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. BBEAEHUE

iMu e

Acrpouomuﬂ SIBJAAETCH OO M3 JIpeBHeiMX HAVK, MCTOKH KOTO-
poii oTHOCATCA K KaMeHHOMY Beky ( VI—III teicaueneTus 10 H. 3.).

1
ACTI)OHOMHH HIVYACT JBHACHHC, CTPOCHHC, MPOHCXOKIACHAC
H Pa3BHTHC HCOCCHBIX TC H HX CHCTCM.

Henoseka BCeria MHTEPECOBAJ BONPOC O TOM, KdK YCTPOEH
OKPYKAIOLMii MHP U KaKO€ MECTO OH B HEM JaHHMaeT. ¥ 001b-
HIMHCTBA HAPOJIOB elle HA 3ape HUBMIM3ALNK ObLIH CIIOXEHH!
0CODBIE — KOCMOIOrHYECKHe MU(DI, MOBECTBYIONIME O TOM, KK
M3 MCPBOHAYAIBHOIO Xaoca MOCTENCHHO BO3HHKAET KocMoc (T1o-
PANOK ), MOABAAETCA BCE, YTO OKPYKAET YEI0BeKa: HeDO 1 3emas,
rOpLl, MOPA H PEKH, PaCTeHHS H XHBOTHEIC, a TAKXKe CaM 4el10-
seK. Ha nporstkeHni TeicsideNeTiii HUio rocTerneHHoe Hakorie-
HHE CBEIEHNH O ABJIEHHAX, KOTOPBIE TTPOMCXOIMIH Ha Hebe.

Oxa3zanoce, YTO MEPHOIHUECKHM H3MEHEHHMAM B 3eMHOH
NIPHPOIAE COMYTCTBYIOT H3MCHCHHA BHIa 3BE3IHOrO Heba H BHIH-
moro apixeHua Coaxua. BoiCYMTaTh HACTYMAEHHE ONpeneneH-
HOTO BpPEeMEHH roia Onuto HeoOX0auMO 1A TOro, 4ToOl B CPOK
MPOBECTH T€ WJIH HHLIE CeNLCKOXO3AHCTBEHHbIE PabOTEL: Moces,
noaus, yoopky ypoxasa. Ho 310 MOX110 OBLI0 CaenaTs JIMib [1pH
MCTIONB30BAHHHK KAJIEHIaPsl, COCTARIEHHOTO 110 MHOPOJIETHUM Ha-
Dmoienusim nonoxenust u asuwxennst Coanna um Jlyns, Tak ne-

! 970 cIOBO MPOHCXOAUT OT ABYX rpevecKHX COB: astron — 3nesna,
CBETHIIO H NOMOS — JaKOH).



00XOIMMOCTE PeryIspHeIX HabmoaeHHi 3a HeDeCHBIMH CBETHIA-
MH Obl1a 00YCIOB/I€HA NMPaKTHUYSCKHMMH MOTPEeOHOCTAMH CHETa
ppeMeny. CTporaa mMepHOAMYHOCTL, CBOHCTBEHHAA ABHXEHHIO
HEDECHLIX CBEeTH, JIEXHT B OCHOBE OCHOBHLIX €MHHMLI CHETA Bpe-
MEHM, KOTOPBIE HCITONB3YIOTCH JI0 CHX NOP, — CVTKH, MECHIL, TO/L,

[Npocroe coseprianme NpOMCXOASIIMX SRIEHHI M MX HaMBHOE
TOJIKOBAHHE NOCTETIEHHO CMEHSLTHCh NONKITKAMH HAYYHOIO obbsC-
HeHus npuarH Habunojaemnix sieaeHuit. Koria s Apesneit pernpm
(V1 B. 10 H. 3.) Hauaock OypHOE passrTHe PIIOCOMHH KAK HAYKH O
MPHPOJIE, ACTPOHOMUICCKHE 3HAHMS CTANTH HEOTBCMIICMOI JacThio
1CI0BEUCCKON KVIBTVPEL ACTPOHOMHS — CIHHCTBCHHAS HAYKA, KO-
TOpas MOIYTHIAa CBOK MY3Y-TIOKPOBHTCILHHLTY — ¥ paHHIO.

C caMBIX IPEBHHX BPEMCH pa3BHTHE aCTPOHOMHH H MaTeMa-
THKH OBLIO TECHO CBA3AHO MexXay codoii. Bl 3HaeTe, 4To B nepe-
BOJIE C rPeYecKoro Ha3BaHMe OIHOTO H3 Pa3ienoB MaTeMaTHKH —
reOMeTPHH — O3HayaeT «3emneMepue». Ilepnuie u3Mepenns pa-
amyca seMHoro mapa duuim nposeenst eme B 111 8. 10 1. 2. na oc-
HOBE ACTPOHOMUYECKHX HaD 0 ennit 3a seicoToi Connna s non-
neHk. HeoOniyHoe, HO crasinee [TPUBBIYHbBIM JIEJIEHHE OKPYKHOC-
TH Ha 360° uMeer acTPOHOMIYECKOE MPOUCXOXKIEHHE: OHO BO3-
HUKJIO TOrAa, Korja CYMTaliock, 9T TNPOIOJCKHTEIBHOCTE roja
paBHa 360 cytkam, a ConHUE B CBOCM JBHIKCHHH BOKPYT 3CMIH
KaKIblC CYTKH ACaacT OOHH LIar — rpaxyc.

ACTpPOHOMHUCCKHE HaOMIOICHUA H3IaBHA MO3BOIANH JTIO-
IAM OPHEHTHPOBATLCA B HE3HAKOMON MECTHOCTH H Ha Mope. Pa3-
BHTHE ACTPOHOMHYECKHMX METONOB OMpeneleHHs KOOpAHHAT B
XV—XVII BB. B HEMaM0# cTeneHy DLUI0 00YCIOBISHO Pa3BUTH-
€M MOperuIaBalus M MOUCKaMK HOBLIX TOProseix nyreit. Cocras-
Jenue reorpauyeckux Kaprt, yrouynenue (hopMmbl M pasmepon
3emin Ha JOAroe Bpems CTano OJHON M3 FIABHBIX 33144, KOTO-
phle pemania npakruyeckas acTpoHoMus. Mekycerso npokiajbl-
BATh NYTh 1O Haﬁ,uouemmm 3a HeDecHhIMK CECTW.IAMH, 11OJYUYHEB~
llee HA3BAHWE HUGUZAWUs, CHAYANIA HCIOAB30BAIOCE B MOPEXO-
HOM JeNie, 3aTCM B aBHALMH, a TCICpb H B KOCMOHABTHKC.

Bonpoc o nonoxennn 3eman 8o BeeleHHOIA, 0 TOM, HOTTOIBHIK-
Ha OHa WwiH aBikercs BOKpyT Comxua, B XVI—XVII BB, nprobpen
BJKHOE JHAYECHHME KaK 1A aCTPOHOMMH, TAK M LI MHPOIMOHHMA-
HusA. lemiouenTpuyueckoe yuenue Huwxonaa Konepnuxa asunoch
He TOJALKO BaXKHDLIM LIArOM B PELIEHHM JTOM Hay4yHOH MpodieMel,
HO M CNOCOOCTROBAIO W3MEHEHMIO CTHIA HAVYHOTO MBILILIEHNS, OT-
KPbiB HOBBIHA NYTh K NOHMMAHHIO MPOHCXOSIIMX SBIEHWI,



ACTPOHOMHMECKHE HADMOISHHA 38 IBHEECHHEM HEeOECHLIX
Tenl H HeoOXOMHMOCTL 3apaHes BHHYHCIATL HX PacloOmeHHe
CLIMPAIH BEEHYVIO PONL B PAIBHTHH HE TONBKO MATEMATHEM, HO H
QUEHL BAXHOTO ATA IPAKTHYECKOH TeATeILHOCTH YeT0BeKA Pas-
aena QHUIMEM — Mexanukl. Beipociiye 13 eanioi Koraa-To Hay-
KM O TpHpofe — PHAocoQHE — aCTpOHOMMH, MATEMATHEA 1 (1-
IHKA HHKOTE HE TEPHIM TECHOH CRAIH Mexny coDoi. Bianmo-
CHH3E 2THX HL:l_'!.-'I'I'. HALLLA HEIIﬂCPE,‘I.E'I'HEHHﬂE‘ L"I-'I'I']E.}I{EHHE H J1e-
HTENBHOCTH MHOIMX _'!.-"-II.Z'HhII"i.. ,[[H_IERI'.'} HE C.'I:lr"-]i:'lﬁ H{, H'rEI.lI['IHME[]',
uro faxuxeo Naauaed W Heaarw Hesomon W3BECTHE CBOUME pa-
DoTami | o Gr3KKe, 1 no actpoHoMui. K toMy ke HeloToH as-
adeTcd OOHHM M3 cosgarelcHd duddpepeHUMANEHOTO H HHTET-
paneHOoro HewHcaeHHA, ChopMyIHpoBaHHEI HM #e¢ B KOHLEC
XVII B, 3aKoH BCEMHPHOIO TATOTEHHA OTEPBUT BO3MOIEHOCTE
NPHMEHEHHA 3THX MATEMATHYECKHX METOIOB A HIYHCHHA
IBIDKEHHA [TAHET H IpyIHX Tea ConHedHol cHeTeMEl. [TocTonau-
HOE COREPIIEHCTROBAHHE CNOCODOB PACHETA HA NPOTAKEHHH
XVIIl B. BHBEIO 2Ty YacTk ACTPOHOMHH — Hefechio Mexa-
?[Hi‘{}-’— H: HE-PH'I'.-'IH TJTAH CPE_.'[H _,-'[P}’I'H.‘-'i 'HE'I."l.-'HZ TN MK,

MHuOro pas B HCTOPHY PA3BHUTHA HAVEH OTIEILHLIE MBICTHTE-
M TWTATHCL OTPAHMYHTL BO3MOMKIOCTH No3uanda Beeaenuo,
[Toskanyid, nocneauas THKAS TONLTEAS Covuuiack B XIX B, nesa-
IOTD 10 OTEPRITHA CNEKTPATLHOTD avanusd. «llpurosops 0w
L'}"I]'-[:IHZ o Pl bl III]'E_.'I_E'I'E'].HJ]}IEl'l.l cebe BOIMOKHOCTR [!IIII]'E,'I,E.'IHHH.’I-I X
(HeDecHRIX Ten) (hopM, PACCTOAHWH, PAIMEPOE W JIBUAKEHHH, HO
HHEOT A, HHEKAKHMH EIH‘JCEI'EI.E.MH Wbl HC CMOMECM HF]-}"[H'IJ:- A
MHIECKHA cocTab..» (0. Konm).

[}I'HPI‘:I’I'HE 2l IER'I]’IE:LIII-HIT]I'{} AHATHIA H 210 II]:"l]-'1 WEHEHWE B H.C”I]'Ilf'fl-
HOMHAH MO0 A0 HAYAIT IJJH".III.'}KCI.'H_‘I-' HCTIOTRIOBAHHED |.1_'.I-I.-13l'1l:'i.l.-1. IJ|'JI-':I
HIVIeHIH MPHPOIE HEDCCHRIX TET W ITPHBEIO K TTOARICHHKD HOBOTO
pasgena HaykH o DBoeneHHOl — acmipodhuzieae. B ceOmD 0Uepee,
HEOOBEIMHOCTE C© «3CMHO» TOUKH 3PCcHHA YCIOBHH, CVILECTBVIOLIHY
Ha ConHile, 3pe3gax H B KOCMI'IECKOM TIPOCTPAHCTEE, CIIOCoBCTRO-
BATA PAIBHTHIC QIIHICCEKIN TCOPIil, OMAICHBAIIIIHT COCTOAHAE BE-
IIECTEA B TAKIX VOIOBHAX, KOTOPLIE TPYIHO COMIATE HA JeMIIE.

Bonee toro, B XX B., 0CO0SHHO BO ETOPOH €ro NoIoBHHE, 10-
CTICESHHA acTpOHOMHHM CHOBA, KaE M BO BpeMeHn KonepHHEa,
NPHEETH K CEpLEIHLIM HIMEHeHHAM B HAaV4HOH KapTHHe MHpa,
E CTAHORIENHID NpeicTamiendi ob spomonri Beenemmoi, S
NPEICTARIEHHA COCTARIAIT OCHOBY COBPEMENHOH KOCMOIOZNI,
Orazanocs, yro Beenermad, b KOTOPOH Ml CETOINA EHDEM, 118-



CKOJIbKO MHJUTHAPIOB JIET TOMY Ha3an ObL1a COBEPIICHHO HHOH —
B HEH HE CYILECTBOBANO HH TTaKTHK, HH 3BE31, HH Iu1aHeT. [ia To-
ro 4yTodnl OOLACHUTL MPOLIECCH, MPOMCXOIUBIINE HA HAYaNLHOH
CTAIMM €€ Pa3BUTHA, MOHAA0DNICA BECH dPCeHaN COBPEMEeHHON Te-
OPETHYECKOH (DM3MKH, BKIIOYASA TEOPHIO OTHOCHTENBHOCTH, dTOM-
HYIO (DU3MKY, KBAHTOBYIO (DH3MKY 1 (DH3UKY DNEMEHTAPHBIX YACTHIL,

CoDBITHSI, KOTOPBIC TPOM30LLTH B HAayKe 3a TOCACIHHE Ie-
CSITHIICTHSI, NMOKA3AIH, YTO HepaspbiBHas CBsA3b, CYIICCTHYIOLAN
MEXKAY acTpoHOMHeld W (PU3WKOH, MO3BONsIeT YCHEMIHO pelmars
MHOI'MC Il[)Oﬁ.lCMbl, BOJIHYHKOIIIMC Y4CJI0BCHECTRO, HBJICKO HC Cly-
YaiHo, uTo B nepenie rojael XXI s, mpr Hobesiesekux npemiu 1o
(pu3uKe DbUIM NIPHCYAKIECHBI YYEHbIM 338 HCCHEIOBAHUS 110 acTPo-
(PH3MKE M KOCMOIOTHN.

B acTpoHOMHM, KaK i BO MHOI'MX JAPYTHX HayKax, BCé Donbie
MCTIOJIB3YIOTCSI KOMITBIOTEPbI JJISI PELICHUS 33124 CAMOT0 PasHoro
)'pOBHSI e B § § ¥ )’Ilpa&;leHHSl TENSCKOIIAMH IO HCCNE/10BaAHKS
HPOHECCOR IBOJIKOLIMH TUIAHET, 38E3/1 M IAJIAKTHK.

Pa3euTie pakeTHON TEXHHKH MO3BOJIIIIO UEI0BCUCCTBY BEIATH
B KOCMHYUCCKOE MpocTpaHcTBO. C 0IHOM CTOPOHBI, 3TO CYIICCTBCH-
HO PacHIMpPHIO BO3MOXHOCTH HCCIICIOBAHHS BCCX 0OBCKTOB, HAX0-
JSIMXCS 32 TIpeeiaMi 3eMITH, | TIPUBEIO K HOBOMY MOAbEMY B
pa3BUTHH HeDecHOH MeXaHHKH, KOTopas YCIelHO OCYIIeCTRIIsIeT
|)8C‘IC’l'bl npﬁm‘ ABTOMATHYCCKHX H TTHIOTHPYEMbIX KOCMHYCCKHX
ANaparos PasiinaHoro HasHavenust. C Apyroi CropoHsl, MeTo/sl
JIMCTAHLHOHHOIO UCCICOBAHHS, TIPUILEIITINE W3 ACTPOPUIHKK,
HBIHE HIMPOKO NPHMEHSIOTCS TIPU U3YYEHHM HAIIEH TUIaHEeThl ¢ M-
KYCCTBEHHhIX CIYTHHUKOR M ()p('_-)H'I‘aJIthIX CTAHIIMHA, Pe'.i)‘Jlb'l‘a’l'hl
ueeneposanni e ConHeyHoM CHCTEeMBE NO3BOIIOT JIYYIIE NO-
HATEL TMODANLHBIE, B TOM YHMCIE IBOMIOLHOHHBIE, TPOLIECCH, TPONC-
xoaamme Ha 3emne. BCTynmuB b KOCMUYECKYIO 9Py CBOETO CYIIecT-
BOBAHHA H FOTOBACH K MOJETaM Ha IPYTHE IUVIAHETL], YeIOBeYECTBO
He BripaBe 3abpiBaTh O 3eMI€e H JO/DKHO B MOIHON MEpPEe 0CO3HATD
HEOOXOIHMOCTDL COXPAHEHNA €€ YHHKAILHON IPUPOILL.

Bu yiKe 3Haere, 4To Hama 3emiist cO CBOMM CIIYTHHUROM JIyHOI,
OPYrue TUTAHETHl H MX CIIVTHHKM, KOMETLI H Majble IIaHeThl 00-
pamatorcst Bokpyr CoaHila, uro sBee 31 Teia cocrasisiior Coa-
neunylo cucmemy. B cpoio oyepens, Coanue u Bee Apyrue 3pes-



OEl, BHOHNMEIE HA Hee, BYXOIAT B OTPOMHYID JBE3IHVI0 CHCTEMY —
namy Daaxgemuky, Camana Oomakad & Connednoi cHeTeMe 3pe3na
HAXCUIHTCH TAK JIANSKO, 4T CHET, Hl']-']'ﬂ]g'rhl[-h"l I']H.CI II:HTJC'I'I"]HH}[E‘I'['.".EI 0
cropocTeio 300 000 KM/c, HICT OT HOE D0 3CMIH DOIce TMeTEIPCX
JeT. 3Pe3In ABIAITCA HaudoIee PacpoCcTPaHeHHEIM THIIOM He-
53(:“]-:]1[ TEN, B -[:LI.FII.}H T{T KO HaimeH I ANAKTHEE MX HACYMTRIBAST-
Cl HCCKOJIBKO COTCH MHLIHApIOE. O0BCM, 3aHHMACMENT 3TOMH
JBEIOTHON CHCTEMOH, TAK BENHE, YTO CBET MOMET Mepecetb ero
TokKo 338 100 ThiC, neT,

Bo Beetennoti cCymiecTBYeT MHOKSCTEO IPYIUX TANAKTHE, TI0-
oobHbX Hameld, MMeHHO pacnonoxeHHe H IBICECHHE ralakTHE
OOPeNeNfaeT cTpoeHMe H CTPYKTVPY Beenennoi n uenom, Fanak-
TMEH TAK [1a1CKH .JJ_I'.i:r'l' aT JJ_rJ:r'I'E'I., qrTh HEHI'}['JI}}'HE'HHHM IMasomM
MOZHO BHICTE THIOE TPH Dmixaiimme: ape — B KOkHOM momay-
LIAPHH, & ¢ TEPPHTOPHH POCCHH BCErO OIHY — TYMAHHOCTE AHI-
|:'.|[,'!I‘I.-1E,'I_hl. {}'I H-':I.'l'1f_-H,'I'J1EH FJI.I;'I...IIEHHHR FATAKTHE CRET HIET J1Cy ;EEMJIH
oK0A0 13 Mapn aeT. 3JHATHTeNBHAA MACTE BCINCCTEA 3BC3T W Ta-
JAKTHE HAXOIHTCA B TAKHMX YCIOBHAX, CO3NATE KOTOPEE B 3EMHEIX
AaDOPATOPUAX HEBO3IMOKHO. BCE KOCMWUYECKOE TNPOCTPaHcTRO
FANOIHEHO ATeKTPOMATHATHRIM H3TYIeHHEM, MPABUTAITHOHHBMHA
H MATHHTHEIMM [IOIAMH, MEXIY 3BE3IaMH B FTATaKTHEAX H MEXIY
FAJAKTHEAMM HAXOAUTCA OUYeHbL PA3peReHHOe BEIIecTRO B BHIE
Fdisd, HNeLTH, FRIE/IEHBLX ."r1li].'lﬂ}i:.l'-l._, ATOMOR M HOHORE, ATOMHBIX
AIEP H 3ICMCHTAPHEIX TACTHLL

KAK M3BecTHO, paccToAHNE 1o OIoKaiimero K Jemae Hebec-
Horo Teaa — JIvis coctapaaer npumepuo 400 000 kv, Handogee
VIAAEHHEIE ODLEKTH PACIONArAKTCA OT HAC HA PAacCTOAHNM, KO-
TOPOE NPesRinEeT paceToande 10 Jlyvin bonee 4em i I['! pas.

| |¢,'I-IIP¢J'|'.__'I}’EH IIFE:..']_L NFMBHTH F.:Li.‘h-ﬂr_'p ki HEEI'EL-H hiX TEJ W ]_TI';'I.LE’H_'I'E-'I-
HHA MOV HUMH Bo BoeneHHON, BOCTIONE30BABIINCE XOPOLLIO W3-
BECTHOH MOIENBLI0 — IMEMILHEIM [I00VCOM JeMITH, KOTOPLIA B

20 s pa3 MenksIe HALEeN naateTsl, B OToM Cavyde Mbl 10K
H300pazuTe JIyHY mapikoM IHAMETPOM NPHMEPHO 7 CM, HAXOI-

MIMMCA OT [I00YCa Ha paccToAHHH okono 7.5 M. Mogens ConHila

Dyaer uMeTh nuaMeTp 28 M ¥ HAXOOMTLCA HA PACCTOAHHE 3 KM,
A Mojels HenryHa — camol Jaiexoil 1UaHeThl CoaHeyHOH

cHcTeMel — OyaeT ynancHa oT Hac Ha 90 kM. batkaiiiran £ HaM
IBe3Ia NMPH TAKOM MaciuTade MonenH OYIEeT pachonaraThca Ha
paccroanuy npumepao SO0 000 Km, T.e. B 2 pasa nanbiie, 4em



JIyaa. Pasmepnl Hammeldl TalakTHEH COKPATATCA [IPHMEPHO IO
Fli:l.:j"l.-1Epli_]H {:ﬂ_'I'.I'IHE'-III{_'Ii"I CHETEMBL, HO CHAMBIE JAJEKHE FBS3NRI BCE
e OVIYT HAXOIHTRECH 3a e Mpeaeiami.

HocnoMHuTE, FAKHE 0OLERTH T OEPYAEATIEN MEecT-
HOCTH PACTIONOKENE HA TAKHX PACCTOAHHAY, KOTOPLIE MPHANEIE-
Hbl i Ten ConHewHOH CHCTEMBl B ONHCAHHOH BBILE MODETH.
Fakoid W3 HHX HMEEST Té Xe paiMepr, 9To W MOJenk CoTHia
(R MpennaraeMowM Mactrtabe)?

Grpﬂ}mm‘: MPOCTPAHCTECHHO-BPEMCHHEIC MACIITA0H H3VTac-
MhIX Ufﬂ.ﬂﬁﬁjli H HH,.'H:‘-HHﬁ {_'II'I[JE_.-'[E:,.'H-I'H,'I"'.I' OTJIMY M TENRHEIE UU[_'IEHH-
HOCTH ACTPOHOMHH.

f_:r!li:.’-,l'I_EIIHH O TOM, YT TTPI:JMEI{JI[_HT 34 I'IFIEI[IE;."-,FI'HMH HEMJ’IH %
KOCMHTICCKOM MPOCTPAHCTEE, YICHEIC MOIVIAKT IIABHEM 00pa-
30M Hi OCHOBE NPHXOIAILETD OT ITHX 00LEKTOR CBeTa M JpPYIix
EWIOE HanyiucHW:A. [HabmoaeHia — ocHOBHOW HCTOMHHE HHpOP-
MALMY B ACTPOHOMMH, T8 HEPEIA OCO0eNNOCb ACTPOHOMMHH OT-
JIHYACT CC OT JAPYIMX CCTCCTBCHHBIX HAyK (Hanpumcp, (HzuEn
WIH XHMHI), TO8 IHAYHTEILHYID POIL HIPAIOT ONLITEH, IKCTIEPH-
MEHTEL. BO3MOKHOCTH NPOBSISHHS IKCTICPHMEHTOR 34 Mpeiena-
MH 3eMIH NOABWIHCE JHIIL Daarozapa kocMoHasTHEE. Ho u B
IATHX E-I}-"—IEI.E-IK I']E"-Ih HIET O IIIT{'JHE_.'I_I:"HMJ-':I HHEIJEI}HMEH'lﬂJIhHhLI HC-=
CIenoBaAHNH HeDonbInoro Macmraba, TAKHY, HATIPHMEP, KAK HIY-
YEHHE XHMHAYECKOrD COCTARA AYHHRX WK "r1ﬂ|_'.lL-"H.|":lHL'I'I'.F-'[.:~'. Illi']I'lli']_.'l_-
TpyoHO NpeIcTaBHTE cele IKCMEPHMEHTRl HAD MIAHEeTOH B Ie-
JIOM, 3HEZI0H WK FAJIAKTHEON,

bSmopas ocofennochty 00BACHASTCA IHATHTEILHOH MpoIo-
AUTENEHOCTRIDY IS0 P L1Z_’|-:_-"'-IElEHhI:{ (i H.[.:'FFUHIJ'MHLT SHIEHHH
(OT COTEH OO0 MIUIHOHOE M MEAMHApIoB 1eT). IlosToMy Heno-
[.:]_'.ILE_.'I.L-'I'HEHFH_'I Ilq'iﬁ.l'II'[_!I_.'[,..'i'I‘h 1I|_'J[_:I'I-'1[.:.‘-'i{_'l,il__5-IrII.HH HIMEHEHHMHA HEROCEM O K-
HO. Koraa H3MeHeHHA MPOHCXOIAT 0cobeHHD MeUICHHD, TIPHYXO-
JATCH NPOBIHTE HADMOAEHWA MHOTHY POICTEEHHBIX MERKY CO-



Goi 00LeKTOR, HAanpuMep 38e3n. OCHOBHEIE CBEISHHA 00 3B0II0-
LIHMH 3BE1I TOTYVIeHE HMEHHO TaKHM crniocoboM. bonee nogpobHo
00 3TOoM DYIeT paccKazaHo Tanee.

Tpemest ocofenrocs ACTPOHOMHH 0DYCIDRICHA HEoDXOIH-
MOCTER) YKA3ATE MOJI0KCHAC HeDCCHBIX TCN B MPOCTPAHCTES (HX
KOOPIHHATE) H HCEO3MOMHOCTRI0 PARIHINTE, KAKOC W3 HHX HAa-
XOOHTCA DAM#e, 4 KaKkoe aieue oT Hac. Ia nepewil garnag ece
HAOII0IACMEIC CBCTHIA KAXYTCA HAM OIHHAKOBO JATCKHMH.

J0au B APEBHOCTI CHUTAIM, YTO BCE 3RE3/1h PACNOJATAIOTCA
113 HedecHol cpepe, KOTOpas KK eIHHOE LEN0e BPAleTca Bo-
EpyT Jeniad. Yae Gonee 2000 ger ToMy 1a3ad acTpOHOMEL CTAJH
NPHMeNATh CI0CODL], KOTOPLIE MOIBOIATH VEAZATL PacIIOnose-
HHe MoDoro cpeTHIa Ha HebecHol cdepe 1o OTHOWEHHIO K Ipy-
IHM KOCMHYECKHM 0DBLEKTaM HIH HAJeMHBIM opHeHTHpas. [Ipen-
CTABIEHHEM 0 HebecHOH cipepe vIobHO MOABIOBATECH M TENEPE,
XOTA MEl 3HACM, 'ITO 3TOH chepsl peankHO HE CYIIECTRYET.

[ocTpoum nedecuyio cepy 1 npoReseM i eg LeHTPa ayy
MO HAMPABIEHHID K 3peine A (puc. 1.1). Tam, roe atoT nvd nepe-
CeYeT MOBEPXHOCTL Cepn, MOMECTHM TO4YKY ., Haodpaxawo-
YK 31y ssesny. 3sezna B Oyner wsobpaxarses roukoi A To-
BTOPHE MIOIOOHYID ONEPALHKD U BCeX HaDIIIaeMbIX 3BE31, MEl
MONYUHM Ha MNOBEPXHOCTH cohephl HI00paKeHHEe IBEITHOIO
HeDa — 3pe3delil rnobye. AcHo, UTO eciH HAOMIoIATE IR HAXO-
OATCA B LeHTpe 3ToH BooDpaskaemofi ofepr, TO IMA HETO Ha-
MPABICHAE HA CAMH 3BC3ITH M HA WX H3oOpakceHud Ha chepe Oy-
OYT COBNATATE. PACCTOMHAA MeX Iy 3BE3aMH HA HeDecHOH cde-
I".IE MO K HD th['ﬂﬂ.'-"liﬂ'l'h TONRKD B }'I'.’Il}H{Ti':I ME'E}E'. :'_-'}I'H j.l'I'JII:IHhIE ]I':IEI.IJ‘
CTOHNHMHE HHMET‘J‘HI‘ITJ'I'L-"'}I BEJTHYHHOH II_EH'l'[':IEI.II]'}H‘I.'l]'l."lI _"!."]'.'IEL MEH‘L‘I&'
JI}'"'-I-':I.":'I'I-'L HHII['.IHHJIE:HHHIHH Hil {'l_.i[_H}" H ,-'[.}':I}"]'}'I'l'l ZiHEZi.-'[}-'_._ HJIH CO0FT-
H-ET-L.-"I'H:,"I'L‘.I'III_H"-TH i _.'I,:r"I'HMH HE 'IIUHE:P!:H[,‘.II;.'-TH [.:I‘.l_lE:p'l-p],

Hna npubmEeHHON 0UGHEH YIJIOBRX paccToAHHI Ha HeDe
MONACIHO 3AM0OMHHTE TAKHC TAHHEIC: VTIOBOC PACCTOSHHC MCHIY
OBYMS KpaffHUMH 3Be30aMi Koella bonemoil Megseanier (o o 1)
COCTABNACT OKOI0 5° (puc. 1.2), a o1 o bonemoi Meageddis oo
e Manoii Measenuus (1 oaspHoii seesnu) — & 5 pas bonesime —
npusepHo 23°, Tipocreinme raaszoMepHbe OleHKH YIIORBIX pac-
CTOAHMH MOMHO NPOBECTH THEXE C MOMOIIEIO TANLLUER BHTHHY-
TOH PYKH,
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Puc. 1.1. He6ecnan Puc. 1.2. Ouenka yrnosex
cepa PACCTORHWA HA Hebie

Toneko apa cpetwia — Coanue H JIyHy — MbLl BHAIMM K4k
OUCKH. YTIO0BBIE OTHAMETPHI 3THX IHMCKOB IMOYTH OIWHAKOBBI —
okoao 30, wim 0,5°. Yisoseie pasmeps! 1L1aHer v 38e3/1, 3Haum-
TENLHO MEHBINE, MOITOMY MBI MX BUAMM MPOCTO KAK CBETAUIMECS
TOUKH. [I151 HEBOOPYAXEHHOrO rna3a 0O0BbEKT He BRIMMAINT TOUKOMH
B TOM CJIyYae, eCiid ero yriossle pasMeps! rpessimanT 2—3. Do
O31AYAET, B YACTHOCTH, YTO HALI [JA3 PA3IMYdeT Kaxiylo no or-
IeMbHOCTH CBETALIYIOCH TOUKY (3BE31y) B TOM CIyUae, €ClH YIJ10-
BOC PACCTOSIHME MEXKJlY HUMH Doubiie 310H Bennynnbl. Mhaue
rOBOPS, Mbl BUAMM ODBLEKT HE TOYEYHDLIM JHIIL B TOM CJVyade, ec-
JIM PAcCTOSIHUE OO0 HEro IPEBLILIAET €r0 pa3Mepsl He Donee ueM
B 1700 pas.

O TOM, K4K HA OCHOBAHUM VINOBLIX M3MEPEHUI OIIPEAEISIOT
paccToAHMA 10 HeDEeCHBIX TE1 M HX JHHEHHLIE pa3sMepbl, byaer
paccKaszaHo gajiec.

Yro0el OTBICKATE HA HEDE CBETHNIO, HAJIO VKa3ark, B Kakoi
CTOPOHE TOPH3OHTA M KAK BBLICOKO HAL HUM OHO HAXOIMTCS.
C 3TOH LEIbI0 HCTIONBL3YETCA CHCMEMA 20PUORMATILHLIX KOOD-
()unam == d3UMYM K encoma. ):L'IS! Haﬁ.'ll(),'la'fe.'lﬂ, Haxo/senrocs
B TIOD0H TOYKE 3eMIM, HETPYAHO ONPENeIHTh BEPTHKAILHOE H
rOpH30HTaTbHOE HanpasiaeHus. [lepeoe M3 HUX onmpenensieTcs C
NOMOLILIO OTBeca W u3obpaxaercst Ha yeprexe (puc. 1.3) orsec-
HOM aunmei ZZ', npoxoasiei yepes uentp chepol (Touky O).
Touka Z, pacnosioXeHHas MpAMO Hal rojIoBOH HadiiomaTens,
HasbiBacTCs sexumom. [DIOCKOCTh, KOTOpasi Mpoxoaur ucpes
ueHTp chepsl nepneHaMKyIapHO OTBECHOMH TMHMH, O0pA3YeT NpH



Ces. nonoc mnpa Z 3enuT Puc. 1.3.
p Cwcrema

rOpW3oHTaNb-
HEX KOOPOMHAT

N
Tovka A | Touxa
Cesepa " Ora
OuzouT Q
L= p

nepeceyeHmun co chepoit OKPYKHOCTL — RCHIRHIbILL, WIW Mame-
Mamuveckuy, 2opuionm. Bsicoma CneTnia OTCYMTBHIBAETCH 110
OKPYKHOCTH, MPOXOAILIEN Yepes3 3eHUT U CReTHI0 M, 1 Bupaxa-
eTCA LIHHOK IYTH 2TOH OKPYXHOCTH OT NOPH30HTa 10 CBETH.IA.
DTY AYTY M COOTBETCTBYIOLMHI €11 Vo NPHHATO 0003Ha4aTh OYK-
BoH /1. BuicoTa cBETHIa, KOTOPOE HAaXOAMTCA B 3eHUTE, pabHa H)°,
Ha ropusonTe — 0°, [To10XeHHe CBETHAa OTHOCHTEILHO CTOPOH
FOPH30HTA YKa3LIBAET €ro BTOpas KOOpAHHAaTa — a3umym, obo-
JHauaeMblii OYKBOH A. AIMMYT OTCUMTLIBAETCA OT TOYKH IOTa B
HaTpaBJICHHH IBMXKCHHA YaCOBOH CTPEIKH, TaK UTO a3HMYT TOY-
KH Iora paseH (F, Touku 3anaga — 90° 1 1. 1.

['opH30oHTaNMbHBIE KOOPAHHATE! VEA3LIBAIOT MOJOXEHHE CBe-
TIIa Ha HeDe B JaHHBIA MOMEHT M BC/ICACTBHE BPALLICHHA 3eMIH
HEMPEPLIBHO MEHAITCA. Ha mpakTHKe, HanpHMep B reoaesny,
BBICOTY M a3HMYT H3MEPAIOT CrICHHATLHBIME VITIOMEPHBIMH OITTH-
YeCKHMH NpudopaMu — #1eodoaumanlis.

Ocnosibim NPUOOPOM, KOTOPKIA MCHOJB3YETCH B ACTPOHOMWH
ana nabmonenua nebectnix Te, NpHeMa M AHATIN3A PHUXOALIE-
ro OT HHUX MIIYYeHuus, asasercs meaeckon, Closo 210 npoMcxo-
OUT OT ABYX rpeYecKux c10B: tele — naneko n skopéo — cMoTpio.
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Puc. 1.4. Cobuparye ceata 00LaKTHROM TRASCKONA

Teneckon NpUMEHAINT, BO-TIEPBLIX, 114 TOT0, YTOOL COOPATL
KdK MOXHO DONBINE CRETA, HAYIIETD OT HCCIEAYEMOrD ODHLEKTH,
i HU-H"I_'UFH?{, '-IT[_:I[_]I‘:[ UEI-EIL!-I'I'E'-IH'I"I-. BOGMOACT T T H.'i}-"'—l.';:l'l"l-: 2ra M-
KHE ,,I'I_E:'TE:LI'IH? IIHJL{'I-L-"I'}TII'IhIH ITHIHTUFF}KEIIII{}‘H}" F,.'Iﬁ.iij'. "'lHM ﬁﬂJIE:E
Iil.lﬂﬁh-lE OO REK TR JAaeT BOSMOAKHOCTH }’HH..'I.E'I'I: TEJISCKO, TEM
DOJNkIIE ero aporugaoman cutd. Bo3MosHOCTE pasiiiaTs Mell-
KHE [eTANH XApAKTePHIVET paspeutaiouyy cnocolHocms rTele-
ckona. Obe 3TH XapakTepHCTHEH Telleckorla 3aBicaT or [gHa-
METPa ¢ro 00bCKTHEA.

Konmuyectno cperta, codHpasMoro OOLEETHROM, DO3pacTa-
eT MPONOPUHOHANLHO Ero IUIOMAIH (KBAIPATy AHAMETpa)
(puc. 1.4). JuaMeTp spavka Hel0Bedeckoro IIadd ke B NoaHoH
TEMHOTE HE NPesbinaeT § MM, DDBeKTHR TENeCKOma MOXKET npe-
BRITATL 110 JMAMETPY 3PAY0K 1838 B MECATEN M COTHHM pas, 3To
NOSBOAAET C NOMOIILEY TENECKONA ODHAPYAMTE 3B&3h1 W APYIHE
OOBEeK TR, KOTopkie B 100 MiH pas cnabee 0DBEKTOR, BUJIWMBIX He-
Hﬂﬂ'[:'_‘!.‘}KE:HHh['H FAIAI0M,

Hem MeHple paidep HI0DpaseHHA CRETALISHCA TOMKH
(3Be3aLl), KOTOpoe daeT O0LEeKTHB TelecKOoma, TeM JIyHIle ero
paspelaniuas cnocodHOCTE Ecad paccToAHMEe MEexIy H30-
DpadeHravMy IBYX 3Be30 MEHBIIE PAaIMEpa CaMoro Hiodpame-
HHA, TO OHM COMBAIOTCA B onuo, Bonencrewe aoudpakiuHu
H.'i{_'lf__lpﬂl‘l{EHI-TE: ARE3 kI i__!l:.l'_.'l.{;!T HE T{J"-II{[_!II:-?:, Fi | HPI{HM MATHOM —
JlHLiIF-'iK[I.HI:_'I'HHhIM JAHCKOM,, }-"I'JI[_:II'!UI':I ..II_HHMH'I'P H{,'I"I'l:_'l-]_'!lt_'l-l"l:,'l PHHE:H

_ 206625+ %
= 200k .24,



Puc. 1.5 MeHMCKOBRIA Puc. 1.6. MocTpoeHue W300paKEHNMR
TanaCKon B TENSCKONE

roc +— IUIHHA CEETOBOH BONMHEL, a [P — mmamMeTp o0BLCKTHBA
Teneckond, 206 265 — uuceno cekydi B paanade. ¥ mEoasHoro
TeNecKana, JHaMerp obBeKTHEL KOTOPOro cocTasngeT ol vy, Te-
OPETHHECKAA PAIPEIIADIIAA CIOCODHOCTE OVIeT paEHA TIPHMEP-
no 2% Hanosium, 4to 2T npessEeT PAspeiiaoiyio enocod-
HOCTE HCBOOpPY#CHHOrD rinaza (27) e 60 pas. PeaneHas paspe-
mawmad crnocobHOCTE Teneckona OyIeT MEHBIIE, TOCKONBKY Ha
KAYECTRO MI0DPAXKENHA CYUIECTREHHO RINAET COCTOHIINE ATMO-
ciheprl, TBHXCHAS BOZIYXA.

Ecnme B KatiecTee OOBCKTHEA TCNCCKOIA HCTIONE3VCTCH THH3A,
TO OH HAJBIBAETCA pediparimop (0T TaTHHCEOro cnopa refracto —
I]FE..'[H."]-MJI!-II'['!I], a eCcllH I'!t'}['H}"'I'li']E Z'!EI]'I'[ELII[:I_._ = T P‘l’ff],’]‘.ﬂl?ﬁﬂ'!ﬂp
(reflecto — oTpazai).

[MommmMo pedpaKTopoR H pedIeETOPOE B HACTOALIEE BPEMA
MCNONEIVIOTCH PASTUYHEE THIEL 3EPKATBHO-NTHHIOREIX TEIECKO-
MOB, DAHH W3 KOTOPRX — MEHHCKOBRIA — NpeicrasieH Ha

pHCYHEE 1.5,
¥ gedonppx Teneckonor 0OLeKTHEOM, KaK [PapiiIo, CIv-

AHHT JlH{lHH[}Hh[I'I:,'HJIﬂH E-ﬂ]ﬁ-l-dpﬂli]lll.{:l}[ JIHH3A, I‘:.H.I{ Hf!l']-lEI:,'.”F"HII:fl:I 2CJIH
NpeaMeT HAXOIWTCA JAMeI0e JROHHOMO (hOKVCHOTO PACCTOSHHA,
OHA TAeT YMEHLIIEHHOE, MEPEBEPHYTOS W ISHCTBMTENLHOS ero
HZjl_l-ﬁpE'I.}I{EHHE. :}FU F-T:jL‘.lf__:IP.I,i}KHH[-TE pﬂ{,'-[I[_'I',IIHIH{;"ﬁ,.'-H HE:H{..I'I_}’ TOYEAMH
choEvca U gJeofiHoro dokvea maH3EL Paccroania 1o JIvHE, MnaHeT,
a TeM DOnee Ipe3N TAK BEIHKH, 4TO JyHH, MPHX0OJAIIHE OT HIX,
MOAHD CYMTATH napantensibivu, Crenosartensno, wiobpaxenve
oDBEKTA OVICT PACTIOIATATECS B (POKATEHOMN ILTOCKOCTH.
[MocTponm H3obpaxenne JIvAL, KoTopoe gaeT 00LeKTHB [ C
thoRycHEIM paccTosimes F (puc, 1.6). M3 pHeyika Buao, 4To yr-



JIOBLIY paAIMEpPOR HADMIOIASMOTo 00BEKTa — ¥Iod i — ODLEKTHE
HE HAMEHHET, H{]C'I'IUJ'I h.'i}-'E MLCH T2l Eph e I:_'!I_-'[.FIT_'I-i-"I ﬂHII'i(_li-'i _— UF::,. =
mApoM 2, oMecTHs ee ot Haobpaxenus JIyue (Touka F|) Ha pac-
CTOSHHK, PABHOM (POKYCHOMY PACCTOAHWI 31O JIHH3L — [, (Po-
EVCHOC PACCTOAHNHC OKYIAPA JOIXKHO OBITE MCHBIIE, IeM doKyc-
noe pacctoanve obnekTuRa, [TocTpodn M30dpaxeme, KOTOpoe
IaeT OKYIAP, MBI yDEIUMCH, UTO OH VBETHUHBAST YITIOBEIE pa3se-
pul JIvHEL yroa p 3aMeTHO OOABIIE YIIA .

Ecnu  wsobpaxenue, aapaemMoe ODLEKTHBOM, HaXOIHTCH
BOUTHEH (POKATRHOH TIN0CKOCTH OKYIHPE, YESIHYSHHE, KOTOPO0E
0fecTIeTHEAST TeIeCKEON, PAaBHO OTHOLICHHED (UOKYCHOTO pac-
CTOAHHA ODBEETHEA K (DOKYCHOMY PACCTOAHMID OKYIADA:

W= ; .

Teneckon yBeqHYHBAET BHAHMEE YIIOBRE pasvepn Coanna,
.]I_?HI:-I, IUTAHCT M ICTANCH HA HHX, HO 3BC3TE H3-3a HX KOJOCCATL-
HOIT VIAICHHOCTH BCC PABHO BHIHLL B TEICCROI, KaK CECTHINHCCH
TOYKH.

Hwmen cvecaHbie OEYIHPER, MOEKHO C OJHHM H TCM XC O0BLK-
THBOM IIONMIYHATE PAXTHHHOC YRETHYCHHE, HDEITD}I}" BOIMOMEHOC-
TH TEJSCKONA B ACTPOHOMHH NPHHATO XAPAKTEPHIOBATh He yie-
JIH'ICHHCM, 4 JHAMCTpOM CIO o0beKTHEA. B dCTPOHOMHH, EK4dK
NPARKHIO, HCIONL3IVIOT yeeqmdeHHAa MeHee SO0 pas. Ilpumedars
DikIHE yBelHueHHs Mewaer arvocepa 3emin. denaenne
BO3IOVXd, HCIMETHOC HCBOOPVAECHHBIM ITa30M {I“L'[H [PH M 1bIX
YBETHYEITHAY ), MTPUBOIHT K TOMY, 4T0 MENKHE TeTann niotpaxke-
HHA CTAHOBATCH HEPEIKHMH, PAMBIThIMH, [lozToMy acTpoHOMK-
TecKHe 00CepBaTOPHH, HA KOTOPLIX HCIONL3VIOTCA KPVIIHLIE
TENECKONB, PAMELIIAITCA I PAHOHAX ¢ XOPOIHM ACTPOKIM-
MATOM: DONBITAM KONMHYICCTEOM SCHBIX JHCH W HOUCH, C BEICOKOT
[po3pa'1HOCIERY H CTADHIBHOCTRIO E'I'IL{'DCd]E'pLI, Had BBICOTE
HECKOIBKMX KMIOMETPOR Hil YPOBHEM MO,

CoBpeMEHHBIH TEXECKOI NpeacTasnser coboli CIoxHoe yer-
pOHCTBO, KOTOPOE HMEET NPeIeibHO TOTHVIO ONTHKY OrPOMHBIX
PAIMEPOE, HAHIVHIIHS W3 CYLIECTRYIOHX NMPUEMHHEH HIJYHE-
HHSA W ODIIHPHBA KOMIUICKS HAYYHOR W 0DCIy KHEAOIICH arna-
patvpel. Bce Hanbonee KPYIHBIE COBPEMEHHBLIE TENECKOIIB —
ITO TENECKONM-PeIekTOPhL.



Kpvnaeiimuii 8 Poccun Teneckon-peduiektop (puc. 1.7), Ko-
'I‘l']'rlhli'll HMEST Z:FEI':IF.H..II.} .JI_HEI.I'I.'IE'['PHH f:'I' M, ffl'l]l.'IHl']_':lt']'HH.HHﬂE CoToy-
HOCTLIO 10 Aoaed MUKpoMeTpa. PoKycHOEe PacCTOAHHE 3epKaa
24 . iro Macca okono 40 1. Macca Bceli ¥CTAHOBKH TEICCKOMA
Donee 830 T, a BricoTA 42 M, ¥YIpasienne TENeCKonomM OCyecTR-
A4eTCA C MOMOINEK KOMILIOTERA, KOTOPLIH MO3BOIAET TOTHO Ha-
BECTH TelleCKOIN HA W3ydaeMeld ODBEKT W ANWTEIBHOE BPEeMs
VISPHHBATL €70 B MOAE IPEeHHA, ITABHO MOBOPAYHEAA TEISCKOI
BCIICT 3a BpallcHACeM 3eMId. TemecKon BXoInT B cocTas Cnels-
ANBHOH acTpouindeck ol obeepsaTopry POCCHHCKON akanemMmnu
HavK H ycTaHOoBneH Ha CepepHoM Kapkaze (DIM3 CTAHMUIE Je-
acHuvkckas B KabapowHo-bankapuw) Ha seicore 2100w Han
VPOBHEM MOPA.

KpynHeHmHAN B MHpe TeIecKoT YCTAHOBICH Ha ocTpoec Jla
[laabma v nobepesba Adpurn, «Unass yroro reseckons — 3ep-
Ea10 quaMeTpoyM 10,4 M. ITnomans ero NoBpEHOCTH COCTABIACT
B2 M7, & cOCTOMT OHO |3 30 [eCTUYIUIBHEIX JacTei. (Kasannch,
4TO TAKHE OrPOMHLIE 3epKaia Jy4ie cobDHUpaTh M3 OTIeNLHLIX
TOHKHY tacTei. MarorapmieamTes oHH HC W3 CTCKIA, a W3 Dojce
AEFRHN CHHTETHHECKHX MATCPHAIOR. IlE:.I'IhH{_'IE SCPRAND i_]:.l'_.'l,E'I‘
dedopMHpOBATLCA oI cobcTBeHHOM TaXecThio. YTobw cocTas-
HOE 3ePRAND COXPaHAND HeODXOUHMYyD DOPMY, NodKeHHe -
AeMbHBIX YACTEH KOPPEKTHPYETCA CNeLHalbHBIMH [IPHCNOCo0-
JCHWAMH (AKTHATOPAMH), KOTOPEIMH YIPABIACT KOMITBIOTECP.
Teneckon, rne Takas KOPPEKTHUPOBKA BRIIOIUAETCH 2 pasa B
CEEVHIY, MOXET 0DECNEUHTE PajpellaionIvio crocobHOCTE OKO-
e 0,47 B nactosnuee speMs oDCYRIAKTCH BIOJIHE peaikHbIE
MPOEKTHL CO3NAHHA TENECKOIOn ¢ IePEAJaMM THaMEeTpoM 25—
40) MeTpOB, YCTPOCHHEIMH MO TAKOMY K¢ TPHHUOMHMY, a B Mcp-
CTHEETHRE HAMEYAeTUH COEnHe 1{,:”:}-'51&:1"_'!{_"1{,'!]‘[] T‘lt."-,.Tli;‘-[,th'I-II-':l—FHE]__I-
IEKTOpA.

;&LE’I'IH!HHMHI }l'}I{E JABHO HE HE_.'IJ-"I' ]'I-HZ']J."H.ithh[I HH.'I'T_I..[H"],'IEHI-IE-
Ha cmeny uy o XIX p, npumaa gotorpadud, 8 1 HACTOALES
BPCMS CC BO MHOTHX CIIYUANX 3AMCHAKT ICKTPOHHBIC TPHCM-
HHEW CHETH, HHF-{i__J{'I..I'IhIHEE PACITPOCTPAHETTHE  THOTYHHIM  TIUTY-
MPOBOIHHKOBLIE MPHOOPE ¢ 1apAloBoH CBAILI0, COKPAIIEHHO
30, Marpune 1130, KoTopeie NPUMEHSOTeH B COBPEMEHHRIX
uudpopsx doToannapaTax, Mo CBOEMY YCTPOHCTBY aHAMOTHYHEI
TEM, KOTOPEIC HCMOABIYIOTCA B acTPOHOMHH. BaxHelumy Kaue-
creoM T30, B KOTOPBX HCNOIB3YETCA BHYTPEHHHE (oToapderT,



Pue. 1.7, LUecTuMeTpoBwii Puc. 1.8. Pagnoreneckon
Teneckon-pednexkTop

SIBNISICTCA WX BBICOKASA YYBCTBHUTCIBHOCTb. OHH PErHCTPHPYIOT
HPAKTHYCCKH Kax bl nonasimii Ha HUX Gorod. He mexee sax-
HO M TO, YTO 3AITMCh [MOJYYEHHBIX [P TOM  M300paKeHuit
BEIETCA ¢ MOMOLILID KoMnbloTepa. Takas 3anuch yaobHa s
MPOBEICHUS PA3NHYHLEIX HCCICNOBAHHN W MeEpejayd IPYIHM
yaeHeIM. Hegoropeie TelecKonsl HCroab3yTes s TOro, YTo0s!
nojayyeHHoe u300paxende 4epes KOMIbIOTEP NepefaBiTh He-
MOCPEACTBEHHO Nnob3opaTenay MuTepuera. 310 No3BoaAET yya-
CTBOBATh B HAOMIONCHHAX 32 KOCMHIECKHMH ODBEKTaMH MHOTHM
JOASIM, KOTOPEIC HHTEPCCYIOTCS ACTPOHOMMCH, B TOM WHCIC
HIKOJBHUKAM.

I13C HesaMeHHMBI U1 TEICCKOMOB, KOTOpPBIC padoTaioT B
ABTOMATHYECKOM pexume, De3 yyacrus yenoseka. B yacrHocry,
210 Kacaeres KTX — Kocvuyeckoro reseckona «Xaboun»,
KOTOPLIH Oobpaimaercs BOKPYT 3eMiIH Ha BoicoTe oKoao 600 k.
Haxonsce 3a mpenenaMi OCHOBHOM Macchl aTMOC(eprl, 3TOT
TENeCKOI € 3epKaIoM JdamerpoM 2.4 M 1o3BOAsieT HW3y4aTh
oObekThl, KoTopsie B 10—I15 pas cnabee 00bekTOB, MOCTYITHBIX



TAKOMY #e¢ HaleMHoMmy Teneckomy., KTX ofecnewibaer paipe-
A cnocodHoeTs (L17, 4mo HeaooTHauMo aaxe ans Goee
EPYIMHELX HaZeMHEX Teteckonon, Tlon TakuM yrooM @y ThonsHLH
MAT BHICH C paccToaHig 430 kn. Brbop 00BeKTOR HADTIOICHWA
u obpadoTka noaydennsx Duarogaps KTX pesvawtaton npo-
BOIWATCA CIICLIHANHCTaMH MHOTHX CTPaH. 3a BpeMA ero padoTe Ha
Jesiy DeUIO0 MepeiaHD CEBIIIE BOCBMHCOT ThICAY BBRICOKO-
EAYSCTEEHHEIX HI00PA#eHHH PasIHYHLIX KOCMHYeCKHX oDLek-
ToB. B HxX uHcIc H300pacKcHHMA CAMBIX OANCKHX TATAKTHE,
F.I:_'I'TUPI':IE {_'IEPE'I.'iﬂIH:IJIl-Tt.Lh EI-I:_J,"IJ:!E |3 ".-TL*I,I'I,.'['I-'1E‘I.]_'!|,"I,{_'!I]1 JET TL!I"-1}" [ Fh TS W
Ha pepetHoi pEiIageEe XV.3 moEa3aHo, KAK BRITTMIAIHT 00IACThb
IBECIA000PAIDBAHN, HAXOIALANCH B 3BC3THOM crormicHnd M 16
[1a PACCTOANME OKOJIO 7 TLICHY COETOBLIX JET OT JEMIL.

B HacTogsimee BpeMsa acTpOHOMHE HAZEIBAKYT BCCBOJIHOBOI,
I'IUL‘-HU,’II':R}I‘ ITHGJII_I,I'I_HI!HH S {_'IG'I#E-I':THMH I!f.:.’-..l'l_}-"'l'li.:-i-'l HE TIMNIEKD IR O0]-
THISCEOM nHana’lode. ding 3Tol Wemi HCIoaE3IVIOTCH PATIHTHEES
HPHDOPEL, KAAIBIH W3 KOTOPBIX CHOCO0EH NPHHHMATE H31YYEHHE
B ONpeIeleHHOM IHANalOHe ISKTPOMATHHTHLIX BOAH: HHppa-
EpacHoe, YieTpadHOICTOBOS, PCHITCHOBCKOS, raMMa- H paguo-
H':U]:r"-IEHHE:-

Tonpko panHoHITVICHHE M3 KOCMOCA ITOCTHTAST IIOBEpX-
HOCTH r.!E.‘l.-LiIH EIEFJ- FHAYHTEINRHOI IIﬁI'JIIf':II]I.EH]-'H-I- [}C"I"E..thhlE': HH 1kl
MANYHEHHA CKBO3bL 3EMHYVIO aTMOCEDY NPAKTHYECKH He TTPOHM-
KAKT, OHA WX PAcCCHBACT W mornomact. [To3tomy Teneckons 114
NPOBEAEHNA HCCIENOBANMH Beeaennoi B 3THX TMANASOHAX LITHH
BOTH VCTAHABMHEAIOTCH HA HCKYCCTREHHBIN CIOVTHHEAX, OpOM-
AIEHBIX CTAHIIHAX H ..'[.[':I}‘J'H.:l'. KOCHMHAYCCEKENK EI.IIIIE.I]'!-.:I.'I'I:'I.JI'.-

Ina npueMa pagHOMITYYEHHA PAsIHYHBIY  KOCMHYECKNX
ODBECKTOR HCTIONTBAVIOTCA PASHOTENeCKON . (JCHOBHEIC 3TEMEH-
TH :,.’ "I'PUI:-EL'-'FI!H p{i_.'l.Hl_ﬂ'EJ]Eli,.'-H[_!IIIH = AT AHTSHA, I]FHI:‘-HFIHK H
NOpHOOPEl IIA PETHCTPALHH CHTHAMA. ¥ OOABIIHHCTEA pagHo-
TEJECKOIOR AHTEHHhBI, Hli']'l'[':II}hIE JNAOCTHIAKT B a'[l-1ﬁ.ME'I'I':IE Iﬂﬂ M, 110
chopae TAKHE Xe, KAK BOTHYTLIE 38pKala Teneckona-pednesropa
(pHc. 1.8), HO coDHpawINNe HE CBCT, 4 PAJHOBOIHEL Benb tiem
E__:IE_'I-,I'IhfII{;‘ TLTOIAAE AITTETRL, TEM EII:_:I..I'IE";.’- maﬁhrﬁ HECTOYHH K PH_.’I.HU-
HATYHIEHHA MOAHO JApeTHCTPHPOBATE,

AHTEHHA TIPe0DPAIYET TIPHHATHE €1 WIeKTPOMAIHWTHRIE
BOTHLL B IEKTPHYSCKHE CHIHANLL, KOTOPLIE JATEM NEPEIAITCA K
BEICOKO'IVBCTEHTCIEHOMY TIPHEMHHKY. B COBpCMCHHBIY pagHo-
TENECKOIAX 1A PEFUCTPALIMH CHTHAIOR MCIONB3IVETCH KOMITEIG-



Tep, KOTOPHIH CHaUala 3JamoMHHAeT MX B UHGpoBoi dopMe,
a 3arrem III':IE‘.."I_C'I'H.I'I-.IIHE']' IIIf':I.'I!.I"-IEH HHIE I?-EZ]}"..[I'}"I'E.'I'I':I H HATHIHOM
DHIE.

CYIIecTECHHO BO3PACTAKT BO3MOKHOCTH PATHOTEICCKONOE,
BCIM MX HHTEHHBE ODLEIHHMTE B CHCTEMY M MCOOALIOBATL 1M
MIVIEHHA OIHOMO M Toro ke obdwerra. Hanpusep, cHcreMa,
Iili']'l'['flp'él!'r] COCTOHT M3 1? AHTEHH lJI_l'1'élh.'lE'I'IfFII'II!n'[ 1"-': M KO A,
PACTIONOXKEHHLX B ONPEIeNeHHOM MOPAIKe, N03IBOIAST I0CTHYL
yraoeoro pazpeineHis 0,047, 5o coOTBETCTBYET BOIMOKHOCTAM
FIH_I'[.I-'I':_'I1'E,'IEI§,.',K{_'H'IH L I;'IFI'['-I';‘.'III'II:_:IIE-i' ,"I,I'II;'IL'I[:!"I']_:I'L'!"ﬂ 35 B,

B 2011 r. poccHiicEle yUCHBIC IPHCTVIIHIH E PCaiH3alfH
MACHITabHOrD I'I|-1E'.‘-I{..II_}-'HH|'11"}.JJ_HII']I'I:'] JI[]{'!EE'J'H ﬂP&.‘[H{'IﬂCI'I}fiHM_ Hi'l
OCHOBE BLIBEISHHOTO HAa OKOIO3EMHYID OpDHTY panHOTeIecKomna
«Cnerrp-P» (nHamerp antennsl — 10 MeTpor) W pamHotene-
CRONMOR, PACTTONOACHHMY Had BCeXx KOHTHHECHTAX 3EMHOTO A,
CO3JASTCA CIHHAA HAZEMHO-KOCMIT'IECKAA CHCTEMa I7A HIVICHHA
pasiMuHbx obhertos Beeaennoi B paanoauanasone (IBeTHAas
pEnanka 12). JIBMraace mo BWTAHYTOH 2IHOTHYECKOH opOHTe,
«CTeRTp-Pr MOXCT YIANATRCA OT 3CMIH HA PACCTOAHNC MOPIIKA
350 Thicay kM, Takuw obpaszom, cozTanaeMan CHCTEMA 10 CROHM
BOIMORHOCTAM COOTBCTCTEBVCT PATHOTCICCEONY C AHTCHHOM
TAKOT) KONOCCAITREHOID '[]'EI.HMEI".IH.- DHEI. ['!IEI.'IE,.'I,&E'I' HCEKINHYHTEIRHO
BLICOKOH pajpeliaiieil crnocobHOCTRID MOPAIKa MIULTHOHHBIX
IONCH yIOoBoH CcekyHibl. Bro B 250 pas ayame, 4eM MOXHO
JOOHTHCH © NMOMOMILI HAIEMHIOH CETH PAIMOTENECKONOB, W Do-
nee veM B 1000 pas ayume, 1eM gocTHTHYTO KTX B onTHuecKoM
JHAL LA HE.

Peamizauna npoekra «PagHoacTpoH» IIOIBOIHT H3IVYATL
TAKHC SBJICHWA W [POLCCCH, KAK HCATPOHHEIC 3BC30E H
COEPXMACCHBHEIE YEPUBIE IBIPE, CTPOSHHE M THHAMMEY O0IacTeH
3pe3noobpasosaHia B Hamel [aTlakTHEe, a TakEe Opo0IeME,
CRUIAHHBIE ¢ IBONIHeR Beeennon,

1. B wem coctoaT ocoDEHHOCTH  ACTPOHOMART
2. Kakue KOOpPIHHATEL CBCTHL HASBIBAKITCA IOPHIOHTAIBHBIMKY
3. OnmuimuTe, Kak koopaanatel Commia ByIVT MenaTkca B Tpo-
Hecce ero IBHXCHHA HAL TOPH3IOHTOM B TeUeHHE CVTOK, 4. [lo
CBOEMY THHEHOMY pa3Mepy aHaMerp Connua Donsile IHaMeTpa
Jyvae npavepro & 400 pas, TodgeMy HX VIIOBHE THAMETPBI M0-
urd pasHe? 5. s vero nenoaesyercs reneckon? 6, Yro cunra-



eTcs rnasHol xapakrepucTHroi Teneckona? 7. [Movesmy npu na-
DIISHUAY B TEMSCKOTT CRETHIA YXOMAT HI TI0TA .'.!I}EEI-IHH'?

1. KaKOBRD YRETHYEHHE TETECKONa, @CMH B Kate-
CTBE @0 ODBCKTHEA MCIOMB3VETCA JIMH3A, OOTHYECKSH CIUlA KO-
Topoi (L4 anTp, A B KAYecThe OKYTAPA THHIA ¢ OTTHYECKOH CH-
ol 10 morp? 20 Bo ckonbko pas DoabLe CBETA, leM Tene-
ckon-pedipakTop [AIHAaMeTp obnekTHRa O Mu), colupaeT Kpyn-
HCHWMA poccHHECKHA Teneckon-peduekrop {IHAMETP 3CPRAIEA
fwm)?

[TonbepuTe MHH3E, HEODXOOUMEE 118 HITOTOEIEHHA
npocTeRmero Teneckons — pedgpagropa. HaMepHe OnTHHECKVID
CcHAY O0BEETHBE H OEYIAPA, ONPEIeIHTe, KAKOS VBEIHYSHHE
MORET ODECTIeTHTE TAKOH TEmeCKOTT.



Il. MPAKTUYECKUE
OCHOBbI ACTPOHOMUWHA

Beposrmo, elllc Ha 3ape LMBHIH3ALIMH JTIOOH, CTPEMACh KaK-TO
piiii()ﬁpii'l‘h(.‘ﬂ RO MHOKECTRE 3831 U 3allOMHHTE UX pacno.'l(me-
HHE, MLICI€HHO OOLEIHHANH HX B ONpeleneHHLEe GUrypol.
BernioMAHTe, KaK 4acTo Mbl HAXOAWM B KOHTYpax o0JaKoB, rop
WK JIEPEBLER OUEPTAHMS JIONEH, KMBOTHLIX WK Aaxe ganTtac-
THYIECKHX cyiiecTB. MHoOrie xapakTepHbIe «3BE3IHBIE (DUTVPEI»
yKe B 1U¥DOKOMH JPEBHOCTH TTOJNYYHIM HMEHA TePOCE IPEYECKUX
MHGOB H IErens, a TaKxKe TeX MHQIYECKHX CVIIECTB, ¢ KOTOPLIMH
3TH I'epol cpaxamick. Tak noseiuaucek Ha Hede 'epkyiec, [lep-
cer, OpuoH, AnjpoMena u 1. L., a rtakxke [Jlpakon, Teaen, Kur
u T. n. HexkoTtopuie M3 3THX CO3BE3NMH YIIOMHHAIOTCA B IpPEBHE-
rpeveckix nosmax «Mmmaga» u «Ogrcces». UX u3obpakeHus
MOKHO BHJIETH B CTAPDMHHBIX 3BE3/IHBIX dTjlacax, Ha I'JIOG}'CPIX H
KapTax 3Be3gHoro Heba (puc. 2.1).

B namm anM coIBeIHAMH HA3LIBAIOT ONPEAeNennble YIaCTKA
3Be3aH0ro Heda, pasuejeHHbe MeXAY CO00i CTPOro YCTaHOB-
JIENNLIMHA FrPpanHiaMn.

Cpean Bcex 88 co3pe3nuil M3BeCTHOE KaxioMy bonbmas
Measeauia = 0jHO 13 CaMbIX KPYITHBIX.

Bee 3pe3/bl, BUHMBIE Hi HeDe HEBOOPYKEHHBIM IJ1a3om, ['ur-
napx Bo II B. 1o HawIeH 3pEl pa3neTnT Ha WeCTh BemIHH. CaMmele
sipRie (MX Ha HeDe Meree 2()) cramd CYWTATh 3BE3NaMH MepBOi
penuyuHb, Yem cradee 3pesna, TeM Donbiue 4yueao, odbolHayapinee
ce 36e30uyro eeauqury. Hanbonee ciabele, casa pa3iHiHMbIC HCBO-
Op)")KEHIIhIM I'NA30M — 2TO0 38€3/1bI eCcTon BeJiHuuHbl. B KaATOM
CO3BE3ONH 3Be31bl 0003HAYAKTCA OyKBaMH rpeyeckoro aidasHTa
(npunoxenie IT), Kak npasuio, B nopsake yoelBaHHs UX SIPKOCTH.
Haubonee sipkas B 3TOM cospesamm 36e31a obosnavaeTca OykBoi a,



Puc. 2.1, 3ee3aHoe Hebo Ha CTRPUHHBIX KapTaxX

prOpas no spkoctd — B u 1. 1. Kpome toro, npumepno 300 spesn
noay4yn M cobCTBEHHBIE HMEHA apalCKOro 1 rpeyeckoro NPOHCXOK-
JAEHHSA. ITO JAMO0 caMble APKHE 3Be3b], AM00 Hanboaee HiTepeciibie
00LeKTH 13 yucna bogee cnadpix 3pe3n. Tak, Hanpumep, cpeaHsis
3pesna B pvuke kopina boasmon Meapenuunl HaspiBaercs Muuap,

4TO MO-apabCKH O3HAYaeT «KOHb»,
5Ta 3BC31a BTOPOH BCIHUIHBI 0DO3HA-
yaercd £ bonbimoin Mempenunnl. Ps-
noM ¢ MHLIapoM MOXHO BHICTE Honee
CJIADVIO 3BE3/109KY YeTREPTONH BeJIHYH-
Hbl, KOTOPYIO HaszBalM ANBKOp —
«Bca)iHMk». [1o 310#H 38e312 nposeps:-
JIH Ka4ecTBo 3penus ¥ apabckux pou-
HOB HCCKOJIBKO BCKOB TOMY Ha3ail.
Kak oreickats Ha Hebe [lo-
aapHyo 3pesay — o Manoi Men-
BEAWLBI, HANTOMWHAET PHCVHOK 2.2

Puc. 2.2. Cnocod oThicka-
HWA MonspHoi aseanul



B 3TOoM CO3BE3DMH, KOTOpOE HEpenkEo HasbweanT «Mamwii
KORBI®, OHA ABIRETCH CaMOR APKOH, Ho Tak xe, Kak 1 Doasimmi-
cTBO 3ee3I Koema bomemmoil Mensegmuer, IlomapHas — 3pcaga
DTOPOH BEINYHHLL

E]Il:']ﬁ_llﬂ..'l_ﬂl'HHH }"-IEHhIE CTaNH ]".l'ﬂﬂ[l{':l.ulﬁl ATk {'_I']{'I'J'GHL."'I pi:'lhil-[
I8 M3IMEPEHHA OCECHENNOCITIY, T, €. NOTOKA WITYHeHusa, npu-
XONAIIETO OT 3BE3AL (HIH IPYTOTo HCTOMHHEA) K HabIomaTemno
B CIHHHIY BPCMCHH Ha COHHHIY TUTOMIATH, TICPTICHIHEVIAPHOMN
myay apeHns. Tenepe B ACTPOHOMHH 118 0D03HAYEHHS 3TOT
BRETHYH H K I-'I'CI[t_'I-.Hh.'i}-'E:"I'EH 'I'E:]_':I"p‘l'l-1l1 ﬂﬂ!_"{'ﬁ;’, | 1'1;:|-MEPI-IET|:I{ OoHA B
Jgeadnwy eeququnax., B pesvanTaTe TOHHLIX HIMEpPenHil OKa-
3aM0Ck, UTO ONEcK 383Nl mepeoil BeadTHHM B 2,512 pasza
MPCBOCKOAUT DACCK 3BC3M BTOPOH BelHaiHE. B cron ouepeis
IREHNA  BTOPOH BEIMYMHLL BO CTONRKO ke pa3 no Ooecky
NPepOCKOIHT 3030y TPETLEH BeMHYMHL U T, 4. Heckonuko 3pesn
DBEUTH OTHECCHE! K 3BE30aM HVICEOH BENMTMHHEL, NOTOMY “ITO HX
Oneck okazanca B 2,512 paza Donelme, wTeM ¥ 3Be3l MepPROi
HEJWUMHKE, A camad #apkas sseina seero nebda — Cupuye [u.
boasimoro Ilea) nonyywia naxe OTPULATENRIVIO B3 HYI0 Be-
TEeHHY —1.3. ChHcok Hanboee ApKHX 3830 C YEAJAHHEM HX Ha-
3BAHHA W 3BC3THONA BCIHIHHEI MPHBCACH B MPHIOKCHAR V.

HHMET}E‘HH}I CRETOBOIND 1OTOKA T 33N NMOZROIHDT 'J'ELIEI"H::
ONPENeIHT: MX 3Be3IHEE BEMHYHHEL ¢ TOUHOCTLI) 00 AeCHTLIX
H COTEIX D0,

BELTO ¥CTAHOBIGHO, UTO MOTOK 3HCPTHH OT 3BC3IH MCPBROL
peaMuKbpl B 100 pas Donkiie, YeM OT 38e306 HECTON BEAHYHHbI.
K FIi:I.L'-T{}S-[IIl,EI‘H}’ Il'pEI'HErII-I ANEIAHBEIS BETHYHITR DF[]_TI'E,"I,E,’IEHI:I JUTH
MHOTHX COTEH TLICA™ IBE3.

C nzobpercHHeM TENECKONA YUCHBEIC NOIYIHIH BO3IMOM-
HOCTHR _"r'l']l-1.|I,E'I'I:|- ooJlee I.LIE.EI:.IE IBEIH, OT I-'.ﬂ'l'{':l]".l'h[.:l'. IIT'.'HJ'I'.ﬂ_.'I.H'I' CHE-
Ta FOPA3N0 MEHLIIE, Y4eM OT 3pesn mectol peanunnn. Ikana
IBPEIMHLIX BENHYHH BCE NANBINE W JANLINE YXOIHT B CTOPOHY HX
BOIPACTAHHA MO MCPC TOTO, KAK VECIH'HBAKTCA BOIMOXKHOCTH
Teneckonoe. T'ak, HanpHmMep, XabIOBCKHI KOCMHUCCKHH Telle-
CKON MTO3BOJIAI NOAYYHTH M300PaKeHHe NPENENkio caabex oib-
EKTOD — IO TPHALATOH 3Be3THOH DeTHYHHEL,

1. HTo HaskBagTeA codpeamHeny 2. llepeuncnmne Ha-
RECTHLIE KAy coaneiand. 3. Kaxk ofoinavamnTea anesnsl & coInes-
auax? 4. 3eesonan gennydnaa Bern pagna 0,14, a ssesanan senu-



yuna Meneba cocrasnser 1,33, Kakas w3 amux 3se3n spue?
5. Kakas #3 3p€3J1, NOMEIIEHHIX B NPHIOKEHAR V, AR14eTca ca-

Moit crafioit? 6¢', Kax nu AyMaere, moueMy Ha gotorpadim, no-
AYYEHHOH ¢ MOMOLIBIO TeJeCKoNa, BUIHE Donee crabbie 38315,
qeM Te, KOTOPLIE MOKHO YRUIETh, TIAS HETIOCPEACTREHHO B TOT
xe Teaeckon?
VO T 1, PaceunraidTe, BO CKOUBKO Pa3s 3Be304 BTOPO
INE3ANON  BeTHYMHLI  ApYe 3Be3Ll  YeTBepPTOd  BemIYHILL
2. ITpoBeauTe TAKOM KE pacieT LM 3BC30 HCPBOH H WECTOH Be-
mmynbel. Viazanue. Ucnonesyiite npu stoM fonee TOYHOE 3HA-
YCHHE OTHOIICHHA CECTOBOIO MOTOKA OT 3BE3L JIBYX COCCIHMX Be-
muuH: 2,512, OKpyriauTe noayueHHOE B Pe3syibTaTe YHCNO 10
[EI0r0 ¥ 3anoMHHTE ero, 3. CauTas, 4T0 pa3’HuIa B 3BE3IHbIX Be-
amuuHax Coaxua u Cupryca cocrasmsier 23, paccudradre, BO
CKOMEKO pad 0T ConHIia NPHXOANT HOMLITIE IHEPTHI, YeM OT ¢a-
MOH HPKOH 3BC31b1,

" Haiinure B Gudmoreke U npognraire Muds o npo-
HCXOXKIeNH HA3RAHHH CO3REe3THA.

Hailaute na nebe spesns: Apkryp, bereabreiisze
1 Cupuyc. Kakoro onu neera?

SBESAHBIE KA ITBI

Heuoop_v»(eHHhm INA30M HA BCeM HeDe MOKHO BUIETh NPUMEp-
Ho 6000 3831, HO MBI BHIUM JIHIIL MOI0OBHHY M3 HHX, IOTOMY 4TO
ilp}‘l‘y’lO HOJMOBHHY 3RE3NHOr0 neba fiaKphlliae’l‘ OT HAC 3emus.
Benieacteue ce BpaliCcHMS BHA 3BC3AHOrO Heba MeHsiercst. OaHu
3BE3L] TONMBLKO €I1e MOABIAIOTCA M3-3a TOPU3OHTA (BOCXOIAT) B
BOCTOYHOM €ro HYACTH, JIpYIrve B 3TO BpeMid HaxXOATCH BhICOKO
HaJ roJI0BOI, 4 TPCTEH YKC CKPLIBAIOTCA 3a TOPH3OHTOM B 3anai-
HOI cropone (3axoxAr). IIpH 2TOM HaM KaXeTcA, YTO 3BE3IHOE
HeDO BpanaeTcs Kak eiuHoe tesoe. ‘Teneph KaxiaioMy Xopoio
H3BCCTHO, YTO BpAICHHE HeDOCBOAA — SBICHHE KaXKVIIEeCsd,
BLI3BAHHOE BpalleHHeM 3eMIH,

' 3neanouroit ommeyers BOTIPOCEH! H 347a49H MOBLINTEHHON TPYIHOCTH.



Puc. 2.3. Qotorpadpus Puc. 2.4. CiacTema 3KBaTopHanbHbIX
CYTOMHOrO BpaweHns Heba KoopauHar

Kaptuny TOrO, 4TO B pe3yibTaTre CYTOYHOIO BPAllIeHHA 3eM-
JTH TIPOMCXOINT CO 3BE3AHLIM HEDOM, MO3BOMAET JaneyaTners ¢o-
Toarnmapar.

Ha nonyyennom CHHMKE KaXaas 38e3/1a OCTABMIA CBOH Caeil
B BHAE AYTH OKPYXHOCTH (puc. 2.3). OOummii uenTp Beex THX
KOHLIEHTPHYECKMX VI Haxoautea na nede nenozateky or [lo-
JIAPHOM 3Be31bl. DJTa TOYKA, B KOTOPYIO HallpaBjiela och Bpaile-
HHA 3€MIH, MOJIVYHIA HA3BaHWE ceepHbiil no.oc mupa. Myra,
KoTopyw ormucana [ToaapHas 3Be3aa, HMEET HAMMEHBIIHE paau-
yc. Ho u 31a ayra, H BCe OCTANLHLIE — HE3ABHCHMO OT HX paaH-
yca ¥ KPMBH3HBI — COCTABJIAIOT OIHY H TV XKe 1aCThb OKPYXKHOC-
. Ecan Bl ynanoce cortorpadipoBate NyTH 3831 Ha Hebe 3a
Lensle CYTKH, TO Ha cororpadui MOJYIAIHCE OBl MOJHBIC
OKpVKHOCTH — 360°. Beab cyTKH — 3TO NepHoil noJIHoro obopo-

Ta 3CMJIH BOKPYT CBOCH OCH. 3a vac 3¢MIIst MOBCPHCTCS Ha l.-"34
Y4aCTh OKPYXKHOCTH, T, €. Ha 157, CaegopaTenbHo, JUTMHA IVIH, KO-
TOPYIO 3BE€3Ja OMMIIET 3a 3T0 BpemsA, coctaBuT 15%, a 3a
noadaca — 7,5°,

,'_LII}I }'KRBHHHSI NOJOKEHH CBeTH Ha Hebe HCIIO.'lbI}}'IOT CHC-
'reuy KOOp,'lMHil'l’, AHAJIOIMYHYIO 'Iﬂﬁ, KO'I’OP&SI HCI]O.’lhfi)‘e'l‘CSI B
reorpathn, — cucmemy IKCamopuaIbNbIX KOOpouHam.



Kag HipecTHO, NONOXKeHHe TI00ro MyHKTA HA 3eMHOM LIape
MOMHO YEAZATE C NOMOIIBIO Feorpafyeckux KOOPIHMIaT — 1m-
P'L'!I'Fl'ﬂ H MO ThHI, |1E{,'IIT:IH[I}H‘-IEL'-HH5I AOAraTa [::Il.} OTCYHTRIBASTCH
BIONE 3IKBATOPA OT HAYATEHOTO ([ pHHEWICKOIO) MepPHIHAHA,
a reorpadrtTecKas MHpoTa () — M0 MePHIHAHAM OT EBATOPA K
nomocan e, Tag, HanpuMep, Mockpa HMeeT CIenvIoime Ko-
OPAHHATEE 37730 BOCTOWHOR AOUITroOTh | S5°45 CEREPHOH [IH]PHTEL,

BecoesM cHCTOMY SKBATOPHATBHEIX KOOPIHHAT, KOTOPaa YEa-
JHIBAET MOTOKEHHE CBETHI Ha HeDecHoH codepe OTHOCHTEILHO
apyr apyra. [lpopeney qepes uentp netecnoi chepm (puc. 2.4)
JIHHHKY, NAPLUIEIEHYHY OCH BPAIIEHHA JeMIH, — ocs Mupa, (OHa
nepeceteT HeDecHYVIO chepy B IBYX AHAMCTPANBHO MIPOTHBOMO-
JOMHEX TOUKAX, KOTOPBIE HATHBAKTCA Rotocami mupa, — P |
F. CepepHBLIM MOMOCOM MHPA HAZLIBAIOT TOT, BOMHIM EOTOPOrO
Haxouures TonapHas 3pesma. THoCcKooTs, Npoxoasias yepes
HeHTP oheprl APAIIeIsEHO IUIOCKOCTH 3KBATOPA JCMITH, B ceve-
HHH co chepoii o0pasveTr OKPYAHOCTE, HAIBIBACMYH) HEOECHbIM
srgamopom. Hebecnpit sxpatop (DonobHo 3eMuoMy ) TenuT He-
EE:[.:H}"I{_] Lf'f]_]{'.ll']':r' Ha JIHA II{,'I,JI}-"IITHFIHH: (:EHH]_’JHE}E M K:]}I{H{_'IH, yl",'li_‘.l-
BOC PACCTOAHWE CBETHIA OT HeDCCHOrD IKBATOPA HAZBIBACTCH
cKAOHeRUEM, KOTOpoe obo3HanacTca OvVERoH 8. CEMOHCHHE OT-
CHHMTLIDAETCA MO KPYVIY, MPOReISHHOMY Yepel CBeTHIO H MOIIoCa
MUpPa, OHO auanordHuo reorpadmdeckol mupote. Ckioneinme
CHHTASTCH 1O HTENRHBIM b CHRETHIL, |'lEI.C'IIﬂJ]ﬂ}BLEHHhI.'~'. K DEHE[‘J}'
OT HEDECHOTO 3IKBATOPA, OTPHUATEILHEIM — ¥ PACTIOIOKCHHEIX
K KOTY.

H'I"-[_'IP-.i,iFI K{,'I[_JP,I'I_HHE'I.TE'L. HIZ_ZIT{JP-I;:I.H ‘_I.-'K.i,i;jI'rIHHET MJICEKEHHE CRETH-
7a Ha Hebe, aHanoruaHa reorpadiaeckoll Joarore. DTa KOopIH-
HATA HAILIBAETCA HPAMLLY gocxo:x0eHnem 1 0D03HATASTCA OVK-
poi . [IpAMOE BOCXOMISHME OTCUMTLIBASTCA [0 HeDecHoMY
Z}Hll'él'l'-[:‘.l]_?:r' OT TOUYEH HECEHHSI pﬂ.lirl{l}lﬂll[}“l'lihil ﬁ'r' [§] I"L{TI'I::]]:'I':}I'-"I
CoaHile exerogHo Oubaer 21 Mapra (B IeHe BeCEHHETD PaBHO-
IeHcTBHA). OTCUET NpAMOTO BOCXOXICHHA BeIeTCd B HAMIpaBie-
HUH, TPOTHREOMOIOXHOM BHIHMOMY BpalleHuiy HebecHoM ohe-
l:lhl, ”{IZH'U‘H}? CHRETHTA ROCKOTHT {1-1 .'iH.‘-{l},l'I_H'l'] i Hi’_‘l[.l!il,l'l_]i!: Iili_].'i]_TIH{..‘--
[AHHH HX ]I]}HM{'JJ'H BOCKOAJICHAH. E EDIPHH{}MHH II|I::|J-'1H}I 1 H-h-l[:lﬂ'
HATE TIPAMOS BOCKOMICHHC HC B TPATYCHON Mepe, a B TacOBO.
BrLi moMHHTE, 4T BCASACTBHE BPALIEHHA 3eMIH 15% COOTBETCTRY-
wor 1y, a 1" — 4 vun, CnenopaTensino, IpavMoe BOCKO#IENHE,



paBHOe, Hanpumep, 12 1, coctapnsAer 180°, a 7 1 40 MHH cooTBeT-
creyer 1152,

TIpHHUMIT cO37aHHA KapThl 3BE3IHOrO Heda BecbMa MPOCT.
CrnipoeKTHpYeM CHa1alIa BCE 3BE3ILI Ha rodyc: TaM, IIe Jyd, Ha-
MpaBlIEHHLIH Ha 3BE31Y, MEePEecedeT NOBEPXHOCTL rnodyca, Oyaer
HaXOOHTLCA H300paxkenue 3ToH 3pe3apl. OOLIMHO Ha 3BE3THOM
rnobyce u300pakaloTes He TOMLKO 3B€3/bl, HO M CeTKa DKBATOPH-
anblbIX KoOpauuaT. 110 Cytu aena, 3pes3abiM raodycom asnsercs
MOJIETh HebecHOH C(lbephl, KOTOPAad HCHOJB3VETCH HA }’p()KiiX d4CT-
poHOMMM B IIKONe. Ha 31o# Moyenun Her u300paxeHuii 38e3)1, HO
3aT0 NPEJCTARICHBI OCh MUPA, HCOCCHBIH 3KBATOP M JPYIUE KPy-
ri HebecHoIt cepsl.

[Tonb3oBaTeCst 3BE3THBIM I00YCOM HC BCeraa yaobHO, M03To-
MY B acCTPOHOMMH (KaK M B reorpadyu) [HMpOKOE pacrpocTpaHe-
HHE MOJYIH KapThl H aT1ackl. KapTy 3eMHOMH MOBEpXHOCTH MOXK-
HO TMOJIYYHTE, €CTH BCe TOUKH r1obyca 3eMIH CIIPOeKTHPOBATL Ha
IUTOCKOCTD (MOBEPXHOCTDL LMIHHAPA WIH KoHyca). I1popensa Ty xe
OTIEPALIMIO CO 3BE3AHBIM [J0OYCOM, MOXHO IMOAVYHTH KAPTY 3B€3/1-
Horo nedd, 11o3HakoMHMCsA CO 3BE3MHON KApTOH, NMPHIOKEHHOH
K yueDHHKY.

PacnonoxuM ILI0CKOCTh, Ha KOTOPOH Mbl XOTHM TIOJVYHTH
Kapry, Tak, 4rodel OHA Kacaiack HOBEPXHOCTH riodyca B TOYKe,
IIE HAXOJMTCS CEBEPHbII nomoe mupa. Teneps Hano CrpoekTupo-
BaTh BCC 3BE3JbI H CETKY KOOPIAWHAT ¢ r100yca Ha 3TY MIOCKOCTE.
IMoaymuM Kapty, nogobHvio reorpadHiIecKuM KapraM ApPKTHKH
WIH AHTapKTHKH, Ha KOTOPBIX B LIEHTPE pacliojaraeTcsl OIuH H3
nomocos 3eMau. B neHTpe Hamen 3pe3nHoi KapTol OyIer pacno-
NAraTLes CEBEPHLIH MOTIOC MUPa, pAanoM ¢ HuM Tloaapaas 3sesna,
YVTh Jadblle OCTajbiibie 3pe3an Manoii Meapeauinl, a Takxe
3pe3/tbl bonsmnoi Meanemnsl u ApYrux Co3Bes Ui, KOTOphie Ha-
XOJAATCH HENOJIAICKY OT NOJIKOCE M Hp4a. CETKH K BEﬂ'O[)Wd.’IhH bIX KO-
OPAUHAT NPEJCTARIEHA HA KapTe PAIHAIRHO PACXO/SIIHMHCS OT
LEHTPA JIy9aMH W KOHIICHTPHYSCKHUMH OKpYXKHOCTsIMK. Ha Kpai
KapTel MPOTHE KaXXIOro Jy1Ia HAMMCaHbl UHCHa, OD03HAMAKMINC
npsMoe BocxoxkacHue (o1 0 go 23 ). JIy1, oT KOTOpOro Ha'lHHACT-
Cfl OTCUET MPAMOr0O BOCXOXKICHHA, ITPOXOIHT Iepe3 TOUKY BECEH-
HEro paBHOIEHCTBHSA, 0003HaueHHYIO Y. CKIOHEHHe OTCHHTLIBA-
€TCA M0 3THM JYy4aM OT OKPYKHOCTH, KoTopas Hiobpaxaer Hebec-
HBIH JKBaTop M HMeeT obosnavenue 0°, Ocraapibie OKPYXKHOCTH
TAKXKE MMEIOT O1M(pPOBKY, KOTOPAA NMOKA3HIBAET, KAKOE CKIOHE-
HUE UMeeT ODBEKT, PACNONOKEHHBIH Ha 2TOH OKPYAXHOCTH.



B 3aBHCHMOCTH OT 3BE3IHOH BETHMHHEI 3BE315I H300pakaT
Ha KapTe KPYXKKaMH pasiiuyHoro aHamerpa. Te U3 HHX, KOTOphIe
O0pAasyoT XapakrepHaie (MMrypel CO3Be3AHIA, CORJIIMHENBI CILIONI-
HBIMM JIHHUAMM. Tpanmiel co3nesani 0DO3HAYEHbB! TYHKTHPOM.

O6 HCroNe30BaHWK 3BC3AHON KapThl NPH TOArOTOBKE K
Halunoenmnsim pacekasano s Hpunoxenun [X.

desvsene 1 KakHe KOOPJIHHATEHI CRETH.IA HAILIRAIOTCA IKBATO-

A pHaabHBIMH? 2. MCHAIOICH JIH 3KBATOPHAILHBIC KOOPIUHHATH

3Be3abl B TeueHue cyTok? 3. Kakue ocobeHHOCTH CYTOUHOrO a184-

AKEeHHUS CEeTHJ MO3BOASKOT HCMOMb30BATE CHCTEMY IKBATOPHANb-

HLix koopanat? 4. [loveMy Ha 3ne31Ho KapTe He NoKa3aHo no-

A0keHHe 3enum? S, TloueMy HA 3BC3LHOH Kaprce M300paxCHb

TOJABKO 3Be3ubl, HO Her HM Coanua, HW JlyHbl, HM 1aHer?

6. Kakoe cknonenne — MoXOKHTENLHOE HIH OTPHUATEIBHOE —

AMEIOT IBE3Th, HAXOAATTHECA K MEHTPY KapThl DIHXKe, Tem He-
DecHbii 3KBaTOp?

1. Buipasure B uacosoi smepe 907, 1037
2. Buipaaure B yraoRoW Mepe nNpaMoe BOCXOXIEHHE, paBHOE 5 9
24 pun, 18 1 36 muu. 3. Yraosoe paccrossue Cupuyca (o boas-
woro IMea) or IMoasiprol ssesup cocrasasier 1067, TTooxurens-
HOE WTH oTpuIiaTenkHoe cknonenue umeer Cupuye? 4. [1o koop-
AMHATAM, LPHBCACHHBIM B CLIMCKC SPKMX 3B¢3d (npuioxesue V),
HAMIKTE HEKOTOPBIC M3 HUX HA 3Be30HON Kapre. 5. Onpeaenure
no KapTe KOOPAHHATE HeCKOILKUX ApKuX 3ne3a. Cpannure momy-
YEHHKIE JAHHEIE C KOOPAWHATAMH, NPHREICHHRIMH B HX CITHCKE.

Cnenaiite CHHMOK 3Re3THOTO Heba. /La oTorpadu-
poBanus BhidepuTe ACHYK OesayHHY0 Houb, TTocrasbre anad-
parMy, COOTBETCTRYIONIVIO MOAHOCTBIO OTKPHITOMY OOLeKTHRY,
choRycHpyTiTe ero Ha 6eCKOHEYHOCTE W HanpankTe poToanmapar
Ha [ToispHyo 38e3ay, HALCKHO VKPCIME Cro B TAKOM [0JI0XKE-
HHMH, OTKPOHTE 3aTBOP HA M0JY4Ca HIH 4ac.

Haiiaure Ha Mogenu nebecnoii chepsl ee 0CHOBHBIE
KPYTH, THHUH § TOYKHW: TOPHIONT, HeDecHmil HKknaTop, HebecHni
MCPHUHAH, OTBCCHYIO JIMHHUK), OCh MHPA, 3CHUT, 101, 3a11a., CCBep,
BOCTOK.



Paccmo'rpn.\f, KaKOBa BEICOTA TIOMIOCA MHPa HAX N'OPH3OHTOM TI0
pucyHky 2.5, rjie yacrs HeDecHo# cepnl 1 3emHON map usobpaxe-
HBI B ITPOSKLIMH HA II0CKOCTL HeDecHoro Mepuauasa, Ilycrn OP —
OCb MHpa, MapamieasHas oci 3eman; OQ — NMpoeKLHA 1acTi Hedec-
HONO 3KBATOPA, NAPALIEILHOIO IKBATOPY 3emin; OZ — orsecHas
auHuA, TOraa BbICOTa NOUTIOCA MHPA HAJl TOPU3OHTOM fip = 2 PON,
a reorpacpuaeckas mmpora ¢ = £ Q,0,0. OueBHIHO, UTO ITH YLl
(PON v Q,0,0) pasnrl Mexay coDOM, HOCKOIbKY MX CTOPOHbI B3a-
HMHO nepnenaukyaapan (00, L ON, a OQ L OP). Otciona cneny-
€T, YITO BuCOMA NOMOCH MUPQ HAO 20PU3OHIMOM PABHA 2e02padhute-
cKott wupome mecma wadmoderus: hp = . Takum obpazom, reorpa-
(PUYECKYIO IHPOTY MYHKTa HAOMOASHNA MOXHO ONPEAEIHTDL, ECIH
H3MEPHTD BBICOTY MOMIOCAa MIPA HAT NTOPH3OHTOM.

B 3aBHcHMOCTH OT MecTa HabmMOZATE I Ha 3eMiIie MCHSICTCS
BH 3Be31HON0 Heba 1 XapakTep CYTOYHOrO IBMAKEHHA 3BE3L,

[Ipoiue Beero pa3odpaTiLCa B TOM, YTO W KAK MPOMCXOAMT, Ha
nomocax 3em. [lomoce — takoe MecTo Ha 3eMHOM Lape, rie ock
MHPA COBIATAET ¢ OTBECHOH JnHMeH, 4 HeDeCHhIM JKBATOP — C ro-
pusoHTOM (puc. 2.6). T1a nabmonartens, Haxomsuerocsa Ha Cesep-

OpWU30OHT
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Puc. 2.5. BuicoTa nonioca mupa Hag, Puc. 2.6. CyrouHoe geskenue
rOPWUIOHTOM CEETUN HA NOMOCE 3emnn
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Puc. 2.7. CyTouHOe genxeHue Puc. 2.8. BuicoTa ceetuna
CEBETWUN B CPEAHWX LLIWpOTax B KyNbMUHALMW

HoM nomoce, [ToaspHas 3pe3na BuIHA ONM3 3¢HHTA. 31eCh HAl ro-
plﬁ()H’l’OM HaxXOSTCH TONBKO 3EE3)1bI CEHBPHOI'O n(mymapml HEﬁeC'
HOIi oheprl (¢ noaoxuTenbHLM cKnoHeHueM). Ha IOxxuHoM noioce,
HA0DOPOT, BHIHEI TOJIBLKO 3BC3ABI C OTPHUUATCIEHBIM CKIOHCHHCM.
B 0Doux cayyasix, JBUrasich BCISJACTRHE BPAIEHHS 3eMin napai-
NEMLHO HEDECHOMY 3KBATOPY, 3BE3ILI OCTAIOTCSA HA HEHIMEHHOH BLI-
COTE Hajl TOPH3OHTOM, HE BOCXOMISIT H HE 3aX0JIST.

Ornpasumest ¢ CesepHOro nosoca B NPHBbIYHbIE CPeHue
mmpoTsl. Beicota ITonApHO# 3Be3aLl Hal TOPH3OHTOM Oyaer mo-
CTEIEHHO YMEHBIIATHCS, OAHOBPEMEHHO YIOJ MEXAY TLI0CKOCTS-
MH TOpM30HTa H HebecHoro skpatopa Oyaer ypeamyupathed. Kak
BUIHO W3 pUCYHKA 2.7, B CpeHuX mMpoTax (B ommune ot Cesep-
HOTO MOAIOCA ) JTHLLL 4acTh 3pe31 CepepHoro noayuapusa neba nu-
Korjga He 3axoauT. Bee ocraneHbie 3se3nsl Kak CepepHoro, Tak
1 KOXHOro noaymapus BOCXOAAT M 3aX0AT.

> §
y ™71 T “D20TI11AD T YVALAAD 1001011
o« DLICOTAd CBETUAA B KYALMLUHAUUU

[ PH CBOEM CYTOYHOM IBIDKEHUH CBETWIA IBAXILI MEPECEeKaOT
HeOeCHBIH MePHINMAH — HAJ TOUKaMH fora ¥ cesepa. MoMeHT ne-
peceyeHHa HedeCHoro MEpHIMAHA HASHIBACTCH Ky 1o MURAUIER C6e-
muia. B MOMCHT BepXHCH KYTbMHHALIMH HAJ TOMKOI 0ra CBETHIO
aocTUraer HanboabIen BHICOTHE Hal ropu3onToM. Ha pucynke 2.8




MOKa3aHoO MOJOXKEHHE CBETIIA B MO-
MCHT BepXHCH KyIbMHHAUHH. Kak 13-
BECTHO, BBICOTA IMOJIOCA MUPA HAL IO~
pusorToM (yroa PON): hp = ¢. Torna
yros Mexay ropuzontom (NS) m ne-
GecnbiM akBaTopoM (QQ,) Gyaer pa-
Nonspuas  BeH 180° — o — 9° = N — ¢. Vroa
‘ ) 983 MOS, KOTOpBIi BBIpaXaeT BHICOTY
ﬁf"'“?* ceeriwia M B KyJIbMHHAUWH, rpej-
W crannsier coDOK CYMMY JIBYX YIJIOR:
Q,08 u MOQ,. Besmuuny neproro u3
Puc, 2.9, CyTouHoe nenxe- HUMX MBI TOJBLKO YTO ONPEeeTHIH,
HWE CBCTWA Ha SKEaTope a4 BTOPOH ABIAETCA HE YeM HHLIM, KaK
' CKJIOHCHHEM CBeTHNa M, paBHBIM .
Taxkum oDpa3oM, MBI TTOAYIACM CACAVIOIIYIO (GOPMYIY, CBS-
3BIBAKOMIYIO BEICOTY CBCTHJIA B KVJIBMHHAIIMH C €ro CKIOHCHHEM
M reorpaMyecKon MUpoToN Mecta HabumoeHua:

h=90"-¢ + 4.

3uas CKAOHEHHe CBETHA M Onpeneaus |3 Habmoaenui ero
BBICOTY B KYJIbMHHALIHH, MOXHO Y3HATDh reorpaduyecKyio mHupo-
TY MecTa HabDmoaeHNA.

[Tponokum Hate BoODpaKaeMoe MyTCLICCTBHE W OTIPABHM-
Cs1 U3 CPEJHUX LIMPOT K IKBATOPY, reorpaduueckas wmpora Koro-
poro 0°, Kak ciejiyer w3 TOJIbKO 4T0 BhIBE/IRHHOM (hOpMY.Ihl, 3j1eck
OCh MMPa PacronaraeTca B IIOCKOCTH FOPH30HTa, a HebecHbli K-
BATOP NPOXOAHT 4epe3 3eHHUT. Ha sKBaTOpe B TeUEHHE CYTOK BCE
CBETHIIA MOOBIBAKOT HA FTOPH30HTOM (pHC. 2.9).

1. B Kakux ToYKax HeOecHwi 2KRaTOp Mepecexastcs ¢
JHKCH ropu3oHTa? 2. Kak pacuonaracicn 0Ce MUpa OTHOCHTC/IbHO
OCH Bpawesus 3eaim? OTHOCHTELHO IUIOCKOCTH HeDecHoro Mepn-
miana? 3. Kakoi kpyr nebectioif cheprl Bee creTiia nepecekaior
anaxnt B cyTRH? 4. Kak pacrnonaraioncs cyToynbsie nyTH 3ne3f oT-
HOCHTENRHO HebecHoro 3ksatopa? 5, Kak no BUay 3pe3qHoro Heba U
er'0 BPALCHUIO YCTAHOBHTD, 410 Halinoaares Haxoaues Ha Cesep-
HOM nosuoce 3enn? 6. B KakoM nyHKTe 3eMHONO Iapa He BUIHO HH
oamoit 3pe3rs Ceneproro nebecrtioro nomymapns?

L. Teorpadmucckas wupora Kuesa 507, Ha kakoi
BLICOTE B ITOM TOPOIE MPOMCXOTHT NEPXHAA KVILMHHATINA 3Be3Tn



AHTApPEC, CKIOHCHUE KOTOPOM pasHo -26°7 Cuenaire coorsercr-
BYIOHTHIY veprex. 2. BLicOTa Ine3iel ATLTaup R RePXHei KVTLMAHA-
uHK coctarnana 12°, cknonenne aToi 3se3as pasno +9°. Kakosa
reorpaguueckas wMpora Mecra HabioaeHus? Caenainre Heobxonu-
MblH 4CPICAK. 3. OupCuacisie CKIOHCHHE 3BC34b, BCPXHIS Ky/IbMH-
HauMs KOTopol Habmonanace B Mockse (reorpadmueckas wmpora
56°) na Beore 47° Hay 104Koi o1a, 4. Kakopo CI0HCHUE 3831,
KOTOPLIE B BAIIEM FOPOAe KYIBMHHMPYIOT B 3enuTe? B Touke 1ora?
5% KakoMy YCTOBHIO JOTKHO VIORIETROPATL CKAOHEHHE 3Re3ThI,
YTO0RI OHA DLLTA HE3AXOAAMEN JUTA MecTa ¢ reorpadHyeckoi nmpo-
TO# 7 Herocxonameih? 6%, JlokaxnTe, YTO RHICOTA CRETHIA B HITK-
Hell KVTLMHIAINK BEpaKaeTcs hopwynoii i = ¢ + 6 —XA°,

Eue raybokol apesHoctH, nabmonas 3a Cosmnes, moau obna-
PYKHIH, 9TO €ro MOMYICHHAS BRICOTA B TCUCHHC I'OJla MCHSICTCS,
KaK MCHFCTCA W BHI 3BE3THOrO Heba: B MONHOYL HAll IOXKHOMH
YACTHIO TOPH30HTA B PANTHYHOE BPEMA rOjla BHUIBI 3BE3/Ibl Pa3HbIX
CO3BE3[IHH — Te, KOTOPbIE BHIHBI JICTOM, HE BHIHBI 3UMOM, W Ha-
oboport. Ha ocHoBe 3Tux HabGmodenuii OLUT cIe1aH BLIBOI O TOM,
yro Connue nepemernaerca no Hedy, nepexons U3 0IHOro co3pes-
JIHSE B IPYTOE, W 3aBepliaer noJHsi 0bopor B Tevenue rojga. Kpyr
HeDecHOi chepbl, 110 KOTOPOMY 11po-
HCXOJIMT BWJIMMOE INO/IMYHOE JIBMXEe-
Hue COoJIHIE, HA3BAIM JCTUIIMUKONL .

Cospesims, 1o KOTOPbIM NPOXO-
JIT DKIMITTHKA, TONYYWIM Ha3BaliHe
J00UAKATBHBY (OT TPEYECKOrD CIIOBA
«300H» — XKHpoTHO), Kaxnoe 30nm-
akanoioe cospesame Comme nepece-
KaeT npmMepHo 3a Mecau. B XX b,
K MX YHGTY A00aBUIOChH e OIHO —
3MeeHocell.

Kax Bbl yxe 3HaeTe, nepeMenie-
Hue ConHua Ha doHe 3Be3n — ABie-
HHe Kaxymeecs, IIpoucxoaur oHO
BCJCACTBHE TOOMTHOINO OOpalICHHA Puc. 2.10. feuxeque
3emun Bokpyr Coanua (puc. 2.10).  Connua no sknunmuke




POvRe [To3TOMY 3KIHMMTHKA MpEeaCTaBIseT
coboi ToT Kpyr HebecHol cdeprl, 1o
KOTOPOMY OHa TEpPeceKaeTcs ¢ Mioc-
KOCTBIO 3CMHONM OpOHTHL 3a CYTKH

JeMIsl TNPOXOIMT NPHMEPHO 1.-"365
yacTe ceoel opburel. Boieacrsue
21010 COJIHI[Q NEPEMEIIHETCA Ha HE-
Oe npumepno na 1” 3a Kaxane CyTKH.
[MpOMEXYTOK BpeMenH, B TeyeHue
KOTOPOro OHO 00XOIMT MOANBLIH KPYr
o Hebecnoit cepe, Hazpam 2000M.
M3 Kypcea reorpadun BaM HIBECT-
HO, 4TO OCh BPAaLIEHHA 3€MIH HaKIO-
HEHa K ILTOCKOCTH €€ OpPOMTHI MO YT-
aoM 66730, CneooBaTeIbHO, 3CMHOF
o 2_2-\0_.___._.,,%&,‘?, 3KBATOP HMECT 110 OTHOWICHHID K
23X ( R MJIOCKOCTH OpOMTHI HAKJIOH, PABHBIH
b 23°3(F. Takop HAKJIOH DKJHITHKH K
HeOeCHOMY 3KBaTOpY, KOTOPLIH OHA
¢ TMepeceKkaeT B IBYX TOUKaX: BECEHHETO
H OCEHHET0 paBHONCHCTBHA. B 3TH
i (oObraHo — 21 Mapra W 23 ceH-

B 23'5- Ogg HaR

\3 N

Puc. 2.11. Cyrounoe nouxe-  1410p#1) CotHue Haxoaurest Ha Hebec
Hue CONKLA Ha PANMYHEIX HOM 2KBaTOope M umeer ckaonenue (°,
WHPOTaX Oba nonymapus 3eMiIH OCBELIAIOTCA

ConHueM 0aMHAKOBO: TPaHHLIA THA H

HOUH ITPOXOIUT TOTHO UEpe3 MosTca,
M JICHb PABEH HOUM BO BCeX TIVHKTaX 3eMii. B JIeHsb JIeTHero coltH-
necrosHust (22 mions) 3emuist nosepryTa K CoutHiy ceoum Cesep-
HbIM NOJYIIAPHEM. 3J1ECh CTOMT 1eT0, Ha CeBepHOM Nnoumoce — no-
JSAPHBIA €Hb, @ Hd OCTAALHOH TEPPUTOPUHM NOJYIUAPUS THN 11HH-
Hee Houd. B nenn netnero conuuectoanusa ConHue noaHuMaercs
HaZ IUTOCKOCTBIO 3emMHOro (M HeDecHoro) akeatopa Ha 23°3().
B nens 3umHero conruectosHus (22 aexadpst), korna CeeepHoe
HoJyliapue oceeraercs xyxe seero, CoHIe HaXOANTCs HHKE He-
Decloro 9KBaTOpa Ha TaKoN ke yron 23°30,

B sasucumocTy o1 nonoxenns CoaHLa Ha DK IHMITTHKE MEHASTCA
€ro BLICOTA HAal NOPH3OHTOM B MOMISHDL — MOMEHT BEPXHEH KVIIL-
MuHauuH. Himepus nonyaeHHyio BeicoTy CoHIIA M 3HaA €ro CKJIo-
HCHHE B 3TOT JCHb, MOXHO BBIMHCTINTE reorpadieckyio mWHpoTy



MECTa HADMIOIeHHA, DTOT criocod MIZARHA HCMONLIOBAICA A O
PeIeIeHIA MECTONOICKEHH HADIIOIATENN HA CVILIE W HA Mope.

Cyrounsie nytd Comnia B QHH PARHOIEHCTEMH W COMHILE-
CTOMHMA HA HOA0CE JEMIH, HA C8 IKBATOPE W B CPEMHWE IO
TaX MOEAJaHLl Ha pHCYHE: 2.11.

1.1'[-:_11-1::113' NOIYICHHAS BBICOTA CoHUA B TeYSHHE
roma MeHAeTcAa? 2. B KagkoM HANPARIEHAER NPORCTKOIRT BHIHMOS
roquyroe apnxenne Connua oTHOCHTe LI ne3n?

1. Ha gakoit rricoTe Comnne Owmaet 22 HioHd Ha
Cenepnos nomoce? 2. Ha kakoit reorpadweckoil mmporte Conn-
ue ObiEacT B UeHs B 3CHHTe 21 mapra? 22 wona? 3. B kakoi
TeHE TOMA TTPOROTATACE HADMIOMEHWA, ecTH TIOYIEHHAS RRICOTA
CouHug Ha reorpaduueckol wupore 49° Gela pagsa 179307
4. [TojvaeHHasn encora Coadua pasda 307, 4 ero CRIOHEHHE PAaBHD
=19°, Ompeaendte reorpadHIecEyi) IHPOTY MEcTa HatmoIeH A,
5. Onpeneadre NoIVASHHYD BRooTy ColHDA B APXAHICIBCEES
{reorpadeckan mupoTa 657) 1 Auxabage (reorpadmyeckan mm-
pord 3587) B OHH NETHENO M SHMHETD CONHUSCTORHNA, Kakosa pas-
JHYHA BRCOTE COTHUA: 8) B OOHH H TOT e 0eHb B 3THX FOpPOIAX;
) B KA®IOM HI TOPOIOR B HH COTHIIECTOAHHH? KAKHE RHBOIL
MO CIETATE HI TOTYHeNEX PeFyILTATOR?

Haiioure HA 3Be30HOM EADTE FRTHOTHRY K [TPOCIEIH=
TC, IO RAKHM COFBCINHAM OHA HPOXOUAHT,

COCTABLTE B TETPAIH TADIHITY, B EOTOPYR IATTHIITHTE
EOOPIRHATE CoTina o A0 pAaEHOIecTERA 0 ComIecToanHiE.

Onpenernte nonoxenne Comma Ha JKTHNTHEE H
€0 IKBATOPHAIBHEE KOOPOMHATHE HA CErOJHAIHHH deHb. D
FITOMN TOCTATOMHO MBICAICHHD MPOBECTH MPAMYRY OT MOMROCH MH-
Pa K COOTRETCTRVIOMIEH TaTe 1a Kpak KapTH (MPHIOEHTL THHEeH-
Ky). COMHIE I0VKHO PACcTONAraThed HE IKIHNTHEE B TOUKE €€
nepecevTeHiA ¢ IToH MpAMOH,

YCTAHORATE IREITHVIO KAPTY HA TIOTHOYE TOTO 9HC-
A, KOTAA REMOAHAETCT 3TO 3adande. JamHimmMTe HeCKOTRKO Co-
3BE30KMI, KOTOPEIE OVIVT BHIHBL B 3TO BPEMA B KGKHOM, 34anai-



HOMH, CeBepHON H BOCTOYHOH CTOPOHE HAI TOPH30OHTOM. 3aTeM
YCTAHOBHTE 3BEIIHYI0 KAPTY Ha MOAHOYL TOW Aathi, KOTOpas
OTIMYAETCA OT NepBoi POBHO Ha noaroad. CHOBA sanMuIMTe Co-
IREITHA, BHIUMEIE B PAITHIHETX CTOPOHAX ropuionTa. Cpanun-
BAas 9TH ABE 3AIMCH, VKLKHTE, KAKHE M3MCHCHMS [IPOM30LLIN B
nonoxernH coinesauii. Yem MoXI0 00LACHUTE 2TH N3Menenng?

/\yna — Dimxailinee Kk 3emsie HeDecHOE TEIO, €€ eJMHCTHEH-
HLIH ©CTeCTBEHHLIH CIyTHMK. Haxomach Ha paccTOAHMM OKOJIO
380 reic. KM ot 3emur, JIyHa obpatiaercsi BOKpPyYT Hee B TOM Xe Ha-
NPAaBIeHuH, B KOTOPOM 3eMIA BPallaeTCsa BOKPYT CBOEH OCH, 3a
KaXJIBIE CYTKH OHA NepeMeLacTCs OTHOCHTEIBHO 3BE3 MPHMEPHO
Ha 13°, coepmas nosabii 000poT 3a 27,3 cyToK. BTOT NpoMexy-
TOK BpeMEHHN — IepHon odpameHuA JIVHEI BOKPYT 3eMIH B CHCTE-
MC OTCUCTA, CBSI3aHHOM CO 3BC3/IaMH, — HA3BIBACTCS 38€30HLILM
UM cudepuneckum (01 aaT. sidus — 3pesna) Mecayem.

CobGcreeHHoro ceeieHud JIvHa He umeet, a CoaHle oceemnia-
eT TOJBLKO NOJMOBHHY JIVHHOrO wapa. llosromy no mepe ee
OBIKEHHA MO OpOUTE BOKPYr 3eM-
M TIPOMCXOJAMT M3MCHCHHC BHAA
JIynnl — cmena ayunwx ghas. B kagkoe
BpeMs cyToK JIvHa OblBaeT Had ropu-
FOHTOM, KAKHMM Mbl BWIUM c')ﬁpauleu-
Hoe K 3eMae noaymapue JIyHBI —
MOJHOCTBI) OCBCILICHHBIM HITH OCBe-
IEHHBIM YaCTHYHO — BCE ITO 3aBH-
CHT OT NOJIOXKECHHS JIyHEL HA OpOHTE
(pme. 2.12).

Ecan ona pacnonoxeHa Tak, 4To
obpanieHa K 3emiie cBoel TeMHOMN,
HEOCBEIEHHOH CTOPOHOH (NoaoKe-
HHe /), TO MBI HEC MOXEM BHICTE JIy-
HY, HO 3HAEM, YTO OHA HAXOAMTCS Ha
Hede rae-to pazoM ¢ ComHueM. JTta
(haza JTyHBI HAZBIBACTCSI HOBOAYHUEM.
Puc. 2.12. Cumena nynneix daa  Jlgurasich 1o opoure BOKPYr 3emin,
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Puc. 2.13. BeyepHss BMAMMOCTE JTyHe!

JIyHa npuMepHO Yepes 1poe CyToK npuier s nojioxenue 2. B aro
BpEMsI ¢ MOXKHO DYIACT BHACTE MO BEYCpPaM HEMoAaneKy OT 3axX0-
msmero CoxHUA B BHIC Y3KOro cepria, oOpalicHHOrO BBIMTYKIIO-
CToIO BripaBo (piuc. 2.13). ITpn 31oM Hepeako ObIBAET BHIHA H OC-
TanbHas 1acTb JIVHEL, KOTOpas CBETHTCA 3HAMMTENBHO Cc1adee, Tak
Ha3bIBa€MBLIM METEILHLIM CBETOM. DTO Halla [UIAHeTa, OTpaxas
COMHEYHLIE JIY4YH, OCBELIAET HOYHYIO CTOPOHY CBOEIO CITYTHHKA.

Henb 010 aus ceprt JIyHbI YBEIIMYHBALTCS 110 IHPHHE, H ero
yriosoe paccrosiade ot ColiHua sospacraer. Yepes vejenio rnoc-
JIC HOBOJIVHHSI MBI BHIHM TIOJIOBHHY OCBCHICHHONO MOAVIIAPHS
Jlyvael — HactynmaeT asza, Ha3blBACMAS HEPBOIL HeMBEPMbIO
(puc. 2.12, no1oxenue 3).

B nanbneiem 1o ocperennoro noaymapus Jymel, sujam-
Mas ¢ 3eMiM, NPOJIOIKAEET YEEIHYHBATHCH 10 TEX NOP, 1NOKa He
HacTYuT noanoayiue (nosoxenne 5). B aroit Qase Jlyna naxo-
AHTCH HA HeDe B CTOPOHE, NPOTHBOIOAOKHON CONHITY, H BHIHA
HAJl TOPH3OHTOM BCK) HOYB — OT ero 3axojaa Ao socxoja. [ocne
nomaHONYHHA (hasa JIVHBI HauMHaeT yMeHbIIaThCsA. CoKpamaeTcs
u ce yrioBoe pacctoanie ot CoaHua. CHawana Ha mpaBoM Kpae
JIVHHOTO JHCKA TMOABAAETCA HEOOALIIOH yiepd, KOTOPLIH HMEET
dopmy cepra. [ToctenenHo 310t yuepd pacret (nmonoxeHue 6),
a yepe3 Hemesio nocie noanoaynHa nacrynaer dasa nocreonei
yemaeepmu (noaoxenue 7). B o1oii dase, Kak H B neppoi yeTsep-
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TH, MBI CHOBA BW/IUM TOJOBHHY OCBeleHHOro nojvinapus JIyHsl,
HO Tenephb yAe JPYryio, KOTopas B Nepnoi yeTsepty buina Heoc-
BelIeHHOM. JIyHa BOCXOOWT MO3IHO W BHIHA B 3TOH ha3e mo yr-
pam (puc. 2.14). B nocaeayiomenm ee cepn, obpaiueniibid Tenephb
BBHIITVEJIOCTBIO BJIEBO, CTAHOBHTCA Bee Oonee M Dojee Y3KHM

(puc. 2.12, nonoxenue 8), nocreneHHo chiamnxasich

¢ CoaHuem.

B Kxonue KOHIOB OH CKDPBIBA€TCA B JIy4aX BOCXOIAILETO
CoiHUa — CHOBA HACTYIAeT HOBOJIYHHE.

TMoaueii MK eMenbl ayHHbix (as cocranisier 29,5 cyTok.
DTOT NMPOMEXKYTOK BPEMEHH MEAKIY ABYMA MOCIEA0BATEILHBIMH

Puc, 2,15, CooTHOLWEHWE CK-
LEPUHECKOro ¥ CHHOOMYECKO-
ro Mecaues

OJIMHAKOBLIMKY (DA3aMK  HA3KIBACTCSH
CUROOUYeCKUM Mecauem (OT rped.
synodos — coeauHeHue). Eme B
rnyDOKO# APEBHOCTH Y MHOTMX Ha-
pPOJOB MCCAL, HApAmy ¢ CYTKaMH H
FOAOM, CTA1 OJHONH U3 OCHOBHBIX Ka-
NE€HIAPHBIX eIMHHLI,

[ToHATs, MOUEMY CHHOAWYCCKHI
MECHLL UTMHHEE CHAEPHYECKOro, He-
TPVIHO, €CAH BCIIOMHHTL, UTO 3eM-
as suxerest sokpyr Coanna. Ha
pucynke 2.15 pzanMioe pacnonoxe-
Hie 3emmn T 1 Jlynael L cootBeTCT-
pyer nHosonynuio. Yepes 27,3 cyTok



.]I}'I-]ﬂ 3aiMeT Ha Hede MMPEAHCT TTONOEKCHHE OTHOCHTCIBHO 3BC30
b El'_'!.".-'[.li'-'l' HAXNIMTRCH B TOYKE i. - 3!3 TN HI}E MH I.Eliﬂl'l.'UI:!-I:I IIEPEMEIII_H'

SCk HA 19 B CyTRM, npoiiaer no opbure pyry 8 27 0 OKaKeTcH B
Touge 1. JIyne, 114 TOro 4rodul CHOBA OKAJATLCA B HOBOJIVHIH

L., npuaetca npoiTH no opduTe Takyw xe myry (27°). Ha ato

noTpedyerca HEMHOTHM Donee NBYX CYTOK, MOCKOJILKY 33 CVTKH
Jyna cqemactes Ha 137

C JeMnu BHIHA JHIOL OOHA CTOpOHA JIVHLI, OIHAKO 3TO HE
O3HAYMAET, UTO OHA He Bpalaercs BoKpyr ceoell ocH. [Iposenem
ONBT ¢ TA00ycoM JIvHbL, TepeMeliaa ero BOKpYr raobyca Jemnu
4K, 4T0DEl K HeMy Beeraa Osuia 0DpAICcHA 0HA CTOPOHA JIYHHO-
ro raodyca. JToro MO0 JOCTHYL JTHIIL B TOM CIYVYAE, eCTH MLl
Ovaes cro MOBOPATTHEATE MO OTHOMICHHID KO BCCM JIPYTHM TIpca-
METAM, HAXonauHyMen i Knacee, Ioauwia obopor rnobyea vk
BOKPYT OCH 3ABCPIIATCH OJHOBPEMCHHO C TCM, KAK 3ABCPILIHTC
QHH 0DOPOT BOKPYT riobyca JeMid, 370 TOKA3HIBAET, YTO [IepH-
0 BpamcHUA JIVHEL BOKPYVT CBOCH OCH PAaBCH CHICPHUICCKOMY I1e-
pHONY ee ODpaleHda BOKpyT JeMan — 27,3 CYTOK,

1. B KaEHMX npelenax HIMEHASTCA YIIOBOS PACCTOA-
Hue Jlyuel or Connua? 2. Kag no daze JIvaw onpeseants ee
NpHMepHOe YyTIoR0Ee paccTodrde oT Comana? 3. Ha kaxvio npu-
MEPHO BEIHYHHY MEHAETCH NpAMOoe Bocxoxdenne JIyuu 3a nene-
mo? 4, Kakne HabiawoaeHHa HeodxodHMO IIPORECTH, YTO0R 3aMe-
THTE ABMxeHHe Jlyvam Bokpyr Jesman? 5. Kakme nabmonenns
OOKAIRBAKT, 9T0 Ha JIVHE NPOHCXOIHT CMEHA MHA H HOUH?
6. ITouemy nenentnuit ceet JIyue cnabee, 4eM CBEMeHHE OCTANE-
HOH 9acTH JIVHR, BHIHMOR BCKOPE NOCIE HOBOIVHHAY

1. Hapucydre eui JIyHE MoxQy LCPBOE JeT-
REPTEIY W MONHOTYHAEM. B Kagkoe npeMa cyTOK OHAa BHIFNA T Ta-
kol dhase? 2. JIvHa BHAHA BEUCPOM KdK CEPIL, KOTOPRIH 0Dpawen
BEIMYEIOCTLID BOPARO W PACHONOEESH HEREICOKD HaJ TOPHIOH-
TOM. B KAKOH CrOpoHe ropusonta Haxoadren JIyvua? 3. Yrpou ne-
pen nocxomon Comana nugen ceprm Jlymm Yeemmuwrtca win
YMUHBLIHTCH €10 WHPHHA HA caeayiomne cyTEd? 4. CeroaHs Ow-
na sANHA noauad Jlyua. B xagoe speMa cyTok ona OVIeT RHIHA
uepes geaenn! HapuoyiTe, Kax 084 OvaeT BMIAALETE B 3TO Bpe-
MA. 5%, CEONLED BpeMenH And HaDmoIATend, HaxQIamerocd na
JyHe, HPOXOAMT OT QAHOH KYIBMHHALMH 3BE3I6]L 00 Cneayomei?



Ecau 661 miockoets OpbuTLI, MO KOTOPOU JIyHa ABHAXETCA BOKPYT
3emMTH, COBMajana ¢ ILIOCKOCTBI0 OPOUTEL, 110 KOTOPOH 3eMas 0b-
pamactcst BOKPYTr CONHUA, TO CKCMCCITHO B MOMCHT HOBOTYHHS
APOMCXOI0 OBl COAURYIOE 3dTMEHHE, d& B MOMEUT MOAHOIY-
HHA — JYHHOE. JTOTO HE C/IYYAETCA ITOTOMY, YTO IUTOCKOCTD JIYH-
HOI OpOMTEI HAKIOHCHA K MIOCKOCTH OPOHTH 3CMIH MO YIJIOM
OKOJI0 5°.

HWmeHHO no3TOMY, KaK [I0Ka3aHO Ha TMEpeaHeM IUlaHe
pucyHka 2.16, TeHe JIVHEI B HOBOJIYHHC MOXCT TIPOHTH BBILIC
3emutn, a B nostHonyHue cama JlvHa MoXer npoiTH HUAE 3EMHOMH
TeHd. B 370 BpeMsa nonoxenue opOouTel JIVHLI TAKOBO, 4TO OHA
NepecekaeT IUI0CKOCTh OpOuTE 3eMaH B (ha3ax nepeoil U nocnes-
Hell yersepTr. B kakux ke cayuasix satMmeHust ConHna u JIyHbl
MOT'YT HPOM30HTH?

Bur yKe 3HacTe, UTO HATIPABICHHC OCH BPALICHHA 3CMIH B
npompam:rne ocraercs 1PH JIBUAKECHHMH HAIIEH 1LIAHETHI BOKp)’I‘
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Puc. 2.16. NepuoanyHocTs 3aTMeHWd Contua v JIyHb




CoaHua HenameHHEIM. [TpakTH1eck He MeHASTCA B TEICHHE T0-
8 W NOJOKEHWE NIOCKOCTH JIYHHOR OpOuThl. PACCMOTpM, Kak
ITO NOBAHAST HA BO3MOKHOCTL HACTYILNEHMA 3aTMEHHH. Ja TpH
MECALIA 3eniIsA MPOHIeT 1eTEEPTE CBOCTO TMYTH BOKPYT CoUIHIA |
FAMMET NMOAKEHHE, TOKAZHHHOE B NPAB0ON YacTH pHeynia 2,16,
Tenept MI0CKOCTE TVHHOH OpOHTEL OYIET pAcTIOIOXEHA TAK, UTO
JIHHHY e MepeceyueHis ¢ IIOCKOCTER 3eMHOH opOHTEl HATIpAR S
Ha Ha Conuue. ITostomy JIvHa OyieTr nepecekarh II0CKOCTh Op-
OHTH 3eMIH (HAH HAXOOUTECA OIH3 Hee) B HOBOJMYHHC H MIOMHO-
,.'I'}"HHE, HHH.'—IE rﬂ_'l-li{_'lpﬂ, ABHUTAACE O Illi:.'fl}', :I}"HH. HFH.‘-{[_'I,I'I_H"I’ Is T':.l'
TOMEY IKMHITHEH, IIe B 3TOT MOMeHT HaxoIuTcea ComHile, H 3a-
]'{'I}'.I'E}I:".I-'IHEI.C'I' CIrd OT HAC. E T EJJ}"'-I.E.L:' CCITH (-:l:l.liHllL"' LHCTHEOM 34~
EPHTO JIYHOH, 3aTMENHE HASMBASTCA HoMbLM. ECciH ke cnydut-
Csl TAK, ITO OHA 3AKPOCT MHIOE TACTE COMHLA, TO 3aTMCHHC DVICT
HACTIINBLMH, H[]I';I_H ..-lr"!."H'::I. JIEI‘.IEL‘EI'EEI.E'I‘ 3 H.JIHII'I'HI:'E}' HTOYRE, AHAMET=
paibHO OpoTHROnONo#HOH CogHLY, OHA caMa MOJHOCTLE HIH
YACTHYHD EH[]I:-IHEI.EI'C-H E TEHH 33"-1..“'1- ..-I-}"HHh[E': JATMEHHS, KAK H
CONMHEYHEIE, MOTYT DLITE IOMHEIME HIH HACTHLIMH,

Yonoens, DIAronpHATHRIC 108 HACTYVILICHHS 3aTMCHHI, C0-
EFHHHI{]'I'IL'-H f[]_'I'HME]_'I'H{_‘.I H# rlpi]'l'HHHHHH MOCHITH. 3-‘1 AT I'!]_'J'EH'H
MOZET MPOHIOATH MO EpaiHHed MEpe 0IHO CONMHETHOES JAaTMEHHE
HIIH B4 COJIHEYHERIX W OJIHD ..I}"HHf!IE'Z. (.:JIEJ[_‘r'H'!IIIIEE HEﬁﬁRﬂ,‘[HhilTE
I0A HACTYIIEHUA JATMEHMH PAacnolokeHHe JYHHOU OpDMTHI
MOBTOPHTCH CHOBA JMHIOB CIOYCTA MpHMepHO nonroma (177—
178 cyToK), Koraa 3emna npodaer NoJOBHHY CROET0 MYTH BOKPYT
Coauna. B Tevenne roga Ha Jemne oOBTHO NPOHCXOIUT IBA-TPH
COMTHEYHERIX FATHMCHHA H OJHO=1EA JJ:f'HHh.IH. MEI‘LL"HHE.II:-HHL" HHC-
10 JATMEHIH 32 TOI — CeMb,

JIyHHABE 3aTMEHNA, XOTA W MPOHCKOIAT PEXKE COMHEUHEIX, HO
RHAHEBEL YdllE, .ﬂ}"liq‘;:l? NOTABIAH IIPH JATMEHNHHE K f:IEZMFIJr'Il_'I TEH,
BHIHA HA BCEM MOAYVINAPHE 3EMIH, TIE OHA B 3TO BPeMA HAXOIHT-
e Han ropusoHToM. Horpyxancs B 3emuy Teds, Jlyna nprob-
PETAET KPAacHODATYI) OKPACKY PasaH4HEIX OTTenkon. Llpet 3anu-
CHT OT COCTOSMHHA 3¢MHOM atMoceprl, KOTOPaS, TPEIoMIAsT 1v-
UH ':I:_!I..I'IFIII;H M Fl'.i;'l.li,.',lL'-EIdHEiH HX, BCS WRE I'Ipﬂ_'l-ll!.-'i..'-HE'IE'F FC]_'?IHE'IIHE ,’!}-"'-IH
BHYTPL KOHYyca TeHH. Heckonbko dacos saTpatmeact JIyHa, wTO-
OBl Tiepecedr TeHe JeMiad, [oaHan dasza 3aTMerns IHTes oroJI0
MOAYTOPA YACOR,

[TomHoe zatenne ConHIA MOXHO HAOMHOOATH JTHINE TaM,
rae Ha Jesmao nasaer Hedonemoe no pasMepaM (IHaMeTpoM He
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Puc. 2.17. MNonoca NnonHoro cCoNHesHoro aarmennd 3 mapra 1997 r.

bonee 270 kM) nATHO NyHHOH TeHH. TeHb JIVHLI CO CKOPOCTLIO
MPUMEPHO 1 KM/C IBHKETCS 110 38MHOI MMOBESPXHOCTH C 3arajia Ha
BOCTOK, TMOJITOMY B KaXIOM INYHKTE 3eMIM IOJHOE 3aTMenue
NPOIOJDKACTCS JIHIIb HCCKONBKO MHHYT (Ha 3KBATOpPC MaKCH-
MAJIbHAS TPOAOKHTENBHOCTE cocTaraser 7 mun 40 ¢). [TyTh, Ko-
TOPBIi MTPOXOIHT TeHb JIVHDI, HAILIBACTCA HONOCOU HOAHO20 CON-
Hewnozo 3ammenun (puc. 2.17). B pasHele rojsl JyHHas TeHb
npoderaer nmo paiiMyHLIM padOHaM 3E€MHOrO [apa, Mo3TOMY
MOJIHBIC COMHCYHBIC 3aTMCHHS! BHJIHBI PeKe JVHHBIX. Tak, Hanpu-
MeEp, B OKpecTHOCTAX MOCKBBI B nocieanuii pa3 saTMernue 0Onuio
19 agrycra 1887r., a B creOyioWMii pa3 MPOM3OHICT TONBKO
16 cenradps 2126 r, Ioayrens Jlynnl UMEET JIMAMETD 3HAYMTE b=
HO Dosblue TeHH — okono 6000 kM. Tam, Kyaa nonaaa nojavIeHsb
JNyubl, npoucxoaut vacrHoe sarmenue Connna. M MOXHO Bi-
OeTh KaKIple IBa-TPH roja.

Yepes kaxjibie 65853 cyrok (18 sier 11 cyrok 8 wacos) 3a-
TMEHHA MOBTOPAIOTCA B MPEXHEM nopsake. TakoB MpOMEXYTOK
BPEMCHH, B TCUCHHE KOTOPOro IUTOCKOCTh JIVHHON 0pDbUTHI dena-
eT NMOAHBIH 0DOPOT B NPOCTPAHCTRE. JHAHHE 3aKOHOMEPHOCTEH
aeyKeHUA JIVHBI B 3eMIIH MO3BOJSICT VUCHBIM C BBICOKOH CTe-
NEHbIO TOYHOCTH HA COTHM JET BIEPE/ BHIYMCIATE MOMEHThI Ha-



CTYIUICHHA 3aTMEHHI M 3HATh, TIE€ Ha 3€MHOM IIape OHH OVayT
puabl, Cpenenys o 3aTMenuax Ha ONHKauIIMi roa | YCI0BUS UX
BHJIMMOCTH co,'lepxa'rcu, B YACTHOCTH, B «HKoNBHOM ACTPOHO-
MH'ICCKOM KaICHIApe».

Pacnonaras HeoOXOAMMBIMM JAHHBIMH O TIPEACTOAIIMN 3a-
TMEHHSIX, YYEHbIE [TONYYAIOT BOZMOKHOCTh OPraHH30BATh IKCIIe-
AULHHA B MOJI0CY MOMHOTO CONHCTHOrO 3aTMCHHA. B MoMeHT non-
HOH (asnl MOXHO HabM0IaTL BHEINHKE, Hanbosee pa3pexKeHHbIE
caon atvochepsr Coanua — coaneyuyio Kopony, KOTtopas B
OOBIUHBIX YCJIOBUAX He BHAHA. B npomiaoM MHOTHE BaXKHBIE CBe-
adeHuda o npupone ConHua ObLTH MOJYUIEHEI HMEHHO BO BPEMA
MOJHBIX 3aTMEHMH,

1. Houemy 3atMenns JIyasl u CoTHIA HE TIPOHCXOIAT
Kax i mecan? 2. Kakon MUITHMaNLIRA MTPOMEXYTOR BPEMenH
MEXKIY COMHEeYHBIM M NVHHBIM 3aTMenusamMu? 3. Moxuo au ¢ 0b-
partHOH CTOpOHB JIyHbl BHUETH NOJMHOE COJIHEUHOE 3aTMeHHe?
4. Kagoe AeieHHe 6yayT HabnionaTh HaxXoadimuecs Ha JIvHe Koc-
MOHARTEL, KOT/IA ¢ 3eMIH BHIHO IVHHOe 3aTMenne?

1. Mox#Ho mm ¢ CepepHoro nomioca 3eMiaM Ha-
bmoaars coanewnoe zarMmenne 15 okrabpa? 15 anpena? Orner
nosicHure. 2. Moxuo nu ¢ CeBepHOro nonwcd BUAETD JIVHHbIE 33
IMCHMA, npoMcxoase B uioHe? B HoAOpe? Oreer noscHuIe.
3. ¥YKaxure TPW NMPH3IHAKA, MO KOTOPLIM MOXHO OTTHYUTE (hazy
sarmenna Jlynur ot ee 0OMHEIX has.

| el B ' K

Connue Beerna ocsemaeT ToMBKO MOJIOBHHY 3€MHOIO IIapa: Ha
OJHOM MOIYIIAPHH — A€HDb, & HA APYTOM B 3TO BPEMS HOYb, CO-
OTBETCTBEHHO BCEIJlA ECTh TOYKH, IJIe B JIAHHBIA MOMEHT [10J1-
aeHb, 1 ConHle HAXOOHUTCsA B BepxHel KymeMmuHauwu. [To mepe
TOr0 Kak 3eMiIs BpalllaeTcss BOKPYT OCH, MOJIAEHL HACTYTIAET B
TEeX MeCTax, KoTopuie nexar sanaanee. I1o noaoxenmo Connna



(uH 3pe3n) Ha Hebe onpelendeTcas MECTHOE BpeMsA ImA T0doli
TOMKH 3eMHOrO mmapa. MecrHoe speMs B isyx nvekrax (7, v 15)
OTMHHYACTCA POBHO Hd CTOILED, Hd CROILEQ OTIHYACTCH HX T'ed-
rpadmrieckan IoaroTa:

HcHo, uTo MONJEHE HACTYTIAECT B JAHHOM IIVHETE JEMITH T103-
K2, YCM B ;I,I'!}'I'ﬂh-l, I'II'.'}HH{"I HA CTIVIBKD, CKONBRED HIHJ'HL-"HH H:r'.'-l{H['SI
InaHeTe, YToDLl MOBEPHYTLCA Ha Yrod, COOTBETCTBYIOMIMI pal-
HocTH WX gomroT. Tak, Hanpusep, B CaHeT-lletepbypre, KoTo-
phiid HaxoauTes Ha 5°45 sanannee MoOCKER, NOIEHE HACTYNAET
Ha 35 MHHYT [I03IHEE.

Onpenenue 13 HADIOIEHAN MECTHOE BpeMA B TAHHOM MYHK-
TC M CPaBHHE CTO ¢ MCCTHEIM BPCMCHEM IPYTOTO, Teorpadiric-
Chad JJOITOTA F.ﬂTL!IPIi_:IFU HEARECTHH, MOAHD BEMYMHCIHTH FE:{}TPHElIH-
MECKVI0 DONroTY MVHETA HADmoIeHus. ¥ CI0BHIHCE OTCTHTLIBATE
..II_II.'}JII'I.']"I'}' 0T HAYANEHOM {H}"JIEHI.'}ITI} ?-1E‘|'H'1..'[J-1E.H3_, II]'H'!K{'!.HEIIII.EI'['J
yeped [ punpHUCcEYID oDcepeaTopuin. MecTHoe BpEMA ITOTO Me-
PHIWAHA HATHEBAKT BCOMHPHEIM BpeMeHeM — Universal Time
(UTY). Toraa

i =UT + 4,

MHAYE MOROPH, MECTHOE BPEMs JI0D0I NYHKTA PABHO BCEMHPHO-
MY BpPEMCHH B 3TOT MOMCHT ILIKXC JOJITOTd JAHHOID IIVHETA OT
HA'TANMEHOTO MCPHIHAHA, BEHPaXCHHAA B TACOBOM MCPE.

To'HEL cr1eT BPCMCHH OCIIOEHACTCH TCEM, "ITO €TO 11|JE!:F:I{Hﬁ
ITANOH — NEPHOJ BPALIEHHS 3eMIH — OKA3AICH HE BIIOJIHE Ha-
neskHbM, OoHOH B3 OCHOBHEIX €IHHHIL BPEMEHH Ve JaBHO Onl-
JIH HEI-ﬁl'.IEHH' COTHETHRIC CVTEH — MPOMCAEVTORK BPCMCHH, KOTO-
Phii NPOXOANT OT OH0H Bepxieil KyasMunan Connna no apy-
roii. Ho nmo MEPE BOIPACTAHHA TOYMHOCTH dACTPOHOMHMCCKHX Ha-
DUOEHHI CTAND OYEBHIHO, YT0 NPOAMIKHTEIRHOCTE CYTOK HE
OCTASTCA MOCTOAHHOMH, CED]]CH'.-'TL BPAIICIIHA HALIEH TIAHSTI Me-
HACTCH HA MIPOTAECHHHE I0Ia, a KPOMC TOIO, IMPOHCEOOET, XOTH H
OYEHE MELIENHO, JAMELIEHHE e Bpamendd. TToaToMy nonaTho,
qT0 OIIPCICICHHC CCEVHILI KaK COHHHILI BPCMCHH, COCTABIHE-
nied 1/86 4000 gacrs cyrok, norpedosano yrovnerns, Cospeven-
HOE OIpeleIeHHe CEeKVHIL BaM H3BECTHO M3 Kypea dusukn. He-
MOJAB30BaAHHC aTOMHBIX "ACOB, KOTOPBIMHA PACTIOIArAKOT CJF}Eﬁ'H
TOHHOQIQ BPEMEHH H TEJU}'MPCTHE-""H]& ATATOH BPEMTHH W HACTO-



Thi, ODECTIETHBACT HCKMHOYHTEILHO MaIVEO TIOTPEINHOCTE B CHETE

BPCMCHH (OKOI0 5 - 10~ ¢ 32 cyTEH). TpaHcIHpyeMeIe TI0 PATHD
CHIHAJAB TOYHOIO BPEMEHH TEPeNalnTed MMEHHO ¢ aTOMHBIX
TACOR,

”F.I'HHI.-'EI'-'[EI.}I ATH CHI'HAJTR K ﬂll]':ll."'_':..lll."'_':_l]}l}l MECTHOE H|']EI'I.-1}I [y HA=
DMOIEHHAM MOMEHTOR KEVJILMHHALIMY 3BE3I, MOKHO BEIUHCIHTL
TO'HEIC KOOPIHHATE TG00 MYHKTA 3CMHOA MOBCPXHOCTH. DTH
MYHETHL COYAKAT ONOPHBIMW TOYKAMH NPH COCTABNEINH KApT,
MPOKIAIKE TPACC Ta30MpOBONOE, ABTOMODMIBEHEIL H JHETe3IHBIX
_.ilt1'|'.|l.'lll".__ L"I'ITIZZII-1'I'H_III'-L'I'I'I-E H[]}'I[HI‘-]}[ ODREKTOR | I]'}I..[H ;[Il}"l'H.‘-‘i paﬁm'.
CHraaisl TOYHOIO BPEMEH, HAPALY ¢ IPYVTHMH CPeIcTnaMu (pa-
THOMAAKAMH, HABHTALMOHHEIMH CITYTHHKAMH H T. 11.), HeoDXOIH-
Mbl B ABHALMOHHCOE H MOPCKOH HABHMTALMM,

Ecm OBl B CBOEH MOBCEIHEEHOH JKHIHH MBI MOJILIOBATHCE
MECTHRIM H[']EMEHEM, T T I'I.'IEPE' IIE'I]'E,'I.I']-F-'I}I'GI-EHI-“I}I Ha 3a11aj1 HIK
BOCTOK MPHXOIIIOCE OBl HEIPEPHEBHO NePeIBHIATL CTPEIKH Ya-
coe. Bo3HHKAONIHE NPH 3TOM HEYIODCTBA CTOJb OUEBHIHEL, UTO
B HACTOAITEE 'Ill:lﬂ"r'lﬂ' FTPE'I.F-:"I'H"-IE[.:KH BCE HACEIEHHWE FEMHOTO III.i,:IP'I;'I.
MOMBIVETCH AOACHLM BPEMEHEM.

[losicHas CHCTEMA CYeTa BpeMeHd DeLIA Npe)IokKeHa .|
1584 r, CornacHo 3TOH CHCTEME BECE IEMHOH Iap DUl pasieneH
Mo goarore Ha 24 yacopey mosca (1Mo UHCIV 9acoB B CVTEAX),
EA#IBIH M3 KOTOPRIX 3auMMaer npusepno 15° Ilo oyt oena,
CUET BPEMEHH I10 3TOH CHCTEME BeeTCA TOMBKO Ha 24-X OCHOB-
HEIX h-iE[]I.-'I..'I,I.-'[HH'::IH.._ OTCTOHIIIHX _.'J_[]:r'l.' T _.'I.|']:.-'I"::I. Ha I'_:IF" 0 JIOJIrOme.
BpeMaA Ha 3THX MEPUIMAHAX, KOTOPLIE PACTIONOAEHEL MPHMEPHO
MocepeiiHe KARI0r0 YACOBOTO MOACL, OTIHYALTCH POBHO HA
M YRC, MEL}TTIHE IEPEMH ORI TCHRT DY I'l.-1E1?I'H,|1_1’IEiFIi:I. ST Ty
IcA HAIBIBACTCHA ROACHMM epemenesm. [lo Hemy BemeTca cuer
HFHMEHH HA BCEeH "I'E‘]_'IPH'I'[:IPHH_._ I]'I'H{_'FESIIII.EFICH K Z'ﬂ'li]M:.l' "-IE”'].L‘-(III'H_'I'M}'
noacy. [ToacHoe ppeMsd, KOTOPOE NPHHATO B KOHKPETHOM [TYHE-
TC, OTIHIACTCH OT BECCMHPHOTO HA MHCIO TACOE, PABHEIN HOMCPY
Ero YACOBOTO NOACH:

T=UT + n,

riue Ul — seemupHoe BpeMs, 4 7 — HOMED YACcOBOTO 1MONCa.
['paHMUAME YACOBLIX IOACOE ABAAKTCA IHHHH, KOTOPLIE
vt or Cepeprioro nomoca Jemmad no Kxmnoro n oterodar npu-
DaMsnTENRHO Ha 7,57 OT OCHOBHEIX MEPUAMANOR, STH IPAHMILL
MAIEKO HE BCErId NPOXOIAT CTPOTrO 10 MEPHAKANAM, 4 NpoBeie-
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: TePPMTODMH, HA SOTOPBIX NPHIENTO TepDHTODHE, H3 KOTOPHX NPHHATOE BRPENA
PASCHOR RRCMS OTARHITER OT [ PHEAHCKONS HA OO OAHMEHHYO

=34 00m s=nnummy
Mpenesanme. Ha Teponrcpes PO waconas cTpena nep2acacia 1al | Sac ansdag fPOTHE NOACHITD SPCNEHN.

Puc. 2.18. KapTa yacoBulX NOACOB

HBI 110 aAMHHHCTPATUBHLIM IPaHHLIaM oO1acTeil WM IPVIHX pe-
M'MOHOB TAK, Y4TODBI HA BCEH HUX TEPPHTOPHH JIEHCTBOBAJIO OJIHO U
TO X€ BpeMsa (puc. 2.18). EcrectBeHHo, HanpuMep, uTo Mockea
KMBET 110 BPEMEHH OjIHOrG (BTOpora) yacosoro nosica. Ecan xe
thopmanbHO CICAOBATE MPHHSITOMY [IPABHIY JICJICHHS HA 9aco-
BBLIE MOACA, TO HYKHO OLUTO Obl MPOBECTH IPaHULLY MOACA TAK, YTO
rOpPOJL OKA3ancs Okl PA3JIJIEHHBIM HA JIBE HEPABHKIE HYACTH.

B nawed crpane noscHoe spemsi Obi0 BBeseHo ¢ 1 uioas
1919 r. C Tex mop rpaHHLEl TACOBEIX MTOSICOB HCOTHOKPATHO IIC-
pecMaTPHBAINCH ¥ HIMEHATHCE.

B xonue XX B. B PocCHH HEOTHOKPATHO BBOJHIOCL U 3aTEM
OTMEHSLIOCH JIEKPETHOR BpeMs, KOTOPOe Ha 1 4ac siepe/iu nosc-
Horo. B siusape 1992 r. oHO OB1I0 B NOCACTHHI pa3 YCTAHOBJIEHO,
M TENepb B MOBCEAHEBHOM KW3HH Mbl CHOBA HCHOJb3YEM 2TO
BPCMs], HA3bIBasl CTO MCCTHBIM BPCMCHCM.,

MHOre CrpaHbl BECHON 1EPeXOJsIT HA «JIETHEE BpPeMsi»,
MCPCBOAs CTPSIKH YacoBR Ha 1 wac Brepen Mo OTHOLICHHIO K
«IHMHEMY BPEMEHM», K KOTOPOMY OHH BO3BPalIalOTCA MOIAHEH
ocenbto, B Poceun ¢ anpeas 2011 r. Takas onepaums He npo-



BOIMTCA, TO3TOMY MecTHOE Epemd B Mockse Ha 1 tac Gombine, 1eM
I0MKHO OHITE BO BTOPOM acoBOM Hodce. OHO oTmiMaeTca oT
BCeMHpHODO BpeMeHH Ha 4 uaca. Ha seelt tepputOopmi Poc-
cHEiCKOH (Deacpalllii MECcTHOC BpeMA B moGOM MyHKETC Ha 1 tac
DoMNBIIE, TIEM NOACHOE BpeMs COOTECTCTEVIOLIETO TACOBOID OMCA.

Cricrema cueta LIHTEIBHBIX NPOMEXYTEOR BPEMEHH, COIJIACHO
KOTOPOH VCTAHABIHBASTCA ONpeIeNcHHAA MPOJOTEHTEIEHOCTE
MECALICE, HX MOPAIOK B FOIY W HATAILHEI MOMEHT OTCUETa JIeT,
HA3LlBACTCA Katendapes. KaneHaaps, KOTOPEIM MEI MOIB3IYEMCH
B HACTOSMICE BEPEMA, CO3IAH B Pe3yILTATE LTHTCIBHBY MOHCKOE
HanboIee yoodHof 1na 31X uencid cHctemel. Ha npoTaicHHR
HCTOPHH YCI0BCUCCTRA cyliecTeoBano bomee 200 pasiHaHeX Ka-
JeHTapeH.

F}KE H: TIHPH{'IM ATATIE ]_fl'ﬂ'il'!l-ﬂ"l-di[ NMHBH T AATTH A HEI'I'.{,TI'I:_'I'FI-'IE
]IE"l.pl:_}.J'I,hl CTHITE T E3OBATRCH ,il}-"ll'llhlh-ll-'l' E{E:I.IIEII_.'I..':l]_',.I'f-I?I.ﬂH, B JTHXE Ka-
,.'rfdll,l'l_.';'l.pﬁ-l!: "-I'E:]_'J!:,II_I:_'IHH,.'H-TEI'- MECHIL kI I'IPI'J'..I'I,E_'I'..IIH{H"I'E,IIhl‘fl’}L-‘ThHJ 2'::' H
M cyrok, Hauanom Mecana BCerfa CYMTAIOCH noponynue, Ho
IO B TOM, YTO OT OQHOTO HOBOJYHHA 10 CIEIVIOMETD TPOXOIHT
NpHMepHO 29,5 CYTOK — TAKODA NEPHOINYHOCTE cMENLI as Jlv-
HBH, CBA3AHHAA ¢ ee oDpamenveM BoKpyr Jemau. Ilpu Takowm
EATEHIape He NOAYYAETCA IOMHOTO COMTACOBAHHA © MpOIo-
HUTENLHOCTRID TOOd, KOTOpAA COCTARIAST MNPHUDIMIHTENLHO
363,25 cyTok. Bearn 12 A¥HHLIX MeCALIeR CONEpAAT Beera 354 mHH.
I yeTpaHeHHA HECOTMACOBAHHOCTIH MEX IV AVHHEIM H COMHEY-
HBIM TOIOM B Pa3IHMHBIX TYHHEIX KaIeHIapAY OLiMH npeanoke-
HEI HEODXOIHMEbIE TONPaBEL.

B comHeuHOM KaleHIAPES 32 OCHOBY DepeTcs MPoIoIaHTe b
HOCTE TPOMHYCCKOrD roja, KOToped npeictaeinset cobof mpo-
:"r1l:.il{j-"l'['fl'l:f. HTE'HGHH "r1f.‘-.il~’..]l.}f ALBYMH NOCAeIOBaATE IbHREIM A IIF'IﬂHﬂJH'
aeHMaMi terTpa ColHua depes ToUKY BeCEHHEro pPaBHOIeHCT-
s, Tponwyeckuii roj cocrasnser 365 cyrok 5 yacos 48 MuHyT
46,1 cexynanL TTOCKOUBKY YHCIO CYTOK B MOjy HE MOXeT ObiTh
J[Ili]ﬁHh['ﬂ: Hil BLCEX H.q':l_'IHH..II_E:lI}E-I}iI DONRITAS YACTR JET CI'I'..'I_E'P}B'.P['I'
355 li,.'-}"'l"{'lli H BBOJTHTCH TIPE"H!I-L.'H_"I', ) [&) HUT{TP{]M}’ l.,"l-l'l]_':lli:.’-..l'll':!:,l'lEllllh'IE ro-
JEI HMEKTT 'IIF-[,'I_.'[.L'LiIH-'.l-1'I'E:.IIhII{_'ICT'h Hi E}-"I'I'F'.H E__:It_'I'JIhIIIE, B FABHCH MO~
TH OT 3TOrO CPeaHAs NPOANIKHTEILHOCTE MO N0 TOMY HIH
MHOMY KaJeHIapio B O00kIeH MO MeHbilied creneny npuian-
HAETCHA K NPOAOTAMTENBHOCTH TPOIMHMECKOND TOIa.




B OpepHer Erumme B WV THICATEISTHH 10 H. 3. OB BBEICH
KAJIEHAPh, KOTOPBIA COCTOs 13 12 mecsanes no 30 aHel B kax-
OOM M TONOIHUTENLHELX 3 AHEH B KoHue roga. Takoil kanennapr
Oapan exerogHo otcrapaHue B (L25 cvrok, win 1 rog za 1460 1er.

HE:I'I{'I[.:FE_.’I.[.:'I“HEFIFIh’Ii"I I'IFEZ,I'I_]ITHL"I"ITEEIHHK l.:'[_'IIHPE.‘HEHFH_'I'H} Bl
nennapa ouut pajpabotad B JpepHeM PHMe o npuEaly HMIIEpa-
Topa s Lezapa W NOTOMY MOJVYHI HAZBAHWE MOALAHCKOM) .
l'od, cormacHo 3TOMY KaldeHaapw, coctoan u3 12 mecaues u co-
oep#an 305 umm 366 cyTok. JIMmHEe CYVTEH ToDaBNATHCE Kax-
JIHIE "-IEThr]_]E M. TAKHE IO, I!{J.‘HEF I'IZI:_‘.IT“I:_'I']]I'.I.‘-{ JAENHTCH 13 YETHI-
pe, MOIVIHIH HAJBAHHE @HCOKOCHDIX.

:';'I'{!I HAZBAHHKE Ijlﬁl"}HL“hl’}JJ,H']' OT JJATHHCEOIM CIBA |I]'II."'-|!'-EE'H.I.L'I.H
(BTOpOH WwecTod ). OTCIONa MO0 MPeueckoe CI0B0 «DHCOKOC:,
KOTOPOC B PYCCKOM A3BIEC MOCTCIICHHO MPCBPATIIIOCE B «BHCO-
KO #.HHI'.:UK{'I[.ZIIHI'-"I.:-:-. ﬂt.'-,.'l'ﬂ_'ll B TOM, HTO TONTH CHHTHIIH, ChOJ1LEKQ
OHEM OCTANOCE OO0 MEPBOTD JHA CHeIyIImero Mecaua. JonomnHn-
TEJhHRIH JAEHE B HHCOKOCHOM J'{':I..[j.-' ..'lﬂﬁi:'l.l'!.'l.’rl.l]ﬂ}l H ['l'.lllﬂI'i]".lh'fl_'lﬂ1 HocHne
MIECTOrO JHA NePel HAYanoM MapTa M CHHTANCH He IIATLIM, a ele
a3 LICCTRIM.

E- }'"'-It-"l'l:}h'l RHACOKOCHRIX JTET IIpli1-..']_[3I.|I:."I{H'I'E,'IhHIZ]L-"I'h Foatd I
IHAHCEOMY KaleHIap (CTApOMY CTHAK) OTAHYMANACE OT Mpo-
JOITEHATENRHOCTH 'I']I:'I:'JI[H JeCKOro  roja  BCern Ha 11 MHHYT

14 cexvun, uro nasano owHbEy B 1 oytem 3a 125 aet, w3 cyrok
nprsepro 2a 400 ger. KmascEril kaneHaapes OBLT NPUHAT B Ka-
YECTRE XPUCTHAHCKOTD B 323 T, 1,2, H KO BTOPOH [DOJ0OBHMHE
XVI . pacxoxnenne goctirno yxe 10 cyTok.

_D:JI!-J TOID YTO0K HDJI]‘}EHH'J'J& IIEICHI?H;[L‘HHE._ rnana |'.|I.-tf'-1.C-HHﬁ
Ipuropui XIII o 1582 1. ppen HOBLIH CTHIL, KadeHIaph, HAZBaH-
HEIT 110 210 WMeHH epreopuarciis. dns Toro 1ok yMeHBIIHTE
OTJIHYHE I{H.IIEII_.'I..':I.PI!{‘.I]‘[_:I Mo OT 'Fpﬁ}[IHLIEuHUI‘{‘.I; E__!II':IJIE_J p'E'II[EI![J
kaasie 400 neT peIdpackBATE HI CUETA 3 CVTOK NVTEM COKpatie-
HHH Y4MHMCIA BHCOKOCHRIX 2T, “I}li]lil'l'hl"ﬂ H, HERHCOKOCHRIMH :!."If‘_'lt"l--
DHIHCE CUMTATE DO TOILI CTOASTHH, 38 NCKIOUYEHHEM TEX, ¥ Ko-
TOPBIX THCIO CTOMCTHI meauTesa Ha 4 De3 octaTRa. BHCOKOCHEIM
cudTaguck 1600 w 2000 rr. B o xe apema 1700, TS000 w0 1900 rr.
DLUTH IpPOCTLIMH.

B Pococun HOBRIA CTHake Db BEEISH TOARKO C 1 (espana
1918 r. K 9TOMY BpeMEHN MEAIY HUM H CTAPLIM CTHAEM HAKOIH-
Jack pasHiia B 13 gHedi. JTta pasHHUOA coxpaHdTea 1o 2100 r.,
KOTOPHIH MO CTAPOMY CTHIO J0GKeH DR Dbl CHMTATHCA BUCO-



KEOCHLIM, @ 10 HOBOMY — MPOCThIM. PaziHiHe MexIy cTaphiM H
HOHBBIM CTHIIEM ODRIYHO }’Rﬁ.ﬂ-hl HAETCH, KOMA Ml MMEEM JIE0 C S0
DLITHAMY, OTHOCALIMMHCH K OPOULTOMY. THK, HANPHMEpP, MLL I0O-
popHM, TTO K. 2. [Honkoeckmid poarnca 5 (17) cenrabpsa 1857 1.

F{}_r[, o rpnmpuuncmnmy HHJ’IEFI,’[HP'IIL'I' ORAIWBACTCH B EPIE,"I,-
HEM Ha MOJIMHHYTEL IMTHHHES TPOMHYECKOID, TAK 4TO pacxorEIe-
raie za 400 mer cocragaser Bcero 2 9aca 53 MUHYTHRL, WIH CYTKH 3a
3300 neT.

HymMepamsa 1eT KaK Mo HOBOMY, TAK H 10 CTAPOMY CTHITH Be-
AeTCH OT rong PI_'I'}H.T[EE'I"IEH. }'i:pl'ﬂ:'l"{'lliij._, 'IIE"I.L-'T}"]'IJ'IE:FIL-‘I'H FIﬂH-{Ji"rI ZJ'I_:IF:I,
B Pocciu Hoeaa 3pa Owina peexeHa veEaloM I[letpa I, cornacho
KOTOpoMY nocae 31 nekabps 7208 1. «0T COTBOPCHMI MHpPas» Ha-
cryrmao 1 ansapa 1700 r. ot PoxnoecTna XpHcTona.

1. Yevi ODBLACHASTST BEEMSHHES TMOACHOH CHCTEME
cuera BpemedHu’ 2. [louwemy B xauecTBe eOMHMUBI BPEMEHH HC-
noasayercd aToMaas cekvana? 3. B e 3aEmoganTes TPYIHOC-
TH COCTABICHHM TOMHOIO kancHaaps! 4. Hem ormmuacren cuer
RHCOKOCHEIX MET MO CTAPOMY W HOROMY CTHIH?

1. Ha kaky BenUYHHY OTAHYASTCA BPeMA Ha
BALLIKX “IACAX OT BCCMHPHOIO BpeMeni! 2. Onpeaenyre o kapre
recrpaHIeckyy I0AToTY Bameid meonsl. Brrawconre Mecthoe
BpeMd LA 3TOH 10iroTsl, Ha CKOIBKS OHO OTAHYASTCA OT BPEME-
HH, 0 KoTOpoMy Bel aHEeTe? 3. Jara poxoenun Heaaka Hewro-
Ha Mo HOBOMY cTHTO — 4 ausapa 1643 r. Kakona gaTta ero pox-

OCHMA 10 CTAPOMY CTHI0 !

[ToaroToeTe QoKL 00 HCTOPHH KANCHIADA.



I1l. CTPOEHME
COAHEYHOM CUCTEMBbI

Comuennas cucrema — 310 npexiae ecero CoNHIE B BOCCMB
DONBIIKMX ITAHET, K YHCNY KOTOPBIX OTHOCHTCSA M 3emiis.

Kpome DobImx rader co cryTHikaMu, Bokpyr CosHna ob-
paLalOTCs KapIHKOBLIE (MaNbIe) ILIAHETH, KOTOPEIE IO THAMETPY
MeHbine JIVHRL, U OrpoMHOE YMcsio Manbix Ten ColHewHol cuc-
TeMbl. Jaxe Hanbo1ee KPYMHLIE U3 HUX HE MPEBLILAIOT [0 paimMe-
py 1000 kM, & sapa CaMbIX 3aMETHBIX KOMET — ellle MeHbie. Bo-
Kpyr ColHLA ABIDKYTCA TAKKE TCJAa pa3sMepoM B JICCATKH M COTHH
METPOB, IO M KAMHN, MHOXECTBO MEIKUX KAMEUIKOB W IbLTH-
HOK. YeM MeHbLIC pa3Mepsl 3THX MacTHll, TeM ux Ooasiie. Mex-
MIaHETHAA Cpela — 3TO KpaiHe pa3pekeHHLIH a3, COCTOAHUE KO-
'l'()l)()l'() ()III)CJI,CJIS-IC'I'CSI M'S.'l}"'-iCHMCM (JOJlHlla H pa(:rcxammmmcsl or
HEro MoTOKaMH BELIECTBA.

Jsuxkenunem seex 00abmmnx u Maabix res Cosneynon cucre-
mel yripaenser CoaHue, Macca Kotoporo B 333 000 pa3s npessiia-
et maccy 3emau 1 B 750 pa3 cyMMapHyIO Maccy BCEX MJIaHeT.,

[yre k noHuManmio notokerHs HauIeH TIAHET! M KHBYIIETO
Ha Hel 4enopedecTBa Bo BeereHHON ObIM OYeHb HEMpOCTLIM H
[1019AC BEChMA JIPAMATHYHBIM. B JIpeBHOCTH DBUIO eCTeCTReHHBIM
CUMTATB, ITO 3eM/Is ABIAETCA HEMOIBIKHOM, IIOCKOH M HaXo-
JIMTCH B HIEHTPE MUDA, Ké‘lfi?‘Ul(_)Cb, HT0 B(_)()ﬁllle BECh MHD CO3/IdH
paxu vyenoseka. [TonoOHbIe peAcCTaBACHHS NOMYTIIH HAa3BaHHE
anmponouermpuama (0T rpey. antropos — Yesonex ).



MuoOrHe HaeH 1 MBICTH, KOTOPEIE B TAMEHSHIIEM OTPAIITHCE B
CﬂHI"JEhiEHHh-IH HH}"—IHhI]{ I[I?E;[_C'['ﬂﬂ'lﬂHHSl.‘-ﬁ 0 III'J'F-'IP'I."I..'I_E._ B YACTHOCTH
I ACTPOHOMMH, JAponuatct B pesnei [periy, eie 38 HeCKoLEQ
BEKOE 10 HAWEH 3pel. TPVIHO NEPEUHCIHTE HMEHA BCEX MEICIIHTE-
e H WX FeHHATRHEE TOTAAEH. BRUTAKOIIHICH MATEMATHE Huqu-
20p (VIB. mo H.2.) Dein yOEREIeH, UTO «B MEPE NMPABHT HHCIO:,
Cunraerca, 9ro uMerHo [lidarop nepebiM BHICKA3AT MBICTE O
TOM, 4TO 3EMIIA, KAK M BCE IPYTHE HeDecHLIE Tend, HMeeT mapoob-
pasuyio dopMy H HaxonHTcA Bo BoeneHHOH Ge3 BCAROH OMOPEL.

Hpyroi He Menee M3secTHhH yuenmd apesaocty, Jdewo-
Kpum — OCHOBOTIONIOXHHE NMPEeIcTABIeHAN 00 aToMax, K HBLLIHIH
34 4”“ JIeT 1o HAIER Zl]-FIh-I, == CYHTAIN, 4TO Et'}.IIHII.E B MHDI'D I]'EL']
bospine 3eMns, uyro JIvia caMa ue cBeTHTCH, d UL OTPakaeT
CONMHCTHEIA cBeT, a MouemHen [IVTE COCTOHT W3 OrPOMHOTO KOIH-
HECTRA B3N,

O0o0mHTE Boe IHAHHA, KOTOPEE OBLTH HakomIcHH K IV B
0 H, 3., CMOr BRLIAOITAACH duaocody anTraroro Mmupa Apucmo-
meas (384—322 no n. 2.). Ero aeareInHOCTL OXBATHIBATA BCE 8C-
TCCTBCHHBIC HAVEH — CBCOCHHS 0 HeDC W 3eMIIC, 0 3aK0HOMEP-
HOCTHX JABWARCHHA TED, (¢ AHBOTHRIX H PHE-'I'HH]-H-I.‘-{ 1T, M. [ naBHOH
JACTYTONH APHCTOTENA KaK YIeHOTO-3HIHENONeIHCTa OLUTO Co-
3AHHE IHHOH CHCTEMBI HAVYHBIX 3HAHWIA,

Ha npotakeHdd oYty ABYX THICAYETSTHH ero MHeHHEe 110
MHOTHM BOMTPOCAM HE MOOBCPraaoch COMHEHHID,

Cormacno APHCTOTENI, BCE THKENOE CTPEMUTCH K LeHT-
py BcenenHoH, roe CKanmHBaeTca W o0pa3lveT lIapoodpazHyvis
vaccy — 3esaw. Ilnanerw pasMeniensl Ha ocobeix cepax, Ko-
TOPLIE BPALIAIOTCA BOKPYT 3eMiad. Takad cucTeMa MHpPa IIOIV-
WHIA HAIBAHWE 2ecuenmpudeckod (OT TPEYeCKOr0 HATBAHWA
deman — Ten). ApHCTOTENR HE CNYYARHO HPELIOHMT CUHTATH
M0 HEMOIBHAHLIM HEHTpoM MHpa. Ecin OBl Jemina mepeme-
MEANACK, T, 110 EIIIHHE,'IJIHH['!'H}’ MHEHMHH) JE'L[]HIJ'I'{'!I'I'E_IIH., ORIIO ORI
JAMETHO PETYIAPHOE HIMEHEHHE BIAHMHOTO PacnoIokeHHA
1ee30 HA HeDecHo# cepe. Ho Hiero nonobHOTo HIETO M3 ACT-
ponoMos ne sabmoaan, Toasko B navane XIX s, DRNo HAKO-
HEL-TO O0HAPYAEHO H HIMEPEHO CMELICHHE 3Be3T (AapiLianc ),
NMPOHCKOMSIIES BCASICTEHE ABEWHeHHN Jemian sorpyT CouHua,

Muorue obobmeHHa ApHCTOTETA OLLTH OCHOBAHLI HA TAKHX
YMOZAKTIICHHAY, KOTOPEIC B TO BPEMA HE MOTTTH DEITE TIPOBCpe-
HB ONBTOM, TaK, OH YTEEP#IA], YTO IBHAEEHWE TEIA HE MOXET
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Puc. 3.1, Buagwmos natnaabpaados geuxeHne Mapca

MPOHCXOOATE, ECIH HA Hero He Jeficreyer cina. Kak Bel 3Haere
M3 Eypca (HIMEH, 3TH TNPEOcTABICHHA OBUIH ONPOECPTHYTEL
ToaeEKO B AV r B0 Bpemena lannaes n Heworona,

Cpens ¥IeHBIX IPEBHOCTH BRIIEIASTCH CMENOCTRID CBOHK 10~
ramok Apucmapx Camocexyy, xuimui 8 111 o, no u. 2, On nep-
BEIM  OMpeaetin  paccrosHde 10 JIyHel, BEIMHCIHIT pasMepkl
Conuua, KoTopog, Mo ero IaHHMM, 0Kasanrock B 300 ¢ mHimHmnM
pas Doabie 3esii no odbemy, BeposTHo, 3TH JaHHBIE CTAH 01
HHM H3 OCHOBAHHHA 11 BHBOIA O TOM, UTO 3EMIA BMECTE C IpPY-
FHWH TLTAHETAY M JIBMASTEH H{_'IKF}’I‘ ATOCY Cad s oy Iip:,'llHﬂl‘-[_‘.l TEA.
B nanm oHH Apucrapxa CaMOCCKONO CTATH HaswelBaTe «Komep-
HHEOM #HTHYHOTO MUPa»,



K coxanreHHio, Tpyaul 3T0r0 3a-
MCYUATCABHONO  YUCHONO 10  Hac 2%
MPaKTHYECKH He JIonu, W Donee fo
NOJYTOPA  ThICAY JIET YEJIOBEYeCTBO \

Obu10  yBepeno, yro 3emist — 70 L
HENOABIKHbIM 1LIeHTp Mupa. B ne- \ .

MaTOH CTENeHH 3TOMY CIocodCT- /f /
BOBAJIO MATEMATHUECKOE OIMHCAHHE

BUIHMOIO JBHACHHS CBCTHII, KOTO- S

poe paspadoras st reoleHTprye-

CKOM CUCTEMBI MMPA OJIMH U3 BhILAK)- e f /
IIMXCA MATEMATHKOB JPEBHOCTH —

Kuaeowi IImoaemeri o IIp. H.3. 1’

Haubonee ci1oxHOM 3azaveii oxkaza- o s
Jock  OOBSCHCHHC TeTicoOpa3HoOro = j J
IBHIKeHUs! Tuiaker (puc. 3.1).

[Ironemedt B CBOEM 3HAMEHHMTOM
coumpenum «MaTeMaTHYeCKMiH TPaK-  pyc. 3.2. Cuctema
TaT MO ACTPOHOMMH» (OHO ©OIee H3- Mronemen
BeCTHO KaK «AJIbMarecT») YIBCPK-

Ta, UTO KaKJaast IIaHCTa PABHOMCPHO

JBWIKCTCST TIO RIQeRiy — MaloMy KPyry, LEHTP KOTOPOro IBH-
KETCst BOKPYT 3emum 10 dehepermy — Bosibtiomy Kpyry (puc. 3.2).
Tem cavbiM eMy  Via1och 0OBICHMTE OCODBI XapakTep M-
JKEHHA IUTaleT, KOTOpbIM oM ommdamuck or Comma u Jlviol
Cucrema IlToneMess maBana €HCTO KHHEMATHUECKOE OIMHCAHHE
IBHKCHHSA TUIAHET — HMHOI'O HAyKa TOr0 BPEMCHH MPEIIOXUTE HE
MOTJIA.

Bui yxe yGemimics, uto mcniogs3oanHe MomenH HeGecHOI
chepel npu onucanun asukenna Coanna, Jyssr u 3sesn no-
3BOIAET BeCTH MHOTME MOJe3HbIe 1A MPAKTHYECKHX Liejei
pacueTsl, XoTs peankHO Takoi cdepw He cymectsyer. To xe
CIIPABEUTMBO M B OTHOLICHHM 3MHUMKIOB M nedepeHTos, Ha
OCHOBC KOTOPBIX MOXHO € OMPCACACHHON CTETNCHBIO TOUHOCTH
PACCYMTHBATE NOJOXenue mianer, OJHako ¢ TeyenueM Bpe-
MEHH TpeDOBaHHA K TOUHOCTH 3THX pacuyeToB MOCTOAHHO BO3-
pacraii, NPUXOAWIOCh A0DABISNTE BCC HOBBIC M HOBBIC 3IH-
LUMKJIBL AN KaKIOH TulaneTbl. Bee 270 yCnoXmano cucremy



Hukonain KonepHuk

[IroneMes, nenasi ee H3IMHIOHE TPO-
MO3JIKOMR ¥ HEeYA00HOH Juist npakTi-
4YeCKuX pacyeron. TeMm He Menee reo-
LCHTPHUICCKASl CHCTEMa OCTaBanach
Hesmibaemoi eme okoao 1000 aer.
Benr mnocie pacuseta aHTHYHOH
KYIBTYPB! B EBpore HacTymin -
TENLHLIH NEPHOI, B TeYEHHE KOTOPO-
ro He OBUTIO CHOCNAHO HH OIHOrO CYy-
HIECTBEHHOM OTKPBHITHS B aCTPOHO-
MHH H MHOTHX IPY¥IHX HayKax.
Tonaeko B 3n0xy BospoxucHus
HAYHHAETCA MOILEM B Pa3BUTHM Ha-
YK, B KO'I'OPO“ am'ponmmu CTaHO~
BHTCA OZHHM M3 nunepos. B 1543 T.
DbIA  W3@HA KHWIa  BeAIOIENO-

cs1 noasckoro yucHoro Huxoaaa Konepruxa (1473—1543), B KO-
TOPOH OH ODOCHOBAJ HOBYIO — 2ETROUECHIMPUHECKYI) — CHCTEMY
mupa. KonepHHK mnokasali, “TO CYTOYMHOE JBHACHHC BCCX CBe-
THI MOKHO ODBACHUTE BPALEHHEM 3eMilM BOKPYTI' OCH, a letie-
o0pa3HOe IBHAKCHHE TUIAHET — TEM. UTO BCE OHH, BKIIKOYAs 3eM-
mo, obpamalores sokpyr Cosnua. Ha pueynke 3.3 nokasano
OBIDKcHHE 3eMan . 1 Mapca B ToT mepuoa, Koraa, KaKk HaM Ka-

Fanuneo MNanunen

AKETCsl, NnJaHera OIn1uchBaeT Ha Hebe
TTETITK),

Cospanmne reJIMOLEeHTPHYECKOH
CHCTEMBI O3HAMEHOBANIO HOBEIH 3Tan
B Pa3BHTHH HC TOJIBKO ACTPOHOMWM,
HO M Beero ecrecrsosHanus. Ocodo
BAKHYIO POk chirpana uies Ko-
MepHUKa O TOM, 4TO 3a BHIMMOH
KapTHHOH MPOHUCXOOALINX SIBICHHH,
KOTOpast KaXeTcsi HaM HCTHHHOMN,
HAJI0 MCKATh M HAXOIMTh  HENO-
CTYMHYIO 174 HENOCPeaCTBeHHOro
HaOTIOO€HHA CYIIHOCTL 3THX ABIE-
HHA.

I'esimoueHTpUYRCKAS CHCTEMA
MUPA, 0DOCHOBAHHAS, HO HE JIOKA3aH-
nag KonepnukoM, nonyywia cpoe



Puc. 3.3.
MonoxeHus
3emnu

1 Mapca
Ha opburax

MOMTBEPKACHHE W PA3BHTHE B TPYIAX TAKHX BBUIAKIAXCS Vye-
HblX, Kak [aauaeo aauaeu v Hoeann Kenaep.

lamaneit (1564—1642), oaHUM W3 NePBBIX HANPABHBIINAI Te-
Jeckon Ha Hedo, MCTONKOBAI CHCNAHHBIC MPH 3TOM OTKPHITHA
KaK JOBOALI B Moab3y TeopuH KonepHuka. OTKpniB cMeHy a3
Benepnbl, on npuien K BbIBOAY, YTO TaKad MX MOCAEI0BATEIDb-
HOCTE MOXET HADIIOAATHCS TONBKO B Cayyae ee obpamenus Bo-
kpyr Connna. OOHapyXeHHBIE UM YeTeipe CIIYTHWUKA TaHeThl
IOmiTep TakKe OnpoBCPraid NPCICTABICHHSI O TOM, UTO 3CMIA
ABIAETCA eIMHCTBEHHLIM B MHpE LEHTPOM, BOKPYT KOTOPOIO
MOXET MPOHCXOANTL BpalleHue apyrux Tea. lanunei He ToabKO
yeue ropu na Jlyne, no aaxe wsmepus ux suicoty. Hapsity ¢
HEeCKONBKHMH JPYIHMU YUeHbIMH OH TakKe HabIal nsrHa Ha
CoaHile ¥ 3aMETIIT HX NepeMENIeHHE 10 CoMHeTHOMY aucKy. Ha
3TOM OCHOBaHHH OH 3aKkmovui, 1To CojHLe Bpallaercs H, cie-
IOBATEILHO, HMEET Takoe JBHxeHue, kotopoe KonepHuk
NPHITUCHIBAA Hamel naanere. Tak Ouun cnenan BhIBOJL O TOM, 4TO
Coanne w Jlyna umMewr onpesgieHHoe CXoucrso ¢ 3emiei.
Harkonen, Habmoaas 8 MiacudoM Iyt B BHE €ro MHOXECTBO
c1abBIX 3Be3], HEJOCTYMHLIX HECBOOPYAKEHHOMY rnaly, [amiiei
CI€1a]1 BLIBOI O TOM, YTO PACCTOANMA 10 3BE31 PasIuyHBl M HU-
KaKOH «Chepbl HENOABHAHBIX 3Be3/1» He cyuecTnyer, Bee atu o1-

1

'



KPHTHA CTATH HOBHIM 3TAMOM B OCOIHAHHMH MONONEHHA 3EMIH
B0 BreneHHOM,

1. B uwem oTmiune cHeremesl Konepuuka oT cHoTeMEl
[Tronemen? 2. KakHe BHIBOJL B TOJR3Y TETHOLEHTPHYECKOH CHC-
TeMi Komepnuka clenobBanmd U3 OTKPHETHE, CISNANNEX C MMO-
MOITEID TETECKONna?

Yenosus summMoctH mnamer MemsmwoTeA MO-pajHOMY: €ClH
Mepgypuii 1 Benepy MOXHO BHIETE TONIBED YTPOM HIH BEYEpOM,
TO OCTANBHBIE — MHIIE, ]'(-.:'IIH'I'E"] H EH‘I'}"FH— DR BAKOT BEH/ A HRI
Takke W HOURKD. [lo BpemMeHam 0IHA HIH HECKONBRO MUIAHET MO-
I'VT DBITE BOBCE HE BHIHEL, MMOCKOMLEY OHH PacloNaramTcs Ha He-
De nobmmaoct ot Connua. B 2ToM cIvdae ropopar, 970 IVTAHETA
HAXOAHTER B coedunenny ¢ Coannen, BEeaw ke nhanera pacnona-
raercs Ha HeDe BOIW3INH TOYEH, ,'[HE.."HE']'I".LIEI.-II:HH II]Z'.I'If'fI'I'H HOTIOJTO -
HOI CoNHOY, TO OHA HAXOOWTCA B Apomusocmosnuu. B aToM
CIydae IUTAHETA MOABRNASTCA Hal TOPHIOHTOM B TO BpeMd, Koria
':_:{_'!I..'I"IIH_E: FAXONMWT, a4 FdAXO00dT O I:JI_F[.[II'_'I'H-FHMEH'IIU L BOCKCOM
':'["!L.[HII_H- 'C.'IE..Ill."I'I'].'EI.'I'E..I]'.rH'['I:I BCH) HOYER TIAHSTA HAXOJHTCH HA 1=
PU3IOHTOM.

L:{'IE.-".HFIHIIHE H II]':IIJ'"I'Ir!IIi{,'lli.:'l‘l;llf-l'IIIfIi."..':I d TAK e ,'I_r.l:."l'HE xﬁpuh'rﬂp-
Hilg r.l.ElCIIﬂJJﬁH".EHH!-I IIAHETRI OTHOCHTEIRHO EﬂJJHII_EI. HA3RIBAKIT=
cil Konguzvpauuamy. BHvTpeHHHE 1aHeTs (Meprypiii 1 Be-
HEpa), KOTOPLIE BCErNa HAXOIATCH BHYTPH 3€MHOH OpDHTHL,
H BHEUITTHE, Hl’_]-"I'U]_TlhIE ,"I,IH-T}F{:,I"I"'LEH RHE €& {]1[.:'3 OCTANRITRIE TLEMATTE-
'I'hl_]., MEHHWKYT CHOM P-".I'I'H{]]HI'P"!']‘.IE'.I.] IMH ]II]-I'.IHZiHIZ]h'[}-'- Hassanuu I‘.IE'].H-
JHIHBK KOHGHIYPAUNE BHYTPCHHHEX M BHCIIHHX TUTAHCT, KOTO-

1 .

[TonpodHele CBENEHNA O MONOEEHHH NASHET B YCA0BHAX BX BHOH-
MOCTH JaI0TCd B « IKOTLHI0M AcTPONOMHYECKOM KATENIAPE: HA KaX-
et yuelHE rof.



Puc, 3.4,
KoHdurypa-
LW BHYTPEH~
Ha# 1 sHeL-
HEW NNEHETH

pHIC XapaKTCPH3VIOT PACTIOIOKCHHC TMNAHETH OTHOCHTEIBHO
CouHiia Ha Hebe, npuseacHs! B TabiauIe U Ha pUCYHKe 3.4,

PucyHok BHyTpeHHAs nnaHeTa BHewxan nnaveTa
3.4, a 3ananHas anoHrayus NporusoCcTOAHKE
34,0 Bocro4Has anoHraumws BepxHee coeaunHeHue
34,8 HuxHee coeguHeHue 3anapHas ksagparypa
34,r BepxHee coeamHeHue BocroyHas keaaparypa

ScHO, 9TO YCJIOBHSI BUAMMOCTH MUIAHETHI B TOH WIH HHOM
KOH(MHUTYPALIMKH 3aBUCAT OT €€ PACIIONOXKEHHS MO OTHOIIEHMIO K
CosHuy, KOTOpOE MUIaHeTy OCBEIIACT, H 3eMIH, ¢ KOTOPOi Mbl ec
nabmonaem. Ha pucynke 3.4 nokasano, KaKOBO NPH PasaMyHbIX
KOH(UTYpaLUsIX B3aHMHOE pacnioioxeHue 3emid T, madeTsr P},

P, 1 ConHua § B IpocTpaHCTEC.

(*] |

(|



EmuncteeHHOl KoH$uHrypaumei, B KOTOpoil MOXKET Haxo-
JHTHRLH JH0as IIAHETA, HEFABHCHMO OT TOro, I'!H_"!."I'I:FEHHHH CHA
WNIH BHEIUHAA, ABNAETCA gepxnee coedutente, B 3ToM cayvuae oHa
HAXOOWTCH HA THHWH, cocauHmomed meHTpel ColHIa, 3eMin |
TUTAHETHI, 34 [:i_'b,III'II'I,EM — HHEITIE» HEM. nl;_'l-:_:lT'[_'l?l.d}’ 'l.-_-,ll:j,"lflf[.ljJ Fl!il-
I0M C KOTOPLIM IUIaHeTA HAaXOAWTCA Ha Hebe, HE IaeT BOIMOX-
HOCTH ee yBHIeTh. Hen JKe BHYTPEHHA MIaHeTa paciniokeHa
HA TOH e THHHH Mexay Jemnei u ColHUeM, TO NPOHCXOINT e
HitHee coedunense ¢ COMHLICM.

Buemmaa maHera MOXET HAXOIHTLCA HA MIOOOM VIAOBOM
paccrogaii oT Comaua (ot () go 1807). Koroa oHo coctasnder
N, TO rOBOPAT, YTO MIAHETA HAXONMTCA B Keadpamype. s
BHYTPCHHHX TUIAHCT MAKCHMAIBHO BO3MOMKHOE VITIOBOS VIATC-
HHe o1 ConHia (B aaoneauun ) Hesenko: ans Benepr — o 4587,
a 113 Meprypus — eeero 28°,

KDH{tIHI'}’[:JHI.IIiH [LTAHETHI IEPHOIHMECKH ITOBTOPAKTCA.

IMpoMexEYTOK BPpEMENH MEKIY ABYMA NOCTEANBEATENLABIMA 01-
HOHMEHHBIMH KOHPHIYPAUHAMHE IIAHETH (HALPHMED, BEPXHH-
MHA WEMHEHHHHH} HAIHBACTCA CC CHHOOHYCCEHM MMCPAGI0M,.

Emg B rmyboKoH IPpEBHOCTH, KOTIA CIHTAIOCE, ITO [UTAHETEL 00~
|".IHJII.HJ'I'.TI'I.3}[ Hf!li[':l_‘!."l' HEMJILL_ MU RHJ‘K;’LHE HF HHX HAa OCHOHBE MHOI(=
JETHHX HAOMIOIEIINH OB ONMpefeen CHIOIHYeCKHH neprHo 0d-
pAIICHAS.

CornacHo remHOLEHTPHYECKOH CHCTEME, caMa Jemna obpa-
maeTes BOKpyr ColHIA ¢ MEPHOIOM, PABHRIM roay. 9To o¢ [BH-
ACHHS II-I';‘I_'IEII!{{JJ'_[I-TI'I.-H_J :!.-"'-IIi-i''I"h['H.E'I.Th:I "-I"I"l[_'lf_-TIH :.-'.'i'l 1ATH I'IEFHU,I'[H {]E__ZIFH-
MICHHA [UTAHET B HEBPAIAoMIeicd HHePUHATEHOH CHCTEME OT-
I::'-IE'I‘f-].:| HJIH, KAK IIFL-'[HF-I'['{'! I'i‘]Hl}PH“I'I‘-, O OTHOHIEHWK K 3HS3) 1AM,

llepron obpamennd naadeTsl BoEpYr ColHDA [0 OTHOMEHAD K
ARETTAM HMAIBIRAETCH IREINNERIM {I-'I.TIH CHTEPHYECKH H] MEH-
0,20M.

I::-h.'f"-IIEI'J-H,'I_H['3I1 oTo 10 CROEH III'.'IIZ':I,'J_('II.'IH{H'I'E.II:HIT]C'-‘I'H CHHOJIHY 2=
CEHH NePHOA IUTAHETL He COBNAIAST HH ¢ £€ CHISPHYeCKHM ne-
PHOIOM, HH C FOA0M, KOTOPRA SIBISACTCH 3BCIAHEIM [ICPHOIOM
OOpaUEHHA e,



PaccMOTpHM, KaK CBA3aH CHHOAMYECKHI IIEPHO ILTAHETEI CO
IBE3AHBIMH NIEPHOJaMH 3eMin B camoit rradeTsl. Tlycre 3Be3n-
HBIH NEPHOJL ODpalenHs BHENIHEH TUTANETHI paBsell P, 38e3/11biiH
nepuon 3eman — T, a cuHoauveckuil nepuon — S. Toraa yriao-
BbIC CKOPOCTH MX JBMXKCHHSA MO opOnTam OYIyT paBHBI COOTBET-
creenno 360°/P u 36077, Or momenTa Kakoi-1mbo Kondurypa-
UMM (HanmpuMep, MPOTHBOCTOAHMA) N0 CAEAVIOUIEH TAaKOH Xe
KOHpUTypauHH Mia”HeTa NpoiIeT ayvry cBoci opOHMTHI, PaBHVIO
360°

P
repuoi) 3emuist nipoitier ayry Ha 360° doasinyio, KoTopasi pasHa
360°

-8, 3a 31071 Ke NpPOMEeXYTOK BpeMeHu (3a CHHOIHYECKui

7 3. Torna:
B0 . 5- B .5 = 300°,
HITH
L e |
T P §

[Hour rakoi ke Oviaer Qopmyia st BHYTpeHHel rua-
HETHI:
11 _ 1

P T 8

CnenoparenbHo, 3HaA CHHOAHYECKNH NEPHOIL TUTAHETH, MOX-
HO BBIMHCIHTE €€ 3BC3AHBIN MepHon odpatueHua BoKpyr ConHIa.

~LYro Haswmsactces  KOHMMIYpALUMCH  wwiaHerst?
2. Kakne niaaneTsl CYHTAIOTCA BHYTPEHHHMH, KaKHe — DHEelTHH-
mMu? 3. B kakoi KOHQHrypaunn MOXeT HaXOAMTbes modas ua-
Hera? 4, Kakue riaseTsl MOIYT HAXOMUTECA B MPOTHBOCTOAHHH?
Kakne — ne moryr? 5. HazopuTe niaHeTe., KOTOpPEE MOTYT Ha-
DIOAATBCA PALOM C JIYHOH BO BPEMA CC HOAHONYHHA,

1. Hapueyitte, Kak OyayT pacnojararscst Ha
CROMX OpOHTAX 3eMIa W ruianeTa: a) MeprypHit — B HIDKHEM CO-
eauHenuu; 0) Benepa — B Bepxaem coeannerusy; B) IOnurep —
B OpOTUBOCTOAHMM; ') CaTypH — B BCPXHCM COCHHHCHHM,
2. B kaxoe npems cyYTOK (yTpoM wam sevepom) Dyier nuana Bere-
pd, ¢CiM OHA PACHO/IOKCHA TAK, KAK IOKA3AHO HA PHCYHKC 3.3, a?
3. CpanunTe ycnonns pHauMocTH Mapca B monoxenuax, rnoka-
33aHHBIX Ha pHCYHKax 3.4, a 1 3.4,6. 4. Ouenure, CKOIBKO NPH-



MEPHO BpPeMeHHM M Koraa (YTPOM HIH BedepoM) MoxeT Habmo-
natnca Benepa, ecn ona ynanena k soctoky ot Coanna na 45°.
5. Uepes kakoil MPOMEXYTOK BpeMeHH BCTpedanTes Ha undepd-
naTe YacoB MHHVTHAA W 4acoBas CTpeskH? 6. 3peaiHmil nepHo
odpamenus IOnurepa pasen 12 ronam. Yepes kakoil npomexy-
TOK BPEMEHH TIORTOPAIOTCA €70 MPOTHROCTOAHNA?

BEDKH)'IO poab B (hOPMHPOBAHHH MPEICTABICHUH O CTPOCHHH
CoIHEYTHOI CHCTEMEI CHIFPATH TAKAKE 3aKOHBI ABHXKCHHSA IUIAHET,
Koropeie Obut OTKpbiTel MoranHom Kernepom (1571—1630) u
CTAIH TIePBBIMH €CTECTBEHHO-HAYUHBEIMI 3aKOHAMH B UX COBpe-
MEHHOM noHuManuu. Paborel Kerviepa cos3iianu BO3MOXHOCTE
15 00001mens 3HaMi No MeXanuKe TOH IMOXH B BHAE 3AKOHOB
OUHAMHKH H 3aKOHA BCEMHPHOIQ TATOTEHHA, ChOpMYIHPOBaH-
Heix no3aHee Hcaakom HeiotoHoM. MHOrHe yueHble BILIOTE 10
Hauana XVII . cumrand, 110 ABHAKCHHC HCOCCHBIX TeN J0KHO
DBITE PABHOMEPHBIM H TIPOHCXOANTE 10 «CAMOI COBEpPIIEHHO»
KPHBOH — OKpyX)XHOCTH. Jluimie Keruiepy yiaaocs npeojoners
ITOT MPEAPACcCYI0K M YCTAHOBHTL ACHCTBUTEILHYIO GopMy mia-
HETHBIX OPOMT, @ TAKXKe 3aKOHOMEPHOCTH M3MEHEHMS CKOPOCTH
IOBIDKEHHA MUIAHET NpH UX odpameHuu BOKPyr CorHia.

B ceoux nomckax Kennep uc-
XOJHI 13 YOEXKIEHUS, Y4TO «B MUpE
MIPaBUT YHCI0», BLICKA3AHHOIO ele
[Tuaropom. OH wuCKan cOOTHO-
IIEHUA MEXIY PA3IHYHBIMU BETHYN-
HaMH, XapaKTEPH3VIOMIMMH IBIHKE-
HME mdHeT, — pasMepnl opouT,
nepuoa odpamenns, CKopocts. Ker-
aep aciicteoBan (PaKTHICCKH BCIC-
nylo, YMero oMnupuyeckd. Ou nwi-
TANCA COMOCTABHTE XapaKTCPHUCTHKH
ABMAXEHMS  TUIAHET ¢ 3aKOHOMep-
HOCTAMH MY3LIKAILHOH FaMMbl, JUIH-
I HOHM CTOPOH OITHCAHHBIX W BITHCAHHBIX

B opﬁm'bl MLIAIET MHOroyroJLHHKOB
HMoranH Kennep HT IO




Kennepy HeoOXonHMO OBLTO MO- M
CTPOWUTE OPOMTEL TUTAHET, TIePLiTH
LT f_lH'IiE'I.T{JPH.i,i,’II':II[_Jﬁ CHCTEMEBI KOOD-

IHHAT, VEAILBAIIHY M0J0XKEeHHE Ty
ILTAHCTE HA HebocHOH chepe, K cHe- S i
TeMe KOOPIHHAT, VEAIMEBAKMIHX ee

NOAKEHHE B IUIOCKOCTH OpOMTHL, s 2
OH BOCHONBRIOBANCA TIPH 3TOM COD- =Y
CTECHHEIMH HaDMIOJCHHAMH IUTaHe-
Thl MHIH_- i TakAE MHOM{WIETHHMMH
ONpefenenuaME KOOPIHHAT H KOH-
(HTVPAIHA 3TOH IUTAHETHL, MPOBE-  pPuc. 3.5, NocTpoaymre opin-
IEHHEIMHI ero yunreleM Fuxo bpaze. o Mapca Kennepom

Opouty JeMan Kennep cywran
(B mepBoM MNPHOMHEEHHHN) OEPYVIH-

HOCTERY, UTO HE MPOTHBOPCUHID HabIoacHEAM. Jad Toro 4todsl
]IIZJL"'I'FLIH'I'h {'Il'l‘ﬁHT}’ MH[JL.L H HPHMEHHJI Crioeon, I'L{T'I'I_]F'I'-IFI Mk a-
JaH Ha PHCYVHEE 3.3,

[IycTe HamM H3BECTHO YTJIOBOE paccrosHHe Mapca oT Tomkn
BECEHHETD PABHOICHCTEH BO BPEMSA OIHOMD H3 NIPOTHBOCTONHHT
TTAHETH — ET0 NPAMOE BOCXOANENNE ), KOTOPOE BHPAKASTCH
yraoum T M, roe T) — nonoxedde 3emin Ha opOHTe B 3TOT
MOMeHT, a M, — monoxenue Mapca, OuUeBHIHO, ITO COYCTA

6537 CYTOE (TAKOR 3Be3OHEIE mepuol odpamenus Mapca) mia-
HETAa TMPHICT B TY Xe TOUKY ceoci opOuTeL. Ecm ompeneinnTes
npsaMoe BOCKoXAeHHe Mapca Ba 3Ty Jary, To, Kak BHIHO H3
PHCYHEA aﬁ, MOAHD  YVEA3ATE  NOMERKCHHS  TLIRHSTH B TIPO-
CTPAHCTBE, TOYHEE, B IUTOCKOCTH €€ OpOHTHL 3eMad B 3TOT
MOMEHT HAXOIWUTCH B ToUKe T, H, clienosaTelkHo, yron " T.M,

€CThH HE "YITQ HHOC, RdK TIpAMOC BOCXOEICHHC I"r'IEI.PCﬂ— 0g.

[NopTopHe nozobHLIE ONEepalMH 114 HECKOALEMX IPYIHX Mpo-
THBOCTOAHUA Mapca, Kerep momy i eme Uensf pag TOUeK H,
MPOBCAS 110 HAM [UIABHYI0 EPHEYVID, MOCTPORA opdHTY 31O
TTAHETHL,

Hayuue pacnonoxeHye noayueHHBX TOUEE, OH 0OHAPYIKILI,
UTO CKOPOCTE IBHKCHWA TUTAHCTEL TI0 OPOHTE MCHACTCH, HO TIPH
FTOM

S I
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CHIBAET PARARIE NI0MATH.



BriocneacTBHH 3Ta 3aKOHOMEPHOCTL TMOMYYIIA Ha3BaHHE
emopozo 3axona Kenaepa.

DTOT 3aKOH, KOTOPHIH "ACTO Ha3LIBAKOT 3aKOHOM IUIOMIaIeH,
HILTIOCTPHPYETCA PHCYHKOM 3.6, PanuycoM-BeKTOpOM Ha3bIBaloT
B JIAHHOM CHYYae IepeMeHHbIH Nno CBOei BEJIHYHHE OTPe30K, Co-
eAHHSIOUI CoNHIE W TY TOUKY OPOHTHL, B KOTOPOH HAXOMHTCS
mnaneta. AA;, BB, u CC, — ayry, KOTOpbie MPOXOINT IUTAHETa
32 paBHBIC NMPOMEXKYTKH BpemeHH. TTnomann 3amrpHxoBaHHbIX
(hHTYp paBHBI MCKIY CODO.

CornacHo 3aKOHY COXPAaHEHUs 3HEPrHH, MOJHAS MeXaHu4e-
CKad JHeprusd .'iii\lKHy'N)ﬁ CHCTEMbBI TEJI, MEXKILY KOTODBIMH )lBﬁC‘I‘-
BYIOT CHJIBI TSATOTEHMS!, OCTACTCH HEM3IMEHHOH npu Mo0bIX JIBK-
KEHUAX Ten 3ToH cucreMel. [To3roMy cyMMa KHHETHUCCKOH H
MOTEeHUMANLHOH SHEPruil IUTAHETLI, KOTOPaA ABIKETCA BOKPYT
Comnua, HemsMenna BO BCeX TOYKax opOMTH M paBHa MOJHOH
anepru. To mepe npubimxenus nnaners K ColHiy sospacra-
CT €C CKOPOCTh — YBCIMYIHBACTCA KHHCTHYICCKASA 3HCPTHA, HO
BC/IEACTBHE YMEHBIICHHA paccTosHusa 10 ConHua yMEeHLITAeTCS
IHEPrusl NOTEHUHAIbHASA,

Yeranosun FAKOHOMEPHOCTD M3MEHEHWH CKOPOCTH JIBHACHHA
rnader, Keruiep 3agancsi Uensio OnpejiesiuTe, 1Mo Kakol KpHBOH
NpoHCcXoauT UX obpamieHue Bokpyr CoaHua. OH Oonin mocTasieH
nepea HeodXOAMMOCTBIO CASIATh BLIDOP OAHOTO M3 ABYX BO3MOX-
HbIX pemenuit: 1) cunrars, yro opdura Mapca npejacrasisier co-
DOl OKPYKHOCTh, W JOMYCTHTh, YIT0O HA HCKOTOPBIX YUACTKax
OpPOHTE! BBIMHCICHHEIE KOOPOMHATHI IUTAHETHI PacXodATCA C Ha-
dmonenuaMu (u3-3a omuboK Habmonenuit) Ha 87 2) CYMTATD, YTO
HADOJIEHHS TAKKX OLIMDOK He COepXKaT, a OpOHTA He SRIseTCH
OKPYAKHOCTBIO. Byyun yBepCeHHEIM B TOUHOCTH HadmoneHui Tu-
xo0 bpare, Kernep Buidpan BTopoe pelieHHe i YCTAHOBHIL, 'ITO Ha-
Hav4ImM obpasoM nonoxenus Mapca na opOMTe coBnanalOT ©
KPHBOH, KOTOPAs HasmiBaercs snmmncom, npu arom CoaHue He
pacrionaracTesi B HeHTpe sumnca. B pesynasrare Obu1 chopmyii-
pPOBaH 3aKOH, KOTOPLII Ha3bIBACTCA nepevim 3akonom Kenaepa.

Kaxnas naanera obpamaercs sokpyr Cosnna no 2a7sncy,
B O/THOM H3 (OKYCOR KoToporo Haxoxutea Coanne.

Kak M3BECTHO, 3IMIICOM HA3KIBACTCH KPUBAs, Y KOTOPOH
CYMMa PacCTOsHMH OT Mod0H ToykM P 10 ero (okycos ecth pe-
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Puc, 3.6. Bropoh 3axoH Kennepa Puc. 3.7. CBcACTBa annuvnca

auurya nocrosduan. Ha pucyuke 3.7 oboanadens: 0 — uentp
auHnea; 5 w8, — doryen aaminca; A8 — ero doabImag OCh.

[ososura 210# BeaMYHHR (d), KOTOPYI0 ODRIMHO HA3BIBAKT
GO ROAVOCHIO, XAPAKTEPHIVET paiMep opbuThl niuaneTh.
brokaiiinan x Coaniy Tovka A HasninaeTca Repueeiid, a Haubo-
Jee YIaneHHAA OT Hero Touka B — agesui. OTaime smwinmnca oT
OKPVAHOCTH XaPakTepHIYETCA BEIHTHHOA €ro IKCHEHTPHCHTE-
Ta: ¢ = O5/0A4. B roM ciayuae, Koria sECueHTpHeHTeT pasex (),
ﬂ\ﬁl'llj'ﬂhl M II.EH'J'P CAHEAKITCH B ﬂ_.'l.ll:,' 'l"{'l"-ll'l'.j' = LIHInC I]FEHPHIILH-
ETCH B OKPYARITOCTE,

IpuMeyaTensHo, 4To KHUrd, b Kotopoid o 1609 r, Kengep
ONYOMHKOBAN MEPBLIE JIBA OTKPLITLIX HM 3JAKOHA, HAILIBANAC
«IHoeaa actpoHoMia, il PHINKa Hedec, HII0ECHHAT B HCCIC-
AOBAHHAX NIBHAECHHH ILTAHCTHI Mﬂpﬂ...'ﬂ.

Oba 3rux 3akona, onyiaMkosaddeie B 1609 ., packprisaT
RAPAKTED ABHACHWA RdANOH [LM4HETH B OTAEALHOCTH, H9TO HE
viogneTnopuio Kemnepa. OH Npogo/oKi NOMCKH «TAPMOHMH» B
IBMAEHHH BCeX MnaHeT, H crnyerd 10 net eMy vaanoct chopMyIH-
poOBaTE Mpemii raxon Kenaepa.

Keaaparsl 3Be3IHbIX MEPHOIOE ODPALIEHHA NIAHET OTHOCHTCA
MEEK Y COD0H, KAK KYORI BOTLMAX Moayocei wx opouT.

[D[!I'II'I.-1:|.’.|'IH_. BRIPd A d KA '['ITE'I'HIE-:I' JiKIOH I‘:E[IJIHPI'L__ Tad KOYRAL

7 3
h 4
e 3
ly  a
rng ¥, w TE_ Neproiakl DDPAIEHWA JIBYX TUIAHET, dy H d,

DOUIhITTHE MONYOCH HX U']]i._lH'l".



Bor uro mican Keriep nmocne oTKPLITHA 3TOTO JaKOHA: « 10,
TT0 16 MeT TOMY Ha3ald A pCIliil HCKATh, <...> HAKOHCH HafIcHo,
H 3T0 OTKPBITHE MIPER3ONLIN BCE MOH CAMBIC CMENTRIC OXHIAHNM...»

HEHCTEMTENRHO, TPETHN SAKOH SACITYAKWBAET CAMOM BRICOKOH
OIEHEM. H-E_.'lh OH TTO3R0IHET BRIYHUCHTHTE OTHOCHTEEH R Pﬂ.ﬂ-
CTOANMA 1aner or CoaniEa, HemoIb3ya MPH 2TOM Ve MIBECT-
HEIE TIepHOIE X obpamenna porpyr Coanua. He uyvaHo onpe-
nendark paccrofHue oT ColHIA KadkIod H3 HHX, JOCTATOHO H3-
MCPHTE paccTodaHue o1 CoaHua XoTd Osl 0IHOH raHeTsl. Bew-
YHHA DOJRIIOH TIONYOCH 3EMHON OPOWTR — QempoRGMUMECKO R
E[.ii[ﬂ!u!{ﬂ [E‘I, l:.!-:l — LTdd Lﬁi,lfli}li{'lﬁ JMH BRMYMOIIEHHA BCEX CTHI TR
HEIX paccToANHH B Coaneynol cHCTEME,

HpﬂﬂiBﬂL‘TUHHHEI HC‘KGTﬂMﬁ MITAHCTEI MOBTOPAKTCH MC-
pes 2 ropa, Yemy pasna Doabman nojyock ee opbnrs?

Haueo: Pewrenne:
$=2r boapmyio nonyoch opbHUTEL IIAHETEL MOATIO
hi=1r. ONpeneIdTh H3 TPeTLero 3akoHa Kennepa:
a;=la.e. 2 3 3,2
. i _% 3 _ 611y
i — ! -3 L (i
I; a; 1

Dapayia
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5 T, T,
HCIOAEIYCTCA IS BEIMTHCACHHS ¢C 3BCIIHOTO IICPHOIA:

TS
Tl S—T.I.’T: 3 1 2T.

Tornaa, = 42° =1,59a. e.
Omeem: a, = 1,59 a. e,

L. CihopvymupyiiTe sakonnl Kemmepa, 2. Kag MenaeTcs
CEOPOCTD LIUIARCTEL LPH € NEPeMOCIICHHH 0T adeids K nepurensn?
3. B kakoil Touke opOHTE MI1aHeTa O0NMATAET MAKCHMATEHON KHEE-
THHECKOH 3HSPrHei” MAKCHMATRHON NOTEHUHAIEHOR 3HE PrHei?



1. Mapc 8 1.5 paza nanswe ot Conxoa, e
Jemna. Kakonra npononxuTensiocTs roga na Mapee? Opbure

ILIAHET CUMTATE KpyroBbMA. 2, CHHOMHUCCKHA NEPHOID MATOH
naanets 300 cytok. Onpeaenure DONBILYVID MOIYOCE €8 OPOHTH

H IBEIMHEIA MEPHO ODPALLCHHA,

BRIIOTHERHS 3TOTO IATAHEA MOIBOIHT YIHATE, KAK

PACTIOTATAKITCA IUIAHETEL HA OPONTAX B HACTOSLIEE BPEMI, H Hi-
YVIRTECA CAMOCTOATEMRHO OTHICKHEATE HX Ha Hebe,
1) Hapueyitte B ceoell TeTpaan opOdTE YeThpex MRl K
Connny naanet: Mepryvpua, Benepr, 3emnn v Mapca. /Ina Toro
uTOOR HanbOABWEA 13 OpOuT — opOnta Mapes — ymectunacs
HA THCTE TETPAH, CIENVeT HMOPaThL MACTIITad, TPH EOoTopon 1 oM
cooteercTeyer 30 mid ka (123 000 000 000 000). Paccunraiine
PasMeprl opoHT MIAHET H ¢ TOMONILIO THPEVIS NPODETHTE OK-
PYAHOCTH COOTBCTCIBYVIOWETO paduyca. HeoDioaumMme 1aHHmGC
BO3BMUHTE H3 NPHAO&KeHNA VI,

2) HenoneayiiTe gaHHee TAOIHLUE FeflHOUEHTPHYECKHE zonror
naanet #3 <l llkoaeHoro ACTPOHOMAYECKOTD RANEHAAP s T8 OT-
BT HA CIEIVIOLIHE BOIPOCK:

a} ¥ kagoit mnanetw: Mepxypua, Bevepn, Jeyvaw wan Mapca —
IKCLEHTPHCHTET OPOHTE HAHDOIbILHET

f) Ha kakue (mpusMeptio) AaTh NPHX0IATCd Tpoxostenaa Mep-
EVPHA 9eped neparensi’ uepes adenmi?

B} Haifnnte 5 Tafinune Jatw, na KOTOPRE NPHXOAATCA COSTHIE-
HUH IWIAHET ¢ CONHLeM, # TAKKS MX HPOTHEOCTORHHH,

3) INoaksyack Tabmniedd remmonenTPHYecKnX IOAroT MIAHEeT, Ha
OPOHTE KAKLOH IIAHCTH OTMETETE G IO CHHA B CCHTADPE
gexadpe Tekywero roga. Jna 3Toro nposenure H3 UeHTpa opbur
B MPOHIBOTEHOM HAMPARTEHHA IVY, ROTOPLEH OYIeT VEAIWBATL
HANPABIEHHE HA TOUKY BECEHHEM) PABHONEHCTEMA, OT 31010 1y-
93 Ha KAXI0H opinTe B Hanparmenwy, NPOTHROTOTOXHAOM TRH-
ACHIK ACOBOH CTPLAKK, OTI0KMTE DYTH, COOTBETCTBYHMLIE 1¢-
THOTIEHTPHYECKOH J0ATOTE TAHHOH NIAHETH, H OTMETETE 3TH TI0-
JECHHA,

Hna Toro yTobDH Y3HATE, TIe N0 OTHOWEHNKD K CoaHuy pacnona-
raeTcd Ha HebDe Ta HIH HHAA [LIAHSTA, OPHCHT }{]J:r'ﬂTL‘! HAPHCORAH-

1

[NemmouenTpuyeckodl 10aroToll HA3RBIETCA Yroa NPH UeHTPE
(Conmue) Mexny HAMPARNSHHAMH Ha TOYEY BeceHHero panioIerncT-
RHA H HA TTAHETY.



HEIH MIaH TAK, YTO0B THHAL, COSTHHAIIAA Ha TTaHE MOI0%e-
HHC 3CHIIH HA JAHHBIC CYTEH B Co/Hua, Delia HANPABICHA B MO-
MenT Habmoaennd na Comme. Te nnaneTl, KoTopne cormacio
MX [IOVIOMEHHID HE [UIHHE OKA3BBAKTCN CACEd OT HANPHBIZHIA
Ha CoaHng, 3JaX00AT nodEe Hero. [LIAHeTH, KOTOPLIE HAXOIATCA
CIPBd OT ITOD HANPAEIeHHA, 3aX0IAT panbine ConHua, HO H
BOCXOLAT PaHbILe HE1o, Ui 1ore 4rofel YIHATE, MOKHO 11 Oy-
JeT VEHISTEH TIAAHETH, HeohX0IHMO ONPenennTh, KK Janekn o7
CoaHua Ha HeDe ol Haxoaates. Econ Ha noane yroa Mexny Ha-
npanIenaaM ¢ Jeman na Comne v na noanety wenee 157, To
CKOpPEee BCern nianeTy nennia byaer nafmonats, Cha aubo sai-
DT [NPe#ne, YoM CTEMHEST, 100 BI0HIeT Ve [0CNe TOr, KAk
cradeT cheTin, Eoaw #e nrnaneta yaarena ot Cogana Gogee qem
Ha 157, TO ge CaenyeT NOHCKATE HA HeDe Hi COOTBCTUTBYIOLIEM
YIMOBOM PACCTOSHHH OT HETO.

I_I[JE.I[CTEIBJIEH[{E 0 JeMiIe Kak O Ioape, KEOTopei cBobomHo, Dea
H'L:HI'IZ{,'IIi"I {,'II'I{,'IFI'-] HAXIHTHTOH B KOCM MY ECE OM IIPUE’I‘FE‘IHL}'H’-E, HRJTHET-
CH OJHAM H3 BCTHTAHIINE TOCTIECHHA HAYKH JPCEHETO MHpPA.
CyMTaeTCa, YTO NepRoe JOCTATOYHO TOYHOE ONpeigtelne
pasMepoB ICMIH MPOBC TpeYcckHil vacHeil Jpamocgen (276—
194 no u. 3.), xkupmwui o Erunte. Hoed, noaoxkeHHas B OCHOBY
HAMEPEeHHI Fparocdena, BeChMa NPOCTA: WIMEPHTE [LIMHY 1YW
IEMHOI0 MEPHONAHA B MHHENHEX €IMHWIAX H OOpeIeInTh, Ka-
F.}"]U YACTh 'III:],IIII{:'II"EI ﬂlﬂp:r'}lt.'ll[_fll;.'-TH aTa _.'I.:,'I‘i:l. COCTARITHET, ]-]U,'I}"‘-IHH
3TH JAHHLIE, MOXHO BEITHCIHTE JTHHY JYyTH B 1°, a 3aTeM ITHHY
DEPYAHOCTH H BEJIMYUITY €€ PANMyCa, T, €. PANHYCA 3EMHOTO 1113-
pa. OuesHIHO, 9TO LIHHA AYTH MEPHIHAHA B IPAdyCHOH Mepe
pPaABHA PAZHOCTH reorpadHYecknX MHPOT OBV MYHKTOR: (g — @ .
dna 1oro 4Tobbnl OOpeIeTHTs 3TY pPasHoCTh, Hpatocden
CI]'-H.HHI":IJI II[:I.'I}-'_.'I.HHHFI{:I I'I-hli.![fl'l':.l' f:i].‘lHIl.H. B {uIMH W OTOT #E JJEHR B
OBVY TOpoJax, HAXOOAIDHXCA Ha ogHOM MepHInaHe, HMiuepus
pricOTY Comnna fg (pue. 3.8) B nongens 22 miona B Adekcan-
PHM, FO OH KM, Iparociped veranosut, 970 Coanie oTeTouT OT



3eHHTa Ha 7,2°. B 3TOT neHb B noja-
jieHn B ropojie Cuena (Heine Acyan)
Coanue ocpelmaer AHO CaMbIX Iay-
DOKHMX KOJIOALUCE, T.C. HAXOAHUTCS B
seruTe A 4. CnenosarensHo, JUIMHA
ayru cocrasasier 7,2°. Paccrosnue
mexny Cuenoit (A) 1 AnexcaHiapH-
cit (B) oxoao 5000 rpeucckux
craauin — /.

Craguert B pesHeit ['peunn
CYUHTANOCh  PACCTOSIHHE, KOTOpPOE
MPOXOIUT JIEFKO BOOPYXKEHHLIH rpe-
GCCKWI BOMH 32 TOT IPOMCKYTOK
BpeMen, B Tedenue koroporo Conn-
1Ie, KOCHYBIIEECA NOPH30HTAa CBOHM
HHJKHUM KPAeM, LIEJIMKOM CKPOETCs 33 NOPU30HT.

HecmoTtpa Ha Kaxyiieeca Heyao0CTBO TAaKOH eIMHHIIBI H 10-
CTATOTHYIO TPOMO3IKOCTE CIOBCCHOIO OMPCICICHHSA, c¢ BBele-
HHME BBRITJIAILIO BIOAUE ONPABAAHHBLIM, YYHTHIBASA, YTO CTPOras
MNEPHOTHTHOCTE HEDECHBIX SBJICHHI MO3BOJIIA HCITOIB30BaTh HX
JIBMJKCHHME JUJIsI CyeTa upe.weﬂu.

Ob603Ha4YHB LTHHY OKPYXHOCTH 3EMHOrO 11apa Yepes L, no-
JIVIAM TAKOE BBIPAKCHHE:

Puc. 3.8. Cnocobd
Aparocdena

L _ 360°
5000~ 7257

OTKY/a CAAVEeT, YTO JUTHIHA OKPYKIOCTH 3eMIIOT0 apa papiser-
ca 250 000 craamii.

Tounas BenHYMNA CTAMM B COBPEMENHbIX €TMHHIIAX HeH3-
BECTHA, HO, 3HadA, YTO PaCcCTOAHHE MeXay AJIeKcaHIpHel U Acya-
HOM cocranisier 800 KM, MOXHO nosarare, 4o 1 crajmsi = 160 M.
DTO 03HAYAeT, YTO Pe3VJLTAT, MOAVYEHHDLIH JpaTocheHOM, IpaK-
THYIECKH HE OTJIHYAETCS OT COBPEMEHHBIX JaHHBIX, COTTACHO KOTO-
PhiM JutMHAE OKpYRHOCTH 3eman coctanisier 40 000 km.

DpatocdeH BBEN B MPAKTHKY HCMOIL3OBAHHE TEPMHHOB
«HIHPOTa» W «10AroTa». BHIUMO, NosiBieHHe 3THX TePMUHOR
CBA3AHO ¢ OCODEHHOCTAMM (POPMEI KAPT TONQ BPEMEHH: OHM M0~
BTOPSUTH TI0 OMCpTaHHsAM Nodepexkbe Cpean3eMHOro Mopsi, KoTo-
poe JVIHHHEE 110 HANPABAEHMIO 3araj—BOCTOK (N0 aoarore),
1eM ¢ CeBepa Ha 10T (Mo IIHPOTE).




Onpenenuts reorpadiecKyo

3 MHAPOTY JBYX MYHKTOB OKa3biBACTCS

AL, rOpPAasI0 NPOILE, YeM W3MEPHMTh pac-

)e CTOSHHE MEXKIY HUMHM. 3a4acTyIiO He-

A MOCPCACTBCHHOC HM3MCPCHHC Kpart-

\ JallIero paccrossHusl MEeXIY 3THMH

" N NYHKTAMH OKa3bIBAETCH HEeBO3MOX-
T | HBIM H3-33  PadDMHBIX  €CTECTBCH-
I \ Pe | HRIX IpenATCTBHI (rop, peK H T. IL).

B N __.7?\-‘ 1 Hoaromy npumensiercs cnocob, oc-
A o _ HOBAHHLIN Ha AG3eMUlL NAPaIIaKmu-

I e UECKO20 CMEUICHUR W TIPCAYCMATPH-

C B4AK)IIMKH  BhIYHCICHWE paccmsmml

Ha OCHOBE H3MEPEHMH LMLl OTIOH

Puc. 3.9. Napannaxriye- u3 cTopoH (basuca — BC) 1 mByx yr-
CKOE CMELIEHNE goB B u C B TpeyronbHuke ABC

(puc. 3.9).

[lapaanaKTHICCKAM CMCIICHHCM HA3BIBACTCA H3MCHCHHC HA-
NpaBJeHis HA OpeaMer HpPH nepeMemenHs HadumolaTels.,

YeMm nanemie pacronoXeH MpeaMeT, TeM MEHBIIE ero napai-
JIAKTHYSCKOEC CMCIIICHHE, M 4YEeM Dosibie lleCMClllCHHC HaﬁJIlOJla'
Teas (Gasuc usmepenns), TeM OobIIe Mapa/LTaKTHYECKOe CMellie-
HHE.

st onpefgencHust JUIHHBL IYTH HCIIONB3YCTCSl CHCTCMA Tpe-
YIOJIBHUKOB — CROCOD MPUAneyaayquu, KOTOpblid Briepsbie ObLi
npumMeneH ewe B 1615 r. [IyHKTLI B BepIIMHAX ITHX TPEYTOALHU-
KOB BBIOMpaioTcs ro obe CTOPOHBI OVIH Ha pacctosHun 30—
) KM Apyr O1 Ipyra Tak, 900kl U3 KX 00 NYHKTa Dbl BH/IHEI
no Kpaidued Mepe apa apyrux. OCHOBOH ANs BLIYHCIEHHUA TITHH
CTOPOH BO BCEX 3THX TPEYTONbLHHMKAaX ABNAETCA pa3Mep Oa3suca
AC (puc. 3.10). TounocTe HaMepeHHs Ha3nca amHOM B 10 KM co-
crasnsier 0KoNo 1 mm. BO BCeX NyHKTAX YCTAHARIMBAIOT re0/Ie3mn-
YECKHEe CHIHAJIbI — BLIIIKY BLICOTOH B HECKOILKO IECATKOB MET-
poB. C BepIIMHEBI CHTHAMA € TIOMOLIBIO YTJIOMCPHONO HHCTPYMCH-
Ta (meodoauma) WIMEPSIIOT YISkl MEXLY HanpasieHWsIMH Ha
ABA-TPH COCEAHHX NVHKTA. MI3MepHB yIrinl B TPEYroJIbHHKE, Ol
HOH M3 CTOPOH KOTOPOTO ABAAETCA Da3Kc, reoae3IncThl Moay4aioT
BO3MOXXHOCTE BEITHCTHTE IUTHHY ABYX IPYTHX ero cropoH. [1po-
RO 34 TeM H3IMEPEHHE YILIOB M3 [IYHKTOR, I)E‘ICC'N)HHHC MEKLY




KEOTOPEIMH . BEIMHCIEHO, MOXHO Y3- A
HAThL JALTHHY JIBEYX ﬂ'-lEI'lEl_l'l_th."f. L'I'['JP'EIH

B TPEVIOILHHKE, JHAA AMHHY CTOPOH

ITHX TPEVTOIBHHKOE, MOXKHO ONpemne-

JWThH IAHHY IyTH A8,

B kaxoi cTenmeHu dopma 3eMan
OTIHYAETCH OT [IAPA, BRHACHHIOCE B
kouie XVIII s, [Ina vroudenna dop- 2§

MBI 3eMaH (DpaHLVICKad axageMusa . -
HAYK CHAPANMIA CPasy JBe JKChnenn- \
i, OaHa 13 HEX paboTana B 3KBaTO- !
PHANBHEIX mHpoTax OmA0H AnMepi-

ku B Ilepy, apyraa — pbmmm Ce-  F .
BCPHOTO MOMAPHOTO KPYra Ha Tep- b
I}H'I"["Il'.I'HH mHHJIHH,.II_HH M U.IHEII.M]-'L

Hinmepenna nokaland, MTo IIHHA OI-

HOIO FPaayca JI¥IH MEPHIHAHA HA C& o 244 Cuama TOMBHIY-
pepe DoMblle, 9eM BOMHIM JEBATOPA.  nauumm

[Mocnenywoinue HCCACIOBAHHA [I0I-

'I‘HEP_-'[.H,'II-T:, T JUTHHAR _n'l:.l'l'H LI HOT

rpagvca MepHIHAHA VBEMHIHBACTCA

¢ BOZpACTAHHEM reorpafuyeckold WHpPOTEL  BTo  03HAYAND,
yto GopMa Jeman — He WIealnbHBIH INap: OHa CIUTIOCHYTA Y
nomocos. Ee mondapHeii pagrye Ha 21 KM KOpotue 3KBATOPH-
AJTLHOTO,

g mrompaore raobyvea macmrrada 1 50 000 000 oTmaupe
FTHX [':IE._.II.M_‘!."I.:'GH ﬁ:r'_.ll_l.:"l' BCEID ﬂ.,-‘i MM, T.E. L"ﬁHDPIIlC‘HHﬂ HE3a-
METHO,

OTHOWICHHE PAIHOCTH BCIHTHH SKBATOPHATEHOTO H IIOIApP-
Hro pﬂ,il_H}"[.:li_]H JeMIH K BENHUHHE f_]KIiH.".I'U]_:l]-'H;LIIhI TEHCY A3 RIRASTCH
cxamuesm. [Io coOBpeMEHHBIM TaHHEM, OHO cocTapaacT 1/298,
i (LI034, Do osHavaer, Ym0 cedeHHe JeMIA 10 MEpPHIHAHY
DyaeT He OKPYXHOCTLIO, 4 JUIMICOM, ¥ KOTOPOro 00nL1as och
MPOXOIHT B [UIOCKOCTH 3KBATOPA, A MANAA COBMATACT C OCHED
HFH1I[HHH5—]-

B XX p. dmaromapa HIMEpPEeHHAM, TOUHOCTE KOTOPRIX COCTa-
BHIIA I'_ﬁ W, BEIHCHHIIOCK, YTO IEMHON IKBATOP TAKKES HEIh3H CHH-
TATh OKPVAHOCTRIY, CnmocHyTOCTh JKBATOPA COCTARNAET BCEr(
1/30 000 (B 100 pa3 MeHBIOE CILTIOCHYTOCTH MepHIHaHa). boaee
TOYHO (POPMY HAIDEH NIAHeTH nepenaet QHUrypa, HashBienMin



3JUTHIICOMIOM, ¥ KOTOpOro moboe ceveHHe MIOCKOCThIO, MPOX0-
JISHIEI Yepes HEeHTP 3eMIIH, He HBASIETCS OKPYKHOCTHIO.

B nactoamee speMsa GopMy 3eMaM NpHHATO XapaKTepPH30-
BaTh CICOYIOIIMMH BCTHIMHAMMN:

IKEAMOPURILHBI PAOLLYC — 6378,160 Km;
ROMSPHOUL PAdUVe — 6356,777 Km;
CHRAMUE IARURCOUOA — 1:298,25;
cpednuit paduyc — 6371,032 km;
ONURG OKPYKHOCIU IKBAMOPA — 40075,696 kM.

It

Msuepun paccrosiHie or 3eman 10 CoHua yialocs JWlb BO
sTopod nonosure XVIII B., koraa Oui1 Bnepsuie ONpeaeneH 20-
prsormaiterwi napariaxe Comxua, ITo cyTi aena, pu 370M H3-
MEPSIETCH MAPALIAKTHYECKOE CMelenHe 00bekTa, naxoasuero-
Cs 3a mpeaenaMH 3emin, a 6a3ucoM ABIAETCA €€ paIuyc.

Lopusonmaienoim RAPaItaKcosm (p) HA3BIBAEHICR Y20.1, 00
KOMOPbIM €O CREMUAA 6UIeH PAduyc 3eMau, NepreHouKyIapHbIl
Avay 3penus (puc. 3.11).

M3 tpeyrosibiuka OAS MOKHO BhIPA3HTh BEJIMYUHY — pac-
croauue O = D:

R

sinp’

rae R — pamuyc 3emnn, 1o 1ol GopMyae MOXHO BBEIYHCIHTD
PAacCTOSHHME B palHycax 3eMIH, a 3Had €ro BeIHYHHY, — BEHIPa-
3HTh PACCTOMHHE B KMJIOMETPaX.

O4eBHIHO, YTO YeM Jaiblle pPacloNoXeH O0LEKT, TeM MEHD-
e ero napamnakc. Hanboabmee sHateHne nMeeT napamnaxc JIy-
HBI, KOTOPBIA MCHACTCA B CBA3M € TeM, 1o JlyHa obpauacrest no
AMIITHYecKol opbiTe, u B cpejiHem cocrasisier 57, [apamiak-
col tuiader u ConHna 3HauMmrTeldbHO MeHbiie. Tak, napajakc
Coanna 8,8", TakoMy 3HAYEHMIO NAPATIAKCE COOTBETCTBYET pac-



Puc, 3.11. Nopu30HTaNbHLIA Napannakc ceeTuna

crogume 1o Connua, npumepno pastioe 150 000 000 kM. Do pac-
CTOSIHME TPHHHMAETCA 3a OIHY acTPOHOMHYECKYIO eIMHHLY
(1 a. e.) ¥ HCMOIB3YETCS TTPH H3MCPCHHH PACCTOSIHHH MCXKIY Te-
samu CoHEeYHOM CHCTEMBI.

H13BecTHO, ITO A1 MaILIX YIJIOB SIN p = p, €C/IU VI0J1 p Bipa-
KCH B paanaHax. B onHoM pannane comepxurcs 206 265", Toraa,
3aMEHsIs Sin P HA P W BRIPAXKAs 3TOT YION B PAJAHAHHON Mepe, 110+
ayyaeM hopMyay B BUIE, YA0OHOM 1S BLIYHCISHMM!

p = 206265 ,

s

WK (C IOCTATOYHOH TOYHOCTRIO)

_ (20107

D R.

Bo sropoit nosiopuiie XX B, pa3sBUTHE PAIHOTEXHHKH MO3BO-
JHIO OMpeaeiIaTh paccToAHUA 10 Tel ColHeTHOH CHCTeMEI To-
CPeACTBOM paduoisokauut. TlepeeiM 00BEKTOM CpeiH HUX CTana
Jlyna. 3areM pajiMOJIOKAUMOHHBIMU METOAMM DbUIH YTOYHEHB
pacctoanua 1o Benepri, Mepkypusa, Mapca u IOnurepa. Ha oc-
HOBE panioioKauui BeHephl BeIH1HHA aCTPOHOMHIYECCKOMH eIu-
HHLBI OLIPEJENIEHA € TOYHOCTRIO nopsiika Kuiomerpa. Crodb Bbi-
COKas TOYHOCTh Oonpenenenus paccroanmi — neobxoaumoe yc-



JIOBHE AN PacteToB TPAaeKTOPHH MojeTa KOCMHYECKHX anmnapa-
TOB, H3YUAIOMKX TIAHCTH B ApYrAe Tena ComHeTHOH CHCTEMBI.
B Hacrosiniee spemMst D1aroaapsi HCnojib30BaHHIO IA3EPOB CTANO
BO3MOXHBIM NPOBECTH onmuseckyio aokayuio Jynn, Hpn stom
PACCTOAHMS JIO JYHHOH NOBEPXHOCTH H3MEPAIOTCSH ¢ TOYHOCTHIO
10 CAHTHMETPOB,

Ha KakoM paccTosiHum oT 3eMiH Haxoourtca CaTypH, Koria
ero ropPU3OHTAIBHBIN napaiuiake pasex 0,97

Hano: Pewenue:
py =09 UsgectHo, uTO NapaiiaKe g,mmua Ha pac-
croanuu B 1 a, e. pansen 8,8,

Dg=1lae
Py Torma, Hanucae (OPMYNBI IS PaccTOs-

Po = B Hust 10 Connna v 10 CatypHa m nojienus
D, —9 HX OIHA Ha APYTYIO, MOJIYVIHM:

l .

Dr‘;; Pl
Otkyna
. e "
L)l s l)\-.pm o 1 a.e. 8,8 = 9,8 a. e.

Py (9"

Omeem: D, = 98 a.c.

N OAOLILE ™
1T Ut PUTTREC MLV "

Jnan PACCTOSIHME JIO CBETHAA, MOXHO ONPEAEIHTh €ro JIMHEH-
HBEIE pa3MEpBhl, €CIH HIMEPHTEL €ro YII0BOH pazuyce p (pHc. 3.12).
@opmMyna, CBA3BIBAKOLIAS 3TH BCIH-
YMHbI, aHAI0rHYHA opmMy.Ie 11 on-
3 PeICNCHNS MapasaKca:

3 |
D
/:; D [:L
| o

sin p’

/ Yyurnigas, 4r0 Yriosbe jima-
' MeTtpul gaxe Comnua u JIyHul co-

Puc. 3.12. Yrnossie pasvepsl  CTABISIIOT nipumepHo 30, a Bee na-
cBeTvna



HCTEI BHAHLBI HCBOOPYAXCHHOMY Iilaly KakKk TOYIKH, MOXHO BOC-
HOJB30BATHCS COOTHOIMEHMEM: Sin p = = p, Torja:

D=Rup=".
P P
CnenosareibHo,

r=E R
p

Ecnu paccrosuue £ n3secTno, 1o
r = Dp,

I'/1e BEJIMYHUHA P BRIPAXKEHA B PaJMaHax.

Yemy paseH mHHCHHBEIA nuamerp JIyHEL, ccim oHa BHIHA
¢ paccrosnus 400 000 km noj yraom npusepno 3077

Hano: Pewenue:
D =400000ky  ECHH p BRIPA3UTH B PAAMAHAX, TO
p =30 d = Dp.
d—2 CrenoratensHo,
d - 400 000 KM * 30' . 3600" — 3490 KM

296265"
Omeen: d = 3490 kM.

1. Kakune u3Mepenns, BHIMOJHEHHLIE HA 3emie, CBH-
AeTeTLCTRYIOT O ee cxkaTHH? 2. Mengercs 1 U no Kakoil npu4n-
ne ropuiontateieii nmapaanake Commia n Tedenme rona?
3. Kaknyv meronom ompenerserca paccrodiie a0 OTmkanmmx
TIAHET B HACTOAIIEE npemMa?

WO AR T 1, Yenty paBen ropH3OHTATBHBI napatiakce I0m-

7 Tepa, HaBIIOTAEMOr0 © 3eMTH B nporusocTosny, ecni KOmirep n
5 pas mannie o1 Commna, weM 3emna? 2. Paccrosrve JIyimt ot 3emmm
B O/pekaiiuei K 3esvie 1ouke opOirrel (tepuree) 363 000 K, a B HAK-
boiee yuanennon (anoree) — 4035 000 k. Oupeuaeanie 10pH3OH-
TanbHbiH napawviake JIyae B 311X nonoxenusix. 3. Bo ckoneko pas
Commie Soanine, gwem Jlynia, ecmm HX YTHOBRIE THAMETPEI O/THITAKOREL
a TOPH3OHTANLILIe napamwiakes pannst 88" u 57 coomnercTrermo?
4. Hemy paseH yriosoi amaverp Couxua, sraumoro ¢ Herrrysa?



S ELY T 4N
FI Y

Cornacno 3AKOHY BCEeMMPHOTO TATOTEHWA, H3IYYEHHOMY B Kypce
thrsnkm,

Bece Teaa B0 BCesleHHOH NPHTArHBAIOTCS APYE K APYrY ¢ CHIOH,
NPAMO OPONOPHHOHAILHON NPOH3BCICHHIO HX MACC H ODPATHO
MPONOPHHOHATLHON KBAAPATY PACCTOSHHA MEKAY HHMH:

L mym,

i
i
[IAC 171y H M, — MACChl TCI, £ — PACCTOSHHC MEXKIY HAMH, G —
IPABHTALIMOHHAS MOCTOAHHAS,

OTKpBEITHIO 3aKOHA BCEMHPHOTO TATOTEHHSI BO MHOTOM CIIO-
CODCTBOBAIM 3aKOHKI JIBHXKEHHs raHetr, chopMyJIupoOBaHHbe
KennepoM, u apyrue noctkenus actpouomuu XVII B, Tak, 3ua-
Hiie paccTosHusa 10 JIveer nozsomio Mcaaky Heorony (1643—
1727) nokasath TOXAECTBEHHOCTh CUAbL, yaepxuBaiomeid Jyny
MpH €€ ABIDKEHHH BOKPYT 3€MIH, M CHILI, BLI3LIBAIOLICH NMaIeHue
TEJ HA 3eMIN0.

Benn ecnd cuna TAKeCTH MeHAETCA 00paTHO MPOMOpPLH-
OHaJIbHO KBaOpaTy pacCTOSIHMA, KaK 3TO CASIVeT M3 3aKOHa BCe-
MHPHOTO THIOTEHUH, TO a-l}'liii, HAXOIAINAACH OT 38&1.‘!" Ha pac-
CTOAHNH npuMepHO 00 ee paaHycoBs,
JIOJIZKHA MCIHIBIThIBATH _VCKOPGHHQ B
3600 paz MeHblIee, YeM VCKOpeHue
CHJIBI TSDKCCTH HA TIOBEPXHOCTH 3CM-

i
i, pasHoe 9.8 m/c”. CliejloBaTesibHO,
yCKOpeHHe JIYHBLI JOIXKHO COCTaB-
st 0.0027 Mic?,

B o ke spems Jlyna, kak aoboe
TCNO, PABHOMCPHO ABHXYLLCCCA IO
OKPYAKHOCTH, HMEET YCKOPEHNe

2
a=or,
ra¢c o — €€ YraoBas CKOpOCTb, ! —
Wcaak HeloToH paauyc ee opbuthl. Ecam cuymtath,




To paguyc Jeman pageH 0400 KM, TO pagMye IVHHOH opOHTE

Gvaer cocrasiare r = 60 - 6 400000 m = 3,584 - 10° w. ABe3 I HMH
nepHoa obpamerdd Jyael T = 27,32 cY¥TOK, B CCEVHIAX COCTAR-

aaer 2,30 - 10° ¢, Torma VCKOPEHME OpOMTANLHON IRMKeHHA
lynn
4= |2’”]” r= 20304 304

] 4 - 10% a = 0.0027 mic’,
T 2.36-10"¢

PAREHCTEO ITHY AHYE BEJIHYHH j'ﬂliﬂ['!E:HH.’l-l JOKAFRIBAST, 9TO
ciIa, vaepxupaoman JIvHy Ha opbuTe, 8CTh CHIA JEMHOTO MPH-
rwcHMAs, ocnabneHdan B 3600 pas no cpaBHCHHIO © ICHCTEYIO-
IEH 118 MOBEPXITOCTH 3EMITH,

Mﬂ}I{Hﬂ _'!."ﬁL-"all"l'I ECH H B TOM, 9TD ILPH JBHXCHHWH TUTAHET, B CO-
OTBETCTBHH C TPETLHM 3aK0HOM Kennepa, ux yCKOpPeHHEe M 1eHCT-
BYHIOAA HA HHX CHAA NPUTsDEeHnA ComHua obparTHo Nponopn-
OHAILHE KBAIDATY PACCTOAHMA, KAK ITO CASIVET N3 3AKOHA Bre-
MHPHOTO TATOTCHHA. JeficTEUTeARHO, COTTACHD TPCTECMY 2AKOHY
Kenaepa otnomenune kyGon Donsimx nonyoceil opiur  »w knaa-
paToe NepHodos obpatneHis 7 ecTk BCIHTHHA MOCTOAHHAL.

dy _ d;
Ty T; T

yCECr]]EH.HE IINAHIETH PABIO

-

v [zmﬁjl 2 d

20 1L = 4

d= = = T /! 3 r]r'?*.

il

Ha rpersero zakoHa Keruiepa cucayer

d _ const

TE d! ’

MO3TOMY VCEOPEHHE ILAHETE] PARHO

= :h:2 + const 1

ds

Hrax, cria paansMogeficTena muaHeT W CoflHIA VIOBICTEO-
PHAET 3AKOHY BCEMHUPHOIO TATOTEHMH,



3E'I.liﬂHh-l KEIJJJE[}E lI:-'J'I'}'I.'II"I.'I BRITTOJIHHKTCH, eCITH |'JHC'CMH.'I“[)HHEI.E'I'I3}[
ORIGEEHHE OBYX H30AHpoBaHHLX Ten (Coamile H maaHeTa) mon
lJI.l.'-:':ll-"ll'_“-'l'l']HEI‘H HX B3IAHMHOT LI'[IH'J'.I-[.}I:KEHHH- ﬂ_.'I_HEL'I:':ﬂ H [-..-'I.'l.IIHE'*IHﬂIH
CHCTEME TUTAHET MHOTO, BCE OHHM BIAHMOISHCTBYIOT HE TONLKD C
COJHIEM, HO M MELY CODOR. l_[r:'.'frmiy JABMGKEHHE [LIAHET H J1pPy-
HX Tel He B TOYHOCTH MOIYHHAETCA JakoHam Kemnepa. Ot-
FLOIOHEHKEH Tedl OT JEWASHHN 11O 2JIHINICAM HAZRIBAKT -ﬁ'l':lﬂ'.-‘lli‘._}rl-l’.-',l‘:!"
HUAMIL.

Hﬂ.’ﬁ!ﬁ}-’l![ﬂliﬂﬂ ATH HERSJIMEM, TAK KAK MAacca {:ﬂﬂlillﬂ. I'I:_J]_'_'.lﬂ_'a_.'ll[:fl
DOMBIOE MACCH HE TONBKO OTIENLHOMNH MIaHEeTEl, HO M BCEX IUTAHET
B L2, Haubonkimme HI].i'H}-'II[_HHH!i-I H MBHAEHKHMH &4 {:THJIHE'-I-
HOH cHCTeMbl BriabIBaeT KOnuTep, Macca kotoporo 8 300 pa3s npe-
RhINTAET I'r'l'ﬂli,:li,.'-:." EHMJIH- (jﬂﬂ_’iﬁEHH[_} FAMETHR] OTEIOHEHHH ﬂ{:FE]_':It,'I--
HIOBE H KOMET MpH HX DpoxoxaeHud s0anin omrepa.

B HACTOAINES Ii]_]EMH Hﬂ_'l-.'ﬂh-i].l"lll_f!'ll'l-ﬂﬂ }’qlﬂTHF!Ei]UT{.:FI' I'IFIH BRIYHLC-
JICHWH MONOECHNA TLTAHET, HX CIIVTHHEOE H IPYIHX Ten ComHed-
HOH CHCTEMEL, 8 TAKKE TPAEKTOPHH KOCMHYECKHX aNnapaTon, 38-
MYCKAEMBIX ANA MY Hoonegoepannd. Ho eme B XIX B, pactier go3-
M:,’rll.E[lHi':l TTOZBOITHN COSTAaTR OAHOD M3 CAMBIX M3RECTHRIX B IIH:,-'I{-E
OTKPBEITHI «HA KOH'THEC [Iepa» — OTEPHWTHE MnadeTsl HenTvH.

[Iponoas oyepeanod 0030p HeDa B NOMCKe HeH3REeCTHRIX
00BCKTOR, Bitorad Neputens 8 1751 r. OTEPELT NIaHETY, HA3BAH-
HYI BIOCAEACTnMH ¥YpatioM, UnycTa NpUMepIo NOABeEa CTajao
QUCEHIHO, ITO HAOMIJACMOe IBHACHAC ¥ paHa He COTIACYCTCA C
PACHETHLIM TaAE [MPH YYeTe BOIMYLIEHHH CO CTOPOHEL BCEX M-
BECTHRIX IIaHeT. Ila ocHOBE MIpEaMOAOKCHHA O HATHIHH CLIC
OAHOH «3AYPAHOBON» TUTAHETE! DBUIN CAEJHHBI BRIYHCIEHWH 2e
opdHTE W ModoEcHAA Ha Hebe, Helagncnso apyr oT gpyra 3Ty
sagady pemmnu Jawon Adame B Auraum m ¥poen Jesepse po
(Dpanunn. a ocHoee pactetol JIcEepbe HCMCLUEHHA acTpOHOM
Hozaun aane 23 centabpsa 1546 r, obpapyxnn B cospesaum Bo-
OOJes HCH3BCCTHYHD paHec mnaHeTy — HenryH, BTo oTKpeITHE
CTAI0 TPUyMGOM FenMOLUEHTPHYECKOH CHUCTEMEL, BaKIIEHIIHM
MOITECPIEICHACM CIPABCITHEOCTH 3AK0HA BCCMHPHOTO TATOTE-
HHA. B nankHeidmes o apHaennd Ypana o HenTvua Omnm same-
T¢HEL BO3MYIICHHA, KOTOPEIE CTANH OCHOBAHHEM JNS TIPEINOI0-
JKEHHA O CYIIECTBOBAIIHK B Coanediion CUCTEME E1IE OIII0H TU1a-



Hetel, B 1930 r. mociae npocMoTpa OOIRMIOTC KOMHUSCTBA
thororpadmii spesanoro neda deul obnapyxen [loyton, koro-
Phri':l., Kdk OEASGAITOCR, ARNAETCH OJHHM HI MHOEKECTHRA l:_'lﬁ"l'.-'[ﬂI'i'.T{_‘.Il"u:I
pactojoxedtbx 3a ophrroil Henrryna.

3ﬂm_lfl BCEMUPHOrG TATOTEHHA MOIBOTHT ONPEieIHTE MACCY 13-
HIEH TJIAHETH. HEHITJ[EI H3 3AK0OHA BCEM l1pHﬁ]'-['l 'I'Hl't'}'l'EHH.F[_._ _"!."El'i'.ﬁ'
PEHHE CRODOIHOTO MATSHWA MORHO BEIPA3IHTE TAK:

M
EE

g=0G

nt_},l'l_li,f-'l‘i,:IHHM [ [lll:lpl'l.-l:r'.l'l:r' HIBSCTHRE AHAdYSHHA JTHXY ReJIHY KM,
g=98wic’, G =667« 10 H - w¥r®, R = 6370 kM — H 110-

1024
IVYHM, 9T Macca Jesmn M = 6 « 107 kT,
AHan I'I.'Iq';fll!,'.'-{:}’ M ODBEM 3EMHOI Illﬂp'ﬂ: WHEHO BRIMHCIHTE €10

3.3
CPENHIOI MIOTHOCTE: 5,5 « 107 kriv”. C rayDHHOH 34 CUeT YBeH-
YEHHA JABIEHHA H COISPEAHNA TAKEIEX INEMEHTOB [LTOTHOCTE
BOIPACTAST,

bonee rounan opMyIa TpeTeero 3aKoHa Kennepa, KoTopas Owl-
1a nony4deHa HuloToHoM, JaeT BOIMOKHOCTL ONPeIenuTh OIHY
5 ] I!H}I{HEI'-"[IIIH‘-( KE'IPHH'I"I;-'FIHH-THI{ ,nmi_’mm IIEEEL‘-I [y TETd — Muc-
cy. Bueenem 3ty dopaynry, cuntas (B nepsoM NpHIHECHHNR)
OPOHTHL ILTAHET EPYTOBEIMH.

[IvcTe apa Teda, BIAHMHO NPHTATHEAIIHECA H odpalman-
mMecH BOKPYr ODIEro meHTPa Mace, UMeine Macchl #; W 1,
HAXOIATCA OT LEHTPA MACC Ha PACCTOAHMIL Fy M F» H 00pallanTea

BOKPYr Hero ¢ nepuonoM 7. PaccToAHHC MCOEIV WX UCHTPAMH
R =r + r,. Ha oCHOBaHHH 3AKOHA BCEMHPHOTO TATOTEHHA VCEO-
PCHHE KKIOro M3 3THX TeN PaBHO:

y T

; Mg
If:-l|:1:l"—.-,, @y = —
K il



Vraopan EI{CIIPID-CTL ofpameHna BOKPYT LeHTPa MACC COCTAB-

E:II
IHAeT & = 7 . Toroa UeHTPOCTPEMUTENLHOE YCKOPEHHE DLIPa-

JATCA ITA KAKIOTO Tea Tak:
4IE 4ﬂ
H=E =Tz = S
f i

| lPHPHHFIHIi NOJIYHEHTRE LTH :,.’EKI_'I-]]HIIHH BRIDAACHTH, BRI
JHE H3 HHX Fy H F; H CTOKHEB HY ITOTIIEHHD, MOy TACM.

My + M)
(r = l: 1 - & -1-:I'L {:F ‘I'f':uj
R~ 1

OTEYIA
_—
Ty + ma) 447
R’ G

IlocKonbKY B NPaBOi "ACTH 3TOTO BRIPAKEHHA HAXOIATCHA
TONRKD 1MOCTONHHRIC BESJIHYHHEL, OHO L"'[IPH.HL-".;[.'I[-‘IHI'} JLTH ..II'l"FﬁﬂI:‘iI
CHCTEMEI IBVX TEI, BIaHMOIEHCTBYIOMINX 110 JAKOHY TATOTEHHA H
oDpamamnnuxcd BOKPYT oboero ueHTpa Mace, — ColHIe W nia-
HETH, TTAHETH W [.:I]}"'I'I'IHH- f_]IIPE_.'I.E,'II-d‘I.d M.'-'Ii,:'l...'-:" {_.:l!_'l.l'lllllli;i} JUTH AT
JAMHIIEM BBIPAsECHIE:

THUM + m))  T3m, + my)
3 B 3 :
ﬂ] il

=

rng M — macca Coanng; m — Macea Jeminn; mr, — wacca Jynng
T W ap— nepuoa ofpamenna 3esian sokpyr ColHIA (roa) W
DOMBIIAN MOIVOCE ¢¢ opOuTeE: T 0 a, — neprol obpameHds JTy-
HEl BOEPYT 3eMITH H D0IbIIadA MOMY0Cck IVHHO 0pOHTEL

ITperebperas Maccoi 3eaiId, KOTopas HHITOXHO MAla Mo
CPaBHeHHo ¢ Maccold Coanna, v Maccol JIynel, koTopas B &1 pas
MCHBIIIC MACCHI 3CMIH, MOTY'IHM.

3 2

M o TS

|

3 2
-ﬂ--,l‘T]



[Mogcrapue B dopMyTy COOTESTCTBYVIONINEG IHAUCHHA H NIPH-
HilH MHCE}' 3EH..'II-1 FH | l Mkl IIIf'fl.'I:lr"-IHM7 YT Cﬂ.‘IH[I.E IIrJI-'1I'Ir1E}"!Hﬂ
p 333 000 pas no macce DOILINE HAIUEH [LTAHETLL.

Macce naaHeT, HE HMEKOLINY CIYTHHKOE, ONPEIeasnT 110
TEM H.[_J.'i".-T}’II[EHHHIH.. I'E{_TIT'I'_T]]HE OHH OKAFRIBARYT Hid MBHXKEHHES ACTE-
POHIOR, KOMET HAH KOCMHYECKHX alMapaTos, IPoaeTaloIH B HX
oKpecTHOCTAR. O onpeleleHnH MACCK 38231 CM. B § 23

I_.l Q1 ac HCTEHCM BIAHMHOID I]|'!|H FHACHHN YAaCTHIL TCHO E-'I"'.IEM Hr-
CA MpHHATE dopuMy wapa. Ecan 3TH Tena ppamaoTes, To OHH Ie-
(hOPMHPYIOTCH, CEHMAIOTCA BAOTE OCH BDALLLETHH,

Kpose Toro, H3MeHCHHC WY GopMEl TIPORCKXOINAT H ITOT 1e§-
CTBMEM B3AHMHODO MPHTAXKEHHA, KOTOPOE BLIILIBAIOT ABISHHA,
HASkIBAEM BIE R E RS L I,.IJIElHHﬂ H3HECTHRIE HA :EE:I'I.-I.IJE'_._ CHHK lIl."I'JI}"-
THIH 00BACHEHHE TONBKO HA OCHOES 3aK0HA BCEMHPHOTO TArOTE-
HHA,

FHCEM{TITJHM }-’CHL)I'FEHH.‘-—], CO3 A BAeMBIE III'IH'I'S—]}HEHHEM _|I1'!|I'th
B PALTHYIHEIX TOUEAY 3eMHOTO mwapa (puc. 3.13). [Tockonsky Tom-
ki /1, B 1 O BaxoIarea Ha pauMYHLIY PACCTOANMAX OT JIVHLI, ve-
KOPEHHS, CO3IABACMEIS e¢ ITPHTSCEeHHeM, OYIYVT PazTiaHEL

PaznocTs YCEOPERAil, BHILBACMBIX NPATAECHHCM JPYTOTO TEIA
B IAHHOH TOYKE A B NEHTPE IIAHETH, HAILIBACTCA MPHIHBHBIM
FCKOPCHAEM,

[IpiiueHEle ycKopeHHA B Toukax 4 W B HanpapleHEI
OT HenTpa Jemad. B peavartate JeMad, H B IEPEVIO o4epenh e
BOAHAA O0ONOUEA, BEITATHBACTCH B ODE CTOPOHED [0 JTHHHH,
COeIHHAWWIEH IEHTPE 3eMmd H JIyuo. B tomax 4 u B Ha-
ﬁ,’lli},‘lﬂ.ﬂ:"l'[:ﬂ]lpl-ﬂle!_._ d BN Iii'l_'ﬂ]!.ff'I;i.J
INOCKOCTE  KOTOPOrO  [ICPIICHIH-
KYMAPHA 3TOH MHMHHM, HA 3eMne npo-
HCEOMT oTnHe,. Tarorenne ConHna
TAKCKC BEDIBBACT TIPHIHMBEL, HO H3-
3a DOALINEH €ro VIAMEHHOCTH OHH
VEHBILIE, YeM  BhISBAHHEE . yHOMN.
ITpHmHEE! HADMOIAKTCA HE TOIBED B

PUEC. 3,13, Cxema nyHHwx ruapochepe, Ho W B atMochepe 1 B
NPUNKECE Jaurochepe 3eMiun | IPYIMK IEHET.




BcaeacTeHe CYTOUHOTO BPAIICHHA 3EMIA CTPEMHTCA YEACHL

3 cODOH NPHIMBILE FOpPOLEL, B TO X BPeMA BCISACTEME TAIO-
Tenun JlyHel, koropas obpamaercs sokpyr 3emiM 33 Mecs,
Moaoca NPHIHBOE JODKHA MCPCMCOIATECA TI0 3CMHOH MOBCPX-
HOCTH JHAYHTEILHO MeLlenuee. B peayanTaTe Mexoy orpoMHLI-
MH MACCAMM H[:!I_.'I,hl: :r"'-lﬁ.[:"l'li-}’l'll_':llll,'l:'.'l'-i H I'IFIL-'I,.TI-H'.Hh[.:Hi HRJIEHKHHX,
H JHOM OKCAHA BOZHHEACT MPIIHEBHOC TpeHHEe. OHO TOPMOZINT
BpALIEHHE 3EMIH H BEIILIBACT YBENHMEHHE [IPOIOTKHTEILHOCTH
[.:}-"TI_}K:, KUTI_]FIEIE- [ ] 'I'IFI{JIIL.'I'I_]'M ﬁ'h],l'IH AHAYHTE MR HUFI_]"—IE {5—-EI- 1-I::I,
Byecre ¢ 1o npuiinsel, BrasBacyee Jemici Ha Jlvae, satopo-
IWNH &€ BpaOIcHHE, H OHA Teneptk obpallicHa K JemMie oIHOH cTo-
potoi. Takoe ke MelIeHioe BpAlleHe XapaKTepHo I8 MIOTHY
I:II}"'I'HHHIf'fIH ]{]f[l-ﬂ'l'ﬂr]ﬂ H .,II_IJ}'I'HK IUIAHET, '::H.I]hHh-IE I]r]F-'L'IHHhI._ Hhl=
3elBacMelc Ha Meprypan 1 Berepe ConHUoM, Mo-BEUINMOMY, fB-
AAITCA NPHYHHON HX KpaliHe MEeLIeHHOTO BpalleHHA BOEDYT
OCH,

Bﬂﬂh‘[ﬂ.‘l{Hﬁﬂ'l'h COZTAHKH HL"K!.-'CE‘]'HDHHG['G lI.:]Ij-"]'HHIi.I-EI. HL-"M.IIH =
opeTHteckl obocHoeat enie HeoToH, OH MoKasan, WTo CylecT-
ByeT Takad FOPHIONTAILIO HATpaBaeliad cKopocTh iy, IPH KO-

TDPCIﬁ Teno, magad Ha JeMon, TEM HE MEHee Ha Hee He VITAOET,
A DVIeT ABHIATRCA BOKDYT JeMIH, OCTABANCE OT HEE Hi OJIHOM
TOM #e paccrosHud. Hlpr rakoid cropocTy reno Dyaer npuiiu-
XEAThCA K 3eMIe BCISICTBHE 26 MNPHTHAXCHHA KdK Pa3 Hd CTOJIBRO,
Hd CROJIBRO H3-3d KPHBHIHB TOBEDRHOCTH HAIIEH MIAHETH OHO
DyIeT OT Hee YIansThes {pm::_ 3_]4}, i CKOPOCTR, KOTOPYI HA-
3EIBAKOT NEPEOH KOCMHMCCKON (MM KPYroBoii), H3BECCTHA BAM H3
EVpCa PranKH;

By = «."9.3 }1;-"u2 = 0,4 - l[]ﬁm =79, 10° M/c = 7,9 KM/,

[TpakTHYeckH OCYIIECTRMTE 3alyCK MCKYCCTBEHHOTD CITYTHHEA
3eMITH OKA3AT0Ck BOIMOKHO JHIIE Yepes TBa ¢ MOIOBHHON CTOme-
THA nocne OTEpeiTHA Hewomona — 4 okradpa 1957 . da spemas,



npomeauee ¢ 3Toro IHA, KOTOPLIH
HEPEIKO HAZKIBAKOT HAYAIOM KOCMMH-
YECKOH Pbl 4eJ0BEYECTBA, HCKYCCT-
BCHHBIC CIYTHHKH CaMOro pasinyi-
HOIO YCTPOMCTBA M Ha3HAYeHus 3a-
HSUTH BaJKHOE MECTO B HAlUeH IOBCe-
AHeBHON KW3HW. OHKM obecrieynBaT
HENPEPLIBHLIH MOHUTOPHHT MOTOALI 1
IPYTHX MPHPOAHBIX ABICHHH, TPaHC-
asmm Teneswienus Mo T.n, Cnyr-
HHKOBas HABHTALMOHHAsA CHCTEMa
I'MOHACC nossoasier B 1000t MO~
MEHT C BLICOKOH CTENENBLIO TOYHOCTH ONPEAETUTD, B KAKOH TOYKE
3eMaH Kaxabii W3 Hac HaxoauTest. [loxanyii, HeT B HalIK JHH HU
OMHON 110DANKHO| HpoDIeMBl, B PelIeHnn KOTOPOH He npu-
HUMAaJIH Y4aCTHE HCKYCCTBEHHBIE cnyTHHKH 3emum (MC3).
Kocvuueckue annapars (KA), Koropeie Hanpasisiorcs K
JIyHe W 11aneTaM, UCHbITHBAIOT NpUTsikenue co cropons Conn-
1a ¥ coraacno sakonaM Keniepa Tak xe, KaKk ¥ CaMH TUTaHETH,
ABIDKVTCA 110 amuncaM. CKopocTh NBHXKEHHA 3eMiH 1o opouTe
coctaenseT oko10 30 kM/c. Ecimm reoMeTpuieckas cyMMa CKOpoc-
TH KOCMH'ICCKOTO anmapara, KOTOPYIO eMy COODIIITH MPH 3ary-
CKe, ¥ ckopoctd 3emiad Oyaer Doneine 3T0H BedHYHHBL, To KA
Dyaer JBuraThes 110 opbuTe, Jexaein 3a npejesaMd 3eMHOH op-
butel. Eciin menbine — suyTtpu €e. B nepsom ciyyae, Korada om

Puc. 3.14. OpduTa uckyccr-
BEHHOI0 CNYTHUKA 3amnum

3emna
Mapc B MOMENT
B MOMEHT npuneta

CTapTa

4 ' .’a‘:aunﬂ [~
SR B O B MOMEHT O SG O B MOMEHT
| "V Grapra KA NPWneTa KA_., cTapra KA
e O ;
A _— Benepa
B MOMEHT
crapTa
Puc. 3.15. TpaexTopua nonera Puc. 3.16. TpaexTopua noneta KA

KA k Mapcy k Beuepe



nodetdT K Mapcy wmn apyroil BHeIIHeH NuaHeTe, SHEpreTHte-
CEHE 1aTpaThl O¥I¥T HAHMEHBLIIHMH, eCTH KA T0CTHTHET OpOHTLI
ITOH [IaHeTEl MpH CBOSM  MAKCHMAMBHOM VIATCHHH OT
Connua — v adenan (puc. 3.13). Kpome Toro, HeodXomuMMo Tak
paccuuTaTh BpemMsa crapTta KA, 4Tobe K 2TOMY MOMEHTY 0 TV HeE
TOYEY CBOSH OpOMTHE NpHIna mianera. Muade ronops, nayganh-
Had CKOPOCTE W 1enb 3anvekd KA 1om#iin DuTh BRIOpaisl TAKHM
obpazoM, 9Tode KA W naanera, mMmurasch Kaxasi no croed op-
'EIHTH., i'_'l,"l,ll{,'lli]_TIE‘l.-1Elrl'I|:_‘.l TN K TOYKS Hll'.-'l'pf.:.’-"'-IH, Hl_’lI HTII'_'I]_':IIZ_'IM
Iilil}"-IE'I.H— JUITH HH:,-"I'I'I'EHHH]H | LTAHETRI — HL'-'I'_[‘.IE:'-JI:L c KA JILM LA HA
NPOU3ORTH B NEPUreadn ero opiure (pre, 3.16). Takue TpaekTo-
|']HH MNOJIETOE HASRIBAKYICH LTV A TR CR LML H['!I.'IhlIIHE OCH
IATHX 2JLTHIICOR Ilpﬁ.‘-'il.'}_.'l_.’rj'f "-IE"!IES l:-t'l:'II.'IHIJ_E._ Kﬂ'li}ImE HAXOAHTCH B O)1-
HOM H3 'I.'l']l.'}l:'i."'r'ml']._ Kadk H [TOJTArasTesH rno lIC'-['!I]'.I-{'JM}' f:.'rﬂli'.ﬂH:r' KEII.IIL-""JE.-

Konctpykuua um obopyviopapue coppeMeHHux KA obec-
MNEYHBAIOT BOIMOAHOCTL COBEPINEHMA MMH BECLMA  CIOKHLIX
MAHEDPOR — BRIXOL Ha OPOMTY COYTHHEA TUTAHETH, TTOCAIKA Ha
TUTAHETY, NEPEABHKEHNE 10 8¢ NOBEPXHOCTH U T, 11,

1. [logenmy nrienne NianeT MPOMCKOMHT HE K TOY-
HOCTH M0 JakonaM Kennepa? 2, Kag BLUI0 YCTAHOBIEHD MECTO-
nonockeHHe IwaHeTs Henryr? 30 Kakas 03 IIaHeT BR3BBACT HA-
HOOIBLIME BOSMYLIEHHA B OBH#eHHH apyrux Ten ConHedHoH
cucTeMul 1 novenmy! 4. Kaxne Tena Conneynoil cHCTEMEl HCTIEI-
THRAKT HAHDOTRITAE ROAMYTIEHHA W nouwemy? 5. Ho gaxiw Tpa-
EKTOPHAM JBHAYTCA KEOCMHUSCKHE annapatsel K JIvHe? K moa-
Heram? 6%, O0bacHHTe NPHYHHY KM NEPHOOMYHOCTE NPUIHEOE
H OTIHEOE. 7% ByayT TH 0OHHAKOBE NepUOIL OOpaleHHa He-
KVCCTREHHRIX CTIVTHHEOR 3eMAd W JIVHBL, eclii 3TH CTIVIHHEH
HAXOMATCA Ha OIHHAEOBBIX DACCTOAHHAX O HHX !

1. Onpenenure maccy Knutepa, 3nag, 4to ero
CTIYTHHE, KOTOPLIA oTetonT oT Kmrmepa na 422 (00 wu, waeet
nepaon obpamensd 1,77 cvr, JnA cparHEHRA HCTIOTRIYATE TAH-
HBLE LA CHOTEMBL JCM. 1:-1—.]1".th| Z. ¥CKOPCHME CHIEL TAACCTH HA
Mapce cocrasnaer 3.7 1{.:: Ha IOnurepe — 25 wic’. PaccunTaii-
T MEPEYID KOCMHYECKYI0 CROPOCTE M8 ITHX nanet. 3. CKoaeko
CYTOE {npHMepHO) npodomxaeTea nonetr KA 1o Mapca, ecid o
UPOXOAHT 1O FUMICY, DOABWAH HOAYOCE KOTOPOIO  PABEHA
1,25 8. .7



IV. MPUPOAA TEA
COAHEYHOW CUCTEMbI

[ TosuakommMest ¢ ocHOBHEIMH dH3HTECKHMHE XapaKTepHCTHEA-
MH DOJIBIIMX [LUIAHET, KOTOPbIE NPeICTaBIeHb! B NpiiioxeHin VI

Kak BHIHO H3 TaOMHUEL, MO PHIHICCKHM XapaKTepPHCTHKAM
BOCEMb DOJNBITUX IAHET MOXHO PA3SALINTh HA JIBRE I'PYIHILIL. O,'l"
HY H3 HHMX — IUTAHETBHl 3EeMHOH TPVIIILI — COCTaBIAIOT 3eMid
M cxOjiHble ¢ Hell Mepkypuit, Benepa m Mape (M. nBeTHYIO
pk1eHKY 11). Bo pTopyio pxoaar miaauetwi-rurantsl: 0nurtep, Ca-
TvpH, ¥pan # HenryH (oM. puc. 2 Ha usetHo# BRAcHKe VII). Pa3s-
fe/IeHHe TUTAHET Ha FPYNNbl MPOCIEXHBAETCH CPa3y No TPEM Xa-
pakTepHCTHKaM (pa3mepaM, IUIOTHOCTH H Macce), TPHYICM 10
MJIOTHOCTH — Haubosiee YeTko,

ITraHeTel KaX A0 U3 TPYIIT 110 IUIOTHOCTH MANo PasiHvianT-
cA MeXY CoDOI, HO CpeHas IOTHOCTD TUTAHET 3EMHOM IPVIINbI
NPUMEPHO B 5 pa3 60J1bIIe CPeaHEH MIOTHOCTH ILTaHET-THIAHTOB.
Pazjimuue 1LI0THOCTH Te)l B ()Kp}")KHK)IIlEﬁ HA4C IlpHp(),'lE MOXeT
00BLACHATLCA KaK pasIvvudeM HX XMMHYECKOro cOCTaBa, Tak H
pa:a;mquem arpera'mom cocrosims, bOasimas yacrs Macehl 1ia-
HET 3eMHOH TPYIILI IPHXOIUTCA Ha J0MI0 TBEPAOro COCTOAHHA
BCIICCTBA — OKCHIOB W JAPYTHX COCIMHCHHIA TSIKCIBIX XUMHUC
CKMX 2/JIeMENTOB: XKeje3d, Martuus, aAJIOMHIMA H IPYTHX MeTan-
J0B, a TaKXe KPeMHHA W Ipyrux HeMetawiop. Ha momo versr-
pex naubosee ODMABHBIX B TBEPAOH 0DOJOYKE HALIEH MaaneTh
(urocdepe) 3INEMCHTOB — Keje3a, KHCIopoaa, KpPCMHHS H
Marimsi — 1puxoauTes cebiie Y0% ee macenl. CaMbIMH MHOTO-
YHCIEHHLIMH ABMAIOTCA aTOMBI KHCI0pOa.

Manas riorHocTs maner-ruranTos (y CarypHa oHa Mexbine
TUTOTHOCTH BOABI) OOBACHACTCA TEM, UTO 3HATHTENbHAA 1acTh HX
MACChI HAXO,IMTCH B l‘33006p3.3HOM H AHIKOM COCTOSIHHSIX, B co-



CTABE MIAHET-THrAHTOB MpecOnajainT BOIOPOd M TelHi. DTHM
OHM DoxX0XH Ha ColHile 1 MHOTHE IPYTHE IBE30L], ¥ KOTOPLIX BO-
MOPOJT M TEAHE COCTARIAIOT NPHMepHe 98% maccw, Pasyveercs,
B INAHSTAX-I'HIAHTAY 2CTh W TS BSNI2CTHA, I-'.ﬂ'l'{'!l]"}h[l.'-:': COCTRHTHHYT
OCHOBY IIaHeT THHA 3oemMmi. Hanpruep, Ha ogHoM ToaeRo I0mm-
Tepe MY G0JBIIC, TEM BO BCCY ITAHCTAX ICMHOM TPYIIIEL, BMECTE
BIATEIX, OMHAKO OHH COCTABMAINT NPHMEPHO JHML 1% ero Mac-
chl. ATMOCHEDPE MNAHET-THIAHTOR CONEPEHT PALTHYILE COEMN-
HEHH Hl']'..ll_ﬂ'r:lﬂ..'l_i-.:l, B YACTHOCTH M2TdH H AMMHAK,

Ommaima MeXIy MIaHeTaMH JBVX TPYIN TPOABIAKTCA H B
TOM, UTO [LTAHETHI-THTAHTE! OLICTpee BpallaloTCA BOKPYT OCH, H B
YMCIE CNYTHUKOB, HA YETHIPE MIAHETH 3EMHOH TPYIINhI MPHXOTAT-
3 Beero 3 CIYTHUKA, HA YETRIPE ILIAHETRI-IMIAHTE — 158, Yueno
CITYTHHEOB ¥ KAXKI0H TUIAHeTsl IPHBEISHO B MPHIOKeHHH VI

CToIb IHAYMHTENLHLIE PA3IHYHA IBYX TPYIN MUIAHET MOXHO

OOBACHHTE TONBKO Ha OCHORE COBPCMETTHBX I'JPE.'_'[L"I'H]].'IEHHH
0 thopMupoaduy ConHEYHOR CHETEMBL,

[0 KagkHM KAPAKTEPHCTHEAM TMPOCHSEHBAETCH Paiiae-
JETTHE TINATTET 114 Tne rp_':.?]'ITIL'[?

Ha ocnome gannnx npraoxenwa VI
1} onpenennTe, Mo KAKOH B3 (hHIMYECKHX XAPAKTEPHUCTHE NUIaHe-
Thl HAHDONEE YETKO PAILNAKOTCN Ha a8 Ipyinsl; 2) cdhopsyiu-
PYHTE OUHOBHBIE OTAHMHTENbHBE OCODEHHOUTH KU O0H IPYOIib
ILLAHET,

Cornacro naubonee paspadoTaHHol rHnoTese, ConHeuHan CHe-
TEMA U[I_]-[:II'I'MHIH]I'!H.:IHE'I- H I}E.-]}-'..'[I-'I'E'l"l"'.-_': _jL.'IIeT'I‘lI;"-.iIhHHFI DBALVTHMIHM 1
|1I."I'I'l.-1H{'!IJT:I KOO HOMD FA3ONeLICBOI0 [':Iﬁ.'IElF.EL n{'hll."l'ﬁthL-" HJILH Bhi-
CEA3BIBATHCE yacHBIMHA ciie B XVII g, B 40-x rr. XX B, 93TH Hucu
JIETIH B OCHOBY THITOTE3L 00 00paloBaHii 3eMIH M IPYTHX I11A-
HET M3 XOTONHGLIX TBEPILIY MOTLTAHETHLIX Te — RAdHERIE M-
Aett, BRABHHYTOH akanemukoM Ommo Kasesunem Himudmom.



B manwHelneM oHa DOIvIiLIa papHTHE B padoTax ero yueHHKOR
b Poccuu, a rakse 3apydes X vHeHhIX.

B noaesy 9T0H THOOTESM CBUIETENLCTRYIOT MHOTHE HAYYHLIE
aaHHuie. Tak, B MocIeIHHE TOAE BOKPYT HOCKOIBKHX 383 DRUTH
li_]ﬁfrﬁp}’]ﬂ-ﬂﬂhl TaZONMbLTERRIE DE,‘[HI{H, H3 BEINECTHA PE{'ITUFIHI]{ "-'I'[_J'I"J,-'T
00pasoBHBATLCA TNaHeTwl. Hcconemopanna Ianekoro MIpOLIIOTO
JeMITH FOBOPAT O TOM, UTO HAIIA MIAHETA HHKOTIA He DRUIA MOIHD-
CTLEY pacrinamnedHoi,. Mereoputuad «0oMOApIHPOBREA» IUIAHET
IO CYTH JeTa ARTACTCA MPOIODECHHEM TOro TIPOLICcea, KOTopPEI B
]'Ipﬂ_'l-l'll..fl{_'ll'l.i FIPHI’-EJ K HX l_'I-f'l]_'!E'l.'il_'I'I!ﬂFIHI'U, B HACTCOAIIES I!FH:I'I.'IH, [ AT
B MERILIAHETHOM [IPOCTPAHCTEE METEOPUTHOIO BEIIECTBA OCTAST-
CH BCE2 MEHBIIE H MEHBINE, FTOT Illlt'}lI,EEE HJIET SHAYHTEIRHD MEHEE
WUHTEHCHDHO, YeM 118 HAYAILILIX CTATHAY GOPMHPOBAIHA TIAHET,

BoapacT Haphoaee IpeBHIX MOPOI, KOTOPEC 00HAPYECHE B
LOCTARE Fn.ii:TEI:_‘.I]_:I'HT'I:_‘.I'H.:I COCTARTAET I1]_':II-'1I'I.-1EPI'II:_] 4,5 "pT,'I]_TI'ﬂ JET, I'Inpﬂ-
OBl TAKOH e IPeBHOCTH 0OHAPYECHE B JOCTABICHHEBIX HA 3€M-
J0 oDpaznax AyHHOrO rpyaTa, Pacuers sospacta CoaHna nanm
DIHIEVIO BEMHYMUHY — > Mapa aeT. Ha oCHOBaHHHN 3THX JaHHLIX
MPHHATO CUHTATE, TTO BCC TCIA, KOTOPEIC B HACTOALICE BPCMIL CO-
CTARJTHEXT CLJ,‘IHH'—[H}"H] ‘II..‘-Ir!I‘II..T'I"i-_':Fl.'I:!,-'7 []ﬁpHZi[!HHJTHLEh TIFHMEPH[] -':I-,:_:I—
5 MApI JeT ToMy Halan. Obmako, M3 KOTOpOro OHH oOpa3lopa-
JIACH, III']E,.iI_C-'I'E.I'LlH.II{'! CODDE CMeCh "-IE.I:“'I'HIJ_:, Kl}'l'ﬂ}}hlﬂ OTHOCHITHC K
K TPEM KOMIIOHEHTAM: CKAILHOMY, Jedanomy W aemyuemy. Mmen-
HO W3 3THX TPEX KOMIIOHCHTOR B PATTHIHBX COOTHOIICHHAAX H CO-
croaT Bee Tend Connednon CHCTeME,

B TeueHHe HECKOILKNX MIUUTHAPIOB J1€T caMo 0DIaKo H BXO-
AHIOES B 2o COCTAR BEHECTED IHAYHTEIRHD HIMEHHIIHCE. Fﬂ'
IYMEETCA, JAJEK0 He DCE IETAMH [POLEeccoB, KOTOPLIE MPOH30-
HLTH 34 3TO BPeMs, MOIJAKTCA TOTHEIM PACUCTaM, TEM HE Me-
reg EUI!PEHEHII{:I.S-I IIH.:r'IiIE'I. NOZHECMTHIE COCTARHTH Ii_]ﬁlrl_}"ili_:l P-".E:l]_',.!"l'Hllj-'
thopuHpoBaAHHA CoMHETHOH CHCTEMEL.

Huayane cxarve olnaka I'I'I'EI.HH'I'H.I IHOHHBIMK CHIAMH I[I]'HH-E!_'II']
K 0Dpai0BaHHIo LEHTPAILHOTO FopA4ero sipa — oyayiero Comi-
A OHO 2axeaTHNo cebe OCHOBHYIO MACTE MACCH 00JaKa — IIpPH-
mepro 90%, Tarorenue obpasonasinerocs Conma Bo3nedcTRoRa-
710 Ha (POPMY OCTABLIEHCA YacTH 00MaKA: OHO CTAHOBILIOCL BCE DO-
Jleg W DOdlee NIOCKHM JIHCKOM. MAacTHIIkl 3TOr0 JHCKA, ODPAInasichs
pOKpPYT CoTHIA MO CAMBIM PASTHMHEIM OpOHTAM, CTANKHBATHCL
Mesay coboil. B peaynbTare oqHHX CTONKHOBCHMI TTACTHIIEL PA3PY-
WIATHCH, # TPH APYIUX 00beIuHAIMch B Donee kpynobke. Bosiuka-




Puc. 4.1. Obpasosaxne
NNGHET NO TEOPWUH
0. 0. WwmuaTta

JIH 3apOABIIIM OYAYIMX TuaHeT u apyrux 1er, Cunraercs, YyTo yuc-
JI0 TAKMX JOTUTAHCTHBIX TCJ IOCTHTAI0 MHOTHX MIUUTHOHOB. Ho B
KOHLIE KOHUOB 3BOMMOLHSA obJlaka [IPHBEIA K TOMY, 4T0 OCHOBHAS
Macca BELIECTBA OKa3alach COCPENOTOYEHHOH B HEMHOTHX KpyIl-
HbIX Tes1ax — OoNbiMX ruiaderax (puc. 4.1).

OJHaKO Npex/ie, YeMm 3T JIOIUIAHETHbIE Tea 00pa3oBaluch
M CTAJH PacTH, MPOH30LLIO Mepepacnpenenele BelecTsa BHy-
Tpu obnaka, ero aHddepeHIHALNA, 1 XHMHTCCKHIT COCTaB "ac-
THIL B PA3JHYHBIX €r0 Y4CTAX CTa1 HeojuiakopbiM, TTojg saus-
HHEM CHWILHOIO HarpeBa n3 okpecTHocTed ConmHua yiaeTvauBa-
JMCh rasel (B OCHOBHOM 3TO CaMmbie PACHPOCTPAHEHHBIE BO
Beenennoit — Booopoa M renuii) M OCTABAJMCH JMIIL TBEPALIE
Tyroruiaekie nactiiel. M3 3toro emecTsa BrocneacTeuu chop-
MHPOBA.TUCh 3EM.'I$'I. ee ClIYTHUK — J]'VHZ*I, A TAKAE JIPYIHe 1idHe-
TBI 3EMHOM TPYIIEL

Baaau ot ConHua nety4use BemecTsa HaMep3aid Ha TBEpALIE
JACTHIIBI, OTHOCHTEIBHOE COePKAHNE BOJOPOIA W reliisl 0Kas3a-
10Ch NoBeIeHHbIM, ObLeM nepudepHiiHbIX YacTei obraka 0L
Bonelue, a crano OeITh, HONBLIC W MACCA BEIIECTBA, H3 KOTOPOTO
oOpasopanuce aanekue oT Comua riaHeTs.



B xone dopMHpOBaHHA IUTAHET H MO3IHEE HA NMPOTAKEHHH
MWLIHADJIOB JIET B UX HEJAPAX H HA NOBEPXHOCTH NPOUCXO/IHIH
MPOLECCH TUIABAEHMS, KPHCTANLIH3ALMH, OKHCISHHA H Ipyrue
(PH3UKO-XHMHUYCCKHC MTPOLICCCHL. DTO MPHBEIO K CYLICCTBCHHOMY
W3MEHEHHIO NEPBOHAYATBHOIO COCTABA U CTPOEHHUA BENIECTBd, U3
KoTOpOoro obpa3oBaHnl BCe HEIHE cymecTsywomue tena ComHey-
HOI CHCTEMBI.

Oanako He Bee BemecTso IPOTOILVIaHEeTHOrO 001aKa BOLUIO B
COCTaB IUTAHET H MX CMYTHHUKOB. OCTaBlIascs €ro 4acTb — 3T0
MaJIble Tesla, OJJHH «MMIPUDYIOT» BHYTPH IUIAHETHOH CHCTEMBI,
IPYrHe — KOMETEI — HaX0OATCA B OCHOBHOM 3a €€ MNpelenaaMH.

CornacHO COBPCMCHHBIM TNPEICTABICHHAM, 00pa3zoBaHHE
NPOTONAAHETHOTO 00JAKa CBA3AHO C TTPOLIECCOM (hOpMUPOBAHKMA
3IBE3I.

1. Kakop so3pacr iwader Conseynoi cucremn? 2, Ka-
KHE MPOLECcCH NPOUCXOIHAH B X0ae (hPOPMHPOBaHHS NIaHeT?

Bemmo ¢ ee CNYTHUKOM JIYHOH HEpeaKko Ha3bIBAlOT ABOHHOH
TUTAHETON. DTHM MOTICPKHBACTCS KaK OBLIHOCTE MX MPOHCXOXK-
JICHHSH, TAK M pe,qmc-n-ioe JJSE niaHeT COOTHOMIEHHE MACe 1IeHT-
paasHOro Tena u cnyTHuka. Macca JIyvael cocrapiaser 1/81 Macco
e, CIYTHHKH JIPYIUX TIGHET UMEIOT 110 CPABHEHHIO C CaMu-
MM [UIAaHETaMH 3HAYHTEILHO MeHLIIYIO Maccy., Bepoarho, JlyHa
oOpa3opanace MPHMCPHO B TO KC BPeM, ITO U 3eMast. Paccros-
HHEe Me)i(,'ly HUMK DBUIO B HECKOILKO pZiI} MEHBINE, YEeM TEIleph.
C Toii nmopel JlyHa MOCTENEHHO YaaIA€TCA OT HAlleH IMIaHeThl
C OYEHb MO CKOPOCTRIO (OKOJI0 4 CM 32 1oj).

npnpona 3eMIH IOCTATOMHO NMOAPOOHO H3V1aeTCsl B KYpCe reo-
|pa(1mu. HanoMmuum uxpa'me JAUlLEL TE CBEJICHHUA, K(')'l'()[)ble HeOO-
XOIHUMDI 114 €€ CPaBHEHMSA C JPYTHMH MIaHeTaMH.

Cmipoerue. OCHOBHBIMH ODOJIOYKAMH 3CMHOIO 1APA SIBJISIHOT-
ca ammocgepa, eudpochepa m aumochepa. CooTBercTBYIONIME



3THM 0D0/I0UKAM TPH arperaTHBIX
COCTOSIHMA BEIeCTBa — ra3000pas-
HOE, KHIKOE H TBEPIOS — SIBIASIOT-
CA MPHBLMHBLIMH I7TA HAC, XKUTEICH
3emumn,  Armocdepoit  obnanaer
DONMBIIMHCTBO  OONBIIMX  MUIAHET
CoHe4HOH cucTeMbl, TBepaas 0do-
JIOYKA  XapakTepHa  Juist  njaser
3CMHOM TPYIIEL, CITYTHHKOB MIAHCT
n actepounos. ['mapochepa xe 3em-
JIM — yHHKabHOE sirienue B Co-

Puc. 4.2. BuyTpeHnHee HEYHOH CHCTEeMe, HHKAKaA apyras 13

CTPOEHWE NNAHET 3EMHORA W3BECTHLIX MAAHET €10 HEe Pacnoia-

F'Dynnbl"ﬂwbli ract. Boja B XKHUAKOM BHIC MOXCT
- KOpa;

CV OBaTL UL MPH OMNpe-

2a,0,8— mMmanTng; FELCAT p pe

JICNEHHBIX 3HAYEHMSIX TEMNEPATYPhI
M JaBJICHWS Ta3l0BOH cpeasl. by-
OV4M BECLMa PacnpoCTPaHeHHDLIM
BO  BCRNeHHOM XUMUYECKHM coe-
OHHEHHEM, BoJa Ha JIpyrux Tenax CoMHEeTHON CHCTEMBI BCTpeta-
eTcA r1aBHLIM 00pa3oM B TBepaoH dhase: B BHIE CHEra, HHeA W
JIbjA.

Jumocgepa. Ha npoTsKeHHH MIJLTHAPIOR J1€T CYLICCTBOBA-
HHA 3eMJIH B TBEpPAOM TeJe IMIAHeThl MPOMCXOAHIM TPOLIECCh,
CVIIECTBEHHO W3MEHWBLIHE TIePBOHAYANLHBIH COCTAB BEIECTBa U
€ro pacmnpenencHue B autocdepe. 3a CUET 3HEPrHH, BhIIEIAIO-
HIEHCA MMPH Pacnane PajIMOAKTHBIBIX JIeMEHNTOBR, NMPOHCXONI0
pacrinasicHue | auddepeHuranms semecrea. B pesynsrare ner-
KHME COCIHHEHHA, B OCHOBHOM CHJIMKATLI, OKa3aHCh HABEPXY U
obpasosanu kopy 3eamau, a GoIee TsKeNbie OCTAIMCh B IIEHTPAIb-
HOI1 acTH — sdpe.

TonumHa KOpbl OTHOCHTENLHO HEDEJHKA H MEHASTCA OT
4—10 kM nox okeanamu 10 30—70 KM noj Marepukamu. Pajuyc
Adpa COCTABJSET NPUMEPHO MOJIOBHHY paldyca IUIAHETHL [PH-
YeM B €r0 , BHYTPEHHEH YacTH BELIECTBO HAXOOUTCA B TBEpAOM
COCTOSIHHH, a BO BHCIIHCH — B XKUAKOM. Mexny siapoM u Kopoii
PACTIONATaeTCs NPOMEKRYTOYHas 0bonouka — mammusa, 1lior-
HOCTb BEILNECTBA M0 MEpe YIaleHHs OT LIEHTpa IUTAHEThl YMEHb-

maetest o1 17 000 KoM (B siape) mo 2700 KT/M (B KOpC).

3 — sapo



PeaynetaTel HMCCICOOBaHMI, BBIMOJMHEHHLX C IIOMOIILIO
KOCMHMYECKUX anmnaparon, MOKa3ajiH, YTO BHYTPEHHEE CTPOelne
IJIaHeT 3eMHOH rpynnnsl M Jlynst B o0mmx yeprax Takoe xe
(puc. 4.2).

Ammocghepa. OnpenencHHOC CXOICTBO CBOMCTBEHHO TaKkKe
H aTMochepaM IIIaHeT IEMHOH IPYNMLL, CPeIH KOTOPLIX aTMOC-
(pepa 3emMiin BhIISICTCH CEROMM YHUKAIbHBIM XHMHUYECKHM CO-
craBoM (oM. npuaoxenue IV).

AtMmocepa pacceHBaeT H MOMMOMAET CONHETHOE H3IV-
YE€HHE, OHA BO MHOTNOM OMpeAeNseT TeIUI0BoH DalaHC MaaHeThl
Daarosaps Tak HaseiBaeMoOMy napuukosomy a(dexty. Tak,
HArpeTast COJIHEYHbIM HAIVYEHHEM IOBEPXHOCTh CYIIIM M OKeaHa
3eMIH caMa M3nyvuaeT wHppakpacHoe H3anyucHHe. OHO Morno-
IIAETCA VINIEKHCIIBIM Ia30M M MapaMH BOILI 3€MHOH aTMocdephl,
KOTOpas TeM caMmbiM yaepxupaer Tenno (puc. 4.3). Ha npors-
ACHHH MHIUIHOHOE J1€T CYHICCTBOBAHHA 3eM.'lH VCTAHOBWJIOCK
paBHOBECHE MOXIY IOTOKOM 3HCPrHH, MOCTYNapmel or
CoaHua, # TTIOTOKOM HEPIHH, H3Ty4aeMOoH MIaHeToH obpaTHO B
KOCMMYECKOe NpoCTpatceTro. Yem nnotuee atMochepa naauern
M yeM Douibine B HeH CO,llep)KH'l‘CSI )’l‘.’leKMCJIOI‘O rasa M BO/JISIHbIX
[apoB, TCM CIHJIBHEC MPOSIBISICTCS TAPHHUKOBEIN 3(CKT U MCHB-
e aMIUTHTYAa M3MEHEHHA TeMIepaTyphl OT OHA K HOUH. DTa
3aKOHOMEPHOCTE XOPOLIO TNMPOCISXKMBACTCA Y MJIAHET 3€MHOM
rpyinbl, Ha 3emie pasHOBECHE YCTAHOBWIOCH TPH CpejiHed
remneparype okono +15 °C . (290 K), a na Benepe — npu 3Ha-
qiTeIbHO Oonee Boicokon — okono +470°C (740K). He
CAYYaHHO BLICKA3BLIBAIOTCA OMACEHMHA, YTO MOBLILIEHHE COXEpP-
KAHMSA  YIUIEKHCIOrO rasa B 3eMHOH atmocdepe Beaeacrsue
BO3pacranus obbeMa CKUraemoro
UCIOBCTICCTBOM  TOTUTHBA  MOXET
NPHBECTH K POCTY TEMIEpPaTypLl
Ha 3eMae M M3IMEHCHHIO €€ KiM-
MaTa.

[TposieacHHE NapHAKOBOTO 3¢~
thekTa MOXHO HadIIODaTH B Mac-
MYPHYIO norojy. ObnayHocrs 3a- e
JePAKUBAeT TeILIOBOE H3lIyYeHue,

MO3TOMY T0YBa H BO3AYX HOUBK  Pyc. 4.3. Cxema
OXTaKIAIOTCA HE TaK MHTCHCHBHO, NapHukosoro addexia




KaK npH sicHoM 6e30bnayHoM Hebe, Koraa MOIyT CIYIHTLCA HOY-
HBIE 3aMOPO3KH.

Hroknmii cnosi atMocdepel, KOTOPBIH Ha3LIBAETCA mponocge-
POiL, B CPeLMX MPOTAX nMeeT BhicoTy 10—12 KM, & B OKBaTOPH-
aneHbBIX — 16—17 kM. B Tponocdepe coaepxkurca doaece 90%
Beei macchl arMochepnl M NMPakKTHYECKH BCE BOAAHBLIE Tapbl.
HmenHo 3M1eCh B OCHOBHOM llpOMCXO,’lH'I' SIBJICHHA, KO’I'OphIB on-
penensioT noroxy. ITo Mepe yaanreHHsa oT 3eMHOH MOBEPXHOCTH
TEMMNEPATYPA CHMKAETCH M HA BEPXHEH rpanuiie Tponocdepn co-
crasJsier npuMepro =50 “C.

Han rtponocdepoii mo poicotsl S0—55 KM mpocTupaercs
cmpamocepa, B KOTOPOH HaxoauTes cenoi o3ona (0O5). 3necsk,
HAYMHAA C BHICOTHI OKOJIO 25 KM, TeMnepatypa atMocdepn pac-
TCT 32 CYCT NOIJIOLICHHS O30HOM WIBTPadHONCTOBOrO H3myc-
uua Conuua. Buiuue — B mesocgepe — teMmnepaTypa CHOBa
YMEH hIIASTCSH M HA BRICOTE OKOJIO 75 KM Jocraraer abcoJliTHOro
MuHIEMYMa =90 °C.

[L10omHOCTE aTMOCKEPBE ¢ BHICOTOM YMEHBIIASTCA: HA BLICOTE
6 KM OHA BIBOC MCHBIIC, UCM Y MOBCPXHOCTH, & HA BHICOTC M0~
panka 100 kM B MIWLTHOH pa3 MeHbLIe, [IpUMepHO 10 3THX BLICOT
COCTAB ATMOCDEPBI OCTASTCH HEM3MEHHBIM — CMECH Fd308, 110J1y-
THBILIAs Ha3BaHHe Bo3ayxa. Ha Goapmmx BeicoTax, B mepmochepe
(80—=800 km) coctap atMocdepsl cymecTsenno Menserca, Oc-
HOBHBIMH €€ KOMITOHEHTaMKH CTAHOBSTCS relmit W Boaopoa. 3a
CUEeT NOIMOMEeHHA YabTpaduoaeToporo uinyteHua ConHua TeM-
neparypa sHaumrensHo sospacraer (no 1500 °C na shicore
600 kM), [Tornomenne WanyucHUs BBI3LIBACT IMCCOLIMALIHIO MO-
JEKYJ, a TAKXKE MOHM3ALHKIO MOJEKY.T H aTOMOB ¢ 0DpasoBaHueM
CBOOO/IHBIX 21eKTPOHOB. Takum 0bpaszom, repmocdepa ILIaHeT sl
ABJIACTCA BMECTE C TeM ee oxocgepoit. CaMblll BHEIIHHH C/IOH
aTMOChephl HA3BIBAETCA IKI0CPHEPOTi, OTKYIE ATOMBI M MOJIEKYJIbI
MOTYT DCCIPErsITCTBCHHO YCKO1b3aTh B KOCMHUCCKOEC IPOCTPaH-
CTBO,

Maenumocegpepa 3eman. Ha suicorax Sosiee 1000 kM nosejie-
HHE H pacrpeaeeHHe 3apsakKeHHbIX 1aCcTHL] HEPa3pbIBHO CBA3AHO
C MArHMTHBIM 1101eM 3eMan. B 0KOM03eMHOM KOCMHUYECKOM Npo-
CTPAHCTBC CYHICCTBYET ODJIACTh, KOTOPYK) HA3LIBAIOT MAarHUTO-
chepoii. XoTA 1Mo cBoeii GopMe 0Ha BOBCE HE ABIAETCA Chepoil.
CrpyKTYpa reOMarHMTHOrO nojas Ha JAHEBHOH M HOYHOH CTOpOHE



Jeny Guarogapda HAMHUHED «CONHETHOTO BETPas CYILIECTBEHHO
OTNHYEETCH, STOT NOTOK NAASMbL, HENPEPHIBHO ODNYBAKIIMH
Jenito, WMeeT coDCTEEHHDE MATHHTHOES Mojie, KOTOPOoe BIaHMO-
JeCTBYET C TeOMATHHTHEIM TIONEM H BLIJBIBAET €ro JHAYHTEIL-
HY gedopManii, [Ipn HabDerani moTokos COMHEYHOTD BETPA
Ha MATHHTHOE MOJIe JEMIM OHH MPEAIE BCEr0 TOPMOJATCH, H B
PEIVILTATE BOIIMKAET yaapuad noaua, B uenoM Marmmrocdepa
MPHHAMACT QOPMY WHIHHIPA C BRIDYEIRM B cTOpOHY CoaHUA
anomM, (JHa oxara © JHEBHOH CTOPOHLI U BLITAHVIA B BHIE CH-
FAPOODPASHOre mneida ¢ HOYHOH, STOoT ey THaMeTpoM
HEMHOTHM MeHee 250 THIC. KM TpocTHpaeTcda 3a JemacH Ha
3,0 MIIH KM,

Hebomeinasn JacTe 3aXBaveHHEBIX FeOMATHWTHBIM TIOJIEM 3aps-
ACHHEIX TACTHL OOPAIVCT BOKPYT HANICH TMTAHCTEL AORC padi-
auui. 30eck HaxoOATcA o0JajaloliHe HAuOoIee BHICOKOLN
DHEPrHed MOHB (P OCHODHOM MPOTOHLI) H 3IEKTPOHLL HTH
YACTHLL], MONAIAA H3 PAIHALMOHHOID [OACA D BEPXHHE CI0H
ATMOCHEDE B PAROHE NOMOCOE, SACTARIAIOT CRETHUTLCH €8 oc-
HOBHEE COCTARJIHIMIIHE — @30T K I'EH{LIII:JFE'J_.'I., Hi kel 3l B III:]JI!-IPHI-IE
CHAHMAL.

I_]L‘,I CROEH ITPHPOOE .]I}"HEI OTHOCHUTCA K TeldM ILTaHSTHOTD THITA.
Fe panuye cocrasiser okano 17000 km, Macea B a1 l'hi.i MEHhIIE

SEMHOH, 8 CPEIHIH IUIOTHOCTE NPUMeEpHD 3300 |{|.-"|.-| ]

Hecvorpa Ha obHOCTE MPOHCKOGKICHH, TIpHpota JIvHE
CVIICCTBCHHO OTMHMACTCA OT 3cMHON. H3-3a Toro wro cuna
TAXKECTH Ha NOBEPXHOCTH JIyHEL B 6 pa3 MeHbIOe, YeM Ha I10-
BEPXHOCTH 3eMIH, MOMEKyIaM Cala ropa’jgo Jerde NOKHHYTh
Jyuy, Ad1a 3Toro IOCTATOMHO CEOpPOCTH nmpHMepuo 2,4 km/c,
MOITOMY Hd HALEM COYTHMEE HeT W pe OsI0 1y ruapocheps,
HH I:'L'I'Mﬂl':fl'lerﬂhl. “:r'H.EI. HE HWEeT TAKKES IAM2THOID MAMHHATHO
O

MenneHHOE BpalICHHE BOEPYT OCH NPHBOIHT K TOMY, "ITO B
TCUCHHE OTHA MOBEpXHOCTE JIvHBI Harpepaerca oo +130°C
(400 K), a B Tevenne Houl octeBaet 1o —170*C (100 K). H3-3a
OTCYTCTEMA ATMOCHEPE TyHIaA DOBEPXIOCTE NOABEPKENa Heno-
CPEACTEEHHOMY BOISHCTBHIO BUEX BMIOE MIIVYEHWH, 4 THEKE



NOCTOAHHOMH «DoMOapIHpoBKe» METEOPHTAMHA H DoMlee METKHMH
MACTHILIAMH — MHEPOMETEOPHTAMH, KOTOPEIE MATAKOT HA HEe C
KOCMHYECKHMH CKOPOCTAMH {ECATEM KIWIOMETPOD B CEKYHOY ).
B pesvanTate ped JyHa NOKPETA CI0EM MENKOpaiapobaeHHoro
BEIIECTRA — Pe2talird, TOTIHIA KOTOPOr) B pAae cny4aen npe-
primaet 10—12 m (e, puc, 2 na upetnoi skaeike 1), Tenso-
NPOBOIHOCTE PEFOAHTA OY€HE Madld {I[]_'I'HMH['JH{'I i1 “] Pdd MEHBINE
'I'EIIJIH]IF{'!H[!;'I.H{'IE'I‘H {IKI?}’HHHJI'II,E]'[!I HA L H[!Zi_.il__}-"-liii}, [IHZ'}'I'[!H}-' J-'.':-I".'E
Hi I'JI:!."EIMHE HECKIMNIEKHX JICCHTROR CAHTHMETMOB KoeDaHWY TemM-
IJEPEI'I'}"']I:-.I | IPEI.I:'L']'I':I"-IC'J'IJHH (¥l l:_'!.-"l'{-"l'l']:r' LN

Jaie HCBOOPYKCHHBIM Ma30M BHOHO, wTo Ha JlyHe ecte
CBETNEIE OOMACTH — Mamepiiy H Donee TeMHBEIE — Mapd (CM.
pue, 1 wa upernoi praeike 1), ConpeMenibe mecnenonamms
MOKA3aH, 4T0 OHH OTIHYaKTCH HE TOOBKS 110 BEHENTHEMY BHIY,
HO TAKKE Mo pensedy, TeolorHIeckoil HCTOPHH H XHMITIECEOMY

COCTARY MOKPBBAIDIIETD MX Bemectna. JIvHa AnIAeTcd ennHbIM
H.-]H'I'EPHF'E[!HHM AT, Hd Iili]'l'{‘.ll'.ll[fl"ﬂ B BHIE OTANENRHBIX I']FEI'.I?H -
HHI pacrioNarawTced MOHWECHHEIC YTACTKH MOBCPXHOCTH, TI0-
EPHITLIE 3ACTLIBIIEH Japoil, — Mopda. OHH 3aHHMAIOT TPHMEPHO
% oM BHMoi croponst Jlyae (puc, 4.4). Caman kpyn-
Hasl PABHHHA TOAyTina HazeaHwe Oxea” bype, ciemoM wier
Mope Hoxcaeii, Mope Xonona, Mope Criokoticteus i op. Tak ux
naspann ene B vavane XVILe, Mope [losged oxpysanr
FMOPHBIC XpeDTH BRICOTOH 3—35 KM, NOJAVYHBIIAC TAKHC #C HAa-
JBAHMA, KAK W 3eMHBEIE TOPHBIE MACCHEBLI, — Kaprad, ANbIL,
Anenmmnel ¥ 1. 1. Bee TR ropw chpocosoro tHna. Bepoarno,
CEJOAIHATHIX I'ﬂ:[':l:, KHPEIH']'EPHHH JLTE HAIIEH II_'IHHE'I'hI___ H&A “}'HE
HeT. B pasmitHex wacTax JIVHE 3aMCTHEI TAKHC OPMEL PeIbe-
tha, Kax DOPO3AL H TPEMIHHEL, [I0 KOTOPEM OPOHCXOIRA0 CMEee-
HHE T 181 EHBIX }-"'-Iq':lt,'.'-'l'l{li_;ll'! J'I:r'lllll[:'li'i Kﬂ._"l-'l_'!lhl (§4] H-EFI'I"M Kl H I'UP'I-“I-
JOHTAIH.

Haudonee xapaxtepupiyy GopMamit peaneda JIviL ApTaoT-
CH K ILFFLC T CH MO PELE.'IH'-IH'["I]'{'J I'IEI.RI'L‘IEI:IEI.. UHH [Il."l.illl."-ll-1..llf1 HY¥eHA
B CCTE HIBECTHRIX VicHEX — Koneprura, Kerepa, [Ttonemen
1 ap. IIpn HabmoIeHHAX ¢ 3eMIH B TENECKOI MOXHO PasIHIHTL
KPHATEDR JIHAMETHOM HE MEHECC 1 ks, X HACYMTHBASTCH QKOO
300 Teic. MHOKCCTEO KpaTCpoOE MCTPOBOIO H CAHTHMCTPOBOID
pa3MEPOE BHIHEI HA CHHMKAX ITYHHOH MOBEPXHOCTH, MOIYIEH-
HEX KOCMUYecKHMu annapataMu, Ha Donee npepneli nosepxio-
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Pwc. 4.4, Kaprta enammoro nonywapus JTyHe!

CTH MATePHKOB HA eAMHUILY IUIOMIAIH TIPUXOAHTCS TIPUMEPHO B
30 pa3 Soapuie KpaTepoB, 9Y€M Ha OTHOCHUTENLHO MOJOION IO-
BEPXHOCTH MOpei. UMEHHO nO3TOMY TIOBEPXHOCTE MaTCPHKOR
BLITIAIMT TaKOM HepoBHOH, KpaTtepnl 00pa3yioTes NnpH naieHud
Ha JIyHy Ten w3 KocMuueckoro npocrpancTea. [lpu ynape o no-
BEPXHOCTL JIVHBI 9THX TeJj, 001a1alomuX 3HAYNTEeNbHOH KHHETH-
UCCKOH 3HEpruei, npoucxoaur B3peiB. B pesyabraTe paspyma-
IOTCH M CAMO TENO, H AVHHBIE MOPObl, HX OOJOMKH M Tk pas-
JCTAIOTCS BO BCC CTOPOHBI, @ Ha MeECTe B3peiBa oOpasyercs
vrayOnenme — Kpatep.



Puc. 4.5. Kparap Apxunen Puc. 4.6, NaHopama NyHHOH
NOBEPXHOCTH

Campie KpynHbie Kparepr! (100 kM 1 ©o;1e€ B IHAMETPE) OK-
PVKCHBI BO3BBILIAIMINAMCA Ha 2—3 KM HaJ OKPYXKawILIeH MecT-
HOCTBIO BAJIOM C MOJOrHMH cKIoHaMi. [1ybrHa KpaTepa o0bMHO
B 5—10 pa3 MeHbIlE ero JiMaMerpa U HeMHOIUM BOJIbIIE BHICOTHI
Band. JIHO KPYNHBIX KpaTepos Hepejiko OblBAeT YaCTHYHO MM
NOJAHOCTBHIO 33 TOMIEHO JAaBOH, HAA KOTOPOH BO3BHINAETCS 1EHT-
pajibHaA ropka. XapakTepHLIM NPHUMEPOM fABIAETCA KpaTep Ap-
xumen auaMeTpoM okono 80 kM (puc. 4.5).

Ha nopepxtocti JIYHEI NOBCIOAY BUAHB BLIOPOLIEHHLIE MPH
o0pa3joBaHHH KpaTepoB KaMHH Pa3lHYHLIX pa3MepoB H GdopM
(puc. 4.6). Hexkoropeie 113 HUX npH naicHUH Ha JIyHY Takxke ob-
PasyIOT KParepel, KOTOPBIE HA3KIBAKT amoputnamu. BeposTHo,
MHOKECTBO TAKMX KpaTepos M MelkopaszipobieHHoe Belecrso
()Gpaii}'IOT CRET/INE JAYHH, Kmopme npoc.'lemmal(n'cu Hd IIOIier'
HOCTH BOKPYT HEKOTOPBIX KpPaT€pPOB MHOIAA HA PACCTOAHHM IO
1500 kM. Taxk mazexo pasieTaioTcsa NPOIYKTH MOMIHLIX B3PLIBOB
BCJICACTBHE MaNON CHILI TAXKECTH H OTCYTCTBHA aTMochephl Ha
JlyHe.

Hccaenopanus JIYHEI ¢ TOMOIIBIO KOCMHYECKHX allapaToB
Havamuck emie B 1959 1. Torga coeerckas aBTOMaTHIecKast CTaH-
tmst «JlyHaa-3» srepesie cororpaguposana odPATHYIO CTOPOHY
Jlyubl. To Tpaamimmn HaXOMSIIMECs HA HEeH KPATephl NOJYYHIH
uMena yyennix — Jpxopaano bpyno, Momonocosa, Konno-Kio-
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Puc. 4.7, Kapta obparHoR CToROaHE NMyHes

PH, K[!P[!.‘IHHH H .. d TAKAKE KOCMOHARBRTOHR — ]'.'iI'IiFHHH: LTEE
posa 1 ap. OKA3a10Ck, 4TO NPAKTHYECKH BCE MOPH HAXOIATCA Ha
BHAHMOH cTopoHe JIVHEL A BIaIHHB, KOTOPEIE €CTh Ha ee obpart-
HOMH cTopoHe (pHc. 4.7), B DOILMIMHCTEE CBOSM HE JAIIOMHEH Ja-
BOi. B mocneoyiolieM ChEMKA JIYHHOH MOBEPXHOCTH HEOIHO-
EPaTHO TMPOBOIHIACE COBCTCKHMH H aMCPHEAHCEHMH KOCMHYIC-
CKHMH annapataMi. K HacToAmieMy BpeMeHH COCTABICHE! MOI-
pobHele KapTel oboux monvimapai JIvHel B ee  OTIeNkEHBIX
I}EI'H{THGH, HA HE_'!'I‘L‘I'PI-:.I:{ 3-Ell’ble1 KﬁlHPﬂH?—th[ {'IEI'hE:BE’I'hI FHZ}:MEP{]M 20
[[I58



Pwc. 4.8,
AMEPUKAHCKMN
ACTPOHABT

Ha Jlyne

Baxnnie HCCHE 1IOBAH WS ObLIN np(me,'leum COBETCKHMH 4dRTO-
MaTHYECKUMH CTAHUIMSIMH cepii «JlyHa» W aMepUKaHCKUMHK anna-
paramu «Cepeeiiop» Ha ee noeepxHocTH. Ilepeoit Obma «/TyHa-9»,
COBCPLUMBLIAS MATKYHO Nocaaky Ha JIvHy B heepasie 1966 1.

JlyHa cTaja MEPBLIM M MOKa €IMHCTBEHHLIM HEOECHLIM Te-
J0M, Ha Koropoe B 1969 r. crymuia Hora 4enopekd, aMepuKa-
ckoro acrponasta Heuna Apmemponza. B nansneninem s xone
PeaNn3alMM AMEPHKAHCKONH nporpaMmbl «Anoanon» na Jlyne
nodeBano 12 acTpoHaBTOB, KOTOPHIE NPOOLUM TaM B 00LIei
croxHocTH 300 w1 (puc. 4.8). JmuteneHoce BpeMs pabotamm Ha JIy-
HC COBCTCKHC CaMOXOIHBIC anmapatel «JIyHOxom-1» m «JlyHO-
X0n-2», KOTOpBLIE O0CNEIOBANH MYHHVIO IMOBEPXHOCTE Ha ILTOMIA-

m cspime 100 k. [TokpeIBaIOMIMI BCIO JYHHYIO TOBEPXHOCTE
PEroJMT 10 CBOUM (PHU3MKO-MEXaHHYECKHM CBOHCTBAM (pasMephl
YACTHIL, TTPOYHOCTD M T, 11.) NOXOX HA BAAKHBIA necok. On npej-
crasJsieT coDoit cMeck MEIKHX ODJIOMKOB TOPHBIX TOPOJL, OCTCK-
JIOBAHHEIX ¥ OTUIABJICHHBIX YaCTHIl, BOSHHKAKIINUX Npi obpaso-
BaHUH KparepoB. CpeaHuii pasMep 1acTHIL PEroINTa OKOJI0 1 MM,
OIHAKO BCTpe4aloTca H B0see KpYMHBIE (CM. PHC. 3 Ha LIBETHOH
piuieiike I1I). Ha MHOrux wgactuuax ¢ nOMOMILIO MHKPOCKOMA
MOXHO PasIMyMUTh MeJb4ailine KpaTepoykH, obpasopasliHecs
NpH YAapax MHKPOMETEOPHTOR.



AMEPHEKAHCKHE KOPadIH « ANOIM0H» H COBETCKHE aBTOMATH-
YECKME CTAHIMK JIOCTABMIM HA 3emuy okoao 40 kr obpasios
JAVHHBEIX NOPOA, KOTOPLE OLIH DOABEPTHYTEH IeTANLHOMY XHMH-
WECKOMY AHATH3Y B 1aDOPaTOPHEIX YCI0BHAX Ha 3emie. [lopoas
,.r[].-'Flhl MOXNOXEHW Ha 3eMHBIE 1'1':1!!1;!F}I".'EFIHF-'IE |1{:|p::|,'|,hr, Hi [_Jﬁ-E,'l.flﬂth
10 CPABHEHHID ¢ HHMH JEeTYUHMH MIEMEHTAMH, JENe30M H BO-
aoi. Habop smuHepanioe B WX CcoCTape ORasancd DegHee (DKO-
ac 30), 4eM B 3EMHBIX NOPOIAX, A COOepENTCA Dogee
2000 MuHepanos. B TyHHEIX nopogax npeofnaiaioT CHITHKATE |
LRCHIR, F!L‘;TPH"—IH'IUTEH TR l_]:JI_'I-[.:(,l_IH.Th[, li.:-:.-',’lhl_]:}lﬂ_.l'l_h'l, HE‘I.FEH,’I.I‘:[ H
chocduas. Ha JIvHe DpaKTHHISCKH HET MHHEPATOR, OTIHTAKLIHY-
CH OT 3CMHEIX, HO B TO XC H].'.I'EHH ﬂ'l'ﬂ}"]'ﬂ'l'l‘!}f]ﬂ'l' TC H3 HAX, KOTO-
pEie MOTYT 0Dpa3OBLHBATHCA B BOIIOH CPENE H NPH HATHYHH CHO-
GOOHOro KHCIopona. [HKaKHY MpHIHAKOE XW3IHH JAXC B BHIC
?k1HHFﬁE]I?I'IiHL1Z:I-M[3H MiIH [!II}I'HHH"-IEEKHE Ei"]E..[HHEH[-'Iﬁ HA _”:.I'HE HE
0OHAPYVIKEHO.

Hocrawiennsie Ha NOBePXHOCTE JIVHM CERCMOMETRI 1103B0-
TIWIH JAPETUCTPHPOBATE DOABIIOE MHCI0 NVHOTPACEHHH — 10
3000 3a ron. OOHAKO BCC OHH 0UCHE CHADEl — HX CCACMHTCCHA
Z:]'HE]_'I'I‘I-H-I (] I'I.'IHJI.IIH.':II'.I'..II p?l'i MEHKIIE, HEM Hd 3EZI'I.'1.|'IE. TaK #e KAk M
Ha 3JeMiIe, PerHcTpaums celcMHMecKHX KoleDaHWi Mo3BoIHIa
YIOUHHTE BHYTPEHHee crpoerie JIvae, (ORa3anock, 9o IyHHASN
KOP& 3HAYUTENLHO TOMME 3eMHOM: OT 6 KM Ha BHAMMOM C 3eMH
noayviapui 1o 100 kv Ha obpatHoil cropone. CTpyRTYpa Bepx-
HHX CNOER KOPBI MCCIET0BAIACH TOCPENCTROM AKTHBIILIK CeleMu-
MECKHX IKCIEPHMEHTOR NPH NaneHHAX Ha JIYHY oTpaboTaHHEIX
qacTeld kopabneld «ANOIIoH» 1 MCKYCCTREHHBIX B3PBIBAK HA 110
pepxuocTd Jyaul, Tlog peroauToM JeuT caoi nopot, nudpo-
MICHHEIX TIpH 00paloBaHHW EPVIHEIX Kpartcpoe. Ero TommimHa
MEHAETCH OT HECRONMERHX JAECHATROE [0 COTEH METPWCHS, Eue umxe
10 [IVOHHEL IPHMEpPHO 1 KM paclofaraloTed pacTpecKaBIIHecH
OT MHOTOYHCIICHHBIX }'_.ll_ﬂ.r.lﬂll'] ﬁﬂﬂﬁJJh'l'ﬂHh[E‘- Ilﬂ-[’!ﬂ,‘]_hl.

Onpegesennii pasIM4HLIMH METOIAMHE BOIPACT MOPOI, 10~
CTABICHHEIX ¢ JIYHEL, KAK FOBOPHIOCE paHee, DIH30K K BOIPACTY
ErE"-'[..'fHJ YT I:.:IH-'[_.'I_E'I"E}J'IH'..-'T'H}’E'I" [_Jﬁ HX COBMECTIIONM l'I]_'!l_'I'HL:I!{l_'I'}:I{j[t.'!-
HHH. B TO e ppeMa Ha IVHHOH MOBEPXHOCTH He DLUTo odHapy-
HeHo Dojee MO0 IRIK IH'.lI'H'hI.._ T I'l'.ll']-[':IFI'H'I' 0 JaBHEM I[]I’]'EE";".IE.JI[E'
HHH JABOBLIX HWIHAHKHN H BYIKAHHYECKOH AKTHEHOCTH.

OtcyreTere Ha JIvHE NpoUeccoR paIMEIBAHHA H BEIBCTPHEBA-
HHA NOZBOIAET CYUTATE €€ CROS00PAIHRIM TEMIOINMYECKIM 3aM0-



Puc. 4.9. OaunH n3
NPOEKTOB NYHHOK Da3k

BEAHUKOM, IJ1e HA TIPOTSIKEeHHH MIUIMOHOB H MIWLIHAPAOB JeT
COXP&I‘IHK)’I'CH BRCE BOZHHKABIIIME 34 270 HpeMSI (l)()thl peJlbe(l)a.
Takum 00paszom, uiyuenne Jlyinbl gaer BO3MOKIOCTL NOUSATE Teo-
JOTMYECKHME MPOLECChl, NMPOHCXOAHBIINE HA 3eMie B JaJeKoM
MNPOLUIOM, OT KOTOPOro Ha HAIISH ILTAHETE HE OCTATIOCH HHMKAKHMX
(W (S ()

B Hacrosmee BpeMsi CYIIECTBYIOT JleTalbHO paspaboran-
Hbl€ NPOEKThE Co3naumMsa na Jlyne xpynuon oOuraemon Oasel
(puc. 4.9), rae CMOTYT ATHTEALHOE BPeMA HAXOAHTLCA YYaCTHHKH
skcnenuuui. Hamiyune Takoi Da3pl MO3BOIUT MOCTOAHHO NPOBO-
IUTL HaOII0OeHHA 3a Halel ILTaHeTol, oObeKkTaMu DIHXHero
JaTbHEr0 KOCMOCA, a TaKXke IPYIHC HCCICOOBaHHsA, KOTOPBIC
TPYAHO OCYIICCTEHTE HA 3eMIC MM HA OpOMTATBHEIX CTAHLIMAX.
Tag, nanpumep, obparnas cropona JIvHer yiaoOHa st passe-
HICHUH PAIMOTCNCCKOINIOR, 1HOCKOJBKY TEM CaMbIM npax'chcxu
HCKTIOMYAIOTCH NTOMEXH HAZEMHBIX PA/JIMOTEXHHYECKHX CPEJICTH.
an PeAJIH3A1IIMH JDTHX TIPOEKTOB NMPEANOIATASTCH MAKCHMA. ThHO
MCINOABL30BATL PECYPCehl camoit JIvHbl,

B 2100 CBA3H HeManoBaXHOE 3HaYeHWe npuobperaer ToT
(llill('!', 410 6.'!3.!'0,’],3]’”! HCCIISJIOBAHMSIM, IIPOBG,'I,EHHNM B 1oche/ -
HHe roapl, Ha Jlvie obHapyXeHbl BEChbMa 3aMEeTHBIE 3a11achl BOJIbI.



BoMmbapnupopka TYHHOH NOBEPXHOCTH BOMHIH €€ HHHOTO MOK0-
ca pakeToli-HocHTeneM «[lcHTaBp» W CICUHATBHEIM 30HIOM 10~
FBOJTAIIA Jl'E'J'I-.:I.H{"IHH'I'h_.__ T B HEIILEL"]'I'.I-I:"'_._ thﬁpﬁl]lﬂHHﬂ\-‘l illl"}l.-'[ I'I-F.'-r]hl-
ne, IeMCTEMTENLHO COAepRUTCA RoTd. POCCHMMCKMA HEHTPOHHLIH
getextop JIEH/[, vCcTaHOBISHHHH Ha OOPTY aMepPHEAHCKOTO
HCEVCCTECHHOTO cIyTHHEA JIvaw JIPO, mogaszan, UTo BOIAHOM
Jel COCTARITHET 3—8':7'.- MACCHI Ilﬁpﬂ,'l, H €2 ]II}HIIt}JI}II}HfIrﬂ FOHE.
':[}TJ'IE‘IL'-II{J I'IPE-..I'I_HHPM"I'E-,I'II‘:HHM IETTRAM H3F  TOITH ,'I}"]II]UFU
IPYHTA MOXHO DOMYUHTE Dopaigka 40—45 nurpos poau. B nep-
CIICKTHBE BOOY MOXHO OYIST HCMOIBIOBATE B PAIMHTHELIN LICTIAX.
HacTHaro HA OBITOBEBIE HYRAB, YACTHYHO PAIIOHHE HA KHC-
J0poa H BOIOpoa. KHCnopon HeobXoauM 118 IbXalus, & BOILo-
poa ABIAETCA NPEKPACHBIM TOILTHBOM. O HaMEPEHHH CO3IATL HA
JIyae Daswl 3asBHIH HECKOUIREO CTpaH, B ToM wdcne Poccus,
kurailt 1w Hujgusa, B kauecrhe CPOKOE PeaiiU3alHu NPOSKTOR
HasenaoTeA J—3H)-e rogn TeKyIero CToaeTH,

[Nonpobueie KapTel JIVHW ((hHadTecKkan W TeoIoTHICCEAd)
passeneds Ha caite hitpy/moon.google.com/moon/

1. Kague ocobeniocT pacmpocTpaneHnsa BOJIH B TRep-
OBIX TEMAX M HKHIKOCTAX HCMOILSYHTCH IPH CEHCMIMECKHE HoTe-
morAHAAR cTpoerda 3eman? 2, loveny » Tponochepe TeMmepaTy-
pa ¢ YEemHuenHeM BrRIcOTH nanaeT? 3. Yem obwacnmwotca pazmm-
UM ILIOTHOCTH BOIWLECTE B OKpyvadiowey Hae mupe? 4, TTouewy
NPH ACHON MOTO0E HOYBKD MPOHCKOIHT HAHDOIEE CHNLHOE TION0I0-
manue? 5. Buank mu ¢ JIviae Te #e co3pesnua (BHIHLL TH OHM TAK
e ), 1o Mo Jesum? 6. Hasosnre ocnosame Qopue penseda JTy-
HEL 7. KakoRk QIHYecKAe YOIORHA Ha moRepxHocTH JIvEmT Yewm
H MO KAKHM TPHYHHAM OHH OTIHHAI0TCA 0T 38MHBIX]

1. IlogcuntaiiTe, EAKVH) (TTIPHMEPHO) KHHETH-
YECKYH SHEPTHED MMEeT TEA0 MAaccoi 1 Kr npH BCTpede ¢ 1YHHOM
NOBCPRHOCTEIY, CKOPOCTE TE1L CUHTATh PABHOR CKOPOCTH OpU-
TANLHOTO ARHXxerd Jesm, 2%, [amineil nepruiM HaMepun BRIco-
Ty rop Ha Jlyne, nwabaogasa nossnenne BOMHSH TEPMHHATOPA
{rp:’IHHII.I-rI IHA H HOTH) OTIENbHBIX FOPHBL BCPITHH, OCBREIICH-
X Connnem. CnenafiTe coOTRETCTRYIONIHN YePTEX W RLIBETHTES
thopaMyny, o KOTOPOH MOXHO NPOBECTH HEODXOOMMBIE PACYETR.



H-":I...Tle1"-IH$ ,.H-1'I1E[:1I'Ephl — Eﬂpﬂﬁ'l'ﬂplrﬁﬂ '-]Ep'l'ﬂ. HCEX TLUIAHST 3eM-
HOH rpynnet. Pensedy ux nosepxaocTy clhopmMupoBaIcs noj ie-
cToMEM BHYTpennux H pueunmx duarropos, [lpumepor nepenix
I'lr!l[:ll':r"l' L'.'I:."H'[F'['I'h TERTOHHYECKHME MIBHACHKMHA H H}UIKHHH"—IH'L‘-RHE HH-
JIEHHH, I'I]_'!I-T"-'IE:]_'“_'I'I'I.'I IiT{_‘.IPhI‘-Hi — }r;mphr TE, M TANMITNE Fa I'IJ'IH.IIET':_I."
L {'IIT:";]MFII':IMH Ii,.'l'l'.{'!lp'[_'lli,."l"i-'lMH H3 KOCMHYEC KO I'I]_'!(,'l[.:'l"]_TI'E'IFIL'I'HI;'I.

I'iopocidepa, ManpoTHB, ARASTCA VHIHKAILIOH OCODEHIIO-
CTLEY HAeH muaHeTe. ATMocheps OTCYTCTBYeT ML v Mepry-
pua. Janaeie 0b atMocdepax OCTATLHEIX IUTAHET IEMHOM TPVIINLI
MpencTapIeHs B IpHIcEeHHH [V,

MoxHO NpUHATL (TaK YIODHO 114 JANOMHHAHUA), 4YTO [U10T-
HOCTE atMocteprr v Beneprl B 100 pas Gonpioe, deM v Jeni,
ay Mapca — g 100 pa3 MeHbInE.

W3 npunoskenns I'V suaHo, 1to atMochepst Benepot 1 Mapca
BeCEMa OIHIKH M0 COCTABY MeX Iy coboli, HO JHAMTENEHO OTIHA-
HTCA OT 3eMHOM. 1 00BACHEHHA NPHIHH TAKOTO Pa3InTHA [IpH-
XOJUTCH CHOBA 0DPamIaTecd K pACCMOTPEHHAKD 3BOTIONHOHHE W3-
MCHCHHT, TIPOMCXOOAMIMY HA MPOTAKCHHH UTHTCIBHBIX TTPOMEe-
EYTKOE BpeMeHH. CarTaeTtcs, 1o atMocdepel Mapea w Beneprl B
OCHOBHOM COXPAHIUIH TOT NEPBHYHEI XHMHUCCKHI COCTAE, KOTO-
PRI KOTIa-T0 WMena ¥ atMocepa Jemin, 3a MALTHOHEL 18T 3eM-
Hasl arMoopepa B 3HAYHTCARHON CTCNCHH YMCHBIIHIA COOCPHA-
HHZ _"!.fl'..ll.'-'_’f'i.l-'[l:'..llfflj'{'l E&3d M ﬂﬁﬂl'ﬂ'l'H.‘lECh I".Ieiﬂilﬂ'[m..llﬂh'[ Jd CyerT ABYR
NPOINECCOR. flepenin M3 HUX SRIAETCH PACTEOPEHHE YITeKHCIO0To
434 B 32MHEBIX BOJIOEMAX, lili']'['l"l'[':lhlﬂ, BHAMMO, HHEOITA HE HHMEIHH-
W, Hmaopoi NPOIECe — BhiMEIeHHE KHCIOPOA NOHBUBINEHCH Ha
HHMJIH l'.lu'ili_"I“I-’]'I'll:‘-.ithl:H_Tl'h'l'li]- Hu Ha HEHEI]‘H, HHKH Hi T'v"[itIH_'-'E HH CJIHH M3
ATHX 'I'IFH_'II[EEEUI! I'IFIZ_ZIH[..’}[U_."I.HT'h [ L= % L] I:_:{'II!]_}EI'I.-1EITI1I':H;‘- HCCTE TR -
HEHH EFFI‘L‘IHHPU’I'H "'I.-'I‘,'IHI{HI;.'-..'II_H'U rasd Ha II-'iIIIEﬁ TUAHETE TTOKASRIBA-
0T, 4TO TOABKD Hamuyue runpocheps cnocobio obecneyuTs co-
XPAUEHHE TEMIEPATYPHOID PEAMMA B NPErenix, HeolxomuMeIx
ITH CYIIECTBOBANMA KHBEIX OPTalIH3MOLn,



I1a camas 61M3Kas K Coanuy naaHeTa BO MHOTOM MOX0Xa Ha
Jlyny, KoTopy MepRypHii THIIE HCMHOTO NMPEBOCXOINT IO pa3-
mepam. Tak ke kak n va Jlyne, 00abmyio 4acrs nosepxHocTy 3a-
HUMAIOT HEPOBHLIE BO3BLILIEHHLIE MaTepuKH. HusaMeHHOCTEH,
3AM0JIHEHHBIX 3acThiBIIeN JIaBOH, ele MeHbine, dem Ha JlyHe.
Kpyvnueiimaa u3 Hux — Mope 3nos — umeer auaMeTtp 1300 k.
CaMBIMH MHOTOHCICHHBIMH M XapaKTCPHBIMH SIBJIAIOTCA Kpa-
TEPbl METEOPUTHOrO npoucxoxaenms. Ha cummkax nanboaee
BEICOKOTO KavecTBa paIHTaloTca O0BeKThl auaMeTpoM S0 M
(puc. 4.10 1 4.11). OOHapyKeHbl TAKKE CHEbl TEKTOHUYECKUX
MNPOLECCOB — ICKAPNb — YCTYNBI, KOTOpbie 00pa3loBaiMch
BCJICICTBHC BCPTHKAIBHBIX CMCIUICHHH KOpPEI BAONL CC TPCIINH.
[MporskennocTs 0aHoro 13 nux pocturaer S00 kM. Crpoenne u
CBOHCTBA MOBEPXHOCTHOTO €104 TAKXKE MOKA3LIBAKOT CXOACTBO C
Jlynoi. TToMUMO y4acTkos, NOKPBITHIX MENROPaszipoObIeHHbIM
BELIECTBOM, BLIABIEHL] BLIXOAL! CKAILHLIX TOPO.

Kocvuuyeckue amlapanl, npo;ue'ramuue B0 M3H 1JIAHETHI,
H3MEPHIM MATHHTHOE 110J1¢, KoTopoe oka3anock B 100 pa3 ciabee
3eMHOr0. OOHapyXeHHe HE3IHA4YMTENLHOrO KOJAHYECTBA Ta3oB
(aproua, HEOHA, 1eJIvg H Bo,'mpmla) JUILEB TTOATBEPIMIO MHEHWE

Puc. 4.10. MNoeepxHOCTb Puc. 4.11. Yyactok nosepxHoctn Mepkypua
Mepxypua



00 oTeyTCeTBHH aTMochepel. [Tepenair TeMIepaTypLl Ha MOBEPX-
HOCTH MJTHHETH B TEYEHME NPOAOKHTEIBHBIX «MEPKYPUAHCKH
cyTOK (176 3eMHEBIX cyToK) ewe Doneime, TeM Ha Jlyae. Benen-
CTEHE JHATHTEILHOIO IKCHEHTPHCHTETA OpOHTE JaMeTHO HaMe-
naercs paccroanue Meprypus or Coana. Todromy na Anesnom
CTOPOHE TUIAHETEL B TOMH TOMKE, 118 KoTopoii ColHIe HaXoaHTCA
B 3EHUTE, TEMMepaTypa B adenud coctapigeT J60 K, a p nepure-
auu poctrraer 690 K. Tlpu rakoi teMneparype 1UasHTCH ChM-
Hell, 01080 | Jaie urHK. Ha HotHoil cTopore oHa madaeT HU#C
100 K (=173 °C),

ra nianera o pasMepaM H Macce MoYTH OJHHAKOBA C JeMIeH.
Eme Muxaur Bacwwesun Jomonocos (1711—1765) » ero
COBPEMEHHWKH ODHAPYVEITH  HAITH-
yHe v Benepr atvoodeprr. Jlomomno-
COR IIFﬁ.HH,‘IhIICI THMIArET, YTO OHA
MIoTHEe, leM 3eMHad. Hayienne no-
BepxHOCTH BeHephl, OKVTAHHOH II0-
CIOMHHEIM II‘I.'II:'i.I':I['!IHt'}M ﬁﬁ.llﬂ.ﬁﬁli., CTanc
BOAMOMKHEIM THIOE B [IOCICIHHAC IeCA-
THAETHA DIaronapa pamHOIOKALIMK ¢
PAKCTHO-KOCMHTICCKOH TeXHHEC.
Hecaenopanua atMmocdepn Be-
HEDHE HEOIHOKPATHO MPOBOTHIMCH
MPH CIIYCKE HA TIOBCPXHOCTE TIAHC-
Tl copeTckuy KA «Benepa» mayu-
Haa ¢ 1967 1., a TaKAKE NPy NOMOIIH
HAVTHON AMMApaTyPEl, VCTAHORMCH-  Muxawn Bacuikaey
HOH HA BO3ZAYIIHEIX [IAPAYX, KOTOpLe  [1OMOHOCOR
DRIH JADCTARIEHE HA II,IﬂHE'I'J-' -
BETCKHMH CTAHUHAMH «Bera-1» ®H «Bera-2», Orazanock, "TO
BEPXHAA TPATTHILA l!_'lﬁ..ITH"-H O CINOH HAXONHTCH Hd RRICOTES KOO0
B3 KM HAL NOBEPXHOCTRIY IIAHETRL. TeMneparypa 3ieck BCern
—4{} °C, KaK M IOJDEHO OBITE B CTPATOCQEPE MIAHETE 3EMHOTO TH-
na, [lo mepe npubanxenia K NOBEPXIIOCTH TEMIEPATYPA, TaBIe-
HHC H IIOTHOCTE atMocheprl BoapacTatoT. BOMH3N NOBCPpXHOCTH
ge ILTOTHOCTE BCero B 14 pas MeHbIIe IUTOTHOCTH BOILL




Habmonerna obnatHLX CTPYETYP B VILTPadHONETOBLIX V-
yax, nposeneiiee ¢ dopra aMepukatckoro KA «Mapunep-10»,
MOKAZIATH, 1T0 HA BEICOTE OKOA0 50 KM CYIIECTBYIOT MOCTOMHHEIC
aTMocepHEIE TEUEHHA — BETPRI VPAraHHOHN CHITEL, CKOPOCTE KO-
Topex gocturaet 110 s/c, ¥ DopepxuocTi CKOPOCTL BETPOR CHE-
AALTCA [0 HECKOIBKHX MeTpOB B cekyHay. B atvocdepe Benepr
JAPErHCTPHPOBAHE TPo30BLE paspansl. [Io KoHIeHTpauny wac-
THLL ODJaUHE Cnol Berepn nanoMuiaet 3eMuoi TYMA ¢ BuiIm-
MOCTREHY B HECKCUIRKD F.H.'I{'ll'l.-][!'l'lfll"}l']. DﬁJ!EI.HE._ HHJHMO, COCTOHT H3
EAMENEK KOHUEHTPHPOBAHHOH CEPHON KHCIOTLI, €€ KPHCTALIH-
KOB M HacTHLL Cephl, Kanensky cepiod KMCA0Th, XOTA M B 31aY1-
TEeHO MEHEBITEM KOJIHYSCTHE, I]|'.|I-1C_'!.-"I'['-'I'I'1:I|I"Iﬂ ' H B 3eMHOH aTMOC-
thepe. BepoATHO, KAK B Ha 3exiIe, cepHAd KHCI0Ta obpasvercda Ha
CEPHHCTOrD raza S0, — okcnna cephl(1V), MCTOUHNKOM KOTOPO-
ro ABRIAKOTCA BYIKAHHYECKME MIBEDEEHHA H CepPOCOIepIKalime
IJIf']IIIf'L'I.hI II{"!IHEI]'.‘-{HI."I'I:"I'H == RUILLITIN.

Hna comHeTHOre HATVIcHHA o0naka BeHepwl IocTaTotHO
NpPOJPAYHLI, TAK YTO OCBELIEHHOCTL HA €8 MOBEPXHOCTH MpH-
MEPHO TAKAA e, KAK HA 3eMlie B NACMYPHEIR deHs. OIHAKO W
ITOT0 KQUIHMECTBA COJMHEMHOH 3SHEPrdH OKA3bBAETCA OOCTA-
TOYHO, YTODE BCAEICTBHE NapHUkoBoro derta TeMnepatypa
Ha nogepxHocT Bedepnl yoraHosunace seine, wes na Mep-
EVPHH, pacniodoxeHHOM Omixe k ConHuy. CyTOWHBIC H TO-
IHYHLIE EOMeDalusa TeMneparvpesl Ha DBenepe npakTHYecKH
IfJ'I'[:}"I'C'FH}fH}'I'- HE MO THAS H'F‘pfl}[:(l'lEpﬁ. .‘-'i'.{'lrlﬂlllli} {:JIZ_'II?-'.F.":I.I'I HET TErJi
Ia#e B YOIOBHAX GOMBIIOH NPOIOIXHMTEIRHOCTH CYTOK. OnHe
ODOPOT BOKPYT OCH MAaaHeTa copepaeT 3a 240 1eMHLIX CVTOK,
HI'JH.IILH}IEL'& H HHIII]'EI.I'!.'IEHHH: I]I']l"'l-'l'HHi"llJ[’fl.'H"l.H'-".Hli']M I'!I]'EI.III.EHHH?I
JeMIH H Opyrix muaHeT. Oce BpameHHsa BeHephl NOITH mep-
NEHIHKYIAPHA K II0CKOCTH €€ OPDUTL, TAK YTO CERePHOE H 103K-
HOg fll."I'JII_"!."I[IE"l]'H'Hl IJAHETH BC2r1a OCHESHIAKTCH {-:I."I-.I'IHII,EM OJIHHA-
KOBO.

ﬂET‘ﬂ,.Th]]hIE- PHﬂIﬂU,"IUHEEIIII‘]{JHHHE HCCIIENOBANKWA, I'I]_']UHEI[EH'
HEIC C ﬁﬁl'.l'l'ﬁ HCEKYCCTECHHRIX CITYTHHKOHB HL-"HI:_[':II:-I PE'!IE'L-"'H HCKHMH H
AMCPHKAHCKHMHE YICHEIME, [IO3BOJHIH [IOMYUHTE [OIpo0HBIE
EAPTE MOBEPXHOCTH ILTAHETEL, HA KOTOPHIX TOKAZAHLI JETAIH
penkeda pasMepos oo 200 w.

BOIBMIVIO HACTE MIOIIATH MOBEPXHOCTH BeHEepRl 3aHHMAIOT
XOJMHCTHE panimnel, Cpean HHX Ha HECKOALED KHIOMETPOR



Puc. 4.12. Cucrema paznomoe Puc. 4.13. BynkaHW4eckue KOHyChbI
W TRELWMH Ha Bexrepe Ha Benepe

BO3BHILIAIOTCA OOMIMPHLIE MIOCKOrOphbsA, IO pa3MepaM mpe-
seiaone Tuder. OHH noayumiu HasBaHWs 3emis Wurrap
(;keHCcKoe HOXECTBO B aCCHPO-BaBIIOHCKON MH(OIOTHH) H 3eM-
s Adpoimtsl (pesterpeveckas dormns moGBKM M KpacoThl,
oroxaecreasgeMasn ¢ Benepoii). [opHble MAacCHBEL, pacroNoXeH-
HBIE HA OTHX BO3BBILEHHOCTAX, MOAUMMAIOTCA HAl HX NOBEpX-
HOCTBIO Ha BBICOTY 7—8 KM, a caMas BeICOKasi ropa Makceeil
BYJKAHHYECKOTO MPOMCXOXenns — Ha 12 KM; ee kparep umeer
aramMetp ayTh MeHbie 100 kM. TeppacHsie BYJIKAHHICCKHE Kallb-
nepbl, TPOTAXKEHIBE JABOBLIE MOTOKH, CKJIAI4aThie FOpHble
CHCTCMEI, CIIOXHAS CHCTCMA KAHBOHOB, Pa3fiOMOB M TPCIIHH —
BCE HTO CBHAETEIbCTBYET O TEKTOHMYECKOH aKTHBHOCTH Bene-
pel. Ee nosepxHOCTh, CHhOpMHPOBAHHASI TCMH XKC mpolecca-
MM, 4YTO M 3€MHafd, BIEYAT/IAET CBOeodpa3zneM CBOMX CTPYKTYP
(puc. 4.12,4.13).

Tak Xe Kak 4 Ha IPyTHUX IUTaHeTax 3eMHOM rpynmnel, Ha BeHe-
pe 0DHAPYKEHO HEMAJIO KPYIHbIX METCOPHTHBIX KPATEPOB jina-
meTpoM 10 150 kM (oM. puc. 2 Ha usetHoH BKIekKke IV). ITo ci1o-
KHUBLIEHCH 'lpa,'muuu OHH HA3BAHbBI UMEHAMM BbhJIAKOITIMXCH KEeH-
e, HHTepecHo, 1TO KpaTepoB OIHMaMETPOM MeHee 6 KM Ha 1o-
HBI)XH()UI'M HINAHETH HE HCI'[JE'-I&B‘I'C-SI. Bep(m'rm'), HeDOIbIINE
METCOPHTHI Pa3pYLIAIOTCA CLIC ITPH NOJeTE B aTMOCchepe 1 He 10-
CTUTAIOT IIOBBPXHOCTM ILTAHETHI,

Ha naHopamax mnoeepxHocTH BeHeprl, nepegaHHEIX KOC-
MHYECKMMH arrnaparaMH, BUIIbBI KAMEIHCTDHIE OCHIMHU U BBHIXOAbI



CEAILHEIX MOPOI, MY CNOHCTOCTE M MPOIVETE Pa3pyIUeHHA, [10-
.-[l."l'l'f_l]-lhlﬂ .'I_.'l."HHt']'I'I-lj' PEI".TJIH']'}'- | o MmHeHHD FEtUIONORE, BHJAHKL CJI2)1k
TOTD, YTO HA [UTAHETE OTHOCHTENLHO HEJABHO MPOHCKOIHIH AK-
THEHEIC TCOIOTHICCKHE NOpouecckl (oM. pHe. 1, 3 HA UBeTHO
REJIEHKE I"n.-‘], MUMHYECK M aHANHS NOBEPXHOCTHRIX Topoa Bene-
PEI MOKA3LIBAET HX CXOICTBO ¢ JEMHBIMH DalanbTaMH pa3iHYHLIX
THIOR.

HCC.‘IE;’LLTI‘]—EIHHSI HE:HEPhI MO3BRCJTHET Ili:l.il}“'-h":l.'l“h FEE}'JIh'I'ﬂ'I‘hIJ
[MOAEIHEIE 1A PAIBHTHA [e0J0THH H METeOPOIOTHH.

[NTo-BHOIMMOMY, DTalbHEHIIHE HCCAeIOBAaHHA CMOIYT JaTh OT-
HET Hid I'!t}II[‘.II]LfZ I]H'-IE."ﬂ}f CTCUTE IO D A AH HA EE MLUTHY T16] I‘.IHZ'I-I'I.'IEI]":‘I.M H
MACCE TIAANETA CTAJA B XOI€ CBOSH DBOIOLHH 10 MIOTHM XaPaK-
TCPHCTHEAM CHIEHO OTIHTATECH OT Hee?

Ha ocHoBe paguoioKAUHOHHEX JaHHBX ¢ KA «Marennans
cocTapneHd noapobHad kapra nopepxHoctd Bewepr. Ona ma-
XOIHTCA Ha cafite hitp:/fgis-lab/projects/venus.html

HH'I'E:FE:-E‘ K Mapcy 8 3HAYHTEARHOW CTENEHH Beeria Dhin CHAsan
C Hagexnol oOHAPYXHTP HA 3TOH MIAHETe XHW3HD, 8 MOXKET
DBITE, W PA3YMHEIX 00HTATCICH.

Bo spema npoTHBOCTOAHKA Jaxe B HEOONBIIOR TEIECKON HA
MEPGE MOGEHD 3AMETHTE DELIe MAIADHBIS OTANMEH, d TARRE TEM-
HEIC TIATHA (Mops ) HAa 0DILIEM OPaHECBO-KPACHOM (hOHE Marmepit-
ko, Tepuon obpamenns Mapea sokpyr ocu (24 4 37 Mun ) ik
HEMHOTO OTIAHYACTCA OT ICMHEIX CYTOE. Haxknon ocu BPalllCHHA
ILIAHETEL K IIOCKOCTH OpOuTel (657%) 1akme DIM30K K 3eMHOMY.
HPL'IHEKEJJ.HI.LIHE BCASOCTEHE STOND CEI0HHLIE HIMEHSHHA HA M-
BepXHOCTH Mapca HepeIko paccMaTpHBAINCE KAK AHANOr ABIE-
HHH, HADTIOAEMBIX B PACTHTENRHOM MHPE HAIIEH NIAHETH, 1 10-
Ea3aTCABCTEO HelTHMIHA XHIHI.

Brarogapa mavucHmo Mapca anmapataMu, CTABIDNMH CTO
HCEVCCTREIINMME CIIVTHHKaAME, DLIACHHITOCL, 4YTO CERCPHOE H
KYRKHOS TOJIYIIAPHA TUIAHETR PEIKOD OTHAHYAKYTCH OIHO O JIpYIo-
ro: Domnee JPCEBHHC BO3BBINCHHBIC MATCPHEN PacllOMOHCHBI B
KRR HOM TIOOYIIEPHH, DOIee MON0ILE PABHHHB — B CCBETHOM,
PasHuua BeICOT MCHIAY HUMH aocrdract 6 kM. Hapagy ¢ MHO-
FOMTHCNICHHBMHE EKPaTCpPdMi MCTCOPHTHOTO IMPOHCXOMKICHHA HA
Mapce obHapy#ennl FHIAHTCKME BYJKAHWYECKHE KOHYCH, -



pajoBaHHEIE B PE3VILTATE HINHAHHN OYEHL JKMIOKOH NAaBBL
Cpenu nux Beigenserca ropa OnmuMn meicoTod 27 KM, aHamerp
OCHOBAHWH MOCTHIAET 551] KM, d l.I'I_'I-'1I;l!.-tlf'l']? F.]_TFE'I.TEPH. CIKAOATCD flﬂ' K%
(oM. puc. 2 Ha neeTHOH BEIcHKe V). CocpeloToucHE BYIKAHE B
OBVY paioHax — JaHinyM B Papcuma. CumTaeTcs, 9TO Ie-
ATENLHOCTL JTHX BYIKAHOB MPEeEpaTHIACL He Doige deM
HECK UKD GO MAJINMHOHDR 18T "]'If'flh'[!.l' HAZAJ nmoche 'I"[:fll'-[:'l:I KAK
FHAUHTENRHO VEeTHUHIACE TOMMIHHA MAPCHAHCKONH KOpPERI, KOTO-
pas Tenepk cocrapaaeT J—100 k. CelicMHUIecKkaa aKkTHEHOCTE
Mapca mana. [Ipubopnl, ODOCTABIEHHBIE HA €ro MOBEPXHOCTD,
FH]‘H‘,.‘:I]_’!I-JP:,‘F[]'I" JIHI i.,'.[_fl'l']:!'ﬂl:,.'#HHi-'l, I'IZ[_fIT'l_'I-FI-:IE REIIRAHB]L TTAJIEHH KM
ME'I'L-‘G[]H'J'HH.

He Toavsko BYAKAHEL, HO W MHOTHE Ipyrie dopuer peaseda
Mapca apra0TCA CISOCTBHEM AKTHBHLIX POLECCOB B KOPe ILUIa-
HETEL, TPOHCXOIHBIIHY B IPOLIAOM, — TOPHLIE LEMH, CUCTEML
'I']'}EI]I.HH F.l.'}l"‘,lhl H ‘I."III'I'!II:']MHI:&IE KAHBOHBL. Hanbouee IF'.]':I':r'IIHhIi'EI H3
Hux — Momura Mapurepa — nsveer 1miay oxono H000 kM, -
puHy 1o 200 gM, a ravirHa JocturaeT 5 kM. Ha cKnoHax BHIHEL
OCHITTM M JIPYTHe choensl atMochepnoi aposuu (cM. puc. 1 ba
npeTHOH BEieike V). Muoorve MereopuTHRIE KpaTephl TaK#e
MOABCPTIHCE PAIPVINHTEIBHOMY BOIICHCTEHID ATMOChCPR, OHH
HEPEIKO JaMOIHEHL! eCHaHLIMA TIOHAMH.

Ha nanopamax nDOBEPXHOCTH, NOJVUEHHEIX B pailoHax
NMOCHJAKEH KOCYMHYSCKHE ::I]II'IE'I.]_':IE']'I'UH_._ {iHA ITPE,'I.{:'I'E'].E'I' IIHFH,II_ HAMH
KAK KAMEHHCTas NyeThiHd (oM. userHyio  skneiky V1), He-
CACTOBAHHA XMMHTIECKOrD COCTABA MApPCHAHCKOrO TPYHTL, KO-
TOpBIE MpPOBEIeHH ABTOMATHYECKHMH CTAHUHAMH «BHEHMHT,
NOKA3AIH BHICOKOE CONEPAANME B ITHX MOPOAAX KPeMiud (1o
20%%), weneza (1o 145%). Kpacnosartasn OKpacka NOBePXHOCTH
Mapca, Rak | npeanonaranock, 00eACHACTCA TPHCYTCTEHEM OK-
CHIOR Aelela B BHIe TAKOID HMIBECTHOrO Ha JemMiIe MHHepana,
KAK JTHMOHHT.

H3 seex nnaner Mape Dojee Beero noxos Ha 3emir no xa-
PaKTCPy POLECcCOB, MPOHCXOIAINNK B aTMochepe. Ho npupoaxee
:,"‘I:.'-,I'Il[:'llil-ﬁl HE ME:I.P[.:E BeChMEA [.::_-'PI:_ZI'H-h[: C,LPEJ[_IIS[S[ 'FEMFIE:Fﬁ.T}'P-‘_:I. HEA 2ro
noecpxHOCTH —60 °C | KpaiiHe penko OeleaeT NoToxATENEHOM. [a
NOMOCAX TeMneparypa nanaet ao —150 “C, npu 310M 3aMep3aeT e
TOABKO BOOA, HO JAKE YIISKHCIBI ra3 NpespamacTed B CYXoH Je.
[Monapueie mwankyr Mapea cocToAT M3 HECKONBEKMX  CHOED,



OCHOBHEIM H3 HHX ABIACTCA HIDEHHI CI0H TOMOHHON HECEOMEKD
KMIOMETPOBR, KOTOPEIH COCTOHT H3 OOBIYHOIO BOLAHOTO JIbAH,
CMEIIAHHOTO C MEUTREY. DTOT CI0i CYIIeCTRYST MOCTOAHHO H He
HCME3aeT JaKe B IepHOI MapcHaHCKOTO JeTa. B oTTrme oT Hero
DEPXHME CIoH TOMMHOH He Doneg 1 M, COCTOMMMN M3 «CyXOoro
abgax C0y — orcHua yraepoma (IV), ¢ NoBBIICHACM TeMIIEpaTy-
r]hI III'}-":I.K'I‘H"-[E:'I:HH TCUTHOC TR Lﬂﬂllﬂp}IE'ﬁl’H. Hh],.lI_E,'IHI'l_"lIrI_HI:-iﬂH TIP'H
ITOM YTICKHCIRI ra3 noesact atocdeproe gagicHue. [epe-
najl JaBIeHHA COMIAeT YONOBHA 114 CHILHLIX BETPOR, CKOPOCTD
Rli}'l'l.'ll'.lhI]{ M{LEET JIOCTHINA TR “I"['I I'l'."ﬂ_n""-l:, H BIFHHKEHOBEHHH 1TRJIERRIX
Ovpe. Hx mauTensHocTs MoXeT cocTaBiaTe 0—100 cyrox. [1pw
ITOM B atMocthepy nommmvaeTca Ha puicoTy 10 10 kM m vaep-
AHUBACTCH BO HIBSINEHHOM COCTOMNHHW  GEOJIO ML'UI.EIH-":I.]:'.I'JIL:I. TOHH
NMELTH. Bo BpeMs NEUICBEN OYPE PeIK0 MCHACTCA KIHMATHTICCKAN
0OCTAHOBEA HA BCei MIaHeTe.

Boyw B armocepe Mapea mano, HO PH HU3KOM arvochep-
HOM TABJCHHH H HHIKHX TEMIICPATYPAaX JA%e TAKOID KONH'ICCTEA
DOCTATOMHO AI8 0DpasopaHia odIakops ¥ TyManos, Cpenn pas-
JJMYHEIX BHOR 3THX ﬂf}JIEI.I'I'.If_'JH HE’I'[']E‘-I:’:I.H:]'I'EH MOXOKKWE HA 3EMHEBIE
(HAmpHUMep, NEPHCTEIE ), HO BCE OHH I10 CPABHCHHID ¢ 00IATHEIMH
MOKPOBAMM 3€MIH BRIDTALAT 3HAYUTENEHO CKpoMHee, TyMaHbl
HE'IﬁJI]i]Jl':lH!'I'L’-S—] H HH3IMEHHRLX I‘.IE'].Il-"Il'IH':'I.I": MH.I'I'EH. H XOLVICRTHOE I'!I]'Ef'-'[il
cyTOK. B aMHHe MecAnr Jaxe pOIHIH 3EBATOPA HA MOBCPXHO-
CTH MOMET MOADLIATLCA TOHUEWH CIoi pHed. A TOHEHH CIokH
I]OJIHFHQE HIANMKH H3 I:'_'.l.-'x{:'ll‘{:'l A4 Pﬂﬂllp(!ﬂ'lpﬂH}IE'l'E‘ﬂ JI II'IH]:'II'.:}ThI
S0

Tmareannbie Hecaenopanna nosepxuocty Mapea u nabawo-
JEHHH 34 1TOrOMHEIMHA HBJISHH SIM A DRIJIH II['I{}HEI.II_EHI':I H IQUT—
1998 IT. nepeIprAHOH apTOMaTH IeCEOH nadopatopreit «Mape—
[Machanpaeps.

OuerdIHO, 9T0 3HAYHMTEIBHEIC 3anacel Boiw Ha Mapce
COCPEIOTONEHE MOI MOBEPXHOCTREY B TOJICTOM CIOE€ MHOTO-
JETHEH MEP3I0TH, AHATOTHYHOM CYIUECTBYIOUIEMY B CEBEPHLIX
wHpoTax 3eMad. B none3y Takoro npeanoioxeHds cCBHIeTeN kT
BYET, HANpHMEP, hopma BHOPOCOB HA BHEIIHHX CEI0HAX HEKOTO-
PEIX METEOPHTHLIX KPATEPOR, KOTOPAA ODLACHASTCA TUIABIEHNEM
I]E'],'lII{'II]'I-EI:I'.‘-'iHlTL?'I HMD JTRiA IlI]'H }",il._ﬂI]E hlE'I'EIﬁI?H'I'H H CTEKAHWEM
00paAI0BABIINXCA MPH 3TOM TPAIEELIY NOTOKOR. B COBpeMEHHLIX
VCAOBMAX BOOA B JKWIKOM BHIE HE MOKET CYIIECTDOBATE 1A 1o-



Puc. 4.14, CnytHnkn Mapca — dDoboc u leiiMoc

BepxHocTH Mapca. Bo3aMOXHO, 1TO B NMPOLUIOM IUIOTHOCTL Map-
CHMAHCKOI atMochepnl Douta seime, Ha 9Ty MBICIE HABOAWT HANM-
1HE Ha €ro MOBEPXHOCTH MPOTSIKCHHBIX BETBALINUXCS JOMHH, KO-
TOPHIE TAHYTCA NOPOH HA COTHH KWIOMETPOB H HATIOMMHAIOT 1O
CBOCMY BHIV PyCla BBICOXIIHX 3CMHBIX PeK (CM. pHC. 3 Ha LIBCT-
Hou BKaeike V),

AgroMaTHucckast OuosIoOrHaeckas Jiadoparopusi, KOTOPYH
AMEPHKAHCKHE KOCMHYECKHNE anmnapaTthl « BUKHHI» JOCTaBiuIN Ha
MOBCPXHOCTE TUIAHETHI, NMPOBENa TPH BHAA IKCTICPHMCHTOB 110
0OHapyXeHHI0 XKU3IHH, I1epBLlil U3 HUX — MOKMCK caeaoB GoTo-
CHHTC3a B MAPCHAHCKOM IpyHTC. B X0AC BTOPOIro rpyHT noMenia-
M B IMHTATENbHLIH OWILOH M (PHKCHPOBANH MMPOMCXOIMBIIME B
HEM M3MeHeHust T'peTnit npejycMarpuBa NpoKaJIMBaHHE IPyH-
Ta C LUENpI0 0OHAPYKEHHA OPraHHYEeCKMX COeIHHEHMH. YOemu-
TeJILHBIX JOKA3ATENbCTE HANIMYKS HA Mapce KU3HU B HacTosee
BpeM#A WIH CNEX0B MPOLULTOH KUIHEAEATEILHOCTH HE OLLTO MONy-
YEHO HH B OJIHOM M3 3THX KCHIEPUMEHTOR.

Mapc umeer nea HebonbIIMX CIYTHHKA (pHc. 4.14). Paamepr
Moboca 28 x 20 x 18 kM, a JleiiMoc ene vensine — 16 x 12 x
x 10 kM. Modoc, HAXOAAMICA OT LUCHTPA ILIAHCTH HA PaccTos-
nuu Beero 9400 kM, murepecen yHHKaabHoi 0CODEHHOCThIO CROE-
ro obpamenua. OH copepiiaeT TpH 0bOpOTa 3a CYTKH, OOroHsM
BPallleHHe TUTAHETHI, MOITOMY OH BOCXOAMT B TOH CTOPOHE rOpU-
30HTa, II¢ OCTANBHBIC CBCTHNA 3aX0IAT, a 3aXOJHT TaM, Illec OHH
BOCXOJAT.



[Mo xapakTepHcTHEAM MOPOI, CNATAKIIHX OBEPXHOCTE Do-
Doca n dedmoca, n sHenHewy OlUIMKY OHM NOXO#H HA acTepo-
nanl, Ha nx NOBEPAHOCTH BDHAHLI MHOMHHCTICHHBIC KTRITEDLL ME-
TEOPHTHOTO NMpoHcXoXxncHA. PaiMeprl Haubonee KpyIHOTO Ha
Podoce kpatepa CTHKHM CONDCTABMMEL C PHSMEPAMM CAMOTO
COVIHHMEA. ¥Iap mpH o0pasopaHHH 3TOro Epatepa ObLT Tak cH-
JIEH, UTO CTIVTHHR €44 HE PaspyIIHIICH.

Anpec caifta, HA KOTOpOM MOXHO Haiit rapty Mapca:
hitp:/ i www. poogle.com/mars

1. Yew obLACHASTCA OTCYTCTRHE aTMOC(epH ¥ iTaHe-
TRl Mepkypuii? 2. B uen npHunHa pasinuni XUMHYECKOro coeTa-
na aTdocihep mraneT JeMuoil rpynnn? 3. Kakwe dopun penneda
NOBEPXHOCTH OOHAPYAEHB HA DOBEPXHOCTH IUIAHET 38MHOM
TPYNTEL C MOMOIIEID KocMigeckny annapaton? 4. Kakne cneme-
HHA O HATHHH #H3HW HA Mapce Doy IeHel aproMariaecEiyMH
CTAHIHAMKT

1. CpaniiTe CYTOYHEE RONeBAHHA TEMTIEpaTy]
Ha Myne, 3emne u Benepe, OOBACHRTE, B UCM IIPHUHHA CYILECT-
nyomux patmnunii. 2. Meprypwit pacnonosxen Gomke ® Commny,
qes Benepa, QuHAKD Ha I0BCpRHOCTH BeHephH TeMOSPaTY Pa Bhi-
mie, ver Ha Mepkypun. Obwacaure novesy. 3%, Cpasnure thop-
ME PeTheda MORSPXHOCTH MIAHET IeMHON TPYTITR, Kakymn poan
CRITPATH E HX (POPMHPOBAHNE BHYTPEHHHE H BHEIIHAES (PaKTOpRI?

Awobasn u3 MAAHET-THIAHTOB, COCTOANINY MPeNMYIIECTBEHHD HI
BOOOPOIA W TCIHSA, PCBOCXOONRT M0 MACCE BCC TAHCTH 3CMHOM
IPYINKL, BMecTe BiaThe. Kpynnedman nuaners ConHeunon cuce-
TeMbl — IOmuTep — B 11 pas mo apaMetpy H B 300 ¢ THIOHAM pas
o Macce ﬁﬂ.‘lb]llE, qeM '.-iEMJI}l- Hee NIAHETHI=IMMTAHTE WMEKT
MOLIHEIE MPOTAXEHHLE ATMOCDEPLL, COCTOALLIHE B OCHOBHOM M3
MOJICEVIAPHOTO BOJOPOIA H COOCPRALNE TAKKE reiuii (or 6 1o
13% no obkemy), METAH, AMMMAK, BOAY H HEKOTOPRIE TPYIME CO-



CIHHEHHA, B TOM THCIIEC Donee cloxHEe, CXKaTHE 3THX IIMTAHET,
KOTOPOE 3AMETHO JAKE HA EPERIH K381, BRI3BAHO WX DRICTPRIM
BPALLIEHHEM BOKPYT OCH, XAPAKTEPHO, YTO JKBATOPHANLHLE O~
JacTH IMIAHCT-THTAHTOE BPadlladTCH ET:-II.?TPIEE._ M DﬁJTECTI-{, Ha-
xopampecs ke K nomocad. Ha Onurepe paznuune nepn-
OJOB BPAIICHHA He PAIHBIX OIHPOTAX COCTABRIACT OROJIO i) MHH,
a Ha CaTypHe npessiioaer 200 MAH.

Hauboaee HIYVHEHHLIM CPCAH  ILTAHET-THIAHTOE HBIHACTCH
Onurep, HA KOTOPOM Jaxe B HeDOIBIIOH TENCCKON BHIHB MHO-
MOYUCIEHHBIE TEMHBIE M CHETBIE TIONOCH, TAHYILHECH Napan-
NENLHO 3KEBATOPY NNaHeTH. TaK BEITMAIAT odia'iHele obpaloBa-
HHA B ero ardociepe, Ha YPOBHE KOTOPRIX JARISHHE TIPHMEPHD
TAKOE XK€, KAK ¥ MOBEPXHOCTH 3eMal. KpacHoBaToO-KOpPHYHEBLIH
OBET TTOJIOC Gﬁ-’hﬂﬁHﬂETCﬂ, EHIHMO, TCM, *ITO, TIOMHMO KPHCTATLIH-
KOB AMMHAKA, COCTARTIONINK OCHORY ODTAKOR, B HUX COMSPRAT-
CHA PAa3IH'IHBEIC a3P030JBHEIC ITPHMECH, B TTACTHOCTH COCTHHCHHA
cepbl ¥ (hocdopa, Ha cHUMEAX, NDAVYEHHBX KOCMHYSCKUMI anl-
napaTaMHd, BHIHLI CJIEILI HHTEHCHDBHBIX EIT!'rID{ﬂ:I:I'E'P}E:IE MMpOLec-
coe. B uenosM panc coyvdace OHH HMCKOT YCTOHUMERIH XapakTep.
Tak, onun w3 armocpepHbx BHXPeH, TONYYHBIIHH HA3EAHHE
Boarmoe Kpacuoe [IatHo, Habmoaaetca Ha KOmaTepe yae cBLI-
e 350 mer {om, puc. 1 va userdoi sraelike VI, B semuoii ar-
Mochepe HHEIOHE M AHTHLHEIOHE CYILECTRYIOT B CPEIHEM OKO-
no Hepend. AtdochepHeie TeueHHAa W obnaKa 3adHECHPOBAHE]
EOCMHYECEHMMH alimaPaTaME H Hd ADYTHAE IVTAHETAX-THIAITAN, XO0-
T4 PA3BHTBHL OHH B MEHLINEH CTEIISHH, 1eM Ha I'DI'[HTEPE |:'l.'.‘-1'-{.
puc. 1, 2 Ha useTHOl BRIelike X).

TLnaHeTe-THraHTL HAXODATCA daneko OT CoaHba, MmosToMy
TaM OYeHB XOA0OHO, Temneparvpa B ardochepe KOmatepa
Ha yporte obnaunoro caos cocrannder seero 134 Ko {okono
=140 =C), Carypua — 97K, a Ha ¥pane u HenrtyHe oHa He
npeseinaer 60 K. Takan remneparypa veTAHOBWIACK HA 1A
HETAX HE TOJIDLKO 3d CHET JHEDTHH, I'lpHE'[U_E[HT.TJ.EII’i OT !-_‘JJ.-'IIILIEI_. HO H
Baarogaps MOTOKY IHEPTHH H3 X Heap. BepoATHO, HCTOMHHEOM
AHEPIUM ABNHETCH rpanMTanHonias audppepennpanus neap —
OIIVCRAHHC K ICHTPY ILMTdHETLI QoMes TAXKEIOro ITCIIHA, 4 TdREE
PAIMOAKTHEHRIH pacrial HekoTopex anesenros. Ha Inarepe,
Cartypue u HenTvHe NOTOK 3HEPTHM M3 HEOP CVILECTREHHO DOIL-
II¢ MOTOKA COMHSTHO JHCPIrHH, HO Ha T‘r'rpELH-E! OH MPakTHICCEH
OTCYTCTBYET, Buecre ¢ 7aHHBMH O XHMHYECKOM COCTARE TUTAHET



3TH CBEICHHA MO3IBONAKT PACCUHTATE (QHINMECKHE VCIOBHA B
MX HeOpax — MOCTPOHTE MOISNH BHYTPEHHErD CTPOSHHA ILIa-
HEeT-THTaHToB. CoriaacHo Takoi mozend nad IOnutepa Temmne-
parypa B ero HeHTpe coctaenser okono 30000 K, maencHHe

zocturaet 8§ + 107 ITa, a nna Hentyua — 700 K u 6 - 10" Ia.
PacticTel MOKA3EIBAKDT, TTO [0 MCpPC IPHOIFDECHHA K LCHTPY
IUTAHETRl BOAOPOA BCICACTEHC BOIPACTAHHIA JABICHHA IOJECH
MEPEXOIHTE W3 razo0dpasHor B ra3okMiakoe COCTOAHHE — TaK
HAZBIBAKYT COCTONHHE BCHICCTHA, JI]'.H:-'I Hf:l'l.'l.']'lllﬂl'l.'] CLE}'III_CEJ'H}'HTI'
21l IHZ‘I-[JHFIIN!Z!HH}I M A MR dH [I_H:I.ih-l. l':.li][';'[ﬁi III}H ..'I_E'.LIIhHi'_-'ﬁIlIEM III‘.II-'1'
r_:l,'ll-'l HAEHHMH K II_E!Ii"I'l:'JJr' JARIEHHE B MFULTHOHR FIHZ:I- [IFE:HI':II:H'I' dl=
M[]Ul[]_]ﬂ]_'!H{flE: JARIEHHE, LI}-'IILHE'I‘H}-’H][II.EH Hil EHMJIH, H{_I,II_H]_'H}..'I_ IIFIM'
ODPETAET CRONCTEA, XAPAKTEPHEE 1A MeTalion, MeTtanimue-
CKYI0 (haly Bogoposa yoaloch IOIVYHTE B JaDOPAaTOPHLIX ¥Ca0-
BHAX Ha Jemne. B mempax KOnurepa MetammH4eckuii Bozopod
BMECTE ¢ CHIMEATAMIH H METATIAMH 00pasver AIpo, KOTOPOE 10
pazMepam npaMepHo B 1,5 pala, a no Macce B 10—15 pas npepoc-
XOOHT 3eMITID,

EH.-{'!I'I'.IIHL'-H{,'I WOEIHM H-H:r"l'l'.lt,'HHEf'[] L-'I']_'H,'!IEHIC-'IH FFE‘]HH H
HHI‘I'T}’HE'I 11,00 F-I'_."l.]_'fll!_'lll'l.'l TAROTD AHS COCTARD JIOJEITA ITAXOIHTREH
MAHTHA, IPEICTABIAKIIAA CODOK CMECH BOAAHOIO M AMMHAYHO-
METAHOBOIO 1bLI0B. PacueTnl NOKAILBAIOT, YTO0 OJaXe IIpH
TEMIIEPATYPE B HECKOMBKO THICA' TPATYCOB H BEICOKOM JABIEHHH
CMECk BOOBI, METAHA M AMMHAKA MOXET 00pajoBHBATE TBEPILIE
Aenel. [To3aToMy 3TH OBe [IAHETH HHOTIA HA3LBAKT «IeIAHEMHA
THTAHTAMI» B OTIHTHC OT «TOPSATHX THraHToe» — [OnHTCpa W
CarypHa.

Bee mianerel-THraiThl 0oOianamnT MATHHTHEM noaem. Mar-
HUTHOE Mone KJnurepa JHAUHTENLHO CITLHEE 3EMHOTO, TTO3TOMY
ET0 PAIHALHOHHLIE TI0ACA, MOIOOHLIE JEMHBIM, JHATHTENRHO HX
[IPEBOCXOIAT, 8 MATHHTOCGEpPI, KOTOPAd MO CEOHM paiMepaM
B 10 pa3 npepocxonT nHaMeTp CoNHLIA, OXBATHBAET UETHIPE
EPYMHCAMEY cCrVTHHEA. JIEHAKCHHC 3apAKcHHBX TACTHL B PATH-
AUMOHHEIX TIogcax [O0nHTepa nopoxiacT ero MoOIMHOS pagHors-
JVTIEHHE B IeUMETPOROM H ISKAMCTPOROM AHAnazoHax. KocMH-
JecKHe annaparsl 3aperdcrpHposati B ardocepe Knmrepa
OYEHE CHJIBHBIE l'.l'ﬂ.'ﬁp}l,ll_h'l I'l.-1|f_'fl,'IHIe1i'i1 d TAKAKE MOIIHRE IIE:I.'IE-'IFHI'-IE
cuanma na Knurepe u Carvphe.



,ﬂ,ﬂ}mme 0 TMpHpONE H XUMHMECKOM COCTABE CHVTHHEOR
[MAHET-THTAHTOR, MOMYHEHHLIE B MIOCTETHHE TOALI C MOMOIILED
KOCMMMECKHY anmapaToB, CTAMH €lle OOHHM TOITBEPHEISHHEM
CIPABEUTHEOCTH COBPEMEHHLIX TPEICTARIEHHIH O MPOHCXOMEIEHHH
Ten ComHedHod cHeTeMbl. B yonopuax, Koria pooopol H renwH
Ha nepudeptd NPOTOMAHETHOrD O0DJAKA MOYMTH  [OJHOCTLEO
BOLUTH B COCTAB [UTAHET-THFAHTOB, MX CIYTHHUKH OK&3AIMCE NO-
XORHMH Ha JIVHY B [I1aHeTH 3eMHOH rpynnel. Boe 3TH CnyTHHKH
COCTOAT M3 TEX K€ BELIECTB, YTO H ITaHETHl 3eMHOH TPYINLI, —
CHAMEATOB, OKCHIOB M CYILGHIOB METAUIOR W T, 1., 8 TAKHE BO-
TAHOTG (MM BOOHO-AMMHAMHOTO) Ihaa. OTHOCHTEILHOE COmep-
JKAHHME KAMEHMCTLIX M JIeNAHLIX [OPOI ¥ OTAEILHLIX CIIYTHHKOR
PAIIHHHO,

HEI IJ{':IHE['JEH{TC'I'H WHOTHX L"II_".-"I'HHI'L{'IH NOYMAMD MHSOYHCIIEH
HEIX KPATEPOE METEOPHTHOID NPOHCKOMIEHH 0DHAPYAEHEl TAK-
HE TERTOHHYSCKHE pﬂ.?JlﬂMhl H 'I'|'.|E]II.I-1HhI HXx Kﬂ'l'.lbl {-I:I'I.-I. I.lI'!E‘-'J'H}'H':I
srUteiky VI wim neassoro nokposa (puc. 4.15). CaMbiM yIH-
BEUTCIBHEIM OKA3AN0CE OTKPRTHC Ha Dammaimed & IOmiatepy
cryTHHKe Ho orkono gecarka aefcTBYOWAX BYTKAHOB (CM. LIBET-
Ay BEJICHEY [X). BeicoTa BROpoca NIpH KPYITHCHIICM H3 3THXY
MIBCPACHIA coctaeria orowio 300 KM, a cro HeTouHHEOM OeLIA
BYIKAHWYCCKAS Kaneacpa pasucepod 24 = Bxs. Tlponomsm-
TCHBHOCTE  OONBIIMHCTEA W3BCPACHHA TIPCBBICHIA  YCTRIPS
mecsaua., Takum of0pasoM, Nepeoc I0CTOBCPHOC HADMOICHHE
BYNKAHWICCKOR OeATeNBHOCTH 34 TIpCiciaMH  Hamel ra-
HETHL  TMo3eonacT caurate Mo Hawbogee BYIKAHHMCCKH aK-
THEHEIM OOBEKTOM CpEIH BCEeX Ted Ila”HeTHoro THna. Ha cnyr-
HHKe ¥YpaHa — MupaHoe — BHOHHE VHHKATEHEIE CTPYETVPEI
MOBEPXHOCTH (CM. pHC. 1 Ha usetHoi BEAeixe XI). Mx poa-
HHKHOBCHHC CBSI3AHO, BHIHMO, C MOLIHBIMH  ¥IAPHBEIMHA
NPOLCCCAMH, KOTOPHIC MOTIH MPHBCCTH K PAIPYIUCHHID CIYT-
HUKA. MHOrHe COyTHHEH [IAHCT-THTAHTOR HMEIT HeDOIBIIHE
pazMepsl H HenmpasHNeHVIO Gopmy (cM. puc. 1 Ha UBeTHOH
prteiine VIIIL, prc. 4.16).

Arvoctepa, cOCTOALIAR B OCHOBIIOM M3 a30Ta, oDiapyxena y
Turana (auamerp oxono 5000 kM) — camoro GoOABIIOTG Cpeau




Puc. 4,15, CnytHuk CatypHa — Puc. 4,16, CnytHuk CatypHa —
JHuenan ManepuoH

cnyTHUKOB Carypra — 1 TpuTtona, KOTOphIH MMeeT auaMerp
npuMepHO 2700 kM U ABnAercs Haubo1ee KPYIHBIM CITYTHHKOM
Hernrryna. TTo ruioTHOCTH W JaBICHHIO ¥ MOBEPXHOCTH atMocepa
Turana npesocxoaut 3emMuy0. Ha Tpurone u kpynueiem cpe-
ai cnyTHUKoB [IOmurepa — TaHuMene, aMaMeTp KOTOpPOro npe-
phiaer 5000 kM, 3ameyedbl JeisiHbe NOJASPHBIE Wanku (CeM.
puc. 2, 3 Ha upeTHOMH BKIIeiike XI),

OcobDeHHo uHTepecHnie pe3ynbTathl OhLIK NOJIYYEHD B XOAE
NPOIO/DKABIIMXCA HECKOJIbKO JIeT wuccienopaHuii TutaHa
aBTOMATHUYCCKOMH cTaHumMed «['iircHe», COBEPLUMBIICH MOCAIKY
na ero nopepxuocth 14 aupapa 2005 ropa. Muorokparinie
H3MCPCHHA BO BpCMsl CIYCKa Ha MapammnoTe, KOTOPBIH
npojoikaics 2.5 yaca, nokasau, 4ro arMochepa Turana
conepxuT 98,4% azota (N,) u 1,6% merana (CH,), apyrue raspi,
rnasibiM - obpasoM  yraesonopoanl — oartan (C;Hg), nponan
(C3Hg) m anerunen (C,H,) — npueyTeTBYIOT B HESHAYMTENBHBIX
KOJIHYECTBAX. BOsimsu HOBEPXHOCTH  COJEPAKAHHE  METAHA
BO3pacTaer 1o 5%.

Ha PABHUHE, 1€ OIYCTHJICH annapar, 0Ka3alock MHOKECTBO
OKPYI/IbIX KAMHEH, MOXOKHX Ha KPYNHYIO raipky. [TonepeuHuk
HauDOJIbIICTO W3 HHUX Aocturan 15 canTtumerpor. BeisicHHIOCH,
YTO ITH KAMHH COCTOAT M3 BOAHOTO Jbid, KOTOPHH MPU HU3KOH



Temnepatype (Ha noeepxHocTH TuraHa —180 *C) nprobpetaet
'I']'I-E'P_.il_l'.']-l_"f’l'h K% H 5L, H{H_.'I.Hﬂi:']'hﬂl'l, Hilll.-“'h[l'lllq':.l.l'l'."}lll_l.'-:"f-'il I']E'F_"!."H'I'1 OEA3ENCH
METAH., XOPOINO MIBECTHLIM Ha JeMIe NMPUPOIHLIA ral H3-34
HUZKOH TeMIICPATY PRI IEPeIic B XHIKOS COCTONHHE.

Turan, ¢ OIHONH CTOPOHBL, CHTh-
HO OTMHYAeTCA OT BCEX paHee
HEF‘IEHHI:.IK ImiaHeT W CII}.I"I'HI.-ﬂ'H'.II:I-,
HO, © JApPYroH CTOPOHB, B €T0
MPHPOIC MOXHO 3AMCTHTE OTIPEIc-
JEHTOE CXOMETHG  © ['Iplﬂ]_':ll_'ll,l'l_'llhlhili-'l'
npoleccaMi Ha HANIEH [IaHeTe.
Puc. 4.17. Konbua lonurepa B wuactHOCTH, 3T0 NPAKTHYCCKH

NMOJINOE OTCYTCTDHE METEOPHTIHLIX
KPATC[0B, CTONE XAPAKTCPHBEIX 014 OOIBIIHHCTEA IIAHCTHRIX
TEeJl. "}Ir:l #e OCODEHHOC TR IIFIHL'}-']II.-':I. H :]EH.‘IH, e CSIE kRl ..II_I]'I':‘HHH]{
CTONKHOBEHHA ¢ METEOPHTAMH CTEPTEl AKTHBHEIMH TEQNOIH-
YECKHMM  [IPOIECCAMM, A TAKXKE HOAHOH W arMocdepHoii
posued. HMuTepecHo Tak®e, 4YTO OCHOBHOH KOMIIOHEHT
atMocepel Ha Jemiie # TuraHe oonHakoe — azoT. Takofd
F'I.'I'I'l.i{'!IL'l]:]E:l'.lhl MiKAa HE {'!IE_:IHE'.II'.IJ.-'.':-I{EHIP DONkIIE HY HA CLTHDM _.'ll'.lll.-'l'[:l"r'l'
obwerTe B CoNMHEUHOH CHCTEME,

Turan oKasaics BTopeM nocie 3emiin HeDeCHBIM TEJIOM, HA
NMOBEPXHOCTH KOTOPOro ODHAPYKEHB KPYIHBIE CTADMILHLIE
pe3cpByapel HHIKOCTH — o3cpa W Mopa. DBHemHe oHH
HATOMHHAIOT BOJOSMBL Ha 3EMIOM IADE, XOTA M 3ano/aHenb
JEHOKHM MeTaHOM. Hpe3pwMaiiHad HHIKAA TeMIepaTypa
NMOJHOCTRED HCEIIRMYACT BOIMOXHOCTH C_':.-']ILL-"C"I'I'!I'.'}HH.H]-':I}I H{H_.'I_Rl'.']ﬁ.
ponLEl Ha nopepxuocty Tutana, BuecTte ¢ TeM IpoHCXOIANIHI Ha
COyTHHEC (CaTypHa KPYTOBOPOT MCTAHA AHANOTH'ICH KPYTOBO-
r.l(_'l"l'}" HORTRL M 3#".-1,.“’;.’-, H.’i IIE_.'IP I'Ei:j-[!t_flp-'iiillhlll;l METHTT TTONAAET
B aTMoChepy npH BVIKAHHMECKHX H TEKTOHHIECKHX MPOLECcCaX.
JarteM OH YACTHYHO NPEEPAlAcTCs B APYIHe YIIeBOA0POIHEE
COSTHHEHHA MO0 BOJISHCTRHEM COMHEYHBIX JIV4eH, A 4acTHHHO
KOHICHCHPYETCS B 0DNaKa, M3 KOTOPEIX KAaNCIeEH HHIKOro
METAHA BHRITAAAKYT MSJKMM JIOGATEY HA [IHHEI}}[HHLTI'I'-- [:-'['HF.E:I.H
B HHIMEHHLIE PETHOHLI, MeTaH o0pajver olepa H MOpPA.
C NOBEPXHOCTH 3THX PE3EPBRVAPOE OH BHOBE WCHIAPHETCH, TI0-
CTYIAA B ATMOCDEDY M YYACTBYA B JanbHeHIneM KpyronopoTe,

HccaenopaHusa, NOPOBEICHHBIE C MOMOLIBK KOCMHICCKHX
E'I.I'II'IHP'IJ..T{_'IIL NOEA3GH, YT, H:p['l-l'l.l{:.' MHOGAKCCTRA I:.f-ﬂ:.-'TFII-TK{_'lIL




BCE [UIAHETBI-THTAHTEL MMEIT ele M Komela., C  MOoMeHTa
choere oTkpeTHa B XVI B, kouiena Carypra (ev. puc. 2, 3 na
npeTHOM BEnelike VII) nonaroe ppeMsa CYMTAMHCL YHHEAALHBIM
abpazopanner B CoOHEHONR CHCTeMe, XOTA HeKOTOPEIE YICHEIC
REICKAZRIBAIH IIPH,II_I'I[,'!I.II[_:I}FCEIII-TH o Ha-
awann Konen v marepa | apyrax
MIAHCT-THraHToe., ¥Y#c B XIX B, B
pabotax Jdweimca Maxceenra n
Apucmapxa Anoarowocuwa beao-
HOABCKGSD  DRUIO ADKAIAHO, YTO
EONBIIA HC MOTYT OBITE CILIOWI-
HEIMH.  «HcuelHoBeHHA»  KOMEL
E&'IT}'PIIH_, HUTL‘.IPI:[E: L‘,F_I_‘,.“'-IH..'H-H.:h I'I]_:Il-1'
MEPHD gepes 15 Jer, koraa Jesas
OKAIBIBATACE B [UIOCKOCTH  3THX
KONEL, MOMHO OO0 00LACHHTL
TEM, YTO TOJIIMHA KOJE Majii.
[ locTeEneHHo CTano OYERMJIHO, YT
Konela  CarypHa  [peacTasisoT
coDOH CEOTMICHHMA HeQOMBIIHY II0
Puc. 4.18. Konsua Hentyna pPaAIMEDPY T, KPYIULIX H MEelkHx
L AR E}’[,:'I{L'I-IL F-ZU'I"-[JPHE- l:}ﬁpi,il'll,lili_ﬂ'[.:ﬂ
BOKPYT MIAHETEI 110 TOUTH KPYTOBRIM OopOHTaM. Boe oHKM Tak ma-
JIBL, ITO 110 OTAEIBHOCTH He BHIHE. brnarozapsa ux obpatumeHHI
BOKPYT IUTAHETLI KOALLEA KAXYTCA CIVTOIIHLIMME, XOTH CKBOJL
KiMl b {:?H'I':!."FH.':I.J H-':I.III]'HHH".I, III]'[!UI'!H"-I HBdAeT H IIE]HHFKH[!L‘-‘I'I‘:
MIAHETR, W 3Be3abl (M. puc.3 Ha OeeTHOR BRIelke X).
Haxe 3mi Hambonee 3aMeTHBIC Kodblia mMpH olmIed MIHpHHES
nopazka 60 000 kM uMeloT TomuuHy He Oodee | kM. CHHMEH,
CAETAHHREIE C koA ':-':H[_‘.IH,'I.}KEP.!'}, MOEAIRIBAKYT HX CIOAHOE L-'I'P{,'II-
CHHE.

Konelua BceX OCTANBHEIX TIAHCT-THTAHTOBR, BEIKUad HmnH-
Tep (puc. 4.17), JHAMHTENLHO YCTVIAIOT 10 paiMepaM H APKOCTH
konbiaM Carypua. Ha ciuMiax saMetno, 910 B Koanuax Henry-
HA BELIECTED PACIPEISIEH) HEPABHOMEPHO W ODpasveT OTI1elb-
HBIZ CTVIOCHHA — apecr (prc. 4.18).

BeposATHee BCero, KONBLA IUTAHET-THIAHTOB O0DPAaI0BANHCE H3
BEMIECTRA CYIUECTROBABIIMY MIPEXIE CMYTHHKOR, KOTOPLIE 3aTEM
I}IiZiI}:r'IIIH.I]l-{L'-h ey JAEMCTHER III}HJIHHHHR CHII M ]I|'JF-'[ CTLMIKHOYBE=




HUAX Mexay cobofl. Taxmm  obpaszom, Me  HabTiomaeM
OIPENEIeHHBIH  ITAN  IBOJIOUHONNOTD  TPOHECCH, KOTOPLIH
I'Ir.ll_'I'HL'-I!{l_'I',I'l'I-'T'I' BTEYEHHME }".H'-".E- HECK{NThKHX I'-'[I-Lir,'ll-TE'lp,'l,{_‘.IH JET,

L. Tem obpaennercs pamnume v Onurepa n Carvpaa
MACTHLY W npoTa®eHdny atdochep? 2. [ogemy amvochepn mia-
HET-THIAHTOE OTIHMAKTCH 110 XHMHUICCKOMY COCTARY OT armocdwp
nmnanet eMiod rpynme? 3. Kakosw ocobennocTH BYTRENHero
CIPOCHHA WwiaHeT-rHradtos? 4, Kakue Gopuel peaseda sapakrep-
HEl LTS MOBEPXHOCTH DOMBIIMHCTER COVTHHEOR naanet? 5. Kako-
BRI TT0 CROEMY CTROSHHID EOTRITA naadeT-raranTorR? 6, Kakoe yHu-
KANBHOE ABTeHNe 0DHApy#eno Ha coyTHHEe 0nurepa Ho? 7. Ka-
KHE (PMIHYeckHe TIPOTECcch Ne®aT 1 ocHoRe ODpajoranna obna-
KOB HA pasiMudbx naHerax? 8%, [Mouesmy miaHers-ruradTsl no
CROSH MACCE IO MHOTO pas DOMLITE, YeM TLIAHETE IeMHOH TPy’

Henoab3va JaHHBIE DPHICKCHHA VI, paceiu-
TaifTe THHEHTVIO B YTIOBYID CKOPOCTH DPALIENHA Ha JKDaTopax
Ferid | I0nuTepa.

IMoaroToseTe 40KI40 O OPHPOOE OOHOH K3 TUTAHET
COOHEYHOH CHCTC MBI,

ACTpOHOMEl JaBHO OOpaTIIH BHHMAHHC Ha CIHOIEOM
Donemof smpobens», cyecTEVIOIMA Mexay opbutaMu Mapca u
E_]IIH']'L-"F]'EI._. I II[?C..'I_[II.’]'JIEI'E..‘[H., YT TAM MOEKET HAXOOWTRCH Celie
HEWMIBSCTHAH 1LUIAHETAH, H |3{” . 1oche JUIHTeJIEHRIX TIOHCKDE B
AT I'IP{}ME}F-I:.I'TKH ﬂEi':IL'TH[-{“TE,I'IhHU Elh'l..l'l.';'l_ UT“KPI-.IT‘H TUTANETE,
EOTOpasd 10 TPAIHLIMH [OOIYYHIA HMHA, DB3ATOE H3 JIpepHeH
vugonorud, — Hepepa. OHa oKazanack CIHINKOM MaTeHEEOH 10
CPABHCHHID C IPYTHMH H3BECCTHEIMH B TY TIOPY MNAHCTAMHA — oC
mraserp okodio 1000 ov. OIHAKO BEISICHWIOCE, YTO B 3TOH YacTH
[-:ﬁJIHE"-IHﬂFI CHCTEMEI HE"JE_-""!IH. BOBCE HE SIMHCTECHHAS TJIAHETA.
Bekope Oput oTEpritel laamana (550 kM), Becra (530 kM) n ap.



(puc. 4.19). Kpome Bectsi HH oOZHa H3 HHX HE BHIHA
HCBOOPYIKCHHBIM [J1a30M. DTH 00BCKTEI CTANH HA3BIBATH MATEIMH
IUIAHCTAMH WIH acmepoudamu (3Be310N0I0DHBIMH), MOCKOIBKY
MAKE B TEJIECKON OHM BUIAHBI KAK CBETHIIMECS TOYKH, MOXOKME HA
3BE3/IBL. DT MAJIbe TUIAHEeTRI W jIpyrHe, o0Hapy:KeHHble 3a
NOCASAYIOIINE [Ba CTONETHA, 0DpalaloTea B OCHOBHOM MEXITY
opbutamu Mapca u IOnutepa, odpalya Tak Ha3LIBaeMblii HoOAC
acmepoudoe. K xoHuy XX B. B 3TOM I0siceé OTKpHITO Oonee
100 teic. obwekros. Hanbonee KpynHbIe M3 HHX HMEKIOT
mwapoodpasHyo qopmy, a e, pazvep Koropeix meHee 100 ku,
B DOMBIIMHCTRE CBOEM — Henpasuabiyio. Obimas Macea BCex 9THx
Ten cocrapnaet ne bonee 1/1000 macent 3eman.

Tem He MeHee CTa10 OYEBMIHO,
410 B cocTaB CONMHEYHOH CHCTeMBI
BXOOHT TAKXKE MHOXECTBO MajbiX
Ten, OpOMTH KOTOPHIX O4eHb CHIBHO
MEHSIOTCH 1O/ AEHCTRHEM TUIALIET,

MeTeopuThl, KOTOpbIE nONana-
10T B PYKH YelioBeKa rocie najeHns
Ha 3eMIi0, sSIBISIKOTC, KaK MMPaBiiIo,
obnoMKaMH acreporaos. OHH MOTYT
COTHH MILTHOHOB JICT ABHIaTLCA MO
cBonM opburaM Bokpyr ConHila, KaK

................. T L I I

Puc. 4.20, OpbuThl aCTEPOMADS, NPONETALLMX BONM3K 3emnu



M OCTAILHEE, Dolee EpYIHEE Tena ComHeTHoH cacTeMsl. Ho ec-
JIH 1Y OpOHTH NEPeceKalTcea ¢ OpDHTOH JeMIi, TO OHH MOTYT C
HEH CTOAKHYTLCA. JTO BOIMOMHO [MOTOMY, YTO IKCHEHTPHCHTETE
OpDUT ACTEPOMIOD (4 TeM Donee MX 4acTei) DONLIIe, Yyem K-
IIEIITT:IHEHTETH UPEH‘T ﬁUJIhHI[-TI TLUTAHET, B HIZ_]__IE.J]HF-'I' IIEKI’_‘I’TUPHE H3
HHX OKA3BIBARKYICH ﬁ.IIH}I‘.'E: K (_:E_],'IHII,&"_._ Y HEMJIH_.__ A .."l]'}:r'r'HE H
IIEI]‘HI‘E:.IIHH = aJbklle, 4em E-:'IIH"I'E:F H axe f:ll'l':r'[':lH- HZ:!H-E-E-"I'H[!
HECEDIBED HE'I"EFI.}H,'I_HI’!, h".l.'}']'ﬂphlﬂ [IE[']HH..'[H"—IEEI‘LH [Ipli']]".lf'fl,'l.}l'l' Ha
[ACCTOHHHKM MeHee | MIH KM o1 Hamed mnaders (puc. 4.240).
Tak, I'epmec 8 1937 r. o1aenano ot 3emai seero 800 TeIC. KM, 4 B
1989 1. acreporn nHaMeTpoM okomo 300 M npoimen ot Hee HA
paccToaHiH MeHee 650 000 mm.

COBpEMEHHEIE  HADMONATE TEHEIC
CPEICTEA, B YACTHOCTH HpUOOPEL, ¥C-
TAHOBICHHEIE HA KOCMHMECKITY ATa-
]_',F.i,i"]'..';'lx___ IJ'EII [Hp}'}l-'.lﬂ,llld, YTy 1 {_'IF{]_TI'EL'I'-
HOCTAX JeMIH KK MECALL TpoUe-
TAST HECK O TEED TET] FIH.'iME]:IU".d orT 5 J
50 m. K HacTOMIEMY BpeMCHH H3BCCT-
o dogee HO00 obLekTOR, NEPHOIH-
CCKH cOmMTEamimEes ¢ Jemiacid. Ha
Puc. 4.21. Actepowng Macnpa HUX  OKogo 90 wsenr PeIMEPH

ootee 1 KM, B TOM 9iHcie cewitme 100
TAEHX ODLEKTOR CMHTAIOTCH IIOTEH-
IHATEHO OMAcHEIMH U Hallel muadeTel. OmaceHH:A 0 NMOBOIY
BOSMOMKHOM CTOMKHOBSHHA TAKHX TeT ¢ JeMiei IJHaUHTEILHO VCH-
MHmack nochie mageHus Ha [Omarep Komersl Mlydeitkcpoe—
Jlenu 9 o mone 1995 r. 310 CTHMYIHPOBANO TIOHCEH M OTC/TEHHNA-
HHE KOMET W ACTEPOHJIOE, KOTOPRIE NEPECEKAOT Opdury Jeviu,
A TAKEe palpadoTKy ClocoDOB, EOTOPLE MOZBOMAT HIDEKATL CTOIEK-
HOBEHW A {J'I-II.IIIf'J'I'h JI0 j'HH'-.I']'ﬂ}HI:"HM.I-l ITHX 'I.'E_il::l. Her ocobrx ocHO-
BAHHH CIHIATD, ITO KOMHMECTBO CTOIEHOBEHHH ¢ 3EMICH MOXKET
EKI."I-JIhI:'i.f]-HHﬁ:r'_.'I_h FAMETHD :r'l'!E:.IIH"-IH'I'hE'}I H ﬁ:r'_.'l_}'III_EI'I-'I {]'I-E_.'I.h a3Ara-
CEl» METEOPHTHOTO BEIISCTBA B MEXIUTAHETHOM IPOCTPAHCTEE
NOCTENEHHD I-'[E-'I'If'!IIII,H.I'If}'I'CEI]. K3 yucna C-'I'[':I.II'F'.HI."I'I']-E‘HL'""'I, HMERBIIIHX
KATACTPOMIIECKHE MOCTEICTEHA, MOXKHO HATBATE THIUE 18 I6HHE
i 1905 r. Tynrycckoro meteopura — OfbeKTa, KOTOPRIH, N0 Co-
BPCMEHHBIM MTPEICTARACHHAM, OBUT AZPOM HEOOMLIIOH KOMETRL.
C noMOUILKD KOCMHYECKHX ANMAPATOR BNEPBLE VIAIOCh C
PACCTOAHHA B HCCEOIBKD JCCATEOR TEICAT KHIOMCTPOE MOIVTHTE




n3obpaxeHua MaibiX riader. Kak U mpeanonaranock, Mopoiwl,
COCTARJISIONHME MX TIOBEPXHOCTh, OKA3AJIHMCh AHATOTMYHBl TeMm,
KOTOPLIE pacrpocTpaHeHsl Ha 3eMae 1 JIvHe.

[To/rrsepIInch NPEACTARNEHMS O TOM, YTO HeDOJIbIIHE ACTEPO-
Wbl MMCIOT HCTIPABILIBHYIO (POPMY, a HX MOBCPXHOCTh UCTICHIPCHA
Kparepamu. Tak, pasmepn Facripot 19 x 12 x 11 kM (puc. 4.21). ¥ ac-
repomna Mia (pasmepnt 56 x 28 x 28 kv) obHapyxen cnymuk (lax-
THIb) Pa3MCPOM OKO0 1,5 KM, KOTOPEIH, HAXOAACH OT €ro LICHTpa Ha
PacCTOAINK OKQIO 83 KM, 0Opaiuaercs ¢ nepuosoM npumepiio 24 4
(M. puc. 2 na usernoi skieiike XIII). B nogodHoii «isoiicrseHHoC-
TH» 3aMO03pEeHO 0K0M0 S0 acTeporIos.

[MocToaHHOE COBEPIIEHCTBOBAHME TENECKOMNOB, a4 TAKKe HC-
MOJIL30BAHHC COBPCMCHHBIX  NpHeMHWKOB  uaayucHus  (T13C-
MaTPHLIbI) CTIOCOOCTBOBATO PE3KOMY VBEMHUCHHIO 'IHMC/IA BHOBb
OTKPBIBAEMBIX  acTepomion. K KOHIY NepBoro  [aecarunervs
XXl Beka OvUTO 3aperdcTpuporaHo yxe Oonee 40N Teicsra acre-
porIOB, 0KOI0 180 TRICAY M3 HHX NOMYYIUIH NOPSAIKOBLIE HOMEpa,
NOCKQJIbKY ISt HUX  ObUIH  HAJIEKHO  BhIYHCIEHH  OPOUTHI,
CoOcTBeHHBIC IMEHA MOMYIUTH ITOUTH 15 TEICSAT ACTEPOHIOB.

llocne OTKPBITHS OOJIBIIOND YKC-

Na acTepoiIoB, a B 1846 1. ruiaHeThl
HenTtyn B acTpOHOMMH Ha4ajIuCh
JUIMTEJIRHRIE TIOMCKH «33H€ll'l'}"HHOﬁ»
rwiaHetsl. Jlmomw B 19301, 32 opbu-
ToiH HenTyHa Ha pacCTOAHMH OKOI0
d0a.e. yaanoce OTKpeITe TLayTOH.
Puc. 4.22. TinyTok €0 GNYT- Qga3a10Ck, MTO MO Pa3MepaM M Macce
b OH menbine JlyHbl, 4 N0 ILIOTHOCTH
CYUICCTBEHHO OTJHYACTCS OT IUIAHeT

obenx rpynm. B 1978 . y Hero Obu1 0dHapyxeH O4eHbL KPYMHLIH
cnyriuk  Xapon (pue, 4.22). Hauvareie B 9TM rojsl  CHCre-
MATHICCKHE MOUCKHI APYIHX CTOMb e JaJieKiHX 00BbeKTOB NMPHBCITH
K OTKPLITHIO MHOXECTBA MAJILIX Ten Mexay opbutamu IOnurtepa
u Henrryna. 3arem 8 19921, 3a opOuroit Herrryna Ob1 oTkperr
nepeslit 00bEeKT aHaMeTpoM okoio 280 km. K Hactosmemy
ppeMent m3secTio vike okono 1500 Ten, HaxomAmMxces B ITOM




TacTH ComHevHoH cHeTeMbl. JduaMeTpel DOJBUIHHCTEA H3 HHX
cocrasianT or 100 go 1000 kM. HekoTopoie H3 HIX, a HE TOALKD
[T1vToH, HMET COVIHHEH. TeM CaMLIM MOITBEPIHIOChE BLICKA-
JAHHOE aMepHEAHCKHM acTpoHoMoM i, Kolinepow ewie B cepe-
OHHE TPOLUIOre BEKd MPeInoiokeHHe O CYLIECTBOBAaHMH 34
opouToi HenTvea Ha pacctoauum 33x—2304a, e, or ConHua eme
OOHOTO TIOACA MAMLIX TEN, KOTOPLIE OKAILIBAIOT BIHAHME Ha
IBHAEHHE ITOH MLIaHeTEL

J10  CcoDLITHE HMEND HEOKHIAHNHOE [OCNENCTDHE 114
“..[}"I'[:IH':‘I., E'i.{!l'l"li]I'I'hlﬁ OBLT «JIHIIEH 3BAHWHS TUIAHETHL 2-’-"- HHI'}'LTI'H
06T, pemmenne XXV leacpanmeHolt accambnern MexmyHa-
poIHOTO acTpoHoMHIecKoro cotoda (MAC) Deuto npHHATO pele-
HHE BBECTH HOBLIA Knace o0nekTop CoaHeuHOH CHCTEMLI —
mnaHeTa-Kapark,  Ona 100K VIOBIETEOPATh  CIAEAYIONTHM
}'CJH'!HI.-I.'!IMZ

— obpamaerca poEpyT CoMHIIA;

— He ARIAETCH CIYTHHEOM TLTAHETH;

— ofaanaeT I0CTATOMHON MACCO, TTODE! CHIIA TSRCCTH MTpe-
BOCXOIHIA COMPOTHBIEHHE BELIECTEA, H MO3ITOMY TEMO ILTAHETEI
NpedLnaI0 b COCTOANHE THIPOCTATHYECKOTD PARHOBECHA (A 3Ha-
YHT, MMenD (POpMY, DITH3KYIO K chepryecko );

— 0f1a1acT HE HACTOIBKO OOIbIIOH Maccod, 9robel OBIT
CIIOCOOHOMH PacTHCTHTE OKPECTHOCTH CEOSH OpOHTEL

n,ill_"!."l'[,ﬂl CTeN IIF{,'I"]'I:_ZIT'HII[,‘.I‘I.J [I,'I-'iHE'F—E{I;ipJ'IHHI{JH, il I1HL1EI_'I..IIHE
KPYITHEIM  O0BEKTOM  3TOI0  Klacca crata Bpuaa  (aHaMerp
2400 ). Eie e RapmiKoeble U1aHeTel — Xaymed H Makmwa-
KH — TAKXEE OTHOCATCA K mofAcy Kofmepa. B uMcno miaHer-
KAPAWMKOR BrIo4ena taicke llepepa, KoTopas npesne CHMTATACH
KPYIHERLIHM M3 ACTEPOMIOH.

BoamosHo, 110 HMeHHO Noac Koilinepa sSBNSeTCS OCTATEOM
TOTO CAMOTO MPOTOILTAHeTHOro O0TaKa, H3 KOTOporo opMHpO-
pagack Conmednan cHerema,

N 3-3a croero neofumoro suaa (HAIMYME XBOCTA, KOTOPBIH MO-
EET MPOCTHPATECA HA HECKOIBEO COSBEIINI) KoMemtbl ¢ TPCEHHX
ppemMer o0palany Ha ceds BHUMaHHe TONel, TaKe Tanekux o7
ACTPOHOMHH. 3a Bee BpeMsa HAGmMOIeHHH OBUIO 3aMeTIeHO H OTH-
cano carnne 2000 komer (puc. 4.23).



Baam ot ConHua KOMEThHl HMEIOT BH OYUEHDL C1a0bIX TYMaH-
HeIX rmATeH. I1o Mepe npudmHXeHus K HEMY V KOMETHI NOAB/IsAeT-
CA M MOCTENEHHO YBeIHYUBASTCA XBOCT, HANPABAEHHBIH B MPOTH-
ponoaoxHy10 o1 Coanua cropony. ¥ Hanbonee ApKHX KOMET X0-
POIIO 3dMETHBI BCE TPHM COCTABHBIE YACTH: 204060, A0PO W XGOCH.
| IpM ViidJienun oT (_:().'lllll{i SIpK()C'I‘b KOMEThI H €€ XBOCT )"\1ellblll{i'
KYTCSL. Ona CHOBA leL’BpﬂlllﬂC'l’CSl B TYMAHHOEC [THO, d 3aTEM OC-
Jsabesaer HACTOJIBKO, 4TO CTAHOBUTCH II@,'lOC'I')’III’IOﬁ S5 HabNoO-
JICHHH,

Kpome HeoDBIYHOrO BHenmHero
BHIa, KOMCTBI 00paliam Ha ceOs BHU-
MaHHC HCOXKHMIAHHOCTBIO MOSBICHUSL.
PeluuTe BOMPOC 0 TOM, OTKYAA IMOSB-
JIAIOTCA KOMETEI M KAK OHH IBHDKYTCA B
MPOCTPAHCTBE, YAANOCH TOJILKO Ha OC-
HOBE 3aKOHA BCEMHMPHONO TATOTEHMS,
Habmoxas 8 1680 r. komery, Heioton
BBIYHCIKA ee ophuTy U vOemacs, Yo
OHa, NOAOOHO naHeram, odpaiaercs
pokpyr Comxua. [loassysce copera-
MH HbK')'I’(')HH, enrno C,(')BI)CML’HHI'ik, aHI-
JMACKUH  yueHblll Jdmynd 'avaei
(1656—1742) ebrauchisl opbHTHI He-
CKOJTBKHX KOMET, TMOSIBISBUIMXCS pa-
Hee, 1 ODHaPYKWIL, ITO OPOMTEI KOMET,
HaOmomapmmxcas B 1531, 1607 wu
1682 rr., ovenn noxoxkd. OH npemno-  Puc. 4.23. Komera Ha 3ee3p-
JIOXKHIT, YTO 3TO ObUTA OHA M TA JKE KO-  HOM Hele
MeTd, NEPHOAMYECKH Bosppamalomancs K Coaniy, v Bnepsble npeit-
cKasall ee ouepemoe nosnaenue, B 1756 r, (yxe nowne cvepru yye-
Il()l'()) KOMCTA ,'lt’ﬁCT‘Blﬂ'E.’th() NOABHTACH H TTOJNYYWT HASBAHWE KO-
merbl l'auies. Tak Oblia nosoxeHa TpajguiMs HashlBATh KOMETh
HMEHAMK KX [epBoOTKpbIBare/iei. Okasaiock, 4ro komera ['aes B
aperi yxoauT 3a opbury HenryHa, HO 3aT¢M BHOBB BO3BPALIACTCS
B oKpecTHOCTH ConHuEa, uMest Tepuo oDpaticHst oKono 76 Jer
(puc. 4.24). Co ppemeH IbioroHa u [amwiesi BEMHCICHE! OpOHTHI
Baosee yem 700 Komer.

KopotkonepuonHieckie KOMETHl (MepHOIbI ODpalieHHsa OT
TpeX A0 JECATH JET), ABUTasACh MO BLITAHYTHIM JUTHITTHYECKHM Op-
OutaM, yaanmotesa or CoaHua Ha S—8 a. e, Hapany ¢ HUMH Cylect-
BYIOT . IOJITONEPHOIMYECKHE KOMETDI, noaodnsie komere [annes,




Puc. 4.24. Qpbura xometw lFannes

SaMyHg Mannei

Puc. 4.25. Komera XusaKyTaku

HO yxousume B adesmu 3a npeaesn
ILTAHeTHOH CHCTeMbl. CpemaH KOMET
HEMaNo TaKHX, KOTOpele Habmoaa-
JUChH BCEIro OJIMH pags H M()I'}"l' BG[)-
HYTLCA TOJBKO YEPe3 HEeCKOJLKO
croneTuii. B rex cayuasx, Koraa yaa-
ercsl ¢ JIOCTATOYHOH  TOYHOCTHIO
ONpeneuTh OpOMTY KOMEeTbl, e
NpeICcTapidAeT Tpyda € TOMOLILIO
KOMMBIOTCPA BBEIMHCIHTE €€ MOJO-
AKSHHUE B upocnpancme M )‘Ka.'ia'l'b,
rae W Koraa ona oyaer puana. Coau-
KEHHE KOMET C IUTaHEeTaMH TT03BOJIA-
er Ollpe,'le.ilﬂ'l'h HX Maccy, KUI'OP&)I
He IIpEHhIIIIHE'I‘ ThICHYHRIX }l(),'leii
MAacchl 3eMHOH atMocdepnl H B COT-
HH MIWUTHOHOB pa3 MCHBILIC MACCHI
3eMHOrO wapa, QjHako Takas rja-

HETA, KdK IOHHTCP, CBOHM TANOTCHHEM MOZKET CYVIIECTBEHHO MIME-

HHTL GopMy OpOHMTLI H mepHol obpameHus KOMeTol. Toraa oHa
MOXKCT OBITh «ITOTCPSTHAx.

Exeroano nabmopaercs 15—20 komer, DOAbIIMHCTBO KOTOPhIX

BHIHDBI TOJMLKO B TCINCCKOIL HCKO’IOPLIC H3 HUX OKA3LIBalOTCHA HOBEI-

MM, HEM3BECTHhIMM paHee, T'ak

CIIYYHIOCH, HaAl IpMMep, HEABHO, KO



na B 1996 u 1997 1. NOABWINHCH ABE
O4YeHb HpKMB, BH/IMMAIC JIAXKE HEBO-
OPYKEHHBIM TJHA30M KOMETEI, XOTA
OOBIYHO TAKHC KOMCTBI TMOSIB/ISIOTCS
pas B 10—I15 ner (puc. 4.25 n pue. 1
Ha usetHoi pruienke XII). ITo tpa-
JHLMH OHW HA3BaHb! (DAMIUTHSIMU Tex,
KTO HX OTKPLLUL DTO ATOHCKMH JIO0H-
TC/Ib ACTPOHOMMH Xuakymaxu W Ipa
amepukanig — Xewa m bonn,

Huorna v koMeTnl obpasvercs
HCCKOJIBKO XBOCTOB PA3JIMYHOH JUIH-
ol ¥ dopmbl, Mx knaccudukanms
OblTa TPEANOXKCHA BBIZAOMIHMCS
pPYCCKuM yueHnmM @edopom Axex-
candposuvem bpeduxunvim (1831—
1904): I mun — JUIMHHBIA XBOCT,
HanpapJeHHLIH MOYTH MNPAMO OT
Coanua; IT mun — W30TrHYTEIA H OTKJIOHEHHBII OT 3TOr0 Harnpae-
aenus; M mun — KOPOTKMH, TI0OYTH NPAMOH M OTKJAOHEHHBIH
(puc. 4.26). XBocTel 00pa3yiOTcA YaCcTHUAMH Pa3HOTO poja, 114
KOTOPBIX COOTHOLEHHE CHII IpUTsKeHus K CONHILLY M Cu, JIeicT -
BYIOIIMX B MPOTHBOMOJIMKHOM HANPAaBIEHHH, HEOIHHAKOBO. Bo
BpeMcHa bpenwxiHa B pacueT NMPHHUMANOCh JHIIE JABJICHHC
CBETA; B HACTOSLEE BPeMsl M3BECTHO, YTO HE MEHEe CYLIECTBeH-
HYIO pPoib B (pOpPMHPOBAHHN KOMETHOIO XBOCTA HIpaeT CONHEY-
Hblil BeTep — MOTOK 3aPSLKEeHHBIX YacTuil, nersimx or CoaHiia.
CoaneqHoe HITYYEHHE BLI3LIBAET pacnal MOJIeKYJl, BLUIETEBIIMX
M3 KOMCTHOTO s1Ipa, a TAKKe 00pa3oBaHHC HOHOB. IMCHHO HOHEI
ATOMOB M MOJIEKYJI 0DpasyioT nuasmennsie xsocrTn I tuna, Bos-
IeHCTBHE COJIHEYUHOrO BETPa Ha MOHBI KOMETHOTO XBOCTd, KOTO-
POE B ThICHYH Pa3 cHitbHEe MX NPHTsDKeHnst CONHIEM, HEPEIKO
BLI3BIBACT MINOMB XBoCcTOB I THna. Xsoctw 11 THOA cocTaBaAioT
HCTIPCPBIBHO BBEIACISIONIMCCS H3 SIApa MBLTHHKA. Lemn ke u3 ai-
pa BhLIETART Cpasy lejoe 00JAKO ThUIMHOK, TO NOSBISKTCS
xpoctnl III Tuma. TIbUTHHKH, pajnuyHLIE N0 pasMepaM H Macce,
MOAYYAKT PA3IHYHBIE YCKOPEHHS, TT03TOMY 00K BbITSIHBaALT-
CA M 0OpA3YET XBOCT,

HecMoTpa Ha BHYLUHTEABHBIC Pa3MEepel XBOCTA, KOTOPEIT MO-
Ket npespinarte B anny 100 Man kM, M rojossl, KOTOpas no ama-

denop AnekcaHopoBuy
BpeguxuH



OpbuTa
KOMETH

Puc. 4.26. KnaccHdrkayka KOMETHEX Puc. 4.27. Hopo KoMeTw
XBOCTOS [ annas

METPY MOXET NpepocXoauTh ConHie, KOMETEl CIpaBelTHBO Ha-
FRIBAKIT «BEHAHMOC HHYTO. n|3ER'I'H'4DﬂEH BCE HX BEINECTRO CO-
CPENOTOMEHO B HEDOALIIOM AIPE, KOTOPOE YIAMOCH YBHIETL
TONMEKD ¢ KOCMHTISCKHX anmMAaparos, MPOoIeTeBIH B HeNocpeIcT-
pedHol Dowzoctd or mero. B 1986 r. KA «Bera-2» npowen na
pacctoaHui 8000 kM ot agpa koMetsl [aanea, a KA «TxoTtTon —
Ha . paccroatur GO0 KM, CIRA3AI0CH, 4TO SO HMEET JUIHHY BCEI0
14 KM, a IMpHHY H TOMUIHHY BOBOE MeHwbme (puc. 4.27). Ono
npeacTasnser coboll CHeXHO-NENSHYI TIRDY C© NpHMeck 3a-
Mﬂp.’illll’l!{ [ 1 )5 {_I[MHI[H, AMMMAK, }'['J'IEKH[.‘.I]UI‘I_'I' rasd K1 _.'l.]_'!l}"l"l-*ll{ -
EIMHEHHI) H BEPAIUIEHHEM MENKHX TESPIBIX TACTHLI PAXTHYHOID
XHMUYECKOrD cOCTara. B 3moM «rpi3HoM MapTORCKOM CyTpodes,
KaK YACTO HAILBAIOT KOMETHEE AApa, COOSPHKHTCA MPHMEPIID
CTONBKO 3AMEPINICH BOME, CEONEKO B CHEXHOM I[TOKPOBE, BEIAB-
Iien 34 Ii']_.'I.H}-' Z:I-H"-1}‘ HaA 'I'EI'!I".IL1'J'[3I]'H-111 Mockorerkoi obuacTd. Haren-
CHBHOE HCIIAPEHHE JaMEPIIUHX TA305 M3 AIpa HAYHHASTCA MOCHE
TOro, Kak koMera niepecedeT opbuty IOmatepa. [aswr saxearer-
BAKIT ﬂ[!fji_'lf-i’ TThiJTE M BMECTE C 'IIEﬁ I:_]ﬁpﬂ.'i}’ﬁ[_ﬂ' ]"[_'IJI{_'IH].-' KOMETHI {_EE
atMocdepy), a Takke XpocT. B MOoMeHT COMMKeHHA KOCMHTIECKIY
anmnaparos ¢ AapoM (Ha paccrosHAd (L8 a. e, or ConHoa) Owina
W3MEpeld ero TEMIEpaTVpd, KOTopad coCTapHaa oxomo 350 K.
C noBepxHOCTH AIpa, MOKPEITOH TEMHEBIM TIOPHCTEM BELICCTBOM,
IF'.E'I..':'I';'_.'I_:r'H'I UHH:.-'HJI_}-' l'1CI]J:I.I]'5-I.IIl.'I'L',h III'II-'!IHEZF.IH[:I "-1“ T BELMECTHA — B (M-
HOBHOM BOAEL [IpHMEPHO 38 CYTKH NOBEPXHOCTHLIH CNOM MOIHO-
CTEI ODHOBIANCA — B3AMCH VICTCBIONY [MELTHHOK «BRITAHBATH:
HOBRIE,



[Ipegnotaraerca, 4ro odoee
YHCND KOMET B ':{_TI,'I]IH"-I"HUH CHCTEME
MPEBEIAeT OeCATKH MILIHAPIOE.
CuntaeTtcd, 90 ConHeHaA CHCTeMAa
UI'ILF}-'H{-E!IE:I (JIHKMM M JI3REe He-
CEOJIBKHMH 00/aKaMi KOMET, KOTo-
puie ABHEYTCA BOKpYT CoMHIE Ha
I}&L"-Il'l'l:']HHIi-li-lhl., F.‘I.'I'Il."rl'll-r.lli: B ThICHYH H
OCCATKH THICAT pa3 OoIbWIc, TCM
PACCTOAHME 0 CAMOH TanbHei ra-
Hetel Herrryw (pac. 4.28), Taw, &
ITOM ~ KOCMHMECKOM  ceflde-xono-
AWILHHKE KOMETHLIE HADA «XPAHAT-
Csl» HA TIPOTSCHAN MHILTHAPIORE
18T ¢ MoMeHTa obpazopanua Coa-
HE"'—IHUFI CHCTEMbKI, HEHU'I‘I[]FIMH H3 HHX NOITa 1 T HH}-'T“Ph MaHeET-
HOM CHCTeME W HADMIOIAKTCA KAk HoBRC KoMeTHl. [locie aroro,
BCASOCTEHE MOCTOAHHOH MOTEPH BEIIecTda, ANPO KOMETL YEE He
MDA ET {:'}’Illﬁ[:"l'lili:ll'!ﬁ'l'h ST rIIHEp;[hﬂE YACTHILEI, II{:'I'I'E:]:'IHHI'[I'-IE
EOMETOM, TBHAYTCH B COTHEHOH CHCTEME CaMOCTOATENEHO.

Puc. 428, OBnako komart
B CONHEYHOW CUCTEME

Menmapm, KOTOPEIC B CTAPHHY HA3BIBAIH «IaIal0IHMK 3BC30a-
ME#, MOKIIO BUIEThH NPAKTHYECKH B JI00YVI0 ACHYVIO HOYbL, €CIH
TMIRKDO HE MEIIAeT CHET .“}’th, Huaenne .‘I.-1E'I'-El'.}|:']ﬂ BEISEIBASTCH
METEOPHBIMH TETAMH HIH METEOPOHIAMH — MENKHMH KaMellEa-
MM H NECHHHEAMM, DISTAIOWMME B ATMOCGhEPY JeMIu co CKopoc-
TSIMH B JCCATEH KHIOMETPOR B CCKYHAY. B criekTpe BCnbIXHYRINC-
ro METEOPA HADTIOOAKTCA JIHHHH KPeMHMA, KLIbLINA, XEneia o
I[_FI}’I‘H.‘-{ META IR, TEPI-I'F-I [..‘RL'I-]_'!II_'I-L"'I"h 'IIFIH 1'[_3]_:!I'-:1UHE'I'I'I-'1H [ ] E'I.TMI:_‘.ICJI'_I_JH-
pe, MCTCOPOHIB PA30TPCBAKITCH, HCHAPATCA H NPaKTHICCKH
MOMHOCTEID PAIPYINAITCA, HE IOMETER IO MOBEPXHOCTH 3EMIH.
Ha cooem nyTy omy HONM3YIOT MOJEKYIM Bo3ayxa. boaropaps
ITOMY CEBCTALANCA METEOPHEIH CIe] OTPAXACT PaJHOBOIHEL, ITO
MOZBOAAET € MOMOLUIBE PAIHOIOKATOPOR HADIIOIATE METEOPLL HE
TONRKO HOYEREKY, HO W JIHEM.

Motorpadupys OOIHH W TOT XC MCTCOP M3 MYHKTOR, OTCTOA-
MIMX OpPYr oT apyra #a paccroAnnd 20—30 kM, MOXKNIO onpene-



JMTH €ro NapanilakTHIeCKOe CMEIICHHE W BEIHCIHTD, HA KaKoi
BRICOTE OH NOABWIICH M HA KaKOH Heyes, ODbIYHO 9T0 NpOHCXo-
it Ha seicoTax o1 130 no 80 kM. Ecm nipw hororpaduposaHni
HCIONB30BATh KaMepPY, 00LEKTHB KO-
TOPOI MEPHOIHIECKH MEPEKpPLIBACT-
CH Hpi‘llllalﬂllll‘lMCSl FATBOPOM, ™ 110
MOAYYEHHOMY IIPEPLIBUCTOMY CIExy
MOXHO OLICHHTb CKOPOCTB MeTeopa
(puc. 4.29).

MeTeophbie Tena, A0roHsomme
JeMmio, BAETAIOT B €€ aTMOoChepy o
CKOpPOCTBID He MeHee 11 KM/c, a Je-
TSHIME HABCTpewy — 0075 Km/cC.

OHM HMEIOT Maccy OT MHI-
JMHTPAaMMOB 10 HECKONBKHX TIpam-
mMoB. Ocrasmascs rnocue paspyue-
HHH DTHX TeJl MEJIKAN Nblib N0CTe-
MEHHO OCeNaeT Ha IOBEepXHOCTD
JemMimm.

Memeopuste  nomoxu  Hado-

Puc. 4.29. Cnen meteopa JAIOTCH eXero/ino B onpenenetine
Ha 3Be3aHOM Hebe HOYH, KOrja HEeCKONbKO (a HHOria

HECKOJIBKO ISCATKOR) METCOPOB Ka Kbl Yac BEUICTAIOT H3 onpe-
jenennoi odnacrn neba, nassisaemoit paduanmom. Takue Mere-
OPHEIE MOTOKH MOJY4aloT Ha3BaHHA MO HMEHH CO3BE3IHA, B KO-
TOPOM PacMoOI0XEH UX paIHaHT, HanpuMep JpakoHHIEL JIeoHn-
aet, Hepeenan. Hanune pajuanTa 0o3Havaer, 4ro J10 BCTPeYH ¢
3eMiieH METeOopHbIE Tela ABUTAINCH TMOYTH Napawiensbio, no
O1m3kuM opbutaM. Eme Bo Bropoit nonopune XIX B, yIaaock yc-
TAHOBHTL, 49TO OpOHTA 4acTHll MereopHoro noroka Ilepeenn
NPAKTHYECKH COBnataer ¢ opduToi 0anoi n3 komer. Ocobenno
OYEBMIHOH CBA3L METEOPHDLIX MOTOKOB ¢ KOMETAMH CTaja mocne
HaOmoaeHHI 3a KoMeToi buanel, oTkpeITOl eme B 1772 r. H pery-
JSIPHO BO3BpAABIIencs Kaxanie cemb sier. B 1846 r. ona pacna-
Jach Ha JABe CaMOCTOATENbHBIE KOMETDL, a ¢ 1872 r. BMecTo Hux
EXKETr0IHO B KOHIE HOAOpA CTal HaOMIOJATECA METEOPHBIH
MOTOK.

[loTepsivinie 5ApOM KOMEThI TEEP/IbIE YACTHILL PACTAIM-
BAIOTCA BIOAb BCEH OpOMTLI, MO KOTOPOH IBHXETCA KOMeTa,
H 0DPasyIOT OIPOMHEIN TOP U3 MeTeopHOro Beuecrsa (puc. 4.30).



Puc. 4,30, MeTeopHoe selUeCcTED HA opbuTe

YacTuiie 3Toro Topa BCTPevMaloTed Ha IVTH HalleH MIaHeTh B
QOpeaenedtoM MecTe e OpiHTHL. Tak, nanpumep, ¢ ophuToH
roMeTsl [anmes 3emaa cOMHEaeTcd OBAXKIE B rog — 4 Mad |
22 okTadbpa. Ha 310 BpeMs NPHXOOATCA JBA METEOPHEIX IT0-
TOKa — MaickHe Axpapuanl 1 Opuonnan. [Tockoasky MeTeop-
Hilg REINECTHLY Fl.'il:_'.l [I}E_.'I.E.'IS-IE'I‘L'.S-I 1 l_'ll'l'!i_]-[-'l'l'ﬂ HEFHHHHI‘HEFH(]F dk -
TMEHOCTR HE‘-RI:I'I'{'!IPI:.II MLT'['EQ[]HJ:.IH MOTOKOR II'I:]Z'.I'H{]_LI.M"-IECI{H MEHH-
ercd. Tak, MeTeopHbIi noTok JIeoHHAE 1acT oDHIBHEIE METeop-
HBE JOXTH KaXIEE 33 roja.

Hﬂﬁ.‘llﬂ.]l.E;HHH I'I.-!IE'I'EIf}"!IH EX MOTOKOR, HMEKIIIHE HEL}"'-IHJI'I'H HeH=
HOCTh, MOTYT IPOBOAHTE W YCIEIIHO TPOBOIAT WOHEIE THOOHTETH
ACTPOHOMHH.

Korna s armocdepy Jesian nonajaer i3 KOCMHYecKorn npo-
CTPAaHCTBA KPYVIIHOE TENO, HAOMIOmaeTcd SABICHHE, HAIBIBACMOC
doaudom. boaHMOIE HMEWT BHI OTHEHHOIO 1IAPA H OCTABINAIOT
NOCAE CROErO MOJETA CIed, KOTOPHH HHONE MOAKHO HatmonaTh
B rededue 15—2) mun, Hauwbonee ApKKUe DO BUIHEL Jaxe
ITHCM.

B OTZeILHEX CIy4aAx TEND, BEIIBABIIEE MOABIEHHE 0OIHIA,
e }’[.Z'I'IEF!HE-‘T J KO F-'I't.f-rIHPHThli.f-!i-'l § -';iT'Ml_H.:ﬂ_]__IE-’pH M I HeT i 1=
BCPRHOCTE 3CMIH B BHIC Memeopuma (cM. puc. 3, 4 Ha UBCTHOH
pruteiike XIII). Crmmaered, Um0 B TEUSHHE TOJA HA 3EMIK BHINA-
aaet okoao 2000 MeTeopHTOB.

[ |l'.} KU HYEC F'.l.}l'l.'ljn' [:'HL"I'EI.H}" pﬁﬂJ]H'—IEI.I{‘.I'I‘ REAMOHHWE, ACETHC H
HKEACIONAMEHHBE MCTCOPHTEL. A eNe3aHblec METCOPHTH COCTOAT B
OCHOBHOM H3 HHEETHCTOTO Xelela, cozepxawmero Y% xenesa n
9% nukend. [TogobHoe COOTHOMIEHHE HE BOTPEYAETCH B 3EMHLIX
MHHEI}HJIHI, Tdk YTy ASIIEIHRIE ME-"'I'E:[!I]'H'I'I':I JOCTATOYHO JISrK0 o=
JHTHTE OT MOPOJ 3CMHOND NpoucxoxicHuas (puc. 4.31). Ha ux
OTNOMHPOBAHHOH MOBEPXHOCTH NPH TPABNEHHH KHMCIOTOH ITOAB-
JAAeTCA Cooe0DpPaiiaa CHCTEMA MPOAOILILIX W MONEPeYIIbX 110-



Puc. 4.31, XeneaHsin
METEOPUT

Puc. 4.32. BHyTpeHHan
CTPYKTYPa Xeneanoro
MmerTeopnra

Puc. 4.33. CtpyxTypa
KaMEHHOMo METEOPKHTA
C xoHapamm

noc (puc. 4.32). Takaa cTpykTypa
BO3ZHHKACT, KOIj1d [)ilCll.'lithleH'
HBIE TTOPOALI MELTEHHO OCTLIBAIOT
BHYTPH TEN JHAMCTPOM CBBILIC
200—300 kM. DTH B Jpyrue jlan-
HEIE CBHOETENLCTBYIOT O TOM, HTO
METEOPHTHI SABJISIOTCS ODJIOMKAMK
aCTepOHIOB.

KaMCHHBIC METCOPHTEI CO-
cranisior tosee 90% neex nanaio-
ILIMX Ha 3eMIi0 METeOPHTOB. di1a
DONBINMHCTBA U3 HUX XapakTCpHO
HAJIHYHE B HX COCTaBe XYoudp —
MCIKHX KPVIJIBIX YTACTHII pa3Me-
PoM OT HECKOIBKUX MHK[)()MB'I'p()B
1o caHTuMerpa (puc. 4.33). Coort-
HOUICHHE co:lepmaumxcn B 9THUX
LIAPUKAX CEPOBATO-KOPHYHEBOTO
UBCTA XHMHUECKHX 3JICMCHTOB
TOYHO TAKOE XKe, KaK U B arMoche-
pe ConHua. Bo3zMoxHO, B XOHIpax
«3aKOHCEPBHPOBAHO»  BEleCTHO
NPOTONAaHETHOTO 0DMaKa.

B cocrase MercopuToB 0DHa-
PYAEHO 3HAYMTENBLHO MEeHbIIee
YHCI0 MHHEPAIOB, Y€M B 3€MHBIX
FOPHBIX MOPOJEX. FTO MO3BOIASE]
CYAMTL O TMPOLIECCaX, KOTOpLIE
MPOHCXOIOIIH HAa PaHHHX CTAJHIX
Qopmuposanus Coanednon CHe-
TEMBEL.

Kparepsl Ha niaderax 3eMHol
rpynmnel, JIyHE M APYrUX CIYTHH-
Kax TUIAHCT HMMCIOT MCTCOPHUTHOC
npoucxoxjenue. Ha 3evie mero-
gaMH a’podoTocLeMKH OOHapy-
KeHo okoo 130 nojgodHuIX Kparte-
POB; MX CTaIM Ha3bIBATH ACMPO-
Oaemamu. OTHUM 13 Hauboaee u3-
BECTHBIX SBJISETCA  APM3OHCKHIA



meteopuTHLIH KpaTtep (CIIA), mveromuii auamerp bonee 1200 M
n rayouny 200 m (puc. 4.34). Cumraercs, 4ro obpasosancs aror
Kpatep npuMepHo S000 geT tomy Haszan, Pacyern noKasbiBaloT,
qTO 1151 €10 00pa30BaHNsl MCTCOPHTHOE TEIO A0/KHO HMETh Mac-
cy Doxee 100 000 T,

K uncny KpyImHEHIINX MeTeopH-
TOB, Mai€HUE KOTOpBLIX Hadmona-
J0¢h, npHHALIeXRHT CHXOTI-AsHH-
ckuit Maccon okono 10071, Kenes-
HbIH  METEOPUTHLIH TOXKIb BBITAI
12 pespanst 1947 r, B yeCypHMHCKOI
TAUIe, TAK KAK B BO3JIYXE METeOpuT
pacnajics Ha ThICSYM KYCKOB, 110~
CKOJIBKY COCTOSUL M3 HElPOYHO
CKPCIUICHHBIX MCXIY CODOM XKenezo-
HHUKCJCBBIX KPHCTAUIOB Pa3iHTHOrO
pa3zmepa. Hanbosnee KpynHeIe H3 HEX Maccoi B HECKOJIBKO TOHH,
JOCTUTHYB 3eMH ¢ D0nbIIoi CKOpOCTLIO, Obpa3oBani donee coT-
HH KpaTepoB M BOPOHOK. CaMplii DOMLIIOH M3 KparepoB HMMen
aMaMeTp 0Koa0 26 M u rayvouny 6 M.

MOLIHBIM B3PBLIBOM 3aBEPLIKJICA [TOJET OrHEHHOrO 1apa, Ha-
bmogapmmiics 30 mona 1908 r, p Cubupu 1 nonyyuBLIKI Has3Ba-
nue Tynrycckoro mereoputa. Tlpu arom ObuM NOBaJIEHBl NOYTH
BCE JIEPeBhs Ha MIOIEAM nonepednukom okoao 40 kM, Oanako,
HECMOTPSI HA MHOIOJETHHE TIIATE Ib-
HbIe TIOMCKH, HH CAMOI0 MeTenpura,
HH MCTCOPHTHOIO Kparepa HalTti He
yaanoce. BeposiTHee Bcero, B atMoc-
tepy 3emmi BaeTEIO0 AP0 HEBOMB-
IO KOMETBI, paspylleHHe KOTOPOro
HMEI0 XapaKTep B3PLIBa U IMPOH30LLIO
Ha BBLICOTE€ HECKOILKMX KILTOMETPOB.
ObpasoBaBiuasgcs Mpy HTOM B3PbIBHAA
BOJIHA BLI3BATA BLIBAJ JIEca, HO 1U1A 00-
pasoBalMs KpaTepa ee JHeprus oKasa-
JIACh HENOCTATOYHOM, TBEPABIE YaCTH-  Puc. 4.35. MeteopuTHbie
bl B BHJIE IIAPUKOB JIMAMETPOM HE  LIAPUKK
Dostee T MM, KOTOPBIE HAHIEHBI B 3TOM
paioHe, OYCHB MOXOXKH HA T¢, KOTOPBIC BCTPCYAKDTCS! HA MCCTaX 112~
TCHWSI MHOTHX KPVITHBIX MeTcopHTOB (pHc. 4.35). BumnmMo, 310 Bee,
TO OCTANOCE OT AAPa KOMETEI [TOCNIE Ero B3PhIBa.

Puc. 4.34. ApU3oHCKUR
METEOPUTHLIA KpAaTep




1. KAk OTMHHTE NPH HAQTKIEHHAY ACTEPOHT OT IReI-
ar? 2. Kakosa Gopma GoNsLMHCTED acTeponaos ! Kakosel npudep-
HO WX patvepr? 3, Yew obyenonteno ofpalonaHHe XB0CTOR KoMeT?
4. B Kak0M COCTOMHHH HAXOUMTCH BELICCTEO HAPA KOMETHLT ¢ XBOC-
Ta? 5. MozeT 101 RoMeTa, KOTOpas MepRoIHYecki BOIRPATIASTC K
(CoutHuy, OCTABATECH HEHIMEHHOR ! 6. KAKKe MRICHHA HADUOMAKY TCH
MPH OOIETE B aTMociepe Tea ¢ KocMu4eckol ckopocteio? 7. Kakne
THITEL METEOPHTOR BRITEMAKNTCA 110 XHMHAUECKOMY COCTARY Y

L. [ocae zaxoma Commna Ha Janaie BEIHA EoMe-
Td. KdK OTHOCHTEIBHO TOPH3OHTA Hanpasned ee xsocT? 2. Kakosa
OONLITAT MOTVOCH OPOATE KOMETLT | ammed, ecny neproq eg odpa-
weHun 76 ner? 3. CpasHUTe NPHUHHBL CBEIEHNA IVTAHETB H KOMETBL
Kakne paimmna B HX CIEKTpax ofyCIORTeHE ITHMH TPHYHIaMHT
4. OpOHTBL JBYX KOMCT JICKAT B IVIOCKOCTH 3¢MHOW opOHTEL, Ha-
IMEHEITHE HX paceTosiid oT Coanua coctapmmoT 0,5 1 2 a. e, Kax-
JAA HI KOMET HMECT HA 3T0M PACCTOHHHHA XBOCT ITHHOM 130 MIH K.
Moryr 1M 3T KOMETHL CBOMM XBOCTOM «3alenuThs Jemmo? [Tones-
HO CIenaTh gepred, 5%, OnHmmme, Kakie MPEeRpameHna MOweT We-
[IBITATE MOVICKYIA BOJbL, BXOUMEBILASL B COCTAE SLIPA KOMETHL, 1101
NeficTamed comHevHOTo wiTyaenna, 6%, Onewvme npimdepiyio -
PHHY METEOPHOUD noToks [Tepoenn, 3Has, 110 METeOPsl 31000 [0T0-
ka Habmonawtea ¢ 17 mona no 24 asryvera



V. COAHLE
N 3BE3AbI

Contue — LHEHTpaTEHOE Teno CoMHeTHOH CHCTeMEBl — ABIACTCH
THIMYHLIM TPEICTABMTENEM 3BE31, Handonee pacnpocTpaHeH-
Heix o Beesennoi e, Macca Conrna cocrasisier 2 + 107 ki
Kak W MHOrHe IpyrHe 3ee3dnl, COMHLE MpeIcTaBIdAeT cobom
OFPOMUBIH AP, KOTOPBIH COCTOMT M3 BOZOPOANO-TETNEROH
MIAIMEBl H HAXOIHTCH B PABHOBECHH B MOJe CODCTBEHHOMD THIO-
TeHHA. Havuenne HIMUecKHX NPOLEeccOB, NPOHCXOIALIME HA
f_:U,TIH 12, HMEET HAXXKHOE IHAYEHHWE JLTH HE'I"]_TIU[]]HHHH'I-*I, [H_'I{.Jliili_'l..llhhijr'
3TH TIPOLCCCEl CEOWCTBCHHEL, DUCBHIHO, H JPYTHM 3BC3AaM, HO
TONbKO Ha CogHLE MBE MOXEM HaOmoIATL HX JOCTATOYHO Ie-
TAJILH{.

CoJHIe H3nmyyacT B KOCMHYCCEOC NPOCTPAHCTED KOJIOC-
CANBHEH M0 MOIHOCTH MOTOK H3JAVHEHNA, KOTOPHIH B 3HA-
YHTEIRHON MEpe Onpenetser (MIMYeckne yenosus Ha Jemie u
IPVIHX IUIAHCTAX, a4 TAKXKC B MCKILIAHCTHOM IPOCTPaHCTEC.
3eMa1A NMOUIYYAeT BCETD JHINL OOHY ABYXMIVLTHAPIHYIO IO
CONTHEYHOID I:-flll_";"-lEHHH- D;‘J.HEI.K{'I H 3ITOTO JOCTATOYHD, ‘-.I'J'ﬂ'ﬁhl
NPHEOOHTE B IBHAXEHHE OTPOMHEIC MACCH BO3OVXA B 3IEMHOI
HTMD(.:-{_]JEFI'-EJ }'I'IFHILI'IFI"I"I% H{JT{];T[.{'I-I'-"I H EMHMATOM HdA 3EMETOMN II[HPE,
Hﬂﬂ HCTOYMHHUEK FJHL-"r.H'J-*IH, Ii'.l'.']-'l'ﬁPhIL-" HEIJﬁ-IhZ:L}'C'l' JENOHEYCTTRD,
ceazaHul ¢ ConaueM. Temno # cper Coanua obecney i paipu-
THE MH3HM Ha Jemiae, DOpPMUPOBAIHE MECTOPOKIENNH VI,
HedhTH H raza.

KonuiecTeo npHxogdmei or ColHIA Ha 3eMIn 3HEpPrHH
MPHHATO XAPAKTEPHIOBATE COIHEHNOE NOCOARNON,




Conanesnas nocToannas — NOTOK COAREYHOTO WINVIENHd, Ko-

b
TOPLOL OPHXOIHT HA NMOBEPXHOCTE NAOMAINLE 1 M°, pacoono-
HEANYH) 33 NMPETENamMa aTMocheps NepnenTHKEYISpHe COaHey-
HbIM AY9aM HA cpeanem paceroaiud Jeman ot Coanpa (1 a. e.).

, 2
ConueuHas noctosHHan pasHa 1,37 kBrv™. YMHOEHE 3TV
BE.TMHHHY Ha TONEE b III}HEFR]IIT:IE]'H rll'ﬂ.l:':lﬂ, PH._.'I_HJI'L-"‘ Rli]'l'[::lpﬂl'l'[:!
1 a. e., onpezeauM MOIHYK MOMHOCTE H3AvUeHHA CoHUa, €ro

CBCTHMOCTE, KOTOPAA COCTARNACT 4 - 10°° Br.

JHAHHE 3AKOHOD M3NYYeHMA MO3BOIIET ONPefedTh TeMe-
patvpy dqrotochepel ConHla. DHeprid, WIyiuacMas HarperTeiM
TENOM C EJMHHIIB IUIOWAAH, onpetgaseTca sakonom Credana—
Boapimvana:

h=a- T

Cpetumoctt CoaHlla H3BECTHA, OCTASTCH YIHATL, KAKOBA
MIOMALE MoBePXHOCTH CoTHIA.

C Jeman Ml BHaEy CoNHIE Kag HeDoILIIoH JHCK, Kpall KoTo-
pOTD JOCTATOMHO YSTEO onpeactteT dotocthepa (B nepeeoie ¢
Ipeveckoro — cpepa coetd). Tak HAasMBASTCH TOT CNOH, OT KOTO-
pPOTO NPHXOIHT MIPAETHMECKH BCeé BHIHMOe HinyieHHe ConHIa.
Or wmeer roimmay Beero 300 KM | BBISIWT KAK NOBEPXHOCTE
Comnua., ¥Yriopod IHaMeTp COMHEMHOTO JUCKA npaMepHo 3,
Jnan paccrosHre go Comaua (1500000 000 k), HeTpyIHO BEMHC-
JHTE Ero JIUHEHIbBIE PAIMePhl M MAOaLE nopepxiocTi. Pamnyc
Comaua paper npubamarTeasHo 700 000 k. Teneps MOXEHO ¥3-
HATh, KAKOBA TesnepaTypa orocdeps. Ceerivocts ConHoa

I =4k’ E

L = 4xR%T*,

e o = 567 - IILJ_H H'T,"{mz . I{4}- Crrewa

H.TH

L
T'= 4|| 7
NdnR "o

Hopcrasne B 371y (POPMYIY YHCHEHHBIE FHAYSHHA BEXOIHIINEY B
Hee BeMHHuH, noavauM § = 6000 K. OuepHaHo, YTO Takad Tem-
[CPaTypPa MOMCT NOJICPAUBATLCH JIHIIE 33 CUCT NMOCTONHHOIO
NpuTOKa 3Heprum w3 Heap Conn,




(N e

Aun H3yseHus ColHUA HCNOALIYIOTCA TEJICCKONB 0CODOH KOHCT-
PYKUHH — QalleHHbIC COMHEUHbIC TeaecKonbl (puc. 5.1). Cucrema
3epKal HenmpepsIBHO nosopaumsaeTca seaen 3a ConHueM i Hanpas-
JISIET €ro JIYYH BHH3 Ha [MaBHOE 3ePKA0, a 3aTeM OHH MOonajaioT B
criekTporpaisl WM apyrue npubopel, ¢ MOMOIILKD KOTOPHIX MPOBO-
narcs uecaenosauua Cosmmna. Brarosaps Gossimonmy (oxycHoMy
PACCTORHMIO CONHEHBIX TeNecKonos (10 90 M) MOXHO naIy T
usobpaxenue ConHua amamerpom 10 80 cM M ACTAILHO M3Y4aTh
npoHcxoasmMe Ha HeM asnerua. Onu ayyie BHAHB Ha ClieKTpore-
auorpammax (oM. usetryio sxaeiiky X1I) — cnumkax Connua, koro-
PbI€ CAENaHB! B JIy4ax, COOTBETCTBYIOWMX CHEKTPANLHBLIM JIHHHAM
BONOPOA, KAIBLHA M HEKOTOPLIX APYIHX NEMEHTOB.

Baxneimyo undopMaumio o (HIMYECKHX npoueccax Ha
Coanue paer cnexrpanbHuit ananni. Mmenno B cnexrpe Connua

Pwc. 5.1. Bawemsin CONHeNMEA TeNecKon



Hosegp Opaynzogpep ewe B 1814 r. oBHApYXHI M ONMMCAT AMHHK
NOJIOIWECHKSA, 110 KOTOPbIM, KAK CTAN0 SACHO MOYTH NOJBEKA
CITYCTA, MOXHO y3HaTh cocras ero atmocepnt (cm. puc. 4 wa
userHoi Biaeiike XII). B wacrosimee Bpems B COMHEYHOM
cnekTpe saperncrpuposano Oonee 30000 awuauit, npusan-
AeXAMMX 72 XHMHYECKHUM aneMeHTaM. CnekTpaibHbIMH METONA-
MH resiHH (OT rpeyeckoro «reifoc» — CoMHeYHbli) Obu1 cHavana
OTKpuIT Ha CosHue M aMwb 3areM ofHapyxeH Ha 3emae. Bee
NOCACAYIOWME TONBITKH HARTH JIMHHUM JAPYIHX HCHIBECTHBIX
AWEMEHTOB HE YBEHYAIMCh VCIIeXOM, HO DLl TeM He MeHee He
Becnonestnl, OHM BO MHOTOM CNOCODCTBOBAIN PA3BHTHIO TEOPHH
CHEKTPANLHOIO AHANM3A, KOTOPAR BAXHA KaK LIS acTPOPHINKH,
TaK M JUIA DHIHKH B LIENOM.

CoBpeMeHHbIE NaHHBIE O XHMH-
yeckoM cocrase CoONHUA TakOBbI:
BOAOPOA cocTasaser oxkono 70%
COTHEYHOM MaccChl, resuit — Bonee
289, OCTAJIbHBIC JICMCHTHI — Me-
Hee 2%. KoanuecTso aToMOB 3THX
aeMenTos B 1000 pa3 MeHbIIE, YeM
aTOMOB BOAOPOAA H reJuA. ITH COo-
OTHOIUCHHUA TIPEACTABICHBI Ha PH-
CyHKe 5.2,

Bewecrso Coanua  CHABHO
HOHH30BAHO: ATOMBI, NOTEpABIIHE
MEKTPOHBI CBOMX BHeMHHUX 06010-
YeK M CTABIUIME HOHAMM, BMECTE CO
CBODOAHBIMU eKTPpOHAMH 00pasy-
T iasMy. Cpeauss  na0THOCTS
COJIHEHYHOIO BCLLCCTBA  NPUMEPHO
1400 kr/m”. Ona COHIMEPHMA C 11107~
HOCTLIO BoaL ¥ B 1000 pa3 boable
MUIOTHOCTH BO3JYXA ¥ NOBEPXHOCTH
3eMIn.

Ucnoapiys 3akon BCEMHPHOrO
TATOTEHHA H FA30BBIE 3AKOHBI, MOX-
HO PacCYMTaTh YCIOBHA BHYTPH
PYC. 5.2. [IMArpassa Xuim- CosHua, nocTponTs MOIENb «Cro-
Necxoro cocrasa Conxua kouHoro» Convua. OHO HaXoOAWTCs

Mo wwcny aromon

o macce




B PABHOBCCHH, MOCKOJIbKY B KaXI10M
ero ¢a0¢ ACHCTBUE CHA TArOTCHMSA,
KoTopeie crpemsaTea cxars Connue,
YPABHOBCWIMBACTCA ACHCTBHECM CHA
BHYTPEHHEIO aapaeHua rasa. [eli-
CTBHEM IPaBHTAIHOHHLIX CHA B Hel-
pax Conxua co3gaercs OrpoMHoe
nasaenue. Caenaem npubanKeHHbIA
pacueTr ero BeIHuUMHB Ul CJO0M,
Aexaulero Ha paccrosuud R/2 or
uentpa Conuuta. TIpn 3ToM GyYAEM  puc. 5.3 Pacwer ycnoewi
CYMTATB, YTO IVIOTHOCTH BELICCTBA & weapax Conwua

sHyTpy Coanua BClony pasHa cpen-

Hei (puc. 5.3).

Cuaa TaxecTn Ha 31oil raybune onpesenserca Maccoii peute-
CTBA, 3AKMOYEHHOH B PAIMANLHOM CTOJIOHKE, BLICOTA KOTOPOIO
R/2, maomanp S, a Takxe yckopeHueM cBoGOAHOrO NaaeHHs Ha
nosepxHocTH cepnl pammycom R/2. Macca semecrsa B 3TOM
cronfuke papua:

2l

m = g S,
a yckopenue na paccrosuuu R/2 (corsacHo 3aKoHy BCEMUPHOIo
TArOTCHMSA ) BHIPAKACTCS TAK:

g=G. M8
(R2)*

TaK Kak oOwneMm 3710it cepil cocrasnser 1/8 or obvema scero Conn-
ua. Iloncrasus HeoOxoanMeie faHHbie B hopmyay p = mg/S, noay-

HHM, YTO JARIEHHE PaBHO npuMepHo 6,6 - 10°Ma, 1. e. 8 1 MIpa
pa3 MpeBOCXOANT HOpManbHOE atMocheproe nasienne. [ns Boi-
YHCACHHA TeMIepaTypsl BOCNONb3YeMCs ypasHeHneM Kaane#po-
Ha—Menzeneesa: pV = 'A—'; RT. Mockonsky 7, = p, T'= ‘:—g
" p
rae R — yHuBepcaibHas rasopas nocrosHHas, a M — moaspxas
Macca BoAOpoaHONH maaimel. Ecin cuMTaTs, 4TO B cOcTan Betect-
Ba BXONAT B PABHOM KOJWYECTBE NPOTOHBI H NEKTPOHBI, TO OHA

npusmepo pasta 0,5 + 107 kr/moas. Torza T = 2,8 - 10° K. Bonee
TOYHBIE PACYUETH, IPOREAEHHBIE C YIETOM HIMEHEeHHs! IUIOTHOCTH



Puc. 5.4, Cxe-
Ma peaxumii
NPOTOH-NPO-~
TOHHOID UWKNa

K

TR,

Heatpuuo MoanTpos Hentpuuo  [Mo3MTPOM

D

Cc I‘leﬁulIOﬂ, A2I0T PeIVILTATLI, JIHIUL HETHAYHTEALHO OTAHYA-

LIMecs OT NOAyYeHHBIX Buie: p = 6,1 + 10" Ma, T=34 « 10°K.
CornacHo COBpPEMEHHBLIM JAHHLIM, TEeMNepaTypa B UeHTpe

Connua nocturaer 15 wan K, nasnenne 2 » 10 Ila, a nroTHOCTE
BELIECTBA 3HAYMTEIBHO NPEBbIACT MAOTHOCTh TBEPALIX Tea B

JeMHBIX ycaosusix: 1,5 « 10° xr/us, T.¢. B 13 pa3s Gouabwe rutor-
HOCTH cBUMHUA. TeM He MeHee npuMeHeHHe rajoBbiX JAKOHOB K
BELIeCTBY, HAXOAALIEMYCS B 3TOM COCTOSIHHH, ONPaBAaHO TeM,
NTO OHO MOHH30BaHO. Pasmepnl aTtoMHBIX sAep, NOTEpSBIIHX
CBOM INEKTPOHBI, MpHMepHo B 10 THIC. pa3 MeHbITIE pa3Mepos ca-
MO0 aToMa, a pasMepsl CaMHX YacTHIl A0BOJIBHO MaTbl MO Cpas-
HEHHMIO ¢ PACCTOSHHAMM MEXIY HUMH. ITO YCAOBHE, KOTOPOMY
JAOMKEH YAORNETBOPATH HICANbMBIH ra3, JUIA CMECH Axep W
INEKTPOHOB, COCTABASMIONIHX BewecTso BHYTPH ConHua, BuIno-
HSCTCS HECMOTPS Ha Cro BHICOKYIO IUIOTHOCTD.

[Ipu BeICOKOI TemnepaType B ueHTpanbHoit yacTH CosHua
NPOTOHBI, KOTOPbIE Mpeob1alaloT B COCTABE CONHEYHOI NnIaiMbl,
HMEIOT CTOABL DOJILIIKHE CKOPOCTH, YTO MOIYT NPEONOAeTh ICK-
TPOCTATHYECKHE CHABI OTTANKMBAHMA M B3aWMOAEHCTBOBATHL
mexay coboil. B pesyabrare Takoro B3auMONCHCTBHSI NPOMCXO-
JMT MEPMOATEPRAR Peakyus: veTspe nporoHa odpayior ank-
da-vacruuy (sapo remn) (puc. 5.4).



TepmosaepHas peakums BKAOYACT TAKHE ITANbL:
H+ H—H+e +v
2 1 3

SHe + 3He — 3He + 2|H

Kak n3sectHO M3 Kypca (DMIMKH, BCE TPH THIA HEHTPHHO
(MEKTPOHHOE, MIOOHHOE M TAOHHOE) CTonb caabo B3aMMO-
NEiiCTBYIOT C BElecTBOM, 4TO CBODOAHO MPOXOAAT CKBO3b
Coanue u 3emmo. Co BpeMeH# OTKPHITHA HeltTpuHo B 1953 1. ero
Macca, KOTopas OJKCnepumeHTanbHo He Owaa obHapyxena,
cuMTanace pasHoOH Hymo. Ilepebiit aerexkTop ITHX  HacTHu,
uaynmx ot Conuua, 3aperdcTpUpoBRal NOTOK JNEKTPOHHBIX
HEHTPHHO, HO OH OKa3aIcs B HECKOABKO pPa3  MeHblne
oXHaaeMoro. BO3HHK «napalokc» CONHEUHBIX HEHTPHHO: WK
BHYTpeHHCE cTpocHHe CONMHLA HE COOTBETCTBYET pacueraM, wiH
CBOMCTBA HEHTPHHO H3y4yeHsl HegocTtatouHo noaxo. Tosawsko
crycTs nourv noasexa s 2002 r. yaajiock petmTh 3T0T NAPanoKC.
HetekTopom, B KOTOPOM HCnoab3oBaiack Tsukenas soma D,O,

GbUIH 3APErHCTPHPOBAHB! CPA3Y TPH THIA CONHECUHBIX HEHTPHHO.

Puc. 5.5.
Buytpensee
CTpoOeHNe
Convua




Oxasanocs, 4TO 3HAMMTEIBHAS HACTb MEKTPOHHBIX HEHTPHHO
(2 uMeHHO onu poxnalorcs B Heapax Coiaxua B pesyabrare
TEPMOSIIEPHBIX PEaKUuit) no nyTH K 3emue MeHAIOT CBOH THI —
«ocumanupyioT», Ho 310 MOXeT npoMcXoauTh TOJNBKO B TOM
cayuae, ecam HelTpuHo obnananT Macco# nokos. B pesyabrare,
C OMHOH CTOPOHBI, DHIHKH MOJYYHAH CBEICHHA O TOM, YTO
HEHTPHHO HMEeT MacCy MOKOA, KOTOPLIE HE YAABAIOCh MONYYHTS
KaKHM-TO HHBIM myTeM. COriacHO MMEIOIMMCS OLIeHKaM, OHa
AOJDKHA COCTABAATL HE O0Jiee HECKONLKHX IEKTPOHBOLT,
HanoMumm, YTo macca anexTpona npumepuo 0,5 MaB, 1. e. B ne-
CKOJIBKO JECATKOB Thicsy pa3 Goaswe. C apyroit cTopoms,
acrpopusmukn yOemuMeh B ClpaBeuIMBOCTH NPEACTABACHHHA O
TEPMOSIIEPHBIX peakumsx, npoucxoasmux suyrpy Connna, Ku-
HETHYeCKas JHeprus, Koropyo npuobperaor obpasyommecs B
X0¢ PeaKkuHH YaCTHLIbI, MOLIEPKHBACT BHICOKYIO TeMNepaTypy
MJasMbl, H TCM CaMbIM CO3JAKTCA YCAOBUA UIS NPONOJIKCHHSA
TEPMOANEPHOrO CHHTE3A, DHEPIHA raMMa-KBaHToB odecrneynpa-
er nanyqenne Connna.

M3 senp ConHua HAPYKY 3T SHCPIHA NEPCAACTCA NABYMSA
cnocobamMu: uzrywenuem, T. €. CAMHMH KBAHTaAMK, U Koneexuuel,
T. €. BewecTsoM. Bruienenue aHeprum v ee nepeHoc onpeaensor
sBHyTpeHHee crpoerne Connua:

AJPo — UCHTPAJIbHAA 30HA, IIE NPH BHICOKOM AABJCHHH W
TeMIepaType NPOHCXOAAT TEPMOAIEPHBIC PEaKLIHK;

«AYHUCMAR» 30HA, TIC FHEPIUA NEPENACTCA HAPYKY OT CI0A
K CJIOIO B PE3YJILTATE MOCAEAOBATENLHOTO MOIJIOMEHHA H H3NyYe-
HHSA KBAHTOB;

HAPYKHAR KOHBEKIMUBHAR 30KA, TN SHEPTHA OT CIO0A K CIOK
NEPEHOCHTCA CaMHM BELISCTEBOM B PE3VJLTATE MepeMeiHBaHua
(KOHBEKUHH).

Kaxnas w3 3THX 30H 3aHMMAET NpuMepHo 1/3 cosHewHOro
paauyca (puc. 3.5).

Cpa3sy 32 KOHBEKTHBHOM 30HOI HAYMHALTCS ammocghepa, KO-
TOpas NPOCTHPAETCA NANEKO 3a npeneas BuauMoro jaucka Connx-
ua. Ee HuKHui cnoit — gomocghepa — BOCIPHHHMASTCA Kak Mo-
sepxHocts Conxua. Bepxuue caou armocdepsl HenocpeacTseH-
HO HE BHAHBI M MOryT HabmonaTses AM00 BO BpeMs MOAHBIX COJl-
HEYHBIX 3aTMCHHH, MO0 M3 KOCMHUECKOro npocrpancrea, ambo
MPH NOMOIIH CHIELHANLHBX MPHOOPOB C NOBEPXHOCTH 3eMan.



@omoc@pa — camblii HIKHWIH cnoi atMoctepst ConHua, B KO-

TOPOM TeMneparypa noBoibHO Obictpo yoOwsaer or 8000 no
4000 K. CrreacrsHeM KOHBEKTHBHOIO JABHAKCHMS BCILICCTBA B BEPX-
muux caoax Conmua seasiercs csoeodbpasusiit pun gorochepu —
epanyaayus (puc. 5.6). Qorocdepa Kak Ol COCTONT U3 OTARIBHBIX
3ePeH =~ IPaHy, pasMephl KOTOPhIX COCTARNAIOT B CPeIHEM He-
CKOILKO coted (no 1000) kwromerpos. [paryia — 310 NOTOK ro-
PAYEro raza, MOAHUMAIONIMICA BBepX. B TeMHBIX npoMexyTkax
MEXIIY rpaHy/IaMi HaXo[IHTCA Bosiee XOMOAHKIN ra3, onmyCKalumii-
cst BHM3. Kaxnas rpanyaa cymectsyer scero 5—10 MuH, 3ateM Ha
€¢ MCCTEC MOABAACTCS HOBAA, KOTOPAs OTIMYACTCH OT NPEXHEH 1o
(popme u pasmepanm. Obiuas HabaLaemMas KapTHHa NPH IT0M He
mensierca. Bemectso dporocepsl HarpesaerTca 3a CHeT JHepruH,
nocrynaioweit 13 Heap ConHua, a HayvYeHHe, KOTOpoe YXOAUT B
MEXIUIAHETHOE TMPOCTPAHCTBO, YHOCHT 3HEPrHio, rMo3aroMy Ha-
pyxHbie C0M (poTOChEpPH OXAAKAAOTCH.

B campix sepxHHX caosx orocdepsl NAOTHOCTL BElecTRa

cocrasaser 10°—107* kr/n’. 3necs » YCIOBHAX MHHUMAILHOH
s Conuila remneparypsl OKasbBaeTCA BOIMOXHBIM CYIIECTBO-
BaHHe HeHTPANbHBIX ATOMOB BOAOPOJAA M JaXe NPOCTEHIIHX MO-
nexyn u paaukanos H,, OH, CH.

Hau dorocdepoit pacnonaraercs xpomocgepa («cdepa use-
Tar ). KpacHoBato~QHOACTOBOC KOABLO XPOMOCPEpPLI MOXKHO BH-

Puc. 5.6. MNpamynsums Puc. 5.7. Bun xpomochept ¥ KOPOHSI
g poTochepe 80 BPEMA NONHOMD 3aTmenus Comaia



AeTb B T€ MOMEHTBI, KOIla AMCK
Connua 3akpuir JlynHoH BO Bpe-
MA [OJHOTO COMHEYHOrO 3aTMEeHHA
(puc. 5.7). B xpomocdepe semectso
HMEeT TeMneparypy B 2—3 pasa Bbl-
e, gem B horochepe. 3nech, Kak
sHyTpH ConHuA, OHO npeacTasaser
cobolt nuasMy, TONLKO MeEHbLEH
morHocTd. ToaumHa xpomocdeps
1015 ThIC. KM, @ AaNee HA MILIH-
OHbI KMIOMETPOB (HECKO/ILKO Paii-
ycos Connua) npocrHpaerca cod-
HEYNAR KOPONa.

Temneparypa KOpOHB  pe3ko
BOJPACTAET MO CPABHEHHIO C TeM-
neparypoit xpomocdepnl ¥ A0CTH-
raer 2 man K. BoaMOXHO, 4TO npu-
YHHOIT TAKOro pasorpesa sBIfOTCA
BHOpOCK MAasMbl M3 CAYOHHHBIX  Pyc, 5.8, Mamenenme suna
cnoes Conuua. [Ins KOpOHBI, KOTO-  CONHENHOM KOPOHb!
pyio MoxHO Habmopats BO Bpems
MOJHBIX COJHEYUHBIX 3aTMEHHH Kak
KEMUYKHO-CepedpHCTOR CHAHME, XapaKTepPHA JIYUHCTas CTpPyK-
TYPa ¢ MHOXECTBOM CAOXHBIX ACTANCH — JAYr, UIEMOB W T, A
(puc. 5.7). Conneunas kopona (puc. 5.8) asunace st acrpodhu-
IUKH YHHKAILHOW NpupoaHoit naboparopueil, B KoTopoi yaaer-
¢ HabAoaaTL NOBe/IeHHe RENECTRA B YCAOBHAX, HeIOCTHRHMBIX
Ha 3emse. Bricokas Temmeparypa KopoHsl obecnedupaer noJ-
HYI0 HOHH3ALIMIO JIETKHX 3/IeMEHTOB, a y Bonee Taxensix coxpa-
HAIOTCSE INEKTPOHB, HAXOMAIIMECH Ha Cambix raybOKMX 3sex-
TPOHHBIX 000A0uKaX. BHICOKOHMOHM30BAHHYIO MAa3My KOPOHBI
HACTO HA3BLIBAIOT MEKTPOHHLIM FA30M, MMES B BHAY, MTO YHCIO
INEKTPOHORB, MOTEPAHHBIX ATOMAMH, CYIIECTBEHHO MPEBOCXOANT
YHCA0 00PA3OBABLIMXCH NPH ITOM NONIOKUTEILHBIX HOHOB,

[MhoTHocTs BentecTsa no mMepe ynaxenud or Connna nocre-
MEHHO YMEHLIIAETCA, HO MOTOKH TAAIMBLI M3 KOPOHM («coi-
Heuubl @emepr) PacTeXaloTcsl Mo Beeit MuaHeTHOH CcHucTeMme.
CkopocTh 3THX NMOTOKOB B OKPECTHOCTSIX 3eMan OOBYHO co-
crasnger 400500 km/c, HO Y HEKOTOPBIX MOXET JOCTHIaTH




1000 km/c. OCHOBHBIMH COCTAB/SIOLIMMH COTHEUHOIO BETPa 5B
NSIOTCA NPOMOHB. W IAEKMPOHB, 3HAYUTCALHO MCHbIUC a1b-
pa-wacmuy (anep reaus) v apyrux wonos. Hawa ruanera dak-
THYCCKH HAXOAMTCH B COJIHCHHOH KOPOHE, MO3TOMY MHOIHE I'€O-
(PH3NYECKHE ABACHUA HCTIBITLIBAIOT HA CeDe BIMAHHE NPOLECCOB,
npoucxoaaux Ha Conuue, B 0CODEHHOCTH B NEPHOIB COMHEY-
Hoi akTusHocTH. ConHeunslit BeTep NOpPoOXaaeT He TONLKO Ha
3emue, o M Ha aApyrux naaxerax CoaneuHod cucrembl, obia-
NAIOUIMX MATHHTHBIM MOJIeM, TAKHE SBICHHS, KaK MarauTocdepa,
NOAAPHBIE CHAHKA | PAIHALHOHHBIC 1105CA.

Kak npasuno, 8 armocthepe Connua nabmonaores maoroobpas-
HbI€ NPOABJIEHHA CONHEYHON AKTHBHOCTH, XapaKkTep NpoTeKaHHs
KOTOPKIX ONMpenenseTca NoBeAeHHEM CONHEYHOH MiiasMbl B Mar-
HHTHOM MOJIe = HAMHA, ECNBIUIKU, NPOMYOEPAHIbI, KOPOHATBHINE
enbpocet 1 1. 1. Hanbosnee HIBCCTHBIMU H3 HHUX ABJISIOTCS COAHEH -
Hole namua, OTKpuiTEIe ewe B Havaze XVII B, Bo BpeMs nepeex
HabmoaeHuit npy nomowy Teaeckona. Ilo uameHeHuo noaoxe-
HUA nsTeH Ha aucke Connua ObuU10 0DHAPYKEHO, YT0 OHO BpaLLa-
erca. Habmosenua nokasaum, 4To yriopasi CKOPOCTL BpatleHus
Connua yOsiBaeT 0T 2KBATOPa K MOJIOCAM, 2 BpeMs NoaHoro 0bo-
poTa BOKPYr OCH BO3pacraer ¢ 25 cyrok (Ha 3ksarope) no 30
(BOAM3NH NOMOCOR).

Ob6mee maranTHoe none Coanua no gopme THHIA MarHuT-
HOH HHAYKUMHM OTHACTH HAnoMuHaer 3emuoe. [Iarna nossaswor-
CA B TEX CPaABHHTEJLHO HEDOMBIINX
obnactax ¢orochepnt Connua, rae
MArHHTHOE [101€ YCHIMBACTCHA B He-
CKOJIBKO THICAY Pa3 10 CPaBHCHHIO ¢
o01mM (hOHOM, U ero HHAYKLHS MO-
xer pocrurate 0,405 Tin. Yceune-
HME MArHMTHOIO MNOJR, KOTOpOe OX-
BaTBIBAaeT Takxke JexXallne Buie
obnactin xpomochepnt H KOPOHBI, B~
NACTCA  XAPAKTEPHBIM  MPHIHAKOM
Puc. 5.9. Crpykrypa kpynuo-  AKTHBHOH oOnacTH (ueHTpa aKTHB-
rO NATHA HOCTH).




Cravana narda sHabmopalorcs
KaK MAJNCHbKME TEMHBIE YUACTKH
avamerpom 20003000 km.  Boab-
IIHHCTBO M3 HHX B TeYeHHE CYTOK
NponajalnT, OAHAKO HEKOTOpHIE
YBEIHYHBAIOTCA B JIEeCATKH pas.
Takue narsa moryr obpasosbisath
GONbIIME TPYNIBI U CYLIECTBOBATS,
MeHAs (popMy B pasMepsl, Ha Mpo-
TAKEHHH  HECKOJNBKHX  MEcCAlleB,
T. €. HeckoabKux oboporos Connua.
Y KpynHbix nareH BOKpyr Haubonee
TCMHOH  UCHTPAILHOH yactu  (ee
HA3LIBAIOT mens) HabGAONaeTcs me-
Hee TemHasa nosayrens (puc.S.9).
B uenTtpe narHa Temmeparypa Be-
LIeCTBA CHHXACTCHA NPHMEPHO 10
4000 K, noatomy B Cnekrpe nsreH
HabMI0AAK0TCA NOAOCH! TIOFIOIEHHSA
HEKOTOPLIX ABYXaTOMHBIX MOJIEKY,
nanpumep CO, TiO, CH, CN. Ilo-
HUKEHHE Temnepatypbt B paifone Pve.5.10. flauxenve seue-
NSTHA CBSI3AHO C AeficTBHem mar- C'3 MPoTyGepaia
HUTHOIO NOJAA, KOTOPOE Hapyuiaer
HOPMANLHYI0 KOMBEKLHIO W NPEnATCTBYeT MPHTOKY JHEepruu
cHM3y. Bmecre ¢ Tem BOH3HM nATEH, rae MarHHTHOE none craabee,
KOHBEKTUBHBIE IBHXEHHS YCHIMBAIOTCSA, M MOSBJSIOTCS XOPOLIO
3ameTHble spKue obpazosaHus — ¢haxest.

Haubosee KpynHsiMH 110 ¢BOMM MaciurrabaM 1posiBieHHsIMM
CONTHEYHON AKTHBHOCTH ABAAIOTCA HABIOAAEMBIE B COTHETHOH KO-
poue npomyfdéepanyp — orpomMiie no obremy otslaka rala, Macca
KOTOPBIX MOXKET AOCTHTaTh MHJUTHAPZIOB TOHH (CM. pHC. 2 Ha uBeT-
Hoit sraeike XII). Hekoropeie u3 HHX («CriOKoHHBIE» ) HANOMHHA-
10T N0 (POPME M'MIraHTCKHE 3aHABECH TONMMHON 3—35 THIC. KM, Bbi-
cotoit okono 10 Tuic. kM 1 umnoit go 100 Teic. KM, noanHpaemsie
KOJIOHHAMH, 110 KOTOPBIM ra3 TeyeT 3 KOpoHsl BHU3. OHI Meen-
HO MEHSIOT CBOK (hPOPMY M MOI'YT CYIHECTBOBATH B TEUEHHE He-
CKOAbBKHX Mecsues. Bo MHOrux cayuasx 8 nporybeparuax Habmo-
NACTCS YHOPANOHCHHOE JBMKCHHE OTACABHBIX CIYCTKOB M CTPY#
N0 KPHBOJHHEHHBIM TPACKTOPHAM, HANOMHHAIIIMM Mo (dopme
JAMHUH HHAYKUMKH MarauTesx nosei (puc. 5.10). Topoit oraens-
HBle yacTH nportybepaniie OBICTPO YCTPEMAAIOTCA BBEpX CO CKO-




POCTAMM MOPSAKA HECKOJIBKHX COTCH KHIOMETPOB B CCKYHAY M
NMOAHMMAIOTCS HA ONPOMHYIO BHCOTY (110 1 MAH KM), WTO npesbimas
er paamyc Coanua. Okasaitoch, Y10 NMPOUCXOAUT ITO BO BPEMA
BCIBILLCK.

CaMbiMH MOUIHBIMH NPOABACHUAMM COJHEYHOH AKTHBHOCTH
ABNSIOTCA SCNBIUKY, B MPOLIECCE KQTOPHIX 38 HECKOIBKO MHHYT
HHOraa seiaeasercs sveprua 10 107 Ik (Takosa 3HEprus npu-
MEePHO MiuIHapaa aroMusix 6omb), Benbiuku nabaomaores Kak
BHE3AMHbIC YCWICHHS SAPKOCTH OTAeabHbIX yuacTkoB ConHua B
panone msred (oM. puc. 3 Ha usernoi skaeiike XII). [pononxu-
TEABHOCTH BCIbIIEK OOBIMHO OKOJIO Maca, a crabbie ATCs Beero
HECKOALKO MHMHYT. [0 C¢BOCH CyTM BCOBILKA — 3TO B3pbIB,
BhI3BAHHBLIN BHE3ANHLIM CXATHEM CONHEYHON ruiasmbl. Cxatne
MPOUCXOAUT NMOA ACHCTBHEM MArHHTHOrO MOJS M NMPUBOAMT K
00pasOBAHMIO MIASMEHHOrO XIyTa WM JICHTbI, JOCTHIAIOLMX B
JUIMHY JI€CATKOB M JaXe COTeH Toicay Kuiomerpos. Conneunas
naasMa B 3Toi 061acTH MOXKET HArpeBaThes 10 TEMMEPaTypPhl Mo~
paaka 10 man K. Bospacraer kunernueckan aneprus snibpocos
BEUIECTB, ABHAKYIINXCA B KOPOHE W YXOJAIINX B MEXIIaHETHOEe
npoctpancTso co ckopoctamu 10 1000 km/c. [loayyalor gonon-
HHTENBHYIO JHEPIHIO U 3HAYHTENBHO YCKOPAKTCS NOTOKH 1eKT-
POHOB, MPOTOHOB M JAPYIHUX 3aPSXEHHBIX YacTHIL YCIIHBaeTCs
ONTHYECKOe, PEeHTreHOBCKOe, raMma- M paauomsnydenue. [le-
TANLHAS TEOPHS CIOXHOIO KOMIUIEKCa AnJeHi, Habmonaemux
BO BpeMA BCMBIEK, NMOKa eume He paspaborana, HO, Mo coBpe-
MEHHBLIM MPEeICTARICHHAM, OHH CBA3AHLI C BOIHUKHOBEHHEM
MPOHCXONATIMM 3aTeM OBICTPLIM BHIIEEHHEM HIOBITKA JHEPTHH
B MarHUTHBIX NOAAX aKTHBHBIX 00n1acTel.

Puc.5.11.
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[Motoku naasmel, 06YCAOBACHHBIC COMHECYHBIMH BCIBILIKAMY |
H KOPOHAJILHBIMM BHIOPOCAMM, YEPE3 CYTKH-ABOE AOCTHIAIOT OK-
pecrHocteid 3emuan. Bewecrso, seibpachiBaeMoe U3 CONHEYHO
KOPOHbI, MPeACTABASIOT CODOM MIasMy ¢ MarHHTHBIM noseM (Tak
Ha3biBaeMbie MarauTHbie obaaka). Biaumoneicrsue takoro ob-
NAKA ¢ MArHHTOCHEPOH 3eMIH BHI3LIBAET AHOMANLHOE BOIMYIIIE-
HHe — MarHuTHyI0 Bypio. Maraurieie OypH BHIIBIBAIOT BO3MY-
meHne HoHochepsl, YTO NMPUBOIMT K HAPYIIEHHAM B MPOXOX-
ACHHM PAAHOCHTHANIOB, B MACTHOCTH, OT HABHIALMOHHBIX CITYTHH-
KoB. M3MEHEHHE reoMarHuTHOrO NOJA NPUBOAHT K NMOARIECHHIO
HHAYIHPOBAHHLIX TOKOB B JHHHAX 2JeKTponepenaqn u tpydo-
NpoBOIaX.

Yucno nared W nporybepaHiier, 4acToTa H MOIIHOCTE BCITBI-
wek Ha ConHue MEHAIOTCA C ONpeaeneHHoil, XoTa H He OYeHb
CTPOroi NepHOAHYHOCTHIO = B CPEAHEM 3TOT NEpHOI COCTaBs-
er npumepso 11,2roma (puc. 5.11). Orveuaercs onpeneneHHas
CBA3b MPOLECCOB KHIHEACATEILHOCTH PACTEHHI M XXKHBOTHBIX, CO-
CTOSIHHA 310POBbA JOAEH W MOrOAHO-KIMMATHYECKHX aHOMATHIi
¢ YPOBHEM COJIHCUHOH AKTHBHOCTH, O[HAKO MEXAHHM3M BO3ACHCT-
BHA ITHX [IPOLICCCOB HA 3EMHBLIC ABJICHHA CLIE HE BIIOJHE ACCH,

B nacrosiuee spems ans usydenus ColHua MCNOAb3YIOTCS
BCC CPEACTBA KOCMMUCCKOM TeXHHMKH. MeTeocnyTHHKH Ha
reocTaunoHapHoit opbure yxe dosee 30 ger peayr odumi MOHM-
TOPHHT CONHEYHON AKTHBHOCTH, M3MEpAA MOTOKH PEeHTreHOB-
CKOrO MIJIY4EeHHA M COMHEYHbIX KOCMHYeckux Jyyeit. as mo-
HUTOPHHIA KOPOHAIBHLIX BBIOPOCOB MACChl MCNIONBL3YETCS napa
KA CTEPEO, xoTopsié HAXOAATCH B PasHbIX TOYKaX OpOHTHI
3eMJIM M MOMOTAIOT B3FIAHYTH HAa MaruuTHOe ofiako, nerailee
K 3emiue, «co croponbi», KA COXO nossonser oTcnexHuBarTh
NOSIBACHHE MATEH, BCMBILECK W KOPOHAMLHBIX BROPOCOB MACCHI H
MO HX MECTOMOJOXEHHIO W IHHAMHKE JIaBaTh TPEXIAHEBHbIH Npo-
THO3, NPEACTARASIOT IH OHH OMaCHOCTh [UTA 3eMTH.

o By 1. M3 kakux Xumuyeckux anemenros cocront Conuue
4w kakoso ux coornomenie? 2. Kakon HCTounuk 3uepriy natyve-
una Connua? Kaxkue HiMEeHeHHs ¢ ero BelecTsoM NpoHCXOLaT
npu atom? 3. Kako# caofit Coanua Asasercs OCHOBHEM HCTOMHH-
KOM BHAHMOro wninyvwerusn? 4. Kakoso BHyTpeHHee CTpOeHHe
Connua? Hazosure oCHOBHME CI0M ero arMochepn. S, B kaknx



npeaenax waMensercs remneparypa Ha Coanue or ero ueHTpa 1o
dorocdepur? 6. Kakumu crnocobaMy OCYNIECTBAAETCA NEepeHoc
aneprin 3 veap Coanua wapyxy? 7. Hem obbschsierca nabmwo-
saemas Ha Connue rpanymsauma? 8. Kakue npossacuus conney-
HOM AKTHBEHOCTH HAOMOAAKOTCA B PAIAHIMBIX CAOAX aTMOChepht
Connua? C uem CBA3AHA OCHOBHAS NPHYMHA 3THX ABICHMIT!
9. Hem obvacHaerca nomixenne remneparyput 5 obnacru con-
neunsx naren? 10, Kakue annenns Ha 3ewie cosiannl ¢ coney-
HOIT AKTHBHOCTBIO?

1. MOXHO A 3aMeTHTE HEBOOPYKEHHBIM 1A~
30M (qepes remuntit puastp) Ha ConHue NATHO pasMepom ¢ 3em-
O, €CH 1133 pasaHviaeT oOBeKThl, BHINMBIE pasMephl KOTOPBIX
2—3'7 2, Kaxosa s1opas KOCMHYECKAA CKOPOCTL HA yposHe do-
rocdepu Coanua? 3. Kakas MOMMHOCTL HUIYHEHUA TPHXOAHTCH
B CpeAHeM Ha 1 Kr COTHEYHOTO BemecTsa?

——
Ay

Hawe Connue CHPABEAIMBO HA3LIBAIOT THIHYHOMN 3BE310M, HO
Cpeau OrpoOMHOrO MHOIOOOPa3ua MHPa IBE3/ ECTH HEMAIO TAKHX,
KOTOPBIE 3HAUHTENBHO OTIHYAIOTCH OT HEro 1o pu3HIecKum xa-
pakrepuctikam. [Toaromy Gonee noaHoe npeacraBieHne o pel-
Jax JaeT Takoe onpenesieHue:

3BEIAN — ITO NPocTpancTeenno 0bocobacnusiii rpasuTaNMON-
HO CBASAHNMA HEnpoIpavMsi IS HIIYYEHNS KOCMMIeCKHH
00BEKT, B KOTOPOM B IHAMHTEABHBIX MACIITADAX NPONCXOANIH,
NPOHCXOAAT HAM GYAYT NMPOHCXOAMTH TEPMOAAEPHBIE PEAKUHH
NPEBPALICHHA BOAOPOAA B re/inil.

CoNHuE CYLIECTBYET YKEC HECKOJNBKO MWUIHAPIOB JIET H MaNO
H3MEHHJIOCH 32 ITO BpPeMA, MOCKO/ILKY B €ro Helpax Bee elle npo-
HCXOUAT TEPMOSAACPHBIC PEAKLIMH, B PE3Y/IBTATE KOTOPBIX H3 4eThbi-
pex nporoHos (anep soaopona) obpasyercsa anxha-gacruia (aapo
resus, COCTOsIee M3 ABYX NPOTOHOB M ABYX HelTpoHos). boaee
MACCHBHBIC 3BE3/IbI PACXOMYIOT 3anackl BOAOPOAR 3HAYHTEIBLHO
ObicTpee (3a ACCATKM MWUIMOHOB JeT). Tlocae Toro Kak Boaopoxu
H3PACX0A0BaH, HAYMHHAIOTCH peaKkiiii MeXay AApaMH reJus C ob-
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Pa3oBaHHEM YCTOHYMBOIO M30TOMA yraepoa-12 u apyrue peakiiiy,
NPOAYKTAMM KOTOPLIX ABNAKTCA KUCHOPO M THKEILIE IEMEHThI
(HarTpwmii, cepa, Mmarumit ¥ T. 1.). Takum obpa3om B Heapax 3pesn
oDpasyloTcsi A1pa MHOIMX XHMHYECKHX IEMEHTOB, BIUIOTH 1O
Kejesa.

Y naunbonee MacCHBHBLIX 3BE3A NpekpalieHHe BCeX BO3-
MOXHBIX TEPMOSUICPHBEIX PEaKUHi COMPOBOXAAETCH MOUIHBIM
B3PHIBOM, KOTOpPHH Ha0monaercs Kak BCNLINIKA CBEPXHOBOH
3BE3/bl.

Bee a/1eMeHTE, KOTOPBIE BXOAAT B COCTAB HAWEH niaaHeTs
BCETO XHBONO Ha HeH, 0OpasoBIMCh B Pe3yibTare TepMOSLICPHbIX
PEAKLMA, NPOHCXOIMBIIMX B 3BEINAX, NOITOMY 3BE31L! HE TONLKO Ca-
MbIE pacnpocTpanennbie Bo Beenennoit 00heKThl, HO H caMble Bax-
HbIE U1 MOHMMAHHSA MPOHCXOAALINX B HEll ABNCHHH H NMPOLIECCOB.

HMmenHo TepMosiepHbie peakumd SBASIOTCA XapaKTepHOil
OTJIMUMTENBHOR 0CODEHHOCTBIO 3Be31 O maader. [lozromy co-
BPEMEHHOE Ofpe/ie/IeHue niaHeTsl (hopMyanpyercs Tak:

[laanera — 310 KocMHuecKuii 00BEKT, B KOTOPOM 33 BCE BpeMs
ero CYMECTBOBAMHA M€ NPOMCXOAAT HHKAKHE peaKkuMm
TEPMOSACPHOTO CHHTESA,

Meicm o TOM, YTO 3BE3/AbI — ITO JANCKHE COJIHUA, BHCKAILIBAIMCE
ewe B yboxoit apesHocTH. ONHAKO JOAT0e BPeMsi OCTABAIOCH He-
ACHBIM, KK IUIEK0 OHM HaxoasTes oT 3ewmm. Eue Apucrorens no-
HHMA/, YTO eCn 3emias ABKXETCA, TO, Habumonas nosoxeHue Ka-
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Pwc. 5.12. Napannaxrwyeckoe cve-  Puc. 5.13. Noavyumil napannakc
UieHWe 38e30nl 36300



KOit-00 3823161 M3 ABYX AHAMETPAILHO MPOTHBONOAOKHBIX TOYEK
IEMHON OPOMTE, MOXHO JAMETHTL, YTO HANPARIEHHE HA 3BEINY
namenures (puc. 5.12). 3ro Kaxymeecs (NapauiakTHIeCKoe) cme-
eHne 3seans Oyaer CayxuTh Mepoil pacCTOAHNS 0 Hee: YeM OHO
Gonbue, TeM GaKe K HaMm pacnonoxeHa 3peana, Ho He ToabKo ca-
MOMY APHCTOTENO, HO JaKe 3HAYHTENBHO nosaHee Konepuuky He
yaatoch 00HapYxuTh 3TO eMeweHne. TONLKO B KOHLIC NepBoi 1o~
Josuubt XIX B, KOraa Teneckonb Obuii 00OpyRoBaHb pHCNocod-
JICHMAMH U1 TOMHBIX VITIOBBIX HIMEPeHHil, VAAIOCh H3IMEpPUTh
TAKOE CMenteHue y Gnokaiimx 3sea,

FoAMYHBIM NAPANAAKCOM 3BEIAB P HAILIBAKT VIOA, N0A KOTO-
PHIM CO 3B€3/bI MOKHO G110 Obi BHAETH HOABWYIO NOAYOCH 3EM~
HO# opOuTH (pasuyw 1 4. e.), NEPNeHANKYASPHYIO HANpaBIEC-
HHI0 Ha 38e3ny (pue. 5.13).

Paccrosinue 10 3se3/bl
a

sinp’
rae a = Gonbluas noayoch 3eMHOI OpOHTHL. 3aMEHHB CHHYC MATOFO
YIJIa BEIHYMHOH CaMOro yria, BLIPAXKEHHOH B paniMaHHOH wmepe,

H NpHHAB @ = | a, e., MOTYMHM CIERYIOmyIo (GopMyay s BHYHCIe-
HHUS PACCTOAHHA 110 3B3/IbI B ACTPOHOMHYECKHX eAMHHLIAX:

D = 206265"
P

B 18371, snepssie ObUH OCYUIECTBACHB HANCXKHBLIE HIMepe-
HHST TOIMYHOrO napannakca. Pycckwii actporom Bacunuai Axos.ne-
eun Cmpyee (1793—1864) nposen 31 u3MEpPEHNs s spuaiied
ase3nn Ceseproro noaywapus Bern (a Jiupsr). Iloyts oaxospe-
MEHHO B JAPYrdX CTpaHax ONpeieJiuiH Mapailakchl ele AByX
3Be3l, OAHOR n3 KoTopeix Obina a Lexraspa, Dra 3pe3na, Koropas
¢ Teppuropiy Poccuu He piana, okasanace Oumxadiuel K nam.
Haxe y Hee ronuunbii napauiake cocrasun seero 0,75 Tlox ra-
KHMM YIJIOM HEBOOPYXEHHOMY I/1a3y BHIHA NPOBOAOYKA TONMHMHOH
1 MM ¢ paccrosuusa 280 M. [Toaromy HeyaMBHTEABHO, YTO CTOND
MATbie YIAOBbIE CMEIICHHS TAK JAOATO He MOIIH 3aMETHTb.

Paccrosiune no Oamxalmed 3me3nsl, napawiake KoTopo
206 265"

0,75~

p = 0,75", cocrapnser D = = 270 000 a. e. ExvHunamMu
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VIS H3MEPEHMS CTO/Ib 3HAYHTEIbHBIX PACCTOSHUI ABASIOTCS nap-
CEK H CBETOBOH roj.

ITapcek = 370 Takoe PaccTosiHMe, Ha KOTOPOM NapaUiakc
3pe3n pased 1”. Orciona u HasBaHWe 3TOH eIHHHWUBL ap — OT
C/IOBa «Mapayiakce, CEK — OT CIoBa «CeKyHaa», Paccrosuue B
napeekax pasHo OOpPaTHOH BEJMYMHE TOAMMHOIO NapaLIaKca.
Hanpuwmep, nockonsky napamnakc o llenraspa pasen 0,75", pac-
CTOSIHHE 10 Hee pasHo 1,3 napceka.

Ceemosoii 200 — 10 TAKOE PACCTOAHME, KOTOPOE CBET, pPac-
npocrparsacsk co ckopoctsio 300 000 km/c, npoxoaur 3a rox. Ot
Onmxkaiied 3pe3n CBeT MaeT N0 3eMAH CBbILe YeThipex JeT,
Toraa kak o1 CoaHua OKOMO BOCEMH MHHYT, a OT JIyHBl HEMHO-
rum DoJsiee OO CeKyHJILL.

I nk (mapcek) = 3,26 ceeroporo rona = 206 265a.e. =3 + 10" km.

K HacTosuuemy BpeMern ¢ noOMOUbIO CIIEUHAAbHOTO CIyTHH=
Ka «[unnmapkoc» u3MepeHsl roaMuHble napawlakcsl Oonee
118 Tric. 38e31 ¢ TounocTsio 0,0017

Taxum 0DpazoM, Teneps HIMCPEHHUEM MOAMYHOIO NapaLiak-
€4 MOXHO HAJIEKHO ONpefenTh PACCTOSHUS 10 3Be3l, yAaleH-
HbIX ot Hac Ha 1000 nk, wan 3000 cs. ner. Paccroauue no Gonee
JANeKHX 38e3]1 ONpeie/IAeTCA APYrHMi METOLAMH.

[ocne Toro kak aCTPOHOMBI MOJYYHIH BOIMOXHOCTL Onpee-
NATHL PACCTOAHMA 0 3BE3, BLIACHHIOCH, YTO 3BEIALI, HAXOAN-
LIMECH HA ONMHAKOBOM PACCTONHHH, MOT'YT OTJIMHYATHCS 110 BHIM-
MOl sapkocTH (1. e. no Gaecky). Crano OueBHAHO, YTO 3BE3MbI
HMEIOT PasIndnyIo ceemumocms. ConHUE KaXKeTcs caMmbiM fp-
KuM 00LeKTOM Ha Hebe TOALKO NOTOMY, Y4TO OHO HAXOMUTCA ro-
pasno Gamxe BCeX OCTaNbHBIX 3BE31.

CBeTHMOCTSIO HALIBACTCA NOJMHAR JHCPIUA, HINYHIACMAR 3BE3-
JIOH B €AMHHILY BpEMenH,

Ona seipaxaerca B abcoMOTHHX eAMHHUAX (BaTTax) WM B
enunmnuax ceerimoct ConHiia.

B aCTPOHOMHH NPHHATO CPABHUBATH 3BE3JBI 110 CBCTHMOCTH,
paccuMThiBas MX G1eCK (3BE3AHYI0 BEAHUHHY) VIS OMHONO U TOrO
Xe cranaaprroro paccroauns — 10 nk.



Buauman 3se3aHan BeAHUMHA, KOTOPYIO MMeaa Ou 3pe31a, €CAM
Obl Haxoamaacs o1 nac va paccroaunn D, = 10 nx, noayamnaa

nazsanue a6CoMOTHOMN 38e3aN0M Beanynus M.,

PaccMOTpHM, KaK MOXHO ONpese/HTh abCOMOTHYIO 3BE3AHYIO
BEJMUMHY M, 3HaA PACCTOSIHHE A0 38e3abl D (MK napaumake — p)
H e€ BHAMMYIO 3Be3/HYI0 Bemauny m. Hanomumum, uyro Gaeck asyx
HCTOMHMKOB, 3BE3/IHBIC BEMMHHBI KOTOPBIX OTIMYAIOTCS HA enu-

Huy, oTanyaercsa B 2,512 pasa. [na 3se3n, 3pe3aHblie BETHYHHBI
KOTOPBIX PasHbl m1; H M5 (COOTBETCTBCHHO), OTHOWECHUE UX Guec-

KOB [, ¥ [, BHIpAXaeTcs COOTHOUICHHEeM:

I,:1,=2512""

JInt BuanMOoi U abCoMOTHOM IBEIAHLIX BEIUYHH OMHOH M
TOIt Xe 3834 OTHOWeHKe GaeckoB Oyaer BuirnaneTh Tak:

I:1,=2512%"",

rae I, — Gneck 3Toil 38e3abl, ecia Obl OHA HAXOAWIACHh HA pac-
crosunn Dy = 10 nx.
B 10 xe Bpemst H3BeCTHO, uTO 61eCK 3Be31bI MeHseTCs obpar-
HO MPOMOPLHOHANLHO KBaApatTy paccTosHuA 10 Hee. [loatomy
2
I:1,=Dj:D".
CreposarensHo,
2512 = D : D’
JlorapudMupys 310 BeIpaxeHHe, HaX0AUM

04(M=m) =g 10°=1g D’,
HWIH
M=m+35-51gD,
WM
M=m+5+Igp.

AbcomotHas 3se3nnas sewunna Connua Mg = 5. Unave

ropops, ¢ paccroasus 10 nx Hawe Coanue swrasaeno 0w kak
3Be3a NATOH 3Be3AHON BeJIHYHHLL.

f’



3Hast abCoMOTHYIO 3BE3AHYIO BEAHYHHY 38310 M, Ierko Bbl-
uHcanTh ee ceetumocts L. Cunran ceerumocts Connna Lg = 1,

NoJy4aeM: _
L=2512"M

lgL =04(5-M).

[To ceeTMMOCTH (MOIIHOCTH HATYHEHHA ) 3BE3/Ibl IHAYHTENLHO
OTIHYAIOTCA JIPYT OT APYFa: HEKOTOPHLIE HATYUAIOT IHEPrHIO B He-
CKONBKO MIUITHOHOB pa3 Soabuue, yem CosHue, Apyrie — B COTHH
THICAY pa3 MeHbie. ADCOMOTHBIC 3BE3AHBIC BEIHYHHDL 3B€311 HaH-
Gosnee BLICOKOI CBETHMOCTH (IMraHTOB M CBEPXTMIAHTOR) IOCTHTA-

T M = -9" a 3peansi-Kapanky, ofnazaomme HaHMEHbIICH cBe-
THMOCTBIO, HMEIOT abCOMOTHYIO 38e3HY10 Benuuny M = +17".

Hiu

U TesvneDarvyvopa e
| | _

Bewo HHGOPMALHIO O 3BE31aX MOXKHO MOAYUHTH TOJBKO HA OC-
HOBE HCCJICAOBAHHA NPHXOMANIErO OT HHX H3aayveHus. Ha-
Omonas 3Be3abl, MOXHO 3aMETHTB, YTO OHH HMEIOT pasaHyHBIii
user. XOpowo M3BECTHO, YTO user Moboro Harperoro Tea,
B YACTHOCTH 3BE3/IbI, 3ABUCHT OT €ro Temneparypsl, bosee nos-
Hoe npejcrasaenie ob ITOH 3aBHCHMOCTH JaeT H3yYeHHe 3Be3l-
HBIX CNIEKTPOB. .UJDI DO/BLIMHCTBA 3BE3/1 ITO CIEKTPH norjaoue-
HHMSA, B KOTOPLIX HA (JOHE HENPEepPLIBHOIO CrnekTpa HabmonaTCes
TEMHBIE THHHH.

Temneparypy HapyXHbIX CIOeB 3Be31bl, OT KOTOPhIX NPHXO-
AMT HINYUEHHE, ONPEACIRIOT M0 PACNPENSSICHHIO IHEPrUH B He-
npepuiBHOM cnekTpe (puc. 5.14). JLHHa BOJHB, Ha KOTOPYIO
NMPHXOINTCA MAKCHMYM H3NYUEHHA, 3aBHCHT OT TEeMMEpaTyphl H3-
Aywaouero teaa. ITo Mepe yBeAHUCHHS TEMIICPATYpPhl MOJI0KE-
HHE MAKCHMYM2 CMELIAETCA OT KPacHOro K (PHONETOBOMY KOHLLY
cnekTpa. KoauuyecTseHHo 3Ta 3aBHCHMOCTb BRIPAXAeTCA 3aKo-
HoM Bhana:

0,29
kmxu = T ’

TA€ Aoy — AUTHHA BONHBL (B CM), HA KOTOPYIO NPUXOAWTCSH MAKCH-

MYM H3nyuenus, a T — abcomoTHas Temneparypa.



Puc. 5.14, Pacnpenene-
HUE SHENIWN B HENPEPHIB-
Hom cnexrpe Conuua

W YEPHOro TENa NP pas-
NAYHLD TEMNEPETYPax

o f=g]

~N

VIHTEHCHBNOTT L HANMYYENNRA
(8 YCNOBHEX EaMHMLAx)

Kak okasanoch, 3ra TeMmneparypa IS Pa3H4HBIX THMIOB

3sesn 3akodena B npeaeaax or 2500 go 50 000 K. Hamenenune
TeMnepaTypsl MEHAET COCTOAHME ATOMOB H MOJIEKYJl B arMocde-
pax 3sesa, 4To oTpaxaerca B ux cnekrpax. [lo psay xapakrep-
HBIX 0cODEHHOCTEl CNEeKTPOB 3Be31bl pa3lesieHbl Ha CreKTPaib-
HbIE KIACCH, KOTOpbie 0D03HaYeHb! AaTHHCKUMH OyKBamu U pac-
MOJIOKEHB! B MOPSJIKE, COOTBETCTBYIOIEM YOMBAHMIO Temnepa-
rypui: O, B, A, F, G, K, M.

Y naubonee xonoaHsIX (KpacHsIX) 38e31 kiaacca M B cnext-
pax HabaoaaloTCA JHHUK NOMIOWEHHA HEKOTOPLIX ABYXaTOMHBIX
MOJICKYJl (HAanpHMep, OKCHAOB THTAHA, UMPKOHUA M YIaepoaa).
[Mpumepamu 3pe3, Temneparypa Kotopsix okoao 3000 K, asas-
ores Adrapec u bereasreitae,

B cnextpax xenTsix 38e31 Knacca G ¢ remneparypoit okoso
6000 K, x xoropsiM otHocuTes i Coanue, npeobaanaor JTHHHH
METAIOB: Xeje3a, HaTpus, Kambuua U T. 4. [lo remneparype,
CHEKTPY M usety cxoiaHa ¢ Coanuenm ssesna Kaneaa.

Ui cnextpos Genbix 3se3n Kaacca A, KOTOpHIE HMEOT
remnepatypy oxkono 10000 K (Bera, [leneb w Cupuyc), Han-
Dosee xapakTepHbl JHHHH BOAOPOAA W MHOXECTBO Ciabmix
NHHHK HOHH30BaHHBIX MeTaUI0B. B cnektpax nanbonee ropsunx
3BE30 MOABASIOTCA JIMHUM HEHTPAABHOrO H HOHM3OBAHHOIO
resus.

Pasimyms 38e3/1HbIX CNEeKTPos 0OBACHAIOTCA OTHIONL HE pas-
HoobpaIneM HX XHMUYECKOTD COCTARa, a Pa3IHYHEM Temrepary-



pbi ¥ APYrux (pu3MuecKux yeaosui B arMocdepax ssedn. Hoyde-
HHME CIICKTPOB NOKa3uBaer, 4o npeobiasaor B cocrase 3pe3il-
HbIX armocdep (1 38e3 B uenoM) sogopod v reauit. Ha aono
BCEX OCTAJLHLIX XHMMYECKHX IEeMEHTOR npuxoautcs He Gonee
HECKONBKHUX IMPOIIEHTOB.

Himeperne nosoxeHus CreKTPaibHbIX JAHHUI NO3BONSET He
TONBKO MOAYSHTE HHDOPMALMIO O XHMHYCCKOM COCTABE 3BE3JL, HO
H ONPEeNeIHTL CKOPOCTh HX ABHKe . Ecau Herounuk ninyuenus
(38e3na wim moboii apyroit obbexT) npubmkaercs K HaGmonare-
JI0 WM YAANACTCA 0T HEro €O CKOPOCTLIO v, TO Habmonarens Oyaer
PErHCTPHPOBATL H3IMEHEHHE UTHHBI BOJHB! MPHHHMAEMOro H3ny-
YeHHs. B cayuae yMEHbIICHHA PACCTOAHMA MeXay HabuonaTeem
M 3BE3JI0H JUIMHA BOJIHLI YMEHBILAETCA H COOTBETCTBYIOLIAN JIHHHA
cMetaercs K cune-cuonerosomy komuy cniexrpa. [lpu ynanennn
IBEIIB! JUIMHA BOJHBI HINYUICHHUA YBEIWTHBACTCH, & IMHUSA CMeIla-
ercsl B KPacHYIO €ro 4Yacrb. D10 ARIeHHe MOJYYHIO0 HaIpaHHue
apgpexma Jonaepa, COrnacHo KOTOPOMY 3aBHCHMOCTb PasHOCTH
JUIMH BOJIH OT CKOPOCTH HCTOYHMKA 110 JIYYY 3PEHHA U H CKOPOCTH
CBETa ¢ BhipaxaeTcs caeayioulei popmynoii:

i) WO
Ao g’

rae 7&0 = JUJTHHA BOJIHLI CﬂeKTPiUleOﬁ JIHHHH U8 HENMOABHXHOTO

MCTOUHMKA, A = JUIMHA BOJIHB B CMEKTPE ABHXYILEroCs HCTOY-
HUKA.

Addexr Jonnepa Habmonaercs B oNTHYECKOH M APYrHX 06+
AACTAX CNEKTPA M LIHMPOKO HCTIONb3YETCH B ACTPOHOMMH.

1
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no.uyqeuuue NAHHBIC O CBETHMOCTH M CHICKTPAX 3BE3/ YXKe B Ha-
qane XX 8. ObUIH CONOCTABIEHL! ABYMA aCTpOHOMaMKH — Jinap
Tepwunpynzom (Tonnawams) u lenpu Pacceanom (CLIA)—
M NPEACTABJEHBI B BUIAE AHArPAMMBI, KOTOpas MOJyYHIa HalBa-
Hue «auarpamma ['epummnpynra—Paccenna», Ecam no ropuson-
TAJILHOH OCH OTAOXCHBI CHCKTPAIbHBIC KAACCH (Temneparypa)
3BE3M, 4 N0 BEPTHKANLHON — uX CBeTMMOCTH (adcomoTHbie
3Be3IHLIE BEeIHYHHEL), TO KAX A0 38e3je Oyler COOTBeTCTHOBAT
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Puc. 5.15. lnarpamMma «cnexTp — CBETUMOCTbe

ONpPeneNeHHan TOUKAa Ha 3ToH anarpamme (puc. 5.15). B pesyin-
Tare oDHapyAKMBAaeTCA onpeAeaeHHas 3aKOHOMEPHOCTL B pacno-
NOXEHHH 3BE3]1 Ha AHarpaMMe — OHM He 3anoHAI0T BCe ee Nno-
ne, a o0pa3yloT HECKOABKO TPYIN, HA3BAHHBIX NOCAedosamens-
wocmamu. Hanbonee muorouncaenHoi (npumepuo 90% seex
3B€30) OKA3anach 2AA6HAR NOCACOOBAMEABKOCML, K YHCHY 3BE3]
koTopoit npuHamexut Hame Coaxue (ero nosoxeHue orve-
YEHO Ha AuarpaMMe KpyXKO4KOM). 3Be3n 3TOH nocaenosa-
TEALHOCTH OTAHYAIOTCH APYr OT APYyra Mo CBETHMOCTH W TeM-
neparType, W B3aMMOCBA3L ITHX XapakTepHCTHK cobionaercs
BECHMA CTPOIO: CAMYIO GWCOKYIO CEEMUMOCHTb uMeom Hauboaee
20pAYUE 36e306, @ NO MEPE YMEHbUICHUR MmeMnepamyput cee-
mumocms nadaent, KpacHble 3Be3fiki MaNol CBETHMOCTH NoOJy-
YWIH Ha3BaHHE KPACHHIX Kapaukos. Bmecre ¢ Tem Ha amarpamme
CYIIECTRYIOT M ApPYrHe MNOCAeNoBaTelbHOCTH, e noaobHas



3aKOHOMEpHOCTL He cobmotaercs. OcobeHHO 3aMeTHO 31O Cpe-
ju Gonee XONOAHBIX (KPACHBIX) IBEIL: MOMHMO 3BE3/1, NpHHaUIe-
KAUMX TIABHOMH TOCAENOBATEIBHOCTH M NOTOMY MMEOIIHX Ma-
JYIO CBETHMOCTB, Ha IHarpaMMe NpeacTaBieHbl 3Be3/bl BHCOKOI
CBCTHMOCTH, KOTOPAsA NPAKTHYCCKH HE MEHACTCSH NPH HIMCHCHIHH
ux Temneparypsl. Takue 38e3/nl NpHHALIEXAT ABYM MOCIE10Ba-
TEABHOCTAM (2ucanmust W ceepreueanmet), NONYIUBILMM ITH Ha-
3BAHHA BCNEJICTBHE CBOEH CBETHMOCTH, KOTOpas 3HAYHTEABHO
npesocxoamt ceerumocts Connua. Ocoboe MecTo Ha anarpam-
M@ 3aHHMAlOT TOpAYHEe 3Be3Abl MANOH CBETHMOCTH — (eame
KAPAUKU.

Jmus K konuy XX 8., Korza obbem 3HaHHi 0 (DH3HYECKHX
NPOLECcax, NMPOHCXOMAIMX B IBEINAX, CYIIECTBEHHO YBEIMYHACH 1
CTANH MOHATHBIMH TTYTH X BOMOUMH, YIATOCH HAWTH TeopeTHie-
CKOE 00OCHOBAHHE TEM IMITHPHUECKHM JAKOHOMEPHOCTAM, KOTOpHIE
OTPAXAeT AMArPaAMMa «CrIEKTP —— CBETHMOCTb».

Kaxkosa cetimocTs 3pe3as & Ckopnuona, eciu ee 38e3a-
Has seamumuna 3", a paccrosinue 10 nee 7500 cs. aer?

Hano: Pewenue:
m=3" g L = 0,4(5-M).
D=7500cs. ner | M=m+5-5lgD,
T rae D = 7500 : 3,26 = 2300 nx.
; TornaM =3 + 5-51g 2300 = -8,8.
Ig L = 04[5-(-8,8)] = 5,52
Orciona L = 330 000,
Omaem: [. = 330 000.

v DOIP O
C:‘; 1. Kak onpeaensior paccroanua no sein? 2, Or vero
S5 3aBHCHT uBeT 3Be3nni? 3. B tueM raaBHas NMPHUMHA PAITHUHA
criexTpos 3pe3n? 4, Or 4ero 3asHcHT CHETHMOCTD 3ne3/in?

2 YU AR HE
’

) ' """ 1. Bo ckoanko pas Cupnyc spue, wem Anbiaeba-
47 pan? Comnue spue, yem Cupuye? 2. Onna 3sessa apye npyroil
B 16pa3, Yemy paBHa pa3HOCTD MX 3BE3NHBIX BEAHUMH?
3. NMapanaakc Bern 0,117, CkoNBKO BpeMeHH HIET CBET OT Hee 10



3esn? 4. Cxonsko et mago 66110 Gul 1eTers 10 HANPABICHHIO K
cossesnnio Jlupst co ckopocrsio 30 km/c, urobGm Bera ciasa
pasoe banke? 5. Bo cko/ibkO pas 3sesaa 3,4 3pe3aHol BeHYHHb
crabee, wem Cupuyc, nMeomni 38e3aHyI0 Beananny =1,67 Yemy
paBHbl A0COMOTHEIC BEAMUMHBL ITHX IBEIL, CCAM PACCTOSHME 110
Kaxaoii cocrapaner 3 nx?

Lr
e
/
>

UNpeqeariue Mmacond 380 34

Cpenu IBEIN, KOTOPLIE BHAHLI HA Hebe pAaOM, pajnuvaoT on-
mureckue o0eoithsie W usuveckue deotnme 3se3nn. B neppom
CJIyMae TAKHE NBEC 3BCIALI XOTSA M BUAHKL BOIM3K, HO HAXOMATCH
B MPOCTPaHCTBE AajseKko Apyr ot apyra. Ecim ke B pesyabrare
HabMoNeHHIT BBIACHACTCA, YTO OHH OOPA3YIOT CAHHYIO CHCTeMY
1 obpamaoTes BOKpYr o01Iero HeHTpa Mace noa ACHCTBHEM B3a-
HMHOIO TAFOTEHHA, TO MX HA3LIBAIOT (usuMECKUMU OBOUNBIMU
3gesdamu.

[lepBBIM, KTO Z0Ka3an, 4TO TakWe 3Be3/s ACHCTBHTEIBHO
CYIIECTBYIOT, Obinl HM3BECTHBIH aHrIMHACKMI acTpoHOM Buasam
I'epweas (1738—1822). MHOXECTBO ABOHHBIX 3BE3A OTKPBUL M
uecnenopan B. 5. Crpyse. B nacrosiuee spems M3BecTHO yxe
bonee 70 Teic. aTHX obbexktop. Korga uucao 3se3n B cHcreme,
CBA3AHHON B3AUMHBLIM TArOTEHHEM, OKalnisaercs Boaee nbyx, 10
WX HA3WBAKOT Kpamusimu. B HacTOsINEE BpEMA CHYHTAETCH, YTO
GoapimuCcTBO 38e3a (Gonee 70%) obpasyior cucremnt Gosbei
WAH MEHbIIEH KpaTHOCTH. B 3aBHCHMOCTH OT TOro, KakMM Cro-
coBOM MOXHO OOHAPYXHTb ABOHCTBEHHOCTb 3BE3Ibl, HX Ha3bl-
BAIOT no-pasHoMmy. ECiM OHa 3aMeTHa NpU HENOCPCACTBEHHBIX
HAOJIOACHHAX B TEACCKOI, TO susyarsno-deotinol. Ecam xe ob
ITOM MOXKHO CYAHTH TOJABKO IO CHEKTPY, TO CHEKMpaisio-
deonnoit.

PeakuM npumepoM ABOHHON 3B€3/b, 00a KOMMOHEHTA KOTO-
PO PasnMUMMbl 1aXKe HEBOOPYXEHHBIM rJ1a3oM, asasores Mu-
uap 1 Anexop B cozgesmu Boaswoi Mensennun. Cpeam ap-
yarIuMx 38e3q Takxe Obute obHapyxens asodnsie: Cupuyc, Ka-



neasa, Kacrop u ap. boaee toro, okasanoch, 4TO BO MHOIMX C1y-
Yasx Kax/1as U3 38e3/1 TAKOH napl cama COCTOMT U3 HeCKONLKHX
3ge3n. Tak, Muuap u Kanenna umeior B CBOEM COCTaBe “eTwhipe
KOMMoHeHTa, a Kacrop — mecrs. Buscuunoce, uro o Llenraspa
ABAACTCA TPOHHOW 3BE3NOH, OIHA M3 KOTOPLIX PaCroOXeHa
Oaike Bcero K HaM W noayyuna Hassanue Ilpokcuma (B nepeso-
Ae ¢ rpedeckoro — Oumkanwasn ),

Y ABOIHBIX 383/, KaXAblii KOMIOHEHT KOTOPBIX MOXHO Ha-
OaonaTe B OTACABHOCTH, NEpPHOAL ODpaweHus BOKpyr obuero
uenTpa Macc obLIMHO OMBAIOT OT HECKONIBLKHX JIET 10 HeCKOJIbKMX
ACCATKOB JeT (B peakux cayuasx npessiuaor 100 ser). Ux opbu-
Thl CPABHIMBI TIO pa3MepaM ¢ opOnTaMu ruiaHeT-ruranTos. boms-
LIHHCTBO CNICKTPANBHO-JIBOMHBIX 3BE3/1 HMCIOT MepHoabl obpaine-
HHMA NOPAIKA HECKOJbKHX CYTOK, pacrnoarascs Apyr OT Apyra Ha
paccroaruu 5—7 MaH KM, CaMptit KOPOTKHA M3 HIBECTHBIX NepPH-
0J10B cocrasasier seero 2,6 .

Hecmorpsa Ha MHOMOYHCAEHHOCTE ABOHHLIX 3B€31, 10CTaT0Y-
HO HAIEXHO OnpeeneHb OPOHTH JIHLIL MPUMEPHO JUISI COTHH U3
HuX. TIpH H3IBECTHOM PACCTOAHHH JIO ITHX CHCTEM HCIOAL3IOBA-
HHE TpeTbero 3akoHa Kennepa no3sonser onpesesuTh HxX Maccy.
CpasHiBas IBHXEHHE CITYTHHKA 3BE3/BI C ABHXKEHHEM 3eMJIH BO-
kpyr ColHua, MOKHO HANKCATL:

m, +m, 2 M +M, 2
1 2 =1 2
3 Tl - 3 TZ’
A
TIe My U M, — MacChl KOMITOHEHTOB 3B8e31Hoi naps: M, n M, —

macest ConHua u 3eman; T, — nepuon obpawienus 3sesn; T, —

nepuon obpawmenus 3eman; A — Goavwas noayocs OpGHTHL
ABOHHOI 3Be31bl; ¢ — Goablas noayock 3eMHon opbursl [Mpu-
Han neproa obpamenua 3eman U peanuuny GonbIoi nosyocH
ee opbuTet pasHbiMK 1 1 npenebperas Maccoit 3emuam no cpasHe-
HHI0 ¢ Maccod Connua, nonyuuM, uro B Maccax ConHua:

my+my;=A: T?.

Yr1o0bl onpenesnTs Maccy Kaxao#l 3Be3ansl, HAI0 H3IYYHTh
ABHKEHHEe KaXI0H M3 HUX M BHIYHCINTD HX paccToanus A, u A,

(A=A, + A,) o1 0bwero uenrpa mace. Toraa Mbl NOAY4HM BTO-
poe ypanHeHue:



nyims,=A,: A, 5

Pewras cucreMmy ABYX ypaBHeHMHIl, MOXHO BBIMHCIHTL MAaccCy
KaXn0H 3BE31bI,

Y CnekTpaibHO-ABOHHBIX 3Be3n HAOMONACTCA CMELICHHE
(wam pasasoeHHe) JAMHMH B COEKTpe, KOTOPOE MPOUCXOANT

senencrene a¢pexra llonnepa'. OHO MeHsieTcsi ¢ nepuoaoM,
pasHBIM neprony obpamenus napsl. ECH ApKOCTH W CNEKTph
3Be311, COCTABIAIOIIMX NAPY, CXOAHBI, TO B CrieKTpe Habmonaercs
nepHoaAHYecKoe pasasoenue aunnii (puc. 5.16, a). [lycrs komno-
HeHTbl A 1 B 3aHMMaoT NoNoXeHus A, wim B,, Koraa OinH iAsu-

KETCA MO HANpaRIeHHIo K HabmonarTemo, a Ipyrol — oT Hero.
CnexrpanbHbie AHHHM npubamKaOWeiica 383461 CMECTATC K
(PHOJCTOBOMY KOHLLY CIEKTPa, a yaansgioweics — K KpacHOMY.
Jlunum B cnextpe Oyayr pasasoensl. B nonoxennsx A, u B, oba

KOMITOHEHTA ABMKYTCS NEPNEeHAHKYAPHO K Y1y 3PEHUs, U pas-
NBOEHHA THHIH He Habmonaerca. Ecam onxHa U3 38e31 HaCTONBKO
ciraba, uTo €e JIMHHK HE BHIHBI, TO OyaeT HabMOAaTHCA NEPHOIH-
yeckoe cMeulente TuHuit boaee apkoi 3seaasnt (puc. 5.16, 6).

Hna nabmoaarens, KOTOPbIH HAXOAHTCA B MJIOCKOCTH opby-
Thi CNEKTPANBHO-ABOIHOIN 3B€3/1bl, €€ KOMIMOHeHTH DyayT noove-
PelHO 3aropaxuBare, «3aTMeBaTe» APYr apyra. Takue 3pe3asl
HA3LIBAIOT 3GMMENHO-060HNNMIL WA ANTONAMH — 110 HAIBAHHIO
nHanbonee nipecTHoH 3se3nn atoro Tina 3 INepcea. Ee apabekoe
HA3BAHHE «3JIb I'Y/Ib» (ALABOJ) MOCTENCHHO NPEBPATHAOCH B AJI-
ross. BoaMoXHO, 410 eme apenHune apabil 3aMeTwiM CrpaHHoe
NOBEACHHUE 3TOMH 3BE3AbL: B TEYEHHE 2 CyTOK 11 YacoB e¢ ApKOCTh
OCTACTCA IMOCTOAHHOM, HO 3aTeM 3a 5 wacosB oHa ocaabesaer or
2,3 1o 3,5 38e3AHON BEAH'HHEL, @ 34 CACAVIOUIME 5 “acoB ee
NPEKHAR APKOCT BOCCTaAHABAMBaCTCA (pHC. 5.17).

B Hacrodwee spems HisecTHO DoJiee S ThIC, 3aTMEHHO-ABOM-
HBIX 3Be3. UX H3yueHue no3soaser onpenesuTh He TONLKO Xa-
PAKTCPHCTHKH OPOMTBI, HO TAKXKE MOJYYHTH HCKOTOpBIC CBE-
aeHus 0 camux ssesgax. ITpoaokuTesbHOCTb 3aTMEHHA Jaer

' Hanosmmw, wro cornacwo atoMy pdexty, npH  yBCIHYUCHUH
PACCTOANMA MEXAY 38e3foH W nabunosarenem, LAHHA BOJANM 1pH-
HUMAEMONO MY IEHHA YREJIHIHBACTCA, NOITOMY CIEKTPAILHBIE IHHNK
CMELAKTCA K Kpacnomy Konuy cnexrpa. Ilpn ymeusienun paccros-
HHA JLTHHA BONHBE YMEHBINAETCH, & JIMHHH CMEIIAKTCA K (PHOSETOROMY

KOHUY CIeKTpa,
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BO3MOXHOCTb CYIHTh O pa3mepax 3Be3asl. Pexopacmenom 3aech
apaserca £ Boannyero, B cuereme Koropo# npu nepuone 27 ser
3aTMenme nponoaxaercs 2 rona. Koraa so Bpems 3arMeHus ceer
OIHOI 3BE3/Ibl MPOXOANT uepe3 arMocdepy ApYroil, MOXKHO ae-
TAJILHO HCCAEA0BATh CTPOEHHE M cocTas 1ol armocdepsl. Pop-
Ma KpHBOi 61eCKa HEKOTOPHIX 3BE3/I CBH/IETENLCTBYET O TOM, 4TO




-

HX (POPMA CYLLCCTBEHHO OTAHYaeTCst OT chepuyeckoi (puc. 5.15).
Banskoe pacnonoxeHne KOMMOHEHTOB NPHBOAWMT K TOMY, MTO
rassl M3 armochepsl ONHOI 3BE3AB NEPeTeKalnT Ha APYryio.
Huoraa sm npoueccs! NPUHUMAIOT KatacTpodHyeckuid xapak-
Tep, n Habmonaercs senbika Hoeoit 36e30n.

Onpenenenne Macce 38e31 Ha OCHOBE HCCAEA0BAHHI TBOHHBIX
3B€31 MOKa3ano, 4YTo OHM 3akmoveHsl B npepenax ot 0,03 no
60 mace Connua. Tlpu 31oM OOJIBLIMHCTBO H3 HHX MMEIOT Maccy
or 0,3 no 3 macc Connua. Ouens GoabIIME MACCHT BCTPRUAIOTCS
KpaitHe peaxo.

MeToasl H3yYeHHA CHeKTPANLHO-ABOHHBIX W 3aTMEHHO-
MEePeMEeHHBIX 3BE3Jl B HACTOMIIEE BPeMA HCNOABL3YIOTCH TakxKe
AN NOMCKA MiaHer, Oo0pawalommMxcs BOKPYr APYrHX 3Be31
(ak3onaaner). K konuy 2009 r. 66010 noATBEPAKIACHO OTKPBITHE
okono 400 sk3onnaner, Koropsie cocraswid 340 ruaHeTHBIX
cucrem. B ux uncne 66010 42 cucTeMbl, CONEpRABIIME HE MEHee
ABYX NMIAHET, a OIHa — He MeHee 5. BoAbIHHCTBO 3THX MiIaHeT
OKA3a/IMCh ra3oseiMH ruraHTamMu tHna IOnurepa u Carypha.

Teneps ycuaus ydyeHbIX HaNpaBieHbl HA TIOMCKH TUIaHeT,
KOTOpPHIE 110 CBOMM Pa3MEPaM M MAcCe MOXOXH Ha 3eMJI0 M Ha-
XOAATCA HeJANEKO OT 38e31, 4T obecneunno Obl Ha NOBEPXHOCTH
NAAHETH YCAOBUA, HeODXOAMMLIE JUIA CYIUECTBOBAHMA XHU3IHM.
C sroit uenvo Gwn sanymen KA «Kemep», na xoropom
YCTAHOBJIEH (DOTOMETP, HYBCTBHTENBHOCTE KOTOPOrO COCTaBAsET
10 . Ox nossoasier 3ameTuTs ocnabnaeHue nMOTOKa CBeTa OT
3B€3/1bl, BEI3BAHHOE NMPOXOXACHHEM MIAHET 110 €€ JIMCKY, BCero
AHUIL HA OHY CTOTHICAYHYIO ero aomo. «Keruep» uecaenosan

Puc. 5.18. Kpm-
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cBbiwie 52 Thicsiy 38e3n B HeGonbuwoil obaactu Heba Mexay
coapezauamu Jlebeas u Jupe. 3a 2 ropa paGoru 610 Haliaeno
Gonee 2300 3pe3a, y KOTOPHIX NONO3PEBAETCH HAIHYME [UIAHET.
B 246 cayyasx 310 MOTyT OBITH TIAHETHI, KOTOPbIE TIO pa3Mepam
cpasHuMbI ¢ 3emaeil. Ewe He s BeeX 3anoN03peHHBIX Cyvacs
MOJYYEHO OKOHYATEILHOE MOATBEPXACHHE HANHYMS [UIaHer.
OnHako Jaxe ITH NPEeABAPHTEIBHBIC PE3YILTATH 03BOJIAIOT
HANEATHLCA, YTO YHCJI0 IK30MIaneT B Haweit [arakTuke okaxercs
Bonbie, YeM CUHTANOCH paHee.

! g — 2 1a
FIADT N ] UN BSUREN

K coxazenwmo, 3peams PacnoJIOXeHbl TaK JaJeko OT Hac,
YTO 33 PCOKHM HCKMIOMCHMEM OHH [aXe B CaMble MOLUHBIC
TEJECKONbl BMAHBL KakK TOukM. JInwb B nocaeanue roasr s
HEKOTOPBIX CaMbIX KPYITHBIX H3 HHX YAAT0Ch MOJYIHTHL H30Dpa-
KEHHE B BHAE NHCKA, HA KOTOPOM OOHapyXkuBaloTca nNsATHA
(puc. 5.19).

B GonbumHCTBE Cyuaes pasMepbl 3Be31 NPHXOAWTCH pace
CYMTHIBATH HA OCHOBE JAHHBIX 00 MX CBETHMOCTH H TEMMEpPAType.
CBeTHMOCTb 3BE3ABI PACCYMTHIBACTCA 110 TOH Xe (opmvie, 4To
u ceerumocTs CosHua:

L = 4=R’T".
Orowenue ceerumocteii 3sesan 1 Connua byser pasHo:
=)

Lo To

Le \Re

[Mpuuss, wtoRg = 1 ulg = 1,
MOJYYAEM BbIPAKEHHE 115 BRIMHCIE

HMA paaMyca 3Be3asl (B pamuycax
Connua)

Pe3yabTathl 3THX BbIMMCICHHH
AOCTATOYHO XOPOWIO COrNACYIOTCH C
AAHHBIMH HEMOCPEACTBEHHBIX H3ME-

Puc. 5.19. Natka Ha ancke
PeHUHA C NOMOLILIO HHTEPDEPOMET-  Earvenurene



pa pasmepoB Haubonee KpynHbiX
IBE3JL, PACCTOAHMUA 10 KOTOPLIX He-
BEJIHKH.

3se3an camoif Goabuioit cee-
THMOCTH (CBEpXIHraHThl) aeiicTBH-
TCJABHO OKA3AIMCh OYeHb DonbluM-
MH. KpacHbie cBepxrMranTsl Axra-
pec u berenvreiize B8 corun pas
boabiwe Connua no  aHamerpy
(puc. 5.20). 3aro auamerp KpacHbIX
KapAHKOB, OTHOCAUINXCA K rIaBHOM
NOCNEAOBATEIBHOCTH, B HECKOJIBKO
pPa3 MCHbILEC CONHEHHOrO. CambiMu
MAICHBKHMH  3BE3AaMH  ABJIAIOTCA
Oenbie KapauKH, AHAMETP KOTOPBIX
HECKONBKO  THICAY  KHIOMETPOB
(puc. 5.21).

PacuyeTnl cpenueil 1uioTHOCTH
3Be3/1 Pa3IMYHBLIX THIIOB, MPOBEIEH=
HbI€ HA OCHOBE HMEIOIIHXCA TAHHBIX
00 X Macce M palmepax, Nnokassl-
BAIOT, YTO OHA MOXET 3HAYHTENLHO
OTAHYATLCS OT CPeAHCH MAOTHOCTH
Comiua. Tax, cpeaussi nAOTHOCTL
HEKOTOPBIX CBEPXTHIAHTOB COCTAB-

aser Bcero 107 kr/M, uto B
1000 pa3 meHble MIOTHOCTH BO3-
AyXa MpPH HOPMAABHBIX YCAOBH-
ax. Apyroii KpaiiHocTbio sBasierca
MAOTHOCTD DeJIBIX KAPAHKOB ~— OKO~

no 10 xr/u3.

y. Moageau nesa

Pwc. 5.20. Conxue B cpasHe-
MU C TUFaMTaMN W CBEPXI A~

Banui xapnwx
NefAvTena

Benwin
KAPINK
Kownepa

3emnna ‘II"

Jeeana Bonud 457

Puc. 5.21. Paamepu
IBOAN-KAPIMKOB

B saeucunmoctn or macest u PA3MEPOB 3BE3AbLI PAIIHYATCA 110
BHYTPEHHEMY CTPOCHHIO, XOTH BCE HUMEIOT NPHUMEPHO OJIHHAKO-
BEIA Xxumiueckuit cocrae (95—98% ux mMacchl COCTaRNAIOT BONO-

PO  resmit).
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3Be3abl IABHONH NOCACNOBATEABHOCTH, TeMieparypa Ko-
TOpBIX Takas ke, Kak y ConHua, WiH HHXE, NOXOXKH HA HEro
N0 BHYTPECHHEMY CTPOCHHIO. Cpein MHOXECTBA 3B€311 3TOrO THINA
€CTb M TaKHe, KOTOpPhIE MO MHOMHM CBOMM XapaKTEepPHCTHKAM
asasiores «asoiHuKamu» Coaxua. Hauboaee sapkoit M3 Hux
asaserca 3 lowuux Ilcos. ¥ Gonee ropsumx 38e3n riaasHoi
NOCAeI0BATENIbHOCTH BHEIUHASN KOHBEKTHBHAS 30HA OTCYTCTBYET.
B 3mix 3Be3nax KOHBEKLMS NPOHCXOMMT B AAPE NPOTAKEH-
HOCTBIO 110 1/4 ux panuyca, OKPYXKEHHOM JayuncToii 060n0uKoil
(puc. 5.22).

THraHTE ¥ CBEPXTHIaHTEL MMEIT OYeHb MANICHLKOE AAPO
(ero paamyc okono 0,001 nonw pazsyca 3seanst). Tepmosgepune
PeaKiMy MPOUCXOMAT B OKPYXAIOIIEM €ro TOHKOM Cl0e; Jlanee
Ha nporsxenuu okono 0,1 papuyca 3Be3ast NPOMCXOAMT ne-
pesaya 3HepruM unyvdeHueM, Tlpaktv4eckd Bech OCTANBHOM
obuem (9/10 paumyca) cocrapiser NPOTAKCHHAA KOHBEKTHBHASA

Puc. 5.22. BHyTPEHHEE CTPOCHAE IBEAL PAINUIHLIX KNACCOB



30HA. Bebie KapanKu COCTOAT U3 BHIPOXKACHHOIO ra3a, JaBACHHe
KOTOPOro OMNpeaeAseTCs JHIL ero IVIOTHOCTBIO M HE 3aBUCHT
OT Temneparypol. PaBHOBCCHE TAKOH «IK30THUCCKOI» 3BE3/bI,
Macca KOTOpPOH paBHa COJIHCYHON, HACTYNACT JIHIUL TOrLA, KOria
OHA COXMETCA JI0 PasMepoB, NPHMEPHO PaBHLIX pasMepam
Jeman., Buytpu Ocsioro Kapauka Temneparypa A0CTHraer
10MIHK H NpakTHYECKH HE MEHACTCA; TOJBKO B TOHKOH
000JI0YKE H3 «00BIYHOrO» BEIIECTBA OHA PE3KO Najaer nao
10 000 K.

B 1996r. ObiaiM OTKPBITHI KOCMHMUECKHE Tena, KOTOphie
ABASIOTCS NMPOMEXYTOUHBIM 3BEHOM MEXIY 3Be3JaMH M ruia-
HetamMu. OHH NOAYUHAM HA3BAHHE «KOPHUHEBBIC KAPJIMKH»,
NOCKOJABKY C€21ad0 M3JAYHaloT TOABKO B HMHMpaKpacHOM Jua-
nasone. UMeHHO 310 uanyyeHHe 6u110 obHapyxeHo nprubopavu,
YCTAHORJEHHBLIMH HA GOPTY HCKYCCTBEHHBIX CYTHHKOB. Kopuy-
HEBbE KapankKu o02analT CAHIIKOM Manol MaccoW, 4To He
obecneunraer Temneparypel, HeoOXOAUMON 1A NpoTeKaHHA
TEPMOSANIEPHON peakuMy Npeppaielns pojopoaa s reawid. I'pa-
BHTALIHOHHOE CXATHE MX MACCHI AOCTATOMHO JNHINGL JUIA TOTO,
yro0Bl IOCTUTHYTAA Temneparypa obecrnieynsia B TeueHne Kopor-
KOro (Mo KOCMHYECKHM MEpPKaM) BpPeMEeHH TNpespalieHue neii-
Tepua (TaXenoro uiorona soxopoaa) B reawit. Macca kopuu-
HeBbIX KapiaukoB cocrasiasier seero auums 0,01—0,07 maccw
Coanna. I'Ipo HHX MOXHO CKa3aTh, TO OHH €llle HE 3BE3/bl, HO
YK€ He IJIaHeTHhl.

[Monars, Kak cefzaus Mexly coboi paliyHLe THITL 3Be3,
KaK OHH BOIHHKAIT M KaK MPOHCXOJANT HX IBOTIOLHA, OKA3ANOCH
BOIMOXHBIM TONLKO HA OCHOBE M3y4YeHHs BCell COBOKYMHOCTH
3se3, o0pasylomMx OrpoMHBE 3Be3HLIE CHCTeMB — 2araK-
MUK,

1M . LTFHW

1. Tepuon obpamenus nsoittoi 3seaan 100 ner, Boasmas
noayocs suaumoi opbureia = 2,07, a napaake p = 0,05",
Onpeneaure CyMmy Macc ¥ MACChl 38€3/1 B OTACHLHOCTH, ec-
7T OHH OTCTOAT OT IEHTPA MACC HA PACCTONHHAX, OTHOCH-
muxcs Kax 1: 4.

1H]



Jano: Pewenue:
Z':zl’%ne‘r mxuaxAl:A2=m2:m,,m:—2=%u
1
p = 0,05
Al 1 M|=4'"2.
1753 Ilo Tpersemy 3akony Kennepa
’ = AT - AT
7 my+n=A":T wmdm, +m,=A":T,
m —
m;—? 'r.e.5mz=A3:1l.
Azg
p’

= 20" = -
A W’ 40 a. e..

40°

5+ 100
Omeem: m; = 5,12 maccet Contnua, m, = 1,28 maccet Costn-
ua.

n, = =128, m;=4 - 128 =5,12

2

2. Bo cxonbko pa3 Apkryp Gonsue Connna, ecam cseru-
mocTh Apkrypa pasna 100, a remneparypa 4500 K?

Hano: Pewenue:

L =100 R Ti (6000 K)*

T =4500K R—=ﬂ:'-—2=10- 2=18.
2 T (4500 K)

Te =6000K

L@--l

R

Ro

Omeem: pammyc Apkrypa Gosswe paamyca ConHua B
18 pas.

CTTEN 1, Yem obwsichsiercs: wamenenme SIPKOCTH HEKOTOPBIX
asofineIx 3se3n? 2. Bo CKOALKO pa3 OTAHYAKOTCA PasMepsl W

NAOTHOCTH 3B€3/1 CBEPXTHIAHTOR ¥ Kapankos? 3. Kakosel paime-
Phi CAMBIX MATCHBKHX 38¢317
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\.’f) VTR T 1, Onpenenne CyMMy Mace ABOHHOI 3Be3am

A7 Kaneana, ecan Gonsias noayocs ee opbuter pasua 0,85 a. e.,
a nepwon obpamenws 0,285 rona. 2. Bo ckoaeko pas ceem-
mocTs Puresna 6oneme ceerumoctr ComHua, €CAK €ro napainaxe
pasen 00037, a suanman ssesnnan seanunna 0.34? 3, Kaxosa
CPeHAf IOTHOCTL KPACHONO CBEPXIHIaHTA, €CAH €ro AnaMeTp B
300 pa3 Bonswe coamevroro, a mMacca B8 30 pas Gossiie mMaccs
Connua?

Q 29, TTEPEMEHHBIE M HECTAUMOHAPHLIE 3BE3A

Hapsmy C HCCICAOBAHHAMMH JABOMHBIX 3BE3J BAXHYIO pOJb
B Pa3sBHTHM npeiactasaeHuit o ¢u3n4eckoil npupoae 3se3n
CHIrPaIH HCCICNOBAHHA nepemennnx 36e3d. B otanuue or 3a-
TMEHHO-TICPEMEHHBIX Peub MACT O (H3IHYECKHX MNepeMeHHbIX
3BE314aX, Y KOTOPbIX CBETHMOCTD MCHSACTCA B Pe3yJbTare pas-
AHMHBIX IPOLECCOB, MPOHCXOAALMX HA caMoit 3Be3ne. B HacTos-
IICC BPEMA M3BCCTHO HCCKOJBKO NCCATKOB THICAY NEPEMEHHBIX
IBEIA PAVIMYHLIX THNOB. CBETHMOCTL HEKOTOPHIX MEHACTCH
CTPOIO MEPHOAHYCCKH, Y APYIHX NEPHOAHYHOCTE YacTO Hapy-
HIAETCA HIH HE CODIIOAAETCA TaK CTPOro, a ecTh H TaKHe, ¥ KOTO-
PHIX CBETHMOCTL MEHSETCA HernpasiuibHbIM 0Dpa3oM, H Moka He
YAAN0Ch HAlTH OnpeaeneHHbIX 3aKOHOMEPHOCTEl B ITHX H3MEHe-
HHAX.

1. My

CUDYVIOWIIEC NeDEMCH I
' !

K YHCITY MepeMeHHLIX 38e3/1 CO CTPOroi NepHOAHYHOCTBIO NPH-
HALIeXAT npexe Bcero yegheudst. OHu NOAYUHIH ITO HAIBAHKHE
MOTOMY, WTO NEpPBOi Cpeau 3831 3TOro THna Obula OTKpBITA
& Heden. 3ra knaccuueckan uedenaa MEeHSET CBOK CBETHMOCTH
¢ nepuonom 537 CYTOK, a aMIUINTYAA H3MEHEHUS CBETHMOCTH
NPUMEPHO ONHA 3Be3Han sesmanHa (puc. 5.23). Kak npaswio,
y uedenst 3ra aMmmMTya He npesuimaer 1,5 38e3tHoN BeanYu-
HBL, 3870 NMEPHOLL HIMEHEHHS CBETHMOCTH BECHMA PATIHYHLL OT
NECATKOB MHHYT I0 HECKOJILKUX JICCATKOB CYTOK, MPHYEM ITOT
NEepHOA Y HUX JIOATHE TO/L COXPAHAETCS MOCTOSHHBIM.
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Hsyuenue cnexrpos uedena
MOKA3WI0, YTO HIMCHCHHC CBETH-
MOCTH COMPOBOXAACTCA H3IMeHe-
HHAMH TeMnepaTtypsl M Jy4eBoi
ckopoctu (puc. 5.24). Dy nanHbe

3eeanmwe
BENNMHE

Iy

NMOKa3LIBAIOT, YTO NPUUHHON BOEMY g —1
ABAACTCA NYALCAINA  HAPYKHBIX Oy
cnoes 3ee3nsl. OHM NepHOIHYECKH 00000000

TO PACUIMPSIOTCH, TO CHRHMAIOT-
ca. Tlpn cxarum 3pe3sa Harpesa-
ercA W CTaHOBHMTCA fpYe, TNpH
PaclIHPEHHH €€ CBETHMOCTb YMEHb-
waercs. [To ey aeaa, uedenna —
IT0 NPHPOAHAA asToKOJAehaTeb-
Has cHcrema, «ChepHYecKHit Mma-
ATHHK», KOTOpBbIH wumeer cober-
BEHHYIO vacrory (nepuon) xoneba-
HHH.

Eme B navyane XX 8. Obu10 32-
MeyeHO: ueMm sipue uedenna, Tem
NPONOIKHTENBHEE  MEPHOJL  H3Me-
HEHWs . 8¢  CBETHMMOCTH. 3aBHCH-
MOCTB «ME€PHON — CBETHMOCTb», CY-  Puc. 5.24. Mpadmiu uamene-
wectsyowas y uedenn (puc. 5.25),  HuA CEETUMOCTH, NyHEBOA
MCNIONB3YETCA 1A ONpefencHus  CXOPOCTH W TEMAepaTypu
pacctosnmil B actpoHomuu. [lo- “SPEMA
AyyHB u3 HaGaoaeHuil MepHoa H3MEHEHMS CBETHMOCTH uede-
Wilbl, MOXHO Y3HATh €€ CBETHMOCTD, BBIYMCAMTL ADCOMOTHYIO
IBEIAHYIO BEAHYHHY M, & CPABHHB €€ ¢ BUAMMOM 3BE3AHOM BEJIH-
YHHOIT /71, BBIYHCINT PACCTOsIHME 10 38e3/bl 1o dopmyne:

lgD=02(m-M) + 1.

Lledennst — 310 3pEINLI-CREPXTHIAHTHI, OHH OBJANAIOT BhI-
COKOI CBeTHMOCTBI0. TaK, HanpuMep, CBeTHMOCTD LiedenIn ¢ ne-
puonosm 50 cyrok B 10 Thic. pas Goabme, yem y Connua. Onn 3a-
METHBI aXKe B APYrHX raakTHKAX, Nno3roMy uedemisl, KoTopbie
MOXHO HCHONBL30BaTh UIA ONpelefeHns Takux OoablmMx pac-
CTOAHHMH, KOrja roaMYHbBIH Napanakc HeBO3MOXHO H3IMEPHTS,
YACTO HA3BLIBAIOT «MasKaMu BeeaeHHO»,

Puc. 5.23. Kpuean Gnecxa
8 Uedean
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Puc. 5.25. 3a8MCUMOCTL «ne- Puc, 5.26. Kpuswe Gnecka Henpasuio-
pPUOA — CBETMMOCTE> Uedeunn HbIX NepeMeHHsIX 38830

3Be3asl, NYALCAUMA KOTOPBIX MPOHCXOAMT ¢ nepuoaoM Goas-
WIHM, SEM Y Hedenl, HAIMBAKTCA J0ANONEPHOAHYCCKHMN,

TTepron MIMEHEHHs CBETUMOCTH ¥ HHUX HE BHIACPKHBACTCH
TaK CTPOro, KaK y uedenn, u CoOCTaBAseT B CPEIHEM OT HECKOJIb-
KHMX MECAUEB N0 NMOJAyTOpa JIET, 4 CBeTUMOCTh MEHACTCH OYeHb
JHAYMTEJILHO = HA HECKOJIBbKO 3BE3AHBIX BEAHUMH. DTH 3Be3/bl
Hia Mups (0 Kuta) ssasiorcs KpacHsIMH FMIAHTAMM C BECbMa
NPOTAKCHHOH M XONOAHOH armocdepoi.

Y HEKOTOpBIX 3B€3J, CBETHMOCTL KOTOPBIX AOJrOe Bpems
OCTABANACH NPAKTHUYCCKH MNOCTOAHHOM, OHA BAPYr HCOXHAAHHO
nasaer, a uepe3 HEKOTOpOe BpeMs OMATh BOCCTAHABIAMBAETCH
Ha npexuHem yposHe (puc.5.26). Ilockonbky B armoctepax
TAKHX 3Be3/1 HahMOAETCA MOBLINEHHOE CONEPXRAHNHE YIepoaa,
NPHHATO CUHTATD, YTO NPUIHHON YMEHBIICHHA CBETHMOCTH 5B
nsiercst 0bpazoBaHMe ruraHTCKUX 061aKOB CaXkH, NOMIOWAIOMMX
CBET.

)
itH 1€ U CHEDAHOBLI 4 1

Hauunas ¢ rAyGOKOH APEBHOCTH B MCTOPHYUECKMX JIETOMUCHX
Pa3HBX HAPOAOB HEOJAHOKPATHO OTMEYEHBI CayYaH NMOSBJICHHA
3Be3n, BHIHMBIX HEBOOPYXEHHBIM I71a30M Ha TOM MecCTe, riae ux
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Puc. 5.27. Kpnewe Gnecka nosuix 3sean

3eeanHan senvNuHa
CWONODOHAWN—-O
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npexiae He 6su10. OCOOGeHHO YAHBHTEABHBIMHA ObLTH 3TH «HOBBIS»
3BE3/1bl, KOrAa OHW CTAHOBHJIHCH CTONb APKHMH, YTO MOT/IH Ha-
GmonaTbcs maxe AHEM. 3aTeM HX CBET MOCTENEHHO, B TevYeHHe
HECKONILKHX Mecsles ocnabepan HACTONLKO, YTO 3Be3Iy yKe
HeNL3A OLIIO BHIETH HEBOOPYXKEHHBIM raa3om. Hanpumep, B k-
TAHCKHX W ATIOHCKHX XPOHHKAX COXPAHWIHCEH CREICHHNA O «3pes3-
JIe-TOCThE», KOTOpaA BCnbixHyna B cossesnun Tensua s 1054 r. n
B TEYEHHe Tpex Hexennh DbuUla BHAHA JHeM, a “epes roj copep-
mwenHo «ucyeana». B 1572 r. yaurenn Kennepa Tuxo Bpare na-
Omopan B cossesuu Kaccuonen HoByio 3se3ny, Kotopas Ouuia
apue Benepui. B 1604 r. yxe cam Kenaep nabmiosan HOBYIO 3pe3-
Ay B CO3BE3AMM 3MCEHOCLIA,

B XX 8. Tmarensusie HaOmoAeHHA 3a 3Be3AHLIM HeDOM ¢
npuMeHeHHeM Qororpaduu NO3IBOAMAH YCTAHOBHTL, UTO TAKME
HEOXHIAHHLIC BCNBLIWKH HADMOARAIOTCA Y 3BE3M, KOTOpLIE IO
ITOr0 AOATOE BPeMs OCTABAINCH CAabbMH M He NPUBACKAIH K ce-
Oe BHMMaHue acTpoHOMOB., B HacTosee spemMst pauimyuantT Ho-
@bte W CAEPXHOGHIE RCTILIXUBAIONINE 3Be3/ILl. Y HOBBLIX 3831 CBEeTH-
MOCTB BO3pactaer Ha 12—13 3Be3aHbIX BENHUYHH M BbIEASETCH

IJHCPrusa 10 10” Ix. 3seana NpHOOPETACT MAKCHMAILHYIO AP~
KOCTb BCETO 38 HECKOJILKO CYTOK, @ ocnadJeHHe 10 nepsoHaqaih-
HOIO 3HAYEHMA CBETHMOCTH MOXET UIMThCA rogamu (puc. 5.27).
Jonroe BpeMs NPHUMHB BCHBILUICK HOBBIX 38311 OCTABAIMCDH HE-
noustueivi. [Nonoxenune wamennnocs, korna 8 1954 r. 6u10 06-



HAPYXEHO, 4TO OHA U3 HOBBIX 38e31 (DQ I'epkyaeca) apascres
ABoiiHON ¢ nepuoaom obpamenus seero 49 39 mun. Oane w3
KOMIMOHEHTOB — Oennill Kapauk, a Apyroit — KpacHasa 3se3na
rasHOH nocaenopareasbHocTH. M3-3a ux Gau3koro pacnosoxe-
HHA Ha Oesblil KapiaMK neperekaer ras M3 armocdepbl KpacHoro
Kapauxa. [To Mepe HakorieHns BOAOPOA IUIOTHOCTL M TeMnepa-
TYPa BHEWHHX C10eB 6e10ro Kapauka Bo3pacraer, CoO31alnTea yc-
NOBHA UIA HAYaNa TePMOSICPHBIX PeakUHid NpeBpalleHHs Boao-
poza B reanit. O NPOHCXOAAT HACTONLKO OBICTPO, YTO NpHOG-
pPeralnT xapakrep pipuina. [1Ipu 310M BHEMIHKUE CAOH 3BEIAN, CO-
craisiomue HeGOMbIYI0 HacTh €€ MacChl, PaclMpsioTes M
BhIOpacKBAIOTCA B KOCMIYECKOe nMpocTpancTso. MX csevenue u
HaOMIOAACTCH KaK BCNbILKA HOBOH 3Be3iabl. Takoe ABiCHHE MO~
XKeT NOBTOPATLCS € TECHBIMKM JABOHHBIMH 3BE3/1aMH HEOJIHOKpPAT-
HO:! ¥ OJTHHX Y€pe3 THICAYH, YV IPYTHX C H3IMEHEHHEM CBETHMOCTH
Ha 4—35 3BE3AHBIX BEIHYHH YCPE3 HECKOILKO AECATKOB JIeT,

HO B HECKOTOPBIX C/IYHAsX TAKOH NMPOLECe MOXKET NPUBECTH K
katacrpoe. Ecim npu neperexanuu semecrsa Macca Gesoro
Kapauka npessicuT npeaeasuyio (npuvepro 1,4 macent Connna),
TO NMPOHCXONT B3PHIB. TEPMOANCPHBIC PEAKUMH NPEBpPAaLLeHUs!
yriaepoaa # KHCJIOpPOIa B HHKEIb, KOTOPbIE MIYT C OrPOMHOM
CKOPOCTBIO, TMONHOCTLIO paspywaior 3se3ay. llpoucxoaur
penbinka CrepxHoBOit.

Benbitika  CBepXHOBOH 3BE3AM ~— THIAHTCKMH 110 CBOMM
MacirabaM BIPLIB IBEIALL, MPH KOTOPOM €€ CBETHMOCTE B Teye-
HIe HECKONILKHX CYTOK BO3PACTAeT B COTHM MUJLTHOHOB pas. IMpu
BCTIBIIIKE BHINEACTCA SHEPTHA NOPAIKA 10% J1x, wro NPUMEPHO
pPaBHO 3HepruH, KoTopyio ColHLe MOXET H3TY4YHTD 3a BCe BpeMs
CBOCIO CYMIECTBOBAHHA. TCOPETHYECKHE PaCyeThl, Pe3yibTarhl
KOTOPBIX XOPOLIO COFIAcyioTcs ¢ HabaoaaTeAbHBIMH TaHHBIMM,
NO3BOAMAH COCTABMTL JIOCTATOMHO NOJHOE [MpeNcTaBienne o
Npoleccax, MPOHCXOASIINX B TEX CBEPXHOBBIX 3Be3/1aX, Macca Ko+
TOPBIX B JIECATKH pa3 npesocxonut maccy Connua. K MoMmeHTy
BCOBILIKH B HUX MOJHOCTBIO HCUEPIaHbl BO3MOXHOCTH MpoTe-
KaHHA TCPMOANCPHBIX PCAKUH, DBOMOLUMA TAKHX MACCHBHBIX
3B€3]1 — ITO HENPEPLIBHO YCKOPAIOIMHCH NPOLECC YBEeAHYEHHS
TEMNEPATYPhl H MJIOTHOCTH B ALPE IBE3LbI,

Ha nporaxenun Gonbwei yacty xu3nn moboil 3se3anl oc-
HOBHBIM HCTOYMHHKOM €€ IHCPIHM CAYKHT TCPMOSUCPHBIA CHHTES
reams w3 sofopona. B 3sesgax ¢ Bonbmoi mMaccoil ata craaus

-——
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VIMTCH HeCKOABKO MuumoHos ser. Koraa sanacel Bogopona B
IBEIMHOM AAPE MCTOLLAKTCH, OHO CKHMACTCH M Pasorpesaeres
HACTOILKO, YTO M3 Tresiusi HAaYHHAET CHHTEIUPOBATLCA YrAepoa.
Ora craans 3auumaer okono 500 Teic, mer. 3arem Bo Bece bGonee
HAPaCTAIOIIEM TEMIE NOCAEIOBATEILHO NPOXOAAT PEAKUHH CHH-
T€3a, B KOTOPLIX ywacTsywr yraepon (600 ner), weon (1 ron),
Kucaopoxa (6 mecsaues) 1, HakoHew, kpemuuii. Ha nocaeaneii cra-
AMMH, KOTOPAs IVIMTCA BCErO CYTKH, H3 KPCMHMA CHHTCIUPYETCH
Keneso. Sapo xesnela cBA3AHO CHILHEE APYrHX AAep, NoIToMy
AANbHEHIIHH CHHTE3 CTAHOBHTCH HEBO3MOXKHBIM, TIOCKOJILKY NPH
ITOM IHEPIUA N0/kHA Obuta Obl HE BRUIEASITHEA, A NOIOIIATLCS,
JInmenHoe HCTOYHHKOB IHEPTHH AAPO HE MOXKET NMPOTHBOCTOATH
IPaBHTALIMOHHBIM CHJIAM M Xoarancupyem (karactpoduyecku
CRUMAETCA) 38 HECKONBKO MUAIHCEKYHI. Ha KoHeuHOH craauu
KOAJanca UeHTPaAbHaA YacTh SAPa IBE3Ab CXHMAeTca 10 IIoT-
HOCTH SJAEPHOrO BEleCTBa.

Bckope nocsie Toro, Kak AApPO NPEKPaTHT CHRHMATBLCHA, Ha-
PYXHbIE COM 3B€3/1bl, KOTOPLIE HE YYacTBOBAIM B 3TOM Karacr-
poduueckom cxartuu, ynaiyt Ha Hero. Ilpu yaape o sapo mior-
HOCTL M TEMNEPATYPA BENIeCTBA ITUX CIOCE PEe3KO BO3PACTYT.
D10 NOPOXAAST MOUIHYIO YAAPHYIO BOAHY, KOTOPas JBHXETCA
HAapyXy o ckopocThio He mexee 30 000 km/c u cprisaer co 3pes-
A6l SONBIMYIO YaCTh MACCH. B HEKOTOPLIX CAYHAAX BEIIECTBO NOJ-
HOCTBIO PacCceHBaeTcs B KOCMHUYECKOM MPOCTPAHCTBE, a HHOrAa
Ha MECTE 3BE3/1bl OCTACTCA IVIOTHBIN OCTATOK e¢ suapa.

B 1967 r. BLIBOIBI TEOPHH MOAYYHAW BEChbMa HEOXHIAHHOE
noarsepxnexue. B cossesnun JIncHuky rpynna anramiickux pa-
AHOACTPOHOMOB ODHApYAXMJIA MCTOMHHK HCOOBIMHBLIX PaLHO-
CHIHAIOB: MMIYJLCH NPOAOEKHTENLHOCTEIO okouio 0,3 ¢ nosto-
paauch vepes Kaxasie 1,34 ¢, npuyeM NepHOANYHOCTL HMITYJIb-

COB BhIACPAMBATACH ¢ TouHOCTBIO 10 107" ¢. Tak Gbur OTKPHIT
nepsbifl nyaseap, KOTOPHIX B HACTOAIICE BPEMA HM3IBECTHO yXe
okos0 500,

Cpasy xe nocne OTKpbITHA NyJabCcapos Obi0 BHICKA3aHO
NPEANOJIOKEHHE O TOM, YTO OHH ABIAIOTCA OBICTPOBPAIIAIOILIH-
MHCSI Heumpounsimu 3sesdamu. HUinyuenue nyiscapa, KOTopoe
MCIYCKACTCA B Y3KOM KOHYCe, HAO/OAaTe/Ib BHANT JIMUL B TOM
CAYYae, KOria NpH BPallCHUM 3BC3ALI 3TOT KOHYC HAIIPABJICH Ha
Hero nofobHo csery Maska. BeinecTso mynbcapoB COCTOMT M3



gggrponoa, o0pasoBaBLUIMXCH [PH S
JIMHEHHH [TPOTOHOB C MIEKTPOHA- 400 e
MH, TECHO NPHXaThIX APYr K Apy- OnTMuecKR
Iy rpaBHTaLHOHHBIME ciHAaMH. [una- Panrrenoncsmi
METPbl  TAKMX HCHTPOHHBIX 3BE3N
seero 20—30 km, a noTHOCTL OAK3-
K& K SACPHOH M MOXET NpPeBbILATE

10" kr/m”. Takum obpazom, He#HT-
POHHbBIE 3B€31bl ABAAOTCA OJAHHUM H3
Tex o0LeKToB BO BeeneHHoU, Koto-
pbie MPEeIOCTABASIOT Y4YCHbIM BO3-
MOXHOCTBH H3y4aTh noBeleHHe pe-
IECTBA B YCJAOBMAX, NMOKA HEAOCTH-
KHMBIX B 3eMHBIX TabopaTopHsXx.

Hccnenoanns noKasauy, Yro nyabCcapbl ABAAIOTCA OCTATKA"
MH CBEpXHOBBIX 38e3l, OuHH H3 nyascapos Oun 0OHApyXKeH B
KpaGosuaHoili TymMaHHOCTH, KOTOpasa Habmiojgaerca Ha mecre
senbiiky Ceepxxosoit 1054 r. Ero uasyueHue B ONmHYeckom, pa-
AHO- M PCHTICHOBCKOM AHANA30HAX HIIYUCHHA MEHACTCS C NepH-
ouoM, pasuem 0,033 ¢ (puc. 5.28).

Haubosee yHukainsHbie 0DBLEKTH, MOAYYMBUIME HAlBaHWE
wepublx Obip, NONKHBI BO3HMKATH, COTMACHO TEOPHH, HA KOHEY-
HOM CTAAMH IBOMIOLINH 3BE3/1, MACCa KOTOPBIX 3HAMHTENLHO npe-
BBIUAET CONHEUHYIO, ¥ 00BbeKTa TAKOH MACChl, KOTOPBIH CXuUMa-
€TCA IO PA3MEepPoOR B HECKOALKO KWIOMETPOB, NOJE TANOTEHUs
OKAa3LIBAETCA CTONL CHJIBHBIM, YTO BTOpas KOCMHYEcKas CKo-
POCTH B €r0 OKPeCTHOCTH 10/KHA Obina Obl NpesbIaTh CKOPOCTH
ceera. Crano OuiTh, 4epHYIO ABIPY HE MOTYT NOKHHYTH HH HacTH-
Ibl, HH [aXe MINYUCHHE — OHA CTAHOBMTCA HeBMAMMON. Bos-
MOXHOCTH OOHAPYXHTL TAKOH OOBEKT CYNIECTBYET JAUIIL B TOM
cay4ae, KOra 4epHas Abipa OKa3biBaeTCA OHHM H3 KOMIOHEH-
TOB TECHOI ABOIHOM 3B€3aHONH crcTeMbl. MolIHOE rpaBHTALMOH-
HOE M0/1¢ YePHOH AbIphl CNOCOOHO BLI3BATH NAJCHHE HA HEE rasa
H3 aT™MOChEepbl APYro# 3BE3/bl, BXOAAWEH B 3TY CHCTeMY. ['a3 npu
NaJCHHH HA YEPHYIO ABIPY HArpeBaerTcs A0 BHCOKOH Temnepary-
Pbl H 13T PeHTreHoBCKoe HinyueHue. UMEeHHO 3TO ninyyeHue
no3soaser 0DHAPYXHTh CYLIECTBOBaHUE YepHOill Abipbl. B Ha-
CTOSILCE BPEMS M3BECTHO HECKOJIBKO ACCATKOB PCHTICHOBCKHMX
HCTOYHHKOB, B COCTAB KOTOPBIX MOIYT BXOAUTL YEPHBIC LIPS,

Puc. 5.28. Nymcap
8 KpaGoenaHoil TyMaKHocTH



Haubosiee BepoATHBIM «KAHAHAATOM» CPEAN HUX cuuTaercs Je-
Gean X-1.

Bennie KapanKn, HEeHTPOHHBIC 3BE3/b M YePHBIE ALIPLI ABAA-
I0TCS KOHEMHBIMH CTAAHAMH IBONIOLNH 383/ Pa3IHIHONR Macchl.
H3 semectra, KoTopoe GbUIO NMOTEPAHO UMH, B MOCIEAYIONIEM
MOryT o0pa3osmiBaThCs 3Be3Abl HOBOro mnokonexus. Ilpouecc
QOPMHPOBAHUA M PAIBUTHA 3BEIL PACCMATPHBACTCA B HACTON-
liee BpeMs KaK OIMH M3 BaXHEHIMX MPOLECccoB IBOMIOLHH
IBEINMHBIX CHCTEM — raNakTHK — K Beenennoil B nenom.

BOHIP O

'\sgr L [lepeumcante M3nECTHLIC BAM THUMBE NEPCMEHHBIX
. 3mean, 2. [Mepeuncirre BOIMOXHBIE KOHETHBIE CTALHI IBOIOLHH
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~ L) M3BOAIOLIMS BCEAEHHO

1. Maeusism Ty ! | :nn:m‘

rlpaxmtlecxu BCe OOBLEKTHI, KOTOPLIC BHAAT Ha Hebe Heroopy-
KEHHBIM I7Ia30M XUTeIH cpeannx umpot CesepHoro noaymapus
3eMaH, COCTABMAIOT CAHHYIO CHUCTEMY HEGECHBIX Tea (rIaBHbIM
obpa3om 3se3n) — nawy l'anaktuky. M3 ynciaa stux o0bexToB B
cocras NaakTHKM He BXOAMT JMib ¢1abo 3aMeTHOe TyMaHHOe
MATHO, BUIMMOE B CO3BE3IMH AHIPOMEIEI W HANOMHHAIOMIEE Mo
dopme naams CBeUM, — TYMAHHOCTL AHAPOMEbl (CM. pHC. 2 Ha
userTHoii Bueiike XVI).

XapakTepHoil 1eTansio 3se3nHoro Heba apaserca Maeunsiit
I1yTh, B KOTOPOM yXe nepsbie HabMOACHHS C MOMOIBIO TEJIECKO-
4 NO3BOJMIM PAIHYUTL MHOXECTBO CcaalbiX 38e31 Hawed Ia-
nakTHkH. Kak s moxere camu ybeaurses B mobyio schyio des-
AYHHYIO HO'b, OH NPOCTUPACTCs uepes see Hebo creroii beneco-
BaTO# MOAOCOH KI0YKOBATOH (hopmel (prc. 6.1).

Hanes o oM, 110 BeeseHuas uMeer «OCTPOBHYIO» CTPYKTYPY,
HEOAHOKPATHO BbICKasbiBanack B npouvioM. OaHako Aume B
koHue XVIII 8. I'epueas npeuioxut nepsyo Moaeab CTPOCHUs
Haweit Fanakruku (puc. 6.2). Ha ocHose noacueros 3sesn B pas-
AMYHBIX yvacTKax Heba OH YCTAHOBMI, YTO X YHCIO M0 Mepe
yaanenus ot Maeunoro [Tytu pesko yoeisaer. [o ero pacueram,
crabuie 3pe3nnt Maeysoro TTytH BMecTe ¢ ocTasbHbBIMK, Donee
SAPKHMH 0DpasyioT eaMHYIO 3Be3AHYI0 CHCTEMY, HAMOMHHAIOLYIO
110 GOpME AMCK KOHCUHBIX Pa3MEpOB, AMamMerp Kortoporo boaee
ueM B 4 pasa npesbIIAeT ero TOAHHY.

1 ¢
TepMHH «rafakTHKa» NPOUCXOMHT OT I'PeYeckoro caosa galaxis, ko-
TOPOE O3HAYACT «MOJIOHBIH, MAC THBI»,



Puc. 6.1. @ororpadun Maeunoro Myt

OxonuarensHoe «OTKpuTHe» Haled [anakTHK# CcBA3aHo C
obunapyxensem B 1923 r. B TYMAHHOCTH AHAPOME/ILI HECKOJILKHX
uedpenn. Habmonenue uedena nossognI0 ONpeaeanTs paccTos-
HHE /10 Hee ¥ OKOHYATeIbHO YORIHIIO YYEHBIX, YTO 3TO HE NPOCTO
TYMAHHOCTB, a Apyrad, noaobHaa Hameh 3seanHas cucrema. Ha-
IBAHWE «TaNakTHKa» ObIIO JAHO BCEM TYMAHHOCTSIM, Haxoas-
mmMMen 3a npeaenamu naweit Fanaktukn. Cornacuo cospemen-
HEIM JIAHHBIM, T8 FAIAKTHKA HAXOMMTCA OT HAC HA PACCTOAHHM
HeMHOIruM DoJsiee 2 MAIH CB, JICT,

Yenexu B uccaenopanny Hamed 'ajakTHKH B 3HAYHTENBHOM
CTENEHH CBA3AHBI C H3YUCHHEM TYMAHHOCTH AHAPOMEIB H ApY-
rix ranakTik. Mx cpasrense ¢ IanakTHKOH MO3BOMNIO BHISABHTS
MHOTHE YepThl €€ CTpoeHuA. B 4acTHOCTH, NOCKOALKY Xapakre-
PHCTHKHM M YHCIO 3BE3J, pasMepbl ¥ HEKOTOpuie aApyrue ocoben-

Puc. 6.2. Crpoenne Manaxruxu (moaens Mepwenn)



HOCTH CTPOCHHS Hawei aNaKTHKH OKa3a/IMCh CXOAHBIMM C LaH-
HBIMH, NIOJIYYCHHBIMU U1 TYMAHHOCTH AHUPOME/IbI, €CTECTBCH-
HO DBLUIO NPeANoAOXHTSL, YTO TaK Xe, Kak i ITa ralakTHKa, Haua
HMeeT crupansuslie pykasa. B nocaeaywouiem ueneHanpanien-
HbBIE HCC/IEIOBAHKS NMOATBEPAWIH ITOT (DaKT.

Hawm 3HaHHA 0 pasMepax, cocTase H CTpykType FasakTHku
NnoJy4YeHs! B OCHOBHOM 3a nociaeanue aecatHiaerus Oaarogaps
HCNOIL30BAHKIO DONBILKX TENECKONOB, KOTOPHIE MO3BOIMAR H3Y-
yaTh crabbie 38e3abl M apyrue nanekue oObexTnl. buino onpene-
AICHO, YTO B €€ CTPYKTYPE HPOCACKMBACTCH ROPO M OKPYRKAIOIUME
ero dee cucmemst 36e30: duckoobpaznas w NoYTH chepuyeckas
canaxmuseckan xopona (rano). [Nepsas pxiovyaer sHauMTENABHOE
YHCHO 3Be3/l, KOHUEHTPAIMA KOTOPLIX BO3PACTAET MO Mepe npu-
OaMXKEeHHMS K rafakTHYecKoH 1uockocTH. Menee MHOroumciaeH-
HBIE 3BE3/bI BTOPOH MMEIOT KOHUEHTPALMIO K aapy. Maeunnii
IMyte, KOTOpHIH OOpa3ylOT 3BE3NALI ANCKA, ONoAckBaeT Hebo
BaOAL GOABLIIOrO KPyra, a 310 03HavaeT, 4ro ConneyHas cucrema
HaxoauTCs BOAM3M ranakTHuecko raockocti. dnameTp Hamein
Fanaktuky — okono 100 Twic. ¢s. ner (30 Toic. nk). Yncno 3se3n B
HeH, o pasHeiM oneHkam, or 200 mapa no 1 tpasd. Ouu cocras-
nsmot 98% obuieit maccs I'anakTuky, a ocrapmmecs 2% — mex-
3BE3AHOE BEUIeCTBO B BHAE ra3a W MbIAW, MPH 3TOM MBUIH MPH-
mepHo B 100 pa3 MenbLue, ueM rasa.

Hcenenoranua FanakTHKH, NPOBEIEHHEIE BO BTOPOH mnono-
BHHE XX B., MO3BOJHAM TaKKe BHIABHTH B3aWMOCBA3M 3BE3A H
MEX3Be3HOTO BEIIECTBA, CBHACTENLCTBYIONIHE O MPOLIECCax 3BO-
MOLUHH, KOTOPLIE MPOMCXOANAT B ITOH CHCTEME HA MPOTSIKEHHH
MHUIMOHOB W MuuMapaos Jer. Iloche Toro Kak BHACHHIOCH,
YTO HCTOYHHKOM JHEPIHH 3BE3N ABNAIOTCA TEPMOAACPHBIC PeaK-
LHH MpeBpalleHHs BOAOPOAa B reJIi, CTAIH BO3MOXHbBIMH pac-
YeTh! CPOKOB MX CyLLeCTBOBaHMA. BoluncaeHns nokasam, 4ro 3a-
1acos Boaopoaa y Haubonee ApKMX 38e31 XBATHT HE Gosiee ueM
Ha HCCKOJIBKO NCCATKOB MHLIHOHOB Jiet, Okasanocs, 4ro B la-
NAKTHKE COCYUIECTBYIOT KaK OYeHb CTaphie 3Be3/ibl, BO3pacT Ko-
TOPHIX NPHOAMIHTENBHO 15 MAPJL ST, TaK H 0YeHb MOIO/LIE, BO3-
pact kotopsix He npessitaer 100 Tuic. aer. Crano oueBHAHO, YTO
obpasoBaHKe 3831 JO/KHO IPOHCXOANTH MOCTOAHHO, & 3BONIO-
110 FalakTHKH, 110 CYTH JIe)1a, MOXHO CUMTATE HCTOPHEH NPoMc-
XOAAIIEro B Hei npouecca 3se31000pa3opaHus.



KRK Bbl YAC 3HACTC, MHCHO OAMHOMHBIX 3BC3[1 MCHbLLUC, “CM
3B€3/1, COCTaBNAIOMUX ABOHHBIC H KPaTHBIC CHCTEMDI. KpOMC TO-
o, B lanakTuke CYLICCTBYIOT PA3IHYHBIC 11O MHCJICHHOCTH 00b-
CKTOB M 110 CBOCH (bUpML‘ CROIVICHMWA 3BCI,

3se3nH0e CKONACHNE — TPYNNA 3BE3/1, KOTOPHE PACHON0KeHs!
GAM3KO APYr K APYTY H CBA3AHBI B3AHMHMM TATOTEHHEM.

PazauualoTca aBa BMAA 3BE3AHBIX CKOIUIEHHH: waposne W
PACCESHHNE.

B paccesannnix ckonienuax 3ue3n OTHOCHTENBHO HEMHOTIO —
OT HECKOJILKMX JICCATKOB A0 HECKOMBKHX THICAY. CaMbiM H3BECT-
HBIM PacCesiHHbIM CKOIIeHHeM sBasioTes [Liesasl, BHaAHMbIC B
cospesnuu Teabua (em. puc. 1 Ha uservolt sraeiike XV). B 1om
XK€ COIBEIIMH HAXOAMTCS ele 0AHO cKonienue — I'naau — Tpe-
YroAbHUK K3 crabuix 3se3n sbansu apkoro Ansaebapana. Yacrs
IBE3N, OTHOCALIMXCH K Co3pe3nnio boabmon Measeanunt, TaKxe
COCTaBNAET pacceaHHoe ckonaenue. [pakTHyeckHn Bce ckorue-
HHA 3TOro THNA BHAHL! BOH3KM Maeunoro Ilytn. M3secto oko-
70 1200 paccestHHBIX CKOMACHMI, HO cunTaeTcs, uTo ux B [anak-
THKE MOXET ObITh B HECKONILKO AECATKOB pa3 bosbiie,

Llapoesie 3¢e30nbte CKOIUIEHNSA HACYHUTHIBAIOT B CBOEM COCTa-
BE COTHM THICHY M JaXe MHUIMOHBI 3Be3n. JInwb aBa w3 HUX —
B cosse3max Crpensua u Fepkyneca (puc. 6.3) — MOXHO € Tpy-
[A0M YBHJIETb HEBOOPYXKEHHLIM rJia-
som. Lllaposeie ckonuienusa pacripe-
aeasorca B l'anakTHkKe no-MHOMY:
Oonbluas YacTs pacnosoxeHa sdau-
3M CC LUCHTPA, & 110 MEPe YAAICHUA
OT Hero MX KOHIEHTpauus B npo-
crpancTee ymeHbwnaerca. Hisect-
HbIX CKOIUICHMH TAKOro THNa oKoJo
150, HO OYEBMIHO, YTO 3TO TOJLKO
HeDOosIbLIAs YAaCTh CYIUECTBYIOWMX B
Haweil FanakTuke.

Pas/iuuua ABYX THIIOB CKOILUIC-
HMH KacaloTcs TaKkXe HX 3Be3AHOIN0  Puc. 6.3. Waposoe 3se3n-
«Hace/ eHuA», B coCTas paccesiHHbIX  HO@ Ccxonnexwe M13 8 co-
CKOMJICHMI BXOMAT B OCHOBHOM  38€3dnwm lepxyneca




3pe3abl, oTHoCsWwHecs (Kak M ConHue) K raasHOH nocaenosa-
TEJABHOCTH, B WAPOBBIX — OYEHb MHOIO KPacHMIX FHUTaHTOS M
CyOruranTos.

3ne3nHbie CKOMNeHHA ABHANCH TAKUMH ODBLEKTaAMH, NIPH H3Y-
YEHHH KOTOPBIX ACTPOHOMB! MOAYYWIH PEAKOCTHYIO BOIMOXK-
HOCTB OCYINECTBHTL CBOC0DpasHbii akcnepumenT. [lpu nposene-
HHM HAYYHBIX HMCCICAOBAHMI 3a1aYa Hepeiko 3aKnoyaercs B
TOM, YTOOBI, HIMEHAA KAKOH-TO OJIMH napaMeTp (HanpuMep, Tem-
neparypy) ¥ OCTasiss BCE OCTANbHBIE HEH3IMEHHBIMH, HIYUHTD,
KaK 3T0T rapaMmerp BAMACT Ha xapakrep Habmojaemoro ssJe-
HUA. s BCEX 3BE3M NAHHOIO CKOMACHHA NOCACAHUE 1BE U3 TPEX
OCHOBHBIX XaPAaKTCPHCTHK 3BE3J — MACCHI, XHMHYECKOr0 COCTaBa
H BO3PACTa = MOXHO (B nepsoM nNpubAHAKEHHH) CUMTATH OIHHA"
KoBbIMH. OUeBHAHO, YTO 3TH 3BE3bl HE CAYYaHHO OKA3aaHCh B
OJIHOM MECTe, a CKOpee BCero Korua-1o obpa3oBainck BCE BMECTE
H3 OJIHOrO M TOro Xe semecrna. CrefoparensHo, Habmonaemoe
PAIHYHE UX CBOMCTE ONPENEIsieTCs TONBKO TeM, YTO IBONOUMS
3BE3M, PANIMUHBIX 110 MAcce, NMPOMCXOAMT MO-pasHOMY. 3710
HaMHOro ofJsiervaer 3ajavy CpaBHeHHS BhIBOAOB TEOPHHU BHYT-
PEHHEro CTPOEHHA M IBOMIOLIMH 38311 ¢ pesyabTataMu Habmoe-
HHH.

OKa3anoch, 410 CPeaH XOPOLIO M3YUCHHBIX 3BE3AHBIX CKOI-
nexmit (ux okos10 500) HET HK OMHOrO, 1S KOTOPOro AHarpaMma
«CMeKTP — CBETHMOCTb» MPOTHBOpPeunaa Obl BHBOJAM TEOPHH
IBE3NHOH IBONOLIMK.

Taxkum obpasom, paznnuns CKOTUICHUH ABYX THIIOB 0OBACHS -
I0TCSl, COIJACHO COBPeMEHHBIM MNPeACTABICHHAM, paszinyueM
BO3PACTA 3Be3/1, BXOAALIMX B HX COCTaB, a CJAeA0BATEABHO, H BO3-
pacta camux cKorulensii. Pacyersl nokasaum, 4ro Bo3pact MHO-
[HX PACCEAHHBIX CKOIUIEHHH NPHMEPHO 2—3 MJIpA JIeT, B TO Bpe-
M KAaK BO3PACT WAPOBbIX CKOMACHHUA 3HAUMTENbHO OoablIC M
MOXeT aocTurats 12—14 mapa Jer.

Fpynnuporky HanGonee MONOIBIX 3B/ MOJYYHIH HAIBAHWE
36e30umx accouuanui, Boapact HEKOTOPEIX H3 HHX HE NMpPeBbila-
€T MHJUTHOHA JIeT. ACCOUMALIMM CYIIECTBYIOT HEAOTO (MO KOCMH-
uecKHM Mepkam) — seero 3a 10—20 min seT oHM paciMpsIoTCs
HACTONBLKO, YTO HX 3Be3/Ibl YK€ HeBO3IMOXHO BLIIENHTh Cpeau
APYIrHX 38€34.



Cywectsosanue B [alakTHKE 3B3AHBIX CKOIUICHHH H aCCOLM-
AUMIA CAMOIO PalIMYHOIO BOIPACTA CBHUCTEALCTBYET O TOM, 4TO
3BE361 POPMUPYIOTCS HE B OAMHOYKY, & IPYIIIAMM, & CaM TPOLIECe
3se3n000pazosanns MPOAOIKAETCA H B HACTOALIEE BPEMs.

Y. Mewiaseguan cpena

i Al

Mexaseannoe pemecrso pacnpeneneno B obneme FanakTvky
BechMa HepasHoMepHO, OCHOBHAA MACCA rala M NbUIK COCPeo-
TOueHa B choe Hebonumoi Tomumus (okoao 200—300 nk) poam-
3u mockoctH Maeunoro ITyri. Mecramu 310 BemecTno cryuma-
eTcs B OrpoMHbIe (HAMETPOM COTHH CBETOBBIX JieT) obnaka, Ko-
TOPHE 3aropaxXuBaloT OT HAC PACMONOKEHHBIE 33 HUMK 3BE3/bI.
HmenHo Takue ofnaka HabmonaloTes Kak TEMHbIE NPOMEXYTKH
B Maeunom TTyru (cm. puc. 6.1), KoTopbie 10Ar0€e Bpems CUnTa-
JHCH ODNACTAMM, TI€ 3BE3I/1 HET, a NMOTOMY HYepe3 HHX MOXHO 3a-
raHyTh 3a npeaeast Maeuworo [y,

Camoe Goabioe u 6an3koe K Ham 001aK0 BBI3HBAET XOPOLIO
JameTHoe pasasoedue Maeunoro Ilyru, KoTOpoe NPOTSHYIOCH
or coaseaaus Opna o cozseanus Cxoprnnona, OHO NOKA3AHO Ha
Kaprax 3se3anoro Heba (cm. «Ikonsmeii acrpoHoMHYecKHit Ka-
JNeniaphb»).

Ceer 3Be3ll pacceMBacT M 1OMJIOWACT KOCMUYECKas [bUIb,
HACTHLLI KOTOPOH 110 CBOMM pa3MepaM CPasHHMbI C JUIHHOH CBe-
TOBOH BOAHLL. HacTHULl TAKOro pasMepa CHabHEe NorjiomanT
bonee KOpPOTKOBOAHOBOE HINyYeHHe B cuHe-puoaeToBoil YacTi
CreKTpa; B JUIMHHOBOJIHOBOH (KPacHO#) ero 4acti norjaomen1e
caabee, noatomy Hapaay ¢ ocrabienueM cpera aalekHx obbex-

Puc. 6.4,
Pacnpeaenenre
HHTEHCHBHOCTH

PAOMOKINTYYEHHA
no neby




ToB Habmoaaercs ux nokpacHenue. IIbIMHKH MMEIOT pasany-
HbIA XUMHYECKUit cocras (rpaduT, CHIMKATDI, ICA ¥ T.11.) H 10~
BOJILHO BHTAHYTYIO hopmy.

B o0nakax KOHUCHTpaUMs MaCcTHLL COCTABASET BCCro He-

CKOAILKO JAECATKOB aTomMoB Ha 1cm”. B NPOCTPAHCTEE MEXAY
obrakamu ona no kpaiineit mepe B 100 pas mensiie, yem B
ofsakax. Macca nbu COCTABASIET BCEro HECKONLKO NPOLICHTOB
MACcChl ME@X3IBEIMHOTO BENIeCTBa, COCTOAIMEr0 B OCHOBHOM H3
MOJIEKYAPHOTO BOAOPOAA C HEDOMBIIHMH NMPHMECAMH APYIHX
rasos. Ho naxe Crojb Manoe CcoNCpXaHHe MbUIM NPH TexX
OrPOMHBIX PACCTOAHMAX, KOTOPBIC MPOXOAUT CBET OT AANEKHX
3Be3], BbI3bIBAET €ro 3HauMrTenbHoe ocaabnenue. B cpeanem
OHO cocrapaser 1,5 spe3anoi sesmuunbl Ha 1000 nk, a s obua-
Kax mMoxer pocrvrars 30 3seaaunix sennunn. CKBo3b Takyio 3a-
BECY M3JyYeHHE B ONTHYECKOM [IHana3’oHe MNPaKkTHYUecKH He
NPOHUKAET, YTO, B HACTHOCTH, JMIIAET HAC BO3MOXHOCTH
YBHIEThE AApO [anakTHKH, KOTOpOE€ MOXHO H3y4aTh, TOJBKO
npuHMMan ero uHdpakpacHoe W paamonsayuenue. Takum ob-
Pa3’oM, MEX3BE3IHOC MNOIMOLICHUE CBETA JHAMMTENLHO OCAOXK-
HAET M3y4YeHHe CTPYKTYpbl ['alakTHKH M pacrnosioXeHHs B He
3Be3N.

Bropas CJIOXHOCTE 3aKMI04aeTcs B TOM, YTO Dojee nosoeH-
HBI MEX3BE3AHOrO BemecTsa B ['anakTuke cocrapaser HeliTpaib-
HbIH BOAOPOL, KOTOPBIA HE CBETHTCA CaM M HE NOIJIOWALT CBET,
Ceeagenns 0 ero pacnpepenenuy B l'anakrike ObUM noaydenst
Diraronaps paaHoOacTPOHOMHUYECKHM HOCAEN0BAHHSIM, IPH KOTO-
PHIX YAAJOCH HCNOABL30BATE 0COBEHHOCTH CTPOCHUA ATOMA BONO-
pona. Okazanoch, 4T0 OCHOBHOW YPOBEHbL IHEPTHH ITOrO aToma
uMmeeT asa noayposHa. [Ipu nepexone ¢ 0AHOrO U3 HUX Ha Apy-
roll MPOMCXOINT HCTTYCKAHHE KBAHTA C YACTOTOU, COOTBETCTRYIO-
meH unHe Boastl 21 cM. B KaXaoM oTaeabHOM atome TaKoii ne-
PEXOl NPOMCXOAMT B CpeaHeM OuH pa3s 3a 11 muH ser, Ho Oaaro-
NApA TOMY, Y4TO BOAOPOI COCTABIACT OCHOBHYIO MACCy BeUIECTBA
lNanaxTukH, paamoninyuenne Ha soave 21 oM okasmiBaercs n0-
CTATOMHO MHTEHCHBHBIM (pHc. 6.4).

HMenno no paaqousny4eHuio Boaoposa ObUIM BbisBJICHEI
CMHPAJbHLIE BETBM, BAOAb KOTOPHIX OH CKOHUCHTPHPOBAH
(puc. 6.5). CnupansHas CTPYKTYpa B TAJaKTHYECKOM JUCKe
NPOCNEXUBACTCA, XOTA U HE TaK HANEXKHO, Mo ApyruM obnek-



Prc. 6.5,
Cnupansnaa
cYpyxTYpa Manax-
THKH NO PAAKON3-
NYNEHHIO

TaM: ropsuuM 3se3naM Kaaccos O u B, a Takke CBETABIM TY-
MaHHOCTAM. COJHUC HAXONHMTCA MNOYTH MOCCPEAMHE MEXIY
ABYMA CIIHPAIBHBIMU BETBAMH, YAAICHHBIMH OT HErO NPUMEPHO
Ha 3 ThiC, cB. JieT, OHN HA3BAHB! MO UMEHH CO3BE3ANIE, B KOTOPbIX
JaMeTHBl WX ywactkw, — pykae Crpessua w pykas [lepces.
[To COBpEeMEHHLIM NPEICTABNEHHAM, CIHPAILHLIC BETBH ABAA-
I0TCA BOJMHAMM TUIOTHOCTH, MPHYEM ABHAXYTCA OHH BOKPYT LEHT-
pa I'a1akTHKH C NOCTOSHHON YIIOBOH CKOPOCTBIO HE3ABHCHMO OT
3se3n u aApyrux obwextos. [lpwpony cnupanbHeiX BeTeif yaa-
70Ch BBIAICHWTD, H3Y4as He TOJbKO Hally, HO H APYTHe CXOAHbIE
C HEIO raJakTHKH, O KOTOpBIX OyAeT paccKasaHo aanee.
Du3nueckHe yCIoBHS B MEX3BEIMHOH Cpene BechMa pas-
HOOBPAa3HL, MO3TOMY [aXe CXOAHME M0 CBOCH npuUpoae w
Gau3kMe No cocrasy rajonsuiessie 00Jaka BHINASAST 10-pas-
HoMy. OHM moOryr HabMOMATHCA KAK TEeMHbLIC TYMAHHOCTH,
Hanpumep sechMa rnpumesarenstan no gopme Konckas lNososa
B cozeessmr Opuona (cM. puc. 3 Ha upernoi srieike XIV).
Huoit sua npuobperaer obaako, ecnrn nobaM30CcTH OT Hero Ha-



XOAWTCS JOCTATOMHO sipKas ropsuas ssespa. [Teuib, BXoasiuan
B cocrap 00aKa, OTPAXACT CBET ITOH 3Be3abl, H 00JIAKO Bbi-
TASINT KaK CBET/Iasi TYMaHHOCTh, CNEKTP KOTOPOii COBNajiaer co
crniekTpom 3se3anl. Ouenb ropsume 3sesant (C TemMnepatypoit
20 000—30 000 K), xoropsie 0B1aaa0T 3JHAYHTENLHBIM YALTPA-
(pHONETOBBIM M3MYYEHHEM, BBI3HIBAIOT BHAMMOE (yopecueHT-
HOE CBEUeHHME ra3os, BXoasmmx B cocras obiraka, B cnekrpe
TaKMX 00N1aKOB, KOTOPBIE NOAYYHAH Ha3BaHWe JugdPysuvix 2as30-
#61X mymannocmen, HabaoAA0TCA APKHE JIHHHH BOAOPOaA, KHC-
NOpONA M APYIHX JNCMEHTOB. THIHYHLIM 00BEKTOM sABAACTCH
boavwas TymannocTs OpHona, KOTOPYI0 MOXHO BHAETL B XOPO-
M GMHOKIb.

IIOTHOCTE ITHX TYMAHHOCTEH OYEHbL MaJa — [OPALKa

107 —107 kr/s’. Tem camuim actpodmsnka obecneuusaer Bo3-
MOXHOCTb M3YYaTh NMOBEJEHHE ra3a B TAKHMX YCJIOBHAX, KOTOpHE
NOKa HEOCYIECTBUMBE B 3eMHbIX saboparopusx. B cnexrpax
CTONTh pa3pexeHHbIX ra3oB MOABASIOTCA THHHH H3TYYEHHA, KOTO-
pble paHee HHKOraa He yaasanoce Habmonarts. [Ase spkue sene-
HbIC JIHHHH CIICKTPA TYMAHHOCTEH AOBOABHO M0N0 NMPHITUCHIBA-
JIKCh THITOTETHYECKOMY, CYUIECTBYIOLIEMY TOJILKO B TYMAHHOCTAX
IEMEHTY, KOTOPBIi, 10 AHANOIHH C reIHeM, CTaH HA3bIBATL He-
Oyauem (or aar. nebula — Tymannocrs). BriocheacTsum nusacHu-
NOCh, YTO ITH AHHHH NPHHAIEXAT ATOMY KHCJAOPOAA, NoTepsas-
HIeMy JIBa JeKTPOHA.

ACTPOHOME! JIABHO CYMTAMH, 4TO 3BE3/ikl 0DpalyioTcs H3
MEX3BE3HON Cpe/nl, 0OAHAKO 0bHapyXHTh 0DiacTH 3se31000pa-
JOBAHUA M NPOCACIAMTHL 38 TeM, KaK ITOT NPOUECC NPOHCXONUT,
YAAN0CH TONLKO B NOCAeInue necarineris Gaaronaps nabmone-
HHAM B HHOPAKPACHOM M PAIMOAHANAZOHAX,

Ha ¢one ceeranix TyManHoCTel Hepenko OuBaloT BUAHLI
TeMHble NATHA U NPoXHAKK (puc. 6.6). Tak suirnaaar naubonee
MAOTHBIE ¥ XONMOIHBIC YACTH MEXIBE3AHOINO BENIECTBA, NONAYUHB-
IIHE HA3BaAHHE MOAEKYARPHLIX 001aK06, KOTOPHIX B HACTOAIIEE
BpeMS H3BECTHO HECKOAbKO ThICAY (CM. PHC. 3 Ha LUBETHO#H BRI~
ke XV). Macca Takux 06,1aK0B MOXET Z0CTHIATD MIWUIHOHA Mace
Coanua, a auamerp — 60 nk. bosbwas yacrs U3 Hux obHapyxe-
Ha TOALKO NO paanousnydennio. Umenno B atux obnakax, co-
CTOSIIMX B OCHOBHOM M3 MOJIEKYASPHOrO BOJAOPOAA W IeJHs, npo-
HCXOIMT obpasosanue 3se3n. Kak npumecs B amHx ofakax npucyr-
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creyior  monekyast CO, CH,;CHO,
CH;OH, NH; u wmuorse apyrue.

[Msie, OTHOCHTENBHOE COlEpXaHHe
KoTopoit B ob1aKax HeBeNNKO, 1ena-
er uX Henpo3dpauHbiMH. [LioTHoCTh
MOJICKYJAPHBIX ODJIAKOB B COTHM
pa3 Ooabme mnoTtHocTH obaakon
aTOMapHOro BONOPONA, a Temre-
parypa ux scero npumepHo 10K
(=263 °C).

HMMEeHHO B TAKHX YCAOBHSIX rPasH-
TAUMOHHBIC CHILI MOIYT [PEONOICTD
rajoBpoe JanieHHe W BLI3BaThL Heyaep-
AuMmoe cxarie olulaka— ero Kos-
aanc. TIpakTH4ecKkH MOXHO CUMTATh,
YTO MPOMCXOMHT CBODOIHOE naneHne
pelecTsa, Bolnukaomas npu 3moM
HEOJIHOPOJHOCTE OTAENBHLIX JacTel
obnaKa NMPHBOAMT K TOMY, YTO OHO Pacnajaercs Ha OTAenbHLIe
(hparmenTsl (CrycTKH), KaXasiid H3 KOTOPBIX NMPOIO/IKAET CKHMATH
CA. DTOT NPOLIECC MOXET NOBTOPSTHCS 110 TEX NOp, Noka He obpasy-
0TCA (PparMeHThl, KOTOPbIE BCIEACTBHE BHICOKOH MIOTHOCTH OyIyT
HETIPO3PaYHBIMH JUTA HITYYEHHA, H BEIIECTBO HE CMOXKET YHOCHTD
BBUIEAIONIEECA TEMUI0. DTH 3apOABIIH OYAYUINX 3B€3/ NPHHATO Ha-
3bIBaTh npomoseesdamu (OT rpey. protos — nepswiit). B npouecce
npespateHus GpparverTa o61aKa B 38€3.1y NPOHCXOAUT KOIOCCAIb-
HOE M3IMEHEHHE (PHIMYECKHX YCIOBMIL: Temreparypa Bo3p
npiuMepHo B 1 MAH pa3, a wIoTHOCTL ysenwuusaercs B 107 pas.
I1poao/KHTeIBHOCTL BCErO MPOLIECCa M0 KOCMHYECKHM MEpKaMm He-
BC/IMKA: U1 TAaKOH 3se3nnbl, Kak ConHue, OHA COCTARISCT OKOIO
1 MuIH sieT,

[1porozpeisa ewe He HMeeT TEPMOAIEPHBIX HCTOMHUKOB JHep-
MMM, HITYYasl 3a CYET SHepruy, Bbulensomesics npu cxamii. Ha
LEHTPANLHYI0, HaHGO/Iee MIOTHYIO 4acTh NPOTO3BE3 Akl MPOLNLKAET
NauaTh OKpyxXaoumii ee ras, C pocroM Maccst NpoTo3Besibl pacrer
TEMIICPATYPA B €€ HEPAX, ¥ KOIIA OHA JIOCTHIALT HECKOIBKHX MHJI-
NHOHOB KENBBHH, HAYHHAIOTCA TepMoanepHsie peakumn. Cxarue
NPeKpalaeTcs, CHia TKECTH YpasHOBeIIeHa BHYTPeHHHM Janie-

HHEM FOpPAYero rasa — MpoTo3Be3a NpespaTHiach B 383y,

Purc. 6.6. TeMHue npoxunkw
B CBETNON TYMaHHOCTH



Puc. 6.7,
Masonuneasie

AMCKH BOKPYT

CornacHo COBPEMEHHBIM MPEACTABNCHHAM, POXAAIOIWMHECH
3BE3AB HA OLPCACACHHOM TALIE NPOXOAAT CTANMIO 36€300 KOKOHA.
[MpoToasesas! ¥ OueHb MOJOABE 3Be3LI ODLIYHO OKPYXeHs! ra-
30MbUIeB0H 060N0UKON M3 TOFO BEWECTBA, KOTOPOE €lle HE YNano
Ha 3Be3ay. Jta obomouka enaeT HeBO3IMOXHBIM Habmonenwe
poxaaloLeiics 38e3abl B ONTHYECKOM Ananazone. OnHako cama
o0oNnoYKa pas’orpesaeTca MiAyyeHHeM 3Be3fibl A0 TeMneparypbl
300—600 K # asisieres HCTOMHUKOM HH(DPAKPACHOIO HIIYHCHMA.
Taxkux obwekToB K Hacrosuiemy spemens obuapyxeHo yxe bo-
nee 250.

Hanyuenwe 38e3ibl HArpesaeT OKpyXalomyio rasosyw obo-
NOYKY M MOCTENEHHO PACCeHBACT €€ NMOJHOCTHIO WM TONLKO “ac-
THuno. Paaner octatkoB ofaka, pasorpeTsiX POIHBIIMMHCS B HEM
3se3namu, HabMoOLACTCA B OrPOMHOM Komiviekee obsakos B Opu-
oHe. JToT ovar 3se3noobpasoBaHKs ARISETCA OAHMM M3 OunpKail-
wux K 3eaie u Hanbosee samerHbiM. dse apyrve, camble Oauskue
obsacTi 38e31000pa3OBAHMA HAXOMATCHA B TEMHBIX O0NaKax co3ses-
i Teabua u 3meerocua. B otaeabHbix cayuasx or o6onouku-
KOKOHA OCTAIOTCA 2a30NnbLieanie OUCKU, JACTHLIBI KOTOpBIX obpania-
o1cs BOKpYT 3sean. MaobpaxeHus Takux o0beKTOB BNCpBbLIC noy-
YEHBI C MOMOIIBIO KOCMHYECKOoro Tesieckona um. Xabtna (puc. 6.7).
BepostHo, M3 BELLECTBa OAHOIO U3 TAKMX AMCKOB, KOTOPbIH 00pa-
sosascs smecre ¢ Oyayumm Conmniem, okono 5 M et ToMy Ha-



3an copmuposatach Hawa 3ewist u see apyrue Tesa CoaneuHoi
CHCTEMEL.

Huas dopma B3aHMOCBAIN 3BE3/1 M MEX3BE3HOIO BeUecTsa
Habmonaercas B TYMaHHOCTAX, KOTOpsie oDpa3ylorca Ha onpe-
JCACHHBIX ITanax 3soouMH 38e3n. K HX 4HCory OTHOCATCA
NAGHEMAPHbLIE MYMANHOCMU, KOTOPRE OLLTH HAa3BaHM Tak, no-
CKOJIBKY B CaDble TeNCCKOINb OHH BHIIASAAT, KAK JHCKH Jane-
Kux ruaner — Ypana u Henryna (cm. puc.2 na nserHoii
sEaAeiike XV). D10 BHEWHHE CI0M 3BE31, OTJACAMBUINECH OT
HHX NMPH CXaTHH AApa M NMpeBpalleHHH 3Be3asl B Oenoro Kap-
JAUKA, ITH ODOJIOYKH PACIIHPAIOTCH U B TEYCHHE HECKOJILKMX
ACCATKOB THICAY JIET PAacCeMBaloTCs B KOCMHYECKOM NpOCTpaH-
cree.

TymannocTH apyroro THna obpasyioTes NpH B3pLBax CBepx-
Hopbix 3pe3n. Camas nasectHan w3 HUX — KpabGopHaHas TymaH-
HOCTh B co3se3aun Tembua (oM. puc. 1 Ha uBeTHONH BKACH-
ke XIV). Ona nosasuaace Kak pe3yastart Benuiukn CeepxHoBoii
1054 r. Ha 51oM MecTe B HaCTOALIEE BPEMS BHYTPH TYMaHHOCTH
nabmonaerca nyascap. Cama axypHasn, COCTOAINAA H3 MHOXECT-
Ba BOJIOKOH 0BOMIOYKA CBEPXHOBOH PacIIMPAETCs CO CKOPOCTHIO
cabime 1000 km/c.

Biaumoneiictsne Takux 0B0M0YEK ¢ MEX3BCIAHOH cpenoit
NMPHBOJMT K MOABJIEHHIO TYMAHHOCTEH caMOi npHuyuIHBO#H (hop-
Mbl (puc. 6.8).

Cocras BeniecTsa, TepseMoro 3se3flaMu, OTAHYaeTCs oT nep-
BHYHOrO COCTaBa MeX3Be3aHOMN cpensl. B npotiecce Tepmosnep-
HBIX Peakuuil B HeApax 3Be31 MPOHCXOAHT o0pa3oBaHHe MHOTHX
XUMHYCCKHX 2JICMCHTOB, & BO BpeMA
BCIIBILIERK CBEPXHOBLIX 0DpasyloTes Aa-
®e anpa Taxenee xenesa. [Torepan-
HbIi 3BE3IaMH a3 C MOBbILCHHBIM
CONICPARAHNEM TAKEIBIX XHMHYECKHX
WIEMECHTOB MEHSIET COCTaB MeX3Be3l-
HOTO BELIECTBA, U3 KOTOPOro BOCIe-
creuM obpasyores 3peannl. Xumuve-
CKHIf COCTaR 3BE3/1 «BTOPOrO MoKoJe-
HHS», K HHCTY KOTOPbIX NPHHALICKHT,
BEepOATHO, H Hatue ColHue, HECKOILKO
OT/IMYEETCsl OT COCTABA CTAPLIX 3BC3M, Puc. 6.8. BonokHucTas 060-
oDpaloBaBUIMXCH panee. nouka, copoWeHHan 38e3n0i




p“c . 6 .9« Cxc >y
Ma CTPOAHMA
Fanaxrvxu

3se3aHbIA AUCK

- _ Wapossie
7 CXONNeHUN

B nacrosiuee spemsi 00beKTbI, MMEIOIIHE Pa3HbIH BO3PACT,
MO WX PacnpeNeNeHHio B NPOCTPAHCTEE NPHHATO Pa3IeNaTh Ha
PAL NOACUCTEM, ODPA3YIOLIHX CAHHYIO 3BE3IHYIO CHCTeMY — [a-
nakTiky. Haubosee yerko seuaensiores ase: naockas (IMCK) M
cihepuneckasn (rano). X pacnonoxenye npejcranieHo Ha cxeme,
MOKA3BIBAIOMEH CTPYKTYPY FaNakTHKM B MIOCKOCTH, NMEPreHan-
KyaspHoii ruiockoctH Maeynoro [lyru (puc. 6.9): ykasaust Kopo-
Ha, KOTOpas OKPYXaeT 3TH NOUCHCTEMB, LEHTPaJbHad obaacTs
lanakTvkH, noayunsiuas HassaHue «0anux», u ee suIpo, KoTopoe
HAXOAMTCA B HanpasaeHun cossesnnsa Crpensua, a Takxe oTve-
ueHo noaoxexnue Conxua,

Hentp lNaraktuku (obracts paamycom npumepHo 1 Knk) ss-
ASETCA HE [POCTO reOMETPHYECKHM LICHTPOM Hawed 3Be3aHOH
CHCTEMBI, @ npeacrasnder coboi oaHy U3 HaHbONeE HHTEPECHBIX
€€ COCTABHBIX “acTed, KOTOpas Nno CBOMM XapakTepUCTHKAM Cy-
HIECTBEHHO OTJAHYAeTca oT Beex octanbHbix. Ocodas pose sapa B
MOOOH 3BE3NHOH CHCTEME CTAsa OMCBHIHOW B XON€ MCCACNOBA-
HHA ApYrHX ranakTik. K coxaneHmio, usyvenue aapa naweii Ia-
NAKTHKH 3HAMHTENBLHO 3ATPYAHEHO, NMOCKOALKY OHO CKPLITO OT
HAC MOLIHBIMM Ta30MbUIEBHIMM O0NAKaMK.

B uentpanbibix obaacrsx lanaktukn Habmonaercs nosbi-
IIEHHAS KOHIIEHTPALHA 3BE3/, PACCTOAHHA MEXAY KOTOPBIMH
30¢Ch B IACCATKM M COTHH pa3 MCHbIIE, YeM B OKPECTHOCTSX
Coanua. Tak, B camoit cepeante, B o0aacTH paaMycoM BCero
50 nk, cocpeporovenst cotTHH ropaunx 3se3n. lewntpansnas



vacTh B paauyce npumepHo 150 nk, noMumMo Goablioro Kojauye-
CTBA 3Be31, 3aI0JHeHA HOHH3OBAHHBIM BOJOPOIOM.

O6aacre paavepom 10 K, HaszeiBaemas AnpoM FanakTHKM,
SBJAACTCH HCTOMHHKOM PALHON3NYUCHHA, BHYTPH KOTOPOIO Haxo-
ASTCA KPACHBIE THIAHTH! M OTAE/bHBIC [UIOTHBIC ra30Bble KOHACeH-
caumn pasmepom okosio 0,1 nk. [Isa apyrux paasoucTouyHHKa na-
XOMATCA Najeiie o7 ueHTpa FanakTuke U npencrasanor coboit
MOJICKyAspHbie 0f/aKa, B KOTOPbIX MaeT OypHbii nmpouece 3ses-
aoobpazosanna. [No asuxennio sse3n BOKpyr uentpa lanakTukn
ObLIO YCTAHORNEHO, YTO 31eCh B 00JaCTH pasMepoM HeMHOTHM
Bonee CoaHeuHOH CHCTEMBI COCPEIOTOYEHA MACCA OKOJIO 4 MHJI-
avonos mace ConHua. D10 03HAYACT, HTO 3ACCH HAXOAMTCH
CBEPXMACCHBHAN YePHas AbIpa.

Aonroe BpPeMs 3BE3/Ibl HEe CAYYAHHO CYHTATHCH «HEMOJABHKHBI-
Mi». M3Mepas BIaHMHOE pacnoNoXeHne 3se3l Ha Hebe, acTpo-
HOMBI TOALKO B Havane XVIII B. 3ameTnau, 410 KOOPAMHATDL He-
KOTOpBIX sipKuXx 3se3n (Ansnebapana, Apkrypa, Cupuyca) ns-
MEHHJIHC TI0 CPABHEHHIO C TEMH, KOTOpEIE DbUIH MONYyYeHs B
apesnocty. Cmenienne 3pe3ll, KOTo-
poe HalBaH COOCTBEHHBIM ABHAXEHH-
eM, ObL10 OOHapy:XeHO paHblle, ueM
YAAIOCh H3MEPHTDL X NOAHYHBIH na-

pasnaxc.

CobcTBeHNBIM IBHAKEHHEM 3BE3-
A HA3BIBAETCA €€ BHANMOE YIJ10-
BOE CMCIICHME 32 N'OA N0 OTHOLIE-
HHIO K CAa0BIM aNeKHM 3Be31aMm,

CwmeneHue 3pesn Ha Hebe B Te-
yeHue roga Heseauwko. OaHako Ha
npomxelmu JAECATKOR THICAY JneT
coBCTREHHBIE JIBHKEHHA 3BE3N Cy-
LIECTBCHHO CKA3LIBAIOTCH HA MX NO-
JOXKCHHH, BCICUACTBHE HEro MEHHAIOT=
Ci_MPHBBIHBIE OYEPTAHMA CO3BEI [ oo oo oo

awmit (puc. 6.10). 100 Thec:, NeY

Puc. 6.10. Mamenenne suaa
coaseanmn bonsuan Mense-



= CKOpPOCTH ABHXEHHSA B MPOCTPAHCTHE
Y Pa3THYHBIX 383/l OTAHYAIOTCA AOBOJIL-
\ HO 3HaunTensHo. Caman «OpicTpas» W3
\ HHX, [OJAYMMBLIAS HA3BAHUEC «ICTALLAN
N\ ase3na bapuapaas, 3a roa nepemeniaercs

o, \ = no weby wa 10.8". Dro o3mawaer, uro
\ 0,5°— yraosoit auamerp ConHua u
\ JlyHibl — OHAa NPOXOAMT MeHee ueM 3a
> . 200 ner. B nacrosmee Bpems 3Ta 3seana
(ee 3pe3aHan peanauna 9,7) Haxoaurcs B
CO3BE3AMH 3MecHOCUA. BOJBIIMHCTBO M3
300000 3Besn, cobcrBeHHOE ABHXKEHHE
KOTOPBIX H3MEPEHO, MEHAIOT CBOE TMONO-
KCHHE JHAYHTEILHO MCUICHHEE — CMe-
IWEeHWE COCTABMSIET BCETO JIMIb COTHIE M
THICAYHBIE IONH YIIOBOH CEKYHIIbI 3a rOf.

B wacroswee spemsa cobcreeHHBIC
ABMACHUS 3BE3JL ONPEACASIOT, CPABHHBAS
nosoxenue 3pe3n Ha ororpaduax JaHHOTO YHACTKa 3BE3AHOTO
Heba, NOJYHEHHBIX HA OIHOM W TOM X€ TEJIEeCKONe ¢ MpPOMexXyT-
KOM BPCMCHH B HECKOABLKO JIeT MK aaxe necaruieruit. Ho naxe
B 3TOM C/Iyuae CMellleHne CpasHuTebHo GiM3Kkux 38e3a Ha (pone
Donee anekux CToNb Maso, YTO ero MOXKHO ONMpeaeTHTh TONbKO
C MOMOLUBIO CIICUHANLHBLIX MHKPOCKOIOB,

CKOpoCTh 3B€31bl B NPOCTPAHCTBE U MOXKHO [IPEACTABHTD
KaK BEKTOPHYIO CYMMY ABYX KOMIOHEHTOB, OIHH W3 KOTOPBIX Ha-
NpapieH Mo Ay4y 3peHHs, APYroit — nepneHAuKyIspHO emy
(puc. 6.11). Ckopocts no ay4y 3penus (v,) HENOCPEACTBEHHO Of-
penenserca no 3pdexry Jonnepa — cMemennio JHHHNA B CNeKT-
pe 3ge3asl. KOMINOHEHT CKOPOCTH 10 HanpaBJIeHHIO, MepreHIn-
KYJIAPHOMY Ay4y 3penus (U,), MOXHO BBIMHCAMTL TOJBKO B TOM

cyuae, ecim u3MepuTs COOCTBEHHOE ABHXEHHE 3Be3/bl U ee mna-
painakc, T. €. 3HaTh paccrofsnHe 10 Hee. Toraa MpocTpaHCTBEH-
Has CKOPOCTH 3Be3/tb Oyer pasHa;

TR
v=Ju, + v;.

[MpocTpancTREHHBIE CKOPOCTH 3B€31 oTHOCHTENBHO ConHua
(nmam 3eman) COCTABAAIOT, KAK MPABMAO, AECATKH KWIOMETPOB
B CCKYHIY.

Y

Ty
3peHms

Puc. 6.11



Hiyuenue coOCTBEHHBIX ABHXCHMH M JyYeBbIX CKOpCCTei
nokazano, 4ro ConHeyHas CHCTEMa JIBHXETCH CO CKOPOTHIO
okono 20 km/c B HanpasiaeHun cossesaus I'epkyneca. Touka He-
OecHoil cdepsl, B HAMPABNEHHH KOTOPOi OHA ABHXETCHA OTHOCH-
TEAbHO DkaiumKx 3se3n, Haseisaercs anexcom CoaHua.

AHanns COOCTBCHHBLIX IBHXCHHMH M JIYYEBBIX CKOpOCTEi
3Be3/ o eemy Hedy NnoKasa, YTO OHH JBHXYTCA BOKPYT LeHTpa
TFanakTHEH, IT0 ABHXKEHHE 3BE31 BOCTIPHHUMACTCSA KaK Bpaie-
HHE Hael 3Be3AHON CHCTeMBI, KOTOpPOE MOAYHHASTCA Onpene-
JICHHOH 3aKOHOMEPHOCTH: Y2A08as CKOPOCmb epatyenus yowsaem
no Mepe yoaienus om uewmpa, a AHennas eospacmaem, doc-
MULAR MAKCUMARBHOR0 FHAMEHUR HA MOM PACCIMOINUL, HA KOMO-
poxm waxodumces Coanye, a 3amem nPpaxmusecky OCrmaemcs no-
CIMORKMON.

3peansl, ra3 M apyrue o0BeKTH, COCTARNAMIME ranakTHye-
CKHMIH AHMCK, ABIKYTCA 10 opOuTaM, GiuskuM K KpyroseiM. Coaxue
BMeECTE ¢ OaManexaituvMi 3pe3naMy obpalaeTcs BOKpYr 1eHTpa
TanakTHKM CO CKOPOCTHIO 0KoN0 220 KM/C, cosepiuas onmH obopor
npumepHo 3a 220 max net. Paccrosuue ot Connua no uentpa la-
JAKTHKH cocTasiseT 23—28 Toic, ¢B. JieT (7—9 1uic, nKk). Ckopocrs
obpawenns ConHua NPaKTHYECKH COBNAAILT CO CKOPOCTBIO, C KO-
TOPOif HA JAHHOM PACCTOAHMH OT UeHTpa anakTHKH JBicKeTcs
BOJHA YIUIOTHEHHSA, GOPMHPYIOIAA CriHpasibHbie pyKasa. Jra of-
nactb I'anakTHKH NOJAYYHAA HA3BAHHE KOPOMAUUONHOU OKPYKHOC-
mu (01 aHrL. corolation — copMecTHoe BpawieHue). Oxazasumecs
3nech ConHue U Apyrue 38e3/bl HAXOAATCSA B NPHBIVIErHPOBAHHOM
NOAOXKEHHH. Bce OCTANbHBIE 3BEIIN NEPHONHYECKH MOMNanaloT
BHYTPb CIIHPANbHBIX PYKABOB, MMOCKOJIBKY HX JIMHEHHbBIC CKOPOCTH
He COBINAZAIOT CO CKOPOCTLIO OOpamenus BOJHLL YIIOTHEHHA BO-
Kpyr uenrpa Fasakrukn, CreaosaresbHo, HAA NAaHeTa W Bes
Conreunas cHcTeMa He MCITBITHIBAIOT Ha cebe KaTacTpoduyeckoro
BAHAHUA TeX OYPHBIX NPOLIECCOB, KOTOPLIE MPOUCXOAAT BHYTPH
ChMpanbHbIX pyKasos. CTabHAbHOCTL YCI0BHI, B KOTOPBIX BO3HHK-
na u MuTHapast et cymecrsyer Coaneynas cHerema, MoXeT pac-
CMATPHBATLCA KAK OIMH M3 BaxXHeHmx GakTopos, 00yCI0BHBILIMX
NMPOUCXOXKACHHE H PA3BHTHE XH3HH Ha 3eme.

Py |

2N

:"5.[}‘ SR 1. Kakosa CTPYKTYPa H pasMepst Hawed [asakTuku?
2. Kakue obbextsl Bxonar 8 cocras Fanaktukn? 3. Kak npossas-
et cebs mexapesnnas cpena’ Kaxos ee cocras? 4, Kaxue nerou-

L



HHKH paamoniayuenns uisectusl 8 namedi Famkruxe? 5. Hem
PA3THYAKOTCA pacceHHbIe 1 1IAPOBbIe 3Be3AHBIE CKONNeHHA?

'\, ‘ Jwesna, naxoaswancs wa paccrosuum 10 nx,
A0 npubamkaerca K HaM co ckopocetsio 100 xm/c. Kak waMeHuTes
310 paccroaune 3a 100 aer?

Hauonee SIPKHE rafakTHKH ObLIH BKJIIOUEHBI B KATAI0T, COCTaB-
nennuih Meccre eme B XIX B, Korma wx mnpupona Owuna
COBEPLICHHO Hen3BeCTHA. TaK, TYMAHHOCTD AHAPOMEALI 1O ITO-
My karanory oboswawewa M31. B «Hoewit obumé xaranor»
(New General Catalod), koropbiit conepxur csenenunst o boaee

16 Mnc 1200 xm/c

200 Mnc 15 000 km/c

290 Mnc 21 500 xm/c

525 Mnc 39 300 xm/c

810 Mnc 60 900 xm/c

Puc. 6.12. «Kpacsoe cme-
WEeHMe= B CNEKTPAX ranaKTHK

gyeM 13 000 ranakTik, oHa BKAIOYEHA
kak NGC 224, B cocras scex ranak-
THK BXONAT 3BE31B, MEX3IBE3AHBIH
ra3 ¥ neiib. Ho MX OTHOCHTC!L-
HOE COAEpPXaHHE B rajakTHKax pas-
JHYHOIO THNA CYWICCTBEHHO OT/MYa-
ercs.
Ana GONBITHHCTRA TANAKTHK ON-
penenHTs paccTosHHe no Habmoze-
HUsM Uedens OKalbBaeTcs HeBo3-
MOXHBIM. B 3THX Cay4asx noab3yior-
CA APYrHMH METOJaMH, CpPeAH KOTOo-
prix HanOoJlee HalEeKHBIM CUNUTACTCS
OINPCACACHUE PACCTOSHMUSA 110 3AKOHY
«KPACHONO CMEUICHHs», OTKPLITOMY B
1929 r. amepuKaHCKUM ACTPOHOMOM
Ddeunom Xabbaom (1889—1953).
On oBHapyXua, 4TO B CNEKTPax Beex
rafakTHK (3a HCKMIOYEHHeM TyMaH-
HOCTH AHIpOMenbl H Apyrux Oam-
KalnX ralakTik) JIMHHKA CMELCHBI
K KpacHoMy Kouuy (puc. 6.12). 910
«KPacCHOE CMeLIeHHe» 03HAYaN0, YTO
OHH ypansorea or nawel lanaxrTu-



KH. Cpasnus paccTosHue 1o FUIAKTHR
CO CKOPOCTAMM MX YUAACHHA, yue-
HBLIH YCTAHOBMWJI, YTO MEXAY ITHMH
BEJIMUMHAMM  CYLIECTBYET BEChbMa
NPocTas 3aBHCHMOCTL (3akon Xa6o-
na):

v=FH+R,

re v — CKOPOCTb rajaKkTHKu, R —
paccrosHne 1o Hee, a H — koaddu-
UMEHT MPONOPUHOHATBHOCTH, Ha3bl-
Baemblil reneps nocmosnson Xabo-
aa. ITo COBpEMEHHBIM JAHHBIM, BEJIH-
unHa H cocrasaser 72 km/(¢ - Mnk).  3asw XaGon
ST0T 3aKOH JIan BO3MOXHOCTH

ONnpenenuTh paccrosHmne 10 Hanbosee naneknx oobexTos Bo Bee-
JIeHHOM, KOr1a HeNPHroAHsbl BCe ApYrie crnoco0kl, NpUMeHseMble
B acTpoHoMui. Onpenenus CKOPOCTh MIAKTHKH 10 CMellleHnio
JHHWI B €€ CTeKTpe, MOXHO BBIYHCIAHTL PaccTOAHHE A0 Hee Mo

dopmyae:

—_—
R= T

K Hacrosiuemy BpPeMEHM HIMEPeHbl «KPACHbLIC CMELLCHHS»
W ONpeneneHbl PACCTOAHHS 10 HECKOMbKMX ThICAY ratakTuk. Ot
CAMBIX JAJICKHX M3 HUX CBET uaer okoso 13 mapa ser.

[To BHemHeMy BMAY H CTPYKTYPE FUIAKTHKM BeCbMa pasHo-
ofpa3Hbl, O1HAKO OONBIIMHCTBO M3 HUX XOPOIIO YKIANKIBACTCS B
npeioxennyo Xabbaom ewe B 1923 r. npocTyio H CTPOHHYIO
knaccuukammio (puc. 6.13). Bee ranaktukn Obun pa3buThl Ha
TPH THNA: JUTHNITHYECKHE — E, CHpajbHblie — § M HENpaBiIb-
Hule (Mpperyaspusie) — [ DopMa 31IUNMULECKUX 2a1aKMUK
PasIMYHA: OT NOMTH KPYIIoi 10 OM€Hb CHABHO CIUTIOCHYTOMH.
B cnupaasusix 2azakmurax BbIACJACHBI ABA NMOLTHNA: HOPMAAL-
HOIE CRUPAAK, ¥ KOTOPBIX CHIMPUILHBIC PYKABA HAYHHAIOTCS HENO-
CPENCTBEHHO M3 LEHTpaNbHOH obnactu (cm. puc. | Ha useTHO#M
skaeiike XVI), u nepecewennme cnupasu, y KOTOpbIX pyKasa Bbl-
XOAAT He W3 SIpa, 4 CBS3aHbI C MepeMbIYKOM, npoxoasiueii yepes
LEHTP raIakTHKH,

BravxaiummMu H caMBIMH APKHMH OKa3aJiMCh JIBE FIaKTHKH
HENPABUALHONO THIA, KOTOPLIE MOXYYHAH Hassanua Boisimoe w
Manoe Maremnanossl O6naka (puc. 6.14). OHM XOpoIo BHAHLI



Hopmansxbie
CNMPANBHMEe ranaKTnkm

Henpasunbuwie
ranaKTuKu

CnupansHbie ranakruxkm SBce
C NepemMbIvKon

Puc. 6.13. Knaccudmawn ranakrx no Xabony

HEBOOPYXEHHBIM T1A30M B KOXHOM NMOJYIIADHH HEMNOJANEKY OT
Maeunoro Ilymn. Marenanoest O0saka ABASIOTCH CITYTHHKAMM
Hawei [anaktuku, paccrosuue 10 boasioro okono 200 Twic. cs.
nert, 10 Manoro — 170 Teic. ¢B. aer. Cpean BCex H3BECTHBIX ralak-
THK J10J151 HelpasWIbHLIX CPABHHUTENLHO HEeBeJlHKa — Beero 5%.
JHAYHTENLHYIO YACTh HX MACCH (JI0 MONOBHHBI) COCTABASET a3,

Pwc. 6.14. Bonbwoe Puc. 6.15. Crpyxrypa crmpansHiix
Marennamoeo BETBAN: CNesa ~ B DALMOLMANA0NE,
Obnaxo CNPasa — B ONTUNECKOM



o

OaHaKo 0Ka3aioch, 4TO ONPEACJHTb TOUHYIO MACCy rajak-
TUK NPaKTHYECKH HeBOIMOXHO. Cornacno HCCAeAOBaAHHAM 110-
UTH Y KAXI0M U3 rafakTHK (B TOM 9Mcae u v Hawen Tasakmvku)
o0HapyXeHO CYIIeCTBOBaHHE ODIIMPHBIX KOPOH W3 TEMHOro Be-
LICCTBA, TAK HA3BIBACMOHN CKpHIMON Maccst WM MeMHoit mame-
puu. Ilo pacyeram, ee Macca B HECKOJLKO pa3 npesbiiaer 0b-
Iy Maccy scex HabmojaaeMsiX 0DLeKTOB ranakTHky. Buiscuu-
A0Ch TAKXKE, YTO MEXILY FANAKTHKAMH B MX CKOTUICHHAX HAXOAUT-
ca ras, pasorpereii no remneparypsl Gonee 10 man K. Ero
NOJHAA MAcCa CPaBHMMA ¢ CYMMAapHOH MacCol BCEX rafakTHK
ckonsienus. Takyo Maccy o4eHb ropayero ra3a rpaBUTalHOHHbIE
CHJbI TAJAKTHK MOIYT YACPXKATH JMUIL B TOM Clyyae, eciu B
CKOIJIEHHH TAKXKe CYLIECTBYET TeMHAA MaTepHs.

Buanmo, teMHas mMatepus YacTHYHO cOCTOMT M3 Boabioro
yueaa caabocBerammxca 38e31 1 MHBIX 00BEKTOB, KOTOpbIC Cy-
IIECTBYIOT HAa OKpaWHax ranakTHk. Jlpyryio ee 4acte MOXeT Co-
CTABIATD MHOXECTBO 2JICMEHTAPHLIX YaCTHIL, NOAOOHO HEHTPH-
HO €1a00 B3AMMONCHCTBYIOUIHX C OOBIMHBIM BELIECTBOM.

CnupasbHble ralakTHKH, nogoGHbe Hawed, asamoTes wanbo-
e pacnpoCTPaAHEHHLIMH — MPHMEPHO MOIOBHHA Ha0TOJaeMbIX ra-
NAKTHUK OTHOCHTCA K 3TOoMY THIY. MIX OT/IHMyaer Hamuue AByX (HHOT-
12 GonBie) CHPaNBHBIX PYKABOB, B KOTOPBIX COCPEAOTOYEHO MHONO
MOJIOZIMX APKHX 3B€3/1, CBETAIINNCA rasOBbIX TYMAHHOCTEH, a TakxKe
XOUIOMHBIX TA30MbUIeBbIX 00nakos, MMEHHO B CIIMpAIBHBIX pyKaBax
MPOHCXOINT POPMHPOBAHKHE 3BEIIT H3 MEXKIBEIHOIO BEIIECTBA.

[Mo cospemenHbIM NpeICTABAEHHSIM, CIIHPaNbibie BETBH —
ITO BOJIHA NOBLIEHHON NIOTHOCTH 3BE3/L M rala, KOTOpas ppaina-
ercsl BOKPYT LEHTPa rafakTHKH KaK TEepAOe Tel0, — YIoBas CKo-
POCTL NOCTOANHA, @ JIMHEHHAA YBEIHYHBARTCA C YBeIHYEHHEM pac-
CTOAHMA OT OCH BpalleHHs, B BETBAX HET MOCTOAHHOID COCTABA
IBE3A M ra3a, OHH MCPHOUMYECKH BCTYNAT B o0slacTh pykasa,
[Ipoxous uepes HUX, BOJHA YIVIOTHCHHA OKa3bIBACT 3HAMHTCABHOC
BAMAHUE HA a3 — YBCAWUCHHE €ro IVIOTHOCTH B HECKOJIBKO pa3s
CTHMY/IHPYET HAuano rpouecca 3se3aoodpasosaHus. KoHuenrpa-
LUHA HEHTPAIbHOrO BOAOPOAA BAOMbL CIHMPATbHLIX BETBEH noi-
TBEPXKAACTCH JAaHHBIMM paanoacTpoHoMuu. [Ipuvem B OnHONU M
Toi xe ranakTHke (M51) no wabGmoaennsm B paanoauanasoHe
COHpanbHbIE BETBH MPOCAEKHMBAIOTCH 3HAYNTEIBHO AaNbile OT ee
LEHTPa, YeM B ONTHYECKOM Jnanazone (puc. 6.15).



Te cnupanbHble raNakTHKH, KOTOPBIC Mbl BHIMM «C pebpa»,
HANMOMHHAIOT 1O BHEIHEMY BHAY Y€YEBHILY WIH AHCK C YTOMIIEHH-
em B cepenmue (puc. 6.16). Dro yromuenune npeacrasaser codoi
HEHTPANLHYIO, HAUDONEE [UIOTHYIO YACThL FaNo, KOTOPOE NMPHHATO
HasblBaTh «OLLK» (AHMHHCKHI CHHOHMM PYCCKOIO CJI0BA «yTO-
meHme» ). OueBHaHo, TaK BHIIAAMT | Hata [anakTika.

BTopeiM 1o pacnpocrpaHeHHOCTH THITOM FraIakTHK (npuMep-
HO 25% ot ux oDwero vYuciaa) ABASIOTCA  IAAUNMUHECKUE
(puc. 6.17). ¥ HHUX HET HM AUCKA, HH CIIHPAJIbHBIX BETBCH, a UMe-
eTCA TONLKO CepHyecKas COCTABJAIONIAA, KOTOpas COCTOMT
MPeMMYIIIECTBEHHO M3 CTApPhiX 3B€3/1 KPACHOTO LIBeTa W MOYTH He
COIEPXHT XOA0AHOIO rasa. BeposaTHo, BCe MeX3Be3iHOe BelecT-
BO YULI0 Ha 00pa3oBaHHe ITHX 3BE3A.

Junzosudnste raJaKTHEKH NOXOXH HA CITHPAJILHBIE TEM, YTO Y

HHX eCTh W JIMCK, M 10, HO OHH, KaK W JJUTHIITHYECKHe, He nve-
0T CHMpaibHbiX BeTsed, M3 o0wero yueaa ralaKTuk npuMepHo
20% OTHOCHTCS K 3TOMY THNY,

Pvc. 6.16. CnupansHan ranaxruxa Puc. 6.17. 3nnunruyecxan
M102, snauman ¢ petGpa ranawTuKa

Puc. 6.18. Kapmikogan
ranaxkTva
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Puc. 6.19. MeCTHan roynna ranaxymx

[."IJIIIK'I'I‘IKH OJIHOIMO M TOIO X€ THIA JHAYMHTEIBHO OT/IHYAI0T-
CSl IPYT OT APYra ro pasmepam, YHCay 38e3/l H APYruM Xapakre-
puctukaM. Camblie ManeHbKHe Cpeid HUX HAa3bIBAOT KapJAHKOBbI-
MH. HEeCcKoJILKO TaKuX KapJAHKOBBLIX raNakTHK BXOAAT B YHCIO
cnyTHHKOB Haweil ['arakTiku (puc. 6.18).

lanakTikH, Kak ¥ 3Be3ALI, PeaKo DBAIT OAHHOYHBIMH:
ropasne dame oHd HabmoNawTCs B BHAE nap, HeDOALUIHX
IPYNN M J2XKE CKOMACHHH, B KOTOPBIX O0BCAHHAIOTCH THICAYH I'a-
NAKTHK.

Hawa ['anaktHka BMecTe ¢ H3BECTHLIMH FANakTHKAMH AHI-
pomenst # TpeyroasHuka U pacnooXeHHLIMH B HX OKpecTHOC-
15X CAabbiMu KapankKoBbIMK rasaktukamu obpasyer MecTHyio
CHCTEMY, B COCTaBe KOTOPOH HacuMThiBaeTcs okono 40 obbekTos
(puc. 6.19). Bee oM CBA3AHB MPABHTALMOHHBIMH CHAAMH H HE
YAAISOTCA APVT OT APYTA.

BOABIIMHCTBO MUIAKTHK FPYNNUPYETCS B CKOIVICHHSA, KOTO-
pele IeNATCA HAa JIBA THNA: npasunsksie W nenpasuasuse. lpa-



BHIbHBIC CKOIVICHHMA TFUIAKTHK BO MHOIOM HAaNMOMMHAIOT LILPO-
BB 3BE3ANBIE CKOIUIEHHA, S KOTOPLIX XapakrepHa ciepuye-
CKaA CHMMETPHA € CHILHON KOHLCHTPALIHEH raakTHK K LICHTDY.

TunuuHoe CKOMICHHE TAKOro THNA
pasmepoM okouio 4 Mk, Kotopoe Ha-
Gmonaerca B coasedmn Bonocw Be-
POHHMKH, HACHUHTHIBACT HCCKONLKO ¢~
CSITKOB ThICY ralakTik (puc. 6.20).
KoHuenrpauua  ralakTek B
CKOMJACHHAX OBIBACT TAK BEJIHKA, YTO
OHW PacHoONaralnTcs O4eHs DIM3KO
apyr K apyry. Ux rpasuraunonnoe
B3aHMONCHCTBHE BLI3BIBACT 3HAYH-
TCABHOE HUIMEHCHHE (QOopMbI rajak-
™K. Yacro wabmoapaworcs coeam-
HAIOLIHE HX TEepeMblYKH, KOTOphe
COCTOAT W3 3BE3A WM rasa, a TaKxe
YXOAALLME AQICKO B CTOPOHY 1POTH-
xenusle «xpocThi» (puc. 6.21). Ilep-
BHIM K MCCHCAOBAHMIO TaKMX rasak-
THK, NOJYYHBIIHX HA3BAHHE B3aHMO-

Pre. 6.20. Cxonnenwe ra-
naxKTyK B coseeanuy Bono-
Cist Bepormku

nefctyowmx, npucrynwi b. A. Bopouuos-BesbsMuHOE.

B nacrosiee BpemMs HIBECTHO HECKOJIBKO COT CyYaes, Koraa
FAJAKTHKH CAWIHCH BMECTe H 0Dpa3oBasi eIHHYIO cHeTemy. Tak,
HanpuMep, cuuracres, uro ranaktuka NGCS5128 asasercs pe-
3YALTATOM CAMSHHS AAUNTHYECKOH M CIHPAAbHON TaNaKTHK.
Pazwonabaonenna oDHAPYKHIN CIeibl BIAHMONEHCTBHA HaleH

Puc. 6.21, Baanmonercrene Puc, 6.22. Bubpoc sewecrsa
FANaKTHUK M3 SADE ranaxkTuKH



Pwc. 6.23. Pagouanyyenne Puc. 6.24. Keaaap 3C273
ranacTvcu Lienrasp A

lanakTHky ¢ ee BIHAKAHIIIHMH COCENAMH — WAYIIHHA K Hell MOTOK
rasa or Mareananoseix OGnakos. BeposTHo, uepes HECKONbKO
MHUTHAPIOB JIET HX 3Be3/bl BOILIOTCA B cocTas l'atakTHKM.

Cpenu B3aUMONCHCTBYIOINNX TANaKTHK W FaJakTHE, HMEIO-
wHX OAM3KHX CITYTHHKOB, YacTo HAOMIONAIOTCA FATAKTHKH C aK-
TUBHBIMH sipamu. Sapo moboit ralakTHKH, €¢ UCHTpaIbHas
4acTh, BCErJAa BuAEAseTCs CBOeH apKocThio. Heboasuwoe yneno
ranakTik (okono 1%) umeer ocobeHHo sipKue sapa, B KOTOPbIX
NPOHCXOAMT KOJOCCANLHOE BhileeHue IHeprun. MX akTMBHOCTS
MOXEeT NMPOSIBAATECA no-pasHomy. Bo-nepseix, 310 ouens Gonb-
a8 MOIIHOCTh M3AYYEHUA (CBETHMOCTL) HE TOJBKO B ONTHYE-
CKOH, HO H B PEHTTeHOBCKOH HIH HH(ppaKpacHOii YacTH criekTpa.
CBETHMOCTD SLUCP TAKMX FAIAKTHK [OYTH TAKas Xe, KaK CBCTH-
MOCTh BCCH HaweH Naaktuky, HanvyeHue uexonuT u3 obaacty,
AMAMETP KOTOPOH COCTaBAseT NMPUMepPHO | NK, # 3aMeTHO MeHs-
€TCA MNOPOH 33 HECKOJBKO MECANEes Wi aaxe aueil. Bo-srophix,
B AApE MPOMCXOAHT JABHXEHHE ra3a co CKOPOCTSIMH THICAYH KH-
JOMETPOB B CEKYHIY, UTO MPUBOAMT K TNMOSBACHHUIO UIHHHBIX
BeIOpocoB — dxemoe (puc. 6.22). B-TpeThHX, MOIUIHBIE NMOTOKH
ANEKTPOHOB H MPOTOHOB BBICOKOM HEPIrHM, HAYILHE M3 AIpa B
ABYX MPOTHBOMOJOXHBIX HANPABACHHAX, MOPOXIAOT CHHXPO-
TPOHHOE PajiHOH3AYYEHHE.

[anakTHKH ¢ aKTUBHBIMH AAPAMH, ABISIOLIHECH HCTOMHHKA-
MH PaiHOHINY4YeHHA 0OJBIIOH MOUIHOCTH, HA3LIBAKT paduoza-
aaxmuxamu (cM. puc. 3 Ha usetHoit skaeiixke XVI). Ux paauons-
AyHeHHe MOXeT ObITb B ACCATKM THICHY pa3 Dosblue 1o MouHoc-
TH, YeM pajnoninyuenHe Hamed anakTHKM HIH JIPYrux, no-



100HbIX ed. XapakTepHo, 4TO HaubOJee MHTCHCHMBHOC PalHO-
HINYYEHHE NPUXOAUT OT obnacrel, KOTOPLIE PACTIONAralTCs
PHMEPHO CHMMETPHYHO 110 00e CTOPOHBI OT FUIAKTHKH M 3HA'H-
TEABHO MPEBOCXOAAT ee no pasmepam (puc. 6.23).

PaavoacTpOHOMHYCCKHE HADMONCHHA NO3BOAWIK OOHapy-
KHTh TAKXe CaMble MOLUHLIE H3 BCEX M3BECTHHX BO BeenenHoi
HCTOMHHKH BHAMMOIO M MHQPAKPACHOIO MINYHEHMH, KOTOpHIC
HA3BAM Keasapamu. 1o CIOBO SBJAAETCA COKpallleHHeM MoaHo-
ro MX Ha3BaHUA — KBa3u3Be3aHbie paanoucrounukn. Ha doro-
rpadmax KBa3apsl JeHCTBATENBHO BEITAAAAT KaK 3BE3/bI, MPH4eM
caMblil APKHA M3 HHX BHACH KaK 3pe3sa 13-H 3pe3stHol peHyn-
Hbl. OZHAKO HX CHEKTPbI, CONEPXALIHE APKHE JHHHH UINYYCHHS,
HANOMHHAIOT CHEKTPH AJOBLIX TYMAHHOCTEH, a CaMH AMHHM
CHJIBHO CMellleHbl B KPAaCHYI0 CTOPOHY CMeKTpa, Kak B CneKkTpe
nanexux ranaktik. Oxasanock, 4To naxe Hanbonee OiM3KHE KBa-
3apbl PacnoNoXeHsl Aanbiue GONbIIHHCTBA H3BECTHLIX FANAKTHK,
Ha paccToaHuax nopaaka | mapxa cs. ner. Camble fanekue Kpasa-
pbl HAOMOAAKTCA HA paccTosHMAX 10 13 mapa cs. ner. Ha Takux
OrPOMHBIX PACCTOAHHAX OHH MOTYT OBITE ODHApPYXEHL! TONLKO
BenencTeHe BOMBILON CBETHMOCTH, KO-
TOpas 3HAYMTEIBHO TPEBBILIAET CBE-
THMOCTL Haweid [atakTuky, uHOrAA
B HECKOIBKO COT pa3. B nacrosunee
BPEMS H3BECTHBI THICHYH KBA3APOB,

B kBazapax HaGmopaloTcs Takue
ABJICHHUA, KaK M3IMEHCHHE SPKOCTH,
BuiOpoc CTpyil BemecTsa “ T.IL
(puc. 6.24). Bokpyr xpasapos, pac-
MOJOKEHHBIX He CAMIIKOM JIAneKo,
ODHAPYXKEHO CBEYEeHHe, COCTaR W
Puc. 6.25, fluevcran cTpyx- CTPYKTYPY KOTOPOrO MOXHO 00bAC-
TYDA BCARandon HHTH MPHCYTCTBHEM 3Be31. BepoaTHo,

KBa3apbl npeiacrasasior cobol supa
JANCKMX TANAKTHK, NMPOARIAIONIME OYeHL BLICOKYIO AKTHBHOCTD.

Hsyuenne nanbosee ynaneHHbx oOBHEKTOB MO3BOAAET «3a-
IAAHYTH» B Ipotioe. B caMoMm iene, ecaH paccToaHHe 10 ranak-
THKH (WM KBa3apa) COCTaBASCT, HANPHMEp, 3 MApA CB, JICT, TO
Ml HabmonaeM 31oT ODBLEKT He B TOM COCTOSHHH, B KOTOPOM OH
HAXOAHTCA B JAHHBIA MOMEHT, @ B TOM, B KOTOPOM OH HAXOAWICH
3 mapa sier Tomy Haszaa. BoiMOXHO, YTO OTCYTCTEHE KBa3apos




nobansocty or Hawed FasakTuky cenaereascrsyer o bonee st
COKOH AKTHBHOCTH AJIep raaKTHK B JAJEKOM IPOLILIOM.

OxoHuYaTeAbHOro 0TBETa Ha BONpOC 00 HCTOYHHKAX BHICOKOIH
AKTHBHOCTH ANEP rAIaKTHK NOKA HeT, OAHOH M3 BOIMOXHBIX MO-
aenei, ONMUCHBAIOIIKMX Bech HaDMOZaeMblil KOMIUIEKC SIBACHHIA,
CUMTAETCA HAIMYME B AAPAX “MEPHLIX ALIP MACCOH B HECATKH W
cotan Mmwumonos mMace Connua. B pesyantare nagenus seiecr-
Ba HA YEPHYIO AbIPY AOSKHO BbUICAATHCH ONPOMHOE KOMHYECT
BO 3HEpruM, npeobpaiyeMoii B 3MEKTPOMArHHTHOE HIIYUYEHHE.
B nosab3y Takoro npeanoaoxeHus rosOPUT HaJMUHE B Aapax ue-
J0ro psasa ranakTik DOJBIUMX MAacC HECBETAWICIOCH BEILECTBA,
oDHApYXeHHOro ¢ NOMOMIBIO KPYIMHEeHIHX HAZeMHBIX TelecKo-
NoB ¥ KOCMHYECKOro Teneckona uM. Xabona.

DTH TenecKons No3BoAsIOT noay4uTs (ororpaduu, Ha Ko-
TOPBIX MOXHO HACHMTATL MHOIME MWUIHOHBI rasaktvk. B ux
NPOCTPAHCTREHHOM pacnpeaenenn Habnonaerca onpeneneH-
HaA JAKOHOMEPHOCTD = SYeucmo-comosan cmpyknupa (puc, 6.25).
CKOMJICHHA W CBEPXCKOIUIEHHS TalakTHK PacrioNiaralores Tak,
YTO HE 3anoJHAI0T BCE MPOCTPAHCTBO, a O0PasyioT JHILbL «CTEeH-
KH», KOTOPHIC OTACAAIOT APYr OT APYIa IMIAHTCKHE NYCTOTHI,
B KOTOPHX TalakKTHKH NMPaKTHYECKH He Berpevaiorces. Pasmep
X Aueek 0k010 100 Mnk, a CTeHKH MMEKT TOMUMHY BCero 3—
4 Mnk. Takas cTpykTypa BO3HHKAA B pe3yibrare JUTHTEeNbHOI
ssoaoumn Beex o6bvexToB, Habmonaembix BO BeenenHoil, cambie
obnHe CBOUCTEA KOTOPOH H3YYAET KOCMONOTHS,

\\, - L. Kak onpesensior paccrositus 1o rasakmuk? 2. Ha
KaKHE OCHOBHLIE THNL MOXHO PAasIeNHTh FANAKTHKM MO HX
pHewHeMy suay W opme? 3, Yem paziu4aoTcs no cocrasy W
CTPYKTYpe CNMpaNbHbiE M ILIMNMTHUYECKHE ranakTHiu? 4. Yem
ODBLACHACTCA  KPACHOC CMCUICHHE B CHekTpax  rasakTik?
5. Kakue BHEralakTHYecKHe HCTOYMMKH PAIHOHINYYEHHA M-
BECTHRI B Hacrosmee Bpemsa? 6. Yo SRISETCH MCTOYHHKOM pa-
AHOMITYMEHHA B paanorasaktuxax?

W rgmorpmaness 1. TanakTHKa, HAXOASIIANCA HA PACCTOAHHM
Y 150 Mk, uveer s yraosoit anamerp 217, Cpasuure ee 1u-
Heitnue pasmeps ¢ passepamu nawed Tanakmixy. 2. Kakowso pac-
CTOAHME 110 FAIAKTHKH, eCH B Hell obHapyXeHa HOBas 3Be3sa, BH-
IHMAsT IBE3AHAR BeIHYHHA KOTOpPOH + 18, a abcomoTHaA 38e3AHAS



penuanHa pasua =77 3, Kakosa CKOPOCTL YAARCHHA FUAKT AKM,
Haxomsmefica or Hac Ha paccroanuu 300 Mnk? Tlocroannyio
Xa6ona npusare pagHort 75 km/(c - Mnk). 4. Ha xakom paccros-
HHH HAXOAMTCA ANAKTHKR, ECIH CKOPOCTD CC YAAICHHA COCTARMACT
2- 10" xa/c? NMoctoarmas Xabbaa pasta 75 kw/(c - Mnk). 8, Kakoro
yraororo anamerpa Gyaer suasa nama Fasakrixa, asamerp Koro-
poit cocramiser 30 000 nk, s nabmoaarens, HAXOARMENOCA B ra-
nakTrke M31 (TyMaHHOCT AHIpOMeNsl) Ha paccTostmu 600 Knk?

Mo CYTH JIe/1a, CYLUECTBOBABILME HA KAKIOM 3Tane passHTHs Yelo-
BCYCCKOH LMBWIM3ALMK [IPCACTARICHHS O CTPOCHHH MMPA MOXHO
CYHTATL KOCMOUIOMHYECKHMMH TEOPUAMH COOTBETCTBYIONIEH IMOXH.
lNeouenTpuueckas cucrema Apucrorens—IIronemes crana nepsoi
HAYYHO OBOCHOBAHHON KOCMOJIOMMYECKOH Mozensio BeeneHHoi.
Cnyers 1500 ner ee cMeHIa HOBasi KOCMOJIOTHYECKAs MONENb —
reTHOLIEHTPHYECKAs CHCTeMa, mpeioxkenHas KonepHukom.

Kocmonorns — paiznea acrpono-
MHH, KOTOPbil M3ywaeT CTpoeHue
u 3soaounio Beeaennoii B ueaom,
HCHOABIYA NPH TOM METOABL H 10~
CTHKEHHA QHIHKH, MATEMATHKH

u hraocodpun.

TeoperuyeckHe MOAENH, ONMMHCH-
Baiowe Hanbosee obMe CBOHCTBA
CTPOGHHA M 3BOMIOUMH BeeneHHOM,
[POBEPAIOTCH ACTPOPHIMHCCKMMH Me-
ronamu Habmonenuit. Ouennano, 4To
BBLIBO/IBL KOCMOJIOTHH WMEIOT BaXHOe
3Havenue Ui popMupoBaHus CoBpe-
MEHHON HAYYHOH KapTHHEI MHDA.

Teopernueckum (QyHAAMEHTOM COBpPEeMEHHON KOCMOJOTHH
AaBMAach cosganHas Aasbepmom Juwrmwumennom (1879—1955)
B Havane XX 8. 001uas T¢opUst OTHOCHTEAbHOCTH — PCAATHBUCT-
ckaf Teopusa Tarorenus. Haubonee cymecTseHHBIM OTAHYHEM
COBpPEMEHHBIX KOCMOJIOTHYECKHX MOJIesieH, NepBbie U3 KOTOPBIX

Anubepr SAHwTeRH



Obu paspaboransl Arexcandpom Aaexcandposuwem Dpuima-
Hom (1888—1925) na ocxose Teopuu itHwTelHa, ABISCTCH UX
IBOMONMONHEIH Xapakrep. Maea rnobansnoii spomounn Bee-
JEHHOH OKa3aiach CTONMb HEOOBIYHOW, YTO MEePBOHAYANILHO He
Obu1a NPHHATA 1aKe CAMUM CO3IATENEM TEOPHH OTHOCHTENLHOC-
TH, TAKHM BBUIAIOIHMCH YHEHBIM, KaK DHHIITEHH.

Haxe nosaxee, KOraa CTalo OYEBHAHO, 4TO BCe 00BEKTHI BO
BeeneHHOH M3MEHSIOTCA C TEYCHHEM BPEMEHH, Kas3aloch, 4YTO
NPOLECCH], MPOUCXOMIMNE B €¢ OTACAbHBIX COCTABHBIX HACTAX,
He MeHAIT 00/1MKa Beel BeesaeHHON,

Dra uaed Ovina ans Dinmredna HaACTONLKO OYEBHIHOM, 4TO
AR YPaBHEHWH TEOPHH OTHOCHTEALHOCTH, MMPHUMEHEHHLIX KO
Beeli Beenennoii, oH CTan MCKaTh peleHHs, ONMHCLIBAIOUIHE ee
COCTOSIHME, He MeHsnoweecs co spemexem. s toro 4robei
YPABHOBECHTH CHJIbI TAIOTEHHA, OH NPEMNOJIOXWI, YTO KpoMe
HHX B0 Beenennoii cymecrsyer cuna OTTANKHBAHHA. DTa cwia
AOMKHA OBITH YHHBEPCANLHON, 3aBHCAIIER TONBKO OT paccros-
HHA MEXTY TeJaMH i He3aBUCAIIEH OT HX Macchl. YCKopeHne, Ko-
TOpoe OHa OyaeT Co31aBaTh 3THUM TeslaM, Z0KHO ObiTh Nponop-
LUHOHAJBHO PACCTOSAHMIO: @ = const + R. Tax B YPABHCHUAX NO-
ABWIACK . OOYC/IOBJICHHAA THITOTETH-
YECKHMH CHJIAMH OTTANKHBAHHA KOC-
MOJIOTHYECKaA MOCTOAHHAA — AAMO-
da-ynex.

B 1922—1924 1. poccHHCKui
marematik  @puaman  BuiBen M3
obumei TeopuH  OTHOCHTEILHOCTH
Ditnmreiina  ypasHeHus, KOTOpbie
onucwBanH obiee crpoeHue U 38O~
moumio Beenennoit, Pewenus, nony-
veHHble PpuaMaHOM Uit ITUX KOC-
MOJOTHYECKHX YpaBHeHWil, o3Haua-
M, 9TO MaTepHa B Macmrabax oaHo-
poaHo# u usoTponHoii BeenenHoik
HC MOXCT HaXOMUTBCA B [I0KOC —  Anexcanap Anexcanaposmy
Beenennas aonxHa aub0 CRuMath-  Ppuamad
ca, Jbo pacuupateed. Cyre 31010
BLIBOJIA, CAEJAHHONO Ha OCHOBE Ma-

TEMATHYECKH CTPOroro pelleHHs ypasHeHHi, MOXHO OObACHHTD




AOBOJILHO MPOCTO, ONEPHPYS TOJALKO MPHUBLIYHBIMU TIOHATHAMM
TCOPUM TAroTeHHs HeloTona,

byneM HCXOAMTL M3 Npeanono-
xKeuusi, urto B Gonbiuux macmrabax
pacnipenenenve pewecrsa o Bcee-
NEHHOH MOXHO CHMTaTh OAHOPOA-
HeiM. Toraa ranakTvka, KoTopas Ha-
XOANTCS HA MOBEPXHOCTH Wapa npo-
H3BOJILHOIO PaiMyca, NPHTAIMBacT-
CA K ero LeHTPy COrJacHo 3aKoHy
BCEMHPHOTO TATOTEHHA C CHIION, npsi-
MO NPONOPUHOHAIBHOR Macce wapa
M w obparHo NPONOPUHOHAILHOMH
Ksaapary ero paauyca R, Bee ocrann-
HbI€ FAaKTHKH, JeXallHe BHe ITOro
mapa, He MEeHAIOT BeNTHUHHBI ITOMH
cwanl. [las  Z0KazaTenbCTBa  3TOrO
BAKHOTO YTBEPAICHHUS MPOH3BOJIBHO
BeIEMM BO BeenenHoit maposoii cnod rommmHo#i i Takoro pa-
auyca, 9To0bl BHYTPH HEro OKa3alHCh HE TOJbKO rajakTHka A,
HO ¥ Bech wap paauyca R (puc. 6.26). PaccmoTpum cHim Tarore-
HUA, NCHCTBYIOMINE HA TANAKTHKY A CO CTOPOHBI TeX ralakTHK,
KOTOPBIC PACHIONOXKCHBI B ITOM C10C B POTHBOMNOAOKHBIX OT Hee
HaNpaBJeHHAX. DTH CHIBI CO3JATCA FalakKTHKaMH, Pacrnono-
KeHHbIMH B o0beme anemenTos cios V, u V,. Cpasiiv o0beM

Maccy 3THx aneMenTos. Tonmmaa ux oaunakosa — A, a nioma-
au S, u S, v 06beMbl NPONOPLHOHAILHB KBAAPATAM PACCTOAHHIH

OT NUVIAKTHKH 210 NNOBCPXHOCTH CIIOM =T H Iy!

Puc. 6.26. ObvacHeHne He-
CTAUMOHAPHOCTH Beenennoi
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Tax xak pacnpenenenne ratakTuk Bo BeenenHoil cunrtaercs
OMHOPOAHBLIM, OTHOLICHME MACC ITHX neMeHToB Oyner Takum
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Cuast, ¢ KOTOPBIMH 2TH MACChl NPHTAMMBAKT TAIaKTHRY A,
COIVIACHO 3AKOHY BCCMUPHOIO TAINOTCHHA PAaBHbL:

GM,m
G

Fz =

rJ1e M — Macca ralakTHmn A.
3anuieM OTHOWEHHE YTHX CHI

Fy _ My
F Mzrf

2
M r
M, TOACTABMB B HETO 3HAYCHHE A'Tl = -, 10AY4HM
2 rs
2
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Taxkum obpazom, 3TH CHABL, paRHbe N0 aDCOMOTHON BeNHYH-
HE U HAMPAaBACHHBIC B NMPOTHBOMNONOKHbBIE CTOPOHBI, YPaBHOBE-
IIHBAIOT APYr APYra. 3HAYMT, ralakKTHKH, HAXOAAINECA BHE 1Ia-
pa paauyca R, He BAMAIOT HA BEAMUMHY CH/IbL, ¢ KOTOPOIl rajsak-
THKA A NPUTATHBAETCA rANAKTHKAMH, HAXOMAUIMMHUCA BHYTPH
ITOro wapa.

Cnenoaarenbuo, MOXHO HAHCATh CACAYIOLICE BHPAXKCHHE
JUIA YCKOPEHUsE, KOTOPOE HMEET O/IHA M3 ITUX FAIAKTHK 110 OTHO-
IIEHHIO K raIakTHKE, PACTIONOXEHHOMH B ero HeHTpe:

_GM
P

3HAK MHHYC O3HAYAET, YTO YCKOPEHHE COOTBETCTBYET PUTSI-
Kennio, a ne orrankusanmio. M3 aroit dopmyasl caenyer, uro

-



= )y — O D = = = D = = = — Oy — Op—lp — — —
B8 A a)

-—<—o><—o->—4o->——o>——-o—»o—»;-
G A )

) — — O = = O = OB - O el —
8 A B)

Puc. 6.27. Pacwwpenne BeenenHoi

Bcenennas nomkna OMTH HECTALMOHAPHOM, NMOCKOJLKY B He#
neicTByer TAroreHne. FaNakTHKM MOIyT HAXOAMTBCH B MOKOE
TONBKO MrHOBeHHe. B caenyiommii MOMEHT OHH NPHAYT B ABHXE-
Hue u Oyayr cOamKaTLCA NOA ACHCTBHEM CHA TAroTeHus. Ecau
Xe B HAYAIbHBIH MOMENT ralakTHKH OyayT HMeThb CKOPOCTH, Ha-
NPaBaeHHbIe TaK, 4T00bI OHM YAQNAIKCH APYF OT APYra, TO B ITOM
cayvae TaroteHuwe Oyaer Topmo3uTh pacuiupenue Bcenewwoii.
BeawvuHa # HanpasieHHe CKOPOCTH, KOTOPYIO HMEIOT ralakTHKH
B ONpeaeIeHHbIH MOMEHT, H3 TEOPHH TATOTEHHS HE BHIBOAATCH,
HX MOXHO IOJYYHTH TOJILKO HA OCHOBE HADIOACHHHA,

Teopernyeckue BeBoAB PpHAMAHA NOJYYHIH BAKHOE Ha-
OmonarenbHoe NOATBEpXAeHHe B OTKpuiTOM Xabbiom 3akoue
NPONOPUHOHANLHOCTH CKOPOCTH YAANEHHS TANaKTHK MX pac-
CTOSTHHIO:

v=H+R.

DTOT 3aKOH HE BHIMOJIHACTCA TOABKO JUIA HECKONLKHX O/In-
XKaHMX ranakTuk, BKaobas TyManHOCTh AHAPOME/IbI.

Yianenue ranakTHi, KOTOPOE MPOMCXOAMT BO BCE CTOPOHLI
CO CKOPOCTAMH, NPAMO MPONOPUHOHANLHLIMH PACCTOAHUIO OT
HacC, HE O3HauaeT, OJHAKO, YTO Haua lazakTHka 3aHMMaeT Ka-
Koe-10 ocodoe nonoxenne po Beenennol, TouHo Takas xe Kap-
THHA «pasOeranus» rasaktuk Oyaer vabaonarscs wis JoboH
APYroH ralaKkTHKH.

BribepeM B NpOCTPaHCTBE, 3aHATOM MATaKTHKAMH, NPOH3BO/IL-
HO HAUPABJICHHYIO [IPAMYIO, KOTOpas NpoxoaMT uepes vawy la-
nakTuxy (puc. 6.27). Ha s1oii npamoit okaxercs HeCKONLKO ranax-



THK, KOTOpPbIE YAUISIOTCA CO CKOPOCTAMH, NOMAYHHAIOWUMHCH 5a-
KoHy Xab0ua, or Haweit Fanakmuku A (puc. 6.27, a). Teneps no-
npobyeM MpeacTaBuTb, Kakylo KapTHHy pasderaHus rajlakTtuK Mol
YBHIMM, CCIIH NepeHeceMcs Ha razakuky B. s Toro 4robut on-
PCACIMTL CKOPOCTH BCEX TIAKTHK OTHOCHTENLHO HEe, HANO0 M3
cKopocTeit, H300paxeHHLIx Ha pucyHke 6.27, a, BLYeCTh CKOpoCTs
ranaktuku B (puc. 6.27, 6). Tlonyuennas Kapruna, Koropas npe-
crannena Ha pucynxe 6.27, @, NPHHLIMITHANLHO HE OTAHYAETCH OT
Npeasyied: CKOPOCTH yANeHHs TalakTHK TO-TIPeXHeMy Tpo-
MOPUHOHANLHBI PACCTOSHHAM.

Uit 1oro 4Tolel y3HaTH, KOrAA HPHMEPHO HAYa10Ch HabIO-
Aaemoe paciuMpende, HeoDXOAHMO BOCIONLIOBATLCA MOCTOAH-
Ho# Xabbna H. I'aakTKa, HAXOAALMASCA OT HAC HA PACCTOAHMM
R, ynansercs co ckopocteio H + R. Cnenosarensno, paiienus
paccTosiHue, NMPOHAEHHOe FAIAKTHKON C MOMEHTA Havaaa pacium-
PeHUS, HA €€ CKOPOCTh, MBI NOJYHM:

R/(H « R) = |/H.

Bemtunna, obparnas nocrosannoi Xabbna, maer npumepHyio
OLICHKY BPEeMEHH, KOTOPOE NMPOMUIO ¢ MOMEHTA Havana paciuupe-
HHA BeeaenHoi, HeTpyaHO noACUHTATB, YTO 3TO BPEMA COCTAB-
AseT npuMepHo 13,5 mapa ser.

Orkprite XabbnoMm «KpacHOro cmewmenusi» u paborsi
®puamana, nokasasiero, 4ro Beesennan He Moxer ObiTh CTa-
UHOHAPHOM, ABHJIMCH TONBKO HAYANIOM HCCACAOBAHKH IBOJIIOLIHN
BeeaeHHo#.

BiaumHoe yaaneHue ranakTMk O3HAYaeT, UTO B MPOUIIOM
OHH ObUIH ropaszo GuiXe Apyr K Apyry, uyem teneps. B eme 6o-
Jiee PaHHIO 3MMOXY TUIOTHOCTh BEllecTBa ObUia Tak BEJIHKA, YTO
BO BeesleHHOH He MOIJIO CYIIECTBOBATL HH TaNakTHK, HH 3BE31 H
HMKAKuX Apyrux HaOGmonaemeix Heie obbekTos. Pacuerst npo-
LUUIOrO, NMPOBEACHHBIC HA OCHOBE KOCMOMOrMYECKUX Mouenci
@puaMaHa, NOKALIBAKT, YTO B MOMCHT HAYAIA PACIIMPCHHA
Beesennol ee setecTso A0/XKHO HMETh OrpoMuYyIo (DeckoneuHo
OOABUIYIO ) MIOTHOCTS.

[lepen naykoH BCTana 3azava HM3y4eHMs TeX (PHUIHYCCKHX
NPOUECCOB, KOTOPBIC NPOHCXOUAT B paclumMpsaioweics Beenen-
HOM HA Pa3HBIX ITAnax ee BOMIOUHH BILIOTH J0 COBPEMEHHOCTH,
a Takxe Tex, KoTopnie npeacroar so Beenennoit B Oyaymem.



B 1948 r. B paborax I'eopeus Anmonosuna I'amosa (1904
1968) u ero coTpynuukos ObUIa BEIBHHYTA MHNOTE3a O TOM, YTO
BEMIECTBO BO BCENCHHON HA HAYANBHBIX CTAAMAX PACUIMPEHMS
HMEJIO He TONBLKO BONBIIYIO MIOTHOCTH, HO M BBICOKYIO TeMMnepa-
Typy. Tak, cnycra 0,1 ¢ nocae Havana paciuMpeHHs TemMneparypa

Gbura okono 3 + 10" K. [Tpu cronb BHICOKOH TeMreparType B3au-
MozneHcTsHe (POTOHOB BHICOKOH IHEPTHH, KOTOPHIX B rOpAYeM Be-
wecerse ObUI0 MHOrO, NpUBOAMAO K OOpasoBaHMKO nap BeeX
M3BECTHBIX YACTHLL M AHTHYACTHLL IEKTPOH -— [O3MTPOH,
HEHTPHHO — AHTHHEATPHHO M T. 1. TIpH anHMruIsumy 3THx nap
CHOBA poXaannCh GOTOHBL, & NPOTOHBI M HEHTPOHBIL, B3AHMONLH-
CTBYA C HHMH, MPEeBPALIAIHC APYr B APYyra.

[Ipi o4eHb BBICOKOH TeMme-
parype CI0XHbIC ATOMHbIC SApa
CYHIECTROBATh HE MOTYT — OHH
MOMEHTaNLHO ObutH Obi  paspy-
WICHLI OKPYXKAIOUWHMH  SHEPruYy-
HBIMM YaCTHLLAMM, M103TOMY He 00~
pasyioTcsl gaxke aapa neHTepHs,
XOTS HEHTPOHB H MMPOTOHLI CY-
HIECTBYIOT.

ITo mepe pacumpexus mior-
HOCTb BELIECTBA M €ro Temmnepa-
Typa ymensimaworca. llosanee,
KOrjla TeMneparypa B paciud-
psuowieiica BeeneHHoH onycTuT-
ca Hike 1 mapa K, craner Bo3-
MOXHBIM COXpaHeHHe HeKOTOPO-
ro KOJMYECTBA Afiep NeHTEPHs U,  eoprwit AHaTCNLEBKY [AMOB
caenoBarenbHo, obpazosaHue re-
aua. CoracHo pacueraM, K 3T0-

MY MOMEHTY HEHTPOHLI COCTABAT NpUMEpPHO 15% macchl Bcero pe-
wecTsa, OCTaNbHOE BEMIECTBO = IMPOTOHB! (SApa ATOMOB BOAOPO-
na). CoennHeHne pasBHONO KOJIHYECTBA MPOTOHOB M HEHTPOHOB
npusezer K 00pasoBaHHIO JeHTepus, a B MpoLecce Caeayommx
ANePHEIX peakumii obpasyiorea supa rens. Pacemarpunas anep-
HbIC PEAKUMH B FOPAYEM BEUIECTBE B HAYANEC KOCMOJIOrHYECKOro
PacCIIHPeHHs, YAAIOCh PACCYHTATD, YTO B [POLICCCE ITHX peakUMi
MOTAH 0DpasoBaThea TONLKO BOAOPOA U reaud. Cnycra nsaTe Mu-
HYT NOCTE HaYana paciiMpeHus, Koraa remneparypa o Beenen-




HOM CTAHOBHTCS HEAOCTATOMHOM LIS TEPMOSICPHBIX PeaKili, Be-
LIECTBO COCTOMT U3 cMecH anep soaopona (70% maccst) u anep re-
A (30%). TakuM ero cocTas OCTACTCA 10 TOIO BPEMEHH, NOKA He
NPOUCXOANT 0DPA3OBAHME 3BE3A U IUIAKTHK.

Hcecnenoanua nokasanm, YTo COACPXAHUE IeiHs B 3Be3nax
M MEX3BE3JHOM BelllecTse AeHCTBHTeNLHO COCTARIAET OKOAO
30% no macce. 310 AOCTATOYHO XOPOLIO COrNACYETCH ¢ BHBOAA~
MH TEOPHH, KOTOpaA OCHOBAHA HA MPEANOJOXEHHH 0 «ropayveii
BeeneHHok»,

Crnyctst NpHMEPHO MHLUTHOH JIET MOC/e Havata paciinpeHus,
Koraa remneparypa cHixaerca a0 4000 K, aapa aroMoB BOAOPO-
14 ¥ reus, 3aXBaThiBast AIEKTPOHBI, NPEBPALAIOTCA B HEHTPAIb-
HLIE ATOMBL. DTa 3M0Xa ABUAACH BAXKHEHIIMM ITANOM B IBOJIO-
uu Beenennoit. Bo-nepsbix, TONBKO € MOABIECHHEM HEHTPANBHO-
ro BEWECTBA CTAHOBHTCA BOIMOXHBIM (POPMHpPOBaHHE OTAEINIb-
HbIX HeOECHBIX T/ M X cucTeM. BO-BTOpBIX, HanyYeHHe, KOTOpOoe
HIPAN0 BAXHYIO POAL B NPOLEccax, NMPOMCXOMMBILHX Npexie,
NMPaKTHYECKH HE B3aMMOAECHCTBOBANO C HEHTPAIbHBIM BelIECT-
soM. MHave ropops, Teopua «ropsaveit Beenennoit» npeackassi-
Baja CYLEeCTBOBAHME B HACTOAILEE BPEMSA PEIMKTOBOTO 3NMEKTPO-
MArHHTHOTO HITyYeHHs, OCTaBLIEroca OT TOr0 JAJEKOro mnpo-
uUIoro, Koraa sewectso o BeeneHHo#i ObUI0 MJIOTHBIM M rO-
paunm. Temneparypa 3TOro HUIyYeHHs, KOTOpas B Tpoliecce
KOCMOJIOTHUECKOr0 paciiMpeHust YMEHbIIANACh TAK Xe, KaK M
TEMIEpaTypa BENIECTBA, JO/KHA COCTABIATL B HAWIY MOXY BCEro
HECKOAbKO KEAbBHHOB. ITO MIIyYeHHE, NOAYUHBIUECE HAIBAHHE
peauxmosozo, B0 cayvaitno obnapyxeno wa sonne 7,35 oM
aMEePUKAHCKUMK MHxeHepamyu Apuo IMewsuacom w Pobepmom
Bunsconom. OTKpBITHE PEIHKTOBONO H3MYYEHHA ABHIOCH OTHHM
M3 BAXKHCHIIMX HAYUHBIX OTKPbITHI XX B., KOTOPOE NOATBEPIM-
710, 4TO HA PAHHMKX CTAAMAX pacluHpenus Beenennas Oviia rops-
ueit. Asropsl 3roro orkpoitist B 1978 r. ynocroens Hobenesckoii
npeMiH no Gpu3nKe.

ObHapyxeHne peHKTOBOrO HANYYEHHA — OUeHb BAXHOE, HO
HE CAMHCTBEHHOE JOCTHXCHHE KOCMONOMHH 32 MOCNCAHHE JCCATH-
aetua. K MX yMcay OTHOCHTCS TEOPeTHUECKOe HCCaeloBaHue
KpynHoMaciutabuo# crpyktypet Beenennoii, nposenentoe akane-
mukoMm 5. B. 3esnsnosuuem u ero yvenwkamu. B npouecce 3po-
mouny BeeneHHoH payKTyauuu naoTHOCTH BewecTsa noa aeicr-
BHEM TPaBHTALIMK JO/MKHLI NIOCTENEHHO NpeBpamarses B obhek-



Thl, HanoMuHalowHe no csoel dopme Gauns. Habmonenus rios-
TREPAMIN, 4TO HMEHHO TAKHE CTPYKTYpPhI obpa3syior ro Beenennoi
raakTHKH, HX CKOTUICHHS W CBEPXCKOTUIEHHA.

Teopus ropsveit pacumpstiowieiics Beesennoit, koropas onu-
paerca Ha paboret A. . ®puamana u I'. A. 'amosa, ctana obuue-
NPHIHAHHONA, XOTA HE CMOINA AaTh OTBET Ha JIBa BAXHLIX BONPOCa:
B HEM MEPBONPHYHHA B3AHMHOIO YAAICHH IUIAKTHK W KAK B J1a/b-
Heiuem Gyner nponCxoauTs pacumperne BoeneHHoM.

HaitTi oTBeTBI Ha 3TH BONMPOCKH! YAATOCH HOBOMY MOKOIEHHIO
yuenbix. Oba oTBeTa OKa3aJMMCh BECHLMA HEOXMAAHHLIMKH, B 1965 1.
poccuiickuit dusnk-reopetuk 3, B. Imuep suaBUHYA TMIOTE3Y,
COTNIACHO KOTOPOi HauaibHbIM cocTosiHueM Bceenennoil Onin
pakyy™. JanbHefiuMe HCCAeNOBaHHA MOKa3amM, 4TO A
IPABHTALMOHHBIX CWI BAKYYMA XAPAKTCPHO HE NPUBLIYHOC BOCM
NPUTSKEHNE, 8 OTTANKHBAHHE,

Y100m omeeTMTL Ha BTOpPOH BONMpOC, Heobxoaumo OO
YCTAHOBUTH 3ABHCHMOCTH CKOPOCTH YIANEHHA TaNakTHKM OT
paccToaHus 10 Hee. B neppom npubauxeHuM OHa BbhIpAKaCTCH
3akoHoM Xabbna: v = H+R. Yro0s nposepuTh, HACKOJILKO 3Ta
3aBHCHMOCTS BRITIOIHAETCA JUIA Hanbonee ynaneHHbIX 00beKTos,
HEeODXOAHMO ONMpEIC/IHTL CKOPOCTh MAIAKTHKH H €€ paccTofHune
HE3ABMCHUMO Jpyr o1 apyra. M3MepeHus TPHIOHOMETPHYECKOro
napannakca s OnpeaeneHus PacCTOAHMS 10 TaNaKTHK He-
NpHroaHsl. [UiA TakuxX OrpOMHBIX PacCTOAHNIE HCMOMB3YeTCA Me-
104 QoTOMeTpHUCCKOro napauiakca. Iorok GoroHos, NpHxoas-
LMX OT MCTOMHHKA HITYUEHUA U perucTpupyeMbix Habaonarenesm,
obpaTHO MPONOPUHOHANEH KBAJAPATy PacCTOSHHA A0 HCTOYHHKA.
EciH H3BecTHa MOWHOCTD HINYYEHHA (CBETHMOCTL) Habmonae-
MOro 00BeKTa, TO, HIMEPHB NOTOK CBETA, MOXHO BbIMMC/IMTL, HA
KaKOM PacCTOAHHH ITOT OOBEKT HAXOAHTCA.

Oka3zanocsk, 4To ODBEKTAMMH C HIBECTHOH CBETHMOCTBIO SIRJIN-
I0TCA HauboNIee APKHE CBEPXHOBLIC 3BE3/ILI, CBETHMOCT KOTOPBIX
B MOMEHT BCTIBILIKH CPABHHMA CO CBETHMOCTBIO LICJIOH raIakTH-
ku — Cpepxnossie tHna la. [lpu wabmopenusx ImHx 3nean
HE3ABHCHMO HW3MepAIHCh Nee BeawuuHnl. [leppas — Kpac-
HOC CMCILCHHC JMHUK B CreKTpe. OHO BHIPAXACTCHA BCAMUHHON
z = (h = M)Ay rme A — IMHA BOAHB PErHCTPHPYEMOro
HANYYEHHSA, A Ay — JUTHHA BOJHBI HCITYCKaeMOro nanydeHns. Bro-

pas — OJECK 3Be3lbl, KOTOPbIA BbIPAXKACTCHA B 3BC3AHBIX
penuuniax — m. [lo cymecrsy, 5T0 ocBemeHHOCTb, KOTOpas
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CO34€TCH 3BE3M0H HA [UIOCKOCTH, MCPHEHAMKYASPHOH K Jyuy
jpenns. 3uas, 4ro csetumocts Beex Ceepxnopmx THna la
ONIMHAKOBA, MOXHO BEIYHCIHTE PACCTOAHHE IO KAXKIOH H3 HHX,

Ha rpajmuke (puc.6.28) nokasaHel KpHBBIE, KOTOpHIE
COOTBETCTBYIOT JIBYM BO3MOXHBIM BAPHAHTAM 3aBHCHMOCTH pac-
CTOSAHMA 10 3BE3JbI OT KpacHoro cMewexus. Kpusas A coor
BETCTBYeT u3pecTHOMy 3akony XaO0aa. Kpusas B npu manbix z
NMPaKTHYECKH CAWBAETCA C KPHBOH A, HO npH OAABIINX 3HAYEHHAX
Z [POXOAHT 3HAYMTEALHO Bhile, Habmonaemoe OTKIOHEHHE Cy-
IIECTBEHHO MPeBbIAeT OWHOKKH MIMEPEeHUs, YTO U TI03BOJIKIIO
caenath BuBOM: Beenewnas pacumpsercs ¢ yckopewwem. 3to
03HAYaeT, 4yTo pacuHpenne BeenenHo# Oyaer npoaoxarsca He-
OrPAHMYCHHO, Bosee TOro, YHYCHLIC NPULIM K BLIBOLY: Hab/O-
AaeMOoe YCKOPeHHEe CO3JaeT HeM3BECTHbIN NpexJie BUA MaTepHH,
KoTopeiit obnanaer cpoiictBoM antHrpasutaunn. OH nmoayuwn
HA3BaHHE MeMHOL Inepeul. 3 ITO OTKPHITHE JBE IPYNIILI YYEeHbIX
noayuuan HobGenescxyio npemuio no guauke 3a 2011 ron.

OrkpuiTHE AHTHTATOTEHHA, KOTOPOE OKAZAJIOCH HEOXHIAH-
HoIM U1 OONBUIMHCTBA MONCH, NOATBEPANIO TMPEABHIACHHE
A. DiiHurreiita.

B ¢cBA3M € 3THUM BBIACHHACA rayOOKuit CMBIC A-WiCHa B ypas-
HeHHAX oDuiel TeOPHH OTHOCHTENLHOCTH. A. DitHwuTeiin, no cy-
IIECTRY, BLUIBHIYJI THTIOTE3Y 0 Hanruuun Bo Beenenwoil marepun,
KOTOpas CO3MACT HE NPUTAXEHHE, a orrankupanne. Habmone-
HUA NOATBEPAHIIH CPABELIHBOCTL 3TOM runoTessl. JansHeHiuue
HCCNeNOBAHMS MO3BOJAMIM BRISICHHTB, YTO MO CBOEH npupojae
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TEMHAA IHCPIrHs SBJISCTCH [IPAKTHYCCKH OLHOPOAHOM, B OT/IHYuR
OT ABYX APYrHX cocTapasiomux Beenennoi — «oburanoi» 1 rem-
HOH MaTepHH, KOTOphIE pacnpeneneHsl B KOCMHYECKOM Mpo-
CTPAHCTBE HCOMHOPOAHO, O0pa3ys 3BE3NbI, rANaKTHKH W Apyrue
00beKTbl. MOXHO CYHTATD, YTO TEMHAS SHEPrHsA — 3TO CBOHCTBO
CaMOoro NpoCTPaHCTRA.

JleranbHbiil AHANKUI AHMIOTPONHH PEIHKTOBOIO HINVHEHHS
MO3BOAUA ONPEACAHTD TIOTHOCTh KAXI0r0 U3 TPEX BHIOB Mare-
pPHH. BbUIO YCTAHOBJACHO, YTO «O0OBIMHAA» MATCPHA, HIYUCHHIO
KOTOPOii Ye0Be4ecTBO MOCBATHIO BCIO NPEAIeCcTBYIONLYIO HCTO-
PHIO, COCTABNIAET BCEro JIHITL HECKOILKO NMPOileHTOB Macckl Bee-
neHnoit. TMpumepHo 24% cocrasaser TeMHas Marepus, a 74%,
Bosbiuas YacTs Macchl BeeNICHHOH, NPUXOAUTCS HA A0/ TeMHO#M
JHEPTHH — HOBOroO BHIA MATEPHH, YHHKAILHBIE CBOHCTBA KOTO-
POW enie NPeIcTOUT HIYIHTE.

PajsuTue COBPEMEHHON KOCMONOIMH B OMEPE/IHOH Pas noka-
3a10 Be3rpaHHYHbIe BO3MOXKHOCTH YeJIOBEYECKOro pasyma, cro-
cOOHOrO HCCeN0BaTh CAOXKHEHILHE MPOLECChl, KOTOPhIe MPOHC-
XO/AT BO BeeneHHol Ha npoTaXeHu MUIIHAPIOB JIeT.

S0 L Kakse (aKTel CBHAETENLCTBYIOT 0 ToM, T0 Bo Bee-
S5 nennoil nponcxoaut npouece ssomounu? 2. Kakoso cootHowe-
HHE MACC «ODBIMHON» MATEPIK, TEMHOR MATEPHIT H TEMHON IHEp-

riu Bo Beenennoit?

. “34) 3 p v 4 A -
Q 2. Kuius M PAIVM BO BCEAEHHOM

Cyluecmouaune XKUIHKN BHE 3emiH, B OCODEHHOCTH XHIHM
PA3yMHOM, C AABHUX MOP ABASACTCS ONHUM H3 BONPOCOB, KOTOPhIE
BOJIHYIOT yenoseyecTso. CaMa noCTaHOBKA Takoi caoxHeiimedt
npobieMel, KaK MPOHCXOXAEHHE XHIHH H €€ pacnpocTpaHeHHoc-
™™ BO BeeneHHol, CTHMYINPOBAIA PA3BHTHE BCEX ECTECTBEHHBIX
Hayk. @u3nka u xumus obecneunsann yueHsix sce Bosee cosep-
UICHHBIMH METOJAMH M3YYeHHA COCTOAHHA, CTPOCHHS U CBOHCTB
AKHBOMO ¥ HEXHBOro pellectsa. buosorus, usyuas pazauumnie
(hopMBI KHIHH, ONpeNensia yCIOBHA, NPH KOTOPBIX MOTYT BO3-
HHKaTh, CYILCCTBOBATD M PA3BUBATLCA KHBBIC OPraHM3Mbl. ACT-
POHOMHMSL, MOAYYas CBEACHHA O NPUPOLE HeDEeCHBIX Tel M TPOHC-
XOAAIMX HA HHX SABJEHUAX, CO3JaBaia BO3MOXHOCTL obHapy-



KHTh TC WIH UHBIC MPOABACHHA XH3HM, B TOM YHCIC PasyMHOMN,
3a npenenamu 3eman, Meropust NOHCKOB XH3HM BHE 3eMIH 1101
Ha APaMaTHYECKHX CODBITHIT H FOPLKHX Pa3oyapoBaHHA.

MbicaH 0 TOM, YTO HALLA MIAHETA HE ABAACTCA CAMHCTBCHHBIM
HACCJICHHBIM MUPOM B Becripeie/ibHOM npocTpancTee BeeneHHod,
BLICKA3LIBAIMCE €Le JI0 HAILEH 3Ppbl, KOrjla CYLIeCTBOBAJIA enHan
Hayka — dutocodpus. Miaeio MHOXKECTBeHHOCTH ODHTaeMbIX MM-
POB pasaesin MHOMHE Bblaatoumecs yuensie XVII—XIX ss.

Yeaosexy peeraa xoreaoch Haiith rae-Hubyas Ha ApYyrHx Koc-
MHYCCKHX Tesax noaobusie cebe cyinecrsa, MMEHHO 110310My He
pas M He 1A B HCTOPHH HAYKH CYYANIOCh, YTO T WIKH HHLIE IaH-
Hule o ruanerax (ocobenno o Mapce) paceMaTpHBaIHCh KaK J0Ka-
3aTeNbCTBO MX «obuTaemocTHy. Beuisnrammcs naxe npoekTs Toro,
KAK YeN0BEYecTs0 MO0 Obl 3asBUTh O CBOEM CYIIECTBOBAHMM,
Tak, nanpumep, Hemeuxkuii marematik l'aycc npemnaran npopy-
Oute B ecax Cabupn ruranTckme npocekH B opme TpeyroabHH-
Ka M JIPYTHX reoMeTpuyueckux (puryp, 4yrobel «MapcHaHe» y3HaM
O HA/IMYHM HA HALICH FUIAHeTe PasyMHbIX oOuTarene.

Beakuit pas ceeaenus 0ob OTKPHITHH pasyMmHbix oOuTarTeneii
APYTHX MUPOB HE NMOATBEPANANUCH, TeM HE MEHee Kaxbiif HO-
BHIH [UAr YeNOBEYECTBA B PAIBHTHH HAYKH H TEXHHKH poxnan
OYepeAHBIC HANEXALI HAWTH CAeasl NOAOOHONH AeATENbHOCTH Ha
apyrux rutanerax. Tak, B Hauane XX B., Koraa Ha 3emne yxe Obt-
A nocrpoerst Cysuxuit (1869) u ITanamckuit (1914) xananst,
¢ DOILLIHM IHTY3IHAIMOM OBUIH BCTPEYEHB! COODUICHHA O «KaHa-
Jax», obHapyxeHnuix Ha Mapce. Ha nepebix nopax pasguTis pa-
AHOTEXHUKH WYMBI HEMOHATHOIO NPOHCXOXICHHA HEPEAKO MpPH-
MHCBIBAIMCH HHOIUIAHETAHAM.

CospemeHHblii YPOBEHb PA3BHTHA HAYKH H TEXHHKH CYMTaeT-
€St AOCTATOMHBLIM VIS TOro, YTOOB OOHAPYXHTL pPe3yabTaThl ne-
ATEABHOCTH PasyMHbIX OOHTATENCH APYIUX MHPOB. D10 Kacaercs
W 3eMHON HBIM3aUMKU. MolHbIe CHrHaNLl TelIeBH3HONHLIX T1e-
PEAATUHKOB H PANHOIOKALMOHHBIX YCTAHOBOK, JAEHCTBYIOLIHX Ha
3emsie, MoryT ObiTh OOHAPYXEHB LIMBHIH3ALMAMY, HAXOMLALIM-
MHUCSH HA TAKOM XK€ YPOBHE TEXHHUECKOro PAa3BHTHA, KAK W Hawa,
€CJIM OHM PACNONAraOTCA HA PACCTOAHHM B HECKOILKO MAPCeK OT
Conneunoit cHcTeMel.

Vuyensie B HACTOALUEE BPEMA BELYT HCCACAOBAHHA M0 JABYM
HanpasIeHuAM:



~— [IPHEM PALMOHIIYUCHHSA M3 KOCMOCA HA Pa3IMYHbIX Mac-
TOTax B HEJAX MOHUCKa CHIrHaJIOB HCKYCCTBEHHOrO nNpoMcxoxae-
HUA, NOCAAHHBIX PASYMHBIMK OOHTATENAMM APYIUX MHPOB;

= [OMCK OPraHHYECKHX BELIECTB M PasiHiHbIX (GOPM XKH3HH
¢ nomousio KA, B TOM YHCIE W CITYCKaeMbIX Ha ApYrHe niiaHeThl.

Pajmonabmionenns, Koropeie Obum Havate B 1960 r., nporo-
AHIHCH M NMPOBOAATCS MO HECKOIBKHM MEXAYHAPOIHBIM MPOEK-
TaM. Annaparypa ¥ nporpamma paboTsl paaMoTeIecKonos no-
CTEICHHO COBEPUICHCTBYIOTCH, B Xoue MecaeaoBannit KocMuye-
CKOrO paauousnyyenusi OsUIH NONbITKM 00BSICHHTD HEKOTOpHIE
ABJIEHHA NIEATEILHOCTLIO PAIYMHBIX CYHIECTR 3a NpeleNaMH Ha-
el naaneTsl — uHorulaHeTaH. Koraa s 1967 r. Obuin obHapy xe-
Hbl [YAbCAPhl, NOCLUIAIOUINE MEPHOIAHYCCKHE PALHOMMITYILCHI,
NEePEOHAYANLHO DLIIA BHICKA3AHA MHITOTE3A O TOM, YTO OHM ABAA-
I0TCS CHIHAZAMM ApYroi tmsmwmanuu. O1HaKo 0Ka3anocs, UTo
ITH PATHOMMIYIBCH HMEIOT eCTECTBEHHOE NMPOUCXOKICHHE, OHM
NPUXOMAT OT OBICTPO BPALIAIOMWIMXCA HEHTPOHHBIX 3BE3M, KOTO-
pbie noaAYuHIM Hassauue nyascapos. Mceaenosanus npoponxa-
I0TCS, HO CHTHA/IBI PA3yMHBIX CYIIECTE MOKa He ODHapyXeHbl.

PakeTHO-KOCMHYECKHE UCCACAOBAHMS IO CHX M0p TaKKe He
MPHHECTH KAaKHX~11H00 Z0CTOBEPHBIX AAHHBIX O CYIIECTBOBAHHH BHE-
3eMHOil xm3nu. Hu va Jlyne, Hi Ha Mapce B pesyabrare H3yueHns
XHMHYECKOIO COCTABA IPYHTA, B3ATOIO € NOBEPXHOCTH ITHX TEN, K-
BBIX OPIraHHM3IMOB WIM HX OCTAaTKOB He obHapyxeno. Mcenenopanmns,
MPOBOAHMBIE CTIELIMATHCTAMH, He TIOATBEPAWTH MpeanonoxeHus ob
HCKYCCTBEHHOM Xapakrepe OOBEKTOB HA MOBEPXHOCTH JIVHBI HAM
Mapca, B KOTOPBIX HEKOTOPBIE CKAOHHBL BHACTL nogoiue 1o nupa-
Mua, 1o chunkca. Bee 31i 00BeKTH OKa3hIBATHCH NPHYYUTHBLIMH
COBIAHMAMM IPHPONLI, BOSHUKIIMMI B PE3YILTATE PAVIHIHbIX eCTe-
CTBEHHBIX ITPOLIECCOB, B TOM YHCIE 3PO3HH NOBEPXHOCTHIX NOPOL.

Taxum oBpazom, B HacTOsIEe BpeMA LIS HAYYHBIX HCCIeA0-
BaHUH NOCTYIHBL AL TE GOPMBI XKH3HH, KOTOPBIC CYLICCTBYIOT
Ha Hawel naxere.

3eMHble XUBbIE OPraHM3Mbl COCTOAT M3 CJIOXKHBIX BBICOKOMO-
NEKYJIAPHBIX XHMHUCCKHX COCAMHCHMI, B 9TOM CBA3M O4CHD BAXKEH
OMH M3 HEMHOTHX NMONOXHTEIbHBIX PE3YJIbTATOB, NOAYUSHHBIX B
XOfie TIOHCKOB BHe3eMHO# Xn3un Bo Beesenwoil. 91o — obrapy-
AKCHHC B IUIOTHBIX MOJICKYSIPHBIX O0sakax Hawel larakTuky He-
CKOJIbKHX KJIACCOB THITMYHLIX OPraHHY4eCKUX COCIMHEHMH — alb-
NEruaos, CIIUPTOB, NPOCTLIX U CAOKHLIX (PUPOB, KapDOHOBLIX
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KHCIOT, aMMioB Kucaor., Muorse u3 3tux coeaunenuit (HCN,
CH,NH, CH,NH; u ip.) ABASIOTCA TCM MCXOAHBIM MATEPHAIOM,
13 KoToporo obpazylorcs saxHesiume npeabHonorHyeckue Mone-
KYJIbl — AMHHOKHCIOTE H 230THCTBIE OCHOBAHNA. AMHHOKHCIOTHI
ObuH ODHApYKEeHB TAKXKEe B HEKOTOPBIX METEOPHTAX.

ObunapyXeHnne OpraHu4eckux CoeJMHEeHHH CBHeTeNLCTBYeT
0 TOM, 4TO BO Beenennoi npyu onpeseneHnsiX yCIOBHAX NPoOKMC-
XOAHT CHHTE3 BAXHBIX COCTABHBIX “ACTEH XHBOTHBIX M PacTu-
reabunix Genkor, mosexyn JIHK v PHK. TToaoOHbt# cuuTes yaa-
JIOCH OCYINECTBHTH TaKXKe B NabopartopHbIX yCHOBHAX Ha 3emue.
l'asoBasi cMech MMHTHPOBAIA COCTAB NMEPBHYHON atMocheps! Ha-
e naaHeTsl (BOAOPOI, METAaH, aMMHAK, CEPOBOLOPO, BOA).
BoaneHCcTBYA Ha 3TY CMECh VALTPAPHONCTOBBIM HANYUEHHEM H
ANEKTPHIECKHMH paspsAaMH, YUEHBIM VIANOCh MOJAYYHTH pas-
AHYHbBIE COeAMHEHNA, B TOM yncae 12 amurokucaor u3 20, obpa-
3YIOWMX BCC OCIKH 3CMHBIX OPraHHU3MOB, d TAKKC YCTBIPC U3 M-
i ocHoBauuit, obpasyoumx moaexyast JHK u PHK. IMonob6-
HBI CHHTE3 MOXHO CYMTATD JIHIUD MEePBLIM LANOM Ha MYTH pelle-
HHS NpobieMbl 3aPOXACHHS W pa3BHTHS Xu3HK. B nochennue
IO/bl CPA3Y HECKO/IBKO YHCHBIX-XHMHKOB paspaboTaiy rmnoTess
BOJHUKHOBEHHA XHIHH Ha 3emae, B KOTOPBIX PacCMaTPHBAIOTCH
BOIMOXHBIE LIENOYKH peakunit (B TOM uMCle aBTOKaTAIHTH-
YECKHMX) TOAYMEHMS AMMHOKHMCIOT M JIPYIMX OpraHHYeckHx
COCIMHEHMI, BXOAALINX B COCTAB MODOro XHBOIo OPraHu3Ma.

Hrak, cymecrsosanne BbICOKOPa3BHTLIX GOPM KH3HM, B TOM
YHCIE PAIYMHOH, HA HaleH rnaadere U Haruyaue so Beenennoit op-
FAaHWYECKHX COSMHEHHH TOBOPHT O TOM, YTO B XOJE IBONIOIHH
NPH ONpeAeNeHHBIX YCAOBHAX MOTYT BO3HHKATh XHBBIE OPraHH3-
Mbl. BeiBoz 00 3THX YCIOBHAX YUEHBIC, K COXKANCHHUIO, BbIHYKICHbI
[1€1aTh HA OCHOBE JIMILL CIAHHCTBEHHOTO CAYYas — 3eMHON KHIHN,
CyluecTBoBaHHE OPraHHYeCcKHX COeNHHEHNI, MPOLIECCH], POHCXO-
ASUEe ¢ HHMH B JKMBBIX OPraHM3Max M COCTaBJISIOUIME OCHOBY
KUIHCACATEIBHOCTH, MOTYT MPOHCXOAMTD JIMLLL NPH ONPEeACICH-
HBIX TeMnepatypHbix yeaosusx (0—100 °C), Boaee Toro, wia Bo3-
HHKHOBEHHS W PA3BHTHA KHBLIX OPraHH3IMOB He0OX0aHMO, YTOOk!
ITH YCIOBHA MOAACPKUBAIHCH B TeYeHHE LOCTATOUHO [UIHTeILHO-
ro spemenn. COracHo COBPEMEHHbLIM [IPEACTABACHUAM, B 3eMHOM
Buochepe OT MOMEHTA 3APOXKAEHHS NPoCTeliux GopM XKHIHKH 110
NOABJEHHSA YENOBEKa MPOILIO TPHMEPHO 3 MIP JieT.



Taxkum 00pazoM, CYLLIECTBOBAHHE AXH3HH BOIMOXHO HE Ha BLoX
IUIaHeTax, a IMIL HA TeX, IJIe H3MEHEHNs TeMITepaTypsl He BLIXOAST
38 YKazaHHbIe npenesbl, Takum TpefoBaHMsIM YAORIETBOPAIOT M1a-
HETHI, KOTOPbIC ABIKYTCS 1O OPOHTAM, MAIO OTIHYAIOMIMMCS OT OK-
PYXHOCTH, BOKPYT 3Be3/1, HATy4eHHE KOTOPHIX He MOABePHKEeHO Cy-
WECTBEHHBIM H3MCHCHMAM HA IPOTSKCHUM MWUIMAPIOB AeT. Taku-
MH SBISROTCS 3BE3B! I7IABHOH TMOCHeAOBATEIbHOCTH €O CBETHMO-
CcThIO, OIM3KOM K conHeuHoit (cnekTpansHbIx Knaccos ot F 1o K).

v yerosus coOMONAIOTCA HA 3emMae noToMy, 4To B LEHTpe
HaLeil NIaHeTHO CHCTeMB! HAXOANTCA TaKas 3Be3na, Kak Connue.
I'panmusl 30HL, BHYTPH KOTOPOH TemneparypHuie yciosus Gia-
FONPUATHB VIS CYLUECTBOBAHMSA XH3HH HA IUIAHETE, TAKOBBI, YTO B
Hee nonana aumb 3emas. Mepkypuit n Benepa pacnonaraorcs
camukoM Gumsko K CosHily, moaToMy TeMneparypa Ha noBepxHo-
CTH ITHX [AHCT 3HAYMTEABHO MPEBLILACT AOMYCTHMbIC I XKH-
BhIX OPrasn3Mos npejensl. A Mapc HaxoauTes y caMoil BHelHeH
IPAHATIBL ATOH 30HBI — TaM TeMrepaTypa CIHITKOM HU3Kas.

Eciau 661 na mecre Cosrua Gbuia apyras 3sesna, 10 3emas Mor-
na Obt OKazaTees BHe 310 OnaronpusaTHOI 30861 Tak, y 38e3/b, Ko~
Topas uarygaer B 16 pa3 meHbiue Teruia U ceera, yem CostHue, ra
30Ha oKasatach Obl ueHKOM BHYTPH opOMTEI MepKypHs, a y 38e3-
asl, wanysatomieit 8 17 000 pas cwistiee Connua, 91a 30Ha nepemec-
Tirack Owl 3a npenesst opduTel camol nanekoi manersl Iayron u B
Hee Toxe He nonana Ob HH 0Ha U3 ruiaHeT COHEYHOU CHCTeMBI.

M Toro ytobbl Ha TAKOMH IUIAHETe MOT/Ia BO3HHKHYTH W pa3-
BHBATLCA KM3Hb, HEOOXOAMMBI M npyrue ycrosus. Hammuue
arMocdepbl — OAHO U3 HUX. Bbl YK€ NO3HAKOMHIMCH € TeM, Ka-
KYIO BAXHYIO poiib Mrpaer armocdepa 3emin B 3auure cylecr-
BYIWOLIMX HA HAwmeH niaanere GopM Xu3HN, B HACTHOCTH peryim-
POBaHHEM TEMNEPaTyphl.

CornacHO COBPEMEHHBIM HAYYHBIM TIPENCTARMECHHAM, XW3Hb
MOIIA BOJHHKHYTH TOJIBKO B BOAHOH cpene. Bona Kak xummuueckoe
COCAMHEHHE MMEEeT J0BOJIBHO LMpOKOe pacnpocrpadenue 8 Con-
Heunoit cucreme 1 Bo Beenennoit. Kak w3nectno, aapa koMeT cocTo-
AT B OCHOBHOM M30 JIbJA — 3aMEP3eH BOAbL. YUCHBIC MOAaraior,
uTo Ha Mapce cymecTsyer BechMa 3HAYHMTEIbHbIH C0i 3amepsiue
BOABI, CKPLITBIA OT HaOmOAaTeNs MO NOBEPXHOCTLIO ITOH IUIAHEeTLL.

Bona oBHapyXCHa B MEK3IBCIIHOM BELUCCTBE HAILCH M APYIHX
ranakTik. OaHaKo Auib Ha 3eMiae Mbl BCTPeYaeMcs ¢ TAKHM KOW-
YECTBOM BOJLI B XMAKOM pune. Hanmaue Mopeit u oxeaHos, KoTo-



pble Ha HaWeH IaHeTe 3aHUMAIOT BOABILYIO HaCTh €€ NOBEPRHG-
cTi, caeacTeHe Toro, uro 3emas Haxoautes or CoaHua Ha TakoM
PACCTOSAHMM, 9TO HH B OIHOH TOYKE 3EMHOrO 1IAPA €ro nosepx-
HOCTb HE HArpeBaeTCs COMHEUHbIMH JYYaMH 10 TeMMepaTyphl Bbi-
e TOYKH KHIeHHa Boasl. M XoTa Temmneparypa B 3UMHEE BpeMA
HEPEIKO ONYCKACTCH 3HAMHTCIBHO HIKE TOUMKM €€ 3aMepP3aHMA,
OIHAKO BOJIBI B MOPAX M OKeaHax TaK MHOTO, YTO BCA OHA OCTBITL
JAMEP3HYTh HE YCIIEBAET, H 3HAYHTEIbHAA €€ YacTh OCTAeTCA Ha
naaHere B XHAKOM Buae. COrlacHO COBPEMEHHbLIM IaHHBIM, yXe
3,8 Mapa ner ToMy Hajan Ha 3emie CYLIECTBOBAIH OKeaHbl W 3eM-
HAs NOBEPXHOCTHL HUKOIJ1A NOJHOCTBLIO HE 3aMepsana.

BecbMa ymMepeHHbIM, NIPHIOAHLIM JUIS XH3HH KIMMATOM Halua
ruavera obs3ana, BepoATHO, ocobenHocTAM raioobMena mexny
armocdepoil v rapocdepoii: KOraa noBepxHOCTs MIAHETH OCThi-
BAeT, KOJIMYECTBO YIVIEKHCIOro rasa B atmMocdepe yseauuuBaeTcs,
& KOrjpa TeMneparypa rnoBepXHOCTH BO3PACTACT, TO KOJAHYECTBO
IT0r0 raza B armochepe ymenbiaercs. MoXHO nosarars, 4o rut-
pocthepa i Ku3nb Ha 3emne — Te 0CODEHHOCTH, KOTOpbIe OT/IHYa-
0T HALY TVIAHETY OT APYIHX, BO MHOIOM CXOMHBIX C HEKO IUIaHeT-
HBIX TeJl, = TECHbIM 00PA30M CBA3aHbI MEXLY CODOH.

K coxanenwio, AeTalbHOE HCCAENAOBAHHE YCIOBH, CymIecT-
BYIOWIHMX HA [UIAHETaX, BOIMOXHO TONLKO B CONHCYHOH cHeTeMe.
Jlmue B8 nocaeanne 10 ner ObUM NOAYUEHB! ZOCTOBEPHBIE CBENE-
HHA O HATHYHH MJIAHET | JIaXe TUIAHETHBIX CHCTEM Y IPYTHX 3Be3L.
Hceenenosats u3nveckue XapakTepHCTHKH 3THX MIAHET M BbISC
HHTb YCJIOBHS HA HX MOBEPXHOCTH eLle MpeACTOUT B DyayieM.

Takum 00pa3oM, 10 CHX NOP NMOHCKH XH3HH 3a NpeneiaMu
3emun octaorea GesyenewHbiMye. Ha 0CHOBE MMEIOMMXCS K Ha-
CTOSIIEMY BpPeMEeHH AAHHBIX MOXHO JaXe NpeAnoiarars, 4To
KHM3IHL SBASCTCH YHHKANbHBIM sBnenuem B ConHeuHoi cucreme,
a pasyMHast XH3Hb, BEPOSATHO, IOCTATOYHO PEAKHM SBJICHHEM BO
Beenennoit. Hayka noka e unmeer (pakTos, KOTOPBEIE MOXHO Obl-
10 OB CYMTATH JOKA3ATC/ALCTBAMM CYUICCTBOBAHMA AH3HHM Ha
APYTHX KOCMHYECKHX TeNaxX B HACTOSIIEe BPeMs WIH B NPOIIAOM.
B wacTHOCTH, BCE HAYKH O 3eMie He pacronaralT NOCTOBREPHbI-
MH CBCACHUAMM O NOCCUICHHUAX HALUCH IUIAHCTH! NMPEACTABUTEASA
MH KaKiX Obl TO HH ObUIO BHE3EMHBIX LIMBHIH3AUWA B MPOLILIOM.

3a noceanue aecaTuaeTa XX B. YEIOBEYECTBO HECKOJILKO pa3
JASARISUIO APYIHM LIMBIIH3IALMAM O CBOEM CyulecTsoBaHmH. Tak, B
1974 r. B HanparTesHi NAPOBOrO CKOUIeHHA B cospesnuu ['epkyne-
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ca Obu10 nociaHo paauocoobuienne, B KOTOPOM COIepXaTca ceeje-
Hust 0 3emne u ee oburaresx. Ha koemudeckux annaparax «[Tu-
oHep», 3anyimenHux 8 1972—1974 1r. 4 K HACTOAIEMY BpeMeHH
yxe nokuHyBimMx ConHeuHyl CHCTeMy, HaxoasTes Heboubime me-
TAUTHYECKHE TIACTHHBLI, HA KOTOPHIX BHLITPABHPOBAHEI HTYPBI
MOJeH, CXeMa TUIAHETHOH CHCTEMbI, & TAKXKE HEKOTOpbie aApyrHe
panubie (pc, 6.29). Koomuyeckne annapars «Bosuskep», 3anyck
KOTOPBIX ocyiecTsaeH 8 1977 r., yHOCAT B MEX3BE3AHOE MPOCTpaH-
CTBO BHACOMCKH €O 115 miobpaxeHHsamMu 3esuiH, KHBLIX CYIECTs,
OOHMTAIONIMX HA HEH, 4 TAKXE BAXHEHIINX Pe3YIbTATOB HayYHbIX HC-
caenosanuit. Kpome toro, Ha Gopry 3THX annaparos HAXOIATCA 3a-
MUCH KAACCHYECKHX M COBPEMEHHBIX MY3bIKATIbHBIX MPOH3BEACHHH,
YEIOBCUCCKOH peun Ha 58 s3bIKax HApOLOB, HACCASAIOIMX 3eMINI0,
IBYKH W LIYMBL, OTPAXAIOIIHE XHBYIO W HEXHBYIO NMPHPOIY HaedH
maseTsl. OCTaeTes HANSSTHCHA M KAATH OTBETHBIX MOCAAHMH.

Pazymeercs, obHapyxenue 3a npefenaMu 3eMiH XH3HH 1a-
xe B ee npocreimx Gopmax, a rem Dosee BCTpeya ¢ pasyMHbLIMH
cymecrsamu Oyner He TONBKO 3aMevaTesibHbIM HayUHBIM J10CTH-
KEHHEM YeNOBeYecKOH IMBHAMIAINH. DTO OTKPOET HOBBIE MOPH-
30HTHl B peleHHH NpobaeMbl MPOUCXOXACHHA KH3HK, a TaKXKe
CMOXCT OKa3aTh OIPOMHOC BAMSHHC HA JAIbHCHILCE PA3BHTHE
Beex Hayk. CyuiecTsosanue XH3HH 1 pasyma so Beesiennoit 6uu10
H OCTACTCH OAHOMH M3 NpobieM, KOTOPBIEC HENOBEHECTBY MPeacTo-
HT peliaTh B TPETHeM ThiCAYEeNeTHH naueii spei!



VIPMAOXKEHMA

I. Hanboaee paxubie BeaAnIMHbI,

BCTPEYAKINHECH B ACTPOHOMHH

Brasmei yraosoi anamerp Connua w Jlynw
Haxaou 3xaunTiky K neGecuomy sxsatopy
Becenuee pasHoneHCTEHE

Jlernee connuecronnne

Ocenunee pasHOACHCTBHE

Jumuee connuecrontme

[MpoAOKHTEALHOCTS IBEIAHOID rofa (nepHo
amenns 3emau pokpyr Costena)

[MpOAOKKNTEABHOCTE CHHOIHYECKOTO MECSIIA
(nepuon mamenenns das Jyuw)

[MPOAOKKHTEALHOCTS IBEIAHOID MECHLA
(nepuon obpamerns Jlyns Bokpyr 3emnn)

Cpeanwuit pamuyc 3emn

Pa3HoCTh 3KBATOPHANBHONO H NOMSAPHOTO paam-
ycos 3eman

Anamerp JIyHst no CPpasHEHHIO ¢ IHAMETPOM
Jemun

Huamerp ConHua no CPaBHEHHIO C AHAMETPOM
3eman

HAuamerp O0nurepa no CpaBHEHHIO C ARAMETPOM
Jemnu

Macca Contua no cpaBHEHHIO ¢ Maccoit 3emm
Temneparypa dorocheps Coavua

Cameiif xoporkuit nepruoa obpalenns niaHeTsl
(Mepxypuit)

0,5°

23 ,5°

okono 21 Mapra
» 22 HIOHA

» 23 cenralbpa

» 22 nexabpsn

365¢cyr5y
49 mMuH

29,5 cyr
273 cyr

6370 kM

21 kM
1/4
109
11

330000
6000 K

3 Mecaua
(88 cyTok)




Oxonyanue maon,
Camuiit Goabwoi nepnon obpawenns naanersr | 164 rosa
(Hentyn)
Cpeanuit neproa HIMEHEeHHA Yucaa conneynsix | 11 ner
nATeH
Cpeanee paccrosume or 3esum 1o JIvie 384 000 xm
Cpeanee paccrosiame or 3eman 20 Connua 150 000 000 xm
(1 actpoHOMHYECKAS eAHHKHLIA — a. e.)
Cpeanee paccrosanue or Comnua no 6muxaitmeit | 0.4 a. e.
naadeTs: (Mepxypuit)
Cpeanee paccrosane or Coanua 10 caMoit aaze- | 30 a. e,
xoii naaners (Henryn)
I napcek (nKk) 206 265 a. e.
3,26 ¢ rosa
310" ku
Paccroanue no Gamwxaimeii spe3ant (MNpokcva | 4 cs. roxa
Kenraspa) ! 5 K
270 000 a. e.
YHC0 33, BHIMMBIX HEBOOPYKEHHBIM IHA30M okoso 6000
Tesmneparypa gorocdepu 3sean ot 3000
ao 30 000 K
Bospacr 3emum oxkono 4.5 aipa
ner
Bospacr Connua 0KO0A0 5 MAIpA
aer
Muamerp nameit FanaxTHKH OKOJI0
100 ruic. cs. ner
Paccroanue a0 Guoxaimed cnupanstoi ranak- | 2 maH ca. aer
THKH (TYMAHHOCTL AHIPOMENLI)
Paccroaume 1o vanbonee nainexux ralakrug OKO0

Bospacr Beeaennolt

13 Mapn ce. ner

oxono 13.5 mapa
ner
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RO H. 3.

1100
RO H. 3.

360
A0 H. 9.

280
A0 M. 9.

265
PR TR

240
A0 H. 3.

140—120

BOH. 3,

46 1o K. 9.

150 0. 2.

1031

1425

1543

1583

1584

1609—
1619

VII. Jars saxuelmnx
ACTPOHOMMYECKHX HAONIOACHHH H OTKPHITHH

[lepBrie ACTPOHOMHUCCKHE 3ANNCH, caenanHme B Ernnre,
Basuaoue u Kurae

Onpeneaenne HakaoHa 3xBaTopa K akaunTke (My Kosr,
Kunraii)

OB6ocHOBaHNE NPEACTARNCHHIT O WAPOODPAIHOCTH e,
Jlyunt 1 apyrux nebecusix ren (Apucroreas, I'pewuns)

Hauano cucremaruaeckux HabmogeHui 3peagHoro weba
anexcanapuickuMi acrposoMamiu (Apueriw, Tumoxapuc)

Burickasuisanue wien o asmkesnn 3eann pokpyr Conxua
H BPALLENHH €€ BOKPYT OCH, NEPBLIE OLIEHKH PACCTORMM I
20 Connua n Jyus (Apucrapx Camocckmit, I'peunsn)

Onpeneaenne pasmepos 3eMHOT0 mwapa (Iparochen, Asex-
canapus)

Cocrasnexne nepebix Tabamu neuxenna Contua n JlyHsl,
a TAKXe Xaranora, cosepxawero 1022 sseaant ¢ yxasaHnem
HX 3B€3IHBIX BeAHUMH (Tunnapx, Asexcanapus)

Boeaenue p PUMCKON HMNEPHH I0IHAHCKOrO KaneHnaaps
(Cosuren, AnexcaHnpus)

Cosaaume «AsbMarecta» — HIBECTHOO Tpya,
COACPRANETD NEOLIEHTPHYECKYIO CHCTEMY MUPa
(K. IMrosemedt, Anexcanapus)

Onpenenenne okpyxuoctu Jeman (bupynn, Xopeim)

OKoHYaHHE CTPOHTEALCTBA KpynHeH el B Mupe
obcepearopun (Yayrbex, Camapkana)

Beixoa B ceer kunru «O6 obpamenuax HeGecHuix chep»,
B KOTOPOii Gb11a 0BOCHOBAHA rEIMOLICHTPHYCCKAA CHCTEMA
mupa (H. Konepaux, Moabwa)

BreacHue rpuropHasckoro KaneHmmps s paae crpas Esporns

Beixon B ceer kuuru «0) HeckonesnocT, BeesieHHOU
u mupax» (x. Bpyno, Hramma)

YcranoeaeHne 3aK0HOB ARk eHus naadeT Bokpyr Connua
(K. Kenaep, l'epmanns)



1610

1632

1671—
1673

1687
1705

1719

1755

1761

1781
1783

1794

1796

1801

1814

1837—

1839

1843

Hauano acrpoHOMHYECKHX HADIOACHHI C TEJICCKONOM
(I'. Taanned, Uranus; T. Xappuor, Aurmus; C. Mapnyc,
Tepmannn)

Beixon B caet KHUrY «Hanor o AByX raasHeiiimx cHeremax
MHPa — NTONIEMEEBOH 1 KONEPHHKOBO(», 3atniasinedn
reamoueHTpHyieckyio cucremy Mupa (I, Famneit, Mraans)

Ieproe onpeaenenne napaakca Coavua no
nabumoaennan Mapcea v nporusocrosunm ([, Kaccunu,
K. Pmue, ®panuus)

Cosaanue reopun tarorenns (M. Huworon, Anraus)

YeTanosaeHHE NEPHOANYHOCTH BOIBPALICHIS HCKOTOPLIX
kosmer (D, Faune#, Aurans)

Orxkpsimie coberaennsix asmxennit ssesn (D, Faanei, Aur-
me)

MyGanxanna Kuurn «O0masn ecrecTseHnas HCTOPHA
H TCOPHH HeDa» ¢ M3I0KCHNEM KOCMOTOHHYCCKON Mo~
Tesnt (M. Kanr, Fepmanua)

Orkprirre armochepst Benepsi (M. B. Jlomowocos, Poconsn)
Orkpuwe naasers Ypau (B. l'epens, Anrana)

Orxpoime nsruxenns Connua cpenn 3sesn (B. Iepuens,
Aurans)

VeTanosaeHHe KOCMH'ECKOTO MPONCXOKAEHH METEOPHTOR
(9. Xnamuu, Fepmanns)

Buixon B ceer kHurn « ManoxeHne CHCTEMBE MHPa»,
coaepxamen kocMmoronuveckyio runoresy (I1. Jlanaac,

Mpanuna)

Orkpeimie nepeoit Manoii naaneTs — acreponaa Hepepa
(1. TTnauusm, Hrasmn)

Onucanue anuit noraowenns » cnekrpe Conuua
(M. ®payurodep, lepmanus)

[Mepssie onpeneaenna napavtakcos ssesn (B. 51 Crpyee,
Poccus, 1837 r.; @. Becceas, lepmanms, 1838 r.; T. Fennepeos,

Anrmmsg, 1839r1,)

OTKpLITHE B CONHEYHOM CNEKTPE CMELUICHHA JTHHIHA, NPOKHC-
xoasuwero seaeacrene spamerns Connua, — 3pdexra
Honaepa (Ascrpua)



1846

1859—
1862

1860

1862—
1904

1863

1868
1894

1900 =
1910
1905—
1913
1908
1916
1922—
1924

1924
1924

1929

1930
1931

1937

1946

Orxpuirie naanerst Hentyn (M. laane, lepmanus)

Orxpeitie cnexTpaabHoro avannia (P. Byxaen,
I'. Kupxrod, l'epmanns)

Havano cnexrpockonuu 3se3n (B, Xarmiue, AHrma)

Heenenosasme (prawieckoi npupos KoMeT; KaaccHukatms
komeTHnix xsocTos (P. A, Bpeamxun, Poccun)

INepsas kraccnduxauns cnextpor 38e3n (A. Cexkn, Hra-
Jn4)

Orxpeirue reaus na Connne (H. Jloksep, Anrans)

JlokasaTenscTBO MCTCOPHTHOIO cTpocHus koneu Catypuaa
(A. A. Beaononvcknil, Poccrs)

DRCIEPHMEHTATHHOE JIOKAZATENALCTRO JARNCHNA CRETA Ha
neuiessie vacruust u rasst (I1. H. JIeGenes, Poccus)

OGHapyxeHHe 1be3n-KAPAHKOB H 3BE3/1-THIAHTOB;
MOCTPOCHHE AMATPAMMB] «CTIEKTP — CBCTHMOCTh»
(9. Fepumnpynr, lanus; I', Paccea, CLIA)

OTKpeITHE 3aBHCHMOCTH «NIEPHOI = CBETHMOCTb»
y uedenn (I, JTusurr, CILIA)

Hauano Teopernieckux HCCIen0BaHHi BHYTPEHHErO
cTpoeHna 3nein (A, UIHHITOH, AHIAHS)

Teopernieckoe obocHOBaHKE HecTauMoHapHocTH Beenen-
Holt (A. A. @puaman, Poccns)

Orxpurrue spawenns Fanaxien (5. Oopr, Hunepnanas)

Pazpewenne (painencHne) Ha 3se3nsl rarakTuk M31 n M33;
HAYAI0 BHErATaKTHYecKO#H acrporomitt (. Xabha, CILIA)

OTKprITHE «KPACHONO CMEUIEHHA» B CIIEKTPAX FNAKTHK
(3. Xa662, CILIA)

Orxpurrie [Tnyrona (K. TomGo, CILIA)

O6HapyxeHne KOCMHIECKOTO PAAHOHIAYIEHHS HA UTHHE
sois 15 M (K. Auckui, CLLA)

Cosnanne TEOPHH AUEPHBIX PeaKuni B HEAPaX 38e31 KaK
ucrounuxon ux sneprun (I. bere, CHLIA)

Paanonokaums Jlyus
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l'-
5

1948

1948

1951

1957

1963
1965

1967
1976
1979

1992
1992

1992

1994

1995

1995

1996

1996

PaszpaGorka Teopuu ropsaue Beenennoil, npeackazaine
cywecrsosanmua peaukrosoro wutyuenns (I, Favon, CIIA)

Habmoaenns sapa lNaaktikn 8 nagpakpacHsix ayyax
(A. A. Kamnag, B, M. Kpacosckwii, B, b. Hukonos, Poccust)

ObHapyxeHne paaHOHINYYECHIA MEXIBE3NAHOr0 BONOpoia
HA AIHHC BOAHK 21 oM

Orkprrre szasmonericrsyionmx rarakmk (b, A, Bopomios-
Beassvuron, Poccun)

Orxkperrie kpasapos (M. Hanar, CIHIA)

OOHapyXeHHE PEIHKTOBONO PaHOMITYHCHHA
(A. IMewnsunac, P. Buacon, CLLIA)

Orkpuimie nyascapos (HelTPOHHBLIX 31e31)
Orxkpoimie koneu Ypana

Orkpeiie xoneu IOnurepa u AcHicTaYIOMMX BY IKAHOR HA
cnyrauxe Onurepa — Ho

OTKpbiTHE AHH3OTPONHK PEANKTOBOTO HANTYHEHHA

Orkpeimie neproro oGLEKTa BTOPOrO NOACA ACTCPOHLOB
(nosca Koiinepa), pacnosoxenHoro 3a opbureit Henryna

Orkpurrt npocTpancraenibie GAYKTYyaunH peasKTonoro
HATYHEHHSA, YeM OKOHYATENBHO J0KAZAHA TEOPUA «ropatei
Beesiennoit» (Boasimoro B3peisa)

OTtkpbiTie Neproii BHECOMHEYHOH MUIaHeTH DNUKYp (THNA
IOnurepa) y 3se3am 51 INeraca

Habaoaenne croaxHoBeHns PparMesTon KoMeTH
Lymedxkepos—Jlesn 9 ¢ uaneroit K0nurep

Meroaamit ONTHYECKOI CiekTpocKonuy obuapyxeno
HAHIHE MAAHET-THTAHTOB PANOM C HOPMATBHBIMH
IBE3AAMH

Brepubie ¢ noMouso KOCMHHECKOro Teaeckon
um. Xabbaa noayueno npamoe niobpaxenne Aucka sses-
am — Berensrefize

OTKpoIT HOBLII KAACC KOCMHYECKHX 00bEKTOB —
KOPHYHERBIC KAPAHKH, 3aHHMAIOUIHE TPOMEXKYTOUHO
MOAOKEHHE MEXAY IBEIAAMH H N/IAHECTAMH



1998

1957 r.
4 oxrabpa

1959 1.
7 oxkrabpa

1961 r.
12 anpens

1963 1.

OGuapyxeno, yro paciumpenne Boeaennoii s nocieine
HECKOABKO MWUIHAPAOB 1T NPOHCXOAKT C YCKOPEHHEM,
YTO CBHACTEALCTBYET O CYLUECTBOBANHH «TEeMHOH JHEPrHm»,
ofirasaomed CBORCTBOM AHTHIPABMTALIMK

OTXpHITH OCUMANSUHN CONHEYHBIX HelTPHHO, YTO
AOKA3HIBALT HANHIHE Y HEATPHHO MACCH NOKOA H
CHPRBEUIMBOCTL TCOPHK BHYTPEHHEro crpoenus Coanua
H 383

C noMouisio KocMHYECcKoro reseckona uM. Xabbaa
noayuexa gororpadua Haubonee JANCKHX rAIAKTHE,
obpazopasumxcs B neproi 400—=800 man et nocse
Havana paciumpenus Beenennoi

Baxuelmme cobbITHA B KOCMOHABTHKE

BuiBon Ha opOHTY NepBOro HCKYCCTBEHHOrO CIYTHHKA
Jeman (CCCP). Hauwano KocMuueckxoi api

[Mepsoe dpororpaduposarne obparHolt croporsl JIyHbl
(«Jlymna-3», CCCP)

Mepsuh noner wenosexa B KocMoce (KK «Bocroks,
0. A. Tarapun, CCCP). BeeMHpHblit 1eHb asHAUHK
" KOCMOHABTHEH

MMepsrii noner xenmunn B kKocmoc (KK «Bocrok-6»,

16—19moua B. B. Tepewxosa, CCCP)

1964 1.
12 oxrabps

1965 r.
18 Mapra

15 mions

1966 r.
| mapra

3 anpens

Buigoa na opluTy nepsoro KocMu4yeckoro xopatus
¢ Ikunaxenm u3 Heekonskux yenosek (KK «Bocxons,
B. M. Komapos, K. I'l. ®@eoxmucros, b. b. Eropos,
CCCP)

[Mepestil BeIX0A HENOBEKA HI KOCMItHECKOro Kopabas
B OTRphITHIA KocMoc (KK «Bocxon-2», A, A. Jleoros,
CCCP)

[Mepsoe dororpaduposanne Mapea ¢ 6auskoro
paccronans (KA «Mapuuep-4», CILIA)

[Mepsuiii kocMuyecKuil annapar 10CTHr Apyroi
naaHers — Beunepa (KA «Benepa-3», CCCP)

IMeppui uekyccreennuit cnyTiuk JTynnt («JIyna-10s,
CCCP)



1967 r.
27 aupapa

18 okTsbps

30 okrabps

1968 r.
21 cenrabpa

1969 r.
21 uons

1970 .
24 centsbps

17 Hosbps

15 nexabpn

1971 r.
19 anpens

2 nexabps

12 aexabps

1972 r.
asrycr

1973 r.
4 nexabpa

1974 r.
29 mapra

1975 1.
17 wions

Moanucanue Joropopa 0 NpHHUKNAX AATSABHOCTH
rOCYAApCTBa MO HCCISAOBAHHIO H HCMIONB3OBAHNIO

KOCMHYECKOro npocrpascrsa, sramoqan Jlyny u apyrue
nebecHsie Tena

Mepeas nepeaaya HAYHbIX JAHHBIX P CITYCKE B
armocdepe apyrod nuasers — Benepa (KA
«Benepa-4», CCCP)

[eppas asromarnyeckas cruikoska asyx HC3 («Koe-
Moc-186» u «Kocmoc-188», CCCP)

[leproe BO3BPAMICHHE KOCMHHECKOrO ANNapaTa Ha
3emaio nocae obaera Jyust (KA «3oua-5», CCCP)

IMeprrit BLIXOA HeN0BeKa HA NOBEPXHOCTS JIyHbI
(KK «Anoanon-11», H. Apmerponr, 3. Oanpus,
CHLIA)

[lepas aBTOMATHYECKAN AOCTARKA HA 3eMJII0 TYHHOTO
rpyura (KA «Jlyna-16», CCCP)

Hocrasxa u#a JlyHy nepsoro camoxoaHoro annapara
wJlynoxoa-1» (KA «Jlyna-16», CCCP)

IMepsas markas nocanxa ua nosepxuocrs Beneput (KA
«Benepa-7», CCCP)

Cosnanne nepsolt opGuransHol HayyHOH CTAHUMK
(«Camor», CCCP)

[epBas MArKag NOCANKA ABTOMATHYECKONO annapara Ha
nosepxHocTs Mapea (KA «Mape-2», CCCP)

3anycK NeprOro CIyTHHKR U MCCACAOBAHKS PEHTTE:
HOBCKOTO Haayuenus («¥Yxypy», CIIA)

Janycx Ha opOuTy Teneckona-pedaexTopa s necae-
AOBAHUH YALTPADHONETOBOTO HANYHCHNA (CTaHLus
«Konepuuks, Espona—CILIA)

[Mepsre necaeaosauuna I0murepa ¢ Ganskoro paccros-
uua (KA «ITuouep-10w, CLIA)

[Monyyenne nepsrix wiobpaxkenuit Mepkypua ¢ 6aus-
Koro paccroanua (KA «Mapuuep-10», CILIA)

[Mepsas CruxoBka KOCMHYEcKHX Kopalbiei pasipix crpan
(KK «Cowo3-19», A. A. Jleonos u B. M. KyGacos, CCCP,
1 KK «Anomions», T. Cradxpopa, B. Bpann, [1, Creitton,
CIIA)



22 oxkrabps

1976 r.
20 monsa

1979 r.
WA
| cenTabpa

1981 r.
aBrycr

1983 1.
AHBAPB

10wl4
oxrabps

1984 1.
15u2l
nexabps

1985 1.
HIOHL

1986 r.
AHBAPH
20 pespans

9 mapra

1988 r.
21 aexabpn

1989 r.
AHBAPH

4 man

Buiroa Ha opGury sokpyr Benepsi nepsoro uCKyocTeeH-
HOIO CIYTHHKA, NEPBAA Nepeaada Ha 3eanio TeaenHIn-
onnoro niobpaxenus Beuepnt (KA «Benepa-9»,
CCCP)

Hauano sayussix Hecaeosauii Ha noBepxHocTH
Mapca (KA «Buxuur-1», CIIA)

Hccaeaosanus IOnurepa ¢ Gamakoro paccroanus (KA
«Bosaxep-2», CHIA)

IMepenie necaenosanna CatypHa ¢ GAH3KOrO paccTos-
Hus (KA «[Tnonep-11», CLIA)

Hcenenosanns Carypsa ¢ 6amnskoro paccroanns (KA
«Bosaxep-2», CILIA)

3anyck neproit KocmMuaeckoi obeepsaTopun 18 Heene-
aosauuit undpakpactoro nanyueuus (IRAS, Espona—
CILA)

Brsoa #a opbuty poxpyr Benepsl 1nyx XOCMHYIECKHX
ANNAPATOR, PAAHOAOKAUMOHHOE KapTorpaduposanne
nosepxrocri maaderst (KA «Benepa-15» n
«Benepa-16», CCCP)

Janyck KOCMHYECKHX annaparos Ui HCCAS10Ba M
Benepnt u komernt Fanes (KA «Bera-1» u «Bera-2»,
CCCP)

Aspocrarnoe sonauposanie atmocdepn Benepu (KA
«Bera-1» u «Bera-2», CCCP)

[Mepsrie necaeaosanua Ypana ¢ GIHIKOro paccToaHus
(KA «Bosaxxep-2», CILIA)

Buison na opbury aonrospemennoi oburaemon
nayunoll crasnumn («Mup», CCCP)

Monyuenne nepsuix wioGpaxennit a1pa Komers —
komernl Fawen (KA «Bera-1», CCCP)

3asepieHne pexopaHONo No NPOANTAHTEALHOCTH
KOCMEHeckoro nosera = | ro (opOHTaibHaR CTaHums
«Mup», B. I'. Turon, M. X. Manapos, CCCP)

Hceenepopanus cnyrnka Mapea @oboc ¢ Gopra Hekyce-
CTBEHHOIO cnyTHHKA muaeTsl (KA «@oboc-2», CCCP)

3anyck KoCMHUECKOro annapara «Mareasan» s
PAAHONOKAUHOHHOINO KAPTOrpadHpoBaHHA NOBEPXHO-
cv Benepnl (KK «Avnantucs, CIIA)



aBrycr
aBrycr
1990 1.

MapT
25 anpens

1991 r.
S anpeas
29 okrabpa

1994 r,
AHBAPb

1995 r.
aexabpb

1997 r.
HIOAb

oxTabps

1998 r.
AMBAPL

HIOJb

28 noabpa

2000 r.
14 despans

Mepeuie neeacaosanus Hentyna ¢ 6anskoro paccros-
Hua (KA «Bosaxep-2», CILIA)

3anyck nexycersennoro cnytanka « HIPPARCOS» pas
HIMEPEHNS KOOPIHHAT M M3YVeHHA ABHAKCHHN 38e3

(Espona)

Janyck neproro ANOHCKOro anmapara s IHCTaHIHOH:
woro uecneposanus Jiyiuw («Mycec-Ax, Snonus)

Beigoa Ha opOHTY KOCMHYECKOIO TEACCKONA
M. Xab6na (KK «Cnefic lHatas, CHIA)

3anyck Ha opbuty KoMnToHOBCKOH raMma-
obcepraropun (CILA)

Monyuenne nepsoro n3odpaxenns acreponaa ¢ GaniKoro
paccrosuua (acrepona Facnpa, KA «Famueos, CIIA)

3anmyck annapaTa HOBOTO NOKONCHNSA VIS H3YWeHMS
NoBepXHOCTH JTyHB, €€ rpaBHTALIHOHHOIO NOAS |
sHyTpeHHero crpoerns (KA «Kaumenrimas, CLIA)

Coaganue nepporo HCKYCCTREHHOIO CITYTHHKA
Onurepa, cnyek 30uaa B atmochepy naaners (KA
«Fanuneo, CILIA)

Mocanxa wa nosepxHocTs Mapca neproro agromar-
yeckoro Mapcoxona «Mapc—Tlachainaep», navaso
HOCACAOBAHNH XHMHYECKOrO COCTABA NOBEPXHOCTH V1A~
HETH W MeTeopasorkuecknx yeaopui (CLUIA)

3anyck annapara JUIA HCCACOBAHNA CITYTHHKOR
u xoaen Carypua (KA «Kaceunus, CHIA)

JanycK KOCMHYECKOro annapara s yTouHenns
muomanen, sanarsix asaoM wa Jlywe (KA «Jlynap
IMpocnexrop», CLIA)

Janyck annapaTta HOBOTO NOKOACHHA AAA NCCACA0BA-
HHA Mapca ¢ opOHTEI €ro HCKYCCTBEHHONO CNyTHHKA
(KA «Haaexaa», Anovun)

Poceuitekum HocureneM «I[poron-K» suisenen na
OKON03eMHYI0 OpOHTY PYHKUHOHAIBHO-TPY3OBOH GA0K
«3apa». Havano coananna MexayHapoaHod
Kocmuieckoit cranum (MKC)

KA «HUP—Illymeiikep» Bnepesie ¢Tan HCKYCCTBCH-
HBIM CIIYTHHKOM acTeponna Jpoc. o sasepucnun
uecacnosannii ¢ opOursl 12 denpans 2001 r. coseplunn

nocaaxy Ha Jpoc



2001 r.
16 mapTa

2002 r.
I8 despana

2003 r.
21 cenrabps

L5 oxrabps
2004 1.
SHBapb

2 mapra

3 asrycra

8 cenTabpa

2005 r.
14 ausaps

28 nosabps

2006 r.
15 aupaps

11 anpens

4 aexabpa

2007 r.
S cenrabpa

27 cenrabps

-

Jasepwiena 15-neTuan pabora pocCHRCKOH KOCMHYeC-
KO#H cTanumn «Mups, B KOTOPOH NPHHMMAA0 yHacTHe
Bonee 100 KOCMOHABTOBR M ACTPOHABTOR W3 PALIHYHBIX

cTpan
KA «Mapc Onmcceit» ¢ poccuickuM aanda-nporon-
PEHTTEHOBCKHM CIIEKTPOMETPOM Ha GopTy Bbluen Ha

OKOIOMAPCHAHCKYIO OPOHTY W IPHCTYITHA K HCCHE10-
BAHMIO M KAPTOrpadMpPOBAHHI0 NOBEPXHOCTH NAAHEThI

KA «lammaeii» sowen 8 armochepy IOnurepa u s ve-
qeHne 57 MUHYT nepeaasat HHPoPMALHID

IMoser nepeoro KNTaiickoro KOCMOHasTa-TalKyHaBTa
An Jlnnas

IMocaaka na nosepxsocrs Mapca camoxoaunix KA
«Cripur> # «ONNOPTHIOHNTHY IR HCCACTOBAHNR
peabeda NAAHETH W XHMHYECKOTO COCTARA ee Re-
wecTsa

Janymen KA «Poserra» a8 uocaeaoBasus KoMeTs!
Hypiomoea—T epacumenxo

Janywen amepukanckui KA «Meccenaxep» 1an
ueenenosanus Mepkypus

Kancyna KA «lenesucr aocrasuaa Ha 3emmo qacTuib
COIHEHHOMO BETPa, COOPAHHKLIC HA PACCTORHMH OKOJIO
1,5 MAH KM OT 3eman

Cnyckaemui annapat «FOAreHcs, OTAEANBIIHIHCH OT
KA «Kaccurms, COBEPUINA NOCAAKY HA NOBEPXHOCTL
cnyrunxa Carypua Turan

Anorckuit KA «Xaabyca» copepuunn
KPaTKOBPEMEHHYIO NOCA/IKY HA NOBEPXHOCTH ACTEPOHAA
Hrokasa 4 npoussen 3abop obpasuos rpyHTa

KA «Crapaacr» gocrasi Ha 3eminio KOHTeHHep

C YACTHLAMM MEXKTIAHETHOH NLUIH

Esponefickuil KA «Benepa 3xcnpeccs, sanyueHHuH
¢ KocMoapoMa balikonyp, Havan HecaeI0BaHHA
armochepnt Benepnl

KA «Crepeo» caeaan nepesie chinmkn Coaxua
Anoncknit KA «Cenena» putnen na opOHTY CriyTHHKa
JIynst 208 HCCACAOBAHMA €€ CTPOCHMA H COCTABA HA
rayBuKy 20 5 KM

3anycx amepukanckoro KA «Joyw» ans necaenosasns
acreponaa Becra m kapankoso# naanerw Llepepa



24 okrabpa

2008 r.
15 sausapn

26 masn

22 ok1abpn
2009 r.

6 mapTa
9 oxrabps

2010 .
14 wioun

2011 r.
17 mapra
Maft

18 mons

26 Honbpa

2012 .
18 wioHn

Janyex kuraiickoro KA «Yauna-1» s uecnenosanms
Jlyust

KA «Meccemxep», nponeres Ha paccroanuy 203 ku
OoT MepKypus, NPOK3BEN CheMKY He HCCASA0BAHHBIX
panee obaacred naaneTs

KA «@ecuuxcs copepuna nocaaxy 613 cesepHoro
nomoca Mapea u nepeaan nepesie CHUMKH
MIOBEPXHOCTH TIAHETH

3anycK MHARACKOro AyHHOo sjoiaa «Yauapasu-1»

3anywes va okosozemHyo opbuty KA «Kenaep» s
MOKCKA NAAHET, O0PALAKIMXCH BOKPYT APYTHX 38C3]1
B pesyanrare HERTPOHHOIrO anaansa o0aKa seLlecTna,
seiGpowennoro npi Sombapanponke JTyunl,
OKOHHATAILHO JOKAKIHO HAIHMYHE BOIABI HA JlYHHOﬁ
MOBEPXHOCTH

Snonckniit KA aocrasua Ha 3emmo xancyay

¢ HACTHUAMH rpyHTa acTeponaa Mtokasa

KA «Meccepaxep», copepumes 15 oboporos sBokpyr
Cosmua, seien va opbury sBokpyr Mepxypus

KA «/loyn» suiien na opbury BoKpyr acrepounna Becra
H HAYAA ero H3yueHHe

Janycx poccHiCKOro KOCMHYECKOro paanoTeecKona
«Cnextp-P» no npoexty «Paasoactpos»

B CHIA npoussenen 3anvek KA «Mapcnanckaa
HayuHas AabopaToprsa», KOTOPLIH A0/IXEH J0CTABMTY
Ha NOBEPXHOCTD MIAHETH Mapcoxoa «Curiusity»
(«JTIoGONMTCTBON )

Janyuen amepuxanckuil KA «Snepuuil
CMEKTPOCKOMMHYISCKHI Teaeckon», paboTaommi

B PEHTTEHOBCKOM AHANAIOHE

VIII. Ykazanus K HabmogeHuam

Habmonenus Coanua

MNpu wabmonenny ConHua ¢ MOMOIBIO Teneckona uenecoobpasHo
CITPOCKTHPOBATL €TI0 M3OOPAKCHHE HA IKPaH, DKpaH A0keH Obims
NPUKPEIVICH K TEASCKONY TaK, Yrobbl MOXKHO ObUIO MEHATH €ro pac-
CTOAHHE OT OKYAPa M (PHKCHPOBATL B ITOM NOJIOXEHHH, Ha IKpaHe 3a-
KPEIUIfAIOT JIMCThI DyMam JUid 3apHCOBKH COIHEIHBIX MATEH,

Buumanne! Cvotpers Ha ConHue B TEAECKON MOKHO JINIIL TTPH
HANHYHH TEMHOrO puanTpa Ha ohbexTHse.



[lpn ucnoassosaduy Teneckona-pedpakropa caeayer Ha 0bb-
eKTHB MOCTaBHTL auadparMmy, KOTOpas COKPaTHT €ro BXOAHOE OT-
seperie 8 2—3 pasa. JUis noayuenust n3o0paxkeHus scero jmexka
Coanua HeoBXoaAHMO HCTIONBL3IOBATL OKYAAP, ¢ KOTOPLIM JaHHLIH Te-
neckoin aaet yseanyenxe ne bonee 40—60 pas. Leaecoobpa3sno rak-
A€ HCTONb30BaTh OKYJAP TAKOH KOHCTPYKUMH, NMPH KOTOPOH AY4H
OTBOASITCA HA IKPAH NEPNeHAUKYIAPHO HanpasieHuo Ha ConHue.
210 no3BoaNT H30EXKATH NONANAHMS HA IKPAH COJHEYHBIX Jyueit.
Ecan Takoro oxysspa Her, 10 Ha Tpy0e TeaecKona Xeaare/bHo pas-
MECTHTH 3AIMTHBIA 3KpaH pasmepom npumepno 70 x 70 ey, das 3a-
PHCOBKM COJIHEYHBIX NIATEH cheayer Ha aucrax Oymarn sapauee 3a-
roToBHTh Mabaons — Kpyrs anamerpom 7—10 om.

Haepens reneckon va Conuue u obecnedus HeoOXOAMMYIO pes-
KOCTH H30Dpaxenns, Ha 0 JaKPenuTL IKPaAH B MOJOXEHHH, NIPH KO-
TopoM smametp miobpaxenus CoaHua paseH anaMerpy 3arotos-
AeHHOro Ha 6ymare wabnona.

OCTpo OTTOYEHHBIM KAPAHAAILIOM OTMEYAeTCH NOJ0KEHHE BCeX
HaOMOAAeMBIX B JAHHBIH MOMEHT naTed. CHAB NONyYeHHYIo 3apu-
COBKY C 3KpaHa, MOXKHO AOPHCOBATEH PasMepsl MATEH H O4ePTaHHA
Teru u noayredn. Yrobuw ybeaurses 8 rom, yro Conxue spamaercs
BOKPYT OCH, J0CTATOMHO NOBTOPHTH 3APHCOBKY NMOSOKEHHS MSTEH
yepes asa-Tpy aHs. CTOMT 0OpaTHTL BHHMAHME HAa TO, KaK H3IMEHS-
erca hopma nsTen no mMepe ux npubamxenns Kk kpaio aucka Conn-
ua. JInA H3YHeHHA CTPOSHHA NATHA HCTIONBL3YIOT TOT OKYAAP, C KOTO-
phiM AaHHL Teseckon obecneynBaeT MAKCHMAILHO BO3IMOXHOE
yBENANEHHE,

PerynspHbie 3apHCOBKH TATEH MO3BOAAT NOJAYYHTH 3HAYEHHE
yucaa Bonbga, KoTopoe mHPOKO HCNOAL3YETCA IS XapaKTepPHCTH-
KH coaneqnoit akrusnoctu: W = 10g + [, rae g— uucno rpynmn
nared, a f — obuwee 4yHcao naTeH Bo Beex rpynnax. Ipu nos-
HOM OTCYTCTBMH NATCH B NEPHON MHHHMYMA COMHCUHON aKTHB-
Hoct W = 0. Bo spemn ee makcumyma uncino Bonsda moxer aoc-
mirars 180.

HaG/moaenna AyHHOR nosepxHocT!

INepBoe 3HAKOMCTBO € PACNOJOXKEHHEM MOPEH H MATEPHKOB Ha JyH-
HOHN NOBEPXHOCTH YIH0DHEe BOEro NPOBECTH BO BPeMSA NOJAHOAYHMA,
Habmoaan Jlyny HesoopyXeHHbiM r1a3oM. KOHTYpEl OCHOBHEIX MO-
peit creayer cpasHHTL ¢ HX H3I00OpaXeHHeM Ha npocreimen NyHHOR
KApTE, NMOIHAKOMMBILKCE ¢ NPUHATHIMKU HX Hassanusamu. C nomo-



UIBIO WECTHKPATHOrO OMHOKA B MOMHOJYHHE MOXHO PAsIAsASTs i
oraessHbe Hanboaee kpynuuie Kparepsl. Oun OyayT BRACHATLCH HA
obuwem pone aubo B Buae remunx rouexk (IMaaron, Puyunonm, Mpu-
mansam, Hinkkapa), mmbo B suae ceerasix narnsiexk (Konepuux,
Kennep, Apucrapx, Tuxo). Jlocrarouso xopomo OyayT 3aMeTHsl
CBeT/IbIE Iy IH, WAYIINE, B YACTHOCTH, OT Kparepa Tuxo.

Bonee neranbHoe o3HAKOMIEHHE ¢ peabedoM AYHHOH noBepx-
HOCTH Jyvine MpoBOAMTH HE B NMOAHOJIYHHE, a NMpH ApYrHx dasax,
KOT/1a OTIeAbHBIC 00BEKTH BAArOJAPS TEHAM BECHMA METKO BhIABASA"
01cA Gan3 TepMuBaTopa (rpaHHuB AHA B HOUH). Ina Takux HaGmo-
AeHHH HeoOXOMMMO BOCTIONB30BATLCS TEJIECKONOM C YBEAHYEHHEM
He Menee 50 pas. Haunnats HabAI0nCHHA CIeAYeT He paHee YeM ve-
pe3 TPH IHA NOCAE HOBOAYHHA. B 3T0 BpeMs, KOraa TepMHHATOP ne-
pecexaer Mope Kpu3ucos, Hanb0o¢e HHTCPECHB L1 HIYHCHUSA He-
POBHOCTH HA NOBEPXHOCTH ITOI'O MOPH, @ TAKXKE OKaHMISIOIME €ro
Geperosuie xpebru. B woxnoli nososuie Jlynw, rae repmusHarop
npoxoaMt yepes Mope Hiobuans, uirepecHs pacnofoxXennme ue-
MOYKOH HA ero NnoBepxHOCTH KpynHeie Kparepel Jlanrpen, Benae-
ann, Merasuit n @ypuepuit,

Ha wecToi 1eHb nocie HOBOMYHHS XOPOLIO PasIHIHMbl HEPOB-
HOCTH Ha nosepxHoctH Mopa AcHocrn u BocToMHOI wacTu Mops
Crioxoicrama, a Takxke panst Asyx OOAbKX Kparepos Apucrorens
H Dunokca. Murepec npencrapnser Takxe 1ens M3 Tpex KpynHux
kparepos @eodun, Kupnan u Karapuna. Odpamaer na ceba suu-
MaHHe Ta vacTh Bana Kparepa Kupwui, xkotopas Obina paspyuiena
obpazosasmmmcen nosaxee kparepom ®Peodua. K wory ot 3Tux Kpa-
TEPOB HAXOAMTCH ropHas uens Aatail, XOTOpas npM OCBEWICHHH
CoaHueM BHINAANT KaK CTOAL JHAYHTEALHEI BLICTYII HA TEMHOM
yacTi JIVHB, 40 OBIBAET 3aMETEeH JaXe HEBOOPYKEHHBIM I/1a30M.

Bo spema nepsoit YeTBEPTH, KOTLA TEPMHHATOP NPOXOANT NO-
CepelHHe NYHHOrO AMCKa, BaXHO oOpaTHTh BHHMaMKe Ha Dopo3asl
Apeaneyc u I'nrun.

Ha pochbMble-A€BATHIE CYTKH 10C/IE HOBOIYHHSA TEPMHHATOP Npo-
xonut vepes Mope [loxaelh — THITHYHYIO AYHHYIO HH3MEHHOCTD.
Hmenno B 310T paiion nonaa nepseiil KOCMHYECKHI annapar, 10CTHr-
wimii Jlyrel, — «Jlyna-2»; 3necs paboran u «Jlynoxon-1»,

Haiiza na xapre JlyHs! paiionb, rae copepuiany nocaiky asro-
MATHYCCKHE CTAHLMM N NUIOTHPYEMbIC KOPabau « Ano/LIoH», MOX-
HO ONIpeACMTS, NP Kaxoit dase JIynn wacrynaor yeiosus, Hanbo-

]
A
T



nee GraronpuATHLIC JUIA HAGAIONCHHS ITHUX PAIIOHOB, NO3HAKOMITH-
¢l C MX penbedom.

Ecan no noroasmm VCIIOBHAM BCE XK€ NPHXOANTCA HabaoaaTH
Jlyny B TeyeHne HeCKOJbKHX JHeH A0 H moche NOJHONYHHA, TO B
ITOM CAYHAE Jy4qiie Beero obparuTs BHUMaNKE Ha OKOAONoAApHLIEe
PAfOHBl, TIE AYHHBIH peabed) BHACH TAK, KAK 370 NPHUBLIMHO LIS
3eMHOro Habumoaarens, a yeaosus ocseiieHus CoHUEM NO3BoNfOT
MO TCHIM BHABJATE €ro JCTIIH JHAYHMTEILHO AYYLIE, YeM B LUeHT-
PanbHOW YaCcTH NYHHOTO AMCKA.

IX. Moasuxnan kapra 3seinoro neba

IMoasuxuan xapra 3peannoro Heba NOIBOAAET ONPeNensTh BUi
3seanHoro Heba Ha moboH MOMeHT cyToK BeiOpaHHOH maret rona
H 3APAHCE BHIACHHUTD, KaK O0beKTH GyayT K0CTYNHB HAGAOACHHAM,

s 3T0ro K Xapre npuAOKCeH HAKJIAAHON KPYr, BHYTPH KOTO-
pPOro HauwepHueHn OouM(pPOBAHHBIE NEPeCceKaKNHecs OBMIb, a4 1O
HAPYAXHOMY KPai0 Kpyra HaHeceHa [IKana C AeNeHHsSIMM, KOTOphe
COOTBETCTBYIOT YacaM CYTOK MO CpeaHeMy COMHEYHOMY Bpeme-
un T, Hanpamnenne cuera spemeHy Ha ITOH wKane — [porus
BPAWICHUA HacoBO CTpesikn. CpeaHee CONHEYHOE BPEMA s TOro
NyHKTa, rae Oyaer MCnoab30BaThesl NMOABHAHAS KapTa, CBS3AHO
¢ ero reorpadmieckoi 10aroToil A.

B nosceaHeBHON XN3HH Mbl NOJIB3YEMCA HAaCaAMK, HAYIIHMH 110
MecTHOMY Bpemenn 7. Ero otamume AT B uennix vacax OT MOC-
KOBCKOro spemens Ty, xopowo uisecrno. Lia nepexoia or noka-
3aHMit Hammx wacos T K cpeanemy spemenu T, Heobxoammo
BBIMMCIHTD MONPAaBKY {;, KOTOpas pasHa

IA=AT+4‘|-L

Ecan ¢, He npesbnnaer 15 MHH, TO MOXHO NOJALIOBATHCA
CHCTEMOM CHCTA BPEMCHM, NPHHATON B LaHHOM nyHkTe. Ecau xe o
NOMPaBKa 3HAMTEIbHA, TO CAGNYET NMEPEeHTH K CPeaHeMy BPEeMeHM,
KOTOPO€ BbIYHCIS€ETCS 1Mo hopmye:

Tl = T-'l'

Kapry u HaxaauaHoil kpyr nenecoobpasHo akkypaTHO HaKICHTh
Ha TOHKMH KapTOH M 3aTeM Beipe3ath. BHyTpeHHW# BhIpes B Ha-
KJQIHOM Kpyre Aeaaercs no opany, OUHQGpOBAHHOMY YHCIOM, HaH-
bonee Oam3KkuM K reorpaduueckoii WHPOTE MECTHOCTH, B KOTOPO#H
kKapra Oyner menons3oparscs. KOHTYP OBANBHOIO BeIpe3a B Ha-



KAQIHOM Kpyre M300paxaer ropM3OHT, H €ro OCHOBHME TOUKH
oGo3navenn byksamu 10 (Touka tora), 3 (Toyka 3anaza), C (Touxa
cepepa) u B (touka mocroxa). Mexny toukammu IO u C moxHO
HATAHYTL NPOYHYIO HHThL, KoTopas Oyaer miobpaxare HebGecHbIf
sepuaman, [pu pabore ¢ Kaproit HaKaaaHON Kpyr HaKIAALIBACTCA
HA KApTy BOErja KOHUEHTPHYHO, npuvem uuth (Hebecnuiit mepu-
aMaH) noaxHa obazaressHo npoxoauth wepes CesepHsii nosoc
Mupa. Yrobut onpenennTs BUA 3se3aHOro Heba Ha HHTEpeCYIOHi
MOMCHT CYTOK ONPCACNCHHON narel, HCOOXOAMMO PacnOJOXKHTH
Kpyr Ha Kapre Tax, 4ro0bl LWITPHX MOMEHTA BpPeMeHH COBNaa ¢o
WITPHXOM ITOM jathl. Toraa BHYTPH OBAJILHOIO BHPE3d OKAKYTCH
3Be3/Ib, KOTOPBIE B ITOT MOMEHT OyAyT HAXOAMTBCA Had ropw-
sontoM, Ha camom KoHType Boipesa, mexay ero toukamm [0, B
i C, pacnoaoxarca 3Be3an, KOTOPHE BOCXOAAT B ITOT MOMEHT,
a mexay rouxkamu 0, 3 u C — 3Be3asl, KOTOpbIC 3axX0aT, 3aKphi-
Thie HAKNAAHBIM KPYTOM 3Be3ibl B ITOT MOMEHT HaXOAATCH MNOA
TOPHIOHTOM,

Yrobel MOXHO ObUIO OMpeaensaTh BpeMA BOCXOJAa M 3axona
apyrux ceeria (COMHUA MAM NMAAHCTH), HYXKHO NPCABAPUTEILHO
HAHECTH MX MOJOXeHue Ha Kapry. Y3uars nonoxenue Connua
Hecnoxno. List 3roro aoctarodHo npwiokuTs anneiky K Cesep-
HOMY MIONIOCY MHPAa W LITPHXY 3aJaHHON AaTel. TovKa nepeceyeHus
JHHEHKH ¢ IKAMNTHKON nokaxer nosoxenne ConHua Ha 3Ty nary.
Hns onpeaenerns npuOAMAKEHHOrO NMOAOKEHHA TUIAHET H0CTaTOY-
HO 3HATH TOJBKO OJHY MX KOOPAMHATY = NPAMOC BOCXOXKICHME.
[Nocxoneky mobas ruiaHera BCeria HaXOAHTCHA HeJANeKO OT IKIHI-
THKM, MOXHO OTMETHTH €€ NOJOXKEHHE HA IKIMNTHKE B TOMKE,
NMPAMOE BOCXOXAEGHHE KOTOPOH PaBHO TNPAMOMY BOCXOXIAECHHIO
IUIAHCTEI HA BHOPAaHHYIO daTy,

Has onpenenenus MOMEHTa BOCXoaa Beibpamioro ceerwna
CAGMYET NOBEPHYTH HAKAANHON KPYT TAK, 4TO0K OHO HAXOAWIOCH HA
BOCTOYHOM Ayre BHYTpeHHero Bmipe3a aroro kpyra (IOBC). Ilpu
ONPENCACHUH MOMCHTA 3aX0Ja CBETHAO AONKHO HAXOAMTBCA Ha
sanaanoi ayre swmpesa (IO03C). Mosment Bocxona (Wan 3axona) s
ITOM CAYHAC YKAZBIBACT TO JACACHHUEC WKAAL BPEMEHH HA BHCWHEH
OKPYXHOCTH HAKJAAHOIO Kpyra, KOTOpPOE HaXOIWTCH [POTHE
BeiOpanHOI AaThl Ha KapTe.



X. Hobeaesckue npemun no pusuxe,
NPHCYAACHNLIC 32 HCCACAOBANKA N0 ACTPoPHINKE
H KOCMOJOTHH

1967 r. X.bBére — 3a BKAaa B TEOPHIO SUIEPHLIX PeaKiiMi,
0COBEHHO 3a OTKPHITHS, KACAIMIHECA HCTOYHHKOB JHEPIrHH 3BE3NL.

1974 r. M. Paitn — 3a HOBATOPCKHE HCCAENIOBRAHHA B PaaHo-
acrpodusuke (uurepdepomerpuyeckue); D, Xpon — 3a OTKpbI-
THE NYALCAPOB, KOTOPOC NPOJOKHIO NYTh K HOBBIM METOAAM
HCCAEAOBAHHSA BEIECTBA B IKCTPEMaNbHbIX (DH3HIECKHX YCAOBHX.

1978 r. A.Ilen3anac u P. BuabcoH — 3a HCKMOUMTEIBHYIO Ha-
CTOHYMBOCTD W (PHAHrPAHHOE MAacTepCTBO, KOTOPHE MNPHBEAH K
OTKPHITHIO, NOZBOAHBIIEMY BHEAPHTL IKCIEPHMEHTANLHEIE METOAb!
H npaMoe HaboAeHHe B TAKYIO HAYKY, KaK KOCMOJOIHA.

1983 r. V. @ayuep — 38 TCOPLTHYECKHE W IKCHCPHMEHTIILHLIC
HCCACAOBAHMA SACPHBIX PEAKIIM, MMEIOLIMX BAXHOE 3HAYCHHE 1A
obpazoBanus xumuueckux saementos Bceenennoi; C. Yamapace-
Kap — 3a TeOpeTHYecKHe HCCAeAOBAHMA (PHIHYECKHX NMPOLLCCOB,
HIPAIOUIHX BAXHYIO POJIb B CTPOEHHH W IBONIOLMH 3831,

1993 r. P. Xanc u JIx. Tefnop — 3a OTKPHTHE HOBOIO THNA
NyALCapa, KOTOPOE AAN0 HOBRIE BOIMOXHOCTH JUIA HCCAEAOBAHNA
rPABHTALIHH,

2002 r, Peimona dasuc u Macarown Kowuba — 3a m3sicxa-
HusA B oDnacTH acTpoM3IMKM, B YACTHOCTH 3a ODHapyxkeHue
KoCMHUecKHx Heiitpuno, Puxapao /UxnakkoHM — 33 M3bICKaHMSA
8 obnacTH acTpodHIHKH, KOTOPHE NPHBEIH K OTKPHTHIO HCTOY-
HHKOB PEHTIEHOBCKOrO HAIYHEHNA.

2006 r. Jixon Masep u [Ixopak Cmyr — 3a OTKphiTHe
TUIAHKOBCKOM (DOPMBI CEKTPa KOCMHYIECKOro (DOHOBOrO H3AYYIeHHS
H AHH30TPOIHMH KOCMHYECKOro (POHOBOTO H3AYyUCHHA.

2011 r. Con INepamyrrep, Anam Paitecc n Bpaitan LImuar —
3a OTKPLITHE YCKOpeHHOro pacumnpenus Beeaennoif no nabawoae-
HuaM CeepxHoBLIX.

XL Cuucox Mec/ieosaTeabCKuX NPOCKTOB
1. KoncTpyuposanue u ycranoska raobyca Habokosa.
2. Onpeaenenue BoicoThi rop Ha Jlyne no cnocody I'annnes.
3. Onpenenense ycnosuii BHAMMOCTH TUIAHET B TeKyIIeM
yueGHOM roay.
4. HabmoacHHUEe CONHCYHBIX MNATCH € NOMOWBLK KaMepbl-
olCKypht.
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5. M3yueHHe CONHCYHOH  AKTHMBHOCTH no  HabaoacHnw
COJTHE'THRIX NSITEH,

6. Onpeaenenne Temneparypsl ConHua Ha OCHOBE M3MEPEHMA
COJIHEYHOH NMOCTOAHHOMN.

7. Onpeaenenne CKOPOCTH CBETa NO HabMOAEHHAM MOMEHTOB
sarmenmi cnyranxa IOnurepa.

8. HayueHue nepemMesteix 38e3/l pasiHyHoro mna.

9. Onpeaenerne paccTONHMA A0 YAAACHHBX O00OBEXTOB Ha
OCHOBE H3MEPeHMS NapaiIaKca.

10. Habaonenue MeTeOpHOro NnoToKA.

11. Heenenopanue siueex benapa.

12, KOHCTPYHPOBAHKE WIKONBHOTO MIAHETAPHA.



LTBETHI #

Vop.1. 1.25pas. 2.10% pas. Yap.2. 1.625 pasa. 2. 100 pas. 3. 10" pas.
Yop.3. L6vw, 6u 52wmun. 2.81° 279, 3, Orpuuareastoe (~16°),
Yop.4. 1. 14°. 2.87°.3. +13°.4.2) 5 = ¢, 6) § = =K. 5.2) 5 > 90° - ¢;
8 < ¢ - 90° ¥Yup. 5. 1. 23730, 2. a) Ha sxwarope (p = 0°). 6) na cesepriom
ponmxke (23°30° c. un). 3,21 nexabpst (eHs 3MMHCEIO  COMHUCCTORHMA ).
4.41°. 5. B Apxanresscke: 48,5° (nerdee cosmHuecrosmme), 1,5° (3umHee
conHuecronune). B Auxabane: 75,5° (nemwee connuecrosume), 28,5° (3um-
nee conuuecrosnne). Pavimuns seicor: a) 27° (pasnocts reorpadueckux
wrpor ropogos); 6)47° (23,57 x 2). Vap. 6. 1. Beucpom. 2. B sanaauoit.
3. ¥Ymensiures. 4. Yrpom, S, 27,3 cyt. Yop. 7. 1. 15 okrabps suaers Hesas,
TAK KAK B 970 ppeMs noaspuas nous; 15 anpeas — moxuo. 2. B mone oi-
HeTh Heasad, B HoaGpe — MoxHO. 3. 1) DopMa rpariiisl MeXIy CBeTaol 1
remuoil wactami Jlyae, 2) KpacHoBarsiii uBeT 3eMHOIT TeHN BO BpeMs 34~
™ennst. 3) CkopocTs nporexonamux wivenenni suaa Jiyue. Yop, 8. 1. Ha
1 yac Do/biLe YHCHA Yacos, PABHONO HOMEPY SaCOBOND NMOSCA B OCEHHE-3HM-
HHil neprol; Ha 2 Yaca GObIIE YHCAA HACOR, PABHOIO HOMEPY HACOBOrO No-
jIca B BeCeHHe-IeTHHI nepHojL 2. Ha uneio MUHYT, paBHoe pasHoOCTH reo-
rpamHecKoil AOATOTHI AAHHOIO IMYHKTA M reorpadmeckod AoroTsl LeHT-
PAILHONO MEPHAHAHA COOTBETCTBYIOLIENO YacoBoro noaca (Goawue — A
MYHKTOB BOCTOMHEE UCHTPAILHOIO MEPIIMAMA, MEHbIIE — 3anagHec).
3.25 nexaGps 1642r. Yap. 9. 4. Beaepos, okano 3 4. 5.1, . 6.584 cyr.,

1", rona = 398 cyr. Vop.10. 1687 cyr. 2.24a e, 1350cyr. Vap. 11.
1.2,27. 2.1° 54', 3, 389 pas. 4. I'. ¥np. 12. 1. 320 macc 3emn. 2. 3,5 km/c;

a2xw/c, 3,255 cyr. Ynp.13. 1.4,5-10° [Ix. Yap. 14, 1. Npioma — pas-
JIMYHASA MIOTHOCTL amvochepst (y Jlyhbt anvocdepa OTCyTCTBYET, ¥ 3eMan
amnocepa Gasee ruomian, vem y Mapea). 2. IMapamkoneiit sdxpexr v ar-
mochepe Benepue. Yap. 15, 1. Ha 3emae — 465 m/c; na IOnurepe — npu-
mepro 124 xw/c. ¥Ymp. 16. 1. Beepx, noa yraom x ropusonty. 2, Oxono
18 a. e. 3. I'navera orpaxaer ceer CoNHIA, NMBUTL XBOCTA KOMETH TAKAe OT-
paxaer wurysenne Coimua, a rasst KoMersl ero nepesruysanor. flosromy s
OTAHYKE OT CICKTPA MIAHCTHE B CHICKTPE KOMCTE HAPAAY C AMHIMAMH NOrNo-
WEHNA TIPHCYTCTBYIOT JHHHK H3nydeHna. 4, [lepsan M3 KOMeT — MOXeET,
Bropas — Her, S, Momsaumu u amccormaumu, 6. TTpivepro 95 sum k.
Yup. 17. 1. Henaa, 1aK Kax ero yrosse pasveput soero 187, 2,619 kvfc.

3.2+107 Br. Yap. 18. 1. a) Mpisepno 1 10 pax: 6) » 10" pas. 2. Tpuseprio
33e. pemromn, 3. 293 roma. 4. Mpumepro 146 000 aer. S.a) B 100 pa3;
6)6™; 1", Yap. 19. 1. 7.6 maccss Conraa. 2, Npinepso 85 -+ 10° pas. 3. 1,5 %
% 107 ki’ Yup. 20, Yaensummes sa 3 + 10" ko Yap. 21, 1, Bapoe mern-
we named. 2. 10° nk. 3. 22 500 xn/c. 4. 267 Mnk. 5. = 2,75°,
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