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IOHOMY JIOBHUTEJIIO
ACTPOHOMHH

Taiine BcesenHoil Bcerna npuB/ekasH K ceGe BHHMaHHe MOJIO-
ndexu. Ho name BpeMst oco6eHHOe — Beb HaM BBINAJO CHacTbe
OLITh COBpeMeHHHKaMH TepBLIX JieT KocMHuyecKoi apul. HeBo3MoxHO
He HHTepecoBaTbCS acTPOHOMHell B cTpaHe, NpPOC/JaBHBINEMCA MHO-
THMH JOCTHXKEHHSIMH B OCBOEHHH KocMoca. HeBo3MOKHO ocTaBaThCs
PaBHOAYLIHBIM, KOTJa BeCb MHD C BOJIHEHHEM CJEIHT 3a MOJETOM
KOCMOHABTOB HJIH KJeT BecTefl OT aBTOMAaTHYECKHX YCTPOHCTB, JAO-
CTaBJIeHHBIX Ha JIyHy H Apyrue njaHersl.

Ycnexy KOCMOHABTHKM BaKHBI JUJIss MHOTHX oTpacJieli HapoJHOro
X034HcTBa, HaYKH U TeXHHKH. DTH YCNeXH He TOJbKO MOPOXKAEHHI
HEeBHJIAHHBIM paHee HAay4YHO-TeXHHYECKHM NpPOTPeccoM, HO U CJy¥Kar
eMy. Duaromapsi KOCMOHaBTHKE <«BTOPYIO MOJIOLOCTb» TepeXHBaeT
JpeBHelllas U3 HayK — Hayka o BcesenHoil.

OnuH u3 BelyLlNX paslleJoB COBpEMEHHOH acTPOHOMHH — acTpo-
¢usuka. Mayuas nmpupony HeGecHBIX Tej H IPOLECCOB B KOCMOCE,
YeJOBEK y3HAeT O HOBBIX HCTOUHHKAX 3HEPTrHH, 00 YIHBUTEJNbHBIX
CBOHCTBAaX BellleCTBA NPH CBEPXBBICOKHX W CBEPXHH3KHX TeMIepa-
Typax, AaB/leHHSX, NJOTHOCTAX. B «xocMmuueckoil JsabopaTopuus
MOXKHO HaObJlollaTh NPOSIBJEHHEe THIaHTCKHX CHJ TATOTEHHs, Hcclle-
JIOBaTh BelleCTBO B YCJOBHSAX HEOCYLIECTBHMBIX Ha 3eMJie TpaBH-
TAaUUOHHBIX H MAarHUTHBIX mnoJed. BmecTe ¢ TeM u3yyeHHe MHpa
3Be3l W rajakTHK o6oraljaeT Hac HOBBIMH 3HAaHHSIMH O CTDOEHHH
BcesieHHoO#, a2 3To HMeeT Ba)XHOe 3HayeHHe JHJsi (HOpPMHPOBAHHSA
HayyHOTO MHPOBO33PEHHSI. )

Henp naHHOH KHHI'M — IOMOYb BaM, yyallMMCsl CTapLIHX KJjac-
COB, HHTEpeCcyIOLIMMCS acTpOHOMHEH, yrayOuThb H3ydaeMble B Cpel-
Hell IIKOJIe OCHOBHI acTpoHOMHH. [lepen BaMu He yueOHHK, a KHHra
aast yreHust, OHa HamHMcaHa He MO yyeGHOH NMpoOrpaMMe, HO C YUETOM
ee OCHOBHBIX HJeH.

Ota KHHAra MO3HAaKOMHT Bac C OCHOBaMH (yHAAMEHTaJbHBEIX TEO-
pHH M NPHHUUNOB acTPOMH3UKH, C IBOJIONHOHHBIMH HIESAMH, KOTO-
phie, HO CJI0BaM BBHIJAIOLIErOCsi COBETCKOro actpodusnka B. A. Awm-
6apuymsiHa, OyKBaJbHO IPOHH3BIBAIOT COBPEMEHHYIO acTPO(H3HUKY.
Bol y3Haete 0 MeTomax HalOJ/IOJ4eHHMH H TeOpeTHUECKHX HCCJeAoBa-
HH#, HanmpuMep, MNOJYy4YHTe NPEACTaBJCHHE O METOAe <«MOIeJeil».
W koHeyHO, B KHHTe He 3a0bIThl Te 3aMedaTesbHble H HEOXKHIaHHbIe
OTKPHITHS, KOTOpble HaxoASTCSl Ha IepegHeM Kpae acTPO(pHU3UKH
70-x rogoB XX B., 0 KOTOpPHIX Bbl HaBepHAKAa KOe-UTO CJBILAJH H
XKeJjlaeTe y3HaTb GoJblle...

UnuTaTh NpuieTcs BHHMAaTelbHO, TaK KaK B KHHTe IIOUTH He MO-
BTOpSIETCH TO, O Y€M MOXKHO .y3HaThb H3 IIKOJbHOrO yueGHHKA, H,
Kpome TOro, MO XOAY UT€HHS BaM NPUIETCH BHIMOJHHTh HEMaJo
ynpaxHeHu#i. He npomyckaiiTe 5TH Bonpochl u 3alauyd: OHH BKJIO-
YeHH B TEKCT He cayyaiiHo, HOO «IoOKa HeT Bomnpoca, HeT PaboThl
Muican», OueHb BO3MOXKHO, 4TO [/ OTBETa Ha BONPOCH Bam
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npuaercs 3arJasHyTh B yueGHHKH mO acTpoHoMHH H ¢usuke. Eme
Jyullle, ec/H, He OrDaHUUMBAsChb UYTeHHeM M pellleHHeM 3ajady, BHI,
N0Jb3ysCh PeKOMEHAyeMOH JHTepaTypol, caMH HauyHeTe BHINOJHSATH
acTpOHOMHUecKHe HalaofeHHs. Bce BMecTe B3siToe IOMOXKeT BaM
yriayGHTh CBOH 3HAHHS 110 aCTPOHOMHH H (PH3HKe, a IJaBHOe — Oy-
JeT crnocoGCTBOBaTh JaJjbHeillleMy pa3BHTHIO Yy Bac HHTepeca K
HayKe, MHTepeca K H3yyeHHIO npupoasl. Pagun sToro M HamucaHa
KHHTa,

ABTop riy6oko npusHateseH pouerty MI'Y A. B. 3acoBy u yun-
TeNbHHLE (GU3HKH H acTpoHOMHH wKoJasl Ne 397 Mocksu T. A. Ta-
CKHHOH 3a MoMollb B paboTe HaJ PYKONHUCHIO 3TOH KHHIH.

ABTOp
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COJIHLE — HAIIA
3BE3JA

Korpa 6B CMepTHBIM TOJb BBICOKO
B03M0XKHO OblIO BO3JETETD,

Uro6 K CoaHuy GpeHHO Halle OKO
Morio, npu6/IH3HBILIHCh, BO33PETh,
Torga 6 co Bcex OTKpBUICA CTpaH
Topsiuuit Beuno OkeaH.

TaM OrHeHHB BaJibl CTPEMSATCS

U He naxopsat Geperos;

TaM BHXpH NJIaMEHHBI KPyTATCH,
Bopiomuch MHOXECTBO BEKOB;
Tam kaMHH, KaK BOJAa, KHIAT,
Topsim TaM JOXAH LIYMST.

M. B. Jlomonocos

ConHue — ueHtpanabHoe Tesio CoJHEUHOH CHCTEMBI — HTpaeT
HCKJIOUHTENbHYI0O POJib B KHU3HH 3eMad. Heckosbko MHAAHADPAOB
JeT HasajJ BOKpYr Hero C(pOpMHPOBAJHCh MJAAHETHI H B UX YHCJE
3emas. BmocsiencTBuM Bech OpraHHYecKHi MHP Halled IMJaHeThbl
ctan o6s3an Cosuuy cBoum cyuiectBoBanueMm. CoJHIE HE TOJbKO
HCTOYHHK CBeTa H TelJa, HO H I1eDBOHAYAJbHBIH HCTOYHHK MHOTHX
IPYTUX BHLOB 3Heprud (3Hepruu HedTH, YIisi, BOAH, BeTpa). C HUM
He CBfI3aHbl JIHUIL CeHCMHUYEcKHe Ipolecchl Ha 3emue, HeGObILOH
NPHTOK TelJia U3 Heldp 3eMJH, 3Heprus, BhAeJsollascs B pe3yb-
.TaTe JYHHBIX NPHJHMBOB H NpHU NaJeHHH METEOPHTOB, a TAKXKe HHY-
TOXKHOE KOJIHYECTBO 3IHEpPrHH, IOCTyHawuied Ha 3eMmJai0 OT APYTHX
HeOGeCHBIX TeJl.

HEMHOI'O HCTOPHUHU

CoaHlle — camoe 3HaKOMOe KaxaoMy HeGecHoe Teno. Hekoro-
pble H3 Bac JAaxe AYMaloT, 4TO OHM yxKe AaBHO o CoJiHle 3HAOT
Bce. DTo, KoHeyHO, coBceM He Tak! CoJsHue Bcerfa NpHBJIEKaJIo K
ceGe BHUMaHMe JIOAeH, HO M CErOAHS YYeHHIM NPHXOAHTCS TPH3HA-
BaTh, uTo CoJiHIle TauT B cefe HEMAJIO 3arafok...

HsnasHa y pasHbix HaponoB CoJHle OBLIO NpPeAMETOM IMOKJO-
Henusi. Mcnoab3ysi oueBuaHYI0 poab CoJHLA KaK HCTOYHHKA XKH3HH
Ha 3emJie, NpeACTAaBHUTENH LEPKBH CHOCOOCTBOBAJIH PAa3BHTHIO IIO-
kaoHenus Couanuy, KyabTy Cosnuna. CosHue 060kecTB/ANOCh pas-
anunbiMu Hapogamu (Teamoc — rpeueckuit 6or Cosanna, Mutpa —
6or Cosnua y mepcos, Pa — y eruntss, fp uin fpuio — y Hamux
NpefKoB cjaaBsiH, MoJsox —y ApeBHHX KapdareHaH u Ap.). Urto6hl
3a106puTh MoryuiectBeHHoro 6ora CoJsiHUa, JIOAH NPHHOCHIH €My
B XKepTBy GoraTele Japhl, a HEPEAKO H 4eJOBeYeCKHe KH3HH,



CoBpemeHHOMY HpefcTaB/eHnio o CoJiHIe NpeAllecTBOBaJ TPYA-
HEIl MHOTOBEKOBOfl IyTh yeJiOBEKAa OT He3HaHMA K 3HAHHUIO, OT fABJe-
HHS K CYIIHOCTH, oT oGoxectBiaeHHsa CosiHIA K IOPaKTHYECKOMY
HCNOJNIb30BAHHIO €ro 3Hepruu. DeiIo BpeMs, Koria JIOAW HHYEro
He 3Haau o pa3mepax CoJHLA H ero TeMiepaType, COCTOSHHE Belle-
crBa Connua u 1. O. He 3Hasi o paccrosnun no CoJHlLa, ApeBHHe
NpUHHMAJMH BHAHMEE pasMepbl 3a fAeHcTBUTeNbHbIe. ['epak/ur,
Hanpumep, nogaraJj, uto «CoJjHIe HMeeT IIHPHHY B CTYNHIO 4eso-
BedecKylo», AHakcarop BecbMa HeyBepeHHO AomyckaJ, uto CoJgHue
MOXKeT ObITh GOJbIIHM, YEM OHO KaKeTcs, H cpaBHUBaJ ero... ¢ [le-
JIOTIOHHECCKHM moJsiyocTpoBoM. CoBeplIeHHO HesAcHOH oOcTaBaJjach
KapTuHa ¢usnyeckoii npupoasl Cosuua. [Tudaropeiins, HanpuMep,
€ro OTHOCHJIM K MJIaHeTaM M HajelsiJH XpycTajbHoil cdepoit. Onun
n3 yueHukoB [ludaropa — Punonait (V B. Lo H. 3.), AONycKaBILHH
MBIC/b O ABHKeHHH 3eMJH, cuutaJ, uto CoJHle He HMeeT HHKAaKOro
OTHOULIEHHS K «LEHTPaJbHOMY OTHIO®», BOKPYT KOTOPOTrO OHO, IO ero
MHEHHI0, caMo BpallaeTcs BMmecte ¢ 3ewmJefl, JIyHO! W mATbiO Naa-
HeTaMd (M BBIMBILLJIEHHBIM HeOeCHBIM TEJOM — IPOTHBO3EMJIeH»)
H KOTOpLIH ocTaeTcs HEBHAHMBIM AJs xurtejeli 3eman. Cuaenyer
OTMETHTh, 4TO MOAOOGHHEIE BHIAyMaHHbIE HPENCTaBJEHHS O JBHXEHHH
3eMJH HeJib3s CMeIIHBAaTh C NEPBLIMH HayYHBIMH AOrajKaMH o ABH-
JKeHHH 3eMJu, MpUHaAJexallHMH, no-Buaumomy, Apucrapxy Ca-
mocckoMmy (III B. mo H. 3.), KOTOpHIl BHepBHIE AaJj METOA Ompefe-
JIeHHs1 cpaBHHUTe ]bHBIX paccrosuuil 10 Coanua u Jlyssl. Hecmortpst
Ha HeyAOBJETBOPHUTENbHOCTb MOJYYEHHBIX pe3y/abTaToB (O6blI0 HaH-
neHo, uto ConHue Haxoautcs B 19—20 pas pasblie ot 3emad, ueM
JlyHa), MHDOBO33peHUECKOe W HAayyHOe 3HaYeHHEe HX OYeHb BEJIHKO,
TaK KaK BHepBble GblJ HayyHO NMOCTaBJIeH H OTYACTH pellleH BOIPOC
06 onpenesennn paccrosHus o Cosnua. bBe3 npuHuMNIHAJIbHO Hpa-
BHJBLHOIO paspelleHHs 3TOro BOMpoca He MOrMO OhThb H pedd o
BHISICHEHHH HCTHHHBIX pa3mepoB Counua. Bo II B. mo H. 3. Tunnmapx
HaxoauT, uto mapaJsiakc ConaHua (T. e. yroJ, mojg KOTOPHIM C pac-
crosaua Co/nHUA BHAEH paiuyc 3emju) paseH 3’, 4To COOTBeTCT-
ByeT paccTosiHHio A0 Hero B 1200 3eMHBIX paaHyCOB, H 3TO CYHTa-
JIOCh BepHBIM IIOYTH BOCeMHaALaTh BekoB— 10 paGor Kenaepa,
Tepenus, [annes, Toiirenca. [Tocaennemy (XVII B.) mpunapiexur
HaunGbosiee TouHOe omnpepfeseHue paccrosinus fo Coanua (160 muH.
KM). B nmasnbHefiieM uccllenoBaTesd OTKa3bIBAIOTCA OT HeMOCped-
CTBEHHOro onpejeseHus napamaakca CosHUA H NPHMEHSIOT KOCBEH-
Hble MeToabl. Tak, HampuMmep, LOBOJBHO TOYHOE 3HAUYEHHe T'OPH30H-
TaJbHOrO mapasaakca noJaydand u3 HabaodeHunii Mapca B mpoTHBO-
CTOAHHH uau BeHepnl Bo BpeMs ee npoxoxkaeHus mo Aucky ConHua.

B XX B. ycmellHbe H3MepPEHHS COJHEYHOrO IapaJjakca BbIIOJ-
HSMMCh NPH HAOMI0JIeHHsAX acTepounoB. Bulja pocTurayra 3Haum-
TeqbHasi TOYHOCTh B oOIpedeleHHH mnapaJsakca CosHUa (pO =

=8",79040",001). ConHeuHbli mapaJilakC H3MEPSJH H Pa3HoOb-
pasHbLIMH JAPYTHMH MeTONaMH, H3 KOTOPHIX HaHGoJee TOUHHIMH
0Ka3aJliCh pajHOJIOKAalHOHHBE HabmofleHuss MepKypuss 1 Benepm,

6



BHIOJIHEHHEIE COBETCKHMH M aMePHKaHCKHMHM YYEHLHIMH B Hayaje
60-x ronos. )
B HacTosiiee BpeMs MPHHATO CHHTATh, UTO po=8’ ,794. Ewmy

coorBeTcTByeT paccrosinne 1o Coanna (D), BHIYHC/IEHHOE MO H3Be-
CTHOH BaMm Qopmye

D 206265 Re» n

Po

rie Rg — skBaTopuanbHbifl pajuyc 3emiuH; D=149,6-10% km (co-
BpeMeHHOe 3HAYeHHe AacTPOHOMHYECKOH eRMHHIBI DacCcTOSHHM).
3HaTh ¢ 60JbIIOH TOYHOCTHIO BEJHYHHY aCTPOHOMHYECKOH €LHHHIBI
BaXXHO He TOJbKO MJas omnpefeiends pasmepoB Cosnua. AcTpoHo-
MHYecKasl eJHHHIa — OCHOBHAs MacuiTaGHas eJMHHLA PacCTOSHHH
B CosnHeuHoli cHcTeMe, oHa HMeeT (PyHAaMeHTaJbHOe 3HaYeHHe AJs
aCTPOHOMHH M KOcMOHaBTHKH. Ceroins Mbl 3HaeM ee BeJHYHHY
¢ oueHb GOJbLIOH TOYHOCTBIO. JlOCTOBEPHOCTb HAIUMX 3HAHHH MOA-
TBEpXKAAaeTcs TeM, YTO pe3yJbTaThl I0JYyYeHbH MHOTHMH Pa3HYHBIMH
H He3aBHCHMBIMH MeTOJaMH.

K nauany XVII B. oTHOCATC 3HAMEeHHTHIe TeJeCKONMHYecKHe Ha-
6mtonenns Ianaumneem coHeyHBIX NATeH, ero Gopbba 3a HoOKa3aTeb-
CTBO TOro, 4TO NATHA Haxogndarcs Ha noBepxHoctH CouaHua. Beuto
OTKpHITO BpalledHe CoJsiHlla, HAaKONJeEHH NaHHBE O sApax H NOJy-
TeHH NATeH, 06HapyKeHbl NATHoOOpa3oBaTe/bHble 30HH Ha CouHe.
Tem He MeHee NATHA eme JoJroe BpeMs IPHHHMaJd{ 33 BepPLIHHBI
TOp HJH NPOAYKTH BYJKaHHYeCKHX H3BepxeHHil. DoJsee mosyBeka
npu3HaBajnach (paHTacTHyecKas Teopus Buabsama Tlepuiens, mpen-
JoxeHHass uM B 1795 r., KoTopasi OCHOBBIBaJjachb Ha MOJATBEpIHB-
IIHXCA BINOCAEACTBHH NpeAcTaBaeHHsAX A. BuiacoHa o Tom, yTo mAaT-
Ha — 3T0 yray0OJeHHsl B coJIHeYHOH moBepxHocTH. CorjacHo TeopHH
T'epwens, sHyTpeHHee sigpo CoJHLIA — X0J0JLHOE, TBEpIOe, TEMHOE
TeJlo, OKpPYKeHHOe ABYMs CJOSMH: BHEWIHHI 006JayHblH cI0OH — 3TO
toToctepa, a BHyTPeHHHH — HTpaeT poJb 3alIUTHOIO 3KpaHa (3a-
IHIIA0Iero ai1po oT HelCTBHA OTHedbluamed ¢oroctepr). TeHn
NsITHA — 3TO TpOcBeT XoJoAHoro sapa CosHua cKBo3b 06/auHble
CJIOH, a TOoJyTeHb — NIPOCBeTHl BHYTPeHHero oGJauHoro cjos. Iep-
WeJb caenaaj cjaeAylolmui o6yl BHBOA H3 cBoeil Teopuu: «C 3T0ii
HOBOH Touku 3peHusi CoJHle NpelcTaBJseTcss MHe HeOOLIYHO BeJH-
4YeCcTBEHHOH, OTPOMHOH M SIDKOH IJIaHeTOH; OYeBHAHO, 3TO MepBoe
HJIH, TOuHee TOBOpS, eLMHCTBEHHOEe NePBHYHOE TeJO Halluei cHcTe-
MbL... BCEr0 BeposiTHee, 4TO OHO 00HTaeMo, MoJO06GHO OCTaJ bHBIM MJia-
HeTaM, CyLlecTBaMH, OpPTraHbl KOTODHIX NPHHOPOBJIEHH K OCOGEHHBIM
yCJIOBUSIM, T'OCNMOACTBYIOIMM Ha 3TOM rpoMagHoM wmape». Kak He
MOXOXKH 3TH HausHble npencrandeHnss o CoJiHLEe Ha TreHHajdbHble
Mbicad JloMoHocoBa 0 MpHpPOAE HAllero XHeBHOTO cBeTHJa!

JlaBHO ymJio B [poLIJIOe DEJHTHO3HOe [OKJOHEHHE CBETHJY.
Ceityac yuenble usyuyaior npupolly ConHua, BHIACHSIOT €ro BJHsIHHE
Ha 3emJ0, paGoTaloT Haj npolbJeMoil NPaKTHYECKOro NPHMEHEHHS
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HEHCCAKaeMoil CoJMHeuHoi sHepruu. Baxuo u To, uro Cosnue —
6amxaiillas K HaM 3Be3fla, eAuHcTBeHHas 3pe3fa B CoJHeuHOH
cucteme. [Tostomy, usyuas CosHue, MBI Y3HaeM O MHOTHX SIBJEHHAX
H T1poleccax, NPHCYIIUX 3Be3naM H HEAOCTYIHBIX [eTajJbHOMY
HabJII0feHNI0 H3-3a OTPOMHOH yAaJIeHHOCTH 3Be3/l.

COJHIIE KAK HEBECHOE TEJIO

Pasmepnl CostHua

®urypa CosiHIAa NPAKTHUECKH He OTJIHYaeTcs OT Liapa, XOTd
CousHule BpauiaeTcst BOKPYT cBoeil OCH.

Paauyc CosHua MOXXHO BHIYHC/IHTD IO H3BECTHOH BaM (opMmyJe:
[%O)
Po

Tie po H pe — COOTBETCTBEHHO YriioBo# paauyc (~16) u ropu-

30HTaAbHHIA nmapannakc CosHua, a Rg— paanyc 3eman. Mz (2)
caenyert, 4to paguyc Counnua npumepHo B 109 pas Gosblie paguyca
3emin.

Brguciure paguyc CosHia B KHIOMETpax.
Kakos o6bem CousHua?

Macca Coanua

dro BaxKHeHIIast XapaKTepucTHka jaoboro HebecHoro Tesa. B oc-
HOBe ONpefiesieHHsT Macc JeXHUT TpeTui 3akoH Kensnepa, 06o6uieHHE
HelotonoM. M3 Hero caenyer, uto

MO Pl 2 a \3

To_ _.) (2, 3)-

m P a
rae M g — macca Connna; m, P u @ — cOOTBETCTBEHHO Macca, epH-
on, obpamenuss u cpefHee pacctosiHHe oT CoJiHUa MJaHETHl, HMeElo-
el cnyTHHKa; Py H @ — COOTBETCTBEHHO NEePHOJ H CpefHee pac-

CTOSIHHE CIIyTHHKA OT IJaHeThl. M3 3Toit hopMynbl J€rKO BHIUHCIHTD
oTHowenHe Maccel CoslHIA K Macce MJaHeTH,

Heiimoc orcrout or Mapca Ha paccrosiuum 23 500 kM H coBepluaeT omHH 060+
por Bokpyr Mapca 3a 30718M. 3nas cpeanee paccrosuue 3emau or CoJHIa M CHAE-
pudeckuil mepuoj 3eMJH, BHIYHCAHMTE OTHOIIEHHe Macchl Mapca k macce CouHua.

CocTaBbTe M pelIMTe aHAJOTHYHYIO 3ajady, MO3BOJSIOLULYIO ONpPENeJHTb OTHO-
LIeHHe Macchl 3eMJIH K Macce CouHna.

Briuncante Maccy CoJHIIa MOXKHO, KOHEUHO, H APYTHM CIIOCOGOM.
Bul 3HaeTe, uTo yCKOpeHHe CBOGOAHOrO NaJeHHsi Ha IOBEPXHOCTH
106010 HeGeCHOrO TeJla MOXKHO ONpele/HTb N0 hopMyie:

_
g= R 4)
rae y — nocTosiHHas TaroTenus, a M u R — Mmacca u paauyc HeGec-
HOTO Teja. dTa GopMyJa cjaefyeT H3 3aKOHA BCEMHDPHOIO TATOTEHHHA
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H BTOPOTO 3aKOHa JHHAMHKH. 3HauUT, YCKOPeHHe, KOTOpPOe co3/aeT
CoJiHlle Ha PAcCTOSIHUH, PABHOM yn}:a]ﬂeﬂmo 3emau ot Coanua, 6yner:

gl =Y azo ’ (4’)
rae a — cpennee paccrosnue 3emau ot CosHua.

Mbl 3HaeMm, uTto 3eMuas aBHKercsi Bokpyr CoJsHLa 1O 3JJHICY
(1-i 3akon Kensepa). Ho skcuedTpucuter s/Iunca MaJ, ¥ B Hallel
3ajlaue MOXKHO paccMaTpPHBaTh KPYroBoe NBHKeHHe 3eMJH 1o opGu-
te BoKpyr Cosuua. Torma (4’) maer 3HaueHHe LEHTPOCTPEMHTENb~
HOTO yCKopeHHus, T. €.

M 2
Y O:_v_’ (5)
a® a
2na
rne v — opbuTasbHas ckopocTb 3eMan. Tak Kak 0 =
rie P — nepuon obpalleHus 3eMJH, TO
YMo  4dneae
a? ap?’
TKyLa An’a®
oTRYX Mo =22 (®)

IMoxcrasus B (6) 3HaueHusi y, @ u P, Bh HaiizneTe, uto M~ 2- 103 r,

Tak xak Mg=6-10% r, 10 macca Coanua npumepso B 332 000 pa3s
Gosblie, yeM mMacca 3emau. [Tomuure, y JlomoHocoBa:
KTto BHmes mpocTaka U3 noBapoB TaKoro,
KoTopniil 661 BepTes ouar BOKPYT XapKoro?
On'pene.nu're CPEIHIOI0 NJIOTHOCTH ConHua u CpaBHUTE €€ CO Cpel[Heﬁ IJIOTHO-
CTbio 3eMuu.

BhluucanTe YCKOpEHHe CHJIB TSXKecTd Ha mosepxHocTd CoJHIA, a TaKxKe mep-
BYIO ¥ BTOPYIO KOcMuyeckue ckopoctu ast ConHua.

MpuMeyaHue Bumonusas pacyeTs, BH, HaBepHOe, yKe OGpaTHIH BHHMa«
HMe Ha TO, YTO B aCTPOHOMHH U acTpOo(dHU3HKe, KaK NPaBUJIO, HE yHAeTCs OCTaBaThCS
B paMKaX TOH WJM HHOH CHCTEMBl eJHHHIL, HanpuMep, npuHsartoil B ¢usnke (CH).
TpuseneM psig npuMepoB. Tak, pacCTOSHUS H3MEPSIOT HE TOJILKO B CaHTHMeETPax
(M, KM), HO U B aCTPOHOMHYECKHX €IMHHIlAX, CBETOBBIX r0JaxX, MapceKax, Kujomnap-
ceKax M Mmeranapcekax. A uHorza pacueTel OyAyT ympoulaTbCs, €cl¥ B KayecTBe
e[MHHUIb JJIVHB UCOJb30BaTh paauyc 3eMJn uiu paguyc CosHuma. Maccer HeGec-
HBIX TeJ BbIpaxKaloT He TOJBKO B rpaMMax (KT, T); MPEANOYATAIOT B Ka4yeCTBE «elH-
HUL» 6paTh Maccy 3emuu uau Maccy CosHua. DHeprui0 B acTpodusvke OGHYHO
BeipaxaioT B aprax (1 apr=10-7 JIX), a MarHuTHeIE N0/ XapaKTepU3YIOT Hamps-

(l 9=1;ﬂ A <80 é—).

KEHHOCTBIO B 3pcTenax
peTer T M M

Bpameﬂne' Coanna

Ecau cpaBHUTH HECKOJIBKO MocJeNn0BaTeabHbX poTorpaduit Coan-
1a, TO MOXKHO 3aMEeTHTb, KaK MEHAETCS MOJoXKeHHe [eTaJel, HallpH-
Mep TsiTeH Ha AHcKe (pHc. 1). DTO MPOHCXOIHT H3-3a BpaILECHHSA
Coanna. Cosnue BpallaeTcss He KaK TBephoe Teso. [IsaTHa, Haxodsd-
muecss B61u3u 3kBatopa CoJHIa, ONepexaloT MATHA, PaclojQiKeH-
Hele B cpenHux muporax. CJelloBaTeNbHO, CKOPOCTH BpalleHHS
pasHux caoeB CoJIHLA pa3/MYHEL: TOYKH 3KBATOPHAJbHOH 00sacTH

9



CoJiHIIa HMEIOT He TOJbKO HaH-
GoJsplline JHHEHHble, HO M HaH-
6oJsibIliMe  yIJOBbie CKOPOCTH.
(C nomo6GHOH  0COGEHHOCTBIO
BpallleHHs] MBI BCTPeuYaeMcsl H y
naaser-rurautoB.) [lepuon Bpa-
LIEHHS 3KBAaTOpHAJBHEIX 06Ja-
creit CosHua 25 3eMHBIX CYTOK,
a noJaspHeix — Gosee 30.

XHMHYECKHH COCTaB H TeMme-
parypa CoaHua

dTu BaxKHeilINe CBEIEHHS O
¢usuke CosHNA TNOJNYyYEeHH H3
aHaau3a ero cnektpa. Hanom-
HuM, yrto cnektp CosHiua — 310
HeNmpephIBHEI CHEKTP C MHOXe-
CTBOM JIHHHH norsoueHus. Jlu-
HUM TorJouieHus: — dppayHrode-
POBBI INHUH — BO3HUKAIOT BCJE]-
CTBHE TOrO, YTO H3JyieHHe, HAY-

Puc. 1. Habmopnast coameunbie mnsTa, 1iee OT (hoTocepsi, MPOXOTHT
JerKo 06HapyxuTb Bpaliende CoJHua. yepe3 pacHOJOXKeHHbe Hajl Hel
c10M rasza. AToOMBI JeXaHlHX

Han ¢oTocepoil Gosee XOJOAHBIX CJOEB COJHEUHOH aTMocdephl
[ePeH3ayyaoT U pPACCEHBAIOT MNOIJIOIEHHOE HMH H3JydyeHHe (oTo-
cdeprl N0 caMbIM pa3JjHuYHbBIM HampaB/ieHHsaM. B pesynabrate dpayH-
roepoBHl JHHUH, N0JIOKEHHE KOTOPBIX TOYHO COOTBETCTBYeT JHHHAM
U3JIyYeHHs pa3peKeHHOTo rasa, OKa3bplBaloTcsi 6oJee TeMHBIMH, YeM
YYacTKH HeNpepeBHOTO CHEKTpa, Ha ()OHe KOTOpPOro oHu Habusioxa-
I0Tcs. ATOMBI, pacnoJioxKeHHble Hal (oTocdepoil, NOrJOIA0T U3 ee
HeIpephBHOTO H3JIVYEHHS JHIIb Te KBaHTBI, KOTOPble CAMH MOTYT
usayuatb. Mceaenosanune ¢payHrodepoBeX JHHHH MO3BOJSET ONpe-
IeJMuTh XHMHuecKuit coctaB atmocdeps Conunna. Ha Connue o6Ha-
pyxeHo 6osee 70 XHMHYeCKHX 3JeMeHTOB. HHKaKHX «He3eMHBIX»
ajeMeHToB CouHlle He colep:xuT. Camble pacnpocTpaHeHHbE 3Je-
meHThl Ha CouHle — Bojopon (okomo 70% Bceit maccn CousiHua)
u reauit (29%). .
UTo6b! BBIICHHTb, B KaKOM COCTOSHHM HaXOIHTCH BELIECTBO HA
Connue, Heob6xomumo 3HaTh Temmnepatypy Coanua. CyuecTByior
pasjuuHbie cnoco6el ee ompepeneHusi. OQHH H3 HUX OCHOBAaH Ha
HCCJE0BAHUM PpaclpelesieHHst 3HePTHH B HeNpPePLIBHOM CIIEKTpe
Cosinna. HaG.mofeHnst TOKa3biBaloT, YTO KOJIHYECTBO IHEPTHHU, H3JY-
yaemoii CoHIEM B Pa3HBIX y4acTKax CNEKTPa, HeOAHHaKoBO. BoJib-
me Bcero CoJsHIle H3JyYaeT SHEPTHH B XKeJITO-3€JEHOH 4acTH CIeKT-

o
pa, 6auskoii K mauHe BosaHE 5000 A. M3BecTHO He TosbKO pacmpe-
IeJleHHe 3HEPTHH B BHAHMOH YacTH CNeKTPa, HO M B yJabTpaduoe-
" ToBOM M MHPpaKpacHOH obnacTax. HoBrle cBefleHHs GblIH MOMYUYeHE
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€ TNOMOILIbI0 crmeKTporpadoB, YCTAHOBJIEHHBIX Ha HCKYCCTBEHHBIX
CNyTHHKaX 3eMJM 1 KOCMHUYECKHX paKeTax.

Hccnenys pacnpenenenne snepruu B cnekrpe CoJnua, onpefe-
JHAN TeMmnepatypy ¢oTocdepr: oHa Gauska K 6000 K. Ilpu Taxoi
TeMnepaType Jwo6oe BellecTBo Haxoautcs Ha CoJsHle JHIIbL B raso-
06pa3sHOM COCTOSIHHH, @ aTOMBl HEKOTOPBIX XHMHUYECKHX 3JeMEeHTOB
(Na, K, Ca) nonusyiotcs. 6000 K — 3to Ta TemMnepatypa, Ipu KOTo-
poH yCTaHOBHJIOCh H AJHTEJbHOE BpeMsi MOAMEepPXKHBAeTCs PaBHO-
BecHe MexJy 3Hepruei, BoipabateiBaemoft BHyTpu CoJHLa, H HEP-
rueit, uanyuyaemoit CosHueM B KocMHuyeckoe mpocTpancto. C ray-
6uHOA TemmepaTtypa BO3pacTaeT, a BMeCTe C TeM YBeJHYHBAETCH
-4YHCJIO HOHHU30BAHHBIX aTOMOB.

Tenepp MOXHO HECKOJNBKO AOMOJHHTH TO, UTO Bbillle OblIO CKa-
3aHO O NPHUMHAX NosiBJeHHs B crnekTpe CoJaHua ¢payHrodepoBux
aunuii. OKa3piBaeTcsi, HaHOOJBIIYI0 PoJb B (POPMUPOBAHHH CIIEKTPa
dorocepsr ConHua H MOROGHBIX €My 3Be3J, HrpaeT MOrJoLleHHe
OTpHUATeNbHEIMH HOHaMH Bogopoia (H—-—a3t1o aTom Bomopona
C TIPUCOEIMHHUBIIMMCS K HeMmy 3JekTpoHoM). Kak Mmoram o6paso-
BaTbCcsi B (hoTocdepe oTpHuLAaTeNbHBle HOHBI Bogopona? OTkyaa B3s-
JHCb CBOOOJHBIE 3JIEKTPOHBI, KOTOPBIE HYXKHBI [JIs1 NMPHCOELNHEHHS
K aToMaM HeHTpaJjpHoro Bojgopona? UToObl OTBETHTh Ha 3TH BONpPO-
CHl, HY?KHO BCIIOMHHTb O TOM, 4TO, KpOMe BOAOpPOAa, B (hoTochepe
eCTb U Jpyrue XUMuuyeckue sjneMeHTol. Hanpumep, Metanasl, aToMOB
KOTOPHIX B [ECATKH THICAY pa3 MeHbllle, 4eM aTOMOB BOAOPO/AA.
OnHako NpY HOHH3aUHH METaJJOB (a YCJOBHS LS 3TOro B (HOTO-
cepe BHOOJHE [OAXOASIINE) BO3HUKAIOT CBOOOLHBIE 3JEKTPOHHI,
KOoTopble HeoGXxoauMbl 145 nosiBjaenus H—, [laxe neGosbluioe KoJsH-
YeCcTBO OTPHIATEJbHBIX HOHOB BOMOPOIA CKa3blBAaeTC HA ONTHYe-
CKHUX CBoOiicTBax ¢oTocdepbl: OHa M3-3a MOIJIOUIATEJAbHO!H NeATesNb-
HoctH H— cTaHOBHTCS Henpo3payHOH [AJs BUAHMOIO H3JydYCHHS.
TloaToMy, Bo-mepBbIX, HHXKHHE CJOH co/iHeuHOH aTMmocdepbl (doTo-
ctepa) mpoctupaercs He Gojee yem Ha 400 KM H BOCHpHHHMaetcs!
3eMHBIM Habuaopartesem, yrajgedHbiM or CoaHua Ha 150 MuH. KM,
Kak «moBepxHocTh» CosHna. Bo-BropmiX, K kpaio nuck CoJHia
3aMeTHO TeMHee: Ha Kpalo JAHCKa MHl BOCIHPHHHMAaeM H3JydyeHHe
JHIIb OT BHEIIHMX H OTHOCHTEJNbHO XOJOAHBIX NOAPOTOCGHEpPHBIX
CJIOeB, a B LIEHTPe AHCKA Jyu 3peHHs NPOHHKAET TyyG¥Ke M JOCTH-
raet 6oJee ropsiYMX CJOEB.

Csetumoctb CoaHua

OnpenenuM MOLIHOCTb COJHEYHOIO H3Jy4eHHS — KOJIHYECTBO
3HepruM, execekKyHaHo usiyuyaemoe Connuem. s 3Toro BCHOMHHM,
YTO Mbl 3HaeM O «COJIHEYHOH MOCTOSHHOM», T. €. 0 KOJIMUECTBe 3Hep-
ruu, KoTopoe majaer 3a 1 MuH Ha naowmanaky B 1 cm?, pacnonoxes-
HYIO MepNeHIHKYJSPHO COJNHEYHBIM JyuaM BHe 3eMHOI aTMochepsl
npu cpenHeM paccrosuuu 3eman oT Connua. [as uaMepeHus coJ-
HEeYHOH TMOCTOSIHHOH HAa BBICOKOTOPHBIX CTaHUHSIX IMOACYMTBHIBAIOT
KOJIHYeCTBO TelJsa, KOTOpoe [OJyYyaeT HaJuTas B CHeLHa/bHble
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COCYZHl BOZA OT 3aYePHEHHOI'0 M HArPeBAeMOro COJHEUYHBIMH Jy4YaMHU
MeTaJJIMYeCKOr0 JHCKa. B pe3y/ibTaTe TIIATeJbHBIX H3MepeHHH,
BHINIOJIHEHHBIX C yYETOM MOIJIOLIEHHs COJIHEUHBIX Jydeil B 3eMHOH
atMocdepe BHIUMOro, HHPPaKPACHOrO U YJIbTPa(dHOJIETOBOrO H3JY-
YeHWH, HALJIH, YTO COJHeYHas MOCTOsSHHAs PaBHA
2 kaj/(cm®-mun)=1,4-10% spr/(cm?-c)=~0,14 Br/cM?.
OueBHAIHO, YTO €C/IH YMHOXKHTD 3Ty BEJHUYHHY Ha MOBEPXHOCTb cephl
pamuycom 1 a. e. (4 ma?), To Mbl KaK pa3 M TOJYYHM CBETHMOCTb
Coanua. [Ipoaenas aTu BbluHC/IeHus, yOeIHTECh, YTO
L5=3,9-10% 3pr/c.

Urak:

Rp=700000 km=7-10" cwm, go=274 M/c?,
Mp=2-10%r, T=6000 K,
peo=141 r/cvd, L&=3,9-10% spr/c.

COJIHIIE — IIJIASMEHHBIV IIAP

Mpbl yxxe 3HaeM, 4TO B yCJIOBHSIX TOCHOACTBYIOmHX Ha CosHue
TeMIepaTyp BellecTBO B HeApPaX HAlIero CBeTHJA M B BEPXHHX CJAOSX
ero aTMoc(epsl OYeHb CHJIbHO HOHH30BaHO. CMech HOHOB M 3JI€KTpO-
HOB — MJia3gMa — caMasi pacnpocTpaHeHHas (opMa CyllecTBOBaHHS
BellecTBa Bo Bcesnennoil. CosHlle, KaK H BCce APyrue 3Be3/ibl, Ipej-
cTaBJsieT co6oil NJIa3MeHHbIH mWap. i

MoxHo cKasaTb, YTO MJIa3Ma HAXOAHTCA B <«IBOHHOM INOJYHHe-
Huu». Byayuu rasoM, oHa ofsizaHa cjeJoBaTb Ta30BbIM 3aKOHAM
H 3aKOHaM TepMOAMHAMHKH. Dylydn cmecblo 3JieKTpHuUeCKH 3aps-
KeHHBIX YacCTHIl, OHA BBIHYXKJeHa cJeJoBaTh MpPeANHCAHHAM 3JeK-
TPOAHHAMHKM H MAarHMTOTHADOJAMHAMHKH (MarHHTHOH THAPOJAHMHA-
MUKH). B miasMme jierko BOo3HHKAIOT 3JEKTPHUECKHE TOKH H MarHMT-
HBIe TI0JI, OHA B3aHMOJEHCTBYeT C 3JIEKTPHYECKHMH M MATHHTHBHIMH
MOJISIMH, B KOTOPBIX HaXOAHUTCS U KOTOPblE BO3HHKAIOT B HeH CaMoOH.
Bce 3TH moJisi onpefensioT XapakTep JBHXKEHHS M IOBeleHHs MJa3-
MBI, HepeIKO BBI3bIBAsA 3(P(eKTH, He CBOWCTBEHHbIe JABHIKEHHIO Hel-
TpaJIbHOTO rasa.

K cBoeHpaBHBIM CBOACTBAM «3€MHOH» MJa3Mbl (CPeIH KOTOPHIX
oco6oe MecTO 3aHHMAKT MOABHKHOCTb, HEYCTOHYHMBOCTb, HPHUBEp-
JKEeHHOCTb K CaMbiM Pa3HbIM THNaM BOJHOBBIX ABHXKeHHH H T. 1.)
no6GaBasitoTcsi 0COOEHHOCTH, NPHCYILIHE «KOCMHUECKO#» mJuaasme. ['H-
raHTckHe MacmTtabel KOcMHyeckoil JaGopaTopHH, KakK MpPaBHJIO,
He OrpaHHYUBAIOT IJA3My «CTeHKaMH», KOTOPble HeH36eXHO «cTec-
HSAIT» N/1a3My B 3eMHBIX J1aG0paToOpHsX, YBEJHUMBAasi ee HeONHO-
polHOCTb U HeycToHuuBoCTb. Ha CosHle, kak u Booblle B KocMoce,
acTpOMHU3NKH BCTPEYAIOTCSE U CO CIOKOHHOH W ¢ BecbMa TypOyJsieHT-
HOM T/1a3MOM, pacCMaTPHBAasi ee B3aMUMOJEHCTBHE C H3JyYeHHEM H
MAaTHUTHBIMH TOJISIMH.

KakoBnl ke 0COOEHHOCTH NOBeNeHHS] <KOCMHUECKOH» IJa3Mbl
B MaTHHTHOM noJe? Mebl OCTaHOBHMCS Ha HEKOTOPHIX OGLIMX mpegs
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CTaBJeHHSIX W 3aKoHOMepHocTsiXx. Hame paccMorperue Gymer, Ko-
HEYyHO, OYeHb 3JIeMEHTAPHBIM, TaK KaK HaM BaXXHO MOHSATb HaHboJee
CYlecTBeHHBIE UepTH, CBOHCTBEHHbIE SBJEHHSM, NPOUCXONSIIHM
He ToJbKO Ha CoJIHIE, HO H B APYTHX «OTHeJax» KOCMHYECKOH Jabo-
paTtopuH.

Kocmuyeckne MacmTaGpl TMO3BOJSIOT C M3BECTHBIM NPHOJHKE-
HHEM CYMTaTh MJa3My HJeaJbHbIM NPOBOJHHKOM, HPOBOAHMOCTb
KOTOpOTO HeOTpaHMYEHHO BeJHKAa, H H3y4aTb MOJeJb CIJOMIHON
«NPOBOASALILEHl XKUAKOCTHU», TIe He paccMaTpuBaercss IBHXKEHHe OT-
JleJIbHBIX yacTUll. Bhl 3HaeTe, 4TO corsacHO 3aKOHY 3JIeKTPOMAarHHT-
HOH WHIYKUHM H3MeHeHHe MAarHUTHOTO TOTOKAa 4Yepe3 3aMKHYTHIH
KOHTYp NOpOXKAaeT 3JEeKTPOUBHKYIUIYIO cua1y B KoHType. Ho B Koc-
Moce HeT MeTaJJIHYeCKHX KEeCTKMX KOHTYpoB. MoOXHO JMLIb MBEIC-
JIEHHO BBIIEJHTb B NPOBOJSLIEH IJa3Me «CHJIOBble TPYOKH», HauH-
HeHHble IyYKaMH CHJIOBBIX JIMHHH MaruutHoro nojs, CeueHue TakHX
Tpy6OK (WM 4YHCJIO CHJIOBBIX JIHHHH, coJepXKalluXcs B IyuKe)
XapakKTepH3yeT HaNpsKeHHOCTb MarHutHoro noJsi. Ilpu mepeMere-
HHSIX OTHOCHTEJbHO IIOJS IJa3MbBl KOHTYp H3MeHseT cBolO (opMy,
3HAYUT, H3MEHSIeTCs] MPOXOLSIUHI uyepe3 Hero MAarHUTHBIH IOTOK.
OTo BHI3bIBAeT MNOSIBJEHHE HHAYKLUHOHHOTO TOKa, MAarHUTHOe TioJie
Kotoporo (mo mnpaBuay JleHlla) NpPOTHBOAEHCTBYET HCXOLHOMY.
B pesynbrate OyHeT NPOUCXOAMTb [ABHXKEHHE IIa3MBl BMecTe C
MarHUTHBIMH CHJIOBBIMH JHHUsIMH. ITonyuaercs, 4To BCSIKOe JABHXKe-
HHE CpPeAbl YBJIeKaeT KakK Obl «BMODOXKEHHbie» B IJ1a3My CHJIOBhHIE
JIMHUHU.

MarHuTtHoe noJie NPeNsITCTBYeT IBHIKEHHIO BellleCTBa MHOMEpeK
CHJIOBHIX JIMHHHA, HO He MelllaeT BELIeCTBY JBHTaTbCSl BJOJb HHUX.
Ipu BesikoM HapyLIeHHH PaBHOMEPHOrO pacupeseseHus MarHUTHBIX

CHJIOBBIX JIHHHH BO3HHKaeT MarHUTHOE JaBJleHHe pmar:‘g'n_’ rhe

H — Hanpsi:KeHHOCTDb 1OJIA), CHJIAa KOTOPOTO HanpaBJieHa B CTOPOHY
yMeHbIIeHHs] MarHuTHOro moJsiss. MarHuTHoe HaBJIeHHEe CTOJIb Ke
«peasibHO», KaK H MeXaHHYecKoe JaBJeHHe HJH JAaBJIeHHE H3Jyde-
HudA. [ToaToMy B acTpodH3HUeCKHX YCJOBHSIX M, B YacCTHOCTH, NpPH
ananuse ycioBuii Ha CoJiHuIe NPHUXOJHTCA MOCTOSIHHO COMOCTABJATh
Bce neficTBylolHe (aKTOPHL

SABJIEHUA, HABJIOTAEMBIE HA COJIHIIE
SAsnenusi B potochepe

®otocdhepa — «cBersimasics cdepa» CouaHua — caMblii HHKHHH
csioii ero aTMocepsl TOJNLIMHOA B COTHH KHJIOMETPOB, H3JyyalollHi
JBBUHYIO RoJ10 nocrynatouleit or ConHua sHepruy. 31ech MIOTHOCTD
rasa He GoJee 5-10~7 r/cm3. DTO 3HAUMT, YTO YHCJIO aTOMOB BOJO-
pona B 1 cm® doTocteps: ne npephimaer 3- 1017,

CpaBHuTe 5TO ¢ NJOTHOCTDHIO H YHC/IOM HaCTHIL, COAepiKaluxcsd B 1 cm? Bo3ayxa
(npy KOMHaTHOH TeMmepaType H HOPMAJbHOM JaBJIEHHH).
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Ha dotorpapusx ¢ortocheps oTyeT/MBO BHIHA ee SUEHCTAS-
CTPYKTYpa — rpaHyasuus. ['paHyasl sipue, a 3Ha4uT, U ropsiuee, uyem
OKpyKatomue HX yyacTku ¢ortocteprl. [TocTossHHas Typ6ysneHTHOCTD
3eMHOil aTMocdeph oueHb MellaeT HAaGJIOLEHHIO rpaHy.. Jlyulliune
¢ortorpaduu rpaHyn ymaercs HOJNYuUHTb, MOJHHMAsi TeJeCKONb Ha
CTpaToCc(epHbIX aspocraTaX. B Hallleli cTpaHe TaKHe 3KCHEPHUMEHTHI
YCHEeLHO NPOBOAATCS MHOJ, PYKOBOACTBOM naupekrtopa Ilyskosckoit
oGcepBatopuu uneHa-koppecnongesta AH CCCP B. A. Kpara.

Pasmepul rpanyn neonunakoBbl. CaMble MeJKHe H3 HHMX He JIO-
cruraot 200 kM. Bpems cyliecTBOBaHHSI OTAEJNbHBIX TPaHyJ OKOJIO
8 MuH. HenpepblBHO MOSIBJSIIOLIHECS] W HCYE3AIOLIKe IPaHyJbl CBUIE-
TEeJbCTBYIOT O TOM, 4TO BeIeCTBO, H3 KOTOPOro cocToHuT (ortocdepa,
HaxoAutTca B ABuKeHHH. ONHH M3 BHUIOB ABHXKeHHH B doTocdepe
H NMOA(OTOCHEPHBIX CNOSIX — BEPTHKAJbHBIH MONbEM H ONycKaHHe
BelectBa. Takoe KoJsebaTeJbHOE IBHXKEHHE CKOpee BCEro CBS3aHO
C KOHBEKLHMEH, NpuyeM IPaHyJbl, M0 MHEHHIO OOJBIIHHCTBA acTpo-
HOMOB, MpPEICTaBJAIOT c000H BepXyIIKH KOHBEKTHBHBIX IOTOKOB,
[IPOHHKAOWMX B (oTochepy H3 HHKesdeXKallUux cJjoeB. [paHyJbl
Bcerja HabarofaroTcs Ha Beell noBepxHoctd CosHua. Jpyrue getasu
¢dotocheps (nATHA, aKe/bl) MOSABJASIOTCS JNHLIb BPEMsI OT BpEMEHH.

JuaMeTper HauGoJBIIMX M3 3aPErHCTPUPOBAHHBIX MsTEH MPEBHI-
maior 200 Teic. kM. [IsaTHa — metansu ¢ortocdepnl, CylecTBYioONLlHEe
OT HECKOJIbKHX JHeHl N0 Hecko/bKuHX MecsieB. Muorma Ha Coatie
He ObIBaeT MsTeH COBCEM, HO HHOrAAa HAOMIOAAIOTCA NECATKH KpyIi-
HBIX nfiTeH. MHorosieTHue Hab6JlOLeHUs NMSATHOOOpa30BaTENbHON Hesi-
TeqbHOcTH COJIHLA MOKAa3aJH, YTO HMEIOTCS LUHUK/AHYecKHe KoJebaHus
yucJa NATeH, IpUYeM CpPeJHSs [OPOLOJAKHTENBHOCTh LHKJ/A COCTaB-
Jsier npumepHo 11 Jer.

Lentpa/abHas yacTe nsiTHa — AP0 (MJH T€Hb) OKpYKeHa BOJIOK-
HHCTOH noJiyTenblo. [1siTHa npeacraBasioT co60il KOHHYECKHe BOPOH-
KH, riybuna kortopelx nmpumepHo 300—400 km. B6ausu kpas coa-
HEYHOro JHCKa KpyrJjoe MATHO BCJAeACTBHE NPOEKUHH BHAHO Kak
3JIJIMNITHUECKOE, a coBceM OJIM3KO OT Kpasi JHCKA BHIHA JHIIb y3Kas
10JI0Ca MNOJIYTEeHH.

IlaTHa KaxyTcs TeMHBIMH JIHIIb O KOHTpacty ¢ ¢ortochepoi.
Ha camom mene temnepatypa sfpa (caMOi XOJOLHOH YacTH MSTHA)
okoso 4300 K, T. e. Bblllle TeMmepaTypbl 3JeKTpHuYecKOH Nyru, Ha
KOTOpYIO, KaK H3BeCTHO, HEBO3MOXKHO CMOTpPeTb 03 3allUTHBEIX
OUKOB.

Pasnnuuem teMnepaTyphl ngTeH H GoTochepbl 06bSICHAETCS pas-
JuYHe X CHeKTPOB. FIPKOCTb HEIpPephIBHOIO CHEKTPa MATEH Menblle
SIDKOCTH HelpephlBHOro cnekTpa ¢ortocteps. KpoMe nuuuii norJo-
LleHHsl, B CIeKTPe NATeH OOHapyXKeHbl IOJIOCH NOTJIOLEHHS, TPH~
Hamaexaipe CN, NH, TiO n np., uto Takxe ykaseiBaet Ha Oosee
HHM3KYIO TeMIepaTypy NATEH 1O cpaBHEHHIO ¢ dortoctepoi.

O6rblyno naTHa HabmoAawTés rpynnaMu. [lsatHo B rpynme, Koto-
poe siBJfieTCS MepBBIM IO HampaBJjeHHIO BpauleHus CoJHIlA, HA3bI-
BaeTcs TOJIOBHBIM, IOC/ellHEee HATHO B TpyIllle Ha3nBaeTCs XBOCTO«
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BbiM. ®payHrodepoBbl JTHHHH B CIEKTPE MSATEH CHABHO paclIeNJeHH,
YTO CBHAETEJbCTBYeT O CYLIECTBOBAHHM MAarHHTHBIX MOJEH Hamps-
KeHHocTbio 2000—4000 3. I'osloBHBIE H XBOCTOBBIE INSITHA HMEIOT
PasHyl0 MOJIAPHOCTb: HANPHMEp, €C/IH y TOJOBHBIX MSTEH CeBepHBlil
MarHMTHBIH MOJIIOC, TO Y XBOCTOBBIX — IOXKHBIH, T. €. B LIEJIOM Ipynina
nsTed mogobHa rUraHTCKOMY MarsHuty. 3aMeyaTesbHO, YTO B COCel-
HUX'l1-7eTHUX UHKJIAX TPYNNBl NSATEH H3MEHSIOT CBOK MOJSPHOCTD.
Hanpumep, ecim B [JaHHOM LHKJe BCe TOJOBHBIE MNSATHA TPy
B cepepHoM moaymapud CoJHIA HMeJH CeBEpPHBII MarHUTHBIN
HOJII0C, TO B CJAEAYIOLIEM LHKJ/IEe CeBeDHbIH MarHWUTHHIA mogioc Oymer
Y XBOCTOBHIX NSITEH.
O6mee maruutHoe noje CosHua efBa M npesbiliaer 1 3.

Ha6moznenue 3a MOSABJIEHHEM M Da3BUTHEM TPYNN COJHEYHBIX MSATEH — yBJeKa-
TelbHasi TeMa IUKOJbHBIX aCTPOHOMHYeCKHX HabuogeHuil. ToJbKO NOMHHTE, YTO
HabmonaTh CoJHIle HYXXHO OYeHb OCTOPOXHO. Heub3ss cMotperb Ha CouHile, He 3a-
IUATAB TJa3a TILATeJbHO 3aKOMYEHHBIM CTEKJOM. B LIKOJBHBIA TeNeCKON MOXKHO
paccmatpuBath CoJiHIlE TOIBKO B TOM C/yuae, €CJH y Bac eCTb HaJEXHbIH CBETO-
QUABTP, YCTAaHOBJEHHbII mepen OGBEKTHBOM HJH OKYJsApoM Tesneckona. Ho eme
Jyylie YKPENHTb Ha OKYJISIDHOM KOHLE TeJecKomna 3KpaH ¢ JjuctoM Oesoft Gymaru
H 3apHCOBbIBaTb H306paxenus CosHua Ha skpaHe. Takue HaG/MI0A€HHS IO3BOJISAT BaM
3aMeTuTb BpameHde CoJHLA, H3yuaTh PAa3BHTHE TPYNN CONHEYHBIX MNsTeH, MOACYH-
THIBaTh OTHOCHTe bHEIE uncaa (W) naren no dopmyse

W=10g+f (7)

(rie g — uucao rpynn, f—4HCAO OTAENBHBIX MATEH), M CTPOHTb rpadUKH MATHO-
obpasosarenbHoli jestenprocTH Couanua. [Moxpo6Hee 0 TOM, KaK HOJIKHBI BBHINOJ-
HATbC NofoOHEle HabuoneHusi, npouutaiite B «CrnpaBouHHKe JIOGHTENsT acTPOHO-
muu» I1. T. KyaukoBckoro.

®akesnnl — o6pa3oBaHHs Gojiee cBeTbie (a 3HAuYHT, W GoJee
ropsiune), yeM ¢ortocepa. Ecau rpynna naten Haxomutes BOIM3H
Kpas COJIHEYHOrO JHCKa, TO BOKPYr Hee OOLIYHO BHIHO MHOMKECTBO
tbakenoB — (akenpbHoe mnoJe. Pakeasl BOZHHKAIOT HE3aZOJIr0 MO
NOSIBJIEHHST COJIHEUHBIX NISITEH H CYILECTBYIOT B CPefHEM B TPH pasa
mosblie nsiTeH. B mecrax, rne nabmopaiotcs ¢akessl, Ha MoBepx-
HocTs CoJlHU@ BBIHOCHTCS GoJiee ropsiuee BeIIECTBO, YeM B APYTHX
yuacrkax (oTocdepsl,

SlsaeHus B Xxpomocgepe

Xpomocdepa mpoctupaeTcs A0 BbicoThl 10—14 Thic. XM. B ee
CaMBlX HHXKHHX CJI0SX TeMnepartypa okoao 5000 K, a 3atem no mepe
noxbema Hag Qortocdepoii OHa HAYMHAET MOCTENEHHO PACTH, HOCTH-
rasi B BEPXHHX Ca0sX xpomocdepsl 20—>50 Thic. rpamycos.

Bue 3atmenus acTpoHombl HaGm0maloT xpomocthepy, Bblfedss
oveHb Y3KHA y4yacCTOK cheKTpa M moJayuasi udo6paxkenHe CoJHua
B CBeTe KaKoA-HUOYIb ONHOH CHEKTPaJbHOH JHHMH. DTo Aenaercs,
Hanpumep, C MOMOLIBIO CHEeKTporeJaHorpada, mpuHUHI paboThl KOTO-
pOro COCTOHT B TOM, YTO H3 CICKTPa, MOJYYEHHOTO OGBLIYHBLIM CIIEKT«
porpa)oM, BbIPE3AIOT HYMKHBIA Y4aCTOK (CTaBAT BTOPYIO LIeJb)
H 3a Hell ycraHaB/JHBAIOT (OTONJACTHHKY, Jpyroil cmoco6 cesizaH
¢ HabmoneHusMH CoJIHIA uepe3 Y3KOMOJIOCHBE (HABTPHL, npoay-
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CKaIoOlHe H3Jy4yeHHe CTPOro (UKCHPOBAHHOH IJIHHBI BOJHHE (HHTEp-
(bepeHUHOHHO-IOISIPH3alHOHHEIE (HALTPH). TakK Kak pasjHyHbIE'
JHHHH CIeKTpa BO3HHKAIOT Ha DPa3HBIX BHICOTAX HaJ <«IOBEPXHO?
cTbi0» CoJlHLA, TO, Mepexois OT JHHHH K JIHHHH, MOXHO HCCJIeL0-
BaTh paspe3 xpomocdepsr Cosnua. CpaBHHTe nBe doTorpaduu
Coanna (puc. 7 Bkaeiiku). JleBas mosayyeHa B OGbuHOM (GesioM)
cBeTe. IT10 H306paxeHHe ¢oTochepsl ¢ NATHAMH H (dakensaMH.
IlpaBas cbowgpadnm CHATA B CBeTe JIHHHH BOJAOpPoJa C JIJHHOH

BosiHbl 6563 A. Ha ueit BugHa xpomocdepa CosHua, cocTosimiasi u3
TeMHBIX H CBETJIBIX y3€JKOB, KOTODhle Pacro/aralTcs B BHIE CETKH.
Pasmepnl siueek xpomochepHOH CeTKH 3HAYHTEJNBHO MPEBOCXOAAT
pasMeprl rpanya ¢orocoepnr, nocturas 30—50 Twic. kM. SIpkocThb
xpomocdepsl HeoguHakoBa. HauGosee spkue ee yyacTKH (Xpomo-
chepHele daKesbl) pacnosoXeHb HalX ¢orochepHbIMH (aKesaMu
H NATHAMH.

OnHo w3 wuHTepecHeAWHX sBjeHHH B Xpomocdepe CoaHua —
sBenbiikd. CHayasa yBeJHYHBaeTCs fPKOCTb HeGOJBLIOTO YYacTKa
XxpoMmocdeprl, a 3aTeM 06/1aCTh OXBaTBIBAET NeCATKH MHJIJIHAPIOB
KBaZpaTHBIX KuJoMmeTpoB. CsalOble BCHOBIIKH HCYE3alOT uyepes 5—
10 MHH, a caMble MOIIHbBIE TPOJNOJKAITCA HECKOJbKO YacOB.
He oyenp Gosblline BCHBIIKH NPOUCXOAAT Ha CoJHLE MO HECKOJABKY
pa3 B cyTKH. MoluHble BCOBIMKH HAOMIOAAIOTCS 3HAYHTENBHO pexe,
OG6riuHO XpomocgepHble BCIBILIKH MOABJAIOTCA BOGIH3H MATEH, 0CO-
O6eHHO TeX, KoTopble ObicTpo m3MeHsiioTcsi. [lo xapakrepy sBjeHus
(cTpeMHTeNBHOCT pa3BHTHS, OrPOMHOE 3HEPTOBbIAE/CHHE — [0
1032—10% »spr) xpoMocdepHble BCOBIUKH MPEACTABJSAIOT COGOM
B3PHIBHBIE IIpolecChHl. BCHBIIKHA CONPOBOXAAIOTCH MOLIHBIM yJbTpa-
(HOJIETOBHIM, PEHTTEHOBCKHM H pafHOU3JyueHHeM. B Mmexmnnauer-
HOe IIPOCTPAHCTBO BHIOPACHIBAIOTCSA 3JEKTPHUECKH 3apsiKeHHHe
YacTHUB (KOPNMYCKYJBI). YKe psig JeT HCCIAEeAOBaHHs BCIBILIEK
npoBoAsiTCsl Mol pyKoBopcTBom akazemuka A. B. CeBepHoro Ha
Kprimckoit actpodusnueckoit o6cepBatopun AH CCCP.

CpaBHHTe KOJMYCCTBO 3HEPTHUH, KOTOPOE BHIAEJASAETCA NpPH BCIBILIKE, ¢ KOJaHYe-
CTBOM 3HEPIHH, BHIIEJAIOIEACS NPH B3pLIBE MeraTOHHOH GoMO6n (=~4-1022 apr),.

HcknounTeqpbHo MoliHas Benellka #Habuaiopasnack Ha CouHie
4 aprycra 1972 r. 3to 6blia NPOTOHHAsA BCHBIK], CONPOBOXKIAB-
masics MOsIBJEHHEM B OKPECTHOCTSIX 3eMJIM MOTOKOB YCKOPEHHBIX
silep aTOMOB BOJOPOZAA C 3HEPTHSMH [0 CGTEH MHJIJIHOHOB 3JeK-
TPOH-BOJIBT.

SiBjieHns1 B COJNHEUHOI KOpOHe

dto HauGoJsiee pa3pexeHHas uyacTb artMmocdepn CoJHua
(=~ 1016 r/cm®). BuyTpenHHe 06aacTH KOPOHHI, YAaJeHHBIE OT (GOTO-
edepsl Ha paccTosiHHS 10 oAHoro paauyca CosHua, MOXHO HaGJio-
1aTh He TOJbKO BO BPeMs IOJHHEIX COJHEYHBIX 3aTMeHHH, HO H BHe
3aTMEHHsI C MQMOIULBI0 KOpOHorpada — ClellHaJbHOTO TeJecKona,
B ¢okyce 06beKTHBA KOTOPOIO CTaBUTCA 3aUYePHEHHBIH AMCK («HcC-
¥yccTBeHHaa JlyHa»). KopoHorpagwl ycTaHaBIHBalOT B ropax Ha
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BhicoTe He HHxke 2000 M Hany ypoBHeM MoOps, Tlie 3HAYHTEJILHO
MeHblle paccesiHHe CBeTa B 3eMHOH aTMocdepe.

Ha xpaio cosneuHoro pucka BHAHE NpoTyGepaHUb — rUraHT-
CKHe SpKHe BBHICTYNB HJH apKH, HaXOAAUIHeCs B COJIHEYHOH KOpOHe.
CrokofiHele mpoTy6epaHUbl CYLIeCTBYIOT IO HeCKOJbKY Heleab H
IlaxXe MecsueB. BemecTBo npoTyGepaHieB MOrJOLIaeT H PacCeHBaeT
HIyllee CHU3Y H3JyueHHe, a MOTOMY, HPOEUUPYsChb HAa SAPKHH JHCK
Coanna, npotyGepaHuBl BHIVIAIAT KaK TeMHbIE BOJIOKHA. B oTiHune
OT CNOKOHHHIX IpPOTyOepaHUEeB, aKTHBHBIE NMPOTy6GepaHUB XapakTe-
pM3yioTcs oueHb OBICTPHIMH JBHKEHHSIMH, BHIOpOcaMu BellleCTBa
B KopoHy. HaranaaHoe npencraBjieHHe O JBHXKEHHH BelleCTBa B NPO-
TyGepaHLax AaeT KHHeMaTorpadupoBaHue: nporybepanus doTorpa-
&upyloT Ha KHHONJIEHKY Ha NPOTSKEHHH HeCKOJbKHX 4acoB yepes
30-cexyH/iHBIE HHTEpPBaJbl BPEMEHH, a 3aTeM KHHOOH/IbBM IOKa3l-
BaIlOT C OOBLIYHOH CKOPOCThIO (24 Kaipa B CEeKyHAY).

dopMa KOPOHBI He OCTaeTcsi NMOCTOSTHHOH. B roxwl, korma Ha
noBepxHocTH CoJHIA@ MHOTrO NsATeH, KOpoHa moYTH Kpyraas. Korna
JKe NATeH MaJo, KOpOHa CHJbHO BHITSHYTa B IJIOCKOCTH 3KBaTopa
Connna. Kopona HeomHOponaHa: B Hell HaGJIORAlOTCA JIyuH, AYTH,
OTHeJIbHblE CI'YIIeHHs BemlecTBa. JleTasu KOPOHBI Hepa3pLIBHO CBS-
3aHHl € NATHaMHU U (akesaMH, a TaKxke C fBICHUAMH B XpoMocdepe.
Bce merann KOpoHH BpalllaloTCs C TOH e YIrJIOBOH CKOPOCTBIO, YTO
U pacrosioXkKeHHble NOJ HUMH y4acTKu doTocdepsrl.

Benrlfi LBeT KOPOHBI — CJIeJICTBHE pacCeHMBaHHs CBeTa Ha CBO-
GOHBIX JIEKTPOHAX, KOTOPHEIE CIOCOGHBI paccenBaTh CBET, HE MEHss
ero AJHHB BoJHB. KaxAbfi CBOGOJHHI 32JEKTPOH paccenBaeT
10~-2* yacTh H3/yueHHs, majaiomiero Ha miomanky 1 cm2 fpkoctb
koponsl B 10 pa3 meHblle spKocTH (oTocdheps, a 3HAYUT, B KOPO-
He pacloJIOXeHHBI BIOJb Jyya 3peHHs CTOJIOHK C eeyeHneM 1 cm?
copepxkut 10-%:10-=10'® cBoGoausix aaektpoHoB. Ecau pac-
CMaTpHBaTh TOJNBKO BHYTPEHHIOIO KOPOHY M CYHTATh, HallpHMep, YTO
IpOTAXKeHHOCTh cToa6uka paBHa 101 cm (1. e. Rp/7), T0 B 1 cM®
comepxkurcs 1018:10°=10% cBoGoxubix 3aekTpoHOB. IIpuMepHo
TaKoOBa K€ KOHIEHTPaLHs IPOTOHOB, T. €. B IleJIOM KOPOHA 3JEeKTPO-
HeliTpaJsbHa.

CpaBHHTe KOHIIeHTpauuio yacTul, B otocdepe u KopoHe.

Kak nmaneko npocrupaerca Kopona? [lo doTorpadusm, mosay-
YeHHBHIM BO BpeMsi 3aTMEHHH, KOPOHY ylaeTcs NpOCHeXHTb Ha pac-
CTOSIHHH [0 HeCKOJBKHX COJNHEUYHBIX paauycoB or Kpas CouHua.
OTtxenbHble BHIGPOCH COJIHEUHOH MJA3Mbl, KOTOPhe KaK Obl BXOAAT
B COCTaB «CBepXKopoHbl» CoJHIA, HOCTHralOT 3eMHOH OpOGHTHL
CBepxkopoHa Obl1a OTKpPHITa PafHOACTPOHOMHYECKHMH METOLAMH.

OrpoMHass nNpOTSXKEHHOCTb KOPOHBI OGbSICHSieTCSs  GOJNBIIUMHU
CKODOCTIMH BXOMAAILUX B Hee YaCTHL, a 3HAUMT, H BBICOKOH TeMIle-
paTypo#l KOPOHHL. DTOT XXe BHIBOA NOATBEPXKAAeT H HCCJeLOBaHHE
CeKTpa KOPOHHL. Psi JuHHA B CIeKTpe KOPOHBI OCTaBaJcs 3ara-
mounbiM Ko 40-x rozos. OKa3asoch, 4TO 3TH JHHHH NPHHALJEKAT
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MHOTOKPAaTHO HOHM30BAHHBLIM aTOMaM XOPOILIO H3BeCTHbHIX Ha 3emJe
s7eMeHTOB. Hanpumep, 3eseHass KOpOHaJbHAf JIHHHSL C AJHHOH

o

BoJIHBl 5305 A mcmyckaeTcsi aToMaMu KeJle3a, JHIICHHBIME 13 3Jek-
TpoHOB. Takas u eme GoJsiee BHICOKAst HOHH3ALHS B OUeHb pa3pe-
*KEHHOM BeILeCTBe KODOHBI BO3MOXKHAa IIPH TeMIlepaType He MeEHee
1—1,5 mMaH. rpangycos. B oTZenbHbIX MecTax KODOHBI TeMIepaTypa
moxet gocturath 10-106 K! 3Hayut, KOpoHa HEOAHOPOLHA, (H3H-
YecKHe YCJIOBHS B HaGMI0LaeMbIX B Hell <BOJIOKHAX®, «ABIPAX» H T. 1.
BecbMa pas3JH4yHbl H cefyac HHTEHCHBHO HCCJEAYIOTCA acTPOH3HU-
KaMH. DTO OueHb BaiKHO, NTOTOMY 4TO, HalJI0Jast KOPOHY, MOXKHO
H3y4YaTb B KOCMHYeCKOH JabopaTOpHH BBHICOKOTEMIIEpaTypHYIO pas-
PEXEHHYIO MJIa3My B €CTECTBEHHBIX YCJOBHSX.

CoJiHeYHass aKTHBHOCTb

COBOKYIHOCTb pPa3/IMYHBIX HECTALHOHADHBIX IMIPOLECCOB HA [O-
BepxHoctd CosiHLA UM B ero atMocgepe (msiTHa, ¢akess, npoty6e-
paHlbl, XpOMOC(epHble BCOBIIKH H T. I.) HA3BIBAETCS COJHEYHOMH
aKTHBHOCTbI0. Bce mposIBIEHUS COJIHEUHOH AKTHBHOCTH TECHO CBSi-
3aHBl JAPYr ¢ npyroM. Tak, coJiHeuHble MsTHA BCerja CBSI3aHbl C
¢dorocthepHbIMH (akesaMH, Xpomoc(epHble BCNBIIKH M HPOTyOe-
paHUbl B GOJIBIIMHCTBE cJydyaeB o6pa3yioTcst Haf «BO3MYLIEHHBIMH»
mMectaMu ¢otoctepnl u T. 4. O6aactn Ha CosHue, rjae Habmaofa-
I0TCSl NSITHA, (paKeJbl, BCHBILIKH, NMPOTyOepaHLbl H APyrue MposiB-
JIeHHsl COJIHEYHOH aKTHBHOCTH, HA3bIBAIOTCS aKTHBHBIMH 06JaCTIMH
(un ueHTpaMu akKTHBHOCTH). LIeHTpH aKTHBHOCTH, 3apoXKaasich
Ha HekoTopoil raybuHe moAa ¢Qorochepoll, MPOCTHPAIOTCH B BHIE
HEeCKOJIbKMX SIPYCOB JaJieKo B COJHeuHylo Kopony. Csizyioujee
3BEHO MEXAY Pa3/HYHBIMH SpPycaMH LEHTPOB aKTHBHOCTH — Mar-
HHUTHOE TOJe.

He ToJibKO TOsIBJI€HHEe NSITEH, HO H COJIHEYHAash aKTWBHOCTb B He-
JoM uMeeT ll-JeTHIOI0 UMKJIHYHOCTb. B romsl MakcuMyma coJiHeu-
Hol aktupHoCTH Ha CoOJIHIE MHOrO LEHTPOB aKTHBHOCTH («BO3MY-
medHoe» Counue). B roabsl MUHHMYMOB LEHTPOB aKTHBHOCTH MaJjo
(«cokoitHoe» Counue). Ilpupona UHKAHYHOCTH COJHEUYHOH AKTHB-
HOCTH ellle BO MHOTOM 3arafioyHa. Ho HecOMHeHHO, 4TO HUK/JHYHOCTh
o6ycJIoBJIeHa YCHJIGHHEM H oclabJieHHeM MarHHTHBIX MOJIeH, 3apox-«
patonuxca B noadoTochepHEIX MOTOKAX ABHIKYIIErocs HOHH30BaH-
HOTO Tasa.

COJIHEYHOE H3JIYYEHHUE W ETO BJAHAHHE HA 3EMJIIO

Caer ¥ TENIO

Kak mbl 3HaeM, KOJHUYECTBO 3HepruH, mojaydaemoit 3emJedi oT
CoJHLIa, XapaKTepH3yeTCs «COJNHEeUHOH MOCTOsAHHOH». HM3MepeHus
COJIHEUHOHM MOCTOSIHHOH INPOBOAHJINCH HA HPOTSXKEHWH MHOTHX JIeT,
BKJlo4asi ToJbl MakKCHMyMa H MHHHMYMAa COJIHEUHOH aKTHBHOCTH.
OKa3aJoch, 4T@ BeJHYHHA COJNHEYHOH NMOCTOAHHOH NMPAaKTHYECKH He
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MeHsieTcsl. 3HAUYUT, NMOJHOe KOJH-
4ecTBO 3Hepru, uznyuaemoii Cosn-
eM B eIHHHIy BpPeMeHH, MOCTOsH-
HO (HecMOTps Ha pa3Hoo6pasHble
NPOSIBJIEHHS] €r0 aKTHBHOCTH).

U3 ob1ero kosmHyecTBa 3HePruy,
usnyyaemoit CoJsiHUEM B MexXnJa-
HETHOE IIPOCTPAaHCTBO, TPaHHUI, 3eM-
HOH aTMocdepbl JAOCTHTaeT JIHILIb
1/2000 000000 wuacts. Ilpumepno
TPETh COJIHEUHOTO H3JIyyeHHs, mna-
nawolero Ha 3eMJ10, OTpaxaetcs
el0 ¥ pacceuBaeTcs B MeXIJaHeT-
HOM npocTpaHcTBe. MHOro co/Heu-
HOH 3Hepru¥ HJET Ha HarpeBaHHe
3eMHO#l aTMocdephbl, OKeaHOB H
cywn. Ho u ocrartomascs goss obec-
MeyyBaeT CylUIeCTBOBAaHHE XKH3HHU Ha
3emue!

B Oyayuem maoix o6s3aTesb-

HO HayyaTcsl HelocpeICTBeHHO Ipe-
Bpaulatb COJIHEUHYIO 3HEPrul0 B  Puc. 2. 70-merpoBas «Bamusi Conn-
Jpyrue BHIAbl 3HEPTHH. Yike MpHMe-  1a», CHMBOJIM3MPYIOLLasA 3aBUCHMOCTD
HrloTcn B Hapouton Xoscrse Ml is Seure o Camis (ons
npocreifilye reJIHOTeXHHYECKHe 8 Ocaka. ﬂnomf,,, 1970 r.).
YCTaHOBKH: pPasJ/iuyHblE THMOBL COJI-
HeuHBIX TelJIHL, NapHHKOB, ONPeCHHTE/el, BOLOHArpeBaTe/eH, CylH-
Jok. CostHeuHBle J1yuH, cO6paHHble B hOKyce BOTHYTOrO 3epKaJa, mia-
BAT caMble TyronjaBkhe Mertannbl. BenyTcs paGoTH NnO CO3RAaHHIO
COJIHEUHBIX 3JIeKTPOCTaHUHKH, 0 HCIOJb30BAHHIO COJTHEUHO!H SHEPrHH
IJIS. OTOMJIEHHSI IOMOB H ONpecHeHHs1 MOpcKoil Boabl. IIpakruueckoe
NpUMeHeHHe HaXOAfAT MOJYNPOBOLHHKOBLIE COHeuHble 6arapeH, He-
NocpeNCcTBEHHO NpeBpauiamlie sHepruio CosHIA B 3JEKTPHUECKYIO
sHepruio. Hapsiny ¢ XHMHYeCKHMH HCTOYHHKaMH TOKa COJIHEYHHIe
6ataped HCIOJB3YyIOTCS, HalNpuMep, Ha HCKYCCTBEHHBIX CIYTHHKax
3eMJH M KOCMHYecKUX pakeraX. Bce 3To suip nepssie yenexu
reJIHOTeXHUKH.

KopoTkoBoJaHoBoe usayuenne ConHua

YabTpadroseToBble U PEHTTEHOBCKHE AYYH HCXOAAT B OCHOBHOM
OT BepXHHX CJ0eB XpoMochepbl H KOPOHBL IJTO yAaJOCh AOKa3aThb,
samyckasi pakeTol ¢ NpHOOPaMH BO BpeMsl COJIHEUHBIX 3aTMEHHH.
OueHb ropsiuasi cojiHeyHasi aTMocdepa Bcerna sBJISeTCS HCTOYHH-
KOM HEeBHJHMOr0 KODPOTKOBOJIHOBOT'O H3JIyueHHsl, HO 0COOEeHHO Molil-
HBIM OHO ObIBaeT B rojlbl MAKCHMyMa COJIHEYHOH aKTHBHOCTH. B 3to
BpeMsl yJabTpadHoJeTOBOe H3JyueHHe BO3pacTaeT NPHMepPHO B JBa
pasa, a pPeHTreHOBCKOe — B JECSATKH M JlaXe COTHHM Pas 1o cpaBHe-
HHIO C HM3JyYeHHeM B ToJkl MHHHMyMa. MHTeHCHBHOCTD KOpOTKO-
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BOJIHOBOTO M3JIyUE€HHSI H3MeHsieTcsl TaKXke OTO JAHA KO JHIO, Pe3Ko
Bo3pacTas, Korfia B xpomocpepe CoJiHIIA MPOHCXOAAT BCNBILIKH.

KopoTtkosonHoBoe wusnyueHne CoJiHI@ OKa3blBaeT BJIHSAHHE Ha
npoueccs, HpoHcxoAsiue B aTMochepe 3eman. Tak, Hampumep,
yAbTpaHOJeTOBblE M DPEHTIeHOBCKHE JIyYydH 4YaCTHYHO HOHH3YIOT
¢/I0OM BO3Ayxa, o6pasys cJoH 3eMHOH aTmoc¢epn — HOHocGeEpY.
HoHocgepa urpaer BaKHyio poJib B OCYLIECTBJIEHHH AaJbHeH paguo-
CBSI3U: PajJMOBOJIHBI, HAYILIHE OT pajHonepefaTyHka, INpexje yeMm
JOCTHYb aHTEHHbl NMPHEeMHHKAa, MHOTOKPATHO OTPaxKaloTCis OT HOHO-
ciepnl U oT noBepxHocTH 3emuH. CocTosiHHe HOHOCGEpPH MeHseTcs
B 3aBHCHMOCTH OT YCJOBMH ocBelleHHs ee COJHLEM H OT IPOHCXO-
namux Ha Connue ssieHuit. [Tostomy ass obecneyeHus yCTOHUYHBOI
pPalHOCBA3H NPHXOJHTCS YYHTHIBATH BpeMsi CYTOK, BpeMs roja H
COCTOSIHHE COJIHeYyHOH aKTHBHOCTH. Bo Bpems HanGosiee MOILHBIX
Benbilek Ha CoJsiHIE YHCJIO HOHH30BAHHHIX aTOMOB B HOHocdepe
BO3pacTaeT M PaZHOBOJHBI YaCTHYHO HJH MOJHOCTHIO MOIJIOMIAI0TCS
ef0. DTO MPHBOJAHUT K YXYAUIEHHIO HJIH Aaxe K BPEeMEHHOMY mpekpa-
LIEHHIO PaAHOCBS3H.

Paagnonsanyuenue

CucreMaTnyeckoe HcciefoBaHue pajnounsnyueHus CosHua Haya-
JIOCh TOJIKO IOCJe BTOPOH MHPOBOH BOMHBI, KOrZa BHISICHHJIOCH,
yrto CoJiHlle — MOLIHBIA HCTOYHHK pajuou3yyeHHs. B Mexmnnaner-
HOe NPOCTPAHCTBO INIPOHHKAIOT pAaJHOBOJIHBI, KOTODble H3JyYaeT
xpoMoctepa (CaHTHMETPOBbIE BOJIHB) H KOpPOHa (HelHMeTPOBHE H
METpOBHIE BOJHBI) — OHH H JOCTHTaIOT 3eMJIH.

Pannonsayuenne ConHua uMeeT JIBe COCTaBJSIOLHE — [OCTO-
SIHHYIO, TOYTH He MEHSIOIYIOCS, W IlePeMeHHYI0, CHOpaJH4YecKyio
(BcnieckH, «iyMmMoBble Oypu»). PannonsinyyeHue «CrmoKoiHOro»
Conuna oO6bsiCHSIETCA TeM, UTO ropsiyasi COJIHEYHas msasMma Bceraa
M3J1y4aeT PaJHOBOJIHBI HapsAy C 3/1eKTPOMArHHTHBIMH KoJieOaHUAMH
APYyrHX JIJIHH BOJH (TemsioBoe paauoHaaydyeHHe). Bo Bpemsi Go.ib-
KX XpomochepHbIX BCHbleK pajnnousiyyeHHe CoJsiHIa Bo3pacraer
B THICSIYH M JlaXKe MHJIJIHOHBI Pa3 MO CPAaBHEHHIO C PaJHOH3NyYEeHHEM
cnokoiioro CosHua. DTo pajaHOH3NyueHHe, NMOPOXKIEHHOe GhICTPO-
NpOTEKAIOUMMH HeCTallHOHAaPHEIMH NPOLECCaMH, HMeeT HeTelJIOBYIO
HpPUPOAY.

KopnyckyJsipHOe H3JyyeHHe

Pan reodusnyecKux sBJeHHH (MarHuTHble GYypH, T. €. KpPaTkKo-
BpeMeHHble H3MEHeHHs] MarHUTHOro MOJsi 3eMJIH, NOJsSiPHble CHSHHS
H [p.) Bbi3BaH COMHEYHOH akTHBHOCThIO. Ho 3TH sBJIeHusi mpomc-
XOIAT He paHee yeM uyepe3 CyTkH mnocje Bcnbimek na CoJaHie.
Bri3biBaloTcsi OHH He 3JeKTPOMATHHTHBIM H3JyYeHHEM, HOXOMSILHM
10 3emJin yepe3 8,3 MHH, a H3BepKEHHBIMH KOPNYCKYJaMH, KOTOphie
C ONO3/laHHEM IMPOHHKAIOT B OKOJI03€MHO€ MPOCTPAHCTBO.

KopnyckyJasl ucmyckaiotcss CosHIEM H TOTa, KOTJla Ha HEM HeT
BenblleK M naTeH. HempepniBHO pacliupsilomlascsi KOpoHa co3jaer
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coMHEUHHIl BeTep, OXBaThiBamWmil asuxyuecs B6ausu Connua
NJaHeThl H KOMeThbl. BCHBILILKH COMPOBOXKAAKOTCS «NOPbIBAMH» COJ-
HEYHOro BeTpa. DKCIEePUMEHTH Ha KOCMHUECKHX paKeTax M HCKYCCT-
BEHHBIX CIYTHHKaX 3€MJH MO03BOJMHM/IM HENOCPeNCTBEHHO OoCGHapy-
JKHTh COJHEuHble KOPMYCKYJ/bl B MeXIJIaHEeTHOM IPOCTPAHCTBE.
Bo Bpems BCObIIEK B MeXIJaHeTHOe MPOCTPAHCTBO NPOHHKAIOT
He TOJNbKO KOPHYCKYJH, HO M MAarHUTHOE I[0Jie — BCe 3TO Onpene-
JsieT «00CTaHOBKY» B OKOJIO3€MHOM KOCMHMYECKOM NDOCTPaHCTBe.
Tak, HanpuMep, COJHEUHHIH BeTep AedopMUPYeT reOMarHuTHOE MoJe,
CXKHMaeT ero H JOKa/JH3yeT B NPOCTPAHCTBE; KOPMYCKYJbl 3amoJ-
HAIOT paguauuoHHb mosic. C MPOHHKHOBEHHEM KOPNYCKYJ B 3eM-
Hylo aTMocd)epy CBSI3aHbl NMOJsipHBIE CHsiHMA. [locde BCbIeK Ha
CosHue Ha 3eMmJe NPOUCXOAAT MarHuTHbIe 6ypH. Tak, moc/e BCHbIII-
ku 4 aprycra 1972 r. mpousolllna CHJbHAs MarHuTHas Oyps, Hapy-
LIMBLIAs PaAMOCBs3b HA KOPOTKHX BOJNHAX, HAOMIONANUCh NOJNAPHHEE
CHSIHHS M pe3Koe CHHXKeHHe yPOBHS KOCMHYECKHX JyueH, KOTOpHIe
Wwad K HaM u3 ray6uH [anakTHKM H KOTOPHIM MNperpajgunad myThb
usBepKenHpie COJHUEM MJ1a3MeHHBe MOTOKH (3¢ppexr Popbyuia).

Mpo6aema «Coanue — 3emasn»

dta npobaeMa, CBA3bIBAONIAA COMHEUHYI0O aKTHBHOCTb C €€ BO3-
HeficTBHEM Ha 3eMJIO0, HaXOAHTCA Ha CThiKe HECKOJbKHX BaXKHei-
UIMX Ui 4eJOBeYecTBa HayK — acTPOHOMHH, Teodu3uku, GHOJOTHH,
MeJHLHHBL.

HekoTopsle 4acTH 3TOH KOMILIEKCHOM NpoO6JaeMBl HCCAELYIOTCS
yKe HeCKO/IbKO NecTHJeTHH, HalpuMep HOHOC(EpHble NPOSABJIEHHUS
COJIHEUHOM aKTHBHOCTH. 3Jechb ynaJochb He TOJbKO HAaKONUTb MHO-
)KecTBO (akToB, HO M OOHApPyXHTb 3aKOHOMEPHOCTH, HMeloLIue
6osbllioe 3HaueHHe [Jsi oOcyllecTBJeHUs OecnepeGoiHOH pazauo-
cBsisH (BbiGOp paboOYHX HACTOT PAJHOCBA3H M TNPOTHO3Bl YCJOBHI
panHOCBS3H).

IlaBHO H3BECTHO, 4TO KoJeOaHHs MarHHTHOH CTPeJKH BO BpeMs
MarHuTHO# OypH OCOOeHHO 3aMeTHhl B [HEBHOEe BPeMs H HMEIOT
HanGOJBIIYI0 aMIIUTYLy, HHOTAA HOCTHTaIOIIYI0 HECKOJbKHX TIpa-
AycoB, B NEpPHOAbl MaKCHMyMa COJIHEUHOH AaKTHBHOCTH. XOpOIIO
13BECTHO M TO, YTO MarHUTHHIE OYpPH OOGLIYHO CONPOBOKIAIOTCS CBe-
ueHHeM BePXHHX cJoeB aTMmocdepbl. DTO MOJSAPHBIE CHSHHS — OLHO
U3 KpacCHBEHLIHX ﬂBJ‘IeHHvI‘/'I npuponsl. HeoGbluaiinass urpa Kpacok,
BHe3amHasli CMeHa CIOKOHHOTo CBEUeHHs CTPEMHTeJNbHBIM IepeMe-
IeHHeM AyT, TMOJIOC M JyyeH, 00pasyiolluX TO THTaHTCKHE IIATPHI,
TO BeJMUECTBEHHBIE 3aHABeCHl, H3/laBHA NpHBJEKana K cebe jomefi.
IMonsipHble CHsHUS, KaK NpaBHJO, Hab/04a0TCA B MOMAPHBIX 06Ja-
cTsix 3emHoro mapa. Ho mHOTZAa B rogsl MaKCHMYMOB COJIHEUHOH
aKTHBHOCTH HX MOXHO Ha0J/ll0aTh M B CPeIHHX WIHMPOTax. B moasp-
HBIX CHSIHMSIX mpeo6JiaaloT JBa UBeTa: 3ejieHbll U KpacHbiii. OKkpac-
Ka MoJISIPHBIX CHSAHHH 00ycJOBJIEHAa H3JyuyeHHeM aTOMOB KHCJIOpoAa
(Han6onee HHTEHCHBHH B CIEKTPaX MNOJAPHBIX CHAHHH 3ejieHas M
KpacHas JIHHHH).
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CymuiecTByeT cBsi3b Mexay fiBjeHusMu Ha CosHUe M mpoieccaMH
B HHXKHHMX cJosix 3eMHOH aTmocgepbl. CoJiHeyHOe H3JyuyeHHe BO3-
AefCTBYeT Ha Tponoctepy. BoisicHeHHe MeXaHH3Ma 3TOro Bo3jeHcT-
BHSI HeOOGXOJUMO AJsI MeTeopoJoruH. BaxcHoe 3HayeHHe HMeIOT pa-
6OTHl COBETCKHX YueHbIX H OCOGEHHO uJeHa-KoppecnoHaenta AH
CCCP 3. P. Mycreds.

B nocnentee Bpems Bce GoJibliiee BHUMaHUE YYEHbIX MPUBJICKAIOT
pasHooOpasHble sBJieHHsi B OHocdepe, KOTOpPble, KaK MOKa3biBalOT
Ha6J/II0/lCHHUS, CB3aHbl C COJHEYHOM aKTHBHOCTbIO. Tak, Guojoru
OTMeYaloT, YTO B TeueHHe l1-leTHero mukJIa CONHEUHOH aKTHBHOCTH
[IPOHCXOASAT H3MEHEHHS B [PUPOCTE JIeCOHACAXKAEHHH, YCAOBHAX CY-
LIeCTBOBAaHHS OTAEJbHBIX BHAOB *KHBOTHEIX, NTHI, HaceKOMbIX. Bpa-
YM 3aMETHJ/IH, YTO B FO/bl MaKCHMyMa COJIHEYHO! aKTHBHOCTH 3aMeT-
HO 06OCTPSIIOTCH HEKOTOpbie CepleyHO-COCYAHCTbie 3aboJieBaHUs H
HepBHBle 3a0oJieBaHHs. JTO, B YaCTHOCTH, CBSI3bIBaeTcs ¢ OGHapy-
JKEHHbIM BJIMSHHEM TeOMarHHTHOTO MOJSI Ha pAasJHYHble KOJJIOHA-
Hble CHCTEMEl, BKJIOYasi KpOBb uejioBeka. M3yueHue nopoGHBIX coJ-
HEYHO-3eMHBIX CBSI3€ll TOJbKO HAYHHAETCs.

Yro6bl BCECTOPOHHE HCCAENOBATh $IBJEHHS, MPOHUCXOASALIME Ha
CosHlle, mnpoBoAsATCs  cHcTeMaTHyeckue HabmaoneHus CouHia
(«cmyx6a CosHIa») Ha MHOTOUMCJEHHBIX COBETCKHX H 3apyG6ex-
HBIX oOcepBatopusix. OIHA H3 OCHOBHEIX M TIOKa €llle He pelleHHLIX
3anauy «cayx6ul CosHlla» — npeicKazaHHe (IPOrHO3) COJHEUHBIX
BenbilleK. [1porHo3sl BCNBILIEK MO3BOJISAIOT CBOEBPEMEHHO IPeJoTBpa-
THTb HapylleHHs paJHOCBSI3H, a TaKxke NPHHATb MepH, HeoOXoLH-
Mule fs1s obGecrnedyeHusi 6e3onacHoro npeSEBaHHs YesoBeKa B OTKpHI-
TOM KOocMoce,

Hsyuenne BospefictBus Cosnna Ha 3emaio Tpebyer obbenuHe-
HHS YCHJHMH Y4eHBIX MHOTHX CTpaH. B HCTOpHIO HayKH yiKe BOIUJIH
«MexnynaponHeiit reopusnueckufi rogy» — MIT (1957—1958 rr.),
MIPOBOJHBIIHACA BO BpeMsl MOLIHOrO MaKCUMyMa COJIHEYHOH aKTHB-
HocTH, ¥ «MexayHaponHuii ron cnoxoitHoro Cosxnas» — MI'CC
(1964—1965 rr.), KOTOpBI{l OblJI NPHYPOYEH K MHHHMYMY COJIHEWHOH
aktusHoctTy. B MI'CC npunsio yuyactue ceitie 70 crpan. HaGaio-
NeHUs TPOBOLMJIHUCH HAa BCeX KOHTHHeHTaX 3eMJH; NaHHBE O Mpo-
neccax, npoucxoaswux Ha CoJHie # 3emJe, OblJIH NOJYYEHH C MO-
MOIIBI0 NMPHUOOPOB, HAXOASUIMXCS HA HCKYCCTBEHHBIX CIIYTHHKAaX
3eMJu H KOCMHYECKHX pDaKeTaX, Ha FODHBIX BepIIHHAX U B ray6u-
HaxX OKeaHOB.

Hunnnaropom nposenennss MI'CC u ofHHM H3 caMblX aKTHBHBIX
ero yuactHukoB 6bl1 CoBerckuii Coros.

KomnsiekcHble acTpOHOMHUYeCKHe H TI'eO(H3HUECKHE HCCAef0Ba-
nusg CosHua O6yAyT MHPOAOJKeHH. BaxXHyl0 posb B HHX HIpaioT
aKcnepuMeHTH B KocMmoce. Tak, Ha GOPTYy HCKYCCTBEHHOIO CNyTHHKA
3eman «Hutepkocmoc-1», samymensoro 14 okta6psi 1969 r., Guaa
yCTaHOBJIEHA HayyHas alnaparypa [IJs HCCIeLOBaHHs KOPOTKO-
BOJIHOBOTrO H3JaydyeHuss CoJIHIA M €ro BJHAHHS HAa 3€MHYI aTMo-
cepy. D10T cnyTHHK Obla1 3anywen B CCCP B cooTBeTCTBHH ¢ mpo-
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rpaMMOH COTpYAHHYECTBa COIHAJIUCTH-
YeCKMX CTPaH MO HCCAeJOBaHHIO H HC-
NOJIb30BAHHI0O KOCMHYECKOro IpoCTpaH-
. cTBa B MupHbIX Heasix. MccaenoBanus,
HavyaTble Ha <«HHTepkocmoce-1», OblLIH
NPOIOJIKEHBI HA PsA/le APYTHX CNYTHHKOB
atoit cepun («Uutepkocmoc-4, -7, -11,
-16»). Tak, HanpuMep, OCHOBHOH 3aja-
YyeH IKCNepHMEHTOB, NPOBOAUBIIUXCS Ha
«HHurepkrocmoce-16» (uroap 1976 r.), 6bi-
JI0 HcciefoBaHHe YabTpadHOJIETOBOro H
peHTreHoBckoro Huaayderuss CoJsHUA H
BJIHSIHHE 3TOTO H3Jy4YeHHUS Ha CTPYKTYDy
BepxHell aTMocdeprl 3eMJH.

Puc. 3. CoaHie HaxomMTCR
B MeX3aHHYeCKOM DaBHOBECHH.

BHYTPEHHEE CTPOEHHUE U «MOJAEJH» COJHITA

Pesy/abTaThl, ModydyeHHble B NpPeIBAYLIHX Maparpadax, moMoryr
HaM <MPOHHKHYTb» B Hegpa CoJiHIA H, MOJb3YSICb H3BECTHHIMH
3aKOoHaMH (GH3HKY, OLEHHTb ycaoBusi B Heipax Coanua. Bynem
HCXOAHTb H3 TOro, 4TO ycToiuuBoe paBHoBecwe CosHua obecneun-
BaeTCsi paBHOBeCHEM CHJ TATOTEHHsS, CTPEeMSIIIMXCH CXKaTb ra3oBhbIf
map, ¥ NPOTHBOAEHCTBYIOIIHX WM CHJ BHYTPEHHero rasoBoro JIaB-
nenust (puc. 3). Cpasy e oroBopuMcs, YTO Mbl He CTaBHM Iepel
coboil 3a7auy BHIBECTH TOUHble ()OPMYJIbl, TAK KaK IJs 3TOr0 Heob-
XOAMMO 3HaHHe (H3MKH W MaTeMaTHKH B Hpejesax, NaJdeKO BHIXO-
ISIIIHX 33 PAaMKH IIKOJABHBIX mporpaMM. [IpHOJUKeHHBIE OIIEHKH
MOTyT GBITh CHeJaHbl pasHbIMH crnocob6amu. JlaBaiiTe NO3HAKOMHMCS
C HEKOTOPhIMH H3 HHX. .

JlaBaeHue .

['asoBoe naBienue B6/1M3H lLieHTpa raszosoro wapa CoJHua ypas-
HOBeIlIHBaeTCsl BeCOM cTo/16a BellecTBa BhlcoToll A=R H mJoma-
Obio nomepeyHoro ceyenns S=1 cm? Bocnoassyemes dopmyoi
3aKOHa BCEMHPHOIO TATOTEHHS

F=y =2 ®)

H NOJACTaBUM B Hee my=Mg ¥ My==m — Maccy paccMaTpHBAaeMOro
cron6a BeilectBa. JlomycTHM, HYTO IJOTHOCTh BelleCTBA P=pg
(xoTa Ha camoMm gene B Heipax CosHua mioTHocTb GOJbIIAS, 4 B
¢dorocepe HUUTOKHO Masasi). Torna

’ m=p@Sh=p@R@S.
Hagnee, npeHeGperass TeM, 4TO pa3Hble YAaCTH CTOJIGHKAa HeoLHHa-
KoBo mnpHuTAruBaiotess K ueHTPy Cosnua, 6yaeM CcYyHTaTh, 9TO B
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R
¢dopmyne (8) =—2g, T. €. 3TO NPOCTO PaACCTOSTHHE MEXIy LEHT-
pom CosHua u cepeaunoi cronbuxa. Torna us (8) umeem:
_F _YMgPeoReS _twepMg

= ——

5T (Ro2FS  Ro

©

B cuny ckasaHHOro Bhlle 3Ta BeJHYHHA JOMXKHA ObITh YHCJEHHO
paBHa rasoBoMy JasjeHuio B6iu3u uentpa Coanua, T. e.
4yf)'@M
=0, (10)
o
YuuthiBas (10), nmafiieM NOpPANOK BEJHUYHHH NaBJEHHS B LEHTpe
Coanua:
p,=10" H/cM*=10" arm.

Bosee TouHble pacueThl nalT 3HaueHHe pp==10'?2 H/cm2. Has
CpaBHEHHs] yKa)KeM, YTO B mocjaefHHe roab B HMHctuTyTe (U3HKH
Bhicokux napaeHufi AH CCCP npoBolH/HCh 3KCIHEPHMEHTHI, O3BO-
JIUBIIHE NOJYYHTb PEKOPAHBIE NABJEHHS NOPAAKA HECKOJbKHX MJIH.
atmoctep (A=108 atm). TakoBH B HacTosillee BpeMsl BO3MOXKHOCTH
«3eMHOi» 1abopaTOpHH.

TaoTHOCTD
InotHocts B neHTpe CouaHua (py) Gosblle pe B HECKOJBKO pas,
BO BCAKOM cJyuae

Pa>10p0. (10"

Cuurtaetcs, uto B neHtpe CoaHua pg= 140 r/cms.

BcnoMmHuTe, 4TO peyb HJAET O IVIOTHOCTH ra3a, W CpaBHHUTE 3TY IJIOTHOCTh
¢ MJOTHOCTbIO CBHHUA!

Temneparypa

HecmoTpss Ha Gosbliyio mioTHOCTb, Aaxe B LeHTpe Coanua
pacCTOSHAS MeXAy YacTHLAMH BelleCTBa BEJHKH MO CPaBHEHHIO
C pa3MepaMH yacTHI. A 3TO N03BOJSET NPHMEHHTb K BeIEeCTBY
B LeHTpe CosHua 3akoH MenzeneeBa — Kianeiipona:

p=RoT, (11
i

rae p— naBaeHHe rasa; R=83-.107 spr/(moab-:K) — ynusep-
caJibHast ra3oBas NOCTOAHHASI, W, Tnu 0 — COOTBETCTBEHHO MOJAP-
Has Macca, abcoJIoTHAas Temlepatypa H INIOTHOCTb rasa, M3 (11)

TP
Rp
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n Temnepartypa B uenrpe Cosanua

o oMb
* Roy RoRpa
Haxkonel, MoXHO ynpoCTHTb 3Ty (opMyay, HoJaras pg=4pg:

M
To=rP. (12)

©
B npasoi#t wacTtu 3To#t (opMyabl Bce u3BecTHO, Kpome p. IIpeoGaa-
Raowuii Ha CoJHIE XHMHYECKHH 3JeMeHT — BOAOpoX. MoaspHas
Macca aToMapHOro BOAopoja paBHa Macce 6,02-10% aTomoB Bojo-
poia, TaK Kak rpaMM-MoJeKysa Jo60ro BelecTBa COXEPKHUT Ompe-
JeJieHHoe 4HCa0 dacTul (uucao ABorazpo). Macca omHoro aroma
Bogopoaa 1,67-10-%‘r. [Tostomy MoJasipHas Macca aTOMapHOTO
BOJOpoZa uucaeHHO paBHa 1. B Heapax CosHlIa BOJOpPOX HOHH30BaH
M BMECTO OAHOH yacTHUH (aTOMa BOAOPOJA) TaM HaXOAATCS [Be
4yacTHUE! (MPOTOH H 3JEKTPOH), T. €. Ha KaKAYyI0 4acTHLy NpPHXO-
aurces 1:2=0,5 eqmuuust MoasipHO# Maccel. ClefoBaTeNbHO, €CHIH
JIONYyCTHTh, BO-NepBHIX, yTo COJHIE COCTOHT TOJbKO H3 BOXOpOAA
H, BO-BTOpHIX, BOJIOPO/, IOJIHOCTbIO HOHU30BaH, To p==0,5. AT0 oueHb
noxoxe Ha Oosee TouHoe 3HadeHue (p==0,6), moayueHHOe B NpeA-
TOJIOKEHHH, YTO Macca BOAOpoAa cocraBaser 71% oT maccH Bele-
crBa CousHua, reaus —27% H OCTaJbHBIX XHMHYECKHX 3JIeMeH-

ToB — 29%.

Tenepp ocraetcss BuiuHcauTh Iy mo (12), noxcraBus B Hee 3Ha-
yeHus W, v, Mg, Rou R (ne sabyanpre 310 crenats!). Toraa moay-
upM: '

T,~14-10K,
4yTo 6JH3KO K GoJsee ToYHOMY 3HaueHHIO Ty~ 15-10% K,

<«Mogaeaun» Connua

Hrax, MB oLeHH/H 3HaueHHe BaXKHeHIIUX (U3HUECKHX MapaMer-
poB B uentpe Cosnua, paccmatpuBasi CosHIe Kak Wap ¢ paBHO-
MEepHO paclpeleJieHHHIM B HEM BELLeCTBOM H IVIOTHOCTBIO p==pg,

Teneps Bul camu aerko ouenute p 1 T CosHla Ha rayGuHe, paBHO#
nosioBuHe pajuyca Ry /2. Tam napienue

— R
P'/,=POT®g-

rae 1
Mo
=Rony 280
[Toatomy
_1 YpMg
p‘/a_ 4 RQ ’ (13)
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a TeMIepaTypy onpefesseM no dbopmyJe:

M
Toy = L2 LT 0O (14)
Rpn ¢ RRO

Briuncante no atum dopmysam Piy, H T‘h. Cpasnure (13) u (14) ¢ (10)
H (12).

Takum o6pa3oM, MBI C BaMH yKe HMeeM NpeJcTaBJeHHe 0 (H3H-
YecKHX ycaoBHsX Ha moBepxHocTu CoJHLA, B LEHTPe ero H Ha Ipo-
MeXyTOuHOl riyGuHe. B npuHLHMIE MOXKHO BBLIYHCIHTH p, o, T Ha
J1060# ray6uHe M IMOJYYHTh paclpejeseHHe 3THX IapaMeTPOB C
ray6uHo#t, T. e, 3aBucumoctH p=p (r), p=p (r), T=T (r). CoBo-
KYIIHOCTh NOAOGHBIX 3aBHCHMOCTeH (HX MOXHO H300pa3uTh B BHIE
rpapukoB uau Ttabaun) obpasyer «mopmesnb» CosaHua. Mogeas
CoaHua oxaxercs Gogee moJHOH u Oyaer GiHvxKe K peajbHOMY
Counuy, ecau 3HaTb He TOJNBKO, KaK ¢ IJyOHHON H3MEHSIOTCS P, Q
i T, Ho u xumuueckuil coctaB CosHua, a Takke, rae u Kak CouHue
BhipabaThiBaeT 2HEPTrHIO H KaKHM 06pa3oM OCYILIECTBJISIETCS ee mepe-
HOC. $IcHo, 4TO, HanmpuMep, NPH Pa3JHYHBIX THIOTE3aX OTHOCHTEJIHHO
HCTOYHHKOB SHEPUHH H paclpele/ieHHH XHMHYECKHX 3JeMeHToB Oy-
AYT TOJydYaTbCsl pasJHyHbBle 3aBHCHMOCTH: p=p (r), p==p (r),
T=T (r).

Texnnka pacuera Momeneii CoaHua H APYrHX 3Be3X CJOXKHA.
B Haweilt crpane ata paGora Bemercsi nox pykoBoxctBoM A. I'. Ma-
ceBuy. Mpes Meroga cocTOHT B TOM, YTO MBICJEHHO pa3GHBAIOT
Connue (3Besfbl) Ha IIapoBbie CJAOH OJHHAKOBOH MAacchl H pac-
CMaTPUBAIOT H3MeHEeHHe NapaMeTpoB OT cjaos K cioio. Kcmoabso-
BaHne DBM o6seryaer 3Ty TpyAHyI0 paboTy H HO3BOJsET MpOaHa-
JIN3HPOBATh MHOXKECTBO BapHAHTOB.

[To coBpeMeHHHIM mnpejacTaBJeHHAM, KOTOpble MOApoGHee GyAyT
H3JI0KeHBl B CJeAyIoluX naparpadax, sHeprusi CoJHIa Bhle/NseTCS
JHIIb B «UeHTpa/bHOH o6aactu» Cosnua (10 0,3 R or uentpa),
nanee B 30oHe ot 0,3 mo 0,7 R OCHOBHYI0 poJib B IpoLecce mepe-
HOCA 3SHEPrHH HrPaeT JyyeHCIycKaHHe (30HAa <«JYYHCTOTO pPaBHO-
BECHSI»), @ IOTOM IPOHCXOAHUT CMeHa MeXaHH3Ma IlepeHoca SHePrHH
H& KOHBEKIHIO («KOHBEKTHBHAs 30Ha»).

Hano xopouio nmoHuMmate, 4to J06asi Moxeas (a2 MOJeNH B HayKe
0 BcesieHHOl HCIOJB3YIOTCS He ToJabKO B ¢usnke CoJsHLA H 3Be3n,
HO H B (H3HMKe IMJaHeT, a TaKXe H B KOCMOJIOTHH) cO3JlaeTcs
¢ UeJbI0 OTpaxeHHsl TJaBHBIX, XapaKTePHHX 4YePT MOAeJHPYeMOro
o6beKTa. BrisiB/IeHHe 3THX 4epT 4pe3BBIYAiiHO BaXKHO AJI MOJNYYeHUS
npeicTaBieHH# 0 (Qu3HYeCKOH mpHpoAe 00DbEKTa, O 32aKOHaX, KOTO-
pBIM IOLYHHEHO CTpPOeHHe M pa3BuTHe HebecHoro Tena. Monenb
3Be3[bl HJH ee aTMocdephl, Mojesb NJaHeTH HJAH ee aTMocdeph,
mozeab ConHeyHo#H cHcTeMBl HIH MoAeab I'amakrtnku, Mofesnb Mera-
raJakTHKH — BCe 5TO He KOIHH COOTBETCTBYWOIIMX 06beKTOB HCCJle-
JIOBaHHs, a CKOpee «KOHTYDBI», NOMOTamlliHe HaM IOCTHYb Cyli-
‘HOCTb OOGBEKTOB, OTBJIEKasch OT OrPOMHOTO MHOXKeCTBa BTOpOCTe-
[eHHHX «AeTaJjei», -
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HCTOYHHUKH SHEPTHM COJIHIA

Ha nporsaxenun munnunapnoB jetr CoJHIE €XeCeKYHAHO H3Jy-
yaeT OrPOMHOEe KOJIMYECTBO 3Hepruu. Kak u Boobuie Bce ¢u3Hue-
CKHe TpOLeCCH, ero M3JydyeHHe MOAUHHSETCS BazKHeflleMy 3aKOHY
NPUPOJBl — 3aKOHY COXPaHEeHHsi W NpeBpauleHHst sHepruu. Caeno-
BaTe/bHO, sHepruss CoJiHIIA He MOXKeT BO3HHKHYThb H3 HHUEro, H
CYILECTBYIOT HCTOUHMKH, TNOJJepKHBaiolive HeNpephBHOE COJHEY-
Hoe u3jayuenne. UTO e 3TO 32 HCTOUHHKHU?

Bolin npepsoxkeHsl pasinuHble runotesdnl. CorsnacHo OAHOH H3
HHX CYUMTaJOCh, UTO TENJIOBasi SHEPrusi BHICBOGOXKIAaeTcs NMPH CXKa-
Tty Bemectsa Cosuuna. B gpyro#i rumorese B KauecTBe HCTOYHHKA
H3JIyUueHHs] pacCMaTPHBAJCS pacnaj paJHOaKTHBHHIX 3JeMEHTOB.
OG6Ga 3Tu mpoiecca, KOHEUHO, CONPOBOXKJAAIOTCA BBHIAEJNEHHEM 3SHep-
THH, HO, KaK [OKa3blBAIOT pacyeThl, He OHH SBJSAIOTCS TIJIABHBIMH
HucTouHHKamu 3Hepruu CoJsHIA H 3Be3J.

CorsiacHo coBpeMeHHBIM TpejcTaB/jeHHsAM, B Heapax CoJaHua
HIPOHCXOAST TepMOsiiepHble peaklUH, KOTOphble BO3HHKAIOT JIHIUb
IIpH OueHb BBICOKOH TeMIepaType W upe3BblYalHO YyBCTBHTE/bHHI
K ee H3MeHeHHsM. B Xome 3THX peakiuii, CONPOBOXKJAIOLIHXCS
GoJIbIUMM BBIZEJIEHHEM SHEPTHH, OJHH XUMHYECKHE 3JIeMeHTHl Ipe-
BpaulaloTcs B JApyrue. Bel 3HaeTe, uTo caMblfi pacnpocTpaHeHHBIH
3JIeMeHT B 3Be3llax — BoAopoA. B Heapax CosiHIAa OH HOHH30BaH
H HaxXOIHTCA B BHJeE fJep aTOMOB BOZOPOAa — NPOTOHOB. [IpoTOHH,
HMEIOIIHe TIOJOXKHUTEJbHEIE 3SJeKTPHYecKHe 3apsfhl, B OOBIYHEIX
YCJAOBHSIX OTTaJIKHBalOTCA ApPYyr oT Apyra (3akoH Kysona). Ho B
Heapax CoJiHLa B yCJOBHAX OIPOMHBIX TeMIlepaTyp CKOPOCTb IIpo-
TOHOB HACTOJIBKO BeJHKAa, YTO OHH CIOCOGHBI COIMMKAThCH, NMPeoJo-
JeBasg SJIEeKTPHUECKHe CHJBl OTTaJKuBaHusA. Ha oueHp O6/H3KHX
pacCcTOSHHUAX HEeHCTBYIOT MOLIHBlE siepPHble CHJB [PHTSKCHHA H
HAYMHAIOTCA SilepHBle PeaKUMH, T. €. NpOoLecch, B XOAe KOTOPHIX
BO3HHUKAIOT He XMMHUYEeCKHe COeJHHEHHs, a fJpa HOBBIX XHMHUECKHX
3JIEMEHTOB.

" Buytrpn CosHua BoAopon npespamiaercsi B rejuii. PacemoTpum

OAMH M3 BO3MOXHBIX NyTell Takoro mnpespaiueHus. CiusHHE ABYX
NPOTOHOB (1H) composoxnaetcsi o6pa3oBaHHeM Alpa TAXKeJOoro
BOZopoOna [HeliTepus (3D) u wuchmyckanmem IBYX JIeMEHTapHEIX
yactuu: no3utpoHa (et) u HefiTpuHO (v). KpaTko 3Ty peakuuio
MOXKHO 3amnucaTth Tak:

{H+ {H—>1D+e*+v.

BeposiTHOCTb TOro, 4TO 1Ba NPOTOHA CYyMEIOT CTOJNKHYTBCS H
BCTYNHUTb B peakuuio, oueHb Maja. Ho B Hexpax Cosnua nporoHoB
OYeHb MHOTO, a MO3TOMY TaKHe PeaKUHH B NeHCTBHTENLHOCTH MOLYT
HPOHCXOLHTb, XOTH «BpeMs XH3HH» NPOTOHOB OTHOCHTENBHO 3TOM
peakuuu cocTapJjsieT He MeHee 10 MJH. Jer.

OueHb cKOpO 06pa30BaBLIMACA B pe3yJbTaTe B3aMMOLCHCTBHSA
IPOTOHOB ACHTEPHH caM BCTYNHT B AJEPHYIO PeaKLUHIO C MPOTOHOM.
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BO3HHKHET SIIPO JIErKOr0 H30TO-
3

na renuss (2 He) u Bugeautcs

3HepPTHA B BH/JE€ KOPOTKOBOJHO-

BOI'O raMMa-u3ayuyeHus (y):

iD+iH-3He+y.

B najbHefinieM cauAHHE ABYX
snep 3He npuseger kK 06pa3o-
BAaHHIO sipa reJus 2He u IBYX
snep BoAopoja:

SHe--3He—sHe-- [H-+H.

Tak Kak sgep H30TONA reJHS

MaJjgo, a HM elle HYXHO BCTpe-
THTbCSI B HECIIOKOHHON 00CTaHOB-
Ke COJIHEUHEIX HeJIp, TO CpefHee
«BpeMsi XH3HH» YaCTHI, OTHOCH-
TeJbHO TaKOH peakuuy — Mu-
JIMOHBI JIET.
(—D—ﬂpomoﬁ .-Heampou PaccMoTpeHHas Hamu Lenoy-
Ka U3 TpeX peaxuuii HasbBaeT-
¢ TPOTOH-NPOTOHHBHIM LHKJOM.
B pesyabTaTe npoTOH-NPOTOHHO-
ro IMKJA H3 4YeThipex sifep BoJopoAa obpas3yercs OLHO AP0 TesHs
(puc. 4). Kakoe e KOJHMYECTBO SHEPruH BBHIAE/AETCH NMPH ITOM?

Macca oaHOro mpoTOHAa B AaTOMHBIX €IHHHIAX COCTaBJSET
1,008 a. e. M., uernipex — 4,032 a. e. M. ITockoabKy Macca oJHOro
atoma requs 4,004 a. e. M., To pasHoctb 4,032 a. e. M.—
—4,004 a. e. M.=0,028 a. e. M. («aedekT Maccm») Tak kak
0,028 : 4,032~ 0,007, To npu cuHTese 1 T BogOPoxa AedeKT Macchl
cocraput npumepHo 0,007 r. 3Hasg 3TO0 W HCHOJIB3YS OTKPHITHIH
DAHITEAHOM 3aKOH B3aHMOCBA3H Maccel ¥ 3Hepruu (e=mc?),
MOJCUHTAEM, CKOJIbKO SHEPTHH BbIJEJAETCS NPH «CropaHuu» 1 r

BOJIOPO/a:

Puc. 4. Cxemaruueckoe wu3sobpaxeHne
peakuHi NPOTOH-NPOTOHHOIO WUKJA.

e=mc?=0,007 r-(3-101° %‘)%6,3.1018 spp

(c=3-10" cM/c — ckopocTh cBeTa).

Kaxkoe KO/IMUeCTBO 3HEPTHH BEAEAHJIOCH OH, ecH 6hl COJIHLE LENHKOM COCTOs
JIO H3 BOJOpPOZA M BeCb Bomopoj mpeBpatiics Oe B remufi? Ha ckonbko Jer xBa-
THJIO OB BOAOPOAa AJIA MoAmep:KaHus HuHelIHeH cBeTuMocTH CosHua?

BHNO/MIHEB BHIYHCJIEHHS, HeOOXOAHMHE JJi OTBeTa Ha BONPOCH
3TOl 3aJayu, MOXHO yOenutbesi, uto COJIHIE, XOTS OHO H HE LeH-
KOM COCTOHT M3 BOZOpOja, 6yJeT CBeTHTb TaK e, Kak ceffuac, elle
" MHJUIHAPIBL JIET.

[TpoToH-npoTonHu nuka He Ha 100% oGecneunBaer sHepruei
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Coannue; BeposTHO, 3—5% 5HEProBLHAENEHHS MOCTABJAAET YIIEPOA-
HO-a30THBIH MUK «C — N»:

a) SC+1H-"IN+y (1,3-107 zer);
6) 'IN—-'8Ctetav (7 mun);

B) 'SCH1H~"IN+y (2,7-10° qer);
r) YN+ H-'30+y (3,2-10° qer);
1) 80~ "Net4+v (82 c);

e) ''N+1H~"3C+3He (1,1-10° qer).

UN n '§O—pa1moaKmBHbIe, T. €. caMmopacnajaioimuecs, H30TONH
a3oTa M KHCJIOpOja.

Pagom ¢ Kaxpao#l peakiueil yKa3aHo ee «cpejHee BPeMsi»; peak-
uun 6) W 1) mOpeAcTaBAsOT coGOM pacmaj pafiHOAaKTHBHLIX H30-
TOIOB a30Ta H KHcaopoaa. B nukiae «C — N» Bogopoa npespariaercs
B I'eJIMH IIPH yYacTHH yrjepojia, BHICTYNAIOIIero B KauecTBe KaTaljlH-
3atopa. Tako#i LHKJ MoXKeT urpath Hekortopywo poab Ha CosHue
H Oosee 3aMeTHYI0O poJib B HeApax 3Be3l, B IMyOHHaX KOTOPLIX
TeMIlepaTypa Bbillie, uem Ha CoJiHLe.

O6paTuTe BHHMaHHe Ha TO, YTO YacTb 3HEPTHH B NPOTOH-TPO-
TOHHOM H YIVIEPOJHO-a30THOM LHKJAaX YHOCHT IIOTOK HEHTPHHO.
HeliTpuHO — 3JieMeHTapHbBIE YaCTHIH!, HE HMEIOLIHE 3apsifa H MaCChl
nokos. HeiitpuHo cmoco6Hbl mouTH 6e3 B3aMMOJEHCTBHA C BellecT-
BOM NPOHHKATb CKBO3b TOJILLYy BCEH 3Be3JbI, YHOCA HEKOTOPOE KOJIH-
4eCTBO 3HEPrUH HeNoCPeACTBEHHO M3 LEHTPasabHEIX obJsacTell 3Be3-
ael. OrpoMHasi mpoHHKamouiasi CnocoGHOCTh HEHTPHHO HeNaeT HX
TPYAHOYJIOBHMBIMH: MX HEBO3MOXKHO HeNoCpeJCTBEHHO 3apPerucTpH-
poBaTh KaKHMH-IM60 OOGLIYHBIMH CYETYHKAaMH 3JeMEHTapHHIX Ya-
ctull, Mexnay TeM clesaTh 3TO KpaliHe BaXHO M HHTEPECHO, TaK Kak
HeHTPUHHOE H3JyueHHe, B OTJHYHE OT BCeX APYTHX BHLOB H3Jyye-
HHsl, KaK OBl HO3BOJseT «3aryaHyTh» B Heipa Counua. Ilepshie
«HEHTPHUHHBIE TEJECKOMbI» — NMPHUOOPH AJs OOHAPYKEHHST HEeHTpH-
HO — yXKe INOCTPOEHHl M YCTaHOBJEHH IJYOOKO TOJA 3eMJieH, Kyha
HUKaKue Apyrue 4acTHLUH M3 KOCMOCAa NPOHMKHYTb He MmoryT. «Heii-
TPHHHBIE TEJECKONBl» He HMEIOT HHYero o6Ilero ¢ ONTHYECKHMH H
paauoTeseckonaMi. TO OrpoMHBIe IHMJIHHADHYECKHE pe3epByaphl,
HANOJIHEHHBIE COTHAMH THICSY JHUTPOB KHAKOCTH, 60OraToii H30TOIOM
XJiopa ¢ MoOJIeKyJisipHOH Maccolt 37. YaaBauBass HeATPHHO, aTOMEI
H30TONMa XJIOpa NPEeBpallaloTCs B ATOMBl PaJHOAaKTHBHOI'O H30TOINA
aproHa c MoJieKyJsipHO#i Maccod 37, mosiBJleHHe KOTOPOTO MOXKET
O6uITb 3aPHKCHPOBAHO cneHHaJbHBIMH cueTuHKaMHu. He#ATpuuHbIe
Ha6moleHuss CoJlHIIa TO3BOJIAT BBIACHUTh, HACKOJBKO BepHa o6uie-
npuHATasA runoresa o6 ucroyHukax sHepruu CouHua.

OTkphiTHE HCTOYHHKA HeprHH COJHIA HMeeT BaJKHOe 3HAaueHHe
AJs TIOHHMaHHs MPOLECCOB, NPOHCXoAAmKX BHYyTpH CosHua, Kpome
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TOTO, OHO IOCHYXHJO TOJYKOM K INOHCKAM IyTeli TeXHHYECKOro
HCNIOJIb30BAHKUA TEPMOSIAePHOTO CHHTe3a B 3eMHBIX YCJIOBHAX, K HC-
NO0Jb30BAaHHIO HeHcUepmaeMOH 3HePrHH TePMOAJEPHOrO CHHTe3a
B MHPHHX leJX, Ha 6Jaro yeJoBeyecTa.

[TpocTo mompaxats mpupole oxasanocb COBepU.IeHHO HEBO3MOX-
Ho. B 3emHo#i naGopatopun peakuus |H+ |H—>iD+e*+v, no Bceit
BEepPOSITHOCTH, HeOoCyllecTBMMAa: MeJJIeHHble TeMIIBl MpoleccoB Ha
CoaHle s 3eMHBIX Ja6opaTOpHil HeNmpHeMJEMbl; B 3eMHBIX J1a(0-
paTOpUsAX HEBO3MOXKHO HH yAepXKaTb IJa3My, HH CO34aThb CHCTEMY
TeMJIOH30JA MK, CKONHPOBAaB «KOHCTPYKTHUBHOE pelleHHe» COJHey-
HOrO TepMoOsfepHOro peakropa. HanmoMHUM, YTO COJIHEUHBIH sxep-
HBIH peakTOp HMeeT OPUTHHAJBHYIO KOHCTPYKLHIO: IJ1a3Ma YAepiKH-
BaeTcd TPaBHTALHOHHBLIMH CHJAMM, a TEPMOHU30JsinHI0 obecrneuu-
BAlOT KoJloccasbHble TOJILH BellecTBa, OTAe sollie peaKkTop OT
u3Jydamollefi noBepxHocTH. BoT W mpuulioch JIOASIM MO32HMCTBO-
BaThb y NPHPOAB! JIHIUb HAEI0 TEPMOSAEPHOI'0 CHHTE3a M CaMHUM
co3llaBaTh YCJOBHSl AJA ero ocyulecTBieHdss Ha 3emJe. [loatomy
HHKOT/la HHM «TOKaMaKH» (TOpOHJaJbHBle KaMepbl €O cTaGu/IH3H-
pylolWuM coOCTBEHHBIM MAarHUTHBIM IIOJIEM TOKa B I1a3Mme), HH
«CTesqapaTopbl» (KaMepel, B KOTOpPHIX I1a3Ma YAepKHBaeTcd
BHEIIHHM MarHUTHBLIM MOJIeM), HH pa3/IHYyHble JIpyrue HbiHe HeHCT-
BYIOWHE W NDOEKTHPYeMble TePMOAJEPHbe YCTAHOBKH He ObLIH
«konue#i CosHL@» — OHH [eJI0 YMa H PYK UeJoBeKa.

OB30P ®HU3HNYECKHX ITPOLIECCOB HA COJIHIIE

Tenepp, cymmupys Bce, uTo Mbl 3HaeM o CousHle, nonpobyem
HAPHCOBAaTb OOULYI0 KapTHHY IPOUCXOAAIIMX HAa HeM IIPOLECCOB.
Haunem c TepMosimepHoro peakTopa, ¢ «KOHCTPYKLHEH» KOTOPOrO
MHl yXKe 3HakoMbl. Ho 006 onHOll ero 3ameuaTes]bHOH OCOGEHHOCTH
MOKa ellle HHYero He OHJIO CKa3aHO: COJIHEUHBIH TepMOsepHHIR
peakTop — camoynpaBJjsiemulii. Mmenno 6sarogaps aTomy moifep-
KHBaeTCsl MOCTOsAHHas cBeTHMocTb CoJIHIA CTaUMOHApPHOH 3Be3AH,
KOTOpasi HaXOZUTCA B MEXaHHYECKOM H TelJOBOM paBHOBECHH.
HanoMHuM, uTo NpH MeXaHHYeCKOM DaBHOBECHH 3BE3JIB CHJIA THXKe-
CTH ypaBHOBeIIHBaeTCs CHJOH rasosoro AaBjenHs. [Ipu TemnoBoM
paBHOBeCHH 3Heprusi, BelpabaTbiBaeMas BHYTPH 3Be3[Hl, paBHa
SHEepTHH, U3Jy4yaeMoH elo.

B pesyabraTe paGoThHl TEpMOSIEDHOrO peakTopa BhIAEJsAETCH
JHEprusl NpeuMyllleCTBEeHHO B BHIEe aMMa-KBaHTOB BHICOKHX 3Heps
ru#i. DTa sHeprua nepeHocutcs u3 Heap CosHua HapyxXy (B KOCMHs
yecKoe MPOCTPAHCTBO) Yepe3 OrPOMHYIO TOJILY pacKaJeHHOH mJas-
mel (pue. 5). Ot 0,3 mo 0,7 paguyca CosHua (cuuTas oT UEHTpA)
SHEPrHs IepefaeTcs H3JydueHHeM OT CJ0Si K caoio. IIpu Takom
«JIy4YHCTOM I[lepeHOCe» CJIOH He MEeHSIOTCA CBOMMH MeCTaMH, a 3Hep-
rusA, H3JyyeHHas HHUXKHHM CJI0eM, INOIJION[aeTCsi BEPXHHM M 3aTeM
nepenssyyaercas UM M T. A. [Ipomcxoaut odeHp mejseHHOe, AJs-
nieecss MHJJHOHBL JIeT <«NpocayuBaHHe» H3JYYeHHS OT LeHTpa
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ConHua K mnoBepxHocTH. Kax-
Ablf TMOCTeAylOUIHS CJIOH H3JYy-
yaeT MeHee SHePrHyHble KBaHTHI,
ueM npeabnywuil. [losTomy xors
B LleHTpasbHbiX obaactax CouH-
na BeIpabaTHBalOTCA ramma-
KBaHTH, HO [aJiee OHH NOCJeN0-
BaTeJbHO  INpeBpallaloTcs B
KBAaHTHl DEHTTeHOBCKHX Jydel,
3aTeM B yJbTpPaGHOJETOBBE H,
HakoHel, BOGJM3H MOBEPXHOCTH
B KBaHTEl BHJIMMOTIO CBeTa.

ITpumepHo Ha paccrosiHuu 0,3 "
pagnyca CoOJIHIIA OT ero moBepX- }DHC, 5. BHyTpe.HHee crpoeHne CoJHLIa:
— doTocpepa; 2 — KOHBEKTHBHAs 30-
HOCTH OCHOBHBIM MPOLECCOM Me-  ua: 3 304a nepeHoca SHEPrHH H3y-
peHoca 3HeprHu U3 rIyOUHH Ha- 4yeHHeM; 4 — 30Ha SJEePHLHIX peaKkUHH.
pPyXKy CTAaHOBHTCS [pyroii wus-
BeCTHHIH U3 (H3UKH crnocob nmepefayu TemJa — KoHBeKLHs. KoHBek-
THBHAf 30Ha, T. €. Ta 4acThb COJHEYHOro Liapa, B KOTOPOH TemJo
nepefaeTcss KoHBeKUuelH, mpocrupaercsa Ao ¢otocdepr. O mnpomuc-
Xoxsiume#d B moadorochepHBIX CJI0SAX KOHBEKIHH CBHIETEe/bCTBYET,
KaK Mbl yXKe 3HaeM, rpaHyasuus Ha noepxHoctd CoJsHua. KoHBek-
U OPUXOAUT Ha NOMOILb JYYHUCTOMY IlepeHOCY SHepruu TaM, rie
TeMIlepaTypa yMeHbLIWJach, BO3pOCJa HeNpo3pPayHOCTb BelllecTBa
(Tak Kak B cpefie cTajo 0oJblle HefATpaJbHEIX aTOMOB, CIOCOOHEIX
HOTJIOIATh H3JyYyeHHe) U JYUYHCTHIH IepeHoC MepecTal CIpaB/IsaTbCs
co cBoell 3afauell. KOHBEKTHBHEIE NOTOKH YCTPeMJSIOTCS K (oTo-
cipepe CoJsHLIIA CO CKOPOCTBIO HECKOJIbKUX [eCATKOB METPOB B ce-
KyHIy, T. e. 3HauuTeJbHO ObICTpPee JIU(TOB B BHICOTHHIX 3L4AHHAX.
C moabeMoM CKOPOCTb KOHBEKTHBHBIX NOTOKOB pacTeT, LOCTHrasi
B mnoxdorochepurix cjaosx 1—2 km/c. ['asoBbie Macch, BBINOJ-
HHUB 3ajayy HO HepeHOoCy TeNJIOBOH 3HepTHH, OXJaxKILAIOTCA H CHO-
Ba HHIPAOT B ry6uHn CoJiHLa, YTOOb TIOMOYb JIYUHCTOMY Tepe-
Hocy.

B ¢orocdepe OCHOBHEIM NEepEeHOCYHKOM 3HEPTHM BHOBb CTaHO-
BUTC JydenchnyckaHue. PasorsaBlinecss KOHBEKTHBHble TOTOKH
pe3Ko TOpPMO3ATCS, IlepefaBas 4yacTb CBOed KUHETHUYECKOH 3Hepruu
tdorochepe. Porocdepa HaunHaeT Kosaebatbcs MOLOGHO THTaHTCKOM
MeMGpaHe. DTH KoJeGanus MOPOXIAIOT pasinyHbie BoJHBL. OfHH
H3 HHX pachnpocTpaHsioTess BAOAb (oTocdepr, a Apyrue — BBepX.
HekoTopsle u3 ycrpeMuBIIHXCS BBEPX BOJIH, HCNBITAB OTpaKeHHe
U npesioMseHne B aTMoc(epe, Bo3BpalawoTcs Buu3. Ho ocobeHHO
HHTEpeCHBl Te, KOTOPHIX He CJIOMHJU npensitcTBHs. OHH mMomajgawooT
B GoJsiee paspexeHHbe, yeM ¢orochepa, obaactH atMocheprr CoJH-
11a, CKOPOCTb BOJIH Pe3K0 BO3pacTaeT M, KOIZa OHa NpeB3ofiuer
CKOPOCTb 3ByKa B OKDYy:Kaiolle#l cpefie, BOJIHBI NPEBPATATCA B yLap-
Hele. [lelficTBHe yJZapHOH BOJIHBL XOpOLIO H3BECTHO H3 (H3UKH
B3PLIBOB, YJAapHas BoJHAa NPHUBOLHT B JABHXKEeHHe OOJIbILHE Macchi
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BelllecTBa. VMeHHO 3TH BOJIHBI, 3aTyxas, HarpesaioT xpomocdepy
B KopoHy. B6au3u ¢otocdepr Ha BHICOTAaX HO THICIYH KHJIOMETPOB
TeMIlepaTypa pacTeT OueHb MeJAJEHHO, IIOTOMY YTO 3Jech BELIECTBO
elle JOBOJBHO IIJIOTHOE H OHO HHTEHCHBHO H3JjydyaeT 3Hepruio. Ho
BOT BHIlIe KapTHHA MHas: pa3pexeHHas cpeAa H3JyyaeT MaJo
3Heprun (cBedeHHe COJIHEUHOH KOPOHBI, HalpHMeP, HHUYTOXKHO IO
cpaBHeHHIO ¢ oTocdepoil), n NPHHOCHMAs BOJHAMH dHEpPrHs pa3o-
rpeBaet xpomocdepy u kKopoHy. Ilostomy B xpomocdepe Temmnepa-
Typa W BMecCTe C Hed HOHH3aLHUsl HAYMHAIOT pacTu. PocT Temmnepa-
TypH caepxuBaetcs npu 50-10% K, Tak Kak akTHBHYIO DOJIb B H3JYy-
yeHHn urpaet renauii. Korla e u OH HOHH3yeTcsi, poCT TeMmepa-
Typbl NPHBOJIHT K «KOPOHaJbHBIM» 3HadyeHuam 106—2-108 K. Kak
pacxolyeT NPHHOCHMYIO HepPrHI0 coJiHeYHass kopoHa? YacTb sHep-
THU HIEeT BHU3 (KOpOHA rpeeT xpoMmoctepy), 3HauHTeJbHAS YaCTh —
Ha MHOTOKDAaTHYIO HOHH3AIHIO XKeJse3a, HUKeJd, KaJblius, 4acTh pac-
Xo@yeTcss Ha paJHOM3JydeHHe U DPEHTIeHOBCKOE H3JyYyeHHe, HaKo-
Hell, 3HepTUs (BMecTe C YaCTHLAMH BELIECTBA) YHOCHTCA H COJIHEY-
HelM BeTpoM. Tak paGoTaeT yIHBHTEJbHAsl TEILIOBas COJHEUHas
Malll{Ha,

o cux mop Bo Bcex HAaUIMX PAcCCy:KAEHUSIX HE YUHTHIBAJIHCh Mar-
HHUTHblC NOJISI B aKTUBHBIX obOsactax CosHuna. Mexay TeM HMeHHO
C MarHUTHBIMH INOJSIMH CBsI3aHO MHoroo6pasue HaGJIOJaeMbIX Ha
ConHue sBaeHuil. MarHuTHOe moJe He BJHSIET Ha [JBHXKEHHE Hei-
TPaJbHOrO0 rasa, HO OHO MOXET MMEThb ONpelesioliee 3HayeHHE
AJis. ABHXKeHHs HOHM30BaHHOro rasa. Hampuwmep, cH/ibHOe MarHuT-
HOe moJie crnocoOHO 3aMelJINTh KOHBEKIHIO, YTO M MPUHSITO CUHTATH
NPUYUHON OXJIAXKIEHUA BellecTBa B cOJHeuHbX nsatHax. CHjabHOe
MarHuTHOe II0Jle «CKOBBIBAeT» HOHH30BAaHHHIH ra3 M crHocoGCTBYyeT
HOSIBJIEHUIO NATEH «MAarHUTHBIX OCTPOBOB», OKPYXKEHHBIX TypOyJeHT-
Hoit oToctepoit. Cnaboe mose, HAOGOPOT, YCKOPSIET KOHBEKIHIO,
u B Tex mecrax CoJ/HIa, Ie TaKoe MoJie BO3HHKAET, MOSBMASIOTCA
GoJiee ropsiune yuacTkd — ¢doTocdepHeie ¢akearl. Teopus mnpouc-
XOXKJIeHHs NATeH U (aKe/aoB CJOXKHA H BO MHOIOM ellle AaJjeKa OT
3aBeplLIeHHs, HO B QCHOBe (DU3HKH 3THX SIBJIEHHH JEXHT aHaJIH3
JBHKEHUS KOHBEKTHBHBIX IIOTOKOB HOHH30BAaHHOTO Ta3a B MarHuT-
HOM ToJIe.

Eme Gosee HariaiHO MarHuTHOe noJge Ha CoJsiHIE HpOSIBJSET
cebs1 B sIBJIEHHAX, paseirpeiBaiomuxca B atMmochepe Coanma. Ha
KHHOKajpax, 3amedyaT/eBIIHX DPa3BUTHE HPOTYGEpaHIEB, OTYETIHBO
BHIHO, KaK [BHXYIlleecs BelleCTBO MNpPOTyOepaHLUeB <«HpOSBJSET»
HEeBHJAMMbIE CHJIOBble JIHHHH MarHATHBIX noJjel. A mnponukas ele
Bbillle — B COJIHEYHYIO KODOHY, MarHHTHBIe CHJIOBBHIE JHHHH OGpa-
3YIOT B Pa3peKeHHOH NJa3Me Ty HENOBTOPHMYIO JIYYHCTYIO CTPYK~
Typy, KoTopas NPOH3BOAHT He3aOblBaeMQe BIleYaTJIeHHE HA KaK-
JOr0, KTO XOTs1 Obl Pa3 B XXHM3HH BHJEJ B TeJECKON KOPOHY BO BpeMs
[OJHOTO COJIHEYHOTO 3aTMEHHSl. DTO H3-3a MArHHTHOIO IOJIS KOpO-
_ najbHbie 0O0pa30BaHMs, pacrnoJoXKeHHble Ha TpoMaTHOH BhICOTe
Haj ¢ortocdepoit, BPALIAIOTCA € TOH K€ YIVIOBOH CKOPOCTBIO, YTO H
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HaxoXfluneca NMOX HUMH ydacTkKH dortocdepnl, H NJIHTEJbHOE BPEMsA
COXPaHAKT CBOIO PopMy.

O TOM, Kak BeAHKa 3HepPrus, 3anaceHHas B MarHUTHOM I[OJe,
MOXHO CYLHTh XOTs OH [0 TOMY, YTO HMEHHO OTCIOJa 4Yepnair
3HEepPrul XpoMmocgepHble BCHBIIIKH — I'PaHIHO3Hble B3DHIBH B arT-
mocepe Coanuna. 3amMeueHO, 4TO BCHBILUKM BO3HHKAIOT HAJ Tpyl-
flaMH MsTeH, HMELINMH OYeHb CJOXKHYI H ObICTPO H3MEHSIOLLyIoCs
CTPYKTYPY MarHuTHHIX moJeH. Ha G6oJblIoM paccTOSSHHH OT NATeH
HX MarHuTHoe noJie CXOAHO C IOJIeM COJIeHOHAd, B KOTOPOM MNpoTe-
KaeT ruraaTckuil Tok (10''—10'2 A). BsaumomeificTBHE MarHHTHBIX
noJei B CJOXKHBIX IPYNNax NATEeH MOMXeT MNPHBECTH B JBHKeHHe
IJa3My ¥ CTaTh NPHYHHOH MOSABJEHHS COJHEYHHIX BCNbILIEK. Teopus
XpoMmocgepHBIX BCMBbIIIEK TOMBKO JMHLIbL padpabaTeiBaercsi. Ona cBf-
3LiBaeT INPOMCXOAsflMe INPH BCOBINKAX YIJOTHEHHE U pa3orpes
njasMbl ¢ JaBJeHHeM MarHUTHHIX NoJieli W BhIZeJeHueM AXKOyJeBa
TelnJ/a, a BHe3alHOe HayaJjo BCIHBIIEK — C BO3HUKHOBEHHeM pe3koi
NJa3sMeHHOR HEeYCTOWYHBOCTH M pas3pylleHHeM MarHMTHOrO IOJS.
XpoMocdepHble BCHLILKH He TOJbKO «BO3MYIAIOT» COJIHEUHYIO
KOpPOHY, HO H, KaK Mhbl 3HaeM, BHI3HIBAIOT Pas/HuHble SBJEHHSA Ha
emue.

3 3akas m 171



MHP COJIHLL —
3BE3/1bl

He ycrany BocneBaTb Bac, 3Be3jni!
BeyHo BBl TaHHCTBEHHBI H IQHHI.
C nerckux JeT a Po6KO MOCTHraio
TemHHX 6€31H CHAKIIHE PYHBI

H. A. Bynun

Mup 3Be3n nns Hac He COBCeM HOB, TAaK KakK Mbl yXKeé 3HaKOMH
¢ npuponoii Co/iHIA — THINHYHOH 3Be3Abl. DTO MOMOXET HaM MNpel-
CTaBHTb cebe 3Be3[bl, KaXkJas W3 KOTOPBIX JaxKe B TeJeCKON BHAHA
KaK TOouyeyHblH cBeTAuuica 06bekT. B 3THX Kak Obl cjerka pa3Mbl-
THIX TOYKaX, Ha CaMOM JeJle OKa3aBLINXCS OIPOMHLIMH pacKaJeH-
HBIMH IIJIa3MEHHBIMH IIapaMH, COCPefOTOYeHO, BEpOSTHO, Gosee 99%
Macchl KocMHyeckoro BemlecTBa. OcTajibHOe BellleCTBO HaXOAHTCS
NpeHMYLIeCTBEHHO B BHJE pa3peXeHHOH Mex3Be3fHOH cpean. Ha
LOJII0 MJIaHeT, Kak Mbl moToM Yyb6emuMcs Ha npumepe CosiHeuHOH
CHCTEMBI, BelleCTBa NPHXOAHUTCS COBCEM HEMHOro (IO CpaBHEHHIO
CO 3Be3aMH).

IIPHPOJA 3BE3[

OmnpeneneHne pacCTOAHMI 10 3Be3]

Tlpexne Bcero HamOMHHM, YTO 3Be3Abl HAXOAATCS HECPABHEHHO
nIaJablie, yeM Teja CoJsiHedyHOH cucTeMbl. [laxKe oT GaHKaHIIHX 3Be3[
CBEeT HJIEeT HECKOJIbKO JIET.

Bo ckosibko pas cBeTOBOH roa GoJblle acTPOHOMHYECKOH €XHHHLIHI?

Paccrosnus no 6auxaflnX 3Be3[ ONpeleasoT N0 HX TOAHYHOMY
mapaJiiakcy. dTo yroa (w), Mol KOTOPHIM €O 3Be3/b! Gbl1 Ghbl BUAEH
CpenHHH paanyc 3eMHOH OpPOHTH (a, paBHHIA | a. e.), pacmosoxeH-
HBIH TepneHAMKYJSPHO HampaBJeHHIO Ha 3Be3ly. B Tex cayuasx,
KOrJa yaaeTcsl ONpPEeNe/HTb BeJIHUHHY 5, PACCTOSIHHE 10 3Be3[bl eCTh:

A=, 15
sinn (19)

Yroa n Bcerna oyeHb Maa (Menbuwe 17). [Tostomy popmyay (15)

MOXHO 3anucaTb B BHIE:

A= 206:65a. (16)



Paccrosinie mo 3Be3bl, KOTOPOE COOTBETCTBYET mapaJiiakcy 17,
Ha3blBaeTcs MapcekoM (OT CJIOB «NapaJjliakC-CeKyHAa»), Ic:

1 mc = 206 265 a. e.

OueBnaHO, YTO pacCTOSIHHe [0 3Be3lbl B NapCeKaX Jerko BHI-
YHCJIHTb N0 opMmyJe:
1
A=—, (17

1

CKOJIbKO CBETOBHIX JIET COLEPKHTCHA B OHOM napCeke?

Camas 6an3kasi K Ham 3Be3fa HaxoauTcs B co3pe3nun Ilenraspa (ITporcuma
Llentaspa). Ee rognunbiit napasniake 07,762.

Briuncaure paccrosinne o Ilpokcumbl LlenTaBpa B mapcekax u CBETOBLIX TO~
lax.

Menee ueM noJTopa Beka Hal3ald YIAaJoCh BIEPBblE ONPEHAEJNHTDH
paccrosiHHe 10 3Be3abl (Beru), a cefiuac yxKe M3BeCTHH napaJjlakch
HECKOJIbKHX ThicAd 3Be3ld. Ilpw H3mepenun paccrosiHuil 4O KOCMH-
yecKHX OOBEKTOB, yAaJeHHbIX Ha Toicsiun napcek (1000 mapcek=
= lkujonapcek==1 knc) win MuauoHws napcek (1000000 mc==
=] meranapcek=1 Mnc), npumeHnsioTcs Apyrue meroas (cM. c. 37,
68, 74).

IlBer n Temnepatypa 3Be3s,

B yxe 3HaeTe, 4TO 3Be3Abl UMeIOT pasauyHHiE uBer. [Togo6Ho
TOMY KakK [0 LBeTy pacKaJeHHOro MeTa/jla MOXHO CYAHTb O €ro
TeMmnepatype, LBeT 3Be3bl CBHAETEJbCTBYET O TeMIepaType ee Io-
‘BepxHocTHOoro cjosg. Hame Cosnie — xestasi 3Be3ga. Takoro xe
uBeta u Kaneasa, Temnepatrypa koropoi okosno 6000 K. 3BesnH,
uMeomue Temnepatypy 3500—4000 K, kpacHoBatoro uBeta (AJb-
nebapan). Temnepatrypa kpacHbeix 3Be3q (DBereabrefise) npuMepHO
3000 K. Camble xoJi0nHbBIE H3 M3BECTHBIX B HacTOsLIEe BpeMsl 3BE3[
HmeloT Temnepatypy Menee 2000 K. Takue 3Be3abl AOCTYNHH Ha-
6atofeHnsAM B MH(GpPaKpacHOH YacTH CIEKTpa.

HsBectHo MHoOro 3Besg Gosnee ropsiuux, uem Couanme. K HuM
oTHocATcs roJyboBateie u Oesble 3Be3an (Cnuka, Cupuyc, Bera)
¢ temneparypoii 10 000—20 000 K. Pexe BcTpeuatoresi rony6oBato-
Geasle u rosyOble 3Be3lpl ¢ TeMieparypoél moBepxHoctH 30 000—
50000 K. B Hezpax 3Be3q TeMmepaTypa He MeHee JeCATH MHJJIHOHOB
rpaaycos.

Cnex'rpu N XUMHYECKHH COCTaB 3Be3J,

BaxHefimue cBefeHHs O NPHPOJe 3Be3[ aCTPOHOMHl MOJNYYAIOT,
pacwindposbiBag uX crnekTpbl. CHeKTphl GOJIbIIHHCTBA 3Be3l, Kak
u CosHIa,—3TO CNeKTpHl MOrJIOMEHHS: Ha (OHE HENpephIBHOro
CneKkTpa BUAHH TeMHBIe JHUHHA.

CnekTphl 3Besn OTJIHYalOTCA APYr OT Apyra pacnpeneseHHeM
JYUYHCTOH 3HEPrHH B HempepLIBHOM CHEKTPE, a TaK¥Ke KOJHYeCTBOM
H UHTEHCHBHOCTBIO JHHHHA. CXOAHBE MeXAy co6oi cNeKTPH yaaJgoch
CrpynmupoBaTh B CeMb OCHOBHHIX KJjaccoB. OHH o6o3HauaioTcs
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NPONMCHEIMM OyKBaMH JIATHHCKOrO a/daBHTa, Paclo/OXKeHHEMH
B cjlelyiollleM NMopsaaKe:

O—B—A—-F—-G—K-—M.
BHyTpH KaXI0ro Kjiacca CyLIecTByeT pa3jeseHHe elle Ha JecATb

noakaaccos. Hanpumep, cnekTpabHbil Klace F nMeer cienymoimue
MOJKJIacChl:

F0—F1—F2—F3—F4—F5—F6—F7—F8—F9.
[MocsenoBaTebHOCTD CNMEKTPA/IbHBIX KJIacCOB OTparKaeT pasJiH-

yHe IBeTa M TeMIepaTyphl 3Be3l. B 3toM Jjerko yGeanTbesi, pac-
cMmaTpuBas TabJIHIy:

CrextpalbHHft Kiace Temneparypa, K et
o] 50 000 Tony6osatuiit

BO 25 000 ['ony6oBaro-Gesniii
AO 11 000 Beaniit

FO 7600 KenrosaTuiit

GO 6000 Kenrnit

KO 5120 KpacHoBatslft

MO 3600 Kpacauit

B ocHOBHOM 3Be3JB HMEIOT CXOAHBIH XHMHUECKHH cOCTaB: caMble
pacnpocTpaHeHHble 3JIEMEHTH B HHX, Kak W Ha CoJHlle,— BOJOPOA
H requii. Pa3sHooOpa3sne 3Be3RHBIX CNEKTPOB OOBACHAETCH Npexie
BCEro TeM, 4TO 3Be3JH HMeIT pasHylo temnepatypy. Ot Temnepa-
TypHl 3aBHCHT (pH3HUECKOE COCTOSIHHE, B KOTOPOM HaXOAATCS aTOMBI
BelllecTBAa B 3Be3[IHBIX aTmocdepax, U BHI crnekrpa. [Ipu cpaBHH-
TeJIbHO HEBHICOKHX TeMIepaTypax (KpacHble 3Be3fnl) B aTMoctepax
3Be3[] MOTYT CYLIECTBOBATb ATOMB H [Aae MpOCTedIIHe MOJIeKYJH
(Cs, CN, TiO, ZrO u np.). B at™Mocdepax ropsiunx (rony6eix u Ge-
JHX) 3Be3x Hpeo6/1afaloT HOHH30BAHHEE aTOMBH.

ITosnakomHMcsl ¢ BaxKHeHAIINMH OCOGEHHOCTSMH CIEKTPOB 3Be3x
Pa3/IMYHBIX CNEKTPaJbHHBX KJIaCCOB.

Kaacc O. HenpepniBHBI cnekTp TaKHX 3Be3A MepeceyeH TeM-
HBIMH JIHHHSIMH [OIJIOLIEHHS, XapaKTepPHBIMH 1JI WOHH30BaHHOTO
rejqus, asoTa, KHciaopoxa. B artmoctdepax sTHX 3Be3l, KOHeEUYHO,
HMEIOTCA H APYrHe XHMHYECKHe 3JleMeHTHl, HO 6Jiaronapsi BBICOKOA
TeMmmepaType aTOMbBl MHOTHX XMMHYECKHX 3/JIeMEHTOB OKas3hBalOTCs
MHOTOKPAaTHO HOHH30BaHHBIMH. CleKTpaJbHble JHHHH MHOTOKPATHO
HOHHU30BAHHHIX aTOMOB HaXOASATCA B y/JAbTpadHoJeTOBOH 06JacTH
cmeKTpa, KOTopas MOIJOoLIaeTcss 3eMHON aTMochepoi.

Knacc B. OTH 3Be34bl yacTO HA3BIBAIOT reJIHEBHIMH, TaK Kak
B HX CIIEKTPax MHOIO JHHHHA MOTJIOUIEHHS HeATPasbHOro resus:

Knacc A. HaubGosee HHTEHCHBHBI JIHHHH MOIJOILEHHS BOLQ-
pora.
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. Knace F. JluHun Bonopoda cnaaleroT, HO 34TO MOAB/AKTCS
JHHHUH [Or/IOLIeHHs, CBOACTBeHHble WHOHH30BAaHHEIM MeTaJjJjaM, Ha-
NpHMED KaJblHIO.

Kanacc G. B cnekrpe atux 3Be3f, kKak H B cnekrpe Cosnua,
MHOTO JIMHHH MOIVIOLIeHHS, MPHHAANeXKallHX HOHH30BAaHHBIM H HeHT-
pajdbHHIM aToMaM MeTaJs1oB. JIMHHH BOZOpPOJa, KOTOPOrO MHOIO B
atMocdepax 3Be3l, ociabaeHH. DTo 0oO0bsCHSETCS TeM, 4TO IpH
TeMIepaType, cBOACTBeHHOH 3Be3gaM ksacca G, morJolleHue cBeTa
BOJOPOJOM CTAaHOBHTCH MeHee CYLIeCTBeHHBHIM, ueM B aTMocdepax
Goslee ropsuux 3Be3l.

Knacc K. Kpome nuHuiél morsomieHdss MeTaJsiioB, B CIEKTpax
3THX 3Be3J BHIHHI NOJIOCH], NpHHAJJeXallye MOJeKy/JIsPHbHM COeRH-
HEeHUAM.

Kaacc M. B cnektpax 3Tux (u Gosiee XOJOAHHIX) 3Be3X BhHI-
nenmoT)ca MOJIEKY/ISIDHEIE [I0JIOCH NOrJoleHHus: (0COOEHHO OKHCH
THTaHA).

CeeTuMOCTH U a6COJIIOTHBIE 3BE€3[HblE BeJHYHHBI
3Be3nnl, kKak u CoJHle, H3/1y4yaloT SHEPrHIO B IHama3oHe BCeX

IJHH BOJNH 3JeKTPOMAarHuTHHIX KoJseOGanu#. IlosmHoe KosnuecTBO
9HEprHH, H3jJy4yaeMoe 3Be3J0fl MO BCceM HaNpaBJIEHUSM B OLHY ce-
KyHAYy, Ha3blBaeTcsl CBeTHMOCTbIO. DTO OJHA M3 BaXKHeAIIHX Xapak-
TEePUCTHK 3Be3lhl. CBeTHMOCTb 0603Hauaercs G6ykBoi L. CBeTHMOCTh
Comnna (L o ~4-10% spr/c) npuHATa 3a eQMHHIY CBETHMOCTH.

O cBeTHMOCTH 3Be3]| He/b3sl CYNHTb 0 HX BHAHMON 3Be3qHOM
BeJIHYHHE, TaK KaK 3Be3Jbl HAaXOAATCH OT Hac Ha pas3/MYHBIX pac-
CTOSIHHSAX. 3Be3JHble BeJIHYHHB, KOTOPHle HMeJH Obl 3Be3AHl, eciu
6b OHH HaXOJH/HCb Ha ONMHAKOBOM paccrosHuu (10 mc), HasH-
BaioTcsl a0CO/IOTHRIMH 3Be3[HBIMH Besindnnamu (M),

V3 WKOJBHOrO Kypca acTPOHOMHH H3BECTHO, UTO

M=5-—351gr+m, (18)
rie M — aGconoTHas 3Be3fHass BeJHYHHA; 7 — PACCTOSIHHE [O 3Be3-
JAbI; .m — BHAHMAas 3Be3JHas BeJHUHUHA.

3Has, 4To BUAMMas 3Be3gHas BeauynHa CosHua m ®=—26"‘,8, a paccTosHHe
JO Hero r®=l/206265 IiC, BHYMCAHTE abCOMIOTHYIO 3Be3Hyl0 BeiHYHHYy CoJH-
ua M -

Ecan xe abconIOTHass BeJHYHMHA 3Be3abl oOIpeneseHa ApYrum

cnocoGoM, HanpuMmep MO CHEKTPY 3Be3fAsl, TO u3 (opmyan (18)
MOKHO HaHTH paccTOSIHHe [0 3Be3[H:

m— M+5
EEa—

‘DKBaTOPHAJIbHBIE KOOPAHHATH SPKOIl 3Be3an o=18735%, §=-438°44’. Kakas
3To 3Be3fa? BhuMCAHTe paccTostHHe 10 Hee (B mapcekax), ecaH H3BECTHO, 4TO
BuuMas U aGCONIOTHAA 3BE3/IHLHIE BeJHYHHLI ee COOTBETCTBEHHO paBHH -+0™,1 u
+0m,5.

lgr= (19)
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CDopmlea, cBA3BIBalomlasg a6CoOJIIOTHEIE 3Be3JHble BeJHYHHH
H CBETHMOCTH 3Be3]], aHaJ/JorndHa H3BECTHOMY BaM COOTHOIUEHHIO
Mexny 6J1eCKOM 3Be3[bl H ee BUAHMOH BeJIMUHHOM:

L
=1 9,5]12(M—M,), (20)
L,
rae Ly n Ly — cBeTuMoCTH ABYX 3Be3n, a M; u My — nx a6coJioT-
Hble 3Be3[Hble BeJHUHHBHI.

Ecan B KauecTBe oqHON H3 3Be3A BhIOpaTh ConHle, TO

M _—~M
L _opolf0™) @1)
Lo
rie 6yKBH Ge3 HHIEKCOB OTHOCATCS K JI00OM 3Be3e, a cO 3HaYKOM —
K CosHny.
Tak kak cBeruMoctb CoJsiHIA NPHHHMAaeTCs 3a eJHHHLY, TO H3
(21) cnenyer, uto

L—2512%"0™)
HJIU
lgL=0,4(Mg — M). 22)

ITo popmyne (22) MOXKHO BHIUHCIHTD CBETHMOCTD JI0GOMH. 3B€34H,
Yy KOTOpOil H3BeCTHa abCOJIIOTHAS 3Be3[HAas BeJHYHHA.
Belunc/anTe CBETHMOCTD Cnpuyca, €CJIH H3BEeCTHO, 4YTO €ro BHIAHNMAaA 3Be3AHas

BeJuynHa —1™,5, a ceer oT Hero maer no 3emud 8,7 neT. Ilpunsats aGconoTHyIO
3Be3HYy10 BeanuuHy CoJHua paBHo#t +4™.8.

3Be3n UMEIOT Pa3/IHYHYIO CBETHMOCTb, 3Be3/ibl, CBeTHMOCTb KO-
TOPHIX B COTHH M THICSIUH pa3 NPeBOCXOAHT cBeTHMOcTb CoJsHLA, Ha-
3bIBAIOTCSl THTaHTaMH M cBepXrurantamu. [Ipumep 38e3dvi-eucanra—
o Tenbua (Asvdebapar), cBeTuMOCTb KoTOpoii moutu B 120 pas
6oabme cBetumoctH Couanma (L=120). Tlpumep 38e3dvi-ceepx-
euzanta — B Opuona (Puceas, L=~20000).

3Be3/bl, CBETHMOCTb KOTOPLIX CPAaBHHMa €O cBeTHMOCTbI0O CoqHIa
HJH MeHbIle ee, Ha3bIBAlOTCH 3Be3JlaMH-KapiuKaMHu. Hampumep,
CBETHMOCTb 3Be3bl, H3BeCTHOH noa HasBaHueM Kpiorep 60A,
L ~0,006.

CpaBaiTe cBeTHMOCTh COJHIIA CO CBETHMOCTBIO ONHOH M3 HCKJIIOUHTENBHC CJa-
6bIX 3Be3J-KapJ/IHKOB, a0COJIIOTHAsl 3Be31Hasl BeJHYHHA KOTOpo# —+19™ .2,
SIBnserca qu CoaHle Mo cBoell CBeTHMOCTH HEOGHYHOMR 3Be3nOH?

JBoiinble 3Be3abl

Ilpu ocTpom 3peHHH [axe HEBOODYXKEHHBIM IJIa30M pSAOM CO
aBe3golt Muyap (cpenHsas 3Be3jga B pyuke KoBlla Bosabioii Mease-
AHMIBI) MOXHO YBHIeTb clabyio 3Be30uKy (5™) — Aavxop. Muuap
u Anbkop — Hau6GoJlee H3BecTHasl ABOMHas 3Be3na. LBOMHHX 3Be3n
mHOro. BoamoxHo, 4TO GOJlee NMOJIOBHHBI BCeX 3Be3l NPEeACTaBJAIOT
co6ofi ¢uanueckHe ABOHHblE cHCTEeMBI, B KOTOPhIX KamAas H3 ABYX
3Be3A COBeplIaeT ABHMEHHe BOKPYr OOLLEro UEHTpPa MacC CHCTeMH,
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3Be3[bl, ABOHCTBEHHOCTb KOTOPBIX MOXKHO OGHAPYXHTb IPH Te-
JIECKOMHYECKHX HaOJIofeHHsaX (HJIH fa)ke HeBOODPYXKEHHBIM IJ1a30M),
Ha3bIBAIOTCS BH3YaJbHO-ABOHHBIMH. OGBIYHO 3TO (H3HYECKH CBS3aH-
Hble 3Be3[bl (MX OTJIHYAIOT OT ONTHYEeCKHX IBOHHBIX 3Be3n). Ilepuo-
Ibl o0paleHnsi GH3NYECKHX JIBOHHBIX 3BE3J MOTYT GHITH OT HECKOJb-
KHX JIET 0 HECKOJIbKHX COTeH JeT.

ITycte n3 HaGmoleHuil BH3yaJbHO-IBONHOM 3BE3AB YNaJOCh ONPENEHTh YIJIO-

BO€ DacCTOsAHHE ME&XJIY KOMIOHeHTaMH a” W roaunydnil napasiaxc nt”. [Tokaxwurte,
4to Gosblasi MOJyoCh OpOHTH ABOfiHOMN 3Be3qsl Gyner:

”

A="ae. (23)
T

Paccrosinne mexny HauGoJiee spkuMu KomnonentaMu (A u B)
BH3yaJlbHO-IBOHHOH 3Be3drl o buunsneuos (Kacrtop) mnpumepno
100 a. e., a meproa obpamenusi okoso 500 ser. 3seanu A u B Ka-
cTopa, B CBOIO oOuepedb, ToxKe [BoiHble. Ho mx [BoficTBeHHOCTD
HeBO3MOXKHO O0OHapyXHTb NPH BH3yaJbHBIX HIH (ororpadnieckux
HaOJIIOflcHUAX, NIOTOMY YTO KOMIIOHEHThl HaXOAATCS Ha PacCTOSTHHH
BCEro JIMIIbL HECKOJNBbKO COTHIX [OJeH aCTPOHOMHYECKOH eIHHHUIIBI
(cooTBeTcTBEHHO MaJbl H NepHOAB oOOpalleHus). Takue TecHme
napel JBOHHBIX 3Be3], HAa3bIBAIOTCS CIEKTPaJbHO-ABOHHBIMH, TaK KakK
JIMIIb CNIeKTpPaJsbHble HAOMIONEeHUs MOTYT NOKas3aTh, YTO Hepel HaMHU
He ollHa 3Be3za, a ABe. OpOuTasbHEIE CKOPOCTH KOMIIOHEHTOB IBOH-
HBIX 3Be3]] HMelOT Bcerja NPOTHBOMOJIOXKHEIE HanmpaBJyeHusi. Corjac-
Ho 3¢ dekry Jonmepa, JHHHH B CHEKTPe 3Be3[bl, NpHGIHKaIOLIelCs
K HaMm, cMmewarmTcs K (HOJETOBOMY KOHIY, a yJaJjswoueics —
K KpacHoMy. IlosroMy JAMHHH B cHeKTpax CIeKTPaJibHO-IBONHBIX
3Be3] NepUOJHYECKH Pa3JBaHBaIOTCH.

HuTepecno, uro Kacrop cocTOHT He M3 uyeTHIpeX, a W3 IIECTH
3Be3]. B6uuay 38e3an A u B obuapyxena ciabas 3se3na (Kacrop C),
KOTopasd OKa3aJach CIeKTPaJbHO-ABOHHOH 3Be3A0H C NepHOAOM
obpaienns okoJso 19 u.

Hepenko &BOHCTBEHHOCTL TECHHX Map 3Be3J MOXKHO BHISBHTH,
u3yvyas IlepHONHYECKHe H3MeHeHHs uX Ojecka. Eciu mpsmas, mpo-
XoJsllas yepe3 LEHTDP Macc ABOHHON 3Be3[bl H HAGJIIOAATES, JEKHUT
B IJIOCKOCTH OpPOHTHI BH3yaJbHO-ABOHHOH 3Be3Abl, TO MOTYT HabJIo-
JaThCsl 3aTMEeHHs, [IPH KOTODHIX OJHa 3Be3Ja Ha BpPeMS 3aCJOHSET
oT Hac apyrywo. Takne 3Be3[b Ha3bIBAIOTCA 3aTMEHHBIMH IBOHHBIMH
UM 3aTMEHHO-TIePeMEeHHBIMH.

ITo MHOroKpaTHBIM HaOJIONEHHAM 3aTMEHHO-NIepEMEeHHOH 3Be3Inl
MOKHO IIOCTPOHTb KPHBYIO OJiecka. Eciu cpaBHUTB 3Be3[Hble BeJH-
YHHBl B MHUHHMyMe H MakcHMyMe OJjlecka, TO MBI MOJYYHM aMIUJIH-
Tyly u3MeHenus Gjecka. VaMepHB NpOMeXYTOK BpeMEHH MEXIY
JAByMs IOCJe[0BaTeJbHEIMH MaKCHMyMaMH (MJIH MHHHMYMaMH),
HalileM NepHOA H3MeHeHHs1 OJjiecKa.

Ha pucynke 6 uzobpaxeHa KpHBas OjecKa THNHTHOR 3aTMEHHO-NepeMer-
HO# 3Be3AHl g Mepces, HasBauno! apabamu Anronem («3Besna bsBosa»). Paxom

noxkasaHo cxeMaTH4eckoe uaodpametme KOMNOHEHTOB B MOMEHT, KOrjza ropsdas
UeHTpa/bHAA 3Be3Qa 3ac/0HEHa OT Hac Gonee XO.IOLHBIM CIIYyTHHKOM. nOJIbayﬂCh
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Puc. 6. Kpusast 6aecka Aaroas (P Ilepces).

PHCYHKOM, OGBbSICHHTE TpPHYHHEI MHHHMYMOB G/ecKa, a TakKXKe ONPENesHTe aMIJH-
Tyny u nepuoj 3sesanl B ITepces.

U3 ananu3a KpHBHIX 6/1eCKa 3aTMEHHBIX NepeMEHHBIX 3Be3J MOXK-
HO OMNpeleJqHuTh PSif BaXKHBIX (U3HUYECKHX XapaKTePHCTHK 3Be3l, Ha-
npuMep HX paguychl. Ha 3TOM OCHOBaH OIMH H3 METOJOB Ompenese-
HHSI pa3MepoB 3Be3[l.

OxasbiBaeTcsi, 4To u 1O cBouM pasmepaM, CoJsHle — psizoBas
3Besfa. CyulecTBYIOT 3Be3[Hhl, 3HAUHTeJIbHO OOJbliHE H MeHbILHe,
yeMm Cosnue. HanGosbuine pasMephl HMEIOT cBepXrurautel. Mx pa-
AHYCHl B COTHH pa3 nmpeBocxoisaT paauyc CoJsHua.

OnpeneneHne mMacc 3Be3], M3 HaGJIONEHHIH BHU3YaJbHO-ABOMHBIX
3Be3q

K cucremam nBOHHBIX 3Be3J NPHMEHHMHBI 3aKOH BCEMHPHOTO TH-
roteHdst H yrouHeHHble HbloToHoM 3akoHsl Kemsepa. ITycth macch
KOMIIOHEHTOB JBOHHOH 3Be3nasl 6yayr M; u M, P — nepuoxn oGpa-
meHust, A — GoJsbliasi MoJayock OpGHTH. [IBHKeHHe HeOGEeCHHIX Tel
B 3TOH CHCTeMe MOXHO CONOCTaBHTb C JBHXKEHHEM 3eMJIH BOKPYT
Counnua. Ecmu nmpuusats maccy Coanua 3a egunuuny (Mg =1), a

TaKXe BCIIOMHHTb, YTO NepHon obOpamieHuss 3eman Bokpyr CosHua
paBeH | ropy, cpenHee paccrostnue 3emuu ot CosHua | a. e. u, Ha-
KOHell, Macca 3eMJ/u InpeHeOpeKHMO MaJja MO CpaBHEHHIO ¢ MaccoH

CoJtHIa, TO NONYUHM:
A3

YuuteiBast dopmyay (23), (24) 3anuumeM B BHIE:
__(a®
M1+M2_Zn_”)-37>7' (25)

BriuncaHTe cymMMy Mace ABOHHOM 3Be3nn o LlenraBpa (1=07,76), ecau cnyr-
HHK, HaXONSIUHACS OT IaBHOH 3Be3aH Ha paccrosiHuH 177,65, uMeer mepuox obpa-
meHus okoJso 80 seT.

Yro HeoGxoauMo 3HATb IJs BhiyucaeHus M; u M, T. e. Mmaces Kaxuaoit
spe3nn? *

Maccu 3Be3n pasdanuHbl. OgHako B OTJIHYHE OT CBETHMOCTEH H
pa3MepOB Macchl 3Be3/l 3aKJ/IOUeHH B CPAaBHHTEJbHO Y3KHX Mpeje-
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JIaxX: CaMblé MAacCCHBHBIE 3B€3Jbl JIHIIb B AECATKH pa3 IpeBOCXOAAT
Comme, a HauMEHBIIHE MacChl 3B€3X COCTAaBJISAIOT IIPAMEPHO
0,07 M.

CpeaHue MJIOTHOCTH 3Be3]

Tak kak pasmeps 3Be3l pas3jHualOTCH 3HAYHTENbHO GOJiblile,
YeM HUX Macchl, TO H CPefHHe IJIOTHOCTH 3Be3l CUJIbHO OTJIHYAIOTCS
Ipyr OT Apyra. ¥ THraHTOB H CBEPXTHIaHTOB IJIOTHOCTb OYeHb MaJla.
Hanpumep, niotHocTs Beresbreitse okosmo 10~ r/cM3. Bumecre ¢ TeMm
CyLlecTBYIOT upe3BblYafiHO MJIOTHBIE 3Be3ibl. K HHM OTHOCATCH He-
6osblIke MO pa3MepaM «Oenable Kapauku» (ux Oenblfi 1HBeT 06YyC/IOB-
JieH BLICOKOH Temmepartypofi). Hanpumep, miorHocts 6esoro Kap-
anka Cupuyc B 6osee 40 000 r/cm3. B Hacrosiee BpeMmsi M3BECTHHI
3HauuTeJbHO GoJsiee mJoTHble Gesble Kapaukd (107 — 108 r/em®).

. CpaBHHuTe cpenHHe NioTHOCTH DBertesbrefize, CosHla u Genoro kapauka Cu-
puyc B.

- Eme no orxpuitus cnytHuka Cupuyca (Cupuyc B) 6vl10 H3Bect-
Ho, uto Cupuyc — ABoHHas 3Be3na. BeiBog o cymecrBoBanuu Cu-
puyca B 6bl1 coesaH Ha OCHOBe HaOJIOLaeMbIX OTKJIOHEHHH B IBH-
xkenuu Cupuyca A. DTH OTK/IOHEHHSI BEHI3BAHBI NMPUTSKEHHEM HEBH-
IAMOTrO «CIYTHHKa» GeJOro KapJHka.

Oco6eHHOCTH KapJAUKOB U FHraHTOB

DBesble KapJMKH H THFaHTH (CBEPXTHTaHTH) Pe3KO OTIHYAIOTCA
or Co/iHua ¥ eMy NOZOGHHEIX 3Be3] CBOMMU (HU3HYECKUMH Xapakre-
pPUCTHKaMH (HampuMep, CBETUMOCTbIO, pa3MepaMH, CpelHeH MJOT-
HOCTbI0). Takue «BHelIHHE» OTJAHYHMS OTPaXKaIT INYOOKHe OTJAHUHS
BO BHYTPEHHEM CTPOEHHH 3Be3J, HCTOUHHKAX MX YHEprHU, MeXaHH3Me
nepeHoca 3Heprui. B cBowo ouepenp, nmepeuHc/eHHble OTJAHYHS 06yC-
JIOBJIEHBl TeM, uTO 3Be3xbl, nMomobHple COJHIy, TUraHTH U GeJsble
KapJHKH IpeldcTaB/AsOT co060H 3Be3qbl passnuHoro Bospacra. Co-
BpeMeHHas acTpodu3rKa HeOTAeauMa OT HieH SBOJIOUHUH HeDecHHIX
Teq. O6 atom Mbl 6yleM TOBOPUTH JaJblie, a ceduac paccCMOTPUM
0cOOEHHOCTH CTPOEeHHs 6esibiX KapJHKOB M THTaHTOB.

Orpomuble MNJOTHOCTH O6esibIX KapJHKOB OOGBACHAIOTCA CBOMCT-
BaMH{ BellecTBa 3THX 3Be3l, KOTOpoe MpejacTaBJjsier co6oil MOUTH
oroJiecHHble aTOMHBIe siApa H OTOPBAaHHBIE OT HUX 3JEKTPOHHL. Pac-
CTOSIHHS MEX/JAY aTOMHBIMH SIApPaMH B BellecTBe GesblX KapJuKOB
IOJIXKHBL GBITh B AECSATKH H JaxKe COTHH pas MeHbllle, YeM B TBepAbIX
U XHIKHX TeslaX, C KOTOPBIMH MBI BCTpPe4aeMCsl B 3€MHBIX YCJOBHSAX.
ArperaTHoe cocTosiHHe, B KOTOPOM HaXOAHTCS 3TO BeleCTBO, HEMb3s
Ha3BaTh HU XHAKHM, HU TBepAHM, TaK KaK aToMBl 6e/IbIX KapJHKOB
paspylleHbl. MaJjo MOXoxe 3TO BelleCTBO Ha «OOBIUHBIA» ras, XoTs
€ro MOXHO CYHTaTb «ra3oM», YYHTHIBaf, YTO PAaCCTOSHHUS MeKIy
YacTHIAMH Aa)e B MJIOTHHIX OeJbiX KapJuKaxX BO MHOrO pa3 GoJblile,
yeM caMM fiIpa aTOMOB WJH 3JEKTDOHBL.

B otsuune or 06HYHOrO rasa, BeulecTBO 6esbIX KapJHKOB Tpej-
craB/isier co60H «BBHIDOXKAEHHHIH ras3», KOTOPHIA He MOJUHHAETCS
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rasoBbIM 3aKOHaM, H3BeCTHHIM BaM H3 KJjaccHuecKod c¢usuku. He
yray6assch B BONPOCH, OTHOCAILMECS K KBAHTOBOH MeXxaHHKe, OTMe-
THM JIHIIb HEKOTOpble CBONCTBA BLIPOXJEHHOrO ras3a, U3 KOTOPOro
cocroar Geanle KapaukH. [laBleHue Takoro rasa (a 3HauyuT, U paB-
HOBecHe 6esorO KapJ/uKa) [OYTH He 3aBUCHT OT TeMmmepatyphl (1)
M CHJIbHO 3aBHCHT OT IJIOTHOCTH. ¥paBHeHHuio Knamefipona B ¢usnke
BBIPOXKAEHHOIO rasa COOTBETCTBYyeT ypaBHeHUe

p=hkpSi3, (26)
rflle p — AaBJleHHe; p — IJIOTHOCTb; k£ — const.
CpaBHHTe 3Ty hOpMYJy C YpPaBHEHHEM COCTOSIHHS HIaJbHOTO rasa.

«Mognenb» Genoro KapJaukKa B H3BECTHOM CMBICJe NpOLIe «Mofe-
au» CosHIA, TaK KaK NMOYTH BeCh GeJsblil KapJHK COCTOHUT H3 BHPOXK-
JeHHOro rasa (3a HCKJ/IOYEHHEM TOHKOH O060JIOYKH — OHA COCTOHT
M3 HEBBIPOXKIEHHOro rasa). Takue 3Be3bl He UMEIOT TEPMOSIAEPHBIX
peaktbpoB. OHH IPOCTO OCTHIBAIOT.

I'Hrantckue W CBEPXTHraHTCKHE 3Be3[bl MOJOXKe GeJBIX KapJu-
koB. TakuMH 3Be3/IBl CTAHOBATCSH, KOrAa BOLOPOA B MX IEHTPAJbHBIX
006/1aCTSIX TMOJMHOCTBIO BHITOPAeT, H TaM, e paHblle pacrojaraJcs
TePMOsIIePHbIil peakTop, o6pa3yerca ropsyee H o4eHb JIOTHOE AAPO,
0 CBOMM CBOHCTBaM BecbMa HalOMHHaloLlee Gesblil KapJauk. B mo-
HOGHOM siipe 3HepPrus, Kak MBI 3HaeM, He BeipabaTbiBaercs, HO
B IIpHJeralolleM K HEMY TOHKOM CJIO€ MPOHCXOAAT TepMOsiIepHble
peakuun. Buijensiomascs B Xole 3THX peaKIMH SHeprus nepeHo-
CHTCSl B OCHOBHOM KOHBEKLHEH B NPOTAXKEHHYIO 060JI0OYKY THraHT-
CKHX 3Be3[. TakoBH B CaMbIX OGIUMX YepTaXx OCOGEHHOCTH «MOJe-
Jed» rUraHTOB.

CpaBHm‘e «MOJe/aH» 3BE€3J: 3BE3J THIIA HaUlero COJIH[I.a, Genbix KapJHKOB
H THTFaHTOB.

3AKOHOMEPHOCTH B MHUPE 3BE3]

3Be3nnl, kKak u CoJHLe, TPEACTaBAAIOT cOGOi «caMOpery/nupye-
MBle» HJIH «CaMOCOIVIaCOBAaHHEIe» CHCTeMH. B Takux cHcremax
NOJKHA CYyLleCTBOBATb CBA3b MEXIY PpasJHYHBIMH (H3HUECKHMHU
xapakTepucTikaMi. Ee u Ha camoM JeJte ynasocs 0GHapYKUTh IyTeM
CONOCTaB/IEHHsT ~ (PU3MYECKHX XAPaKTePHCTHK 3Be3l  (IMIHpH-
4ecKHH IyTb), a 3aTeM NOJYYHTb H TEOPETHUECKHM MyTeM.

JnarpaMMa «CHEKTP — CBETHMOCTb»

B HauaJie HBIHeIIHero BeKa roJJaHackuii actpodoM [epummnpyur
¥ aMepHKaHCKHfi acTpoHoM Pecces He3aBHCHMO ApYr OT apyra
06HapyXKUJIH, YTO CYIIECTBYeT CBSI3b MeXJY CIEKTDaMH 3Be3l 4 HX
CBETHMOCTSIMH. DTa CBA3b NpencTaBiseT co6oi rpadux (M1 nua-
rpaMmy), 0O FOPH3OHTAJbHOH OCH KOTODOTO OTJIOXKEHBI CIEeKTPaJb-
Hble KJacchl (HJH TeMIepaTypel) 3Be3l, a [0 BepPTHKaJbHOH CBETH-
MOCTH (MaH aBCOJIIOTHBIE BeJHYHHBI) 3Be3X (puC. 7). 3Be3nanl Ha
‘TaKOM JuarpamMe, NOJYYHBIUeHi Ha3BaHHe [JHarpaMMa <«CIEKTp —
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Puc. 7. luarpamma «CneKTp — CBETHMOCTb»,
CBeTHMOCTb», H300paxaloTcsi ToukaMH. Ecam OB crnekTpaJjbHHE
K/Jacchl H CBeTMMOCTH 3Be3]l OblJH HEe3aBHCUMBIMH (PU3HUECKUMH
XapaKTepUCTHKaMH, TO B pacroJIOXKeHHH TOYeK Ha Juarpamme He
6uls0 6Bl KakKUX-AHG0 3akoHoMepHocrefi. Ho Toukn Ha nuarpamme
TPYNNHpPYIOTCS B Mpefiesax HeCKOAbKHX obgacrtefl, Ha3BaHHHIX
nocjegoBarebHOCTAMH. Hanbosee sameTHa riaBHas nocJenoBa-
TEJLHOCTb, [POCTHPAIOAfACH OT rOPSAYHX CBEPXTUraHTOB [0 XOJOA-
HbIX KpacHbIX KapJaukoB. K Hefi mpuHamiexur GoJbiie BCEro 3Besf,
Bkiouasi CosHue. PaccmarpuBasg rjiaBHYIO MOCJeJ0BATENbHOCTb,
MOXXHO 3aMeTHTb, YTO, UeM ropsdee OTHOCALLHeCS K Hell 3Be3/Hl, TeM
60J1bIIYI0 CBETUMOCTb OHH HMEIOT.

O6oco6seHHO OT rMaBHOH NMOC/AEAOBATENbHOCTH B PasHBIX 9acTAX
AWarpaMMbl CrpyNIUPOBaHbl CBCPXTHraHTH H Oesble KapJauku. [lua-
rpaMma <«CIeKTP — CBETHMOCTb» IIOKa3bIBaeT, YTO 3Be3[Bl JaHHOro
CNEKTPaJbHOrG Kjlacca He MOryT HMeTh NPOHU3BOJBHYIO CBETHMOCTb
H, Hao00pOT, 3Be3/bl C ONpeleJeHHOH CBETHMOCTBIO He MOTYT UMETb
Jo6yl0 TeMIeparypy.

CymecTByOT Jin 3Be3fbl CHEKTPA/bHOrO Kaacca A ¢ aGCoAOTHON 3se3xHoR
BeJIHYHHOM, PaBHOH -}4™2



1000000t % 1—10
o 1
100000 ) 1-8
e +4-6
10000 |- .
-4
L]
E 1000 . 1-»
g 1o0f .o +0
S
S ‘o
S * 442 g
g 10F . 3
8 * . d4+4 3
b f— o® e o
3
E o‘ -+6 té
3 oif e E
s v I 4+8 8
L] o
% go1f ., {+0 8
S L]
£ o001} 1+
8 L]
o,0001 1+
-+16
} T -1+18
P 1 | 1 ] 1 11 1 i 11 | .} +20
4000001 o 15 12 1 2 5 10 2030 50

Macca (macca ConHya =1)

Puc. 8. luarpaMMa «macca — CBETHMOCTb» .

MoxeT /¥ CBETHMOCTb 3B€3[H CIEKTPaJbHOTO Kjaacca B mpeBniiaTh CBETH-
moctb Cosruia B 10 000 pas?

CyIuecTBYIOT /i1 3Be3[Ibl, CBETHMOCTb KOTOPHX B 100 pa3 MeHbIle CBETHMOCTH
CosHiia, a TeMneparypa oxkoJso 30 000 K?

TTosb3ysich AuarpaMMoii «CIEKTP — CBETHMOCTb», OLEHHTE aBCOJIOTHYIO 3Be3A-
Hyio BeanuuHy Cosrna (G2), Bereasreitze (M2), Ilene6a (A2).

Iluarpamma «Macca — CBETHMOCTb»

Macca — Baxne#iias u3nueckas XapakTepHCTHKa 3Be3fnl. Cy-
HIeCTBYET CBfi3b MEeXAY Maccol 3Be3Abl U ee cBeTuMocTblo. Harssiz-
HOe NpejcTaBJieHHe 00 3TOM JaeT AuxarpaMma (pHc. 8), mo oaHo#H
OCH KOTOpPOH OTJIOXKeHbl MacChl 3Be3ll, a 10 APYrofl — HX CBETHMOCTH
(unu abGCcoJIOTHBIE 3Be3HbIe BeTHUUHbL). I3 AuarpaMMsel BHAHO, UTO,
geM 6oJibille Macca 3Be3[bl, TeM 6oJibile ee CBeTHMOCTb. CBETHMOCTD
NPHMEPHO IPONMOPIHOHAJNbHA UYETBEPTOH .  CTENEHH MacChl 3Be3AH
(L~M*).

. 1 s NMOCTPOEHHS NHArPaMMHB «Macca — CBETHMOCTb®» HCIOJIb30BaJHCh O6HY-
Hbleé 3BE3ahl (T. €. 3Be3/ibl, NpHHaJJIEXKAllHe TJ1aBHOR nocaeaosa‘renbnocm).
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Ipyrue 3aKOHOMePHOCTH

JlnarpaMMel «CMEKTP — CBETHMOCTb» H «Macca — CBETHMOCTb»
oTpaxaloT HauboJ/ee CyLIeCTBeHHble 3aKOHOMEPHOCTH B MUpPeE 3Be3n,
yCTaHOBJ/IeHHble H3 aHa/H3a Hal.sioneHHH 3a 3Be3namiu. C HEKOTODHI-
MH LPYrHMH 3aKOHOMEPHOCTAIMH (Hanpumep, CBA3LIBAOUIMMH UBET
3Be3/bl ¢ TeMmepaTypoil ee doTochepsl) BH yxKe 3HakoMul. H3sect-
HO BaM TaKxe, UTO MacChl 3B€3/l 3aKJ/IOUEHHl B ONPeAeIeHHOM HHTEp-
Baje W yTO B XHMHUECKOM COCTaBe npeoGsiafaloT BOAOPOA H TeJHH.

BaxkHasi cBsI3b YCTaHOBJIEHA MeX]JYy CKOPOCTbIO BpallleHHs 3Be3[
M MX CHEKTpaJbHbIMH KJaaccaMH. HekoTophie 3Be3nbl (mpeumyiiect-
BEHHO OTHOCALIMecs K cleKTpatbHbIM Kinaccam O u B) Bpamarmores
¢ oueHb OOJBIIOM CKOPOCTbIO, AocTHramoulefi Ha sxBaTtope 200—
400 xM/c. CosiHlie, KaK H MHOTHe Jpyrie 3Be3/bl, OTHOCAIIHECS K cie-
ktpajbubiM KaaccaM F, G u K, Bpamaercsi 3HaYyuTe/JIbHO MeAJeH-
Hee: JMHeiHAas CKOPOCTb BpalleHus Ha skBaTope CoJiHLIA cOCTaBJseT
JHLb 2 KM/C.

Kak e y@ajoch YCTaHOBUTb BpallleHHe 3Be3l BOKPYT Ocel?
Bpamenue CoJiHua, KaK Bl 3HaeTe, Jerko 06HapyxuTb, Hab.0nas
nepeMelileHHe JeTaJjiell Ha ero NOBEPXHOCTH. PaccMOTpeTh XKe Kakue-
an6o aeTaju Ha MOBEPXHOCTH XOTA Obl OJMKaHIUHX 3Be3X COBEp-
IEHHO HEeBO3MOKHO, llajKe B caMble KPYIHBIE COBPeMEHHbIe TeJECKO-
nel. OkasniBaeTcsi, JOKa3aTh BpallleHHEe 3Be3J] BOKPYT oceil MOXKHO,
aHaau3upys ux cnekTpbl. [TosicHEHM 3TO Ha npuMepe HabJIOJeHHS
3aTMeHHO! ABOHHOH 3Be3xnl. IlpeacTaBuM, 4TO TeMHBIH CIOYTHHK
YacTHYHO 3aKPBLI TVIaBHYIO 3Be3ny. Torga Ao HabmopaTens HOXO-
JIUT CBeT JIMIb OT OJHOTO Kpasi 3aTMHBLIeHcs 3Be3Jnl. Eciu 3ra
3Be3fla BpallaeTcd M B JaHHbIH MOMEHT Mbl BHAHM YAaJslomuAca oT
Hac Kpall 3Be3[bl, TO, corsiacHo 3¢ dekry Jlonnaepa, JHHHH B CIEKTpe
6YyayT cMellleHB K KpacHOMY KOHIY. Uepe3 HeKOTOpOe BpeMs, KOTAa
TeMHBIH CNYTHHK NepeMecTHTCS N0 cBoell opbuTe H K0 Hab.sogaTes s
6yaeT AOXOAUTb CBET OT APYroro (MpuGJMKAIOIIErocs) Kpas 3Be3Mbl,
JUHHH B CIEKTPE CMeCTATCH K (pHOJIeTOBOMY KOHLY. B pesyabraTte
B CIekTpe Bpaulamollefica 3Be3Anl 6yaeT HaO6JIOAATbCS HEKOTOpOE
-paciiMpeHye JUHHHA, 10 KOTOPOMY MOXHO CYAUTb O CKOPOCTH Bpalile-
HHS 3Be3/[(bl BOKPYT OCH.

Kakue 3Be3fbl BpallawnTCAa 6blc1'pee: T€, ¥ KOTOPHIX MaCChl BEJIHKH HJH MaJial?

3BE3/1bl, HE IIOXOKHE HA COJIHIIE

Mpl 3HaeM, YTO, HECMOTPSI Ha MHOTOUHC/IEHHbIE M BeCbMa pa3Ho-
o6pasHble NpoABJeHHsi cBoedl akTuBHOCTH, CoJsHIe OTHOCHTCH K
CTalMOHAaPHBIM 3Be3llaM. Macca, CBEeTHMOCTh H pa3Mephbl 3THX 3Be3]
IJHTEJNbHOE BpeMs [MOYTH He MeHswTcAa. Ho TakoBel He Bce
3Be3sl. EcTh 3Be3fnl (M TaKHX HEMaJso), KOTOPblE 1O Pa3JHYHBEIM
NpHYHHAM MEHSIOT cBOH Oieck- B omxHux cayyasfx Mbl BHIuM 6JieckK
3B€34 NepeMeHHBIM, NOTOMY 4YTO ‘OHH BXOAST B COCTAaB yXKe 3HAKO-
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MBIX HaM 3aTMeHHO-ABOMHBIX
nap. B apyrux cayuasx no-
BTOPAIOLIANCH OepeMeHHOCThb
U4 pe3KHe ONHOKPaTHbie H3-
MeHeHUst G6Jlecka OTpaKator
r1y6oKue H3MeHeHHs, MpoHcC-
XOAslllHe C CAMHMH 3Be3JaMHu.
Bot Takue ¢dusnueckue nepe-
0 1 2 3 4 5 6 fnu MeHHble 4 HeCTallHOHAapHble
o CcBOeH OPHPOAE 3Be3Ahl
Puc. 9. Kpusas Gaecka sesan § Lledes. Hac u OynyT cefiuac HHTepe-
coBath. Cpasy e OroBOpHM-
ca: H3 G6OJBIIOrO 4YHC/Ia HeCTAallHOHAaDHBIX 3Be3d Mbl HauOboJee
nofpo6HO paccMOTPUM LedeHIH H CBEPXHOBBIE 3Be3[bl.

-

n
= @

Feaduvie benuvuns
N NN
2 o

Hedennni

Lledenns — 3710 pU3HUECKHe MepeMeHHbe 3Be3/ibl, KOTOPHIM MpH-
cymu ocobenHoctH 3Be3nnl § lledess, Uem ke 3aMeuaTesibHa 3Ta
spesja? Paccmotpes kpuByio 6aecka 6 Lledest (puc. 9), Bul yBuAHUTE,
41O 6JIeCK 3Be3[lbl HEMPEepbIBHO H3MEHSAEeTCsl C NMEPHONOM 5, 4 cyToK
¥ aMnauTynoi okoso 1™. Baeck Bo3pacraer GmicTpee, yeM ocaabe-
BaeT nocsne mMakcumyma. Popma KpHBO#l Bce BpEMs B TOYHOCTH IO-
BTOpsieTcs. 3HauHT, § Lledes — nepHonnueckas mepeMennasi 3pesja.
Ectb nedensl ¢ MEHbIIHMH NMepHOAAMH (IO HECKOJbKHX 4YacoB) M
661pIIMME (IO HECKOJbKHX AECSATKOB CYTOK).

Mexay nepHofiOM NyJIbCAllMH H CBETHMOCTBIO 9THX 3Be3J CYILECT-
BYET 3aBHCHMOCTb, NOJNYYHBLIAs Ha3BaHHe «NEPHON — CBETHMOCTb».
YcTaHOBJMEHO, 4TO, YeM HJuHHee nepuoa (T), TeM GoJblie CBEeTH-
MOCTb (H/iH abCcoJMIOTHAA 3Be3lHAasi BeJHYHHA):

Mgpor=—0,35—2,08 1g T, (27)

rie Mgor — abcosioTHas (dororpaduueckass) 3Be3aHAs BeJIMUHHA;
T — nepuon B cyTtkax. [Tosb3ysich aTOi mosMyueHHOH U3 HAGMIOAeHHUH
dopmysoli, a Takxe Gopmyaon (19), MOXKHO BBIYHCIHTE paccTosi-
HHe 10 nedensl.

KakoBo paccrosiHue fo uededal, BUAMMAs 3Be3[Has BeJHUMHA KOTOpOH +12™,
a mepHOi KoJeGaHuit 6yecKa COCTaB/IfieT NMPHMepHO 4 cyT?

Lledennsl BUAHB ¢ GOMBUIMX PACCTOSIHHH, TAK KaK OHH OTHOCSIT-
Csl K 3B€3laM-THTaHTaM, a 3HAYUT, UMEIOT OrPOMHHIE CBETHMOCTH.
To No3BOJIAET O6HAPYKHBATh Le(EeHbl B NaJleKHX 3BE3/HbIX CHCTe-
Max, a 3aTeM ONpeAeJaATb PAacCTOSIHHSI N0 3THX CHCTeM. Bor nmouemy
uedeuan (caMble «Ba)KHbie» 3Be3/ibl) HEPEAKO Ha3blBalOT «MasKaMH
BcesienHo». : :

Y uedenn usmeHseTcs He TOJBKO G6JIECK, HO H JyueBble CKOpO-
CTH, M3MepsIEMBIE 10 CMeLleHHIo JHHHH B crnekTpe. OGpaTHTe BHH-
MaHHe Ha CXOACTBO ABYX KPHBbIX, H300paKeHHBHIX Ha pucyHke 10,
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Bepxuas — kpuBas 6/ecKa, HHXKHSIA — KPUBas WU3MEHEeHHUs Jyuye-
BBIX CKOpocTeH (T. e. KpHBas, Kaxkasd TOYKa KOTOPOH I1OKa3blBaeT
Jy4ueBYI0 CKOpPOCTb B AaHHbIi MoMeHT BpeMeHu). CpaBHEHHE KpH-
BhIX NOKa3biBaeT, 94T0 B MakcHMyme O6Jecka ¢oTochepa 3Be3ahl
npub/uxaercs K HaM ¢ HaHGoJblUeHl CKOPOCTbIO, @ B MHHHMYyMe —
c Han6oJblle# CKOPOCTHIO yAaJlsIeTcs OT Hac. -

IBuxeHHe caMolf NOBEDXHOCTH 3Be3Nbl, a 3HAUHT, H H3MeHEHUe
pasMepoB M CBETHMOCTH 3Be3Abl CBHIETE/]ILCTBYIOT O HECTaLlHOHAp-
HocTH Ueenn. Lledenast — 3To nmynabcupyoluHe 3Be3Anl, KOTOpHIE
NepHOJHYeCKH PAa3AyBaloTCAd H CKHUMAIOTCA H Y KOTOPHIX B Ipoliecce
nyJbcanuy H3MeHseTcs TeMmnepartypa ¢orocthepr. Paccmatpusas
pucyHok 10, HeTpyZHO 3aMeTHTb, YTO B MOMEHT MaKCHMaJ/bHOTO
6s1ecKka 3Be31a HMeeT NPOMEXKYTOUHble pa3Mephl: OHA GOJIble CBOHX
Ha!MeHbIIHX Pa3MepoB, HO MeHblle HaHGOJbIIHX.

3Be3nnl NyJbCHPYIOT B pe3yJabTaTe HapylleHHsT paBHOBECHS
MeXAYy CHJOH TSXKECTH H BHYTPEHHHM [aBJjieHHeM. DTH HapyLIeHHS
BO3HHKAIOT B NPOTSIXKEHHOH 060J/I04Ke 3Be3[bl, e pacnoJaraercs
foraThii resHeM cJOH, cnocoOHBIH morJouaTh HpocayHBalolleecs
U3 Help 3Be3/bl H3JyueHHe. BO3HHKAIOT mepHoAHYECKHE H3MEHEHHS
(ny/bCcalUMHK), KOTOPHIE BHI3BIBAIOT YCHJEHHe H ocjaabJeHue OJecka
3BE3]H. )

CyuiecTByOT 3Be3fbl, PoACTBeHHBIe HedengaM; HapPHUMeED, CXOl-
Hbl ¢ nedeunamu 3Be3dsl THna RR Jlupel. ¥V GoJBIIHHCTBA 3BE3[
3TOr0 THNA NepHOA KoJeGaHHH AJMHUTCH OKOJO 12 4, HO H3BECTHH
W TakHe, y KOTOPHIX IIEPHOA Bcero JiHIIb HeMHorum 6oJjiee OZHOTIO
yaca. 3se3nbl THna RR JIMpbl, Kak NpaBHJIO, MEpPEMEHHBIE CIeKT-
panabHnx KaaccoB A—F, B or-
JHuHe OoT HedeHa, KOTOpHE NpPH-
HajJIexaT K  CHeKTPaJbHbIM 0

ka1accam F6—G8. i ~

BonbmuucTo umedenn pac- G2 '
rnoJoxkeHo B6au3H MJjeudoro 0,4} 1
IlyTu, T. e. BOJMH3H <IJOCKOCTH 0,5:

TFanakruxku». IIpo Takie o6bek-
Tl FOBOPAT, YTO OHH BXONAT B  ~3| . Ko
njaockyio noacucremy TlamgakTH- =20}

KH, collepxKallyio Haubosee «Mo- ~10 |- 2
Jojoe HaceleHHe» [aJaKTHKH. 0r

A Bor 3Be3anl THna RR Jlupwm

OTHOCATCA K chepHyeckoH Mo.-

cucreme [anakTuky, TaK Kak 3

HEepeAKO BCTpeYarTCd OYEHb hAa-

JIEKO OT IJIOCKOCTH [a/JakTHKH. Puc. 10. Kpusan 6recka (1, mo
. . i)

3Be3anl THna RR Jlupel o6Hapy- OCH OpAMHAT JNaHO H3MeHeHHe
XKeyhl B IIAPOBbIX 3Be3JHbIX 6necka), KpuBasi JayueBOfA cko-
CKOT/IEHHSIX, B KOTOPHIX Haxo- %’Ifégbl(ez'c ;oop:c"fuoé’i‘::‘/g ﬁa:“

3-
AATca poaroxurtead [anakTtu- Menenne pasmepoB (3) spesin 6
KH — caMmble CTaphle 3Be31bl. Liedes.
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I pyrue dhu3H4YecKHe nepeMeHHbie 3Be3/H

Hedenar — 370 AUWBL OAWH U3 MHOTOYHCAEHHHIX THNOB GH3U-
YeCKHX INepeMeHHBIX 3Be3A. [lepBas mepemeHHas 3Be3fa G6niza
oTkpuiTa B 1596 r. B cossesann Kura. Ona HasbiBaetcs Mupa Kiurta
M «ydusuTesnbHas» Kuta. D10 He uedenna. Kosebanus ee Giecka
POUCXOAST ¢ nmepuoaoM oxono 350 cyTok, nmpHueM 6Jseck B MaKCH-
MyMe Jpocturaetr -+2m, a B MHHHMyMe +9™. Brocsaeactsuu G6bli10
OTKPBITO MHOTO IPYruXx IOJIONepHOAHYECKHX 3Be3d THna Mupsl
Kura. [lpeumyiiecTBeHHO 3TO XOJIOJHble 3BE3AbI-THTAHTHl CIOEKT-
paJbHoro kJjgacca M. MameHeHue 6/1eCKa TaKHX 3Be3[, 10-BUIHMOMY,
CBSI3aHO C INyJbcauued U NMePpHONHYECKHMH H3BEPIKEHUSIMHU TOPSUHX
ra3oB U3 HeJp 3Be3[bl B 6oJiee BLICOKHE CJI0U aTMOC(epHL.

Jlaneko He y Bcex (HM3MUECKHX NepeMeHHbIX 3Be3l Halb.iona-
I0TC TepHoJHYecKHe u3MeHeHHs. [I3BecTHO MHOXKecTBO 3Be3l,
KOTOpHIE OTHOCATCA K MOJYNPaBUJIbHBIM HJH [axKe HeNpaBHJIBHHIM
fepeMeHHbBIM. ¥ TAaKHX 3Be3l TPYIHO HJH B0OOOlle HEBO3MOMXKHO
3aMeTHTb 3aKOHOMEPHOCTh B H3MeHeHHH bJ/ecka. :

B mocJienHue roir BHEMaHHe acTPOHOMOB IPHBJIEK/IH KpacHHIE
KapJuKH, 6jileck KOTOPbIX HEOXXHMIaHHO BO3pacTaeT B COTHH, a HHOT-
Ia W B THICAYM pa3 B TeueHHEe MHHYT HJM Ja)Ke CeKyHA. Takue
3Be3/lbl Ha3blBalOTCH BCHbixuBalOWMMH, OnTHYecKHe BCHBILKH CO-
NPOBOXK/IAIOTCS DPAJHOBCIbIKAMH, KOTOPbie 3HAYHTEJbHO MPEBOC-
xodAT mno MacwitabaM xpoMmocdepHrie Bembliike Ha CodgHue, u
CHJBHBIM YJbTPA(HONETOBHIM H3JYUeHHEM, KOTOpOe HMeeT $SIBHO
HeTeN/JOBOH XapakTep M TPYAHO OOBACHUMO H3BECTHLIMH HCTOYHH-
KaMH HEPTHHU.

Hosbie n cBepxHOBBIE 3BE3 MBI

Mul yxe BuAeaH, uto, B oTaHune ot CosHLIA U ApYTUX CTallHo-
AApHBIX 3Be3l, Y (PU3HYECKHX NePeMEeHHbIX 3Be3] H3MEeHsSIoTcs pas-
Mephl, TeMneparypa MOBEPXHOCTH, CBeTUMOCTb. Cpeln pas/HuYHHIX
BHLOB HECTALHOHADHBLIX 3Be3A 0COOBIH HHTEpeC NpeacTaBASIOT
HOBBIE H CBEPXHOBBIE 3Be3[bl. B NefCTBHTENILHOCTH XKe 3TO He TOJIbKO
YTO NOfIBHBILIMECH 3Be3/bl, a PaHee CYLleCTBOBABIIHE 3BE3Ahl, KOTO-
pble TPHBJEKIH K cebe BHHMaHHE BHE3aMHBIM K HCKJIOYHTEJbHO
GosipliiM  Bo3pacTanueM OJsecka. [lpu BenblIKax HOBBIX 3BesI
Gsieck yBeNMYHBACTCH B THICAYH H MHJIHOHBL Pa3 33 BPeMs OT
HECKOJIbKHX CYTOK JI0 HECKOJIbKHX MecsleB. MapecTHH 3Be3nw, KoTo-
pele MOBTOPDHO BCNIBIXHBaMH KakK HoBble. COBOKYMHOCTs HaHHBIX O
HOBbIX 3B€3/laX NPHBOILHUT K BHIBOAY, YTO 3TO B3PHIBAIOLIHECS 3BE3AHL.
[IpruuHbl B3pbIBA HOBBIX 3Be3/ MOKa elle HesACHH. SICHO JHIIb, YTO
CosHile He OTHOCHTCH K 3Be31aM, KOTODble B3DHIBAIOTCH KaK HOBHIE.
B nocnensee BpeMsi cTajJo M3BECTHO, YTO HOBHIE BXOASIT B COCTAaB
TECHBIX ABOHHBIX cucTeM. MoxeT 6bITh, B3auUMOAeHCTBHE 3Be3A, BXO-
AAWMX B TECHBle Mapbl, B HEKOTOPHIX CJy4asX MPHBOAUT K B3DHIBY
OHOH U3 HuX. Elle 6o/iee rpanaHoO3Hbl BCOBILIKH CBEPXHOBBIX, 6JeCK
KOTOPBIX BHE3alHO BO3pacTaeT npHMepHo Ha 19m]

Bo ckoubko pas Bospactaer Gieck 3Be3j, BCHLIXHBAIOWHX Kak CBEPXHOBbIE?
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Bennliuka cBepXHOBOH 3Be3bl XapaKTepPH3YETCsl CTPEMHTENb-
HHIM BO3pacTaHueM 6jecKka ¥ CBETHMOCTH, a 3aTeM HX MelJEHHBIM
naneHueM. B MakcumyMe GJjecka B CNeKTPax CBEPXHOBHIX JIWHUH
CHIbHO CcMelleHnl K (HOJIeTOBOMY KOHLY. Beauzusa cMelleHHs
CNeKTpa/ibHbLIX JAHHMA COOTBETCTBYeT NPHOJHNKEHHIO H3Nyuaiolled
MOBePXHOCTH 3Be3[bl K HAaO/MIONaTeNII0 CO CKOPOCTbIO B HECKOJBKO
ThiCSiY KHJOMETPOB B ceKyHHy. KapruHa BCHBIUKM CBEPXHOBHIX
3Be3], CBMJETENbCTBYeT O TOM, 4TO CBepPXHOBHE — 3TO B3PbIBAIO-
miecs 3se3nbl. [Ipd B3pBIBAX CBEPXHOBHX B TedeHHe HEeCKOJbKHX
CYTOK BBHIJeJsSeTCS OTPOMHAasi sHeprust nopsiaka 10 spr.

3a ckoaeko JeT CoJHIIE MOXKET H3NYUYUTb IHEPTHIO, KOTOpas BHIAe/SeTCs npH
BCMBILIKE CBEPXHOBOH 3BE3JHI?

B makcuMyMme OJsiecka OIHa CBepXHOBas 3Be3la MOXKET CBETHUTb
spue MuHJMapaa 3Be3l, nonoGHuix Hamemy Coanuy. ITpu naubo-
Jiee MOILHBIX B3DHIBAX HEKOTODPHIX CBEPXHOBHIX 3B@3X MOXKET BH-
6paceiBaThCsl CO CKOpocThio 5000—7000 kM/c BewlecTso, Macca
KOTOPOTO HOCTHUraeT HeCKOJbKHX cojiHeuHelXx Macc. OcraTku o6o-
JouyeK, cOpOLIeHHBIX CBEPXHOBHIMH 3Be31aMH, BHAHBEI J0JIroe BpeMs
KaK pacIIHpsiolldecs ra3osble TyMaHHOCTH.

B camoe mocaenHee BpeMss yAaJjoch 00HAPYXKHTb He TOJBKO
ocTaTKH 060JI0UEK CBEPXHOBHIX 3Be3l, HO W TO, YTO OCTaJOChH OT
caMmMoil HeKOTZa B3OpBaBllefic 3Be3lpl. TaKkUMH «3Be3HHIMH OCTAT-
KaMH» OKa3aJHCh HeHTPOHHEBIE 3BE3/Hl.

Benblikd cBEpXHOBBIX 3Be3l OTHOCHATCH K OYeHb PeIKHM sBJe-
HUAM. 3a [ocJaedHee THICAUYeneTHe B Halllell 3Be3JHOH CcHcTeMe
HabJ/I01aJ10Ch BCEro JIHIIb HECKOJIEKO BCMHBILIEK CBePXHOBHIX. M3 HuX
Han6osiee IOCTOBEPHO YCTAaHOBJIEHBl CJEAyIOUIHE TPH: BCIBIILKA
1054 r. B cosBeaguu Teabua; B 1572 r. B cosBe3nud Kaccuonen;
B 1604 r. B co3Besaun 3veeHocua. [lepBasi 43 3THX CBEPXHOBHIX
ONHCaHA KaK «3Be31a-rocThi» KUTAHCKUMH W SMNOHCKHMH acTPOHO-
mami, BTopas — Tuxo Bpare, a tperbio Habmionan Horann Ken-
aep. Baeck cBepxHoBbix 1054 u 1572 rr. npeBocxoana Gieck Be-
HepHl, ¥ 3TH 3Be3In Obln¥ BUIHB AHeM. Co BpeMeHH H306pereHHs
teneckona (1609 r.) B Hame# 3Be3AHO#N cucteMe He HaAGJIOAAJOCH
HH OZHOH cBepxHOBOH 3Be3Abl. Ho Gsaronapsi pasBUTHIO TesecKo-
‘IHYeCKOH aCTPOHOMHH MOSIBHJIACh BO3MOXHOCTb HCCJIELOBAThL APY-
r'He 3Be3JHBle CHCTEeMBbl H, B 9aCTHOCTH, OTKPhIBaThb B HHUX HOBHE H
CBEPXHOBbIE 3Be3[Hl.

Benoiiiky CBEpPXHOBHIX OTHOCATCS K OAHOMY M3 CaMbIX TPaHiH-
03HBIX sgsneﬂuﬁ, npoucxolsimux ceHvac Bo Bcesento#l, ycrynas,
noxaJjy#, JHIIb 3arafloOYHbiM NpoleccaM B fApax rajakTHK H KBa-
3apoB (06 3ToM MBI pacckaxeMm HHxKe). Hccremosanue mpoueccos,
BHI3LIBAIOUIMX H CONPOBOXKAAMIIKX BCIBIIKH CBEPXHOBHIX, MOXET
HMeThb CYUIeCTBeHHOe 3HayeHHe NJS COBPEMEHHHBIX [DEeACTaBJaeHHUf
O MPOHCXOXKIEHHH W PA3BUTHH 3BE3J, O CHHTE3€ XHMHUECKHX 3JIe-
MeHTOB (TIOCKOJIbKY 3JIeMeHThl TsKeJee BOLOPoLa OGpasyiorcs B
3Be3/aX B XO/le SINepPHHIX peakuHH), o MNPOUCXOKIEHHH KOCMMYe-
CKHX JIyued W O MHOIHX ADYIMX BaKHhIX Mpoueccax Bo BceseHHOR.

4 3akas N 171 49



HAIIIA TAJIAKTHKA

Crpoenne lanaktuku

Bnaronaps coBpeMeHHHIM ONTHYECKHM H PaAHOACTPOHOMHYECKHM
Ha6JMIONEHHSAM Mbl, HaX0o4ACh BHYTPH ['allakKTHKH, MOXEM He TOJBKO
noApo6HO HccaenoBaTh ee OaH3fexallue 06JacTH, HO H HOJYUYHTH
npeicTaBJeHHe O BCefl raJaKTHYECKOH CHCTeMe.

[To ¢opme HanGosee spkafd uacTb [aJaKTHKH HaNOMHHaeT
orpoMHbIfi guck (zuamertp okoso 30000 nc) c yroauieHHeM B LEHT-

pe (puc. 11).

CkoJIbKO BpeMeHH moTpebyercs cBeTy, 4TOGH nepeceub I'anakTHKY?

TanakTHUeCKHH «IHCK» He HMEeT Pe3KUX rpaHull. 3Be3IH, OTHO-
csamuecs K Hamed [alakTHKe, BCTPEYAIOTCd U 3a €ro IpefesaMH.
[To mepe nmpu6IMKEHHA K IJOCKOCTH CHMMeTPHH ['allakTHKH KOJIH-
YyecTBO 3Be3J B eJHHHIE 00beMa (MM NPOCTPAHCTBEHHAS 3Be3LHAS
MJIOTHOCTb) BO3pacTaer. 3Be3fgHas IUIOTHOCTb YBEJHUHBAETCH TaKkKe
H [0 Mepe MpHOJHXKEHHS K LeHTpaJbHOi obaacty [amakTuky.

Pasnyunple THOBl 3Be3]] OTJAHYAIOTCA HE TOJBKO CBQUMH (u3u-
yeCKHMil XapaKTePHCTHKaMH, HO, KaK yXe TOBOPHJIOCH, H PacncJo-
xxeguem B lanmakrtHke. To Xe OTHOCHTCH H K ADYTHM OOBeKTaM,
BXOAAIMM B cocTaB [anakTuku. PaccesiHHBle 3Be31HBIE CKOIJICHHS
¥ IUPOYy3HHEe TYMAHHOCTH pacloJjaraloTrcsd BOJIH3H rajaKTHYecKoH
JIOCKOCTH, a LIapOBHIE CKOMJEHHS 3aNOJHAIT chepuyeckuii o6beM,
YaCTHYHO NPOHHKAs B JUCK.

10 knc ‘

Puc. 11. Crpoenne I'anaktuku: I — siapo, .2 — mecto CoJH-
sa B Tlanakruxke; 3 — maposoe 3BE3[HOE  CKOILIEHHE;
4 — ranakTuyeckas <«IJ0CKOCTbY.
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Ecau 66 MBI MOIJIM B3rJAAHYTb Ha TajJJaKTHUECKHA IHCK CBEPXY,
TOo O6Hapy:XuAu OH OrpoMHbIE BETBH WJH CHHpa/JbHhe pyKaBa, B
COCTaB KOTOPHIX BXOAAT 3Be3lHl, Nuab M ra3. Cnupanu [anakrdky
BLIXOAST M3 Haxolslerocs B ee LeHTpe fiIpa. SApO pacmnosoXKeHo
B HanpaBjaeHun co3Be3fua Crpeabua. Ho npocto yBuaeTh ero B
TeJIeCKONl HeJb3fd, TaK KaK OHO CKPBITO OT Hac o6JakaMH KOCMHYe-
ckoi nbuid. Slapo amaktuku cdororpadupoBanun B cepeiuHe Hbl-
HellHero BekKa B HH(QpaxkpacHHX JydYax, KOTophle cjaabee mOrJIO-
WalnTcs NblieBHIMA obaakamu. TiiateabHO Hccaeldyercs H pajHo-
H31yueHde siapa. Bce 3To nosBosuso y3sHaTh pasMepel fiApa: €ro
Auametp coctasaser 1300 nc.

CoJsHLe HaxoAMTCH OT LeHTpa [alakTHKM Ha paccTOSHHM He
menee 8000—10000 nc u pacmosioxeHO HOYTH B IaockocTH I anak-
TukH. Takum ob6pasom, CoJHIle He TOJbKO He SBJSETCA IEHTPOM
BceseHHOH, HO W NOCTaTOYHO yaaJjeHo oT uentpa [amakTtuku. [a-
JakTuka Bpamaercs, Hame CoaHne kKak pas HaxoAHTCA Ha TOM
paccrosHud OT LeHTpa lanakTuky, rie JuHefiHaa CKOPOCTb 3Be3J
mMakcuMaJabHa. CoJHlle W 6auxalmue K HeMy 3Be3lbl IBHXYTCA
BOKpYr HeHTpa ['anakTHKH co cKopocTbio okoJo 250 km/c, coBep-
pas noAHb o6opoT nmpuMepHo 3a 200 MJH. aer.

Cpasume ciaenymmue CKOpoCTH KOCMHYECKHX J.'lBPl)KeHHﬁZ CKOPOCTb IBHIXEHHUSA
Seman Bokpyr CousiHua, ckopocTh ABUKeHuss CoJHLA OTHOCHTEJAbHO OGamxkafimux
3B€34 4 CKOPOCTb ABHUXKECHHA CouHila BOKPYr LEHTpA lanaktuku.

3Be3n, Maccel KOTOpHX 6su3ku k macce Cosnua, B I'amakruke
e meHee 150 MuanuapioB. O6uiee ke uyucao 3Be3l ['anaKTHKH,
BKJIOYasi 3Be3Nbl C CYLIECTBEHHO MeHblleHd Maccol, CcOCTaBJSeT,
BO3MOXHO, 2-10'% (aBa TpuaAaHOHAl).

Ewe HenaBHo Ha3biBaau [anakTuky OpocTo «Hamla 3Be3fHas
cucrema». Onsako B JajbHeflleM BLISICHUJIOCH, YTO 3BE3ABI CO-
CTaB/AIOT JHUIIb OCTOB ruraHrckoit cucreMu. CienoBarenbHo, ['a-
JakTHKa — 3TO CJOXHeHmas COBOKYNHOCTb 3Besl (¢ obpalnaiouiu-
MHCS BOKDYr HHX [JIaHETaMH), 3Be3[HBIX CKOMJIEHUH, moJed, And-
(Qy3HOHl MexX3Be3NHOH MaTepuH, KOCMHUeCKHX Jayded. Martepus B
['asakTHKe BCTpeuaeTcsi B ABYX OCHOBHBIX BHAAX. DTO, BO-MEPBHIX,
BellecTBO (MpeHMMyIIECTBEHHO NJa3Ma, U3 KOTOPOH COCTOAT 3BE3JbI
¥ MeX3Be3IHbA ras, W TBepAas ¢asa, npucymas, MNo-BHAHMOMY,
GONbILMHCTBY MJAHET H KOCMHYecKo# mblin). Bo-BTOPHIX, 3TO noJs
(31eKTPOMaruUTHOE, FPaBUTALHOHHOE, MArHUTHOE).

KocMmudeckue Jyuu U MarHutHoe node Fanaktuku

B otauune oT BHAUMOTO CBETA, YJbTPa(uOJETOBLIX JYyyeh H Apy-
FMX BHIOB 3JEKTPOMATHHTHHIX H3JIyYeHHH, KOCMHYECKHe JIy4H —
3TO [OTOKH GBICTPBIX 3apSXKEHHBIX uyacTHI (MPOTOHOB, silEep pas-
JAUUHBIX 3JeMeHTOB, aJdeKTponos). OTiauuuTenbHas yepTa KOoCMHue-
CKHX Jyueli — orpoMHas 3Heprus, KoropodA ouu oOaanrawor. Ha-
npuMep, B KOCMHAYECKUX JlyuaX BCTPEYAIOTCH YaCcTHUM, SHEPrHS KOTO-
phix jaoctHraer 10?0 3B. B 3eMHBHIX yc/l0BHX HEBO3MOXHO MOJY-
UuTh YaCTHUH CTOMb OoJbIUHX 3Hepruf. KpynHefnii B Mupe
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yCcKOpHTeb 3JieMeHTapHHX 4acTHl, nocTpoeHHslt B CepmyxoBe co-
BETCKHMH HHXKEHEePaMM M yYeHbIMH, cooflLlaeT YaCTHIaM 3Hepruu A0
7-10'° 3B, He yaHBHTe/NbHO, YTO MHOTMe CBOHCTBa 3J]eMeHTapHbIX
qacTHL OblJM BbiSCHeHb NpH M3y4YeHUUW KOCMHYECKHX Jyuell ewe A0
No7ABACHUA YCKOPHTE el

Bcero aumb HecKOJbKO Je€T Hasal NPH ONHCAHHHM CTPOEHHA
FanakTyKH pelko ymOMHHAJHCL KocMuueckue Jaydu. Ho cefiuac
BRISICHHJIOCH, YTO KOCMHYeCKHe Jy4YH HapaAy €O 3Be3daMH, mnaa-
HetaMH H Iubdy3HOA MaTepHeHdl SABJAIOTCA BaXXHOH cocraBHOH
yacteio [anakruku. Bo3HHKaIa HoBasg o6sacTh acTpOPU3HKH —
«acTpodu3uKa KOCMHYECKHUX Jyuell» (cTaBlias BIOCAEACTBHH YaCThIO
«acTpoHU3HKH BBHICOKHX 3Hepruily). B Hamefi cTpaHe oHa moJyuu;a
pa3BuTHe B paborax akageMmuka B. JI. 'uH3bypra.

KocMuueckue nyudn MOryT BO3HHKATh B pe3y/JbTaTe MHOTOYHC-
JeHHBIX mpoueccoB, mpoucxoasmux B ConHeuHoli cucteMe, B [a-
JaKTHKe H 3a npeienaMu I'amaktuku. TouHo ykasaTh, Iile HMEHHO
o6pasoBaqHCh KOCMHYeCKHe JYy4H, BO3HHKIIHe 3a npefenamu Cou-
HEUHOH CHCTeMbl, HEBO3MOMKHO, TaK KaK OHH MPHXOAAT K 3emJe
paBHOMEpPHO CO BCeX HampaB/JeHHH. BeccrnopHo, HeKoTopoe KOJH-
yecTBO KOCMMUECKHX JyueH o6pasyeTcs BO BpeMs XpOMOC(epHHIX
sennluek. Ho a3to mpumepro 1% xocMmuueckux Jyued, LOCTHTAIOUHX
3emau. OCHOBHOE KOJMHYECTBO KOCMHUeCKHX Jyuyedl B Hamell [a-
JIAKTHKE CKOpee BCEro BO3HHKAeT IPH B3DbIBAX CBEPXHOBHIX 3Be3l.

Kocmuueckue Jyun oObluHO He mokuaaloT [anakTHky, Tak Kak
yAEpXKHBAIOTCSA CYLIeCTBYIOIIHMH B Hefl MarHUTHBIMU noasiMH. [Toas
5TH OueHb cJabbl (UX HampsiXKeHHocTb mnopsinka 10-5—10-6¢ 3).
Onuako OHH OTJHYAIOTCA OO0JIbIIOH NPOTHAKEHHOCTBIC H CJHOXKHOM,
3anyTaHHOH KapTHHOH pacrnosOXKeHHS MAarHHTHHX CHJIOBHX JHHHH.
[Ipun DBHXXEHHH B MAarHHTHBIX NOJSIX HacCTHIB KOCMHUECKHX Jydef,
MMeollie 3HAYHTENbHYI0 HAYaJbHYI0 3HEpPTrHIO, PasroHAIOTCH 10
cKopocTel, 6JIM3KHX K C, H IPHOGPETAIOT OTPOMHEBIE SHEPTHHU.

o noBepxHocTH 3eMJIH NepBHYHBIE KOCMHUECKHE JYUH He JOXOJAT,
TaK KaK UM [PHXOJAHTCS BCTYNATb B MHOTOKpATHHE B3aHMOAEHCTBHS
C 4acTHIIAMH, H3 KOTOPHX cocToHT arMocepa 3emau. [Toatomy
anmapaTtypa IJs HccleJOBaHHA KOCMHYECKHX JyueHd ycTaHaBJHBa-
eTC Ha BBICOKHX ropax, MOAHHMaeTcsi Ha CTpaTocTarax, HCKyCCT-
BEHHBIX CMYTHHKAX 3eMJH H KOCMHYECKHX paKeTax.

C KOCMHYEeCKHMHU JydaMH CBS3aHO paAnousiydeHue [amaxTuku,
uMH OOyCJOBJIEH HarpeB MeX3Be3LHOIO ras3a M MHOTHE Ipyrue
mpoueccsl, NPOUCXOAsIINe B NMPOCTPAHCTBE MeXIy 3Be3LaMH.

Panuousnyuenue anaktuku

. B nagane 30-x rofoB Npu H3yuUeHHH LIYMOB, MELIABIIHX PaiHO-
cBfI3H, OhIO o0palleHO BHHMaHHE Ha YCTOHUHBBIH CBUCTSIIIe-IIU-
NSLIKA 3BYK, OTJIHYABIUMIACS OT TPecKa PO30BBIX Pa3psanoB. Brisc-
HHJIOCh, YTO MCTOYHHK HeOOLIYHBIX PafHONOMEX HMeeT BHE3eMHOoe
NPOHCXOXIEHHEe M HaXOAWTCA B HanmpaBJeHHH LeHTpa [ alakTHKH.
‘NanpHeduine HaGJMofeHHsI C PaHOTeJECKONAMH, HAaCTPOGHHBIMH Ha
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pa3Hble NJWHH BOJH, MOKAa3aJH, YTO DAaJHOM3JYUEHHE MPUXOAHT K
HaM €O BCEX yuacTKoB Heba.

Yesnosek He omymaer paaxnousnsydenus. Ho ecan 6bl MBI Morau
«BHUAETb» DAaAHOU3JNyUEHHe, TO OOHAPYKHJAH OBI, UTO CBETHTCS BCE
He6o: 3T0 caaboe H3JIy4eHHe B CAaHTHMETPOBOM 1Hala3oHE H oOcJe-
MUTENBHO SIPKOE B AHANMa30HEe METPOBHIX BOJIH.

UTo nopoxkmaetT 3TOT HeNpepeiBHBIH ($OH KOCMHYECKOro palHo-
u3ayuenus? Mbl 3Haem, uro CoJHUe #3/JyuaeT B MPOCTPAHCTBO
pannoBoaHbl. Jlpyrue 3Be3dB TakXKe SBJASIOTCA HCTOYHWKAMH KOC-
MHYECKOT0 PaAHOM3JYUeHHs, HO OoKa 0OHApYKeHO pPaIHOH3JyUYeHHE
JIMLIL OT HEKOTODPHIX 3Be3J, HAPHUMeED OT MyJabcapoB. B onmTnueckom
nuanasone cser Coanua nours B 100 mapn. pa3 spue cBera Bcex
3Be3[] BMecTe B3fTHIX. B paagmoanamasoHe, HaoOOpPOT, HHTEHCHB-
HOCTh KOCMHYECKOrO H3JYYeHHS B THICSUH pa3 HPeBOCXOAHT paiuo-
uaayuedde CosHIA B TOJABI MAaKCHMyMa COJHEYHOH aKTHBHOCTH.
W3 Bcero 3Toro MoXKHO 3aKJIOUHTh, UTO CBeueHHe «paauoHebas ody-
CJIOBJIEHO He 3Be3naMH. Ero HCTOYHHK — MeX3BeslHas cpeza.

PannonssnyueHne MekK3Be3AHOH Cpeibl BBI3BAHO PSIAOM HPHYHH.
Bo-nepBex, paiHOBOJHB H3JYy4alOT HOHH3OBAaHHBIH TOPSIYHH Tas,
uwarpetniit 1o 10000 K. Harpes u uoHH3amuio rasa (nmpeuMyllecT-
BEHHO BOJOPOJAa) BBI3LIBAIOT ropsiuue 3Be3dbl H KOCMHYECKHe JYYH.
Sto TemJgoBoe panHOH3ayueHUe. Bo-BTOPHIX, HCTOYHHK palHOH3-
JyyeHHs Ha BoJHe 2] cM — HeHTpaJpHBIH BOZODPOI, KOTOPOTO B
MeX3Be3[HOM TPOCTPAHCTBE 3HAYUTEIbHO 6OJbIlIe, ueM HOHH30BaH-
"oro. MccaenoBaHue pamnonssayueHus [ajJakTHKH HeNpepHBHO MO-
MOJIHSIeT Halld CBeleHHsa o Hefl. Tak, HampuMmep, HCCjefOBaHHe Ha
BoaHe 21 cM pacnpeneneHHss HefiTpaJbHOrO BOLOPOAA NOMOTaer
BHIIBUTh PacloJoXKeHHe CIUpaJbHEX BeTBeHl. MmenHo B cnupaasx
TanmakTHKH COCpeIOTOUEHO OCOGEHHO MHOIO MeXK3Be3AHOro raasa.
Ha6awonenus Ha BostHe 21 cM I0Ka3wIBaIOT, YTO ras, Kak U 3Be3.H,
yu4acTByeT BO BpalleHHH ['aJakTHKH.

B-TpeThHX, PaJHOBOJHBE H3Jy4alOT PeATHBHCTCKHE 3JEKTPOHBI,
BXOJsILHEe B COCTAB KOCMHUECKHX JyueH. DTH 3JEeKTPOHH, 3aKpy-
gyBasiCb MArHHTHBIMH NOJSAMH [a/lakTHKH, ABHXYTCH YCKOPEHHO,
u3Jyuasi 3J€KTPOMAarHHUTHBIC BOJIHBI (B MeTPOBOM jHanasoHe). Ta-
KO€ HEeTEeMJOBOe PaZHOH3JNyueHHe Ha3blBAaeTCH CHHXPOTLOHHBIM (Mar-
HHTOTODMO3HHIM) .

IIpencraBuM cebe HEPeNSITHBUCTCKHH 3JEKTPOH, ABHXKYLIHACH B
OIHOPOIHOM MAarHHTHOM mHoOJe. TaKgﬁ 3JIEKTPOH 6yneT ABHUraTthcs
MO BHHTOBOH JIMHHH, OXBaTHIBAIOILEH MarHMUTHEE CHJGBHE JHHHH.
Yraosass yactoTa NpONOPIHOHANbHA HaNPSAKEHHOCTH MArHHTHOIO
MoJsi, H C 3TOM 4YacCTOTOH 3JEKTPOH H3JyyaeT MOAOGHO AHIOJIO.
Takoe uasiyueHHe He HMeeT H3OPaHHOTO HampaBJeHHS — OHO H30-
tponHo. MHaa kapruHa Hab/iofaerTcs npd ABMMKEHHH B MAaTrHHTHOM
nose pPEJSTHBHUCTCKOro 3JeKTpoHa. Ero uaayuenne cocpezoroueno
B Y3KOM [MydYKe B Mpeienax KOHYCA, MIHOBEHHasi OCb KOTOPOTO
HanpasJ/ieHa BI0JIb BEKTOPa CKOPOCTH 3JeKTPoHa. PacnosoXuBuInch
B MJOCKOCTH OPOHTHl DEeNSATHBHCTCKOrO 3JEKTPOHA, HabJiogaTeb
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OyleT perHcTpHpOBaTb MMNYJbCH H3JyueHHs, NJIAILHeCs NMOKa KO-
HYC H3/IyueHHs NPOXOAMT uepe3 Habmonaatens. Manyuas nenpepsis-
HBI CMeKTp, 3JEKTPOH TepsieT CBOIO 3SHepruio. XapakrepHas 0CO-
6eHHOCTb MAarHHTOTOPMO3HOTO H3JIyYeHHSI KOCMHUECKHX 3J/IeKTpO-
HOB — NOJISipH3allys, Hab/olaeMas B PaiHO- H ONTHYECKOM aHana-
30Hax. Ee HampaB/enue onpelensieTcs HanpaBJeHHEM MAarHuTHOTO
noJisi, B KOTOPOM ABHKeTcA 3/1eKTpoH. OOHapyxeHHe NOMApH3aLHU
B H3JIyYeHHH KakKoro-nu6o KocMHuYeckoro o06bekra paccMaTpuBaeTcs
KaK [0Ka3aTe/IbCTBO, YTO €ro H3JyuyeHHe MOPOKAEHO TOPMO3HBIM
H3/Iy4eHHEM U 4TO B XaOTHYECKOM pacrnpejeseHHH MarHUTHHIX MoJel
€CTb KaKoe-To «H30paHHOe» HanpasJ/eHHe.

Knaccuuecku#i npumep ob6bekTa, H3/JIyyeHHE KOTOPOro HHTep-
[IpeTHpyeTcss KakK MAarHUTOTOPMO3HOE H3JydeHHe peIATHBHCTCKHUX
3/1eKTpOHOB — KpaboBuaHass TyMaHHOCTb (umaH npocto «Kpaby),
JOCTaBlIasicd HaM B HAaCJEACTBO OT CBEPXHOBOH, BCMBIXHYBIUEH B
cosBe3aun Teapua B 1054 r. B o60cHOBaHMH 3TOH 3aMeyaTenabHOH
HHTEPNpeTalty, MO3BOJAIIEH C eIHHOH TOYKH 3peHHs OOBIACHUTH
usnyyenne KpaGoBumHoli TyMaHHOCTH BO BceX JAHama3oHax [IJIHH
BoJIH, oco6as 3acayra npunaigiexutr M. C. Ikaosckomy. Cuuxpo-
TPOHHBIM MeXaHH3MOM, MOLpPOOHO HCCAeNOBAaHHBIM aKaIeMHKOM
B. JI. T'uusbyproM u uneHoM-koppecmoHgzentom AH CCCP
H. C. HUIxnoBckHM, O6bsCHSETCS pafHOH3JIyueHHEe H JPYTHX OTs
JdeNbHEX (MJIH JHCKPETHHIX) FaJaKTHUECKHX 0GBEKTOB.

YJIUBUTEJDBHBIE IIYJbCAPBI

Hcropus oTkpbiTHA

OtkphiTHe nysnbcapoB, OKa3aBUIMXCH 4ileHamMHd Hameil [aJak-
THKH, OBLIO HEOXKHJAAHHHIM H 3HAMEHATeJbHBIM B HCTODHH HOBEil-
weft actpopusuku. Mx He HCKa/lH, KaK HUIYT KBapKH, MOHONOJH
WM TpaBHTallHOHHBIE BOJIHBL. KX He Hckamu, motomy 4to He momo-
3peBasu 06 HX CyLIeCTBOBAaHHH (XOTs TO, YeM OKa3aJ/HCh MYJbCapHl,
OBLJIO MpeAMeTOM HeyTOMHMBbIX nouCKoB!). X OTKpHIA He yBumeB.
Hx «yciullani», npuyeM He CPasy MOBEPHIH TOMY, 4TO YCJBIILAJH.

A npousomsto 3to Jetom 1967 r., korxa Bo BpemMs HcHBITaHUS
HoBOro pamuoresneckona B KemOpumke (AHriIng) acndpaHutka mpo-
deccopa A. Xbviouma mucc JK. Bedn obnapyxuna cnabpit paguo-
CHrHaJ, MNPHXOIHBIIHA H3 ONPEAEJNEHHOH uacTH He6a, NOBroOps«
BlIHiics peryJsapHo xaxasle 1,33... ¢ ¥ OJUBIIKIACA HECKOMLKO COTHIX
ceKyHIH. BpeMs OT BpeMeHH HCTOYHHK mepectaBaj paborars,
a NOTOM «BO3BPAIIAJCA» U KAK HH B YeM He ObIBaJO MPOJOMKAM
noChLIATh CBOM CTpaHHBIE HMmy/bchl. CaMbiM MePBEIM OyJbcapam
pHayaje NpucBoMNH oOo3Hauenns LGMI, 2, 3 u 4, se na myTky
pelIHB, 9TO OTKPHITH BHE3EMHble UUBHJH3AUHU C CYUIECTBAMH
«3ejeHbIMH deqoBeykaMu» (LGM — little green men — manenbkue
3eJleHBEIE YEJOBEYKH)...

_ AdrivuaHe nposiBHAH OOJbIIyi0 BEIAEDXKKY, TepreHHe # OCTO-
POXKHOCTb: MepBHE my/ibcap Ol OTKpHT B asrycre 1967 r., B
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Puc. 12. Onna us paHHuX sanuceft paxuousnyuerns CP 1919.

Hosi6pe 1967 r. yueHble yOeXWJHCb, UTO HCTOYHHK HMEET KOCMH-
yeckoe MPOHCXOXKJIeHue, HO Jullb 28 ¢pespans 1968 r., 1. e. moutH
yepe3 MoJIrofa fOcie NOJYYeHHs MEePBbIX AAHHBIX, OTKPHITHE ObLIO
o6uapomoBaHo. Cpasy Xe yueHble Da3HEIX CTPaH H KOHTHHEHTOB,
MIHOBEHHO OLeHHB BaXKHOCTb HOBOTO OTKDHITHS, MPHUCTYIHJH K Ha-
6.0eHHI0 STHX 0GBEKTOB, HA3BaHHKIX MyJabcapaMu (oT coBa «pul-
se» — UMIYJIbC, HMOyJbcHOe H3ayueHue). Ha yuactku HeGa, oTKyna
JIOHOCHJIHCh FOJIoca MyJbCapoB, OBIM HamnpaBJeHH caMmble MOIIHBbIE
omnTHuecKue TeJeckonsl. Bce 3To mpHHecJ0 HeMaJble NJIOABL K
cepenune 70-x TroJoB OTKpHTO Gosee 150 mysbcapos, a raasHoe —
Haliled 0yTb K MOHHMAaHHUIO HX NPHPOABL.

Jlanabie paguoHaGa0eHui

PaguouMnoysabchl OT MyJbCapoB MOBTOPAIOTCS C NEPHOLOM OT
0,033 no 5 c. ¥ nepsoro u3 obHapyxeHHHX myJbcapos CP 1919
(KeMOpuIXCcKHA NyJbcap ¢ NPAMBIM BOCXOXJAeHHeM 197 19%) me-
puogx cocrasaser 1,33730113 ¢ (puc. 12).

3Hasi npsMOe BOCXOXKJEHHe M CKJOHeHHe nyabcapa CP 1919 (8§=+22°), naii-

JUTE €ro MoJoXKeHHe Ha 3BEe3THOH KapTe H olnpenenuTe, B KAKOM CO3BE€3JHH OH Ha-
XoAHTCA.

HMMnyabcel uMelOT caO0XHYI0 (opMmy, mpuueM OT HMOyJabca K
MMIYJbCY HECKOJBKO MeHseTcsi HX ¢opma u ammauryga. C reue-
HHEeM BPEMEHH OYeHb MeIJIEHHO pacTeT NepUOX CJIeAOBAHHS UMMYJb-
coB. BricTpee Bcero oH Bospacrtaer y myJabcapa B KpaboBunaHoit
TYMaHHOCTH. DTO, KaK Mbl YBHAHM Jajibllle, 3aMeuaTeJbHBIH MyJb-
cap. Ero HauGonee pacnpoctpaHeHHoe o6o3nauenne NP 0532
(nynbcap, OTKpHITHIH B HanuoHaapHOR paauoacTpOHOMHYECKOH
o6cepBatopuu ['pun Bauk, CILIA).

NP 0532 obnamaer cambiM KopoTkum mnepuogom (0,033 c¢) u
caMbiM OLICTPEIM yBeJHYEHHeM MepPHOAa: NMePHOL yABaHUBaeTCS BCEro
Jumb... 3a 1000 ner (u3BecTHH MyJ/bcaphl, YABOEHHE NMEPHOLA KOTO-
PBIX MPOHCXOMHT 32 NeCATKH U COTHH MHJIJIHOHOB JIEeT).

Hd6monenns ny/nbcapoB (pOM3BOAMIMC HA pa3HEIX BOJIHAX.
ITpu stoM o6HapyXuaocb, 4TO, YeM [JIHHHEe BOJIHLI, TEM MO31HEe
Habumonaercs uMnyabc. Takoe sBJI€HHe CBS3aHO C DACHpOCTpaHe-
HHEM «BOJIHOBOTO MaKeTa» B MeX3Be3lHOH cpesre. CHrHaMnl pafuo-
H3/1yUeHHS C PA3HBIMH HeCYLMMH YACTOTAMH PACMHPOCTPAHSIOTCH TaM
C Pa3JIHYHOM CKOPOCTbIO: BBICOKOYACTOTHBIE HMMYJIbChI OBTOHSIOT HH3-
KOYaCTOTHbIE, KOTOPbieé 3a CTOJIeTHs Gera ONasAbiBaiOT.. BCEro Ha
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HECKOJIbKO CeKYHA, peAKO — MHHYT. Mul 6/arofmapHel 3THM OINO3-
naBwuM: uM (6oJsblle, ye€M BLICOKOYACTOTHHIM KoJeGaHHSIM) Me-
maja MexX3Be3[Hasi mJa3Ma. Y3HaB BeJUYHHY 3amasjbiBaHusd,
aCTPOHOMEI OLEHHMBAIOT IIOJHOE YHCJIO CBOGOXHBIX 3JEKTPOHOB, pac-
MOJIOKEHHBIX BIOJb Jyda 3peHHs. DTO oueHb BaKHAs BeJHUYHHA,
TaK Kak, 3Hasi ee M CPeJHIOI0 KOHIEHTDAIHIO 3JEKTPOHOB B MeEX-
3Be3iHOM cpene (6auskywo K 0,1 cM~3), MOXKHO OLEHHTb PacCCTOSHHA
oo nynabcapoB. OHu COCTABJASIOT COTHH H Jaxe THICSUH Mapcek.

O6'bHCHPiTe, noueMy Ha 3TOM OCHOBAHHH MNYJbCapbl OTHOCAT K raJaKTHYECKHM
obbeKTaM.

Bckope mocse OTKPHITHA 1nyJdbcapoB OblIo oOHapy:KeHo, 4TO
HX H3JIydeHHe MOJSIPH30BAHO, T. €. PAaZHOH3JIYyYEHHE NPEHMYILUecT-
BEHHO paclpoCcTpaHseTcs B ONpeleJeHHOH maockocTd. Koraa nous-
pHM30BaHHOE paJHOM3JYUeHHE pPaclnpocTpaHseTcss B MarHHTHOM IIOJe,
TO IJIOCKOCTh MOJSpU3allH¥ NOBOpayHBaeTcCs, NpHYeM TeM OoJblie,
uyeM OOJIbIIIE HAMPAKEHHOCTb MAarHuTHoro mouas («adpdekr Papa-
aesi»). Uepe3 kakue MarHHATHBI@ NOJIS NPHXOAUTCH POXOAHTH H3JY-
yeHHl0 NyJbcapoB? Bo-mepBHX, uepe3 MeXK3Be3JHOe MAarHHUTHOe
mosie (MarsuTHoe moJsie ['alaKTHKH) H, BO-BTOPHIX, Yepe3 MarHHUTHOe
nose 3emau. HanpsikeHHOCTh MarHHTHOro noJst 3eMJH He mpe-
peimaer 1 3. Ecan yuecTh 370, TO MOXHO y3HaTb, KaKoe MarHuTHOE
noJie BbI3BIBaeT [J00aBOYHHIA MOBOPOT IJIOCKOCTH MOJSPH3ALHHU.
Orciona u mosyyaeTcsl OLEHKa HANpPSIXKEHHOCTH MAarHHUTHOrO IOJS
lanaktukn (mopsaxka 10-5 3).

Tak, eme HHuero He 3Has{g O MPHPOLE MYJAbCAPOB, aCTPOHOMBEI
CyMeJd C HX MOMOIIbIO MOJIYYUTh HE3aBHCHMO OT APYTHX METOJOB
uHGopMalHio 0 (U3HUECKMX CBOMCTBAX MeK3Be3AHOH cpelsl.

OToXpaecTBAEHHE

'Hcnonssys panuountepdepomerpol (cM. c. 72), T. e. CHCTEMY, Co-
CTOSILIYI0 H3 pa3HECEHHBIX Ha HEKOTOPOE paCCTOSIHHE H CBA3aHHBIX
IpYr ¢ APYTOM aHTEHH, y4YeHHIe IO0BOJILHO TOYHO ONpPEAeHJH NOJIO-
KeHue nysabcapoB Ha HeGe. Korza mo koopanHaTtaM HaHecJu TOYKU
Ha KapTy, TO OKasaJsoch, 4TO HyJbcapbl Ha Hebe pacmnoJioXKeHn He
Xa0THYHO, a fIBHO KOHLEHTPHPYIOTCA K TafaKTHUECKON MJOCKOCTH
(t. e. K mnockoctd Mueunoro Ilytu). 3ro emme o4HO CBHIETEILCTBO
MpHHAIIEXKHOCTH MyJabCapoOB K Hame# ["anakTuke.

3apuKcUpOBaB NOJIOXKEeHHe HEeCKOJbKHX MyJbCapoB, acTPOHOMbI
MOMEITAJHCh OTOXKAECTBUTh HX C KAKHMH-HHOYAb ONTHYECKHMH OOb-
extrami. C 3TOM uedblo H3yuaducb (oTorpaduH, MOJNYYeHHBIE C
KpyNHeHIHMH ONTHUECKHMH TesleckonaMu. Ho Huyero oGuapyxuth
He yIaJoch: B YKa3aHHBIX paJHoacTPOHOMAaMH ydacTKax He6a Hu-
KaKHX ONTHYeCKHX OOBEKTOB, BKJOuas Oesble KapJHKH, HE OBLIO.
CrpaHHas co3fafnach CHTyallusi: acTPOHOMBI CJBINIAJNH <«TOJIOCA»
nyJabCcapoB, 3HAJH, TAe MyJbcapbl NOJKHE HAXOAHTbCcA Ha Hebe,
. YXHTPHJIHCH Iaxe ONPeleHTb PacCTOSHHE IO MYJIbCapoB, HO CaMHX
nyJbCapoB HHKTO He BHAe/]. Bce 3T0 HEMHOXKO HaloOMHHAaeI OJHO
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Puc. 13. Mozeab «Masika».

M3 TNpHK/IIOYeHHH AJHCH B cTpaHe uylec, Nle AeBOUKa YBHIesa
TOJIbKO YJABIOKY HCue3HyBIIero Yemupckoro Kora...

[Tourn ABa roga myJabcapel OCTaBaJHCh TAaHHCTBEHHBIMH HEBH-
auMkamu. [losoxenne HaMeHHIoch B KoHue 1969 r., xorga BBISICHH-
JIOCh, UTO B HeHTpe H Ge3 Toro 3HaMenutoit KpaGosuaHo#l TyMmaH-
HOCTH HAaXOJAHUTCH MyJbCap, H3AY4YalOUIMH He TOJbKO B OOBIYHOM
IJIA MyJbcapoB Iuana3oHe pafuodyacToT, HO H B ONTHYECKOM, H DeHT-
reHoscKoM ananasoHax. Hanovmunwm, utro Kpa6oBuaHas TyMaHHOCTS,
oTcTosiuias oT Hac Ha paccrosHuK 6000 cBeTOBHIX JeT, IpeACTaBAdgeT
coboft pacmupsoUyocsi co ckopocThio cBbitie 1400 kM/c 060/0uUKy
CBEpXHOBOM 3Be3Anl, BembixHyBuwed 920 jser uasan!. D10 Hercuep-
naevbli HCTOYHHK MHOTOYHCJEHHBIX acTPO(pH3NYECKHX OTKPBLITHH
nocjefHux Jecsatuneruit. KpaGoBuaHasd TyvaHHOCTb H3JyuaeT B
panyo-, ONTHYECKOM, PEHTIeHOBCKOM H, BO3MOXKHO, raMMa-AHanaso-
Hax. Ml BOT B Tako# 3amMeyaTe/IbHOH TyMaHHOCTH OB OTKPHIT MyJb-
cap, KOTOPHIH OKasajcs YHHKaJbHBIM NyJbcapoM. PeHTreHoBCKOe
u3lyuenue nyJnbcapa B KpabGe He mpocto n06aBoK K IPYTHM BHAAM
M3JIyueHHs, a OJMH H3 OCHOBHBIX BHJAOB H3Jy4deHHd MyJbcapa.
B peHTreHOBCKOM [IHaNa30He MyJbcap H3JydaeT SHEPTHH B COTHH
pa3 GoJblle, 4eM B ONTHYECKOM, a B ONTHYECKOM — B COTHH pa3s
6osibille, yeM B palHOAHAIa30He.

. Ilynbcap B KpaGoBuaHOH TyMaHHOCTH OB OTOXKIECTBJEH CO
c1a6oit 3Be3nouKOi MOUTH 17™, KoTOpasti pacHoJioKeHa B ILEHTpe
KpaGoBuaHoii TymMaHHOCTH. Ellle HecKOJbKO JAecATHIETHH Hasal
BEICKA3bIBAJINCh INIPEANOJIOKEHHS, 4YTO 3Ta 3Be3ia MpeicTaBjser
OCTAaTOK CBEPXHOBOM, BCHBIIIKA KOTOpoit nopoiusna KpaGoBuaHyio
TYMaHHOCTb.

BrluncanTe abCcoaoTHYIO 3B€3AHYIO BEJIHYHHY 3TON 3Be3[H, 3HAs, YTO OHAa Ha-

XORHTCS OT Hac Ha paccrosinun 2000 mc u Mex3Be3gHOe MorJouleHKHe ocaabaser ee
6u1eck mpHMepHO Ha 2™. KaKoBa CBETHMOCTb 3Be3[bl B ONTHYECKOM JHama3oHe?

IMyabcapbl 1 HEATPOHHbBIE 3BE3/bI

TwartespHBIll aHANM3 NaHHBIX HaGMIOLEHHH NDPUBEN VUeHHIX K
BBIBOAY O TOM, WYTO TYJbCapel —3T0 GHICTPOBpallatoLItecs

! He HyYXHO 3a6blBaTh, YTO B 3TOM H MNOZOGHBIX cl1yyadx peyb HAET 00
OueHp JaNeKOM OT Hac sBjeHHH. M1 1O, uTo 6bl10 3ameueHo Ha 3emie 920 jer
Hasajl, MPOH30ILI0, OueBHAHO, Ha 6000 et paHbuie!
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3B€3LBl, KOTOpbleé HCNYCKAIOT HAanpaBJeHHBIH NY4OK panuoBOJH
(puc. 13). Cunraercsi, uTo OCb BpallleHHs 3Be3[Ibl He COBHajgaeTr C
MariuTHoil ocplo. Ilostomy B camom ob6ileM BHIe MOZENb IyJb-
capa — «HaKJOHHBIHl pOTAaTOP» C HMeWIleiics Ha HEM KaKOH-TO
aKTHBHOH o6JacTei0 panvousidydenust. Takoi poratop mnomgoben
Masiky: Habaojartenp (QUKCHPYeT HMIYJbC paiHOH3/JYy4YeHHs, Koriaa
Ha Hero HampasJjieH Y3KHH NyYOK paJHOBOJH, a 3TO IOBTOPSIETCS
BCSIKMH pas rnocje Toro, Kak 3Besja crenaer o60pPOT BOKPYr cBoed
ocH. 3HAUHT, MEPHOL MyJbCapOB paBeH NMepHOAY BpAlleHHST «MasiKa».

Kakyio auneiinyio ckopocTb npro6peno Owl BemecTBo ¢otochepn Cosnua,
ecqu OBl Hallle CBETHJIO BAPYT HauaJo BpallaTbC C NEPHOAOM, DaBHHIM NEpPHOLY
nyascapa B KpaGe? Uro cayunsioch 6ul B 3ToM cayuae ¢ CoJHLEM HJIH MOXOGHOI
emy 3Be3fofi? CyliecTBeHHO JM H3MeHMJach Obl CHUTyalluss B ciayyae GeJoro kap-
JMKa’?

BuinosHuB pacuyeThl, HeOGXOAHMbIE AJS pelleHHs MpHBeAEHHOH
BhIllle 3ajauH, BBl yOeiuTech, 4YTO B POJIH MyJbcapa HeBO3MOKHO
NpeACTaBUTb ce0e HH OJMH H3 H3BECTHBIX HaM THNOB 3Be3l. YUTobw
JHHefHasg CKOPOCTb BpallleHHs Ha 3KBaTope 3Be3fbl Guljia cyllecT-
BEHHO MeHbllle CKODOCTH CBeTa, HeOOXONMMBI KpOILEYHblE 3BE3IHI,
pannychl Kotopeix okoso 10 kM! Ho Tak kax Maccel M Takux «Hei-
TPOHHBIX 3Be3/l» MaJo OTJaH4aTcs oT Macchl CosHLA, TO MJAOTHOCTD
BelllecTBa 3Be3/bl OyaeT G/H3Ka K MJIOTHOCTH aTOMHOTO sfpa.

Boiunennte noTHOCTh HeHTPOHHO!H 3Beann. CpaBHHTE ee co cpenHeR MJIOTHO-
cteio Connua u 3emuan. CKOAbKO BecHJa 6nl Ha 3emJje qafiHas JIOXKa, HaloJ/HeH-
Hasi BellleCTBOM HEeHTPOHHOI 3Be3qh?

CyliecTBOBaHHe 3Be31 CTOMb YyAOBHILHOH MIOTHOCTH (B Heapax
HEATPOHHEIX 3Be3J MJIOTHOCTb AocTHraeT 1 MJpx. towH B 1 cm?l)
Obl10 mpenckasaHo ewe B 30-X rogax acTpoHOMaMH-HaGJmomate-
adMid H ¢usrukamu-reopetHkamu. Cpenu mnociennux ocoboe MecTo
NPUHALNEXKHT 3aMeyaTeJbHOMY COBETCKOMY (H3HKY aKaleMHKY
JI. 1. Jlannay (1908—1968). JlioGonbITHO, 4TO TOTHA e B Kaye-
CTBE BO3MOXKHOTO «KaHAHAATa» B HEHTDOHHble 3BE3LE ACTPOHOMBI
HaspiBaiH 3Be3ly B KpaGe, HO Ha 3Ty THNOTe3y HUKTO He 06paTHJ
cepbe3Horo BHUMaHnus... ONHAKO 0 BO3MOXKHOM CYILECTBOBAHHH Heli-
TPOHHBIX 3Be3[ He 3a0niau. BoJee Toro, ux HempepuiBHO HCKaJH, lie-
OIHOKDAaTHO aCTPOHOMAaM Ka3ajoch, YTO OHH HalLIH, [0 BHpaXKe-
nmio M. C. IIKJI0BCKOTO, «CHHIOK NTHLY», HO 3aTeM HacTynaJo
pasouyapoBaHHe, Tak KaK HeHTPOHHBIe 3Be3Ibl He yAaBajoch OOHa-
pyxHuTb. M BOT, HaKOHell, HeATPOHHBIE 3Be3IHl MPENCTadH B 06JIHKe,
KOTOPHIAl HHKTO NpeAyragaTb He Mor, B o6jHKe nyJbcapos. IHam
npeiacTouT yOedHTbCA B TOM, YTO OTKPBITHE HEHTPOHHBIX 3Be3l —
He TOJIbKO NMpHMep TpuyMda paiHOacCTPOHOMHH H TEODHH 3Be3AHON
5BOJIIOLAH, HO H TeopeTHuecKo# ¢usukn. B camom nene, HeHATpoH-
HBle 3Be3Abl NPEICTaBJAAT cob6ofi Ty caMyio KOH(QHrypauuio, Ha
KOTOPOH MOKET OCTAaHOBHTbCS CxKaTHe 3Be3ln ¢ Maccoit 1,2Mgp <
<M< 2M . Takue 3B€34H, He NOBOJIBCTBYACH CTaAuell GesbiX Kap-
JIHKOB, MPOLOJIXKAKT cXkuMatuca. Ho 80T, Hakomeu, cxaTue mpe-
kpatuaock. Kakosw ¢BoficTBa o6pa3oBaBuelics HENTPOHHON 38@34LIP
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JlBa W3 HMX HaM H3BeCTHBI: Hel-
TPOHHBIE 3B€3[1bl — KPOXOTHHIE 3BE3-
IBl, CPABHUMEIE IO pa3MepaM ¢ He-
6o/IbIIEMH acTepoHaMH; HEATPOH-
Hble 3Be3Jibl — 3TO 3Be3fbl, MJIOT-
HOCTb KOTOPHIX B COTHH MHJIJTHOHOB
pa3 mpeBbllIaeT MJIOTHOCTb OeJbiX
KapaukoB. HeTpyIHO TakXKe NOHSATD,
YTo HeHTpPOHHAas 3Be3lla MOJXKHa
OueHb OBICTPO BpallaTbCA BOKPYT
cBoell ocH, TaK Kak oHa o6pasoBa-
Jace U3 GOJbLIOH H MENJeHHO Bpa-
masweiics sBe3nnl. JlocTaTouHO

Puc. 14. CrpoeHne HelATpOHHOH
BCIIOMHHTb, KaK OBICTDO HAYHHAET gpegnp: ] — mioTHas masMeHHad

Bpamatbcsl (GUIYPHCT, PE3KO MNpPH-  obonouka; 2 — TBepias kopa; 3 —
KaBIIUA IUIHPOKO pa3BelleHHHe CBEPXTeKyyasd H CBEPXNpOBOAALla:

«KHAKOCTb»; 4 —agpo (macmTab
He BHAEpXKaH).

PYKH.
BosbIIMHCTBO OGBIYHBIX  3Be3J

o6safaer He3HAYHTeNbHBIM  0O0-
MM MarHUTHHIM nojdem. Hanpumep, y Hamero CouHia OHO He
npeBocxofuT 1 3. MHoe neno — HeHTpoHHAasi 38e3/la, HANPAKEHHOCTD
noJjs Kotopo# nopsiaika 1012 5. Takoe rpomajiHoe MarHuTHOe noJjie —
pesyJabTaT CXKATHs 3Be3[bl, yMEeHbLIEHHs €e [OBEPXHOCTH H Crylue-
HHSl CHJIOBHIX JIMHHH, KOJHYECTBO KOTOPHIX HpPH CXKATHH 3BE3AH
coxpaHsieTcsl.

Y HeATPOHHOH 3Be3lbl He TOJbKO KOJIOCCaJbHOE MAarHHTHOE
noJie, HO ¥ TPaBHTAIMOHHOE NOJIE.

Brrancianre YCKOpeHHe CHJIBl TAXECTH Ha MNOBEPXHOCTH HeﬁTDOHHOﬂ 3BE3 1Bl

Teneps nepeiiieM K paccCMOTpPEHHIO CTPOCHHST HEHTPOHHOH 3BE3[HI
(puc. 14). Ono moucTHHe YyAUBHTeJbHO. B wegoM HeHATpoHHas
8Be3Ja NOJ0GHA THraHTCKOMY SIIPY aToMa, lepeHachllleHHOMY Hel-
tpoHamu. OT siipa aToMa HEHTPOHHYIO 3Be3ly OTJIHYAIOT HE TOJBKO
pa3Mepsl, HO U TO, YTO NPOTOHH H HEHTPOHHI YAEePKHBAIOTCH B Hel
B OCHOBHOM TDaBHTAlMOHHBIMH, a He BHYTPHUSAAEDHBHIMH CHJIAMH.
Tlpn Temnepatype mopsAka MUJJIHOHA TpalycOB HeHTpPOHHAA
3Be3a o6G/jajgaer.. TBepAO# KODOH, MPOYHOCTb KOTOPOH BO MHOTO
pas npeBbIlIaeT MPOYHOCTb CTAJH MPH CaMBIX BBICOKHX I aBJEHHSX.
STOT NHKOBHHHLIH BHIBOL C/IedyeT H3 pacueTa, COIIaCHO KOTOPOMY
TeMnepaTtypa IJIaBjeHHs 3JeKTPOHHO-ANEPHON [MJAasMBl C IJIOT-
HocTbio 6oJsiee 1010 r/cm® (B Hell 3MeKTPOHHEIN ra3 BHIPOXKIEH, a sApa
ycroiiunBel) pa3 B 100 Buile, yeM TeMnepaTypa NoBepXHOCTHOTO CJIOST
HeATpPOHHOH 3Be3nnl. Ecsan nasibHeflllne HccleflOBaHUS MOATBEPAAT
BCe 3TO, TO KOpa HEHTPOHHOI! 3Be3AB 6yIeT YHHKaJbHHIM NPHMEDPOM
Takofl CBepXHeQOLIUHON KPHCTaJ/JHM3alHHK BelllecTBa.

Ho 370 eme He Bce — B LEHTPe HEATPOHHOH 3Be3NHl — 3ara-
AOuHOE fAPO, B KOTOpOM npu mioTHoctn 10'® r/cm?® u temnepatype
nopsiika MuAMMapAa rpaaycoB (!) HaXomATCA He TOMBLKO HYK/IOHbI
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H 3/IEKTPOHB, HO M Me30HB H TFHMEPOHE. MexIy KOpO# u s4pOM
pacnoJioKeHa MaHTHS, COCTOALIAs M3 CBepXTeKyye# HelTpOHHOM
KIIKOCTH ¥ cBepXnposoasmel npotonHol. OxkasulBaeTcs, 4To ycJ10-
BHs, TOCHOACTBYIOUIHE B HEHTPOHHOH 3Be3le, GJArONPHATHH A/
BO3HHKHOBEHHS y Bell[eCTBAa TAKHX KBAHTOBOMEXaHHYECKHX CBOHCTB,
KOTODhle B 3eMHBIX YCJOBHAX HAOJIOAAIOTCH Y JKHIKOTO Tresus
BG6an3u abcosmotHoro Hyas! ITocae ckasanHoro BaM, HaBepHOe, GYAYT
MOHATHH OLIeHKH, KOTOpble NalOT My/JbCapaM KPYNHBE (HIHKH-
TEOPETHKH.

[Tpodeccop @. Hasicon (CIHIA): «Camywo BOJHYIOIUIYIO YacTh.
GH3UKH B HACTOSILIMH MOMEHT CJeNyeT HCKaThb Ha TpaHuile (QUIHKH
C aCTPOHOMHeH, Ile Mbl HATOJNKHYJHCh Ha yJaady, KoTopasi peiKo
HHCXOAHT K JIOISIM,— OTKpPBUIH MyJbcapbl. I[lyJbcapbl 0KasaJjuch
TaKol Jabopartopuel, B KOTOPOH MOXKHO H3yuaThb CBOHCTBa Belle-
CTBa B YCJOBHAX, B MHJIHOH pas 6oJiee 5KCTPEMAJIbHBIX, YEM Te,
KOTOpHle [0 CHX MOp ObLIM HaMm JOCTYIHBI, YHHKaJbHOH Jabopa-
Topuel, rie OyLeT BO3MOXHa NMpoBepKa (H3MYECKHX TEOpHH, mepe-
KDBIBAIOIIHX MHOTHe pasgenbl (U3UKH — OT CBEPXTEKYYecTH [0
oOlIell TeOPHYU OTHOCHTEJIbHOCTHY.

Axkagemuk B. JI. T'un3bypr (CCCP): «[lyabcapn Haxoasrcs
He TOJBKO B (OKYyCe aCTPOHOMHHM CeroJHsILIHEro IHHA, HO, MO Beel
BEPOSITHOCTH, OCTAHYTCH B LEeHTPe BHHMAaHHUS ellle MHOTHe TOABl H
Jlaxe JecsaTHIETHSI».

HurepecHo ormeruth, yto paguoactpoHoMm A. XbioHl, OTKpPHIB-
wai nyabcapsl, 6w yrocroed HoGesnesckolt npemun no dusuke (!)
3a 1974 r.

«MORCJIPI)) MEXaHH3IMa paanOH3NYyUYEeHHUA

~ Ho nouemy Xe Bce-Taku BpaliaioliHecs HEATPOHHHE 3Be3Lbl
ABASIOTCA NysabcapaMu? YUem obbsAcHAeTcs CTpaHHHHN XapakTep HX
H3JIyueHunar

Kak u obulunble 3Be3nrl, HeHTPOHHEIE 3Be3lbl OCTHIBAIOT, Tepss
SHEPTHIO NPH H3JYYEHHH B NIPOCTPAHCTBO 3JEKTPOMATHHTHHIX BOJIH.

3HauuTesbHble NOTePH 3HEPrHH CBA3aHBl Y [YJIbCAPOB ¢ HCITY-
CKaHWeM HeHTpHHO. B HeApax HeATPOHHOH 3Be3lbl HEHTPHHO MOryT
BO3HUKaTh [pPM PA3JHYHBIX Mpolleccax pacmaja H B3aUMOAEHCTBHS
syieMeHTapHbIX YacTHL. ONHAKO HU M3Jyd4eHHe C MOBEPXHOCTH Hefl-
TPOHHOH 3Be3[bl, HM MOTEDH 3HEPrHH, HAYLIHe HENOCPeACTBEHHO
H2 HeJp 3Be3[bl, He MOTYT BHI3BATb «MyJbCapHBX» 3(dekros. Ounu.
¥ He ObLIH NpeNCKas3aHbl: A0 OTKPHITHS HEeHTPOHHLIX 3Be3l HHKTO
HE 3HaJ, YTO OHH MOTYT NMPOSIBJATH cebf KaK MyJbCHPYIOUIHE pPafHO-
HCTOYHHKH.

BoT ¥ npuXOAHTCS HCKaTh KaKo#-TO 0COOBIH MeXaHH3M H3Jyye-
HuA (B YACTHOCTH, PALHMOH3JIYUYEHHs NYJbCAPOB), C NOMOIUIbIO KOTO-
poro B BHAe DaJHOBOJIH H3/JIyyaeTcsd 3HEPFHS CTPEMHTEJbHO Bpa-
watoleiics B MarHHTHOM 10Jie HeHTPOHHOH 3Be3dsl. [Ipexie scero
BEICHAETCS, YTO DalHOH3JydeHHe MNYJbCAPOB [ONXKHO HMEThb He-
TENJIOBOR XapakTep, MOTOMY 4TO B [POTHBHOM CJjydYae MPHILIOCH
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6 OOTMYCTHTb, YTO MOBEPXHOCTb HEATPOHHOM 3Be3JH Harpera He
no 108 K, a mo 103%° K! HauGonee ecrecTBeHHO CBfi3aTb PagHOM3aIy-
yeHHe NyaLCcapoB ¢ ABJASHHAMM B I1a3Me, OKpyKaollel HeHTPOHHYIO
3Be3ny.

CorlacHo oaHO# M3 THMoTe3, NyJAbCapel H3JAy4alT M040GHO
MasepaM, KOTOphle (B OT/IHYHE OT Ja3epoB) H3JNY4aioT B paIuc-
puanaszone. CuyuTaercs, 4TO paAMOH3JayueHHe BO3HHKaeT B MJas-
MEHHOfl MarnuTocdepe myabcapos ¢ maoTHocTbio 107—10'2 wacTun
B 1 cM®. B maruutochepy HeATPOHHAS 3Be3fa MOCTOSHHO BHIOpACH-
BaeT ObICTpbie 3JEKTPOHBL. DTH 3JEKTPOHBl BO30YyXKAAOT B MjazMe
Kojie6aHus, a MOCJIeIHHe — 3JeKTPOMAarHUTHBIE BOJIHB, YCHJIHBAIO-
IiHecs BO BpeMs MPOXOXJAeHHsl yepe3 MarHutocdepy 3sesanl. Tak
MOXKeT BO3HHKHYTb HalpaBJ/ieHHOe 3JeKTDOMAarHuTHOe H3JydyeHHe B
panHonHana3oHe. 3aMeTHM, YTO ¢ Ma3epHbBIMH 3 deKTaMu acTpodu-
3HWKH BCTpeYaJHch H AO OTKPLITHS MyJbCapOB, H3ydass MeXaHH3M
BCcnJlecKoB pafuousnaydenus CojHua M H3JydeHHe 00/1aKOB MeX-
3Be31HOro rasa.

IanpHefmne HccAeLOBAHWS BHECYT SICHOCTb B MEXaHH3M H3Jy-
uyeHua mnyabcapoB. OnHakKo yxe cefiuac MOXHO yKasaTh, OTKYAa
yeprnaeTcs IHeprHsl H3JIYyUeHHs, B THICAYH pa3 NpeBhHILIAIOUlas HEp-
ruio, uaayuyaemyio CosHueM. Ee HCTOYHHK — BpameHHe HEATPOHHOH
3Be3fbl. [lyJabcaunu HeATPOHHOH 3Be3AH CBA3aHHI ¢ GBLICTPHIM Bpa-
lieHHeM H ¢ GOJIBIIMM MATHHTHBIM [OJIeM, NPH BPalleHHH KOTOPOro
HHAYLMPYeTCsl MepeMeHHOoe 3/eKTPHYecKoe moJje (HamnpsiKeHHOCThIO
nopsiaka 10" B/cMm), HempephIBHO cphIBarollee ¢ MOBEPXHOCTH 3Be3-
bl YaCTHUBL. DTH 4YacTHUb M BHIOPacHBAalOTCA B MarHHTOCHEDY
3Be3lbl. MayuyeHue yacTHI HOMKHO NMPOHUCXOAUTH BAOJb MArHHTHOH
ocH HeHTPOHHOH 3Be3abl. [To3TOMy MBI MOXEeM <«BHAETb» JIHIIb Te
nyJbCcapbl, y KOTOPEIX 3Ta OCb 6/M3Ka K Jy4dy 3pPeHHS H Jy4 «Masd-
Ka» «3ajeBaeT» 3eMJIO.

Msl 3HaeM, YTO MepHOJB MyJAbCapoOB PacTyT, T. €. BpalleHue Hel-
TPOHHoIX 3Be31 3aMelisercd. OcBOGOAHBLIYIOCH 3SHEPrHIO HaKJOH-
HLIfi pOTaTOp pacxoAyeT Ha BHIGPOC yacTHL, PajHOH3JNydYeHHE H,
ecau y myJabcapa ecTb TYMaHHOCTb, HA H3JyYeHHe 3TOH TyMaHHOCTH.
Hanpas/ieHHOCTb pafHOH3/yYeHHSt — OAMH H3 3((eKToB, BHI3BaH-
HBIX TeM, YTO Bpallapllasics HeHTPOHHAs 3Be3fa obJaajgaeT CHTAHT-
CKHMHM MarHHTHBIMH NoJsMH. «CKa4KH» NEpPHOAOB MyJbCaPOB MOTLYT
6bITh CBSI3aHBl CO «3BE3LOTPACEHHAMH®, KOTOPhIe BHI3LIBAIOTCA TEM,
4TO TBEpHast Kopa HeHTPOHHOH 3Be3[bl HOJIKHA BPEMEeHAaMH pacTpec-
kusatbcs. [louemy? Jla noTomy XoTf OB, YTO OCTHIBAKOILast KOpa
He cmocoGHAa B OTJIHYHE OT XKUAKOH «HAYHHKH» HeHTPOHHON 3Be3NH
51aCTHYHO MeHSThb -cBoio dopmy. KpoMe Toro, He wuck/OueHO, 4ToO
MOXEeT H3MEHHTbCH YIJIOBasi CKOPOCTb BpallleHHsi KHAKOH 4YacTH
HeATPOHHOHA 3Be3Ab. Toraa, ecTecTBeHHO, U3MeHHTCs H Ta ¢Hrypa
BpalleHus, KOTOPYo npHobpena XHAKOCTb B pe3y/bTaTe BpalleHHs.
Kopa, omHaXX1bl <«NPHCMOCOOCHUBIIHCH» K 3TOH (Urype H IOBTOPHE
ee, He MOXKET CTOJb ONEePaTHBHO, KaK XKHAKOCTb, M3MEHATb CBOIO
¢opmy. TakoBa BTOpasf BO3MOXKHAs NpPHYHHA <«3Be3MOTPSICEHHII»,
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1,24 ¢

——
Puc. 15. PentrenoBckoe H3aydeHue OT HcrouHHKa I'epkyaec X-1.

PenTrenoBckne myJsbcapbl

BosnpmuacTBO mMyJsBCapoB H3syyaer TONBKO B paguoAuanasoHe.
YHuKkaabHbIA nyabcap B KpaGoBHAHO!N TYMaHHOCTH — HCTOYHHK pa-
A40-, ONITHYECKOr0, PEHTIEHOBCKOIO M, BO3MOXHO, raMMa-H3JyYeHHs.
Ho ecTb mysbcapel, KOTOpEEe MPOSIBASAIOT ce6si TONBKO B PEHTTEHOB-
CKOM [HamasoHe. DTO PeHTreHoBcKHe myabcapel. OHu Owuin oGHa-
pyXeHBl B pe3ysabraTe HaOgaiofeHHs He0a C NOMOUIBIO aNNapaTyphl
(«peHTreHOBCKHX TEJECKOMNOB»), YCTAHOBJEHHOH HA HCKYCCTBEHHBIX
CNyTHHKaxX 3eMJH H OpPOMTa/JbHHIX CTAaHUHAX, HApUMEpP Ha COBET-
cKoit HayuHo# craHuuHK «CaJsoT-4>.

HaunGonee nmogpo6HO ynasoch M3yYHTh PEHTTeHOBCKHH IyJbcap,
HaxoAsiuiuiica B co3Be3nud [epkyneca (puc. 15). OH HasmBaetcs
lepxynec X-1 u nmeer mepunon 1,24 ¢, COOTBETCTBYMOIIUI MEPHOLY
BpalleHusi HefTpoHHOR 3Be3ab. O4HAaKO, KpOMe B3TOro Mepuoia,
o6GHapyxeH H pal Apyrux. Hampumep, mocae 1,7 cyTok HaGmoaeHus
HCTOYHHK «OTKJIO4aeTesA» NpuMepHo Ha 6 u. Takoe moBeflleHHe NyJb-
capa Jierye Bcero OGBACHHTH T€M, UTO HEHTDOHHas 3Be3Ja BXOAMT
B COCTaB 3aTMEHHOH ABOHHOH 3Be3AH W obpaliaeTcs BOKPYr oObiy-
Ho#t 3Be3nn. Torza 1,7 cyT — mepuoa obpaileHus HeHATPOHHOMN 3Be3-
Ibl, 2 6 4 — DJUTEJBHOCTh 3aTMEHHS, IPH KOTOPOM OObIYHASA 3Be3Aa
3aCJIOHSEeT OT Hac HeHTPOHHYIO.

OGuiuHyi0 3Be3fly yAaJoch oGHapyxuth Ha HeOe. Eo okasanachk
HelpaBH/JbHAs NepeMeHHasA 3Be3fa, y kotopoit 3a 1,7 cyTok mpouc-
XOAHUT NMOJHBIH HUKJ U3MeHeHHsA 0Jecka, npuueM B MAaKCHMyMe 3Be3-
na 132, a B muaumyme 14™,8. [lo MHeHHIO COBETCKHX acTpoH3H-
KOB, TaKas NepeMeHHOCTb OJiecka MoxXeT GHITb BHI3BaHA <IOAOTpe-
BaOWIUM» JeHCTBHEM DEHTIeHOBCKOTO H3Jy4YeHHS HeHTPOHHOM
3Be3[H.

KakoBa npHpofa PeHTTeHOBCKOTo H3JY4YeHHS MNyJabcapoB? Yue-
Hble 10J1araloT, YTO OHO BO3HHKAeT NPH MaJieHHH Ha HEeHTPOHHYIO
3Be3Ay BeIUECTBa, HCTEKAaIOUlero ¢ HOBEPXHOCTH OGHBIYHON 3BE3IHI,
Sueprus mafamollero BellleCTBa NpeBpallaeTcs B TENJIOBYO, Belle-
CTBO Pa30rpeBaeTcs 1O MUJIHOHOB IPaiyCOB H HAUHHAET H3/yYaTb
SHEPTHI0 B DEHTTEHOBCKOM JHAMa3oHe. Ecnn marHuTHas ock Hei-
TPOHHO# 3Be3/lbl He COBIIAAA€ET C OChIO BPALILEHHS, TO <TOPSIYHE MATHA,
RO3HHKLIHE B 00JaCTH MAarHHTHBIX NOJIOCOB, OyAyT HOCHLIAaTh PEHT-
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TeHOBCKOE H3JyueHHe B CTOPOHY 3eMHOro HabJromaTels. Takoe us-
JyueHHe, KaK H B cJyyae paAHONy/bcapoB, OydeT MyJbCHPYIOUIHM
(c mepHomoM, paBHBIM TEpPHOLY BpallleHHA HEATPOHHOH 3Be3/Hl).
[lagaomniee Ha HeATPOHHYIO 3Be3[y BellecTBO MpPENSTCTBYET BhI-
6pocy M3 Hee yacTHL, HeOOXOZHMBIX AJs NOSABJEHHS pagHOH3JIyde-
Hust. [loaToMy peHTreHOBCKHe MyJbcaphl «He paboTaiOT» B pajiHo-
guanasone. HapucoBaHHast KapTHHA [OJIKHA MOJYYHTh MOATBEPHK-
JleHHe B XojJle AaJbHeHIHX HaOJIOICHHH H TEOPETHUECKHX HCCJeN0-
BaHHUH. .

APYTHE TAJAKTHKH

B nacrosiiiee BpeMsi XOpOIIO H3BECTHO, YTO CYUIECTBYyeT MHOXKe-
CTBO JPYrHX raJlakTHK, Kaxjaas H3 KOTOPHX, MOAOOHO Hallled, Co-
CTOMT H3 MHJJAHAapAoB 3Be3l. OrpomHble pacCTOSIHHSA, OTHAEJSIOIINE
CoJiHEYHYI0 CHCTEMY OT 3THX MHPOB, HOYTH JHIIAIOT HAac BO3MOX-
HOCTH BHIETh HX HEBOOPYKEHHBIM IJIa30M. 3aTO TeJeCKON PacKphl-
BaeT Nepej 4YeJOBEKOM IMOUCTHHe IJyGHHB BceseHno#i: kpynHedi-
IUMM COBpPEMEHHBIM TejeckomaM JocTynmHa of6jacTb BcesnenHof,
B KOTOpO#l HaXOASTCs MHJIMApPAb rajakTuk. MX HccelenoBandem
3aHHMaeTcs BHerasaKTHueckasi acTpoHoMmus. Ilomo6Ho dusnke sJe-
MEHTAapHHX 4YaCTHI, HPOHHKawlle# B TaHHH HEBHIHMMOTO MHKPO-
MHpa, BHeraJakTHuecKas acTPOHOMHs H3yyaeT pasHOOGpasHble,
oueHb NaJeKHe OT Hac KocMHuecKHe oGBbeKTh 0e3rpaHHYHOro Mera-
MHpa, HENPEpHIBHO pacllupsAsi H YTOYHAA Halld MNPEeACTaBJIECHHS
0 BcenenHnoii. .

MHorooGpa3ue rajJakTHK

Mup ranakTHK NopaxkaeT CBOHM pas3HooGpasHeM. I'anakTHKH
OTJIMYAIOTCS pa3MepaMH, YHCJIOM BXOJSLIMX B HHX 3Be3J, CBETH-
MOCTSIMH, BHELUHHM BHIOM. ,

lasakTuky 0603Ha4yalOTCs HOMePaMH, NOJA KOTOPHIMH OHH BHe-
ceHsl B KaTajorn. Hampumep, M31, M82 (Karasor Meccoe) HIH
NGC224, NGC3032 («Hoswii o6mmuii karanor» — «New general
Catalogue», cokpamenno: NGC).

[Mo BHemHeMY BHAy Tla/lakTHKH YCJOBHO pa3fieJieHH Ha TpH
OCHOBHHIX THIIA: 3JJHNTHYECKHE, CIOHpPaJbHhle H HeINpaBHJbHbIE.
IMpoctpancTBenHas Gopma JIHNTHYECKHX raJaKTHK — JIJIHICOHAB
¢ pasHoil creneHbioo cxkaTusi. CxKaTHe 3/IHNTHYECKHX rajJaKkTHK CBH-
nerenbcTsyer o6 ux BpamleHHH. Cpelu 3JJIHNITHYECKHX TaJakTHK
BCTpEUalOTCs T'MraHTCKHe M KapJaukoBble. [Toutu maposyio ¢dopmy
HMeeT caMmasi MacCuBHAs H3 TraJakTHK C H3MEpEeHHOH Maccoi
NGC4486. Ee macca He Menbme 4eM B 10 pas, mpeBHIIaeT maccy
nawel [anakTuka u cocraBisieT npuMepHo 1000 mapa. mace Coas-
na. NGC4486 oxpy:keHa CHCTEMOH WIApOBBIX CKOMJEHHH, KOTOpPHX
HacyuThiBaeTcs Gosee 400.

CnupaJsbHble raJakTHKH HMEIOT BeTBH, OGHIYHO BHIXOASLIHE H3
LEeHTPaJbHOro fApa. ITO caMblii MHOTOYHCJEHHHH THI raJjakTHK.

63



K Hemy oTHocsTcs Hawa [anaktHka u ruraiTckas TymasHocTs AHA-
pomenn (M31 uanm NGC224), ynaneHHas OT Hac NpPHMEpPHO Ha
2 MJH. CBETOBEHIX JeT. JTO OAHA M3 HEMHOTHX TaJaKTHK, BUAHMBIX
HeBOOpyXeHHbIM ry1asoMm. Pasveps NGC224 B 1,5—2 pasa npesoc-
XoAAT pasmepsl Haue# [anakTuk. [1o CeKTpy MOMXKHO OGHapYyKHTb
BpallleHHe HEKOTUPLIX CIHPaNbHBIX TaJaKTHK H ONPEAENHTb CKO-
pocTb Bpallenus. ccienoBanne BpalleHUs KaxXAOH FaJakKTHKU 103-
BOJISIET NOJIYYHTb NpeAcTaBJeHHe O paclpese/eHHH BellleCTBA B Hell
H OLleHHTb MacCy rajakTHKH. :

HenpasuabHble rajakTHKH He HMeEIOT LEHTPAJbHBIX sillep H He
06GHAPYKHUBAIOT 3aKOHOMEPHOCTeH B CBOeM CTpPOeHHH. JKHTeNH 0XK-
HOTO NoJymapHs 3eMJH MOI'YyT HEBOODYXKEHHBIM I/1a30M BHAETH [Be
HellpaBH/bHbIE rafakTHKH — Bosbmoe u Masoe MarennaHoBhH
OGaaka. 2T0 caMble KpynHble CNYTHHKH Hameil [anaktuku. Oupu
HaXOJfTCA CPaBHUTEJNbHO HeJaJeKo OT Hac, Ha pAacCTOSTHHM BCEro
JuIb B noaTopa pasa Gosabliem auamerpa [amaktuku. Mareana-
Hophl O6Jaka 3HauyMTe/NbHO MeHblue Hawed [anakrukm no macce
u pasmepaM. lsyuyenne MarensnanoBeix O6s1aKOB 1O3BOJISIET MOJY-
YHTb lIeHHelllIHe CBeJeHUs O 3Be3[ax, 3Be3IHbIX CKOIIEHUAX U aud-
¢ysHO#l MaTepuH. i

Hepenko BcTpewaloTcs M OpyrHe BHABI TaNaKTHK, KOTOphle MO
CBOMM CBOIICTBaAM OT/IHYAIOTCA OT 3JJIHITHYECKHX, CIHPAJbHBIX H
HenpaBUJAbHBIX. TaKOBH, HanmpHMep, B3aHMOAEHCTBYIOLIHE FalaKkTH-
KH, MTOAPOGHO HCC/efOBaHHbBIe COBETCKHM acTPOHOMOM IpodeccopoM
B. A. BopoHnoBeIM-BebiMHHOBEIM.

« CKpbiTasi» Macca B rajakTHkax

B nocnennee BpeMs acTpOHOMBI 60blIOe BHHMAHHE YAEJSIOT
npoGJieMe HEBHAMMOTO BelllecTBa, BXOAMILNETO B COCTAB TaJaKTHK.
Cunraercs, 4To B NepHpepHiAHBIX 06/JaCTAX raJaKTHK MOXKeT GbITb
COCPEeAOTOUEHO HeMaJo BellecTBa, HaJHYHe KOTOPOro He YYHTHIBA-
JIOCh 3 MPEeXHHX BbIYMCIEHHUAX Macc rajakTHK. CoBeTCKHe aCTpOHO-
MBI, pa6orarmmne B Tapryckoii ofGcepBaTopuH, AOMYCKAKOT, YTO
rajakTHKH OKPyXKeHbl OU€Hb MACCHBHBIMH K NMPOTSKEHHBIMH «KOpO-
HaMH». [lo uX NaHHBIM, «KOpOHa» Haulell ['alakTHKH HMeeT Maccy
okosio 102M . 2 «KOPOHBI» THTAHTCKHX 3JJIHINTHYECKHX TaJaKTHK
B 10—30 pa3 Gouabwe. BHemHH# pannyc «kopoHul» Hawed Tanak-
THKM nopsaaxka | Mnc. Tloka ewe TpyaHo ckaszaTh, M3 4€ro COCTOSAT
«KODOHBI» rajlakKTHK — H3 rasa HJM 3Be3[-KapJHKOB. Ecau gasns-
HefllilMe HCCJAENOBAHUS MOATBEPASAT CYLIECTBOBAHHE «CKPLITOH»
Macchl, TO aCTPOHOMAaM IMPHAETCS NepecMOTPeTb CBOM IpeAcTaBJe-
HHSl O Maccax OTAE/bHBIX TalaKTHK H CKONJEHHH ranakTHK, AOMy-
CTHB, UTO MacChl TaJaKTHK H UX ckomsneHuit pas B 10 Goublre, yem
AyMaJju paHblie.

PapnoranakTHKH H aKTHBHOCTh Aaep rajakTuk

HekoTopble rafiakTHKH 06/afal0T HCKIOYHTEIbHO MOILHBEIM
paguousnyyeHHeM. DTo papuorasaktuku. Camas H3BecTHas paguo-
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ralakTHKa HaXoZuTcs B co3Besauu JleGeas. Ona HaswmBaercsa Jle-
6eab A. Ee Buaumas 3Besfnasi BeJHYMHA COCTaB/feT MPHMEPHO
'17m (6e3 yuera nornoueHus cBeta B Hawei [anaxtuke). Ho a6co-
JIOTHAs 3Be3NHass BeJHYMHA rajaktuku JleGeabp A, HaxoAdIeACs OT
Hac Ha pacctosHuK okoao 200 MaH. nc, gocThraer —21m, 3To0 Takas
e THTaHTCKas cHcTeMa, Kak u Hawa [anakruka. Ho B otsinume oT
Halell M JPyrHX «HOPMaJbHBIX» Tra/iakTHK, JleGex» A uaiyyaeT B
panuoauanasoHe GoJiblle SHEPrHH, YeM B ONTHYECKOM JHanasoHe.
B Jle6ene A umeercss aBa sanpa. OcHOBBIBasicb Ha 3TOM, aMepPHKaH-
CKHE acTPOHOMBI CYMTAJH, uTO pajxoranakrtuka Jlebeap A mpen-
cTaBisieT co6oi Pe3y/bTaT CTOJKHOBEHHS ABYX ranakTHK. On@Hako
3Ta THIOTEe3a OKasajach onmpoBepruyToi. I1pusnanue moaydusia To4-
Ka 3penns, o60ocHOBaHHas aKaleMukoM B. A. AmGapuyMsiHOM, cO-
r71acHO KOTOpO# B paamorasnaktuke JleGenp A mpousomwso pasgeie-
HHe sigpa W Mbl HaGarojaeM yJajeHHe ApYr OT Apyra ABYX ranak-
THK, BHI3BaHHOE MOILLHLIM B3PHIBOM B s1/p€ FaJlaKTHKH. h

3a MUAJHOH JeT, B TeUeHHE KOTOPOro MOXKeT INPOJOJKAThCH
B3pbIB pajguoranakTHKH JleGeap A, u3anyyaeTcs 3Heprus HOPsiAKa
1050—108! spr. Ecan 66 Bech Bogopoa Ha CosHie npespaThica Gbl
B resiuii, To BEAEAHJIOCH GbI 0KOTO 1052 3pr,

V CKOJBKHX COJHI[ JOJIKEH BHIFOPETb BeChb BOJAOPOA, 4TOOH 0CBOGOAM/IACH
SHeprus, CpaBHUMas ¢ TOH, KOTOPYIO MOPOMKIAET B3PHB B PalHOTaJaKTHKe?

Jlpyrofi H3BeCTHHIi HCTOYHHK paAHOM3JYyYeHHsS — LIapoBas ra-
naktuka NGC5128 B cosee3anu Llenraspa. Ha ¢ororpaguun srtoro
06beKTa XOpPOIIO BHUAHBI OrPOMHBIe 006JIaKa NBIJIEBOH MaTepuH, pas-
Jeqsiolllie rafakTHKy Ha JBe 4acCTH.

O ToM, uYTO B3pHIBB B fAPAX raJakKTHK AeACTBHTEJNBHO MOTYT
TIDOHCXOJHTb, HENMOCPEACTBEHHO CBHAETENbCTBYET OTKPLITHE B3pHIBA
B aape rasaktuku NGC3034 uam M82. B pesysibrare B3phiBa H3
HeHTpasbHLIX obsacTell 3Toi rajnakTHKH Oblia BhiGpolieHa Mare-
pHs, Macca KOTopo# cocrasiaser okono 5,6 mian. macc CosHua, co
cxopocThbio 1000 kM/c.

Kakyio KuHeTHuecKylo SHepruio mpHoGpena Bri6powenHas Macca aupdysHolt
MaTepHH B pe3y/bTaTe B3phiBa B fape rasaktuku NGC3034?

B oauo#t u3 6aHXKaHILKX K HaM paguoradaktuk (Iesa A) xopo-
IO BHUAHA OrpOMHAasl CBeTAIlascH CTPYf, BHYTPH KOTOPOH 3aMETHBI
OTAeJibHBIE CryuleHHs. B COOTBeTCTBHH ¢ TpPeTbHM 3aKOHOM MeXxa-
HHKH Takoi BbiGpOC BeILeCTBAa JOJKEH CONPOBOXKAATbCH KOHTPBHI-
6pocoM, HampaB/JeHHBIM B NMPOTHBOMOMOXHYIO CTOpoHy. M neficTea-
TeJbHO, HECKOJIBKO JIET Ha3ad TakKoH KOHTPBHIGpOC H3 fpa paaHo-
ranakTHkH Gbl1 o6HapyxeH. OcOOeHHOCTb NPOCTPAHCTBEHHOIO pac-
NOJOXKEeHHs, a MOXKeT OblTh, H TeMHass MaTepHs, OKa3aBUIAsACs B
HanpaB/eHHH Jyda 3peHHs, 3aTPYAHsIOT HaG/io/leHHe KOHTpPBHI-
6poca B 3TOH «CTpe/sIouleli» rajJaKkTHuKe.

Eule HemaBHO CYMTAJOCh, YTO CAMble I'DaHJHO3HEIE NPOSBJIEHHS
B3PBIBHBIX IIPOLECCOB — BCMBIIIKA CBepXHOBHIX. OAHAKO OYeBHIHO,
4TO OpH B3phiBaX B fApaX raJakTHK BbAeaseTcd BO MHOrO pas3
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Gonblie 3Heprud. B Hacrosiniee BpeMs TPYAHO yKasaTh NPHYHHY
HabsogaeMol aKTUBHOCTH siiep rasakTuk. CorjsacHoO A0BoJaM aka-
JemMuka AmbGapiuyMmsiHa, B COCTaB finep, KpoMe OOBIYHBIX 3Be3[,
JOJIXKHO BXOAMTb BELIeCTBO B BHJE€ THIOTETHYECKHX CBEPXIJOTHHIX
JI03Be3AHBIX TeJ, 06JanalolUX CIHOCOGHOCThIO CaMOIPOU3BOJILHO
B3pHIBaTbCcs. He MCKIIOYeHO, 4TO [J03Be3JHBIE Tesaa coAaepKarcs H
B fjpe Haulefl, HopMaJbHOR [aJakTuKW, M3 fApa KOTOPOH TOXe
npoucxoaut BeiGpoc nuddy3HOl MaTepuH (Macca exerojHo Be6pa-
coiBaeMoii Martepuu pocturaer 1,5 maccer Connua). Boobuie ke
aKTHBHOCTb fifiep TaJaKTHK NPOSBJAETCS B CJAEAYUIHX OCHOBHBIX
(opMax! HempephiBHOE HCTedeHHE IIOTOKOB BellleCTBAa, BHIOPOCH
CTYCTKOB rasa H OGJIaKOB rasa ¢ Maccoii B MHJIJIHOHBE COJHEYHBIX
Mace, HeTelIoBoe paJHoH3/yyeHHe H3 OKOJOs1epHOH 00/1aCTH, B3DPH-
BHI, IpeBpallleHye TaNaKTHKH B DAJHOTaJaKTHKY.

METATAJIAKTUKA HW BECIIPEAEJBHAS BCEJEHHAS

CHucreMBl rajJakTHK

FanakTuku, mogo6HO 3Be3nam, Habaiofaiorcs rpynnamu. IIpo-
CTefilllMe TPYNNH ranakTHK ABoiHble. Hama lanaktvka npexcras-
JseT co0Oi KpaTHYIO CHCTeMy, B KOTOPYIO Ha NpaBax CIYTHHKOB,
KpoMe MarennanoBeix O6/1aKoB, BXOIMT PAJ KapJaHKOBBIX IaJaKTHK
(«BKpamJeHHHIX» B «KOpOHY» I'amakTtuku). KpatHo# sBasercs Tak-
ke u TymanHOCTE AHIpOMENH, OKPYKEHHAsT HECKOJbKHMH SJIJTHIITH-
YecKHMH raJlaKTHKaMH-CIIVTHHKaMH.

Hama Tanakruka, TymanHocTs AHAPOMEnH U ewte oKoJ0 20 6/1H-
KaHUIMX K HaM rajJakTHK o0pasyloT cBA3aHHYyIO rpynny — MecTHyio
cucteMy. MecTHas cucreMa npeAcTaBJsieT co00H# CpaBHHTEBHO «He-
6OJBLIYyI0 TPYNIy», TAaK KaK CYLIECTBYIOT CKOIJIEHHS TajaKTHK,
comepxalljie COTHH, THICSIYM, 4 HHOTAA M JECATKM ThICAY YJIEHOB.

Bauxaiiniee K HaM CKOIJIEHHE HaXOAHUTCS B co3Be3guu JleBwl.
TeicsiuM TaJlaKTHK 3TOrO CKOIJIEHHS 06pasyioT CHCTeMy AHaMeTpOM
B HECKOJIbKO Meramapcek. KpynHble CKOIIeHHs raJaKTHK HaXOASAT-
cs1 B co3Besnusax Bomocet Beponuku, Cesepnas Kopona, I'epkyJec
" Ip.

He BxozaT au cxomieHust B cocTaB emle 6oabwux cucreM? Ilan-
HElEe BHEraJaKTHUecKOH acTPOHOMHHM YKashIBalOT Ha TO, YTO,BO3MOXK-
HO, cyliecTByeT rpomajHasi CBepxrajaKTHKa AHaMeTPOM B NeCSITKH
Meranapcek. Ilpeanonaraemuii uentp CBepxra/JakTHKH — CKOMJe-
HHE TaJaKTHK B co3Be3nuu JleBHl.

MeraranakTika H ee pacliupeHue

CBepxrajlakTHKa — OlHH M3 MHOXeCTBAa <«apXHIleJaros rajak-
THK» B GecnpenenbHoit Bcenennoit. CoBpeMeHHbIe TeeCKONkl H pa-
AHOTEJNECKOINbl MO3BOJHIH OTKPHITh KOCMHYECKHe 00'beKThl, Haxols-
uMecs aajeko 3a npeienamu CBepxranakTHKH.. Bes oxBauenHas
HabarofeHnsIME 4acTh BceseHHO# HashiBaeTcss MeraranaKkTHKOM.
-IIpocTpancTBO MEXAY rajiakKTHKaMH He NYCTO, OHO, IO BCeH BeposAT-
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HOCTH, 3aM0JIHEHO YPEe3BBIYAHHO «pa3peKeHHBIM MeXKraJaKTHYeCKHM
rasoM, IPOHH3LIBAeTCS KOCMHYECKHMH JydaMH, B HeM CYyIeCTBYIOT
rpaBUTALKOHHLIE M 3JeKTpoMaruuTHele nous. OT Haubosee ynaseH-
HBIX MeTarajakTHYeCKHX OOGBEKTOB CBET HIET A0 Hac MHJJIHADAbI
JeT. M Bce-Taku HeT OCHOBaHHH OTOXKAECTBJAATb MeTaranakTHKY
co «Bcell Bcesiennoii» (B mpuHUMIE BO3MOXHO CYyLI€CTBOBaHHe ADY-
TUX, HAM NOKa HEH3BECTHHIX MeTarajlakTHK), a Tem 6oJiee ¢ «Mare-
pPHaNBHBIM MHPOM», CO «BCEH MaTepHei».

CpaBHuTe mpoulibie NPeACTaBJEHHs O CTPOEHHH BceseHHOH (reoleHTpHYeCKas
CHCTeMa MHpa, reJTHOLEHTpHYeCKasa CHcTeMa MHpa) C COBpEMEHHbLIMH.

B 1929 r. aMepukaHckuii acTpoHOM Xa66J1 OTKPHIJI 3aMeyaTelb-
HYIO 3aKOHOMEPHOCTb: JIHHHH B CIIEKTpaX NOAABJAIIEro GOJbIIHH-
CTBAa rajlakTHK CMeILleHB K KPACHOMY KOHIY, IpHYeM CMelleHHe TeM
Gosbllle, yeM JaJjbllle OT HAC HAXOQHUTCS rajakTHKa. DTO SIBJEHHE
Ha3BIBAETCSl «KPaCHBIM CMelleHHeM». [lepBble M3MepeHHs KPacHBIX
CMeLleHHH pAja «TyMaHHOCTeH» BBINOJHUJ AHIJIMACKHH acCTPOHOM
Caaiigep B 1917—1919 rr.

Cuuras, 4To npUYHHA KpacHOro cMelieHus — addekr Honnaepa,
MBI NIIPHXOAMM K BBIBOAY O HENPEPHIBHOM YBeJHYEHHH DPaCCTOSHHS
MeXIy Halled M IPYTHMMH rajaktukami. KoHeuHO, rajlakTHKH He
passneraloTci HMeHHOo oT Hame#i [anakTukd, KoTopas He
3aHHMaeT HHKAKOro 0co0Ooro mojoxeHusi B MeraranakTuke, a mpo-
HCXOAHT B3aHMHOe yJajieHHe BCeX TrajakTHK. JTO O3HadaeT, H4TO
Ha6JofaTe]b, HaxoAfmuiics B Ji060# rajaktuke, cMor Obl, MOK06-
HO HaM, OOHapyXHTh KpacHOe CMellleHHe: eMy Ka3aaoch OHl, 4TO BCe
TaJlakTHKU YAAJSIOTCS OT HETO.

Hanecute Me/nOM HeCROJBKO TOYeK Ha noOBepxHOCTb Gyr6osbHofi Kameph. Ha-
ZlyBas KaMepy, NpPoC/ennTe, Kak OYLYT MEHATbCS PacCTOSIHUS MEXIY TOUKaMH.

BriBox 0 TOM, uTo MeTaranakTuka HeCcTalHOHAPHA, A0JITOE BpEMs
MHOTHM Y4YeHBIM Kasajcsi HeOOLIYHBIM H CTpaHHbIM. HeomHokpaTHO
INpeANpHHUMaNUCh Oe3ycClellHble MOMBITKH OOBSICHHTh KpacHoe cMe-
meHne He 3ddektom Monnnepa, a pasjHYHBIMH IpeBpAILEHUSIMH.
KOTOpble AKOOB NPOHMCXOAST ¢ KBaHTaMH CBeTa, MAYLUIMMU OT BHe-
rasakTuieckux o6bektoB. Celflyac pasberanue rajakTHK CUMTaETCs
TBEPAO ycTaHOBJeHHBM (akToM. [To BesHyHHe KpacHOro cMelleHHs
ONpefe/ieHbl JyueBble CKOPOCTH TaJaKTHK. ¥ MHOTHX raJJaKTHK OHH
OYeHb BEJHMKH U JOCTUIAIOT [AEeCATKOB THICAY KHJIOMETPOB B CEKYHAY.

BuiuncanTe, KakuMu npubausutesbHo 6yAyT paccrosiiue oT 3emau no CouaHiua,
pa3mepn CosiHeYHOH cHCTeMHl, pa3Mephnl [anakTHKHM, a TaKKe PacCTOSIHHS 4O H3-
BECTHHIX HaM BHeEraJlakTHYeCKHX oObEKTOB, ec/iH mnpeacTaBuTh ceGe CoJiHUe B BHAe
mapuka Anamerpom 1 cm.

CoBpeMeHHLIM ONTHYECKHM M PajgHOTeNecKonaM IOCTynHa 06/acTb NpoCTpaH-
CTBa paiuycom oKoJio 15 MJapA. cBeTOBHX JeT. Bo ckosbKo pas manbiue, yeMm pac-
c'roauae?or 3eman 10 o LleHraBpa, yaaJoch NPOHHKHYTh aCTPOHOMHYECKHM HHCTpY-
MEHTaM

3aKOH, COrJ1acHO KOTOPOMY KpacHOe cMelleHHe (a 3HAuHT, H
CKOpPOCTb YAaJIeHHsl FajakTHK!) NPONOPHHOHAJILHO PACCTOSHHIO HO
rajJaKTHK, MOXHO 3alHCaTh B BHJE:

v=Hr, (28)
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rie v-— . ydyeBass CKOPOCTb TajlaKTHKH; 7 -— PacCTOfHHe [0 Hee;
H — nocrosnuas Xa66saa (Hubble). Onpeneneruio YicaeHHOrO 3Ha-
veHus H nocssileHO MHOXeCTBO palor.

Onso u3 nocneanux onpedeneHuit paer H=55 km/(c-Mnc).
CrenoBaTenibHO, TeMN paciuvpeHusi MeTaranakTHKH TaKOB, YTO TOY-
KH, pasje/nennsle paccrosHneM 1 Mnc (30,86-10'° kM), yaansworcs
APYT OT apyra co ckopocTbio 55 kM/c; 10 Mmc—550 km/c u T. 4.

HWsmepennasn myuesasi ckopocTb ranaktaka 60 000 km/c. KakoBo paccrosinue 0
Hee B CBETOBHIX rofax? )

®opmyay v=Hr yacTo Ha3blBalOT 3aKOHOM Xab66sa, mog4epKH-
BasA 3THM (yHZaMeHTa/bHOEe 3HayeHHe 3aKOHOMEPHOCTH B pa3fera-
HHH TaJaKTHK.

Hrak, M xuBeM B pacuupsioniefica Meraranaktuke. 310 He
TOJIBKO NOATBepkKAAIOT HalJiofeHusl (ONTHYeCKMe H pajHoacTpo-
HOMHYecKHe), HO 3TO OblJIO npeackasano Teopueil! B 1922 r. sa ne-
CKOJIBKO JleT 10 OTKphbiTHs Xa66/a BBIAAIOMIHNIACA COBETCKHH y4eHbIH
A. A ®puaman (1888—1925), ocHOBLIBasiCh Ha TEOPHH OTHOCHTE/b-
HoetH A. DiHwTeliHa, MOKa3aJ, 4TO reoMeTpHuecKue cBolictBa Bce-
JIGHHOH [NOJ/IXKHHl U3MEHSATHCS, T. €. PACCTOSHHSA MeXAY raJakKTHKaMH
He MOT'yT OCTaBaTbCsl NOCTOSIHHBIMH. OTKpbiTHe pacuiHpeHus Mera-
rajflakTHKH — BEJIHMKOJIENHBI!l IPUMep 3TOrO CMEJIOr0 Hay4HOro npej-
BHAeHHus. VisBecTHO, UTO aaxke DHUHIUTEeHH BHayaJe He COTJalajcs
¢ BuBogamu ®puamana u B 1922 r. nogBepr 3TH BHIBOAbl KpHTHKE.
Onnako B ciaefyiolleM roay JHHIITeHH omy6/JMKOBAl 3aMeTKy, B
KOTOpOfi, KaK U mojoGaeTr 6OJIbIIOMY Y4eHOMY, NPHU3HAJ, YTO ero
KDHTHKa OCHOBbIBaJIach Ha JONYLIEHHOH MM BBIYHC/HTENbHOR OMING-
Ke, a pe3yJbTaThl, nojqydeHHble ®pHAMaHOM, NpPaBHIbHBE.

HeHewHu#l TeMn paciumpenuss MerarajsakTuku usBecTedH. Ecau
JNONYCTHTb, UTO B NpPOMIJIOM pacliMpeHne MeraralakTuKH IPOHCXO-
IUJI0 C TAKUM Ke TEeMIIOM, TO MOXHO, 3Hasl BeJHYHHY NOCTOSIHHOH
Xa66sa, paccuuTaTh, KOrja Havajoch paciuiupeHne. B camoMm nene,
BeMUMHA, o6paTHas nocrosHHO# Xa66.1a, MMellas pasMepHOCTb
BpPeMeHH, NpejCcTaB/sieT cOOOH NMPOMEXYTOK BpPeMEHH OT HadaJja
pacuinpennst MeraranakTuky (nmpumepHo 18 mapa. ner==5,7-10"7c).

Pacmupenne MeraranakTuky, 6e3ycJOBHO, camoe I'pPaHIHO3HOE
M8 M3BECTHHIX B HacTosliee BpeMs fiBJeHUN npupoxbl. [IpaBuabHoe
€r0 HCTOAKOBAHHE HMEET HCKJ/IOYHTENbHO 00Jblioe MHPOBO33peHue-
ckoe snaueHHe. He curyyafiHo B 0ObACHEHHH NPHYHHBI 3TOTO fBJEs
HHS, PEHIHTEbHO JIOMAIOLIero NpeXHHe NpejcTaBjeHHs o Bceaen-
HOP, Pe3KO NPOSIBHJIOCh KOpPEHHOe OTJIHUME B3IVISAOB YYeHHX, CTOs-
IMUX Ha ITO3HUMSX MIeaqu3Ma K MaTepuaausama. Muaeanauncrel u 60ro-
CJI0BHl cAeNadM HEeMaJo MOMBITOK <«J0Ka3aTb», YTO pacllHpeHHE
MerarafakTHKH NOJTBEPXKAAeT pEeIMIHO3HbIH BbIMbicen 06 <«aKTe
TBOpEHHUSI» MHPA, O CBEPXbECTECTBEHHOM GOXKECTBEHHOM NMPOHCXOXK-
nenuu BcesenHofi. B oTsiMume oT HHX, MaTepHAJ/HCTHl CTAIH HCK&TH
H HalIH B OKpYyXKalolleM Hac MHpe eCTeCTBEHHbie peasibHHE, Ipo-
Hecchl, KOTOpbie B MPOLIJIOM MOIVIH BbI3BaTbh HalJlojaeMoe PacluH-
- peHue. [To Bce#i BEPOSTHOCTH, 3TO B3PHIBHL. Hx Macwtalu NopaxaioT
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Hac yXe TpH H3YYEHHH OTHENbHBIX BHIOB Ta/JaKTHK. MOXHO
NpeACTaBHTb, YTO pacliupeHHe Merara/akTHKH TaKxe HayajoCh
€ KOJIOCCANbHOTO B3pbiBa BELLECTBAa, KOTOPOe A0 B3phiBa GBLIO CO-
CPeNOTO4EeHO B CpaBHHTEJbHO HeGOJAbIWIOM O6beMe H OTIMHAJOCh
OrPOMHOM MJOTHOCTBIO H TeMnepaTypofi.

IFunoteaa «ropsiueil Becenennofi»

Ko BpemeHn Hauana pacumpeHuss MeraranakTHKy IMJIOTHOCTb

U TeMIepartypa BelllecTBa, COCTOSIIIEr0 H3 pas3/HYHHEIX 3JeMeHTap-
HbIX YacTHL (HanpuMep, HYKJOHOB) H aHTHYacTHl Obljia OYeHb Be-
aunka. Kak nokasplBaloT pacyeThl, BHINOJHEHHBE acTpodHBHKaMH
(B CoBerckom Colo3ze akagemukom §1. B. 3enpnoBuuem u ero yue-
HHKaMH), 10 Mepe pacUIHpeHHs Ype3BhIYafiHO OBICTPO H3MEHSJIHCh
He TOJIbKO TeMIlepaTypa H NJOTHOCTb BelleCcTBa, HO H COCTaB BXO-
IfIIUX B HEro 4YacTHI, TaK KaK MHOTMe YaCTHIbl H aHTHYACTHIBI
aHHHTHJIHPOBAJH, TOPOKAAS 3JMEKTPOMATHHTHBIE KBAHThl H3JY4eHHS.
IMocneanux B coBpeMeHHOH HaM MeraranakTiHKe 0Kas3ajloCch HeH3Me-
puMo GoJbllie, YeM aTOMOB, U3 KOTOPHIX COCTOST 3Be3JHl, IJIaHETH,
nuddysHas mMarepus. YueHble CUMTAIOT, YTO BCEro JHIIb Yepes He-
CKOJIbKO MHHYT IIOCJIe Hadaja DAaCIIHPEHHS BeLIeCTBO yKe HMeJso
NJIOTHOCTb, G/IM3KYI0 K NMJOTHOCTH BOABL. A yepe3 HEeCKOJbKO YacoB
NJIOTHOCTh CTaja CPaBHHMOMH C NJOTHOCTbIO Hauero Bosayxa. Cefi-
4ac, N0 HCTeYeHHH MHJJIHApAOB JeT, OlleHKa CpelHell NJOTHOCTH
BeuiecTBa B MerarasakTtuke npuBoAuT mas H=75 km/(c-Muc)
K BeauunHe 5-10-3! rfems,
- BoinonnenHwle pacyeThl OCHOBAaHB Ha 3aKOHAaX (HU3HKH (Mexa-
HHKa, TepMOJHHAMHUKA, siflepHas ¢u3nka). OKasbiBaeTcs, YTo 3HaHHE
3THX 3aKOHOB H HEKOTODbIe NPEeANOJIOKEHHS O paclnpeieseHHH Belle-
CTBa B NpPOCTPAHCTBE MO3BOJSIOT MOJYYHTh MpPEACTABJIEHHE O MpO-
Heccax, MPOUCXOAUBIINX MUJITHADIHI JeT Ha3al.

CylecTBYIOT JIH <«3KCIEPHMEHTaJbHEe» (T. €. OCHOBaHHBIE Ha
NAaHHBIX HeMNOCpPeJCTBEHHBIX Hal/I0deHHI) MOATBEp:KAEHHS TUIMOTe-
3u «ropsueit BceseHHO#H»? BeposiTHO, cefiuac Mbl MOXeM OTBETHTb
Ha 3TOT BONPOC IIOJIOXKHTENbHO, TaK Kak B 1965 r. 6u10 caenaHo
OTKpBITHE, KOTOPOEe CUHTaeTCsi MOATBEepKIEHHEM HIEH O TOM, UYTO
B MPOILIOM BeulecTBO MeraranakTHKH OBJIO OYeHb MJIOTHEIM H
ropsunM. Oxaszanoch, 4TO KOCMHYECKOe NpPOCTPAHCTBO 3aMOJHEHO
3JEKTPOMArHUTHBIMH BOJIHAMH, SBJSIOUMMHACS TMOCJAaHIAMH TOH
IpeBHelilllell (PeJHKTOBON) 3MOXH Pa3BHTUS MeraranakTHKH, KOraa
elle He ObIIO HUKAKHX 3Be3[l, TaJakTHK, TYMaHHOCTeH. DTO 3JeKTpo-
MarHHTHOE H3/yYeHHe Ha3bBalOT PeNHKTOBBIM H3/yueHHeM. Penuk-
TOBOE H3Jy4YeHHe IIPOHH3BIBAeT BCE NPOCTPAHCTBO, BCE TaJaKTHKH;
OHO y4YacTBYeT B paclIHpeHHH MeTaranakTHKH.

PennkToBOe H3nydueHue BIepBhe OBbLIO ClyuyafiHO OTKPHITO aMe-
PHKAaHCKHMH y4YeHBIMH, H3yYaBUIHMY PAJHONOMEXH Ha BOJIHe 7,3 cM.
OueHb HHTEPECHO M Ba)KHO, UTO, XOTSl 3TO OTKPHITHE GBLIO CHENaHO
cry4afiHO, CyLIeCTBOBAaHHE DPEJNHKTOBOTO H3/ydYeHHSI ObIJIO TeOpeTH-
YecKH NpeAcKkaszaHo actpopusukaMu. [Ipeackasanne cyulecTBOBaHus
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PEe/IHKTOBOTO H3Jy4YeHHS M obHapyKeHHe ero B KOCMHUYECKOM IIpo-
CTPAHCTBe — ellle OAHH HOBHIA y6elHTe/NbHBIH NMPHMep NO3HAaBaeMo-
CTH MHpa H ero 3akoHoMepHocreil. JlanbHefillee H3yuyeHHe ABHKeE-
HHSl ¥ TPHUPOABI BHEraNaKTHUYECKHX OGBEKTOB NO3BOJHT IOJNYYHTB
HOBEIe HaHHHle 0 Bcenenno#i. Ho yxe u ceroinss Mbl mpeiacrasiseM
ce6e Bce/sleHHYIO COBCEM He TakK, KaK HECKOJIbKO AeCSTHJETUH Ha3ax.
[IpencraBnenre o 3Be3nax, HaXOASIIMXCA B CIIOKOMHOM paBHOBEC-
HOM COCTOSIHMH, CMEHHJIOCh NpeACTaBJeHHEM O OYPHHIX 3BOJIOLH-
OHHBIX TNpolleccax, IPOUCXOAAIIMX HA 3Be3fax M B fAApax ypanasio-
IWIMXCA APYr OT APYyra rajakTHK. Takoe KopeHHOe, peBOJIOLHOHHOE
H3MeHeHHe MpelcTaBseHHl o BcesneHHOR cTa/lo BO3MOXHHIM GJjaro-
Japs NPHMEHEHHIO HOBEHIIMX MeTONOB acTpOoHU3MYECKHX HCCIelLo-
BaHHH.

HccaenoBanne BceneHHOf NMPOYHO OCHOBHIBA€TCSH Ha OTKPBITHIX
B «3eMHBIX YCJOBHAX» 3aKOHaX (U3MKH. DTH 3aKOHBI MO3BOJIHJIH
cO3JaTh COBpeMeHHbIe MeTOoxbl Mo3HaHHsi BcesmenHol M 0GBACHHTH
noja,Jsiollee 60bUIMHCTBO H3BECTHHIX B HACTOsILlee BPEMA KOCMH-
yeckux fiBjeHui. OfHAKO He HCKJIOYEHO, YTO B Npolecce MO3HAHHS
BcenenHoil GYAyT OTKPHITH HOBHIE AUKOBHHHBIE $IBJIEHHS, HOBBIE
THIOB KOCMHYECKHX O0'beKTOB, HOBble HCTOYHHKH SHEPTHH, a MOXET
ObITb, U HOBhle (PyHNaMeHTa/JbHble 3aKOHBEl IPHPOHI.

Kocmosornueckue «Moaenu» BceneHHOM

Ha cTeike acTpodu3MKH, BHeraJaKTHYECKOH acTPOHOMHH, Teope-
THYECKOH (H3MKH M HOBeHIIMX o6JjacTel MaTeMaTHKH HAaXOIHTCS
pa3znen acTpOHOMHH, KOTOPHIA Ha3wiBaercsi kocMosoruedt. Kocmoso-
rus usydaeT He OTJAesbHble HeOeCHBHle Tela M MX CHCTEMBI, a CTpoOe-
HUe BcesleHHOR B LlesloM, MpOHCXoAAlMe B Hell mpomecchl. C ogHuM
H3 TaKHX MpOIEeCCOB — pacuupedHeM MeTarajqakTHKH — BBl yXe 110-
3HaKOMHJAHCh. [J0 cylllecTBY OTKpHITHE 3TOro sBJeHHS GBLIO mpex-
ckasaHo A. A. ®puamanoM. Ha xakue e mpezacrasienus o Bcee-
JeHHO#t oH omupanaca? OkaseiBaercs, OH, ciefys DfHimTefiHy, Hc-
N0JIb30BaJ HEKOTOPYIO YNPOLIEHHYI0 MaTeMaTHUeCKylo Mojeab Bce-
JICHHOH, KOTOpas Ha3blBaeTCs H3OTPONHOH H OXHOPOAHOH. B Takoi
MOJe/JH HeT H30PaHHBIX, YeM-TO BBIAEJAIOIIHXCS MECT M HampasJe-
HUH, MOSTOMY OHa H30TpOnHa. TpyxHee mpexacraBuTh cebe Bcesen-
HYIO OZHOPOJHOH, TaK KaK H3BeCTHO, YTO Ha CaMOM JeJie BellecTBO
B0 BcenerHofi pacmpepeneno HepaBHOMepHO. OHO B OCHOBHOM coO-
CpefOTOYeHO B 3Be3/1aX, raliakKTHKaxX, CKOMJIeHHAX ranakTuk. Ho gem
GoJblile paccMaTpHUBaeMas CHCTeMa TeJs, TeM MeHbllle HeOAHOPOLHO-
CTH B pacmnpefieneddd BemectBa. Koneuno, B CoslHeuHOfi cHCTeMe
OCHOBHasi Macca BelllecTBa cocpejoTodeHa B camoMm CoJHIe M cyu-
TaTh, YTO 3JeChb BEIEeCTBO pachpelesneHO OZHOPOLHO, Henb3d. Ho
B rajlakTHKax MHJJHapibl 3Be3]l, a 3HAYMT, BELIeCTBO B HUX pac-
npeneneHo Gosee paBHOMepHO. B ckom/eHHAX ranaxTuk, a Tem 60-
Jee B HeBOOGDA3UMBIX 1O CBOMM pa3MepaM CBEpXrafaKTHKaxX Heo.-
"HOpPOZHOCTb B paclpej/le/ieHHH BelllecTBa eHle MeHbine. OCHOBHIBASICh
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Ha 3TOM, NONMYCTHMO B H3BECTHOM NpPHGAMMKEHMHM paccMaTpHBaTh
Bcenennyio Kak Mup ¢ OZHOPOAHBIM paclnpeneseHHeM BelleCTBa.

Tpe6oBanue 0AHOPOZHOCTH M H3OTPONHOCTH BHITEKaeT U3 Heo6-
XOAMMOCTH YNpOIUEHHs KapTHHLI peasnbHOro Mupa. Ho Takas uzea-
JH3alusa Nose3Ha (KaK Bbl 3HaeTe, K Hefl OYeHb 4acTO NMPHXOLHUTCH
npuberaTb u B (H3HKE) H OCOGEHHO HYXHa /I8 MaTeMaTHYeCKOro
HCCJelOBaHUA CJI0XHBIX IPOLECCOB, MPOUCXOAALINX B peasbHOM
Mmupe. Ilpeackaszanue o HecTalMOHADHOCTH MeTaranakTHKH Kak pas
H OmHpajoCh Ha NpeAcTaBjeHHe 06 OXZHOPONHOH H H30TPONHOH
Bcenennoi.

Mer 3Haem, uyTo cefiuac MetaraJakTHKa pacUIUpSIeTcs, & YTO
6yzer ¢ Heil B KanbliefimeM? BeuHo oHa 6Gyner paclIMpPATbCA HJH
HeT? A Moxer GHITh, paclIHpeHHe KOria-HHOyAb CMEHHTCH CXKaTH-
em? Teopust A. A. ®puamaHa nonmyckaeT pasJHYHbIE BO3MOXKHOCTH
B 3aBHCHMOCTH OT BeJIMYHMHEI CpeflHell IJOTHOCTH MaTepHH (Belle-
CTBa H mossi) Bo BcesenHoii. Hampumep, ecaiu NmI0THOCTH MaTepHH
menbire, ueM 3-10-% r/cm3 (mpumepso 10 npoToHos B 1 M3), TO Mu
JKHBEM B «OTKPBHITOM» MHpe, T. €. B 6ecKoHeyHO# BceseHHOH, B KO-
TOpOH rajJlakTHKH Bcerfia OyAyT yaanaTbCs APYr oT Apyra. JlaHHBIE
o cpexHeit mmotHoctH (5-10-3! r/em®) kak OyaTo Obl yKasbIBAlOT
HMEHHO Ha 3TOT cayyai.

Ho ecan okaxercsi, 4uTo B raJakTHKaX M HMX CKOIIEHHSX Jei-
CTBHTENbHO CYILECTBYIOT «CKPBIThIE» MacChl, H €CJH, KPOMe TOro,
BRISICHUTCS, YTO MeXKraJlakKTH4ecKoe NPOCTPAaHCTBO HE NIYCTO H <«3a-
MIOJIHEHO» MeXTa/laKTHYeCKHM Tras3oM, TO elBa JH MOXKHO Oyzer
cuuTaTh, YTo MeTaranaKkTHKe NPEACTOUT BEYHOE paCIIHPEHHE.

Tak kakas Ke Bce-Taku BceseHHas — «KoHeuHasi» WM «6ecko-
HeyHasdg»? -

Moxer nokasatbcs, YTO B OGLIEM-TO peUb HIET O AABHO pEIleH-
HOM Bolpoce, BeAb ellle JleMOKDHT BhICKa3biBal HaeH O GecKOHeu-
HocTH Bcenenno#t B mpocTpaHcTBe, 0 GeckoHeuHOH BceseHnoi roso-
pun Ixoprano Bpyno. Ho Ha npoTsxenuu AByx ThicsaueseTHi Gec-
KOHEYHHIM MpPOCTPAHCTBOM CYHTAJOCh TaKOe, KOTOPOE IpPOCTO He
HMeeT KOHLIA HHM B KaKyl0 CTOPOHY, KOTODOe HE MMeeT TIpaHul,
KOTOpOe ABJIieTCs NyCTHIM Oe3rpaHHUYHBLIM BMECTHJIMILEM BelllecTBa.
Yro xe usMenunocs ceiiyac? C nosBJeHHEM TeOPHH TATOTeHHs DHH-
ITe#Ha C€Taj0 fCHO, YTO NPOCTPAHCTBO M BpEMs. HEPA3pPBIBHO CBsl-
3aHBl ¢ MatepHe#l. «PaHbllle nosaranu,— nucaa DHHIWTEHH,— 4TO
ecin 6bi M3 BceseHHOR Hcuessa Bcs MaTepHsi, TO NPOCTPAHCTBO
H BpeMsl COXPAHHJAHCb Obl, TEODHS OTHOCHTENbHOCTH YTBEPKIAET,
4TO BMeCTe C MaTepued ucue3H Obl NPOCTPAHCTBO M BpeMs». 3Ha-
YMT, H3MEHHJIHCh HALIH NPEeACTAaBJEHHS O FeOMeTpPHH MHpa, H3Me-
HUJIHCh HAIIM NPEJCTaBJEHHS O CaMOM IOHATHH «GECKOHEYHOCTHS.

FuraHTcKHe Macchl BelleCTBAa HCKPHUBJSAIOT NPOCTPAHCTBO, OHO
nepectaer ObiTb €BKJHAOBLIM, B HEM JIyuM CBETa He pacnpoCTpPaHs-
10TCA NPSAMOJIMHEAHO, B HEM KpHBas (a He mpsMas JHHHA) — KpaT-
yafillee pPaccTOsiHHe MeXAy ABYMs TOuKaMH. HeeBKIHLOBO mpoct-
PaHCTBO MOXeT OLITb HEOrPaHHYEHHEIM H B TO K€ BPeMsl KOHEYHBIM.
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B 3TOM HeT HHYero yAHMBHTENbHOTO (BCIOMHHMTE, Belb H IIapoOBas
NMOBEPXHOCTb — cpepa — He HMeeT TpaHHl, OHAa Ge3rpaHu4yHa; B TO
e BpeMA OHAa KOHeYHa M €e MJOLlalb Bhl yMeeTe BBLIYHCIATH).
Tpyano HarnagHo npenctaBuTh cefe HCKPHBJIEHHOE TpexMepHOe
MPOCTPAHCTBO, HO M OHO, NOLOOHO ABYXMEPHOMY HEEBKJIHIOBOMY
IIPOCTPAHCTBY, MOXKeT O6HTh (esrpaHHYHHIM M KOHeuHmM. Bor no-
yeMy B COBPeMEeHHOH KOCMOJOrHM ofcyknaeTcs (M ellle He pellieH
OKOHUAaTeJbHO) BONPOC O TeoMeTpHUeCKHX cBoiicTBax BceseHHoi.

SATANTOYHBIE KBA3APBI

Cpenu OnecTHAIHX OTKPHITHH, clHenaHHBIX B acTpoHoMuHH 60—
70-x-rogoB XX B., KBa3apel (ot csoB quasi stellar radio sources —
KBa3H3Be3[Hble PafHOHCTOYHHKH) 3aHHMalOT ocoboe mecrto. OGHa-
pyXeHHbHle B HayaJje 60-X roaoBs, KBasapel IO CHX NOp OCTAlOTCH
3arafloyHbIMH OOBEKTaMH (XOT HX OTKPBITO HECKOJBKO COT), BO-
KPYr BOIIPOCa O IMPHPOIEe KOTOPHIX BeLyTCs OCTPHe cnoph. KBasapu
NPHHEMAJH 3a GanKailline 3Be3Abl, OODBABJSLAN CAMBIMH JaJeKHMH
o6beKkTaMi BcesieHHO#, 0 HUX T'OBOPDHJIH H KAaK O COBEPIIEHHO HO-
BOM THIle HeGeCHHIX TeJ, OTJIHYHOM OT BCeX paHee H3BECTHHIX, H
KaK... O [POsSiBJEHHAX HefATe]bHOCTH BHE3eMHLIX CBEpXLUHBHIA3AUMH,

HcTopHsi OTKPLITHSA

OTKkpbiTHE KBa3apOB, PaAHOMCTOYHHKOB, BHELIHe NOXOXKHX Ha
3Be3JH, CTaJ0 BO3MOXKHKIM 6Jarofapst nporpeccy B o6;1acTu panuo-
actpoHoMuu. Kak W B ONTHYeCKOH acCTPOHOMHH, B PaZHOacCTPOHO-
MHH BaXKHO IOGHTbCS XOPOIUEro YIJIOBOTO pa3pelieHHs (MHHHMalb-
HOE YIVIOBOE pacCTOsiHHe, NPH KOTOPOM MOXHO pa3fesbHO HabJio-
IaTh TOYeuHble 0GBeKTH). OHO 3aBHCHT OT OTHOLIEHHS NJIHHH
BOJIHH TIPHHHMAaeMOr0 H3JYYeHHS K JHaMeTpy <«00beKTHBa» Tele-
ckona. [TockobKy AJIHHA pafHOBOJNH HepeIKO B MHJIJIHOHH pas
GoJiblle, ueM JJHHA ONTHYECKHX BOJH, TO YIJIOBOE paspelleHHe
caMBlX KPYIHHX paZHOTEJeCKONOB He NpeBHIIAeT paspelleHHs
HeBOOpYKeHHoro rsaasa (okoJqo 60”). OxHako moJoXKeHHe YJAYYIUH-
JI0Ch I10CJIe CO3IaHHsSI pPaLHOHHTEP(EPOMETPOB, NPEACTABJSIOUIHX B
npocrefillieM CJy4Yae Napy aHTeHH, COeNMHEHHBIX BBICOKOYACTOTHHIM
KabesieM. AHTeHHBl NPHHHMAIOT KOCMHUYECKHEe paJHOCHTHAJH, mepe-
AAT HX MO Kabesio, Jajee CHTHAJbl CYMMHDYIOTCH, YCHIHBAIOTCH,
JIETeKTHPYIOTCA, a -3aTeM PErHcTPHPYIOTCS Ha JIeHTe CcaMOoNHCla.
YcuseHue CHTHaJla COBepIIEHHO HeOOXOAHMMO, TaK KaK NpHHHMae-
Masi Heprus HHYTOXHAa: MBl 3aTpayHBaeM BO MHOIO pa3 GoJblue
‘9HepruM, MOAHHMAsI C 1OJa JMCTOK GyMard, yeM Ta, KOTOPYIO Bce
PanyMOTE/IeCKONb YJ1aBJAHBAIOT C IOMOIIBI0 CBOHX aHTEHH.

PaccTosiHHe MeXJy aHTeHHaMu paiHOHHTepdepoMeTpa MOKeT
6bITb OYEHb GOJBIINM, €CJH «COSIHHHTb» PaLHOTENEeCKONH, HaXo-
AsiliHecs: B pasHBIX TodykKax semHoro mapa. Ilpasna, B atoM cayuae
OTKa3bIBAIOTCA OT KabenbHOH. CBASH H OJHOBPEMEHHO 3aNHCHBAIOT
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NpHHHMaeMble CHTHaJH Ha MAarHATHYIO JIeHTY, a TIOTOM COBMECTHO
obpabaTeiBaioT IaHHHe Habuionenu#. ONHAM M3 MEPBHX HIEI0 3TO-
TO 3aMeuaTeJbHOr0 MeTOLa «CBepxIa/bHeHl paRHOUHTepdepoMerT-
pun» npeasoxun B 1963 r. Momomoft coBeTckufft yueHHIH, HEIHe
unex-koppecnoraent AH CCCP H. C. Kapaawes. Yxe uepes
HECKO/bKO JeT GHlJK YCNEIIHO OCYILeCTBJ/IeHB COBETCKO-aMepHKaH-
CKHe SKCNepUMEHTHl, B pe3yJbTaTe KOTODHX YAa/]10Ch LOCTHYL pe-
KOpAHOe yrioBoe paspemieHHe, mouTd B 100 pas npesruuralomee
paspellieHHe NyYIIKX ONTHYECKHX TEJAeCKOIOB.

Eme po mosnydeHHs CTOJIb BEJIHKOJENHBIX Pe3yJbTaTOB NepBhie
panHouHTepdepOMeTpH, paspelleHHe KOTOPHX He NpeBHIano 17,
NO3BOJIMJIH YCTAHOBHTb MeECTONOJIOXKEeHHe Ha Hebe HECKOJNBKHX TO-
YeYHBIX PaJHOHCTOUYHHKOB H OTOXAECTBHTh HX C ONTHYECKHMH 00%b-
eKTaMH, IOXOXKHMH Ha 3Be3fbl. ACTpOHOMaM BHayaje Ka3ajoch, 4TO
OHH OTKDHIJIH «PajHO3Be3[AH», HO CKOPO CTaJo HACHO, YTO HOBHIE
06beKTH He MOTYT GbiTh NaXe HeOGLIKHOBEHHHIMH 3Be3LaMH...

CrpeMsicb KaK MOXXHO TOYHee ONpele]UTb MOJOXKEeHHe Ha Hebe
pannouctounuka 3C 273 (Homep ucTouHHKA 1o TpeTbemy KaTamo-
ry, cocTaBleHHOMY B KeMOpHIKCKOM YHHBepCHTeTe), aBCTpaJHii-
CKHe y4YeHBble DeLIHJIH HCTOJb30BaTh NOKPHITHE («3aTMEHHE») 3TOTO
paxuoucrounuxka JIyHo#. Dxcnepument npouwen yaauno: 3C 273
OTOXIECTBHJH CO 3Be3/1006pas3HeIM 06beKTOM -+ 13™ u ycTaHOBHAH,
YTO OH COCTOMT M3 JBYX 4acTeH, OfHAa M3 KOTOPHX [0 BHAY Hamo-
MHHaeT 3Be3Ay, a JApyras — NpoTAxeHHbIH BeIGpoc. OueHb BaXKHO,
YTO BCA PaZAMOKapTHHA XOPOLIO cOBMAajaJja ¢ ONTHYECKOH. DTo mox-
TBep:K[AaJo NPaBUJIbHOCTL oTOXAecTBAeHHs 3C 273 — caMoro 6im3-
KOT'O H CaMOro PKOTO M3 H3BECTHBIX HbIHE KBa3apoB.

OrmetbTe MecTOnosOXeHHe KBasapa 3C 273 Ha cBOHX KapTax 3BesfHOro Hefa,
3Has KOODAHHATH KBasapa Q.=12927% y §=2°20". B xakoM CO3Be3ZHM HAXOAUTCS
8TOT KBa3ap? Bo cKo/bKO pa3 6JecK CaMOro ApKOro KBasapa MeHbile Gaecka Ilo-
JApHOfi 3Be3AH? ‘

B nanpHefilieM NO Mepe CO3NAHHA COBEPUIEHHHX DPalHOHHTEp-
¢epomeTpoB Hauasoch GoJsee TILaTeAbHOe HCCAENOBAHHE CTPYKTYPH
kBazapa 3C 273 u HEKOTOpHX APYrux kpasapoB. OxasaJioch, Ha-
ApuMep, 4TO 3Be3nonofobHas yacTh kBazapa 3C 273 uMeeT oueHb
cloxHOe CTpoeHHe. PasMeps ee okoso 17, m OHa pacnamaercs Ha
AAPO H JBe KOMNOHEHTH, KOTOpHE yJaleHsl XPYr OT Apyra Ha
07,08 1 umeior pasMepnl 0”7,01. CaMo Xe SAPO TakKe COCTOHT H3
«MeJKHX» JIeTajefi: B HeM <«IIPOLIYNHBAIOTCA» NeTald DPa3MepaMH
o 07,0002, Uro BHISIBAT MOC/AEAYIOUINE HCCAEA0BAHUA?

OnTHYeCKHE CIEKTPHI

Korzia 6uln mosiyyeH CHEKTP 3TOrO «spKOro» o6beKTa, acTpPOHO-
MB CTOJIKHYJIHCb € TE€M, 4TO CNEKTPAJbHHE JHHHH HEeBO3MOXKHO
IPHUIHCATh HU ONHOMY H3 H3BECTHHIX XHMHYECKHX 3JeMeRTOB! [lo-
no6Has cHTyalus B acTpodH3MKe BO3HHKaJa HeOAHOKpaTHO. Taxk,
HanpuMep, B KOHIe MNPOIIJIOro BeKa OHIH OTKPHITH 3arafiouHHe
JAHHHH B CIeKTP3X MJaHETapHhIX TyMaHHocTeH. Mx naxe npumu-
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CajlH HOBOMY 3JIeMeHTy <HeByaHwo», HO B KoHue 20-X roios BH-
SICHHJIOCh, YTO 3TOT 3JE€MEHT, KOTOPOMY He HaXOAHJ0Ch MecTa B Tab-
auue MeHaeneeBa, nmpeactas/aseT co6oi-He 4TO HMHOe, KaK MHOro-
KpaTHO HMOHM30BAHHH KHUCJIOPOA M a3oT... Jluume B 40-x rogax yaa-
JIOCh «pa306/1auuTb» APYTOf «3JIEMEHT» TaKOro Ke poja — «KOpo-
HHi». JlymaJsH, 4TO 3TO COBepLISHHO HEH3BeCTHHIH Ha 3eMJie oueHb
JIerKui ras, coiepxammuiics B cosHedHOM KopoHe. Ha camom xe
lesie JHHUH <KOPOHMS» NPHHAAJEXKATd MHOTOKDATHO HOHH3OBAaH-
HOMY KeJe3y M HeKOTOpbIM ADYTHM XOpOLIO M3BECTHHIM Ha 3emJe
XMMHYECKHM 3jeMeHTaM. Tak actpodH3HMKa He ONpOBeprya, a Mmoj-
TBepAu/aIa (yHAaMeHTaJqbHOE 3HAaUeHHE OTKPHTOH MenneneeBbIM
NepHORHYEcKOll cucTeMbl. BMmecTe ¢ TeM cTajlo ICHO, YTO YC/AOBHSA
B HeOOBATHONH «KOCMHUECKO! J1a60paTOPHH» MOTYT pPe3KO OT/IHYaTh-
¢l ¥ OT NPHUBLIYHBIX YCJOBHH, KOTOpHE Hac OKPYXKaloT, H OT TeX,
KOTOpble (DM3HKH ClelHalbHO CO3Jal0T B CBOMX JaGoOpaTopHsX.

B ucTOpuMM OTKPHITHS H HCCJIENOBAaHHs KBa3apoB Pas3raiky «Tas
MHCTBEHHBIX» JIMHHH HallesJl ToJIaHACKH# acTpodusuk Maaprun
MImunr, pa6oraoomuit Ha o6cepBatopun Maynt Ilanomap. UIMuar
3aMeTHJI, YTO 4eThipe U3 IUeCTH JHHHH, BUAUMBIX B cnekTpe 3C 273,
06pasyioT MOCJAeI0BATeNbHOCTb, HANOMHHAIOILYIO, CEDHI0 CIEKT~
paJIbHBIX JIMHHH aTOMOB, HMeIOIIMX MO OAHOMY 3JekTpoHy, Ho, Tak
KaK HM y BOJOpOJA, HH y BOAOPOJONONO6HEIX aTOMOB (T. €. y aTo-
MOB, OCTaBIIHXCS C OJHHM 3JEKTPOHOM) TakKuX JHHUA He OHLIO,
IIMuEAT MpeAnmoJIOXHuJ, YTO 3TO O6GhYHAs GaJbMepOBCKas cepus
BOJOpPOJA, JMHMH KOTOPOH CHJBLHO CABHHYJHCb K KDPacHOMY KOHIY
cnekTpa. Taxkoft casur IIMHAT cBsi3as ¢ XOpPOIIO HM3BECTHHIM BaM
apderrom [onmaepa, npunucap kBasapy 3C 273 kKpacHoe cMmelles
HHe z=0,16. Hanomuum, 4to

’\' — xo v
2= ——
Ao c’
yuuTHIBasA COOTHOIeHHe (28), monyunMm;
4
r=-=2. 2
= (29)

Bcekope rumoresa IlIMuara 6bl1a MOATBepKAEHA OTOXKAECTBIEHHEM
JHHUH B CIeKTpax JPYTHX KBa3apoB. «3arafouHble» JHHHH OKa3a-
JHCh NMPHHAJJIeXKaIlUMH BOLOPOALY, YIJIEpOIy, KHCIOPOLY, HATpHIO,
MAarHuio, KpeMHHIO H ADYIMM XHMHYECKHM 3JeMeHTaM (BIJIOTb 10
Kejesa), T. €. TeM 3JeMeHTaM, KOTOphle OOGbLIYHO IPHUCYTCTBYIOT B
aTMocdepax 3Be3j.

OrnuuuTenbHas OCOGEHHOCTb HENPEPHIBHOTO CMEKTpPa KBasa-
poB — GO/bIas MHTEHCHBHOCTb H3JIyYeHHS B YJbTPa(HONETOBOM
AuanasoHe. [lpu paccMOTpenuH nHeHuaToOro CrekTpa o6pamaioT Ha
ce6s1 BHMMaHHe, KPOMe Y3KHX JIHHHI MOTVIOIEHHS, WHPOKUE JIHHHH
H3JyYeHHs, CBHAETEJNbCTBYIOIHE O CKOPOCTAX MABHXKEHHs rasa Io-
paaka 10 km/c. Hanuune quHuft AByX- M TPEXKPAaTHO HOHH3OBaH-
HBIX aTOMOB, a TaKXe yLIMPEHHe JIMHHH roBOPAT O TOM, YTO MOPOXK-
Jaolui u3ayueHHe ras ropsumit (Temneparypa mopsaka 104 K)
H BecbMa paspexeHnHuift (1020 r/cm?). ‘
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Pacnpenenenne Ha He6e U PacCTOSHHUSA

Bunumoe pacnpefsenenne KBa3apoB Ha He6e HAMOMHMHaeT pac-
npenenienre Ha HeM ranaktHk. OfHa M3 ocobeHHOCTefl mocJenHero
CBfi3aHa C «30HON M36eranus». B Hell raJakTUKU He BUAHLI MPOCTO
H3-3a CHJILHOTO MOIJIOUIEHHS CBeTa, KOTOPOE BHI3LIBAIOT PACHOJIOKEH-
Hble BOu3u Mueunoro Ilytu obmaka Mex3Be3nHO# mblLin. Tak BOT
KBa3aphl TOxe M306eraloT 3Ty 30Hy, a 3HauMT, OHM HaXOIATCH BHe
Hawell [anaktuku. Pemaomee c1080 B Bonpoce 0 TOM, BHYTPH HJIH
BHe [anakTHKM HAaXOAATCA KBasaphl, GBIJIO CKa3aHO JHLIL MOCJE
onpele/NeHUss pacCTOSIHHA 10 KBasapoB. Ecau cuuTaTh, 4TO KpacHoe
cMmelleHHe KBa3apoB o6ycioBiaeHo sddexrom Honmaepa, To pac-
cTofiHne 10 GJMXKaHIIHX K HaM KBa3apoB MOXKHO OLEHUTb IO ¢op-
Mmyae (29).

Briuncaure paccrosuue 10 kBasapa 3C 273.

Tak kak 3C 273 — Gauxkafmuii K HaM KBazap (paccTosiHHE 10
Hero «BCEero JIMIIb» OKOJO 3 MJpPHA. CBETOBBbIX JeT), TO y IPYIHX
KBa3apOB KpacCHOe CMellleHHe, eCTeCTBeHHO, OGoJjblie. Heckoabko
JecTKOB KBa3apoB HMeIOT 2>>2 (KpacHOe CMellleHHe caMblX HaJje-
KHX rajakTHK He npesbimaet 0,5).

CBeTHMOCTH, pasmepbl, Maccol H BpeMs XKH3HH KBa3apoB

Ho ecan xBasaphl Tak majieKu OT Hac, a Mbl HX BCe-TaKU BHIHM,
TO OHM NOJIKHBI H3J1y4aTb OIPOMHOE KOJIHYECTBO 3Hepruu. B ontu-
YeCcKOM JHamasoHe KBasaphl HasydaiorT mpumepHo 10% spr/c, ato
pa3 B 100 Goublue H3ayueHHH OGBIYHBIX rajiakTHK. [IpUMepHO Ha
nopsANOK GoJbllle H3JydeHHe MHOTHX KBa3apoB B HH(pPaKpacHOM
IHuanasoHe.

CKOJIbKO COJIHLL H3JIYY4IOT TAKYIO e SHEPrulo, Kak OfuH KBasap?

OrpoMHOe 3HaueHHe 1151 BHISICHEHHS IPHPOAbI KBa3apoB HMeeT
onpexneneHdue HX pasMmepoB. Ho kak «uaMeputb» kBasapn? OTBer
Ha 3TOT BONpOC HaIUJIM MOCKOBCKHe actpoHoMbl O. H. Edpemos
u A. C. [llapos, kKOTOpLIe OTHICKAJNH B “«CTEK/JSHHOM apxuBe» [ocy-
J1apCTBEHHOro acTpoHoMHuYecKoro HHctutyTa M. I1. K. IllTepuGepra
HeCATKH (OTOIIaCTHHOK, rae ¢ 1896 r. «nosupoBan» ksasap 3C 273.
BHuMaTe/IbHO PacCMOTpPEB 3TH AparoleHHble MaTepHaJbl, COBETCKHE
acTpPOHOMBI NPHULIH K BEIBOALY, 4To 3C 273 — 06beKT NepeMeHHOro
6aecka (ot 12m,0 mo 12™,7). AHaMOrHYHOE OTKPBITHE CHENAJH acT-
poHoMbl ['apBapiackoil o6cepBaTOpHH, OOHApyXKHBLIME HEKOE IO-
pobue IHMKJAMYHOCTH  (NPOAOJIKMTEIBHOCTh IHKAa oOkoso 10
JIeT) M BCIJecKH 6JiecKa, OXBaTHIBAIOIIHE BCEro JHIIb HECKOJBLKO
IHeH. :

Kakoe xe OoTHOLIeHHe Bce 3TO HMEET K ONpeNe]eHHIO Pa3MepoB
kBazapoB? OxaselBaeTcs, caMoe HeNMOCPeJCTBEHHOE: pa3Mephl HaJy-
yatolllei 06/1aCTH KBa3apa B ONTHYECKOM JHama3oHe He MOTYT Mpe-
BHIILATh HECKOJNDbKHX CBETOBBIX JHeH, HHaue CBeT OT Pa3HBIX yacTei
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KBa3apa npuxoausi Gbl B pa3Hble MOMEHTH BDEMEHH H Mbl He BHAe-
JH 6bl nepeMeHHOCTH OJiecKa 06'BEKTA.

Luknauyeckas nepeMeHHOCTh 6JiecKa O6HapyKeHa JUIIb Y OYEHb
HeMHorux Kpasapos. OaHako Koneb6aHus 6/ecka BecbMa Xapakrep-
Hbl AN KBAa3apoB M MHOrAa OLIBAIOT OYEHb OULYTHMBIMH: KBasap
3C 446 npuMepHO 3a roj yBenuuua csoff 6aeck B 20 pas. [locae-
Aylouxe HabI0JeHHA KBa3apoB NOKa3a/H, YTO OHH O6HAPYXKHBAIOT
nepeMeHHOCTb 6JlecKa M B paJHOAHaNa30He.

Honaraa, 4TO pasMephl KBa3apa nopsaka CBETOBO HeaesaH, CPaBHUTE HX C pa3-
mepamu Coanna, ConHeuHo#i cucreMmsl, I'anakTukH.

AGcomoTHas 3BesfHas BeauuynHa KBa3apa 3C 446 gocturaer —29™. Kakosa
€ro CBETHMOCTb?

OueHuTb Maeey KBa3apoB MOXHO Ha OCHOBE Da3/JIMYHLIX METO-
noB. Hanpumep, sHasi WIMPUHY CHOEKTPA/bHBIX JIHHUE H3JAYYEHHA
H €OOTBETCTBYIOLIYIO eff CKOpOCTb ABHKeHHA rasa (10% km/c), Mox-
HO PacCuMTaTh, KaKoil JOJ/KHa ObITh MHHHMAJbHas Macca KBasapa,
yTO6bl I'DAaBUTALMOHHBIE CHJBl YAEPXKHBaJH ra3 B oGbeMe, 3aHH-
MaeMoM KBa3apoM. Pesysnbrar Takoro pacuera Mx10® Mq.

CxoIHBI pe3ysabTaT NOJY4YaeTCs M U3 JAPYTHX COO6parKeHuH.
MssecTHO, uTo BHIOpOC M3 kBazapa 3C 273 uMeer I/HHY NOpsAKa
10% cBeroBBIX JsieT. JomycTuM, 9TO C MOMEHTa CBOEro o6pa3oBaHHs
OH ABMrajcs cO CKOpOCTbIO, GJH3KOH K CKOPOCTH cBeTa. Toraa BO3-
pact Bei6poca 10° ner. CBeTHMOCTh KBa3apa MHl 3HaeM: 10% spr/c=
=10 spr/rox. 3a 105 ner xBasdap usayuusn 10% spr. IIpexnoso-
KHM, 4TO 3710 Jauilb 1% 3amaca sHeprHH KBa3apa, T. €. ero NMoJHas
sHeprus 10%° spr. Tako#t sHeprun mo ¢dopmyse (e=mc?) cooTBer-
crayer Macca 108 Mg.

CoBetckue yuennie 1. B. 3eapposuu n WM. JI. HoBukoB mpuutu
K TaKOMY e BHIBOLY, paCCMaTPHBAs KBa3ap KaK OTPOMHYIO «CBEpX-
3Be3Ty», B KOTOPOH TIpaBHTAlMOHHOE JAaBJeHHE YPaBHOBEIIHBAET
CHJBl BHYTPEHHEro AaBJjeHHs (NPeUMYLIECTBEHHO NaBJEHHS H3Jy-
UEHHUS).

Hrak, macce kBa3apoB He MeHee 100 MaH. Macc CoaHla, HO BO3-
MOXKHO, yTO OHH H Gosbmie. Kak moaro Moryr cyuiecTBoBaTh KBa-
3apHl, KaKOBO MX BpeMs u3Hu? OTBeT cBf3aH ¢ NpobieMo ycTod-
YHBOCTH KBa3apoB. MOXKHO NMPEANOJIOXKHTb, YTO M B KBasapax ycToi-
yuBOCTb oOfecmeunBaeTcss BpalleHHeM. Ho KakoB ero xapaxtep?
Ec/aH IOTMYCTHTH, YTO KBa3ap BpallaeTcs Kak TBepAOe TeJo, TO, KakK
MOKa3BBAlOT pacyeTl, yxke uepe3d 10* jeT oH norepsier ycroituu-
BOCTb. B ThiCHYY pa3 6ojbile OyAeT NPOAOIKHTEIbHOCTh KH3HH
KBa3apa (T. €. BpeMs CYILleCTBOBAHHMS KBa3apa KaK YCTOHYHBOH CH-
CTeMbl), ec/IM JAONYCTHTh, YTO KBa3ap BpalaeTci He KaK TBepAoe
TEJIO H YIJIOBasi CKOPOCTb YObIBAeT K «NOBEPXHOCTH». YCTOHYHBOCTh
KBa3apa MOXeT 006eCneyHBaTbCs M MAaTrHHTHHIM T0J€M, HO H B 5TOM
ciyyae KBa3apsl He OYAyT OTHOCHTBCH K JOJTOXHTeNAM BceneHHof.
Takum 06pa3oM, BpeMsi KH3HH KBa3apa He mnpeBumaer 107 jer,
T. €. CPaBHHMO C TeOJIOTHYECKHMH, a He KOCMOJIOTHYECKHMH Mac-
mrtabaMH BpeMEHH.
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KBasapul # KBa3zaponoaoGHble 0GbeKTh

[Tpeacrasnsior /n KBasaphl COBepIEHHO HOBHI THI KOCMHUe-
CKHX OOBEKTOB MMM Y HHX BCE-TAKH €CTh «POACTBEHHMKH»? Hau oHu
NpeicTaBaf0T co60M KaKyio-TO CTafHIO 3BOJIOLHH rajakTHK (Belb
OKa3aJIHCh XKe Gesable KAPAHKY M HeATPOHHBIE 3Be3/bl CTajHeR B 3BO-
Jqrounn 3Be3n)? OKOHYaTeNbHBIH OTBET Ha 3TOT BOHpoc OyAeT CBA-
3aH C BbIICHEHHeM IpHPOAbl KBaszapoB. Ho yxe cefflyac MOXKHO
CPaBHHTb XapaKTepHble 0CO6EHHOCTH KBa3apOB CO CBOMCTBaMH IpY-
THX KOCMHYeCKHX 00bekToB. Takoe cpaBHeHHe MOKa3bIBaeT, 4TO PAA
«KBa3apHBIX» CBOMCTB BCTpeyaeTcss MPH PacCMOTPEHHH slep pas-
JHUYHBIX AaKTHBHBIX TaNakKTHK. K TakuM rajsakTHKaM Ipexie BCEro
OTHOCATCH Ccef(epTOBCKHe Tra/laKTHKM (Ha3BaHHbIE TaK 1O HMEHH
oTkpuiBmiero ux actpoHoma K. Cefidepra) u paauoralakTHKH.
C celipepTOBCKMMH rajlaKTHKaMH KBa3aphl c6/HiKaeT SIBHOE CXOA-
CTBO PaJHOCNEKTPOB H MH(PaKpPaCHLIX CIEKTPOB, a TaKxke HaJUYHE
B siApaX KOMIAKTHHIX pajnoucTouHukoB. C pajnorajakTHKaMH —
MOIIHOCTb 3HEPrOBLIAEJEHHSI M CTPyKTypa. Mbl 3HaeM, 4ro siapa
padHOTANAKTHK — HCKJIIOUHTEJbHO MOLIHble HCTOYHHKH H3/NydYeHHsS
(npaBaa, ycrynarmouue kBasapam). Kpome Toro, u B pagHoranakTH-
KaxX, H B KBa3apax CyLIeCTBYIOT pajHOH3/ydaiouue o6/acTH, CHM-
METPHYHO DAcCIIOJIOXKEHHbBIE 110 OTHOIIEHHI0 K ONTHYECKOMY OOBEKTY.

Taknm 06pasom, eaBa JiH HYXKHO CUHTATh KBa3aphl «MOHCTPaMU»
Bcenennot. KBasapsl, GeccriopHO, OfHH H3 CaMbIX PeAKHX KOCMHYe-
cKuX 00bekToB. HO npeicTOHMT elue BBIICHHTb, HACKOJBKO CaMo-
CTOSITE/IEH 3TOT THN OOBEKTOB, He ABJSIETCS JH OH KpaTKOBpeMeH-
HOM crafiuell B XKH3HH OObIYHBIX rajakTHK. [1s4s Ha yepBeoGpas-
HYIO T'yCeHHIly, mOpofi 6eiBaeT TPYZHO NpeNCTaBHTb, UTO CKOpPO OHa
NpeBpaTHTCA B KYKOJIKY, & 3aTeM H B NpekpacHyw 6aSouxky. OnHako
He BCSKOMY 4YepBAKy AaHO cTaTb 0aGOYKOM, KaK M He BCAKOH
0Ge3bsiHe — yesioBeKoM! Mosker GbiTb, KBa3apbl ecTb PaHHAA CTa-
nus B GOpMHPOBaHHH OYAYUIHX rajlaKTHK.

T'unoTeasl 0 npHpoje KBa3apos

[Tpexxne Bcero cyMMHpyeM Bce CKa3aHHOe O KBasapax. 1o 06b-
eKTHl upe3BblYaiiHO KoMmnakTHble (10'7 cm), maccuBube (1028 Mg),
o6safaoline orpoMHo#i cBeTHMocTbio (L=10% spr/c), yaanennsle
Ha MHJJAHapAbl ¢BeToBHIX Jer (mo 10-10°—12.10° ceer. Jer),
KopoTkoxuBymHue (107 neT), LOBOJBHO pefKue, HO HMeKOLIHe HeMa-
JI0 CXOZHBIX YepT ¢ APYTHMH BHEraJaKTHYECKHMH OGbeKTaMHu.

IaBasi Takylo XapakTepHCTHKY KBa3apaM, MBI HCXOAHM H3 TOTO,
uTo HaOMioJaeMble KPacHble CMEILEHHS B CeKTPax KBa3apoB HMeEIOT
JONIMJIEePOBCKYIO NMPHPOAY, T. €. CBHAETENbCTBYIOT 00 YAaJeHHH KBa-
3apoB. [logo6Hoe mpeAcTaBJeHHe O KBa3apaX CTaJjO B HaCTOsllee
BpeMs rocrnoicTByoiwuM. [1o Bompocy o mpupoge KBas3apoB eyiie-
CTBYIOT Pa3/IHUHBbIE TOYKH 3peHHS. BOT Tpu U3 HuX.

1. Kea3ap — komnaxTHoe 38e30noe cxonierue. CTOPOHHHKH
3TOH THUMOTe3bl OODBACHAIT (eHOMEeHa/bHble CBOACTBAa KBa3apoB
CTOJIKHOBEHHAMH 3Be€3Z, KOTOphle NPOHCXOAST ceHyac WJAH NpPOHC-
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XOAMJH paHblle B fiApax rajaKTHK HJIH KOMIAKTHBIX H MaCCHBHBIX
3Be3JHHIX CKOMAeHHAX. CUMTaercsi, YTO pe3yJbTaTOM CTOJIKHOBEHHH
MOXeT GHITb pa3pylleHue 3Be3X H BbAeJeHHe OYeHb GOJbIION Hep-
THM HJH «CJAHIaHHEe» 3Be3], NPUBOJsILee K 06pa30BaHUIO HEyCTOH-
YHBBIX MAacCHBHBIX 3Be3l. OHH BCKOpe BCIIBIXHBAIOT KaK CBEPXHO-
Bble, MOPOXKJAasi HelTpoHHble 3Be3Ab. ONHAKO AJSA TaKHX CTOJKHO-
BeHHH TPeOYIOTCS HCKJ/IOUHTENbHO IJIOTHBIE CKOILIEHHS, COZep¥a-
e no 10! 3Besq B 1 mc® (cpaBHuTE CO cpelHel MIOTHOCTHIO 3Be3J,
B anpe lanakruku — 102 nc—3, B sape rajgakTuku AHIpoMens —
He Gosee 107 mc—3). EcTb u mpyrve TPYAHOCTH y 3TOH THIOTe3Hl,
HalpHMep CJOXKHO COrJ1acoBaTh ee C IHKIMYeCKHMH H3MEeHEHHSMH
6/iecka KBa3apoB.

2. Ksasape.— 06wvextsl, codepocaujue <qepHoie Ovipors. «Uep-
Hble JBIPHI» — 3TO HpeJCKa3aHHble TeopHel KOoCMHYeCKHe OOBEKTHI,
B KOTOpBle NOJIXKHBl IpeBpaliaThCsi OYeHb MacCHBHBIe 3Be3lAbl Ha
nocaefHell CTaAuu CBOEro pas3BHTHA. «UepHBle NBIPBHI®> — pe3yJabTaT
KaTacTpoduyeckoro cxkarus («KoJjaancs), KOTOpPOMY He MOIJIH BOC-
NpensTCTBOBATh BHYTPEHHHe CHJIBI 3Be3lbl (K BONPOCY O «YepHBIX
IbIpax» MBI ellle BepHeMcsl). [paBHTallHOHHBIA KoJL1anc, NPHBOASA-
HA K 06pa30BaHHUIO «YEPHBIX ABIP», MOXKET CONMPOBOXKAATbCS BblIe-
JIeHHeM OTpOMHOIl SHEpruH, YTO XapakTepHO AJs KBaszapoB. Kpome
rPaBHTAIHH, TOJNbKO AHHUTHMJSLHS BelleCTBA W aHTHBEIeCTBa CIIO-
cofHa MOPOAMTb TaKyl0 KoJoccajabHylo sHepruioo. OnHako KoJjjan-
CHDYIOUHHA OOBEKT, YUIEAIUHA NOX <«KDUTHUECKHIl» HJH <«TpaBHTa-
IIMOHHBI» pafHyc, MBI He MOXKeM BHIETb, IOCKOJBKY M3 HEro Boob-
mle He MOTYT BBIXOAHTb HM H3/IyYeHHe, HH KakHe-NHOO YacTHIHL
[TosTomy TO, 4TO MBI BOCIpHHHMAaeM KaK «KBa3ap», He eCTb KapTHHa
KOJLIANca, a pe3yabTaT BhieJIeHHs SHepruH Npu NajeHHu OKpyXKaio-
IIero BellecTBA Ha «UYepHYI AbIPY», H60 OHa B3aHMOAEHCTBYET C
OKPYKaIOIHM MHDOM TOJIbKO Yepe3 TpaBHTAallHOHHOE NPUTAXKEHHe.

Ho u sTa runoresa BcTpeuaeTcs ¢ CyMIeCTBEHHBIMH TPYAHOCTSI-
MH: U3 fiJlep rajJakTuk oOBYHO HabJIofaeTcsl H3BepKeHHe BellecT-
Ba, a He ero najeHue; Ha6Jl0JaeMble CBOACTBA H3JyYeHHS KBa3apoB
TPYAHO (@ MoAvYac M HEBO3MOXKHO) NOJYyYHTb H3 aHAJH3a NaJeHHSA
Bel[eCTBA Ha «4epHHIe ABIPHIY.

3. Ksasap — Komnaktroe eduroe reso. K TakoMy BHBOAY NDH-
XOAAT celiyac MHOTHe MCCjeOBaTeNd KBasapoB, COINOCTABJAA BCe
H3BeCTHble CBOCTBa 3THX 00beKTOB. Ho Kak MMEHHO YyCTPOeHO 3TO
«eIHHOE TeJIO», COAEPIKHT JH OHO TOJBKO ra3 HJH HMeeT Goiee
CJI0XKHOe CTPOEHHE H B HEero BXOJAT 3BE3IH — II0Ka [aJIeKO He fICHO.
9. B. 3enbnoeuu ¥ H. II. HoBiKOB ZeTanbHO pa3pabaThiBaloT rUIO-
Teay, B KOTOpOil KBa3ap paccMaTpHBaeTcss Kak OhICTpoBpaulamoLlas-
¢ cBepxMaccHBHasf 3Be3fla. Jlpyroii COBeTCKHH YUeHHH IOKTOD
¢pusuKo-MaTeMaTHYeCKHX Hayk JI. M. OsepHoli cuuTaer, 4TO SAPO
KBa3apa — CBEPXMaCCHBHOe IJla3MeHHOe TeJ1o ¢ 6OJbIUNMH BHYTPEH-
HHMH JBHXKEHHSIMH H MAarHHTHEIMH NOJAMH. Takoe Teno Ha3BaHO
«MaruuTouoM». dopma MarHuTonza MoxeT OHITb pa3nuuHOi (lIap,
3JJTHICOMJ, «JHMCK»), OChb BpalleHus He 0053aTe/bHO JOMXKHA COBMa-
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JaTh ¢ MarHUTHOM OChi0 (HAKJOHHBIH pOTAaTOp, MOLOGHBIH MyJbCca-
pPy). AHanu3 ucTeyeHHs BelleCTBA MarHUTOMAa M NPOXOXKAEHUS
Yyepe3 ero «MarHutocdepy» NPHBOAHT K OOBSACHEHHIO MHOTHX Ha-
6a104aeMBIX 0cOOeHHOCTeH KBa3apoB.

OnHako HU mepeuyMC/eHHble THIOTE3Bl, HH DS APYTHX, O KOTO-
PHIX 3/lecb He YHNOMSIHYTO, IIOKa ellle He MOTYT IIpeTeH10BaTh Ha 06-
Illee TPH3HaHHe. DTC U IOHATHO: Belb peub HJAET O UPE3BHIYAHHO
CJ0XKHOA mpoGaeme, AJs pellleHHS KOTOpOH MOGHJIH30BaHHE caMble
COBeplleHHBIe aCTPOHOMHYECKHe MHCTPYMEHTH H BeCh apceHas co-
BpeMeHHOl TeOpeTHYeCKOH (H3HKH — OT KBAHTOBOH MeXaHHKH J0
TEOPHH OTHOCHTEJNbHOCTH.

CropammuBaercs, a TaK JIH YX HYXHO 3HaTh, YTO NPeACTaBJASIOT
c060i OG'BEKTH, OT KOTOPHIX CBeT HAET K HaM pas3a B 2—2,5 [0Jb-
me, yem cymiectByer 3emaa u CogHeunas cucreMa. DBesycsoBHO,
HykHO! B u3yyeHHu KBa3apoB 3aHHTepecOBaHBI acTPO(U3IUKH H KOC-
MOJIOTH, NpexJe BCero, NOTOMY, YTO KBa3aphl MO3BOJSIOT OXBaTHTb
aCTPOHOMHYECKHMH HaOMIOAeHUIMH Heo603puMble mpocTopsl Bce-
JNeHHOH. B pasrajke talin KBa3apoB 3aHHTEpeCOBaHH (DHU3UKH, KOTO-
pble, MO-BHAHMOMY, He 6e3 OCHOBAHHSA HaJelOTC NOJYYHTb HOBHIE
CBelcHHSl O CBOHCTBAX BellleCTBAa M HeOOBIKHOBEHHO 3((eKTUBHBIX
HCTOYHHMKAX SHeprud. Beab sHeprosbljesieHHe B KBasapax, pacCuH-
TaHHOe Ha | r BemectBa, B 102 pas Gosbuie B onTuueckoM u B 102
pa3 GoJibllle B paiHonuanasoHe, 4yeM 3HeproeeiieneHue ConHua u
Apyrux 3Be3l. [logcueTel NMOKa3bIBAIOT, YTO eXeCEeKyHIHO KBa3ap
H3Jy4YaeT TAaKyl0 3HEPruio, KOTOPOH XBATHIO Obl Ha MPOTAKEHHU
MuJaMHapAa Jer AJs YAOBJIETBOPEHHS HYXK] JIOAed B 3JeKTpHuecT-
Be... A ocraiTcsa Jqu «OGBLIYHEIMH» CBOHCTBA BDPEMEHH M IPOCTPAHCT-
Ba BOJIM3M THTaHTCKHX Macc BeliecTBa KBa3apoB? MoxeT OHITb,
HIMeHHO B KBa3apaX CBepXIIOTHOe J03Be3JHOe BellleCTBO, MpejcKa-
3anHoe B. A. AMGapuyMsiHOM, IEPEXOAUT B BEUIECTBO 3BE3[ H MEXK-
3Be3JHOH cpeibrl? XBATHT JIH «3eMHOH» QU3HKH I OGBICHEHHS
TOro, 4TO JAejaercs B KBasapax? Ha 3T u MHOrHe Apyrue BONPOCHI
JaAyT OTBeTH JaJjbHeflive HaOJIOAEHHS M TeOpeTHYeCKHE HCCJe-
JOBaHHuA.

Ho yxe cefiyac MOXKHO C IOJIHOH OIpede/eHHOCTBIO MOAYEpPK-
HyTb, UTO OTKPHITHSI B 06JacTH acCTPOMH3MKH SBJIAIOTCS IpeKpac-
HEIM TOATBepXKJAeHHeM 3aMmeuaTeJpHOI Muicau B. U. Jlenuna o Tom,
4TO «yM UeJIOBeUeCKHA OTKPHLI MHOrO AHKOBHHHOTO B NpHpOIE
H OTKpOEeT ellle 6oJIblile, YBeJHYHBAA TeM CBOK BJIaCTb Haj HeH...» L,

POXAEHHUE, JKU3Hb H CMEPTH 3BE3[]
MocTaHoBKa KocMoroHuyeckoi npo6aemsl

HeGecnble Tena HaxoadTCs B HENPEPHIBHOM ABHXKEHHH H H3Me-
HeHAd. JleCATKH THICAY JIeT Hasal He60 3eMaH yKpawajin Quryph
JPyrudX CO3Be3Jui, MUAIHapAbl JeT Haszajg BocOLIe elie He G6HLIO

!Jlesun B. M. Noan. co6p. cou. Msa. 5-e, 7. 18, ¢ 298.
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3eman, Jlyww, naaver, CosHUE, MHOrHX 3Be3f ¥ ranakTuk. Ho
BEYHO CYILIecTBORA/JA MaTepHs, H3 KOTOPOH BrOCIeAcTBHH ob6paso-
BaJHCb rajakTHKM, 3Be3Jbl, MJaueTh. Koraa ¥ KakK HMeHHO 3TO
OPOH30UINO, HayKa CTPEMHTCA BLIACHHTh, H3y4yas HelecHble Tesa
W HX CHCTeMBl. Paajgen acTpOHOMHH, 3aHHMAIOIIHACA TpobiaeMaMH
NPOHCXOXJAEHHS H pa3BHTHS HeOeCHBIX TeJ, Ha3blBaeTcs KOCMOro-
HHeli. 3Be3fHasi KOCMOTOHHSI H3yyaeT mnpo6JeMbl, CBA3aHHble CO
3Be3/laMH, a NJaHeTHass KOCMOTOHUS — C MJIaHEeTaMHU.

CoBpeMeHHbIe HAYYHBIE KOCMOTOHHYECKHE THITOTE3bl — Pe3yJbTaT
¢dhu3nyecKoro, MaTeMaTtuueckoro u ¢usocodckoro 06001UIeHHST MHOTrO-
YHCJEHHHX Ha6J0faTe/NbHBIX AaHHBIX. B KocMorosuueckux rumore-
3ax, NpHCYLIHX JaHHOMA 310Xe, B 3HAUHTE/JIbHOH Mepe HaXOZUT CBOe
oTpaxeHue oO6wWUiE ypOBeHb pa3BHTHA ecTeCTBO3HaHUA. [lanbHei-
lee pa3BHTHE HayKH, 00f3aTe/NbHO BKJOYalolee B cebsl acTPOHO-
MHYecKHe HalJloJeHHs, NOATBEPKAAET HJH ONpoBepraeT 3TH THIO-
Te3bl. [loATBepKZalOTC Te TFHNOTE3bl, KOTOpble HE TOJBKO MOTYT
OOBACHHUTD YXKe H3BeCTHHle H3 Hal/MIoAeHUl GakTh, HO W HpeicKa-
3aTb HOBHE OTKPBITHS.

B xocMOroHuH, Kak H B KOCMOJIOTHH, He 0OCyXKAaeTcs BONpOC
o mpoucxoxnaeHuu Bcenennoii. Cama NOCTaHOBKA TaKOro BOMpOcCa
GeccMbIC/IeHHa, TOCKOIbKY BceenenHas BeuHa. BcesneHHas He umena
Hayaja # He GyJZeT UMeThb KoHLUA. Bo3Hukmine B AajeKoid APeBHOCTH
pe/Uruo3Hble JIereHAH O COTBOPeHHH MHpPa 6OroM HHYero He oGBb-
ACHAIOT. BepuTh 3THM JereHnaMm, He BHIJEPXKHBAIOUIHM HHKaKOM
Hay4yHOH KPHTHKH, MOTYT ceHyac TOJbKO JIIOJH, COBEPIUEHHO He3Ha-
KOMBIE C JOCTHXKEHHSAMH COBPeMEHHOH HayKH. ‘

JlaHHble KOCMOTOHHH NOATBEPXKAAIOT, YTO «..yYEHHIO DeJHTHH,
HanpHMep, O NPOILJIOM 3eMJIH H O COTBOPEHHH MHpPa He COOTBETCTBYeT
HHKaKoH OOBLEKTHBHOH DeaJbHOCTH. YUEHHIO HayKH O TOM, YTO 3eM-
18 cyllecTBoBalla 00 BCAKOH COLHAALHOCTH, 0 yesoBeyetTBa, 90
OpPraHHYecKOd MaTepHH, CyLlecTBOBaja B TeueHHe onpedeseHHo20
BpeMeHH, B onpedenenHom TO OTHOLIEHHIO K APYTHM IJIaHETaM mpo-
CTPaHCTBe,— 3TOMY YYeHHIO (XOTS OHO TaK XK€ OTHOCHTENBHO Ha
KaxJo#f CTyNeHH Pa3BHTHA HayKH, Kak OTHOCHTeJNbHA H KaXJad cTa-
AWl Pa3BHTHSA PeJIHTHH) COOT8eTCT8YeT OOBeKTHBHAA PeasibHOCTbY L,

Bo3pacTt raiakTHK H 3Be3j

Bcenennas cywmecrByeT BeyHo. 3Ha4HT, OHa He HMeeT BO3pacra.
Bospacr Meraranaktiky H-1~2.10° jper. Ilo-Buzumomy, 6.1H30K
K HeMy H BO3pacT rajiakTHK, KOTOphIe, COIJIaCHO TeODHSM, paspa6a-
THBAaEeMbIM COBETCKHMH YYeHBIMH, CHOPMHPOBAaJHCh Ha KaKo#-TO
(moBosibHO paHHe#!) craguu pacmupenusi Meraranakrturu. Kax-
Zasi 3Be3fia Toxe o0pasoBasach B ONpele/eHHbI MOMEHT BPEMEHH.
OT Hero H OTCUHTHIBAETCSH ee BO3pacT. 3Be3[bl BO3HHK/H He OLHO-
BPEMEHHO, a CJ/IeJ0BaTeJbHO, MOJIKHE BCTPEUATBCH <«CTaphe» H
«MOJIOZBIE» 3BE3IHI.

1 Jleann B. HU. [loan. cobp. con. Hza. 5-¢, 1. 18, c. 194—195.
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BospacTt 3Be3n ompenensiloT pasaMYHBIMH MeroxaMH. OAuMH H3
HHX OCHOBAaH Ha H3yYeHHH 3Be3J], IIAPOBHX CKOIIEHUH H paccesH-
HHIX CKOMJeHH#. EcTecTBEHHO NpennOJIOXKHTb, YTO 3Be3/[bl, BXOJSA-
liHe B CKONJIEHHS, BO3HHK/IH OJHOBPEMEHHO H HMEIOT OJHHAKOBHIH
Bo3pacT. CaMble «cTaphie» 3Be3[bl AOJKHBI BXOAHTb B JAJHTEJHHO
CyLlecTBylolIHe cKoMeHHs (wapoBeie). OHH COCTOAT W3, KpacHHX
H JKEJThIX 3Be3Jl, BO3PacT KOTOPHIX JOCTHUraeT MHJAIHAPAOB JeT.
Hao6opor, B paccesiHHBIX 3Be3JHEIX CKOMJIEHUSX, 3HAUHTENBHO Me-
Hee YCTOHYMBBIX, YeM MIapOBble, NOJIKHBl HAXOZHTBCH <MOJIOAHIE»
3Be3/bl. D10 Gesble W roay6Gble cBepxrurantel. Hampumep, Bo3pacT
3Be3a ckomsieHHit y u m [lepcest Bcero JIMIIb HECKObKO MHJ/IJIHOHOB
JeT. 3Be3qHble acCOLMAalHM, HEYCTOHYMBbie 3Be3[Hble CKOIJEHHS,
KOTOpble OTKPBITBI M HCcaenoBaHbl B DlopakaHcKoit actpodusuue-
CKOl 06CcepBaTOPHH, HHOTJA pacnafaioTcs 3a BpeMs, MeHblliee MHJ-
JINOHA JIeT, a MOTOMY B MX COCTaB BXOJSIT CaMble «MOJIOJbie» 3Be3-
abl. O6GHapy:KeHHe 3Be3[HBIX accOlMalluii MO3BOJSAET CheaaTh HC-
KJIIOUHTEJNbHO BaXKHbIH BBIBOL O TOM, YTO 3B€3[bl BO3HHKAIOT IpyI-
TMaMH H Tpolecc 3Be3noo0pa30BaHHUsl MPOAOJKAeTCS B HacTosllee
BpeMs.

Kaaccuueckue npeacTaBjaeHHs O NMPOHCXOXKIECHHH 3BE3J

BoJbHHCTBO acTPOHOMOB CYHMTAIOT, YTO 3Be3/bl (H ZaxKe leJble
rajJakTHKH) oO0pa3yioTcs B pe3yJbTaTe CrylleHuss (KOHIEHCAlHH)
o61akoB raza. OmHa M3 HMCXOLHBIX NPEANOCHIOK 3TOH THIOTE3bl
COCTOHMT B TOM, YTO, KaK NOKa3blBAaIOT HAGJIONEHHS, MOJIOJble 3Be3-
JBl BCerja CBsi3aHbl C Ta30M M IblLIbI0. DTH 3Be3/bl, 3Be3JHble acco-
nuauuy u audodysHas MaTepusi KOHIEHTPUPYIOTCA B CIHPAJBHBIX
pykaBax [anakTuku. 31ecb, B CHHpa/JbHbIX BETBX Halled W ApY-
TUX rajakTHK, poxKnaaioTcs 3Be3ibl. Mousonnle, ropsiune (OHU OTHO-
cATcd K PaHHMM CHeKTPa/JbHBIM KJaccaM H HMEIOT TeMIepaTypy
noBepxHocTd 20—30-103 K), atu 3Be3nnl 06/1a1a10T GOJBIIOH CBETH-
MocTbio. DBuoarojgaps MM cnmpajibHble BeTBH, COCpPeJOTOYHBHIME B
cebe HeOOJBIIYI0 YacTb Macchl 'aJJakKTHKH, YETKO BbIAENSIOTCS Ha
¢ororpadusx.

IIpeacraBum ceGe, YTO MOx AeHCTBHEM CaMOTPaBHTAIHMH Hayajo
CXHMaThCsl XOJIOZHOe raso-melieBoe o6aako. [Ipu cxkatum GyayT
BO3pacTaTh IJOTHOCTh M TeMIepaTtypa o6G.Jaka. BosHukHer Oyay-
mias, poxjaamoouiascs 3Be3na («npoto3se3na»). Temnepatypa ee no-
BEPXHOCTH NIOKa ellle MaJa, HO NPOTO3Be3ha ykKe H3aydaeT HeGOJIb-
110e KOJHYEeCTBO 3HEeprUH, U MNO3TOMY POXKAAIOIIHECS 3Be3AbI MOKHO
HaneaTbCsl OGHApYXKHTb, HalpHMep, CPelH AOBOJbHO MHOTOYHCJIEH-
HBIX HCTOYHHKOB HH(paKpacHoro uaayueHus. [loHCKH NpOTO3Be3[
ceifuac BelyTcs Ha MHOTHX oGcepBaTopusix. CryCTKH rasa paaMepoMm
MeHbIlle [Tapceka M C IJIOTHOCTBIO B HECATKH ThICAY pa3 Gouibiue
OOBIYHON TJIOTHOCTH MEXK3Be3JZHOH cpeibl yraercs Habaw0aTh B
BH/le MaJieHbKHX TEMHBIX TyMaHHOCTe# (rjao6y.).

ActpoHoMEI mBITAIOTCSI OGHAPYXXHTh NMPOTO3BE3/bl H PajHOMETO-
namH. BepoaTHOo, ¢ BO3HHKAIOLIMMH 3Be3laMH MOryT OHITb CBfI3aHH
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HelaBHO OTKpHTHe oGjaKa rasa, cogep:allHe GOJblIOe KOJHYECT-
BO MoJsiekysnn rugpokcuna (OH). Panwnoteneckonsl cnoco6Hbl €
OTPOMHEIX PAcCTOSIHHI NMPHHATb H3JyueHHe 3THX obaacTei.

OJHO M3 OCHOBHBIX OTJIHMYHH MPOTO3BE3Xbl OT 3Be3[bl 3aKJio-
YyaeTcss B TOM, YTO B NPOTO3Be3le ellle He NMPOHCXOAAT TepMOslep-
Hble peaKlHH, B Heill ellle HET OCHOBHOrO HCTOUHHKA 3HEPruH OObIY-
HbIX 3Be3l. TepMmosiiepHble peakKUHH HAuMHAIOTCA TOrAa, Koraa B
npoluecce CKaTHs NMPOTO3Be3Abl TemnepaTypa B ee HeApax HOCTHI-
HEeT HECKOJbKHX MHJJIHOHOB rpaiycoB. C 3TOro BpeMeHH CTajHs
CXKATHSl 3Be3Abl NpeKpallaercs: CHJa BHYTPEHHero JAaBJieHHs rasa
Temepb ykKe MOXKeT YyDaBHOBECHTb CHJYy TSATOTEHHS BHEIUHHX YacTed
3Be3gnl. CTafus cxkaTusl 3Be3l, Macca KOTOPHIX 3HAYUTeNbHO 00Jb-
we maccel CoJiHIA, MPoOfOMKaeTcss BCEro JHUIb COTHH THICAY JeT,
a 3Be3[ibl, Macchl KOTOPBIX MeHblie COJHEeYHOM, CXKHMAKTCH COTHH
MHJJIHOHOB JieT. Uem G6oJibiie Macca 3Be3fbl, TeM Npu GoJbluef
TeMIlepaType AOcTUraeTcs paBHoBeckie. [[03ToMy y MacCHBHHIX 3Be3[
caMble GOJiblliMe CBETHMOCTH (COOTHOLIEHHE «Macca — CBETHMOCTbY).

Funotesa B. A. AMGapuymMsaHa 0 NPOHCXOXKACHHH
3Be3[ M raJlakTHK

Akagemuk B. A. AM6GapuyMsH U ero COTpyAHHKH MBITAOTCS 060-
CHOBaTh THIIOTe3y, COMJIaCHO KOTOpOil 3Be3iH 06pasyioTcd He H3
pa3pexeHHOro, a H3 CBEPXIJIOTHOro BelllecTBa. Mbl yxe 3HaeM, 4TO
B Hameli ['anakTHKe OTKDBITH 3Be3[Hble acCOIHALHH, COAEpIKALIHE
cambie MOJIOJble U3 H3BECTHHIX 3Be3]l. 3Be3JiHble acCOLHALNY OTKPHI-
Tel M B APYrdX rajiakrtukax. [Ipeamnonaraercs, 4To 3Be3gbl U AuQ-
(by3Hble TYMaHHOCTH POXJAIOTCH HMEHHO B accolHauusx. Pacuin-
peHHe acColLHKalHMil MO3BOJIMJIO CleJaTh BbIBOL O TOM, YTO B MOMEHT
cBoero o0pasoBaHMA 3Be3Abl NPHOOpETAlOT OGOJBIIYI0 3SHEPTHIO.
B. A. AmMGapuyMsiH CUHTaeT, YTO 3Ta SHeprusi 0cBOGOXKAAETCs B pe-
3y/abTaTe B3DbiBA KAKHX-TO, NIOKA HEU3BECTHBHIX HaM <A03Be3[IHBIX»
tes. Jlenaercs nonbiTka OGBACHHTL B3pHIBAMH 3arafovyHbIX CBepX-
MJOTHBIX TeJ MPOHCXOXKAEHHE He TOJIbKO 3Be3[, HO H TaJlakTHK.
[lpeanosnaraercs, 4To He sifpa o6pa3yloTcs B rajaKTHKax, a raiak-
THKH BO3HHKAlOT BOKPYr aKTHBHHIX sifep. C TeueHHeM BpeMmeHH
fiApa rajakTHK, NpeTeplneBas B3PbIBbl U JeJeHHS, TepsioT OrpoM-
HBle Macchl BellleCTBA M NOCTENEHHO MOTYT BOOGIe HCUE3HYTb.

unoresa B. A. AmGapuymsHa nosBosinjaa NpeicKasaTb psij He-
CTALHOHAPHBIX MPOLECCOB, MPOHCXOASUIHX B MHpe 3Be3l M rajak-
THK. B cBeTe 3TO rumnortesel, uMemonlell, 0AHAaKO, MaJO CTOPOHHH-
KOB, TaKHe fiBJIEHHS, KaK BCNbIlleYHass aKTHBHOCTb H B3PbIBH HEKO-
TOPHIX 3Be3Jl, aKTHBHOCTb fijlep raJaKTHK, BK/IIOYasi B3PHIBH B siAPaX
rajakTHK, paccCMaTPHBAIOTCH He KaK c/yvaliHble, a 3aKOHOMepHbLIe
¥ OYeHb BaXKHbie ()asbl B IBOJNIOLHH HeOeCHBIX Tel.

IanbHeiilee pasBHTHe HayKH MOKaXKeT, KakKHe H3 CErOAHSLIHHX
NpeAcTaBJeHHi O MPOHCXOXACHHH 3Be3l OKaXYTCH NDPABHJbHEIMH.
Ho yxe Temepb HEeT COMHEHHS B TOM, YTO 3Be3/lbl, IOAUHHSSACH 32KO-
-HaM NpHPOAbl, POMIAIOTCH, KHBYT M YMHPAIOT, a He GbIH OAHAX-
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Mo 1,2M<M<2Mg

O : ¥

benvia kaprux Heamponras 36esda Yepraa dbipa
Puc. 16. KoHeuHkle cTagnu 3BOJIOUHH 3Be3[.

ABl CO3JaHBl H He OCTaJHChb BEYHO HeH3MeHHBIMH oObekTaMHu Bce-
JIeHHOH.

Kak aBosouuoHHpyIOT 3B€3Mbl

Mbl Buenu, 4TO CyLIeCTBYIOT pasjiHyHble TOYKH 3pEHHS Ha
«OPEABICTOPHIO» 3Be3AHl, T. €. Ha TO, KaK BO3HHKAIOT 3Be3Jbl H XH-
BYT A0 BCTYIJIeHHSl Ha IJ1aBHYIO nocjaefoBaTelbHoCcTb. Ho BOT 3Bes-
Jla TeM HJIF MHBIM TyTeM NpHIIJIA Ha [J1aBHYIO NOC/Ae10BaTel1bHOCTb.
Kak sBosonHonupyer Takas 3Be3na?

DBoJIIoUHMS CTAllHOHAPHOM 3Be3Abl CONPOBOXKIAETCS NMOCTENEHHBIM
«BbIFOpaHueM» Bojopoja. Bpems npeObiBaHus 3Be3ibl Ha [VIaBHOH
NoC/IeA0BATe/NIbHOCTH 3aBHCHT OT Macchl 3Be3[bl. MaccHBHBIe 3Be3-
Ibl, H3Jayvaiomue 60J/bILOe KOJHYECTBO SHEPrHH, SBOJIOLHOHHPYIOT
OLICTPO M HAaxXOASITCS B CTAallHOHApPHOH CTafHH TOJbKO HECKOJbKO
MHJIJIHOHOB JleT, a 3Be3AHbl, nofo6Hble CoJHLY,— MHJIIHAPALL JIET.

Korza Becb Bomopon B leHTpaJbHOH 06s1acTH 3Be3nbl NpeBpa-
THTCS B rejiu¥, BHyTpH 3Be3[Anl oOpa3yeTcs reauneBoe sapo. Teneps
yKe BOAOpOA OyAeT NpeBpallaTbCsd B reiMii He B LeHTpe 3Be3[H,
a B cJ0e, MpHJeraplleM K o4eHb ropsiueMy rejueBomy siapy. [Toka
BHYTpH re/lHeBOro fipa HeT HCTOYHHKOB SHEPrHH, OHO GyaeT mocre-
NIeHHO CXKHMAaTbCA M NPH 3TOM elle Gosee pasorpeBatbes. Koraa
TeMrepatypa BHYTPH 3Be3[bl NpeBhICHT 13—15 MJH. rpanycos, requi
HauHeT NpeBpallatbcs B yriepold. Kak mokasbiBaioT pacueTsl, CBe-
THMOCTb Y pa3Mephl 3Be3jbl OyAyT Bo3pacTaTb. B pesynbTare oObIy-
Has 3Be3[a MOCTeNeHHO MNpeBpaTHTCH B KpPACHOTO THraHTa HJIH
cBepxruranta. Takue 3Be3dbl, KaK Mbl 3HaeM, 3aHHMAaKT ocofoe
NOJIOXKEHHe Ha JHarpaMMe «CIeKTP — CBeTHMOCTb».

HenapHo BBISICHHJIOCH, YTO MHOTHe 3Be3fibl, [O-BHIHMOMY, He
cpasy CTaHOBATCH CTAalHOHAPHLIMH THTaHTaMH, a HeKOTOpoe BpeMs
MyJbCHPYIOT, KaK Obl NMPOXOAS B CBOEM Pa3BHTHH CTAAHIO LedeHns.

3akaounTebHBIN 3TaN KH3HH 3Be3[bl, KAK U BCSA ee SBOJIIOLHS,
pelraomum o6pa3oM 3aBHCHT OT Macchl 3Be3fbl (puc. 16). O6osou-
KH 3Be3jl, noAo6HbX HameMy CoJHLy (HO ¢ MaccamH, He GOJIbIIHMH
1,2 M@), nmocreneHHO pacUIMPAIOTCS M B KOHIe KOHLOB COBCEM
HNOKHZAT f4po 3Be3abl. Ha MecTe ruranTa octaeTcsd MaJieHbKHi
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H ropsiuufi Genblft KapauK. Beabix kapiauKoB B MHpe 3Be3l MHOro.
DT0 3HAUMT, YTO, MO-BUAHMOMY, MHOTHEe 3Be3/]bl NpeBpallalOTCs B
Ge/ibIX KapJIMKOB, KOTODHIE 3aTe€M IIOCTENEHHO OCTBIBAIOT, CTAHOBSACH
«HOTYXIIHMH 3Be3JaMU».

Huas cynpba y GoJsiee MacCHBHHIX 3Be3l. Ecau Macca 3Be3zbl
npuMepHo BABOe npeBbimaer maccy CogHia, TO Takue 3Be3Abl Ha
NOC/eHUX 3Tanax CBOEH 5BOJIOLHH TEPSIOT YCTOHYHBOCTb, B 4acT-
HOCTH OHU MOTYT B30DBATbhCSl KaK CBEPXHOBHIE.

Ilo oxnofi u3 rumoTe3 BCHbILIKA CBEPXHOBOH NPOHCXOXHUT MOCJE
TOrO, KaK B LEHTPE 3Be3/bl BO3HHKHET Keje3Hoe f4po. DTOo 3HAYHUT,
4TO A4/1eKO B NPOLIJOM OCTAaJHCh IIPOLECCH BHITOPaHHS BOLOpOAaA
H 06pa3oBaHHus TeJHs, yraepoja, Kucaopona. B 3sesae yxe BO3HHK-
JIM TakHe 3JIeMeHTHl, KaK MarHufi, KpeMHHH, cepa u Apyrue, 10 Ke-
Je3a BKMoyHTenbHo. Ha Takofi cTaauu 3Be3jga npomosKaer TepsTh
SHEPruI0 3a CYeT 3JIEKTPOMArHHUTHOTO M HEATPUHHOrO H3JAyUYeHHS.
OnHaKO OCHOBHBIM HCTOYHHKOM 3TOI SHEPruH Tellepb yikKe CTaHO-
BATCA He TepMOsiiepHBle peaKUWH BHYTPH 3Be3[bl, a ee IpaBUTAllH-
OHHOE CXKaTHe, CONPOBOXKAalollleecs NOBHIIEHHEM TeMIepaTyphl BHY-
TPH 3Be3[bl O HECKOJbKHX MHJ/JIHapAOB rpaaycoB. B ycuaoBusx
TaKuX YyAOBHIIHBIX TeMIepaTyp M AAaBJEHHH sipa aTOMOB XeJje3a,
HOrJoWast 3HEpPTHI0, pacnafaloTcs Ha HEHTPOHbI, MPOTOHBI, sApa
rejaus. BHyTpeHHee NaBiieHHEe YyXKe He B COCTOSIHHH NPOTHBOCTOSTh
IPaBHTAllHOHHOMY CXKaTHIO. BepxHue cioM 3Be3fbl MajgalT K ee
nenrpy. Takoe nageHne cOnpoBOKAaeTcs OBICTPHIM BbiJEJIeHHEM
MOTEHIHAJIbHOA 3HEPrHH TATOTeHHS M cOpocoM 006O0JOUKH, MacChl
KOTOPbIX Y OJHHX BCNBLIXHBAIOUIMX 3Be3] He INpPEBLIIAIOT JeCATKa
noJelt Mmaccel CosiHlla, a y APYrHX — B HECKOJIbKO pas GoJblie Mac-
col Coanna. Ecim ocraBmasics nocie c6poca 060/10UKH Macca 3Be3-
Ibl He npeBolllaeT 2M@, TO BO3HMKaeT HeHTPOHHas 3Be3Na C yKe
H3BECTHBIMH HaM YAHBHTEJNbHBIMH CBOICTBaMH.

Ecan xe Macca ocrasiueiicsa 3Be3abl GoJsiee YeM BIBO€ INpPEBbI-
maer Maccy CosHla, TO Tako# 3Be3fie BOOGILE He CYXKIEHO AOCTHr-
HYTb YCTOHYHBOTO COCTOSIHHf, OHa OyleT GyKBaJbHO pasnasjeHa
COGCTBEHHON TsXKecTbl0. B npouecce HeorpanuueHHOro cxKartust (KoJ-
Jlanca) OHa NPeBPaTUTCA B HEOOLIKHOBEHHBIH OGDBEKT — «YepHYIO
nuipy» (puc. 17). Takoe cTpaHHOe Ha3BaHHe CBA3aHO C TEM, YTO MO-
ryuee noJjie TATOTEHHsS CXKaBUIEHCS 3Be3[bl He BHINYCKAeT 3a ee mpe-
Henbl 1000e H3/TyueHHe (CBET, PeHTreHOBCKHe JYy4YH H T. I.). K cua-
CTbIO, 3Be3Abl, nono6Hbie CoJHIY, He BCHBIXHBAIOT KaK CBEPXHOBbIE
H UM He yrpoxaer koJjanc. Ho ecam 6u Takas karactpoga mpo-
usoma c¢ CoJsHleM, TO ero rpaBHTaLHOHHbBIA paJHYC CTaa Obl paB-
HBIM 3 KM.

Kakumu cranau Gul CpeHdAsA IMJOTHOCTh CoaHna no CpaBHEHHIO C coapemennoﬂ
(1,4 r/cM3) u napabosikueckas CKOPOCTb Ha €ro MOBEpPXHOCTH (ceiidac oHa 619 kM/c),
ecan 6w pamuyc CosHua ctan paBHHM 3 kM? (BoamoxHo# noTepefi MaccH mpeHe-
Gpeus.) .

«YepHble AbIpbI» — OOBEKTH, NOAUMHAIOLIHECS oO6LIed TeopHH
OTHOCHTeNbHOCTH A. DfiniuTeiina. 3aech, B HaCTHOCTH, yXKe He06X0s
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Puc. 17. «HepHas gupas.

JMMO YUHTHIBATH 3aMe/l/leHHe BPeMEHH B CBePXCHJbHBIX TPaBHTALH-
_ oHHbIX moJisix. «HaGuaoaare by, HaXoAAIHACA Ha KOJJaNcHpYoLe#
3Besfle, Hefoaro Obl «ja0GoBajcsi» KapTUHOH KoJaJjanca. Huoe
JleJIO — BHEIIHHH HaGJIofaTeNb, PAacHoJ/OXHUBIIHACT HA (6e30MIacCHOM
paccTosiHHH OT 3Be3ibl. EMy mpouecc koJsanca mokaxercs Gecko-
HEYHO AJIHTEJbHEIM, OH BOOOILE He YBHAUT 3Be3Ay, MOCTHIILYIO KpH-
THUECKOTO pajdyca: CHCHa/Jbl OT Hee OylyT NOCTYnaTb BCe pexe
H pexe, NOKa coBceM He npekpatarca. [1osToMy «uepHyI0 ABIpY»
BoOGIlle He/b3s «YBHAETb» HH B KaKOM JHana3oHe 3JEeKTPOMarHHT-
HHX BoJH. Ho, Kak mNokasajJud COBEeTCKHE YueHhle (aKajaeMHK
. B. 3eqb10BHY H €r0 YYEeHHKH), €CTb BO3MOXKHOCTb OOHAPYXKHTb
«depHEle Abiphi». Jle10 B TOM, YTO «YepHEIe ABIPHI» MOJKHEI OKAa3Hl-
BaTh IPaBHTAllHOHHOE BO3JeHCTBHE Ha OKpyxalomHe HX Tena. He
HCKJIIOUEHO, HalmpHMep, YTO <«4YepHas AHpPa» MOXET OKa3aThCi B
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coctaBeé ABofiHON 3Be3an. Toraa NpUCyTCTBHE «4ePHOH ABIPHI» GyneT
BHISIBJieHO M3 aHa/Ju3a [BHXKEHHS OOLIYHOM 3Be3Ahl 3TOH [ABOHHOMN
cHcTeMbl. «UepHLie AbIPBI» JOJIKHB NMPHTATHBATb K cefe Mex3Besl-
HBIA ras, o6pa3ysi BOKpYr Ce0si CBeTsllHeCs] OPeOJbl, H3Jyyaiouine
CBET, PEHTreHOBCKHEe JY4YH H ramma-usaydenue. Ceiluac akTHBHO
BELyTCS TOHCKH «4yepHblX AbIp» B [asakruke. OfHUM H3 HauGosee
BEPOSiTHBIX KaHIMIAATOB B <«YEPHBIE ALIPbl» CUHTAETCH HEBHAMMBIM
HCTOYHHK pEHTreHOBCKOro uaayuenus JleGeap X-l1. On Bxomut B
cocTaB ABOMHOH cHCTeMBl (OnTHYecKasi 3Beaja-CBepXruraHr). Xa-
paKTep PEHTTEeHOBCKOTO H3JYY4eHHS M CAHIIKOM GoJsblias Macca 3To-
ro ucrounnka (ot 6 10 13 M@ ) Kak 6yATO 6Bl HCKAIOYAIOT BO3MOXK-
HOCTb TOrO, YTO OH NpeACTaB/afieT co00H «OOBIYHYIO» HEHTPOHHYIO
3Be3ny. JlanpHeilline uccaenOBaiHsl NMO3BOJAT OKOHYATENbHO BhIfAC-
HHTb OPHPOAY 3TOI'0 PEHTIEHOBCKOTO HCTOYHHKA,

OTKphITHE «UYePHBIX JbIP» — 3THX HHTepecHeHIIHX 06bEKTOB
Bcenennoi, 6e3yc/OBHO, CTaHeT OHHHM H3 CAMbIX BBHIAAKIHXCH
JocTHKeHu# naykn. O6nacTi, B KOTODHX H3MEHsieTCA TeYeHHe Bpe-
MeHH H FeOMSTPHYECKHe CBOHCTBAa NPOCTPAHCTBA, MOTYT MpeACTaB-
JsAiTb c000/1 cBOeOOpa3Hble «ALIPbi» B NPOCTPaHCTBe M BpeMeHnn Bcee-
JeHHofl, Yuenble BIpaBe HafeATbCH, HTO «4YepHbie ABIPBI» — 3TO
«[IBEpH B HOBYIO 00J1aCTb NO3HAHHA Mupa» .

B 3Be3xHOli KOCMOTOHHH ellle MHOro HepellelHBIX Bonpocos. Ot
HX pelleHHs] 3aBHCAT H YCIleXH NJaHeTHOH KOCMOIOHHMH, TaK Kak
ckopee Bcero o0pasopanne 3Be3Jl W IJIaHeT NPOHCXOAHT B eAHHOM
mpouecce 3BOJICLUHH MaTepHH B rajJaKTHKaXx.

‘«‘lepnue AbIpbl» MOIYT BO3HHKaTb He TOJBKO B pe3y/ibTaTe 3BOJIIOUHA
3Be3A. CKHMalolHecs Macchl rasa, CKONUBLUEroCAd B LEHTPAJBHBIX obnactax
IIaPOBHIX CKONJIEHUA H FaJaKTHK, TOXEe MOI'YT NPEBPATHUTbCH B THraHTCKHE «yep-
Hbl€ IBIPBLI». BrickasbiBajnch fpe,lnoioxennd, 4YTO TakKHe <«4YEPHBIE IObIPphHI» €C¢Thb
H B uenTpe Haweh lanakTHKA W, Hanpumep, B rajakrtuke Lientragp A (cM. ¢oro
Ha 0610XKe KHHIH).



NJIAHETDI —
CNNYTHHUKH 3BE3]

Koraa crouib Tl B 3Be3JHOM CBeTe,
Cmotps Ha He6o, He 3a0yib,

Uro 5Tu 3Be3ant, 6J1€CTKH 3TH

H T1e, uto cautel B Maeunbldt [1yTh, —
Bce 310 — cosiHUa OTHeBble,

Kak Hauie Coanue, H KpYyrom

TAbIBYT wWwapsl 3eMesb,— TaKHe,

Kak wap seMHOli, rje Mbl XHBeM.

B. A. Bpiocos

[To cpaBHeHHIO cO 3Be3faMH M TrajakTHKaMH, BOOpaBUIHMH B
ce6si JIbBHHYIO 4acThb MacChl KOCMHYECKOro BellecTBa, MJaHeThl Bbl-
rasagAaT BecbMa CKpoMHo. JlocTaToyHo BCIOMHHTb, YTO Macca
Coanua noutu B 750 pas Goabiie Macchl Becex miaHer CoJiHeYHOH
cucrembl. QueBHAHO, W Yy APYrHX 3Be3], HMMeEIOUIHX MJIaHEThbl, Ha
JI0J1I0 TJIaHeT NPHXOAUTCs HeboJbliasg yacTe Maccel. Ho kak Bax-
Hbl /s Hac TNJaHeThl, OfAHAa M3 KOTOphiX — Hama 3emas! Kak
BaXKHO [/l HayKH, a B JaJjbHefiuieM M [Jsf NPaKTHKH 4eJoOBe-
Ka, pacKpbiTb MHOTOYHCJEHHble TaHHbl KOCMHYECKHX  CECTep
3emuan!

TrlcsiyesteTHSIME 4eJIOBEK CJIEHJ 3a CTPAHHBIMH MepeMelleHUAMH
«6/1yXKIaloOWHUX CBeTHJA» Ha (oHe 3Be3nHoro HeGa. CroJieTus OT-
JeJqsI0T Hac OT INepBHIX TeJeCKONHYeCKHX HaO/loAeHHH NJaHET H
Jlynel. 1 TonbKO nepBule gecATH/IETHS HACUHTBIBAIOT «KOCMHYECKHE»
HccleqoBaHHs nuaaHer. Ho, moxasayl, HMeHHO B 3TH TOAZH MBI
_y3Haau o nJjaHerax OoJiblle, yeM 3a BCIO MPEABIAYLLYIO HCTOPHIO
ux HaGmonenuii. CoBerckHe cTaHHHH cepuH «JlyHa», «Mapc» H
«BeHepa», a Take aMepHKaHCKHe JYHHHKH, «Mapunepnl», «[Ino-
Hepbl» H «BHKHHIH» y)Ke NPHOTKPBUIM 3aBecy Hall MHOTHMH 3a-
rajkaMu Hawux GJuuKaHIIHX cocelel MO KOCMOCY. YIHBUTEJb-
HEIM, MOAYAaC COBepLIEHHO HEOXHJAAaHHBIM, MpeACTaJ Mepeil HaMu
MHD KaxaoH H3 nuaaHeT. [IoATBepAHJHCL MHOrHEe CBeAeHHS, MOJY-
yeHHBIe H3 pa3HOOOpa3HbIX HaseMHHIX Habmogenuit. Bmecte ¢ Tem
NOSIBHJIHCh COBEpPILIEHHO HOBhHle AaHHble 06 aTMocdepax H MOBepX-
Hoctax Mepkypusi, Benepnl, Mapca u pgaxe Onurepa. B sroii
rnase OyleT paccka3aHo O HauboJiee HHTEDECHBIX W BaXKHBIX pe-
ayJbTarax HccaeloBaHus miaaHeT. Ho Ham 6bl He XoTesloch MPOCTO
HX [epeyHCcJHuTb, TaK Kak [10JyueHHe HOBBIX (aKTOB O MaaHerax
He eCTb «KOHeyHas Lle/b» acTPOHOMHH. Hayke Heo6XxoaMMBbI (aKThl
4751 TOro, 4yTo6hl Ha KX OCHOBE €O34aTh (QyHIaMeHTa/bHble TEODHH.
B yacTHOCTH, OAHOH H3 (yHAaMeHTaJbHHX Npo6JeM <«IJaHeTHOII
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acTpoHomuu» GbIa M ocTaetca npoGjaeMa IPOHCXOXKAEHHS
maaHeTHo# cucreMbl. [103TOMy HMEHHO C paccKasa o Hell HauHHa-
eTcs 3Ta riasa.

ODPOUCXOXIAEHUE IJVIAHET

Bospacr 3eman n apyrux teqa CojHeyHo#l cHCTeMBI

Onpenenenne Bo3pacTa 3eMHOH KODHL OCHOBaHO Ha Hccael10-
BAHHM paJMOAKTHUBHBIX 3J1eMeHTOB (ypaHa, TOpHA H Ap.), a TaKKe
pPaZHOAKTHBHBIX H30TONOB TAKHX 3JE€MEHTOB, KaK KaJuf, apro,
CTpoHUMH, py6uinit u Ap. Kak H3BeCTHO, PajHOAKTHBHbLIE 3JeMEHTH
HeNPepHBHO pacnajalpTcs, NpPHUYEM IIpolecc pacnajfa COBEpLIEHHO
He 3aBHCHT OT BHelIHHX Bo3ZeficTBui. IIpu paanoakruBHoM pacnaje
06pa3yioTcsl H30TOIHl COCEJHHX 3JEMEHTOB MEePUOJHYECKON CHCTEMB
MenpneneeBa. DTH H30TONbl CaMH HepPeJAKO OKAa3bIBAKOTCS paiHo-
aKTHBHBIMH, a 3HAYHUT, U OHU pacnajatorcs. Pacnaj 3akaHuuBaercs,
KOTZa aToOMbl paJHOAaKTHBHBIX 3JeMEHTOB IIpeBpallaiOTCs B He-
palHOaKTHBHbIE aTOMBI XMMHYECKHMX 3JeMeHTOB M HX H3oronbl. Ha-
npumep, pacnap ypata |28U| saBepwaercs o6pasoBaHuem HepaaHo-
aKTHBHOTO H30TONa CBHHLA |2°Pb|.

ITpomexyrtok Bpemern (T), mo HCTEYEHHH KOTOPOTO OCTAETCS
NOJIOBHHA HauaJbHOIO KOJHYECTBA PAJAMOAKTHBHBIX aTOMOB, Xapak-
Tepu3yeT CKOpOCTb pacnaja M Ha3blBaeTcs NEpPHOAOM MoJypac-
naga. Jlas onpefeseHHs BO3pacTa 3eMHOM KOPHl HCHOJb3YIOTCS
Me[NJIeHHO pacrmajfalollinecs H30Tomnbl, Hanmpumep 28U (T~4,5.-10°
JeT), painoakTHBHHIH H3oron Kamusa K (T~1,3-10° ner) u np.
Yro6bl ONpefesNHTh BO3PACT 3eMHOH KOpBI, CPaBHHBAIOT COAepiKa-
HHUe pajHOaKTHBHBEIX 3J€MEHTOB H NPOAYKTOB HX paciaja B MHOIO-
YHCJMEHHHX npobax, B3SITHIX JJIsl aHa/nu3a. Takoe cpaBHeHHe NOKa-
3bIBaeT, UTO BO3PACT 3eMHOH KOpPHI 0KoJIo 4,5 MJapA. JeT. [IpuMepHo
TaKoOB xXe Bo3pacT 3eMJH Kak ocdopmuslieiics nianersl. K 3,5—
4,5 Mmapa. ner OJH30K Takxke onpefleleHHHA B JabopaTOpHHIX
YCJIOBHSIX BO3PACT JYHHbIX mopon u mereoputoB. CoJHLE, KOHEUHO,
He MoxeT ObiTb Mosoxe 3emaun u JIyHel. Ckopee Bcero Bo3pact
CouHua, KeJTOH 3Be3jbl, HaxoAasduwelicd B cpefHed 4YacTH IJIaBHOH
[OC/IeA0BATEbHOCTH JAHarpaMMbl «CHEKTP — CBETHMOCTb», 5 MJpA.
JIeT.

OcHoBHble 3aKOHOMepHOCTH B CoJIHeuHO# cHcTeMe

I'unore3a O NPOHCXOXKMEHHH IUIAHET JAO/KHA OGBICHHTH cle-
Ayiolliye OCHOBHBHIE 3aKOHOMEpHOCTH, Habaionaembie B CoOJHEUHOH
cHcTeMe: '

1. OKcueHTPHCUTETH OPOHUT MJIaHET OUeHb MaJIbl.

2. Op6uTHl NJaHeT JeXaT TPHOJH3HTeNbHO B OAHOH MJIOCKOCTH.
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3. Paccrosnus nuaner or CoJHIla NOAYHHAIOTCS ONpesie/IeHHOMY
3aKOHY. -

Peup HJAeT O NaBHO H3BECTHOM aCTpOHOMaM 3MIMHPHYECKOM COOTHOIUIEHHH, NO-
3BO.7Iﬁ!OUleM npnﬁ.nmxeuuo BBHIYNC/ATL PACCTOSIHNWA MJIAHET OT CosHua. OTO COOTHO-
wenné («npasuso Tuunuyca — Boae») MoxAMo 3anucath B BHAE:

r=03-27+04, (30)

TIe r — cpeaHeé pacCTosiHHe TaaHeTH oT CoJiHIa B a. e.

Jas BuiuncaeHns no 3Toil GpopMyJae HYXKHO NPHHATH CpenHee paccTrosHHe Mep-
Kypust ot Coanua, paBHeiM 0,4 a. e, T. e. CYHTATb N=-—00, a PACCTOSIHUSI APYTHX
NJ2aHeT MoayyYalT NMPH NOACTaHOBKe B (GopMYyany pas/iHYHbIX 3Hauenuit n (0 — mas
Benepul, I — pas 3eman, 2 — nis Mapca, 8 — /i nylaHeTHl, MeCTO KOTOPOH «3aHH-
Maer» nosic acrepouaos, 4 — gas IOnutepa u T. o).

4. Tlnanetrsl aBukyTcs BoKpyr CosiHLA B TOM Ke HampaBJICHHH,
B KakoM CoJsiHUe BpaliaeTcss BOKPYT CBOeH OCH..

5. ¥ GosblIMHCTBA NJaHET HalpaBjeHHe BpalleHHUsT BOKPYT OCH
COBNajaer ¢ HanpaBJenueM o6paiienus Bokpyr Connua. B atom xe
HanpaBJIeHHH TPOHCXOAHUT JBHIKEHHE CNYTHUKOB BOKPYT IJIaHeT.

6. B nBuxeHun miaHer 3akawoueHo 989 MomeHTa KOJHUeCTBa
nBuxenuit Bceli Cosneunoil cucrembl: CosiHue o6nagaer nump 2%
MOMEHTa KOJIHUECTBA JNBUKEHHS.

B 3TOM Jlerko yGemMThbCsl, €C/ii BHIUHC/IHTb CYMMY MOMEHTOB KOJIHYeCTBAa ABH-
JKEeHHs MJIaHeT H CPaBHUTb €e C MOMEHTOM KOJIN4eCTBa ABHKEHUs Comma. MOMeHT
KOJIHYeCTBa JABHIKEHHS Ka}KILOﬁ nJIaHeThl paBeH mva, TAe M -— MacCa IIVIaHeTHl;
a — CpeaHee pacCTOAHHE MJIAHETH OT Comma; U — CKOpPOCTh ABHIKEHHSA IIJAHETH
no op6me. Momem‘ KoJIHyeCTBa ABHXEHHA Comma npnénnsmenbuo ‘paBeH
04 MeoveoR@, rae MO — macca CoaHua; v()— CKOpocTh Bpaluenusi CosHIla Ha
ero 3kBarope; R — paaunyc Coanua.

7. Mouru 99,9% wmaccel BewecTBa CO/NHEUHOH CHCTEMBI HPHXO-
autcst Ha poawo CosHua.

8. Ilo cBoMM (pu3HYECKHM XapaKTepHCTHKaM IJIaHeThl pe3Ko je-
JIATCSL Ha JIBe TPYNNbL: NJIaHeTH 3eMHOH rpynnbl (3emasa, MepKkypHi,
Mapc, Benepa u, BO3MOXKHO, OUeHb MaJio H3yueHHbIH [1ayTOH) U naa-
Hetol-rurantel (lOnutep, Catypr, ¥Ypan, Hentyn).

COBpeMeHHble npeacraBjeHUss 0 NPOHCXOXKAECHHH NJAAHET

Ha nepBhlii B3risiA MOXKeT NOKa3aTbCs, YTO IO CpPaBHeHHIO €
rPaHAHO3HBIMH Npo6seMaMH KOCMOJIOTHH H 3Be3/[HOH KOCMOI'OHHH
npo6aema npoucxoxienns COJIHEUHOH CHCTeMbl He OYeHb TPYAHa.
Ha camom gesne 3To He Tak. [Ipo6JjieMa NpOHCXOXKIAEHHS HJIaHET —
OYeHb CJI0XKHASL U AajieKo elle He peileHHas npobGJema, BO MHOTOM
3aBHCALIAs OT PA3BUTHS He TOJbKO aCTPOHOMHH, HO H MHOTHX ApY-
CHX eCTeCTBEHHBIX HayK (mpexje Bcero Hayk o 3emJe). leno B Tom,
4TO 10Ka MOXHO HCC/IeNOBaTh TOJNBKO €AHHCTBEHHYIO NMJIaHETHYIO
cucreMmy, okpyxaiomyio Hame Connue. Kak Borasaar GoJjee MoJIO-
asie U OoJiee cTapble CHCTEMbl, BePOSITHO CYILECTBYIOLIHe BOKpYT
IpYrux 3Be3jl, Hen3BecTHO. UTOOH NPaBHIILHO OGBACHHUTb NPOHCXOXK-
ZleHHe TJ1aHeT, HeOGXOAMMO TaK¥XKe 3HaTh, Kak oGpas3oBanuck CGoJH-
e ¥ ApPYrHe 3Be3[bl, NOTOMY YTO ILIaHEeTHble CHCTEMH BO3HHKAIOT
BOKPYT 3B€3J B pe3ysjbTaTe 3aKOHOMEDHHIX NpPOLECCOB Pa3BUTHSA
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MaTepuu. U Bce-TakH, HeCMOTPS Ha 3TH TPYAHOCTH, yueHble y6exk-
LeHbl B TOM, YTO NpaBH/IbHOE OObsiCHeHHe OyleT Ha#neHo. 3HATh,
KaK NpoH3oLLIAa Hama IJIaHeTa, OvYeHb BaXKHO AJs JaJbHeHIlero
pasBuTHA reoH3NKH, F€OXUMUH, F€OJIOTHH W APYTHX Hayk o 3eMJe.

[Tpo6remamMu miaHeTHOH KOCMOTrOHHHM B HacTosilllee BpeMs 3aHH-
MaloTCA y4YeHble pas3HBIX cTpaH. B ¢opMupoBaHie cCOBpeMeHHOH MJa-
HETHOM KOCMOrOHHWH 3HAYHTEJbHBIH BKJ/a/ BHECHH COBETCKHE YyUueHHe.
Tak, HanpuMep, Ha NPOTSAXKEHHH NOJNyBeKa mpob/ieMaMHu NIaHeTHOH
KOCMOToHHH 3aHuMaJjca akageMuk B. I'. ®ecenkoB (1889—1972),
BCerja MoayepKHUBAIOUIMH, UYTO NOJIKHA CYLeCTBOBATh TeCHAs CBA3b
Mex 1y npoueccamu o6pa3oBanusi CosHLa M mpolleccaMH oGpa3oBa-
HHMs naaHer. B nauajge 40-x rofioB ¢ KOCMOTOHHYECKOH THMOTe30H
BBICTYIIHJI H3BeCTHBIH coBeTckuit yuenniit akagemuk O. IO. HImuar
(1891—1956). Yuenuku O. IO. UImuara (B. 10. JleBun, B. C. Cacd-
POHOB M J1p.) NPOROJKAIOT pa3pabaTbiBaTb BONMPOCH IPOHCXONK/e-
HUSA TJIaHeT.

Haub6osee BaxHble BEIBOJbl MJIAHETHOH KOCMOTOHHH, NOJYy4YeHHbIE
K HacTosilleMy BpeMeHH, CBOAATCA K CJAeAyIoUIeMy:

1. [TnaHetsl o6pa3oBaJjiuch B pe3y/bTaTe 00beAHHEHHS TBEPABIX
TeJ W YacTHll, BXOAHUBIIMX B COCTaB TYMaHHOCTH, KOTOpasi KOTZa-TO
okpyxana CosHIe. DTy TyMaHHOCTb 4acTO Ha3bIBAlOT «IOIJIaHeT-
HBEIM» HJIH «NPOTONJMaHeTHBIM» ob6JjakoM. B HacTosillee BpeMs CUH-
taercs, uto CosiHIle M NPOTOIIaHETHOe 06/1aKo 06pasoBajHCh COB-
MECTHO, XOTA M0Ka HesiCHO, KaK NMPOH3OLLIO OTAe/NeHHe YacTH TyMaH-
HOCTH, M3 KOTOPO#l BO3HHKJH IJIAHETH], OT <«IPOTOCOJHLA>.

2. ®opMHpOBaHHe MJIaHET NMPOHCXOJMJO NOJ BO3LEHCTBHEM pas-
JUYHBIX (pu3HuecKux npolieccoB. CreacTBHe MeXaHHYECKHX MNpOLEC-
CoB — cxkaTHe (ymJIolLleHHe) Bpallaioolledcs TYMaHHOCTH, ee yAaje-
HHe OT MPOTOCOJHIIA, CTOJKHOBEHHE YacCTHIl, HX YKpYNHeHue u T. .
H3mensach TeMmepatypa BellecTBa TYMaHHOCTH. 3aMell/IeHHe Bpa-
menust 6yayutero CosHia MOrJao 6bITh 06YCIOBJEHO MAarHUTHBIM MO-
JleM, CBSI3bIBAIOIIMM TYMaHHOCTb C NpPOTOCOMHLEM. TeopHs, YYHThI-
Balollas BCe 3TH IPOLIECCH, MO3BOJSeT B OOUIHX YepTax O6bACHHTb
OCHOBHble 3aKOHOMepHOCTH B COJIHEUHO! cCHCcTeMe. )

3. CnytHuku nuaHeT (a 3HAa4HT, M Hama JIyHa) BO3HHKJH H3
posl YacTHI, OKPYXKaBUIHX MJAHETH, T. . B KOHEYHOM HTOre TOXe
W3 BelllecTBa NpOTONJIaHeTHOH TyMmaHHocTH. Ilosic acrepounos Bo3-
HHK TaM, Tae npurtsixkenue lOnurepa npensitcTBoBaso opMupoOBa-
HUIO KPYMHOH NJIaHeTH (Apyrasi TOYKa 3pEHHsl, COIIaCHO KOTOPOH
acteponibl — OGIOMKH pa3pylWIMBINEHCS MJaHEThl, cedyac uMeeT
MaJlo CTOPOHHHKOB).

Takum o6pa3oM, OCHOBHAs H/esl COBpeMeHHOH IJIaHEeTHOH KOCMO-
FOHHHM CBOJAHMTCS K TOMY, 4YTO IJIaHEThl H HX CIYTHHKH 006pa3oBaJjiHCh
M3 XOJOAHBIX TBEpJbIX Tel H yacTuil. 3eM/s Kak NJaHeTa B OCHOB-
HOM cdopmupoBasnach 3a BpeMs nopsaaka 100 maH. ner u BHayaze
toxe 6bina xosnonHoi. [Tocnenyromuit pasorpeB 3eMuM MPOHCXOAH
B pesynbTaTe YNapoB KPYMHBIX Tea (TakKHX, KaK acTepoHAHl), rpa-
BHTAlIlHOHHOTO CXKA3THA H pacnaja paiHOAKTHBHHIX 3/eMeHTOB. He-

90



KOTOpOe KOJIHUECTBO Telljla MOTJIO BhAeMUTbCA U Osaronaps nedop-
MalMM 3eMHOTO Iapa JYHHEIMM npunuBaMu. B npomstom Jlyna
6bl1a B HECKOJIbKO pa3 6suxke K 3eMJe, yeM cefiyac, a MOTOMY JIyH-
Hble MPHJIMBH MMEJH 3HauMTebHO GOsbliie MacliTalbl, 4eM cefiuac,

OueBHHO, TAKMM CHOCOOOM MJaHeTHl M CNYTHHKH MOIJIH ofpa-
30BaThCcA He TOJbKO BOM3H ConHlla — psif0BOH 3Be3nbl Beenenunodn,
HO M OKO0JIO /I060H ApPYroi 3Be3AHl.

ATMOC®EPHI IIVIAHET

[TnaneTsl, Kak M 3Be3AHl, He Bcerja OBIIM TaKUMH, KAKHMH MBI
ux 3acranu. C TedeHHeM BpeMeHH MEHSJIHCh HX aTMocdepbl H 06JHK
noBepXHOCTH. BBIO Bpemsi, Hanpumep, Koraa 3eMJllo OKpyiKaja
«rnepBUYHafg» aTMocdepa, cOBCeM He MOXOxKas Ha HbHelHOK. Be-
posdTHee BCero, B COCTaB MNEepPBHUHOH aTmocepbl 3eMJH BXOJAH/IH
NpeHMYyILeCTBEHHO COeJMHEHHSI caMOro pacrnpocrpaHeHHoro Bo Bce-
JIEHHOH XHMHYeCKOro 3jeMeHTa — Bojopona. Kpome Bomopona, Bo-
JfHBIX NapOB, MeTaHa M aMMHaka, B NepBHYHOH aTMocdepe MOTLJIH
GbITh pa3jHuHble HHepTHBIE raswl (reauit, HeoH). IloctenenHo 3em-
Ji MoTepsiJla H3 CBOell aTMoc(epbl BOJOPOJL H HMHepPTHhIE rashl, a
uMelolleecst cefiyac HeGoOJbIIOE KOJHYECTBO aproHa B artmocgepe
3eman mMorJyo o6pa3oBaThCd NO3[Hee B pe3yJbTaTe PafHOAKTHBHOIO
pacrnajia 371eMeHTOB, KOTOPEE BXOAAT B COCTAB 3eMHBIX NMOPOL.

Bona, yraekucabiil ra3 U HeKOTOpHIE IpYTHe KOMIIOHEHTHI cOBpe-
MeHHOH aTmoc(depsl HAXOLHUIHCh KOra-TO B CBSI3aHHOM COCTOSIHHH,
T. €. COAepiKaJHCb B 3eMHHBIX NOpojAaXx. B cBOGOAHOM COCTOAHHH
3TH BellleCTBA OKa3aJHCh B Iipoiecce (OpPMHDOBAHHS M pasorpena
3eMHOIl KOpH, B XoJe OYpHOH BYyJKAHHYECKOH AKTHBHOCTH TOTAa
emte Mosonofi muaHetsl. Emle u cefiuac Bo BpeMs H3BepXKeHHH ByJ-
KaHoB B armocdepy BbIOpachiBalOTCS PpasjHuHbie rasoobpasHble
BellecTBa. BeposiTHO, HAa caMbIX pPaHHHMX CTaJHsAX CYLeCTBOBaHHSA
3emau Kak odopMmuBLielics NaHeThl (0KOJO 4 MJpPA. JeT Hasan)
Ha Hell BO3HMKJ/M XKHBbIe OPraHU3Mbl (THIIA CHHe-3eJeHbIX BOLOPOC-
Jeil), craBIiHe OJHHM M3 Ba)KHeHIIHX HCTOYHHKOB OOOrallleHUs
atmoctepnl Kucaopomom. [lanbuedilias ssononus atMocdepbl 3eM-
Ay Gblia Hepas3pblBHO CB3aHA C MPOLECCAMH YTeYKH B MeXIJaHeT-
HOe MNPOCTPAHCTBO JIETKHX ra3oB, ()OTOAMCCONHAlHMel, BLI3BAHHOH
COJIHEUHBIM H3JyueHHeM, U BJHSIHHEM XKHBOI NPHPOABL.
~ Kako# xe crana cefiyac atMocdepa Hamell niaHeTs? Kak 3Bo-
JIOLHOHUPOBaH aTMochepbl ApyrHx nnaser? KakoBel aTMocdeph
nJaHeT 3eMHO¥ rpynnbl? B deM OHM CXOAHBI M 4eM OTJIHYAIOTCH OT
atMocepnl 3eman? UTto mpeAcTaBasoT co6oii aTMocdephl NaaHeT-
rurautos, Hanpumep lOmurepa? IrtoT maparpad B KakoH-TO Mepe
[IOMOKET BaM INOJYYHThb OTBETHl Ha MOCTaBJEHHble BONPOCHL

Atmocdepa 3eman

Hawa nnasera oxkpyxena OGWIHPHOA, oYeHb MOABHIKHOH aTMO-
chepoit, umelolleil cnoxHOe CTpoeHHe. [Ipubopel, noaHKMaeMble Ha
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BO3IYIIHKIX IIapaX, re0HU3NYECKHX PaKeTax H UCKYCCTBEHHLIX CIYT-
HUKax 3eMJH, nepelaioT Ha 3eMJI0 faHHble O XHMHYECKOM COCTaBe,
TeMmnepaTtype, AAaBJEHHH, NJOTHOCTH M IPYTHX XapaKTepPHCTHKaX
atMocdepbl Ha pasHbX BpicoTaX. OCHOBHBIMHM ra3aMH, BXOISIIHMH
B coctaB atMochepr 3eman, aBasgiorca as3otr Ng (78% ot obuero
o6bema rasa uau 75,5% ot obuieit maccel rasza), kucaopoa O, (oko-
a0 21%), apron (1%). Hpyrux razoB B atmocdepe 3eMan oUeHb
MaJno, HanpuMep yraekucaoro raza CO; okono 0,03%. Bur suaere,
4TO KHCJOPOA CBSI3aH C JKH3HENesTeJbHOCTbIO PACTEHHH, H eCJIH Gbl
He oHH, TO mpuMepHO 32 10 000 net aTMocdepHBI KHCAOPOL H3pac-
xozoBajicsl Obl Ha OKHCJIEHHE TOPHHIX IOpPOZ.

IMpumepno 80% Maccel Bo3ayxa COLEpPKHUTCS B CHOAX, PacIloo-
JKeHHBIX 10 BHICOTH 15 kM. B caoe go 30 kv naxonutcs mouta 99%.
macch Bo3nyxa. [Io mepe nogbema Han TNOBEPXHOCTHIO 3eMJIH aTMo-
ctepa craHOBUTCH Bce OoJjiee pa3pekeHHOH: eCciM Ha ypOBHE MOps
IJOTHOCTh Bo3nyxa mopsiaka 10~2 r/cm3, To Ha Bhicote 100 KM oHa
cocraBasger 101 r/cm8,- a ma BricoTe 1000 KM Bcero JHmIb
10-18 r/cm8. Peskoil rpanuubl atMocdepa, NpOCTHPAIOLIASACS CBHILIE
2000 kM, He HMeeT.

CnoXHBIM 06pa3oM H3MeHseTCs TeMllepaTypa 3eMHOH atMmocde-
pel: B Tponocdepe (B CpelHHX HIMPOTAX 3eMHOTrO IHapa NPHMEPHO
IO BHICOTH 15 KM) TemmepaTypa IIOCTEIIEHHO NafaeT C BHICOTO
(6°C Ha 1 KM); B HHXKHHX CJIOSIX CTpaTocq)epbl (mpuMepHO 10 25 KM)
TeMIlepaTypa nocrosiHHa (mpuMepuo —55°C), a no Mepe noabema
B BepxHue ciaou ctpatocheps (mo 50 KM) OHA BO3pacraer MOYTH
1o 0°C; sateM cHOBa HaOJiomaeTcs NajeHHe TeMIepaTyph B obJa-
ctu Mesocoeprr (50—85 kM), a Bome (B TepMocdepe H 3K3oche-
pe) — pocT TeMnepartypbl 10 3HayeHHit 800—1300° C.

Kak Bbl 3HaeTe, B 3eMHOH artMocepe moj neficTBHEM H3Jyde-
uua CosiHIIAa TPOUCXOAMT IHCCOLHALHS MOJIeKYJ BO3AYyXa H HOHH-
3anusi aToMoB. Ha BricoTe, HeCKOJIbKO mpeBuiatonieii 20 kM, Haxo-
IUTCA MaKCHMyM IIJIOTHOCTH O30HOCQeps — caosi o030Ha (O;),
MOTJIOIAIOIIer0 3HAYHTeIbHYIO YaCTh KOPOTKOBOJIHOBOIO H3JyYEHHS
CoJHIIa H TeM CaMbM IIpeJoXpaHsAIoNIero oT rubeu XHBYIO MPHPO-
Ay. 3arpsisHeHHe aTMocdepbl 4peBaTO pa3pylleHHeM O030HOcdepHl,
TaK KaK O30H OYeHb YYBCTBHTENEH K BCEBO3MOXKHBIM IpPHMeECSM.

Ob6aacte aTMocdepsl, rie, KpoMe HeATPaJbHHIX YACTHI, UMeeT-
cfl 3HAYHTENbHOE KOJHYECTBO HOHOB H CBOGOJHBIX 3/71E€KTPOHOB, Ha-
auBaetcss MoHOChepoi. Huxnne ciou HOHOCQeph BO3HHKAIOT Ha
BHCOTaX OKoJao 60 KM, a BepXHHe INPOCTHPAIOTCA NPHMEPHO [0
500 kM.

PaccenBast ¥ morJomas HIyllee H3 KOCMOCa H3JIyueHHe Hebec-
HBIX TeJ/l, HECNOKONHasl 3eMHas aTMocgepa NpPeNATCTBYeT acTPOHO-
MuyeckuM Habuarofenuam. HasemHble acTpOHOMHUYECKHE HHCTPYMEH-
Tl (ONTHYECKHE TeJNEeCKONbl, pafHOTeJeCKONb H T. X.) MPHHHMAIOT
JHUIIb TO H3JyueHHe HeOeCHHIX TeJsl, KOTOpOe IPOHHKAeT CKBO3b «OKHa
IpPO3paYHOCTH» 3eMHOIT aTMOC(epHI.

OnTHYeCKOe <«OKHO IIPOSPayHOCTH» NPONYCKaeT BHAHUMYIO 06-
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J1aCTh CIeKTpa (CBeT) M NpHJeramoliHe K Hell HeGOJbLIME YYaCTKH
yJ1bTpa¢HoNeTOBOTO U HHOpaKpacHoro auanasona. Bce 3To usiy-
YyeHHe C IJHHOH BOJHBI, Goubmieli 0,3 MKM M MeHbIEHl HECKOJbKHX
MHKPOH, HMCCJEIYIOT C NOBEPXHOCTH 3€MJH ONTHYECKHMH TeJECKO-
NaMH, KOTOpble OGBIYHO CHaAGXKaloT MPHUCIOCOGJeHHAMH Aas ¢oTo-
rpadgupoBanus HeOECHHX TeJ M HX CIEeKTPOB, HanpHMep YyBCTBH-
‘TeJIbHBIMH TIPHEMHHKAMH HHPPAKPaCHOTO H3JTydyeHHS.

3emHas aTMoc(epa MponycKaeT B OCHOBHOM PaJHOBOJIHBI C JJIH-
Hoi oT 1 cm mo 20 M («paZHOOKHO mMpo3pauHocTH»). Habaonenus
B 3TOM JAHanasoHe NPOBOJATCA C PaJHOTEIeCKONaMH.

BuuManHe yYeHBIX NPHBJIEKaeT M AHanas3oH CyGMUJIHMETPOBBIX
BoJiH oT 500 MKM Z0 1 MM (y4acTOK crnekTpa Mexny HH(ppakpacHOH
06J1aCThI0 1 MUJIJIHMETPOBBIMH pajfuHoOBOJHAMH). HaayueHue B aTOM
JAuanas3oHe CHJBbHO NOTJIOLLaeTcst BOASHBIM NMapoM, a NOTOMY HabJio-
JIeHHsI BHIMOJHSIIOTCS C BHICOTHBIX CaMOJIETOB, a3pOCTATOB H reodu-
3HUECKHX pakerT.

B nocnexnne rogwl 6sarogapsi BHeaTMOC(EpPHEIM acTPOHOMHYE-
CKHM HaOJI0/leHHSIM, BBINOJHSEMBIM Ha OpPOHMTAJBHBIX H MeXIJa-
HeTHBIX aBTOMATHYECKHX CTaHUMAX, HeGecHble Tesa HCCAEAYIOT BO
BCEM CIEKTpPE 3JeKTPOMAaTHHTHOTO M3JIyYyeHHS: OT raMMma- U peHT-
TeHOBCKHX JiyyeH C AJMHHOH BOJHBEI MeHee CTOMHJIIHOHHON HOJH CaH-
THMeTpa [0 PaJHOBOJH C JJIHHOH B COTHH METPOB M Laxe KHJO-
merpa. [lasi cpaBHeHHS HHTEPECHO OTMETHTb, 4TO IJIa3 BOCIPHHH-
MaeT u3jaydyeHue («BHAMMBIA CBeT») TOJBKO B npenenax ot 0,4 mo
0,75 MEKM.

ATtmochepa BeHepni

dra naaHeTa OKPYKeHa MOLIHOH aTMoc(hepoi, KOTOPYIO OTKPHII
B 1761 r. M. B. JlomoHocOB, Ha6/101as NPOXOXKAeHHe IIaHETH MO
qucky Cosuna. Ha mpoTsixkeHHH MHOTHX JIeT O XHMHYECKOM COCTaBe
aTmoc¢epbl BeHepbl MOXHO OBLJIO CYAHTb TOBKO HA OCHOBE HaHHBIX
CreKTpasbHBIX HabJiolenui. Buin ciesnan BbBOA, uTO B aTMochepe
BeHepbl e€CTb HeMaJsO YIJIEKHCJOrO rasa H HeKOTOpoe KOJHYeCTBO
BOJSIHOTO Iapa, a TakXe, BO3MOXKHO, ApPYrHe rasbl, HampuMep KHc-
aopoa. OfHAKO 5TH AaHHbIE 10Jiroe BpeMsi OCTaBaJHCh BeCbMa Heol-
penenenHbiMH. SIcHOCTb Obla BHeceHa TNpexjae Bcero Guaromapst
HEMOCPeACTBEHHEIM H3MepeHHsIM B aTmochepe BeHephl, KoTophie
BHINOJIHUJIH TPHOGOPHl COBETCKHX aBTOMATHYECKHX MeEXKIJaHETHBIX
cranuui THna «Benepa». DTH CTaHUMH NepenaBaiu HHPOPMAIHIO
BO BpeMsi MJABHOTO CIlyCKa Ha mapaiuiporax B atMocdepe BeHepsl.
A «Benepa-7» He TOJIbKO NepellaBajla JaHHbIE H3MePeHHH, HauHHAs
C BHICOTH 55 KM BIJIOTh JO NOBEPXHOCTH, HO H 23 MHUH (PYHKUHOHH-
poBasia Ha NMOBEPXHOCTH MJaHeThl. Baaronaps sTum 3amedarTesbHHM
JOCTHKEHHSM COBETCKOH HayKH H TeXHHKH GBLIO HaJeXKHO YCTaHOB-
JeHo, uTo BeHepa o6snagaer CHILHO pas3orpeToli atmMocdepoir (0 BbI-
COKOii TeMIepaType CBHAETEJbCTBOBAJH H JaHHbIE PAaJHOACTPOHOMH-
YecKHX HaOMIOACHHUH), B OCHOBHOM COCTOSILUEH M3 YIVIEKHC/IOIO rasa
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¢ He3HAUHTEJNbHBIMU NPUMECSIMH BOJSHOroO mapa, KMCJI0pojaa H, BO3-
MOXHO, a3oTa.

B Mecre mocaaku cranuuu «Benepa-7» temmepartypa atmocdeps
coctaBasna 4744-20°C, a naBiaeHHe okasanaoch 90%=1,5 atm. Itn
pe3ysnbTaThl GbIIH MOATBEPKAEHB H YTOUHeHBl BO BpeMs 3aBeplualo-
mero srtana nojera «BeHepn-8», chmyckaeMbli anmapaT KOTOpOi
22 uioHa 1972 r. B Teyenne 50 MHH paGoTas Ha NMOBEPXHOCTH MJa-
HeTHl M 3aperucrtpupoBan Temmepartypy 470-48°C, naBneHue
90+1,5 atm. :

B oGimeM o6bemMe aTMocdephl yraekucblit ras cocrasaser 97%,
asot okoso 2% u xucmopoxr — 0,1%. BoasiHoit map Gbln o6HapyxeH
B BepXHHX cJosix atMmocdepsl. [To-BuaiumMomy, BoasiHoro mapa B 06-
Jakax BeHepbl cyuiecTBeHHO MeHblle, 4eM B aTMmocdepe 3eMJIH.
Takoe oGe3BoxuBaHue atTMocdepsl BeHeprl n0xKHO ObITH CBS3aHO
¢ TeM, uto Benepa 6nuxe x Connuy, ueMm 3eMas.

ITpu6opel, HaxomuBuinecs Ha «Benepe-8», nmepenanu cBeneHus
O HEKOTOPHIX ONTHYECKHX CBOHCTBaxX artMmocdepbl M O IBHKEHHH
Bo3ayxa B arMmocdepe. Tak, oxasasnoch, 4yTo, HeCMOTpst Ha oO6Jaka,
COJIHEYHBIH CBeT NMPOHHKAeT K NOBEPXHOCTH IJIAHETH!, Tle BCe-TaKu
Ha6/1104a/10Ch 3aMETHOE Pa3/HuyHe B OCBEILEHHOCTH HOYBIO M JHEM.
Atmocdepa Benepsl HecnokofiHa: HalpuMep, Ha BbicoTe 45 KM OTMe-
YeHbl BETPHI, IyIONIHE CO CKOpocThio Gosee 50 M/c.

Awmepukanckuii «Mapuuep-10» B ¢eBpane 1974 r. mpomen Ha
paccrosinun 3600 kM or noBepxHoct Benepel. Ha 3emiro Gwinn
nepenansl ¢ororpadun obsayHoro NokpoBa BeHepwl, cocrosiuero
U3 HecKoJbKHX cyoeB. [TonyuyeHbl HOBHIe JaHHBIE O MOIIHOH LHPKY-
JSUHHM BO3AYyXa U NOATBEPKAEHO CyLIeCTBOBAaHHE YETHIPEXCYTOYHOTO
nepuona UUPKYJSIUHH BEPXHHUX CJIOEB aTMOc(ephl: 3/leChb yparaHHbIe
BeTpHl pocruraiot ckopocreil 100 M/c u AyIOT B HanpaB/eHHH Bpa-
IEeHHs TJaHeThl (a OHO, KaK BBl 3HaeTe, NPOTHBONOJOXKHO Bpalle-
HHi0 3eMJH M ApYrux nnaver). B BepxHeil atmocdepe oGHapyxeH
yIJepon, KHCIOPOJ M BOZOPOA. YT/IepOX H KHCJIOPOXA — pe3yJbTaT
DHCCOLMAlMU YIJIEKHCI0ro rasa. Boaopox H ero coeiuHeHHs mnpen-
CTaBJISIIOT cO00H, BO3MOXKHO, NMPOAYKTHI pa3joXkKeHHs] BOASIHOTO mapa,
a GBLITb MOXET, H AEATEJbHOCTH BYJIKaHOB. TakOBH OKa3aJHCh yC/IO-
BHS Ha Benepe, kotopeie (yBbl!) KpaiHe He6aronpHATHH /IS pas-
BUTHSI KaKux-mu60 opM KH3HH.

Csenenns, nosmyuennsle B 1975 r. «Benepo#i-9» u «Benepoit-10»,
NOATBEPAMJIH BbIBOJ O CYpPOBbIX YCJOBHSIX Ha Benepe. JIHmb Ha
BbICOTEe 55 KM OT NOBEPXHOCTH IJIaHEeThl TeMIeparypa M naBjeHHe
GJMH3KH K NPHUBLIYHBIM I/ Hac. OcBelleHHOCTb NMOBEPXHOCTH B Me-
crax nocanku «Benepri-9» u «BeHneprl-10» HamomuHasa oOCBelleH-
HOCTb 3eMJiH B JIeTHHH o6saunblii neHb. Mi3-3a BeTpoB, rocrnoncrt-
BYIOLIHX Ha ypoBHe 00/1aKOB, CyTOUHble TeMIepaTypHble KOHTPACTh,
no-spauMomy, crtupaiorcsi. O6naka BeHepnl oKasanuch H0BOJBLHO
OAHOPOAHBLIMM H NPO3PAYHBIMH, HANOMHHAIOUIUMH ABIMKY. Ckopee
BCEr0 OHM COCTOST.. H3 KOHLEHTPHPOBAHHOrO BOJHOIO pacTBOpa
CepHO# KHCJAOTH C NMPHUMECHIO MIABHKOBOH U COJISHOH KHCJOT, a Tak-

\
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JKe € a3P030JbHBIMH COCTABJSIOUIMMH, KOTOpbie HAMOMHHAIOT Mbl/Ie-
BYIO B3BeCh.

Kak m y apyrux miaHeT 3eMHOH rpymnmel, aTMocdepa BeHepnl
obpasoBasach B pe3y/bTaTe BhIXOAAa BYJKaHHYeCKHX rasos. By.ka-
HUYecKasi akTUBHOCTR Obly1a 0coOeHHO BeJiKa B mepuol Aupdepen-
UHAUMH BellecTBA NJaHeThl Ha 000J0YKH. DoJiblioe KOJIHYECTBO
YIJIeKHCI0ro rasa, KOTOpOe cOXpaHuJoch Ha Benepe 10 Hacrosllero
BpEMEHH, CBsI3aHO C TeM, 4TO Ha 3ITOH IJaHeTe HeT HU OKeaHa C
TJIaHKTOHOM, HU PacTHTENBbHOCTH Ha cywe. [loatoMy norjowiate Tam
YTJIEKHC/IbIE Ta3 MOTYT JIMIIb MHUHepaJibl MOBEePXHOCTH. B aTmocdepe
BeHeprr oueHb Maso BOASIHOro mapa. [loka TpPyIZHO MOHATH, Kylda
Hcyessia Boga u Obl10 JH ee BOOGlle KOrja-HUGYIb MHOTO.

BaxHo moauyepkHyTb, YTO HOBBble CBeIeHHs, MOJydeHHble 6Jaro-
Japs HeNocpeJACTBEHHbBIM H3MepeHHSM, NMOATBEDAHJIN H YTOUHHJIH
pe3y/bTaThl, KOTOpble paHee OBLLIM MOJYYeHHl C NMOMOIIbIO ONTHYE-
CKHX M paJu0acTPOHOMHYECKHX METOAOB.

CpaBHuTe xuMHueckuii coctaB atMoctdep 3emin u BeHepsl.

Ha kakux npumepHo riy6uHax B OkeaHax 3eMJsiM [JaBJieHHE TaKoe Xe, KaK Ha
noBepxHocTH BeHephi?

IInotHocTh rasa y noBepxHoctd Beuepw npumepHo B 65 pa3 Gosblue, yeMm y
noepxsocTd 3eMuu. OueHuTe, BO CKOJIbKO pa3 OHa MEHblIE MJIOTHOCTH BOJABL

Bricokyio TemmepaTypy y moBepXHOCTH BeHephl MHOrHe ucclie-
IOBaTeJH 3TOH IJIaHeThl MBITAIOTCS OOBbACHUTb MapHUKOBHIM 3 dek-
TOM, CYUIHOCTb KOTOpOrO CBOAMTCS K cjaenyiolleMy: atmochepa
Benepnl, cocrosilliasi B OCHOBHOM H3 YIJIEKHCJOro rasa, ocaab.ss
ayuun CosiHua, NPOMyCKaeT MX K MOBEPXHOCTH MJiaHeTsl. Harperas
MOBEPXHOCTh CaMa CTAHOBHTCS WCTOYHUKOM WH(paKpacHOro usay-
yeHHsl. 3HaYUTeNbHAS YaCTb 3TOTO M3JYYEHHs MOIJIOLIAeTcs B aTMO-
cdepe maaHeTsl H He NMPOHHKAeT B MEeXIJIaHETHOE MPOCTPaHCTBO.
Bnaromapsi sTomy paBHOBecHe MeXAy TeMJIOM, KOTOpOe MOJydaer
naadera ot CoJsiHLa, W TEMJIOM, M3/1y4aeMBIM €l0, JOCTHI2eTCsl NPH
GoJiee BBICOKOII TeMIepaType.

Atmocdepa Mapca

_ B Hacrosiuee Bpems, 6saronapsi YCHEIIHbIM 3KCIEpHMEHTaM,
NPOBEIeHHbIM C MOMOLIbIO COBETCKHX M aMePHKaHCKHX KOCMHYeCKHX
anmapartoB, o6HapyxKeH pPfAJ CYyLIeCTBEHHBIX OTJIHYHH aTMOC(hepHl
Mapca ot atmocdep 3eman u Benepnl. [Ipexne Bcero, obiee KoJk-
YecTBO rasa B MapCHaHCKOH aTMocgepe mpumepHo B 100 pas meHs-
e, yeM B 3eMHOH. [laxke B 00JacTaX, rie atMocepHoe HaBjieHHE
Ha Mapce HauGosbiuee (B pafioHe 65° c. m1.), OHO He NpeBHiIAeT
7 mm pT. cr. Takoe AaB/~HHe CylIeCTByeT Ha BBICOTE OKOJIO 35 KM
HaJ, NOBEPXHOCTbIO 3eMJIH... BeTphl, CKOpocTb KOTOPHIX NOPOH XOCTH-
raeT HeCKOJbKHX IeCTKOB METPOB B CEKYHAY, CIOCOGHbHI MOXHSAThH
BO BpeMs Oypb B paspexenHyl aTMocdepy Mapca Ha HECKOJbKO
KHJIOMEeTpPOB GoJiee MHJJIMApAa TOHH NBIIM. JTO COCTaBJ/sgeT COThle
JOJIA NpoleHTa oT obuiell MacCH atMocdeprl. [IpHuniia UHpKyaAUNY
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BO3/lyXa H BO3HUKHOBEHHS CHJIbHBIX BETPOB — HepaBHOMEPHLIA pa3o-
rpeB MoBepXHOCTH H aTMocheps Mapca.

Kak u atmoctepa Benephl, «Bo3nyx» Mapca COCTOHT B OCHOB-
HOM M3 YIJIeKHCJIOoro rasza. ATo cTaJjo u3BecTHO B 1974 r. 6naronaps
rasoaHa/ln3aTopy, YCTaHOBJEHHOMY Ha «Mapce-6», u nanHbiM ame-
pukaHckux «Bukunros» (1976 r.).

Kpome yriaekucioro rasa, B armocdepe Mapca B HeGOMBLIOM
KOJIMYECTBE COJepKaTCsi KHCJIOPOA, O30H, aproH M BOJSIHOH map,
NpHYeM KOJMYECTBO BOASHOIO NTapa He OcTaeTcsl MOCTOSIHHBIM.

Xorsa B atmocdepe Mapca MHOro yriekuc/aoro rasa, tTaM, Bepo-
ATHO, CYLIECTBEHHYIO pOJb HIpaeT He NMapHUKOBLIH, a «aHTHNAPHH-
KOBHIl» 3¢¢ekt. [lbab, nogHuMaemas B BO3AYX BO BpeMs Oypb,
OTpa¥KaeT M MNOIJOIaeT 3HAYHUTEJNbHYIO YacTb COJHEYHOro H3jyye-
Husa. BMecTe ¢ TeM HM OHa, HHM YIJIEKHCHBIH ra3 B OuYeHb pa3pexKeH-
Hoii aTmocdepe Mapca He CTaHOBATCS NMpPENATCTBHEM MM TEMJO-
BOIO H3JyYeHHs, UCXOASIIEro OT HarpeTofi NMOBEPXHOCTH MJIAHETHI.
B pesysbTaTe NOBEPXHOCTh TJaHETH OBICTPO oOXjaaxpaercs (He
TOJIKO TI0 CpaBHEHHIO C NOBepXHOCTbIO BeHepHl, HO naxe u 3emun).

MHoro pas penaJjuch HOMBITKH NOCTPOHTb «MOJENb» aTMOCGhepH
Mapca, T. e. 3aBUCHMOCTb TeMINlepaTyphl, IJIOTHOCTH, AaBJEHHS H
XMMHYECKOTO cOCTaBa OT BbICOTH. OAHAKO Tenepb B CBSI3H C MOJY-
YyeHHeM HOBHIX AaHHBIX 0 Mapce crapole «Monenu» GynyT, MO-BU-
JIUMOMY, CYIIECTBEHHO YCOBEpIIEHCTBOBAThCS.

BaxkHoe sHaueHHe HMeeT Bompoc o6 uonocdepe Mapca. Hccre-
NOBaHus, BHINOJHEHHblE Ha «Mapce-5», NOKa3bIBAIOT, YTO 3J1€KTPOH-
Hasi KOHIeHTpanus B atmocdepe Mapca TakoBa, 4TO TaM KOCMOHAB+
T, BEPOATHO, CYMeIOT O6GINaTbhCA C MOMOIIBIO pafHOCBS3H (Ha BOJI-
nax aaunHee 500—1000 m).

Atmocdepa Mepkypus

B mocnenHee BpeMs MOSBUJINCH HEKOTOpbie cBedeHHs o6 aTmo-
cdepe atoit nuanethl. ManeHsknit # 6TH3KO pacnosioKeHHbIH K COJH-
uy Mepkypuit umeer, no gaHHbIM «Mapunepa-10», oueHb paspexken-
HyI0 aTMocdepy, B KOTOpo# o6HapyXeHb HeKOTOpbie HHePTHHIE rasHl,
Hanmpumep aproH u HeoH. Takue rasel MOIVIH BBIAGNHTLCS B Pe3yJb-
TaTe pacnaja pajHOaKTHBHHIX 3/1eMEHTOB, BXOAAIIHNX B COCTAaB IPYyH-
Ta IJIaHEeTHI.

Konuentpauus rasa B atMocdepe Mepkypus mpumepro B 10! pas meHbme,
geM B 3eMHO. CKOJIbKO Ke YacTHIl B CPefHeM colepxKurcs TaM B | cm3?

Tenepb naBaiiTe nepefiieM OT eJBa YJOBHMOH aTMocdepsl 3Toil
KPOILEYHO! MJaHeTH K aTMochepaM caMbiX JlaJeKHX GOJbLINX niaa-
Her COJIHEYHOH CHCTEMBI.

Atmocdepa IOnurepa

IMnaners-rurants (Onurtep, Catypn, Ypan, HentyH) okpyxkeHnl
NpOTSKEHHBIMH H OYeHb HEnpO3pauHbiMH aTtMocdepaMu, a MOTOMY
Ha6MONEHHSAM NOCTYTHBl JIHIIb CaMble BHEIIHHE 30HBI aTMocdep
9THx nJaaHeT. B mccaefoBaHiM aTMocdep IJaHeT-rHraHTOB MHOMKe-
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CTBO HepelleHHbIX BOMPocoB. ATo oTHOcHTCS M K IOnurepy, KoTOpHIf
HCC/Iel0BAH Jyyule, YyeM ApYyrHe nasekue niaasetsl. Ilpu naGaone-
HHH B Tejeckon 3amerHO cxkatue IOnutepa. OHO paBHO /i, 3HAYH-
TeJIbHO NPEBOCXOAHT CKaTHe JIOOOH MIaHeThl 3eMHOH IPYNINBl U BHI-
3BaHO GBICTPhIM BpalleHHeM IOmuTepa BOKPYT OCH: IepHOJ Bpalile-
HHsl 3KBATOPHAJBHOM 30HBI MJIAHETH COCTaBJfeT BCEero JiHiib
9450M,5. IOnuTep BpallaeTcss He Kak TBepJoe TeNO: MEePHOA 3KBATO-
pHaNbHO 30HB HAa HECKOJNBKO MHHYT MeHblle NMepHoja BPalleHHs
CPEIHUX LIHPOT H OKOJIOMOJIAPHBIX obsactell. ITO 0ObACHACTCS TeM,
4TO MH HaGJ0faeM BpalleHHe BHEIIHUX CJI0eB OYeHb MOLIHOH aTMO-
cheprl niaHeThl. B Teseckom 3aMeTHB IOJIOCH, DPacCHOJIOXKEHHbIE
napaanensHo 3kBatopy lOmurtepa. C TeuyeHHeM BpeMeHH HHOrJa
JIOBOJIbHO GHICTPO M3MeHsleTcsl HIHpHHA 06/1auHbIX MOJOC, HX yAane-
HHME OT 3KBAaTOpa MJaHeThl, SPKOCTb M IBeT. BO3MOXKHO, YTO 3TH
aKTHUBHBIE MPOLECCH, IPOUCXOAAINHNE B aTMOoCc(epe MIaHETH, 3apPOXK-
JaroTcsi B IyGOKHX BHYTPEHHHX M NOKA ellle COBEPIIEHHO HeAOCTYI-
HBIX HaGmonenusim obnactsix lOnurepa. Ilpupona atux mpoueccos
3arajioysa, XapakTep HX OTJIHYEH OT TeX, KOTOpble NPOHCXOAAT Ha
3emuJe.

Ha nporsixxenun okoso 300 net na IOnutepe nabmonaercs Kpac-
poe Ilartuo. OHoO oUeHb YCTOHYHBO, HMeeT 3JUIHICOHAANbHYIO dopMy
(60abwast och 3aaunca npeBocxoaut auamerp 3emau!). IToka He
usBecTHo, sBjsercss au Kpacroe IIsiTHO «mjaBalomiuM OCTPOBOM>»
B aTMocdepe NJaHeTh HJIH TaK Mbl BUAHUM Ta30BbIi CTONO, KOTOPHIH
cBsi3biBaeT [IATHO ¢ Kakof-HUOYyAb HEPOBHOCTbIO NOBEPXHOCTH NJja-
Hersl. Brnpouem, et yBepennoctd, uto lOnurtep uMeeT TBepayio
NOBEpPXHOCTD!

Xumnuecknit coctaB atmoctepnl IOmuTepa pe3ko oTaHYaeTCs
OT COBPEMEHHOro coctaBa aTMmocdep NIaHeT 3eMHOH TPYNIBHl H Ha-
NoMHHaeT HX nepBHulBle aTMocdephl. Kak MOKasbIBalOT CNEKTPasb-
Hble Ha6aoaeHus, B atMocgepe IOnutepa coaepxutcss MOJEKyasp-
Hulii Bomopox Hj, meran CH, m ammmak NH;. M3 npyrux rasos
Hau6oJjiee pacnpocTpaHeHHHIM JOJMKeH ObiTb B aTMocdepe HOmure-
pa, Kak cJelyeT M3 pacyueToB, requil. ITH pacyeThbl MOATBEPAHUJIUCD,
korna «[Iuonep-10» (CHIA) nocne 641 cyrok nosera 4 nekabps
1973 r. npoutes Ha paccrosnuu 130 Toic. KM ot lOnuTepa. Bo Bpems
aToro skcnepuMmeHnra B aTtMoctepe IOmutepa Obln AeficTBHTENBHO
oGHapyKeH reJsIHii, KOTOPOro, OJHAKO, MeHblle, yeM Bogopoaa. C Gop-
Ta KOCMHYeCcKOro KopabJs nosydeHsl (GpoTorpaduu njaaHeTsl B CHHUX
‘¥ KpacHbIx nyyax cnekrpa. ChoTtorpadupoBaHsl U HEKOTOpbIE CNyT-
nuku [Onurepa (Mo, Kanaucro, Espona, 'anumen), npuueM y nsyx
u3 uux (Mo u Tanumen) okasaauce atmocoepn!l. Hamepenne

! B 1974 r. oTkpuT TpuHaauaThlfi cnyTHHK IOnutepa, a B 1975 r.— uernp-
naguareii! Hanomuum, uto gecaTnii cnytHuk CaTypHa GBI OTKPHIT B 1966 T
D70 eille TPH OYEHb HAlNAAHBLIX TNPHMEPA TOro, KaK B Halle BPeMsi NPOHCXONAT
JaJibHeiilllee HakonjeHue cBeleHu#t o ctpoeHHu COJIHEUHON CHCTEMBL.

Yernipraauathifi cnytHuk IOnutepa 21™ — cambiit cnaGuifi cnyTHHK M3 Beex
H3BECTHHIX B CoJiHEUHOH CHCTeMe. DTOT CHYTHHK Haxoautcs oT lOmutepa ua pac-
CTOSHHA NMOYTH 11 MJIH. KM. .
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TEMIEPaTyphl 06Ja4YHOro €0 B OCHOBHOM MOATBEPAHJIO H3BECTHBIH
H3 Ha3eMHbIX HaOJIOJeHHi pe3yJabTaT: KOJHMYeCTBO TemJsaa, KOTOpoe
IOnutep ucnyckaer, Gosee YeM BABOE NpEBbILIAET TEMJOBYIO SHep-
rHio, KOTOpylo nuaHeta moJaydaer or Cosnua. Boamoxno, uro uay-
lee U3 HeAp NJaHeTHl TEMJO BbiAessercss B NPOLECCe MeNJIeHHOro
cKaTus ruraitckoil naanersl (1 MM B roa!).

B 1955 r. 66110 oTKpHITO paguousayuenue IOnutepa. OnHo cocto-
HT H3 HHTEHCHBHBIX BCIJIECKOB, HaOJ/IOAAIOIKXCS B AHANa30He BOJH
anuHHee 15 M. Ilpuposa 3TOro ouyeHb MOIHOIO paXHOHU3JNYYeHHS,
CBSI3aHHOTO € npoueccaMu B aTMocdepe KOnurepa, noka HensBecTHa.
B aumanasoHe caHTHMETPOBBIX BOJIH HaGJ/ojaeTcs 6osiee MOCTOSTHHOE
pasnoH3/yyeHHe, KOTOPOe MOXKeT ObiTb OOBSACHEHO H3/1ydYeHHEM
3/JIEKTPOHOB BBLICOKHX 3Hepruil, ABHXKYIUMXCS B OGIIMPHOM paaua-
LHOHHOM [Mosice NJaHeThl. PaguonssnydeHHe ¢ AJIHHO# BOJHBI 3 CM
HMeeT B OCHOBHOM TeIJIOBYIO NPHPOAY.

NMOBEPXHOCTH JIYHBI U IINIAHET

«[ToBepXHOCTbY B GYKBAaJbHOM CMbICJE 3TOTO C/AOBA HMeeT He
Kaxaoe HeGecHoe Tes0. Hesnb3s, Hanpumep, CYHTATh MOBEPXHOCTLIO
¢orocdepnr Connua u APYrux 3Be3j (MCKJIOYas HEHATPOHHbIE 3Be3-
abl!). Jlo cHX MOp HeH3BeCTHO, eCTb JIH TBepAas MOBEPXHOCTb Y MJa-
HeT-TUraHTOB...

[ToBepxHocTh Hamie#r COGCTBEHHOH IMJIAHETH, €€ MAaTepPHKH H
OKeaHbl, BaM XOpOILO 3HAKOMa H3 Kypca (pu3uueckoil reorpacui.
[ToBepXHOCTH APYTHX MJAHET 3eMHOi IpYNObl O4eHb OTJIHYAITCS OT
NOBEPXHOCTH 3€MJIM M CKOpee HamOMHHAIOT noBepxHocTb JIyHbl. BoT
odeMy Inepef TeM, Kak NO3HaKOMHTbCSI C NMOBEPXHOCTAMH IJaHeT
3eMHOH Tpynnbl, HE0OXOJAHMO BCIOMHHUTb [JaBHOE O MNOBEPXHOCTH
Jlynsl (TeM 6oJiee, YTO MOCJIENLHIOIO Bbl CyMeeTe IIOTOM JeTaJbHO
M3Y4YHTb C TMOMOILbIO IUIKOJBHOrO Te/JeCKolla WM Aaxe GHHOKAs!).

NosepxHocts JIyHbI

Ocrosnole Oderasu AynHo2o peavega. Jlaxe HEBOOPYKEHHEIM
raasoMm Ha JlyHe BHAHBI OGLIMPHBbIE TeMHble Y4acT<H («MOpS») H
cBeT/bie («MaTepHKH»). HecMoOTps Ha TO 4YTO B JIYHHBIX MOpSAX HeT
HM KaIlTH BOJH, B HayKe COXpaHHU/AAch [peXHsds CHCTeMa HaHMeHO-
BaHuil, npepnoxennas eme B XVII B. B ornnune ot mope#i, Matepu-
KM TIPEACTaBASAIOT CO60H ropucrsie paionsl. C Ha3BaHHSIMH HEKOTO-
pHX Mopefl H MaTePHKOB Bl yXke NaBHO 3HAKOMbl XOTSl Obl HOTOMY,
Y4TO 3TH Ha3BaHHS YacTO BCTPEYAIOTCs B CBA3H C IlosleTaMH Ha JIyHy.

Ha o6pameHnHoit K 3eMie ctopoHe JIyHb MaTepHKH 3aHUMAIOT
oKou10 60%, a Mopst — 40%.

Ouenb cBOeoGpa3sHbl MHOrOYHMCJIEHHbBIE KOJblleBble TOpH  Ha:

yHe — KpaTepbl. O6GpIYHO HeGOJbLIOH JYHHBIA KpaTep HMeeT cJe-
jyiollee CTPOeHHE: 3aMKHYThIH BaJj, OMOSCHBAIOLIMA AHO, H LEHT-
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panbHas ropka. Jluamerpsl OTAENBHBIX KPaTepoB HOCTHrawT 250 kM
TNpH BICOTE BaJa B 5 KM.

Hauepture B Maciutabe npoduab JyHHOro Kpatepa.

MHorue JyHHble MOpSI OKaiiMJIEHbl TPOTSXKEHHLIMH TOPHBIMH
xpeO6tamMH. XpeOGThl NOJYYHJIH HAa3BAaHUS 3eMHHIX TOPHBIX LeneH
(Kagkaa, Anbnbl, [Tupenen u np.).

Budumas cropona Jlyuer. OtcyTcTBUe aTmocgepsl Ha JlyHe mo-
3BOJIfleT MOAPOOHO PACCMOTpPETh JYHHYIO noBepxnocTb. Heusrnaau-
MOe BrevaT/ieHHe OCTaBJ/fAeT KPacoTa JIYHHOro pejibeda y Habsiona-
TeJisl, KOTOPhIfi HMeeT B CBOeM pacropsKeHHH HeGOJbILOH TesecKomn
HJIH XOTA Obl IpH3MEHHBIH GHHOK/Ib. B mosHOMyHHE 0cO6eHHO XOpo-
110 BHOHBI MOpS, a KpaTepsl HaH6oJee OTUETJIHBO BhIAENAIOTCS BOJH-
3 TEPMHHATOpA, MOCTENeHHO IlepeMelllalollerocsi NpH CMeHe JIYH-
HBEIX ¢a3. O6s3aTe/bHO nocTapaiiTech yBHIAeTh HA JIyHe Te merasny,
O KOTOpHIX GyJNeT CKa3aHO HHXKe M KOTOphle Bhl 6e3 TpyAa Haizere
Ha KapTe JIyHBHL.

UYepes Tpu aHsA mocse HOBOJNYHHA («Bo3pacT» JIyHBl — TpH IHA)
TepMHHATOp NpOXOoAMT uepe3 Mope Kpusucos no oxpaunnam Mops
H3o6unus.

B centsabpe 1970 r. coBeTckasi aBTOMaTHY9ecKasi cTaHuus «/IyHa-16» noctraBuna
Ha 3emJ0 JAyHHBIH TpyHT. Heckonbko nosgHee rpyHT GhL1 AOCTaBJEH W CTaHIHRH

«Jlyna-20», KoTopasi moGbiBaja B MaTePHKOBOM palioHe, OTCTOSLIIEM OT MecTa No-
caaku «JIyHu-16» Ha 120 kM.

B IUKONBHBI TeNeCKON MOXKHO pPacCMOTPeTb TFOpHbBIE BaJbl,
okaiimasiomue Mope Kpusncos, a Takke psll KPYMHBIX KpaTepos
(/Tanrpen, Bengenuu u 1p.).

Wz Mops Kpusucos B asrycre 1976 r. «/IyHa-24» noctasuia Ha 3emao JyH-
HBIH TPYHT.

[Tpu «Bo3pacte» JIyHbl B mecTb AHeHl OTYeT.1MBO BHAHH Mope
Hexrapa, Mope CnoxoiictBuss # Mope SlcHocTH, Kpatepn Teodwun,
Kupnna u Karapuna.

B Mope CnoxofictBus GHJIO BHIGPaHO MECTO AJs nepBoil nocaakH Ha JIyHy
Kopabas ¢ KocMoHaBTaMu Ha 6opty. B BocTouHO# okpaune Mops ScHocTH Ha npo-
TAXKEHHH HeCKOJIbKHX MecsieB paboTan «JlyHoxon-2» (1973 r.).

B neHp nepBofi ueTBepTH (BO3pacT ceMb AHeH) TepMHHATOp
NPOXOAHT Yepe3 MHOXKECTBO KPaTepPOB: XOpOINO BHACGH H JYHHBIH
Kaskas.

B pafione kpatepoB Apuctuasn, Astonuk u Apxumen (3aaus Jlynsuka) snep-
Bhi€ B HCTOPHH MPHUAYHHAACh «JlyHa-2»,

[Tpn «Bospacre» JIyHn B fmecsiTb AHeH BHl YBUAHTE OGUIHPHOE
Mope Jloxne#t, Mope Xosona, ropueie Xpe6tbl AncHHUHbB, AJbib,
a TakXe MHOro KpynHux kKparepoB (Komepuuk, [lronemefi, Adb-
¢ouc, Apaaxens, Knasuii, Tuxo).

19718 Mope Hoxnefi paGotan «JlyHoxox-1», nocraeaeHumfi Ha JIyny B KOHIe
r.
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Ilpu «Bospacte» JIyHBl B ABeHaAuaTh AHeH yxke BHIHA 3HAYH-
TeJbHAas YacTb Kpynuediueil MyHHolt paBuunbl — Okeana Bypb. Or-
YeTJIHBO BHIJAENAIOTCH KpaTepsl Apucrapx u Kemiep.

Bo Bpema mosHosnyHus B 3anamHoi yactH OkeaHa Bypb BuaeH
pajioH, B KOTOpOoM Obla cOBeplileHa MepBasi MsArkKas IOcafka aBTO-
MaTHyeckoll cTanuuu Ha JIyny («JIyHa-9»). OGpaTHTe BHUMaHHe HA
CBeT/Ible JIy4H, TAHyLlHecs oT KpaTepoB Tuxo, Konepuuk, Kemnep,
Apucrapx.

B cambie Gosbiune TesecKombl ¢ 3eMJIH pelKO yoaeTcsd paccMoT-
petb Ha JIyHe nerann pa3mMepoMm MeHee Kusomerpa. Ho eute no mep-
BHIX IIOJIETOB Jiojell Ha JIyHy aBTOMaTHYeCKHe CTAHUHU Nepepasu
Ha 3emaio dotorpaduu, HoayuyeHHble ¢ HeGOMBIIOH BBICOTHI Haj
NOBEPXHOCTHIO JIyHBI U Jnaxe C ee MOBepXHOCTH. DTH ¢ororpaduu
NO3BOJIMJIM HauyaTh U3yueHHe MHUKpopeabeda JIyHBI, T. €. MHOXKeCTBA
MeJKHX KpaTepoB Ha JYHHBIX MODPSIX HJH Ha JHe GOJIBLIHX KpaTe-
poB, He6GONBIINX KaMHeH u T. A. M3 Hepasnanuumbix ¢ 3eMJn kparte-
POB COCTOSIT H CBEeTJIbIE JNYUH.

JlaHHble KOCMHMYECKHX SKCIepHMEHTOB O INOPHCTOCTH H HEpOB-
HOCTAX MHKpopeabeda JIyHBH NMOATBEPAHNH BBIBOABI, KOTOpble MHO-
rue cOBeTCKHe M 3apy0exHbie yueHble CHIeJalH paHee Ha OCHOBE
Ha3eMHbIX HabJl0qeHu .

JIynnoie nopodet. Baronaps MArkKHM TMocagKaM aBTOMAaTHUECKHX
craunuit Ha JIyHy, a 3aTeM M noseram Jofefl Mbl y3HAJIH MeXaHH-
yecKHe CBOfiCTBa JYHHOTO TpPyHTa M ero XHMHYeCKuii cocraB. Ha
Jlyne He 0Ka3asn0Ch TOJCTOTO CJOSI MBLIH, KOTOPOTO ellle HeAaBHO
onmaca/incb MHorue yuenole. Ho mbiib Ha Jlyne éctb. Ona uepHO-
CepoBaTOro IBeTa M IO BHEUIHEMY BHAY HaNlOMHHAeT ApeBeCHHIH
yrosb. [1blJibl0 MOKPBITHI JYHHBIE KaMHH, OHa JIerKo NMPHJAHNana K
nojomBamM 0o6yBH H ckadaHIpaM KOCMOHaBTOB. Ho ee c/oii ouenn
TOHKHH: HOTH KOCMOHABTOB YI1yOJSJINCh TOMBKO Ha HECKOJbKO MHJI-
JUMETPOB, a y:Ke Ha riy6HHe 3 cM oueHb TBepable nopoasl. O6pas-
1Bl JYHHBIX NMOPOJ BHEIIHE HANlOMHHAIOT 3eMHbIE H3BEPXKEeHHble 6a-
3aJabThi. B cocTaB WX BXOAAT XOPOLIO H3BECTHbIe Ha 3eMJjie XHMHUe-
ckue sneMentnl (Si, Al, Fe, Ca, Mg u ap.). Ho B nynHBIX noponax
Gosblile, YeM B 3eMHBIX, COAEPKHUTCA TyromnaBkux snemeHntoB (Ti,
Zr, Cr u n1p.), a Menbie — jerkonnaskux (Pb, Na, K u mp.). Xu-
MHYECKHA COCTaB Pa3/IHYHBIX YYacTKOB NMOBepXHOCTH JIyHEI Heomu-
nakoB (HanpuMep, 6a3anbTel Okeana Bype copmepxar Gosee 10%'
OKHCH THTaHa, a B Mope M3o6uaus ne Menee 19%). ’

B noBepxHOCTHOM csi0e JIyHBI (perosiuTe) COAEPKATCH OCKOJAKH
MarMaTHYeCKHX NOpOJ, IIJakoo6pa3Hble YaCTHLH C OMIaBJeHHBIMH
rpaussMu. MHorue o6pa3ubl kKak 66 o6paGoTaHbl meckoM. Mx o6auk
CBH/IETEJIBCTBYET O TOM, UTO OHH J/HTeJbHOE BPEMS NMOABEpPrajuch
C/MOXKHBIM TpOLECCaM 3PO3HH (yaapbl MeJKHX METeOpUTOB; o6pa-
60TKa MOPOA MOTOKAaMH YaCTHL, HempephiBHO HcxoaAwumu ot CouH-
1a), He MOXOXKHUM Ha Te, K KOTOPHIM Mbl IPUBLIKJIH Ha 3emJe.

Ha JlyHe He 06HapyXe€HO HHUKAaKHX MHKPOOPTaHH3MOB.

B nyHHBIX MOpOAax He HalAeHO KPHCTAJJIH3ALHOHHOH BOAHI, a 3TO
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3HAYHT, YTO BOAH Ha JIyHe HeT He TOJBKO cefiyac, HO ee He 6LLIO
u B nepuoa ¢popMupoBaHus JIyHsl Kak HeGecHOro Tesa. HeoGbiumb-
MH Aas 3eMJM OKa3aJuChb Y CTEKJOBHAHbIe YACTHIH Ha JHE HEKO-
TOpPHIX KpatepoB. OHH, cBepKas MOJOOHO MaJIGHBKHUM 3epKaJam,
NpHBJIeKaJJH BHUMaHue KOCMOHABTOB.

Jlynuble nopoabl, KakK yxe YNOMHHAJlOCb, OTHOCATCS K OYeHb
JApeBHUM.

Obparnas cropona Jynot. B oTiuuue OT NPOAOJIKAEIOMIMXCH YKe
HECKOJIbKO CTOJIETHH TeJIECKONHYECKHX HCCJIeJ0BaHHH BHAMMOH
CTOpOHH JIyHbI, HCCJel0BaHHe OOpaTHOH ee CTOPOHBI HAauyaJoch OykK-
BaJIbHO Ha HaLIMX IJ1a3ax.

Bnepsble B uctopuu Hayku obpaTtHasi ctopoHa Jlynn 6nlaa cdo-
TorpadupoBaHa COBETCKOH aBTOMAaTHUeCKOH craHuHel «JIyHa-3»
7 orrabps 1959 r. [Tpumepno uyepes 6 ser (uwoap 1965 r.) coser-
CcKasl aBTOMAaTHuecKasd MeXNJaHeTHas cTaHUHA «30HA-3», BHIBeleH-
Hasl Ha TeJHOLEHTPHUECKYI0 OpGHTY, nepefana Ha 3eMJI0 HOBbe
¢ororpacun. Ilpu 3ToM ynanocs choTorpadupoBaTh NOYTH BCe 00B-
eKThl 06paTHOH CTOPOHH JIYHBI, KOTOphle He MONAaJNH B MOJIE 3PEHHS
(OTOTEeNeBU3HOHHBIX yCTpOHCTB «JIyHBI-3». Bce 3TH 3KcHepHMeHTH
MO3BOJIHJIH COBETCKHM YUYeHBIM COCTaBHTb NepBYIO KapTy H aTjac
o6paTHOii cTOPOHH! JIyHBI, NEepBHIH JYHHBEIH IVIO6YC, a TaKkKe MepBYI0
HOJIHYIO KapTy, OXBaTHIBAIOLLYIO NMOYTH BCIO NMOBEPXHOCTb JIYHHI.

Ha neBupumoMm mnosywapuu npeobianaiot MatepHkd. Cpennufi
nuametrp HauGosee KpynHoro Mops — Mopss MockBH — mocruraer
300 xm.

Ha oGparnoit cropone JlyHsl o6Hapy:xeHo MHOTO KpaTepoB (Jlo-
MoHocoB, [Ixxopnano bpyno, Lnonkosckuit, JKosuno Kiopu, Koposes
u ap.). Hepenko kpaTepnl 0o6pa3yioT AJHHHbIE LENOYKH, TAHYIHECS
Ha COTHH KHJIOMETPOB.

Iosepxnoct Mepkypus

Mepkypuit ‘u3-3a Gausoctn k CosHIy — TPyIAHOLOCTYNHAS /IS
Hafmofenuii miaanera. [1oaToMy, X0Ta H CyllecTBOBa M KapThl 3TOH
IJ1aHeTHl, Has3eMHBle HabjoaeHus MepKypHs He [aBajJu SICHOTO
NpeACTaBJeHHs] O ero NMOBepXHOCTH. Becnoir 1974 r. «Mapunep-10»
npowes B6au3W Mepkypusi U nepenas Ha 3emJio nepsbie doTorpa-
¢un. Oxasanoch, 4TO NOBEPXHOCTL MepKypHs OyeHb NOX0XKa Ha
noBepxHocTh JIyubl. OHa NOKPEITA MHOXKECTBOM KPaTepoB, OTJIHYAIO-
IIKUXCS, NOJOOHO JYHHBEIM, PE3KMMH OUepPTAHHAMH, HE CIJIaKeHHBIMH
apoaueil. Kak u Ha Jlyne, 4acTb KpaTepoB MepKypHsi HMeeT MI0CKOe
ZHO, Y APYTHX B LEHTPE BO3BLIILACTCS ropa («UeHTpaNbHAasl FOpKa»).
Huamerpsl 0GHAPYXEHHBIX KPATePOB OT HECKOIBKUX COT METPOB [0
120 xm. Ha ¢otorpadusax BHAHB CBeT/bIE JyUH, HAYIIHE OT HEKOTO-
peix KpaTtepoB. Eme B 1947 r. coserckue yuensie B. B. ®egnackuii
u K. I1. CraniokoBuy npenckasass, 4yto Ha MepKypuu JOJMKHB! GBITH
KpaTepHl, BO3HUKIIHE B pesyjbTaTe NajeHHsi MeTeopuToB. M Bor,
cnycts 6osiee YeTBepPTH BeKa, KpaTepbl Ha MepKypun GBUIH OTKPHITEL.
B cenrsibpe 1974 r. «Mapunep-10» BTOpHUHO npomea B6AH3H
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Mepkypus (Ha MHHMMaJBHOM paccTosHuM oxoso 50000 km). Ha
¢otorpadusax naaHersl, oxBaThiBawwHKX mouTd 409% ee mosepxHO-
CTH, BUJIHBl MHOTOUHC/ICHHBIE KPaTephl M Y4aCTKH, IIe KpaTepoB MaJio.
Paznnune B cuse TaxecTH Ha JIyHe n MepKypHH CKa3aloch Ha 0CO-
GEHHOCTAX CTPOeHHs MepKypHaHCKHX KpatepoB. OHH, BO-MepBHIX,
OKas3ajHch MeHee ri1y6okHe, 4eM JyHHBe. Bo-BTOPHIX, BO MHOTHX
KpaTepax c AuameTrpoM 6osee 14 KM HMelOTCs LeHTpaJbHble TOPKH
(na JlyHe MBI BcTpeuaeM HX B KpaTepax, IHaMeTphl KOTOPBIX MPeBHI-
matoT 50 kM). B-TpeThux, yame, yeM Ha Jlyse, BCTPeualOTCs KOH-
IeHTpHUUeCKHe U [BoiiHble KpaTepsl. KpoMme Toro, Ha COTHH KHJIO-
MeTPOB Yepe3 KpaTepHble U MexKKpaTepHble o6sacTH Ha Mepkypuu
TAHYTCA, H3BUBAACh, VAUBHTE/bHbIE TUIAHTCKHE YCTYIHI, BO3BHIILIAIO-
muecs 10 3 KM. BepositHo, Ha MepKkypuH, Kak u Ha JIyHe, ecTh Kpa-
Tepbl METEOPHTHOIO H BYJKaHHUYECKOro npoucxoxaenus. Ouesnano,
uTo getanu peapeda MepKypusa HOMKHB 6e3 3HAUUTENBHBIX H3-
MeHEeHHH coXpaHATbcsl O6oJsiee NPOAOKHTENbHOE BpeMsl, UeM Ha
Mapce.

Nosepxuocts Beuneps

O nosepxHocTn BeHepsl, OKyTaHHOH o6/1aKaMH, M3BECTHO NOKa
eme HemHoro. [IpaBia, panuosoKanHOHHBIE Ha3eMHble HabJII0/eHUs
BLISIBUJIM HEPOBHOCTH MOBEPXHOCTH M JajKe II0O3BOJIHJH COCTaBHTb
KapTH miaHeThl. [lo-Bugumomy, Ha BeHepe (0coGeHHO B ee 3KBaTOpH-
anpHOH 06/1aCTH) MHOrO KpaTepoB, MOXOXHX Ha JyHHble. [uamerp
HauGosblero u3 o6HapyKeHHBIX KpaTepos nocTturaetr 160 kM. Yue-
Hble OTMeualoT, 4YTO Ha BeHepe HernyGokue KpaTephl: riy6HHA ca-
moro Gosbuioro He 6ojee 400 M.

Haueptute B Macmrabe npoduab 3TOr0 Kpatepa U CpPaBHHTE ¢ mnpoduiaem
60oJ1bIIOrO JIYHHOTO KpaTtepa (c. 99).

TamMMma-cieKTpoMeTp, YCTaHOBJNEHHBIEI HA CIycKaeMOM ammapare
craHuuy «Benepa-8», Mo3BOMIMA HM3MEPHTbL PaLHOAKTHBHOCTh MOPOL
nnaHersl. OKa3ajock, 4T0 B HUX 60Jibllle PaAHOAKTHBHBIX 3JIeMEeHTOB,
yeM B Kope ¥ MaHTHH 3eMaH. OCHOBBIBAasiCb Ha 3TOM, COBETCKHE HC-
cienoBaTenu BeHepwl mpeanosiaraior, 4To B MecTe NOCaJAKH CTaHIHH
MOBEPXHOCTb IJIaHEThl CJIO0XKEHa NOpOJaMH, HANOMHHAIOUWINMH 3eM-
HBEle TPaHUTHL

B okTa6pe 1975 r. coBeTCKHe aBTOMAaTHUYeCKHe MeXKIJaHETHHE
cranuun «BeHnepa-9» u «Benepa-10» coBepiun/n MATKY© IOCAaAKY
Ha MOBepXHOCTb BeHepH B pailoOHax, OTCTOSIIMX APYr OT Apyra Ha
2000 kM. Y nasnochk choTtorpacdupoBarth H nepefaTb Ha 3eMJIO NepBble
naHopaMbl MOBEPXHOCTH 3araflouHoft niaHeTHl. [lepex rmasamu wuc-
clefoBaTesiedl mNpeAcTana KaMeHHCTash NYCTHIHA €O CKalbHBIMH
06pa3oBaHUsIMH (BO3MOXKHO, BBIXOJlaMM MarmMaTHYecKHX IOpOZ),
MHOXKECTBO KaMHell (BO3MOJXKHO, CJIeJCTBHEe Pa3jOMOB BepXHHX CJO-
€B), Ha MaHOpaMax 3aMeTHBl OTJIOXKEeHHsl MeJKOro ¢parMeHTHPOBaH-
HOTO MaTepHajia (BO3MOXKHO, pe3dyabraT 3po3uH). Cpemnsis maoT-
HOCTb mopol okoao 2,7 r/cm® (6aH3ka K 3eMHEIM G6asajlbTam),
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CpeaHsis MAOTHOCTh MOpoA Bcell maaneTs 5,27 r/cm3. Cpexxkue pas-
JIOMBI — CBHJIETeNbCTBO TEKTOHHUECKOH akTHBHOCTH. B nenom ¢ury-
pa nnaseTH 6osiee raajikasi, yem y 3emau. Muxpopenbed Benepnl
GoJlee cria)eH 1o cpaBHeHHIo ¢ JIyHOH.

TakoBbl MOKa cambie MepBble pe3yJabTaThl, KOTOpble, HECMOTPS
Ha OrPOMHBIE TPYAHOCTH, BCe-TAKH yJaJoCh MOJNY4YATb O NMOBEPXHO-
cru Benepsl.

MosepxHocrp Mapca

KpacroBatble cBeT/ibie 061aCcTH («MaTepUKH»), MOXOXHE HA MyC-
TbIHH, 3aHMUMAIOT %/3 nanaHeTh. Korpa-to nmyraBmuii cyeBepHBIX JIO-
neft KpacHoBaThifi uBeT Mapca, ckopee Bcero, oObsICHAETCS 1IBETOM
BellleCTB (HampHUMep, THAPATOB OKHCJOB XKeJe3a), BXOJASLIHX B CO-
CTaB HAapy>XKHOTO NOKpoBa NJaHeThl. B6/M3H nOMIOCOB B TesnecKon
BHIHBI MOJIIPHBIE LIANKH, MJOIaAb KOTOPHIX 3aMETHO yMeHbLIaeTca
BecHOl H JeToM. Bbl 3Haere, yTo Boasl Ha Mapce oueHb Mano: 6es-
BOJAHBl TeMHble O006JAacTH MNJaHeTH («MOpsi»), MOKa HEH3BECTHO,
CKOJIbKO BOAB B INOJSPHBIX lIanKax (BCHOMHHTeE, YTO TOJIIMHA Je-
JOBOrO TOKpOBa AHTapKTHIAB JOCTHTaeT HECKOJbKHX KHJIOMETPOB)
H Kak BeJIMK Ha Mapce cjoit JbJa nO4 BEPXHHM MOKPOBOM (CJIOH
BEYHOH Mep3JIOTH).

JlaBHO H3BECTHBI Ce30HHble H3MeHEHHs KOHTpacTa M TpaHHI
MapcHaHCKuX Mopel. OJHa U3 THNOTe3 CBSI3bIBAET €r0 C Ce30HHBIMH
H3MEHeHHSIMH PaCTHTEJNbHOrO MOKPOBa (XOTA B HacCTOslee BpeMs$
HeT GeCCIIOPHBIX JAAHHBIX O HaJHUHH KakuUX-1u6o pacreHuil Ha Map-
ce). [pyras runore3a o6bsichsieT HabmiogaeMble U3MEHEHHS OTJO-
JeHHeM H NepeMellleHHeM MesKOH MbLIH. Bbl yxe 3HaeTe, YTO OrpoM-
Hble Macchl NbIJIH NMOJAHHMAIOTCS B aTMoc(epy NJaHeThH BO BpeMA
6ypb, KOTOpBle HEPEAKO MEIalT paccMaTpHBaTb MOBEPXHOCTb IJa-
HeThl ¢ 3eMJH, a B koHlUe 1971 r. rpananosnas 6yps (cunabHefimas
32 TMOCJe[Hee CTOJETHE) OUeHb MOMellasa HCCAeJOBAHHAM H 3KCne-
pHUMeHTaM Ha cTaHuuaXx «Mapc-3» u «Mapunep-9».

HeoxuaaHHOCTBIO ANS HccnefoBaTeneli Mapca SBUJIOCh OTKPHI-
THe HAa HEM MHOXeCTBa KpaTepoB, HaNOMHHAIOIIHMX JyHHbie. Ha
CHHMKaX, IepefaHHbIX Ha 3eMJio ¢ 60pTa aMepHKAHCKHX CTaHUHH
«Mapunep» (1965—1972 rr.) u coperckux «Mapc» (1971—1974 rr.),
BUAHB H HeOOJbIiMe, H OYeHb KPYNHBIe KpaTephl (COTHH KHJIOMeET-
pos B auamerpe!). Hcnosab3oBaBiunecs npH ¢ororpadHpoBaHHH
Te/1eOG'beKTHBbl NMO3BOJHJN BBIJENUTH J€TANH IOBEPXHOCTH pasMe-
pOM B COTHH METPOB, T. €. MOXHO 6bIIO «yBHAETb» KDYIHbIE apXH-
TeKTYPHBIE COODYXKeHHs, ecd Obl OCTaTKH MX HaXOAMJHCb Ha Map-
ce H TONafy B 1oJe 3peHHsl KaMephl...

JleTanbHOe HCCelOBaHHE MapCHAaHCKOro penbeda NOKa3blBaerT,
YTO OH HMeEeT He TOJbKO CXOJCTBO, HO M 6OJIbIlIHE PA3JUYHS C JYH-
HbBIM. MapcHaHCKHe KpaTephl, B OTIHYHe OT KpartepoB JIyHel u Mep-
KypHsi, LIMTeJbHOe BPeMs MOJBepraJjuch CHJIbHOH BETPOBOH 3PO3HH.
Ha Mapce He BUAHO KpaTepoB C cHcTeMaMH Jydell, a Ha JIyHe HeT
ob.aacTell, MOAOOGHHIX MapcHAHCKOH JJulade — KPYIJOH OyCTHIHHOH
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obnactu (xuameTp 3TOro «GacceitHa» okoso 1600 kM), COBepuIeHHO
JHIIEHHOM 3aMeTHEIX KpaTepoB.

Kparepsl 6b11H 06Hapy:KeHbl He TOJIBKO Ha MOBepXHOCTH Mapca,
HO M Ha ero cnyTHukaX. ®oboc u lefimoc — KaMeHHCTHIE IBIOHL,
OyKBa/bHO H3pbiThie KpaTepaMH. Ha cmyrukax Mapca HeT aTmo-
coepnl. [TosTomy BeTpoBas 3po3Hs, pa3pyluBlIas MapcHaHCKHE Kpa-
Tephl, He BJHAJA Ha KpaTepbl, HAXOASALHeCS Ha ero CIyTHHKaX.

KpaTtepel He eIMHCTBeHHBIH NOKa3aTellb HEPOBHOCTH MapCHaH-
CKOH MOBEPXHOCTH: PaJHOJOKALHOHHbBIE H CIIeKTPOCKONHYECKHE Ha-
6/I0feHHs TTOKa3blBAIOT, YTO Ha Mapce CyIiecTBYIOT NPOTsXKEHHbIE
BO3BbIIEHHOCTH H HH3HHbI, OTHOCHTEJbHBIE BHICOTHl KOTODHIX B Cpe-
HeM coctaBasgior 10—15 km. [Tepenaanr BricoT Ha JIyHe okoa10 10 KM,
a Ha 3emae — okoso 20 KM (TakoBa Pa3HOCTb BLICOT MEXAY Bep-
wHHOH [[>:koMosyHrmMel 1 PHIHNNNHCKOH BIaaHHOM).

OnxH u3 caMbiX BO3BbILIeHHbIX palioHoB Mapca — Tapcuc. 31ech
06HapyXKEeHO HEeCKOJIbKO OOMBIIHX BHICOKOTOPHBIX KpaTepoB. B 3ToM
pafione «Mapunep-9» chororpadupoBan xkepsaa HECKONBKUX BYJKa-
HOB (kanapaep). Camas Gonbwas Kanbjaepa — OnuMmnuiickue cHera
(ee Ha3BaHHe CBSI3aHO C TeM, YTO ¢ 3eMJH OHA BHJHA KaK CBeTJOe
o6pa3oBaHHe) — HMeeT B auameTpe okojo 65 kM. IIpexanonaraercs,
YyTO JHaMeTp oCcHOBaHHus ropsl okoso 500 km (!), BEICOTAa ByJKaHa
He MeHee 15 kM (HO MoxeT oka3atbcs B 1,5—2 pasa GoJblue).
BennuecTBeHHbIe KaJbllepbl HaXxo#ATcs M Ha 3eMJe, HampHMep Ha
['aBaificKuX OCTPOBax BepIUHHB NOJBOAHBIX BYJKaHOB IOJHHMAIOTCS
Gonee ueM Ha 4 KM HaA ypoBHeM Tuxoro oxeaHa. Ho Takux ruranr-
CKHX rop, Kak Ha Mapce, HeT HU Ha 3eMJe, Hu Ha JlyHe. XoTa HuKa-
KHX IPH3HAKOB COBPeMEHHOH BYJKaHHYeCKOH aKTHBHOCTH Ha Mapce
He OGHApY:KEHO, NpeAnoJaraloT, YTO B [eoJOTHYeCKOM MacuTtabe
BpeMeHU MAapCHaHCKHEe BYJKaHBl JO0BOJIbHO MOJOABl — HX BO3pacT
JeCcSTKH HJIM COTHH MHJ/ITHOHOB JIET.

Cro et Hasag Ha Mapce Gbljla OTKPbITa CeTKAa TOHKHX M [JIMH-
HBIX JIMHU{, NOJYyYHBIIHX Ha3BaHHe «KaHaaoB». M moutu crto Jer
npogosxkaJncs cnop o6 ux npupome. Hekoropble HCCleZoBaTesNH
CYHMTAJH, YTO KaHaJ/bl CO3MaHbl Pa3yMHBIMH CYLIECTBAMH I/ HpPH-
ranMoHHbIX Ilesefi... Ho Ha cHuUMKax, mepelaHHBIX C KOCMHYECKHX
annapaToB, HHKaKHX KaHa/JOB He OKa3a/joCchb. 3aTO YETKO BHIHBI
«pH(TOBBIE JOJMHHBI» H «pycJa pek». [IpeiacrasbTe cebe, Hanpumep,
THTaHTCKYIO TPEUIHHY, MPOCTHPAIOULYIOCH HAa ThICAYH KHJIOMETPOB
H HMEIOIIYIO IMPHHY OKOJIO CTa KHJIOMETPOB H I1yOHHY 6oJiee 5 KM.
A Beap uMeHHO TaKoBa Ha Mapce pudrosas aonuna (Kompar),
TSHyLIasicd ¢ BOCTOKA Ha 3anaj moyTH Ha 80° MapcHAaHCKOM 10ATOTHI!
«Pycna pex» B BHI€ H3BHJIHCTHIX Yr/yGJeHURA ¢ «IPHTOKaMH» OGHa-
pyeHb Ha MHOTOYHCJIEHHBIX CHHMKaX, nepelanHbix B 1972 r. «Mapu-
HepoM-9» u B 1974 r.— «Mapcom-5». Oano u3 caMbiX GOJbLIHX
o6pa3oBaHuii Takoro poia-— Hupra/j BO3HHK/IO J1aBHO, BO3MOXKHO,
MHJJIHAp] JeT Ha3al, T. e. oHo B 10 pa3 crapme HMuauiickoro okea-
Ha #a 3ewmJae. Jlpyrue «pycaa» MOryT GBITb 3HQUHTEIBHO MOJIOXKeE,

"a 3HAYWT, He HCKJIOYEHO, YTO B reO0JOTHYECKH 0603pHMble MEepHOAR
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Ha Mapce cyuectBoBanu pekH. Ecam nanbrefimne HCCleJOBaHHA
Mapca NoATBEpAAT THIOTE3bl O <MOJOABIX» BYyJKaHaX M pycaax
GLIBIIMX PeK, TO 3TO GYAeT 03HayaTh, YTO CPABHUTENBHO «HEAaBHO»
Mapc 6bla1 He TaKuM, Kak ceroaus. Bmecte ¢ TeM HOBbie OTKPBHITHA
TIOCTaBHJH HOBble BONpOCH. Hampumep, HesicHO, moueMy COXpaHH-
JIMCb JOBOJILHO <«CBeXHe» pycaa, KakoB Obl kKaumar Ha Mapce
paHblie, H €ClH OH GblI MHBIM (BO BPEMsS «HACTOALIHX peK»), TO
noyeMy H3MeHHJCH, H T. L. :

BﬁyTPEHHEE CTPOEHUE U MATHHUTHBIE NOJIA
IJIAHET

3emasn

C HccilefloBaAHHEM BHYTPEHHEro CTpoeHHs 3eMJH CBfA3aHbl MPO-
6/1eMbl POrHO3a KaTacTPOMUUYECKHX 3eMJIETPSICEHHH H H3BepKeHHH
BYJKAaHOB, H3YyYeHHS 3aKOHOMEDHOCTeHl MOJAHATHS M ONyCKaHHA
OFPOMHBIX YYaCTKOB 3€MHOH KOpBI, BBISICHEHHS MPHYAH H YCJIOBHH
06pa30BaHusl NOJE3HbLIX HCKOMAeMbIX U T. I.

IToka mnump npoektHupyercs OypeHHe Ha MaTepHKaX CKBaXKHH
ray6unoft 10—15 kM. OcyuiecTB/ieHHe 3THX NPOEKTOB AacT HOBBHIE
CBe/eHHs O CBOICTBAxX BeulecTBa 3eMHOH Kopbl. OfHAKo AJa Hccae-
JIOBaHHs BCeH TOJILIM 3€MHOI KOPHI ellle MHOTHe roibl G6yAyT npHMe-
HATbCA KOCBeHHble reousnyeckue Metoibl. HanbGosee BaKHBIA H3
HUX — ceficMudeckuii. [Toab3ysice UM, reoPu3nKkH U3y4aloT CBOKCTBA
BelllecTBa Ha JiloGbIX ray6uHax. Jas 3Toro B pa3HblX TOYKax 3eMHON
IOBEPXHOCTH PErHCTPHPYIOT CKOPOCTb PAaclpOCTPaHEHHs BHYTPH
3eMJH BOJIH, BbI3BAHHBIX 3eMJIETPSCEHHSAMH HJIH MOLIHBIMH HCKYCCT-
BEeHHBIMH I10J3eMHLIMH B3pbiBaMH. EcTb y reoH3HKOB H ApyrHe Me-
TOJbl, PACCKa3 O KOTOPBIX BBIXOAMT 3a paMKH 310l KHuru. Hakonen,
GosbliHe Hajex/Jbl BO3JaralTcs H Ha TO, YTO HccJaeloBalue Help
pasublx miaHer CoJIHEYHOH CHCTeMBbl NMO3BOJIMT HAaM Jydlue y3HATh
. COGCTBEHHYIO 3eMJIIO.

HanomuuM caMble Ba)KHble CBEJEHHSI O CTPOEHHH 3eMJH H ee
MarHuTHoro noJsi. CpeAHsAs TOJNLIMHA 3eMHOH KOpbl Ha MaTepHKax
paBHa 35 kM. 3HaUHTEJIbHO TOHbIIE KOpa noj okeanamu. [loa Kopoi,
copepxautefr n0 1% Bcell Macchl 3eMHOro Iiapa, A0 TJYGHHBI
2900 kM mpocTHpaercs MaHTHsA 3eMJH. B ocHOBHOM BellecTBO B Kope
M MaHTHH HAaXOAHTCA B TBEPAOM COCTOSIHMH (B HEM pacnpocTpaHi-
I0TCA nolepeyHble BoOJHbI). [1IOTHOCTh caMblX BepXHHX cJoeB 3eM-
JAH OKoJIO 3 r/cM®, T. e. MOYTH BABOE MeHble ee CpPelHeH MJIOTHOCTH
(5,5 r/cm®). C ray6uHON IJIOTHOCTh BO3pacTaer, AOCTHras BOJH3H
ueHtpa 3eman 14—18 r/cmd.

[Cay6:xe 2900 kM nomepeyHble BOJIHBI He NPOHHKAWOT. 34ech rpa-
HHMLA 3eMHOro sapa. BeutecTBo siipa HaXoAUTCH B HEOGBIYHOM CO-
CTOSIHHMH: TNOJ, ACHCTBHEM AaBJieHHS B MMJJIMOH aTMOC(dep OHO Jaxe
BO BHENIHHX CJIOSX NPHOGpeNo NJIOTHOCTb OK0JO 9 r/cM3, ero TeM-
nepatypa ne Huxke 4000 K (B wentpe 3eman okono 10000 K), o
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IpH 3TOM BellleCTBO fApa MOAOGHO XHIKOA cpele He MPOMycKaeT
nenepeyHbie BOJMHBL. Macca sapa cocraBaser okoao 329% ot Beefi
Macchl Haulell MJIaHeTH.

O6uwas KoHHrypauuss MarHuTHOro nojas 3eMJH HalNOMHHaeT
noje AHNOJS, OCb KOTOpOro cocrasjser 11,4° ¢ ocbklo BpauieHus
Hamed nJjaHerel. B oTaesbHbIX Mecrax 3eMJid, Kak BB 3HaeTe, Cy-
LeCTBYIOT 06/1aCTH MOBLIIIEHHOH HANpPsi)KeHHOCTH (MarHHUTHbIe aHO-
MaJIHiu).

Ilpupona o6uiero MarHHTHOro moJis 3eMJIM MOKa elle He OYeHb
dcHa. [Ipeanonaraercs, yTo MarduTHoe noje CBA3AHO C CYLIECTBO-
BaHHEM IIPOBOJALLEro sfpa 3eMJiH, B KOTOPOM NPOUCXOAHT Hempe-
pHIBHOE [BHKeHHe BellecTBa. [IpHUMHBI TaKOro ABHKEHUS pa3fiuy-
HBHI: HanpuMep, TemJoOBass W PaBHTALlHOHHAS KOHBEKUHS, CYTOYHOE
BpauieHue U T. 4. B aBuxyueiicss npoBojslleil XHIKOCTH, KaK U BO
BCAKOM JABHXKYIIEMCSI NMPOBOJHHKE, BO3HHKAaeT TOK MpH Iepeceye-
HHY CUJIOBBIX JIMHHI MAarHUTHOrO noJst. /s 3Toro 1oCTaToOYHO naxke
HEe3HAYUTEJNbHOro («3aTPaBOYHOTO») MarHUTHOrO noJjs. [losBHBIIHHA-
¢ TOK NMOPOXKAAeT CBOE MarHUTHOE IoJje, KOTOpOe NPH onpeneseH-
HHX YCJOBHAX MOXKeT YCHJIWTh «3aTpaBouHoe». Ho Tornma, ecrect-
BEHHO, BO3pacTeT TOK B NpOBOAsLIEH XHAKOCTH H OyleT yBeaHuH-
BaTbCA ero MarHutThHoe noJie. [lonoGHBII mponecc («rHAPOMarHut-
HO€ JAMHAMO» HJIH «IMHAMO-MEXaHH3M») He MOXeT GeCKOHeYyHO yBe-
JHYMBaTh MarHuTHoe noJe. Kak ¥ B IIHPOKO HCNOJb3yeMHX B TeX-
HHKe JIeKTPHUYECKHX MalllnHax (IHHaMO-MallIHHBI C CaMOBO30YXe-
HHeM), B <«IJIaHeTapHOM JHHAMO» DOCT MariHHTHOro moJs Gyxer
MpPOJOJKAThCS, IOKAa He BO3HHKHeT HeKOTOpOe CTallHOHapHoe Mar-
HUTHOE ToJie, T. e. MarHuTHoe moje 3eMau. Ecan Takas runmotesa
BEpHA, TO MarHWTHble MOJIS JOJKHBI GbITb Y BCeX MJaHeT, KOTOphe
IOCTAaTOYHO OBICTPO BpALIAIOTCA BOKPYr CBOHX OCeHl H B Heapax
KOTOPBIX €eCTb MpPOBOAALLAS JKHIAKOCTb — «POTOP» TJIaHeTapHOMR
3JIeKTpHYeCKOH MAallHHBL. )

B 1958 r. npu6ophH, ycTaHOBJIeHHble Ha MePBLIX COBETCKUX H
aMepHKaHCKHX CNYTHHKax 3eMJIH H KOCMHYeCKHX paKeTax, IO3BO-
AU OOHApPYXKHTH aJieKo 3a npejejaMH HOHOCGeps! 0671aCTh OKOJIO-
3eMHOr0 MpPOCTPAHCTBA, B KOTOPOH IBHXKYTCH 3JEKTPHUECKH 3aps-
JKeHHble YacTHUbl. DTO paAMALHOHHBIN nosc 3eMJH — 30Ha, rie
yAepXKHBAIOTCH 3aXBaueHHble MarHHTHEIM T0JIeM 3eMJIH 3JeKTPOHH
M TPOTOHBH. ODHEepPruum 3THX YacTHI 3HAUHTeJbHO OGoJ/bllle SHEPrHH
TeNnJIOBOro ABHXKeHHs yacTull uonocheph. [TosTomy vacThuwl paaua-
UHOHHOrO IOsiCa NPeACTaBJASIOT ONAacHOCTb [JIS MOJETOB KOCMOHaB-

TOB.
JlyHa ¥ naaHeTbl 3eMHOM rpynnbl

O BHyTpeHHeM CTPOEHHH JADYFHX MJIAHET 3eMHOH rpynnol (a Tak-
ke H JIyHbl) H3BeCTHO, KOHEUHO, MeHblle, YeM O HeApax HalleH
co6CTBEHHON MJIaHeThl, AJUTE/NbHOe BpeMs M3yyaemoli pa3HooOpas-
" HpIMHM MeTOoZaMH. DTO CBA34HO He CTOJbKO C TeM, 4TO NJIaHeTH «Ja-
JICKM» OT Hac (3Be3Jbl HAXOJATCA HeCOH3MepHMO JaJblie, HO, OAHA~
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KO, MH 3HaeM 06 WX BHYTPEHHEM CTpOeHHH!), CKOJBKO C TeM, 4TO
BeILEeCTEO B HeJpax MJaHeT 3eMHOl rPynnbl HaXOAHTCH B COCTOSIHHH
6osiee cioxHOM, dyeMm B 3Be3nax. OCHOBBIBAsiCb Ha yXKe H3BECTHHIX
HaM mnpejicTaB/IeHHSIX O MPOMCXOXKAEHHH NJaHeT, aCTPOHOMHUYECKHX
JaHHBIX (pasMepbl, Macchl, MOMEHTbl HHEPUHH IJaHeT, CBeJeHHS O
XMMHYECKOM COCTaBe MeTEODHTOB M [p.), a TaKxke JaHHHBX reodu-
3UKH H (DU3UKH, yUeHBle MbITAIOTCH CO34aBaTbhb MOJAENH BHYTPEHHero
CTPOEHHS MJaHer.

Taxk, HanpuMep, corsacHo Mmozaenu, paspaboranHoii B UHCTHTY-
te ¢usuku 3eman AH CCCP C. B. Kosnosckoii, Mapc, mono6Ho
3eMJsie, HMeeT KOpy, MaHTHIO M siapo. TosHiMHAa KOpbl He MeHee
20 kM, a ee Macca okoJo 6% Mmacce nuanerbl. [loutH TakoBa xe
Macca sapa (paamyc Kotoporo okoso 1000 kM). 3HauuT, Ha JOJIO
MaHTHH npuxoautcss noutu 89% wmaccel Mapca. ITockosabky Macca
Mapca cocraBasier auuwp 0,1 maccel 3emau, To B Hexpax Mapca
TéMnepaTypa 4 [aBJieHHe MeHblle, ueM B Hegpax 3eman. Hanpumep,
JaBJjieHne B LeHTpe Mapca COOTBETCTBYeT [aBJEeHHIO BHYTPH 3eMJH
Ha ray6une 800 kM. B nanHoli Mogenu npeanmosaraercsi, YTo SApO
Mapca cocTouT M3 HHKeJHCTOro Kenesa. Ccau ke B sigpe comep-
JKaTtcsi B JOCTATOYHOM KOJHYECTBE APYrHe 3JeMeHTbl, Hanmpumep
cepa, TO ILIOTHOCTb €ro MeHbllle, YeM IJIOTHOCTb <«JKeJe3HOro»
aapa, ¥ Moneab OyAeT HECKOJbKO OTJIHYAaTbCA OT TOH, C KOTOPOil
MBI TOJIBKO YTO MO3HAKOMHJHCh. [IpeacTodLIye ceficMHYecKHe HCce-
JoBaHug Mapca MO3BONAT NOJYYUTH CBeAEHHs], HeoOXoauMble HJA
YTOUHEHHS] MOJEJH ero BHYTPeHHEro CTPOeHHs.

Kak usBectHO, Ha JIyHe mnepBhle CefCMHUYECKHE HCC/ICNOBAHHSA
yxke npoBoauaucb. OHH, B YaCTHOCTH, NMO3BOJIHIH YCTAHOBHUTb, YTO
tonumuHa Kopbl (B Okeane Bypp) gocruraer 65 KM, T. e. sHauH-
TeJbHO MpEBHILIAET TONLIMHY 3eMHOH KODHL. YueHble CUMTAIOT, UTO
Ans o6pa3oBaHHs TaKoOH KODbl HeOOXOAMMO OBLIO paci/aBjeHHe
Bceft JIyHbl, a He TOIbKO ee BepXHero cJosi. OTH U PAA APYrHX
HOBBIX NaHHHX O Jlyne cBHAeTeNbCTBYIOT O TOM, uTO Ju6Go JIyna

~ob6pasoBanach ropsueil, 1100 oyeHb OLICTPO Harpejach B Tpolecce

cBoefi sBosiounn. Kopa o6pasoBana H3 nopol, MJIOTHOCTb KOTOPHIX
okos10 3 r/cm3. T'ny6xke pacnosnaraercs MaHTHS, TJIOTHOCTb MOPOJ
KoTopoil Gamxe K cpemieii maotnoctd Jlyasl (3,3 r/cm®). Ha ray-
Gune 1000 kM or nosepxHOCTH JIyHbl HAXOAUTCS 30HA «JIYHOTPsiCe-
Hufl» — nepexojgHas 30Ha MeXAY MaHTHeH H YaCTHYHO paclJaBJjieH-
HbIM sapoM, paanycom 200—300 kM. Briroa o Tom, uto Henpa JIyHb
HMeIOT BBHICOKYIO TeMMepaTypy, COBeTCKHe DaaH0acTpOHOMbI BG Iaia-
Be ¢ uneHoM-koppecnonaeitom AH CCCP B. C. Tpounukum caenanu
8a/J0/1r0 A0 NMepBHIX CeHCMHYECKHX IKCNepHMEeHTOB Ha JlyHe,

O6umee marnuThHOe noJje, noaoGioe AHNOALHOMY MOMIO 3eMJH,
y JIyabl He oGHapy»KeHO, HO Psld 3KCNEPHMEHTOB, BKJIOYasi AaHHLIE,
nosy4yeHHble C NOMOILbIO COBETCKHX JIYHOXONOB, CBHIETEJLCTBYIC?
O HaMarHU4YeHHOCTH JIyHHBIX FOPHBIX nopod. Boamoxuo, uto B mpo-
mJom Jlyna obaajgana n0BOJILHO CHALHBIM MATHHTHLIM MOJIEM.

JaHHble HaGMIOAEHHH W PacyeToOB MO3BOJNAIT NOCTPOHThL Mpen-
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BapHTeJbHEIE MOAENAH H JPYTHX NMJaHeT 3eMHOR rpynnel. Tak, HanpH-
Mep, mojarasi, YTO MOBEPXHOCTHBIH CJIOH MEPKYPHAHCKHX MOpeH Ha-
MOMHHAET M0 NJOTHOCTH JYHHBIA PErojuT, H 3Has, YTO CPeAHsAS MJIOT-
HOCTh MepKypusi 3HauuTesqbHO Bhiie JyHHOH (5,44 r/cm3), yueHbie
BBICKA3LIBAIOT THIOTE3y O TOM, Y4TO 3Ta IJIaHETa HMeeT MOIIHYIO
cHNHMKaTHYIO o6omouky (500—600 kM), a ocraBiunecs 50% o6bema
3aHHMaeT xKeJe3Hoe AAPO.

B ortanune ot Jlynsl, MepkypHii umeeT oblllee MarHuTHOe MOJIE,
HaNpsIXKeHHOCTb KOTOPOro MeHble, YeM y 3eMJH, H GoJblie, yeM
y Mapca. Bo3amoxHo, 4To mpHpojga marHeTHamMa MepKypus OTJiH-
yaeTcs OT NMPOUCXOXKJEHHS MACHHTHOrO MOJS Halledl IJIaHeThl, No-
CKOJIbKY MepKypHil oueHb MeJJIeHHO BpalllaeTcsl BOKPYT CBOeH OCH,
ycerynasti B 3TOM ojHo# Jjuiib Benepe. MexniaueTHoe MarHdTHOE
noJe, B3auMoJeHcTBYa ¢ sapoM MepkypHs, MOXeT co3iaTb B HeM
9JIGKTPHUECKHe TOKH. DTH TOKH, a Takxke NepeMelleHHe 3apsioB
B MMeloulelics y Mepkypus unoHoctepe (caabofi MO CPaBHEHHIO C
3emaeit), MOryT mofJep:KHBaTh MarHuTHoe nose maanethl. [locaen-
Hee, B3aUMOJEACTBYS C COJIHEYHBIM BETPOM, CO3AaeT MarHutocdepy.

Ananus JaHHBIX, MOJYYEHHBIX C MOMOIbI0 MarHUTOMETPOB, Ha-
xoasuuxcsi Ha GopTy «Mapca-2» u «Mapca-3», m0O3BOJIUN COBET-
ckum yuenolM Bo raase ¢ L. II. JloarusoBbIM CAesaTh NpeaBapu-
TeJbHbII BLIBOJA O CYI€CTBOBAHHH [IHIIOJIBHOrO MAarHMTHOTO IOJA
Mapca. 1o none npuMepno B 500 pa3 cnabee seMHoro, u4to, Bepo-
AITHO, MpeXJe BCero, CBA3aHO CO CPaBHUTEJNbHO HeOOJbUIHM pas-
mepoM sizpa Mapca.

MaaHeTbl-ruralTsl

Hagsepnoe, caMbiM GOJIbLIMM H CIOXKHBIM (T. €. He TOJbKO [H-
MOJNbHBIM) MarHUTHBIM noJeM o6aagaer IOnutep. dunoap Onutepa
NPOTHBOIOJIOXKEH 3eMHOMY: CeBepHbIl MArHHUTHbII MOJIIOC HAXOAUTCA
B CeBepHOM moayiiapuu miaaHerhl. Och AUNOJS COCTaBJsieT MOYTH
TaKoOH e HaKJOH C OCbio BpauleHusi, Kak H y 3emun. LlenTpr 060-
HX AMIOJEH CMeIlleHH [0 OTHOLIEHHIO K HeHTpaM mJjaHeT. Hanps-
#enHocTb nost IOnurepa focruraer 4 3 (no AanHbM «[InoHepa-10»);
T. €. B HECKOJbKO pa3 NpeBHIIAET HANpPSKEHHOCTb MNOJAs 3eMJH.

Paguaunonnsie nosica miaHetnl <«[Inonep-10» «nouyscTBOBasI»
ellle HA paccTOsiHHE 8 MJH. KM OT Hee. Paanauuonnbie nosca IOnu-
Tepa Gosiee CXKAaTH, YeM 3eMHble, a 10 HHTEHCHBHOCTH OHH B ThHICAYU
pa3 NpeBOCXOAAT N0SACA PaAnaLKH 3eMJH.

Yuukanbna maruutocpepa IOnurtepa (puc. 18). B uacrHocTh,
nopaxatotr ee pasmephl, B 100 pa3 npeBocxoAsiline pa3mepsl MarHu-
tochepnl 3emsn. UeThipe OaHXKAAIKMX K OJIaHETe COYTHHKA ABH-
XKyTca BHYTpH Maruutocdepn IOnutepa, B3anMogedcTsys ¢ Hed.
DJIeKTpOHHl, ycKopeHHble B Marnutocpepe IOmuTepa, nponukaior
Aaxe B 0651acTb OPOHTHI 3eMJIH.

- PaaunaunonHble mosica H MarHuTHble MOJs y APYTHX MJaHET-TH-
raHToB OGHApPYXXHTb He yAaJOChb, XOTA BHyTPeHHee CTPOEHHE H CKO«
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Puc. 18. Maruutocdepa u pannaudosHsie mosica IOmurepa:

I — ocb Bpalnenusi; 2 — MarHuTHas oCb; 3 — LEHTP Macc;

4 — cujioBble JIMHHM JMIOJBLHOTO MOJsA; 5 — MarHWTHHI
HEHTP.

POCTb BpallleHHS TaKoi maanetsl, Kak CaTypH, OueHb HAaNOMHHAeT
IOnuTep.

Kak xke yctpoen [Onutep? Urto ckpriBaeTcsa moa ero 06j1auHbIMH
croamu? lOnurtep uanyuvaer GoJibllie Temsa, YeM IMOJydaeT; TeMIme-
patypa B ero Heapax AOJKHA ObITb, KaK MOKa3bIBAIOT pacyeTsl,
G6onee 10000 K. Tak kak macca lOmurtepa B 318 pa3 mpeBhimaer
Mmaccy 3emJ u, TO B HelpaxX [OJKHB TOCNOJACTBOBATb OrpOMHbIE
napnenusi. [TockosnbKy B COCTaB MJaHET-THTAHTOB B GOJIBIIOM KOJIH-
YyecTBe BXOAHUT BOLOPOJ, TO Ba:KHO 3HATh ero CBOACTBA NMpH GOJbLIHX
JIaBJeHUSIX H TeMIepaTypax. JKCIepHMeHTa/bHble HCC/IeJOBaHHS
BOJIOPOAA, MOABEPTHYTOro B JabopaTopuAX HEHCTBHIO NaBJdeHHH B
MHJJIHOH aTMocep, a TakxkKe TeOpeTHYeCKOe pPacCMOTPeHHe BhIfB-
JsieT HeoObluHble CBOHCTBA 06bIYHOrO Bogopona. Hanpumep, cxumas
raszoo6pasnblil BOAOPOA NPH KOMHATHOH TeMmilepaType, MOXKHO MOJY-
YuTh KUIAKHA BOAOpoA. Ilpu maBneHnu 3 MJH, aTM BOZOPOJ CTaHO-
BUTCSl TBEpPAbIM BeLIeCTBOM, 006/afaloOllUM CBOHCTBAMH MeTaJjia
'(6/1ecK, 3MeKTPONPOBOAHOCTb, KOBKOCTh). IIpH naBieHHSX, MpeBbI-
waomux 100 MJaH. aT™, BOLOPOA U3 TBEPJAOr0 METaJHYecKOoro mpe-
BpallaeTcsl B XKHIAKHA MeTajsauueckui. Kak B TBepaoM, Tak H B
JKHAKOM METa/JINYeCKOM BOJOPOAE 3JEKTPOHBl He CBA3aHBI C fAApa-
MH aTOMOB, a CBOGOJZHO IBUXKYTCS NOLOGHO CBOGOAHBIM 3JIEKTPOHAM
B OOLIYHBIX MeTaJlIax.

[Mpeanonoxus, uto IOnuTep conepxur 60% Bonopoaa (mo mac-
ce) u noutu 40% renusi, coBerckuit yuenniit B. [1. Tpy6uubin mo-
cTpoun caenywowmyio moaeab lOnurtepa. [To Mepe npoiaBHXKeHHS OT
rpanuubl 06/1a4YHOr0 €0 B rAyOMHY PacTyT Aap.iCcHHe H TeMIepa-
gypa U MOCTENEHHO BEIIECTBO M3 ra3006pa3HOro COCTOSHHA Nepe-
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xoauT B xkuakoe. Ha ray6une 15000 kv (0,2 paamyca IOnurepa),
rie faBjeHHe 3 MJIH. aTM M TeMnepatypa okoJo 10000 K, noss-
JSIeTC pacIIaBJeHHHH MeTaJJIHuecKuii Bopopoi. Buxpeswe apn-
JKEeHHS B 3TOM BellecTBe MOryT ObITb MCTOYHMKOM MAarHHTHOrO MOJfA
nnanetol. He uckiioueHo, uyto BO6su3u ueHtpa lOnutepa u3 rtaxe-
JBX TIpuMeceil BO3HUKJO JKeJe30KaMeHHoe AApo, 0/M3Koe Mo pas-
mepaM K 3eMJe. Ha rpanune sapa nasiaeHue okosao 40 MJH. aTM,
a temneparypa okosao 20000 K. [To muenuio B. Il. TpyGuunina,
CatypH umeer cxonHoe cTpoeHHe. OfHO M3 BO3MOXKHBIX OTJIHYHIA
Carypna ot lOnurepa 3akiiouaercs B TOM, 4TO 30Ha MeTaJjJnue-
CKOT0o BoaopojJa mosiBasieTcsi Ha raybuHe 0,5 paanyca mnJaHeTbl
(moromy uto mMacca CaTypHa MeHblIe, yeM Macca lOnutepa).

Hapno ckasate, uTo yxke nocse nepsoil craguyu o6paGOTKH JAaH-
HEIX, MOJyYeHHBIX mpH mpoJiete okoso lOnutepa «[luonepa-10» u
«[Tnonepa-11», cpasy Ke MosBHJIHCH HECKOJIbKO HHbIE MOJEJIH CTpOe-
nua Onurepa. I[loatomy paspaboraHHble MOJEIM BHYTPEHHErO
CTpOeHHs NJaHeT MMeIOT JHLIb NpelBapUTeJNbHEI XapakTep H, KO-
HeyHo, OyAYT KOHKPETH3HPOBATbCS W YTOYHATBHCSA 1O Mepe MoJyue-
HHA HOBHIX AaHHHX. Ho BaxHo, yTo HayKa yXe Hawjaa MyTb, BCTaB
Ha KOTOPHI/1 OHa 00513aTeJbHO MOJYYHT CTOJb HeOOXOAHMEIE JIIOAAM
CBEJIeHHS O BHYTPeHHeM cTpoeHHH miaHeT CONTHeUHOH CHCTeMBL.

NJAHRETbI K )KU3Hb

Hanuune naaner — Heo6XoauMOe, HO HENOCTAaTOYHOE YCJIOBHE
AJisl CYLIeCTBOBaHHSl XKHU3HH. TPYAHO NpeACTaBHTb, YTO Mbl KOTrAa-
HHOyAb BCTDETHM B KOCMOCE XXH3Hb, Pa3BHBAIOLIYIOCS BHe MJaHeT.
Ho coBepiueHHO $ICHO, YTO TOJBKO HEMHOTHe NJaHeTH CTajH KOJKI-
6eablo XH3HH. JloCTAaTOYHO BCHOMHHTh, YTO H3 9 OOJBIIHX MJaHeT
CosiHeyHOll cHCTeMB TaKoW MJaHeToll okasasach Juib 3emad. [lo
Mepe HaKOIJIEHHs] Hay4YHbIX AaHHHX o Benepe u Mapce, cuutaBuInX-
Csl KOT'Aa-TO NepPBHIMH «KaHAHWZATaMH» B oOUTaeMule HeGecHble TeJa,
paspyIluIHCh CBA3aHHBIE C 3THM HJ03uH. )KH3Hb, BOOGILE rOBOPH,
MOXeT CyLlecTBOBaTb B CaMblX pasJHuHbIX ¢opmax H obsapaer
taHTacTHUECKOH CNMOCOGHOCTbIO MpHCNOCabauBaTbCA K HEBEPOSTHO
«TAXKeJHM» ycaoBusM. OZHAKO TPyJHO NpeACTaBHTb, YTO OHA €CTb
Ha moBepxHOCTH BeHepnl, rae TeMneparypa 6auska k 500° C, pasie-
Hue K 100 aTM, a BO3JyX NOUYTH LEJUKOM COCTOMT M3 YIVIEKHCJIOrO
rasza. OueHb CYpOBBIMH OKa3a/uChb H ycaoBHS Ha Mapce: paspexeH-
Hasi aTMocdepa, NMOYTH JHILIEHHAs KHCJIOPOAA, OTPAHHYEHHOE KOJIH-
4eCTBO BOAH M JOBOJIbHO CYpPOBHIH TeMnepaTypHBIH pexxum. AMmepH-
KaHCKHe creluaaucThl B 1976—77 rr. ocyluecTBHIN NPOEKT « BUKHHT»,
B pe3yJbTaTe Yero Ha noBepxHocTh Mapca 6blNH JOCTaBJeHH [Be
aBTOMaTH4ecKHe Jabopatopuu («Bukunr-1» u «Bukuur-2») ¢ Guo-
XMMHYeCKHM o6opyaoBaHHeM. Ho 3KCnepHMeHTH, BBIMOJIHEHHbIE C
3THM o6opy/JoBaHHeM, He BHISIBHJIH KaKOH-IH60 OHOJOTHYECKOMH
aKTHBHOCTH MapCHAaHCKOIO IpyHTa.
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U3 cka3aHHOTO cjiefyeT, YTO M B APYrMX MJaHEeTHHIX CHCTeMax
OYeHb HEMHOTHE MJ1aHeThl MOTYT OKa3aThCsl NPHTOAHBIMH AJIA. KH3HH
H YX, HaBepHOE, JUIIb B HEKOTOPBIX CHCTEMaxX OKa3aJHCh YCJIOBHS,
6naronpusiTHble AJS MOSIBJEHHS, PAa3BUTHS H CYLIeCTBOBAaHHS pasyM-
HOH Ku3HHU. JIOMyCTHB, YTO TaKHe NJaHeTH eCThb B Halleid H APYrux
TajJakTHKax, yueHble NBITAIOTCH NPeACTaBHTb cebe, KaKOB MOXeT
GbITb yPOBEHb PA3BHUTHA 3THX HEBEJOMBIX HaM BHe3eMHbIX LHMBHJH-
3auui, KaK MOMXHO OOHapyXHTb HX, KaKOBbl MNYTH YCTaHOBJEHHSA
KOHT2KTOB C HHMHM H T. A. YCIleXH aCTPOHOMHH, PaJHOTEXHHUKH H
KOCMOH2BTHKH MO3BoJAI0T yxke B XX B. He B MIJaHe (PaHTACTHKH,
4 C MO3WIMH MaTepHaJHCTHYeCKOH HayKH H COBPeMEHHOH TEeXHHKH
NIOJOATH K Mpo6JieMe BHe3eMHbIX HHBHAK3alui («npobaema Bll») —
OfHOH u3 WHTepecHelnX npobjeM ecTecTBO3HaHHfA. Ho noka Mml
elle AaNeKH OT pelleHHs TVIaBHOrO BONpOCa 3TOH MPoOGJeMbl, KOTO-
PpHIfl MOXHO cthopMmyaupoBaTh Tak: «CyIeCTBYIOT JH BHE3EMHble
HUBHJIH3ALHU?S

[Tpo6Giema BHe3eMHBIX UHBHJIH3aLMH HA CaMOM Jiele CJOX-
Hee, YeM MOXeT IIOKasaTbCid C TNepBoro Barasga. MoxHoO cno-
PHTb M NPHBOJAHTb HOBble AOBOABI B MOJNb3Y HJH IPOTHB BHe3eM-
HBIX [UBHJIN3alMH, HO JHIIb JajbHefline HAOMIONEHHS W SKCIOEDH-
MEHTH INO03BOJIAT BBISICHHTb, CYILIECTBYET JH MHOXKeCTBO OGHTaeMbIX
MHPOB HJIH MHl OIHHOKH BO BcesieHHOH.

HsBectne 006 OTKPHITHH BHE3eMHOTO pasyMa Mbl, MOXKeT 6‘blTb
ycabluuM B Ganxkaiwem OyayileM, a MoxeT ObITb, Hao60pOT,—
COBCEM-COBCEM HecKOpoO.

B nocnegnne romel coBeTcKHe M 3apyleKHble yueHble HeOX-
HOKPaTHO MHITAJHCh BbIAEJHTb M3 MOTOKAa KOCMHYECKOro pajHo-
H3JIy4eHHs] CHUTHAJbI, NOCJaHHble BHE3eMHBIMH LuBHJH3alusiMu. Ha-
npuMep, B 1960 r. amepukaHCKHe yueHBIe B TeueHHe NBYX MecCslleB
NPOBOJHJHN CHCTEMaTHUecKHe HabJojeHns 3Be3f 1 Kuta u & dpu-
JLaHa («l’[poem O3Ma» — Ha3BaHHe [aHO B 4eCTb NPHHIECCH CKa-
3ouHoit cTpaHbl O3 u3 ckasku JIbionca Kappoasna «Annca B cTpane
yynec»). B CoBerckomM Coro3e NOHCKH CHIHAJOB OT 3Be3[, pacmo-
JNoxeHHBIX B panuyce 100 cB. ser or CosHua, BeLyTCs NOA PYKO-
BoxcTBOM usieHa-koppecnonaeita AH CCCP B. C. Tpouukoro. Ho
IO CHX TMOp HH aMepHKAaHCKHM, HH COBETCKHM YueHbIM He YZaJoCh
o6HapyKuTb curHann BII.

[MpeanpuHEMannch TaKKe NMONBITKH «3asiBUTb» O Cyll|eCTBOBAHHH
Hautefi uuBHAK3anuH. C 3TOH 1eJbl0 B KOCMHYECKOE NMPOCTPaHCTBO
HanpaBJsid PaJHOCHTHAJbI, KOTOpHIe, 1O MHEHHIO OTIpaBHTeJel,
JOJIKHBI OyAyT KOrLa-HHOYAb NPHBJEYb BHHMaHHe HHOIIAHETSH.
Tak, 16 Hoa6pst 1974 r. yueHble, HCIIOJIb3Ysl MOILHBIE pajuonepesar-
YyuK pajHoTeseckona, Haxoasmerocs B Apecu6o (Ilyapro-Puko),
nocJaji CHFHAJBl B HanpaBJeHHH 3Be3JHOro ckomjeHns M 13
(B cosBesaun I'epkyneca). [Tpeanosnaraercs, 4To HEKOTOpHEe H3 He-
CAATKOB ThICSIY 3Be3/l 3TOr0 LIAPOBOrO CKONJIEHHSI MOTYT OKa3aTbesl
LeHTpaMH NJaHeTHbX cucTeM. KocMmudeckoe mocnanne Gyner mobu-
paThcsl IO BO3MOXKHBIX a[pecaToB IIOYTH 24 THIC. JIeT, H eCsd GpaTbs
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N0 pasyMy OnepaTHBHO OTKJIHKHYTCS, TO HAIlH IOTOMKH NPHMEPHO
yepes ..48 TeC. JeT moJayuyaT orBeT. [lociaHHas «pagmorpamMmax»
cocTaBjieHa B ABOHYHOH cHcTeMe cuuciaeHusi. B paauorpamme He
TOJIbKO MHepeuucasiioress nHdpu or 1 po 10, aToMHble MacChl HeKO-
TOPHIX XHMHYECKHX 3JeMeHTOB (BOAOpoaa, yrjiepoaa, a3oTa, KHCJO-
poxa u ¢ocdopa), Ho H cOOOIAIOTCSH HEKOTOPHIE CBEAEHHS O mpen-
cTaBHTeafAX uejoBeuyeckoro popa. Ha Gopry «Ilnonepa-10» — koc-
MHYecKOro annapara, KOTOpoMy CyxaeHo yiATH 3a npefeanl Comnned-
HOIl CHCTeMBl U KOTOpPHIH, B IIpHHIIHIE, MOXKET IONacTb B «PYKH»
HHOIIAaHeTAH, TaKXe ecTb TabJHuKa, MpeacTaBadoomas coboi
«IIHCbMO» K BHE3EeMHBIM LHBHJIH3ALHAM...

[Tpomoskast MOUCKH H NUVIAHHPYS HOBBIC, yueHble NPEACTABJSOT
ce6e CJOXHOCTb NpoOJeMbl H He HCKJIIOYZIOT BO3MOXHOCTH TOTO,
YyTO pas3yMHble CYyIIeCTBa APYTHX MHPOB MOTYT, BooOlle TrOBOpH,
0Ka3aTbCsl COBEpPIIEHIIO HENOXOXHMH Ha Hac H 06/afaTh HeBeAOo-
MOl HaM TexXHHKOH, crnoco6oM OOLLEeHHST M CHCTEMOH MOHATHH...
Hy:kHO ObiTh IOTOBHIM H K 3TOMY!



Puc. 1. BauHsi yHHKaJbHOIO COJIHEYHOro Teseckona KpmMcko# acTpodu3Hueckoit
o6cepBatopuu Akanemun Hayk CCCP.



Puc. 2. CoBerckas ctpaTocdepHasi ob6cepBaTOpHs
B noJieTe.



Puc. 3. Ctpartocdepnas o6cepBaTopus Nepea CTapTOM.

Puc. 4. Tpanyasuus.



Puc. 5. Coaneynoe nmAtTHO u ¢otochepHuie rpanyn. (CHHMOK NOJyuyeH BO Bpems
OJHOTO M3 3aNMyCKOB COBETCKOH cTpaTocdepHOii 06cepBaTOPHH.)



Puc. 6. Boabluas rpynna coJiHeuHHX nsated (20 deBpaas 1956 r.).

Puc. 7. ®otorpadus CosHua B «GejoM» cBeTe (JeBasi) H B JIHHHH Bogopoja Hg
(npaBas).



Puc. 8. ®otorpadusi yyactka CoaHua B Jyyax JuHuH Bomopoma Hg . Xopouwlo
BH/IHO COJHEUHOE MSTHO M CTPYKTVPA pacHOJOXKEHHOH Hal HHM xpomocdepsbl.



Puc. 9. KuHokanpsl, 3aneyatsesuine B Jy4yax H, MOUIHYIO NPOTOHHYIO BCHBILIKY
(4 aBrycra 1972 r.).



Puc. 10. Bux KOpOHB B TOf MAaKCHMyMa COJIHEYHOH
aKTHBHOC1H (@), MHHHMyMa (6) ¥ B NEpHOJ . MeXNy
MaKCHMYMOM H MHHHMYMOM (8).



Puc. 11. KpynHeiiuuii B Mupe BHe3aTMeHHbli KopoHorpad. (MHCTpyMeHT ycTaHOB-
Jen 6au3 KucnoBoncka Ha ropHoit craHuuu [iaBHOH acTpoHOMHYecKoil oGcepBaToO-
pun Axkanemun Hayk CCCP.)



Puc. 12. Conneynas kopoHa. Ona cdortorpapupoana 30 uionss 1973 r. Bo Bpems
[OJIHOTO 3aTMeHHs, KOTOpOe COBeTCKHe YyueHbie HaGmonann B MaspuTaHun.



Puc. 13. Caumok CoJsiHlla B PEHTTEHOBCKHX JiydaX, NMOKa3bIBAIOIHMH CJAO0XKHYIO C1pyh
Typy KOpOHB (mosydeH Ha cTaHuuu «Ckains6» 28 mas 1973 r.).

Puc. 14. PacuindpoBka HauGoJiee BaXKHHIX [eTaJjiell, KOTOpbie BHIHE Ha ¢oTorpa-
¢uu CosHLA B PEHTrEHOBCKHX Jyyax: I — KOpOHa/ibHBlE AbIpH; 2 — ysipyeHHe Ha
Kpaio; 3 — yHunossipHasi 06sactb; 4 — akTUBHAsL 06J1aCTh; 5 — NMPOMEXYTKH MEXIY
aKTHBHBIMH O6sacTsiMH; 6 — mpoTyGepaHubl Ha AHCKe; 7 — SpKHe TOYKH; 8 — Heil-
TpaJsibHasl JIMHHSA, OTPaHHYHBAIOILAsT KOMIJIEKC aKTHBHOCTH.



Puc. 15. Tlpory6epaHnusl.



Puc. 16. dotorpadus yyacTka 3Be3fHOro He6a — cospesnne Bosbwoii Measenuus.

Puc. 17. OguH M3 BapHaHTOB NMpeXHHX H306pakeHHil co3Be3aus Bosbuioit Mease-
JAHUB Ha 3Be3JHHIX KapTax.



Puc. 18. CnupasbHas ranaktika NGC 3031 (M 81) B co3Be3ann Boabluoit Mease-
JUHUBL.



Puc. 19. Tanaktika NGC 2685 HanoMHHaeT rHraHTCKOe BePETEHO, Ha KOTOPOe HaHHu-
3aHbl KOJIbILA.



Puc. 20. B3anMopeicTByIolHe raJaKTHKH.

Puc. 21. BapniBatomasics rasaktika M 82 (B cosse3nun Boubuioit Measeauunl).



Pue. 22. Pagnoranaktuka LlentaBp A (oHa e U Ha 06JI0XKe).



Puc. 23. PaguoranakTtvka Jle6eap A (yka3aHa CTpeJIKO#H).



Puc. 24. Bua «0OGbIYHOTO» KBa3apa (HEraTHB).

Puc. 25. Ksasap 3C 273 (neraTuB).



Puc. 26. Hawa niaHera — 3emJs.




Puc. 27. ®otorpaduyeckas kapra JIyHbI.



Puc. 28. Benepa. Psix CHUMKOB, CHeJaHHBIX C MHTEpPBaJOM B OAHH CyTKH («Mapu-
Hep-10»). .



Puc 29. CatypH.

Puc. 30. lOnutep («[Tuomep-10»). Buano Kpachoe ITsiTHO M TeHb OT OJHOrO H3
CMYTHHKOB MJIaHETHI.



Puc. 31. [TanopaMbl moBepxHOCTH BeHephl, mepegaHHble CIyCKaeMbIMH amnapaTaMu
cranunii «Benepa-9» (22 oxkTtabps 1975 r., BBepxy) u «Benepa-10» (25 okTs6ps

1975 r., BHu3y). CermeHT BHH3y ¢oTorpaduu — 4acTb MOCaJOYHOrO YCTPOHCTBA
-(BHAHBI OATHb CEeKUHMil 3aLUIMTHOrO KOXKYyXa TeaedoToMerpa).



Puc. 32. JlyHa..



Puc. 33. Mepkypuit («Mapunep-10»).



Puc. 34. Mapc c¢ paccrosiuus 471 750 kM u 452 100 kM. CHHMOK NOJIyYeH C HHTep-
BaJIOM MEX1Y 3KCMo3uuHsMu 47 MuH («Mapunep-7», aBryct 1969 r.).



Puc. 36. Yactb ruranickoli pudroBoit gonnun Konpar («Mapunep-9»).

<« Puc. 35. OrpomMHas MapcuaHcKas ropa — Osumnuiickue CHera («MapHHep-9»).



Puc. 37. Yuactox IoxXHOH moJasipHO# manku Mapca ¢ pacCTOsiHHS B HECKOJIbKO
TBICY KUJIOMeTpoB («MapuHep-7»). BuaHel KpaTepel H «cyrpoGel cHera». CnpaBa
MOXXHO PacCMOTPeTb OTIEYaTOK THIaHTCKOH <«IOJOLIBHI» — IOKa, IO CJOBaM aMe-
PHKaHCKHX YYEHHIX, «eIMHCTBEHHOE JI0Ka3aTeJbCTBO XH3HH Ha Mapce»...



Puc. 39. Yuactok noBepxHocTH MepKypusi («Mapunep-10»)

@ Puc. 38. ®dororpacduu yyactkos nosepxHocTH Mapca («Mapc-5»).



Puc. 40. I'vranrckas OawHsi 6-METPOBOro COBETCKOro TeJieckona-pedJexkropa
(CeBepHuiit KaBka3 B6/n3H cTaHUHH 3eJeHYYKCKOil).

Puc. 41. KpynHeiiuit B Mupe COBETCKHiI TesecKom-pedJieKTOD C AHAMETPOM 3ep-
Kasa 6 M.
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