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NPEJUC/IIOBUE

ACTPOHOMMIO C ITOJTHBIM [TPABOM MOXHO CYUTATh CTAPEHIIEH U3 Hayk.
Co BpemeH miybovaiiieii ApeBHOCTM HEBO NMPUBIEKATO BHUMAHKME JIOLEI.
Iocrikenne 3akoHoMepHoOCTel apvxkennsa ConHua, JIYHbL, MAaHET Aa10
HEJIOBEYECTBY MATEMATUKY, MEXaHMKY, (Dn3uky... Her Hu onHoii npeBHeit 1u-
BIIA3ALIAH, PEJICTABUTENHN KOTOPOIA, U3yvas HeDO, He CO3/aBalii Obl CUCTEMBI
CHETA BPEMEHH M KaJICHIAPH, YITOPSIOYNBAs U PELNAMEHTUPYS TAKMM 00pasoM
CBOIO kH3HE. PazBuTHE YesoBedecTBa Ha 3eMile HEBOSMOXKHO TIPEICTABUTS 663
METOPHU 1TO3HAHHKS HEDA, MOCTPOEH WS CUCTEMBI ACTPOHOMMYECKMX 3HAH A,

Wsyuas nprokeHne, CrpoeHue, MPOMCXOKIEHNE H PA3BUTHE HEGECHBIX TeJ
W HX CHCTEM, ACTPOHOMMS B KOHEYHOM MTOTE JIaeT NNPeACTaBIeHHE O CTPOCHUU
N pasputnu BeeneHHoii B uesnom. [penMeTaMu M 06beKTAMMW MCCIEI0BAH US
B actpoHoMuM sipnsiotest CostHIle W 3Be3/1b1, BOMBLIINE W MaJIble TUIAHETH W
UX CIYTHUKH, KOMETBI H METEOPHBIE TENa, TYMAHHOCTH, 3BE3/IHBIE CUCTEMbI,
fl TAKXKE BCst MATEPUSL M CUJIOBBIE 110151, 3aMOJIHAIOLIHE MEX3BE3NHOE U MEXK-
IUIAHETHOE I1POCTPAHCTBO. B MOBCe/IHEBHOM XU3HM YEJOBEK CTANKHBAETCS
€ PA3IIAYHBIMU CUCTEMAMU CUETA BPEMEHH, KATEHAAPHBIMU JATAMM U MEpPU-
OJIAMM, TOYKAMM TOPU30HTA U reorpaUuecKUMH KapTaMu, OPUEHTHPOBA-
Hitem o Conauy v 3Besniam. HenocpeactseHHO Hab/110aa10TCs YepeoBaHue
BpemMeH roaa Ha 3emie, cMeHa (a3 JIyHbl, IPUAKBLI M OTAMBBI M DS APYTHX
HIICHHH, KOTOpbIe OKa3bIBAIOT BO3ACHCTBHE HA MHOTHE IIPOLIECCH, TPOUC-
XOJisilupe Ha 3eMiie, M B TOM MJIM MHOI MEpPE CBA3AaHBI ¢ OKPYXKAIOLIMM KOC-
MHYCCKUM [IPOCTPAHCTBOM,

ACTPOHOMHMS 3aHMMACT BAKHOE MECTO B CMCTEME HAYK, M3YYaeMBIX HA
OUIeCTBEHHOHAYYHbIX (haKynbTeTax yHUBEpCeHTeTOB. [peaMeTHas obnacTs
METPOHOMMHI KaK HAyKH OXBATLIBAET HAMboJiee 0DLIME 3aKOHOMEPHOCTH T1PH-
POULsL 1 DasupyeTcs B MEPBYIO OUEPE/lh HA Kypcax obiieil 1 TCOPETHYECKOI

AhAMKH, MaTeMaTHKH, reorpadii ¥ XMMHH, Kypc actpoHOMUYM Npu3BaH pas-

I M OBBEAMHNTE B JIOTHYECKH CTPOHHYIO CHCTEMY aCTPOHOMMUYECKIE 3HA-
MM, NOJIYYEHHDIE CTYIEHTAMM B CPEAHEH LIKOJE W IPY M3Y4eHUM (PH3HYECKMX
M MIEMATHYECK X ODILMX U CTIELMATBHBIX KYPCOB, @ TAKXKE, HCTIONB3Ys! BCIO
HIHOTY 3HAHHH, TPUODPETEHHBIX B BBICILEH IUKONE, MPUBECTH CTYACHTOB K
HOHHMANIIO cOBPeMEHHOI KapTUHEI SIBIEHMIA, POMCXOasLMX Bo BeesneHHoil,
MRLINETEA Hay9HOTO 3HaHMs 0 Mupe. B cBsisn ¢ 91uM, ¢ Haweil TOUKK 3peHus,
B 0Opa3oBaHH b YeOBEK TOJIKEH 00JIadaTh HEKOTOPLIM MUHUMYMOM
N CHMIPONOMHYECKHX 3HAHMIA, A NPenogaBaHue aCTPOHOMMK HEOTAETUMO OT 3a-
i (POPMHPOBAHIST Y MOJIOZIOTO Y€/I0BEKA COBPEMEHHOTO LIEIOCTHOTO Ha-
O0OCHOBAHHOTO MUPOBO33PEHHSI, TOHUMAHUSI MECTA M POJIH YeJIOBeKa
wiennoi. Kpome Toro, B HacTosiLiee Bpems, MUCIOAb3YSI HOBEMILUKE 10-

ki WA (PM3KMKK ¥ NOC/IEIHUE TeXHUYECKUE Pa3paboTKH, aCTPOHOMMS
§ I JAMETHBIH BKIA B MPUKAAAHBIE HAYKH.
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B nociiennue nosiseka acTpoHOMUs Pa3BHBANIack 0COBEHHO BYPHO, YTO
00YyCJI0BIEHO, NIPEXIE BCErO, HAYMHOH M MPakTHIeCKOW HEOOXOAHMOCTBIO,
a TAKXKE CTPEMUTEJIBHBIM PA3BUTHEM KOCMOHABTHKHM W PAKETHOW TEXHHUKH,
[TorpeOHOCTH COBpEMEHHOM LIMBHUIM3AIIMM 3aCTABSIOT Y€10BEKa pazpaba-
ThIBATh U COBEPLUEHCTROBATE TEOPETHYECKYIO OCHOBY ACTPOHOMMUYECKHX
3HAHMI, METOJBI U CPENCTBA ACTPOHOMUYECKUX HADIIONEHUIT U DKCTIEPH-
MEHTOB. ACTPOHOMMS AA€T YHUKAJLHbBIN MaTepHasl, 1eMOHCTPUPYIOLIHIA
M3MEHEHME MECTa M POJIH UEN0OBEKA B MPOLIECCE OCBOCHMS M MO3HAHMA MUDA,
€ro NpeBpalleHUe U3 CTOPOHHETO DECMTOMOLIHOTO HABI0AATES, IPUBA3AH-
HOTO K MOBEPXHOCTH 3eMJIM, B AKTUBHOIO UCCIIEN0BATESISE MHOTHX ACTPOHO-
MMHECKHX U (DU3HUECKHX SIBNEHMIT, NPOUCXo/isiiiux Bo BeenenHoi, gesarens-
HBIH 00BeKT (hr3nueckoil peaibHOCTH. QUEBMIHO, YTO B HEJAICKOM OYIyLLEM
VCIIEX PasBUTHUS UMBWIM3ALMK GyIeT B OCHOBHOM 3aBHCETh OT MacliTabos
OCBOEHMS W UTIONAB30BAHUA KOCMUYECKHUX 0OBEKTOB U MPOCTPAHCTBA, a
ACTPOHOMUWS U CMEXHKIE C Hel OTpaciin 3HAHU I MpeBparsiTcs B HENnocpea-
CTBEHHYIO MPOU3BOAUTENBLHYIO CUTY. YKe ceifuac 0CTpo CTOMT BOIIPOC O
MOATOTOBKE CMELMATHUCTOB B O0JIACTX, B TOW MM MHOW CTEMECHM CBSI3AHHBIX
C ACTPOHOMHMEI.

BaskHOCTE aCTPOHOMMYECKUX MCC/ICIOBAHMIA IS COBPEMEHHOM LIMBUIM3ALIMIA
nomuepkusaercs oobapienuem KOHECKO 2009 roga MexayHapoiHbIM Ioaom
actpoHoMmuu. B XXI B, yyensie-actpodmsnku HeonHokparHo (82002, 2006, 2011
1 2015 rr) cranoBunuck naypearamu HoBGenesckoii npemun no (husmke.

B cBsi3u ¢ 3TUM 0COBEHHO aKTYAILHON, HA HALLl B3IVIsLL, SIBIAETCA 3a1aua
MOBBIIIEHWS YPOBHA ACTPOHOMHYECKHX 3HAHUI (M B 0014CTH €CTECTBO3HAHMSI
B LIEJIOM) LIKONBHUKOB W CTYAECHTOB, OCOOEHHO eCTEeCTBE HHOHAYYHBIX CTIELIN -
AIBHOCTEH. 3aMETHM, UTO UMEHHO B IIKO/E 3aKIaIbIBAETCA MHTEPEC K onpe-
JENEHHBIM JMCLMIUIMHAM U DA30BbIH YPOREHB 1151 JaJIbHEHIIEro 0Bpa3oBaHms,

B TO k¢ BpeMs HeJlb3sl HE OTMETHTb, UTO 3HAUMTEILHAS YACTh BBITTYCKHM-
KOB LUKOJ UMEIOT YPE3BLIYANHO ¢1adble 3HAHMS M0 ACTPOHOMUHK. DTO 00B-
ACHSETCS MPEeXae BCETO HEJOCTATOUHBIM BHUMAHMEM B LLIKOJAX K JAHHOM
JUCUMIUIHHE U OTCYTCTBUEM yuMTENeH — CNeumuaJucToB B 9TOH 061aCTH.,
Hpyroii npHIvuHON (2 MOXET ObITH, 1 OCHOBHOI) MOAOOHOT0 MOJOXEHNS Je
ABNSETCS OYEBMIHAS HEXBATKA YYeOHOH W HAYUHO-TTOTYISIPHOM JTUTEPATYPEI,
npeaHasHaveHHOoH 1151 GOPMUPOBAHWS 3HAHKWIH NOIPACTAIONIETO NOKOJICHMWS.
B TeueHue HECKONLKNX MOCAEAHUX JIET OCTPO OUIYIIACTCH NeQHIIUT yUeOHU-
KOB W 33aIA4YHUKOB I10 aCTPOHOMHH B YHHUBEPCUTCTCKHNX GMGJIHOTCKHX. I'Ipp[
3TOM (hyHIAMEHTANILHEIE ACTPOHOMMYECKHE W ACTPODUINUECKUE OTKPBITHS
MOCHENHUX JIET (AHM3OTPOIMUS PETUKTOBOTO W3NTYyUEH U, TEMHAS MATEPUs U
9SHEPrist, IK30MNAHETHl W Ap.) HE BCeraa ycrneBalT B MOJHOW Mepe HANTH
OTPaXKEHME B MACCOBLIX YUEOHBIX M3AAHHMSX, A 3a4aCTYIO CTAHOBATCS Npel-
METOM TICe BAOHAYYHDBIX CIIEKYTISITIWA.

Kpome Toro, pazBuTusi ACTPOHOMMUECKOTO 0Bpa3oBaHus TpedyIoT H He-
KOTOPbIE ACMEKThl COUNANBHOM Xu3Hmn 00uecTsa. Bo-nepBuix, HEAOCTATOK
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JHAHMET ABTOMATHUCCKH YIOBETBOPSIETCS 32 CHET PA3HOIO POJId MAIOHAYUHBIX
TEOpHii (ACTPOTOIHYECKNX, OKKYTBTHBIX H IIP.), 4 BO-BTOPbIX, HEMIOHUMAaHHE
WPKHOCTH BHE3EMHOTO PA3BUTHSA YETOBEYECKOH LIMBHIH3ALWN NPUBOLUT K
OIPEAEIEHHOMY HETIPHATHIO KOCMHMUYECKUX McceloBaHuil («3ayem aTo
NyxHo? TTycTasi Tpata cun 1 cpeicTB»). BaXHOCTb «BCeoBIiIeil ACTPOHOMH -
MECKOi rpaMOTHOCTH» MOATBEPKAACT U TOT (DAKT, YTO ACTPOHOMMS ABISIETCH,
HOKaJIYid, eAMHCTBEHHON eCTeCTBEHHOHAYYHOH NTUCLUTUTMHOM, [Ie 10 CHX
HOP BKHYIO POJIb UIPAIOT THOOUTENILCKUE UCCAEN0BAHM.,

"Takim 06pasoM, cepre3oro nomxona K ACTPOHOMMYECKOMY 00PA30BAHHIO
Taebym'r KAK HAY'THO-TIPOU3BOACTBEHHBIE, TAK U COLMATBHEIE ACTICKTHI Pa3-
Wi coBpemerHoro obiiectsa [20]. B 1o ke Bpemsi MOXKHO ¢ yBEPEHHOCTHIO
YINCPXKIATh, YTO 33 NOCAEIHEE NeCs TUIETUE OBUTO M3AAHO 0YEHE MAJIO yued-
HBIX OCOBWIA TS BY30B CKONBKO-HUOY/Ib 3aMETHBIM THPAXOM.

Hacrosiiee nananie Npu3BaHo YaCTHIHO KOMIIEHCUPOBATH neduumt
VUeOHON TuTepaTyphl 18 CTYAEHTOB, MPUHWUMAS TTPU 3TOM BO BHUMAHHUE
PIABHTHE HAYTHO-METOAMYECKOH Baskl TaHHOM AUCHHIUIMHELL. YueGHoe mo-
cobue COMEPKHUT KPATKUIA TEOPETUUECCKUH MaTepHaJ IT0 OCHOBHBIM pasaenam
Kypea obuieit actpoHoMIH: cepruyeckoii 4ACTPOHOMUN (M3MepeHue ppemMe-
WL p.), HeBecHOoit MexaHuKe (onpesesieHre BUIMMEIX U TeHCTBHTETBHBIX
HONOKEHUI 1 ABMXEHUH nnanet u ap.), actpodusuke ComHLA, 3BE30 U UX
shetem, 6onbiumx U Manbix nnaneT CoHeuHol cuctemsl U rip. Teoperuyeckas
HIETH 110COBHS YaCTHYHO OMUPAETCS] HA MATEPUAN yUeOHBIX U HAYYHO- MO~
HWsIpHbIx w3nanmii 2, 7,9, 10, 13, 21, 26, 27, 31], a takxke o63opos [1, 3—6,
117, 23-25, 28—30]. C yueToM HOBEHILUNX HAYYHBIX TOCTHKCHUI B 06-
JUETH ACTPOHOMMHK pa3paboTaHbl PAa3Ie/bl 0 KOCMOTOHMM, O0LLEN Teopun
BIHOCHTENILHOCTH, KOCMOJIOTMH U HEKOTOpLIe Apyrue. TekcThl 3anayu cgop-
MVIIPOBAHBE C YUETOM PE3YIBTATOB COBPEMEHHBIX HCCIENOBAHMI U peannii
SRIOMISIIIHETO AHst. 3HAYNTETBHAS YaCTh 33124 NPeCTaBIsgeT coboi opuri-
HIVILHBIE pa3paboTKK aBTOPOB, MMEIOLIMX MHOTOJIETHUIT OMBIT MPENoiaBaHms
AETpoloMiy B BestopycckoM rocyiapetseHHOM YHUBepeHTeTe, MCoNb30-
WIINEL Takxe MaTepuansl mocoOuid [8, 11, 12, 18, 22] u onumnuaz 1o actpo-
HOMIN PASTHYHBIX YPOBHEi. ACTEPUCKOM (3BE310YKOI) «*» OTMEYeHbl 3a-
N NoBRBIIeHHON TpymHOCTH. TIPpUBOASITCA OTBETH M PELLIEHMs 3a1a4
LIRRUTOPBIE COMPOBOXIAIOTCS KPATKHMH KOMMEHTAPUAMU M YKAZAHUSIMH,
AN NOBBILLIEHHOT CTOKHOCTH — MOJIHBIMU PetneHusMu). TpuitoxkeHue
BRIIONAET HEOOXO0MMYI0 CIPABOYHYI0 HHGOPMALINIO. DAEKTPOHHbBIH AHCK,
NI eMbIi K n3nanmio, conepxut 6onee 1500 nsobpaxenuii (hortorpadwmit,
UREM, pHeyHKoB) 1 Dosnee 100 BuneooGHeKTOB (BHIEO3AMTHCEIH, KOMIIbIOTEP-
MBS WHMALIMI M CUMYTISITIME) , KOTOPBIE NPEIHAHAYEHBT IUTA 03HAKOMIIEHMSI
L URTPOHOMUYECKUME SIBTICHUSAME M 0OBEKTAMU, A TAKIKE A5l MOATOTOBKH
SIS 1 IeMOHCTPALIK BO BpeMsi NpoBeaeHIsA 3aHATHIT, CosiepxkaHue

BRI IONTOTORIEHO Ha ocHOBe MaTepuaioB NASA, Wikipedia, Science Photo

HMY 1 HEKOTOPRIX ADYIUX OTKPBITBIX PECYPCOR, 4 TAKXKE BKIIHOUYAET OpU-

S e HI0DpaXeHUs W BUIEOMMIbMBL ABTOPOB NOCOGUSI,




BBEJIEHHUE

IIpeamer u 3a5auu acTpoHomun. Pasneibi acTpOHOMHH

AcTpoHOMME# (OT TpeY. «aCTPOH» — 3BE3/1a, CBETIIO N «HOMOC» — 34KOH) —
9T0 Hayka 0 BeeneHHoM, M3ydaiolias pacmoiokeHHe, IBIKEHUE, CTPOCHUE,
NMPOUCXOKACHHE M IBOTIOLNIO HEOECHBIX Tes M 06Pa30BAHHBIX MMM CHCTEM.
ActpoHomus uccaeayeT CosHlile, 3Be3bl, IUIAHETHI 1 X CIYTHHKH, aCTEPO-
MBI, KOMETbI, METEOPbI, TYMAHHOCTH, 3BE3/IHbIC CUCTEMBIL, BEUIECTBO U
(pU3MUECKUE T10JIs1, BATIONTHSAIOLIME POCTPAHCTBO MEXY 3BE3AAMHU W MJIaHE-
tamu. OCHOBHBIMH 3a/1a4aMi ACTPOHOMMH SIBJISIIOTCH:

O usyuenue BUAMMBIX Ha HeGecHOI cdepe, a 3aTeM U JICHCTBUTE/IbHBIX
NONOXKEHUH U IBMXEHUM HeOeCHBIX Tesl B IPOCTPAHCTBE, ONpPEIeneHue UX
pasMepoB u GOPMBI;

O usyyeHue CTPOEHUS HEDECHBIX TeJl, HCCIIeNOBAHME XHMHMYECKOTO CO-
cTaBa ¥ (PU3MUECKMX CBOMCTB BELIECTBA B HUX, & TAKKE OKPYKAIOLICTO HX
MPOCTPAHCTBA;

QO peweHue MpobreMbl MPOUCXOKIEHNSI M 3BOMIOLMK OTAENBHBIX HE-
GECHBIX TeN ¥ 00pa3yeMBbIX UMK CUCTEM.

[IpUHATO BBIAENATH TPH OCHOBHBIX Pa3/ie/ia ACTPOHOMMUK: aCTPOMETPHIO,
HeOEeCHYIO MEXAHUKY U acTPO(DHUIUKY.

Acmpomempus n3ydaeT MOJOXKEHHUE U IBUKEHHE HEOCCHbIX TeJl 1 3emiu.,
YV acTpoMeTPHU JIBe BAXKHBIE 3a/a91! YCTAHOBIEHHE CHCTEMBI HeBeCHbBIX
KOODIMHAT U TOJIyYeHIUe NapamMeTpoB, Hanboiee MOJHO XapaKTePH3YIOUIHX
3aKOHOMEPHOCTH ABHXKEHNS HEOECHBIX TeJl M BpalLleHHs 3emim (B YaCTHOCTH,
W3MEPEHUE BPEMEHH).

Hefechasn mexanuka W3y4aeT JIBIKeHNEe HeOeCHBIX TeJl Mo IEHCTBUEM TI0-
TEHUs1, pa3pabaTHIBAET METO/LI OTPENEIeH sl UX OPOUT, MO3BOJISIET PACCUUTATE
KOOPJIMHATEI TEN HA JaJibHefiee Bpems (3heMepHbl), PACCMATPHBACT JABHIKE -
HUE W YCTOHUMBOCTH CHCTEM ECTECTBEHHBIX M MCKYCCTBEHHBIX HEOCCHBIX TEJ.

Acmpoghuzura N3yvaeT IPOMCXOXKAEHUE, CTPOEHNE, XMMHYECKHI1 COCTAB,
(pM3NUECKHME CBOMCTBA 1 IBOJIONMIO KAK OTAGABHbBIX TEJI, TAK M HX CUCTEM,
BIUIOTH D0 BeenenHoil B uesoM, Actpodusuka noapasne/isaeTes Ha MpakTi-
YECKYIO M TEOPETUYECKYIO.

OGuiee MpeCTABIEHAE O CTPYKTYpe U MacmTadax Beenernol
1 (DU3MIECKOM COCTOSIHIN MaTephy Bo BeenenHoii

MaaneTa 3emisi, HA KOTOPOil B HACTOSALIEE BPEeMH CYIIECTBYET KU3Hb U
Je/IOBEYECKAs LMBIN3AINS, — 3T0 HeBGECHOE TeJIo MPaKTHYeCKH cepuie-
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CKOM (bopmel, onHA 13 TuaHeT CONHEYHOM CHCTEMBI, 0OPAIIAIOIIAACS BOKPYT
HenrpaabHoit 38e3apl — ConmHua. CpenHUi paguyc opOUTEI 3eMiu paBeH
HpumepHo 149,6 Mt kM, uinm 1 a.e.

I cocras ConneuHoil CHCTEMBI TAKIKE BXOIAT APYTHE MIAHETEI, KAPTUKOBHIE
TUIHETHI, ACTEPOUIIBI, CITYTHUKH IJIAHET, KapJAMKOBBIX ILUTAHET U ACTEPOUIOR,
KOMG;M, METEOPUTHBIE TEIa, KOCMUYeCKas MbUIb, Ta3, YaCTHIIBI KOCMUYECKHX

~ Menrpansioe teno ConHeunoit cuctemsl, Coanue, MpeacTaBisieT coboil
THIHHYIO 3Be3ay CTIeKTPanbHOTO Kiaacca G2V, KenThiit Kapjauk, HAXOJs-
mﬂcst Ha CTaiMK [MIABHOW MOCHEN0BATENBHOCTH. 3BE3/bl (B LIMPOKOM
UMBIC)Ie) — 3TO HAXOISILUECS B COCTOSIHUU THIPOCTATUYECKOTO PABHOBECHS
HebecHblie Tena, B KOTOPBIX TPOUCXOMMIH, TIPOMCXOIAT WM OyILyT NpoUc-
XOUHTH TEPMOSIEPHBIE PEAKIIHH. OpHako valie BCero noj 38e310H noHuma-
107 rA0Ia3MeHHBIH 00BeKT, (hopMa KOTOPOTo Giin3Ka K chepHUYecKoii U B
HEApax KOTOPOTo B HACTOSILEE BPEMSI MAYT TEPMOsAePHEIE peakliuu. Macca
Connia cocrariser 99,8% or macent Beeit COMHEYHOM CUCTEMBL.

Bokpyr Connua rno opéutam, hopma KOTOPEIX BJIM3KA K OKPYXKHOCTH,
nlpaiiaoTes BoceMs miaHer (B nopsiake yaaneHust ot Comxua): Mepkypuit,
l_lellcpn. 3emns, Mapc (TTaHeTsl 3eMHOM TPYTITEL, Wik 3eMitu), FKOnurep,
Curypn (razoBbie TUTAHTHL, WK IOTATEPHT), Ypad u Hentyn (nensiiere ru-
IR, Wik HenTyHbl). Cpenuuit panuyc opbutel Mepkypus pasen 0,38 a.e.,
Benep — 0,72, 3emnu — 1, Mapca — 1,62, IOmmrepa — 5,20, Catypra — 9,54,
Ypura -~ 19,19, Henryna — 30,07 a.e. (6oiee TOYHBIE U NOAPODHBIE JaHHbIE
O ieTax npusenenst B [Npunoxenuu),

110N naanemori (3107 Kiace 0ObEKTOB, YTOBEI NOAYEPKHYTEL X OCODBIl
CIRTYE, YACTO HA3BIBAIOT KAACCHMeCKUMU NAAHeMaMN) B HACTOSIIIIEE BPEMS
HPHITO TOHMMATBE HEDECHOE TEJI0, KOTOPOE:

) ofpaiaercs BOKpYr 38e31bI ¥ IPU 3TOM CaMO HE SIBIISETCS 3BE310M;

) ofnanaer mocratouHoil Maccoif, 4ToObl UMETH (GOpPMY, BIM3KYIO K

&H*lccxoﬂ;

; ONWIIAET COCETHEE MPOCTPAHCTRBO BOKPYT CROCH OpOUTEI (T.€. PALOM C
IR TON o, ee opBrTEl HET JIPYTUX CPABHUMBbIX C HEH (MM KpYITHEE) Ten).
¥ B0UMUMHCTBA ITAHET HMEIOTCS ECTECTBEHHBIE CITYTHUKH. CRYmMHUIKOM
IO T ofmekT, oBpalmaonuiics BOKPYT HEHTPATBHOTO Tena (IUIaHETh,
RAPAHEOHON NIaHeTBl KK acTepora) TaK, YTO DAPULIEHTP ero OpOUTHI (LIEHTP
MUEE CHETEMB) HAXOLWTCH BHYTPH LeHTpanbHoro Tena. Ecnu 6apuuenTp
OPONTLE HIXOIMTCS BHE LEHTPAILHOTO TeNa, TO 0OBEKT CYUTAETCS KOMIIO-
HEHTOM CHCTEMBI, COCTOSIILEN U3 IBYX MITM HECKONBKHX MIaHeT (KapIUKOBBIX
HARIET, HCTEPONIIOR),

¥ Meprypust n BeHepsl HEeT ecTeCTREHHBIX CMYTHUKOB. Y 3eMJIH OfMH
seteeTnens it enyriuk — Jiyna. bapuuentp opoursl JIyHbBI HAXOAUTCA Ha
PRESTONn ipuMepro 4700 kM ot weHTpa 3eMiH (cpenHuit paguyc 3emau
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pareH 6400 km). ¥ Mapca npa cnyrunka — Moboc u [leiimoc. ¥ I0nuTepa Ha
MOMEHT HaMMCaH!s 3TOl KHUTH M3BecTHO 67 cniyrHukos, y CarypHa — 62,y
Ypana — 27, y Henrryna — 14, Bee nnaHeThI-rMraHThl 001a1al0T TakKe CH-
creMamMu Kojel (Haubonee pa3suTas cucTema HaGmonaercs y CarypHa),
COCTOSILLIMX U3 MEJIKUX YACTHLL U TTBUIH,

Mexny op6utamMmu Mapca 1 FOnuTtepa (B OCHOBHOM HA PACCTOSIHUAX OT
2.2 10 3,6 a.e. or Connua) naxonurest Iiasuetii nosc acmepoudog. Konnyecrpo
acTeponIoB AHaMeTpoM 6oee | KM B [J1aBHOM 10sIce OLIEHHBAETCS TIOYTH B
2 muiH. OmHaKo obliasi Macca BeeX acTepouioB [1aBHOTO nosca cocTaBaseT
BCEro okKosio 4% ot Maccel JIyHbl (MM NIPUMEPHO 5- 10~* macchl 3eman),
npuyem Ha Llepepy (KapTMKOBYIO I1aHETY) U TPU KPYITHEHIIMX acTeporIa —
Becty, MTayuany 1 [Ureio — NpuxonuTest 4yTh Gonblue nososuisl (51%)
Macchl Bcex acrepounor DnasHoro nosica. Takum ofpazom, OOnbLIAs HACTh
ACTEPOMIOB MMEET HUYTOXHYIO Maccy. TTpH CTONKHOBEHMsIX Mexay coboii
acTtepouabl JpodsTcs K paspylialorcs. B pesynwsraTe 3TOro nNpoCTpaHCTBO B
obnacty [TaBHOTO MoAca acTepOMIOR 3aI0JIHEHO POEM TBEPABIX OGJIOMKOB
pasMepoM OT 0Jei MUKPOMETPa J0 caMblX DOABIIKX ACTEPOUIOB (IHAMET]
[Mannaak coctapnser 500 km). Boibpacbipaemble rpaBUTALIHOHHBIMH BO3-
MYIIIEHHSAMH Ha HOBEIE OPOMTEL, TAKWE TeJla, eC/IM CTAJIKUBAIOTCS ¢ 3eMiIei,
BBINAAAIOT HA €€ NTOBEPXHOCTh B BU/E METEOPUTOB.

3a npenetaMu opouTel Hentyra, Ha pacctossHusAX npumMepHo 40—50 a.e.
ot CotHua, pacioiaralorest Malible Tena, MPUHALTEeXKALIME TaK HA3bIBAEMO-
My noscy Kotnepa, vuin tpaicHentyHosbie 00bekTol (THO). INosc Koiinepa
oTKphIT B 1992 1 Dra ob1acts CostHedHO# cucTeMbl noaobHa [asHomy mo-
ACY ACTEPOUAOB, HO MPUMEPHO B 20 pa3 DobLLE TT0 MPOTKEHHOCTH U (OLe-
HouHo) B 20—200 pa3 — no macce. B otnuure 0T KaMeHHBIX M METATLTHYECKUX
acrepounon [nasHoro nogca THO cocTtodT B OCHOBHOM M3 3aMOPOXKEHHOTO
MeTaHa, aMMKaka 1 Boasl. Tlosic Koitnepa BioyaeT Kak MUHUMYM YEThIpe
W3 [ATH W3BECTHBIX K MOMEHTY HATIMCAHUS 3TOM KHWUIM KapJMKOBBIX T~
et — I[Mnyton, Dpuny, Xaymea 1 Makemake,

Mo kapauxeesori naanemoli MTOHUMAIOT HEGECHOE TENO, KOTOPOE:

U obpataercs Mo opouTE BOKPYT 3BE3MbI;

O umeeT JOCTATOYHYIO MACCY ISl TOTO, YTOOKI MOA AEHCTBUEM CHJI I'pa-
BUTALMM TOLIEPKHBATh TMIPOCTATHUECKOE PABHOBECHE M MMETH (hopMY,
BM3KYI0 K chepruyeckoit;

U He DOMMHHpPYET HA CBOeM opbMTe, T.e. HE MOXET PACUUCTUTL NpPO-
CTPAHCTRO OT APYTUX OOBEKTOB BOKPYT CBOCH OpOUTHI;

O He gBageTcs CNYTHUKOM KaKMX-IMOO0 APYTrux, KpoMe HeHTpanbHON
3Be3bl, HeBGEeCHBIX Te.

TepMHH «KapJIMKOBas TuiaHeTa» 61 npuHsT Ha XXV [enepanbsHoii ac-
cambiee MexayHapoaHoro actpoHomudeckoro cowsa (MAC, unu IAU —
International Astronomical Union) B aBrycre 2006 r. B pamkax kjaaccugpuka-
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nn obpainarommxes sokpyr ConHua Ten Ha Tpu Kateropun. Tena, nocra-
TOUNO BonbLIIME 1S TOrO, YTOObI PACYHUCTUTE OKPECTHOCTH CBOEI OPOUTHI,
OHPEIeeHBl KaK IUIAHEThL, a HEAOCTAaTOYHO DOJIbIINE, YTODLI JOCTHYD JaXkKe
PMAPOCTATHYECKOTO PaBHOBECHS! (T.e. He uMeloLme cdepriecKoii popmbl), —
KUK Manbie Tena ConHeuHoit cucTeMbl. KapinKoBble TUNIAHETH 3aHUMalOT
HPOMEKYTOTHOE MOJIOXKEHHE MEXNLY DTHMH IBYMS KATCIOPHUAMMU. [lpenno-
mmﬂ, YTO 1O MeHbIIei Mepe okono 40 u3 n3BecTHbix 06beKkTOB B Con-

MOMNOI crcTeMe MOTYT TIPUHALIEXATE K KATETOPUH KAPIMKOBBIX MIAHET.

¥ [lnyroHa u3BecTHO NATH CNYTHUKOB: 00O CTYTHUK XapoH, a Tak-
e uersipe mansix — Mappa, Hukra, Kepdep (otkpeit B MioHe 2011 1) n Ctuke

) E&pbrr B uoHe 2012 ). bapuuentp cucremsl [Tnyron — Xapon HaxoauTtes

o nonepxHocty [ayToHa, noaromy [TnyToH 1 XapoH CYUTAIOT ABOHHON
IIHETOI (IBOMHOM MuaHeTHO! cucTeMoit). Eie y ABYX KapauMKOBbIX MJ1a-
Her - Xaymea M DpUIBl — TAKXKE UMEIOTCSI CIYTHUKH.

K masvim meaam Conneunoii cuctemMbl oTHeCEHL Bee obpallalouinecs
nokpyr Cosnia 06beKTH, KPOME KIACCUYECKHX M KAPIUKOBBIX MTAHET U WX
CNYTHHKOB. B 9T0 KaTeropuio BXOAAT KIACCUYECKUE, «TPOSIHCKHEY U IPYTHE
nereponasl Fnasnoro nosca, doabinHerso THO 1 koMeTsI.

B nacrosiuee Bpems uspectHo Gonee 1000 TpaHCHENTYHOBBIX 0OBEKTOB,
W Hpeanonaraercst, uto Beero B nosice Koitnepa ux moxer 661t 6osee 70 000
Jimamerpom okomo 100 k.

C(pepa rpaBurTauoHHOro BIUsiHUS CoMHLA MPOCTUPAETCS TOPa3io Janblie
nosien Koitnepa (Ha paccTosiHusi BO MHOTO THICSTY ACTPOHOMMUMECKHX SMHULL).
W nnerosiiee BpeMs MpeanoaaracTes, YTo BHyTpeHHsst yacts ConHevHoi
CHUTEM DI OKpYXKeHa Tak HazsiBaeMbIM 001akoM OopTa, CyLLecTBOBAHUE KOTO-
POIO Noka He noarsepxkaeHo HabmoaeHnsMu. OObekThl B 06nake Oopra
JOMKHBE COCTOSITL B 3HAYMTENBHOI CTEMEHN W3 BOISIHBIX, AMMHAUHBIX M Me-
TUHONLIX JIBAOB. 3AeCh PACITONOXKEHB! adeuu OpOUT L0JrONePUOIHYECKHX
Komer, Muoria non AeHCTBUEM PA3IMUYHBIX [PABUTALMOHHBIX BO3MYILCHHMI
z:"m obnaka QopTta NOKMAAIT 5Ty 061ACTh ¥ NONAAAIOT BO BHYTPEHHUE

W C'oaHeyHol cucTeMbl, TIe MOTYT I0CTUTaTh OPOUT 3eMIU U APYTHUX
e TpeanonaraeMoe paccTosiHne 10 BHYTPEHHUX rpaHuil obiaka Qopra
ol g cocrasiger okosno 20 Teic. a.e., a A0 BHEIWHWX — oT 30 1o
100 P80, 1,8, T.6. OKOJI0 OIHOTO CBETOBOTO roa (1 CBeTOBOI rojI — 3TO pac-
CIONHNE, kKoTopoe ceeT B Bakyyme rnpoxomanT 3a | roa (365,25 cpenHux coiHeu-
MU GYT0K), pacrpocTpansasch co ckopocThio 299792,458 kM/c; 1 ¢B. roa ~
A0, T M M, mim 63,2 Thic. a.e.). BHeuinss rpanuia obiaka Qopra onpe-
AT FpapTalorHyto rpaHuily ColHeYHOH CUCTEMBI.

K pome 1oro, p CoHeYHO CHCTEME CYLIECTBYET Psiil KOMITOHEHTOR, Ype3-
WO OKHBIX JUTSE TOHUMaHKS ee (hDOPMUPOBAHUS M COBPEMEHHOrO CO-
SEOUEIL TIBUIEBBIE YACTHIIBE; ANEKTPOMArHUTHOE ninydyeHne ColiH1A BO BCEM
AMBEIAOHE JUTHH BOJTH; CONHEYHBII BeTep (MOTOK ropsiueil KBa3MHEeHTpanbHOM
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BOJAOPOTHO-TETMEBOH TUIA3MBI, B OCHOBHOM COCTOSILLEN 13 TPOTOHOB, 3JIEKTPO-
HOB ¥ Q-4acTHLL), HENPEPbIBHO BHITEKAIONIMI W3 CONHEYHON KopoHbl. Cnemy-
€T YUMTHIBATE Takxke, 4To Co/lHeYHas CUCTEMA TTOCTOSIHHO TIOMOJTHSETCS BE-
LIECTBOM, MTPUXOISILIMM M3 MEK3BE3IHON CPE/Ibl, — 3apsKEHHBIMH YacTHLIAMH
KOCMMYECKMX NTyeit, a TAKKe HEHTPAIbLHBIMM ATOMAMH.

O6J1acTh MPOCTPAHCTRA, 3AHATAS COTHEYHBIM BETPOM, HA3BIBAETCS 2e1u0-
cghepoii. Ha pacctosnum okono 100 a.e. or CoHLa CONHEYHBI BETEP B3anMo-
HECTBYET ¢ MEX3BE3HOM cpeioil (AHATTOTMYHBIMH NOTOKAMM KOCMUYECKUX
JIydeii, MCnycKaeMbIX IPYTUMH 3Be34aM1) U PE3K0 TOpMo3uTes. ToHKas ob1acTh
MPOCTPAHCTBA (MPAKTHYECKN OBEPXHOCTE), B KOTOPOIi 3TO MPOMCXOINT, Ha-
3BIBAETCS FPAaHMLEN yaapHOM BOMTHBL. DTa MOBEPXHOCTb SIBJSIETCS BHYTPEHHER
rpaHuleil renmocdepsl. 3a Hell caeayeT renuonaysa, Ha BHELHEH rpaHuue
KOTOPOii COTHEYHBII BETED OKOHYATCIbHO OCTAHABINBAETCH, CMELLNBAsCH C
KOCMUUECKMMU Jy4aMK APYrux 3Be3M (3Be3nHbiM BetpoM). B nexadpe 2004 n
KocMHUYecKHii anmapar «Bosikep- 1» nepecek renuocdepHyo yAapHyo BOIHY
Ha paccrognin 94 a.e. or ConHua. B asrycte 2007 1. KOCMWYECKMIA annapar
«Bosmpkep-2» mepecek rpaHuLy reanocdepsl Ha paccrosinin 84,7 a.e. Takum
06pa3omM, GbUTO TOATBEPXKIAEHO, UTO B pesynsrate Apuxerus ConHia renmo-
chepa MMEET BRHITSHYTYIO (KarneBnaHyio) (opmy.

B oxpecrHocTsix Connila B paguyce 5 CB. IeT U3BECTHO 3 3Bes3bl (TOUHEE,
ollHa TpoitHas 38e31a), B panuyce 10 cr. ner — 11 3pean. banxaiiwmas k Coun-
HEYHO# cucTeMe 3Be3/ia — KpacHblit kapauk [Npokcuma Llenraspa (ot aar.
proxima — 6aMKaiias) — HaXoAuTCs Ha paccTosHuu 4,24 cB. rona u ABs-
eTcsl KOMIIOHEHTOM TPOiHOM 3Be3iuHoN cuctemsl o Llentaspa. [IBa apyrux
KOMTOHEHTa — XeaTas 3Be3na o LlentaBpa A u opan:xkesas a Llentaspa B —
B HAacToOsilliee BpeMsi HaXodAaTCs HEMHOro Aalibile, Ha PAacCTOSHUH
4,36 cB, roja. Jlpyrue 61M3Kne 38e30bl KpacHblil Kapnuk 3pe3na bapHapaa,
KOTOPYIO YacTo HaskigaloT «Jlesiieil bapHapias (cossesane 3MeeHoca,
5,9 cB. roga), kpacHslii kapiuk Bonbd 359 (cossesaue JlnBa, 7,6 cB. roga),
kpacHbeiii Kapauk Jlanaun 21185 (cossesame boabwoil Mensenuiibi,
8,1 cB. roaa), apoitHas 3se3na Cupuyc A v B (o Boabuioro TMea, 8,6 ¢s. roaa).

CoMHEYHAs! CHCTEMA BXOLUT B cocTap [amakTHKiM, HaseiBaeMoil VIeuHbIi
Iyrh. DTO TMrAHTCKAS CIIMPAIbHAS TAAKTUKA ¢ epeMbIukoii Tina S Bb. Haiua
lanakTHKa npeacTapasieT coboil OrpoOMHYIO CIUTIOCHYTYIO CUCTEMY, CHUMMETPUY -
HYI0 OTHOCUTENBHO [MaBHOM MIOCKOCTH W OCH, MPOXOISUIEH Yepes UeHTp
[AnaKTHKH, ¥ cocTosLLyIo 13 Bosee ueM 200 Mupa 3Be37 (BMECTE € MX BO3MOXK-
HbIMH TUTAHETHBIMH CUCTEMaMM ), Pa3pesKeHHOro rasa, MbUTi 1 KOCMHYECKHX
nyyeil. [Monepeunnk TanakTuky cocrapasier okono 100 Teic. cB. eT. BaxHei-
LMK IEMEHTAMA CTPYKTYPbI TanakTuku ABasioTcs: chepuyeckas cocran-

NAI0Ias, HeHTpaabHoe cryienue (6anix), sapo, 3Be31HO-Ta30B0-TLUIEBOM
JUCK, CIIMpaJibHbIE pyKaBa (BeTBM), nepembluka. TosuHa 35e30HOr0 IMcKa
cocraensier okono 10 Thic. ¢p. et [peanonaraercs, 4To B LeHTpe sapa [anak-
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THKM HAXOJMTCS CBEPXMACCHBHAsH YePHAs JIbIpd MAcCOH OKOJIO 3,7-10° mace
Conuua. Lentp Fanaktuky npy HabmoseHnn 13 CoOJIHEUHOM CHUCTEMBI 1TPO-
eunpyercs B cossesnne Ctpenbua. Béausu ueHrpa TAlak TUKM 3Be31Has 1JioT-
HOCTB Ha 6—7 MOPSIIKOB BBILLE 3BE3AHO# IUIOTHOCTH B OKPECTHOCTHX ConHua.

CofHeuHas CUCTeMA PACITONIOKEHA B TAK HA3bIBAEMOM PYKABE Opuona
Hateil [asakTuky Ha pacctostinn 6580 CB. JIeT BbIllE MIOCKOCTH CUMMETPUH
[aaKTHKM 1 yAATeHa OT LeHTPa Ha PACCTOAHNE OKOJIO 27 1hic. cB. aet. Con-
HeuHast cHcTeMa COBEPLIACT OWH 0DOPOT BOKPYI LEHTpa [anakTUKK TIPU-
MEpHO 33 225—250 MJIH JET.

Mpumeuanue. Beero B CTPYyKTYPE Ta71aKTHKH BbIOE/ISIOT YEThIPE OCHOBHBIX pyKa-
pa, CrivpalibHble PYKaBa TalAKTHK BU3YAIbHO BBUIETSHOTCH 34 CHET MOJMOIBIX APKUX 1l
MaccuBHBIx 38e3 kiacca O u B, KOHUEHTPALMS KOTOPhIX UMEHHO B pyKaBax MaKCH-
MaJbHa.

B HacTosllee BpeMst J0CTOBEPHO YCTAHOBIEHO, YTO FalakTHKH COACPXKAT
ot 10 man (107) 110 HECKOJILKUX TPUITHOHOB (10" 3pean, spalallUXCs
BOKPYT OBIIIEr0 LEHTPA TsKecTH. KpoMe OTAebHbIX W KPaTHbIX 3BE3I, a
TaKKe Pa3peRCHHON MEXK3BE3IHOM cpeibl DOMbINAsh 4aCTh raakThK CONePKUT
3BE3IHBIE CKOMUIEHMS (11APOBBIE W PACCESHHBIC) H PA3NHYHBIE TYMAHHOCTH.
Kak [ipaBuio, AMaMeTp rafakTHK COCTABISET OT HECKOMBLKMUX ThICAY /10 HE-
CKOJBKNX COTEH THICHY CBETOBBIX JIET, @ PACCTOSIHUST MEXK Y HUMH MCHHCITA-
JOTCH MUUTHOHAMM CRETOBBIX JeT. B LIEHTPe MHOTUX (€CH HE BCEX) ralakTHK
HAXOMSTCS CBEPXMACCHBHBIE YepPHbIE AbIPHI. TakoKe npeirnosiaracTes, 4To
OKOJT0 90% Macchl TANAKTHK MPUXOANTCS Ha JOJTIO TeMHOT MaTepHH.

Maxrika Maeunstit TIyTh BMeCTe ¢ 53 APYTUMM FAaKTHKAMN BXOAUT B
COCTAR IPABUTALIMOHHO-CBSI3aHHO# MecTHO# FPYIIbLl TaNakTHK, Brvoxaiiias
« ConHevHoil cucteMe rajiakmika (pacctosiiue o1 CONHEYHONW CUCTCMbI
25 ThIC. CB. JIET) — KAPAMKOBAS TANAKTUMKA B CO3BE3IMNA Bonbworo Mea (CMa
Dwarf), cocTosiiasi Beero u3 1 MIpa 3Be31. [omunupytouei B MecTHoM
IPYIITIE SIBSICTCSE TAIaKTHKA AHAPOMEIbI (nan TymanHocTs AHAPOMENbI) —
CBEPXTMIAHTCKAS CIIMPAIbHAS FAJlaKTHKA THITA Sb. OHa HaxonuTcs Ha pac-
crosiHum 2,52 Mt cB. et o1 ConHeyHoit cuctembl. [1pOTHKEHHOCTD TymaH-
HOCTH AHIpOMEaBI cocTapisieT 260 TeiC. CB. JIET, YTO B 2,6 pa3a Donblile, Yem
y Maeynoro Iyru. [To coBpeMEHHBIM JIaHHBIM, B €€ COCTAB BXOAUT OKOJIO
| TpaH 3BE3.

TanakTuka AHIPOME/IbI, A4 TAKKe ralakTiku boasiioe u Majoe Maren-
flaHoBbl O61aKa — TpH 00beKTa, He MPUHALIEKALINE HALIeH [anakTuke,
KOTOpbIE B GE3NYHHYIO HOUB BUAHBI HA HEOE HEBOOPYKEHHRIM F1a30M C MO-
pepxHocTH 3emin. Bombiioe Marennanoso O01ako — KapauKoBast ralakTi-
ka tuna Ir/SBm, pacnojoxeHHas Ha paccToAHHH OKOIIO 163 ThIC. CB. JIET OT
wanreit ManakTuky, OHa 3aHUMaeT 00acTh Heba 10KHOTO NoayIlapus B Co-
Jeanusx 3010T0i Priosl u Crotosoit [opel. IuaMeTp 5T0i ralakTKu Npu-




O13uTENBHO B 5 pas MeHblle anamerpa Maeunoro [lytu, u ona COLEPKUT
okosio 30 Mapa 3ses3n. Manoe Mareananoso O6aako — KapiukoBas rajiak-
THKa THNA Ir/SBm, HaxoauTes Ha paccTosiHul 0koso 200 Thic, CB. JIeT B co-
3pe3auu Tykana. ConepxuT Toibko 1,5 mupa 3Be3n. O6e aTH ranakTuku

BUIIHBI TOJLKO B IOXXHOM TOJIYILAPUH,

llpumeuanwme. B uMeHOBAHMM TMNA KAPIMKOBOH TaNakTHKM Ir/SBm nepsoe
obosnauenue (Ir) coorBeTcTBYET KiacCHpUKALINM TanakTHK D, Xab6s1a, Bropoe (SBm)
NlaHo cornacHo Knaccuukauun XK. ne Bokynépa u mpucBanBaeTcs ranakTHKaM nepe-
XOMHOTO KJIACCa OT HEMPABUJILHBIX K CHHPATLHBIM CO CAD0BBIPAKEHHOI CHHMPATBHON
CTPYKTYPOid.

MecTHyIO Ipynny MOXHO Pa3feNnTh HA HECKONBLKO TTOAIPYII TANAKTHK.,
Ipynna Maeunozo Ilymu cocTONT W3 rMIraHTCKON CIIMPANbHON ralaKTHKN
Muieunptit TyTh 1 14 ee M3BECTHBIX CNYTHUKOB, NPEACTaBAAIOLNX CODOM
KAPIMKOBBIC, B OCHOBHOM HCIPABUIILHbIC, aJlaKTUKW. Ipynna Tymannocmu
Andpomeds BecbMa noxoxa Ha rpyriy Maeuxoro [lyta: B LIEHTPE TPYIIIbL
HAaXoWTCH IMIaHTCKas CIIMPpaibHAs FaAIakTHKA AHIPOMEDLL, 4 €€ 24 W3BECTHBIX
CMYTHHKA TOKE AB/IAIOTCS B OCHOBHOM KapyIMKOBLIMU ratakTHkaMu. Kpome
Toro, B MectHyio rpyniy sxonut epynna Tpeyzoavnura (ranaktvka Tpeyronhb-
HHUKA CO CBOMMM CMYTHUKAMH), & TAKKE JAPYrHe KApJHKOBBIE TATAKTHKM, KO-
TOPBIE HE/Ib35 ONPE/IC/INTL HU B OIHY U3 YKa3aHHBIX IPy1in. YUCno n3BecTHbIX
ranakTuk B MecTHoll rpynne yBennunsaercs, TaK Kak peryjisipHo 0GHAPYKH-
BAIOTCA HOBbBIE ralakTUKK. LleHTp Macc MecTHOII rpynbl HaxoauTes Npu-
MEPHO Ha JIMHKH, coeanHsiioleit Mueunniit ITyTb 1 ranakTuky AHapomens!.
Ionepeurnk MectHoit rpyniibi coctaniser okono 10 M cB. net. Beneacrsue
TPaBUTALIMOHHOIO NPUTsKEHUst Mneunstit TTyTh M ranakTuka AHIpoMeLb!
NPHOJIMKAIOTCS APYT K APYTY M, NPEANONOKHTE/IbHO, Yepes 4—5 MJIPA JIeT
CTOJIKHYTCH,

MecTHas rpynna ranakTuk, B CBOIO 04epe/ib, SIBISETCH YacThio MecTHOro
CBepXCKonIenus ranakmuk (Ceepxcxonienus JIeBbi), r1asHyio poib B KOTOPOM
urpaet Cxonnenue JleBbl — CKOMIEHHE raNakTHK, PacnonokeHHoe Ha pac-
crosanuu ot 50 10 70 MaH cB. JeT ot Maeunoro [Tytu. Dro Giuxaiiliee K
MecTHoi rpynne KpynHoe cKonaeHne, B ero cocTan BXOIUT 0Kono 2000 ra-
JIAKTHK.

CeepxckonseHue [lepbl — cucTeMa ranakTHK pasMepoM OKO0JIO
200 mnH cB. net. Beero B cocras MecTtHoro cBepxekoruieHust Bxoadat 100 rpynn
W CKOMIEHUH raiakTik 1 okosto 30 Teic. rasakruk. Macca CBepXcKoruieHs
cocrapnsier okono 10°~10' mace Connua (2- 10% kr). Mockosnbky ero cpe-
TUMOCTh CJIMLIKOM MaJjia /Uil TAKOIO KOJIMMECTRA 3BE3/, CHMTAETCS, YTO
OONBIIYIO YacTh Macchl CBEPXCKOMIEHWUS COCTABISET TeMHAs! MAaTepHsi.
CRepXCKOMICHNS ATaKTUK B OTJANYME OT CKOIJIEHMIT He SBISIOTCS rpaBu-
TAUHOHHO-CBA3AHHBIMU CTPYKTYDAMMW, OHH NIPUHUMAIOT YYACTUE B 06LIeM
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pacumpenvy BeesleHHOM, MOTOMY paccTOAHMS 40 06HLEKTOB MeCcTHOTO
CBEPXCKOTUICHHA MOXHO M3MEPATH ¢ TTOMOLLBIO 3aKoHa Xa66.a,

CeepxckonueHue [IeBbl B LEJOM NPUTATHBAETCH K [PABUTALIMOHHON
aHOManuK roa HazpaHueM Benukuii arrpakTop. AHOMAaNMs npeacTARNSIET
CoDOIi CBEPXCKOMNEHHE rAJIAKTHK, B LIEHTPE KOTOPOI HAXOAUTCS CKOTLIEHHE
ranakTuk Abell 3627 ¢ ouenouHoii maccoii 5- 10" mace Comuua (10Y kr).
Beniukuii aTTpakTOp HAXOMMTCA HA PACCTOSTHHM OKOJO 250 MIIH CB. JIET OT
Mueunoro IMytu B co3peanuu Hayronsuuka. HenocpencreeHHoe HaGmoe-
Hue Benukoro aTTpakTopa 3aTpyaHeHo, MOCKOJILKY OH 3aKPBIT OT HAC IHCKOM
[anakTnku.

Hrak, B Hanbonee obLueM Buie Hepapxus crpoeHus Beene HHOM BRILIAUT
caenyouym 0dbpasom: 3pe3nHast cucrema (Hanpumep, ColHeyHas cucreMa) —
ckorienue 38esn (10—100 Teic. 3Be3n) — ranaktuka (1 mapa — 1 tpan
3BE€3J1) — MECTHAS MOATPYNA rajakTuk (5—30 ralakTHK) — MECTHAs IPyTI-
na ramaktuk (10—100 ranakTmk) — MECTHOE CKOMJIEHWE rayilakTHK (1 ThiC. —
10 ThiC. ralakTHK) — MECTHOE CBepXCKOTIeHHe ranakTHK (20 Teic. — 200 Thic.
ranakTuk). Takas mocie1oBaTe/JbHOCTL MOXKET Hapyliartbes. Tak, B ciyuae
ConneyHol CUCTeMBI OTCYTCTBYIOT /1Ba MEPAPXMUECKHUX YPOBHSI — CKOTIIEHHE
3B€311 (OHO paccesioch Ha paHHUX 3Tanax GopMuposaHust CoMHEUHOI CH-
CTEMBI) M MECTHOE CKOILIEHHME TaNlakTHK. PaHee Npeinoiaranock, Yto cBepx-
CKOIUIEHUST ABNSIOTCS CaMBIMK DONBIIMMKM CTPYKTYpaMH Bo BeeneHHOi.
Onuaxo nocne psija HelABHUX OTKPHITHI CUMTAETCSH, YTO CBEPXCKOTICHHS
TAKXKE SIBJIAIOTCH YACTBIO OTPOMHBIX CTeH (MM HHTe#H), KOTOPBIE MOTYT 110-
CTHIaTh B UVIMHY 1 MIIpA CB. NeT, T.¢. Gonee 3% Habmonaemoii BeeneHHoil.

CKonJieHnsl ¥ CBEPXCKOTUTEHHS TAIAKTHK BBICTPAMBAIOTCS B HUTH, OKPY-
KAIOLIME TMTAHTCKHE ODJIACTH MYCTOTHl HETIPABWIILHON (DOPMBI — AYeiikH,
WTH BOKHALI (OT aHT. void — nycrora), MpakTHYESCKH HE colepKaluue 6apu-
OHHOTO BeulecTBa, MexrarakTHUeCKOe MPOCTPAHCTRO ABJIAETCS 10 CYTH
YMCTBIM BAKyYMOM CO CpelHel MIOTHOCTBIO MeHee | aToMma BeluecTsa Ha | M.
TunuuHble nonepeuHkIe pasMepLl BOHAOR COCTARITIOT 35— 500 MiH B, sieT,
OIHAKO BCTPEYAIOTCH BOWALI U BOMBIIETO pasMepa.

B macwrabax 6onee 300 miin cB. siet BeeneHHas IpeacTaeT OQHOPOAHO
M U30TPOITHOI (B COOTBETCTBHM C KOCMOJIOTHYECKUM TIpUHLIKUIIOM). Bo Bee-
JIEHHO# HET BBILEJEHHOTO HATPABICHUS, OCH BPALLEHUs WK T1eHTpa. Bee
Touku Beenennoit papHonpasHel. 06 9TOM CBUAETENLCTBYIOT MCCIENOBAHHS
JAJICKOT0 KocMoca (paccrostHue 6onee 12 Mapad cB. IeT oT 3eMiiu), 0CylLecT-
BIEHHBIC KOCMUYECKUM TEJIECKONOM «Xabbi» (Ha3BaH TAK B YECTh ACTPOHO-
Ma u KocMoJsiora . Xa6ona) B pamkax npoektos Hubble Deep Field (HDF),
Hubble Ultra Deep Field (HUDF) u Hubble eXtreme Deep Field (XDF).

Onub 13 Haubonee yuaneHHbIX 06LeKTOR, 0BHapyKeHHbIX K 2012 1, —
ranaktuka IOK-1, Haxonsascs Ha paccrosnumn 12,88 Mipn cB. JeT or
Conxeunoii cucremsl B cosesnnu Bosiockt Beponuku, 3ta ranaktuka chop-
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MUPOBAAAch cryceTst 750 MJIH JIET nocsie MOMeHTA Havaia aBooLun Beenex-
Hoit (Bonsiroro Baprisa). HauGonee ynaienHslit o0bekt BeeneHHoii, koTo-
PbIH B MPUHLIAIE MOXHO OOHAPYXXKUThH C MTOMOIIBIO PEFHCTPALIHK DIEKTPO-
MarHHTHEBIX BOJIH, — 3T0 TaK Ha3bIBacMasl MOBEPXHOCTH MOCAEIHET0 pacces-
HMs1, KOTOPOI COOTBETCTBYET HAOMIOAAEMOE HBIHE PeluKmosoe uiiyHenue.
[TosepxHocTh MOCAEIHETO paccessHUs OTHAJIeHA OT MOMeHTa Bonsiioro
B3proisa na 380 Thic. jieT (MMEHHO TOrIA PETWKTOBOE U3TyUEHUE OTOPBAIIOCH
ot BeecTsa). CylecTByeT TAKXKe MOTEHIWAIBHAS BO3MOXHOCTD PErHCTPALIH
peauxmoewix neiimpuno. Pean3alug Takoil BO3MOKHOCTH MO3BOJUT 3aTJISIHYTh
BryObL BeeneHHoi ente nanbplue, Ha «paccTOsIHHE» MEHEE OIHON CeKYH/ILI OT
momeHTa bonbioro Bapsisa. «Habnonenuer eile 6onee yaaneHHOM (paHHeit)
yacTi BeeneHHoH, 1Mo Beeill BUAMMOCTH, FUTIOTETUYECKH BO3MOXHO TOJIBKO
NPU YCIIOBUW PETUCTPALLAU PeAUKINO8bIX 2PAGUIMAUHOHNBIX 60N,

IMockoneky BeenenHasi 0HOPOIHA ¥ M30TPONHA, OHA HE MOKET ObITH
CTalMoHapHOI. [pyruMu coBaMu, BeesieHHast JIOKHA W CKUMATECS, U
pacunpatkes. B Hacrosiuee Bpems Beenennas pacuupaemcs, npuieM yeko-
penno. B pamkax cospemeHHo# Teopuu lTopsiueit Beenennoit (minu reopuun
bonsitnoro Bapeina) paciiperune BeeneHnoil Hauanock okono 13,7 Mapa aer
Hasan M3 cpepxrinoTHoro (He meree 10™ r/em®) u erepxropsiuero (He menee
10 K) cocrosinus — cunrynsproctu. O6 0TIaTeHHOM Oynyuem BeenenHoii
IOKa HET ONpeaceHHOTO MHEHUWSA! Ha OCHOBE MMEIOLLIUXCST HaGJ'IlOJlﬂTCJIthIX
JTAHHBIX M COBPEMEHHBIX KOCMOJIOIMYECKUX TEOPUII HEBO3MOXHO JIOCTOBEP-
HO YTBepKAATh, OyaeT 1 BeenenHas u ganee paciiuparses (C yCKOpeHHeM
WJIH PABHOMEPHO) WIIM K€ B HEKOTOPbLIH MOMEHT BPEMEHHM paclliMpeHHe
CMEHHUTCH CHKATHEM.

[Mpepcrasnere 00 yCKOpeHHO paciumpsolleics BeeneHHoi, HaMoIHeH-
HO#t KpOMe OOBIMHOTO BELLECTBA TEMHBIMM COCTABIISIIOIIMMH — TEMHOI Ma-
Tepueit M AIHEePruei, JIEKUT B OCHOBE TaK HA3LIBAEMOW KOCMOJOTUYECKO
ACDM-mopenu (Lambda — Cold Dark Matter, Mogenb XOJM00HOR TEMHOK
Marepum ¢ asMOaa-caaraeMbiM).

KoHuenuust TeMHOI, WK cKkpeiToit, MaTepun (Macchl) (Cold Dark Matter)
BeeneHHoit onpeesnsiercs HeOBXOIMMOCTLIO OGBLACHEHHS PAIa HADMIOAAEMEIX
acrpodusnueckux apdexros (bosee nogpodbHo cMm. B § 3.1.5, 3.1.7): pac-
TIpeAeneHust CKopocTeid 38e3/ B [a1akTHKe, rpaBUTALlMOHHOTO TMH3MPOBAHMUS
TEMHBLIMM TaJ10 ranakTuk U ap. [loa memuodi mamepueis NoHUMAIOT BELIECTBO,
KOTOPOE HE YYaCcTBYET B 3JIEKTPOCAa00M B3aMMOAEHCTBUM U MPUCYTCTBUE
KOTOPOro 0bHapyxKUBaeTcsa ToNbKO Biaroaapsa rpaBUTALIMOHHBIM 3G deKTam.

B Hacrositiee BpeMst npe/iioaaraeTest, YTo Ha 10110 00bIYHOH BapHOHHOI
MaTepuu npuxoanTcst He bonee 5% marepuu Beesennoii. Okoso 23% mare-
pUH BC@H&HHOFI COCTaBJIsIET TCMHAsI MATEPHSI, HOCHUTEITH KOTOI’)Oﬁ HUMEIOT
HeBAPHOHHYIO TPUPOTY.
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Mnest npucyrersus Bo BeesleHHOH HEM3BECTHOH (DOPMbI MATEPUM, KOTO-
PYIO ceifyac NpUHATO HA3LIBATL TEMHOM DHEPrUeil (aHeprueii pakyyma, uiu
A-cnaraembiM) M Ha KOTOPYIO npuxoaures 10 72% marepun BeeneHuoit,
TAKXKE OCHOBaHa HA LIEJIOM psiie acTpOQM3MYECKUX HADMIONATEN bHBIX JIAHHbBIX
(6osiee moapoOHO cM. B § 3.1.7): MccaenoBaHUAX XapAKTEPUCTUK PEJIMKTOBO-
To U3ay4eHusa (AHU30TPONKUH, YIJIOBOTO CNEKTPA MOLIHOCTH ), HAOJIIO/ICH Ua X
CBEPXHOBLIX THIA la («cTaHIAPTHBIX CBEYEH») B yIANEHHbBIX rajlakTHKAaX.

Ectb OCHOBaHHMs NMOJAraTh, 4YTO acTpOPU3INYECKHE UCCIea0BaHMA D~
Kaiiiero 6yaylIero no3BoasiT MOATBEPANUTE NMPaBUILHOCTh COBPEMEHHOM
ACDM-mopenu. BoamoxHO, HOBbIE HADMIOAATEIBHBIE JaHHbIE (MO nepe-
OCMBIC/IEHUE M YTOUHEHHE UMEIoLIeics MHpOpPMALIMK) MOTPebyIOT peBr3un
NAHHOKM KOHLENLUKWK. He uckiiioueHo Takke, 4To B OyAyIeM TIPUIETCs 0T Hee
OTKA3aTbCH M CO3AaTh HOBYIO, 00JIe€ COBEPLIEHHYIO.




IVIABA 1. COEPUYECKASI ACTPOHOMMUS

1.1. Hebecnasn cepa. Cucrembl HebecHbix KOOpAMHAT.
IIpeodpazosanne kKoopmunar

Hebecnoii cdepoii Hassipaercs BoObpaxkaemas cepa npou3BOIbHOTO
pajnyca ¢ UEHTPOM B BbIOpaHHOI Touyke HabGmogeHus. Ha [MOBEPXHOCTH
3TOH CHEPEI CBETUNA PACTIONOXEHBI TaK, Kak OHM BUJHBI Ha Hebe B HeKO-
TOPBIA MOMEHT BPEMEHM M3 AaHHOH TOYKH npocrpaHcTsa, YTobw npaBuiib-
HO NPEACTABNATDL Cebe aCTPOHOMHUECKOE siBeH e, CHEIYeT CHUTATD paau-
Y€ R 4 HebecHoii cheprbl HaMHOTO GobIIM panuyca Rg 3emin (R 4, >> Ry),
T.€. Nojarare, YTo HaOMIOAATEIb HAXOIMTCS B LEHTPe HebecHo#t cheprl,
TIPUYICM ONIHA M Ta Xe ee TouKa (O/IHA U Ta XKe 3Be31a) BUAHA 13 PA3HRBIX MECT
3EMHO# MOBEPXHOCTH 10 NMAPAJLIENbHBIM HAaIpaBIeHUsIM.

[Ton webecuwiM cromom, min HeDOM, NOHUMAIOT BHYTPEHHIOW MOBEpX-
HOCTb HebecHO# cdeprl, Ha KOTOpYIO MPOELUPYIOTCs HeDecHble Tena.
s Habmionatens Ha 3emue QHeM Ha Hebe BiAHo Connie, HHOTIA JlyHa,
pexe — BeHepa. B 6¢3061aunyio HOub BHIHBI 3Besunl, JIyHa, maanersr,
WHOrIa KOMETHI U Apyrue Tena. Bumumeix HEBOOPYKEHHLIM MIA30M 3BE3/
okos10 6000. Baaumuoe pacrioiioxeHue 3BE3/ [HOYTH HE M3MEHSETCS U3-34
BOJIbIIOTO paccTosanus 10 HuX. HeBecHrie Tena, oTHocsamuMecst K ConHey-
HOW CHCTEMeE, UBMEHSIIOT CBOE NONOXKEHUE OTHOCHMTEJIbHO 3BE31 U APYT APY-
ra, 4TO ONPEAENACTCS MX 3AMETHBIM YIVIOBBIM W JIMHEH HbIM CYTOYHBIM H IO-
JOBBIM CMEILIEHHEM,

HeGecHulit con BpawaeTtes kak enmHoe LEJI0€ CO BCEMH HaXOAAIUMUCS
Ha HEM CBETUIAMM OKOJIO BOOBpakaemMoii ocu. Dto BpalleHue — CyTOYHOE.
Eciiu nabmonats cyrourioe BPALLEHUE 383/ B CEBEPHOM MOJYIIAPUH 3eM-
7, crosi Kk CesepHomy nosiiocy JIHLIOM, TO HeDO OylIeT BpawaThest mpoTHR
4acoBoil cTpeiiku. Ha Bocroke 3pesnpl BOCXOAAT, Ha 3anaje 3axomar. [1pu
STOM Kaxias 3Be3/1a BOCXOANT M 3aXOMMT B OLHUX M TEX 3Ke TOUKAX TOPU30H-
Ta. MakcuManeHas BeicoTa s NAHHOH 3Be3Mbl B JAHHOH MECTHOCTH MO-
CTosiHHA. HekoTtopbie 3Be3usl He 3AXOMAT, a OTIMCHIBAIOT TOAHKIH Kpyr (3a
CYTKH) Hajl TOPU3OHTOM, BPaLLAsCh BOKPYT HENOABUKHON ToUKH (Ceseprozo
noatoca mupa). Connuie v JlyHa Takke BOCXOnsIT 1 3aXOMAT B TEYEHHE CYTOK,
HO, B OTIMYHE OT 3Be311, B PA3HEIX TOYKAX TOPH30OHTA B TEUECHHE rona. C no-
MOLLBIO HAOTIONEHHIT MOXKHO 3aMETUTE, Y4TO Jlyna, nepemeinasce Ha hoHe
3BC3U, MEPEABUTAETCS C 3aMafa HA BOCTOK CO CKOPOCTBIO 0KOJIO 13° B cyTKM
H COBEpLIACT MOMHBIA Kpyr No Heby 3a 27,32 cyt. ConHile Takke NPOXOTUT
ITOT NyThb, HO B TEYEHUE rojia, IEPEeMEIALCh CO CKOpOCTBIO 59" B CyTKM.
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It OpUeHTALIHT Ha Hebe ApK1e 3Be3/ibl 00 beMHEHbI B CO3Be3ans . Beero
Ha Hebe 88 co3Besanii, M3 KOTOPEIX 56 MOXET BUIETh HabJoaaTe b, HAXOIS ~
HIMICA B CPeIHUX ITUPOTAX CEBEPHOTO Monyuapus 3emnu. Bee cospesnns
UMeloT HazBaHus. OIHM U3 HUX CBA3AHBI ¢ HA3BAHUSAMM XHUBOTHBIX (BoJib-
rast Mensennua, Jles, IpakoH), Ipyrue — ¢ UMEHAMM Fepoes TPEYECKHX
mudos (Kaccuones, Auapoména, Ilepceit) uau HazBaHUsSIMM MPEAMETOB,
O4CpTaHus KOTOPhIX OHK HamomuHaloT (CepepHasi Kopona, TpeyroibsHuk,
Becol). Hekotopbie 3Be3nsl B cospe3nusix o603HAYAIOTCS OykRaMu rpeye-
CKOTO ancapsuta, a Haubosee ApK1e U3 HUX (OKOJIO 200) nonyuusiv MMeHa
cobcTBeHHbIe (Hanpumep, o Bonbioro IMea — Cupnye, o Oprona — Be-
Tenwreitse, B Ilepcess — Anrons, o Manoit Megsenuiipl — [MoasipHas
3B€3/1d, OKOJIO KOTOPOii HaxoauTes Touka CesepHoro nmoaoca mupa). [ytu
Connua u Jlyner Ha dome 3Be3n mMpoxoastT No TPHHALLATH CO3BE3NUSM,
KOTOphIE HA3BLIBAIOTCS 30AMAKATBHBIMU, TIOCKONLKY OOJBILMHCTBO U3 HHX
HOCHT Ha3BaHWE XKUBOTHbLIX (OT rpeY. «300H» — )KMB()THOC). 31‘0 CO3BE3AMNSA
OsHa, Tenbua, Biusneuos, Paka, JIssa, /e, Becos, Ckoprinona, 3mee-
Hocua, Crpenbua, Kosepora, Bonones u Poi6.

Mpumeuanne, Cueayer 3aMeTHTh, 4TO OBILENPHHSITHIX 3HAKOB 300HAKA JIBEHALIATD:

Osen, Tenen, Bansnenst, Pak, Jles, [desa, Bec, Ckopninon, Crpeneu, Kosepor, Bononeit n
Pribnl. Panee cossesume 3MeeHoCa He BRIIEISIIOCH B KAUECTBE OTAENLHOIO 30/IHAKANBHOTO

CO3BE3IMA.

Ha puc. 1.1 nokasaHbl OCHOBHBIE TOYKHM W JTMHUM HEOECHOI cepel.
entp O nebecHoit cepbl — Touka Habmonenus. Mpsmas Z0Z’, copna-

a

Pue. 1.1 OcHoBHBIE TOYKK ¥ TMHUK HeBeCHOM cepri ¥ CBSI3AHHBIE C HUMH CHCTEMBI Hebec-
HBIX KOODJTHHAT;
i TOPHIONTIILHAS CHCTEMA KOOPAMHAT; 6 — NepBast ¥ BTOPast IKBATOPUANBHBIE CHCTEMb] KOODLMHAT
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Jalolias ¢ HamnpaslIeHHEM HWTH OTBECA B MeCTe HaOMIONEHUs, Ha3bIBACT-
Csl OmeecHoll WV 6epmuKaibhol aunued. OTBeCHas JIMHUA MEPECEKAETCS ¢©
MOBEPXHOCTLIO HeDecHO cdepbl B IBYX TOYKAX: B 3eHume Z Hal ToJI0BOI
HabnwonaTessl U B JIMAMETPANIBHO MPOTHBOMONOXKHON TOuKe Z' — nadupe.
Bonbuioii kpyr HebecHoi chepbr (SWNE), M10CKOCT KOTOPOTO MEPIEH-
IHKYJISIPHA K OTBECHOM JIMHUW, HA3BIBACTCS MAMEMamu4eckum Wi UCHuH-
HbIM 20pu3onmom. MateMaTHYeCKNil TOPUBOHT — TMUIOCKOCTh, KACATENbHAs
K TIOBEPXHOCTH 3eMJIM B TOHKE HABTIOTeHNA.

Chnenyer 3aMeTHTh, YTO UCTHHHLIH TOPH3OHT OTAWYAETCH OT BHAMMOTO.
Ha poBHOIit 3eMHO# MOBEPXHOCTH BUAMMBIH TOPU3OHT NIPEeACTABISET cobOoil
MaJIblit KPYT, Ha KOTOPBIA ONUpaercs KOHyC, 00pa3oBaHHEIN KacaTelbHbIMU
K MOBEPXHOCTH 3eMJIW Jyuamu 3peHus Habmonatend. Ha posHoit mecTHO-
CTH BUOUMBIH TOPHU3OHT HUXKE UCTUHHOTO (puc. 1.2).

Puc. 1.2, TToHnxKeHHE BUAMMOIO TOPU30HTA:
ON — nabmonaresns Beicotolt H; Cu Ry, — uentp u cpeanuii pamnye 3emiun; 04 u OB — nyau apedus
Habawnarens; AR — puaumelit ropusont; EOD — naockocTh HCTHHHOTO TOPU30HTA; d — paccros-
HUE 10 BUIUMOTO FOPHIOHTA; O — YroJl HOHMAKEHHS BHANMOTO FOPH30HTA

Tak kak H << 2Rz, 10d = 2R, - H . Ecin Ry =6 371 000 M 1 H n3me-
PATH B METPax, a d — B KUJIOMETpax, To d = 3,57-\/ﬁ (kM), a ¢ yuerom ped-
pakuuu B atMmocdepe d = 3,80«/? (km). B 1o xe Bpems (puc. 1.2)
d =Ry tg0= 2R, - H, U B UTOrE N0JlySUM 3HAYEHHE O B YITIOBBIX MUHYTAX:
o’ =193-VH , ac yuetom pedpakumnu o’ =1,77-H .

Masetit Kpyr HebecHoit cepnbl (aMa’), KOTOPBIE NPOXOAUT Yepes che-
THAO M W NI0CKOCTL KOTOPOTO MAapalie/ibHa MI0CKOCTH MATEMATHUECKO-
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r0 rOpPM30HTA, HA3BLIBACTCS arbmyKkanwmapamom ceeTHna (cm. puc. 1.1, a).
Bonswoi moaykpyr nedecHoit chepsl ZMZ' uMeHyeTCsl Kpyeom 6bicombt,
BEPHUKAANBHBIM KPY2OM WA [IPOCTO éepMUKAIOM CBETHUIIA.

Huametp PP’, BOKpYr KOTOPOIO NMPOUCXOIUT BpallieHne HebecHoi cde-
phbl (cMm. puc. 1.1, 6), Ha3bIBaeTCS ockio mupa. Ock MUPA MEPECEKAETCS € 0~
BEPXHOCTEIO HeGecHOH chepsl B ABYX Toukax: B Cegeprnom noaoce mupa P, co
CTOPOHBI KOTOPOTO BpauigHHe HebecHOoi cdepbl TPOUCXOANT 110 YacoBOH
CTpEJIKE, eCTM CMOTPeTh Ha cepy usBHe, u B f0xucHom nontoce mupa P’. Och
MHPpa HAaKJIOHEHA K IJIOCKOCTH MaTeEMAaTUYECKOro ropu3oHTa Mol yriom,
paBHbIM reorpauueckoil WKUpPoTe TOUKW HabmoneHus ¢. Hebecnoiii Ixea-
mop w300paxeH Ha puc. 1.1, 6, B BuIe 00abLIOTO Kpyra HebecHo# cdepsl
OWQ'E, niockocTb KOTOPOTO MEPNEHIHKYAsIPHA K OcH MUpa. Manblil kpyr
HebecHoi cdepnl bMb', IIOCKOCTE KOTOPOTO MapasieNbHa MIOCKOCTH He-
DeCcHOTro 3KBaTOPa, HA3biBAETCSH HefecHou WU CYMOYHOU RaApaileavio CBe-
tina M. Boaplioil nosykpyr HebecHoi cdepol PMP’ uMeHYeTCH Hacoabim
Kpy2om VIV KPYeoM CKAOHEHUSA CBETUNA.

HebecHbll KBATOP NEPECEKACTCH ¢ MATEMATHYECKHM TOPU3OHTOM B
JIBYX TOUKAX: B TOUKE gocmoka E 1 B Touke 3anada W. Kpyru BbicOT, IpoOxo-
JISIIME Yepes TOUKM BOCTOKA W 3anana, SIBISIIOTCS HepabiMu 6epmuKalamy —
BOCTOUYHBIM M 3aMaJAHBIM.

bBonbioii kpyr HebecHoii cepul PZOSP’Z'Q’N, ninockocTb KOTOPOro
MTPOXOAUT Hepe3 OTBECHYIO JIMHUIO U OCh MUPA, €CTh HebecHbiil mepuouan.
[lnockocTh HEDECHOrO MEpHIMaHa MEPEeceKaeTcst ¢ MJIOCKOCThI0 MaTeMa-
THYECKOrO TOPM30HTA M0 NpsAMOi TuHuM NOS, KOoTopasi HasblBaeTcs Ho-
aydennoi aunueld. HebecHblit MEPUAMAH MepeceKkaeTesl ¢ MareMaTHYeCKUM
FOPU30HTOM B TOUKE cegepa N v B ToUKe roea S. HebBecHblit MepuanaH nepe-
cekaercsi ¢ HeGeCHBIM DKBATOPOM TAKXKE B JIBYX TOUKAX: B gepxHell mouke Q
JKaamopa, Kotopast BIAKMKe K 3EHUTY, U B HucHel moyke (' axeamopa, KOTo-
pasi DIMKe K HAgUpY.

B ropuzoHTaNBHOI cHcTeMe HeDeCHbIX KOOPIMHAT OCHOBHOH TUIOCKOCTHIO
SIMISIETCH TUIOCKOCTL MaTeMaTHueckoro ropuzonta NWSE (cMm. puc. 1.1, a).

[leproit KoOpAUHATON B JIAHHON CUCTEME ABIACTCS WIH 3eHUMHOe pac-
CHoanIe 7, WV ebicoma h cBETUIA Hal Topu3oHTOM. Bricotoit i ceeTuna M
HAIBIBACTCS IyTa BePTHKATBHOTO Kpyra mM OT MaTeMaTUYECKOrO rOpU30H-
T4 10 CBETWIA MJIM LEHTPaIbHBIA yron mOM (B NIOCKOCTH BEPTUKATBHOTO
Kpyra). BeicoTel oTcunThiBatoTes B npeaeax or 0 go +90° (k 3eHUTY) H OT
0 o —90° (k Hagupy). 3eHUTHOE paccTodHKe Z cBeTHna M — ayra BepTu-
KasibHOro kpyra ZM oT 3eHWTA 10 CBETW/IA WK LWeHTPaibHbIA yron ZOM.
JenuTHble paccTosiHIS oTcunTEIBaloTes B mpenenax ot 0 no 180° B nHanpas-
NeHUsX OT 3eHuTa K Haaupy. Otciona z +h = 90°.

Bropoit koopauHaToi sipnsercs azumym A. AaumyT A ceetuna M — ayra
MUTEMATHYECKOTO TOPU30HTA SM OT TOUKH tora § 10 BEPTUKALLHOIO Kpyra,
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MPOXOIALIETO YEPE3 CBETUIO, WIIH LEHTPANbLHBLINA Yyroa SOm (B NI0CKOCTH
MaTEMaTUHECKOTO TOPU3OHTA). ASUMYThI OTCHUTHIBAIOTCS B CTOPOHY CyTo4-
HOTO BpaleHUsl HeOECHOI cdepbl, T.e. K 3armany OT TOUKY fora S, B nipenenax
ot 0 1o 360°. B npotiecce cyTouHOTO BpaleHNs HeBecHoi cihepsl TOpU3OH-
TANbHBIE KOOPAMHATHI A () M A BCEX CBETU HETIPEPBIBHO U3MEHSIIOTCS.

B nepsoii akBaropuanbHoil cucreme KOOPIHHAT OCHOBHOM TJIOCKOCTBIO
ABACTCS MIOCKOCTL HebecHoro skpatopa OWQ'E (em. puc. 1.1, ).

Ilepsas KoopauHaTta B JaHHOM cHCTEMe — cKaonenue O ceetuna. Ckio-
HeHHeM O ceTuiia M Haselsaetcs nyra mM 4acororo Kpyra PMmP’ ot He-
GecHOro 3KBaTOpa 10 CBETHAA MK LUEHTPANBLHBINA yroa mOM (B naockocTu
44coBOro kpyra). CKIOHEHHS! OTCYHTBIBAIOTCS B Tipeaenax ot 0 no +90° k
CesepHomy nonocy mupa u ot 0 10 —90° k HOxHoMmy nomocy mupa. Miorna
CKIIOHEHUEC 3aAMEHACTCH MOMAPHBIM PACCTOSHUEM p (TaKxkKe Tu6o ayra PM,
Jnbo UeHTpansHbIil yron POM), KOTOpO€e oTcuuThiBaeTcst ot () mo 180° ot
Cereproro nomoca Mupa K HOxHomy. Orcrona p+6 = 90°.

BTopoii koopimHatoii sspisietcs wacosoii yeoafceetuna M — nyra Hebec-
HOro akBatopa Om ot BepxHeil Touku O HeBecHOro 9KBATOpA 10 YACOBOTO
Kpyra PMmP’, npoxofsiniero yepes cBeTuiIo, win LUEHTPAILHBIR yron Q0m
(B mockoeTn HebecHoro akBaropa). Yaconbie YIBI OTCYUTEIRAIOTCH B CTO-
POHY CYTOYHOrO BpaLICHMs HeBECHOI cepnl, Te. K 3anany or BepxHe
Toukn Q HebecHoro sksatopa, B npexenax or 0 1o 360° wim or 0 no 24",
B npouecce cyrounoro spaimenus HeGecHoi chepnl ckitoHeHus & creT
HE U3MEHsOTCS (e npeHedpeyb COBCTBEHHBM IBUXEHHEM CBETUN), a
YACOBBIC YIUILI { YBEJIMYMBAIOTCS .

Bo sropoii akBaTopHaibHOi cHCTeMe KOODMHAT OCHOBHAS TUTOCKOCTh
W CKJIOHEHME O — Te e, YTO U B MEPBOii HKBaTOPHaNbHONM cucteme. BTo-
pOH KOOPAMHATOI, OTpenensonel notoxeHue JacoBOro Kpyra cBeTuIa,
SBISIETCA npamoe gocxoycoenue o. TPAMBIM BOCXOXKICHMEM o cBeTna M
Ha3bIBAETCS Jlyra HebecHoro akBaropa Y'm or mouku eecennezo pasroden -
cmeus Y? 10 4aCOBOTO Kpyra, MPOXOAAIIErO 4epe3 CBETHIIO, MU LIEHTPalb-
HbIl yron YOm (B minockocTi HeGeCHOro aKBaTopa). [1psmeie Bocxoxe-
HUA OTCIUTHIBAIOTCH B CTOPOHY, POTHBONOIOKHYIO CyTOYHOMY BPALIEHHIO
HeGecHO# chepbl, T.e. K BOCTOKY OT TOUKH Y B npenenax ot 0 5o 360° wiu
or 0 no 24" B fpouecce Cyro4HOro Bpalenmns: HebecHOH chephbl cKaoHe-
HUSE O M NIPsIMbIE BOCXOXKAEHHS OL CBETH/I HEe M3MEHSIOTCS (eciu npeHedpeyn
COBCTBEHHBIM JIBUKEHUEM CBETHIT).

TMockoabky 0Cch MUpa NApaAIEbHa OCH BpAlIEHUS 3eMIIM, BBICOTA [0-
JOCa MUpa hp HAl FOPH3OHTOM BCeria paBHA reorpagudeckoii umMpore ¢
MECTa HAOMIOICHHST, 3 HAKJIOH HEBECHOTO AKBATOPA K WUCTUHHOMY FOPU30H-
Ty onpeaenseTes yriom 90° —q.

C nomoitibio HaboAEHNIT HETPYAHO YCTaHOBUTE, Yyto CONHIIE B Teue-
HUE rola nepemMellacTes Cpeiu 3Be3N ¢ 3anada HA 8ocnox 1o BoabLIOMYy
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Kpyry HeDecHOH cepbl, KOTOPHIH HA3BIBACTCH KAUNMIUKOI. [Mnockocte
IKAMNTHKI E"Y'EL: (prc. 1.3) HAKIOHEHA K TIIOCKOCTH HEBECHOTO 9KBATO-
pa noa yraom £ = 23°26". Inamerp 111", nepneHamKyIspHbli K M10CKOCTH
IKITUNTHKH, HABBIBACTCS 0CHI0 JAUNMUKY W TIEPECEKACTCA € MOBEPXHOCThIO
HebecHol ceprt B cegeprom noaroce 11 sxcaunmury (B ceBepHOM monyia-
puH) u B roxciom noaroce TN’ axaunmurcu (B 10KHOM NMONYLAPHH ). DKJAMIITH-
Ka MEPEceKaeTCsl ¢ HCOECHBIM 9KBATOPOM B IBYX TOUKAX: B HIOYKE BCCEHHEO
pasnodencmeus \’ v B mouke ocennezo pasnodencmeus <,

Touku 3KIUNTUKY, OTCTOSILINE OT TOUEK paBHOACHCTBUS HA 90°, Hasbi-
BAIOTCH MOYKOl AemHezo contyecmonnus & (B ceBepHOM NONYLWAPHUW) U moy-
KOl 3umHe20 conryecmogiun £ (B 10:HOM noaywapuu). bonsuroit nonykpyr
HebecHoil ccepol [TMIT’ HasbiBaeTCs KpyeoM wuponsl ceeTuna M.

OknunTuka EYEL 1 TouKa BECEHHETO PaBHOACHCTBHS Y’ nonoxexs! B
OCHOBY IKJIMITHYECKO#l CHCTeMBI HeDeCHBLIX KoopauHaT (puc. | B

[lepBast KoOpaMHATA JAHHOI CHCTEMBI — IKAMNMUYCCKas mupoma 3 cee-
™A M — nyra kpyra mM OT SKIMNTHKM 10 CBCTHMA, WM LLEHTPAJIbHbIH
yroi mOM. DxIUNTUYECKHE WUPOTH OTCYUTLIBAIOTCS OT () 1o +90° k Tou-
ke ITwu ot 0 1o —90° k Touke IT’.

Bropast koopounara — sxaunmuneckan doacoma A, KOTOpast ornpeaesieT
TIOJIOKEHUE CaMOTO Kpyra UIMpOTHl Ha HeBecHO cthepe. DKIMMTHUYCCKAS
Aoarora A ceetuaa M — ayra Y'm 3KIMITHKH OT TOUKM Y 1o kpyra wiu-
POTHI CBCTUNA, MM LEHTPANbHLIA yroa Y’Om B 110CKOCTH 3KIUITTHKA.
OKAMOTUYECKHE AOJTOTHI OTCUHTHIBAKTCS B CTOPOHY BUAHMMOI'O FOAMMHOTO
JprxkeHus ConHua no SKJIMIITUKE, T.¢. € 3aMaga Ha BocToK ot 0 10 360°,

3a cyrkn ConmHue cMemaeTes Mo IKINNTHKE IpuMepHO Ha 1° (360° 3a
365,25 cyt), aBMrasch nNpoTHB YACOBOI CTPEJIKH, €C/IM CMOTPETh C ceBep-
HOro nomoca SKMUNTHKU. [TocKonbKy
910 nBrkeHue CoNHLA HakiIaabBa-
CTCs Ha BpaleHue HebecHOM cdephl,
TO TPAaeKTOPUsl TOMOBOTO ABMIKEH s
Connua no HebecHoit cepe moxer
OWITH fIpeACTaBicHa B BUE CIUpay,
HABMTOR Ha wap. B teyeHne acrpo-
HOMHYECKMX 3UMBI M BECHBIL (B Npo-
MEKYTOK BPEMEHU OT JHSI 3UMHEro J10
It sieTHero conHuecrosHug) CosHie
ITOIHMMAETCST 110 ITOI CrIUpany BRepx
(JUlsl KHTENEH CceBEpHOro nosyma-
pus 3emmu). BepxHiolo Touky cru-
PiIM — TOQUKY JIETHETO COJIHLECTOS -
st £ CosHue npoxomuT npumepHo

Puc. 1.3, OcHOBHBIC TOYKM W THHUN He-
22 mions. 3areM B TeyeHue ACTPOHO-  Gecnoii chephl, CBA3AHHBIC ¢ JKIANNITHYE-

Mitieckux nera u ocenn CosHue orny- CKOIT cHCTEMOI HebeCH bIX KoopanHar
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ckaetca BHM3. B HukHel Touke £ cnupann ConHLE OKa3biBAETCH B NEHb
3UMHETO COJIHICCTOSHUS MPUMEPHO 22 nekabpsi.

Pacemorpes napassaxmuseckuii mpeyzoasnur (TpeyrojibHuK Ha Hebec-
HOW cepe, BEPIIMHAMHI KOTOPOTO ABIAIOTCH MOJI0C Mupa P, 3eHUT 7, cie-
THAO0 M, puc. 1.4), 06pa3oBaHHbIl NepecedeHneM HEOECHOIO MEpPHINAHA,
BEPTHKANIBHOTO KPYTra M 4aCOBOTO Kpyra CBETH/Ia, M IPUOErHYB K OCHOBHLIM
ypaBHeHHAM cdepuyeckoil TPUTOHOMETPUM, MOXHO TONYYUTE HOPMYITEI
fiepecyeTa ropu30HTANIbHBIX KOOPAMHAT B 9KBATOPHAIbHBIE H HA0BOPOT:

sind =sing-cosz—cosy-sinz-cos A,
cosd-sinf =sinz-sin A, (1.1)
cosd-cosf = cos@-cosz +sing-sing-cos A,

cosgz =sing-sind+cosp-cosd-cos ¢,
sinz-sin A =sint-cosd, (1.2)
sing-cos A=—cos@-sindt+sinp-cosd-cos .

3a CYTKM CBETHJIO JBAX/IBI TCPEGEKACT HEOECHBIH MEPHOMAH — 10K~
HYIO NOJOBUHY (/= 0", 4TO COOTBETCTBYET HAMBBICLIEMY MOJOKEHHIO HAL
TOPH3OHTOM) M CEBEPHYIO MONOBUHY (1 = 12, 4To COOTBETCTBYET HIKHEMY
MOJIOKEHHIO OTHOCUTENBHO rOPU30HTA), DTH MOMEHTHI TTPOXOXKIEHUS He-
OecHOTO MEpUAMAHA HA3BIBAIOTCS KVABMUHANUAMI — GEPXHEl U HUMNCHCIL.
Mcnonbays popmyset (1.1) u (1.2), MOXHO OTIPENENIHTE YCIOBUH BULUMOCTH
JUTs1 JaHHOH LWMPOTHI P MECTHOCTH
KAK ONpPeJe]eHHOr0 CBEeTHIA CO
CKJIQHEHHMEM O, TaK M 3BE3AHOIO
Heba B uesoM. CBeTHIO sIBJISIETCS
He3aX00AuuUM B JAHHON MECTHOCTH
¢ WUMPOTOM P, €CJIN €r0 BHICOTA A,
B HMXKHEH KyJIbMHMHaLUKU Oosbliie
0° (hy 2 0" wm g, < 90°). He-
BOCXO0AWUMY  CUUTAIOTCA  Hebec-
HBIE OOBEKTBI, IS KOTOPBIX MPH
BEpXHEeH KynbMHUHaumu A, < 0°
WA Z, 2 90°. 3HaueHuss h W g
MOXHO uepe3 dopmyast (1.1) wu
(1.2) cea3arh ¢ & U TAKUM 0DpazoM
ONPEIETUTD YCIIOBHS HE3aXOOA LUX
Puc, 1.4, Mapanakruueckuii tpeyroneink PZM M HeBocxoasimiux  csetua. Ecnu

(g= £PMZ — napaniakruyeckuii yrosu) 0 = (90ﬂ o (p)’ TO CBETHJIO HE 3aX0-

Ql PI’
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it (h,, 2 0°); ecin & < —(90°—@), TO CRETUNO HE BOCXOMAMT B TeueHUe
CYTOK HA TOPUBOHTOM Ha JAHHOI LINUPOTE (p B CEBEPHOM MOMYIIAPUH 3eM-
au (@ > 0°).

Bce cperuna co cknonenusimMu d B npesenax ot —(90°— @) g0 (90°— @)
BOCXOJIAT W 3aX0NAT B JAaHHOH MecTHOCTH. Takum obpaszom, aHAIU3 B3au-
MOCBSA3H MEXAY O W @ SISl Ciiydas BepXHeil M HHAHEHN KyJbMUMHALMK TT03BO-
JISIET YCTAaHOBUTB BMI 3Be30HOT0 HeOa Ha 1106oii reorpadmueckoil wupore.
Hapuc. 1.5, a, npeacrasiex sua 38e31H0T0 HeGa HA IUMPOTE ¢, OTIMUHOMN
or 0 u 90°. 3nech yKasaHbl CyTOYHDIC NMapasieln CBETII, KOTOPbIE HE 3a-
xonat (/f), ne Bocxomar (kk), a Takke BOCXomAT W 3axonaT (aa, QQ’, bb) B
JAaHHO# MECTHOCTH. 3alUTPUXOBAHHbBIE YUACTKH Ha puc. 1.5, 6, o6o3HauaoT
00macTi HebecHoi cdhepbl ¢ HE3AXOMSUIMMH (CeBEPHOE NOMYIIAPHE) M HEe-
BOCXOAALIMMHI (FO3KHOE Mosylapue) CBETHIAMM, HE3ALITPHUXOBAHHAS YaCTh
Kpyra — 061acTh CBETHII, KOTOPBIE BOCXOMAT M 3aX0aT. HeTpynHo yoennts-
cs1, uro Ha CesepHom nomoce (@ = 90°) nabaonaresnio 6yaeT BUAHA TONBKO
ceBepHas MoMoBHHA HEOECHOI cepbl U BCe ee CBeTHIa By T He3axoas -
MMH; Ha 3KBaTOpe Habonatenio dynet BUAHA Best HeGecHas cepa, a CBeTH-
Jla Ha Hel OyayT BOCXONs LE-3aXx0asi UM,

[Mockonbky Connue, JlyHa u 60IbLIMHCTBO TUIAHET ABVMXKYTCS MO 3K -
THKE (W1 BOJIM3K Hee), KOTOpast HAXOIMTCS MOJL YIJIOM K HeDeCHOMY 3K Ba-
TOPY, TO CKJIOHEHHE O 3THX HEOECHBIX O0BEKTOB H3MEHSETCH CO BPEMEHEM,
M3-3a YEro ycnoBus HabmoaeHus Takxke usmensiores. CkioHenue Connua
B TEUEHHE roja MeHsieTes B npeaenax —23°26° <& < +23°26". 1o npuso-
JINT K CMEHE CE30HOB (BpPEMEH roja) M CYLIECTBOBAHWIO MIENI06bIX NOACOS
Ha 3emie,

a
VA

-
.
-
o
.
-,
.
,

P d
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o

d

Puc. 1.5. Cyrounoe jsuxenue cBETIT Ha HeGeCHOM cihepe /U1st NIHPOTHE ¢
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CmeHa BpeMeH Tojla CBA3AHA C MPORUYECKUM, W COAHEHHBIM, 2000M.
DTO NPOMEXKYTOK BPEMEHH MEXKIY ABYMS MOCIEI0BATEIEHLIMA MOMEHTA -
mu, Koraa ComHLE NPOXOAUT TOYKY BECEHHET0 PABHOAEHCTBHS Y (Y=
= 3655"48"56° = 365",2422)

B nepuoz Mexity BECEHHMM M OCEHHUM PaBHOIEHCTBMEM CeBepHBbIi 110-
JHOC 3eMIn HakIoHeH K COMHILY, MEXIY JIHAMH OCEHHEr0 U BECEHHErO PaB-
HONEHCTBUS — HA0DOPOT. [paHMUbl TENNOBLIX (KAMMATHYECKUX) TOHCOB
Ha 3eMJ/ie NIPOBEAEHB] MO ACTPOHOMUYECKUM NMPHU3HAKaM. B xcapkom nosice
CoJHlle B MCTUHHBII MTONAEHB NPOXOANT YEPE3 3EHUT B TEX MECTHOCTSIX, T/IE
B 9TOT JieHb @ = 8. Tak kak d,,, = € = [£23°26'| n1s ConHiia, TO U rpaHMILB!
KAPKOTO 1104¢a (Mmponuxu) PacioNo)eHsl HA TeorpapHIeCKIX NapalIesax
€ || = Oy = € = [£23°26'|. B 3enute Ha ceBepHOM Tporuke (@ = +23°26")
CosiHLE HAXOAMTCS B JICHDb JIETHETO COJMHUECTOAHMS, B 36HUTE HA I0XHOM
Tponuke (¢ =—23°26") — B jeHb 3UMHETO COJHUCCTOsIHUS. Ha 3emMHOM
JKBATOPE B 1MOJACHDb COJ'IH]_Ee NMPOXOIHWT Y€pe3 3¢HUT B JHH PaBHOOLEHCTBUS.
Xonodnsie nosica OrpaHNYEHbL HOAAPHLIMU KPYeamu, T.e. TEOTPadUUCCKUMMU Na-
paniesisaiMHy, NOJ0XKEHHE KOTOPBIX OMPEeNENsIETCs YCJIOBUAMM HE3AXOISILET0
v Hepocxomsiuero Connua npu dg = ¢, 1e. @ = +(90°—¢g)= 166°34’. B orux
nosicax CONTHIE SIBIACTCS HEBOCXOAAUIMM MM HE3aXOOAIIAM 60Jiee OLHUX
CYTOK B rofty (Ha momocax 1o ABjieHue AMUTCs 110 11oroaa). Vuepennsie no-
Aca HAXomATCs Mexay wmpotamn +23°26" < @ < +66°34’ (cesepHblii yMe-
peHHblii mosc) M —23°26" > @ > —66°34" (103KHbli yMEPEHHDIH MOsIC).

Bonpocwot u sadanusn das camonposepru

1. Hasosure ocHOBHBIE TMHUW M TOYKM HeDecHOIT cdepbl.

2. Kak pacnoiokeHbl OCHOBHBLIE JMHMM M TOUKH HeBECHOI cepsl,
€CJIM HabJlloaTe/Ib CTOUT JIMIIOM Ha cepep?

3. IMouemy nyrs no aknuntike Jiyna npoxonut 3a 27,32 cyt, a Coin-
e — 3aron?

4. C kakumu sBEHUSIMU Ha HeBecHoit cepe cBia3aHbl MOHSITHS «I10JI-
JEHDB» U «[1OJIHOYb» 7

5. TloyeMy 10 3HAKY CKJIOHEHUS CBETUJIA HENb3s ONPENeNUTh, 3aX0Ms-
LIee OHO MM Hesaxonsuee?

6. TMo Kakoil MprYMHE 3Be3/1bl BCETIA BOCXOMST M 3aXOSIT B ONHUX U TEX
JKe TOYKAX ropu3oHTa, a Cosvue u Jlyna — Her?

7. Tloyemy NpsiMOe BOCXOXKIEHHME O OTCUUTHIBACTCS OT TOUKH BECEHHErO
PABHOLEHCTBUA B CTOPOHY, NPOTHBOMNOIOKHYI) HAMPABIEHUIO BPALLEHHSL
HeOeCcHO cheprl?

8. Tlpu KaKux YCTIOBUSIX 1 T¢ Ha 3eMJle BHICOTA 3BE3/1bl Hall TOPU3OHTOM
B TEUEHUE CYTOK HE U3MEHsIeTcs?
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9. Cocrasbre TAOMHLY B3aMMOCBA3H MEKIY 3HAYEHMAMU MPIMOTrO BOC-
XOXKAEHMS; BBIPKEHHBIMM B YIJIOBOI1 M 4acoBoii Mepe.

10. Npepnoxure criocod onpeneneHus: koopauuar ColHLa B TeueHHe
roga.

Ipumepsi peurenus aoau

3amada 1. Hesaxomsiuias 3Be3nga HaxomuTcs Ha Beicore 20° B HMKHEH
KyJIbMUHALWMK 1 HA BeicoTe 50° — B BepxHeil. Onpenenure CKIOHEHUE ITOH
3BE3Mbl M LHPOTY MECTa HAOMIOIEH W .

Pewenue. 3apava vmMeeT jiBa PeHISHNWS B 3aBUCHMOCTH OT TOTO, rae Gyner
BLIOPAHO MONTOKEHUE BEPXHEH KYJIBEMHHALIMN: K CEBEPY WM K I0TY OT 3eHUTA.

[TycTe BepxHSsA KyJIbMHUHALMA HaOJIOIANACH K CeBepy OT 3eHuTa. Toraa
coraacHo puc. 1.6, @, MOXKHO COCTABUTL CHCTEMY YpaBHEHUIA:

ey

6=90°—(9+hlllll} O:Iluai(p
=35,

CrnepoBareiibHO,
180°—90°—cp+hm+6”””{(p—6---40°. i {

[Tyctb BepxHsisi KyJbMHUHALIAS HABTIOOANACK K 10TY OT 3eHuTa. Torna co-
racHo puc. 1.6, 6, MOXKHO COCTABUTL CUCTEMY YPaBHEHHMIH:

5=90"—qp+h 6=110—¢ _ 5=35°
- JIENOBATEIbHO, i
6=hyy —(90°—@) " |5=p—40°, =75
B Z
P =)
II h max
1
~o / 0o
~ - ! a
Pmin T / 90°
N i .
90° - g &
Q L
A z' 2

Pue. 1.6, K penreHUio 3a1adu 0 COBMECTHOM OTPEMCICHHH CKJIOHCHHS CBETHJIA M ILUPOTHL
MECTHOCTH
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3anaua 2. DKBATOPUANLHLINA CTYTHUK S TOKEH MPOITH HAll LMTOM P
¢ koopauHaramu A=-—105" 1 ¢ =0° Ha reoUECHTPUUECKOM pPaCCTOSHUU
R,=42 190 k™ (puc. 1.7,a). B 970 Bpemsi CIyTHUK Oy1eT Habo1aThes Ha
cranimu T B NYHKTE ¢ KOOPJAMHATAMU Ag = —6" U @) = 40°. Onpenenure ro-
PH3OHTANLHBIE KOOPAMHATEI CYTHUKA B STOT MOMEHT BPEMEHH B MYHKTE 7.

Pewtenne. U151 1anbHeLINX BBIBOLOB U PACCYXKICHU I HCTIOIB3YEM thop-
MYJTBI Chepryeckoil TPUTOHOMETPHH

cos(c) = cos(a)-cos(b) +sin(a)-sin (b): cos(C),

sin (¢) - cos (A) = sin(b) - cos(a) —cos(b) -sin(a) -cos(C),

sing _sinh _ sine
sind sinB sinC’

rfie a, b, ¢ — CTOPOHbI C(HePUIECKOrO TPEYTOIbHHKA, 3 A, B, C — cootrBeT-

CTBYIOLLME UM IPOTHBOIEKALINC YIIIBL.

a

(7] Tz
hy
h 12
2 v T
P X
Ra~N O

Puc. 1.7. K peleHnio 3ana4du of onpeieneHui ropu30HTAIBHBIX KOOPAHHAT CIYTHUKRA
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W3 puc. 1.7, a, 04EBUIHO, YTO APTP — mpsMOYTOJbHBIH H ZPPT —
npsivoii. Eciu o710 yroi C (cM. (hopMYJIBL BBILIE), TO

cos(PT) = cos(P'T)-cos(PP) = cos@y-cos(A—hy) =
= cos40°-cos 15° = 0,75.

CrneposarebHo, ZPT= £y = 42727
M3 TeopeMbl CHHYCOB C YUETOM, 4TO Z PP T=90°, noay4yuM BbIpaxeHUe
s asumyTa A:

sin(h —X,)  siny 1 sin(h—Xy) X sinl5°

=0,3 A=22°1.
sin A I siny  sind2,27 3 4
BeicoTy A Haf TOpU30HTOM JIETKO Haiti us puc. 1.7, 6:

_E_OD—OT_RSD-cosx-Re_ ntyei
tg(h)-SD— ) — R, sinx =0,88 = h=41"31.

Sadauu daa camMocmoAmeabH020 peuienus

1. TlpsaMoe BOCXOXIEHUE 3BE3/LI 2"10"09° BBIpa3uTE B rpadyCHOM Mepe.

2. TloAgpHOEe PaccTosiHME 3BE3MbI PaBHO 20°15’, KakoBo ee 3¢HUTHOE
paccrosiHue B Bostorze (¢ = 59°13") B MOMEHT HVWXHE# KyJbMUHALUN?

3. 22 wions ComHLE KYTbMAHIPYET B BEPXHEN Ky/JIbMUHALIMA. Haiigute
4acoBO#l YToJI 3Re3/1bl B IAHHbBIX MOMEHT, €CITH O = 12/24™.

4. B nexotopom nyukre 18 despans CoJHLe B MoJAeHb ObIJIO HA BBICO-
te 20°, Haitgyre WiMpOTY MCCTHOCTH.

5. 21 mapra ComHLE B HIKHEN Ky/JIbMUHALIH, & 3BE3NA YMEEeT 4acoBOi
yron ¢ = 3"12". Haiizmre o 38e3/1b1.

6. Kakosa MakcumanbHas Beicora CoJHLA HAll TOPH30HTOM 10 anpens B
MYHKTE, KOTOPbIH HAXOMUTCA Ha WUPOTE @ = 20°7

7. Onpeneiute BbicoTy ColHLA }az1 Topu30HTOM B MUHCKeE (¢ = 53°55")
B nioJiieHs 20 mas.

8. 23 cenTsiopa CoNMHIE 3aXOMIUT, a 3B€31a HAXOAUTCA B BEPXHEH KyJib-
MuHatuy, OnperemTe ec o.

9. 23 cenrsiopa CoNHLE 3aXONUT, A 3BE3/1a UMCET yacoBoit yron 6"30™.
BeIUMCIUTE €€ .

10. 21 mapra ConHile MMEET YacoBOit yron /= 6"00™. Kakop uacoBoi
Yo/ 3Be3/bl B TaHHbIH MOMCHT, €CJIf ee 0 = 96°23'18"7

11. 22 nexadpst ConHle HAXOAUIIOCH B HUKHE KyJsMUHALMK, a 3BE312
nMesia yacoBoil yront = 312", BuiurcauTe O 3BE3/bI.

12. Onpenenure WIXPOTY MECTHOCTH, /10 koropoii 10 nexadps CosHue
He GYIeT BOCXOLMTh Hal FOPU3OHTOM.
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13. 22 wionst CoHUE KYJIbMHHUPYET B BEPXHEH KyabMuHamu. Haiimu-
T€ YACOBOM YroJi 3BE3/IbI B JAHHBI{ MOMEHT, ecm o = 221127,

14. 23 cenTabpsa 3se3na ¢ a = 36°38’ 3axoauT TOUHO Ha 3anaje. Kakop
yacoBoit yron CosHia?

15. 22 nekabps ConHue umeeT yacosoi yron = —3"00". Onpeneanre
Ol 3BE3/bl, HAXOMSLEHCS] B HIDKHEN KYJIbMUHALLMY,

16. Jlo KaKoro ck/I0HeHWs! BUIHBI 3BE3/(bl I0XHOTO rosyimapus B CaHkT-
[TerepOypre (¢ = 59°57") u B Tawkente (¢ = 41°20°)?

17. B Onecce (p = 46°29) Ha 36 HUTHOM paccTOsHUM 63°5 HABTIONANACEH
BepxHasg KyabMuHauus Cupuyca. Kakoso ero cxionenme?

18. BoipasuTe B rpaycHOIl Mepe yroJ MEXIly KPYraMu CKIIOHEHHUS! JIBYX
3B€3[, M3 KOTOPLIX OHA Ky/lbMUHUpoBana B 3"18", a npyras — B 21"31”.

19. 21 mapra ConHile BOCXONMT, a 3Be3jla UMeeT yaconoil yron 230"
Onpenenure o 3BE3/1bI.

20. Ilpsimble BoCXOXAeHUs 3Be3)1, pasHbie 241°24° 177 u 28°41736”, BbI-
pPa3uTe B UACAX, MHUHYTAX M CEKYHIAX.

21. Yepes 12 4 mocie NPOXOXICHHS Hepe3 3eHUT 3Be3[a HAXOAMIAC
Ha BeIcoTe 76°34’. Kakosa wuporta Mecta natmoneHus? Kakue sHaueHus
CKJIOHEHUSI MOTJ1a UMeTh 3Be31a?

22, B Kakux ABYX C/IyYasix BEICOTA CBETUIT Hal TOPU3OHTOM B TEUEHME
CYTOK He M3MeHseTcs?

23. KakoBbl HanQoJbMIA U HAMMEHBIIKMA YL, KOTOPBIE 06Pa3yoT
IKJIMIITUKA M TOpU30HT B Mockse (@ = 55°457)7

24. Tlpu Kakux yCIOBMSIX TIONIOC SKAUITHKM COBIIANLAET C 36HUTOM Ha-
omonarens?

25. Kaxoil yros ¢ ropu30HTOM 00pasyeT SKJIUNTHKA [UIS LIUPOTH! +55° B
MOMEHT BOCXO/JA TOYKH BECEHHETO PAaBHOAEHCTBHSA, B MOMEHT 3aX0/1d 9Toii
Touku? Onpenenure TO Xe sl MIUPOTH +66°347

26. KaxkoBml acTpoHOMHYECKHE KMpoTa ¥ noarota CeBepHOTO ToJiioca
Mupa?

27. KakoBbl MPSIMOE BOCXOXIEHME W CKJIOHEHHE CEBEPHOIO MOJIoca
AKJMITHKK?

28. The 6yner HaxomuThes Ha Hebe Cupuyc (o= 6"41™) 21 mapra yepes
yac nocine 3axona ConHua, 23 ceHTabps yepes yac nocie pocxona ConHua
(151 CPENHMX IIMPOT CEBEPHOTO NOJayIapus)?

29. Kakopo monoxeHue 3Be3/ibl, UMeIoleil npsamoe socxoxaeHue 7" u
cknoHenue 40°, 21 mapTa dyepes yac nocJhe saxona ConHua ang Habaonare-
751, KOTOPBbIM HaxoouTest Ha wupote 40°7

30. Onnu n3 cambix ApKuX 3Be3n HeOa Bera n Kamesima uMelor npsmbie
BocxoxkaeHust 18"34” u 5"10” coornetcTBenHo. B Kakoii cropone Heba (B
3aMagHoi WIK BOCTOYHOMR) M MO KAKMM YACOBBIM YTJIOM OHM HAXONATCS B
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MOMEHT BEPXHEH KYJIbMUHALIMHA TOUKY BECEHHETO PABHOAEHCTBHS U B MO-

MEHT €€ HUKHEH KYJIbMUHALMH?

31. Ucnonb3ys yelioBusa NPEabIAYIICH 3a0a41, OTBETBTE HA BONPOC: Ka-
KO# MHTEPBAN 3BE3IHOTO BPEMEHH MPOXOAUT OT HUXHEH KymbMuHauuu Ka-
Ne/Ibl 10 BepxHe# KyabMuHauum Bern?

32. * Cnyecrs Kakoil MPOMEKYTOK BpEMEHM I1OCJIE CBOEIH BEPXHENH KYJib-
munauyu Comnuile OyneT HaxoAuThest Ha BeicoTe A= 35° 13 mions B Kuese
((p = 50°27"), ecin cknoHenue ConHua & = +23°1277

33. Tlpu Kakux yCJOBUSIX A3UMYT 3B€3I HE MEHSIETCS OT €€ BOCX0/a 10
KyJABMUHALH? P

34, ¥V kaxkux ¢peTwi, Habmomammuxcs B MUHCKe, a3MMYT HUKOTIA He

‘papeH Hymo?

35. Mocksa u croauia Dduonun Ananc-Abeda nexat MouTH Ha OTHOM
mepurane (immpora Mocksel +56°, Annuc-Abednt +9°). Kakopa pa3Hocth
BBICOT, HA KOTOPBIX 3BE31Y CHPMYC B MOMEHT BCDX[[Cﬁ KYJIbPMUHALHWW BHOST
Habsionaresy B 3TMX ropoaax’?

36. Kakopo senurHoe paccrosine Beru (8 = +38°42) Bo Bpems Bepx-
Hel kynsmunalmn B Mockee (¢ = 55°45%)?

37. Bocxoaut iu B Apxanreascke (¢ = 64°35") @omansrayr (o KOxHO#
Ppi6et), y kotoporo & = —~30°057

38. Onpenenure, rae Ha 3emie HAYWMHACT ObITh BUAMMBIM CO3BE3AMC
lOxHoro Kpecra, pacrnolokeHHOE B TpeAcaax 10KHOMO CKIOHEHHS OT
~55 10 —64°? B KaKux MecTax OHO BUAHO MOTHOCTLIO?

39, KakoBo cknoHeHue 3Be3abl, Habmonasweicss B ApxaHreabcke
((p = 64°35"), B HUXKHEH KynsMUHaUMK Ha Beicote 10°7

40. K 1ory or 3enuTa BoicoTa HukHero kpast CoNHLAa B MepUAHaHe Oblia
84°21’, cknonenue uentpa ConHua +18°39". Onpenenute LIMPOTY, YUUTHI-
nast, uto yrnosoit nuamerp CostHua paseH 32”,

41. Hesaxonsias 3Be3ma HaGm0AATACh B BEPXHEH KyIbMMHALIMK K Ce-
ey OT 3eHUTA HA 38HUTHOM paccTosiHUK 29°47°, a B Huxkuei — na 41°49’,
Onpeneante reorpaMIecKyio IHPOTY MecTa HaGTIOAEHHUSI.

42, KakoBbl KoOpavHATH KOMETH! (¢t ¥ O), ec/ii OHA HAXOAUJIACK B Me-
pitane na 3’517 cepepree 3pe3nbl ¢ o= 191014 u & = 18°14°9”? Mepu-
JIMIH KOMETa MpoLwIa paHbLue 38e316l na 1"1%)

43, Kakopbl MUHUMaNbHAas M MAKCHMaTbHAs TIONYAEHHAs BbICOTA
C'onnua B Batem ropoae?

44. Kakasi nossi oGLUEro YMcia 38€3/ Ha AAHHON IUHPOTE p HUKOTIA He
WXONNT? 3BE30bI CUHMTANTE PABHOMEPHO pPaclpencieHHBIMU M0 HeOeCHO
cihepe.

45. Yepes 12 u nocne cROEro NPOXOXKAEHHUS YePE3 3eHUT 3BE3/1a HAXOMM -
ek Ha soicote 76°347. Kakoa miMpota Mecta HabmoneHua? Kakue 3Haue-
1M CKNOHEH WS MOTJTa UMETh 3Be31a?
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46. Okono 1100 r. 1o H.5. KuTAalicKME aCTPOHOMBI ONPEAETWIN, YTO B
NIeHb JIETHETO CONMHLECTOsIHUA BeicoTa COMHIA B MOMAeHb paBHsiack 79°7,
a B OeHb 3UMHETO conHlecToanua — 31°19° (k wory oT 3eHuTa). Kakosbl
ObLIM WKPOoTa MecTa HAOMIOAEHHS U HAKJTIOHEHHE SKTUTITUKH K 9KBATOPY?

47. Ha kakoili MAaKCMMaJILHON U MMHUMAJILHOMN BLICOTE MOXHO HABII0-
1aTh WapoBoe 3pe3nHoe ckorienue 47 Tykana (6 =—72°05") B Puo-ne-
Kaneiipo (p = 22°54" 10.111.)?

1.2. U3mepenue Bpemenn. Cucremsl c4eTa BpeMeHH

OCHOBHBIMM €AMHHILIAMK M3MEPEHHS BPEMEHHM B ACTPOHOMU MU SIBJISIIOTCS
3BE3/IHbIE, MCTHHHbBIE COJIHEUHbIE U CPeIHUE CONHEUHBIE CYTKH B 3aBUCHMO-
CTH OT TOr0, Kakas To4yka Ha HebecHoit chepe BuiOpaHa B KA4eCTBE OCHOB-
HOTI'0 OpUEHTHUPA 1)1 UX N3MEPEHHSA.

3Be3HBIE CYTKM — TPOMEXYTOK BPEMEHM MEXIy JABYMS NOC/IEA0BA-
TENbHBIMH OAHOWMEHHBIMH KYJbMHMHALMAMU TOYKM BECEHHEro pPaBHO-
neHcTBMs ' Ha OOHOM M TOM Xe reorpadmueckoM mepuavane. Havano
3BE3OHBIX CYTOK — MOMEHT BEPXHEH KynbMHUHALMK Touku . Bpems, mpo-
HIeliee OT BepxHe KyabMuHauuu Touku Y’ 1o J11060ro apyroro ee moso-
JKEHMS, BLIPAXKEHHOE B IOJISX 3BE3AHLIX CYTOK (B 3BE3IHBIX Yacax, MUHYTax
M CeKYHIAX), HAa3bIBACTCS 38e30HbIM gpemenem s. CllienoBaTe/bHO, HA JaH-
HOM MepuauaHe B 11060 MOMEHT

87 b b (1.3)

[A€ fyp — YACOBO# Yron ToukM Y, BHIPAXKEHHBIH B 4aCOBOI Mepe; 0.1 f — Nps-
MOE BOCXOXKJIEHHME M YacOBOM yros ceetiia M coorBeTcTBeHHO (eM. puc. 1.1, 6).

B momeHT BCpXHei'i KyJIbMMHAalHK CBETWJ1A €ro yacoBoH yrojua i+ 0, a
3BE3HOE BpeMsl COBMAJAET C MPSIMBIM BOCXOXICHMEM HAHHOTO CBETHIA
(s =a). UubiMK cnoBamu, 3B€3AHOE BpeMs B J10O0H MOMEHT CYTOK PaBHO
MPsIMOMY BOCXOXIEHHIO O CBETW, HAXOISIIMXCS B 3TOT MOMEHT B BEpXHeEi
KYJIbMHUHALIMH,

[TockobKy B KaXA0M MYHKTE 36MHOH MOBEPXHOCTH reorpa)mueckmii 1
HeDECHBIN MEPUIMAHBI COBMNAAAIOT (JIEXKAT B ONHOMN IIOCKOCTH), TO OUEBM]I-
HO, YTO HaMpapeHusl Ha TOUYKY BeceHHero paBHoaeHcTBHs 7’ ¢ moboii Tou-
KW MOBEPXHOCTH 3eMJIW ABNAIOTCS napaaienbHbiMu (puc. 1.8). [Moatomy
3BE€30HOE BpeMs OYIET ONMHAKOBbLIM HA OTHOM MEPHUIMAHE U Pa3/IMMHBIM —
Ha pasHblx. Ecnn D — Touka [PUHBUYCKOrO MEPUIMAHA M HA HEM §; = fyop,
TO Ha reorpaduueckoii nonrore A (Touka £) 38e31H0E Bpemst 5, = §;+ A,

WcTuHnbie coNHe nble CYTKH — MPOMEKYTOK BPEMEHHU MEK/LY ABYMS MO-
CJIICA0BATEbHBIMH OJHOMMEHHBIMH KYJbMHUHALMAMHK LEHTPA COJHEYHOI'O
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Bpamenue neba

Bpamenue 3emnn

[Tomoc Mupa
Pue. 1.8, OnpenencHme 38e3THOTO BPEMEHH HA MepUIHAHE ¢ reorpadHueckoil 1oaroToii A

JINCKA HAa OJHOM W TOM e reorpacduueckoM mepuanaHe. Hayano werun-
HBIX COHEYHBIX CYTOK — MOMEHT HIXHeH KynbMuHauuu ConHila (MCTHH-
Hasl MoJIHOYE). Bpems, KOTOPOE MPOILLIO ¢ MOMEHTA HMXKHEN KYyTbMUHALIMH
CosHua 10 J11000r0 ApYroro ero NoaoXeHHus, BHlPaKeHHOE B I0ISIX MCTHH-
HBIX CYTOK (B MCTUHHBIX COJTHEUHBIX Yacax, MUHYTAaX, CEKYHIAX), HA3bIBACT-
sl uemunnvim coaneunoimn epemenem Tg. Torna Ty = 15+ 12" tne ty — vaco-
1ol yron Comuia.

B momeHT BepxHeil xynsMuHaunu Coanua (MCTMHHBIA MOJIEHE) €70
UacoBoii yron ty = 0" u ucTMHHOE conHeuHOE BpeMms To=12" a B Hux-
HEW KynbMMHATIMKM YAcoBOil YTOM fg = 12" u merTuHHOE ConHeHOe Bpemsi
To=24"=0"

B cBsizu ¢ agmkenueM 3emnn 1o opburte okpyr ComHua Kaxnas rmo-
C/IEYIONIAsT BEPXHSIsSl KYJILMHHALMS LIEHTPA COTHETHOTO AUCKa Oy/leT npo-
HEXOMNTD IPUOIM3UTENLHO Ha 4" (a Touree, Ha 3756%,56) nosxe ouyepenHoil
KY/JIBMUHALIMKA TOYKH BeCceHHEero pasHoaeHcTsus (puc. 1.9). HdeiicTeuTensb-
1O, crnyers onHu 3se3anbie cytkn Habmonatens (0) BMecte ¢ 3emieii (T)
OTHOCHUTETBHO TOYKH BECEHHEIO PABHOMAEHCTBUS MoBepHeTcs Ha 360°, a 3a
CHET JABKEHMS 3eMJIU 110 CBOEi OpOMTE NEPEMECTUTCSI U3 TOUKH O B TOUKY
(), OnHako s 3aBepLieHMsl MCTMHHBIX COJHEYHBIX CYTOK 3eMJIs JOMXHA
OBEPHYTHCS. HACTONILKO, 4TOOLI HabII0MaTeNb OKA3ANCH B MONOXKeHHK O,
e oH cHosa 6yzaet BuaeTh CosHie () HaxoasuMes Ha HeDECHOM MepH -
imane, TockobKy paauyc-BeKTop 3eMau NOBOPAYHBAETCS 34 CYTKM pH-
MEpHO Ha 1°, a BOKPYT cBOCi OCH 3eMJIsl BPaLIaeTcsl C YIJIOBO CKOPOCTLIO
0K0JO 1° 32 4 MuH (BpeMs, HEODXOAMMOE [UJISl 3aBEPLLEHUS HCTUHHBIX COJ-
HEUHBIX CYTOK), TO MCTUHHbIE COJIHEUHBIE CYTKW MPHOIM3NTENBLHO Ha 4"
HPOJOIKUTENTBHEE 3BE3IHBIX CYTOK.
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Opb6ura 3emun

Puc. 1.9. Otnnyne npoLoJKUTENLHOCTH HCTHHHBIX COJHEYHbBIX CYTOK OT 3BE3IHBIX

[TockonbKY NPOAOIKHUTENEHOCTD HCTUHHBIX COJHEUHBIX CYTOK — BEJN-
YHUHA HEMNOCTOAHHASA, TO B ACTPOHOMMM BBEICHO MOHATHE MATEMATHUECKH
onpenenseMoit (GUKTUBHON) TOYKH — cpedHeso IKeAmMOPUAIbHO20 COTHIA,
KOTOPOE PaBHOMEPHO ABMXKETCS MO HeOECHOMY 2KBATOPY CO CPEedHEroao-
BOI CKOPOCTBIO MCTUHHOTO CONHLA 110 3KIUINTHKE.

ITpoMeXYTOK BpeMEHUW MEXTY JIBYMsl [10C/IEI0BATE/ILHBIMU OLHOUMEH -
HBIMH KYJIbMUHALIMAMM CPEIHEr0 dKBATOPUAIBHOIO COJIHLA HA OJHOM M
TOM X€ TeorpauyeckomM MEPUIMAHE HA3LIBAETCH CPETHMMH COJIHEYHbIMH
cyTKaMu (cpeJiHMMM cyTkamu). Hauano cpeaHux COMHEYHBIX CYTOK — MO-
MEHT HMXKHEI KYJIbMHHALMM CPEAHET0 IKBATOPUATBHOTO COMHLA (CPELHSI
nojaHoub). Bpems, nporekiuee or HuxHel KyIbMUHALKH CPEAHETO SKBa-
TOPHAJILHOIO COAHLA 10 Jt000T0 JAPYroro €ro nojioKeHus, BhlpaKeHHOE B
[OJIIX CPEAHUX COMIHEYHBIX CYTOK (B CPeAHMX YacaX, MMHYTAX, CEKYHIAX),
HA3BIBAETCS CPEOHUM COAHEHHBLM GpemMenem Wil cpednum spemenem T, OHo
MOKET OBITh BRIPAXEHO Y€PE3 HACOBOI YIol f, CPeAHETO KBATOPHANIBEHOIO
connua: T,=1, +12",

Paznoctb Mexuy cpeiHHM BpeMEHEM M MCTHHHLIM COMHEYHBIM BpeMe-
HEM B OJMH U TOT K€ MOMEHT HA3bIBACTCH YPAGHEHUEM PeMEHI 1

=1, —La=t, —llg=0g

i

(1.4a)

HITH
mo T@ ¥ 1,
T, =ig+ 127 ¢m, (1.40)

Kpusasi ypapHeHnus Bpemenu (puc. 1.10, kpuas ) spnsercss cyMMoii
ABYX NMEPUONNYECKHUX KPWUBBIX, [IOﬂOGI-ib!X‘C]'iHyCOM_[laM, — C TOOAUYHBIM
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Puc, 1.10. Tpadukn ypapHeHus BpeMenn (KpuBas ), YpaBHEHUs OT IKCUCHTPHCHTETA (KpH-
Basi 2) n ypaBHEHNA OT HAKJIOHA IKIUNTUKH (KpuBas J3)

(YpaBHEHHE OT IKCUEHTPUCHTETA) M NOJIYTOAHYHBIM (YPABHEHHUE OT HAKJIO-
Ha SKJIUOTUKK) NepuoaaMu.

[MockonbKy B Tpomuyeckom rogy 365,2422 cpeaHWX COJHEYHBIX CYTOK
1 366,2422 3pe3nHbIX CYTOK (CPeAHHE IKBATOPUANILHBLIC CYTKH AJNMHHEe
3Be3/HbIX Ha 3756,°555 (~4"), uTo 3a TPOMUYECKUI TOJI JIAET PAZHUILY B OHM
CYTKH), TO MHTEPBAJILI 3BE3MHOTO U CPEHEI0 BPEMEHM HA OLHOM U TOM K¢
FEOTpahuuecKOM MEPHAMAHE MOTYT ObITh CBA3AHEI C MOMOIIBIO KO3 hHU-
IINEHTOR

366,2422 365,2422
At it iy Tl & g Y = b sl il il
365,242 1,002738 u K 366,2422 0,997270
CllenyouMm obpa3om:
As=K-AT._,
=K’ -As (1.5)

J”

Ecnu §' — 3Be3p10¢ Bpemsi B OIMKaALIYIO NMPEAIIECTBYIOLIYIO CPENHION
MNOJIHOYbB HA HEKOTOPOM ]"C(}FDEI(])H‘-IGCKOM MepUInaHe, TO cpegHee Bpems B
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HEKOTOPBIH MOMEHT Ha TOM e Mepuanade 7, = (s— S)- K’, cooTBeTcTBeH-
HO 3Be31HOE Bpemsi s = S+T - K.

3Haa S, — 3Be3IHOE Bpemst B HIIKAITLIYIO MPEAIIECTRBYIONIYIO CPEIHION
nonHoub Ha [puHBMuckoM Mepuamnane (tabm. 1.1), MOXHO JErKo BbIYUC-
JUTh S Ha TI0OOM JIPYIroM MEpUAMaHe, eCIM U3BECTHA Ero JOAroTa A K BOC-
TOKy OT [prHBHYA, BhIpaXKeHHAst B 4acax U B [10OJISAX Yaca:

h

S=S0_W

-3"56°,555. (1.6)

Tabauua 1.1
3pesnnoe ppems S; B GMEKaIIyI0 NPEANIECTRYIONIYIO CPETHIOW NOJTHOL
Ha IpHHBHYCKOM MepuiMaHe

Jara A Iara 8 Tara S,
22 ceHTabps 0" 21 sinBapa 8" 23 mast 16"
22 okrsiops b 21 eppans 10" 22 wmions 18"
22 HosiGps 4 23 Mapra i 23 st 20"
22 nekabps 6" 22 anpest 14" 22 aprycra 20"

CDGLI.HCE COJIHEYHOE BpEMs Ha rpHHBH‘-ICKDM MEPHIHWAHC HA3bIBACTCH
ecemupnbim gpemerem T, [1ns moBoro nyHKTa Ha 3eMie ¢ JOJATOTOH MecTa
A mecmuoe epema T, = T+ A [lockonbky Juist ABYX CKOJIB YrOAHO OJIM3KO
PACTIONOXKEHHBIX MYHKTOB C PasNuuHOI J0ATOTOI MeCTHOCTH A 1 A, MecT-
Hoe Bpems 15, # T),, TO Ist MPAKTHYECKUX Liesiei HeoBXxoauMo ObLIO BBE-
CTU CHUCTEMY CHETA BPEMEHM, KOTOpas Nno3sosiuaa 6bl COXpaHUThL PeanbHOE
pasnuvue MECTHOTO BPEMEHM JUIS JIOCTATOYMHO YIAJEHHBIX APYr OT Jpyra
Mo AOArOTE HACENEHHBIX MYHKTOB W HE YYMTHIBAThH TAKOE pasznnuue (JTHK-
BHAMPOBATH CBA3AHHbIE C 3TUM HeyaobCTBa) Ans BIM3KO pacTONOXKEHHBIX
NyHKTOB. Takad cucTeMa, nosgsupluascs B 1884 ., Obula Ha3BaHa NOACHOI,
MOCKOJIBKY B HEH BBEACHO HOACHOE 6peMs, KOTOPOE SABISETCH MMOCTOSHHBIM
(HE3aBUCUMO OT IOJTOTHEI MECTHOCTH) B NpEaenax OQHOro rnosca. 3emHas
[MOBCPXHOCTL pa3acjicHa no MepuanaHaM Ha 24 nosica (OT HYIIEBOro, MiH
IpunBnyckoro, 1o 23-ro). Cpeanye MepUIAHAHBL KaXA0T0 NOACa HAXOLMT-
cs Ha pacctosiiun 15° no nonrote apyr ot Apyra. Takum obpasom, noscHoe
Bpemst 7, rosica ¢ HOMEPOM 1 CBSI3aHO C BCEMUPHBIM BPEMEHEM COOTHOLLIE-
uuem T, = T,+n". Cosizh MeXJ1y MECTHBIM BpEMeEHEM T, xakoro-nubo nyH-
KTa 1 €10 MoACHbIM BpemeneM T, Boipaxaercs tak: 1,— T, = n"—1", tie h —
JONTOTa MECTHOCTH, Haxoasuieiica B nanHom nosce. Pasnocts (7,—T)),
OUYEBMIHO, HE A0JIKHA npeBbiuiath 30", 0ONHAKO M3-3a TOTO, YTO PealbHbIE
rpaHM1lbl YACOBLIX MOSACOB YAILE BCETO MPOBOAATCS MO AAMHHUCTPATUBHEIM
rpaHuiaM (Kak NpaBuio, 10BOJLHO U3BHIMCTBIM), OHA MOXET 1ocTHraTh 17,
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Jlnsi usMepenust Goiee UIMTEIBHBIX MPOMEXYTKOB BPCMCHW WUCTOMb3Y-
S10H mponuneckui 200 (365,2422 cpelHUX COTHEYHBIX CYTOK) — MPOMEXY-
0K BPEMEHM MEXIY IBYMS NMOCNe10BaTeIbHbIMU MPOXOKIEHUAMM LIEHTPA
LOIHEYHOro ANCKA YEPE3 TOUKY BECEHHET0o PABHONEHCTBHS.

Tponudeckuii roa MNoAOXKEH B OCHOBY IPUIOPUAHCKOIO KalleHaapst, pu-
HATOrO B BONLIIMHCTBE cTpaH Mupa. [lonobHbie KajeHIapH Ha3blBalOTCS
COAMEYHBIMY B OTJIHYWE OT AYHHbIX, TIE 32 OCHOBY B3sITa MPOAO/KUTCABHOCTD
JYIHOTO MecsLa 294 53, WK AYHHO-COAHEUHBIX, TAE B OCHOBY NONOXEHBI 1
UYL MecsLL, 1 TporHueckuit rog ongHospemerto. [pn coctapieHnm mio-
(010 CONHEUHOTO KaleHaapst YYUTHIBAIOTCA CAEAYIOLUE (PAKTOPHI:

U NpoomKMTENbHOCTD KANEHAAPHOTO FO/Ia B CPEIHEM 34 HECKOJILKO JIeT
HOMKHA BBITL KAK MOXHO G/IH3Ke K IIPOJOJIKMTEILHOCTH TPOMMUECKOTO TO/a;

U kanenpapHbii rofd A0/DKEH COAEpXKaTh LEI0€ YUCI0 CPEAHMX COTHEY -
HBIX CYTOK.

B coBpeMEHHOM KaleHIApe IOl COCTONT U3 365 AHell B Te4eHMe TPeX JieT
HOAPSL, Kaxiblil 4-i1 rof (BUCOKOCHBII) cocTonT 13 360 aHeil. K Bucokoc-
MBIM FOIaM OTHOCSTCS Te, MOPSLIIKOBbIA HOMED KOTOPBIX Aeautcst Ha 4. On-
MAKO B IPUIOPUAHCKOM KaleHIape BUCOKOCHBIM HE CHMTAETCs MOCAeAHMMA
[0/l CTOJICTHS, KOLAA YMCio coTeH He aenutes Ha 4 (1700, 1800, 1900, 2100,
2200 rr 1 T.4.). Takum 00pazoM, NEPUO/ COBPEMEHHOTO KaleHaaps COCTaB-
Jset 400 net: 3 Hux 97 BucokocHbix ¥ 303 mpocTeix. KaneHaapHuiil rog rpu-
[OPHAHCKOTO KaleHaaps OTIHYAeTCs OT Tponuyeckoro roga Ha 0,0003 cyr,
uro naer omubky B 1 cyt 3a 3300 ner (10AMAHCKMI KaleHAapb, KOTOPbIN
npuMensicss ans cuera spemenu Ao 10 okTsadpst 1582 r, naean omubky
0,0078 cyr B rom, 1 cyr3a 128 ner).

Bonpocot u 3adanus das camonpogepku

I. IMouemy 3Be30HBIE CYTKH KOPOYE COJHEYHbIX?

2. Yem BbI3BaHO BBEAEHME yPaBHEHWs BpeMeHH?

3. IlovyeMy conHe MHBIE CYTKH HEPABHOMEPHDBI?

4, Kaxue cucteMbl cueTa BpeMeHH MCIOML3YIOTCS B TOBCENHEBHON KM3HNU?

5. lNpemnoxure cBOA CONHEUHBIH KaneHIaph, KOTOPbIA YI0BIETBOPST
(k) OCHOBHBIM KPUTEPUSIM TP CO3IAaHUH KaJleHIapei.

Hpumepu: perenus 3aday

Jaaaua 1. B koropom yacy (o MECTHOMY U MOACHOMY BPEMEHH) CETOIHSA
HACTYITUT MCTUHHBIH TTOAEHD B TOM MeCTe, Tie Bbl Haxoautech? Bocnob-
Syirech rpa KoM ypasHEHUS BPEMEHH.

Pemenue. 1ns onpeeneHHOCTH NPEANMONOKHUM, UTO ceronHs 17 sHBaps
2014 1, 1 BeI HaxonuTeck B MuHcke.
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McTHUHHBI MOALEHh — MOMEHT, KOTJa MCTMHHOE COJHEUHOEe Bpem:l
Te= 12". Cpennee conneunoe spemsi T, = T +1, £ae  — ypaBHeHHE Bpe-
menu. Mermonbayst rpad)MK, JAOLMi ypaBHEHNE BPEMEHHM IS PA3HBIX AT
(cm. puc. 1.9), nonyuum, uto 17 suBapsin =~ +8". Crenosare/ibHO, MECTHOE
spemst T, = 12"08".

Beemuproe Bpemst T,= T, —A\, a gonrora uenrpa Muncka A = 27°40" =
~ 151", nosromy 7, = 10"17"".

Tenepb onpene/iumM NOsICHoe BpeMsi. MUHCK HAXOAUTCs! BO BTOPOM 4aco-
BoMm nosice (n = 2), nostomy T, = T,+2" = 12"17".

3umoit 2014 . B benapycu oeiicTBOBAIO TAK HA3bIBACMOE «JIETHEE» BPE-
M$i, KOTJIA K TOSICHOMY BpeMeHH obannserca ele 1", noaromy okoHuarelib-
HO riostyauM, uTo 17 anBapsi 2014 T Typue = To+ 1" = To+n"+1" = 13"17".

3anaua 2. Korna no conneynomy spemenn 10 deppans Oyner KyJIbMAHA-
poBars 3Be31a ApKTYp (@ = 14"12"y?

Pewenue. Yunrsipast, uto ¢ 21 susaps 1o 10 despans npouwio 20 quei, ¢
MOMOILLBIO Tabut. 1.1 onpeaesinM 38e31HOE BpeMs B OJMKAHIIYIO MPELLICCTBY-
JOLLYI0 TomHOub: §'= 8"+20-4" =9"20"", TToCKOMBKY HMXKHSS KYTBMMHALUAM
ApkTypa (o Bosionaca) B Hammx LWMPOTAX HE BUIHA, TO, OUEBHIHO, B 3a1a4€
WIET peub O BepXHEil KyTbMUHALUM, L1 KOTOpoit yacosoi yron 7= 0. Creno-
BATEJILHO, 3BE3AHOE BPEMSI 3TOTO cOObITHS § = a+1= 14"12™. Bocnonb3opas-
umck opmynoit T, = (s—S5)- K, Haxooum CpefiHee CONMHEUHOC BpeMs [, =
= (14"12"—9"20").0,997270 = 4"51"12",

Badavu das camocmoameasio2o peuieHus

|. Buipasure pasHOCTh NPsMbIX BOCXxoxaeHuit 3sesn 132°14°317 u
218°06'58” Kak MHTEPBaa BPEMEHH.,

2. B MuHcke (@ = 53°54") nabGmiogasack BEepXHAA KyJIbMHHALMA MMO-
SABUBLLEICS KOMETHI ¢ KOOPAWHATAMU (L = 12"10™10° u & = 42°43’. Buiuuc-
JIMTE 3CHUTHOE PACCTOSIHME KOMEThl B MOMEHT KYJIbMHUHALUM U 3BE3IHOE
BPEMSI ITOTO COBBITHS.

3. 23 cenTaOpPSI 3aXOOMT 3BE3/1a ¢ KoopauHatamu o= 138°23" u 8§ =0".
OnpeneanTe COMTHEUHOE BPEMS.

4. 23 centsabps 3Be3ga ¢ a.=4500" u 0=0 umeeT vacoBoil yron
= 13"30", Haiiaure COTHEUHOE BPEMS.

5. YUemy paBHO 3BE3[HOE BpEMS, €C/IH 3BE3/1a ¢ NPAMbBIM BOCXOX/IEHHEM
22"08"24° umeet yacoroit yron 126°11728"2

6. Kakue 3HadeHMst &M O AOJDKHBI UMETh ABE 3BE3BI, KOTOPbIE B 35715
3BE3IHOTO BpeMeH | KyJbMuHUupoBany 6u1 8 Mutcke (¢ = 53°54") Haz = 60°
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QIHA — K foTY, Ipyrasi — K ceBepy oT 3eHuTa? PaccunTaiiTe TO Xe camoe wis
JEHUTHOTO paccTosiHus 7 = 40°,
7. PaccymrtaiiTe, 3a Kakoe BpeMs Hakariupaetcs owubka B 1 cyT B

IOJINAHCKOM ¥ TPUTOPHAHCKOM KAJIEHAAPSX TIO CPABHEHHIO ¢ TPOMTHYECKHM
(cosneuHbIM) TogoM?

8. B KOTOpPOM 4Yacy IO 3BE€3MHOMY BPEMEHU MPOMCXOAHT HHXKHSASA KyJTh-
MUHALLAST 3BBE30bI, UMEIoLIeli TpsaMoe BocxoxkneHue 158°277

9, Ecam ceroans 3se3a Kyrsmuuuposana s 7, = 20"00", To koraa 310
giyinTes vepes 10 nHeir?

10. PaccumraiiTe mpubIU3UTENIBHO, KAKHUE 3BE30bI OYOYT HaAXONHUTHCS B
BepxHe kyabMuHaiu B 10 4 peuepa 28 nioJisl.

1. Onpenenure MPUOIM3UTENILHO MECALL M YMCIIO, KOTIA 3BE3Ma, MPsMOoe
NOCXOXAEHHE KOTOPOil paBHO 18", naxonures B MepuanaHe B 8 u peuepa?

12. 3pesna & Opuona 14 HosA6pa Bocxoaut B § 4 Beuepa. B kakoi aeHb
oHa p3oitier B 530™ Beuepa? KakoBo NpUGAH3HTEIBHO €€ MPAMOE BOCXOXK-
JIEHWE, eCITH CKJIOHEHWE PABHO HYJIIO?

13. B Kuese (¢ = 50°27") nabsionayack KyJ1bMHHALMA [OSBUBIIEHCS
KoMeThl, M3MepeHHOe 38 HUTHOE paccTosHKE (K I0TY OT 3eHMTa) OKa3alochk
papHeiM 3°52°,) a Mo 3Be3IHBIM YacaM MOMEHT KYJIbMMHALMW HACTYMHI B
1§"15”10°. Onpenennre d u a.

14, * Ha Kakyi MakCHMAJIBHYIO BEICOTY A HAIL TOPU30HTOM MOAHHUMET-
et Comane 1 mapra Haig Munckom (@ = 53°54" c.ur., A = 27°40" B.10.). Koraa

Y10 NIPOU30IIET M0 CpeaHeMY MECTHOMY BPEMEHU U TIO MOSACHOMY BpeMe-
Hn? YpapHeHue BpeMeHu B 3TOT AeHb +12". Kakosa nMpoaomkuTesIbHOCTh
a1oro aHs?

15. B MycynTbMaHCKOM (JIYHHOM) KaJleHIape B OCHOBY MOJIOXKEH LMKIT B
W) ner — 19 aer no 354 gag u 11 ner no 355 aneit. Onpeaenure TOYHOCTD
Kaenaaps. CpeHuit TyHHBII Mecsu 29712"4472°,78.

|6, Jo1st KOro M MpW KAKUX YCITOBUSAX BO3MOXKHO HAMDOJBLIEE KOMHYe-
¢IN0 BocKpeceHnii B hespane? KakoBo 3T0 KOIHueCcTBO?

17, BXI B. B [lepcuu 6bU1 BBEAEH CONHEYHBIH KalleHAAPE, B OCHOBY KO-
[OPOIO MONOXEH LUK, cocTaBisionii 33 rona. B nem 25 npocTeix u 8 Bu-
COKOCHBIX 1T, OnpefennTe CPeAHIon MPOAO/IKUTEALHOCTh FOa H OLIUOKY,
KOTOPYIO JaeT 3TOT KaneHnapy, CpaBHUTE €€ ¢ OLIMOKOH rPUropHaHCKOTO
KiieHaapsi.

18. KakoBo 6b110 6b1 COOTHOLIEHHWE COJIHEYHOTO U 3BE3[IHOTO BPEMEHH,
e 6b1 3eMtst BpalLAach B HAMPABIEHWH, TPOTHBOMOIOXKHOM ICHCTBH-
[@ILHOMY HATIPABICHUIO €¢ BpaLeHKs?

19, Conuue Haxonures B BepxHeil KyabMunaunu B 0" BecemupHoro Bpe-
Meln, OnpesesnTte 10AroTy (YypaBHEHHEM BPEMEHH MpeHedpeyb).
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20. * [Monaras, uto 3emns — cpepoun co exaruem 1/300, onpenenunte,
HA CKOJIBKO 33 CYTKM YIllyT BEpes MasTHMKOBBIE YaChl Ha NOJI0CE 3eMu
110 CPaBHEHMIO C AHAJIOTMYHLIMKM YacaMi Ha 3KBATOPE. Kak CaeiyeT usme-
HUTE JUTMHY MASTHUKA 4ACOB HA TONI0Ce, YTOOb! Yachl UM TaK XKe, KAK 1 Ha
skpatope? LleHTpoOexXHy10 CHIly HE YUHUTBIBATD.

21. * M3BecTHO, YTO NPOLOKMUTENBHOCTE CYTOK YBEJIMYHBAETCS Ha
0,02 c¢3a 1000 ner. Ha ckonbko uepes 1000 et mokasaHnus 4acos, CHHXPO-
HU3UPOBAHHBIX 110 BPalleHHIO 3¢M/IM C YIETOM €¢ BEKOBOTO 3aMEMJICHMS,
GyLyT OTIHUATLCA OT MOKA3AHMI ATOMHBIX YaCOB, CUHXPOHHU3MPOBAHHBIX C
[OCTOSTHHON HAYAILHOW CKOPOCTLIO BpateHus 3emnn?

22. WssectHo, yro B despane 1920 . OBUIO NATH BOCKPECHBIX AHEH.
Omnpene/uTe TpeablAyIMit U TOCAEAYIOUIMH TO/Ibl, KOTAa OTMEYAIOCH TO XKe
camMoce.

23. Koraa no nosicHomy spemenyn Kasanu (1o BpemeHH 3-ro mosica)
22 WioHs (IOJTOTA 3TOTO ropojga k= 3"16™29%) mpon3oiiner KyJIbMUHALMS
ConH1Ia, ec/iv B 3TOT IeHb ypaBHeHue Bpemenn 1 = +1"20%?

24. Bepxuasg kynsmunauus [poumnona (o= 7'36™) B MYHKTE € AONTOTOMN
A= 230" npousowna B Houb ¢ 30 Ha 31 nexabps B 1"15" 110 wacam, KOTOpBIE
MILYT TI0 IEKPETHOMY BpeMeHu (+ 1"y marroro yHkTa. Kakosa ux nonpaska?

25. 11 cheppana no nosicHoMmy BpemeHu CoOITHLIE B3OLLIO B 7"6™, a 3amuio B
16"24" (11 cheBpanst — MAKCUMyM ypaBHEHHUsE Bpemenu 1) = +14"). Yemy papHa
pA3HIALIA MEXTY TIOSICHBIM I CPETHMM MECTHBIM BPEMEHEM JIAHHOTO MecTa?

26. Mopennaparteb, MyTCHIECTBYIOWIKI MO OKeaHy BIOJIb 3KBaTopa ¢
MOCTOSIHHOM CKOPOCTbIO, MCIIOJIB30BAN Yachl ¢ OYAHIBHUKOM, WIYLIHE NO
FPUHBMYCKOMY BpeMeHHU. Yepes HeKOTOPoe BPeMsl OH ODHAPYKMIL, UTO TOY~
HO B MOMEHT TIPOBYXKAEHUs N0 3BOHKY OYIMIBHMKA HA TEMHOM HEDE KaxX-
[bli pa3 BOCXOMMIA ONHA U Ta Ke 3Be31a. B KaKoM HampapieHuu U ¢ KaKoi
CKOPOCTBIO ABUTAJICS MYTELIECTBEHHUK?

27. Bo CKONBKO 110 CPeIHEMY COIHEYHOMY BpeMeHH 22 iekadpst Cupuyc
MOIHUMETCS HA MAKCHMANLHYIO BhICOTY? YpaBHeHue BpeMeHH 22 nekadps
PaBHO HYJIIO.

28. Kak W3BECTHO, B TOPM3OHTIBHLIX COMHEUHBIX 4YacaX FHOMOH
(cTpesika, oTGpackIBalollias TeHb Ha 1n(eplraT) HanpapisieTcd Ha 1noJioc
Mupa. OrpeienTe Uisi MOMEHTA NONIHA JUIHHY TEHH OT THOMOHA COJTHE -
HBIX YACOB, YCTAHOBACHHBIX B MUHCKE, B JHH PAaBHOACHCTBUIL U COMHLIE-
CTOSTHMH, €W TuHA THOMOHa L =2 M.

29. Typucr, nporyauBasch | HOSAOPS MO LEHTPY CTAPUHHOIO eBPONEii-
CKOTO FrOpoza, 3aMETHI Ha MTOLIAIM COTHEYHBIC YACK H OOHAPYXKUL, HTO Ha
ero Hapy4HbIX 4acax 6blI0 TOYHO 14"00™, a conHeYHbIE YACH MOKA3BIBAIN

14"15". Onpesenunre, B YEM MPUYMHA TAKOTO pacxoxaeHus. CKoabKo OyayT
[OKA3bIBATE COTHEYHBIE YAChI, €CJTM TYPHCT BEPHETCSH B 3TOT rOPOL B 14"00”
| miong? OnpenenuTte TaKXKe JOArOTY ropoja.
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1.3. IloaBuKHAS KapTa 3Be31HOTO Heda

IToasmknan Kapta 3se3gHoro Heba (puc. 1.11, M. BKIanky) mpeacrasiser
coboit crepeorpaduuecKylo NPoOeKLUIO ceBepHOl W YaCTUUHO I0XKHON He-
BeeHix nmoaycdep Ha naocKocTh HebecHoro skBatopa. Ha kapre n3obpaxe-
Ii eeTKa HeBeCHBIX KOOPAWHAT. (CKJIOHEHUE O U IPAMOE BOCXOXKIEHHE 1), a
THKKE OCHOBHBIC CO3BE3AMS, MPEACTABIEHHBIE HAWDOAEE APDKUMHU 3BE3/A-
M, CesepHElii Mosioc MUPa HAXOAMTCS B LIGHTPE KapThl, B TOUKE Nepece-
YeHNs KPYTOB CKJIOHEHHMA, Kpyry CKIOHEHUS NPEJICTABIEHbl pALUaIbHBIMU
JMHHAMU, TPOBEACHHBIMU Yyepe3 1 mpsMoro BocxoxaeHus, u ouundpona-
bl B YacoBoi Mepe, HebecHblil 5KBaTOp M TP HebeCHBIe MApA/IEIn ce-
NepHoM nojycdepsl ¢ uHTEpBaIoM B 30° 0003Ha4YEHbI KOHLEHTPHUYECKUMMU
OKPYKHOCTAMH, OLM(POBAHBL B TOUKAX MEPECEYCH NS C HAYAIbHBIM KPYTOM
CKJIOHEHUA (CLZO") M C JUAMETPAJIbLHO [MPOTUBOIOMOXHBIM €My KPYrom
ckaoHeHus (a = 12"). Ha KAPTe OTMEYEHBI TAKXKE YacTh I0XHONW HebecHOI
nosiyedeps co cxionenvem 1o —45° u HebecHas mapamieis as & = —30°,
panuyc Kotopeix Gonbliie, YeM panuyc HebecHoro skearopa. Mx pasmep —
CJICACTBUE HEN30EKHOTO HCKAKEH M I0XKHbIX 00acTeif cepsl Mpu cTepeo-
rpachmyeckoil npoexunu. [o3ToMy n306paxeHusl CO3BE3NUI I0KHOI MOy~
chepbl Upe3BBIYAITHO PACTAHY T H CUJIBLHO OTIHYAIOTCS OT NPHBBIYHOIO HX
Buia Ha Hebe.

DKCUEHTPUYECKHUI OBaJl, MepeceKaloUIniics ¢ HebGecHbIM IKBATOPOM B
JIBYX THaMETPANILHO MPOTHBOTONOXHBIX TOUKAX pasHoaeHcTBHi (Y u £2),
H300paxaeT SKIUNTHKY.

Ha napyxHoM o0pese KapThl, HA3BIBACMOM JIMMOOM AT, HAHECEHB] Ka-
JIEHJAPHBIE YUCTIA W HA3BAH WS MECALEB.

Haxaaonoii kpye, xotoperit ipunaraercs K kapre (puc. 1.12, cM. Bknan-
KY), MO3BOMSET YCTAHOBHTE BUIL 3BE3HOTO HeBa B 110001 AeHb roaa s JTio-
fioro BpemMeHn cyrok. C 3T0# LEBI0 BHEUTHHIT 06pe3 Kpyra (4acoBoii num6)
paspened Ha 24 u. Wtpuxu Ha yacosom JuMGe HAHECEHBI YEPE3 KAXIIbIe
|0 Mun. B HakJ1aDHOM Kpyre MMEETCH OBANBLHBII BEIPE3, MONOKEHHUE KO-
10pOro onpenensercs: reorpadpuueckoi miMpoTol Mecra HabmomeHus. OH
HHIPE3ACTCS ITO COOTBETCTBYIOLLEMY OBANY M3 HAUEPUEHHBIX HA HAKIAIHOM
Kpyre. Kontyp oBanbHOTO Beipe3a H300pakaeT MATeMATUYECKUiT TOPHIOHT
¢ HAHECEHHBIMH Ha HEM TOUYKAMMU: CeBep, 10T, 3amajl, BOCTOK.

s onpeneneHusi Buga 3Be30HOI0 HeOA CAEAYET COBMECTUThL YACOBOM
numb ¢ mumbom gar (HyxHoe BpeMst T ¢ HYKHOM HaToii #) TakuM 0Bpasom,
UT0OB HeDecHBI MepuanaH (TMHUS CeBep — 10T) Ipoxoaun yepes Cenep-
it nontoc Mupa. B acUMMETPHYHO PACMONOKEHHOM OBaie HAKJIALHOIO
Kpyra OKax)yTcd CO3BE3AUs, KOTOPbie BUAHBI B 3TOT MOMEHT BPEMEHM Hal
FOPUIOHTOM.
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C MOMOLIBIO NOABUXKHOM KapThl 38€34HOro HebGa MOXHO peliaTh MHO-
THE ACTPOHOMUYECKHE 3a/1auk (HanpuMep, ONPelessiTh [10J0XEHHE HE-
GecHBIX CBETUIT B 110606 BpeMs CYTOK W roja). DTo XOpouiee nojicnopne
Mpy Nepexoie K BH3YallbHBIM HAGMIOACHUAM, TOMOTaeT JIETye OpHeHTH-
poBaThcH HA HOUHOM Hebe. PacmonoxeHue ONpeneeHHbIX 3BE3 W CO-
3Be3IMH MOXHO YCTAHOBWTL OGnaromaps MepeMeieHnio ToYeK Habmo-
Jens Ha HebecHoil cdepe OTHOCUTENILHO APKWX M HauboJee 3aMeTHBIX
CO3BE3/MI, KOTOPBIE MOTYT CAYXHUTh OpHeHTHpoM. Tak, B3AB 32 OCHOBY
ceMb APKNX 3Be3 co3Besansa Bonbwoit Menpeanibl (3BE3/bl «KOBLIA»),
MOXKHO OMpPELEeJIUThL TTOMOXEHME TIPYII TAK HA3BLIBAEMbBIX «3UMHHX» W
«JIETHHX» CO3BE3MMiA. «3UMHME» XOpOIUIo BHAHBL Ha HebGe ¢ HOosOpsS Mo
(heBpanb, OHH BHICOKO MOAHUMAIOTCH HAll TOPH3OHTOM B TEYEHHMC HOYH
(cospeanua Bosuwmyero, Tensua, OpuoHa, Bonsmoro TIlca, Manoro
Mca, Bansueuon). VX nojioxeHMe MOXKHO ONPEASTHTE, €Cau OT Bonk-
1ot Mease/ uilsl TPOBECTH Yepes JIBE 3Be3/bl «KOBLIa» (O U a) MPSIMYI0
(BMpaBo, €CJIW CMOTPETh Ha 10T, MJIH MPOTHB HAMPABNEHHA «PYIKN KOB-
wa»), MpoLoKeHNe KOTOPO Mo3BouT Haitti Kanemty (a) B co3pes-
nun Bosznwuuero. JIBurasce 110 O0JBIIOMY KPYIY B 3TOM HANPABICHUU 11O
yacoBoil cTpeske, Habmoaarenb nomamet B cospesnue Tenbua ¢ APKOi
spe3noil Anpaebapan (o), a 3aTeM — B co3pesaue OpuOHA CO 3BE3AAMH
Berenbreitse (o), Besnarpuke (y) u Purens (B). TTpu 310M ABWXEHHH 110
OKPYXHOCTH BHU3Y ByIeT pacnonaraTbea co3pesnne bosbuoro [lcacca-
MOIi sIpKoii 3Be3noii na Hebe — Cupuycom (). 3aBepLiasi 3T0 ABHKEHHUE
110 Kpyry, Hablo1aTes b MPoHAET 1o co3pesansm Manoro Mca (o Mano-
ro Mca — IMpouuon), bausneuos (@ u p — Kactop u [Moayke) u 3am-
KHET OKPYXHOCTh B co3Re3auun Bosuuyero.

TakuM xe 06pa3oM, TIPOBEIA NPAMYIO Hepe33Be3iibly U 8 Bosbwoi Men-
BeIMLBl, HaboaTe b npoitner Boinu3n CeBepHOIo nosca MUpa | nomna-
NET B PPYIIY «IeTHUX» cO3Be3auit. OHU XOPOLIO BUHBI B MEPUO/L C UIOHA
Mo ceHtsOpb. «JIeTHUMMU» apnstioTest co3pesaus Jlebens (a Jlebena — He-
He6), Jlupw (aJlupsr — Bera), Opia (o Opna — Ansranp).

C MOMOLIBIO 3TOTO Crocoda MOXHO HaiiTh co3pe3nus sonmsu Cesep-
Horo nosoca Mupa (coasesaus Ledes, Kaccuonen, Manoid Meneenuubl ),
rnpoBest NpsiMyio uepes 3 u a 3se3ns Bonbwoi Mensennust. [Tponomkus
KPUBYIO, MPOXOMASLIYIO YEPEs TP 3BE3MbI «PYYKI KOBLUA» CO3BE3ANA bonb-
woi MeBenuisl, Mbl MONANEM TyIa, [1e HAX0IATCs cossesnus Bomonaca
(c Bonomaca — Apkryp) u Jdessl (o Jeps — Crivka).

BJiiaronaps U3BeCTHBIM OPUEHTHPAM HA HOUHOM Hede HabmonaTe/h MO-
KeT JIOCTATOUHO Jerko HaWTH moBoe co3Be3ine, 3Be3ny WK KakoH-JIMbo
JIPYTo# KocMUUeCKHi OOBEKT.
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Bonpocot u 3adanusn das camonpogepru

|. KHKOBBI OCHOBHBIE 3JIEMCHTDI, H'.SOﬁ[)H)KBHHb[G Had HENOABHUXKHOM
Kpyre 38e31HONH KapThl?

2. Kakyio hyHKIUKIO BRITIONHSET NOABUXKHbIIT KpyT?

3. Kakyio yacrtb 38e34HOI0 He0Ga OTKPBLIBAET NOABUXKHbBIH KpyT?

4, Ot uero 3aBUcHT BUJL HabJIIOIAeMOI YaCTH 3BE30HOr0 Heba?

5, OugHMTE MOrpeliHOCTL B U3MEPEHMSAX, KOTOPLIC NMPOBOIATCH ¢ T0-
MOLILBIO TIOABUXKHOK KapThI.

Ipumepot pewenusn 3ada4

3anaua 1. Mcnonb3ysi MOABUXHYIO KAPTY 3BE3AHOrO Heba, onpenenure
Bpemsi, B TeueHue kotoporo 3se31a Crniuka (o Jlessl) Oyier BUaHa HAL TOpH-
JOHTOM B HOUBb ¢ 14 na 15 mas (cuuraiite, 4TO HOYL — BPEMSI OT 3aX0Ma 10
pocxona ConHia).

Pewenue. C noMOUIBKD KAPTHl MOJYYMM, YTO BOCXOJ 3Be3ibl 14 mas B
1657, azaxon — B2"52". Bocxon Connua 14 mas B 4°05”, a saxon B 19755".
CrienosarensHo, Crinka 6yaeT HOYBIO HAl TOPU3OHTOM B MPOMEXKYTOK Bpe-
Menu ot 19"55™ no 2"52", re. AT = 26"52" — 19"55™ = 6"57™.

3anavua 2. OnpeneauTe ¢ MOMOILBIO OABHKHON KapTH 3BE3IHOTO Heba,
e GyseT HaxomuThes Ha Hebe Cupuyc (a = 6"44™, § = —16°41") 21 mapra
yepes gac nmoce 3axona ConHuA, T.e. HAUOUTE €ro a3UMYT W BLICOTY HaJl JIN-
111eit ropu30HTa.

Pewenue. Onpenenus nonoxenue ConHila Ha SKIMNTHKE 21 MapTa (1¢Hb
IECEHHEro PABHOAEHCTBMS ), PACIIOI0XKHUM 3TY TOUKY IKIUITTHKHN B MOJI0XE-
I, COOTBETCTBYIOILIEM MECTHOMY BpemeHn 19" (u3ectHo, uto 21 mapra
Connue 3axonut B 18" Mectroro speMmern). Haiing Ha kapre Cupuyc, onpe-
NENM ero koopiauHate: 4 = 4° h = 18°,

Sadayu 0458 camMocmoameasHo20 peenus

. B Kuese (¢ = 50°27") B nonnexs ConHle HAXOOMIOCH HA BbicoTe 32°.
I kakoii neHs roga 3To MO0 OBIT?

2. B Tounucu (p =41°31") B nonneHs CosHIle HAXOAMIOCh HA BLICOTE
45", B Kako# JeHb roga 91o MorJio npousoitn?

3. B Cankr-Ilerepbypre (@ = 59°40") B nonnexs ConHiie GbiI0 HA BLICO-
¢ 40°, Onpenenure 1eHb rofa, KOTIa 3T0 MO0 GBITE.

4, Korna nyunie Bcero puned Mueunsiii I1yte B Pecniybnuke benapycn?
Ilupory npuMuTe paBHoit 55° c.iu.

5. B kakom co3Be31MM HAXOAMUTCA MOMIOC TANAKTHUECKOIT CUCTEMBI KO-
OPAMHAT, CTM ero KoopauHaThl o = 12749”, § = +27° 47
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6. B kaxkoMm cosseazaunu Haxoautcsi CesepHblit nomoc mupa CatypHa,
€CJIM KOOPAMHATHI 3Toro nomoca a = 38°,4, 8 = +83°,3? Onpenenure Koop-
nuHathl KOxHOTO momoca Mupa s mianetsl Catypu.

7. * Kak myremecTBEHHUK MOXET ONpeNe/WTh CTOPOHBI CBETA, €Clu
3pe3na Purenns (B Opuona), KOTOPYIO OH BUIMT, HAXOAWTCS NMPAMO Haz ro-
noBoit (& = —8°15)? C noMouIbio MOARMKHONH KapThl 3Be30HOr0 Heba onpe-
JIETMTE BPEMS TOAA MYTELIECTBUS.

8. Byaer m KOnurep BuneH 25 aBrycra B MoMeHT s = 20"40" 3pe3nnoro
BPEMEHM, €CJIM OH HAXOAMTCS B MpoTUBOcTOAHMM? OBOCHYITE OTBET, HC-
TMOJB3YS MOABMXKHYIO KAPTY 3BE3/IHOr0 Heba, U OnpeaciuTe NPUMEPHBIE Io-
PH30OHTANBHBIC KOOPAMHATHI ITAHETHI. :

9. C nmoMollblo TOABMXKHOM KapThl 3Be3AHOTO Heba ompeaenure no-
JIOKEHME 3Be30bl (A3UMYT M BBICOTY HAaJ FOPU30HTOM), UMEIOLIEN NpsMOe
Bocxoxnenue o= 7" u cknonenne d = 65° B AeHb JIETHETO CONHIECTOAHMUS
yepes yac noche 3axona Connua.

10. B Kakux co3Be3aHsiX HAXOAUTCS B TEUEHME CYTOK TOYKA 3€HUTA I
HabnoaaTens, Haxoasuerocs Ha ¢ = 54° c.ur.?

11. B kakoM cozpe3anu Oyaer HaxoauTbes JIyHa 15 oKTa0psa B MOMEHT
BepXHEH KyJbMMHALMK B haze mepBoil yeTBepTu? Bocnonk3yiitech KapToi
3BE3JHOro Heba.

[2. MoxHo au naboaars 25 anpenst IOnutep B Moment 5= 14740”
3BE3AHOTO BPEMEHW, €CJIM OH HAXOAMTCS B TOYKE BECEHHEIO PaBHOUEH-
crBusg? OBOCHYHTE OTBET, UCTTONB3YS MOABHXKHYIO KapTy 3BE3AHOTO Heba.

13. * Onpeaenure ¢ NMOMOLIBIO NOABMXHON KapThl 3B€3HOTO Heba Koop-
JuHatel Mapca 10 Mapra, eciii OH HAXOAMJ/ICS B 3analHoii KBajiparype Mo OTHO-
weHuto K 3emute. Cyntaiite, 4To miockocTH opout Mapcea u 3emiin COBIANAIoT.

14, Ham mynkrtoM, wupora kotoporo @ = 53°08%, 25 Hosadps 1916 . B
11"49" nus B 3eHuTe NOSIBUACS APKMit GOMM, yHaBMii HA 3eMJIIO B JAHHOM
MecTe B BUIe AByx meTeopuTon maccoit 50 u 200 xr. Onpenenute co3pesnne,
0 HATIPABIEHMIO OT KOTOPOIO METEOPMTHI YA HA 3EMITIO, A TAKXKE 3BE311Y,
PSIOM C KOTOPOIl HAXOLMJICS UX PAAVAHT.

Mpumevanue. Panuanr — touka min obnacts HebecHo# cephl, Kaxylasacs MCTOUHH-
KOM METEOpPOB, KOTOPbIC HaGIOAAI0TCS 1Py BCTPEYC 3emin ¢ POEM METECOPHBIX TEJI, ABHXKYLILHX-
cs Bokpyr Connua o o61eit opéute. MockonbKy TPAEKTOPUH METEOPHBIX TEN, MPUHALICKALTUX
OJIHOMY POIO, B [IPOCTPAHCTBE HOYTH TOYHO NapanicjihLHbl, TO IYTH METEOPOB COOTBETCTBYIO-
HIETO METCOPHOIO IMOTOKA, NPOAGKEHHBIE 1A HebecHoH C(‘])C]’JC B ()ﬁp'd'['HUM HarpaBpjietnun,

BCJIE/ICTBHE NMEPCHNEKTHUBLI EPCCEKAIOTCS HA HeDOJIbIIOM YHACTKC HeDa, LHECHTP KOTOPOIO U sAB-
JISIETCS PAAHAHTOM.

15. OnpenenuTe CO3BE3AME U NMPUMEPHbBIE IKBATOPUAIbHBIE KOOPAHHATHI
3eMan A8 HaGMOnaTeN s, KOTOpsIi HaxoauTes Ha JlyHe, ecay npy Habnone-
Huu ¢ 3eman 10 anpess Jlyna Haxonuaacs B nocneaHei yersepru. Cunraiire,
YTO MJAOCKOCTE OpOUTHI JIVHEI COBMAMACT C MJIOCKOCTHIO SKIMITTHKH,
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16, TypucT B TeueHME ONHUX CYTOK HABJI0A ABC KYJIbMUHALMM 3BE3/bl
JlyOxe (@ Bonbmoi Mensenuusi, o= 11"04", & = 61°45") ¢ 0AMHAKOBbIM
BauMyToM, TTpy 5TOM 3€6HMTHBIE PACCTOAHMSA 3BE3[bI OTIMYAIUCH B 8 pas.
OIpeaeauTe LIMPOTY MecTa HAOMIONEHH S, a C TIOMOLIBIO MOABXHON KapThl
ANENIHOTD Heba — BpeMsl TO/IA, KOLIa OHO MOTJIO OCYLLIECTBIIATHC.

u 1.4. @akrTopsl, BIHSIONIME HA NOJIOKEHHE CBETH
i Ha nedecnoil cepe

©CHeToBbIe Jiyuud, MpOXOAd uYepes 3eMHYIo atMmocdepy, TPeToMIIsoT-
i, D10 ABJIEHWE HAa3biBAeTCsl acTpOHOMMYecKoi pedpaxkumei (puc. 1.13).
WMron M,0M, — yron pedpakiiuu, uiu pedpakuns p. Yron ZOM, — Bunu-
MOE 3eHUTHOE paccTosiHMe T CBeTHA, a yroa ZOM, — MCTHHHOE 36HHUTHOE
paccrosinue 7 (z—7 =p; =7 +p).

Pedhpakiinsa npumoaHMMAET CBETUIO Haja ropu3oHToM (p > 0) Mo oT-
‘H‘OII.N:HH!O K UICTUHHOMY NMOJIOXKEHW D). Ecnu nnockocTth NMaacHWs COBMNMaaacT
¢ HeOECHBIM MEPUAMAHOM (CBETHJIO HAXOAMTCS B KYJIBMHUHAUMM), TO MPH
pedipakumy BMeCTe ¢ 3eHUTHLIM PacCTOSHUEM Z U BLICOTON A U3MEHSETCA
CRIOHEHKE 8, HO HE TTPAMOE BOCX0X AeHue a. [lns ciiyuasi, koraa yd OM, ne
JICKHUT B TUIOCKOCTH HEDECHOIO MEpUANAHA, U3MEHSIETCS TAKXe M 3Haye-
Hue . OueBuaHO, uTo pedpaklivs He UIMEHSET a3UMYT A CBETHIIA.

M. 113, Bimsanne pedpakumn ceeta B'armochepe 3eMan Ha ACTPOHOMMYCCKHE HABMIOACHMS:
O OM )~ HeTHHHBIC HATIPABIEHNS HA CBETHAO; OM, — BUAMMOE HANPABAEHUE HA CBETUIO; p —
yroa pedpakiinm
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[Mpu nasnenuu P (MM pT. c1.) 1 Temneparype ¢ (°C) nmpubauxeHHoe 3Ha-
yeHue pedpakun 11g 0° € g7 < 70° MOXKHO OJYYUTE MO (hopmyie

B3

760 273 B, e,

p=160",25"
Te. npuf=0 °Cu P=760 MM pr. cT. p = 607,25 tg(Z’).

Mpu 7" > 70° ¢opmyna (1.7) maet omnbry Ap >> 17, KoTopas npu
JaNbHeHIEM yBeJIMYeHMK ° Bo3pacTaeT A0 OeCKOHEYHOCTH, XOTs B Aeii-
CTBUTENBLHOCTH 3HAYeHME pedpakliMy BOJIM3HM FOPM30HTA COCTABIAET OKO-
no 35", Onpeaenuts p npu 27 > 70° MOXHO ¢ NOMOUILIO CMELUANBHBIX Ta-
6nuu (Tabn. 1.2).

Tabauya 1.2
¥Yron pedpakinn 11 601BIIHX 3eHATHBIX YIIOB

7 | 70°00 70°30" 71°00° 71°20" 71°40° 72°000 72200 72°40r

pr2367,9 | 24173 s 1L DMARY R X520 26574 2588 31027 4
7 | 7300 73°20° 73°40" 74°00" 7410 74°20 74°30 74°40
p | 30671 30070 3B59 13180 32075 | 302274 11132456 1:326",9
7| 74°50° 75°00" 757 10" 75° 20" 75°30" 75°40" 75°50" 76°00"
o[ 329%2 4 3310 | 383400 333675 133900 3476 | 34479 | 34679
| 76718 76° 20" 76° 30" 76°40" 76°50" 77700 77°10" 77200
p 3496 3825 | 3553 | 31882 40152 140473 L 40725 4’_10”,7
7| 77°30° 77°40" 77°50" 7800 78°10" 78° 20" 78°30" 7840

p | 41470 | 41773 | 42078 | 4244 (42871 | 43178 | 4357 | 4397
7| 7850 7900 710" 7920" 79°30" 740" 7950 S0 00
I 4»43”,9 4477 8 4’52”,[ 4’5(‘1".6 SrO]u‘] 5’05”,8 5'10”,6 5'!5”,5

KoopanHaTel 0HOIo M TOro Ke HebecHOro Teia, onpeaeleHHble ¢ 3eM-
JIM, pa3HbIC B PA3IMUYHBIX TOYKAX €€ NoBepXHOCTH. Takue KOOpAMHATH Ha-
3pIBAlOTCS monouenmpuyeckumu. OcobeHHO OUIYTHMO 2TO pasiuuMe st
cBetun, Haxopsimuxcs B npegenax ConHeuHoi cuctemsl (Comnue, JlyHa,
MIaHETHI, MAJBIE TeJa), OJIHAKO OHO HEe CYLIECTBEHHO [UIsl 3Be3[. 3aBH-
CUMOCTE KOOPJAMHAT CBETHJI OT TOYKM HabioneHust Ha 3eMJe cBsi3aHa co
CMELLEHHEM MPOEKLUHK CBETHIA HA HeDecHOol chepe, KOTOPOE HA3bLIBAETCS
HapauiakcoM. B cBsizn ¢ 3THM OCHOBHBIM CUMTAETCsl HalpaBleHUE Ha CBe-
THJIO U3 LeHTpa 3eman. OHO JaeT reoleHTPHYECKOE NOJIOKEHWEe CBeTHIA H
OTIPENENISIET ET0 2e0UeHMPUHECKUe KOOPOUHAMDbI.
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Yron mexy HanpaBeHUsIMU, 1101 KOTOPBIM BHIHO CBETHIO M’ U3 1ie HTpa
JeMiK 1 ¢ KaKo-HUOYAb TOYKHM HA ¢ NOBEPXHOCTH, HA3bIBAETCS CYMOHHBIM
napasaaxcom p’ cueruna (puc. 1.14). D1o yrom, nojs KOTOPLIM O CBETHIA BBIT
Oul Brien panuyc 3emin B Mecte Habonenns. s cBeTuna B 3eHUTE =0,
Fein cBeTiiIo Ha rOPU3OHTE, TO 3HAYEHHE P’ MAKCUMATBHO M HA3bIBACTCST 20-
pusonmatvnoiv napaasaxcom p. Y3 rpeyronsuukos TOM' w TOM nonyaum

R sinp” R

: W —=sin p.
AL sing’ A p

CrenoparenbHo, sin p’ =sin p-sinz’.

Tak Kak ropM3OHTANBHBIA NAPAUIAKC — BENMYMHA HEBONBLIAS (ana
Jlynsl B cpennem p =57, mia Connua p=8”,79, y niaaHer P < 1IN, o
P =p-sinzg’.

[opu3OHTATBHBI Napannake, BEIMUCAEHHBI LIS 3KBAaTOpa (IKBATOPH-
AnbHBI panuyc 3emin Ry = 6 378 Km), HAa3BIBAIOT 20PUIOHMANBHBIM IKEa-
MOPUANBHBIM NAPALIAKCOM D).

Paccrosanus no ren ConHeuHON CHCTEMBI MOXHO ONPEAETHTh C NOMO-
IbIO UX rOPU30OHTANILHBIX Mapasiakcos. Eciu 7O = R, — sxBaTopuanbHbIil

__ &
paguyc 3emnu, to A= . paccrosiHue ot ueHtpa T 3eM/iu 10 CReTH-
o

Na M. Tak KaK Rapaiakchl 04¢Hb MAJTbI [UISL BCEX TEJT, Kpome JlyHel, To (p, —
B YIJIOBBIX CEKYH/1aX)
”
g 206265”- R,

” ] .8
o (1.8)

z!

D A i 17 = 4
Pue. 1.14. Cyrounsiii napannake p’ ceeruna M’ u TOPU3OHTABH B Mapaiiake p ceeruna M:
R — panuye 3emnu; A — paccrosiiue o1 uenTpa 7' 3emau 10 cBeTHIA
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M3aMepeHme paccTosiHUil B acCTPOHOMHU Ha OCHOBE 3KBATOPUANBHOIO
pamguyca R, 3eMIH WK TOPU3OHTATLHOIO 3KBATOPHABHONO IMApalliakca
wcnonb3yercs Ak B npeaenax ComHedHoit cucrembl. s M:BM?D(:HHFI
PACCTOSIHUI 10 3BE3/1 B OCHOBY MOJIOKEH CPELHHI pannyc opbuThl 3eMIH,
paBHBIil | a.e. i -

Vrof, noj KOTOPLIM CO 3Be31bl ObUT Obl BUAEH CPEIHWH panguyc 3eMHOH
OpOMTEI @ TIPU YCIOBHH, 1TO HAMIPABASHUE HA 3BE3/lY NEPNEHIMKYJIAPHO pa-
LMYCY, HA3BIBAETCH 200U4HbBIM HaApaiiaKcom 36e30vt 1t (puc. 1. 15).

T M

Puc. 1. 15. Topuunbiii napaniakce 3sesist M:
C — Conuue; T — 3emns

Paccrosinue A ot 3sezanl M 1o ConHua C MOXET OBITh BRIPAXKEHO TakK:
a ”
A=——[Mockoneky m < 17,70 mnst 3Be3/t (T — B CEKYHAAX tyTH)

singm
206265"-a
AT

”

T

(1.9)

[pu = 1” paccrosinuie A =1 napcek = 206 265 a.e. (ITapcek (nk) —
napannake B cekyHay.) Eciu pacctogHue BbIpaXaTh B napeekax, To thopmy-

1
ny (1.9) MOXHO 3anucarh B BUIe A= "

B ta6u. 1.3 npeacrasieHbl COOTBETCTBHA PAa3IMUHBIX CIMHHIL PACCTOH -
HW$, UCTIONB3YEMBIX B ACTPOHOMMH.

Tabnuua 1.3
Co0TBeTCTBHE MEH /1y eIHHHLIAMHA PACCTOAHKA, HCNO/Ib3YeMbIMH B ACTPOHOMUN
EIlHHHllI-l KM a.e. CB. roasl nK
1 k™ 1 6,6846-10 7 1,057- 107" 3,2408- 107"
| ae. 1,49598 - 10° 1 ;58131072 4,8481-107°
| ¢B. rox 9,4605- 10" 63 240 I 0,3066
1 nx 3,0857. 10" 206 265 3,2616 1
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Habmionarens nvmecte ¢ 3emeit aBuskeres no opbure Bokpyr Comia,
1P 9TOM HarnpasieHue Ha BIM3KYI0 3Be3ly MEHSETCs, a 3Be31a OTIUCHIBAET
QKne Ha HebecHoii cdepe B TeueHUe rojia. DTOT IUTUIC, KOTOPLIH HA3BI-
BAETCH MapaiakTu4ecKuM, TeM Gobiie ¢xat (OT OKPYKHOCTH 40 OTpe3Ka
WIW Jiyru), yeM GnsKe 3Be3ia K 9KaunTuke. PasmMep ero Tem MeHsblle, gem
Jisiie 3sesna ot 3emaun. bonbline MOMYOCH napastakmuveckux amauncos
PANHBI FOOMYHBIM NAPa/IaKCaM 3BE3/.

Eie onnn dakrop, cBszaHHbBINA ¢ ABUXEHHEM 3eMIU W H3MEHHIOUTH
HOJIoXKeHUe ceeTun Ha HebecHoit cdepe, — abeppaums. Dro spieHue 3a-

WIIOMAETCs B TOM, YTO ABHKYLIHICS HAONIOAATE/ b BUAUT CBETUIIO HE B TOM

HAIIPaBAEHNH, B KOTOPOM OH BHAEI OBl €T0 B TOT € MOMEHT, €CTU Obl HAXO-
JLiiicst B coctostium nokost. [ox abeppatiueit 4acTo NoHUMAKOT YIoJ 0 MEX-
Jly HABJTIONaeMbIM (BUANMBIM) W HCTHHHBIM HATIPABIEHUSAME Ha CBETUIIO.

Abeppauusi — 3TO PeNIATHBUCTCKUIT 3EKT, CBA3AHHBII ¢ KOHEUHO-
G110 ckopocTH cieTa. [pencranum, uto ¢ 3emiiu, ABUXKYLLIEHCS CO CKOPO-
CThi0 v 1o opbute Bokpyr Co/Hia, HAGIIONAIOT B TEJECKOM 3a 3BE3N0M ¢
JKIMATHYECKOi wupotoit B. Ecau 661 ckopocTh cBeTa ObLIa 3HAYUTEIbHO
Bbile ¢ (WK GecKoHevHa), TO IBUKEHUEM 3eMIH MOXHO BBLIO BBl NIpeHe-
Opets (Bpems MPOXOXIEHUS CBETOM TyGyca TEJIECKOMNa 0T 0GbeKTHRA 10
OKyJIsipa MOXHO ObIIO Dbl CHMTATB PABHBIM HYJTIO) W 3B€312a Obl1a Okl BUIHA
I} TOM MecTe HeDa, re OHAa HAXOAMTCS Ha caMoM Jeie. ONHAKO U3-3a KOHEu-
HOCTH CKOPOCTH CBETA, YTOOBI YBHIETL 3BE3/LY, TEECKOI CJIEAYET TOBEPHYTH
Hil yron abeppallHOHHOTO CMEIIEHHS O:

sino:g-sine. (1.10)

’ v
Tak kak yron o mast, To 0 =206265"-—-sin0. 3necs O — yriosoe paccro-
&

JIHIE BUMMOTO HANPABJIEHHST HA 3BE3/ly OT TOYKK Heba, B KOTOPYIO HATIPaB-
lieHa cKopocTh Habmwonarens (anexc aBvXeHWs Habaoaarens); v — CKo-
POCTH 3eMIN; ¢ — CKOPOCTh CBETA.

IoBepHys Tejeckon Ha Yroll O OT UCTMHHOTO HAMPaBIeH!s HA 3BE3NY,
MUl l0BMBaeMCs CIeYIOIEro: ToKa Jyd CBETa TIPOXOJNT DACCTOSHUE OT
OOLeKTHBA TeTecKoma 10 eT0 OKYyJisipa, HabmiofaTeNnb BMecTe ¢ 3emiieii cMe-
HIACTCH B HAMpaBIeHWH alleKca Ha HEKOTOPOE PACCTOSTHUE TaK, YTOOK €ro
1143 ((hoTonprueMHOE YCTPOICTBO) «BCTPETUIICH» C JTIYHOM CBETA, MCXOMH-
UMM OT 3BE3/IBL.

IMockonbky HaGmogaTes b YHACTBYET B CYTOYHOM BPALLEHUM 3cMITH M
I roanuHom ee aevkeHHM (v= 29,78 kmM/c) Bokpyr CojHua, pasidya-
W01 cymounyio v 200unnyto abeppauuu. B pesynsrare TOIWYHOTO JBHKEHMUS
0% 207,496-sin® = 207,50-sin0® (k, = 20,496 = 20”50 — nocrostHHas
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abeppaumm), a BUAHMBbIE TIOJIOXEHHS 3BE3/1 OITHCHIBAIOT afeppauuoHHble 34 -
auncel ¢ nonyocssmu 207,50 u 207,50 -sin 3, roe B — aknuMnTHYECKAs TMpoTa
3BE3/bI.

JInHeiiHas cKOPOCTb TOYEK TOBEPXHOCTH 3emild, OOYCIOBIIEHHAad ee
BpalUEHMEM, 3HAYMTEEHO MEHBIIIE CKOPOCTH NBHXEHUS 3eMIM M0 opOuTe
(st TOUEK Ha sKBaTtope 464 M/c) M npeHebPeXMMO Masla Mo CPABHEHHIO CO
CKOpPOCTBIO cBeTa. [103TOMY CYTOUHYIO abeppaluio 00bIYHO HE YUYUTBIBAIOT
[IPU OIpPeLeIEHUNA KOOPAUHAT HEDECHBIX OOBEKTOB.

HM3amepeHus yrioBeIX pazMepoB HeBECHBIX 00BEKTOB U UX CYTOYHBIX ITa-
PaIaKCcoB (C YY€TOM MONpaBoK Ha pedpakiivio 1 abeppalinio) rmo3BoJsoT
ONpeneNaTh THHeHHbIe pasMepsl U dopmy Tea (puc. 1.16) (kak npapuno, B
npenenax ComHeYHOM CUCTEMBI), A TAKXKE paccTosHIs 10 HUX. TTpu atom 3a
OCHOBY MPUHUMAIOT 3KBATOPUANBHBINA panuyc Jemiu Ry

P
r=R-—, (1.11)
& Po

TOE 0 U F — YIJIOBOM M TMHEHHBIN (HanpuMep, pajauyc) pasMepsl Tena; p, —
€r'0 2KBATOPHAJILHbIH FOPHU30HTAILHBIA [apasiakc.

Pue, 1,16, Onpenenerne pazmepos u hopmsl Tesr CONMHEMHOW CHCTEMBbL:
P U p, — YIIOBOH PALMYC H FOPHIOHTANLHBI JKBATOPHANLH I TTAPAIUTAKC CBETHAA M ¢ pauycoMm r

Ecnu 0b1 3emns 6112 chepoii u 0bnanana ceoiicTBAMU abCOIIOTHO TBEP-
JIOTO TEIA, TO OHA BPAILANAch Obl KakK €AUHOC LEJIOE C IMOCTOAHHBIM MEPHO-
[IOM M [IOCTOSHHLIM HAIIPABJIEHMEM OCH BpALLEHUs B [IpocTpancTre. OaHa-
Ko 3ems 67u3ka K chepouny, v ee NMPUTIKEHWE KAKUM-TUO0 TenoM L
MOXHO PA3JIOKUTh HA TP CHJIOBBIE cocTasisiomme: F, F, F (puc. 1.17).

Mockonsky | F, |>| F, |, To chta npuTskeHus TeioM L CTPeMUTCs 1oBep-
HYTb OCb BpauieHns cchepounna Py Pgtak, uToOb IIIOCKOCTL IKBATOPA COBMasa
c HanpaBneHuem TL. B aTom ciryuae ock Py PgOyner nepeMelarhes B HaNpan-

JEHUM, MEPNEHANKYISIPHOM K [UIOCKOCTH, B KOTOPO# Jiexkat cunsl Fi n F,. Ha
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SKBATOPUATILHEIE BBICTYMBI 3eMIU Neli- 2L
CIBYIOT CHJIBI TIPUTSKEHHUST CO CTOPOHDL F
Jlynst n ConHua, U och 3eMJIM COBEPLIAET

CIOXKHBIE IBUXCHHS B IPOCTPAHCTERE.

Ipexne Bcero, ock 3eMJIH ONMUCHIBAET
KOHYC BOKPYD OCH 3KJTHMITHKY, OCTABAACh Py
1o yrmom 66°34° k ee miuockocTH. D10
JIRMKEHWE HA3bIBAETCH NpelecCHOHHbIM,
¢ro nepuon oxono 26 000 set. INonrockr Fy
MMpPA 32 STOT JKe TTEPHO TOXKE ONUCHIBAIOT T
QKOO TIONOCA KIUITUKU KPYrd Yrjio-

BBIM paguycoMm 23°26°. Dta npeueccus,
phi3biBaeMast aeiicteuemM JlyHel 1 Connua,
UMEHYETCH AYHHO-COAHEHHOI]. Pg

Kpome Toro, ock 3emiin cosepluaer
MaJible KoJieBaHus OKOJO CBOET0 CPEJHEr0
nonoxeHusi. TTPOUCXOOUT TaK HasblBae-
Masi HyTanus 3eMHOH OCH. DTO CBA3AHO C o
HEMpPepbIBHLIM NEPHONMUECKIM H3MeHeHueM £ u £ (puc. 1.17) no reanum-
He W HarpasneHuio. OCHOBHOE HYTALMOHHOE KosiebaHue coBepiiaercs 3a
nepuon 18,6 roma, KoTopelil pareH mepuony obpauieHusi JIYHHBIX Y3JI0B.
BeaenacTBUe 3TOMO NOJIIOCK MUPA ONUACHIBAIOT Ha HebecHoi cdepe amnun-
Chl, GOMBIIME OCH KOTOPLIX paBHbl 187,42, a Mmansie — 137,72,

[IpuTsKEHHME TUIAHET CIMLLKOM MAaJIo, YTOOB BIMATE HA MOJOXEHHE OCH
BpalleH st 3eMIH B ITPOCTPAHCTBE, HO OHO M3MEHAET MOJIOKEHHE TI0CKO-
CTH 3eMHOM OPOWTHI, T.€. TNIOCKOCTH 3KJMITHKH. DTO TaK HalbIBaeMad naa-
Hemapnas npeyeccua, KOTopasi CMELIAeT TOYKY BECEHHETO PABHOACHCTBHUS K
Bocroky Ha 07,114 B rox. '

B pesynsrate JTYHHO-COMHEUHOH M IIaHeTapHOW MpeLeccHit nuamens-
H0TCS TIONOXEHNS KaK HeGecHOro 9KBaTopa (Mojca MUpa), TaK U SKITUTI-
tuku. Touku nepeceyeHuss HeGECHOrO JKBATOpA C SKIWNTHKOW (TOYKM
PABHOJAEHCTBUIT) MEUIEHHO NMEPEMELLAKOTCA OTHOCUTENBHO 3BC3/ K 3anay.
B pesynbrare KoopauHatel (a0 W &) CBETHJI C TeYEHMEM BPEMEHH H3MEHS-
foTcs. CKopocTh nepeMeleHmst TOYKH BECEHHEr0 paBHOAEHCTBUS 3a O
1=360°/26 000 =50",26 (obuas rofosas npeleccus B sKaunTHke). 06-
mast TonoBasi mpeLeccust B dkBaTope m = 507,26 cose =46”,11. Tak Kak
rouka Y’ u CoNHIE IBUXKYTCS HAaBCTPEUY APYI APYry MO 3KIUNTHKE, TO
CoJlHle TPUXOOUT B 3TY TOYKY PaHbIlE, YeM €cli Obl OHa ObLIA HEMOI-
BIGKHA (Mpeleccuio Ha3bIBAIOT TAKXKe TMpeiBapeHWEM pPaBHONEHCTBUA,
nart. praecessio — npeapapenue). [1o 3T0H MPHYKMHE TPOIIHYECKHH TO NPH-
MepHO Ha 20 MUH Kopoue Nepuoaa obpatenus 3emin Bokpyr Connua, Ha-
3BIBAEMOTO 36e30nbiM 2000Mm (365,2564 CpeIHUX COMHEYHBIX CYTOK).

Puc. 1.17. TlputskeHue ceponna
BHEILIHUM TeaOM L
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Ecnu, nabnionas 3ses/ibl, MCKIIOYHTE BIAMSAHUE MPELECCHH, HYTATIHN
abeppauuu ¥ Napatnakca, TO MOXHO BHIIEIMTH COBCTBEHHOE nnumeﬂné
3Be3/l. CoGCTBEHHLIM ABHIKEHHEM 3BE3/IbI |1 HA3bIBAETCA €6 BHANMOE YIIOBOE
nepeMellicHue no HebecHoM cdepe 3a T0/1, BLI3BAHHOE €€ JIBUKEHHEM B TIPO-
CTpaHcTBe OTHOCHTENBHO ConHua. BoibiHHCTBO 3BE3/1 MMEIOT COBCTBEH -
HBle OBMKeHHs nopsinka 07,01 nu6o 07,001. Camoe GOMBILOE M3BECTHOE
3HaueHue p = 107,36 y ssesnel baphapna («Jleraweit bapHapaa).

CoOGcrBeHHOE IBIDKEHME 3Be3Mbl U (pUc. 1.18), obpasyiouiee ¢ HanparieHHEM
K CeBEpHOMY MOJTIOCY MHPA YTOJI (p (OTCYMTBIBAGTCSI [IPOTHB YaCOBOH CTPEJIKH)
[IPOMCXOIMT MO JIyre OOJIBLIOTO KPYTa i MOXET OBITh PAZIOKEHO HA IBA r.omno:
HEHTA,  UMEHHO [, — COBCTBEHHOE JBHKEHHE 1O TIPSIMOMY BOCXOXKICHUIO (B
HACOBOH MEPE) U [y — COBCTBEHHOE IBUKEHWE MO CKIOHEHHUIO (B YITIOBOI Mepe):

=y + (15, -cosd)’;
My =L COSQ;
151, -cosd=p sing. (1.12)

3Has H3MepeHHOE COOCTBEHHOE ABMKEHUE 3BE3bI, MOXHO PACCUMTATS ¢
TAHTEHLIMATbHYIO CKOPOCTD v, (CKOPOCTh, TIEPIEHIMKYISIPHYIO Iy4y 3peHuUs!):

”

T}
T[”
4 TAKXe MOJIHYIO CKOPOCTh 3BE3/1HI B IIPOCTPAHCTRE;

v=lo} +12, (1.14)

TIE v, — JIy4eBass CKOPOCTH (CKOPOCTB BIOJL JIy4a 3PEHHSL), KOTOPYHO MOX-
HO ONpeneuTh 13 paccMortperus apdekra Jlomnepa (cm. rnasy 3).

P

v, =4,74-— km/c, (1.13)

N
5 Hs
n
X s
M - cos S Y
d
! Hebecurii
s IKBATOP

Puc. 1.18. KOMIOHEHTBI COBCTBEHHOTO JIBHKEITHS 3BE3/bI
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Bonpocet u 3adanus 043 camonposepku

1. Ecnu pedpakuusi MPUTIOAHUMAET CBETHIO Hall TOPU3OHTOM, TO Kak
HM3AMeHsieT HebeCHBIE KOOPIHHATEI CRETHI CYTOMHbIIH napaiake?

2. Kak 3aBUCST OT PACCTOAHMS CYTOYHBIIA U TOAMYHBII napauiakcsl?

3. Bo cKOMBKO pas roguyHas abeppatus 6osiblie CyTOUHOM?

4. Tlouemy MPOUCXOAUT MPELIECCHs U HYTALMs 3eMHON ocu?

5. Kak mpeleccust 38MHOH OCH CBfI3aHa C NPOMLOJIKUTENBHOCTBIO TPO-
MUYECKOTO W 3BE3IHOTO TON0B?

6. TTouemy 3Be3iHbLH TOL ATHHHEE TPOMUUECKOrO?

7. TloueMy NpeLECCHOHHBIE SIBACHNS BBI3BIBAIOT U3MCHEHUS 3KBAaTOPHU-
aNbHBIX KOOpAnHAaT?

8. B kakoMm ciy4ae HeJb3s OOHApYXMTh COOCTBEHHOE ABUKEHUE NaXKe
Anst 6113Koro HebecHoro oobeKTa?

Tpumepot pemenusn 3adax

3amaua 1. Coszpezgue OpHoHA MMEET IKBATOPHANBHBIE KOOPAMHATHI
o= 6" d ~ 0°, a cosesnue HOxHOi KopoHbl — KOOpAWHATHL O = 18,
8 ~ —40°. KaKOBBI YCITOBUS BUIMMOCTH 3THX co3Be3anit B Muncke ceituac?
Kakumu onu 6yayr yepes 13 000 ner?

Pemenue. BbisiCHUM YCIOBUSL BUAMMOCTH 3TUX CO3BE3AMI B MUHCKe
(@ = 54°) B HacTosiiee Bpems. Y OpuoHa a = 6", 4TO 03HAYAET BEPXHIOIO
KYJILBMUHALIMIO B IOJIHOYEL 3UMO#, BLicoTa co3Be31us B BEPXHEH KYIbMHHA-
My Takas xe, kak y ConHua B konue Mapra, T.e. 36°. ¥ lOxHoii Kopombl
a =~ 18", yro o3HauaeT BEPXHIOW KYNBMHHAIMIO B IOJHOYb JIETOM, @ Bbi-
cota B BepxHeil KynbMuHaLMK npuMepHo —4°. Takum 06pa3om, cossesnne
OpyoHa X0polio BUIHO 3uMoit, a KOxkHas KopoHa He BUIHA COBCEM.

3a 13 000 ner (monoBMHA TEPHOAA MPELECCHM) TUIOCKOCTh 3KBATOPA,
COCTABNSIOIAA Yyroma € = 23°,5 ¢ MAOCKOCTBIO SKIHNTUKM, MOBEPHETCS Ha
180° pokpyr ocu akauntiky. Yepes 13 000 net BCaeACTBHE MPELECCHN DK~
BATOPHATBHBIC KOOPIMHATEI COCTABSAT:

0 wis Opuona: o = a+ 12" = 18" & = 6—2e=—47";

Q ans FOxwHoi Koponst: o = a+12"=6"; 8 =8+2e = +7°.

Cospesane Opuona OyaeT B BepxHeH KYTbMHHALMW B MTOTHOYb JIETOM,
a BBICOTA €r0 B KyJbMMHALMK COCTABUT —11°, TAK YTO 3HAMECHHTHIN MOAC
OpHoHa | IPYTHE KPACOTHI TOTO CO3BE3/MSA YEPE3 13 000 ner cTaHyT HELO-
erynHbl MuHYaHaM. 3ato FOxnaa KopoHa, KOTOPYIO Helb3s YBUIETH ceii-
yac, 6yaeT Xxopolio BuaHa B MUHCKE 3UMOIi, KY/JIbMUHUDYA HA BbICOTE 43°.

3anaua 2. B obcepsaTopuu 1o mupoToit 55°45°20” uamepeHHoe 3¢HNT-
HOE pacCTOSIHWE 3BE3[bl B BEPXHEH KyJIbMHUHALMH COCTABUIIO 47°59748".
Yemy paBHO CKIIOHEHMWE 3BE3MbI C YIETOM cpeHei pedpakiiuu?
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Pewenne. VictunHoe 3eHUTHOE PACCTOSHME 3BE3/ILI C y9eTOM pedypakimm
z=7"+p. Cyuras armMocepHBIE YCIOBHS HOPMATLHBIMU ¥ YUHTHIBAsi, 4TO
7 < 70°, mompasky Ha ped)pakLMIO MOXHO 3aM1carh TaK: p = 60”,25 tg (z")=
= 667,91 = 1’7", dnst chopMyIMpoBaHHBIX B 3aa4e yeaoBuit z = 48°00'55”.
Tak Kak 3se31a HAXONUTCS B BePXHEH KYTBMUHALIMM, OTIPENEUM €€ CKITOHE -
Hue: & = @ —7=>554520" —48°00"55" = 7°44'25".

3adauu daa camocmosmenvrozo pemenus

1. Mi3mepenHasn ¢ 1ef0K01a OMYHOUHAS BHICOTA HUXKHETO Kpad CoHia
coctasnsiia 14°11°5”. Cxnonenne ConHua B a1ot aeHs +21°19°34”, yrnosoi
panuyc 15°47”. Onpenenure ¢ yuerom pedpakLum WMPOTY, MOL KOTOPOil Ha-
XOJUNOCH CYIHO.

2. HaGnionast Ha MEpMAMAHHOM KpYre HEAABHO OTKPBITYIO MAYIO /1A~
HETY, ACTPOHOM OTIPE/IC/INII, YTO €€ BePXHSIst KyThMUHALIMS MPOU30LLIA HA
BhicoTe 37°19°55” B 5"18”14° no 3Be3uHbIM yacaM, UMCIOLIMM MOMPABKY
(em. § 1.5) =3"19". Tpu 11X ycaosuax nonpaska Ha pedpakiuio Gsuia 1737,
Kakosul koopannatet o u & nuaners? Lllnpora obcepsaropun 43°19°17,

3. Buusiet v pedppakiinst Ha 06¢ IKBATOPUATBHBIE KOOPAMHATH CRETHII
MJIM TOJILKO HA OHY M BCETAA JIK 3TO [POUCXOIUT?

4. Bnuder v pedpakius Ha 0be IKTHITHUCCKHE KOOPIAWHATEI CBETHJI
WJIH TOJILKO Ha OAHY W BCETJIA JIM 3TO TIPOUCKONUT?

5. * Ha ckonbko aeitctsue pedpakiiu yuIMHSAET MPOAOIIKUTEHHOCTD
IIHs Ha 3KBaTope 3emun?

6. * MOXHO 11 OIHOBPEMEHHO BUIETH Hal ropu30oHTOM CONHIIE 1 OJI-
Hyo JTyny? OTBet obocHyiite.

7. YBENM4YMBAET WAM yMEHbIAET pedpakius BHIMMBIE AWAMETPHI
Connua n JIyHel okono ropuzonTa?

8. Tlo usmepennsm ropusoHTansHbIi napamiake Comia pasen 87,7940,
Onpenenure paccrosiime ot 3emn 10 CollHLA 1 OLEHUTE NOFPELIHOCTE Pe-
synvrata. Paguyc 3emity npuHsTh pasHbiM 6371,03 kM.

9. 3Be3na COBEPIIAET B MUIOCKOCTH SKIMITUKH BHANMBIE KONEGAHUS B
npesienax yria 60 = 41”. Onpenenure ckopocTs 3eMiTH 110 opoHTE.

10. * ¥V Anvraupa (a Opia) roanansiii napamnake it = 07,198, a ero co6-
CTBCHHOE ABMXKeHue = 07,658, aydyepas ckopocts v, = —26 KM/c U
Brieck m = 0",89. Koraa 1 Ha kakoe HauMeHbLUee PACCTOSHHE Ansraup cbam-
surest ¢ Connuem? Kakoil Gyaer Torma ero BUIMMAs 3Be3AHAs Be/IHYMHA (mnst
OTBETa Ha 3TOT BONPOC HEOBXOAMMO O3HAKOMHUTBCSI C COIEPKAHMEM TTIaBbl 3)?

1. B kakoM HanpaBieHuu (caeBa HaNpaBo Win crnpaBa HaJeBO) nepe-
MEILACTCS MU3-3a MPEIECCH M TOUKA BECEHHETO PABHONEHCTBHMS?

12. * Koopaunater Cupuyca takosbi: o = 6"41", § = —16°35". Ero co6-
CTBEHHOC ABMXEHWE M0 NpPAMOMY BocxoxaeHuio w, = —0°,0374, a cob-
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CTBEHHOE ABHXKEHHE M0 CKIOHeHHIO [y = —17,209 B roa, nyuepast CKOpocTh
w, =—7,5 kM/c, mapanmnakc ;= 07,38. OnpenennTe NMOJHYIO MPOCTPaH-
CTBEHHYIO cKopocTh CHupuyca oTHocHTe 1 bHO COoNHLA W yrod, 0dpasyeMsbli
BEKTOPOM CKOPOCTH € JIY4OM 3PEHMUSI.

13. * VYrnoBoe paccTOsHHE OT TOYKM Ha HeDecHoM cdepe, B Hampape-
HUHM KOTOPO# ABMXETCs cKomyieHWe [Wansl, 10 0fAHOM M3 3BE3/ 3TOTO CKO-
rIeHus ¢ coberBeHHbIM apikeHueM [ = 07,103 cocrasnsier 23°,0. Jlyuenas
CKOPOCThL 3TO# 3Reanbl v, = 45,0 km/c. Onpenenure paccTosiHUE 10 3BE3/-
HOro ckomieHus [anbl.

1.5. 3apauu npaKTHYECKOH ACTPOHOMMH

Haubonee mpocTeie W DOCTYMHBIE CHOCODLI M3MEPEHMSI TTOJIOXKEHMsI
CBETUJ1 CBS3aHBI C WCMOMb30BAHMEM TOPU3OHTAILHONW CUCTEMBI KOOD-
anHat [is M3MEPEHMS YIJIOB B 3TOM CHCTEME MOJIb3YIOTCH NEPEHOCHBIM
ONTHYECKHUM [IPUOOPOM — YHHBEpCalbHbIM HHCTpYMeHTOM (YM), a tak-
Xe Donee MpOCTBIM — TeodoauToM. 1o BEpTHKANBHON LIKale yCTaHOB-
JIEHHOTO CTPOro ropu3onTaibHo YW MOXHO OMpeaenuTh BEICOTY A (Mnu
3EHUTHOE paccTosHue 7) ceeruna. Ero asumyT A onpenensiercs no ropu-
30HTH_IIbHOi/i wkane. ToUHOCTh HAaXOXKAEH WA a3y MYTa 3aBUCUT OT TOUYHOCTH
ofpejie/ieH s MOMoXKeHUsT HeDeCHOro MepHaAMaHa B MECTE M3MEPEHUH U
€ro OTMETKHM Ha uiKane npudopa.

CrutoHeHue O 1 NpsIMOE BOCXOXKICHHE O 3Be311 (PUKCUPYIOTCS B ACTPOHO-
muuyeckux obcepsaropusix. Criocod onpeneneHus 3KBaTOPHUANIbHBIX KOOP-
JIMHAT CBETHJT HA3BIBAETCS @fCOAIOMHBIM, ECIIM OH HE 3aBHCHT OT paHee ycTa-
HOBJCHHBIX O, & U He OMUPAGTCST HA U3BECTHBIE KOOPAMHATBI APYIUX 3BE3/L.

ABCOMIOTHBIM CMOCOOOM MPOLLE BCErO HANTU CKJIOHEHHS HE3aXOIAIIMX
cBeTui1. M3mepuB z,, U Z;, (3EHUTHEIE PACCTOAHMWA CBETHIIA B BEPXHEH M HUXK-
HEW KYJbMHHALIMSIX) M YUHTEIBasH pepakLmio, MOXHO BBIYUCIUTE Zy U Ty,
Jlajee 13 COOTHOLUEHMIT U151 BEPXHEH M HHXKHEH KyJIbMUHALIWIA

2, =X(@—90) u 7, =180° —@—6

onpenenum o:

T
§=g0°—Zue T 5 o ecnn > 8;

Lue T ecnn 6> @, (1.15)

0=90"— 3
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leozpaghunecicyio wupomy @ MOXHO YCTAHOBUTE, HATIPUMED, € HOMOLLBIO
Hab/II0neHHNIT B MOMEHT KyJAbMUHaLUK cBeTHI. Tak Kak B KyJIbMHHAIIMH Ya-
coBoii yron f coctapnsiet 0 uam 180°, To:

U @ =0+z, ec/im CBETMIIO HAXOAMTCH B BEPXHEH KyNbMUHALUM K 1OTY
OT 3€HUTA,

U @ = d—z, ec/IM CBETUIIO HAXOJHTCA B BEPXHEH KyJIbMUHALIMH K CEBe-
Py OT 3eHUTA;

O @ = 180°— 08—z, ecliv CBETW/IO HAXOANTCS B HHKHEH KYIbMUHALIMN.

M3mepeHne npsMoro BOCXOXIeHHs (L CBA3AHO C PACUETOM TOYHOIO Bpe-
MEHU — costHeuHoro (T) u 3pe3nHoro (s).

3anadya onpefeiieHMsi TOYHOTO BPEMEHH CBOAMTCS K BLISICHEHHIO MO-
MPaBKK 4acOB UK XPOHOMETpA.

[Tonpaskoii 4acoB 1 Ha3BIBAETCS PA3HOCTL MEXIY TOUHBIM BpeMeHEeM
T (min §) 1 nokasauusiMu 4acoB 77 B HEKOTOPbI MOMeHT. u= T— T’
uin 7'= T" +u. [py atom, ecau u > 0, TOBOPAT, UTO YACKI OTCTAJIH, ECIH
u =0 — yacel TOYHBI, ecin 4 < () — yacwl yILIN BIEpes.

M3-3a HECOBEPIIEHCTBA HACOB M B PE3YJIBTATE BIMAHUA BHELHEH CPEibl
u # const. M3MeneHue monpaBkH 4aCOB 3a ONPEAENEHHbIH MPOMEKYTOK
BPEMEHHM HA3BIBAETCS XOJ0M YACOB ()

_nhu
w -1 (1.16)

TakuMm obpasom, ® > 0, ecin & yBenuyuBaeTcs (Yacel OTCTAIOT), W

@ < 0, ecny ¥ yMeHbInaercs (Yachl cremar).

Ha ocroBanum chopmysel (1.16) MOKHO NOMYYUTE TTONPABKY U151 JTIOGOTO
sHaveHus Tmexny T n Ty, re. =y, +m-(T— Tl’).
C noMou1bio HAGMIOIEHUIT OObIYHO ONPEAEIAIOT MECTHOE 3BE3NHOE Bpe-

MH 5, @ 3aTeM — MECTHOE CPE/IHEe CONHEUHOe Bpemst 7, KOTOPOE MOXHO
BLIPA3UTE B JTIO00M APYTON CHCTEME CUETA BPEMEHU:

s=T'+u=a+t, win u=a+it—T77, (1.17)

IIe o — MpsiMoe BOCXOXKIEHHME HEKOTOPOTO CBETHIA; I — €ro 4acoBoii yro.
Ecnu otmevalor nokasaHue 4acoB B MOMEHT BEpXHEiH KyJbMHHALIMM
(1=0), Tou=a—T", a ecniu B MOMEHT HMXHEit KyTbMuHaLK (£ = 180°),
Tou=a—T+12"
Ha usmepenun u OCHOBAH MeTO/ OnpeneneHus ceoepaguteckoi doaeo-
mot A. Ecom T, — MecTHOe BpeMst Kakoro-1nbo MepuanaHa ¢ BOCTOUHOI 10J1-
rotoii A ot [punsuua, a T, — scemuphoe Bpemst, oA =T, —T,, T, = T" +u,

Ty = T’ +uy. CnenoparenpHo, A = u—u,. [PUHBAYCKOE BPEMSI MOXKHO Y3HATh
N0 CHPHAJIAM TOYHOTO BPEMEHMU 110 panuno, a T, — ¢ NoMOLIbLIO HAaBGAI0neH I,

m
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ABCOMOTHBII METOI Onpene/icHUs: o TPUMEHUM TOJILKO K SIDKUM 3BE3-
naM (MX Ha3bIBAIOT YaCOBBIMM), KOTOPbIE BUAHbI AaXe AHEM Diarogapst or-
THUeCKUM MHcTpymeHTaM. [lo TwareabHO OTPETryIMpPOBAHHBIM 3BE3AHBIM
yacaMm CHUMAIOT MOKa3aHUs 9THX YACOB §{, 53, ..., 5, B MOMEHT BEPXHHX KYJb-
MUHALMI 3THX 3Be31. B MoMeHT BepxHeit kynbMuHauuu CoNMHLA TAKKE OT-
MEYAIOT NOKA3AHMs 3BETHBIX YACOB Sg U U3MEPAIOT Cro 3¢ HUTHOE PACCTOSsI-
HUE Zg. [10 M3MepeHHOMY 3eHMTHOMY paccTosiHuio ConHUA Zg 3aTEM
BBIYNCIISIIOT €TI0 CKJIOHEHHE O 1 NPAMOE BOCXOKIEHHNE Ug!

tg0g

sinag = s (1.18)

rae € = 23°26" — yroj Mexjy HeDeCHBIM 3KBATOPOM U IKJIHNITHKOM.

DTU UIMEPEHUSI TIOBTOPHIOTCS MHOTOKPATHO, YTOOLI JIOCTUTHYTh BBICO-
koit Tounoctu. HaGmogenuss ConHua, OYEBUIHO, HYKHbI TOTbKO 1S K-
calnMy Ha HeBecHOM cepe TOYKM BECEHHEro PAaBHOAEHCTBUS. 3aTeM [0
hopmyJic s = (g = 5§ + 1 ONPEICAIOT NONPABKY 4aCOB HA MOMCHTBI HaOI10-
nenust Cosnua, a mo BeipaxeHuio (1.16) — xon yacos w. [lonpasku 4acos
Ha MOMEHT HabJoAeHUs 38e3, cornacHo Qopmyse (1.16), HAXOAAT U3 Bbl-
paxeHusiy, = u+-(s; —5p), tne i = 1, 2, ..., n. Tak Kak a; = 5/ +u;, nony4nm

o, =5 tutw-(s—sg). (1.19)

TTpsaMble BOCXOXKAEHUS M CKIOHEHNS OCTAIBHBIX 3BE3/L N APYTuX Hebec-
HbIX TEJl PACCYMTBIBAIOT, KAK PABWIO, OMHOCHMEAbHbIME Wil dudihepen-
WU@ALHBIMI Memodamu, OTTATIKHBAACh OT YXKe W3BECTHLIX 3HAYeHHi a 1 O
YACOBBIX 3BE€3[1, KOTOPbIE ONPE/ETEHBl C MOMOLLLIO A0COMIOTHBIX METOAOB.

3Hasi TOYHbIE 3HAUEHHS CKJIIOHEHHM O CBETHIA M LUMPOTHI () MECTHOCTH,
MOKHO PACCUMTATD XAPAKTEPUCTUKH, CBSI3aHHBIE C BOCXOJA0M M 3aX0J10M He-
HecHOro 0O BEKTA.

BripaskeHus JUlsl BLIMUCIEH S MOMEHTOB BPEMEHU M a3UMYTOB gocxoda
W 3aX004 céenua MOXKHO rmony4uts u3 popmyn (1.1). dns yacosoro yria /

cosz —sin@-sind

cosf =
cos@-cosd

[Tpu BOCXOAE M 33X0MIe BUAMMOE 3EHMTHOEC pacgmsmne z,’ = 99". W3-3a
pehpakuuy MCTUHHOE 36HUTHOE PACCTOAHHE i=2 tpy =23+t %5 , 4 U3-3a
CYTOUMHOTO TOPH3OHTANIBHOIO NapallaKea z = & —p. Hrak, =2 +pgy—p =
= 90° + pgy—p.

Jlnsa ConHua v JIyHbl KOOPAWHATBL OTHOCATCH K LEHTPY UX BUOMMOIO
JAMCKA, 2 BOCXOLOM (3aX0I0M) UX CUMTAETCH MOMEHT MOSIBJEHHUS (UCUE3HO-
IEHMA) HA TOPU3OHTE BEPXHEH TOYKK Kpas aucka, CleN0oBaTeNbHO, HCTHH-
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HOE 3EHHTHOC pacCTOAHHE LCHTpa AUCKAa 3THUX CBCTUIT B Il&HHbIFI MOMEHT
Oyner GObLIE 3eHMTHOTO PACCTOSIHUA BEPXHEH TOYKM Kpasi IMCKA HAa Be-
JMYMHY BUIMMOTO yriaosoro panuyca R nucka (v Connua u Jlyael R = 16).
B obuiem cnyyae npu BRIYMCIEHUN YACOBOTO YIJIA CBETHIA B MOMEHT BOC-
XO/a M 3aX0/a Hano npuHumMath = 90°+py,—p+ R:

g cos(90° +pg, — p+ R)—sing-sind
St = ;
cos@ cosd

(1.20)

[To 3Toit popmyiie f Beruucisieres Tonbko 1as Jlyuet: Re = 167, p, = 577,
Pog = 35"z =89"54". Mpu onpenenernn / i CONHIA €10 FOPU3OHTATBHEIM
napasiakcoM MOXHO npeHedpeun (py = 87,8), Torna Rg = 167, pey=35" 1
z=90°51". [Ing ocTankHBIX CBETHI MOXHO TpeHebpeus U pasMepaMu, Toraa
z7=90°35". Ecnn npenebpeyn u pedipakiumeii, To cost = —tg@-tgd.

Ypapuenue (1.20) paeT aBa 3HAUEHUS] UACOBOTO YIUIA: /) =/ (3aX0m) M
f, = —1(BOCXOM), TOIa MECTHOE 3BE3HOE BPEMSl BOCXO/A U 3aX0/1a: 5, = O — I,
8, = a+1. Orcio1a MOXHO MOAYYHTh CpeiHee coliHeuHoe BpeMs T, Bocxona
H 3aX04a CBETHIL.

Jag ConHua He HYXKHO pacCUMTHIBaTH §. MOXHO cpasy Haiith mc-
TUHHOE coJiHeuHoe Bpems (T =1+ 12") . cpenmee conneunoe BpeMst
(T,=12"—tg+m; T,=12"+15+7).

A31UMYTbI TOUEK BOCXOAA M 3aX0/a BBIYMCISIOT Takxke M3 opmysn (1.1).
bes yuera pyg, p, R, cenm 2= 90°, nonyuum

sind

cosA=— (1.21)

cosp’

Ypapuenne (1.21) naer npa sHaueHust asumyTta: A, =A (3axon) u
A, = 360°— A (Bocxom).

C Bocxonom u 3axoaoM CostHua, NpoLo/KUTEAbHOCTDIO IHS M HOYH CBSI-
3aHO MOHATHE «CYMEPKH» — SIBJICHME MOCTENCHHOI0 0CAabMeHUA JHEBHOTO
cBeTa JIM00 YMEHBIIEHHs HOYHOI TEMHOTHI MO NIPUYMHE PACCEAHUS CBETa
ConHua, HaXoQAIIerocs Mo ropu3eHTOM, atMochepoil 3eman. Pasnuyaior
FPaXIAHCKUE, HABUTALIMOHHbIE M ACTPOHOMUYECKHE CYMEPKH.

[TponomKuTeNbHOCTL 2paXcoanckux cymepex OTIPENENsIeTC] WHTepBa-
JIOM BpeMeHH oT 3axona CofHua (MCUYE3HOBEHME BEPXHErO Kpas COJIHEY-
HOTO JIMCKA) /10 MOMEHTA, KOIZA LEHTP COMHEYHOTO DMCKAa OKaXeTcs Ha
BbICOTE fig = —6° (BeuepHue cyMepku), MO0 0T MOMEHTA BPEMEHH, KOrIa
hg = —0°, 10 MOSIBNEHUS BEPXHETO Kpasi COJTHEUHOIO IMCKA HAJl HCTHHHBIM
FOPH30HTOM (YTPEHHUE CYMEPKH).

Haeuzauuonnste v acmporomudeckue cymepku INSTCS NONbIIE, TAK KAK
JUTSL OMPEAC/IEHHs UX TPOAOKUTENBHOCTH HEeOOXONMMO 3ahMKCUPOBATh
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MOMEHT BPEMEH M, KOTIA [IEHTP COJTHEYHOI0 AUCKA 6bU1 Ha BBICOTE g = —12°
i hy = —18° cOOTBETCTBEHHO.

Ha reorpaduueckoil wupote ¢ = 60°34" B aeHb IeTHETO COHHM?CTOQHHH
(b = 23°26") BeicOTA CONTHLIA B HIDKHEH KyJibMUHaLKK g = —6°. B a10M
QIIyuae KOHEll BeYEPHUX N Haua/1o yTPeHHHMX IPaXKIaHCKUX CYMEPEK COBNa-
JIAIOT, T.6. CYMEPKHM IUTATCS BCIO HOYb. Takue HOUHM HA3bIBAIOT benvimu. Ans
ApYrux reorpadMyecKiX MMPOT W KaleHIApHbBIX THEH B IOy fesibie HOYM
WACTYNAIOT TPH YCIOBHK Oy > 84" —@.

[1pomo/mKUTeTEHOCTL Af CYMEPEK OTIPEJETAETCS 110 dopmyne

sinhg, —sin@-sindg

(1.22)
cos@-cosdg

cos(t+Af)=

3nech ! — uacopoit yron socxona (3axona) Connua, ahg — BbICOTA Conn-
{4 1O/l FOPU3OHTOM ([UTs1 TPAXKAAHCKUX CYMEpeK hg = —6°, 1Jisi HABUTALIU-

OHHBIX CyMepeK hg = —12°, 17151 aCTPOHOMHYECKHX CYMEPeK hg=—18").

Bonpocut u 3adanusn 0aa camonposepru

|. Touemy W3MepeHusi KOOPAMHAT TOPU3OHTAIBHON CUCTEMBI Oonee
[IPOCTBIE, YeM M3MEPEHNA IKBATOPHAILHBIX KOOpAMHAT?

2. Mpennoxute cnocoObl OMPEAS/ICHHS MOJOKEHHS HeDecHoro mepu-
JInAna B JaHHOI TOYKE MECTHOCTH.

3, Kak HalTH CKIOHEHHUE 3aXOMSIIIUX CBETUN?

4. Kak BbIYUC/THTH TONTOTY [IHS B ONPe/Ie/IeHHbII KaleHIapHblii 1eHb rona?

5. 3aBMCHT JIM JOJTOTA AHA OT JIOJTOThI MECTHOCTH?

6, Kak pedpakiiis BIUSET HA MPOLOLKUTCITEHOCTD CBETNO YacTH CyTOK?

7. Kakue cyMepKH JUTHHHEE — IPaXKIaHCKUE WITH acTpoOHOMHUECKUE?

#, [loueMy 3HAYEHME IPSIMOTO BOCXOXKICHHUS O CBETH/IA U3MEHACTCA CO
npemenem? Touemy 1 KaK OHO M3SMEHAETCH TS Connua?

Ipumepui pewenusn 3ada4

Twaana 1. B Touke ceBepHOTO MOJYILIAPUs, ITUPOTY KOTOPOIi HAlO onpe-
JENHT L, BEPTUKATLHO YCTAHOB/IEH CTEPKEHD jutHol [ = 2,5 M. Yepes 340
W HLHOTO BPEMEH M TTocTe RepxHel KynmsMunaiuy Costia OH 0TOpackBaeT
1A TOPHIOHTABHYIO [/I0CKOCTb TeHb AMnHO#M [” = 3,831 M. Kakosa reorpa-
(puECKaAs IMPOTa STOrO MECTA, eciu ckioHerne COMHUA B ACHD Habos1e-
NN By = +15°207

Pewenue. W3 yenosuii 3ana4i MOXHO OIPEAENNTh KOCHHYC 3¢HUTHOTO

!
vy Conuia Ha MOMEHT HaOIIOAeHHS: cqsz=Wz0,5465. Hanee,
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BOCI10/Ib30BABIUKCH (DOPMYJIO 115 TAPATIAKTMYECKOTO TPEYTOMEHHKA U3 ( 1 2)
cosz =sin@-sind+cos@-cosd-cos f, a TAKKE yuuThIBas, 4TO f = 3"40" = 55° u
Og = +15°20", nony4unMM TPUTOHOMETPUUECKOE YPABHEHHE OTHOCHTEILHO LIH-
POTHI

0,5465 = 0,2644 -sinp + 0,5532- cos .

B rpuroHomMeTpuu u3BecTHbI (hOPMYJILL 11 PELIEHHUS NOA0OHBIX ypas-
HEHHIi:

a=b-singp+c-cos®=r-sin(p+w), umu
a=b-sing@+c-cos=r-sin(180"—p—w),

C
rae r=+yb’ +c?, tgo= ot

W3 npuseneHubix ypasHeHUi nonyuaum = 0,6131, a m = 64°,4552. B urore

sin(qp+w)=0,8914, uu ©=—1°41, wm
Sin(180°—p—w)=0,8914, | =525

[lepnolil BAPHAHT OTBETA HE MOAXOIUT, TIOCKONBKY PEUb B 3a0a4e WIET O
CEBEPHOM MOJYLIAPUH 3EMITH, TOITOMY OTBET TAKOM: (p = 52°30".

3apaua 2. Beiaucaure npogoskMTeIbHOCTE CAMOTO [UTHHHOTO U CAMOTO
KopoTkoro jiHs B Cankt-Iletepoypre (@ = 59°57'), B Mockse (@ = 55°45),
B MuHcke (¢ = 53°54°), B Manpune (¢ = 40°24°) u B Oymanbe (¢ = 38°35).
Kakad 3aBUCHMOCTb CBSI3BIBAET MPOLOJKHTENBHOCTD TAKHX AHEH B 1aHHOM
Mecre (6e3 yuera pedpakumn)?

Pewenue. [1ockonbKy NPOLOIKUTENLHOCTS JIHS — 3T0 BPEMSI OT BOCXOA
1o 3axojia ConHua, OmpeeinuM BHavyane YacoBBIE YIJILI DTHX COBBITHIH 10
hopmyne cost = —tg@-gd (6e3 yuera pedpakunn). B KauecTse 3HAYCHUI
ckyoHeHust COMHUA NOJACTABUM BETUUMHEI g = +23°26" 1 84, = —23°26’,
TaK KaK OYeBMIHO, YTO Camblil WIMHHBIH (1) M camblil KopoTkuil (2) neHsb
OyleT COOTBETCTBEHHO B JIHU JIETHErO H 3UMHEIO COJHLECTOSTHHS, KOIJA
ConHle MOAHMMAETCS HAl TOPM3OHTOM B MOJIEHD HAMBOJIEE U HAUMEHEE
BBICOKO. KOCHHYC — (YHKUMS YeTHasi, M, TAKMM 06pa3oM, MOTyMUM [1Ba
orseta: 7 U —1. TlepBblit OTBET (MONOXHTE/LHBIN) COOTBETCTBYET 3aXOLy
ConHua, a BTOpo# (OTpUUATENBHbI) — pocxofay. CriefnoBare/ibHO, MPOIoI-
KHTEABHOCTB aHst Ar = 2.|i].

[ToACTaBUB CKIIOHEHHE M LIMPOTY YKAZAHHBIX MECT, TIOTYUMM:

O s Caukr-Terepbypra: £, = 138°,57 u At = 18"28" 6: 1L,=41°43 un
An, = 531" 4;

Q Mocksbr: £, = 129°,57 u A1, = 17"16",6; £, = 50°,43 u At, = 643" 4;

58

@ Muneka: t; = 126°,36 u At, = 16"50",9; , = 53°,64 u Ar, = 7’*99"}11;
) Maspuna: ;= 111°,59 u Ar, = 14"52".7; 1, = 69°,41 u A, =007 eS|
& Myman6e: £, = 110°,25 u A, = 14"42™; t, = 69°,75 u At, = 9"18".
BO-MepubiX, U3 TONY4eHHbIX 3HAYEHUI BHIAHO, YTO CyMMa npo;mmxuh-
TOARHOETEH caMoro IIMHHOTO W CaMOT0 KOPOTKOTO AHA B rony’ paBHa 24“.
'O-l'l'opblx, yeM Gosblile WIMPOTA MECTa, TeM MUIMHHEE CaMBbIi MTMHHBIN
JI L, KOpOUEe caMblii KOPOTKUIT 1 DOMbLIE HX Pa3HULIA. :l“aliaﬂ sakonomep:
WOETH NPOsBASIETES BILIOTH 10 MOMSPHOTO Kpyra (¢ = 66°34°): 3neck camblit
HILIH 1eHDb 24" a camerit KOPOTKWIA 0" (mpoBepkTe CAMOCTOSTENLHO).
Boapiux mmpoTax (66°34° < @ < 90°) MpomoKMTENILHOCTL CaMO-
WIHOTO IH cocTapnsgeT Gonee cyTok, a Ha nomioce (¢ = 90°) camblii
SN LI Aetb uTHTest poBHO noarosia (6e3 yueta pedpakiu). Ha camom
ARNie, ecau yecTh pedpakiMio, camblil JUIMHHBI IeHb HA nojioce Oyaer
T JI0Jible, YeM noaroaa (cm. 3anavy 5u3 § [.4), nponOJKMTENLHOCTh
WIS — HEMHOTO GOMbILE MPUBEASHHBIX BBILIE 3HAYECHUH, @ MPOAOKHTE b~
MOCTH JIHS M HOUM BECHOW B JEHCTBUTEILHOCTH CTAHYT OMMHAKOBBIMH YYTh
piiisiie, yem ComHle NPUAET B TOUKY BECEHHETO PABHOJCHCTBHS, OCEHBIO —
Uy T oke, 4em COoJIHIE OKAKETCs B TOUKE OCEHHETO PABHOACHCTBHA.

Jadauu 047 camMoOCIMOAMEAbHOZ0 PEUeHNs

|, AcrpoHom HABMONAN NPOXOXKIEHWE CBETWJIA YEpe3 MEpuiauaH B
7"35"15° 1o 3Be3AHBIM YacaM M OMPENE/NWJ ero 3eHUTHOE PAccTOAHNe
(44°15"). lMonpaska yacos +0"33°, Onpe/ie/MTe KOOPAMHATEH CBETUA, ECIH
wpora obeepparopun ¢ = 56207

2. B nynkte ¢ wupoToil @ = 55°20" 0XHMIAIOT BEPXHIOW KyJIbMHHA-
o o Boasioit Memseauis (o= 10"15"34°, & = 62°8’). Jina 31oro b1
YUIANOMIEH TEOMONNT B TUIOCKOCTH MepuanaHa. OnpeienuTe yros, Ha Ko-
Topui Tpy6a TeonomMTa 10JDKHA OBITh OTKJIOHEHA OT 3€HUTA, a Tf‘rifili)l(e BpEMSI
KYALMUHALLMK TTO 3BE3IHBIM Yacam, [0MpaBKa KOTOPBIX U =m—25 £

1, * B uekoropom ropoae Cosnue 3awio 22 mapra Ha 1"36° nosxe, Yem
WAkAyHe. OnpeaeniTe WXPOTY ATOTOTOPONA, ECIUSINE =~ Sin23%5. 2 0,4q.

4, Ha kakux reorpaduieckyx IUpoTax MOXHo Habmoxath JIyHy B seHure?

A, Ckonbko pas B rooy JlyHa HAXOMUTCS B 3¢HMTE HA 9KBaTOpE?

(i, Mapeoxoi ABMXETCS BIOJIb KBATOPA M [EPEMELIACTCH W3 MYHKTA
¢ nonrorolt 210° 3.0, xo mecta ¢ gonroroit 233° 3.0, Kakoe paccrosiHue OH
npoiner? DxsatopuansHeni pannyc Mapca npuHsTe paBHbIM 3397 KM.

7. Jlasepusiit umnynsc orpazuncs ot JIyHbl M BO3BpAaTMICS uepes
24354567 ¢. Onpenenure pacctosiHue OT 3eMiau 40 JIyHbl B 3TOT MOMB‘II‘T
il OUeHMTe MorpelHocTs pesyiabrata. CkopocTh CBETA NMPUHATE PABHOM

299 792 458 wm/c.
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8. Onpegenure WHMPOTY MECTHOCTH, €CIH HMXHMH Kpail MONYHOUHO-
ro Connua Habmogancs 10 utoas Ha seicote A= 4°117 (yrnopoit auameTp
ConHua dg = 32'32"),

9. * Tenerpacdueiit ctond Beicotoi /= 10 m ocpemaercs Conniem B
MOJIeHb 14 HIOHS B MECTHOCTH C LWIMPOTOI ¢ = 48°25". Oupenenure JUTMHY
MOJYTEHH OT CTO/I0A HA N'OPU3OHTAILHOH TOBEPXHOCTH. BHauMbLii yrioBoii
nuamerp ConHua dg = 32'.

10. Kakos asumyt ConHLia B MOMEHT €10 BOCXOId Ha 3eMHOM 3KBATOPE
21 mapra, 22 uioHs, 23 ceHTsiops, 22 nekadps?

11. [ne mimnnee nenp 27 aprycta u 27 anpenis — B [puusnye wiu B Up-
KYTCKe, eCM MX WIUPOTA OAMHAKOBAs, a Mo monroTe MpKyTck BocTOYHEE
MpUMepHO Ha 7"?

12. * Buiyucsnute (¢ yuetoM pedpakiinu) NpoaoKUTENbHOCT aCTPO-
HOoMMUECKIX cymepek B Cankrt-Tlerepbypre (¢ = 59°56’,6) 25 mapra, Koraa
ciionenune Connna dg = 2°1°,9.

13. KakoBa BhICOTa 110/110ca MUpa A, B TOM MeCTe 3eMJTH, [Ji¢ BbicOTa
ueHtpa ConHua B nojaeHs 22 HioHs pasHa 69°38’?7 Kakosa 6yaer BeicoTa
ConHuA B TOM Xe MecTe B noJyieHb 22 nekabps?

14. Koraa s Tpunsuue 10"17"14°, s nekoropom nyskre 12743"21°, Kako-
Ba A0OJI0Ta 3TOTO MyHKTa?

15. Koraa B Xapekone noniaeHs, yackl B Kazanu nokaseisaior 12746".
Kakosa aonrora Kasanu ot [punsuya? (Josrora Xapekosa oT IpuHBHYA
21‘125»:.)

16. B HEKOTOPOM MEcTe B MOMEHT KyJIbMHHALMK ApkTypa (a Bonona-
ca), y kotoporo a. = 14"12", 3pesnubie yackl, npuBe3eHHsIe U3 [1y1koBa u
nocTarieHHsle 10 [lyJ1KoBckoMy MepuanaHy, mokassiBanu 6"25", Kakosa
Jlonrora Mecta HabmoneHus ot [lynkosa?

17. Tonepeunsiii pazmep Muncka [/ = 30 kM. Ha ckoibko MCTHHHBI
MOJJIEHL HA €r0 BOCTOYHOH OKpaWHe HACTYIACT PaHbIlie, YeM Ha 3aMagHoH,
ecnu wupota MuHcka ¢ = 53°54°?

18. B xoropom vacy ceronns saitner Connue?

19. Onpenenute, MOXKET T TYPUCT, HAXOAALLMIACS HA I0KHOM TT0DEpexKbe
Kpbima Ha Beicote H= 500 M Hag yposHeM Mops, yeuaeTh Geper Typuuu.

20. Cuwnraercs, yro Genast HOub HACTYAET B TOM CJIYYAE, KOTIA OT 3aX01a
1o Bocxoga CoNtHIA He NPeKpaLLaloTes TpaxIaHCKHe cyMepki. B kakux us
HUXKENEPeUHCAEHHBIX TOPOIOB XOTst OB OJIMH Pa3 B rofl OuIBaeT Hesast HOUb:
B Muncke (¢ = 54°), Caunkr-Tlerepbypre (¢ = 60°), PeiikbsiBuke (¢ = 64°)?

¢

i

h

f

L
|

TJIABA 2. HEBECHASI MEXAHUKA

2.1. Buaumbie ¥ JeiicTBUTE/IbHbIE IBHKEHHA IVIaHeT

CoiHeuHast CUCTEMA IIPE/ICTaBAsgeT CODON COBOKYMHOCTh HEDECHBIX T,
aprokyuaxcs Bokpyr ConHua, st 60JALUIMHCTBA M3 KOTOPBIX OHO fABJIs-
eTCs LeHTPATbHBIM npuTsiruBaonm TesioM. B cocra CosnHeuHoit cucre-
MBI BXOasT BoceMb miaHer (Mepkypuii, Benepa, 3emns, Mapc, HOnurep,
CartypH, Ypau, HenTyH) o criyTHUKamu, nsith KapJaukosbix muaxer (Lle-
pepa, [iyron, Dpuaa, Xaymea 1 Makemake) Takxe CO ClyTHUKaMu, D0~
siee 2500 6oBLLIMX ACTEPOUIOB, HECKONBKO NECATKOB THICSY KOMET, MeTe-
OPUTHEIE TEJa ¥ MOTOKH NbuiH. Hanbosbiuas yacTs aCTepPONI0B NBHUKETCSH
110 cBOMM OpBUTAM B MpoMeXyTKe Mexay opoutamu Mapca u lOnurepa (B
[ragHom nosace acmepoudog). B TedEHUE MOCIENAHUX ACCATUICTUI OTKPBITO
SHAYMTENHHOE KOIMUYECTBO MAJbIX TEJ, HAXOAALMXCHA ropasao Janblue OT
Conuua — 3a opburtoit Hentyna. DTo Tak HasbiBacMbIe TPAHCHENTYHOBLIE
00BEKTBI, pacONOXKeHHbIE B nosice Koitnepa.

Mo oTHOLIEHKIO K [IaBHOMY NosCY acTEPOMIOR BCE Mallble Tela M MJia-
HETHI JEJSTCS Ha IBe Tpynnbl — exympennue (Mepkypuii, Benepa, 3ems,
Mapc U acTepoMIbI, HaXoAsuecs: BHTpKH opoutsl Mapca), KOTopbie ABU-
JKYTCs BHYTPH T10s1Ca, M enewnue (FOnutep, CarypH, Ypau, HentyH co «cson-
Mit» acTepOMAAMM), OPOUTHI KOTOPBIX HAXOAATCS 3a Mpee/iaMu 3TOro nosica.

Bonee BaXcHLIM SBAAETCS pa3iesieHMe TUIAHET Ha [IBE IPYIIIbI [10 OTHO-
JeHMIO K opOuTE 3eMM, [IOCKOIBKY ACTPOHOMMYECKHE U3MEPEHHA M Ha-
BJIOMCHIS TIOKA B OCHOBHOM TPOM3BOASTCS C IOBEPXHOCTH HALLCH T1aHe-

1. Mepkypuii v BeHepa OTHOCATCS K TPYIITe HUMCHUX NAQHem, U WX OPOUThI
~ Gamke k Courity, yeM opbura 3emii. OctanbHele nianetsl (Mape, HOnu-

i - 1ep, Carypn, Ypau u Henryn), KoTopbie Haxosrest Jaiblie o7 ConHua, 4eM

~ Jemiist, OTHOCATCH K GePXHUM HAGHEMAM.

VenoBusl HaGOfeHMs HeBecHBIX TNl ¢ MOBEPXHOCTH 3emiun (rpexne
mro rwaner v JIYHBI) 3aBUCAT OT WX TONOXKEHHS 1O OTHOIIEHHUIO K 3eM-
Jie u ConHuy. Pasnuunbie B3aMMHBIC PACITOIOXKEHUS TIaHeT (1 JIyHbI) OT-
nocutensHo 3eman ¥ ConHLA HA3LIBAIOT KOHGUIypauuaMu. XapakTepHblie
KOH(Urypaimu niaHeT npeacTasaeHbl Ha puc. 2.1.

IMonoxeHnne HeGecHbIX Tl Ha opbuTe 3a/1acTcsi UX reOUeHTPUYECKU-
Mi (M) 1 resmoueHTpUuecKUMK (oOo3HavaloTes / i mianer u L — juis
demin) 10JAroTaMu, KOTOPLIE OTCUUTHIBAKOTCH OT HAMPABIEHHS HA TOUKY

~ Jecennero pasHopenctsus Y (puc. 2.2). B aTOM ciiyuae OCHOBHBIE KOH-
(PUIrypaLi MOXHO JIETKO OMUCATh COOTHOLICHUSIMU MEXIY 9THMH KOODP/IM-
Wnramu. Tak, juist pasHbIX KOHGUIypaumil HHXKHUX TUTAHET PasHoCTb (/— L)
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Puc. 2.1. Kondurypany HIKHEX 0 BEPXHHUX IIAHET:
HUYCHUE HAakemst; ¥, — BOCTOMHAS AnoHraums, V¥, — 3anainas aJoHTalus, ¥ — HHXKHee coelMHe-
uue, ¥, — Bepxuee cOelulieHue; gepxuue nianems:. M, — BoCTOuHAR KBanpatypa, M, — sanaiHas
KBanparypa, M, — coenHeHue, M, — nporuBocrosnne

J\.g

A_g

Puc. 2.2. OnpenencHue reiioueHTpUYecknx oirotr 3emmuu (L) n naanets (f), reoueHTpuye-
CKOH (3KIMITHYIECKON) I0NTOTH 1AaHeTsl (A)
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BHa: wis ¥V, — 270°+0, s V, — 0°, ans Vy = 90° =6, pna V, — 180°
) ~ yros HaubOIBLIEr0 BUAMMOTO OTKIOHEHUA MaHeTsl o ConHua: ans
enepel 0 = 45—48°, s Mepkypust 6 = 18-28%). JLng BepxHux niaHeT pas-
jocTh (/— L) cocrasnsier: wiss M, — 180°, juis M, — 0°.

 Cunodunecruii nepuod S oNpenesieT POMEXYTOK BPEMEHM MEXKITY IBYMSI
1t NOBATETBHBIMU ONMHAKOBBIMU KOHOMUIYpaLMAMHK. g HUXHUX 1ia-
BBIYUCSIETCS TIO hopmyJe

= A bl 55
. Ty 1
I ‘ﬁepxanx MAaHeT
A
f = 2.2)
M AP ich

L
" Ty n T — 38e30ubte (cudeputeckue) nepuodsr OOPALICHWS COOTBETCTBEH -
SBemian u rraseTs Bokpyr ConHia.
XapakTepHBIM MPUMEPOM KOHMUTYDALMI SBJSIETCS RPOMUBOCHOARUE,
Koraa epxuue nuavets (Mape, FOnuTep v T.0.) ¥ 3eMJsi HAXOAATCS Ha Of1-
oM npsamoii ¢ ConHEeM ¢ 0AHO# CTOPOHBI OT Hero. [1pu HaxoxaeHHH 3eM-
r“ i B 9TOT MOMEHT B adenuu, a miaHeTsl (Hanpumep, Mapca) — B nepure-
WM PACCTOSIHIE MEXTY HUMM Oy/IeT MUHUMAIIbHBIM. TaK, NpOTHBOCTOSIHUSI
DA, TIPH KOTOPBIX PACCTOSIHME MEXKIY ITOM MIaHeTok 1 3emiieil He npe-
aer 0,4 a.e., HaseiBalores eeauxumy. [locnenHee u3 BeIMKHUX MPOTHBO-
Huii ormMeyanocs 28 asryera 2003 1, cneayloine oXunaTed 27 uions
I, 16 centsiops 2035 1, 14 asrycra 2050 r.
” ~ Bee naaHeThl ABMAKYTCH 110 OPOMTAM B MPAMOM HANPAGAEHUU BOKPYT
“O/IHLA (© 3amaga Ha BOCTOK, MM NPOTHB YACOBOH CTPEJIKH, ECJIM CMOTPETh
' JIHEYHYIO CHCTEMY CO CTOPOHBI CEBEPHOTO MOIOCA IKIUNITHKH). Ot~
‘audumoe deudicerue NAAHET SBAAETCA NETIe00PA3HBIM, NOCKOIBKY s
| LISl OHO OTIPENeNsieTcsl HANTOXKEHNEM [BYX NBVOKEHHH — 3eMn 1
1, Ecin HiDKHMe TIaHeThl ABVDKYTCsI 110 ¢BOMM opbutam Gsictpee
, TO BEepxHie — MemieHHee, BOAM3M NPOTHBOCTOAHMS LISl 3eMHOTO
TeJisl, KOTOPBIH NBMXKETCsT GBICTpee, BEPXHssl MiaHeTa Oyaer ka-
ANOLUN ABMAKYILIEHCS B HATIPABASHUMW, NPOTUBOIONOXKHOM MPIMOMY, T.e. ¢
WOCMOKA Ha 3anad, Kak ropopat, nonsamuo. HukHue nmnaHeTsl, npoxods no
nouiennio k 3emae nepen CotHuEM, ToXe OyIyT BUIHBI KaK COBEpLIA0-
ANE NONATHOE ABHXEHHE.
- JlimHa ayru nonsTHOTO ABMXKEHWS TIAHETH! 1Sl KPYTOBOI OPOUTHI pac-
Nl Baercs no dhopmyne

-
"y 1 =(360"—2-0,)—2-n-1, (2.3)
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roe B, — 3J0HTauMsl MiaHeTbl (Yrojl BUOIMMOro ¢ 3eMIu OTKIOHEHHS [11a-
Herbl o1 CoMHLA); 1 — CPelHEE CYTOUHOE ABUXEHUE MIAHETHI; 2T — pPo-
IODKMTENBHOCTE MOMATHOTO JBUXEH M, CYT.

DnoHraunsg 6, onpenensercyd 1Mo ypapHEHMIO

a-sing,
TEQ, =t L <1807, 24
gY a-cos@, +1 0, <180 (2.4)

roe a — paauyc opbuTHl, a.e.
Yron ¢, MOKHO HAWTH U3 BRIDAXKEHUsT  ~
n-a* +le 5
COBPy =— = :

(pf) ﬂ'(""—nl), ( )

TAE /1 M Hy— CPEHEE CYTOUHOE ABUKEHWE MIAHETH M 3eMJTH COOTBETCTBEHHO.

CpenHee cyTouHOE ABWXEHHE ITAHET ONPEAeIseTcs U3 COOTHOLUEHMUS
n=360°/T. Ero npuMepHbIe 3HAYSHUS ISl HEKOTOPBIX TITAHET TIPUBEIEHEI
BTadn. 2.1.

TaGauya 2.1

CpenHee CYTOUYHOE JABHMKEHHE ILIAHET

Ilaanera Mepxypmit Benepa 3eman Mapc HOnutep Carypn
n 2455 96',1 59,1 3.4 5 2

OODBsCHEHHE BUAMMBIX JIBHXKCHWIA MIAHET M IPYTUX HEGECHBIX TEJT OCI0XK-
HSETCH TEM, YTO OHM HAOMIOAAI0TCS ¢ 3eMIH, O XapakTepe ABHKCHHUS KOTO-
PO HMYTO HE YKA3bIBAET B HAOMIONEH WX HEDECHBIX M 3eMHbIX SIBTIEHHIA.

OcHoBBI COBpeMeHHO#H acTpoHoMuM ObIn 3anoxensl H. KonepHukom
B XVI B. B cO30aHHOI UM TeMOLEHTPUYUECKON KAPTHHE MUPA, OCHOBHbIC
NOJIOAKEHUS KOTOPOR 3aKMI0HATHCH B CNIEAYIOLIEM:

1 B uenTpe mupa Haxoaurcs CosHLe, a He 3eMJis;

O wapoobpaszHas 3emist BpalLaeTcsi BOKPYT CBOCH OCH, 3TO BpalLCHHE
00BICHSIET KaXylllgecs CYyTOUHOE IBUXKEHME BCEX CBETIIL,

O 3emnst, Kak M Bce mIaHeThl, obpatuaercs pokpyr ConHua, 3to obbsic-
HSET BUAMMOe ABrxkenue CojiHua Ha poHe 3Be3m;

U Bce BUAMMBIC NBUXKEHHA MPEACTARISIIOTCS B BHMAE KOMOMHALIMIA paB-
HOMEPHbBIX ABMKEHHH 1O KPYTOBBIM OpOUTAM,

U kaxyumnecs nMpsaMble U MONATHBIE ABUKCHUSA TUIAHET «IPUHALIEXKAT»
HE UM, a 3emiie, T.e. TAKUM 00pa30oM X BUINT ABMKYLIHICS BMECTE ¢ 3em-
Jieit HabmonaTeb.
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H. Kennep, 06001us pesynsrarsl HatmoneHuit T. bpare, a takxke psin
CBOMX HabIOAeHUI 33 IBHXKEHUSIMU TUTAHET (B UacTHOCTH, Mapca), npu-
LLEJT K BBIBO/Y O HEKPYTOBOM [IBMXKEHUH TUIAHET U CCDOPMYJIUPOBAII TPU OC-
HOBHBIX 3aKOHA IBMXKEeHUsA nuaHeT Bokpyr ConHiia:

O Bce mIaHeTHl ABUKYTCS MO JUTUICAM, B OJHOM U3 (DOKYCOB KOTOPBIX
(0buieM mis peex maaHeT) HaxonuTcs ConHLe;

U panuyc-BeKTOp MIaHETRl 332 PABHBIE MPOMEXKYTKH BPEMEHH ONMUCHIBA-
€T PaBHOBEJIMKME TUTOLLAIH;

O kBagparsl CHACPUYECKUX (3BE3IHBIX) NEPHOAOB OOpALLEHWS MIAHET
pokpyr ConHua nponopuMoHaibLHbl Kybam 60abIIMX Moayoceit Mx auimn-
THuecKux opour (T2 ~ a’).

Ha ocHoBe Tpex OCHOBHBIX 3aKOHOB ABMxKeHUs Ten WM. HeloToH noka-
341, YTO «CHIIbl, KOTOPbIMHU [NIABHbIE MJIAHEThI NOCTOSIHHO OTKJIOHSAIOTCS OT
NPAMOTMHEHHOTO ABUXKEHHS W YISPXKUBAKOTCSI HA CBOUX OpOUTAX, HATIpaB-
JieHb1 K COJHITY W OBPATHO MPONOPLUMOHANBHBI KBALPATAM PACCTOSHUIT OT
ero HeHTpar». Jokasas, uTo CHUNA, KOTOPAst VAEPKMBAET TIAHEThI, TOX/IE-
CTBEHHA CUJIE TAXKECTH, JeHCTBYIOLE Ha noeepxHoctu 3emau, HeiotoH
ONPereTn, YTO B OCHOBE MHTEPNPETALIMH BCEX MEXaHMUYCCKUX IBHXKEHMI
HEOECHBIX TeNl JIEXUT 3aKOH BCeMUPHO20 mAzomenus. MaTeMaruyecku ero
MOXHO BBIPA3UTh TAK:

Feg 5, (2.6)
r
iie F — rpapuTalMOHHAas CUJa B3aUMOOEHCTBHS IBYX TOUEUHBIX TeN; (G —
IPABMTALMOHHAS TOCTOSHHAN, paHas 6,6726-107"" (H-m?%)/kr%; m, u
mJ — MAacchl TeJ, r — PAacCCTOSIHUEC MCXKAY TCNaMU,

Mcnonp3yss 3aKOH BCEMMPHOTO TATOTEHMS, 3aKoHol Kenmaepa MoXHO
LihopMyIMpoBaTh CACAYIOIUM 00pa3oM.

|. TIpM HEBO3MYLIEHHOM OBMKEHWM (B 3amadye ABYX Ten) opOuTa JIBK-
myleics MarepuasbHON TOYKY (IU1IAHETH) SIBJISIETCH KPUBOH BTOPOTO MO-
LKA, B OZHOM M3 (DOKYCOB KOTOPOH HAXOMMTCS HEHTP CHITLI MPHTSKE H st
(Connue). Takum o6pasoM, opduTa MaTepUaNLHOM TOUKU MPHU HEBO3MY-
HIEHHOM ABVOKEHMM — 3TO OJHO M3 KOHMYECKMX CEYEHMI: OKPYXKHOCT,

wine (uis miadet), napatona wian runepbona.

2, [1pn HeBo3MYILCHHOM ABMAKCHMU (B 3aa4e IABYX TEJ) paguyc-BeKTOp
IHETHI 32 paBHBIC MPOMEKYTKH BPEMEHHW OMHCHIBAET PABHOBEIMKME TUIO-
WM, MateMaTHY€CKH 3TOT 3aKOH MOXHO 3anucaTh Tak:

.2 do - o 2 7

’ 5 const, (2.1)
[I¢ / ~ pamuyc-BeKTOp TIaHeThl B M0O0W Touke opOUTH; O — MCTHHHAN
AHOMAINS, T.€. YTOJL MEXIY HAanpaBieHUsIMU U3 LieHTpa COMHLA Ha IJIaHeTy
W Hepuresimia ee opouThl,
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3. TIpH HEBO3MYILECHHOM IUTMOTHIECKOM ABMXEHHM MaTepUATBHOM
TOUYKH BOKPYI' LEHTPaNbHOIO TEA CIPABEIIMBO PABEHCTBO
inpnap o ing o (2.8)
—-(m +m,)=——=cons .
aﬂ 1 2 G 3
rae 7' — nepuos obpaleHus Tejia Maccoii m, BOKPYT Tesia Maccoit My 10 2J1-
- IUNTHYECKOH (Min KpyroBoii) opOuTe; a — ee DONbLIA MOAYOCh.

Ecnv paccMaTpuBath IBE CHCTEMBI, KAXAAA M3 KOTOPHIX COCTOMT U3 Ma-
TEPUATBbHON TOUKH (IUIAHETHL MJIH CIYTHUKA), IBMKYILIENRCS BOKPYI CBOE-
ro ueHTpajibHoro tena (ColHUa WK MIaHeTHl), TO TpeTHii 3akon Kennepa
MOXHO c(hOPMY/IMPOBATE TaK: NPOU3BEAEHHS KBAJPATOB MEPUONOB 06pa-
LUIEHWS] HA CYMMY MAacc LEHTPAJIbHOUM W ABMKYIIENCS TOYEK COOTHOCHTCS
KaK KyObl DONBLIMX NONYyoceH ux opouT, T.e.

2 3
i _M1_+ Ty 8 (2.9)
2. DT X A
7 My+tm, a
rae T\ n T, — nepuoasl o6palicHKs T ¢ MaccaMu my W 1My BOKPYT LE€H-
TPANbHBIX Te ¢ MaccamMu M| u M, COOTBETCTBEHHO; a, ¥ d, — GoMbLINE NO-
JIyocH opOuT.
K OCHOBHBIM XapakTepUCTHKAM IUNTHYECKOU OpOMTHL TIIAHETHI
(puc. 2.3) oTHOCATCA:
O Gonbinag nonyock AQ = a;

U skcueHTpUCcHTET € =

ik
o’

S :;;‘Q;:i\%-g mﬁ&ﬁ@%&%\%\\i

v P3

Puc. 2.3. XapakTepHCTUKH DM ITHYECKOI OPOUTHI
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O nepurenuii [1 — 6nmkaiimasn Kk ConHiy C To4Ka OpOUTHI MJIAHETHE P,
ag=/fill=a-(1—e) — paccTosIHUE B MEPUTEITUH;
- O acdemmit A — nanbonee ynanenHas ot Connua C Touka opOMTH Tia-
Herhl P, aQ=fA=a(l+e) — paccrosiHuE B adenu;

& doxycsl £, f, n uentp O s5uiHIca opoUTHI TIaHeTHl P;

O panuyc-BekTOp miaHeTs P (F).
- M3 sroporo 3akona Kensiepa, B YaCTHOCTH, CIIEAYET, YTO B MEPUTEIHU

IOUTHI CKOPOCTD ABHKEHHS! IIAHCTbI

it |+
j /_e A
l=e
@ cKopocTh B adenmin
l=g
“[+e <v,, (2:11)

e Y, — Kpyrosas CKOPOCTDb ITAHETHI IIPU F = @, KOTOPas pacCYUTLIBACTCS
110 COOTHOLLEHUIO, NOMYYSHHOMY U3 ypaBHEHUS (2.6):

(2.10)

'quv(.'
| ‘T}Q='vc,'
G‘M@

bl
r

(2.12)

= ’Vf_‘ ==

'Irﬂ.e Mg — macca uentpanbHoro tena (Connua).
"~ Kpyrosas ckopocTh 3emnu pasHa 29,78 km/c. [TOCKONLKY CKOpPOCTh

JBMKEHUS 110 napaboJsie onpeaensieTcsi Mo COOTHOWEHWIO ¢ i \/5 s, TO CO-
_OIBeTCTBYIONIAS (HOPMYJIa TAKOBA!
2-G-Mg
VIR Y b ey (2.13)
’ TR

B 910M Ciiyuae cKOPOCTB ABHXEHWS MO SIUTANCY v, < v,, & CKOPOCTH
ANKeHst no runepGonc v, > v,

I ]
3
g
ﬁ_ Opbuta npuHMaeT GopMy ITHICA, OKPYKHOCTH, Napabosibl WIH TH-
HEPOOIBL B 33BUCUMOCTH OT HAYAIBHOI CKOPOCTH v, 00beKTa m (puc. 2.4).
1 - Eem0 < v, < w,(v, — CKOPOCTb KPYTOBOTO ABMXEHHs Macchi m (2.12)),
10 ABHAKEHWE TPOUCXOANT 110 JUIMIICY, @ HAYAJIO 3TOTO ABHKEHUS COOTBET-
LCIIYeT MaKCHMATbHOMY PaccTosTHIIO 10 Toukn C (Touka adenyis uiv anorest).
ﬂnu Yy =w, opbuTa m COOTBETCTBYET KPYrOBOH ¢ pagumycom r=ga. [na
' R S 4y S V2-v, =wv, ABUWKEHME NPOUCXOMNT MO IUTUNTHUECKON opbuTe, a
HAYANO COOTRETCTBYET Mepureinio wim nepureio. Ipu ¢y =+2-v, =0,
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Puc. 2.4. XapakTep NBMKEHHS TEIA /1 B NOJE TATOTEHUS HEHTPAILHOH Macenl M (touka C) B
3ABUCHMOCTH OT HAYAIbHOI CKOPOCTH:
U,y M Uy — DIUIMITHYECKHE CKOPOCTH: ¥, — KPYIoBas CKOPOCTh; v, — MapafoiHyeckast CKOPOCTh;
v, — rHnepBolnIecKas CKOPOCTh

(2.13) obwekT HByner apurarscs no napadone ua = oo, [pu v, > V2 v, opou-
Ta 00bEKTA M SABJISIETCH THUIEPOOJIOH.

3aKOH BCEMHUPHOTO TATOTEHWsI ChOPMYIMPOBAH ST MaTePUATbHBIX TO-
yek. OnHAKO MOKHO MOKA3ATh, YTO 3TOT 3aKOH MPUMEHWUM W U1 OOJBILIMH-
cTBAa HeOECHBIX TeJl, MOCKOAbKY OHH UMEIOT MOYTH NMPABWILHYIO 1HAPOBYIO
thopMy co chepudecku CUMMETPUYHOM pacnpeieleHHOl MJI0THOCThIO, a
pPACCTOAHHWE MEXTY HUMU 3HAYUTEINBHO DonblIE UX pPasMeEpos.

st onpeneieHus: XxapakTepa ABMXKEHHH Tela MacCoH m OTHOCHTEILHO
LEHTPAIBHOIO TEJIA MACCOM M HYXXHO 3anucarh ypaBHEHUE THHAMUKH Ma-

TEPUATLHOI TOUYKU F = m-W=m-F C y4eTOM HbIOTOHOBCKOIO TATOTeHHsI. B
pamKax 3adaxu deyx mea 3T0O ypaBHeHUE OyIeT UMEThL BUJL
2 2 r F
mw=mr=m|—GM—=5—GCm—
¥ r
WK

# s A +m)-:—3. (2.14)

Peuns ypaBHenue (2.14) c yueToM 3aKOHa COXPaHEHUS DHEPrUM IIPH
IOBWXEHWHM Tea Maccoii 711 BOKPYT LEHTPANBHOTO Tena Maccoil M no opoure
¢ OONBLLIOH MOAYOCHIO a, MoNYYHM GopMyIly LTSl CKOPOCTH OTHOCHTEIBHOIO
OBWXEHWS v HA PACCTOSTHUM £ (OHA HA3BIBACTCS] UHMEZPANOM IHEPIUN):

v =G (M +m)-(3—i). (2.14a)
A a
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Ha puc. 2.5 nokasaHel OCHOBHBIE 24eMeRmbl IAAUNMUHECKUX opium Ten
Conneunoi cucrembl. [le TOUKH mepeceveHust OpOHTHI ¢ MTOCKOCTBIO
SRIMITUKH HasbIBaloTCs yanamu. M3 HUX socxodamum y3a0m SIBISIETCS TOT,

ITnockocts SKIHNTHKH

Puc. 2.5. Dnementsl opouTs Tena CONHEUHON CHETEMBI:
I YION HAKJIOHA TUIOCKOCTH OPBUTDHI K IJIOCKOCTH JKIHNTHKH; () — YIIOBOE PACCTOAHME MEpHTe-
A OT BOCXOISITIETO Y3a; 6] — reIMOUeHTPHYECKAs! I0TOTA BOCXOJAILEro yana; A — acdenuit; [T —
nepurenmii

KOTOPLI TIPH ABMKEHMU 110 0pOUTE MepecekaeT Telo, MPHOANKAsACh K ce-
WepHoMy nomocy skmuntukn. Jlosrora & BOCXONsIIETO y31a M HAKIOHe-
WHE [ ONpesesstior nojioxeHue TIOCKOCTH OPOUTHI B TIPOCTPAHCTBE, YIJIO-
HOE PACCTOSHUE ) 3aaCT MOJOKEHHE OPOUTHI B €€ MIOCKOCTH, a BobIast
HOIYOCE @ M BKCLEHTPUCHTET € — paszMepbl ¥ (hopMy OpOUTBI. 3Hast MOMEHT
WPEMEII f) TIPOXOXACHUS Yepe3 MePUTeNHii U IPYTHE 3JIEMEHTHI OPOUTEI,
MU O PACCUYNTATE TIOTOXKEHKE TIAHETHI HA opOuTe AN J1oboro aApyroro
MUMEHTH npeMeHun £ TTpu 3TOM HYXHO 3HATh JABE BEJMYMHBI, XapakTepu-
IWIHNE TOST0KEHKE TJ1aHEeThl Ha OpOuTe, — pamuyc-BEKTOP ¥ U UCTHHHYIO
HHOMIIo O (puc. 2.6).
Painye nekTop 1 uctuitHas anoManaus O BLIYUCAAIOTCA N0 DOPMYIaM

r=a-(l—e-cos k), (2.15)

R TE g8 (2.16)
B2 V1= B2 ]

e I = ZION nasbiBaeTcst aKCIIEHTpUYUECKOW aHoMmanuei. Benuuuny £
MORHO Halirn ns ypasHenus Kerepa
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Puc. 2.6. Pannyc-BexTop r, MCTUHHaA O U 3KCHEHTPHYCCKas F anoManuy opbutel iaHeTs P

M=E—=esinkE, (2.17)

rie M — CpeiHsia AHOMATHS, IPEACTABNAIONLAs CODOM AyTy OKPYXHOCTH (B
rpaLyCcHOM WU PagualbHON MEPE), KOTOPYIO onvcana Obl [1JTAHETA 34 BpeMsl
(t—1,), eciiv OBl OHA PABHOMEPHO JIBUTANACH N0 OKPYKHOCTH PaJMyCcoOM d CO
cpepHeii yIoBoi CKOPOCTLIO H, T.6.

M:n-(:—t[,)=%¥-(r—r0). (2.18)

TakumM 06Pa3OM, OTIPENEIIMB CPEAHIOI AHOMAIIMIO M 1 UMCIEHHBIMH ME-
TOAAMM PACCUMTAB DKCIEHTPHHYECKYIO AHOMAIHMIO F, MOXHO B J0doit MO-
MEHT BPEMEHH HANTU paauyCc-BEKTOP /' U MCTUHHYIO AHOMATUIO O nuaHeTsl,
L. ee TIONOKEHHE B IPOCTPAHCTRE, EC/IM U3BECTHBI ANIEMEHTRI €€ OPOUTLL.

Macca HeBGeCHOTO Tela MOXET ObITh BRIMMCIEHA 110 3aKOHY BCEMWUPHOTO
taroTeHust HploToHa HECKOIBKMMH CIIOCODAMHE:

0 B pesyabraTe H3MEPEHMIT CHUITLI TSKECTH HA NOBEPXHOCTH TEA (rpa-
BMMETPUUECKHIi crocob):

_gR

G (2.19)

m

FIe M — Macca Ted, Ha MOBEPXHOCTH KOTOPOro MPOU3BOAATCH H3MEPEHNA,
g — YCKOPEHME CHJIbl TSDKECTH (TOYHEE, COCTABJIAIOLIEN CUITHI THXKECTU —
CHIBI NIPHTSKEHMS) HA MOBEPXHOCTH; R — paiuyc Tena. YcekopeHue Cuibl
TSOKECTH MOXKHO HAWTH, HATIpUMED, Mo hopMyJie 1St mepuoia konebanus T'
MATEMATHUYECKOrO MasTHHKA INUHOM [:

I
rzzn-‘F (2.20)
g
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U no rpersemy (yrouHeHHoMy) 3akony Kernnepa (2.9);

() Ha OcHOBe aHanM3a BO3MYLIEHHI, KOTOPBHIE NPOM3BOAUT HeBECHOE
TEN0 B IBHXKEHUH APYTrUX HebecHBIX Te,

B 1ipupone HeBO3MOXKHO YKa3aTh [ABA B3aMMOICHCTBYIOLLUX Tea, JBU-
JEHNE KOTOPBIX OMUCHIBANOCH OBl CTPOTO B paMKax 3agadyu aByx Tesi. [pu
TOMHOM @HAIM3e NTPUXOIUTCSA YYMTHIBATh BO3MYLLAIOUIEE NCHCTBUE IPYTHX
101, Eenun ipu oLieHKe OTMeYeH MaTBIi BKJIAJL BO3MYILEHUS B XapaKTep BM-
WOMUH, UM MOXHO npeHedpeus. OHAKO €CIM BIMAHUE TPETBHX TEJ TIPH-
NOUMTCS YIUTBIBATH, 3TO NPUBOAUT K CYLIECTBEHHOMY OTKJIOHEHHIO B OMU-
UHHH K IBUKEHHSA ABYX TEJ OT TOrO, YTo AaloT 3akoHbl Kernepa. [Mogo6Hbie
OIKIOHEHUST OT 3aKOHOB Kenuepa 06bIYHO HAa3LIBAIOTCS BOIMYLICHHAMH,

IlycTh uMeeTcst cucTeMa Tpex Tell, KOTOpasi COCTOMT M3 ICHTPAIBHOTO
Teaa (nputsiruBaoniero) maccoit M (nanpumep, Connue C), Tena Maccoi m,
JBHAYIIETOCs OTHOCHTE/ILHO ITOTO Tesia (T1aHeTa P)) Ha PACCTOSHMU 7|, U
HOIMYLIAIOLIETO TeJla MACCOoit m, (uianera P,) Ha paccTosTHUM 7, (puc. 2.7).
Pacemorpum apykeHue miadersl P orHocutenbHo Conmnua, Hanomuum,
W10 cucTema oTcueTa, cBia3aHHast ¢ ColtHueM, OyeT HeMHEPLMAILHOH, To-
ekobKy CoslHlEe caMo IBHXKETCS C YCKOPEHHEM TOJ BO3[EHCTBMEM ABYX
JPYINX Ted.

F.n‘nHue n;myqaeT yekopeuune w, =G -my / ,,]2 OT MUIAHETHL P| ¥ ycKopeHue
Wy = G my [/ r; ot nnaneTsl P,. COOTBETCTBEHHO IIaHeTa P| Moayyaer yeko-
penme w =G M /r? ot ConHua u yckopenue w’ = G-my / r* oT nnawetsi P,.
Torna » cucreme orcyera, ceasannoi ¢ ColHIEM, TUIaHETa P, byner nBu-
l'ﬂ"rhcsr C YCKOpeHHsIMU w=w, +w =G (M +ml)/r12, w =G m /r,
WS ~w,=—G-m, /r;. Eciu neproe ycKOpeHHe OGYCIOBIIUBAET ABMKE-
Hie P, no sakoHam Kerepa, To ABa NOCJAEIHHX TO3BOMSIOT ONPENEAUTD
HOAMYLIAOLIEE YCKOPEHME M BOZMYILAKLIYIO CHITY.

P,

w"=—ws

LT o - =
Pue. 2.7, OnpeneneHue BO3MYILAIOLIEH CHIILE H BO3MYIUAIOMIETO YCKOPEHMS
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Bosmywiaouias cuna M BBI3BIBAEMOE €10 BO3MYIIAIOIIEE YCKOPEHHE
OTNPENE/IAIOTCH PA3HOCTBIO AEICTBUS BOMYIIAILETO Tena P, Ha Teno P
ConHue C. TakuMm 0bpazoM, BO3MyIIAIONIEE yekopeHue (puc. 2.7)

pr— o s —’_ —_
Woosy = W S Ws.

Kak BUAHO M3 puC. 2.7, 3T0 YCKOPEHUE U3MEHACTCH 110 BEJIMUYMHE M Ha-
[paBJIeHUIO MPU NBUXEHUHU TUulaHeT. Ecin ‘n}

MyLIAoLIero Tena Py MoxHO npeHedpeys.

[TpuMepoM OZHOrO M3 MPOSIBAEHHI BO3MYIIAIOIIEH CHIIEI SIBISIOTCS
NPUJINBBI M OTAMBEL HAa MOBEPXHOCTH 3emuin, T1OCKOJIBKY pasMephl 3emiiu
KOHEYHEIl, TO, HE3ABUCUMO OT €€ (hOPMBbI, CHJIBI TIYHHOTO (M COMHEYHOI0)
NPUTSKEHUS HA PA3HBIE TOUKH 3eM/IM HEOIMHAKOBEL, B pesynbrare rospis-
eTCH BO3MYILAIOIAS CUJTA, KOTOPAs 3ABUCUT OT PACCTOSHUI M HANPABIEHU I
OT TOYEK MOBEPXHOCTH O MPHUTATHUBAKOLLETO TENAa.

Boamyuiaoniag cuia MOXET NPUBOAUTL K BOSHUKHOBEHUIO TAK HA3bl-
BAEMBIX OPOUTAIILHOTO U CIIUH-OPOUTAILHOTO Pe30HAHCOB., OpfumaivHotli
pezonanc HabIIONACTC B TOM Cllydae, KOraa nepuonb o6palieHus IByX WK
DoJiee HeDECHBIX Te1 OTHOCATCS MeK Iy co00i Kak HebOoNMbIIMe HATYPaTbHEIE
yucaa. OpOUTaibHbIE PE3OHAHCHI MOTYT OBITH YCTOHYMBBIMM M HEYCTOHUM-
BeIMU. B 1iepBoMm ciiyuae HeBecHOe Teno cmabuausupyemes Ha pe3oHaAHCHOM
opbure, BO BTOPOM — usbezaem pe3oHAHCHON opduTel. Cnun-opbumaibrotii
Pe3oHanc 3aKJIIOUAETCH B CHHXPOHM3ALMMU NEPHOAOB 00paLieHus: OIHOIO
HebeCHOro Tea OTHOCUTENBLHO JPYroTo WM BpallleHHsl MEePBOro HebecHOro
TE€JIa BOKPYT CBO€I OCH.

B yCcTOHYMBLIX OPOUTANTBHBIX PE30HAHCAX HAXomaTed, Hanpumep, Ty-
ToH M HentyH (2:3), «TpostHcKue» actepouasl 1 KOnurep (1: 1), ranuneessl
cnyruuku KOnurtepa Mo, Espona u lnnmen (1:2:4), nnanets b, ¢ 1 e Kpac-
Horo kapnuka [muse 876 (cospesnue Bomonesi, 15 ¢B. neT) v apyrue Hedec-
Hple Tena. [pumepamu HeyCTOHYMBBIX OPOUTANILHBIX PE3OHAHCOB CJykKAT
«weny Kupkpyia» B pacnpeneneHuu 60X MONYoceil opOuT acTeponios
[hasHoro nosica, xenexue Kaccunu (mpoMexyTok Mesny BHEITHUMH KOJb-
uamu Catypha). B ciMH-0pOUTANBHEIX pe3oHaHcax HaxomsiTess Mepkypuit
u ConHuge (2:3), Jlyua u 3emas (1:1), MHOTHE IPYTHe CIIYTHUKH TUIAHET,
Hanpumep ranuieesbl cnyTHuku KOnutepa (1:1).

Bonee obuuit ciiyyail QBMKEeHUS HEGECHBIX TEJT, B3AUMHO TIPUTATHBAIO-
UIMX IPYT APYra ¢ CHII0i, 00paTHO MPONMOPIHOHANLHON KBAJPATY PACCTOSIHUS
MEXKy HUMHM, pacCMaTPHUBAETCH B 3a1a4e Tpex v bosiee Tesi. B otimume or 3a-
Jauu BYX TeJl 3adaya mpex mea He UMEET 0BIIEr0 aHATUTHIYECKOTO PELIeHHS,
KOTOPOE 1103B0JIsIN0 OBl 111 IPOM3BOJILHBIX 3HAYCHM I KOOPIHHAT W CKOPO-
CTEH TEJl B HAYA/IbHbIN MOMEHT BPEMCHHU £, TPEACKA3ATH MMOIOKEHHME KaX 10~
ro 13 TpeX TeJ1 B 110001 Oyayinii MOMEHT BpeMenu ¢ > £, B 19061909 rr.

Bo.ml << ‘WL TO JIEUCTBUEM BO3-
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K. 3yHaMaH MpeIokul ajlrOpUT™M 1IOMCKa 0DIIEro PelIeHus 3aaadn Tpex
Te/ B BUJIE CTENMEHHBIX psanoB. OnHAKO 1103Xe ObLI0 M0KA3aHO, YTO B 00111eM
GAYMAC [U151 BBIYMC/IEH ML TOAOKEHMI I1aHeT METOLOM 3YHIMAaHa C TOYHO-
CIbIO, COOTBETCTBYIONIEH HaOMIOAEHUAM, HEODXOOMMO MCIOAL30BaTh HE

menee 10° 9 %0 cparaempix.

TCM HE MeHeEe CYLIECTBYIOT NMPOCTLIC M TOYHBIC PELICHWS 3a1a4U TPEX TEI,
KOTOPBIE HOCAT YACTHHIN XapakTep U UMEIOT BAXKHOE 3HAYEHUE B MEXaHUKe
HebecHbix Tes. B 1767 . J1. Diinep Haluen TpY TOYHBIX TAK HA3bIBAEMBIX HpA-
MOAUHEHHBIX, VIV KOAAUHEapHbix, pewieHus 3anaum Tpex tei. B atoMm ciyuae Bee
1PU TeNa MocToAHHO HAXOAATCS HA ONHOM MpsiMOM U obpallaiTest BOKPYT
ol1ero LEHTPA MACC B COOTBETCTBUM ¢ 3aKoHaMu Kernnepa.

B 1772 . K. JlarpaHK HalleJsI e1ie ABa TOYHBIX (MpeyeonoioiX) pelleHus
saiaun tpex Ten. CorNlacHO 3TMM PELICHUSM TPH TCNa, PAcTioNOXKEHHbIC B
BEpLIMHAX PABHOCTOPOHHETO TPEYTONBHMKA NPOU3BOJALHBIX PA3MEPOB, NPU
QIpeaeIEHHBIX 3HAUEHWAX U HANPABICHUAX HAYAJIBHBIX CKOPOCTeﬁ 6}QIYT
BIOCACACTBMH JBUTAThCs, TIOCTOSIHHO 00pasysi TpeyroibHuk. Benuuuna
CTOPOHBI TPEYTOJIBHUKA MU3MEHSIETCSI CO BPEMEHEM COTACHO 3aKkoHaM Ke-
[JIepa, a caM TPEYroNbHUK BpallaeTcs B (DMKCUPOBAHHOM TMIOCKOCTH BO-
Kpyr OOLIETO LEHTPA MAce TAKKE B COOTBETCTBMM C 3TUMU 3aKOHAMMU.

Eciun ke opOHTHI TPEX TeJ ABAAIOTCSA KPYTOBBIMH M Macca OTHOTO U3 HUX
HAMHOIO MEHbLIE Macchl JIOOOro U3 ABYX JPYrux, TO, npeHedperas Bius-
HWUEM MaJIOTO TeJa, MOXHO CUMTATL, YTO JIBA MACCUBHEIX TeJia 00palalores
BOKPYT MX 0OLIEro HeHTPa MAcC ¢ NOCTOSHHOW YIJIOBOM CKOpPOCTbIo. Takast
Jiava HOCUT Ha3BaHHE OEPGHHLIC’HHOQ sadauu mpex mea, a peLICHMsI -
Nepa u JlarpaHxka B 3TOM ciiydae DAaT namo moyex (aubpayuu) Jlazpanica
(puc. 2.8). Tperbe TENIO ¢ MpeHEOPEKUMO Manoi maccol, Oyay4yu rnome-
IIEHHBIM B OHY M3 TAKHUX TOYEK B MPOCTPAHCTBE BOKPYT ABYX MaCCUBHBIX
Tei, Byaer octaBaThesl HEMOABMKHBIM BO BPaLLAIOLIEHCsSl CHCTEME OTCYETA,
CI!HJaHHOI‘fI C MAaCCHMBHBIMH TCNaMH. B atux Toukax rpaBUTALIMOHHBIC CUJIBI,
JACHCTBYIOIIME HA MAJIOE TE0, YPABHOBELUMBAIOTCS LEHTPOOEKHOM CHIOIA.

Tpu konauneapnovie T0MkM L, L, i Ly HaXoaaTCst HA OIHOK npsamMoil. [dse
Hpeyeonsble WK mpostHerkie TOUKH Ly 1 L pacronoXeHsl B BEPLIMHAX paB-
HOCTOPOHHUX TPEYTONLHUKOB, OCHOBAHKE KOTOPbIX COBIIALAET C OTPEZKOM,
COCHHSTIOIIMM IBa MaCCHBHBIX Tena (puc. 2.8). KolmHeapHble TOYKHY TH-
DpaLLMKM HeycToMY MBI, TpeyroabHbie TOUKM JIMOPALMH YCTOHYMBEI, €CJTH IS
napamerpa pL = m,/ (m, +m,) Beinoaxsercs yeaosue 0 < p(1—p) < 1/27,
4 MCKIIOMEeHHeM ABYX 3HaueHuit: 1 ~ 0,0135up ~ 0,02429.

B acTpoHOMHH [0BOJIBHO YACTO BCTPEUAKOTCS CHCTEMBI HEOECHBIX TE,
KOTOpbIe MOTM Obl MOCHYKHUTE WIIIOCTPALMENH PELIEHNA OrpaHu4eHHON
aaan tpex ten. Bommsu 4-it u 5-it Touex Jlarparxka opOUT MHOIMX mjia-
ner COJIHE‘-IHOﬁ CHUCTEMBI HAXOASATCH TaK Ha3bIBaEMBIE MIpOAHCKUE acmepo-
Wl (‘TA). Y 3emnn, HanpuMep, u3pecteH oauH TA BOMW3M 4-i TOUKW U~
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Puc. 2.8. Pacnonoxenue Toyek Jlarpanxa (Touek aubpaiun)

Opauuu, y Mapca — onun TA BOu3u 4-it touku u tpu TA BOau3n 5-if, y
Onurepa — 2793 TA B6au3u 4-it Toukn («rpekus») u 1733 TA B6au3m 5-it
TOYKH («TposiHLbl»), y HenTyHa — mects TA BOim3u 4-i1 Touku ¥ onuH TA
B6unan 5-it. MonsTHo, uto TA nnaHer HAXOAATCSH B OPOMTANLHOM PE3OHAH-
ce 1:1 co croeit mnaHeToi.

Kpome storo, B cucteme CatypH —Tedumsi B Toukax aubpauuu L, u L
HaxonsTes apa Hebosnblux cnyTHUKa — Tenecro u Kanunco. Eile onHa
napa cnyTHUKOB U3BecTHa B cucreme CatypH — Iuona: Enena B Touke L, u
[Monuaenk B Touke L.,

HeckonbKo KOCMMUYECKHX AMTaparoB pasMElleHbl B Pa3lMuHbIX TOY-
kax Jlarpanxa ConHeuHoii cucrembl: SOHO (Solar and Heliospheric
Observatory — o6cepratopust JUis uaydenus ConHua u rennocdepsl) Haxo-
murest Ha opouTe B Touke L, mexay 3emueit u Conruem; WMAP (Wilkinson
Microwave Anisotropy Probe — 30HI [UTST M3y4eHUsl aHU30TPOIIMM MUKDPO-
BOJIHOBOTO M3nAyvYeHMs uM. J1. YiuJikuHcona), npeaHasHadeHHBIA TSI U3-
YYEHMS PETMKTOBOTO U3NYUYEHUH, — B TOUKe L, 3a opbutoit 3emnn.

Bonpocwer u 3adanus das camonposepru

1. Tlpyu Kakux KOH(UTYPALMSIX HUKHUX U BEPXHUX TUIAHET YCJIOBMS MX
yTpeHHero HabmoneHust Hanboee GNaronpUsITHBI?

2. Ilpu kakux KOHGUTYpaIMsIX HHKHUX M BEPXHMX IJIAHET UX Habaona-
10T Beuepom nocie zaxona Connna?

3. TloueMy CHHOIMYECKUE NEPHUOLIBLI COCENHUX ¢ 3emrieil riaHeT Hanboble?

4. Kakoe ycioBue onpejesseT paBeHCTBO CHHOAMYECKOTO W 3BE3IHOIO
MepHOIOR TIIAHETH?

5. Hapucyiite cxemy oGpatiieHust BepXHeii MIaHeThl OTHOCHTENLHO 3eM-
JIM M MOKAXKUTE BO3HUKHOBEHME METIe00Pa3sHOro ABMKEHNA 9TOH M1aHEeTE
no HebecHoIt chepe.
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6. CpasHuTe QOPMYJIMPOBKY 3aKOHOB ABUKEHWUS TUTAHET, JaHHYIO Ke-
[1IEPOM, € MX coBpeMeHHO# dopmynnposkoii. Yem onn pasnuuaioTes?

7. Kakue aneMeHTh OpOUTHI ONPEIC/ISIOT €€ OPUEHTALIMIO B TPOCTpaHCTBE?

8. Kakue aneMeHTbl OpOUTHI ONPEAC/SIIOT €€ pasMepbl U CTEMEHb IITHTI-
THUHOCTH?

9, Kakos (pu3N4ecKnii CMBICS HHTEIPaIa dHeprun?

10, Yro Takoe BO3MYLIAKOIIASA CHIA M BO3MYLILAIOLIEE YCKOopeHue?

1. Chopmyaupyiite MPUINHY BOZHUKHOBEHUSI TPUIIMBOB U OTJIMBOB
HA MOBEPXHOCTH 3eMIH.

12. INpuBeante NpUMepbl BAWSAHHIS BO3MYLLAIOWEN CHIbL HA ABHXEHHE
Test ConHEeYHOU CUCTEMBI,

13. OnMiuMTE YacTHbIE CIy4Yau peLleHUs 3aauu TPex TeJl.

IIpumeput pewenus 3adau

3amaua 1. Onpenenure neHb OGIUXKaWLIEro CACAYIOULErO MPOTHBOCTO-
sumsa KOnurepa, ecnu 1 siHBaps renMoueHTpuyeckas goarora Konurepa
306°55, a 3emau — 99°55".

Pewenue. 3Has1, 4TO B MPOTUBOCTOSIHUK PA3ZHOCTL IEJMOLEHTPUYECKUX
JaonroT pagHa 0°, MOXHO BLIBECTH YPaBHEHME, KOTOPOE CBSDKET JOJTOThI
OTUX MAaHET uepes x aHeil B npoTuBocTosHuu: (/+n;-x) —(L+ng-x) =07,
rne [, L — texymue gonrorsl HOnurepa n 3eminu Ha | auBaps, n; U hg —
¢pesnmne cyrounsie apkerus KOnurepa u 3emun (cm. Tadsn. 2.1). Ha ocHo-
WM STOTO OTNPEIeIMM KOJIMYECTBO MPOLICIIINX AHE:

LA 3067558955
Yx=———=—————22=9200.6 CyT.
gy =il Al B4

OrcumnTaB 3TO KOJMYECTBO AHER oT | ssHBaps (rmonaracM, YTo rojl He BH-
COKOCHBIN), osyaum 19 asrycra.

Japaua 2. Onpenenute GONBIIYIO TONYOCH @, BpeMst obpaiierus T, 9Ke-
UEHTPHCUTET e M TICPUTENHITHOE pacCTOsIHIE ¢ BOOOpaKaeMOii KOMETDI, KO-
0P Ha paccrosinuu 1 a.e. o ColHLA MMENa CKOPOCTE, MO HANPABIECHUIO
CORIMIAIONLYIO ¢ KPYTOBO#, HO 1o BeauunHe B 10 pa3 MeHbLLIYIO.

Pewenne, CkopocTh KOMETH MEHBILIE, ueM Kpyrogast. M3 atoro crenyer,
WG QM JIBMZKETCH TT0 JUIMITTHYECKOH opONUTe, HAXOAALLEHCS B JAHHOM Kpy-
1€, Il NOCKOJILKY Ha paccTOsIHMM 1= 1 a.e. ee CKOPOCTh COBMNAJAET [10 HaNpaBs-
HEHMIO ¢ KPYTOBOI, TO B ZAHHbI MOMEHT OHA HAXOAWTCs B aenuu, Te. 0 = r.

2l
Dopmyany (2.14a) nis KOMETH MOXKHO 3aMicaTh Tak: B2 G Mg [; = ;], rae

My — macca Connua. Kpyrosylo ckopocTh Ha ]pacCTORHMH I"MOXHO Onpe-
NANTE 110 AHATIOTHYHOMY COOTHOLUEHWIO: v, =G-Mg /r. Tlo ycnouio
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g | '
v=0,l»,. Orciona F—E=O,Olv;, a=r/1,99=10,5025 a.e. Bpems obpa-

UICHUA OMpENE/MM HAa OCHOBAaHWM TPEThEro 3akoHa Kemmepa: T= g/’ =
=0,3562 roga. Mockonsky adenniinoe paccrosiHie Q=r= =gqa. (1 +e), 10
e=0,99. Cuenosatensno, mnepureaniinoe pacctosiiue g=a-(l—e) =
=(),005025 a.e.

Jadauu das camocmosnmeasrozo pewenusn

I. 1 wmionst renmoueHTpuyeckas ponarora /= 291° s Onurepa u
L=1279° — nna 3emnn. Korja HacTynur sanamHas KBagpatypa?

2. Habmoaarens 3amMeTHI, 4T HCKOTOpasi MJIAHETA HAXOIHTCS B [IPOTH-
BOCTOSIHMM Kaxbie 665,25 cyt. KakoBo ee pacctosiime ot CoHua B acTpo-
HOMMWYECKHX eAMHULAX?

3. CatypH HaxoauTCs B TPOTHBOCTOSHUM ¢ 3emieit 10 mas. Koraa npo-
M30HIET COeIMHEHHE BTUX maaHer?

4. 18 wionst reqMoLeHTpUYEEKas N0ATOTa Mepkypus /=10°, a pa3sHocts
Aonror 3eman u Mepkypus L— /= 60°. Korna Mepkypuit 6ymer Jiydiue Bce-
IO BHIEH Beuepom?

5. lemouenTpuueckas nonrora 3eman L = 90°, a pasHOCTB JONTOT 3eMiiu
1 Benepsl A/ = 180°. Yepes ckobko aHei HACTYIUT 3anajHas aJoHranus?

6. Onpenenure aeHb Gmxkaimeii K | SHBapsA HauboNbLIEH BOCTOYHOMN
9/10HTalMK BeHepol M HalloWTe BUAMMOE MONOKEHHE BeHepsl Ha Hebe B
3TOT MOMEHT. [ennouentpuyeckas nonrora Ha 1 sisapsi: I = 260°40' — s
BeHepsr; L = 99°55 — uig 3emun.

7. KakoBa Gbi1a 661 GonbILas 1o YOCb OPOUTEI MAAHETHI, €CIIH ObI e¢ CH-
HOOM'eCKUii nepuon coctassut | ron?

8. HuxHee coenunenue 3emam u Mepkypus otMedeHo | okra6psi. By-
AT JIn 3anaaHas 3JI0HTalus B 3ToM ke rony? Koraa 31o npousoiiaer?

9. Acrepoun Becra cosepiuaer mosnmbiii obopor Bokpyr ConaHua 3a
3,63 rona. Bo ckonbko pas Janblile, yeM 3eMiisd, OH OTCTOMT B CPEOHEM OT
ConHua?

10. B nacrogumit Mmoment pazuocts TENTHOUCHTPHYECKMX JONTOT 3eMau
v KOnurepa Al = 60°. Yepes ckonbKo aHeH HACTYNUT BOCTOYHAs KBanparypa?

I1. Tpurnmast, 4To OPOUTHI MIAHET — KPYTH, HAXONSLIHECS B OOHOI
TUIOCKOCTH, a paauyc OpOMTHI MPEArnonaraeMoil IUlaHeTh paseH 40 a.e.,
ONPENE/TNTE €€ CYTOYHOE CMELLICHHE Ha HeGeCHOI cdepe B IPOTHBOCTOSHUM.

12. * Haiioure nepurenuiiHoe, aeMiiHOE PACCTOSIHUS W 3BE3NHbII
nepron obpaienns acrepouna benopyceus, ecnu 6onbiuas MOIYOCh M IKC-
LEHTPUCUTET €ro OpOHUTHI COOTBETCTBEHHO paBHbl 2,405 ae. n 0,181, Ye-
Pe3 Kakoii MPOMEXYTOK BpeMeHM [OBTOPAIOTCA MIPOTUBOCTOSTHUA DTOTO

76

acrepouza? Kakoa ero cpefHas opGuTaibHas ckopocts? Kakoso cpentee
YIJIOBOE MEPEMEILEHHE aCTEPOMIA B CYTKH B TPOTHBOCTOSIHHU?

13. I'lo cHEUMKaM ¢ KOCMHYECKOro annapara «[anuneo» y acrepouna Mna
ObUT 06Hapyxen cnytHuk Jdaktune pasmepom 1,6x 1 ;2 KM, ODpalLaoLii-
¢s1 Bokpyr Uawl na paccrosinuu 100 kM. Kakos nepuon obpaiucuus Jdak-
THIIS BOKPYT WIbI, €c/i CHMTATh ACTEPOU, APOOBPA3HBIM TENOM auame-
Tpom 38 KM u cpeaneil mioTHOCTBIO 2,5- 107 KI'/M3.

14. KakoBa Macca Kap/iMKOBO#H TIaHeTh! IliyToH, ecsin ee ciyrHuK Xa-
POH 00pallaeTcs Ha paccTosgHum 19,5 TEIC. KM ¢ nepuonoM 6,39 cyr Bokpyr
IJIaHEeTH?

15. 19 aprycra 1996 r. Benepa nabmiomanach B 3amamHoii SNIOHTALIMH,
YrnoBoe ynanerwe ot ConHia B 3T0T MOMEHT 651710 47°, B kakoe BpEMSI Cy-
TOK camble OJIAronpHsTHBIC YCIOBHS 1151 e¢ Habmoaenus? OueHuTe KOOp-
AMHaTBl BeHEpsl W TO, B KAKOM CO3BE3IMH OHA Haxommiack. PaccumTaiite
paccrosiiue ot Bereps! 10 3emau B aTOT senb. Kakosa NpH 3TOM JydeBast
CkopocTh BeHepel orHocuTenbHO 3emin? Korna HacTynut cJjenyroulas 3a-
laaHas woHrauust Benepni?

16. * Onpenenute Bpems MUHMMATILHOTO CMELICHHS HEGECHOIO Tea
Ha HeOecHOIl cepe, ABIXKYIIErOCA MO KPYroBoii opbure ¢ r= 4 a.e., Ko-
TOPOE MOXHO OBHAPYXKMTH C IOBEPXHOCTH 3eMJIH C MOMOILIBIO 3pUTENBHOL
TpyOLl ¢ AHamMeTpoM obbexkTuBa D = 60 MM (paspeluaiowas cnocobHOCTb
Yenoseyeckoro rmasa d0 ~ 17, nuamerp 3paukad = 6 MM): B IPOTHBOCTO-
SHHM; B COENMHEHHH.,

17. * Komera apuxetcsi Bokpyr ConHia co CKopocThio 567,2 kMm/c
(B HEKOTOPBIIT MOMeHT BpeMeHu). Ee paguyc-Bektop pasen 0,005543 a.e.
OnpenennTe aKCUEHTPUCHTET OPBUTH KOMETEL.

18. * Oxkono 3Be3abl Maccoit M 1o Kpyrosoii opOuTE ABMKETCS 3BE3NA-
CHYTHUK Maccolt m (m << M). B HeKOTOPHIHi MOMEHT BpeMeHM LEHTPATb-
Hasi 3BE30a BCTIBIXMBAET KaK CBEPXHOBAs M BRIOPACEIBAET Maccy gM (-5 1)
Cunrasi, 410 9Ta Macca BBIXOIUT 3a OpOUTY CIyTHHKA MTHOBEHHO, HE 3a-
IEBas ero, OMHIIUTE BO3MOXHBIE TPAGKTOPHH IOCAEAYIOIIETO MBHKEHMST
CIYTHHKA B 3aBHCMMOCTH OT 3HAYCHHUA ¢.

19. Onpenenute 3Be3nHBIN NEpHO O6pALLICHMs Mapca, 3Has, 4yT0 ero
CluHOAMMEeCK Wil mepros papeH 780 cyr.

20. Tpotusoctosiune Onurepa npousonuio 15 uions. Koroa sto npo-
Hsoiiner B cnenyrommii pas?

21. Hawnyuwas pevepHssa suauMocts Benepsl oTMeueHa 5 tenpais.
Korna B cienyonmuii pas BeHepa Gyer yuie BCero BUAHA B TEX Ke yCI0-
WHAX, ec/iu 3Be3NHEIN nepuol ee obpalueHus 225 cyr?

22. OnpejenuTe CpeIHEe CYTOYHOE IBMXKCHHUE Mepkypust mo opbure,
B ero cuHoaMYecKuii mepuoy paseH 115,88 cyr.

77



23. Yemy paBeH yroj HauGOJbLIel DNOHTAUK 3eMIU C TOUKU 3PEHHUSI
Mapcuan?

24, Omnpepenure AeHb GIMXaiiLIero ceAylolero mpotTuBocTosHus Ca-
TYpHA, 3Hasl, YTO ero TenuoleHTpUYecKas nonrota | susaps 306°55, a 3em-
I —99°55

25. * TenuoneHTpuieckas nonrora KOnurepa | uions 6ui1a 291°; a 3em-
m — 279°. Onpenenute Buanmoe nonoxenue HOnurepa Ha Hebe | cen-
Ta6ps. MoxkHO U ObiI0 ero Habmojars seuepom B Caukr-Tlerepbypre
(§==39"57")¢

26. Onpepenute paccrosiiue KOnurepa oT CoNHLA B ACTPOHOMUYECKHX
eMHUILIAX, eciu npotusocTosiiue Onurepa npousonino 10 urons. Yepes
11 ner 315 gHeit (3Be3nHblil mepuos obpaiueHus Knurepa) reoleHTpUYe-
ckast pasHocTs aonrot Al Conniia u OmuTtepa cocrapisiia, Mo HabMOAeHN -
am, 120°. TIpu penieHHH Mo BO3MOXKHOCTH HE MUCTIONB3YiiTe TPETHIH 3aKOH
Kemnnepa.

27. 3a kakoii nepuoa Bpemeny obpaianack 6er Bokpyr CosHia rjaHe-
Ta, ec/v 6Bl OHA Haxoaunach Ha paccrosinuu 100 a.e. ot Hero?

28. Cpennee paccrosuue Benepn or Connua 0,72 a.e. Onpenemute
HAUOOJIBIIYIO BEICOTY /1, HA KOTOPOi B MECTHOCTH ¢ LIMPOTOM () MOXKHO BH-
nets Berepy B MomenT 3axona CoiHla, W yKaXuTe Bpems rofa s 3Toro
spnenus. OpouTy BeHephl cCUMTATh KPYroBoil, iMeroleit HaknoneHue 0°.

29. Tpunumas, yro cnytHukn Mapca @oboc u [eitMoc obpaiiaTes
10 KPYroBEIM OpOUTaM ¢ NepUoLaMu 7"39"13°,85 u 30"17"54°,86, onpene-
nute Haubosbliee yriosoe yaaneHue Goboca ot Mapcea BO BpeMs MPOTHBO-
CTOAHUS, ECTIM B ATOT MOMEHT HauGonblee yriopoe yaanenue Jleiimoca ot
Mapca cocrasisier 17237, 1.

30. Onpenenure cuiepuUecKuii nepuon obpaweHus Mepkypus, eciu
WU3BECTHO, YTO €r0 HAUOOMbILAS IIOHTAIIWS U3MEHSIETCH OT 17°,8 mo 27°,8.

31. KakoscuHOAMYECKMIT eprox obpatieHust BeHepsl, eciiv U3BECTHO,
YTO e¢ HAUBONbLIAS SMOHTALMA paBHa 46°,4.

32. * KakoB MpoOMeKYTOK BPEMEHH (BBIPAXEHHBIIH B MAPCHAHCKHUX COJT-
HEUHBIX CYTKAX) MEXJY JABYMsl [OCHEIOBATEIbHBIMH BEPXHHUMH KYJIbMH-
Hanuamu ®oboca, HabmonaeMbiMu Ha Mapce? [lepuon BpauieHust Map-
ca BOKpYr ocu orHocuTesibHO ConHua PaBeH 24"37" cpemHero coHeYHOro
BpEMEHH, 3BE3AHBIN nepuos obpatnenua Podoca — 7"39™ cpemHero coi-

HEUHOT'O BPEMEHH.

33. * Ha ckonbko 3pe3iHbie cyTKH Ha lOnurepe KOpoye COJHEUHbBIX,
ec/TU ero nepuo/ odpaiieHus BOKPYr OCH 9"50™30°, a NPONOLKHUTENBHOCTD
o6pawwenus okono Connua 4332,6 cpeiHUX CONHEUHBIX CYTOK?

34. 20 aBrycra Benepa Haxomunach B BepxHem coeMHeHuu. byner nu B
ITOM TOJly HAUJIYILIAs YTPEHHASA BUAMMOCTE BeHepbl ¢ 3emiin?
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35. Ilnanera Henryn Gbina oTkpbita 23 centsiops 1846 r. Cpeanuit pa-
auyc ee opoursl papen 30,07 a.e. Onpenesnre nathi: 1) mepsoro obpaieHus
Hentyna Boxpyr ConHiia ¢ MOMEHTa OTKPHITHST; 2) TAKOTO Xe B3aUMHOTO
nonoxeHust Henryna u 3eMin, Kak ¥ B MOMEHT OTKPBITHA. [TpomomkuTens-
HOCTB 3Be3gHOTO rofa Ty = 3657,25.

36. Ha ckonbko rpagycos cMecTuiicst [lnyron no csoeit opéure ¢ mo-
MEHTA €ro OTKPBITHA?

37. Ilepuon obpawenust Herrryua pokpyr CosHila coctapisier 165 ner.
Byaer nim Bunen nuck y ConHua, eciim cMOTpeTh Ha Hero ¢ Henryna HeBo-
OPYXKEHHBIM IJ1a30M, WIH OHO OYJeT TOYeYHBIM 00BEKTOM?

38. M3o0pasuTe B MPOEKIMH HA IUIOCKOCTh SKIMNTUKH OpOMTY He-
GecHoro Tena, eCiiM OHa MMEET CIICYIOLIUE XapaKTepUCTURK: @ = 1,5 a.e.,
e=0,i=90°, § =45°. [Iyis cpaBHEHHs HA TOM e YEPTEXKE U B TOM KE Mac-
uitabe uzobpazuTe opbuTy 3eMITH.

39. Kakoso yrnoBoe paccrosinve 3emnu ot ConHua B Haubombiiei
BJIOHTALUMK MTPH HabnwaeHuu ¢ KOnuTepa?

40. Ha xakoMm HamGoJBIIEM YIJIOBOM paccrosHud oT ComHIa 6biBaeT
puped KOnutep ¢ a Llenraspa?

41. Cupepuyeckuit mepuosm oceBoro BpaiueHus ConHua (Ha 9KBATO-
pe) — 25 cyr. YUeMy paBeH CHHOAMYECKHMIl [IEPUOI ETO BPALICHUS NPH Ha-
broneHuu ¢ Mepkypus, 3emnu, [Tnyrona?

42. * OnpepennTte XapakTepHOE BPeMsl MPOXOXAEH s BeHephl Mo oucky
Connua. Kak oHa nepemeruaercs no qucky, eciiu ee HabmoaaTh U3 CPEIHMX
IIMPOT CEBEPHOTO TIOJTYLLAPUSL: CIIPABA HANEBO WK CAEBA HANPABO?

43. * Jluamerp I1nyrona paBeH 2356 kM, paccrostue ot ConHua (B Ha-
yane TpeThero Teicsiyenetusa) ~30 a.e. OnpenenuTe WIMPUHY MOJOCKH HA M0-
BEPXHOCTH 3€MJIM, M3 KOTOPOit MOXHO HabJoaaTh, kak [TayToH nokpoer
apeany. Cxosibko 9710 Oyner JauThea?

44. TlpejcraBbre, 4TO BB IPOM3BOIUTE PAIMOJIOKALIMIO ACTEPOUA, IBU-
Kyuerocs no Kpyrosoii opourte paguycom 5/3 a.e. Bo ckosisko pas bonee
MOILHBIH HMITYJIBC Bbl IOJIKHEI TOCIATE B COSIMHEHUH, YEM B [IPOTUBOCTO-
SIHUM, YTOOBI 3apPEeTHCTPUPOBATE OTPAKEHHLI CHTHAJ OMMHAKOBOH CHITHI?
Ha ckonbko 3Be3AHBIX BEAMYHUH 3TOT ACTEPOM SPYE B NMPOTHBOCTOSTHUM,
YEM B COEIUHEHHUU?

45. Yro crano 6w ¢ ConHeuHoil cHcremoii, eciu 6b1 Macca Connua
MIHOBEHHO YMEHBIIIWIIACEH BABOE?

46. Kak uameHwmnace 6b1 opbuta 3emim, eciu 661 mMacca CoHIa BHe-
S4MHO yBeaWYUIace B 2 pasza?

47. CxopocTh IBHKEHHSI KOMEThI B EPUTENHU B 3 pasa GoJiblle, YeM B
fipesmn. Yemy pareH IKCUEHTPHCUTET €€ OPBUTHI?

48. Kak 3aBUCHT JIMHEHHAs! CKOPOCTb ABUXEHWSI TUTAHETH 110 KPYTOROIH
opbuTe oT paguyca opouTHI #?
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49, Haijinute 6OABLIYIO [IOJYOCH TEIHOCTALHOHAPHON OpOUTHI, T.€. Ta-
KO KpYroBOii op6uThl, KOTOPAst JIEKHUT B TUtockKocTH akBaTopa CosHUA U
MMeEET NepUojl OBPAIe HUS, PABHBIN CHAEPHUYECKOMY TIEPUOILY OCEBOI0 Bpa-
wenus Conuua (T = 25%).

50. * B konue XX B. B ConneyHoil cucteMe Ol OTKPHIT HOBBIA KJIACC
06BbEKTOB — JBOlHBIE acTepounsl. OnpenesnTe HauboIbIlee PACCTOAHUE
or 100-KnjIoMeTpOBOro acTepouia A0 €ro ClyrHukKa — acTepouaa MEHb-
niero pasmepa (TIOTHOCTh ACTEPOUIOB p = 2 r/cM’, paccTostHMe OT HUX 110
ConHuar=13 a.e.).

51. * Onpegenute napaMerTpsl (pazmep, MOJOXeHHE LEHTPA) Chepsl
nputsxkenus 3emnu otHocutensio Cosmnua. HeiicTBurensHo su cdepa
npuTsKeHus apasercs chepoii? MNpu kakoit Macce Jemin chepa NPUTSEKe-
Hus OBl OB T0CKOCTBIO?

52. KakoBbl mpeaessl M3MeHeHMs ypaBHe s BpemeHu Ha Mapce (6onb-
e MM Medbile, uem Ha 3emne)? Orser obocnyitte. Haknon ocn Mapca K
MJIOCKOCTH €ro opouTH 65°, 3kcueHTprucHTeT opduTh (1,093,

53. OkcneHTpucHTeT opdutel Mepkypust paseH 0,2, Gojblias nmomy-
ock — 0,4 a.e. KakoBbl HAUOOMbLIEE U HAMMEHBILIEE PACCTOSAHUSA TUTAHETHI
or 3emun (B kunoMeTpax)? Opéurty 3eMiId CUUTATH KPYTOBOA.

54. Slpkuit 3pe3n000pasHelii 06bekT GbUl BUueH | ampena okono 7 Y
Beuepa Kak pa3 B Touke BocToka. Beina 510 38e31a unu nuanera? OTseT 060-
CHYHTE.

55. Kak uaMeHUTCs MeproI o0pauieHus MIaHeTsl, eciy ee Bobiag no-
JIYOCh YBEJIMMUTCS HA MaNylo BETMYHHY Aa?

56. Beiumcnute Maccy Mapca B CpABHEHMM € MAaccoil 3emMild 10 IBH-
¥eHuio ero crnytHuka Moboca, Wi KoToporo ap, = 9300 km, Tp, = 0432,
CootrBercTByioliye BenuauHbl wist JlyHbl npuHATE paBHeIMU 384 000 kM u
278,

57. Maccsr 3emmm 1 JIyHbl otHocsiTest Kak 81:1. Paccrositnue MeXay ux
LeHTpaMu pasHo 382 420 kM. [e HaxomurTes X ODILKI UEHTP TAXKECTH?

58. * Beipenute hopMyITy, KOTOPAS BHIPAXKAET BPEMS MAAEHUH f JIOOOTO
HeBecHOro TeNla Ha CBOE 1IEHTPANBHOE CBETHJIO ¢ PACCTOAHMA a.

59. Kakoso 6bu10 651 Bpemsa nagenust 3eman Ha Connue, eciin 661 oHa
nepecrana o6palaThesl BOKPYT HeTo?

60. B teuenue kakoro spemenu InytoH, nagas Ha CoHile, TOCTHT bl
€ro MOBEPXHOCTU?

61. CpaBHUTEe OTHOLUEHWE KOJHUYECTBA TEIUIOTHI, NPUXOIANICTOCH Ha
eUHULY ToBepXHOCTH B MuHcke (¢ = 53°54") B IHM NETHETO W 3UMHErO
COJIHIIECTOSTHUS H BO BPEMS TIPOXOXKAEHUs 3eMITH uepes nepureuit (~3 gH-
Baps1) U adennii (~4 o). DKCUEHTPUCHTET 3eMHOIL opbutel e = 0,017.
Bo ¢ckoMbKO pa3 BIUsHKUE HAKJIOHA COTHEYHBIX Ty4eil O0/bLI¢ BAHAHUS W3-
MeHeHUA paccToaHust o ConHua B 9TOM ropoge?
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62. Kakoro npsMoe BOCXOXJ/IeHHe TOUYKH Ha HebecHoil cdepe, Mo Ha-
MIPABAEHUIO K KOTOPOIt IBIKeTcst mo opbute 3emist 22 niouns?

63. Hekotopoe Tesio, Haxomsick or ConHua Ha pacctosHun r = 0,7184 a.e.,
ABMKETCA oTHOCUTETBHO CoMHIIA €O cKopocThio v = 33,2 kM/c. Onpenenure
BT KOHMUYECKOTO CeUeHHS, OMUChiBaeMoro tesioM. Yto 910 3a Teno?

64. * [lnaHera A IBMXETCH MO UIMIITHYECKO opouTe Bokpyr ConHua.
B MOMEHT, KOrIa OHa HaxoAusach Ha pacctosinum r; ot ConHua, ee cKo-
POCTH PABHSUTACH ¥, @ YTOI MEXKIY PA/MYC-BEKTOPOM Fj U BEKTOPOM CKOpO-
CTH ¥, cocTannsan a. Onpenenure HaubONBIIEEe U HAMMEHBLIEE PACCTOSHUS,
Ha KOTophle 9Ta [taHera yaansiercs: oT CoHLA NPH CBOEM IBMXKEHUH.

65. JlokaxuTe, 4TO MOJAHAA MEXAHUYECKAs SHEPTUS IJIAHETHI MACCON m,
nIBMAyIeiics Bokpyr COTHIIA 1O UTHIICY, 3aBUCHT TOJIBKO OT €T0 GOJIBIIONH
nmoayocu a. Haitaure (popMymy 3aBHCUMOCTH 9TON SHEPTUH OT 4.

66. Joaronepuoauueckass kometa B adenu CBoeil opbuThl BUAHA B
nporusoctossHuK ¢ ConHuem. Yepes Kakoil MPOMEXYTOK BPEMEHHM KOMETa
OyJleT HaXOAUThCS B coenMHeHUU? OMpeaenuTe TAKKE CKOPOCTh KOMEThI B
FEPUTENIMHI, CCJTH TIEPUTENTMIIHOE PACCTOsIHUE paBHO 1 a.e.

67. Cnyrauk HOnurepa oGpaiiaeTcs BOKPYT 3TO# IUIAHETHI MO KPYTOBO#H
opOuTe B TOM K€ HANPABJACHWH, UTO ¥ ramuieesbl cnyTHUKW. IMpu Habmome-
Huu ¢ 3emin 3ToT cryTHMK M COlHLE BCEria BUIHBI HA HeGe 1o pasHble CTOPO-
Hbl or Onutepa, a BO BpeM# TIPOTHROCTOAHKSL TUIAHETHI CIYTHUK HAOMMIOIAT
HeBo3MOskHO. OrnpenenuTe pacctogHue criyTHUka ot FOnurtepa npu ycnosuu,
YTO II0CKOCTH opouT 3emnu, KOnuTepa v ero CIyTHHKA COBNANAIOT.

68. JloJronepHoIniecKue KOMETh MPUJIETAlOT BO BHYTPEHHKE 00/1acTH
CojiHeuHoi1 cHcTeMbl, BeposTHee Bcero, U3 obnaka Oopra. Onpenenwre,
CKOJIBKO BpPEMEHM ANUTCs takoe myrewectsue. Cunraire, yto adenuii op-
OUTH KOMETBI HaxoauTes Ha pacctosiHuu 35 000 a.e. or ConHua.

69. * C 3emuiv HAOMIOAAETCS LEHTPAIbHOE TTOKPBITHE 3Be34bl Mapcom
(T.€. 3B€30a MPOXOMMT MO AMAMETPY MJIAHETHbI, COBNANAs B HEKOTOPLIH MO-
MEHT BPEMEHH C €€ LIEHTPOM). Mapc npu 3TOM HaXOAMTCS B 3al1aiHON KBA-
apatype. OnpeenuTe MPOAOIKNUTEIkHOCTE 3TOr0 ABAeHMs. OpOUTHI 11a-
HET CHHUTANTE KPYTOBBIMH.

70. B 1672 r. 6611 OCYLWIECTBJACH MEXAYHAPOLHBIH 3KCIEPHUMEHT MO
onpejieSieHHIo napawiakca Mapca B MOMEHT NMPOTUBOCTOsI HUA. PaccuunTaii-
1e pacctosHre Mexay 3emuteil 1 MapcoM B 9TOT MOMEHT, €C/TH OTJIHYKE B
pesyasraTax u3MepeHuit momoxeHus Mapca AByma HaOMIONATENsAMH, Pa3-
JIe/IE HHBIMY BAa3UCOM, PABHBIM IUaMeTPy 3emiin, coctasuiio 33”,6.

71, Huxmnue riaHeTsl, B ToM yuciie U BeHepy, aydiue Bcero HabionaTh
i MOMeHT toHray. CKOMbKO BpeMEHH MPOXOAMT OT BOCTOYHOM 0 3a-
HaaHoi anonrauun Bernepsi?
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72, * CKOJIBKO BPEMEHM NPOXOAMT OT CTOSIHMS Mapca (Koroa npsiMmoe
JBUJKEHUWE CMEHSIETCS HA MOMATHOE, B 3TOT MOMEHT Mapc npakTuuecku He
JIBHKETCS Ha (hOHE 3Be3/1) 10 €ro NPOTUBOCTOSAHUS?

73. * llenTpansHoe NOKpbITHE 3Be3/bl BeHepoil (LIeHTp MIaHeTsl nepe-
CEKAET 3BE3AY) MPOMUIOLULIO B MOMEHT, KOIJIA PA3HOCTDb Ie/IMOLIEHTPUYECKHX
jpoarot Benepst u 3emiu coctasisiia 30°. Onpenenute NpogoKHTENBHOCTh
ITOIO ABJEHHKA, HE YHUTbIBAA BpallEeHHE 3eMnu BOKpyYr CBOEI OCH W JIJTUIT-
THYHOCTDb 0p6MT IJIaHET.

74. * Ha pacctosiHuu 1 MJIH KM OT 3emJiM 0OHapyXeH acTepou cde-
puueckoii opmel auameTpom 1 KM (cpeaHsis MIOTHOCTb paBHa 3 r/cm’),
NBUXKYIUUIACS B CTOPOHY HALIEH TUIAHETHl ¢ MPULETLHLIM MapaMeTpoM
15 000 kM u ckopocteio 12,1 km/c. CronkHeTca au oH ¢ 3emeit? Ecau
CTOJIKHETCS, TO OTpPEHe/IUTEe IHEPTHIO, KOTOPAA BLIIEITUTCH B PE3YNETATE
3TOTO CTOJNKHOBEHM. EC/IM HE CTONKHETCS, TO ONPEHEeUTE, HA KAKOM MH-
HUMAITBHOM PACCTOSHUM OH NPOMIET OT 3eMHOU MOBEPXHOCTH.

75. Kakasl 4acTh NepBoHAYANLHOW MAcChl 3Be3/161 TOKHA ObITh MIHO-
BEHHO cOpolIeHA MOcAe CTAfAMU KPACHOTO TMIaHTa, YToObLl OpOUTHI Tell B
TUIAHETHON CUCTEME OCTANUCEH 3aMKHYTBIMU? McXxoaHble OpOHTHI CUUTATH
KpYroBbIMH,

2.2, Ipmxenue 3eman u Jiynsi

B nepsom npudimKeHuu JUist pELIeHMs MHOTUX 3a1a4 OpOMUTLI MIAHET 1
.ﬂ_\/Hbl MOXKHO CHHUTATh KPYTOBLIMU, a4 UX IUIOCKOCTU — JIeXKaluluMUu B TJI0-
CKOCTHY 3KIMNTHKU. Ha camom nene, HampuMep, MIOCKOCTh OpOUTHL JIYHEI
HAKJIOHEHA K 3KJIMIITUKE MOJL YIJIOM B cpeiHeM 5°097, a Gonbliasi oiyoch ee
paBHa 384 400 km. B nepuree paccrostue or 3emiu jo JIynnot 363 400 km,
apanoree —405 400 km. [Mepuon obpawenust JlyHet BOKpyr 3emnn (cude-
puteckuii, Wi zeezoustil, mecany) coctapnset 27,32 cyT.

[Mepuon BpalieHus JIyHBI BOKPYT CBOEH OCH COBIMAJIAET C CUIACPHUYECKUM
MECSILIEM, TIOITOMY € 3€MJIM BCEraa BUIHA TOJALKO OJHA MOJOBUHA ee To-
BEPXHOCTH. OJ[HHKO 6JT21FO,H.HDH HCKOTOPBIM 0COBEHHOCTAM ABHXKEHHA U
nonoxeHus JIyHbl B MPOCTPAHCTRE HA CAMOM JIefTe MOXKHO BUIETh HECKO/Tb-
Ko Oosiblie uem 50% ee MoBepXHOCTH.

Och BpaieHus Jlyuel HakjioneHna nomg yrioM 83°19 K mnockocTH AyHHOH
OpPOWTEL, NMO3ITOMY JIYHHBIH DKBATOP COCTABIAET C TUIOCKOCTHIO OPGUTHI YTOM
6°41’, a ¢ NNIOCKOCTBIO IKIMNITUKN — okono 1°3(°. Bnaronaps sToMy Hakio-
Hy € 3eMJIM NOOYEPEIHO BUEH TO IOXKHBIH, TO cesepHblit nomoc JlyHel. Cos-
laercst Brieyarienue, Oyarto JlyHa «nokauupaercs» Ha 6°41° (ata BenuuuHA
Jocruraer 6°50°) BIONb MEPUAMAHOB, T.€. TPOMCXOMUT TAK Ha3blBaEMasl .u-
Gpauun no wupome. V3-3a HepapHOMEPHOCTH ABMAKEHH JIYHBI TTO DJTHNTH-
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YyecKoii opoUTe BOKPYT 3eMIH U OTHOCHTENIBHOM
PABHOMEPHOCTH BPALUEHMSI BOKDPYr CBOEi OCH
JlyHa «nokayupaeTcsS» BLOL Mapaienei B npe-
nenax 7°54, T.e. NIpOUCXONNT Aubpauus no o420~
nte. Kpome Toro, U3 pa3HblX TOUYEK MOBEPXHOCTH
3eM/IM OJHOBPEMEHHO BHMIAHBI Pa3sHbIE YYaCTKH
nosepxHocTH JIYHBI, 4TO JIACT CymOuHYIo, WIU
napasiaxmuseckylo, aubpayuro oxoso 1°. Bee st
SIBJTEHMSI BMECTE HA3BIBAIOTCS ONTHYIeCKoi ubpa-
nweil. Brarogaps UM ¢ 3eMITKM MOXKHO HAOMIONATb  pye. 2.9, YucnenHoe onpeme-
okos1o 60% moBepxHOCTH JIYHBI. nenue dassl JTynsl

B zaBucumMocti oT pacrnojoxenus ComHua,
3emin 1 JIYHBI IpYr OTHOCHTENIBHO JpYra JUisi 38MHOTO Habsionaress oyner
OCRellleHa ONpEIeeHHAs! YyacTh JIYHHOTO AMCKa, KOTOpast XapakTepuayeT dasy
Jlynst. YUncnenuo ¢asa @ JIyHbI paBHa OTHOUIEHHIO OCBELUIEHHOI YacTH b nyn-
HOTO OMCKA K BefnunHe auamerpa d, te. @ = b/d (puc. 2.9). [Nocrenonareb-
HoCTh cMeHbl a3 JlyHbl or HosoyHust (P = 0) 1o nonHonyHust (P =1) 1 Ha-
obopor npeacramieHa Ha puc. 2.10. )

Mepuon cMenbl hasz JIyHbl — 9TO cunoduseckui, WV AYRNBIE, MECAL, KO-
TophIii cocramsieT 29,53 cyT.

JIyna 3

Comnnue

0 0:0:0:0:0:0 @+

Pue. 2.10. TlocacaoBATE N BHOCTE M3MeHe Hust (has JIVHEL B 3aBUCHMOCTH OT (hasbl ® u hazosoro

yraap:
1 nosonyrue (@ =0, = 180"), 3 — neppas uerneprs (P =05, P =90%), 5 — nonHonyHue
(b=1,)=0%,7 — nocneauss uerseprs (P = 0,5, = 907)
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ConHeuHble M JIYHHBIE 3aTMEHMSI BO3MOXHBI, ecyii JlyHa Haxomurcs
BOM3u npsamMoit ConHile — 3emns, T.e. OKONO Y310B JNyHHONH opbuTel. CoJi-
HEYHOE 3aTMEHUE MOXET OBITh JIWILUEL B HOBOJyHHE (puc. 2.11), a JyHHOe
34TMEHHUE — JIMIb B NOJHOJYHUE (puc. 2.12). BTH ycaoBHUg NMOBTOPSIOTCA
2 pasa B rofl, IpUMEPHO Uepes Kaxarie 6 3BE3IHBIX MECsLEeR.

Puc. 2.12. CxeMa TYHHOTO 3aTMCHHA

Ma3za conHeuHoro atMeHust O g ONpenesseTes! Mo BHPAXKEHHIO

:p@“me*T

CD@ 2pe

X (2.21)
rne pe = 16,3 u pc = 15,5 — ymiossie Buaumele panuyckl ConHua M
JIyHbl; T — paccrogHWe MexXny LUeHTPAMH COJIHEYHOTrO M JIYHHOIO IHCKOB
(npMuEenbHOE PACCTOSTHKE).

®asza nynHoro 3atMeHust O, paccuuteiBaeTcs no dopmysie

0, +p( -1
20¢

rae p, = 41" mpg = 15,5 — yrnoswle panuycsl 3eMHOH TEHN (Ha cpeaHeM
paccTosiHuy oT 3eMnu 10 JIyHel) u JIYHBI; T — paccTOsSIHUE MEXIy LIeHTpa-
MU JUCKOB 3eMHO# TeHU U JIYHEI (MPHULETRHOE PACCTOSTHUE).

Yacrota U MepUOIUYHOCTh COJTHEUHBIX U JIYHHBIX 3aTMEHUH Onpenensi-
I0TCSl HECKOJTBKUMM BpEMEHHBIMM TTapaMeTpaMK, XapakTepU3yIOIIUMK JIBH-
xeHue JlyHsl 1o opoure Bokpyr 3emiu v 3emiau Boxkpyr CostHia:

(I)( = 5 (222)
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U apakonnyeckum rogoMm Y, paBHEIM 346%,62 (nepuon BO3BpALLEHMS
CoJiHIIa K TOMY K€ CAMOMY Y3J1y JIVHHON OpOUTHL);

O cunopmyeckuM MmecsilieM S, paBHbIM 29°,53 (mepuon MOBTOpEeHMSH
0nMHaKoBbIX (a3 JIyHbI);

O 1pakoHMYECKUM MecALEM Sy, paBHbIM 279,21 (riepuos BO3BpaleHus
JIYHBI K TOMY XKe caMOMY Y31y cBOei OpOMTHI).

PacueTsl MOKa3bIRAIOT, YTO B KaXA0H 30HE Y3/I0B 00513aTe/IbHO MTPON30I-
JIeT OHO (TIOTHOE WJIM YaCTHOE) COJMHEYHOE 3aTMCHME U He OoJiee ONHOro
JIYHHOTO (MOXeT W He ObITh). [T03TOMY MHHUMAJIBHOE KOIMYECTBO 3aTMe-
HMH B rony — asa (npuyem oba coiHeuHble), a Haubosblee — ceMb (8T
COJIHEYHBIX + JIBA JIYHHBIX WJIM YETHIPE COJIHEUHBIX + TP AyHHbIX). [1o-
cleaHee, Npasaa, BO3MOXKHO TPH YCIOBHH, 4TO HEPBOE 3aTMEHUE JOJDKHO
NPUXOAUTHLCS HA Hauaso siHBapsi. Yaile Bcero 3a roj ObIBAET 1Ba COJTHEYHBIX
3aTMEHMA U OJHO-ABa NYHHBIX. PeanbHO B onpeneneHHoil MECTHOCTH NTyH-
Hbl€ 3aTMEHUSA HHGHK)HH}OTCH BCe Ke yallle, NOCKOJILKY OHH BHUIOHEI CO Bcei
HOYHOI TeppUTOPUM 3eMJIH OJHOBPEMCHHO [10 BCEMUPHOMY BPEMEHU, A
OJIHbIE COJIHEYHBIE — JIMLLb B 001aCTH IYHHON TeHH (JUIMHA — HECKOJIBKO
ThiCAY KWJIOMETPOB, MakcUMalbHasi iMpuHa — 270 km). B naHHoOi Tou-
K€ 3¢MHOH MOBEPXHOCTH MOJHBIE COJTHEUHBIE 3aTMCHUS BHIHBI B CPENHEM
onuH pa3 B 200—300 ser.

Luxi satmennit nosropsiercs yepes 18 et 11,3 austi. DTOT npoMexyTok
BPEMEHM HA3BIBAETCS €APOCOM (OT rped. odpog, MMEIOLLEro ernneTcKoe npo-
MCXOXIEHHME, KOTOPOE 03HAYAET «[TOBTOPEeHME» ). OH HACTYMAET MPU CoBNA-
JIeHMH ONpeNeIeHHOrO YHena JpakoHuueckux et ¥y, (19 unu 6585,78 cyr),
cuHogMYeckux mecsiues S (223 wiu 6585,32 ¢yT) W APAaKOHUYECKUX MECs-
es S, (242 uau 6585,36 cyr). OgHAKO coBnafeHne YKa3aHHBIX EPUOILOB
He abconoTHO TouHoe. Capoc TAKKE HE YUNTHIBAET U3MEHEHWH PACCTOAHUS
Jlynsr ot 3emmn 1 3emau ot ConHia. [Mo3ToMy yenoBus 3aTMEHUI He ByayT
NOBTOPATHCH B TOYHOCTH. KpoMe TOTo, MOCKOJIBKY B CAPOCE COAEPIKUTCS HE
lesoe ynucio cytok (6585 cyr u eute npumepHo 1/3 cyr), To obnactu BH-
JAMMOCTH 3aTMEHMI 3a 18 ner mepeMenaioTcs 1o 3eMHOH MOBEPXHOCTH K
janagy npumepHo Ha 120°,

Ha npotsokenun capoca 6nipact 70 3aTMeHuit, U3 KOTOPIX 41 conHey-
Hoe (npuyeM okoso 10 nonHwix) u 29 TyHHBIX.

Bonpocwi u 3a0anua daa camonposeepiu

I. TTouemy c¢ noBepxHOCTH 3eMIM MOXHO HaGMIOAATH JIMILb YACTh
(% 59%) nosepxHocTH JIyHbi? TMouemy Goabiie yem 50%7?

2. Cuuras opouty JIyHbI KpyroBoii pagnycom R = 384 400 km, onpene-
IITE CPelHIOI0 CKOPOCTh ECTECTBEHHOTO CIYTHHKA 3eMIIH.

3. Hapucyiite cxemMy BO3HMKHOBEHMS KOJIbLIEOOPA3ZHOIO COJNHEYHOTO
ITMeHus.
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4. B0O3MOXHO N1 KOJILLECOOPa3Hoe JIyHHOE 3aTMEHME?

5. YTo Takoe nosiyTeHeBoe JyHHOe 3aTMeHue?

6. MOXHO JIU B HOBOJIYHME BUAETH TOBEPXHOCTh JIyHBI?

7. Kakoso 0yzet npuueibHoe paccrosiive T, ecnv Connue u JlyHa co-
MPHUKACAIOTCS BHELITHUMU YaCTIMH AMCKOB?

Hpumepnt pewtenus 3adax

3anaua 1. Onpeaennte MAKCUMabHYHO (ha3y COTHEUHOTO 3aTMEHUS U ¢
MPOAOIKHUTENBHOCTE, €CJIM MPULIEIbHOE paccTosiHue T= 0, BUANMBIE YIIIO-
poie guameTpbl Coanua v JlyHet 32720° u 29°50° coorsetcrBenHo. CunraiiTe,
yTO cpelHsas yraopad ckopoctsk Jlyue 0,53 rpag/u, a ConHua — 2,463 yra,

MUH /Y.
Pewenue. MakenManbHyio (hazy conHeqHOro 3aTMeHUsT MOXHO oTpe/ie-

JinTh no hopmyne (2.21), koraa auck JIyHbl NOJHOCTLIO HAXOJHUTCA B Mpeae-
nax aucka ConHua:
T 1 (. 29°50”
Dy =" Pl 4 2L ——(1+ﬁ)=0,961,
2pe 2 Pe 2 32720

a ee NPOAOIDKHTENBHOCTE BEIYMCIUM MO ClIeyIoHIeMy ypasHeHuIo (puc. 2.13
MOSICHSIET 3TOT PACYET):

I oy il o 1150

S R T T

5,113 MuH = 5 MuH 6,8 c.

Puc. 2.13. UnnmiocTpatiust NPoAQDKHTEIBHOCTH MAKCUMAIBHON (pa3bl cOTHEYHOI0 3aTMEHNS

3ajaua 2. OnpenesinTe BUAMMYIO 3BE3IHYIO BEIMYMHY 3eM/IM JUIsL HA-
Bionarens Ha JIyHE B MOMEHT «IMOJIHO3EMbsi», ¢CJiM KO3 UIIMEHT pacce-
SIHMSL COJIHEUHOrO cBeTa atMocdepoil Halliei nnaHerst p, = 0,3, a ansdeno
Jlyunl pg = 0,06. Bunumast 3se3nnasi seanumnHa Jlynsl me = —12".5, cpen-
Huit panuyc 3emiin Rg = 6371 xkm, cpeauunit panuyc Jlyanl Re = 1738 km,

Pewenue. Eciin cunrtats, uto 3emis 1 JlyHa HAX0OsATCS NPUMEPHO Ha OIH -
HaKoBOM paccTosnuy o1 CoMHIIA, TO OCBELIEHHOCTh MOBEPXHOCTEH 3TUX TEIl
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onuHakosa — Ej. [MoTOKM n3nyyeHus, KOTOPbIE OTPaXKAT M PACcCeuBaloT
Jlyna n 3emuist B IPOCTPAHCTBO, BHIPA3UM YePe3 MTOWANH Sy, Sy MX OCBELIEH-
HBIX IOBEPXHOCTEl U AIOELO P¢, Pg: D¢ = Ey - S¢ -pe M Dy, = E - S - pg- Crie-

Ey- 8¢ pe
2

[OBATE/IbHO, OCBEIICHHOCTL 3eMiln ceeTom ot JIyHbl £y ~ , OCBe-

E,-8:p
wentocts Jlynsl csetom ot 3emnn Ep ~——2—2 (r _ paccrosHue or
r

3emnu oo JlyHer).
Hanee pis pelieHus 3a0auu BOCHONb3yeMcsl MH(opMaLmeil u3 rmassl 3.
B cootsercreum ¢ hopmynoii Morcoua (cM. (3.6))
. Klin
(4
g—t=1g—2-2 =0,4-(mg —my),
E S¢p
@ C g
[IE Mg — 3BE3MIHAs BeJIMYMHA JIyHbI, BUTUMAs C 3eMIIU; m,, — 3Be31Has Be-
aUuKuHA 3emuu, Buaumas ¢ JIyHbI.
OTciona, MOACTABUB 3HAUEH WS, PACCUNTACM TPEOYEMYIO BETHY M HY:

2P
Mg = Mg —2,5- Ig&;—p@: —17",1.
C

3adauu 048 caMocmoameavlo2o peutenusn

I. Bunua nu JlyHa B uioHbckoe nonnonyuue na CepepHom nomwoce? Q-
BeT 000OCHYyjiTE.

2. ITouyemy netom JIyHA B MOJHOAYHKME BCEAA TYCKIAsA, UMEET JKEJITOBA-
ThIi OTTEHOK M HAaXO[MTCS HEBBICOKO HAJl TOPH30HTOM (B HALIMX IIMPOTAX),
a 3UMOi1, Ha000POT, APKAas U «IOJHUMAETCH» BRICOKO?

3. Kakopa HauGosbliuas 1 HAMMEHbILAs BLICOTA BEPXHEN KyJIbMMHALILY
JlyHb1 B BalieM ropoae?

4. MoxHo sin B benapycu yBunets JIyHy B seHuTe?

5. Jlyna susHa B nocnenHeit yersepru. YeMy B cpefiHEM paBHbI TyueBbIE
CKOPOCTH 3BE31, Haxoasiuxes Ha HebecHoll cdepe Hemoaaneky ot Hee?

6. 7 (enpana Jlyna Gbuta B nocaeineii yersepru. Yemy pasHsuioch ee
[pAMOe BOCXOXKIeHue?

7. 22 monsa Ha aucke CosiHIA ¢ NPaBOil CTOPOHBI BUAEH yiiep6. DTo Ha-
Y10 UM KOHEel, 3aTMeHus1?

8. Kakona Haubonblias [ponomKUTENEHOCTh CONHEYHOro 3aTMeHmusa?
HaknoHom jiyHHO# 0pOUTEI NipeHedpeYy b,

9. Ha kakoit MAKCHMaJIBHOM BBICOTE MOXKET HAXOAUThCs JIyHa B MOAHO-
Jiynue st Wwupotsl Muncka (@ = 53°54’)? Koraa HacTynuT tTakoii MoMeHT?
B xakom cozsesnum Oyaer Jlyna?
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10. KakoBa MUHMMA/IbHAS CKOPOCTh NajeHus MeteopuTa Ha Jlyny?

11. * Kakopo J0MKHO OBITE paccrosHue o JIyHbl, 4TOOBl Ha ee OpOHUTE B
CoJIHEYHO CHCTEME HAXOIWIMCh TOYKH neperuda? Cunrars, 4yro JlyHna aBuxer-
Csi CTPOTO B ILTOCKOCTHU IKJIMITTHKH, 2 €¢ OPOUTA OTHOCUTEIIBHO 3eMITH KPYroBasi.

12. Pamuyc Jlyusl pasen 1740 km, macca ece coctapisier 1/81 macchl
3emnu. Onpenenure: 1) mauny [* CEKyHIHOrO MasTHUKA HA MOBEPXHOCTH
JlyHsl; 2) Npoao/KUTEILHOCTE Konebanust 77, KoTopyio umen Obl Ha JlyHe
3eMHOH CEKYHIHBIH MAasgTHUK. YCKOPEHHE CWJIbl THXECTH HA MOBEPXHOCTH
3emnu g = 9,81 m/c?, pamuyc 3emnu Ry = 6371 kM.

13. Tpencrapkre, uTo 3Be3aAHBIA Mecal coctapasteT 60 cyr. KakoB Obun
651 TOTAA MPOMEKYTOK BPEMEHU MEXIY IBYMSI [TOC/IEN0BATC/IBHBIMU OJIMHA-
KOBBIMM KyJbMUHALMAMU JIyHB1?

14. Kakosa ©Obuia Obl MPOIOMXKHTEIBHOCTh CHHOAMYECKOIO MecHLA,
ecnu Obl 3Be3/HBII Mecsl cocTapsi 60 cyr?

15. Kakos 6611 661 cHOAWYecKuil nepuon odpaiienus JIyHbl, ecin Obt
oHa obpauanack BOKPYr 3eMJIM C BOCTOKA Ha 3amaji ¢ TOi e CKOpOCTLIO,
4yTO M ceiyac?

16. TMouyemy JlyHa, apurasch ro HebecHoii cdepe, HENPEMEHHO MTOKPOET
06YI0 3BE3MYy, UMEIOLLYIO ACTPOHOMMYECKYIO wupoTy B = +6°38"7 Ilpu-
HSITh HAKJIOH JYHHOH opouTel { = 5°20" (Hanbonblliee BO3MOKHOE 3HAYEHHE
9TOM NEPEMEHHOI BETUUMHDL).

17. Kakopa HauMmeHbluas reorpadmueckasi WKMPOTa, MO KOTOPOH ¢
3em/u MOXKHO BugeTh JlyHy (6e3 yduera pedpakliiy W napajnakca) Haj, ro-
PU30OHTOM B TeucHue 48 u noapsn?

18. M3gectHO, uTo GObLLIAS [TONYOCH TYHHOI OPOUTEL IOCTETICHHO YBE-
nuuusaercs. Korna ona sospacrer Ha 3% (5, 10%), OynyT a4 NPOMCXOAUTh
Ha 3emJie MOAHbIC COJHEYHBIE 3aTMEeHUA?

19. Kak uacro JlyHa [MOKPBIBAET 3BE3/1b1, BUAMMbIC HEBOOPYKEHHBIM I/1a30M?

20. B xaxkoe BpeMsl rojia cepr «MOJI0I0ro Mecsilas (nepsas YETBEPTh)
0OCODEHHO BBLICOKO CTOUT HA Hebe?

21. 21 ausapg 2000 r. mpon3oLLI0 IYHHOE 3aTMeHKe. B Kakom co3pes-
nuu Haxoauaacsk JlyHa B 910 BpeMsi? Onpenennte ee sKBaTopuaibHble KO-
OpPJMHATHL.

22. Jyua 3onwia 20 centsnbps B 23"52" no mecrnomy Bpemenn. Korua u
B KaKOe BpeMs oHa B3oiineT cnenyrowmii pa3? B kako# dase JlyHa HaxomuT-
ca? OTBeThl 0boCHYiiTE.

23. BumuMble ¢ nosepxHocty 3emnn nucku Jlywer w ConHua Benen-
CTBUE DJUIMNTHYHOCTH OpOuUT 3emiad u JIyHbpl U3MEHAIOTCA MO BEIMYHMHE!
ans Jlynst 2920”7 € dg < 33'327, wist Connua 31317 € dg < 3236”. Bo
CKOMBKO pa3 ocnadbesaer cBeT COMHIIA MPU CAMOM SIPKOM KOblleofpasHoM
sarMenun? Cuurarh nosepxHocTh ConHua OIMHAKOBO SAPKO.

24. B kakoe BpeM$l CYTOK Ha JaHHYIO 0D1acTh 3€MHOM NOBEPXHOCTH B
cpejiHeM BhInanaet 6oJblne METEOPHOTO BelecTpa?
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2.3. JIpmxenne HCKYCCTBEHHBIX TeJl

3aK0H BCEMHMPHOTO THTOTEHUS MO3BOJAET OOBACHHTL IBMXKEHHE
[MiaHeT W MCKYCCTBEHHBIX Tel — MCKYCCTBEHHBIX CIMYTHHKOB 3eMIlH
(UC3), MeXNAaHETHBIX KOCMHYECKHX anmapatos (KA). [Mpu onuca-
HUM IBUKEHUS WCKYCCTBEHHBIX TEJ 4acTO MPUXOOHUTCH peliaTh 3anavy
JARVKEHUS MaTepualibHOM TOYKW Maccoil m noa NeWCTBUEM CUJIbl IIPH-
TSOKEHUS LIeHTpalibHOTO Tena maccoit M (3anava aByx Ten). Xapakrep
[BUXKEHMs TeJia MACCOH m OTHOCHTENBLHO TeJia Maccoid M 3aBUCHT OT
HAYaTbHOI CKOPOCTH v,. PelleHue 3a1auu ABYX TeJ MO3BOJAET MOJy-
YUTh 3HAYEHWE CKOPOCTH v HA JII0OOM pacCTOAHMM ¢ (B TOM YHCIIe B MO~
MEHT 3alycka anmaparta) B BHJE WHTErpajga IHEPrHM, BLIDAXKAEMOTO
dopmynoii (2.14a).

McKycCTBEHHBIE CIYTHUKH. 36MJIM BBIBOAATCA Ha OPOUTY ¢ MOMOLIBIO
paker-Hocureneil. [TocneaHss cTyrneHb cOoObIAET ONPENENIeHHYI0 CKOPOCTh
CHYTHMKY Ha HekoTtopoil BelcoTe. Teso, 3anylieHHOE FOPU30HTANBHO Ha
peicoTe A ot moBepxHocTy 3emau ((Rgy+h) — paccTosiHue OT LEHTpaA 3eM-
au), craner MC3 1ipu I0CTATOYHOI juist 3TOTO cKopocTH. Ecin vy =v,
(cm. ypasuenue (2.12)), UC3 OyneT ABMraThes 10 OKPYXKHOCTH. Ycnosue
v, < vyca < v, (CM. hopmyiy (2.13)) zanaer apukenue MC3 no ammrcy,
fIpUYEM TOUKA CTapTa CIyTHWKA CTAHET nepureeM (puc. 2.14). HUcnonsays
thopmyaty (2.14a), MoxHO paccuuTaTh cKopocTh MC3 [ist ABMXKEHUS 1O Op-
OUTaM C PA3NUYHBIM FKCLIEHTPUCHTETOM é.

A

Pyc. 2.14. Isuwxenne MC3 no smmntuueckoid opbure

89



I1pu 3amycke annapara ¢ BBICOTbI /i 8ro KPyrosasi CKOpOCTh

(2.23)

roe g = 9,81 M/c? — ycKopeHue cBOBOIHOTO MaNeHHUSL; Ry = 6378 kM —pa-
aHyc 3emMnd; m = 5,98 - 10** kr — macca 3emiu.

Paccyuras CKOPOCTh JABUXKEHUST BOOOPAXKAaeMOTO CIYTHHKA MO OKPYXK-
HOCTH y caMoil nosepxHoctu 3emiu (h = 0), NOJYIUM nEPayi KOCMUMECKYHD
ckopocmy v, = 7,91 km/c.

PaccTosHug nepures v anores OT LEHTPa 3eMJIM BHIUMCIAIOTCS MO dop-
MYJIam

g=a-(1—e)= Ry +hy,
Q=a-(I1+e)= Ry th,, (2.24)

rae a, e — Dosbias noayoch U akcueHTpucuteT opburel UC3; R, — panuyc
3emiu; hy, h, — BeicOTa mepures u anorest opouThl MC3 oT noBepxHOCTH
MJIAHETHI,

[Mepuon obpaleHus TeN BRIMUCIAETCS M0 TPETheMy 3akoHy Kennepa:

2 2 _ 27 32
\fG-ma R\/Ea ’ (2.25)

TpaexkTopust gBuKeHHs1 KA cOCTOUT U3 aKTHBHOTO M TTACCHBHOTO y4YacT-
KOB. Ha akTMBHOM y4acTke, Korga apuraresd KA BKIJIIOYEHBI, Xapakrep
IBHXEHUsI ONpenensercs nputsxkeHueM 3emad. TTaccuBHbIi yyacTok Ha-
YMHAETCA MOC/Ie OTKIIoYeHus apurareneil. Eciv ckopocts KA Ha Hauamb-
HOM cTagun nBUXeHus v > v,, To KA Gyner auratbest 1o napadose (wiu
rurnepbosie) 10 TeX Mop, NoKa He BbliieT U3 cepbl AeHCTBUA 3eMITH H/UIH
He BOHeT B chepy AeficTBUS APYyroro Tena.

[1pu paccMoTpeHUH BONPOCa O ABMXKEHHMM HCKYCCTBEHHOIO aniapara or
OJIHOTO HEBECHOTO TeJIa K APYTOMY CJIEAYeT YIUTHIBATE paduyc p cgeps deldi-
¢cméus Tena Maccoii m OTHOCHUTENIBHO APYTOTO Tesla Maccoi m':

" 2/5
p—r-(m,) ] (2.26)

rie r — pacCTOSHUE MeXIy m u m’,

Yrobbl KA Bbitien u3 chepbl JeicTBUS Tela MAccoil m, ¢ KOTOPOTO €ro
3AIYCKAKOT, ¥ nonan B cepy AeicTBHA BTOPOro Teaa Maccoil m’, Heobxonmn-
MO NMPUAATh EMY Ha4albHYIO CKOPOCTh

,2G-m
vy Z v, =, \/5 - R+A (2.27)

T
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Y nopepxHocTu 3emin (A= 0; m = mg; R = R;) napabonuyeckas CKO-
POCTh ¥,; KOTOPasA B 3TOM CJIy1ae Ha3blBacTCs GMOpoll KOCMUMECKOU CKOPO-
emvio, pasHa 11,2 kmM/c.

MOKHO TOKa3aTh TAKKeE, uTo s Bbixona KA u3 chepsl AelCTBuA TENa,
¢ TOBEPXHOCTH KOTOPOTO OH 3aMylIEH, My HEOOXOAUMO COODIIMTE HAYAJIb-

HYIO CKOPOCTD v TAKYIO, YTO
e 2 2
vy -—,{‘vp-i-'uadd x (2.28)

rae v, — napabosueckas CKOpocTk KA OTHOCHTEJBHO TeJja, ¢ MOBEPXHO-
¢TH KOTOPOTO OH 3aMyCKAETCs; v,qg — AOMOJHHTENbHAs CKOPOCTD KA, xo-
TOPYIO OH JIOJLKEH MMETb, BOWIA B cepy npurspkenust ConHila, OTHOCH-
TeJILHO TeJa, ¢ MOBEPXHOCTH KOTOPOTO 3arycKaeTcst. 9Ta ONOAHUTEIbHAS
CKOpOCTh ONPENeAeTCsl KaK BEKTOPHAs PA3HOCTL MEXKIY reJIMOLEHTPUYE-
cKoM ckopocTbio KA 1 re/IHo1IeHTpUUECKOi CKOPOCTBIO MTAHETRL.

Ec/i paccMaTpUBaeTCst BOSMOXKHOCTb BbIXOM1A TeJa U3 cepbl JERCTBHSA
ConHua (BBIXOJ 3a MPEeJIb COJIHEYHON CUCTEMBI) IIpY cTapTe ¢ 3eMJn,
TO JOMOJHWTEAbHYIO CKOPOCTh HEOOXOJAMMO ONPEAENHUTL KakK pasHOCTh
napabonuueckoii ckopocTH KA OTHOCHTENBRHO CoNnHua Ha paccTodAHUK
Jeman ot ConHua v, = 42,1 KM/C 1 reInOLEeHTPHYECKOI CKOPOCTH 3em-
M ve = 29,8 KM/C (IpH CTAPTE B HATIPaB/ICHUA NBMXKCHUST 3eMJIM BOKPYT
ConHia), a MMEHHO

Voas = Vo Ve = 12,3 KM/C, (2.29)

WM KK UX CyMMY (TIPH CTapTe MPOTHB HATPABJIEHHA NBHAKCHH 3eMnu BO-
kpyr ConHua):
Vatd = Vpo T Ve = 71,9 KM/C. (2.30)

Takum o6pa3oM, NPUHUMAsT BO BHMMAaHUE, 4TO v, = 11,2 km/c, u3 op-
MyJibl (2.28) OJIyYUM HAYaJTbHYIO CKOPOCTS, HEODXOAUMYIO IS BBIXOJIA 32
nipenens CoJHEYHON CHCTEMEL-IIPH CTApTE € 3emiiu:

16,6 < v, £72,8 KMm/C. (2.31)

MUHUMATBHO BOIMOKHASI TIPH 3TOM CKOPOCTb v, = 16,6 KM/ Ha3biBa-
¢TCs mpembeil KOCMUHecKoll CKOpOCHibIo.

Bonpocot u 3adanus 048 camonposepu

1. Kak OGBSICHUTD ABMXEHIE GOMBIIMHCTRA MIAHET 10 OpOuTaM, 0nu3-
KUM K KPYTOBBIM?
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2. Tlokaxwre, yTo CKOPOCTh 3eMiin Ha opbuTe 29,8 KM/C COOTBETCTBYeET
KPYroBoMy IBHUXEHMWIO TEJIa Ha paccToOsHUM 1 a.e. orHocHTensHo ConHiia.

3. Ilepeuncnnte ycnosus, Heobxomumbie s 3anycka MC3 u KA.,

4. Onpenenure pagnyc p ceps neictaus JIyHBI OTHOCUTETEHO 3eMIIN.

5. YroTakoe gorosHuTebHast ckopocTh KA u kakosee pusnyeckuii cmoica?

6. Y10 Moapa3yMeBaloT MO/ NMEepBOi, BTOPOH U TPETheil KOCMHYECKOH
CKOpPOCTBHIO? I

7. Moxno jin sanyctute MC3 €O cKOPOCTHIO, KOTOPast MeHblLIe TIePBOil
KOCMUYECKOH?

8. The 6osbiue ckopocts MC3 — B anoree wnn nepuree?

9. Onpenenute COOTHOLIEHKE CKOPOCTeit 3eMIK Ha opbuTe Babe Ui 1 ne-
purennu. Heobxoaumele iist pacuera napameTpsl ipuBeaeHs! B TTprnoxeHuy,

Ilpumepo! pewenun zadau

3anaua 1. HaiiauTe 3aKOH U3MEHEHUSA MACCh PAKETHI B 32BUCHMOCTH OT
BPEMEHMU, €C/IM PAKETA IBHUXKETCS B OTCYTCTBHE BHEIIHMX CHUJI C TIOCTOSTHHBIM
YCKOPEHUEM (U, CKOPOCTb HCTEUEH M ra3a OTHOCUTENBHO PAKEThI MOCTOSH-
Ha 1 paBHa u, a e Macca B Ha4YallbHBIH MOMEHT BPEMEHH PaBHa m,,.
Pewenue. 3anniieM NpUpaLIEHUE HMINYJILCA CUCTEMBI PAKETA — a3 B HHEP-
UMATTBHOM CUCTEME OTCUETa, CBA3AHHOM C PAKeTOI B HEKOTOPBII MOMEHT Bpe-
MEHHU 7}, 33 Bpemst Af (11 BpeMeHH £, +Al): Ap=m-w- At +Am-u (3ameTum,
uro Am-u < 0). [NockonbKy B OTCYTCTBHE BHELHUX I Ap = 0, omy4um
Am w-Ar 't Am w-f ..
= e e ra T
m u m u

my

3amava 2. JIpa criyTHUKA 3eMIH IBUXYTCS B OMHOIA MIOCKOCTH 1O KpY-
roseiM opburam. Panuyc opbuTer ogHoro cnyrHuka r, = 7000 kM, paauyc
apyroro r, = 7070 kM. Onpefennte CUMHOOAMYECKHI TIEPUOJ ITUX CITYTHHU-
KOB OTHOCUTE/NIEHO APYT Ipyra,

Pewenue. PaccMOTPMM IBa BOIMOXHBIX CIIydasi, KOTAA CHYTHUKK ABH-
KyTes: 1) B OOHOM HATIPABIEHWHU; 2) B PA3HEIX HATIPABJICHUSIX.

I. Tpu ABMXKEHUN B OMHOM HATIPABNEHUU GOPMYJIA LIS UX CHHOTHYE-
CKOTO TepHoja

| i LB 1

T A B st 58 i

rie T\ =Tu T, = T+AT — nepuoapl 06paileHus criyTHUKOB BOKPYT 3eMIIn.

T
Ry = 1| P T,
Orciona: S T[I ATJ
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2. Ilpu ABUXEHWMH CIYTHUKOB B NPOTHBOMOJOXHBIX HallpaBieHUsIX
thopmyJia juist CHHOAWYECKOrO Neproaa

e sy bl 1 iy e
g MR P R

Orciona § =T — .
3navuenuss Tu AT onpenenum Ha OCHOBAHUM TPeThero 3akoHa Keruepa,
YUMTBIBast, UTo Mg >> m,, U BEIPA3UM UX Yepes r=r U Ar=r,—r:

r A, G ;-2
T2 My 4n*" (G Mg)*

[TponnchdepeHMpoBaB MOCNenHEe BhIPAKEHHE, UMEEM

3 30T
B e A ===l AR
AT G- Mg)" ar: AT 5y ar
[Moncrapup 3nauenug 7v AT B (hopmynsl I1si CHHOAMYECKOTO TIEPHOAA,
I urore mosyuum: 1) §=4957; 2) § = 49"

3adayu 041 camMocmosmeabHo20 peulenus

1. 3a kakoe BpeMsi MOXXHO JOJIETEThL OT 3eMNIM 10 Mapca B KOCMHUYECKOM
Kopaduie, ABUXKYLLIEMCS 110 TOMaHOBCKOH TPAEKTOPHU, T.€. 110 OpOuTe, [epure-
JiniiHoe paccrosiiie KOTOpoil paBHO paccTosHMIo 3eman oT Connua (1 a.e.),
wpesuitnoe paccrosinie paBHo paccrostHuio Mapca ot Cosnua (1,52 ae.)?

2. * CnyrHuk apyxercs 1o kpyrosoit opoure ¢ r= 7000 kM. B HekoTO-
Phill MOMEHT BpeMEHH ero ckopocTh Bo3pocia Ha Av = 200 m/c. Onpenenu-
¢ MAKCMMAaNpbHOE yAajleHWe CHYTHMKAa OT [IOBEPXHOCTH 3eMIH
(R = 6371 km; Mg = 5,973 10" kr; G=6,6738- 107" M*/(kr-c?)).

J. Kakop npenenbHbIi pazMep 11apoo0pa3Horo acTepouaa co cpenHeil
IIOTHOETBIO p = 3 I/cM’, C KOTOPOrO MOXHO, HE Pa3Gerasich, NPBITHYTh B
OIKPLITBIA KocMoc?

4, Cnyruuk «<Monuusi» B iepuree yaaieH ot uenrpa 3emiu Ha 7000 kM,
i anoree — na 46 000 km. Beiuuciure nepuo obpawieHms CyTHMKa BO-
KPyI 3eMIM U SKCUGHTPUCUTET €10 OpOUTHL.

5. * Ilpu TpeHHM 0 BO3/YX CKOPOCTh CIYTHUKA, JETALIETO B PA3PEKEH~
MU C105IX aTMocepsl, HE CHHXKAeTCs, a rnosbiluaercs. Jlokaxure, 4yTo Tak
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OHO ¥ JOJKHO OBITh, @ DHEPTHUs, KOTOPYIO CITYTHHK PACXOLYET Ha NMpeono-
JIeHWE COTIPOTMBIEHUS BO3/yXd, PABHA MPUPAUIEHUIO €r0 KUHETHUYECKOH
3HEPIUM.

6. Kax OyayT U3MEHSIThCs JIMHEeHHAsT M YIJIOBAs CKOPOCTH CHYTHHKA, BH-
JKYLLETocs B yenoBudXx ¢iadoro tpennsa? Cyurate 0poUTY CIyTHUKA KPYTOBOI.

7. 3Be3noner uccneayeT HEHTPOHHYIO 3Be3/ly Maccoit M = 2-M,. Ha xa-
KOM PACCTOSIHMU OT HeE MPUIUBHBIE CHJIBI HE CO3MAI0T OMACHOCTH JUTH 3710~
poBbsi KOCMOHaBTa? besonacHoit cuutate neperpysky He Gonee 2g.

8. Onpenenure, KOraa mno MeCTHOMY BpeMeHH 21 MapTa M noj Kakum
YIJIOM K FTOPU30HTY HEODXOAMMO HA LWIKMPOTE (p = 55° 3anyCTUTH 3BE3/I0NET C
MHUHUMAJIbHBIMH 3aTpaTaMH SHEPTHU?

9. Kocmuueckuit Kopal/ib crapryer ¢ 00pTa MCKYCCTBEHHOIO CIyT-
HUKa 3eMJIM, IBMXKYLIETOCs BOKPYT MJIAHETHI M0 JUIMIITHYECKON opOuTe.
B xaxoif TouKe TPaeKTOPHM CHYTHHKA Leaecoobpa3Hee OCyHIECTBHTh 3a-
MYCK KOCMMYECKOro KOopabis, eclii M3BECTHO, YTO BTOpasg KOCMUYECKas
ckopocTk B anoree (4, = 330 km) cocrasusier 10,918 km/c, a B mepuree
(hq= 180 km) paBHa |1,040 km/c.

10. Onpenenure Maccy M CPEOHIOW IJIOT-
HOCTb IJIAHETHI, €C/IM U3BECTHO, YTO CKOPOCTh
CIIYTHHMKA Ha KPYyroBoil opOGUTe BOKPYT IJIAHEThL
v =9 xm/c, Bpems obpaiieHuss T=2 u, a pac-
CTOSIHUE OT MOBepxXHOCTH A = 100 KM.

11. * [lo kpyrosoit opGute BHICOTOI A Ha
HEeOO/IbLIOM DPACCTOSIHMK [ APYT OT Apyra B Ofl-
HOM HAaIpaBAEHHU CO CKOPOCTbIO ¢ ABMXKYTCH
nBa cnytHUka A u B (puc, 2.15).

C nepBoro cnyrHuka (4) Ha Bropoit (B) HyxX-

HO nepebpocHTh KOHTEHHED, MAcca KOTOPOIO pue. 275, MlswkeHue ciyram-
MHOTO MEHBIIIE Macchl cliyrHuka. CKOpocTh U KOB 110 KPYTroBoii opoure
KOHTEHHEpa OTHOCHUTENBHO CIYTHHKA 3HAYH-
TeNILHO MEHBILE CKOPOCTH w CMYTHUKA OTHOCUTEbHO 3emiau. B kakom ciy-
yae KOHTeiiHep Oyaer OpicTpee AOCTABJIEH HA BTOPOI CIYTHHMK: €ClH Opo-
CUTh €70 110 ABIXKEHUIO WK MPOTHB ABMXEHUs Meproro cnyrHuka? Orser
obocHyiTe. Hailliute CKOpOCTh ¥ KOHTeHHEpa OTHOCHTEILHO CIYTHUKA,
IPU KOTOPO#H BPeMS HOCTABKU Ipy3a OYIET MUHUMATBEHBIM.

12. CnyTHUK MpoJieTaeT Hall MOBEPXHOCTHIO 3eMau Ha BeicoTe 200 KM.
KakoB HauMeHbIUMIA pasMep getaseid Ha 3emiie, KOTOPHIE MOXHO C HEro
choTorpaduposars? YuccTh, UTO pa3Mmep AMCKAa APOXKAHHMA 3BE3OBI M3-3a
BAUSIHUA 3eMHOI aTMocdeprl cocraBisier 1—27,

13. PaccumraiiTe TpeThIO KOCMMYECKYIO CKOpPOCTh Ha Mapce ¢ yuetom
AANUNOTHMHOCTH €10 opbuTkl. M3 kakoil Touku op6bursl Mapca (13 nepure-
Jing Wi U3 adenns) BHITOAHEE CTApTOBaATh, YT06GE MOKUHYTH CONHETHYIO
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cucremy? BpauieHnem Mapca BoKpyr cBoeit ocH npeHeOpeyub. DKCIEHTPU -
curer opouTel Mapca pasen 0,0934, a ee 6oasiias noayocs — 1,5237 a.e.

14. Kakora 6e30macHasi CKOPOCTh ABMXKEHHS YIPARIAEMOro ¢ 3eMiu
Mapcoxona «Pathfinders, eciiy ero resiekamepa «BUIHUT» TONbKO HAl = 10 M?

15. MckyccTReHHEIN CYTHUK ODpallaeTcsi BOKPYT 3eMIIM 10 KPYroBOi
opbute. B 11000i1 MOMEHT BpeMeHH CMYTHUK MOXKHO BUIETh C MOJOBUHEI NO-
BepxHocty 3emnn. Haiigurte nepuoa obpauieHust cnyTHUka. Pedpakiusa y
FOPH30HTa cocTapsieT 357, momionieHue cBeta B aTMocepe He YUUTHIBATE.

16. * CriyTHUK ABMXKETCS 110 KPYrosoi opbuTe B MIOCKOCTH 36MHOTO
SKBaropa Ha Beicote i =400 KM Haa NOBEPXHOCTHIO 3eMyiu. HanpapaeHue
€ro ABMXKEHMA COBNANAET C HanpaBjleHUeM BpalweHust 3emnu. B TeueHue
KAKOro MpoMexyTka BpeMEHU ero MoryT Habmoaars xutenu r. Kuto (cro-
Jiua DKBazopa), KOTOPhIH pacmonoXeH BOAM3M 3KBATOPA, MPU KaXKI0M
[IpoJeTe CNyTHUKA OT TOPU3OHTA /10 TOPU30HTA?

17. M3BecTHO, uT0 OpOMTA/iLHBIH Teneckon «Xab6m» B caydae cylie-
CTBEHHBIX HEUCNpPABHOCTEN NMIAHMpYeTCsl 3aTONUTL B OKeaHe, Ha kakyio
MUHUMAJIbHYIO BEJIMUHHY HEOOXOAMMO YMEHBIIUTh €T0 CKOPOCTh, YTOObI
OH ynaa Ha 3eMHY10 noepxHocTs? Ceiuac «Xab01» 1BHXETCH MO KPYroBoii
opbure BEICOTOM £ = 570 KM. CYMTATH, YTO CKOPOCTH MOXET ObITh H3MEHE-
Hi MTHOBEHHO.

18. * Kakas yacTh reoctallMOHapHONH OpOUTHI HAXOIMTCS B [10JIE 3PEHMS
nabioaares, NpoXuBalowero B r. Munck (uupota MuHcka @y, = 53°54°)?

19. 9 mapra 2011 . kocmudeckmii annapar «Bosiikep-1» Haxoguacs Ha
pacerosHyu 116,406 a.e.or CostHLA 1 ABUTANCS CO CKOPOCTHIO 17,062 kM/c.
Onpepenute, Kakoil BUA KOHUYECKOrO CEUEHUs! MPeacTaBsieT coboii opou-
14 annapara: OKpy>KHOCTh, 3JUIMIIC, TTapaboJly Wiy runepooy.

20. CmyTHMK nBvkeTcst Ha paccTosgHHM 300 KM OT NOBEPXHOCTH 3eMIU
¢o ckopocthlo 8,1 kM/c. Kakyio dopmy umeert ero opoura? Onpenenure ee
DOJIBLIYIO TTOTYOCH.

21. Tlyrewecrsue Ha Mapc o roMaHOBCKOM TpaeKTopuy 3aHUMaeT 260 cyT.
Kakopa 1o/pKkHa ObITh PA3HOCTH FeIMOLEHTPHYECKIX JOATOT 3eMin M1 Mapea B
MOMEHT cTapTa Kopabis?

22. * Tlpencrapnsioivii MOTEHUHANBHYIO OINACHOCTb METEOPUT Mpo-
jeraer Ha paccrosiHuk 200 KM OT MOBEPXHOCTH 3€MJIM CO CKOPOCTLIO
13,8 km/c. Craner fin oH criyrHukoM 3emmm? Onpenenute GONbLUYIO 1O1Y-
(Ch €r0 TPAEKTOPUU OTHOCUTENBHO 3€MJIN.

23. * CkonbKo BpeMeHH noTpebyeTest [wis SKeneaMiuni na Mapc (¢ no-
CANLKOI Ha miaHeTy) W 00paTHO, eclid oHa OyIeT OCYLIECTBISITECS MO TOMa-
HOBCKOM TpaekTOpuu?

24. WckyccTBeHHBIH CyTHHK 0OpaliaeTcsl BOKPYT 3eMJIU 110 KPYTroBOi
upbure B naockocTH aksatopa. Habmonartens B Terepane (¢ = 35°,6) Bunur
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CMYTHUK Ha BeicoTe A = 46°,0 B MOMEHT nepeceueHus1 HebecHOro Mepuamua-
Ha. Haitnurte paccTosiHie CYTHUKA OT LIEHTPa 3eMJIH.

25. * Tlocne cOnmxkenms ¢ 3emneil KocMuyeckuit annapar «Kaccunu»
rnepelesT Ha TpaeKTopuio roseta K KOnuTepy ¢ reIMoLeHTPUUYECKOI CKOpPOo-
crbio 38,5 km/c. 30 nekabps 2000 r. «Kaccunu» pouien B cepy neicrnms
TJIAHETHI-TUTAHTA C TeJIMOLEHTPUYECKOH CKOPOCThIO CONMXKEHUS, MO Ha-
NpaBieHUIO coBnafarlieil ¢ opouTanbHoi ckopocThio HOnurepa. Bo Bpe-
M3 riposieta cepbl AeicTBUs (Haa AHEBHBIM TIOJYLIAPHUEM TJIAHETHI) BEK-
TOP MIAHETOLEHTPUYECKOH CKOPOCTH M3MEHMII CBOE Harnpas/icHue Ha 160°,
Haitjiire reJiIMOLeHTPUYECKYI0 CKOPOCTD allnapara nocjie rpaBuTal MoHHO-
ro MaHeBpa W YroJl NoBOPOTA BEKTOPA I'e/IMOLEHTPUYECKON CKOPOCTH.

IJIABA 3. OCHOBBI ACTPO®PU3NKU

3.1. Actpodu3uKa NJIaHeT U 3Be3]]

3.1.1. 3emaa — nnanera CoHeYHOM CHCTEMBI

B niepBoM npubnmxennn 3emist spisgercsl wapoodbpasnoit. TlpuHumn
OnpefeneHns ee pazMepoB ObUI NpeaioKeH Brepseie euie B [11 B, 1o H.9.
JipesHerpedeckm rtocodom u reorpadom SparocdeHom AneKcaHIpuii-
CKUM (276—194 rr. mo H.3.).

W3 puc. 3.1 BUAHO, UTO IIMHA EIMHUYHOM oyru (ayra B 1%)

/ LR

"02 s s rumn T o 1
A" @,—¢ 180

[ae @ — WHUpoTa MeCTHOCTH, Rq, — pamMyc KpUBHU3HBI 3eMHOTO wapa. O1-
CI0a panuyc KPUBU3HEI €AMHMYHON 1YTH (Pajnyc KPUBU3HEBI 38MHOTO 11apa
180°-/
(P, — @)
Ecnm pamuychl KpUBU3HBI .R\p PA3HBIX YUACTKOB 3EMHOr0 MepuauaHa
OAMHAKOBEI, TO OH SBASETCS TMOJYOKPYXHOCThIO M 3emist uMmeer dopmy
napa. B mpoTMBHOM cnyqae 3eMs HE ABNACTCH LAPOOOPA3HOM,

B yKa3aHHOM AMAaNa3oHe WwupoT) R, =

Dkearop

Puc. 3. 1. U3MepeHHE panuyca 36 MHOTO niapa

1 Juk 1941 97



HenocpeneTeHHO M3MEPUTE 3HAYMTE/ILHbIE
JMHENHBIE pacCcTOsSIHUS BAOJIL reorpaduueckoro
MEPUIIMAHA HEBO3MOXKHO M3-332 ECTECTBEHHbIX
nperpag. [dns 3T0ro MCHONL3YeTCS METOL TpH-
aurynsiimm (ot nar triangulum — TPeyroJbHUK).
Bione ayru mepunnasa, JUIMHY KOTOPOH HYKHO
ONPENEINTD, 10 0DEUM CTOPOHAM YCTAHABIMBAIOT
COEHMANTBHBIE BBILIKU (ceodesudeckue cueHanst),
KOTOpLIE ABAAIOTCS BEPLUMHAMM CETH TPEYToih-
HUKOB. DTa CHCTEMA HA3BLIBACTCH TPHMAHLYJIISILM-
OHHO#H ceThio. ONHY M3 CTOPOH TPEYIrOJbLHMKA,
CBA3AHHYIO C KOHLEBBIM MYHKTOM, MPHHHMAIOT

\ (.\ya' 3a 6asuc. Ero WIMHY TILATENLHO U3MEPSIOT He-
I TIOCPENCTBEHHBIM 06pa3oM. 3aTeM ¢ MOMOLIBIO
v YIIOBBIX M3MEPEHUI ONPENENsIOT YINIbI BCEX Tpe-
0, YTONIBHHKOB U 10 opmynam s chepruaecknx

Puc. 3.2, Cxema tpmanrynn- TPCYTOJBHUKOB PACCYMTHIBAIOT BCE CTOD?H bl

uuu Ui ayru mepuauana 0,0,  TPEYTOJIbLHWUKOB, a TAKXKE IVIMHY MX ITPOEKIIMH Ha

MEPHANAH, T.e. JJIMHY OIyTH MepuiuaHa (puc. 3.2).

[MepBble  MmacuiTaOHble W3MEPEHUS  JUIN-

Hbl YT MEPHIMAHA NPOBOAMIUCE B cepenrHe XIX B. M0 pyKOBOACTBOM

@. Crpyse. beina nocrpoexa cerb U3 265 reone3sMyecKkux CUrHaJoOB Mpo-

TsKeHHOoCThio Gonee 2800 km (myra Crpyse). CoxpaHusmuecs 34 nyHkra

ayru Crpyse (19 u3 Hux HaxoasTest Ha Tepputopun Benapycn) s 2005 1. Bue-
cenbl IOHECKO B umciio namsTHUKOB BceMUpHOTo Haceamst.

B HacTosiiee Bpemsi 6azuc M3MEPSIIOT C MOMOILBIO CBETO- U PALUOII0KA-
unn. Juna 6asuca B 3ToM cryyae MoxeT gocturath 40 km. Ee uamepsior ¢
MOrpeUrHOCThIO 12 MM Ha Kaxaple 10 KM winHel. B coBpemMeHHoil TpHaH-
ryISILMOHHOM CeTH MCNOMb3YIOTCS AOBOIIBHO CI0XKHAsA HA3eMHas PaaMoJIo-
KallMOHHast annapaTtypa i JaHHbIE HCKYCCTBEHHBIX CTIYTHHUKOB 3eMJTH,

W3mepeHusi nokasanu, 4To [UIHHA [° W pajuyc KPUBU3HEL R, enMHU1HOI
IYr1 MU3MEHSIOTCS OT 9KBaTOPpa K reorpachuueckomytomntocy: [° = 110,576 km
npu @=0; /°=111,143 xkm npu @ =45"; I°=111,696 xm npu @ = 90°.
JinHa nyru [° yBeIMYMBAETCH K NOJIIOCAM, ¥ PAIMYC KPUBUAHLL 38MHOi1 No-
BEPXHOCTH DOJIbILE B MOSIPHBIX 00JACTIX, YEM B 9KBATOPUAIBHBIX. TaKUM
obpa3zom, 3emid He ABJISIETCs WAapooOPa3HOil U UMEET CIUIIOILEHHYIO (op-
My, GJIM3KYIO K SJUTMNICOMIY BpauleHus (cghepoudy). B cBA3M ¢ 3TUM cylle-
CTBYET HECKOJIBKO MOHSTHI LIKPOTHI MECTHOCTH,

Acmpornomunecroii wupomoti (p Kakoi-1160 Toukd O Ha MOBEPXHOCTU
DJUTHINCOMAA CYMTAETCS YTOJ MEX/Y TUIOCKOCTBIO 3EMHOTO IKBATOPa M OT-
BECHOM JIMHMUEN B AAHHOM TOYKE.
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 Meouenmpuneckoi wupomoii (' HA3LIBAETCS YIOA MEXIY IIOCKOCTBIO
HEMHOI0 9KBAaTOPa M PAIUYC-BEKTOPOM TOUKH O (BEKTOPOM, COEAMHSIOUIUM
HEHTP SIumconaa ¢ AaHHOH TOUKOMH).

leodesuneckan wupoma — 510 yroj MeXAY MIOCKOCTBIO 3€MHOTO 3KBa-

TOPH 1 HOPMANbIO K cheponay B TaHHON TOUKE.
S B979 . Ha XVII chesie MexXayHapoaHOTO [eoae3vyecKoro M reo-
thiamueckoro cotwosa B KanGeppe GbUIN MPUHSITE CACAYIOUIME DAEMEHTHI
pipeponna: sxsaropualnbhas Noayock a = R, = 6378,136 kM; noaspHas
HOUYOCh b= Ry, = 6356,751 KM; pa3HOCTh 9TUX BeanduH AR = R,—R,=
W 21,385 Kkm; cxarue cheponna e = AR/ R, = 1/298,257.

B reojiesun 1 rpaBUMETPUK NP TIPOBEACHUM TOMHBIX U3MEPEHU I 1PU-
MHTO cunTarh, 4To hopMa 3eMIM OTIMYAETCS KaK OT JUIMIICOMIA Bpalle-
UL, TAK M OT TPEXOCHOTO JUTUIICOMIA M DNM3Ka K MOBEPXHOCTH CNOKOMHO-
0 OKeaHa, KoTopas MpoaoJKaeTes nola MaTepukamu. Takas durypa (2eoud)
OINCEIBACTCS TIOBEPXHOCTRIO PaBHOBECUs (YPOBEHHOI I1OBEPXHOCTHIO), B
KIKIION TOUKE KOTOPOH HOPMaJTh COBMANACT ¢ OTBECHOM NTMHUEI (Ha mMaTe-
PUKAX 9TO ObIBAET HE BCEI/la M3-3a PA3IuYHON MIOTHOCTH Topon). OaHaKo
PAIHMLA MEXKIY NOBEPXHOCTAMM T€0MAA U JUIMICONA BPALLIEHUS He mpe-
Beiaer =100 wm. ]

B acTpoHOMMH, 4acTO MCTIONB3YIOT ClIEAYIOLINE 3HAYEHUS TAPAMETPOR
Jeman: Ry = 6378 km, R,=6357 km, I'=111,2 kM, £=1/298. 3emuoii
SKBATOP MOHOGEH OKPYXKHOCTU WiMHOI 40 075 KM, 2 MEpUIUAHB — )i
Jnncam mmHoi 40 008 k.

[Mepuon pawenns 3eman T=23"56"04°= 86 164° (cpemnero Bpeme-
i), TIOSTOMY JIMHEHHAST CKOPOCTH BPALLEHNUSI TOUEK 3EMHOTO DKBATOPA

_ 2Ry 2-314159-6378136
T 86164

(7 =465 m/c,
il il TIPOM3BONBLHOM reorpadMueckoii IHPOTe @ CKOPOCTL v = v, - COS( =
=465 cosp m/c.

YIioBasi CKOPOCTh (0 BCEX TOYEK 3EMHOI NOBEPXHOCTH OIMHAKOBA:

_ 360°-360"

a— rr =1 — " =D
36164 157,041 (c ')=7,2921-10"" pan/c.

YCKOpeHHe CJIbl TSDKECTH 3eMIIN HE OIMHAKOBO BIOTE MEPUAKAHA U 3aBH-
CUT OT IIMPOTEl MeCTHOCTH. Ha Npou3BO/EHOI ITUPOTE @ YCKOPEHUE CHITBI TSI-
MECTH HA YPOBHE OKEaHa MOXHO BbIPasuThb (hopmyiioit g, = g, +(gy —g,)-sin ‘p
(4 9,780 M/02 — YCKOPEHUE Ha 3KBATOPE; gy, = 9,833 M/c” — yckopeHwue Ha
fionioce). Orknonenue Ag, = 84 &, HA3BIBAETCS TPABUTALIMOHHON aHOMATHE!H
(4, = CcpenHee sHAYEHHME YCKOPEHUS Ha IIUPOTE ¢ 8p — MECTHOE €ro 3Haye-
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HUE, CBS3aHHOE C BO3MOXHBIM HalWM4yHEM 3anexel TMoJe3HbIX UcKonae-

MBIX, HEOJIHOPOJIHBIM CTPOEHHEM 3eMHOiT Kopsl W T.0.). Ecin Ag, > 0, 1o
B 5TOM MeCTe, BO3MOXKHO, UMEIOTCS 3AIEKHU TSDKEJILIX IEMEHTOB (py/bl),
ecim Ag, < 0, TO 318Ch MOXET OuITh HedTh WK Ta3.

Ha ocHOBaHUN NMOAOOHBIX FPABUMETPHYECKUX U3MEPCHUI CHIIBI TAKE-
CTH GBI CAIENAH BLIBOL, 4T0 Macca 3emmu My, = 5,98-10% kr, a ee cpeausisi
IUIOTHOCTh Pg, = 5,52 r/CMJ. B TO e BpeMsl M3BECTHO, YTO MJIOTHOCTH 3€M-
Holt kopel p = 2,70 r/cm3‘. W3 3Toro ciienyet, Npexie BCEro, 4To MI0THOCTh
3eM/Iu 3HAYUTENBHO YBEIMYHUBaETCH ¢ I1yOHHOM.

O cpoiicTBax gurocdepst 3emin (B LIMPOKOM CMBICTIE BTOrO CJ10BA, T.€.
0 TBepIOil coCTaBNIONIEi 3eMIH) CYAAT B OCHOBHOM 110 JaHHBIM CEACMO-
JIOrMYECKUX U ApYruX reou3nueckux uceaeaopanuii. Hanpumep, MOMeHT
MHEPLWH 11apa, MJIOTHOCTh KOTOPOTO BO3PACTAET K LIEHTPY, MEHbILE, YeM y
onHopoaHoro mapa. Yem Gonblue Macca KOHLUEHTPUPYETCH K 1IEHTPY, TeM
MeHbLIe MOMEHT UHepLun. MomenT uHepunu 3emiau pasex 0,83 MoMeHTa
WHEPLIMKM OAHOPOIHOTO HIapa TAKOIO Xe pasMepa U Macchl.

M3BecTHO, YTO CeiiCMMUECKME BOJHBI ObIBAIOT MPOLOJIBHLIMU U TO-
nepeuHbIMM. 3HasA UX TUI U XapakTep (HampuMep, CKOPOCTh) pacrpocTpa-
HEHUS BHYTPH 3€MJIM, MOXHO CYINTH O COCTaBE M CBOMCTBAX JIMTOCKEPSI.
[MonepeuHbie BOJIHbI CYNIECTBYIOT TOJBKO B TBEpIbIX Tenax. Mx nanuyue
CBUACTEJIBCTBYET O TOM, 4TO IMTOChEepa SIBISETCs TBEPAOH BILIOTH 10 60/1b-
WX rayouH. OaHako 6610 J0KA3aHO, UTO, HaunHast ¢ rayduHsl ~3000 km,
MOMepeUHLIE BOJIHLI PACIPOCTPaHATLCS He MoryT. ClieIoBaTeIbHO, BHYTPH
nutocepbl ecTh KUAKOE SIAPO.

Bepxuuii cnoii iurocdepsl (cM. puc. 3.5) — kopa TomuMHoi A = 35 KM
B CpefiHeM (B HEKOTOPBIX MECTax OHa nocruraet 70 kM). Bo3pact 3eMHO#
KOpbl NpUMepHo 4,5: 10? net. Bepxuuit ee cnoil (5—7 KM) COCTOMT Tipe-
MMYIIECTBEHHO M3 OCAJOYHBIX MOPOJ, OKCHIOB KPEeMHMs, AllOMMHN,
xene3a (Si, Al, Fe) u mienounsix metamios. CpeaHuii cioil — rPaHUTHEII
(70% xpemue3ema) TonuuHoi 10 35—40 KM, HO B HEKOTOPBIX MECTAaX OH
MOKET BBIXOAMTH HA MMOBEPXHOCTH, HVKHMIL cloil KOpel — 0a3a/broBbIi,
ero ToinHa gocturaet 30 Kwm.

B 3emHOIl Kope TemrmepaTypa f IOBBILIASTCS € TIYOMHOM: 32 MEPBbIE
3 kM — Ha | °C kaxasie 100 M, sarem 2 °C Ha 100 m. Ha ry6une 10 km
Temneparypa cocrasiasier npumepHo 180 °C. 3ro obycinosieHo, npexae
BCETO, MOTOKOM Terna U3 ryouH.

Mon Kopoii 3aneraeT cioi, Ha3kIBaeMBbII Manmue. [paHnua Mexny Ko-
poit ¥ MAHTHEN TOBOJIBHO Pe3KO 0603HAYEHA U HA3bIBAETCS C/I0EM (IIOBEPX-
HOCTbIO) Moxoposuumnua (Ha ryouHe B cpenHem 40 km). MaHTusA cocTo-
MT B OCHOBHOM M3 BELIECTB B TBEPAOM COCTOSTHUM (Da3aNbThl, CUIIMKATHI),
3a UCK/TIOUEHMEM OTAC/IBHBIX JIABOBBIX «KaAPMaHOB», KOTOPBIE HAXOMATCS
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I KIIKOM COCTOSIHUM TP CYLICCTBYIOLIMX TaM TeMIEpaType W JaBacHHu.
POTHOCTS MAHTHH BO3PACTAET OT MOBEPXHOCTH MoXxopoBUiMYa 10 Ipa-
Wi sapa ot 3,3 oo 5,2 r/cm’. Huknsist rpaHulia MAHTHH HAXOMMTCS HA
PyBuiie okono 2950 kM.

B CORPEMEHHBIX MOJIENSX 3eMIN BBIACIIAIOT aumocgepy 6 y3KoM CMbic-
A€~ HAPYAKHBLIT CTOi TBEPLOH cocTapisiolLeit 3eMiiu, KOTOPBIl BKJIIOYAET
W eeti Kopy W BEPXHIOK YacTh MAHTHH NPUOAU3UTENBHO 10 PIYOUHBI 70 KM,
W demenocghepy — HUXKHIOK 4acTh MaAHTHU. Jiutocepa packojoTa npuMep-
W i 10 GobiIMX TEKTOHMYECKHX TUTUT, 1O TPAHMLIAM KOTOPbIX pacnoo-
WEHN NMOIABTISIIONIAsA YaCTh 04aroB semneTpsiceHuit. [0 KeCcTKOi JIUTO-
eihepoit HaxonuTest Croi MOBbILIEHHOI TeKydecTH — acteHocdepa 3emin
(Jiecs TeMnepatypa BeElIeCTBA MaHTHH nambonee BAKM3KA K TeMIiepaType
naannennst). Ma-za manoii BI3KOCTH acteHocdeps! TUTOCHEPHbIE MIUTHI,
KUK [OBOPSIT, «TIIABAIOT» B ACTEHOCHEPHOM «OKEaHEe». DTUM 00ObSICHAETCH
THKOE SiBIEH e, KaK apeiid MaTepUKOB.

Jlanee cienyer adpo 3emid. OHO pa3iesisieTcs Ha [Be 4acTW. BHYTPEH-
HIOI0 W BHEMIHIOW. Brewnee adpo (Cnon tomuuuoit 2100—2200 kM), KOTO-
poe cocrasisier okono 30% maccel 3emin, o6sanaer cBOHCTBAMM TATYYEH
WIIKOCTH ¥ 37eKTPOTIPOBOAHOCTBIO, COAEPXKHUT MPEATIONONKUTETBHO 85%
wenesa (Fe). Ocrasuimecst 15% — 370 B OCHOBHOM KHMCJIOPOA (0), kpem-
wult (Si), mukens (Ni), cepa (S). Ha rpannue MaHTHsi — BHCIIHEE SAPO
IIOTHOCTE P PE3Ko mosbiaetcst 10 9,4 r/cM?, Temneparypa BO3pacTaer
ot 2000 110 4000 °C, a pannerue p — ot 1,5-10° g0 2-10° arm. Buympen-
Wee nopo umeeT pamuye npuMepHo 1250 k. Ono cocrasnsier okono 1,7%
Micen 3emau 1 o6anaeT cBoiicTBAMU TBEPAOTO TEJIA. B ero ueHTpasibHOM
soner = 5000 °C,p=3,6- 10° atmu p=12,5 r/CM". BHyTpeHHee sIpo co-
jepanr 20% nukenst (Ni) u 80% xenesa (Fe):

Haubosiee pacnpocTpaHEHHbBIE XMMHYECKHE DNEMEHTRI B TBEpION 000-
Aovke 3emnn — Fe (34,6%), 0(29,5%), Si (15,2%), Mg (12,7%). Conepxa-
W OCTANILHBIX 2IEMEHTOB B CyMMe COCTABIISIET MEHEE 8%. M3 coenMHEHUH
MO0 Buaenuts Si0, 1 AlO5.

YeMisl — eIMHCTBEHHAs M3BeCTHas rniaHeTa CoJIHEYHOH CUCTEMBI, KO-
fops obnanaet ruapocdepoil. Muapocgepa chirpana peLiaolLyio posibk B
HPOIECCe BOSHUKHOBEHWS XKU3HH Ha 3emie. bnarogaps UMPKYJISLIUM BOAbI
i 06 NMCOKOH TermoemkocTH ruapocdepa ypaBHUBAET KIIMMATUHCCKHE yC-
JONMN WA PASHBIX IIMPOTaX ¥ OPMUPYET KIUMAT Ha [IAHETC. Kpome Toro,
NN CO3MAeT NApHUKOBBII 3¢y DeKT: ec naphl B arMoctepe MorouwanT uH-
(hpakpacHoe uaTyuyeHue B 061acTH UTHHBI BOJTHEI A= 10 MKM, KOTOpOE Ie-
PeHAIYIACTCS 3EMHOM TTOBEPXHOCTRIO, TEM CAMBIM MOBBILIAs PABHOBECHYIO
femneparypy 3emnu na ~40 °C.

Jemias arvocdepa CONEPKUT B OCHOBHOM asoT (78,1%), xucno-
pon (20,9%), apron (0,93%) yraexuenslii ras (okono 0,03%). Ocranb-
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HBIe cocrapyistiouine — npumecH Ne, He, Kr, H,, CH,, N,O. BaxHbi-
MH MEPEMEHHBIMH COCTABMAIOIMMHK TAKKE ABNAIOTCS BOmAHONH nap H,O
(or 0 no 3%, npudem B nojspHeIX 30Hax — 0,2%, Ha aksatope — 3%) u
030H O; (3-10® % — ua yposHe Mops, ot 3-107* 10 1% — ua BeicoTe 20—
30 km). Takoil NPOLIEHTHEIIT cocTaB aTMOCEDbl COXPaHAETCs IPUMEPHO 10
BbICOTHI 100—120 kM. MckiloueHneM SIBASIETCA O30H, HAXOMALLMIICH npe-
MMYILLIECTBEHHO Ha BhICOTE 0KOJIO 30 KM, a TAKKE BOMSIHBIE Maphl, KOTOPbIX
Beilie 10—15 kM mouTH HeT.

Atmocdepa 3emMau COCTOUT W3 MATH Ciloes: Tpomocdepsl, crparocde-
phI, Mesocheprl (030H0ChepE!), TepMochepsl (MoHoedepsl) 1 9K30ChEPH.
Takoe neneHue onpenessieTcs 3aBHCUMOCTRIO TEMIIEPATypBl aTMOCHEPEL OT
BBICOTHI (puc. 3.3).
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Buuay pacnosioxeHa mponocgepa (10 BeICOTH 11—12 KM B CpemHHX
WMpoTax, 4o 8—10 KM B IONSPHBIX HIMPOTax ¥ 10 16—18 KM Ha 9KBaTOpE).
I rponocdepe ¢ yBeaMuEHUEM BBICOTBI TEMIIEPATYPa CHMXKAETCA OBICTPO
(+6 "C/km) 1o —55 °C, a nasnenne — ot 1 0o 0,026 arm. Tponocdepa co-
Aepur 80% Beeit Macchl aTMOC(heEphbl U MOYTH BCE BOAAHDBIC Napbl. Yactb
YOIl nepeaaeTcst B Tponocgepe KOHBEKLMeH, 103T0MY OHA Ha3blBAETCs
THEKE KOHBEKTHBHOM 30HOM,

30 Tporocdepoit cieayeT empamocgepa (rpaHULIa MEXKIY HUMU Ha3bi-
WAETCs Tpomonay30ii), B HIDKHUX (10 20 KM) ClOsIX KOTOPO# TeMneparypy
MOKIO CHMTATH IPUMEPHO NOCTOSIHHON (okono —55 °C). Bouimie 20 kM B
giparocepe TeMnepaTypa HaUMHAET BO3PACTATE MOYTH 10 0 °C Ha ypoB-
JE CTpaTONay3kl (TPaHULIBI MEXIY CTpaTochepoii 1 Me30cepoil) HA BBICO-
ve ~55 km. Crpatocdepa conepxut npumepHo 20% Beeit Maccel atMoche-
Pl (Ha OCTATTbHBIC YACTH BBILIE TIPUXOANTCS BCETO OKOJIO 0,5% ee macchl).

OjHoll W3 TpUUMH YBETHUYEHUH TEMIIEpPaTyphl Ha BhICOTE 00-
Jiee 20 kM sIBASETCS DK30TEPMHYECKasi peakiusl PpasioXeHHs 030-
ma; Oy +hv — 0,+0. O30H B cTpatochepe MOsBIACTCH B PE3yIbTaTe peak-
i O, +hv — 0+0, 0+0;+M — O;+M, rie M — TpeThs MOJIEKya
(karanusarop). KonueHTpallnsa 030Ha MOBBILIAETCS C YBEIUYEHMEM BBICOTHI
W NOCTUraeT MakcuMyma Ha Beicote ~30 kM. 37ech NpoMCXOAUT Haubonee
prTMBHOE obpasosanne 05 OB61Ias Macca 030HA COCTABHIIA OBl IPU HOpP-
MAILHOM JABIEHWN cIoit ToauHoi Beero 1,7-4,0 MM, HO 3TOr0 KOIHYe-
grna O, 10CTATOYHO VISt TIOIIOUEHHS BCErO YJIrpadMoneToBOro uajyye-
W ¢ muimHoit Bonue o1 200 go 300 HM, TyOUTENBHOTO LIS BCETO AKHBOTO.
[lorioleHHE TAKKE NTPUBOAUT K PA30TPEBY CTPaTocepsl.

Crioit armocheps! Ha Beicote 55—80 KM, rae BHOBb NMPOHCXOOUT CHH-
KEHME TEMIEpaTypbl ¢ YBEJIWYEHMEM BBICOTHI, HA3BIBACTCH Mezocgepoi.
Ha rpanune mesocdepst u TepMochepsl (B Me30rayse) OTMEUAETCH TEMIIE-
parypublii MubuMym (10 —90 °C), a napneHue COCTABNIAET BCErO 7 Ia.

Buiuie Mesonayssl — mepmocgepa. 310eCh C YBEJIMYCHUEM BBICOTHI
Jo <400 kM TemmepaTypa BO3pacraeT W JOCTUraerT AHEeM B MEpHOA COJl-
weunolt akrusrocti 1800 K (B 06miuHOM coctosiiun — meree 1000 K).
[IpMAMHOI TIOBBILIEHHMST TEMIIEPATYPHI ABISIETCA [OMOLIEHHE YabTpaduo-
Jeronoro nanyuenus Connia Ha seicote 150—300 kM, 00YCIOBIEHHOE HO-
Mianmelt aromapHoro kuciopona: O +av — Ol 4e,

Ha peicore Gonee 400 kM TemMmepaTypa NocTosgHHa (0TCI0la W HA3BAHUE
Wroro enos — repmoccdepa). B o6ieM TepMocdepa npesicTaBisier coboit cna-
BOHOHMAMPOBAHHYIO TU1a3My 3a cuer moHusauuu O, O,, N, oz AeficTBHEM
yikrpauoneToBoro unyueHus. TepMocgepy HasbiBalOT TAKKE UoHOCHepol.

Buiuie tepmocdepsl Ha Bbicote Gonee 1000 kM Haxoautest xsocdepa,
O1KyAa atMocepHbie rasbl pacceMBaOTCsl B MPOCTPAHCTBO (mpoMcXoauT
NOTETEHH BT IEpexo 0T aTMOCHEPH K MEXITAHETHOMY IIPOCTPAHCTBY).
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Ho 100—120 xkm rasosslit (XMMHYECKNIT) cocTaB aTMocheps OJIHOPOIEH
3a CYET MEpeMEMINBaHUs, ODYCNIOBAEHHOIO KOHBeKIHel. Boie mpowc-
xomut auddepenunanns cocrapa armochepsl (3oHa Auddy3HOro pasie-
JeHust): oo 400 kM a30T HAXOOHTCH ele B MOJIEKYJISIDHOM BHAE, a4 KHCIO0-
POd — YK€ B aToMapHOM cocTosiHUH. B pesynsrare Ha Beicore 400—500 kM
a30Ta MOYTH HET, aTMOCc(depa COCTOUT TIABHEIM 0OPa3soM M3 aTOMapHOTO
Kucaopoza 1 6oJiee JJerkux ra3oB (KOHIUEHTPALIUs ra30B aTMOC(epsI 30eCh B
10"'~10" pas MenbLue, uem Ha yposise Mops). Bite 700 kw nipeobianaior
BOIOPO/L W reauit,

Dx30chepa cOCTONT U3 BOAOPOAA M MPOCTHPAETCSA Ha HECKOIBKO 36M-
HBIX DA/IHYCOB (€€ €lIe Ha3bIBAIOT 6000podHON eeokoporoil). KonueHTpamms
aTOMOB U MOJIEKYJ/I BOJOPOa B reokopoue 10°—10° em .

KoHuenrpauns snekTpuuecknx 3apaios (31eKTPOHHAS KOHLEHTPALMS
paBHa HOHHOM) B TepMocchepe (MoHochepe) Ha BbicoTe 300 KM CoCTaB/sieT
aHeM okono 10° em™’. Takas rmiasma OTPAXKAET PAAUOBOIHBLL JUTH-
HOM A 2 20 M, a 6oJiee KOPOTKME NPOMYCKACT M MOMIOMIAET, Kpuruyeckas
yactora (rpaHMLAa NPONycKaHus) v=9-103-\/z (M) u 3aBuCHT OT 2M1EK-
TPOHHO# KOHIIEHTPALUWK 1,, KOTOPasi B CBOIO OYEPEab 3aBUCUT OT UHTEH-
CUBHOCTH u3iyueHnst ColHUa (IHEM 1 HOYbIO OHa pa3Has). [1pu pekom6u-
HAllUK MOHOB M 93JIEKTPOHOB (06pasoBaHHM MOJIEKYJI W3 aTOMOB) YACTO
TOSIBISAIOTCS ATOMBI (MOJIEKY/IbI) B BO3OYXIEHHOM COCTOSHMM, KOTOPBIE
nawT ciaboe cpeyeHne HOUbIO. CBedeHHe 06YCIOBIEHO TAKKE HEKOTOPLIMHU
XUMHYECKUMU PeakInsaMHU B BEpxHeil atMocdepe. CeeyeHne HOUHOTO Heba
OIpaHUUMBACT MUHUMAIBHYIO SPKOCTh KOCMHYECKUX OOBEKTOB, KOTOpBIE
MOXKHO Habmonate ¢ 3emuin. Hanpumep, 3se3nsr cnadee 227 «3a6UBaIOTCT»
(DOHOBBIM CBEYEHMEM HOYHOTO Heba (22" — 3BesnHasi BeTHIMHA KBa/IpaT-
HO# YINIOBOH CEKYH/Ibl HOYHOTO Heba).

BaxHylo pojib B oNTHKE aTMOChEPHI UIPAIOT A3PO30JTH, BIBEWIEHHEIE B
arMoc(epe, KOTOphIe OOYCIOBTHBAIOT paccestHue u3nyueHus. OnHako mnx
KOHUEHTPALUS 3HAUMTENLHO CHUXACTCA ¢ YBEJIMYEHHEM BBICOTHI.

3emns obnagaer JOBOMBHO CHIBHBIM (Haxe B MaciTabax CoNHEYHO
CHCTEMbl) MATHHUTHBIM 110JIeM. MarHUTHbIE 0J110ca 3eMIH HEe COBMANAIOT C
reorpacudeckumMu. Yron Mexay HarpaBieHHeM CTPEIKM KOMIAca M UCTHH -
HBIM HANPaB/IEHUEM HA CEBEP HA3BIBACTCH MASHUMHBIM CKAOHENNEM, A YTOJ
MEXAY CTpenkoi (CHIOBOIH NWHUE) ¥ TOPUZOHTAIBHOU TIOCKOCTHIO —

MACHUMHBIM HAKAOHEHUEM.

[MonoxeHne MArHUTHBIX MOMIOCOB U3MEHSETCS CO BpEMeHEM. YeTaHOR-
JIEHO, 4TO MATHUTHBIN 110OJ1I0C CEBEPHOTO MOMYIMIAPUA ApeiidyeT co cKopo-
CThIO 5—6 KM B rox. MarHuTHoe noie 3emin 613K K MO0 MATHUTHOTO
Aaunosist. JIunosib, KOTOPEIA B HAUBOIBIIEH CTeneH! ONMUCHIBAET Moje 3emM-
TH, Ha3bIBACTCH IKGUGAACHIMHOIM MACHUMHBIM OUROAEM, 4 €r0 OCh — 2e0-
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Macnumuoti. OHa He COBNAJAET ¢ reorpaduyeckoil 0Chblo: Yroa Mexjy Heil
W reorpadmyeckoil ocelo coctasnsier ~11°,5, a npoxoauT oHa Ha paccTos -
Wi ~450 kM ot ueHTpa 3emun. [eoMarHUTHBIE NONIOCHL, TIE OCh KBUBA-
JEHTHOPO TUMONS MePEeCeKaeT 3eMHYIO NOBEPXHOCTh, TAKXE HE COBMAAAIOT
¢ leorpapugecKuMM, NpUYEM B CEBEPHOM MOJYIIAPHM HAXOAUTCS HOXKHbIi
MULHHTHBLA TTOJIOC (BEKTOP MATHUTHOM WHAYKUMW HanpasieH BHK3). [eo-
MULHHTHBIE TIOIOCKHE HE COBMANAIOT M C PEAIbHLIMU MATHUTHBIMU MONIO-
UIMI 3eMan, TIOCKOJBKY 10JIe 3KBUBAJIEHTHOIO OMIIONS HE COBMANaeT ¢
ienm 3emin. Berpeyarores, HampuMep, MHPOBBIC MAarHUTHEIE aHOMAJIMK
(hpasnabekas, Cubupcekas, Kaunanckast v 1p.) M MECTHbIE aHOMAJIMH, CBSI-
M BIE ¢ HAMAarHUYEHHOCTBIO TOPHBIX MOPOJI 3eMHOH Kophl (Kypckasi u ap.)

[losoxeHne reoMarHuTHBIX TMOJIOCOB U3MEHSIETCs JOBOJABHO MELIeH-
Mo, B 2015 & 1oXKHbIE reOMATHUTHBLA NOJI0C (CEBEPHOE MOJLyLIapHe) UMEI
Koopaunarser A= 287°.4, @ = 80°,4, ceBepHbIil reOMarHMTHBLI MOMIOC (10XK-
Hoe noayuiapue) — xkoopawHatsl A= 107°,4, @ = —80°,4. MaruuTHOE noJse
JeMiIM TOABEPXKEHO BEKOBBIM BapuauusiM ¢ nepuomamu 10-20, 60—100,
6001200 1 8000 aeT. B yacTHOCTHU, rEOMarHWTHBIN MOJIOC MPELECCUPYET
OrHoeHTeNbHO reorpaduucckoro ¢ nepuonom ~1200 ner. HanpsxeHHOCTH
[GOMATHUTHOTO MoJjig cHMXaeTcsa ¢ 55,7 A/M Ha MAarHMTHBIX MOJIOCAX IO
134 A/M Ha MarHUTHOM 3kBatope. COOTBETCTBEHHO MOXHO BBECTH re0-
MATHUTHYIO CUCTEMY KOOPAMHAT (reOMarHUTHYIO IUMPOTY U AOITOTY).

Bospact MarHMTHOTO NOJIs 3EMITM COCTARISIET MO MEHBILEH Mepe 2,5 MApaJieT
(noapacr 3emam — npumepHo 4,6 maps sier). [lo faHHBIM naleomaeHumonoeuu,
KOTOpAst M3yyaeT BeJIMYMHY M HANPARIEHHE IPEBHEro MoJst 3eMJIM MO COXpaHs -
IOIIEHCS HAMArHUYEHHOCTH OCANOYHBIX TOPHLIX MOPOI, COASPKAILMX COSoU-
HElus Keesa, cpenHee 3a 10*-10° neT nonoxeHne TeOMArHMTHBIX MOIOCOB
COMIALACT C MOAOKEHUEM reorpapMueckKmx. XapakTepUCTUKKE reoMarHUTHOroO
JOUISE COXPAHSTIOTCA HEM3MEHHBLIMM B TeueHne 10°—107 net, 3aTeM MarHHTHOE
1o pHesanHo ymeHsbluaercst B 3—10 pa3. Dnoxa ocnableHHOro MarHWTHOIO
N rest 10°—10* ner. B 210T mepyro BpeMeHN MOXKET MPOU30NTH U3MeHe-
MME JHAKA MArHATHOTO 1051 (MHBEPCHSL), KOLAA CEBEPHBIN U K0KHbBII MarHMT-
M HOITOCEE MEHSTIOTCS MeCTaMK (MArHWTHBIN IMTIOND «MEPEeBOPAYMBACTCS» ).
IO B 9TOT [EPUOLL TIPOUCXOLUT HECKOJIBKO MHBEPCHHM (10 1ByX-TPeX). 3aTeM
MULHWTHOE NOJ1E BHOBB JIOCTUIACT HOPMAIBHOTO YPOBHS M COXPAHSETCS B Teue-
e 10°-10" ner.

I} nacrosiiee BpeMs eMHCTRBEHHAS TEOpUA, 00BACHSAIONIAA TTPOUCKONXK-
JEHNE MATHUTHOTO MO 3eMIIU, — 3TO MEopUs 2U0POMAZHUMHO20 OUHAMO.
COIIACHO e/ reHepaliist MAaTHMTHOTO I0Jisl 36MITH TIPOMCXOMT BCIELCTBHE
KOMBEKTHBHOrO ABHXKEHMS IEKTPONPOBOISILETO BELIECTBA BO BHELIHEM,
MILKOM S1PE TUIAHETHL.

MaruutHoe nosie 3eMIn BMECTE C COJTHEUHBIM BETPOM (DOPMMUPYET Mar-
unroethepy. BreurHeil ee rpaHuLeli SBISETCS Ma2HumMonayia, OTIAensoLas
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FEOMarHUTHOE Mojie OT 06TEKAIOUIEro 3eMIlI0 CONHEYHOTO BeTpa (INeKTpo-
HOB, NPOTOHOB, AAEP THXKENbIX eMEHTOB). Takum 06pazoM, MarHuTocde-
pa — 3TO CUCTEMA JIEKTPUYECKHMX MU MATHMTHBIX MOJICH, a TAKXKE TIOTOKOB
3apsSUKEHHBIX YacTull (puc. 3.4).

MaruuTocdepa He CHMMETPUYHA OTHOCHTENBHO AHEBHOH W HOYHOI
CTOPOH TUIAHETELI! MATHUTHOE IOJIE C IHEBHON CTOPOHBI «CKATO» COJHEY-
HBIM BETPOM 10 pacCTOsHHA MPpUMepHO 10 Ry, HO MMEET BRITSHYTbIH Ha
MUJUTHOHBI KMITOMETPOB «XBOCT» C HOYHOMH CTOPOHBI (€r0 IMAMETP NpHu-
MepHO 40 R, a npotsikeHHOCTh — 0K010 1000+ Ry). JIMHHKM MArHUTHOrO
nojs B MarHUTOChEpe NOAPA3Ne/AIOTCs HA 3aMKHYThIE (HA PACCTOSHUM
menee 3 Ry), 6iM3KMe K JIHHUAM MarHMTHOTO AMIIONS, U OTKPHITHIE, KO-
TOPBIE YXOMAT B «XBOCT» MarHutToctepsl. 3aMKHYThHIE TUHUNH MATHUTHOTO
Nojist 3eMIH SIB/ISIIOTCSH FEOMATHUTHOM JOBYIIKO# /UTSt 3apSOKEHHBIX YACTHIL,
obpasylomnx panualunoHHbie nosica 3emau. MssectHo, uTo 3apsKEHHEIE
HAaCTHIBl JIBUXKYTCA B MArHUTHOM [osie 1o crnupain. Eciiv yacTuiisl BBICO-
KOIHEPreTUYECKHE, TO PA/IMYC ITOH CIIMpPaiu HAMHOTO Gonblue Ry U OHM
IBHXYTCH, NMPOXOIS CKBO3bL MarHUTOChEPY, NMPAKTUUECKU HE OTKIOHSISICh
(4TOOBI YacTULA MPOHUKIA CKBO3b MATHUTHOE NOJe 3eMiu B IKBATOPH-
anpHOI obnactu, eil HeoOxonnMa aHeprus Gonee 1 THB). Takue yacTHIb!
BTOPraloTcsi B arMocepy W, B3aMMONEHCTBYSI C €€ aToMami, TOPOK/a-
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Puc. 3.4. CrpoeHne Marnurocdeps 3eman
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10T BTOPHUYHbLIE KOCMHYECKWC JIYyYH, KOTOPbIC PErUCTPUpPYXOTCH Ha 3emite
(99% 5TUX YacTULL UMEIOT raJTAKTHYECKOE TPOUCXOXKIEHHUE U TONBKO 1% —
cosiHeuHoe). Ecam 4acTuilbl MMEIOT MEHbLIYIO SHEPTHIO, TO PAOHUYC UX CITH-
paIbHOM TpaekTopuu cpaBHuM ¢ Ry OHM He IONEeTaloT A0 MOBEPXHOCTH
3emM, 3aXBaTEIBAIOTCS €€ MATHUTHBIM NOJIEM W 00pa3yloT TaK Ha3blBAeMBbIE
paduauuonnsie nosAca. DASKTPUUECKHME TOKH, [IPoTeKalolue B monocdepe u
mMardutocdepe, CO3AAI0T NEPEMEHHDBIH KOMIIOHEHT MArHUTHOTO 10Jist 3eM-
JIN, KOTOPELT cocTaBisieT 0Koso 1% Beero nossi.

M3 MHOXeCTBa pafMallMOHHBIX TOSICOB, KAK MPaBHJIO, BBLIEISIOT TPH,
KOTOpBIE MMEIOT HAMOOJIbIIYIO KOHUEHTPAUWIO YacTull. Buympennuil nosc
COCTOUT M3 MPOTOHOB ¢ Heprueil okoo 100 M3aB u 51eKTpOHOB ¢ 2Hepru-
eit 20—500 kaB. Oun Haunnaercs Ha seicote 2400 KM, 3aKaHUYMBAETCS HA Bhbi-
cote 5600 KM U pacnofyoxeH Mexay wuporamu +30°. lanee unet enewnui
nosc, pacrnonoXeHHsli Ha Beicote 12 000—20 000 kM. 3ateM BeLICASICTCS
Koasyesoil mox (Ha BeicoTe 50 000—60 000 KM), CHia KOTOPOTO AOCTHIA-
er 10" A. CocTouT OH U3 3IeKTPOHOB ¢ 3Heprueit okono 200 3B. Creny-
€T OTMETHTh, YTO MOHSITHE «PAIUALIMOHHBIH NOSC» YCIOBHOE W 3aBUCHT OT
TOro, KakmMe 4acthibl U C KAKUMHW SHCPTHAMHA B351Thbl B pacueT.

Ha puc. 3.4 xopol1l10 BUIHBI TAK HA3bIBAEMbIE KACHBI — BOPOHKH, KOTO-
pbie 00pa30BaHbl CUJIOBBIMU JIMHUSIMW MArHUTHOTO MOJISI M PACLIU PSIKOTCS]
OT MOBEPXHOCTH 3eMﬂH BIUIOTH 1O MArHUTONay3hbl. Kacrnpl paspensoT JTHEB-
HYIO 4acTh MAarHUTOChEPHl M TeOMarHUTHBIH «XBOCT>.

Bo Bpemsa ecnviwex na Coanye YCUJIMBAEGTCH KOMIMOHEHT PEHTICHOB-
CKUX yded, KOTOPBIE [OBLILIAIT HOHM3alMIO B MoHochepe. B pesynbrare
OHA HAYMHAET NMOMIOWATL M MPONycKaTh Bce DoNee KOPOTKHE PALMOBOSI-
mbl (A < 100 M), oTpaxaTb BOJAHbL CPEAHEH UIMHBI M XOPOLIO OTPaXaTh
Oonee JUIMHHBIE. 9'["() NMPUBOAUT K MUCYE3HOBEHMIO PaAHOCIIbILUMMOCTH Ha
KOPOTKMX BOJIHAX U K €€ YCUJIEHWIO HA JUTMHHBIX.

KopnyckynsipHoe uznyueHue ConHUA (CONHEYHBIN BETEP) B 3TO BpeMSI
THKIKE YCUIIWBACTCA M BBI3BIBAET MArHHUTHLIE 6ypu H MONAPHBIC CUAHUWA,
KopnyekynspHblit notok (ckopocTts ero nopsaaka 1000 km/c) nehopmupy-
@1 MATHWUTHBIE CWJIOBbLIE JIMHWM, BbI3bIBAS BO3MYILEHHWE MArHUTHOIO MOJIS
demin, T.e. mazrumuyro 6ypro, Kotopasi HabI0IAETCSl TPUMEPHO Yepes CyT-
KN noche senbiuky Ha ConHue.

B nossipHeIX pailoHax, rie ycJaoBUsA 3axBaTa KOCMUYECKHMX YacTHLL B pa-
JAHALIMOHHBIE MOACA XYK€, YACTHLLBI, ABUIasCh 110 CITUPAJIX BOKPYIr CHJO-
WUIX IMHWI, HAMPABAEHHBIX 34€Ch MEPNEHAMKYJISIPHO MTOBEPXHOCTH 3eMIIH,
MOIYT JaKe TTPU MabIX DHEPrUsX MPOHMKHYThL B arMocdepy yepes Kacnbl
N BLI3BATE NOKATbHYK) HOHHU3aUKWKD U, CJIeA0BaATCIIbHO, CBEYCHUC (HOJI‘RPHOE
Cunnue). B nonsipHOM CHMSIHMM BBIIEASIIOTCA JTMHMM KMCIOpOAa: 3ejeHast
(A= 557,7 um) n kpacHast (A= 630 um). BbicoTa nonsipHbBIX CUSAHWHA —
HnpumepHo 400—1000 km.
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3.1.2. Opyrue naanersl CosiHeuHoii cHeTeMbl

[1o csoum huanyeckum xapaktepucTikaM riaaHeTsl CoIHEUHOM crueTe-
Mbl IIOAPA3NENAOTCA HA ABE TPYNNBL nianems: 3emuoeo muna (MepKypuii,
BeHnepa, 3emast, Mapc) u naanemot-cuzanmot (FOnurep, CarypH, Ypan, He-
ntyH). B ITpunoxeHuu npuBeneHbl HEKOTOPbIE (DU3MYECKHME XAPAKTEPH-
CTUKM IUIAHET M UX CMYTHUKOB. BHyTpeHHee crpoenme raaHer (u JIyHbI)
CXEMaTH4YEeCKHM NPEeacTaBieHo Ha puc. 3.5, 3.6.

OcoOeHHOCTBIO CTPOEHUSI TUIAHCT 3eMHOK IPYIILI SIBISETCSA YETKast Tpa-
HULA MeXIy razoBoi (atmocdepoit) n teepaoit (uTocdepoil) cocTaBIs-

Benepa 3emns

6000 xm

3000 kM

Puc. 3.5. BuyrpenHee CrpocHHE TUIAHET 3eMHOM Ipyniiel i JIyHbL:
I —xopa; 2 — mawrus; 3-1 — xwikoe (BHEIIHEE) A1po; 3-2 — TBepuoe (BHYTPEHHEe) AP0

108

Onurep

7000 kM

Pue, 3.6. BHyTpeHHEe CTPOEHME MAAHET-TUranToB (CarypH MoXox 1o c¢rpoeHuio Ha Honurep,
Hentyn — Ha Ypan):

IOnumep: 1 — raz (H, w He), 2 — H, B razoxmakom (CBepXKpuTHUYeCKOM) coctoshud M He,

7 — merausupoBadHbii Bonopoa, 4 — ruapuast (H,0, NH;, CH,) B 1a30XHIKOM COCTOSHMH,

5 — teepmoe sutpo; Ypan: 1 —ra3 (H,n He), 2 — ruipuiabl B ra30xMAKOM COCTOAHUN, § — TBEPLOE ALPO

UMK, Y 9THX MaaHeT Takxke Hadmopaercs auddepeHUHALNS BELIECTBA ©
ryBUHOI: Goee TsKEIble XMMMYECKHME IEMEHTHI pacronaratorcs Oamxe
K HEHTPY IutaHeT (sapo 3eM/IM COCTOMT B OCHOBHOM W3 ene3a). [TnaHeTts
JEMHOIT TPYNIbl UMEIOT XMMHYECKOE CTPOeHUE TUTOCDEP, CXOIHOE € 3eM-
HbIM. B TO Xe BpeMsi V TUIAHET-TMTAHTOB TAKOI'O YETKOTO pas/leNieHus] Ha
armMocdepy ¥ TuTochepy HET, T.€. HET TAK HA3bIBAEMOI MOBEPXHOCTH rJia-
HETHI, TT0 KOTOPOH MOXHO, YCIIOBHO TOBOPS, «[TOXONHUTE,

B crpoennu eazoesix naanem-eueanmos KOnutepa u CatypHa NMpUHATO
BLIIEISATE CICAYIONINE CITOH.

1. BepxHuii cioii, cocTOsSIUINI B OCHOBHOM M3 MOJICKY/ISPHOTO BOTOPO-
J1a W Teinsi B razo00pa3zHoM COCTOSTHUN.

2. Tasoxunxwii cnoit (mox obnakaMu) — coil cMeCH BOAOPOna U Tenus
¢ MIABHBIM [IEPEXOJOM OT ra3000pa3HoOi K XUAKON (aze (cnoil CBepXKpu-
I'MUECKOTO COCTOSIHUS Boxopoa). Buyrpennue cnou lOnutepa u CarypHa
CO/IepXaT BOAOPO M reJIMi IPAKTHYECKHM B TOH XKe MponopLuru (Mmo Macce),
yro u ConHue: ~70% Bomopomna, ~25% reaus U ~5% OcTalbHBIX 3JIEMEHTOB.
Bepxuue cnou (atmocepa) conepxar Ha 10—15% Bomopona donbuie.

3, Croii XMAKOro META/UIMYECKOro (BBIPOXIEHHOrO) Bomopoaa (nog
PISOKMAKIAM crioeM). [TpoTOHBI M 3J1EKTPOHBI B 3TOM CITOE CYLIECTBYIOT pas-
NENLHO, W OH SBJISETCS XOPOIIMM MPOBOAHUKOM 3JleKTpHYecTBa. MoLHbIe
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SNEKTPHUYECKUE TOKHM, BOZHHKAKIIME B CII0€ METaNIMYecKoro BOIOpOIA,
MOPOXKAAI0T TMTAHTCKOE MarHUTHOE nose FOnuTepa.

4. B ueHTpe, BEPOSITHEE BCErO, HAXOMUTCS TBEpAOEe (KaMeHHOoe) A1po.

Jedsnste naanemor-euzanmor Ypan U Herryn umMeror nHoe crpoeHue.

1. BepxHuii cnoii — armocdepa, cocTosiias B OCHOBHOM W3 MOJIEKY-
JIAPHOrO BOAOPOIA M TeTHs B ra3000pa3HOM COCTOSHUH.

2. Cnoit razoxunnkux rugpunos (H,0, NH,, CH,) — Tak Ha3eiBaemasi
wieasHas 0boNoYKA», MW «OKEaH BOLHOIO aMMHAKa»,

3. Teepnoe (kaMeHHOE) s1APO.

B nenpax Ypana w HentyHa oTHOCHTENIBHOE COMEPXKAHWE TSXKEBIX 3/1e-
MeHTOB Bosblue, yeM y KOnurepa, Catypua unu ConHua.

Atomocepsl MIAHET 3eMHOTO TUNA M MAAHET-THTAHTOR NPUHIUITHAIIb-
HO pa3/IMyalTCs CBOUM XMMHYECKMM COCTABOM,.

Y nnaHeT 3eMHOI rPpyMIbl aTMOChepbl HMEIOT TAK HA3LIBAEMOE BTOPHY-
HOE MPOUCXOXKACHHE (TEKTOHMYCCKOES, BYJIKaHW4YecKoe, Orosiornyeckoe (y
3emaun) U T.0.). OHU COCTOST MIABHEIM ODPA30M M3 «TSKEbIX» ra30B: Y 3eM-
JId 3TO B OCHOBHOM a30T N, (78%), kucnopon O, (21%) u aprou Ar (0,9%),
y Benepnl — yrnekucnniii raz CO, (96,5%) u azor N, (3,5%), y Mapca —
yraekucnwlii raz CO, (95%), asor N, (2,7%), apron Ar (1,6%) u kucno-
pon O, (0,13%).

MuTepecHo oTMeTUTh TOT (paKT, YTO B OTJIMYMEe 0T armocdep Benepol u
Mapca B atmochepe 3eman aHOManbHO MHOTO a30Ta W NMPaKTHYECKU OT-
CYTCTBYET yriekuchbiid raz. Bo BeenenHoit B uenom yriepona 6onblie, yeM
a30T1a. KDOMC TOro, B MC)K3BEBJ1HOP'1 cpene (ﬂ CJI€10BaTENIbHO, TAK ObLUIO U
B IPOTOCOJHEYHOH CHUCTEME, A0 BO3HUKHOBEHMS COJHEYHOH CUCTEMBI B
HBIHELIHEM €€ BMIE) YIepod CYLIECTBYET B BHAE TPadMTOBBIX MBUTMHOK
M OPraHuYeCKUX COE/IMHEHHI, a a30T — B BHAe JeTydero rasza N, Takum
06pazom, 3apodblllaM TUTAHET rOpa3fo Jiertde 3axXBaThiBATh TBEPABIE YIJie-
POAMCTBIE COSAUHEHUS, YEM A30T, M MOITOMY HEYAMBHUTEILHO, YTO Ha Be-
Hepe U Mapce HaGnwonaiotest atMochepsl ¢ JOMUHUPOBAHUEM YTIIEPOIA B
dbopme CO,. Ha 3emae ke BCaeACTBHC XKU3HEASATEILHOCTH PA3HOOOPa3HBIX
MOPCKHUX (hOPM KHM3IHH IBYOKHCH YITIEPOJA PACTBOPSIACE B BOAE U 00pa3o-
BBIBAJIA YINIEPOOUCTBIE MOpoAbl. Ecim akcrparuposars sech CO,, conepxa-
IIHMHCS B CBA3AHHOM COCTOSHUH B M3BECTKOBBIX 1MOPOAAX, TO aTMocdepHoe
coaepxxaHue CO, noBeicuiiock Ol 10 95% npu nasnenunn B 70 aT™, a 3emMHas
arMocdepa crana Obl BEChMA NMOX0XKEN HA BEHEPUAHCKYIO.

CosceM MHO# coctas arMocdepsl FOnuTepa v Ipyrux NjaaHeT-ruraHToB,
Tam rnasubie coctapnsiowue — sopopon H, (80—90%) u renmit He (10—
19%), r.e. anemMeHTE, HAUOOJIEE PACTIPOCTPAHEHHBIE B KOCMOCE.

BeprukanbHasi cTpykTypa atMocepsl TIaHeThl ONMpeaesieTes TeMepa-
TYpPO#, COCTABOM W CUJIOH TsikecTH, [JlaBneHue CHUXKACTCH B e pa3 (e — oc-
HOBaHUE HATypaIbHOro orapudmMa, MaTeMaTHieckas KOHCTAHTA, Mppallv-
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OHATLHOE W TPAHCIEHACHTHOE Yuco; e = 2,71828182846) npu uaMeHeHuu
BBICOTHI HAa BeTHYUHY H, KoTopast onpeaensietcsi hopMyoit

R

ug’
rae R — razopasi noctossHHas; 7' — TeMIieparypa; | — MOJIEKyJIsipHasi Mac-
Ca; g — YCKOPEHUE CHITBI TSKECTH.

Dopmyna (3.1) HasblBaeTcs 6apomempuveckoli, OHa BEIBOINTCH U3 YCIO-
BUSI THAPOCTATUYECKOTO paBHOBecust atMocdepsl. Benwunwna H — wrana
@bICOMbL, WU 6bicoma o0HopodHol ammocghepsr. Eciiv napaMerpsl, OT KO-
TOPbIX 3aBMCUT H, U3MCHSIOTCA ¢ H3MEHEHMEM BBICOTHI, TO hopmyny (3.1)
HYKHO UCTTONB30BATh IS DECKOHEUHO Y3KHX CI0EB aTMOChepHI.

CosiHe4HOE U3NyYeHNe, HAMPABIEHHOE HA MIAHETY, YaCTHYHO OTpakKa-
€TCH B KOCMHMYECKOE NMPOCTPAHCTBO, 4 YACTUYHO TMOTJIOLLAeTC s, ]_IOI‘JIOIIIE!Hf
Hasi SHeprusl HarpeBaeT MOBEPXHOCTE TJIAHETHL U aTMocdepy U Nepensny-
YaeTcs B JUIMHHOBOJIHOBON 00sacTu crnekTpa. B utore criekTp M3jydyeHus
TUIAHETBI UMEET [(Ba MAKCHMYyMa: OOUH U3 HUX (6oJiee KOPOTKOBOJIHOBOM)
COOTBETCTBYET OTPAXKEHHOMY COJTHEUHOMY M3/TYYEHUIO, BTOPOH — Terio-
BOMY W3yueHHIO camoil nnaHeThl. [TosoxkeHHe BTOpOro MakcumMyma onpe-
Jensiercs aGheKTUBHOMH TeMmepatypoit T, miaHeTsl B MPHGIH3UTENEHOM
COOTBETCTBUM C 3aKOHOM Buna:

H (3.1)

4
ok 886
"

€

MKM. (3.2)

YpoBeHb NnaHeTHl, Ha KOTOPOM (DOPMUDYETCsE OTPAXKEHHOE WU TETUIO-
BOE M3JTYYEHHE HA HEKOTOPOM OJIMHE BOJIHBI, COOTBETCTBYET OTTHYECKON
rybuHe 1= 1 Ha 9T0# 1nuHe BOMHBI (Kak B atMocchepax 3se3n u Connua).
OH MoXeT pacrosiarateCsl B aTMocepe Ha Toi WIH WHOI BHICOTE, HA HeKO-
TOpo# rybuHE MO MOBEPXHOCTLIO MK ¢ HEH COBNANATS.

Jlonst comHeUHO! 3HEPIUU, OTPAXKEHHAS OT TUIAHETHI, ONPEIEISETCS BE-
NNUUHON chepuneckozo arvbedo:

)

Ay =
sph ]
@,

(3.3)

rae @ — noToK, paccesTHHBIN IUIAHETOH BO Bee CTOpOoHbI; B; — nagaourii
HOTOK COJIHEYHOTrO U3JIYYCHUA,

nOTOKH MOTYT OBITh OIpeaeiCHBI B Y3KOM YYACTKE JUTWH BOJTH WIH NMPOHH-
T@IFPHPOBAHLI O BCEM ATMHAM BoJIH. B mocnenHem criyyae Agyy — unmezpans-
noe ehepuyecrkoe arvbedo. Yacth coHedyHOro nmoToka, pasHas (1 —Agy) - Py,
HOIIOMAETCS MIAHETOM, HArPEBAET €€ U NepeUsilydaeTcss B MH(ppakpacHoM
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AUanalzoHe. DTo yXomsiliee TEIJIOBOE UIydeHHe xapakrepusyercs: sdek-

TUBHOU TeMrieparypoit Ty Benuuunnl 7,51 A, B3auMOCBA3aHbI ypasrenuem

menaosozo baianca.

sph

4-0-Th =(1—A,,) Ey+4-c, (3.4)

€

rie o= 5,670373-10"* Br/(M*-K*) — nocrosinnas Credana— bonbiiva-
Ha; E£; — OCBELIEHHOCTh MOBEPXHOCTH TJIAHETHI, O0YCIOBICHHAA U3TyYe-
nueM ConHUA; € — NOTOK BHYTPEHHETO TENIA, NPUXOASLIKMACH HA eAUHULLY
MOBEPXHOCTH TJIAHETHI.

¥ 3emiin, Kak W y IpYrux IiaHeT 3¢eMHOM IPYMIbl, MOTOK BHYTPEHHETO
TEMnmJaa npt’,HerexuMo MaJl Nno CpaBHCHUIO C [IPUTOKOM OHEPIHMM OT CorH-
114, B ypaBHCHMHM TEIJIOBOro DajlaHca ero MOXKHO He yuuThiBaTh. Haobopor,
y IUTAHET-TUTAaHTOB MOTOK BHYTPEHHETO TEMJa HA SAMHULLY NJOLIAAN [TPK-
MEPHO PaBeH NOTOKY, nonyyaemMomy ot ConHua. OH UrpaeT cyliecTBEHHYIO
po/ib B YPABHEHUH TETJIOBOTO DanaHca npu onpeneneHni 3(pheKTUBHBIX
TEMIEPATYp MJIAHET AAHHON rpynnbl. B 3ToM oTHOWEHUH (DONbLIOH MOTOK
BHYTPEHHETO TEIJIA) MJIAHEThI-TUTranTbl (0cobeHHo Konurep) 6iMkKe K 38e3-
IaMm, YeM K IJIAHETAM 36MHOM IPYIMIbl, ONHAKO UCTOMHUKOM UX BHYTPEHHEH
SHEPTUM SIBJISIIOTCS HE SIACPHBIC PEAKLWU: NTO-BUAMMOMY, U3JIYHAETCS 3aI14C
SHEPTHU, HAKOIIEHHOM 1PU rPaBUTALMOHHOM CKATHH MIAHETHL.

Ha nopepxHOCTH TUIaHeTHl (MM CIYTHWKA), JULIEHHOH atMocdepsl,
temneparypa T it THEBHOTO BPEMEHM B JAHHOH TOUKE ONPEASIIeTCs Co-
[JIACHO YPABHEHMIO JIOKAJTIbHOTO TEMJIOBOTO DalaHca

a-0-T*=(1—A4)-E-cosz+F, (3.5)

rae o — Ko3(POUUMEHT nanmydeHus; A — ToKalibHOe anb0eo; 7 — 3¢HUTHOE pac-
crostHue ConmHua; F7 — noTok Teruia, 00yeI0BIEHHBII TeIUIONPOBOJHOCTHIO.

JLTsi HOUHOTO BpPEMEHM B NPABOi YacTH ypaBHeHU (3.5) ocTaeTcs TOJb-
KO BEMUYHMHA F: MOBEPXHOCTH M3JIYYAET TEIUIO, «3aNACEHHOEe» B IPYHTE
B TEYEHHE AHA. DTO YpaBHEHUE OTNHMYMAETCH OT ypaBHeHUs (3.4) TeM, 4TO
OITUCBIBAET TEMJI0BOI GanaHc B ONpeNesieHHOM TOYKE, 4 He B CPEAHEM TI0
nuadere. OHo npuemaeMo ans Mepkypus, JIyHEL, GONBLIHHCTBA CIYTHUKOB
TIAHET-TUTAHTOB U ¢ BonbIIOH moneit npubmxkenus mia Mapea. Tenno-
MPOBOAHOCTL 'PYHTA TAAHET JOCTATOYHO HU3KA, TIOATOMY Ha MepKypuH,
JlyHe u Mapce GbIBAIOT 3HAYUTENIBHBIE CYTOUHBIE MAMEHEHMS TEMTIEPATYPHI.
Temnepatypa B nofaeHs 1 B nosiHous — npumepno 700 u 100 K na Mepxy-
puu, 400 1 120 K na Jlyne, 280 u 170 K na Mapce.

Ha nnanertax ¢ miotHoi armocdepoii (Benepa, 3emis) 3HAUHTEb-
HBIA BKJTA/L B TEMIEPATYPHBIH GanaHCc BHOCHT TAK HA3kIBAEMEIN HAPHUKO-
eotil phexm. OH ODYCNOBIEH CHILHBIM TOMIOMIEHHEM WH(MPAKPACHOTO
M3NIYYEHHA MOBEPXHOCTH IUIAHETHl HEKOTOPBIMW CIIOXHBIMM MOJIEKYJia-
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Mt (CO;, H,0, SO, u ip.) armocdepHEIX TA308, YTO NPUBOAUT K PA3OrpeBy
[IPUIIOBEPXHOCTHOTO cost aTMochephl U camoii nosepxHocTy. [lnist Benepsl

TAKOE YBEIHYEHMEC C[JBHHE“ TEMIEPATyphl NMOBEPXHOCTH O CPaBHEHUIO C

shhexTHBHON TemnepaTypoil coctasnser ~500 K, ana 3emnu ~40 K, s
Mapca u Tutana ~5 K.

Boneimas uacts mwianer ComHeunoi cucTeMbl obnanaer cobeTBEHHBIMH
MATHUTHBIMH MONSIMM. MATHUTHOTO [1OJIA PAKTHYECKH HET TONBKO Y Bene-
pbl. Becsma cnafoe (110 cpaBHEHUIO € 3eMHBIM) MArHUTHOE Tone y Mapca.
HauGonee MoumHsiMy MarHurocdepamy 001agaloT ra3osbie MAAHETBI-TH-
ranrhl FOmuTep u Carypu. INonepeunble pasmeps MarHutocdepsl FOnure-
pa B 06/1aCTH TOJOBHOI yaapHoit BoJHE npumepHo B 100 pa3s npesocxonst
pasMepsl MarHUTOChEPsl 3eMIIM, & «XBOCT» IOMUTEPUAHCKON MArHUTOC(DE-
pBI focTuraer opbuTH cienyioiei niaHerst — Carypra. Pasmepbl Mariu-
tocheper CaTypHa npuMepHO B 2,5—3 pasza MeHbIlle lonurepuanckoit. -
FAHTCKUE MHFH[’I'I'UU(])ﬁpr ATUX TINMAHET OGyCJlOI'!J'IﬁHbI HaJIUYKHCM B KX HEpaX
06121A01LET0 BLICOKOH NMPOBOUMOCTBIO CJIOS METANTHYECKOTO BOAOPO/A.
Maruutoceps! TeIAHBIX MaHeT-ruranTos (Ypana v HentyHa), npupouy
KOTOPbLIX CBSI3BLIBAIOT C TOKAMK B WX XWJIKOM THIPUIHOM Cl0€, HMCIOT I'o-
PAa310 MEHBIITHE PA3MEPDI U MOLIHOCTH.

B CBS3H C TEM 4TO HCTOYHUKAMUW MATHUTHbBIX MOJICH BCEX MIAHET-TUTAH-
TOB (M TA30BBIX M JIEMSTHEIX) B OTIHYKE OT MIAHET 3¢MHOTO THTIA SIBAAIOTCH
TOKHW, JIOKAIIM30BaAHHBIE HE B H4ApC, a4 B bonee BHENIHHMX COAX, CbOpMEI Mar-
HUTHBIX TOJEH HTHX MUIAHET CYLIECTBEHHO OTIHYALTCs OT (DOPMbI MATHHT-
HOTO TIOJISL AUTION; BEChbMA 3HAYMTENbHEI KBAAPYIOJIbHEIC, OKTYMOJIbHBIC H
JAPYTHE COCTABNAIONIME MATHUTHOTO NoJist. Kpome Toro, MOTyT BO3HUKaTh
JOMOTHUTENbHBIE (GaKTOPH, MPUBOAsLINE K (DOPMUPOBAHUMIO MATHUTOC(E-
pBI HeoObIuHON KOHGUTypalun.

Tak, Ha hopmy marHuTocheps! I0nuTepa BAMSIIOT 1Ba AONOJIHUTEIbHBIX
dakTopa, OTCYTCTBYIOWIMX B cliydae 3emiu: GbicTpoe BpaileHue HOnurepa
M HATHYHe BIM3KOTO ¥ MOLIIHOTO MCTOYHMKA MAarHUTOChepHOI 1ia3sMbl —
cnytHuKa FOmrepa Mo. Bnaronaps ceoeil Byakanuueckoi akrusHoctu o,
HAXOLSAIASICS HA PACCTOSIHUM BCETO 0KOJ10 5,9 R oT LieHTpa nnaneTs! (R —
pamuyc FOmuTepa), eXeceKyHIHO OCTapaseT B Marnurochepy HOnurepa
10 1 THelTpaaLHOTO raza, DoraToro cepoif, IByOKHChIO CCPhI, KHCIIOPOLOM,
HATPHEM. DTOT ra3 YaCTHIHO MOHM3UPYeTCs i obpasyet s6an3u opoutsl Mo
nJa3MeHHBI TOp.

B pesy/isTate COBMECTHOTO AEHCTBUS OLICTPOTO BpalleHns 1 0bpasona-
MM TTA3MBI BHYTPU MarHutocdepsl co3maeTcs JONONHUTENbHbIH HCTOM-
HMK MarguTHoro mons — marHutomuck FOnurepa. Ha xaxnoi cunosoi
JIMHUM MATHUTHOTO TIOJ LIEHTPODEXKHAS CHJla MAKCUMANbHA B TOYKE HAU-
OOJBILETrO YAAJIEHHA OT OCH BpaleHus . [EoMeTpUIeCKOe MECTO TAKHX TOYEK
OINpPENEAeT NOBEPXHOCTE, PACTIONIOKEHHYI) MEXY MAOCKOCTIME «reorpa-
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(uYeCKOro» U MarHUTHOTO 9KBATOPOB. B pesynbrate rurasma KOHLEHTpU-
PYETCH B LEHTPAIBHOH YAaCTH MAarHUTOCHEPbL B HU3KOUTMPOTHOMN 06/1acTH,
(hOpMHUPYsl MATHUTOAMCK — TOHKMIA TOKOBBIH C/IOM, a3UMyTANBHBIA TOK B
KOTOPOM YOBIBAET NMPONOPLUHOHANBHO PACCTOSHHMIO OT IuiaHeTsl. [TomHas
CHUJla TOKa B MarHUTOOWUCKE JIOCTUrAeT BEMHYMHBLL okono 100 000 000 A.
Bre maruuTosMcKa MarHMTHOE NOJIE TPAKTHYECKH PAIHATHHO U Hanpagse-
HO ot lOnuTepa ceBepHee mucka U K KOnuTepy 10XKHee nucka.

OAEKTPOHBI, IBUKYIMECS B PAIMATIHOHHBIX nosicax KOnurepa, snsior-
CA UCTOYHUKOM MOLIHOTO HEKOIePEHTHOTO CHHXPOTPOHHOTO M3IYYCHUS B
paivoauanasoHe,

Y oboux rasoseix rurantos (KOnurepa u CarypHa) BOIU3U MATHUTHBIX
TOJIIOCOB HABMIONAIOTCA NOMAPHEIE CUSTHUS B YIETPA(UONETOBOM AXAMAZ0-
He crekTpa (M3jlydeHHe Bogopoaa).

3.1.3. TlnaneTs! y Apyrux 3pes/ (9K30MIAHETHI)

[Toucku MAaHeT OKOMO JAPYTUX 3Be3] (orczonaanem, i sxcmpacoaney-
HbLX naaWem) — OHA W3 TPYAHEWLIMX 3a/la4 COBPEMEHHON ACTPOHOMMM.
[1naHeThl YpesBpIuaHHO MATTBI M TYCKJIbI IO CPABHEHMIO CO 3BE3AAMU, A CAMM
3BE3/Lbl HAXOAATCS OeHb Aaneko oT ConHua (davxkaiiag 3pesna [1pokcuma
(o Lenrtaspa C) — Ha paccrostHuu okono 4,24 cB. rosa). [Noatomy monroe
BPEMS 3ala4a OTKPBITHA IUIAHET BOBJIE APYTUX 3Be3/ OBLIA HEPA3PEIIHMOIL.
Tem He MeHee ceitdac X MOXHO OOHAPYKHTE C TOMOIIBIO TOUHBIX aCTPOHO-
MHYECKMX HABMIOIeHIIA.

[To cocrosnmio Ha cepeauny 2016 . ZOCTOBEPHO MOATBEPKIAECHO CYLLIE-
creoBaHue 3472 sKk3ormuader B 2597 MAaHETHBIX CHCTEMAX, W3 KOTOPLIX B
589 umeeTtcs 6o/1ee O HOM MIAHETHI,

ITpumeuanne, Monasnsomee GOAbIIMHCTBO IK30MIAHET OGHAPYKEHO HE TOCPELCTEOM
BU3YAIBHOTO HAO/IOACHWS, & C HCTONB3OBAHMEM PAYIHUHBIX HEIPAMBIX METOINK IETEKTHPO-
BAHUA,

MakcuManbHOE YMCIO OTKPHITBIX 3K30MUIAHET Y OOHON 3Be3abl — 9.
M3BECTHBI IBe CHCTEMBI ¢ UIECThIO 3K30MNAHETAMH. BOJIBIIMHCTRO U3 W3-
BECTHBIX 3K30IUIAHET — 3TO Ta30BbIE TUTAHTDI, YTO OOBSICHAETCS OTpaHU-
YE€HHOCTBIO CYNIECTBYIOLIMX METOJ0B AeTeKTUPOBAHUSI (Jierye 0OHAPYXUTh
KOPOTKONEPHOAHYHBIE MACCUBHBIE TIIAHETHI),

[Mouck K30MIAHET OCYIIECTBISUICA C MOMOIIBIO CIELMATLHOIO KOCM M-
ueckoro teneckona «Kemnep» (Kepler Mission, HazsaH B yecTh HEMELIKOTO
maremaTuka u acrpoHoMa M. Keruiepa), zanyuieHHoro B 2009 . K coxare-
HH1IO, B Mae 2013 . TesiecKoN BBILIEN U3 CTPOs, OIHAKO K 3TOMY BPEMEHH yIa-
JIOCh JOCTOBEPHO OTKPHITH |32 3K30M1aneTsl M 00HAPYKHUTH OKoO 2740 Ha-
ACKHBIX KAHAMAATOB B 3K30IUIAHETHI (JIJIl OKOHYATENBHOTO MOITBEPKIEHHS]
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HeoDXoaMMa MOBTOPHAsL PETHCTPALIUA SK30MJIAHEThI ¢ MOMOLIBIO Ha3eMHOI0
TEAECKOTA).

19 nexabps 2013 . Ha opOUTY Obl1a BbiBEAEHA KOCMHeCKas obcepBaTto-
pust Gaia (Global Astrometric Interferometer for Astrophysics — robainb-
HBII ACTPOMETPUYECKMd HHTEP(EPOMETP A acTPOpU3MICCKHX HCCIe-
JoBaHuil), BEIMONHAA OCHOBHYIO 3a1a4y (MOCTPOEHME TPEXMEPHOH KapThl
Hamiek [anakTuku), ata obcepBaTOpUs AOJKHA OyAeT OTKPBITh MPEANO0-
KUTEIBHO 0K0J10 10 THIC. 3K30MIAHET.

0B6uIee KOAMYECTBO IK30MIAHET B Haluei [amakTuke, 1o COBPEMEHHbBIM
OLIEHKAM, J0J/DKHO cOcTaBasTh He Mexee 100 Mapa, U3 KOTOPBIX OT 5 [0
20 MIIPA, BO3MOKHO, ABIISIOTCS «3EMJIENOA0OHBIMW».

Cpely UCTIOJb3YEMBIX B HACTOSILLEE BPEMA MCTOJIOB OOHAPYKEHUA K-
30IUIAHET CAEAYET BLUIC/IMTE 3aTMEHHBIH (TPaH3UTHBIIT) MeTod, MeTon J1o-
[iepa, METoM TPaBUTALIMOHHOTO MUKPOJIMH3UPOBAH M.

Ocna6aenye cpeTa 38e34bl IPH MPOXOXKIEHUHM KPYITHOMN TUIAHETHI MO ee
mucky moxer gocturare 1%. Ha aroM Habmionaemom scddekte ocHOBaH
sammennwiii (mpanzumublil) Memod PErucTpalnu 3K3omianer. Hanpumep, B
cnyyae 3atmenus Comxua KOnurepom NMPOAOIKUTEIBHOCTE 3aTMEHHS CO-
CTABMT OKOJ0 27 4, a MEPUO CNEIOBaHUS 3aTMEHUI — 12 jier npu ryGiHe
satmenuit ~0,01". C MOMOIIBIO TAKOTO METO/IA OTKPLITO Gomee 15% niaHeT.
MeToxn Mo3BOJAET ONMPEIeTUTL PasMephl MJIAHETHI (B COYETAHMM C METOIOM
Jloruiepa — MIOTHOCTD MJIAHETH), 4 TAKXKE AaTh MHOOPMALIMIO O HATUYHU H
cocrase atMocepbl.

Memod Jonaepa ocHOBAH HAa TOYHOM HM3MEPEHHMH MOTUIEPOBCKUX CME-
[eHWil TUHUI M3NYYCHUS B CrieKTpe 3Be3Mbl, Tak, CKOpocTh OpOUTAIEHOTO
npukennst CoiHIIa BOKPYr 001Ero ¢ MIAHETAMM LEHTPA MAcc COCTaBIsIET
okoso 16 M/c. B a1y Besnuuunny ~12,5 M/C BHOCAT IPaBUTALIMOHHbIE BO3-
myuienus ot FOnutepa u ~2,7 m/c — ot CarypHa. Bkiiaa ocTanbHBeIX 1Uia-
HeT — MeHee 1 M/c. Takum oOpasoMm, JJif rapaHTUPOBAaHHOTO 06Hapy>:<e:
HUS TUTAHETHl C TTOMOLIBIO JIONJIEPOBCKOTO CABUIa CHEKTPAIbHBIX TUHHH
W3nydeHus, 0bYCIOBICHHOTO BO3MYLUICHUEM JABHKEHHS 3BE3/bl, HEOOXOMH-
Ma TOUHOCTL U3MEPEHUS yUeBoit (panuansHOil) cKopocTH 3Be3nkl ~1 m/c.
B HacTosiee BpeMsl TAKasi TOUHOCTD YK€ JOCTUTHYTA, a ¢ MOMOLLbIO METO/a
Jlomnepa oTKpbITO 0K0J10 80% ruiaHeT.

Memod 2pasumanuonio20 MUKPOAUN3UPOsanus 0OCHOBaH Ha 3(de KTe OT-
KJIOHEHMS HAmnpaBleHusl PacrlpoCTPaHEeHUs CBETa OT MPSMOTMHEHUHOTO
BOIM3U MACCUBHEIX Ten (Bosiee moapobHo cM. B § 3.1.7). FpaBmaunouHoS
MHKPOMHH3HPOBAHHWE BOZHHUKAET B cjiy4yae, Korga MajiydeHue ot y,lIEUIﬁHHOl:‘Jl
4Be3lbl MPOXOANT HA HEGONBILIOM PACCTOSHUM OT APYroi, Gonee BIM3KOM
3BE3IIBL, KOTOPAs B JAHHOM CyYae UIPaeT POk IMH3LL 1 POKYCHPYET CBOUM
FPABMTAIIMOHHbBIM [OJIEM CBET HabII0AaeMOi 3BeaaHoit cuctemsl. Ecnu npu
3ToM Donee Bnu3Kas 3BE31a UMEET IUIAHETY, TO €€ rpaBUTallMOHHOE ToJe
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BHECET IOMONHNUTENBHBIA BKJIAA B 3DeKT MUKPOIMHIUPOBAHKS (MOSABISI-
€TCsl ACMMMETPHYHAS KpuBas OJecka W BO3MOXHO OTCYTCTBHUE axpoOMaTHy-
HOCTH).

Becbma nepenekTHRHBIM (0COBEHHO B CBSI3W C OPOUTATTBHBIMM MUCCH-
AIMH) JUTSE ODHAPYKEHUHA DK3OIUTAHET MPEACTABASETCS €lle Pl METOMOB!
ACTPOMETPUYECKHMI METOH, METOd PanHOHADMIONeHUS MYALCAPOB, NPIMOe
HabIeHHE.

Acmpomempuveckuii Memod OCHOBAaH Ha U3MEHEHUW COBCTREHHOTO JIBU -
KEHWS 3BE3/BI 1O/ IPABUTALIMOHHBIM BO3AeiicTBHEM nnaHeTs. C MOMOIIbIO
FTOT0 MeTOAA OBUTM YTOUHEHBI MACChI HEKOTOPBIX IK30TUTAHET.

[Mynbcapel, Kak U3BECTHO, SBASIOTCS MOUIHBIMH UCTOYHUKAMMU HATIPaB-
JIEHHOro panuousnyuerdusi. Eciiu Bokpyr nyibscapa oGpainalorest miaHeTsl,
TO M3TYYaeMblil UM CUTHAN UMEET OCLIMJITUPYIOIUi xapakTep. Ha atoM ag-
(hexre ocHOBaH memod paduonabarodenus nyavcapoe. C ¢ro MOMOILLBIO, HA-
npumep, K 2010 . y ABYX NyabCapoB ObLIO HAWACHO NATH IUIAHET.

llpamoe Habarodenue — MeTO[ MOJYUEHWS MPSIMBIX U300paKeHHi 3K30-
TUIAHET MOCPEACTBOM M30JIMPOBAaHKs MX OT cBeTa 3Be3nbl. Hanbonee apkum
NPUMEPOM €ro NPUMeHEeHHUs SIBJSIETCS MOCTPOSHHE M300paXeHUs YeThIpex
naader spesaHoit cucreMbl HR 8799 B cossesnuu INeraca. Dt1oT MeTOm ny4-
e BCero paboTaeT 1l MACCUBHBIX, ropsunx u yaanennsix (10—100 a.e.)
OT CBOEM 3Be3/bl [LIAHET (TAKME TUIAHETDLI ABISIOTCH FOPSYMMHU M3-3a OCTa-
TOYHOrO TEIUIa OT UX OBPA30RAHUS, MOITOMY MpPsAMOe HAGTIOACHUE JTYYLle
Beero padoraer 1pu Beibope Mosonsix 3se3n). [peanonaraercs, 4To KOCMU-
yeckUil Teneckon «JIxeidmc ¥360» (HazBaH B YECTh BTOPOTO PYKOBOAMUTES
HACA), zanyck kotoporo HamedeH Ha 2018 ., Baaronaps orpoMHOMY 3ep-
Kany 6,5 M M BBICOKOI pazpelaioiieit crnocobHocTH ByaeT crnocobeH Ha-
MPAMYIO ODHAPYXKUBATh IK3OMIAHEThL, 4 TAKKE NOAPOOHO M3yUaTh COCTAB
HX aTMochep.

B cBa3u ¢ orkpeiTHEM GONBLUIOTO KOAMYECTBA DK30IUIAHET pazpaboTaHa
cleayIowas ux KnaccuuKalus no Macce;

O ruranTsl, wiu wnutepsl (KOnurep, CaTypH U IJIaHETb, TPEBOCXOIS-
LIHE HX);

O wenTynsr (Vpan, HernrryH 1 11ogo6HbIe UM TUIAHETHI);

U 3eMAM, MK TUTAHETH 3eMHOTO THMA (APKUE TIPEACTABUTENH — 3eM-
Jis1, BeHepa).

Ipanuua Mexay IMUTEPAMHM W HEMITYHAMM MPOXOOHUT «IO JIMHUH» TI0-
SBAEHUS B HEAPAX TUTAHEThI META/IMYECKOrO BOAOPO/A (9TO COOTBETCTBYET
npumMepHo 60 maccam 3eman unm 0,19 ot macee! KOnuTepa). IpaHuia Mexay
HEMTYHAMH W 3eMJISIMM YCJIOBHO MPOBEAEHA MO JMHUM 7 Macce 3eMau (mo-
ckoJibky YpaH ¢ maccoit B 14,5 Macchl 3eMId — elile OYeBHAHLIN HENTYH, a
3eMast — TUMMYHAY TJIAHETA 3eMHOTO THIA).
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IOnumepvr — 570 TAAHETHI-TUTAHTHL ¢ Maccoil B uHTepsane ot 0,19 1o
13 macc HOnurepa. OHW XapakTePU3YIOTCH MOYTH 3BE3/IHBIM XHMHUECKHUM
COCTABOM, T.€. COCTOST B OCHOBHOM M3 Bojaopona u reaust. M3-3a rurant-
CKOTIO JIABJICHMS B Hepax TUIAHEThl BOAOPO MEPEXO/IUT B METATMYECKYIO
(ha3zy (CTaHOBUTCH BLIPOXICHHBIM). Panuyc MaaHeT, Kak npaBuio, OJIU30K
K panuycy HOnutepa (R)), wiun npumepHo B 10—12 pa3 npesbimiaeT paanyc
3emiiy. MCKITIOUEHKE COCTABNSIOT TAK HA3BIBAEMbIE «FOPSIUME IOTUTEPBI» —
TUIAHETLI-THIAHThI, PACTIONOXEHHbBIE OIM3KO K CBOBH 3BC3/C W MMECIOLIHE
sppexTrrnyio Temnepartypy soite 1000 K. Cuiibno Harperast CBETOM Gn3-
KOW 3Be3/lbl, UX aTMocdepa pacluMpseTcs, YBeJIUYnBas BUAUMBIIA paguyc
mianetst po 1,5¢ R, Cpennsisi m1oTHOCTh THTaHTOB MeHseres or 0,1 1 em’
{caMbic pa3pekeHHble TOpsiuue ONUTepLl) o 12 r/cm’ (camble MaccuB-
Hble maaHeTbl-ruranTel B 10—12 mace FOnutepa). Bepxuss rpaHuniia Macchl
IOTUTEPOB OTAENSIET HX OT KOPUYHEEHIX KapAuKcos — CYD3Be3NHbIX 0O0BEKTOB
¢ maccamu B guanaszone 0,012-0,077 macest Connua, wiv npuMepHo 13—
80 macc FOnurepa.

[Mpumeuanne. Tak Ke KAk W B 3Be1aX, B HEAPAX KOPUUHCBBIX KAPJIMKOB B O1IPEIE/ICHHBIH
MepHOoA MAYT TEPMOSIIEPHBIE PEAKLIMK, HO B OTJIHYHME OT 3BE31 rJIABHON MOCaeIOBATEIbHOCTH
OHH HE MOI'YT KOMIIEHCHPOBATH NOTEPIO QHEPTHU HA M3JIYICHHC, B PE3YIIBTATE TEPMOSIIICPHbBIE
PEAKINH B UX HEAPAX OTHOCHTEILHO DBLICTPO NMPEKPAINAoTCs, OHH OXJIAXIAI0TCS U CO BPEMEHEM
NPEBPALIAKTCS B NAAHETON0A00HbIe OOLEKTHI.

Henmynot — 910 nIaHETH ¢ MaccaMK B MHTepBasie ot 7 10 60 macc 3emnn
(0,02—0,19 maccet FOnutepa). Onu cocTodT DOMIbLICH YaCThIO U3 TA30KMU/1-
KWX TMAPHIOB, NbAOB (BOAAHOIO, aMMHA4yHOIQ, METAHOBOIO, CEPOBOLO-
pO,I],HOl"O) W CKAJTbHBIX TTOPOJ, COCTABJAILINX TIPUMEPHO HETBEPTL IMOJ HOW
Macchl TaHeThl. JLonst Booopona 1 reiust 0dbIYHO He npeBbiiaet 15—-20%.
JlaBnexue B Heapax MJIAHETHl HEIOCTATOUHO ISl TePexoa BOAOPOIA B Me-
rannuueckyio hasy. Panuyc Tunuunoro HenTyHa 01KM30K K 4 pannycam 3em-
i, Cpeanss naoTHOCTE coctasnsiet [,3—2,2 r/CM‘.

K 3EeMAAM OTHOCHATCSH TJIAHCTBI, UMCHOIIIUC TBEPAYHK) ()GOJ'IO‘[KY, C Macca-
My MeHee 7 macc 3emin, OHu COCTOST B OCHOBHOM M3 CHJIMKATOR (CKaJib-
HBIH KOMITOHEeHT) M xene3a. CpeaHsist MIOTHOCTh KONEONETCsl B mpeaeiax
3,5—6 r/cM’, pamiyc cocTapiser 2 1 MEHee PafiuycoB 3eMIiH.

nOCKOJ'Ibe rpaHHuUbI MCXOY TUITAMHM IKIOMJIAHCT HE PE3KNUC, BO3MOXKHDI
pazIuYHbIE TPOMEXYTOUHBIE ciiyuan. Hanpumep, ninaHera ¢ Maccoi B 5 Macc
3emun, chopMUpoOBaBLUASICS 33 «JIMHMCHA JbAOB» U MUTPHPOBABLUAS B LICH-
TPpaNLHYI 4HacTh TJIAHETHOH CUCTEMDbI, ()yﬂST UMETb XHMHUECKHH COCT4aRB,
CPEIHIOI0 TIOTHOCTh ¥ BHELIHWI BUA HenTyHa. B To Xe BpeMms mnaHera ¢
Maccoit B 7 Mace 3emin, 00pa3oBaBluascs BO BHYTPECHHEH yacTu Goraroro
NBIUTIBHO ra30nbUIEBOTO JUCKA, MOXKET COCTOATDL M3 2KEJ1€34a U CUJIMKATOB U OLITh
MIAHTCKOH MJ1aHeToM 3eMHOI0 TUMAa.
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KDOMC MACChl M1 XMMHUYECKOIr0 COCTABa Ba)KHellei XHDHKTE]‘)HCTHKOI‘W
MJIAHETHl SIBSIETCH €€ TON0XEeHUe OTHOCHTETBHO LIEHTPANLHOW 3Be3Mbl,
UTO OTPAXKAETCS B CTEMEHW HATPERA TIOBEPXHOCTH ILIaHeThl. B ¢Bs3M ¢ 9TUM
NJaHEeTbl AeASTCs Ha 7 TUMOB (3eCk r — DOJIbILASA [OJYOCh OPOUTHI TUTaHe -
ThI, ¥y — CPEHWH PaJiMyC 3¢6MHOK OPOUTHI):

Q ropsume (r/rg < 0,1);

Q ouens Teruibie (0,1 < r/ry <0.,4);

O rensie (0.4 < r/rg, < 0.8);

U npoxnannsie (0,8 <r/rg < 1,3);

U xononusie (1,3 < r/rgy < 3);

QO oueHs xononHeie (3 <r/rg < 12);

U nensinbie (r/ry, > 12).

CornacHo Takoii KnaccubuKaluuu niiaHeT o TeMieparype noBepxHOCTH,
KOnurep u CaTypH sBISIOTCH 04EHb XONOAHBIMU IOIUTEPAMH, 3eMIst — Npo-
XnanHoi 3emieit, Benepa — tennoil 3emneit, a YpaH — nedssHbIM HENTYHOM.

3.1.4. Acrpodmsnka CoaHua U APYrax 3Be3f

3pe3nbl — Hauboee pacnpocTpaHeHHble W3 HaGMIODAaeMbIX OOBLEKTOB
Beenennoii. D10 ruraHTcKue caMOCBETHLIMECS 1HAPBI, B KOTOPBIX PaBHOBE-
CHE MOALEPKMBAETCA 32 CUET BANAHCA CHIT TPABMTALIMOHHOTO CXATHS M BHY-
TPEHHETO JABJIEHMs BELLECTBA U U3AyUYeHWs. B 9THX ra3oniasMeHHBIX 1Iapax
COCpPEnOTOYEHA DONBIIAY YACTH MACCHI BUAMMOT0 KOCMHUYECKOIO BELECTBa.

CrekTpanbHble XapakTePUCTUKK DOJIbILIMHCTBA 3BE31 HEBO3MOXKHO W3-
YYUTh TaK TOMHO M NoapobHO, Kak 310 caenado mnst ConHua (puc. 3.7),
BCJIEICTBHE YPE3BLIYANHO c/1a00I MHTEHCUBHOCTH W3IYYCHUS, HOXOASIIETO
10 Hac. OgHako Gonee WM MEHee TOUHOE NMPEeACTARNIEHUE O CIIEKTPaX 3Be3]]
(¥ 0 MPOUCXOASALINX TAM MPOLIECCAX) MOXHO MTOJIYYHTh, U3yYas WX ¢ IIOMO-
1IbI0 HADOPOR HTHPOKOMONOCHBIX CBETO(DUIILTPOB.

CrhektpansHas kaaccuukanus 3se3i. [10 ¢BOMM CHEKTpaJIbHBIM CBOM-
CTBAM 3BE3/1bl [1OAPA3AENAIOTCH HA HECKOJILKO CHEKMPANbHLIX KAACCO8, KOTO-
pbie 0003HAYA0TCS, COMIACHO rapBapaCcKOi KiaccuUKaLUMK, 3arTaBHbIMU
JIATUHCKMMU DyKBAMU M PacnonaraloTes no Mepe ymeHbiueHus 3phekTus-
HOI TeMneparyphbl.

ﬂ pUMevYaHHe. ,D,J]SI 3AMNOMUHAHKS NOCHEA0BATEIbHOCTH CNCKTPAJBHBIX KITACCOB 00BIMHO
MCTIONB3YETCS TAKOE NIYTOUHOE¢ MHEMOHUUECCKOE TPaBuo: «OnuH bpureiit AHranyaHus MOunn-
kn XKepa, Kak Mopkosb», Ectb ettie oiim sapuanT takoro npasiia: «0, bopuc Anekcanaposny,
Ouszukn Koyt Konua Myuenuiily, namexkaioniuii na 6.A. Boponuosa-BenssamMuHosa.

O Knace O — rony6osarsie 3pe3nsl. Hawbonee MHTEHCHMBHEI CEK-
TpanbHble TMHUK He™ 1 HEKOTOPEIX MHOTOKPATHO HOHU30BAHHbBIX IEMEH -
toB (C, 8i, N, OQ), Habnionalorest cnadbbie nivuuu Hedtpansubix He n H. Tu-
nUYHbIE npeacTaputen — o AKupada, d Opuona (MuHTaka).
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U Knace B — rony6osato-6ensie 3pesnsl. Jlunnu neittpansaoro He no-
CTUTAIOT HAMOONblIEH UHTEHCUBHOCTH, XOPOLIO BUAHB TUHUKM H 1 Heko-
TOPbIX MOHW3OBAHHBIX 2NEMEHTOB. TUNWYHBIN npeactaBuTenb — o JeBb
(Cnuka). .

U Knace A — Geasie 3pe3abl. JlJuaun H pnocruraior Hauboneireit WH-
TEHCHBHOCTH, XOPOLIO BWAHBI TWHUKM MoHu3oBaHHoro Ca, HaG01a10TCsA
ciabble JIMHUK ApYyTUX MeTamnor. TunuuHbele npencraputenu — o JIupsl
(Bera) u a bonbiunoro Ilca (Cupuyc).

O Kuace F — Geno-xkenteie 38e3abl. Jinnnn H cranossatcs cnabee, yeu-
JNMBAIOTCH TUHUK moHu3osanubix Metanaos (Ca, Fe, Ti). Tunuuubiii npe-
craputens — a Manoro [lca (Ilpouunon).

U Knace G — xentele 3Be30bl. BogoponHble TMHUU U MHOTOUUCIIEH -
HbI¢ JIMHUM META/VIOB OJMHAKOBO MHTEHCHBHBI, OUCHE MHTCHCHBHEL JIM-
nun Ca™. Tunuunslit npeacrasureb — Cosle.

U Kunace K — kpacHoBaTo-opaHxkesble 38e30bl. JInHuu H He 3aMeTHBI
CPEAH QUEeHb MHTEHCHMBHBIX JIMHHI MeTannoB. TUMUUHBIE MPEICTABUTE-
au — o Bosionaca (Apktyp) M a Tenbua (Anbaebapat).

U Knace M — kpachble 38e3/bl. JIMHUK METALIOB 3aMETHO ociabena-
0T, B CHIEKTPE HADMIOAAIOTCS TOA0CH noroueHus Moaekya TiO u apyrux
MOJIEKYTSIPHBIX coeanHeHWid. Tunuuuelit npeiacrasurens — o OpuoHa
(beTenbreiize).

KpoMe 3THX OCHOBHbIX KJIACCOR CYILECTBYIOT AONOJHUTEALHBIE, HEKO-
TOPBIE M3 HUX SBIAIOTCH OTBETBJACHMAMH OT MEPEYMCICHHOM nmocneaoBa-
TenbHOCTH. K HUM OTHOCHTCS 3BE3bI, UMEIOLIHE, KAK MPABUIO, AHOMATh-
HBIH XMMMYECKMI COCTAB, KOTOPBIH OTIMYAETCSl OT cOCTaBa DONBIIMHCTBA
APYTHUX 3Be31. Beiaensior cieayionme J0NnOJHNTEABHBIE CIEKTPAILHBIE
KJIAcChl (HE BCE M3 HUX SIBSIIOTCS OOLUETIPUHSATEIMEU).

O Knace W — 3pesasl Bonbda — Paite. Ouenb TaxeNble IPKUE 3BE3D]
¢ addexruBHOi Temneparypoil nopsiaka 70 000 K ¥ MHTEHCHUBHBIMH
IMHUCCUOHHBIMH JIMHUAMMU B CIIEKTpax.

U Knace C — «yrneponnbie» 3eeanbl. Knace otauuaercs ot knaccos K
M M HalMyneM JTMHUA DOMNoLLEeHUs aToMOB yraepoaa C ¥ nonoc nornouie-
HUS YINIEPOAHBIX MOJIEKY; OTBETBAsIeTCs1 OT Knacca G (paHee Takue 3Be3/bl
OTHOCHJIMCH K Knaccam R n N).

[ Knacc § — «unpkoHueBksies 3e31bl. Knace otMyaercs ot kjiacca M
HaJIMYMEM TOJIOC OKKMCH LMpKoHuA ZrO BMmecTo nonoc okucu tutana TiO;
OTBETRBJIsIETCS OT Ki1acca K.

O Knacc L — 3Be3abl WM KOPWYHEBLIE KApJAMKKW € TEMIIEPATYPOM
1500—-2000 K »n coeaHeHnAMH MeTAJUIOB B aTMocdepe.

0O Knacc T — MeTaHOBBIE KOPUYHEBLIE KAPJIMKM ¢ TeMnepatypoi 700—
1500 K.
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U Knace Y — oueHb X0JI0/IHbIe KODHYHEBBIE KAPJAHKH C TEMITEPATYPOil
Huxe 700 K, KoTOpeie, MO-BUIUMOMY, HMEIOT NOBBLILIEHHOE COMEDXKAHME
METaHa U aMMUaKa.

O Kuace D — Genbie kapankw.

U Kiacc Q — HOBBIE 3BE30HI.

Q Kmacc P — nuianerapHble TYMAHHOCTH,

B utore no mepe cnuscenusn sghhexmueroit memnepamyps NepeYNCcIeHHbIE
CIICKTPAJIbHbLIC KJTACCHI CXEMATUYHO MOXKHO PacrnojiOXUTh CJACAYIOLINM 06*
pa3om:

[
O—B—A— F—GKK—M
NC

BHYTpM KaXOoro crnekTpalbHOTO KITACcCa YCTAHOB/JAECHA 1OC/HeL0BATE N b-
HOCTb nodKAACco6, TMABHO TEPEXOAALIMX M3 ogHOro B apyroi. Mx obo-
3HaualoT uupamMu ot 0 10 9, KOTOpbIe CTABAT MOCie 0003HAUSHUS CIIEK-
TpaJibHoro kiacca, Hanpumep B8, A0, F5. Tonbko cniekrpanbsubiii kiace O
roapasnensiercs Ha noaknaccesl ot O5 go 09, unu Oa, Ob, ..., Of.

[Tepen obo3HaueHWEM CHEKTPAJbHOIO Kiacca M MOIKIacca HHOLIA
craBaTcs CMMBOUIBLL (MpeUKChl), XapaKTepHu3ylolliie 0COOEHHOCTH CBETH-
MOCTH 3Be3/1bl (O CBETUMOCTH 3Be3l cM. Huxe). Hanpumep, npedukc «d»
03HAYAeT, YTO 3BE3[a — KApJHMK (3BE3[a [JIaBHOW MOCIeN0BATEThHOCTH),
«esd» — aKCTpeMalibHbIi CyOKap/iuK, «C» — CBEPXTHMTAHT; «g» — TWUIAHT,
«8g» — CYOrMraurt, «sd» — cyOKapiuK, «w» Wid «wd» — Besiblid kapnuk. Tak,
3pesna gK0 otHOCcUTCA K rUraHTaMm, 3Be3na sdF2 — k cybkapiiMkam.

[Tocne ofo3HAueHUs! CIEKTPAJIbHOTO KJacca M MOAKIACCA CTABAT [O-
MOJTHUTEBHEIE CUMBOJbL ([1OCTUKCHI), €CAM CHEeKTP 3Be3nbl obmanaer
KAKHMU-TO 0coBeHHOCTSIMU. [Tp1 HAMTMUMK 3MUCCHOHHBIX JIMHUHA UX 000-
3HA4al0T, 106aBsIsl OYKBY «€» (OT aHTI. emissive — IMHUCCHOHHBI), HATIPH-
mep BSe. 3reanbl ¢ GONBIIUM PALIYCOM M IPOTSKEHHO aTmocdepoii yacTo
OTJIHYAIOTCH TTYOOKUMH Y3IKMMH TMHUSIMU. DTO OTMEYAIOT OYKBO# «C» (0T
aHr. characteristic — xapakrepucTHUHBIN) nociie Hazpauus kiacca: FOc.
Jlpyrue ocoBeHHOCTH B CIIEKTPE 3BE3IbI, HE THITMYHBIE JJIH JAHHOTO CIeK-
TPANEHOTO Kiacca, oTMedaroTcd OyKBoi «p» (0T aHrn. peculiar — ocobeH-
HBIHA, TIEKYJISIPHBIN) 1TOc)ie HaszBaHusl kKJacea: ASp.

[Tpumeuanue. MNpusenem Takxe CleaylOIIHe MOCTHUKCH: COMP — COCTABHO
CIEKTP; CON — OTCYTCTBYIOT BUANMBIC TMHUK MOTAOMIEHMS] €M — IMUCCHS B JIMHUAX META-
JIOB; ep — MEKYAAPHAs OMUCCHA (TMHUK, 10 CBOEMY XapaKTepy OTJIHYMHBIE OT HOPMalBHO COOT-
BETCTBYIOLLUX KJIACCY); €I — O4eBHAHO O0pAllleHHBIC SMHUCCUOHHBIE IMHUU, € — SMHUCCHSI C
norjouieHueM Ha 6oee KOPOTKUX BOJIHAX, 8V — TEPEMEHHOCTh OTHOCHTCS TOJBKO K SMHCCH-
OHHBIM TUHHAM; €W — IMUCCHH, THIIHYHbIE Aist 3Be3/ kinacca Wi I, (D), ((D) — sMuceus renus
W neona B O-3se3nax; h — 3pé3nbl knacca WR ¢ SOMUCCHOHHBIMH JMHUAMU BOJOpOaa; ha —
IBE3IBI Knacca WR ¢ 9MHCCHOHHBIMH JIHHHSIMH BOA0OPOJIA KAK NOIMOMIeHHs, TAK H n3nyde-
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HUsI, K — MeX3Be3NHbIE JMHUK; M — CHIbHbIE JIMHUN METAIUIOB; N — Hu(y3HbIE TUHHN
(IIMpoKKe U paIMbIThie), 0bycIoBAeHHEBIE OBICTPLIM BpalleHHeM; neb — nobaBovHBINA CIEKTP
TYMaHHOCTH; NN — O4YeHb pasMbiTbie Auddy3nbie THHAH, pq — 0COBEHHOCTH HATTOMHHAIOT
CITEKTP HOBOM 3Be3bI; § — PE3KHE U Y3KNE IMHUM; sh — Hayiume 0B0/I0UKH; $§ — OUEHb Y3KHE
JIMHHK; V WIH var — M3MeHeHUd B cniekTpe (He o0yCnoBIeHHEIC OPOUTANBHBIM IBUXEHHEM H
nynscanueii); w, win wk, unn wl — ciabble JiHHUK.

3pe3aHbIC BEeJHYMHBI M CBETHMOCTH 3Be3i. MHTEHCHBHOCTh JAOCTHUIAKO-
IETO 3eMAM M3TYYEHUS 3BE3/, APYIUX CAMOCBETAILIMXCH MJIM OCBELLLAEMBIX
(n1aHeTsl, aCTePOUIBI) ACTPOHOMUUYECKHUX OOBEKTOB MPUHAITO BHIPAXATh B
3BE3AHBIX BeJIMUMHAX. 3Be3MHOH BeJIMUMHOM /1 HA3BLIBAETCS] BISITHIN CO 3HA-
KOM MHHYC Jjorapu(™ 1o ocHosaHuio 2,512 ot oceetieHHOCTH E, KOTOpYy1O
coz/fiaeT NaHHBIH OOBEKT HA TUIOWIANKe, MEPNEeHIUKYIsApHOoil aydam. Baa-
MMOCBSI3b MEXIy 3Be3OHBIMM BETMUYMHAMM M OCBELEHHOCTSMHU 33JacTcs
(dopmyJioit [Torcona:

E E _
]082,512[E;]=_(’”:_m2) WIn *E—Iz:lf'l?ml ™

E, E,
lg—=—-0,4-(m—m,) v m—m=-251g—, (3.6)
E, E,

TIE My, M, — 3BEIIHBIE BETMUMHBI ABYX CBETALIMXCH 00BEKTOB; £, £, — ocBe-
HIEHHOCTH, CO30aBagMble CBETALLMMUCS OOBEKTAMM HA TTOBEPXHOCTH 3EMJIH.
B tabn. 3.1, 3.2 npeacrapieHbl 3Be3HBIE BEJUYHHBI HEKOTOPBIX APKHUX
0OBEKTOB HA 3eMHOM Hebe. 3aMEeTUM, YTO JUUIS YIAJNEeHHBIX 00BEKTOB, KaK0O-
BLIMH ABJIAIOTCSA BCE OOBEKTHI B ACTPOHOMMH, cripaBeainea (hopmyna, no-
3BOJISLIONAS BHIYMCITUTE OCBEIIEHHOCTh, CO3/1aBaEMYI0 OOBEKTOM:

E=Bw, 3.7)

rae B — ApKocTh 00BEKTA;  — TENECHLIH YIoJl, Mo KOTOPEIM 00LEKT BU-
IleH Ha HebecHoii cepe.

Tabauua 3.1
Bunumbie 3peaaublie BeHUHHb TeJ CoNHeuHol CHCTEMbl
Hassanue m Haapanue m
Conuue —26,8 HOnurep —2.4
Jlyna ool Carypu +0,8
Mepkypuii =0,2 Vpan +5,8
Benepa —4,1 Henrtyn 1.6
Mapc -1.9 ITayTon +14,7
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Tabauya 3.2
Bupnmbie 3e3aHble BETHYHHBI CAMBIX APKHX 3Be3,
Hazpauue m IMonoxkenne Hazpanne m Ioaoxenne
Cupuyc —1,46 | a bonsmoro INca AKpykc* +0,79 r [}gj’:‘iﬁm
Kanonyc* -0,75 o Kuns Anpnebapan +0,86 a Tenbua
ADKTYD —0,05 o Bosonaca AHTapec +0,91 a CkopnuoHa
Bera +0,03 aJlupwi Cniuka +0,97 a JleBb
( ﬂjl;TxtA:;Z)* +0,06 o Llentaspa Moanyke +1,14 B Bausnenos
Kanenna +0,08 a Boznuuero Momanbrayt 1,16 | o KOxnoii Poibo
Purens +0,13 B Opuona Hered +%.25 a JleGens
Ipounon +0,37 | « Manoro Ilca Peryn +1,33 aJlbea
bBerenbreiize | +0,42 o OpuoHa Anapa +1,50 | & bonpmoro Ica
AxepHap* +0,47 a DpuiaHa Kacrop +1,58 a bausuenos
Xanap +0,59 i Llenraspa bennarpuke +1,64 y Opuona
Ansranp +0,76 a Opna

* 3Beslia BUIHA B I0XKHOM NOYILADHU 3eMn,

3BesnHast BenuvnHa M Ha3bIBACTCA afCoalomHuoll, €CT OGBEKT HAXOMHUT-
¢ Ha paccrosHuu 10 napcek (k). Ee 3HaueHue B3aMMOCBSA3aHO C BUIMMOI
3BE3/IHON BEJIMUHHON m:

M=m+5+5lgn wiu M=m+5—5-lgr, (3.8)
Fe T — napamuiakc 00beKTa, BBIDAXKEHHbBIH B CEKYHAAX AYTH; # — PACCTO-
SHHUE 10 HErO, NK. DTH BEJHMYMHBI CBSA3aHBI MeXIy cob0il COOTHOILIEHUEM

r=F nK. (3:9)

Hampumep, Buaumas 3pesgnas BenuumHa ConHua BHe armocdeps
mg = —26",8, abcomotHas BisyanbHas Mg = +4" 8. ®opmyny (3.8) MoxHO
1peobpazoBaTh TAKUM 0Bpa3oM:

lgr=1+0,2-(m— M). (3.10)
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PasHocts (m — M) HaswiBaeTcsi Modyaem paccmosnus W CIYXUT A
OTpeAeIeHNsl PACCTOSIHUS CTIEKTPATbHBIMH METONAMMU.

CaeTHMOCTHIO L 3Be3IBI HA3BIBACTCH MOTOK HHEPTHM, U3TYIAeMON 3Be3-
00 BO Beex HarnpapneHusx. CeeTumocts L 1 abcomoTHAas 3831 HAs BEJIM-
yrHa M 3Be3N CBA3AHbI MEXIY COOOH COOTHOIIEHNEM, MOTOOHEIM (3.6);

L L

—=—0,4.(M,—M,) win M—M,=-25lg—. (3.11)
L, L,

Ig

Ecau W3MepPATb CBETMMOCTH 3Be3ABI B edMHHUAx ceBeTuMocTH ConH-
ua (Lg = 1), To dopmyna (3.11) npumer BUI

IgL=0,4-(Mg—M). (3.12)

Bcee cBetsimecs HebecHbIE TENA XapaKTepPU3YIOTCH CBOMMMU CIEKTPalib-
HbIMU cBoiicTBaM U, 1o BUY crieKTpa MOXHO OMPEIeNHUTh DAL CBOHCTB 00b-
€KTOB, B YaCTHOCTH TeMMepaTtypy. B 3aBUCMMOCTH OT COEKTPAJIEHOTO COCTa-
BA M3JIYUEHHST ¥ THUMA (DOTONPUEMHHKA PABIMUHBIE 3BE3AHBIE BEUYMHBI,
M3MEPEHHBIE B PA3HBIX CTIEKTPANLHBIX MHTEPBAIAX, aXe IJIs1 ONHOIO U TOTO
Ke 0OBEKTa MOTYT HE COBMaaars. B3auMocsasb MEKIY HUMW MOXHO BbI-
PA3UTh C MOMOLLBIO CHIELHATBHBIX COOTHOIIEHHI 1 Tabiini. B acTpoHOMHH
CYILECTBYET HECKONBKO BAPHAHTOB ghomomempunecicux cucmem — HabOpOB
YYACTKOB CINEKTPA, ONMUCHIBAEMBIX KPUBBIMU CHEKTPATbHON YYBCTBUTENb-
HOCTH ANNapaTypbl, B KOTOPHIX TPOROAATCS U3MEPEHHS 3BE3IHBIX BENIMYHH
(KaK BUAMMBIX, TaK 1 abcomoTHbix). Hanbonee nasecta 12-usetHas oto-
merpuyeckas cucteMa JIxoHcoHa (tadn. 3.3).

Ta6auya 3.3
Moromerpudeckas cuctema Jlxoncona

Haseamwe | o | g | v [ g [ 1 ||| K|L|M|N]|OQ
noaochl

IlenTpansHan
aomna goanst, | 0,36 [ 0,44 10,55 10,70 | 0,88 [ 1,25 | 1,62 (2,20 | 3,50 | 5,00 | 10,4 20,0

MKM

IMoaywnpuua | -
gk, ik 0,04 10,10 10,08 0,21 10,22 0,30 | 0,20 | 0,60 | 0,90 (1,10 |6,0 [5,5

ITpumeuanue Poromerpuueckas cucrema JKOHCOHA Ha3biBAETCH TAKKE (hoTOMETPH-
yeckoii cuctemoit /Ixxoncona — Mopraua. Paspaborana B 1950-X IT. aMEpHKAHCKMMHU aCTpO-
nomamu Tapoasaom J1. Jxonconom n Yunbssavom Y. Mopranom juis kiaccudukainu 3se3/1 B
AABUCUMOCTH OT UX 1BeTA. [TepROHAYANLHO BKTIOUANA 3 CNeKTPANbHbIX (DUIIBTPA.
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Ha ocHoBanuu MBMCDC}lHﬁ 3BE3JHBIX BEJIMUWH B PA3HLIX CNICKTPAJTBHbIX
MHTEPBATIAX MOXHO paccuuTaTh nokazameau ueema Cl (color indexes) — pas-
HOCTHM MEXKIY 3BE3HBIMM BETUUMHAMM OLHOIO 00BLEKTA, U3MEPEHHBIMU B
JIBYX Pa3HbIX 0DACTSIX CMIeKTpa:

Cl=m —m,. (3.13)

Ecnu yuecTb NMpM 3TOM NOIIOLLEHME W PACCEHHHE WIITYUEHHMST MEXK-
3BEe3AHOI cpeoit (MOCKONBKY Dosee MHTEHCHBHO MU3AY4YEHUE 1101J1011aeTCs]
W paccerBaeTcsl B KOPOTKOBOTHOBOM YACTU CHEKTPA, 3BE3/a B PE3yJIbTaTe
TAKOro MpoLEcca CraHoBUTCs DoJiee «KpacHOi», UeM Oe3 HEro), ToO MOXHO
[IOJIYUMTh TAK HA3BIBAEMBIN MOKA3ATE/Nb LBETA <HENOKPACHeGWe20» 006CK-
ma Cl,. Pa3HOCTh MeX 1y N3MEPEHHLIM W «HEINOKPACHEBLUUM» [TOKA3aTEIsI-
MU LIBETA HA3LIBACTCH Usbbimicom ysema (color excess):

CE =CI —ClI, = (m, — m,)— (m, —m,),. (3.14)

C noMouisio mokazateiied LBeTa M LWKabl TEMIEPaTyp 3BE3[ MOXHO
ONPEAC/IUTE UX TEMITEPATYPHI.

Ipu onpeneieHUM 3B€31HON BEJIMUMHBI HETIOCPEACTBEHHO € MOMOULBIO
HABMIOAEHNI PErMCTPUPYETCsl TOJIBKO Ta YacTh M3NyUYeHHUsl, KOTOpasi Mpo-
1IJIa CKBO3b 3eMHYI0 atMocdepy, JaHHYIO ONTHYECKYIO CHCTEMY M 3aperu-
CTPMPOBAHA MPUEMHUKOM U3MyUYeHUst, T.e. 10 HabuoaaTes J0X0AUT TONbKO
CPaBHUTEILHO HEOOJIbILASE YACTh M3ayueHus obbekTa. [1pu 3ToM ocnabne-
HUE M3NYYECHUs] TPOUCXOAUT NO-PA3HOMY B Pa3TUUHBIX YUACTKAX CIEKTPA.
Y10068! OMpenenuTs U3TYUeHHE BO BCEM CIEKTPE, HCOOXOAMMO K PE3YiibTa-
TaM U3MEPEHHU M NpHOAaBUTE NMONPABKY, YYMTHIBAKILYIO U3JIyYEHHUE, KOTOPOE
HE ObUIO BOCIPUHATO NPUEMHUKOM. 3Be3AHas BEMUUMHA, ONPENEeICHHAs C
YYETOM M3IYYEHHS BO BCEX YYACTKaX CHEKTpa, KOTopoe He Obl1o ocnabie-
HO morionieHueM B armocdepe 1 npubope, HA3bIBAECTCS Ho10MempuHecKoi.
PazHocTk Mexay O0NOMETPUUECKON 3BE34HOI BEMYMHON U 3BE3AHON Be-
JIMMUHOM B criekTpaibHo#i nosioce V (e, Tabu. 3.3) HaswiBaercs Goaomempu-
wecroi nonpasxoi BC (holometric correction):

BC=my,—m,=My,— M, (3.15)

g onpeneneHus BONOMETPUYECKHX NOMPABOK CEHvac MCMONb3YIOT-
Csl pesysibTaThl BHEATMOC(EPHbBIX U3MEPEHMIT M3yueHUs 3Be3n B YMD- u
MK-o6nactu cniekrpa. Bosomerpuueckyw Momnpapky yCJIOBHO NMPUHHUMA-
0T PABHOI HYJIIO 1S 3BE311, KOTOPbIE M3/1y4aloT HaubOJIbUIYIO YACTh CBOCH
HHEPrUH B BUAMMON 06aacTh cniekTpa. OHa 3aBUCHT OT 3¢(eKTUBHOI TeM-
lepaTyphi 38e3akl T, M Bceraa oTpuuaTeabHa (tadn. 3.4).
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Tatnuua 3.4

BOJI()METI}WIECKHE NONpaBKH 115 3B€3/1 INIABHO#H NOC/Ie0BATe/IbHOCTH

/i BC L " el BC
2800 —2,30 6580 —0,00
3480 ~1.18 7400 —0,06
4130 —0,60 8500 —0,12
4900 —0,19 9900 —0,40
5520 -0,07 15 500 =5
5770 ~0,07 28 000 2.8
6030 —0,03 40 000 —4,0

E YYETOM NOIMpaBKH 60J10M6Tpl’['—[CCKaFI abcostoTHast 3BE3/1Had BCIHMYHUHa
Conuua M2, ~4" 8—0" 1=4"7.

BOHOMC'I‘DMHeCKHe nonpaBKH MO3BOJISIOT paccyvdTaTh 60J10M€Tpl/l'—l€—
CKYIO CBETUMOCTL 3Be3Jl, JUISl KOTOPBIX H3BECTHBI abCcoMIoTHEIE 3BE3IOHbIE
BEJIMYMHBI:

Ig Ly ==—0,4-( M, + BC—4" 7). (3.16)

B navasie XX B. O. lepummpynr u I Paccen ycTaHOBHIM B3aMMOCBS3b
MEXIY CHEKTPOM (TEMIMEPATYPO) U CBETUMOCTLIO (aGCOMIOTHOMN 3BE3HOIH
BEJIMYMHOI) 3BE3/1, KOTOpas WIJIIOCTPUPYETCsl AUarpaMMoii Ha puc. 3.8.

Mpuwmeuanue. epumnpynr, Dituap (Ejnar Hertzsprung, 1873—1967) — narckuii acrpo-
HoM. Hesasucumo ot I Paccena npeioxui iuarpaMmy cnektp — CBeTHMOCTb, B ero uects
HasBaH Kpatep na o6paTHoil cropote JIyHbi.

Paccen, Teupu Hoppue (Henry Norris Russell, 1877—1957) — amepuxanckuii actpodusuk.
PaspaGoran oy 13 NepBLIX TEOPHIT IBONIOUNMM 3BE3, MEPBLIM ONPEE/HI COLEPKAHKE XHMU-
YECKHMX 3JIEMEHTOB B a'l‘Ml)Cd)ept} CUJIHL['A. TIOAYUHI OUEHKH COJIEPXKAHHA XUHMHYCCKHX DJICMCH-
TOB BO BeeneHHOM, 3aHNMAJICS NCCITEA0BAHNEM CBA3H MEX/Y CIICKTPAMH 3BE3M H HX CBETHMO-
CTBI0. B ero 4ecTs Ha3BaHBl ACTEPOM M KPATEP Ha BUAMMOIL cropoHe JIYHBL

Ha puc. 3.8, 3.9 nokazanbl 001Une TEHACHIIMU OCHOBHBIX KJIACCOB CBE-
TUMOCTH. T10 OIHOI OCH AMArPAMMBL OTKJIANBIBAETCS CIIEKTPANLHBII KIace
(temnepatypa), a no Apyroil — aGCONIOTHASI 3BE3AHAs BEJIUYMHA (CBETH-
mocTh). Takast nnarpamMma naswiBaetcsi duazpammoii Iepumnpynza — Pacceaa
(mmarpamMMmoit crieKTp — CBETHMOCTB), M3yYEHHUE €€ MO3BOISAET BBIAETUTE PSIT
nocienoBatesbHoCTe. Hanbonee «hacenena» u yetko obo3HaueHa 21asHas
nocaedogamensvrocns. Takne NoC/ienoBATENbHOCTH OTPAKAIOT WMHIMBUIY-
AbHbIE 3ABUCMMOCTH CBETUMOCTH OT TEMIIEPATYPBI IS 3BE31, HEKOTOPBIX
BbIIEJEHHBIX TPYNT. OHU Ha3LIBAKOTCS KAdCCamu ceemumochy U 0603HaYa-
s puMckuMu pgpamu ot | no VII (MHOrHe uccnenoBaTeny BhIIEASIOT
ele OJIHY IPyIlly 3831 ¢ HoMepoM (), KOTopbIe CTABATCS MTOCIE HAUMEHO-
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CriekrpaiibHbIi Kace
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Puc. 3.8. inarpamMma CrekTp — CBETMMOCTh

BaHUSI CrieKTpanbHOrO Knacca (Hanpumep, misg Connua — G2V). Takum
00pasoM, noanas Kaaccudurayus 36e30 BKIIOYAET B ceba ABa Mapamerpa —
CNEKTPaIbHBIN Kacce (TEMMEPATYpy) M KJIACC CBETUMOCTH — M HA3BIBACTCS
VI‘CDKCKOﬁ, wim cuctemoit MK (o uMeHu pa3paboTaBiivx e¢ cOTPYIHMKOR
Hepxcxoﬁ obcepratopuu Y. Moprana u ®. Kunaua).

Briiensior cnenytomne Kinacesl csetumocty (puc. 3.9):

0 — CBEPXCBEPXIMTAHTHL MU THIIEP M IAHTHI;

[ — cBepXruraHThbl;

Il — sipkie ruranThi;

IIl — ruranTer;

IV — cyGrurasTsi;

V' — 3Be3/ipl MIABHOM NMOCAENOBATENLHOCTH (KApIUKH);
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Puc. 3.9. Cpeltnue 10J0XKEHU 3Be3)1 PA3JIMUHBIX KJTACCOB CBETUMOCTH
HA IMArpaMMe CTICKTP — CBETHUMOCTh

VI — cyOkapauku (nociefoBaTebHOCTh HMXKE [JIABHONW NMPUMEPHO HA
1"—1",5, Haunnas ot knacca A0 u 10 kaacca M);

VII — Benble KapJiMKH,

Kiacenr cetumoctu 1=V 10ON0JHUTENBHO MOAPA3ACISIOT HA MOAKIAC-
chl «a», «ab», «b» (Hanpumep, la, lab, 1b).

[TpuHannexXHOCTh 3BE3/1 K ONpee/ieHHOMY KJIACCY CBETMMOCTH YCTaHAB-
JIMBACTCA HA OCHOBaAHUWHU Cl€UUMaJIbHbBIX LOHOJHUTEIBHBIX MPHU3HAKOB CIEK-
TpanbHO Knaccupukaunu. OHU MOTYT CAYXHUTh OCHOBOM JUIsl CIEKTPOCKO-
MUYECKOro OMnpeaesieHus a0CONOTHBIX 3BE3IHbIX BETMUHH U PACCTOSHUI 10
copmysie (3.10), B KOTOPOIL CleayeT YUUTHIBATL MEX3BE3AHOC [1OIJIOLLEHME
ceera. Ecim nocneanee mist pacctosiHusg r cOcTapisieT A(#) 3BE30HBIX BEJIN-
YHH, TO (hopmy.ia JUist ONPEICCHUA Napajiakea 7, KOTOPbIH B 3TOM clivyac
Ha3blBAeTCs homomempuyeckum, BYIET UMETh BUJL

lgn=—1-0,2:[m— M — A(r)]. (3.17)
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Juarpamma [epuwnpynra— Paccena 0TpaKaeT HE TOJAbKO COBPEMEHHOE
COCTOSIHME 3B€3/1, HO M MX 2BOJIIOLMIO. «HaceneHHOCTb» KaXa0H nocneno-
BATEJILHOCTH TIPOTIOPLUMOHANBHA BPEMEHHU «KM3HHM», KOTOPOE MPOBOLUT
spe3faa B 910# cramuu. Hanpumep, Ha camoii HaceseHHOW raBHOH no-
CHIEI0BATENBHOCTH 3Be31a HaxoauTest okono 90% croero Bpemenu. B ator
MEepUOoLL OCHOBHLIM MCTOUHMKOM 3HEPrMM 3Be3[bl SIBNSIETCS TepMosiaep-
HOE «rOpeHue» Boaopoaa B ee ueHTpe, Mcuyepnas 3TOT UCTOYHMK, 3BE3Ma
cMellaeTcsas B 00acTh TMTAHTOB, TOE MPOBOAUT 0Koo 10% cBoeit xu3Hu.
Ee sHeprus BuiaeasieTcs Teneph B OCHOBHOM 3a CHET «TOPEHHS» BOAOPOAA B
CJ10€, OKPYXaIOIIEeM MJIOTHOE U30TEPMHUUECKOE TEIMEROE SIIPO. DTO CTaLus
TAK HA3BIBAEMOTO KPACHOZ0 euzanma. 3aTeM, MOCIE «BO3rOpaHMs» Iejius B
SLAPE, 3BE3/1a ONHThL MEPEMELLACTCs B HANPaB/JeHUM K [NIABHOH TMocienoa-
resibHoCcTH. HakoHell, ncuepnas ¢BOM UCTOYHUKH DHEPIUM, OHA MOMAaaeT B
obnacTb Genvix Kapaukos. Ha 2ol cTagnm yKe He TTPOUCXOANT KaKnx-1ubo
TEPMOSIAEPHBIX peakiivii, ¥ 3Be3Aa W3JIYYaeT 3anaceHHylo TeIUIOBYIO IHEP-
I'M10. DTOT MPUMEPHO OMUCAHHBIA SBOMIOLMOHHBIA TPEK WMHIMBUAYAIEH
JUISL KQAUIOH 3BE3/1bl M 3aBUCHT OT €€ MacChl M XMMHYECKOI0 COCTABA, HO Bece
TPEKM MOXHO OTOOPA3UTL HA AMAIPAMME CIEKTP — CBETHMOCTb.

OO6bIYHO MO TEMMEPATYPOil 3Be3Ibl MOHMMAKT ee IPPEKTUBHYIO TEM-
nepaTypy, Uist ONpeaeieHns KOTOpoil HEOOX0AMMO 3HATEL DOTOMETPUYECKYIO
CBETHUMOCTb M pammyc 3Be3abl. JJoCTaTOUHO TOUHO 00e 3TH BEJIWYWHEL, a Clle-
JloBaTeibHO, U 3OEKTUBHBIE TEMIIEPATYPhI U3MEPEH BT JINIITL I HEMHOTMX
ape3n. s octasibHBIX 3Be3/1 29 DeKTUBHEIE TEMITEPATYPhI ONMPEIEsIIOT KOC-
BEHHBIMU METOAMH HA OCHOBAHMYN M3YYeHMs MX CTIEKTPOB WM MOKa3aTeneil
IIBETA C MOMOLLUBIO LKA 3(DPEKTUBHBIX 3BE3AHBIX TEMIIEPATYD.

1llxaaoi 3¢pdhexmuennix 36e30HbIX Memnepamyp Ha3bIBACTCH 3aBUCUMOCTD
LIBETOBBLIX XAPAKTEPUCTHK W3NYUEHUs] 3BE3l, HAlpPUMED CIEKTPaJILHOTO
KJlacca Wi nokasare/st usera, ot agekTuBHON TeMnepaTypbl, Takas 1ka-
JIa OTIPEIENIICTCA IMITMPUYCCKH N0 3BE34aM € U3BECTHBIMU (e KTHBHBIMH
TeMIIEpaTypaMu, a TAKKE HA OCHOBAHMM TCOPETUYECKUX PACUETOB MOJEEH
spean. B tabus. 3.5 npuseneHa wkana adheKTHBHBIX TEMIEPATYD 3Be3/1 pas-
JIMYHBIX KJ1ACCOB CBETUMOCTH.

Tabnuya 3.5
Ikana acdhexTHBHBIX TEMOEPATY] 3BE3NT

Kaaccbl cBETHMOCTH
o rJ'lB.BHﬂ.H nocaenoBaTe b~
CrnekrpansHsiii ks, ¥ Turanre, 111 Ceepxrurantsi, [
Kjaacce
IMokasarens T K Ioxazarens Top Iokazarean T K
upeta B—V s unera A—V usera B—V it
1 2 3 4 5 6 7
05 0,35 40 000 5 - = =
93K, 1941 129



Oxonuanue maba. 3.5

1 2 3 4 5 6 7
BO ~0,31 28 000 " . ~0.21 -
BS ~0,17 15 500 i = 1 o
AD 0,0 10 000 it - 0,00 W
A3 +0,16 8500 = 1 L} 4
Fo 0,30 7400 ol i +0,30 6400
Fs 0,45 6600 L B F
GO 0,57 6600 10,65 | 5700 | 0,76 5400
G5 0,70 5400 0.84 5000 1,06 4700
Ko 0,84 4700 106 | 4300 142 4000
K5 T 4000 1,40 3600 171 3400
MO 1,39 3600 1,65 3400 1,94 2800
M5 1,61 3000 +1,85 |20  +2.15 e
M8 +2,00 2660 = s L. +

ITpumenenne Mogen abCOMOTHO YEPHOro Teja Ui ONHCAHNSA 3Be3n. Bo
MHOTHX CJyYasix U3/y4eHHe 3Be3d MPUOIUNKEHHO MOXET OLITE OMUCAHO B
PaMKax meopuu uzAy4eHus abcoaromuno yepHozo meaa. Huxe npuseneHsl He-
KOTOpBIE CACACTBUS U3 ITOI TEOPUH.

WsnyyatenbHast criocoGHOCTh abiconiomno ueproeo meaa €, (WK €,) Bbi-
uyucnsiercs no gopmyae lianka

=2;rt-hv3 1 27 he? ]

E&vr P Win €y = GRS
2kT =1 2R T ]

, (3.18)

rac 7' — aGconoTHas Temreparypa; A — noctostHHas Mianka (h = 6,62606 x
x 107 JIx-¢); v — 4acTOTa MANYYEHNS; ¢ — CKOPOCTB CBETA; k — MOCTOSH-
Hast Bonbumana (k = 1,3806488 - 1072 JIx/K); A — finHa BonHbl M3ITyYeHHS,

Conocrasnss M3ayuaTebHYIO CIIOCOGHOCTE aBCOMIOTHO YEPHOTO Tena
U PEAIbHOTO ODBEKTA, MOXKHO ONPEAETHTE SPKOCHIHYIO MEMREPAMYpPY OOb-
€KTa — TEMIIEpaTypy TAKOro abco/I0THO YePHOTO TeNa, eAMHMILA TUIOLALH
KOTOPOIo B HEKOTOPOM Y3KOM CHEKTPaTbHOM MHTEPBALC W3J1y4aeT TAKoii
K€ MOTOK SHEPIHM, KAK M eINHULA TUIOMAIM JAHHOIO 06bEKTA B 9TOM XKe
CHEKTPATBHOM MHTEPBAJIE,
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Jaxon emeuenus Buna onpenensieT 3Ha4eHUe JUIMHBI BOJTHBI MakKCHUMyMa
H3NYyHATebHOM CIIOCODHOCTH:

Ao -T=b, (3.19)

max

e A, — MIMHA BOJHBI, COOTBETCTBYIOLIASI MAKCUMyMY; T — aGcomioTHasl
Temneparypa tena; b = 28,97-107* (M- K) — nocrosHuas Buna.

C noMOLIBIO 3TOTO 3aKOHA MOXKHO OTIPENENUTh YGEMOGYIO MeMnepamypy
0fbeKTa — TeMneparypy Takoro abConoTHO YepHOTO Tena, Y KOTOpOro or-
HOCHUTETBHOE PACTIPEACTCHHUE SHEPTHH B HEKOTOPOM YYACTKE CIIEKTPA TAKOE
Ke, KAK M Y JAaHHOro 00heKTa.

Baxon Cmeghana — boavumana onpejie/isgeTcs pABCHCTBOM

ep =0Ty, (3.20)
te o= 5,670373-10°% Br/(m*- K* — nocrosinnas Credana— Boasumana.
DTOT 3aKOH 3a4acT NOJIHOE KOJNYECTBO IHEPIUM, U3IYHaeMOH B eIMHMILY
ppemenu ¢ 1 M, 1 mo3ponser OTIPENENHTE IPPhexmuanyio (paduayuonHyio)
memnepamypy T, 06beKTa — TEMNEPaTypy Takoro abconoTHO YepHOIo
Tesa, eAMHHLA TUIOILAAM KOTOPOTO BO BCEM CMEKTPE UBJTYYACT TAKOI XKe 1no-
TOK DHEPrUM, KaK U eMHULA MIOWAAH TaHHOro 06heKTa.

B Toit nn1m MHOI cTeNeHM BCe TPH THMA TEMIIEPATYP BIHU3KH K MCTUHHOM
(Kunemuueckoll) TeMneparype.

C nomMomibio 3aKOHOMEPHOCTEH, OMUCHIBAIOIIMX MOAEIL abCOMOTHO
YepHOTO Tena, MOXHO CBA3aTh panuyc R, abexTupHyio remneparypy 7.qu
eBeTUMOCTb L 3pe3iibl (nockonbky L=4m- R? -0 T h):

)

 3neck Ry =696 000 km, Ty = 5779 K, Ly =3,826-10" Br — pamuyc,
athbexTrBHAS TeMnepaTypa U cBeTUMOCTh COJIHIIA COOTBETCTBEHHO.
JLnst OLEHKM MCTHHHBIX TapamMeTpoB 38e3a5l chopmyana (3.21) sipsieTcs py-
OukeHHOI. Bosee TOMHO 3TH NapaMeTphl MOXKHO PACCYMTATH 110 YPaBHEHHIO
R"'"5900
== —0,20- M —0,02, (3.22)
Fgse A
e M — abcomoTHasa 3Be3IHAA BE/IMMMHA 3BE3/bI.
Paguyc R 3Be3/1b! TAKKE MOXHO ONMPENETUTD TI0 hopMyIam

L
206265"°

2R (3.23)
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* R
Igd”=lgn”+lgg—2,031, (3.24)

rue d” — yrinoBoid BUAMMbBIH IMAMETP 3BE3bl, BLIDAXKEHHBIA B CEKYyHIAX
OYTW; F — PACCTOSTHHE 10 3BE3/bI; 17 — FOAMYHBII MApaNake 3Be3/Ibl; Ry —
panuyc CosHua.

M3 npuBeeHHBIX BBILLE COOTHOIIEHMIT BUIHO, YTO CYLIECTBYET 3aBHCH-
MOCTh MEX/Y BAXHEHLIMMU XapaKTEPUCTHKAMM 3Be3/1 (CBETUMMOCTBIO, Mac-
COil ¥ paguycoM), XOTsl OHA HAMHOTO CIIOXHEE M HE CTOJIb OUEBMIHA, KaK
aT0 TnokaseiBaT dhopmyner (3.20)—(3.22). Hanpumep, wuisi 6ONbLIKMHCTBA
3Be3/1 [JIaBHOI NMOCNEeA0BATENbHOCTH BBITIOAHSIOTCS SMIUPHUECKHE COOT-
HOLIEH M3

L= R% (3.25)
Lbnl = gﬁlgs (326)

rae Ly, — OomoMeTpuyeckas CBETUMOCTD 3BE3/Ibl, BRIPAKEHHAS B CBETUMO-
crax Connua; Ru N — paauyc M Macca 3Be31bl COOTBETCTBEHHO B paniMycax
1 maccax ConHua.

M3 coorHolIeHNs1 Macca — CBETMMOCTD JUIA 3BE3/L CJIEAYET, YTO AMara-
30H MX CBETHUMOCTH 3HAUMTEILHO MPeBHILLIACT TIPEAe/bl BO3MOKHEBIX 3HAUC-
HUI Macc:

0,1- Mg <M <100-My;
1070 L5 < LE108 L.

[MTpu 9 <0,02-9M  BElIECTBO, MO-BUAMMOMY, HE CNOCODHO 00pa30BaTh
3BE3/Y, OHO MOXKeT C(POPMMUPOBATL TOJALKO MiaHety. B cpeaHeM maccol
3pe3n Oamnsku K macce ConHua, 1.€. Ha (POHE CHIBHON BapuallMM JIPYrux
napaMeTpoB IMPU MHOIUX OLLEHKAX MOXKHO CYMTATD, YTO MACCHI 3BE3[ IPH-
MEPHO OJMHAKOBEI M cocTapasiior okono 10* kr IMockonbKy pammycs
3BE31 MOTYT ObITh B COTHH M THICAYHM pa3 00JIbLIE WIH MEHbIIIE, YEM PaLHYC
ConHua, TO MX cpeJHHe MIOTHOCTH MU3MEHSIIOTCS B OTPOMHBIX TIPEIeax:
107 r/em® € p < 10" r/em® (nepsblit ipenen ykazau wisi CBepXIUIaH-
TOB, BTOPOil — [UIst HEITPOHHBIX 3Be31), T.e. B 107—10% pas.

B tabn. 3.6 npuBeacHbBI OCHOBHBIE XAPAKTEPUCTHMKM THUIMYHLIX NPE-
CTABUTE/CH HEKOTOPBLIX MPYNIN 3BE3/: 3BE3/ MaBHOW MOC/IeI0BATEIbHOCTH
(B0, G2 — ConHue, M0); THITMYHOrO KpacHOIO MMraHTa, Macca KOToporo
HeckonbKo npesbiniaer macey Connua (K0); npeacrasurens 6enbix kapin-
koB (A0).
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Tabauya 3.6
(Musnveckue napaMeTpbl THNHYHBIX 3BE3]]

OCHOBHBIE XAPAKTEPHCTHKH ym“;;:;;:f"m — Yenosus B oTocepe
Kaace | Macea CRoTy- Pammye Dos ?J:.:'::-K 0,
e | (0N o=1) (’}i‘(;“:"i] Rm1)| K | e How | LK | s
BOV |10 5.10° |4 3-10" |8 CNO 1000 |20 000 | 107°
Gav |1 I 1 1,4-10" | 100 H+H 180 [6000 | 1077
MOV 0,5 0,4 0,4 107 80 H+H 160 3300 |3-1077
KOTIT | 1,3 2:10° |20 410" |3,5-10° | Croesoit |20 000 (4100 | 1078
A0 VII|0,9 107 10* 10 1,5-107 | Tennosoii | 0,01 10 000 | 107

Crpoenne u 3BoonMs 38e3/1. «KHU3Hb» 000 3BE3IBI 3aBUCHUT, ITPEXKIIE
BCETrO, OT €€ MACChl U XUMUYECKO20 cocmdasda. BOI’[pOCbI IBONAKLHH 3BE3 10~
CTATOYHO CITOXHBI, TAIEKO HE HA BCE U3 HUX B HACTOSILLLIMI MOMEHT eCTh 10~
CToBepHBIe OTBETHI. [ToNpOBHO OCBETHTL BCE ACTIEKTH 3BE3AHONH 3BOMOLKH
I} 9TOM M3MAHWUM HE TPENCTABISIETCS BO3MOXHEIM, OLHAKO IONbITAEMCH
PACCMOTPETh OCHOBHBIE €¢ 3Tarlbl, KOTOPbIE CXEMATUUYHO MOXHO TpeacTa-
WHTH CAeayIomnM obpazoM:

Tazonviaeaoe obaaxo
l e
Ipomoseesda
4 4
3eesda na eaasnoli nocaedosameasHocmu

1 duazpammsl cnekmp — ceemuMocms

il

Kpacnouii eueanm
: 4 1
. Ilianemapnan mymannocms Ceepxnosan 36e30a
4 & d,

b beavtit kapauk Heiimponnasn 36e3oa Yepnas ovipa
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CornacHo COBPEMEHHDbIM TMPEOCTABJICHUAM, 3BE3Abl POXAAKOTCH H3 2aA30-
not1esolt Jughghysnoli cpedsl B Pe3YNLTATE PABUMALUUOHHO0 CHCAMUA OTIEITh-
HBIX ra30BbIX 0DJAKOB MOA AeificTRUEM CHJT COOCTREHHOTO TAroTeHUst, [paBu-
TALLMOHHOE CKATUE HAYMHAETCS B TEX ODJIACTSIX MEXK3BE3IHOIO rasa, rue Xors
Obl HeOOUIBILAA YACTh BELLECTBA HAXOAWTCH B BUJIE TBEP/ABIX YACTHLL (MeExX-
3BE3IHAN TTbUIL) KAK PE3YILTAT 2pasumanionnoi neycmoidueocmu. COrnacHo
TEOPUM aHrnMiickoro acrponoma M. [kunca, nodast oLHOPOAHAS KPYITHO-
MAacLUTAOHAH CPE/la SBISICTCS HEYCTONYM BOI: CIIydaiiHOE CXATUE B KAKOMN -JTH-
60 ee obnactu Oyaer NMPONO/LKATLCS 33 CUET rpaBUTALMK. [PaBUTALIMOHHOE
cXaTue, HaYaBIIMCh B KPYIMHBIX MacliTadax, 3aTeM ()parMeHTHpPYeTCs: BO3-
HUKAIOT MHOXECTBEHHbIE TPABUTALIMOHHBIE HEYCTOMYMBOCTH B D0OJI6e METKUX
maciutabax. Takoe npoGieHue obnacreil rpaBUTALIMOHHOIO CXATHSI MOXKET
MPOU30HTH ellle HECKONBKO pas (kackaduaa gpaemenmayus). OTCIONA ACHO,
[OYEMY 3BE3/Ibl BOSHUKAIOT IPEUMYILECTBEHHO IPYIIIIAMH, B BMJIE 3BE31HbIX
CKOTUIEHHM I, Macchl 38e3/1 TAKXKE HE MOTYT MMETh JIIOObIe 3HAYEHMS U HAXO0-
JIATCS B JIOBOJILHO Y3KUX TPEIe/iax, B LeJ0M OHM Diu3ku K Macce CosHuia,

[paBuTauMoOHHOE CXaTHe ra3a MPeKpallaeTcs, KOraa mioTHOCTL BELLE-
CTBA YBEJIMYMUBAECTCS 10 TAKHUX 3HAYCH Hﬁ, YTO OHO CTAHOBUTCH HENMpoO3pa'-
HBIM [1J1s1 COOCTBEHHOT0 U3nyyeHus. ManyueHue, MHOTOKPATHO Mepenorio-
11a8Ch B BELIECTRBE, pa3orpenaer ero. B pesynbrare B LeHTPaIbHON 00IacTH
CKUMaloLIerocsl raza obpasyeTcsi npomo3zeezda — YCTOWYMBOE O3BE3/IHOE
Teno. B uenTpe npoTo3Besibl HAXOAUTCS JOCTATOMHO MIOTHOE AAPO, OKPY-
JKEHHOE ra30Boil Henpo3padyHoi 000104KOM. B sipe cuiibl rpaBUTalliOHHO-
r0 CXKATUA YPABHOBEIIMBAIOTCH A30BbIM JIABICHHEM (€0 CXKaThe npekpa-
waercs). OCHOBHBIM TPOLIECCOM TENEPh CTAHOBUTCH axipeyus (MagcHUe)
BelecTBa U3 rasoBoi 060104KM HAa chopMUpoBaBLIcecs SApo. (AKKpeLUs
(OT nat. accretio — nNpUpaLieHue WU YBeIMUeHHUEe) — MPOLECC 3axBara Be-
lecTBa (moa AefCTBMEM FPABUTALIMM) M3 OKPYKAIOLIEro MPOCTPAHCTBA M
najeHue ero Ha 3Be3My WIH Npyroe KocMuueckoe Teno.) Macca snpa Bo3-
pacTaer, crnenoBaTesibHO, OBICTPO MOBBLILIAETCSH U ero cReTHMOCcTh, C nanh-
HEW UM YBeJIMUEHWEM MACChl M CBETMMOCTH OBICTPO pacTyllee JaB/lEHHUE
MBJIYHEHHS OCTAHABIMBACT AKKPELMIO, 4 3aTCM OTTAIKUBACT BELULECTBO, HE
ycrieBliee ynacrb Ha sapo. MHoraa 3Tor npoiecc OTTalKHBaHU S MOXET IMOo-
POLUTH YAAPHYIO BOJIHY, YTO IPUBOLKUT K ITOSBJICHUIO HOBBIX LEHTPOB 3BE3-
A000pa3oBaHus.

OcraBlueecss S4po NPOTO3BE3ALI, NPOHAH 5Tan MELTEeHHOro KeJbBH-
HOBCKOT'O CXaTHsl, MEPEXOAMT B COCTOSHUE MMAPOCTATHYECKOrQ PaBHOBE-
CHSl BCAEACTBHE TOTO, YTO MPU AOCTATOMHO GOBLLIOH Macce B Heapax sapa
«BKJIIOUAETCSI» HOBBII, COOCTBEHHBIA UCTOUHWK SHEPTUH — mepmoadepHbie
peaxyuu 0bpazoBaHus rejiwsa 13 sogopoia. Poxnaercs 3eesda, Kotopas 3a-
HUMAET CBOE MECTO Ha 2AdGHON NOCAed08amMeIbHOCMU QUAZPAMMBI CHEKmp —
CECMUMOCTb,
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Bpems, KoTopoe pacxoiyeTcs Ha CXKAaTHe 3BE3Ibl, d TAKKE BPEMs, KOTO-
POe 3Be31a «MPOBOAUT» Ha [JIABHON NMOCIeI0BATEIbHOCTH, 3aBUCHT OT €€ MAaC-
Chl: YeM DOJIbILE Macca, TeM BbICTpee 3Be31a CKMMAETCsT W BBICTPEE «CropaeT»
(radn. 3.7). CreKTpaibHBIi KJIACC, C KOTOPOTO HAYMHAETCS SBOJIOLIHS 3BE3/bI
HA rIaBHOM [1OC/IE10BATEIbHOCTH, TAKKE BO MHOTOM OINPEAE/ISIETCS €€ MACCON.

[MpeacraBnenne o GUINUECKMX YCIOBHUSX, KOTOPHIE CO3IAIOTCH B HEAPAX
3BE3J1, MOXKHO IOJIYYUTh, TPOBEAS HEKOTOPYIO AHAJIOTHIO ¢ TEM, YTO U3BECT-
Ho o ConHiie. IIpMMeHUB K BelLIECTBY 3BE3IbI YPABHEHMS, OIIMCHIBAIOLIME
COCTOSHME MIEATLHOrO ra3a, MoJyduM, 4to Temneparypa 7}, B LIEHTpPe 3Be3-
JIbl TIPAMO 1IPOIOPLUUOHAIBHA Macce 3Be31sl 9 U 06paTHO TIPOMOPLKHO-
HalbHa ee panuycy R:

m
=K (3.27)
R

3neck K — HekoTtopblit kKoadxpuIMEHT NPONOPLUUOHATIBHOCTH, KOTOPBII
MOXHO OTIPEIENTUTh Ha OCHOBE MPEANONOKeHUH, 4to Ty npu R= Ry u I =My
JIOmKHa OBITH G1H3Ka K Temmeparype B ueHtpe Conxua, te. 1,5-107 K.

HMcronesyst Beipaxenus (3.25), (3.26), moayqaum

Ty =1,5-10" - R, (3.28)

Tabauua 3.7
XapakTepHbie napaMeTpsl 38e3]] [aBHOI NOCAET0BATENLHOCTH

CnexrpansHplii Macca Pagayc | CeeTHMoCTb Mg Ay ik
e | @D | R h | o | S| mcwarenane,

B0 17 9,0 30 000 0,12 8

B5 6,3 42 1000 1,1 80

A0 3,2 2,8 100 4,1 400

AS 1,9 1,5 12 22 2000

[0 1,5 .28 4,8 42 4000

I's 1,3 1,24 2.7 56 6000

Gl 1,02 1,02 1,2 94 11 000

(2 (Conuue) 1,00 1,00 1,00 110 13 000

G5 0,91 0,92 0,72 150 17 000

KO 0,74 0,74 0,35 230 28 000

KS 0,54 0,54 0,10 600 70 000
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Bosee Tounbie pacueThl MOKa3bIBAIOT, YTO 3Ta (QOPMYJIA JAET YAOBIETBO-
PUTEJIbHbIE PE3YJILTAThI [UISl BCEX 3Be3M TTABHOI TTOCNEeN0BATEILHOCTH.

[To Mepe npoaBmKeHUs BBEPX MO MIABHOH MOCTENOBATENBHOCTH K (O-
Jiee I‘OJIyﬁI)IM 3Be3naM HMX pagHyChl MU MacCChl YBEJIM4YWUBAIOTCH, MO2TOMY
Temrepartypa B LEHTpe 3Be3[ Takxke Bodpacraer (1, = 3- 10" K s knac-
caBO, T, = 110" K m1a xnacca K0).

Ot 3HAYEHUs TEMIIEPATYPBI 3aBUCSIT XapaKTep TEPMOSAEPHBIX PeaKLuii
B HeIpax 3Be3/Ibl M TEMI1 SHEProBblaeAeHU. YCIOBUS B HepaxX 3Be3] Kaac-
coB G, K, M (B Tom uncne ConHua) TaAKOBBI, YTO siIEPHAst SHEPTHS Y HUX
BhIIEJISIETCS B OCHOBHOM B PE3YNLTATe HPOMOH-HPOMOHHOU peaxyuu (Tax
Ha3bIBaeMBbI BONOPOAHbIH KKk, H+H wiu p+p). Cyrh aTOro Mexanms-
Ma 3aKJTIOYAETCS B TOM, YTO CHHTES I'€/IMS M3 BOLOPOAa OCYUIECTBIIAETCS TI0
crenywoulei cxeme (puc. 3.10):

'H+'H = ’D+e*+v;
ette = 2y
'H+’D — He+y;
*He+’He — ‘He+2'H,

uro B urore maet 4'H — *He+2e"+2v+2y. [ledexr maccs coctasisi-
er 0,73% ot 4m, (m,—macca NPOTOHA), & BHIXOJ SHEPIHH B OIHOM AKTe

Pué. 3.10. TIpOTON-1IPOTOHHAA PEAKIIMA CHHTE3A reaus
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AL

peakuunu £ = 26,7 MaB (43 storo ~26,2 M3B sHepruu yHOCHTCSl ramma-
KpaHtamu v, a ~0,5 MsB — ueirpuHo v). MOLIHOCTL 9HEPTOBLIAEIEHUSI
1pu 31oM THNE peakiuu £ ~ T*

BuyrpenHee cTpoeHue 36e3d nozduux cneimpansiivix kaaccoe (ConHua B
TOM YMCIIE), e OCHOBHYI0 POJIb UIPAET IPOTOH-MPOTOHHBIN LUK, MOKa3a-
Ho Ha puc. 3.11. Crenyer OTMETHUTh, YTO TOJILMHA HAPYHCHOU KOHBEKMUBHOU
306! 3aBUCUT OT 3(peKTUBHON TemnepaTypbl BHEelWHUX cloeB (doTtoche-
PhI) 3BE3ILI M OT XUMUYECKOro cocrasa ee Bewectsa. Mpu T < 8000 K
HapyXHas KOHBEKTUBHAs 30HA PA3BUTA TEM CHUJIbHEE, YeM MeHbile 3 dek-
THBHAS TEMIMepaTypa 3Be3Mbl, TAK KaK ee «XOJ0IHass» MOBEPXHOCTh HE MO-
JKET MepesaTh BCIO NOCTYNAIOLLY U3HYTPU SHEPTHIO, JUTSI 3TOT0 HEOBX0AUM
MexaHuueckuii npouecc (koHBekiust). 3Be3na kiacca M, Hanpumep, B oc-
HOBHOM COCTOMT M3 KOHBEKTUBHOI1 30HbI. BMecTe ¢ TeM pacyeTsl MoKadbli-
patot, uto npn Tz > 8000 K noeepxHocTHAsd KOHBEKTHBHASA 30HA Y 3BE3bI
HE JOJKHA TTOSIBIISITBCS, OCKOIBLKY BLIXOM DHEPrUKH 06eCeunBaeTcsl TOMb-
KO 32 CUET €€ UTyUeHMSL,

a Coanue

3oHa
AJICPHBIX PCAKIHH

Iepenoc aneprun
H3ITyUCHHEM

KoneexTHeHas 30Ha

6 3Be31a B HHKHEH JYacTH
[VIABHOH M0C/IEI0BATEILHOCTH

3oHa
AJEPHBIX PeaKLHit

Ilepenoc sHepriau
H3TyIeHHEM

KonsexrnsHas 30Ha

Puc. 3.11. Buyrpenunee cTpoeine 38e3 MO3AHMX CEKTpaibHbIX Kaaccos (G, K, M):
a — Coile; 0 — 3Be31a B HUKHEH YACTH TIABHON NOCAEI0BATCABHOCTH
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B otnnune oT paccMOTPeHHBIX 3Be3M TO3MHUX CINEKTPANLHBIX KIIACCOR
Macca 3Be30 B @epXHell acmu 2AdeHoll HOCAe008amenbHOCHU TIPEBbILLAECT
maccy Connua. CnesoBare/ibHO, TEMIICPATYPA B HX HELPAX BbILIE, 4 TEPMO-
SACPHAs IHEPTHs BBIIESIETCH YEPEe3 TAK HA3bIBAEMEIN yeaepoduuili (yeiepod-
Ho-azomnueiid, unin CNO) unkn. B xone 2T0i peakumn Takke NMPOUCXOLUT
CHHTE3 SIAep rejiks M3 BOAOPOJd, HO CBOCOOPA3HBIM KATANIM3ATOPOM $B-
JSIOTCS siapa yrepoda. Takast peaklinst MOXeT ObITh JOMUHUPYIOUIEH npu
Temmneparype B uexrpe 7, > 1,6- 107 K. BeneficTBye BbICOKOI TEMIepaTy-
PBI HEAP CBETHMOCTD TAKMX 3BE3/1 TAKXKe bosblie, ueM cerumocTh ConHua,
NIO3TOMY 3BOJIIOLMOHNPOBATL OHU JOJIKHBI ObicTpee (cM. Tabm. 3.7).

pu yrneponHom wukiie sbyaeasercs sHeprust £ ~ T2, te. ato npouc-
XOOUT Ype3BbIYaiiHO OLICTPO, M3NYyYeHUE (C MOMOILLIO TAK HA3BLIBAEMOTO
JIYYMCTOTO MEPEHOCA) HE MOXKET BBIHECTH BCIO BHIACICHHYIO DHEPIHIO U3
Hep 36e3bl. [Uist BBIHOCA IHEPruy MOAK/IIUAETCSI MEXaHHYECK UL poLecce
(KOHBEKILIN), U B HEAPaX 3Be3Nbl BO3HUKAET UEHMPAALHAA KOHBCKMUBHS
30na. CTPOEHME 3BE3Ibl OTHOTO M3 PAHHUX CHEKIMPANSHBIX KAACCO8 TTOKAZAHO
Ha puc. 3.12. Hanpumep, 3seana maccoii 109 o n01xHa MMETh BHYTpPEH-
HIOI0 KOHBEKTHBHYIO 30HY PALHYCOM OKOJIO Y4 pajnyca BCEH 3BE3Mbl, B TO
BPEMS KaK IUIOTHOCTb B €€ LIEHTpe NMpuMepHO B 40 pas Bblllie, YeM ILIOT-
HOCTb B LeHTpe ConHua.

Omin4nTenbHON 0COOEHHOCTDIO CYOKAPAUKOE SBIAETCA HU3KOE COomep-
JKAHUE TSDKETTBIX JJAEMEHTOB (B ACTPOHOMMUH MMOL TEPMUHAMM <«TSKENbIil
BJIEMEHT» U «META/Ul» YACTO NNOHMMAIOT XMMUYECKHE BJIEMEHThI, KOTOPHIC
Tsekeaee reaus). M3 aToro caemyer, yTo CyOKapiIuKH — MPEUMYLLECTBEHHO
CTapble 3BE3[bl, COCTOALIME U3 BELIECTBA, KOTOPOE €LIe HE HAaXOJWIOCh B
HeZipax Apyrux 3pe3n. BosHWKIIM OHM, MO-BHIAMMOMY, HA pPAHHMX CTALMSX
sBomouuu fanakruku. ITpo3payHocTk BelecTsa 3Be30kl TeM GOJIbLLIE, YEM
MEHBIIE OHO COACPXKUT TSKENIBIX DIAEMEHTOB, 03TOMY CYOKAPIMKH OTJIM-

3Be3na B BepxXHeH 9acTH
LJIABHOH MOCTEN0BATENLHOCTH

30Ha AepHBIX peakLui
¥ KOHBEKTHBHOE A7IpO

Ilepenoc sHepruu
H3TYIECHHEM

Pue. 3.12. BuyTpeHHee cTpoeHNe 3B€3/1bI PAHHETD CHEKTPATBHOIO KJIAcca
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YAIOTCS BBICOKOI MPO3pavyHOCTLIO MO CPABHEHHUIO C APYTUMU 3BE30daMHU, UTO
He TpebyeT BOZHUKHOBEHMS TTOBEPXHOCTHOW KOHBEKTHBHOI 30HBI.

Coagep:kaHue TSKENbIX 2JIEMEHTOB B 3BE31aX XapaKTEPU3YeTCs 3HAYCHU -
€M MapamMeTpa «MeTAITUYHOCTb». MemaniuuHocms — 9T0 BEMUYMHA, MOKa-
3bIBAIOLIAN OTHOCHTEIBHOE COACPKAHUE B 3BE3/1e (WM raJIAKTUKE) DJIEMEH -
TOB TSUKEJEE rejinst («MEeTaloB»):

i ®

OTHOLIEHME KOHUEHTPALMil aTOMOB XKeJe3a U aTOMOB BO-

My 114
Ny
Jopoaa B Bewectse 3Be3abl (*) U ConHua (®@). Cuuraercs, UTo BETUUU-
Ha [Fe / H] xapakrepu3yeT OTHOCHTE/IbHOE CONEPKAHHE BCEX TSKEbIX Die-
Menton (Brmiouas C, O, N, Ne u np.) B peutectse 3pezant u Conuna. s
OuYeHb cTaphbiX 3Be31 3HaueHue [Fe / H] 3akmoueHo mexay —1 m —2 (1.e. co-
JIep>KaHue TSKETBIX 31€MEHTOB B HUX MeHblle colHeuHoro B 10—100 pa3s).
MeTannu4yHOCTh 3Be3[ TalaKTUUeCcKOro AMCKa B OCHOBHOM MEHSIETCSl OT
—0,3 1o +0,2, oHa BbILLE B UEHTPE M CHUKAETCH K KpasiM.

MeTauIMuHOCTb SIBISIETCS yA00HOM XapaKTePUCTUKO 1151 ONPE e ieH s
NOKONEHHUS 3BE3bl. 38e3dul nepaoeo noxotexnua (nonynsius 111) BozHuKIM
nocne bosbioro Bapsiga. . OHM NPakTHYECKH HE CONEPKANMU «METAJLIOR»,
coctosinu 13 Bopopoaa (75%) v renust (25%), a Takxke UMENTH OUeHb BOJIb-
1Me macchl. Beseacteue 9Toro 3sesinl NepBoro MoKoaeHus 04eHb GLICTPO
«Cropesivy», Nepeuult, Kak rnpasuio, B KATErOPUIO CBEPXHOBLIX M B Pe3y/ib-
TAT€ B3PLIBOR 00OTATHIN MEX3BE3HYIO CPENy TXENbIMU XUMMUYECKMMU
HAEMEHTaMU BIUIOTH 10 Xele3a. B HacTosiwee BpeMst HE M3BECTHO HU OIHOI
SBE3IBI MEPBOTO MOKOIEHHUS.

3arem 00OpazoBaUCh 36e3dbl 6mopozo nokodenus (nonyaauusa 11) ¢
HM3KHM COLEpXKAaHMEM MeTa/uloB. MX BO3pacT OLEHUBAETCH NPUMEPHO B
10 mapn ner. CoxpaHUBILMECS 3BE3IBI BTOPOTO MOKOJICHMA HAXOMATCH, KaK
HPaBUJIO, B TAJIO FAIAKTUK M BXOIAT B COCTAB LAPOBLIX CKOIJIEHU .

W, nakoueu, mpemoe noxosenue (nonynsuus 1) cocTaBasiioT CpaBHUTEb-
HO MONOABIE 3BE3ABI, CONEPXKAUIME 3HAUMTENLHOE KOMMUYECTBO METAJUIOB.
3pe3/bl 3TOTO MOKOJISHMS HAXOMATCS , KAK MTPABUJIO, B IHCKAX IAJIaKTHK.

ConHue — 3Be3ja TPETHErO MOKOJNEHMsI — CONEPKUT MPUOIU3ZUTEI L

3nech

N
1o 1,8% (no macce) anemeHToB TsKenaee reaus. dns ConHua ( fe | =
/e

#(),0122. nst 38e31 BTOPOTO MOKOIEHUS MeTAJUTHYHOCTL [ Fe / H| nexuT B
npenenax ot —1 go —3 (T.e. comepxanue xenesa B 10—1000 pas MeHsblie,
dem na Conuug).
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3B€3JJ.B HaxXoOouTCsl Ha IJ1IaBHOM MOCHAENOBATCILHOCTH 1O TEX MOP, NOKa
MPOUCXOUT «BBITOPAHME» BOAOPOAA B €€ LEHTpAILHOM simpe. Lnutennb-
HOCTB 3TOH cranuu cocrassisier dosiee 90% BpeMeHH «KU3HM» 3BE3/bI, TOILA
KaK JUIMTENLHOCTb OCTATBHEIX cTanuii — MeHee 10%. [locreneHHoe mpeot-
pasoBaHWe BOJOPO/A B FEIMIA B s1PE 3B€31bI CIOCODCTBYET YBEIMUEHHM IO MO~
JNIEKYJIIPHOI Macchl €ro BELIECTBRa, a 3HAYUT, YMEHbILIEHHIO JaBIEHHs. DTO,
B CBOIO OYepe/ib, MPUBOIUT K CKATHIO SIPa, MOBBIILCHHIO €I0 TEMIIEPATyPbl
M, CNIENOBATENbHO, CBETUMOCTU BCei 3Be3nbl. OOLMil panuyc 3Be3asl TIpH
3TOM YBEAMYMBACTCA, a I(PheKTHBHAS TEMTIIEpPATYpa CHUXKACTCS,

Koraa B ueHTpanbHOIl YacTH 3Be31bl 3aKAHUMBAETCS BOJOPOM, OHA MC-
NBLITHIBAET TPAaBUTALMOHHOE CXATUE B TCUCHHE HEMPONOIKUTENBHOTO Bpe-
meHHu. TemnepaTypa, aBieHHE B SAPE 38315l M €€ CBETUMOCTb BO3PACTAIOT.
B 3Tux ycnoBusix renuii ele He MOXET BCTYIMTh B TEPMOSICPHBLH CUHTES,
O/LHAKO B TAKYIO PEAKLIMI0 BCTYMAET BOJOPOI, KOTOPbIA HAXOANTCS B TOHKOM
CJI0€, OKPYXKaloIEM rejineBoe sapo 38e3abl. [locie Toro Kak 3To npomcxo-
IUAT, 3HAYMTEBHO BO3PACTAeT pa3Mep 3Be3/ibl, a ek THBHA TEMIIEpATYpa
yMeHbluaeTcsi. B pesynbsrarte y 3Be3/bl MOSIBASETCSH M'MIAHTCKAA KOHBEKTHB-
Hasi 30Ha (3aHuMaceT npuMepHo 90% panmyca). 3Be3ga BCTYNAET B CTANMIO
TaK Ha3bBAGMOIO Kpacnoeo euzanma. OTNUCAHHBIE 3BOMIOLMOHHBIC TPEKH
3B€3/1 OT CTAAWH [JTAaBHOI MOCIenoBaTe/IbHOCTH 10 KPACHOTO MMTAaHTa TIOKa-
3aHbl Ha puc. 3.13, np¥MepHOe CTPOEHME KPACHOTO TMIraHTa — Ha puc. 3.14,

CosHuEe TakXe 0XKMIACT NMepexol B CTAIWID KPACHOTO MMIAHTA. Hpou-

3oyumq 9TO, KOraa HaUleMy cBeTHy Oyier, 110 PA3HBIM OUEHKaM, OT 9.10”
13- 107 net. Ceituac Counny oxono 4,7 10° JIET; B LEHTPE €ro ccmepxmc;l
35% pogopona (B Hauase BOMIOUMH OBLIO ~73%). CTanms KpacHOrO -
raHTa, KOrjia BOAOPOM «TOPHT» B CIOE, oxpyx(ammeM LEHTPaJIbHOE S14pOo,
npomlmcs{ wist Connua npumepHo 5-10° net. 3ateM mocaeayer GeicTpas
(~5-107 JIET) CTAIMSL «FOPCHH» TEHs M GOJiee TSUKENBIX SIEMEHTOR B $/1pe
M OKPYXKAIOLIEM C/10e, YTO OYAET CONpPOBOXAATLCH cOpocoM 0b010uku. [Mo-
Clie aToro Comme, McUepran 3al1achl sIASpHOTO roOprOYero, nNpeppaTuTcs B
MEIIJIEHHO OCTBhIBAIOIIMH OCAbIM Kap/iHK.

[enuenoe PO KPACHOrO ruraHTa M30TEPMUYHO, MOCKOJIBKY JMILEHO
MCTOYHUKOB 3Hepruu. Tlpu 9N > 2,59, oHO OKa3bIBaeTCs AOCTATOYHO
ropsiuvM, UToOBI Ta3 OcTaBaacs uneanbHeIM. Briocnencrsun aror dakr Oy-
IeT cnocobCTBOBATE BoNee OLICTPOMY BCTYNIEHUIO IEIUsE B TEPMOSLIEPHbI i
cuHTe3. Haobopor, npu Mt < 2,59, reMieparypa MEHbILE W 3NEKTPOH-
HBIH a3 OKa3LIBAETCH BHIPOXKIAEHHBIM. [1oCKONBKY OH MOXKET POTHBOCTO-
ATh IPABUTALHOHHOMY CXKATHIO, TO 3TO B 3HAYMTEJILHON CTENEHU 3aMELTHT
Havauio npouecca «ropeHus» Tens.

ITo Mepe «BBITOpaHUsl» BOJOPO/IA B C/IOE MACCA SIIPA PACTET, 4 30HA /ep-
HBIX PeakLMid Bce DOMblIE CMENIAETCS BO BHEIIHHME CJIOH, HO 10 HEKOTOPOIro
npejena, moka ¢CThb YC/I0BUSA IS TepMosiepHoro cuntesa. [pun I = [,3-901 5
reJIMEBOE SUPO COCTARNSICT Y4 MaCChl 3BE31LbI pasmepoM B 1 /1000 ot ee panm-
yca M IUIOTHOCTBIO B 1ieHTpe p = 350 Kr/cm™,
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Puc. 3.13. DBOMOUMOHHBIC TPEKK 3BE31 ¢ pasnudHoil Maccoit (0,8—60- M) oT ciasHoil no-
CeOBATENIbHOCTH 10 KDHCHUI'U FHIAHTA Ha J.Zld(:l['paMMB CLIEKTp — CBETHUMOCTb

[Mocne «BeITOpaHHsA» BOLOPOIA FEJTHEBOE SAPO CKUMAETCS, MOABIAIOTCS
YCJIOBMS [UU151 TOTO, YTOOBI TeJTMI BCTYTHI B TEPMOSACPHYIO peakLMI0, KOTO-
pasi HA3BIBAETCS MpPoLHbIM C-apoyeccom. BHavane nBe a-4acTHIB 0Dpasyior
KpaiHe HEYCTOMYMBOE SApO DEpPUIIHSL:

JHe+9He <> {Be—95kaB,
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Kpacnrrii ruranr

30Ha ANEpHEIX
peakiui

H3oTepMHueckoe
TeITHEBOE ANPO

Ilepenoc sHeprun
H3IIYYEHHEM

KoHpekTHRHAA 30HA

Puc. 3.14. Buyrpenuee crpoeHune KpacHoro ruraira

KOTOPOE MOXET PACHAcThes Ha J(BE O-YacTUlLI WM 3aXBATUTh e€lle
O0HY (-4acTULY M 00PA30BaTh AP0 YIIEPOIA B BO30YKACHHOM COCTOSHHH,
YriepoaHoe S1po, B CBOIO QYEpe/lb, NEPEHIET B HEBO3DYXKIEHHOE COCTOS-
HHUE C BblaeNIeHHEeM OOMBIIOr0 KOJIMYECTBA IHEPTHU;

¥Be+3He +363 kaB — RC" — 2C+y+7,68 MaB.

Hns adpcbexTuBHOCTH 3TOrO Npouecca HEOOXOAUMO, YTODLI TEMIIEPATY-
pa T 6bina He menee uem 10° K, a maorHocts p > 1-10 kr/cm’. Peakums
«CropaHus» rejius B UTOTe MOPOXAaeT BeIXod 3Hepruu 7,3 MaB. DHep-
FOBBIAENIEHUE TIPH 3TOM TMPOUCXOIUT OueHb BypHo (E ~ ), nosromy
MHOIJIAa OHO HOCUT XapakTep B3phiBa C PE3KMM PaCLIMPEHUEM 000I04YEK
3Be30bI U BO3MOXHON MOTEPEH Macchi, MOCAE YETO CBETUMOCTh PE3KO CHU-
JKACTCH, TeJIMEBOE AAPO ONAThH CKUMAETCS, HAMMHAETCS] TEPMOSIAEPHAS pe-
AKLUS — W BCe TOBTOPSAETCH CHayala. DTo SBJIEHHUE TNOJYYMIO0 Ha3BaHWe
cenueeaq ecnviura. IlomMmumo 0bpa3zoBaHMa yIIepoaa M3 Teaust BO3MOXHBI
W IpYyrMe peakiuu, KoTopele Tpedylor Bce Dosiee BRICOKOW TEMIIEPATYpPhI
(7> 1,3 10K):

2C+%He - “0O+y,
0+ *He— *Ne+y,
DNe+He - Mg+
[Tocie «BO3ropaHusi» rejidst B SUIPE 3BE3MBI Y HEE HCUE3aeT HapyxkHas
KOHBEKTHBHAst 000JI0YKA M BOZHUKAET KOHBEKLIMSI B camMoMm suape. B ator ne-
puox Ha quarpamMe TepummnpyHra — Paccena 3Be31a BHOB MePeMeNaeTcs B
CTOPOHY [JIABHOMH MOC/IELOBATEILHOCTH, DTO MPONOIKACTCS 0 TeX mop,

NoKa 3anachl reJiif B AApe HE UCTOLLIATCA. Hanee Y 3B€3/ibl BHOBbL NMOABJACT-
Csl MPOTAXKEHHAA HAapyXHaA KOHBCKTUBHAA 30HA. [enwit, kKak ¥ BomaoOpPoO.,
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HAYMHAET «FOPETh» B TOHKOM CJI0€, OKPYKAILLEM TEMEph YXKE YIVIEPOLHOE
(ecmu M < M), win yrieponHo-kuciopoaHoe (ecmm 10-9M g < I < 30-9M),
WM laKe YIIepOIHO-KUCIOPOAHO-MarHieRoe (ecan M > 40-9MMg) supo.
3Be3/1a B 9TOT MEPUO]] BO3BPAIIAETCSI B 0B1ACTL THTAHTOB W CBEPXTHIAHTOR.

3ateM y HaubOEe MACCHBHbIX 3BE3M B PE3YJIBTATE IPABUTALIMOHHOIO CKa-
THS M IOCTHXKEHHS HeoOXommMbIx yeaosuii (7 > 10° K) HaunHaetcs Tepmo-
sLIepHOE «ropeHue» yraepona B siape (' °C+ l2C) c obpazosaHueM Ne, Na, Mg.
[locye aToro aHAMOTHYHO HAYMHAIOTCA PEAKIIMH C YUacTHeM Boee Tsike-
Japix anep: Ne, O, Si. O6Gpasyiorcs siipa XUMHYECKHUX 3JIEMEHTOB BILIOTh
1o Fe, Co, Ni, Mn, Cr. JIn4 aToro HeobxonuMel Bee DOee BHICOKHE TeMITEpa-
Typa u mioTtHocTk B ientpe: 7' > 3-10° K, p = 10°—10° r/cm’. B pesyasrate
3BE3/1a PUOBPETAET BECbMA CIOXHYIO CTPYKTYPY (pHc. 3.15), a y caMbIx Mac-
CHBHBIX 3B€311 00pasyercs kenesHoe sapo. CleayeT OTMETHTb, YTO B PE3YITh-
TaTe OTLUECIUIEHHS C MTOMOLIBIO BEICOKOIHEPIETHYHBIX Y-KBAHTOB O-YaCTHIL
C MOCHIENYIOUIMM MX MOTIOIIEHUEM SIAPAMU XMMUYECKUX DIIEMEHTOB MOTYT
obpazoBaThed 1 Dosiee Taxkeble, ueM Fe u Ni, sapa.

BaxHoii 0cobeHHOCTBIO OMMCAHHBIX 3BOJIIOLIMOHHLIX MPOLIECCOR SRIIETCS
TO, HTO 3BE3/1a4 HA AMATPAMME CIIEKTP — CBETHMOCTE XOTs1 OB O/IMH Pa3 rnepece-
KaeT 30HY, OTMEYEHHYIO KaK hoaoca HecmabuavsHocmu (M. puc. 3.8, 3.13). B uee
NonajgaeT MHOXECTBO THUITOB 3BE3Jl, KOTOPbIE B 3TOM Ciydae Ha3biBaIOTCS
nepemennvimu. OOIIMM UX CBOUCTBOM SIBALIOTCH MYAbCAYUL, T.€. TIEPHOLU-
YecKoe u3MeHeHue paguyca, I(QPEKTUBHON TeMIEPaTyphl H CBETHMMOCTH.
HauGonee HarsiiHoe oObsicHeHne aToMy addekTy GbII0 AaHO IS Yeghe-
40 — DU3MYECKHUX NIEPEMEHHBIX 3BE3I, XapaKTEPHBIM MPEACTABUTENEM KO-
Topeix spnsietcs O Lledes.

Crnoesoe «ropenne» H

Cnoepoe «ropenuey» He

C
Croeroe «ropenne» Si 1N©
SAnpo Fe, Ni i
3
i 7

8  Macca,

Me=1

Puc. 3.15. LleHTpanbHast 4aCTh MACCHBHOI 3BE3IBI B KOHEYHOM CTAMM DBOMIOIUN
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OCHOBHYIO pPOJTb B 3TOM TIPOICCCE MTPACT YACTHYHO ABAXKIAbl HOHU3O-
BaHHBINA Tenii, BBIMOMHAOWMA QYHKIUWIO KAGNAHA B HAPYXHBIX CIOSX
3Be3abl. OQHOKPATHO MOHM3OBAHHBINA refinii 0b/iafaeT NoBLIIeHHON He-
Npo3pavyHOCTBIO IJIA HM3JIYUEHUA, TOrga Kak JABaXIbl WOHUW30BAHHBIN 3HA-
4yuTeabHO Donee mpo3spavyeH. CaydaiHoe CKATHE BHEUIHEIO CJIOs MOHU30-
BAHHOTO TeNus CrOcODCTBYET MOBBLIILIEHHMIO HETIPO3PAYHOCTH, TIOTTIOIIEHTIO
U3JIyYEH U1, pA30TPeBY BHelIHEH 0B0NOYKH W BCeil 3BE3IBI B [IEJIOM, HOHH-
AWK TeHA, TTOBBIIIEHHWIO OABJICHUS, CNEA0BATENBLHO, PaclinpeHHIO Cnosd
W YBEJIMYCHHWIO pasKyca 38e31nbl. B pesynbrarte cHUXKAETCS HENpPO3padyHoCTh
CJIOs1, 3BE3a HAYMHAET TEPSATh SHEPTHUIO 32 CUET U3NYHeHUs (TIOBBIILIACTCS
€€ CBETUMOCTh) M oxnaxaarkes. Croil renns onsTh CTAHOBUTCST HEMTPO3pay-
HBIM, CKUMAeTCsl — M BCE MOBTOPSETCH CHAYaA.

[Tpu onpeneneHnn paccTosTHUI 10 YAANEHHBIX OOLEKTOB BECHMA BAXHA
OOHAPYXKEHHAA B3aUMOCRBA3L MEX/Y CBETMMOCTBIO (CpenHeil abconioTHOM
3BE3[HOM BEJIMYMHONI) W TepuoaoM nyascalini uedens, Kotopas ¢ TOUHO-
crbio 10 +0",3 Ha 1aHHOM 3Tane UccedoBaHMIT TAKOBA:

L
M, =—(1,01+2,87.1g P)=-2,5. B +4".8, (3.29)

rae P — nepuon nynbcauuu nedeuibi, CyT.

Mpumeyanue. 3nauenus koapduumerros B hopmyse (3.29) HECKOMBKO OTIHIAIOTCS B
PpasHBIX HCTOYHUKAX, Harpumep M= —1,25—3,00-1g (). Cu.: hitp://www.astronet.ru/db/msg/1188531,
nara obpatuennst: 16.03.2016.

XoJ janbHelleil IBOMIOUMH 3BE3Nbl 3aBMCHT, MPEXIEe BCEro, OT €€
Maccel. «[opeHue» renust B 4/ipe U B OKOJNOSIIEPHOM CJIOE COTTPOBOXKIASTCS
pasMYHBIMH MPOLIECCAMH, KOTOPbIe 00YCTOBAMBAIOT HECTAOMIBHOCTD CO-
CTOSAHUA 3BE31bl (HATIPUMED, TENIUERBIE BCIBIIIKN). DTO MOKET IIPHBECTH
K IOCTENEHHOMY MCTEUEHHUIO BElIECTBA (0CODEHHO TSKEIbIX DJIEMEHTOB)
MOJ, AeHCTBUEM NaBIeHUs U3TyUeHUsT (B OCHOBHOM B BMJIE 3BE3IHOTO BETPA,
ckopocTb KoToporo [0—30 km/c) Ui K BHe3anHoMy cBpocy BHELHUX 000~
novek. B nmocinennem ciyyae o6pasyercst TaK HA3bIBAEMAs HAAHEMAPHAA Y-
mannocno. OHa BRIMISIIUT KAK KOMblicoDpazHast, BpICTPO paciinpsioiascs
rasosast 000JIOUKA, OKPYXKAIOWIas APKYIO U TOPSAYYIO 3Be3ay B 1ieHTpe, LleH-
TpajibHas 3Be3[4a — HE YTO WHOE, KAK PACKAJICHHOE SIPO OBIBIIETO KPAacHO-
ro ruranta. Muoraa 3sesna B TEUEHHME «KU3HWU» MOXKET TepaTh a0 70—80%
Macchl BeutectBa. [IpUUMHBI CTOJIb CUJILHOMN 1TOTEPU MACCH elIe HeloCTa-
TOUHO U3YUEHHEI,

Ecnu nocne ucuepnanust saepHoro ropiodero (co copocom oBoM0YKH WITH
HEeT) ocraminascs spesfa umeer maccy M < 1,44-IM, (3Hauenue M, =
= 1,449, nasviBaercsa npederom Yandpacexapa W UTpaeT ocobyio poiik B
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acrpodpu3nKe MPU OTIHCAHUH 9BOJIIOLLUA 3Be3/), OHA B KOHEYHOM MTOTE
npeppamacTcs B feno2o Kapauka. 1o ropAavre KOMNAKTHLIC 00OBEKTEI C MaC-
coi, npuMepHo pasHoii Macce CoNHLA, HO PAJIMYC WX B AGCATKH U COTHH pa3
MEHBILIE. npl/l‘-lth yeMm Oonblile Macca Benoro KapJiuka, TeM MEHbLLIE €ro
pasMmep W BBILIE IJIOTHOCTD. PacueTsl mo3BOALIOT MOJMYYUHUTL Mnpeac/ibHbIC
swavernsi R > 1027 km, p < 2,3-10" r/em’.

Mpumeuanune. Cydpamanbsn Yauapacekap (Subrahmanyan Chandrasckhar,
1910—1995) — amepukanckuii acTpodu3uk u GUINK-TEOPETUK UHIHHCKOTO MPOUCXOKICHHS,
naypear Hofenesckoii npemuu 1o dusuke (1983), wien HanuonansHoil akanemus Hayk CLLUA
(1955), Nonnonckoro Kopoiesckora obmiectsa (1944), psiia akanemuit HAyK M Hay4HbIX 00ILECTB
Apyrux cTpai. BHec 3aMeTHBIH BKJIA/L B 3BE3AHYIO acTpodM3MKY, THAPOIHHAMUKY, (PU3HKY CTO-
XACTHHECKNX TpotieccoB. JoKasan CylmecTBoBaHHE Mpejieia MACCH 3BE3/Ibl, PABHOTO 1pubin-
auTenbho 1,44 -9, Ecau Macca 3Be3/abl NPEBbILIAST STOT NPEIE, TO B MPOLECCE IBOMOLHH OHA
CTAHOBHTCS HEHTPOHHOI 3Be3n0it, B ucers Yanapacekapa Haipata opouTaIEHAS 0BCEpBATOPUH
«Yannpa».

BeiuecTro 61010 Kapauka Np1 Takux GU3HUECKHUX YCTOBHSAX MPeAcTaB-
asieT coB0il BRIPOKAEHHBIH 3JIEKTPOHHBIA ras (puc. 3.16). PakTuUeCKH 3TOT
0OBEKT — LEHTPAIbHAS YACTB GBLIBIIETO KPACHOIO rMraHTa nocje Toro, Kak
B HEM TMPEKPALLAIOTCS BCE BO3MOXHBIE SiiepHble peakumu. Beiencrsue mMa-
JIBIX PA3MEPOB, HECMOTPSI Ha BLICOKYIO 3 DeKTHBHYIO TEMIEPATYPY (BIIOTEH
1070 000 K), Besble KapIuKn UMEIOT HU3KYIO CBETUMOCTh (CM. puc. 3.8).

[MockonbKy Gefble KapauKd JTHIIEHBI BHYTPEHHMX MCTOMHHKOB SHEP-
MK, OHU, MEAJEHHO OCTHIBAS, MOCTENEHHO UATYIAIOT 3aMaceHHYI0 TEMIo-
ByIO 3Hepriio. CBETUMOCTD M TEMIIEPATypa UX MeaeHHO cHukaoTest. M3-
BECTHEI, Hanpumep, 6enbie kapauku ¢ 7.y = 5000 K. CornacHo pacueram,
cpetumocth L = 0,001 Ly COOTBETCTBYET BO3PACTY NPHMEPHO 10° ner.

[pumMeyaTeneH BUI CHEKTPOB GenbiX KapiuKoB. CrieKTpanbHbie TMHUH
MX (B OCHOBHOM TefiHs) CHJILHO YIIMPEHBI M3-32 DOABIIOTO JaBICHUS H
MMEIOT 3aMETHOE 2PagLmMAUUOHHOE KPACHOe CMelleHle.

Beablii Kapank

Briposi/IeHHEIH
3NEKTPOHHBIA ra3

Obonouka
HIeansHOro rasa

Puc. 3. 16, Bayrpennee cTpoeHue Denoro Kapanka
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Topasno Gonee gpamaTuydeH (huHaN IBOMIOLMM BOMEE MACCHBHBIX 3BE3:
3BE3/bl ¢ mMaccoit M > 8- My MPOXOIAT CTATUI TEPMOAAEPHOTO BIPBIBA,
HJIH BCIBILIKH C6EPXHOGOI 36€30b: (MM [1POCTO CBEPXHOBOK — SN). B artor
MOMEHT OHM JOCTMIalOT B MBKCMM%/ME abCOMIOTHON 3BE3THON BeJIMUUHEI
or —14” no —21" u cserumoctu 10™ BT, T.e. vHOrmA GoNbLIE CBETUMOCTH
CBOEit rajakTuku. Bembllika AnMTest HECKOILKO COTEH AHE(, MOITOMY MoJi-
Hasl SHEPTUA, H3TYIaeMas CBEPXHOBOI, MoxXeT mpesbiniath 10°—10* 1k, a
C YYETOM 3HEPIUH, YHOCHMO# HeiiTpuHo, — 10% Ix.

[To cBeTOBBIM (BpeMEHHOI X0 KpUBOIT Giiecka) n CNEKTPATbHBIM CBO#-
CTBaM CBEPXHOBBIE MOApa3nendiores Ha aga Tina (SN 1 u SN I1), uro ceume-
TEJBCTBYET O HEKOTOPBIX PaslHYMAX B (DU3MYECKOIN NMpHUpOME sBeHMS.
Benbiku SN I uMeior cpennee 3Haverune M ~ —20" 1 CBA3AHBI CO B3PbI-
BOM DEJIOro Kap/iuKa, KOTOPBIH TOJNYYaeT HACKILIEHHOE BOAOPOIOM BElle-
CTBO B PE3YJIbTATE AKKPELMU B TECHRIX IBOIHEIX cucTemax (SN la), 60 310
KOHEYHBIH MPOLYKT DBOMIOLMK MONOABIX MAaCCHBHBIX 3BE31 THIA BOJib-
a — Paiie (SN Ib). Benbruku SN 1 umetor cpeanee snauenue M =~ —18" u
IPEACTABNAIOT CODOH KOHEL, CMOKOHHOM 3BONIOLMN MACCHBHON 3Be3bI C

Benblliky cBepXHOBBIX 3BE31 HABMIOAANKCE B Haweil TanakTtike B 1006
1054, 1572, 1604 rr,, B Tymannocty Anapomensl — i 1885 B 1987 1o 6I>IJ1P;
XOpOLIO U3YYEHBl XapaKTEPUCTUKK BCIBIXHYBILEH CBEPXHOBOM B BoJbIoM
Marennanosom O6nake.

Y7106bI NOHATE NMPUYMHBI B3PBIBA CBEPXHOBOI, HYKHO 3HATH CTPYKTY-
PY MACCHBHLIX 3BE3[l B KOHLE 3BOMIONMH (CM. puc. 3.15). 3Be3abl ¢ Mac-
coit 4. Mg, <M <8 Mg UMEIOT BHIPOKISHHOE A0p0, KOTOPOE COCTOMT B
OCHOBHOM M3 yIJIepola u KHciopoaa (6ofiee TsKeble 3eMEHTHI elile He 00-
pa3oBanuck). Macca 3Be3IHOTO s1pa PacTeT MABHLIM 06PA30M 3a CUET ClTo-
CBOTO «ropeHus» bosiee JIETKHX, YeM Yruepos, aiemeHToB. Korma oHa npu-
Omikaercs K npeaeny YaHapacekapa, CHIIbI JABMCHUS ykKe He MOTYT
NPOTUBOCTOATE TPABUTALIMU. S IPO CHUMAETCS, U OABSISIIOTCS YCITOBHS 15
MIHOBCHHOTO «BO3IOPAHUS» YIIIEPO/IA, KOTOPOE HOCHT B3PLIBHOM XapakTep.
BHesanHoe ysennueHne TemnepaTypel CHUMAET BHIPOKIEHME sapa, Ha4u-
HaeTcs Kosulane (Kkaracrpoduueckoe cxarTue) Beeil 3pe3/bl. Janee CHibH bl

HArpeB Majalollero K UEHTPY 3Be3[kl BEIIECTBA, €IIe HE MPOLLEIIIETO BCE
CTaMy TEPMOsICPHOTO CHHTE34, NPUBOIUT K MOLIHOMY TEPMOSIECPHOMY
B3PBIBY 3BE3/IbI, KOTOPBIH Habmonaeres kak SN I, YV takux 3ess anemMeH-
bl Fe, Co, Ni, Mn, Cr 06pa3syiorcs yxe B MOMEHT B3pbIBa.

B ornuuue ot npeasiayiero cay4as 3sesnsl ¢ M > 8- M UMEIOT HEBBI-
POXIEHHOE A0PO, NEMEHTBI «KEJIE3HOrO MUKa» YCIEeBAIOT BOIHUKHYTE 10
B3pbiBa (CM. puc. 3.15). BenencTsue conyTcTBYIOLIEro NOBLIIEHHS TeMIIe-
patypsi 10 8- 10° K u Gosee AIpa JKeJIe3a HaYMHAIOT UCIBITHIBATE (-PACTIA,
THAPO/IMHAMUYECKOE PaBHOBECHE HapyluaeTcs. 3BE3NHOE A4po, a 3aTeM U
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060104Ka UCTTBITEIBAIOT KoJutance. TTpu 9TOM NMPOMCXOLUT HOBBIH pazorpen
BElECTBA U TePMOSICPHBI B3PBIE HA OCHOBE MIHOBEHHBIX SIACPHBIX Tpe-
BPALIEHUIT DIEMEHTOB, COXPAHMBILMXCH B 00OJOUKE U CIIOCOOHBIX Ha TEP-
MOsLIepHEN ciHTes. Takoi B3peIB Habmonaercs Kak SN 1.

BaxHoii 0cOOEHHOCTRIO BCIEIILEK CBEPXHOBBIX ABISETCA MOLIHBIA MO~
TOK HEMTPHHO, BO3HUKAIOLIMX B pe3ysibTare c1aboro B3auMoIeHCTBUS Mpo-
TOHOB M 371eKTpoHOB (pt+e — n+v). OD0NIOYKM TAKIX 3BE3/1, PACCEsIHHbIE
B3PLIBOM, 00PA3YIOT PA3THYHOTO BMJA PACIIMPSIOLINECH Ta30BbIe MYMaH-
HOCHU, KOTOPBIE 3aTeM HAOMIONAIOTCS B PA3HBIX AHANA30HAX /UTMH BOJH (sp-
kutt mpumep — KpaBGoBHOHASI TYMAHHOCTh, SBISIOMIAACSA OCTATKOM CBEPX-
noeoit SN 1054 u pacnionoxeHHast B co3pesanu Tespua). IIOCKONBKY Maccel
LEHTPA/IbHBIX OCTATKOB CBEPXHOBBIX 3BE3[ IMOCNIE B3PBIBA, KAk MPaBHIo,
npeBocxonaT rnpeied Yanapacekapa, a 3anackl SIepHOIO roployero Hevep-
MAHbL, OCTATKH 3BE3J1 KOTANICHPYIOT 33 BPEMSI TIOpsAAKa 1 ¢ B HelimpoHHYI0
36e3dy WIIA B HePHYIo ObIpy.

B mpouecce KOJUIANCa 3Be3MbI ¢ NOCIEIYIONIMM 00pa3oBaHieM TaKoro
0BBEKTA, KAK HEHTPOHHAS 3Be311a, TPABUTALIMOHHOE CXKATHE JUIMTCS 10 TEX
0P, 110KA BELIECTBO 3Be3/(bl HE TOCTHIAET MIOTHOCTH, BIH3KOMN K IIIOTHO-
¢ty aToMHoro aapa (p = 2,8 10" r/cm®). TIpu 3TOM MEKTPOHBI «BIABIN-
BAIOTCS» B IIPOTOHKI € 06pa30BaHHEM HEHTPOHOB (p+e  — n+V), KOTOpbIC
[IPY TAKWX TPABUTALIMOHHBIX CHITAX SBAAIOTCS YKe CTAOMILHBIMY YacTHIIA-
MU (He momeepxeHnl B-pacrniany). [TpoucxonuT Tak HasbiBaeMast «HEHTPO-
HU3aLMs» BEIIECCTRA.

CoBpeMeHHEBIE pacyeThl MOKA3LIBAIOT, YTO JUIsl HEWTPOHHBIX 3BE3[L TAKXKE CY-
HIECTRYET Npeaenbiast Macca: M, < 2,5:M . Tpr 3TOM MAOTHOCTB IOCTHTA-
ET Py 2 10" r/em’, a pamuye R = 10 kM. OQHAKO CYILECTBYIOT M «MajleHb-
KHE» HeTPOHHBIE 38e31bl, 11T KOTOpeX M iy = 0,1- M, 0pin = 2:10" r/em’,
R =~ 200 kM. Ha puc. 3.17 nokaszaHa MOJE/b CTPOEHUA HEHTPOHHOM 3Be3-
awicp = 5-10% r/eM®u R = 16 kM.

CKOpoCTh BpalleHus HeITPOHHLIX 3BE3/1 B MPOLIecce KOJUIanca Bo3pac-
TAET B CHJIy COXpAHEHMSI MOMEHTA KOJIHYECTBA ABMKEHMS 10 HECKOIBKHX
cOTeH 0BOPOTOB B CEKYHY. HanpspkeHHOCTh MATHUTHOTO MOJISH TAKWX 3BE3/1
TAKKEe BO3PACTAET [0 KOJOCCATBLHBIX 3HAYeHUi. MarHUTHOE noJie npuod-
peTaeT JOBOJBHO CIOXHYIO CTPYKTYPY M MHIYLUMPYET CHJIbHBIE 3/IEKTPH-
Yeckue MMOJIS. DTO MPUBOAMT K TOMY, YTO 3aPsKCHHBIE UaCTULILI BOKPYT
HeHTPOHHOI 3BE3/bl U3MYYAlOT B HAarpaBIeHHH y3koro konyca. [lonobHoe
Y3KOHAMPABIEHHOE N3TYUEHHE B COYETAHUM C OBICTPBIM BPALLEHUEM MOXKET
Habmonarhed Ha 3eMIe KAk Moc/iefoBaTeNbHOCTL MMNYIBLCOB. TTomobHbie
SIBJIEH WS BIIEPBEIE OTMEYATHCE B 1967 1, a OOBEKTHI, KOTOPLIE AaBAIN TAKHE
HMTTYJThCHI, OBLIM HAa3BaHBI TTyJIbcapaMu (0T aHTJ. pulse u star). Temepk sicho:
5TO HE YTO UHOE, KAK HeliTPOHHBIE 3Be3/bl. BpalueHue HeliTPOHHOM 3BE3/1bI

B MOLLIHOM 3/1€KTPOMATHUTHOM IMOJIE NPHBOAMT K MOCTENEHHOMY €€ TOPMO-
HEHUIO M YBEJIMYSHWO Mepuoaa nyJibCcaimii.
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Heilirpounas agesna

L
410" i 1! IornocTs, ricm’

Pannyc, km

158 R

Puc. 3.17. BHyTpentee cTpoeHue HeilTpoHHOI 3Be31bl:

I — XKMIKOE SUIPO U3 HEHTPOHOB € NPHMECHIO MPOTOHOB H MEKTPOHOR; 2 — BHYTPEHHs KOPA U3
auep Fe n cocennux anemeHTon, nepeooTallieHHbLIX HEiTPOHAMM, C NMPUMECDIO CBOBOIHBIX HefTpo-
3 ! 6 - 5
HOB; 3 — BHewHaAs Kopa u3 sutep * Fe ¢ npumecsio Co, Cr, Ni n BRIDOXKIEHHbBIX 2JIEKTPOHOB

Mtak, macchl DONBUIMHCTBA HEMTPOHHBIX 3BE3/1 3aKTIONAIOTCH B npeje-
nax 1,44-9Mg —2,5- M. Ecou Macea 3pe3nnl, ocTaBleiics rocie B3pbIBA MITH
Bosiee «MUPHOTO» UCTEUEHMSA BELIECTBA, MPEBHILIACT M ax> TO dAXKE IABITE-
HWE BbIPOXKAEHHBIX HEHTPOHOB, T.€. AAEPHAA TUIOTHOCTD, HE MOKET OCTAHO-
BHTB IPABMTALMOH HbI# KOUTANC 38e3/1bL. B HTOre OHA MPeBpaliaeTcst B 0CobbIi
00BEKT — uepHylo abipy. Ee panuyc MeHbiie Tak Ha3biBAeMOTo rpaBUTAIHOH-
HOT'O pammyca fJisi JAHHOTO 0BLEKTA.

I}Jasirmauuoﬁumﬂ paduyc Hlsapuwiunvoa Fyray (€<TOPU3OHTA COOBITHII»),
KOTOPBIN [IaCT OLEHKY pajinyca YepHOM ABIPBI, OfpenensieTcs no hopmMysie

T IR R (330)

- ~11 2 2
rae G=6,6726-10""" H.m"/xr’ — rpasutaiionnas noctosiHHas;, 9 — mac-
ca 06BeKTa; ¢ — cKopocTb cBeta. Panuyc LLIRapiiunibia MoXHO paccuMTaTh
TAKXKE [UIs1 J11060T0 00heKTa.

[Ipumevanne. Weapmmmnsa, Kapa (Karl Schwarzschild, 1983-1916) — nemenkuii
acTpoHOM U (huznk. Buec 3aMeTHBbIi BRI B pazBuTHE thotorpadgmueckoit poromerpun, TEOpPHH
3BE3AHBIX aT™MOChep, 0BIEH TEOPHH OTHOCHTENLHOCTH M KBAHTOBONH MEXAHMKIL Moayamn
TOUNOE pelCHIE YpaBHeHIT A. DiHIITERHA, NPEACKA3BIBAIOIICE CYLIECTRORAHMIE YEPHBIX JIBIP
(pemenne Wpapuimnsaa). Fro uMeneM HA3BAHDI acTepoui, KpaTep Ha obpaTHO cTopoHe
JlyHsl, ynunpl 8 ropogax lepmannn, Exeronno [epmanckoe acrpoHoMmUYecKoe 0B1ICCTBO npu-
cyxuaer menans Kapna [lpapumuisia,
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XapakrepHo# 0coDeHHOCTEIO 00BEKTA BHYTPH Cheph ¢ panuycoM Py AAB=
JISIETCST TO, YTO NapaboanyecKas CKOPOCTh A Hero 0obLIe CKOPOCTH CBe-
T4, T.€. TAKOH 00beKT HUYEro He u3nydaer. CoOCTBEHHOE U3JIYUYEHHUE YEPHOM
JILIPbI YBUOETh HEBO3MOXKHO, HO €€ MOXHO 00HAPYKWTh (Kak U HEUTPOHHYIO
3Be3/y) bilaroaapsi XapakTepHOMY M3JIyYeHMIO BELLECTBA BOKPYT Hee.

[Tockonbky BONIM3W HEUTPOHHOM 3BE34BI U YEPHOMN ABIPHI KJIACCUYECKUE
3aKOHBI (PU3UKM MEPecTaloT ObITh CNpPaBeUTUBLIMU, OMUCBIBAIOTCS TaKHe
00BEKTHl TONLKO HA OCHOBE 00LIEH TEOPUHM OTHOCHMTEIBHOCTH M HA3bI BAIOT-
CSL PEAsMUBUCICKUMU.

JloBOJIbHO YACTO Ha HebecHON cdepe HABIIOAAIOTCS ABE UJIM HECKOJIBKO
OMM3KO PACMONOXEHHBIX 3Be31. HeKOTOpbIE M3 HMX Ha CAMOM [eJie Haxo-
JATCS JAJICKO APYT OT IPYTa M TOJILKO NPOSLMPYIOTCS B 04EHbL BIIM3KME TOY-
KH Ha Hebe. Takue 3BE3[bl HA3BLIBAKOTCH Oonmu4ecKu d&‘oﬁ]lbeH. B omnnume
OT HUX ¢husu4ecku dgolinas 3ee3da — 3TO JBE 3BE3Mbl, KOTOPbIC HAXOUATCA
MEXIY CODOM B TECHOM IPaBUTALLMOHHOM B3aMMOIEHCTBUH, 00pa3yloT eau-
HYIO TMHAMMUYECKYIO CUCTeMY 1 0DpallialoTcst BOKPYT ODIIEro LeHTpa Macc.
WMHorna HaGnonaloTesl Takxke Ipynnel U3 Tpex v Oosee 3pe3n (mpotiHvie n
Kpamuote cucmemor). ECIM KOMMOHEHTH! (DU3MYECKH BOHHON 3BE34bI MO-
I'yT HabM0gaTLCH Pas3faebHO (pa3spelaloTes), TO Takas 3Be34a Ha3biBaKTCs
su3yanbHo-08olinol. Ecny IBONCTBEHHOCTb 3BE3/bl YCTAHABIMBAETCS TOJb-
KO [0 [EPUOAMYECKHM U3MEHEHMSIM BUAMMOMN 3BE31HON BEJIMUMHLI, TAKAN
3BE3/1a HA3BIBACTCS 3AMMEHHOU NEPEMERHOU. Y CRECMPanbHO-060HHO 3BE3NbI
OpOUTANBHBIC ABMAKCHHMA KOMIOHEHTOB ODHAPYXMBAIOTCH 110 NEPUOIU-
YeCKMM CMEIIEHUSIM CNeKTPalbHBIX TMHMIA. [IBOWHBIE 3Be3/bl OYEHb pac-
npocrpaHeHsl B [aakTHKE: OKOJIO NMOMOBHHBI Beex 3Be3a MaeuHoro [lyru
06pa3yloT ABOHHEIE WIH KPaTHbIE CUCTEMBI. HM3yueHHe NBOMHBIX 3BE31 MO-
3BOJISIET ONPEASIUTE BaKHEHIIYIO 3BE3AHYIO XapaKTCPHUCTHKY — MACCY.

,B,BH)KBHI/[E KOMITIOHEHTOB ,[I.BOI‘(JIHOIL:l 3BE34bI NTPOUCXOIUT B COOTBETCTBH U

¢ 3akonamu Kennepa: 06a KOMIOHEHTA ONMCHIBAIOT B IPOCTPAHCTBE 110-
[00HbIE (C OOMHAKOBBIM 3KCUEHTPUCHTETOM ) /UTUITHUYECKKE OpOUTHI BO-
KpyT 0011ero uegHTpa Macce. Takum ke akcueHTpucuTeTOM 001anaeT opouTa
OIHOTO KOMIOHEHTA (368€30bi-cHYMHUKA) OTHOCUTENILHO APYTOTr0 (24a8Hoi
3@e30bl), €CITUM €r0 CUMTATH HENMOABMXKHBIM. TpeTHii 3akoH Kenepa npume-
HUTENLHO K J80IHbBIM 36e30aM TAKOB:

m+m, o
S TP (3.31)

re M, M, — Macchl KOMIOHEHTOB ABOHOI 38e3nbl; Mg = 1,99 10% kr —
macca ConHua; g — GoJbluasl OAYOCh 3JUTUNTHYECKOH OPOMTHI CIYTHUKA
OTHOCHMTENIBHO [NIaBHOM 3Be3/bl, a.e.; P — NepUOJL 3TOTO ABMKEHHS, TOMBL.
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bonelasg nonyock a papHa cyMMe GONBIIMX NONYoCeil OpEHT ABHKEHM i
0Denx 3Bes/ OTHOCUTENILHO LIEHTPA HX Mace: a =a; +a,. U3 3akoHoB mMexa-
HUKHM cneayet, uto O, /9N, =a, [a, .

Jlerko MOXHO OMpPEenennTh B3aMMOCBA3L MEXIY GOMBLION MONYOChID a
AVUIMIITHYECKOH OPOUTHL B ACTPOHOMUYECKHX eIMHUIIAX, HTOH XKe BeJTUIH-
HO, HO BBIDAXCHHOM B CEKYHAAX AYTH, o, M Mapainakcom i’ (B yIjI0oBbIX
CeKyHaax):

rr

a(a.e.)=%;. (3.32)

Ocobbiit MHTEpeC MPEeACTABASIIOT meckbie AGoiHbIe CUCMEMbl — TIAPHI
3B€3[1, PACCTOSTHUE MCIKILY KOTOPBIMH CPABHMMO C MX pasMepamu. [Tpu atom
CYLUECTBEHHYIO POJIb HAYUHAIOT UTPATh PUJIMBHEIE B3AUMOJENCTBUS MEXK-
oy kKomronentamu, IMon aeficTBHEM MPUAMBHEIX CUJ TOBEPXHOCTH 0GEUX
3BE3/L NMEPECTaloT OLITE chepruyecKuMu. 3Be3nbl MPUOBPETAIOT JIUTMIICOM-
nabHy0 Gopmy, Y HUX BOZHUKAIOT HAMPABACHHBIE APYT K OPYry NpujinB-
Hble TopOBl. CyLIECTBEHHYIO POJIb B 3BOMOLMMU TAKUX CUCTEM UTPAET B3aUM-
HBIIT OOMCH BELIECTBOM, MEPeTeKaHHe BEILECTBA C OAHOIO KOMIOHEHTA Ha
Npyroi — arxxpeyus. MHOraa BEECTBO OAHONO UM 0GOMX KOMIIOHEHTOB
chopmupyet 060104KY (KOKOH), KOTOPas OXBATHIBACT 0OE 3BE3/1bI.

Ecii cnyTHUKOM B TeCHOI JIBOIHOI cHcTeMe aBsieTcst Benblit Kap/iuk u
Ha HEro MornajacT JOCTAaTOMHOE KOJIMYECTBO 6OraTtoro BOLOPOIOM BELIECTBA
13 0DOIOUKM [IABHOI 3BE3IB], IPOUCXOIUT TEPMOSIEPHEBII B3PLIB 9TOTO Be-
uiectsa. Kpome onucanHoro seiuie sipaeHust bk SN la B nono6Hoil
CUTYALUHMN MOXHO HAOIIONATE TAKKE BCIBILIKY HOB0U 36€306i. DTOT TEPMMH
HE O3HAYAET POXKIACHME 3BE3/BI, a JTUIb OTPAXKACT ONpPeNeIeHHYIO CTAAMIO ee
nepeMeHHOCTH. HOBEBIE 3Be3/Ibl — DPYNTHBHBIE (C BHIOPOCOM BELLECTRA) TTe-
peMeHHBIC 3Be3/1bl 0coboro THrna. Bo Bpems B3peiBa BUIMMAs 3BE3IHAS] BEJTU-
4MHa yMeHblIaeTcs yaile seero Ha 10—13", uTo cooTBeTCTBYET YBETHUEHHIO
CBETUMOCTH MHOTIA B MIJLTHOHEI pa3. B cpeaHem abconioTHas 38e31Has Be-
nndnHa M B Makcumyme nocturaer —8",5. O6iuee KONTMUECTBO IHEPIUH, BbI-
JENSIOWEeicst mpy BCMbILIKE HOBOI, ipessimaet 107—10% Ix. TTo cnexTpam
B MAKCUMYME BCTIBIIIKH HOBBIE 3BE3/IbI MOXOXKHW HA CBEPXTUTAHTHI CTIEKTPAJIL-
HbIX KiaccoB A—F [Mocjie BCNbILIKY OHU BRITISIST KAK FOPSUMe KAPIUKH.

B ToM cilyyae, ecliH CMYTHUKOM B TECHOM ABOIHOIN cHCTeMe OKa3bi-
BAETCSl HEMTPOHHAS 3BE31a, NPU aKKPELUH BELIECTBA MOXHO Hab/1100aTh
ABNEHUE, OUEHB MOX0XKEE Ha BCIBIILKY HOBOU 3BE3/1bI, TOJALKO 683 OTaee-
HUA 000JIOUKH (B 1ONE TATOTCHUS HETPOHHOM 3BE3/bl HTO NPAKTHUECKM
HEBO3MOXKHO). JTO sABIECHUE HA3BIBAECTCSH BCMBILIKOI fapemepa. Bo Bpems
TAKOW BCHBILIKK BapcTep M3/y4aeT NPeMMyLIECTBEHHO B PEHTIEHOBCKOM
IManasoHe.
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3.1.5. l'nakTHueckas acrpodusnka

Bee Bunumbie Ha nebe 3sesnnl 1 Mueuusiit [TyTs 06pa3yior eanHylo,
JMHAMUYECKM CBI3aHHYIO cucTeMy — Hamy TalakTHKY, KOTopast BKJI04a-
€T B ceDst TAKXKE MHOXECTBO APYIUX, HEBHAMMBIX IPOCTOMY 143y 3BE31,
UX CUCTEM, MEX3BE3IHYIO MaTepHIo H T.0. CunTaercs, uTo B coctan [anak-
THKM BxoouT Oonee 200 mapnm 3pesn. Crpykrypa lanakTHku npeacrasacHa
Ha puc. 3.18.

lutakTuka gaBasieTcs CrIIOCHYTOM CUCTEMOM, CMMMETPUYHONW OTHOCH=
TEJABHO TAABHOI TIOCKOCTH, Ha3blBaeMoil miockocmeio Tasaxmuwu. Bonb-
LIOH KpyT, IO KOTOPOMY OHAa NnepecekaeTes ¢ HebecHoit cepoit, HaszbIBaeTCs
earaxmuneckum 3xeamopom. ConHue pacnonoxeHo Ha 20—25 nk cesepuee
MJIOCKOCTH FalakTHYECKOTO DKBATOPA, NMOITOMY CPEIHss TuHUsS MieyHo-
ro IMyru He cosnanaer ¢ HuMm. Ipu HabmoaeHnu 3 CoOMHEYHON CUCTEMBI
ueHTp lanakruku npoeuupyercst B cozpeznue CTpenbiia, a TouHee, B 00-
JIacTh ¢ KoopauHaramMu o = 265" u & = —29°. Ilo HampaBlIeHUIO K LEHTPY
[amakTMKHM, a TAKXKe 110 Mepe INPHOIMKEHHS K €€ TUTOCKOCTH 3Be3IHAas /10T~
HOCTB BO3PACTAET: B LieHTpe oHa gocturaet 10°—10° 3pean s 1 nK’, Torna Kax
B okpectHocTH ConHua — okoso 0,12 3se3n B 1 nk’ (1 38e3na B 8 nk’, Te.
CPEeNHEe PACCTOSHHUE MEXIY 3Be31aMU paBHsieTcs 2 1K).

Takum obpazoM, pacnipesieieHue 38e3/ B [ANaKTHKE MMEET IBe APKO Bhl-
PAXKEHHBIE TEHAECHIMU: BO-NEPBLIX, OHM QYEHb CHJIBHO KOHLUEHTPHUPYIOTCH
K TANaKTHYECKOM IUIOCKOCTH, BO-BTOPBIX, OHH KOHUEHTPUPYIOTCS K LIEHTPY
Tanaktuxku. LenTpansHoe crymenue 3se3n MakTHKN HasbiBaeTcsl Gaidxnc.

CodeponpansHas
Kopomna NoJICHCTEMA

LlapoBkie

IIpomexyTodHBIE
TIOJICHCTEMBI

| 3Be3HbIH JIMCK

Conmige Tano

ToJACHCTEMA

Puc. 3.18. Cxema crpoenust [anakTmku
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Ero nuaMmerp, cKopee Bcero, He npesbilnaeT 1—2 knk. B uenTpe 6aiika Bbi-
JES0T KOMMakTHoe adpo. B camoMm tieHTpe [AakTHKK, Kak NoJaraioT, Ha-
XOIWUTCH YepHast 1blpa MACCOH 1opsiaka 10° ‘M.

[lpumeuanuc. B 2010 r B pesyastare HAGNIONEHNH B TAMMA-IHANAIOHE C [TOMOLLBIO
KOCMHMUECKOTO Teneckona uM. Pepmu (Fermi Gamma-ray Space Telescope) nan n non siapom
[1aKTUKKM OTKPBITEl Ay3sipu Pepmu (110 HA3ZBAHUIO TEJIECKOTIA) — THTAHTCKHE (pa3me-
pom 10 50 ThIC. €B. J1eT) 0OJIACTH MPOCTPAHCTBA, HCTTYCKAIOIIME DIEKTPOMATHTUTHOE H3/1YYeHHE
B PEHTTEHOBCKOM (OnKe K siapy [Anakrnkm) u raMma-auanasonax (Ha nepudepuu). Tounas
MPUPOJIA STUX CTPYKTYP NOKA HE M3BECTHA, OIHAKO NPEAIONATACTCH, YTO 01K BOSHUKIM Daaro-
Jlapst AKTHBHOCTH CBEPXMACCHBHOH YEPHOM IBIPHI, HAXOJsIeHCs B IEHTPE Hawel [AnakTHky.
Hanyuenune ny3pipeii Pepmu 0bpasyeTest B pe3y/ibTaTe yMEHbLICHA LITHHBL BOAHBL H3Ty4eHns
npH paccesiHUM (DOTOHOB Ha ABMAKYLINXCH HWIEKTPOHAX (0OPATHOE KOMIITOHOBCKOE PACCEAHMCE),
BEIOPACKIBAEMBIX YePHOI LIPOIt. Bos3pacTt ny3bipei OleHHBAETCS B MHIJTMOHBI JIET.

ConHue yganeHo or ueHTpa [ANakTHKM HAa PacCTOSTHHE OKOJIO 8 KIIK.
O@bek’l‘bl, CaMblC YAANCHHLIC B HAMNPAaBJICHWH, NMPOTUBOMOJOXKHOM OT [IEH-
Tpa, HaxonasTest oT ConHLa HA PACCTOSHUM TIPUMEPHO 7 KiK. Takum obpa-
30M, AMAMETP BHAMMOTO AMCKA [anakTiku coctapisier okoao 30 Kk, HO 214
BEJIMYMHA YCJIOBHAS, MOCKONBLKY 3Be3AHAs MIOTHOCTh MO Mepe YAaNeHHs OT
[IEHTPA YMEHBLUACTCH MMOCTCIEHHO, PE3KOH rpaHuLLbl He cyliecTByeT. Hampu-
Mep, HEKOTOPBIE OOBLEKTH CPEPUUECKOTO TaJI0 MOIYT BCTPEYaThCsl Ha pac-
ctosiHuaAx 4o 100 knk. OaHako 0CHOBHAas Macca 3Be3/l PACToNoX)eHa BOIM3K
[NIOCKOCTH Fw[amuxn, W 3BC3AHAas NJIOTHOCTL YMEHBIIAETCS MO MeEpe vaane-
HHsE OT HEE TTOMTH M0 IKCIOHEHUMAILHOMY 3aK0oHY. DdxpeKTHBHAs TOMIIMHA
3BE3NHOIO AMCKa (re IOTHOCTE CHUMXAeTes B e pa3) ~500—600 nk.

bBoJibinast 4acTh camMbiX MOMOABIX 0OBEKTOB [ANAKTHKY (3BE3/IbI PAHHUX
crekTpasbHbIx Kiaccos O u B, uedennnl, paccestHHbIE 3BE3THBIE CKOMIEHMA,
3BE3AHBIC ACCOLMALWHK, CBEpXHOBBIe SN 11, ra30BkIe U MBUIEBBIE TYMAHHOCTH,
MOJNEKYIsipHEBIE 0D1aKa ¥ T.11.) 00pazyior eie 60a¢e TOHKMN TUCK TONLIMHOM
100200 nk. 31o naockas nodcucmema lanaktuku (puc. 3.18). Cnepyer noj-
YEPKHYTh, YTO HEKOTOPbIE OOBbEKThI (HANPUMED, CaMbie MOJIOQIBIE TOPAYNE
3pesnbl kiaccos O u B) serpevalores He Besle B INIOCKOW MONCHUCTEME, a
TOJIBKO B €€ TaK Ha3bIBAEMBIX CAUPAALHBIX GeMEAX (PYKagax), KOTOphIE, cob-
CTBEHHO roBopsi, UMM 1 00pasoBanbl. Bonee crapbie 3Be30bI M [UIAHETAPHbIC
TYMAHHOCTH BMECTE € IJIOCKON NOoACHCTEMOIT 00pa3yioT 6o/ee TONCTbI JHUCK
TOJIUMHON HECKOJILKO COTEH HAPCEKOB — 36e30ubiil ouck [AnakTUK.

Camble ctapeie 00bekThl B [anakruke — 3pe3abl thna RR JIupol
u W Jlesbl, CyOKApJMKM M IIAPOBLIE 3BE3HBIC CKOTUIEHMS — ropas3no cia-
Dee KOHIEHTPUPYIOTCS K FaldKTHYECKOM II0CKOCTH, HO 3aT0 0OOHApYXKBa-
0T SIPKO BBIPAXKEHHYIO TCHACHIMIO CHIbHO KOHLEHTPUPOBATBLCS K LIEHTPY
lanakruku. [Mosromy Takue 06BEKTHI MPUHATO 00BEAUHATL B APYIVIO ra-
JIAKTHYECKYIO TPYIIy — cehepoudasonyio nodcucmemy TanakTvKu, KOTopas
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BMECTE C TATAKTUYECKUMH TTOMSIMH, KOCMUYECKHMH JTYYaMH W eataKmute-
CKoil 2a30601i KopoHoi o0Opa3syeT eaqo (puc. 3.18).

OBGbEKTHI, TPUHALICKALLME K PA3HBIM HoacucTeMaM TanakTuku, pasii-
YAIOTCH XMMHUECKHUM COCTABOM M KMHEMATHYECKUMH XapaKTepUCTUKAMM.
[TonobHOe paziMyne OTPAKAET X0/ 3BosIonKMN [anakTuku.

Baarosaps AJUTENbHOMY M3YHEHHIO COOCTBEHHLIX IBMXKEHUI 1 JTyHCBLIX
CKOpOCTei 38311 ObUIO YCTAHOB/IEHO, 4TO TAaKTHKA BPALLASTCs KaK elrMHad
JAMHAMITYecKas cucrema. OQHAKO 3TO BpalueHue spsercs auddepeHim-
ABHBIM, T.€. CKOPOCTh 0BpalleH s 3Be3/l BOKPYT LeHTpa [ANakTHKK H3mMe-
HSIETCH B 3ABUCHMOCTH OT PACCTOSIHHUS MEXKIY HUMU M LIEHTPOM.

OrmeualoTesl ciefylonme ocobeHHOCTH Bpalletust [anaKTukn.

Q BpameHne MpoMCcXoOaNT MO YACOBOW CTPEJIKE, eC/ii CMOTPEThH Ha la-
JIAKTHKY CO CTOPOHEBI €€ CEBEPHOr0 NMoJIOCa, KOTOPBIH HAaXOAUTCS B CO3BE3-
nmn Bormocst BepoHuKH.

O VYriosasg ckOpOCTh BPaLLEGHUs CHIKAETCA M0 MEPE YAANEHUS OT LEeH-
Tpa, HO M¢JICHHEe, YeM ecii Dbl obpalleHe 3Be3/1 BOKPYT UEHTPa lanak-
THKH [TPOUCXOAITO Mo 33koHaM Keriepa.

Q UenTpanbHas 4acTh JIMCKA B 06nacTi Gaimka BpallaeTcs NouTH Kak
TBEpoe Teno. JInHeiinas CKOpOCTh BPallieHus! 110 MEPE yIaIeHust OT LEHTPa
BHAYAIE BO3PACTACT MPOTTOPLUHUOHAIBHO PACCTOSHUIO BIIOTH 1O MAKCHMAIIb-
HOTO 3HaucHus ~250 kM/c. 3atem OHa ymeHsbinaercs ao 200-230 km/c B
okpectHocTH CONHIIA, TIOCTE YETO OCTAETCS MPUMEPHO ITOCTOSTHHOI MK Ha-
YMHAET HEMHOTO CHUKATBLCH. :

0 CosHie U 3836l B ero OKPECTHOCTH COBEPUIAIOT MOJHBIH 060pPOT
BOKPYT lieHTpa [anakrtuky MpUMepHo 3a 225—250 MIIH JieT. DTOT NepHon
HA3BIBACTCH 2AAAKMUMECKUM 2000M.

3Has cKopocTh BpaleHus TaTakTHKK, MOXHO OLEHHTh €€ Macey. B pe-
3y/IBTATE PACYCTOB MOJly4aetcs 3HadeHne Me, ~ 2- 10" -9 . Onnako Ta-
NAKTHKA 0B1afaeT 3HAYUTETbHON CKpuimoil Maccoll, 3aKITI0UEHHOH B a0,
KOTOpasl YBEJIWUMBAET MPUBCIEHHYIO OLEHKY B HECKOJILKO pas. Mpumep-
HO 98% macesl TATAaKTHKHM, 32KJIIOUEHHON B BULUMBIX OOBEKTAX, IPUXOINT-
Csl HA 3Be3/IBl U OKOJIO 2% — Ha ra3, Mblib U APYTHE COCTABIIAIONINE.

[Tpumeyanue KoHuenims TeMHOM, WIN CKPBITO, MATCPHH (maccer) (Cold Dark Matter)
[anakTHKH B 4aCTHOCTH U BeeneHHOM B HEJIOM OCHOBAHA HA HEOGXGJ’IP[MOCTH o0BACHEH U] pana
Habnonraemeix actpodisnyeckux sddekToB: pacnpeneieHna CKOPOCTei 383l B [anakTuke,
I'PABHTAIHOHTIOTO JNH3HUPOBAHUS H3NYICHHS YIAJIEHHBIX 0OBEKTOB TEMHBIMH Tano (cd)cpwle-
CKHMH COCTaBﬂﬂlO]]]HMM) rajakTHK, BHPHAJIBHOIO nmapanokca, (l)()pMI{DOB‘dHV[ﬂ KpyHHOMAC-
TabHoii crpykrypsl Beenennoii u ap. B oranyne oT 06bYHOr0 GapHOHHOTO «CHETALIETOCH»
BelecTsa 1omg TEMHOW MOHUMAETCH MaTepHs, KOTopas He NPHHHAMACT yHacTHsH B DHCKTDOCRaﬁﬂM

BIAMMOJIEHCTRHU (B 9ACTHOCTH, HE HCTYCKACT M HE NOIMIOIIAST JIEKTPOMATHUTHOE HTYUCHHE).
[ie npucyTeTBIE OGHAPYKUBABTCS TOIBKO MO IPABUTALIMOHHBIM apexram. g

B nactosiiee BpeMsi NPEANoNaraeTes, YTo Ha A0010 0BbMHO#H OApHOHHON| MaTepHy Npu-
xonutest ve Gosee 5% marepun Beenewnoit. TTpuMepHo nonosuHy 6apHOHHOA MaTeépHu co-
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CTAB/ISIIOT CBETAIUMECH OOBEKTHI (BUAMMASI MATCPHS) — 3BE3ILI, TUIAHETHI, MEX3BE3AHBIC TA30-
npuieBbie odaka. Temuas GAPMOHHAA MATEPUSI — DTO MAKPOCKONMUECKHE OOBLEKTH TAI0 -
nakTHK (Massive Astrophysical Compact Halo Objects, MACHO): mManomaccusiibie 3BE3/IBI
(KOpUUHERbIE KAPTHKH), OYEHh MACCHBHEIE IOTTHTEPONOIOGHBIE TIAHETH, OCTHIBIINE Belble
KAPMKH, HEATPOHHBIC 3BE3IBI U YEPHBIE JIBIPHI.

Okon1o 23% marepun BeeneHHoli cocTapiseT TemMuas MATEPHS, HOCUTENIM KOTOPOI HMEIoT
HeGapHOHHYIO NPHPO/LY. B 3aBHCHMOCTH OT CKOPOCTEii YaCTHIL PASIHYAIOT TOPAIYIO U XONOIHYIO
TEMHYIO MAaTCPHIO. [Opsiuas TeMHas MATEPHs COCTONT M3 YACTHLL, ABHKYIIMXCA C OKOJIOCBETO-
BbIMH CKOPOCTSIMH (I10-BHAMMOMY, HEHTPIHO). XOJIO/IHAS TEMIAs MATEPHS JIOMKHA COCTOSITh
3 MACCHBHBIX ME/VIEHHO JIBHKYIIMXCA YACTHIL HIH CTYCTKOB BELIECTBA. DKCHEPUMEHTATBHO
TAKHE YACTHULLL 110KA He 00HApYXeHbl. B KauecTBe KAHAMIATOR HA POJTb XOJOAHON TEMHOI
MATEPUH BBICTYMAIOT C1ab0 B3aMMOAEHCTBYIONIHE MACCHBHLIE YACTHILBI (Weakly Interactive
Massive Particles, WIMP): akcuonst, dortuo, IPABUTHHO U JIP.

"T0 Kacaetcs ABHKeHUst CONHLIA OTHOCHTENLHO OKPYXKAIOLLMX 3BE311, TO
IyTeM HabIoneHu i Bp10 yeTaHoBeHo, uTo CoHeuHAast CHCTEMA ABHKETCS
B HaNpaBJICHHU CBOETO arieKkea, KOTOPHI HaxoANTes B cospesnnu [epkyieca
¥ MMCCT KoopauHathl a = 270" u 8 = +30°, co ckopocThio ~20 KM/C OTHO-
CUTEJILHO OKPYXKAIOMIEIO MEX3BE3IHOIO rasa.

YToGk! yullle OPHEHTUPOBATLEH CPELH OOBEKTOB [anakTuku, npuusita
rajlakTuyeckas cucrtemMa KoopauHar (puc. 3.19).

Hanpasiienue Ha nentp
lanaxruxn

Pue, 3.19. Tanakrideckas cueTeMa KOOP/IHHAT;
I'T" — ranakru4eckas och; G8G' — ranakTMuec ki OKBATOP; | — TranakTHyeckas JAOJTOTA CRETH-
na M, b — ranaktuueckas WMpoTa ceetuna M
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Cpesi IPYrux ralakTHK CPaBHUTENBHO O/M3K0 OT Hauleil Tanakrukn Ha-
xonsares Bonbioe Maremrnanoso Otnako u Manoe MaresuiaHoso Obnako
(ranakTuky ¢ opmoit, B1u3KOI K cupanbHoil), a Takxke TyMaHHOCTb AH-
apomenst (cnupanbHas ranaktuka). [locnennss BHewHe Haubosee NMoxoxa
Ha Hauy FanakTuky, HO umeeT OONbILIME pa3mMephl. B HacTosILIee BPEeMsi MOX-
HO HabMIOZATE MUJUTHAPIL TAIAKTHK. B CYILECTBYIOLIMX KaTalorax onucaHa
GOBIIAS YACTB TANAKTUK sipye 15" (MX HECKOJILKO JIECSITKOB ThICAY).

[TpumMepHas KiaccuGrKaLms ratakTik mo 9. Xadony naHa Ha puc. 3.20.

PR
& HopmanbHbie CIHPATLHEIE TATAKTHKA .. % “‘\\

DATUNTHYECKHE TATAKTHKA

E0 E3

SBa

Puc. 3.20. KaMepTOHHAsS iMarpaMMa CTPYKTYp rajakTuk Xa66sa (a); npumepHas Knaccmbm;a-
1ms TanakTHK (0): ammunruaeckue (E), crimpaibhbie (S), HENpaBmibHbie (Ir), mexysipusie (P)
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Mo BHeurnemy Buny, CTPYKTYPe M XapakTepy pachpeiefieHns SpKocTu
FATAKTUKH MOAPa3NeNisiioTes Ha yumnTiyeckue (E), CUpansHbie (S) 1 He-
npasuibHbie (Ir). MHorma kak oco6uiit Bua ranakTk BBLIENSTIOT AUH30BU -
Hele (S0), saHuMalolUIHe [IPOMEXYTOUHOE MONOXEHHUE MEXIY UTUNTHYE-
CKHMH W CTTHPANBHBIMH TATAKTUKAMMU: Y HUX €CTh 3BE3/IHbIH THCK U OanK,
HO HET CIMpanbHBIX pYKaBoB. Beiiesior Takke nekynsipHble (P) ramakruku,
MMEIOILHC XapaKTEPHBIE OCOOEHHOCTH CTPOEHUS U (hOPMbL. DITUNTHYECKHE
W CIIMPAILHBIC TAIAKTHKH B CBOIO OYEPE/b TOAPA3NEISIIONCs Ha NOABUIBI B
3ABMCUMOCTH OT (DOPMBI SJUTHTICOB (MepBbie) MU Pa3BUTOCTH CIIMPAIIBHBIX
BeTBEH (Bropeie). CnupanbHbie FATAKTUKH, MMEIOIIHE BLITSIHYTYIO CPEMBbIt-
Ky (6ap) MEKay CliMpaibHBIMH BETBAMM, 0003HAYAIOTCH CUMBOIAMHU SB.

[Tpumeuanne. Jdpyroit cnocob KiaccupuKauny ranak vk 6u01 npeuiosken B 1959 1.
K.-A. ne Borynépowm, KOTOPBI OONbITAACH 6OICe MONHO YUECTL CTPYKTYPHBLIC 0COBEHHOCTH
raaakTuk, Ero cucrema — aro, no CyTH, pacliupenue cucrembl 3. Xabbaa, yaursipaioniee
KONBUEOGPAsHOCTL GOPMBI M PASBHTOCTI CriMpanbhbix BeTsei. Hanpumep, B Knaccuqmkamm
K. ne Bokynépa nopmalibHbie (DpOCTBIE) COMPATBHBIE TANAKTHKY Ge3 0apa obozHavaloTes
Oykmamu SA, BHIICHSIOTCA TOAKIACCH THHI0BHIHBIX ranaktuk (S0°, S0, S07), NEPEXOIHBIH

KJIACC OT HCNPABMILHBIX K CHIMPAILHBIM TATAKTHKAM (¢ HeueTKoii CIIUPATBHOMH CTPYKTYPOIi)
noayuua obosHauenne SBm.

B 1a6:1. 3.8 nnpuBeieHbl OCHOBHBIE (bu3MUECKHE XapAKTEPUCTUKH HEKO-
TOPBIX FATAKTHK, PACITONOKEHHLIX BJIM3KO OT HanTeii lanakTukwy.

Tabnuya 3.8
Fanarruku sipue 8” no cpasuennio ¢ waweii Tanaxrakoii
Huamerp, | Paccrosmpe,
Tanakruka Tun — Mk nmy My Ig (0t / M)

1 7S 3 4 5 [ 7
Mueunntii [MyTs (Ta- SBe 30 - = | =209 113
JIAKTHKA)
boabiioe Mareanano- Ir/SBm* 6 0,05 0,9 —18,4 10,0
Bo O61ako
Manoe Mareuianoso Ir/SBm 4.3 0,06 22| =163 9,2
O6uaako g
Cuerema B Crynbirope dE 0,6 0,08 7 =T 8,5
(KapJIMKOBAS 2LIHIITH-
YecKdasn)
Cucrema s [eun dEi 1,8 0,2 7 -12,9 9
(KapIMKOBAsH 2/IMITH-
YecKas)
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Oronvanue maon, 3.8

1 2 3 4 5 6 7
NGC 55 SBm 38 2,0 7,8 | =204 10,5
NGC 224 (Tymantocts | Sbh (SAb)** 40 0,77 3.5 [—2].8 11.3
Anjipomeib)
NGC 253 (ranakruka SBe 20 2.4 T3 —20.3 11,1
CKyabnTop)
NGC 598 (ranakTnka Se/SAc 17 1,0 5,7 =187 10,7
TpeyronbHuKa)
NGC 3031 (ranakTnka Sb 23 3,0 6,9 | —20,3 11,3
Bose)
NGC 5128 (ranakruka E/SO 15 5,0 6.6 | =22 >11,3
Llentasp A)

*eproe obosnavenne — no D. Xabony, sropoe — mo K. ne Bokyaépy. #*B KJIaccH(purga-
unn 2K, ne Bokynépa ranakruka kiacca SA — ralakTiuka ¢ HeGOIbIINM, YETKUM, OUEHb SIPKUM
SULPOM, PACTIONIOKEHHBIM B IEHTPE KOABIA, Ha BHELIHEH IPAHUIIEC KOTOPOTO HOABIAIOTCS TYIO
JAKPYYCHHDBIE PYKABA MJIM ADKH,

Maccel GosiblinicTBa HablOMaeMbiX ranakTHK pasHbl 10790, —
1090 . MICkNounB KapauKOBbIe ranakTHKW, THIHUYHBIM 3HAYEHHEM Mac-
Ch MOKHO cunTaTh 3Hauenme ~ 10" -0,

[ajakTku penko GEIBAIOT OIMHOYHBIMK. Yallle BCero oHK 06pa3yioT He-
GOJb1IMe TPYITEL WIIH BXOAAT B COCTAB CKOTIICHMIL M3 COTEH M ThICHY IanaK-
K, Hawa lanakTika BXOLMT B cOCTAB TaK HasbiBaeMoil Mecmuoii Zpyniol
IUIAKTHK, KOTOpas BKJIOYAeT B ceOsl TpM criupanbHbie (Hala [anakTuka,
TYMaHHOCTE AHjipoMe/Ibl, TATaKTHKA B Co3Be3anu TpeyroabHuka), a Tak-
AKE HECKOMBKO NECATKOB KADIMKOBBIX 3JUIMIITUYECKHX, CePOMAATBHBIX H
HEMPABWIBHBIX [AIAKTUK, KPYTHEHILUMH U3 KOTOPBIX AB4I0TCA Bosbluoe
Mareananoso O6nako n Manoe Marennanoso O6nako. CKOMIEH s ranak-
THK B cBolo auepenn hopmupyior Ceepxeararmuru wnm Ceepxcionaenus.

3.1.6. DiieMeHTbI KOCMOTOHUU

[poucxoxierne 1 9BOMOLMIO HEOECHBIX TN U3yuaeT 0coBbIi pasne
ACTPOHOMUHK — Kocmoronus, KocMmoronuyeckue npobieMbl UMET GOJTh-
IIOE 3HAYMEHHE /UL PA3BUTHS HAYYHOTO MMPOBO33PEHMS B LETOM, OJHAKO
OTHOCATES K Yncay Hanbosiee TPYAHBIX aCTPOHOMUYECKHX 3a1a4. Bonpock
ANOMIOUMH MIAHETHBIX CHCTEM IOPa3io MEHEE M3YYEeHbl, YeM, HAlpuMep,
OUOJHOLM K 3Be31, TTOCKONBKY 10 HeTaBHUX [10p BbLIa M3BECTHA TOIBLKO OLHA
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Takast cucrema — Cosinevnasi. Mccnenosanust Ipyrux [JIAHETHBIX CUCTEM
Ha4Yau MPOBOAUTHL COBCEM HENABHO.

B XVIII B. 6naronapst ycnexaMm HbLIOTOHOBCKOH MEXaHHUKHW CIOXWIOCH
npencrapicHue o BeejeHHOl Kak O HEM3MCHHON CHCTEMC KOCMM'IECKHX
TEJ, YIPAaBIAEMOi TOUHBIMM 3aKOHAMU TPUPOALL. Torna CuuTaim, 4To Me-
XaHusM BceneHHo# GBI 3anyllieH OoMH pa3 («[epBOTOMYOK») M (PYHKIIM-
oHMpyeT caM coboii 6es kakux-1ubo uamenennii. P. lekapr (1644) Briep-
BhIE BLLIBUHYJ TMROTe3y o ToM, uTo ConHeyHas cucrema obGpasoBaachk
M3 00naKa rasa u nbuii, Briocneacrsuu nogo0HYIO TMNOTE3y pasBHBaIu
K.-JI. Bloddon (1749) u Y. Kanr (1755), nonaras, 4to B LeHTpe obaka
po3anK0 Costilie, a B nepudepniiHbix YacTsIX — IUlaHeThl. DTa KapTuHa B
OBILIMX YEPTaX CUMTAETCH TPABHIILHOIM M CETOMIHSA, OAHAKO B TO BPEM#A OHA
He MorJia ObITh AeTalbHO pazpaboTaHa.

B 1796 r. I1.-C. Jlatuiac BeicKa3zan MpeanojiokeHie o ToM, 4To B Mpo-
uecce obpa3zoBaHus nnaHer DONBLIYIO POJL MOXKET UIPaTh BPallgHUE nep-
suunOll eazonsireaoli mymannocmu. OH MOKa3aJl, UTO LEHTPOOEKHAS CHIa
MIPM CKATHUH BO3PACTAET DBICTPEE, YEM CHJIA TSKECTH, W MPHU HX PABEHCTRE
BOBHMKAET TAK HA3BIBAEMAN POMAUUOHHAA HEYCMOU1UBOCMb, 1IPH KOTOPOI
TYMAHHOCTb CIUTIOIIHBAETCS, TIPUHAMAs (POPMY HEUCBHIIbI, A C €€ IKBATO-
pa OTICJIHAECTCS BEUIECTBO. W3 I:!blf.'-)!JOILICHHOI'O BCILUECTBA BOKPYI TYMaHHO-
cTH 06pa3yioTes MIOCKME KOJiblla, MOX0XHe Ha Kojiblia CaTypHa, KOTOphIE
BIOCIEACTBMM KOHACHCUPYIOTCS B maHeTsl. OnHako rumotesbl KaHra n
Jlaniaca B ux Kiaccuyeckoit popme He papann 00bscHeHMs, novyemy B Cos-
HeuHoil cucTteme 98% MOMEHTA KOJIMYECTRA ABMXKEHNA NPUHAIEXKNUT Iuia-
HeTaM W Tobko 2% — Conxuy.

DTy TPYAHOCTh MO3BOJsIA «000HTH» IMIOTE3a, BhIABAHYTas B Haua-
e XX B, 6puTaHCKHM yueHbiM JIK. [JixnHcom. OH cuutan, uro CojiHle, KakK
u apyrue 3Be3ibl, chopmuposaioch 6€3 MIAHETHOW CUCTEMBI, a IUIAHCTHAS
cHcTeMa MOsSIBUIACH B Pe3yJibTaTe TOTO, YTO Apyras 3Be3/7a npouuia 61u3ko
ot Connua, OHA «BRIpBaId» W3 HETO YACTb BELUECTBA, BCIEACTBHE KOHIEH-
calMK KOTOporo obpasosaiuck njaaHeThl. OQHAKO CYLIECTBYET MHOXECTBO
dakToR, onpoBepraoIMx ymosakioueHus Jxkunca. MOXHO, HanpuMmep,
[10KA3aTh, YTO BEPOATHOCThL AOCTATOYHO OJIM3KOTO MPOXOKUEHMS ABYX 3BE3/1
Ipyr OT apyra 6au3ka K HyJ1i0. Kpome Toro, yaeiabHbiii MOMEHT UMITYJIbCA
BLIGPOLIEHHOrO M3 COJIHLA BELLECTBA HE MOXET MPEBLILIATH YIETBHEIH MO-
MEHT MMIYJIbCa TIPOXOIs SN PANOM 3Be3/ibl. PacueTsl NOKa3biBaloT, UTo B
9TOM CJydae 3Be3la JOJKHA ABUMATLCH OTHOCMTENbHO CONHIA CO CKOPO-
cTbi0 0K0A0 5000 KM/c, a 3T0 ropaszno Gosklie, YeM napaboiniecKas cKo-
poctb B lFanakruke (300 km/c). Kpome Toro, noBbillieHHOE (110 CPABHEHMIO
C CONTHEYHbIM) COAEPKAHME JIWTUS W IEeHTEepUd Ha MJaHeTax 03HavacT, UTo
MIAHETHOE BEIIeCTBO OTIEJIMIOCH OT COJTHEYHOrO ellie 10 TOro, Kak B ro-
CTIEIHEM HAYaIMCh SIEPHBIE PEaKIL|K.
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CyuiecTBeHHBIH BKIA/ B pA3BUTHE TCOPUH 00pa3oBaHM IUIAHET U3 TBEP-
JIBIX YACTHILL OKOJIOCOTHEYHOTO TOTUIAHETHOTO 0bJIaKa BHEC COBETCKHMI yue-
Wbt O.10. LLIMUAT HA OCHOBAHWH MCCIC0BAHMIA, TIPOBEAEHHBIX B 1944 T.

CoBpeMeHHass aKKpelUHOHHas TeOpUsi NPOMCXOXKACHUS W IBOTIOLNH
[IAHeTHBIX CUCTEM, NOMONHEHHAs Waeeit opOuTaIbHON MUTPALIUK |1, 16],
OCHOBAHA HA MHOTOJICTHWX HaOJIOJEHUAX U UCCNIEIOBAHUAX TUTAHET H ApY-
rux Tes1 COMHEYHO CUCTEMBI, MEKIUIAHETHOTO MPOCTPaHCTBa, MHOTOUHC-
JIEHHBIX PACUETHBLIX MOJENAX, 4 TakXe Ha UCC/IeNoBaHMAX (B mocneaHue
FOLIbI) DK3OIIAHET ¥ OKOJIO3BE3AHOTO MPOCTPAHCTRA APYTUX 3BE3AHBIX CU-
creM. TeM He MEHEe MpeACTaBieHus O [POUCXOXKACHMM M PaHHE 9BOJTIO-
1y CONHEYHON CUCTEMBI M IPYTHX ILTAHETHBIX CUCTEM IO CUX TIOP HE MPH -
0BpeTi XapakTepa 3aKOHYeHHO# Teopui. B TO ke BpeMs OCHOBHBIC STalbl
3TOM DBOIIOLIMY BO MHOTOM OIIPE/IETUINCD.

1. Heodnopoonoe cxcamue zazonsiaeso2o obaaxa. O0pazoBaHue 3BE3/IbI 1
66 TUTAHETHON CHCTEMbl HAMMHACTCA B PE3YJILTATE YIIOTHEHWS (HEOLHO-
POAHOTO CXATHSI) MEX3BE3IHOTO Ia30MbUIEBOTO of6Jlaka, COCTOSILIETO M3
ATOMapHOro ¥ MosekyssipHoro sogopoaa (H u H,), renust (He), mpocreii-
mux Mornexyn u pamikanos (H,0, CH,, OH, NO 1 1p.), a Takxke nbuiu (st
COHEUHON! CHCTEMBI TOT TIPOIIECC HAaYascs OKoio 4,6 MApA JIeT Hasan).
MbuieBast cocTapagionas o61aka fnpeacTaniser coboi YacTHIlbl BOAAHOIO
Nbjia, KeJesa, pasMUHBIX 00pa3oBaHMii U3 yriepola U KpeMHMWs, ApYTruX
TBEPIBIX BEIIECTB HEMPaBUILHOMH (OpMbI ¢ CYOMHKPOHHBIMI Pa3MEpPaMH.
Ha 1bUIeByIo COCTABISIIONIYIO, KAK MPaBHIIo, MPUXOIMTCA BCETO HECKOIBKO
MPOLEHTOB MACCHI 00/1aKa, OCTAILHOE BEIIECTBO — 3TO BOAOPOL U resuii.

B cayuaec ConHeMHON CUCTEMBI, BEPOSITHEE BCETO, YIVIOTHEHNE BOSHUK-
JI0 B peayJibTaTe B3pLIBA CBEPXHOBOM 3BE3/BI MOL neiicTBHeM yIapHoOit BOJI-
Hbl, KOTOpas PacmpoCTPaHMIIACk OT HEee BO BCE CTOPOHBI. [TpoayKTsl 3TOrO
B3PBIBA TPOHMK/IN B MEK3BE3AHYIO Mbllb, KOTOPAsl BOLIA BIIOCACACTBAN B
COCTAB Y2AUCHBIX XOHOPUMOE.

HeonHoponHoe ¢KaTne rasofiblieBoro objaka mpoao/uKaeTest B TeHE-
e 100—1000 nert.

2. Ipasumauuonnviii Koaaanc u nauaio axkpeyuu. TlepBoHadyaIbHOE He-
OAHOPOIHOE CKATHE FA30MbIIEBOro 00/1aKa MPUBOANT K YBETUYEHHIO [110T-
HOCTH BELLIECTRA, B PE3YJIBTATE YEro 00J1aK0o HAYMHACT CHKUMATLCS YKE TIOA
jieiicTBreM cOBCTBEHHOM CHITBL TATOTEHUS — TIPOMCXOAMT TpaBMTallMOH-
HBIH KOJaric.

OIHAKO CKUMAIOIIEECst MACCHBHOE 06/1aK0, KOTOPOE YUacTBYET B 00LIEeM
ppateHn [ANAKTHKM, HE MOXKET CXKAThCs A0 BBICOKOH MIOTHOCTH M3-34
GO BLLIOTO MOMEHTA MMITY/bca. [ToaToMy rasonkiieBoe 00IAKO pacnanaercs
Ha (pparMeHThl, KaXKIbl# U3 KOTOPBIX BIIOCIEACTBHU MOXET cthopMupoBaTh
JBE3Y BMECTE ¢ TIAHETHO# cucTeMOit (oMK M3 TaknxX GparMeHToB nopo-
i Conane n ConHevHyo cucteMy). YacTe MOMEHTA UMIIYJILCA [IPU 3TOM
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MEPEXOAMT B MOMEHT OTHOCUTENBHOTO ABUXKEHMsS (hparmeHToB (Cymmap-
HBIH MOMEHT MMIYNbCa cOoXpaHsieTcs). B pesynbrare BpalicHUA CKUMAIO-
muiics parMeHT odaaKa NOCTCNEHHO HAYMHAET MPUHUMATE (hOPMY Mpo-
TOMJAHETHOIO IMCKA. :

B ucHTpe cxxuMmatollerocs (hparmeHTa BCKope (hopMupyeTcs crylieHme
MbUIH H Ia3a, KOTOPOE CTAHOBUTCS SIPOM aKKPELIMH.

[paBuTaUMOHHBIH KoJUIaIC nponokaercs B TeueHue 1000—100 000 et

3. O6pasoeanue Ilpomocoanya. Korga macca LEHTPAIBHOTO CryLIEHUS
nocruraer ~ 0,1- 901 g, NIOTHOCTL BElLECTBA BO3PACTACT HACTONBKO, YTO OHO
CTAHOBUTCS HEMPO3PauHbIM JIIs CBOCTO COOCTBEHHOTO M3nydeHust. B pe-
3yJILTaTe TEMIIEPATYPA B LEHTPE NPOTOILIAHETHOTO AUCKa OBICTPO MOBbILIA-
€TCsl, YTO NMPUBOAMUT K HCTIApeHUIO nbUii. Bekope nocie ucnapeHus nbuin
NPOMCXOANUT AMCCOLMALINS MONEKYIAPHOTO BoLopoa. [1pu 3TOM B yclnoBm-
SX HENPEKPALIAKOWEHCS aKKPEUMHM MACCa LEHTPAILHOIO CrYIIEHUS [1po-
JOJLKACT YBEJMYUBATLCH, JABIEHUE B €TI0 SIAPE BO3PACTACT, U B KOHLE KOH-
UOB B HEM HAYMHAIOTCHA TEPMOSIIEPHbLIE PEAKIMM CHMHTEe3a — obpasyeTcs
nporo3pe3na (Ilporocontue). PopMupoBaHue MPOTO3BE3ALI POUCXONUT
OTHOCHUTENBHO OpicTpO — Beero 3a 10—100 neT.

PaccMarpupas npotecc 06pazoBaHus MPOTO3BE3/Lbl, CIICAYET YUUTHIBATS,
HYTO CKOPOCTh AKKPELMM OrPaHUYECHA BO3MOXXHOCTBIO OXJIAXKACHU Majalo-
11ero Ha MpOoTO3BE3ay radd. [paBuTalus NPUTATHRAET BEIIECTBO U3 JMCKA,
HO CKUMAIOLIMIACS K MPOTO3BE3/e ra3 TepsieT IHEPruio, U, YToOLl «yIacTh»
Ha LIEHTPAJIbHOE $/IPO, OH JOJDKEH OXJaxiarbes. Eenu oxiiaxicHume npouc-
XOOMT CJIMILKOM MEUIEHHO, I'a3 He 0celaeT Ha NpoTo3ee3ay. B urore yacts
ras’a U3 BHYTPEHHEN YacTH MPOTOTUIAHCTHOTO IMCKA OCAXIAeTCsl Ha IIPOTO-
3BE3/Y, & YACTb PACCEMBAETCS Ha MepUhepHIo. AKKPELHs MEXIBE3THOTO Be-
LIECTBA MPOJOJKASTCS A0 TEX MOpP, MOKA €0 3aMachl BO BHYTPEHHEN YacTH
IIPOTOILIAHETHOTO AINCKA HE UCUEPTIbIBAIOTCS,

IMocne npekpatleHns NPUTOKA MEK3BE3AHOTO BELIECTBA, ONPEAEIsSeMOo-
ro HaTaHCOM MEXIY CKOPOCTAMM aKKPELMY W paccesiHus rasa, Macca mpo-
TO3BE3/bl NOCTHIAET CBOEro CTallMOHApHOro 3HaueHust (s [porocomn-
ua — My), a ee paguye npumepHo B 100 pa3 npepbiiiaeT paguyc dymyLieil
3BE3/bL,

4. Ipaeumanuonnoe cycamue npomoiee3dvi. POCT Macchl [IPOTO3BE3ALI
ONHOBPEMEHHO COIIPOBOXAACTCS €€ I'PaBUTALMOHHBIM cxaruem. [locne
3aBEPLUCHHST AKKPELMH pajiiyc 3Be3/bl NPOAOKAET YMEeHbLIAThCs. [panu-
TALMOHHOE CKATUE 3aBEPLIACTCH YCTAHOBIEHUEM DallaHca MEkKIly rpaBuTa-
HHOHHBIM JABJICHHUCM BHEUITHHWX CJIOEB 3BE€31bl HA BHYTPEHHHWE WU JIABJIEHUEM
W3JIydeHHs], PACIPOCTPAHSIIOLIETOCS U3 LCHTPAIbHON YaCTH 3BE3/bI.

K MOMeHTY 3apepilieHMs akKpeLnu yxe CYIeCTBYET AMCKOOOpasHast
(Guiaropapst poralMOHHON HEYCTOHUMBOCTH) IA30MLIICBAS HPOIMONAAHENHAA
MYMAHHOCHb, UEHTPOM KOTOPOI siBasieTcs npoTto3resna (I1poroconnue).
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st 06bsicHeHUA HABIIOIAEMOTO PACIIPEAEIeHUsI MOMEHTA KOJTUYECTRA
aBikeHusi B CoMHEYHOM cUCTeMe MpeanoJiaraercs, Yro ra3 B npoTorna-
HETHOM TYMAHHOCTH ABJASETCH HACTUYHO MOHU3HUPOBAHHBIM, a TIPOTO3BE3-
JIa UMEET 3HAUMTENBHOE MAarTHUTHOE noje. B pesynsrate B3auMoaeicTBus
MAa3Mbl M 110181 BOZHHKAIOT TA30BbIC NIOTOKM, NMEPEAAIOILIME MOMEHT B MPO-
TOIJIAHETHYIO TYMAHHOCTh.

Beck npouece popmMupoBaHust MOJOMONH 3BE3/bl NPOIOJIKAETCH B TeUe-
HUE [IPUMEPHO | MJIH JIET C MOMEHTA Havasla cxKaTusl (pparMeHTa.

5. Topmoncerue wacmuy ¢ caze. [1ourn Best Macca 00pallaoueicst BOKpyr
3BE3AbI MOIOAOI MPOTOMJIAHETHOW TYMAHHOCTH MPUXOAUTCS HA Ta3, MjioT-
HOCTh KOTOPOIo YOLIBAET ¢ YBEJIMYEHHUEM PACCTOSIHMSI OT 3Be3nbl. JIiobo#
BBIIENEHHBIH 0OBEM Ta3a HAXOIUTCS MO/ CIOXKHBIM BAWSIHUEM TPABUTALIUM
3BE3/BI U CAMOli TYMAHHOCTH, JIABJICHUSI TA30BOI CPEbl M 1HIEHTPOOEKHBLIX
cwil. B pesynbrare 3Toro opoMTanbHas CKOPOCTh rasa OKasblBAETCA MeHblle
KEIJIEPOBCKOM CKOPOCTH TUIAHETONMOMOOHOIO TEJIa HA TAKOW XKe opouTe.

Jleryune coelluHeHus (BELLECTBA ¢ HU3KON TeMMNepaTypoit KUNneHusa —
BOJA, AMMUAK M Ip.) B ra30Boii daze KOHIEHCHPYIOTCS HA NIBUTMHKAX, Pa3-
MEDPBI KOTOPBIX ITOCTENEHHO YBETHYHUBAIOTCS B HECKONLKO COTEH W THICSY
pa3. Ecnu ckopocTh TREpABIX HACTHIL OKA3ZLIBAETCSI MEHBLIIE KEMNJIePOBCKOIA,
pamMychl MX opOMT HAYMHAIOT YMEHBITATLCA (OPOUTHI MOHWXKAWTCs). DTO
MPOUCXOINT M3-3a TOPMOKEHMS B Ta3z0BON cpefe JOCTATOYHO KPYITHLIX,
pasmepoM Gosiee 1 MM, yacTuil. MUIpUpys BO BHYTPEHHUE 001aCTH MPOTO-
[UIAHETHON TYMaHHOCTH, OHW HATPEBAIOTCSH, KOHACHCAT MIABUTCS, YaCTHLIBI
CTAHOBATCH JHMIIKHMKW WU 6bICTDO PACTYT. Yem KPYINMHEC CTAHOBATCH 3TH Ya-
CTHLIB, TEM DBICTPEE OHM ABHAKYTCH K LeHTPY. OOBbeKThl METPOBOTO pa3Mepa
MOI'YT COKPATUTh CBOE PACCTOSIHUE OT 3Be3/bl BABoE Beero 3a 1000 ner.

6. Hcnapenue aemyqux coedunenui u3 enympennei wacmu oucka. [pudnu-
AKasich K 3Be3[1e, YACTHLIBI HATPEBAIOTCS, JTETYUUE COCANHEHUSI MOCTCICHHO
ucnapsiioresi. ConHevHblil Betep (ropaszfno 6osiee CHIBHBIA, YeM B HALLM
[HW) YOATSIET Ta3 M3 BHYTPEHHEN YacTH MPOTONAAHETHON TyMaHHOCTH 34
TaK HAa3bIBACMYIO JIMHUIO NbAOB. Junus 16006 (WIW AUHUA CHE208) — MUHM-
MAJILHOE PACCTOSIHME OT LIEHTPAJILHON 3Be3/lbl B NPOTONJIAHETHOH TyMaH-
HOCTH, HA KOTOPOM I[IPOCTEHLLIME JIETYUHE COeUHEHUsT KOHIEHCUPYIOTCH B
YacTULEL Jibaa, TeMneparypHas rpaHuUa, Nnpu KOTOPOH NPOMCXOAUT KOH-
JICHCALLMS JILAOB Ha NOBEPXHOCTH TBepAbIX yacTul, =150 K. B ConHeuHoit
CUCTEME MWHUS JIBAOB HAXOOUTCS HA paccTosiHUM 2,7 a.e., T.e. B cpejiHei
vyactu [maBHOrO nosica 4ACTEPOMIOB.

B HemocpencTreHHON GAM30CTH OT 3BE3AL NMOM ASHCTBHEM YCHIMBAKD-
lieifcs paaualluy NPOUMCXONUT UCMAPEHHME HE TOMBLKO JETYUNX COSIMHEHMIA,
HO W TBEPAbIX YACTULL MBLITH.

JIMHUS NBOOB IENUT ONAAHETHYIO CHCTEMY HA BHYTPEHHIOW 00JIACTS,
NOYTH JIMIIEHHYIO JIETYYMX BELIECTB M COACPAKALLYIO TBEPAbIE Te1a, U BHELL -
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HIOI0 061acTh, GOraTylo AeTyYHMU BEeILECTBAMH W COAEPKAILYIO NeIsHbIe
Tena. Panuyc BHyTpeHHEH TPO3PAuHON 30HbLI B MPOTOMIAHETHBIX JMCKAX
MOMONIBIX 3BE3/1 IOCTHIAET HECKONBKHUX ACTPOHOMHYECKHUX EAUHMIL,

7. Jlunua a6006. Ha TMHNM JIBIOB MPOUCXOINT KOHAEHCALIMS TETYYHX
COCIMHEHMIT (npexae BCero BOMAbI) M BOZHMKAET CKAYOK AABIEHHS MCMa-
pUBLIE#Cs U3 BHYTPeHHUX obutacteil razopoi tasel. [To 310i npuunne op-
OMTATBHASI CKOPOCTH Ia3a JOCTUTAET 3HAYCHMWS KEMIEePOBCKOI M Jaxe npe-
BLILIAET €€, B PE3YJILTATE HETr0 ra3 yXe He TOPMO3MT, a YCKOPSIET YaCTHLLbI,
Kak ciiefictsue 3Toro MMIrpaliust K 38e346 0CHOBHOI MacChl YACTHI[ U3 3TOI
obnactu npexpaumiaercs. OIHAKO U3 JaibHe Tepudepuy 1MCKa MUTPALHs
MPOAOJIKACTCH, U Y THHHUM JILAOB CKAILIMBAETCS 3HAUYMTEBHOE KOJIUYECTBO
BELLECTBA MPOTOTUIAHETHOIO AMcKa. [1pu a10M, KaK CBUIETENBCTBYIOT JaH-
HblE, MOJTYHEHHbBIE I1PU HAOMIOAEHUN MOJMIO/ILIX [UIAHETHBIX CUCTEM, BHEIL-
HME Mpe/eibl 30HbI KOHASHCALMKU MOTYT OTCTOSITH OT 3BE3[bI HA HECKOJILKO
COTEH ACTPOHOMUYECKMX €M HMILL,

8. Obpazosanue naanemesumanei. C Te4eHNEM BPEMEHM [1LUIEBOE BElle-
CTBO NPOTONIAHETHO! TYMaHHOCTH BCe DOJIBLIEC KOHLIEHTPUPYETCS K Cpel-
HEi mrockocTH aucka. CKannmpasich, YacTHLLbl BCE YALLE CTANKHBAKOTCH M
<«CJIMMNAIOTCS», MOSIBNIAIOTCH BCe D0JIee KPYIHbIC YACTHULIBI 32 CHET MOrI0LIE-
Husl DoJlee MENKUX — TPOTEKAET MPOLeCce aKKyMyasiiuu (pocta) TBEPIbIX
Te. [TOBBILEHHYIO «THNKOCTh> TBEPALIM YACTHLAM 06ECEYHBACT /IS HAS
W Ta30KHAKAst COCTABJIAIOLANA MPOTOM/IAHETHOM TYMAHHOCTH (YacTh JIesl-
HBIX YaCTHLL MUTPUPYET BHYTPb aAucka). [locTeneHHo nelmMHKN cobupalor-
Csl B T€J1a KWJIOMETPOBOIO pa3mMepa, Ha3biBaeMble IIAHETE3UMATIAMM.

Iaanemesumans (0T auri. planet — nnadeTa M infinitesimal — Gecko-
HEYHO Manasi) — HebecHoe Teno Ha OpOHTEe BOKPYT NPOTO3BE3/bl, 00pasy-
IOLIEECH B PE3YJILTATEC MMOCTENEHHOTO 00beNAMHEHMs DoNee MEJTKHX T, CO-
CTOSILLMX M3 YACTHLL [TBUIM NPOTONJAHETHOIO JHCKA.

TnaneTeanmane npeacTaniseT cOBOM MOTEHIIMANLH b 3APO/IbILL MTAHE-
Thl. K HacToswmemy Bpemeny B CONIHEUHOI CHCTEME TIAHETE3MMANH, BEPO-
SITHEE BCETO, He CoXpaHuauck. JloctoBepHoe 0OHApyKEHME TAKOTO 00bEKTA
NO3BOMMNO OBl TOYHO ONPENENUTh XMMUYECKMI COCTaB TMPOTOMIAHETHOI
TYMaHHOCTH Ha PpaHHUX 3Tanax ¢¢ (opMUPOBAHHSI.

[Tpumeuanue. BoaMOXKIBIM IPAMEPOM TIIAHETE3NMAIIH SIBJISIETCH acrepoun Jliotenms,
OTHOCSIILHITCA K KJIACCY METAJUTHYCCKHX acTepoMIoB, HO obuagaommii IMpH 5TOM HEOOBIYHBIM

CIEKTPOM, Ha [TOBEPXHOCTH JlioTenmn caMikoM Majio METAIUIOBR ()Keﬂﬁf}ﬂ H HUKEJIS1) U aHOMAJIb-
HO MHOTO yriepoua.

B nauaneubiil mepuon GhopMupoBaHusa NAAHET IUIAHETE3IUMAIN OYCH b
MHOTOYMCIEHHBI, MX KOJMYECTBO UCUMCISIETCS] COTHAMM MMJIJTHOHOB HMITH
naxe Muuimapaamu. B pesyisrate MHOXECTBA CTOTKHOBEHWI TUIAHETE3U-
Manu obpasyioT Tena, JOCTHIALL e pasmepos JIVHBI U GOJBLIMX, 3aXBATHI-
BAOLINE OCTAIOUINICH MATEPUAT U TTOAABASIONINE POCT COCENEIH.
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9. O6pasosanne npomonaanem. Buayaie BO3pacTaHWe MACChl [JlaHe-
TE3UMAeil MPOMCXOAUT BCAEACTBUE CAYYAMHBIX CTOJKHOBEHMI, Ho uem
OoJiblle CTAHOBATCS MIAHETE3MMAIIH, TeM DOJIEE CUIBHOM IPaBUTALIHEH OH M
0bnanaloT U TeM MHTEHCHBHEE OHM HAYMHAIOT MOTIOLIATE CBOUX COCENEi ¢
HeBoMb1I0H Maccoi. Tak BO3HUKAIOT Tena, KOTOPbIE HA3LIBAKOT HPOMOnId-
nemamy. OHM 0DJA/IAIOT CPABHUTENBHO GOJBLIMMH MACCAMH M NEPEXBATHI-
BAIOT OCTABLIMECS MJAHETC3MMAIM B Y3KOI MOJIOCEe BAOAL CBOEH OpOUTLIL.
Koria Gonbluias yacTh IJ1aHETe3MMANTEN MOMTIOUICHE, POCT MPOTOMIAHETHI
npekpamiaercs. [1pu odbenMHEHUM B NMPOTOIJIAHETE MHOTUX TJIAHETE3 M-
MaJiei MPOMCXOAUT YCPEAHEHHE HX MHAMBUAYATbHBIX XaPAKTEPUCTHK ABH-
KEHMsI, BCIIC/ICTBUE YET0 OPOUTHI MJTAHET MOTYYAIOTCS MOUYTH KPYTOBBIMM M
KOIUJIAHAPHbIMU.

[locie Toro kak Macca NMPOTOILIAHET AOCTUIAET HECKOIbKHX MPOLICHTOB
COBPEMEHHOM MACChI 3eMIIN (T.€. IPUMEPHO Macchl JIyHbI), MX pocT orpaHu-
HHBACTCA BCIEACTBHE MPABUTALIMOHHBIX B3AUMOICHCTBUIL C IPYTHMM TCJ1a-
MU, a YaCTb Te/ B PE3YJIbTaTe TAKMX B3aUMOAEHCTBHI BOOOLIE BLIOpACKIBA-
eTCsi U3 (hOPMUPYIOLICHCS CUCTEMBI B MEK3BE3HOE MPOCTPAHCTRO.

PacyeTnl MOKA3kIBAIOT, YTO MPOTOIUIaHeTa Maccoii 10 10% macch 3emM-
JIM Ha ee opbuUTE MOXET BBITh «HakoruieHa» 3a 100 Teic. net. Bnocneactsmuu
YBEJIMYEHWE MAcCChl TAKOH MPOTOIUIAHETDLI MPEKPALIAETCS, TOCKOIBKY B CU-
CTEME HE OCTaeTCA JIOCTATOYHOTO KoJlMuecTBa Marepuana. Yem naneiue ot
3BE3MbI, TCM MEIIEHHEE TIPOUCXOAUT pOCT npoToriaeTr. st Toro yTobbl
JOCTHYE YeTBIPEX Mace 3emiiu, Tey Ha opbute HOnurepa B 00BIMHOI cUTY-
Alny norpedoBanock Obl HECKOIBKO MUJITTHOHOB JICT.

10. Dopmuposanue nepeozo cazoéozo 2uzamma. B uenocpencTBeHHOM
OIM30CTH OT JIMHUHM JILAOB TPOLECC 1Ied ObICTPEE BCIEACTBUE BLICOKOH
KOHLEHTPALMH BELLECTBa B 91O oOsactu. Onurtep HaumHancs ¢ nporto-
IUIAHETHBI, CPaBHUMOM Mo pazMepy ¢ 3emiicii, a 3aTEM HAKOMWI elle OKOJIO
300 semubix Macc raza. Takoit pocT 06YC/IOBAEH PAa3TUUHBLIMU KOHKYPHPYIO-
UMW MeXaHu3MamMu.,

IMpumeuanue. CkopocTh POCTA OFPAHIYEHA BOIMOKHOCTBIO OXIAXIEHMS AKKpPeTHPY-
IIETO ra3a (MeXaHusM, AHALOTHYI B AKKPEIMH Ta3a Ha MOJI0AYIO 3Be31y). ECAM oTBoi Tera
e acbd)emu BCH H OXNAXIEHHE CAHLIKOM MCUICHHOS, TO a3 MOXKET ObITh MOTEPSTH U rnianerda-
IHIAHT HE BOSHUKHET. PACyeThl HOKA3bIBAIOT, YTO WIS AOCTATOMHO BHICTPOTO OXTAXK/IEH MsT npo-
TOnAaHeTa I0/KHA HMeTh Maccy He MeHee 10 mace 3emum. Takoil Kpynubiil 9K3e MIuIsp MOXeT
RBIPACTH JIHILE BOJIM3N JIMHHK JIBIOB, I/e paHee coDPAIOCh MHOTO BelecTna. BepositHee Beero,
HMEHHO oatomy [OnuTep pacnonoxen Kak pas 3a 3roii 1unuei.

Hpyroii hakTop, 3aTpYAHAIONIMA POXICHNE TAZOBEIX THIAHTOB, — MUTPAITHS, WK [1BHKC-
HHE NPOTONUIAHCTHL MO COMPay K 3Bes/ie. a3 na puelteil cropoHe OpBHTHI BPAIIABTCH MEI-
JEHHEE NPOTONAHETLI H BJIEYET €€ HA3A, TOPMO34 IBMKEeHUe, A ra3 BHYTPH OpOMTHE BPAIIIAET-
il BrICTPee M NOJATAIKUBACT HPOTONUIAHETY BIlepen, yekopsas ee. Hecmorps Ha MEHBLIYK)
IIOTHOCTD BELIECTRA, BO BHEIIHEH 001acTH ero DobIe, H MOITOMY PacpeseIeHHAS MACCa 34
aphuTOl NPOTOIIAHETHI 3HAYNTEIBHO NMPCBBILIACT MACCY BHYTPY opOuThl. B pesynsrate Boz-
HHKACT HEKOTOPOE TOPMOXEHUE NPOTOTLIAHETHE, ClIeTKa MPHGINKAIOLIee ee OpOUTY K 3Be3e.
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3a | Man et opbuTa NPOTOIVIAHETHl MOXKET CHHIUTBCS HA HECKOJIBKO ACTPOHOMHYECKIX eHHHLL,
ONYCTHBLIMCE BIUTOTH 10 BHEUTHEH MPAHUILB! JIMHHH JILIOB.

[23 MEIEHHO HAKATUIMBAETCA B TEUCHNC HECKOIBKUX MU/UIMOHOB JIET, HO 3aTeM JIpyrasi
IOJIOBUHA BCeil rA30BOiT MACCHI 3aXBAThIBAETCH [UIAHETON-THranToM Beero 3a 1000 ser. Tpu oTom
OHA BBUIEJISET TAK MHOTO Tenaa, uto ceetut novrd kak Connue. HaunmHas ¢ HEKOTOPOTO MO-
MEHTA, POCT MUIAHETHI-IMIAHTA OCTAHABIMBACTCS. YIPAB/ISIIONMM MEXAHHIMOM CHOBA OKAa3bI-
BAETCS TPABUTAIIMOHHOE B3aMMOIEHCTBIE MIIAETH C TA30M B OKpYKalomeii cpese. Bumecro Toro
4TO0BI 1A30BbIH UCK MeHT OPOUTY TLUIAHETHI, TENeph Macca MiaHeThl BEChMA BEJIMKA, U OHA
caMa HAUMHACT U3MEHSITh JIBUXKEHHE ra3za B IMCKe.

T3 BHYTPH OPOUTHI MIAHETBI BPALIAETCA GHICTPEE HEe, TOITOMY €€ IPHTSKE HIE TOPMO3NT
ras, BRIHYAIAS €10 NaJaTh B CTOPOHY 3BE30bl, T.¢, OT IUtaHeThl. [a3 xe cHapyxu opOuTEl I1aHe-
ThI BPAIIAETCA MELIEHHEE, 1103TOMY [/IaHeTa YCKOPSET €ro, 3aCTABIAsA JABUTAThCA HAPYKY, OTSITh
e 0T nianeThl. Takum 0Bpa3oM, IUiaHeTa co3IaeT Pa3phiB B IHCKE M YHHYTOXKAET 3arac cTpo-
UTEIBHOIO MaTepHana, [a3 NpITaeTes 3aoNHUTD PA3PhiB, HO PACUETH TOKA3BIBAIOT, YTO [UIaHe-
T4 cocoBHA €ro NOJICPXKHMBATH, eCJIH NIPH PACCTOSHUM B 5 4.¢, €€ Macca NpPEeBLIIIAeT Maccy
HOnutepa. Dra KPUTHYECKAS MACCA 3aBUCHT OT 31oxu. Yem panbine choOpMHPYeETCs TaHera,
Tem BosiblIe ByaeT ee POCT, TTOCKONBKY B AMCKE €LIC MHOTO rasa.

11. Op6umaavnas muzpayus naanem-eueannog. HonbILIMHCTBO OTKPbITHIX
IK30MIaHET UMEIOT MACCY, CPABHUMYIO C Maccoi }Oumepa WJIN TIPEBBITLA-
towyto ee. [Tpu aTom okoa0 30% TakyX MAaHeT HaXOAMTC:H Ha OpOMTax co
3HAYEHUSIMH DoablmX nonyoceit 0,16—0,20 a.e. ¥ Jaxe MeHbLUe, T.c. OpOU-
Thl PACMOJOXKEHB TOpa3a0 OinKe K 3Besne, 4em opbura Mepkypus B Con-
HeyHoil cucreme (0,387 a.e.), XOTsl camMu 3BE31bl HE OYEHb OTIMYAIOTCH OT
Hawero ConHia.

M pumesanue. TpuMepaMu MOTYT CAYKHT IiaHeTsl okoio 3se3n p Crb (p Cesephoid
Koponpt) u 55 Cne (55 Paka) e, b 1 ¢, Y KOTOPBIX pasMcpbl 00IBIINX n0ayoceil OpOUT COCTAB-
ot Beero 0,24, 0,0157, 0,115 u 0,11 a.e. cOOTBETCTBEHHO, & MUHMMaJIbHBIE MACChl BECbMA
geanku — 1,1, 0,03, 0,78 u 0,22 maccwt KOnnrepa. B tpex cayuasix (U And, 51 Peg, T Boo) op-
GUTANBHBIC TICPUOJIBE PTHTAHTCKUMX TU1AHET ¢ Maccoil nopsiika Maceel 0nurepa cocrass-
101 3—4 cyr, 1.e. panHychl opout okoso 0,04 ae., 4TO B IECATH PA3 MEHIIE PAJHyCa OpOUTHI
Mepkypust.

Takum 00pa3oM, Hapsidy ¢ MPUHUMIMATbHBIM BOMPOcoM 0 GOpMUPO-
BAHUM TUIAHETHLIX CHMCTEM W3 Ta30MbLIEBOrO 061aKka, KOTOpPbHIH B OBHIUX
yepTax pelieH B aKKPEUMOHHON TEOPHH, BO3HUKACT NOMOJIHUTEIbHAA NPO-
OaemMa, CBSI3aHHAas ¢ IUPOKUM PacnpOCTPaHEHUEM B IUTAHETHBIX CUCTEMAX
ra30BbIX TMIAHTOB, HAXOASIIMXCH HA YPE3BbIYAiiHO HU3KMX opbuTax. DKC-
TpeMaibHasl OJIM30CTh TUTAHTCKMX TUTAHET K LEHTPAIBHOM 3Be3e — BEChMa
pacrnpoCcTpaHEHHOE ABJCHUE B MUPE IMIAHETHBIX CHCTEM OKOJIO 3BE31 CON-
HEYHOTO TUMA. DTOT HOBLIH Hab/oMATEbHBI (PAKT Ype3BblYaMHO BaXeH
JUIA MTOHWUMAaHKUS MEXaHM3MOB (hOPMHUPOBAHHMS 1LIAHET U3 MPOTOMIAHETHbIX
obnakos BOKpPYT 3pe3n. QueBMAHO, YTO B PAMKAX AKKPEIMOHHON TEOPUH
BO3HUKHOBEHME IA30BbIX TMTAHTOB C TAKUMU 3JieMEHTaMi OpOuUT («ropsi-
UMX IOMHTEPOB») MCKIIOYEHO. BeposaTHO, OAHUM M3 MeXaHM3MOB (opmu-
POBAaHMUSI MIAHETHBIX CHUCTCM SIBISETCSl OPOUTANIBHAS MUTPALLUs] MJIAHET U3
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BHEITHKX obiacTeit BO BHyTpeHHME. Takoi MexaHU3M OTCYTCTBYET celiyac B
ConHeuHoit cucTeMe, HO, BEPOSITHO, OH CYLLIECTBOBAJ paHee B opy ee dop-
muposatusi. [TocTeneHHas MUTPALIUST TUTAHET K LIEHTPAIbHOI 3B€3/1e MOXET
OOBLACHATLCA TOPMOXKEHHUEM €€ NBHXKEHHs 3a CHET rpaBMTAIlMOHHOTO B3aH-
MOJICHCTBHSI C BHEUTHUMM MACCHBHBIMU CIOSIMH MPOTOIUIAHETHOIO IUCKA,
OpOMTAIEHAS CKOPOCTH KOTOPBIX 3HAYMTEIBHO MEHBILIE CKOPOCTH TUTAHETHI.

MMFpEiL[P[H TUIAHET-THTAHTOB K 3BE3[0e MOXET INpeAcTaBlATb CEPbLE3-
HYIO YIPO3Y CYIHIECTBOBAHHIO TUTAHET 3eMHOTO THNa. B xone Murpauun Ha
HU3KHE OKOM03Be3nHbIe opOuThl TnaHeTa MaciiTadba HOnutepa ocrapnaser
MaJIO [IAHCOB HA BBUKWBAHHE MJAHETAM THTA 3eMJIM H3-32 HEM30EXKHBIX
KaracTpoHiecKMX CTONKHOBEHMI ¢ opMmupyouMMucs teinamu. B xone
CBOEH DBOMIOLMK TAKOU rMraHT (pakTUYECKH MOXKET NMOMJIOTUThE BECE MaTe-
pHAST POPMUPYIOIIIMXCS TJIAHET 3eMHOTO TUMA. OQHAKO BO3MOXHOCTh Op-
DuTansHOI MUTPALUU TJTAHETBI-TUFAHTA, MO-BUAWMOMY, ONPEICTSIETCH KO-
JIMYECTBOM U MIIOTHOCTHIO ra3a, ocTapiierocs B6aM31 ee OpOMTHI, U 3aBUCHT
OT XapaKTepUCTUK MOJIOZON 3Be3bl (MacChl, CBETUMOCTH M (DheKTUBHON
TEMIEPATYPBI), a TAKKE TAPaMETPOB MPOTOIUIAHETHOrO 06NaKa (MJIOTHO-
ctH, TemnepaTypsl). [lo sToit npuuuHe opOUTANbHASI MUTPALIUS OCYLIECT-
WISIETCS He BO BCEX TJTAHETHBIX CHCTEMAX.

Murpaums rIaHeThl-TUTAHTa HA HU3KYI0 OpOMTY (EC/IH OHA MPOUCXO-
JIMT) TIpofoIKaeTest B TedeHue 1—3 MITH JIET ¢ MOMEHTA OKOHYaHHUs ee dhop-
MUPOBAHUSI.

12. Obpazosanue dpyzux naanem-zueanmog. IlocpencTBOM rpaBUTALMOH-
HOTO B3aUMOOEHCTBUA NepBbid chopMupoBaBlunics BOJIU3IH JTUHUH JILIOB
I'UIAHT OYMIIAET 30HY ACTEPOWIOB MEPBOrO MOKONEHMSI M 3HAYMUTEIBHO
yekopsieT oOpazoBaHue APYrUX NMJIAHET-TUIAHTOB IIPH YCJIIOBUU, UTO HE HC-
YepraH ele Bech 3arac ra3a B MPOTOMJaHETHOM OBJake.

[To-BUIHMOMY, C 3aEPKKOI B HECKOIbKO MUJLTMOHOB JieT niocae HOmu-
Tepa opmuposanca CaTypH, KOTJIA Ta3a yKe 0CTaBaloch OTHOCHUTENBHO HE-
MHOTO, MO3TOMY €ro Macca B 3,3 pasa meHblue Macchl FOnurepa. OgHako
€CJIM OBl OTCYTCTBOBAIO BAMAHME MOC/EIHET0, TO TPOLECC IMHIICS Obl A0J1b-
ie, a macca CarypHa morna Obl OBITh €lle MeHblle. B Apyrux rnjiaHeTHBIX
CUCTeMax MHOTHE, @ BO3MOXHO, M DOJIBIIMHCTBO U3BECTHBIX TJIAHET-TMTaH-
TOB UMEIOT BIU3HEIIOB CPABHUMOM MaccChl.

BepoarrHo, B moxoxux yeaosusx dopmuposaiinck ¥pan u HentyH. On-
HAKO OTKPBITEIM OCTAETCST BOTIPOC O MecTe MX (hOPMUPOBAHMSL, [TOCKONBKY
91U IUIAHEeTH, CKOPEe BCEro, MUTPUPOBAITH CO CBOMX HaYaTbHBIX 0pOUT. O6-
pasoBaHme NX 3aTANYIOCH, Macehl aaep nocturnu 10—20 mace 3emuu, a rasa
“XBATHJIO» BCETO HA JBE 3€MHbIE MACCHI B KAXK/A0M CITydae.

B nenom na ¢dopmupoBaHne yeThIpex TUIAHET-TMTAHTOB YILJIO OKOJIO
10 M ner.
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13. Obpazosanue naanem zemuoeo muna. 1eThipe IIaHeThl 3¢6MHON rpyI-
nel — Mepkypuii, Bernepa, 3emiiss 1 Mapc — B OCHOBHOM COCTOHT W3 Be-
[ECTB ¢ BLICOKOH TeMIIepaTypOil KMMEHUs, TAKHUX KaK XKeae30 U CUIIMKAT-
HBIE MOPOIBL. DTO FOBOPUT O TOM, YTO OHU CHOPMUPOBAIHCH BHYTPH JTUHUK
JIBAOB U 3aMETHO He MUTpupoBaiu. OIHAKO HA TAKUX PACCTOSTHUSIX OT 3BE3-
bl TUIAHETE3UMAIM MOIYT «BBIPACTH» B NMPOTOMJaHeTHOM aucke no 10%
3¢MHOM Maccel, T.e. He Dosiee Mepkypus. Has manpHellnero pocra Hyx-
HO, 4TOObl OPOUTHI MAaHeTe3UMaleil NMepeceKaaTuch, CaMu TJIaHeTe3uMaiu
CTAIKUBAIUCE U OOBENUHIINUCH, BCE 310 MOIJIO POUCXOIUTD 1101 BO3MY-
LAIOIIUM BO3NEHCTBUEM TITAHETLI-THTAHTA.

CnenoparteibHO, 00pazoBaHue NEPBON IUIAHCTHI-TUTAHTA B IIEPBLIC
2—3 MJH JieT AO/KHO OBUIO MpeallecTBOBaTh 3TUM npoleccaM. JauTensb-
Hoe BAMsiHME rpaBuTaumu KOnurepa Boi3biBaeT y (DOPMUPYIOLIMXCH TUTAHET
3eMHOM rpynnel Murpauuio. Ecnn opbuTel KoMniaHapHbl ¥ HE CBSI3aHBI
PE30HAHCHBIMHW COOTHOLLUEHMSIMM, CTOJKHOBEHHWE W OOBeJIMHEHME TaKMX
TEJI — 3TO TOJBKO BOTIPOC BPEMEHH.

Panuon30TONHbIe W3MEPEHHUS YKA3BIBAIOT, YTO BHYTPH JIMHHUM JIBIOB
actepousibl chopMUpPOBATIUCH MEPBBIMU (CTIYCTA 4 MIIH JieT mocie obpa-
sopanusi Conuua), 3ateM obpaszosaics Mapce (yepes 10 muH Jiet), a nos-
ke — 3emust (yepes 50 munH ner). O6pa3HO ropops, nmogHaTas KOnutepom
«BOJTHA» THIAHETOODpa3oBaHus 1potia yepes COoNHEUHYIO CHCTEMY HADYKY
W BHYTPb OT JIMHUU Jb10B. OBpa3oBaHue MIaHET MOXET PacCMaTpUBATLCS
KAK KOHEYHas CTaius npolecca akKpeLuH BELIECTBA, OKPYKAIOLIETO SAPO
MPOTOCOJTHEYHOH TYMAHHOCTH.

I1 puMeUaHHE. H;ipe,’lm CHYHAIOUIHECS] CEHYAC CTOJKHOBEHHS MaJIBIX TEJ C MJIAHETAMK
(crosnkHoBeHus ¢ HOnutepoM komerwl Lymeiikepos — Jlesn B 1994 r, HEM3BECTHBIX MANBIX
ten B wione 2009 . u B cenradpe 2012 ) MOXHO pACCMATPHBATE KAK 3aTYXAIONIEE 3X0 MOIIHEH-
HIHX CTOJKHOBUTEILHBIX ITPOLECCOB, MPOUCXOJMBIIHX HA PAHHEH cranuu (hopMUpOBAHUSL
ConHeuroi cucrembl, Hanbosee T50KEAYIO «METEOPUTHYIO 6OMOAPAHPOBKY» [UIAHCTHE 11EPC-
KHIIH B JICPBYIO 310Xy cymecTBoBaHis COTHEIHOI cucTemMsl, ocobento B nepuon 3,9—3,8 mupn
JIET Ha3al, KOra Haboaancs nuk Takoii DomMoapanpoBKH.

BaxHeiiweil anoxoi st GopMUPOBAHMS HALLIEH TUIAHETHI CTaJl MIEPHUOJL,
mexay 30 u 100 maH net nocne hopMmupoBanus CoOMHLA, KOrAAa, 1Mo OIHOMK
M3 TUMOTE3, MPOTOMIAHeTa pasMepoM ¢ Mapc (3Ty TMNOTETHYECKYIO MpPo-
tonjaHety maccoit 10—12% ot maccel 3emau uHorga Haseipaior Teiis),
JBUrasch Mo KacatejgbHoi opbuTte, Bpedanach B [1poTosemiio U nopoauia
FMTAHTCKOE KOJIMYECTBO 0DJIOMKOB, H3 KOTOPLIX BIOCAEACTBUM ChopMUPO-
pasiach Jlyna. Duepruum ynapa okaszajioch 10CTaTOYHO AJs MCTIAPEHUS BHE L -
HHX CJI0eB 3eMJIM M paciliaBie Hus 000MX CTOJKHYBIIMXCA Te1. BuidpouieH-
HOE Ha opOuTY 3eMJTH BELLIECTBO B OCHOBHOM SIBISNIOCH YACThIO MAHTHH, UTO
0OBSICHSIET HEOOBIUHBIH XUMHUUECKMi cocTa JIYHBI, B YaCTHOCTH €¢ «0DJIe-
JIEHHOCTBb» METAIAMM.
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I4. 3asepwenue gopmuposanun Coaneunoii cucmemot. Tlociie TOro Kak
lEpBbIE MPOTOIVIAHETHI B 30HE TMIAHET 3¢MHOU TPYNTBI ¢hOPMUPOBATHCE,
OCTATKM BELIECTBA TMPOTOIJIAHETHOTO OONAKa MOCTENEHHO YAAISIOTCH U3
BHYTpeHHNX 06/1acTeit CoNHEeuHOl CHCTEMBL. DTO MPOMCXOIUT B PE3YIILTATE
HECKOJIBKUX IIPOLIECCOB:

U 3a cyeT rpaBUTAIMOHHOTO B3AUMOJEHCTBUA C YK€ CYILECTBYIOMIENH
MJIAHETOW-TUTAHTOM;

U nmoxn AeiicTsrem JaBIeHHs CONHEYHOTO BETpa M JJEKTPOMATHHTHOTO
M3IYYEHHMSI; -

U 6aaronaps sddexry [Moitnrunra — PobepTcoHa (MPOUCXOIUT MOTe-
Pst OPOUTANILHONO MOMEHTA UMITYJILCA YACTHIB MIPH ABMXKEHUU 1O OpGUTE
BOKDYT ApYTOTO Tejla, ABIAIOUIErocs HCTOYHUKOM 2JIEKTPOMATHUTHOIO H3-
JIyYEHWs1), B Pe3ybTaTe KOTOPOTO MbLIEBBIE YACTHIBI MEIIEHHO MUTPHPY-
10T 1o cnupanu B ctopony ConHua n1ubo momonaiores NpoToriaHeTaMu
MPU CTONKHOBEHHSIX.

Ypan u HentyH BbIGPACHIBAIOT IUIAHETE3UMAT HAPYXKY, B nosic Koii-
nepa, mwin xe k ComHuy. KOnmuTep CBOMM MOIIHBIM IPABUTALHOHHBIM 110~
JIeM «oTnpasigeT> WX B obnako OQopra, Ha caMblil Kpail 061acTH rpaBUTa-
LUMOHHOrO Bausinuga Conniua. B obiake Qopra MOXET CONEPKATLES OKOIO
100 semHBIX Macc BelecTsa. Bpems 0T BpeMeHH [UIaHeTE3UMAITH U3 11051¢a
Koitriepa win o61aka Oopra npubinxkaiorcs K ComHiLy, o6pasys KOMETEL.

PasbpaceiBasi i1aHeTe3MMANN, CAMH TUIAHETHI HE3HAYUTETHO MUTPUPY -
I0T. DTUM MOXHO OOBICHUTE CHHXPOHH3ALIMIO opbuT TTnyTona HenryHa.
Bosmoxkto, opbura CarypHa Korza-To pacnonaranack oiuxe k KOmutepy,
HO 3aTeM OTHATHIIACH OT HEro (MPEenNMoNaraeTcs, YTo ¢ ITUM CBI3aHa 1103/~
H31s1 BTTOXa CHIILHOK BoMOBapaUPOBKH JIyHEI 1 3eMITH METEOPHBIMHU TeJIAMU
criyers 800 Mz net nocne popmuposanus ConHia).

Onucannbie CoOOBITHS NPOUCXOAAT Ha (DOHE pacnana OKPYKAIOLIEro
JBE3AHOTO CKOIUICHUSA, CIOCOBHOTO CcBOEH rpaBuTauMeil AecrabuiiM3upo-
BATH OPOUTHI TLTAHET.

B uenom opmuposatme COMHETHON CHCTEMBI MTPOAOIKANOCH B Teue-
HHE IMPUMEpPHO | MIIp JIeT.

3.1.7. DemenTsl KOCMOJIOTHH W OOLIEH TCOPHH OTHOCHTEIBHOCTH

OcHoBHble xapakTepucTaku Beenennoi. Mcciaenopatus Tro6bIX, 1axKe ca-
MBIX OTHATEHHBIX OOBEKTOB €LIE HE JOCTATOYHO [Jisl BLISCHEHMS CROICTB
Beeniennoit. B 10 e Bpemsi OHa SIBASETCA TakxXe MPEIMETOM M3ydeHHsl
NCTpoHOMUM. K TOMY Xe 3BOJIOLMOHHBIN MOAXO[ K M3Y4EHHIO MHpa —
IKHeiias ocobeHHOCTh coBpeMeHHO# actpoHomuu. [poucxoxaeHue,
(p3KYECKYIO MPUPOIY, CTPOEHHE W IBOMIOLMIO BeeneHHOM Kak Lesoro 13-
yuaer ee ocoOulif pasnen — KocmoJorua. B uactHocTH, OHAa paccmarpupaeT
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HauOosee obLIMe CBOMCTBA BCEH 0DIACTH NMPOCTPAHCTBA, JOCTYIHOW Mpsi-
MbIM HA0MIONEHUAM (3TO HECKONIBKO THICSIY METANAapPCeKOR), KOTOPYIO WHO-
raa HaseiBawT Memazaraxmuxoi,

OcHoBHas npoﬁneMa KOCMOJIOTHHK 3aKJIKOUAeTcs B TOM, YTO BCHO be3-
rPaHUYHYI0 BeeneHHyIo HeBO3MOXKHO OXBATUTL HAOMIOIeHUAME, B cBs3m ¢
3THM TO, YTO M3BECTHO O MeTaralakTHKe, MPUXOTUTCS IKCTPATIONUPOBATE
Ha BeeneHHylo.

WspecTHble B Hacrosiiiee BpeMsi HAOMIONATEIBHBIC NAHHBIC CBHICTE/b-
CTBYIOT O TOM, 4TO BceneHHas 0OAHOPOAHA U U30TPOIHA, HAXQAMTCH B CTa-
MM paclUVpeHysl, B IPOLLIOM ObIIA 3HAYUTESILHO ropgyee, YeM B COBpe-
MEHHYIO 3TI0XY.

Mues o6 onnHakKoBoil cpelHeil MIOTHOCTH BELIecTBa s JOCTATOYHO
Oonbminx 00LEMOB MPOCTPaHCTBA BO BeeneHHOW — OfHA M3 OCHOBHBIX B
KocMosiornu. Pasmepsl obGnacteil, B npeaenax KOTOPBIX CPEIHIONW TIIOT-
HOCTh BEIUECTBA MOXHO CYMTATH MPAKTMUECKH OJIMHAKOBOW, COCTABISIIOT
okoso 100 Mrk, uro ropasno Meubiiie pasmepos Mertaranaktuku. OnHako
OHHW BEJIMKH 110 CPABHEHHUIO ¢ MAcIITADAMH JTOKANEHEIX HEOTHOPOIHOCTEIH,
CBA3aHHBIX C CYILIECTBOBAHMEM 3BE3/, FAJIAKTUK M MX CKoIieHHH. O Takoit
PABHOMEPHOCTH pPacnpeneileHHs BellecTBa Bo BeeneHHON CRUAETEILCTRYET
TOT (DAKT, YTO TATAKTMKM BO BCEX HATIPABICHUAX B CPEAHEM PACTIPEAE/IEHDI
PABHOMEPHO.

HeszaBucMMOCTh Cpe/iHeil IJIOTHOCTH BELIECTBA OT BEJIMYMHBI ODIACTH
ycpeaHeHus (Ha oueHb 00JiblIMX MacliTabax) B KOCMOJOTHH pacCMaTpUBa-
eTCa Kak crneAcTere doJiee obuux croicts BeeneHHOM — 0AHOPOOHOCTH U
u30Tponuu. Odnopodnocms O3HAYACT OIMHAKOBYIO TIOTHOCTH MATEPHH B
MPOCTPAHCTBE NPU YCPEAHEHUM B IOCTATOUHO OONBIIMX OOBEMAX, T.e. OT-
CYTCTBHE BBIIECAEHHBIX 00NaCTe il MPOCTPAHCTRA, & U30MPONUs — OTCYTCTBHE
Bo BeenenHoii seinenenubix Hanpasneduii. [peanonoxenue o6 OQHOPOLI-
HOCTH M H30Tponuu BeeneHHOiT Ha3kIBAETCH KOCMOJIOrHYECKUM NPHHITAIIOM,

Cienyer oTMETHTh, 4TO cciin Obl BeenenHas umena mepapXudecKyio
CTPYKTYPY, B KOTOPO# 0OBEKTHI KAXK/I0I0 MacIITaba 06pasyloT CHCTEMBI CJie-
nywouero, bonee KpymHoro Maciutaba, To HH OIHOPOAHOCTH, HU H30TPOTINH
HC IIBﬁJ’EK),[[aJ]OCb OBl

Pannue npeactasicHus o BeelieHHO# HAapsiay © MOHUMAHHEM €€ OIHO-
POOHOCTH BKJIOYAIM TAKXKE MPWUHLMM HEU3IMEHHOCTH (CTATMYHOCTH) Ha-
urero Mupa. OJIHaKo nepebie MOMBITKM 3KCTPAMOIUPOBATE 3TH CBOIICTRA HA
DecKoHEUYHOE €BKIIMI0BO MPOCTPAHCTRO TIPHBETH K (DOTOMETPHUIECKOMY U
TPABUTALIMOHHOMY [1aPAILOKCAM,

@oToMeTprdecKuit napanoke 66Ut chopmysnponan b 1744 . K. ne Mleso
B [lBeiiuapuu, a B 1826 . — I Onsbepcom B lepmanuu, CyTh €ro 3axkiio-
4aeTcs B TOM, YTO €CJIW NMPOCTPAHCTBO OECKOHEHHO U TIPU 9TOM PaBHOMEP-
HO 3an0AHEeHO 3BC31aMu, TO B N1000M HalnpaBJacHWUHX JIy4 3pEHHUS PpaHO UJIH
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MO3/1HO NepeceyeT Kakyo-1undo 38e3ny. [lockonbKy apkocTh 00beKTa HE 3a-
BUCHUT OT PACCTOSAHMSA 0 HEr0, HAM JOJKHO Ka3aThesl, YTO BCe HeDO HOUBIO
paBHOMCpHO CBETUTCH, KaK IHUCK COJIHII,H, y‘leT MEX3BE3AHOIO IMOrjaoue-
HUWs CBETA He YCTPaHsET 3TOT NapafoKe, TAK KaK MOIVIOWEHHOE H3TyYeHHE
NepeusIyyaeTcs.

YerpaHsieTed 3TOT 1apajioke, ecin OTKA3ATLCHS OT MPUHLIMIA CTATHYHO-
¢t BeeneHHOM M yyecTh, YTO B HAcTOsLLEe BpeMst OHa pactupaemen. O6b-
€M 1POCTPAHCTBA, KOTOPBIH (PAKTHMYECKH DOCTYNEeH HAODMIOIEHWsIM, KOHE-
YEH W OIrpaHMYEH TakK HA3blBAEMbIM COPUIOHMOM Hur)zmucmu G0 BCMEHHOI?.
[Ton HuM noHuMaloT cdepy, Bce TOUKM KOTOPOH yaaleHbl 0T HADonaTe st
Ha pPAaCCTOSIHKME, MPOiiIeHHOE CBETOM 32 BCE BPEMSI CYIIECTBOBAH WS PACLLIH-
patowieiicss BeenenHoii. Ipu 3T0M 00BEKTHI, HAXOMSALIMECH HA FOPU3OHTE
BUAMMOCTH, YIANSIOTCS OT HAC BCJICACTBUE KPACHOTO CMELLEHMS CO CKOPO-
CThIO cBeTa (HabIONAIOTCS, HAPUMED, KBa3apbl, KOTOPbLIE YOAISIOTCH OT
Hac co ckopocThio 285 000 km/c) M, CienoBaTeibHO, HE MOTYT ObITh BUIU-
Mbl. KpoMme Toro, aHeprusi cBeta ot JHOObIX YIAIEHHBIX 0ObEKTOR YMEH bLIa-
CTCH M3-3a KpaCHOro CMCLUCHMS.

IpaBuraumnonnsiii napagokc Obl1 chopmynuporad B 1895 . HeMeLKHM
actpoHoMoM X. 3eenurepom. OH 3aK/1I04A€TCH B TOM, 4TO, MOJAB3YSCH 3a-
koHoM Heiotona, B HeckoHeuHoii BeeneHHOM, paBHOMEPHO 3aM10NHEHHOR
BEIIECTBOM, HEJIB3$l OAHO3HAYHO PACCYMTATL CHILY TPABUTALMH B 3a1aHHON
Touke. Ecinm ce BBIYMCIATL, CYMMMPYsI CHIIBIL, AeCTBYIOLIME HA TIPODHYIO
MAccy B 9TOH TOYKE, KOTOPLIE CO3AAIOTCS KOHLUEHTPUUECKMMM CJIOAMH C
LEHTPOM B 3TOMU XKe TOUKE, TO, O4eBUIHO, oayunTcst Hynb. Ecin ocyect-
BJISATH pACcyET Ul KOHUEHTPUYECKUX CIIOEB C LIEHTPOM B HEKOTOPOI Jpyroi
TOUYKE, YAAIIEHHOI HAa pACCTOSIHUE F OT IAHHOM, TO CHJIA TATOTEHUS OKAKET-
CSl PABHOM CHJIE, C KOTOPO# LIap paaluycoM r IPUTSTUBACT TOUYKY, PACTIONO-
JKEHHYIO HA €T0 MOBEPXHOCTH.

B pesynbrate okasplBaeTes, UTO 3aKOH BCEMHpPHOro tarotenus Heloto-
HA € Er0 MATEMATMYECKUM aniapaToM HElpUMEHUM K De3rpaHnuHoii Bee-
JICHHOM. [Ins ce onMcaHus MCMONb3IYETCs! 00 TEOPUs OTHOCHTENBLHOCTH
(OTO), ocrorkl KoTopoi Guun 3an0xeHsl B 1915—1916 . A. Ditnurreii-
HOM (s yacTHOro cayyas ctatuveckoil Beenennoii). B OTO rpapuranm-
OHHBLINA napagokc OTCYTCTBYET. nOﬂBJ'IGH He aTol TCOPHH O3HAMEHOBAJIO CO-
00l HaYya0 COBPEMEHHOrO 3Tarna pa3BUTHs KOCMOJIOrMK, B Bosnee ob1iem
BUJIE KOCMOJOTHIeCcKUe pelineHust ObLUTH HAWACHBI BLLAAKOLIUMCS CORETCKUM
maremarnkom AA. @puamanom B 1922 1 [Tosxe BBISCHUIOCH, UTO P
BUKHENTITX KOCMOJIOTUYECKMX PE3VIILTATOB IIPU HEKOTOPOM YNPOUIEHKU K
MOXHO TMOJYYUTE W HA OCHOBAHWM YpaBHeHMH MexaHukn Heiotona. He-
CIALLMOHAPHOCTE BCesIeH oI, B 4ACTHOCTH, MOIA OBITH MPeAcKa3aHa cpaly
HOC/e OTKPBITHS 3aKOHA BCEMUPHOIO TATOTEHMS, Oﬂ.HaKO 9TOMY IOME LA
HpeaydexKaeHHs 0 BEHHOCTH ¥ HEM3MEeHHOCTH BeeneHHOM,
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Paccmorpum cepy npou3BoaLHOTO pafuyca r ¢ LEHTPOM B HEKOTOPOIT
3aaHHOH TOUKE MPOCTPaHCTBA. BHyTpH chepsl GyaeT conepkaThes Belie-
cTBO (ONHOPOAHELE wap) Maccoit M = V-p=(4/3) ' p (p — cpeauss
MAOTHOCTL BeulecTRa BO Beenennoit). Mox aeiicTBUEM cuIbl TPABUTAIIMH
TaKoit mwap OyaeT CKXUMaThes K LIEHTPY ¢ ycKopeHueM (puc. 3.21):

; o e
VRTINSl ety i 65010 10 A
¥ 3

Takum o6pazoM, maxe ecnu 6bl B HAUATBHBII
MOMECHT BPeMEHW HEKOTOpas ralakThka A4 Obuia
HEMOMABMAKHON, TO OHA cTana OBl JABWUIATLCA
BHYTDE 11apa Maccoit 91, To e camoe Kacaeres
A Apyrux ranakTuk. [Mockonsky Beenennast oqHo-
POAHA W U30TPOTTHA, Takas cynbba Hanbosee pe-
posTHA WISt MI0DOr0 BLIAENEHHOTO B MPOCTPAH-
CTBE 00bCMA BELUIECTBA HE3ABUCHMMO OT €ro

Pue. 3.21. Tpasutaumonuoe il i MCCTUIIIIOAC R,
I s Sy M3-3a Hanuuus cun Tsirotenus Beenewwas,
ratakTukn A He 001afal0Las HY LEHTPOM, HH OChIO Bpallic-
HUs (ONHOPONHAsT M M30TPOMHAsA), HE MOXET
BEYHO HaXOAUTBCSI B OJIHOM M TOM K€ CTALIMOHAPHOM COCTOSIHMU, OHA He-
M30€KHO J0JKHA BONIOUMOHMPOBATL. TTPH pa3HbIX HAYATBHBIX YCIIOBHAX
3Ta 3BOJIOLMSL MOXKET ObITh pasHoil: Beenennag 6YneT cocumamscs o neii-
CTBUEM IDABUTALMOHHOIO B3aMMOIEHCTBUS MEXILY €€ MacTsIMU WM paculi-
pAmbCA, €CIIA OHA 0D/IaAaeT IOCTATOYHBIM 3aMACOM KMHETHUYECKOH SHEpPIu .
DTH NPOLECCH] MOTYT OCYLUECTBAATLCSA PABHOMEPHO, C 3aMEIEHUEM TN C

YCKOPEHUEM.

B Hactosiiee Bpems Beenennas (npocmpancmeo Beenennoii) paciimpsiercst.
[Tpu 3TOM B CIHIIY KOCMOJIOIMYECKOTO MPHHLIKIA KAK/1as TOUKA [IPOCTPaHCTRA
BeenenHoii ynansiercs oT BCex OCTANBHBIX €€ TOYEK, Ilockoneky Bce TOYKM
npocTpaHcTBa BeesieHHOM paBHONpaBHb, Hala [AnakTHka, Tak e Kak 1 apy-
TUE TATAKTUKH, HE SIRIseTCsS M30paHHOM, LeHTpanbHOI Bo BeeneHHOM.

[Tpumenanne HeKoTOphIM AHAIOIOM PACCMATPHBACMOIO MPOLECCA PACUIMPEHNUS TTPO-
CIpaHCTBA BCENCHHOM CILYKUT PACTSKCHHE MOBEPXHOCTH BOZAYIIHOTO LIAPHKA (3aMKHYTOM
ABYMEPHOI MOBCPXHOCTH) 1P ero HaayBanun. QUEBMIHO, YTO KAK/IAS TOUKA, HAXOISIIASCS

Ha MOBCPXHOCTH LIADHKA, MPH €ro HAJYBAHUMU ﬁyJICT B paBHUH CTCIICHH YOAIATLCH OT BCEX
OCTAJIBHBIX TOYEK MMOBEPXHOCTH,

Hecmayuonaprocms BeeneHHOM NOOTBEPXKIAETCS, B YACTHOCTH, HAGITIO-
AEHHEM KPACHOIO CMEIeH s B CNEKTPax YAaNEHHbIX 00beKTOR — TAaKTHK
M KBA3apoB.

170

Kpachoe cMeltienie — 970 CABMT CIEKTPATLHEIX TMHUH H3IYyYEHHS! ATOMOR,
MOHOB U MOJIEKY/1 B JUTMHHOBOJIHOBYIO (YC/IOBHO — KPACHYIO) 0BIacTh chek-
Tpa. BeauuuHa KpacHOro CMELLECHMSs! ONPENesieTCsl Ceay o iM 0BpazoM:

B Pt PN
- A

e e

z (3.33)

riae A, — ATMHA BOMHBI U3MYUYEHUS, 3aperncrpupoBanHoro (observed) npu-
EMHUKOM; A, — [UIMHA BOJIHBI M3YUEHHUs, UCTIYLLEeHHOro (emitted) mctou-
HUKOM. B yacTHoCTH, rosiosHas auuus cepun Jlaitmana (L,) atoMapHoro
Bogopona (A, = 121,567 uM) npu yuete KpacHOTO cMelleHus Oynet Habmo-
NAThCs Ha UTHHE BOJIHBI:

O A, = 121,689 um npu z=0,001;

O A, =122,783 umnpu z=10,01;

QA= 133,724 umnpuz=10,1;

O A, =243,134 umnpu z=1,0;

O A, = 1337,24 um npu z= 10,0,

[Tpupona KpacHOro CMEIEHUS MOXKET ObITh PA3THYHON: BLUIEASIOT 10-
TIEPOBCKOE, MPABUTALIMOHHOE M KOCMOIOTNUYCCKOE KPACHOE CMELIEHME,

Monaepoecroe kpacnoe cymenjenue CEKTPANBLHLIX JIMHUIT KAK CACICTBHE
athdekta Jonnepa urpaetT UCKIIOYUTETBHO BAXKHYIO pojib B acTpobusnKe.
Onrtuueckuii apdexr Joriepa B BaKyyMe ONpEensercs ToNLKO OTHOCH-
TENBHOH CKOPOCTBIO UCTOMHMKA M TPUEMHMKA W SABJISETCS CTEICTBUEM [1pe-
obpasosanuii Jlopeniia. XoTs 10NIE€POBCKOE KPacHOE CMEIIEHHE He UMeeT
HENOCPeICTBEHHOTO OTHOLIEH M K KOCMOJIOTHH U PEJISITHBUCTCKOI TEOPUU
IpaBUTALMM, TEM HE MEHEE MPEACTABASIETCS YMECTHLIM 0OCYINUTE OCHOBHBIE
xapamepucmxu ATOTO ABMNEHHUSA B KOHTCKCTE pPacCMOTPEHHSA KOCMOJIOINn4ye-
CKHX 3a/1a4.

Ecin ucrounmnk Ml paBHOMEPHO ABMXKETCS OTHOCHTENLHO NpUeMHuKa I1
€O CKOPOCTLIO v, TO Hab/I0JaemMast YacToTa V OlpeAe/ISIETCs CAEIYIONIMM 00-

pazom (puc. 3.22):
J1—p2

T (3.34)

ViFmid
Fe V, — YacToTa DAeKTPOMArHUTHOIO
M3NYUEHUSs! HCTOYHUKA (PETUCTPUPYETCSH v
B ClIy4yae IMOKOSALIUXCH UCTOUYHHKA M
)9

[puemMHuKa); = % (v — CKOpPOCTh UC-
T

TOYHMKA OTHOCUTENBHO MPUEMHHMKA, v T Vo

¢ — CKOpOCTh ¢BeTa); 8 — yrom mMexmy

JIMHUEH, COeNMHSIIOLIEN TIPUEMHMK 1 Puc. 3.22. Habmonenue adibexra JTonepa
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MCTOYHMWK, W HAMPABJIEHUEM BEKTOPA CKOPOCTH ¢ UCTOYHMKA, MHOXUTENH

J1—B? yauThiBaET Pa3NHIHBIA XOI BPEMEHH B CHCTEMAX HCTOYHWKA 1 TIPH-
eMmuuKa. [1pu cOnuXeHun MCTOUHKMKA U TPMEMHMKA YACTOTA V BO3PACTaET
(m/2 < 0 < m, gpuonemosoe cmewjenue), Npu ynaneHUM — yObIBaeT
(0 £ 0 < m/2, kpacrnoe cmewenue).

[1pn 0 = 0 wan m, Koroa UCTOUHMK ABHXKETCS OT NPUEMHHKA WU TIPSIMO
K HeMmy, Habmonaetes npododstoii agghercm Honnepa.

Ve Voskl T (3.35)

B HepensTuBuctckoM cayyae (v << ¢) BolpaxeHus (3.34), (3.35) npe-
00pa3y1oTcs K cleIylolLeMy BULY:

v=v,-(1—B-cosB) n v=v,-(1£p). (3.36)

[MpononbHelit agext Jonnepa, npu KOTOPOM U3MEHEHHE YACTOTHE U3~
JIYYEHUH MAKCHMaJIbHO, sipisiercst 3(QEeKTOM MEepBOro Hopsika OTHOCH-
TENBHO f3.

[Mp 0 =7 /2, Korga BEKTOP CKOPOCTH MCTOYHMKA MEPICHAMKYIISIPEH
HANPpaBJIeHUIO HA MPUEMHHK (MCTOUHUMK, HAMTPUMED, ABUXKETCA N0 OKPYHK-
HOCTU OTHOCHTEJILHO NpUEMHMKA), HaOmonaeTcs nonepeynotii agpghercm o-
naepa, KOTOpbli He MMEeT aHAJIOTa B KJIACCUUECKOH MeXaHHMKE U MOJHOCThID
00YyCNOBNeH PeNsITUBUCTCKUM 3(h(heKTOM 3aMeaJieHUsl BPEMEHH:

2

v
V:vﬁ.,fl—gﬁzzvu. lfﬁ 3 (3.37)

Monepeunsiit apdext Jdomiepa HabMI0IaTh 3HAYUTEILHO TPYIHEE, 110~
CKOJIbKY OH sipsisieTcs 3(hdekToM BTOPOro mopsiaka OTHOCHTeNbHO PB. Kak
YUCTO PensITUBUCTCKUN 3¢ddekT, nonepeuHsil addexT Jdomnepa ¢ ycrexom
MCTI0/Ib30BAJICH LISl MPOBEPKM COOTHOILEHU CNelUalbHOi TEOPUH OTHO-
CHTENTBHOCTH.

JomiepoBckoe KpacHoe CMEeIeHe IMHEBL BOJHbLI B CNEKTPE HCTOYHU -
Ka, YOATSIIOLIETOCcs € IYYEBON CKOPOCTHIO v, UMEET BHJL

(3.38)

C nomomuisio addexra Jonnepa onpenensores JAy4eBbieé CKOPOCTH
3B€3/1, NYJAbCAPOB U APYrUX 00BEKTOB, CKOPOCTH BpaLeHUs HEDECHBIX TEJI.
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Tak, senencrue BpaweHust CoNHIA BOCTOUHKIH Kpail ero 3KBaTopa npu-
Oiimkaercst K HabMIonaTento, a 3anamHbil — yIaIseTcsl co CKOPOCTBLIO OKO-
Jio 2 kM/c. TMoaromy 3enedas nuaus uanyueHus 500 HM Ha BOCTOUHOM
kpaio Conuua B6iu3m ero sxknatopa capuuyra Ha 0,0035 uM B duonero-
By10 0bnacTh CrieKTpa, a Ha 3anajJiIHoM KPald — Ha TAKYIO XK€ BeJIHYHMHY B
KpacHyro obnacte. Ipu 310M Ha nomocax CosHLA OOTUIEPOBCKOE CMellle-
HME JIMHUI yMeHbLaeTes 1o Hynsi. B pesynerate HabmomaeTcs yiiMpeHWe
cnekrpansHol tuHuu 500 um Ha 0,007 HM.

JorniepoBcKoe cMeILeHUE CIIeKTPaTbHBIX THHUIT MO3BOMISET 0OOHAPYKW-
BATh [BOMHBIC 3BE3NHBIE CHCTEMBI U OTKPBIBAThL IUIAHETH Y JPYIUX 3BE3I.
ITo BenuuuHe MOTJIEPOBCKOTO YINHPEHHS GHEKTPANBHBIX JIMHUII onpene-
JIMIOTCA XapaKTepMCTUKM BELIeCTBA 3BE3[AHBIX aTMochep M MeX3BE3MHOI
cpelbl. YueT apdexta Jonnepa no3point 0GHAPYKUTE AUIIOJILHYIO COCTAB-
JHIOILYIO AHM30TPONTHM PEJMKTOBOIO U3IYHEHHS, CBA3AHHYIO C IBUXKEHUEM
3eMIIM OTHOCHTEJILHO I10JIS TOT0 M3TYYeH WS,

B 1914 r. amepukaHckuii actporoM B. Cnaiichep ¢ moMoiibio M3Mepe-
HUA KPacHOTO CMEIUEHMS B CIEKTPaX M3JyYeHHs CBETALIMXCA OOLEKTOB
HEeBECHOH cdepbl YCTAHOBMIL, YTO MHOTHE U3 HUX, B YACTHOCTH FJIAKTHKH,
UMEIOT 3HauYuTENbHbIE (Okono 1000 kM/c) coBCTBEHHBIE CKOPOCTH OTHOCH-
TensHo 3emuid. [1pu 5TOM Bee TanakTHKH, 338 HCKITIOUEHUEM TPEX, YA ioT-
csi or ConeyHoit cucremsl. B 1929 . B. Xab6n nmo BelM4YMHAM KpPacHOTO
CMEILeHHs YCTAaHOBWI 3aKOH Beeobuiero pazderaHis rajJlakTHK, COrJIacHo
KOTOPOMY KPacHOe CMelIeHHe YIaNeHHBIX 0OBeKTOB MPONMOPHHOHATBHO HX
PACCTOSTHUIO OT HABJIIONATE N,

3axon Xab6aa yTRepHCIALT, UTO YEM JIaibllie OT HABMOAaTe s TANaKTHKA,
TéM BLICTpee OHA YAATSIEeTCS:

v=H0'r=c-T=Coz, (3.39)
e Hy — nocrosinas (napamerp) Xa661a B coBpeMeHHy10 amoxy. [To oueH-
KiM pasHbIx aBTOPOB, H, HaxomnuTes B npeaenax 60—75 (km/c)/Mnk. B na-
crosiuee Bpems (2014 1) naubonee HajieKHASA OLIEHKA 3HAYEHUS MOCTOSTHHOK
Xabbsa cocrapsier 67,80 + 0,77 (km/c)/Mnk.
3akoH Xab6na He BRIMOMHAETCA IS TPABMTALIMOHHO CBSA3AHHBIX 00b-
EKTOB — biwkaimx ranaktuk. Tak, y TymanHoctu AHnpoMenst, yoaneH-
Hoif Ha paccrostiue 2,54 mute cB. Jiet ot 3emun, 7= —0,001 (duonerosoe
EMelleHue), T.e. 3Ta TANAKTHKA MpUbNIkaeTea K Hamell. Hanportus, y ra-
kK Combpepo, Haxomsauieics Ha pacCTOAHWM 28 MITH CB. JIeT OT 3eM-
I, z = +0,004, T.e. ee ckopocTh «yberaHus» — okoao 1200 km/c.
Ipennonoxerne o ToM, UT0 6 npouiom Beeaennas Haxodunacs é bonee 20-
PHYEM, HEMCEAU & COBPeMEHHYIO FN0XY, COCMOoAHUU, OCHOBBIBAETCA B OCHOBHOM
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Ha CIENYOLINX Ha6J'[IO,EI,aT&J'[be]X ('i)aKTaXZ XapakTtepe pacrnpeneneHusa JerKkux
XHUMHUYECKHUX D1eMEHTOB (BOLopoaa U resius) Bo BeenenHoi u hopMe criekrpa
KOCMMYECKOr0 (POHOBOTO MUKPOBOJIHOBOTO (PEIUKTOBOIO) U3IY4EHUS.
CylecTBORaHKE TOUTH BCEX XUMMUYECKUX NIEMEHTOB BO BeeleHHO#H 00b-
SICHSIETCS] TEPMOSAEPHBIMM peaklUAMH, MPOUCXOOIUIMMK B HEApax 3BE34 U
BO BPEMsl BCIIBILIEK CBEPXHOBLIX. OQHAKO pacipoCTpaHeHHOCTh reius B [a-
JIAKTHKE HE MOXET ObITh OOBACHEHA TONBKO HA OCHOBE IBONIOIMHU €€ 3BE3,

MOCKOJIBKY Ha J0JK0 3TOr0 XMMHUUYECKOTQ 3/IEMEHTA MPUXOAUTCS MPUMEPHO
24% maccel Bunumoro seitectsa BeeneHHoi, win oxono 1 /10 ot yucna ato-
MOB BOJIOpoAa. MOXHO OLUEHHUTL KOJIUUYECTBO rejivsl, KOTOpoe MOTIO OBITh
CHUHTE3UPOBAHO B HEAPAX 3BE3/ 33 BCE BPEMs SBOMIONNMH Haiei [anakTuku.
Cretumoctb Mueatoro Tyt cocrasnsier npumepro 107 x/c. Eciu ona
ObL1a MOCTOSHHOM B TeHeHHE «KM3HU» [anaktuku (nopsinka 10 mupa sier),
TO 33 BCe 310 Bpemsi Bhieuiock 3- 10%* [Ix snepruu. [Mpeanonaras, 4o Bes
SHEPTUsT BEIIEISIETCS] B PE3YILTATE MPeBpallieHusT BOIOPOaa B renuii (camoe
BEPOSITHOE NPEeANONIOXKEHWE), U YUYUTHIBAS, YTO NPU 0Opa30BAHUU OIHOTO
sIpa’ TeJivsl BBIAEJISIETCS] OKOJOo 2,5+ 10712 JIx, nomkHO 6BUI0 00pa30BaThHCA
okono 10" kr renusi, uto cocranser npumepHo 1/40 1omo maces! Tanak-
THKH, uin 1 /160 no ykucny aromos. Takum 06pa3oM, OUEBUIHO, UTO CUHTES
reJius DoJaXxKeH ObBLI MPOUCXOIUTL paHee, 10 Havyana C])ODMH oBaHus [anakrTu-
ku. JUist 51010 Heobxonuma seicokast (1o He Boiure 10°—10" K) remneparypa.

B 1964 r amepukaHckue wHxeHepol A. IMensuac u P. Bunbscon (Hobe-
JieBcKasl ipeMust no usuke 1978 1) OTKPBUIH, 4TO IPpOCcTpaHCcTBO BeeneH-
HO¥ 3aM0AHEHO IEKTPOMATHUTHBIM M3JIY4EHHEM MUKPOBOJIHOBOIO JMarna-
3oHa (npumepho 400 horonos Ha kaxabiii 1 oM’ Beenennoit). INo3xe Gbiio
YCTAHOBJAEHO, YTO 3TO U3/NYYEeHHe UMEET CTIJIONIHOMN CTIeKTP ¢ MAaKCHMYMOM
Ha anuHe BoaHb 1,06 Mm. [1pu aTOoM hopma cnekTpa B TOYHOCTH (OTIHYHE
W3MEPEHHBIX 3HAYEHHU I SHEPTUH OT TEOPETHHECKH NMPEACKA3AHHDBIX COCTAB-
aser 1/400) coorBeTcTBYET IUIAHKOBCKOR KpuBOi (hopmyia (3.18)), koto-
past OMUCHIBAET U3JYUAIOHIYIO CITOCOOHOCTh AGCOMIOTHO YePHOTO Tena, Ha-
rpeToro A0 TemMieparypsl 2,72548 £ 0,00057 K (dx. Maszep u k. CMmyT,
HobGenesckas npemus 1o gpusuke 2006 ) [25, 28]. B coBpemenHoit Bee-
JIEHHOM HE U3BECTHBI OOBEKTHI, KOTOPKIE 001a1a K OBl TAKUM XapaKTePHBIM
M3Ty4eHHEM, TOITOMY B HACTOSILEE BPEMs MPEINOAATAETCH, YTO KOCMM-
4YEeCKOe MMKPOBOIHOBOE (hOHOBOE (UK PeauKmogoe) U3llydeHHe ecTh OCTa-
TOYHOE U3JTYYeHUE, KOTOPOE TIOABMIOCH HA PAHHUX BLICOKOTEMIEPATYPHBIX
cTamusax 3BonoLrKY BeeneHHoit BO BpeMeHa, DJIM3KHE K Hayally ee pacliu-
penus (okono 13,7 mapn net Hazan).

B nayane coero pacuiMpenusi Beenennas Haxoauiach B COCTOSHMM
MPaKTHYECKH WIEaNbHOTO TEPMOJHHAMMUECKOr0 PABHOBECHS W WMena
Upe3BbiUaiiHO BhICOKYIO Temneparypy. C Tex nop BceneHHast oCTHIRAET W
NPOAO/IXKAET pacliupATLCA. TeMmneparypa paBHOBECHOTO WU3JIyYEHUS C MO-
MEHTa oTHe/eHus ero ot sewlecTsa (okono 3000 K) yMeHblnwiach npu-
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MEPHO B TBICAYY pa3, MAKCUMYM MIaHKOBCKOW KPUBOHA B COOTBETCTBHM C
3akoHOM BuHa cmecruics ¢ rpaHuibl BuauMoro u MK-nmanasona (oko-
70 1 MKM) B 0611aCTh MMJUIMMETPOBLIX JUIMH BOH. MopmMa crekTpa npu
ATOM COXpaHKIa cBoe nomobue opMe M3IydaTebLHONH criocoBHOCTH abco-
JIIOTHO YEPHOIo Tena.

ManoxeHubie Bbllle PaKThl (BMECTE C HEKOTOPHIMH IPYTUMH, CM. J1aJlee)
NOJI02KEHBI B OCHOBY COBPEMEHHON KocMoormdeckoit ACDM-Monenu, Ko-
TOpasi, B CBOIO 04Yepenb, onupaercst Ha ypasHenus OTO.

Ob1ias Teopust OTHOCUTETLHOCTH, WIH HEKBAHTOBAs TEOPUsl TPaBUTa-
UM, — 3TO COBpeMEHHas (u3Mueckasl Teopus NMPOCTPAHCTBA, BPEMEHU M
taroteHus. B ocHose OTO nexuT akcnepUMEHTANbHBIA (AKT paBeHcTBAa
MHEPTHOI Macchl, BXOISIIEH BO BTOPO# 3aKOH HblOTOHA, M FpaBUTALIMOHHOM
MACChl, BXONALICH B 3aKOH BCEMHPHOTO TATOTEH WS, /IS JTI000TO Tea (npuH-
yun sxeusarenmuocmu). B HacTosilllee BpeMs PABEHCTRO MAcC IKCIIEPUMEH-
TATBHO MOATREPKIAETCH ¢ OTHOCHTEILHOI norpeurHocTsio 1072—107",

PaBeHCTBO MHEPTHOI M TPABUTAIIMOHHON MACC MPOSIBAAETCS B TOM, UTO
JIBHDKEHME TeJia B MOJIE TATOTEHMST He 3aBUCHUT OT MACChl Teja, MOCKOJBKY B
BBIPAXKEHWH JIUIsSt YCKOPEHHS TEJIa, Ha KOTOPOE NeHCTBYIOT JIWILIL TPABUTALIM -
OHHBIE CUITHI, 06€ Macchl cokpatualores. CnenoBaTenbHO, YCKOPEHHE Tea,
d 3HaAYUT, U ero TPAaeKTOpHUA HE 3aBHUCAT OT MaccChl Teja. Ecnu xe Bce TEIA B
OIHOW M TOMN Xe TOYKE MPOCTPAHCTBA MOMYYAOT OJAMHAKOBOE YCKODEHHE,
TO 3TO YCKOPEHWE MOXHO CBI3aTh HE CO CBOUCTBAMU TEJI, 4 CO CBOWCTBAMM
€aMoro MPOCTPAHCTRA B AaHHOM Touke. D10 nozsomsier OTO TpakToBaTh 13-
roTeHue (rpaBUTAlMIO) KaK MUCKPHUBIEHHE MPOCTPAHCTBEHHO-BPEMEHHOTO
KOHTHHYYMA. IBiKeHMe 0OBEKTOB B rPABMTAIIMOHHOM ITOJIC MPOMCXOLUT
110 Te0/Ie3UHECKMM (KpaTdafiliuM) MUPOBEIM NHHUSIM MPOCTPAHCTBA-BpE-
MeHHU. [eone3ndecKne JIMHUKM HAXOMAT € TOMOLIbID HHTEPBAlA — «PAaCCTOsI -
HHS> MEXKY IBYMSI COOBITHSIMU B YETBIPEXMEPHOM NMPOCTPAHCTBE-BPEMEHH.
Murepsan 3anaercs 10 He3aBUCHMBIMH KOMIOHEHTAMM METPHUYECKOTO TEH -
30pa (MeTpHKoit). MeTpruKa ONuUChLIBAET MCKPUBIEHUE TIPOCTPAHCTBA-BPE-
MEHU W omnpejensiercs u3 ypapHenuit OTO.

YpaBHeHMA TATOTEHUS DITHIITEIHA UMEIOT CEAYIOIHI B (IO OAMHA*
KOBBIM BEPXHUM W HIDKHUM MHIEKCAM MPOU3BOIMTCH CYMMUPOBAHUE):

1 8n-G | )
Ruv_i'guv'R+A'gpv: C4 'Iuv’ (3.40)
G OB . iy Vo
rae R, = FTREY +I4, 5, — Iy, — TEH30p KpMBH3HBI POCTPAHCTBA-
080 , 9800 08y
ppemern (tensop Puuun), Il =E-g“"v(ﬁ+ﬁ—ﬁ — CUMBOJTHI

Kpucrodens; g,, — meTpudeckuii TeH30p (3a1aeTCsi COOTHOIIEHUEM
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8" -g,,=08); R=g" R,, — ckansipuas kpusn3na (cien Tensopa Pruuum); A —
KOCMOJIOTHYECKas NOCTOAHHAs; 7, — TEH30P SHEPrUM-MMITY/IbCa MATEPH M,
v, p,0=0,1,2,3; x,Xx,, X; — IPOU3BOJbHEIE MPOCTPAHCTBEHHLIE KOOP-

JAWHATBI, X, = ¢ — BPEMEHHas KOOPAHHATA.

Mpumeuanue. Jo 1997 1. 1OCTOBEPHBIX YKA3AHHIT HA OTANYME KOCMOJIOTHMECKOI 110~
CTOSAHHOH A OT HYJIS HE OLUIO, HO3TOMY OHA DACCMATPHBANACK B ODHICH TEOPHH OTHOCHTE Th-
HOCTH KaK HeoDA3aTeNLHAs BEINYUHA, HAIWUNE KOTOPO# 3aBUCHT OT NPEANOYTEHUIT aBTopa.
B noGom cnyuae ee senmunna (Menbine yem 10 2 r/em’) nossonsier npeneGperars adibexramn,
CBSI3AHHBIMMU € €€ HAJIMYMEM, BIUIOTh 10 MACUITABOB CKOTUIEHHH TATAKTHK, T.€. [IPAKTHYLCKH B
n1060it paccMaTpUBaeMoil 00NacTH, KPOME KOCMOJIOTHH. B KOCMONIOrMH, OHAKO, HAUIUE
KOCMOJIOTHYECKOI MOCTOSHHOM MOXET CYIECTBEHHO H3MEHATh HEKOTOPLIE STAT bl DBOIONAK
BeeneHHoM B HanbGonee pacrpocTpaHe HHBIX KOCMOTOTHYECKHX MOJIeIfX.

B 1998 1. pBymst IpyniaMm acTpOHOMOB, N3YUaBLIMX CBEPXHOBBIE 3BE3/BI, MPAKTHIECKH
OQIHOBPEMEHHO ObLIO 0OBABIEHO 06 OTKPLITHY YCKOPEHUS pacinuperns BeeneHnoii, koropoe
NpeAnosaraeT B npocrefimem ciyyae 00 bACHEHH HEHYJIEBYIO KOCMOJIOTMHECKYIO TTOCTOSIHHYIO.
K nacrosiuemy BpeMeHH 3Ta TEOPHs XOPOLIO NOATBePKACHA HAGTIONCHHIMH, B HACTHOCTH, CO
cryrnuka WMAP. Betnuuna A cooTBeTeTBYET IIOTHOCTH SHEpTHE Bakyyma 5,98 10717 Jlx/m’,

Haen A-g,, MOXHO BKJIIOYHTH B TEH30D DHEPTHU-UMITYJILCA W PACCMATPUBATE KAK TEH30D
SHEPTHU-UMITY/IbCA BakyyMa. B 10 xe BpeMa A- g, MOXHO paccMaTpHBATL KAK TEH30p SHEPTHH-
HMOYJIbCA HEKOETO CTATHYECKOTO KOCMOJIOTHYECKOTO CKASIPHOTO OIS,

YpaBHeHUs1 DifHIITEHA — 3TO CHCTEMA HesTMHEHHBIX JuddepeHim-
ANIBHLIX YPABHEHUH B YACTHBIX MPOU3BOIHBIX OTHOCHTENBHO METPHUYECKOTO
TCH30pa. 3Has g, KaK (DyHKUUM YEeThIPEX KOOPAWHAT, MOKHO OIPENEINTH
BCE TEOMETPUYECKME CBOMCTBA MPOCTPAHCTBA-BPEMEHHU. YpaBHEHHUs TATO-
TeHHsl DUHIITCHHA CBA3bIBAIOT KOMIIOHEHTBI METPHYECKOTO TEH30pa g, C
BEMHYHMHaAMH, XapaKTepU3YIOLIUMHU COZS,[I,H}OIJJ,yK) noJie MaTeEpulo.

K.OMITOHEHTbI METPUYECKOTO TEH30PA g,,, MO3BOJISIIOT 3a/aTh KBAAPAT HH-
TEpBa/ia B UCKPUBAEHHOM MPOCTPAHCTRE, KOTOPBIH OMpEIensieT «pacetos-
Hue» B QU3UYECKOM (METPHUYECKOM) TTPOCTPAHCTRE:!

ds’ =g, dx" -dx". (3.41)
B cpepuyeckoit cucteme koopauHar (r, 0, ¢) unrepsai (3.41) npuHKH-

MacT BHIO

dr’ ; "
ds? = ¢ di* — a*(1)- ﬁ+r‘-d@2+r2-sm’6vd¢l . (42

rae a(f) — Maciurabubiii (pakTop; napaMmerp & onpenenseT KpUBU3HY MPo-
crpaHerpa (k=—1, 0 wn +1).

TeH30p aHEPTHH-UMITYITbCA B IIPOCTOM CIIy4ae MbLIEBUAHON MaTeEpUN 3a-
MACKIBACTCH KAK

L immsuyity, (3.43)
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a B NPUBAMKEHUN MACAIBHON KHIKOCTH

i
'I;,‘,—(pf?}tﬁl-u‘,-%p-gw, (344)

[ie p — MIOTHOCTh SHEPTUH (MATEPUK); U, — 4-BEKTOP (BEKTOP B YETHIPEX~
MEepHOM MpoCTpaHCTBE MUHKOBCKOI0) CKOPOCTH XKUAKOCTH; p — HABJICHNE
KUIAKOCTH.

Macwmabuwii akmop a(t) NOKA3bIBAET, KAK C TEYEHNEM BPECMEHH H3Me-
HSIETCH PACCTOSHUE MEXK/1Y (PHKCHPOBAHHBIMU 4aCTHLAMM B Ie(hOPMKPYIO-
meitcst BeeneHHoiL. JIpyrMMu cI0BamMu, U3MEHEHHE MaciuTabHOro akTopa
¢ TeUeHUEM BPEMEHH OMMCLIBACT PACHIMPEHUE WJIM CHATHE MPOCTPAHCTRA.
Konkpernsiii Bug byHKIMK a(f) onpenensieTes ypaBHeHHAME rpaBuTaliu-
onHoro nojg OTO.

Jlna usomponnozo pacuupenus BeeneHHoM MacitabHeIH (akTop onpe-
NEeJISIETCs1 U3 YPABHEHHS
1 da(r)

a(t) dt

= H (1), (3.45)

rne H(f) — nmocrosinnast (mapamerp) Xaboma.

Teopust TATOTeHuss DiiHITeliHA NpEACTABIsET COOON ONHY U3 thyn-
JAMEHTATLHBIX (DU3HUECKUX TEOpHil, MOCKOIbKY MMEHHO B pamMKax OTO
BriepBbic Gbiuia chopMyIHpOBaHa PobaeMa MPOHCXOXKASHNS M SBOJIOLUH
Beenennoit ¢ HayuHoil Touku 3peHust. Cpejin BaXHeHInx CIefCTBII 13 pe-
wieHnit ypapernit OTO, I0MYCKAIONMX SKCTIEPUMEHTATBHBIC M HADJTIO-
JIATeIIBHBIE TTOATBEPXKICHHS, CEAYET BRLASTUTE CACLY IOLUIWE:

O rpaBuTallMOHHOE M KOCMOJOTHIECKOE KPACHOE CMELIEHHNE]

O rpaBUTAILIMOHHOE JIMH3UPOBAHWE]

O oOBICHEHWE HEKOTOPHIX aHOMAINI B IBMKEH WU TIIAHET;

O rpaBHTALIMOHHBIE BOJIHBI.

Ipasumanuonnoe xpacnoe cmeuenue (3hdexr DiiHTeliHA) ABAAETCSA
nposisieHneM addeKrTa H3IMEHEHUS YACTOTHI MEKTPOMATHUTHOTO H3JIyHe-
HUS TTO MEpE YAATEHHS OT MACCUBHBIX 00BLEKTOB, TAKNX KaK 3BE3IbI U Hep-
Hbie AbIpbl. OHO HAGMIOAAETCS! KAK CABHT CNEKTPAJIbHBIX IMHUIA H3NYIEHHA
MCTOUHMKOR, DIM3KUX K MACCHBHBIM TEJIAM, B KPACHYIO 006JIacTh CHEKTpa.
HaoGopot, u3iyueHue, npuxosiiee U3 obaacrei ¢ Gosee cinabbiM rpaBuTa-
LMOHHEIM TIOJIEM, UCITHITBIBAET IPABUTALIMOHHOE (PHONIETOBOE CMELLIEHHE.

Drot 2hhEKT He OrPAHHYHBAETCSH MCKITIOUNTE/IBHO 2IEKTPOMATHUTHBIM
wanyueHueM. OH MTPOSIBISETCS! BO BCEX TIEPHOJMUECKHMX MPOLIECCaX H, TAKUM
0bpasoM, ces3aH ¢ Gonee OOIIUM ABACHWEM TPaBUTALIMOHHOTO 3aME/IEHNS
BPEMCHH.
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Ipasumanuonnoe sameoaenue epemeny — 31o (busnyeckoe siBneHue, 3a-
KJIIOHAKIICECA B M3MEHEHHMH TEMTIA XO[a 4acOB B IPaBUTALIMOHHOM 0Je.
st emamuyeckoeo rpaBUTALMOHHOTO T10/I5 TPABUTALIMOHHOE KpPacHOe cMe-
MEHUE MOXKHO NONTHOCTBIO 00bACHHUTE PA3HOCTEIO TEMITA X014 BPEMEHH, 13-
MEDPHEMOTO ATOMHBLIMM YACAMM, B TOUKAX C PAIMUYHEIM IPABUTALIMOHHBIM
noTeHuxanom. MsMepsiouie BpeMsi aTOMHbBIE Yackl HAYT bbicTpee (yBe-
JIMYUBAIOT CBOM XapaKTePHbIE YaCTOTHl) C YBETWYEHHUEM TPABUTALIMOHHOTO
NOTEHLIMATIA, T.€. C YBETMYCHMEM PACCTOAHMUS OT IPABUTALIMOHHOTO LIEHTPA.

IpaBuTalMOHHOE KpacHoe CMEIEHHE B CIEKTPE HCITYCKAHMSI cchepuue-
CKOTO Te/la Ha PACCTOSAHUM r > Fyo.. (Fyr, — TPABHTALIMOHHBIR PATUYC, CM.
(hopmyay (3.30)) onpesensietes cienyIOmmUM obpazom:

I
Lo = T L. (3.46
T ;

r

BemumHBI rpaBUTALIMOHHOIO KpPAacHOrO CMELUEHMS OYeHb MAJbl: Ha
IIOBEPXHOCTH 3~L,>6MJ114 OTHOCHUTENILHO €€ UCHTPA Z,,, ~ 10”'5; s Conn-
U Zy,, ~ 2-1077; uist GesibIX Kapaukon A 107=107°. B uacrosiuee
BPEMSI I'PABUTALIMOHHOC KPACHOE CMELLIEHUE B TPABUTALIHOHHOM T10J1€ 3eM-
JIH UBMEPEHO C MOTPeLHOCTBI0 0kos1o 00,01%.

Kocmoaozuneckoe kpacnoe cmemenue — 310 HaBIIONAEMOE U BCEX na-
JIEKUX (rpaBUTALMOHHO HE CBA3AHHMIX) HCTOUHUKOR (rajakruk, KBa3apos)
YMEHbLUICHHWE HAaCTOThI U3NYYCHUA (YBETHYEHUE AJTMHEI BOJIHbL), CRHIETE b~
CTBYIOLIEE O AMHAMHYECKOM YIAJIeHUH 3THX HCTOYHUKOB JIPYT OT APYTa , B
YaCTHOCTH, OT Haulei TanakTmku, T.e. 0 HECTALIMOHAPHOCTH (paciumpeHum)
Beenennoii. KocMonoruyeckoe kpacHoe cMeneHye CBI3aHOo ¢ 001MM pac-
LIMpeHUeM NPOCTPaHCTBA BeeneHHOM M npu Maitbix ckopoceTsix (z << 1)
MOXKET OBITh MHTEPIPETHPOBAHO KAK COBMECTHOE neiicTBUe agdexros Jlo-
miepa v DitHwtelina. Mpu v << ¢ KocMoIOrnYecKoe KpPacHoe cMelleHue
CBOMMTCH K IOTJIEPOBCKOMY, 4 NPU v= () ~ K rPaBUTALHOHHOMY.

Jnst HecTauMoHApHO# M30TPONHOI U onHopoaHoit Beenennoit senuam-
Ha KOCMOJIOTMYECKOI0 KPACHOTO CMCUIEHUST OTIPENEIISIETCsT MACILTAOH bIM
thakTopoM a(f) MpocTpaHCTBA B MOMEHTHI MCITYCKAHUA (BpeMs f,) U peru-
CTPaUWH (BpeMst 1,) U3TYdeHUS: i

IO a(t,)
cosm ﬂ(re)

L. (3.47)

Yem GoJibLLe KOCMONMOTMYECKOE KPACHOE CMELUEHUE, TeM «IaJIbLIE» BO
BpEMEHH (T.E. TCM «MOJIOXKC» 110 CPABHEHUIO C HAMHW OTHOCHUTETbHO MOMEH -
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ta Bonpioro Bapeia) pacionokeH HCTOYHUK. B crekTpax ralakTuk sape-
FUCTPUPOBAHLI 3HAYEHHS Zooem ~ 3, B CHIEKTPAX KBA3APOB g, ~ 4,5. B mo-
ClIeHME TOABI OOHAPYXKEHbI KBa3aphl Ty, ~ 7 W FATAKTUKHM C Zooqy = 8.

Mpumeuanue. Y keazapa ULAS 11120 + 0641 7z, = 7,058, 9T0 COOTBETCTBYET pac-
crosmio B 12,9 mapn cs. ner, y ranaktukn UDFy-38135539 7, = 8,5549 £ 0,0002, t.e. pac-
CTOSIHME OKOJ10 13,1 MApy CB. JleT.

JLiist TATAKTHK BEJIMYUHA KPACHOTO CMEILEHWs He MOXeT rpesbiats 30.
DTOT Npenes CBH3aH C TATHYHLIMY PasMepaMH 1 BpeMeHeM (hopMupoBaHus
caMux ranakTuk. JUis MCTOUHMKA, HAXOAMILETOCHd HA TOPHU30HTE BUAUMOCTH
Bo Beenennoit, HabmonaeMas YacTOTa CTPEMHTCS K HYITIO, 8 KPACHOE CMe-
meHue 6eckoHeuHo. B aeiicTBUTEIBHOCTH BeJIMUMHA KOCMOJOTHYECKOro
KPACHOTO CMELIEHUs OIPAHUYEHA 3HAYCHHEM oo, ~ 1000, cooTBeTCTBYIO-
UMM PENTHKTOBOMY W3MYIEHUIO, T.6. OBEPXHOCTH (BPEMEHH) MOCTEAHEro
paccesHUs.

Hanuuue B HEKOTOPO 06NACTH TPOCTPAHCTBA GOMBIIMX Macc MPUBO-
IUT K MCKaxXeHHIo (hOpMBI MpOCTpaHCTBa-BpeMenu. B pesynbrate 3T0ro
HAMpPaBAeHUE PACTIPOCTPAHEHUSI CBETOBBIX JIYY€il, IPOXO/ISLLMX BOIN3U T4~
FOTEIONIETO TeNd, OTKJIOHSIETCSI OT NPAMOJIMHEHHOTO U BO3HUKAET 3(dexT
epasumayuonHoil aun3sl. CTaHAAPTHBIC NPEACTABICHUA O FPABUTALIHOHHOM
JIMH3APOBAHMM OCHOBAHBI HA MOJIE/IM TOYEUYHOM rPaBUTAIMOHHON JTHH3bI
(puc. 3.23).

JIBa yua ceta, MPOLIE/ILIME 110 PasHbie CTOPOHEI TATOTEIONIETo Tena
Maccoil M, ByLyT OTKJAOHEHBI OT NePBOHAYAIILHEIX HATIPABJICHUIL B CTOPOHY

Iy

hL

Pue. 3.23. ObpasopaHne H300paKeHHIt i X0 Tyuei (KupHble JIMHUHK), MCKAXEHHDIHA rpaBuTa-
HHOHHBIM OJEM Tea:
8 — WCTOUHMK nanydeHust; ) — ToueuHoe Teso Maccoii I (rpaBHTALIMOHHAS JMH3a); O — Habuo-
jateis; 1, u [, —n3obpaxenus nerounnka S; 0, 0,, 0, — YITBl MEX Ay HANPABICHNCM Ha TPABHTALI -
OHHYIO JIMH3Y M Hanpaeie¢HUAMN HA UCTOYHHK H €10 MBOGDH)KCHMM OTHOCHTEJABHO HH()J!.I()J—laTe'
i#t; 0, — YroJ MeXay HanpapieHusIMH Ha M300paXeHHs] HCTOYHMKA OTHOCHTENLHO Habonaresis
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aroro tena. Habmonarens, HAXONAUIHICS B TOUKE O, yBunut aBa nzobpaxe-
nust (1), 1,) 0HOro ¥ TOro Xe MCTOMHMKA cBeTa S (MCTOUHMK HAXOIUTCS
BO/IM3H Hanpasnenust OD). Yiiopoe paccTosHue MEXIY U300paKeHUAMHA

0, =+/67 +4-02, (3.48)

rae © — yron MexJy HanpaBleHHsMM HA THH3Y H HCTOYHUK OTHOCHTENBHO
Habmonarens; 0, — yroy KoHyca DifHuIreitna, KoTopsil ONpenensercs Kak

(3.49)

rae Dy, Dyw D — paccTosiHusi Mexiy MCTOYHUKOM M JIMH30M, TMH30# 1
HabJIIoaTeNIeM, MCTOYHUKOM W HaBGIIOIATENEM COOTBETCTREHHO, Pazmep
KOHYca DUHILITEHA, TAKMM 06pa3oM, [IPONOPLHOHAJIEH KBAIPATHOMY KOD-
HIO U3 OTHOLUCHMS MACChl JIMH3BI K PACCTOSHMIO 110 Hee.

Mpumevanne. B HEKOTOPHIX HCTOYHMKAX YrON KoHyea DilHnireiina Hasmpaetes YIIOM
DitHurreiina — Xponscona, 0. Xeonbeon B 1920-X IT. 0MUCAN BOZHHKHOBEHHE KPYIOBBIX H30-
Gpaxenuil, A. DiHIITENH IPUBEI OCHORHBIE YpaBHEHUS A1 rPaBUTALHOHHONH (POKYCHPOBKM
B CJTy4ae TOYCUHOH IPABUTALMOHHOMN JIMH3bL, YACTO HAILIBAEMOTT B INTEPATYPE JIMHA0I [ Bapu-
MUABAA,

Yauie Bcero rpaBUTALMOHHAS JTHH34 J4€T A n3obpaxeHus (puc. 3.23).
OnHako Koraa MpHiebHbI# MapaMeTp OHOro 13 M300paXKeHUI CTAHOBHT-
Cs1 MEHBLLIE paauyca TUH3bL Ry, 0HO U3 u300paxeHuii (f, Ha puc. 3.23) ue-
yesaeT Ayis Habnogatens O.

B pesysirare, Kak npasuiio, B chepuuecky CHMMETPHYHOM rpaBUTA-
IMOHHOM rofie Testa D n3o6pakeHue 3Re3Ibl S BEINISANT KAK 1Ba «Cepras,
PACTo/IOKEHHBIX 110 00e cToponbl ot D (puc. 3.24). Ux pasMepbl 1 SPKOCTS
BymyT pasHeIMH, HO CYMMapHBIii 6Jeck IBYX W300pakeHuit Gonblue Grecka
«HEJIMH3UPOBAHHOTO» MCTOYHMKA 5. YII0BOE paccTosiuue MeXIy ABYMs
M300paxeHUAMU TPUMEPHO PABHO YIJIOBOMY pasMepy KoHyca DitHiireiina
(cM. paBeHCTBO (3.48)): 0, ~ 2.0,

¥Yrisl OTKJIOHEHHS! TPABUTALUMOHHBIMH JIMH3AMH OGBIYHO HEBETHKMN.
Tak, eciv rpaBUTAlMOHHAs JMH3a MMEET MACCY MOPSIKA MAcCh e
(~l0’6-9ﬁ@), TO XapaKTCPHOE PaccCTOAHME Mexay 00BEKTOM M eTO H300pa-
XKEHHEM cocTaBIseT Benunny ropsiaka 10~° yr, ¢. [Toi TakuM yrioM Buj-
Ha, HANPUMEP, MOHeTa OMaMeTpoM 2,5 cM ¢ paccrostius 4,5-10° kv wmw
30 a.e. (r.e. npumepHo ¢ opbuThl HentyHa). Pasnuuubie PEXMMBI rPaBUTA-
LMOHHOTO JIMH3MPOBAHHS (MPH KOCMOTOTHYECKMX PACCTOSHUSX MEKIY HC-
TOUHHUKOM, JTHH30# 1 HabmionaresiemM) npuBeneHs! B Tabn. 3.9,
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Pue. 3.24. llpa nsoGpaxenus (1), [,) KPYroBoro MCrouHuka S, cd)opliwnpm?almme"rn\m;nmf
FPABUTAHMOHHOI NHH30N [) B 3aBUCHMOCTH OT NPUHEILHOTO NAPAMETPA UCTOUHMKA (a, 0, 6);
OKPYXKHOCTL £ — cedeHue KoHyca Ditninreiina [15]

Tabnuya 3.9
Pexnmbl IPABHTAIHOHHOIO JIMH3HPOBAHMA
Pexum "Dp;:;"::{)”’ Macea rena D, 8 M, TMunaa
KunonnHaupopanue 10? 10'8 CpepxckornaeHue
MakpoIHH3HPOBaHHE 10° 10" MulaKTHEA
MunnuauH3Inposanue 1073 10° Yepuas avipa
MHKPOJIMH3NPOBAHHE 107 10 3seana (Connue)
HauonuHauposanue 107 10 [Inanera (3emas)
MukonuH3NpOBaHNHE 10" 10712 Acteponn
MemMTONHH3NPOBAHNE i 107 Komera

B pealibHOCTH FPABMTAIIMOH HBIE JIMH3BI MOTYT OBITh HE TOJIBKO TOUCUH b~
Mu. B 3aBucumocty o1 (JOpMbI TPABMTALMOHHON JIMH3BL U €€ pacroyioxe-
HHsI OTHOCUTENLHO MCTOYHIKA MOTYT 00Pa30BbIBATHCH U300PAKEHUA Pas-
JMYHO} (OPMBI — TOUKHM, AYTH, UX KOMOMHALUMKU 1 1ip. [MpuHaexHoCTh
M300paKEHUIT K OIHOMY M TOMY XK€ MCTOUHWMKY ONPEAE/IAETCS M0 MX CHCK-

181



TPaM, KOTOPBIE JO/DKHBI OBITE HAeHTHYHBIMM. Cpenn Haubosee H3BECTHRIX
NPUMEPOB IPABUTALMOHHO JIMH3MPOBAHHBIX M300PAXKEHUI BBIAENACTCS TAK
Ha3bIBAEMbIH «KpecT DiHWITENHAy. DT0 IPaBUTALHOHHO JIMH3UPOBAHHOE
1300paxeHne KBasapa, KOTOPBI PACIIOAracTCA Mo OCH 3PEHMI 33 TANaKTH-
Koit ZW 2237+030 (cossesnue [eraca), npeicrasinsier coboit MpaKTHYECKH
MIEAJIbHOE M300paXeHHE KPECTa C YITIOBBIMHU PA3MEpaMu KaxKI0To H3 KOMITO-
HeHToB MeHee 07,5, Kpasap HaxoouTes npuMepHo B 8 MIIPIL CB. JIeT 0T 3eMITH,
aIMH3UpYtolas ranaktika — B 0,4 mapn ce. net, T.e. B 20 pa3 6nixe.

B XIX B. 6bU10 0OHapyKeHO, YTO MeUIeHHas npeteccust opouThl Mepky-
pusi He MOXKET ObITh 0ObsICHEHA 3aKOHAMH MEXaHMKH HBIOTOHA ¢ yueToM Bos-
MYLUEHHH OT BCEX M3BECTHBIX TUIAHET: HPEUeccus nepueaus opoumol Meprypus
cocras/isieT 56007 B croneTve, B TO Bpemsi KaK COMJIACHO 3aKOHAM KJlaccuye-
CKOM MEXaHWKH OHA NOJUKHA ObITh paBHa 55577, s oGbsICHEHUs 3TOi ano-
Maauu OBIIO TAXKe BLICKA3aHO NPETNIONOKEHUE O CYIECTBOBAHNM eLe OHOM
TUIAHETDI, NMOJIyYMBILER HazBaHue BynkaH M pacnonoxeHHoi 6nuxe kK Conn-
1y, ueM Mepkypuii. OnHako Takas miaHeTa oBGHapyxeHa He Gbia.

ObbsacHeHne anoManuu GeUIO NosyueHo B pamkax OTO. PacueTs mo-
3BOJIMIM TIOJIYMUTE 3HAUEHUE PENATHBUCTCKOM MONPABKM MPEIECCHH Tie-
pureans opoutel Mepkypusi, paBHoit 427,98 B cronetue. AHaNOrMYHBIE, HO
3HAYUTETBHO MCHbBIIWE MOIMPABKH OLUIM MOMYUEHB M VIS APYTUX TIaHEeT:
8,62 B cronerne — st Benepnt, 37,84 — nna 3emin, 17,35 — s Mapea.

W3 ypasuennii OTO cienyeT BO3MOXKHOCTb CYLLCCTBOBAHS epasuma-
UUOHHDIX 604H — TICPHOAMYMECKUX BO3MYILEHHWIl MpOCTPaHCTBAa-BpEMEHH
(METPUKM), PACTIPOCTPAHSIIOLLIMXCS CO CKOPOCTBIO CBeTa. [PaBUTALIMOHHYIO
BOJIHY JIOJUKHA M3Jy4ath JII00as yCKOPEHHO ABUKYLIASCS MaTepHsl, OLHAKO
AMILIMTYAA TAKMX BOJIH 00BIYHO Kpaiine mana. [Iisi BOSHWKHOBEHUs TPaBH-
TAUMOHHON BOJIHBL 3aMETHON aMIUTATYBI HCOOXOAMMBI BOJIBIINE MACCH U
(Min) Gonbuwimre yekopenus. Haubonee MOUIHBIMU HCTOUHUKAMMU TPABUTA-
LHOHHBIX BOJTH J1OJIKHBL OBITh TAKKE sIBICHMS, KAK CTOJIKHOBEHUS TATAKTHEK
U CIMSAHMA JBOHHBIX 3B€3/1, B OCODEHHOCTU CIAMAHUS YEPHBIX JIBID U HEll-
TPOHHBIX 3BE31I.

KoCBEHHO M3/lyyeHHEe TPABUTALMOHHLIX BOTH GbII0 OBHAPYKEHO B CH-
CTeMax [BOMHBIX KOMMAKTHBIX 00BEKTOB (B YaCTHOCTH, Hynbcapos). M3-3a
NOTEPH IHEPruy Ha U3NYYEHWUE IPABUTALIMOHHBIX BOJIH B TAKMX CHCTEMAX
PacCTOAHUE MEXAY KOMIIOHEHTAMU YMEHbIIABTCSH, 2 MX B3aUMHOE Bpallie-
HME YCKOPSIETCS.

Mpumeuanne. B 1974 1. B cospesann Opia HA PACCTOSHHH OKOAO 23 THIC, CB. JIeT OT
3eman aMePUKAHCKMMH acTpoHoMamiu P Xancom n JIx. TeiAnopom (Hobenesekast mpemus no
tu3uke 1993 r) [29, 30] Obuia oOHapyxena ABoiinas 3se3nnag cucteMa PSR B1913+ 16, co-
CTOSIILASL M3 NyALCApa U HEHTPOHHOM 3Be3anl. TNepuon Bpawenus nyiascapa B 310l nape pa-
BeH |7 06/c (M3MepenHblii nepros uMnyisea uanydenns pasen 59,03 MC), CPEJIHSAsI CKOPOCTh
ABHAKCHUA N0 opbute — oko10 200 KM/c. MRrOToNeTHME HABTIONEHUS HO3BOMIIM YCTAHOBHTE,
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410 OpOUTATBLHBIH nepron obpatieHus yibcapa cokpataercs Ha 76 = 0,3 mkc B ron. Tpu
srom OTO npeackasbiBaeT YMEHbIICHNE OPOUTAIBHOTO Neproa Ha 75,8 MKC B ot B pe3yJisra-
1€ NOTEPh YHEPTHH, OGYCIOBICHHBIX MPaBUTAIIMOHHbBIM H3/TYYEHHEM.

Eme onHum noxoxum npumepoM ciyxkut odbext PSR J0737-3039 — neoiinoit nyascap,
orkphiThii B 2003 1 Benencrsue noreph SJHEPTHU HA H3/TYUCHUE TPABUTAIIMOHHBIX BOJIH PA3Mep
OpGHTHI CHCTEMBI B TTOJTHOM COOTBETCTBHM ¢ npenckasanusamu OTO cokpaiaercs Ha 7 MM/CYT.
[Mpu 31oM nepuactp opGuTe eMetnaerest Ha 17° B rog (8 140 000 pas Gosibiie pessTHBUCTCKOTO
cMeleHust nepurenst opoutel Mepkypust).

B centatpe 2015 r. aa merexrTopa rpasutauMoHHbix BonH LIGO (Laser
Interferometer Gravitational-Wave Observatory — Ja3epHo-uHTepdhepome-
TpUUYECKas TPaBHUTAllMOHHO-BONMHOBast obcepsatopus, CLUA, wuccnenyer
IPAaBUTALIMOHHBEIE BOJIHBI ¢ TIOMOILLDBIO Na3¢pPHOIO WHTephEepOMETpa), Ha-
xonsiuecs Ha paccrosHuy okosno 3000 kM opyr oT Apyra, BOEPBbIE OCY-
LECTBU/IM NPSIMYIO PErMCTPALIMIO TPABUTALIMOHHBIX BOJIH (co0bUIEHHE 00
SKCMEPUMEHTAILHOM OTKPBITUM PABUTALMOHHLIX BOJH ObUI0 ONYO/JIMKO-
BaHO |1 deBpanst 2016 1), BO3HUKIUMX, KAK NPEANOIATALTCH, B PE3YbTIaTe
CIUSAHMSA ABYX YEPHBIX AbIP ¢ MaccaMu 36 u 29 Macc CosiHLIA Ha paccTosi-
Huu 410 Mric ot 3emnu.

Mpumeuanue. Jerekrop LIGO npeactapaset coboi nasepHbli ABYXIUIEUEBOH (JUIMHA
nmeya papHa 4 kM) unrepepomerp (ananor unurepdepomerpa Maiikenbcona). B nponecce
CBOETO PACHPOCTPAHCHUST IPABHTAIIHOHHBIE BOJIHBI HCKAXKAIOT NPOCTPAHCTBO-BPCMSL, B PE3Y/ib-
TaTe Yyero oaHo u3 micy nurephepomerpa LIGO yiunsercs, a sropoe — cokpautaerca. M3-
MEHEHMWA MJIMHEBI IJIEY B pACCMATPUBACMOM chayuae ‘lpt‘f}BbNﬂﬁHO MaJlbl 1 COCTABHIIN BCETO

oko710 107" M. Tem He MeHee COOTBETCTBYIOUINE CIBUIM MHTEP(EPEHIIMOHHBIX KADTUH B Je-
rexkropax LIGO okazainch 10CTaTOMHBIMH JUIS1 MX HALCKHBIX M3MEPEHHH.

W, nakoHell, BaxHeimnmM pesyiasratom OTO siisiercs MocTaHOBKa W
PELLEHME 3a/1a4U O npoucxoxcoeHuy u sgonoyuu Beeaennol.

[Tepsbie peuieHusi cucTeMbl ypaBHeHMit (3.40) Obin nomyyueHbl caMum
A. DitHwTeiiHoM. OIHAKO, HAXO/SICh B MJIEHY CYLECTBOBABIUIUX B TO BPEMS
npeicTaBieHuii 0 Heu3sMeHHocTH BeesleHHOIM, OH Halles UL CTaluOHap-
HEIE (T.€. He 3aBUCSIINE OT BpeMeHM) peleHust ypapHeHWi (3.40). Lns Toro
YTOOBI TAKWE PELIEHMS CTal¥ BO3MOXKHBI, DHHIITEIHY NPUIIOCh BBECTH
B CHCTEMY YPaBHEHMI KOCMOJIOTMYECKYIO [MOCTOSIHHYIO W ONOJIHUTEALHOES
A-cnaraemoe. [TepBeie HeCTAUMOHAPHBIE petuerust ypasHenuit (3.40) Obuin
NoJyyeHsl poccHiickum mateMatnkom A, Ppunmanom B 1922—1924 rr. Oxu
MOMIOKEHHBI B OCHOBY KOCMOJIOTMYECKMX Moae/ieit aposiounu BeeneHHoi,
Ha3bIBAEMBIX Modeaamu Dpuomana.

[Tpu orpaHUuEHUsIX, HAKTAAbIBAEMbIX KOCMOJIOTMYECKHUM MPUHLMIIOM,
ypapHeHus DiHIITeTHA (monarast A = () cBoaATCs K ypaBHeHUsM Ppun-
MaHa OTHOCUTENbHO MaciuTabHoro (akropa a(f):

i 4nG 3.p\ (a4} 8n-G k-
—=— lp+=|u|=| =——p——5. 3.50
a 3 (p ¢’ )H(a) 3 a? ( )
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Mocne aenenust BToporo u3 ypasHenuii (3.50) na H* (¢ yuerom (3.45))
MOJYUUM

_8n:Gp ki’ &
L g T (330

IMepnoe cnaraemoe B (3.51) HasbiBaeTCs napamempom naomuocmuy €

8n-G-p
3 H?

0 (3.52)

[Tapamerp [MJIOTHOCTH MOXKHO BBIPA3UTHL Hepe3 MapaMeTp KPHBM3HBI
MpOCTPAHCTRA k:

k-c?

Q=]+——rs.,
H?.4%

(3.53)

Torna mpu € < 1 KpuBW3HA npocTpaHcTsa otputarensua (k= —1), npu
Q > 1 — nonoxurensHa (k= +1), a npu Q=1 — papna nymo (k=0).
3Haqebune TJIOTHOCTH BHEPIUK P, NIPH KOTOPOM Q) = |, Ha3BIBAETCS Kpumu-
HecKou NAOMHOCHIbIO.

3. H?

Pett = G

(3.54)

Torma mapaMmeTp MIOTHOCTH §2 MOXET ObITh BBIPAXKEH YEPE3 KpUTHYE-
CKVIO TUTOTHOCTE:

g=-—2 (3.55)
pcril

Crnenyer OTMETHTh, YTO €CJIM MpocTpaHcTBo BeescHHON onuchiBaeTes
eBKJTHA0BOI reomeTpueil (T.e. ecim k=0 — ciyyail nmiockoi BeeneHHoit),
TO BBIPAXKEHUE U1 KPUTUYECKOH MIOTHOCTH MOXKET OBIThH IMONYYEHO IAXKE B
PAMKAX TeOPUHM rpaBUTalMK HbloTOHA. DTa MIOTHOCTD ONPEACIsSEeTCS BETH -
YMHOI CKOPOCTH yOeraHus v, (BTOpoil KOCMMYECKO CKOPOCTH) HEKOTOPO-
ro obbekrTa (Hanpumep, ralakTHKKM) ¢ MOBEPXHOCTH OJHOPOIHOrO Iapa
mMaccoil M = (4/3)n -p'fj B pe3yJyibTaTe U30TPOMHOro paciiupeHus BeesieH-
Hoii. B aToM ciayuae Gyner cnpaBe/uinB 3akoH Xabona (3.39), u, cienosa-

TEJAbHO, MOXKHO 3aIHCaTh:
p(}-m{
i Vit s et sl ‘—T, (3.56)
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OTKyJIa clieayeT paBencTro (3.54). Ecnu npu 3TOM MCXOIHAsA CKOPOCThb 00B-
eKTa (TATAKTHKH) v = v, TO HA DECKOHEYHOCTH 3Ta CKOPOCTh CTPEMHTCS K
HYJTIO, A €CNIU v > ¥, TO K HEKOTOPOii HEHYIEBO# BETHYMHE.

B moaesnsix @puamana cuenapuit 6yayniero BeeneHHOH CylecTBEHHO
JABUCHT OT COOTHOLICHUS MEXIY CerojHsIIIHUMK 3HAYCHUSIMH KPUTHYE-
CKO#l TUIOTHOCTH (IPYrMMH CNOBaMM, MOCTOsSTHHOM Xabbna, cM. dopmyiy
(3.54)) u cpeaHei TUIOTHOCTY BelecTsa Bo BeeneHHOI.

Eciu  hakThueckas [UIOTHOCTb MEHBINE KPUTHIECKOTO 3HAYCHUS
(p < Peipy T€. ¥ > ;), TO TATOTEHHE HE CMOXET OCTAHOBUTE PACIIMPEHHC
Beenennoii. TTosToMy paciuinpeHye XoTs W OyIeT 3aMeLIsiTbCs, HO HE CMe-
HuTes cxkaTMeM. KauecTrennas 3aBUCMMOCTL Macuitabroro (akropa wis
TAKOTO ClieHApHsl MokaszaHa Ha puc. 3.25 (kpusas /). [1pu 5TOM NpoCTpaH-
CTBO BECKOHEUHO, A TIPH OJIHOPOIHOM IJIOTHOCTH DECKOHETHO H 0DILeE KO-
JMuecTBo BeliecTra Bo BeelieHHO#M, [EoMeTpusa MPOCTpaHCTBA HEEBKIIM/IOBA
(reomeTpis JloBaueBcKOro), a €T0 KPHBU3HA OTPHLIATE/hHA. [Tpumepom no-
BEPXHOCTH BTOPOTO MOPANKA C MOCTOSHHOM OTPULIATENILHON KPUBU3HOIA
CITYKUT CEUIOBUIHAS TOBEPXHOCTD (runepBonuueckuii napabonoun). Cym-
Ma YIJIOB TPEYroJIbHUKA, HAPMCOBAHHOTO Ha CEUTOBHIHOM TOBEPXHOCTH,
Menbine 180°.

IMpu cpeameit IIOTHOCTH, PABHOH KPUTHYECKOH (p = Deyis TE. ¢ = 1), CKO-
POCTbL PACLIMPEHUS CTPEMUTCS K HYMIO (KpuBast 2, puc. 3.25) 1 NpOUCXOAUT
sameneHue pacinupenust. [pu 3ToM KPMBH3HA TIPOCTPAHCTBA PaBHA HYJIIO U
MPOCTPAHCTBO B CPE/THEM OMTUCBIBAETCH EBKITMIOBOM reoMetpueit. Ipumepom
MOBEPXHOCTH BTOPOTO MOPSAKA C HYJICBOH KPHBHU3HOW CITYXMT IUIOCKOCTS.
CyMMa YIJIOB TPEYroJIbHHUKA Ha FMIOCKOCTH, KAK M3BECTHO, paBHa 180°.

EC/IH K€ TJIOTHOCTD GOJIbIIE KPUTHYECKOM (0 > Py, T€. ¢ < v,), TO NIpH-
TSKEHWE BEMKO W HAD/I01aeMO€ B HACTOSITLIEE BpEMH PACIIMPEHUE TOMKHO B
OyayLIEM CMEHUTBCS OCTAHOBKOM M CKaTHeM (Kpubast 3, puc. 3.25). B atom

A#0

a(t)

P = Perit

0 tg !

Puc. 3.25 BaBHCHMOCTH MaciuTabHoro (akropa OT BPEMEHH JUIH PasiUiHbIX CUEHAPHCB
sponionuu Beenennoi
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cnyvae Beenennas npencrasasier coboit 3aMKHYTO€ (KOHEYHOE), HO Heorpa-
HUYEHHOE TPEXMEPHOE NpocTpaHcTBO. Ero 06beM B KaX/ibiii MOMEHT KOHE-
HE€H, KOJIMIECTBO BELIECTBA BO BCei BeenleHHOM MMeeT BroJiHe onpeaesieHHoe
3Ha4CHUE, HC M3MEHAIOLIEECH C TeUeHueM BpeMeHu. [eoMeTpust npocTpaH-
CTBa HEEBKJIMIOBA (reoMeTpus PUMaHa), a ero KpMBM3HA TIOJOXUTENbHA,
[puMepoM NOBEPXHOCTH BTOPOTO MOPSIKA C MOCTOSHHOMH MONOKHTEILHOM
KPUBU3HOMH CIYXHT 1TOBEPXHOCT ¢epbl. CymMma yraos TPEYroJIbHUKA, Ha-
PHCOBAHHOTO Ha chepe, Bonbuie 180°,

Hnsi cyxieHnst o Tom, sapnsiercst in BeenenHas 6eckoHEYHO (OTKpHBI-
TOW) MM 3aMKHYTO#, CPABHUBAIOTCA CETOAHSLIHIE 3HAYCHUS TIOTHOCTH p
¥ napamerp Xabousa H,, 0T KOTOpOro 3aBUCHT Perir- C TEUEHMEM BPEMEHH p 1
H n3MensioTes, OIHAKO 9TO MPOMCXOANT TaK, YTO 3HAK paszHocTd (p—p.;,)
ocraeTca HeusMeHHbIM. Takum oBpasom, eciu BydeT JOKa3aHo, UTO ce-
FOAHA P > P4, TO 3TO O3HAYAET, UYTO TAK GLLIO W Gyner BCerna, CBOHCTBO
3@MKHYTOCTH NMPOCTPAHCTBA HE MOXET U3MEHUTHCS C TEUEHUEM BPEMEHH.
Ans NIPHHSATOrO B HACTOALLEE BPEMs 3HAUCHUS H, kxpuTHYeECKas NIOTHOCTD
P ='9,2310"% p/em?,

Mapamerp Xa66na H,, napamerp ruiotHocTH Q; (3.52) u napamerp 3a-

a-a
MEINEHUS g, =~—(_12— Ha3bIBAIOTCH KocMorouteckumu napamempamu. Wx
3HAUCHUs! OMPENENICHE 1151 COBPEMEHHOH 3M0XHM (3T0 0603HAYAETCS MHIEK-
coM «(»), 4TO MO3BONISIET AENATH BLIBOABI O CBOMACTBAX, XapakTepUCTHKAX U
aponunn BeeneHHOI.

Cnenyer 3ameruth, uTO B mpolecce paciivpenus BceenenHoit, ecnu
OHO NIPOMCXOAWT pasHoMepro, napaMeTp Xab0na JOKEH YMEHBIIATHCH.
Kpome Toro, paccuMTaHHOE 3HAYEHHE Hy, 3aBUCHT OT UCTIOJIBL3YEMON TEO-
PETUYECKOH Moenn ¥ Habopa HAGMIOAATENBHBIX JAHHBIX (B COOTBETCTBHH
C JAHHBIMH, TIOJy4eHHBIMH criyTHUKOM WMAP B pesyibraTe wcclienosa-
HUI CIIEKTPA PEMKTOBOTO M3/IyYeHMUS, napamerp Xab0na okasancs paseH
69,32 + 0,80 (km/c)/Mnk). Bce 9T0 3acTaBAsieT 3aHUMATLES MOCTOSTH -
HBIM YTOYHEHMEM napaMeTpa Xabona (tabn. 3.10). 3HaHWe TOUHOrO 3HA-
YeHus H; BecbMa BaXKHO IS KOCMOJIOTHH, TIOCKOJIBKY MapameTp Xadona
MO3BOJIAET OLEHUTD HE TONBKO KDUTUYECKOE 3HAYEHHE CPEIHE TIIOTHOCTH
Bcenennoii (cM. dopmyny (3.54)), Ho u BpeMs, npouenee nocie bonb-
woro B3pbina.

Ecau ranakTuka yaangercst o1 HAC ¢ OCTOSHHOIM CKOPOCTBIO vH B HACTO-
AMICC BPEMS HAXOLUTCS HA PACCTOSTHUM r, TO BPEMSI ee YIaNeHust £, =r/ v,
Mo 3akony Xa66na v= H-r u, CNENOBATE/NbHO, 1y = H'. Takum obpasom,
nocTosiHHast Xabbsa nmeeT pasMepHOCTS YyactoThl (¢, a obparHas eil Be-
JIMYMHA XapaKTepu3yeT epema pacuiupenus Beenennoli K TekyluieMy MomeH-
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Ty, DTO BpEMS, MO TOCACAHHM JAHHBIM, cocTaBnseT okono 13,75 mapa ner
(tabi. 3.10).

Ta6auya 3. 10
Onenky 3Ha4eHus napamerpa Xadoaa

i

OueHKH 3HAYEHHE HA OCHOBAHHH JAHHBIX CNYTHHKOB

WMAP (2010 r.) Planck (2013 r.)

Tapamerpni

Bospact Beenennoii £y, Mapi et 13,75 = 0,13 13,817 + 0,048

[Mocrosinnas Xabona Hy, (km/c)/Mnk | 71,0 + 2,50 67,3 £ 1,20

Kak cnenyer u3 ypasuenust (3.39), 3akoH Xabbaa npeacrasisieT coboi
AUHeliHoe npubauMceHUe 3aBUCUMOCTH MEXIY PACCTOSTHUEM 1 KPACHBIM CMe-
WEHUEM W TI0TOMY TJIOX0 «paboTaeT» Ui ranakTHK Ha OueHb DOIBLLINX
PACCTOSAHMSAX (MUUTHAD/bI CBETOBBIX JIET), KOTOPBIM COOTBETCTBYET BE/IN-
UMHA 7, > 1. K ToMmy Xe 3akoH Xab0ma rioxo BhIMOIHAETCs WK COBCEM
HE BBIMTOIHSIETCS /IS OOBEKTOB, HAXOMALIUXCH HA paccTostHUM Biamxke 10—
15 MJIH CB. JIET, TOCKONBLKY KPOME KOCMOJIOTMYECKHMX CKOpOCTEl, 00ycnoB-
JNIEHHBIX pacllupeHreM BeeseHHOI, ramakTHKKU 001a1al0T TAKXKE cobcmeeH-
Homu (MIW TIEKYISIPHBIMEM) CKOPOCTAMU (BEJTUYMHBI KOTOPBIX COCTABIISAIOT
OT HecKONbKUX coTeH 10 1000 km/c).

Kak yKe 0TMeYaIoch BhIllie, /7 MOJyuYeH s CTALHOHAPHOTO PellleH s
ypapHeHuit (3.40) A. DiiHIITEHH 10NOTHUA UX A-ClaraeMbiM (Kocmodoeude-
CcKUM crazaemoim A - 8o TIE A — KOCMOJIOrHYECKast TIOCTOSTHHAS ).

C ydeToM HernyJeBoro 3nadeHus A ypapHeHus (3.50) aus maciurabHoro
thakropa a(f) v paseHcTBO (3.51) MpUHUMAIOT BUL

i  4nG 3.p.) A€
LR 3 ( mn iz C2 ]+ 3
n
) 1 2 2
B AR R - o o Rl < +A-c 3.57
(_) _H ok 3 'pm fI2 3 1 ( )

8m:G-p, k¢t A
Pt Rl 3 Gpd)

I€ p,, M P,, — HABJIEHHWE U TIIOTHOCTh MaTepuu BeeneHHOM.

Ha ocHosanuu (3.58) u ¢ yaetoM (3.54) MOXKHO ONpeNeSIMTh MapaMeTphl
NAOMHOCHIY MAMEPUU , BKAAOA KPUBU3HDI NPOCHPAHCIMEA W AAOMIHOCHU IHEP-
Ul 6aKyyma (memHoil 3Hepeln);
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ESTL-G-pm o P
m 3H2 pcn‘l »

Q

k-c*

ka_aQ.hﬂ )

5 Al A-c? _ P

Q, = - =
; 3 ]!2 8m-G "POerit Derit §

(3.59)

2
"
Tep, = R1-C — MJIOTHOCThL 3HEPIU K BaKyyMa (TEMHOMH 3Heprum),

Toraa ypapHeHue (3.58) MOXKET GbITh 3aMTHCAHO O-APYTOMY:

+
Q, =1-(Q, +@, )=1-| Bn P4 (3.60)

bl
pcn‘l

OTKY/a OUEBUIHO, YTO

_-l’ pm+p/\ <pcri[;
k= 0’ Pom +p.’\ :pl.‘fi(;‘ (36])
l" pm +p."\ % pcril'

Ocnosubie oTanel 9BomouuH Beenennoii. TIpenctaBieHHble BblLE ypaB-
HEHHUsI ¥ BBIBO/IbI MOJIOKEHBI B OCHOBY COBPEMEHHOI TEOPUH MPOMCKOKIE-
Hust 1 oBonmouny Beenennoit — Teopun Bonbuioro Bapbisa, wiu teopun
copsiteli BeeneHnoit,

[To coBpeMeHHBIM MpeaCcTaBIEHUAM, HABIMIOacMas HaMU ceffuac Bee-
JIEHHas BO3HMKIA OKOM0 13,75 MApM Jier Hazam u3 HEKOTOPOro HAYAIb-
HOTO «CHHTYJIIDHOTO» TOPSIYETO COCTOSIHUS € TeMTMepaTypoit Gonee 102 K
(TUtaHKoOBCKAs TeMrepatypa) M motHocTthio 6omee 107 r/cm’® (miankos-
CKasl IJIOTHOCTb) M € TEX MOP HENPEPBIBHO PACILMPSETCS U OXJTAXIACTCH.
(Bce m3BecTHbie HA CErOAHSILUIHMN AeHB 3aKOHBI (DM3UKH HE MOTYT OBITH
MPUMEHEHbI /18 Takux yenoBuii. Jlaxe pessitupucrekas OTO HenpumeHu-
Ma, MOCKOJBLKY HE YYUTLIBAET KBAHTOBBIE 3(D(DeKTHI. )

B «ucropumn» BeeleHHOM MPUHATO BBIIENSTE HECKONBLKO 3TOX.

Hauano paciimpenus (aBomoinn) BeeaeHHOH YCIOBHO HA3BIBAIOT
Boavuwum Bipvieom. O1HAKO HEBEPHO NPEACTABAATE HAYATO IBOJIIOLMU KAK
HEeKHI Tpouece, MPOUCXOIUBILUI BO BPEMEHM M TIPOCTPAaHCTBE. BONkIIoH
B3pbiB caM Jan Hayaio BpeMEHH W MOPOII MPOCTPAHCTBO, U OaTbHellee

pacuiMpenue Beenennoit — 3to paciimpenue npocrpancTsa BeeleHHOM, B
KOTOPOM CYIUECTBYET MaTeEPU4.
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Paunusis Beenennas ([lnaHkoBckas 310xa) npeacrapisula coOoi B Bbl-
COKOIl CTEINEHH OIHOPOIHYIO U M30TPOITHYIO CPENY C HEOOLIYAHHO BbICOKOH
[UIOTHOCTRIO 3HEPTHH, TEMIIEPATYPOH U JaBneHueM. B pesyiibrate paciim-
peHUs ¥ OXJIaXaeHNs Bo BeenenHoit npousouuin (pasoBbie NEPexoibl, aHa-
JIOTMYHBIC KOHAEHCALNY XKMIIKOCTH M3 ra3a, HO MPUMEHUTEIILHO K B3JIEMEH -
TAPHBIM YaCTULIAM.

B reuenne 10107 ¢ nocne Boabuworo Bapeisa (anoxa Beauxozo 06s-
edunenus) TPOMCXOAUT OTAEJIEHHE IPABUTALMOHHOTO B3aNMOLEHCTBUS OT
OCTANBHBIX (PYHAAMEHTANbHBIX B3aUMOIEHCTBHI.

B nepuod BpeMeHU i e MPOHUCXOAMT IKCNOHEHIMATIBHOE pac-
mmpenne BeeseHHOiM, Win kocmuneckan ungaauyus. Pacyerbl 110Ka3bIBaloT,
41O NMpU TEMIIEPATYPE 10* K u wiorsoctn 10* r/cm® B sewiectse poznnka-
eT OTPULATEILHOE JaBICHHE, KOTOPOE OOBACHAETCS 0CODBIMU CBOHCTBAMM
Bakyyma Ha 3Toif craguu. PacuimpeHne npocTpaHeTBa IIPOMCXOLUT C YCKO-
pEHMEM, a DHEPTHS B eIMHMLE 00BEMA 0CTAETCH MOCTOAHHOM. B noa06HbIX
YCIIOBHUSIX IPaBUTALIMSA HEN30EKHO JOJKHA NPHBOANTE HE K NPUTHKEHHIO, a
K B3aUMHOMY OTTaJKMBAHWIO YaCTHLL.

IIpuMcuaH#ue. DTan KOCMAYCCKOH MHMASIMT HeobxoanM Wist 0OBACHeHUS! P Ha-
GuoaaTeIbHBIX (hakTos, TAK, B HAYAIE ITOM M0XN B HADMOTAEMYIO CEHYAC YacTh Beejiennoi
JIOJIKHO OBLIO BXOAWTD PUMEPHO 10% MPUYMHHO-HECBA3AHHBIX 0bnacTeil. B rakoM ciyuae ast
0OBSICHCHUS HAOMOAAEMOi OIHOPOIHOCTH H H30TPONHOCTH Bee/icHHOM npH OTCYTCTBAH M0~
XH MI[(l}IlﬂlIHH HEOOXONUMO JIOMNYCTHTD, 4TO B THFAHTCKOM KOJTHYECTBE ﬂpll‘-IHHHO“HCCBﬂ'BaHth)(
ofnacTeii IpoCTPaHCTBa CYIICCTBOBAIN OQMHAKOBbIE (DM3NIECKHE YCIOBHA. Ecnn ke 1onycTuTh
CYHICCTBOBAHUWE DITOXH Hl[l‘bﬂﬂulu{, TO BCH HaDIogaemMas ceiuac BeesieHHast BO3HUKIIA TONBKO
W3 00HOU IPHYMHHO-CB3ANNON 001aCTH.

3arem (10°*—10"" ¢) Hactymaer Tak HasbiBagMas Jdexmpociabas
anoxa. Beulectno BeesileHHOI B 9TOT nepuojl npeacTasisieT coboil KBapk-
NLOOHHYIO TUIa3My («KBapKOBbIH cym»). B Teuenme cieyloniei amoxu —
anoxu keapios (nepuon 107'2—107° ¢) — Bee M3BECTHBIC B3AMMOIECTBUS
(cunbHOE, ¢1adoe, MEKTPOMATHUTHOE W TPABATALMOHHOE) OKOHYATEBHO
pa3nesnsioTCs.

B anoxy adponos (10°°—1 c) HauMHaeTCs MPOLIECC «POXKIEHMS» TEMEH-
TApHBIX YACTHIL U MX HENPEPbIBHOTO B3AHMONpPEBpalleHUs. B 3Ty 31oXy TeM-
nepatypa cocTapnsier npuonusureabho 3-10'2 K, a mnornocts 10 r/em’.
B npouecce NMpeBpalieHnii KBAPKKA W TTI00HBL 00beAMHAI0TCS B DAPHOHEL,
TAKWE KAK [IPOTOHEI, HEHTPOHBI, A-, A-DapuoHel u ap. [Tpu 2TOM 0IHOBPE-
MEHHO TPOMUCXOJNT ACMMMETPUUMHOE 00pa30BaAHUE KaK YacTHL, MaTepuw,
TAK M AHTHMATEPHH, KOTOPbIE B3AUMHO aHHUZUAUPYION , IPEBPALLASICh B M3~
nyuenue. bes ensa 3amerHoil 3apsa0BOi ACMMMETPUH (OTINUHUS KOJTHYECTBA
yacTHLL M aHTUuacTuL) Beenennag Boobile okazanach Obl JIMIIEHHON Belle-
cria. M3 HabmoneHWii PesIMKTOBOTO U3AYYEHNS MOKHO CAENATh BBIBOI, UTO
po BeeneHHOM Ha 0JIMH HYKJIOH NPUXOUMTCH MPUMEPHO 10° poroHos. Eciu
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CYNTaTh, YT0 DOMBLUIASI YACTh (DOTOHOB BOZHMIIIA B MPOLIECCAX AHHUTHIA-
1K, TO NEPBOHAYATBHBIH H30BITOK YACTHIL HAL AHTMUACTHIIAMMN COCTABIIS
MPUMEPHO 00HY Musauapdryto doio. BeposTHO, 3apsioBas acMMMETpHs
BOZHUKIIA B PE3yJibraTe CMOHTAHHOrO HapyweHuss CP-uHpapuaHTHOCTH
unu CP-cummerpun (Charge-Parity symmetry).

B onoxy aenmonos (110 ¢) BeeneHHas COCTOUT NPEHMYLLECTBEHHO U3
TIOJIOKHUTENBHBIX M OTPULIATENILHBIX MIOOHOB, HEHTPUHO M AHTHHEHTPUHO,
NO3UTPOHOB W DJIEKTPOHOB, B TO BPEMsl KAK HYKJIOHKI CPABHUTENBLHO PEAKH.
ITo mepe nanbueiiero pacupenns BeeneHHON MPOMCXOINT aHHUIWIS-
M5 MIOOHOB, a TAKKE aneKTQOHou 1 no3utpoHoB. Korua nnornocers Bee-
JleHHOM ymenbiaeres 1o 107 r/em’, Bewectso cranonutes MPO3PaYHbIM
AJisi HEHTPUHO (T.e. TPeKpallacTcsi B3auMOJEeiicTBue HEITPUHO M YacTHIl
BELIECTBA) U MIPOUCXOANT «OTPbIB» HEUTPHHO. K HACTOSILEMY BPEMEHU Te-
TIOBAs SHEPIHsl TAKUX PEAUKINOGIX HEMPUHO 3HAYNTENBHO YMEHBLIUIACE
Y IOJUKHA COOTBETCTBOBATEL TeMMeparype okono 2 K.

I puMeuanue. Pernkrossie HEHTPUHO 11OKA HE 3aPCTUCTPHPOBAHBI.

I'lpnMepHo uepes 10 ¢ nocne bosnbworo Bapeiga Temneparypa nanaer
1o 10" K u Hacrynaet snoxa uzayyenus (10 ¢ — 380 000 ner). Ha arom
ITAMNE No YNCACHHOCTH 11pe0biaaloT (DOTOHBI, KOTOPbIE B3ANMOAEHCTBYIOT
C BELLECTBOM (T.€. BEIIECTBO €UIE HETPO3PAUHO JUIS M3MYYEHUs ), a TAKKe
HEHTPUHO, KOTOPLIE YXKE OTOPBAJIUCE OT BEIECTRA.

o ucreyennn okono 100 ¢ nocne Bonbinoro Bapsisa HauuHaoTCH nepsbie
NpoLecehl Hykieocunmesa. Hekoropas YacTb MPOTOHOB COENMHSICTCH C HEHTPO-
Hamu n obpasyer snpa remus. B nux nepeuwno okosio 10% obuiero yneia npo-
TOHOB. B Teuenue caenyiommx 380 000 ner npoucxonuT akTHBHBI HYKIEO-
CUHTE3 refins, aeitepust, 1urna-7. TIpakTHUeCKH Bech resiuit, CyLecTBy OIHil
B0 BeesieHHoI B HacTosiLee BpeMst, 06pa3oBaics MMEHHO B 3TY IIIOXY.

BerectBo HauMHACT NOMMHMPOBATL HAL M3TYUEHMEM CIYCTS TPHMEp-
Ho 70 000 net nocne Bonbworo B3pbisa, YTO NPUBOAUT K MU3MEHEHUIO pe-
Kuma pacuipennst BeenenHoid. TiotHocts Matepuu B 9TOT Nepuoi crana
OMpPEeLeSITECS B OCHOBHOM TMJIOTHOCTBIO BEILECTBA, a HE N3JlydeHus. B koule
2MOXK nanydenus (cnycts 380 000 ner) mpoucxonur pexomburauus eodopoda
(0BbenMHEHUE NPOTOHOB U 3MEKTPOHOB M 0O6pazoBaHKe HEUTPAABHEIX ATOMORB)
1 BeesieHHas cTaHOBUTCS TIPO3PaMHOil Wist (POTOHOR TEILIOBOTO H3NYUEHHUS!,

Korna temneparypa Beenennoii chnxaercs npumepto mo 3000 K, na-
CTynaeT anoxa seutecrnea. C 37010 MOMeHTA (DOTOHBI IIEPECTAIOT PACCEUBATE-
Csl TEMEPb YKE HEHTPATBHBIMY aTOMAMU M MOIYT CBODOIHO NMEPEMELLATHCS
B MPOCTPAHCTBE, NPAKTHYECKH HE B3aUMOJIENCTBYS ¢ BELIECTBOM (TpouC-
XOMUT OTPBIB M3NIYUEHHSI, KOTOPOE TIOAYYWIIO HAa3BaHUE PelnKToBoro). Ha-
Grionaemas cepa, COOTBETCTBYIOLIAS JAHHOMY MOMEHTY, HA3BLIBAETCH HO-
BEPXHOCHIBIO nOCAeOHe20 pacceanus. BONN3N HTOM TIOBEPXHOCTH HAXOATCS
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caMble yianeHHbsle 0OBEeKThI, KOTOPblE MOXHO HaOII0aTh B 3JIEKTPOMAT-
HUTHOM criekTpe. B pesynasrate nocjeayiouero oCThBaHus PeJMKTOBOTIO
M3JTY4EeHUS 3a CYET KPACHOTO CMEIIEHHS €ro TeMIIepaTypa CHU3MIACh U Ceii-
yac cocrasiaser 2,725 K. Ilpu Takoil teMnepatype MakCMMyM W3aydeHusl
npuxoauTess Ha h =1 MMm.

Crnenyomme 150 mian ner B «ncropum» BeeneHHoil npuusTo HA3LIBATEH
Temuvimu gexamu, nockoibKy BeeneHHasi 3ano/iHeHa OCTHIBAIOILIMMHM Hefi-
TpalbHBIMM BOAOPOIOM M T€JIMEM, a TAKXKE PEJIMKTOBBIM M3/1yUeHUEM. 3Be3IbI
ellle He 00pa3oBaNiCh, U BOJOPOJL U3NYUAET TOJNLKO HA JUIMHE BOJIHLL 21 M.

I PUHMEYAHMUE, 31‘0 HIATYUCHHE OﬁyCJFOBJIEHO MEPEXOIaMH MCXK/1Y KOMIOHCHTAMH CBCpPX-
TOHKOM CTPYKTYPBI OCHOBHOIO COCTOSIHMSI IZS,,.Z aroma Bojgoposad. [puunnoil paciiennena
SIBJISICTCSI B'}ﬂ}lMUJjCi;ICl'BHU CIIMHOB 11POTOHA (Ililpa) W DJICKTPOHA. CJ]G}IYCT OTMETHTDB, YTO PETH-
CTpalMsA palloOU3JIYICHHAA BOAOPOAA Ha JJIMHE BOJIHbI 21 ¢Mm B HacTOsILLEE BpeMsl SIBJISICTCSI
a(phexTUBHBIM CPeICTBOM HccieoBaHuA Beenennoii. boiee NoMoBHHBI MACCH TATAKTHYUCCKO-
'O MEXK3BE3IHOIO BE1IECTBA COCTABNACT HCl“‘ITDHJIth!i“I BOLOPOJL B OCHOBHOM COCTOSIHUM, U €ETO
MOXKHO UCCNIEJ0BATD, TOJBKO PETHCTPHPYS HATYUCHHC C A=21 cMm. nOBTOM)’ PAIHOMHHKUA BOAO-
pona 21 cM JacT UCHHBIC (MAacTO YHHKAJIBHBIC) CBEICHNS O PACTIPEAEICHUI HEATPAILHOTO BOIO-
POdd B KOCMHYCCKOM IPOCTPAHCTBE.

Cnyctst npumepHo 150 mitH nier nocae boasinoro B3pbisa HayuHaeTcs
(opMUpOBaHHE MEPBLIX 3Be3[, KBa3apoB, FATAKTUK, CKOTUIEHUH M CBEpX-
CKOTMJIEHWI TaNakTHK — MPOUCXOJMT PEMOHM3ALIMS BOLOPOAA U 00pa3oBa-
Hue cTpyKTyphl Beenennoii. B pesyasraTe us ropsyeit BOIOpOIHO-TE/INEBOH
MIa3Mbl C HUUTOXHON MPHMECHIO JPYTHX D Pa3BUBACTCS BCE MHOT0006-
pa3ue Becenennoit,

MopMupoBaHUe Halel [ANaKTHKI HAaYanock crycrs npumepHo 0,5 mapa
Jet nocne bombuioro Bapeiea. Mesx3sesaHoe rasolbuieBoe 00J1IaKo, MopoamMs-
uiee CoTHEYHYIO CHCTEMY, 00pa30BaIoch CIIYCTs TPUMEPHO 8,9 MuIpd et nocne
bonbioro Bapeisa (4,8 mapmo et Hazam).

OcHoBHbIe 9Tanbl 23B0M0UKMK BeeneHHo# kpaTko otoOpaxeHsl B Tabm. 3.11.

Tabruya 3.11
OcHoBHbIe 3TaNLI 9B0M0IHN Beenennoi

Bpepa,ar Mo~ Tewne- | o ornoers,
Dnoxa menta Boun- Dran 380100HN parypa, e
woro Bapsiga K
1 2 3 4 5
Cunryisp- 0 bBoabinoii Bapeip ? ?
HOCTh
InanKoB- < 10¥¢ | Hemsbectnpie  3akonbl  (DM3HKH, ? ?
cKast KBAHTOBBIE CBOWCTBA MPOCTpaH-
CTBa-BPEMEHH
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Oxonuanue maoa. 3.11

3

4

5

Benmkoro
00BEHMHE-
HUst

107%¢

IpaHuUA NPUMEHUMOCTH DPEIsTH-
BUCTCKOW Teopun TsiroreHus, Or-
JIEJIEHWE TPABUTALIMOHHOIO B3aM-
MOJIEHCTBYSA

10%

]094

Kocmuue-
CKOii HH(ns-
LMK

10 *¢

DKCNOHEHIMAIBHOE «Pa3iyBaAHHE>
BeeneHHoit

1028

107

Bnekrpocna-
Gas

10 ¢

Hapyienue CYNEepPCUMMETPHH.
CHABHOE B3aUMOICHCTBHE OTIETA-
ercst o1 anekrpociaboro. Beenewn-
Hasi 3anojHeHa KBAPK-IMIOOHHOM
niasmoii, nentoHamu, oroHa-
MH, W- u Z-Go3onamu, HO30HAMH
Xurrca

10"

10"

KpapkoB

107'%¢

Paznenenune Bcex M3BECTHLIX B3aH-
Moueicrenii. BeenenHas 3anonHe-
HA  KBAPK-TJIIOOHHOI  MIazsMoii,
JIETITOHAMHK 1 hoTOHAMMU

10"

”JI‘J

AlpoHHas

10°%¢

Bo3uukHopenne 3apsuoBoil acum-
METPUH. AHHUTHISIIMS GAPHOH-aH -
TrdapuoHnbIx nap. Wseeirok Gapu-
OHOB HAJL AHTHOAPHOHAMHU

310"

IOIG

107%¢

Ipannia npuMeHHMOCTH DKCHEPH -
MEHTAILHO MPOBEPEHHBIX 3AKOHOR
[ITRTTS]

10"

]014

107 ¢

AHHMTUAALMSE ME30OHOB

3-10"

1012

Jlentonnas

0,2¢

OTpbIB PEIMKTOBBIX HEHTPUHO, AH-
HUTHJISIUMA  JIENTOH-AHTHIENTOH -
HBIX 11ap

310l

107

Hanyuenus
(npoToHHas)

10¢

Beenaeunaa 3anonneHa (hpoToHaMu,
DapuoHaMu, JICOTOHAMH W Heii-
TPUHO

1010

10*

100 ¢

OGpazoBanue rejiud, neHrepus,
JITHS

10?

380 000 ner

PekomOunauns ponopona. OTphis
PEAUKTOBOTO H3JIYUCHUS OT Belile-
CTBa

107

Beuwecrsa

5.10% ser

Beenennas  3anofHeHa  BOAOpO-
JIOM, TEANEM, PEANKTOBBIM H3NY-
YeHueM W uaiydenneM c A=21 cm

o

5.10% ner

Hauano BO3HUKHOBEHHs 3Be3[ W
TaTAKTHK

30

liors

1.4.10" ser

Co BPEMEHHAS 3MTOXA

2,7

s e
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CornacHo KOCMOJIOPMYECKOMY NPUHUMIY [/ TOCTATOYHO OGONbLIIWX
06LeMOB MpocTpaHcTha (¢ paccrosaHuamu bonee 300 maH cB. ner) Beenen-
Hasi OIHOpOIHA U u3oTponHa. OOHaKO, OYEBUIHO, B MEHBIIMX MaciuTabax
BO BceleHHOM CYLIECTBYIOT 3aMETHBIE OTKIOHEHHS OT ONHOPOAHOCTH (TJ1a-
HETHI, 3BE3/bl, TATAKTUKH U WX CKOMJIEHUs). B CBS3M C 3TUM Tipearionara-
eTcsl, UYTO U B paHHeil BceneHHO#l cylllecTBOBAIH HeOOIbIIKE JIOKANBLHBIE
OTKJIOHEHHS OT OLHOPOLHOCTH M U30TPOIIMM: B HEKOTOPBIX 001aCTAX MJIOT-
HOCTH ObITa UyTh BbILLE UM UYyTh HUXE, UeM B cpeaHeM. [To Mepe pacuimpe-
Husi BeenleHHOW KOHTPAcT MEXKILY TJIOTHBIMK O01acTsiMK (CTYLLLEHHUSIMU) 1
paspe:KeHHBIMM BO3PACTAN, YTO B KOHEUHOM UTOTEe U MPUBEIOo K (hOpMHUpO-
BAHMIO COBPEMEHHOM CTPYKTYPHI.

Ha matepuio, Haxosuiylocsi Ha rpaHuue CTYUIEHMS, NEHCTBYIOT IBe
cunbl. OnHa M3 HUX — HAMpPaBleHHAs BHYTPh CUJIA TATOTEHUS, KOTOpPAs
CTPEMUTCSI CXATh CIYCTOK BeulecTBa. Bropas — 3T0 cuna ynpyrocT, Ha-
NPaBJICHHAs BOBHE, KOTOPYIO CO3J4cT Nepenaj naBjieHusl BHYTPU U BHE
crycrka. Ilpn 5TOM CuibI TATOTCHHS NPSMO NMPOMNOPLUUOHANBHBI pa3Mepy
ra3oBoro 00/7aka, a ynpyrocti — 0OpaTHO MPONOPLUMOHANBHBI pa3sMepy.
DBOMIOLMST HEOJHOPOIHOCTH OMPENETSAETCS TEM, KAaKasg U3 3THUX ABYX CHI
6onbie. Ecnu npeobianaer cuna TITOTEHHMs], TO CTYUIEHNE HAUMHAET CXKH-
MAaTbCsl, U B PE3YNIBTATE ITOrO HEKOTIA eMHOe 00pa3oBaHue (hparMeHTHPYET
W pacnaaaeTcsi Ha HEKOTOPOE KOJWYECTBO OTIEIbHBIX CTYCTKOB MEHBLILIETO
pasmepa. Eciu ke cuiia ynpyrocTy npeBbllacT CUTy TITOTEHUs, TO Cryle-
HHE HAYKMHAET PacllMpsIThCsl. DTO paclIMpeHUE He TPEKpalllaeTcs, Korna
[JIOTHOCTh BEWECTBA BHYTPU M BHE HEOAHOPOJAHOCTH BHIPABHUBAETCS, 110~
CKOJIBKY BELIECTBO MPOAOJIKAET JIBMIATHCS BOBHE N0 MHEPLIMM, CXKUMAs Be-
wectso BOKpyL C TeueHMEM BPEMEH I HA MECTE CTYIIEHHST OKAXKETCS pas3pe-
KEHUE BELIECTBA, TOTA KaK BOKPYI Hero obpasyerces 001acTh NOBBILLIEHHON
IUIOTHOCTH. DT0 BTOPMYHOE CIYLIEHME, B CBOIO OYEPelb, OYIET PACLIUPATh-
Csl, CKMMAas OKPYXKaloulee BellecTBo, W T.O. HeomHOpoaAHOCTh MAOTHOCTH
MpeBpaIiaeTcsl B BOJHY CKATHA M pacliMpeHusi BeIIecTna, T.6. MOPoXIAcT
36yK. ApyrumMu cnosamu, B paHHel pacwupsioweiics BeeneHHON pacnpo-
CTPAHSIIOTCS caabble HEOAHOPOAHOCTH C XapakKTePHBIM PasMEpoOM MEHbLLE
JUTMHBI BOJTHBI JIXKWHCA, KOTOPHIE, TIO CYTH, SIBISIKOTCS 3BYKOBBIMH BOJIHAMM.

ITpumeuanue. Pazpaborka KOJHYECTBEHHON TEOPUM IPABHTALIMOHHON HEYCTOHYNBOCTH
Havanack B padotax k. [kunca, pacemorpesiuero B crarbe «CrabuibHocTs chepuieckon

ryMannocTis (1902) KoauuecTBeHHYIO TEOPHIO IPABUTALIMOHHON HECTAOMIBHOCTH CAMOTATO-
TCIONUICTO ra30BOro 0bnaKa.

Jlist 3aiaHHbIX NapaMeTpoOB U30TPOITHOM YNpyroi cpensl (¢ yUeToM JaB-
JIEHMsI Ta3a) CYLIECTBYET KPUTHUECKUI pasmep r, 00Jactu, Wil KOTOpOTo
CWJIBI TATOTEHHA M YIPYTOCTH paBHbl: F; = Fp. B obnactsix pasMepom Huxe

KPUTHYECKOIO CTYLUEHHS PEJAKCUPYIOT, a B 001aCTAX pasMepOoM BBILIIE KPU-
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THYECKOr0 — YCHUIMBAKOTCH. TAKONH KPUTHYECKHMI pasMep ONpenessiercs
JUTWHON BOIHBL [I:KuHCA 115 AaHHO# Cpebl:

Rt =g, =4 3.62

crit s Gp ( )
[ a; — CKOPOCTh 3ByKa B Cpelie; p — IJIOTHOCTD cpelbl. C IITMHON BOJIHBI
JKMHCca cBsizaHa ¥ Macca ,D,)KWHCH.'

My ~p-rk. (3.63)

Paclunpenne HEOAHOPOAHOCTH C MOBbILIEHHON MIOTHOCTBIO OTCTAET OT
paciiupeHus BeenenHoit. PaHo WK MO31HO pacliMpeHUE CTYCTKA OCTAHAB-
JIMBACTCS, OH HAYMHAET CKMMATHCH U B KOHLE KOHLIOB 00pa3yeT rpaBUTALLM -
OHHO-CBSI3AHHYIO CUCTEMY.

HUCKOJ]be Bcenennas paclmpsiach, €€ napaMeTphbl, B TOM YHUCIE CKO-
POCTh 3BYKa W CPEJIHsiS ILIOTHOCTb, MEHSTUCH CO BpeMeHeM. B yactHocTH,
10 pexombuHaunu Bomopona (nepssie 380 000 neT) BO BCEX HBUKEHMMX
MPUHHUMaAIN YHYAaCTHE CBET W BELIECTBO, TECHO CBA3aHHbIE Apyr € Apyrom.
Pannss Beenennasi npencragmsiia coboii niazmy (oToHOB 1 6apHOHOB, KO-
TOPYIO MOXHO PacCMaTpuBaTh KaK eIUHYIO KMIKOCTh. B 3Ty anoxy ympy-
FOCThL CPEABL ONpeac/isalach CBETOM, a CKOPOCTh 3ByKa Obula cpaBHMMa CO
CKOpPOCTBIO cBeTa (v = c/ﬁ). [Moaromy pnvHa BoaHBl JXKWHCA COOTBET-
CTBOBAJIA Pa3MEPY KOCMHUUECKOTO ropu3oHTa. Bee cryleHus, moMeniasiim-
€cf 10 PeKOMOWHALIMW BOAOPOAA B NMPEAEbl TOPU30HTA BUIMMOCTH, ObLIN
3BYKOBBIMH BonHamu. [locne pekoMOMHALMK BELICCTBO CTANO MPO3pay-
HBbIM, (POTOHBI MOKWUHYJIU CTYILICHUS, YTO MPHBENO K PE3KOMY CHHXKEHUIO
YOPYrocTH CPenbl M, CAEN0BATENBHO, K YMEHBIUEHWIO I3KMHCOBOW JJTMHBI.
Ilax(e CryuieHusl ¢ MaccaMu OKOJI0 MUWJINTMOHA Mace COJ[HI.[& MOIJIM CXH-
Mathcsl Ha (hoHe OBLLEro paciIMpeHns Cpe/ibl, M TOJLKO TOrAA HAYancs Mmpo-
uecc hopmuposanust cTpyKTyphl Beenennoit. Takium obpasom, Hawa [anak-
THKA, a TakKXe M IPYyrue ranakTHKW, MX CKOIUIEHMS M CBePXCKOMIEHHS
KOTAa-TO OBITM 3BYKOBEIMW BOJIHAMM.

Crylienus (HEOIHOPOLHOCTH ¢ MOBBIIEHHOI MIOTHOCTBIO MATEPHH) €
Maccoil OoJIbLIE MXKMHCOBOM N0JLKHBI paclInpaTLCA MemieHHee, yem Bee-
JieHHast B uenoM. OuesuaHo, 4yTo 0OJIACTH, TMie MIOTHOCThL MATEPUHU Obiia
MCHbLIE CpeaHeil, Ha0bOoPOoT, pacluUpsIIHCL YyTh ObICTpee, ueM BeeneHHas
B uenom. Takum obpa3om, cobeTBEHHASI CKOPOCTh BEILLECTBA HA FPpaHuLie 06-
JIaCTel ¢ NOBLIIEHHOI TUIOTHOCTBIO (00nacTu 1) HanpasieHa éHymps Heol -
HOPOIOHOCTEM, TOTA KAK Ha IpaHulie 0DaacTel ¢ MOHUXEHHOM! IOTHOCTBIO
(o0nactu 1) — napyscy. O6nactu I u Il otaenensl apyr ot apyra obnacts-
MU NPOCTPAHCTBA, P IUIOTHOCTL MaTepuu paBHa cpeaHei (obaactu I1I).

194

COracHO KOCMOJIOTMYECKOMY TIPHHLMITY, 00JIAaCTH ¢ TIOBBIILEHHON U MO-
HUKEHHO TIOTHOCTSIMU GbUTH pacnpenenedsl B paHHeil BeeneHHoil xa-
OTHYHO, TIOATOMY TakK ¢ ObUIM pacrpesieNeHbl U COOCTBEHHBIE CKOPOCTH.
QueBuIHO, YTO [0 00uiero npocrpaHcTea BeenewHoii, 3aHUMaeMOro
obnactamu 11, nomkHa ¢ TeUeHWEeM BPEMCHM BO3pacTaTh, a O, 3aHUMa-
emast obnactsimu |, — yoeisate. [lostomy ¢ TevueHueM Bpemenu obsactu 11
JOIKHBI BBITSTMBATHCS, 00pasys B KOHEYHOM HTOTE TOHKHE HUTH. BTa Npo-
CTasi MOZEAD MO3BOJSIET B 0OLIMX YepTax [POSCHUTL NpUHLUMI (opMUpOBa-
HUs KpYMHOMACIITaOHOW CTPYKTYPhl BeeneHHOM.

BaxHyio ponns B pasBUTHM TPABUTALMOHHONH HEYCTOWUMBOCTH B pac-
wnpsioweiics Beenennoii Jo/pkHa Obuta cuirpath memuias mamepus. Tlo-
CKOJILKY OHA COCTOMT, BEPOSTHO, U3 ciabo B3anMOAEUCTBYIOUIMX YaCTHLL,
JABJCHUE W3TYUEHHMS He MOIJIO MPensiTCTBOBATH 00Pa30BaHMIO OrPOMHBIX
06makoB TEMHOM MaTepuu. DTH 0bJlaka sIBUITUCH «TTOTEHUHAIbHBIMH M-
MW», KOTOPbLIC MOCJE pBKOMﬁuHauMH [MOCJIYKMJIK 3apoablliaMu LA KOH~
neHcauuu raza. Maccel 061aK0B TEMHOIO BELLECTBA 3aBUCE/IN OT Macc CO-
CTABJISTIOLUIMX MX HYACTHLL,

Ecnu cxpbiTas MaTepusi COCTOUT B OCHOBHOM W3 20pAayeil MeMHoil Mame-
puy (HelTPHHO), TO MAcchl 0DJIAKOB NOIKHBI MPUMEPHO COOTRETCTBOBATH
MaccaM CBEPXCKOIUICHWI ranakTuk. B aTom cnyuae nepBeIMH 06pa3oBbiBa-
JIUCH IPOTOCBEPXCKOTIEHUS FAIAKTHK, KOTOPBIE 3aTEM M3-3a IPaBUTaLMOH-
HOI HEYCTOINYMBOCTH paciaaaliuch HA NPOTOCKOIIEHHU U ITPOTOraJIAKTUKH
(3BOMIOLMS «CBEpPXY BHM3»). B HacTosilee BpeMsi Takoe pasBUTHE COOLITH
NpeacTaBasAcTCH MaJIOBEPOATHLIM, MOCKOJILKY B MOIEJIAX C FODH‘{Cﬁ TEMHOI
Marepueil raJakTuKu 10KHBl (QOPMUPOBATLCSH OUEHB TMO3AHO, MPU Kpac-
HBIX cMelleHusAx = 1—2. Tak Kak ceiiuac OTKpLITO MHOIO ropasno bosnee
Janekux (T.e. chopMUPOBABILIKXCS PaHbILE) FAJIAKTHK M KBAa3apoB, TO CTa-
HOBHTCH OYEBMIHBIM, YTO ropsyeil TEMHOH MaTepuM HCAOCTATOUHO sl
(bopMHMPOBAHMST TANAKTHK.

Eciii ke CKphiTasi MaTepUsi COCTOUT B OCHOBHOM M3 YacTHLL DOJIee Bbi-
COKOIf MACCHI, YEM MACCA HYKIIOHOB (X0400HAs MEeMHAs Mamepus), TO Macehl
061aKoB TEMHOH MaTepuy OBLTH rOpaslo MEHBLIE MAcC OTAE/IbHBIX ralaKk-
TMK. B 3TOM Ciiydae nepBeIMM 00pa30BLIBANTUCH OOBEKTHI THMA 3BE3AHBIX
CKOIUIEHMIl, KOTOpLIE 3aTeM OOBEOUHSNHUCL B CUCTEMBI OoJiee BBICOKOTO
YPOBHA (BOJIOLMS «CHU3Y BBEPX»). DTOT CUEHAPHH CEHUAC CHMTAETCH HAaU-
Honee BepOSITHLIM. B ero noib3y TakxKe CBUAETENLCTBYIOT PA3MEPHI MONaB-
wux B 0630p HUDF panexux (okono 13 mupa ¢B. JeT), T.€. MOJIO/ABIX, ra-
JIAKTHK. OHH UMEIOT MEHLILIHE pasMepebl Mo CPaBHEHUIO C COBPEMEHHBIMU
3BE3AHBIMM CUCTEMAMM.

[lpumeuanue Hubble Ultra-Deep Field (HUDF) — n3o6paxkenue HeGOABLILOTO pern-

OHA KOCMOCA, COCTABAEHHOE U3 JAHHBIX, MTOJYIEHHBIX KOCMHYECKHM TeIECKOMoM nM, Xab0ia
B nepuos ¢ 24 cenrabpa 2003 ©. no 16 aupaps 2004 1.
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HeonHoponHocTH niorHocTH paHHeit BeeleHHOM He TONLKO ITPUBEIH K
(hopMHUpOBaHUIO €€ HAOJIIONAEMOI CTPYKTYPhI, OHM OCTABIJIU CJIEL B CIIEK-
TPE PENUKTOBOIO UallyueHus. KoHKypeHLMa MeXIy rpaBUTALIMEH U naBie-
HUEM M3J1y4eHUs MPUBENA K NMPOAOJIbHbIM (AKYCTMYECKHUM ) OCLIUJUISILIMSIM B
(hboTOH-BapuOHHOI XuaKocTH, Korna MaTepus ¥ WanydyeHue pasae/imiuch
B MOMEHT PEKOMOMHALMM BOAOPOAA, KAPTHHA aKYCTUYECKMX KoJieOaHui
ocTaniach 3arneyarieHHOH B penukToBoM (one. Ceromns A0Ka3aTe/IbCTBO
CYLIECTBOBAHMS 3BYKOBBIX BOJIH (00J1aCTEH -MOHMXEHHOM M MOBLILIEHHOM
MJIOTHOCTH) AETEKTUPYETCH B (hopMe MEPBUYHOI aHU30TPOMHK PEITMKTOBO-
ro U3MyHeHMUsI.

IIpumeyanne. MHOrOUHCIEHHBIE H3MEPEHHS [IOKA3AIH, YTO CTENEeHb H30TPOMHOCTH
PEJNMKTOBOTO (hOHA BEChMA BEIMKA (MTO ABNSICTCS AONONHUTENLHLIM APIYMEHTOM B TOAB3Y Te-
3uca 06 uzorponxoctn Beenennoii), Tem ne mMenee nabaopaores Hedonsiue (3,35 MK, win
0k010 (,1%) oTIJI0HEHUsA OT CPEIHEii TEMIICPATYPHI B 3ABHCUMOCTH OT TOT0, B KAKOM HANpaB-
JIEHUH HA Hebe NPOBOAMTCS U3MCPCHHME, DTH OTKIOHEHH NpencTasnsior coboii dunoasHy
COCMABARKWYI) AHUIOMPONHY PEIMKTOBOTO HITYYEHHs, OHU BhI3BAHbI JIBUKCHNCM M3MEPSIIO-
[Hero npubopa oTHOCHTEIBHO (hona. PelMKTOBOE MATYUEHHE H3OTPOIHO NI B CHCTEME KO-
OPIAHHAT, CBA3AHHON CO BCEH CHCTEMOH pa3beraioliuXcs ralakTii, T.e. B «COnyTCTBYIOmEH
cucTeMe oTcueTar, Kotopasi paciuupsierca smecre co Beenennoil. B moBoi npyroii cucreme
KQODPIMHAT TEMIEpaTypa H3JIy4eHUsl 3aBUCHT OT HanpaBacHus. Takum obpaszom, adpexr Jo-
TJIEPa MPUBOAUT K (PHOJSETOBOMY CABHTY M3ITYMCHUS, PACHPOCTPAHAIOLETOCs HABCTPEYY [IPH-
Gopy, ¥ K KPACHOMY — JIOTOHSIIOLIEMY ero. B pesyasrare 31010 Ha (DoHe 0IHOPOIHOTO pacnpe-
JIgJIeHUS TEMITEPATYPBI TIOSBISACTCS ABA «[0JII0CA» — TEIUIbIH B HANPABJICHUH JABHXCHHS M XO-
JIOAHBIH B MPOTUBOIIOIOKHOM HANPABIEHNH,

Mamepenns ¢ HCKYCCTBCHHBIX CIYTHHKOB 3emin nokaszaaun, uro ComHeHas cucreMa 1B -
KETCsl OTHOCHTEIBHO PENUKTOBOrO (boHA €O CKOPOCTRIO 366 KM/C B HANPABIEHHU TPAHUIIB
co3sesnnii JIbBa 1 Yauin K TOUKE ¢ IKBATOPHANBHBIMH KoopamHatamu o = 11712"
8= —7°,1 (anoxa J2000), 4T0 COOTBETCTBYET TATAKTMUYECKUM KOOpAMHATaM A = 264°,26 u
[ = 48°,22. Yuer nsuxkennst camoro Conuia B FIaKTHKE MOKA3BIBACT, 1TO OTHOCUTEIBLHO BCEX
rafakTnk Meernoit rpyrmst Conmue asrxercs co ckopoctsio 316 + 5 kM/c B HANPABISHUE C
KoopauHaramu A =93 + 2°uff=—4 + 2° JIpuxenue camoii MecTHOI rpynns: OTHOCUTEB-
HO PEeJIMKTOBOIO H3/TY4eHHS MPOUCXONUT CO CKOPOCTHID ()35 KM/C B HANpaBJICHHH C KOOpAHHA -
TaMH A = 269" u = +29°.

Wamepenus NoKasaiu HAIHUHME HE TONLKO IHTONLHON COCTABIAIOMEN, HO W MYAbmuROALHBIX
KOMROHERMOE anysomponuu (NATHA C TIOBBILEHHONH W MOHMKEHHOI TeMIepaTypoif) penukro-
BOTO M3nydenus [25, 28], Dra aHU30TPONHA ABNAETCS PE3Y/IBTATOM KBAHTOBBIX (UIYKTYALUMIL
MAOTHOCTH, KOTOPBIE CYIHECTBOBATM H 10 HHAIISIIAK, HO OBUIM YCHIICHB! B IICPHO MHQIISIIHM.
CpeHeKBapaTHYHOE OTKJIOHEHHE TEMIIEPATYPbL MUISL MYJIBTHITOABHBIX COCTABISIONINX AHH30-
TponuH cocrapnseT npumepho 18 MK (nnun menee 0,001%).

Herounnku AHHM30TPOITHH PEJIUKTOBOIO H3IMYYCHHUS MOTYT ObITH Pa3ic/ICHbl HA 1BC KATCIOPHH!
HEPBHYHBIC M BTOPHUHBIE. [lepBUtHAs AHU30TPOINS BO3HHUKIIA B TIEPHOI PEKOMOHHALIMH 1 «BIe-
yartaHa» B Gou (COXpaHNEeICs B PEAMKTOBOM HIYIEHUN HOCHE TOI0, Kak (JOTOHbI NOKHUHYIN
MOBEPXHOCTh NOCACIHErO DHCLTC?[I]HH), B'l't)pllllﬂ’d.‘»i dHH30TPOIMUS BO3HUKACT B ITPOLIECCE paccesi-
HH31 (POTOHOB HA UX NYTH OT MOBEPXHOCTH NOCIEIHETD PACCESIHMST 10 HAGIIONATEIS,

CylecTByer Tpu HCTOMHUKA MEpBUYHON aunzorponun: adperr Cama— Boanpa, BHYTPEH-
nue (anuadbarnyeckue) BosmymeHus u oddexr Jowiepa. OCHOBHOMN BKIAL B AHU3OTPONMIO TTPH
Qospimx yrnoseix Macinrabax (Gosee 10°) BHOCHT epasumanuonoe KpacHoe cMewenue, 3aiio-
YAIOUICECs B TOM, UTO CBET, HCXOAAILMIE M3 obacTeil, rIe MIOTHOCTL MATEPHHU BBILIE CPEIHEN,
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HENBITEIBAET KpacHoe cMetneHne. M Hao60poT, uanyueHue 13 60nee pa3spekeHHbIX oBIacTei
HCNBITBIBAET (hroseTorOe CMeleHre (0THOCHTENIBHO 0bmiero doxa). Ha npoMexyTouyHbIx
Macurabax ocHOBHOH 2(hdexT 0bsa3aH aduabamuyeckum goamyienusm. PekoMOUHATIHS BO3-
HUKAET TO3KE B TEX 0ONMacTaAX, TIe MIOTHOCTL Dobine, noaTtoMy GOTOHBI, HCITYCKAEMBIE 00-
JIACTSMM C MNOBBILEHHOMN [LIOTHOCTBIO, HCIIBITHIBAIOT MEHBIEE KPACHOE CMEMIEHHE H, 3HAYHNT,
OKashBaloTes bonee «ropaurMu». HakoHell, npu cambiX MajieHbKUX MacinTabax (oxono 1°7)
BAKHBIM cTaHoBuTCA 3¢bghexm fonaepa. OH BO3HUKAET 1TOTOMY, YTO HA MOBEPXHOCTH MOCICHE-
I'0 paccestHis (POTOHBI PACCCHBAIOTCS B ABUKYLICHCS TIa3Me.

M3BecTHO, 4T0 J0bas 3ByKOBas BOJHA, HE3aBUCHUMO OT TOTO, HACKONbLKO
OHA CJI0XHA, MOXET OBITE NPEACTARICHA B BHIIE CYNEPIO3MLIMM MOJL C pa3-
JIMYHBIMHU BOJTHOBBLIMH BekTopamu k (k= k; k~1/)). Kaxnoit Mmozne ¢ A
(unu c k) oTBevaeT onpeneneHHKIA YIIOBOH pazMep O Ha HeGecHOl cdepe.
CrenoBate/ibHO, 15l TOrO YTOOB! OGNErYMTh CPABHEHHE TEOPHH ¢ HABIOe-
HUAMM, BMECTO pasioxeHuss Dypoe st aKycTUYECKUX KoaebaHui (B Buie
COBOKYTIHOCTH TPUTOHOMETPHUUECKHX (QYHKIUMHA) MOXKHO MCIONb30BaTh
YLJ0BOE (MYJNBTUMONBHOE) Pa3ioXKeHUE B BUE COBOKYITHOCTH MOJWHOMOB
Jlexanapa P(cos0). [1pu 5TOM nopsiI0K MOTMHOMA / UTPAET TV XK€ POJib, YTO
M BETMUYMHA BOJIHOBOrO BeKTOPa k B pasinoxenun Oypoe. st [ = 2 nonu-
HOMBI JIexanapa — 310 ocuuuiMpyiolme (hyHKiIMu Ha uarepeaie [—1, 1].
ITo mepe ‘pocTa [/ yneno ocummnsanuii ypenuuusaercs. ClenoBaTebHO, 3Ha-
YyeHue / (MopsigoK MYJIBTUMOIBHOTO MOMEHTA) 0OPATHO MPONOPLMOHANEH
XapakTepHOMY YIJIOBOMY pasMmepy moabl: [ ~ 1/0.

Haunboabinyio aMIinTy 1y UMEIOT aKYCTHYECKUE BOTHbBI, [JUTMHA KOTOPBIX
paBHa yOANTEHUIO 3BYKOBOTO T'OPH30HTA, T.€. PACCTOSHHWIO, TIPOHAEHHOMY
3ByKOM Bo Bcenennoii 3a Bce BpeMst ot bonsmoro Bapeiea 1o pekomMBuHa-
iuu (3a 380 000 sier). TouHblit yriioBoit pasmep 3Tux GayKTyalmi, Ha3blBa-
EMBIX aKyCmu4eckum nUKOoM, HaNpAMYIO 3aBUCHT OT reoMeTpuu BeeneHHOI,
MOCKOJIBKY U3JIYY4EHHUE OT TIEPBUYHBLIX HEOAHOPOAHOCTEH pacipoCcTpaHiaeT-
Csl MO HAUKPATYAH UM JIMHUAM, KOTOphIe B TIpocTpaHcTee JloBGauerckoro
(T.€. eciv TUIOTHOCTh BCEX BHUAOB MATEPUM HUXE KPUTHUECKOI) SIBISIIOT-
¢d rurnepboiaMy, B €BKIHAOBOM MPOCTPAHCTBE (TUIOTHOCTh TOYHO paBHA
KPUTHYECKOM) — NpPSIMBIMM, a B pocTpaHeTBe PUMaHa (IIOTHOCTH BhIIE
KPUTUYECKON) — myramu okpyXHocTel. [Tpy onqMHaKoBOM PaccTOSHUH OT
HabmonaTenss 40 HEOJHOPOMHOCTEH WX YIJIOBBIE pa3Mephl I 3THX Tpex
C/Iy4aeB HAXOAATCS B CNEAYIOIIEM COOTBETCTBUM: O, < 0, < 0;. Takum 06-
pa3oM, 3Has, KAKOH YraoBOi BeJIMUWHE COOTBETCTRYET aKYCTHUECKHIT MUK,
MOXKHO OnpeaenuTs reoMeTpuio BeeneHHoi. B yacTHOCTH, €C/id reoMeTpHs
BecenenHo# sBigercst eBKIMIOBOM, TO aKYCTHYECKHI THK JOMKEH MUMETh
YIoBoii pasmep npumepHo 1°, wnu [ = 200. MMeHHO Takoil pasmMep akycTH-
YECKOro ;1Mka ¥ ObLT BrepBble OOHAPYKEH B YIJIOBOM CIEKTPE MOLLHOCTH
PEJIMKTOBOrO M3JIydeHUH B pesyisrate 00paboTKM JaHHbIX, MOJYYEHHbIX
Ha pybexe XX—XXI BB, (a3kcnepument BOOMERanG, 1997-2003, cnyr-
Huk WMAP, 2001-2010).
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Takum 00pa3oM, MHOIOYHCIEHHBIE HADITIOACHUA 0OHAPY KUK TEMIIepa-
TYPHbBIE HEOAHOPOAHOCTU PEJIMKTOBOIO (POHA € XapakTepHON aMITUTYLOM
nopsaka 0,0001 K, noarBepaunmn nNpaBUILHOCTL «aKYCTHUYECKO» MOIENH
rPaBUTALIMOHHOI HEYCTOHYMBOCTH M [10KA3AJIM, UTO ITPOCTpaHCTBO Beenen-
HOW MOXHO CUMTATB HAO0CKHM. B 3TOM cllydyae, Kak OTMEYasioch BhIlIE, Cpefl-
HsIsl TIMOTHOCTh BeeneHHOU paBHAa KPUTHYECKOMN, M MPU 3TOM BKJIAJ[ KpH-
BU3HBI npocTpaHcTsa (Bropas dopmyna u3 (3.59)) B napamerp MIOTHOCTH
oKa3bIBaeTcs HyneBbIM (cM, dopmynbt (3.59)—(3.61)). A 310, B YACTHOCTH,
0O3HAYAeT, YTO A5 JOCTHXKEHNS paBeHCTBAa Mexay Habmogaemoil cpejiHei
MIOTHOCTLIO H €€ KPHTHYECKHM 3HAYCHHUEM HBO()XOJIHMO OKOJIO 72% «J10-
MOJHUTEIbHOM» TI0THOCTH BeeneHHoM, MOCKOAbKY DaprMOHHAasA CBETALA-
dCs U TEMHAS MATEepHU, A TAKXKe HeDapUOHHAs TEMHAas MaTEPUs B CYMMe
AT He Bonee 28% KPUTHUECKOM TIIOTHOCTH (M. hopmyny (3.61)).

Kpome Toro, HabmoneHus cBepXHOBLIX TUMA [a («cTaHIAPTHLBIX CBEY») B
yAaJleHHBIX TATAKTUKAX, PACCTOSHUS JO KOTOPLIX ObIJIA ONMpeNeNneHbl B CO-
OTBETCTBUHM C 3aKOHOM Xa00J1a, NOKa3aJu, YTO «CTAHAAPTHLIE CBEUM» UME-
IOT SIPKOCTh HHMXKE, YEM UM «Irojaraercst». JIpyrumMu coBaMu, pacCTOSIHUE
OO YOANCHHBIX TaNNaKTHK, BbIYHMCIICHHOE MO METONY «CTAaHNApPTHBIX CBEY»,
okaszbiBaercs OoJbllle PACCTOSIHMS, BBIMMCICHHOIO HA OCHOBAHWM paHee
YCTAHOBJIEHHOTO 3HAYeHUs1 napamerpa Xabbna. ITo 03HAYAET, B YACTHOCTH,
4yTO IS YOANeHHBIX TANAKTUK 3akoH Xab6na, ycraHaBiMBaIOUMA JIMHEH-
HYIO CBA3b MCXIY CKOpPOCTBLIO YOAJIEHHA TATAKTHKH U p{lCCTOHI—[HCM 0 HEE,
HE BBITIONHAETCA, M Beeaennas pacuupsiemcs ¢ yexopeHuem. Takoe yCKOPeH-
HOe pacuiupeHue BeeneHHOM, N0 COBpEMEHHBIM JAHHBIM, HA4YaJloCh MPH-
MEpPHO 7 MJIpA JIET HA34/l.

IMpumeyanwue. 3a OTKpLITHE YCKOpeHHOTO paciuupenust Beenennoit C. Tlepamyrrepy,
b, Lmuary u A. Prccy npucyxnena Hobenesckas npemus no dusuke 2011 . [3-5],

Ha ocHOBaHMM HOBBIX HAOMIOAEHHH, CBUAETENLCTBYIOUIMX 00 yCKOpe-
HMKM pacluMpeHus BceneHHoi, HyneBoi KpuBM3HE NPOCTPaHCTBA M Ap.,
OBLUIO NOCTYIMPOBAHO CYIIECTBOBAHHE HEM3BECTHOIO BUIA SHEPIUH C OTPH-
LATENBHLIM AABIEHUEM, KOTOPYIO HA3BAIM memHoi 3Hepeueli. B HacTosliee
BpEMsl PEJITONATAETCH, YTO TEMHAS SHEPTHS SBIAETCS UCTOYHUKOM aHmu-
mazomenys, T.€. CUJIbI, KOTOPas MPHBOIUT K YCKOPEHHOMY PacUIMpPEHHIO
nmpoctpaHcTea. [1pu 5TOM OHO He TIPUBOAMT K PACIIMPEHUIO BELUECTBA, 10~
CKOJIBKY YACTH LB BELLIECTBA HA MAJIBIX PACCTOSHUAX CBA3aHbI GoNee 3HaYM-
TENbHBIMY CHJIAMH B3aUMOIEHCTBUS (2/IEKTPOMATHUTHBIMKM W TPABHUTALLM-
OHHBIMU). AHTHTATOTEHHE XKE MPOSBIALTCH TOJBKO HA MEKTaTaKTHIECKNX
PAcCTOSHUSAX.

HocuTeneM TeMHOI SHEPTUH SIBIISIETCH, BEPOSTHEE BCETO, BAKYYM.

I puMEcUaHHue, CA\«‘IIICC‘['H}’IOI' TAKXKE W UHBIE NMPEANOI0KEHHS, OMHO N3 KOTOPBIX OCHO-
BAHO H3 KOHUENUIKHU HOBOTO, HEU3BECTHOIO NOKA CUH]\L‘,{\H’,IIHUI}’& Hayke namoz0 g3aumadeiicmens,
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WK ex@uHmaccenyuy» (0T AT, quinta essentia — nsras cymHocTs). QOMHAKO HAES NHTOT0 B3aH-
MOJICHCTBHS IPOTHBOPEYMT METOIOIOTHYECKOMY MPUHLIAILY, U3BECTHOMY Kak «OpuTsa OKKama».
Bsegenne KOCMONIOTHUECKOH KOHCTAHTRL — 3TO BO MHOTHX OTHOIIEHUSIX CAMOE «9KOHOMHOE»
pelienue mpobaeMul yekopsomeiics BeeneHHoi,

B ypapuenusx OTO anTutaroreHue (BIMSAHUE SHEPTHM BaKyyMa) MpH-
CYTCTBYET B BUIe A-cnaraemoro (cM. opmyst (3.57)—(3.60)), 4yro, B yacT-
HOCTH, HAIIIJIO OTPAXKEHWE B HA3BAHUHW COBPEMEHHON CTAHIAPTHONH KOCMO-
Jlorndeckoii monenn (ACDM).

I1pumeyanue. HanoMHuM, UTo Kocmonozuseckasn nocmoannas A (PU3nyeckas nocrosH-
Hag, XapaKTepM3yI0ILas CBOHCTBa BakyyMa) Obuta seeaena A. DitnmreiinoM (1916 r) B ypasne-
HHU$1 TSCOTEHHA [UIs1 TOTO, YTOOB! MOJAYHHTE MMPOCTPAHCTBEHHO OIHOPOJHOE CTALIHOHAPHOE pe-
wenne, [Mocne mocTpoeHus TeoOpuH HeCcTaMoHapHoii BeenenHoii A, MpuaMaHa 1 noayueHus:
noarsepxaaomnx ee Habmoaenuii (1920—1930-¢ rr) veobxoaumocts B A-uneHe oTnaia.
AHAJN3 HOBBIX HADIIOAATENBHBIX TAHHBIX, MTONYYeHHbBIX Ha pybexe XX—XXI BB., norpebosan
BO3BPAIIEHHS K KOHUENUHH KOCMOJIOIHYECKOTO CIAraeMoro A, HO Ha Ka4ecTBEHHO HOBOM
YPOBHE,

B pamkax OTO kocmomnoruueckasi noctosHHas A sipinsgercs CBOOOAHBIM
(puznueckum napamerpoM. Ee dyucneHHOE 3HAYEHUE, KOTOPOE YIAOBIETBO-
PATIO 6B HADTIOAATENBHBIM (haKTaM, TOKA TEOPETUYECKU HE [10JIyUeHO. DTa
BEJIMYMHA TOJUICKUT M3MEPEHMIO B CIELIMANBHBIX KOCMOJOTMUECKHUX Ha-
omonenusx. OQHAKO cOBpeMeHHBIe HAOMI0AATENbHBIE JAHHBIE MMO3BOJISAIOT
YTBEPXAaTh, YTO 3HAUYEHHUE A OUEHD MasO (He TPEeBbIILAET 1072 km™%). B1o
3Ke BpeMs KBaHTOBas TeopHs moJs aaet oueHky A Ha 120 (1) nopsinkos 60ib-
e, yuem OTO. Mocnennuii GakT NOAYEPKMBAET NPHHIMITHATEHYIO HECO-
BmecTumocTh OTO u cymiecTByolieil KBAHTOBOH TEOPUM OIS, TTIOCKOJIBKY
WMMAHEHTHBIM 2JIEMEHTOM KBAHTOBOH TEOPHH ABIACTCH HAJTIMYKUE PEIKHX
M XA0TMYECKUX KBAHTOBBIX QUIyKTyauHii («KBAHTOBOH MEHBI»), B TO Bpe-
Mst kKak OTO onepupyeT MIAAKUMH MPOCTPAHCTBEHHBIMU [TOBEPXHOCTAMMU
(NMNOCKMMHU WJIM MCKPUBIEHHBIMH).

Teopust ycKOpeHHO paciupsiioueiics BeeneHHOI ¢ TEM 3HAYEHUEM KOC-
MOJIOTHYECKOH MOCTOSIHHOM, KOTOPOE CeAYyeT U3 COBPEMEHHBIX Habmioaa-
TeNbHBLIX JAHHBIX, B IEJTOM AJeKBATHO OTMMKCHLIBAET rnobanbHBIE CBOICTBA
BcenenHoit u cornacyercs co BCeM HABOPOM COBPEMEHHBIX ACTPOHOMU-
YeCKUX cBeaeHMM. B paMKax 3TOW TEOPUM CTPOMUTCS CTAHIAPTHAsA KOCMO-
Jsornueckast moaens — ACDM-Monens. B yactHoOCTH, MO COBpPEMEHHBIM
JIAHHBLIM, TTAPAMETPH TUIOTHOCTH (cM. (hopmyny (3.59)) UMeIroT craenyouie
JHAYCHUS:

B " " i +0,0042.
O nnorHocr 6apuoHHOI (BuauMoit) matepuu €, =0,0444% 75
Q morHocTH Beei MaTepun (BUIMMON 1 TeMHOI) Q,, = 0,266 0050

O rroTHOCTH TeMHOM 3HEpTHN Q, = 0,732f:§ﬁ;{_§.
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3aBuCHMOCTh MacITabHOTO (hakTopa OT BpeMeHM WISl CAyyas c
A = 0 noxazana Ha puc. 3.25 (kpunas 4).

CripaBeutMBOCTH pajy cefyeT OTMETHTD, YTO CYLIECTBYIOT H AJIbTEPHA-
TUBHLIE KOCMOJIOIMYECKHE MOen BeeneHHOI, B KOTOPHIX TeMHas Mate-
pUs 1 (MIK) TEMHAsT 3HEPTUsST OTCYTCTBYIOT.

Bonpocot u 3adanusn dan camonpoeepxu

1. Bu4eM npuHOMNMANBLHOE PA3/IHYME CTPOEHHS MIAHET 3eMHOMN TPYIIbI
W IU1aHEeT-TUranTos?

2. Kakue miaHeTsl HCCIeJOBAIMCH ¢ TOMOIIBI0 KOCMUYECKHX anmnapa-
TOB (IIPOJIETHBIX, OPOUTABHBIX, TOCAL0YHBIX)?
[louemy MakcuMaTbHas BbicoTa rop Ha Mapce GoJibiue, uem Ha 3emue?
[povicxonut nu Ha Benepe, Mapce, IOnutepe, Ypaxe cmeHa ce30HOB?
Kakue npouecenl hopmupopanus arMociep BaM U3BECTHBI?
YeM pasnuuaiores CrnexTpel U3NyUeHUs TUIaHeT W 38e3n?
[Mouemy criekTp H3anyyaemoil nIaHeToi SHEPruM Haxomutcs B bojee
JTMHHOBOJIHOROM 0BJIACTH, YEM CTIEKTP SHEPIUHM, Mafaloueil Ha Hee?

8. TMoyeMy cpemHsis TeMnepaTypa NMOBEPXHOCTH BeHeps! BeIIE, YyeMm y
MepKypust, XoTsi oHa HaxonuTes aanbiie ot Conuna?

9. KakoB MCTOUHHMK BHYTPEHHEIO TEIUIA [UIAHET-THIAaHTOBR?

10. B yem cyts mapHHKOBOIO 3heKTa Ha HEKOTOPBIX MIaHeTax?

11. V kakoit u3 ABYX TnaHeT Belle 3(pexTUBHAS TeMnepatypa — y
3emu unu y Berepnt?

12. Ectb in TREpAas nosepxuocts y FOnurepa?

13. B yem 3akiiouaeTcs cX0UCTBO M paznuuue atmocdep 3emin, Bere-
pbl u Mapca?

14. The pacnonoxens! aBuwiii nosc acrepounor u mosc Koitnepa?

I5. EcTb M y acTepouion criyTHUKH?

16. Kakoii (husuyeckuit napameTp nonoxkeH B 0CHOBY [PHHSITO MOCITE-
JNOBaTeIbLHOCTH CIEKTPATLHBIX KJIACCOB 3BE3117

17. Cyns no usery 3Be3n beteabreiize u Puress, OIpeaesnTe, Kakas U3
HUX ropsiuee.

18. PaccuuraiiTe, BO CKONBKO Pa3 M3MEHSETCSH 3Be3NHAs RETMUMHA
Mapca OT MPOTHBOCTOSIHUS 10 COETHHEHMS.

19. KakoB cMblc BBeeHMs aOCOMIOTHOM 3BE3AHON BEMYHHbL?

20. Tloyemy rnaBHas MOCAEAOBATENLHOCTh HA AWArpaMMe CICKTp —
CBCTUMOCTbD SIBJIICTCS CAMOM «HACEeNeHHOT»?

21. Ilepeuncante HA3BAHWS KJIACCOB CBETHMOCTH,

22. Kak ¢ noMonipio IMarpamMmel CIIEKTp — CBETHMOCTH MOXHO OTpe-
JeJIATh PacCTOAHMS 0O 3Be317

Nowsw
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23. Kakue knacchl 3Be3[ JOJDKHBI OMUCHIBATHCA 3aKOHAMM aBCOMIOTHQ
YePHOro Teja ¢ HaMboJIbIIEH CTENEHbI) TOYHOCTH?

24. Kakopa B3aUMOCBSI3b MEXY CBETUMOCTBIO, MACCOI M pajInycoM 3Be31?

25. Tlouemy CYHIECTBYIOT BEpXHEE W HMXXHEE OorpaHHYyeHus L 3Haye-
HUii macc 3pe3n?

26. Yto ABisgeTcsa HCTOYHUKOM 3HEpPruu 38e3n?

27. Tlouemy He MOXET ObITh OIHOBPEMEHHOTO «TOPEHUsI» BOAOPOAA M
re/iis B LIEHTPATTbHOM SIIPE 3BEe3/1bI7

28. Tloyemy Bonee MACCHUBHBIC 3BE3/1b1 IBOMIOLMOHUPYIOT OEICTPEE, YeM
3BE3/bI MEHbLIEH Macchl?

29. Kakyio pojib 1781 3B€3[ibl MTpaeT KOHBEKTUBHasl 30Ha?

30. Yem paznuyaercst CTPOSHHUE PA3HBLIX THIIOB 3Be3/17

31. Yro 03HAYAIOT MOHITUS «KPACHBII THTAHT», «Oeliblil KAPAMK», «Heil -
TPOHHAsA 3BE31a» W «4epHasi Ibipa»”?

32. KakoBa nocneioBaTebHOCTE 00pa30BAHNS XUMUUYCCKUX 3JIEMEHTOB
B HeJpax 3Be3n?

33. Kak OBl Bbl ONpene/IuIN paccTOsIHUE 00 APYTOi TATaKTHKM ¢ TTIOMO-
b0 0OHApyKeHHOH Tam nedennb?

34. KakoBkl MpUMEPHEIE MEXaHM3MbI BCIIBILIKM CBEPXHOBOW 1 HOBOM 3Be3a?

35. Paccuuraiite rpasutauMoOHHbIA panuyc s CosHia, 3eMiM, YeaoBeka.

36. OnuiuMTe crpoeHue Haleil [anakruku.

37. Ckonbko npumMepHo obopoton copepinnno ConHile BOKPYT LieHTpa
TanakTHKK 33 CBOIO «XKWU3Hb»?

38. Kakwue ObIBaIOT THIIBI TATAKTUK?

39. HazoBuTe cTaiuy 3BOJIOLME NPOTOIUIAHETHON TYMAHHOCTH.

40. TlnaHersl KAKOTO TUNA OOHAPYXKEHBI OKOJIO JAPYTUX 3BE3/17

41. Mpu naotHocty BeeneHHOM, KOTOpas paBHa KPUTHUYECKOM, Mac-
mTaGubiil pakrop usmensiercs no sakony alf) ~ >, Haitante 3akoH n3me-
HEHHUs MOCTOsIHHOI Xab0na B 3aBUCHMOCTH OT BPEMEHMU.

42. B npouecce paciuupenns BeeneHHoi CnekTp peMKTOBOTO U3yde-
HWs1 BCETna ocrapascs 1aHkoBckumM. OnpeneauTe Ha OCHOBE 3aKoHa BuHa,
CKOJILKO JIET Ha3al TeMIepaTypa peJMKTOBOTO M3JlydeHHUs Obiia B 2 pasa
BBILLIC, YeM ceituac. Micnonb3ayiiTe nHboOpMAaLIHIO W3 MPeIbLIYyIIEr0 BOMPOca.

43. Hauewm 6asupyercsi ACDM-monens?

44. Yto Takoe, B BALIEM MOHUMAHKMU, TEMHAsA MATEPUsT M TEMHAas SHEPTHsi?

Hpumepuot peenus 3adav

3amaua 1. Onpenenute U3MeHeHue Grecka niaHeTsl Am oT coeauHe-
Hust (1) 10 npoTuBOCTOAHUA (2) , €C/IH MPOMEKYTOK BPEMEHM MEXKIY ABYMS
cobeitusaMu AT = 390 cyr. Cuntats OpOUTHI IJIAHETHI M 3eMJIM KPYTOBBIMHU,
JieXKalMMK B OLHOM NMJIOCKOCTH.
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Pewenue. Tockonbky AT'= §/2, rie § — cMHOIMYECKUIT IEPHOI, TO TIO

] | 1
CHMHOIWYECKOMY YPaBHEHUIO T 7. g ONPCACNHM CHICPUYCCKMii nepH-
D
ol naaHeTsr; T —M*l $8:T. =1.88 U
AHETBI! zar-7, 8 Te=l Jiet. M3 Tpetsero sakona Ke-

miepa Haxoaum GOMNBIIYIO 10/1yoch opOuUThl riaHeTh: g =T = 1,52 a.e.
(TMonyyeHHBIE 3HAYCHHUST CBUAETE/BCTBYIOT O TOM, YTO Peyb B 3a4aye MIET O
Mapce.) Teneps no dopmysie INorcoHa paccuuTaeM, Kak M3MeHseTCs Beck
MJIAHETHI;

a—dy

0,52
8557

E
]g—-_,l—=0.4-Am:>lg =3,4.
E, ¢

2
] =0,4-Am = Am =35-1
@

3anaua 2. [1pu nabmogeHun cnekrpansHoi muumum Ay = 0,59 MKM B Ha-
NMpaBAEHUAX HA MPOTHBOIOJI0XHbIE KPast COJIHEYHOT0 IUCKA HA €r0 DKBATO-
pe 0OHAPYKMIIH, YTO JUIMHA BOJAH pasziuyaercs Ha o) = 8,0 M. Onpenenure
nepuos BpaweHus ColHLA BOKPYT COOCTBEH HOM OCH.

Pemenue. Vcxonst uz dopmynst (3.36), BENMUMHBL CABUIA AAMHB BOJI-
HblL A ynansiowerocs (0 = 0) u npubmnkaiowerocs (0 = m) kpasg ConHua
MOXKHO 3anucarh Tak:

v
Av - M= = 7\:}‘; 7 b
— e gasies = =€ —hy=2-A—.
\’“ C s sy (7] c
2 0 e
Ter:epb BbIPA3WM 1€PHON BpalcHus COﬂHua YEPE3 pa3/IuyMe B IJIHHAX BOJIH:
T=2_It-£_; - R-A,
v c- 6)\.

Monaras pamnyc Connua R= 6,96-10° M, monyuum T=2,15-10° ¢ =
=249 cyr.

3adayu dan camocmoamebrozo peuienus

I. M3 Bewectsa nnanersl 3emusi (Rg = 6371 KM) cuenaHa <«mmpoBo-
noKa» UIMHOM: ot 3emmn go Connua (r=1,496-10° km); 1o o Llenras-
pa (r= 1,34 nk); no Tymannoctu Auapomensi (r= 0,7 Mnk). Kakos npu-
MEPHO IMaMETP Kaxa0# «I1poBOIOKU»?

2. Ckonbko 3Be3/ B Hawel [a1akTuke ¥ CKOMbKO TAIAKTHK B BUAMMOI
uacTi BeeneHHOM NPUXOANTES Ha ONHOIO YejoBeka?

202

3. Yero Gonbue — 3pe3y B [anakruke nin komapos Ha 3emie?

4. Yero Oonbiue —3Be3l B [ANaKTHKE MU IEPEBLEB B CHOMPCKOM Taiire?

5. Yero Gonbie — 3Be31 B BUAMMOI yacTy BeesleHHOM MM AaTOMOB B
Karuie Bojb?

6. Yro Donblue — KyloHOBA CHJIA MPUTSKEHHS DIEKTPOHA K MPOTOHY B
ATOME BOIOPO/IA WK HBIOTOHOBA CHJIA TPABMTAILIMOHHOTO NMPUTAXKEH Ml IBYX
KOCMOHABTOB, 00MEHHMBAIOILIMXCS PYKOMOXATHEM B OTKPBITOM KocMoce?

7. * IloyeMmy HOYBIO TEMHO?

8. Ha kakylo BeicOTY BbIOPACHIBACTCS BEILECTBO M3 BYJKAHOB CITYTHUKA
[Onurepa Mo, ecnu ckopocTthk ero BeiOpoca coctasmsier 1 kM/c? Macca Mo
paBHa 8,94-10* kr, auamerp — 3630 Km.

9. Haakparope HEKOTOPO# [L1aHEThl TEJIa BECAT BABOE MEHBIIIE, HEM Ha
nomoce. CpeaHsisl IIOTHOCTh BellecTBa riaHeTsl p = 3-10° kr/M°. Onpe-
JeNUTe NepUo BpallleHUS IIaHEThl BOKPYT COOCTBEHHOI OCH.

10. Haitoute 3aBMCMMOCTL Beca Teda Or reorpadMyeckoil LIHPOTEL.
CuuMraiiTe, YTO YINIOBasi CKOPOCTh BPALUEHMSI M (DUIMYCCKME [MAPAMETPLI
3eMJIM U3BECTHHI.

11. Hekotopeiit uctounuk U, ucnyckawimii U o v
9MEKTPOMArHUTHBLIE CUTHAJIBI € CODCTBEHHOM Ya- I
CTOTOH W, = 3,0- 10" pan/c, asuxercs B ConHeu-
HOH cUCTEME € ITIOCTOAHHOM CKOpoCTbiO v= 0,8 ¢
110 NpsiIMOi, KoTopasl yaaneHa ot Habmonarens P !
Ha 3eMJe (KOTOPOrO MOXKHO CUMTAThH HETIOABHXK-
HBIM) Ha paccrositue [ (puc. 3.26). Kakoii 6yner
4acTOTa CUTHAJIOB, BOCMPHUHMWMAaEMBIX Hab/1004-
TEJIEM B MOMEHT, Koria: 1) MCTOYHMK OKaXeTCs B
Touke O; 2) nabmopareab yBUINT €ro B Touke 07 P

12. CkonbKo 3Be3/l HYJICBOM BENMYUHBI MO-  pPue. 3.26. JlBukende HOTou-
I'YT 3AMEHUWTh CBET, MCTTYCKAEMBbI BCEMHW 3BE3JI1a- Huka [/ OTHOCHTENLHO Ha-
mMu ot 10-i go 11-i BeJIMYUHBL, €CIIM UX YHUCIIO omonarens P
paBHo 546 000? CpenHioo 3Be30HYIO BEJTHYHUHY
apesn ot 10-it no 11-ii 3Be3aHOI BeMMUMHBI IPUHATH pasHoit 10,5,

13. Ha cesepHom HebGe 2000 3Be3n 6-it Bennumnbl. Bo CKOABKO pa3 ux
0b11Mii ceet cunbHee ceera Cupuyca, dieck koroporo —1”,467?

14. B cnekTtpe HOBOI 3Be3mbl 1934 1. B [epKynece TeMHBIC THHUM CMe-
CTHJTHCH OTHOCUTE/IbHO HOPMAJIBHOIO TOJMOXEHU B (DUOJIETOBYIO 0BJIACTD.
Jlnuusa H (A = 434,1 um) emecrunace Ha AL = 1,01 um. Kaxosa ckopocTs
ras3a, BbIOPOLIEHHOrO M3 3Be3AbI M BBI3BABIIETO CBOMM IOMIOLUIEHUEM [10-
SIBIICGHHE B CTICKTPE TEMHBIX JTMHUIA?

15. * Cunras Macchl 06eMX COCTABISIOIIMX IBOHHON 3BE3/ibl ONMHAKO-
BBIMM, BEIYMCIUTE PACCTOAHME MEXKIY HUMH U UX MACChl, ECTM MaKCUMAaJlb-
HOE paciierieHue CrEKTpanbHbIX TuHIil (AA/A), =1,2- 107, npuyem ono
BO3HUKAET C NEPUOAMYHOCTLIO T= 30 cyT.
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16. B razosom 001aKe, KOTOPOE OKPYXKACT FOPSIMYIO 3BE3/1Y, HabJII0NA0T-
Cs1 MOLLHEBIE TIOTOKK aToMapHoro Bogopofa. OnHa U3 CneKTpaibHbIX JIMHUI
aTOMapHOro BOZOPOIAa UMEET ANUHY BOIHBEI Ay = 656,3 M. OnpenenunTe no-
MIEPOBCKOE cMelieHne A 3Toil TMHWK, eciiu HAGMIoIAThL ee Mo, NPSIMbIM
YIJIOM K HAMpaBIeHHMIO MOTOKA ATOMOB BOAIOPO/A ¢ KWHETHYECKOH IHepri-
eit T=1,0 MaB.

17. OnpenenuTe cyMMapHYIO 3R€3/IHYIO BEJTMUWHY IBOHHOI 3R€3bI, CO-
CTOSILUEN U3 KOMITOHEHTOB 2-i 1 4-ii 3Be3JIHBIX BEJINUHH.

18. Tonmuman (o Llenraspa) — TpoiiHag 3pesna. CymmapHas 3Be3jiHas
BeJIMYMHA JBYX €€ IMaBHbIX KoMNoHeHToB 0,06 (TpeThMM KOMMOHEHTOM
MOXKHO npeHebpeus). 3pe3aHad BeanyuHa 6onee apkoro u3 nux 0",32. Ka-
KOBa 3BE€3[HAs BETHYMHA MEHEE APKOr0 KOMMOHEHTA?

19. Cupuyc — camas gapkas 3se3ga Heba, KOTopas cO3IaeT Ha 3emne
ocseweHHocTs 9- 107° JK, a 3Be3na 6-it BenuuuHbe — 8- 107Y nk. Kakosa
3Be3aHas BenuunHa | K Ha paccTtossHun [ kmu 1 m?

20. PaccuMTaiiTe CBETOBYIO SHEPTIUIO, KOTOpAs MAaqaeT Ha IJIAHETY 32 ne-
puon ee obpatieHust Bokpyr ConHua (Mo BHTAHYTOMY 3JUTHIICY), €CNTU CBe-
ToBas MolHocThL CofiHua P, maolans cedeHus MiaaHeTh S, 2 B MOMEHT,
KOTZA MJIaHeTa HaXoAMTCsl HA MMHUMAJIbHOM PAacCTOSTHUM £, oT ConHua, ee
CKOPOCTh .

21. 3pezunast pesvuuna Conxua npu HabnogeHud ¢ 3eMyud pae-
Ha —26",7. Kakosa 3sesnHas senmunHa ConHua, suaumoro ¢ Henryna? Bo
ckonbko pa3 ConHue ¢ HentyHa kaxetcs apue, yem Cupuyc?

22, Hauaute npuOAMXEHHDBINH 32KOH, M0 KOTOPOMY M3MEHSETCH TEMIIE-
parypa abCcoIOTHO YEPHOT'o TE/Id B 3aBUCUMOCTH OT €0 PACCTOAHUA (r a.e.)
ot ueHrpa ConHua.

23. Bblunciute Temneparypy adCoJIOTHO YEPHOTO LAPd, HAXOUSLIEro-
cs1 o1 CoJTHLIA HA TAKOM e PACCTOSIHUH, YTO U MepKypHil, eCli COJIHEeYHas
nocrostHHas ans 3eman 1367 Br/m’.

24, Onpenenute OCBEIIEHHOCTh MOBEPXHOCTH MepKypusi B «NOJACON-
HeuHoI» Touke. CunTath, 4T0 sipkocth Conuna B=1,5- 10° KJA{/M2 W He 3a-
BUCHUT OT HATIDABJICH WS W31YyHEHUS,

25. Buisenure hopmysy, KOTOPasi BbIPAXKAET 3BE3IHYIO BEJIMUMHY M
BepXHell MAaHeTsl Npu paccrosgHum ee or CoiHLA r M OT 3eMAM P, 3Has, UTO
MPH CPEAHEM NTPOTUBOCTOAHWU, KOraar, = a u py=a—1 (a — Domblias no-
JIyoch e 0pOuThI, a.€.), BUlMMas 3BE3/IHAS BEJIMUMHA [UIAHETH PABHA /1)),

26. Bo Bpems BeJIMKOro npotusocTosHug B 1924 . BunMmas 3Be3iHas
pennduHa Mapca 6e1a —2",8. Ero paccrossue or ConHua r cocrapisi-
710 207 MIH KM, a paccTosiHie OT 3eMJIM P paBHsiioch 56 MIH kM. Kakosa
Oyaer 3Be3aHasi BeJiMuMHa Mapca BO BpeMsi HaMMeHee OJIM3KOro poTHBO-
CTOsIHUS, Koraa paccrosguue ot ConHua ¥ = 249 MAH KM, a pacCTOSTHHUE OT
3emnn p’= 100 mnu kM?
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27. Monekynsl uuana (CN) BbIAENnsioTcs ¢ NOBEPXHOCTH KOMETHOTO
sapa npu temneparype 200 °C non aeiictBueM conHeuHbx nydeit. [Moku-
HYT JIM OHU SIIPO KOMETBI, €CJIM OHO Npeactapisier coboi rbldy nuame-
tpom D = 100 M, MMEIOLLYIO TNOTHOCTh p = 2,7 T/cM™?

28. Kaxk nmomkHa usMeHUTLCA TeMnepaTtypa nopepxHoctu CosHua, 4To-
OBl coOMHEeUHast MOCTOAHHAs U3MeHunach Ha 1 %7

29. Tlo Teopun [enbMronbla, 3HEPIUst CONHEYHOTO U3JIYYSHUS] MOXKET
MOAAEPXKHUBATHCSH 32 CUET CXKATHSI COJHEHHOTO 1Iapa co CKOpOCThbio 35 M B
ron. Korna npu rakoit ckopoctu cxkatus ConHLA €ro BUAMMBIN YIIOBOH
pagnyc ymeHbIuuacs 0bl Ha BeanuuHy 07,1, KOTOPYIO MOXHO U3MEPUTh CO-
BPEMEHHBIMM NIpubopamu?

30. * Yemy paBHa paboTa CHII TATOTEHMS, KOTOPAs MONYyYHIach OBl MpH
cxatuu CosiHIIa OT 6eCKOHEUHO DONBLIMX PA3MEPOB A0 COBPEMEHHOIO 3HAa-
YeHUs ero paguyca?

31. * OpHopouHbIid Wap umeeT Maccy M n paauyc R. Onpenenure nas-
JeHue P BHyTpM uwiapa, oOyC/IOBIEHHOE IPABUTALIMOHHBIM CHATHEM, KakK
(PYHKIIMIO PACCTOSTHUS 7 OT €ro HeHTpa. Briuncaure P B ieHTpe 3eMiu, cum-
Tast, YTO OHA SIBJSIETCS OAHOPOAHBIM LLAPOM.

32. Tlonyuure hOpMYITy, KOTOPAsT BRIPAXKAeT YIIOBOH BULUMBIHA IHAMETD
3pe3anl D (B ceKyHaax AyrH) Yepes Nnapauiake 3Besjsl m 1 ee paguyc R (B
paguycax ConHiia).

33. * Yemy paBHa TeMmepaTypa MopepxHocTH JIVHE B «MOICONHEYHOI»
TOuKe?

34. * JlomycTUM, 4TO BOKPYT 3Be3/bl C Temneparypoil 7. W cpenHei
TUIOTHOCTBIO D. IBMKETCS IUIAHETA. Y Hee HeT atMocdepsl, oHa obpalieHa K
3BE3/IC OHON CTOPOHOI M MMeeT Takoe Xe ansbeno A, uto u JlyHa (0,07).
YeMy paBeH nepuon obpalieHUs 3TOM MIAHETHL MO OpOUTE, ECIK TEMITEpa-
TYpa Ha ee TTOBEPXHOCTH TaKas e, Kak Ha Jlyne? Kak 3apucur temneparypa
HA JMCKE TIAHETHI OT 3eHUTHOIO PAaccTOsIHMA 3Be3ibl? CuyuTaercs, YTo H
IBe3/1a, W TIAHETA U3NYJaloT Kak aBCcoNoTHO YepHOE TENO.

35. * 3emuas arMmocdepa ‘MMeEET ONTUYECKYIO TONIIMHY TIO HOpMa-
T ~ 0,2 (na gune Bosasl A ~ 500 vm). YTo 6Gs1o 661, ecnu 661 Macca
armocdeps ysenuuunack B 5 pa3? Kakum ysuuenn 6u1 Oezobnavnoe HeDO
3eMJIsTHE B NONAEHB W B MOMHOYL? A ecni 661 Macca aTMOC(EpPbl YMEHbBIIH~
jack B 5 pas?

36. INpu nAaBHOM YBENWIEHWHM MACCH ATMOC(DEPEl OT HY/1H HEDO NHEM
OB110 OB CHAaYANA YePHBIM, 3aTEM YePHO-CHHUM, CTAHOBUIOCH ObI Bee 60-
iee APKUM, NOTOM MeHee IPKUM M, HAKOHeLl, HacTynuna 6l TeMa. [Tpn Ka-
KO ONTUYECKOM TONIIMHE JOCTUFAETCH MAKCUMYM SIPKOCTH Heba?

37. * Conuue Bcraet Haa MopeM. OQMH YEJIOBEK JIIOOYETCH BOCXOAOM C
Manyodbl OKEAHCKOTo JlailHepa, B TO XE& BpeMs APYToi — C BEPLUMHBI IOpPbl
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BLICOTOH 4 KM Ha pacrioJloKeHHOM B okeaHe ocrpose. s kakoro Habmo-
patenst nuck ConHua 6yner sipye M Bo ckonbko pa3? CuurtaTe atMochepy
3eMAH OJHOPOAHBIM LIAPOBBIM CIIOEM, COOTBETCTBYIOLIMM pa3MepaM Tpo-
nocceps! (TonmwuHa ~8 kM). ONTHYECKYIO TOMIIKUHY CIOsl T HA UTUHE BOJ-
HBL A ~ 550 HM npuHATE paBHOii 0,1.

38. * Kakoii 6ymeT ocBellleHHOCTb OT HOMHOro Hefa Ha nHe dabpuiHoit
TpY6R! auamerpoM D=1 M u BeicoToit H =30 m? Bo ckonbko pa3 oHa M3-
MEHUTCH NPU NPOXOXAeHWH B 3eHuTe 3pesnbl Bera (o Jluper) ¢ m= 0",14?
ApkocTtb HOYHOTrO HEDa B=2-10 2 KJi/Mz. CornacHo rapBapicKoit cucteme
3BE3IHBIX BEJIMUMH 3BE3IHAs BETUYHHA CBETHNA, AAIOIIET0 OCBEIIEHHOCTD B
| nxy nosepxHoctn 3emin, pasia —13",89.

39. Byzaer nu BUIHA HEBOOPYXKEHHBIM IN1a30M JIyHa ¢ TOBEPXHOCTH
Mepkypus B MOMEHT HUXHEro coearHeHus 3emin u Mepkypua? Tpu-
HATE paccrosinue Mepkypust or Connua 0,4 a.e., a Jlyasl or 3emnu —
400 000 kM. Ina Habmonatens Ha 3emie BHAWMAS 3Be3IHAS BEJIHYHHA
Jlyubt m = —12",5, Paspewut Jiv ria3 HabJoaaresis otaesibHo JIyHy u 3em-
JIIO B 3TOM ciiyyae?

40, OueHure POTOHHBIA MOTOK (YUCIO (])OTOHOI!/(Mz'C)), NPUXOISIINIA
otr: Connua; o LleHTanpa; 38e3abl 25”. [1oTOK OT MCTOMHMKA HYJIEBOM 3BE311-
HO#i BeIMUMHBL cocTaBasieT mpumepHo 10" dotoHoB/(M* - C).

41. Onpenenute paguyc AHTapeca, 3Has, YTO €ro TeMIEparypa
T=3100 K, a6conoTHas 38e3nHas sesmunHa M, = —2".7.

42. bneck ConHua v 383461 (110 3pUTEIBHOMY OLLYLIEHHIO) Pa3inyacT-
cs B 10" pas. 3peana naxonaures Ha paccrosiuuu 100 nk. Kakosa ee abco-
JIXOTHAs! BeTMYMHA?

43. Kakoe ceetuno — ConHue uian 3omotas Peita (Mspue, = —9",4)
o0snagaer 0OAbIIEH CBETUMOCTHIO M BO CKOJIBKO pa3z?

44, Bripasute CBETMMOCTH KOMIOHEHTOB JABOitHON 3Re3nsl Kprorep 60
no cpasHenuio ¢ ConHieM, 3Hast, 4To Mx abcomioTrbie BeaudauHbl 11,6 u
13".4, abcomoTHas sennunHa Comnna 4™,85.

45, Onpenenure abCONIOTHBIE BEJNYUHBI KOMITOHEHTOR 3Be3nbl Kpio-
rep 60, 3Hasg, 4TO MX BUAMMBIC BeJWYMHBI paBHbl 97,6 u 1174, a napan-
nake t =07,257.

46. Buaumast 3pe3aHas BeJUUMHA 3Be3abl m,= 5",0, OHA HAXOoUTCA Ha
paccTosiHuH |7 mk. Bo CKONBKO pa3 CBETHMOCTb 3BE3/bl OTJIMUAETCS OT CBe-
TuMocTH ConHua?

47. Buanmas 3Be3Has BeIMMUHA 38e3abl m, = 20", Byaet v oHa BUHA
HEBOOPYXKEHHBIM [71a30M, €C/u ee Mpuoan3uTb K Ham B 10* pas?

48. Bbraucaure, BO CKOIbKO pa3 Pures sipue ConHia, 3Hast, 4TO ero mna-
pannakc = 0,003, am,=0",13,
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49. 3pesnnas senuuuHa Berw pasua +0",1. Kakosa 6b11a 661 3Be3aHasA
BEJTMYMHA STOM 3BE3/bl, €CITH OBl OHA YAAJINIACH OT HAC HA PACCTOSHHE, KO-
Topoe B 1000 pa3 6oneire? MoxHo Jiu Toraa 6suto 081 YBUIETH Bery Hepo-
OpPYKEHHBIM rnazom?

50. Bo cxonbko pa3 1o sipkocT oriMyaercs ot Connia 3sesna Npokeu-
ma Llenrappa, s koropoit T = 07,762, a m,= +11",05?

51. Brmeck nByx 3se3n (Mo-3pHTENBHOMY OLIYILIEHMIO) PA3TMYASTCS B
10% pa3. Ecitit ux aGCOMIOTHBIE BETMYHHBI OMHAKOBBI, TO KaK Pa3inyarorcs
UX paccTOSHU 10 Hac?

52. Onpeaenure 3dbeKTUBHYIO TEMTEPATYPY AJIblc6apaHa U BLIYUCITH-
T€ ero BUAUMYIO 3BE3IHYIO BEJIMUMHY, 3HAs, YTO List 5ToH 3Be3nsl = 07,057,
M,=—0",1, panuyc ee pasusierca 62 paguycam ConHuA.

53. Ompepenute paguyc AsbneGapaHa W BBIYWCAWTE PACCTOSHHUE 10
HETO, 3Has, UTo A7is 3Tt 3Besnsl ;t = 07,057; M= —0",1; T= 3300 K.

54, AbconoTHas 3Be3qHas BelMYMHA 38e3abpl M = 2",0. Ha kakom pac-
CTOSAHHMHM OHa OYIET BOCIPUHMMATLCH Kak 3Be3na ¢ m = +1".0? Dra 3sesna
spue ConHua unu HaoGopor? ‘

55. Byner nu BuaHa 3B€3/1a HEBOOPYXEHHBIM [J1a30M, ecu ee M, = 0",
a paccrosiiue 12,2 nk?

56. * CpaBHUTE OCBELIEHHOCTH 3eMHOI MOBEPXHOCTH OT NONHO# JIYHEL
u ot Connua 22 nekabpst (mg =—26".8, m¢ =—12",7). llupora MecTHO-
cTH ¢ = 53°,5. CunTaTh, YTO BOCXOMSILMIT y3e1 OpouTH JIVHBI COBMANAET C
TOYKOW BECEHHETO PABHONECHCTBHS.

57. CymMapHasi spKOCTh TPOIHOM 3BE3bl COOTBETCTBYET BU3YaIBHOM
3BE3NHON BemuuuHe my=1". Onpemenute BHIMMBIE 3BE3AHLIC BEJTUUH-
HBI BCEX KOMITOHEHTOB, ECJIM Y MIEPBBIX ABYX OHW OJMHAKOBHI, a ¥ TPETHETO
3BE3THAS BETUHA my = 3”5,

58. * Onpenenute, Yepe3 Kakoe BpeMs 3Be3a 16-ii 3Be3HON BETHYMHbI
CTaHET BHIHA HEBOOPYKEHHBIM IM1a30M NpH NpubmmxkeHnn K ColHEYHOH
CHCTeMe (TaHPeHLMANBHAsi CKOPOCTh 3BE3[BI PABHA HYJID), €CIHM Nojoca
NOrIOLEeHHs THHUK Bofoposa L, B ee atMocdepe cMelieHa B (DHONETOBYIO
obsnactb Ha AL = 0,14 M (A, = 121,6 um). PacctosiHue ¥ 10 3BE30HI B Ha-
YajlbHbIil MOMEHT BPEMEHH COCTABIAECT 12 MK,

59. * McuyesHer 1M M3 MONS 3peHUs 3Be3ga ¢ my,= 2", BUOAMMAd HEBO-
OpYXeHHBIM [1asoM, yepe3 10° siet, eciu ona yaansietcst o CONHEMHOM CH-
CTeMbl (TAHTCHLIMAIBHAS CKOPOCTh 3B€3/ibl paBHa HyJ110)? [TepBoHavanbHOE
paccrosiHie r = 10 nk, a monoca MoTNOMIEHNsT TMHUHN L, CMelleHa B Kpac-
Hy10 obnacth Ha AL = 0,11 um (A, = 121,6 HM).

60. Jlpoiinas 3Be3aa MMeeT GIECK KaXJI0T0 U3 KOMIIOHEHTOB m, = 2,4™,
m, = 3".96. Onpenenure CyMMAPHYIO 3RE3THYIO RETHUHHY.
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61. * B 2000 r. aMmepuKaHCKUMHM ACTPOHOMAMMU ObLIA OTKPBITO OUEPE/1-
Hoe manioe Teo COMHEUHOM CUCTEMBI M3 CEMEHCTRA TPAHCHENTYHOBEIX 00B-
€KTOB «TUIYTHHO» («TUTYTOHUYMKH»; BCE 9TH 0OBEKTHI HAXOAATCS B OpOUTAIL-
HOM pe3oHaHce ¢ HenTyHom B coorHomrenuu 2:3). HoBbli MIyTHHO UMEET
nuamerp D = 650 kM, paccroanue ot Connua Badenun r,= 5,6 MAPA KM
M B nepuresuu r, = 2,7 mapa kM. Onpeaenute MakCHMATbHYIO 3BE3AHYIO
BEJMUMHY, KOTOPYIO IOJEKEH MMETh 3TOT 0OLEKT MPU HAOTIONEHUSIX C 3eM-
Jii (BIAMsSTHHE aTMOcephl HE YUUTHIBATE), ITPH YCIOBUH, YT0 KO3 (MULIHEHT
OTpaxeHusi MnopepxHoctH MmiytiHo A=0,2. [lns pacyeroB NpPUHATh, YTO
coHeuHas nocrosittas O = 1360 Br/m’; IHEPIUsi, UIYHAEMAs C CIMHUIIBI
nosepxHoctu CoJHLa, g5 = 6,28 10 BT/MZ; BUIIMMAs 3Be3AHAA BEJIAHYMHA
Conxua mg = —26",8.

62. * BusyanbHO-IBOMHAS 3B€3/1a COCTOUT M3 IBYX OIMHAKOBBIX KOMITO-
HeHTOB ¢ m = 7" .3 criekTpankHoro kiacca G2V, a ee opbHUTA PACTIONOXKEHA K
JIyay 3peHust noa yrioM 0 = 45°. HauGonsuias Habmogaemas ayuepas cKo-
POCTB CIFYTHHUKA OTHOCHUTENBHO TABHOM 3Be3/1bl v, = 20 KM/c; Hanbonbliee
HabmogaeMoe cODCTBEHHOE JBUKEHHME CITYTHUKA OTHOCUTEBHO TJIaBHOM
3pe3nel W= 07,05 B ron; nepuon obpauieHuss P =6 ner. Onpenenure pas-
MEpBI, MAapajUIake, MAcCy M CBETUMOCTDL KaX/10Ir0 KOMIOHEHTA CUCTEMBI, a
TAKNKE pAIMyC OTHOCUTE/IbHOM OPOUTHI.

63. * Ilepnon obpauienuss apoitnoi 3sesasl P= 100 ner. B MomeHt
MAKCUMAIBHOIO YAAICHHA KOMITOHEHTOB 3BE3/bI APYT OT APYra pacCTOSHHE
rMaBHOM 3Be3/bl OT LeHTpa Mace a; = 10 a.e. OnpenennTe MUHUMAJIBHOE
paccTOsIHUE MEXIY 3BE3NAMM, €CIU Macca TMIaBHON 3Be3fsl I, = 5-M, a
mMacca cnyTHUKa 90, = M.

64. CxonbKo BpeMeHM TOHano0uaock Obl BOODpaKaeMOMYy MOe3ny,
KOTOPBIH ABMXKETCH §e3 ocTaHOBOK co ckopocThbio 200 km/4, yToObl no-
Oparecsa no bavxkaidei ssesnnl — Ipokcumel Lientaspa, nmapamiake Ko-
Topoit t = 07,7627

65. Tlapamnake 3se3nbl 61 Jlebenst papen 07,37. KakoBo paccTosinue 10
Hee B CBETOBLIX rojax”?

66. Bugumas 3se3nHas peanumba Cupuyca pagHa —1",46, a Buiumas
3BE3IHAs BEJIIMYKMHA Ero CllyTllH Kd COCTaBJISIET +8m,67. Bo ckosbko pa3 uc-
TUHHBIH Baeck (M0 3puTesibHOMY olyinenuio) Cupuyca 60Jb11E HCTUHHOTO
osiecka ero criyriuka? Paccrosinme Mexny 9TUMU 3BE34aMU [PeHeOPEeKUMO
MaJiO 110 CPAaBHEHHIO ¢ paccTosiHueM oT 3emnu a0 Cupuyca.

67. BbiuncnuTe aGCOMIOTHYIO 3BE3AHYIO BenuunuHy Cupuyca, 3Has, 4T0
ero napaanake 7= 07,377, a Buaumast 3ge3gHas BenuuuHa m = —1",46.

68. Onpenenure abCOMIOTHYIO BeJIMUMHY AHTapeca, 3Had, 4To ero ma-
pasnakc 7t = 07,019, a BuauMas 3se3aHas penuanna m = +0",91.

69. Kakoro B mapcekax paccrosiHue 0 TTonsipHO# 3Be3dbl, €CH MO
criekTpy ee abcomoTHas BennuuHa M, = —5".59. a BHOMMAs BeaUYM-
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Ha m, = +2",02. Onpenenure TO Xe [UTsi HOBO#H 3BE3/IbI B [epkynece, eciiu ee
aGCOMIOTHAS BETHUMHA, ONpee/icHHas cnekTpanbio, M, =—7",5, a puiu-
Mas BeiuKHa M, = +1",2 (B Haubonbuiem Grecke).

70. BTta6mn. 3.12 npuseneHsl hotorpaguueckue m, M BU3yaJlbHbIE ), Be-
TMMHHBL APKUX 3Be3d. PacnonoxuTe WX B MOPSAKE M3MEHEHMs LBeTa: Oe-
JNble, KeJNThIe, OpaHXkKeBble, KPacHbIe,

Tabnuna 3.12

(D(l'['()l'pﬂdJH‘IECKHE I’ﬂp H BH3YaJIbHbIC 11, BeJTHYHHDbI APKUX 3BE3/L

3Be3na n, m, 3se3na m, my
Cnuka 0,94 1,21 ApKTYp 1,36 0,24
AHTapec 2,95 1,22 Purens 0,30 0,34 il
AnbTanp 1,05 0,89 a LlenTraspa 0,63 0,06
Kanemna 0,88 0,21 | Y AHIpOME/1bI 3,40 2,28

71. BdrpexTUBHYIO TEMIEPATYPY 3BE3Ibl MOXHO ONPEAE/THTDL, 3HAA ec

rokasaresib 1BeTa, no dopmyie 7' = fL OnpenenuTe CpeaHIO TEM-
CI+0,64

nepatypy 3se3n cnekrpaibHbiX knaccos B0, A0 u dGO, 3nast, 4To MX Cpei-

HUE MOKAa3aTeNny LBeTa paBHbl cootnercreeHHo —0,33; 0,00; 0,57.

72. Onpenenute panuyc Xamapa (f Llenraspa), eciiu Temmnepary-
pa 3ge3gel 7=21 000 K, a abcomorHas BU3yajbHas 3BE3MHAs BEIUYU-
Ha M,=—3" 4.

73. 3Be3ma Apkrtyp Ha |1 oM’ moBepxHOCTM 3eMiu, NeprieHIUKYasp-
HBIH €e JiydaM, NockulaeT B MUHYTY 64- 1072 kanopuii. Mapannakc 38e3-
awi 7= 07,08, a ee paguyc B 26 pa3 6onbie paauyca ConHua, Onpenennre
TeMTepaTypy ApKrypa.

74. Berenbreiize cosgaeT Ha 3emie ocseineHHocth E=7.7- 107"
kan/(cm’ - MuH). OnpeseiuTe TeMMepaTypy 3TOH 3Be3bl, 3Had, UTO ee na-
pammake 7=07011, a ymioBoi AHAMETp, WU3MEPEHHbIN uHTephepome-
TpoM, d = 07,047,

75. BuUMCIUTE CPEAHIOK TMJIOTHOCTH 3BE3MbI 40 Dpupana B 1o
ClEmYIONAM JAHHBIM: Macca 3Besasl cocraBiser 0,44 macchl ConH-
ua; T=11 000 K; M,=11",2.

76. WasecTHBI TIPOCTPAHCTBEHHAs CKOPOCTH V 3Be3ikl, obpasylolas ¢
Jtydom 3penmst yron O (puc. 3.27), iydesast ¥, u TanreHuManbHas ¥, ckopocT
3BE3Mbl, 66 MAPAIIAKC T, COBCTBEHHOE ABIDKEHUE [L U BUIHMAs BEJIHYHHA M.
[Monyunre BhIpaXeHUs WUl pacuyeTa MOMEHTA BPEMEHHM 7, KOTIa 3Be3na M
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3 . ol :
Puc. 3.27, JIBHKEHHE 3BE3/IHI OTHOCHTEILHO HAGTIONATES

Obita (unu OyAeT) Ha MUHUMAJTBHOM paccTostHuU ot ConHua O B Touke M
KakuMu OyayT Toraa sHauenus ', W, m’, V:aV'? I

77. Onpefenure pary Haubosbluero cOmbKeHus <«JleTsmieii bap-
Hapga» ¢ CojHUeM, €CAM s Hee COBPEMEHHBIE JaHHBIE TAKO-
Boi: m=9"54; u=10"31; m=0",552; V,=—108 km/c; V,=88,5 KM/c
Ornpenennte TakxKe 3HAYEHUS STUX NMAPAMETPOB B MOMEHT ME;KCMM’HJTBHDF(;
CONMMKEHMA.

78. BbluMcnuTe CpefHIO NIOTHOCTh GEOro Kapiuka, sBsiiouiero-
Csl CTYTHUKOM Apyroit 3Be3nel, MO CAeAyIOMNM JaHHBIM: CIEKTPhI TJ1aB-
HOW 3B€3[bl U CITYTHMKA OJWHAKOBHI;, CPEAHAS TUIOTHOCTh IIABHOW 3Be3-
abl p; = 0,2 T/cM’; Pa3HOCTB BUAMMBIX 3BE3HBIX BeIHUMH TIABHOH 3BE3/bI
W criyTHuka paBHa 10"; ornourente ux mace 2: 1.

79. Iapamnake BusyanmsHO-ABOMHOM 3Be3msl  Kactop = 07,076;
COOCTBEHHOE aBukeHHe W=07,20 B rom; JsyyeBas CKOPOCTH CMCTE-,
MbI V.= +3 KM/C; BUAMMAs BETHYMHA KOMIIOHEHTOB m1, = 2",0 u m, = 2" 8:
Oonbuiasi nonyocs opbuthl o= 67,06; nepwon obpamenus P =306 né“rj
Onpenenute BOJBILYIO MONYOCH OPOUTHI B KHJIOMETpPaX, CBETUMOCTb KOM-
[TOHEHTOB 10 cpaBHEHUIO ¢ CONHLEM, OTHOCHTENLHYIO OPOUTAJIBHYIO CKO-
POCTh CIYTHUKA, CYMMapHYIO MAaccy JIByX 3Be3, OTHONIEHUE MX PafHycOB
(TemMmeparypbl 06eux 3Be3[ OAMHAKOBBI) U CKOPOCTH CHCTEMBI B LIEJIOM.

80 Onpenenute OTHOLWIEHME MACC KOMIIOHEHTOR CNEKTPAIILHO-ABO-
HOIi 3BE31bI B Cxopnuona, ecid NojyaMIIMTYabl Ay4eBbIX CKOPOCTEil
TJIABHOH 3BE3/IBI M CIIYTHUKA COOTBETCTBEHHO k) = 126 u k, = 152 km/c.

8‘; [1o pa3iBoEHMIO IMHUI B CIIEKTPE CHEKTPANbHO-ABOWHON 3Be3/bl
Jlakaiinp 3105 ycraHOBNEHO, YTO OTHOCHTENbHAs CKOpOCTh KOMITOHEH-
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roB 620 kM/c, a IepUON paBeH 392"46™ Kakos pamuyc opOUTHL 310 3B€3-
abi? OpBUTY CUMTATh KPYrOBOii, €8 MIOCKOCTh — NMPOXOASIIEH Yepes ConH-
L&, 4 MACCHl 06OUX KOMITOHEHTOB — OIWHAKOBLIMU.

82. INepemenHas 3pe3na & Lledes umeer nepuon P= 57,37 u cpeanioio
BHAMMYIO 3BE3IHYI0 BenunHy m = +3",95. Ha kakoM paccrosiHiu oT Hac (B
napcekax) Haxonutea & Lledes?

83. Ecii aMIUIMTY1a U3MeHeHust 6necka uedenasl B 00JOMETPUHECKHX
3Be3HBIX BesuunHax Am = 27,0 ¥ W3MeHeHusi ee Oaecka OOYCIOBIEHEI
My/bCalneil, T KAKOBO U3MEHEHMe ee panuyca? B makcumyMe Giecka Tem-
neparypa 3sesnsl 7, = 9000 K, B Munumyme 7, = 7000 K.

84. OnpejeuTe OTHOLLIEHHE PAIrycoB r/R cnaboit u sipkoi 38e31 (r < K)
B CHCTEME 3aTMEHHOM IBOMHOM 3Be3Abl TUIIA AJITOs, €C/IM U3 HabMOAeHHI
M3BECTHO, YTO OTHOLIEHUE ee GJiecka B MUHUMYME K OITECKY B MAKCHMY-
Me papHO k. 3aTMeHue sPKOH 3Be3/ibl DONBIIETO paauyca cnaboit 3Be3noi
MEHBILIETO paaMyca CUMTATh LEHTPATbHBIM; c1abylo 3pe3y (CMyTHUK) NpH
3aTMEHWU CYUTATH COBEPILEHHO TEMHOM.

85. MctuHubiil nepuon M3MEHeHHs Grecka 3aTMEHHOH MepeMeHHOM
spesnst P= 37, nyyesas ckopocts ee V, = +30 km/c. Yemy pasen nabntodae-
Mbiil HEOCPEACTREHHO NEPHOE ITOH 3BE3AbI?

86. B coaseznuu lepiyneca B 1934 1. BemsIxHy/1a HOBas 38e3na. Ee drieck
BTeveHHe CyTOK YBeNInumaca Ha Am = 5", PaccrogHue 00 3Be3/1bl, U3MEPEH-
Hoe cpasy nocne penbiuiku, ;= 1800 cp. net. [lokaxure, 4TO 3Ta BCIbIIIKA
HE MOora OBITH BBI3BAHA BHE3AIMHBIM ﬂ])Hﬁ.ﬁl/!)KL‘HHCM 3BE34bl K 3emJie.

87. Cpeanwii BUOUMBIH OJiecK teden bl B 3B€3HOM CKOILIEHHH CO3BE3-
must Tepkysieca m = 15”1, nepuoz ee mysbcaunn — okono 11 4. Onpenenn-
Te paccTOsIHKE 10 3BE3NHOI0 CKOMIEHHs B co3Be3u [epkyneca.

88. KakoBo paccTosHMe 10 TaakTUKHM, €CJ/IU B €¢ CIIEKTPE KpacHoe CMe-
weHue AR iuunu H, (A= 434,1 HMm) cocTaBuiio 14,5 HMm?

89. Omnpenenure paccTOSHUE F W JMHEHHBIH DUAMETP D cnvpanbHOK
rATAKTUKM B co3Besaun TpeyronbHuKa, eciiu ee yriaopoii auamerp d = 1°, a
niepron HAGMIONAIOLUIMXCS TaM Liedena £ = 134 TP BUIMMOIA 3BE30HOMU Be-
auuaune m = 19" 6.

90. BcnupanbHOI ralakTUKe, OTCTOSALEH OT HACHA Fy = 7,5 MJIH CB. JIET,
o6HapyxeHbl ABe Ledeuinl, KOTOPEE WMEIOT OJWHAKOBbIH MEpHOld, HO
OllHA M3 HUX HAXoAMTCs Ha GnuxKaiiiiemM K HaM Kpalo TalakTUKH, Apyras —
Ha Ar=20 000 cB. net nanpiue. KakoBo pa3/iMuve BUIUMbIX BEJTUMYHH OTUX
3BE3, €CJIM CUMTATD MX ABCONIOTHBIE BEIMYMHEI OIHHAKOBBIMU?

91. * Kpazap3C 273 (0mIMH U3 CaMBIX DIH3KHMX) UMeeTOIeCK m = 12",88,
kpacHoe cMeinenue z = 0,158, yrnopoit auamerp o6onouxku d = 1”. CpaBHU-
Te pasMephl 060MOYKM KBa3apa ¢ AUCKOM [anakTuky 1 61ecK nosiHoMH JlyHb
¢ GuieckoM 3C 273 nipy ero pacino/ioXeHuu B sape [ATakTUKH.

92, * B6ausu gopa [anakTuku, Mo AaHHLIM PaaMOHABII0ACHHUI, TIPOUC-
XOJUT BRIOPOC BELIECTBA, KOTOPBI CMECTHIICS 3a TOJ HA (p = 9” or 1ieHTpa.
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M3mMepeHns caBura cieKTPaabHBIX JMHUI GPOHTA BEIOPOCA 03BOTHIN OT-
METHTL (hrosieToBoe cMelieHue 7= 0,5, OUeHuTe CKOpOCTh BHIGPOCA Bellie-
CTBA B KJTACCUYECKOM NPUOIMKEHHH € YHETOM KOHEYHOCTH CKOPOCTH CRETA.

93. Ine ceeTiee — jHem Ha [TIyTOHE WK B JIYHHYIO HOUB HA 3emue?

94. 3aTMeHHO-IBOWHAS CHCTEMA UMEET 1Ba OAMHAKOBBIX KOMIOHEHTA,
HH CKOJIBKO 3BE3/ITHBIX BEJIMYMH U3MEHSIETCS BJIECK CUCTEMBI B MOMEHT TTOJ1-
HOTO 3aTMeHHMsl OAHOTO KOMMOHEHTA APYrUM?

95. B 3Be3nHOM ckofuleHMHM N 3BE3[l, 3BE31HAS BEMHMHHA KAXKIOH U3
HUX m. BEIYHCITUTE CYMMaPHYIO 3BE3MHYI0 BETHUYUHY CKOTLIEHMUS.

96. * Ha HeGe okono 6000 3Be3n sipue 6-it 3pe3nHON BenHUHHBL. Cuu-
Tasl, YTO Y BCEX 3Be3 ONMHAKOBAA CBETHMOCTE M OHU PACIPEENEHbl B TPO-
CTPaHCTBE PABHOMEPHO, OMpEAENHTE, CKOAbLKO HA Hebe 3Besy apuye m-i
3BE3NHON BEUYMHBL.

g7, Eraponz_t, O[MH M3 YETHIPEX TaJIMEEBbIX CTTYyTHUKOB KOnurepa, umeer
panuyc R, = 1600 km. BTOT CNYTHUK NMOTHOCTBIO MOKPBIT JILIOM. BEuuciu-
Te 3Be30HYI0 BenlnuuHy EBponsl B MoMeHT, korna Onurep Haxoaures 6auxe
Bcero K Jemie. st KOnwrepa: paanye R, =71 400 km; ansbeno 4, = 0,55;
3Be3[Hasl BEJIMUMHA B IPOTUBOCTOAHMH m = —2" 5,

93. * Kak M3MeHsieTcsi BHAMMAs 3BE3[HAS BEMMYMHA CAMOCBETSIIIE-
rocsi 0OBEKTA, €CNIM PACCTOAHWE [0 HEro M3MEHSIETCS HE3HAYMTEIBHO
(Ar/r << 1)?

99. OmnpenennuTe MaKCMMATBLHOE PaccTOsiHUE, ¢ KoToporo ColHLe ele
MOXHO BUIETE HEBOOPYKEHHBIM TJIA30M.

100. MOXHO /i YBHIETh B KPYITHEIHLINHE TEIECKOIBI 3BE3/IbI, MOI0GHbIE
ConHuy, B TymanHocTH AHapomenst (¢ = 0,7 Mnk)?

101. 3Be3nnbl raBHOM MOCTEAOBATEILHOCTH CHeKTpanbsHOro kinacca BOV
(T'=30 000 K) umeior maccy MM ~ 15-M . Bocnonb3oBaBmINCh COOTHO-
[IEHHEM Macca — CBETUMOCTH IJIsl 3BE3/ [IABHOI TOCIEI0BATe/ILHOCTH,
BBIYMCJIUTE UX CPEHIOIO ILJIOTHOCTb.

102. Kaxk M3MEHMTCSI CBETUMOCTD 3BE3MBI, ECITH €€ PAJUYC YMEHBIIUTCS
Ha £ = 2%, a 3(heKTUBHAY TEMIIEPATypa Ha CTOJIBKO Ke YBeTuIuTes?

103. Onpenenute pazsHOCTh AOCONIOTHBIX 3BE3AHBIX BEIMYHH ABYX 3BE3
OIMHAKOBOrO pasmepa, 3(HEeKTUBHBIE TEMITEPATYPhl KOTOPBIX Pa3iMyaloT-
ca Ha 10%.

104. * CeeTnMOCTb OOHOM M3 ABYX OAMHAKOBLIX MO Pa3Mepy 3BE3l Ha
4% Gonblie, yem apyroii. Cumras, 4to o6e 3BE3ABI H3IYUAIOT KaK aGCOITIOT-
HO Y€pHOE TEJIO, ONpenenuTe, Ha CKOJBKO Pa3jiMyaloTes: a) TeMIepaTyphl
3Besfl; 6) JUIMHBL BOJH, COOTBETCTBYIOLIHE MAKCUMYMY B paclpeneneHHN
SHEPrUH B CHIEKTPE; B) HHTEHCHBHOCTH M3NYYEHUs B MAKCUMYME CIIEKTpA;
r) MHTEHCUBHOCTH M3MYYEHHS HA ONpPENeNeHHON ATHHE BOJHBI B 0BJACTH
CIIEKTpa, rae crnpaBeyinBo npubnuxkenue Panes — IxuHca.
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105. * Onpemenurte TOJILIMHY ATIOMUHUEBOK (DOMBIYM OT OKOJIAAKY,
CeB HA KOTOPYIO B OKPECTHOCTH 3Be3abl knacca OS5V, 00beKT Manoil Macchl
(HATIpMMEp, KOMap) Mor Obl YIETETh Ha HEll, Kak Ha (DPOTOHHOM napyce, K
APYTUM 3Be31aM. B MOMEHT, Koria KoMap caiuTcs Ha Qosibry, OHA HaXO4uT-
Csl B COCTOSIHMM MOKOS.

106. * IMlynscap ¢ KOOpAHHATAMMH a=7"02" d5=+22°40" wusnyuaer
pamuouMnyascs ¢ nepuonom T =0,0009999 ¢, uamepeHHbIM 3 AHBApSL.
OnpenenuTe Iy4eByIo CKOPOCTh NyJibcapa oTHocuTensHo Connua | anmpens,
ec/iM repuon ero paguonmiysibeos T, B aToT aenb cocrassa 0,0010000 c.

107. Ompenenure 5QupeKTUBHYIO TeMIeparypy 3emiu nocie mnpe-
ppaileaus CoHla B KOHIE 3BOMIOLMM B OC/IBI Kapiuk ¢ TEMICpaTy-
poii Te =10 000 K u panuycom Rg = Rg. Anbbeno 3emiin B 3T0OT NEPHOL
(nociie yHuutoxeHus ee armocdeprer CoHLUEM Ha CTAAMN KPACHOTO IMIaH -
ta) Ag = 0,07.

108. * 3aTMeHHas nepeMeHHas 3Be3na kaxasie 30 cyT ymeHbluaer
cBoit Gneck Ha (0,2, mpH 9TOM BCe €€ MUHMMYMBI COBEPIIEHHO OIMHAKO-
pbl. CreKTpaibHble MCCAENOBAHMS MOKa3ajii, YTo JuHuA Bomopona H,
(A= 656,3 HM) NEPUOAMYECKM YABAUBAETCS U €€ KOMINOHEHTBI PACXOAST-
ca Ha 0,2 M. Cumnras 3aTMEHMS] LEHTPAIbHBIMM, a CPeIHHE TJIOTHOCTH
383l — ONWHAKOBLIMM, ONpenenure ux maccbl, [ToTeMHEHMEM IUCKOB
3BE3J1 K KPalo CIeAyeT IpeHedpeyb.

109. BeauuymHa onTUYECKOM MIOTHOCTY aTMoc(epbl B HANIPABICHMH 3¢-
HUTA TAKOBA, YTO M3MEHSET 3Be3aHbIe Bennurubl Ha 0,2, Ha ckonbko npo-
LIEHTOB ocJiabuisieTcs 6JecK 38e3/1, B 3eHuTE?

110. Kak cBsizaHbl Mex/1y co00il onTHYECKas [UIOTHOCTE aTMOChEpPHI T
1 ocaabicHie 6iecka cBeTuIa Am, BBIPAXXEHHOE B 3BE3AHBIX BEAMYMHAX?

111. Bo ckonbko pa3 CojiHLE B 36HUTE ApYe OCBELLACT 3¢MHYIO MOBEPX-
HOCTb, YeM B TOT MOMEHT, KOLAa OHO MMeeT Beicoty 30°7

112. 3Besga Annbupeo ([ Jlebenst) MMEET BHAMMYIO 3BE3IHYIO BEIU-
upny m = 3",15. OnHaKo HA CAMOM JIE/I¢ OHA SIBJSETCH IBOMHON 3Be310i,
npuyeM BGneck Gojiee SPKOT0 KOMIMOHEHTA POBHO B 5 pa3 MpeBbiluaeT 0ecK
Gosee Tycknoro. QNperesuTe BUAMMBIE 3BE3/IHbIE BETHYHHBI 000UX KOMIIO0-
HEHTOB ABOMHOMI CUCTEMBI.

113. CBeTMMOCTb CBEpPXHOBOW mpeBbiliaeT cseriMocTh ConHua B
10" pa3. Ecnu 6b1 Takas CBEPXHOBasi MOSIBUIACH HA HalleM Hebe u umena
OBl TAKYIO Xe ApKocTh, Kak ¥ ConHIle, Ha KaKOM paccTosaHWM OT HAC OHa
JOJDKHA OBITA HAXOAUTLCA?

114, Ha KakoM paccToAHUM OcBellleHHOCTh oT 100-BaTTHO# NaMITOUYKH
GyaeT paBHA COMHEYHOI MOCTOSHHOM?

115. Wlaposoe 3pe3nHoe ckomnenne M13 cocrout u3 100 Thic. 38e31 U
umMeer guamerp okoso 200 ¢, net. OnpeienuTe B CBETOBBIX FONaX CpeiHee
PACCTOSAHHE MEXILY 3BE3/1aMH B 3TOM CKOILJIEHHH.
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116. Onpenennte KOMMUECTBO 3BE3/ B LIAPOBOM CKOIMJICHUM AMAMETPOM
40 nk, ecnu napabosuyeckas CKOPOCTh Ha €r0 Kpalo paBHa 6 Km/c, a 38e3-
Dbl CKOTUIEH WS NoA06HEI COMHILY.

117. Kak M3BecTHO, UIS 3BE3/1 [M1aBHOI NOC/IE0BaTENRHOCTH CYIIECTRYET
CBSI3b MEXKILY CBETHMOCTBIO M panuycom: L ~ R Onipenenute coorBeTcTRy-
I0L1EE COOTHOLIEHNE MEKIY CBETUMOCTBIO M 3(DhEKTUBHOM TEMIIEPATYPOI.

[18. * 22-ro asrycra B Kpbmmy (mimnpora 45°) B 18"37" mo 3pesnHomy
BPEMEHN MPOBOISITCH HabmoneHus BYX 38e31 — Beru (m = 0", a= 18"37",
0= +38°40', cnexrpansubiit knacc A0) u 11 Pricu (m=6", a=6"38"
&= +56°51", cnexrpanbHblii kiace A2). OT nepsoii 3Be3Ibl U3MEPEHHBII
nnorok coctasun 250 000 ksanTOB/C, OT BrOpoit — 500 KBaHTOB/C. CUMTAs
atMocdepy MJIOCKUM CIIOEM, ONMPEACUTE €€ NOMOLEHNe (B 3BE3IHbIX Be-
MUUWHAX) B HANIPABIEHWM 3€HUTA B MECTE HAGMIONEHUS,

119. Ouennte cpenHIon MOSIpHYIO Maccy Bemecrsa CoMHLA, eCiTn W3-
BECTHO, YITO OHO Ha 75% (10 Macce) COCTONT U3 BOAOPOLA M HA 25% — W3 Tesusl.

120. Onpenenute sivHelHbI ouamerp ranakriku tuna E0, ecnim ee
yrnosoi jnamerp p = 140", a nunust H, (A, = 656,3 HM) B ee crieKTpe ume-

121. YrnoBoit gMamMeTp CrMPanbHOM TATAKTHKM, BHAMMOIL «C peGpar,
paseH p = 5°,0. Jlunua nornowenns sogoposa H, (A, = 656,3 HM) B ueHTpe
FATaKTHKY UMEET ITMHY BOJHBI 659,0 HM, HA OgHOM U3 KpaeB — 659,4 HM.
Onpenenure Macey ralakTHKH.

122. CpeTMMOCTb CBEPXHOBOI THNA [a B NAJICKOH ralakTHKe B MaKCH-
Myme 6necka pasHa 5,8 10” Lg. TIpn HabmoAeHNH CBEPXHOBOII YCTAHORH-
/I, 4TO ee sipKocTh coctarnser 1,6- 1077 or gapkoctu Berw (BunuMas 3Besi-
Haq BesnumHa Bern my,= 0"). KpacHoe cMellleHHe TaTakKTUKK, B KOTOPOW
BCIIbIXHYJA cBepxHOoBast, paBHo 0,051. Onpenenure no 3TMM DaHHBIM pac-
CTOSIHME 10 rallakTUKK B apcekax v nocTosiHHyio Xaboaa.

[23. Tokaxure, 4TO MPU CAWSHUM JBYX YEPHBIX ALIP CYMMAa TIEPBOHA-
YankHEIX TUIOLIANeH X TOPU30OHTOB COOLITHI HE NMPEBBIIACT MIOLALL [O-
pPU30HTa COOBITHIH HOBOMH YEPHOM IBIPHI,

3.2. Acrpodusnyeckue npnodopb

Teneckon — 5T0 ONTHYECKWH WHCTPYMEHT, MpUBOP U MOJYUCHMS
YBSJIMYEHHBIX M300pax)eHuil ylaieHHbIX 0OBEeKTOB W (MJIM) HCCIenoBa-
HUsl SNCKTPOMATHUTHOIO M3JIYYEHMSl, PACTIPOCTPAHSIONIErocs OT TaKWX
06bekTOB. B 3eMHBIX YCTOBMAX, KAK MPaBUI0, UCIIONB3YIOTCS ONTHYECKHE
TeNeCKOMbl IJIA BUAMMOI 001acTH crieKkTpa, 1MOCKoAbKY atMocdepa 3eMian
MPaKTHYCCKU HEMpo3pavyHa B MH(PAKPACHOM, KOPOTKOBOJHOBOM YJIKTPa-
(pHONETOBOM, PEHTTEHOBCKOM M rAMMa-JIVYeBOM Auanasonax. Onruyeckuii
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meaeckon-pegppaxmop (3puTeNbHAs TPyda € JIMH3aMK) U300peTeH B Hava-
sie XVII B. [Neppoe cBUaETENLCTBO 00 MCTTONB30BAHUM TAKOTO TEJIECKOMNA UL
acrponomuyeckux Habmonernit (lanuneo lanuneem) gatupyercs 1609 r.

Mpumeuwanne. Teneckon Tamuwiest ume B KauecTse 0ObEKTHBA OJIHY CODUPAIOHIYIO
JIMH3Y, 8 OKYJISIDOM CIYXHIIA pacceuBaion@as JTHH3a. Takas onTHuyeckas cxema JacT HENEpEBEp-
HYTOE M306pakeHue. [MaBHBIMH HENOCTATKAMH TAJIMIEEBCKOIO TeJIeCKoNa SIBAAIOTCH OYeHb
MaJI0E MOJAC 3pCHUA M CHJIbHAA XPOMATHYCCKAsN H()E[J[}HILHH.

W, Kenuiep B 1611 1. ycoBepuieHCTBOBA TEAECKOMN, 3aAMEHUB PACCCHBAKILLYIO JIMH3Y B OKY-
JiApe coDMpAIoLIei, D10 HO3BOIWIO YBEIMUNTD [10JI6 3PEHUS, XOTsI cucTemMa Kenepa naet nepe-
BepHYTOE M300paxenue. [MpenmyiiectsoM Tpyor Kennepa siBasieTcs TAKXKE U TO, UTO B HEH
HMEETCs1 ,J_I,CﬁC'l'BHT(:“IIbHOC MPOMEXYTOUHOE %1306[_)3*0!”10. B MJOCKOCTh KOTOPOTO MOXHO 110-
MECTHTH N3MEPHTENBHYIO IIKATY. BONLIIMHCTRO NOCASAYIOLULNX TENeCKOMOB-pe(pPaKTOPOB 5B~
Jsierca «rpyooi Kennepa». K HegocraTkaM CUCTEMBI OTHOCHTCA CHUIbHASI XPOMATHUECKEs!
abeppauus, KOTOPYIO 10 CO3IAHMS AXPOMATHYECKOTO 0OBEKTUBA YCTPAHAIN NYTEM YMEHBIICHHS
OTHOCHTEJIBHOTO OTBEPCTHAH TEJNECKONA.

[epBriii meaeckon-pehaexmop (3puresibHas Tpyda ¢ 3epkanamu) no-
ctpoeH B 1668 1. M. HelotoHom. B Teuenne HECKOJIbKMX BEKOB ONTHUECKHE
TENECKOIbI ObINM eIMHCTREHHBIMM MHCTPYMEHTAMHU B ACTPOHOMMH LI TO-
JiydeHus uHgopMaluuu 0 HebGecHBIX 00BEKTAX.

XapakTepHoil 0cOOEHHOCTBIO TEJECKOIa KaK ONTUYECKOH CUCTEMBbI SB-
JIAETCS MapajUte/ibHBIM XOO JIy4eidl BXOASILUEIO M3jiydeHusi. KoHCTpyKuus
TEJIECKONa BO MHOTOM OIpeaensieTcsi 00JacThi0 AMCKTPOMATHUTHOIO W3-
JIY4eHUs1, ISl KOTOPOH OH mpenHasHavyeH. OCHOBHbIE YACTH ONTUYECKOTO
Teneckona — 00seKmue U RpUemMHUK uzay4eusa (MaCTHBII cay4yaid MPpMEMHMKA
M3NYYEHHUS! [IPM HEMOCPEACTBEHHOM 3PUTE/IbHOM HADMIONEHUH — OKYAAD W
rnas3 yenoseka). OObeKTUB COOMPAET N3JIYUEHHUE U CTPOUT B CBOEM [IABHOM
dokyce neicTBUTEIEHOE U300pakeHe obbekTa. IMpUeMHUK perucTpupyer
310 M300paxeHue. OOBEKTHB M MPUEMHUK COEOMHEHBI XKECTKOW TPyOoii.
i ycTaHOBKHM TENeCKONna U HaBeIeHHsT eT0 B He0OX0aMMYy10 TOUKY Hebec-
HOW cthepbl MPUMEHSIETCH MEXaHMYECKAsh KOHCTPYKLMS, KOTOpas Ha3biBa-
ETCS MOHMUPOBKOU.

B onTHYecKMX TeJecKonax B KayecTne 00beKTHROB UCMOJb3YIOTCS JTUH-
3b1, 3¢pKana WK ux codyerarusa. OCHOBHONR HENOCTATOK TENECKOMOB-ped-
PaKkTOPOB — XpoMaTuueckas adbeppalys (CaeacTBUe IUCIIEPCUN), H3-3a KO-
TOPOW M3TYMEHME C PABIMUHBIMHU [UTMHAMM BOJIH (DOKYCHPYETCH B Pa3HbIX
TOYKAX, B PE3YALTATE Yero M300paXkeHUe pasMbIBAETCS M OKPALIMBAETCH.
Xpomarnyeckast abeppalus B 3HAUMTENBHOI CTEMEHH YCTPAHSAETCH KOMOU-
HUPOBAHMEM JIBYX JIMH3 (TENECKONbI-aXpoMaThl). Teneckonbi-pedueKTopsl
¢BODOIHBI OT XpOMAaTHYECKOH abeppaliiu, OJHAKO ONTUYECKHE CUCTEMBI CO
chepuyecKMMHU 3epKalaMM, KaK W C JIMH3aMU, TIOIBEPXKeHE! chepuiecKoi
abeppauinu, KOTOpasi TAKKE MOXKET ObITh YCTPaHEHa, ECJIW OTpaXalomei no-
BEPXHOCTH 3epkana npuaate hopmy napabonouna spauteHus. Kpome toro,

215



M3roTORMECHUE 3ePKaJ TPEOYET MEHBIIUX YCHITUM U PECYPCOB TIO CPABHEHHMIO
C U3rOTOBACHHEM 00N1a1AI0LIMX TEMU K€ TEXHUUECKUMH XapaKTepHUCTHKA-
MU JIHH3.

B HacTosiuiee Bpemsi pa3pabOTAHO HECKONBKO CHCTEM TEICCKONOB-ped-
nekropoB: HelotoHa, Puuu — Kperbena (puc. 3.28) u ap. Jist JIOOUTENBCKHX
ACTPOHOMMUYECKUX HAONIOAEHWH yI0DHBI KaK pedpakTophl, TAK U peduieKTo-
PblL, & TAKXKE KOMOMHMPOBaHHBIE cUcTeMbl. B nipodeccrnonanbHoi acTpoHO-
MUWU, KaK NpaBUio, MCTONB3YIOTCS peduiekTophl ¢ bobiMMy rapadonnye-
CKHMM WIW THNEPOOIMYECKMMH 3epKaJaMu (HanmpyuMep, AMaMeTp 3epkana y
teneckona Epponeiickoil 10xkHoit obcepsaropuu B Yunu pasen 8.2 m).

[Ipuemnuxom N3MTYNEHNS B ONITUYECKOM TEAECKOIE MOXET CYKMTh [1a3
HaboaaTeNs (B 9TOM C1yvyae TakXKe HEeODXOAMM OKYJISIp, Yepe3 KOTOophiii
paccMmartpuBaeTcs u3odpaxeHue), horomviactuHka, horoanemeHT. B Hacto-
sILIlEE BPEMS B KAYECTBE NMPUEMHMKA Yalle BCETO UCTIONB3YIOTCS HpUbGopsl ¢
3apadoeoii céazeio (I13C-marpuiiel). [IpueMHUK yCTAHABIMBAETCS, KAK Mpa-
BWJIO, HENIOCPEACTBEHHO B (DOKAIBHOM MIOCKOCTH 00BEKTURA. TenecKonsl,
paboTalouiue B ApYIrUX 00NACTSX CIEKTPA, UMEIOT CBOM 0CODEHHOCTHU (POKY-
CHUPOBKH W PEIUCTPALLAM M3JTYHEHUS,

Monmuposka Teneckona BhICTPAMBACTCH OTHOCMTEILHO ABYX B3auUM-
HO MEprneHaNKYISIPHBII 0ceil, TOBOPOTH BOKPYI KOTOPBIX OCYLUECTBIISIOT

a

Puc. 3.28. Xon siyueit B rereckone-pednexrope cucremsl HolotoHa (@) n Puan — Kperbena (0):
1,2 —3epkana; 7 — npueMHuK (oKynsp)
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HABOIKY TEJIeCKOIIa. Bee JOBUXEHUS TenecKOola BBITIOTHSIET CHELIHHJ'IL‘I—Iblﬁ
NPUBOL, YIPABIAEMBIi YACOBHIM MEXAHM3MOM HIH MEPCOHALHBIM KOM-
NbBOTEPOM. Cyuiemuycr JIB€ OCHOBHbIE PAa3JHOBUIHOCTH MOHTHUPOBOK: 9K~
BATOPHANBHAS M BEPTHKATEHO-a3UMYTANbHAS (MW aNbT-asuMyTalbHas ).
B skBaTOpUaIbHOM MOHTHPOBKE OIHA M3 OCE HAMpaR/I¢HA B MOJIIOC MHPA,
a BTOpas JICKHUT B IJJOCKOCTH HebecHOoro SKBaTOpPA. B E].l'lhT'—‘:l'lMMYF?U'IE;IlOf/i
MOHTHPOBKE OIHA M3 OCEil HATIPAREHA B 36HUT, & BTOPAS JIEXUT B FOPHU30H-
TAILHOM MIOCKOCTH.

CoBpeMeHHBIE TEECKOINbl CHAOXEHBI adanmusnol onmuKoll, 4YTo Mo-
3BOJISIET TIPEONONEBATE BIUSHUE TYPOYNIEHTHOCTH aTMOCHEPEI 3eMJu, U3-34
KOTOPOIl 3BE3bI KAXYTCA MeplLaloluMu. B aToM ciiydae sepkana cocTosT
M3 CEIMEHTOB, YIPaBJIeHUE KOTOPLIMU KOPPEKTUPYeT (hOpMYy OTpaxatoiie
nosepxHocTH. KpoMe Toro, Gosbline 00CEPBATOPUH CTPOSTCS B BBICOKO-
ropbsix, 4T06sl MUHMMU3UPOBATL BIWSIHUE aTMOC(EPBI HA PE3YJILTATHI Ha-
6.1]}0116]11’1171. f’[CKDTO]’)b[t? TEJICCKOIbI COCTOAT U3 HECKOJNLKHX OTIAC/IBHBIX TE-
JIECKOTIOB, O0BEIUHEHHBIX B KOTEPEHTHbIN 36e30Hbil unmephepomemp. D10
MO3BOJISIET 3HAYUTEJILHO YBEJIMYUTh paspelieHue 0ObEeKTOB HAGMI0neHMS.
Bmusuue atmocepsl 3eMIM Ha pa3pellaloniylo crmocobHOCTs M NPOHH-
HAOLLYIO CHIY OBLIO MOJHOCTBIO HCKJIIOHEHO C TOSBIEHUEM KOCMUYCCKUX
teneckonos (Hubble Space Telescope, 1990 u ap.).

[lapamMeTpaMy TeJIECKONA SIBNSIOTCS: AMaMeTp 0ObheKTHBa (arneprypa),
PA3pELIAOLIAs CIIOCOBHOCTD (pa3spellialomas CUiia, YIVIOBOE pa3pelleHue),
[LOJIE 3PEHMS, (DOKYCHOE paccTOSHHE, OTHOCUTENILHOE OTBEPCTHE (CBETOCH-
Jla), NMpoHWLaKloLas cuia.

Onun rpamye (1°) HeGecHoii cdepsl n3obpaxaercs B (DOKATBHON IO~
CKOCTH TeIeCKOTa OTPe3KOM, PaBHEIM nmpubausutensHo 10/573 none do-
KycHOro paccrosaHusi F oGnLekTHBa WM 3epkana. Yeeauuenue W, xoropoe
AT TeJIECKOI, PaBHO OTHOMmMEHHUIO (hOKYCHOTO paccTosiHuA F 0BbeKTHRA
WM 3epkana K (GokycHOMY paccTosiHuio f okynsapa: W= j” onmuyeckasn

dauxa mpy6usl pasHa F+f.

Paspewarowan cuna (yenosoe paspeuenue) AQ TeJIECKOIa XapaKTepu3yeT-
csi TIPEAETBHBIM YIVIOBBIM PACCTOSTHMEM MEXIY ABYMs 3Be31aMH, KOTOpLIE
BUIHBI B 9TOT TEJIECKOT, HE BIIOJIHE CIAMBAsCH APYT ¢ jIpyroM. Teopernye-
CKOE YIVIOBOE pa3pellieHue ONpeaenserTcs snieHueM THMPakinm wieKTpo-

A
MATHUTHOIO M3Ay4eHUsl HA OOBEKTHBE Teaeckona duamempom 1. Ap = D
r1e o — pabouas TMHA BOJHBL B MpakTUYeCKMX pacueTax s JNIMHHOMOo-
KYCHBIX 0OBEKTHBOB C COOTHOIHEHUEM raMeTpa i (JOKYCHOr0O paccTOsTHHS
il 117,6

=5 % MOMHO MCIOJb30BaTh (hopMyy Agp =

,rne D — npuaMerp o6b-
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EKTUBA 8 canmumempax, pe3ynbTaT — & Y2A08bixX C‘é‘K}/H()(.’X. ﬂ.J’l S APYruxX BUIOB
137,8
D
llponuyarowas cuaa Teneckona XapakTepusyeTcsl TipeleibHON Beluym-
HO# 3BE3, ellle BUAMMBIX B TEJIECKOI B COBEPLIEHHO SCHYIO TEMHYIO HOUB,
Ona npubIMXKeHHO BeIYUCAseTCA Mo dhopmyie m ~ 7,5+5-1g(D), rne qua-
MeTp D BbIpaXeH B CAHTUMETpAX.
OOBEKTHB TENECKONA XAPAKTEPUIYETCS TAKKE ceemocunoil (omHocumens-

0OBEKTHBOB MOXKHO BOCTONB30BATHCS (DOPMYJIOH Ap =

D
HbIM omeepcmuem), T.e. OTHOLIEHWeM A =F KOTOpPOE NPUHSTO BhIPAXaTh

npoOblo ¢ ABoeToYHeM, Harpumep 1:2, 1:7, 1:20 u ..

[lonem 3penus obsexmuaa Teneckona obbIYHO HA3BIBAIOT TEJIECHBIM Yol
C BEPUIMHON B LIEHTPE BXOJHOIO 3pavyka O0BEKTHBA, KOTOPbII OXBAThIBAET
06BEKTHI, OTODpaXkaeMBIe B TIpocTpaHeTBe n3obpaxenuii. [Moje 3penus 3a-
BUCHT OT KOHCTPYKLMH O0OBEKTHBA W €I0 ONPAaBbl H HE U3MEHAETCS P Aua-
(hparMupoBaHUM.

CnekrtpanbHbie NpubOpPEI, MPUMEHSIEMBIE B ACTPOHOMMH, XapaKTepu3y-

A
IOTCSE B OCHOBHOM CHEKmpansHoll paspewaiouei cunoli R =——, rne A\ — Mu-

Al
HUMaNbHBIM MHTEPBAT MEXIY IBYMs OIM3KUMM CHEKTPAIbHBIMH JTHHUAMU

cO cpefiHell JTMHO BOJMHEI A, KOTOPBIE €1 PErUCTPUPYIOTCH KAK pasiesib-
Hbie. [Ipyroi BaxHOI XapakTepUCTUKON CIeKTPANbHBIX AMMapaToB ABIAET-

cs1 yenogas oucnepeus C =——, rae Aa — yron Mexay JydamMHl CBeTa, Mpo-

AL
LEAUMMH OUCMEPTUPYIOLLMIA DIIEMEHT U pasmrUyuanInuMuUucsa no JJIHHE

Aa
BOJIHBI HA AMA. BenuuuHa C'=f-a~ (f — dokycHoe paccTosiHHE ONTHYE-

CKOI CHCTEMBI, HAXOASALLENCS 32 AUCTIEPTUPYIOLIMM JIEMEHTOM) HA3bIBAET-
Csl auHelnoll ducnepcueil,

Bonpocot u 3adanus daa camonpogepru

1. BueM 3akinoyaeTcs npuMHUKIT nocTpoeHus Teneckona Kennepa? Ka-
KHE ellle OBIBAIT CXEMbl TEJIECKOMNOB?

2. Kakos ¢usuueckuii cMEICT pa3peraiomeil CHIH Tejieckona?

3. Moxer au Teneckorn OAHOBPEMEHHO WMETh OOJIbIINE CBETOCHITY U
yBenH4YeHue?

4. TloueMy ONTUUYECKUE TENECKOTbI YCTAHABTUBAIOT MPEUMYIIECTBEHHO
B BBICOKOTOPHOM MeCTHOCTH?

5. [lon KakMMM WIMPOTAMU HAXOAATCS O0DCEPBATOPUM, KOTOPLIE MOTYT
M3MEPSITL ADCONMIOTHEIE KOOPAMHATLI 3Be317
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TTpumepu: pewenus 3adau

3anaua 1. Onpenenute NuHeiHbIA quaMetp JlyHbl no JaHHBIM (hoTo-
CHEMKM TeneobbekTHBOM ¢ F=1 M, €c/ii Ha HeraTUBe AMaMeTp AWCKa
Jlynwl umeer pasmep d = 9,57 MM MPH ChEMKE HA MUHUMAJIBHOM PacCTos-
Hiu 1o Jlyasl. Cpennee paccroanue 10 JlyHsl a = 384 400 kmu e = 0,0549.
OlieHITE B MPOLEHTAX, KAK MAKCHMAIbHO U3MEHSITCSA PasMephbl H300pake-
HUWS JUCKA B PA3HBIX TOYKAX OPOUTHI.

Pemenue. T1py Mabix YIJIOBBIX pasMmepax JIYHbI ClIpaBeaiuBbl BbIPAKEHUS

r,-d

L L. D¢ = l’F :

r F

rae D, — wckombiii auamerp JIynsr; r, — paccrosnue 10 Jlynsl B nepuree,
KOTOPOE OMNMpeeTuM no dhopmyJie

r,=a-(1—3e) = 384 400-(1—0,0549) = 384 400-0,9451 = 363 296 Km.

B wrore ais guamerpa JIYHbL NOJYIHM

| 363296.9,57

Dy = 1000 = 3477 (KM).

JUist OlleHKH MAKCHMAIbHOTO pa3iiyus IMaMECTPOB AUCKA HA HeraTuse
HaiiieM OTHOLLEHHE JUaMeTPOB Mo hopMyJie st TIEPUTES U anoresi:
dy 1—e 0,9451

P
A " x(),896.
o dq 1+e 1,0549 !

CrenoBarebHO,

dydg .

I*dfo -100% ~=10,4%
d d ihAe |

q q

3anaua 2. Boruyroe 3epkano B teneckone HbioToHa umeeT (HOKYCHOE
paccrosinie F=60 cm. YiaieHHOCTb mpeamera HaboaeHus a; = 500 m.
Omnpenenure:; 1) B Kakoii Touke ock TpyObl HYKHO PACIONOXKHWThE MaNoe 110~
CKOE 3epKano, uTobbl H300paXeHre HAX0AMI0Ch HA PACCTOAHUMMU ¢ = 15 cM
OT OCH; 2) KAKOBO MOJIy9aeMOe YMeHbLIeHWE; 3) KaKuM OyleT YReIUUeHHUE,
ecJIM PACCMATPUBATH MATOE H300paXeHUe B JIyny ¢ (DOKYCHBIM PACCTOSHM-
eM /=3 CcM npH PACCTOSHWYW HAMJIYULIEro 3peHus § = 24 cM.

i | |
Pewenue. 1) 3anuuieM hopMyny 3epKania; —+; = T rae a; — paccTo-
ki G2

SIHUE OT BEpPLIMHbI BOTHYTOrO 3¢pKajia A0 TPEeaMeTa, d, — PacCTOAHUE OT
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BEPLIMHBI BOTHYTOTO 3epKaja 1o u3obpaxenus; F — oKycHoe paccTosiHue
9TOro 3epKana. 31ech 110 YCIOBHIO 3a1a4u a, = ¢ +/, [lle ¢ — paccTosTHUE OT
MIOCKOTO 3epKaia 10 H300paKeHws, [ — pacCTOAHHE OT BEPUIHHBI BOTHYTO-
ro 3epkasa 1o rockoro sepkana. IMonyunm

F-a F-a

..,':—l__,z 072 cm.
ey d—F c=45,072 cm

a, =

2) IMonyyaemoe npu 3ToM yBenuueHue (pakTHyecky yMeHbIIEH E)

a, c+l
[[==ft=f—=0,0012.
(Il [:‘i
i AT 1 {
3) 3annuieM (opmyJty TOHKO#M TMH3BL —— +— =—, [e @ — PaccTosi-

a a [’

HHE OT JIMH3bL (JIYITBI) K0 MpeaMeTa (MPEeIMETOM 3IeCh SIBNIsSIETCs H300paxe-
HUE, TIOJIYYEHHOE C MOMOLIBIO 3¢pKana, cM. M. | 3Toif 3anaun); a; — pac-
CTOAHUE OT JIMH3bL (Jynbl) A0 u3obpaxeHus; [ — dokycHoe paccTosiHue
aynel. PaccToaHme g0 NpeaMeTa OTCHMTBIBAETCS MPOTHB X0/ Jiyyeil, MoaTo-
My @ < 0. Tak Kak B NOZOOHBIX CHCTEMAX C WCTOIB30BAHHEM JIYTibl U30-
DpakeHHe ABAAETCH MHUMBIM (M YBEJIMYEHHBIM), T.€. CO3MAHHBIM B TOM X€
HanpasieHUN OT JIYTIBL, TIe HAXOAUTCA MpeamMeT, To Ha; < 0, re.a; = —S.
Monyuum

L, (1% @ 0 3P
gl 8 AT s

B utore B aTOoM ClIyyae yBEnMHYECHUHE

S S
I ]
f

e

=4,

3adauu 019 CAMOCINOAMEALHO20 PeUleHUA

1. ITpu nabmogeHuH ¢ 60-MHITUMETPOBBIM TEJTECKOTIOM 33 BPeMsT MHTE-
rpuposanus | ¢ TI3C-kamepa no3BomsieT MONYYUTH H300PAKEHUE 3BE3bI 10
8", Kakue 3Be3/bl MOXHO PerucTpPHPOBATh C MCMOIB30BAHUEM TAKOH KaMephl
npu HaboneHMK ¢ 1 1-DI0MMOBBIM TEJIECKONOM M 9KCIO3ULMeH 1 MuH?

2. Kakonpa pa3speiuaouag 1 [poHULAIOLAs CHITA TETECKONA ¢ 0BbEKTH-
BOM 75 cMm?

3. Kakoe yBenuueHue HeoGxonumo, 4To6sl ipu HabmojeHuu FOmurep
(Bupmmelit auametp 40”) 6ui1 TAKOM e BENWUMHE, Kak U JlyHa, BUumumMast
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HepoopyKeHnubiM miazoM? Ecnu dbokycHoe paccTrossHUe 0ObEKTHBA TEje-
CKomna paBHoO | M, TO Kakoil HEOOXOAMMO 110100paThk OKYIApP, YTOOBLI H0-
CTUYb TAKOIO YBEJIHYCHU ?

4. Ecnn yrmosoit guamerp Jlywel ¢, =31", To kakoB 6ymer mua-
MeTp ee u3obpaxeHuss B (hokyce 00beKTHBA ¢ (DOKYCHBIM DPACCTOSTHUEM
B F=254 cm?

5. Ouamerp teneckona D= 1,25 wm, ero ceetocuna A = 1/5. Kakum 0y-
AET B ero hoKyce JTMHEHbIH AMaMeTp u3o0paxeHus Mapca, eciu ero yrjio-
BOIt nuametp ¢ = 25”7

6. 3136331_[3! NepeceKia no auaMeTpy noje 3peHusd HEMOABUXKHOIO Telie-
cKkora 3a f ¢. Yemy paBHO B yrioBoit Mepe (o ayre 60bII0ro Kpyra) nose
3PEHUS TEJIECKONA d, eCNy CKIOHEHHE 3BE3bI O7

7. Wlar mukpomeTpuuyeckoro BHHTA npubopa h= 0,50 mm. Kaxosa
LeHa OLHOro 060poTa BUHTA (B YIJIOBOW MEPE), €C/IM MUKPOMETP YKPEILUIEH
Ha Teneckorie ¢ (POKYCHbIM paccrosiHueM £'= 650 cm?

8. Hutu Mukpomerpa yCTaHOBIEHBI Tak, YTO IS TEJIECKONA ¢ (okye-
HBIM paccTosiHueM F|; = 150 ¢Mm 3Be3na BCaeacTBue CyTOYHOTO ABHXKEHMWS
MepeMeLLaeTcss OT OQHOM HUTH 0 APYToM B TedeHue /, = 15 c¢. CkoJibKO
BPEMEHM OYHET JJIMTHLCH ITO UBJICHUME NMPU TEX XKe YCIAOBHAX, HO JUIH Tele-
cKona ¢ (poKyCHEIM paccTosHueM I, = 450 cMm?

9. BobGceppaTopui MMeIOTCs 1Ba acTporpada (3KBaTopUaIbHO YCTAHOB-
JieHHBIe (hororpaduueckue Teneckonnl). [TepBoiil HMeeT IUAMETP 0OBEKTH-
Ba D, = 16 cm, cetocmity A, = 1:4, y sroporo D, = 16 cm, A, = 1:20, Kakoit
acTporpad BolrogHee ucnoab30BaTh st (pororpaduposauus: 1) xBocra Ko-
METEI; 2) IYHHBIX TOP; 3) «afalounx 38e34»; 4) COMHEYHBIX NATEH; 5) 3B€3/1
B Ilnesnax ¢ ueabio onpeneseH!sl UX TOYHOIO MOJAOXKEHHS; 0) TYMAHHOCTH
Opuona?

10. * BactpoHoMmuueckoM criektporpade Ha GauHTIIACOBYIO TPU3MY C
YIIIOM npenoMaeHms Yy = 53° nagaet B TUIOCKOCTH MIaBHOrO ceycHMs Benblit
nys nog yriaom o = 40°30°. Kak OTK/IOHAIOTCS KpacHbIe M (hrOoIeTOBBIE JIyYH,
€C/IM WX NoKasateau npesomneHus n, = 1,60, ny = 1,647

[1. DucbpakumonHas peilieTka B  KBapLEBOM  acTPOHOMMYECKOM
cnekrporpace umeer wWupuHy L =25 MM M couepxut # = 250 WITPUXOB
Ha | MM. @okycHoe paccTosinue 00LEKTHBA, B (DOKANBHOMN MIOCKOCTH KO-
Toporo Haxoamres dortonnactunka, F'= 80 cm. Cper nagaer Ha peleTky
HOpPManbHO. CNEKTP MCCIELYyeMOil ra3oBOM TYMaHHOCTH, OKPYXKAalOLLEi
3pesay knacca B0, comep:KUT CneKTpalibHYyIO TMHUIO, KOMIOHEHTHI aybera
KOTOpPO# MMEIOT IIHHL BoJH A, = 310,154 um, A, = 310,184 um. Onpene-
JiTe: 1) paccrosiHusl Ha (DOTOMTACTHHKE MEX/Y KOMIIOHEHTaAMU Oy0JeTa B
CIEKTpax NepBOro M BTOPOro MopsALKoB; 2) OynyT 1M OHM pa3pellieHbl B 9THX
MOPsIAKaX CreKTPa.
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2. Beluncnute BeMuumHy (OTOTOKA, BO3HMKAIOIIErO B (hoTOKaTOae
YYBCTBHTENILHOCTHIO 1200 MA/niM, koraa B Teneckon Hab/0aal0T 38e3ay A0,
BenuuMHa Kotopoit m = 10", JIuameTp obbekTHBa Teneckona D= 125 cm.
[Torepu cpeta B Teneckone coctasasioT 15%. CornacHo rapBapackoii cu-
CTEME 3BE3[HBIX BEJMYMH, 3BE3[HAs BeJIMYMHA CBETMJIA, DAIOLLETO OCBE-
leHHoCTh | JIK y mosepxHocTH 3emau, pasHa —13™,89.

13. Onpenenute caMmblit ManeHbKWil auHElHBI pasmep oBpasoBaHMii
Ha JlyHe, paznuunMbIX HEBOOPYKEHHBIM [J1a30M.

14. * [lpeanonaraercs, 4ro B nosice Koiinepa, Ha TeIMOUEHTPUYE-
ckux pacctosiHusx ot 30 no 50 a.e., HAXONNTCH NECATKM THICAY TEJ KpYyIl-
Hee 100 xM. KakoBbl NpUMEPHO MMHUMAIBLHBIE pasMepsl Tesl nosca Koii-
nepa, KOTOpblE MOXHO ODHAPYXUTh C [OMOLLBI KOCMHYECKOIO TeJIecKona
«Xabbn», ecnu ero npoHuualomas cuia m = 28"? Ansbeno Ten nosica Koii-
nepa npuHiTe A = 0,2,

15, Ckoneko cdoronos namaet 3a | ¢ Ha 3epkano teneckona Keka
(D =10 m) c Beru u co 38e3np1 30" ? [ToTOK OT MCTOYHMKA HYJIEBOI 3BE3/I-
HO# Besn4uHbI coctasnsteT npumepro 10" dotonos/(M* c).

16. B Tteneckome cucrembl HbioTOHA pagMyc KpPMBM3HBEI 3epKa-
aa R= 1,0 m, npenMer HaxoamTes Ha paccrosinuu a, = 400 m. Onpenenu-
TE PACCTOSIHUE OT OCH TEJIECKOIIA A0 H300paXKEeHUs, ECITN TIJIOCKOE 3ePKaIo
yaaneHo Ha paccrosHue / =40 cM oT BeplunHbl o0bekTHBA. Kakopo nojy-
YaeMOE YMEHbLIcHUE?

17. TTpoekr YpespbiuaiitHo Gonwuioro Tteneckona (Overwhelmingly
Large Telescope, OWL) npenycmarpupaeT 1MaMeTp IIaBHOIO 3¢pKaia OKO-
70 100 M u JudpakLIMOHHOE KAYeCTBO H300PAKEHUS B BUAMMOM AUAA30-
He. OnpeneaunTe, MOXHO M 6yaet ¢ nomMoubio OWL Habnionats nsaTHA HA
spe3nax Toamman (o LlenraBpa A;xenrtwiii kapnuk; 1,33 nk) u Berenbreii-
3¢ (a Opuona; KpacHblii ceepxrurant; 200 nk).

18. * Onpenenure, 10 KAKOH TEMIEPATYPbl MOXHO HATPETh a0COTIOTHO
YEPHBIH AP PAgUyCOM £ € TIOMOLILIO COJTHEYHOTO U3NyIeHUs, COBUpaeMo-
ro cepryecKuM 3epkanoM auaMeTpoM D n ¢ hOKYCHBIM PaCCTOSIHUEM [
TemnepaTypy Bcex TOUEK LUapa CUMTAITE OMMHAKOBOMN, IOTEPSIMM IHEPTHH
M3TYUEHMS HA ITYTH K 36PKAIY W WApy CleayeT npeHebpeys.

19. Tpn HaBMOAEHUAX C MOMOLIBIO HEKOTOPOTO ONMTHYECKOTO Npudopa
HaOMooaTeNb BUAMT MOYTH Ha Npejeie BO3MoXHoCTel rajlakTuky M33 (Bu-
ouMasi 3BesiHas BenuunHa 5",7; yraossle pasmeps 73'x45). Cmoxer au
OH YBHIETh C NOMOILBIO 3TOr0 npubopa ranaktuky M81 (77,0; 24°,9%11,5),
TYyMaHHOCTL «[anTens» (7",4; 8,0%5°,7), rymannocts «CepepHas AMepuKa»
(6™,0; 120"x100%)?

20. Yenosek HEBOOPYKEHHBIM IJIA30M MOXKET YBHAETH 3Be3abI 10 6™, Ha
CKOJIBKO 3BE3NHbIX BEJIMYMH YBEJTHUNTCS €ro NPOHULAIONIAS CUJIA, SCITH OH
Oyzer Hab/1I04aTh 3BE3/1bl B TEX K€ YCIOBHAX B TEJIECKOIT C AHAMETPOM 005~
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extuBa 150 MM? 3pavyok Ye0BEUYECKOTO IJ1a3a MOoC/e afanTaluy K TeMHOTe
MMEET AuaMeTp 6 MM,

21. Jlnst HaGMIOOECHMIT MCIOMB3YETCsl TEACCKON ¢ IMaMETPOM OOBEKTH-
Ba 250 mM. B kommiekT Tesieckona BXOAMT avadparma wis HabmoaeHni
CofHUA — KPBILIKA C KPYI/ILIM oTBepeTieM auameTpom 40 M. Ha ckoib-
KO 3Be3J1HBLIX BEJIW4YMH OTIHUYAETCH NMPOHHLAKIIAsA CHUla TeJaeckKona ¢ aua-
(parmoii 1 Ge3 Hee pu HAGMIOACHNH 3BE3M7

22. Onpepenvute MUHUMAaALHLIA JuaMeTp 0ObEKTUBA TEJECKOMNA, C M0~
MOILLBIO KOTOPOrO MOXHO pacCMOTpPeTh AMCK berenbreitse .8 BUAMMOM
IWATIA30HE TIPU YCIOBUM MIEANLHOCTH ONTUKKM M COCTOSIHUSL aTMOchepbl.
Panuye 3Toii 3Be3asl B 1000 pa3 npesbiluaeT COJNHEYHBIN, a pacCTOAHKUE OT
Connua cocrapnsier 200 nk.

23. PaccuuTaiite THHEHHBINA pazMep MUHUMAaJILHBIX JETANIENH, KOTOPHIE
MOXHO paccMmorpers Ha JIyHe, MMesl TeNecKon ¢ AMaMeTpOM OOBLEKTHBA
200 mm.

24. Onpegenute KOJAMUYECTBO (DOTOHOB B CEKYHLY (Ha [JIMHE BOJI-
HBI 550 HM), MOMAazaAIOLIMX B I71a3 YEJIOBEKA OT 3BE3/bI CMEKTPAIBHOIO Kilac-
ca G2 ¢ BUOMMONM 3BE3IHON BeMuMHON m = 6" (Mpegen YyBCTBUTCALHOCTU
HEBOOPYXEHHOTO miasza). [luaMeTp 3pauka YeJIOBEUECKOro iasa paBeH 6 Mm.

25. J1Be rajlakTUK{ UMEIOT CHAeAYIOLIMe TapaMeTphl: YINOBbIE pasMephl
neppoii cocrapnsior 4°,7%3,6, unrerpanbhbiii 61eck 9”; yriossie pazMepbl
Bropoit — 20'x23’, 6neck 7". Teneckony c [13C-kamepoii TpedyeTes 10 c,
yro6OHl YBEPEHHO 3ahUKCHPOBATHL NEPBYIO rayiakTUKy. Kakasi BblIepxkka rno-
TpebyeTcsa aTOMY TIPUBOPHOMY KOMIUIEKCY, UT00b! 3ahuKCUpoBaTh BTOPYIO
ranakTuKy?

26. TI3C-kamepa, yCTAHOBIEHHAs HA TEJIECKOIE C JUaMETPOM OOBEKTH -
Ba 60 mm, 3a 1 ¢ crocoOHa 3aperucTpupoBaTh 3pe3anl 10 8", CKOJBKO Bpe-
MeHH noTpeGyeTcs TAKOM Kamepe, YToOkl 3adMKkcupoBaTh 38e3abl 10 1177

27. Kakoe MakcuManbHOe (hOKYCHOE pacCTOsIHME MOXET MMETb OOBbEK-
TiB acTporpada, yrodsl u300pakeHue JIYHBI LETUKOM MOMECTUIIOCH B 110J1€
spenns Kamepsl ¢ [13C-MaTpuiieii pazmepamu 24 %36 mMm?



OTBETHBI 1 PEINEHUSA

1.1. Hebecnad chepa. CucreMbl HeDeCHBIX KOOPIMHAT.
[IpeoGpazoBanue KoopauHAT

1. 32°32°15% 2. 51°02". 3. 17%36%. 4. 58°35% S8 4R",61 TTI30457.56° 82 18",

9. 11"30™. 10. 23"34"27°. 11. 2"48". 12. 67°30". 13. 7"48". 14. 20"26™32". 15. 3"00".
16. —30°03"; —48°40°. 17. —16°36". 18. 273°15. 19. 15"30™, 20. 16"05"37%13;
154™46°4, 21. @ = & = 83°17". 22. Korua HabaionaTtens HAXOLUTCA Ha OfHOM M3 1O-
J10COB 3eMAH MW CBETHJIO HAXOIWUTCsI B rontoce mupa. 23, 57°42°; 10°48’, 24, Bro
BO3MOKHO, €C/IM 38HUTHBIH YIO MOJI0ca MHPA PABEH YTy MEXAY OChK MUpa M
OCBIO SKNUATUKK 7, = 90° — ¢ =& = 23°26/, T.e. Ans MONAPHBIX KPYTOB || = 66°34" B
TOT MOMEHT, Koria To4ka Y® BOCXOAMT Uid CeBEPHOro MONYLIAPHUS 3EMIIH U 3aX0AUT
ANA oXHOro. 25. 11°33; 58°27%; 0°; 46°54'. 26. p=66"34"; A=190°. 27. a=18"
0= 66"34", 28. B oboux cnyuasx Cupuyc OyaeT HAXOAUTHCS HA I0r0-10r0-3anamue rnoj
yacosbiM yrinom f = +19"; no kaprte 3Be3nHoro Heba (cM. § 1.3) MOXHO ONpeaennThL
asuMyT A = 4° u BeicoTy £ = 18°. 29. 3pe3na Gyaer B 3eHuTe. 30. Bera Haxoautes B
3anagHoil CTOPOHE MO YACOBRIM YoM { = 526", Kanenna — B BOCTOUHOI CTOPOHE
[0/ YacOBBIM yriiom £ = 18”50™: Bera HaxoAuTCs B BOCTOYHOI CTOPOHE MO YaCOBBIM
yrnom = 726", Kanenna — B 3anagHoll CTOPOHE MO YacoBbIM yrioM f= 650",
31. 1"24™, 32, Wcnonsays GopMyly cosz=sin@-sind + cosg-cosd-cost, HAXOAMM
cost=0,4611 1 1t=4"10"10°,3. 33. Ecin HAGAIONATEIb HAXOMUTCS HA 36MHOM JKBa-
TOpE, a 3Be31a — Ha HebecHOM 3KBaTope. 34. Y CBETUI, KOTOPbIE KYJIbMHUHHUPYIOT K
CeBepy OT 3¢HUTA, T.€. ¢ & > @, a st Muncka & > 54°. 35. 47°. 36. 17°03’. 37. Her, Tak
KaK y Hero [8] > (90" — |g|). 38. Oxubiit Kpect HauMHaeT NosSBIATLCH ¢ CEBEPHOIl
IWHMPOTHI @ = 35°, a BUAEH MOJHOCTLIO NpK @ € 26°, 39. 35°25’. 40. 24°02’. 41. 54°12".
42. a=19"09"13% &= 18°1800". 43. B Benapycu ConHLEe BCErIa KYJIbMHHHDYET K
10TY OT 3eHWTa. MOXHO BOCNONB30BaThCA (POPMYJIOH [UTS BBICOTBI CBETHJIA B BEPXHEN
KyabMuHauuu: A= 90" — ¢ + 8, rue ¢ — wupo-

N’ T4 MecTa, 0 — CKJIOHEHME CBeTHIA, YUTEM Takcke,
4TO CKI0HEeHKe CoJIHLA B TEYEHUE Oa M3MEHSAeTCH

B npenenax — € 8g € +e, roe £ =23°26"=23°45 —

HAKNOH 3KIMNTHKK K 3KBatopy. ChemosarenbHo,

© 66°,55 — @< hy € 113,45 — @. Hanpumep, s
N f N S Mm:c!fc (@ = 54°): 12°,55 < hg < 59°,45. Tlo-
npo0yiiTe caMOCTOATEILHO ONPEACUTD, B KAKHE

JHW IOCTHTAlOTCs 3TH nipenesibl. 44, Y Hezaxons-

’ IWKMX CBEeTWJ BbICOTA HHWXHEH KynbMWHALIMK

/5 h=g+8 — 90° >0, T.e. 9T0 3Be3/LI CO CKIOHE-

HusiMu & > 90° — @. Ha puc. | nokazaua npoek-

Lusi HebecHoM cdepbl HA MIOCKOCTL HEDECHOTO

Puc. 1. llpoexknus nebecnoit che-  MepuamaHa. Hezaxomsiupe 3Besibl 3aMOAHSIOT
PBI HA IIOCKOCThL HEBECHOTO MEpU- cermMeHT NPN. Thiowans 95TOro CerMeHTa
AHaHa Ha TINDOTCHP 2m(1 — cosp) = = 4m-sin*(@/2), a nIomaLs

P
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nebeckoit chepbl 47t [ons He3ax0sIHX 383/, PABHA OTHOLIEHHIO ITHX MIOMANEH,
1. sin*(p/2). YactHbie caydan: Ha nonioce (¢ = 90°) nonosuHa 3Be3 HUKOFAA HE
saxonuT, Ha aksaTope (¢ = 0°) Bee 3Be3bl BOCXOAAT M 3aX045T; B Cankr-Ilerepbypre
(p = 60°) mons He3axXonAUIMX 3BE3[ COCTaBNAET ~25%:; 8 Muncke (¢ = 54°) nons
He3axOMAILIMX 3Be3 cocTapnseT ~20%. 45. 3pesna B 3eHuTe, CIeAOBATENLHO, @ = O;
B HiKHEi KyabMuHALIK, @ = 90° — & + Ay = (90° + 1) /2 =83°17".46.¢ = 34°47";
£ =23°54". 47. TlocKONbKY CKJIOHEHHE CKOIUICHWSi MeHbIle MupoThl Puo-ne-
JKaneipo (LUKHPOoTA B I0KHOM MOJYLIAPHH 3eMIIH OTPHLIATENLHASA: @ = -22°54"), ero
BEPXHAA  KynbMuHauusa Oyaer HabniojgaTbed  Ha  KOre. CrneaoBatelibHO,
hy, = 90° + || — [8] =40°49". HitkHss KynbMUHALUA TAKKE Oyner HabIAATECS B

103 HOI yacTh Heba. B nocneanem cnyyac i, = || + (8] — 90° =459

1.2, Uamepenue Bpemenn. CHCTEMbI cueTa BpeMeHH

1. 5"43730°, 2. z=11°11%; s=12"10"10°. 3. 15"13"32°. 4. 16"30". 5. 6"33"10",
6. =60 & = —6°06', o,=7"35"1%, 8, = 6606, 0= 19"35M15%; z=40"
§,=13°54", 0, = 7%35™15°, 8, = 86°06’, a, = 19"35"15". 7. 3a 128 u 3300 net cooTseT-
crBeHHO. 8. 22733748%. 9. B 19"20”. 10. B BepxHei KyAbMHUHALKK OYIYT HAXOLUTLCS
3BE3/Ibl, Y KOTOPBIX & = 18"20™ nwanpumep a u & JTupsl. 11. Mpubnusurensio 22 as-
rycra. 12. C nomouibio taba. 1.1 onpenganm 3Be31H0C BPEMst B ONIMKANILYIO [pe-
LUECTBYIOIYIO MONHOYb 14 HOAOps: 5= 2" + 234" = 3"32™: cnenopaTeNnbHO, 3BE30-
Hoe Bpemst cobbithst s=a +(=5+ T, K = 23"32", a TaK KaK BO BPEMs BOCXOJA
= 18" (3Be3na HaxomMTCs HA HEBGECHOM 3KBATOPE), TO O = 5"32™ B TOT ACHB, KOTJA
3pe3a p3oitgeT B 5730™ Beuepa, B GAMKANIIYIO NPENIIECTBYIOLLYIO [IOJHOYE 3BE3/~
Hoe Bpems S=s — T,K = 6”, YTO COOTBETCTBYET NpHMepHO 22 nekaOpsi.
13. 6 =46°35; o= 15"15"10". 14. TTo kapre 3peagHoro Heba naxonum ana ComuHua Ha
| Mapra: ag = 22"47", 8y = —7°45',5; B MOMEHT KyJIbMUHALMH A, =90° — @+ 0 =
= 90° — 53°54’ — 7°45',5 = 28°20,5 u T, = 12", Torpa cpennee Bpems T, = T+ n=
= 122", tak Kak yacosoii nosic Muxcka i = 2, to u3 gopmynul T, =T, + (A — n)
noayunm nosichoe spems 1, = 12"21720°. TpoaomKuTeIbHOCTb IHS MOXHO Olie-
HUTL M3 (DOPMYNBI, ONpeAesioniell YacoBOW yroj BOCXOAa M 3axola CBETWIIA:
cost= —tg@-1gdg. Monyunm Ar= 10"33"51°.3. 15. Tlo MycCYJIbMAHCKOMY KAJICHIAPIO
Cpe/IHsist POAOMAKUTE/IbHOCTE KaleHAapHoro iyHHoro rofa ¥'=(19-354 + 1 1-355)/30=
= 354,36667. Tak KaK CpeIHMii JIYHHbLI MECALL ITUTCS 297 530588, To AeiiCTBUTEb-
Has MPOLOJKATENLHOCTE AyHHOTO roga ¥, = 354,36705, a owmbka KajieHaapa co-
crapaser 0,00038 cyT B rom, T.e. ONHM CYTKM HaberaioT mpumepHo 3a 2590 Jet.
16. KoMmana cyaua, nnasaouiero Mexay JansHum BoctokoM i AJISICKOH, MOKKMIAK0-
1ero BocTouHOE nobepesxse | Gespais B BOCKpeceHbe B BUCOKOCHLIN T, 1 coBepiia-
[OLLEr0 peiic 3a opHy Henemo, Gyner umeTh 10 BOCKpeceHnii B (espalle. 17. Cpennss
NPOAOKATENBHOCTE TOAA MO MepeHaCKOMY KaieHzapio ¥, = (365-25 +366-8) /33 =
= 165,2424 (NpONONKUTENLHOCTL TPOTIMYECKOTO roga Y = 365,2422), a owwubka
AY,=0,0002, T.e. 0aH1 CYTKH Haberator 3a 5000 jieT; g rpUropuaHCKOro KaneHaaps,
cOOTRETCTREHHO, monyuum Y. = (365-303 + 366-97) /400 = 365,2425 u AY, = 0,0003,
T.e. O0HYM CyTKH HaberaioT 3a ~3333 roaa. 18. ConHeuHbie cyTKH TOTIA ObIIH OBl KO-
poye 3Be3nHbIX NpuMepHo Ha 4" (MpU YCI0BUM TAKHX KE CKOPOCTEH BpALUEHHA H
nBiKeHus pokpyr Connua). 19, Tak Kak coTHEYHOE BPEMSA OTCYMTHIBAETCSI OT TIONTY-
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HOYH, TO Koraa B [punsuue 0, Tam nonHous, T.e. ConHLe — B HUXKHEI KYJALMHHA-
unn. B BepxHeii xe KyTbMHHALIMH OHO OYAET B 3TOT MOMEHT Ha MPOTHBOMNONOKHOI
CTOPOHE 3EMHOrO 11apa, Tak YTO JIO/IT0Td MecTa HABNIOAEHNS paBHA 12" wnm 180",
20. a) ITepuog koneGanuil MasITHHKA JUTHHOI [ onpenensiercs hopmynoit TNoiirenca

yal - 2 1y
P=2n\Jl/g,tneg=0G- Mg / R5 — yckopeHune cBoBoIHOro naneHus:, G — rpasuTa-
LUMOHHAas nocrosHHas, My — Macca 3emin, Rg — paccrositue ot uentpa 3emiu B
TOUKE, TAC HAXOMUTCS MasTHUK. Takum obpasoM, P=2m Ry- .f/(G-A:i@_y st
MAJIOro M3MEHEHHs MEPUOAA TIPH MAlOM M3MCHEHMH paiuyca 3eMIM MONy4HM
AR AP ARy
AP=2q. — - Ry —2, oTKyma — =—2 : 3
5 3 yaa . 3nech ARy — name anny
G M, R, P R, o MEHEHHEe paanyca

AR, 1 AP ]

= — W, 3HAYHT, — = ——

Ry 300’ P 300

3eMJH OT 3KBATOpa K MOJIKOCY, T.e. cXaTue C(bep()lﬂlﬂ

_ y |
3a cyTKM Hackl HA oMoce VitayT Ha 60" '24ﬁ'ﬁ;: 5". 6) Usmenenue nepuoaa, 0b-

dpP
—-Al, wn

YCIOBNIEHHOE H3MEHEHHEM /, ompenensieTca 1O BhlpakeHuio AP~ m
a

AR 1 Al
P 'tET HOB'I'UM‘)’ 'rpeﬁyemuc AT KOMIMEHCALUMH M3MEHEHMSI X0O4a 4acoB M3Me-

AP I

Al
HEHUE AMHBI MasTHUKA 7227‘[—56 [lpu mnnue mMasTHUka 1,5 M Ha nonoce

ero cneayer ydaunume na | ey, 21. 3emss BpailaeTcs paBHO3AMELTEHHO, 3aLaHH bl
B YCILOBUH BONPOC IKBHBANEHTEH CIICAYIOLIEMY: HA KAKOI YTOJ 32 yKA3aHHOE BPEMsI
HE JOBEPHETCH 3eMJIsl 110 CPABHEHMIO C THITOTETHYECKHM PABHOMEDHBIM BPALLCH M-
eM? Ipu paBHO3aMELUIEHHOM BPAILCHHK YTOJ MOBOPOTA QP = @y + w,-1 + 3 rz/ 2,rae
Py — HAuYATBHBII Yron, ) — HaYanbHas YIJIOBast CKOPOCTh, B — yrioBoe YCKOpeHHe.
Eciu 61 3eman He 3amewnsina cBOEro BpauleHust, To B Gbio Gbl paBHO Hy0. MTak,
YIOJl «<HETOBOPOTA» ONPEAENUTCS BelHMUHHOMN |A(p|=ﬁ—!2/2. 3a CYTKH MpPOAOJIKM-
TEJIbHOCTE CYTOK BO3pacTeT Ha Af= 0,02 ¢ /(365 cyr- 1000 ner) = 35,5-10 % c=
= 6,3 10~ cyr. HawanbHas yrnosas ckopocts Wy = 27 pan/cyr = 2m pan/ | cyr.
Cnycrss cyTKM yrinosas CKOpPOCTb Wy + Aw = 2mpan/(l + Af) cyr. Torna Aw=
= W/(1+A) — @=2n/(1+A) — 2n/1= —2n-Ar/(1+ A = —4.1072 pan/eyr
Haxozwu yriosoe yckopenue B= Aw /AT, rae AT=1cyr: B= —4-10~" pan/cyr.
Wrax, [Ag|=B-7/2=4-10""(365)>- 10°/2 pan = 0,266 pan = 15°,3 ~ 1". Yacsi «yMIyT»
Ha yac. MHTepecHO, YTO CTO/Ib MATOE YIIOROE yckopeuue (B= —4.10" pzm/cyﬁ BCE
KE ynanoch 00HapyKUTh M W3MEPUTh B PE3YNLTATE AHANM3A APERHMX XPOHUK, CO-
ACPXKABIIMX OMMCAHHUE COMHEUHLIX 3aTMEHHUH. 22, Clie/yoWwHit pa3 nsTh BOCKpEC-
HBIX ﬂueti”n (beBpane 66110 B 1948 1., Tak Kak NMOBTOPEHHME COOTBETCTBUSL KaneHaap-
HbIX IHEW TOJA TeM Xe [HAM HeAenHn NPOMCXOOMT depes 4-7 =28 net. [lpu
ONpeNeNCHHN NPEIbIAYIIETO TOAA CIEAYET YUECTh, YTO M0 FPUTOPUAHCKOMY KaJeH-
Japto 1900 & He ObL1 BHCOKOCHBIM, YUuTHIBAs 310, NoJYYHM, TAKMM 00pa3oM, Uc-
KoMblii rox — 1880-it. 23. B nonnens T =12"; T, = Ty +n = 12"1"20°. Torza no-
schoe spems T, =T, — (A — 3") = 11"44"51°. 24. Toscroe BPEMS [0 MOKA3aHHAM
gacnr T = 1M1em _ 1h _ akiyem. =

jacos: T, =1"13 [" = 0"15"; B MOMEHT BepxHeit KyIbMHHALMM 3BE3THOE Bpemsi
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5=7"36". Paccumraem cpeagmee comueuHoe spemsi: T, =(s — 8):- K" = 1", roe
S=6"+9.4" = 6"36™ — 3pe3nHOE BPeMs B BAMKAMLIYIO NPELIECTBYIOUIYIO CPeil-
HIOK MONHOYb (cM. Tabm. 1.1), a cpenHee conHevHOE BpeMsi MO MOKa3aHUAM YacoB
7! =1+ — 2")=0"5". Tonyunm nonpasky wacop u=T, — T, = +0"15™,
25. KynbMUHALMS [0 10sicHOMY Bpemenn T, = (16"24" 4 76"/ 2 = 1145, a no uc-
TMHHOMY H CPEAHEMY COTHEYHOMY, CooTBeTCTBeHHO: T = 12", T, = T + 1 = 12"14™.
Torna AT=17, — T,= —29". 26. TIoCKONbKY 3BE30HbIE CYTKH KOpPO4Ee CPEMHMX
CONHEMHBIX MPUMEPHO Ha 4", TO 32 ONHM CONHEUHBIE CYTKH (1EPUOLL BDEMEHH MEXITY
3poHKamMH OyamnsHuka) 3emus copepiuaer 1,00274 obopora BOKpYr CBOEH OCH
(1 oBopot u eute 0°,986) OTHOCHTENIBHO 3B€3/, BPALLAsCh C 3anaga Ha BocTok. Oue-
BMHO, YTO CKOPOCTH MOPETLIABATEIS HEAOCTATQUHO TSl TOTO, YTODLI COBEPLLNTD 3d
cyTkM onuH WK Gonee 06GOPOTOR BOKPYr 3eMIIM, HO OH MOXET KOMMEHCUPOBAThL
07,986, cMECTHBLUMCH HA 3TY BENHUMHY 3a CYTKM M0 3KBATOPY Ha 3anal. Torma crycrs
COJTHEUHBIE CYTKM OH OKAXKETCS B TOM JKe MOJI0KeHNN OTHOCUTENBHO 3BE31 U CHOBa
YBUIMT BOCXOM TOM ke 3Be3/bI M0 3B0HKY OynunbHuka, [Tockonbky jUinHa 5KBAaTOPA
3emuu pasHa 40 074 km, To yron 0°,986 no moarore COOTBETCTBYET PACCTOSHUIO
109,8 kM M CKOPOCTb paBHa 4,6 kKM/4. 27. K coxaleHWo, H3-3a 0OCOOEHHOCTEW Ha-
Iero KajeHaapsi 3Ty 3ajayy HEBO3MOXKHO pPeLIUTh TOUHO 0e3 yKasaHua roaa nubo
TOYHOrO BPEMEHMW TMOCHEIHEro PABHOAEHCTBUS WM CONHLECTOSHUA ANl JAHHOIro
roga. IToaToMy oTBeT MOXeT OblTh [OJNY4EH C MAKCUMANbHOH MOrpellHOCThIO B
4—5 MuH, Pa3HOCTb MPAMBIX BOCXOXIEHHIA BYX CBETHII pABHA PA3HOCTH MX HaCOBLIX
YII0B ¢ 06paTHLIM 3HAKOM: @~ 0=h - t,. Ecnu nepeoe ceruno — Connue, a
BTopoe — Cupuye, To o, = 18" (1eHb 3UMHeEro connuectosHus), a, = 645", 1,= 0"
(Cupuyc Haxoautcs B BepxHed kynsMmuuauuu), Torna uacosoit yron ConHia
| 1"15", a cpeinee coiHeuHOE BpeMs paBHO MCTUHHOMY (22 aekabpsi 1 = 0) H,
cootBetcTBeHHO, T, = Ty =1, + 12" = 0"45", 28. PaccMoTpum, HanpiMep, NOAAeH:
22 uions. Cxnonenue ConHuadg ~ 23°,5,eroBbicoTaBnonneHbh,, = 90° — @ +dg =
= 90° — 54°+23°,5=59",5. [HOMOH HampaBieH Ha MOJIOC MUPA, T.¢. PACIIOIOXKEH
[

pit: % 3 TEOpEMBI CHHYCOB ———————————
Mof yrioM @ k ropusonty. Torga (puc. 2) M3 TEOPEMbI CHHYCOB sin(180°—@—h,, )

E { L 0 UM JUTUHY TeHU [ = 2,13 M
e WU — z =——— [OJYY : =2,13 M.
sinh,, sin(90°—64) sink,, t

K nmomocy mupa

‘;\f\hnk (4 P

IInockocTs rOpH30HTA

Puc. 2. J1nnHa TeHH [ THOMOHA [, B COJIHEMHBIX Hacax
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AHaNOrMYHO ans pasHoaeHcTBUi &g =0°, h,, =36°, /= 3,40 M; ans 3uMHero
CONMHUECTOSIHNA O = —23°,5, h, = 12°,5,1= 8,47 M. 29. ConHeuHble YACh [TOKA3LIBAIOT
UCTMHHOE COJTHEYHOE BPeMS#, a Yachl TYPUCTa — MECTHOE MOsICHOE. [IBE 3TH CUCTEMbI
BPEMEHH CBA3aHbI MeXAy cob0i cnenytownm obpasom: T, = Ty +1n — A+ n (B nepuon
neiicteua 3umHero spemeHu) u I, =Tg+n — A+n+1" (B nepuong meicreus
netHero BpemeHu). Mexons mz yenosusi (| HosOps — 3MMHee BpeMsi, ypaBHEHHE Bpe-
MeHu N = —16"), T, — To=m — A+n= —15". Mlonyuum A=n — 1", Torna ans
n=0 - A=—1"=—0°15; ma n=1 = A=359"=144%; mg n=2 —
— A= 1"59" =29°45". Mosrota A =29°45" npUXOAMTCH HA TepPUTOpUI0 Poccu,
benapyci M YkpauHbl. [locKONBKY B TMOCHEAHME [OABl B 3THUX CTpaHax HeT
OMpeneNeHHOCTH MO BOTMPOCY BBEIEHNs CE30HHOr0 BpeMeHH, ciiydail # =2 31ech He
paccMaTpuBaeTcs. Eciin ke TypUCT BEPHETCA B 3TOT ropor, Bo Bpemst T, = 14"00" 1 VIO,
KOT/Ia JeHCTRYET JIeTHee BPeMsl, NOKa3aHMUs COJIHEYHBIX YacOB OyIyT CleAyIOILUMHU
(luwonan=+3": To=T, —n+r—n—1"=T —n+(mr— 1" —n - 1"=

Lt ]” -1 - ]h()lm: ]2ir56m.

1.3. [loaBuKHAS KAPTa 3BEe3AHOr0 Heba

1. 2 mapta wnm 13 okTa0ps. 2. 12 mapra unu 3 okradps. 3. 16 anpens uiun 28 as-
rycra. 4. IMpuMepro ¢ | aBrycra no 15 siuBaps. 5. Cossesnue Bonocel Beponukw.
6. B cospeanun Lledeit; a = 218°,4, 6 = —83°,3. 7. 1o dhopmyJe [UIsl BBICOTbI CBETHII
B KY/JIbMWHALHHK ONPeAeuM reorpadHyecKyio HpPOTY MECTHOCTH, Ha KOTopoi Pu-
reib MOXKET KyJIbMUHUpOBaTL B 3eHuTe: h=90"—@+0 = @=90"+d—h=
=90° — 8°15" — 90°= —8°15". CnenoparteibHO, MyTELIECTBEHHUK HAXOLHICSH B
103xHOM nonywapuu. Onpezaensisa no KxHomy KpecTy HanpaBlieHUe Ha 10T, MOXHO
HalTH BCe CTOPOHBI cBeTa, [10 MONBWKHOMN KapTe 3Be3/HOr0 Heba JIerko BbISICHUTD,
uyto Purens BeuepoM KynLMHHUPYET BeCHOM (B 10KHOM noayiuapun). 8. B atot Mo-
MEHT CpellHee co/liHeuyHoe Bpemst T, = 2228 IOnutep Gymer HAXoAMTHCS Ha
JKJIMNTHKE B TOYKE, MPOTHUBOMNON0XHOIM nonoxeHno ConHua B 3TOT geHb. Creno-
BaTEJbHO, OH Oyner Xopouwo BuaeH B co3pe3nuu Bomonea m A = 342°, h = 23°,
9. Ilo kapTte onpexenum Bpems 3axona CoHua 22 UIOHH: 20"40™, CrnegoBaTelibHO, B
21740™ 3pesna Gyjer umerh KoopuuHatel A = 153°, b = 32—35°, 10, Kaccuones,
[Mepceit, 2Kupad, Poick, bonbas Measenmua, Apakos, Jlebenp, Ledeit. 11. B Mo-
MEHT BepxHel KynsMuHaumm JIyHsl B neppoii uetBeptH ConHle OyaeT HAXOAUTLCS
TOUHO B HAMPABEHNH Ha 3anai noa yraom 90° K THHMK 3eMius — Jlyna. 15 okTabps
koopanHatel Conua a = 13"30", & = —8°, nosrtomy JlyHa (CYUMTAEM MIOCKOCTH
op6uTel JIyHbl coBnagaioiei ¢ MIOCKOCThIO0 IKIUNTUKN) BYIeT HMETh KOOPIHHATEI
a = 19'30",8 = —15° u naxoauTsca B cozpesnuyn Crpensia. 12. Cpeanee conHeyHoe
BpEMS B 3TOT MOMEHT T, = 028", OTMeTHB Ha Kapre JATY M BPEMsl, BBISICHHM, UTO
l‘OHHTt‘-D HE BHUAEH, ECIH HAXOJMWUTCH B TOUKE BECCHHEIO pﬂBHDﬂ.eHCTBHQ. 13. rIO KapTe
ONPEIEIMM Yo Mexy HanpasieHusmu Ha ColHLE M Ha TOUKY BECCHHEr0 PaBHO-
nexctBus 10 mapta. OH cocrasisier 48" wan 12°. TMockoibky Mapc HaXoauics B 3a-
NagHoOH KBaapartype, TO €ro 3KIHNTHUeckasd noarora A =360 — 90° — 12°=258"=
= 17"12". Cunrad, 4T0 MIOCKOCTH opOuT Mapca 1 3emiin COBINAAAIOT, 10 KapTe 110-
ayapma = 17'127.8 = —22°.14. lNockonbKy 6onnn 6L B3eHNTe, TOS = ( = 53°0%’,
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{= 0. Ha 25 nos6psi 1916 1. 3se3nroe ppemsis =a + (= S+ 7,,-K = 16"01". Creno-
BATEILHO, PAIMaHT HAXOOWTCH B Touke ¢ koopaWHaTamu & = 53°08, o= 16"01™,
okono 8 ipakoHa, 15. B nocnenueit yerseprn JlyHa pacnosoxena nom yrom 90° K
syanany ot Connua. 10 anpens koopauxatei ConHua B co3pe3auu Puib (o kapre)
ae = 114", 8o = +7°. Torma mns Jyuwt ap = 114" — 6" =19"14", 6. = —20°.
Oua ByIeT onpenesaThes NPUMEPHO Ha SKaunTHKe B cossesnuu Ctpensua. [ns Ha-
Gmionarest Ha JIydHe 3eMna 6yneT HaXOAUTHCS B MPOTHBOMOIOXKHON TOUKE SKIIUITTH-
K B co3pesnmu  BAM3HEUOB, €6 KOODAMHATH Gg = 19714™ — 12"=7"14",
by = +20°. 16. IMockonsky asuMyT KyJIbMUHALIIA OMHAKOB, OHH HaOIOLANINCE K
CeBepy OT 3¢HUTA. 3eHUTHBIE PACCTOSHUS B MOMEHTHI KYTbMHUHALMI Z,, =8 — @,
(n+1)-6—180°
;,‘IIK T
CKOJIBKY MEXIY KYTbMUHALKMSIMHA MPOXOLUT 12" 1o mns ux HabONEHUSA HEOOXOIH-
Ma MPOIONKHMTENbHAS HOUB, MOATOMY NPUMEPHOE Bpems HabMoAeHUsT — ¢ KOHLA
OCeHH 10 KOHLA 3uMbl. C MOMOLIBIO NOABUXHON KapTel 3Be31HOr0 Heba MOXHO
OMPEAeTHTL, YTO BepxHsisi KyabmuHaums [lyoxe xopowo puana (ConHue JOMKHO
GbITh 110 TOPU30HTOM Ha BBICOTE flg € —0°, 4TO COOTBETCTBYET KOHLY IPaXIAHCKMX
cyMepek) NpuMepHo ¢ 15 Hoabps a0 30 anpensi, & HUKHA KyIbMUHaUus — ¢ 1 aBry-
cra 10 5 supaps. ClegoBaTensHO, 00€ KYIBMUHALMK 34 OLHY HOYb MOTYT HablI0-
nathes ¢ 15 Hosbps 0o 5 saHpapsa. Hannydmee spems Hab/IoneHHsl — BTOPast A¢Kala
nekabpsi.

=180° — @ — d=n-z, rne n=2_8. Torma ¢p= =53°40"43", Ilo-

1.4. @akropbl, BAKSIONIME HA TOJI0KEHHE CBETH HA Hebecnoii cdepe

1. Ha6nomaemoe 3eHuTHOE paccTosHue lenTpa ConHua z” = 90" — (h'+ Rg) =
=75°33’8”, a nonpapka Ha pedpakumio p = 3°39” (cm. Tabn. 1.2). CrenosaTenbHo,
MCTUHHOE 3eHUTHOE paccTosinne z =z  + p = 75°36’47”, a wumpoTa 1pu 3ToM (yuu-
ThiBast, yTo CoJNHLE HAXOIUIOCH B MIDKHEH KyisMuHauuu) @ =180° — z — 6=
='83°03/39”. 2. o = 5"1455% § = —9°22'7”. 3. Bnuser Ha 0b6e IKBATOPHANBHEIE KO-
OPAMHATEI CBETHU, HO B KYJIbMUHALMSX — TOJILKO Ha cKJIoHeHue. 4. Beerna snuser
Ha 06e IKIANTHIECKUEe KOOPIMHATEI ceeTHN. 5. Bocmonkiyemcs opMynoi cosz =

= sing-sind + cosq-cosd cost. Tak Kak 1Py BOCXOJE W 3axoe ¢ ydeTom pedpak-
UMK 3enutHoe paccrosinie Conmuua z=90°35, mas wupothl @ =07 noayium

sin35

cosdg
«HOpManbHoOit» 12") Ar = 4™40° npu 8o = 0° n At = 5"05" — npu dg = £23°26" . Ta-
KM 06pa3’oM, MOXKHO YTBEPXKIATh, YTO pedpakiis NPUBOLNT K YBEAHYEHHUIO MPO-
HOBKHTENIBHOCTH JIHS Ha 3KBaTOpe 3emnn npumepHo ua 5”. 6. Yrobbl BUAETH BeCh
auck JIyHbl (ero yrioBoii paguyce r = 16) B mONHOAYHWE HA TOPH3OHTE, HEOOXOMH-
MO, uTOGH HabMoMaeMoe 3eHuTHOe paceTosiHue LeHTpa Jlynst 7 = 89°44". Torna ¢
yyeToM pedpakiiuy (p = 357) ¥ ropH3OHTANBHOrO Mapaniakca (p = 57') nony4yum
MCTHUHHOE 3¢HUTHOE paccTogHue Jiyuni z =z + p — p = 89°22". CouHlie B 3TOT MO-
MEHT BYIeT HAXOJMTHCH HA 36HWTHOM PACCTOSIHUH Zg = 90°38’, a ¢ yuetom pedpak-
LMK HaOMI0aeMBblid BEPXHHI Kpai ero JUCKa — Ha 3¢HUTHOM PACCTOSHUK 7' =8947,

cosl=— , UTO JAeT yBelndyeHue nposo/LKMTENLHOCTH AHA (o cpaBHEHUIO C
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T.e. CoJHLIE B 3TOT MOMEHT JJIst HabaTens eie He 3afiger. 7. Pedpakuus yMeHb-
LIAeT BEPTHKAIbHBIA IMAMETP AMCKA M3-3a TOTO, YTO HMXKHMI ero Kpail oHa NMoaHH-
MaeT Had ropusoHTOM Gosblie, yeM BepXHH. [OpU3OHTANBHEIN THaMeTP He H3Me-
Hsercs, 8. [TorpeHoeTs MOXKHO OLIEHUT W3 TEX CO0BPaKEHHIA, 4TO FOPU30HTANLH B
napajiiake onpeneneH (Kak ciefiyet 3 YCJIoBHs) ¢ ToUHoCTsI0 5+ 107° yra. ¢. [Tony-
quM 149 433 762 £ 850 kM. 9. OueBHAHO, YTO Peyb B 3TOM Ciaydae uaeT ob abeppanu-
OHHOM cMmeleHun. TTockonbKy B MIOCKOCTH SKIMITHKK SKIMMTHYECKAs LIMPOTA
B=0°, 1000 =2-u/cunv=2982 km/c. 10. TTocKoNbKY TAHIEHLUHANLHAS CKOPOCTh AJTb-

u
Taupaw, =4, 74-; = 15,75 kM/c, TO IONHASA TIPOCTPAHCTEEHHAS CKOPOCTbY = /! + v

= 30,4 xMm/c. PaccrosiHue 1o Ansraupa r=1/m = 5,05 nK. Yroia Mexmy JIy40M 3peHiIs 1
MPOCTPaHCTREHHOH CKOPOCTHIO onpesieum 1o dopmyne tg = v,/ v,. B peayasrare no-
ayunm 0 = 31°,2. Mockonbky Ansraup conuxaerca ¢ ConuueM (M3 yCIOBUS 3a1a4m
NydeBast CKOPOCTh SAIBMISIETCHA OTPULATENBHOM), TO MUHUMANTBHOE PACCTOSTHHE, Ha KO-
TOpoe oH npubausurest Kk Connuy, r,,;, = r-sin@ = 2,62 nk. IlpH 3T0M OH npoiiger
paccroauue [ =r-cos0 =432 nk 3aspema r=[/v = 138 879 ner. [Mpu mo6om nepe-
MeleH1H 3Be3bI e¢ abcoNoTHay 38e3aHas BenuauHa M=m +5 — 5.1gr He usme-
HAETCS (eCH He U3MeEHsIIOTCs ee coberBeHHble (hu3nyecke XapakTepucTuku), Tpu-
PABHUBAA ITOT MAPAMETD B HACTOSAILMI MOMEHT M NTPU MUHUMANTBLHOM COMMKEHUHY £,
MONYYMM BUOHMYIO 3BE3HYI0 BeauunHy Ansraupa B Gyayiem: m’ = —0",54. 11. Cie-
NIOLLIEE PABHOAECHCTBHE B 3BE3IHOM IOy HACTYIIAET PAHbLLE NPEAbIAYILETO, 3HAYHT, TOU-
ka Y’ neikercs HaBcTpedy COJIHLY € BOCTOKA Ha 3aMaj, T, C/IeBa HAMpaBo B CEBEPHOM
MONyUIapHu 3EMITH U CIIPaBa HAEBO — B 10xkHOM. 12. Micronkays dopmyiel (1,12)—(1.14),

paccurtaeM cobereeHHOE nBuxkenne Cupuyca | =— pé I'(IS-uu-cosﬁ)2 = A3,
[ =

TAHTeHLMABHYIO CKOpocTh v, =4,74-— = —16,5KM/C ¥ NOAHYIO TIPOCTPAHCTREHHYIO
by

CKOPOCTb v =—yJv) +v2 = —I8§,13 kM/c. YauTBIBAS YCIOBUE 3a4aum (3HAK MHHYC y
JY4eBOH CKOPOCTH), ONPENEIUM YroJl MeXIy Jy4OoM 3PeHHS M TIPOCTPAHCTBEHHOM
CKOpOCTBIO; cos(180° — 0) =wv. /v = 0 = 114°,44, 13. INpuHuMag BO BHHMaHHE
OTPOMHBIE PACCTOAHUSA A0 3BE31, MOXHO YTBEPXKIATh, YTO YoM MEXKIY JTYHOM 3PeHUs
M BEKTOPOM MPOCTPAHCTBEHHON CKOPOCTH 3Be31bl M3 ckonyeHua Tianel papeH 23°,0.
Torna TaHreHuUManbHas CKOpocTh v, =wv,1g(23%) = 19,1 km/c. TaHreHuManLHas
CKOPOCTh CBA3aHA ¢ COBCTBEHHBIM ABMKeHUeM: v, = 4,74-u”/n”" = 4,74-u” - r. O1cro0a
r=39,1 nk.

1.5. 3agauu npakTHYeCKoii ACTPOHOMHH

1. a=7"35"48", 8 = 12705". 2. 7= 6°48’ K ceBepy OT 3eHuTa, &’ = 10717"37", 3. 21 map-
Ta ag = 0, 85 = 0. Audpdeperuupysa hopmyny nns onpenene s 4acoBOTO YIia BOCX0/A

[ 0
M 3aX0[a CBETUNA COSig= —1g(-1gdg, NONYUUM Sinig - Afg = ,,,5?27_‘%@_ Tak kax
cos 0
cosdg =1 u sinfg =1, T0 Alg =12 Ads. 3a omun aens ConHue TIPOXOIMT Ho
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aicaunmuke ~1° = 4" nosromy Adg = 1°-sing = 4" sine = 1"36". OnHako At = 1"36°,
noatomy tg@ = 1 u @ = 45°, 4. B 3eHUTE HAXOLHTCH CBETHJI0, BLICOTA KOTOPOT'O B MO-
MEHT BepXHe# KyabMuHauuu o =90° — ¢ + & = 90°, T.e. CKNIOHEHHE TAKOTO CBETH -
Jia AOMKHO paBHAThCA 1upoTe MecTHocTH (8 = ). [Mockoneky cknoHenue JIyHni
MOXKET M3MEHATHCH MAaKCMMaNbHO B npegenax ot +28°35" (28°35 = 23°26" + 5°09)
10 —28°35, To B IMana3oHe WHPOT C TAKMMHU XKe 3HaYeHuAMH JIYHY MOXHO HaG10-
JAaTh B 3¢HUTE, 5. B TeueHHe 3Be30HOro Mecsiua (27,32 ¢cyr) y JIyHbl IBAXIbl CKIIOHE-
uue & =0°, xorma oHa MoxXeT OLITH B 3eHHTE Han Kakoi-nnbo TOUKO# 3KBaTOpPa
(cm. pelweHune 3agaum 4). CnenoBaTelibHO, B TEUSHME Irosa OHa OyueT B 36HUTE HA
9KBaTope n = [2-365,2422 /27,32] = 26 pa3s. 6. 1363,64 km, 7. TTorpeinHOCTL MOXHO
OLEHUTE 13 TeX co00pakeHHUH, YTO BpeMs OMpeaeseHo (KakK CIeAyeT U3 YCI0BHS) C
To4HOCTBIO 5+ 1078 ¢. Momyyum 365 065 775 % 7 M. 8. C MOMOILLIO TIOABUKHOI Kap-
ThI 3BE3HOTO HeDa MOXKHO HalTH, 4To 8 = +20°. [TockombKy B HHKHEH KynbMUHALMK
g IR0 — @ — 8, h=0+8 — 9, 10, @=90"+th — d=90"+(k +dy/2) — &5
= 74°27°16". 9. Ob6pazoBaHue TIONYTEHU U CTMOCOD peleHns 3a0a4U MOXKET Mpoje-
MOHCTPHPOBATDL pUC. 3.

Puc. 3. Cxema 00pa3oBaHus NOJAyTeHH

m ;
sin(h—dg /2)’
auaHHoit mepe (dg = 0,00931 pam); h — Beicota ConHua Hanx ropusoHToM. Toraa
ligd 1 o s l-dg gk l-dg ;/-(!@.
sin(h+dg /2)’ sin(h+dg /2) sin(h+dg /2)-sin(h—dg / 2) sin’h
BricoTy A omnpegenum U3 ycioBus BepxHel kynbMmuHauuu CoNHUA B INOJAAEHb
14 nions: &g = 23°14; h=90° — @ + & =64°49". TMonyuum x = 11,4 cm. 10. 270°;
246°34'; 270°; 293°26’. 11. 27 aprycra npogoJKMTENbHOCTD AHA 6onbiie B MpkyTcke
W3-3a u3mMeHeHus ckaonerns Conuua (ot 22 uious a0 22 nekabpsi ckioHeHue CoslH-
114 HETPepbIBHO YMeHbILIAeTes), KoTopoe B MUpkyTcke uyTk Gonbiue, yeM B [puHBHYe
B 3TOT ieHb, 4 27 anpens, HA0BOPOT, NMPOROKHUTENBHOCTL AHS Bonblie B [DUHBHYE.
12. Burumcnum yacoBoii yron pocxoma M 3axoaa Coaxua (¢ yuetom pedpakiuu) rno

JinHa monyTeHu X = m=n-sindy = n-dg, rie dg — yron B pa-
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co0s(90°51") —sing sindg
e =—0,091. Monyunm 1, , = £95°,218. Onpe-
cosQ:cosdg ‘

JIeIMM YacOBOH YroJl Ha4ana acTPOHOMUYECKUX CYMepeK 1o ¢opmyne cos(f +Af) =
sin(—18°) —sin@-sindg
1 =—(,679, rae Af — NPOSOMKUTENLHOCTE ACTPOHOMUYE-

cosQ-cosdg
CKHMX cymepek j1o Bocxona Connua. IMonyunm (7 + Ar), , = £132°,740, Cnenosatenb-
HO, Ar = 2"30"1. 13. he=®=90" — hg +23°26" = 43°48’; 22 nexabps he=
= 00° — @ — 2326’ =122"45", 14. 36°31’45” B.a. 15. 3"11" . 16. Tockonbky
§=14"12" 1o AL=14"12" — 6"25" = 7"47™ 17. Pasuuna no BpeMeHu Af papHa
pasHuULE No JonroTte: Af = AL = (24”‘ N/L= (24”-/’)/(231‘ Ry cos@), roe L — miMHA
napajuieny Ha wupote @; Ry = 6378,16 kM — 3kBaTOpHANBHBIN panuyc 3emmnu. TTony-
aim Ar = 1"49°,8. 18. Onpenenum Bpems 3aX0Ia ¢ TOYHOCTBIO 10 noyuaca. Yacoroii
yron CoTHIIA TIPK 3aX0/1e BBIYHCITUM 110 hopMyne costy = —tg @ tgde. [lnpora MeécTa
@ nomkHa GeiTh M3secTHa, Cinonenne ConHIa 8 MOXHO PACCUMTATE N0 aaTe, B0
ONPEAETHTD C OMOLLIBIO MOABHKHON KapThl 3BE3MHOTO Heba, MO0 B3ATh U3 «ACTPO-
HOMUYECKOTO exXeroaHHKar. Hanpumep, nnsa Muncka @ = 54°, 5 Hosidpsi g = —16°,
TAK YTO COSlg = 0,395 u 15 = 66°,75 = 4" 45, 3Hauut, CosnHue 3aiigeT uepes 4,454
nocsie UCTHHHOrO monyaHs. MeTuHHbIH nonaeHs HacTymuT okono 12" no Munckomy
ppeMeHn. Cnenosarensio, ConHue saiiner okoto 16"27". Ecnu YYECTb AEKpETHOE
BpeMsl, HeoBXomMMo npuGasuts 17, 19. JanbHOCTL TOPU3OHTA B TAKHX YCIOBHAX OMpe-

zensieTcs cneayiowum obpasom: d =qf( Ry + H )2 ~Rg = J2-Ry- H = 80 kM. Takum

obpasom, TypeLkuii Geper yBuneTb Henbada, 20, B PeiikbsiBuke.

hopmyne cost =

2.1. Buaumeie H JelicTBHTENBHBIE NBHKEHUS IIaHeT

1. Yron a mexay HanpasaeHusvu ot Connua k IOnutepy u K 3emMie B MOMEHT,
korga KOnuTep HaxoauTes B 3anagHoii kBaapatype (cM. puc. 2.1, 2.2), onpenensieTcs
M3 COOTHOILEHHUS COSQ = rg/ry=1/5,2028. Otciofga a = 79°. Ecin 3anagHas Kea-
ApaTtypa HacTYMUT 4€pe3 X AHEH, TO B 3TOT MOMEHT FeTMOLEHTPHYECKHE JOJNTOThI
OynyT yaoBneTBOpsATh yenosuio (I +x-n;) — (L +x-ng) =, rie I, L — COOTBETCTBEH-
HO Tekyas nonrora Onurepa u 3emiu Ha | wionst, #; U Ag — CPEAHEE CYTOYHOE JIBU-
xenne Konurepa v 3emnu (cM. Tabn. 2.1). B peaynsrate monyyuM OTPHLIATENLHOE 3HA-
uenne x = —67°/54',1 = —=74,3 cyt, Te. 210 cobbiTHe Bb0 B mpoiaoM. YToBhl
MoJay4nTh CODLITHE B OYAYILIEM, HYXKHO K MHTEpBATY X 106aBHTh CHHOIHYECKUIT epH-
on HOnurepa Wi npu pacyere x gobasuth nepuon 3607 x =~ (360° — 67°) /54,1 =
= 325 cyt. Takum obpa3zom, 3ananHasi KBaapaTypa HacTyruT 21 Mas claeAyIoLIero roa.
TS _
!

3. MpumepHo 16 HOsIOPsI. 4. [TOCKONBKY pevh B 330a4e HIET O HAUBOobLIE il BOCTOUHOM
D/IOHTALMM, TO UCXOAHOE ypaBHeHUe ([ +x-ny) — (L +x-ng) =270° + 6 = 292°,77.
Orcrona x = 113,55 cyr, T.e. cobriTue npousoiaeT 9 Hoabps. 5. Yepes 362 cyt. 6. Bto
coObITHE MpOU30HaeT Ha 253-1 cyTku, T.e. || cenTsabpsa. Benepa 6yueT oTcTosiTh OT

2. Cupepuueckuii nepuwon T = 809,94 cyr, orcioma a=T*=1,7ae.
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Conuua non yrnoM ~46°,33 K BOCTOKY, U B MOMEHT ero 3axoaa oHa 6yneT HaXoauThes
B co3Besann BecoB B Touke, NpUMepHbIE KOOpAWHATEL KoTopoit A = 48° h = 10°,
7. Ona naxopunack 6b HaMHOTO panbie opbutel [lnyToHa, T.e. @ — oo, Takoii cHHO-
JINYECKHWIi TIepUOJI XapakTepeH, Hanpumep, ans 3se3a. 8. 23 okTabpsa Toro xe roja.
9. B 2,36 paza. 10. Ha 22-¢ cyr. 11. Onpeaennm cpeaHee CyTouHOe ABHKEHUE NaHe-

360° 5
Tl n=———7; = 147,026 cyr' = 6,8 107 pag/eyr (s 3emnn rgp=1a.e., Hg =

@

Tt

o i i ;
= 59,1 cyr” = 1,72 107" paa/cyr). Toraa yroa @ cyTo4HOro CMeleHus Ha HeGecHoi

I‘Im ’CB —H'F
c(pepe B IPOTUBOCTOSIHMH MOXKHO paccuMTaTth 1o opmyne tgep=———- o oT-
P
@

kyna @ = 1'16",54. 12. g=a-(l — e)=197ae.; O=a-(l +e)=2,84 a.e.; 3Be3n-
Hblit nepuon T'= 3,73 ropa = 1362,38 cyT;, cuHoanyeckuii nepuon § = 1,366 roga =
= 499 cyT; kpyrosas ckopocTe v, = 2n-a/ T~ 19,2 kM/c; cpeHee CYTOUHOE ABHXE-
Huen=2n/T=4,6-10 3[)&L‘I/C},’T; Yros CyTOUHOro CMeleHus Ha HebecHOM cepe B
IIPOTUBOCTOSIHWH (CM. peinenue 3amauu 11) @ = 15, 13. I'lo dopmyne (2.9) nonyuum

Mg o

T2 m2

BbIpakeHue ans onpefeneHus nepuoga obpamenus Jakrunsa: T2 =T - 142‘ —5, Te
1! d@

Ty, — nepuon obpaenus 3emin sokpyr Connua, Mg — macca Connua, M — macca
Wutbl, a — paguyc opouTel JIaKTHIS, dg — [10Jy0Ch OpOUTEL 3eMiIn. 3aech YYTEHO, UTO
Macca 3eMad HamMHOro MeHbiue Maccel ConHia, a mMacca JakTung MeHbIlie Maccel
Wier. B wrore monyuum 7= 1,049 cyr = 25"10"43°,6. 14. [To dopmyiie, KOTOpas aHa-
JIOTMYHA HCTIONL30BAHHOI B peluennn 3agayun 13, nonyaum M = 1,436 10 kr. 15. B
3TOT MOMEHT B(;‘-Hf.‘py Jiydyiue HHG.WH)J'J_HTE nepeja BoCXoaoM COﬂlIl{a. I_IO KapTe onpe-
IenuM rofioxeHne BeHepbl Ha SKIMNTUKE OTHOCUTENBHO nonoxenus CoaHua
19 asrycra 1996 r. (oHa oTknoHeHa K 3anany ot Conniia Ha 47°); BeHepa Haxogunach
BTOTAEHb B CO3Be3MMH BIM3HELOB B TOUKE ¢ KOOpLUHATAMM D = 24—27°, a = 6"40™.
Crenywluas 3anajgHas 3/J0HTALKUA COCTOUTCS uYepe3 CHHOMMUYECKWid nepuom S =
= 583,92 cyt, T.e. 26 mapra 1998 r. Paccrosuue ot 3emau 10 BeHepsl B onmuchiBaeMbIN
nepuos A= 1 a.e.-cos(47°) = 0,682 a.e. Jlyuesas ckopocTb BeHepbl B MOMEHT 3a-
NagHOMi NOHTAUNH v, = vy — Vg Sin(47°), rne vy = 2n-r,/ T, — opGUTATLHAS CKO-
pocTh BeHepwl, vg-sin(47°) =sin(47°)-2n ry/ Ty — cocraBnsitorlasi opOUTanbHOM
ckopocti 3emau no iuHuK 3emas — Benepa. Monyuum v, = 13,3 km/c. 16. Onpene-
UM YI0JlI MUHMMAJIBHOTO CMEILEHMS TIAHETHl, BUOIUMBIN rasom: A, /dO=d/D,

AQ,,, = 0',1 =6”. 3aTeM BBIYUCIHM CPEHEE CYTOHHOE ABMXESHUE HEGECHOIO Tefla:
360° i
" == 7" 4cyr '=2,15-10"> pan/cyr (wis 3eman rp = Laiegng 53941 eyt =
Ty r?2
=1 921072 pan/cyt). YToObl HaliTH YrnoBoe cMelieHre Tena Ha HebecHol cgepe B po-

Hg Ty —H-F
TUBOCTOSIHUM 32 CYTKH, Mcnonbsyem dopmyay tgg, = 2 HONYUEHHYIO NPH pe-

romils
weHuy 3anadd 11. Takum obpasom, @, = 591”3 cyr | CrienoBate/ibHo, MUHUMATbHBI
YIOJI B MPOTHBOCTOAHWH Ha HEOECHOH cepe Teso MpoiLeT 3a BpeMst [ .. = AQ .. /@, =
MA g5 H@‘té‘f'l?-f'
= 14"36",7. Lng coennHenus opMyna OyneT HeCKONLKO WHOI: tgg, = .
£ rr,
@®

16. 3ak. 1941
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Monyuum @, = 1064”3 cy1™" w1y, = Ag,,./ ©, = 8"07°, 1. 17. Tlo ypasHenuio (2.13)
onpeneanmM napabonuyeckylo cKopocTh Ha paccrosiHuu r=0,005543 a.e.: =
= 567,224 xm/c. Cnepopatenbio, KoMeTa ABMKETCs No napabone, a SKCLCHTPUCHTET
napabonnyeckoii opbutei e = 1. 18. Ha kpyrogoii op6ure nonuHas sHeprust £ =T+ U=

2 1 + .

m-v. G-M-m 2] G M G-M- U
=T T Tk kak o' =G-M (———):—'7—, 10 E=—"o—T="=
2 r r d r 2:r 2

; - 2 , GM-m G M-m
=—T. Iocne B3pbiBa monHas 3Heprus £ =T'+U :fz'*———~(l—q)=
7 5
G- M-m LI Iy G-M-m (1 20 LY
= 'T-(I"Zq), T8 T"="T, lz’ffi’_-—‘ 774 nm E'=T+U:(1—q).

B pesynbrate nonyuum: 1) g > 1/2, E' > 0, ciyTHUK ABMXETCH 110 THITEPBONANYCCKON
opbuTe M MOKMAAET OCHOBHYIO 3Be3ny; 2) ¢ =1/2, £/ =0, cnyTHHK ABMXETCS TIO
napaGonuyeckoit opbUTE W TOXe NOKUAAET OCHOBHYIO 3Besny; 3) g < 1/2, E’ <0,
CIYTHHUK [IBUXKETCA MO IMNTHYECKOH opbute, Gonbliuas noayochk KOTOpPoit onpeme-
G-M-m G-M-m =g
T -(]—-z,r)———z_r (1—2q) vnu a=r- }———2q
19. 687 cyt. 20. INockonbky 38e3uHbli nepuon KOnurepa 7= 11,862 rona, T0 cuHO-
nuueckuid mepuon S= 398,87 cyr, cnenopaTenbHO, MPOTHBOCTOSAHWE CIYYHMTCH
I8 aBrycra cienytowero roaa. 21, CuHoauvecknii nepuon Benepsb 586 cyT, cnienosa-
TENbHO, 3TO cOBBITHE Npon3oinet 14 cenTsdps cnenylomero roga. 22. Onpeneium
cuaepudeckunit nepron Mepkypus: T'= 87,97 cyt. Otciona cpefiHee CyTOYHOE JBH-
KeHue n=4°5'32"24. 23. Tockoneky sin@=1a.e./1,524a.e., To 6=41°029".8.
24. Do npousoiiser na 218-e cyTku, T.e. 7 aBrycra. 25. Onpeaenum reIMoLeHTpHYE-
ckyio gonroty HOnurepa n 3emau | centabps: [, = 296°10° u Lg = 340°4°12”. Ha uep-
TeXe, rae B Maciutabe n306paxeHo TOUHOE PACNONOXKEHHE OPOUT STUX TUIAHET, OT-
JIOXUM OTHOCHTENIEHO COJNHLA [1OJyYeHHBIE YITBI TeIHOLEHTPHYECKHUX NOATOT OT
[POU3BOJIBHO BLIGPAHHOTO HaMpaBieHus Ha Touky Y ¥ onpeaenuM NpUMEPHOE [10-
NOXKeHHe NIaHET Ha ux opOuTax. 3aTeM MIMEPHM VIO OTHOCHTENLHO 3eMIIi MeXIy
BEIOpPAHHBLIM HanpaejieHuem Ha Touky V' u Ha IOnurep. Monyuum reoueHTpUye-
CKYIO WM 3KIMNTHYECKYIo foaroty FOnurtepa A = 286° = 194", 3arem, nonaras,
4To opbuta KOnuTepa HaXoAUTCS B MIOCKOCTH 3KIMNTHKM, T10 KAPTE ONPEIeaUM ero
nonoxenue (0kono m Crpenbua) u cknoHenue (6 = —20°). CnegosarenbHo, C yye-
TOM YCIOBMs BocxommumocTh cBetui (|8 < (90° — |g|)) MOXHO 3aKIIOUMTH, YTO
IOnuTep Gpin xopowo BuaeH B Tot Beuep B Cankr-IletepBypre. 26. B nocnenHuii
MOMEHT HaOMIOAEHM YTOI MeXAY Hanpasnenuem ot ConHila Ha 3emunio u KOnurep
a=360°-(365,25 — 315)/365,25 = 50°. [To TeopeMe CHHYCOB (caenaiite uyeprex)
1 sin(A/l)
MONYYUM #; =t Sn(180"—A/—a)
BUIUMOTO OTKJIOHEHMsI Benepsl ot CoJHIA ONpenensieTess Mo COOTHOLIEHHIO
sin® = 0,72. BxaunTuka umeet HAMBOIBLINI Yro HAKITOHA K FOPH30HTY, KOTIA TOY-
ka Y saxoaut. CregoBaTenbHO, HAUGOMEE BLICOKO Hall TOPU30HTOM BeHepa MOXeT
HaXOAMThCs B MOMeHT 3axona Conuua 21 Mapta (BeHepa npu 3TOM A0/KHA OBITH B
HauboJIbILEH BOCTOYHOW anoHraumMm). C noMoLblo pyc. 4 110 TeOpeME CHHYCOB st

Jsiercss no Qopmyne E'=

= Sa.e. 27. 1000 net. 28. Yron 8 naubonbliero
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Pue. 4. [onoxenue Benepst (V) B HaubOIbIIEH BOCTONHON 2M0OHTALMN 2] MAPTA B MOMEHT 3a-
xona Couxua (S)

sin@ sinh )
=— 2 rpes=237 —
sin90° _ sin(90°—gte)’ T =

HAKJIOH 3KIMNTUKKH K HebecHoMy skBaTopy. Otciona sinhA=0,72cos(p—e¢). 29. U3

cthepUuyeCKMX TPEYroJLHUKOB ONPEIEnnM:

i ) el il
TpeTbero sakona Kernepa (ap,/ap,)’ = (Ty/ Ti)?, yunTsnas, uto ap/ap,= 0p/0p,
(Op, M O, — yriobble yaanenust @oboca u deitmoca), naxonum O, = 337,21, 30. U3
YCNOBH#A 38124 ONpenea UM nepureanitHoe nadenuiinoe paccrostus: g = 0,3057 a.e.

g+0)”
u Q@=0,4664 a.e. CnenoBarejibHO, f:(T) = (0,24 rona = 87,6 cyr. 31. §=

= 1,606 roga = 586,6 cyT. 32. CunMTaeM, 4TO B MAPCUAHCKMX COJIHEUHBIX CYTKAX, KAK
M B 3eMHbIX, 24" MapCHaHCKOrO CpEIHEro COTHEYHOTO BPEMEHH, T.e. MEpPHOL
Tyy = 24"37" cpesHEro CONHEYHOIO BPEMEHH COOTBETCTBYET [1EPHOLY = 24" mapcu-
AHCKOIO CPEAHEro CONHEeYHOro BpeMenn, Tora 3pe3anbiid mepro odpaieHns Pobo-
Cd MO MapcHaHcKoMy BpeMeHH T, = Tp, Th/ Ty = 7'39".24"/24"37™ = 7" 458
MapCHaHCKOTO CPEHET0 COMHEUHOro BpeMeHu. Janee no Qopmyle Wis CHHOLNYE -

1 1
CKOro mepuvona —_ = .~ — ., BbBIMHCJIUM INEPHOL MEXAY ABYMSI KVJIbMWHALUWAMM

5T T
Moboca: S= 10"49"16*,4 MapcnaHcKoro CpesHero CoNHEeuHoro ppeMeHu. 33. To-
CKOJILKY CPelHsAs CYTOYHasi CKOPOCTh ABMXKeHus Inutepa no opbute
n; = (360°-60%) /4332,6 = 5 BcyTku, TO 32 9"50™30° on npoiiner no opéuTe BOKPYT
Connua yron a = 5'-950"30° /24" = 2’,05; cnenosatenbio, Ha ITOT yroa eMy HYKHO
NOBEPHYTHCSI BOKPYD CBOEi OCH, 4TOOBI 3aBEPUINIUCHL ETO COJHEYHBIE CYTKH, 32
Bpemst A = 9"50"30°. 27,05 /360° = 3°,36. BosMoOXeH elle OAMH BApHUAHT penie-
l 1
T T (cm. peureHue

3B.CYT roa

1
Hus. Tlo copmyne ais CHHOOMYECKOro Mepuoa ?:

3agaun 32) OMnpefesuM IPOUOJIKUTEIBHOCTE CONHEYHBLIX CYTOK Ha FOmurtepe:
8= 35433",354 = 9"50"33°,354, uro Ha 3',354 Goublue 3Be3nHbIX cyTok. 34. Hau-
Donpliag 3ananHas M0HIaUMs (HAUIydIuas YTPeHHIsS BUIUMOCTE) NIPOU30RIET Ha
365-e cyTku, T.e. B cnenywowem roay. 35. 1) IMepuon oBpameHus HenTyHa Haxonum

W3 Tpetbero sakoma Kennepa: Ty, =3{ay, = 164,892 roga wan T, = 164 roma u
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326 nwueii. Takum o6pa3oM, nepBoe oGpalleHe TPOU3OILIO NPUMePHO 14—15 aBry-
cra 2011 . (He yuuThIBasi BUCOKOCHBIE rofpl). 2) PaccunraeM cuHOIUYECKMi nepu-
| 1 | o 2
O ==~ 8 =———=164,892 /163,892 = 1,0061 roza = 1 rox 2,2 aHA, T.c.
§ Iy Ty Ty —T5
3T0 cOOBITHE LOJKHO OblO Npou30iTH 26 cenTadps 1847 1. 36. epuon obpauieHus
[nyrona Bokpyr Connua 248,6 roga. OtkpoiT o 6611 K. Tom60 B 1930 1, T.e. 85 netr
ToMmy Haszan (anst 2015r). 3a aro Bpems [lnyToH cMmecTunca mo opbuTe Ha
yron ¢ = 85-360°/248,6 = 123°,1. 37. Bonbwas noayoch opdurel HentyHa pas-
na 165%* = 30 a.e., T.e. HenTyH Haxoxutes B 30 pas nassiue o1 CONHLA, YeM 3eMIIsL.
Yrnoeoii auamerp ConHua, Buaumslii ¢ 3emnu, paseH npumepno 30°. Cnegopateib-
HO, Tipu HabawneHuu ¢ HentyHa auck CosHua OyaeT BUAEH non yriaom I, Te. ero
MOXKHO OyeT pa3risiieTs, HO Ha npeaene paspelneHns rasa. OgHaKo peankHo YBU-
IeTh IUCK Henb3st: COoNHLE «CNenuT riasas W npeaeasHoe paspelienne He 6yaerT go-
cTurHyro. 38. PelueHye 3agaum npeacTaBieHo Ha pyc. 5,

OpOura Tena

45°

OpbnTa 3emnn

Puc. 5. np[)CK]ll‘lH Ha NJOCKOCTb SKIHIITHKH ()]’)6!1'”)[ HeDeCcHOro Tena

39. arcsin(1/5,2) = 11°,1. 40. Paccrosnue no o Cen paBHO NpUGIH3HTENBHO
1,34 nk, T.e. Gonbuias nonyocs opbuthl 3emnu (1 a.e.), pacnonox)eHHas MepneHIu-
KYJISIPHO Jiyuyy 3peHud, BuaHa ¢ o Cen noa yrinom 1 /1,34 = 07,7463, Tak Kak 6onk-
1ias nojsyock opouThl FOnurepa papHa 5,2 a.e., a cama ero opOuTa GIM3Ka K KpYro-
BOM, TO HanboNbLIee yrionoe paccTosHue or ConHua, Ha kotopom OnuTep BuaeH ¢
a Cen, cocrannsier 37,88, 41. (1/25 — 1/88)"' = 35cyr; (1/25 — 1/365,25)" =
~ 26,8 cyt; (1/25 — 1/90800)"" = 25,01 cyr. 42. Vriosoii nvamMetp aucka ConHua
paseH npumepHo 0°,5. Paccrostue ot Conuna go Benepsi 0,72 a.e., paccTosHye OT
3emnu go Benepwl B HixHeM coenuuennu 0,28 a.e. INepecekas no AUAMETPY AUCK
Connna, BeHepa npoxoiuT B CBOEM CHHOANYECKOM JBUKEHUH AYT'Y OTHOCHTENbHO
Conxua (0°,5 - 0,28)/0,72 = 0°,194. I'NockonbKy cHHOAMYECKHIT nepuoa Beneps
pasen 583792, To oua npoxonut no ancky Comxua 3a (0°,194 - 5837,92) /360° = 07,
315 = 7"34"9%° 6. Ecan cMoTpets Ha CONHEUHYI) CHCTEMY CO CTOPOHBI CEBEPHOTO
MoJIIoca SKIUNTHKHK, To Benepa u 3emus aBuxkyTtes Bokpyr CoJiHLa MPOTHB YACOBOH
CTPENIKH, € 3aMajia Ha BOCTOK, rpuiem Benepa ObicTpee, yeM 3emsi. [Toatomy BOIK-
31 HUXHEro coeaMHeHWst BeHepa nepeMeluaeTcs 1o Hedy ciesa Hanpaso (MonATHOE
JBHXEHUE — ¢ BOCTOKA HA 3anam). Takum xe OyaeT u ee apmxeHue no aucky ConH-
ua. 43. [MokpeiBaemas 3Be30a HAXOAMTCS HAMHOIO Jalblie OT 3emiu, yeM [lnyToH.
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IToaromy koHyc TeHu, oTbpacbiBaeMoit TlnyToHoM Ha 3eMII0 MPH MOKPLITHH, MOX-
HO CYMTATE LMIHHIPOM, JHAMETD CeUeHMs KOTOporo pageH auamerpy [nyroHa, T.e.
2356 KM. DTO M €CTh LIMPHHA NONOCH HA MOBEPXHOCTH 3eMJH, B MPEAEIax KOTOPOii
MOXHO Habnogarts, Kak TTayTron nokpoet 3pe3ny. [TpOmMOMKUTENBHOCTE NOKPBITHS
onpeaensieTcs JMaMeTpoOM TeHH U CKOPOCTBIO €€ IBHKEHHUS 110 [TOBEPXHOCTH 3EMITH,
Op6urankHas ckopocTs 3eMau paBHa 30 kM/c, [1nyToHa — B J30 pa3 MeHbIle, TaK
KaK CKOpPOCTh 06paTHO MPOTIOPLUOHATBHA KOPHIO U3 paauyca opouTsl, Eciu Bo Bpe-
M# TIOKPBHITHA BEKTOP CKOPOCTH 3eMJIM NEPNEHANKYIAPEH OCH LMIMHAPA TEHH, TO
TEHb JIBUXKETCH 10 NOBEPXHOCTH 3eMJTH CO CKOPOCTBIO 3eMITH OTHOCHTENbHO [TyTo-
Ha, T.e.30—30/ J30 KM/C; eCITU napaJiielieH, TO TeHb JIBHKETCs co ckopocTbio [Tny-

TOHA, T.€. 30/@ km/c. Orciona NpoaoikUTETLHOCTE MOKPBITHA B TOM MECTE, Ie
HabaoaaTens nepecexkaeT TeHb Mo AMaMeTpy: 2356 /24,5 = 96°,1 = 1™.6 B nepsoM
cayyae u 2356/5,5 = 430°,1 = 7" 2 — Bo rTOpoM. 44. MOLIHOCTh CHIHANA, NTPUXO-
ASALIETO HA 30HIMPYEMOE TeJO, MPONOPLUOHANEHA + 2. MOLHOCTE CHrHAA, TPH-
XOMAIIETO OT Tefa Ha 3eMIII0, TAKXKe MPONOPLUHOHATBHA 12, [TosToMy MOLIHOCTh
OTPAaXEHHOFO 3X0-CHTHANA NPONOPUMOHANEHA # . PaccTosHue oT 3eMITH [0 acTe-
pouja B coeguHeHun ry=35/3+ 1 =8/3a.e., B IPOTHBOCTOSIHUU r,=5/3 — 1=
=2/3 a.e.; OTHOWIEHHE PacCTOAHIH F,/Fr, = 4. CNeloBaTeIbHO, NP JOKALMH acTe-
pouaa BOJIM3W COSNMHEHHS] HYKHO [10CATh CUTHAN, KOTOPBIi B 4*=1256 pa3 Donee
MOLLHBI, YeM B IPOTHBOCTOSHUM, YTOOKI MOJIYUHTL OBPATHBIE CHTHABI O HAKOBOI
MOLIHOCTH. OCBEIEHHOCTL OT ACTEPOMAA B IPOTUROCTOAHUM TONLKO B 4° =16 pas
Oosbllle, 4eM B COEAMHEH WU, COOTBETCTBEHHO 3BE3MHAS BETHYHHA MEHbIIIE MPUMep-
Ho Ha 3", 45. ConHewHas cucTeMa paspyinures. [naders yaersit ot ConHua no na-
paboaam, TOCKONBKY CKOPOCTb MX JABMXKEHHS MO MEPBOHAYANBHBIM (TOYTH KPYro-
BEIM) OpBUTAM paBHa Mapabo/IMYeCKON CKOPOCTH NPU YMEHBIIEHHO! BIBOE Macce
ueHTpansHoro Tena. BoamoxHo, B CoJiHeuHoil cucteMe octaHytca Mepkypuii,
Mapc n ITnyron (06bekThl ¢ HAMBONBITUMH SKCLIEHTPUCHTETAMH OPOUT), ECNIH OHH
OYIYT HAXOOMTLCA BOJIM3H MEPHUIEMERB CBOMX OPOMT B MOMEHT M3MEHEHMSI MACCHI
Connua. 46. 3eMnst HAUHET UCTIBITHIBATH BABOE OONBILYIO, YEM PEXKIE, CHITY NPH-
TsKeHUsA co cTopoHbl CofHLA, TTO3TOMY OHA MepeiiIeT ¢ Kpyrosoi opOWUTEl Ha 371-
JUNTHYECKYIO, KOTOpast OYIeT HAXOMUTLCsI BHYTPH npexHeil opouTel. Takum obpa-
30M, B MOMEHT, Korja 3eMisi CTAHeT MOKWAATh KPYrOBYKO opOMTY, OHa Gyner
HAXOIHUTLCS B adelMi cBoel HOBOM a/UIMNTHYECKOi opouThl, MHTErpansr aHepruu,
OMUChIBAIOLLME ABMXeHWE 3EMH B MOJIe LeHTPANBHOTO Tela, Macca KOTOPOro pas-

1 I |

Ha M wnn 2M, umeor Bun v =G- M -—, v =G-(2M)- ——— |, r1e a, a’ — NepBoHa-
a a1

YyaTbHOE M HOBOE 3HAauYeHUs GolbLLoi nonyocu opouTtel 3emun. CpaBHMBaAs 9TH ABa

2
BbIDAXKEHUs, MONYIUM, 4TO a” '7?(1 = (),667 a.e. Onpenenum nepuoj odpateHust

3emnu no Hosoil opbute. ITo TpeTheMy YTOUHEHHOMY 3aKOHY Keriepa uMeem

a a’ Pt
o T e p——— 8,01 € =
T8 TaM :

opbuTel HaliaeMm no cooTHoweHuio a =a’- (1 + ¢’), otkyna ¢’ = 0,5. 47. U3 dopmyn

J = (),385 rona. DKCUEHTPUCHTET HOBOH
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; 2. ]
(2.10), (2.11), a Takxe MHTErpana sHeprun v° =G- My -| =—— | v BeIpaKEHHUI 015
I il TR
paccTosHMiA B nepurennu U adenun g=a:' (1 — e), @=a (1 +e) cneayer, yTo OT-
(4 l+e
HOLUEHHE COOTBETCTBYIOIIMX CKOpocTeit — =—— Ecnu oHO pasHO 3, T0 ¢ = 0,5.
v —
Q
48. Tlo onpenenennio v =2m-r/ T. Eciv nepuon obpaiuenus T BEIPA3UTH B Tonax,
paauyc opoMTEI ¥ — B aCTPOHOMMUYECKUX eIMHNIIAX (2.€.), 4 CKOPOCTh ABUKEHUS MO

r
OpOHTE v — B KMJIIOMETPaX B CEKYHIY (KM/C), TO MONYYHUM v 330‘-?. MOCKOJIBKY Op-

OuTansHas cKopocTk 3emin pasHa 30 km/c. C Apyroii CTOPOHBI, 10 TPETHEMY 3aKOHY
7810 P 30 2/3
Kennepa, T°=r", u noatomy v= ‘/; 49. M3 tperbero 3akoHa Kennepa a=75"" =
p

=~0,167 a.e. = 25-10% kM. 50. EcIH BCTOMHHTS [TOHSATHS BO3MYLIEHUI 1 BO3MYLIA-
IOILEH CHJTBI, TO NS TOTO, YTOOBI Y KAKOTO-1IMG0 06BeKTa GBI CITYTHHK, BO3MYLLAIO-
lee YCKOpeHHe (pasnocms YCKOpeHHi, coobmaembix ColHUEM CHYTHUKY W TEny,
BOKPYI KOTOPOTO OH JIBUXETCH) HE HOJLKHO ObITh 60MbIIE, YeM YCKOPEHHE NPUTSXe -
HUS CIYTHUKA LeHTPaIbHbIM TejoM. Bosmylialotiee yckopeHre MOXKHO ONPEAEIUT
1 1 G- M 2-d M C
e | G VT (RS — Macca Connua
(=)t L @ =
I — TeJIMOLUEHTPHUYECKOE PACCTOSAHME ACTEPOUIA, d — HCKOMOE PACCTOSIHHE MEXy
acTEPOMIOM U €ro CryTHUKOM. [ToaToMy ypaBHeHUe [is onpeneneHus d UMeeT BuL

TAK: A=W 4 — Wy =(:-M@-[

A
) e M=4mp-R/3 = 8,4-10" kr — mMacca

2:Mg-d M -
———=—7,0tkygad =r:| ———
i ey 2 M,
HeHTpalbHOro acrepouaa. IMonyuum ¢ = 19 160 kM. UHTEepecHO, YTO HAa CaMOM
niesie MUHHMANIBHBIA paguyc Kpyrosoi op6UTHI CITYTHUKA, IIPH KOTOPOM OH MOXET
NOKMHYTh ACTEPOU, U HAYaTh JABMIATHCS 110 IeJIMOUEHTPUYECKONH OpOUTE, MOXHO

|
M ]/3
3-Mg

anyc Xumna, 51. O6o3Hauum kak Mg u M Maccel 3emin 1 ConHua, @ — paccTosHue
MEXIY HUMU. BBenem cHcTeMY KOOPAMHAT, KAK TOKA3aHO Ha PHC, 6, ICHO, YTO HCKoMast
NOBEPXHOCTh 06N1aAaeT OCEBOI CMMMETpHeit OTHOCHTEEHO ock abeuwce. [MosTomy no-

CTATOYHO HAWTH CEYEHHE MOBEPXHOCTH MIOCKOCTEIO XY, T.e. ypaBHEHHE TIOCKOI Kpu-
BOH Buaa flx, y) = 0. 3anuineM ycnoBHe paBEHCTBA CUJI NpUTsikeHUs K COMHLY U K 3eM-

onpenenuTh no opmyne d = 0,5 Ry, rne Ry = r-( — TAK Ha3bIBAEMBI pa-

2 2 2 20 Zipen ;
ne: M@/r@ :MED/F(D. Yutem, uto rg =x’+ 7, r; =(x—a) +y*. Tlocne HecTOKHBIX

M, a
npeobpazoBaHuit NONYYUM ypaBHEHHWE Cepsl TArOTeHUs: (x —E [ 44?2
Mo— M,
2
Mg a 2 Mg Mg 2
= )(+M7—M~ +_V :——2.(1_
® @ (M@ o= MF_{_,)
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Cdepa neitctBus

Puc. 6. Chepa peiicTeus 3eman orHocuTensHo ConHua

Taxum o6pasom, cepa TATOTEHUSE — HTO AEACTBUTENBHO chepa, pafHye KOTOPOii
' M,

@
R, M a LIEHTP cMellieH no ocH OX oT ueHTpa 3eMau B po-
®
< Mg Mg
THBOMNONIOKHOM OT COJIHLA HATMPABNEHHH HA PACCTOSIHUE AF, = e R N,

Mg— Mg Mg
Monyuum r, = 260 000 kM, Ar, # 450 kM, TaK 4TO LEHTP cepbl HAXOAMTCH BHYTPH
3emau. IMnockocTteio (Mpoxoasiledt nocepemne Mexny 3emuneit 1 ComHUEM U niep-
NeHOUKYJIAPHOH nuHUK 3emns — ConHue) cdepa neiicreus 6eina 661, € Bbl
macea 3emai pasHanace Macce Contua. 52. TTockonsKy HaKIOH 9KBATOPA Mapeca K
MJIOCKOCTH €ro 0p6uThl (~25°) Gonblue, dem y 3emmu (23°267), To «ypaBHEHHE OT Ha-
KTOHA SKNHNTHKH» Ha Mapce 601biIe 3eMHOT0, & TaK KaK 3KCLUEHTPUCHTET OPGHTHI
Mapca (0,093) Tak:ke Gonsie, yemy 3emnn (0,017), To v «ypaBHeHUe OT KCIHEHTPH-
cutera» Ha Mapce Gonbiue. CrieoBaTenbHO, Npene/bl H3MEHEHHs YDABHEHHS BPEMEHH
Ha Mapce Gosiblie, ueMm Ha 3emsie, 53, PaccuntaeM paccTosiHme oT Mepkypus g0 ConH-
La B mepureaud i B adenuu: ¢=a-(1 — e)=0,32a.e.; 0=a-(l +e)=0,48 a.e. Toraa
HauMeHbllee pacctosiHue oT Mepkypua no 3emimn D, = (1 — 0,48)- 1,496 10° =
=17,78-10" kM, a HauGonbiee — D, = (1 +0,48)-1,496- 10° = 2.214- 10° km. 54. O1-
BET HaA 3TOT BOIMPOC MOXKHO MONYYHUTh, UCIONb3YA KAPTY 3BE30HOTO Heba. OTMETHB
YKa3aHHBIE ATy M BPEMsl HA KapTe, BUAMM, YTO SK/IMITHKA HAXOAUTCSA HA PACCTOSIHUU
okono 10° o Toyku BocToKa. Hu 0aHa M3 BEPXHUX ILIAHET (3TO MOXKET GbITh TONLKO
BEPXHSs naaHeTal) He HMEET TAKOTO GONBILIOrO HAKNOHEHHUS OpGUTHI, OHH BCE HA-
xXomarcst BOnu3n oknunTuky. ClleaosaTeibHO, 3TO He [UIAHETA, a 3Be3/a (HanpuMep,
€ Meser) wiu Kakoif-To0 McKycCTBEHHBIH 0OLekT. 55. M3 TpeThero 3akoHa Kennepa

7 2 daT 3 1
T’ /a’ = const=C, T'=C"*a"? cnenyer A)“*-E-Aa=5 (C-AY® & Tiocne wom

e end
CTAHOBKHM C MOJYYHM, UTO MEPHOL YBENUYHTCS HA MANYIO BenuunHy AT ==.—. Aqg.

2@
2 .
Ipn '(MM + My ) _ 9pn
PO v — 3, NpeHebperas
I(-(M@+m¢) ag

56. W3 TpeThero yrouHeHHoro 3akoHa Kennepa
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maccoit @oboca o cpaBHEHWIO ¢ Maccoil Mapca, nocne rnpeodpasoBaHuii nony4yum
My /Mg = 0,105, 57. M3 ypaBHeHMA Ui MOMEHTOB CcUl uMeeM Mg Lg=
= M¢ (L — Lg), rae L — pacctoguue Mexay ueHTpamu 3emiu u JIyusl, Ly — pac-
CTOsIHME OT LeHTpa 3emnu 1o obuwero uenrpa macce. Tlonyuum Lg=4663,66 kM.
58. INpencraBuM nageHKe Teaa Kak ABMKEHHE N0 OUeHb BBITSHYTOMY 3JUTHIICY ¢ 60JIb-

1I10# 0CbI0 OPOUTLI, PABHOM HAYMAIBHOMY PACCTOSTHMIO MEXTY TeaMu a. Torna cornac-
2 3
T? 3

a -
HO TpeTheMy 3akoHy Kennepa MOXHO 3anucats: —— 7 =8, rae 1'— nepuon

(2:1)? D (a/2)

JABHXEHHA 1O ODGMT(’B C NMOJYOCbIO d, [ — BpeMsl nageHus. r]().ﬂy‘IHM I =—1 JE e
4.

3
Wi / :64,57-UA CYT, [I¢ PACCTOSIHWE & BBIPAXEHO B ACTPOHOMUYECKHX EAUHULIAX.
59. 64,57 cyt (cM. pewenue 3agauu 58). 60. 43,9 roma (cM. pemieHue 3agauu 58).
61. [TockonbKy B AeHb NETHETO CONHIECTOAHMSA YTOJ TAZEHUS CONHEUHBIX Jydeil
i, =@ — g, TOCBETOBOIH NOTOK, IIPOXOAALINI Yepe3 GAMHUYHOE CeUeHHUE, pacnpene-
nsieres no owany 1 /cos(@ — &). B To ke BpeMd B IeHb 3UMHETO CONHIECTOAHNSA
YFOJl MAAeHUA COMHEYHBIX JIyueil i, = @ + £, 1 CBETOBON MOTOK, ITPOXOJSIULIMIA Yepes
eIMHUYHOE CeYeHUe, pacripeaenseTcs no miowanu 1 /cos(@ + ). CieloBaTesibHO,
OTHOLUEHHE MOTOKOB UIJYYEHWsl, KOTOPLIE NPUXOAATCH HA CAHHUILY TUIOLIAAN MO-
) Jletro @, cos(p—e¢) e
BEPXHOCTH 3eMIIH, BBITISLANT TaK: - = — = ——————— YT0 Ha JaHHOH WHpoTe
3uma @, cos(p+te)
cocTaBUT BenuuuHy 3,93. Teneps BBIACHUM, KaK BIHSET M3MEHEHHE PACCTOSHMS OT
Connua. Brruucnum mowans S, cdepsbl Bokpyr CoHIA HA PACCTOSAHUM TIEPUTENINS W
. = e B Ko 2 2~
nowans S, Ha paccrosHuu adenus: S, = 4m-a- (1 — )78, =4ma™ (1 +e)". Cnenosa-
TEJILHO, OTHOLLEHHWE MTOTOKOB, MAKAIONIMX Ha eMUHUILLY TUTOIIAIH, MOXKHO BLIPA3HTh Clie-

3uma @] (1+e)*
Iyo1mMM obpasom: ——— = — =-———= =1,07. Takum 00pa3oM, BIMSIHHE HAKIOHA

lero ~ @] (1—e)
COJIHEYHBIX JTy4eit GobLie BIUsHUS M3MeHeHUs paccTostHust oT ColHLIA B JAHHOM ropo-
Jie MpUMepHO B 3,67 pasa. 62. Do touka Y, Te. a = 0" 63. Mo dopmysnam (2.12) paccuu-
TAEM KPYTOBYIO CKOPOCTh Ha paccToAHUM roT ConHua: v, = 35,23 km/c. Tak Kak v < v, TO
KOHWUYECKOE CEYEHHE — BJUIMIIC, HAXOAALIMICA B OKpYKHOCTH panuycomr =0,7184 a.e.
[TapameTpsl OpOMTHI COOTBETCTBYIOT MapametpaM opbutel Benepel. 64. M3 sroporo
3akoHa Keruiepa cienyer, 4to vy = v, q = vy Q, tae | = ry-sina — npuilenbHLIi napa-
MeTp (MW TPULENBEHOE PACCTOSTHUE), ¥, W § — CKOPOCTE M PACCTOSIHUE B MEPUTENHH,

vo ¥ () — CKopoCTh 1 paccTosiHue B acenny. [lo Gpopwmyne 'ﬂ,f =G Mg- %* :1 Haxo-
; 0

fy-vy

G M'@

CKOPOCTEH M M3 YKA3AHHOIO CAEACTBMSL BTOPOro 3aKoHa Kernnepa noayuum BeipaxkeHue

. >
1Sl 3KCLEHTpUcHTeTa, e =+/1—(2—1)-n-sin’ a. OKoHYATENBHO HMEEM

Iy
(.){+)'q|—) 2_].'

r '
IHM TOJyoCh OpBUTEL: a = > 2 e n="- . Janee u3 dopmyn (2.10)—(2.12) ans
—

s 2 Eo
(li |_(2—T|)-1'|-Sll1'(I).ﬁb.\Silﬁl-!llJeMQ)(')[)M)rﬂhl,Bln'p;l‘/i\'rlli)}lllle co-
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Mg-m
. , Mg
OTBETCTBEHHO MOTEHLHATBHYIO M KWHETHUYECKYIO SHEPTHH TiNaHeTh!: [/ = (:-——r ;

3
m-v° 22
= WE , [TockonbKy OTHOCHTE/IbHASI CKOPOCTh BBIPAXKAECTCH W3BECTHOMW 3aBUCUMO-

¥ Wil ) 1 My m G-Mg-m
cthiov’ =G - Mg:| ——— |, To monHas sHeprus £=U+T=—-G-— x —-+—2——><
e o
2 1 Mg-m
x| =—— =—(}-T, 66. B coemuHeHUH KoMeTa OyIeT HAXOOUTLCH Yepes3 Mojio-
rod -a

BUHY CBOET0 CHHOAMYECKOro Meprona. OIHaKo CUHOAUYECKUI U 3BE3AHBIA Mepuo-
Bl KOMEThl HEW3BeCTHBI. B TO Xe Bpemsi QOJIrONEPHOJIMYECKAs KOMETAa I0JDKHA
WMETh O4YeHb BLITAHYTYIO opbuTy, H1M3Kylo K napabosie, a 3Be3HbIA Nepuon — Ha-
MHOTO Gonbile neproga obpaterus 3eman Bokpyr Convua. ClenoBatenbHo, cod-
CTBEHHBIM IBMKEHWEM KOMETHI 110 CPaBHEHUWIO C ABMXKEHHEM 3eMJIH MOXHO npe-
Hebpeub. Torma B coeqMHEHHMH KOMETa OYAET HAXOMUTLCH NPUOIU3UTENIBHO Hepesd
MONOBUHY OpBUTANBHOTO Nepuoaa 3emiu, T.e. yepes 0,5 roga. CKOPOCTb KOMETbI B
[epUreTMy Ha paccTostHuu = | a.e. MoXeT GbITh OnpeaeneHa no (Gopmysie 1 na-
pabonuueckoil CKOPOCTH: ::ﬂz‘fz-(}'-M@/r = 42 km/c. 67. YkazaHHaa cUTyauusi
(npsiMoe HanpaBleHWE BpalleHWs, HEeBMAMMOCTb CIYTHHMKA B NPOTHBOCTOSIHUU
IOnurepa, HaxoxneHue ero ¥ CoJHIA ¢ pa3HBIX cTOPOH OT OnuTEpa B OCTANBHBIX
koHdurypauusx) 6yIeT HMeTsE MEeCTO, eC/Ii Ieproj 00palleHus CNyTHHUKA BOKPYT
IOnuTtepa OyaeT paBeH OAHOMY 3eMHOMY rofay W HanpasieHue FOnuTep — CyTHUK
Bcerna Hyner napannenbHo HanpasneHuio Connue — 3emnsd, M3 tpetbero 3akoHa
Kennepa (cm. dopmyay (2.9)), yauTsisasi pABEHCTBO MepPHOI0B obpaileHus 3eMiu
pokpyr Connia u enyrHuka Bokpyr HOnurtepa, npeHeGpexkuMyio MaxocTh Mmace
CIIYTHUKA 1 3eMId 1o cpaBHennio ¢ Maccam FOnuTepa u Connua cOOTBETCTBEHHO,

OTPEENUM Pauyc OpOUTHL CIYTHUKA: F=dg -3 M) / Mg = 14,73 Mnn kM. 68, Bonb-
11asi NOJyoCck OpBUTEL fonronepuoanyeckoii kometeia = (Q+4g)/2 = Q/2=17 500 a.e.
BpeMs nepeMenieHus Bo BHyTpeHHHE 06macT ConHeuHOH CUCTEMBI — 2TO MONOBUHA

3BE3IHOTO TIepHoaa Komersl =1 /2 :x/a_3/2 =~ 1,16 maH neT. OOHaKo, BEPOSITHEE
BCero, Takoil Gonbiuoit mepuon obpaleHus 6ymeT HeyctoituusbiM. 69. OueBuaHo,
4TO MPONOMKUTENLHOCT MOKPLITUS [ = p/m, Tae p — yraopoi nuametp Mapca,
® — yrnosas ckopocTh apuxenus Mapca Ha (oHe 3pe3n. YrioBoit AWaMerp
p = 2-arcsin(Ry,/r), tne Ry — panuyc Mapca, r — paccTosiHue oT 3emnu 1o Mapca

(puc. 7). Tlockonbky r :\}af,, *aé =1,15a.e.,T0p=3,95- 107 pan = 87,15, Yrnopas
CKOpOCTh W=w, /r, TIe v, — TAHTEHUMANbHbIH KOMMOHEHT ckopoctd Mapeca
OTHOCHTENTEHO 3eMITH, v, =wy,-c0s(90° — @) = vy -sina. Yrox o gABIAETCS pasHO-
CTHIO TEMHOLUEHTPHYECKHX goaroT Mapea w 3emnu: o= arcos(ag/ay) = 49°. Cko-

pocTh Mapea (uisi KpyroBoil OpOUTHI) 7y =JG-M®/HM =24,1km/c. Torna v, =
= 18,2 km/c, 0= 1,06-1077 pag/c, ¢ = 373¢ = 6 mun 13¢c. 70. Yroa, Ha KOTOpBIH
MAMEHUTOCH TIONOXKeHWe Mapca Ut [ByX HaGniopareneii, — 3T0 YABOSHHBIA ropu-

Ko ) =~ 78 MIIH KM

30HTAJIbHbLHA nmapannakc, Torma paccTostHue o Mapca I’=__n({”2
51 2y
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Puc. 7. Tlokpeitne 3pesibl MapeoM B sananHoil Kpanpatype

(Ry =6378 kM — sKBaTOpUANBHBIA paguyc 3emnu). 71, Onpenenum yron 3em-

f— ™ B — a Q
ISt CosnHue BeHepa B MOMEHT 3JIOHTALIMH: O =arccosi:43°,7 (puc. 8). Op-
a
@®
ButanbHas ckopocTs BeHepsl NpesbiliaeT cKOPoOCTh 3emnu, noatomy npu Habnione-
HHMHM C 3eMIH OT BOCTOUYHOW J0 3amrafiHOi 2MOHTALIAU Benepa Oyaer mBurarscs
nnn;tTHo. BeHepe HeoOXOAMMO TMPONTH OTHOCUTENLHO HANIeH TAaHeTHI yron
2-43°,7=187",4. Mockonsky yron 360° OTHOCHTENLHO 3emMiu BeHepa mpoxonur 3a
i " 874
CHUHOIHYECKHI MEPUOM, COCTABSIEM MPOTMOPLIMIO: ?= 360" TIe [ — MCKOMOe Bpe-

3emns

Puc. 8 Dnouraiun Beneph

242

1 1 I i To T
M, S — cuHoauueckuit nepuon. Mockonbky —=———-—,T08 = V"9 =584 Cre-
y Iy I Te— Ty

JOBATE/IbHO, OT BOCTOUHOM [0 3amafHOoil AMOHrauMy npoiaer [ = 1429, 72. MomenT
CTOSHWSA COOTBETCTBYET HYNEBOW YITIOBOH cKopocTH Mapca B CUCTEME OTCUETa, CBA3aH-
HOI ¢ 3eMieil. DTOT MOMEHT OTPEJESIETCS PABEHCTBOM NMPOEKLMA OpOMTATBHBIX CKOPO-
cTeil Ha KAPTHHHYIO TIOCKOCTE (pHC. 9): vy, - COSP = v -sin(y — 90°) = —ug-cosy.

Puc. 9. MoMeHT cTosiHusi Mapca OTHOCHTEIbHO 3eMiin

[Ipunumas BenuuuHy Gonbluoi nonyocu opoutel Mapca B 1,52 a.e., a Takxke

MCMONL3ys (POPMYIY TS KPYTOBBIX ckopocTeit (2.12), 3anuiuem: vg =+/1,52 vy U3
5 sinf  siny
TEOPEMBI CHHYCOB Ui TpeyroiabHuKa ConHile — Mape — 3ewm:—l: 152" T-
ctoga monydum: cosP=—4/1,52-cosy; 1,52-sinfB =siny; cosp=4/3,83sinp; tgf =
=0,511; p=27°,07. ¥Yron y 6onbute 90° (Touka CTOAHUSA HAXOOUTCS MEXIY KBaJipa-

‘ . | cosP g
TYPOI 1 TPOTHBOCTOSTHHEM), Mo3TOMy Y = 90° +arcsin ﬁ =136°,24. PazHocTtb

reInoLeHTpUYecKuX gonroT 3emau U Mapca AL = 180° — B — y=16,69. B mo-
MEHT npoTHBocTOAHKA yron Al=0°. Onpenenum, 3a Kakoe Bpemsl 3TOT YIof
uaMeHuTcs Ha 16°,69, yuuthiBas, 4To Ha 360° OH M3MEHSIETCS 33 CHHOAM4ECKHH
16°,69
360°
OTciona UCKOMOe Bpemsi [ = 367, 73. PaccMoTpuM TpeyroneHHMK 3emist — Bene-
pa — Conuue (puc. 10). OBo3Ha4yMM yroj TpeyroibHUKa ¢ BepIIHHOH B UEHTpE
ConHua a, a yron ¢ epuintoii B uentpe 3emnu f. Mpu atom a = 30°. Yron B Hailnem

: f
nepuon (i Mapca cuHoanyecknit mepuon S = 779,94 = 2,135 roja): g

: 5
€ MOMOIIIBIO TEOPEM KOCHHYCOB M CUHYCOB: F = Jué +ag—2:ay ay cosa= 0,52a.8.;
Bir ATy
sinat  sinf

= B =44",
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Puc. 10, [Tonoxenue Beneps! u 3eMIu B MOMEHT IOKPBITHS 3831 Benepoii

laHreHUHAIbHAs ckOpocTs BeHeps! a1 HaGmiogaTens Ha 3eMiie — 5T0 pasHOCTh
MPOEKLMH BEKTOPOB cKopocTed BeHepsl v 3eMu Ha MIOCKOCTS, NEPreHaNKYASPHYIO

JuHnn  3emna — BeHepa (KapTHHHYIO TUIOCKOCTB): v =(Oy ), —(Ug), = vy X

Xsin(")()“ "{cx+ﬁ})—'u@-cos[3=-uv-cos{u+[3)—-v@-cos[3. OpGuTtanbHbIE  CKOPOCTH

G- Mg
B b = 35,0 km/c;

v

BeHepb! 1 3eminu HafifieM, CUNTast MX OPOUTHI KPYTOBBIMMU: vy, =

G-M,

(-]

Vi = 29,8 km/c. CnenoBatensHo, | = 11,8 km/c. [Ina Habmonaresi Ha 3emie

B 3TOT MOMEHT YITIOBast CKOPOCTb BeHepsl i = I74] =1,517-10" pan/c=0",0313¢"", a ee
r

. .
VIJIOBOH  IHAMETDP p=2‘arcsmT:32”,089. Torna  MPOROIKUTENBHOCTE

LEHTPaNbHOTO MOKPBITHA 3Be3nkl Bewepol {=p/w = 1025°,5= 17"5,5. 74. Ha
PACCTOSIHUM Fy = | MJTH KM aCTEPOM L MeJ cKopocTb vy = 12,1 km/c (p = 15 000 km).
BGnn3u 3emin OH NpoMIeT TOUKY NEPUTes HA PACCTOSHUM Fyy OT LEHTPA 3eMAH co
CKOPOCTBIO vy (puc.11). Bocronbsyemes Bropeiv 3akoHom Kenepa. 3a HeKoTOpbIii
MaJblii MPOMEXYTOK BpeMeHM Al acTepoui NMPOXOAUT OMPEAENeHHOE PACCTOSHME,
[Mpu a10M €ro pagnyc-BeKTOD OMUCHIBAET CEKTOP, OMUPAIOTHUICS HA OTPE30K KOHM-
4ECKOTo cedeHus. Takoil CexTop B 11epBoM MPUOMHKEHHH MOXHO PacCMaTpHBATh
KakK TpeyroibHHK. ﬂﬂomzmn TPEYTrOJIbHUKOB OJIS1 pa3HLIX MOMEHTOB BpEMEHH 'SYJI}"I'
PaBHBIMH, [IOCKONLKY PABHbI IPOMEXKYTKH BPEMEHH Af. 3anuiem 3T0 yCIoBHe s

1 1
[EPBOHAYAIBHOIO MONOXEHUA W TOYKH TMepures: ;'D-'{fo-AI:E'I‘I-j"U”‘Af =

=P Uy =l vy, 4 TaKXKe 3aKOH COXpaHeHMs NOJHOH MEeXaHHYECKOH 3JHEPrHM
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Pue. 11. TlpoxoxacHue acteponia BOIN3H 3eMin

vi GMg vl GMg
4-=“——_— Peuas CUCTEMY H3 [OBYX

eIMHMLIBl MACCHI acTepoMia: —-—

2 i 2 n
MocieHUX ypaBHeHuid, nonydum rp =~ 12 330 kM. CnenopaTensHO, acTeponi He
cronkHetcs ¢ 3emneid. 75. Iycrs M — ucxonHas Macca 38e3/bl, a M. — ee Hosas (no-
cne copaceiBanus ofonoukun) macca. Yrobel ruiaHeTa ¢ Kpyroboit opburoii pamuyca r
HE TMepeuuia Ha napabouyecKylo Wik ranepbonuyeckyo, HeobXoouMO BbIMONHE-

*

(("-M JZ-G-M
HUE YCIOBHSI ! < —, oTkyna M.=M/2. CnenosateibHO, 4YTOObI
r r

COXPaHWTh 3aMKHYThIC TPAaCKTODHM ABMKEHMH TUIAHET, 3Be3la NOoJKHA COpPOCHUTh
MEHEe MOJIOBUHbI HCXOAHOM MACCHL.

2.2, Ipmxkenne Jemin u JIyHni

1. 22 wionst ConHue Ha CeBEpPHOM MOJNKOCE KPYIJIbIE CYTKH HAXOAWTCH Ha BbICO=-
Te ~23°,5 Hal ropu3oHTOM. IToCcKoNbKY B MonHoayHUe JTyHa pacrnonoxeHa NoYTH B
npotusononoxHoi ConHuy Touke HebecHoii cdepsl, oHa Bee BpeMs GyaeT npumMep-
HO Ha TAKOW Xe BBICOTE nold ropuzonHToM. Takum obpa3som, JIyHa He Oyder BUIHA.
O6GocuyeM orseT 6ojee TouHo. Haxknou mnockoctw opbuthi JIyHBl K MIOCKOCTH
OKJIMNTHKH cocTaBisieT ~5°, moaromy JlyHa 22 MioHsi OyaeT KaKk MHHUMYM B
23°,5 — 5°=18°,5 nox ropu3oHTOM, QOUEBHIHO, YTO EC/IM MOJTHONYHHE NPOU30AIET
naxe |1 nioxs, JIyHa Bce paBHO BUaHa He OyzaeT. 2. BugnMble uBeT 1 apkocTb JIyHbl —
970 2(hheKT MPOXOKIAEHNUA TyYeid OT Hee Yepes 3eMHYI0 aTMocdepy: ¥ TOpM30HTA aT-
mMochepHoe ocnabnenune BeAMKO (0cODEHHO NSl U3NYYEHUs B CUHEH 001acTH criek-
Tpa), n JIyHa KaxeTcs TYCKJIOM K KeaToBaToM, Tak YTo 30€Ch 10CTATOYHO OOBACHHUTD,
royemMy 3UMOH B NoAHOAYHUe JIyHAa KyAbMUHWPYET BBICOKO, a JIETOM — HU3KO HAal, ro-
pu30HTOM. B nonHonyHue JIyHa HAXOIUTCA B HATTPARBAEHUHM, TIOYTH TPOTHROMONOXKHOM
HanpasneHuto Ha ConHile (HaKJI0OHOM €€ OpOMTHI K TIOCKOCTH 3KJIMNTHKKM ~5° NpeHe-
Operaem). 3HauuT, noiHas JlyHa HaXOmMTCS B MOJHOYL 3MMOI MPUMEPHO Tam, Tae
ConHLg — JIETOM B MOJIEHb, T.¢. BbIllie Beero B roay. 3. [0CKoAbKY HAKIOH MJI0CKOCTH
op6uTHI JIVHBI K TITOCKOCTH BKAMOTHKK | = 5°, ckinoHeHue JIyHe! B TeueHMe nepuoaa
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npeueccnn JiuHuK y310B (18,6 rona) usmensieTcs Bnpeaenax —(e + i) < 8 < +(e + i), rae
~ 23°,5 — HAKJIOH 3KJIMIITHKK K 3KBATOPY, TAK 4To —28°.5 < & < +28 5 Hanee (cu
pemume sasaun 45, § 1.1) moxuo sammcats 90° — 8, — @< h< 9{}°+6,m
Hanpumep, ois onpeaeneHus BbICOTHI ﬂyﬂbl B BEPXHEH KYJNbMHHALIMU B MHHLKG
(@ ~ 54°) nonyyum Hepasenctsa 7°,5 < h < 64°,5. MuTepecHo, uto «ivuruiii cesep-
HbLE ROAAPHBIN Kpye» NPOXOIUT HA LWHPOTE 0Koo 61°,5. CepepHee HAaXOIWTCH 30Ha,
rae xota 6b1 pa3 B 18,6 roga JIyHa B NOAHONYHHE HE BOCXOOWT BoBce. 4. B senute
KYNbMUHUPYIOT cBeTuna ¢ 0 = . Tak kak ckioHeHue JIyHbl BCErIa HAXOMMTCS B
npenenax (CM. peweHue 3agaun 3) —28°,5 < 8 < +28°,5, a camas 10xHas Touka Bena-
PYCH HMEET WHPOTY 0KoJ10 51°, JlyHy 3aech Habnionath B 3eHUTE Henb3st. 5. B dase
nocnenHei yetseptd JlyHa suana Ha Hebe BGM3M anekca opOUTANILHOTO OBUKEHUS
3emnu. CnenoBaTeNbHO, 3BE3MbI, HAXOMSIIIMECH HA HeBGeCHOI cthepe Hemaneko ot
JlyHbl, B cpeHeM NpUGAMKAIOTCS K HAM CO CKOPOCTBK) OPOHTANBHOIO ABMKEHUS
3eman (~30 km/c). 6. ata 7 heBpanst «paBHOYAANEHA» OT AHEH 3HMHETO COJIHLECTOS -
HHUSA W BECEHHETO PABHOAEHCTBUS, TaK 4TO MpsiMoe BocxoxaeHnne ConHua c:@) = 21",
Hocmﬂbxvﬂyua B (hade nocnenHeit YeTBEPTH, ee NPSIMOE BOCXOXIEHIE HA 6" MeHE-
wie, T.e. pasto 15", 7. D10 nauano 3aTMEHMs, eC/v HADMIONEHUE BEAETCS B CEBEPHOM
MONYLWIAPUK Ha WHPOTe ¢ > 23°,5, U KOHELl 3aTMEHHS B MPOTHBHOM ciyuae. [leil-
CTBUTEJBHO, 22 WIOHSI B CEBEPHOM MOJYLIAPHMM HA LWIMPOTAX @ > 23°.5 CoHue u
Jlyna nepemelnaloTcst Mo 3KNUNTHKE crpaBa Haueso. [1pu 3toM CojiHle 06X0mUT
BCIO 3KJIMNTHUKY 3a rof, a Jlyna — 3a mecsil, Moatomy Jllyna norousier ConHue, u B
Hayase 3aTMeHus ee mu,}\ «Hanonsaet™» Ha Conuue cnpapa. 8. Eciu 3a cuHogiue-
ckuif Mecsn, Te. 3a 297,53, JlyHa cMelaeTcst o SKITMNTHKE oTHocuTensHo Conmila
Ha 3607, To 1° (cymMMa YroBbIX IMaMeTpoB nuckos ColHLa 1 ITyHet) oHa npoiiger 3a
297, 53/ 360° = 07,082 = 2. Ipy TaKoii rPyGOIi OLIEHKE HAKTOHOM NYHHOM OPBUTHI
K [JIOCKOCTH 3KJIUNTHKH (~5°) MOXKHO TipeHebpeub, CylIecTBEHHAS HETOUHOCTh B
3TOM OLEHKE BCE XK€ €CTh: HE VUM ThIBAeTCA BpalleHHe 3emun. [Tonpobyem NOJNYYUTh
TAKYI0 K€ OLEHKY C YY€TOM 3T0ro BpaieHus. CKopocTh ABMKEHUS TYHHOM TEHH 10
MOBEPXHOCTH 3EMM ONPENENsSeTCs ABYMS COCTAR/SIOLMMUI! CKOPOCTBIO MBHAKEHHS
JlyHEr 110 0p6uTe W CKOPOCTBIO BPALLEHHS TOYEK MOBEPXHOCTH 3eMIM HAa JaHHOMN
IHUPOTe BOKPYT ocH 3emin. CKopOCTh ABHXKEHMS NYHHON TEHU MOABKO 30 cHem ob-
Pt gy L
pawenus JIynot TONY4UM M0 COOTHOIIEHHIO ?= g rae ve = 2 (rt+ Rg) /T =
T
1,023 kM/c = 3683 km/u — ckopocts apuxenns JIyibl no opbute (7 — cuIepuye-
CKMI NMepHOJL 9TOTO ABHXKEHNSI), ve, — CKOPOCTh ABMKEHMs TeHu JIyHEI Mo 3emie,
OnpeAENsieMas TaHHbIM PaKTOPOM, @ — ACTPOHOMMYECKAs! €AMHMLA, I — CPeIHEe pac-
crosHne ot Jlynsl 0o nosepxHoctu 3emnn. Orciona ve, = 1,026 kM/c = 3693,6 kM/u.
Boiuricnum LKOpOCTb ABHOXXEHNS TOYEK Ha [IOBEPXHOCTH 3eMIH 3a cuem ee apaenus

Ha wmpoTe @ = 54° v, = 21" Ry-cos@ /24" = 981,5 KM/4, rie Ry = 6378 KM — 9K~
BATOPUAaNbHbII ]]?Ulliyc 3emian. OTCI0aa MONYYHM, YTO TeHb JIVHEI ABHKETCS 110
3emJe CO CKOPOCTBIO v, =g, — vy = 2712 xM/u.- OnpeneiuM, Kakoe pacCTOSHUE

NPOHAET TeHb ¢ TAKOI CKOPocThIO. TTOSCHUTE 5TO NOMOXET puc. 12. QueBuaHoO,
4TO 3TO paccTosHUE Onpenensiercs 30H0A noayrenn DB Ha 3eMie npu 3aTMEHUH.
[Ipenebperass kpuBu3HOit 3emnu, paccrosHue AB Haxomum no dopmyne

246

. e
2L ARE 2l , rig Ry = 1738 xm — panuyce Jynsl. ITo- ~
a AB’
nyuuM AB=2-a-R¢/(a — r). Tenepe onpeaenum nua-

METP MoJAHOM TeHM oT JIyH bl Ha 3emie AC 10 ypaBHEHHKI0

AC
Ko = Re =——, 1me Ry=696000kM — pamuyc
ghxusrtin, 2%

Conupa. Tlonmyunm x=(Rga — Rg'r)/(Rg — Rp), .

AC=2:(R¢-a — Rgy'r)/(a — r) n anameTp nosyTeHH

2a- Rq% r-Rg) A
—F

DB=2AB—AC= =T7011 km. B wurore

HaWBONbLIYIO l'I[JOﬂOJDKHTeJTbHOCTb COJIHEYHOro 3a-
TMEHUSI OTpeienuM Kak (= DB /v, = 235" 9, Mak-
cuMasibHOe cKIoHeHue JIyHbl & = +23°26" + 5°09 =
= +28°35’, cnepmoBarenbHO, MAaKCHMAanbHas BHICOTA
h=90° — @+ 06=064°41". DTO0 NpPOMCXOOMT, KOrna
BOCXOJSALIMIA Y3e] JYHHOW OpOUTHI COBMALAET € TOY-
KOH BeceHHero pasHogeHcTeus Y, a cama Touka Y’
3aX0MT (B STOT MOMEHT 3IKIMNTUKA DACTIONATAETCA  pue. /2. Cxema MOSBICHHS
BblLIE BCEro Hal ropu3oHTOM). [Tockonbky JlyHa Haxo-  reuu w nonyremum npu con-
IUTCS B BepXHEi KynbMHMHALIMM, TO €e TPSAMOE BOCXOXK-~ HEYHOM 3aTMEHHU:
fenne a = 6", Peub uieT 0 NONHONYHHH, CIEIOBATENbHO, S — Connue, L — Jlyna, E —
ConHlle pacnosiokeHO B HMKHEH KylbMUHALMM, ero 3emns
npaMoe BocxoxeHue o = 18", Dro 22 nexabpsi. Koop-
muHatsl JTynsr & = +28°35, a = 6", oHa HaxomuTes (onpepensieM No KapTe) B CO3BE3-
auu Bosuunyero, 10. Kak cieyer u3 3aKoHa coxpaHeHmsi aHeprun (m-v” /2 =m- ‘UJ i
— G'M¢ m/Rg), Kakyto 6bl CKOPOCTb HM MMENO Teo Ha rpaHule chepbl AeicTBUs
JIyHBI, IPK KACAHMM JIYHHO MOBEPXHOCTH OHA HE MOXET OLITH MEHBILIE BTOPOI KoC-
MHYECKOH CKOpocTH oOTHOcHTensHO JlyHbl. [Monyuum (npu Mg = 7,34 10% kr,
2:G- Mg
By
HocuTebHO ConHua, T.e. e opbuTa B CONHEUHOI CHCTeMe, moyex nepecuia He umeem
u geade obpauena goinyraocmoto om ConHya. DTO 10BOJBHO MAJIOM3BECTHBINH K HEOXKH -~
nanubii hakt. Kpususna tpaektopuu JlyHsr B ConmHeuHo CHCTEME UAMEHSIETCH € CH-
HOJMYECKUM MEPHOAOM, ABNAACH HAMGOMbIIEH B MONHOAYHHE W HAUMEHBLIEH B HO-
BOJIiyHHEe., YTOOBI BBIMYKIOCTh HaXxe€ B HOBOJyHMEe Obina obpaiweda ot ConHua,
paBHoAelcTBYomas cun nputsskenus JiyHsl Kk ConHuy v 3emie 10MKHA ObiTh Ha-
npasiera kK Connuy. Mnaye ropops, cuna nputskenus Jlynbl Kk ConHuy Fg LonxHa
OeiTh Gonbille, yeM cuia ee NpUTsXEeHMs K 3emne [ ITposepum, Tak aum 3T0:

. 2 13

Mk g Mg g ﬂa&=%[&J 2 g e
Ré ’ j(( e Mg \ Rg 6-10% (390)

Hyna npumazueaemcsa k Connuy 6 2 ¢ AumHUM pasa cuibhee, vem K 3emae. YTobbl Ha TyHHOI

opbute B ConHevHoit cucTeMe GbUIH TOYKH Neperuda, B HOBOIYHUE IOJKHO BbINONHSTh-

o 5

Re = 1738 kM)ivy = = 2,374 km/c. 11. B peiicTBUTENLHOCTH NYTL JIYHBI OT-

Fy=G
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e

F
cA yenoBHe f, < I, a paccrostue 10 JIyHbl JOMKHO OBITE Ry <—== = 260 TbiC. KM.
o i V2,19

12. TMepron konebaHsa MasITHUKA MOXKHO BrIpasuTs dhopmynoii 7' = 2m- 4/l / g, yekope-
HKe cBOOOIHOTO MALeHHs! Ha IUlaHeTe ¢ Maccoil M u panuycoM R MOXKHO paccuuTaTs rno
M 8o Ro
YPABHEHUIO g=(;~F. 1) Vekopenne ceoGonHoro nanenus Ha JlyHe g :gj\’?:
= 1,624 M/c?, INIHHA JIYHHOIO CeKyHAHOro MasTHuKa [’ =4.11 cu. 2) Ha JlyHe 3eMHOI

CeKYHIHBIH MasTHUK uMen Obl nepron T =T(gq / g¢ =2,458 ¢. 13. [Ins onpenene-

AT 17 60 \60)|d
MTak, npoMexXyToK BpeMeHH Mei1y IBYMS MOC/IeA0BATEIbHBIMH Ky/1bMUHALUAMY
JlyHbt cocrasun 661 AT = (60/59)7-23"56"4°,091 = 24"20724°,5. 14. Tlo hopmyne
Yol | , Bl , ALY, L7
E—Wkrsd‘zs nonyuum 8= 71°79. 15. Tlo ypaBHeHHIO 5 T27'777d‘§_+-365‘f,25
noayaunm S= 2542, 16. HabniogaeMblii B Mepuree HAMGOIBIIMI BUIMMBI pamguyc
JlyHer R = 16'46”, a MakcHMaNbHEIH rOPU30OHTANBH I napannake p = 61’18, moato-
MY MaKCHUManbHasl 3KIHTITHYECKas! WHpoTa BepxHero kpas JIyHel (ompenesisemast
OTHOCHTENIBHO LigHTpa 3eMad) [ =5°20"++ 16°46" + 61’18 = 6°38'4” > 6°3%".
Besencreue ABHAKEHUS TYHHBIX Y310B 101T0Ta JIYHBI B 3TOM NON0OXEHUY HAa OpOHTE
MOxeT ObiTh M1060ii. CnepopaTeNbHO, B YKA3aHHOM KOpMope WupoT JIyHa nokpoeT
nobyio ssesay. 17. Yenosue Hesaxonswero ceetuna: § 2 (90° — @), Takkakd =& + {
(i = 5°8" — cpe/iHee HAKJIOHEHME JTYHHON OPOUTED), TO @, = (90° — (e + 1)) = 61°25".
18. Hanbonblumii suaumblii guamerp Jlyuet de = 33'32", a HauMeHbIINiT BUANMBII
nunamerp Conuia dg = 31°32”, 10310My NpH M3MEHEHUH NOAYOCH OpOKTH JIyHBI No-
ayaumde; = de — 0,03d = 32'31",6 > dg (3armenns 6yayr),dg; = de — 0,05de =
=31'51",4 > dy (3aT™enust ewe Byayr), dey = de — 0, lde = 30'10",8 < dg (nonHBIX
CONHEYHBIX 3aTMeHMH yxe He Oyaer). 19. KonuuecTBo 3Be3/, BUANMbBIX HEBOODY-
KEHHBIM T/1a30M (CO 3Be3[HOW BenuunHOi € 6") Ha HebBecHol cdepe, ~6000. Tio-
wans HeGecHoit cdepst 4ot crepanuan, wmm 4. (57°,3)* = 41259 k. rpaz, Te. cpen-
Hsisl MAOTHOCTh 3Be3n 6000/41259 = 0,1454 3e3n/ke. rpan. JlyHa OuMameTpom
okono 32', mpoxoas 3acyrkunpumepno |3°, nokpoermiomans 32’ 13° = 6,93 ks. rpan.
3nayuT, ciofa nonaaer npumepHo 0,1454.6,93 = | 3peana B cyTku. 20. Driuntuka
pacrnonoXeHa Mo HaubOJLLIMM YIJIOM K TOPU30HTY, KOTIA TOUKA Y 3axonuT, no3-
ToMmy JlyHa B nepsoit yersept GyneT Hanbojee BBICOKO KyJIbMHUHMPOBATH BECHOI
(oKOJIO IHA BECEHHEro pasHoneHCTRUs) mpy 3axone CosnHua. 21. JlynHoe 3aTMeHme
MPOUCXOAHT B ONHONYHHE, CIEA0BATENbHO, JIyHa OyseT HAXOLUTHCS NPUMEPHO B
TOYKE IKNUNTUKH, NPOTHBONONOXKHOK TOM, rae HaxonuTtces Conuue. ConHue 21 saH-
Baps Haxourcs B cossesnuu Kosepora B Touke ¢ KoopauHaTamu ag =~ 20"12" u
O0p = —20°. 3nauut, Jlyna Owbuia B cossesmuu Paka B Touke ¢ KOOpPAMHATAMM
ae = 812" u ¢ = 20°. 22. TIpomMexXyTOK BPEMEHHM MEXIy ABYyMs Bocxonamu JIyHbl

1 1 1 5931
HHA CMHOAMYECKOTO MEpUoaa MCrojbdyeM (Gopmyny — ————( o
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]
(paccumThiBaeTcs Mo GopMmyne IS CHHOAMYECKOTO MepHOAa —l—:% E’ rae
\ ;
T, = 23"56"4° — nepuon oanoro o6opora 3emin BOKPYT ocH, Ty = 274 32 — nepwon
obpawenust JlyHst Bokpyr 3eman) S = 24750"28° 4. CrienopatebHoO, B CIEAYIOIIMI]
pas Jlyna s3oitner 22 centatps B 0742728°,4. OHa BOCXOAUT NIPUMEPHO B MOTHOYb,
MOSTOMY HAXOOUTCHA B MocienHei yersepry. 23. MakcumalnbHas SpKOCTh KOJIbLEO-
6GpasHoOro 3aTMeHus OyjeT, korma dg = 29207, a d, = 32'36”. CnenosarenbHo, Koaddu-
LIMEHT OCNableHuss MOXHO BBIPA3WTh Yepes OTHOLIEeHHe Mnomaneid aucka ConHua u

So __do
Sring dé _dfiz
ouTe YTPEH Heil CTOPOHOM BIIEPEN. ﬂpu 9TOM ClleAYET COeJlaTh MCKIIIOYEHHUE ! ﬂys[a
HE JOJI)KHA HAXOAHUThCH B d)'{ll}e fnocneaHe 4eTREPTH, TIOCKOJALKY B 3TOM Cly4yae
YacThb METEOPHOIO BeLIECTBA OHA «MMPHMET Ha cebs». Ha [MPOTHBONMOJOXHYIO, Be-
YEPHKOK, CTOPOHY 3eMJIH NMONALAIT TOJNBKO T€ METEOPHBIE Tedd, KOTOPbIE «10-

TOHSIOT» ee 1Mo opouTe.

S .
KONbLA: 1= = = 5,25, 24. YTpoM, MOCKONbLKY 3eMJsl ABUXKETCS 110 Op-

2.3. JIBuxenne HCKYCCTBEHHBIX TeJl

1. B cooTBETCTBHH ¢ TPETEHM 3akoHoM Kernepa (7'/ 'IQD)1 = (a/a@)g. roe a = (ag +
# 1,52+0¢)/2=1,26"t, “Totna = 7'/2i\fl,263 /2 = 0,71 roga. 2. Paccuuraem

[G- M,
KPYrosyrwy CKOpPOCTb [ABHWXEHHWA COYTHUKA 00 €€ YBCIIMYEHHUA: v, = Tz

=7546,296 m/c. Touka, B KOTOPOIi [POMU30LLIO YBETHYEHUE CKOPOCTH CIIYTHHUKA, Q4e-
BUHO, TOCJIE STOTO CTAHET repureeM OpOMUTEL, B KOTOPOM CKOPOCTh ONpPEENsieTcs mo

W iflike L 1G:Mg
BeIpakeHHio (2.10): v, =v, +Av =1, Tgid Toe v, = > Bl HOBasl KPyroBast CKO-

POCTE, @ U € — MONYOCh M 3KCLEHTPUCHTET HOBOI SIUTMNTHYSCKOH opbuTel. B atom cny-

i l+e
Hae g=r,a=y__u Q=r:

ik OnpeneiM e, UCMONb3ysl MHTErpal 3Heprun (2.14a):
@

2 N2
5 Al Av Av
vi=(v, + Av) =G-Mg| =——| Momyunm 1+e=|1+—|; l—e=2—|1+—]|.
iy Lo v v,
[Moacraskoii B BoipaxeHue wig Q Haitmem Q = 7794,6 kM, MAKCUMAJIBHOE YIaNeHHe
cnytHuka or noeepxHoctd 3emnu H=0 — Rg,= 1423,6 kM. 3. B MOMeHT OTpLIBA
OT TIOBEPXHOCTH ACTEPOMIOA HYXHO Pa3BUTh BTOPYI0O KOCMMYECKYH CKOPOCTB

[

3 8n-G-p’ iy
MPBEIKKA HeOOX0AMMO 3aTPATHTh TAKYIO K€ IHEPriio, Kak U Ha 3eme, To v = \/ﬂ-h,
re g — 3eMHOE YCKOPEHHE CHITbI TSKECTH, /I — BBICOTA, HA KOTOPYIO LEHTP TAXECTH
MOAHUMAaETCa B Mpbikke. B kauecTse pasymMHOR olleHKM Bo3sMeM A= | M (Torma
MPLITYH HA 3eMe NPeoioJieeT NIAHKY Ha BuicoTe ~170—180 cm). B pesynsrarte nony-
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3-g-h
YUM R—‘fr—ﬂ G P =3420 M. Ecnu meped npeKKOM KOCMOHABT pasGexuTcs, OH
G

NpLIrHeT U ¢ actepouaa Gosbluero pasmepa. 4. Paccrosuua B mepuree u amoree
g=a-(1—e),0=a-(1 + ) natoT GonbIIyIO Monyock OpOUTHI CIYTHHKAG = (g + Q) /2 =
—q

=26 500 KM U €€ 3KCLEHTPHCHTET € = Q

3z =(,74. Iepuoxn o6panieHN|s M0 TPeThE-

My szakony Kemnepa 7'= @t =42917,6 = 11"55"17°,6 = 12" 1e. «Mon-

ry Al
G-M,

HUS» — MONYCYTOUHBIN CMYTHHUK. 5. ¥V CryTHHKA, ABHKYIIEr0Cs 110 KPYroBoii opou-

T¢, LUEHTPOCTPEMUTENIbHAS CHIa PABHA CHIIE TPABHTALIMOHHOTO TMPUTAXEHUS, YTO
2 G-M 5

naeTv: = e OBo3Haumm uepes Ly n Ep KWHETHYECKYIO ¥ NOTEHUMATBLHYIO SHEp-

FUIO B pacHeTe Ha elMHMILY Macchl cmyTHUKA. Torna nocieaHee paBeHCTBO MOXHO

zanucats Tak: 2+ £+ Ep,=0. Iycts £ — nonHas sHeprus cnytHuka (E= Ey+ Ep).

Btu cooTHoweHua nar E= —E,, E=E,/2, E,= —F,/2, otkyza {%’ 2—()?"’
it ot

oL
PaBeHcTBO O03HAvaeT, YTO TEMIT PACXONOBAHHWSA IHEPTUH HA TPDEHUE O BO3NYX ”d_ (ot-
1

PULATEIbHAA BETHYHHA — SHEPrUs pa(.'xr)r)yemc‘ﬂ) PaBCH TEMNY HpUpocma KUHETHYE-

g ‘K
CKOHM 3HEPruM crnyTHuka 7 (TIOJ]O)KH'I'ﬁJleHS! DEHM‘[HHR). OllBBHLlHU, 4YTO 3Ta

SHEPIUs MOXKET OBITL B3ATA TOJILKO U3 MOTEHUHATBHOM SHEPIUU CNYTHUKA — APYTO-
1802 el it dE' 1'9E, 9By 1 JF,
r0 UCTOYHUKA HET, JefCTBUTENbHO, — = - —— P ——=——.
Ol 2Ly ot 2 o

THYECKAs IHEPrIs CIYTHUKA BO3PACTACT 34 CUET HOA0GUHb! BBIAESIOLIEACS rPABHTA-
LHOHHOW 3HEPTrUH, BTOpas Xe NONOBMHA MEpeXomMT B Tero. Takum obpazom,
MONY4aeTcsl, YTO NPH TPEHUM CIIYTHHKA O BO3/LYX M €10 CHHXKEHUH CKOPOCTH CIYTHM -
Ka I0JKHA BO3PACTaThb (3TO MHOT/IA HA3BIBAKOT upuatbhbim napadoxcom). To ke cle-
AyeT u3 opMyel (2.23) 1S KPYroBOi CKOPOCTH criyTHUKA. OCTANOCh BBIACHKTS,
Kakasi cuna coBepiuaeT paboTy 1o yBenuueHuio ckopocTi. QueBuaHo, 4To 370 pado-
Ta CHJIbI TATOTEHMUS, BEMlb JAXKE NIPH OYEHB MEJIEHHOM CHUKEHHM CIYTHUKA OH JABU-
KETCA Mo Crnupaiu, U, CheaoBaTE T bH O, BCEra €CTh COCTABNAIOLLIASA Irpa BUTALLMOHHOM
CHWIIBI, HATIPABJIEHHAS BAOL CKOPOCTH CIYTHHKA, KOTOPas BOMbIIE CHITBI COMTPOTHUR-

, TAK 4TO KHHE~

fG- M
NeHus Bo3nyxa. 6. Cwm. pemenue 3anayuu 5. JluneiiHas CKOPOCTb v = [——; yriopas
¥

v G-M
CKOpPOCTh () = ; = =g OueBuIHO, 4T 06e ckopocTH BospactaioT. 7. [Ipunussl U

OTJIUBBI MOTYT HABMIONATHCA HE TONBKO Ha 3emie (BbI3blBaeMble NpUTSKeHHEM JIyHbI
n ConHua). Ecnuy cuna TakecTH 3HAUUTEIbHO U3MEHSIETCH Ha pacctostHuu ~1 M, oIy~
TUMBIE MPHIKBbI OYAyT BO3HHKATb W B Teie venoseka. JleficTBUTeNnbHO, MPUIHBHOE
ycKopeHue (BEIYHCIISIEMOE KAK Pa3sHOCTh FPABUTALMOHHBIX YCKOPEHHIT IBYX PasHBIX
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1 1

TOYEK OHOTO M TOTO Xe Tend) a=0, —w, =G- M—[W——, =G - M5 'roe
Ao e 3

M — Macca 3Be3npl, [ — XapakTepHbIi pa3Mep Tela KOCMOHABTA, * — PACCTOSIHHE OT
KOCMMYECKOro annapara A0 UeHTpa 3se3abl. Ilpu neperpyske 2g Haxomum

(}-M-."]%

[

2-1 .
G-M—7=28.r= . Cunras XxapakTepHbIM pa3sMepoM Tefa 4YeloBeKa
r

{ = 1M, nonyuum r = 3000 km. 8. YTob6sI 3aTpaThi BHEPTHH ObIJTA MUHUMAJIBHBIMH,
3aMmycK DOJKeH ObITh OCYLIECTBIEH CTPOIO B HAMPABIEHUU ABHMKEHUSI 3emiin (CM.
BEIBOJI TPEThE M KOCMHYECKOi cKopocTH). 3BesnoneT HeobXoauMo 3anycTuTs 21 Map-
Ta B6" yTpa Mo MecTHOMY BpeMeHH B MIOCKOCTH HeGECHOro MepUANAHA MOJ YTIOM
hA=90° — @ — £=90° — 55" — 23°26’=11"34" k ropuzounTy. 9. Onpenenum ma-
paMeTpbl OpOMTEl CIYTHUKA: ry = Ry + hy = 6371 + 330 =6701 km; r, =Ry TR, =
=6371 +180=06551 km; a=(rp+r,)/2=060626 kM. M3 uHHTErpaNa NBHKEHHS
-(12=G-M®-(%—%] MOJYYUM CKOPOCTH CNYTHUKA (M KOCMHYECKOro Kopadis) B
anoree W nepuree; vy = 7684 m/c; W= 7860 M/c. PazHocTe MEXIy BTOPOI KOCMHYE-
CKOH M TONyueHHBIMH CKOpOCTAMM coctaBUT Av,= 10918 — 7684 = 3234 m/c;

A'uq =11040 — 7860 = 3180 m/c. Takum 0Opa3oM, JyuLLIei TOUKOMH /LISl CTAPTA KOCMMUE-
ckoro kopa0Jisi siBnsiercs nepureii opoutel. 10, Paguyc opbutel onpenessiercsi no hopmy-
v T mv’ m-M
Je r=¥= 10 313 240,3 M, Macca MUIaHETbl — [10 YPABHEHWIO =G- 2 =
2 %

=M= r(j = ;n.-ii = 1,25-10¥ kr. TnoTHoOCTs BellecTBa pP= #‘W =
= 2.8.10° kr/m’. 11. Pelenne 3a1a4u NPOHITIO-

CTPUPOBAHO HA puc. 13. Ecnu 6pocUTh KOHTEHHEP L5 B

MPOTUB ABHKEHHUS CITYTHUKOB, CKOPOCTb €r0 IBU-
KEHUSI B TOUKE | OTHOCHTENIBHO 3eMJIH COCTABHT
(v—u) <v. KoHTeliHep 6yner ABMIraThCsl Mo 3Ji-
aunTuyeckoi opbure (Tpackropus 1), B Touke /
I naxonures anoreil 3Toil OpOUTHI, NEPUOL Ta-
KOTI'O N1BHUXKECHHSA K()HTCHHCDH MEHBILIE, YEM [1€-
PUOM ABUXKEHUS MO KPYTOBOIX OpOUTE ABUXEHMS
cnyTHUKOB (Tpaektopus ). CnemopaTenbHo,
KOHTeitHep ¥ cnyTHUK B BeTpeTaTcs B Touke [
TOJILKO TIOC/I€ HECKOILKUX 0B0POTOB CITYTHHUKA.

Ecnu 6pocuTh KOHTEHHED NO IBUXEHHIO CITYT- “\\ 11 ,,"l
HUKOB, CKOPOCTh €ro ABHMXKEHUsl B ToukKe / OT- e ,_—"5
HOCHTENBHO 3eMIH COCTABUT (v + u) > v. KoH- 2 v,

TeliHep OyAeT ABUraThCsl MO AIIHNTHYECKOM

opbute (tpaektopus [11), Ho B Touke [ Haxonur-  Puc. I3. [IBHKEHHE CNYTHUKOB IO

cst Mepureii aToi OpeUTHI, TIEPUOM TAKOTO JBH- KPYroBoii opbure 1 KQ};]-&HHL’[)H — 10
KeHUs KoHTeiinepa 6ynet Gonblle, YeEM M0 Kpy- AUIAITTHHECKOH OpouTe

(=]
wn



ropoii opbute. [lpu coorBetcTByOIlleM NoAGOPE OTHOCUTENLHON CKOPOCTH i
KOHTEHHEpa BO3MOXHA BCTpeua cnyTHUKa B ¥ KoHTeliHepa B TouKe ] nocjie 0qHoro
obopora KoHTeliHepa. TakuMm 06pasoM, KOHTEHHED HYXHO BPOCUTL RO O8UICEHUID
cnymuukos. ITyctb CKOPOCTb KOHTEHHEPA OTHOCUTENBHO 3eMIIH B Touke I (nepureii
opbuTHI) paBHa v, , a B Touke 2 (anoreil opbuTel) — v, . Torma u=v» — o, (1). CBa3b
ckopocTe# v, U v, MOXKET OBITh MONyYeHa M3 3aKOHA COXPAHEHHUS MOMEHTA MMITYJIbCA!
v r=oyr(2),taer, =h+ Ry, r,=2-a — ry (a — 6onbluag nonyock opoUTH KOH-
TeiiHepa). Toraa u3 (2) nonyuum v, =wvi(h + Rg) /(2-a — h — Rg) (3). Bonbuiyio
2
IMOJIYOCh @ PACCYHUTAEM W3 TPEThero 3akoHa Kennepa: a=(h+ R@)(T;( Vil )/; (4), rne
T, = 2n-(h+ Rg) /v (5) — nepuon apuxeHus cnyTHUKoB, 1, = T +t=T, +l/v=
=(2m-(h + Rg) + 1) /v (6) — nepuon nBuKeHUA KoHTelHepa. [Moacrasus (5) u (6) B

"4
Qn-(h+ Ry)+ D2 (h+ Rs) %

(4), nonyuum a = (7). CkopocThb v, ONpenenimM U3 3a-

4o’
j vi G- My vl G- M,
KOHA COXPAaHEeHMsI 3Hepruu ans touek / u 2: rE lr_+Rm ——*ifm (8).
2-a=h=Rg

[Moncrasus (3) B (8), monyuum v, =J(:’- Mg (9). Urak, uckomasl cko-

a-(h+ RP\)
POCThL KOHTEiHEPa OMpefendaercs: papeHeTBoM (1), ro¢ ckopocTb v, HAXOMUTCH MO
Gopmyne (9), a GoabLiasi noayock a — no dopmyne (7). 12. PasMep / HaUMeHbIIUX
neraneii Ha 3emie, KOTOpble MOXHO choTorpadUpoBaTh H3 KOCMOCA, ONpPENenseTcst
YIVIOBBIM PAa3MEpoM AMCKa ApoxaHus 3pe3nbl. [IpyMeM ero 3HaueHue pasHbiM 17,
Torma npu paccrosHun 200KM OT MOBEepXHOCTH 3eMIM  TMOAy4YuM [=
=200 kM /206 265 = 97 cm. 13. TpeThsi KocMUYECKas CKOPOCTh PACCYUTHIBAETCS 110

topmyne (2.28): vy = \/‘(»22 +'uﬂldd , [lle v, — Bropasi KocMu4Yeckas ckopocTh Ha Mapce,
V44 — AOMOJHHTENIBHAS CKOPOCTh, KOTOPYHO HE00X0AMMO cooBnTh KA oTHOCHTE B~
HO Mapca, yToOwl OH apuranca orHocutenskHo CosiHua rno napabone. Benencrsue
MnTUYHoCcTH opbuThl Mapca 3Ha4eHUs1 CKOPOCTH B Mepurenuu u adenun bynyr
PABNUYATBCH: Vogqr =V, 1 — ¥ H Vagda = VoA — Yas THE ¥y; U v, — CKOpPOCTH Mapca B
nepurenuu v adennu, Vponl M ¥, 4 — MAPabONMUMECKHE CKOPOCTH OTHOCHTENLHO
ConHua Ha pacctosiHuK nepurenus v adenus, Ckopoctd Mapca B nepuresiny 1 ade-
n-ay (ltey
JIMM PACCYMTBLIBAIOTCA CNEAYIOMIMM 00pa3oM: vy = —E“— q = 26,504 xm/c u

_2may [I—ey

gl R i =121,976 km/c. Iapabonnyeckure CKOPOCTH OTHOCUTENBHO CONMH-
) Ty [+ey
270 ay 2 27 ay 2
a S e =35,845km/fc u v =—- |[—— = 32,640 km/c.
e pen T 1= fe W vpon = T e ;

Takum 06pa3oM, TOMONHMTENbHBIE CKOPOCTH B NEPUrENUU H adenuu v =
=9,342 km/c M v, 444 = 10,664 KM/C, W CTAPT U3 NepHresns okasbiBaeTes Gonee Bbl-
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1 Mapcom B nporuBocrosinuuM L;=0,5a.e. = 75- 10° kM, B COemMHEHHH L=
=2,5a.e. = 375'10° kM. Bpemsi MPOXOKAEHUsA CUTHANA JI0 MAPCOXOJA M 0BPATHO:
=2L,/c=500c; t,=2L,/c=2500c. MakcumansHas CcKOpocTh v, =//1,=
120 cM/MHUH, MUHMMATBHAs CKOPOCTh v, = /1, = 24 cm/muH. 15. Ecnu 661 y 3em-
JIM He ObL10 aTMocdepbl, TO BCIAEACTBUE CYTOYHOTO Mapaniakea CryTHUK Obln 66l BU-
JAEH ¢ MEHDBLIEH YaCTH MOBEPXHOCTH MJIaHEThl NpH JI0OoM paauyce opbuTthl (puc. 14).

-

A

Reg

CryTHHK 4
3emnn

Puc. 14. HabaioneHUe CIyTHUKA ¢ MOBCPXHOCTH 3emiu

M3 Toukn A, HanpaslieHHe HA KOTOPYIO M3 LEHTPAa 3eMNM MeprneHauKyNapHO Ha-
NPABJIEHUIO HA CITYTHHK, OH BHIEH He Oyuer (Oe3 yueta Bausinus arMoctepsl), TOCKOMb-
KY TOYKA HAXOAMTCS HMXKE FOPU30HTA Ha yron a = arctg(Ry,/r), rae r — pamuyc opouThl
CNyTHUKA. OIHAKO Onaroaapst HAMMUKIO aTMochepsl pethpakiins «TPUNOIHHMAETS CBe-
THIA Y ropu3oHTa Ha 35", Eciu yron ped)pakuMi COBNAAET C CYTOUHBIM NapaiakcoM,
ycnosue 3anaun Gyner seimonteHo. Torna r= Ry ctg(35) = 626 400 km. [o Tperbemy
sakony Kennepa (ypasuenue (2.9), cpasHum ¢ npuxkerunem JIyHbr) moayaum nepuor o6-
pawenus cnytHuka T = 57 cyr. 16. Tlepron obpaienus CnyTHUKA ONpPenensieTcs u3
[4n® (R + k)
G-Mg
ClelyeT Y4ecTb, YTO HADMIOAATENlh caM BpaLLAeTCsl BMecTe ¢ 3eMiei ¢ nepuogoM
T, =23"56"4° =86 164°. CnemopaTenbHo, HAGMONATENS M CIYTHHK MOXHO
paccMaTpuBaTh Kak [BA TEJAa, KOTOPLIE BPALUAIOTCA OTHOCHTENLHO OJHONW M TOM Xe
ocu. CuHoandeckuii nepuoa oGpauieHys CIyTHHKA OTHOCUTENbHO HabioaaTens Ha

3emsie onpeneasieTcss M3 YpaBHEHWS CHHOAMYECKOrO JIBHXKEHUS %=IL—%
@
S=15932° = 1"38"52°, 1e. kaxable 5932 ¢ CNyTHUK GYAET MPOXOAMTH Yyepe3 3eHUT
Habmonarens Ha akpaTope 3emau. Jlnsg onpeneneHus BpeMeHH, B TEUeHHe KOTOPOro
CIYTHMK OyAET HaXOOUThCs HAA rOpM30OHTOM HabGnioAaTeNs, paccMOTPUM puc. 15.
[Tycts nabniogatens HaxoauTcst B Touke C, MIOCKOCTh €ro ropu3oHTa 0603HaYeHA
otpe3kom AB. Habnwaatens MOXeT BHAETh CYTHUK, KOTHA MOCHELHHUI ABUXETCS
Hall MOBEPXHOCTBIO 3eMiu no Jyre AB (pedpakiuio B aTMocthepe He YUUTLIBATE).

Tpethero 3akoHa Kennepa (yvpaeHenue (2.8)): T'= =35550°. Opnako
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Puc. 15. HabGmonenune criyrHuka Ha 3KBarope 3emiin

A
BenvunHa 310t gyrm Beruncnsetcs no popmyne UAB =2- ZAO0C =12. ‘cll'CC()S'I_{({DTh =
P

o

39°,56
360°
17. MuHumanbHas BeNMYMHA, HA KOTOPYIO HEODXONMMO YMEHBIIHTH CKOPOCTh,
OyIeT COOTBETCTBOBATL Nepexoty «Xabbna» Ha rOMaHOBCKYIO NOJIY3/AMITHYECKYIO
OpOHUTY, ¥ KOTOPOH anoreeM OyaeT TOUKA TOPMOXKEHMS Ha HBIHELIHeH opbuTe, a ne-
PUTeeM — TOYKA HA MOBEPXHOCTH 3eMJIH, PAcTIONOXEHHas MPOTHBOIOI0XKHO aro-
re10. Ecnv ckopocTh YMEHbBIIMTh HA MEHbILYIO BEJIMYMHY, TO TEJAECKOIT HE CTOJNKHET-
Csi C [OBEPXHOCTBIO 3eMu U ByneT npoaoskath obpamarhes no sauuncy (6e3 yuera

G-Mg
R,+h

bounbiuas ronyock roMaHoBcKoii opouThl @ = Rg+h/2 = 6663 KM; CKOpoOCTb B

AT —J = 7415 M/c. CkopocTb HEOBXOAUMO YMEHBILHTE
Re+h a

Ha 164 m/c. 18. Pelnenue 3a0a4n NpoMIIIOCTPUPOBaHo Ha puc, 16. [lycTs B Touke S
HAXOAUTCA TEOCTALMOHAPHLIH CIYTHUK, KOTOPHIT npn HabGmwomeHuu n3 Mumcka
(Touxa M) HaxomWTCs TOMHO Ha ropusonTe (yron OMS pasen 90°). .S’ — To4ka Ha Mo-
BEPXHOCTH 3eMIIM, OTKY/Ja CryTHUK Habawogaercsi B 3eHute. B Tpeyronsuuke OMS
u3BecTHLI KateT OM (Kg) v runotenysa OS (onpenenserca 1o TpeTbeMy 3akoHy Ke-

JA3RMENS = G4 9T =T (jH5TE

=39°,56. M3 nponopunu Hailnem Bpems HabIoaeHNs:

TpeHus B atMocdepe). MexonHas ckopocTh Teneckona vy = =17579 m/c.

anoree v, =, (G- M@(

|
G My T2 e ; R,
1—1@4 “'”] =42 181,5 kM. Torma ZMOS =arccos—= =8§1°,3.
i)

L.'R.“
Paccmorpum cdepudeckuii Tpeyronsiuk NMS’, y KOTODPOro WM3BECTHbLL BCE TPH
CTOpoHBbI (ayru): MS =81°3, 5N =90°, NM =90° — @,,= 36°,1. ¥ron 8’ NM atoro

nnepa): OS =a,, = {
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Puc. 16, Pacnionoxenne reoctalnoHapHoii opouTe aist Habnosarens us r. MuHcka

TPEYIOJIbHUKA PaBEH PA3HOCTH JOATOT MeXAYy MHHCKOM M CIYTHHKOM M MOXET
OBITH paccunTan o GopMyiaM chepuueckoii TPUroHOMETPHHN:

cos MS"—cosS'N-cos NM

ZS'NM = A\ =arccos
i sinS'N -sin NM

2%,

CneposarensHo, B MuHcke GyayT BUAHBI Bee reoCTalMoOHAPHBIE CMYTHUKM,
AOATOTEl KOTOPBIX OTNWYAIOTCA OT Honrotel Mutcka He Gonee yem Ha 75°,1 B obe
CTOPOHEI, T.€. B npenenax ~150°, uro cocrapnser uyTh 6osbiie 41% reoctauronapHoi
opourer. 19. [unepboay. 20. [lns yKasaHHON BbICOTbI Kpyrobas 1 mapaGonuuieckas

GMy _ ., ) 2-G-Mg
. R O R ran kL
e | on e Al Rgth
(hopma opbuTe cnyTHUKA — 3unc. Ero GoNbLUyO MOmyoch MOKHO ONnpenenuTh U3
2 v’
2.14a).a= H—
Galsine [R@M G-M,
d

i

CKOPOCTH ¥, = 10,9 km/c. CnegoBatensHo,

=1
J = 7400 km. 21. 3a 260 cytr Mapc npoiiner no coeii

opoute o= 360°=136°. CunenoBatebHO, B MOMEHT cTapta Mapc omkeH
M

OTCTOSITE OT TOYKM BCTpeyu ¢ Kopabnem Ha 136°. B 3TOT MOMEHT pasHOCTh
reJIMOLEeHTPUYECKUX sonrot 3emnn ¥ Mapca Al=180° — 136°=44°. 22. MMonnas

y v G-M,
DHEPTUsl  METEOpPUTA TNOJOXMTeNEHa: E=m | ———=
2 Ry+h
Crenopare/ibHO, CHCTEMA 3EMJIsi — METEOPHT HE SIBASETCS CBA3AHHOM 1 CMYTHHKOM
3emnu MeTeopuT He craHet. [ockonbKy ero CKOPOCTH IpeBbIlIAeT napabonnyeckyio

- 2-G-M,
W YKA3aHHOH BBICOTHI, Te. v, = R@—ll = 11,0 km/c, ero opbura Gymer
+h

runepbonnueckoit. Monyock runepGonnueckoi OpBHUTLI MOXKET GBITH OMNpeseieHa
G-Mg-m
2|E

]2{rri-3,455107)11)K.

crenyrmum odbpasom: a = = 5776 km, 23. M3 pewuenns 3anauu | cnenyer,
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4TO NEPUOA 00paLleH s 110 COOTBETCTBYIOLLEH roMaHOBCKOI TpaeKTopru paseH 1,42 ro-
na. HMEiIH() TAKOC BpEMs I]‘.)TDL‘GyL‘TCﬂ, ‘-IT()GI)] AONETETh A0 MHDCH WU BEPHYTBLCH Ha
3emmo (o 0,71 roga B KaXA0M HanpasleHn), eciy He YYUTBIBATE OTHOCHTEBHOE
nepeMellieHue nuaHer. OnHAKO B3KCHeauuus OyoeT COCTOSATb HEe TOJNbKO W3
MEXILIAHETHBIX nepeieToB. YToObl N0XKAAThCs MOAXOASILErO MONOKEHHA 3eMnu
oTHOCUTENBEHO Mapca /st 06paTHOTO NMepesieTa, KOCMOHABTAM MPUAETCS HEKOTOPOE
BpeMsI MOAOKAATL HA NoBepxHOCTH Mapca, Ecin KocMHUeCKHii annapar cTapTyer ¢
3emnu npu ee nonoxenuu [ (puc, 17), To B MOMEHT NpuOHITHA Ha Mapc oH OyaeT
HAXOMUTHLCS B AMAMETPaJIbHO NPOTHBONOIOXHOM TOUKE 2. 32 BpeMsl nepenera 3emis
NepeMecTUTCs B TOYKY 3, npoiias no csoei opouTe ayry, pasHyio 0,71:360° = 255°, Takum
obpazom, 3emnsa 6yneT onepexcams Mapc Ha 255° — 180°=75°. Brot yron — pa3HoCThb
renuoLeHTpudecKux nonrot 3emmu n Mapea (g, — f, =75°). C TedennemM BpemeHy 3TOT
yron OyaeT yBenduMpBathes, Korma kocMoHaeTel cobepyTes B oOpaTHoe MyTeLIeCTBHE,
3emist 1OJKHA omemasamy ot Mapea Ha 757 (I — [y = —75° = 285"). Takum obpasoM,
Pa3HOCTb TEJIMOLEHTPMYCCKMX JOArOT 3a BpeMsl npebblBaHuAa Ha Mapce AomkHa
yBenuuuThea Ha 285° — 75°=210°, Onpenenum, 3a Kakoe BpeMs 3TO TMPOM30MIET,
VYUTBIBASA, YTO PA3HOCTh TONTOT M3MeHsieTcst Ha 360° 3a cuHonuyeckuii neproa Mapca:

1 1 1 Ty T 210°

=——— §=—M "8 780/ Tormar==— 780" =455 = 1,24 rona. Cnenosa-
S Ty Ty Tu—Tg 360

TENBHO, HA NOBEPXHOCTH Mapca KOCMOHABTAM NPUACTCH MPOBECTH MOYTH CTOJIBKO XKE
BPEMEHH, CKOJIBKO M B noJjere. A (JGLLLCC' BpEMs NyTeIueCTBUA COCTaBUT
1,42 + 1,24 =266 rona. 24. B TpeyronsHUKe «leHTP 3eMan — HaOMoAaTenb — CIyT-
HUK» (pHC. 18) 00KMH yron paBeH LIMPOTE MECTHOCTH (p, BTOPOi MMeeT 3HayeHue 90° + A =

Rg a.
= [36°,0, a TpeTuii pasex §°,4. Toraa cornacHo TeOpeMe CUHYCOB — =—7>= A
¢ l P : sin(8%,4) sin(136°,0)
OTKYZA pasuyc opOMTEI CiyTHUKA g, =~ 30 300 kM. 25. Onpeaenum reiMoLeHTPH-

Mapc 2

Semis

Puc, 17, OrvocutensHoOe nogoxerne 3eman n Mapea BO BpeMst HEpesieTa no roMaHOBCKOk opbuTe
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/’ IInockocTe

+“  TOpU30HTA

i

cn OxBatop

Jemuna
Puc. 18. HabnoneHue cniyrHuKa ¢ MOBCPXHOCTH 3eMin

YECKYI0 CKOPOCTb, KOTOPYIO «Kaccunu» umen npu cbnuxenuu ¢ Konurepom. s
3TOTO  BOCMO/b3YEMCSl 3aKOHOM COXPAHEHMsI MOJHON MEXaHMUeckoi 3Heprum:
2 : 2

vo_U Mo _vj G Mg
2 g 2 a,

ckoro annapata B61u3M 3emau 1 FOMUTEPa, dg M d; — Paauychl OPOUT 3THX TUIAHET
cooTseTcTBEHHO. [Tonyunm v, = 6,9 kM/c. [Tnaneta KOnurtep ABMKETCH MO KPYroBoii
G- Mg

ff“ = 13,1 km/c. TTocKONBKY B MOMEHT CONMKEHUSI
L/
)

» TOE Vg M vy — IEJIMOUCHTPUUYECKHE CKOPOCTU KOCMMYE-

opbuTe co CKOpOCTBIO vy =

ckopoety FOnurepa 1 KOCMUYECKOTO anmnapara COHANPABAEHBI, B CHCTEME OTCYETa,
CBA3aHHOM ¢ FOnutepom, ckopocth «Kaccunu» v, ;= 6,9 — 13,1 = —6,2 (km/c).
CornacHo 3aK0HY COXpaHEHUs DHEPIUU, BETHYHHbI [IAHETOLEHTPHYECKHX CKOPO-
cTei npu BXoAe B chepy neiicTeus KOnutepa v Beixoae u3 Hee 6yayT pasHsl (v, | =
= |Upee ), OLHAKO YTOJ MEXAY MX BEKTOPAMM B COOTBETCTBUM C YCAOBHEM 3a7auH
coctaput 160°. [TOCKONBKY BEKTOD HAGHEMOUEHMpPUHEcKoil CKOPOCTH MPH BXOJIE
6bL1 anTHNapaaneneH opbuTanbHOI ckopoctu KOnuTepa, To NpH BLIXOAE U3 cepbl
NeHCTBHS IUIAHETH! 3TOT BekTOp OymeT moBepHyT Ha 180° — 160° = 20° oTtHocu-
TEJIbHO NeNHOUEeHTPUYECKOit cKopoetn KOnurepa (puc. 19)., Torga moche Bbixoaa
U3 cepl AEHCTBUA TeNHOLEHTPUYECKAs CKOPOCTh KOCMMYECKOro annapara
Ugso® = Vesey T 0. BHAYCHHE MOIYNS CKOPOCTH 7, HAHIEM M3 TEOPEMBI KOCMHYCOB!

-
" KOnnutep
,')‘,'gl/l-,. s DE R 3 Ok v ‘O v . aPaT
uc. . 3MEHCHHE BCKTOPA CKOPOCTH KOCMHUYECKOIO Aall napara B C(l)L‘D@ NEUCTBUA [()III‘I‘I'CDH

17. 3ak. 1941
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2 o
Vo = J(-LJNJ)' +(0y)? — 2+ |Veses|vo - c0s(160°) = 19,0 km/c. Takum obpasom, 3a cueT
rPABUTALIMOHHOTO MaHEBPa KOCMHYECKMIl annapar yBeJWYHJ CKopocTh ¢ 6,9 1o
19,0 kM/c. Yron noBopoTa reMOUEHTPHYECKONH CKOPOCTH O COTJIACHO TEOPeME CH-
Vese® Vescl
== 4

HYCOB ———— =
s sin(160°) sina’

3.1. ActpodH3HKa NJIAHET U 3Be3]T

4n T
1. TIpupapHuBaem 00bLEMBI 3€MHOIO LLAPA H «[TPOBOJIOKH»! T‘Ré’ = E-u’1 -, Ie
d — nMaMeTp MPOBOJIOKH, ' — PACCTOSIHUE IO OJIHOTO M3 YKA3aHHbIX B YCJI0BUH 00b-

3
«[POBONOKH», npoTsiHyToil 1o ConHua (d= 96 km), no a Cen (d = 183 M), g0 Ty-
MaHHOCTH AHapoMensl (d=25cm). Bro 3HaYUTENLHBIE PA3MEPbl (HEOXKMIAHHO
«BoNbIIKe») MCX0AA U3 MacluTabos uenoseueckoro Tena (~1 m). Ho ecnim nexonuThb B
NepBOM ciydae u3 ecTecTBeHHOro Macuitaba B ConHeuHOM cucTEME, KOTOPBIH 3a-
[AeTCsl PA3MEPOM €€ TUIAHETHOW YacTh (~10" m), noayuum 6oaee NPaBUIbHYIO OT-
HOCHTENBHYIO OLEHKY. [lnameTp raKoi «TIPOBOJIOKM» (~10° M) cocTaBnsieT Bcero 10*
pasmepa ConHeuHoit cucteMbl. TonuwuHa, HanpuMep, 4YeI0BEYECKOro BOJOCA
~0,1 MM = 10~* M. D10 npumepno 10~ xapakTepHoTo pasmepa Tesa denoseka. [lo-
3TOMY B OTHOCHMTENIbHBIX €AMHHLAX BOJOC HA YeTHIpe Mopsiaka Tojlle Boobpaxae-
MOl KOCMUYECKOH «TpoBooku» pnuHoi | a.e. 2. Ha 3emne xusyt bonee 7- 107 ve-
JI0BEK, a KonuuecTro 3pesn B Tanaktuke ~10'', Yucno ranaktuk B HabGmonaeMoi
yacty BeesenHoit Toro xe nopsiaka: ~10'°—10", B naweit lanakTrke Ha 0LHOIO He-
JIOBeKA TPHUXOIUTCA BCEF0 HECKONIBKO HECSTKOB 3Be3l, a Bo Beeil BeeneHHoi — He
Bonee coTHM ranakTvk. 3. Ha Kaxnoro semisiHMHa B TAnakTHKe NMPUXOIUTCH He-
CKOJIBKO JICCATKOB 3Be3l (CM. peuieHue 3anayu 2). KoMapop Ha Kaxaoro XuTess
3eMIu NpUXOAUTEH ropasno Gonsue. 4. [lepebeB B cuGMpCKOil Taiire Gonbiie, 4eM
spesn B Manaktuke. [nowags cMOMPCKOH Talirn ~107 km?, Ha oano aepeso B Taiire
npuxomutest Menee 100 m? (107! km?), 3HAUNHT, IepeBLeB ropasno Gonbiue, yem 10"
5. B tpexatomHoii monekyne H,O Ha Kaxabii atom NPUXOAMTCH B CPegHEM 1O
6 HYKJIOHOB, MK o 61,7 107 = 10 % kr [Toatomy B 1 JIM3 BOJbI COIEPXKHMTCS ITIPU-
MEPHO 10% atomoB. Ecin npuHsiTh, 4TO B BUAMMO# uacTH BeeneHHo =g
383/ (CM. Npedblaylixe 3a1aui), TO AMaMeTP KAIUli BOJLI, B KOTOPOM TAKOE XKe KO-
JIMYECTBO aTOMOB, OKasbipaeTcs ~2—5,5 MM, Takum o6pa3oM, 3Be30 B BUAMMOM ya-

cti BeeneHHOM M ATOMOB B KarJie BOJbl CPABHUMOE KOAHYECTBO. 6. Cuna KyJIOHﬂ B
2

, 16 R
exroB. Orconad = &

g = W‘ [Noncrapnss 3HAYEHUA, HAXOLUM IHaMETP

s € - =
atome sogopona F, =k-—=0,82-10 "H, rue e = 1,6- 107" Kn — 3apsas anektpoHa;
7
i
r=25,29- 107" m — Boposckuit paguyc atoma Bojopoia. Cuna rpaBUTALIMOHHONO

) m ;
B3aMMONEACTBUA KOCMOHABTOB F, =G—5= 6,67-107" H, roe m =100 kr — macca
7
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KakIOr0 KOCMOHABTA, = 1 M — paccTosHue Mexay HUMK. TpasnTalnoHHAas cuia
Gosblle KYTOHOBOM Beero B ~8 pas. 7. Eciiv Obl 3Be3/1b1 3aM0NHSAIN BecKoHe4YHOE eB-
KJIMZOBO MPOCTPAHCTBO B CPELHEM PABHOMEPHO, TO HEDO ObUIO OBl TAKKUM 3KE APKUM,
kak auck ConHua. JeHcTBHTENBHO, TENECHbIA Yroa, noa KOTOPbIM BUAHBI AMCKH
3Re3, HAXOMALIMXCSA Ha PACCTOSIHMAX MexXay r u r+ dr, papeH 00beMy LLIAPOBOTO
cnos 43t-r2-a'r, YMHOXEHHOMY HA YHCIIO 3Be3[ B CAMHULE obbeMa N ¥ Ha TENeCHBIN
YroJ, NoA KOTOPBIM BHAHA KaX/1ast 38312 (NPeAnonaraeM, YTo BCE OHH OLMHAKOBbI,

2
r
0TKA43 OT 2TOro Mpearnoio)xeHus HE MEHAET KOHEYHOTO 3AKJIIOUEHMS ), H(i] , Toe
r

r, — panuyc 38e3abl. MITaK, 3pe3ibl U3 WapoBOro cros (r, r+ dr) 3aHuMaloT Ha Hebe
TeJIeCHBII yron 4t —ro2 - N -dr. Tlpu unTerpupoBanuu 1o r (nosaras, yto BeeneHHas
Gesrpanynyna) nosydyaercs OECKOHEYHbIH TENECHBINM yros, TaK 4TO JWCKH 3BE3A
JOJIKHBI TIEPEKPbIBATLCH, OJHOCTLIO 3aKPbIBas coboit Hebo. CienoBaTe/IbHO, eCu
661 BeenenHast Guina cTalMoHapHO# M 6e3rpaHUYHOIA, TO B JIIODOH ee ToUKe Oblna Obl
OIMHAKOBAsH, YPe3BblYaiHO BHICOKAs OCBELEHHOCTh, Toraa, B YaCTHOCTH, AEHbL HE
oTnnuancs 66 0T Houn. M3noxeHHbIE PACCYKAEHMsI TPEACTaBAAIOT coboii conepka-
nue hotoMerpuyeckoro napagokca Onsbepea (eM. § 3.1.7). Takum 0b6pasoM, U3 Toro
dhakTa, 4TO MO HOYAM TEMHO, MOXHO CAEJIATh BECbMA BAXKHOE 3aKTIOUYEHNE O CTPOS-
HuK BeelleHHOM, a MMEHHO YTO CAEMaHHbBIE BbILLE TIPEANONOXKEHHS O CTalHOHAP-
HOCTH, PABHOMEPHOCTH 1 6e3rpaHU4HOCTH BCeneHHO He BLINOIHAIOTCA. Paspeiue-
Hue (OTOMETPHYECKOTO MNApPAaloKea 3aKiio4aeTcss B KOHEYHOCTH BO3pacra
BeeneHHOi, TTOCKONbKY, B COOTBETCTRMH C COBPEMEHHBIMU MPEACTABNEHUAMH, BO-
nee 13 mapn et Hazan Bo BeeneHHO# He OBITO MCTOYHMKOB M3/TyYEHUS, TO CaMble
HANEKHE 3BE3/bl, MATYUYEHHE KOTOPBIX CeHYaC MOXKHO HAOMIOAATE, PACTIONOKEHb] Ha
paccTosiHusAX He Gosee 13 Mapa cB. neT. BToT (QaKT yCTPAHIET OCHOBHOE MPENONo-
skenue (DOTOMETPHYECKOTO Napajokea — PacrookeHue 3pe3f Ha 1obbiX, CKOMb
yrogHo Go/IbIIKNX PacCTOAHUAX OT HabmoaaTes. Buanmas yacts BcejieHHO# OKa3bl-
paeTcd KoHeuHoit. CBoii BKIa/ B YMEHBIIICHUE APKOCTH Heba BHOCHT KOCMOJIOTHYe-
CKOE KPacHOe CMEIIeHNe yaaleHHBIX TanakTHK. ManyueHne o0LeKTa TeM CHIIbHEE
CMELLAeTCs B IUTMHHOBOJHOBYIO YACTh CMEKTPA, YEM Ja/blie OH PACMON0XKEH OT Ha-
6monarens. Kpome Toro, 3se3abl 3BOJIOLMOHUPYIOT, PAHO MM NO3MHO 3aBepluas
CBOM «XH3HEHHBIH» LUK 8. 3anuiuieM 3aKOH COXPAHEHUS DHEPTrUK ISl BEIECTBA

m—vz_(;’-m‘M B 7(F‘m-M

BYJIKAHOB! , roe m — Mmacca BLIGPOLIEHHOIO BELEeCTna,

2 R R+h
v — CKOpOCTh BhiBpoca, M M R — macca u pannyc Mo, A — BreicoTa Beibpoca. Mony-
)
v R

yuMm h = — =326 kM. 9. Ha nonfoce Bec Tena Maccoil m (paBHbIH cue

2-G-M—v*-R
peakL{i ONopkl) PABEH cune TAroTeHus: F, = P, 4 Ha KBATOPE X PA3HOCTh Mpe/-
cTapfseT coboil LEHTPOCTPEMUTENbHYIO cuy: m-v™ [ R=F, — P,, rag v — CKOpOCTh,
€ KOTOPOIi TeJ10 00palIAETCs Ha DKBATOPE BOKPYT OCH MIAHEThI, R — Pajinyc miaHeTb

y V@M Ve R
¢ maccoii M. [Nockonbky no ycnosuto P, = 2+ P, nonyunm v~ = —2?=T Or-
A 6 haymacs
ClOfla TIEPHOI BpalleHWs niaHeTol 1'= '(_‘_=2 41™45°,7. 10. BexTopHasi cymma
7P
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CHJIBL TATOTeHMs 1 CHJIbl PEaKLiK onopbl P’ (paBHoil 110 MOLYIIO Becy Tena P’ =—P)
NAET LIEHTPOCTPEMUTENbHYIO cuny (puc. 2(), Gnarogaps KOTOPO#H TeNo COBEPLIAET

Puc. 20. Onpenenenune Beca ela B 3aBUCHMOCTH OT reorpadhuyecKoli lupoThl

06OpPOTH! BOKPYT OCH BpalleHus Jemin: Q= I, + P’. Ha OCHOBAHMM TEOPEMbI KOCH-

)
HYCOB MOXKHO 3anucath; P2 = F; +Q372P;< Q-cos@p= l*f -(1*2-%-(:05(9). TaK Kak

4

Q<< F,. Nenasi crenyiowee ynpoLieHue, Haxonum P’ = 1"g (1 —‘%-cosq’), 4 TaK KakK
&g
Q0=m-w*:R-cosp, F, = m- g, TIE m — Macca TeNia,  — yrosasi CKOpOCTb BPaLIEHHSI
3emau, R — paaunyc 3emin, ¢ — LWHPOTA, &) — YCKOPEHHE CBOOOIHOIO MAaAeHHUs Ha
=P'=m-(g,—w* R -cos’@). 11. 1) Korma HCTOUHUK OKaxeTCs
B Touke O (cM. puc. 3.26), no nabnionatens P noiner 3NeKTPOMATHUTHASA BOJHA, HC-
nyuieHHas B Touke UTakoi, uro UO=v-f; UP=c-tu cos® =v/c = f3. Tlo dhopmyne

J1—B’ W,
—[B-cos0 J| [_-}2

YBUIAWUT UCTOYHUK B TOUKe (), 10 HEro NoHaeT 3JIEKTPOMarHMTHaA BOJTHa, UCTTYILIEH-
Hast ICTOYHMKOM MMEHHO B TOuke (J (caM MCTOYHHK Gyﬂ(’.‘T HaXOAHUTLCH 3HAYHUTENBHO

npasee 310l Touku). [Mpu 6 =90° no dhopmyne (3.34) noayuum w=m0-\ﬂ]—[32=

(3.34) noayunm oJ=u)0] =5-10" pan/c. 2) Koraa nabniogatens

= 1,8 10" pan/c. 12. Tlo dopmyne [Morcona m =i, ==—2,5: Ig% OTpEeAENHM, BO
et

CKOJbKO pa3 OCBCLUEHHOCTL, CO3/1aBaeMad fll%f:‘?l.’l(}i’i C IHI = ﬂ’”, OTINYaeTcHd OT OCBE~
LEHHOCTH, co3janaeMoii 3ee3noi ¢ m, = 10".5. [Moayuum E,/E,= 15848,93. Tlo
YCIIOBH IO CYMMAapHOE KOJIMYECTBO 'J]lcprnu ﬂ'\II"ﬂOI[lef/i Ha 3eMJTIO OT 3BE3[1, CO 3BE3HbI-
mi BenuyrHamu 0" n 10,5, onuHakoso, Te. #,- £, = ny- I, 109TOMY B pe3y/isTaTe n, =
=n,/15848,93 = 546000/ 15848,93 =~ 35 3pean. 13. CM. pewieHue 3anauu 12. 1g(£,/ E,) =
=2,984; (2000 E,)/E, = 2,075 pa3a. 14. U3 dopmyn (3.33), (3.36) nonyuum, 4to
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|AN

ras npuOIMKAETCA K HaM CO cxopom“blofvﬁT-c' = 698 km/c. 15. PaccMmoTpuM om-

HOCUmMenbHOe [NOBHXEHHE 3Be3n W 3anuiueM [ HEero HWHTerpan IBUXKEHHS:

Fiiirid

MCXKIY HUMH, O“C“”I[.HO, 9TO ¥y = 2-v,THE v — CKOPOCTb KaKa0ro KOMrnoHeHTa 0T-

| 2-G
v, =2-G- M{——— ZT' roe M — Macca KaxIo# U3 3Be3l, d — paccTosHMe

HOCHUTENBHO 3eMHOro Habsoparens. CornacHo 3d)d)cmy ﬂOl’IJ’]E]')ﬂ CMELIEHHUE NTHU-

o iy v &
HUH B criekTpe npubnuxaroleics 3pe3abl A, —h = —Xk-—, a cMelleHHe yaanstouleics
fo

v
COCTaBJISAET ;“2 —A= 7\'_, IMO3TOMY MAKCHUMANBLHOE PACLLIENIEHHWE CMEKTPAJILHBIX TH-

i
¥ é}\ = 20 _ Y A 13 Cf‘{'z ALY

HHUH = = ¥ n().ﬂquM BbIPAXKEHHKE OJIA MACChI: M= — 1 , Ocra-

m m

A (2 c 2-G\ A
€TCA ONPENe/INTE PACCTOSIHHUE MEXKILY 3BC30aMH. Bb!DEDHM OTHOCHUTENBHYIO CKOPOCTH

) 21
uepes nepuon asrxedus It v, = —-d. [lockoneky T'= 21, nojayuyum hopmyny as

[
-t Ah
BHI4MCIICHHS PACCTONHMS MCXIY 3Be3iaMit: d =~—| == |, uTo faeT 3Haveive
n
m
d = 2,97-10" M. IMoxgcrapnss 5T0 BepaXeHHe B (GOPMYTY [ MACCH, HMEEM
9
T (Al 0. 1029 "
M= .Gl = 2,89-10°" k. 16. INpu nonepeuromM (6 = 90°) apdexre Honnepa

m

3 Av B
BBIPAKEHHE LIS YacTOThI vV =V, -/ | =% = v, -(I —B*/2)unu T AL RO
o 2

2

A
HBI ?\-_ = —2‘. CKDDDCTI: 4TOMOB BOAOPOIA ONPEOE/SIeTCH Yepe3 KWHETHUYECKYIO SHEPTUtO:
0

T

vi= ?, e m, = 1,672 107 kr — macea npotona (1 3B = 1,602-10 = k). B pesynsrate

P
noaydumM Al =
m,:

17. ®opmyna [lorcoHa Ui JBYX KOMTIIOHEHTOR:

E E
1}: =0,4:(my;—m)=0,8, me. E/E=6,3096; mnst npoitHoit 3se3nsbl g

E,
Ig[ )"‘l +l]=0,4 (my—m) =0,8639, Orcroma m = 1",84. 18. Cm. perueHue 3agauun 17.

E, ['
Ib( ]—() 4-(m—m) = 0,104; E,/E, =0,2706; gy =0,4-(m, —m,) = 0,5677,
E, )

m, = 1",74. 19. B hotomeTpuu u3BecTHa (OPMY/a 3aBUCHMOCTH OCBEILIEHHOCTH,
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I-cosi
CO31aBAEMOil TOYEUHBIM UCTOYHHKOM, OT €10 CUJIbl cBeTa: £ =———, rne { —cuna
2

CBETA UCTOYHMKA, [ — YIOJl NAACHUS U3JIYYEHHS HA U3MEPHUTENBHYIO TUIOILAAKY (MIPU-
meM 0°), ¥ — paccTosIHUE OT UCTOYHHMKA JI0 TUIOIIAAKM W3MepuTelisHoro npudopa, Cre-
OBATEJILHO, MCTOYHMK, CHJIa CBeTa KoToporo | KH, €O31acT OCBENIEHHOCThL
b= 10~ nk B nepsom cayqae u £, = 1 1K — Bo BTopoM. CpaBHUM 3TH OCBELLEHHOCTH
s

|

C OCBEUIEHHOCTBIO, co3aapaeMoit 3pe3noii 6-i penuuuust: 1) lg—=0,4-(6—m,) =

v

=2,097; m; = 0",76;2) m, = —14",24. 20. B noboit MOMEHT BPEMEHH [ U B IIODOH TOU-

ke opbUThI (pK MOBOM pajMyc-BEKTOPE 1) TUIAHETA 33 MaJIbii MPOMEXKYTOK BpeMEHH df
P8 dl r-do

TMONYYUT MOTOK 3Hepruu dW = - dt. Tak kak df =—=
nr v v

, 4 TAKXKE MOCKOJbKY

2 do Iy v
13 Broporo 3akoHa Kennepa (2.7) r I = const CJAGAYET F+v =const = v=———, [0~
*

.
re-do PS5

NyauM df =~ , Takum obpazom, dW =——-d0. UuTerpupys no do B npee-

% 4au-ry vy

D O

5
a &
nax ot 0 o 2m, Haitmem W :f . 21. U3 dopmynel [TorcoHa, a Takxe yIuTeIBadA,
Ty

YTO OCBELIEHHOCTL 06PATHO MPONMOPLMOHATEHA KBAAPATY PACCTOAHHMS 10 MCTOYHN -
ka ceta u paccrosinue ot Connua no HenryHa ry = 30 a.e., MonyuuM 3BE3AHYIO
pennuuuy ConHua, suaumoro ¢ Hentyna: my = —19",3. Takum xe 06pa3om ¢ no-
moubio opmynbl [lorcona cpasumm ocseuledHoctH ot ConHua u Cupuyca
(m = —1",46) Ha Hentyue: Eg/E; = 1,386- 107, 22. OcBeleHHOCTh aBCONIOTHO
YyepHOro Tena coriacHo opmysie (3.7) onpenenseTca APKOCcTbIO neTouHuKa (ConH-
L1a) M TEJIECHBIM YITIOM, MO/l KOTOPBIM OH BUAEH Ha HeOecHO cdepe, MOITOMY MOX-
| T R R
HO 3anucath; E ~ Lg »m=f—. BTa Ke IHEPIUs, YMHOXKEHHAS Ha «TTOACONHEY-

HyIO» [UIOLIAAb Teja, Manydaercs, cornacHo 3akoHy Credana — Bosabumasa,

i p 1
npornopuuoHansho 7', Cnenosarenso, T *'T. 23. Ecnn conHeuHasi NOCTOSIHHAs
r

JUist 3eMJI paccyMThiBaeTes Kak O = 2 (Lg — coetimocte ConHua, rg — Cpel-
dnrg
; . ; _ s
Hee paccrosiHue ot 3emMnn no Conuua), To anst Mepkypus Oy, = y e} (ryy — cpea-
. o
5 M
5
-~ 2] e
Hee paccrosiHue oT Mepkypus no Conuua). Orcrona @y = Q®(—] . Mapaowwmii Ha
P
M

wiap paanycom R csetopoit motok @ =0, -7 R* nepeunsiyyaeTcs cormacHo 3aKoHy

o) o 2

Credana — bonbumana, Mo3TOMY 4 R 0T =R, B UTOTE

el B O |fe " ; A £

T= i v =~ 447 .9 K. 24. Cornacno (3.7) E = B-w. PaccuuTaem TenecHbIi yrol,
a P:M

262

2

7 NT .T[
non KotopeiM Ha Hebe Mepkypusi BuaHo COJHLE B 38HUTE, 1) =——; :', roe Ry =
r

= 696 000 kM — paauyc Connua, r= 57,91- 10° kM — paccrosaue ot ConHna 1o Mep-
kypust. Tlonyuum £ = 6,81-10° k. 25. Eciv OCBEIIEHHOCTh TOBEPXHOCTH TJIAHETHI
I
-1 3 T @
onpenensiercs Kak £ = Ez (cm. pelienue 3anauu 23), To ee caemumocnin ((hoToveTpu-
YECKOE MMOHATHE, a He acTpoHOMUYECKoe) M = k- E, rne k — koahdUILMEHT OTpaxeHus!

:[-Ré

ot °

nosepxHocty. Toraa uayiuii ot miaHeTsl K 3eMie 0TpaKeHHBIN MOTOK Oy~ M-

y . M1
OCBELIEHHOCTE MOBEPXHOCTH 3eMIIH OT 3TOH MJIaHeTHhl E@ Pt i HCI']OJH)'}YS]
O ol

E, r-
Gopmyny [lorcona, nomyuum lg——=0,4-(m—my)=2-1g OKOHYATENBHO:
; Eg o]
—5.1g(a’ —a) —5-lg(a* —a). 26.m= —1",14 (cM. peluerue sanauu 25). 27. Onpegenum

26 M
napaﬁonullecr{y[{) CROpOCTL Ansi KOMETHOrO sdapa Maccou M: v = IR— —

8n-G.p 5
5 RJT= 6,14-107" m/c (R= D/2 = 50 m). Monyunm 3HayeHHe cpeHei Keanpa-

N 3-R,-T
THYHOH CKOPOCTH MOJIEKYII LIMAHA: vy =  [— :7 = 673,45 mM/c, rne Ry, — yHuBepcaib-

Hasl rasoBas nocrosiHHas, 1'— abconioTHas TeMiepaTypa, W — MOJISIpHAs Macca LHaHa.

ITockoneKy v, >> v,, Bee MoneKymbl CN cpasy NoKuHyT siapo koMetsl, 28, Mozeaupys

ConHue abcoIOTHO YEPHBIM TENOM, 3aNMileM BbipaXeHMe [l ero CBETUMOCTH:

2

Ly =4m: Ré -0 T*. Torsa conneunas nocTosiHHas 0= '%l-o-'l'q, rae Rgu T — panu-

ye 1 addextusnas Temneparypa CoiHua, ry — ampm?mawrecxaﬂ emuHuua. Ipo-
diE 1 p

mMpdepeHLnpoBas, nonyduM — =——: = 14,5 K (yutem, uro AQ = 0,010). 29. Io-
dg 4 Q

CKONbKY Ry =1rg-tgQ, e Ry W @ — nuHeiiHblii W BuguMelit pamuycel ConHua,

I'p — AacTpoHoMuueckas emauHHEA. JuddepeHUMpys 5T0 BhIpakeHHe, TONYIUM

(!_R(,) o

! e 2 y :
do s =Iy-(tg” @ +1). CremoBaTensHO, JOCTYIHOE H3MEDPEHHIO MAOe H3Me-

2

HeHHe paguyca ARy = %RG -Ap = (&‘H'@ - A= 72,53 KM, KOTOPOE NPOU30IALET 3a
@ Ia

2072 roma. 30. PaccuutaeM MOTEHLMANBHYIO 3HEPTHIO IAPOBOTO CI0A TOMIKUHON dF,

HaXOSIErocsl Ha PACCTOSHUH ¢ OT HeHTpa CONHuA, Maccoil my, =p-4m:r dr:

—
cos” @

-— 5 "”rfr d "nr - 3 -
Al =ml » The M, =p: 7 T-1" — Macca Wapa panuycoM 1 BHYTPU Connua. [lo-
L M
nyuum dU, =—G- EI -dr. Tlocne uuTerpupoBaHus no pamuycy ot 0 mo Rg
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-,

3 M
umeem U =—=-G-—2
5 Ry

CHJIOW MPUTArMBAETCH BHYTPEHHUH COi mapa TOANMHON dr, Haxomsiuiica Ha
PacCTOAHUU FOT LIEHTPA, BHYTPEHHUM LIADOM paguycoMm F (CHia TIPUTAXEHHS CO

= —2,3-10" JIx. PaBora 4= |U. 31. Onpenenum, ¢ KaKkoii

" dm-m
CTOPOHBI BHELIHEro mwapoBoro cnog (R — r) pasHa uymo): dF =G—-—, roe
p

4
] 3 &1
a'm = p‘4ﬂ-f' ‘df’, Mm=p- 3 “TTr-. HBBJIGH HE, KOTOPOE OKAa3bIBAET 3TOT CIIOH HA BHY-

dF 4, o
4 ;= T—(:Ap' r-dr. UaTerpupys mo paguycy B ripefenax ot
T 3 B

roo R, onpeaenum gapieHue, KOTOPOE OKa3kiBaAeT clioll (R — r) Ha LIap pajnycoMm r:
3 M r’

P=ciaigii—u] j— =

YUM TPaBUTALIMOHHOE dasieHue B ueHTpe 3emnn: P = 1,74-10%arm. 32. lg(D") =

=lg(n”) +1g(R) — 2,031. 33. B «nofconHeuHOi» TOYKE TEMIT IPUTOKA SHEPTHH PABEH

(1—p)- £y, tae p = 0,07 — ansbeno Jdyusi, £, = 1360 Br/M* — conHeyHast MOCTOSHHAS.

O'['!'UK SHEPrMU NMPOUCXOONT 32 CUHET M3NYUEHUSE HATPETOro MOBEPXHOCTHOIO cJiost 1no-

TPEHHUH wWap, dP =

. Moncrasnss r=0, My=6-10"kr, Ry=6371 km, nony-
@ @

upbl (B UK-nmanasone), Temn kotoporo paset o-T;*, rie o= 75,67-10~* Br/(m*-K*) —
nocroannas CreaHa — bonbumana, T, — temnepatypa nosepxHocty Jiyusl, [Tpu-
PABHUBAA TeMIIbl HArpeBa M oxnaxieHus, nonyuum o T =(1—p)- E,, orkyna
T, = 386,5 K, umu 113°,5 no Uenscnto. 34. Ha equHULY MOBEPXHOCTH IJIAHETH B
WIOACONHEUHOMH» Touke magaeT motok @ =(R. /d)* 0T, rae R. — pamuyc 38e30bl,
d'— paccrosiHue oT Hee 10 nnaneTh, M3 3Toro noroka nons (1 — A), nornomaemas

MOBEPXHOCTBIO TUIAHETBI, PACXOYETCH Ha ee Harpes. n])lﬂ)HHHMBHH CKOPOCTH NMPUTO-
2

w“ i d
Ka W OTTOKa TEIJIa B «[OACONHEYHOM» TOYKE, nonyuum (1- A)-( J ] o-L=a-1
a

p?

) i T 1/4 REauq
OTKY[a B «IOACONHEUHOM» TouKe Temnepatypa T, =(1—A)"": - -T.. 3nauenue d
OMpEIeNUM, TTPUPABHUBASI LIEHTPOCTPEMUTENLHYIO CUITY K CHUJIE TTPUTSKEHHS MaaHe-

G-M 2/3 r
——-P7", rie P — nepuon oGpalleHus! 1aHeTbl. DT0

Thl K 3Be31e. MMonyuum d =

4m”
MOXHO GbUIO Gbl Cpasy 3amicaTh U3 TpeTsero 3akoHa Kennepa P? ~ r . Toxcraenss

N1/ £
In 1 4
3TO BeIpaxkeHue s d(P) B hopmyny mis T, nonyunm T, :( Go ] (=AY —=.
7 Pe 1

EOMHCTBEHHBI apamMeTp 3Be34bl, TOMHUMO ee TeMMEPATYPEI, KOTOPBIH BXOJAUT B 3TY
(hopmyny, — 3T0 ee CpeLHsisi [UIOTHOCTE P.. [T0 YCNOBHIO 3a1a41 TEMTIEPATYPA Ha Iia-
HeTe TOKHA ObiTh TAKOI Xe, Kak Ha JlyHe. [TocnenHiow, OUEBUIHO, TAKKE MOXHO
OMPEeNUTEL MO NOJYYeHHOMY BBIDAXKEHUIO, B KOTOPOM 1. =15 1 B = Pg, a P paBHO
1 rony. [NpupaBHuBas TeMmepaTypbl Ha MiaHeTe W Ha JTyHe, AUis ieproga obpallie Husi
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3

nnaHeTsl (¢ odax) nonyuum hopmyny P =

{— . [MoacTarue 3HaYeHUs, Hail-
®,
aeM, uto mis 3se3nsl kracca A0 (72 =10000 K, p. =0,3 r/cM’) nepuon cocrapisier
okoao 10 net. Tak kax BenyMHA NALAIOLLETO MOTOKA MPONOPUMOHAILHA KOCHHYCY
3¢HMTHOTO PACCTOSIHUA 3BE3[bl Z, TO 3aBUCHMOCTb TEMIEPATYPhl HA TTOBEPXHOCTH
IIAHETHI, IMIIEHHOH atMocdepsi, OT 7 umeeT Bul 1',(7)= 'I},({))-«*;‘cosz. Bripaxenune
Juis P, oiy4eHHOE BbILLE, JAET MPOJO/DKUTEHOCTD I'Oa HA IJIAHETE C TEM XKE TEM-
[EPATYPHBIM PEXMMOM, UTO M y 3eMIIM, KoTopas 06paiiaeTcs BOKPYT 3BE3IbI C U3BECT-
HOM TEMMNepaTypoii U cpedHeil MIOTHOCTLIO. OKA3bIBAGTCH, HANIPUMED, YTO €ClIH Obl
3eming obpaiuanack He Bokpyr CojlHLA, a BOKPYT 38e3abl knacca M5V (B, =10 r/eum?,
1. =2800 K), 10, uro6b1 HA Helt ObUIM YCTOBUS, MOAXOAAIIME TA KU3HH, NOA00HOM
Ha 3eMHYIO, MPOLOJIKMTENBHOCTb FOAa IOJIKHA COCTABIATD BCEro ~15 3eMHbIX CYTOK.
35. Bricora ogHoponHo# atMocdepsl 3emnn ~8 KM, DT0 03HAYAET, YTO MIOTHOCTH
BO3/LyXa p YMEHBLIACTCS C BLICOTOH MO 3aKOHY p=pu‘e"’/”‘ rne h — BBICOTA, KM.
[InoTHOCTL BO3HYXa CHUXKAeTCst B'5 pas Ha BeicoTe okono 13 kM. Ecnu Maceca atMo-
cepbl yMEHBILWTES B 5 pas, LUBET HeGa CTAHET TEMHO-CUHUM, TIPUMEPHO TAKHM XKe,
KaK Mbl BUAMM €ro M3 OKHA MaccaxMpPCcKOro BO3AYILHOIO NaiHepa nocie Toro, Kak
OH HabepeT BricoTY OKoNO 13 kM. Ecnin mMacca armocdepst BozpacTeT B 5 pa3, He6Go
JIHEM CTAHET XKEJNTOBATO-OPAHKEBBIM. DTO 0ObsCHSIETCS TEM, UTO BCJIEJACTBHE pac-
cesnus Panes onTuyeckas ToAMHA aTMocdepsl 06paTHO nmponopuuMoHanbHa LY.
Jns cuHuX nydeil oHa okaxercs OoJiblie eAMHMLUbL. Takoe uanyueHue OyIeT 3HaYH-
TeNbHO ocnabieHo W 10 MOBEPXHOCTH 3eMIIM NpakTHUeCKH He noiinet. Bocxoa u 3a-
kKat ConHua, no-BUINMOMY, BUAHBI He OyayT. [1py npubaukeHn K FOPUIOHTY IMCK
Conxua OyseT CTAaHOBUTLCS BCE MEHEE APKUM U IO TOCTHXXEHMA FOPH30HTa, CKopee
BCero, nepectaHeT ObITe BUAeH. Houblo 38e3/1 Ha HeGe DyneT COBCEM MAaJo, M CTaHYT
OHM KPacHOBATO-XKeNTOro useta. BOuu3u ropu3oHTa, Ha 3EHWTHBIX PACCTOAHMUAX
7 2>80—85°, ux He OymeT BMUOHO, TAK KaK ONTHYECKAs TOJILHHA IO JIy4y 3pEHUSA

T/cosz 2 6. 36. MakcuMyM sSIpKOCTH Heba JOCTUIASTCS [TPU ONTHYECKON TOIIMHE T
armocthepsl nopsinka enuHuLbL, JeficTBUTENbHO, eciii T < |, TO YeM MeHbLIe 3HAYe-
HHE T, TeM DonbLUas 4075 (POTOHOE MPOXOAUT CKBO3b ATMOChEPY, HE PACCENBAACD, H,
ClIe0BaTeNIbHO, OHW HE JAI0T BKAaja B ApKOCTh Heba. [ToaTroMy npy Manbix 3Haye-
HUAX T APKOCTh HeGa BO3pacTaeT ¢ ypeauueHrem T. [lpu T > | ¢ yBenuueHuem T Obi-
CTPO BO3pacTaeT Aons (DOTOHOB, KOTOPEIE, UCMHITAB MHOTOKPATHBIE PACCEAHUS B
atMmocdepe, 0Tpaxalores eio 06paTHO B KOCMUYECKOE MPOCTPAHCTBO M HE A0CTHUra-
10T MOBEPXHOCTH 3eMJIU. 31eCh C YBeJIMUEHMEM T APKOCTh Heba JOJKHA CHUXATHCS,
OnHaKo TOYHbI pacyeT TAKOro 3HaYEHUs T, OPU KOTOPOM [T 3a1aHHOI0 36HUTHO-
ro paccroaHua ConHua nagamiuni Ha NOBEPXHOCTE 3eMIIM MOTOK PAaCCesHHOTO aT-
Mocdepoil M3TYyH4EHMH MaKCHMAJICH, SBISACTCSA 4YPE3BBIYAINHO CIOXHON 3ajauci.
37. Kaxercst nouTH 04eBUAHLIM, YTO MPU HabMoneHuM ¢ ropbi ConHue Byaet apye,
HO 310 HesepHo. [ns Habnonarens A, HAXOAALIETOCs HA YDOBHE MOpSA, ocnabieHue
COJTHEYHOTrO M3/y4YeHus atMocdepoil Synet mensiie, uem st Habnoaarens B, ctos-
1nero Ha rope (puc. 21). I1puBeneHHbiif HHXe pacyeT MOKa3bIBAET, YTO PA3HMLIA 5P~
koctu gucka ConHua ByneT BeckMa OLyTHMOM: Ha A ~ 550 UM (MaKCHMYM 4yBCTBH-

18, 3ak. 1941
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Pue. 21, Habmonenne Bocxona ComHLa Ha ypoBHe MopsI (TouKa A) 1 ¢ Tophl BLICOTOI /iy (To4Ka B)

TENLHOCTH TNa3a) pasinuyue OyaeT, no MeHbwed mepe, 20-kpatHbiM. Ecam
arMocdepa siBsieTesi OTHOPOAHBIM cepUUYecKMM ClOeM TONIUMHOM /4 = 8 KM, TO
LSt HaGuiogaTelist, HaXoasWerocs B Touke A (Ha ypoBHe Mop#), IMHA nyTH [ ropu-

2
30HTANBHOTO y4ua B atMocdepe onpenensierces Tak (pue. 21): P =(R@+h) i Rij =

= (2- Ry + /1)‘ h=2-h: Ry, e Rey— paguye 3emnn. Orcrogal = \/2_-# Re = 320 km = 404,
M3 aroro cneayet, 4To Ha Bocxoze M Ha 3akaTe COJIHLIE MOTYT CKpPbIBATh TYUM, Ha-
XonsuMecs ot HabmogaTens Ha PACCTOSAHUHM HECKONBKO COTEH KuioMeTpoBs, Onpe-
JENUM DONONHHTENbHBIA YTh /), KOTODbILit CONHEYHbIE TY4H NPOXOIAT B atMocdepe,

€c/H HaOMIoATE BOCXO/L C TOPLI BBICOTOl Ay [, = \/’2 -hy - Ry . TIpn hy = 4 kM nonyunm

b= I/\ﬁ Ha nnaune BonHbl A~ 550 oM onTtuyeckas TonumHa 6e306nauHoil aTMO-
cepel no Hopmanu T~ 0,1. Tlo kacarensHoi HAa ypOBHE MOPSA OHa MONXKHA OBITH B
40 pa3 Oonblue, T.e. T~4. [103TOMY B MOMEHT BOCXOAA COJHEUHOE M3IJIYUEHHE HA

A~ 550 HM ocnaBnserca aTMocthepoit npumepHo B e = 54,6 pasa. Ha nyru ot A no B

JIy4y ocnabisieTest ZOMOAHUTENBHO €Le B (,;WE = 16,9 pas, Tak 4yto auck ConHua npu
HaBIOIEHMH BOCXOAA C BBICOKOH ropbl OKa3bIBACGTCS rOpa3sgo MeHee SIPKNM, 4eMm
npu HabnwaeHuy ¢ nanydsl okeaHckoro naiiHepa. 38. BRIUMCIUM OCBEIIEHHOCTE OT
HOUYHOro Heba, NoNb3ysIch COOTHOIEHUAMU MEXTY (hOTOMETPHYECKMMH BeJIMYHHA-
Mi (D — cBeToROI MOTOK, / — cuna ceeta, S — NnAoIaib Tpyosl, & — TenecHsbii yrom):
R el oo O 0 R S e i Ll LI AT e

2 e = L= ey 1,745- 107" nk, Ecnu npoiigeT 38e3-
EotAE Bt E, E.
————— ===l PaccunTaeM Tenepsoe-

i ]"n 20

oa; 10'F= By +AE= By 4+ B n .
“0

1
BELIEHHOCTL OT Beru: Igif: 0,4-(0,14 + 13,89) = 5,612 u E. = 2,44 10~ ax. OTHO-

&

B,
LIEHIE OCBELIEHHOCTE ——— = |4, T.e. NPH NPOXOKIEHUH Beru 0CBeeHHOCTh
“0

266

Bo3pacTeT npuMepHo B 14 pas. 39. [Lisi OLEHKW BO3MOXHOCTH HAOMIOJEHHS BOC-
nons3yemes opmynoi [Morcona: lg% =2 Ig% =0,4-(my—m,), roe £,, m, v r;, —oc-
) i
BELLEHHOCTE OT JIYHBI, €e 3Be3aHas BenudrHa 11s HabnoaaTensa Ha 3eMie U paccTo-
sivue o1 3eman 1o Jlyust, £y, myur, =1 — 0,4=0,6 a.e. — ocremientocts o1 JIyHel,
ee 3Be3IHad BeNMYMHA 1Uid HabmogaTest HAa MepKypuu U paccTosdHue oT Mepkypus
no Jyusl. Tlonerasnsis sHaueHust, nonyuum m, = —0",74, T.e. JlyHa Oynet BuaHa ¢
Mepkypus. OueHuM Tenepb YIIOBOE paccTosHHe Mexny 3emneil u JlyHoii:
a=arctg(n /1) = 15,3, Te. ma3 HabmogaTenst MOXeT ¢BOGOAHO PA3PElIUThL 3TOT
yroi. 40. o Lentaspa — 3se3ga ~0", 3HauuT, GOTOHHBIH MOTOK OT HEe COCTABISAET
~10" dotoros/ (M- ). DoTonusii notok ot Comuna B 10%*2% = 525.10' pas
GOJIBIIE ¥ COCTABNAET npuMepHO 5,25 10%° doToror/(M*- ¢). (DOTOHHBIN MOTOK OT
spesnn 25" B 1042 = 10'° pas mensiue v pasen npumepHo | dotos /(M c). 41. Hc-
nosibzys hopmyny (3.21), moayuum R = 109,6- Ry; npumensas soipaxenue (3.22),
umeeM R = 265-Ry. 42. m=13"2; M =8"2. 43, Cpetumocts 301010l Pribbi
Gonbiie ceeTuMoctd ConHua npumepHo B 478630,1 pasza. 44. L, = 0,002- Lg;
L, = 0,0004-Ly. 45. M, = 11",65; M, = 13",45. 46. M = 3".85;, L = 2,4L,.
47. m;,= 0" (3Be3na Oyzer BuaHa). 48. M = —7",48; L = 81 989Lg. 49. m}, = 15",1
(Bera ne ©yager suaHa). 50. M = 15".46; L = 0,000056-Lg. 51. B 10 pas.
52.m, =1",12; T=13291,7 K (no dopmyne (3.22)). 53. r= 17,54 nk; R = 61,36R,.
54, r= 6,31 nk; 3peana sipue Conuua. 55. m, = 0,43 (3Be3na 6yner BuaHA). 56. TTo
dopmyne [MorcoHa onpenenuM oTHOLIEHKWE ocBelneHHOCTeH oT Contua u JlyHs npu
neprneHanKyISIpPHOM NaIeHWH CBETA HA OCBeIaemMylo ioanky: Eg / Ee = 436515,83.
Y1o0ObI MOAYUYHTE OCBEIIEHHOCTh OT PeaibHO PACMOI0XKEeHHOrO CBETUIIA, HYKHO YM~-
HOXWTE €& Ha KOCHHYC YIia MafaeHus, 4To NPy JTaHHOM PACTOJIOXEHUH JIYHHOM op-
OUTHI JAeT E) =£®.L()S(z®) = ,L'@ EIAp é’)_ . Moncrasnss 3HaueHus (¢ = 53°,3,

E¢ E¢-cos(ze) Eg-cos(p—e—i)
g = 23°,5,i = 5° (HaknoHeHue opOMThI JIYHBI K TUIOCKOCTH 3KJIUNTHKH)), MOJYYHM
Eg/ Ec = 108345,86. 57. TTo dopmyne [lorcoHa onpenenyiM COOTHOLIEHHE Mexay

E+E,+E;
E,
tdopmyne TMorcona Haxomum: m; = m, = 1,87. 58. Ha ocnosanun 3akona Jlonnepa

OcBellleHHOCTsAMU: g =0,4-(3,5 — 1)=1; E,=E,=4,5£,. [anee no

Al
MOJYYUM CKOPOCTb MPHUOMMKEHUsT 3BE3IbI pEe ~ 345,4 km/c, a no dopmyne
[MorcoHa — B3aMMOCBA3bL MEXY PACCTOSHUAMM U 3Be3IHBIMU BEIMYMHAMU B HACTOSA-
LMl MOMEHT M Yepe3 BpeMs £, KOraa 3Be31a OyneT UMeTh 3BE3IHYI0 BeTuYuHy m’ = 6"

=g
M CTaHET BHUIHA HEBOOPYXKEHHBIM TnazoM: lg———=0,2-(m"—m); r—v-1=0,01-r.
f

B pesynwraTe nonyaum: 1 = 1,06 10%¢c = 3,37« 10" net. 59. Cm. pelleHu e 3a0aun 58.

Al r+o
. =271,4km/fc; = 10° ner = 3,15- IDHC; lg—!—=0.2-{m’—m). Otcrona
X F

m’ = 9".29 (3se3na suaHa He 6yuer). 60. Mo dopmyne INorcoHa paccuntaeM OTHOLLE-
HME OCBEILIEHHOCTEN, CO31aBAEMBIX BTOPBIM M NEPBLIM KOMMOHEHTaMu: £,/ F, = 0,238.

v=c
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E+E
‘1 a2 .
ITo cooTHOLIEHUIO g — P 0,4 (my; —m) HaIEM CYMMAPHYIO 3BE3THYIO BETHYH-
1
5 = m i it Cc it
Hy:m = 2%,17. 61. Mcnyckaemsiii Connuem coetopoif notok Mg =¢gq -4 I\’é,: ocse-

LieHHOCTh, koTopyio ColHle co3aaeT Ha MOBEPXHOCTH TTYTHHO Ha PACCTOAAHHUH F:
: \ .

Rg

ST 5 g
E Mot —’_2 (Re — pammyc Connua). CrenopaTeNsHO, MagalOINi Ha MUIYTHHO [TOTOK
2 '3
o 4 P e . D ) RS
p =By —-{.!,~,7-n-T,apuccesu—”—u,lHw\l motok D=4 ®y=A-g5-— nx

2
D
3" [Mpeanonaras, 4T0 NOTOK OT MJAYTHHO PACCEMBAETCH B NONyC(EPY Mo HATPaB-

JIEHHUIO K 3CMJ]C, onpeacntumM OCBEUICHHOCTb, KOTOPYIO 3TOT 00BEKT CcO31aeT HA 3eM-

Jie B ||p0'rnBom‘omnm (M B mepureyiin cBoei opbuter): Fy=— 97:
A RE. 2m-(r,
4 lo ® " D L5 4§
_*ﬂ-—{, . = 6,78 107" Br/M* (r, — panuyc op6ursl 3eminu). lanee 1o dop-
(,' q 2]

J ; : e : Q . ]
myne ITorcoHa nonysum m = mg +2,5- lgT = 16",45. 62. [Npexne Bcero, paccunTa-
e
€M CKODOCTb OTHOCHMTENIBHOIO ABUXCHHUS CryTHHKa (puc. 22): v, = U
=~ 28,2843 c. [Mock e
; km/c. IMockonbky 0poUTa 3B3/1bI KPYTOBasl M KOMIOHEHTH OIMHAKOBHIE, TO

M. =t = S et
on, =M, = M. [lanee nocien0BaTe/ibHO PACCUHTAEM BCE HEOBXOAUMBIE APAMETPHL,

OpGura

vﬂT’I’I

0=45°

L
>

Jlyq 3penus

Dy dan e a T it i -
Puc. 22. Pacnonoxenue [)]’16“ I'bl IBOHHOH 3BE3/Ibl OTHOCHTC/IbHO JIy4a 3pCHUSI

1. Y3 unTerpana sneprun (2.14a) 1nsi Kpyrosoit op6utsl (B ckobKax yKa3aHbl
_2-M[kr]-G -‘"JJI[Krl-(J

—, HJIN a[a.c.]— , Tae
apm 1,496-10"[ -
A8

@ — paluyc oOTHOCHTeNLHOH 0pOuThL. Ha ocHoBanuu TpeThero 3akoHa Kenepa mwis

COAMHHLBI M- iMCDLI!HSI) Vo T

OTH

a‘[a.c.] — 8-G°

ABOWHBIX 3883 2- 1 = M =7 Me
® P[rox] © of .(1,496)°-10% - P*[rox]

o’ MOJYYUM
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,496-10"" 2 . P[ron]-1,496-10"

GMy 2:G

BeIpaXeHue s Macchl KOMMOHCHTA! m=

=5111:10* kr=2,57- M5,
2. MakcuManbHoOe COGCFBEHHOE‘ OBUXEHHE L‘lIyTHHKﬂ OTHOCHTENIBHO [JIABHOM 3Be3-
OBl kL BO3MOXKHO, ECJIH CKOPOCTb NEPNeHaIuKymapHa 1yiy 3pPEeHUA. “DH 9TOM TAHIeHUH-

1
—4.74. *(KM/L) g g e

\7||llhh}/L]
= (”,0084.

3. Haiinem abCoMOTHYO 3Be30HYI0 BennunHy: M =m+5+5-lgn =~ 1,916. Tak

anbHas CKOpPOCTb v, = . Toraa v, =7

(m OTH

kak Mg =4".8, To no ¢o =0,4:(Mg— M) nonyuum L = 14,24 L =

2
54,5-10% Br.
4, TlockoibKy 3Be31bl MMeloT Kiiace G2V, Te. mmm xe, kak y ConHua, rnojara-

®

em, uto T = Tj. Torna no dopmyne R= Ry - (;{O ] J’l nonyyum R = 3,77Rg =
eft @
= 2,62-10° km.
2.9 a'lae]
5. Ha ocHoBaHuMM TpeThero 3akoHa Kennepa mist ABOHHBIX 3BE30, ——— = —5 — —
My  Plron]
MOJYYHM PaaMyc OTHOCUTENbHOM opbuTel: @ = 5,7 a.e. 63. U3 paBeHCTBa MOMEHTOB
CHJT TIOJIYYHM COOTHOLIEHHE @y I, = ay My, T.e, g, = 50 a.e. B MOMCHT MaKCHMaNb-
HOTO YIANEHWS KOMTIOHEHTOB IBOIHO 3Be3/Ibl CIYTHUK HAXOJIHTCSA B anoacTpe, T.e.
paccTosHMe Mexay spesgamu Q=a, +a, = 60a.e. Ecin nolyoch OTHOCUTEJIBHOM
opBUTH 0B03HAUKTH KAK @, TO PACCTOAHKE B TepUacTpe (MHHUMATLHOC PaccToAH e
Mexay 3se3tamu) ¢ =2+a — (. INonyoch OpOUTEI CI'IYTIlHKd NoJy4uM Ha OC]lOBd-
HUM TPETLEro 3aKOHA Kennepd. (M, +9M,) /Mg =a ‘1P, unm 6 P=a te.
a = 39,15a.e. B urore umeem g ~ l&_ a.e. PaccTrosgsHUA KOMIOHEHTOB OT LeHTpa
MACC B MOMEHT MX MUHUMAIBHOTO yianeHus oyayrrakumu: a /a;=3,05a.e. /15,25 a.e.
64. Bonee 23,1 miH net. 65. 8,81 cb. ner. 66. Eg/E,, = 11272, 67. M = +17,42.
68. M = —2".70. 69. [To bopmyne Ig (r) =1 +0,2-(m — M) naiizem r; = 333 nk,
ry = 550 nk, 70 HeoBxoauMo paccuMTaTh nokasateib useta C/=m, — my, W pac-
CTABWTH 3BE3IBI O TAKOMY NpUHLMMY: yeM Gonbiue CJ, TeM 38302 nnnu, KpacHas
(Tabn. 1).

Tatauua 1

PacnojiozeHHe 38e3/1 N0 HX UBETY

3sesna Cl MecTo 3Besna Cr Meeto =]
Crnnka —0,27 1 ApKTYD 1,12 67
AnTtapec 1,73 8 iy Purens 0,04 2
AlsTanp 0,16 3 a Llenraspa 0,57 4
Kanenna 0,67 5 v Annpomenst | 1,12 67
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TL Ty =23226 K; T)o=11250K; Ty50=5950K. 72. Hcnonssys opmy-
ny (3.21), monyuum R = 3,3Rg; ucnons3ys BeipaxeHue (3.22), umeem R = 8,7Re.
73. IMockonbky 1 Kan = 4,1868 Ix, To owumumocrh KOTODPYIO Co3naeT Apmyp. B
ennHuuax CH mMoxHo Beipasuts tak: £=4,466- 107" Br/m%. Onpesenum BUIUMYIO

0
3BEIAHYIO BETUYUHY: M :m®+2.5-[gT = —0"59 (mg = —26",8 — BULUMAS BeNH-
ynna ConHua; Q = 1360 Br/M> — conneunas MOCTOsSIHHAS). ADCOMIOTHAsI 3BE30HAN
BE/IMUMHA 1TpU 3ToM M =m + 5+ 5-lg(n) = —1",075. B pesynwrare Temmeparypa
5900

l!:(R/R@ +O 20- M 10.02 = 4836 K. Mcronb3ys Beipaskenne (3.21), moayuum

T = 4377 K. 74. OcneineHHocts E, KoTOpyro co3paer berenwreiize, B eauuuuax CH
pasHa (cM. pemeHue sagaun 73) 5,373 107* Br/M?. Onpenenum BUIMMYIO 3BE3THYIO

0

BEJIMYUHY M = i + 2,5-1g7 = —(}",792. TIpu 310M aBCONMOTHASI 3Be3AHAS BETHYHHA

M=m+5+51lg(m) = —5",585. Pamuyc 3sesnsl paccuutaem no dopmyre (3.24):
5900

lg(R/ Rg)+0,20- M +0,02

= 3770 K. Mcnonb3yst ypasHeHue (3.21), nonyaum 7' = 2942 K. 75. OnpenefuM paguyc

Ig(R/ Rg)=lgd —lgn+2,031=2,662.B pesynsrare T =

5900

3ge3nel 1g(R / Ry) = 5 =0,2-M—0,02 = —1,724; R = 0,0189- R,. CpaBHupas Mac-
Chbl 3BE3MHI }d Conuua, nonyuum p = 65217-pg, Tak Kak pe = 1,41 r/eM’, To p
= 92 kr/em’, B cootsetctsun ¢ dopmynoii (3.21) umeem: R = 0,01444- Re; p

I3

Il

1
= 146 135:pg = 206 kr/em’, 76. Haiinem sbipaxenye s napaiakea: — =r =r.sin@ =
m

o T oAV Y

sin@ V)

t
HOW BETMYMHBI HAXOIHM BbIDAKEHWUE AN BUAMMOUN 3BE3MHONH BEIMYUHBEI B MOMEHT

comuxkeHus: m+5-lgn=m'+5-gn’; m =m I—S-Ig(sine}=m+5'lg—y’7

72 ait
oy ia Rz
BUIHO, YTO B 3TOT MOMeHT V/=0; V,’:V:ﬂ‘VfH/f (cM. pHc. 3.27). A Tak Kak

.r

. M3 ycnoBusa nocrogauuocTh abeonoTHOH 38831~

’

=4, 74 (K\l/C TO MOCHEe MOACTAHOBKM " W mnpeoOpas’oBaHUs MOJIYYHUM
_H-(V, +V;)_ u
T 474V, sin’0
_ 058
R
L2T810°-V, _ 9,778-10°-¥,-V, 206265 V v,
n IV a0 W 0D
uto ecnu V, > 0, to 1 > 0 ¥ cOBBITHE NPOU3OLLIIO B MPOLIIOM; eCiiH V.<0,101<0, 1
9TO 03HAYAET, YTO 3Be3na B Haubonbineil creneHu npubnusutea k ConHuy B 6ymy-

. Bpemsi cOmvke s MONYyIHM 110 COOTHOLIEHUIO (CM, pic. 3.27)

u | .
C yueToMTOro, ytol, = 4,74-; (I(M/C),r: —(nx)u Il nk/ron = 9,778 10° km/c:

(nier). Ha puc. 3.27 sunHo,
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wem, 77. Cum. peieHue 3agaqu 76, Yron Mexay J1y4oM 3peHrst H NPOCTPaHCTBEHHOH
ckopoctelo 0 = 140°,67 = o' = 0”87, m' = 8",55, u = 257,66; V' =0,
V! = 139,63 km/c. COnMKEHUE TNMPOH3OAMIET yepes [t = 9808 ner. 78. TlockonbKy
CTeKTPb! 3Be3 OAMHAKOBEI, TO ux 3ddekTuBHbIe TeMMepaTypsl papHbl: T, = T,. Pac-
crostHug ot ConHiia 1o 38e3n (F, U ry) MOXKHO CUMTaTh HAMHOTO GONBIUMMH PACCTOs-
HMSL MEXK/Y 3BE3TAMH, TIOITOMY | = ry. CnemosatensHo, M, — M, =m,—m =10",
lgR —1gR, =0,2.(M,— M) u R, = 100- R,. B To ke Bpema 90, =2-9,. Takum 006-

”

=6",06/0",076 =

= 79,74ae. = 1,19- 10" kM. danee onpemenum aBGCOMIOTHBIE 3BE3AHLIC BEJAMYHHbI

pazoM, p, = 10° r/cm’. 79. Tlo dopmyne (3.32) monyuum a =

&!‘Q

L .
My=m +5+51g(m) = 1",404, M, = 2”204, a no chopmyne ]g[—‘ =0,4-(4,8—M,)—
®

ceerumocti L, = 22,823 Lg, L, = 10,924 Ly, TTockonbKy 1pH pABEHCTBE TeMIepaTyp
(cM. pewieHue 3agaun 78) BepHoO cooTHoluenue g R —IgR, =0,2-(M, — M,), T0 nony-
yum R, = 1,445-R,. CymMmy Macc paccyWTaeM Mo ypasHeHusiMv (3.31), (3.32):
(m,+0,) o
Mo ARy
nBukeHus1 (2.14a) cnemyeT, 4To CKOPOCThH OTHOCHUTEILHOIO ABMXKEHWS ONPEAEIAETCA 110
Gom a’
a-1,496-10"[km/a.e] n*- P

Monyuum M, + MM, = 5,414- Mg = 10,774- 10" k. U3 unrerpana

COOTHOILEHUIO l/mH

G
i .(‘jj[iJr\Jﬁz): Mg [onyunm

V. 7,76 kM/c. [TocKONBKY TAHIEHLIMAI bHAs COCTaBASIOILAs CKOPOCTU Y, = 4.74-; =

OTH =
= 12,474 km/c, NONHASA TPOCTPAHCTBEHHAS CKOPOCTb CUCTEMBI V :1f!/,2 7+ Vf o
= 12,83 km/c. 80. U3 ycnosus paseHcTBa MOMeHTOB cui -7y = 9N, - ry, TloCKONB-
Ky v, = @-r; Mo, = -, (0 — yII0Bas CKOPOCTh ABUKEHHsI KOMITOHEHTOB OTHOCHTE/IbHO
LEHTPa MAcC; 1, M Fy, — PACCTOSHMA KOMITOHEHTOB ABOWHON 3Be3[bl OT LEHTPA Macc,
v; M ¥, — CKOPOCTH KOMMOHEHTOB), nojnydum M, /O, =r,/ri=v,/v,=k,/k, = 1,21.
81. U3 uHTerpana aprxeHus (2.14a) cnenyert, 4TO CKOPOCTb OTHOCUTENIBHOIO ABUKEHMSI

«
OnpeaensieTcs o COOTHOIIEHHIO V Lale ‘(zml + UJEQ). CyMMa Macc pacCcuHThIBAETCS 110

(om,+9m,)  4° , _ G-a*(36525)
hopmyne (3.31): T= P [Monyuum V., =W
i G) . 1 o

1,496:10" [1,496-10"
R ~ T S -— i o e 2 ~ 2 . 10 e
orcioga panuyc opOuThl, umeem a=V, - I 365.25 G M, ,66-107" M

= 26,6 man kM. 82. [1o dhopmyne cesa3u neproaa nyascauni uedemna v ux cpefHeit abeo-
TMOTHO# 3Be30HOH BenmyuHel (3.29) nonyuum M, =—(1,01+2,87-1g ]‘)_ —3",105. da-
nee o ypasHeunio (3.10) Haxomum lgr =1+0,2-(m— M)=2,411 u r = 258 k. 83. o

I
o

-Me. Bripasus

R,
dopmyne (3.21) nonyuum lg— R, igT—2 Ig,—- [MTockoneky ig——=04 Am, 10

271



R/ Ry = 1,52. 84. OueBuano, yto Greck sSpKOH 3Be3/bl NPH 3aTMEHUH MPONOPLIMO-

e e r
HaleH He3akpbiTod mnowanu. Orciona !,’—”'”=T=Ix, E';\/Iflc. 85. M3 3a-
“max

Ak B .
KoHa [lonnepa u3BecTHo, 4to - =" Tlockoneky A=c-T (T — nepuon cBETOROI
&

pat A
BOJIHLI), TO 7 =—L_ QueBuaHO, YTO nepuo KonebaHuil Grecka 3Be3abI OyneTt us3-
(o

MEHATBCS TAKHUM Ke 00pa3om, T.e. Habnwdaemolii nepuod konebannii (3se3na yuas-

ercs) P'= P+AP=P(H—?“~J = 396°. 86. TIpeanonoxum o6paTHOE: HIMEHEHME

Brecka 3Be3nbl BLI3BAHO NPUOIMKEHHEM K 3eMie, a He M3MEHEHHEM DU3MTECKHUX
XapakTepUCTHK caMoii 3e31bl. Torna u3 yclioBus nocTosHHOCTH a6COJIOTHOI 3Be3MHOI

L
BETMUMHBI MONy4uM Am=5-lg— v r; = 180 cB. et Paccrosinme r; — r, = 1620 ¢B. ner
r -

3BE3/1A 38 OJIHU CYTKH HE MOXKET NPeoioeTh, MHAYE €M MPHULLIOCH Bbl ABUrATLCSH CO CKO-
POCTbIO, KOTOPAsl MPEBBILIAET CKOPOCTh CBETA, T.e. Halle NPENNONOXEHHE HEe BEPHO.
87. W3 chopMmynsl cesi3n neproia nyabcalmy uedenn u ux cpeateii aGComoTHOM 3Be31-
HOW Benm4MHBI (3.29) umeem My, =—(1,01+2,87-1g P) = —0",038. danee no ypaBHe-
Hmio (3.10) nomyyumlgr =1+0,2-(m— M) = 4,028, r = 10 654 nx. 88. [MpuHumas 3Ha-
yeHue mocroaHHoi XaGbma /1 =70 km/(c-Mnk), 3 3akona Xa66ma (3.39) Haxomum
ey Ak

H &

r = 143 Mnk. 89. M, =—(1,01+2,87-1gP) = —4" 207; lgr=1+0,2x

- 1
X(m—M) = 5,761; r = 577 303 nx. I1pu 5T0M AMHEHBI AMaMETP l)=2r-lg% =

= 10076 nx. 90. W3 ycnosusi paseHCTBA aOCOMOTHBIX 3BE3HBIX BEINYMH TTOTYIHM

r Ar ]
Am=5Eg"’f‘:5-Ig(l+T} = 0" 0058. 91. TIlpuHMMas 3HAYEHUE MOCTOAHHOIN
i

i
Xab6na /1= 70 km/(c- Mnk), n3 sakona Xa66.1a (3.39) HaxoauMm paccToSHHE 10 KBa-
c 7 rd”

3apa: r=—— = 677 Mnx. Pa3s <Bazapa D=———
3apa: T nk. Pasmep kBazapa D 206265

B9 pa3 MeHblle nucka lanakTuku. HO.FI_V'-H1M BHIAMMYHO 3BE3[0HYI0 BEJIIMUYHHY KBa3apa
[IPU YCIOBHH, YTO OH HAXOAWTCA B LEHTpPE HAlIel rEl.-"'IaKTHKH, Ha paccrossHUK

= 3283 nK, T.e. IpUMEPHO

’

5 E r
¥ = 8,5knk (paccrosinue or Connua go ueHTpa [AnakTHKM): IgF=2—|gf:
) r

r
=0,4-(m"—m) mam’ =m+5-1g— = —11",6. D10 HeMHOro GOIBLIE 3BE3MHO BEJIM-
”

ynHbl nonHoi JTynst (—12",7). 92. Puc. 23 noscHser pewenue 3agaun. ITycth Bbi-
Opoc BewlecTBa Npon3owen b aape lanakTuku A. Jlyu cseta JOCTHD 3eMIM CITYCTH
BpeMsd [ (Bpems H3MepsieM B rofax), a BLOpolleHHOE BELLECTBO NPOLLLIO 33 5T Bpe-
ms nyThb V-1, OpHako cnycts roa ObUl 3aperucTprpoBaH Apyroii 1y cBeTa, KOTopbIii
NoKasajl cmelleHne BbIOpoIIeHHOro Bellectsa BC, paBHOE B YIITOBOM BbIpaske-
Hun 9”. CnenoBaTensHo, NPyroii nyy creta 660 MCOYILEH B TOUKe B uepes MHTepBal

445

BpPEMEeHH 1, Tiocsie BeiOpoca. Jlyd cpeTa mies K 3emMae u3 TOUKH B B TedeHHe BpeMe-
HY 1, Takum oGpasom, monydum, uto f; + 1 =1+ f;. Eciu V, — nyuesast CKOPOCTh
BELLECTBA, & V/, — TAHreHLMANLHASL, TO W3 PHC. 23 sicHo, uT0 V-1, + ¢:1; = ¢ 1. [lockons-
Ky V.= ¢z, mOnyunMm z -1, +i; =1;, uto maet f, =2 roga. OUEHKY 1 ¥ I TIONY4HM, CCIIH
yurem, utoor CosHia no uentpa lnakTuku npumepHo 8,5 kmic: 1, = 13 = 8500 [nk]/c =
27 725 [cB. net] /e =27 725 ner. CneposarensHo, AC=V,-f,=c-z'1;=1CB. roL=
9.4605- 102 km:;  BC=18500-9”/206265” =~ 0,3709 nk = 1,2097 cB. net = 1,1444 x

U

x 108 kM. Takum o00pazoMm, cpedaHss CKOPOCTh BBIGPOIIEHHOIO BELLECTBA
fnpo
Tanakraxu
4
c
K 3emne \
¥ 1 rox i
Puc. 23. Bubpoc Beniectsa BOAH3M sapa [anakTuku
JAC* + BC”
YV =—————— = (,7848. ¢ = 235 264 km/c. 93. Ecnu cuutath, uto [1nyroH Haxo-

'y

[NTCS HA PACCTOSIHUK B cpenHeM 39,5 a.e. ot ColHIIa, TO OCBeLLEHHOCTb 0T ConHia
na [uyrone B (39,5)* = 1560 pas Meusute, ueM Ha 3emne. TaKOMy OTHOIIEHMIO OC-
BEIIEHHOCTEl COOTBETCTBYET Pa3HOCThL 3BE3AHBIX BenWdrH 2,5-1g (1560) = 8", Ha
3emuie BUOMMast 38e3aHas BennyuHa Connua pasHa —26",8, na [nyroHe oHa Byuer
—18”.8. D10 Ha 6,1 MeHblLIe, YeM BUIMMAd 3Be3nHas BeauyuHa JIyHbl Ha 3emiie
(—12"7). Takum 06pasom, Ha [1nyToHe AHeM NPUMEPHO B 275 pas ceeTiiee, YeM B
nosHonyHue Ha 3emne. 94. OcBEUIEHHOCTb MPH TOJHOM 3aTMEHMM CHUKACTCHA B
2 pasa, MOTOMY 3BE3[HAasi BeIMYMHA Bo3pacTaeT Ha 2,5-18(2) = 0™,7526. 95. Ecnu
0603HAYUTL ONUHAKOBYIO JUTS BCEX 3BE3/L OCBEIIEHHOCTh, KOTOPYIO KaXKIas U3 HHMX
co3maeT Ha 3emne, uepes F, To coznasaemas BceMu N 3Be3[aMu CKOTIEHUST CyMMap-
Hag ocpemieHHocts Ey= N-FE. Tlo d¢opmyne [lorcoHa ompeaendM CyMMapHYO
E

IBE3AHYIO BENMUUHY CKOTIIEHHA: my =m—2,5-1g =m—25-1gN, rie m — 3Be3a-

E
HAas BeJMYMHA KAKIOM 13 cocTapnsiowux ero 3gesn. B yactnoctu, npu N = 2 imeem

27
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=m — 0",75 (cm. pewenne 3agayn 94), npu N = 10 monyuum mp=m —2"5.
96 [lyctb N,, — KONMYECTBO 3Be311 APYE 3BE3IMHOIN BEJIMUUHEL M, F,, — PACCTOsIHUE 0
caMbIX CJTHGI:!X M3 HUX (BUAMMAs 3BE3IHAsH BeJIMYUHA M 3aBHCHT roano OT paccTosi-
HHUSL 10 3BE3/IbI 1, TAK KAK CBETUMOCTh 3BE3M 110 YCJIOBUIO CYHTAETCS OIU HAKOBOI’I)
OBbeM NpocTpaHeTBa, 3aHATHI 3Be31aMu SipYe m-i BEUYHHEL, U WX YUCTO N oo

m

6 \L

m

[lepeiinem OT OCBELIEHHOCTENH K 3BEIAHBIM BEJIMUHHAM COTIACHO dbopmyne IMorco-

3/2
: N E,
OcBeleHHOCTb OT 3BE30bI M-l BeTMYHHBI Ba=pl 2 Orciona NOIYy4nUM Nm =l |

E X N 06—
Ha. Tockombky —= = [0%4(m=6). nonyluMMT’”=I0“'°‘(”’ %, Ommako 10°¢ = 3,981 = 4
m 6

£l

1ak yto N, =6000-4"° ~1,5-4". TIpu m = 0 51a dhopMyna AaeT OCMBICIEHHbIIA pe-
3YJILTAT, Pacxomenne ¢ HaDMIONEHHUAMH BO3HUKAET JHILb MPH BHICOKHX 3HAYEHHAX
m. CornacHo Takoi OLCHKE, NPU BO3PACTAHWH 3BE3AHON BEJIMUMHBI HA eAUHUITY
KOJMYECTBO 3Be3/1 yBenuyuBaeTcs B 3,981 pasa. 1o naHHbIM, MONYYEHHEIM B pe3yilb-
Tare NpAMOTO MOACYETA, ITOT MOKA3ATENb MEHbILE: 0KOMO 3. M3 nonyyeHHO BLIlLE

3
3aBUCMMOCTH MexXny N, u E, cnenyer, uto IgN, = Ig £, +const. 97. TTockonsky

EBDOHH H }()]'Il'iTelJ HaxogsTCA NPUMEPHO HA OOMHAKOBOM PACCTOSAHUHM OT 3CMJ]M, HXx
pasnuuue B Becke ONpEAENAETCs TONBKO Pa3HBIMH OTPaXaTe/IbHLIMU CBOMCTBAMM U
pasmepamu Ten, Tak Kak NOBEPXHOCTH EBpOllbl MOKPBITA JIbAOM, MOXHO CYUTATD,
J

2
A (R
uto ee ansbeno Ag = 1. [lonyuum my —m; =2,5-1g A—J(FJ = 7",6. Torna my =
E \

E
m ’ m S m Ar
= 7",6 — 2",5=35",1. 98. Io dopmyne [Morcona nonyuum Am=2,5- Ig r =
: Ir(l+ArJy a In(1 + 2 < A .
=— — |. VyuThIBS T 3 (v = e— ——
m1o 1N = biBast, yToIn(l +x) = xmpuly BbIMHCIIM Am = - —

~ 2,17-T. 99. ABcontoTHas 38e31Has BeuunHa ConHia Mg = +4",8. HeBoopyxeH-

HBIM I71A30M BUAHBI 3B€3Mb1 10 6-it 3Be3nHOM BenuuuHel, Mo dopmyne [Morcona na-

10

I
XOLUM: L=5. lg—== Mo —6™ Igr=§-(6+574,8):l,24; r= 174 nx

FO
100. Tockonbky Mg = +4" .8, monyunm BuAMMYIO 3Be3IHYIO BeNHUHHY CofHLA U3
Tymannocrn Auapomenst m= Mg —5+5-1gr = 29", Conuue 66110 GBI HEXOCTYIIHO
KDYTTHEHLLINM HA3eMHBIM Teseckoram (< 28™), Ho TeopeTHYecku Gbu1o Gbl HA Mpenene
BO3MOKHOCTH OOHApyXeHHs [Uisl KOCMUYECKOro Teieckona « Xa66m». [TpakTiuecku
yBUIEeTh CoNHLe 6bU10 Ob1 HEBOZMOXKHO, TAK KAK Er0 MATYYEHHE CIIUBATIOCH GBI CO CBETOM
OT ThICSIY COCEMHUX 3BE3, 101. U3 cootHoweH i cBeTMMOCTE — Macea (L,/Lg) =
= (M /Mg) * W cBETMMOCTL — pazuyc ( boi/.i’@) (R/R Y2 anst 3Besn nmmmu
NOC/CHOBATENLHOCTH MeeM (/9N ) W = (R/Re)? = (‘UT/SJ]IQ}‘”’ R/ R,
TO Xe Bpems M /Mg = (R/R@} (p/po} [Monyaum M /Mg = (M /M, Jo
X (p/pe) = (0/Pe) = (M/Me) . TIpuM = 15 My = (p/pe) = 0,034,1.3.,
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VUUTBIBAS, YTO P = 1,41 t/em’, p = 0,048 r/cm’. 102. [peacTanisis 38631y Kak abeonior-
HO uepHoe Teno, umeeM L =4m- R0 TZ:T. Torapudmupys u nuddepeHLMpya MOCTeN-

= dL dR dTg
Hee Beipaxenue, nonydum d(In L)=2-d(In R)+4-d(InT;) wim 5 & 25 2-7+4-T

JLnist Manbix yBeJIMMeH il panmyca M TeMIepaTyphbl MOCIEAHEE BBIPAXKEHUE MOXKHO 3aMe-

AR AT, )
HUThL NPUOIHKEHHBIM! ATI =2.—- 4-—r % [Tomcrarnsst U3 YCIOBHS ‘zaﬂatm? =—¢
4 eff

AL
B =g, UMEEM T=2 £, Te. IPUE= 2% CBETMMOCTb 3BE3MbI BO3pacTeT Mpu-
eff i

mepHo Ha 4%. 103. Tlo ycnosuio R, = R,, noatomy [~ T4 Torma M,—M,=

T
=aibs lg:: f*IO‘Ig}i—. Ecnu T, = 1,1- 15, to M, — M, = —0,414. 104, o ycno-
) 2

BUIO R, = R,, noatomy L~ c“ JNorapugmupys u 3atem addepeHupys 510 Bhipa-

AL AT,
KEeHHe, nonylluMT=4-I—‘" T.e. eC/TH CBETMMOCTH [IBYX 3Be3/1 pa3nuyaiores Ha 4%,
eff
UX TeMmepaTypsl pasauuaiorca Ha 1%. Ha ocHopaHMM 3aKoHa cMmewieHus Buxa
; Al
Ao - 1 = CONSt NONXY4UM ﬂZQ,—Lﬂ, TAK UTO MPH YBEJIMYEHH W TEMIIEPATYPBI
max *eff }"m-\x fcﬂ'

o 0 v
na 1% IUIMHA BOJIHBI MAKCUMyMa B pacrpeaeneHuu 3Hepru yMEHbIIHUTCA Ha 1%. U3
MeHeHHe HHTEHCHBHOCTH UANTYUYeHHUA B MAKCUMYME CITEKTPA MOJAYHHUM U3 3akoHa [nax-

2m- he?

- 5
Ka (3.18) €,y =5 g CYIETOM 3AKOHA CMELICHUs BuHa: €, 1~ Apuy. Clie-
el AT -— |
Afs Al
IOBATENIbHO, bmee?” 5, Comax 5, —ef . UHTEHCHBHOCTL B MAKCHMYME MpH
£ Nosniad }”meu 1 eff

max >

yBeIMUEeHUN TeMrepaTypel Ha 1% rnossicutcs Ha 5%. [TOCKO/NBKY HHTEHCHBHOCTD
H3IYUeHUS HA ONpPeLe/eHHOM [UTMHE BONHBI A, B 06J1aCTH CMEKTPa, IAe ClIPaBe/IHBO

21’[ ¢

npubnuxeHue Panes — JIkuHCa, MOXHO BbIPa3uTh GOPMYNION € r By kT
0

Ag, » AT
e B Foa T bl o ool CnenoBaTeNbHO, HHTEHCHBHOCTD U3NYYEHUS B «00-
ekt B Fephd0=— T s
Ay eff

nactu Panest — JIKWHCA» TPU yBENMUEHWM TEMTIEPATYpbl Ha 1% MOBBICHTCS TaKXkKe
ua 1%. 105. [Mockonbky (hOTOH ¢ SHEPrMeii /- v HeceT UMNYILC fi-V/ ¢ B HANpaB/e-
HUM CBOEFO PACTIPOCTPAHEHMS!, TO MPH OTPAXEHUH OT donbru (KoahdHLHEHT OT-
paxeHusi cuuTaeM paBHbIM |) OH MependaeT e MMMyJibe 2-h-v/c. B To Xe Bpemst
CBETOBOE NABIEHHE — 9TO CBETOBOA MMITY/IbC, MepeaaBaeMsblii 3a | ¢ eIMHULIE MIO-

= S S
WA NoBepXHOCTH. OTCIONA TIONYUHM BhipaXeHHe Ans JaBjieHus: f T rae

[ — CBETUMOCTS 3BE3/bl, I — PACCTOSIHUE 10 HEE, Y1obw! (!)O.ﬂ bra ¢ CHIOSIIIMM Ha HEU
KOMApOM Il DEHE‘,@[)B)KHMO Manoil MaccChl yieTena K IpyruM 38€31amM, CBETOBOC JaBjic-
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HUE NIOJIXKHO MPEBBILAT CHITY TPUTSKSHMSI, MPUXO/IAILYIOCH HA eIHHHLLY [LUIOILAIN,
B pacyere Ha | M” noepxHoCTH honkry ToNWLUHOI H, KOTOPAasl M3rOTOBRJIEHA U3 MaTe-
- . o e
pHalla NNOTHOCTBIO P, CHNA MPUTEXeHUs [ =G -—— 9N, roe 9 — Macca 3Be3pl.
oz
YT0GHI dhobra Moraa CayKuTh HOTOHHBIM MAPYCOM, Ha KOTOPOM MOKHO Y/IETETh OT
3BE3NbI  HA  OECKOHEYHOE  DACCTOSHHE,  JOJDKHO  BBITIONHSATLCH  YCIOBME

2-L e

po >G-T-Em, Orcioga cnemyer, uto H <—2rt-(;‘-<.:_‘p-TJI'
MpeanonaraeM, YTo MEPBOHAYANBHO (ONBrA TOKOMTCS OTHOCHTENBHO 3BE3IbI.
Dosnbra anOMHHMERAst, TAK YTO MOXKHO I1 pPHHSITE p = 2,7 r/CM‘. na 3ge3nri knacca 05V
(cM. nmarpammy Tepuwnpynra — Paccena) B cpegHeM umeem: T = 40.901. =
= 40-1,99-10%kr=7,96-10" kr; L = 510 L = 5-10°-3826.10% Br = 1,913 10% Br.
[Moncrasus 3HaueHms, moayuum, uro H < 7,1 MM, Kak BUIUM, B KauecTBe «(hoabrus»
MOXHO BbUIO MCMONb30BaTL MeTamnudeckuii nuct. 106. Tlockonbky 3 AHBaps
ap = 18"50", 8, = —22°, B 310 Bpems MyAbCap MpOTHBOCTOMT COJIHLl-y (puc. 24),
Cryers Tpu mecsua, 1 anpensi, yron Mexay HanpasiedusiMi na CoHLe 1 nynscap
Bynet paseH 90°.

3meck Mbl HESIBHO

Puc. 24. Iprxenne 3eMIM OTHOCHTEIBHO TYIILCAPA

Wcxons u3 Beipaxenus s adidekra Jonnepa i =V (Lt /o) =vy(c+o,)/c(l),
V=V (1 + (v, — v5) /&) =Vy-(c + v, — va)/c (2 3 (1) m(2)
2 =" . Vg Vo (et o, vg) /¢ (2). Torma, Beipasue u3 (1) u (2) v,,
T

e L P gE bl
noayYuM v, =—c+ T ver Mpw e = 3-10° M/c n vy = 3-10* M/c nyuesas ckopocTs
» 4

nynbcapa oTHocHTeNnbHO ConHua | anpens okaxercs parHoO Hyio. 107. Cum. peuie-
2
Ry
—2
a
BTOPHYHOIO MUHHMYMOB 3aTMEHHOW TNepPEMEHHON 3Be30bl 03HAYAET ONHHAKOBYIO
SIPKOCTb 000HX KOMIIOHEHTOB, BXOLALLMX B CHCTEMY, D10, B CROIO oYyepeib, CBUIe-~
TEJIBCTBYET O paBeHCTBE MX 3GdeKTHBHBIX TeMmnepatyp. [lycts paauyc Gosblueid

Hue 3anauu 34. (1— A) Ta=Tg; Ty =64 K. 108. OnuHakoBblii BUI MIABHOTO M
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3Be3nbl paseH R, a MeHbuei — r. [1o yclOBHIO, 3aTMEHHS LIeHTPaJbHbIE, 4 MOTEMHE-
HUE INCKOB 3BE3/ K Kpalo oTcyTeThyeT. Toraa usMeHeHHe 3BE3HO0M BEIHUHHBI B MH-
7R’
AR’ +nr?
[MocKoNBKY CPeOHME TUIOTHOCTH 3BE3J OAMHAKOBEL, COOTHOUIeHWe macc m/M =
=(r/ R}“ = (0,091 =1/11. MUHUMYMbl OZUHAKOBbI HE TONLKO MO TIYGHHE, HO U 10
[POAOIKHTENEHOCTH, & TAKXKE [1POMCXOAAT YePe3 OIMHAKOBbIE TIPOMEKYTKH BpEMe-
Hu. CnenosatesHO, OpOUTH 3BE3 KPYroBEie, a mepuon obpaweHust T paBeH yiBo-
eHHOMY MPOMEXKYTKY BPEMEHH MEXIy MMUHUMyMaMu, T.e. 60 cyr, unu 0,1643 rona.
[TocKOJIBKY 3aTMEHHST LEHTPAIbHBIE, MIOCKOCTh OPOMUT 3Be3/1 POXOIUT Yepes 3eM-
mo. B 31oM ciyyae OTHOCHTENIbHAS CKOPOCTh 38e3L v = ¢- AL/ A, = 91,4 kM/c 1 pac-
cTostHUE Mexay sBe3gamu a =v- T/(2m) = 75,4 mnu km = 0,5 a.e. M3 tpeTbero 3a-
koHa Kernepa monyuuM cymMmapHylo Maccy 3se3f B Maccax Conuua: 901, + 90, =
=g°/T" = 4,6. Burore macce 38e31 — 4,2 1 0,4 maccer Connua. 109, OrHowmenue
OCBEIEHHOCTEl OT 3Be3/4bl [IPH HAGIIONEHWH C TOBEPXHOCTH 3eMIH M U3 KOCMOCA
BiJE, = 2.5127%% = (,83. CnegoBateNbHO, W3-3a MOrTAOLIEHUS B aTMocdepe Habio-
naTens BUAUT ToNbKo 83% oT Gnecka 3Be3abl, M atMoctepa ocnabasier 61eck 3Be3s B
senuTe Ha 17%. 110. M3 3akoHa Byrepa u ¢opmynsl Tlorcona cieayer paBeHCTBO
¢ =2,512"", orkyna T=0,92-Am. 111. IIpu HaKNOHHOM NaJEHHH COMHEYHBIX Jyucii
OCBELEHHOCTb MOBEPXHOCTH £ = F| -c0s(z), rae £, — 0CBeIEHHOCTD NP HOPMaIbHOM
nageHun nydeit (korga ConHlie B 3eHUTe), 7 — 3eHUTHOE paccrosiiue ConHua, Takum

2

3
HUMyMe Am =—2,5-1g - 2,5-lg[]+R2]. Otcionar/ R= 10%+4m —1 =45,

L
obpazom, E,/E=2. 112. m,=3"35; my,=35",10. 113. 0;4'(M@—M)"—'lgl—:|0:
20

bk

M= —20"2 (Mg =4".8); lgr =—0,32 (mg = —26",8); r=10"a.e. =

= (0,48 nx. Kpome TOro, 3107 Xe pe3y/ibTaT MOXeT ObITh MONYYEH U3 PABEHCTBA OC-

L L
BellleHHOCTel, CO3IaBACMBIX CBEPXHOBOW M COnHUEM Ha 3emie; — o7 =——.
dn-ry  A4m-r

114. OcBelligHHOCTb MOBEPXHOCTH CBs3aHA CO CBETUMOCTBLIO HCTOUHMKA CNeNYIO-
T )

UM obpasom: E=L/(4n-r"), rae r — pacctosiHie f0 McToyHMka, ITockonbky

E=0Q=1367 Bt/M>, nonyuum r=7,6cm. 115. CpelHee paccTOSHHE MeXIy

yacTUUaM1 ONPEACNACTCA HEPE3 UX KOHUCHTPALIM K. F= =Y it
H

roga. 116. M3 BeipaxeHus WISt BTOPOH KOCMMYECKOH (Mapabonanyeckoii) CKopocTH
ONpene/nM Macey cKorieHms: M = R-v? /(2-G) = 3,33 - 10% xra 167 00090 o Ta-
KM 06pa3oM, KoauuecTBo 3Be3n~167 000. 117. Mcnonwsys mozaenb abCoOIOTHO
YePHOIo TeNa, 3aMHIIEM CBf3b MEXKIY CBETHMOCTBIO, PAJMYCOM W TEMIIEPATYPOA:
L~R. T Torma L*~ B2 T = (20 L. T = LMo~ 7™ = [~ 159118, To-
CKOJIBKY 3BE3IHOE BPeMsl COBNAACT ¢ [PSIMbIM BOCXOXAeHHeM Beru, oHa HaxoauTes
B BEPXHE KylibMUHaLKK. [Tpsimoe BocxoxkneHue 11 Peick oTiMyaeTcs oyt Ha i
CeI0BaTeIbHO, OHA HAXOAMTCS B HUXHEH KynsMuHalmK. OTciona onpeaenuM Bhi-
COTY 3BE3M HAN rOPU3OHTOM: A; =90° — @+ 8, =83°40", h, =@+, — 90°=11°51".
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[ycts onTryeckas Tonumuia aTMocdeps B HANPABIEHUH 3eHUTA paBHa T. [TocKob-
Ky OTITHYECKas! TONUIMHA MPONOPLUMOHANLHA PACCTOSHHIO, KOTOPOE CBET MPOXOLUT
B aTMOcepe, ONTHIECKAs ToNUHA aTMOcepsl B HANPABNEHUH 3BE3/bI GYIeT pap-
Ha T/sin(h), e h — BBICOTA 3Be3ABl Ham ropuzoHToM. [loTtok w3nyuyeHusn

T

onpeaensieTcs 1o 3akoHy Byrepa: @ =@, e " e @, — MOTOK HA 'PAHULE ATMO-

¢eper. CornacHo yenosuio sagauu, @, /M, = 250 000/500 = 500, a Taxxe ((D"))' =
} 0h
T

y 6] (m ), e sim‘i,
=2,5[2™ ™ =2,512° %250, Torpa —L=-—LL.
o L T A

2 e sinlr,

, oTkyaa T = 0,18, Am=

= 1,09-1 = 0,19" (cM. pewenne 3agaun 110). 119. Monsapuas Macca — 310 Macca
OIHOIO MOJIs1 BelecTBa. B oaHoM Mone cofepskntes N, 4acTHLL: NPOTOHOB, Q-YacTHL
n a1eKkTpoHoB. [lockonbky Beulectso CONHLA HAXOMMTCA B HOHM3MPOBAHHOM
COCTOSIHMM, TO HA Kaxioe sAPO aToMa BOLOPOAA (MPOTOH) TMPHUXOAMTCS OOUH
3JIEKTPOH, a Ha KaXI0¢ SILpo aToMa refins (a-uacrtuuy) — apa anekrposa. IMyers x —
KONMYECTBO NPOTOHOB B OJHOM MOJIE COJHEYHOTO BELUECTBA, y — KOJAHYECTBO
a-vactul, Torma x+2.y — KONWYECTBO 3MEKTPOHOB B OOHOM Mone. Maccoii

iy
Yym, 25
[Ae My, W m, — MAcca npOTOHA M -4aCTHLIBI COOTBETCTBEHHO. [lockonbky m,/m, ~ 1/4,

IEKTPOHOB MOXKHO npenebpeyb. CnegosateNbHo, x +y + (x + 2.y) =

12 |
y=N,/27, x=12-N,/27, To Macca ONHOrO MOIS “:N"(E m +EmJ

b ; 0,596 1, a cpenusia monsipHas macca Conuua pasHa 0,596 r/Mods.
120. Tlo BenMyMHe KPACHOTO CMELLIEH NS ONPELeUM CKOPOCT YIANEHMS! FANAKTHKH: v =
=~ 5257 km/c. C noMouibio 3akoHa Xab6na onpeiennm pacerosiine: =/ H =77 Mnk.
Jluneitueiit  anamerp ranaktuku D= r-sin(p) = 37,3 knk. 121. Tlockonbky
ranakTuKa BUAHA «C pebpa», CKOPOCTH 3Be31 Ha €€ Kpasx ByIyT HanpaBaeHbl BAOIb
Jiyya 3peHHsi. DTO 03HAYAET, 4TO Jy4epas CKOPOCTb BTUX 3Besl OGYAET paBHA

AX
npoctpaHcTBeHHOIH, C nomouisio dopmyner mns addekra Hdonnepa (v—;T c)
0

OMpe/ie/INM, YTO CKOPOCTb YIAICHNS LEHTPA ranakTuky vy = 1234 km/c, a cKopocTb

kpaesv = 1417 km/c. CrrenoparensHo, 38e3bl HA KPAsix IBHKYTCS CO CKOPOCTBI0 Av =

= 183 km/c. PaccTosiHME 10 ralakTHKHM ONpeeniM B COOTBETCTBIH ¢ 3aKoHoM Xao6a:

v cAX

"HONH

= 13,2 knk. Torna u3 BeIpaXEHUS [UISt NEPROI KOCMUYECKOI (KPYroBOil) CKOPOCTH
(Av)" R

NOJIYYUM Maccy ranaktuku: 9 =—( = 2:10 kr= 100 mapa mace ColiHua.
I

122. Onpenenum aGCONIOTHYIO M BHAMMYKO 3BE30HBIE BENMYMHBI CREDXHOBOM:
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=N, m

= 18,1 Mnk (H = 68 (km/c)/Mnk). Panuyc ranaktuku R = r-sin(p/2) =

L E e
lg| — |=0,4(Mg—M); M = —19"6; Ig =0,4-(my—m); m = 17",0. Torna
il Ey
m+5—-M
paccromme o0 ceepxHoBoit r=10 3 . =209 Mnk. M3 sakona Xab66na (3.39)
Hy=2z-c/r = 73 (km/c)/Mnk. 123. Panuycel ropnsomou COOBITHH HCXOAHBIX W HO-
BOH Lsepnmxm,lp COOTBETCTBEHHO R, = 2G- 9N /r Ry =2G-90. /(2 R,=2G-(0m, +
2 2 ] 2, p2y 167G

+9M,)/c’. CyMma miowaneii no chusHus S +S2 =4n-{R, +l€2J:rC4—X

lfm (-JI +.UI,)2. [Mockonbky

K(DJIHE)JZ%), a nocjie cinusHuA S, =4m- R

(O, +Mm,)2 > M+ M2, 10 S5, > 5, +5,.

3.2. Actpohnsnyeckne npadopbI

1. 11 moiimoB = 279,4 mMm. [lockonbky 3Hepruu, BocnpuHuMmaemeie TM3C-
MaTpuLei, B MEPBOM H BTOPOM CAYYasiX MOXHO CYHMTATh OLMHAKOBLIMH, TO
E,-D}-t,=E,- D} -1y, tne E,, E, — OCBElIEHHOCTH, CO31ABAEMBIC NEPBOIl U BTOPOI
apesgamu, D, [, — nHaMeTpol Tcnccmnos, t), t — Bpemst akcnosuumii. Janee no

(dopmyne Ilorcona m —m,= Haxoaum m, = 15".8. 2. Agp = 07,155;

L,

m = 16,875. 3. Ecay cpeaHnii BuaaMbli gnamertp Jlyubl npussits 31°05%, Torna we-
obxonumoe yrenuyenue I'= 3105”7 /40" = 46,6. YToObl JOCTHYE TAKOTO YBETHUEHHSI,
HEOOXOAMMO HCIOJB30BAaTh OKYNsip ¢ (hokycHbIM pacctosHuem 1000 [mm] /46,6 ~
~ 21,4 mM. 4. d = 2F -tg(p¢ / 2)= 2,29 cm. 5. TTockonbky ceerocuna A = D/ F=1/5
To F'= 625 cM. CnenoBatenbHO (cM. peweHue 3anaun 4), d =2F -tg(p /2) = 0,76 MMm.
6. [Mycts R — BooGpaxaemblil panuyc HebecHo# chepnl. Torna no cyrodHo napan-
JIeJI 3Be3/ia 3a CYTKM coBepluaeT nmyTh L = 2m* R-cos(d), a 3a / ceKyHI TaAKOro JiBU-
XKEHMS OHA npoifnet nyTs [ = 2m-1- R-cos(0) /(24-60-60). B yrnosoii mepe (no ayre
Gonbuoro kpyra) @ =1/R=2n-1-cos(8)/(24-60-60) paguaH, 4yTo U ABISIETCSH B
JAHHOM ciiyyae TMoJieM 3peHud Tejeckomna d. Belpa3¥M €ro B yrjioBbIX CEKyHOax:
= (15:1-cos(8))”. 7. OnpenenuM yroj npu cMelleHHW MUKPOMETPA Ha OAMH LLAT;
tg(p) = @ = h/F=17,69 107> pan=15”,9. 8. Yron, KOTOpHIi TIPOXOAMT 3Be3a
BC/IE/ICTBHE CYTOYHOIrO IBMXEHMS, O Teneckona ¢ F| (cM. pelieHue 3anaqu 7)
= h/F,. Bror yron mpoiigeH 3Be3n0i 3a BpeMs f, (CM. pelueHHe 3agauu 6):
"= (15-1,-cos(8))”. Tlpun MCNONB30OBAHMKM APYroro Tejeckona @, = h/F, w
@," = (15-1,-cos(d))”. CnenosatensHo, @, Fy =@, By, 1 Fy = t,- Fyut, =5 ¢. 9. Onpe-
Jenum hOKYCHBIE PaccTOsIHUS Tesieckonos: I, = 64 cm, F, = 320 cm. Yem Gonbie cee-
TOCHJIA TeJecKOoria, TeM DOJbLUE YroJl €ro NnoJjs 3peHus, HO MEeHbIUE YBEJUYeHWe MPpH
TOM e okynspe. Takum 00pa3zom, nepseiii actporpad Gonblue MOAXOOUT WIS TTaHO-
PAMHBIX ChEMOK, 4 BTOPOii — /ISl AeTANLHEBIX, T.e. Wis 3a1a4 1, 3, 6 Goablie nonoiner
nepsbiid actporpad, a s 3anay 2,4, 5 — sropoit. 10. Xox nyuei B npu3Me NoKasaH Ha
puc. 25. Yroji OTKIOHEHKsS Ha pucyHke 0603HadeH @, C MOMOLILI0 PHCYHKA JIETKO
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Puc. 25. Xofi Jiyua cBeTa B NPENOMISHIOILE IpH3Me

YCTAHOBHTB, YTO @ =+ [ — v, a yron npenomneHus Yy = a, + B,. Ha ocHoBaHuu
3akona Cuennyca MoxxHO 3anucats: sin(B,) =sin(a) /n; sin(p) = n-sin(a,), roe n —
nokasare/ib pejiomienus. Io stum gopmynam nerko paccuunrats By, o, B u @. To-
JyUMM s KpacHoro ceera: a, . =1,6, B,=23°95 a,=29°,05 pB=50°98,
¢ =38°29"1",88; mwis (uonerosoro caera: n,=1,64, B,=23"33, a,=29"67,
B=54°28, @ = 41°46’33",74, 11. 1) YcnoBuie rnaBHbIxX MaKCHUMYMOB AJisi indpakum-
OHHOI pewerkn d-sin (@) =/k-A, rne d=1/N=4-10"" v — nepuox pewerkn, P —
yron audpakuun, k& — nopsgok crnektpa. Pazntuune yriaos audpakumuu GaM3KKux
JUIMH  BOH MOXHO ONpPEACIHTh, NpoaAn(depeHLMPOBAB YKA3aAHHYIO (HOpMYay:
d-cos(p): Ap = k- A). PaccTogHue Ha (oTomIacTHHKe MEXIY KOMMOHEHTaMM Iy~

4 k-AA
6neta Al, = F-Ap=F—
: d-cosg

psnkoe (@, = 4°,45;, @,=8.92), wHailuem paccTosHMS Ha (OTOTMIACTHHKE:
Al = 6,02 mM; Al, = 12,15 MM, 2) Paspelaomyio CMnocoOHOCTh, KOTOPas HEOO-
XO[MMa ISl paspelieHus aybnera, onpeaensem tak: Ry=»\A/A\k=310,154/0,03 =
= 10 338,5. B nepsoM nopsake paspewaloas cnocoduocts R=4k - N=k-n- L. = 6250
(aybaer paspeieH He Gyner), Bo Bropom nopsake R = 12 500 (1y6rer paspeluaercs),
12. CornacHo dopmyne IMorcona onpeaenium 0CBeleHHOCTS, CO31aBaEMYI0 3BE310H

. OI'[]')L’J'ISIIHB YIibl ﬂMd)DHKIiHH I YKazaHHbIX MO-

E
AO: IQF”:0,4-(m—m,,):0.4-(I0+13,89)39.556; E,=2,78-10"" 1x. Cseronoii

MOTOK, NATAWIIHK Ha 0OBLEKTHB Teleckona, onpenensercs kak ®, =FE, -S, re
. ~ 10
S=a-D* /4 — nnowans oGsexrupa. [onyunm ®, = 3,41- 10" am. Cunia porotoka

MA 3
I=CD,,,—I2OUW-0,85 ~3,5-107"MA. 13. CpeaiHee paccTosiHne oT 3eMiu 10 HyHebi

paeHo 384 400 kM, paspewenue rasa ~1°=60/206 265 pan. [MosTomy HaHMeHb-
LWHA JIMHEHHbIA pasmep oOpasoBaduii Ha JlyHe, pasTMuUMBIX HEBOOPYKEHHBIM rJ1a-
30M, cocrapnsieT (60/206265)-384 400 = 112 km. HauGonbluve KpaTepsl MMEOT
4yTb GOIBIIMH pasMep u GNU3KK K Tipegeny paspemenns. 14, Onpenennm papuyc R
TeNna, KOTOpPOE Ha reIMOLEHTPUYECKOM paccTosiHuKn r=40a.e. (cepeauHa mnosca
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Koiinepa) uMeer 3Be3nHyw senununny m = 28", OcBenieHHOCTh OT Tela Ha 3emie
(Gynem cumtare, 4To paccroanue ot 3emun 1o ColHUA HAMHOFO MEHbLIE PACCTOs-

=

. L AR . 2

HUg gotena) E= ———==—|—| -Ef, rne L=mn- R*. ‘o' A — «cBeTUMOCTE» 0Opa-
i R A WY

LWEHHOr0 K HaM nonywapus Tena, A — ansbeno tena, £y — OCBEIEHHOCTb OT

Connua ha nosepxHoctH tefa, OcsewennocTn Eg ot Connua na 3emne v £y Ha Tene

o B [ F ). E . E.Eg
nosica Koiinepa cootHocsaTesa kak —~=| — | ,tnea =l a.e., noatoMy — = ———=2-=
o a, D o L
2 2 .
A R -a X o E e
=r-———. Obparute BHUMaHKe, yto £ ~r". BMecte ¢ TeMm — =10%me™m™ e
I e
Mgy = —26".8 — Buanmas 3pe3nHas Bennurua ConHIg, M — BHAMMAS 3BE3IHAS Be-

nu4nHa rena (m = 28" — npenen, ZocTynHbI Teneckony «Xa66n»), M3 JIBYX MOCTEIHHX
B3

BblpaXeHHH R=— ¥ 10™"e™™}  [loncTapnsis BeAMUMHBI, HAXOAUM R = 8,3 Km.
a

OGpaTute BHUMAHHE, 4T0 R ~ 1%, TaK 4TO HA GIUKHEM W HA LANLHEM KPasX rosica
Koiinepa snayenus R pasnuyarores B (5/3)° = 2.8 pasa. 15. [Nnowans 3epkana te-
neckona Keka 5= 78,54 m%, nostomy ¢ Beru (m = 0™) Kaxkay1o cekyHay Ha 3TO 3ep-
Kaio nagaer npubansutensro 8- 10" dortonos. Co zsesnn 30" reneckon Kexa ro-
ayuaet 8 10°3% = 10" pas mensiue dboTtoHos, uem ¢ Beru, unu npumepro | dotoH

M bl Fa _a-R/2
LG —+—=—=— NoiIyuyum a,= I R oSy
Rreey: il st o WE R a—F a—R/2
R/2 v
c:u—!x 10,06 cM. Ymenbwenne npu stom ['=—2=0,00125. 17. dudpak-
a—R/2 a

LIMOHHOE KAuecTBO M300paXeHHs ONpesensiercs pas’pellariieil crnocoGHOCTHIO,
paBHO# audpaxunonsomy npeneny, Torga ans OWL B suaMMoM ZHanasoHe =
= 13",8/(D [em]) = 0”,00138. JIuHeiiHpie pazMeps 06BEKTOB (MSITEH), BUAMMBIX 11011
YII10M B Ha paccTossHUAX 1,33 1 200 nk, cOOTBETCTBEHHO [, ., = B [pan] - 1,33 [nk] =
= 275000 kM 1 [, o; = 4,1:107 kM. Tockonbky 38e3na ToNUMAH SIBISIETCH KENTHIM
Kapiukom (ona nonobra ConHuy), TO MONYYEHHBIH pazMep NMATHA COOTBETCTBYET
npumepno 0,2 nuamerpa 3se3asl. QueBHIHO, YTO TAKMX MSTEH He GhiBACT, Huamerp
berenbreitse (kpacHwiii cepXruranT) coctasier npumepro 1000 npamerpos Cosu-
ua, t.e. 1,4 10° km. TonyueHHbIH pasMep IgaTHa Ha betenbreiise Oyaer cocTaBaaTh
okono 0,03 anameTpa camoii 38e3k1, UTO BrioHe NpaBaonono6Ho. TakuM 06pasoMm,
OKa3bIBAETCH, YTO ¢ NomMolubio OWL MoxHO Habnionate nsaTHA Ha Gonee manekoi
Berenbreiise, Ho He Ha Ginskoii a Llenrtaspa A. 18. OcpelieH HOCTb, KOTOPYIO CO31a-

; 0-Ty: R =
eT Connue Ha 3emne (conHeuHas nocroanHasn), 0 =—>—2 e To M Ry — 30b-
a°

thexkTHBHAs TemIepaTypa W paauye ConHua, g — panuMyc 3eMHO# opOuThl. Torma mo-

nagamoliee 3a €IMHUUY BpeMeHH Ha 3CPKano KOMUYECTBO CONHEYHON BHCPIruM

_maTy R D
7 4.q°

19. 3ak. 1941 28'

- Panuyc nzobpaxenus ConHua B hokansHOM MIOCKOCTH 3epKa-



nap=f o= Rg/a, rae @ — Buaumblii paguyc Connua. OTcroaa CIeayoT 1Ba BO3-
MOXHBIX BapuaHTa pemieHud, Ecnm paguyc wapa Gonblue panuyca u3zobpaxeHus
C-OIIHHH, TO BCS COJIHEYHAS SHEPIrusl, Nnorasuiast Ha 3epkKajlo, Gyﬂe's' [MOrnowaTbCs Wwa-
pPOM ¥ WATH Ha ero Harpes. B ceoio ouepenn, wap OyneT U3mydaTh Kak aGcoIoTHO Yep-
Hoe Teno. [Tpu HekoTopoit Temnepartype T BETUYMHbI IHEPTHUH, NOTIOILAEMOI ¥ 131y~

noTy - Ry D g To. [Rg:D

4.4 2 ar
Eciu Xe paauyc wapa r MeHblue paguyca uiobpaxeHus ConHua p, To wap Oyner
MOrNIOLATE He BCIO COTHEUHYHO 3HEPIuio, MONaBLIyio Ha 3epkano. B npeaenax u3o-

)

: £ alg-D

Opaxenuss ConHua OCBEUIEHHOCTh £ =— =%. [TpupaBHsB BeMUYUHBI MO-
P

4aeMoil 1apoM, CPaBHSIOTCS: m‘z-u]’}d. Orciona T, =

raoulaemMoif M M3nay4yaeMoil aHeprum, noay4um = 4qup? 'UT24. Temnepa-

Typa wapa 1, =-

/D
=% 7 19. YcnoBus BuauMocTH Nodoro obbeKTa 3aBUCAT OT

KOJMYECTBA CBETOBOM 3HEPrUK, KOTOPAst MOMAJACT 33 ¢AMHMLLY BDEMEHHU Ha KaXIYI0
KJIETKY CeTYATKHM IN1asa. D10 KOJWUYECTBO 3HEPTUH MPOMOPLMOHANBHO TTOBEPXHOCT-
HO# ApKkocTH obbekTa (0603HauuM ee B). [ToBepXxHOCTHAS SIPKOCTh CBsizaHa ¢ Oie-
CKOM 00BbeKTa (OCBELIEHHOCTBIO £, co3MaBaeMoii 00BEKTOM) M € €ro YrIoBOW Miao-

Q
obbexToB Oyner bonbiue, yeM y M33, MOXHO CUMTATh, YTO OOBEKT OyNeT BUACH, B

- B B, o1&, 5
NPOTHBOMONOXHOM ciyuae — Her, JUig M8l ———=—— —M8.=) 5123770

BM_U EMBS

wans (Q): B~ (cm. (3.7)). Ecin nopepXHOCTHAasi AAPKOCThL MepedyrclieHHbIX

Xﬂ =3,5> 1—0ynerBuaHa. Ansa tymaHHOCTH « [AHTENbY; =0,5123 4%
24'9x11°5 Ao W Byy
xw: 15>1 — 6ynet BunHa, s tymanHocT «CepepHasi AMepuKar: 4 =
8,0%5,7 : ' By
=2 5125'7_("”~££=0 2<] — ue 6ymer suaHa, 20. Bo ckonbko pa3 rjollaib
'y ]20'){ ]001 y o o ]

00LeKTHRA TeNecKomna NpenbIliaeT MJaoLaab 3pauka YeJ0BeueCcKoro rinasa, Bo CTo/Nb-

KO K€ pa3 KOJINYECTBO DHCPIUH, ﬂOC'l"_v'I'I[IEOLLIEH B rna3, npyu UCnojab30BaHWUKU TEJE-
2

ckona Gyner Gonblie, YeM B CIYUAE HEBOOPYXKEHHOrO ryiasa: (T) =512 S5

kygza Am=7",0. Takum o6pasomM, HabGNIOAATENO C TENECKONMOM OYAyT AOCTYMHBI
3BE3bI, HAa 7 3BE3IHbLIX BEJUUMH cnabee, yeM 3Be3Mbl O~id BEMYMHbL, T.6. TPOHULA-
OLLASL CUJIA CHMCTEMBI Teseckon — rias cocrasut 13", 21. KonuuecTsa CBETOBOI
3HEePruM, KOTOpEIe cobupaeT Tejeckon 6e3 auadparMbl U ¢ AMadparmMoii, OTHOCHTCS
KaK Ma0iaad oObeKTHBA U OTBEPCTHS Anadparmbi: 2502/402 = 39. CnegoBaTenbHO,
Teneckon Ge3 anadparMbl MOXKET Mokas3ars B 39 pa3 Oonee cnabble 3BE3/ABI, YEM C
nuadparmoii, Orciona 1g(39) = 0,4-Am, Am = 4", 3aMeTUM, 4TO TAKOMN XKe pe3yib-
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Tar Aaer hopMyna Ads NPOHMLAKLIER cuibl Teneckonam = 7,5+ 5-1g(D). 22. I1pu

) . E . 2:1000- Rg
HaGmoaenuax ¢ 3emau yrnopoit nuamerp berenbreiise p=arcsin r ==

=()",0468. B BUIMMOM IHaNa30He JHAMETD TEJECKONa CBsA3aH C pa3peluaroleid cu-

o

N0¥t ‘cneayiouium obpasoM: Ap = m Orcioga anamerp oObEKTHBA TeAecKona ¢

"

<0” s DB
Ap < 07,0468: 1 07,0468

[Mm]=3Mm. 23. Paspewaioiuast ¢cnocobHOCTL TeaecKona

138”
Dimm]
Bbl€ pasMepbl KOTOpbIX npesbimaioT 0”,69. Toraa ux nuHeHbIH pasMep [ = ag -sin (Ag) =
= 1,3 kM (a = 384 400 xm — cpeanuii panuyc opouTsl Jiynsi). 24. CpaBuuBas oce-

2 o
LIEHHOCTb OT 3BE3bI ¢ 0CBellicHHOCTBIO 0T ConHua (O = 1367 Br/m”), Haligem Ko~
2

YecTBO 3HEPruM, nonajarooieii 3a | ¢ B ras yejopeka: &= Ia'-T =0g+2,512M"" x

=0",69. CneforaTe/ibHO, TENECKON MOXKET M0KA3aTh NI00bIE NeTanu, yrio-

2
R 2,93 107" Br. Orciona konuuectso (hoToHOB B cexyHmy N = I:_v = i—j—}: =8100.
25. JList TOro 4Tobs! 34 MKCHPOBATL FANAKTHKY, TPeGYETCS ONpeeneHHAs KCTO3M-
Lmst (BPEMS 1); KAKIbLA MHKCEIb MATPHLb! JOJKEH MOTIOTHTE HEKOTOPOE KONHYE-
CTBO 3HEPINM, YTOBBI COMATH PETHCTPUPYEMDIT (POTOTOK. DTO KONMUECTBO SHEPrUM
ByaeT PONOPLUHOHATBEHO 0CBEUIeHHOCTH E 11 06paTHO NPONOPLHOHANBHO YITIOBOI
nnowanu o6bekta Q. JUis hukcaunm o6erx ratakTHK TpeByeTest O4HO 1 TO XKe KOJU-

X

0 i Fl ; [2 lFl QI ',;2 52| 5 Sizm*n: 10¢

TBO 3HEPIUH, ITOM i T e e e T Iy i

G i YW e & B B B i
4',7x3,6 97 2 o

=—20’><23’ -2,512°7". Orciona't, = 43,1 ¢. 26. CM. pewuenue 3anayu 25, [Ina ysepen-

HOM (t)H KCaluMHK 3BE3/1bl n;))C-MaT]JI’II[ﬂ JIOJDKHA TOrNIOTUTE ONMPEACNCHHOC KOJIUYEC-
CTBO SHEPTHMH, KOTOPOE NMPOMOPUNUOHAJIBHO OCBELWEHHOCTH L oT 3Be31bI U BPEMEHHM

! _a
aKCno3uuyu 1. CnenoBatenbHO, ¥ =2,512"""% 1 =15,9 ¢c. 27. Lnst Toro 4To6bI H30-

Opaxenue JIyHBI LENMKOM Pa3MeCcTHIOCH HA MaTpHue, ero pasmep B (okajbHOM

IJIOCKOCTH He JI0JKEH MpeBbiiiath 24 MM, PasMep 06bekTa B QOKaIBLHOM MIIOCKOCTH

d=2Ftg(p/2), rne F — okycHOe paccTosgHMEe, P — YIIOBOH pasMep 00beKTa Ha

Hebe (st JlyHel p = 317,5). TIocKONbKY JOJKHO BLITONHATECS yeinosue d € 24 MM,
d

MaKCMMAaNbHO BO3MOXHOE hokycHoe paccToauue F, = W = 2,6 m.
o 2-tg\p



INPUWIOXKEHHWE

DiemMeHTbl

Boasimas noayocs opomrsl, Cunepuueckuit nepuon ofpamenns Crnoamueckuii
ILranera nepuo

a. e. 10° km TPOMHYECKHE TOIBI CYTKH ShEanao; cyr
Mepkypwuii 0,387099 57,909 0,24085 87,969 115,88
Benepa 0,723332 108,209 0,61520 224,701 583,92

3emis 1,000000 149,598 1,00004 365,257 E

Mapc 1,523679 227,939 1,88085 686,971 779,96
Onurep 5,204267 778,547 11,8618 4332,59 398,88
Carypn 9,554909 1429,39 29,4571 10759,22 378,09
Ypan 19,229412 | 2876,679 84,013 30685 369,66
Hentyn 30,110387 | 4504,45 164,79 60182 367,49

DJIeMeHTBI OpOHT

Boasmas noayocs opoursr C'I‘UI.E‘-DH‘H:CKHE TR0 B I i

‘ Th JIYOCH O oBpaieims Cunonmueckmii
Kapnkosas nepuon

naaHera UﬁpﬂlllCHHﬂ,
a.e. 105 km THEMEACENE CYTKH cyT
rojabl !
Llepepa 2.7675 414,010 4,60397 1681,601 466,6
[Tnyron 39.482117 5905.69 24792065 90553.02 366,73
Xaymea 42,98492 6429.63 281,83 102 937 366,54
Maxkemake 45,715 6837,99 309,09 112 897 366,43
Ipuna 67,781 10138.6 558,04 203 830 365,9
284

MJIAHETHBIX OPOMT

Ioarora, rpan.
Cpennee . 1 : Haxknounenue k
DKCHEHTPUCHTET I
CYTOMHOE IBHIKCHHE, IKIHNTHKE,
opbuThl BOCXOIALIETO .
YUL © rpan. nepurenus
y3ha
14732,1626 0,205636 7,00487 48,33167 77,45595
5767,6903 0,006772 3,39458 76,68069 131,53298
3548,1866 0,016711 0,00005 —11,260647 102,947183
1886,5178 0,093394 1,85061 49,57854 336,04084
299,1200 0,048498 1,30530 100,55615 15,62215
120,4517 0,05555 2,48524 113,64281 89,65667
42,236 0,044405 0,77255 73,98982 170,53114
32,532 U!{‘)[)9456 1,76797 131,79431 37,44116

KapJHKOBbIX IUVIAHET

Joarora, rpaa.
fisanes DKCUEHTPHCHTET Haknonenune k
CYTOUHOE JBHMEHHE, i G T
OpoHTH SKJHNTHKE, IPa, BOCXOIHIIEFO
YL C. i HNEPHIrens
yana

770,69 0,075823 10,593 80,3293 152,8513
14,31 0,2488273 17,1405 110,30347 22406676
12,59 0,1975233 28,201975 121,900456 2,483294
11,48 0,15586 29,00685 79,366 16,606
6,36 0,44068 44,0445 35,953 186,930
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Duznyeckne XapakTepuCcTHKH

NnJaaHeT

DKBATOPHANLHBIH %
- ; Macca . Ipasuranuon- -
paauyc Cpennsns IMapaboau-
" HOE yeKope-
B Carue y nAoT- qecKas
ILnaunera F) HUE HA SKBA- i
B paaMy- | nosocon B MaC- HOCTB, ! CKOPOCTD,
KM cax 109 r cax r/em? rul;ci KM/¢
Jemmu Jeman £y
Mepkypnii | 2440 | 0,382 0,0 0,330 | 0,055 | 5,427 370 4,25
Benepa 6052 | 0,950 0,0 4,868 | 0,815 | 5,243 887 10,36
3emns 6378 1 0,0034 | 5,972 1 5,514 981 11,19
Mapc 3396 | 0,533 0,0059 | 0,642 [ 0,107 3,933 371 5,03
Onutep 714921 11,209 | 0,0649 | 1898,6| 317,8 1,326 2479 59,5
Carypn 60268 | 9,449 0,0980 | 568,36 95,16 0,687 1044 35,5
Ypau 25559 | 4,007 | 0,0229 | 86,81 | 14,54 1, &7 869 21,3
Hentyu 24764 | 3,883 0,0171 | 102,431 17,15 1,638 1115 23,5

* [naneTa BpallaeTcs B HANpaBicHNH, MPOTHBONMIOXKHOM HANpPaBIenyio ee obpalieHus

@Du3nuecKre XapakTepHCTHKH

Cpennuii paauyc Macca 7 I'pasuranmon-

K + Cpemsin s . [apabonne-
ADIHKOBaA " " | noe yekopenne i
nianeTa B paaMycax PE| B Maceax “'m.m_m]“’ Ha JKBATOpE, i

o iieM.;m Ll Semim /o em/e? P B¢

[lepepa 473 0,074 9,393 | 0,00016 2,161 0,28 0,51

[Mnyrou 1187 0,186 130,3 0,00218 1,860 0,620 1212

Xaymea 718 0,113 40,06 | 0,00067 2,6 0,44 0,91

Makemake | 715 0,112 2050 | 0,00033— | 1,4-3,2 0,4 0,75

0,00084
Bpusa 1163 0,183 167 0,0028 2,52 0,82 1,384
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Temmnepatypa, K
X d ety e Busyaienas | Busyaibnoe
Cuaepuieckuii HOe YCKOpeHHe | TOpa K mio- ssesnman | ciepuricckoe
NEpHOA BpAIIEHMs | HA oKBaTope, | CKOCTH opbu- "‘ ; {l ) P [ adupex- | nopepxHo-
em/ct Thi Bee Bishead THBHAR cTH
587 646 0,00 2 0,20 0,058 439 439
437075 * 0,00 177°22 3,81 0,78 229 735
23456"4°,1 3,4 23°26° 0,36 248 289
24"37"2%° 6 1,7 I g -2,01 0,14 210 214
9455"3(° 224,5 307 245 0,54 124,4 -
1033 175,5 26°44° +0,67 0,54 95,0 =
—17"14™24° > 8.3 97°46" +5,52 0,60 59,1 -
16"6™36° 30,2 28°19 +7,84 0,50 59,3 -
Bokpyr ConHua.
KapJHKOBBIX IUIAHET
5 “ Hakaon . Cpepusis
Canepeeieciont 3KBATOPA L sy.am.‘uaﬂ TeMneparypa Hasectunie
nepuon K MUIOCKOCTH ) ARKGELD MOBEPXHOCTH CHYTHHKH
BpalEHHs 3 BeJIHYHHA ?
opOnTHI K
d . +6,7 —
09,3781 4 9.3 0,090 168 Hex
64387230 119°,591 +13,65 0,49-0,66 44 5
3"9154 ? +17,23 0,84 50 2
7%.771 ? 17,0 0,81 40 Her
25" 9 ? +18,72 0,96 42,5 I
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HexkoTtopbie (puznyeckune
M ACTPOHOMHYECKHE NOCTOAHHbIE

Mocrosinnan Crecpana — Bonpumana 5,670373-107"

IMocTosannan 3nauenne Enwnuim: Himepenus
CkopocTh cBETA B n;\ Kyyme 299792458 M/c -
[MocTroaunas |‘p;1|m'|a|1.u-u 6,6726- 107" H . mY/kr?
[Mocrosinnan Thianka 6,62606- 107 - ﬂm-cﬁiir
7“()CT()5II!I£R§[ BoabliMaHa - ],38()64;587-7];) 73 Ix/K

Br/(m*-KY

Yucno Agoraapo 6,02-10%

| /monn

YHuBepcanbnHas razosas MoCTOAHHAS 8.31 JIx/(K-mob)
Enununna svepruu | 5B 7 1,60- 107" JIx =
Macca npotona 1,67-107%7 KT
Macca anekrpona b 9,11-107* KT
OTHoweHne Mace NPOTOHA/2MEKTPOHA 1836
3apsin oneKTpoHa 1,602-107" Kn
[ToTeHUMAaM HOHH3ALHHK ATOMA BOXOPOLA 13.6 B
ACTPOHOMUYECKAS €IMHKIIA 1,49598- 10" M

. CBeToBoit rog 9,4605-10% M
Mapcek " 3,0857-10' M
Tponuyieckuii rog 365,2422 DS CAMHETHEIX

CYTOK

Yucno cexkyHa B roay 3,16 I.U? €
DKBATOPHAIBbHBIH paguyc 3eMau 6378 KM
Cxarue 3emun - 1/298
HakJioH 3KIHNTHKN K 9KBATOPY 23°26°

| Paguye Connua " i 6,960-10" M

1 Soui o S

: [Tocrosivnas abeppannu 20,496 YIL ©
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[ocToannan 3nauenne Eannnupl namepenus
lopuyuHan Npeueccus no LoIrore 50,26 YrI. ¢
ConHevHas mocTosHHas 1367 Br/m’

_M_ucca Connua 1,99.10% KT
Macca '};zM.n H 5,98-10™ Kr
”7(5-:1;07::51111‘3 macc Conuie/3emns 334 400
Oruomenne Mace 3emas/Jlyna 81,3
[Tocrosinuas (napamerp) Xabbna 68 (km/c)/Mnk

C03B(3311HH, HX HA3BAHHUA W 0003HAYEHHA

p Tdsiidige Oxronvanne Iiisiiaiis Yucno
Ne b ccmc‘ me.'mu." POAKTENLIOTO Obo3navenne u‘n i1 % 3Be3/1
HA3BAHME nalpanse najgexa - rpai. Apue 6"
1 Annpomena | Andromeda Andromedae And 722 100
2 BauzHel b Gemini Geminorum Gem 514 70
3 bonpuias Ursa Major Ursae Majoris UMa 1280 125
Mensenuia
4 Bonbioi Canis Major Canis Majoris CMa 380 80
MMec
5 Bechl Libra Librae Lib 538 50
6 Boposneii Aquarius Aquarii Aqr 980 90
i/ Bosuuauit | Auriga Aurigac Aur 657 90
8 Bonk Lupus Lupi Lup 334 70
9 Bosonac Bootes Bootis Boo 907 90
10 | Bosoch Coma Comae Bereni- | Com 386 50
BepoHuKH Berenices ces
11 | Bopon Corvus Corvi Crv 184 15
12 | Tepkyaec Hercules Herculis Her 1225 140

20, 3ax. 1941
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wo| Bwewe | emmemse | il | Oscomenne | Lo | O
nanexa Apue 6"
13 | lanpa Hydra Hydrae Hya 1303 130
14 | lTonybs Columba Columbae Col 270 40
15 | oHune Canes Venatici | Canum CVn 465 30
[cer Venaticorum
16 | Hesa Virgo Virginis Vir 1294 95
17 | Denwun Delphinus Delphini Del 189 30
18 | Jdpakoun Draco Draconis Dra 1083 80
19 | Enunopor Mum)c;rus Monocerotis Mon 482 85
20 | XKepreeH- Ara Arae Ara 237 30
HMEK
21 | Kusonu- Pictor Pictoris Pic 247 30
cert
22 | Kupad Camelopardalis | Camelopardalis | Cam 757 50
23 | Kypasib Grus Gruis Gru 366 30
24 | 3aan Lepus Leporis Lep 290 40
25 | 3meenocen | Ophiuchus Ophiuchi Oph 948 100
26 | 3mes Serpens Serpentis Ser 637 60
27 | 3onortas Dorado Doradus Dor 179 20
Prifa
28 | Mumeen Indus Indi Ind 294 20
29 | Kaccuones | Cassiopeia Cassiopeiae Cas 598 90
30 | Kunb Carina Carinae Car 494 110
31 | Kur Cetus Ceti Cet 1231 100
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32 | Kozepor Capricornus Capricorni Cap 414 50

33 | Komnac Pyxis Pyxidis Pyx 221 25

34 | Kopma Puppis Puppis Pup 673 140

35 | Jlebenn Cygnus Cygni Cyg 304 150

36 | Jles Leo Leonis Leo 947 70

37 | Neryuas Volans Volantis Vol 141 20
Priba

38 | Jlupa Lyra Lyrae Lyr 286 45

39 | Jincuuka Vulpecula Vulpeculae Vul 268 45

40 | Manas Ursa Minor Ursae Minoris UMi 256 20
Mengeaunua

41 | Manwii Equuleus Equulei Equ 72 10
Koub

42 | Manwii Jles | Leo Minor Leonis Minoris | LMi 232 20

43 | Manblii Canis Minor Canis Minoris CMi 183 20
Tec

44 | Mukpo- Microscopium Microscopii Mic 210 20
CKOI

45 | Myxa Musca Muscae Mus 138 30

46 | Hacoc Antlia Antliae Ant 239 20

47 | Hayromn- Norma Normae Nor 165 20
HUMK

48 | Osen Aries Arietis Ari 441 50

49 | OkTaHT Octans Octantis Oct 291 35
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50 | Open Aquila Aquilae Aql 652 70
51 | Opuon Orion Orionis Ori 594 120
52 | MaBaun Pavo Pavonis Pav 378 45
53 | Tlapyca Vela Velorum Vel 500 110
54 | Ilerac Pegasus Pegasi Peg 1121 100
55 | Mepceii Perseus Persei Per 615 90
56 | Meun Fornax Fornacis For 398 35
57 | Paiickasn Apus Apodis Aps 206 20
ITrnna
58 | Pak Cancer Cancri Cnc 506 60
59 | Pezeu Caelum Cacli Cae 125 10
60 | Poibbl Pisces Piscium Psc 889 75
61 | Prich Lynx Lyncis Lyn 545 60
62 | CesepHas Corona Borealis | Coronae Borea- | CrB 179 20
Kopona lis
63 | Cekcranr Sextans Sextantis Sex 314 25
64 | Cerka Reticulum Reticuli Ret 114 15
65 | Ckopnuon | Scorpius Scorpii Sco 497 100
66 | Ckyasnrop | Sculptor Sculptoris Scl 475 30
67 | Cronosas Mensa Mensae Men 153 15
[opa
68 | Crpena Sagitta Sagittae Sge 80 20
69 | Crpencu Sagittarius Sagittarii Sgr 867 115
292
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70 | Teneckon Telescopium Telescopii Tel 252 30
71 | Tenen Taurus Tauri Tau 797 125
72 | Tpeyronb- Triangulum Trianguli Tri 132 15
HUK
73 | Tykau Tucana Tucanae Tuc 295 25
74 | ®enukc Phoenix Phoenicis Phe 469 40
75 | Xameneon | Chamaeleon | Chamaeleontis | Cha 132 20
76 | Llenrasp Centaurus Centauri Cen 1060 150
(KeHnTarp)
77 | Uedei Cepheus Cephei Cep 588 60
78 | Ompkyns Circinus Circini Cir 93 20
79 | Yacw Horologium Horologii Hor 249 20
80 | Yama Crater Crateris Crt 282 20
81 | Liur Scutum Scuti Sct 109 20
82 | Dpunan Eridanus Eridani Eri 1138 100
83 | HOxuast [u- | Hydrus Hydri Hyi 243 20
apa
84 | Kxuan Corona Coronae CrA 128 25
Kopona Australis Australis
85 | Kxwuas Piscis Austrinus | Piscis Austrini PsA 245 25
Priba
86 | HOxublii Crux Crucis Cru 68 30
Kpecr
87 | IOxHbri Triangulum Trianguli TrA 110 20
Tpeyronb- Australe Australis
HHK
88 | Hmepuua Lacerta Lacertae Lac 201 35
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JIOBHBIC 0BO3HAYEHMS: ACTP. — H3—3a ACTPONOTMYECKHMX TIPEACTABIEHMH; T — MO NOJOKEHHIO 3Be3/bi B KOHQUIYpallnK CO3BE3MSL,
nanpumep: JKano (1) — 3Be30a HAXOAWTCH B TOM MecTe, rae B co3pe3rud CKOPMHOHA MpPeICTABIAIN KAN0; eCU H3 MepBOHAYANBHOrO

COCTABHOIO HA3BaHHs 3BE3ALI BHITIANO CIOBO, HEOOXOIMMOE IS MOHUMAHHA HA3BAHWA, OHO NIPHBOIHUTCS B ckobkax, Hanpumep: Bopox

Yc

(1; KpBUIO); B PAME CYYAEE BOCCTAHOBUTE YTPaUeHHOE CIOBO HE yaaeTcs: 3asil (n); MH — HA3BaHHe JaHO M0 MOJOXKEHHIO 3Be3/Ibl Ha Hebe

OTHOCHTENBHO JPYIHX 3BE3A H CO3BE3IHH, PHC. — HA3BAHHWE OJAHO IO NOJOXKCHHIO 3BE34BI HA TPAOAHIIHOHHOM H300DAKEHHHM CO3BC3IUA,

HarnpuMep Cnuka — «KOJI0C», TaK KaK Ha HebeCHBIX KapTax ey u306pa}|<sz C KOJIOCOM B PYKE; ce3. — Ha3BaHHe ODBSACHAETCA TEM, 4TO

OMPEOCIEHHOES NOTOXKEHME 3BE31BI HA Hebe (0OBMHO BOCXOL MITH 3aX0JT) COBIIANAJIO C HACTYTIEHHEM KaKOro-To NorogHoro Ce3oHa; xo3, — 1o

JIBCKOXO3AHCTBEHHBIX PAbOT; A — HA3BAHHME NAHO H3-33 IPKOCTU WK LIBETA,

JKe caMoe, CBA3aHHOE C KAKOH-TO CTAIHEH CE.
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