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nast chepa m300parkarach TaK, KaK MBI BHIeJH OBl ee CHApPYIKH.
ro ob6bACHANOCH TeM, 4TO emfe co BpeMeH J{pesHux Erunrta u Ba-
nuJIOHa 3Be3AHoe Hebo HMz3obpakasock B BHAe HebecHOro riobyca.
Ha coBpeMeHHEBIX KapTax He0a CO3Be3AHA NOKA3aHBI TAK, KAK MBI
BUAUM UX B JeHCTBHTEILHOCTH, T. €. TaK, KAK OHH BHHBI U3 LIeH-
rpa HebecHOB cdephl.

«Co3Be3uAM [aBAJIUCh HMEHA H OYepPTaHHMsS KaK Obl HAPOYHO,
¢ 11eJbI0 MOPOAHUThL BO3MOYXKHO GOJIBIIYI0 IYTAHHLY H HeyqoOcTBa.
BecumcaeHHbBIe 3MeH U3BUBAIOTCS AJINWHHBIMH KOJBIAMH, YAEPXKATh
KOTOpHIE He B CHJIAX HH OJHA IIaMATb, HA BCEeM IIPOCTPAHCTBE He-
0ecHOro CcBojJa; MeJBedH, JbBLI M pHIOLI, OoJbiline B Manble, Ges-
HajgexxHo nyTalT HoMeHKIATypy» (. I'epmienb. «OyepKm actpo-
HOMMH» ). OTH CJIOBA H3BECTHOIO ACTPOHOMA HAIJIAIHO XapaKTepH-
3YIOT HOJIoMKeHHe ¢ HebecHOMl HoMeHKJaTypoil yxe B XIX B.

Ho cpaBHHUTENBHO HeJaBHEr0o BPEMEHH B CO3Be3OUA O0BeJUHA-
JIUCh He BCe 3Be3Jbl XU ACTPOHOMEI MMeJIH BO3MOXKHOCTHL (M IOJIb-
30BAJIMCH €I0) BBIJEJATh BCe HOBHIE M HOBEIE CO3Be3JHdA. B pe3yJb-
TATE DTOr0 4YUCJH0 co3Be3auilt pocrurio 132. Ilomxoe oTCYTCTBHE
CUCTeMEI [IPHBEJIO K TOMY, YTO KaXXJbli aCTPOHOM IPH3HABAJ TOJb-
KO CBOIO CHCTeMYy co3Be3auil. Cosfasach HeBepoATHAA NMYyTAHHIA.

Yrobrl ee nsbexarb, B 1922 r. MexaAyHapoAHBIH aCTPOHOMHU-
YyeCKHH €003 IIOCTAHOBUJI OCTABHTH 88 CO3Be3gMi ¢ MX TpagHUIlH-
OHHBIMH HA3BAHUAMH M NPHHAJN pelleHHe HA3LIBATh CO3Be3AHeM
obnacte mHebGa, OrpaHHMYEeHHYIO YCTAHOBJEHHBIMH rpaHHuamMu. Bce
3Be3bl B 9THX IpaHHUax (a He TOJIBKO 00pasymoIiiHe (pUrypy co-
3Be3NdA), BUAHNMBIE KaK HEBOOPYIKEHHBLIM FJIa30M, TaK X B TeJle-
CKOIl, CUMTAIOTCA NPHHAIJIEKAIIUMH 3TOMY co3Be3anio (puc. 2).
BrLIH noATBepIKAEHBl H YTOYHEHE! ¥ [IpaBUJIa HANMEHOBAHHUI 3Be3]]
B CO3Be3aUAX.

HexkoTopruie 3Be3grl uMeloT cobcTBeHHbIe HasBanuA. Hanpumep,
Cupuyc — o Bonsmoro Ilca, Anrons — B Ilepces u 1. a. Ux He-
MHOTO, a O0LeynoTpeOGUTeNbHEIX HasBaHHM He Gosee 10—15. 310
caMble ApKHe 3Be3/bl co3Be3auil (He Bcex). 3Be3Anl, 4eM Jnbo 3a-
MeuaTeJbHbIe (HampuMep, AJroib (0T apabCKOro «3aab zyab» —
abABoJ) 1 Mmupa (oT JaTHHCKOro mirae — yIHBHUTeNbHasdA) — 9TH
3Be3bl MEHAIOT CBOH OJIeCK), OOBIYHO HMMeIOT CcOOCTBeHHBIE Ha-
3BAHUA.

IIpn cospanmm KapT M KaTaJIOroB 3Be3J] IOTPebfOBaIOCh KAaK-TO
ofos3HayaTh ux 6JecK (B MpOCTOpPEYHH FOBOPAT O SIPKOCTH 3Be3,
HO 9TO HEIIPaBHJIBHO, IOCKOJBLKY SAPKOCTh — (hpH3NUeCcKas BeJIH-
UMHA, HUKAKOrO0 OTHOIIEHHA K BUAMMOCTH 3Be3J] He HMeIOI[asn).
B pmeficTBHTENBLHOCTH MBI BOCHpHHHMAaeM oOcBelleHHOCTDL (E), T. e.
KOJUYECTBO DHEPIHH, KOTOpasg IPHHOCHUTCA CBETOM HA eIHHHUIY
IJIOLIAAH B eIUHHLY BpeMeHH. IMeHHO 3TO BOCIDHMHHMAETCS FJa-
soM ¥ puKcHupyercs npubopamu.

Benuknii apesrerpedeckuii acrporoM I'mnmapx (II B. go H. 3.),
co3IaTel]b IepBOro KaTaJora 3Bes/l, pa3fesIdy Bce 3Be3Abl Ha IIeCTh
neanuuH. K nepBoil BeMYMHe oH oTHec 23 caMBIX JPKHX 3Be3-
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Ko HabmopaTelneii cMOryT YBHAeTh Takoi addext depes 300 ser
nocie JlomoHocoBa. (JIoMoHOCOB GBI eIHHCTBEHHBIM!)

8 Hosbps 2006 r. moxxHO Oyner yBHAETH HpoxoxkieHne Mep-
KypHusa no aucky CoJsiHna. 3to siBneHne 6yaer HaGXOAATHCA TOJBKO
¢ tepputopun [JaneHero Bocroka m Boctoumoit Cnbupu. Ilpoek-
o MepKypHA Ha 9KpaHe MOMXHO YBHAETH B BHIE KPYKOYKAa AHA-
MeTpoM oKoJio 0,5 MmMm.

Hab6amopgarenn, pacmosiojkeHHble B PpasHBIX MecTax 3eMJIH,
BUAAT MOPOXOAAINyI o aucky CoJiHIIa ILIaHeTY I0-pa3HoMY
(cm. puc. 9, I). CooTBeTCTBEHHO Pas3jNYaAlTCA M IMYTH KPYKKa IO
npoekiu Comsna (cm. puc. 9, II), paccTosiHue MexIy OYTAMU
CHJIBHO IPEYBEJHYEHO, B NEHCTBUTEJHHOCTH OHO COCTaBJIAET Ha
HalIeM 3KpaHe TOJBKO OKoJIo 2 MM. [lockoapKy M3 HabsoneHHi
3a aBmokeHMeM BeHepsl 1 Mepkypusi MBI 3Ha€M OTHOCHUTEJIbHEIE
pasMepsl X OpOHT M opOHTH 3eMJIH M CKOPOCTH IOBHKeHHs Be-
Hepsl 1 MepKypHs, TO HaM AOCTATOYHO ONPEAESIATh MOMEHT BCTYII-
nenns Benepsl i Mepkypus Ha auckK CosHna (MOMEHT HPOXO0XK-
nennsi Toukn A wim B Ha pucyske 9, II) 1 MomenT cxozma ¢ He-
ro (MoMeHT NOPOXoXKAeHMA Todyku A umam B’ Ha pucyske 9, II).
C 9THMH JaHHBIMM HETPYAHO BBEIYHCJIHNTEH PACCTOAHIE MEXAY 3eM-
neit u Benepoit u paccrosiaune no CoJHia.

4. OnpepeneHue paccToaHMM a0 3Be3n. B nmpunnune Ttor ke
MeTOoJ NpHUMEHSIeTCHA W [AJA ONpefejIeHHs PacCTOSTHMHA o 3Be3].
Ho oHM HAcCTONBKO AAJIEKH, UTO 3aMETHTH OTJHYHE HalpaBJIeHHHA
Ha 3Be3Jy M3 Pa3HEIX TOYEK [IOBEPXHOCTH 3eMJIM COBEPUIEHHO He-
BO3MOKHO. Hy)»XHO MaKCHMAJIBHO YBEJIMYHUTH PACCTOSHHE MEXAY
TOYKAMH, B KOTOPBIX [POM3BOAHUTCH H3MEpPEHHE.

PaccmoTpuM pHcyHOK 11, Ha KOTOpoM IIOKAa3aHO [ABHYKEHHE
3emsin Bokpyr Cosnna, rae touka C — Coinaile; S — 3Be3na;
A mu B — TOYKH, B KOTOPHIX HOPOHU3BOANTCA H3mepenne. OHH
BeIOMpalOTCs TakK, 4YTOOBI TOY-
xu A, B, C, S nexxanm B ofHOH
IUIOCKOCTH ¥ JmHMA CS Oslia
nepueHaukyjaapHa AB. (Bce 3To
COBEpIIEHHO HeobGA3aTeNbHO, HO
OpHM BBIMOJHEHNWHM [AaHHBIX YCJIO-
BHI pacyeTsl CHJIBHO YIOPOIAIOT-
cd). BelbepeM HEKOTOpoe MOCTOAH-
Hoe HamnpasJyeHue AP (Hanpasie-
Hue BP’' emy napajteibHo.) 3ITO
MoOKeT ObITH HalupaBJjIeHHe, napaJt-
JieJibHOe 3eMHOH OCH, MJIM HalpaB-
Jenne HA Tropasmo Gosee crabyio
3Be3ly, COCEIHIO C TOH, PaccTo-
fIHHEe [0 KOTOpOH onpeneseTcs.
BeposaTHo, 4To Takas 3Be3ga pac-
Puc. 11. Onpenenexnue nmapaniakca [nojoxxeéHa HaMHOT'O JaJipllle M ee
3BeBIEL. CMeIl[eHeM MOXXHO IpeHedperars.
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Il ¥ OTKPLITh OOBEKTHB HA HECKOJBKO YacoB, TO H300pasKeHud
sBesd), Ha (DOTOIJIACTHHKE OIHINYT AVIH, LEHTPaJbHBIE VIVIKI KO-
TOPbLIX OOZMHAKOBH (puc. 17).

H3-3a Bpamienusa HebecHOM cdephl KarKAoe CBETHIO NBHIKETCS
o MaJIoOMy KpPYIry, ILUIOCKOCTH KOTOPOTO NapajljejbHa ILJIOCKOCTH
3KBaTOpa — CYTOYHOM mapasuienu. Kax BUAHO U3 DHUCyHKa 18,
CYyTOYHad Napajljlelb MOJYKEeT NepeceKaTh MaTeMaTH4YecKH# ropu-
30HT, HO MOJKET M He ImepeceKaTh ero. llepecedyeHue ropu3oOHTa
CBETHJIOM HAa3BbIBA€TCA BOCXOAOM CBETHJIA, €CJIH OHO NEepPeXOoAHT B
BEPXHIOIO yacTh HebecHOil cheprl, © 3aX0A0M IpH Ilepexoje cBe-
THJAa B HUIKHIOKW YacTh HebecHoil cpeprl. B ToM ciyyae, ecau cy-
TOYHAas Napajlienb, 10 KOTOPOi ABHIKETCS CBETHUJIO, HE NepeceKa-
€T TOPHM30HTAa, CBETHJIO Ha3bIBaeTCA HEBOCXOAAIIHM JHbO He3zaxo-
AAIDMM B 3aBHUCHMMOCTH OT TOro, T'leé OHO HAaXOJWUTCS: BCerja B
BepXHeH HJH Bcerga B HUXKHel uyacTH HebGecHO# cdepsl.

3a BpeMs ogHOro obopora He-

Hesaxogsmee 6ecHoit cepnl CBETHJIO ABaM</IbI

CBETHJIO nepecexkaer HebOecHBI MepHAH-

aH. MoMeHT mepeceyeHH:A CBe-

THJIOM MepHAVMAaHA Ha3bIBaeTCH

KYyJloMUHAYUell: BepXHeH, ecau

CBETHUJIO IIEPECEKAET MepHAUaH

B TOIl ero mnoJIOBHHE, KOTOpas

CONEPIKHUT 3eHHUT, HIH HHXKHeH,

ecaId — B ToOM, KoTopasi colep-
KHUT HaIgup.

5. OpuHeBTauusAa 3KBaTOPH-
aJBHOM CHCTEMBI KOOPAHMHAT.
Puc. 18. CyTouHble mapasienu. HeGecras cepa Bpamaercs, HO
rOPH30HTAJBbHAS CHCTEMA KOOD-
IHUHAT, dKXECTKO CBsA3aHHAdA ¢ Ha-
0Jr0gaTeeM, oOcCTaeTcd HeIo-
aBmkHOM. MMeHHO moaToMy B
pasHoe BpeMs MBI BHAMM OXHO
M TO K€ CBEeTHJIO B PasHHIX 4a-
crax HebocBoga. Ho Ham Hyx-
HO OIIPENEeJUTh, KOTAa U T'Ae TO
HJIH HHOE CBETHJIO HaXOAWUTCH
Hajg ropusoHToM. Ecam MBI He
CMOXKeM 3TO Y3HaTh, TO X Kara-
JOrd, U caMa 3KBaTOPHAJIbHASA
CHCTEMa KOODAMHAT JHIIAIOTCS
cMbIciIa. 3ajava 3Ta HA3HIBAET-
cA «Iepexo] OT 3KBaTOpHAaJb-
HOHM cHCTeMBI KOOPAMHAT K TIO-
PHM3OHTaJIBHOM» (puc. 19).

Puc. 19. Ilepexox oT 3KBaTOpHMaIbHOR IlepBas yacTk 3agayu pelua-
CHCTEeMBl KOODAWHAT K rOpM3OHTANIBHOH. €TCA CPaBHHUTEJBHO JIErKo. Ha
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CyTounble
napajieny











































BOCXOXKJAEHUI) MeEHsieTCsT BUAUMASA
yacThk ocBeleHHoro CoJIHIEM IOJy-
mapus Jlyasi. CmeHa das JIyHbr mo-
KaszaHa Ha pucyHKe 28 W IpUBeneHa
B Tabnuue 3. IIpuyuHa H3MEHEHUA
JIYHHBIX (a3 B ABYX (dakTopax: 1) Bu-
aumas dyacTh JIyHbel ocBerreHa CoJjiH-
uem; 2) JlyHa umeetr dopmy Imiapa
(puc. 29).

ITepuod obpawenus JIynot 6oxpyz

3emaAu OMHOCUMENbHO 38e30 — cCu-
depuueckuil (om ezpeu. sideros —
36e30a) mecay — paeen 27 Ouam
7 443 mun 11,3 c.
Puc. 29. Ilpuwumua cMeHH Ho noka JlyHa cpejiaeT HOJHBIH
JYyHHBIX (as. obopot, ConHile MPOHAET IO DKJIHII-
Tuke 27°, ¥, YTO6LI OKA3aTLCA B TOM
ke dase, JlyHe morpebyercss eime
6oJsblIe ABYX CYTOK.

) Bugumas me (PaBHOrO pPa3HOCTH HX IIPAMBIX

Tabauuya 3
Haspanuue Bupa Jlyun VYron Bpems
dase! (uudpps Ha pucyHke 28) daser | BuAMMOCTH
HoBonyxaue He Buaua (1) 0 He Bugna
1-7 yeTBepTH Ilonyxkpyr (2) BRIOYKJIOCTBIO K 3a- 90° Beuepom
nany
Ionmuonyuue Ilonuwiit xpyr (3) 180° Beio HOUB
3-1 ueTBepTH IToayxkpyr (4) BRINYKIOCTHIO K BOC- 270° YTpom
TOKY

ITepuod noanoii cmenst pas Jynvt Ha3vieaemcesa cunoduiecKum
mecayem. Ezo npodoamumenvrnocme 29 Oneit 12 uw 44 mun 2,8 c.

N3 BmipaxkeHus s ¢asbl JIYVHB JIerKO IOJYYHUTE COOTHOIIIE-
HUE MEXJy CHHOAWYECKHUM U CHAepPHYecKUM mnepuogamu. lleiict-
BUTEJILHO, UBMEeHeHUe a3kl 3a 3Bea3Hoe BpeMs 1 cyT. pasHo 360°%/C
(C — cuHomuM4yecKuil mepHo[), U3MEHEHNE IIPAMOTO BOCXOXKJEHUS
JIyasr — 360°/S (S — cupepudeckuil mepuon), a U3MeHeHUe IIPH-
moro BocxoxkaeHua Conuua 360°/T (T — tpomuueckuit rox). Ot-

CIOfia CJIEAYET: 11
c s T

COBepIIIeHHO TaK Xeé OIIpeneyiIAioTCA CHHOOUYECKHE II€pHOoabl U
s wiaHeT. OTMETHM, YTO AJA HUX CHMHOAMYECKUH IIEPHUOJ — 3TO
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3ddeKTOM, OHO aHAJOrM4yHO Hab/IofaeMOMY B ITapHMKax M Tell-
JIAIAX, TAe POJIb aTMoceprl Uurpaer crexkJsHHaA Kpbimia. [Toapo6-
HO MHI paccMOTpUM 3TOT 3hdeKT B rjaBe V mnpu obcyxieHHH
BOIIpOCa O pacIpoCcTpPaHEHWH Mpolecca Iepesaddl dHEPTHH B Bellle-
CTBe.

IIpn HaGmomeHMAX ¢ 3eMJ IpeAcraBidercd, uro BeHepa 3a-
KpBiTa IIJIOTHBIM CJIoeM 00JIaKOB, aHAJIOTUYHBIX 3eMHBIM. Haburio-
JeHusa Ha NOoBepXHOCTH BeHephl NOKAa3bIBAIOT, UTO 3TO, CKOpee,
ABIMKA TyMaHa, COCTOSILIEr0 U3 KalleJieK cepHoi Kucyorhl. Iloxo-
KU, HO BO MHOro pas3 0ojiee TOHKM1 CJIoit GBI OOHapy»eH U B
arMmocepe 3emun Ha BeicoTe 25—30 xM. ToJabKO B aTMOchepHOM
cjoe 3emMmyn caMu Kamejabku B 10 pas MeHbIIe, a YHMCJIO HX B eJHU-
Hule oobema B 100 pas meHble, yeM Ha BeHepe. Hanuuwme B aT-
Mocdepe GOJBIIIOro KOJUYECTBA CEPHOM KHCJIOTH M (QUKCHpYEMEIe
AMC BcOBIIIKKM MOJHHI TOBOPAT O TOM, UTO Ha BeHepe HO/HLKHEI
ORITH JAENCTBYIOIINE BYJIKAHHI.

PaguonoxanuorHble HaONIOOeHUA YCTAHOBUIH 243-CYTOUHBIMA
nmepxoj BpaleHusa BeHepbl, 0MHAKO CHUMKH, CAeJaHHEIE C KOCMM-
YeCKHUX aIllaparoB B YJIbTpad@UOJIETOBBIX Jyudax (cM. puc. 48),
MOKa3aJ i BCEro 4YeTHIPEXCYTOUYHBIA Nepuof. Jra 3arajgka ObLIa
pemeHa OJIeCTAIMMH 3KCIEPHMEHTaMH, mnpoBeaeHHeIMH AMC
«Bera-1» u «Bera-2», ¢ 60pTOB KOTOPBIX OBLJIM 3alyIIEHBI a3po-
cTaTtbl. 3a UX ABUMEHUEM CJIeIUJHA ¢ 3eMJH C IOMOIIBI0 pPaauo-
TexHUYecKux cpeacrB. HabGnroneHusa mokasanm, 4TO B aTrMoctepe
Benepn Ha 60JIbIIHX BHICOTAX AYIOT IIMPOTHBIE BETPHI CO CKOPO-
cramMu 6osee 100 m/c. Takme BeTpbl O0BACHAIT UYETHIPEXCYTOU-
HBIIl IIepUOJ BpaIleHHusA BePXHHUX cJIoeB aTMoctepbl. Kpome Toro,
OblTM OOHApY>XeHHl BepPTHKAJIBHEIE XaOTHYEeCKHE IABHIKEHHS CO
CKOPOCTAMM IO HECKOJBKMX METPOB M Ja)Ke A0 HECKOJbKHUX Je-
CATKOB METPOB B CeKYHAY. Bce 3TO maerT upe3BBIYAaitHO Ba>KHBINA
Marepuaj AJd PasBUTHUA TEOPUHM IIPOLECCOB, IPOUCXOAAININX B
aTMocepe 3eMJn.

C TouxKHM 3peHHA TreoJIOTMH H3y4YeHHe BeHepBl OUeHb Ba’sKHO.
3emasa n BeHepa o6snagaroT nNpuOIM3NTENBHO ONHHAKOBEIMU pas-
MepaMu ¥ MaccaMu, 06pasoBaauchk Bpoae ObI B ofHOI o6sactu CoJr-
HeYHOM cucTeMbl. MeXXJay TeM II0 MHOTMM IIapaMerpaM IIJIaHEeTH
pasnuuBebl. He roBopsa yke 00 arMochepax (IPHYMHB pasiudyudA
KOTOpBIX OoJlee-MeHee NOHATHBI), €CTh Pas3juyufA BO BHYTPEHHEM
U reoJIOTHYECKOM cTpoeHnH miaHer. [loBepxHocTs BeHephl xapak-
TepusyeTrca PAaBHUHHBIMM padoHaMM, TropaMM ¥ HHU3MEHHOCTAMH.
l'opHele paiioHBI BIOJIHE MOKHO Ha3hIBaTh MarepukamMu. K Hum
orHocaATcA: 3emya Hinrap B6susu CeBepHoro moJjroca, semiaa Ad-
POOUTHI B IOXKHOM mojymapuu u obynacrs Bera. 'opHble paitOHEI
Ha BeHepe 3aHMMaIOT Bcero 7% NOBEpXHOCTM ILIaHeTH. TeKToHM-
xa BeHephl msyueHa ciabo, TeM GoJjiee UTO BCe M3Yy4YeHHE OCHOBHI-
BaeTcs TOJBKO Ha ¢opmax perabeda. O ceicMHYeCKUX HCCIeAOBa-
HUAX TOBOPUTH He NpuxoauTcid. Hake cyllecTBOBaHHE aKTHUBHEIX
BYJIKAHOB, XOTSl B 9TOM HHUKTO HEe COMHEBAETCHA, OCHOBAHO TOJBKO
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Crpoenne Ypana u HentyHa OYeHBL IIpOCTOE, IOCKOJIBKY HX
Macchl HAMHOTO MeHbIe. ¥ HHX TOJBKO TpH ODOJIOUKH: aTmoche-
pa, MaHTHUsI U3 JIBAOB M METAJJIOCHJIHKATHOE SAPO.

3. CnyTHHKM ILIAaHET-THraHToOB. IlaHeTHI-TUTaHTH 006JIagaloT
Pa3BHTHIMH CHCTEMaMH CIYTHUKOB. Tak, IOnurep m Ypan umeror
o AaBa gecsATKa, a CaTypH NOYTH TPH AEeCsATKA CIYTHHUKOB. BoJb-
ITMHCTBO M3 HHUX — 9TO HeOoybinme (MaKCHMyM JECATKH KHJIO-
METpPOB B IoNepedyHUKe) JiegsHbe TIRIOEI. Ho HekoTophrle mpex-
CTaBJSIOT OOJIBINON Hay4YHBIN MHTepec. MBI OCTaHOBUMCH IOAPOG-
Hee TOJILKO Ha HHX.

Ho (cM. BrIeiiky IV) — Ommxaiiinmuit k IOnurepy cyTHHK H3
YyeThIpeX, OTKPHITHIX ['anniieeM, quaMeTp ero HeMHoro 6ossine Jly-
HEI. 3TO eAUHCTBeHHOE TeJio COoJIHeYHO! CHCTEeMBI, HA KOTOPOM Ha-
fJofaeTcss aKkTUBHBIN ByJKaHN3M . B 1979 r. AMC «Bosgxkep-2»
o6Hapyxxkus Ha Mo BoceMs geiicTByromux ByJkKaHOB. Ilo kpaiiHeit
Mepe OAMH M3 HUX IIPOJOJIKAeT M3BEpPraThcid A0 HACTOAIEro Bpe-
meHn. IlpuyuHa ByJIKaHM3Ma — pas3orpeB HeApP IIPHJIMBHBEIM Tpe-
HHNEeM, BBISBAaHHEIM IpHTsKeHHMeM IOnurepa M ero KpymnHeHInmmx
cnyTHEKOB — Esponer u 'aEumepa.

Cuenyromunit 3a Mo cnyrank IOnurepa — EBpona (cMm. BKJeit-
Ky IV). Ve nepBrle cHUMKH ¢ «Bosimkepa» NpPHBJIIEKJIN BHHMA-
HHe K 3ToMy cinyTHuKy. Ha EBpone 6v11a o6HapysKeHa rycras ceTb
nepeceKawuxca JUHAA. Bojiee mogpobfHOe M3ydyeHME NMOBEPXHO-
cta EBponsl, npoBeieHHOE, B yacTHocTH, AMC «lanmieit», noka-
3aJ10, YTO IIOBEPXHOCTHL EBpOIBI mpefcraBiiAeT co00H IMraHTCKUHR
JeIs1HOM IMOKPOB, pasOUTHEIH MHOTOYHCJIEHHBIMH TpeltuHaMu. ToJ-
IIIMHA IIOKpOBA II0Ka HeM3BecTHa. Ilo pa3HBIM OlleHKaM, OHa CO-
craBidAer or 10 go 20 km. IIpaBma, B mocjiefHee BpeMsi CUHTAET-
cfi, YTO TOJIINIMHA JIeASHOIO IIOKPOBa CYIIeCTBEHHO MEHBIIe,

Hecxosbko Jier Hasaj OblI0 00HAPY?KEHO, YTO B TpPeI[MHAX Ha-
OJrofaeTcsi NBUXEHHE OTPOMHBIX JIeASIHBIX IJIBIG, YTO HMHTEpIpe-
THPYeTCs KaK IPHM3HAaK Hajauuymsa Ha EBpone »xkuakoil Boasl. Ha-
JUYne XHAKOA BOOBI SABJIAETCA HEOOXOOMMEIM YCJIOBHEM CYIIeCT-
BOBaHMs XKHM3HHM. OMHAKO HUKAKUX HCCJENOBAHHI, KOTODBIE MOI-
Ju OB IIOATBEPANTH WJIM OIPOBEPTHYTH 3TO NIPEAIOJIOXKEeHHe, IIPO-
BECTH B HACTOsIee BpeMsA HEBO3MOXKHO.

Cnyrauk CarypEa — Twuram u cnyrEMK HenryEa — TpuTOH
[IPHUBJIEKAIOT BHMMaHHME HCCJIeOBATeJIell TeM, YTO HAa HHX HMMeeT-
cfA IJIOTHAsA aTMocdepa, COCTOsIas IIABHBIM 00pas3oM H3 as3ora.

4. Koasla miaaHeT-ruraHToB. XapaKTepHOH 0COOeHHOCTHIO I1JIa-
HET-TUTAHTOB SABJAKIOTCA KoJjblla. HamboJiee XOpOmIO pa3BHTHI
kosbua v CarypHa (cMm. BrJeiky I1I), oan oTkprITH! eite ['asinie-
eMm u I'oiirencom B Hauajsle XVII B. Kospuna ¥Ypama (puc. 53) m
HenTyHa OTKpPHITHI Ha3eMHEIMH HAOJIIONeHMsaAMH; KoJbio IOnure-

‘Bynkannl Ha Benepe me mabmopatorca. X cyliecTBoOBaHMe yCTAHOBJEHO IO
KOCBEHHBIM IPH3HAKAM.
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Ilocne mosnerop Ha JlyHY, KOorjja MeTeopHas THIIOTe3a o0pas3o-
BaHUA KpaTepoB cTajla OOIMENpUHATON TeopHeil, OBLJIN Ipen-
NPUHATHL IOMCKHM TaKMX KpaTepoB M Ha 3eme. CreuuajabHBIE
aspo- H KOCMHYEeCKHe CHhEeMKH IOMOTJIH OOHapy»XHThb 115 MeTe-
OPHTHHLIX KpaTepoB. Bo3pacT HX IpeBHIIIaeT MHOTHE MHJIJIHO-
HBI JIeT.

B mnociexuune roAnl o0HaApPy»XKeHbl METEOPHUTHI, M3OTOIHBIN CO-
CTAB KOTOPBIX COBIAJAeT ¢ M30TOMHBIM COCTABOM BelllecTBa JIyHEI
u Mapca. Ilo-BuanmMoOMy, 3TH MeTeOPHTH OOpa3OBaJHCh IIPHU Ia-
JeHUM KDYIHBIX MeTeopHBIX Tesl Ha Jlyny mam Mapc. Ilpu atom
He HMCKJIIOYaeTCH BO3MOKHOCTE, UTO OTAEJIbHBEE (hparMeHThbl KOPHI
JIyaer 1 Mapca MorytT npuo6pecTHl BTOPYI0 KOCMHUYECKYI0 CKO-
poctb. Takue HeGoOJBIIKME TeJla MOTYT AOCTHTHYTH 3eMJIH U YIACThb
Ha ee NOBEPXHOCTH B BHJEe METEOPHUTORB.

B otgennHBIX MeTeopHTax, npuieTeBUIHX ¢ Mapca, oOHapyxe-
HEl YaCTHUIbI, KOTOpbIe HEKOTOpble Y4YeHhle PacCMAaTPHBAIOT KaK
cJeAbl HeKHNX KUBBIX OPraHU3MOB. B HacTosIlee BpeMs HAET OXKUB-
JeHHafA JUCKYCCHA II0 3TOMY IoBoAy. O0e CTOPOHBI, KaK CTOPOH-
HMKH, TaK U IIPOTHMBHMUKH JKM3HN Ha Mapce, IpHBOAAT apryMeH-
TBI, KOTOPBbIle MX OINMNOHEHTHI ONPOBEpPrHYTh He MOTyT. [y pele-
HUSA 3TOr0 BOIIpOCa IIPOCTO He XBaTaeT 9KCIEePHMEHTAJIbHBIX AaH-
HBIX. OCTaeTcA TOJBKO OXKHAATH, KOTJa OCYIeCTBJIseMbie W Ilja-
HHUpyeMble ITOJIeTHI K Mapcy aaayT MaTepHas, NOATBEpPKAaIOLTNI
HJIH OIIPOBePralollfii CYIIeCTBOBAHHE »XM3HH Ha Mapce B Hale
BpeMs WJIH B JAJIEKOM IIPOIILJIOM.

§ 20. KOMETHI

Komersr — Tesa CosiHe4HOI CHCTEeMBI, NIPEACTABISIONIHECH TY-
MaHHBIM OO’LEKTOM cHenH(pHYecKOM (opMbl (cM. BKJeiiky V). B
KOMeTe Pa3/iMYyaiT TOJIOBY — CBETSUIYIOCA TYMaHHYIO ODOJIOUKY
C YBeJHMUYEHHEM SADKOCTH K IeHTPY, TAe oOBIYHO Habawopaercs 0o-
Jlee fIpKoe fAAPO, M NPOTSYKEHHBIH XBOCT, BCerZa HalpaBJIeHHHI
or ConHna.

KoMeTsl mocTHUraloT TPOMaJHBIX pPasMepoOB: HUX TOJIOBEI MOTYT
UMeTh AMaMeTp B MIJIJINOH KHWJIOMETPOB, & XBOCTHI — JJIHMHY B
COTHH MHJUTMOHOB KHJIOMETPOB. YTJIOBHIE pPa3dMephl TAKOTO XBOC-
Ta gocturaroT 160—180°. T'uranTckue KoMeTsl MOABJIAIOTCA 3—5
pas B cToJieTHe. BOJBINTMHCTBO KOMET CYIIIeCTBEHHO MeHbIlle ¥ BUJ-
HO TOJIBKO B TEJIECKOI.

HecmoTps Ha cTosb BHYIUMTEJBHBIE PasMepbl, MacChl KOMeT
BeCcbMa MaJIbl, MEHbIIe AECATHMHJIJIMOHHON JOJH MacCH 3eMJIH.
Bosabias yacTe MacChl BOOOIe COCPeJOTOYEHA B TBepPAOM spe,
pasMephl KOTOPOTO, KaK IOKa3au ceilaHHble B 1986 1. AMC «Be-
ra» CHMMKH KoMeThl 'asnes, He mpespimaior 20 kM (CM. BKJeii-
Ky V). BuauMmele rojioBa M XBOCT IPEJACTABJISAIOT CO0OIl rasoBhHIe
oOpa30BaHKA, CBETAIHECS O] AEICTBHEM COJTHEUHOTO HU3JIyYEeHHUS.
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3Be3lpl IPOCTO CJIY4YafiHO BHIHBI Tpamenus OBLINHAS
IIPAKTHYECKH B OTHOM HAIpABJICHHH.
B cucreme Anpkop—Muiap 3sesza L ST * > 2

¢ MeHbIIMM OJIeCKOM HaxXxOAUTCA B Tk
HEeCKOJIbKO pa3 Jajbllle OT Hac, uyeM :
fonee sApkas. HHTepecHO, uTO cBe- ¥*---... * *_*
THMOCTb 9TOil 3Be3lpl B JelCTBH-

TeJbHOCTH Oonblille, uem 6oJsee dAp- Puc. 65. UeTBepHble CHCTEMBI.

koi. Ilpumepom ¢mu3mueckoit (miIn

MCTHHHOH) ABOMHOH sABNAeTcA 3Be3fa € JIMpHl (JIeBasg B HUIKHEM
YIJIy TPaJHIMOHHOIO PHCYHKa cO3Be3xns). Kak NBOHHYIO ee BH-
IAT JIOAU C OYEHH OCTPHIM 3pEeHHEeM, [UJISl OCTAJILHBIX HeOOXOIHM
X0Td 6 OMHOKJIB.

3Be3/, ZBONCTBEHHOCTH KOTOPHEIX MOXXHO OOHAPY»XHUTH HEBOOPY-
JKEeHHBIM IJIa30M MJIHM B TeJIECKOI, He TAK MHOI'0. 3HAYHTEJHHO
OoJIbIlIE TAKUX [IBOHHBIX, V¥ KOTOPBIX DACCTOSHHA MEXKIY KOMIIO-
HEHTaMM HaCTOJILKO MaJibl, YTO HEBO3MOXXHO YBHIETh UX pasiielb-
HO. [loa BX oOHApyI)KeHUsA HYIKHBI HCCJIEJOBAHMSA CIEKTPOB.

HekoToprie OBOMHBIE CHCTEMBI OOHAPYIKHBAIOTCA ACTPOMETPH-
YeCKMMH MeToAaMH. Tak, HanpuMmep, GbLJIa OTKPHITA JBONMCTBEH-
HOCTbh sApuYaiilleil M oxHOH u3 Omrkailinnmx K HaM 3Be3xbl Cupu-
yc. Bouto obrapyxeHo, uto CHpHyc ABHIKETCHA He IO MPAMOM JIM-
HHH (TOuHee, He MO Ayre OOJIBLIOIO Kpyra, KOTOPBIM MIPaeT PoJb
npAMOH Ha cdepe), a IEPUOIHYECKH OTKJIOHAETCHA OT Hee. ITO ObI-
JI0 MHTEPIIPETHPOBAHO KAaK HAJM4YMe JOBOJHHO BOJIBIIIOr0 CIYyTHH-
Ka ¢ Maccoil, npumepHO paBHOH Macce CoiHia. [leficTBHTENBHO,
KaK TOJIbKO NOSBHJICS JOCTATOYHO MOILHBIH TeJECKOIl, TO TaKOH
CIOYTHUK (mepBBIi Oesblil KapiuK) GBI OTKPHBIT.

JBoiHEIX 3Be3[ ouyeHb MHOro: He MeHee 60% Bcex 3Be3s BXoO-
INT B JBOIHBIe cucTeMbl. KpaTHEIX cucTeM HamMHOro meHsbine. Cpe-
OM HHMX BBIEJIAKTCA ABAa THIIA: Tpameuma M obuIuHbIe (pHc. 65).
B cucremax THna Tpamenus pPACCTOSHUA MeEXJY BCEMH 3Be3LaMU
IIPAKTHYECKH OJIMHAKOBBI, B OOBIYHBIX CHCTEeMaX o0pa3yeTrcsd He-
CKOJILKO IIap, PACCTOAHHUA BHYTPH KOTOPBHIX HAMHOI'O MEHBIIIE pac-
CTOAHUH MEXJy IlapaMH. ¥YCTAHOBJIEHO, YTO CHCTEMBI THIIA Tpa-
menuss HeYCTOWYMBEI M OHM JIMGO GBHICTPO mpeBpalialoTcsd B OOBIY-
HYIO cucremy, Jubo pacnagaiorca. Takum oO6pasoMm, €CIH MBI
HabaomaeM Ttpamenuio (Hampumep, B TymamHoctH OpuonHa), TO
MOXKHO YTBEDXKJIATh, YTO 3TH 3Be3/bl 06pa30BaJIMChL COBCEM He/aB-
HO, He OoJiee YeM HECKOJILKO MMJUIMOHOB JIET Hasaj.

B BOWHBIX CHCTEMaX [ABMXKEHHE NIPOMCXOJUT OTHOCHTEJIHHO
meHTpa Macc. ITOCKOJMBKY IBH)KEHHE IIePHOIHMYECKOoe, TO M JIyye-
Bafd CKOPOCTH Kaj)KJOH KOMIIOHEHTHI IE€PHO/MYECKH MEHSeTCs
(puc. 66).

IIpn npubnarmxeHNn K HaM OHa OTPHIIATeJIbHA, IIPM yZaJIeHUN
IIOJIOYKUTEJbHA, TO03TOMY CIIEKTPaJbHble JIMHHH KaXXJ0H KOMIIO-
HEeHTH! OyAyT NepHoAHUYEeCKN CMEIAThCA TO K KPacHOMY, TO K CH-
HeMy KOHIy CIeKTpa. IIpHueM IBH)KeHHE 3TO AOJIKHO IIPOMCXO-
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PacCTOSIHMH OCTAETCH MOCTOSHHON MJIM [laKe yBeJINYHBaeTcA. AHa-
JIOTHYHOE pacIpejieieHe CKOpPoCcTel BpallleHUs XapaKTepHO H JAJA
OPYrUX rajakTwk (pHc. 74).

Taxasa 3aBUCMMOCTH CKOPOCTH BpAIlleHHA 3BE3Jl OT PACCTOAHHA
IO LIEHTPOB rajlJakTHK He corijacyercsa ¢ HabmrogaeMbsIM pacupefe-
JIEHHEeM 3Be3]l, YTO M MpPHUBEJI0 K 3aKJIOYEHHIO O CYIIEeCTBOBAHHH
y rajakTHK HeHabmoJaeMBIX rajakTHYeCKHX KOpoH. MHoroumc-
JeHHble HAaONIOAeHHA CKOpOCTeH TrajaKTHK B HX CKOILJIEHHAX
IpHUBEIN K 3aKJ04YeHHIo, YTO Macca HeHalbJlogaeMoll MaTepHH B
10 pas mpespIlIaeT Maccy BHIHMBIX 3Be3]I.

Ilpupoma oaToift Macchl ocTaeTcd HeusBecTHoH. Hauwmmasa c
1993 r. npoBoAATcA HccaeqOBaHHA KOPOHEI Hamlell [ajdaKTHKH.
IIpuMeHsAeTcA AJNA 3TOro ocoObIif METOJi, BOSHHKIINII ¢ Pa3BUTH-
eM TexXHHKH HabmojgeHuii. Takxoil mMeTon HaswiBaeTcd METOAOM
MHKpOJHH3NpoBaHusa. OCHOBAH OH Ha TOM, YTO 3Be3Jla CBOMM rpa-
BUTALMOHHBLIM IIOJIEM OTKJIOHSET CBeT, NPpOXOoaAlHil oT bGoJee
Jajnexkoro ob’beKTa, a IMOCKOJIBKY 3Be3fla IpefcTasasaeT coboit cde-
pHYEeCKH CHMMMETPHUYHOE TeJI0, OHA HUIrpaeT poJb IOJOXKHTENbHOH
JIMH3E.

Tenepp npefcTaBuM cebe, YTO MeXAy OYeHb YAAaJIeHHOIl 3Be3-
Joil 1 HabofaTeneM NPOXOOUT HEKOe TeJo ¢ Maccoi, cpaBHUMOI
¢ maccoii ConHua. B pesynbrare MHKPOJHH3HPOBAHMA MH YBH-
OUM, YTO SPKOCTb 3TOHM 3Be3Abl YBeNHuYHTcA. s Hac 3To GyHer
HeOXXHJaHHas BCIBLILIKA HabJyoflaeMoil 3Be3frl. Komeuno, Takoe
cobrpiTHe 6YyaeT AocTaTouyHO peakuM. Ho ecam HabniofaTs ofHOBpe-
MEHHO MHOro 3Be3ll, TO MOXXHO YBHIETH TaKoe coOBITHE.

CoBpeMeHHBIE IIPUEMHHKH H3JIYy4YEHHS B COUYETAHWH C MOIIHBI-
MH 3BM no3BOJIHMJIM IPOBECTH TaKHe HCCJIeJOBAHHUsA 3Be3f OJIH-
JKafnieil K HaM rajJakTHKH — BoJasuioro Marestanosa Ob6maka.
Y nasocs 3apMKCHPOBATDH OCTATOYHO MHOT'O BCIILINIEK, UTOOHI IPH-
TH K BBIBOAY, UTO OHHW BHI3BAHBI MHKPOJHMH3HPOBAaHHEM 3Be3]
Maccamu 0,2—0,3 M. HenocpeacTBeHHO HabI10IaTh TaKHe 3BE3bI
Ha 3THX PacCTOAHHAX MBI He MOMKeM: OHM ciqumkoM ciabei. Ho
obiaa Macca 3Be3[] KODOHEI, IO-BHUAMMOMY, CJHUIKOM Maja (He
6osee 30%), uTOOBI OOBACHHUTH, M3 UEro COCTOMUT rajaKkTHYecKas
KopoHa. Kpome Toro, Hy»XHO OTMETHTH, UTO HEe COBCEM IIOHATHO,
KaK o0pasoBayioch CTONL 0OJIBIIOE KOJHMYECTBO 3BE3[ MaJIOi Mac-
cH B nepH@epHHAHBIX obsacTax [ajaKTHKH.

OTKpBITHE KOPOHEL HE IPHUBOAUT K CYIIECTBEHHOMY H3MEHEHHIO
HaIIUX IIPeACTaBJEeHHil 0 CTPOeHHH BHYTpeHHell uacTH ['anakTn-
K{ M O mpoleccax, KOTopbsle TaM npoucxoasar. OHO 3HAUNTENBHO
TOJNBKO JJIs OLleHKH TAKWX BEJHYHH, KAaK CPeJHAA IJIOTHOCTH Be-
mecTBa BO BceisienHoil. B manpueiiineM, rosopsa o 'ajmakTuke, MbI
OyZleM roBOPHTH O TeX O0bEeKTaX, KOTOPhle MBI MOXXeM HabJIoaaTh
OOBIYHBIMH CPEACTBaMH.

(K Bompocy 0 CKpBITOM Macce MBI BepHeMcs emne pas B § 31.)
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§ 29. OBBEKTHI HAIIENA T'AJJAKTHKH

1. 3Be3nHble ckKomIeHHda. YacTh 3Be3f lalaKTHUKHM BXOAUT B
3Be3LHBIE CKOIUIEHHUA, HpeAcTaBasdmoInue coboii cHCTEeMEI, COCTOA-
e M3 OOJIBILIOro KOJUUecTBa 3Be3[ (OT HECKOJBKUX HEeCATKOB [0
HECKOJNBKUX MMJIJIHMOHOB), CBA3AaHHBIX CHJIAMH B3aMMHOIO TAroTe-
HudA. CKoILleHMe OBMMKeTCS B [ajlaKTHKe KaK eAHHOe IeJIoe, UTO
roBOpHUT M 06 ODIeM OJHOBPEMEHHOM NPOMUCXOMKAECHUHU 3BE3k, €ro
COCTaBJIAIOIINX.

CkoILleHMs [eJIATCS Ha paccesiHHBIE M IIApOBbIe (CM. BKJIEH-
Ky VIII). PaccessHHEIe CKOILJIEHHS COAEPIKAT OT HECKOJbKHUX Je-
CATKOB JIO HECKOJBKHUX THICAY 3Be3[. PacrosoxeHbl OHM B IIOJIO-
ce Miueunoro Ilytu, 1. e. npuHamiexat gucky lanaktuku. Ma-sa
MAaJIOM MacChl ¥ JOCTATOYHO OOJILIINX pa3sMepoB pacCesiHHBIE CKOII-
JIEHUS TIOA JAeHCTBHUEM IIPUTSKEHWUs JIpYruxX 3Be3f lalakTUKu
IIOCTEIIeHHO paclajaloTcd, U UX 3Be3Ibl CIHBAIOTCA CO 3Be3JaMH
dona. Bpems cyllecTBOBaHUS pacCesiHHBIX CKOILIEHHH He IIpeBbI-

maer 10° JIeT, a BO3pacT HM3BECTHBIX CKOILJIEHHH JIEXKUT B IIpene-
JlaX OT AeCATKOB MHJLJIIMOHOB JO IOJMIJLJIMapha JieT. JTH OLEeHKH
XOPOIIO MOATBEPMX AT obllee M OLHOBpPEMEHHOE IIPOHUCXOMKIEHHE
3Be3J CKOILJIEHUS.

IIlapoBeie CKONJIEHUS] COAEPIKAT YIKe COTHH THICAY M MHUJLJIHO-
Hbl 3Be3n. OHHM OueHb KOMIIAKTHEI, ¥ CHJIEI B3aMMHOrO NIpUTAME-
HUSI HAMHOrO IIPEBBILIAIOT NIPUTHKEHHE OCTAJIBHBIX 3Bedn [amax-
Tuku. [lodTOoMy IIapoBhle CKOIJIEHMS BIOJHE YCTOWYMUBHI. JTO
camMble cTapble 00BexrTH [ajlakTMKM -— HUX BO3pPACT He MeHee
10" ner, 4TO MpaKTHYECKM COBIazaeT C BO3PACTOM IalaKTHKH.
Bceero B mamreit 'amakTuke HacuuteiBaeTcsa oxoyio 200 mapoBnIX
M HECKOJIBKO TBICAY PACCesIHHBIX CKOIJIEHHI.

2. MexaBe3gaasa cpeaa. paBuTannosEHas HeyCcTONIHBOCTE. Elte
B Hauajyle XX B. P. TproMmbesp o6paTusl BHUMaHue Ha TO, YTO yia-
JIEHHBIE OT Hac 3Be3gbl UMeT 0ojiee KpPacHBIA L[BET, YeM 3Be3Jbl
C TAKHUM ’Ke CIIeKTPOM, HO pacnoioxxeHHble Oamxe. Taxk, 66110 ye-
TAHOBJIEHO, YTO B MEXX3BE3OHOM IIPOCTPAHCTBE COIEPIKUTCHA HO-
BOJILHO OOJIBIIIOE KOJHUYECTBO MEJKON NbLIM (pasMepbl IIBIIMHOK
IOpSiAKa MHKPOHA), KOTOPas COCTOUT M3 HebGOJIBIINX CUIUKATHBIX
M KeJIe3HHIX YacTHII.

CyiiecTBoBaHMEe MeX3Be3JHOro rasa OBIJIO JOKA3aHO CIEKTPO-
CKONIMYECKHM MeTOAOM. B cmexTpax MHOrMx 3Be3f OOHapyXeHBI
«JHUIIHNE» CIEeKTpajbHblE JUHUH, HECOMHEHHO, NPHHAIJIeXKalre
MeXX3Be3JHOH cpexe. Bosee Toro, 610 yCTAHOBJIEHO, YTO OrPOM-
HBEIe CBeTJIHIe TYMaHHOCTH (pasMephl KOTOPHIX AOCTUralT COTEH
IapceK) COCTOSAT M3 MOHM30BAHHOrO rasa.

Bénpmas yacTe MaccHl MeXX3BEe3ZHOrO rasa COCpPeJOTOYEHA B
obmaxax MexkaBe3gHoro rasa. IlosiBiienme o00JIaKOB OOBsICHSIETCA
TeM, YTO OLHOPOAHAA ra3oBas cpefa Heycrodumsa. [eficTBHTEND-
HO, eCJIM B rasde HeOKHMIAaHHO BOSHMKHET BO3MYIIeHHe, T. €. B Ka-
KOM-TO MecCTe CJIYYaiHO YBEJHUYHUTCS ILIOTHOCTH, TO ra30BOE AaB-
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HBIX zanblle. OOBIYHO OHYM HA3BIBAIOTCA TEMHBIMH TYMaHHOCTAMH
(puc. 75).

4. Cperasie TymamHOCTH. 'MO unmeror pasmepnl ot 1 go 100 nx.
3T0 3HAYHAT, YTO OHH MOr'YT COAEPIKATh He OAWH JECATOK 3Be3f.
Ecan sro sBesgbl tuna CosHIla, TO WX IIPACYTCTBHE HHYEro He
mensier. [[Jig BUAUMOro cBeTa ras IIpo3padeH, a 3HEePruH, HUIIy-
yaeMO# 3Be30#1, HeAOCTATOYHO, UYTOOBI HAarpeTr H HCIapHUTh
NBUINHKH.

Ho ecam B I'MO mosaBasiercss MacCHBHasl 3Be3fa, a TakHe 06-
JaKa M ABJIAIOTCA MECTOM, Ifie POXKIAIOTCA 3Be3Ahl, TO KapTHHA
meHserca. Ilpexxae Bcero B obisacTH, OJM3KOM K 3Be3fe, HcUyesa-
eT NblJb, U ra3oBoe 06JIAKO CTAHOBHUTCA IIpo3padHbIM. Kpome To-
ro, MacCHMBHaA ropsdasi 38e3/ia 60JbIIYIO YaCTh CBOel dHEePruu H3-
JydyaeT B JajieKod yiabTpadmoseTOBOM HacTH cleKrpa. ['a3 He#T-
paJIBHOTO ¥ MOJIEKYJAPHOrO BOAOPOAAa HeENpo3padeH HOJA 9TOH
YacTH crekTpa. IIpw moryioujeHHMH yabTpadroieTa BOLOPOJ HOHU-
3yercd, IIPAYEeM OTOPBABINWHCSH 3JEKTPOH obJiamaerT GOJNBLILIONH KH-
HeTUYECKOM 3Heprueil, B pe3yJbTaTe 4Yero IMOBLIIIAETCS TeMIepa-
Typa U JaBJIeHHe BHYTPH 00JIaKa M YILUIOTHAIOTCH ellle HeHOHH30-
BaHHBIe obJsaka rasa. IIoBmIIIeHHe IIJIOTHOCTH NIPHBOAUT K JaJb-
Helnrell pparMeHTanuy 00J1aKa B pacIpocTpaHEeHHIO IIpolecca 3Be3-
Jo0Opa3oBaHUIA.

IloBbinienue TeMIepaTyphl TaK)Ke IPHBOANUT K HOHHU3AIHH BO-
JOpoZa M BKJIIOUEHHIO MeXaHM3Ma IepepaboTku yasTpadmuosero-
BOI'0 H3Ny4YeHHUA 3Be3] B BHAMMEIN cBer. O6Jlak0o HaYHHAET cBe-
TUTLCH, U IOABJAETCA cBeTyad Aubdys3Hada TyMaHHOCTbD.

B BemecTBe TYMAHHOCTH HE TOJBLKO IIPOHCXOAHWT IIPOIIECC
MOHU3AIMM, HO M HelpepHIBHO HAeT 00paTHHIM Ipolecc — IIPoO-
necec pexoMOmHauun. IIpn pexOMOHUHAIIMH 3JIEKTPOH 00A3aTeJIBHO
momajgaeT Ha OOMH M3 BHICOKMX 3HEpreTHYecKMX ypoBHeit. Cepu-
eil KaCKagHBIX MEepPeXoJ0B 3JIEKTPOH HellpeMeHHO IlepeiieT Ha BTO-
poii ypoBeHb, IIPM 3TOM OyAeT ysjydeH KBaHT cepHMH DBainmepa,
T. €. KBAHT, COOTBETCTBYIOUIHN OAHOM M3 JIMHUU B BHAWMOM JAU-
amasoHe crexrpa. Hame Bcero 3to 6yser kpacHada nueuAa H . Ta-
KOl MeXaHHM3M CBeYeHHS B BHAMMOM CBeTe XapaKTepeH s GoJib-
IIMHCTBA CBETJIHIX TyMaHHOcTeil. BambMepoBcKuil KBaHT cBOOOZ-
HO YXOAHUT M3 TYMaHHOCTH (AJs IOrJIOUIeHHs ero HeoOXOAHMMO Ha-
JMYHEe aTOMOB BOAOPOZA, Y KOTOPLIX IJIEKTPOH HAXOAHTCS HAa BTO-
pOM YPOBHE, HO TAKHX aTOMOB OYe€Hb MAaJO, TAK KaK 3JIEKTPOH Ha
BTODOM ypoBHe ueped 10™® cIlOHTaHHO HepeXOANT Ha MEepPBHIil.)

Haxonenu, eie OgMH MeXaHM3M CBeYeHHMsI TyMmaHHocreil. OH
OCYUIECTBJAETCA B BOJIOKHHCTBHIX TyManHOcTAX (cMm. dopsay II),
ocraTkax cBepxXHOBHIX (cM. KpaGoBmaHyio TyMaHHOCTH Ha (opaa-
ue II), mynbcapax, peHTreHOBCKHX HCTOYHHKaX. Bo Bcex 3THX
00beKTax CYyUIECTBYIOT 3HAUYHTEJHLHOE MArHHUTHOE IoJjie M OBICTPO-
ABIDKYIUIHECS JJIEKTPOHBI. [[BH)KeHHMe O4YeHb ObICTPOro (peJsisaTH-
BHCTCKOI'O) 3JIEKTPOHA B MACHHTHOM IIOJIe COIIPOBOXKJaeTcs
cnegudUUECKUM H3IJYyYEHHEM, Ha3BAHHBIM CHHXPOTPOHHBIM, IIO-

133






BHENTHUH PYKaB
S,

raaBHBIA pyxas CONHIe

IPOMEeXXYTOYHBIH
pykasB

01234 xknx ’ .
BHYTPeHHUH DYKaB
Puc. 76. Cnupanbhas crpykTypa lamaktukm (© — mnonoxenne Coinua;

+ — unentp lanakTuku).

B mameir 'anakTuke cnupayjbHasi CTPYKTYpPa COCTOUT U3 HECKOJb-
KHUX CIOHpaJbHBIX PYyKaBoB (puc. 76). OHM mpeacTaBaAdAlOT coboit
BOJIHBI IJIOTHOCTH, PACIPOCTDAHSAIOLIVECS B CTOPOHY, IIPOTHUBOIIO-
JIOKHYIO BpamjeHuio I'asakTHKH (TouHee, ee AuckKa). KoHueHTpa-
II¥s 3Be3J B BOJIHE YBEJINUMBAETCA HE3HAYNTEILHO, HO pEeaKIusd
MEXK3BE3JHOI Cpefbl JOCTATOYHO BeaMKa. Pas3roHsasdch B rpaBHTa-
IIMOHHOM IIOJI€ 3BE3J, ra3 YCKOpSeTcA, M €ro IJIOTHOCTh MOXKeT
YBEJIUYHUTHCA B HECKOJBKO pa3. YBeJIWdeHWe IoTHocTH B I'MO
npuBefer K TOMy, UTO ra3 HayHeT cKHUMaThcA. B obiake HayHer-
cd mponecc 3Be3gooOpasoBaHWsA. B mepByro ouepenb oOpasywoTcs
3Be3JbI-TUraHThHl (IPOCTO NMOTOMY, YTO MX oOpasoBaHME H 3BOJIIO-
IUA IIPOUCXOAAT 3HAUYUTEeNLHO OnicTpee). Takmm o6pasom, cmu-
pagb OyZer OoTJNYaThCA TOBBIIIEHHOH KOHIEHTpanpeid o0JaKoB
HeHTPpAaJIbHOIO M MOJIEKYJISPHOI'O rasa ¢ TOH CTOPOHBI CIIMpaly, C
KOTOPO#l OH BTE€KaeT B BOJHY, M GOJBIINM KOJHYECTBOM ADKHX
3Be3]] ¢ IPOTUBOIIOJIOHOH CTOPOHEI.

§ 30. TAJIAKTHKH

1. OnpeneseENe paccTOAHMH A0 TAJAKTHK. [aIaKTHKY HACTOJIb-
KO JaJIeKHM OT HAac, YTO HENOCPEACTBEHHOE OIIpElEeIeHNEe paccrod-
HA# A0 HUX (M3MepeHHMe Iapajilakca) HeBo3daMoxxkHO. OmHAKO yiKe
B 20-x rr. XX B. yzajgoch YBHAETh B TYMAHHOCTH AHAPOMEAEI OT-
geiabHbIe medenanl. IlockoabKy cBeTHMOCThL Hedens olpeneaser-
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caenyer U3 TeopHH oTHocHUTenbHocTH (cM. § 31). Iloaromy Takoe
ABJeHHe OLIIO HA3BAHO <«KPacHOe CMeEIIeHHE».

CkopocTh yaaleHuns, no Xabbuy, cBA3aHA ¢ PACCTOAHUEM BHI-
paKkeHHEM

v=Hr,
rije v — CKOpPOCTHh YAaJeHHs, BHIPAKEHHAA B KHJIOMETDPAaX B ce-
KyHAY (KM/C); r — paccTOAHHE, BHIPaKeHHOE B MEralapceKax;
H — nocrosuHaa Xab66saa, mMeoIas IO COBPEMEHHBIM JaHHBIM

sHauyeHue 85 km/(c-Mnxk).

3. OcHOBHBIE THIBI rajJakTHK. MUp rajakTHK IpeACTABIAET
HaM HepooOpasumoe pasHooOpasHe MHAUBUAYAJBHBEIX (opm. He-
CMOTPA HA 3TO, MOXKHO BBIJEJHTH HECKOJBKO OCHOBHBIX THIIOB ra-
JIAKTHK.

Bosee momosBuHBEI BCeX H3BECTHBIX TATaKTHUK OTHOCHUTCA K TH-
ny cnupanabHBX (S). Bce OHH OTJIHYAIOTCA BBIPAYKEHHBIM AADPOM
U OTXOJAIIAMH OT HEro CIHPAJBHBIMH BETBAMH, KOTODBIE aHAJIO-
THYHBI CIIMPAJBHBIM BeTBAM Hamleil I'amakTuku. B HUX MHoro ra-
3a M IOBLIH, IPOUCXONHUT IPOIECC 3Be3J000pa3oBaHUA, O UEM IO-
BOPDHUT 60JIBIIOE KOJHYECTBO 6eNbIX M TFOJYOBIX CBEPXTHTAHTOB, CO-
CPEAOTOYEHHBIX B BETBAX.

CyigecTByeT ABa THIA CIIMPANbHBIX TaJIJaKTHK: OOBIUYHBIE U IIe-
peceuenHble (cM. ¢dopsan II). OramyaroTcs OHH MECTOM, TJe Ha-
YHHAIOTCA CIIHpPaNHd. B OOBIYHBIX TaJJaKTHKAX OHHM HAYHHAIOTCH He-
[IOCPEACTBEHHO Yy Apa. B mepeceueHHBIX rajJlJaKTHKaX HA4YaJo CIH-
pajieii HaXOAHUTCA Ha KOHIAX CTPaHHOro o0pa3oBaHUA, HA3bIBa-
eMoro nepembrukoii (6apom). IlosTomMy mnepecedeHHBIE CIIHPATH
4yacTO Ha3blBalOTCA «bappercnupanu». YeM BBI3BAHBI 3TH Pa3JH-
YyudA, He BIOJHe fAcHO. CyllecTByeT THIOTe3a, YTO 3TO OAHA H3
PaHHHX CTAAHH PAa3BHTHA CIHPAJBHBIX TAaKTHK, YTO IOATBEPIK-
JaeTcsd HEKOTODHIMH pacyeTaMH.

CpenH cHOHpaJbHBIX TallJaKTHK BCTpedaloTca THraHtel (Ia-
MAKTHKA, TYMaHHOCTDH AHnpapomensr), Macchl KOTODBIX JOCTHIAIOT
10? M, u xapiuku MaccaMH OKOJIO 10® M, cBeTUMOCTH HX Je-
JKaT B mpeAesax OT 10* no 10°" Br.

OKO0JIO TPETH raIaKTHK OTHOCHUTCA K THIY 3JLIHITHYECKHX (3TOT
THII raJaKTHK o6o3HaudaeTca OyKBo# E ¢ mobGasieHueM Hudpp, Ho-
KasplBawInux cykarue, 0—7). Takasa ranakTMKa BHAUTCA KPYXK-
KOM HJH OBaJIOM 0e3 BBIPAYKEHHOU BHYTPEHHEH CTPYKTYPBI C He-
0ONBIIMM YBEJHYEHHEM APKOCTH K IEHTPY. B 3IJIHOTHYECKHX ra-
JaKTHKaX HeT NBLIA U rada, a caMble ApKHe 3Be3Abl — KpacHBIe
rurautbel. Cpenu QITHOTHIECKUX TAJIAKTHK BCTPEHAIOTCH CBEPXTH-
TAHTBEI MaccaMH 110 1012 M, B CBEeTHMOCTAMH 110 10*® Bt un Kap-
auku maccamu 108 M, U CBETUMOCTAMH J0 10* Br.

Bce ocranpHBIE TasmaKTHKH OTHOCATCA K HEIPABHJIBHBIM
(cm. dopsan II). B aTHX rasakTHKaxX MHOIrO IOBLIH M rasa, Ipo-
JOJIPKaeTcAa IIpolecc 3Be3foobpasoBaHuA. Macchl U CBETHMOCTH Y
HHX, KaK Y KapJHKOBBIX COHPAJBHBIX H JJJIHITHYECKHX rajaak-
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M JUIMNTHYECKHE TalaKTHKH (MomHOCTBI0 H3aydeHMsa 10%° u
10* Bt B guanasoHe AeIMMETPOBHIX BOJIH, YTO Ha 3—5 MOPSIAKOB
MeHbIIIe, YeM MOIIHOCTh H3JYyYeHHA B BHAHMOM cBere). Ho y He-
KOTOPBIX IaJJaKTHK MOLIHOCTH PaJHOM3JYy4YeHHUS BABOE IIPEBBIIIA-
eT MOUIHOCTH M3JYUYEHHA B BHAHMMOM JHAIa30HEe H B MHJIJIHOH pas
00JIbIIIE MOUIHOCTH OOBIYHOM rajJJakTHKH B paguoauanasone. IIpm
3TOM CHEeKTD PagHuOHU3JIyYeHHs HETEIJIOBOH, T. €. PaJHOH3JIyUeHHe
o0pasyeTcss IPH ABHMKEHHH OBICTPBIX 3JE€KTPOHOB B MATHHTHBIX
noJasax. YacTo B paguorajakKTHKaX HabJI0faeTca U MOIIHOE PEeHT-
reHoBCcKOe usiaydeHnwe. Tak, B ramakTuke M81 (oHa ke 3,I[elsa A)
MOILHOCTH U3JIYHEHHS B Da/IMOJHANA30HE COCTABIACT 10¥ Br, a B
pentredosckoM — 10%° Br. PeHTreHOBCKOe H3JIy4eHHE TaKIKe BO3-
HHKAaeT IPH ABHKEHHH 3JEKTDOHOB B MarHUTHBHIX IIOJAX, HO CKO-
POCTh HX OYEHb BEeJHMKA: OHA OJM3Ka K CKOPOCTH CBeTa.

B PAHOTANAKTHKAX 9acTO HabaoaaoTca BHIOPOCHI BeIlecTBa
CJOXKHOH CTPYKTYPBI, Macca KOTOPHIX MOXeT gocturats 10° M.
IIpupoaa 3THX BHIGPOCOB, TPEGYIOLTUX dHepruu mopazka 10 ,I[xc,
YTO COOTBETCTBYET H3JIYYeHHI0 I'aJakTHKH 3a MHJLJIHApA JeT, U
HCTOYHHKH TAKOH 3HEPrHH IIOKA HESICHHI.

Bo MHOrmx akTHBHEIX rajJJakTHkax (Kak ¢ pagHOM3JydeHHeM,
Tak H 6e3 Hero) B AApax HabJofaeTcd ABHYKEHHE OIPOMHLIX Mace
rasa (mo 10° M. o) €0 cropoctamu oT 500 go 4000 km/c. IIpu aTtom
AApa 3THX TaJaKTHK HMEIOT OueHb HeGOJIbIIIHEe pasMephl, 4acTo He
npeseimatonue 10 nk. HexkoTophie 00BEKTHI K TOMY K€ OKa3HI-
BalOTCA NepeMeHHLIMH: HX CBEeTHMOCTH MOT'YT U3MeHAThcAa B 400—
1000 pas.

Jna o6 bACHEHUS ABJIEHUS aKTHBHOCTH TaJIaKTHK OBLIa BHIJBH-
HYTa THIOTE3a O CYHIECTBOBAHHH B HHX CBEPXMACCHBHBIX YEPHBIX
OBIp. 9Ta rumoTelda HaILla HoATBep:kAeHHe B 1994 r., korzga Ha
KOCMH4YECKOM TeJjiecKone Xab0sa ymaaoch chororpadpupoBaTh ra-
30BHIH OHCK B IleHTpe rajdakTuku M81, ynoMaHyTo#l BEIIIE KakK
ralakTHka [epa A, UM onpeleJHTh CKOPOCTH e€ro BpallleHHs. OTO
[aJI0 BO3MOYKHOCTH OIIPEJIeJIUTh MACCY IEHTPAaJIbHOTO Tesa, KOTO-
poe OKa3aJIOCh CBEPXMACCHBHON 4YepDHOH IBIPOH.

6. KBazapsl. B 1963 r. On1ytn 00Hapy»KeHBI KBa3U3Be3AHbIE pa-
OUOUCTOUYHHKH — KBasapbl. CHavajJa HX HasBaJIH PagHO3BEe3JaMH,
MOCKOJIBKY MX ONTHYECKHEe H300pakKeHHA He OTJHYAJIHCH OT 3Be3[.
ITocsie mamMepeHHs HX KPACHBIX CMeEIeHHI H ompegejeHUsl PaccTo-
SHUHA CTAaJ0 ACHO, YTO 3TO CaMble MOIIHBIE HCTOYHHKH HIJIyde-
HHs, KOTOPBIE BCTPEYAIOTCA B IpHpoje. PaccTosHue 10 KBasapa
3C273 okasanoch paBHHIM 3 MJpPA CB. JeT, A0 KBaszapa 3C9
13 Muppa cB. JieT. BeIYHC/IeHHST CBETUMOCTH IIOKA3aJIH, YTO CBETH-
MOCTh KBa3apa B BHIHMOM JHalla3oHe 00JIbIIe CBeTHMOCTH I'MIraHT-
CKO#l ramakTHKH npuMmepHo B 100 pas, a B paguonnanaszoHe mpe-
pbimaer 10*? Br, urto B 100 000 pas mpeBBIIaeT MOLIHOCTH pa-
auousayyeHuss lamakTukH.

Eime Gonpliee yoHBJIeHHE BH3BAaJa OTKPHITAA HECKOJBKO I103-
JKe TIepeMeHHOCTh KBasapa. OKasajloch, YTO HEKOTODhLIE KBas3aphl
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§ 32. OT BOJIbIIOT'O B3PBIBA 10 OBPA30OBAHHUSA
TAJIAKTHK

1. BosauxknHoBemue Bcenemmoit. B nociegrue roap! ycmexu
TEOPHUH 3JIEMEHTApPHLIX YaCTHI[ IO3BOJIMJIN paspaboTaTh «cleHa-
puii» coOLITHII, TPOUCXOAHUBUINX B IIeDBbI€ MTHOBEHUS CYIL[ECTBO-
BaHUA BcenenHo#. TepMuH «clieHapuil» IOABUJICA CPABHUTEJILHO
HexaBHOo. OH 0O3HAYAET, YTO IPOBOAUTCA KaYeCTBEHHBIA aHAJH3
BO3MOYXHBIX CJIEACTBUHA NMDUHATHIX UCXOLHBLIX MOJIOKEHHH MU cpaB-
HeHHe UX ¢ Habmogenuamu. Takada mpolexypa oueHb BaXKHA, I10-
CKOJIBKY IIO3BOJIAET HA CaMOM paHHeM 3Talle paspaboTKH CJIOMX-
HeHUINX TeOpH#l 3apaHee ONPOBEPTHYTH HEBEpPHBIE BAPHAHTEHI.

CorylacHo coBpeMeHHBIM B3rysgam BceseHHasa crioHTaHHo (6e3
NIPUYMHLI) BOSHMKAET B BUJle KBAHTA IIPOCTPAHCTBA-BpEMEHU. JTOT
npoliecc OITHMCHIBAeTCA KBAHTOBOM MEXaHUKOIl, COTJIACHO KOTOPOH
BO3HVMKHOBeHVEe BcesleHHOH MMeeT MHOro BO3MOXHBIX HAaIllpaBJe-
HUU. BeceseHHada MoXxeT MMeTh MHOTO U3MepeHUH, 3jeMeHTapHbIe
YaCTHILBI, B TOM YHCJ€ NPOTOHHEI M 3JIEKTPOHBLI, MOTYT IOJYYHUTH
pasuble maccel. O0A3aTesbHO JIM Bo BceesleHHOH ocTalTcA 4derhipe
N3MepeHtA M Te COOTHOUIEHUA MeXAY MaccaMU U 3apsafaMU dJie-
MEHTAPHLIX YaCTHI[, KOTOPbIEe CYIEeCTBYIOT B Haleil Bcenennoi,
MBI He 3HaeM. Ho ¢ TOYKM 3peHHs KBAHTOBOA MeXaHHUKH, BO3MOIK-
HO, CYIIeCTBYeT MHOro BceseHHBIX, B KOTODBIX PeaJIi3yIOTCS Bce
BO3MOXXHOCTH. Ho MEI HHUKOrZa HUYero o HUX He y3Haem. [ake
CaMO WX CYIeCTBOBaHWE HaBCErZa OCTAHETCH TOJIFKO THUIIOTEe30H,
ubo Mexxay pasHbIMH BcejleHHBIMU B NDHHITUIIE HEe MOXeET OBITH
HUKaKHUX cBAdeil. Hauia sxe BecenenHas TakoBa, mOTOMY 4TO B APY-
roii BcenenHoit MBI IpocTO He MOrJM OBl HOSABUTHCH.

Ucropna Bcenernoit maummaerca c¢ 10°*° ¢ mocre momenTa
«HOJIb», KOTOPHIII Mbl Ha3bIBAEM MOMEHTOM POKJaeHUs BcesleHHOI.
Ho saToro MoMeHTa He CYLIECTBYeT HM BpeMeHH, HM IIPOCTPAaHCT-
Ba; II03TOMY HeJIB3s CIpPAIIHBaTH O TOM, TAE€ H KOTAA CYIeCTBY-
oT apyrue Becenennble. ¥ HHX cBoe HPOCTPAHCTBO M CBOe BpeMHd,
IJIA HAC 3TOT BOIIPOC IIPOCTO He MMeeT cMbIcia. lleso B ToM, 4YTo
B (H3HYECKOM BaKyyMe CYIIECTBYIOT TOJBKO <«BUDPTYaJbHEIE»
(T. e. «BO3MOXHbBIE») dYacTHUIbl. B HeM HelpepbIBHO IIPOMICXORUT
CaMOIIPOM3BOJIbHOE POMKAEHHE ITap YacTHIAa—AaHTUYacTUIA. JTOT
Ipolecce CTAHOBUTCA BO3MOXKHLIM IIOTOMY, YTO CYIIeCTBYET IIPHUH-
U HeolpeAeJeHHOCTH, KOTOPHIH 3aKJIIOUYaeTCA B TOM, YTO IIPOM3-
Benenue AEAt> R, rme i — nmocroannas Ilnanka, fnejleHHas Ha 2m.

Ecau npomexxyToK BpeMeHH AOCTATOYHO MaJl, TO HeoIpefeseH-
HOCTL SHEpPrHH MOKEeT CTaTh HACTOJLKO OOJILIIOHM, YTO HMOABATCA
YacTUIlA M AHTHUYACTHIIA, KOTOpble IpOCyllecTBYIOT BpeMsa Af. B
OTJINYHE OT «peaJbHBIX» YaCTHl] «BADTYaJbHbIe» He MOTYT CJY-
KHUTH OCHOBOM cHCTEMEI oTcdeTa. I1o3TOMY B BaKyyMe HEBO3MOMK-
HO YCTAHOBHUTH COOTHOLIEHWS PaHbIIe—IIO33KEe HJIU IIpaBo—Jie-
Bo. Ho B ocrajlbHOM <«BUPTyajbHBIE» YACTUIEI HIUYEM He OTJINYa-
IOTCH OT «peaJIbHBIX». OHM MMEKT MACCy HU 3apAi, KOTOPHIH ITpo-
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Puc. 83. OBONIONHOBREIH TpeK 3Be3Jbl MaJOH MAacCHI.

ITo Mepe yMeHbIIIEHHA AOJH BOLOPOJA B BEIIECTBE KOHBEKTHB-
HOro aapa TeMIl BBIOEJIEHUA 9HEPIrHM YMEHbIIIAeTCH. HO IIOCKOJIb-
Ky TeMII BBIJeJIEeHNA ollpeaesisieTcad CBETHMOCTBIO, AAPDO HaAYHHaeT
CHHNMATBCHA, U TEMII BBIJAEJIEHHA 3HEPIruHu OCTaeTcAa ITOCTOAHHBIM.
3Be3a JKe IPH 3TOM pacllIUpAETCA M NePeXOAUT B 00JIacTh Kpac-
HBEIX T'HT'aHTOB.

Korga ke BOAOpOA IOJHOCTBIO HCYepILIBaeTcd, B A[Ape Ha-
YpHaeT BATH TPOHHAas rejiMeBas PeaKI s B OJHOBPEMEHHO peak-

ous o0pasoBaHHA KHCJOPOAA

5 (3He=C u C+He=0). B 10 *e
3 BpeMs Ha IIOBEPXHOCTH TreJIHe-
™ BOro sgpa HauuHaeT ropeTe BO-
3.54 zpopoa. IlosBiasercA 1epBBI
’ CJIOEBOH HMCTOYHMK.
1 CnoeBnie
3.4 HCTOYHAKH 3amnac reJiuA ucuyepIbIBaeTCA

oueHp OHICTPO, TAK KaK B OOH-
CaHHBIX PEAKIHUAX B KAXKIOM
3JIEMEHTAPDHOM aKTe BLIAeJsieT-
CA CPaBHUTEJBbHO HEMHOI'O 3HEep-
run. KapTuHa nosTOpsAeTcd, U
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g
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3,0" Gug .
§3 B 3Be3Zle NMOABJIAIOTCH yae IBa
k3
2,97 [ézg CJIOEBBIX HCTOYHHKA, a B sfAApe
2,84 HaumnHaetcs peaknusa C+C=>Mg.
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g
4,34,24,14,03,93,83,73,6 Ig T,

Puc. 84. SBONIOIMOBELIN TpeK 3Be3Abl
0OJIBIION MAaCCHI.
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OBOJIIOLMOHHLINL TpPeK HpH
9TOM OKAa3bIBAETCA OYEHb CJIOIK-
HeIM (puc. 84). Ha gmarpamme
Tepnmnpysra—Peccensa 3Bes-























































































