KEHMUS.

Mex3Be3Hast cpena HaXOAUTCs B COCTOSIHUU HEMPEPHIBHOTO U3Me-
HEHUs U IBUKEHMs, KaK YIIOPSIIOYEHHOro, TaK U TypOysienTHoro. B 3a-
BHCHMOCTH OT TOFO, KaK MPOUCXOMSIT IPOLIECCH HATPEBa M OXJIAXKAEHMUSI
rasa, Kakywo poJib UTpaeT COOCTBEHHAsI TPABUTALIUSI MEXK3BE3IHON CPEIbI
U ee 3aMarHU4E€HHOCTb, OTAEJIbHbIE YYACTKU MEXK3BE3THOM CPEIbl MOTYT
OXJIaXIAThCsI UJIM HArPEBAThCSI, CAKMMATHCS MJIA PACHIUPSITHCS. AHAIN3
HalbJII0IeHN i MO3BOJISIET U3Y4aTh, KaK [0 HUM MPOKATHIBAIOTCS (PPOHTHI
yAapHbIX BOJIH, KaK BOHUKAIOT M UCHAPSIIOTCsI 00J1aKa ra3a U MblJIM, Kak
U3 MEX3BE3MHOMN Cpelbl POXKAAIOTCsI 3B€3/Ibl, MEPEAAIONINE el BIOCIen-
CTBUM 4aCTh CBOEH MacChl ¥ 9HEPTHU. Bech 3TOT CJI0KHBII KOMILIEKC SIB-
JIEHWI CCIeayeTCsl B acTpou3UKe.
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TIpoliecchl, UrpaolMe B 3TUX SBJIEHUSIX KITIOYEBYIO POJib, OT KOTO-
PBIX 3aBUCHT 00PA30BaHME U IBOJIIOLMS 3BE3 U IalaKTHK, CBOHCTBA
HOBeJIeHre Pa3Pe)KeHHOT0 Ia3a — 3TO MPeXKIe BCero B3auMOZECTBIE Be-
I[ECTBA C U3JIy4eHNEM, MATHUTHBIMHU ITOJISIMU U SHEPTUYHBIMU YaCTHIIA-
MH, a TaKke TPaBUTAllMOHHOE B3auMozeicTBue. Bosbliast yacTs KHUTH
HOCBsIIIIEHA UMEHHO UX U3y4YEHHIO.



