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NPEAUC/IOBUE

ACTPOHOMUHA — 3TG HAYKA, KOTOPYIO MOXKeT Io-

HATH Kasxabli. Ia ee npuMepe Kak HeIb3A NYYIIL

VIACTCA 3HAKOMHTE JIeTell ¢ OCHOBAMH H METOJAMU
HAYYHBIX UCCJIEJOBAHUMA,

Pobepm Buascor,

HobGeaesacruil Aaypeam 6 00AACMU QUIUKU

B Hacroniiee spems BaykHeiimel meapio U 3aga4eil acTpoHo-
MHH ABJIAeTCH QOPMUPOEAHHE NIPE/ICTABASHUH O efHCTRE (hu-
FUUCCKWX 3aKOHOB, AeHCTRYIONMX Ha SeMie u B He3TpaHuIHON
BceeneHHO, ¥ HENPEDPBIBHO IIPOHCXOAAIIEH IBONIOIAA HANTCH
IIAHETH , BCEeX KOCMHMUECKHX Tell H UX CUCTEM, 4 TAKIKEe CAMOH
Beenennoil, mocKombKY YeJIOBEK TOJIXKeH IMOHHUMATE HPDHPOAY
TeX OBEKTOB 1 ABJICHHE, KOTOPBIE €70 OKPY KaIoT.

AcCTpOHOMESA CHITPAJMA KOJOCCATLHYIO DOJb B PA3BHMTHH
NMBHIN3ANNN, TaK KAK Ha ee METOJaxX OCHOBAHLI HABHTAHA
10 3Be3JaM | CO3JAHHE CHCTEM CUeTa BpeMeHH, RaJeHAapHBIX
cHcTeM. 3a TMOCJIefHHe NecATHIEeTHS ACTPOHOMHSA XOCTHTIA
OrpOMHBIX YCIEeX0B. B HacTOosAmee BPEMA 0HA IPHHALJIEKUT
K Ydcay Hauboaee GBICTPO pasBHUBANOIINXCHA 001acTel ecTeCTRO3-
Hanuda, [Tossnatored Bee Hoslee BeCKUe OCHOBAHUA YTBEDIATE,
4T0 B COBPEMEHHOM acTPOHOMUYK Hadajlach HOBAA MPAHIUO3HAA
pesonwuua. Ilo ceonM mMaciTafaM H DOCHEACTBUAM OHA He
VCTYTAET TIEPBOil PeBONIOIIHH B HAyKe 0 BeelenHol, CBABAHHOR
¢ peaurkvrmn umenamu H. Konepruka, 1. Kennepa, I'.Tannnea,
H.Hrerorona., Kakx m3BecTHO, «KONEPHHKAHCKAA PEeBOJIOTIMA »
B ACTPOHOMME COMPOBOIKIANIACE HOCTAHOBKOM KOPeHHEIX (rio-
coherux npobiaemM, 6es penieHrA KOTOPHIX mobeds HOBBIX B3TJIA-
poe Ha Beesenryr 6blaa GBI 3aBeJOMO HEBO3MOKHON.

CoBpeMeHHAasa acTpPOHOMHA U ee Meydkﬁrdé-mp&pm el
urpars GOABIIYI0 POIL B XUIHM OOIIECTBY. Bmmmaﬁt}({) g’??o%?fémp }
RN

HBIE ¢ H3IMepEeHHeM BPEeMEHH H ofecrmeueHMEeM ‘IG-BW
3HAHHACM TQUYHOI'O BPECMEHH, DEIlIarOTCH TenepPh




NMPEANUCNOBUE

rabopaTopuaMu — cAyxk0aMu BpeMeHH, OpPraHU30BaHHBIMH,
KaK IIpaBUAO, INPH ACTPOHOMHUYECKHX YUPEKIAEHUAX.

CerogHga acTpPOHOMHUYECKHE METOABl TaKiKe 3aJelHcTBOBaHBI
B paboTe cucTeM HaBUTAIlUHU, AAS YE€T0O HIHPOKO HCIOAB3YIOTCSH
HaBUTAIlMOHHBIE COYTHHUKHU. ACTPOHOMUUYECKHE METOABI OPHUEH-
TaIlUU U NO3UIIMOHUPOBAHHUA HaApPAAy ¢ APYIHMMH NPUMEHAIOTCH
B MOpellAaBaHHU M aBHaAIlUH, a B IIOCA€IHHE TOABl U B KOCMO-
HaBTuKe. CocTaBAeHHUEe KaseHOAaps, KOTOPBIY IIHUPOKO HUCIOAb-
3yeTcd B 9KOHOMHKE, TaK¥XKe OCHOBAHO Ha aCTPOHOMHYECKHX
3HAHUAX.

CocraBaeHHEe reorpad@HUYecKHUX U ToImorpadHIecKHX KaprT,
NIpeaABBIYHCAEHHNE HACTYINA€HHUH MOPCKHUX HNPHUAHUBOB H OTAH-
BOB, OIpeJeA€eHHEe CHABI TAXECTH B PaA3AHYHBIX TOUKaAX 3€M-
HOM INOBEPXHOCTH C LEABI0 OOHApyXKEeHHUsS 3aAexked MOAE3HBIX
HCKOlaeMbIX — BCE€ 3TO B CBO€H OCHOBe HMeeT aCTpPOHOMHUYE-
CKHE METOMBI.

AcTpoHOMHYECKHE JaHHBle HCIOAB3YIOTCSH OAS NpPEenAyIpexK-
NeHHusda acTepouAHOH omacHoOcCTH. I[IpegoTBpaTUTh CTOAKHOBEHHE
acTepounoB ¢ 3eMael IoKa BpdAJ AW IpeacTaBAgIeTCd BO3MOXK-
HBIM, HO OTCA€AUTH IOTEHIIMAABHO OIlAaCHBIE OOGBEKTHI, IIPE.-
BHUOETH pa3BUTHE COOBITUH UM NPEANPHHSATH KaKHe-AUOGO Mephl
YEeAOBEYECTBO y¥XKe CIIOCOOHO Ha JaHHOM YPOBHE Pa3BUTHS TeEX-
HOAOTHUH.

BnoaHe BepodATHO, YTO Yepe3 AECATHAETHHS Y€AOBE€UYEeCTBO Ha-
Y4YUTCH OTBOAUTH TAaKHWe ONAaCHBIe 00BbEKTHI OT 3eMAH, YTO TaK-
Xe dBAdeTCd ellle ONHOU NpUKAAAHON 3amadel, pemraeMol ¢ HC-
IOAB30BaHHEM AaCTPOHOMHH.

Baxuelime# 3amadyelf acCTPOHOMUHU OCTAIOTCH IIOUCKH XKH3HU
Ha ImAaHeTax, obpallammuxcd BOKPYT Apyrux 3Be3x. K Hacrog-
mieMy MOMEHTY HalJeHO OK0OAO 4 ThIC. IIAAHET, PACIOAOXKEHHBIX
BHe CoaHeuyHO! cucteMbl. OTHOCHTEABHO HeJaBHO Ha OOHOMH
U3 HUX OOHaApPYXUAU YyCAOBHS, HNOAXOASIIHNE OAS KHU3HU 3€M-
Horo tTuna. Peuyp umaeT o nmaaHere Bo3ae 3Be3Anl IIpokcuma Ilen-
TaBpa, KoTopas saBAageTcd Oauxaiimeis Kk CoaAHEedYHOH cucTeMe.
OnHakKo HHUKAKHWX NPHU3HAKOB XXHU3HU Ha HeM IokKa He obHapy-
JKEHO.

HccaenoBaHUA IPOIECCOB, NPOUCXOAANIUX Ha PaA3AMYHBIX
HebeCHBIX Teaax, MNO3BOASIOT acTpoOHOMAaM H3yd4aTh MaTepPHIO
B TaKHX €€ COCTOSHHAX, KaKHe ellle He JOCTUTHYTHI B 3€MHBIX
ArabopaTOpHBIX yCAOBUAX. [[o3TOMYy acTpoHOMHUHA H, B HaCTHO-
CcTH acTpodHuU3NKa, TECHO CBA3aHHAd ¢ PU3UKOMN, XUMHell, MarTe-
MaTHKOM, cCrIoco6CTByeT pPa3BUTHIO MOCAEQHHUX, & OHU, KaK H3-
BECTHO, IBASIOTCH OCHOBOM BCcel COBpeMEeHHOH TEXHHUKHU U TeX-
HOAOTHUH.



YueOHBIN npeamMer «ACTPOHOMHSHA» BBOLHUTCH B KadecTBe
o6sg3aTeAbHOT0 y4eGHOTO IpeaMeTa B COOTBETCTBHH C IpPHKA-
30M MuuHoGpHayku oT 29 mioHg 2017 r. No 613 «O BHeceHHHU
u3MeHeHHH B PemepasbHBIM rocygapcTBEeHHBIH oOpa3oBaTeAb-
HBIY cTaHZApPT CpenHero obirero o6pa3oBaHUsa, YyTBEPKAEHHBIH
npukasoM MuHHCTepcTBa o0pa3oBaHHd M HayKu Poccuiickoit
Penepanuu or 17 mMmag 2012 r. Ne 413».

Tpe6oBaHUA K pe3yabTaTaM OCBOEHHS y4eOHOro mpeaMmeTa
MOAXKHBI OTpaX)aTh:

1) cdhopMHPOBAHHOCTh HPEACTAaBAEHUH O BO3HHUKHOBEHHH,
pa3BUTHH U cTpoeHUHM COAHEUYHOH CHCTEMBI, DBOAIIHUH 3BeE3[]
u BceaeHHOI, IPOCTPaHCTBEHHO-BPEMEeHHBIX Maciitabax Bce-
A€HHOI;

2) moHHUMAaHHE CYIIHOCTH HabAlagaeMbIX BOo BceaeHHO#H gB-
A€HUMH;

3) BAaJeHHE OCHOBONOAATAIOIIMMHU ACTPOHOMHUYECKHUMHU II0-
HATUSAMHU, TEOPUAMHU, 3aKOHAMU U 3aKOHOMEPHOCTAMH; YBEPEH-
HOE INOAb30BAaHHNE ACTPOHOMHUYECKON TEPMHHOAOTHEH M CHMBO-
AUKOH;

4) cchopMUPOBAHHOCTSL NPEACTABAECHHUM O 3HAYEHHUHU aCTPOHO-
MHHU B HpaKTH‘-IeCKOfI AEATEABHOCTH 4YE€AOBEKaA H ﬂaAbHeﬁmeM
HAYYHO-TEXHHUYECKOM pPAaA3BUTHUH,

5) oco3HaHHE POAHM ACTPOHOMHYECKOH HAyKH B OCBOEHHHU
U HCIHOAB30BaHHUMU KOCMHYECKOTO NPOCTPaHCTBAa M Pa3BUTHH
MEXAYHapOAHOIO COTPYAHHYECTBA.

B npodeccrnoHasbHBIX 00pa30oBaTEeABHBIX OpPTaHH3AIHUAX
yuyebHasag OUCHHUIAMHA «ACTPOHOMHA» H3ydaeTcda B obumieobpa-
30BaTEABHOM IIMKA€ y4eOHOTro ImAaHa OCHOBHOM NpodecCHOHAaAB-
HOM 06pa3oBaTEeABHOH HPOTPaMMBI.

MaTepuaa, comep¥)amuiica B yueOGHUKe, U3A0XKEH HaA OCHO-
BE€ COBPEMEHHBIX B3TAd0B Ha aCTPOHOMMHYECKYIO HayKy U ee
poab B DOPMHUPOBAHHUHU LEAOCTHON €CTECTBEHHO-HAy4YHOH Kap-
THHBI MHUpa, a TAKXEC€IIOHHUMAaHHUAd POAN aCTPOHOMHHU KaK HaAYyY-
HOW MUCIIUIIAUHBI.

Y4eOHHUK COLEPKUT:

. BBenenue;

¢ TaaBy 1. HcTopusa pa3BUTHS ACTPOHOMUU;

e TaaBy 2. CoaHeuHasda CHCTEMA;

e TaaBy 3. CrpoeHHe U 3BOAIOIINS BceaeHHOH.

I[TocaegoBaTeAbHO H3y4Yas COAEpKaHHE KaXAOH M3 Traas,
ydamuecs MO3HAKOMSATCSH C 3TallaM{ pPa3BUTHA aCTPOHOMHHU, €€
AOCTHUXKEHHUAMH, OBAAACIOT YMECHUAMHU IIPUMEHATH aCTPOHOMUUIE-
CKHE€ 3HAHHA B XKH3HE€HHBIX CUTyalludX, B TOM YUCAE€ B CUTyallu-

fAX, CBA3AHHBIX ¢ Oyaymeil nmpodeCCHOHAABHON AE€ATEABHOCTBIO.



MPEAUCAOBUE

B npomnecce obydyeHusa npeanmMeTy «ACTPOHOMUS» HTOAXKHBI

OBITH AOCTHUTHYTBI CA€AYIOIIHE PE3YABTATEHL:

JAUYHOCMHbGlEe:

m yCTOfI‘{HBI:IfI HHTEPEC K UCTOPHHU U NOCTUXKEHHUAM B obaacTu

aCTPOHOMMUHU,;

TOTOBHOCTb K IIPOJOAXEHHIO 00pa3oBaHUS, IOBBILUIEHHIO
KBaAuPUKAIUU B HU30paHHON NpodpecCHOHAABHOMN AESATEAB-
HOCTH, HUCIIOAB30BaHHE MNOAYYEHHBIX aCTPOHOMHUYECKUX 3Ha-
HUH U HaBBIKOB;

060bEKTUBHOE OCO3HAHHE 3HAYHMOCTU KOMIETEHI UM B obaa-
CTH aCTPOHOMUH OAS YeAOBeKa U obmiecTBa, yMeHHE IIPU-
MEHATb IIOAYYEHHBIE 3HAHUA Ha NPaKTHKE;

YyMEHHE aHaAAU3HUPOBATH IIOCAEACTBUA OCBOEHHA KOCMHYE-
CKOTO IIPOCTpaHCTBa AAd OKpyXamwllel cpeanl, XKU3HU U
NEeITEABHOCTH Y€AOBEKaA;

TOTOBHOCTL CAMOCTOSITEABHO MCKATh HOBBIE OAsS cebsa cBeme-
HUS aACTPOHOMHUYECKOH HANPaBAEHHOCTH, HUCIIOAB3yd AAd
3TOTO AOCTYIIHbIEe HCTOYHHKH HH(MpOpPMAaIUH;

YyME€HHE yOpaBAATh CBO€Hl IIO3HAaBATEABHOM AE€ATEABHOCTBIO,
IPOBOAUTEL CAMOOIIEHKY YPOBHS COOCTBEHHOTO HHTEAAEKTY-
aABHOTO Pa3BUTHUML;

YyME€HHE BBICTPaMBaTh KOHCTPYKTHBHBIE B3aUMOOTHOIIEHUHA
B KOMaHJe II0 pelleHHI0 oO0mUX 3amad B o6AacTHU acTpoOHO-
MUH;

chOpMHUPOBAHHOCTE MUPOBO33pPEHHS, COOTBETCTBYIOILIETO CO-
BPEMEHHOMY YPOBHIO pPa3BHUTHUS HAYKHU U OOLlIEeCTBEHHOM
NpaKTHUKU;

Memanpeamemuue:

yMeHHE CaMOCTOSTEABHO ONPENEASITH IEAU U COCTABAATH
IAQHBI, BbIJEAsiS IMPUOPUTETHBIE U BTOPOCTENEHHBIE 3a-
nadu;

YMeHHE HCIOAB30BATH OCHOBHBIE MBICAUTEABHBIE OHNEPAIIUH:
nmocraHoBKa 3amadu, POPMYAHPOBaHHE THUIIOTE3, aHAAHU3 U
CHHTe3, cpaBHeHHUe, 06obIIeHNe, cCUCTeMaTHU3al[Usd, BhIIBAE-
HHE NPHUYUHHO-CAENCTBEHHBIX CBsf3el, MMOHUCK aHAAOLOB,
dbopMyAUpOBaHHE BBIBOAOB OAS H3YUYEHHUS PaA3AUYHBIX CTO-
POH aCTPOHOMHYECKUX SBAEHHM, MPOLECCOB, C KOTOPBIMH
BO3HHUKAET HEOOXOAUMOCTh CTAAKHUBATHCH B NPO(eCcCHOHAAD-
HOH cdepe;

yMeHHEe NPOAYKTHUBHO 0OI[aThCcd U B3aUMOAENCTBOBATH
C KOAAETaMHU II0 COBMECTHOM MAesITEABHOCTH, BBICTPAHUBATH
KOHCTPYKTUBHOE COTPYAHUUECTBO;

BAAQQEHUE HaABBIKAMH IIO3HABATEABHOMW MESATEABHOCTH, Ha-
BBIKAMHU paspelleHus npobaem;



CIIOCOGHOCTh U TOTOBHOCTH K CAMOCTOSATEABHOMY IOHCKY Me-
TOLOB pEeIIeHHUS NPaKTHYECKHX 3aJad, NIPHUMEHEHHIO pas-
AUYHBIX METONOB IO3HAHUSA OAS HU3Y4YEHHS PaA3AHYHBIX CTO-
POH OKpyXawilel NeHCTBUTEABHOCTH;

FOTOBHOCTBh U CIHOCOOHOCTH K CaMOCTOSITEABHOH U OTBET-
CTBeHHOH MH(MOPMAIHMOHHON NEATEABHOCTH, BKAIOYAd yMe-
HHE OPHEHTHPOBATHCH B Pa3AHYHBIX HCTOYHHKAaX MHPoOpMa-
LUK, KPUTHYECKH ONEHHUBATh U HHTEPIPETHPOBATh HHOOP-
MaIlHui0, MOAYYaeMyI0 H3 Pa3AHMYHBIX HCTOYHHKOB;

yMeHHEe TFeHepHUpPOBaTh HAEH U ONpPENEeAITh CpencTBa, HeoO-
XOAUMBIE OAS UX peaAHU3allHuH;

YyMEHHE HCHOAB30BaTh Pa3AHMYHBIE HCTOYHHUKH AT IIOAyYe-
HUS NOCTOBEPHOM Hay4YyHOH mMHMOpMaIUHu, YMEHHE OLEHHUTH
€e JOCTOBEPHOCTD;

yMeHHEe aHaAHU3HPOBATh M INPEACTABAATL HHGOpPMAaIHIO
B Pa3AHMYHBIX BHAAX;

yMeHHEe NyOGAMYHO NPEeNCTaBASITh PE3YABTATHl COOCTBEHHOTO
HCCA€LOBaHHUS, BECTH AUCKYCCHH, AOCTYHIHO M FapPMOHHYHO
coueTas coaeplkKaHHe U (POPMBI HpeAcTaBadgeMoit HMHDOP-
MalluH;

BAaJeHHE I3BIKOBBIMH CPEACTBaMH: YyMEHHE ICHO, AOTHYHO
U TOYHO H3AAraTh CBOIO TOYKY 3PEHHUHA, HUCIOAB30BAThb S3BI-
KOBBI€ CpeACTBa, aJeKBaTHBIe obcyxkpmgaeMol mpobaeme,
BKAIOYAas COCTaBAE€HHE TEKCTa U IPE3eHTallUH MaTepHaAOB
C HUCIOAb30BaHHEM HH(POPMAIHMOHHBIX U KOMMYHHUKAIIHOH-
HBIX TEXHOAOTHH;

BAaJ€eHHUE HaBBIKAMHU IIO3HaBaTeABHON pedAeKCHHU KaK 0CO-
3HaHHUSA COBepIIaeMbIX AEeWCTBUU M MBICAHTEABHBIX Ollepa-
LU, UX PEe3yABTATOB M OCHOBAaHHM, TPAHUI[ CBOEro 3HAHUSL
¥ HEe3HAHWUHA, HOBBIX I[IO3HABATEABHBIX 3aJad U CPEACTB HX
AOCTHUXKEHHUH;

npeomemmHule:

chOpMUPOBAHHOCTD INPEACTABAEHUIN O II€AOCTHOH COBpEMEH-
HOU €CTEeCTBEHHO-HAay4YHOM KapTUHE MHUpa, NPUPOAE KaK €dHU-
HOM, IIEAOCTHOH CHCTEeME, B3aMMOCBHA3H Y€AOBE€Ka, NPUPOIBI
U obmiecTBa, NPOCTPAHCTBEHHO-BpPeMeHHBIX Maciutabax Bce-
A€HHOH;

BAaJE€HHUE OCHOBOIIOAATAKIIMMHU ACTPOHOMHYECKHUMHU HOHHA-
TUAMH, 3aKOHOMEPHOCTAMHU, 3aKOHAMHU U TEOPUAMHU; yBe-
PEHHOE HMCHOAB30BaHHE TEPMHUHOAOTHH U CHMBOAUKH;
BAaJeHHE 3HAHUAMHU 0 Hauboaee BaXKXKHBIX OTKPBITHAX H 0-
CTUXEHUAX B 00AACTH €CTECTBO3HAHHUS, MOBAUSIBIIHX Ha
9BOAKIHIO NIPEACTAaBAEHUN O NPUpPOAE, HA Pa3BUTHE TEXHU-
KU U TEXHOAOTHH;

NMPEAUCAOBUE



MNPEAUCAOBUE

* CchHOPMHDPOBAHHOCTb YMEHHUS INPHUMEHATH €CTECTBEHHO-Hay4-
Hbl€ 3HAHHUSA OAS OOBACHEHHS OKPYXKAWIIUX IABAEHHU, co-
XpaHEeHHUs 340POBbA, obecnedyeHusa 6e30MaCHOCTH XKHU3HeMe-
ATEABHOCTH, OEPEeXXKHOI0o OTHOIIEHHUS K IIPUPOAE, PAIlHOHAAD-
HOTO INPHPOAONOAB30BaHHUSA, a TaKXkKe BBIIIOAHEHHUS DPOAH
IrpaMOTHOTO HOTpebuTeAd;

* CchOpPMHDPOBAHHOCTL NPEACTABAEHUH O HAyYHOM MeTOAe IIO-
3HAHHUS NPUPOABI U CPEeACTBAX M3Yy4YeHHS MeraMupa, MaKpo-
MHPa U MHUKPOMHDA; BAaJ€HHE IPHEMaMHU €CTEeCTBEHHO-Ha-
Y4HBIX HabAIOLeHHuN, ONBITOB, HCCA€NOBAHUN U OIEHKH [0-
CTOBEPHOCTH IIOAYYEHHBIX PE3yAbBTATOB;

* BAaJeHHE NMOHATHHHBIM alnapaToM €CTECTBEHHBIX HAyK, IO-
3BOASIOINIMM IIO3HABAaTh MHUP, Yy4acTBOBATh B JUCKYCCHSAX IO
€CTEeCTBEHHO-HAy4YHBIM BOIIPOCAM, HCIOAb30BATh Pa3AHYHBIE
HCTOYHHUKH HH(POPMALUU AAS IOATOTOBKH COOCTBEHHBIX pa-
60T, KPUTUYECKU OTHOCUTHCH K coobmenuam CMU, comep-
KaIlUM Hay4YHYIO HHQPOPMAIHIO;

* CcpOPMHPOBAHHOCTh YMEHHH INOHHMATh 3HAYUMOCTb €CTE-
CTBEHHO-HAY4YHOTO 3HAHHUA OAS KaXXJOTO YeAOBeKa, He3aBH-
CHMO OT €ro NpodeCcCHOHAABHOH AEATEABHOCTH, pa3AHYaTh
daKTHl U OLEHKH, CPABHHUBATH OLlEHOYHBIE BBHIBOABLI, BHAETH
HUX CBf3b C KPUTEPHUSIMHU OLEHOK U CBA3b KPUTEPHEB C OIIpe-
NEeAeHHOU cucTeMoOM I[€eHHOCTEMH.

H3ydyeHue npeaMeTra «ACTPOHOMUS» IpeAlloAaraeT BKAIOYE-
HHE B Yy4eOHYIO NeATEeAbHOCTh OOyYAIOIIUXCS PaA3AHYHBIE BHUIBI
NpakKTHYeCKHUX paboT, a TaKkKe caMOCTOSATEeAbHYI0 paboTy Han
npoekraMu, pedepaTaMy, COOOIEHUAMH, NPEe3€HTALUIAMH.

IIpu M3ydyeHHH MaTepuasa ydeOHasdg HaArpys3kKa oOydalolmHX-
ca cocraBAadgeT 54 y4eOHBIX Yaca, U3 KOTOPBIX 2/3 (36 yueOHBIX
4acoB) NIPUXOAUTCS Ha M3y4YeHHE B paMKaX y4eOHO-ayAUTOPHO-
ro npouecca, a 1/3 (18 y4ye6HBIX YacoB) OTBOAUTCH HA CAMOCTO-
ATEeABHYI0 paboTy obydyamIuxcs.



BBEAEHUE

AcTpoHOoMHA KaK HayKa. [IpucTynmasa K H3y4E€HHUIO aCTPOHO-
MHH, HeoOXOAHMMO 3HATh, Y€M 3aHHMaeTcCd dTa HayKa, a TaKxke
nmeasecoobpasHO COCTAaBUTEH NpeABapUTeAbHOE IpeJcTaBACHHUE
0 MecTe aCTPOHOMHH B CHCTEME€ APYTHUX HAYK H €€ POAH B I[H-
BHUAHM3AIlMOHHOM DPa3BUTHHU obuiecTBa.

Q ACTPOHOMMUA (OT rpey. «acTpoH» — 3Be3Aa, CBETUAO U «HOMOC» — 3aKOH) — Hayka o Bce-
AEHHOW, usyyalowaa ABUXeEHUe, CTPOeHWe, NMPOUCXOXAEHUE U pasBUTHE HeBEeCHbLIX TeA
U KX CUCTEM.

AcrpoHoMusa usydaer CoAHIle W 3Be3Abl, HNAAHETHl H HUX
COYyTHHUKH, KOMETHl MU METEODHBIE TeAa, TYMAaHHOCTH, 3Be3[1-
Hbl€ CHCTEMBI M MAaTEpPHUIO, 3AMOAHSIOIIYI IPOCTPAHCTBO MEX-
Ay 3Be3LaMK U IAaHEeTaMH, B KaKOM OBl COCTOSHHH 3Ta MaTe-
pus HU HaxoguAach. MccaeAys CTpoeHHe M pa3BHUTHE HeGECHBIX
TeA, UX TIOAOXKEHHE U ABHUXKEHHE B IIPOCTPAHCTBE, aCTPOHOMHUSL
B KOHEYHOM HTOTEe JaeT HaM IpeACTAaBACHHE O CTPOEHHH MU pas-
BUTHH BceaeHHO! B meaoM. [IpyruMH CAOBaMH, aCTPOHOMHS
n3ydaeT KOCMHYECKHE 00BEKTHl, KOCMHUYECKHE IBACHHUS U KOC-
MHYECKHE IIPOILECCHI.

BceneHHast — 3TO BeCh OKpPYXAWIU{ MHDP, H3YUYEeHHEM
KOTOPOTO 3aHHUMAITCH INOMHMO ACTPOHOMHH pPa3AHYHBIE €CTe-
CTBeHHbIe HAaYKH: (PU3HUKa, XUMHHA, Guoaorusg U aAp. Bce oHH
TECHO CBf3aHBI C aCTPOHOMHeH U MexXAy coboii. Y Kaxkmo# HaAy-
KM — CBOS Il€Ab, 3afa4Yi, OOBEKTHl NO3HAHUS, 00AaCTh HCIIOAB-
30BaHUs, METOABl U MHCTPYMEHTHI HCCAE€LOBAHUMN.

Kocmuueckue ob6vexkmst — 53TO KOCMHYECKHE TeAaa H KOC-
MHYeCcKHe cHcTeMbl. Ilox wroomuueckumu menamu MBI Oymem
IOHHUMAaTh BCe (PHU3UYECKHE TeAad, KOTOPbIe SABASIOTCS CTPYK-
TYPHBIMH dAeMeHTaMHu BceaeHHoO¥M. OCHOBHBIE THIB KOCMHYE-
CKHX T€A — IAaHETHBIE TeAa, 3Be3Abl, TYMAHHOCTH U KOCMH-



BBEAEHWE
yeckKad cpena. ACTPOHOMHUS HM3ydaeT UX OCHOBHBIE PU3HUUECKHUE

XapaKTEePUCTHKH, IIPOUCXOXKAEHHE, CTPOEHHE, COCTAB, ABHIXKE-
HHE U 9BOAIOIHIO.

Kocmuueckue cucmems. cocTodT H3 KocMHuUYecKuxX Tea. Koc-
MHYECKHE TeAad B KOCMHYECKHX CHCTeMax OOBIYHO MMeIOT oblnee
NPOUCXOXKAEeHHe (0OpasyloTca B OQHO M TO XK€ BpeMsS B OQHOM
U TOM XK€ MEeCTe), B3aMMOCBS3aHBl CHAAMHU TATOTEHHUHT U DAEK-
TPOMATrHUTHBIMHU IIOASIMH U IePEMeEIaloTCs B NPOCTPAHCTBE
KaK eJHUHOe I[eA0e. B YHCAO OCHOBHBIX THIIOB KOCMHYECKHX
CHUCTE€M BXOIAAT NMAAHETHBIE U 3Be3JHble CHCTEMBbI, FaAaKTHKH,
MeTarasakTuka U Bca BceaenHass. CHCTeMBl KOCMHYECKHUX TEA
o6AaamaloT HOBBIMU KadeCTBaMHM, He NPUCYLIMMHU OTHAEABHO B3d-
TBIM 3A€MEHTaM 3ToH cucTeMbl. Tak, 3Be3abl 06pa3yloTCad TOAb-
KO BHYTPH THTAHTCKHX KOCMHYECKHUX CHCTEM — TaAaKTHK;
KH3Hb MOXKET CyIIeCTBOBATh AHUIIL HA IIOBEPXHOCTH TEA, BXO-
ASIIUX B IMAAQHETHBIE CHCTEMBI OTHAEABHBIX 3B€3Md, U T.QX.

KoCMHUYECKUMHU ABAEHUAMU HasbiBalOTCA PpU3UYECKUe ABAEHWA, BO3HUKaloLWue npu
B3aUMOAENCTBUU KOCMUUYECKUX TEA U NPOTEKaHUU KOCMUUYECKUX NpoLecCcoB.

HpHMepaMu KOCMHUUYECKUX SIBA€EHHUHU MOXKHO Ha3BaThb cyme-
CTBOBaHHE CIYTHHKOB Yy MAQCCHBHBIX KOCMHUYECKHUX TE€A, NIBUXKE-

HHE€ IIAAHET, COAHEYHYIO aKTHBHOCTBL U T.nO.

KocMmuuyeckue npouecchl npepcTaBAftoT coboi COBOKYMHOCTU $U3UYECKUX npoLeccos,
AeXalux B ocHoBe BO3IHUKHOBEeHUA, CylleCTBOBaHUA U pasBUTUA KOCMUUYECKUX 06bEKTOB.

KocMmuuyeckue mpoliieccsl 06yCAOBAMBAIT TrAaBHble PU3HYE-
CKHE XapaKTEPHUCTHKH KOCMHUYECKHUX OOBEKTOB U HX CHCTEM,
ONMpEeneAdI0OT OCHOBHBIE 3Tallbl UX 3BOAIOIIHMH, a TaK¥XKe BO3HHUK-
HOBEHHE M IIPOTEeKaHHWEe KOCMHUYECKUX saBAeHHH. [Ipumepamu
KOCMHUYECKHUX IIPOILECCOB MOXKHO Ha3BaTh obpaszoBaHHe, cyIle-
CTBOBAHHE U 3BOAIIIMIO 3BE3[, IIAAHET, TAAaKTHK U Bceii Bce-
AEHHOH.

OCOGeHHOCTH aAaCTPOHOMHYECKHX METOAOB HCCAELOBAHHA.
IIpu m3ydyeHUU HeOECHBIX TE€A ACTPOHOMUL CTABHUT Iepen CO-
60#f Tpu OCHOBHBIE 3amadyu, TpebOylOIHMe NIOCAELOBATEABHOTO
pemieHusa:

1) m3ydyeHHe BHUAUMBIX, a 3aTe€M M AE€HCTBUTEABHBIX IIOAO-
KEeHUU U NABUXKEHUU HeGEeCHBIX TE€A B IPOCTPAHCTBE, ONpEaeAe-
HHEe UX pa3MepoB U (POPMBHI;
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2) usydyenue (PU3UIECKOTO CTPOEHUS HEOECHBIX TEA, T.€.
HCcCAeOBaHHE XHMHYECKOrOo cocTaBa U (PU3HUYECKHUX YCAOBHUH
(maoTHOCTH, TeMIOepaTypbl U T.[.) HA NIOBEPXHOCTH U B HeApax
HeOECHBIX TEA;

3) peureHue mpobAeM NMIPOUCXOXKIAEHUT U PA3BUTHUA, T.€. BO3-
MOXHOTO AaAbHeHIIero CymecTBOBAaHHS OTAEABHBIX HeOEeCHBIX
TE€A U HUX CHCTEM.

[TepBasg 3amaya pelnaeTcd IyTeM OAHUTEABHBIX Habawome-
HUM, HaYaThIX ellle B TAYyOOKOM APEBHOCTH, a TaKXKe Ha OCHOBE
3aKOHOB ME€XaHHKH, HU3BECTHBIX yxKe 0Koao 300 aer. IToatomy
B 3TOM o6AacTu acTpPOHOMHHU MBI pacmoaaraeM HaubGoaee Gora-
TOoM mHpoOpManuei, ocobeHHO 0 HeGECHBIX TeAaX, CPABHUTEAB-
HO GAM3KHX K 3eMae.

O ¢pu3u4YecKOM CTPOEHUH HeOECHBIX TeA MBI 3HAEM ropas-
4O MeHbIIe. PemeHHe HEKOTOPBIX BOIPOCOB, OTHOCHIIHXCSH
KO BTOpPO# 3ajade, BIEpPBBIE CTAAO0 BO3MOXKHBIM HEMHOTHUM 6o0-
aree 100 aer Hazanx, a OCHOBHBIX HpPoOAEM — AUIIEL B IIOCAEN-
HHE TOMBI.

TpeTbs 3amada CAOXKHEE ABYX INPEABIAYIIHUX. [AS pelIeHHUd
ee mpobAeM HAKONAEHHOTO HabAIOZATEABHOTO MaTepHaaAa II0Ka
elle HEOJOCTATOYHO, M HAIlH 3HAHUSA B 3TOH 006AaCTH acCTPOHO-
MUHU OTPAHUYUBAIOTCH TOABKO OOIIMMH COOOpAXKEHUIMHU U pPd-
noMm Goaee MAM MeHee NMPaBAONOAOOGHBIX THIIOTES.

[IpumepHo no XI1X B. mepen acTpOHOMHUEH CTOAAU OTPaHHU-
YeHHBble 3aJa4YM, Kacaloliuecsa HCCAeLOBaHHUA HeOECHBIX Tea,
orHocgmuxca K Coameunoit cucremMe. OO0BEKTHI, HAaXOAAIIUECH
BHe Halme¥ 'arnakKTHKHU, OBIAM HEZOCTYIHBI AAsS HabAlOoeHHSd,
npexncraBaeHUs 06 ycTpoiictBe BceaeHHON OBIAM YUCTO YMO3PH-
TEeABHBIMH. B coBpeMeHHYyIO 310Xy, K Hadaay X X I B., acTpoHoO-
MUsS CcTaAa HAyKOM, uaydarmlieii HeGeCHbIe TeAa U UX CHCTEMBI
BO BCEM MHOT000Gpa3uu AAS BBISBAEHHS 3aKOHOMEPHOCTeH Ipo-
CTPAHCTBEHHOTO pacIpelfeA€HHUs, KHHEMATUYECKHUX U AUHAMHU-
YeCKHX CBOMCTB, CTPOEHHS U 3BOAIOIHHU 3THX O0OBEKTOB.

ACTPOHOMHSHA OTHOCHUTCH K €CTECTBEHHBIM HayKaM, IIO3TOMY
ee IMporpecc B 3HAYUTEABHOH CTeINeHH OOYCAOBAEH AOCTUTHYTHIM
B TOT MAU HUHOU INEepUOL YPOBHEM APYyrux obaacTeid ecTecTBO-
3HaHHUA. lleab ecTecCTBEHHBIX HAYK — yYCTAHOBAEHHE 3aKOHOB
OPpUPOABl M NO3HAHHE MHpa, YIPaBASEMOTO 3THMHU 3aKOHaMH.

OCHOBHBIE pa3AeAbl aCTPOHOMHH. [AaBHBIMH pa3xeAraMHU
ACTPOHOMHUHU SBAMIOTCH: acTpoMeTpusa, HebecHad MexaHHKA,
acTpodHu3NKa, KOCMOTOHHS U KOCMOAOTHSL.

Acmpomempusi:

H3ydaeT NMOAOXKEHHE, BUAUMOE U HCTHHHOE NBHUXeHHe Hebec-

HBIX CBETHA C COCTAaBAE€HHEM 3BE3JHBIX KapT U KaTaAOlLOB;
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* 3aHUMAaeTcHd onpeneseHHEeM (PYHIAMEHTAABHBIX aCTPOHOMU-

YEeCKHX INOCTOSHHBIX;

* pemaeT 3amayM, CBA3aHHBIE C OCHOBaMH HU3MEPEHHUH U CUe-

Ta BPEMEHH, BBIYMCAEHHEM H COCTAaBAEHHEM KaAeHOapewH;
* obecmeynBaeT COCTaBA€HHE reorpaduYecKHUX U Tomorpadu-

YeCKHX KaprT.

Hebecnast mexaHuxKa WCCAeLyeT OBHUXKXEHHE KOCMHUYECKHUX
00BEKTOB IO AEHCTBHUEM CHA TPAaBHUTAIUH C YyYEeTOM AeHCTBHS
NaBA€HUS U3AYYEHHS, COONPOTHUBAEHHUH CPeAbl, HU3MEHEHHUS Mac-
Cbl U APYrux pakTopoB. Onupasgch Ha AJAaHHBIE aCTPOMETPHHU U
3aKOHBl KAAQCCHYECKOH (PU3UKH, yYEHBIE BBIYHUCASIOT TPAEKTO-
PUH U XapaKTEePHUCTHKHU ABUXKEHHUSI KOCMHUYECKHX TE€A U HUX CH-
creM. HebecHasa MexaHHKa ABASIETCHd TEOPETHUYECKOH OCHOBOH
KOCMOHaBTHUKH.

Acmpodu3surxa cobupaeT H HccAaenyeT BaxXHeHmue QU3HU-
YeCKHe XapaKTEePHUCTHUKH U CBOMCTBAa KOCMHYECKHX O0OGBEKTOB,
npomneccoB U aBaeHuH. OHa moxpasgeAsieTcd Ha MHOTOYHCAEH-
HBIe pa3ZeAbl: TeopeTHUecKas M NpaKTHYecKasd acTpodHU3HKAa,
¢du3uka maaHeT (IAaAHETOAOTHS U HmAaHeTorpadudg), puU3HUKA
CoaHna, c¢pu3mka 3Be3a, BHerasakKTHYecKas acTpodu3uKa U T.H.

KocmozoHust n3ydJaeT NPOUCXOXKAEHHE U pPa3BUTHE KOCMHU-
YeCKHUX 00BEeKTOB M HX CHCTEM.

Kocmonoaust mnccaeyeT IIPOUCXOXKIAEHHE, OCHOBHBIE QH-
3UYeCKHEe XapaKTEePHUCTHKH, CBOHCTBa M 3BOAIIHI0 Bceaen-
Ho#i. Ee TeopeTHYEeCKON OCHOBOU ABASIOTCH COBpPEMeHHBIe (PHU-
3UYEeCKHE TEOPHH, NaHHBIE acTPOMU3MKHN M BHETAAAKTHYECKOH
aACTPOHOMHUH.

CTpykTypa H macmrabsr Bceaennoii. MzBecTHad HAM 4acTh
BceaeHHO# oOpa3oBasach B pe3yAbTaTe U3MEHEHHUS SHEPreTHYE-
CKOH IAOTHOCTH (PHU3HYECKOIO0 BaKyyMa, CONPOBOXKAABIIErocs
BBIIEA€EHHUEM OTPOMHOTIO KOAHMYECTBA 3HEPTHH — IO Pa3HBIM
pacuyeram ot 1,0108 mo 1,088 [k /cM:. OTOT HpPOIECC HOAY-
9YuA Ha3BaHue «Boaprmoid B3peIB». [l0 MHEHHIO COBPEMEHHBIX
YYE€HBIX, OH IIPOHU30IIeA NIPUMEPHO 15 Mapn aeT Hazax. YTo mo-
CAYXKHUAO IpUYUHaMU Boapmioro B3peiBa? BbiA AW OH caydali-
HBIM SBA€HHEM HAHN 3aKOHOMEPHBIM 3TaloM DPa3BHUTHHA MaTEPHUH
Bceaennoii? CoBpeMeHHas HayKa NOKa He MOXET OTBETHTh Ha
3TH Bomnpockl. Tem 6oaee oCTalOTCH HEHU3BECTHBIMH COCTOSHUE
BceaenHo#f mo Boabmoro B3peIBa U MECTO, I'Zleé OH IIPOHU3OIIEA.

CoraacHO pacyeraM y4YeHBIX B MOMEHT Haudaaa Boapmo-
ro B3pbIBa MaTepus Halled wactu BceaeHHO#M Onlaa cocpemo-
TOYeHa B TOYEYHOM (MAH IOYTH TOUedHOM) oO0beMe U obaamana
6eCKOHEYHO OOABIION HAOTHOCTBIO. OTO COCTOSSHUE MaTEPHUHU Ha-
3BIBAETCS CUHRYASipHOCMbI0. MBI He HMeeM HHUKaKUX MaTepHu-



aAABHBIX CBHAETEABCTB O INPOHUCXOAHMBIIMX B Ty 3MOXYy IpoOIlec-
cax. CymecTBylomue pU3HYECKHEe TEOPHUH HE MOTYT OIHCATH
MaTepHuI0 B COCTOAHHH, ODAM3KOM K CHHTyasgpHocTHu. [Ipenmo-
AaraeTcs, 4YTO CBOMCTBA NPOCTPAHCTBA U BPEMEHH OBIAKM TOrAa
Ka4eCTBEHHO MHBIMH: NPOCTPaHCTBO HuMeao 10— 11 usmepeHui,
obramano CAOXKHOMN «abpImameii», HU3MeHAOIeHca CTPYKTYpoOH,
a BpeMs aApobHAOCH HAa MeAbdyalIlue HeZEAHUMBIEe «KaIlAH».

Yepes 100 c mocae Boarmoro B3priBa MeTarasaakTHKa CO-
croaaa Ha 70...75% U3 IPOTOHOB, 2A€KTPOHOB U APYTHUX dHa-
ctul, Ha 25... 30 % u3 axep reaud U MeHee dyeM Ha 1 % u3 axep
foaree TAXKEABIX DAEMEHTOB. DAEKTPHYECKH 3apsAXKEHHBIE dYa-
CTHIBI PAaCKaA€HHOH IIAa3Mbl B3aUMOAEHCTBOBAAU C 9AEKTPO-
MarHUTHBIM H3Ay4Ye€HHEeM: CBeT ObIA Hepa3ZeAbHO CBS3aH C Be-
IIECTBOM.

PoAb acTpOHOMHH B GOpPMHpPOBaAaHHH COBPEMEHHOH KapTHHBI
MHpa. 3HaYeHHEe ACTPOHOMHHU ONpPENEAsIeTCs ee BKAAAOM B CO-
3laHHe Hay4YHOH KapTHHBI MHpPa. ACTPOHOMHYECKHE 3HAHHULA
A€XaT B OCHOBE CHCTEMBl IIpeACTaBA€HHH o Haumboaee oOIIMX
3aKOHAaX CTPOEHHUS M pa3BUTHA BceaeHHONH. YpoBeHb Pa3BUTHHA
aCTPOHOMHUHU ONpPeneAdeT OCHOBBI MUPOBOCHPHUATHUHA IMIHUPOKHUX
Macc HaceaeHHus, hopMuUpPyeT 6a30BbIe HAEH HAayKH H ocobeH-
HOCTH B3TASJO0B yYE€HBIX.

ActpoHoMus — aApeBHeHImas M3 HayK. JlaHHBIE apPXEOAO-
MU CBHIAETEABCTBYIOT O TOM, YTO aCTPOHOMHUYECKHe Habalome-
HUS NIPOBOAUAMCH MEPBOOBITHBIMHU AIOABMHU CBbIle 50 TBHIC. A€T
Ha3afn. Pang y4eHBIX HoaaraeT, 4YTO 3a4YaTKH aCTPOHOMHYECKHX
3HAaHHUU MOTAU NOABHUTHCH y INPEIKOB COBPEMEHHOIO YeAOBeKa
okoA0 100 ThICc. AeT Hazan. ¥ NepBOOGBITHBIX AIOAEH aCTPOHOMUSI
elle He BBIAEASIAACH B 0COOyI0 06AaCTh MO3HAHUSA, OHU BOCIPH-
HHMaAH BeCh OKPYXKAaMIUH{ MUP KaK €IHHOEe OAYIIeBA€HHOE Iie-
Aroe. Mudoasorndeckuil xapakTep OCMBICA€EHUS MHUPa 0O0beIUHAA
«3eMHOEe» ¢ «HebecCHBIM». ACTPOHOMHUHA — €AHUHCTBEHHas Hay-
Ka, KoTopas NOAyYHAA CBOIO MY3y-IOKPOBHTEABHHUIY YPaHHIO.

Ilorpe6GHOCTF B aCTPOHOMHUYECKHUX 3HAHUSAX OAS ONpeaeAe-
HUS BPEMEHH, OPHEHTAIMU Ha MECTHOCTH, COCTABAEHHH Teo-
rpauYecKUX KapT H KaAeHAapeidl CTHUMyaAupoBaasa pa3BUTHE
BBIYHMCAHUTEABHOH MaTeMaTHUKH, F'€OMETPUU U TPUTOHOMETPHH.
HN3o06peTeHue yrAOMEpHBIX HNPHUOOPOB NIPHUBEAO K BBIAEAEHHIO
aCTPOHOMHHU H3 00Inedl CyMMBI Y4€eAOBEUYECKHUX 3HaAHUIM 006 OKpy-
XKapleM MHpPEe B OTOAEABHYIO, IIEPBYI H3 €CTECTBEHHBIX HAYK.
OTo mpou3omAao 6 TBIC. A€T Ha3am.

Hayunag ¢ amoxu obpaszoBaHusga rocynapcTB [[peBHero Mupa
no nosgHero CpeqHEeBEKOBbs, OOBEKTHl aCTPOHOMUHU HUAECAAU3U-
pPOBAAMCh U NPOTHUBONOCTABAZAUCH O00BEKTaM 3eMHOIO MHUpA.
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Hx XapaKTEepPHUCTHKH U IIOBEAEHHE HE pPaCCMaTPHUBAAHUCh B paM-
KaxX 3apOXAAIINXCH «3€MHBIX» HayK — (PU3UKU, XUMHUHU, TE€O-
rpaduu. ACTPOHOMHUS BHOCHAA OTPOMHBEIH BKAAJ B CTAaHOBAE-
HHE eCTECTBEHHBIX HayK (ocobeHHO reorpaduu), HO CaAMH OHHU
OKa3blBaAW HHYTOXKHO MaAOe BAHUSHHE Ha €€ Pa3BHUTHE AUIIb
4epe3 TEeXHOAOTHIO CO3LaHUHA ACTPOHOMHYECKHUX HHCTPYMEHTOB.

Ilepsass pesonoyuss 6 acmpoHomuu Tpou3oIIAa B pas-
AMYHBIX PETHOHAX MHpPaA B pa3HOe BpeMs — B IEPHOA MEXAY
1,5 teic. AeT mo H.3. u Il B. H.5. Ee 06ycAaoBuUA mporpecc ma-
TeMaTHYEeCKUX 3HAaHUH. [AaBHBIMM QOCTHUXKEHHSIMH CTaAHU CO3-
naHue cPepUIEeCKOd aCTPOHOMHHU M acTpoMeTpuu, paspaborTka
YHUBEPCAABHBIX TOYHBIX KaA€HAapeHd M FeOLEeHTPHYECKOH Teo-
puu. K Havaay X VI B. nporpecc Hay4YHO-TEXHUYECKHUX 3HaHUH
COKpaTHA Pa3prlB B Pa3BHUTHHU ACTPOHOMHHU U APYTHUX €CTECTBEH-
HBIX HAyK, a 3aTe€M II0 CBOEMY YPOBHIO 3HaHHUSA 00 OKpPyIKamIleM
MHpe IPEeB30IIeA aCTPOHOMMUIO, ITOYTH HE Pa3BHBAaBIIYIOCS C Ha-
Janra Hamed 5pbl. [lorTpebHOCTh NIPUBEAEHUA B €AHHYIO CUCTEMY
BCeH CyMMBI HAKONAEHHBIX 3HAHUH BMECTE C ME€PBBIM MOIIHBIM
BAuUgHUEM (PHU3HUKH HA aCTPOHOMHIO — H300peTEHHEM TEAECKO-
IIa — IIPHBEAa K TOPXKECTBY TF€AHOLEHTPHUUYECKOH TEOPHUH.

Bmopas peeonoyus 6 acmpoHomuu (XVI—XVII BB.) Oblaa
obycaoBAeHa HaKONAEHHEM 3HAHHUM O NMpPHpPOAE, B IEePBYI ode-
pear MGU3HMYUYECKHUX, U caMa aCTPOHOMHUHA CTHMYAHpPOBaAa IIEPBYIO
PEBOAIOIINIO eCTeCTBEeHHBIX HayK B XVII—XVIII BB. [lasg Hay-
KH TOIO BPEMEHH XapaKTepHa TecHeHIas CBA3b MEXKAY acTpo-
HoMmue# u pusukoii. Bce Beaukue PU3UKU TOTO BPEMEHHU OBIAU
acCTpOHOMAaMH, U, HaoGOpPOT, 3aKOHBI U TEOPHUU (PU3UKH BHIBO-
AUANUCH U NIPOBEPSAANUCH Ha OCHOBE PE3yABTATOB aCTPOHOMHYE-
CKHUX HabalomeHUNW. ACTPOHOMHUUYECKHE SBAEHHUHI U CBOHCTBA
HebeCHBIX 00BEKTOB OO0BSICHAANCH HA OCHOBe (PU3HUYECKHUX 3HAa-
HUii. B acTpPOHOMHUHM HCCAEOOBAAUCH HE TOABKO BHANMOE PacIo-
AOXEHHEe U NepeMelleHHe HeOeCHBIX CBETHA, HO U HEKOTODHIE
du3nYecKue XapaKTEPHUCTHUKH: ABHUXKEHHE, pa3Mephbl M Macca
HeOeCHBIX TeA. YCTAHOBAEHHE €QHHCTBA 3aKOHOB IIPHUPOABI OAS
Bceit BceaeHHO, co3mMaHNe KAaCCHYECKONM MexXxaHUKHU HpooToHa
U TEOPHUH BCEMUPHOTIO TATOTEHHS YHUYTOXRHUAHU INIPOTHUBOIIOCTAB-
A€HHE MEXAY «3€MHBIM» U «HeOECHBIM» M CAEAAAH ACTPOHOMHUIO
ONHOH K3 €CTECTBEHHBIX HAYK.

BaxxHeHOIUMH AOCTUXEHUAMU ACTPOHOMHHU HOBOIO BpEME-
HHU CTaAH:
. co3maHue, o0BbsACHEHUE U IIOATBEPXKAEHHUE TEAHUOLEHTPUYEC-
CKOMH TEOPHH, 3aKOHOB ABHXEHHUA IIAAHETHBIX TEA, TEOPHHU
BCEMUPHOTO TATOTEHHUA, HebecHOMU MEXaHHUKH,

. I/I306peTeHI/Ie OIITUYECKHX TEAECKOIIOB,



* OTKpPBITHE HOBBIX IIAQHET, CIOIYyTHHKOB, MOfACa aCTEPOHIOB,
KOMET, METEOPOHUIOB;

* HU3y4YeHHE OCHOBHBIX XapakTepHUCTHUK COAHEYHOH CHCTEMBEI
U BXOAAIIHUX B €€ COCTAB KOCMHUYECKHUX TE€A, 3BE3QHBIX CH-
CTEM U TYMaHHOCTEH;

* CcoO3JaHHWE NEePBBIX HAYYHBIX KOCMOTOHHYECKHUX M KOCMOAO-
THYECKHUX THIIOTE3.

Pa3zpaboTka HOBBIX METOAOB aCTPOHOMHYECKHUX HabOAIOZEeHUH

Ha OCHOBe (PU3HUYECKHUX OTKPBITHUH U YyBEAMYEHHE MOIIHOCTH

ACTPOHOMHUYECKHUX HHCTPYMEHTOB NPHUBEAHM K 3HAYUTEABHOMY

pocTy 3HaHUP 0 (PU3UYECKON NPUPOAE KOCMHUECKUX OOBEK-

TOB, IIPOLIECCOB U ABAeHUM. [logBUACH HOBBIH OGIIUPHBIN pas-

oeA COBpeMeHHOH acTpoHoOMHH — acTpodusuka. MccaemoBanusga

XHUMHYECKOTO COCTaBa KOCMHUYECKHUX TE€A IOATBEPAHUAU MaTEpPH-

aAbHOE€ €AHHCTBO BceaeHHON. BbIAM H3MEepEeHBI MEX3BE3IHBIE

pPaccTOSHHUA; OTKPBITHI MEX3Be3QHAd cpeaa, HOBBIE KAACCBI KOC-

MHYECKHUX TE€A; YCTAHOBAEHBI 3aKOHOMEPHOCTH B (PU3UUYECKHUX

XapaKTEepPHCTHKAaX 3Be3J; HCCAefOBaHa CTPYKTypa ['aaakKTHKH.

OmgHaKO aCTPOHOMHUS OCTaBaAsach B II€EAOM CTAaTHYHONH — Habalo-

oaTeAbHOHW U ONTHYECKOH — HAYKOMH, KoTopad H3ydasa HEHU3-

MEHHYI BO BpPEMEHH BCeA€HHYI M perucTpupoBasa AUIIEL BHU-

AUMO€ H3AYyYeHHE KOCMHUYECKHX OOBEKTOB

TeopeTnyecKHe OCHOBBI HOBOH aCTPOHOMHYECKOH DPEBOAIO-
OUH 3aA0XKHUAU TPpyabl A. ODfinmTedina u A. A. Ppungmana. Bos-
HUKHOBEHHE U pa3BUTHE PAAHO(PU3UKHU, IAEKTPOHHUKH, Kubep-
HETHKH U KOCMOHaBTHKH 00ecledHnAO ee IPaKTHUYECKHE OCHO-
Bbl. OTPOMHYIO POAB CHITPAAO CO3J4AaHHE HOBBIX METOMLOB HCCAE-
noBaHUA B (PU3MKE, MaTeMaTHKE U BBIYMCAHUTEABHOH TEXHHKE
(mossBAEHHE 2AEKTPOHHBIX BBIYHMCAHTEABHBIX MamuH — OBM).

Tpemvst peeonoyuss 6 acmpoHomuu (50—70-e rr. XX B.)
IIEeAHUKOM oOycaoBAaeHa ImporpeccoM (pHU3HUKH U e€e BAUSHHEM Ha
TEXHOAOTHIO.

AcTpoHOMUSA CTasa HOBOU HaAyKOMH:
¢ BCEBOAHOBOM — KOCMHUYECKHE O0O0BEKTHl HabAmmgamwTCH

BO BCEM AHAalla30HEe UX HU3AYYEHHH;

* DJKCHEPHUMEHTAABHOH — CpeAcTBa KOCMOHABTHKH ITO3BOAH-
0T NPOBOAUTH HEIIOCPEACTBEHHOE H3y4YeHHE KOCMHUYUYECKHUX
TeA, SIBA€EHUUW M NPOIIECCOB;

* OSBOAIIIMOHHONH — KOCMHYECKHE OOBEKTHI HCCAEAYIOTCSH
Ha INPOTHAXKEHHUHU BCEH 3BOAIOIHHU U BO B3aHMOCBH3U MEXAY
coboii.

JAass COBPEMEHHOTO YYE€HOTO «3€MHOE€» U «KOCMHUYECKOE»
TECHO B3aHWMOCBg3aHBl. 3aKOHBI KAACCHYECKHX HaAyK — (QPU3H-
KW, XHMHH, reorpad@uu — ABAFIOTCH CACACTBUAMH AeHCTBUHA
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3aKOHOB OoAee BBICOKOTO HOpsSAKa, AeHCTBYHIIUX BO BceaeH-
Hoii. KocMuueckue 00BEKTHl, IBAEHHUSA U IIPOIECCHl OKa3bIBa-
I0OT BAUSHHE Ha NPOTEKaHHE Pa3AMYHBIX 3€MHBIX IIPOIECCOB.
OHu 06yCAOBHAKM BO3HHKHOBEHHE H CylIeCTBOBaHHEe OHochepshl
3emau. XKH3Hb — 3aKOHOMEPHBIH 3Tall Pa3BUTHI MaTEPHHU H
daKTOp KOCMHUYECKOTO IOpAmKAa.

CBA3p aCTPOHOMHH C APYTHMH HayKaMH. [lo Mmepe pa3BUTHUHA
HayKH NPOUCXOAUT yraybaeHHe M pacHIHpeHHe IpoIecca IIo-
3HaHuda. CoBpeMeHHas HayKa CTPEMHUTCH K BCECTOPOHHEMY H3-
Y4YEeHHIO BCEX CBOUX OOBEKTOB U YCTAHOBAEHUIO BCceobIed cBd-
3M MPOIECCOB U ABAE€HHH B €IHMHCTBE C OKPYIXKAIIUM MHPOM.
HaunbGoaee TecHO acTpoHOMHUS CBaA3aHa ¢ PU3HUKON. ACTPOHOMUSA
HCIOAB3YyeT (PpU3HMYEeCKHEe 3HAHHUS OAS HCCAELOBAHUA U 00bscC-
HEHHUd NPUPOABl KOCMHUYECKHUX O0BEKTOB, SBACHHUH H Ipoliec-
coB, a puU3UKa — OAaHHble AaCTPOHOMHYECKHUX HabAIOOeHUN nAd
NPOBEPKH H3BECTHBIX (PU3UYECKHUX TEOPHH, OTKPBITHS HOBBIX
$dHu3UIEeCKUX IBACHHUH B 3aKOHOMEpPHOCTEH.

KocMmoc craa ecrecTBeHHO#M anabopaTopueii, rame PU3UKU MO-
I'yT HCCAENOBAaTh ABAEHHSA U NPOLECCHl, KOTOPbIE HEBO3MOXKHO
HAW KpaliHe CAOXKHO BocIpom3BecTH Ha 3emae. ACTPOoPHU3UKH
U PHU3UKH B TECHOM COAPYKECTBE H3ydaloT AA€PHBI€ peaKIHUU
B HeJApax 3Be3], B3PBIBBI 3Be3[, HEHTPOHHBIE 3BE3Abl U YE€PHEBIE
OBIPBI, IyAbcanluu BceaeHHON U T.n. PU3UMKa BBICOKHUX DHEPTUH
U KOCMOAOTHS COBMECTHO pa3pabaThliBaloT TeopHI0 Beawkoro
o0beqUHEHUS, CBOAAINYIO BHUABI (PU3WYECKHUX B3aUMOAEHCTBUU
K €IHHOMY HadaAy UM OOBSACHSIOINYIO NEepPCHEeKTHBB Pa3BUTHI
MaTepHuaAbHOTO MHpa B IleaoM. B3aumMoneilcTBHEe aCTPOHOMHU
1 PU3UKH OKa3blBaeT BAUSAHHE Ha Pa3BHTHE HE TOABKO APYTHX
HayK, HO U TEXHHKH, 3HEPreTHKH, Pa3AHMYHBIX OTpacael 3KO-
HOMHUKH. [3BeCTHBIMM IpPHUMEpPaAMHU CTAAH NHNOABAEHHE U pas-
BHUTHE KOCMOHABTHKH, pa3paboTKa TepMOsSIepPHBIX PEeaKTOPOB,
KBAHTOBBIX YCHUAUTEAEH H3AYyYEeHHUHA (AA3€POB U Ma3epoB) U T.HO.
KopeHHBIM 00pa3oM H3MEHUAWCH MHOTHE CTapble CHOCOOBI HC-
NOAB30BAHHUA aCTPOHOMHYECKHUX 3HaHUH. Tak, B OCHOBe MHUPO-
Bo#t CAyx 66l BpeMeHU A0 cepenuHbl XX B. A€XaAH aCTPOHOMHU-
4ecKHe CIIOCOOGBI M3MEepEeHHuS M XPaHEHHS BPEMEHH.

B Hamu ngHU pa3BuTHe PUIUKU IIPUBEAO K co3gaHuUo 60-
Aee TOYHBIX CHOCOOOB ompemeseHUs B3TAAOHOB BpemeHu. OHU
CTaAW HCIOAB30BATHCS ACTPOHOMAMHU OASI HCCAELOBAHULA SIBAE-
HUM, A€XAaBUIUX B OCHOBE IIPEXHUX CHOCOOOB M3MEpPEHUS Bpe-
MEHH.

o cepemuusl XX B. TAaBHBIMHU cHnocobaMu ONpELEAEHUS
reorpaduYecKUX KOOPAHHAT MECTHOCTH, MOPCKOH H CyXOHOyT-
HOM HaBHUrallMu OBIAM acTpoHOMUYecKue Habaonenus. C nogas-



A€HHEM PagHO(PHU3UKH MU KOCMOHABTHKHU, IIHUPOKHM IIPDHMEHE-
HHEM PaJHOCBA3HM M HABHUTAIHMOHHBIX CIYTHHKOB OTHNAajAa HYX-
da B aCTPOHOMHYECKHUX MeTonmax. CeHuac 3TH oTpacAau PU3HUKHU
UM TEXHOAOTHH IIO3BOASIOT acTpoHoMaM H reorpadaM yTOYHATH
dbopMy M HEKOTOpBIe APYTHE XapaKTEPHUCTHKH 3€MAH.

ACTPOHOMHIO U XMMHIO CBA3BIBAIOT BOIIPOCHE U3Yy4YE€HHUS IPO-
HCXOXAEHUS U PacCHpPOCTPAaHEHHOCTH XHMHYECKHX JAEMEHTOB
B KOCMOCE, XHMMHUYecKasa dBoAlonuda BceaenHoi#i. Kocmoxumusa
H3ydyaeT XUMHUYECKHH cocTaB MU BHYTPEHHeEe CTPOEHHE KOCMH-
YEeCKHX TeA, BAUSIHHE KOCMHYECKHX SBAEHHUH Ha NpoTeKaHHE
XUMHYECKHUX PEeaKI UM, pacupefeAeHHEe XHUMHYECKHX A€MEHTOB
Bo BceaeHHOM. BoAapmo# MHTepec AAS XUMHKOB HMEET HCCAELO-
BaHHE XMMHUYECKHUX IIPOIECCOB, KOTOPhIe H3-3a MacumTaboB HAH
CAOXKHOCTH HE€Ab3S BOCIPOHM3BECTH B 3€MHBIX AabopaTopHAX
(cocTosHMe BelecTBa B HeApax IIAAHET, CHHTE3 CAOXKHBIX XH-
MHYECKHUX COeJUHEHHUH B TYMAHHOCTSAX MU T.H.).

ActpoHomuio, reorpacduio u reodHU3UKy 0O0beJUHAET HCCAE-
noBaHHe 3eMAM KaK ogHOM u3 maaHeT COAHEYHOMH CHCTEMBI:

* oIpeneAeHHE OCHOBHBIX (PU3HUYECKUX XapPaKTEPUCTHUK 3eMAHU

(dbopMBI, mapaMeTpoB BpallleHHS, pa3Mepa, MacChl U T..A.);
* wu3yYeHHE BAUAHHUS KOCMHUYECKHX (PAKTOPOB Ha reorpaduio

3eMAHU (CTpOEHHE M COCTAB 3€MHBIX HEJAP U NOBEPXHOCTH,

peabed um KAaMMAaT, H3MeHeHHUHd B aTMmocdepe, ruapocdepe U

autocdepe);

* HCIOAB30BaHHWE ACTPOHOMHYECKHX METOLOB OPHEHTAIIUU H
onpeneAeHHUT KOOPDAHHAT MECTHOCTH.

OxHUM M3 HOBBIX HAIpaBAECHUH HAYKU CTAA0 KOCMHYECKOE
3eMA€BeleHHe — COBOKYIIHOCTBH HCCAENOBaHUM 3eMAH H3 KOC-
Moca B IeASX Hay4YHOM M NPaAKTUYECKOM AEITEABHOCTH.

B3zauMocBA3b acTpOHOMHH U Omoaoruu obycaoBaeHa B3a-
UMHBIM BAUSHHEM CAEAVIOUIMX IIPOIECCOB, NPOTEKAMIIHUX Ha
3eMae U B KOCMoOcCe:

1) >BOAIOIIMS HEXWBOH U XKUBOH MaTepPUU HAET OT IIPOCTOTO
K CAOXHOMY. BO3HHKHOBEHHE XXKHU3HH Ha 3eMA€ IIOATOTOBAEHO
XOLOM 3BOAIOIIMH HEXHUBOH MaTepuUu BOo BceaeHHOH;

2) cymiecTBOBaHHEe XH3HH Ha 3eMae ompeaesseTcs IIOCTO-
AHCTBOM AefCTBUS KOCMHYECKHUX (PAKTOPOB: MOIIHOCTHIO U CO-
CTaBOM COAHEYHOTO M3AyYEHHSI, HEU3MEHHOCTHIO OCHOBHBIX Xa-
pPakKTepUCTHK OpOuTH 3eMAM U ee BpallleHHUd, HAAUYHEM Mar-
HUTHOTO MOAfd U aTMocAeBsnr:

3) pasBUTHe KHZHH Ha 3€MJ

ILIABHEIMY HESHATUTETLHBIMA HaY eﬂmm%m%

MHYecKHX (aKTOPOB, CHIbHEIe Hdmejdgm-rwuﬁ@ﬁmmm E,L;
(DUYECKNM IIOCHeACTRHAM; I B EHMOTEM a7
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4) Ha ompeneAe€eHHOM 3Talle CBOETO0 pa3BHUTHHA XKH3HBb CTa-
HOBHTCH (PaKTOPOM KOCMHYECKOro macuitaba, OKas3bIBaIIHUM
BAUSAHHE Ha (PU3HUKO-XMUMHYECKHE XapPaKTEPUCTHKH IIAAHETBHI:
cocTaB W TeMIepaTypy armocdepsl, ruapocdepbl H BEPXHHUX
caoeB AHUTOC(hEPHI;

5) B HacTodIlee BpeMd AESITEABHOCTH YeAOBedYecTBa CTa-
HOBHTCH (PaKTOPOM KOCMHUYECKOro MacmiTaba, OKa3blBaIIHUM
Bo3nelicTtBHe Ha aTMmocdepy, ruapocdepy u autochepy 3eman
U OKOAO3E€MHOE KOCMHYECKOE IIPOCTPAHCTBO, a B IIEPCHEKTH-
Be — Ha BCio COAHEYHYI CHUCTEMY. DKOAOTHUYECKHE IPOOAEMBEI
HA4YHUHAIOT HUIpaTh 0COOyI0 POAB B CYLIECTBOBAaHHH YeAOBede-
CTBa; 9KOAOTHUS CTAHOBHUTCH KOCMHYECKOH HaAyKOMH;

6) pa3yMHasa OEeATEABHOCTb CBEPXIHUBHAW3AIIUHA MOXKET OKa-
3pIBATh BAHUSAHHE Ha 3BOAIOIIMI0O HEXHUBOH M XHUBOH MaTepuH
B mMacmrabax FarakKTHKU U gaxe MeTaraaakTHKH.

AcTpoHOMBI U OGHOAOTM COBMECTHBIMH YCHAHSAMH peIIamT
npobAaeMbr:

1) BOBHUKHOBEHHS U CYIIeCTBOBaHHUS XKHU3HHU BO BceaeHHOH
(ak300HOAOTHSA);

2) mpoIlecCOB, A€XAIIHUX B OCHOBE KOCMHUYECKO-3€MHBIX CBS-
3eil (reanobHMoOAOrUdg U KOCMHYECKAsS DKOAOTHUHA);

3) KOCMOHAaBTHKHU (KOCMHUYecKasd OHMOAOTHUS U MEOHUIHMHA);

4) BO3HHKHOBEHHH U CYIIeCTBOBAHHUHA, NIyTeH Pa3BUTHS BHeE-
3eMHBIX nuBuAu3anuii (BL), cBg3W M KOHTaKTa C HUMU;

5) poam YeaOBeKa W YeAOBedecTBa BO BceaeHHOH (BO3MOXK-
HOCTBb 3aBHCHMOCTH KOCMMHUYECKOHN 3BOAIOIIMU OT OMOAOTHYECKON
U COLIMAaABHOMH).

AcTpoHOMHUSA H3ydaeT Pa3BHUTHE KOCMHYECKHX 00BEKTOB Ha
BCeX YPOBHHAX OpraHHM3allUUM HEXHUBOH MaTepHUHU TaK XKe, Kak
fuoaorug u3ydaeT pa3BUTHEe XKHUBOMU marepuu. Kocmuueckue
06BEKTHl MOXHO KAACCH(PHUIHMPOBATH IIO TEeM XK€ HNPHHIHUIIAM,
KOTOpPBbIE€ HCIOAB3YIOTCS B OMOAOTHH OAS KAACCHU(PHUKAIHUH KU-
BBIX OPraHU3MOB. Bce ocTaabpHBIE €CTECTBEHHBIE HAayKH HE€ SB-
AFIOTCS 3BOAIIHMOHHBIMHU. [JeficTBue pyHAaMEHTAABHBIX 3aKO-
HOB (DU3UKH H3BEYHO U He 3aBHCHUT OT BpPeMeHH, HeoOpaTHUMBIe
IPOIECCHl UCCAEAYIOTCS AUIIL B HEKOTOPBIX pa3aesax PU3UKHU
(repMonuHaMuke). 3aKOHBI XUMHH TOXe O00paTUMBI U MOTLYT
paccMaTpuBaThCd KaK ONHCaHHEe (PHU3HYECKHUX B3aHUMOAEHCTBHUH
9AE€KTPOHHBIX 060A0YeK aToMoOB. ['eorpadusa u reoanorus B ca-
MOM IIMPOKOM CMBICAE ABAAIOTCH pa3fleAaMHU aCTPOHOMHYECKHUX
HayK NAAHETOAOTHH M NAaHeTOTpaduu.

AcTpoHOMHSA HMeeT CBf3b HE TOABKO C €CTECTBEHHBIMH U
MaTeMaTHYeCKHUMH, HO U C OOIMIECTBEHHBIMH U T'yMaHHUTAPHBI-
My HaykamMu. CBA3b aCTPOHOMHHU C HAYKOH HayK —e* (HAOCO-



dbueit — ompeneasercd TeM, YTO ACTPOHOMHUHA KaK HayKa HMe-
€T He TOABKO CIIEIIHaAbHOE, HO U O0OIlleYeAOBEUYECKOE 3HAUYEHHE,
IIOCKOABKY BHOCHUT HauUOOABWMIHN BKAAJ B BBEISICHEHHE MecTa
yeAoBedyecTBa BO BceaeHHOI, B m3ydeHHe OTHOmeHHN «Heao-
BeK — 3emMaga — BceaeHHad ».

Pe3rome. AcTpoHOMHA 3aHUMaeT ocoboe MecTo B cHCTeMe
€CTEeCTBEHHO-HAay4YHbIX 3HAHHUM, TaK KakK OHa 3aTparuBaeT TAY-
OMHHBIE BOIPOCH CYLUIECTBOBAHHSI YeAOBEeKa B OKpPYXKaloIleM
Mupe. ACTpoHOMHUS — 3TO HayKa, KOTOpad paclIupdeT TPaHHU-
bl ITO3HAHUY YeAOBeKa U II03BOASET pa3BUBaTh HOBBIE OTpac-

AW HaAYKH.

KOHTPOAbHbBIE BOMNPOCHI

1. UTo u3yyaeT acCTPOHOMUA?

. Kakue atanbl B pasBUTUU aCTPOHOMHUU MOXHO BbIAEAUTH?

3. MNoyeMy UMEHHO acCTPOHOMMUS BHOCUT HaMBOAbLIKIA BKAAA B onpeape-
AEHUEe W U3yyeHUe OTHOWEHUH B cucTeMme «YeroBek — 3eMmAas — Bee-

N

AeHHaa»?

3AAAHWE ANl CAMOCTOATEABHOW PABOTHI

MpeacTaBUTh rpadUuecku (B BUAE CXeMbl) B3aUMOCBA3b aCTPOHOMUU
C APYrMMU HayKamu, NOAYEPKMBAs CaMOCTOATEAbHOCTb aCTPOHOMMUHM
Kak HaykKu U YHUKaAbHOCTb NMpeAMeTa ee WU3yuyeHMus.

TEMbl AOKAAAOB

. NepBble rocypaapcTBeHHbie o6cepBaTtopuu B EBpone.

. CoBpeMeHHble KOCMUYeckue obcepBaToOpUM.

. CoBpeMeHHble Ha3eMHbie o6cepBaTOpUH.

. NcTopus pa3BUTUA OTeyeCTBEHHOW KocMoHaBTUKU. CocTaBbTe Ka-
AeHpapb cO6bLITUI pa3BUTUA KOCMOHaBTUKW B Hallel ctpaHe, cobato-
Aafi XpPOHOAOTUYECKUIA MOPAAOK.

5. NepBbli UCKYCCTBEHHbLIW CNYTHUK 3eMAU U noAaeT B Kocmoc [0.A.la-
rapuHa. CoctaBbTe ¢oToranepeto (He MmeHee 10 ¢oTorpadui) o no-

AeTe NepBOro UCKYCCTBEHHOro cnyTHMKa M noaete l0.A.TarapuHa
B KOCMOC, UCNOAb3y UHTEepHeT, cAenaliTe KpaTkoe NOACHEHUEe K KaX-

AOl ¢oTorpaduu, ykaszaB 3Ha4YMMOCTb COOBITUIA AAA HAYKU U UYeAo-

B W N PR

BeyecTBa.
6. AOCTUXEHUA COBPEMEHHOH KOCMOHaBTUKU. CpaenaliTe npeseHTauuio
O TAQBHbIX AOCTUXEHUSIX COBPEMEHHOW KOCMOHaBTUKM.



UCTOPUA PASBUTUA
ACTPOHOMWMH

MpouuTas 3Ty rnasy, Bbl y3Haere:

06 aTanax pa3BuTUA acTPOHOMMM;
OCHOBHbIX KOMNOHEHTax 3Be3AHoro Heba;
pPONKU aCTPOHOMMMK B NETOCHUCNEHUW U CO3JaHWMK KaneHaapen;

cnoco6ax acTPOHOMMYECKUX HabnioaeHuih B APEBHOCTH
M B HacTosliee Bpems.

1.1. AcTpoHOMMUSA B JPEBHOCTH

Acrpornomusn Apucrorens. C HezaanaMATHBEIX BPEMEH JIIOAH
3aMeYasy He TOJBKO YepefoBaHHe IHA W HOYH, HO B cCMeHy (a3
JlyHbl, H3MEeHEeHHUA IPOAOJIKHUTEILHOCTH AHA U HOYM B 3aBUCH-
MOCTH OT BpeMeHH roja. Jlpers! 66118 crioco0HbI OTBETHTE TOJIb-
KO HA BOMPOCHI, KAK W KOTAa MPOUCXOAAT Te WJIN WHbIe ABJIeHNA,
NPUYMHAMM THUX SABJIEHHUH OHHM 00BABIAANHA Boaw Goros. Ilep-
BEIMH, KTO OTBAKHJICA OTKA3ATHCHA OT HHYEro He 00'bACHAIOIIEH
«00KeCTBeHHON KOHIENIMHY ¥ JaTh CTPOIOE MATEeMATHYECKOe
onucanue Beenennoil, 66111 peBHerpeueckue punocodnl.

OaHEM U3 OCHOBATEJIel HAYKH, KOTOpasA ceiiuac Ha3bIBaeTcs
KOCMOJIOTHEH, 10 IPABY CYMTAKT BEJIMKOTO Ipedyeckoro ¢uio-




WUCTOPHUA PA3BUTUA
cotda ApucroTens — ydueHHKa M mpopospkarena mxoa Coxpa- | actpoHomum

ra u [Inarona.

Coxpat (470—399 rr. 00 H.3.) — ApeBHerpeveckui dunocod, pogoHa4anbHUK Guno-

COMCHOW AUANeKTUKKW, BENWKWIA neaaror, NponoBeayounMin YeCTHOCTb U OTKPLITOCTL B NO-
NUTHHe. Bbin NPUroBOpPeEH K Ka3HW «3a BBedeHUe HOBbIX DOMECTB WM 3a pa3BpalleHue
MONOMEMH B HOBOM ayxer. Horga B HasHavyeHHbIM Yac pab npuMHec Yawy ¢ AA0M LMKYThI,
CoHpar, NonpoLasiiMch C APY3bAMHK, CNOKOWHO BbINKA ee A0 AHa.

Apucmomenwe (384—322 rr. 5o H.3.) — BeJIMKHH Apes-
Herpedeckuil uaocod. Isaguars JeT oH y4uiacsa U paborasn
B Axazemun Ilnarona, a mocje CMepPTH CBOEro y4UTeJNd CTAJ
BOCIIMTATEJIEM BEJIHKOI'0 IOJKOBOALA APeBHOCTH AJieKcaHapa
Magegonckoro. B 335 r. go H.9. Apucrorenb BepHyJIca B Adu-
HBI M cO37aJ TaM cBol mKoay — Jiunkei (JInmei).

CorsnacHo npezacrasaeauam Apucrorensa Hama Bcemennas
umeet opmy cheps (puc. 1.1). Bue BeesieHHOIT ecTh TOIBKO
«nepBoaBurarens» — Bor. OH Bpamaer 3Ty cdepy H3 coBep-
IIeHHOTO BemecTBa — apupa. Ha aToii chepe s3adhuKcupoBaHbI
3seaanl. Ciepa 3Beas BOBIEKaeT BO BpallleHHe JPYTIYIO a(DUPHYIO
cepy ¢ NpUKpeIIeHHBIM K Helt CaTypHOM, KOTOpas 3aneniger
cpepy Onurepa u t.1. B nearpe BecenenHoit B BosiHax adupa
IIOKOMTCHA HEMOABMIKHAA 3eMJId.

Cucrema mupa
Apuctotean

eNOABHIMK Y
pa H Hx 33Ea
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MCTOPUA PA3BUTUA

®

ACTPOHOMMH

el icTBUTEABHO, HA OCHOBE HEIOCPEACTBEHHOIO HabAOLEeHUH
MOXKHO CH€eAAaTh HEIPaABHABHBIH BBIBOJ O TOM, UTO 3eMAS HEIIOM-
BHXHa B IIPOCTPAHCTBE, a BOCXOAHUT H 3axoauT CoaHIle, HOYBIO
HaJ FOAOBOM MeOAEHHO BpallaeTcd HeOECHBIN KYIIOA CO 3Be3aa-
Mu. CTOUT OTMETHTH, UTO IOSIBAEHHE IIEePBBIX Momeaeil chepu-
yeckKoi BceaeHHOHN, NyCTh YHUCTO ONHUCATEABHBIX, HETOYHBIX H
OPUMUTHUBHBIX, B KOPHE M3MEHHUAO IIOAXOA K H3ydeHHUIo Hebec-
HBIX gBAeHHUH. Cpa3y BO3HHKAHW HOBBIE 3a4a4l: KaK BBIYHCALATH
IIOAOXKEHHE CBETHA U IIPOTHO3UPOBATH HUX ABHUXKEHHE, KaKOBBEI
MeXaHU3Mbl UX B3aHUMOIAEHCTBUMA.

CoraacHo APHCTOTEAI0 KaXAOMYy BHAY MaTEepPHHU COOTBET-
CTByeT CBOE€ €CTEeCTBEHHOE MECTO B IIpeneaax BceaeHHOH: Mme-
CTO 2A€MEHTa 3eMAHM — B CaMOM IleHTpPe MHpa, Jasee 3aHUMAa-
I0T CBOHM €CTECTBEHHBIe MecTa dA€MEeHTHl BOJABI, BO3AyXa, OTHM,
3cupa. 13 TeopHH eCTECTBEHHBIX MECT CAELOBAaAO HECKOABKO
BaXHEUWNMIUX CAE€ACTBHUN: KOHEYHOCTh BceaeHHOUW, HEBO3MOXK-
HOCTBH CYIIeCTBOBAHHUSA IIYCTOTHI, HEIOABHUXKHOCTb 3€eMAH, €IHUH-
CTBEHHOCTH MHUpPA.

MaatoH AduHckuin (427—347 1. A0 H.9.) — yueHuk CokpaTta. [oCAe Ka3HU yUUTEARA, KO-
TOPOr0 OH Ha3blBaA «CMPaBEAAMBENLIMM YEAOBEKOM», U ABAAL@TUAETHUX NyTEWECTBUMH
Nno HayuyHblM uUeHTpam lpeunn u Erunta MaatoH ocHOBaA B AdpuHax AKaAEeMUIO, B KOTOPOW
npenoapaBaA A0 KOHLA CBOUX AHei. laaTtoHOBa AkapeMuAa ocTaBaAaCb OAHOM M3 FA@BHbIX
dunocodpckux WKOA Fpeumn n Puma ewe Toicauy AeT. CounHeHusn lAaToHa, HanmUCaHHbIE
B BMAE AMAAOrOB, FA€ OAHUM u3 cobecepHMKOB sABAieTcA CokpaT, OKasaAu 3aMeTHOe
BAUAIHUE Ha pa3BUTUE PUAOCOPUMU, CeHuac UX MOXHO MPOYECTb HA MHOTUX Ai3bIKax Mupa.

XoTsa ApucTtoTeab He HaszblBaa HebecHble cBeTuaa boramu,
OH IoAaraa, 94TO OHH MMEIOT 0OXKECTBEHHYIO NIPUPOAY, IIOCKOAB-
Ky OAS COCTaBASIIOLIETO0 HX dAeMeHTa — ddupa — XapaKTEpPHO
pPaBHOMEpPHOE ABHUXKEHUE 10 OKPYXKHOCTH BOKPYL ILlEHTpa MHpA.
OTO HBUXKEHHE ABASETCH BEYHBIM, TAK KAaK HA OKPYXKHOCTH HeET
HUKaKHUX TPAHUYHBIX TOYEK.

Ocobblii UHTEPEC MPEACTaBAAET yueHUe APUCTOTEAA O 4YeTbipex NpPUUMHAX BCEro CyLLero.

1. Marepua — «10, U3 yero». MaTepus BeuyHa, U3 Hee COCTOAT BCE BelLU. [1epBUUYHBIMU
(HEM3MEHEHHbIMU) MaTEPUAMU ABAAIOTCA BO3AYX, BOAA, 3EMAA, OFOHb U dPUP (He-
6ecHaa cybcTaHuuMA).

2. ®dopma — «T0, YTO»; BMA CyLLeCTBOBaHUA 06beKTa.

3. [MpoussoaAwan npuuMHa — «T0, OTKyAa»; MOMEHT BPEMEHMU, C KOTOPOro HauyuHaet
CylLecTBOBaTb BeLllb.

4. LUeab — «T0, AAA uyero». Kaxaas Belub CylLeCTBYeT AAA 4ero-t1o. KoHeuHoi (o6uieit)
LeAbl0 BCex Belen fBAAeTCA baaro.

2 |



Cucrema mupa 'mnnapxa. MN'unnapx Huxeidickuil (oxo-
mo 190 r. go H.a. —oxomo 120 r. 7o H.3.) — ApeBHerpeYeCcKuit
ACTPOHOM, MEXAHHUK, reorpad M MaTeMaTHK, OJUH M3 CAMBIX
KPYIHBIX AHTHYHBIX acTPOHOMOB. CIIMCOK ero Hay4HBIX JOCTH-
seHnit ouens o6mupen. O nocTpons ob6cepBaTOPHUIO HA OCTPOBE
Popoc 1 0K0JI0 COpOKa JeT BeJl B Hell cucreMaTuuecKkne HabIio-
neEns 3a HeOoM. 'mnmapxa cuuraloT uaobperaTesieM MHOTHX
HABUTAITMOHHLIX TPHOOPOB, B YACTHOCTH acTponabuu, M OCHO-
paTeneM chepuueckoi reomerpun U Tpuronomerpun. OH npea-
JIOKHJI CeTKY KOOPAMHAT M3 MEPHAMAHOB W mapaJijenei, KoTo-
pas MO3BOJUJIA ONIPEJEIATh reorpapudyeckie KOOPAUHATEI MECT-
HOCTH, ¥ COCTABUJI MEPBLI reorpaduuecKuii CIPABOYHNK. JTOT
JApeBHerpevYecKkHil yueHslil BBeJI MOHATHE 3Be3JHOI0 Karajaora u
uaMepuns KoopauHarte! 6osee 800 3Bess, KOTOPHBIE paclpee
no 48 cozsesguam. OH OTKPELI IIPeeccHio, U3yYas ABHIKEeHUe
JIyHBI ¥ ILIAHET, TOBTOPHO M3MepuJ paccrosuue no JIyasr u
Conrna u paspaboras OgHY M3 IMeOLeHTPHYeCKUX CHCTEeM MHUpa
(puc. 1.2). C TounocTsio A0 MHHYT 'Mnnapx ycTaHOBHI IJIH-
TeJBHOCTE T'OJIa U OYeHb TOYHO M3MepHJ paccrosHue 10 JIyHer.

Ilo enosam Ilnuaus Crapurero, 'unmapx «Bomnee, yeM KTO-
nub0 JOKAZAJ POACTBO YEJIOBEKA CO 3Be3JlaMHU... OH ONpeNesn
MeCcTa U SPKOCTh MHOI'MX 3Be3]], YT0OBI MOKHO Ob1710 pazobparTs,
He HUCYe3aioT JU OHU, He MOABIAITCA JIM BHOBL, HE JBHIKYTCH
I OHW, MEHAIOTCA JIH OHU B APKOCTH».

WUCTOPUA PA3BUTUA
ACTPOHOMMH

Mpeueccus B aCTPOHOMHUM — MENIEHHOE JBMHEHWE OCHU BPaLLEeHWs 3eMNKU No KPYroBo-
MY KOHYCY, 0Cb CUMMETPWI KOTOPOTO NEPNeHAUKYNAPHa K NAOCKOCTH IKNUNTHKK, C Nepu-

040M nonHoro o6opota 26 Thic. NeT.

JleTHee cONHIIECTOAHNE 8,

Becennee
PaBHOAEHCTBHE

Ss

Ocennee
PaBHOAEHCTBHE

3uMHEEe CONHIEeCTOAHNE

Cxema ABMXEHWA
CoAHLa B COOTBETCTBMM
C reOUEHTPUHECKON
CUCTEMOW MUpa
Mnnapxa



UCTOPUA PA3BUTUA
ACTPOHOMUMU

I/ICCAe/IySI 3BE€3OHbI, I‘Hnnapx, KaK U NpeAIEeCTBEHHUKH, CUHU-
TaaA, 94TO ccpepa HEIIOABH2XKHBIX 3B€3[ P€AABHO CYLIECTBYET, T. €.
PaCIIOAOXEHHBIE Ha HeM 00BEKTHI HaXoagdTCd Ha OAHHAKOBOM
pacCcToOdHHHU OT 3eMAH. HCOZII/IHaKOByIO CTE€II€EHDb APKOCTH 00B-
€KTOB y‘-IeHBIfI 00BSICHHUA pa3AuYHEM B pa3MeEpax: 9€M 6oAbLIE
3B€3oa, TEM OHa dApdve. OHu pa3sageAuA nuamnai3on baecka 3BE3O HaA
III€ECTh BEAHMYHUH: OT HepBOfI — OAd CaMBbIX APKHX 3BE€34 U OO0 ILI€-
CTOM — A caMBbIX CAa6I:IX, €€ BUAHUMBIX HEBOOPYXEHHBIM
TAa30M, IIOCKOABKY TEAECKOIIOB Toraga HE 6p1A0. B COBpeMCHHOfI
IMIKaA€ 3BE3AHBIX BEAUYHUH PaA3AHMYHE€ HAa OAHY BEAHYHHY COOT-
BETCTBYET PA3AUYHUI0O B MHTEHCHUBHOCTH HU3AYYE€HUL B 2,5 pasa.

F'mnmapx pemIMA NPOBEPUTH U NPEANOAOXKEHHE O TOM, HTO
3Be3Abl HeNOABUXKHBEI. OH cOCTaBHA CIIMCOK 3B€3J[, PACIOAOXKEH-
HBIX Ha OJHOMN NpAMON AMHHH, B HaLEXJE, YTO CACAYIOIUIHE I10-
KOAEHHS aCTPOHOMOB IIPOBEPHAT, OCTAHETCH AU 3Ta AMHUSA Npd-
MOM C TEYEHHEM BPEMEHH.

V3BecTHBIY (ppaHIY3CKUN YyUEHBIM, HCCAELOBAaTEAb APEBHel
acrpoHoMuu u reome3uct XKau Baruct 2Koszed Heaambp Tak
oxapakKTepu3oBaa 3HadeHHe pabor 'mnmapxa: «Korma okuHelb
B3TAAZOM BCe OTKpPBITHSA U ycOoBeplleHCTBOoBaHHMA [unmapxa,
NOpa3MBICAMIIE HAJ YHUCAOM €r0 TPYAOB U MHOXECTBOM IIpUBE-
NEHHBIX TaM BBIYHCAECHHUHN, BOAE€H-HEBOAEH OTHecCellb €ro K ca-
MBIM BBIJAIOIIMMCS AIOASAM APEBHOCTH U, 60oaee TOro, Ha30Bellb
caMBIM BEAMKHM cpeAu HHUX. Bce NOCTUTHyTOE€ UM OTHOCHTCH
K obaacTu HayKH, rae TpebyOTCH reoMeTpPHYECKHE INO3HAHUA
B COYETAHHUMU C IIOHHMAaHHEM CYLUIHOCTH ABAEHHIN, KOTOPEIE MO/I-
naoTcsad HabGAIOOEHUAM AHUIIL IPHU YCAOBHUH TINATEABHOTO H3TO-
TOBAEHHUS HHCTPYMEHTOB...».

m BblpaxeHue «cepbMoe Hebo» CBA3aHO Kak pa3 C NPeACTaBAEHUAMU APEBHUX acTpoHo-
MOB, UCNOAb3YHOLWUX TFeoueHTpU4YEeCKylo CUCTEMY MHUDpa.

24

Cucrema mupa IIToAemMess — mepBast yHHBepcaAbHass MaTe-
MaTHYeCKas MOJZEAb MHpPAa Ha OCHOBE NPHHIHNA reOleHTPH3MA.
KaaBau#i [ITonemert (100—165) — gpeBHerpedeckKud acTpoHOM,
acTpoAOT, MaTeMaTHK, MeXaHHK, OINTHK, TEOPETHK MY3BIKH U
reorpacd. OH MONBITAACH CO3JAaTh TEOPHUIO BHAUMOTO ABHUXKEHHUI
CoaHnla, AyHbl u naaHeT. Ha ocHoBe kaTaaora 'mnmapxa, cob6-
CTBeHHBIX HabalomeHu#t u usuku Apuctoread IlToaemelt pas-
paboraa caMyo HOAPOOGHYIO M NMONYASPHYI T€OLEHTPHUYECKYIO
CHUCTEMY MHpPa, ONPEHNEASBIIYI0O KOCMOAOTHYECKHE IIpeACTaBAE-
HUA y4eHBIX Ha nportdaxeHuu 1500 aer. Tpyn I[Itoaemesa «Be-
AMKOE MaTeMaTHYeCKOe IIOCTPOEeHHEe aCTPOHOMHHU» («AAbMa-



rect») B 13 KHHrax craj HaAy4YHOMH SHIHMKJIONEANEH NPeBHOCTH
u CpeiHUX BEKOB.

Onupasics Ha gocrmykenus 'mnnapxa, IlTonemei mayuan
noaBHkHBIEe HeGecHbIe cBeTusa. OH CYIIECTBEHHO JOTOJIHMII
¥ VTOYHHJ TeOpHIO ABM:KeHUs JIYHBI, yCOBEepLIEHCTBOBAJ TEO-
puio 3armMennii. Ho mogimeHO HAYYHBIM IIOABHIOM YY€HOTO
CTaJIO CO3JJaHHe UM MaTeMaTHYeCKOH TeOpHH BHANMOIrO ABH-
KEeHUA IJIAHET.

Jra TeopHA ONHMPAaNIach Ha CJEeAVIONHe MOCTYIaThI:

B mapoo0pazHOCTh 3eMJIH;
B KoJloccaJbHaA YAaJeHHOCTh OT cdephl 3Be3l;
B pPaBHOMEPHOCTH M KPYTOBOIl XapaxkTep ABUKeHHIT HeOecHBIX

Te;

B HEeNOABMMKHOCTH 3eMJIN;
B IeHTpaJbHOEe Nnojoxkenue 3emyn Bo Becenennoii.

Cucrema mupa IlTonemes (puc. 1.3) HassIBaeTcA 2€0U€H-
mpuyeckoii 1 OCHOBaHA Ha cucTeMe AedepPeHTOB, SUUIUKIOB 1
IKCIOEHTPUKOB. YUYeHBIl IpeAnoaarai, 4To BOKPYT HemoABH K-
HOIl 3eMJIM HAXOAUTCA OKPYKHOCTH (AedepeHT) ¢ LeHTPoOM, He-
CKOJBKO CMEIIeHHBIM OTHOCHTEJBHO LeHTpa 3eMaH (dKCHeH-
tpuk). Ilo gedepeHTy ABMIKETCH LIEHTD MeHbIIEH OKPYIHKHO-
CTH — JMUIHMKJ — C YIJIOBOH CKOPOCTBIO, IIOCTOAHHON IO OT-
HOIIEHMIO K CODCTBEHHOMY LEHTDPY AedepeHTa M He K caMoi
3emiie, a K TOUKE, PACIOJOKEHHOH CHMMETPHUYHO EeHTPY Aede-
peHTa OTHOCHTENbHO 3eMun (axBanT). Cama mIaHeTa B cHCTeMe
IITonemes paBHOMEPHO ABHIKETCA MO MUIHKIy. g onucanus
BHOBb OTKPBIBAEMEIX HEPDABHOMEPHOCTEH B ABMIKEHHAX ILJIaHET

ﬂenonnumau,{ &

O e

Hedepenr

UCTOPUA PASBUTUA
ACTPOHOMMK

Cucrema mupa
Mroremen



UCTOPUA PA3BUTUA
ACTPOHOMUMH

U AyHBI BBOAMAUCH HOBBIE NJONOAHUTEABHBEIE 3MUIMKABI — BTO-
pele, TpeTbu U T.A. [IanaHeTa momelrasack Ha nmocaegHeMm. Taxk,
CoaHne m AyHa ABHXYTCS BOKPYr 3eMau mo gedepeHtam (0e3
snuuuKAOB). [Jedeperntsl CoaHna U AyHBI, AedpEepPEeHTH U JIHU-
HUKABI IAQHET A€XAaT BHYTPH cephl, HAa IOBEPXHOCTH KOTOPOH
pacmoAOXEeHBbl «HEINOABHUIXKXHBIE» 3BE3MHI.

Teopusa IltoanemMeda mo3BoAdAa NPEABBIYUCAATE CAOXKHBIE
neraeobpas3Hble ABUXKEHHUSA IMMAAHET (HX YCKOPEHHUS U 3aMelAe-
HHUSA, CTOSHUHA U NONATHBIEe ABUXeHHUsA). Ha ocHoBe co3gaHHBIX
IITorneMeeM aCTPOHOMHYECKHX TaOAHI] MOAOXKEHHUS IIAAHET BBI-
YHUCASAUCH C BeChMa BBICOKOM IO TeM BpeMeHaM TOYHOCTBhIO (IIO-
rpemHocTs — MeHee 10')-

3 0oCHOBHBIX CBONCTB MAaHETHBIX ABHUIXKEHHM, onpemescH-
HBIX [IToAeMeeM, BBRITEKaA pAJ BaXXHBIX 3aKOHoOMepHocTel. Bo-
NepPBBIX, YCAOBHUSA ABHUXKEeHHA BepxXHHUX 0T CoaHna (OAHMXKHHUX
K 3eMAe) NAaHET U HUXHHUX (JaAbHHUX OT 3eMAH) NAaHET Cylle-
CTBEHHO Pa3AHWYHBI. BO-BTODHIX, ONPEAEASIONIYyI0O POAb B JBUXKE-
HUHU U TeX U APYyrux mnaaHeT urpaetr CoaHue. Ilepuonrr obpa-
meHHus nMaaHeT An6Go mo medepeHTaM (y HUXKHHUX IAaHeT), AuGO
0 3NHUIHKAAM (y BEPXHHX) paBHBI Iepuoay obpamenusa CoaH-
na, T.e. roany. OpueHTanusa AedepeHTOB HUXHUX IAAHET U SIH-
IIMKAOB BEPXHHUX HAAaHET CBA3aHa C IIAOCKOCTBHIO 3KAMUNTHKH.

O XU3HU ToAeMen NpakKTUY4EeCKU HUYEro HensBecTHOo. He HaMAEHO HUKaKUX UCTOYHUKOB,
B KOTOPbIX 6bl OH YyNOMWHaACA. M3BECTHO TOAbKO, YTO OH O6bIA PUMCKUM rpaXAaHWHOM,
AOATO NpoXWBaA B AAeKCaHAPUMU (B nepuop co 127 po 151 r.), rae 3aHUMaACs acTPOHO-
MUYECKUMU HaOAIOAEHUAMMU.

26

TmaTeAbHBI# aHaAM3 3THX CBOMCTB IAAQHETHBIX JOBHUXKE-
Hu¥ npuBea Obl IlToaeMess K mpocToMy BeIBoAy: CoaHIle, a He
3eMada, — IEHTP NAAaHETHOH cHcTeMBl. Takol BBIBOI 3aJ0A-
ro go IITtoaemesa camesan Apuctapx CaMoccKHUH, KOTOPBIH mo-
Ka3aa, 4To CoAHIle B HECKOABKO pa3 bGoarme 3emaun. BmoaHe
€CTeCTBEHHO, YTO MEHbIIEe TEAO ABHUKETCS BOKDPYr OOAbIIErO,
a He HaobopoT. XoTd pa3Mepsl APYTHUX IMAAHET NPAMBIM INyTeM
IIToremell onpeneAuTs HEe MOT, TeM He MeHee OBIAO SICHO, YTO U
oHu ropasao MeHbme CoaHuma. Ho mepexonm K TeAHMOLEHTPU3MY
nag IlToaneMess GBIA HEBO3MOXKEH, IIOCKOABKY OH CYHTaA 3eM-
AI0O IIEHTPOM MHpa U INPUBOAUA MHOXKECTBO AOBOJAOB B MHOAB3Y
3TOr0 B3rAdja.

Toabko cnycTa 14 cToaeTHH, B COBEPHIEHHO APYTyl 3MHOXY,
KOoTI'Jla cTapoe MHUPOBO33peHHe yxke ceba ucuyepmaso, H.Komep-
HHUK CyMEA CAeAaTh 3TOT PEIIUTEABHBIM IIar.



IITorneme# (a mo Hero 'mnmapx), BBeAd 3KCUHEHTPHUKHU OAL
6oaee TOYHOTO 0TOOpaxkKeHHUS HepaBHOMEPHOCTeH BUAUMOTLO ABHU-
XKeHHUSI HeGEeCHBIX CBETHA, IO CYTH, y3Ke AHIIHA 3eMAIO €€ CTpPO-
ro IEHTPaAbHOTO NOAOXEHHd B MHpPeEe, KaKoe OHa 3aHHMaaa
B apHCTOTEeAE€BCKO# Momeaun BceaeHHoOli. BBemenuem 3KBaHTa
IIToaremeit eme Goaee HapyIIHMA apPUCTOTEAEBCKHE (PH3UUYECKHE
OCHOBaHUA TEOlleHTPpHU3Ma. B 3TOM OTHOIIEHHWH OH HPEB3OIIEA
naxe KomepHuKa.

B acTtpoHomuueckoi cucteme [ITonemMed MaKCHMaAbHO HC-
NOAB30BaAUCh T€ BO3MOXKXHOCTH, KOTOpPBIE IIpeACTaBAgAa aHTHUY-
Had HayKa OAd peaAu3allMd NPHUHIHUIIA «CHaceHuda dABACHHI»,
oAsl OOBSICHEHHUS ABHUXEHHUS HeOECHBIX TeA C MO3HUIHUH TeoIlleH-
TPUYECKOTro BUAEHUA Mupa. [locTpoeHHEe TeolleHTPUYIECKON cu-
cteMmbl [IToaeMeeM 3aBepIINAO CTAHOBAEHHE IEPBOM €CTECTBEH-
HO-Hay4YHOM KapTHHBI MHUpa. B TedyeHHe NAHUTEABHOTO BPEMEHHU
oTa cucreMa OblAa He TOABKO BBICIIMM JOCTHXKEHHEM TEOPETH-
4eCKOH aCTPOHOMHUH, HO U dAPOM aHTHUYHOH KapTHUHEI MHUpa, U
ACTPOHOMHUYECKON OCHOBONH AHTPONOLEHTPHUYECKOIO MUPOBO3-
3peHHud.

Onunukandeckasg cucrema IItoaemesa Gvraa mpocToi, YHHU-
BepcaAbHOM, SKOHOMUYHON M, HECMOTPS HaA CBOIO NPHUHIUIIHU-
aABPHYI HEBEPHOCTBH, IIO3BOASAA IPEABBIYUCASATE HeOeCHEBIE
SABAEHUA C AIOOOM cTemeHBIO TOYHOCTH. C €€ MOMOIINBLIO MOK-
Ho 6bIAO OB pemraTh HEKOTOPHIE 3aJadd COBPEMEHHOH acTpo-
MeTpuHu, HebecHOH MexaHUKH U KocMoHaBTukKu. Cam Iltoae-
Mei#, obaamasgd YEeCTHOCTHIO HACTOSLIET0 YYE€HOTO, AeAaA yIOp
Ha YUCTO NPHKAAAHOH xXapakKTep cBoeii paboThl, 0TKa3bIBascCh
paccMaTpuBaTh €€ KaK KOCMOAOTHYECKYIO BBHAY OTCYTCTBHA
SABHBIX JOKa3aTEAbCTB B IIOAB3Yy T'€O- MAHM T€AMOLEHTPHYECKOH
TEOPHUU MHUpa.

Baaromapsa TpyzaMm nocaemoBaTesed k Hadaay XVI B. cu-
creMma IlToneMesa HaCTOABKO YCAOXHHAACH, UYTO HE MoOTAa yXKe
YAOBAETBOPUTHh TeM TpebOBaHUAM, KOTOPHIE HNPEABIBASIAUCDH
K aCTPOHOMHH NPaKTHUECKOH AedTeABHOCTHIO YeAOBEKa, B Iep-
By odepenb 3TO OTHOCHAOCH K MoOopelaaBaHUO. HyXHBI ObIAK
6oaee IpoCThle METOABl BHIYNCAEHHUS IOAOXKEHUN HmAaHET, U Ta-
KHe MeTOAbl OBIAM CO3MaHBI Oaaromaps BEAHNKOMY TBOPEHHIO

UCTOPUA PA3BUTUA
ACTPOHOMUH

CBepeHUS U3 KHUT lTonemMen CTaAU OCHOBHLIM WUCTOYHUKOM acTPOHOMMUUYECKHUX 3HaHUM
m BNAOTb A0 KonepHuka. K coxXxaAneHuto, MHOrMe ero TpyAbl 6biAK yTepsHbl. B obaacTu reo-
MeTpUU OH HanucaA MUHUMYM ABa COYMHEHUS, CAEAOB KOTOPbIX HAaWTU He ypaAocb. Co-
rnacHo Bu3aHTUMICKOW 3HUUKAONEAUU X B. [IToAemMel ABASIETCA aBTOPOM TPEX KHUM no Me-

XaHUWKe, HO HU OAHa M3 HUX A0 Hallero BpeMeHu He coXpaHUAach.
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UCTOPUA PA3BUTUA
ACTPOHOMMHU
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reHHaABHOTO NMOABCKOTO yueHoro Hukoaasa KomepHuka, 3aA0-
JKHUBIIET0 OCHOBBI HOBOH aCTPOHOMHH, 0e3 KOTOPBIX He MOTAa
6b] BOBHUKHYTh U Pa3BHUBAThCS COBPEeMEHHAasd aCTPOHOMHUS.

Pe3rome. ACTPOHOMHYECKHE H3BICKAHHUSA APEBHUX yYEHBIX
BHecAH OOABIIOH BKAaL B pPa3BUTHE AaCTPOHOMHYECKOH HAYKHU
U COBEpPIIEHCTBOBAHHE MOXEAH MHUDA.

YyeHHe APDHCTOTEAS MOABEAO HTOT AOCTHUXREHHUSAM IPEabI-
AYILIUX 3M0X BO MHOTHUX obaacTax 3HaHUA. OQHAaKO KaAaHOHHU3HU-
pOBaHHOE I€PKOBHIO, OHO CTaAO0 TOPMO3OM AaAbHeHIIero pas-
BUTHS HAYKH Ha NPOTHAXKEHHHU I[€AOTO ThICAYEAETHH. APHUCTO-
TeAeBCKasdg KapTHHa MuUpa U ero MeradusudecKuil crmocob pac-
CyXOeHHUH B OCHOBHBIX CBOHUX YepPTaxX IOCIHOACTBOBAAKM B HayKe
BIIAOTE a0 3noxu H.KomepHHuka.

[lBa 3HaMEHHTBIX acTpoHoOMAa ApeBHOCTH I'mnmapx u IlTo-
AeMed ABASIOT coboM ABa THUIIA ACTPOHOMOB — BeAHYailIero
HabalomaTeas APEBHOCTH U OAECTHAINEr0 TEOPEeTHKA, CO3[aBIIe-
ro BechbMa OOIIYyI0 TEOPETHUYECKYIO CXeMy, KOTOPOH IIOAB3OBa-
AacCh HayKa Ha NPOTAXKEHHH NOYTH NATHAAIlATH BEKOB.

KOHTPOAbHbBIE BOMNPOCHI

1. KakoBa CyTb KOCMOAOTUU APUCTOTEAA?

2. NoyeMy FMnnapxa HasbiBalOoT co3paTeAeM MNepBblX MaTeMaTUYeCcKUX
Teopuit B acTpoHOMUU? lMepedyncante OoCHOBHBLIE TPyAbl Tunnapxa.

3. KakoBbl 0CO6EHHOCTU acTPOHOMMUYECKOW cucTeMbl MToremen?

3AAAHWE ANl CAMOCTOATEABHOW PABOTbHI
MpouuTtaiTte cTuxotBopeHue M.B.AoMOHOCOBa, NpUBEAEHHOE HUXE:

CAyYUAUCH BMecTe ABa ACTpOHOMa B MUpY

N cnopuAu BecbMa MexAy coboi B xapy.

OAUH TBEpAUA: 3eMASi, BepTACb, BKpYr COAHLA XOAMT;
Apyroi, uto CoaHue Bce ¢ cob60il NAaHeTbl BOAMT:
OAuMH KonepHUK GbIA, APyroi cAblA MToAeMeii.
TyT noBap cnop peLMUA YCMELWKOI CBOEN.
X03AUH cnpawuBaA: «Tbl 3BE3A TeYeHbe 3Haelb?
CKaxM, KaK Tbl 0 CEM COMHEeHbe paccyXAaellb?»
OH paA Takoi oTBeT: «YTo B TOM KonepHWK npas,
A npaBAy AOKaxy, Ha CoAHue He 6biBaB.

KTo BUAEA npocTaka M3 NoBapoB Takoro,
KoTopbiit 661 BEpTeA oyar Kpyrom Xapkoro?»

Ucnoab3ys ¢opmyAay MOMC, BbINOAHUTE 3aAaHUA.

1. O6ocHyiiTe cBoe MHEHWe O pelieHWU crnopa MoBapoM. MOXHO AU
cyutaTb o60ocHOBaHWe NpaBOTh KonepHWka noBapoMm MpaBUAbHLIM?



UCTOPUA PA3BUTUA
2. MpUBeAUTe CBOU apryMeHTbl B NOAb3y yuyeHWs H.KonepHwuka. ACTPOHOMMM

3. AokaxuTte, yTo yueHUue lToAemen He 6bIA0 6€CNOAE3HbIM.

Ipumeuanue. Dopmyaa MOMNC aBAfieTcA MEeTOAUMKOW, Nomoralouiei
B HanuMcaHWKU TEKCTOB, OHA COCTOMUT U3 CAEAYIOWMUX KOMMNOHEHTOB:
M — no3uuuA (B 4eM 3aKAlOUYaeTCA Balla To4dka 3peHUA). AAA Hee
CAeAYeT UCNOAb30BaTb GOPMYAUPOBKU: «A cuMuTalo, 4to...», «A cOrAa-
CeH C TEM, YTO...».

0 — obocHoBaHWe (aprymMeHTbl B 3allUTy Bawero MHeHUA). 3aechb
Hayano MPeAAOXEHUA MOXET O6biTb TaKUM: «[TOTOMY 4TO...», «TaK KaK...»
M — npumep (pakTbl, UAAIOCTPUPYIOLLKE BallKU aprymeHTtol). MNMpume-
HANTEe POpMYyAUpPOBKU: «Hanpumep,...», «<A MoOry pAokasaTb 3TO NpHU-
MEPOM...».

C — cAeaAcTBUE (BbIBOA, NMPU3LIB K NPUHATUIO BalleW nosnuuu). HUc-
noAb3yeMbie peyeBble 060poThl: «[103TOMY...», «MCXOAAl U3 CKas3aH-
HOrFo, MOXHO CAeAaTb BbIBOA O TOM, YTO...».

TEMbl AOKAAAOB

1. T'unnapx — BeAWYallIMK HabAoAaTEAb APEBHOCTHU.
2. Ntonemelh — BeAMYANLW U TEeOpPEeTUK aCTPOHOMUU B APEBHOCTH.
3. ACTpOHOMMHYEeCcKasn KapTUHa MUpa ApPUCTOTEAS.

12. 3Be3pHOe Hebo

OCHOBHbIE 2A€MeHThI HeGecHOH cdeprl. HeGecHble Teaa mpo-

enupyoTcsa Ha HebecHyI0 cdepy.

Heb6ecHaa cdepa — ato Boobpaxaemas cdepuyeckad NOBEPXHOCTb MPOU3BOALHOIO
paauyca, B LleHTpe KOTOpoW HaxoAuTcs HabAlopaTteAb.

B cpenmHux muporax HabAIOOEHHIO AOCTYHHO okKoao 80 %
HebecHOM cdepsl.

Habaromarteaeit, pacnoAOXKEeHHBIX B Pa3HBIX MeCTax 3€M-
HOM NMOBEPXHOCTH, H3-3a MaABIX pa3MepoB 3eMAH B cpaBHeE-
HHUHU C PACCTOAHUAMHU A0 3BE€3J MOXKHO CYHUTATh HAXOAAIIHUMHU-
ca B 1eHTpe HebecHo#l cdeprl. B nelicTBUTEABPHOCTH HUKAKOM
MaTepuaAbHOU cdephl, OKpyxkamimeii 3eMalo, B IpUpoae He
cymecTByeT. HebGecHble Teaa ABUXKYTCH B OecIpeneAbHOM MH-
POBOM HIpPOCTPaHCTBE Ha CaMBIX PaA3AHMYHBIX PACCTOAHUAX OT
3emMAH. OTH paccTOSHHUS HeBOOOpPa3uMMO BEAHKH, Hallle 3peHHE
He B COCTOSHHUH HUX OLEHHUTH, IIO3TOMY Y€AOBEKY Bce HeOecHBIe
TeAaa NPEACTaBASIOTCA OAMHAKOBO ygaseHHBIMU. 3a rox CoaH-



WUCTOPUA PA3BMTUR
ACTPOHOMWK

3nemenTbl HebecHon
chepsb

OrBecHAA THHUSA

Ock mupa

Tonynennas THHUSA

HO:xub1 moM0C MUpa

Hapaup

e onuckiBaeT 6onbIION KPYT Ha doHe 3Be3gHOoro Heba. Nogmu-
Hbeli nyTh ConHua no HebecHOI cepe HAZBIBaeTCA IKAUNMU-
koi. ITepememasncey no akaunTuke, ColTHIE ABAKABI epece-
Kaer HeDeCHBIH PKBATOP B TOYKAX paBHOJeHCTBHII 21 mapra
u 23 ceHTAOPA.

Touka mHebecHOM cheprsl, KOTOPAS OCTAETCS HEMOIBUIKHOMN
NpHU CYTOYHOM JBMIKEHHH 3Be3]], YCJIO0BHO HaswiBaercsa Cesep-
HBIM moawocom mupa. OHa pacnosaraercsa pagom c IlonapHoit
3Besnoi. IlporuBononoxuas Touka HeGecHOW cdepsl Ha3bIBA-
erca Kxubiv nomocom Mupa. #urenn CeBepHOro noaymapus
ero He BHAAT, TAK KAK OH HAXOAWUTCA 10J ropusoHToM. OTBec-
HA# IMHUA, IPOXOAAIIas depes HabnoaaTens, nepecexaer Hebo
HAJ TOJIOBOII B TOUKE 3€HWUma ¥ B AUaMeTPajJbHO IPOTHBOIIO-
JIO¥KHOU TOUKe, HA3LIBAeMOil Hadupom. JieMeHTsl HeGecHOIt
cepsl noxkazaHel HA puc. 1.4.

Yreepwaenue, 4to MonspHas 38e3aa ABNAETCH OYeHb SPKO 3BE30M, NPEeACTaBINEeT CO-

m 601 OQHO M3 CaMblX PacnpoCcTPaHeHHbIX aCTPOHOMMUYECKHUX 3abnymaeHun. 310 He TaK!
B cnucKe cambix ApKMX 3Be34 He6a MNonfpHas HaxoanTea TONbKO Ha 46-M MecTe, HaMHO-
ro yctynas B 6necke Takum 3se3aaMm, Kak Cupuyc, Bera wnu ApKTyp.

Cyrounoe Bpanenue 3se3anoro neba. Bpamenue 3sess mpo-
HCXOAMT ¢ BocTOKa Ha sanaz. Ecam nocne saxoza Connna or-
METHUTh MOJOMKeHHe Kakoii-nubo Apkoi 3Besasl BOIM3H ropH-
30HTa HA BOCTOKe, a 3aTeM IOCMOTPETh HA TY JKe 3Be3y uepes
1 u, HyaeT XOpoIIO 3aMEeTHO, YTO OHA MOAHAJIACH HAJ MOPU30H-
TOM M HECKOJIBKO CMeCTHJIACH BIIPABO OTHOCHTEJILHO HA3eMHEIX
opuenTHUpoB (puc. 1.5).

Jnsa gabaoaeHus ciaeayer BEIOPATh TAKOEe MECTO, OTKYAA X0~
pouro BuaHO Hebo. 3amMeTbTe, HaJl KAKMMH HAa3eMHBIMU OpPHEH-




GEY S/

TupamM#u (HoMaMu win gepepbsamu) ColHIE BOCXOAMT yTPOM Ha

BOCTOKE, JIOCTHIraeT 3eHHMTa B HOJAeHb U 3aX0JHUT BEYEPOM Ha
sanaje. Ty uyacrb Heba, rae CosHIle MOMKHO HabJ0AAThL B 1OJI-
JleHb, HA3LIBAIOT I0XKHOM, IPOTHBOIONI0MKHYI0 — ceBepHoil. Bos-
BPATHUTECH HA TO K€ MeCTO BeuepoM, OTMeThbTe HaunboJiee ApKHue
3Be3/bl B TeX JKe cTopoHax Heba u saduKcupyiiTe BpeMsa Habmi0-
feHus 1o yacaMm. Ecom BepHyThCcA K HAOJIOJeHHAM 4Yepes 4ac
MJIM JIBA, MOKHO YBHAETHh cMelleHrne 3Be3sl. Tak, 3Be3na, KOTO-
pas HaXOoJHJIach Ha BocToKe (B MecTe Bocxoaa ConHna), nogHs-
Jach BbIllle, a Ta, KoTopasa ObLIa Ha 3anaje (Ha Mecra 3axoja
Connna), onycruiaacsk Huske. Takum o6pasoM 3Be3jbl, MOJAO0HO
Conany un JlyHe, DOZHUMAaOTCA B BOCTOYHOM YacTH ropU30HTA,
JIOCTHTAIOT HAMBBICIIErO MOJIOMKEHUA B I0XKHOM yacTH Heba 1 3a-
TeM 3aXOJAT B 3anajHON yacTH ropusonra (puc. 1.6).
IIposeaure HaOJAIOAEHUA B CeBepPHOIl yactu Heba cHavasa
3a 3Be3JlaMM, HAXOAAUIMMHCH HHU3KO K MOPH30HTY, a4 MOTOM
3a nogHABIIMMHUCA Oojee BeicoKko. Torjga yBHAMTE: YeM BBIIIE
HAaJ TOPU30HTOM HAXOMATCHA 3Be3]bl, TEM MeHee 3aMeTHBIM 0y-
aer ux nepemeinesnne. M Hakonel, MOKHO HaliTH Ha HeDe 3Be3-
Ay, NepeJBHKeHne KOTOPOi B TeUYeHUe BCeH HOYM IOYTH He-
3aMeTHO, a Bce He0O BpalaeTcda BOKDPYI Hee Kak OJHO Ilesoe.
Ity seesny Hassanu IlonapuHoii aBeanoii. [Ipyrue 3Besgnr B Te-

~
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Janaj

Bocrox HOn

WUCTOPWUA PABBMUTUA
ACTPOHOMWM

MNepemeweHne 3Be3n
B BOCTOMHOW 4acTH
Heba

BuanMbie CyTOuHbIE
nyTH CBETUA
OTHOCHUTEALHO
rOPH30HTA B CeBEPHON
W HOXHOW yacTax Heba
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UCTOPUA PA3BUTHA
ACTPOHOMMWHK

HJeHHe CYTOK OIMMUCBIBAIOT MOJHBIA KPYT ¢ neATpoM BOmu3u Ilo-
JAPHOH 3BE3/IbI.

ToB (KOnutepa, CatypHa, YpaHa w HentyHa), NnporaeT Ha paccTosHuu 4,3 CBETOBbIX NneT

m Hocmuyeckuin 30HA «Bosimrep-2», 3anyuieHHbid B 1977 r. AN M3y4eHuA ra3oBbiX rMraH-

o1 Cupuyca npumepHo 4yepe3 296 TbiC. ner.

KoHueHTpuueckue
AYTH — CAEAbI
nyTei 3sesp

32

Jlis NpoBepKH 2TOr0 NPEeANOJI0MKEHNA MOMKHO IPOBECTH He-
6onbmoit oneiT. Heobxogumo sakpenuTs Ha mratTuse goroanmna-
par, HaBecTH ero Ha IlonsapHyO 3BE3y M NOCTABUTH AJTHTEJb-
HYIO BBIJeP:KKY. B peayabrare mur mosyuum (ororpaduio, Ha
KOTOPOH BHJHBI KOHIIEHTPHYECKHe AYTH — CJelbl IyTeil 3Be3]
no ueby (puc. 1.7). O6muit nesTp 9TUX AYyr — TOYKA, KOTOpas
ocTaeTcsa HENOJBMIKHON NPH CYTOYHOM JABUIKEHUH 3Besld, —
ycnoeHO HassiBaercsa CeBepHBIM mosocom mMupa. JInamerpains-
HO NPOTHBOMOJOM¥KHAA eMy Touka — HOKHBIM HOJI0OCOM MUpA.

IIpucMoTpeBIINCH BHUMATEIBHEE, MBI 3aMEeTHM, YTO pasHbie
3Be3/Ikl ONMUCHIBAIOT AYTU PA3NIUUHOrO paguyca. Hekoropsie u3
HUX, HAIpUMep, BXxoaAmue B coaseaaus Ileraca, Ilepces, Opu-
oHa, TesnbIla, 3a CYTKH MPOXOAAT MO OKPYKHOCTAM BOJIBIIEro
paamuyca, 4acTh KOTOPHIX HaXxoauTcsa mox ropuaontom. Takme
CO3Be3/INfA B TeUEHHE CYTOK BOCXOAAT u 3axoaar. Ipyrue, Ha-
npumep Bonemas MeaBeauia, onuChIBAIOT OKPYKHOCTH He-
foasmoro paguyca. Becs Kpyr ux ABMIKeHHA OCTAETCH HAJ I'0O-
PH30HTOM — 3TO HE3aXOAAINEe CO3BE3NA.

Ha caeayromuii 1eHb 3Be3bl TPOAEJIBIBAIOT TAKOH Ke MyTh
noz ropuzoaToM. Takum 06pazoM, OHU COBEPIIAIOT MOMHEIH 060-




UCTOPUA PA3BUTUA
poT mo He®y 3a OAHH CYTKH, HE MEHss CBOEro B3aHUMHOTO pac- ACTPOHOMWH

TTOAOXKEHHUH.

B npesHocTH, Habalomad cyTodyHoe BpamleHune Heba, Aroau
cmeaaru FAyOo0KO omuOOYHBIH BBIBOA, 4YTO 3Be3abl, CoAHIle u
HNAaHETHl €XeCyTOo4YHOo obOpamalTca BoKpyr 3emaun. Ha camom
meae, Kak 3To yctaHoBua B X VI B. H. KonepHuk, BUAUMOE Bpa-
IeHHe 3Be3JHOTO He6a — TOABKO OTpPaXXEeHHE CyTOYHOTO Bpalle-
HUg 3eMAH BOKpPYT cBoell ocu. Ecam HabaoogaTeab HaXOOUTCH
Ha CeBepHOM IoAlIOCE, TO BpallleHHe 3eMAM NPOUCXOAUT IMPOTUB
gacoBo¥d cTpeaku. OZHAKO B peaAbHOMN XXKH3HHU MBI HE Ollylia-
eM BpalleHusa 3eMAH, IIO3TOMY HaM KaxXeTcd, 4To Hebo Bpa-
nlaeTcd B IPOTHUBOIOAOXHYI CTOPOHY — IIO YacCOBOM CTpeAKe.

I[Ipu M3y4YeHUHU BUAUMBIX NBHUXKEHHUH HeOeCHBIX TeA Heobxo-
AUMO OIIpeneAsTh UX YyIFAOBBIE IIOAOXKEHHUS B MOMEHTH HabAO-
neHUsa. Buaumble MOAOXEHHHT CBETHA ONPEAEAdIOTCH TOABKO
HallpaBA€HHUAMHU, TaK KaK PacCCTOdHHS OO0 HUX HeCYIleCTBEH-
Hbl. AyHa mepeMmemlaeTcs IIo HeGecHOi cdepe CO CKOPOCTHIO
13° B cyTku, CoaHnme — 1° B cyTKH. 3Be3abl BOCXOAAT U 3aX0-
AT Ha OOHOYW M TOH XKe IIHUpPOTe Bcerga B OAHOM H TOM MeCTeE.

HaBurammoHHBIE 3Be3Abl. 13 6 ThIC. 3Be€3, BUAUMBIX He-
BOOPYXEHHBIM I'Aa30M, HaBHUTAIlMOHHBIMH cyHTaloTca 24. 9To
Haunboaee gapKHe 3Be3Abl IPUMEPHO A0 BTOPOH 3BE3OHOH BEAH-
YUHBI (OHH spYye MAH OAM3KHU K SAPKOCTH 3Be3n Boapmoro Kos-
ma Boapmoi#t MeanBenunbl) U Masas 10 IPKOCTH, HO OoKas3aBIIa-
sgca B mecTe CeBepHOTro moapca Mupa Ha HebocBome, IloagpHasg
3Be3na (B co3Be3auu Maaoit MeanBeaHIbl).

HaBurauuoHHble 3Be€3Abl — 3BE3Abl, C NOMOLLbIO KOTOPbLIX B aBUauuu, MopenAaBaHUM
A KOCMOHaBTUKE ONpeAeAdloT MeCTOHaxoXAeHUe U KypC TPpaHCNOPTHOro cpeActBa.

Iaa opueHTupoBaHusd B CeBepHOM INOAyIIapuUH 3eMAH HC-
NOAB3YIOTCS cAaeAylomue 14 3Be3n uM3 pa3sAHMYHBIX CO3Be3nuH
(puc. 1.8, a):

o IToaspuasa 3Be3na (Maaaga MeaBenumna);
* ApkrtTyp (Boaomac);

* Bera (Aupa);

» Kameaaa (Bosmuuui);

* IToaaykc (Bamsnmensr);

* Aabptaup (Opea);

* Perya (AeB);

e Aabppebapan (Teaem);

e Jleuneb (AebGenn);

* DBereasrreiize (OpuoH);
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Anbdepan (Aagpomena);
Xamais (Osen);
Mupdpax (Ilepceii).

Mnenmn AAbAeGapan
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e e ] B I0:xHOM MOJVIIAPHHE IOMHMO 9THX 3Be3]] VI HABUTALIUH
HaBurauMonHHble HCITOJB3VIOTCH chaeayiomue Tpu (puc. 1.8, 6):
apeaasl CesepHoro (a) # Cupunye (Boasmoii ITec);
u HOxHoro (6)

® Cnuxka (/lesa);

NoAyLWapHi
o ® AmnTapec (CKopnuoH).

B CpeaHue Beka Cupuyc 6bin ogHoW M3 15 u3bpaHHbix 38e3[, KOTOPLIM NPUCBauBanuch

m Marv4ecKue cBoicTBa actponoramu B EBpone u apaGekoM Mupe. Kamaylo U3 Takux 3se3i
ONULIETBOPANK ONPEAENEHHbIA KAaMeHb U pacTeHne. CUpPUYC OTOMAECTBAANCA C XPU30NH-
TOM M MOXOKEBENbHWKOM, a Haubonee CUNbHOe BNusiHMe Ha Cupuyc npoussoavna nna-
HeTa Bexepa, nepemelanck no Heby.

Yrobdel 6e30mnb04YHO OTBICKATE HABMTAIIHOHHYIO 3BE31y, He-
[OCTATOYHO 3HATH, B KAKOM CO3Be3lMHU OoHa Haxoaurtcs. B 06-
JIAYHYIO MOroAy, HANpUMep, HabJiogaeTcd TOJbKO YacTh 3Be3.
IIpu KocMHMUYECKUX MOJeTaX CYIIeCTBYeT Apyroe orpaHu4YeHue:
B WJIIOMHHATOP BHJIEH JINIIL Heboubmoi yuacTok Heba. [Toaro-
MYy HeoOX0AMMO yMeTh OBICTPO PACIIO3HATE HYKHYIO HABHTaI M-
OHHYIO 3Be3[ly 1o IBeTy u biecky. Yame Bcero opumeHTHPYIOTCH
no IMonsapHoil 3Be3je, KOTOPasd He MEHAET CBOEro IOJIOMKeHUs
B TeueHne cyTok (puc. 1.9).
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o UCTOPUA PA3BMTHA
Cosseaausa. 3nanue cosse3quii — asbyxa actporomun. Bee- ACTPOHOMMM

ro Ha HebecHO# cdepe 88 cosseaanii. 'paHNIEI MEXAY STUMH
CTPOro ONpe/ieIeHHEIMH YUACTKAMHU Heba YCIOBHBI, OHM HE MMe-
0T HUKAKoro gusuueckoro cmeicsia. M3 88 cossesuii, KoTopsie
opnnuaneHO 3aperucrpuposansl B 1930 1., 48 cossesaunit mepe-
gucaua eme Ilromemeii o I1 B.

HWLIbI KOTOPOTO OnpeaeneHsl cneunanbHbiM pelweHem MexayHapoaHoOro acTpoHOMUYe-
cKoro cotosza (MAC).

B COBpPeMEeHHOIi acTPOHOMMW CO3Be3AMeM Ha3blBaeTCs Y4acTOK HeGeCcHOW chepsl, rpa-

Vike B ApeBHHe BpeMeHAa HAIIHM IPEeJKH JeJHJIH 3Be3JHoe
Hebo Ha YeTKO pasjiMuMMbie COYETAHUA 3Be3Jl, KOTOPhIe Ha-
3Basiu cosBesauamu. Tak, okono 30 cosBeaauin
BBIJEJIAJIOCH YiKe HUTeJAMHU I03JAHero 6poH- Moanpuas 3peas
30BorO Beka, B 1650—1050 rr. go H.2., cyas
N0 3anMCcAM Ha IIUHAHBIX Tabanukax [[pes-
Heit Meconoramuu. OTCBIIKHA K CO3BE3AHAM
MOYKHO HAWTH U B ApeBHeeBpeilicKuX Oubreii-
CKHX TeKcTax.

Perucrpupysa 3aKOHOMEPHOCTH B JBHIKEHUH
3Be3]], HAIIKA NpeJKH HAYYHJINCh H3MEPATH Bpe-
M#, CO3JAJIN ITIepBhie IPUMHATHBHBIE KaJleHIapH,
OPHEeHTHPOBAJINCH HA MEeCTHOCTH. PasgHble HApo-
ALl B HA3BaHHE CO3BEe3JWil BKJIAJALIBAJIH Pa3IiHd- -5
HBIH cMmblcs. HasBanusa cosBe3gnii OHU CBA3LI- Saman | Cenep
Baau ¢ muamu, nmesamu 60ros, Ha3BaHUAMHU 74‘
npubopoB U MEXaHU3MOB.

CuuraroT, uTO HasBaHWe co3Be3ausa Boasb-
maa MeaBeauna cyimecTByeT yiKe OKOJIO
100 teic. mer. CeMb APKHX 3Be3J] 3TOT0 CO3BE3AHA UMEIOT pa3- [Pwe. 20 i
HOHAIIPABJIEHHBIE JBMXKEHMS, MOITOMY JAECATKH BEKOB Hasaj OpHeHTaLys
[IeCTh APKHX 3BE3J HANOMHMHAJIHA OYEPTAHHUA MeIBeJAMIIbl, KO- no MNoAAPHO# 3Be3ae
TOpas CMOTpeJia Ha CebMYIO 3Be3ly — MeJIBeKoHKa.

JlpeBHUE rpeKH CBA3LIBAIN ¢ codBezanem Bonwmoit Mease-
nunet mug o Kannuero, koropyio peBHuBas borunsa I'epa npe-
BpaTiia B 6ezobpasnyio measeauny. Ceig Kanmucro, Bo3Bpaia-
ACh JIOMOI ¢ OXOThI, YBUAEJ V ABEpPeil CBOero AoMa MeABeAHILy
H yoKe 3aHec HaJ Heil opy:xue, HO BeJHKHI Oor 3eBc, BaHOIeH-
veIii B Kanawucro, moMeInan y:KacHOMY NPECTYILIEHHIO U Iepe-
vec Kamnuero B obpase meaBeauibl Ha HeDO.

B 1603 r. Horans Baitep Hauan o6o3HauaTh ADKHE 3BE3/IbI
Ka)XJoro co3Be3qnsa OyKBaMH rpedeckoro ampasura: o (ansda),
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MCTOPUA PA3BUTHA
ACTPOHOMMM B (6era), ¥ (ramma), & (aenpTa) U T. 4., B HOpAAKe YOLIBAHHA HX

fnecka. 9T 0003HAYEHNA HUCNOAB3YVIOTCHA o cuX nop. Cambie
sApKHe 3Be3/ibl UMET COOCTBeHHBLIE HA3BAHHUA.
Hanpumep, o cosseagusa Jlupel — Bera. Toub-
KO B 58 co3Be3iMsAX caMble APKHE 3Be3/lbl Ha-
aeiBaioTCA O (anbda). B 13 cossesguax camble
Apkue 3Be3gsl — [} (Gera), a B HEKOTOPHIX APY-
X HCHONB3YIOTCH Apyrue OYKBBI I'pedecKo-
ro aagasurTa.

Campbie DonbmiMe pazMepbl MMEeT CO3Be3-
aue M'mapa, ero naomans — 1303 KBagpaTHBIX
rpaayca (kB. rpaz.). Camoe Majoe co3Bes3ine —
H0sxusiit Kpect sanumaer maomans 68 keaapar-
HBIX rpaaycos. s suagumeix B CeBepHOM mOJTY-
e 1.10] MIaApHH CO3Be3IHil caMbIM OoabinuM sABasgerca Boasmasa Mega-

Coaseaave Bonbiian sexuna (1280 ks. rpax.) (puc. 1.10).

MeaBeamLa — camoe Camoe Gonbinoe Yucio 3se3q (5 aBesn), Ap4Ye BTOPOM 3Be3-

Goabluoe cossesane HOM BEJHUYHMHEBI, coep:KuT cospesane Opuon. Camoe Gosbinoe
SEnpL uncao 3Besy] (19 asesn), Apye yeTBepPTON 3BE3[HOI BEJIHUYNHBI,

Bﬂii::‘:;?: BXOAHT B coasesgue Bonsmas Measeanna. 3Be3ibl, COCTABIAID-
mue KoBur Boaemoit Measeauiel, B MpoCTPaHCTBE PACIOJIONKE-
Hbl 04€Hb JAJIEKO APYTr OT APYra ¥ HUKAKO CBA3aHHON IPyIIIbI
He obpasyior (puc. 1.11).
B co3se3auu bonblwas Meaeseauua pacnonomeHa camas 3HameHuTas ABoHWHana cucTema.
m CpeaHsna 38e31a B HoBwe bonblion Measeauubl HOCKT Ha3BaHue Muuap. Ha HekoTopom

YrnOBOM PAacCTORHUM OT Muuapa pacnonomeHa OAHa U3 CaMblX M3BECTHbIX ABOWHBIX
38e3 — Anbkop. Muuap B nepesoge ¢ apabGCKOro 03Ha4YaeT «KoHb», a AnbKop — «Bcap-
HUK». Ewe B [lpeBHeM Erunte B 3nuTHbLIE BOMCKa dapaoHa Habupanu KHOWEeN, KOTopbIe
o6naganu HacTONLKO OCTPLIM 3PEHMEM, YTO MOIIM pasnu4yarb 3TH 3Be3/bl.

MbI NpUBBIKJIN CYUTATH HEOECHBIH KOBII, COCTOAIMWHA M3
7 HDKHX H JeTrKo pﬁBJIM‘IHMbIX 3Be3]1, COo3Be3aHnem BOJ’IL[I]Oﬁ
Mensenunsl. Ho Ha caMoM ziejie KOBII — 3TO ACTEPH3M, ABJIA-
OUIAICA TOJBKO YacThio 9Toro co3pesanus. Cosseanue Boabmoi
MEIIBBJIHU,H COCTOHUT U3 OPPOMHOI‘O YHCJIa 3B€3] H BBIXOAHT ga-
JIEKO 3a Ipejiesibl BCeM 3HAKOMOTO «KOBIIIa ¢ pyukoii». Kpome
HHUX B CO3Be3JHMHW HACUMTHIBaeTcAa emie 125 3Beaj Apde mecToil
SBEGJIHOﬁ BeJIHYHHBEBI.

C apeBHeHIINX BpeMeH aCTPOHOMBI PA3HBIX HAPOJIOB CKJa-
ABIBAJIM M3 HHAX CO3Be3JUfA, CJIeAyA CBOMUM JiereHJamM, BepoBa-
HUAM M OpeacTaBjaeHHAM o mupe. OQHH | Te Ke aCTepu3Mbl —
APKHE IPVIIILI 3Be3/I — MOTJIA NPeBPAIaThCAd BO 4YTO YIOAHO.
Hanpumep, aaamennTtsiit Bonsmoit Kosm B coaseagnn Bossmoit




WCTOPHA PA3BUTHUA
ACTPOHOMMHM

PacnoaoxeHne

B NPOCTpaHCTBE 3BE3A,

COCTaBAAKOLIMX KOBLL

co3Be3pMa boabwas
Measeauua

Ht{\[L‘iHuluullaulllllllllllIllllllllli

200 150 100 50 (LT Prc. 111 |

Menseauiibl 3a4aCTy0 BOBCE HE CBA3LIBAJICA HHM ¢ KOBIIOM, HH
¢ measenuueil. Hanpumep, B Erunre BMeCTO KOBILA KPellbl MOT-
nu BuaeTs Hory Cera, 6ora BoiHBEI M CMEDPTH, NPeBPaTHBIIErocs
B ObIka u yomsmero OcupHca yIapoM KOIBITA.
Coxronoromnosetit 'op orcex Cery KOHEYHOCTH
B OTMECTKY 3a yOuiicTBO oTIla.

OpauM u3 caMmbiX 3aMeTHBIX B CeBepHOM ITO-
Jymiapum siBisercsa cossesaue Kaccuones, oHO
nokasaso =Ha puc 1.12.

3oauakaiabHble co3Be3nud. Buagumerii ro-
noBoit nyTh ColHIA DPOXOAUT Yepe3 TPHUHAJ-
HATH CO3Be3/Hil, HAYMHAA OT TOYKH BECEeHHEero
paBHOAeHcTBUA: OBeH, Tenen, Bausneus, Pak,
Jles, JleBa, Becol, Ckopnunon, 3meenocerr, Crpe-
aen, Kosepor, Bogosnei, Peiosl. JIBeHaanaTs ua

HHUX — 3oauaxanbHble. [Tosc U3 ABeHAAATH 30IHAKATBHBIX CO-
aBe3auil HasbIBaeTcA 3oauaxoM (taba. 1.1, puc. 1.13). B kamx- Cossesaie Keccionen

Ta6nuua 1.1. 3oanakanbHbie CO3Be34WA H 3HAKH 30HaKa

Haasauue it Haapanne Bmant Haasaunue A Haasaune By
CO3Be3ANA cosBeafus CcO3Be3IuA co3Be3nst
Osen 'T' Pax 95 | Becn Ee™ I‘ Kosepor Y%
|
| ' ) i
Tenen U Jles 62 | Cropnuon m | Bopoueii iy
Bausnens: I[ Hesa m Crpenern } Prios1 )‘(
A
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MCTOPHA PASBUTHA
ACTPOHOMMM AOM 30AMAaKaNbHOM co3Beaguu CosiHIIE IPOBOAHMT NPUMEPHO

oauH Mecan (puc 1.14).

OxroJio 2 TeiC. JeT Ha3ajJ 3HAKH 30HaKa COBIAJaNH C OJ-

MNorc soanaka HOMMEHHBIMH 30HAKAJBLHBIMHA co3Be3guaMu. [IpuunHOi cme-

| Puc.1.13] IIeHUA 3HAKOB 30/JMaKa OTHOCHTEJbHO OJHOMMEHHBIX 30AHa-
KaJbHBIX CO3Be3/IHi ABJIAETCHA YCTAHOBIEHHAA
emie 'mnnapxom Pomocekum Bo II B. o H. 3.
npeneccus, UK NpeJBapeHne PaBHOJEHCTBUM.
B Ty ganexkyio samoxy, Bo BpemeHna I'mnmapxa,
TOYKa BECEeHHEero paBHOAEHCTBUA HaXOAMJIACh
B coasesaun OBHAa, mosromy Oblia obo3HAUEHA
3HAKOM 3TOr0 CO3Be3IudA. AHAJIOTHYHO TOYKA
JIeTHero COJHIECTOAHMUA pacnojarajach B CO-
3pe3auu Paxka u OGbisia 06003HaYeHa ero 3HaKOM,
TOUKA OCEHHEr0 PABHOAEHCTBHA — B CO3Be3JHH
BecoB, a TOYKa 3UMHETI0 COJHIECTOAHHA —
B cossesaun Kosepora. Ho sarem oHm mocre-
NeHHO CMECTHJHCH K 3amaay, Temepb TO4YKa
BECEeHHEero paBHO/IEHCTBUA HAXOAMTCA B CO3BE3-
aun Pei0, a TOUKA OCEHHEro paBHOJEHCTBHA —

MNpoxoxaeHne CoaHua 16.09
N0 30AMAKAABHBIM 10.08
CO3BE3AMAM . - T TTea
¢ .
Pak

30.10

Bananenw ~
; Becsr

'S
[ 22.11

/ \('mummmﬁ} 29.11

Coanne

Onewr

Koaepor

Pritm
20.01

Bojoaen

—

16.02




B co3peaauu [lesnl. Touka seTHero conHuecroanusa ¢ 1988 r.
HaxoguTcA B co3Be3aun Tensma. CMemeHHe TOUKHU BeCeHHe-
ro paBHOJeHCTBHA (0oHA 0003HAUAETCA HA KAPTaX) OPOHCXO-
AUT HaBCTPe4y roAudHomy ABuskeHH0 COJHIA CO CKOPOCTHIO
npumepso 50” B roj.

Co3Be3qusa B pa3Hoe BpeMs rojia. 3HAKOMCTBO C CO3Be3ANA-
MH Jy4Ille HAYMHATh B JeTHee Bpems rofa (puc. 1.15). Cosses-
IS JeTHero He0a He OTJIMYAIOTCA TAKMMH APKUMH 3Be3JlaMH,
Kak 3Be3Hoe Hebo 3umoii. B ceBepHO# yacTu Heba BuHB Bosk-
mas Measeauna u Kaccuones (em. puc. 1.10 u 1.12).

Boapniaa Measeauna MOKeT CAVKHTH XOPOIIMM ITOMOIII-
HUKOM JIJIsl 3allOMMHAHHAA ¥ HAXOMAeHUsA spuyaiminx 3sesy Ce-
BepHoro noJsymapus (puc. 1.16). Ha 1ore cusaer JeTHe-oceHHHI
TpeyroabHuK — Bera, Ilene6 u Anwsranp (puc. 1.17). OrpomMHEIii
kpect Jlebeas nerko HaitTu Ha doxHe Mieuynoro ITyru. Bamxe
K FT'OPHM30HTY MOYKHO 3aMeTHTh Apuaiiryio spe3ay CkopnuoHa —
Amnrapec. K sanagy ot Tpeyronsanka Haxoxarcsa leprynec, Ce-
Bepuas Kopora u Bosonac.

Ocenbio Ha 0re Xopomo BuAeH Oonbinoi kBagpar Ileraca,
noa HuM — PriGel. J[IuEHAA nenodyka 3Besl], OTXOAAIAA OT

MUCTOPUA PASBUTHA
ACTPOHOMWM

Coasespunn
AETHE-0CeHHero Heba

Puc. 1.15

Conopnan

r
Jlos i
W s |
; / b B
<
dMeenont l|_

Bononeit

" Y, A \ -
Koasepor _- Crpeaen . L Beow
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1.3

Bocrok

Ileraca, — cosBesgue AHapomensl. TpeyrolbHHK yiKe Haxo-
AUTCH HU3KO Haja ropusoHToMm. Kaccuones Teneph B 3eHHUTE.
Ee nerxko ysHars Ha Hebe: oHa obpasyer Urypy, MOXO0KYIO
Ha 6ykBy W.
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MCTOPHMA PASBMTHA
ACTPOHOMMHK |

P APKTYD

A MAJIAS

MEJ/IBE/IHILA 101TAC

HaxoxaeHue
ApYarLLMX 3BE3A
CeBepHOro noAylwapua
C NOMOLLbLIO COIBE3AUA
boabwan Measeanua

CambiM npumeYaTencHbiM CO3Be3auMeM, NoXanyi, agnaertca cossesgue OpUOoH: NpaKTu-

m YEeCKW B Kaw/0M ApeBHEel KynbType OHO WMENO CBOE Ha3BaHWe M MoYMTanochb ocobbiM
o6pa3om. Tak, B [lpesHem Erunte ero cuvtanu BonnoweHwem Ocupuca, a B [lpeBHeM
BasunoHe Ha3biBanu «BepHbii nactyx HebGec». Ho camoe yaMBUTENbHOE OTKPbITHE BbIN0
caenaHo B 1972 r.: B [epmaHumM Gbin HAMAEH KYCOK KOCTH MamoOHTa Bo3pacTtom Gonee
32 ThiC. NeT, Ha KOTOPOM 6bIN0 Bbipe3aHo co3sesane OpUoH.

AeTHe-OCeHHHH
TPEYTOABHMK

JNEBENL *
CEBEPHBIH KPECT

LEJI B H
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MAJIBIH TTEC

BOJILIITOH TTEC

3umMoii cieBa oT KoBma Boasmoit Measeaunel Xopomio
Bugen Boaomnac, cupasa — Ilepceit u Bozuuunit (puc. 1.18).
Hacrosamee ykpamenue sumMHero Heba — cospesame OpuoH,
no ¢popme HanomuHawinee 6aboury. IIpasee ero pacnonoxxen
Tenerw, B ero rirazy cBeturcsa KpacHblil Ansnebapan. B senurte
HaxoauTcAa Bozamuwmii, nesee — BimaHensl, a mox HuMu — Ma-
aetit 1 Bonsmoit Ilec ¢ sipuaiimeit sgeagoit Cupuyc. Ha oro-soc-
ToKe BHUJeH JleB, BBICOKO Ha BocToKe — Boasmasa Measeanna,
a Ha ceBepo-zanaze Haj saxoxamuM Ileracom pacmososKeHE
Kaccuones u Lledeii.

Becroii Hefo TeMHOe: HAa HEM MAJIO APKHUX 3Be3]l U He BHIHO
Muneunoro ITyTn. Ha ceBepe BHCHT nepeBepHYTEIH KOBII Boah-
moit MeaBeaunsl. Pyuka Kopflia yKa3bIBAeT HA OpPAHMKEBHIH

- -

UCTOPUA PASBUTURA
ACTPOHOMMHK

Cosseaaun
3umHero Heba

CeMb ApKMX 3Be3a bonbuworo KoBwa MMeloT HaseaHua: [lybxe, Mepak, ®exaa, Merpeuy,
m Anuot, Muuap, beHetHalw. Apkas 3Be3aa [ybxe B nepesoae ¢ apabeKoro o3Ha4aeT «Mef-
BeAb», a 3Be34a Pexga — «6egpo measean». 3gesqa AnMoT — «nepsas B xsBocte bonb-
won Measeauubl», a 38e34a beHeTHaw — «KoHeu xBocTa bonbwoi Meagseauubi» — UMe-
na TaKke HasBaHue «NpeaBoAUTENEHMUA NNaKkanbluly:. Takue cobCTBEeHHbIE UMeHa 3Be3/]
O6BACHAIOTCA TEM, YTO B APEBHOCTH ACTPOHOMbI HAXOAWNKM 3BE3/bl HE NO KoOopAWHaTaMm,

a NoO TOYHbIM ONUCAaHWUAM PUCYHHKA CO3BEe31H.

| 41



UCTOPUA PASBUTUA
ACTPOHOMUH

AprTyp — gapuadimylo 3Be3ny ceBepHoro Heba. Ha mpomoaxe-
HUU 3TOM AYTU MOXKHO oThickaTh Cnuky — a [leBrl. Bricoko Ha
ore 3aser AeB, MeXAy HUM U BoaomacoM pacIoA0KeHO CO3Be3-
nue Boaocsl Beponuku. Ha 3anane 3axonart Ilaeansr u OpuoH.

Actepusm. [louaTue «acTepu3M» He SBASIETCsS CTPOTO Ha-
YVYHBIM, CKOpee 3TO AaHb Tpagunuu. OgQHAKO C Pa3BUTHEM AIO-
OUTeAbCKOH aCTPOHOMHUHU SHTy3HacTaMu (POPMHUPOBAAUCH Ka-
TAaAOTH aCTEepPH3MOB, COCTOSIIHUX U3 3Be3ld, HabalomaeMBIX He-
BOOPYXEHHBIM TAa30M M C HNOMONIBI0O HENPO(ECCHOHAABHOH

OIITUKH.
. ACTEPU3M — AErKO pasaMuyuMmasn rpynna 3Be3p, MMeKLWas UCTo-
PUYECKU yCcTOABLIEECA CaMOCTOATEAbHOE Ha3BaHUE.
OnuH u3 caMbIX H3BECTHBIX aCTEpHU3MOB Ha Hebe — Boab-

mo#t KoBmr, maxomamiuiica B co3Be3auu boabmrag MeagBeguia.

B kaxpmoll KyAbType OBIAM CBOH CO3Be3AUd U ACTEPH3MBEI.
B maapHeWIIeM C pa3BUTHEM aCTPOHOMHUH CO3BE3QUS CTaAu 000-
3Ha4YaTh y9YaCcTKH Heba CO CTPOro onpeneAeHHBIMHU T'PaHHUIIAMHU.
B To ke BpeMs TEepMHH «aCTepPU3M» COXPaAHHA CTAPBIA CMBICA.
[ToaToMy HaAYMWHAIOIIEMY AIOOHTEAI0 ACTPOHOMHH pPEKOMEHOY-
eTCs MPHUCTyHaTh K M3YYEHUIO 3BE3QHOro Heba C 3aHOMUHAHUS
HanboAee MHTEPECHBIX U SAPKUX ACTEPU3MOB.

AcTepHu3MBl YACTO HCIIOAB3YIOT B HaBHUTAIlUH, IO3TOMY HUX
YCAOBHO pa3[eAsIOT Ha [ABa OCHOBHBIX THIIA: aACMepusMbl-yka-
3amenu — mapbl 3Be3[, KOTOpPHbIEe II0 YCAOBHOH AMHUHU, IIPOBe-
OEHHOM MeXAy HHUMU, YKa3bIBAIOT Ha HOYHOM HebOe HampaBAeHUE
Ha Opyrue 3Be3abl, U HOBU2AUUOHHble. IlepBBIH THIO mOMOTaeT
acTpoOHOMAM AydYIlle OPUEHTHPOBATHLCS B 3Be3ZHOM Hebe, BTO-
po#fi — HCHOAB3YIOT MOpPENAABATEAUW H INYTEIIECTBEHHUKU OAS
OpPHEHTAIlUH Ha MECTHOCTH.

Pe3srome. Ha mpoTHAXKEHUU CTOAETUH AIOAU AIOOOBAAUCH HeE-
60M u m3ydaAu 3Be3fHOe HeOO — OAHO M3 BeAHMUYaHIIUX 3pe-
anm [Ipuponrr. Hacroamee Bpema K. 9. lluoakoBCcKUH Ha3Baa
«3pOU HNpPHUCTAABHOTIO H3ydeHusa Heba». KocMuuyeckue IIOAETEI
OpuUbOAU3UAN K HAM 3Be3Abl U OTKPBIAM HOBBIE TOPU3OHTHI OAS
HU3ydeHHUd 3Be3AHOro Heba.

das Tex, KTO XOPOLIO 3HAKOM C CO3Be3LHSIMH U HX pPacHo-
AOKEHHEM 10 OTHOWIEHWI0O K TOPHU30HTY B Pa3AHYHBIE MOMEHTEI
CYTOK W ropma, 3Be€3Abl MOTYT CAYXHUTHb OTAHUYHBLIMHU OPHUEHTHpA-
MU, HO3BOASIOINIUMH HAaXOAUTHh CTOPOHEI TOPHU30HTA B HE3HAKO-
MO¥ MECTHOCTH U [ax)e NPUOAU3ZUTEABHO ONPENEASITH MOMEHT
BpEeMEHH.



1. Kak A0OKa3aTb CyWeCTBOBaHUE CYTOUHOrO0 Bpal,eHUs 3BE3AHOrO

Heba?

o~ ON

. AaiiTe onpeapeAeHUe MOHATUIO «CO3BE3AUEr.
. 3auem BBeA€HO NoHATUE «HebecHas coepa»?
. Kakne co3Be3pua BXOAAT B NOAC 30AMaKa?
. Kakoe 3HaueHue uMmeeT U3yueHUEe 3BE3AHOro Heba AAA pas3BUTUA

YeAOBEUYECKOW LUBUAU3ALUN?

1. Haviaute B UHTEepHETe NOABUXHYI KapTty 3Be3pHoro Heba (MMK3M)
M ykasaHusa no ee cbopke. Cobepure kapty. Onupasicb Ha €e UHPoOp-
Mauuo, BNUWUTE B TabAuLy CO3BE3AUSA, BUAMMBIE Ha wWUpoTe H55°

B CeBEpPHOM MOAylWIapUU.

Y4yacToK
3Be3xHOro Heba

15 cenTabps B 21 4
MEeCTHOTr'0 BpEMEHH

25 ceHTsi6psa B 23 4
MEeCTHOr'0 BpEMEHH

CeBepHass 4acThb

IOxHaa 4acTe

SamazHasas YacThb

BocTOo4YHasa YacThk

CosBesnne, pacmoao-
XEeHHO€e B 3€HHTEe

2. OnMwKUTe HECKOAbKO CaMbix ApKUX 3Be3A (Cupuye, Apktyp, Bera), 3a-
NOAHUB TabAuLy, NPUBEAEHHYI HUXe. AAA paboTbl UCMOAb3YIHTE WH-
TEePaKTUBHbLIA aTaac 3Be3pHoro Heba Ha caiTte spacegid.com.

Haspamme CosBesnHe, KOTOPOMY @ororpadus IfIH‘repecj-xmii daxr,
NPHHAKACKHT BaxHBIH nAST pa3-
3Be3AbI 3Be34bI
3Besaa BHTHS aCTPOHOMHH
TEMb! SOKNALOB.

1. TonoHUMUKaA 3BE3AHOTr0 Heba (NMPOMCXOXAEHUE Ha3BaHUW B acTpo-

HOMMUMU).

UCTOPUA PASBUTUA
ACTPOHOMUH


http://spacegid.com

UCTOPUA PA3BUTUA
ACTPOHOMUU 2. CosBe3pne boabwoii MeaBeAULbI: UCTOPUS Ha3BaHUA, UHTEpPECHbIE

ACTpOHOMUYECKUE 06'beKTbI, HaxoAadwWwMUeca B 3TOM CO3BE3AUM.
3. Co3Be3apne no BbibOpYy aBTOpa: MCTOPUA HA3BAHWUA, UHTEPECHbLIE
ACTpOHOMUYECKUE 06'beKTbI, HaxoapdWwMUecs B 3TOM CO3BE3AUM.

1.3. AeTOUCUYUCAEHUE U ero TOYHOCTb

Kaasenzmaps. CA0OBO «KaAeHOapb» NPUIIAO K HaM Hu3 [IpeBHe-
ro Puma, OHO HNPOHCXOAUT OT AATHHCKHX CAOB caleo — TpoBO3-
raamaThk U calendarium — pgoAroBasg KHHUra. Takoe Ha3BaHUe
obycaoBAeHO TeM, 4TO B [IpeBHeM PuMe Hagaao KaxXA0OTO MecCs-
Ija NpoBO3rAaImIasochk ocobo, MPHUYEM IIO IEPBBIM YHCAAM KaX-
ooro mecsna OBIAO NPHUHSTO YIAAYHUBATH IMIPOLEHTHl 10 LOATAM.

KaaeHpapb — HenpepbiBHAA CUCTEMA CUMCAEHUS OOAbLIMX MPOMEXYTKOB BPEMEHU, OC-
HOBaHHAs Ha MEPUOAUUYHOCTU AIBAEHUI MPUPOALI, 0COOEHHO OTYETAUBO NPOSABASIOLLENCA
B HeOEeCHbIX ABAEHUAX (ABUXEHUU HEBECHBIX CBETUA).

C KaaeHpgapeM Hepa3pbIBHO CBfI3aHa BCA MHOTOBeKOBasd
HCTOPHUS YEAOBEUYECKOH KYABTYpPHI. 'AaBHOe Ha3HadYeHHE Ka-
AeHOaps — COOTHOCHTH COOBITHA C Yepemoil mHeH.

[loTpe6GHOCTE, B KaAeHOapsAX BO3HUKAA B I'AyOOKO#M apeB-
HOCTH, KOTJa YeAOBEK He BAaJeA NHUCbMeHHOCTbhbio. KaaeHnmapu
ompeneAsSAW HaCTyIA€HHEe BECHBI, A€eTa, OCEHH W 3HUMBI, IEepHU-
OonBl IIBETEHUS pPacTeHH#, co3peBaHUd HNAO0LOB, cbopa aekap-
CTBEHHBIX TpaB, H3MEHEHHUH B NMOBEAEHUH U KHU3HU KUBOTHBIX
u MHoroe apyroe. KaaeHmapu oTBedYaaw Ha Bomnpochl: «Kakoe
cerogHd yucao?», «Kako¥ meHb Hemeau?», «Korma mpouso-
LIAO TO MUAHW HHOE COOBITHE?» — U HNO3BOASAU PETYAUPOBATH U
IAAHUPOBATH KHU3Hb U XO03dHCTBEHHYIO NESITEABHOCTH AIOOEH.

B [IpeBHeM Mupe He OBIAO €eQHUHON CHCTEMBI CUieTa BPEMEHH.
Kaxapl#i Hapox HCOOAB30BaA CBOM THI KaAeHOaps; H3BECTHEI
KaAeHIapHbBIe CHCTeMBbl, co3maHHble B [IlpeBHeM Erunte, Ku-

Tae, Pume u T.1.

rocypapcteax, B Tom uucae 350 — B Kutae, 250 — B ANOHWM) U BeCb XOA A€TOUCUUC-
A€HWUA CBA3bIBAAUCH C BAXHbIMU A€r€HAAPHbIMWU, PEAUTUO3HBIMU WUAU (PEXe) peanbHbIMU
COOLITUAMU: BPEMEHEM LAPCTBOBAHUA ONPEAEAEHHbIX AUHACTUA U OTAEAbHbIX UMMNepa-
TOPOB, BOWHAMMU, PEBOAIOLUAMU, OAUMNUAAAMU, OCHOBAHUEM TFOPOAOB WU roCyaapcTs,
poxaeHuem 6ora (Npopoka) MAK COTBOpeHUEM Mupa. B ApeBHen Tpeuun cueT BpeMeHU
BEACA MO OAMMMMAAAM, C 3NOXU 1 UioAs 776 r. A0 H.3.

m C ApPEeBHUX BPEMEH HauaA0 OMpPEAEAEeHHOI 3pbl (M3BeCTHO 60aee 1000 3p B pasAUUHbLIX
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THnbl KaseHmapei. Bce KaaeHOZapu MOXKHO HOAPa3AeAUTH
Ha CAEAYIOIIHEe THUIIBI: COAHEYHBIE, AYHHBIE U AYHHO-COAHEYHEIE.
OTH KaAse€HAapHU HCIOAB3YIOT €CTECTBEHHBIE IEPHUOAUIECKHE IIPO-
IEeCChl: CYTKH, T.€. CMEHY AHH U HOYH, CMeHY a3 AyHBI, KOTO-
pble IPOUCXOAAT HaA NPOTSAXKEHHH Mecslla, HAW CMEHY BPEMEH
roga MeXAYy ABYMsS BECEHHHUMH DPaBHOAEHCTBHUSIMHU — IIEPHOL
TaK Ha3bIBAE€MOTO TPONHYECKOTO roaa.

KoueBble HapoAbl APEBHOCTH OOABIIE IIOAB30BAAHWCH AYH-
HBIM KaA€HJZapeM, B OCHOBY KOTOPOTLO HOAOXEHa MPOMSOAXKHU-
TEABHOCTb AYHHOTO MecdIla.

AyHHBIH KaareHAAapb. [[PEBHUM AOASIM OBIAO 3ATPYAHUTEAD-
HO ONpPEeAEeAUTHh TOYHOE HAaYaA0 HOBBIX CYTOK MAM HOBOTLO rojaa,
B OTAWYHE OT Hadasa AYHHOTO MecsIla, KOTOPOe 3HaMeHyeT
mepBOe MOABAEHHE y3KOTO Ceplla NOCA€ HOBOAYHHuHA. [loaTomy
ApPpeBHUE INHUBHUAHU3AIHNHN [IOAB30BAAMCHh AYHHBIM MeECSIEM Kak
OCHOBHOH €IWHHUIEH H3MEpEeHHUS AAUTEABHBIX IIPOMEXYTKOB
BpPEMEHH.

TouyHasd HNPOAOAXKHUTEABHOCTH AYHHOTO MeECSIa COCTaBASET
B cpenHeM 29,5 cyr. Briana mpuHATa pa3Hasg HNPOLOAKHUTEAB-
HOCTh AYHHBIX MecgauenB: 29 uam 30 cyr. [BeHannaTh AYHHBIX
MecsIeB BKAOYAKT 354 CyT., a NPOJOAXKHUTEABHOCTH COAHEYU-
HOTO roma — IHMOAHBIX 365 cyT. AyHHBIH Ton oKa3aAcs Kopode
Ha 11 cyT., MO3TOMY ero HeoOXOQHUMO OBIAO IIPUBECTH B COOT-
BETCTBHE C NPOJAOAXKHUTEABHOCTHIO COAHEYHOTO roma. B mHOM
caAydae Ha4YaA0 rofa 0o AYHHOMY KaAeHZapio co BpeMeHeM Oy-
AeT mepeMelaThCcs II0 BpeMeHaM roga (3umMa, OCeHb, AETO, BEC-
Ha). K TakoMy KaaeHOapio HEBO3MOXKHO NPUBA3aTh HU BeAECHUE
Ce30HHBIX paboT, HU INpoBeAeHHE PUTYAABHBIX MEPONPUATHH,
CBA3aHHBIX C COAHEYHBIM TOLOBBIM IITHKAOM.

B pas3uble BpeMeHa 3Ta 3ajgada pelmrasach HDO-pas3HOMY,
HO HMOAXOJ K PEIIeHHI0 NpobAaeMbl ObIA €QHUH: B ONPELEAECHHEIE
roasl B AYHHBIH KaAeHOapb BCTABASAW JOIOAHUTEABHBIH Me-
can. HaubGoaee TOYHOE COOTBETCTBHE AYHHOTO U COAHEYHOTO
KaAeHIDaped maeT HCHOAb30BaHHe 19-preTHero muUkKAa, NPH KO-
TOpPOM B TedeHHEe 19 COAHEUYHBIX A€T IIO ONPELEAECHHOU cucTeMe
B AYHHBIH KaAeHOapb H00aBASIOTCH 7 HOHNOAHUTEABHBIX AVH-
HBIX MecsdleB. [JJAUTEABHOCTh 19 COAHEUYHBIX AET OTAHUYAETCH
OT IAUTEABHOCTH 235 AYHHBIX MecdIleB BCero Ha 2 d.

A DpaKTHUYECKOIO0 HCIOAB30BAaHUS AYHHBIH KaAeHIaphb
He O4YeHb-TO yaAoOeH, HO B MYCYABMAaHCKHUX CTPaHaX OH HPHUHHAT
U B HAIlU OHHU.

CoTHyeckHH KaAeHAZapb. COAHEUYHBIN KaAeHOApPh [MOSBUACS
no3agHee AyHHoOro B [IpeBHeM Erumte, TaM, rae peryAsSpHBI exXe-
ronHble pa3AuBEl Huaa, KOTOpble MPOUCXOOHUAU B IIEPUOM AET-

UCTOPUA PA3BUTUA
ACTPOHOMWH
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HEro COAHIIeCTOsSHHUd. ETUnTaHe 3aMeTHAH, YTO HAYAAO PA3AHU-
BOoB Huaa mo BpeMeHHU coBmagaeT TaK¥ke C IIOIBA€EHHEM Hal Io-
pU30OHTOM caMol¥ spko# 3Be3nrl — Cupuyca, uau Comngera, Kak
Ha3plBaAu ero B [IpeBHeM Erumnrte. OgHako caMbIM pacumpocTpa-
HEeHHBIM CTaAO ApeBHerpedeckoe Ha3zBaHueM 3Be3arl — CorTHc,
oTCcI0OLa Ha3BaHHE 3TOrN0 KaAeHOaps — COTHYECKUH.

Habaromasa nBuxkenue Cupuyca, eTUNTIAHE ONPELEAHAHN IIPO-
OOAXKHUTEABHOCTHL COAHEYHOTO rofa, PaBHYIO IMOAHBIM 365 cyT.
T'onm oHm momeauan Ha 12 ogmHakKOBBIX MecdaneB no 30 cyrT.
B KaX/IOM, a 5 AHUIMHHUX AHEH KaXOOT0O roma OOBABASAUCE
npa3gHUKaAMU B 4eCTh OOTOB.

OpgHaKO TOYHAd MNPOLOAXKHUTEABHOCTH COAHEYHOTrO roma —
365,24 cyr. B TeueHue 4 AeT HAKAIAUBAIOTCH HOYTH IOAHBIE
CYTKH, CA€OOBATEAbHO, KaXAbIH mepuon u3 4 AeT HacTyllaa Ha
CYTKH paHbIIe, yeM npeabaymuii. 2Kpensl 3HaAHW, KaK MO3IXKHO
HCHOPaBUTh KaAeHOapb, HO He OEAAAHU 3TOTO H3 PEAUTHO3HBIX
coobpaxeHuii: oHU cuuTasu 6aarom, 4To Bocxon Cupuyca mpu-
XOOUTCS IO odepenu Ha Bce 12 mec. Havyaao coaHeuHOTO ropa,
ompemeaeHHoe 1o Bocxony Cupuyca, M HaYaAo roma Imo KaaeHpga-
pio coBnagaau yepe3 1 460 aet. Tako¥ HeHb U TOL TOPXKECTBEH-
HO oTMedaAu. [[o3Ke 5TOT rom OBIA Ha3BaH TaK¥Xe BeAUKHUM,
BoxecTBeHHBIM HAU I[lcoBrIM romom (mo HazdBaHuio Cupwuyca,
rAaBHOU 3Be3nbl B co3Be3auu Boawmoro Ilca).

[lepen reAMaKHYE€CKHUM BOCXOJAOM (BOCXOOOM IIOCAE IE€PHO-
na HeBunumocTHu) Cupuyc ucuezaeT gasa HabaloogaTeAed HOYHO-
ro Heba u Haxonurcsa BHe BugumocTtu 70 nHeit. Ilo mpourecTBUHU
3Toro BpemMeHH CHPHYyC BOCXOOHT 34 OAHY MHHYTY OO BOCXOZIa
CoaHIla, MOABASSCH KaK sSpKasdg KpacHad 3Be3dnga, OpPsSMO Ham
TOPHU30HTOM IIOYTH TOYHO Ha BOCTOKe. B ator moment Cupuyc,
CoaHIle 1 3eMAS OKa3bIBAIOTCSI HA OAHOM AMHUH. OTO U €CTh TakK
Ha3pIBaeMblil TeAMaKH4YeCKUH Bocxon Cupuyca B AydaX yTpeH-
He#l 3apH, KOTOPHIH oTMedaeT HAa4YaA0 HOBOTO rojaa.

B ErunTe noutu BCE XpaMbl, a TaKXe HanpaBAaeHUe B3raapa CHuHkca, ObIAM BbIPOBHEHbI
no AMHUW FeAUAKMUECKOro Bocxopa Cupuyca (MOUYTU TOUHO Ha BOCTOK). B cTeHax MHOrmx
XpamMoOB CyL,eCTBOBAAM CKBO3Hbie OTBEPCTUA, BMNAOTb A0 HEKOEW TEMHOMW BHYTPEHHEWN
KOMHaTbl. B LeHTpe 310 KOMHaTbl 0OBIUHO HAaxOAUACA aATapb B BUAE Ky6a UAM NpsAMO-
yroAbHUKa. B MOMeHT reanakuueckoro Bocxopa Cupuyca ero py6bMHOBO-KpaCHbIM CBeT
napan Ha aATapb B TEUEHUE HECKOAbKUX CEKYHA, YTO AAAl XPEeLoB O3HauyaAO Hayaa0 HO-
BOIO ropa U nepBbii AEHb NO CUPUAHCKOMY, UAU COTUUECKOMY, KaA€HAapIo.
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AYyHHO-COAHEYHBIe KaAeHAapH. /(A9 MAaHUPOBAHUA U peEry-
AUPOBaHUA XO3AHCTBEHHONW NEATEABHOCTH IIapaAA€ABHO IpPHUMeE-
HSAWCH COAHEYHBIH U AYHHO-COAHEYHBIH KaA€HIApPH.
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HOCTH noAb3oBaauch B Kutae mw Muguu. Beiao 3amMedeHO, YTO
IOSIBAEHHE OIpPEeLEeA€HHBLIX 3Be3] Ha Hebe yTPOM HAU BedepoM
COOTBETCTBYET HaudYaAy OIpPEeLEeA€HHOTIO IIepHOLa B KaAeHOape.
TakuMu 3Be3OaMH-OPHUEHTHPAMHU SABAIAUCH Pureab, Bereab-
re#ize, Autapec, Cupuyc. OcobeHHO IIPHUCTAABHO B APEBHOCTH
CAEIUAU 34 OAOXKEHHEM co3Be3nud boabmag MeaBemuiia, 3a
€ro IMOBOPOTOM H IIOAOXKEHHEM «PYUYKH» KOBIIA HAH «XBOCTa»
MenBenuubsl oTHocuTeabHO ropusonta. C X X1 B. go H. 3. Mme-
ca1bpl B KaseHnape KutTasg HayMHAAWCH C HOBOAYHHUd, a Hada-
A0 HOBOTO rofia NPUXOLHUAOCH Ha BpeMd MeXAY 3UMHHUM COAH-
IIECTOSHHUEM U BECEHHUM paBHomeHcTBHeM. B VII B. mo H.3.
yCcTaHaBAHMBAETCS NPOMOAXKHUTEABHOCTH roma B 365,25 cyr.,
a B IV B. 1o H.5. yepe3 KaxAable 19 AeT BCTAaBAIIOTCS OAOMIOA-
HUTeAbHBIe Mecanbl. [IpumepHo 3a 100 aAeT 0O HACTYyIAEHHUHA
Hame# 3pel B Kutae 6bIA BBeleH KaAeHAZapb, B KOTOPOM IIpO-
NOAXKHUTEABHOCTD Mecsna 60beiaa 29,5 cyT., IPOLOAXKUTEABHOCTD
roga —* 365,2502 cyT. I[Ipu aToM B KaXAbIH TpeTHH, IIE€CTOH,
neBSATHIH, OMUHHAaAAUATHIH, YeThIpHAAIIATHIH, ceMHaAUaThId H
OeBITHAOIIATBIH Troa Hamo OBIAO BCTaBASTh JOHNOAHUTEABHBIH
TPUHAAIIATBEIH MecdIll. OTOT HIpPOIecC Ha3bIBAeTCHd UHMEpPKAs-
yuetl.

B [peBHel I'peumnu, KakKk U B cTpaHaxXx BocToka, HCIOOAB30-
BaACS AYHHO-COAHEYHBIH Kase€HZapb, B KOTOPOM HadYaA0 KaxXK-
AO0TO Mecslla paclioAarasoch KaK MOJXKHO OAMIXKe K HOBOAYHHIO,
a cpegHAd NPOAOAXKHUTEABHOCTH rofla COOTBETCTBOBaAa IIPOMeE-
KYTKY BPEMEHH MeEXJAY ABYMS BECEHHHMH PaBHOAEHCTBHUAMU.

33 UCKAIOUEHUWEM MOCAeAHero — debpyapuyca, COA€pPXaAU CUACTAMBOE HEUYETHOE UMUCAO
AHel: an6o 29, anbo 31. B pebpyapuyce HacuuTbiBanOCb 28 AHel. Bcero B kaneHaap-
HOM roAy noayyanocb 355 pAHei, Ha 10 AHei MeHbLe, YUeM CAeAO0BaAO. TAaKON KaneHAapb
HYXAAQACA B MOCTOSIHHbIX UCMPAaBAEHUAX, UYTO ObLIAO BMEHEHO B 006S3aHHOCTb KOAAErWWU
NOHTUPUKOB, YAEHOB BEPXOBHOW KacCTbl XpeuoB. [MOHTUGUKUM AUKBUAUPOBAAU HEYBA3KU
B KaneHAape CBO€M BAACTbIO, A0OaBAAA B KaneHAApPb AOMOAHUTEAbHblE AHU MO CBOEMY
pa3yMeHuio. C KaAeHAApHbBIMU AaTamu ObiAM CBA3aHbl ynAaTta HAAOrOB M MPOLEHTOB
no CCyAam, BCTYNAEHUE B AOAKHOCTU KOHCYAOB U TPUOYHOB, AaThl NPA3AHUKOB U Apyrue
cobbiTusi. BHOCS TeM AMO6O MHBIM 06pPa3oOM M3MEHEHUR B KaA€HAAapPb, MOHTUOUKUA MOTAU
YCKOPUTb UAU OTCPOYUTb Takue COObITUSA.

m KaaeHpapb B ApesHeM Pume. B kaaeHpape ApeBHero Puma Bce mecaubl KaneHAaApSs,

CoaHeuyHBIH KaAeHZapb. CoAHEeUYHBIH KaAeHOAaphb BO3HHUK 0O-
Aee 6 TBIC. A€T Ha3aZ, B €r0 OCHOBY IIOAOXKEH TPONUYECKHH TOA.
Tp&HIYeexkii BO# (TakKe MU3BECTHBIN KaK COAHEYHBIH rom)

B obmeM CMBICAE — 3TO IIPOMEXYTOK BPEMEHH, 3a KOTODHIH
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Pumckuin umneparop,
NOAKOBOAEL, NUCATEeAb
fan K0ami Liesaps

Puc. 1.19

CostHIIe MPOXOAUT Yepe3 TOYKY BeCeHHEero pasHojaeHcTBuA. Pas-
JIMYAOT BeCeHHee U OCeHHee PABHOAeHCTBHE.

B CeBepHoM Monymapuy BeCEHHEe PABHOAEHCTBHE IIPOUCXO0-
ant 20 mapra, korga Conrane nepexoaut ua Ksxuoro nonyma-
pusi B CeBepHoe, a oceHHee paBHOAeHCcTBHe — 22 unm 23 ceH-
Tabpsa, korga Conuane nepexoguTt ua CeBepHOro moaymapus
B IOxHoe. B I0xHOM noxymapun, Haobopor,
MAPTOBCKOE PABHOJAEHCTBHE CUHTAETCSH OCEeH-
HHUM, 4 CeHTAODPBCKOEe — BeCeHHUM.

Hapoasl, 3aHEMaBIIHeCs 3eMJIeIejineM, oc-
HOBBIBAJIM CBOM KAaJIeHAADbL HA HPOAOJIMKHUTEIb"
HOCTH TPONIHYECKOro roga. B Hacrosmee BpeMs
COJTHeUHBIN KaJeHJaph MPUHAT B KAYeCTBe MU-
POBOro KajleHAaps.

Hamnanckuii coTHeYHbIH KajleHaapb cTapo-
ro cruan. KOauancknii conHeuHBIH KajJeHIaph
CTAPOro CTHJIA OCHOBAH HA MPOAOIKUTENBHOCTH
roga 365,25 cyr. On 6611 paspaboraH anexcaH-
apuiicKkuM actpoHomMoMm Co3HMreHoM, BEBeJIEH M-
nepatopoMm I'aem Humem Ilezapem (puc. 1.19)
B Jipesaem Pume B 46 r. 1o H. 3. ¥ pacnpocTpa-
HWJICA 3aTeM 110 Bcemy Mupy. B weers IN'as Onmus
Ilesaps 9TOT KaJleHIaPh MOJYYNUI CBOE HA3BAHHE.

Co3aureH (Sosigenes) — anexkcaHApUMCKMA Y4EHbIW, KOTOPbIA Xun B | B. 40 H.3. OH Gbin
npurnawex laem KOnuem Lleszapem B Pum ans ucnpaeneHus KaneHaaps, B Kotopbix Cosu-

reH ¥ NPUHAN gesTensHoe yyactue. dunocodckue Tpyab CoaureHa, B TOM YUCNE KOMMEH-
Tapui K Tpaktaty Apucrotensa «De Caelo», He coxpanunuck. B 1935 r. MexayHapoaHsii
acTPOHOMMYECKUI COI03 npucBoun ums CosureHa Kparepy Ha BMAUMOMW CTOPOHE JlyHbl.

Ilo sameicay CoaureHa, HAYAJN0 KaKAOr0 KAJeHAADHOTO
roga A0JKHO OBLI0 BCerjga NPpUXOAUTHECHA HA OAHO M TO JKe 4YHC-
JI0 ¥ BPEMSA CYTOK, a ero NpoJo/IKHUTENLHOCT — OYeHb 0JIM3-
KO COBHAAATH cO 3Be3fAHBIM rogom. Iloaromy Tpm roga nmoapsmg
JOJIKHEI cocToATL U3 365 cyr., yerBepreiit — u3 366. IIpn
3TOM OJAMH roj pasousasica Ha 12 Mec. U U3 KaJleHAapA HaBCEr-
JIa U3BIMAJICA JOMOJHUTEJBHBINH MecAll — MepHnefoHui. 3a Ha-
4aso roaa 6b110 NTPUHATO 1 AHBADPHA, NOCKOJBKY HMEHHO B 3TOT
JleHb 110 TPAJHUINH YIKe MOYTH JBa BEKa BCTYIANH B JHOJKHOCTh
BHOBb M30paHHBIe PUMCKHEe KOHCYJbI. Ynopanounn Cosuren
M YHCJO0 JHeil B MecAnax. Bce HeueTHbIe MeCALbl CcOAepKaiu
no 31 gHio, a Bce uetHble — mo 30. JImmb B (peBpasie «KOpoT-
Koro» roga oew1o 29 aHeit, a ¢« JIMHHOTO», BUCOKOCHOTrO, — 30.



WCTOPUA PA3BUTHUA
Ha Pycu ronuaHCKHI KajeHJaph CTApOTO CTHJIA OB IPHHEAT | AcTPOHOMUM
B 988 r. B wonmaHCcKOM KaleHgape MpoAoIKHUTeILHOCTE Mojia co-
crasiaser 365,25 cyr.; Tpu 0OBIYHBIX rOJA HACYUTHIBAIOT 110 365
CyT., OQUH BHCOKOCHEIH rog — 366 cyr. B roay 6s110 12 mec.
no 30 u 31 genb Kaxasei (kpome despans). HOnauanckuii rox
orcraer ot Tponuuyeckoro Ha 11 muu 13,9 ¢ 8 rog. 3a 1500 ner
ero NpuMeHeHMsA Haxkonwiaack omubka B 10 cyr.
IlpocTeitmmii ciocod onpeiesleHHsA, KAKOH MeCAl] KOPOTKHI,
a Kako# — MJWHHBIH, DIPUAYMAIHN €/1Ba JIU He OJHOBPeMeHHO
¢ JIMAHCKUM Kajieaaapem (puc. 1.20).
31 gems 30 zem
Mapt Amnpens e
(oxTa6pB) (Hoa0pL) Mpocrefwmin cnocob
28/29—30 ens N OnpeAeAeHus
Deppans Maii KOPOTKOTO
(cenTabps) (nexabps) W AAMHHOTO MecAua
31 nenn
Hions
31 nenn 30 nenn
fAusaps Hionn
(aBrycr)
Y1066 4OGMTLCA NOMHOrO COBMaAeHusa CNeAYIOWEro HOBOrOAHero npasaH1Ka ¢ acTpoHo-
MUHECKMM BPEMEHeM, nepea Tem Kak PUMCKan UMnepus oduuManbHo nepewna Ha Ho-

Bbli KaneHgapb, €e rpamgaHaM NpUWNoch NPOXMKUTb HEOBLIKHOBEHHO ANWHHBLIA roA. Mo-
CKONbKY, N0 pacyeTam Co3ureHa, NPeXHWA PUMCKHUIA KaneHaapb 04eHb CMNbHO onepeawn
3BE3/HbIA rof, TO KpoMe 23-AHEBHOr0 MepueaoHKs BbinK AobGasneHbl elwe Asa 6e3bl-
MSAHHbIX Mecsiua M3 34 u 33 aHeNl, KoTopble BCTaBuAKM Mexay Hoabpem v aexabpem.

IIpuaATHE HIHAHCKOr0 KaJdeHaapa XPHCTHAHCKHM MHPOM.
B 325 r. cocrosnca nepssiii Beenenckuit (Hukreitckuit) cobop
Xpucruauckoit nepksu. OH yTBepANJ IOJHAHCKHI KaleHIaph
JUIA UCIIONIB30BAHMA B XpUcTHAaHCKOM Mupe. IIpn aToM B 1o1mnan-
CKMil KaJeHaaphb, cTporo opuertTupyiomuiica sa Connne, 66110
BBeJieHo aABusKeHue JIVHBI co cMeHoit ee (a3, T.e. COTHeUHBIH Ka-
JeHAapb OB OPraHWYHO COeJHHEH C JIYHHBEIM KaleHaapeMm. 3a
HAYAJIO JIETOMCYHCIeHHs OBLI IPUHAT roj| Iposoariaamenus J{uo-
KJEeTHAHA PUMCKHM UMIepaTopoM — 284 r. o NpUHATOMY HbIHE
JIeTOHCYHCIeHn0. JleHs BeceHHero paBHOAEHCTBHA 110 IPHHATO-
My Kajgenzaapio npuimesncs ma 21 mapra. Or sroro gHA paccum-
THIBAETCH AATa MIaBHOTO XPHUCTHAHCKOrO nmpasgauka — [lacxwn.
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BBenenne AeToHcUYHcAeHHsa oT PoxaecrBa XpucToBa.
B 248 r. spbel [IlUOKAETHAHA HACTOATEAb PHMCKOILO MOHACTHIPSA
Aunonucuy Maapl¥ MocTaBHA BOIPOC: IIOYEMY XPUCTHUAHE BEAYT
AETOHUCYHCAEHHE OT BOIAPEHHUS SPOCTHOTO TOHUTEAS XPHUCTHAH?
Hexoum obOpas3om oH ompepmeaua, 4To 248 roxm 3pbl JJHOKAETH-
aHa coorBercTByeT 532 r. or PoxpecrBa XpucrtoBa. Ilpexao-
XKeHHe BeCTH cdeT romam oT PoxnpecrBa XpucToBa cHadasa He
OpUBAEKAO K cebe BHuMaHug. Aumb B XVII B. Hagyaaock BHe-
ApPEeHHE TAKOI0O A€TOHUCYHUCAEHHUS BO BCEM KAaTOAHMYECKOM MHPE.
Haxkonen, B XVIII B. 1HOHUCHUEBO AETOHCUYHUCAEHHUE IIEPEHAAHU
ydeHble, U €ro ynorpebAeHHEe CTAAO IIOBCEMECTHBIM. ['oabl cra-
AU cuuTaTh oT PoxpmecrBa XpucToBa, KOTOpPOE€ IPHUHATO 3a Ha-

4yaAo0 HalleXd SpPEI.

BucokocHbiMUM ropamu 6biav 1200, 1600, 2000-4 M 6yayt 2400, 2800-i, a 06bIUHbI-
Mu — 6b1An 1300, 1400, 1500, 1700, 1800, 1900-# u 6yayt 2100, 2200, 2300, 2500,

2600, 2700-i. KaxAbli BUCOKOCHBIH FOA, OKAHUMBAIOWMKNACA Ha ABA HYAA yBEAUUUBaET
pasHULy HOBOrO KM CTaporo ctuas Ha A peHb. NMoatomy B XVl B. pa3Huua coCTaBAfiAd
11 aHelt, B XX B. — 12 apHei, a BoT B XX u XXI BB. pas3Huua OpAHA U Ta xe — 13 AHeMl.
MockoAabkKy 2000 r. 6bIA BUCOKOCHBIM, OHA yBEAUUUTCA TOAbKO B XXII B. — A0 14 AHeW,
3atem B XXIll B. — A0 15 AHel U T.A.
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FpHropHaHCKHH COAHEeYHBIH KaAeHZaph HOBOrO CTHAM.
B rpuropmaHCKOM COAHEYHOM KaA€HAape HOBOTO CTHAS IIPOILOA-
KHUTEABHOCTH roga cocraBageT 365,242500 cyr. B 1582 r. roau-
aHCKHUH KaaseHAapb IO yKas3y nanbsl puMmMckoro Ipuropus XIII
6bIA pepOPMUPOBAH B COOTBETCTBHE C IIPOEKTOM HTAABSIHCKOTO
MateMaTuka Ayunxu Auauo 'apaaasu. Cyer gHeH nmepeaBUHYAH
Ha 10 cyT. BIepen M YCAOBHAHUCH KaXKJ0€ CTOAETHE, HE HEASIIE-
eca Ha 4 6e3 ocraTtka (1700, 1800, 1900, 2100 u T.x.) He cYH-
TaTh BUCOKOCHBIM. TeM caMBIM HCIpaBaseTcd omubka B 3 CyT.
3a kaxnasle 400 aer. Omubka B 1 cyr. HabGeraer 3a 2 735 aer.
HoBrle CTOAETHH U TBHICHAYEAETHS HAaYHMHAIOTCA C 1 gHBapd mep-
BOT'O roJa OJAaHHOTO CTOAETHUS M ThicaddeaeTusa: tTak, X X[ B. u
3-e TeicayeAseTHue Hadaauch 1 guBapdg 2001 r. mo rpuropuaH-
CKOMY KaAeHIaplo.

B Hame# crpaHe 10 OKTAOPHCKON PEBOAIIHHU INPUMEHHIA-
cd IDAMAHCKHH KaAeHAaphb CTApOTOo CTHAS, OomMHOKa KOTOPOTO
K 1917 r. cocraBagaa 13 cyr. B 1918 r. B cTtpaHe ObIA BBeeH
OPUHATBEIHA BO BCEM MHpPE€ TPHTOPHAHCKHI KaAeHOapb HOBOTO
CTHAS, a BCe AaThl CABUHYAHCH Ha 13 cyT. BHepen.

I[lepeBon maT IAMAHCKOIO KaAeHAaps Ha TPUTOPHAHCKHUH

KaA€HOapb OCYIIECTBASIETCS IIO0 CAEAYHINHM (GopMyasaM:



T =Ty +n; n:C—gL— )

roe T. u T, — maTbl IO TPUTOPHAHCKOMY M IOAMAaHCKOMY Ka-
AeHZapdaM; n — Ileaoe YucAo AHe#H; C — YHCAO NMOAHBIX IIPO-
mepamux croaetuin; C, — Oauxkaiimiee YUCAO CTOAETHM, Kpar-

HOE 4.

B Hacrogmee BpeMsa pa3paboTaHbl KOHBEPTEPHl AAaT TPHUIO-
PHAHCKOTO M IOAMAHCKOTO KaA€eHJapel OHAAWH, KOTOPBIE MOX-
Ho HalitTu B MHTepHeTe. B 3THX KOHBepTepax AaThl A0 (PaKTH-
4eCKOIo BBEJEHHH IOAHMAHCKOTO KaAeHaapd mnpeobpasyiorcd
C HUCIIOAB30BaHHEM CTaHAApPTHBIX IIPpaBUA AAS IOAMAHCKHUX BHU-
COKOCHBIX romoB. aTel no pedopmbl 1582 r. mpeobpasyrwrcsa
C MCIIOAB30BaHHEM CTaAHAAPTHBIX IIPaBHUA OAS TPUTOPHAHCKHUX
BHCOKOCHBIX TOoA0B. B KoHBepTepe mpeobpa3oBaHHEe OAS TOLOB
0 TPUTOPHMAHCKOMY KaA€HAaplo BO3MOXKHO BIAOTHL A0 2400 r.

F'puropmaHckuil KaseHnapsk (B Poccum mmeHyerca «HOBBIH
cTuAb») BBefleH B 1582 r. manoit 'puropuem XIII. [Toarorosky
pedopmbl mo ykazaHuio I'puropusa XIII ocymecTBASIAH acTpo-
HoMbl Xpuctodop KaaBu¥ um Aasoumsuit Auauii. [IpuduHOi,
a ToYHee, IIOBOAOM pePOPMHPOBAHUA KaseHAaApPsa GBIAO CMeIle-
Hue (PAaKTHUYECKOTO AHS BECEHHEro paBHOAeHCTBHUA Ha 10 map-
Ta, B TO BpeMsa KaK Ilacxaausda (MeToAMKa pacdera maThl Ilac-
XU — Npas3JHHUKa B 4eCTh BOCKpeceHusd HMucyca Xpucra) tpebyer
6paTh B pacuer 21 MapTa M3 IOAMAHCKOTO KaAeHIapH.

HNHBIMH cAOBaMH, MMEHHO N€Hb BECEHHEro PaBHOMAEHCTBHULA
yd4acTBOBaA B oNpeAeAeHUHU AaThl [lacxu, u 3TOT A€Hb B KaA€H-
JLape CTaA CO BpeMeHEeM He COBIanaTh C MPAaKTHYECKHUM BECEHHHUM
PaBHOLEHCTBHEM B IPHUPOJAE; KPOME TOTO, MMEAO MECTO pacco-
raacoBaHHME€ NacCXaAbHBIX NOAHOAYHHUH C aCTPOHOMUYECKHMHU.
B 1582 r. rpuropuaHCKHH KaseHaAaphb BIEpPBhIe IIPUIIEA HA CMeE-
HY IOAHAHCKOMY: CA€AYIOIIUM AHEM IlocAae deTBepra 4 okrabpda
1582 r. crasa narHuna 15 okTabpa 1582 r. Takum ob6pasowm,
pedopmMa KaseHIZaps AHMKBHAHpPOBaAa OTCTaBaHHE IOAMAHCKO-
ro KaseHJapsd IO OTHONIEHHIO K COAHEYHOMY TOAY.

FpuropumaHCKHH KaseHZaphk HAMHOTO TOYHEE IOAMAHCKOTO:
OH JaeT ropasfo Aydlnee NPUOAMNKEHHE K TPOINHUYECKOMY TOAY.
CaM IrpUTOpPHAHCKHH KaAeHOapb OCHOBAaH Ha IHUKAHYECKOM 006-
pamesHuu 3eMAHn BOKPYTr CoAHIIA; NPOLOAXKHUTEABHOCTH OJHOTO
HHUKAa, T.e. ogHOro obopora BOoKpyr CoaHma, IPHUHATA B TPHU-
TOPHAHCKOM KaAaeHgape paBHOH 365,2425 cyr.

IIpaBHAO pacnpeneAeHHUS BHCOKOCHBIX I'OZIOB B 'PHrOpPHaH-
CKOM KaAeHzmape. [puropmaHCKUH KaseHOaphb comepxkut 97 Bu-
COKOCHBIX AeT Ha kaxpawsie 400 aer (97/400 = 0,2425).
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B rpuropuaHCKOM KaAeHOape NPaBHAO PACHPELEAEHHUS BH-
COKOCHBIX TOZOB CA€AyIOIIEe:

1) rox, HoMmep KoToporo KpatreH 400, — BHCOKOCHBIH;

2) ocTaAbHBIE TOABI OEASTCSH Ha ABe TPYNNOBI: Toxa, HOMED
KOTOpPHBIX KpaTeH 100, aBAgIOTCH HEBHCOKOCHBIMH, a roma, HO-
Mep KOTOpPBIX KpaTeH 4, — BHCOKOCHBIMH.

TakumM o6pa3oM, BHCOKOCHBIMHU romamMu O6bpiaum 1600-#
u 2000-3, a 1700, 1800 u 1900-ifi — BHCOKOCHBLIMMU H€ OBIAH.

B roamaHCKOM KaaeHOape rog HadyuHaeTcd 1 gHBapd, IIO-
CKOABKY B /IpeBHeM PuMe mMEeHHO B 3TOT AeHb ¢ 153 r. mo H. 3.
u36paHHbIle KOHCYABI BCTYIIAAHU B HOAXKHOCTH. OAMAHCKHUN ron
HMeeT IIPONOAXKHUTEABHOCTE B cpenHeM 365,25 cyr. (1 Bucokoc-
HBI# rog u3 dyeTbipex = 1/4 = 0,25), uro 6oabme Ha 11 MuUH mpo-
OOAXHWTEABHOCTH TPOIIHYECKOTO roga. B rpHrOpHaHCKOM KaA€H-
nape, oA cpaBHeHHdI, 1 rom nmpupaBHHBaercd K 365,2425 cyr.
HUToro, oAMaHCKHUH aCTPOHOMHUYECKHUH IIMKA AOABIIE TPUTOPHU-
aHckoro Ha 365,25 - 365,2425 = 0,0075 cyT., 4TO coCTaBAfeT
10,8 mMuH (T.e. npumMepHo 11 MmuH).

l3-3a BRIMIEONIUCAHHON OMUOKK, paBHON nmpuMmepHo 11 MuH
B roj, B pa3Hble BeKa pa3HHIlA B CyTKaX MEXAYy JaTaMHU TPHUTO-
PHUAHCKOIO U IOAMAHCKOIO KaseHgapeil He Oblaa OQUHAKOBOMH,

a ImIpoaoaAxaAa YyBEAUYHUBATHCH.

3HaeTe AU Bbl, KTO NMPUAYMaA NMepBblie OTPbIBHbIE KAaAeHAApu? IT0 ObIA U3BECTHLIN pyC-
ckuit nucateab AeB Hukonaesuu Toactoir. OH NocoBeTOBaA HaneuaTaTb TAKOM KaAeHAapb
M3AATEAID, U BCKOPE MAEA MMEAa OLIEAOMUTEAbHBbIN ycnex.

KaaeHnmapu B Poccuu. Ha Pycu B momeTpoBCcKoe BpeMs GbIA
IPUHAT IOAMAHCKHUHN KaA€eHOaph CO CYETOM AET IO BH3AaHTUUCKO-
My obpas3ny — oT corBopeHus mupa. Ilerp I BBea B Poccuu cra-
pPBEI CTHABP — HAMAHCKHU KaseHOZapb CO CHETOM A€T OT Poxk-
necrBa XpHCTOBA.

CamMpl#i mepBBIH Tpa’kAaHCKHUH KaAeHOaph INOIABHACH IIe-
pen HOBBEIM 1709 r. o storo Poccuda Kuaa UCKAIYHUTEABHO
o0 IpaBOCAaBHBIM cBaTnaM. Kasengaps Obia Hamedatad B Mo-
CKBe Ion pemakinued rpada SIkoBa Bpioca, KoToporo cuurtasu
aAaAXHUMHKOM H KoaayHoM. Ilo 3amMbIcAy u3maTteasd oH Obla pac-
cuuTaH Ha 100 aeT ¥ cocTodgA M3 ABYX 4YACTEH: CIPaBOYHOH U
npenckazatreabHod. KaaseHnmapp mpencraBasga coboif cAoXHeMH-
myue 4YepTeXH, U CEeronaHsd pa3obpaTbcd B HHUX CMOXKET He BCH-
KUM clienuasucTt. «BprocoB KareHaapb» OBIA aCTPOAOTHYECKHUM,

BBEIAEPXKAHHBIM B CTPOTHX HAY4YHBIX KaHOHAaX.



Kasenmapu B Poccuu B XVIII—XIX BB. npeacTaBAIAU CO-
60 TOACTBIE KHUTH, B KOTOPBIX MOXKHO OBIAO HAHTH AIOOYIO HH-
dopmManuio: o CBATHIX, NIPa3fHHUKAaX, NOAEeBBIX paborax. ®aKkTHu-
YeCKHU OHH SIBASAHCH OJHOBPEMEHHO CBOEOOPa3HON SHIMKAOIE-
Aved U AUTEepaTypHBIM asbMaHaxoM. [Jo3ToMy He CTOUT YyAHUB-
ASITBCSI, BCTPETHB B AUTEPATyPHOM IIpoU3BeneHUHU dhpa3y o TOM,
4TO CeMbd Ha HOYb YHTaAa BCAYX KaAeHOaphb.

HoBBI¥ CTHAB, HAU TPUTOPHAHCKHH KaneHAApPb, OBIA BBeAEH
B Hamel ctpaHe 24 gauBapa 1918 r. Jekperom CHK PC®CP
o BBeAmeHuUU B Poccuiickoil pecnyb6auKe 3anagHOEBPOIIEHCKOTO
KaseHmapa. IIpu sTom Oblaa IpuMeHeHa momnpaBkKa Ha 13 cyrT.
Taxk, coraacHo 3ToMy AekpeTy nocae 31 gauBapda 1918 r. B Poc-
cum Hactynuao 14 cdeBpasag 1918 r. ToABKO C 3TOT0 BPpeMEeHH
AaTbl NPOUCXOAAIIUX COOBITHH IO POCCHHCKOMY KaAeHAapIO
1 KaA€HOaplo 3amafHBIX CTpaH CTaAHd COBIaaaTh.

C 1929 mo 1931 r. B CoBerckom Coro3e melicTBOBaA TakK Ha-
3bIBaeMbIi PEBOAIIIMOHHBIN KaseHxapb. B romy 6b1a0 12 mec.
nmo 30 mHeH. «AMINIHHUE» AJHU HOCHUAHU COOCTBEHHBIE UMeHa: [JeHb
AeHuna (caegoBan nocae 30 gaHBapd), ABa UHAYCTPHUAABHBIX AHA
(caemoBaam mmocae 7 HOA6pd), ABa AHA Tpyna (mocae 30 ampeas).
B BuUCOKOCHBIH ron mobaBagacg elne oquH AeHb (mocae 30 des-
paas). Henmeas cocTosina M3 OATH AHe#, o6o3HavyaBIIUXCH pas-
HBIM LBETOM OAfd Pa3HBIX IpyHnIl paboOTHHKOB.

B mocaexpyrmiue roabl B AETOUCYHUCAEHHUHU HCIOAb30BaACsd
TPUTOPHUAHCKHUHN KaseHZapb. OQHaAKO B OTPBIBHBIX KaAeHAapax
3ayacTylo Ha CTpaHHIle C AaTOM yKas3bplBaacd TLoJ, cUuUTasd OT
cBepmeHusa OKTAOPBCKOH PEBOAIOIIHH.

UCTOPUA PA3BUTUA
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B Hauyane XX B. 6bIA paspaboTaH NpoeKT MeXAYHapoAHOW pedopMbl KareHApapA. [pea-
Aaranocb paspeAuTb rop Ha 13 Mec. no 28 AHeW, a OAUH OCTaBLUUICA AeHb MAKOC elle
OAWH B BUCOKOCHble TOAbl CAeAaTb NPasAHUYHBIMU U 060COO6AEHHBIMU. TAABHLIMU MALO-
caMu Takoro KaneHAaps HasblBaAUCb YeTKOe COOTBETCTBUE YUCAA AHIO HeAeAU (TaK Kak
B Mecsile 6biA0 6bl Bceraa uetbipe HepeAU) U 6onee TOYHOE cpaBHEHUE IKOHOMMUKO-
cTaTUCTUUYECKUX NoKasaTeAel no Mmecauam. OAHUM U3 HeAOCTaTKOB CyeBepHbIe AOAU
CYMTaAMU TO, YTO NATHULA Bcerpa 6yaeT NpUXoAUTbCA Ha 13-e yucnao. OAHaKo 3aTa npobae-
Ma pellaracb, eCAM HeAeAl HauyuHaTb He C BOCKpeceHbfl, Kak NpuHATO B CLUA U HeKo-
TOPbIX APYTHX CTpaHax, a ¢ NOHeAeAbHUKa. MpoeKT 6bIA AaXe BHECeH Ha pacCMOTpeHUe
B Aury Hauuit, Ho B 1937 I. ero OTKAOHUAU. [OPAYUM MOKAOHHUKOM pedopMbl ObiA
AXOpPAX WUcTMmeH, ocHoBaTeAb KomnaHWM Kodak, rae mopo6Hoe MCUYUMCAEHUE AHEW AAA
BHYTPEHHEro nAaHWpoBaHUA NpUMeHAAOCb ¢ 1928 no 1989 r.

BcemupHbIii KaseHAaph. K Havaay XX B. pocT MexXAyHa-

POAHBIX HAYYHBIX, TEXHHYECKHUX U KYABTYPHO-OKOHOMHUYECKHUX

cBda3eH O6yCAOBI/IA HeOoOXOOAUMOCTh CO3QAaHUS €AUHOTr0, IMPOCTOTO
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U TOYHOTro BceMHpHOro KaseHgaps, IIOCKOABKY CYLIECTBYIOIIHE
KaAeHJIapI/I HMEKT MHOTOYHCAEHHBIEC HEAOCTATKH B BHJAE HETOY-
HOTO COOTBETCTBHUS NPOAOAKHUTEABHOCTH TPOIHYECKOTO roga H
aaTaM aCTpOHOMI/I‘{eCKI/IX HBAeHI/IfI, CB4d3aHHBIX C ABHUXEHHEM
CoaHna o HebecHO# ccepe, HEepaBHOH W HEIMOCTOSHHOMN HIpo-
OOAXHUTEABHOCTHU MECSIl€B, HECOTAACOBAHHOCTHU YHUCEA MECH-
Ia U AHe¥ HeIeAU, HECOOTBETCTBHUSI HUX Ha3BaHUU MOAOXKEHHUIO
B KaAe€eHIOape u T.[H.

UneaabpHBblE BedYHBIH KaAeHAZapb obaagaeT HEU3MEHHOH
CTPYKTYypOH, N03BOAdIONe#l OBICTPO U OLHO3HAYHO ONPEAEALTH
OHU HeOEeAH II0 AI0OO¥ KaaeHOapHOUW maTe AETOUCYHUCAEHHUI.
OnMH K3 HAaMAYYIIHNX HPOEKTOB BEYHBIX KaAseHAapekd Obla pe-
KOMEHJI0OBaH K paccMoTpeHHuo 'eHepaabpHOM Accambaeeit OOH
B 1954 r.: Ipu CXOXECTH C TPUTOPHAHCKHUM KaAeHAapeM OH ObIA
npouie u ynobuee. TpomuyeckKui rom meauTcd Ha 4 KBapraaa
mo 91 nuo (13 Hemear). KaxXkarli KBapTaa HauiuHaAETCd C BOC-
KpeCeHHUd U KOHUYaeTcd cyb66oToi; cocTouT U3 3 Mec, B IEPBOM
Mmecane 31 meHb, Bo BTopoM u TperbeM — 30 gHed. B Kaxkmgom
Mecgue 26 paboumx mHei#. [lepBbBI#i HeHB roma — BCerga BOC-
KpeceHbe. OH oKa3aAcCd He PeaAH30BaH IIO PEAUTHO3HBIM CO00-
paxeHuaM. BBeneHue eQMHOI0O M BEYHOIo BceMHUpPHOro KaaeH-
maps ocraeTcs OLHOM uU3 NpPobGAEM COBPEMEHHOCTH.

Pesmome. Co3nmaHue KaseHOaps U IIOCAEeAYyIOIlee BBEAEHHUE A€-
TOUCYUCAEHHUST CIIOCOOCTBOBAAN PAa3BUTUIO YEAOBEUYECKOH IUBU-
AuM3alUu. B cBoell NpaKTHU4YECKOH NEATEABHOCTHU AIOAM HE MOTYT
oboiMiTuch 6e3 cuera nHeil B HemeAae, MecsdIle, 6e3 OIpeLEeAeHHOM
CHUCTEMBI CUYeTa AET.

KonTpoabHEIE BOIIPOCHI

1. Kak mogBuACSH KaAeHAapb, KAKOBO OBIAO €ro IepBOHAYAABHOE IIPE.-
HasHadYeHue?

2. Ha3oBUTE OTAWYHUTEAbHbIE OCOOEHHOCTH IOAMAHCKOTO CTHASI A€TOHC-
YUCACHUI.

3. HazoBure OoTAWYHTEABHBIE OCOOEHHOCTH TPUIOPHUAHCKOIO CTHAS Ae-
TOHUCYHUCACHHUA.

4. ChopmyaupyiitTe IpaBHAO paCIpefeA€HUs] BHCOKOCHBIX T'O0B B TIPH-
TOPUAHCKOM KaA€eHaape.

3AAAHUA AAA CAMOCTOATEABHOW PABOTHI

1. IlpenaoxkuTe CBOM BapHaHT HAEAABHOTO KaAeHIapsd.
2. IlepeuncanuTe TUIIBI KaAeHAaped M faiiTe, KpaTKyl0 XapaKTEPUCTUKY
KaXKZOMy M3 HHX. 3allOAHHUTE CPaBHHUTEABHYIO TaOAHILY.
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3. BocnoAb3yiiTecb KOHBepTepoM AaT rPUrOPUaAHCKOro U OAUAHCKO-
ro KaAeHpapeih oHAaWH Ha caWTe creounity.com U nepesepUTe Aarty,
COOTBETCTBYWOLLYIO AaTe CBOEero poxXAaeHusd, B AaTy NO IOAUAHCKOMY
CTUAIO.

TEMbl AOKAAAOB

1. AYyHHbIle KaAeHpapu Ha Boctoke.
2. ConAHeuHble KaneHpAapu B EBpone.
3. CocTtaBAeHUEe KaAeHpapel. KaAneHAapu pa3HbiX BpeMEH U HapoOAOB.

14. OnTMyeckass acTPOHOMMA

Q OnTMyeckass acTpOHOMUA — paspeA HabAlAaTeAbHOW acTPOHOMMUM, WHCTPYMEHTaMHU
KOTOPOW AIBAAIIOTCA TEAECKONbl, CMOCO6HbIe BOCNPUHUMATh BUAUMBIA CBET (ONTUYECKUE
TeAecKkonbl). KocMuueckue o6beKTHI Usyvyalorca nyteM aHaAusa MUX ONTUHECKOro U3AY-

YeHus.

o cepenuHsl XX B. NOHATHUYA «aCTPOHOMHUSA» U «ONTHYE-
CKad aCTpOHOMHUHA» 6BIAI/I TOXIOECTBEHHBI, TAaK KaK HHBIX CIIO-
cob60B aCTPOHOMHYECKUX HabAIOZEHHH, KPOME ONTHUYECKOTO,
He cyumlecTtBoBaao. 3aTeM 3HAYUTEAbHOE Pa3BHUTHE IMOAYYHUAHU
paguoacTpoHOMHSA, HH(PpPaKpacHas aCTPOHOMHUHA, yabTpaduoase-
TOBasdg aCTPOHOMHUSHA, PEHTITeHOBCKasd aCTPOHOMUSA, raMMa-acTpo-
HOMHUSHA, a TaK¥XKe acTpoPHU3HMKa KOCMHUYECKHX Aydel. B pesyab-
TaTe OITHYEeCKasd aCTPOHOMHUS BBIJEAHAACH B CAMOCTOATEABHYIO
OTpacAb aCTPOHOMHHU.

HebGecHble Teaa HCIYCKAIOT U3AYYEHHS: B BHAMUMOM AHala-
30He, HH(PpPaKpacHoe, yAbBTPa(PHUOAETOBOE, PAZLHOBOAHBI, PEHTIE-
HOBCKOe, raMMa-u3AydeHHue. Tak Kak aTrmocdepa MellaeT IPO-
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XOXKIEHHUI0O HEKOTOPBHIX BUJAOB HU3AYUYEHHUH K NOBEPXHOCTH 3eM-

AWM C OJAUHOM BOAHBI, MEHBLIIEHW MAUHBI BOAHBI BUAUMOTLO CBeTa

(yvaApTpaduOoAETOBOTrO, PEHTrEHOBCKOIO, raMMa-HU3AyYeHHUHd),

TO IIOCAeAHee BpeMsd Ha opOuUTy 3€eMAH BBIBOASTCS TEAECKOIEI

U 1eable opburaspHbie oOCepBaTOpPUU, T.€. PA3BUBAIOTCH BHE-

arMocdepHble HabGAIOIZEHUS.

HaGArozeHHus T B aCTPOHOMHH. HaGAlOAeHUA — OCHOBHOM HC-
TOYHUK nHPOpManuU 0 HeGECHBIX TeAaaX, NPOIleccax, SIBAEHUAX,
OPOUCXOAAIIUX BO BceAeHHOMW, MOCKOABKY OHU HaXxXOOSTCS Ha
GOABLIOM PACCTOAHHUU U 3KCIEPUMEHTAAbHBIE METOABl U3y4EeHUS
K HUM He NIPUMEHUMBI. BO3ZMOXHOCTSh NPOBELEHUST d3KCIEPUMEH-
TOB BHe 3eMAN BO3HHKAA TOABKO OAaaromaps KOCMOHaBTHKE.

Ocobennoctu HabAIOOEHUN B aCTPOHOMHUU 3aKAKYAKTCH
TaKXe€ B TOM, 4YTO [OAAS HU3YYEeHUS KAKOro-AubO sBA€HHUA He0O6-
XOMUMBI:

* [OAUTEAbHBIE IIPOMEXYTKU BPEMEHH U OLHOBPEMEHHOE Ha-
OAIOQEeHHE POLACTBEHHBIX OOBEKTOB (IIPHUMEP — OBOAIOIIUSA
3BEe31);

* yKa3aHUE IOAOXEHHd HeOEeCHBIX TE€A B IPOCTPAHCTBE (KO-
opAMHATHI), TaK KaK BCe HebecHble O0BEKTHI HAXOAATCH HA
GOABIIIOM PACCTOSHHU OT 3€MHOTO HabamwgaTeas.
PazanyaioT caeAyroliue BUABI HabGAOZEHUH:

* TIIOAy4YeHHEe CHHUMKOB 00BeKTa;

e (¢Qoromerpusa — H3MepeHHE KOAMYECTBA CBeTa, NPUXOASALIE-
ro or HabAmlmgaeMoOro ob6bLeKTa;

* CHEKTPOCKONHUH — HU3yYeHHE pacCHpeleAeHHUs DHEPTUU CBe-
Ta, Ipuxoasiieil or o6beKTa, 110 JAHUHAM BOAH (CIIEKTP IIPHU-
XOOANIETO H3AYUEHUSd);

* TMOASPUMETPHUS — HU3YUYEHHE [NOAAPHU3ALUN MNPUXOLSIIETO
cBerTa.

HcTopus pa3BHTHSA aCTPOHOMHYECKHX HabAOZeHHH.
B OpeBuem Erunrte HabGarogmenue 3a 3Be3goit Cupuyc (Cotuc)
IO03BOAMAO XpelaM IIpeacKasslBaTh pa3auB Humaa u ycraHo-
BHUTH IIPOJOAXKHUTEABHOCTh roga B 365 mHel emie B 5-M ThICS-
YEeAEeTHH 10 H.O.

OnHaKO AAS TOYHOCTHU HAOAIOLEHUMN OBIAM HYXHBI IPUOOPEHL.
HU3BecTHO, uyTo Pasrec Muaerckuiéi B 595 r. 1o H. 3. BOepBBIE HC-
HOAB30BaA THOMOH (BEPTHUKAABHBIHA CTEPIKEHb, 3AEMEHT COAHEU-
HBIX 9aCOB), KOTOPBIH [IO3BOAUA OIPENEAITH HE TOABKO BpeEMS
OHA, HO U MOMEHTHI PAaBHOLEHCTBUH, COAHILIECTOSHUN, NPOJOA-
XKHUTEABHOCTH rofa, IUPOTY HabGAIOAEHUS U T. X.

Y¥xe Funmapx HukeWCcKHUM HCIOAB30BaA acTpPOAsIOHUIO, YTO
IIO3BOAMAO €My H3MepPHUTH Hapaassakc AyHsl B 129 r. mo H.9.,
YCTAHOBHUTH NPOAOAKHUTEABHOCTSL roga B 365,25 cyT., ompene-
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JuTh npeneccuo u B 130 r. 10 H.3. COCTABUTHL 3BE3/HBINH KaTa- ACTPOHOMMM

mor u3 1008 3sean.

pbl B onpeaeneHHbid MOMEHT W ONPeaeneHns BbicoTbl HeGecHbIX Ten. OCHOBHAasA KOHCTPYH-
LUMs acTponabuu cOCToRNa U3 [ABYX KOHLEHTPUYECKMX AMCKOB, Ha OUH M3 KOTOPLIX Ha-
HOCHNachL KapTta 3Be3HOro Heba, a Ha Apyron — yrnoBas lWKana, pacnonomeHHan
Nno Kpaw; AWCKW COEAMHANUCE MEeXay COO0A B LUEHTpe M Aenanuch NOABMMHBIMK (KaK
B COBpPEMEHHON nnanucoepe). K HUM NPpUCOeanHANOCh ONTUYECKOE YCTPORCTBO. ACTPO-
nabuaMKU nonb3oBanuce co BpemeH [pesHen Mpeuun go XVII B. Ana Lenen HaBuraumm,
a TaKXe ANA U3MEepeHus BPEMEHH, BbICOT U YITOB.

m AcTponabua — OAMH M3 NEPBbLIX aCTPOHOMMUYECKUX NPpUBOPOB ANA NoKasa HeGecHon che-

Hna cBoux HAOMIOAeHUI JPEBHHE YYeHBbIe HCIIOJIb30BAIH
TaKkXe acTPOHOMHYECKHH Mmocox, actpoaaboH (mepsas pasHoO-
BUJIHOCTh TEOA0JHTA), KBazpanT. HabnwaeHus NpoBOANIKCEH
B COEIHATH3UPOBAHHBIX VUPEKISHUAX — 00CEPBATOPHAX, BO3-
HUKIIUX ellle Ha NepPBOM dTarne pPasBUTHA aCTPOHOMHH.

IIporoTHnOM TelecKomna MOMKHO CYHTATH NOA30PHYIO, MIHN
3puTeabHYIO, TPpyoy. B XVI—XVII BB. 0b110 HECKOJIBKO MacTe-
POB M y4YeHBIX M3 Pa3HbIX CTpaH, KOTOPbIE IIpeJjiarajiu CBOH pe-
meHuA. B cBoem Tpyne «Jlonmonnenusa B Burennuo», onyban-
xKoBanHOM B 1604 r., 1. Kennep paccmorpen
X0 JIyueH B ONTHYECKOH CHCTeMe, COCTOAIeH
M3 BOAKOBBINYKJION W ABOAKOBOTHYTOM JIMHS.
K 1604 r. cBOM KOHCTPYKIMM TpEACTABUIHN
rosasAckue macrepa 3axapuit flncen u ko6
Metnyc. sobperaTeneM TesecKkona CIYHTAET-
ca rojsasackuil macrep Moann JIunnepcrei,
3aHMMAaBIIMICA U3roToBJeHueM oukoB. OxHa-
KO caMble IepPBble YepPTeKH MPOCTeHIero JuH-
30BOT0 TeJjlecKona (IpuyeM KakK OJZHOJHH3OBO-
ro, Tak M ABYXJHH30BOro) 66111 00HAPYIKEHBI
emje B 3anucax Jleonapao la Burumn, gatupy-
emeix 1509 r. Coxpanunacs ero sanuce: «Cue-
Jnaii cTeKsa, 9To6bl CMOTPETh Ha NOJHYKI JIyHYy »
(«ATiaETHYECKHH KOJEKC» ).

IlepBEIM yuyeHBIM, KOTOPBIH MCIOJb30BAJI
3pUTENIbHYIO TPYOy, a 3aTeM NPUMHTHUBHBIN Te-
JlecKon aaA HabmoaeHna 3a HebOoM, cUuHTaeTCs
Tanunneo IN'anuneii. B 1609 r. on cobpan croio
MEepPRBYI0 3PATEJBHYIO TPYOY ¢ TPEXKpPaTHBIM yBe-
nauueHneM. B Tom ke roay I'anmsei DOCTPOHJ JINH30BBIN TeJe-
cKon AnuHON nmpumepHo 0,5 M ¢ BOCBMHKPATHBIM yBeJIHUYEeHHEM,
TMOTOM OH JioBeJ yBenudenue 10 32 pas (puc. 1.21). Bnarogapa

Teneckon I.TaAuren
Puc. 1.21

T AR
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Puc. 1.22

ACTPOHOMMUU O6mexTHE Oxynsp

Cxema teaeckona
I.Fanvaesn

atomy yerpoiictsy lanunieil caenan psaj 3HAYUTEIBHBIX OTKPBI-
THH B aCTPOHOMHH, B TOM uHncJie B saBape 1610 r. oTKpbLI de-
Teipe cnyTHuKa IOnurepa (Mo, Kanaucro, F'aaumen, Espona).

B kauecTBe 00bEKTHBaA y caMoro nepsoro teneckona I'.Ta-
anyesi ObLIa ofHA cOOMpaloIas JUH3a, 4 OKYJISAPOM CJYKHAIa
ojHA paccemuBaromas Junsa (puc. 1.22). Teneckon mmesn Manblii
YroJ 3peHud, CHIBHBIH XpoMaTH3M. B CHJIY KOHCTDYKIIUU U
TEXHOJIOTHI TOr0 BpEMEeHH alepTypa y IepBoro Tejeckona osLia
coBceMm HebGoabmoii. [loaTomy B KauecTBe oObeKkTa HADIIOZATH
MOKHO OBLIO TOJBKO 38 JOCTATOYHO APKHUM HeOecHBIM TeJIoM,
Hanpumep JIyHOi.

TepmuHn «Teneckon» B 1611 r. mpeaiIosKua MaTeMaTHK H3
TI'penuu [I:xopanan [[eMH3HaHH AJA OZHOTO W3 HHCTPYMeEH-
ToB 'amunes. Cam lanuneit HazeiBan cBoe n3oGpeTenne perspi-
cillum.

uaps Muxaun ®egoposud. K cepeante XVIl B. TENECKON MOXHO GbINO KYNWUTL B TOPrOBbIX

m lanuneeBa noasopHas Tpyba Bnepsbie NosBMnacek Ha Pycu B 1614 r. — ee npuobpen

pagax MocHsBbl.

Teneckon yBeJlHYMBAET YyroJ 3peHUs, MOX KOTOPLIM BUJ-
HBI HeOecHEIe Tesa (paspenrawninas crocobHOCTE), B cobupaeT
BO MHOro pas Gosabllie cBera, yem riaas Habmonarens. [Toatomy
B TEJIECKOII MOJKHO PACCMOTPETH HEBHJAMMBbIE HEBOODYKEHHBIM
rJ1a30M MOBEPXHOCTH Dammaimux K 3emiyie HeGeCHBIX Tes M
VBUIETH MHOKecTBO caabeix 3Besi. Bee sasmeuT or auamerpa
ero oO’beKTHBA.

CoBpeMeHHEBII TeJeCcKOon npeacrasaser coboit Tpyby, yera-
HOBJIEHHYIO HA MOHTHPOBKe, CHAOKeHHOH OCAMH /111 HABEJIEHUA

MNepBble 06cepBaTopy COBPEMEHHO0 TUNA cTanu cTpouThes B EBpone B Hayane XVII 8.,
rnocne Toro Kax owin u3obpeter Teneckon. K KoHuy XVIII 8. yncno o6cepBatopui BO BCEM
mupe gocturno 100, K KoHuy XIX B. ux ctano ye oxkono 400. B HacToswee BpeMa Ha 3eM-
HOM wWwape pabotaer 6onee 500 acTpOHOMUYECKKMX 0BCepBaTOPHiA, nogasnaowee 60Nb-
IUMHCTBO KOTOPbIX pacnonoeHo B CeBEpHOM Nonywapuu.
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Ha 00beKT HAOMIONeHNUA U CJIesKeHUs 3a HUM. Busyansusii Tene-
CKOIl UMeeT O0beKTHUB ¥ OKYJIAD. 3aAHAA (DOKATbHAA IIOCKOCTh
00'beKTHBA COBMEIeHa ¢ nepeAHel (hoKaNbHOH MI0CKOCTHIO
okyJaApa. B ¢poxkanbHyio NI0CKOCTE O0BEKTUBA BMECTO OKYJIIA-
pa MokKeT moMeIaThbes (POTONNIEeHKA MU MATPHYHBIN NpHeM-
HHUK u3jydyeHns. B takoM ciaydae o0b€KTHB TeJeCKona, ¢ TOYKH
3peHudA ONTHUKH, ABaAerca poroodbexkTnBOM. Teneckon hokycn-
pyeTcsa IpH NOMOINHM (hOKYyCHPOBOYHOrO ycrpoiicrsa. I'maBHEIM
napaMeTpoM MOIIHOCTH TeJlecKoIla ABJfAeTcHA JHH3a, KoTopas
co3jlaeT yBeJHYEeHNne BUANMOro nsobpaskeHus.

WCTOPWA PASBHTHUA
ACTPOHOMMH

(0l

4

B Poccum nepBoi acTpoHoMMYecKon obcepBaTtopuei Gbina YactHas obcepsaropun
A.A.lo6umoBa B Xonmoropax 6nu3 ApxaHrenbcka (1692 r.). B 1701 r. o6cepsartopus

npu HagurauKkon wrone oTKpbinace B Mockee. B 1839 r. 6bina ocHOBaHa 3HamMeHuTas
MynkoBcKaa o6cepBaTtopusi noa MNetep6yprom, KoTopylo Gnarofaps COBEpPWEeHHbIM MH-
CTPYMEHTaM W BbICOKOW TOMHOCTU HabnwaeHun Hasbieanu B cepegunHe XIX B. acTpoHo-
MW4YEeCKOW cTonuuen mupa. Mo cosepleHcTBy obopygosaHus o6cepBaTopus Cpasy me

3aHfna 0iHO U3 NepBbiX MEeCT B MUpe.

OntiHueckue Teneckonsl. Peghpaxmop, unu nun3oesvii
meneckon, (or nar. refracto — NPeJIOMIIAK) — ONTHYECKHH
TEJIECKOIl, B KOTOPOM [Jif COOMPAHUSA CBETA MCIOJIb3YEeTCHA CHCTe-
Ma JIMH3, HasblBaeMasa 00beKTHBOM. Pabora TAKHX TEJIeCKOIOB
obycioBneHa spjaeHneM pepakinuu (MpeJoMJIeHnA) CBeTa B JINH-
3e. ITepBeIM pe)paKTOPOM CYHTAETCH TEJIECKOII,
nocrpoennsii I, M'anuneem (cm. puc. 1.21).

Campbrit 6oabmIoi B Mupe pedpaxkTop H3-
rorosyied 9. Knapkom (ontukom na CIITA), on
umeer auamerp obbexTnsa 102 cM B ycTaHOB-
nen B 1897 r. B Uepkckoit obcepBatopun (6113
Yukaro) (puc. 1.23). B 1885 r. aror e KOH-
CTPYKTOP M3TOTOBUJ TEJECKOIN ¢ 00beKTHBOM
nuamerpom 76 cm ans Ilynkosckoi obecepBaTo-
pun (paspymes B roasl Benukoit OreyecTBen-
HOM BOMHBI).

Pepnexmop (or nar. reflecto — orpa-
JKAK0) — ONTHYECKHI TeJeCKOIl, UCIIOIb3YIOIH
3epKaJjio B KaYecTBe CBeTOCOOHPAIOIIETro a1eMeH-
Ta. B 1667 r. nepselii 3epKATBHBIN TEJIECKON M0~
crpous M. HeloToH, fuamMeTp ero 3epKaja cocTas-
aan 2,5 cm npu ysesnuesun B 41 pas (puc 1.24).
B Te BpeMeHa 3epKaJia M3roTOBJAJINCE M3 CILIa-
BOB METAJLJIOB, KOTOpEIe OBICTPO TYCKHEJIH.

Cambiit GOABLLIOH
Teaeckon-pedpaxtop,
NOCTPOEHHbIA

3. Kaapkom

Puc. 1.23




WUCTOPUA PASBUTUA
ACTPOHOMWM

B macrosAmee BpeMsa KPYIHEHIINMHY B MHUpPe TeJIeCKOmaMu-
pedekTopaMu AJiA onTHYecKHX HabawaeHuit B mHMpaKpac-

HOM CIIeKTpe ABJAKTCA ABa TejecKola, MocTpo-
enHble npu puHaHCOBOH noxuepyxke Y. Keka
(puc. 1.25), B 4ecTh KOTOPOTO OHH HOJYYHNIHN
ceoe Haspanue Keck-I u Keck-II. OTu renecko-
Bl pacnojyioyKeHsl B obcepsaropuu Ha aBaiisax
¥ BBeJleHHI B sKcmyaTanuio B 1993 m 1996 rr.
cooTBeTcTBeHHO. Teseckonsl ¢ aphpeKTUBHBIM
AuaMeTpoMm seprasia 9,8 M mocTpoeHHL! HA OHOM
naargopMe ¥ MOTYT HMCIOJB30BATHCA COBMECT-
HO B KauecTBe nHTepdepoMeTpa, AaBas paspelie-
HUe, COOTBETCTBYIOIee AHAMETDY 3epKasa 85 M.

Kpynueimuii 8 EBpasun teseckon — Boas-
IO TeJeCcKONn asuMyTaiabHbli CnenuanbHOM

[ Puc. 1.24 | acrpodusuueckoii obcepsaTopun Poccuiickoil akageMuu HayK

Cxema teaeckona

(BTA CAO PAH) (puc. 1.26 u 1.27) — HaxoguTCHA HA TeppH-

HbloToHa topun Poccun B ropax Cesepraoro Kaskasa (ropa IlactyxoBa —

Teaeckonbl Keck-|
u Keck-ll

BeicoToit 2 070 M), AMamMeTp ero riaaBHOro sepkaiga — 6 M.
On paboraer ¢ 1976 r. u gauTeibHOE BpeMsA Obll KPYIHEHIIAM
TeJeCKOmoM B Mupe. Ero MOHOJIMTHOE 3€PKAJI0 HMEeeT Maccy
42 v, macca camoro Teneckona — 600 T.
FepranvHo-1UH306bLIE meneckon ¢ O0bEKTHBOM Ana-
metrpom 44 c¢m B 1930 r. mocTpoMJI 3CTOHCKO-MIBEJCKHI ONTHK
u acrporom B.IIImuar. OcHOBO# KOHCTPYKIIMHM CcTajla TaK HAa-




apiBaemad kamepa IlIMuara, B KOTOpOii B eHTPe KPUBHU3HBI
cthepuyecKoro 3epkajia ycTaHOBJeHa aAuadparma, 4TO MO3BO-
JIMJIO YCTPAHUTEL KoMy (Bu abGeppaiuy (MCKAaXKeHNA) CBETOBLIX
Jay4eii). 9ToT Teaeckon o6siagaeT BHICOKONH CBETOCHIION U BOJIb-
UM I10JIeM 3PeHHd.

B 1941 r. coBerckuiit KorcTpykTop . 1. MakcyToB nmpeajo-
JKHJI KOHCTPYKIIHI0O MEHHCKOBOTO TeJieCKona, B KoTopom abep-
PaIHH CBETOBHIX JIy4eil KOMIeHCHPOBAHEI MEHUCKOM (BRITYKJIO-

WCTOPUA PASBUTUA
ACTPOHOMMM

BOALLLIOI TEAECKON
A3UMYTaAbHbIHA
CneunanbHon
acTpOPU3INYECKOH
obcepBartopum
POCCHWACKOW akaaemuu
Hayk (BETA CAO PAH)

Puc. 1.27

0O6opyaoBanne
TeAecKona
BTA CAO PAH



UCTOPUA PA3BUTMA
ACTPOHOMMWH

Cxema MEHHCKOBOro
TeAeckona
A. A.MakcytoBa

\

Vv

3

b &

Z

BOrHYTOM JauH30i) (puc. 1.28). Teneckonsr Makcyrosa nojayum-
S GONBIIYIO NONYJAAPHOCTE ¥ ACTPOHOMOB-JII00UTEI .

1)
2)
3)

IIpumenenne Teaeckonos. TenecKonsl a0T BO3MOMKHOCTE!
NPOBOAUTE HEMOCPeJCTBeHHbIe HADIIOAeHUHA;
dororpaduposats (acrporpad);

MOJYYATE CBEJIeHUA:

0 KosieDaHMH SHEePrUH NaaydeHns (PoToaIeKTPUUECKHE);
TeMIepaTrype, XMMA4YeCKOM COCTaBe, MATHHTHBIX MOJAX,
ABMIKeHMH HebeCcHBIX TeJ (CneKTpasibHbIe).

Kaabi paboTaloT ¢ BbiCOYanllen TOYHOCTbIO. MaBHoe 3epKano AMameTpoMm npumep-

m Teneckonsl Keck-1 n Keck-ll paamepoM ¢ BOCbMHATaMHbIA AOM U Maccon Gonee 300 T

HO 10 M cocTOMT U3 36 WeCTUYroNbHbIX CErMEHTOB, AEHCTBYIOWMX KaK OJHO oTpamarens-
HOE 3epKano. YCTaHOBNEHbl 3TW TENECKONbl B OAHOM W3 OMNTUMaNbHbLIX Ha 3eMne mect
ANA acCTPOHOMMYECKMX HabNoAeHUMA — Ha CKIOHE NOTyXWero raBancKoro BynkaHa Ma-
Hya Hea (BbicoToi 4200 m). K 2002 r. aTM aBa Teneckona Ha4anu pabotath B pexume
uHTepbepomeTpa, AaBan TaKoe e YrNoBoe paspeleHue, Kak 85-MeTpoBbIi TenecKon.
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Dororpadpuueckne HabMOAeHNA UMEIOT CJAeAyIOlMue Ipe-

HMyHIiecTBa 110 CPABHEHHKO C BH3YaJIbHBIMH

NOKYMEHTAJNBHOCTE — (DMKCHPOBAHHE IPOMCXOAAIIETro AB-
JIEHHA U [IPOLEeCCOB M MPOAOJIMKUTEILHOE COXPaAHEeHHe IOy~
YeHHOH HH(pOPMAIUN;

MOMEHTAJBHOCTh — PErucTpanus KPaTKOBPEeMEeHHBIX CO-
OBITHIT;

MaHOPAMHOCTh — CIOCODHOCTH 3alleYaT]eTh OJJHOBPEMEHHO
HECKOJBKO 00'beKTOB;

HHTEerpajJjbHOCTh — HAKOILJIEHUE CBeTa OT cJabbIX MCTOY-
HHUKOB;

JeTAJIBbHOCTh — BO3MOKHOCThH PACCMATPHBATH AETaNN 00b-
eKTa Ha u3o0parKeHuu.

B acTpoHOMHMH paccTOAHHE MeXAy HeOeCHBIMH TeJaMH H3-

MepsAIOT B YIVIOBBIX BeJIMYMHAX: rpajycax, MUHYTAX M CeKYH-
nax. HeBoOpy KeHHBIM I'JIA30M MBI CMOYKEM Pa3jIM4YUTh JBEe OT-
JieJIbHBIEe 3Be3/bl, HAXOAAINecHa PAJOM, eCcJIM YIJIOBOE paccTo-
AHMEe MexxJy HUMH cocrasaser 1..2'. Takosa paspemawomas
CcIocoOHOCTH YeJIOBEYECKOTr0 IjIasa. Yy IroJ, H0jJ KOTOPBIM MbI
suaum auamerp Conana u JIvesl pasen npumepso 0,5° = 30",




IIpenensHas paspemarnmas cnoco0HOCTE TeJIecKOoIa:
o =14"/D,

rae D — ngumaMeTp o0'beKTHBA TEJECKOIa, CM.
HUcnonsayercsa Taxkke u apyrasa Gopmyna:

o =206 265 A/D,

rjge A — JJMHA CBETOBOIl BOJIHBI, CM.

ITpu cunsuoM yBennuenunu (Gosee yem B 500 pas) BUAHBI KO-
nebaHHUA BO3AYXA, IOITOMY TEJIeCKON Heo0X0JMMO pacnojiaraTh
KaK MOKHO BBIIIE B Topax, TaMm, rjae Hebo peako 3aKphITO 0o0Ja-
KaMH, a ele Jyuine — 3a npegesamu armocheps! (B Kocmoce).

B HacToAmee BpeMa BejeTcA aKTHBHOE H3yYeHHEe KOCMH-
YeCKOro npocrpaHcTBa. MMeHHO JJId 9TOH Len UCNOJIb3YIOTCH
TEeJIECKOIILI ¢ OrPOMHBIM yBenuuenueMm. Hanpumep, y Kocmuye-
CKOro TejJeckona «Xabba» go 2002 r. MakxcuMaJIbHOE YBeJIHYe-
HIe cocTaBisiio npuMepHo 30 Teic. pas (puc. 1.29).

CyIecTBYIOT NPUIIOKEHNA K MOUCKOBOI cucTeme Google —
Google Maps u Google Earth, ¢ moMompb0o KOTOPBIX MOMKHO MO~
JYYUTH TOAPOOHYIO KapTy M060H MECTHOCTH ¥ YBUAETH U300pa-
JKeHHe Halled MiaHeThl u3 KocMoca. [lna (hopMUpoBaHUA BTHX
n300paKeHnii 1 KapT NPUMeHAKTCH KOCMUYeCKHe TeJleCKONk.

WCTOPHA PA3BMTHRA
ACTPOHOMKMK

JioGUTENLCKUE TENECKONb! Yalle BCero NpUHaanemar K IBYM NepBbiM UCTOPHUHECKH No-
m ABMBLUMMCH TMNam: pedpaxtopam U pednektopam. PedpaKkTopbl yao6HbL B NONb30BAHUK
6narogaps NPOYHOM KOHCTPYKUMK TPYObl M €€ repMEeTUYHOCTH, HEYaCTO TPEBYIOT HACTPOM-
KW W 06CNYHUBEHUA, JalOT KOHTPACTHOE W YETKoe M306paMeHue, YTo BawHO Npu Habnio-

AEHWU NNaHeT.
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KocMHYECKUIA Teaeckon
«Xab6a»



UCTOPUA PASBHUTHA
ACTPOHOMMH

Teaeckon
«Loxeime Yabhs,
uAn JWST (James
Webb Space
Telescope)

CpagHeHue pasmepos
NepBUYHbLIX 3epKan
TeAeCKONoB «Xabba»

u «Axenmc Ya606»

Teneckons! Gaumaimero Gyaymero. [locaeguauii camMmbiit
OosbII0N onTHYecKHil Tereckon 3apaboran B 2008 r.

B baumxaiiniee BpeMs OyeT BBe/ieH B 9KCILJIyaTaIlHIO TeJje-
CKOII, IPEeBOCXOAANIMI BO3ZMOMHOCTA COBPEMEHHEIX MHCTPY-
MeHTOB, — «J[:Keiimc Ya66», uau JWST (James Webb Space
Telescope) (puc. 1.30). JluameTp ero raaBHOTO 3epKaja cocTa-
BuT 6,5 M, 110 3TOMY HapaMerpy 0H OyAeT NpeBOCXOAHUTH TeJe-
ckon «Xab6ba» B 2,7 pasa.

HecmoTpsa Ha To 4To «J[[:Keiimc ¥Ya66» namanupyercs Kak
zamena «Xa00sa», aToT Teneckon O6yner paborars B MHOpPA-
KPACHOM JHManasoHe, ¥ II03TOMY €ro CKOpee CTOUT CpaBHHBATH
¢ KOCMHYECKHM TejiecKonoMm «[epmiesb», OTHOCHTEIBEHO KOTO-
pOro pasHHIlA HE CTOJIb Beluka — npumepso 1,9 pasa. Ilpuem-

IlepBuunOE
3epKaJIo TejlecKona -~
«[lxefime Yabor

IlepsuunOE \
3epKaJIo TeJecKona !
«Xab6a»

> ~ = s e fiaaTivern e

Py rea



JIio60Bb y4yeHbiX K 3 PEKTHBIM HAa3BAHWAM CBOMX TENECKOD-
NoB NpUBena K NORBNEHMIO WYTOYHOMO NNaHa No CTPOUTENLCTBY
TENEeCKOMNoB:

HassaHue Teneckona [oa cTpouTenbcTBa
OyeHb GoNbLWOK Teneckon 1998
IKcTpeMansHo GoNnbLWON Teneckon 2008
YpessbiyaiHo GONbLIOH TENECKoN 2024
Owenomnsiowe Gonblioi Teneckon OTmeHeH

HUKH HH()PaKpacHOr0 U3JIydYeHUs IMO3BOJAT eMy (DHKCHDPOBATH
9K30IJIAHETHI C TeMIepaTypoil, 6iu3Kkoil K 3emuoi. OH TakKe
CMOJKeT 3HAYMTEeJLHO NPOABHHYTHCA B H3YYEHHUM OYEHb jaje-
KHX OT Hac 00'beKTOB.

Jlns cpaBHeHHWs pasMephl NEePBHYHBIX 3ePKaJj TeJecKOIIOB
«Xabbsn» u «Ixeitmc ¥Vab6» npeacrapieHsl HA puc. 1.31.

B 6amskaiimue fecATh JieT NJIaHHUDPYeTCA BBECTH B CTPOM
MHOEeCTBO HOBBRIX, KPYIHEHIINX B CBOMX 00J1aCTAX TeJlecKo-
nos (pue. 1.32, 1.33).

a 6

BriGop Teneckoma. ¥ KajykJoro CTAIlMOHAPHOTO TeJIeCKOIAa
yroJ ob63opa Heba orpaHM4YeH LIMPOTOI, HA KOTOPOM OH pacro-
JIOKEH.

IToaromy, Korjga peds 3aX0JUT HE IPOCTO O CAMOM GOJIBIIOM
¥ MOIIJHOM TeJIECKOIle B MHUpe, a8 0 IPHIeJbHOM pPacCMATPHBAa-
HHUH KaKoi-1ub0 oTAeNbHOM rajJakTHKH, HYKHO ONpeaenuTh,
KaKOH TeJIeCKOII JacT caMoe Jydlnee naobpakeHne.

CaMBIM MOAXOAAIINM TEJECKONOM B JaHHOM ciydae Oyaer
TOT, B Ybe II0JIe 3PDeHHUA MONaJaeT HyKHBIH 00beKT H KOTOPHIH
pacmnoJIo¥KeH KaK MOXXHO BBIIIE 10 OTHOIIEeHWIO0 K FOPH30HTY
AN YMEHbIIeHUs MCKaMKeHWM, BHI3BAHHBIX 3eMHOH aTrmocde-
poii ¥ nebo0. EcTecTBeHHO, YTO JOJMKHBI VYUTBIBATBCA BO3-
MOJKHa# 3acCBeTKa OT I'OPOJOB M YHCTOTa caMoil arMocdepsl.

MCTOPWA PA3BUTHA
ACTPOHOMUM

OnTHyeckue TeAecKonbl
Gyaywiero:

a — EBponenckui
4PeaBbivanHo BOAbLLIOIA
Teaeckon (European
Extremely Large
Telescope — E-ELT);

6 — TPHALATUMETPOBLIN
Teneckon (Thirty Meter
Telescope — TMT);

8 — [MraHTCKuA
MareamaHos TeAeckon
(Giant Magellan
Telescope — GMT)

Puc. 1.32




MCTOPUA PA3BUTHA
ACTPOHOMMWM ITosTomy mpu BeIOOpE PACHONOKEHHA TeJecKOMOB BeIOMpaiOT
ONnTHYECKHE TEAECKOMNbI BBICOKOTOPHbIE paiioHBI ¢ YHCTHIM BO3JAYXOM, PACIOJIOXKeHHbIe
MHpa: HacTonWee BhlIIe cinod obnakos. Hanpumep, aua HabawoaeHusa obbexkTa
u Gyayuiee okoso IOxuoro noawca HebecHO# cdepsl He MOAXOAHUT MOIIL-
peitmasn napa Teneckonos Keck-I n Keck-II, mockoibky B HUX

*
Teaeckon Beemupnoii

suicraskn B [Tapiske (1900)
L]

Hepxeran Boasmoit Muoroneaesoit ...
obcepBaTopHA CUERTPOCKON Aas nabmogenns
(1893) OB mMpPHBIX gﬁouoa ne6a  Boapmoil et
(2009) Kanapckuit O6cepsatopus Keka

‘o reaeckon (2007) (1993 —1996)

, o

100- mnuu-ﬂ
Teneckon  200- molimonnrit
Xoxrepa TeaecKon
(!9!7) Xeiina
(1943), Teneckon -
nmm Bep Cyﬁnpy. ‘I‘pnnuunue-rzgglzui TenecKon
( ) A
Teneckon Boasmoit
e Xob6u-I6epan 0HCHO-
(1979—1998) (1999) (1996) adpuxancruit
TejecKon
r’l'-oﬁeepumsn oo

—

Ob6cepeaTopus
Jkemunn Or
(2000)

P

e
Boapmoit GusokyaapaEbIl
renecxon (2005)

(2003)

- L] ]
Kocmudeckuit  Kocwmuvecxmit
reneckon «lafisns TenecKon
(2013) «Kenneps qe.non:nn
(2009) Esponefickuii upeanuuaiino uac‘:n&a
Goanwoii Teseckon
° (2022)
Koc it m"’;’;ﬂgx L....f_.....-}.:o i
MHYECKH! TEABCKON » .
TeaecKon (1990) 0 10 20 30 Dyrm
« [lxceitme Yabie

(2018)

Turanrcxknit Marearanos Teneckon
(2020)

nsiome boasmoit
erpos 100 M (oTMeren

lenuncniii Kop

obbeKT Oy/ieT He BUIEH, TAK KaK PACIOJIOKEeH CINUIIKOM HHU3KO
HAJl TOPU30HTOM, a B JIy4llleM ciaydae JacT usobpakeHue He-
BBICOKOrO Ka4yecTsa.



Haubosee mpaBUABHBIM BBIGOPOM B AJAHHOM CAy4Yae MOIKET
0oKa3aThCs TEAECKOIl ropa3no 6oaee CKPOMHBIX pa3MepoB, pac-
HOAOKEHHBIM Ha MOAAPHOM cTaHUUU B AHTapkTune. Teoperu-
YeCKH OH MOXKET BBIAATH NYCTh HE TAKOE K€ XOpOIlee, HO BIIOA-
He CpaBHHUMOE II0 KadeCTBY H300paxKeHHE IIPOCTO IIOTOMY, UTO
oA Hero o6beKT OyneT pacIOAOKEH NJOBOABHO BBICOKO Han IoO-
PHU30HTOM.

Peszome. OnmTuYecKas aCTPOHOMHS IIpPEeACTaBASIET caMble
ApeBHUE MeTonbl HabaromeHuda 3a HeboMm. Ceiiyac B CBSI3H C OC-
BOEHHEM IPAKTHYECKOM aCTPOHOMHENH APYTHUX YACTOTHBIX AHUA-
Ha30HOB 9AEKTPOMATHUTHOTO U3AYYEHHUS ONTHUYECKAsS aCTPOHO-
MUl [IOTepPsSAa CBOIO MOHOIIOAMIO HA H3y4YE€HHE KOCMHUYECKHUX
00bEKTOB U SIBAEHHM, OQHAKO €€ POAb B [O3HAHUU BceAeHHOH
He yMeHpmUuAach. Ha 3emHoOM mape paboraetr 6oaee 60 omrudue-
CKHX TEAECKOIIOB C 3epKaAaMHu AUaMeTpoM KpymnHee 1,5 M, us
HUX 9 MMEIT AUaMeTp TAaBHOTO 3epkKaaa 6oablme 3 M.

B Gauxkaiimue rogpl BCTYIIUT B CTPOHM €llle HECKOABKO MECHAT-
KOB KPYIHBIX ONTHUYECKUX TEAECKONOB. OTOT MOIIHBIN apceHaA
ACTPOHOMHUUYECKUX HMHCTPYMEHTOB IMO3BOAUT MOAYYUTH GOABIIOH
o6beM HOBOH mHpopManuu o HeOeCHBIX 06beKTaX, NPOHUKHYTH
BCe HaAbllle B TAYyOUHBI BceAeHHOH.

HcTopus TeAecKOIla NMPOLIAA HOATHH IyThb — OT HUTAABSH-
CKHUX CTEKOABIIHKOB [0 COBPEMEHHBIX TFHTAaHTCKHUX TEAECKO-
noB-cnyTHUKOB. CoBpeMeHHBbIe KPYIIHBIe 00CEpPBAaTOPUU HAAaBHO
KOMIIBIOTEPU3UPOBaHBl. OMHAKO AIOOGUTEABCKHE TEAECKOIBI U
MHOTHE KOCMHUYECKHE TeAeCKOIbl Tuma «Xab6a» Bce emre 6a-
3UPYIOTCH Ha NpUHOUIAX paboThl, H300peTeHHBIX [aanaeeMm.

KOHTPOAbHBIE BOMPOCHI

. YTo MU3y4yaeT onTu4yeckas acTPOHOMMUA?

. 3aueM acTpoHOMaMm HyXHbl HabAlOAEHUA?

. AainTe onpepeAeHUe aCTPOHOMUYECKOMY MHCTPYMEHTY — TeAecKony.
. YeM oTAanvaloTca pedAeKTop U pedpaktop?

. Mouemy npu BbIbOpe MecTopacnoAOXeHUA TeAecKonoB BbibupatoT

o~ WON~

BbICOKOTOpHble palloHbl C YUCTbHIM BO3AYXOM, Bbille cA0A 06AaKoB?
6. HyXHbl AU HOBLIe TeAeckKonbl yenoBeuecTBy? OTBeT 060OCHYy#WTE, no-
pob6paB He MeHee 3—5 aprymeHToB 3a WMAM MPOTUB.

3AAAHUA AAA CAMOCTOATEABHOW PABOTHbI

1. CocTaBbTe CBOW PEUTUHT NATU caMblX HEOObLIYHbIX TEAECKOMOB NO CXEME:
¢ HasBaHMe U TUN TeAecKona;
¢ MecTOHaxOXAeHUe TeAaeckona;
e dortorpadus;

MCTOPUA PA3SBUTUA
ACTPOHOMWH
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e ob6AacTb NpUMEHEHUs, KoTopas pacwupsaer BOSMOXHOCTU YEAO-
BEKa B OCBOEHWUU TaWH BceAeHHOW.
2. OxapaKTepUsyiTe C TOYKU 3peHUd GU3UKU 0COBEHHOCTU COBpPEMEH-
HbIX aCTPOHOMUYECKUX CUCTEM aKTUBHOU ONTUKU — HaA3EMHbIX U KOC-
MUYECKUX TEAeCKONOoB, 3aNoAHUB Taba. 1-—3.

Tabauua 1. XapaKTepUCTUKN TEAECKOAOB

IlapameTp OnpeneseHHne Pdopmyaa

Ha3HadyeHHe

Paspemalomasa CHOCOGHOCTSE

YraoBoii auamerp AHGpPaKIHOHHOTO AHCKa

YBeAHUYeHHE TeAecCKoIla

Ta6bauua 2. KhnaccudUKaLUA ONTUYECKUX TEAECKONOB

IIpumep Teaeckomna

B Xonm Ayueit
A A AYH U ero XapaKTepUCTHKA

PedpakTopsr

PedaexTopsl

Tabavua 3. OBOAIOLUA TEAECKONOB

,L O IIpumep HuameTp, ITpueMHUK
CO3MaHusd TeAeCKoIIa YTAOBOE pas3pelIeHue HU3AYIEHUA

1609

1800

1920

1960

1980

2000

2016

TEMbl AOKAAAOB

1. UcTopua TeAaeckona.
2. KpynHeiilune onTMYecKUe TEAECKOMbl MUpa.
3. MpoeKTbl CBEPXBOAbIIUX TEAECKONOB.



UCTOPUA PA3BUTUA

1.5. UsyueHne 6AMXHEro KocmMoca ACTPOHOMMiY

OxoAO3eMHOEe KOCMHYEeCKoe mpocTpaHcTBO. OKOAO3EMHOE
KOCMHYECKOe IIPOCTPAHCTBO ABAseTCs Oauxkaiimeil u Hauboaee
LOCTYIHON HCCAELOBAHUIO 06AaCTHI0 KOCMHYECKOILO IPOCTpPAaH-
crBa. Ta yacTh armMocdepsl, KoTopas paclioAOXeHa HaJ KOH-
KPETHBIM TOCYyZapCTBOM, HAXOLHUTCH HOJA IOPUCAUKIIHEH 3TOTro
rocyxnapcrtBa, U INPOHUKHOBEHHE B HErO AIOGBIX HHOCTPaAHHBIX
060BbEeKTOB (CaMOAETOB, IMAAHEPOB, ad3poOCTaTOB U T.A.) 6e3 pa3pe-
IeHUS UAU COTAACOBAHUA C OpraHaMHU TOCyAZapCTBEHHOH BAaCTH
paccMarTpuBaeTcsd KaK HapylleHHe TOCyLapCTBEeHHOH T'paHHUIEI
CO BCEMHU BBITEKAIOUIUMHU H3 3TOTO IIOCAELCTBHUIMHU.

OKOAO3EMHOE KOCMUUECKOE NPOCTPAHCTBO — 3TO BEPXHUW CAOW aTMocdepbl, BHew-
HAf rasoBaf o060OAOUKa MAaHeThl, Bpalaowasaca BMecTe ¢ 3eMAei.

BAuxHHIE KOoCMOC. BAMXHHM Ha3BIBAIOT KOCMOC, uccaeny-
€eMBbIH KOCMHUYECKUMU AETATEABHBIMHU armnapatTaMmu U MeEXIIAa-
HETHBIMH CTAHIHUAMH, a JAABPHHM CYHTAIT KOCMOC 3a IIpeaeaa-
MU COAHEYHONH CHUCTEMBI.

BAMXHUN KOocMOC — 3TO obAaacTb BOKpYr 3eMAU, KOTOpafs HauuMHaeTcd Hap OKOAO3EM-
HbIM NPOCTPa@aHCTBOM U 3aKaHUYMBaAETCA Ha rpaHuue Hawei COAHEUYHON CUCTEMBI.

Pemenuem OOH rpanHuiia MeXAy OKOAO3E€EMHBIM IPOCTpPaH-
CTBOM M OAMXKHHUM KOCMOCOM OIIpEeZl€eA€HAa Ha BBICOTE OKOAO
100 kM Haxg ypoBHeM MOpsS. BAMXHHUNU KOCMOC AOCTYIE€H BCEM
cTpaHaM 6e3 orpaHHYeHHH. OTO — 30HA IIOAETOB Pa3AMYHBIX
KOCMHUYECKHX ammapartoB. ATMocdepa 34eCh NPAKTHYECKH OT-
CYTCTBYET, HO (DU3HUUYECKHE XaPaKTEPUCTHUKU OAMKHET0 KOCMO-
ca HaXOAsTCs IIOA BAUSSHHEM 3eMAH, IpPEXae BCEro ee rpaBHUTAa-
IUOHHOTO MOAf. OTO BAUSIHHE YMEHbIIAETCS 10 Mepe yOaAeHUsd
OT Halled HDAaHETHl U OKOHYATEABHO HCYe3aeT TOABKO Ha pac-
crogHuu 6oaee 900 TeIC. KM OT 3€MAH.

MepBblii annapaTt, AOCTUTWMUINX AyHbl, npuHaarexan CCCP («AyHa-2»). U3 HayuyHoro o6o-
PYAOBaHWA Ha HeM GbIAM YCTAHOBAEHbl CLUMHTUAASILUOHHBIE CUETUUKU, cueTunku leirepa,
MarHUTOMeTpbl, AeTEKTOPbl MUKpOMEeTeopUTOB. OAHUM U3 OCHOBHBIX HayUYHbIX AOCTUXE-
HUW MUCCUU ObLIAO NPAMOE U3MEPEHUE COAHEYHOro BeTpa. Ha noBepxHOCTb AyHbl 6GbiA
AOCTaBAEH BbIMNeA ¢ U3o0bpaxeHuem repba CCCP. Apyro KOCMMUYECKUW annapaT —
«A\yHa-3» — cAeAan nepBble CHUMKU 06paTHOW CTOPOHbI AyHHbI.



UCTOPHUA PA3BUTHA
ACTPOHOMWM

Nepsbin
CNYTHUK 3EMAN

Puc. 1.34

B 6aukHeM KOCMOCEe pachoJiosKeHbl niaaHeTsl ColHeYHOH
CHCTeMEI, acTeponsl, KoMersl. IIo KocMuueckuM MacmTabam
paccTodHUe Me:KJAy HUMH U 3eMJeil cuuTaeTcsad HeOOJIbIIUM.
O6'BbeKTEl JaJILHEr0 KOCMOCA — 3Be3/bl, FaJIAKTUKH, TYMAHHO-
CTH, YepHBIE ABIPLI pacnoJaraioTcd 3a npegenaMmu CorHeYHOH

CHCTEMBEI.

IIpakTiHueckoe ocBoeHHe DIMMKHEr0 KOCMOCA HAYAJIOoCh ¢ 3a-
MYyCKAa MepBOro HCKYCCTBEHHOI0 CIYTHUKA 3eMau — 4 okTabps
1957 r. (puc. 1.34).

B HacTosee BpeMsi MCKYCCTBEHHBIE CIIYTHHKHA MTO3BOJAIOT
OCYIIECTBIATH HENPEPBIBHBIH MOHWUTOPHUHI MOTOJbI, TPAHCJIA-
LU0 TeJTeBueHus, pabory Hasurannonasix cucrem (INIOHACC
u GPS), ¢ BBICOKOI TOYHOCTHI ONPENeATh MEeCTONOJOKEeHHe
awboro o6beKTA HA MOBEPXHOCTH 3eman. IIpu moMomm KocMH-
YEeCKHX ANNAPATOB MOKHO 3((eKTUBHO BHIABUTHL BPEIHEIE I10-
CJeICTBHA BO3JIeHCTBHA YeslOBeKa Ha MPHUPOAY: 00HAPYKHUTE CTe-
[IeHb, IJIOMIAAb M XapaKTep 3arpsAsHeHUA BOABLI U BO3AYXa, M3~
MEHeHHA B PACTHUTEJILHOM MHDE, TeMIILl HACTYILJIEHUA IIYCThHIHE.
HUudopmanusa, moaydaeMas co CIyTHUKOB, [IOMOTaeT PasyMHO
pasMeIaTh MPOMBIIIJIeHHBIe 00beKTH, HAXOAHTh ONTHMAb-
HBIE YCJIOBHA A rpajgocrpouTenscrsa. Ha opbure Haxogarcs
KOCMHYeCKHe TeJIeCKONbI poeKTa « PagnoacTpoH», TeJIeCKOI
«Xab6m», «Ceudr», WFIST, «Kennep», «Couruep» u ap.

MOLLBID CEKPETHbIX CNOB, KOTOPbIMK CNYWUIW Ha3BaHWA UBETOB, GPYKTOB M [lepeBbLeB.
Hanpumep, KocmoHasT Bnagumup Komapos B cny4ae NoBbiWEHUA pagnaunu AOMKEH
6bin cUrHanuTe: «bawnan!» Ana BaneHTuHbl TepelwKoBon (NEPBOA MEHUMHbBI-KOCMOHaBTa)
naponb «[ly6» 03Ha4an, 470 TOPMO3HOW ABUraTens paboTaeT xopowo, a «Baz» — psura-
Tens He pabotaer.

m CeKpeTHble cnoBa. Bo BpemA nepBbix NONETOB KOCMOHaBTLI 06Wanuck ¢ 3emned ¢ no-
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mudecko mporpammel CCCP caenyeT OTMETHUTH:

1) 3amyck mepBOro HMCKYCCTBEHHOIO CHyTHHKa 3eMAH —
4 okTabpa 1957 r.;

2) 3amyCcK BTOPOTO CIyTHHKAa C XKHUBBIM CyLIeCTBOM Ha 6op-
Ty — 3 Hoabpsa 1957 r.;

3) mepBBIM IMOAET YeAOBeKa B KocMoc — 12 anpeadg 1961 r,;

4) mepBBIM BBIXOJ YeAOB€Ka B OTKPBITHIM KocMoc — 19 map-
Ta 1965 r.;

5) mepBas CTBIKOBKA ABYX MNHAOTHPYEMBIX KOCMHUYECKHX
kopabaeit «Cormw3-4» u «Co1w3-5» — 16 gaaBapa 1969 r.;

6) cosmaHue Ha opbuTe 3eMAHM MHOTOMOAYABHOH OopOHTaAB-
HOU craHmuu «Mup» — 20 deBpaas 1986 r.

Caepyouwet 3apavyen nocne noneta tOpus larapuHa cTtan BbIXOA B OTKPbITbIA KOCMOC.

m MepBbiM 3TO caenan Arekcei AeoHOB BO BpeMsl NnoAeTa Ha KOCMHUYecKoM Kopabae «Boc-

X0A-2». TOrpaa HUKTO He 3HaA, KaK NpaBUAbHO BecTU cebAa B HeBecoMoCTU. Bhiips B koc-
Moc, A€OHOB OTTOAKHYACHI OT LIAIO3a, U €ro CUAbHO 3aKPYTUAO, HO CTPaxoBOYHbLIW TPOC
yAepxaA acTpoHaBTa. Ero xapaaAa ewe opHa npobaema: ckapaHAP HEOXMAAHHO CUABHO
pa3AyAcA, U NeOHOB He MOl BepHYTbCA Ha Kopabab. OH NpPocTO He MOMELLaAcA B ALOK,
Nnoka He CHU3WUA AaBAeHUEe BO3AYXa B ckadaHApe. U3-3a 3TOro BbIXOA B KOCMOC AAUACH
He 12 MHH, Kak NAaHWpoBaAOCb, @ B ABa pasa AOAblUeE.

NMenHo Hamei# PoaguHe NpHUHALAEXKUT HaubOAbIIee KO-
AHMYECTBO AOCTHXKEHHM B mccaemoBaHuu COAHEUYHOH CHCTEMBI
(raba. 1.2).

Ta6anua 1.2. 3tanbl uccaepoBaHusi COAHEYHOU CUCTEMBI

Hara Orar UCCAeI0BaHUsa

4 guBapa 1959 r. Crannusa «AyHa-1» mpomaa Ha paccTodHUU 60 ThIC. KM
OT IOBEPXHOCTH AYHBI U BBIIIAA Ha T'€AHOLEHTPUYIECKYIO OPOUTY.
OHa cTasa IepBBIM B MHUpPE€ HCKYCCTBEHHBIM CIyTHHKOM CoAHIIA

14 cenrabpa 1959 r. | Cranuus «AyHa-2» BIEPBbIE B MHPE LOCTUTAA IIOBEPXHOCTH
Ayusl B patione Mopsa SlcHocTH BOAM3H KpaTepoB ADHCTHAA,
ApxuMen u ABTOAUK, AOCTaBUB BrIMIea ¢ rep6om CCCP

4 okTabpa 1959 r. 3anyuieHa aBTOMaTHYecKasd MeXIIAaHeTHas cTaHIudg «AyHa-3»,
KoTopas BIepBble B Mupe chororpadupoBasa HEBUAUMYIO ¢ 3eM-
Au cTopoHy AyHbI. Takike BO BpeMs IIOA€TA BIEPBble B MHpe ObIA
Ha IPaKTHKE OCYIIECTBACH I'PDAaBUTAIMOHHBIM MaHEBDP, COCTOSIB-
mwuii B U3MEHEHUH CKOPOCTH U OPOUTHI ABUKYIIETOCsd ammnapara
TOABKO IO AEMCTBUEM IpaBHTAllUU AYHBI, 6€3 HCIIOAB30BAHHUSI
TonauBa. TpaekTopus moaeTa Oblaa paccuiuTaHa 3apaHee
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IlpodoskenHue mabn. 1.2

Hara

Orar MUccAepOBaHUA

3 deBpaag 1966 r.

ABTOMaTHUYeCcKas MeXIIAaHeTHas CTaHIIHUA «AyHa—9» COoBEpIIHAA
IIEPBYIO B MUPE MATKYIO IIOCaAKYy Ha IIOBEPXHOCTH AyHI;I U 1epe-
AaAa IIaHOpaMHBIE CHHMKH AyHBI

1 mapra 1966 r.

Crannusa «BeHepa-3» BIEpBBIE HJOCTHrAA NOBEPXHOCTU BeHepEl,
nocraBuB BeiMnea CCCP. OTo ObIA mepBBIH B MHpe IIepPeAeT KOC-
MHYECKOTO amnnapara ¢ 3eMAH Ha APYTYyI0 IAAHETY

3 anpeada 1966 r.

Crannusa «AyHa-10» cTasa IepBbBIM HCKYCCTBEHHBIM CIyTHHKOM
AyHBI

21 urmoag 1969 r.

[TlepBaa BrIcangka dyeaoBeKa Ha AyHy (H.ApMcTpoHT) B paMKax
AYHHOM 3KCIeIUIIUU «AIIOAAOH-11», mocTaBuUBIIEeH Ha 3eMAlo
B TOM YHCA€ U IIepBble IPOOLI AYHHOTO I'PYHTA

24 cenrabpsa 1970 r.

Crannusa «AyHa-16» mpousBeaa 3ab60p U IIOCAEAYIOUIYIO SOCTABKY
Ha 3eMalo 06pa3noB AyHHoro rpyHTa. OHa e cTasa IepBbIM Oec-
NHUAOTHBIM KOCMHYECKHM allapaToM, AOCTABHUBIIMUM Ha 3eMAIO
npobbl MOPOABI C APYIOr'0 KOCMHYECKOTO TeAd

17 Hoabpa 1970 r.

Msarkasg mocaaka X HadaAo paboThl IepPBOr0 B MHUpPE IIOAyaBTOMA-
THYECKOI'0 AUCTAHIMOHHO YIIPaBASE€MOTO CAMOXOJHOIO ammnapara
«AyHoxon-1», ynpaBagemoro ¢ 3emau (puc. 1.35)

15 nekabpsa 1970 r.

[lepBag B Mupe MATKasd NocCajKa Ha MOBEPXHOCTh BeHepbl KOCMHU-
4yeckoro amnmapara «Benepa-7»

13 Hos6pa 1971 r.

Crannug «MapuHep-9» cTasa NepBBIM HCKYCCTBEHHBIM CIIYTHH-
KoM Mapca

27 HOos16paA 1971 r.

Crannusa «Mapc-2» BIepBbIe NOCTHUIAA ITOBEpXHOCTH Mapca

2 nmekabpsg 1971 r.

[leppasg Markad mocajka aBTOMaTH4YE€CKOM MeXKIAaHETHOH CTaH-
nuu «Mapc-3» Ha IIoBepXHOCTb Mapca

3 mapta 1972 r.

3anyck mepBoro KocMHU4Yeckoro anmnapara «[ImoHep-10», IOKUHYB-
mrero BIoOcAeACTBUM Ipenesbl CoAHEYHOUW CHCTEMBI

20 oxkTabpa 1975 r.

Cranuus «Benepa-9» crasa mepBBIM HCKYCCTBEHHBIM CIIyTHHKOM
Benepsl

OkTabpp 1975 r.

Msarkasa nocajka ABYX KOCMHYeCKHUX amnnapartoB «Benepa-9» u «Be-
Hepa-10» ¥ nepBble B MUpe (POTOCHUMKH IIOBEPXHOCTH BeHepshl

7 nekabpa 1995 r.

Crannusa «I'aanaeo» cTasa MepBBIM HCKYCCTBEHHBIM CIIYTHHKOM
IOnurepa

24 wuioua 2000 r.
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Oxonvanue maba. 1.2 ACTPOHOMWM

30 miona 2004 r. Crannusa ¢<KaccuHH» cTasna nepBEIM HCKYCCTBEHHEIM CIIYTHHKOM
Carypna

15 auBapa 2006 r. Cranuusa «CrapgacTs gocTaBuia Ha 3eMJ0 06pasnbl KOMeThI
Bunspa-2

17 mapta 2011 r. Cranunsa «MecceHKep» CTana NePBLIM HCKYCCTBEHHBLIM CIYTHH-
KoM Mepkypusa

Hauunas ¢ 1971 r. Ha op6ute 3eMIM HAXOAHINCE OPOHTANB-
Hele craHnun «Camors (CCCP), «Craiinab» (CIIA), «Mup»
(CCCP), «Tanbryn-1» (KHP). B sacroamee pema MexayHa-
ponHasa koemuyeckan crannua (MKC) (puc. 1.36) yenemrso Boi-
NOJIHAET 3aJaYM HccefoBaHusa OJHIKHEro KocMoca, Bce bosee
npeppamaschk B (habpUKy 10 IPOU3BOJACTBY MaTePHUATIOB C He-
36MHBIMH CBOMCTBAMH.

«Mup» — COBETCHKO-POCCHICKan NUNOTUPYEMan Hay4yHO-UccnegoBaTenbeKas aonrospe-
MeHHan opbuTanbHaa cTaHuus, GyHKUMOHWpOBaBwWan Ha opbute 3emnu ¢ 20 deepana
1986 r. no 23 mapra 2001 r. 3a Bpemsa paboTbl Ha ctaHuuu nobbiBank 104 KOCMOHaB-
Ta U3 12 cTpax B cocrage 28 aKcneAnUMiA. B OTHPBITBIA KOCMOC BbiWwnKM 29 KOCMOHaBToOB
1 6 acTpoHasToB. MNposegeHo 6onee 23 TbiC. IKCNEPUMEHTOB. Pexopabl N0 ANUTENBHOCTH
KOCMMWYECKOTr0o noneta NpuHagnemar: cpeau mymyus — Banepuio Monakosy (437 cyT.
17 4 59 muH), cpeaun weHwmuH — LLexnHoH Jlycup (188 cyT. 4 4 1 MuH).

®

«AyHoxoa-1» (CCCP),
KOTOPbIM YCNewWwHo
paborana

Ha NOBEPXHOCTH AyHbl
¢ 17 wonrbps 1970 .
no 14 centabpa 1971 r.
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MexayHapoaHas
KOCMMWYECKan CTaHLMA
(MKC)

74

Ceiluac oTeyecTBeHHAS KOCMOHABTHKA YCIEIIHO PA3BUBAET-
CA B pAMKax POCCHHMCKONH KOCMUYECKOI IMpOrpaMMBl.

HecnenoBanme IJIaHeT M HX CIYTHHKOB ¢ IOMOIIBI) KOCMM-
yecKkux annapatos. JIyHa ABIAETCA IEPBBIM H MMOKa eIUHCTBEH-
HBIM He0eCHBIM TeJIOM, HA KOTOpOM nobniBasiu gioau. B 1969 r.
Hun Ongpers ApMCTpPOHT BHEPBHIE CTYNHJ HA €€ MOBEPXHOCTH
B X0/l¢ PeaJIM3alliid AMEPHKAHCKONW NpOrpaMMbl «ATIOJIJIOH».
Bceero na Jlyne nobsiBaio 12 acTpoHABTOB.

K apyrum tenam ColHeuHOH CHCTEMBl 3KCIHEAHIIHN OCY-
LeCcTBAANNUCH 6e3 NPAMOro yYacTHA YeJI0BEKAa, C MOMOIILIO aB-
TOMATHYECKHUX MEMKILIAHeTHHIX CTAHIMI B pAMKAaX CJeAYIOM{MX
nporpamMmm:

1) «IImoHep» — mporpaMma uccjaegoBaHusA JIyHbI, MeILIa-
HeTHOro npocrpadcrsa, lOnurepa u Carypua (CIIIA);

2) «Bosmxep» — mporpaMmMa McciefoBaHUA IIJIaHET-TUTraH-
ToB (CIIIA);

3) «Mapunep» — uccaenoBanua Benepsl, Mapca u Mep-
kypus (CIIA);

4) «Mapce» — uccaegoBanua Mapcea, nepsas MATKad mocaj-
Ka Ha ero nosepxHocthb (CCCP);

5) «Benepa» — mporpamma mcciaegoBaHuA arMmochepsr Be-
Hepsl 1 ee nosepxHocTH (CCCP);

6) «BukuHr» — mporpamMma HMcclIeJOBaHHA NMOBEPXHOCTH
Mapca (CIITA);
7) «Bera» — BcTpeua ¢ komeroil I'annes, Beicagka aspo-

s3oHaa HaA Benepy (CCCP);

8) «®oboc» — mporpaMma uccljefoBaHUl cnyTHHKOB Map-
ca (CCCP);

9) «Mapc-9kcnpecc» — HMCKYCCTBeHHBIM cnyTHHK Mapea,
BeICcagKa Mmapcoxoga «Burns-2» (EBpomeiickoe KocMuueckoe
arearcteo — EKA);




10) «T'aamaeo» — mccaemoBaHue lOnuTepa M €ro COyTHH-
koB (HACA — HamunonaabHOE ynpaBA€HHE IIO adpPOHaBTHKE U

HCCAENOBaHUIO KocMHYecKoro mpocrtpanctea (CHIA));

11) «Kaccuuu» — wuccaenoBaHue CaTypHa, €ro KOoAeIl H
cnyrHukoB (HACA (CHIA), EKA);

12) «T'ro#ireHc» — 30HA AAS HCCAeNOBaHHUA aTMocdepsl
Turana (EKA);

13) «PoserTa» — HccaemoBaHHE dgapa KoMeTel YypooMoBa—
Fepacumenko (EKA);

14) «Meccenaxep» — unccaegopanue Mepkrypua (HACA
(CIIA));

15) «Mareaanan» — uccaegoBanue Benepst (HACA (CIIA));

16) «HoBble TOPU30HTHBI» — HcCCAenoBaHHEe [IayToHa U ero
cnyrHukoB (HACA (CIOA));

17) «Benepa-akcmnpecc» — uccaegoanue Benepsl (EKA);

18) «9Boaronua arMocdepbl U AETYYHX BellecTB Ha Map-
ce» — mccaenoBaHue armocdepsl Mapca (HACA (CLIA));

19) «CoaHeuHBI# 30HA» — HccaenoBaHue CoaHIIa, ero KO-

pPoHBI U MarHUTHEBEIX noaeit (HACA (CHIA));

20) «ObGcepBaTopHUsd COAHEYHOH AMHAMHUKH» — HCCAENO-
BaHue CoAHIla U ero BAUAHHA Ha 3€MAIO U OKOAO3EMHOE IpPO-
CTPaHCTBO IIyTeM H3y4YeHHUd coAHedHOoM arTmocdepsl (HACA
(CIIA));

21) SOHO — u3ydyeHHE€ COCTOSHHS COAHEYHOH aTrMocdepsl,
aKTHUBHOCTH COAHEYHBIX KOpoH u BeTpa (EKA, HACA (CIIA));

22) «MHCAUWT» — m3yuyeHUEe BHYTPEHHETO CTPOEHUS U CO-
craBa Mapca (CIIA);
283) «Mapc CkayT» — KocMHYecKad IporpaMma OO H3yde-
Huio Mapca (HACA (CHIA)):
* Phoenix — mccaegoBaHHE NHOYBHl B MOASPHOM pPETHOHE
IAQHETBHI;
* «Mapc [Mardaingep» — doTorpadupoBaHue, H3YIEHHUE

meteoycaoBut (HACA (CLIA)).

Boarmoe KkoandecTBO HHpopManuu o Mapce mepenasu map-
coxonabl B paMKax nporpaMmbl «MccaemoBaTeAbCKHE MapCcoOXoO-
ael» (Mars Exploration Rover): «Cnuput», «ONNOPTBIOHUTH,
« KpropuocurTu ».

Uudopmanusa ¢ mapcoxonoB (puc. 1.37) perpaHcaupoBasach
C MapCHaHCKHX opOuTaabHBIX cTaHuUuil «Mapc T'aob6aa CepBeii-
op» u «Mapc Onucceit» (HACA (CIODA)).

KocmMuueckue ammapartsl, NpelHa3HadYeHHble OAS paboThl
B naseKuxXx oT 3eMau obaacTtax CoAHEYHOH CHCTEMBI, OTIpAaB-
AdgI0TCa Tyma 06e3Bo3BpaTHO. MX moaeT MOXKET NPOLOAKATH-
cs rogaMHK, U B TeYE€HHE BCEro 5TO BPEMEHH OHH NepenamT
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Mapcoxoa
(nporpamma Mars
Exploration Rover)

Puc. 1.37

Ha 3eMuio HHQOPMANHIO, NIONYUYEHHYIO UX ANNAPATYPOH BO Bpe-
MA ToJeTa.

A

MemayHapoaHylo KOCMUYECKYID CTaHLUMIO Havyanu cTpouTb B 1998 r., a nepBbleé KOCMO-
HaBTbl Nocenunucs Ha Heil 31 oktabps 2000 r. MKC co6upanu 10 neTt Kak orpoMHbIH

(ee anvHa — 110 M), CNOXHbBIA M O4€Hb AOPOror KOHCTPYKTOP. OgHoBpemeHnHo Ha MKC
MHUBYT M paboTaloT wecTb YenoseK. MKC B NonHOM cMbiCne 3TOoro cnoBa — MemayHa-
pPOAHAA CTAHUMA, B 3TOM NPOEKTE NPUHUMAIOT y4actue 23 cTpaHbl. 3a cyTku MKC obne-
TaeT BOKpyr 3emnu 16 pas, no3TOMy KOCMOHaBTbl BMAAT 16 BOCXOAOB M 3aKaToB.
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Pesrome. 3a o4eHb KOPOTKHII MCTOPHYECKHH CPOK KOCMO-
HABTHKA CTaJIa HeOT'heMIEeMOH YaACThIO HAILIEH KU3HU; OHA OKa-
3bIBAET HEOLEHMMYIO IMOMOIL B 9KOHOMHUKE CTPaHbl M MO3HA-
HHUH OKPYKaIoIero Mupa. ¥Yixe ceiiuac orpoMHOe KOJHYECTBO
uHpopManuu 0 3eMiae MBI IOJYyYaeM M3 KocMoca. YenoBeue-
CTBO UyTh DoJiee MIeCTH AeCATHJIeTHH HA3aj BBIIILIO 34 Ipeje-
JBI CBOEH ILIaHeTHl, HO YyKe HUKOTO He VIHBHINbL OXBATHBIIH-
MH BCIO 3eMJI0 CIYTHUKOBBIMH CHCTEeMaMHu CBfA3u, Habawonae-
HHUA 34 OroA0i, HABHIalMU ¥ OKA3aHUA MOMOINH TEPHAIAM
OencTBHe Ha cylle ¥ Ha Mope. He yAHBIAKT HAC H cOODIeHHA
0 MHOroMecA4YHOii pabore mwoaeit Ha opbuTe, ciaeanl Ha JIyne,
dororpadpun gajeKHX NJAHET ¥ UX COYTHUKOB. BoamokHO,
HMMEHHO B KOCMOCE MBI HaliieM penieHHe TpeX OCHOBHBIX Hpo6-
JleM COBPeMEeHHOCTH: BOCCTAHOBJIEHHE 3KOJIOTHH, AeMorpadu-
YeCcKHi pOoCT M MCYepHnaeMOCTh NPHUPOAHBIX pecypcoB. IToato-
My He NIPHXOJAUTCA COMHEBATHCHA, U4TO JajIbHEHIIee pa3BUTHE
3eMHOH MUBHUJIM3AINY He MOKeT 00oiTHCh 6e3 OCBOEHHA BCEro
GaniKHEro KocMoca.



KOHTPOAbHBIE BOMPOCHI

1. AaiiTe pasBepHyToe onpeAeAeHUe MOHATUIO «OKOAO3EMHOE KOCMMU-
yeckoe MNpoOCTPaHCTBO».

2. Yto noHuMaetcAa nop 6AMXHUM U AaAbHUM KOCMOCOM?

3. Kakue AOCTUXEHUA COBEeTCKOM KOCMOHaBTUKU Bbl 3Haerte?

4. Kakue tena COAHEYHON CHUCTeMbl UCCAEAOBaAM aBTOMaTUYeCKUe
MeXMNAaHeTHble CTaHUUU?

5. Kakoe 3HayeHWe UMeeT 0OCBOEHUEe KOCMMUUYECKOTrO MPOCTpaHCTBa AASR
pa3BUTUA YEAOBEeYECKOW UMBUAU3ALUU U IKOHOMUYECKOrO pasBUTURA
Poccuu?

3agaHus A7 CAMOCTOSITENbHOM paboThI

1. OnMwute mMopenb BAMXHEro Kocmoca M uM3obpasute ee cxemartuue-
CKH.
2. CoctaBbTe NAaH OoCBOEHUAA BAUXHEro Kocmoca Ha 5 6AuxkallKUX AeT.

TEMbl AOKAAAOB

1. PeKopAbl COBETCKOW KOCMUYECKON nporpamMmbl.

N

. CaMble yAUBUTEeAbHble 06cepBaToOpuU B MUpe.
3. CaMble 3HaMeHUTble KOCMUUYEeCKUe dpoTorpaduu.

1.6. ACTPOHOMUSA AAAbHEro KOCMoca

MeTonrel H3y4YeHHS AaAbHero Kocmoca. Bce kKocMuyeckoe
npocTpaHcTBO 3a npeneaaMu CoaHeYHOH CHCTEMBI OTHOCHTCSH
K naAbHeMy KocMocy. MccaemoBaHuUdA masabHEero Kkocmoca — 3TO
HOBble HeoOBIUaliHble U yAUBUTEABHBIE OTKPBITHS B obaacTu
u3ydeHUd HeOECHBIX TeA, NMPOIECCOB UX POPMUPOBAHHUS U 3BO-
Atonuu BceaeHHoY B meaoMm. PesyabTaThl 3THX HCCAEJOBaHHH
IIO03BOASIOT JeAaTh BaXHBble BBIBOABI O IPOIIAOM, HacCTOSLIEM
u 6yaymieM 3Be3n M IIAaHET, FaAaKTHK U Hameidl BceaeHHOH.
K coxaaseHHIO, HUCIHOAb30BaHHE aBTOMATHYECKHX MeEX3Be3[-
HBIX CTAHIUUH AAS HU3yYEeHUd TAKHUX OJAAEKHX OT 3eMAH 00BEK-
TOB IIOKa HEBO3MOXHO, HO3TOMY OOABIIYIO 9YacTbhb HH(pOpPMAUHU
O HHUX MBI MOXKEM IOAYYUTH TOABKO Ha OCHOBAaHUU HabAIOEHUI
C MOMOIIbI0 HA3€MHBIX U KOCMHUUYECKUX TeaecKonnoB. CoBpeMeH-
Hble acCTpoOHOMHUUYecKHe obcepBaTopuu (puc. 1.38), Hampumep
[IlyAkKOBCKas, IMO3BOAIIOT IIOAYYaTh HH(pOpMaIllUio 0 BceaeHHOU
He TOABKO B OIITHYECKOM AHalla30He, HO U pacloasaralT HaMHO-
ro 6oaee MHUPOKHMHU METOAAMHU PETUCTPAIUN KOCMHUYECKHUX H3-
Ay4YeHUH IpaKTHYECKH BO BCeX AHalla30HaX dA€KTPOMATHUTHBIX
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BOJIH: FaMMa-u3JIyueHle, PeHTIeHOBCKoe, yibTpaduonseToBoe,
HH(ppaKpacHoe, MUKDPOBOJHOBOE M PaJHOU3JIyUeHHe.

A

CoBpeMeHHble KOCMHWYECKMEe annaparbl He NO3BONAKT ObICTPO NepemellaTbes gaime
no ConHe4yHoW cucTemMe, NO3TOMY ANS Noneta B Apyrue ranaktuku HeoBxoauMO UCKaTb

HOBble cNOCcoBkl nepeasuxenus. Mo MHEHMIO FMaBHOro pegaKrTopa xypHana «HoBoCTH
KOCMOHaBTUKW», aKafemMnKa POCCMICKON akafeMrn KOCMOHaBTUKK umeHun K. 3. Llnonkos-
cKoro Urops MapuHKHa, B laHHOM CNy4ae MOMHO PacCMOTPEeTh AaMe Takon cnocob ne-
peMeLLeHUs, KaK TenenopTaums.

NyakoBcKan
obcepearopua
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CoBpemennsie Ha3eMHbIe TeJiecKonbl. CoOBpeMeHHEIe ONTHYIe-
CKHe TeJIECKOIbl MAJIO MOX0KH Ha MepBbli Teneckon annnesa u
IPeICTABIAIT cOD0MH CIOKHEHIINE TEXHUYEeCKNe KOHCTPYKIIUH.
OpHaKo NPUHIMI UX ycTpoiicTBa ocraerca npexauM. C moMo-
IIBIO JIMH3BI MM MapaboJMuecKoro sepkaga cobupaercsa CBeT OT
HebecHOro o6'beKTa U cTpouTcA M3obpaykenne B QOKyce JUHILI
WM 3epKaJja. 3jech HoMellaeTca NPUeMHUK U3JIYyYeHHA, KO-
TOPHIH (hUKCHpyeT H300paXkeHne AN JadbHeHImero Hay4eHns.
Camerilt Kpynasiil B Pocenu onruyeckui reseckon — Bonbmioit
TesiecKon asumyTansHblil CnenuanbHoil acrpodusudeckoil na-
toparopun PAH — maxoaurca B ropax Cesepnoro Kaskasza.
Huamerp ero oobekTBa — 6 M.

Eme ogauM BHIOM TEJIECKONOB ABIAIOTCH paduomenecko-
not (puc. 1.39). OHM HYXKHBI AJIA UCCIEJ0BAHUA KOCMHYECKUX
00beKTOB B pagnoananasone. OCHOBHBIMHU 3JIEMEHTAMU PATUO-

TeJIECKOIOB SABJAKTCA NPUHUMAIOIIAA aHTeHHA U PAJIHOMEeTD —
YYBCTBUTENLHBLIN PAJHONIPHEMHNK, ITePECTPANBAEMBIN 10 YACTO-




Te, ¥ IPUHUMalnas annaparypa. IlIocKonbKy paguoauanasoH
ropasjo Mupe ONTHYECKOTO, AJS PerdCTPAINH PagHOH3Iyde-
HUA WCHOJB3YIOT PA3JIHYHbIE KOHCTPYKIIHHA PAJHOTEIeCKOIO0B,
B 3aBHCHMOCTH OT JAHUANA30HA.

PATAH-600 — camplii KPYNHBIA CTAIMOHADHBIN pajgnoTe-
JiecKoI; uMeeT (popmy Koablla guamerpom 600 m, pacnoJsioxen
B CTaBpOmonbCcKOM Kpae.

Campiit Gosb110ii paguoTeneckon €Ha 3emie (AUaMeTpoM mpu-
MmepHO 300 M) HaXoJHUTCA B KpaTepe IOTYXIIEro ByJIKaHa, B 06-
cepsaropuun Apecuto (Arecibo), 6siM3 0JHOMMEHHOro ropoja
B ITyapro-Puko (puc. 1.40). O6cepBaTopus NpUHALIEHKHAT KOM-
nauun SRI International, ocHoBaTenem Koropoii asaserca CTaH-
dopackuii yausepcuter. O6cepBaTopus IIPOBOAUT PaAHOACTPO-
HOMHYECKHE ¥ PaJNoJI0KaIlMOHHbIe HADIIOAeHns 38 00'beKTaMu
CoJytHeYHOM CHCTeMBI, 4 TAKIKe YVYACTBYET B UCCIIeOBAHHH ATMOC-
tep apyrux ninanetr. Teneckon obcepBaropun Apecuto, DocTpo-
eHHbIil B 1963 r., umeer chepuueckyro uanry guamerpom 304,8 m
u paboraer ¢ AJauHAMH BOJH OT 3 ¢M A0 1 M. OH OBLI caMbIM
GOJIBIIIMM TEJIECKOIIOM ¢ OJJHHOYHBIM 3epkasioM ¢ 1963 mo 2016 r.

Kpynreiimasa paguoacrpoHoMudeckas obcepsaropua ALMA
(Atacama Large Millimeter Array), uan ArakaMmckas 60Jb-
mad MHJJIMMeTpoBas,/cyOMIUIINMeTPOBaA peleTKa, BCTYIINIa
B CTpoi#l coBceM HexaBHO — B mapre 2013 r. OHa pacnosoxe-
Ha B Ynam Ba BeicoTe 5058 M Haj ypoBHeM mopsa. Ha nanHbrii
momeHT ALMA sBiIsieTcsa caMblM AOPOTHM JAeHCTBYIOIIMM Ha-
3eMHBIM TeJeCKOIOM. JTOT acCTPOHOMHYEeCKHII nHTepdepoMeTp
cocrout us 66 pagmoreneckonos guamerpom 7 u 12 m.
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Teaeckon
obcepBaropum
Apecunbo

Puc. 1.40

Puc. 1.41

KBapparHan
KMAOMETPORan
pewertka (Square
Kilometre Array —
SKA)

U3 crpoanuxca paguoTeNecKooB cieayer orMetuTs KBa-
JPaATHYIO KHJIOMETDPOBYIO aHTeHHYI0 pemieTKy (Square Kilometre
Array — SKA) — MeXIyHAPOJAHBLIN NPOEKT
10 CO3/JIaHUI0 KPYMHENero 8 MUpe paguouH-
Tephepomerpa. HazBpaHue mpoekTa oTpaka-
€T nepBOHA4YaJbHBIN NJaH paspaboTku (Haya-
m10 1990-x rogoB) — cO34aTh pajgHOTENIECKON
¢ obmeit cobmpalmei mIomaabo aAHTeHH 0KO-
a0 1 km?, C Tex mop nmpoekT TesecKomna ObIa
nepepaboraH, ¥ IO NJIaHY cOOMpAKINAA IJO-
majak JOJKHA 3HAYUTEJIBHO IIPEBBICHTHE 1 KM
(puc. 1.41). [IpyruM KpynHbIM IPOEKTOM SABJIA-
erca Cihepudeckuil pagHoTeIeCKOI ¢ NATUCOT-
meTpoBo# aneprypoit (Five hundred meter Aperture Spherical
Telescope — FAST) ua ore Kuras B nposunnun I'yiiumxoy
(puc. 1.42).

Haszemnsle Teneckonsl XXI B. — 8T0 HOBBIM aTam B co3ja-
HHUH onTHYecKuX npubopos. Bo-nepBsix, OHKM 04eHB OOJMBITHE —
auaMeTp X riasHoro 3epkaJna 8..10 m. Bo-Bropsix, OHH IIO-
CTPOEHBI C HCIOJB30BAHHWEM HOBBIX NPHHIMIOB. UX 3epkaia
NOACTPAMBAIOTCS O[] UBMEHEeHUs, IPoHCcXoasAmue B armochepe,
Tak 4To pacoKycHpOBKa m3o0paskeHus, BLI3BAHHAA Nepena-
JaM¥ IUIOTHOCTH BO3JAYXa M ero mOTOKaMH, CBOAUTCA K MHHH-
mymy. Takas onTuka, «ymMewmas» npucnocabiauBaTsca K ObI-
CTPOMEHHAKIIIUMCH YCJIOBUAM, HA3BIBAETCA aJalTHBHON. ¥ CO-
BPEMEHHBIX TeJEeCKOIOB ¢ afanTHBHON onTuko# (puc. 1.43)



HMeeTcH cHUCTeMa npucnocobneHuit, KOTOpbIe, OKASLIBAA IAB-
JIeHHe Ha 3epKAajo, cmocoOHBI HYKHBIM 00pasoM H3MeHATH ero
tdopmy, 4TO €TANO BO3MOMHBEIM, KOT/la HAYAIH
M3rOTOBJATH OYE€Hb TOHKHE U JIEKUe 3epKaia.
Jlna moBBIIMIEHUA paspemarineil crocobHOCTH
TeJIECKONOB MPUMEHAITCA TaK:Ke MeTOAbI OII-
TUYecKoit uETepdepomerpun ¢ Gonbmoi 6a3oii.

K HOBOMY MOKOJEHHIO TEJIECKOIIOB OTHOCHAT-
ca 10-merposrie Teneckonsl Keck-1 u Keck-II
(CHIA), «Xo0606u-O6epau» u 8-MeTpOBBIE Tele-
ckonbl «J[xxemunmn», «Cybapy», Teneckon VLT
(Very Large Telescope — Ouens 60JaBIION Te-
neckon) EBponeiickoii okHoil obcepBaTopun,
a TakyKe HaXOoNAINUiicA B cTaAHH MOCTPOMKH Bonbkimoit GuHOKY-
napusii Teneckon (LBT — Large Binocular Telescope) B Apu-
zone (CIIIA).

Criexyer OTMETHTH BajKHOe 0DCTOATENBCTBO: BO BCEX 3THX
TeJIeCKOIax IIaBHOE 3ePKaJio 00pa30BaHO OT/eJIbHEIMH 3epKa-
JIAMH, YHCJIO KOTOPHIX PA3JIMYHO B PA3HBIX Tejeckonax. Tak,
B Tesneckone «Cybapy» cmorTupoBaHo 261 zepkaino, B VLT —
150 oceBnix u 64 GokOBBIX 3epKaJ, B Teneckone «JxeMuHU» —
128 zepkau.

B LBT mmeerTcsa aBa riaaBHBIX 3epKaJia, COCTOAIIHX TaKike
M3 MHOTMX 3JIeMeHTOB. JluameTp rjiaBHBEIX 3epPKaJ BCEX 3THUX
TeJIECKOIOB JIeKUT B guanasose ot 8,1 mo 8,4 m.

Hanyqenne C HCKa>XeHHuAMH

f
AKPWUJ’IJ
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BOJIHOBOI'O nocjie KOppeknun
¢dporTa :
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< 0 - ——
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< 0 ' |
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| — BOJHOBOI'O
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YerpoiicTBo
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Puc. 1.42

Coepuyeckuin
paAnOTEAECKON

C NATUCOTMETPOBOW
aneptypo#n (Five
hundred meter
Aperture Spherical
Telescope — FAST)

Cxema ycTpoucTea
aAANTUBHOTO
ONTHYECKOTO
TEAECKONa
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CoBpeMeHHBIE KOCMHUYECKHE TEAECKONBI. B HacTroslmee Bpe-
M Ha CaMbBIX Pas3AHMYHBIX opbuTax BOoKpyr 3emau u CoaHIa pa-
60TaeT MHOXKECTBO KOCMHYECKHX TEAECKOIIOB, INOKPBIBAIOIIUX
BeCh AHAaNa30H 3A€KTPOMATHHUTHBIX BOAH OT pajgHo- [0 ramMma-
u3aydeHus. KocMHYeCKHE TEAECKOIIBI MOTYT paboTaTh KPYyTABIE
CYTKH, AAS HHUX HE BaXKHBI HCKaXEeHHUS aTMoc@dephbl U IIOTOAHBIE
ycaoBUA. Boabmasg 4yacTh HOCAEIAHHUX OTKPBITHH B XOH€ HCCAE-
AOBaHHUSA TAYyOOKOTOo KOCMOCa NPUXOAUTCH Ha 3TH obcepBaTOpPHH.

MAeuHbIi MyTb COAEPXMUT UeTbipe CNUpPaAbHbIX PyKaBa, a He ABa,
KakK 3TO MPUHATO CyUTaTh.

Takme BUABI U3AYUYEHUS, KaK raMMa-HU3AydYeHHE, PEHTTEHOB-
CKOe, yAbTpadHuoAeTOBOE, MH(PpPAKpacHOE, CHABHO IIOTAOLIAIOT-
ca arMocdepoii, Mo3ToOMy UX HabAOOEHUE IleAecO00pa3HO BECTH
C 3eMHOY OpPOHUTEI.

OnTHYeCcKHEe TEAECKOIIbl HMCIOAB3YIOTCS AAs HabalogeHHUd
3Be31, FaAaKTHK, IIAAHETapHBIX TYMaHHOCTEH, NPOTONAAHET-
HBIX AHUCKOB U APYTHUX 00beKTOB. CaMblii M3BECTHBIH H3 HHUX
Teaeckon «Xab6a» — coBmecTHBIH npoekT HACA u EKA, 3a-
nymeH B 1990 r. «Kemaep» — kKocMuueckasa obcepBaTopusa
HACA, cnenmaabHO IIpeAHa3HadYeHHad OAS IIOMCKa 3K30IIAa-
HeT (naaHeT BHe COAHEYHOU cuUCTEeMBl — y APYTUX 3Be3n), IIO-
nob6ubix 3eMmae, 3anymeHa B 2009 rony.

FaMMa-AyYH H3AYyYaKOTCSd CBEPXHOBBIMHU, HEHTPOHHBIMHU
3Be3JgaMHM, INyAbcapaMH U YePHBIMHU AbipaMu. OZMH M3 ramma-
TEAECKOIIOB, NpeaAHaA3HAYEHHBIX AAS peTHcCTpaunuu u Habarome-
HHUHA KOCMHYECKHX raMMa-BCIAeCKOB, — «CBuUdT» — COBMECT-
Hei#i npoekT CUIA, UTtaauu u BeaukobpuTaHuU, 3aNyIlleHHBIH
B 2004 r. B ramMma-nuanasoHe HpogoaxaeT paboTy MexayHa-
POOHBIN KOCMHYECKHIH ramma-teaseckon «depMu», BCTYNHUB-
muit B crpot B 2009 r.

HekoTopble THINBI acTpPOPHU3IUYECKHUX OOBEKTOB HCIYCKAIOT
PEHTreHOBCKHE AYYH: CKOIA€HHE TaAaKTHK, YEepHBbIE ABIPHI,
aKTHUBHBIE AApa rasakKTHK, OCTAaTKH CBEPXHOBBIX, ONHHOYHBIE
3Be3Abl, a TaKXe 3Be3bl B ITIape C 0eABIM KapAHMKOM (Kara-
cTpodHuYeCKHe NepeMeHHbIEe 3Be3/Abl), HEHTPOHHOHN 3BEe3A0H HAHU
YepHOH ABIPOH (PEHTreHOBCKHE ABOHHBIE 3Be3abl). HekoTopsle
06bekTsl COAHEYHOH cHcTeMbl 00AaalOT PEHTTEHOBCKHUM H3AY-
YeHHEeM, B TOM HYHcAe U AyHa, xoTa Ooaplras 4acTb 3TOTO H3-
AydeHHUs AYyHBI BO3HHKAaeT OT OTPAXKEHHOTO COAHEYHOIO PEHT-
T€HOBCKOTO H3AYYEHHS.

Cpeam peHTreHOBCKHUX obcepBaTopuil BBILEASETCS KOCMHUYE-
ckui#l Teaeckon «Haumapa» (puc. 1.44), sanymenHbl#i B 1999 r.



Banernas Macca 3TOro TeJlecKoIla BMECTe ¢ KOCMUYecKHUM anma-
parom AXAF/«Yangpa» cocrasnana 22753 Kr, 4ro siBAsgeTcH
abCOIOTHRIM PEKOPAOM MACCHI, KOTAa-Tud0 BEIBeIeHHOH B KOC-
MOC KOCMHUYECKHM 4YeJHOKOM. OIHH M3 KOCMHYECKHX DEeHTre-
HOBCKHUX Tesneckonos XMM-Newton cosgan EKA
comecTHO ¢ HACA (CIITA) 1 BBeieH B 9KCILIY-
aranuio B 2000 r.

O6BexTHI, H3NyUaKIHe yabTpaduoneTosoe
HanaydeHune, BKao4aoT ConHne, 38e3/bl U Fajlak-
K. GALEX — opburanbHBII KOCMHYECKHMR
TeJIecKoIl, pafoTaniui B yaIbTpadoJIeTOBOM
auanasoHe, Kotopsii sanymes 8 2009 r. HACA.

HudpaxpacHslii cBeT uMeeT MEHBIIYIO 9HeD-
rUi0, YeM BHIHMBIH CBeT, CJIeJoBaTeNbHO, HC-
nyckamwT ero 6ojee xonoansie 00bekTH. B nadparpacHoii (Te-
[J10BO#) 06JIACTH HAXOAUTCA MAKCHMYM H3JydeHHsA caabocse-
TAMerocsA BeniecTBa BecelleHHON — TYCKJIBIX OCTBIBIIHX 3Be3l,
BHECOJITHEUHBIX IJAHET M PMMaHTCKHX MOJIeKYJAPHBIX obja-
xkoB. UHdpakpacHble JIyun DOIJIOMIAIOTCA 3eMHOM aTMocdepoii
U IPaKTHYeCKH He MonajaiT U3 KOCMOCca Ha OBEPXHOCTh, YTO
JeaeT HeBO3MOYKHOM MX PerucTPAILHI0 HA3eMHBIMH TeJIecKoma-
mu. U Haobopor, ansa nH(ppaKpacHLIX JTydeil Tpo3pavHBl KOC-
MHYeCKHe IblJIeBkie 001aKa, KOTOphIe CKPLIBAIOT OT HAC MHOT'O
MHTEPEeCHOT0, HAIPUMEDP rajakTHuecKnil meaTp. Oaun U3 Koc-
MHYECKHMX TeJeCKONOB, NpefHAZHAYEHHBIX JAaA HabaoaeHud
KocMoca B MH(ppakpacHoMm auanasoHe «CnuTnep» sanyiieH
HACA B 2003 r.

UCTOPUA PA3BUTHA
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Teneckon «YaHapar

Mo MHEeHWIO uccnegoBaTenei, K KOTOPOMY OHM NPULLNK HA OCHOBaHWK AaHHbIX CNeKTpaib-
HOTO aHanu3a KOMMOHEHTOB MEM3BE3HOr0 ra3a, LeHTP Halwen [AanaKTUKKM JOMKEH UMETb
BKYC Ma/WHbl M NaxHyTb poMoM. Mo CnoBaM KOCMOHABTOB, KOCMOC NaxHeT KaK nepema-

PEHHLIM GULITEKE, rOPAYMA MeTan 1 AbiM OT CBapKH.

Jlerom 2011 r. poccuiickue y4YeHBIe 3allyCTHIN KOCMHUYe-
ckuil anmapar «Cmoekrp-P» (puc. 1.45) kak uacTh KOCMHYe-
cKoro npoexra <«PaguoactpoH». Pagnoreseckon, YyCTaHOBJIEH-
HBIi Ha cnyTHHKe «CnexkTp-P», cnocoben paborats B cBA3KE
¢ ro6anbHO CeThI0 HABEeMHBIX TEJIEeCKOIIOB B DeKHMe HHTep-
(hepomeTpa CO CBEPXIMHHOM 6a30i. YTI0BOE paspenieHne Te-
JIECKOIIA 3aBHCHUT OT ABYX CaMbIX yJAaJeHHBIX TOUEK €ro 3ep-
Kaja uiau JuH3bl. B npoexkte «PajgnoacTpoH» oAHOI M3 3THX
TOYEK SBJAETCSH HA3EMHBLIN TEJIeCKON, & BTOpad TOYKa — Bpa-
MIAKIUACA 10 BRITAHYTOH opOuTe BOKPYr 3eMJIH KOoCMHUe-
cknii annapar «Cnexktp-P» ¢ pagmoanTeHo#. 3a cueT TOro, 4To




UCTOPUA PASBUTHUA
ACTPOHOMMH

Kocmuyeckuin annapar
«Cnektp-P»

Puc. 1.45

B anoree OH yjaasercsa or 3eMau Ha paccroaaue 350 Teic. KM,
ero yrijiopoe paspelnieHHe MOKeT JOCTHIATh BCEro JIMIINbL MHJI-
JIMOHHBIX J0JieH yrioBo# cekyHAsl, 4ro B 30 pas ayuine, 4eMm
v HaseMHBIX cucTeM. OH IO3BOJIAET MOJYYUTH CAMOE BBICOKOE
YIJIOBOE paspenieHue 3a BCI HMCTOPHIO ACTPO-
HOMHH — 21 MHKpoOCeKyHJa AYrH, 4To Oosee
yeM B 1000 pas nydme paspemesuss KocMude-
CKOTO Tejleckona «Xabbu». Onruueckuii Tene-
CKOII ¢ TAKMM YIJIOBBIM paspelieHHeM Mor Obl
pasraafeTsh CIMYeYHEIH KOPODOK HA NOBEPXHO-
ctu Jlyael. OH aBiAeTca KPYNHEHIIHM B MHDe
KOCMHWYECKHM TeJIeCKOIOM, 4T0O OBIJI0 OTMEe4eHO
B KHHUre pexopaos 'uHHecca, U cAMBIM JIYYIIAM
[0 YIJIOBOMY paspelnieHHIo.

Ha BbiBeCTH Ha op6uTy annapar HACA ans nposBefeHus acTPOHOMUYECKHX HabnioaeHun

m AMepuKaHcKan KomnaHua SpaceX 3anycTuna paxeTty-HocuTens Falcon 9, kotopas aomw-

C UeNnbio NOMCKa NOTEeHUMaNnbHO NPUroaHbiX ANA MU3HW NNaHeT.

B macrosamee Bpema HHGOPMAIHIO 0 AaeKux obbexkTax Bee-
JIEHHOH MOKHO IMOJYYHUTEH He TOJBKO C ITOMOIEI0O PerHCTPaIuy
39JIeKTPOMATHUTHEIX BOJH. PeruerpaTropsl ocobbix yacTum —
HEeUTPUHO — IO3BOJAIOT 3ariAHyTh BHYTpPh ConHIA B B sapa
B3PHIBAOIINXCA CBEPXHOBEIX 3Be3). CoBepuieHHO HOBOE HA-
npasjieHne NpPeACTaBigeT 'PABUTAIIMOHHO-BOJHOBAA ACTPOHO-
mudA. 'paBUTAIIHOHHBIE BOJHBI TEOPETHYECKH MOTYT HM3JIy4aTh
pas3auYHBIEe 00BEKThI, HAIPUMED CAUBAIOIIHECH YePHbIe JbIPbI.

Tak Ha3biBaeMbli «CurHan Bay» 6bin €AMHCTBEHHON paguonepeaaYen, KoTopas, Kak CYM-

m B 1977 r. uccnegoBartenu nomany cMrian M3 rnyboKoro KocMoca, KOTopbid anunca 72 c.

TaeTcs, TpaHcaupoBanace o6nagartenaMmM BHE3EMHOro pasyma. bbino ycTaHOBNEHO, 4TO
MCTOMHMK CUrHana Haxoautcs B6GNM3M 3Be3abl Tay Crpensua B co3sesauun Crpensua.

Pearome. [lanpHMI KOCMOC — MHD raJIaKkTHK U 3Be3d. Camelie
JaneKkne o0beKTHl yAaJeHbl OT HAC HA PACCTOAHHE, KOTOPOe CBeT
NpoxXoAauT 3a MuIHapAs! Jer. Kak ¢ noMolusio MAIIMHEL Bpe-
MeHH, HAOIOAeHUA MO3BOJAIT YBHAETH pasHooOpasHbie 00b-
eKThl BcenneHHOH B pa3/UM4yHBIe MOMEHTHI MX KU3HH. [Insa us-
VUYEeHHUA 3araZioK JaJbHEro KocMoca 4e/I0BeYecTBO HelpepbIBHO
COBepIIEeHCTBYET HaseMHble H opOuTanbHBIe TejecKonsl. Pas-
HOCTOPOHHHE KOCMHYEeCKHe HCCJeJOBAHUA BEeAYTCA HEe TOJIBKO
B BUJMMOM 4YeJIOBeKY ONTHYECKOM JHAlla3oHe, HO U BO BeeX Aua-



IIa30HaX JACKTPOMArHUTHBIX BOAH: TaMMa-H3Ay4Y€HHUE, PEHTIE-

HOBCKOE€, yAbTpadHuoaeTOBOe, HH(pPpaKpacHoe, MUKPOBOAHOBOE

U PagHOHN3AYYEHHUC.

IS

KOHTPOAbHBIE BOMPOCHI

. Kakne MeToAbl UCMOABL3YIOT AAl U3BYYEHUAA AaAbHEro Kocmoca?
. Ha Kakue BUABI MOXHO pa3pAeAUTb TEAeCKOMNbl Mo TUnam MnpuUHUMa-

eMoro U3AyyeHua?

. KakoBa npuuuHa cospaHUA KOCMUYeCKUX obcepBaTopuin?
. 0 Kakux CoOBpeMeHHbIX TeAecKkonax BamM M3BECTHO?
. Kakoe sHauyeHWe UMeeT U3yuyeHUEe AAAbHEro Kocmoca AAA pas3BUTUA

YeAOBEYECKOW UUBUAU3ALUU U IKOHOMUYECKOTro pa3BuUTUA Poccuu?

3AAAHUA ANl CAMOCTOATEAbBHOKW PABOTHI

. CoctaBbTe CNUCOK U3 3—4 KOCMHUYECKUX NporpaMM OCBOEHUA AaAb-

Hero Kocmoca no cxeme:

* HasBaHWe Nporpammbl;

* UeAb MporpamMmMmbl;

* Kakue 06beKTbl AAA U3yuyeHUA OYAYT BKAIOUYEHBl B Mporpammy;

* 3HaHWe KaKMX AUCUMNAUH HeoBXOAMMO AAA peaAusal UM 3Toi Npo-
roaMmmbl;

* Kakue HOBble 3HaHWA MOAYYUT YEeAOBEYeCTBO, peaAusya aTy npo-
rpammy.

. OxapaKTepusyiiTe C TOUKA 3peHUA GU3UKU 0COBEHHOCTH COBPEMEH-

HbIX Ha3€MHbIX U KOCMUYECKUX papuOTeAeCcKonoB, 3aNOAHUB Ta6I\VILI,y.

Tab6auua. KnaccuduKkaunusa TeAECKONOB NO BOAHOBOMY AManasoHy
HabAloAEHUA

MCTOPUA PA3BUTUA
ACTPOHOMMU

Paauoreneckonbl

HWndparpacHble TeNECKOILT

PeHTTeHOBCKHE TEIECKOIIBL

TamMma-Teneckons:

1.
2.
3.

TEMbl AOKAAAOB

HayyHoe ¥ npakTuyeckoe 3HayeHWe U3YyYeHUAa AaAbHero Kocmoca.
CoBpeMeHHble UCCAEAOBAHUA AaAbHero Kocmoca.
MeToAbl U3y4yeHUA AaAbHEro Kocmoca.




COJIHEYHAA
CUCTEMA

MpouuTas 3Ty rnasy, Bbl y3HaeTe:

0 pa3nuyHblX runoTesax npoucxowaeHus ConHeyHon cucTemsl 1 ee
CTPYKTYpeE;

cucteme 3emna — JlyHa, duauyeckon npupoae JlyHbl, CTPOEHUMU NTyH-
HOM NOBEPXHOCTH, YCNOBUAX CyLLEeCTBOBaHUA Ha JyHe;
KOocMu4ecKkux Tenax ConHe4YHoW cUCTeMbl: NnaHeTax 3eMHOW rpynnbi,
nnaHeTax-ruraHTax, Manbix Tenax;

3aKoHbl Kennepa.

2.1. MNpoucxoxgeHune
CONHEeYHOU CUCTEMBI

I'unoresst npoucxoxaenns Conneunoi cucremsl. Ilepeeie
runoressl npoucxoxaesua ColHeuyHON cHcTeMBl MOABHUJINCH
B XVIII 8. Hemenknit dhunocod M. KasT npeanosoKua, 4To
ConseuHas cucrema obpasoBanach u3 objgaka XOJOAHBIX 4a-
CTHIL, HAXOAAIMXCA B GecIpepEIBHOM H Xa0THYHOM JBUKEHHH
(puc. 2.1, a). [Ipyroi ydeHsblii, dpasnys I1. Jlannac, B 1796 r.
BRICKA3aJI IPEAIIOJIOKeHHe 0 TOM, 4T0 npoucxoxaenue ConHeu-



HO! CHCTeMbl CBA3AHO C MOCTOAHHO Bpallawmleiica TyMaHHO-
CThIO, MMOJHOCTBIO cocTOAIeH ua rasa (puc. 2.1, 6). Bpuranen
. JXxuHC DPeAnoNo i, 4YTo cBouM nosasiaenneM ConHeuHas
cucrema obasana recaomy conmnykennio ConHna ¢ Apyroii 3ases-
poii, BeiTAHyBHmeid 3 ConHua curapoodpasHyIo CTPYIO Belle-
cTBa, U3 KOTOPOi noTomM o6pasoBaJuCh BCe IJIAHETHI.

ELLIE OJJHA MHTepeCHasd rmnoresa 6]:13'[51 BBIJIBUHYTA COBET-
ckumM acrporomoMm O. 0. IlImuarom B 1944 r. U3 Hee cuepyer,
YTO CPe/ioid, KOTopasa CAYKHUT AJsi o0pasoBaHUA NIaHeT, ABJIA-
ercda pparMeHT MexK3Be3qHOro obsaka, COCTOAIEro U3 raso-
ObLIeBO cMecH. B Hem B pesgysibTraTe XaOTHYHBIX CTOJKHOBE-
HHI gacTui o0pasyoTcsa MHOTOYHCJAEHHbIe crymenus. Kpyn-
HEI€e OﬁpﬁSOBaHHﬂ HOOCTEeNnNeHHO YVBeJIHUYHBAKTCHA B padMepax Hu
CTAHOBATCA IUIOTHee. UMeHHO Tak, ¢ ero TOYKH 3peHusda, obpa-
3VIOTCA NAAGHEMEe3UMANU — «3apOALIMN» OYAYIIUX IJIaHeT.
B noneay nocnexHeil TeOpUH rOBOPAT COBpeMeHHEBIe Habioe-
HHUA 3a Me;K3Be3[HBIMH rasonbslieBbIiMiu obnakammu Hamei a-
JAKTHKH, B KOTOPBIX H cefiuac NPOMUCXOAAT NPOLEeCChI 06])33()'
BAHHUS HOBBIX 3BE3JHBIX CHCTEM.

Idranel hopmuporanua Conmmeunoi cuctemsl. B HacToamnee
Bpems nmpejanonaraerca, uro opmuposanue ConeuHoit cucre-
MBI HAUAJOCH OKOJIO 5...4,6 MJapa JieT HA3aa ¢ TPABHTAIIHOHHO-
To CcxarTuda H(‘6OJTI:I.HO}“[ HacTH MeJJIeHHO BPaljamIneroca Mex-
3Be3/IHOro rasonslneBoro obinaka (puc. 2.2, 1).

Ob6nako y:Ke cOmep’kKajo He TOJBKO BOAOPOJA W TesInii, HO |
MHOT'OUHCJIeHHLIE TAXKEJIBIe 2JIeMeHThI, OCTABIIIHeCs ITOCJIe 3Be3/]

a

COAHEYHAR
CUCTEMA

MMnotessbl
NPOMUCXOXAEHHUA
COAHEYHOW CHUCTEMbI:
a — W.Kanra;

6 — N.Nanaaca
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COAHEYHASRA
CUCTEMA

3ranbl GOPMUPOBAHKA
COAHEYHOW CHCTEMbI

npeasAyINUX nokoJeHnil. Bo BpeMs cikaTus CKOpPOCTh Bpalie-
HUAA 00JaKa YBeIMUWJIACH, TEeMIEpaTypa U IJIOTHOCTh BelllecTBa
Bospacrtanu (puc. 2.2, 2—3). Haubonee cuapHO HarpeBajanch
ueHTpaJbHble 0bsacTu gucka. [Ipu gocTH)KeHMH TeMIepaTyphl
B HECKOJIBKO THICAY KeJILBUHOB IeHTpaJIibHasA 001acThk JUCKA HA-
yajia CBeTHThCcA — chopMupoBasiack nporo3sesaa (puc. 2.2, 4).
BemecTBo 0obaaka OpoAoJKasio MOrJI0OLATHCA IIPOTO3BE3A0iM,
VBEeJIMYMBasA JaBJeHHUe U TeMIepaTypy B lleHTpe. BHellHHe Ke
00JacTH AHCKAa OCTABAJIMCH OTHOCHTEJNBHO XoJoaHeiMu. Korga
TeMIIepaTypa B LeHTPe IPOTO3Be3bl JOCTHUIJIA MUJLJIMOHOB I'pa-
JAYCOB, B IeHTPaJbHOH 06JacTH HaYagach peakusa TepMosAmLep-
HOI'O CMHTEe3a reJina U3 Boaopojaa. Bo BHemneit obaacru guc-
Ka KPYNOHBIe crymeHua obpa3oBasy IJIaHeThI, BpallaloliuecH
BOKPYT HEHTPAJLHOT'O CBETHJIA IPUMEPHO B ONHOM IJIOCKOCTH
U B OHOM HAamnpasJIeHHH, a TaK¥e MX COYTHHKH, acTepoubl
1 apyrue maisle Tena ConHeuHoii cucremsl (puc. 2.2, 5). Bau-
#e K ComHiy remneparypa 6bl1a O4eHb BRICOKOH, ITO3TOMY Ta-
KHe JIerKue rasbl, KaKk BOJOPOJ U IeJInil, BhITECHAJUCH HA Ile-
pudepHio, a HA BHYTPEHHHUX IIJIaHeTaX NPOMCXOAHUJIO HAKOILIe-
Hue Gosiee TAMKeENBIX dneMeHTOB (puc. 2.2, 6).

B ,Ilﬂ.’IbHEl’Il.l.leM TeMIepaTypa NOHHM3WJIach 1 NOABHUJIACH BO3-
MOYKHOCTB VAEDKHBAThH JIETKHE 3JIEMEHTHI, 03TOMY ILJIAHETHI-
FHTAHTH B OTJHYHE OT BHYTPEHHHUX YJICHOB CHCTEMEl He ABJISA-
HOTCA NJOTHBIMH H KAMEHHCTBIMH. OHH MOT'YyT MMeTh TBepAoe
AAPO, HO DOJBINEH YACThI0 COCTOAT U3 JKHAKOCTH, UMEIOT OYeHb
MOIILHYI0 aTMochepy, 6oraryio Bogopoaom u reauem. Ha nomro
Connna npuxogurcsa 99,87 % ot Beeit macesl ConHeuHOI cucTe-
MBI, Ha BCe ocTajJbHBIe Teaa — Becero 0,13 %.

IlepBbie HECKOJIBKO COTEH MHJIJIMOHOB JieT GOpPMHUPOBAHUA
CosnHeuHO¥ cucTeMbl ObIIH OYeHb OYPHBIMH, MHOKECTBO TeJ



COAHEYHAA
ABUTaAuCh BOKPYT COAHIla IO Pa3AMYHBIM OopOuTaM, CTaAKHU- CUCTEMA

Bafch APYT ¢ ApyroMm. IIpu 3TOM 4YacTh M3 HHX pas3pyllasach,
yacTh o0beqUHsSAACH B Ooaee KpyHnHble o6pa3zoBaHusa. YOoapsl,
KOTOpble IPOHUCXOAHAM IIPH CTOAKHOBEHHSAX, cnocobcTBoBa-
AW TOMY, YTO OPOGHUTHl IAAHET CTAAH IOXOXKHUMH Ha OKPYXKHO-
CTH, a CO BpeMeHeM HuX ABHUXKeHHe BOKPYr CoaHIa nmpuobpeao
ycTOH4YuBBEIH xXapakTep. MHoX)ecTBO Tea Hame#d CoAHEYHOH
CHCTEMBI O CHUX IIOp XPAHHUT CAEABl ApeBHel#l 6oMGapAUpPOBKH,
npousomenmei gepez 5S00... 600 MaH aeT nmocae ee popmMu-
poBaHHA. OTOT IEPHON AAUACH HECKOABKO COTEH MHUAAHOHOB
A€T, U ero IIOCAE€ACTBHHA BHAHBI A0 CHX IIOP Ha IOBEPXHOCTH
AyHsl © MepKypusd, APYIrUX NAaHET, UX COIYTHHUKOB H acTepo-
HOOB B BHIE MHOTOYHCAEHHBIX KPAaTE€POB yAAPHOTO IPOUCXOXK-

OEeHUd.

ua cuAbHee AOBbIX APYrux 06bekToB. MPEeANOAOXKUTEABHAA FpaHuua 3TOr0 NPOCTPaHCTBa
HaxOAUTCA Ha PacCTOAHUM ABYX CBETOBbIX AET OT HaC, YTO PaBHO NOYTM NOAOBMHE NYTH
A0 6anxaiiwen Kk 3emae 3Be3pbl nocae CoaHua (Mpokcume LeHTaBpa). Cuutaercd, uto
ob6aako OopTa (pernoH COAHEUYHOW CUCTEMBI, U3 KOTOPOro K HaM MPUAETAIOT AOATOMEPHU-
OAMUECKME KOMETbl) NPOCTUPaeTCA Ha pacctoaHue A0 100 Thic. a.e.

m TeopeTuueckn k COAHEUHO CUCTEME OTHOCMTCA BCE NMPOCTPaHCTBO, FAe rpaBuTauns COAH-

OCHOBHBIE 3aKOHOMEPHOCTH ABHXEHHs maaHeT COAHe4YHOH
cHcTeMBbl. ['unore3a npoucxoxaeHusa COAHEYHOH CHCTEMBI XO-
pomo o6BsCHSET OCHOBHBIe HabalomaeMble 3aKOHOMEPHOCTH:

e op6OUTHl BCEX IMIAAHET U OOABIIMHCTBA aCTEPOUIAOB OAU3KHU
K OKPYXHOCTHM;

* TIIAOCKOCTH OpPOHUT AexXaT NpUOAU3ZUTEABHO B OLHOM IIAOCKO-
CTH;

e Bce maaHeThl obpamarmTca BOKpyr CoaHIla B OLHY CTOPOHY,
B TOM € HaIpaBAE€HHH, 4TO M ABHUXKeHue CoAHIlA BOKDPYT
CBO€H OocCH, INpHYEeM HaIpaBAEHHE HX OCEBOIO BpallleHHUHd,
KpoMme Benepsl, Ypana u [layToHa, coBmamaeT C HanpaBAe-
HHEM OBUXEHHUd N0 opbure;

¢ Bo3pacT 3emau, AyHBl, MepKypUd U APYTUX TE€A NPUMEPHO
paBeH 4,5 MAPHO A€T.

OBoarouuns CoaHeuHOH cHcTeMBI. B Hadaae cBoero cyumie-
crBoBaHua CoAaHedYHasd CHCTEMa BBITASEAA COBEPIIEHHO IIO-
npyromy. Buemusaa CoaHedyHasa cucTeMa Oblaa Topas3fo KOM-
IakKTHeEe II0 pa3Mepy, deM ceiiuac, nosc Ko#imepa 6v1a ropasno
6auxe kK CoaHny, a Bo BHyTpeHHed COAHEYHON cUCTeME IOMUMO
COXPaHUBIIUXCH A0 HACTOSIIEIr0O BPeMEeHH HeOECHBIX TeA Cylle-
CTBOBAaAHM U APyrue o0beKTHI IO pa3dMepy He MeHbIne MepKypHud.
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CONHEYHAA
CUCTEMA

B Hacrogmee Bpema CoaHedHasa CHCTeEMAa SBASETCS yCTOHYUBOH
B TOM CMBICAE, YTO HHKaKasd U3 IIAAHET HE MOXET CTOAKHYTBhCH
C IPYro# MAM OBITH BBIOPOIIEHHOH 3a MpeaeAbl CHCTEMBI B OAH-
XallIue HECKOABKO MUAAHMApPAOB aeT. Ho, KoHe4YHO, U ceiyac
BO3MOJXHBI CTOAKHOBEHHSA NAAHET C acCTEpPOHMAaMU U KOMETaMH,
rpaBUTAIlHOHHOE B3aUMOAEHCTBHE IIAAHET CO COYTHHUKAMHU IIPHU-
BOAHUT K U3MEHEHHIO CKOPOCTH HUX ABUXKeHHUA. Kpome Toro, ye-
pe3 4... 5 mapn aet cBetuMocTh CoAHIIA BO3pacTeT U YCAOBHULA
Ha 3eMaAe CTAHYT HENPUTOAHBIMHU OAA KHU3HHU.

Pesrome. ®opmupoBanue CoAHIIA B IIAAQHET IIPOHUCXOLAHAO
OMHOBPEMEHHO M3 Bpalnalollerocs ra3omnkiaeBoro o6aaka B pe-
3yAbTaTe O00BbEeNMHEHUS TBEPABIX XOAOAHBIX TEA H YaCTHIl H
IOCAEAYIOUIETO IPAaBUTAIHMOHHOIO CXAaTHd NPHUMEPHO 5 MADLA

A€T Haszam.

KOHTPOAbHBLIE BOMPOCHI

1. Kakum ob6pa3om npoucxoauno dopmupoBaHue COAHEUHON CUCTEMBI?

2. KakoBbl OCHOBHble 3aKOHOMEPHOCTU ABUXEHUA NAaHeT Hawen Coa-
HEYHOW CUCTEMBbI?

3. KakoB npuMepHbiA Bo3pact Hawew COAHEUYHOW CUCTEeMBbI?

4. Korpa npoucxopuna apeBHAs 6ombapaupoBka TeA COAHEUHOW Cu-
CTeMbI?

3AAAHUA AAA CAMOCTOATEAbHOW PABOTHI

1. U3yuns MaTepuan O runoresax NpoucxoxpaeHumsa COAHEUHOM cuUcTe-
Mbl, 3anoAHUTe TabAauuny mHoopmauuer 06 atanax ee popmMuUpoBa-

HUA.

ObGpscHsEMAasT
Pesyabrat XapaKTepUCTHUKA
COAHEYHOM CHCTEMBI

Homep Conep:xkaHue
arana

2. Naiite 060CHOBaHHbI OTBET HA BOMPOC: NOYEMYy B CBOEW KHuUre «Tait-
Hbl POXAEHUA 3Be3A U nAaHeT» A. H.TOMWUAMH Ha3biBaeT paCCMOTPEH-
Hylo runotedy O.10.lUmMuaTa 0 npoucxoxaeHUn Ten COAHEUHOW Cu-
cTeMbl «Teopuen 3axearta»?

TEMbI IOKNAZOB

1. Tunote3bl NPOUCXOXAEHUA COAHEUYHOW CUCTEMBI.

2. CoBpeMeHHbIe NPEeACTaBAEHUA O MPOUCXOXAEHUU COAHEUYHON CUCTEMBI.

3. CoBpeMeHHble MeTOAbl M3yueHUA Ten COAHEe4YHOW CUCTeMbl, NO3BO-
ASIIOWME MOAYUYUTb AOCTOBEPHbLIE HayuyHble GpaKThl.




2.2. Buaumoe aBuKeHue nnaHer

Koudurypauuu naaner. M3 socemu raser nameit Corneu-
HO CHCTEeMEI HEBOOPY KEHHBIM B3TJIAA0M MOMKHO YBUIAETH TOJIb-
ko naTh: Mepkypuii, Berepy, Mapc, IOnurep n Carypa. Kakx
JKe OTJIMYHUTH IJIAHeTY OT APYrux o0beKTOB HAa HOYHOM Hebe?
JlpeBHHe rpeKH HA3BIBANH ILJIAHETHI OJMYKIAIOINMHA CBETHJIA-
MH 38 TO, 9TO OHH MOTYT IepeMemaTbCcid OTHOCUTEeIbHO APYTIHX
3Be3] U co3Be3auii. [ BuKeHMe MIaHeT NIPOUCXOAUT AOCTATOYHO
MeJ/IJIEHHO, B TeUeHHe HeCKOJbKUX MecAnes. [Ipu vabmogeHnax
¢ 3eMsIn Ha ABHIKeHUe muaHeT Bokpyr CoslHIla HAKJIaAbIBaeTCH
emie U ABH;KeHHe 3eMJIH 10 cBoeil opbuTe, NJIaHeThl IepeMelna-
10TCA 110 HeDOCBOAY TO ¢ BOCTOKA HA 3amaj (mpAMoe ABHIKEHUe),
TO € 3amajia Ha BOCTOK (monmsATHOe ABHKeHue). B momenT, Korga
3emua B cBoeM ABMkeHun Borkpyr ConHna obroHser miaHery,
y HabarogaTens co3jaeTcsa BIedaT/IeHHe, YTO IJaHeTa ONHCHI-
BaeT meTJ0 Ha (poHe 3Be3faHOro Heba (pue. 2.3). o cozpanma
reJIMONEHTPHYECKOH cucTeMbl Mupa aToT 3ddeKT oObACHUTD
OBLIO 3ATPYAHHUTEIBHO.

Jna Toro urobbl Jy4ille MOHATE YVCJIOBUA BUAWMOCTH ILIa-
HEeT, pasjeauM uX Ha ABe rpynnsl. [lnaseTsr, opbUTHE KOTOPBIX
pAacIioJIaraloTci BHYTPH 3eMHOM opbuTsl, — Mepkypnii u Bene-
Py — HA30BeM HHKHUMHM (Mau BHyTpeHHUMH). Ilnasers, KOTo-
pbie pacloJAaralTCcsA 3a npeaenamMu 3aeMHoOM op6utel, — Mapec,
Onurep, CarypH, ¥Ypas u HenTyH — HaszoBeM BePXHUMH (HaHn
BHEIIHUMH). XapaKTepHbIe PACHOJIOMKEHHUA IJIaHeT NPHHATO
HA3BIBATh UX KOHPuUzypayuamu. [114 HAKHAX IJIaHET 5TO —

BuauMeiil IyTh IJIAHETH

OpbuTa mIaHEeTHI

COAHEYHAR
CHUCTEMA

MNetaeobpasyoe
ABHXEHWE NAGHET:
1-6—
OAHOBPEMEHHbIe
NOAOXKEHHA 3eMAK
W NAAHETHI
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COAHEYHAR
CUCTEMA coeduHenue (BepxHee U HUMKHEe) U aa0H2ayuu (BOCTOYHAA U 3a-

nazuasn) (puc. 2.4). ITocKonbKY B BJIOHTAMH BUAMMBII ¢ 3eM-
au yrona yaanenus ot Conana 6yaer MaKCHMaJbHBIM, TO B 9TOT
nepuo yesaoBusa HabmogeHusa 3a HHKHeH nianeToi 6yayr Hau-
JAYYIIHUMH, TAK KaK IJIaHeTy He OyAyT 3aTMeBaTh COJHEYHEIE
ayuu. nsa Mepkypusa MaKCUMaJbHBIA YroJ OTKJIOHEHHUSA CO-
craBaser 28°, nua Benepsr — 48°. IIpu BOCTOUHOM 3JI0HTALHH
IJIaHeTH OYyAYyT BUAHBI HA 3amnaje Bckope moce saxoxa Cons-
ma, a IpH 3anagHoil — HA BocTOKe mepesn BocxogoM ConHua.
B MoMeHTEI coeiuHEeHHI NIaHeTH HAXOAATCHA HA OJHON JINHUHA
¢ Conanem m HaAGIIOAATH UX 3aTPYAHUTENALHO (cM. puc. 2.4).

Aatb aeumeHue ConHua B o6paTHyO CTOPOHY. 3TO ABNEHWE UMEET BNOMHE NOrMYyecKoe
o6bAcHeHWe. CKOPOCTh BpaLLeHWs NNaHeTbl BOKPYr CBOEH OCH 3HAYUTENLHO HUME CHO-
poCTH ABUMKEHWS NO op6uTe. WU3-3a TAKOW pa3HuLibl B CKOPOCTHbLIX PEXMMax W BO3HUKa-
eT apdeKT uameHeHun asuenns ConHua. Ha MepKypun MomHo HabnioaaTb GpaHTacTu-
YecKoe sBNeHue: Ba 3aKata u Bocxoaa. Ecnu nepemectutben Ha mepuavansl O u 180°,
TO MOMHO CTaTb CBMAETENEM TPEX 3aHaToB M BOCXOAOB 3a OAHMW CYTKHM.

m MepKypuit — eguHCTBEeHHaa nnaHeta CoONHEeYHOH CUCTEMBI, HA KOTOPOW MOMHO Habnio-

Tunuuable KOHQUIYPAIIHH IS BEDXHUX IIJIAaHET — KBajpa-
TYypsI (BOCTOUHAS M 3aMAalHAA), COEIUHEHHUA U IPOTHBOCTOAHUE
(cm. puc. 2.4). Hec1o3KHO 3aMeTHTh, YTO B MOMEHTEI TIPOTHBO-

YpaH, Kak u BeHepa, ABMKETCH BOKPYr CBETMNA NPOTUB YacOBOW CTPENKK. YHUKaNbHOCTL

m NNaHEeTLl 3aKNI04YAETCA B TOM, YTO OHA NEMMT Ha GOKY, NOCKONbLKY ee OCb HAaKNOHEeHa Noj
yrnom 98°, CylecTBYEeT TEOPUA, YTO TAKOE NONOXEeHWe NNaHeTa NPUHANA NocNe CTONKHO-
BEHMA C APYrMM KOCMUYECKUM OGBLEKTOM.

Coeaunenne

KoHdUrypaumm naaHer

COelHHEeHHEe

Bocrounasn
3JIOHTAIUA

Banaguas
3JOHTALASA

IIporuBocToanue
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Bepxuee Bocrounan Hnxnee dananuas Bepxnee
COeITHHeHHe AMOHTALLMA COeIHHeHHEe WIOHTranua coelHHeHHEe

Coepunenne Bocrounasn IIpornBocronnne Sanaaunasn Coeannenne
KBajgparypa KBajpaTtypa

6

CTOAHUIH PACCTOAHME Me:xJy 3eMJied U IJIAHEeTOH CTAHOBHTCHA
MHUHHMMAJIbHBLIM. ¥ BEJIMYMBAETCA €e BUANMEIl AUaMeTp, HACTy-
napT Jy4lide yeJIoBuA AaA ee Habmwoaeausa (puc. 2.5).

Cujepuueckne H CHHOAHYECKHE NepHOAbI oOpameHunii nJa-
Her. [iA XapakTepUCTUKM BpPeMeHH oOpameHus NIaHeThl BO-
kpyr ColHIA HCIOJAB3YIOT MOHATHE cudepuveckull, unu
36e30nbLil, nepuod obpawenua T.

MPOMEXYTOK BPEMEHN MEWay ABYMS OiWHAKOBBLIMK KOHMUIY-
PaLMAMM NNAHETHI HA3bIBAIT CHHOAMYECKMM NEepPHOAOM S.

Cugepuueckue nmepuoasl obpamenus ninaner CorHedHOM cH-
cTeMbl IpUBeAeHkbI B Taba. 2.1.

Ta6nuuya 2.1. Cuaepuyeckue nepmojibl oGpawieHMn nnaver
ConHevyHol CHCTEMBI

Ilnanera Cugepnueckuii nepuos

Mepxkypmuit 87,97 cyr.
Benepa 224,7 cyr.

3emus 1 roa, nau 365,2564 cyr.
Mape 1,88 roga
HOnurep 11,86 roga
Carypn 29,46 rona

Ypan 84,02 rona
Hentyn 164,78 rona

COAHEYHARA
CUCTEMA

HameHeHHe BUAUMOro
AvameTpa:

8 — HUXHUX NAAHET,

6 — BEpPXHUX NAGHET



COAHEYHAA
CUCTEMA

YuursiBasg, uro T, — cugepudecKuil nepuon obpameHud
3eMAH (pPaBHBIH OMHOMY roay, uau 365 CyT.), CHOEPHUIECKHUHA U
CHHOQUYECKHUN IepHOoJ MMAAaHETHl OYyAyT CBA3aHBI MeXAy coboit
CAEAVIOUIMMU COOTHOLIEHUSIMHU:

. IAS HUXHEeH HIAaHETBHI:

/S = 1I/T, - I/T;
OAd BEPXHEH NIAaHETHI:
1/s = 1/T - 1/T..

Otu  POPMYABI Ha3sblearomcst ypaeHeHusIMU cunoduue-
cKoz0 deuwrnceHust.

3Had cumepudeckKuil mepuon obpamenus 3emMAu U AGO#H
APYyrod MAaHETHI, MOXHO A€TKO BBIYUCAUTH CUHOAUUYECKHHN II€-
puon (raba. 2.2).

Moao6HO CaTypHy, YpaH MMeEET CAOXHYI0 KOAbLEBYIO CUCTEMY, COCTOALLYIO M3 COBOKYN-
HOCTU BHYTPEHHEW M BHELWHEN rpynnbl KOAEL, YUCAO KOTOPbIX paBHO 13. Cuutaercs, uto
KOAbL@ — 3TO OCTaTKu ObiBLWIEro CnyTHUKa YpaHa, CTOAKHYBIUErocA C MAAHETOM.
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Tabauua 2.2. CuHopuueckue nepuoabl obpaweHus naaHer
COAHEUHOW CUCTEeMBI

Tlaanera CHHOOWYECKUH IEPHOM, AET
Mepkypu# 0,317
Benepa 1,599
Mapc 2,135
IOmnurep 1,092
CarypH 1,035
Ypau 1,012
Henrtyn 1,006

Pesrome. IlanaHeTrl ABUXKYTCH Ha (POHE OCTAABHBIX 3BE3,
HHOTJa CMEHHAd HalpaBA€HHE OABUXKEHHUHA HAU ONUCHIBAA IIET-
AI0O Ha Hebe. DTO CBA3aHO C TeM, 4TO 3eMAd TAKXKE ABUXKETCH
BOKpyr CoaHuna. Bce maaHeTsl COAHEYHOH CHCTEMBI IPHHSATO
pa3meAdaTbh Ha HUXHUE (BHyTpeHHHe): Mepkypulli u Benepa, u
BepXHHE (BHEUIHHE) — BCE€ OCTaAbHBle. Ay4YIIHNe yCAOBHUSA IOAHA
HabalomeHUH 3a HUXHHUMH IIAaHETAMH HACTYIalOT B MOMEHTEHI



UX DAOHTAIUH, a 32 BEDXHHMH — B MOMEHTHI IPDOTHUBOCTOSHHUH.
3Hag mepuon obpameHus nmaaHeTsl BoKpyr CoaHIla (cupmepude-
CKHUM, MAU 3Be3QHBIH, NEPHOA) MOXKHO BBIYHUCAHUTH HHTEPBAABI
BPEMEHH MEXAY ONMHAKOBBIMU KOHMUIYPALUIMH IIAAHETHI (CH-
HOAMYECKHUY Iepuon).

KOHTPOAbHbIE BOMPOCHI

1. MNoyeMy nAaHeTbl HasbiBalOT GAYXAQOUWUMU CBETUAGMU?

2. Kakue nAaHeTbl HasbiBalT HUXHUMHU, a KakKue — BEePXHUMU?

3. B Kakux KoHbUrypauuax Moryt HabAalopAaTbCcAa HUXHUE nAaHeTbl? Ka-
KWe U3 HUX Ayuylle MOAXOAAT AAS HabAlopAeHUA?

4. B KaKMX KOHOUTypaLUsaX MoryT HabAloAaTbCA BepxHue naaHeThl? Ka-
KWe M3 HUX Ayulle MOAXOAAT AAA HabAlAeHUA?

5. YT0 HasbiBalOT CUAEPUYECKUM, UAU 3BE3AHBLIM, MEPUOAOM?

6. UTO HasbiBalOT CUHOAUYECKUM MNEePUOAOM?

3AAAHUA ANA CAMOCTOATEABHOW PABOTbI

1. 3HaA cuHOAMYECKUI nepuoa Mapca u 3eMAU, paccuUTainTe, Kak ya-
CTO NOBTOPAIKTCA MPOTUBOCTOAHUA Mapca.

2.0npeaeAnTe, Korpa HacTynAT YCAOBUA HaWAydlleld BUAUMMOCTU AASA
BeHepbl, Mapca v KOnurtepa.

TEMbl AOKAAAOB

1. KOHOUrypauum M ycAOBMA BUAMMOCTU MA@HET.

2. HUXHUE U BepxHUe MAAHEeThl.

3. KoHOUTypaLUU HUXHUX NAaHeT. YCAOBUA BUAMMOCTU BHYTPEHHUX
nAaHeT. dAOHrauuum BeHepbl U MepKypua.

2.3. Cuctema 3emas—AN\yHa

MecTo 3emaH B CoAHeuHOH cHcTeMe. 3eMAST — TPEThd IAA-
Heta oT CoAHIla M mATadg IO pa3Mepy cpeau Bcex naaHeT Coa-
HedyHOU cucTeMbl. OHa ABAfeTCSd TaK¥Xke KpynHelHImel mo nuame-
TPy, Macce U IMAOTHOCTH CPeIU ITAaHEeT 3eMHOU rpynnel. Kpome
TOro, 3eMAd CpeoM OTHUX YeThIPpEX IIAAHET MMeeT HauboAbIIHe
INAOTHOCTH, IIOBEPXHOCTHYIO I'DaBHTAIHI0 MU MACHHTHOE IIOAE.
IIpumepHaa nata obpasoBanug 3emau — (4,54 = 0,04) mapn
AeT Hazan. Becwr mpomecc hopMHUPOBaHHUSA IIAAHETHl 3aHSA NPH-
MepHO 10... 20 MAH A€T.

OTo0 — eAMHCTBEHHAs H3BeCTHas NAaHeTa C aKTHBHOU TeK-
TOHHUKOM NAUT, MOPSAMHU U OoKeaHaMHu. [Ipubausurearno 70,8 %

COAHEYHAA
CUCTEMA
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COAHEYHARA
CUCTEMA

BpaweHnue 3emau

MOBEPXHOCTH MJIaHeThl 3aHUMaeT MupoBoii okean. @opma 3em-
au (reoun) 6aM3Ka K SITHIICOMAY (CIUIIOCHYTOMY IIapy). JKBa-
TOpHanbHBIA paguyc cocraBaser 6 378,1 km. Ilonapuslit pa-
auyc — 6 356,8 kM. Ha nomnioce Mbl 61HKe K HEeHTPY 3eMin
npumepso Ha 21 kM. Cpensasa miaorHocTs 3emmu — 5 520 kr mP.
Macca mameit niasers passa 5,97 - 10** kr,

SeMia ABUKETCA CO CKOPOCTHIO npuMepHo 30 KM/c BOKpPYT
Connna. Ocs BpaueHusa 3eMJIN HAKJIOHEHA K [LJIOCKOCTH OpPOHUTHI
noj yriom 66°34°. Ilpu gBMMKeHHH OCh OCTAETCA NapaslielbHON
cama cebe. Baarogapsa tpem atum dakropaMm — ABHIKEHHIO 3eM-
au BoKpyr ConHna, HAKJIOHY 36MHOH OCH K IJIOCKOCTH OPOHTEI
¥ COXPaHeHWIO HAIpaBJIeHUdA OCH B IPOCTPAHCTBe — Ha 3emJie
CYIIECTBYeT cCMeHa BpeMeH roja (puc. 2.6).

O6pasosanune Jlynsl. JIyaa chopMupoBasacsk nos:;xe 3eMJu,
npumepHo (4,527 £ 0,01) mapa neT Hasam, XOTH €€ NPOHCXOHK-
JIeHHe IO CHX IOop TOYHO He ycTaHoBJeHO. OCHOBHAA THIOTe3a
TJIacHuT, 4TO oHa ofpasoBanack NyTeM IDABHTAIIMOHHOTO CiKa-
THS M3 BEIlecTBa, OCTABIIETOCH MOCJE KacaTeJbHOTO CTOJK-
HOBEeHHA 3eMJu ¢ 00'beKTOM, 1o pazmepam 6auskum Mapcy u
maccoit 10...12% or 3eMHOH Macchl (MHOrJAa aTOT 00BEKT Ha-
aeiBaioT Teiisa). IIpu aTOM CTONIKHOBEHHM OBLIO BHICBODOMKAEHO
npumepHo B 100 muH pas Gosablile 3HEPruy, 4eM B Pe3yabTaTe
TOTO yaapa METeOPHTAa, KOTOPBIM, NPeANoJ0MUTeIbHO BhI3BAJ

Yron oTKAOHEHHSA OT OCH, HNeprneHanKy
JeEMHOHM Op

re / ..
Cesepubii
MoOJIHC

H)xubin
noJawc




BEIMHDAHHE JUHO3ABPOB. JTOro GBLIIO JOCTATOYHO AJIs MCIape-
HUSA BHEIIHHUX CJIOEB 3eMJIH U pacIiaBjieHHa oboux tea. Yacts
maHTHH Oblia BeIGpomena Ha opbury Semun. IMox Bausamnem
cOOCTBEHHOM CUJIBI THKECTH BLIOPOIIEHHBIH MaTepHa IPUHAI
cepuueckyo dopmy, u obpasosanach Jlysa. Paguyc JIyHE
cocrasasier 1700 kM, macca B 81 pa3 MeHbIIe Maccsl 3eMJIH,
a cpepusas nrorHocTs — 3 300 kr/M?. CROPOCTH ABUIKEHUS BO-
kpyr 3eman — 1000 m/c.

daszw1 Jynsl. Jlyaa — BTOpO# Mo aprocTH 06beKT Ha Hebe
nocne Conuna. Toasko B oramume or Hero Jlyaa cBeTur or-
paKeHHBIM COJHe4YHBIM cBeToMm. OcBemienHasa cropoHa JIyHE
Beerga ykaaesiBaer B cropoHy CosHIIA, gaxe ecJiH OHO CKPBI-
TO 3a ropusoHToM. C M3MeHEHNEM B3aWUMHOTO PACIOJIOMKEeHUsA
3eman, Jlyasl u ColHna TepMHHATOD (rpaHuUIa Mexay ocse-
NIeHHOHW W HeoCBeNmeHHOW vacTaMu aucka JIyHBI) mepemenia-
eTCs, UTO W BEI3LIBAET N3MeHeHHWe OUePTAHMI BHAMMON 4YacTH
Jlyusr (puc. 2.7, a).

. Ha6nioaaemasn ¢ 3emMnu OCBeLleHHas YacTb NYHHOTO AMCKa Ha-
3biBaetca ¢pa3aoi JiyHsl.

Jlyua npoxoaur ciaeaywouue gassl (puc. 2.7, 6):
1) HOBOMTyHME — cocTOAHMe, Korjga JIyHa He BHIHA;

COAHEYHAR
CUCTEMA

MNonoxenue AyHbl
OTHOCHTEALHO 3emAu (a)
M BHAMMOCTL AYHHOTO
AMCKA 3EMHOMY
HabaopaTeAld BO Bpems
cMmeHbl a3 1-8 (6)
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COAHEYHAR
CHCTEMA

2) Monozas nyHa — IEepBOe IOCJIe HOBOJYHUSA NOABJIEHHE
Jlyuber Ha HeOe B BHJe Y3KOrO cepla;

3) mepBasi yeTBEpPTh — COCTOAHHE, KOTJAa OCBelleHa IOoJo-
BHHA JHUCKa JIVHBI;

4) npubsiBaomas Jlysa;

5) NONHOJNYHHE — COCTOSHHE, KOrJla OCBEIleH Bech AHCK
JIyHBI;

6) yomiBaomas Jlyua;

7) mocienHAA YeTBEPTh — COCTOAHUE, KOT/la CHOBA OCBeIe-
Ha Apyras noJosuHA Aucka JIyHbI;

8) crapas JlyHa.

ITonHBIH MUK CMEeHBI JYHHBEIX (ha3 COCTABIAET IPHMEPHO
29,5 cyT. 1 HABBLIBACTCHA CUNOOUNECKUM MECAYEM.

IMTonuwiit 06opoT Bokpyr 3emnan Jlyna coBepmaer 3a
27,3 cyT., 9TOT MHTEDPBAJ BDEMeHH HA3bIBaeTCA cudepureckum
Mmecnyem. 3a aTo ke Bpems Jlyna aesnaer 060poT BOKPYT CBO-
eil ocH, MOPTOMY K 3emJie Bcerja o0palieHo OJHO M TO e I10-
aymapue JIyHBIL.

Coaneunsle u JyHHBIe 3aTMenus. [Ipu saTMeHHAX OJHO He-
fecHoe TeJio 3aCIOHAET CBeT OT APYyroro HebecHOro Teja.

ConHeYHO® 3ATM@NM@ — ACTPOHOMMWYECKOE SIBNEHUE, KOTOPOE 3aKIONaeTcs B TOM, HTO
JlyHa NONHOCTLIO MK HAcTUHHO 3aKpbiBaeT (3atMesaeT) ConHue oT Habnoaatens Ha 3emne.

Cxema noAHOro
COAHEYHOTO 3aTMEHWA

CosiHeYHOE 3aTMEHHE BO3MOMKHO TOJbKO B HOBOJIYHHE, KOI-
na croposa Jlyusl, obpamenHas K 3eMiie, He OCBeIlleHa, M caMa
Jlyua me suana (puc. 2.8).

Tens JIyHsl HA 3eMHOM MOBEPXHOCTH HE NPEBHIIIAET B JHA-
metpe 270 KM, IOITOMY NOJHOE CONHEYHOe 3amMeHue HabIo-
JaeTcsa TOJNBKO B Y3KOH moaoce Ha nyTH TeHu. Ecan mabmiona-
TeJb HAXOAWUTCA B MOJIOCE TeHH, OH BHAUT IOJIHOE COJHeYHOoe
zaTMenue, npu xKoropom Jlyna monHocThio ckpbiBaeT CosnHne,
Hebo TeMHeeT, 1 HA HEM MOKHO HaOJIOAaTh IJIaHEeTH H SpKHe
3Be3qbl. Bokpyr ckpbiToro JIyHOH COTHEYHOrO AHCKA MOMHO
YBHJETH COJHEYHYIO KOPOHY, KOTOPas NPH OOBIYHOM APKOM




COAHEYHASA
cBere CoaHIla He BuagHa. [Ipu HabGAlZEHHUHU 3aTMEHHd HEIO- CUCTEMA

ABUXKHBIM Ha3eMHBIM HabAlomaTeaeM IIoAHad ¢asza AAUTCH He
foree HECKOABKHUX MHUHYT. MHHHMaAbHasg CKOPOCTb ABHUXKEHUS
AYHHOH TEHHU IIO0 3€eMHOH NOBEPXHOCTH COCTaBASET YyTh Ooaee
1 kM/c. Bo BpeMs IOAHOTO COAHEYHOTO 3aTMEHHUHA KOCMOHAaBTEHI,
Haxondlnuecs Ha opbuTe, MOryT HabAlaaTh Ha NMOBEPXHOCTH
3eMau Gerymymo TeHBb OT AYHBI.

Habalongartean, Haxonsmuecs BOAM3HU IOAOCHl IIOAHOTO
3aTMEHHUSI, MOTLyT BHAETb €ro KaK UdCmHoe COJIHeuHoe 3am-
MmeHue. Ilpu YacTHOM 3aTMeHHHM AyHa NPOXOAUT IO OUCKY
CoaHIla He TOYHO IO LEHTPY, CKPbIBas TOABKO €ro dacThb. Ilpm
3TOM Heb6O TeMHeeT ropas3fo MEeHBbIIE, YeM IIPH IIOAHOM 3aTMe-
HHUHU, 3Be3[bl HE NOABASIOTCsS. JacTHoe 3aTMEHHE MOXKET Ha-
6AalogaTbcsd Ha PACCTOSHHUHU NOpsigKa 2 TBIC. KM OT 30HBI IIOA-
HOTO 3aTMEHHS.

[ToMHMO NMOAHBIX M YAaCTHBIX COAHEYHBIX 3aTMeHHUIH ObIBa-
I0T  KosbueobpasHvle  3aMmMeHUsl. Koapmeobpa3Hoe 3aTMeHHE
INPOUCXOOAUT, KOTJZAa B MOMEHT 3aTMeHHs AyHa HaxXOAHUTCS Ha
foAbIIEM yZaAeHHUH OT 3eMAH, Y€M BO BpeMs IIOAHOTO 3aTMe-
HHUS, U KOHYC TE€HHU NPOXOAMUT HajJ 3€MHOH NOBEPXHOCTBIO, HE
gocTurasi ee. BusyaabHO NPpH KOoAbIleoOpa3HOM 3aTMEeHHH AyHa
npoxonutT no aucky CoaHma, HO oka3piBaeTcd MeHbIne COAH-
Ila B AUaMeTpe, M HEe MOXKET CKPBITh €ro IIOAHOCTBhIO. B Mak-
cuMaAbHOH (ase 3arMeHus CoaHIe 3akKpeiBaeTcsd AYHOH, HO
BOKPYr AyHBI BHAHO SPKOE€ KOABIIO HE3aKPBITOH HaCTH COA-
HeyHoro aucka. He6Go mpu kKoabmeobpa3HOM 3aTMEHHH OcCTa-
eTcsd CBETABIM, 3Be3[bl HE INOSABASIOTCH, HabalogaTh KOPOHY

CoaHIlIa HEBO3MOXKHO.

HOMY cTeueHut o6cToATEABCTB AyHa Haxoautca B 400 pas 6Auxe K 3eMae, yeM COAHLE.
MMEHHO NOo3TOMy UX BUAUMbBIE AMAMeTpbl COBNaAalT, U Mbl MOXeEM HabAAATb COAHeu-
Hble 3aTMEHUA.

m CoAHue npumepHo B 400 pas 6oAblue Mo cBOeMy pasmepy, 4eM AyHa, HO MO YAMBUTEAb-

3a rom Ha 3eMAe MOXKET HPOUCXOAUTH OT 2 10 5 COAHEYHBIX
3aTMeHU#, HO B OMHOM MECTE MOAHBIE COAHEUYHBIE 3aTMEHUSA I10-
BTOpdaroTca He yamie 200... 300 aer. [TocaenHee TOAHOE COAHEY-
HOe 3aTMeHHe MOXHO O0bIA0 HabalomaTh B MockBe 19 aBrycra
1887 r. Caenymouiee NOAHOE COAHEYHOE 3aTMEHHE OXHUOAETCH
| MockBe aAmmb 16 okTsabpa 2126 r.

AyHHOe 3aTMeHUe — 3aTMEHUe, KOTopoe HacTynaeT, koraa AyHa
BXOAMT B KOHYC TeHU, oTbpacbiBaeMoin 3emael (puc. 2.9).
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Cxema NoAHOro
AYHHOIO 3atMeHuA
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JlyaHOe 3aTMeHHe MOKeT Haba0JaTheA BO BPeMs IIOJHOIY-
HHUH Ha BceM MONymIapuu 3eMJaH, o0pameHHOM B 9TOT MOMEHT
K Jlyne (Tam, rge Ha MoMeHT 3aTMeHus JIyHa
HaXOAWUTCHA HAJ ropu3oHTOM). BHI 3aTeMHEeHHOMK
JlyHEl ¢ n1060# TOYKH 3eMJIH, r'je oHa BooOIe
BHAHA, IPAKTHYECKH OAHHAKOB — B 3TOM CO-
CTOMUT KOPEHHOE OTJIUYHEe JIYHHBIX 3aTMEHHI OT
COJIHEYHBIX, KOTOPbIe BHAHBI JUIIEL HA OPPAHU-
YyeHHOH TeppuTopuu. MakcumaibHaA, TEOPEeTH-
YEeCKH BO3MOKHAA IPOAOKHTENBHOCT IOJTHOMK
thassl JyHHOTO 3aTMeHHA cocTaBiasier 108 muH.
Bo Bpemsi sarmenus JlyHa He mcdesaeT MOJHO-
CThbIO, & CTAHOBUTCH TeMHO-KpPacHOM. 3TOT haKT
obbacHAeTCa TeM, uTo JIyHa gaxke B (ase NOJIHO-
ro saaTMeHHA IpojosKaeT ocsemarsea. ComHed-
Hble JIYUH, DPOXOAAILHE 10 KacaTeJbHOH K 3eM-
HOH NMOBEPXHOCTH, paccenBaloTcs B arMocdepe
3eMJIH ¥ 3a CYET ITOr0 PACCEAHUA YACTUYHO JO-
cruraioT Jlyasl. [lockonbky semHasa arMmochepa
Haubosee nmpospavyHa AJA Jy4deil KpacHO-opaH-
JKEeBOI 4ACTH CHeKTpa, HMEHHO 3TH Jiy4H B 60Jb-
meil Mepe JOCTHralT NOBepXHOCTH JIyHBI npu
3aTMEHHH, 4TO U 00'BACHSAET OKPACKY JYHHOI'O
nucka. Habawonareab, HaXogAMUHCA B MOMEHT
MOJHOT'O MJIH YaCTHOTO TeHEeBOro JIYHHOTO 3aT-
MeHHsA Ha 3aTeHeHHOo# dactH JIVHBI, BHANT MOJHOE 3aTMeHHe
Coannna 3emuieit.

3a rop Ha 3eMJye MOKeT HabM0IaThCA 0 TPeX JYHHBIX 3aT-
MeHHi. YAUBUTENbHO, KAK JABHO JIOAH HAYYHJINCH IPeACKa3bl-
BaTh HacTymieHue zarmenuii. Eute sxpenm [Ipesaero Basuio-
Ha 3ameTHsu, 4To 3atMeHuda Jlyael u CostHna npubausuTeaIbHO
MOBTOPAIOTCSA B IIpesKHeM mopanake — 4depes 18 jger u 11 gueit.
ITOT MEepuo BPEMEHH MOJIYYHJI HA3BaAHUE — Capoc.

Ilpuauesl 1 oraussl okeana. [logobuble npupogHEbIe ABJE-
HAA HAOJIOAATH ¥ NBITAINCE O0BACHHATS ellle ApeBHHe (PHI0Cco-
¢e1. U. Kenutep cBA3LIBAJ 9TH ABJIEHHUSA C «bIXAHHEM 3eMJIH».

Q MPHAKB 1 OTAIMB — NEPHOAMHECKUE BEPTUKANbHBIE KONeGaHus
YPOBHA OKEaHa Wnu MOPS.

B HacroAmee BpeMs MPHJIHBLI ¥ OTJIHBBEI OKeaHa 00bsc-
HAKTCA AefiCTBHEM IPDABHTAIMOHHOrO NPHUTSAXKEHHUS BOLHBIX
macc K Jlyne u (B menbmei crenesn) k Conany. Ha nosepx-




Oraus

[pnans "l y [Ipnans

Orans

HOCTH OKeaHa, obpamenHoit K Jlyne, obpasyerca BoasiHOi Oy-
rop, HOCKOJAbKY 3eMJid BpalaeTcsi BOKPYr cBOei OcCH, TO OH
Oyaer nmepeMeraTsCcA Beaexn 3a AsmikeHneM JIyHBL. 3a Kaxabie
24 v 52 MHH B OJITHOM MecTe ObIBaeT JiBa MPUJIKBA U JBa OTJIH-
Ba (puc. 2.10). Connne, kak u JIyHa, TaKKe BhI3BIBAET IMPUJIH-
BBI, HO Guarogaps 60JibII0# YAAJIeHHOCTH COJIHEYHBIE IPUIH-
BhI B 2,5 pasda MeHbIIe JYHHBIX. Bo BpeMs NOJHOJYHHHA M HO-
BonyHui, Koraa Coanne, 3emada u JIyHa HaxoaAaTcA HA ONHON
JTUHHAH, JYHHLIE M COJIHEUHBIE IIPUJIHBEI CKJIAALIBAIOTCH M J10-
cTUTalT camMoil Goabinoi BennumHbl. Korpa JIlyHa maxomuTcs
B NEepBON MJM NMOcJegHeil YeTBePTH, BO BPpeMsA JYHHOI'O NpH-
nuBa Oyaer conHeuHsl# oraus. [leiicreue CoJIHIIA YMEHBIIIAET
neiicreue JIVHBI, W IPUJINBEI B 3TO BPEeMsA CTAHOBATCHA CyIIe-
CTBEHHO MeHbIne. [IpHJINBBI U OTJTHBEI IPOMCXOAAT HE TOJBKO
B OKeaHe, HO TaKkke B arMocdepe u demHOit Kope. [loguarue
3eMHOH KODbI HE3HAYUTE/ILHO, €ro ONpeJeNnsioT ¢ NOMOILIO
crenuaJabHBIX Npubopos.

Pesrome. 3emnsa u Jlyna o6paszoBanuck mOYTH B OJHO Bpe-
MA — OKoJio 4,5 Mupa Jget Haszaz. JIyHa — eIMHCTBeHHBIH CIIYT-
HHUK 3eMJau, cBeTAIMHIcA Ha HebGe Biarogaps OTpPa’KeHHOMY
conHeyHOMYy cBeTy. M3-3a pasnnuubix KoH(purypanuit Conana,
3eman 1 JIyHbl MBI MOsKeM HaGMOAATH pasHbIe JYHHBIE (Dasbl,
COJIHeYHBIE M JIYHHBIE 3aTMEeHHUsA, a4 TAK/Ke MPHJIHBLI H OTJHBBI
OKeaHa.

KOHTPONLHLIE BONPOCHI

1. Y10 ABNAETCH NPUYMHOW CMEHLI BPpEMEH roaa Ha 3emne?
2. C KaKoW CKopoCTbi0 ABMMETCH 3emns BoKpyr ConHua?
3. Kakum o6pasom morna o6pasosatecs JlyHa?

4. Y1o HasbiBawT dazamu JlyHbi?

COAHEYHARA
CWUCTEMA

BosHukHOBEHWE
NPHAKMBOB W OTAMBOB

Puc. 2.10
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5. ECAM AYHHBIW cepn noxox Ha 6ykBy «C», TO B KaKOW pa3e HaxoAUTCH
AyHa, B pacTtywend UMAU ybbiBalowein?

. Uto Takoe TepMmHuHaTOp?

. Mepeuncaute ¢asbl AyHbl.

. Uepes Kakoe BpeMA MOBTOPAETCA CMEHa AYHHbIX ¢a3?

© 0N O

. Mouemy AyHa Bcerpa obpaweHa K 3eMAe OAHOW CTOPOHOW?

10. B ueM nNpuUYMHA COAHEUHbIX U AYHHbIX 3aTMEHUW?

11. Kak AaBHO AIOAM HAYYUAUCb NpPeACKasbiBaTb COAHEUYHbIE U AYHHbIE
3aTMeHUun?

12. B yeM npuuUHa NPUAUBOB U OTAMBOB OKeaHa?

13. Kak Bbl AymaeTe, NOUYEMY COAHEUYUHble 3aTMEHWUA He MOBTOPAIOTCH

B KaXA0€e HOBOAYHME, @ AYHHble 3aTMEHUA — KaXAO€e MOAHOAYHUE?

JAHNE A1 CAMOCTOSTE/IbHOR PABOTHI

Jaiite xapakTepucTUKY NYHHOTO 3aTMEHWA, 3ancnHKUB TadauLy.

IIpakéTpsl XapaKTepUCTUKH AyHHOe 3aTMeHHe

I'padpuueckoe H300paxkeHHe

nmpoiecca 3aTMEHHA

ACTPOHOMHYECKHE YCAOBHS

HaCTyImA€HHSA

Bua 3aTMeHHSA

MakcHMaAbHASA
NIPOAOAXKHTEABHOCTH

Cpeansas yacToTa HACTyNAEHHS

B TE€4YE€HHEe rozna

YacToTa HabAroaeHHS
Ha ONpenAEeAEHHOH TEPPHTOPHH

1. O6pasoBaHue AyHbl.
2. COAHeYHble U AYHHble 3aTMEeHUSA.
3. MpUAUBBI U OTAUBHI.

2.4. MNMpupoaa AyHbl

PH3HIYECKHE YCAOBHS Ha AyHe. AYyHa — €CTECTBEHHBIH
cnyTHUK 3eMan. OHa siBASeTCHd BTOPBIM NO SIPKOCTH O00BEK-
TOM Ha 3eMHOM HebocBome nmocae CoAHIA M NSATHIM IIO BEAHYH-
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COAHEYHAA
HE €CTECTBEHHBIM CIHYTHHUKOM HAaHeThl COAHEYHOH CHCTEMEI. CUCTEMA

AyHa nmpencraBaseT co00#f eIUHCTBEHHBIH ACTPOHOMHUUYECKUH
06BbEKT, Ha KOTOpPOM HOOBIBaa YeaoBek. CpemHee paccCTOdHHE
MexAy uneHtTpaMu 3eMau U AyHbpl — 384 467 KM (DpUMEpPHO
30 nuamerpoB 3emau). Cuaa TaxecTu Ha AyHe B 6 pa3 MeHb-
e CUABI THXeCTH Ha 3emMae. AyHa He ©UMeeT MATHUTHOTO HOAS,
non00HOTO 3€MHOMY.

Oas HabAaromaTeas Ha AyHe BUAUMBIHA AUCK 3€MAU NIpPUMEP-
HO B 3,5 pa3a 6GoAbIlle COAHEYHOTO AUCKA. BBUAY IpaKTHIECKOTO
oTcyTcTBHUA aTMocdepsl He60 Ha AyHe Bcerga 4epHOe, C XOPOUIO
BUOHBIMHU 3Be3xaMu, naxe korga CoaHIle HAXOAUTCS HaL TOPHU-
30HTOM. Ha HeGe AyHBI BUOHEI T€ JX€ caMble CO3Be3AHHA, UTO H
Ha Hebe 3emau. U3-3a oTCyTCTBUA aTMOC(dephbl SpKHE 3BE3IBI
U NMAaHEeTHl BUAHBI Ha AyHe W AHeM. Ha mpoTAXKEeHUU AYHHOTO
OHgG, pagmerocsa 14,8 3eMHBIX CYTOK, ITOBEPXHOCTh AYHBI CHAB-
HO HarpeBaeTCd, a 3aTeM OXAaXJaeTcd B HOUYHoe BpeMda. OTCyT-
CTBUe aTMoc(dephbl IPUBOAUT K BLICOKOMY Iepernany TeMOoepatyp
Ha noBepxHocTH AyHBI oT -173°C Houbio o 127°C nHeM, HpH
3TOM TeMIOepaTypa HOpPOL, 3aAeTAIOIUX Ha raAybuHe 1 M, mo-
cTosHHa u paBHa 35 °C.

Ha noBepxHocTu AyHBI HeT Boabl. OnHako B KoHIle 1990-x rr.
B pe3yAbTaTe IIOAETOB aBTOMATHYECKONH MeXIIAaHETHOH CTaH-
nuu «KaemMeHTHHa» OBIAO CAEAAHO NPEAIOAOKEHUE O TOM, UTO
o4 MOBEPXHOCTHBIM CAOEM HOPOJ HEKOTOPBLIX KpaTepoB Cylle-

CTBYIOT HEMAaAABIE€ 3allachbl AbAA.

BOAbWYIO YaCTb BPpEMEHU Mbl BUAUM AYHY, OKpalleHHYI B NMeNeAbHO-CEpPbIA LBET, HO U3-
BECTHbl CAyuYaM, Korpa Ha Hebe nosiBAsianack AyHa roayboro uBeta. Okas3anoch, UTO BO Bpe-
MSi OOLWHUPHBEIX NOXAapOB WAU U3BEPXKEHUW BYAKaHa KPyrnHbie NO CPaBHEHUIO C MOAEKYy=-
AaMU BO3AyXa 4acTuLbl MenAa pacCeuBaloT CBETOBble BOAHBI, MO CBOEW AAMHE COOTBET-
CTBYIOWUE CUHEMY LUBETYy U ero otreHkam. Hanpumep, B 1950 r. B KaHape Habalopanach
ronybas AyHa u3-3a noxapa Ha TopOsHUKax.

[ToBepxHOCTh, AYyHBI. Ha AyHe MOXHO BBIOJEAUTH TPHU OCHOB-
HBIX THIIa 0Opa3oBaHHUMU:

1) Mopss — oOmHpHBIE, TEMHBIE U JOBOABHO IIAOCKHE y4acT-
KW IIOBEPXHOCTH, HOKPBITEIe 0a3aAbBTOBOH AaBOH;

2) MaTepHUKH — sSpPKHEe NPUIOAHATHIE 00AacCTH, 3aIOAHEH-
HBI€ MHOXECTBOM OOABIIMX M MAaAbIX KPYTABIX KpPaTepoB, Ha-
CTO NEPEKPHIBAIIINUXCH;

3) ropHbIE LleNH, TaKHe KaK ATIEHHHUHBI, U HeOOABIIKE TOP-

HBIE CHCTEMBbI, MOMOOHBIE TOH, YTO OKpyxkawmwT Kparep Komep-
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Puc. 2.11

Buauman cropoHa
AyHbi
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HecMoTps HAa TO 4TO B IYHHBIX MODAX HET HU KAILIH BOABI,
B HAYKe COXPAHMJIACH IPEXKHAA CHCTEMA HAMMEHOBAHMIA, npeJ-
noxxennada eme B XVII B. Ha ofpamennoit k 3emiie cTopoHe
Jlyabl maTepuku saaumaior oxkosio 70%, a mopa — 30% rep-
PHTOPHH BHAMMOro ¢ 3emuu noaymapus Jlyas: (puc. 2.11).

XapakTepHasa 0co0eHHOCTH JIVHHOTO peibeda — KoJblie-
Bble CTPYKTYpHI (Kpatepsi). JIyHa BeA NOKPBITA KpaTepaMu
Pa3HOro pasMepa — OT MHUKPOCKONMYECKHX
A0 COTeH KHJOMeTpoB B amamerpe. ToabKo Ha
BHAMMOM cTropoHe JIyHbI KpaTepoB JUAMETPOM
o6onee 1 km — npumepro 300 reic. Cpeau HEX
€CTh TaKHe, AHaMeTPbl KOTOPHIX NpPEeBLIIIAT
200 kM. BoabmIHHCTBO KPYIIHBIX JYHHBIX Kpa-
TEepOB MMEKT POBHOE AHO, B IIEHTPe KOTOPOro
HaXOAMTCA BO3BBHIIIEHHOCTh.

Muorue ayHHBIE MOPS OKANMJIEHBI IPOTH-
JKEHHBIMH IOpHBIMH XpebraMu. XpeOTH mosy-
YNJIA HA3BAHMA 3eMHBIX ropusix nenei (Kas-
Kas3, Anensl, IIupesen u ap.).

B nmosnONyHME B HeOOJBIIONH TENECKON XO-
pomo Buaabl Oxkean Byps, Mope [oxaeii, Mope
Henocru, a raxke kpareps! (Tuxo, Konepaugk, Kennep), or xo-
TOPBIX PACXOAATCH IPOTAYMKEHHBIE JIyUeBhble CHCTEMBI.

Jlyna ceituac obpaiesa Kk 3emiae oaHOH cropoHoi. Tak 6s110
He Beerga. Musmapas! et Hasan JIyaa 6siina 6amnske Kk 3eMie,
yeM ceifuac, a Nepuobl BpalleHuA 3eMIH 1 o0panjeHusa BOKPYT
Hee JIVHBI cOCTABAANM JTHUINE HECKOJLKO yacos. [lonroe BpeMs
yYeHbIe He MOIJIHM NOJYYHUThL cBegeHua o0 oOpaTHOH cTOpOHE
JIyHBI. 9TO CTA/I0 BO3MOYKHBIM JIAIIL C [IOABJIEHHEM KOCMHYE-
ckux anmaparos. Ceituac yixe co3gadbl O4eHb TOAPOOHBIE KAPTHI
oboux nosymapuii cuyTHHKa. B oTiimune OT mpoAoIKAIIIHXCA
HECKOJIBKO CTOJeTHH TEJIeCKONMAYeCKHX HCCIeJOBaHN BHANMOM
cropons! JIyHEBI HcenegoBaare o6paTHOM ee CTOPOHBI HAYAJIOCh
7 oxrabpsa 1959 r., Korjaa BrepBsie B NCTOPHH HAVKH oOpaTHAasN
cropoHa JIyasl ObL1a coTorpadmpoBaHa ABTOMATHYECKOM CTaH-
nuei «Jlyaa-3». IIlpumepno uepes 6 ner (nwoab 1965 r.) gpyras
COBETCKAA ABTOMATHYECKAA MEKIIaHeTHAA CTAHIHA «30HA-3»,
BBIBE/IEHHASA HA IeJIMOIEHTPHUYECKYIO OpbuTy, nepesasa HOBbIe
dororpadpuu. IIpu sToM yaamocs cororpadupoBaTh IOYTH BCe
obaactu o6paTHOil cTopoHSE!l JIVHEI, KOTOpbBIE He ONAJH B IOJe
3peHHA (POoTOTENEeBU3HOHHEIX YeTpoicTB «JIyHBI-3». [Tomyuen-
Hble CHEMKH II03BOJIHJM COCTABMTEH KAPTHI H ATJIACHL 0OpPATHOM
cTopoHks! JIVHEI, JYHHEIE INI0GYCHL H TOJHEIE KAPTHL, OXBAaTHIBA-
I0I[Me MOYTH BCIO NOBEPXHOCTE JIVHEL




Ha meBuaumom ¢ 3emam noaymapuu JIyasl npeobaamaoT
marepuku (pue. 2.12). Cpeauuii AnamMeTp KPYNHOro MOpsa —
Mopsa Mockesl — gocturaer 460 km. MHOro Ha 06paTHOM CTO-
pose JIVHBI B KpATEpPOB, KOTOPBIM IDPHCBOEHBI MMEHA BhIJA-
omuxea gesareneit Hayku: Jlomorocos, [»xopaaso Bpyso, 1lu-
onkoeckuii, fHonmo-Kiopu u ap. Hepeako kpatepsr o6pasyior
AJMMHHEBIE IENOYKH, TAHYIMEeCHA HA COTHH KHJIOMEeTDOB.

BoasmuHeTBO KpaTepoB 06pasoBaiochk BCJIEACTBHE YAADPOB
Mo noBepxHoCTH JIyHBI METEOPHUTOB M ANep KOMET Ha paHHEeM
atamne ee ucTopuu. Bojee KpynHBIe NepBHYHEIE KpaTepbl BO3-

HHKJIH OT IPAMOro NONaZlaHud KOCMHYECKHX TeJI, & MHOKeCTBO
BTOPHYHBLIX KpaTepos 00pasoBaiochk mocje najeHns o0JI0MKOB,
BRIOPOIIEHHBIX EPBLIMHU B3pbiBaMu. Bropuusble KpaTephl CKOH-
LeHTPHPOBAHEI BOKPYT HePBUYHBIX M YACTO PACTIOJIOMKEHBI Ia-
PaMH MJIH HMET BEITAHYTYIO (popmy. HexkoTophie KpaTepsl MO-
r'yT OBITH PE3YJALTATOM BYJIKAHUYECKOH JeATeTbHOCTH. Y JapHBIe
KpaTrepsl Ha 3eMJe CHJILHO HANIOMHHAIOT JNyHHBIe. HOo 3eMHEIe
KpaTephl paspyliaeT apo3us, a Ha JIyHe IpU OTCYTCTBHH BO3-
AyXa, BeTpa M AOMKAeH — TIJIaBHBIX NPUYHMH 3PO3UHU — cOXpa-
HAKITCA 04eHb cTaphkle ob6pasoBaHHuA.

Jlyansie mopoasl. Biarogaps MArKUM nmocajgkaM aBTOMAaTH-
yecKHX craHuuit Ha JIyny, a 3aTem U noseram Ha JIyHy amepu-
KAHCKHUX ACTPOHABTOB CTAJIM M3BECTHBI MEXaHHYECKHe CBOMCTBA
JIYHHOT'O TPYHTA H ero XuMmuuecKkuil cocras. [lepssiMu, KTO 1o-
oniBan Ha JIyHe, cranu amepukannsl Heiin ApMeTpoHr U DaBUH

COAHEYHARA
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Oappus. OTo npousomao 21 umoag 1969 r. CoBeTcKUe yUeHBIE
AASI maAbHeHImIero M3ydeHUdS AYHBI IPEANOYAH HCIOAB30BaTh
aBTOMaTHUYeCKHe amnmapaTbl — «AyHoxon-1», «AyHOXOm-2».
AMepukaHcKHe Kopabaun «AIOAAOH» M aBTOMaTHYECKHE CO-
BETCKHE CTAHIIMHU nocTaBuAU Ha 3eMaio 6oaee 400 kr o6pas3mon
AYHHOTO BeIllecTBa.

I[ToBepxHOCTH AYHBI MOKpPBHITA PETOAMTOM — CMECBHIO TOHKOM
OBIAM M CKAAMCTBIX 00AOMKOB, 00pa3yHIIUXCH B pe3yAbTaTe
CTOAKHOBEHHH METEOPHUTOB C AYHHOH IOBEPXHOCTHIO. YXapHO-
B3PBIBHBIE IIPOIIECCHI, CONPOBOXKIAMIIINE METEOPUTHYIO OOM-
0apAUPOBKY, CIOCOOCTBYIOT B3PBIXAECHHIO U IE€PEMEIINBaHUIO
TpPyHTa, ONHOBPEMEHHO CHe€Kasd U yIAOTHHS YaCTHIBI TPYHTA.
ToAamKMHA CAOSI PETOAMTA COCTaBASET OT AOAell MeTpa M0 AECAT-
KOB MeTpoB. Ilog PErOAMTOM A€XKHUT CAOH IOPOX, BHIOPOIIEHHBIX
npu obpa3oBaHUM KPYIHBIX KPaTepPOB TOAIIHMHON OT HECKOAB-
KHUX [ECATKOB OO COTEeH MeTpoB. Eme HuXe, K0 rAyOHMHBI IpHU-
MepHO 1 KM, pacmnoaaraloTcCs pacTpeCKaBIIHECs OT MHOTOYHC-

A€EHHBIX yaapoB 6a3aAbTOBBIE IIopoAasl.

TeHU Ha AyHe ropaspo TEMHee 3eMHbIX U3-3a OTCYTCTBUSA aTtmochepbl. Bce AyHHble TEHU —
abCoOAOTHO uepHble. Bo BpemMs nocaAkuM Ha AyHy, Kak TOAbKO aCTPOHABThbl MonaAaAu
B T€Hb, OHU 6OAbLIE HE MOrAM BUAETb COOCTBEHHbLIE HOTU, HECMOTPSA Ha APKO MblAAIOLWHUI
B Hebe COAHeUHbIH AUCK. AcTpoHaBTaM ObIAO CAOXHO 06CAyXMBaTb CBOW kopabab, no-
TOMY YTO OHW HE MOFAU BUAETb, KaK ABUXYTCH UX PYKU B Te€HU. KpoMe TeHelh BO3HUKAMU
MHOTOUYUCAEHHbIe NPO6GAEMbI, CBA3AHHbIE C AYHHOW MbIAbIK: OHa NOKpbiBaAa 6OTUHKK
acTPOHaABTOB MOYTU MOAHOCTbI, MPOHUKAAA BHYTPb Kopabaeit U ckadaHApPOB.
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O6pas3nbl AYHHBIX IIOPOJ BHEIIHE IOXOXH Ha 3eMHBIE HU3BEP-
XeHHble 0a3aAbThl. B cocTaB MX BXOAAT XOPOIIO M3BECTHBIE Ha
3eMAe xuMHuueckue saemMeHTs (Si, Al, Fe, Ca, Mg u np.). Ho
B AYHHBIX nopopax 6oaplne, 4eM B 3€MHBIX, COLEPXKUTCS TYy-
ronaaBKuXx 3aemMeHToB (Ti, Zr, Cr u Ap.) U MeHbIIEe — AETKO-
naaBkux (Pb, K, Na u ap.). XUMHYEeCKH# cOoCTaB Pa3AHMYHBIX
y4aCTKOB NHOBEPXHOCTH AYHBI HEOLHUHAKOB.

AyHHBIE IOPOABI OTHOCSATCS K OYE€HBb APEBHHUM — HX BO3pacrt
cocTaBASIE€T OKOAO 4,46 MApPA A€T, NPHUYEM CAMBIMHU MOAOILBIMHU
oKa3aAHuCh 006pa3mbl, JOCTAaBA€HHBIE U3 MOPCKHUX palioHOoB. Mopsa
HNOKPBITHl BYyAKAHHYECKHMHU IIOpPOAaMHU, oOpa3oBaBIIMMUCS B pe-
3yAbBTaTe€ AABOBBIX M3AMSHUN, BBI3BAaHHBIX yZapaMH O NHNOBEpPX-
HOCTh AYHBI HeOOABIINX acCTEPOUAOB OKOAO 4 MADPA A€T Ha3amd.
Korma-To AyHHBIEe MOpPsI OBIAM HACTOSIIMMHU MOPSMHU, TOABKO
HE C BOOOH, a C pacIAaBA€HHOH AaBOH.

Ha AyHe maBHO 3aBepIIMAacCh 3II0Xa aKTHUBHOTO BYAKaHH3-
Ma. C TedeHHMEM BpPEMEHH yMEHbIIaAaCh U MHTEHCHBHOCTHh Me-



TEOPUTHONH OoMOapAMpPOBKH AYHHOH NHNOBEPXHOCTH. Baaromaps
3TOMY Ha NPOTHAXKEHUU INNOCAENHUX 2...3 MAPO A€T BUA AyHBI
NpaKTUYECKH He M3MeHsAcda. Eme u cefiyac NPOUCXOAAT AYHO-
TpsAceHUs (HanmoMHuHaloIue caabble 3eMaerpsaceHuda). OHu 3a-
perucTpupoBaHBl celicmMorpadaMH, YyCTAHOBAEHHBIMH Ha AyHe
acTpoHaBTaMHu. JlaHHBIEe 3THX NPUOOPOB NMO3BOAMAH HCCAEIO-
BaTh BHYTPEHHEE CTpoeHHe AYHBI, BBIJEAUB KOPY (TOAUIMHOH
or 60 o 100 kM Ha obpaTHOU cTOopoHe), MaHTHIO (o 1 OO0 KM)
u aapo (ero paguyc okoao 750 Km).

Pe3roMme. AyHa — eCTE€CTBEHHBIH CIHYTHUK 3€MAHU, CKaAAU-
cToe ImIapoBHAHOE TeAao 0e3 armocdepsl u xkxu3Hu. KocMmuue-
ckuil Kopabab MoXKeT gobparhcsa 70 AYyHBI MeHee 4eM 3a 3 CyT.
I[lepBBI#i mocTurmuil AyHBI anmapat «AyHa-2» ObIA 3alyIleH
12 cernrsabpsa 1959 r. B CCCP. IlepBble AIOAU CTYIHAU Ha AYHY
20 uroasa 1969 r., 570 6BIAM ACTPOHABTHI KOCMHYECKOTO Kopab-
A «AmoaaoH-11», 3anymennoro B CIIA. Kpatepbsl — onHa
3 XapaKTepHBIX ocobeHHocTell AyHBI. BoARmMIMHCTBO KpaTe-
poB o6pa3oBaa0Ch BCAEACTBHE yAapoB IIO IIOBEPXHOCTH AYHBI
METEOPHUTOB U AAep KOMET Ha paHHEM 3Talle ee UCTOpPUH. Boaee
KPYHIHBIe NMEPBUYHBIE KpaTepbl BOBHUKAHW OT IPSMOTO IoIajga-
HUS KOCMHYECKHX TE€A, a MHOXECTBO BTOPHYHBIX KpaTepoB 00-
pa3oBaAOCh NOCAE NMaAeHUsT 0O0AOMKOB, BBIOPOIIEHHBIX HEPBBIMH
B3pbIBaMU. AHaAW3 AYHHBIX MUHEPaAOB IIO3BOAHA OIPENEAUTH
XHUMHYECKHH cOoCTaB AYHHBIX IIOPOJ M HX BO3pacT.

KOHTpOHLHBIC BOITPOCHI

. KakoBbl ¢usnueckme ocob6eHHOCTU AYHbI?

. Mouemy Ha AyHe U AHEM BUAHbI 3BE3AbI?

. KakoBbl ocobeHHoCTU peAbedpa AyHbI?

. UTo nokasaA aHaAW3 AYHHbIX NMOPOA?

. UYem ycaoBUS Ha AyHe OTAMYAIOTCA OT 3€MHbIX?

Ul AW N~

. AAf uero morau 6l APUFrOAUTBCA obutaemblie AYHHbIe 6a3bl?

33paHUA A CAMOCTOATEABHOW PABOTHI

1. UcnoAb3ya AaHHble O pacCTOAHUAX OT 3eMAU A0 AYyHbI U OT 3TUX He-
6ecHbix TeA A0 CoAHua, rpaduuecku u3obpasute dparMeHT Tpaek-
TOpPUN ABUXeEHURA AyHbl U 3eMAU BOKpYr CoAHua.

2. 0coboe 3HaueHUe ANl OPUEHTUPOBaAHUA Ha AyHe, Kak U Ha 3eMae,
uMmeeT 3Be3pHoe He6o. Ho Ha 3emAe AAA UCNOAb30OBaHUA AAHHOTO
cnocoba Heob6x0AMMO yuuTbiIBaTb HaAMuue ra3oBoi oboaouku. Ha
AyHe Xe TakoW npob6baembl HeT. O3HauaeT AU 3TOT $akT, UTo Ha AyHe
CyLLeCTBYIOT MA€aAbHbIe YCAOBUSI AASl @aCTPOHOMUYECKUX HabAloAeHUN
HEBOOPYXEHHbIM FAa30M KakK B YCAOBMUAX AYHHOrO AHSl, TaK U B YyC-
AOBUAX AYHHOW Houu? O60CHYilTe cBOMi OTBeT.

COAHEYHAA
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Puc. 2.13

NAaHeTsl 3eMHOK

rpynnsi

TEMbI AOKNALOB

1. JlyHa KaKk BaMHENLIMA SHEPrETUHECKUIA UCTOYHMK.

2. MNpoeKTbl CTPOMTENLCTBA A0NTOBPEMEHHbIX Hay4YHO-uccnegoBartesb-

CHKUX cTaHUMi Ha JlyHe.

3. Peronut: XuMH4YecKkas U dU3MYECcKas XxapaKTEPUCTUKM.

2.5. MnaHeTbl 3eMHOMU rpynnbi

Obmana xapakTepHCTHKA TJIaHeT 3eMHO# rpynnsl. Yers-
pe mepBoie maHeTsl or COMHIIA ABIAIOTCH nAAHEeMaAMU 3eM-
noil zpynnwui: Mepkypuii, Benepa, 3emna u Mapc (puc. 2.13,

Taba. 2.3).

Benepa

Mepy pun

Ta6nuua 2.3. CpaBHHTENILHAA XAPAKTEPUCTHKA NNAHET 3eMHOR rpynnbi
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Meprypuii 0,382 0,055 0,38 0,241 58,6 5 427 0
Benepa 0,949 0,815 0,72 0,615 243 5 243 0
3emns 1 1 1 1 1 55615 |
Mapc 0,563 0,107 1.52 1,88 1,03 3 933 2




IInaneTsl 3eMHOM rpynnsl 00J1a1a10T BEICOKOH IIJIOTHOCTBIO
U COCTOAT IIPEUMYIIeCTBeHHO U3 KHCJIOPo/a, KPeMHUA, MKeJeaa,
Marfus, aJJlOMHHUA U APYTUX TAMKEIBIX 3J€MEeHTOB (B OTIHYHE
OT Ta30BBIX IUIAHET ¥ KAMEHHO-JeJAHBIX KaPJINKOBLIX TIJIAHET).

Bee niiaHeThl 3¢eMHOM IPYIITEI UMEIOT CJIeAVIOIee CTPOeHHe:
B IEHTPe HaXOMAUTCHA SAAPO U3 JKeJjiesa ¢ MPUMEChI0 HUKeJsi, KO-
TOpOe MOKPHIBAIOT MAHTHA U KOpa.

JlBe u3 nnaHer 3emHO# rpynnsl (3emuis u Mapc) umeior
conyrHEKH. Hu ofHAa M3 nnaHeT 3eMHOM IPYNIBI B OTJIHYHE OT
BCEX IJIAHET-TMTaHTOB HEe HMeeT KOoJiell.

Meprypnii. Mepxypuil — caMasg MajleHbKad NJaHeTa
Conneunoil cucremsl. Ero marauTHoe nose B 100 pas cnabGee
3€eMHOT'0, HO IIPH 3TOM JIOCTATOYHO CHJIbHOE, 4TOObI BJIMATL HA
JBUKEeHUe COJIHeYHOr0 BeTpa BOKPYT ILJIaHeThl, cO3/laBasd Mar-
aurochepy. Ha Mepkypuun Her cMeHbl BpeMeH roja. 9To mpo-
HCXOMUT M3-3a TOTO, UTO OCh BpalieHHs MJIaHEeThl MOYTH mep-
OeHAUKYISPHA IJI0CKOCTH OPOHUTHL. fo L

- lneBHas cropoHa MepKypud IporpeBaeTcsa Ha 4»27"(}; aHa
Hoqnoﬁ — Temmneparypa nazgaer a0 —173°C. ILlianera npakTu-
YecKH JHIeHa arMoc(hepHOoro ¢jios, H03ToMy He crocobHa obe-
cHeYnBATH PABHOMEpPHOe pacnpezeneHune Harpesa. IlopepxHocTh
mIaHeThl OBICTPO HArpeBaeTcsa W OCTHIBaeT, HO yikKe Ha rayouHe
1 M cyTouHBIe KoJiebaHNA mepecTaT OIyINaTh-
¢fA, a TEMIEepPaTypa CTaHOBUTCA cTAGMIbHOM,
paBHOMH npubauaureasHo 75°C.

TTosepxnocTs MepKypHsa BO MHOTOM HAIO-
MHHAaEeT JYHHYIO (puc. 2.14) — Ha Heil MHO-
ro kparepos. OT MOJIOABIX KpPaTepoB, KaK H
na JIyHe, B pa3Hbié CTOPOHBI TAHYTCH CBETJble
Jy4H.

Kparepst Ha Mepkypuu BapbHpPYIOT OT Ma-
JIeHBKHX BIAJWH, UMEIMHAX (GOpPMYy 4daiim, 10
MHOTOKOJIBIEBEIX YAAPHBIX KpaTepoB, HMe-
IOIIUX B NONEpeYHHKe COTHH KuiaomeTpos. ITo-
BepxHOCTs Mepkypus ogHopoaHa. dtuM Mepry-
puit He cxox ¢ JIyHoit mau MapcoM, ¥V KOTOPBIX
OZHO IOJIYIIAPHE PE3KO OTJIMYAeTCHA OT APYTroro.
Bcee ero KpaTtepbl HMEHYIOTCA B YeCTh XYAOKHHUKOB, IHUcATeJIeHd 1
My3BIKAHTOB. ¥ AapHbie (JOPMHPOBAHHA, MPEBLINIAIONHE B [HAa-
merpe 250 KM, HaseIBAIOT DacceiiHAMH, KDYIHeHIIHHA U3 HUX —
Pasaunna #aps! npoctupaerca Ha 1550 kM. BaskHbIM pasmuun-
eM ropucTteix nasgmadror Meprypusa u JIyHEI ABIAETCA OPH-
cyrcTBue HA MepKypHH MHOIOYHCIEHHBIX 3y04aThIX OTKOCOB
JNMHOM COTHH KHWJIOMETpOB — yCTyIoB (ackapnogr). Uayuenue
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Puc. 2.14

Mepkypui
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BrX CTPYKTYPBI IIOKa3aA0* YTO OHH 00pa3oBaAHCh IIPU CXKATHH,
CONPOBOXJAAaBIIEM OCTBIBAHHE IIAAHETHI, B Pe3yAbTaTe KOTOPO-
ro maomanb NOBEPXHOCTH MepKypus yMeHbmuaach Ha 1 % .

Boarmasg wacte mHpOpManuum o Mepkypuu Oblaa TIOAY-
yeHa ABYMS KOCMHYECKUMU anmnapatramMu «MapuHep-10» u
«Mecceaagxep» (HACA), HOCTUTIIMMHU NAAHETHI MEPBBIA pas
B 1974—1975 rr. u BTOpo# pa3 B 2011—2015 rr.

Benepa. Benepa — BTopas orT CoaHIla nAaHeTa, KOTO-
pas aBAdeTcCs caMo¥ ropgaueit maaHeTol CoAHEYHOH CHCTEMBI.
OTo — TpeTHY mo gpKocTu 00BbeKT Ha Hebe 3emau, mocae CoaH-
na u AyHbl. BeHepa He mMeeT MarHuUTHOro noasi. Ee BpameHnue
BOKPYT CcBOeH ocu — obOpaTHoe, T.e. INIPOHUCXOAUT B HaIpaBAe-
HHUHU, NPOTHUBONOAOXKHOM ABHUXKEHHUIO NMAaHeThbl BOKPYr CoaH-
na. [laBaeHue arMmocdepsl Ha Benepe B 90 pas 6oabIine, yeM Ha
3emae. ArmMocdhepa BeHeprl COCTOUT B OCHOBHOM M3 YTAEKHC-
Aoro rasa (96,5 %) u azora (3,5 %). ConepxaHue APYTrUX ras3oB
OYeHb MaAo: auokcuna cepel — 0,018 %, aproua — 0,007 %,
BongHoro napa — 0,003 %, ocTaAbHBIX COCTABASIOIIUX — €IIe
MeHbIIe. O6raka Ha BeHepe coCTOAT U3 KaleA€K CEPHOH M COAH-
HOM KHCAOTBI. YTA€KHCABIH ra3oBBIH OKeaH M IIAOTHBIE obOaaka
CO30al0T CHUABHBIH NApPHUKOBBIA 3(PpdEKT Yy NOBEPXHOCTH IIAAHE-
Tel. OHM neAaloT NOBEPXHOCTH BeHeprl caMod ropsaueit B Coa-
HEYHOH cHcTeMe, XOTH NAaHETa PaCIOAOXKEHa BABOE AAaAbIIE OT
CoaHIla M HOAyYaeT Ha €AWHHUIY IIAOLIAAHM BYETBEPO MEHBIIE
sHepruu, 4yeM Mepkypuii. TemMneparypa HNOBepXHOCTH AOCTHUTaA-
eTr 480 K. Boga B XUAKOM COCTOSHUMU INIPU Takol TeMmIepatype
HaXOOUTHCS HE MOZXKET.

Haanune atmocoepbl y BeHepbl 6bIA0 OTKpbITO B 1761 r, Korpaa nAaHeta MPOXOAUA@
MexAy 3emaein U CoaHuem. M.B.AomoHOCOB HabAaopaan 3To cobbiTue B Teneckon U BbiA
€AUHCTBEHHbIM, KTO HEe TOABKO YBUAEA cBeueHue (HUMO) BOKpyr BeHepbl B MOMEHTbI BXO-
Aa M BbIXOAA NMAaHeTbl Ha ¢$OHE COAHEUHOro AMCKa, HO M MOHAA, UTO 3TO CBEYEeHUe Bbl-
3BaHO ee NAOTHOM aTMocdepoil, KoTopass NMPEAOMASieT COAHEUYHble AYYUu U co3paeT 060-
AOK BOKpYr ee TEMHOro Aucka. Um 6bIAO BbICKa3aHO NMPEANOAOXEHUE O BO3MOXHOCTH
XW3HU Ha BeHepe M Apyrux naaHerax.
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H3-3a mAOTHBIX 00A2KOB IIOBEPXHOCTH BeHepBl HeZOCTyIIHA
ONTHYECKHUM HaOAIOLEHUSM, IIO3TOMY €€ M3y4Ye€HHE B OCHOBHOM
OPOBOAHUAOCEH C HOMOINBIO PAAHOAOKAI UK. BOABIIYIO YaCTh IIAO-
mangu INOBEPXHOCTH BeHepbl 3aHMMAaT XOAMHCTBIE DPaBHHHBI
(65%). Cpenu HUX BO3BBIIIAIOTCS OOIIHMPHBIE HMAOCKOTOPbSI —
3eMmasa Umrap u 3emas Apponutsl. OcrtasbHble 3 5% nOOBepx-
HOCTH IAaHETHl pacIpefeAeHBbl MEXAY HHU3MEHHoOCTaAMHU (27 %)
U BO3BBIMIeHHOCTAMH (8%) (puc. 2.15). YmapHBIEe KpaTepbl —



peAKNil 3eMeHT BEHEPHAHCKOIO Ieis3aska: Ha Bceil niaaHeTre
ux aumb okono 1000. deranu penveda Ha BeHepe HasbIBaOT
B 4eCTh GOTHHB, JKeHCKUX MH(DOIOTHYECKHX NepcoHaseil 1 3Ha-
MEeHHUThIX JKEeHII[HH.

Benepa #0BOJIBHO MHTEHCHMBHO HMCCJIEJ0OBAJACH C MOMOIILIO
KOCMHYECKHX annaparos: 06110 oTnpasieHo okoJo 30 muccnii,
maupHaa ¢ 1961 r. (nepseiM gocturia Beneprl coBerckas as-
ToMaTH4YecKaa MexiaserHada craHnuAa (AMC) «Benepa-1»).
BnopoueM, yc0oBHA Ha NOBEPXHOCTH BeHephl TAKOBBI, YTO HHU
OMH U3 KOCMHUYECKHX aNlapaToB He npopaboras Ha IaHeTe
oosee 2 u (puc. 2.16, a). PexkopacMeHoM ObLI COBETCKHH CITY-
cxkaeMblil annapaTt «Benepa-13», KoTOpEIil paGoran B TeueHue
127 mus (puc. 2.16, 0).
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KomnbiotepHan
obpaborka
PAAMONDKALIMOHHOTO
n3obpaxenun obractu
DWUCTALI: NOTOKK A@BbI
Pa3AMAUCH Ha COTHM
KUAOMETPOB BHU3

no o6pylweHHbIM
CKAOHaM BYAKaHOB,
Ha NOPHU3OHTE BUAHbI
ropbl Cus (BbicoTa —
2 kM) u lyaa (3 km)

Puc. 2.15

MecTo nocaaku:

a — AMC «Benepa-9»
(noAyueHbl nepBbie
yepHo-beaie
n3obpaxeHns
nNoBepxXHOCTH Bewnepsl);
6 — AMC «Benepa-13-
(noAy4eHb! nepssie
uBeTHbie u306paxeHus
nosepxHocTH Bexepsi)
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Mape. Mape — qerBeprasa ot ConHna u camas noxpob-
HO uaydeHHasa nuadera B Conmneunoii cucreme. ¥ Mapea ects
ABa He0ONBIIMX ecTeCTBEHHBIX cnyTHHKAa: Poboc u [eiimoc
(puc. 2.17). Paamepsr Poboca — 26,8 x 22,4 x 18,4 kM, [eii-
moca — 15,0 x 12,2 x 10,4 km. IIpu Bpamennu Bokpyr Mapca
oba cnyTHHKa o6paleHbl K MjaHeTe OAHOH CTOPOHOM.

¥ Mapca 6b1710 3apuKCcHpoOBaHO caaboe MArHUTHOE IoJie —
B 500 pas mensbine semuoro. Ilnanmery okpyskaer paspesxeHHas
armocdepa, COCTOAIAA B OCHOBHOM U3 VIVIEKHMCIOT0 rasa (yrie-
KUcablil raz — 95%, azor — 2%, Boganoit nap — 0,01 %, Kuc-
aopon — 0,3%). lasnenne y nosepxHoctu B 160 pas meHbIne
3€MHOTO, T.€. ILIOTHOCTH arMocepsl ¥ ee JaBlIeHHe Y IMoBepX-
HOCTH Takue, Kak B arMochepe 3eman Ha BeicoTe 30 KM.

CMepTyH, eBpeu e MMEHOBaNKU NnaHeTy «ToT, KTO KpacHeeTs. [IpUYMHa 3TUX Ha3BaHWn —

m ErunTaHe HaswiBanu Mapc — MNop KpacHbii, B BaBunoHe oH 6bin W3BECTEH KaK 3Be3aa

BMAMMbIK KPOBaBbIM UBET 3Toro HebGecHoro Tena.

Pwuc. 2,17

EcrectBeHHble
cnyTHMKM Mapca
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Mapc noayuaer B 2,3 pasza mensiue temiaa or Connna, uem
3emus, Tak Kak HaxomauTcda B 1,52 pasa ganeme ot ConHila, yeMm
Haia nianera. Cpegaasa remnepatypa — 60°C. ITpn man6onee
OJ1aronpUATHEIX YVCJAOBHAX JIETOM HA JHEBHOM IOJIOBHHE ILJIaHe-
THI BO3ayX mporpesaetca xo 20°C (a va skBaTope — mo 27°C).
Ho 3umMHel HOUBIO TeMIIepaTypa MOKeT JOCTHIATh ajKe Ha 9K-
BaTope ot —80 no —125°C, a Ha noJsocax HOYHAS TeMIepaTypa



™

moskeT najgaTts g0 —143 °C. PaspexxenHasa armocdepa He B COCTO-
AHUM XPAHHUTH TEILIO, NOJYUYeHHOe JHEM MOBEPXHOCTHIO TIIaHe-
Thl, © B HOYHOE BpeMs OHO GBICTPO M3IyYaeTcd B MUPOBOE NIPO-
crpaHcTBO. M3-3a HAKJIOHA OCHM BpallleHHA K ILJIOCKOCTH Oopom-
Tel Ha Mapce ecTh cMeHa BpemeH roja. Kasaerii ceson B 2 pasa
MPOAOJIKUTENIbHEEe 3eMHOI0.

B nmoagess Hebo Mapca xento-opaH:kepoe. IIpuunHa Ta-
KHX OTJIMYUH OT I[BeTOBOI raMMmbl 3eMHOr0o Heba — cBoiicTBa
TOHKOM, paspeskeHHOM, cojep:ramieil B3BeleHHy0 NbLIb aT-
mochepsr Mapcea.

Hcnaperue yriieKMCJIOTO rasa B MOJAPHBIX HIATTKAX IPUBO-
JINT K BOBHMKHOBEHMIO BETPOB, CKOPOCTHL KOTOPBIX COCTABJIAET
10...40 m/c, a unorga — o 100 m/c. Berep nogaumMaer ¢ no-
BEPXHOCTH GOJIBIIOE KOJMUYECTBO NBIJIH, YTO NPHUBOAUT K IThI-
neselM 6ypaM. CunbHBIE TBELTEBBIe OYPH NPaKTHYECKH MMOJIHO-
CTBIO CKPBIBAIOT MIOBEPXHOCTH MJIAHETHI HA HECKOJIBKO MeCHAIIeB.

OcHOBHAf COCTABJAIONMAA MOUBLI — KpeMHeseMm (20...25 %),
coflep;Kamnii IpUMeck I'HAPATOB OKCHIOB ene3a (mo 15%),
NPUAAIONIMX [I0YBE KPACHOBATHIA 1BeT. UMeoTca 3HAUYNUTENb-
HBIe IPUMEeCH COeIMHeHWH cephl, KaJbIUuA, ATIOMHHNA, MATHAS,
uarpus. Ilox nosepxHocThi0o Mapca o0HapyeHbl 00IIMpPHEBIE
CKOILTEeHHUA JbJla ¢ IPUMEChIO TBepAoil YTIeKHCIOTHI.

OcobGeHHOCTAMH NMOBEPXHOCTHOrO penabeda Mapca MOMHO
CUUTATH YJapHbIe KpaTepkl, HANIOgo0We JIYHHBIX, a TaAKKe BYJI-
KAaHBI, JOJWHBI, NIYCTEIHA ¥ NOJADPHBIE JeAHHKOBbLIe IIANKH,
Hanomobue seMHbIX (puc. 2.18). ITonymapusa Mapca 10BOJNBHO

COAHEYHAR
CHUCTEMA

Puc. 2.18

MNoeepxHocte Mapca —
CKOBaHHaA MOPO30M
KAMEHWCTan NyCTbiHA
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CHABHO pa3AHMYalOTCd IO XapaKTepy IIOBEPXHOCTH. B IOXHOM
IOoAyHIapHU HOBEPXHOCTH BO3BBHIIIAaeTCda Ha l... 2 KM HaJ Cpen-
HHUM YPOBHEM H TI'yCTO ycedHa KpaTepaMmMu. Ora uacTb Mapca
HanoOMHHaeT AYHHBble MaTepuKHu. Ha ceBepe Goabmras gacThk
IOBEPXHOCTHU HAXOAHUTCH HHUIKE CPEeJHEro ypOBHS, 37€Ch MaAoO
KpaTepoB, M OCHOBHYIO HYacTh 3aHHMAalOT OTHOCHUTEABHO TAan-
KHe pPaBHHUHBI, BEPOATHO, oO0pa3oBaBIIHeCcs B pe3yAabTaTe 3aTOI-
A€HUST AABOH U 3PO3UH.

K yHHUKaABHBIM AeTassaM peabeda Mapca MOXKHO OTHECTH
noAaunHB MapuHep U ropy Oaumn. JoauHsl MapuHep — TH-
raHTcKad cucTeMa KaHbOHOB Ha Mapce; umeer gauy 4 500 kM
(4eTBepTh OKPYXKHOCTH IIAaHEeTHI), MIUPHUHY — 200 KM, raybu-
HYy — A0 11 KM U gBAdeTCd caMbIM KPYIIHBIM U3BE€CTHBIM KaHBO-
"HoM. 'opa OaumMn — noTyXImHUH ByaAKaH Ha Mapce, Bricodaii-
mag ropa Ha naaHetaxXx CoaHedYHOM cucteMbl. BricoTa OauM-
ma — 26 KM OT OCHOBaHUud, nuamMeTp — okKoao 540 kM. [Jertaau
peabeda Ha Mapce MMeHYIOT B 4eCThb HccaemoBaTeaed Mapca,
aBTOPOB Hay4YHOM (paHTacTUKH o0 Mapce, mo HaszBaHuAM Mapca
Ha pa3HBIX A3BbIKaX U T. AO.

B HacTosllee BpeMsa H3-3a HHU3KOTO JaBA€HHSA BoAa B XKHUI-
KOM COCTOSHHM Ha NMOBEePXHOCTH Mapca mNpuUCyYyTCTBOBaTh HE MO-
XeT, HO HalgeHHBbIe CAeAbl BBICOXIIHX PYCEA PEK CBUIAETEAL-
CTBYIOT, UTO B IPOIIAOM BoJa NOKphIBaaa 3HAYHUTEABHYIO 4acTh
noBepxHocTu Mapca. [IpegnoaaramoT, 4To B To BpeMsa Mapc
okKpyxkaasa Goaee maoTHas armocdepa u 6bia0 Temaee. Hecmo-
Tpsda Ha 3TO, NPHU3HAKOB XHU3HU Ha Mapce He o6HapyxeHo. Ha-
ypHag ¢ 1960 r., Kk Mapcy 6b1au HanpaBAaeHbl 46 MUCCHE (B oc-
moBHoM CCCP u CIIA, u3 Hux 23 ygadHble), celivac Ha Mapce
NPOMOAXKAIT CBOIO paboTy HCKYCCTBEHHBIe CIYTHHKH Mapca
u ABa Mapcoxojaa.

Y yenoBeka, nonaBwero Ha Mapc 6e3 cneunManbHOro ckapaHapa, NPU oYeHb HU3KOM
AaBA€HUU NpousollAa 6bl MFTHOBEHHas CMepTb, TakK Kak rasbl, pacTBOpeHHble B KPOBU U
TKaHAX opraHuaMma (a3oT, reAuil, BOAOPOA), Hauyaau 6bl BbIAEAATLCA B BUAE My3biPbKOB
B KPOBb M paspyllaTb CTEHKU KAETOK U KPOBEHOCHbIX COCYAOB, GAOKUPYA KPOBOTOK. Apy-
rMmM onacHbiM ¢pakTopoM SIBAAETCA CUAbHAA paAuauLus, cCMepTeAbHas AAfl YeAoBeKa, MNo-
CKOAbKY Ha MAaHeTe OTCYTCTBYeT 030HOBbIM CAOM.
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PesomMme. [TaaHeTaMu 3eMHOH IpyInIbl ABASOTCAI MepKypHH,
Benepa, 3emas u Mapc. Ux ob6mue ocobeHHOCTH — HebOAbIIUE
pa3Mepbl, HaAU4YUE TBEPAOY IMOBEPXHOCTH, BbICOKAsS MAOTHOCTS,
CXOXXee BHyYTpeHHee cTpoeHue. Bce maaHeTsl, KpoMe Mepkypus,
obramamwT aTMocdepamMu. Ha MOBEepXHOCTH NMAAHET U HUX CIYTHH-
KOB HabAIOIAIOTCSI MHOTOYHUCAEHHBIE APEBHHE KpaTepbl. ABTO-



CONHEYHAA
MaTHYE€CKHE CTAHIMH, HUCCAENOBABIIMWE IIAAHETHI, IIO3BOAHUAHU CUCTEMA

y3HaTh O (bI/I3I/I‘IECKI/IX YCAOBHAX Ha IMNOBEPXHOCTH IIAAHET, CO-
CTaBUTh KapThI aTOH IIOBEPXHOCTH. Pa3yMHOﬁ JKHU3HHU Ha IIAa-

HeTax, KpoMe 3eMAH, oOHapy}eHO He OBIAO.

KOHTPOAbHBIE BOMPOCHI

1. B 4yeM CXOACTBO U pasAuyMe PU3UYECKUX XapaKTepUCTUK MAaHeT
3eMHOW rpynnbi?

. Kakas naaHeTa ABAfAeTcA camMoil ManeHbKoW B COAHeYHOW cucTeme?

. Kakafs naaHeta camaf ropavyan?

. Kakue naaHeTbl 3€MHOW rpynnbl UMelOT eCTeCTBEHHble CMYTHUKHU?

. Mo KakoW npuyuMHe Ha Mapce cyuiecTByeT cMeHa BpeMeH roaa?

. Kakasa naaHeTta Haubonee nepcneKTUBHA AAA KOAOHHW3auUKU? Mouemy?

S U bW N

3AAAHUA AAA CAMOCTOATEAbHOW PABOTHI

1. OxapakTepuayiiTte GU3UKO-XUMUUECKHEe CBOMCTBA KaXAOM M3 naaHer
3eMHOM rpynnbl, 3anoAHWB TabAULy.

2. UcnoAb3ys AaHHble, NpUBeAeHHble B TabAuLEe, NPOBEAUTE TEOPEeTH-
yeckue pacuyeTbl NpeAeAbHOM BbICOTbI rop Ha 3emAe U Mapce W cpaB-
HUTE WX C MPaKTUYECKUMMU 3HAUEHUAMMU.

Bemua 108 2 700 6-10% 6 400

Mape 10° 2 700 0,65 - 103 3 400

TEMbl AOKAAAOB

1. Camble BbICOKHE Fopbl MAAHET 3€MHOW rpynnbl.
2. ®a3bl BeHepbl U MepKkypusa
3. BoamoxHa AM XU3Hb Ha Mapce? 115
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2.6. NMnaHeTbl-ruraHThl

O6man xapakTepHCTHKA NJaHeT-rHranToB. ITaanemut-
2uzanmul — 3TO YEThIPE BHEIIHUE ILIAHEThI, PACIIOJIOMKEeHHbIE
3a npeaenaMu nosca acrepouaos: Onurep, Caryps, ¥Ypasn, He-
nryH (puc. 2.19, Traba. 2.4).

B ornnune oT KaMeHHBIX ILJIAHET 3eMHOM I'Ppynnsl mJjaHeTbl-
rETAHThI ABJSAIOTCA Ta30BBIMH IJIaHeTaAMH, 00J1aJal0T 3HAYH-
TeJabHO OONBIIMMH pasMepaMu M Maccoil, bosiee HH3KOM cpej-
Hell maoTHoceTho (0AM3KOH K cpeaHei coaHeuyHoii, 1,4 r/cm),
OBICTPBIM BpallleHWeM, a TaKyKe KOJbIlaMH ¥ 0OJNbIIMM KOJIH-
HYeCTBOM COYTHHKOB.

Bce nnaHeThI-THTAHTHI UMEIOT MOIIIHBIE NPOTAMEHHBIE aT-
Mocepsl, COCTOSAIHe B OCHOBHOM H3 MOJIEKYJIAPHOTO BOAOPOJa

HOnurep

Carypn

¥pan Henvyn

Ta6nuua 2.4. OcHOBHbI® CBEJJEHHA O NhaHeTax

o .
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= 5 < .o oA 2
g 153 558 8Haq | 855 | §6o | B o &
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= =3 g E o o6H n.g & oo = =
s Bep | g3 | 883 | seg | &5° | EgE 5
gE B R R E L S R =83 8
5- ) E o = g &) =
Onurep 11,2 318 5,20 11,86 1,3 25,8 He menee 67
Carypa 9,41 95 9,54 29,46 0,7 11,3 He menee 47
Ypan 3,98 14,6 19,22 84,01 1,4 9,0 He menee 27
Henryn 3,81 17,2 30,06 164,79 1,6 11,6 He menee 13
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TaH, aMMHaK, Boda U €IIE boAee CAOXKHEIE coenquHeHUud. ['a3bl UX

aTMOC(bep YIAOTHAITCHA K LHEHTPY, Ipe€BpamadCch B XKHAKOCTBH,

a 3aTeM — B TBEpPAOE AAPO, COCTOAIIIEEC U3 METAAAUYIECKOTO BO-

aopona (HpI/I BBICOKOM OJaBA€HHU U TEMII€EpaTyp€ BOAOPOA IIPHU-

obpeTaeT cBOMCTBa METAAAOB).

@

B 1994 r. Becb MUp HabAlaaAn, Kak komeTa Wymelkepa—AeBu Bpesanach B lOnutep,
ocTaBUB nocae cebs caeA pasmepoM ¢ 3eMAIO, KOTOpPbIM COXpaHSIACA B TeYeHue roaa.
Toraa acTpoHOMbI cYMTaAM, uTo lOnuTep 3awMwaeT 3eMAl0 OT KOMeT U acTepouaoB. Baa-
ropapsa MouiHellwemy rpaBUTaLMOHHOMY MOAlO lOnuTepa, Kak cYMTanoCb paHee, aTa NAa-
HeTa npuTaruBaeT K cebe GOAbLIMHCTBO KOCMWUYECKHUX TEA, NMPEeXAe YeM OHU MOTyT AO-
CTUTHYTb 3eMAU. B HacTosilee Bpemsa pe3yAbTaTbl UCCAEAOBaHUA YTBepXAaloT obpaTHoe.
B Aabopatopuu peaktuBHoro aABuxeHus HACA B MNacapeHe 6bIAO CMOAEAUPOBAHO ABM-
XeHUe Kocmuyeckux Ten B CoAHeyHol cucteme. Okasanocb, 4to lOnutep u CaTypH, CKo-
pee Bcero, Hao6opot, 3abpacbiBaloT KOCMUYECKAA Mycop BO BHYTPEHHIOI YyacTb COAHeu-
HOW CUCTEMBI, TA€ OH MOXET CTOAKHYTbCA C 3eMAei.

npOI/I?:BeL[eHHBIC pacdeTsl IIoKa3plBawT, 9TO ¥y YpaHa u He-

IITyHa Hag AAPOM OAOAXKHA HaXOAHUTHCA MaHTHd H3 CMECH BOAA-

HOIr'o U aMMHA4YHO-METAHOBOTIO AbA. HO3TOMy OTH IIAQHETHI HHO-

r'Ja Ha3bIBAKOT A€AAdHBIMH THTaHTaMHu, a I-OnuTep u CaTypH —

ra3soOBBIMH THTaHTaMH.

C 1600-x rr. BeayTca AebaTtbl, Kak AABHO CYLIECTBYIOT KOAblLla CaTypHa U OTKyAa OHU B3S-
AUcb. CornacHo Teopuu, y CatypHa Koraa-1o 6biA0 60Ablue CNYTHUKOB, HEKOTOpble U3 HUX
Bpe3aAUCb ApPYr B Apyra. MoAyuyuBWwKiACA Mycop nNpeBpaTUACA B KOAbLa W 62 cnyTHHKa.
BbiAM NOAyYeHbl AOKasaTeAbCTBa TOro, 4to Koabua CaTypHa coopMUpOBaAUCb Fopaspo
no3xe caMoi MAaHeTbl, @ UMEHHO — 4 MApPA AeT HasaA. MomuMo 6oAaee OoTAAAEHHbLIX
cnyTHUKOB, TUTaHa W flneta, ocTaAbHble KpynHble cnyTHUKW CaTypHa, no Bcei BUAMMO-
cTu, o6bpasoBaAUCb B TeHeHWE MEAOBOro Mepuoaa 3eMAMU.

N3-3a 6I:ICTpOI‘O BpameHud IIAAHETBhI 3HAYHUTEABPHO CXAaThl

Ha moaArocax. Ux 3KBaTOpI/IaALHLIﬁ paguyCc 3HAYUTEABHO boAbIIE

IIOAdAPHOTO. CKOpOCTL Bpall€eHHUd 3KBaTOPHAABHBIX 30H OOAB-

mie,

€M IIOAAPHBIX.

B aTMOCCbean Ta30BbBIX IMAAHET AYIOT MOIIHBIE BETPHBI CO CKO-

POCTBIO 1O HECKOABKHX ThICAY KHAOMETPOB B 4Hac. HNmerwoTcd mmo-

CTOdHHBIE aTMOCCbepHI:Ie O6pa3OBaHI/IH, IpeacrTaBAdOIINUE coboit

ruraHTckue 6ypu. Hanpumep, Boaplmoe KpacHoe HNSTHO (pa3s-

MepoM B HECKOABKO pa3 Goabme 3eman) Ha IOnutepe Habalo-

narmoT yxe 6oasaee 300 aer. meeTca Boabmioe TeMHOe NMATHO Ha

HentyHne, 6oaee Mmeakue naTHa — Ha CatypHe. Bokpyr maaHeT

O6Hapy}KeHBI CHUABPHBI€ MAQrHUTHBIEC IIOAMLd.
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Ha moatocax Hnutepa u CatypHa HabAIOOAaAUCH MOIIHEIE
HOASpPHBIEe CUSHUA. YOAUBHUTEAbHBIH dakT: lOnutep, CatrypH u
HenTyH BBIAEASIOT CYWIECTBEHHO 0OABIIE 3HEPTrHU, YEM IIOAY-
gyawoT oT CoaHIIA.

IOnurep. FOnumep — camasa 6oabmmasg naaHeta CoaHed-
Ho#l cucteMbl. Macca Onurtepa B 2,47 pa3a OHpeBBIIIAET CyM-
MapHYIO MaccCy BCeX OCTaAbHBIX InNaaHeT COAHEYHOH CHCTEMBEI,
BMECTE€ B3STBhIX. Bo BpeMaZ BEAMKHUX NPOTUBOCTOSHUMN, OamMxkai-
mee M3 KOTOPBIX cocTouTca B 2022 r., IOnutep BHAEH HEBO-
OpPYXEHHBIM TAa30M KaK OIMH M3 CaMbIX SSPKHUX O00BEKTOB Ha
HOYHOM HebockaoHe mocae AyHBI U BeHepbl. YeTrIpe caMBbIX
KPYIHBIX COyTHHKa IOnuTepa XOopoIIo BUAHBI faXe B HEOOAb-
IIOM TEAECKOII.

XapakTepHO# ocobeHHOCTBHIO BHemHero obamka lOnurepa
ABASIOTCH €0 KPAaCHO-KOPHYHEBBIE IIOAOCHI, CBSI3aHHBIE C HH-
TEHCHUBHBIMHU aTMOC(EpPHBIMH IpoleccaMu. Boapmoe KpacHOe
nssTHO — camad MoInHasg O6ypsa B CoaHeuHoH cucrteme. Kpac-
HBIH IIBeT ycTOHYUBO¥ ruraHTckoi 6ypu Boarimioe KpacHoe
OSTHO IIpencraBadgeT coboi 3araaky. OXHOM M3 BO3MOXKHBIX
OPHUYUH TAaKOI0 OKpAUIMBaHUA MOTLYyT OBITh XHUMHYECKHE CO-
eAUHEeHHusl, comepxkamue dpochop. Bypsa BEITAAAUT, KaK TEM-
HO-KpacHas cdepa, OKpPyXKeHHas XKEATBIMH, OPaHXEBBIMHU H
OEeABIMH CAOSMHU.

Cuaa THXKeEeCTH Ha HoBepxXHocTu lOmnurtepa, 3a KOTO-
pyo OOBIYHO NPHHUMAIOT BEPXHUH caolf ob6barakoB, Goaee "eMm
B 2,4 pa3a mpeBOCXOAHUT 3eMHyl0. TeMmeparypa Ha ypoBHe 00-
Aa4dYHOTO cAaod B atmocdepe FOnurepa cocraBagetr -140°C. FOnu-
Tep UMeeT caMOe€ CHAbHOE MAarHUTHOE IIOA€ M3 BCEX IIAAHET, KO-
Topoe Ha moalocax B 20 Teic. pa3 cuabHee 3eMHoro. OHO Ipo-
CTHUpaeTCcsd Ha MUAAHMOHBI KHAOMETPOB B KOCMOC, AOCTHUTrAd NIPHU
3ToM opbutel CaTtypHa.

IOnuTep OKpyXeH OGOABIIMM KOAWYECTBOM CIYTHHKOB, Ha
CEeTOMHSIMIHUE MOMEHT OTKPBITO 69 cnyTHHKOB. YeThIpe caMBbIX
KpynHBIX cnyTHuka — Mo, EBpona, 'amumen u Kaaaumcrto —
6b1AM OTKPBITEI eme B 1610 r. F'aauaeo 'aamaeem (puc. 2.20).
Bce kpynHbIE cnyTHUKH lOnurtepa BpamaloTcd CHHXPOHHO H
Bcerga obpameHbl K IOnmuTepy oqHOHW M TO#M K€ CTOPOHOM BCAen-
CTBHE BAWUSHHUS MOIIHBIX NHPUAHUBHBIX CHA IIAAHETBI-THTAHTAa.

Ho — camblii 6AM3KHHE K HNAaHETE M3 YeThIPEX FaAHMAE€EBBIX
CIIyTHHUKOB; ABAsieTCs Hanboaee T€OAOTHYECKH aKTHUBHBIM TEAOM
CoAHEYHOH cuUCTeMBI, Ha HeM Haxonutcs 6oaee 400 me#HcTBy-
IOIMUX ByaAKaHoB. Ha Goaplreidl yacTu noBepxHocTH Mo mpocTu-
paroTcg oOmMIKUpPHBIE PAaBHUHBI, NOKPBIThIE 3aMOPOXKEHHOH cepoit

HAU OUOKCHAOM CEPBI.



ITosepxHOoCcTE E€pOn st NOKPHITA CI0EM JIbAA TOJIUHOMK OT
50 no 100 kM m ABJIAeTcA OAHOI M3 camMbIX raaakux B Conneu-
HOI CHCTEeMe; HA Heil OYeHb MaJI0 KPaTepoB, HO MHOTO TPeIHH,
a MoJ0 JILJOM DACIOJIOKEeH OKeaH. ¥ CNYTHUKAa eCTh KpalHe
paspeskeHHas armocdepa, COCTOAINAA B OCHOBHOM M3 KHCJIO-

poja.

IF'anumed — eguHCcTBeHHBINH cnyTHUK B CoslHEYHOH CH-
cTeMe, 00Jagal0IMUi cOOCTBEHHBIM MATHHTHBIM mojgem. OH
COCTOUT M3 NPUMEPHO PABHOI'0 KOJHYECTBA CHJIMKATHBIX I10-
pox u BogsiHoro Jnjaa. IlpeanonoskuTenbHO, B €ro HeApax Ha
raybune oxkoso 200 KM MeXy CJIOAMH JbJa €CTh OKeaH KU/ -
KO BOJABI.

Kaanuemo — BTOpoi nmo pasmepy cnytHuk HOnurepa n
TPETHH 1o BeJIuunHe cnyTHUK B ConHeyHOM cucreme nocae I'a-
aumena u Turana. Haunbosiee xapakTepHaa 0cOOEHHOCTE TOBEPX-
HocTH KalJHCTO — MHOTOKOJBIEBBIE CTPYKTYPBI («IIUPKH»),
a Tak:ke DOJBINOE KOJHYECTBO YAAPHBIX KPATePOB PAa3JMYHOM
opmei. COyTHUK OKPYIKEH Ype3BhIUAiHO paspeKeHHOH aTMocC-
(epoii, cocToAmel U3 YITIEKHCJIOT0 rada ¥ KMCJI0poa.

COAHEYHAR
CUCTEMA

lfanuaeeBbl CMYyTHUKK
Onurepa

Ecnu Ha3BaHua cnyTHUKOB KOnuTepa 3akaH4yMBaloTes Ha «e» — Kapme, CuHone, AHaHKe,
m Macude u ap., 3T0 3HAYMT, YTO OHM 06paLaIoTCA BOKPYr nNiaHeTsl B 06patHOM Hanpas-
NeHWu (Takoe ABWMEHWE Ha3biBaeTCs PETPOrpajHbiM) 1, NpeanonoxuTensHo, o6pasosa-
NACb HE OAHOBPEMeHHO ¢ KOnuTepoM, a Gbinu 3axBayeHbl ero rpasuTaLMoHHbLIM NONEM

nosaHee.

3a lOnurepom HabnoAAT NPH MOMOIIH HA3EMHBIX W Op-
ouTanbHBIX Teaeckonor. Kpome aroro, Haunsaa ¢ 1970-x rr.
K niaaHeTe ObLIO OTHPaBJIeHO BOCEMb MeXIIJIAHeTHBIX almnapa-
toB HACA: «IInonep-10», «ITnonep-11», «Boagxep-1», «Bo-
anxkep-2», «Famuneo», «Kaccuum», «HoBble roOpU30OHTHI» U
«Ououa».

Carypu. Camypn — mecrada nnanera or Conana u sropas
mo pazmepam miaaHera B Conneunoit cucreme nocie HOnurepa.
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BremHass armocdepa NiIaHeThl Ka)kKeTcsd M3 KOCMOCA CIOKOH-
HOH M OJHOPOAHOI, XOTA MHOrJAA HA HEeH NOABIAKTCH J0JIr0-
BpemMeHHBIe oOpasdoBanusa. Hanpumep, o61aka Ha ceBepHOM I10-
nwoce CarypHa o6pasylOT rUraHTCKHIl IeCTHYroJbHUK U B Te-
yenue 20 JieT COXPaHAIT CBOI CTPYKTYDPY, HECMOTDPs Ha Bpa-
menne (puc. 2.21). ITogo6Hoe ABAEeHMe HUKOrAA He HabM0OAa-
JIoCh HH B 0jiHOM apyrom mecrte CostHeuHoit cucremsl. CKOpocTh
Berpa Ha CaTypHe MOKeT JOCTHraTh MecTaMH
1800 km/4, uTo 3HAYNTENBLHO DOJBIIE, YeM HA
IOnurepe. Temneparypa Ha ypoBHE 06J1a4HOTO
cnoA cocrasaser —176°C.

¥ CarypHa ecTh MATHHTHOE II0JIe, 3aHUMAa-
10Ilee MPOMEKYTOUHOe MOJIOMKEeHHe 10 Hanpsd-
JKeHHOCTH MeKJAY MATHHUTHBIM II0JIeM 3eMJaH
1 MomHBIM nosieM KOmurepa.

Carypr obiamaer caMoii 3aMmeTHOH cHcTe-
MOii KOJel, cOCTOAINel riaaBHbBIM ofpasom M3
YaCTHYEK JbJa, TAMKEJBIX 3JeMEHTOB M IbLIH
(B menbIIeM KonuuecTse). CyliecTByer TpH oc-
HOBHBIX KOJIBIA U YeTBepToe — DoJiee TOHKOE.
Bce BmecTe oHEM oTpaskaior foJble cBeTa, YeM
auck camoro Carypua. Koasua He siBnsooTCA
CILIOIIHEBEIM TBEPALIM TEJIOM, & COCTOAT M3 MHJI-
JAUAPAOB MeJbYaAHIINX YacTHI, HAXOAAIINXCH
Ha oxoJoniaHerHoi opoure. Koasna pacnoso-
JKEHBI TI0J yryioM npubausnrenbHo 28° K MJIOCKOCTH SKJIUNTH-
kH. [ToaToMmy ¢ BeMyM B 3aBUCHMOCTH OT B3aMMHOIO PACIIOJIO-
JKEeHMA [IJIAHEeT OHM BBIMNIAAAT O-PA3HOMY: MX MOMKHO YBH/IETh
1 B Buje Konel, u ¢ pebpa. Koabna CarypHa oueHb TOHKHE.
IIpm amamerpe oxoso 250 TeIC. KM HX TOJINWHA HE JOCTHIaeT
H KHujaoMeTpa.

Camerit kpynasii cnyreEuk Carypaa — Turan, aTo Bropoi
no pasmepam cunyTHHK B Conneunoi cucreme (mocae N'aarume-
na, cnyrauka lOnurepa). Turan npeBocXoAuT 1Mo CBOMM paa-
mepam Mepkypuii 1 obnajgaer eIJHHCTBEHHOM CPeAd CIYTHUKOB
nnager ColHeYHO# cHCTEeMHBI IJIOTHOM aTmocdepoii (B 1,5 pasa
[JIOTHee 3eMHOIt), cocToamei ua asora (98 % ) ¢ npumecsio Me-
rana. Ha nosepxnocts Turana 14 sasapsa 2005 r. npoussepe-
Ha ychnemrHaa nocagaka souga «['woiirenc». CHUMKH, cieJlaHHbIe
B X0Jie CIIyCKa, MOKAa3aJM CJOMKHBIN peabed co ciaegaMu Aeil-
cTBHA XKuUAKocTH. Ha cHUMKAaX, MOJAyUYeHHBIX ¢ IOBEPXHOCTH,
BHIHBI KAMHH OKpyraoi ¢opmsl (pasamepom no 15 cm), Hecy-
e cjaefbl BO3AeHcTBHA MuAKocTH (raaska). «I'ojiiredc» cran
IepBLIM ANNAPATOM, CO3JAHHBIM YEJ0BEKOM, HAXOAAIIHMCH



COAHEYHASA
Ha NMOBEPXHOCTH CIHYTHHKA APYTo#d nmaaHeTsl Hamell CoOAHEYHOH CUCTEMA

CHCTEMBI.
Boapmyio gacte muHpopMmanuu o CaTypHe M €ro COyTHHKaX

nepegasm aBTOMAaTHYECKHE MeEXIIAaHEeTHBIe cTaHOuUHU: «I[luo-
"Hep-11», «Boaaxep-1», «Boaaxep-2», «Kaccunu-T'iolreHc».
Ypaun u HentyH. ¥Ypan u Henmyn — cenbMass U BocbMasd

naaHeTsl CoAHeYHOH cHcCTeMBI. [laaHeTHl HaXOAATCS HAaAEKO
or 3emau u CoAHIIa U HEBOOPYXKEHHBIM raa3oM HabaogaThk MBI
UX He MOXeM. OTO Ype3BBIYAHMHO XOAOOHBIE€ MHUPBI, UX TEeMIIE-
patypa B BEPXHHX CA0dX aTMocdepsl 6au3ka K -220°C. Mac-
ca M pa3Mep HAaHET, COCTaB aTMocdep, BHYTPEHHEE CTPOEHHE
O4YeHb IMOXOXKH.

OTAMYUTEABHOH OCOOEHHOCTBIO YpaHa fABASETCH OpPHEHTAa-
oHUs B IIPOCTPAHCTBE — €r0 OCh BpAallleHHUS AE€XUT KakK Obl «Ha
O00OKYy» OTHOCHTEABHO IIAOCKOCTH oOpallleHHus 3TOH HAAHETHI BO-
kpyr CoaHIla (OCh BpallleHUS HaKAOHEHAa Ha 98° M A€XUT IIOY-
TH B IAOCKOCTH ero opbuTtsl). BcaencrBue 3Toro naaHera GbrBa-
er obpamenHa K CoAHIly IONEPEMEHHO TO CEBEPHBIM IIOAIOCOM,
TO I0XKHBIM, TO 3KBaTOPOM, TO CpeAHHUMH muporamMu. IlosTo-
My ABHUXeHHe YpaHa BOKpyr CoaHIla COBEPIIEHHO OocCoOeHHOe:
OH KaTHTCs BAOAb CBOEH OpOHTHI, mMepeBopadYyuBasich ¢ OOKy Ha
60k. Bo3MOXHO, 3TO HIPOU30OLIAO H3-3a TOTO, YTO y3XKe CHOPMHU-
poBaBIIasicad IAaHeTa YpaH CTOAKHYAacCh C KaKHUM-TO APYTHM
AOBOABHO KPYIIHBIM HeOECHBIM TEAOM, B pe3yAbTaTe YE€To €€ OCh
BpalleHHUsI CHABHO OTKAOHHAACh OT NEPBOHAYAABHOI'O HaIpaB-
A€HHUS.

Y ¥pana arMocdepa BBITASAHUT OJHOPOAHO, B TO BpeMs Kak
noBepxHocTh HemTyHa oxBadeHa OBICTPO ABHXKYyIIMMHUCS obaa-
KaMu u O6ypamu. B armocdepe HenTyHa OyIIyIOT caMble CHAb-
Hble BeTpbl cpeau naaHeT COAHEYHOH CHCTEMBI, IO HEKOTOPBIM
OIleHKaM, UX CKOpPOCTh MoxXeT mocturath 2100 km/u. Koabira
BOKPYTr YpaHa OTHOCHTEABHO OOAbIIHNEe U IIHPOKHE (6oabmIe —
ToAabKO y CaTypHa), a Koabna HemTyHa odYeHb TPYAHO YBHAETH

aXe B O4eHb MONIIHBIH TEAECKOII.

OTKpbITUE YpaHa aCTPOHOMOM YUAbAMOM (eplueAeM MpPOoU3owWAo B 1781 r. MU3HayaAbHO 3TOT
ras3oBblid TMraHT NPUHAUMaAAKU 3a 3Be3py, N03Xe — 3a KoMeTy. [lepBbIM HadBaHUEM NAAHEThI
6bIAO leopr, B uecTb leopra I, KOTOpbIi NpaBUMA B AHFAWUM BO BPEMEHA €€ OTKPbITUSA.

N3 27 n3BEeCTHBIX COIYTHHUKOB YpaHa MOXHO BBIAEAUTH IATH
caMbIX KpPYHOHBIX: Mupauga, Apusab, YMmMO6pusap, Turtanusga
u Obepon. Hauboapmuii u3 cuyTHUKOB, TUTaHHuUSA, UMeeT pa-
nuyc Bcero B 788,9 KM, UTO MeHee NOAOBHUHEI paguyca AyHBEIL.
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CnyTHHKOBasd cHUCTeMa YpaHa HaMMeHEe MacCCHBHAa CPeAH CIYyT-
HHUKOBBIX CHCTEM Ta30BBIX T'HTaHTOB.

Kpynue¥imui#i cnytTHuk HentyHa — TpuTouH. B oTtauuume ot
BCE€X OCTAABHBIX KPYHNHBIX COYTHHKOB naaHeT B CoAHeYHOH cH-
creme TpuToH obaamaeT peTporpagHod opObuTOH, T. €. ABUKETCSH
NPOTHBOIIOAOXKHO BpalleHHUI0o camoro HentyHa. Bo3aMoXHO, OH
ObIA 3axBadeH rpaBuTanueii HentyHa, a He chopMupoBaacs Ha
MecTe. TPUTOH — OAMH M3 HEMHOTHX IF€OAOTHYECKH aKTHBHBIX
cnyTHukKoB B CoaHedyHO# cucreme. Ha ero moBepxHocTH oOHa-
PYXEeHBl CA€Abl TEKTOHHYECKOH aKTHBHOCTH, 3aMBICAOBATHIHA
peabed M MHOTOYHMCAECHHBIE a30THBIe (DOHTAHBI, OBIOIIHE BBBICH
Ha HECKOABKO KHAOMETPOB.

OTH maA€KHUe MUPBI TOABKO OAMH pa3 IIOCETHA KOCMUYECKHUH
annapat «Boaagxkep-2». OH mpoaeTea MHUMO YpaHa B 1986 r.,
a 3aTeM HamnpaBHUACH K HenTyHy, npoiiigd B HECKOABKHX THICS-
4aX KHAOMETPOB HajJ BepUIMHaAMHU 00AaKOB.

Mo coctaBy aTmMocdepbl M BeliecTBa CaMoil naaHeTbl HenTyH 6o0Ablue BCero moxox
Ha YpaH, HO CHUHIOIO OKpackKy eMy npupaeT 3HaUYUTEAbHOE COAepXaHWe MeTaHa B aTMo-
coepe. YueHble npeanoAaratoT, UTo Ha 3TOW NAaHeTe AYIOT camble 6bicTpble BeTpbl BO BCeW
ConHeuHoOM cucteMe — A0 2100 km/4. MpeAnoAOXUTEAbHAs TemnepaTypa Ha NoBepx-
HocTh -220°C, a B Heppax naaHeTol — 7 000... 7 100°C. C 3eMAuM HenTtyH MOXHO Ha-
6Al0AaTh TOABKO OAMH pa3 3a HENTYHWAHCKUW TOA: B A€Hb OTKPbITUA — 26 ceHTAabps
1846 r, a 3atem B 2011 r, Koraa npoweAn POBHO HENTYHUAHCKUI TOA, KOTOPLIM cCOCTaB-
AfeT 164,79 3eMHbIX AeT.

Pesrome. [InaHEeTBI-THTAHTHl HAXOAATCH 3a IOSICOM acCTepo-
uUao0B; ob6aamaldT 3HAYUTEABHBIMH pa3MepaMH, 00OABIIONW Mac-
colf, MaAOM IAOTHOCTHIO, OBICTPHIM BpAallleHHEM BOKPYI CBoeH
OCH, NPOTSAXKEHHBIMH aTMocdepaMHu, COCTOAIIUMHU U3 BOoAOpoaa
U reAus C IPUMECHI0O aMMHaKa, MeTaHa U APYTHUX BellecTB. Bce
HNAQHETBI-TUTAHTBl 00AamarT OOABIIMM KOAMYECTBOM CIYTHH-

KOB MU KOABLIAaMH.

KOHTPOAbHbI! BOMPOCHI

1. B yueM CXOACTBO M pa3AUuve PU3UUYECKUX XapaKTEePUCTUK NAAHeT-
rMraHToB?

2. Kakaa naaHeTa saBAaAeTcA camoi 6oAabwoi B COAHEUHOW cucreme?

3. Y Kakoit nAaHeTbl camMoe MOLWHOE MarHUTHOe NOoAe? Y KakKoW nAaHe-
Tbl caMas 6GoAbluas cuctemMa Koaeu?

4. Kakasi naaHeTa pacnoAoXeHa AaAblue Bcex oT CoAHua?

5. B ueM COCTOAT OCHOBHbIE TPYAHOCTU NPU KOAOHU3ALUU NAQHET-TUTAH-
TOB U UX CNYTHUKOB?



1. UcnoAab3ya acTpopusnueckue 3aKOoHbl U 3aKOHOMEPHOCTU, MOATBEp-
AVTE WAM OMPOBEPrHUTE CACAYIOLLME YTBEPXKAEHUSA:
* CMYTHWUKU MNAGHET-TUraHTOB MOTYT UMeTb aTtmocdepy;
* OCHOBHLIMU KOMMOHEHTaAMW aTMochepbl MAGHET-TUTAHTOB SIBASA-
I0TCA YFA€KUCABLIW ras W asor.
2. CoctaBbTe co6CcTBeHHOE onucaHUe BoobpaXaeMoro nyrelwecTBUs Ha
AO6YI0 NAGHETY-TUraHT.

1. CoBpeMeHHble UCCAEAOBAHWUA nNAaHeT-ruraHtoB AMC.
2. UccnepoBaHua TutaHa 30HAOM «lOMreHe».
3. CoBpeMeHHble UCCAEAOBAHWUA CMYTHUKOB NAaHeT-ruraHtoB AMC.

2.7. KapAuKOBble NAAHEeThI
U MaAble TEAA
CoAHeYHOoM cucTeMB

Kaaccudpukanus o6sekToB CoAHEeYHOH cHcTeMbl MexayHa-
poAHOro acTpoHOMHUecKoro cor3a. B 2006 r. Ha XX VI Accam-
6aee MexXAyHapOOLHOTO aCTPOHOMHYUECKOro cowia (MAC) 6riaa
npuHaTa Kaaccuduranusa 066ekKToB COAHEYHOH CHCTEMBI, B TOM
YHUCA€ KAapPAMKOBBIX IIAAHET U MAaAbIX TEA.

Kapnuxoeasts nnanema — »53T0 HebecHoe TeaO0, KOTOpoOe:
e obpamaerca nmo opboure Bokpyr CoaHIa;

* UMeeT AOCTATOYHYIO MaccCy AAs TOTO, 4YTOOBI IOA AE€HCTBHUEM
CHA TPaBUTALUM INOAAEPXKUBATH OAM3KYI K CPEepHUECKOH
dopmy;

* He SBASETCS COYTHHKOM IIAQHETBHI;

* He MOXET B OTAHMYHE OT IAAHET PACUYUCTHUTH paloH CcBoOei
OpOUTHEl OT APYTUX OOBEKTOB.

Manvie mena Conneunoii cucmemosl — 35T0 00BEKTHI
CoAHEYHOH CHCTEMBI, KOTOPbl€ HE SABAFIOTCS HH IAAHETaMH,
HU KapAMKOBBIMU HNAAHETaMH, HH HX COHyTHUKaMu. OpOUTEHI
noxgaBasitomero 6oapmuHCTBaA MaAablx Tea CoaHedYHOH cucTte-
MBI PACIIOAOXKEHBI B ABYX Pa3AHMYHBIX 00AacCTsX: INOsSICE acTe-
poumoB, HaxopxslieMcs MeXaAy opburamu Mapca m HOnurepa,
u nosgce Kolnepa, pacmoaararomemcsa 3a HentryHom. [pyrue
ob6aactu COAHEYHOH CHCTEMBI TaKIXe€ COHAEpKaT MaAble TeAa,
HO B ropas3Jo MeHbIIeM KoaumdecTBe. OHH BKAIOYAIT B cebd

CONHEYHAA
CUCTEMA
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CUCTEMA OKOAO3€MHBIE aACTEPOHUABI, KEHTABPHl (FpyIlIla acTepoHUA0B, Ha-

XoOoSaImuxcsa Mexay opburamu lOnutepa m HenrTyHa), KOMeETHI,
00BEKTHI pacCeIHHOIO AUCKa (camMoro masbHero perumoHa Coa-
He4YHOH cucteMbl — oT mosca Kolinepa u maasee). HauMmeHbpImIHeE
MaKpPOCKOIHYECKHE Teaa, HMepliue opbutTsel Bokpyr CoaHIa,
Ha3blBalT MeTeopougaMu. EcTb eme 6oaee MeaAKHEe OOBEKTHI,
TaKHe KaK MeXIIAaHeTHas NbIAb, YaCTHIIBI COAHEYHOTO BeTpa
u cBOOOAHBIE aTOMBI BOAOPOAA.

KapaumkoBble ImAaaHeThl. MeXAYHapOLHBIM aCTPOHOMU-
YEeCKHM COI30M O(PUIMAABHO NPHU3HAHBI NATh KaAaPAHUKOBBIX
HNAaHET: KpPyHNHeHmuH u3 acrepounoB llepepa m Haxopmsmue-
ca 3a opbutott Hemryua Ilayrou, Xaymea, Makemake, Opuna
(raba. 2.5). B HacTosumee BpeMs €CTh €llle HECKOABKO AECATKOB
KaHAUAATOB, TaK YTO BO3MOXKHO, CIIMCOK KapAHMKOBBIX IIAQHET
CKOPO IOIOAHHTCH.

Tabauua 2.5. CpaBHUTEAbHAsA XapakKTepUCTUKa NAAHET-KapAUKOB

ITepepa Iloac acrepoumon 950 x 891

Mixyron TTosc Kodinepa 2370+ 20 1,305 - 1022 248 1860 5
Xaymea Noac Koiimepa 11960 x 1518 x| 4,2 - 102 281 2600 2
E x 996
Makemare | Iloac Koitmepa 1478 + 34 3-10% 306 | 1700 1
Dpuaa Paccesmmeiii | 2326+12 | 1,67-10% | 557 | 2520 1
) JAUCK B
Ilepepa — caMbIi KPYHOHBI# H3BECTHBIH OO0BEKT B IOsdcCe

acTepoua0B, pacnoaaralmolleMcs B IPOCTPaHCTBe MexXaAy Map-
com u lOnurepom. Muccua AMC «Paccser» (HACA, 2007 —
2016 rr.) obHapyxuaa, YTO BEpXHUU cao¥ Kophsl Llepepsr npen-
cTaBAseT COOOM TAMHHUCTBIHA MaTepHaA C MOpaMHU, 3allOAHEHHBI-
Mu AbgoM. Ha moBepxHocTu llepepbl oOHapyXeHBl A€OHHUKH,
ONOA3HHU, KPYHHBIE KpaTepsl (puc. 2.22).

IInymon — KkpymnHelImas H3BeCTHad KapAHKoOBas IIAaHeTa
CoAHeYHOH cucTeMbl. Ero moBepXHOCTh CHABHO HEOOZHOPOOHA.
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IIpeanonarator, gyro ero Heapa Ha 50 ... 70 % cocTosaT M3 KAMHA
u Ha 50...30% — u30 abga, B OCHOBHOM BozasiHOro. IlnyToH 06-
Jajaer oYeHb paspexxeHHoi armocdepoil, cocToAIeld U3 rasos,
HCHAPAMIUXCA ¢ MOBEPXHOCTH JIbJa. JTO —
a30T ¢ IpUMeCchi0 MeTaHa u yrapHoro rasa. ITox
JIECTBHEM JKECTKOr0 H3JIlydYeHUus B3 HUX oOpa-
ayioTca boJsee clloKHBIE cOelHHeHHA (Hanpu-
Mep, 3TaH, 9THJIEH U aleTHJIeH), HOCTeIeHHO
BhINIAJal0IHe Ha MoBepxHOoCcTh (puc. 2.23). ¥
[InyToHA M3BECTHO NATH €CTECTBEHHBIX CIYT-
HukoB (Xapon, Hukra, I'napa, Kepoep, Ctukce),
OJiMH M3 KOTOpbIX — XapoH — HAMHOro 00Jb-
e ocTajdbHBIX. Bee oHE ofpaiaioTes Mo HOYTH
KPYIroBbIM OpOHUTAM IPHMEPHO B 3KBATOPHAJb-
HOH mockocerHu IlnyroHa B Ty e CTOPOHY, 4TO
M OH BOKDPYT CBOeil OCH.

Xaymea — camoe OnicTpoBpanjamileecsd
TEeJIO U3 BCeX M3ydeHHbIX 00bekToB ConHeuHON
cucreMel, uMermux auamerp cosee 100 km. Ilepuox Bpame-
HuA — MeHee 4 4, Xaymea obnazaer CHJIbHO BBITAHYTOH (op-
MOil. ¥ Hee 00HApPYIKEHO ABa CIYTHUKA M CHCTeMa KOJell.

Jdpuda — BTOpafA IO pasMepy KapJHKOBas IJaHETa HOCJe
[LiyToHa, MMeeT OYeHb BHICOKYIO OTPAKATENbHYIO CIIOCOOHOCTD,
oHa nourwn ODexnas. BepoarHo, 910 00bACHAETCA
HAJWUYHEM METAHOBOTO CHEra Ha IIOBEPXHOCTH.

IIpeanonaraercs, 4ro nosepxHocTs Maxe-
MaKxe MMOKPbITA METAHOBLIM, 3TAHOBBIM H a30T-
HBIM JIbJIAMH.

K coxaneHu0, 3TH 00bEeKTHI HAXOAATCH
TaK AaJeKo 0T 3eMJH, 9YTO YBHAETh AUCKH 3THX
IUIaHEeT-KapJUKOB IIOKA He [IPEeJCTABIAeTCHA BO3-
MOYKHBIM,

Acreponasi. Acmepoud — OTHOCHTENb-
HO Heboabmoe HebecHoe Teno ConHeYHON cH-
cTeMbl pasmepoM Gosee 30 M, ABHIKyHIEecHA 11O
opbute Bokpyr Connma. Acrepon/ bl 3HAYU-
TEJBHO YCTYHAKT II0 MACCe M pasmMepam IJa-
HeTaM, HMEeIT HeNpaBHJIbHYIO (POpMY, V HHX
oTcyTCTBYET arMocdepa, XOTs IPHA 3TOM MOIyT OBITH CIIYTHH-
Ku. B Hacroamuit MmomenT B ConHeuHOH cucTeMe 00HADPY KeHBI
COTHH TBICAY ACTEPOHMIOB, €3KeroJHO OTKPLIBAIOT AeCATKH ThI-
csig HOBRIX. IIpeanonaraercs, uro B ConHEYHON cUCTEME MOMKET
"HaxoauThes or 1,1 go 1,9 mas 06beKTOB, HMEIOIHX pasMep
6osee 1 KM.

COAHEYHARA
CHUCTEMA

KapaukoBas naaHerta
Uepepa

Puc. 2.23

KapaukoBana naaHeta
MNayToH
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BonbmIMHCTBO M3BECTHBIX HA JAHHBIA MOMEHT ACTEPOUIOB
COCPEeZOTOYEeHO B IIPeJiesiaxX MoAca ACTePOUI0B, PACHOJIOKEHHO-
ro mexxay opouramu Mapca m FOnurepa. Kpynreiimue U3 HuX,
[Mannaga u Becra (puc. 2.24), umetor guamerp okoso 500 xkm.

3a opburoit HenrryHa pacnojiaraercss BTopoii Tosic acTepou-
noe — nosc Koitnepa, KOTOPHIN MOX0 HA TJIABHBIN ITOAC acTe-
ponaoB, HO npumepHo B 20 pas mupe u B 20—200 pas maccus-
Hee nocaeaHero. Kak m mosic acTeponios, 0OH COCTOUT B OCHOB-
HOM M3 MaJbIX TeJ, T.€. MaTepHaJa, ocraBmerocsa nocuae (op-
muposanusa ConneuHoil cucremsl. B otiimume ot 00LEKTOB IJIaB-
HOTO MOACA ACTePOMJOB, KOTOPLIE B OCHOBHOM
COCTOAT M3 POPHBIX MOPOJ ¥ METAJLJIOB, 00BEKTHI
nosca Koiinepa ciokeHBl B OCHOBHOM M30 Jba
C MpUMeCcsIMHA MeTaHa, aMMHAaKAa.

HecmoTps Ha TO uTO 3eMiiA 3HAUUTEILHO
foJbIIe BCeX M3BECTHBIX ACTEPOUIOB, CTOJK-
HOBEHHe ¢ TeJloM pazmepom Oonee 3 KM MO-
JKeT MPUBEeCTH K YHUYTOXKEHHIO IHBAJIN3aI U,
CronKkHOBeHHE C TEJIOM MeHbLIIero pasmepa
(1o Gosee 50 M B AuamMeTpe) MOMNET 3AKOHUYMTE-
A MHOTOYHMCJIEHHBIMH JKePTBAMY U 'HTaHTCKHM
SKOHOMMYECKHM yiiepbom.

Yem OGonblre U TAMeNee acTepouj, TeM
GONMBIIYIO OMACHOCTEL OH IPEACTABISAET, OJHA-
KO ¥ ODHAPYKHUTH €ro B 3TOM clydae ropasyio
nerde. Haubosee omacHBIM HA JAHHBLIN MOMEHT CUHTAETCHA acTe-

Am a poua Anopuc (quamerpom okxosio 300 M), IpH CTOTKHOBEHHHA
C KOTOPBIM MO3KeT OBITh YHUYTOXKeHa Iejlad cTpaHa.

C 2016 r. B Poccun paboraer teneckon A3T-33 BM no obua-
PYeHHIO onacHEIX HeGecHEIX Tes. OH crocoGeH omosHaTh onac-
HBII acrepony pasmepom 50 M Ha paccrosaun 10 150 MaH KM
3a 30 c. 9o naeT BO3ZMOKHOCTH 3apaHee (camoe Majioe — 3a Me-

CAIl) 3aMETHUTH NTOTEHIIHAIBHO ONACHEIE A NJIAHETHI TEJIAa.
Ha TeppuTopuin MEKCHKU HaXxOAUTCS TMraHTCKUIA CNed OT CTONKHOBEHUA C KPYNHbIM acTe-
m pouaom, npousolleawero 6onee 65 MaH neT Ha3ad. BameTHyBwWecs B atmocdepy Nbifib

W Nenen u3-3a BO3HWKWKX NOXMapoB NPUMBENU K rnobanbHoOMY NOXONOAAHUI0 M BbiMHpa-
HUIO IMHO3aBPOB U APYIMX MHUBOTHbLIX. BIXKMAK, NO BCEH BUAMMOCTH, HEGONBILWE KHBOT-
Hble, NpATaBlWKWECH B HOpax, NOTOMKOM KOTOpPbIX, BO3MOXHO, ABNAETCA YENOBeK.
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Komersi. Komemut (HasBaHHe IPOUCXOAUT OT JpeBHErpede-
CKOTO ciaoBa kometes — BOJOCATBII, KOCMATBIN) HAIOMHUHAKOT
TyMaHHBIEe 00'bEKTEI, 38 KOTOPLIMH TAHETCH XBOCT.




KomeTbl — HebGonblunwe HebecHble Tena, o6pawaLiMecs Bo-
Kpyr ConHua no BbITAHYTLIM OpGUTaM, HAKNOHEHHbLIM Noj pa3s-
HbIMHK YTNamMu K NNOCKOCTH SKAMNTUHM.

BemnecTBo KOMeTHI COCPEIOTOYEHO B €e sfAnpe, KOTOpoe co-
CTOHUT U3 CMeCcH 3amep:31u}{x JBO0B (BOJILI. MeTaHa, YIVIEKHCJI0TI0
rasa, asora), ObIJIHHOK, METAJIMYECKUX W KAMEHHBIX YaCTHIL
pasnauuHEbIX pasmepoB. Horga komera npubam:xaerca K Conn-
1y, OHa HarpepaeTcs, U3 AApa HAYUHAKOT BhIAEJIATHCHA ras u
IBbLJIb, KOTOPBIE 00pasayOT rojioBy H XBOCT KoMeThbl. Yem OJin-
e K ComHny npubiamskaeTrca KoMeTa, TeM CHJIbHee Iporpesa-
eTCA BeNnlecTBO, D0JIBIIIe CTAHOBUTCH €€ XBOCT, MHOIA AOCTHras
B JUIMHY HECKOJbKUX MUJLJIMOHOB KuIoMeTposB (puc. 2.25). Baa-
rofgaps CBeTOBOMY AABJIE€HHUIO M COJTHEYHOMY BETPY XBOCT KOMe-
Thl, K&K IIPABMUJIO, HANpaBJeH B ctopoHy oT ConHua. ¥ pansasace
or CosHIIa, XBOCT KOMEThl YMEHbIIAETCA, KOMETa CTAHOBHUTCH
IJIOXO BHU/IHA.

Yepes onpejiesIeHHBIH TPOMEHYTOK BPEMEHH HEKOTOPBIE KO-
MeThl BO3BpamnaTesa obpatao. Komers ¢ nepuogom obpameHus
BoKpyT Conrna meree 200 jgeT OTHOCAT K KOPOTKONEpHOAWYE-
cKuM, ¢ Bostee AJIMHHBIM ITEpHOJIOM 00OpalleHus — K JI0JIronepu-
oanueckuM. B HacTosaee Bpemsa obHapy:xeHo bosee 400 kopoTt-
KonepuognyecKkux komer. IlpeanonaraioT, 4TO OHH IPUXOAAT
u3 nosica Koiinepa, a Hayano opbUT ZOJNTONEPHOAUIECKAX KO-
MET HAXOAHUTCA B THIOTETHYECKOi chepuieckoii obiacT, Ha3bl-
Baemoit obnakom Oopra, KoTopasa okpysaet Hamy CoJlHeYHYIO

COAHEMHAR
CUCTEMA

Apkan kometa
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cuctemy. Ob6aako OopTa 3alIOAHEHO BEIIECTBOM, OCTABIIMMCH
OT IPOTONMAAHETHOTrO AHCKAa M BKAIYAIIIUM B cebs MHOXECTBO
KOMETHBIX SJEp.

BnepBble 3aMeTHA NEPUOAUYHOCTD ONHOM M3 KOMET aHTAUMU-
ckuit yueHslst Oamona Faaae#r. OH mokasaa, YTO KOMETHI, Ha-
6Aaronaembie B He6e B 1531, 1607 u 1682 rr., — 3To oxHA
U Ta Xe KoMeTa, U IpeackKasaa ee Bo3dBpameHue B 1759 r. [JaHn-
Hasd KoMeTa cTaaa Ha3blBaThcd KoMeTod laaaesa. Komera BO3-
Bpamaerca K CoAHIy KaxXable 76 AeT.

Boabpmioe KoAu4YecTBO HHPOPMAIIUHU O KOMETAX ACTPOHOMBEI
NOAY4YHAU Oararomaps yCIEUMIHBIM MUCCHSM COBETCKHX KOCMHUYE-
CKHUX anmnapaToB «Bera-1» u «Bera-2» u eBpone#ickoro «AxkoT-
TO», OTOIPaABAEHHBIX K KoMeTe Naaaea B 1986 r. MHOro4ucaeH-
Hble NPUOOpPHI, YyCTAHOBAEHHBIE Ha 3THUX alllapaTtax, Iepeaasn
Ha 3eMal0 u300paxeHUd gApa KOMETHl MU pa3HooOpa3HBIE CBe-
neHud o ee o6oaouke. OKa3aaoCch, YTO AApPO KoMeThl ['aaaed co-
CTOUT B OCHOBHOM M3 OOBIYHOTO ABAa (C HEGOABIIMMHU BKAIOYE-
HUSAMHU YTA€KHCABIX U METAHOBBIX ABJOB), a TaK3Xe€ IIBIA€BBIX
gacTHUIl. IMeHHO oHHU 06pa3yoT 060A0YKY KOMETHI, a C IPUOAU-
xeHHueM ee K CoAHIy 4YacTh M3 HHUX NOJ JaBA€HHEM COAHEYHBIX
Ay4YeHd M COAHEYHOTrO BeTpa INEepPeXOAUT B XBOCT. SAApPO KOMETHI
lF'aanaes mAMHONH HECKOABKO KHAOMETPOB HMEET HEIPaBHUHABHYIO
dbopMy M BpallaeTcss BOKPYI cBoeil ocH.

HNccaengoBaHUus KOMET HNPOBOAUAUCH KOCMHUYECKHUMU almna-

partamu «MeXAyHapOAHBIH HCCAeZOBaTEAb ITAAHeT», «Bera-1»,
«Bera-2», «Cy#icoatt», «Yauccr, «JAXoTTO», «JaanbHHUH KOC-
moc 1», «dunMmnakT», «Crapnact», «Poserta», orneaseMslii

MOAYAB KOTOPOM BHEPBBIE B HCTOPHUH COBEPIINA MATKYIO Iocaj-
Ky Ha KoMeTy B 2014 r.

B uioHe 1908 r. B PoccuuM npou30LWIAO 3HAMeHUToe napeHUe TyHrycckoro merteopwuTa.
B3pbiB OrHEHHOro lwapa B BO3Ayxe HaA pekoi [oakameHHaa TyHrycka O6blA CAbleH
3a 800 KM OT anuuUeHTpa; B3pbiBHOW BOAHOI 6blA NoBaAeH Aec Ha naowaau 2000 kKme,
a B paauyce 200 KM 6biAM BbIOUTHI CTEKAA HEKOTOPbIX AOMOB. COrAacHo OAHOM M3 runo-
Te3 NPUYMHON B3pbiBa 6GbIAO AAPO HEOOABIIOW KOMETbI, CTOAKHYBLUEECS ¢ 3eMAeM.
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MeTeophl H METEOPHTHI. [[BUTasCh IO cBoell opburte, 3eMm-
A 4acCTO BCTpedYaeTCsd CO MHOXKECTBOM Pa3AHMYHBIX MEAKHX
TeA, AETAUIUX CcO cCKopocTamMu 11...72 km/c. IIlpu BXOoXnae-
HUHU B aTMocdepy OHH pas3orpeBalTCs B pe3yAbTaTe TPEHUA
U CropalT, OCTaBAsSsd SPKHUH cAeq B HOYHOM Hebe, BHAMMBIH
HHOTJZa HECKOABKO CeKyHA. TakKHe MeAKHe Teaa Ha3bIBalOT
memeopamu.



. COAHEMYHAA
,D;BPIJKEHHE KOMeT IO CBOEH ODGHTE BOKpyT COJIHIJ,& nocrTe- CUCTEMA

IIEHHO BbI3bIBaeT UX paspylleHHe, 38 HUMH (DOPMHUPYeTCH XBOCT
M3 MHOJKECTBA MEJKHX 4YacTHll. 3eMJid NePpHOJAHYECKH Iepe-
cexaeT opOHMTHEI KOMET, M B 3TH MOMEHTEI B He0e mOABJAETCH
MHOEeCTBO MeTeopoB, obpasysa s(d@deKTHbIe MeTeOpHbIe IOTO-
KH. X Ha3BIBAIOT B COOTBETCTBHH C CO3BE3HEM, HAXOLAIIIMM-
ca B To obnactu Heba, oTKyAa oHM noABaAwTcA: OpHOHHIEL,
Ilepcenanl, Jleonuasr u ap. Ouens ApKMe MeTEOPHl HASLIBAIOT
B6orudamu.

Ecau o6beKT 10CTATOYHO KPYIHBIHN (OT HECKOJBKHX CAHTH-
meTpos A0 30 M), TO HOJHOCTHIO CTOPETh OH HE ycrneer, Mo3To-
My TaKO€ KOCMHYECKOe TeJl0, yIaBllee Ha 3eMJII0, Has3bIBAIOT
memeopumom. Kax nmpasusio, ynasniue MeTeOpHTHI ABIAIOT-
ca obromMkamMu acrepoujoB. B mecre ux najeHusa obpasyercs
meTeopuTHBIN KpaTep. Ha 3emiie o6HAPY#EHO HECKOJNBKO Je-
CATKOB KPYIHBIX VAapHBIX KpaTepoB. CaMblii M3BeCTHBIN —
Apusonckuii (puc. 2.26). ra Boporka umeer guamerp 1200 m
u rayoury 230 M, a Kpas Kparepa BBICTYNAT HaJ MOBEPX-
HOCTEIO Ha 46 M. Apusonckuit kparep obpasosasncs 50 Teic.
JIeT HA3aJ OT NaZleHUA KOCMHYecKoro rena auamerpom 50 M u ADH3OHCKMI
maccoit 300 Teic. T. BapeiB npu nageHuH ObLI B 3 pasa MoIIL- METEOPHTHBIA KpaTtep
Hee B3pbIBa TYHI'YCCKOIO MeTeOpHuTA.

KO 2 pasa 3a BCIO UCTOPUIO HabnoaeHui. B 1954 r. B AnaGame METEOPHT MAcCoi OKONO
4 Kr npo6un Kpbily AomMa U nonan B pyKy 1 6eapo xo3anke. K cHacTbio, MeHWmuHa nony-
4yuna ToNbKO ywu6. B 1992 r. coBceM ManeHbkuid pparMeHT (okono 3 r) nonan 8 mManb-
YUKa U3 YraHapl, HO Bpeaa He NPUYUHKUA.

m BeposTHOCTL TOro, 4TO METEOPMT NONageT B YenoBeKa 04eHb Mana. 3To CNy4Mnoch TONb-
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Mereopwur l06a
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3a cyTku Ha 3eMJui0 magaer g0 5..6 T mereopuros. Boss-
IIWHCTBO HANJEHHBIX METEOPHTOB HMEIOT MACCY OT HECKOJIBKHUX
rpaMMOB /10 HECKOJbKHX KHJIOrPAMMOB. B 3aBHCHMOCTH OT CO-
CcTaBa BCe METEOPHTHI AeJIAT HAa TPH BHAa: KaMeHHBIe (93 %),
senesnsle (6 %) u xenesHo-KameHHEIe. B Teuenne Bcero speme-
HU HabmrogeHnit Ha 3eMJie HAWAEHB! AEeCATKH THICAY YVIABIIUX
MEeTeOpPHTOB, HECKOJILKO cOTeH npuierenn ¢ JIVEbI, 34 Tena cKo-
pee Bcero MMeKT MAPCHAHCKOE ITPOUCXOXKIeHNe.

MereopuTamM NPHHATO AaBATh UMeHAa 10 reorpaduuecKuM
HA3ZBAHHUAM MECT, COCE/ICTBYIOIINX C MECTOM ITaJleHusl WUJIH Me-
croM Haxoaku. Yarmge Bcero sTo HasBaHue DiMikaillero Hace-
JneHHoro nyHKTa. Camas Goablias BRICTABKA METEOPHTOB HAXO-
aurca B loprom mysee B Caukr-Ilerepbypre, Tam mpejgcraBie-
Ho 300 ob6pasuos, caMblii KPYIHLIA U3 KOTOPLIX UMeeT Maccy
450 kr. CorniacHO OJJHOMH M3 TEOPHIl KHU3HL HA 3eMai0 OblIa 3a-
HeceHa MeTeOopHTaAMH M3 KOCMOCA, TAK KakK HEKOTOpkIe KaMeH-
HEIE METEOPHUTHI coJlepskaT B cebe clebl OpraHMYeCKHX CcOexn-
HEeHHWI He3eMHOro NpoucXoMKIeHnA. MeTeopuThl nMajaloT U Ha
apyrue niaaHersl. Mapcoxon «OnopTeIOHHUTHS OTKPBLI IIECTh
METEeOPUTOB B XOJle CBOEro nmyremrecTBua no Mapcey.

Kpymnseiimuii 3 HaiiieHHLIX MeTeopuToB — I'oba (puc. 2.27).
MereopuT ynan npumepro 80 Teic. gser Hasaxg B Hamubun.
On cocrout ua 84 % xenesa u 16 % HuKens ¢ HeGoAbIIOH NpPHU-
Mechio KobansTa. Macca Mereopura cocraBiasier okoso 60 .

CaMble M3BeCTHBIE METEOPHUTHI, VIIABIIHE 3a MOCTHEJHHE
10 mer, — nmepyaHcKHii u yenaburckuii. Ilepyasckuii mereo-




CONHEYHAA
put ymaa 15 centabpa 2007 r., octaBHA KpaTep AHUaMeTPOM CUCTEMA

30 M u raAy6uHOH 6 M. YeaaOHMHCKHUH MeTEOPHUT B3OpBaAcd
15 ¢peBpaasg 2013 r. Ero nuamerp cocTaBasga okKoao 20 M, a mac-
ca — 13 teic. T. CaMbIfi KpynHBEH dparmeHT (600 Kr) gocrTasu

co mHa o3epa Yebapkyab.

CTOMMOCTb METEOPUTOB MOXET AOCTUTraTb KOCMUUYECKUX LUUdp. CaMblii AOporo mMeTeopuT
6bIA MpoAaH Ha aykuuoHe 3a 330 TbiC. AOAA.

Peswome. Kpome CoaHIla U BoCchbMHU ITaaHeT B coctaB CoaHed-
HOH CHCTEeMBl BXOAHUT MHOXECTBO APYTLUX 00Aee MEAKHX TEA:
KapAUKOBBIE€ ITAAHETHI, aCTE€POUAbl, KOMETHI, METEOpPhbl. BoAb-
mrass 4acTh 3TUX TE€A HaXOOUTCS B FAABHOM I[0sIiC€ aCTEPOUOOB,
nosce Ko#inepa u ob6aake Oopra.

IIpu ABuUXKeHUHU 3eMAU IO OpPOUTE CYLIECTBYET BEPOSTHOCTH
CTOAKHOBEHHS C aCTEPOUJAOM HAHU KOMETOH, HNO3TOMY MOHH-
TOPUHT OAUNKAMUIIET0 KOCMHUYECKOTO IPOCTPAHCTBA SABASETCSHS
KU3HEHHOY HeOOXOOQUMOCTBLIO, CBS3aHHON C BBIXKUBaAaHHEM Ue-
AroBeuecTBa. [lamenue 6oree MEAKHUX TEA He IPUBOAUT K TAO-
6aAPHBIM pa3pylIeHHUAM, TaK KaK OoAbIIas 4acTh METEPOH-
O0B U KOCMHYecKas NbIAb IOAHOCTBIO CTOPAIOT yXKe Ha BBICOTE

80 KM oT 3eMAH.

KOHTPOAbHBIE BONPOCHI

1. YemM OTAMYalOTCA KapAUMKOBbie MAaHeTbl OT APYrux TeA COAHEeYHOoW
cCUCTEMBI?

. Kakue Tena OTHOCATCA K MaAblM TernamM COAHEYHOW CUCTeMbl?

. Tae cocpepotoyeHa 6oAbasa 4acTb acTepoOUAOB?

. B yem 3akaloyaetrcs acTepoMAHas onacHoOCTb?

. Moyemy y KomeTbl 6GbiBaeT XBOCT?

o U~ N

. B yem oTAMuMe cocTaBa KOMETHOro BelecTBa OT BellecTBa 6OAb-
IWWMHCTBA acTepPOUAOB?
7. Yem oTAMYaeTCcA MeTeop OT meTeopuTa?

o]

. Kakue BUAbI MeTeOpUTOB Bbl 3HaeTe?

9. Kakoe M3 MaAblX TeA NMPU CTOAKHOBEHWU NpeAcTaBAfieT HauboAbLYIO
onacHoOCTb AAA XW3HU Ha 3eMAe? Kak MOXHO u3bexaTb TakoW Ka-
Tactpodbli?

3AAAHWE AAAl CAMOCTOATEAbHOW PABOTHI

AaiiTe xapakTepucTUKy MaAabix TeA COAHEUYHOM CUCTeMbl, 3aNOAHUB
Tabauuy.
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COAHEYHAA
CHUCTEMA

Onpenenenue

IIpumepnr Hazpanmit
006 BEKTOB I'DYIIIEL

XapakTepucraka
OpoHT

TeonornuecKue
XAPAKTEPHCTHKH

OcofeHHOCTH

TEMbl AOKAAAOB

1. Kocmuyeckue cnocobbl o6HapyXeHUs 06bEKTOB M MpeAoTBpalLeHUe
UX CTOAKHOBEHUU ¢ 3eMAeW.

2. XapakKTepuCTUKU KapAuKoBbix naaHet (Uepepa, MayTtoH, Xaymen, Ma-
Kemake, dpuaa).

3. UcTtopus oTkpbiTua Lepepbl.

2.8. ConHue

OcHoBHEBIe cBeneHHA o0 CoaHme. ConHue — eAHMHCTBEHHasS U
Oauxafimasa 3Be3na B Hamedl CoOAHEYHOH cHUCTeMe, CBET OT KO-
Topo# mocrturaer 3eMmMaum 3a 8 MuH. Kaxpgasa 3Be3ga — THUTaHT-
CKHUHN pacCKaA€HHBIM IIAa3MEHHBIH HIap, HaxoAdlnuiicda B paB-
HOBeCHHU Oaaromapsd cHUAaM IPAaBHUTAIMOHHOTO CXKAaTHUS U CHAAM
BHYTpPEHHEro ra3oBoro naBaeHusa. B Hamem CoaHIle COCPENOTO-
4eHo 99,87% oT cymmapHOM Maccel Bceii COAHEYHOH CHCTEMBI.
Pagunyc Coanna B 109 pas, a o6bem B 1300 Tric. pa3 Goablie pa-
nuyca u oovrema 3emau. CpenHada naoTHocTh CoaHIIA COCTaBALET
1,4 r/cMm°. YckopeHue cBoboagHoro nmaneHus B 28 pas Goablue,
yeM Ha 3eMmae, u B6Au3u CoaHIla cocTaBageT 274 m/c. CpenHee
pacctogaHue oT 3eMAaH A0 CoaHIla NPUHATO Ha3blBaTh acTpoO-
HOMHUUYECKOH enuHunel (a.e.), oHO cocTaBageT 149,6 MAH KM.
B acTpoHOMHYECKHUX €AHHHIIAX YaCTO ONPEAEATIOT H pPaccTo-
SHUA A0 APYTrUX Tea Hameld CoAHeYHOH CHCTEMBI, HaIlpHUMep,
paccrosgsHue no Mepkypusg — 0,38 a.e., a 1o Hauboaee ymaseH-
"Horo or CoaHna Henryma — 30,06 a. e.

CoctaB CoaHIla OBIA OIpemeAeH C NOMOINBIO CIEKTPAaAbHO-
ro anaausza. Ha Coanne ob6HapyxkeHOo 6oaee 70 XMMHYECKHX



COAHEYHAA
3A€MEHTOB, CaMblé PacCIpPoOCTPaHEHHBIE M3 KOTOPBIX — BOLOPOL CUCTEMA

(73% ot maccel) u reaut (25 % ot maccel). Tako# XUMHYECKHUH
cocTaB II03BOAfdEeT HIpeamnoaaraThb, 4To Haline CoAHIle SBAfSE€TCH
3BE€30i BTOPOrO MOKOAEHHHA. MHOXECTBO TSHXEABIX XHUMHUUE-
CKHX DA€MEHTOB, BXOASIIHMX B cocTaB BemecTBa Hameit Coa-
HEeYHOH CHCTEeMBI, POAHAOCH B Heapax Ooaee MaCCHBHBIX, yXKe
B30pBaBIIHUXCS 3Be3J, CBETHBIIHNX 3a MHAAMAPABI AeT 0 obpa-
3oBaHuga CoAaHIla U HAAHET.

XUMUYECKUI aAeMEeHT reAuid, BTOpol MO pacrnpocTpaHeHHOCTU SAEMEHT B HaweWh Bceae-
m HOW, BnepBble 6bIA OTKPbIT HA CoAHLE B 1868 r. U3yyan COAHEYHbI# CNEeKTp — HenpepbiB-
HblA CNeKTp, nepeceyeHHbli MHOXECTBOM Y3KWX TEMHbIX AMHUU MoraouweHusa (AMHuKW ®pa-
yHrooepa), acTpOHOMbl 3aMeTUAM B HEM MNPEXAE HEU3BeCTHble CMeKTpaAbHble AWHUU WU
NMPEANOAOXHUAU, YTO OHW NMPUHAAAEXAT HEU3BECTHOMY Ha 3eMAEe XUMUYECKOMY IAEMEHTY.
H.AokKbep nNpeAArOXUA HasBaTb ero reauem (oT rped. ne//os — CoAHue). TOAbKO 4yepes
27 AeT nocAe CBOEro nepBoHa4YaAbHOro OTKPbITUA reAM 6bin o6HapyxeH Ha 3emae.

TemnmepaTypa BHemHHUX caoeB CoaHna cocraBasgeT 6 OO0 K,
a B 1eHTpe oHa gocturaetr 15 OO0 OOO K. UCTOYHHKOM 3HEPTHUHU
3Be€3[ ABASIOTCS TEPMOSAEPHBIE PEAaKIIUH, B XOO4€ KOTOPHBIX 60-
Aee AeTKHEe XMMHUYEeCKHEe 3A€MEeHTHl IpeBpamanTcsa B 6oaee Tsa-
XeAble C BbIAeA€HHEeM OrpoMHOU sHepruu. B mHeapax CoaHna
npeobaamamoT peaKIlMHU IpeBpallleHUd Bomopona B reauii. Ilpu
3TOM KaXAyI0 CEKYHAY B U3AydYeHUe IIpeBpaltaercd 4,26 MAH T
COAHEYHOTIO BelllecTBa, OJHaKO 3Ta BeAMYHHaA He BeAUKa IO
cpaBHeHHIo ¢ Maccoit Coanna — 2 ¢ 10:" T, 103TOMY, KaK IIOKa-
3pIBAlOT pacdyeThl, 0 ToM, 4To CoAaHIle IIoracHeT, HaM HE€ CTOUT
6ecmokouThCcda B Oamxkadmue 5 Mapa aetr. OZHUM U3 IPOAYKTOB
3TOH TepMOAAepPHOH peaKIHUHU SABASETCS dA€MeHTapHasg YacTH-
ma — HeHWTpHHO, obaagaminasgs OTPOMHOM NMpPOHHKAIOIEH cHo-
cobHOocThI0O. Baaromapsd HOBBIM HEHTPHUHHBIM 0OGCEpPBaTOPHUAM,
PETUCTPHUPYIOIIUM IIOTOKHM HEHUTPHUHO, yZaeTcd y3HaTh OOAbIIe
o mpoleccax, npoucxoaamux BHyTpu CoaHIa.

Crpoenue Coanna. CoaHIlE COCTOUT U3 Tpex obaacTei: aapa,
AYyYHUCTOM MU KOHBEKTHUBHOM 30H (puc. 2.28). B nieHTpe HaAXOAUT-
cs 10po, TOoE NPU OTPOMHOM TeMIepaType U AAaBAEHHH MPOUCXO-
OST TepModAepHBIe peakKUHuU. [lasee pacmoasaraercd Jaydyucmas
30Ha, B KOTOpPOH sHeprusa nepepaeTcd HapyxXy B pe3yabTarTe
IOTAOINEHHUS U UMCHYCKAaHUd KBAHTOB CAOSIMH COAHEYHOMH ImAaas-
MbI. B TpeThell, KOHBeKMUBHOUL 30He, JHEPTUS IEPEHOCUTCH
caMHM BeLIeCTBOM: HarpeTasd IIaa3Ma INOAHHMAaeTCsd BBEpPX, 3a-
TeM, OXAAXAadCh HAa NOBEPXHOCTH, IOTpyxkaeTcs Brayonb. [dasa
TOTo 4TOOBI KBaHTHI CBeTa AO0OpaAuCh U3 IleHTPa Ha NOBEPXHOCTD
CoaHIla, moHanmob6ATCHa THICSAYHU AET, IIPOIlECC IIPOTeKaeT OYeHb



COAHEYHAA
CUCTEMA

BHyTpeHHee
cTpoenune Coamua

dorochepa

MeJIJIEHHO, TAK KAK IIPU CBOEM IIEpeMelleHHH OHHU IOCTOAHHO
M3MEHAIT HAIPaBJIeHNe CBOEro ABUIKeHH .

Cpasy 3a KOHBEKTHBHON 30HOM HAYMHAETCH CONAHEYLHAR
ammocgepa, B KOTOPOil TO}e MOMHO BhIJIEJUTHL TPH OCHOB-
HBIX cJos: orochepy, xpoMmochepy H KOPOHY.

Armochepa Connna nHaunnaercs Ha 200 ... 300 kM HuXKe BH-
JAMMOr0 Kpasfg COJIHEYHOTr0 AUCKA. JTOT caMblil riiyboKkMil cBeTH-
IuiicA cJI0i coHeYHON aTMOoc(ephl Ha3bIBaIOT pomocgepoil.
Mgl BocIpHHEHMAaEM ero Kak nosepxuocts Connna. Bosee riy-
OoKkMe ca0M YBUAETH HEBO3MOXKHO, TaKk Kak (orocepa Henpo-
3payHa AJd BCeX BHAOB M3JNy4YeHHi, obpasyomuxca B eme 6o-
nee raybokux croax. Cpegusasa remneparypa gorocdepst 6aus-
Ka Kk 6 000 K.

ConHue BpamaeTcs BOKDPYT CBOei OCH, IIPDH 3TOM ra3 B 9K-
BATOPHAJIBHON M NOJAPHBIX 00JACTAX ABHIKETCA HepaBHOMEp-
HO: HA 9KBaTope OH genaeT obopor 3a 24 gHA, HA NOJIOCAX —
3a 30 gHeit. BepTHKaAbHBIN DOAHBEM H OIIyCKaHHE BeIlecTBa
B KOHBEKTHBHOMH 30HE NPUBOAAT K BOSHMKHOBEHUIO HA MOBEPX-
HOCTH (poTocheps! HeIIPDEePEIBHO NOABJIAIONIMXCHA H HCUE3AIIINX
rpaHyJi, DOX0HUX HA CBeTJIbie 3epHA, OKPYsKeHHbIe Gonee TeM-



COAHEYHAR
HBIMHM NPOMEXYTKAMM. JTO M €CTh BePXYIIKH KOHBEKTHUBHBIX | cucTEMA

OTOKOB. BpeMs cymiecTBOBaHMS 'PAHYJ — HECKOJIBKO MHHYT.

Huorpa Ha nosepxuoctn ConHna HabGAOIAIOT TeMHBIE IAT-
Ha, obpaszoBaHusa Gosee KpymHEIe, YyeM rpanyabi. ConHeunble
NATHA MOTYT JOCTHI'ATh HECKOJBKHX THICAY KHJIOMETDOB, Ipe-
BHIIIAA Auamerp 3eMiu, U HabIOAIOTCA HHO-
ra B TedeHHe HecKoJAbKHUX MecaAnesB. O0braHO
nATHA pacnoJjgaraioTrca rpynnamMmu. Ilpuuunsaa
noapaeHus nareH Ha CojHIe JeKUT B BOSHUK-
HOBEHHH 00JacTeil ¢ MATHUTHBIM HOJIeM, 60Jib-
MM B TBICAYM pas oblero MarHMTHOTO MOJA
Conupa. CusibHOe MAarHUTHOE MOJIe 3aMezJis-
€T KOHBEKIHIO IJIa3Mbl, HA NOBEPXHOCTH IO-
cTynaeT MeHbINe dHeprum, u obpasyiorca 6o-
Jlee XOJIO[AHBIe YYACTKH ¢ TeMIepaTypoil npu-
mepHO 4 000...4 300 K, xoTOophle U BHINIAAAT
KaK TeMHbIe NATHA Ha nosepxHocTu ComHna
(puc. 2.29). Cpeassasa nNpoAoJKHUTEIbHOCTH
IHUKJINYHOCTH MOABJEHHA NATEH COCTABJAET
npuMepHo 11 ner. Bokpyr naTen mabawopaimor
COJIHeUHBbIE (DaKeJibl, TAK HA3LIBAIOT APKHE II0JIA, OKPYKaoIHe
COJIHeYHbIe NATHA M HMelomue 6ojiee BBICOKYIO TeMIepaTypy

X TpaHyAALMA
o cpaBHeHUIO ¢ orochdepoi. U COAHEUHLIE. NATHA
B 1611 r. o6HapyxeHue naTeH Ha ConHue, 60MECTBEHHOM U COBEpLEHHOM HeGecHoM
o6beKTe, NpUBENO B SPOCTb reHepana opaeHa vMe3yuwToB. «[laTHa B TBOEH Tpy6e unu

B rnasax!s — rHeBHO 3aABWUN OH Npodeccopy MaTeMaTHKK, TaKKE nesyuTty, Xpuctodopy
LWei#Hepy, Koraa TOT € MCNYroM AOHEC eMy 06 OGHapyMeHWn NATEH Ha NUKE BENUKOro
ceeTuna: «[loKanucs U MONUCL — OHU MCHE3HYT!»

3a dorochepoit HauUNHAETCA XpoMocgepa — CrenyIOImnin
cJ10it conHeuHoM arMocdeps: ToamuHo 10... 15 Teic. kM. ILnor-
HOCTBb XpoMoc(epsl HEBEJINKA, I0OITOMY €e APKOCTh HeJ0CTATOY-
Ha Ansa HabaoneEnsa B 00bIYHBIX yeaoBuax. Ho npu nonHOM cou-
HEeYHOM 3aTMeHHH, Korja JlyHa sakpeiBaeT apkyio dorochepy,
pacmoJoyKeHHasa Haj Heil xpomocdepa CTAHOBHTCA BHAMMOM M
CBETHTCA KpPacHOBATO-(DHOJIETOBBIM IBETOM. XpoMochepa He-
OJHOPOAHA M COCTOMT M3 BBITAHYTHIX IPOJAOJTOBATHIX 06paso-
BaHWH — cnmKyJ. B Teseckon ee MoKHO HaGJOAATE B JH060€
BPEM#, HO TOJBKO C IIOMOIIbIO CIEIHAJIBHBIX ONTHYECKUX (QHiib-
TpoB. Ilo mepe ypanenus or dorociepsl TeMIepaTypa XpoMo-
cthepsr Bospacraer go 20 000 K. B xpomocdepe HabaoganoTes
COJTHEYHBIE BCUBIMIKHA, YACTO MOABJIAINNECH HAJl COJTHEYHBIMH
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CoAHeYHasn KOpoHa

Puc. 2.31

NporybepaHub!
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OATHAMH. JTH B3PbIBHBIE MIPOLECCHI COIIPOBOMKAANTCH BEIOPOCOM
BEI[eCTBa, a4 TAKMKe MOIHBIM YJIbTPa()HOJIEeTOBEIM, PEHTIEHOB-
CKHM ¥ panuousnydenueMm. [IpoaoKHTEIbHOCTh BCIBIIIEK —
OT HECKOJBbKHX MHUHYT JI0 HECKOJILKHX YACOB.

Kopona — nocnennsaa BHemHaAA obosouka ConHna; ume-
eT JYYHCTYIO cTPYKTYPY (puc. 2.30). B Heit npeobnagaoT mpo-
TyOepaHIbl ¥ BRIOPOCKH! COMTHEYHOM TMJIA3MBI,
M3BepPraiIuecs Ha COTHH ThICAY KHJIOMETDPOB
B NpOCTPaHCTBO, 006pas3yda CONHEYHLIN BeTep.
ITpomy6epanywvt — KPYNHEBIE, BLICTYIIAIOIINE,
MOCTOAHHO JABHIKYIINECH CTPYKTYPHI; OTJIHYA-
IOTCA OT OKPYIKAIOIIero UX BEIecTBa MOBbIIIEH-
HOM MJIOTHOCTHIO ¥ MOHHUKEHHOM TeMIlepaTypoit
(puc. 2.31).

Conneunwviili 6emep B OCHOBHOM COCTO-
HT U3 NIPOTOHOB U 3JIEKTPOHOB, B 3HAUYHTEJIBHO
MEeHbIIeH CTeNeHH — U3 APYIHUX 3apAMeHHBIX
yacTul (moHOB). CKOpOCTE NOTOKOB COJTHEYHO-
I'o BETpPa B OKPECTHOCTAX 3eMJIH MOMKeT JOCTH-
rares 500 kMm/c u Gonee. CpesHsas KOPOHAJb-
Hasa TeMmnepartypa cocrasiasger or 1000 000 xo
2 000 000 K. HecmoTps HA TAKYIO BRICOKYIO TEMIIEPATYDPY, KO-
pPOHA BHAHA HEBOOPYIKEHHLIM IVIA30M TOJBKO BO BPeMs IIOJIHOTO
COJIHEYHOI'0 3aTMeHH#A, TAK KaK ILJIOTHOCTH BellleCTBA B KOpPO-




He MaAa, MOTOMY HEBEAHKA H €€ APKOCTh. [laa HabAlOLEeHHUS 3a
COAHEYHOH KOPOHOH B Al060e BpeMs HMCHOAB3YIOT CIEIHaAbHBIE
TEAECKONbl — KOpoHorpadsbl, B oKyce 060beKTHBA KOTOPOTO Ha-
XOOAUTCH HENPO3padHBI¥ AHUCK.

Habamonenusa 3a Coannem. CamocTrossiTeabHBIe Habamgae-
Hudg 3a CoaHneMm TpebyloT 6oabIION ocTOopoxkHOocTH. Habarome-
Hug 3a COAHIIEM HEBOODPYIXKEHHBIM raa3oM 0e3 ypoHa 3peHHIO
BO3MOXKHBI AHIIb Ha BOCXOZE HMAMU 3akKaTe. Heab3sd cMOTpPeTH
Ha CoAHIle He 3alllUTHB raa3a O4Ye€Hb TEMHBIMHU CBeTO(MHUABTpPA-
Mu. [laxe NPHU HUCHOAB30BAHHUHU CBETO(MPUABTPOB PEKOMEHAYET-
ca HabAlOOaTh 3a COAHEYHOM aKTHBHOCTHIO HE HEIOCPEACTBEH-
HO B TEAECKOII, a npoenupysa uzobpaxenue CoaHIla Ha SKpaH.
IIpodpeccuoHaAbHBIE ACTPOHOMBI HCIOAB3YIOT OAS HabAOZEeHHUU
3a CoaHIlEM cIelHaAbHBIE COAHEYHBIe 06CepBaTOPHUHU, PaCIO-
AOXKEHHBbIe B BBICOKOTOPHBIX palioHaxXx 3eMAH HAHM B KOCMOCE.

Pesome. CoaHIle — equHCTBeHHAasa 3Be3na B COAHEYHOH CH-
cTeMe, HCTOYHHUK 3Hepruu Ha 3emae. CoAHIle U3AyYaET 2HEPTHUIO
B Pa3AMYHBIX AHANa30HaX SA€KTPOMATHHUTHBIX BOAH. BHyTpHu
COAHEYHOTO fAApa NPOUCXOAAT TEPMOSLEpPHBIE PEaKIHUH, TaM
TeMnepaTtypa gocturaetr 15 OO0 OOO K. TemmeparTypa BHellHeidt
NoBepXHOCTU 6amM3kKa K 6 OOO K. OcHOBHBIE AeTaA¥W BHUAUMOMN
HaM COAHEYHOM NMOBEPXHOCTH — doTocdephbl: TPAHYABI, NATHA
u daxkeasl. B xpomocdepe u KopoHe HabalogaTCAd U APyrue
NPOSABAEHHUS COAHEYHOH aAKTHUBHOCTH — BCHBIIIKH KU Iporybe-
paHnbl. Pacmupsgrmomascsa COAHedYHass KOpoHa obpas3yeT coOA-
HE4YHBIH BeTep.

KOHTPOAbHBIE BOMNPOCHI

. U3 KaKUX XUMUYECKUX 3AeMEeHTOB CcOCTOUT COAHLE?

. B KAKOM ¢U3UUYECKOM COCTOSAHMUM HaAXOAUTCA COAHEYHOe BellecTBo?
. KakoBbl ¢U3UYecCKUe XapaKTepUcTUKM CoAHua?

. KakoBo BHyTpeHHee cTpoeHue CoAHLA?

. Kak ycTpoeHa coAHeyHasa aTtmocdepa?

. YTo HasbiBaeTcA COAHEYHLIMU NATHAMU?

. Uto Takoe npoTty6epaHubl?

. Kak npaBuUAbHO HabAlopaaTb 3a COAHUEM?

0w g0 Ul A WN P

3AAAHUA AN CAMOCTOATEABHOW PABOTHhI

1. CocTaBbTe CBOA MPaBUA, KOTOPbLIMU HEOBXOAMMO PYKOBOACTBOBAaTb-
cA Npu npoBeApeHUe HabaAeHUW 3a CoAHLEM.

2. OueHuTe, Kakas 6bl aHeprus BbiA€AUAACb, €CAU 6bl COAHLE LEeAUKOM
COCTOfINO U3 BOAOPOAA, KOTOPbIM npeBpaTUAcs Obl B pe3yAbTate Tep-
MOSAEPHOW peakuuu B FeAuit.

COAHEYHAA
CUCTEMA



CONHEYHAA
CUCTEMA

TEMbl AOKAAAOB

1. CoAHue — ecTecTBEHHas acTpoHoMWYeckasa AabopaTopus.
2. CoBpeMmeHHaa MopeAb cTpoeHus CoaHua.
3. 3HaueHUe nepBbiXx HabaloaeHUW [.faAuren AAS u3ydyeHUs CoAHua.

2.9. COAHUE U XMU3Hb Ha 3emae

Oueprusa Coanna. CoaHIle M3AyYaeT B MEXKIIAAHETHOE IIPO-
CTPAHCTBO OIU'POMHOE€ KOAHYECTBO 3HEPrHHU. 3eMAd IIOAydYaeT
ONHY ABYXMHUAAUAPAHYIO MOAI0 COAHEYHOTO H3AYYE€HHUS, H3
KOTOPOH OKOAO TPEeTH OTpaxaerTcsa oOpaTHO B KOCMHYECKOE
npocrpaHcTBo. CHeKTpaAbHBIM AHANa30H 3A€KTPOMArHUTHOTLO
n3aydenusa CoAHIla BKAIOYAaeT BCE BHABI 3A€KTPOMATHHUTHBIX
BOAH — OT PaAHOBOAH OO0 raMMa-Aydeil, HO MAKCHMYM €ro HH-
TEHCHUBHOCTH I PHUXOAUTCS Ha BHUAHUMBIH CBeT (XKEATO-3€AEHYIO
yacTh CIEeKTpa).

HarpeBaHue 3eMHOH aTMocdepbl M NOBEPXHOCTH 3eMAH
obecrneynBaeT KOMMOPTHBIE yCAOBHUSA OAd YeAOBeKa. baaropma-
pa npomeccy poToCHHTE3a — CAOXKHOMY LHKAY peaKUHUH CHH-
Te3a OPraHUYEeCKHX BEIIEeCTB M3 YFTAEKHCAOTO ra3a U BOABI C HC-
IIOAb30BAHHUEM YHEPTHHU CBeTa, PACTEHHUH BBIAEASIOT KHCAOPOI U
CcaMH CAYXKAaT NHUIIed OAS }KUBOTHBIX. YMEPEHHBIE NO3Bl yABTpA-
dbHuoAETOBOrO0 M3AYYEHUST HEOOXOAUMBI KHUBBIM CyIIeCTBaM OAS
BBIpa0OTKHM BHTAMHUHOB IPyNINbl D, HOBBIIIEHUS HMMMYHHTETA.
CoaHeYHasd SHEPrHUs HCIOAbB3YeTCH B F€AMOTEXHHYECKHUX ycTa-
HOBKAaX (TENAHILBI, ONPECHHUTEAH, BOLOHArpeBaTeAHW U T.H.) U
COAHEYHBIX OaTapesdx, Npeobpas3ymoIIUX MNOAYYaeMYy SHEPTHIO
B 2AE€KTPHYECKYIO.

IMon ne#icTBHEM yABTPa(PHUOAETOBOTO U PEHTIEHOBCKOILO H3-
AYyYEeHHUH NPOHCXOAHMT YaCTHYHAs HOHH3alUd 3€eMHOH aTrMocde-
pel Ha BeicoTe 200... 500 KM oT mOBepXHOCTH 3eMAH, TaM 00-
pas3yercsa ocobasa ob6aacTs — HOHOC(hepa, obaamarmias crnocob-
HOCTHIO OTpaxXaTh PaJHOBOAHBI. Baaromapsd MHOTOKPaTHOMY
OTPaXXEeHHUI0 PAaJHUOCHIHAAOB OT INOBEPXHOCTH 3€MAHM H HOHO-
chepbl OCyLIEeCTBASETCS NaAbHAS PagHOCBA3b (BHE BUIAHMO-
CTH mHepenamlnedl aHTEHHBI) HA CPEAHUX U KOPOTKHUX BOAHAX
c nauHOY BOoAHBI OoT 10 fo 1000 M. [IpuyemM ycTOHYHUBOCTE pa-
AHUOCBSA3HU 3aBHUCHT OT COCTOSIHHUA HOHOC(EpPHI, KOTOPOE B CBOIO
oyepeab ONpPENEASIETCS COCTOSHHEM COAHEYHOH aAKTHUBHOCTH
U BpPEeMEHEM CYTOK.

3eMAS U COAHEYHBIH BETED. i3 BHemiHe¥d YacTH COAHEYHOH
KOPOHEBI pacXxoadTCd IIOTOKH HMOHH3HUPOBaAHHBIX YaCTHIL (B OCHOB-



HOM IIPDOTOHOB, 3JIEKTPOHOB H ((-4ACTHIL), PACTIPOCTPAHAOIIUXCH
co cKopocTeio 0Koa0 400 KM/c 1 06pas3yolIUX COMHEYHBIN Be-
rep. Bo BpeMs CoJIHEUHBIX BCIBIMIEK KOJUYECTBO BhIOpAChIBae-
MOT0 BeIlleCTBA BO3PACTAeT, CKOPOCTh YACTHIL YBEJIMUNBAEGTCH [0
1000 km/c, yeunupaercs ajneKTpoMarsuTHoe uaayueane Cosunn-
[a B pasiMYHBIX AnanasoHax. [IppmepHo yepes 2 CyT. NOTOKH
MJIa3Mbl JOCTHral0T 3eMJIH, BEI3bIBaA KPATKOBPEMEHHbIE N3Me-
HEHHsA ee MAarHUTHOIO [OJIA — MarHuTHBIe OYPH, BIHAIOIHE He
TOJIBKO Ha COCTOAHHME YeJ0BeKa, HO M Ha paboTy a/IeKTPOTeXHH-
yecKkux npubopos (puc. 2.32). B 210 BpeMsa MOMKeT YXYAIINTHCH
HJIH OPONACTH PAAMOCBASH.

MarauTHoe noje 3eMJH OTKJIOHAET NOTOKH 3apfAKeHHBIX
YACTHIL K MOJIIOCAM, IPH TOPMOKEHHH UX B BEPXHHX CJI0AX aT-
Mocepbl BOBHHKaeT HeOOBIKHOBEHHO KPACHBOE NPHUPOIHOE AB-
JIeHHe — nojaspHoe cusgHue (puc. 2.33). Cuaane o0BIYHO OLIBAET
KPACHOTO WJIM 3€JIEHOT'0 IBETA; HMEHHO TAK CBEeTATCH KHUCJIOPOJ
¥ a3oT, OCHOBHBIE cocTaBiasoiue arMmocheps, npu 6ombapan-
POBKE MX KOCMHYECKMUMM YACTHIIAMH.

COAHEYHAS
CUCTEMA

B3aumopeictaue
COAHEYHOro Betpa
W MarHMTHOrO NOAR
3eman

(puc. 2.34), nockonbKy Tam 0630py He MewalT H1 o6naKa, HM ConHue, HM atMocdepa.

m Camblit Iy4Wwuid BUMA Ha NONAPHOE CMSHWE OTKPLIBAETCA ¢ 60pTa KOCMUYECKOro Kopabns

HocMOHaBTL! FOBOPSAT, 4TO M3 KOCMOCA NONAPHOE CUAHME BLIMMAAMT KaK ApHas, NOCTOAHHO
ABUrarwancs U MeHsaLWasncs obnacte B Buae amebol. MonapHoe cusHue HabnwpawT He
TONBKO Ha 3emne, Ho U Ha Apyrux nnaHetax ConHeYHon cuctemel — HOnutepe u CatypHe.

Kak mpasuio, sapsiyKeHHBIe YACTHILbI, NOMaJad B MArHUT-
HOe IoJie 3eMJIH, ABHXKYTCSH 10 CIMPAJIHN BAOJEL CHIOBBIX JUHMAN
MarsuTHOTO MOJIA K BBICOKMM IIHPOTAM, HO B TOABI BLICOKOMH
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MNoAspHOe cuAHKue
(BMA C NOBEPXHOCTH
3emau)

MoaapHoe cuaAHKUe
(BMA M3 KOCMOCA)
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COJTHEYHOHM AKTHBHOCTH NOJSAPHBIE CUAHUA WHoraa xabmwona-
I0TCA U B cpegHuX mupotax. [lonspHsie cuaHNA pasnudamTes
o cBoei popme: OXHOPOAHBIE MOJOCH! ¥ IYTH, NYILCHPYIOIIHAE
JAYyI'M ¥ MOBEPXHOCTH, NATHA, BCHOJOXHW, KOPOHBI, MPOGJIECKH,
JYYH U JIYYUCTHIE AYTH.

Habanonenus B TeUeHHE CTOJETHUH MO3BOJHIHM YCTAHOBHUTE,
YTO T'o/IbI MAKCHMYMa COJTHEYHOH AKTHBHOCTH COBMNAAIOT C I10-
asneaneM Ha ConHie OONBIIOTO KOJMMYECTBA TEMHBIX IIATEH,
BCIIBIIIEK, NPOTyDepaHIleB ¥ UMeloT B cpegaeM 11-1eTHuil k.
B mepmoasl MPHHMYMA aKTHBHOCTH naTed Ha CoaHIle OueHb
MAaJ0 WM HeT BOODIlEe, B TO BpeMs KAK B MepHOJ MAaKCHMyMa
UX MOKeT HaGI0JaThCsd HECKOJBKO COTEeH. 3a MOocleHHUE IOkl
HabIIOAeHUH MAKCUMYMbI COJTHEYHOH AKTHBHOCTH ITPHIILINCE HA
1989, 2000, 2012 rr. B ucropuu 3eMiau CYIeCTBOBAIN IIEPHO-
JIbl, CBABAHHEIE C JJIHTENBHBIM OTCYTCTBHEM naTed Ha ComnHIle.




CONHEYHAA
C 1645 mo 1715 r. oHH He OTMEYE€HBl, U HMMEHHO B 3TO BpeMd CUCTEMA

HabAlOLAaAOCHh CHHUXKEHHE CPeJHeroAOoBBIX TeMIepaTyp B EBpo-
ne, — nocaenHU¥ Maabl¥i AenHUKOBBIH nepuoxn. Ilpegmoaara-
0T, YTO 3TO BHI3BAHO BO3AEHCTBHEM COAHEYHOH aKTHBHOCTH Ha
kauMaT 3emau. CylmecTByeT TaKXe TOYKa 3pPEHHUd, UTO raobaab-
HOE IIOTEINAEHHE N0 HEKOTOPOH CTEIeHH BBI3BAHO IIOBBIIIEHH-
€M YPOBHS COAHEYHOH aKTHBHOCTH BO BTOpPOH moaoBuHe XX B.

YOAUBHUTEABHYIO CBHA3b MEXJAY COAHEYHOHW AKTHBHOCTBIO U
HCTOPHUYECKHUMH IIPONECcCCAaMHU YCTAHOBHA HAaIl COOTEYECTBEHHHUK
AanekcaHAap YuxeBcKuM. AHaau3upyda ucrtopumo ot 500 r. mo
H.3. 10 1922 r. H.3. B 72 pa3HBIX CTpaHaX, YUXKEBCKHH oOHa-
pyxua, ato 80 % BcexX 3HAYUMBIX COOBITHIH, TAKHUX KaK BOHHEI,
peBOAIOIIMH, OYHTHl H MacCOBbIe IePECEAEHHsI, IPOUCXOLHUAU BO
BpeMs MaKCHMAaABHOH COAHEYHOH aKTHBHOCTH.

B cBoeit kHure «3eMHOE X0 COAHEYHBIX Oypb», U3XAHHOH
B 1938 r., A. HuxkeBCKUY IOKa3aa B3aUMOCBS3b MEXAY aKTHUB-
HocThi0 COAHIIA M YaACTOTOH HECYaCTHBIX CAydYaeB, IIPECTyIAe-
Huil, BHE3ANHBIX CMepPTEH, CTUXUNHBIX OeQCTBUM, KaTtacTpod u
smuneMuii. Baarogapa YuxkeBCKOMY BO3HHKAO HOBOE HaIpaB-
AeHUEe B HaykKe (bumodu3uke), mayyalollee BAUSHHUE U3MEHEHUH
akTuBHOCTH COAHIla Ha 3€MHBIE OPTaHU3Mbl, — T€AHOOHOAOTHSA.

CyL,ecTBYIOT UCCAEAOBAHUA, CBA3bIBAIOLULME MPOAOAKUTEABHOCTb XU3HU UEAOBEKa U ne-
puoa COAHEUYHOW aKTUBHOCTU B MOMEHT €ro POXAEHUA: AIOAU, POAUBLUNECA B FOAbl HU3-
KOW COAHEUYHON aKTUBHOCTH, XHUBYT HA HECKOAbKO AET AOAbLUE.

Pe3rome. OHeprua CoaHIla OHaeT XKHU3Hb BCEMY XKHUBOMY
Ha 3emae. Pacmupgomascsa COAHeYHas KOPOHA — HCTOYHHK
COAHEYHOro BeTpa. Baaromaps B3amMOAEeHCTBHIO COAHEYHOTO
BeTpa M MATCHUTHOTO IOAS 3€MAHM BO3HHKAIOT IFeO(PHU3HYECKHE
ABA€HHUS: MArHUTHBIe OypH M NoAfgpHBIe cusgaHuUA. CymecTByeT
CBSI3b MEXKAY YaCTOTOH HX BO3HHUKHOBEHHUS U COAHEYHOH aKTHB-
HocThIO. Eme Goaee raybokas CBs3b OTMEYEHA MEXAY aKTHUB-
"HocTtrio CoaHa u 6uocdepoit 3emau.

KOHTPOAbHBIE BOMNPOCHI

. Kak npoaBasetrca BAusHUE COAHLA Ha 3eMAIO?

. YTO Takoe COAHEUHbLIN BeTep?

. YTo HasbiBaeTCcA MarHUTHeiMU Bypamu?

B uem npuvuMHa BO3HUKHOBEHWUS MNOAAPHBIX CUAHUN?
. Yem conpoBOXAQIOTCA FOAbl COAHEYHON aKTUBHOCTU?'

OO0~ WN -

. HU3kas “AM BbICOKAsi COAHEUYHAs aKTUBHOCTb HabAlOA@€TCA B HaAcCTO-
awee Bpema?
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COAHEYHAA .
CUCTEMA 3AAAHNUA AAA CAMOCTOATEAbHOW PABOTHhI

1. AoCTaTOYHO LWIWPOKO pacnpocTpaHeHa UHOOPMaLUA O BAUAHUM Mmar-
HUTHBIX 6ypb Ha OpraHU3M YeAoBeKa. PeaKkuusa oTMeueHa U Yy APYrux
6MOAOTHUECKUX OOBEKTOB: CUHXPOHHO C COAHEUYHOW aKTUBHOCTbIO W3-
MEHAITCA YpOBEHb BOAbl B 3aKphbIThiX BOAOEMaAX, WHPUHA TOAMUHBIX
KoAel AepeBbeB. NpuBeAUTe apryMeHThl (He MeHee Tpex), NOATBEpPX-
Aalolmue aTy MHpopmaLMuio. UcnoAb3yiiTe HaydHble dpaKThl.

2. B coBpeMeHHOM MHUpe BaXxHeiillee 3HaueHue npuobpertaer npume-
HeHWe COAHeYHOW aHepruu (reanotexHuka). NMpeAAoXuTe cBOIl cno-
co6 MpUMEeHEeHUss COAHEUYHOWN 3Hepruu.

TEMbl AOKAAAOB

1. CoBpeMeHHble Hay4yHble LEeHTPbl N0 U3YYEeHUI0 3€MHOF0 MarHeTtusma.
2.3HayeHUe U3y4eHUA COAHEYHO-3eMHbIX CBA3EW.
3. LUUKA COAHEYHOW aKTUBHOCTHU.

MoraHH Kenaep

asri1630) 2,10, HebecHaa mexaHuKa

3akonbsl Kenmaepa. [[auTeabHOE BpeMsa CYHU-
TaAOCh. UYTO ABHUXKEHHE IIAAHET MOXKET IIPOHC-
XOAUTHh TOABKO IO OKpPyXHocTu. OZHaAKO MHO-
roaeTHHe HabAlOZeHUST 3a IIAaHEeTaMH 3acTa-
BHJIM YCOMHHUTHBCH B TaKO#H (opMe HAAHETHBIX
opbur. Onupasicek Ha pe3yAbTaThl HabGAIOZEHHUH
nelAalo flerocsd paTckoro acrpoHoma Tuxo Bpa-
ro, HMoramn Kemnaep, HeMeunkKHui MaTeMaTHK H
acTpoHOM (puc. 2.35), nokaszaa, 4TO TPAEKTOPHUH
ABUXECHHUA IIAAHET BOKDPYT COAHHa — OAAHUIICHI,
U CTaA IIEPBOOTKPHBEIBATEAEM 3aKOHOB ABHXEHHUA

HeOECHBIX TEA.

ITepBrId U BTOPOM 3aKOHBEI ABHUXEHHHA HeE-
6ecHrix Tea U.Kemaep ony6aukoBaa B 1609 r.
H KHure «HoBag acTpoHOMUSA».

Ilepevtii 3axon Kennepa: BCE€ IIAAHETBHI
ABUXKYTCH IIO S9AAMNTHYECKHUM opbuTaM, B OI-
HOM H3 (POKYyCcOB KOTOpPbIX Haxoaurca CoaHIle
(puc. 2.36). Poxkycbt — 3TO ABE TOUYKHU, cCyMMa
paccTOdHHUU OT KOTOPBIX N0 AIOGOH TOYKH 3A-
AHUIICa ABAdeTCd NocTogHHONW. Ha puc. 2.36 mo-
Ka3aHa dAAHMINTHYecKas opbura nmaaHeTsl. CoAH-
e HaxXOAHUTCH B ONHOM H3 (POKYCOB 3AAHIICA




Paguyc-sexTop
LenTp anannca

\ o Fy

Adennit

Ilepurenmii
(IT) (A)

(- Cpeznsee paccTosiHue
maaneTst g0 Connua (a)

(F, nnu F,). Bamxaiimas k CoMHIY TOYKA TPAEKTOPUN HASHIBA-
eTCHA nepuzeiuem, TOYKa, HanboJsee ynanensas or Coanna, —
agenruem. Ilpamasa, coeguaaoman adenuit 1 nepureanii, —
Ooavwasn oce aaaunca. IlonoBuHa 00JABIMIOH OCH — CcpexHee
paccrosaue miuaHersl oT Coxnna. Texkyiiee mojsoKeHune niaaHe-
THI, ABMIKYINEHCA 00 cBoell opouTe Bokpyr ConHia, 0OTMEeYeHO
Touxkou M.

ITo snnuoTHYeCcKUM OpPOMTAM ABHIKYTCHA He TOJBKO IJIaHE-
Thl, HO H MX €CTeCTBeHHbIe H HCKYCCTBEHHbIE CIYTHHKH. B pe-
anbpHOCTH OpOuThl muiaHer Hamed ColHeYHOH cHCTEMBI HE TaK
BBITAHYTHI, KAK MOKAa3aHO Ha puc. 2.36, n 6JIM3KH K KPYTOBBIM.
IMepurenunit 3eman cocrasaser 147 098 291 xkwm, adennii —
152 098 233 kM. Pasnuuue B 5 MJIH KM ABISETCHA OYEHb HEOOIb-
HIMM M0 KocMuYecKuM Macmrabam. B 6aumkaiimeit kK ConHmy
TOYKe cBOei opbuThl 3eMuisA GBIBaeT 3MMOii, a B Hanboaee yaa-
JIeHHOM — JieToM: 3eMJis IPOXOAUT nepurenmnii 2—5 aHBApHA,
a adenuit — mexay 3 u 7 uiona. [Ipm coBpeMeHHBIX mapame-
Tpax 3eMHOI OpOUTHI BIMAHNE HA KJIMMAT HAKJIOHA OCH BpaIme-
HUA NIaHeTHl boJiee 3HAUNUMO, YeM paccrosaue 3emuau or ConH-
na. B CerepHoM monymapuu 3eMJIH HACTyIaerT jeto, korga Ce-
BepHLIH nosioe 3eman ocsemaeres Conruem, a KOxubiil nmoaoc
ILJIaHEeTHl PACIIOJIATAETCH B €€ TeHH.

COAHEYHARA
CUCTEMA

WaaocTpaumrs nepsoro
3akoHa Kenaepa

HapucoBatb 3naunc caMum o4eHb NerKo. BOTKHUTE ABE KHOMKK, MEXAY HUMU NMPUBRKHK-
m TE HUTKY C Gonblued ANMHONA, YEM PAcCTORHWE MEMAY KHONKamu. 3aTeM, HaTarMBas Ka-
paHjawom HWTb, HayepTUTe 3NNUNC ¢ GOKYCaMKU B TOYKAX, rAe HaxoAaTcA KHOMKW. Mo-
MecTUB B OAWH U3 ¢orycosB ConHue, onpeaenvte nonoxeHue nepurenus, apenvs, 60Mb-
LWYI0 NOMYOCh FMNOTETUHECKON NNaHeTbl. M3MeHUTE PacCTOSHUE MEMAY KHOMKaMKU U no-

CMOTpUTE, KaK U3MeHUTCa dhopma anaunca.

Bmopoii zaxon Kennepa: paiuyc-BeKTOp ILIAHETHI OIU-
CBIBAET paBHBIE ILIOIIAJM 33 PABHBIE IPOMEKYTKH BDeMeHH
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HaaoCTpauMa BTOporo
3aKoHa Kenaepa

Puc. 2.37 Mnarera

(puc. 2.37). (Iloxg paguyc-BeKTOPOM MOHUMAETCA BEKTOD, IIPO-
BejeHHbIH or ConHIA K ILIaHeTe.) TO 03HAYAET, YTO YeM Jajlb-
me nnadera or CoJHIA, TeM MeJAJeHHee OHa ABUXKercHa. Kak
mokasano Ha pue. 2.37, mmomazan S, u S, OZMHAKORBEI, a pac-
CTOAHHUSA, IPOMeHHBIE ILJIAHETOH 10 cBoel opduTe 3a OAMHAKO-
Bble IPOMEKYTKH BPeMeHH, pasjnuuHbl. M3 aToro ciegyer, 4To
BOJIM3HM nepurens CKOPOCTh ABMIKEHHUSA TIAHETHI JOJIKHA OBITH
bonbine, yem B adpennn. A 3eMiau B IepUreuy opbUTaAIBHAA
cxopocTh cocraBader 30,2 km/c, a B adpenuun — 29,2 xkm/c.

Tpemuii 3axon Kennepa, orkpeiTerii B 1619 r., sByunr
CcHaeAyIOniMM 00pa3oM: KBaJApaThl NePUOJ0B ObpaIe s IaHeT
OTHOCATCA KaK KyObl OOJBIIUX MOJIyOcei ux opbuT:

7 _of

m2 T _3?
7 o

rae Ty u T, — nmepuozasl obpameHus MaaHeT; O U Oy — 6OJb-
IIHe MOJYOCH UX OpOHT.

Kak u nmepsele [Ba 3aKoHAa, TpeTuil 3akoH Kennepa npume-
HAETCA JAJis ONUCAHNSA ABHIKEHHS HE TOJBKO IJAHEeT, HO M UX
€CTEeCTBEHHBIX M MCKYCCTBEHHEIX COYTHHMKOB. Brarogapsa emy
MOJKHO OBIJIO JIEFKO BBIUHCJINTE OTHOCHTEJBHEIE DACCTOAHHUA
naaser or ConHna (B aCTPOHOMHYECKHMX eJHHMIAX), 3HAA HX
nepuoabl obpamesna Bokpyr Comana. 3akonsl Kennepa, mo-
JIy4YeHHBIe Ha OCHOBE aCTPOHOMHYECKUX HaOII0AeHuH, ABHINACEH
BajskKHEMIIIMM 3TANOM B MOHUMAHWHY ABUIKEHHA IJIAHET.

Mocne cmepti K. Kennepa octanocb OAHO U3HOWEHHOE nnaTtbe, ABe py6GallKW, HECKONb-
KO MefHbIX MOHET U... 57 BbIYMCNHTENbHBIX TAGNUL, 27 HaneyaTaHHbIX Hay4HbIX TPYAOB,
OrpoMHOEe pyKOMUcHoe Hacneaue, cobpaHHoe no3me B 22 KHWrax. OgHaKo camoe rnas-
HOe HacnejcTBO BENUKOro y4eHOro — TPW 3aKOHa ABMMEHWA nnaHet. B 1774 r. MNetep-
B6yprckan akaaemus Hayk npuobpena 66/bluyio YacTs apxuBa (18 TOMOB), OH U cenyac
xpaHutca B CaHkT-lNetepbyprckom ¢punuane apxusa PAH.
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COAHEYHAA
TeopeTudeckoe O0OOCHOBaAHHE BTHUX 3aKOHOB HPELAOKHUA CUCTEMA

Ucaak HproToH (puc. 2.38), orkpeIBIIUH B 1682 r. 3akoH ece-
MUPHO20 MS20MEHUst: BCE€ TeAaa IPUTATHBANTCA APYyT K ApPYy-
Iy C CHAOM, MOAYyAb KOTOPOM NPAMO HNPONOPIIMOHAAEH IIPOH3-
BeJEeHHUI0O HX MacC W o6paTHO IPONOPIIMOHAAEH KBajaparty pac-

CTOAHHUA MEXAY HUMMU!:

Mm

F=G e

k

rae G — rpaBHTAIMORHAA TocTOAHEAA, G = 6,67+ 1071 H - M /xr?;

Mua m — maccwn Cosnana u naaseTel; B — paccTOdHHE MeR-

AY HAMH. WUcaak HbioToH
HBIOTOH MEPBBIH NPEANOAOKHUA, YTO TPABUTALUOHHBIE CHABI (1643-1722)

NEeUCTBYIOT MEXAY AIOOBIMU TeaaMu BceAeHHOM UM ompeneAsoT

ABHXEHHE IIAAHET COAHEYHOM CHCTEMBI M HUX

cnyTHHKOB. 3akoHbl Kemaepa HpoTOH BEIBEea

U3 3aKoHa BceMupHoOro tarotreHuda. OH poka-

3aA, 4TO IO AeHdCTBUEM CHABI TATOTEHUS OOAHO

HebeCHOe TEAO MOXKET ABHUraThCd IIO OTHOIIE-

HHUIO K APYTOMYy OO Pa3AMYHBIM TPAEKTOPHUAM:

OKPYXKHOCTH, 2AAHIICY, napaboase u runepboae.
HprooTOH ycTaHOBHA, YTO TpeTUH 3akKoH Ke-

IAepa He COBCEM TOYEH — B NEeHCTBUTEABHOCTH

B HEro BXOoOdT M MAaAcCCBHI COAHLIa U IIAAHET:
2 3
T (My+my) o
=" a2
5 (My+my) of

e T, u T; — cuaepuyeckre nepHoAbl [LIAHET;

M, — macca Conria; m; # m, — Macchl Ija-

HET; O; U Oy — IIOJYOCH OpOHT miraserT.
HOCKOAbe ABHXKEHHE M MacCa OKa3aAHuCh

CBSI3aHBI, 3Ty KOMOMHAIIHIO TpeThero 3akoHa Ke-
mAepa ¥ 3aKOHA BCEMHUPHOIO TATOTE€HUS HBIOTOHA HCIOAB3YIOT
OAS ONpEeNEeA€HHS MacChbl IAAHET M CIYTHHUKOB, €CAH HU3BECTHBI
UX OpOUTEI U opOuTaAbHBIE IepUOABl. McoAbR30BaHHUE TPETHETO
o6ob6menHoro 3akoHa Kemaepa TakXe IIO3BOASET OINPENEAUTH
MacChl ABOMHBIX 3Be3J IIO0 SA€MEHTaM HX OpOHUT.

OrkpeiTHe HentTyHa u IIayToHa. /[[BUXEHHE IAAHET 110 CTPO-
ro AAHUITHYECKHUM OpOHUTAM IMPOUCXOAUT TOABKO IOXA AEHCTBHEM
NpUTAXeHUud onHoro Teaa — CoaHma. OxgHako aAlobasa maaHeTa
HCIHBITBIBAET NPUTHAXKEHHE CO CTOPOHBI APYTHUX NAAHET, CIYT-
HUKOB IMAaHET, AIOOBIX APYTUX TeA, oOramaloIUX Maccoi, mo-
5TOMY €€ OABHXKEHHE NOoAYHHAeTCd 3aKoHaM Kemaepa HeTOYHO.
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CUCTEMA
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B pesyabTaTe 3TOT0 BO3HHMKAIOT OTKAOHEHHUS OT IAAUIITHUYECKOH
TPaeKTOPHUU, KOTOpPBbIe HA3BIBAIOTCH BO3MYIIEHUAMH.

Bnepseie, eme B X1 X B., pacyeT BO3MYUIEHHUH IIAQHET IIO-
3BOAHWA OTKPBHITH HOBBlE HEH3BECTHBIE Teaa. B 1781 r. HemeIr-
KHH¥ acTpoHOM Buabam lepmieab, KOTOPBIH OBIA K TOMY XK€ H
KOMIIO3UTOPOM, OTKPBIA CEABMYI0 NHAaHETYy, Ha3BaHHYIO BIIO-
caencTBUM YpaHoOM. [IpuMepHO 4Yepe3 IIOABEKaA BBEIACHHAOCH,
4YTO B ABUXKEHHHU IIAAHETHl HaOAIOZAIOTCA OTKAOHEHHS OT KeIl-
AE€POBCKOM OpPOHTEI, HE COTAACyIOIIHEcCHd C PAaCYeTHBIMH naxe
IpHU ydeTe BO3MYIUIEHHUH CO CTOPOHBI BCEX HM3BECTHBIX ITAAHET.
Ha ocHOBe MaTeMaTHYECKHUX pacyeToB (PPaHIy3CKOIo MaTeMa-
TukKa YpbeHa AeBepbe OGBIAO BBHIYHMCAEHO IIOAOXKEHHE HOBOM maa-
HeTHl B IPOCTpPaHCTBe, U B 1846 r. HeMeKuU¥ actpoHoM HMoranu
Faaae ee obHapyxua. HeusBecTHyI0 paHee ImAaHETy Ha3Ba-
au HentyH. B pmaaspHelmeM M B ABUXEeHHH YpaHa u HenryHa
OBIAM 3aMeYeHBl BO3MYIIeHHUs, KoTopble B 1930 r. yBeHYaAHCH
OTKPBITHEM €Il€ OJHOTO pPaHee HEHM3BECTHOTO TeAa — KapAHUKO-
BOM maaHeThl [IAyTOH.

V3 naanHer HaubGoAablIMe BO3MYINEHHS B ABHUXKEHHHU TEA
CoaHeyHOH cucTeMbl BbI3bIBaeT HOmnurep. IIpu mpoxoxaeHHH
B6au3n IOnurepa acTepoHAOB M KOMET BO3HHKAIOT 3aMeETHBIE
oTKAOHeHUdA. Hanmpumep, ecan ycKopeHHe KOMETHI, BBI3BaH-
Hoe npurtgaxeHueMm Onutepa, 6yner HanpaBA€HO B Ty CTOPOHY,
B KOTOpPYIO HampaBA€HO ee ycKopeHue K CoAHIy, KOMeTa MOXKET
Pa3BHUTH TaKyI0 GOABIIYIO CKOPOCTH, UTO, ABUTrasdch Ho rumnepbo-
ae, HaBcerga y#aer u3 CoAHEYHOH cHCTEeMBl. B IPOTHBOMIOAOXK-
HOM cAydae — mnpuraxeHue IOnurepa caepx)uBaeT KOMETY, €e
opbura MeHdgeTcs, a Imepuon obpalleHHUd PEe3KO yMEHBbIIaeTCsd.

B Hacrodmee BpeMsa BO3MYUIEHHA YYUTHBIBAIOTCH IIPHU BBI-
YUCAEHHUHU IOAOXEHHS IMAAaHET, UX CIYTHHUKOB U APYLHUX TEA
CoAHEYHOH cHCTEMBI, a TaKXe [JAd pacyeTa TPaeKTOpPHUH aBTO-
MaTHYEeCKHUX MEXIIAaHETHBIX CTaHIHH.

Pe3rome. 3aKOHBI HeOeCHON MeXaHHKH — TpPH 3akKoHa Ke-
maepa U 3aKOH BCEMUPHOTro TAroTeHUud HpHOTOHa — IMOAHOCTBIO
0OBSACHAIOT ABUXKEHUHA NMAAHET, UX €CTECTBEHHBIX U HCKYCCTBEH-
HBIX CIIYyTHHUKOB, APYTFUX KocMu4YecKUX Tea. OTkpriTHe Henry-
Ha u IlayToHa «Ha KOHYHKE Ilepa» A0Ka3aA0 CIPpaBeIAUBOCTH

F€AHMOLEHTPHUYECKON CHCTEMBl MU 3aKOHOB HeOECHOM MeXaHHKH.

KOHTPOAbHBIE BOMNPOCHI

1. B yeM coCTOAT 3aKOHbl Kenaepa?

2. Korpaa naaHeta Haxoautca 6AMxe K COAHLY: B adpeAuU UAU nepure-
AUNU?

3. B KaKkoW Touke op6UTbl CKOPOCTb NMAaHeThl 6oAblue?



. Kakoe yTouHeHUe B TpeTUN 3aKoH Kenaepa BHec HblOTOH?
. Kak popMyAUpyeTcA 3aKOH BCEMUPHOro TAroTeHUA?
. YTo HasbiBaeTcA BO3MYLLEHUAMU?

N o o b

. MoueMy HauboAbWwHUE BO3MYLLEHUA B ABUXEHUU TEeA COAHEUHOU CU-
cTeMbl Bhi3biBaeT lOnutep?

8. Kakue tena COAHEUYHOMN cucTeMbl 6bIAM OTKPLITEl 6Aaropaps MX BAU-
AAHUIO Ha OpOMTbLI APYrUX nMAaHeT?

3AAAHUE AAAl CAMOCTOATEABHOW PABOTHI
3anoAHUTe TabAauLy.

3akoHb WU.Kenaepa

IlepBbIit 3aKOH:

Bropoii 3axon:

Tperuii zaxkoH:

FpaHHHBI NDPHMEeHHMOCTH:

3HaUYeHUe 3AKOHOB!

TEMbl AOKAAAOB

1. HayyHaa peATeAbHOCTb TuUxo bpare.
2. 3HayeHUe 3aKOHa BCEMUPHOro TATOTEHUA AAAl OTKPbLITUA MNAAHET.
3. 3aKkoHbl HebecHO MexaHUKU U HayyHass KapTUHa MuUpa.

2.11. UcKycCTBEHHbIE TeAa
CoOAHEYHOM cUCTEMDI

HcryccmeeHHbIMU menamu Conneunoii cucmemut
ABASIOTCH HCKYCCTBEHHBI€ CIYTHHUKH 3eMAH, AYHBI U APYTHUX
IINAAHET, aBTOMATHYECKHE MEXIMAAQHETHBIEC CTAHIIHH H IIHAO-
THPYEMBIE KOCMHUYECKHE aIllllapaThI. ILAH BBIBEJEHHA BCEX HC-
KYCCTBEHHBIX O00BEKTOB B OKOAO3EMHOE U MEXIIAAHETHOE IpPO-
CTPAHCTBO HEOOXOAMMO IpPHUAAHHUE UM COOTBETCTBYIOIIHUX KOC-
MHYECKHUX CKOPOCTEH.

Kocmuueckue ckopocmu — XapaKTepHBbIe KPHUTHYECKHUE
CKOPOCTH ABUXEHHUA KOCMHYECKHUX O6’beKTOB B 'paBUTAIlHUOH-

HBIX MMOASX HEOECHBIX TEA U UX CUCTEM. MMEHHO OT BEAMYHHEBL

COAHEYHAA
CUCTEMA
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3aBuCUMOCTL GOPMBbI
OpOUT UCKYCCTBEHHBIX
HebecHbIX Tea

vy4>11,2 kM/c

vg=11,2 kM/c
(runepbosa)

(napabona)

7.9<1p<11,2 xM/c
(anmmnc)

v<T,9xM/c
(TpaexTopus Tesa,
NAaJAILIEro Ha 3eMII0)

OT CKOPOCTH

CKOPOCTH, & He MacChl 3allyCKaeMoro Teja, 3aBUCAT Gopma
TPaeKTOPHH NoJjieTa KOCMHYEeCKOr'o annapaTa 1 BOSMOMHOCTb
npeogoJieHMA CHJIBLI IPHUTHAMEeHHUA MJIaHeThbl HJIK HHOTO KOCMH-
yeckoro tena (puc. 2.39). Pagnnuaior yeThipe KocMHYecKHe
CKOPOCTH.

Sanycrt HCKYCCTBEHHbIX HeGecHbIx Ten NpoOXM3BOAMTCA B HacTosWee BpemMsa Npv NOMOLLM

MHOrOCTYMEeHYaTbIX PaKeT, NocnefH1e CTYNeHU KOTOPLIX COAEPIAT 3anycKaeMbl 0GbEKT.

3710 MOXeET BbiTh UNK KOHTEHHEP GONbLIEro UAW MEeHbLUEro pa3mepa C Hay4YHoW annapa-
TYPOW, UK e LUeNbli KOCMUYECKUA Kopabnb, Ha BOPTY KOTOPOro HAXOAWTCA KOCMOHABT.
Mocne cTapta paketa ABUMETCA HEKOTOpPOEe BPeMs 3a CYeT TArM, co3aBaeMon ee ABU-
ratensiMi. Ha 3ToM aKTUBHOM y4aCTHe TPAeKTOPMM PaKeTbl Mbl MMEEM AEN0 ELLe HE C UC-
KYCCTBEHHbLIM HEGECHbLIM TeNOM, a NPOCTO C PEaKTUBHLIM NeTaTenbHbIM annapaTom.

ITepean kocmuueckan ckopocms — 3TO0 MUHUMAbHAA
HavYaJbHAfA CKOPOCTh, KOTOPYIO HYXHO COODIIUTEL TENy, YTOOBI
OHO CTAJIO0 MCKYCCTBEHHBLIM CIYTHHKOM ILIAHETHI, T.e. JBHIa-
Jock ObI BOKPYT Hee 0 KPyroBoit opbure Ha HeOOJIBINOI BEICOTE.
IlepBaa KocMHUYecKads CKOPOCTH JJIA OPOMTHI, PACIONOMKEeHHOM
BOAM3M mMoBepXHOCTH 3eMJuH, cocrasnder 7,91 km/c. Bnepssie
TAKAA CKOPOCTH OBLIA JOCTUIHYTA COBETCKMM KOCMHYECKHUM
annaparom 4 oxkTa6psa 1957 r. Ilpu mMeHbmIeil ckopocTH 3amy-
IMeHHoe TeJio ynazer obpaTHo Ha 3eMJui0, npu Goabimei, yem
nmepeas KOCMHYECKAas, U MeHbINel, yeM BTOpas KOCMHUYeCcKas,
OyzeTr BpamaThCsa BOKPYT 3eMJH M0 3JIHNTHYECKOH opbuTte.
Ceituac Ha opbuTax pasHoii BeICOTHI ABMKeTres okoso 1500 pa-
f0TaIMMUX COYTHUKOB PA3JUYHOIO HASHAUEHHS C yAaJeHUeM
or nosepxHocTu 3emau or 160 xo 36 000 kM.



COAHEYHAA
MeTeopoAOTHYECKHE CIYTHHKH IOMOTalOT METEOpPOAOTaAM CUCTEMA

IPOTHO3HUPOBATH HOTOAY MAHM BHAETH, YTO INPOUCXOAUT Ha HaH-
HBI# MOMeHT ¢ arMocdepoi 3emMan. COyTHHKH CBH3H HEOOXOMHU-
MBI OAS Hepegadd MH(POPMAIMH IO Pa3AMYHBIM KaHaaaM, OHH
O0OBIYHO BBICTYIAIOT KaK PETPAHCALATOPHBI, T. €. IPUHUMAIOT CHUTI-
HaAbl U3 ONHOTO MEeCTa HA INOBEPXHOCTH 3eMAH H IepPenarmT ero
B apyroe mecto. llupokoBemaTeAbHble COIYTHHUKH II€PEenalOT Te-
A€BHU3HOHHBIE CUTHAABl OT OQHOM TOYKH K APYroH (AHAAOTHYHO
COyTHHKaM CBg3Hu). HaydHbBle COYTHHKH, TaKHe KaK KOCMHUUE-
ckuil teaeckon «Xab6a», BEINOAHSIOT BCEBO3MOXKHBIE Hay4YHBIE
Muccuu, Habapagada 3a COAHEYHOH aKTUBHOCTHIO, (PUKCUPYH BCe
BHIBI 9A€KTPOMArHUTHBIX BOAH. HaBHUTraIlMOHHBIE CIIYyTHHUKH IIO-
MoramT KopabagM M caMoaeTaM OIPEeNeAsTh CBOE€ IIOAOXKEHHE
B IIPOCTPAHCTBE M OCYILIECTBAATH nepeMemeHnue. COyTHHUKH Ha-
6aroneHUS 3eMAM IPOBEPAIOT IAAHETY Ha IIpeAMET U3MEHEeHHuU
BO BCEM: OT TeMIIepaTypbl, POCTa PaCTHTEABHOCTH 10 H3MeHEe-
HUd IAOLIAAU A€ASAHOIO NOKpPOoBa. BoeHHBIe CHYTHHKH 3€MAH
HaxXoadaTCcs Ha opbuTe, HO GoAblIas YacTh PpaKTHUYECKOM uHOPOP-
Manuu 00 MX IOAOXKEHHH OCTAaeTCd CeKpPeTHOH. OTH CIYTHHKH
MOTYT OCYIIE€CTBASTHh PETPAHCASIHIO 3alIM(PPOBAHHOH CBA3H,
ANEePHBIH MOHHTOPHUHT, HabAlOLeHHE 3a NEePEeABUKEHUIMHU IIPO-
THUBHHUKA, pPaHHee IpPeAyHpeXIEeHHE O 3allyCKe pPakKeT, IMOACAY-
IIMBaHUEe HAa3€MHBIX PAJHOAMHHUN, PAaAHOAOKAIIMOHHYIO BH3ya-
Au3anuo U (ororpadupoBaHUe (C UCIIOAB30BaHHEM, IO CYTH,
60ABIINX TEAECKOINOB, KOTOpPBle (doTOrpadUpyloT HHTEPECHBIE
B BOEHHOM OTHOIIEeHHH obGaacTu). HekoTophsle COYyTHHUKHU OABHU-
XKYTCH IO TeOCTAIlMOHApPHBIM Op6uTaM, 0COGEHHOCTBIO KOTOPBIX
ABASETCS INOCTOAHHOE HAXOXJEHHE CIyTHHKAa HaJ ONHOMU TOU-

KOl 3eMHOro mapa. YacTh COyTHHKOB MMEET HECKOABKO I[€AEH.

K coXaA€HHIO, YHCAO ABUXKYIIUXCH 00bEKTOB Ha opObuTE BO
MHOTO pa3 MIpeBHIIIaeT KOAHYEeCTBO (paKTHUYeCKH paboTarmIiux
CIYyTHUKOB, B OCHOBHOM IIPE€ACTaBAHIOT COOOM BCEBO3MOXKHBIN
KOCMHUYECKUNH Mycop (pasbuBmuecs, oTpaboTaHHbIE, IIOTEPSIH-
HBI€ UCKYCCTBEeHHBIEe 00BEKTHI). 3adUKCHUPOBAHBI CAYYaH CTOA-
KHOBEHHH U pas3pylmIeHHUH HOPMAaAABHO (DYHKIHMOHHUPYIOIIHUX all-
mapaToB C 3THMHU KyCKaMHu MeTassa. B 6yaymem npobaemy yTH-
AU3allHM KOCMHYECKOIO0 Mycopa ellle NPHAETCH pellarTh.

ABUXEHUE CNYTHUKOB BOKPYF NMAaHeTbl — 3TO NOCTOSAHHOE MapeHUe. Bce Aeno B CKOpo-
cTU. OHU AeTAT POBHO C TOI CKOpPOCTbIO (7,9 KM/C — AAA HU3KOOPOUTAAbHBLIX CMYTHUKOB),
4yto6bl NOCTOAHHO NapaTb BAOAb U3rMba 3eMAU. ECAM CKOPOCTb CHU3HUTCA, CNYTHUKUA yna-
AYT Ha 3eMAI0, eCAU MOBbLICUTCA — YAETAT B KOCMOC.

m TpaBuTaunA Ha opbBUTe MOUTU TaK Xe CUAbHA, KaK U Ha NMOBEPXHOCTH 3eMAM, NOITOMY
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CUCTEMA
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Bmopass kKocmuueckast CcKopocmbv — 3TO MHHHUMaAbHad
CKOPOCTh, KOTOPYI HYXHO COOOIIHUTH TeAy, YTOOBI, mpeomo-
A€B CHAY NPUTAXKEHHHT NAAHETHl (MAU APYroro KOCMHYECKOTO
Teaa), OHO IO MapabGoAHMYECKON TPaeKTOPHH HaBCerga IOKHHY-
A0 ee Oamkaduiee mpocTpaHcTBO. [Iag 3eMAU 3HAYEeHUE BTOPOH
KOCMHYECKO#H ckKopocTH cocTtaBasger 11,2 Km/c, ¢ Tako#l CKOpoO-
CTHIO TEAO MOKHAAET OKPECTHOCTHU 3€MAH U CTAHOBUTCH CHYT-
HukoMm CoaHma. BrTopasa KocMHYecKasd CKOPOCTH BIepBble Oblaa
OJOCTUTHYyTa COBETCKHM KOCMHYECKHM amnmaparoM «AyHa-1»
2 gauBapga 1959 r. (puc. 2.40). 3HayeHHUd NepBOH U BTOPOH KocC-
MHYECKHUX CKOpOCTefI AAd PA3AUYIHBIX HeGeCHLIX TE€A IIPpUBEOEC-

HbBI B Taba. 2.6.

TabAauua 2.6. 3HaYeHUS NepBO U BTOPON KOCMUUECKUX CKOpOCTEN
AAfl HebGecHbiIx TeA COAHEeYHON cUCTEMBbI

Ayua 0,0123 1,680 2,4

Meprypuit 0,0553 3,05 4,3

Benepa 0,815 7,356 _ 10,4
Semaa 1 7,91 11,2
Mapc 0,107 3,546 5,0

uurep 317.8 _ 43 59,5
Carypu 95,2 25 35,5
Ypan 14,5 15,6 21,3
Hentyu 17,1 16,7 28,5
ConHie 333 000 436,7 617,7

Tpemusi Kocmuueckast ckopocms — MHHHMAAbHAs CKO-

pPOCTH, KOTOPYIO HEOOXOAMMO COOGIIMTH HaXondlleMycsa BOAKU3H
IIOBEPXHOCTH 3€MAH TEAy, 4TOOBI OHO MOTLAO IIPEOJOAETH IPH-
TaxeHne 3eman u CoaHIla M INOKHUHYTH npeneabl CoaHedHOH
cucteMbl. [Ipu crapre ¢ 3eMAM KOCMHYECKHUH ammapaT MOXKET
OOCTHYb TPeThbe¥ KOCMHUYECKON CKOPOCTH IPH OAATONPHUATHBIX
yCAOBHAX yxe npu 16,7 KkMm/c orHOocuTeabHO 3emau. Haubo-
A€€ HEPreTHUYEeCKH BBITOAHBIN CTapT AAd NJOCTHUXKEHUA TpPeTbeH
KOCMHUYECKOH CKOPOCTH MOAXKEH OCYIIECTBASATHCHA BOAHM3H 3K-
BaTopa, ABHXKEHHE TeAa HJOAKHO OBITH COHAIPaBAEHO OCEBOMY



BpPalIeHHI0 3eMJIH ¥ OpOUTAIBHOMY ABHIKEHUIO 3eMJIH BOKPYT
Conuana.

Hu ogve KoCMHUYECKU annapaT He NOKHIAJ OKPecTHOCTeH
3eMIIH ¢ TpeTheil KocMuYecKoi ckopoceThio. Haunbonsmeit cxo-
POCTHIO CTAPTA ¢ 3eMJIM IMOKa obJsajan ToOJbKO KOCMUYECKH R
annapatr HACA «Hossie ropusonTsi» — 16,21 km/c. 3a cuer
rpaBHTAllMOHHOrO MaHeBpa (COCTOABIIEr0 B H3BMEHEeHHH CKOPO-
CTH ¥ OPOHMTEI ABHIKYIIErOoCcs allapaTta TOJbKO oJ AeicTBHeM
rpaBUTALMU NPpH cOMHMIKEHNH ¢ APYTHUMH ILJIaHeTaM#) JOCTHTIN
TpeThbell KOCMHYECKOH CKOPOCTH U yiKe NoKuHyIu CollHeuYHYIO
cucremy «Bosamxep-1», «Boamxep-2», «IImorep-10» u «IIno-
Hep-11», 0HAKO UX CKOPOCTH OBLIN CYIIECTBEHHO MEHBIIIe Tpe-
Theil KocMuuecKkoi. TpaekTopusa annapara, JOCTUTIIETrO TPeTh-
el KOCMHUYeCKOil CKOpPOCTH, CTAHOBHUTCA runepbosinyecKoii.

COAHEMHARA
CHUCTEMA

Cosertckan
asTomaruueckan
MEXMNAGHETHAA
craHuMA «AyHa-1»
Obina NpeaHasHaveHa
MA U3y4eHUA AyHbl

W KOCMWYECKOro
npocTpaHcTea

©

Koraa KocMUYecKuii annapat NponeTaeT PAaoM C NNAHETON, Ta 3aMeNAETCs, NOCKONbKY
OH Cnerka ee TOPMO3WT OAHUM CBOMM nNpucyTcTBMeM. Koraa KocMuyeckui annapat

«Bosmwep-1» nponertan psgom ¢ KOnutepom, oH ycKopunca Ha 16 Km/c, a CKOpOoCTb nna-

HeTbl CHW3unace Ha 0,00000000000000000001 m/c.

Jlna ucesieoBaHuA MaHeT, KoMeT U acrepousos CorHeyHOH
cucTeMsl 66110 3anyiieHo 6osee 225 MeKIIAHETHBIX KOCMUUe-
cKux annapartos (cMm. moapasa. 1.5):
®m k Mepkypuio — 2;
®m Benepe — 33;

m Jlyse — 97 asromaTHueckux u 9 nuaoTHpyeMbIX Kopabieii;
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cCleOBaAaHNK NaJlbHHUX IIJIaHET ConHe4YHOH CHCTEMBI ABYyM3A

AMEPHKAHCKMMH KOCMHYECKHMH annapataM¥, 3anylleHHEIMH
B 1977 r., — «Bosagxep-1» (puc. 2.42) u «Bosagxkep-2». O6a
anmapara BIEpBbI€ ITepejaj U KadecTBeHHbIe CHUMEKHM IOmure-
pa u CarypHa, a «Boagxep-2» Bnepsnie goctur ypauna u He-
OTyHA. ANnaparsl 9TOH CepHH — 3TO BBICOKOABTOHOMHEIE PO-
6OTHI, OCHAIIEHHBIE HAYYHLIMH IPHOOpPaAMH A HCCIeJ0BAHUA
BHEIIHHUX IIJIAHET, 4 TAKKe cOOCTBEeHHBIMH JHEpPreTHYeCKHMH
VCTAHOBKAMHY, PAKETHBIMH JBHUTATEIAMH, KOMIOLIOTEPAMH, CH-
cTeMaM# paguocBA3M M ynpasiaenusa. O6masa macca Kamaoro
anmapatra — okoJgo 721 Kr.

K 6opry kaxaoro «Boajpkepas» OpHKPenUId KPyriyio anio-
MHHHMEBYIO KOPOOKY, MOJIOKHUB TY/Aa MO30J0YEeHHBIH BHACOAHUCK.
Ha aucke 115 cnaitnos, Ha KOTOpPEIX coOpaHsl BarKHeHIIne Ha-
VYHBIe JaHHBIE, BUABI 3€MJH, €e KOHTHHEeHTOB, Pa3iHdyHEIe
naHamadTel, CIEHLI U3 YKM3HU XHBOTHBIX M YeJ0BEKa, UX
AHATOMHYECKOe CTPOeHNe ¥ OMOXHMHAYECKAd CTPYKTYPa, BRJIIO-
yag monekyny [IHK. B nromunoM Koje caenasHbl HeobxoanMele
pPaszbLACHEHHA U VKa3aHO MecTononoxenne CoTHEYHON CHCTEMEI
OTHOCHTENBHO 14 MOmHEIX TIyabcapoB. Kpome nzobpaskenui
HA AUCKe 3allMCAHBLI M 3BYKH! IIeloT MaTepH M mad pebenka,
roJioca IITHI U 3Bepeii, IyM BeTpa ¥ A0, 'POXOT BYJIKAHOB
U 3eMJIeTPACEeHH, IMypmaHue NMecKa U OKeaHCKHWit nmpuboii.

COAHEYHARA
CHUCTEMA

Kocmuyeckui annapar
«Bosaxep-1»
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COAHEYHASR
CUCTEMA

ABTOMAaTHYECKaAR
MEXNAGHETHaRA
craHuma HACA

«HoBbl€ rOPHU30OHTbI*
(New Horizons),
npeaHasHayeHa

AR M3ydeHun MayTona,
€ero ecTecTBeHHOro

CNyTHUKa XapoHa

u 06LeKToB nosca
Koinepa

154

Yenoseyeckasa pedb INPEACTABIEHA HA IUCKE KOPOTKMMH [IPHM-
BETCTBUAMM HA DD A3BIKAX HAPOAOB MHDpA.

«Bosisxep-1» cTas nepBBIM B HCTOPUH ANIapaToM, JOCTHUT-
muM rpagui ConHedHOH CHCTeMbI M BBILIEAIIINM 34 ee IIPeJeik],
nockoabky B 1998 r. o o6oraan «IInorep-10», 3anyimeHHBIH
pasbire. Jlake Ha 3THX OIPOMHBIX PACCTOAHMAX KOCMHYECKHE
anmapaThl COXPAHAIM CBA3h ¢ 3eMmilell ¥ nepejaBaly IeHHel-
mue HayuHble gfaHHble. Cleayomnil Ba)KHBIA IIAr B H3Y4eHHHN
Haubosee yaanteHHabsIX obaacteit ComHeYHOH CHCTEMBI JOJMKHA
clleJIaTh aBTOMATHYeCKad MeKIIaHeTHaa craHuus « Hossie ro-
PH30HTEI», 3anymerHas B 2006 r. 1 ycnelnHO BHIIOJHHBIIAA
HAy4YHYIO IpOrpaMMmy BO Bpemsda nposetra mumo Ilnyrona u Xa-
pora B 2015 r. (puc. 2.43).

Hemeepmaa xocMuieckas cKOpocms — MHHUMAIBHO
HeoBX0AuMasa CKOPOCTh TeJa, MO3BOJAKIIAA IPEeoJoJIeTh Ipu-
TAMEHHe FaJIJaKTUKH B JaHHOH Touke. YerBepras KOCMHYECKasd
CKOPOCTh HE IOCTOAHHA JAJIfA BCeX TOYEK rajJakTHKH, a 3aBH-
CHT OT KoopauHaTel. [Io oneHKam ydeHBIX, B pailOHe Halero
ConHua gerseprasg KOCMHYECKAdA CKOPOCTh COCTABJIAET OKOJIO
550 Km/c.

Pesrome. [Ipu JoCTHIKEHUM KPUTHYECKOH CKOPOCTH TeJIO
cn0ocO0HO MOKMHYTH NPHTAMKEHUE 3eMJIH U B 3aBUCHMOCTH OT
BeJIHYMHLI HAOpAHHOH CKOPOCTH HMJIH CTATH MCKYCCTBEHHBIM



COYyTHHKOM 3€eMAH, HAHW OTIPABUTHCS K APYITHM HOAaHeTaM
U gaxe 3Be3AHBIM cucremaMm. UuHdopmanuio 00 OKPYXKAIUIUX
HaC KOCMHYECKHX TeAaX YCHEIIHO MNepenarT aBTOMATHYECKHE
MeXIIAaHeTHBble CTAaHIHHU. [JHUCTAHIIMOHHO yIpaBAsSeMble KOC-
MHUYECKHE 30HABI ImpoAeTaru BOAuU3U Bcex nmaaHer CoOAHEYHOH
cucrembl — oT Mepkypus no HenrtyHa, BOAM3H HUX CIOYyTHH-
KOB, aCTEepOHI0B U KOMET, YeThlpe almapaTa NOKHUHYAHU IIpene-
Apl CoAHeYHOH cucTeMbl. M XOTd HUAOTHPYEMBIX YEAOBEKOM
MHUCCHUP, KpoMe AYHHBIX, HOKa He OBIAO, YCI€EXH B OCBOEHHHU
KOCMHUYECKOr0 MPOCTPAHCTBA NO3BOASIOT HAAESIThCd Ha KOAO-
HHU3AIIUI0 YeAOBe4YeCTBOM Apyrux vacted COAHEYHOUH CHCTEMBEL

B HeZaAeKOM OyayuieM.

KOHTPOAbHBIE BOMNPOCHI

1. Kakue CKOpPOCTM Has3biBalOT NepBOW, BTOPOM, TPETbel U UETBEPTOM
KOCMUYECKOW?

2. 4YeMy paBHbl KOCMUUECKUE CKOPOCTU AAR 3e€MAU?

3. Kak MeHA10TCA 3HAUYEHUA NepBOl U BTOPOW KOCMMUUECKUX CKOPOCTEWH
y pa3AUUHbIX TeA COAHEUYHON CUCTEMbI?

4. Kakue KOCMUYECKHEe annapaTtbl BbIWAKW 32 nNpeAeAbl COAHEUYHOW Cu-
CTEMbI?

5. K Kakum TenaM COAHEUHOW cucTteMbl 6bIAO OTnpaBAeHO 60AblIe aB-
TOMaTUUYECKUX MEXMNAAHETHbIX CTaHUUW? [ouemy?

6. Kakne o06bekTol B Hawel COAHeuyHON cucteme Haubonee nepcnek-
TUBHbl AAl KOAOHM3aLUKU? [ouemy?

3AAAHUE AAA CAMOCTOATEABHOW PABOTHI

CocTaBbTe CNUCOK U KPATKYl XapaKTepUCTUKY OCHOBHbIX GpaKTOpPOB,
ONpPeAEAfIOLLUX MPOEKTUPOBAHWE CNYTHUKOB CBSA3MU.

TEMbl AOKAAAOB

1. 3arpA3HEeHUEe KOCMUYECKOro npocTpaHcTBa.
2. COBpEeMEHHble KOCMUYECKME CNYTHUKU CBA3U U CNYTHUKOBHLIE CUCTEMBI.
3. Mpoektbl 6yayWwHUX MeEXNAAHETHbIX NMEpPeAeTOB.

CONHEYHAA
CUCTEMA



CTPOEHME U 3BOJTIOLIMA
BCE/IEHHOMU

Mpouutae 3Ty rna.y, Bbl y3HaeTe:

0 GPU3U4ECKOW NPUMpoAE 3Be3[, UX BMAAX U XapaKTepUCTUKaXx;
3BE3[HbIX CUCTEMAX;

CTPOEHUM ranaKTuK;

3BONIOUMMK 3BE3[ M ranakTuK.

—

3.1. PaccrosiHue A0 3Be3f

Onpegenenne pacCTOAHMI MO FOUYHBLIM NMapajajaKcaMm.
Ecnu nocMmorpers Ha 0001 00beKT cHa4Yana OGHUM, 3aTeM JApY-
UM IJIA30M, MOYKHO 3aMeTHUTh, 9YTO 00'beKT cMemaercs Ha (oHe
Apyrux, Gojee ganexkux, npeameros (puc. 3.1).

Napannakc — 370 yron, Ha KOTOPbIA U3MEHAETCA BUAWMOE NONOXEHUe OGBLEKTa OTHO-
CMTENbHO YAANEHHOro GbOHa B 3aBUCHMOCTM OT MONOMEHUs HabnoaaTens.

O6paTuTe BHUMaHHUe, 4eM Aajbllle HAXOAUTCA OOBEKT Ha-
GaoAeHNs, TeM mapajanakc (yroja) cTaHOBUTCH MEHBIIE.
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Touxa ob6aopa A Touxka obaopa B

Hcnonsaysa reoMeTpuyecKme MeTO[bI, MOKHO BEIYHCIUTE
paccTossHHe 0 J1000ro npeaMera, 3HaA PACCTOSHHAE MEeXIY ABY-
M#A TOUuKaMu HAGIIOEHUS ¥ yroJ Napajakca.

Koneuno, B 3eMHBIX MacuiTabax HeT HeoDXOAUMOCTH IPH-
feraTh K reoMeTpPAYEeCKHM BLIYHMCJIEHHAM, MOCKOJIBKY pac-
CTOSSHHMA MOXHO IIPOCTO M3MEPHUTh MHCTpyMeHTamu. OaHAKO
B ConHeuHO# cucTeMe M JajJlbHEM KOCMOCEe PDACCTOAHUA HMe-
0T coBceM Apyroi macmrab. ITosTtomy u ansa
H3MepeHHA paccToaHU o Ten ConHeYHOH cu-
cTeMbl M 3Be3J MUCHoJbayerca mMemod napa.-
aaxca.

Beneacersue BpateHna 3eMJIH BOKPYT CBOei
OCH BO3HHKAaEeT CYTOYHLII Napajiakc, KOTOPbIH
NIPAKTHYECKH He BJIHNAET Ha MOJOXKEeHHE 3Be3[
u3-3a ux Goasmoi yaasenHocru. Hyxen 6osee
JIUTeNbHBII HHTEpPBaj BpeMeHu U Golee yja-

JIeHHBbIe TOYKH HabmogeHnd.

CTPOEHME
M 3BOAIOUMA
BCEAEHHOW

HabaoaeHue
napaasakca

@ 3seana

IMockonsky 3emusn geuserca Bokpyr Cous-

THIBATE MapaJlakTHYecKHe cMemeHus. [ns Ha-
XOMJeHUHA PACCTOAHUA 0 3BE3J HCIOJIb3YyeTcs
200Uy HbLI NApalnlaKc — yroJi, 0ok KOTOPBEIM CO 3Be3Jkl BUIHA
fonbIiasg MOJYoCh 3eMHOH OpONTEI, NePHNeHAHKYIAPHAA HAIpAB-
JeHuIo Ha 3Be3ny (puc. 3.2).

PaccrosHEmne o 3Be31bl I' MOYKHO BBIYHCJHUTE HO (hopmyse

o

r=—o,
sinp

rae oo — Goabinas Moayoch 3eMHOM OPOHUTEHI; P — TOPU30HTANE-
HbIH HDapajIaKc.

L

a, MoJOKeHHUsA 3Be3] Ha Hebe NOMKHBI HCIIBI- Coanue

loAMuYHBIA NapaArakc
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CTPOEHUE
U 3BOAOLIMA HanmomHuM, 4TO cpenHee pacctosHHe oT 3emaum no CoaH-

BCEAEHHOM na — 1 acrpoHoOMHYecKad eZWHHIA (a.e.):

a=1a.e. =149 600 O00 kM.

Yroa rogmuHOro mapaassakca O4YeHb MaA (MeHee YyrAOBOH
cekyHabl). [daxe nasg Gauxadme# K HaMm 3Be3abl [Ipokcuma
IlenraBpa ero 3HadeHue coctaBager 0,77. Y gpyrux 3Be3n OH
eme MeHbIne. KcraTw, cymecTBoBaHMEe TOLHYHOTO ITapassakca
3Be31 SBASEeTCHd ONHHUM H3 NOKa3aTeAbCTB oOpameHus 3eMAH
Bokpyr CoaHIa.

FeomeTpuueckme MeToAbl MUBMEpPeHUs PacCTOAHUIA HE UCUEPNbIBAOTCA FOAMUYHBLIM Napaa-
AAKCOM, B KOTOPOM BMAMMbIE€ YFAOBbIE€ CMELLEHUA 3BE€3A CPABHUBAIOTCA C NEPEMELLEHU-
AMK 3eMau no opbute. Ewie 0AMH MOAXOA onupaeTca Ha ABMXeHue COAHUA M 3Be3A ApYyr
OTHOCUTEAbHO Apyra. MpeacTaBum cebe 3B€3AHOE CKOMAEHME, NpoAeTatowee MUMO COAH-
ua. Mo 3akKOHam NepcneKTUBbl BUAMMBLIE TPAEKTOPUM €ro 3Be3A, KaK PEeAbCbl Ha ropu-
30HTE, CXOAAITCA B OAHY TOUKY — paAMaHT. Ero noAoxeHue roBOpUT O TOM, NMOA KakuM
YFAOM K Ayuy 3peHUA AETUT CKOMAeHUe. 3Hasf 3TOT YrOA, MOXHO Pa3A0XUTb ABUXEHUEe
3Be3A CKOMAEHUA Ha ABE KOMMOHEHTbl — BAOAb Ayda 3PEHUS U MEPNEeHAUKYAAPHO eMy
no HeGecHON choepe — U ONPEeAeAUTb MPOMOPUMUID MEXAY HUMM.

Paccroguusa no Tea CoOAHEYHOH CHCTEMBI HAHW MEXKAY Te€eAaMHU
CoAHEYHOMN cHCTeMbl OOBIYHO BBIPAXKEHBI B ACTPOHOMHYECKHUX
equHunax. OQHaAKO OAS U3MEPEHUST PACCTOAHHUN n0 HebeCHBIX
TeA, KOTOpPble HAXOAATCH 3a ee IpeaesaMH, aCTPOHOMHUEcCKAasd
eqUHHUIla CAUIIKOM Maaa. [Io3ToMy B ZaHHOM cCAydYae HCIIOAb-
3yIOT CIleUaAbHBIe €QUHUIIBI, TaKHe KaK Iapcek (oO0pazoBaHO
OT CAOB «IIapaAAaKC» M «CeKyHOa») U CBETOBOH ropn.

AyueByl0O CKOpPOCTb 3BE€3A B KUAOMETpax B CEKYHAY M3MEPAIOT, UCMNOAb3YyA 3pPpeKkT Ao-
naepa, ¥ C YUeTOM HaWAE€HHOW NPONOPLUU BbIYUCAAT NPOEKLUUIO CKOPOCTU Ha HebocBOA
B KMAOMETpax B CekyHAy. OcTaeTcAa CpaBHUTb 3TU AMHEWHBIE CKOPOCTU 3BE3A C YIAOBbI-
MU, ONMPEAEAEHHBIMU MO pe3yAbTaTaM MHOFOAETHUX HabAAeHWI, U paccTosHue Byaer
M3BECTHO. JTOT cnocob paboTaer Ha PaCcCTOAHUAX AO HECKOAbKUX COTEH NapCek, HO Mpu-
MEHWM TOABKO K 3B€3AHbIM CKOMA€HUAM, MOITOMY Ha3biBAE€TCA METOAOM FPynnoBbIX Ma-
panrakcoB. Tak 6biAM M3MepeHbl paccToAHMA A0 Tmap u MNaeda.

IMapcex (nik)— paccrogHHEe A0 00BEKTa, HMEWIIET0 yLOA
nmapaasakca B 1". Ceemoeoii 200 — pacCTOdHHE, KOTOPOE CBET
npoxoauT 3a 1 ron.

1ok =3¢ 10 kM.

1 ok = 3,26 cBeTOBOTrO rojaa.

Cset ot Ilpokcumer llerTaBpa upgetr no Hac 4,22 CBETOBBIX
roma (cpaBHHTe C BpeMeHeM NpoxoxnaeHuda cBera or CoaHIa,
paBHBIM 8 cBeTOBBIM MHHyTaM). COBpeMEeHHBIE TEAECKOIIBI I10-



CTPOEHME
3BOASIOT YBHAETHh OOBEKTHI, yAAA€HHBIe OT 3€MAH Ha THICHYH, U 3BOAIOLIMA

COTHH TBICHY, MHUAAMOHBI U gaxXe MHAAHAPABl CBETOBBIX AeT! BCEAEHHOM

HabAmogas 3a HUMHU, MBI KaK OyATO MOrpy’}KaeMcCs B IIPOLIAOE.

B nocAeaHMe rOAbl BCe ualie nyGAMKYIOTCH pesyAbTaTbl MBMEPEHUA PACCTOSHMI A0 OYEHb

m KOMMaKTHBIX UCTOYHMKOB PAAMOUBAYYUEHUA — Mas3epoB. UX M3AyueHHUE MPUXOAMUTCA Ha
paAMOAManasoH, u4To NO3BOASieT HabAOAaTb UX HA pPaAMOMHTEPHEpPOMETpax, CnocoBHbIX
U3MepPATb KOOPAMHATbHI 06BLEKTOB C MUKPOCEKYHAHON TOUHOCTbIO, HEAOCTUXUMOMN B OMTU-
UEeCKOM AManasoHe, B KOTOPOM HabAloaAaloTCA 3Be3Abl. BAaropaps masepam TPUroHOMeE-
TPUUECKUE METOAbl YAAeTCA MPUMEHATb HEe TOAbKO K AaA€KMM ob6bekTam Halwein larak-
TUKHN, HO U K APYTMM raAakTUKam.

Bunumble 1 abCcoAOTHBIe 3Be3AHBIe BEAHUYHUHBl. PasaudyHasda
APKOCTH 3Be3n xopowmo 3amMeTHa. CaMble SpKHE 3Be3Abl elle
B OAPEBHOCTH Ha3BaAW 3Be3JaMH NEPBOM BEeAUUYUHBI. Budumast
36e30HaAst 6eAUUUHA M (4acCTO ee Ha3blBAIOT IIPOCTO «3BE3J-
Hasgd BEAMYHHAa») YKas3blBaeT IOTOK HM3AyYeHHUd BOAM3H HabAlo-
narteasd, T.e. HabAIOZAaeMYyI0 SPKOCTh HeGECHOTO UCTOYHHKA, KO-
Topasd 3aBHUCHUT HEe TOABKO OT PEaAbHOH MOIIHOCTH H3AYYEHHUS
o6bekTa, HO U OT PACCTOSHHUIA A0 HETO.

peBHerpedeckul acrponom l'mnnmapx (II B. go uH.3.) mpen-
AOXKHA Hanboasee IpKHE 3Be3Abl OTHECTH K 3Be3JaM IIePBOH Be-
AauduHBL (1), a egBa pa3am4YuMble — K ImecTo# (6-). Ilo3dnHee
aCTPOHOMBI IPENAOKUAU IpPU HabaogeHuU Goaee APKUX 00b-
€eKTOB HCIIOAb30BaTh HyaeBble (O-) m orpmnmareapHble (-1-, -2
U T.4.) 3B€3Hble BEANYHHBLl. BUAUMBIEe TOABKO B TEAECKOII HaH-
6oaee ymaseHHBIe O0BEKTHl MMEIOT 3HAYEHHUS HAMHOTO GoOAbIle

mecTod 3Be3AHON BeAWYHHB! (Taba. 3.1).

Tabanua 3.1. Buaumble 3B€3AHbIE BEAMUUHBI HEKOTOPbIX HEBECHBIX TEA

JIyHa (B nOJHOJIYHUE) -12,74™
Benepa (B MagcumyMe 6JIecKa) —4.,67"
Knurep (8 Mmaxcumyme Giecka) -2,91™
Cupuyc -1,44™
Bera 0,03™
Ilpokcuma Ienraspa 11,05™
Camnble cnabbie 06beKTH, CHUMKH KOTOPBIX 31,5™
Toay4eHshl ¢ IOMOIIBIO TeNlecKola « Xadbm»




CTPOEHWE
1 3BOAKOLMSA
BCEAEHHON

JlpeBHUE aCTPOHOMBI IIPEeAIOAATAAN, YTO BCE 3BE3QBl HAXO-
OSTCH OT HAC HA OQHOM yOAaA€HHU, MOCKOABKY, II0 UX MHEHHIO,
npubuTh U3HYTPH K TBepanomy Heby. Ha camom meae paszamy-
HYIO SPKOCTH 3B€3J MOXHO OOBSICHHUTH HEe TOABKO UX PA3AHUYHON
MOIIHOCTHIO HU3AYYEHHH, HO U TEM, YTO OHH HAXOAATCH OT HAC
Ha pa3HOM paccTodgHHUU. [I03TOMY B ACTPOHOMUHU HCIOAB3YET-
Cd elle OAHO MOHATHE — abCoATHAS 3Be3qHas BeAUMdYHHAa. Ilofx
abconromnoit  3ee30HOIU eenuUuUHOlL IMoOHUMAaeTcd BUAMMAL
3Be3qHAs BEAMYHNHA, KOTOPYI uHMeAaa Obl 3Be3xa, ygaAeHHAas
oT Hac Ha paccrtosgHue 10 nk. AGcoalTHad 3Be3QHAd BEAUUU-
Ha CoaHIila cocraBadgeT +4,7-. AGcoAloTHAad 3Be3qHad BEAUYHU-
Ha IIO03BOAfET y3HaTh, KakKad U3 3Be3] HU3Ay4YaeT OOABIIE 3HEp-
MU 3a CEKyHAY, T. €. €€ MOIIHOCTh U3AydYeHusa. Kak oka3aaocsh,
3Be3Abl CHABHO OTAHMYAITCS APYr OT Apyra mo cBoedl MOLIHO-
ctu. HekoTopble 3Be3Qbl H3AYYAIOT DHEPTHUIO B COTHU ThICAY pas
6oabmyio, yem CoAHIlE, €CTh 3BE3Abl, ¥ KOTOPBIX MOIIHOCTE H3-
AYy4YEeHHUd B NECATKHU ThICAY pa3 MeHBbIIE.

Pesiome. Baaromapsa gBuxenuo 3emau Bokpyr CoaHIna
MOXHO HabAlOZaTh MapaAAaKTHYECKOE CMeIleHHe 3Be3a Ha
¢done Goaee masneKuX OOGBEKTOB. YIOA [lapasrakca IIO3BOAS-
eT ONpPEeNEeAUTHh pAacCTOdHUE OO0 3Be3x. M3-3a 6oAbLION ymaAeH-
HOCTH AIOOBIX 3Be3[ PACCTOAHHUA OO0 HUX MNPHUHATO HU3MEPHATH
B IIapcekKaX U (HAH) CBETOBBIX rogax. [Ad XapaKTEepPHCTHKH
6aecka 3Be3[] HCHOAL3yIOTCH BUAHUMas U abcoalTHAas 3Be3[-
Hbl€ BEAWYUHBI.

KOHTPOAbHbLIE BOMNPOCbH

. Yto Ha3biBaeTcAs mapannakcom?

. YTOo TaKoe roAMUYHbLIA Napannakc?

. Kakum 06pa3omM U3MEpPSAIOT pacCToAHUA A0 3Be3A?
. UTOo Ha3bIBAIOT NapCeKOM U CBETOBbIM FOAOM?

a > W N~

. Kakasa 3Be3pa Apue: ¢ NOAOXMUTEABHOW MAM OTPULATEAbBHOW BUAMMOMW

3BE3AHOW BEAUYUHOW?

6. B uem pasauume MexAy BUAUMBIMU U @aBCOAIOTHBIMU 3BESAHBIMU Be-
AMYMHAMMU?

7. Kak Bbl AymaeTte, nouyemy 3BE€3Abl MMEIOT Pa3Hyl0 APKOCTb?

3AAAHUA AAA CAMOCTOATEABHOMW PABOTHI

1. Usob6pasuTe cxemy ONpeAEAeHUs TOAMUYHOrO mapaAnakca.

2.3anuwunTte €AMHULb U3MEPEHUA PaCCTOAHUW, KOTOpPbIE HapAAy
C aCTPOHOMUUYECKON €AMHULEN UCNOAb3YIOTCA TOAbKO B aCTPOHOMMUMH.
CBAXMTE U3BECTHbIE BaM €AMHULIbI USMEPEHUA PAcCTOAHUN B acTpo-



CTPOEHME
TEMbl AOKAAAOB 1 3BOAIOLIMA
BCEAEHHOW

1. OnpeapeAeHUe pacCTOSAHUI A0 3BE€3A METOAOM FOAMYHOIO MapaAAaKca.
2. YyeHue Tunnapxa O 3BE€3AHbIX BEAWUYMHAX.
3. UccaepoBaHUA aCTPOHOMUYUYECKOrO CNYTHUKA «fMnnapx».

3.2. dusnyeckasa npupoaa 3BE3A

IlBeT, TeMnepaTypa, XHMHYECKHH COCTAaB H CIEKTpPaAbHBIE
KAacchl 3Be3x. Kaxxpmag 3Be3za — TUTAHTCKHUH pacKaAeHHBIH
IAa3MEeHHBIH IIap, KOTOPBIH H3AydYaeT B KOCMHUYECKOE IIPO-
CTPaHCTBO BCe BHUABI A€KTPOMATHUTHBIX BOAH. [laxke paccMma-
TpuBasgd He0O HEBOOPYXKEHHBIM TIAa30M, MOXHO 3aMeTHUTh pas-
AMYHBIH IBeT 3Be3d. OTO HPOHUCXOAHUT HOTOMY, UTO MAKCHMYM
HU3Ay4YEeHUS 3Be3[ NIPUXOAUTCS Ha pa3AWYHbBIe HAUHEBEI BoAH. Ca-
Mble TOpSYHe 3Be3Abl UMEIOT FoAy0OBaTHIH LIBET U TeMIIepaTy-
py dorocdeprr — 30 000...60 OOO K. TemmepaTypa caMBIX XO-
AOOHBIX 3Be3ng — MeHee 2 OOO K m ux uBeT — KpacHOBaTHIH
(raba. 3.2). Takue 3Be3abl AJOCTYHHBI AAS HabGAIOAEHUN TOABKO
B HHPpPaKpacHOM AHAaNa30HE SAeKTPOMATHUTHBIX BOAH.

Tabanua 3.2. LUBeTt, TemnepaTtypa M CNEeKTPaAbHbIA KAQCC 3BE3A

TonybBoi V 30 000...60 000 0 Munraxa
Beno-roaytoi 10 000... 30 000 B Cnuxa, Pureas
Benuiii 7 500...10 000 A Cupuyce, Bera, Jlene
Henro-denniit 6 000...7 500 F IIponwor, Kanomyc
Henrtorit 5 000...6 000 G Conune, Kamenna
OpanjxeBbiit 3 500...5 000 K Anbaedapas, ApKTYp
Kpacurrii 2 000...3 500 M Amrapee, Berennreiize

M3ydeHHe XHMHYECKOTO COCTaBa 3BE€3J BO3MOIXKHO IIO CIIE€KT-
paMm moraomeHusi. I[logo6HOo cnekTpy Hamero CoaHIa HeIpe-
PBIBHBIE€ CIEKTPBI 3B€3J II€PECEKAIOT TEMHBIe AUHHUHU, KOTOpPBIE
COOTBETCTBYIOT CHEKTPaM H3AYYEHHS OINPENEACHHBIX BEIIECTB.
AHaAu3uUpPyd CHEKTPaAbHBIE ITIOAOCHI, YAAAOCHh ONPEAEAUTHh XH-
MHUYECKHH cocTaB BHAMMBIX HaM 3Be3n. Okasaaoch, YTO B ar-
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CTPOEHUE
N 3BOAOLNSA
BCEAEHHOW

Mmocdepe 3Be3n, kKak u CoaHIla, npeobaagarmT ABa 3AEMeEHTA:
Bogopon M reamid. Ha moaio ocTaAbHBIX 3A€MEHTOB IIPUXOAHUT-
ca He OGOoAee HECKOABKHX IPOIEHTOB. [Ipu HEBBICOKUX TeMIIE-
patypax B arMmocdepax 3Be3n MOTYT CyLIeCTBOBAaTb HeHTpaAb-
HBIE€ aTOMBI B npocrtedmue Mmoaekyarr: C,, CN, (HuuaH), OKCHIBI
THUTaHa, MUPKOHHUS, yraepona u Ap. B cmekTpax ropgauyux 3Be3[
npeobAazalT HOHU3UPOBAHHBIE aTOMBL.

Temnepartypa 1 LBeT 3B€3Abl B3auMMOCBA3aHbl. 3Be3Abl ObIBAlOT pa3HOro LBeTa: OT Kpac-
HOro A0 6eaoro u roayboro. KpacHbli — 3TO caMblii «XOAOAHbIW» UBET 3BE3A, KOTOPbIA
yKas3biBaeT, uto ee temnepartypa mMeHee 3500 K. XeatoBato-6eAble 3Be3Abl, NOAOOHLIE
Hawemy COAHLY, UMeIT B cpepaHeM Temnepatypy 6000 K. Cambie ropAauvMe 3Be3Abl —
ronybbie, ¢ Temnepatypoil nopsaaka 12 000 K.
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CxonmHble MeXAy co00# mOo CIHEKTPYy 3Be3Abl O0BEOHUHHAIOT
B CeMb OCHOBHBIX CIEeKTpaAbHBIX KaaccoB: O, B, A, F, G, K,
M (cMm. Taba. 3.2). Kaxpabpl¥i cneKTpaAbHBIH KAacC Hoapasnae-
AdeTCsd elle Ha AecdTh moakaaccoB. Hampuwmep, mHame CoaHIe
orHOocuTcd K Kaaccy G2. Kak BUAHO U3 TabAUIBI, cCaMble TOpd-
yue 3Be3aAbl — KaaccoB O, B, A, cambie XoaomHble — K u M.

Braromaps pa3BUTHIO CPEeACTB HabOAIAEHUS B IIOCAELHUE [e-
CATHUAETHUS YAAAOCH OOHAPYKHUTb HETUIIUYHBIE 3BE€3abl, HAd HUX
IPUIIAOCHE BBECTH OAOINOAHHUTEABHBIE CIEKTPaAbHBIE KAACCHI:
e W — oOYeHBb TAXEAbl€ APKHE 3Be3[bl C TEMIEpaTypoH Io-

panka 70 000 K (3Be3nsr Boarda— Patie);

e L — KopumuYHeBBIEe KapAHKH c Temneparypo# 1500... 2000 K
U COENMHEHHAMH METaAAO0B B aTrMmocdepe;

e T — MeTaHOBBIE KOPDHYHEBBI€ KAPAUKH C TeMIepaTypoH
700 ...1500 K;

e Y — oYeHb XOAOOHBIE (MeTaHO-aMMHAYHBIE) KOPHUYHEBEIE
KapAHKH Cc TeMIepatypoii Huxe 700 K;

e C — yraepomHbIE 3BE€3ABI-TUTAHTBHI C NOBBIMIEHHBIM COAEDP-
XKaHHUEM yTAepoma;

. S — LIUpPKOHHEBBIE 3BE€3Hl;

. Q — HOBBIE 3BE€3MbI;

e P — mnaaHeTapHBIE TYMaHHOCTH.

CBeTUMOCTH 3Be3a. [JAsS XapaKTEPUCTUKU 00Iiedf MOUIHOCTH
u3Ay4daeMol 3Be340H 3HEPrHUU HCIIOAB3YETCS IIOHATHE «ceemu-
Mocmeb 3ee30». OTa BaXHellIasd XapaKTEPHUCTHKA OIPEMEATET-
ca ¢ nomombio 3akoHa Credpana — Boarnnmana, coraacHo KOTO-
pPOMy OHa IPSAMO HPOIOPIHOHAaAAbHA KBaapaTy paguyca 3Be3bl
U YeTBEPTOH CTeIleHH TeMIiepaTypbl ee porocdepsl. CBETHUMOCTEH
3Be3bl CBsg3aHa C ee abCOAIOTHON 3Be3QHOM BEAMYHUHOU U IpPH



CTPOEHMUE

Aurapec N IBONOLR

G BCEAEHHOW

Bereasreiiae
—T T

—

Purens

Coanue Honayke - . CpaBHeHue

pa3Mepos 3Be3a

Cupnye AprTyp Aabaebapan

HeoOXOAMMOCTH JIETKO BhIYHCIAETCA. ¥ OOJIBIIMHCTBA 3BE3/l CBe-
THUMOCTB CDABHMMA MJIK MeHbIIe cBeTumocTH ComHna. OgHAKO
€CTh M TAKHe 3Be3/Ibl, CBETUMOCTE KOTOPLIX B COTHM MJIM Jaxe
TeICAYH pas bosabmie. Hanpumep, v 3Be3anl Aubaebapas (o Tens-
na) ceerumocTh B 160 pas npeBbiniaer colHe4Hyio, a y Purens
(B Opuona) — B8 80 000 pas!

Panuyc, macca M cpeHsAA MJIOTHOCTH 3Be3. ITo ceouM pas-
MepaM 3Be3/Ibl TaKKe CHJIBHO OTANYaloTesa Apyr ot apyra. Ecan
panuyc npessimaet paguyc ColHIa B COTHH pas, 3Be3/Ikl HA3hl-
BalOT ceéepxzuzanmamu. Hanpumep, Arrapec (0. CkopnuoHa)
umeet paguyc B 750 pas Goasme coanedsoro. I'uzanmamu Ha-
3BIBAIOT 3BE3/Ll, KOTOPLIE 110 paguycy npepsimaiT ConHIe B ge-
cATKH pas, Haupumep Iomnyke (B Bansuenor) (puc. 3.3). Hame
ConHue M 3Be3/bl ¢ MEHBIINMH PABMEPAMH OTHOCHAT K KApJiu-
Kam, cpeH KOTOPBIX ecTh 3Be3Abl MeHbIe JIyHEL.

AOPO 3BE€3[bl, @ 3HAYMUT, TEM 6onblue BblAENAETCH 3HEPruMu B pe3ynerate TepMO'ﬂ,’.‘tepHOlﬁ
peakuuu BHyTpW 3Toro sigpa. CnejoBatensHo, 60Nblle 3HEePruM AOCTUIHET MOBEPXHOCTH
3Be37bl U YBENWYUT ee TemnepaTtypy. OAHaKO eCcTb UHTePEeCcHOe WMCHKNKYEHWEe M3 3TOro
npasuna — KpacHble ruradTbl. O6blYHbIA KPACHbIA MMraHT MOMET NpoCylWecTBOBaTL BCe
¢a3bl CBOH MU3HKM B BUAE 6EN0i 3BE3abl, UMER Maccy, conoctaBumyio ¢ ConHuem. Ho 6nu-
€ K KOHLY CBOEH MW3HM KPAcHbIA MMraHT CTaHOBMUTCH APYE, NO3TOMY OH BbIrNAAWT He-
€CTEeCTBEHHO KOPHYHEBbIM.

m Macca onpeaenseT TeMneparypy 3Be3fbi: 4eM Gonblue mMacca, TeMm GoNnble A0MHHO BbiTh

| 163



CTPOEHMUE
M 3BOAOUMA
BCEAEHHOW

Auarpamma
lepuwnpyHra—Paccena
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Maccel 3Be3; HaXoAATcA B OoJee Yy3KUX mpegenax — OT
6 % maccsr ConHIA A0 HECKOJIBKHX JECATKOB COJTHEeUHBIX MAace.
910 00'BACHAETCA TEM, UTO Y TMI'AHTOB ¥ CBEPXTI'HIaHTOB OY€Hb
Maja cpeiHAA MJIOTHOCTH. Hampumep, NIOTHOCTE CyNepruraH-
ta Berensreitze (o. Opuona) — 1072 kr/m?. IInorHOCTS 3KeTOrO
kapauka Hamero Coaana — 1400 kr/m®, uro B MUIIMOH pas
boasme. CamMble NJIOTHBIE 3Be3kl UMelOT HeDoJbIIHe pasme-
pei. IlnoTHOCTE HEOOABIINX 3Be3[ OeJbIX KAPJIHMKOB JOCTHUTAeT
orpomubix saavenuit 10'°... 10" kr/m®. ITonpoGyiiTe npeacra-
BHTE, uTo 1 cM® BemecTsa Takoii 3se3bl umeer macey 100 ToHH.

Jduarpamma «cnekTp—cBeTumMoctb». B 1910 r. actpono-
Mamu JitHapoM Iepnmnpysarom ([Jasua) u 'eapu Paccenom
(CIIIA), HezaBHCHMO APYT OT Apyra, Oblna ofHapy:KeHa CBA3b
MeKJAV CIIeKTpaM# 3Be3J U X cBeTuMocTaAMH. [lonyueHHYIO
MMM 3aBUCHMOCTh Haspanu duazpammou I'epywnpynza—
Paccena (puc. 3.4). Ilo ropu3oHTaIbHON OCH AUArpaMMBbl OT-
JIOMEHBl CIEeKTpaJbHbEIe KJacchl (HJIH TeMIepaTyphbl 3Be3n),
M0 BePTHKAJBLHOH — MX CBeTUMOCTH (3a 1 mpMHATA CBETUMOCThH
Conrna). Kaxaoii 3Be3jie COOTBETCTBYeET Ollpe/le/leHHAA TOYKaA.
Touky rpynnupyoTca B HECKOJBKHX oDnracTAX — mocienoBa-
reabHOCTAX. Okono 90% a3Besan maxoaaTca BOAM3M AmaroHa-
M — zaaéHol nocaedosamenvHocmu. UX cBerumMocTs 00y-
CJIOBJIEHA TEPMOSJAEPHBIMH DEaKIIUAMH IIPeBpallesnsa BOaopoaa

uramwis

), OO0




B reanii. Kpome 3T0oro, BBEpXy BBIAEASIOTCH 00AacCTH THTAHTOB
U CBEPXTHUTAHTOB, B KOTOPBIX IIPOUCXOAUT FOPEeHUE reaus u 6o-
Aee TSIXKEABIX 3A€MEHTOB. B AeBOH HUXHeH YacTH AuarpaMMBbI
pacnoaoxkeHa o6aacTh O0EABIX KAPAHMKOB, 3B€3J, HaXOAAUIUXCS
Ha 3aKAIYHUTEABHOHN CTaAWU CBOEH 3BOAIOIIUH.
3Be3abl NPOBOAST OOABIIYIO YACTh CBOEH XKU3HU B obaacTu
rAaBHOM mocaenoBaTeAbHOCTH. CpPOK TakKoro cTabHABHOTO Cy-
IIeCTBOBaHHUS HENOCPEACTBEHHO 3aBHCHUT OT IIOAOXKEHHS B AHAr-
pamMme. YeM BBIIIIE U A€Bee 3B€37a, TEM OHA sipYe U ropsiiee, I0-
3TOMY B He#l ObICTpee BBITOpPAaeT BOAOPOXA. BpeMsa XKU3HH MeHee
APKOH 3Be3Abl, pacHnosaramieiicsa HUXKEe II0 fuarpaMme, 00Ab-
mre, 3TH 3BE€3Abl MOTYT CYIIECTBOBATH AECATKH MHAAHAPIAOB AET.
CoaHIlE HAXOQUTCS NPHUMEPHO IIOCEPEAUHE FAABHOM IIOCAEIO-
BaTEABHOCTH, HNEPBBIE 5 MADJ A€T €ro XKHU3HHU yXKE IPOIIAH, HO
OPUMEPHO CTOABKO e A€eT ellne Buepenu. Ilocae satoro y CoaH-
Ima, Kak U y APYIrUX HeOOABIIKUX 3BE€3J, BBHITOPUT BOLOPOX, SHEP-
MU CTAHET MEHBIIE U CHABI TATOTEHHUS OyAyT CHAbHEE CXKHMATh
aapo 3Be3nbl. M3-3a 5Toro B gsape 3Be3Abl HAYHYTCS TEPMOSIEpP-
Hble peaKIlMH, CBA3aHHBIE CO CAUSHHEM TeAUd, 3Be3[a pacllu-
puTca B mecsaTKH pa3. Kakoe-To BpeMda ee CBETHMOCTBH OymeT
CHUABbHEE, a 3aTeM 3Be3Jla OCTBIHET A0 KpacHoro uBera. Hame
CoaHIle IpeBpaTHUTCA B KPACHOTO THUTaHTa, INOKHHYB TAaBHYIO
IOCAENOBATEABHOCTL AuarpaMmsel 'epumnpyHra—Pacceaa, me-
peiina B obaacThs ruraHToB. Korga B ero Heagpax 3aKOHYHTCH Te-
AW, TPAaBUTAIIUA COXMET SAPO B MAaA€HBKYIO IIAOTHYIO 3BE€31y,
6eaoro KapAMKa, KOTOPBIH OyaeT IOCTENEHHO OCTHIBAThH, PacCIIO-
Aarasich BHHU3Y AHarpaMMbl, B ob6aacTu OeABIX KaAPAUKOB.
3Be3q MOKpPYIHee XKIAET Kyna Ooaee mHTepecHasa cyansba. e-
AWS B HHUX JOCTATOYHO, YTOOBI NIPOJOAXKATE TEPMOAAEPHYIO pe-
aknuio. I[locae cropaHus reAuss B PEakKIUI0 BCTYIHUT yTA€POM,
3aTeM — MarHu¥. PaHo MAM mO3QHO 3Be31a JOCTHUTHET KPUTHUE-
CKOI Macchl, IOCA€ KOTOPOH B30pPBETCH, NpeBpallasich B CBEPX-
HOBYyI0. Kaszaaocp 6bI, 3Be3abl, HUMeIOIIHNE OOAbIIIEE KOAHUYECTBO
BOoJOpoAa AAS TOPEHHUS, NOAXKHBI PacXoZOBaTh €ro AOABIIE, HO
3TO0 HE TaK, IIOTOMY YTO OHH HCIOAB3YIOT CBOHU PECYpPCHI OBI-
crpee. [TosaTomMy 6oaee MacCHBHBIE 3BE3Abl XKHUBYT MEHBIIE.
Pesrome. 3Be3asl MMEOT pa3AMdYHBIE (PHU3MUYECKHE XapakK-
TEPUCTHUKHU: TEMIepaTypy, CBETHMOCTh, MaccCy, pa3Mep, IAOT-
HOCTh. CXOXHe IO BUAY U3AYUE€HUS 3Be3Abl 0ObeJUHEHBI B CIEK-
TpaAabHBlE KAacChbl. MeXAy pa3AMYHBIMH (PU3UUYECKHUMH Xapak-
TEPUCTHKAMH CYIIECTBYET CBsI3b, HAIPHUMEDP MEXKJAY CIEKTPOM
u cBeTuMOCTbhi0. [umarpamma lepumnpyHra—Pacceaa ucnoab-
3yeTcs OAd KAAaCCH(MUKAIIMHU 3Be3J M COOTBETCTBYET COBPEMEH-
HBIM NPEACTABACHHUSM O 3BE€3QHOH 3BOAIOIIHH.

CTPOEHME
u 9BOAKOLIMA
BCEAEHHOW

165



CTPOEHUE
U 3BOAIOLIMA
BCEAEHHOM

KOHTPOAbHbLIE BOMPOCHI

1. Kak cBfizaHbl MeXAy coboil uBeT U TemnepaTtypa 3Be3A?
. Uto Takoe cnekTpaAbHble KAaccChl?
3. K KaKumM cneKTpaAbHbIM KAQcCaM OTHOCATCA cCaMble ropsiukMe U ca-

N

Mble XOAOAHble 3BE€3AbI?

4. Y10 TaKoe CBETUMOCTb?

. HazoBUTe pAMana3oHbl 3BE€3AHbIX MAacc, PaAMyCOB U MAOTHOCTEMW.

6. OnpepeAnTe, B KakUX CO3BE3AUAX HAXOAATCA 3BE3Abl, MEPEUYUCAEH-
Hble B TabAa. 3.2. HalauTe UX Ha 3BEe3AHOM KapTte

7. 410 HasbiBalT AMarpammon lepuwnpyHra — Pacceaa?

8. Kakne obAaacTv BbLIAEAAKT Ha AMarpamme?

9. B kako# obaacTu HaxoAuTcs HauboAbLlee KOAMUECTBO 3BE3A?

[}

10. B KakOoM MecTe AMarpamMmbl pacnoaaraetca Hawe CoAHue?
11.Mokaxute no auarpamme lepuwnpyHra — Pacceana XM3HEHHbIM NyTb
CoAHua.

3AAAHUE AAA CAMOCTOATEABHOW PABOTSI

B UHTepHeTe HaiauTe avarpammy lepuwnpyHra —Pacceaa, noctpo-
€HHYI0 MO AaHHbIM U3MepeHUW napameTpoB 41 704 6auxandwwmx
3Be3A, NMPOBEAEHHbIX C NOMOLWbIO annapaTypbl, YCTAHOBAEHHOW
Ha cnyTHUKe «funnapx», U cpaBHUTE ee C AMarpaMMoi, NpeAcTaB-
A€HHOW B yuebHUKe. YKaXUTe OTAUUUSA.

TEMbl AOKAAAOB

. 0cobeHHOCTU 3BE3A OAHOIO M3 CNeKTpaAbHbIX KAAcCcoOB (Mo BhI6OpY).
. 0co6eHHOCTH 3BE3A HOBbIX CMEKTPAAbHbIX KAACCOB.
. Xun3Hb M cMepTb 3BE3A FA@aBHOW MOCAEAOBATEABHOCTH.

A WN -

. XX13Hb U CMepTb MacCUBHbIX 3BE3A.

3.3. Buabl 3Be3A

X¥eaTnble KapAHKH. HabOAlogmaeMble 3Be3abl NIPUHATO pas3fe-
ASITH Ha HECKOABKO BHIOB.

JKenmotii kapnauk — THUID He(GOABIINX 3Be3[ TAABHOM IO-
CAEIOBaTEABHOCTH amarpaMmsbl 'epumnpysara—Pacceaa, ume-
romux maccy or 0,8 no 1,2 maccel CoaHIla U TeMIIepaTypy IO-
BepxHocTH — 5 0OO0O... 6 OO0 K. BpeMsa KH3HH XKEATOTO KapAHU-
Ka cocTaBAsieT B cpenHeM 10 mapna aerT.

KpacHblie ruHraHTbl. KpacHolii 2u2aHm — ©5TO KpyhnHas
3Be3Ja KpPpacHOBAaTOIO0O HAHM OopaH)keBoro nsera. ObOpaszoBaHue
5THX 3Be€3J BO3MOXHO KaK Ha CTaAuH 3Be3foobOpa3oBaHHUHA, TakK

166 I U Ha IIO3AHUX CTaAHUAX 3BOAIOIHHU 3BE3M IIOCAE€ BBITOPaHHUA BO-



nopoza B ux Heapax. Korpa samacekl BOJOPOAA NOAXOAAT K KOH-
1y, reJiuii HaunHaeT n1peo6pa3oBLIBATHCH B APYIHe 3JI€eMeHTHI.
IIpu 3TOM NPOMCXOAUT NOBBILIEHNE BHYTPEHHEH TeMIepPaTyphbi
AApa, 4TO NPUBOAUT K PACIIUPEHUI0 U OCTHIBAHUIO BHEUIHEH
OBEPXHOCTH 3Be3/bl, Oylarogapsa yeMy 3Besja npuodperaer
KPACHBIHM IIBET.

CTPOEHHE
1 3BOAKOUMA
BCEAEHHOH

©

KpynHenwan uasectHas 3ee3na UY Wuta — 3Be3aa (runepruranT) B co3se3aun LuTa.
OHa HaxoguTcs Ha pacctosHun 2900 nk ot ConHua. Mo oueHKam yyeHbix, paguyc UY

LWurta pasen 1708 paguycam ConHua, anametrp — 2.4 mnpa km (15,9 a.e.).

3Be3/la TUraHT UMEeT CPABHUTEJLHO HU3KYIO TeMIepaTypy
nosepxHocTH, oT 3 000 zo 5 000 K, orpomMusIil paguyc, A0CTH-
raomuii 800 conHeuHBIX, U 3a cUeT TAKHMX DOJBIINX pasMe-
POB — OI'DOMHYIO CBETHMOCTB. MﬁKCHMyM H3JIYyUYeHHUdA NPpHUXO0o-
JAMTCA HA KPACHYIO M HH(pPaKpacHyI0 00JacTH CIEKTpa, MOTOMY
MX U HA3BIBAIOT KPACHBIMH I'MT'aHTAMH.

Pazmepb! KpaCHBIX 'HTAHTOB B COTHHU pas b0JibIle pasMepos
00bryHBIX 3Be3. KpynHeiilnne U3 rUTAHTOB MOT'YT IPEBPATHTD-
cA B KPACHBIX cynepruraToB. KpacHbIi rurasT BeIOpachsIiBaeT
BHEIIIHUE CJIOM rasa, o0pasysa TeM CaMbIM ILJIaHeTAPHBIE TYMAH-
HOCTH (puc. 3.5), a AAPO CKUMAETCHA B MAJEHbKHH, IJIOTHBIH
Oernblil KapJIuK.

©

KpacHbiM cBepxruraHToM ssnsetcs bBetensrei3e B co3se3auu OpuoHa. 31a 3Be3ja
8 20 pa3 npesblwaer maccy ConHua 1 npu 3atom B 1000 pa3 ero Gonblue.

Banxaiwan
nAaHeTapHan
TYMaHHOCTb

(650 ceetoBbIX AET),
pacnoAoXeHHas

B co3Be3aun Boaones
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CTPOEHUE
N saBoarouus
BCEAEHHOM

Beable kapauku. BeAblH KapAHK — 3TO QPO OOBIYHOH
3Be3Obl C Maccoi, He NpeBrImaOmei 1,4 COAHEYHOH MacCChI, II0-
CA€e TOTO, KaK OHAa MNPOXOAUT CTAAHI0 KPACHOTO THUraHTa. Boab-
IIXUHCTBO 3Be3[ 3aBepllaeT CBOI 5BOAKIIHNI0 INpeBpallleHUEM
B OeABIX KapAMKOB. 3Be31a YMEHbBUIIAEeTCS B pa3Mepe B COTHHU
pa3, obpeTas OTPOMHYI0O IIAOTHOCTL. Ilo pasmepy Geabl¥ Kap-
AWK CTAaHOBUTCH MeHbIle 3eMAH, HO MAacCy €ro MOXHO CpaB-
HUTH ¢ Macco¥d CoaHma. TemmepaTypa MOAOABIX OEABIX KapAHU-
kKoB pocturaer 100 OOO K u 6oaee, ogHAKO AOCTATOYHO OBICTPO
majgaeT 3a CYeT HM3AYUYEeHHS C HOBepXHocTH. M3-3a oTcyrcrBUA
BOAOpOLAa TepMosgAepHas peaKIUsd B sSApe TAKUX 3Be3] He Ipo-
ucxonutr. OHHU CHUAIOT 34 CUeT CBoeil ocTaBIlelicada 3HEPTHUU, HO
CoO BpeMeHeM OHa 3aKaHYMBaeTCs, U 3Be3Ja OCTHIBAeT, IIpeBpa-

madach B YEPHOTO KapAHKaA.

CaMmblit 60AbLION GeAblli KapAMK pacrnoAaraeTcsi B LEHTPe MAaHeTapHOW TymaHHocTu M27
(NGC 6853), koTtopas 60Ablie U3BECTHA KakK TYMaHHOCTb laHTeAb. OHa HaxoAUTCA B CO-
3Be3AUMU AUCUUYKM, Ha pacCTOAHUU OKOAO 1360 cBeToBbIX AeT OT Hac. Ee uweHTpaAbHas
3Be3pa 6oablie, yuem A6OKM Apyroii M3BecCTHbI 6eAblii KapAuK.
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Kpacuble kKapauku. Kpachelii Kapaux — MaAeHbKasg H
OTHOCHUTEABHO XOAOJAHAas 3Be3Ja 'AaBHOW IIOCAELOBATEABHOCTH.
OTH 3Be3Abl ABASIIOTCS CaAaMBIMU PaCIpPOCTPaAHEHHBIMHU OOBEKTAa-
MH 3Be3JHOro TUIa Bo BceaeHHo#. Macca KpaCHBIX KapAHKOB
He NpPEeBBIIIaeT TPETH COAHEYHOH Macchl (HHXHHUH mpemea mac-
cel — 0,08 coaHeuHO!), TeMOmepaTypa HOBEPXHOCTH AOCTHUTrA-
er 3 500 K. 3Be3ngbl 3TOr0o THUIIA HCIYCKAIOT OYeHb MAAO CBeTa,
unHorza B 10 000 pa3 menbume CoaHna. Bauxatimaa Kk CoaHny
3Be3na [Ipokcuma lleHTaBpa — KpaCHBIM KapAHK.

Huskasa cBeTHMOCTh H€ NO3BOASET YyBUAETh HU OAHH H3
KpPaCHBIX KapAUKOB ¢ 3eMan. M3-3a HU3KOH CKOPOCTHU CTOpaHUud
BOAOpOAa KpPAaCHBble KaPAMKH HMEIOT O4YE€Hb OOABIIYIO HPOIOA-
JKUTEABHOCTD XKHM3HH — OT AECATKOB MHAAHADPAOB A0 AECATKOB
TPUAAUOHOB A€T (KpacHBIM Kapauk ¢ macco¥ 0,1 maccel CoaHIla
6ynet ropeth 10 TpaH AeT). B KpacHBIX KapAHKaX HEBO3MOXK-
HBl TEPMOSAAEPHBIE PEAaKIHUHU C y4acTHEM TeAUusl, HOd3TOMY OHH
He MOTLYT IpeBpaTUThCA B KpacHble TUTaHThl. CO BpEMEHEM OHHU
IOCTEIIEHHO CXKHMAalTCsa U Bcé Ooabllle HarpeBaloTCs, IIOKa HeE
n3pacxoAylOT BeCh 3amac BOAOPOAHOIO TOMNAHBA.

KopuuyHeBBhle KapAauKu. Ecaum B mpomecce POPMHPOBAHUSA
MOAOZOH 3Be3Abl (IPOTO3BE3bI) €€ Macca COCTaBASET AHIIbB
1/10 maccel CoaHIlA, ee cUssHHUe OygeT HEZOATHM, IIOCAE UETO
oHa OpIicTpo racHer. Ilocae Hee ocTaeTcs KOPHYHEBBIH Kap-
nuK, KOTOPBIH mpencrtaBaseT co00¥f MacCCHBHBIH# Tra30BBIU



miap, CAUMKOM 60nbIoil, uTo6s! OBITE NIAHETOH, W CAUIIKOM ?ﬁgﬁm
MaJeHbKHIl, uTobbl cTaTes 3Be3foii. On mensme ConHna, HO BCEAEHHOW
B HECKONbKO pa3 Gonbine HOnurepa. Temneparypa xopuune-
BBIX KAPJIHUKOB JIeKHUT B npomesxkyTire ot 300 no 3 000 K. Ko-
pUYHEBble KAPJIHKH HA NPOTAXEHHUH CBOEH KH3HH NOCTOAHHO
OCTBHIBAIOT, IIPH HTOM 4YeM KPYIHee KapJuK, TeM MeAJeHHee
OH OCTHIBaer.
HeGecHoe Teno ABARETCA 3BE3/01 TONMbKO TOTAa, KOrga B ee HeApax MpoTeKaeT TepMo-
m AAEPHbIA CMHTES, T.€. ropeHue Bogopoaa. Heobxogumas Temnepartypa ans «crapras —

3000000 K. [locTdraerca oHa CxaTuem Noj BO3AEHCTBMEM rpaBuTaLMK: CHUMAaACh,
yBENMYMBAETCA NNOTHOCTL ra30B0Oro Wapa. Boilwe nnoTHOCTL — Bbilwe Temnepatypa. Koraa
NNOTHOCTL AOCTUraeT CBOEro npeaena, NpoMCcXoauT BocnnameHeHe Bojopoaa, T.e. Tep-

MOSIAEPHbIA CHHTES.

Yepnsie kapaukn. Yepuvie kapauxu — ocTeIBIIHe Gesbie
KapJMuKH, KOTOPBIE MPeACTABAAIT c000il KOHEYHYIO CTAAHUIO
aBOMIONAHA OenbIX KapauKoB. Macca 4epHOro Kapiamka, 1ogobHo
macce Genmoro kapauka, He 6osiee 1,4 maccesl ConHna.

CeepxnoBbie 3Be3abl. CepXHO6bIMIU CTAHOBATCA 3BE3/HI,
macca Koropeix B 8—10 pas npessimaer coiHeunyi. Hapa ra-
KHX 3Be3]], HCUYepIiaB BOJOPOX, MEPEeXOIAT K Tep-
MOSiIEPHBIM peaknuaM ¢ yuyactuem renusi. Mc-
Hepras rejdif, AApo NepPexoJUT K CHHTe3y Bce
Bonee TAMKeNLIX dNeMeHTOB. B KoHeuHO# cTa-
MM CBOell 9BOJIOIIMH TaKasi 3Be3ja IpeBpala-
eTCA B ¢CJIOEHBIM» CBePXruradT. B kammaoMm cioe
OPOUCXOAHNT CBOM THII TEPMOSAAEPHOrO CHHTE34a.

Korzga ronnugo A TepMOANEpPHBIX Peakiinii
3aKaHYHBaeTcHd (3aKNI0YNTEeILHEIN TAIl CONPO-
BOMKAAeTCHA CHHTE30M JKeJjie3a), 3Be3/la B3phIBa-
eTcd, IPH 3TOM €€ CBeTHMOCTH 38 HEeCKOJBKO
AHEeH MOYKeT BO3PACTH B COTHM MHJLIHOHOB pas.
Bapsie conpoBoxkaaeTcs BHIOPOCOM 3HAYUTE N b-
HOH Macchl BellecTBa M3 BHEIIHEH 000J0ouKM
3Be3bl B MeK3Be3iHoe npocTpaHcTBo (puc. 3.6).
W3 ocrasimeiica yacTH BemecTsa AApa B30OPBABIIEHCHA 3Be3JIbI,
Kak npasuyio, ofpasyercs KOMOAKTHBINA OGBEKT — HelmpoH-
Hasa 36e3da, ecIA MACCA 3Be3JIbl IO B3DPLEIBA COCTABIANA Gojee
8 cosHeYHBIX Macc, Aub0 yepHad AbIpa — IPH MACCE 3Be3bI
ceeimie 20 coHEYHBIX MAacce.

Pacmupsamomiadsca ¢ OrpoMHOE CKOPOCTHIO (HIPAMEPHO
2000...3000 km/c) BHemHEAA 060J0YKA COAEPIKHUT NPOAYKTHI
TEPMOAJAEPHOrO CHHTE3a, MPOUCXOAUBIIEr0 HA NPOTHAMKEHUH

Ceerawancn
TYMaHHOCTb —
OCTaToK B3pbiBa
CBEPXHOBOW 3BE3Abl
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CTPOEHME
1 3BOAKOUMA
BCEAEHHOH

BCcel sxua3HM 3Be3abl. MMeHHO Oiarogapsa B3phiBaM CBEDPXHOBBIX
3Be3J IPOMCXOAHUT HACKIIIEHHE MEK3Be3THOM CpeAbl TAMXKeIbIMHI
anemeHTaMu. B aTOoil cpeje BIOCJEACTBHU POMKAAIOTCHA HOBbLIE
3Be3/bl, IJIAHeTHI M Halla yriepoaHasa (hpopMa KH3HH.

YTO BO3HMKNA HOBasA 3Be3[a, POAUBLLAACA B 3TOT MOMEHT. Tenepb U3BECTHO, YTO Ha ca-

m B apeBHOCTH, KOrAa Ha HeGe BHe3anHo 3aropanachk SpKas 38e3ja, Nioav npeanonaranm,

MOM Jiene 3Be3fla B 3T0T MOMEHT HE DOX/AEeTCA, a B3pbiBanAch, yMUpaeT, 3aBepluas CBOA
HU3HEHHbIW LMK, OﬂHaKO Ha3BaHWe TaKuxX 3Be3[ 0oCTanoCb NpexHUM — CBEepXHOBbIe

3Be3]bl.

YepHan Abipa
(B NpeAcCTaBAEHHH
XYAOXHHUKE)

170

Heiirponnsie ssesasl. Helimponnan séeszda — 3T0 3Be3-
a, cyKaTHe AApa B KOTOPOH He INpeKpamiaeTcsa 0 Tex nop,
IOKa NPOTOHBI, 3aXBAThLIBAA 3JIEKTPOHLI, He HIPEBPATATCH
B HEHTPOHBI.

Macca HelTpOHHOMN 3Be3jnl OoJiblle coJHe4YHOH B 1,4—
3 pasa, npu arom ee auamerp cocrasiaser 10...20 km. Ilnor-
HOCTh TAKMX 3BE€3J] Ype3BbIYailHO BBICOKA, OHA OJAHM3Ka K
MJIOTHOCTH aToMHOro siapa: 1 cM® 6yaer BecHTH NpUMEpPHO
100000000 7! Cusia TAXKecTH HA HOBEPXHOCTH HEHTPOHHOM
3Beaanl npumepHo B 100 mapa pas Beimle, yeM Ha 3emie. Baa-
rogapsa HAJHYHIO MAarHMTHOrO NOJiA B OBICTPOMY BpalleHHIO
3Be3/bl NIPOMCXOAUT HAIIPABJIEHHOE HU3JIyYeHHE
3JIeKTPOMATHUTHBIX BOJIH B DA3JMYHBIX AUana-
soHax. Ha 3emye QUKCHPYIOT HMOYJALCH M3~
Jy4YeHUH PasJIMdYHBIX HEHTPOHHBIX 3Be3] C Ie-
PHOZOM OT HECKOJIBKHX CeKYHJ A0 HECKOJBbKHX
MUJIJTUCEKYH/.

Yepusie abipel. Yeprnaa dwvipa aBiaercs
KOHEYHBIM 3TAIOM JBOJIIOIHH MACCHBHEIX 3Be3/]
[IpH YCJIOBHH, YTO Macca OCTATKOB 3Be3/sl DoJee
3 conHeuHbIX Macc. Korga obbekT Takoi Macchl
CIKHUMaeTcHd J0 pa3dMepoB HECKOJBKHX KHJIOMe-
TpOB, noJjie TArOTeHMsa OKa3bkiBaeTcsa HACTOJIBKO
CHJIBHBIM, 4YTO BTOPafd KOCMHUYECKAHA CKOPOCTh,
HeoOxoaMMas JIA TOro, 4ToObl MPeosoaeTh IpH-
TAMXEeHHe 3Be3bl, CTAHOBHUTCH 60.111:!118 CKOPOCTH
ceera. Bbuinau 3pe3ibl HHKAKHE 00beKThI, ABHIKYIIHECH CO CKO-
POCTBIO CBeTa, He cIOCOOHBI IPEOA0JIeTh CHIIbI €€ IPUTAMKeHU,
B TOM 4ymcJje U caMm cBer. I'paHEuIia, U3 KOTOPOI He MOTYT BbI-
pBaThcHa 00'BEKTHI JaXke CO CKOPOCTHLIO CBEeTa, HA3BIBAGTCH 20pU-
aonmom cobbimuii. HUKTO He 3HAeT HABEPHAKA, KAK BBINJIAJAUT
yepHas AbLIpa, HO CKOpee BCero, 4TO BelleCTBO, JeTHAIlee K ee



CTPOEHUE
IIOBEPXHOCTH, pa3roHdAeTCd U pas3orpeBaeTcd KU, Hepen TeM Kak U 3BOAIOLIUA

HBIPDHYTH 34 TOPHU30HT COOBITHH, MOAXKHO CBETHThCH. [loaToMy BCEAEHHOM
BBITASE€THh OHa OyneT He KaK KPYTABIH YepPHBIH AHUCK, a KakK CH-

AMUuE opeoaoM o06BekT (puc. 3.7).

Yto6bl 3eMASl CTana UYEpHOW AbIpOi, €ee HapO CXaTb A0 Pa3MeEPOB ropoWUHb. AAS npe-
BpalleHUA COAHLA B YEPHYI AbIPY EM0 HYXHO YMEHbWUTb A0 3 KM.

Peszrome. CoBpeMeHHBIE aACTPOHOMBI 3HAKOMBI CO MHOTHMHU
BHUAAMH 3Be3x. [IpuBegeHHBIN IlepedeHb HE HUCUYEPIBIBAET BCErO
BO3MOXHOTO MHoroobpasus 3Be3n Bo BceaeHno#. Cpenu mepe-
YHUCAEHHBIX KOHEYHBIMH CTAaAHUAMH 5BOAIOIHUU 3BE3J pa3AHUY-
HOH Macchl ABASIIOTCS OeAble KAPAMKH, HEHTPOHHBIE 3BE3bI

U YE€pPHBIE€ ABIPBI.

KOHTPOABHBIE BOMNPOCHI

. Kakne BuAb 3Be3p Bbl 3Haete?
. Kakne 3Be3Abl Ha3biBaloT XEATbBIMU KapAMKaMu?
. AaiiTe onpeaeAeHUe BeAbIM KapAUKaM.
. Pacckaxute 0 KpacCHbIX KapAUKax.
. Uto Bbl 3HaeTe O KOPUUHEBbIX KapAuKax?
. Kakne 3Be3Abl Ha3blBalOT KPACHbIMWU FMraHTaMu?
. Pacckaxute o cBepXHOBbIX 3Be3AaX.
. Yto Takoe HelTpoHHaAsA 3Be3pa?
. Kakue 3Be3Abl Ha3biBaloT YUEPHBIMU AblpaMu?
Mouemy CoAHLE He MOXET BCMbIXHYTb, Kak CBEepxHOBas 3Be3Aa?

© 0N O AW R
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. Uto Takoe ropusoHT cobbITUI?

3AAAHUE AN CAMOCTOSAITEABHOW PABOTHI

CocTaBbTe CpaBHUTEAbHYIO TaGI\MLI,y HeﬁTpOHHbIX 3BE€3A U YEepHbIX
AbIp U 3@aNOAHUTE €e.

TEMbl AOKAAAOB

1. OnucaHMe XW3HU KOPUUHEBBIX KapAUKOB.

2. NMhraHeTapHble TYMAHHOCTUM W OCTaTKW CBEPXHOBbIX 3BEe3A, 3anevar-
AeHHble Ha ¢oTorpadpusax 3aBe3pHoro Heba.

3. UcTopua uccaepAOBaHUA HEWTPOHHBIX 3BE3A.

4. UCTOPUA OTKPbLITUA UYEPHBIX AbIpP.

5. YAMBUTEAbHbBIE CBOWCTBA MpPOCTpaHCTBa-BpeMeHW BOAU3U UepHbIX

AbIp.
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3.4. 3Be31Hbleé CUCTEMDI

JlBoiiHbIe H KpaTHbIE 3Be3JIHbIe CHCTeMbl. 3Be3/IHbIe CHCTe-
MBI MOT'YT COCTOATH M3 OJHOM, ABYX MaM Oojee 3Be3n. CamMbiM
pacnpocTpaHeHHBLIM THNOM (Ha HUX NPUXOAMTCA NPUMEPHO
50 % HabawoaaeMbIX 3Be3]1) ABJIAITCA JBOMHBIE 3Be3IHLIE CHCTe-
MBI, KOT'/Ia JBe 3Be3/Ibl, 'PABMTAIIMOHHO CBA3AHHLIE APYT C APY-
rom, ofpamanTca BOKPYr ob1ero mesTpa Macc.

Eme oxkono 20% — kKpaTHBIe 3Be3JHEIE CHCTEMBI, COCTOHA-
mue U3 Tpex ¥ Gomee 3Besn. BuiaT cayuamn, rorga 6osee je-
cATKAa 3Be3] o0pasyioT cucteMy. B Takom ciyuyae OHH HA3LIBA-
I0TCA 38e30HbIM ckonaeHuem. Eciu Takas 3Be3aHad cUcTeMa
He CIMIIKOM yAaleHa OT 3eMJH, TO B TeJNeCKON yAaeTcA pas-
JTUYHATE OTHAebHEIe 3Be31bl. Hanpumep, Munap, Aspkas 3ses3ja
B cepeluHe pyukH KoBma Bonbmoit Measeaunel, #MeeT MeHee
ApKHH cnyTHHK — AJabkop. Habnofenus B MOIIHEIE TEJIECKO-
Nnbl MOKA3aJIu, YTO 00e 3TH 3Be3Jbl BXOAAT B COCTAB IIECTHKPAT-
HOM 3Be3IHOM CHCTEMBEI.

HanGonee uaBectHasa IlonspHas 3Be3ja BXOAUT B COCTAB
TPOMHOM cHcTeMbl. TpeTbda O APKOCTH 3Be3/la Ha Hebe —
o IlerTaspa — Ha caMOM JieJie COCTOHNT M3 IBVX JKeJTHIX Kap-
JTUKOB, moxoxxkux Ha Connue (o Ilearaspa A, o llearaspa B),
u kpacHoro kapiauka — IIpokcumel Ilesraspa (puc. 3.8). 9to —
onmkalmaa K HaM 3Be3aHada cucrema. Ha paHHBIE MOMEHT
IIpokcuma Haxogurca HeMHOro 6amike Kk ConHedHOU cucTeMe,
yeM OCTAJIbHbIE 3Be3/bl B 9TOH TPOMHONA cHCcTeMe.

Ecnn ke paccTosHHE A0 3Be3[ 3HAYUTENBHOE, TO olpeje-
JUTH, 3BE3J1a 9TO WJIM 3Be3HAA CHCTEeMAa, MOKHO 10 KOCBEHHBIM
npusHakaMm. Hekoropble ABOiiHBIe 3BE3IHBIE CHCTEMBI YAAJIOCH
00HADYKHTE IO NEPUOAMYECKOMY H3MeHeHHI0 uX 6aecka. Eciu
HanpasjeHne oT Habuo[aTesisa Ha LEHTP MACC ABOITHON 3Be3Abl
OpPOoXoAXT BOIMBH IUIOCKOCTH HX OpOHUTEI, TO HAbI0AaTe b BHAAT
3aTMEeHH#A, IPHA KOTOPLIX OJIHA 3Be3/la Ha BpeMs 3acJOHAeT APY-
'VIO. OJIHa U3 CaMBIX M3BECTHLBIX 38TMEHHO‘,E[BOF1HI:IX 3Be3] —

@
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Axarous (B Ilepcesn), ee apabckoe HazBanue o3Haqaer «I1as aba-
sosa». C yeTKoil nepuoguuHOCTHIO B 69 9 ee ApKocTh mafaeT 10
Tperseil BUAMMOM 3Be3iHOM BeauuuHbl (3™), HO uepes 7 4 OoHA
BHOBb Bo3pacrtaeTr no Bropoi (2™). Ha puc. 3.9, a naobpaxe-
Ha KpuBas Oiecka 3Bes3nbl ANrosb, Ha puc. 3.9, 6 —B3aUMHOE
PAcCHOJOMXKeHUe 2JIEMEeHTOB 2TON ABOMHON 3Be3THOH CHCTEMBI.

W3 ananuza uaMeHeHus OJecKa ¢ TedeHHUEM BPEeMeHH JJis
3aTMEeHHO-JBOMHLIX 3Be3Ji ACTPOHOMBI MOTYT ONPEeAeIHTh P
BAYKHBIX (DHU3MUECKHX XapPaKTePHCTHK: PAJANYCHI M MACCHI 3THX
spesn. Eme oauH cnocob onpejgesieHHs ABOMHBIX 3BE3IHBIX CH-
CTeM — M0 CIeKTPAJILHBIM JIHHHAM 3Be3/l, KOTOPhIe CMeIIalTCH
B CMHIOI 4YacTh CHEKTpa 1o Mepe npubinikeHus OQHONH 3Be3 bl
3TOM cucTeMbl K HaOJMOAaTe 0 WX B KPDACHYIO YACTh CHEKTpa
o Mepe yAaJieHHs CBeTHJia oT Habiaiomarens.

Hogsie 3Be3nsl. Hosas 3seada npepcrasaser coboit ABOI-
HYIO CUCTEMY, COCTOAILIYIO U3 DeJIoro KapjJuKa U 3Be3Jbl-KOM-
naHLOHA, 00BIYHO HAXOAAIIEHCA HA TJIaBHOM MOCIeI0BATEeIbHO-
ctu (puc. 3.10). B rakux cucremax ras co 3Beaibl IOCTEIIEHHO
mepeTeKaeT Ha OeJIbli KapJMK ¥ NePHOJHUYECKH TaM B3PbIBAET-
cd, YBeJIMYHMBaA APKOCTH 3Be3{HOH CHCTEeMBbl B THICAYH, a4 HHO-
rAa 1 B COTHH ThIcAY pas. Habaogarean ¢ 3eMJIH HA3BIBAKOT
3TO ABJIEHUE POWOeHUeM H060Il 368e30bl. Jlo aTOr0 TYCKJILIIL,
BO3MOYKHO, M HEBHIMMBIN AJA 3eMHOro HabniomaTens o0BEKT
npuobperaer 3amMeTHY0 sipkocTh. Kak npasmio, makcuMmyma
APKOCTH TAKas BCOBIIIKA JOCTHIaeT BCEro 3a HECKOJIbKO JHEeN,
a saTyxaTh MoskeT rogamMu. Tak:ke BOKPYT HOBOM 3Be3IbI MOMK-
HO HAOII0JATh PACIINPAIIIYIOCH Ira30ByI0 060JI04YKY.

Ecnm npu ABMIKEHHUH MOTOKOB 3BE3JHOTO BEIECTBA OT OLHO-
o 3JIeMeHTa 3Be3/{HOM cHCTeMbl K APYTo# Macca IPpUHAMAIIeH
BEIIeCTBO 3BE3/EI IPEBBLICHT ONIpeJe/IeHHbIH npejgen (IpuMepHo

CTPOEHUE
W 3BOAIOUMA
BCEAEHHOW

38e35a AATOAL

(B Nepcen):

a — kpuBan baecra
3B€3Abl;

6 — B3anmHoE
pacnoAoXeHue
IAEMEHTOB 3TOM
ABOMHOW 3BE3AHOW
CHCTEMBI
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CuabHOE
rpasuTaumoHHoOe
nputaxeHne Geaoro
KapAMKa NPUTArMBaET
BELLECTBO M3 3BE3AbI-
KOMNaHboHa

(B NpeACTaBAEHUH
XYAOXHWKA)

TPH COJIHEYHBIE MACChl), IPOMCXOAUT DoJiee rpaHAHO3HOE U pejl-
Koe coDBITHEe — BCHBIIIKA CBEPXHOBOH 3Be3/bI.

Oco0bblit HHTEpPEC BBIZBIBAIOT ABOMHBIE CUCTEMbI, KOMIIOHEH-
TAMH KOTODBIX ABJIAKTCA YepPHBIE ABIPhI MJIM HEHTPOHHBIE 3Be3-
Abl. AcTpoHOMBI HAOJIOAANN 3Be3JHBIE CUCTEMEI, B KOTOPLIX
OJMH U3 KOMIOHEHTOB JIBOMHON CHCTEeMbl ABJAeTCH 0OBIYHOM
3Be3Jioii, a BTOPpOl — O4YeHb MACCHBHBIM W HEBHJAHMBIM 00beK-
TOM, MMEIOIUM MCTOUYHHMK MOIIHOIO PEHTTeHOBCKOIO Halyde-
HUA. MO¥HO NpeAoNnoKuTh, YTO BTOPOI 3JIeMEeHT IpeCcTaBIIA-
eT coboi YepHYIO ALIPY, KOTOpas NPHTATUBAET BEIleCTBO BTO-
poit 3Besarl Giarosapsa 4yAOBHUIIHOMY TATOTeHHIO. [[BHUTrasck
110 CHHUPATH ¢ OPOMHOM CKOPOCTBHIO, NOTOKH 3BE3JHOTO rasa
pasorpeBalTcs, BhIENASA Nepe HCUe3HOBEHWEeM B JBIpe dHep-
T'HI0O B BHl€ PEHTIreHOBCKOI'o M3JIYyUYeHH .

MHorue 3Be3/bl PoXAaloTes B napax. 310 — ABOMHbIE 3BE3/1bl, e ABa CBETUNA Bpalla-
I0TCA NO Op6GMTe BOKPYr 06LLEro UeHTpa TMMecTH. EcTb M ApyrMe cUcTeMbl C TREMSA, Ye-

ThIPbMA W fame G60NbWKUM KONUYECTBOM Y4acTHMHOB. TONLKO NOAYMaWTe, KaKne Kpacu-
Bbl€ BOCXOA4bl MOXHO YBHMAETb HA NnaHeTe B HeTleeKSBeB,ﬂHOﬁ cucreme.
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Hedgenasr. CymecTByer 0cobbIil BiJ 3Be3]| ¢ MepeMeHHO
CBETHMOCTBIO — yYedeudvt. 10 — KelTble ADKUEe T'HTaHTh
HJIA CBePXIHMIaHTHI CIeKTpanbHbIX KaaccoB F u G, 6aeck Ko-
TOPBIX M3MeHseTcA ¢ nepuoaom ot 1 go 200 cyr. OgHolt U3
Hanboaee uaBecTHBIX Ledeuy asiasgerca IlonspHas 3Besja.
IlepBas oTKpbITAsi ACTPOHOMAMHM 3BE3/la I€PEeMEeHHOr0 THIIA —
O Iledpess. B uecTr Hee aTOT KJaacc 3Be3J M MOJYYUJ CBOE Ha-
asanmne. [lepnoxa xonebauuit nusa & lledes cocrasnsaer 5,4 gusaA.
IIpu aTOM cneKTpaJbHBIN KiIacc 3Be3Jbl MEHAETCH B X0Je K-




na or G2 B Mmuaumyme (kak y Coanna) go F5 B makcumyme
(puc. 3.11). IIpuunHOit usMeHeHUuA Oiecka nedens ABIAeTCH
NyJabCAlMA MX BHEIIHHX CJIOEB, UYTO HIPHBOAUT K IepHOANYE-

CKHM M3MeHeHUAM pagmyca B TeMIIepaTypsl
ux dorocdep. 3Besna craHoBuTCA TO DoabIIe
M XOJIOZHee, TO MeHbIne u ropadee. Hanbons-
mas CBeTHMOCTH AOCTHUTaeTcsd IPH HAUMEHB-
mem auamerpe (puc. 3.12).

Iledenab 06BIYHO U3MEHAKT CBOIO CBETH-

m
3.6
3,7
3,8
3,9

MOCTBH B Hauaje XKM3HM M NpH ee sasepmenun. 4.0
CeerTuMocTh neden HaNpAMYIo 3aBUcuT ot me-  H1f
PHOJIA MX MYJILCAIIMH: YeM Gosblne nepuon, tem 42
MHTEHCHBHEE CBETHMOCTH 3Be3fbl. AcTpoHombr 43|

CTPOEHUE
W 3BOAIOUMA
BCEAEHHOWM

HasbIBaloT nedenasl magkamu Beenennoit. 06- arod 08
Hapy»uBaa nedenasl B JajJleKUX 3Be3JHBIX CH-

cTeMax M M3MepAs NepHOA UX NMyJabcaluii, MO-

HO BBIYHCJIMTH DACCTOAHHE A0 3THX CHCTeM, HaXe eCcJld OHH
HAXOAATCH B APYIUX raJlakTHKax. JTO BakKHO, MOTOMY 4YTO I'o-
JAAYHBIN Mapajjakc JJId CTOJb AaJeKHX 00beKTOB HEeBO3MOMK-
HO U3MEPHUTh.

4 & B T
CyTkn

Kpuean 6aecka 38e3Abl
8 Ueden

®

CBETUMOCTL Liedena HanpaMylo 3aBUCUT OT NepHoaa WX NyNbCaLuu: Yem Gonblue nepu-
0/, TEM UHTEHCMBHEE CBETUMOCTL 3Be3/ibl. BONbWMHCTBO Leden] MOXHO YBUAETb HEBO-

OPYEHHbIM rna3oM. MHOTHE W3 HUX YAaneHsl 0T 3eMnu Ha PaccTOfHWUM cBbiwe 60 MAH

CBETOBbIX NeT;

Pearome. BonsmuuacTeo 38e3n 8o Beenernnoit (70% ) apns-
eTcA YacThIO 3Be3JHBIX CHCTeM: JBOMHBIX MM KpaTHHIX. B pe-
3yJabTaTe MepeMelleHUs BelecTsa OT OAHOI 3Be3Jbl K APYToil
Moryr HabaogaTeca KaTacTpoHuyecKne BCOLIIIKHA HOBBIX H
CBeDXHOBHIX 3Be3/l. PazBuTne COBpeMEHHBIX METO/0B MCCJIeN0-
BaHUA OPUBEJO K OTKDPBITHIO IIJIAHET Y APYTMX 3Be3J — JK30-
naaner. Hama Conneunas cmcreMa OKasasach He YHUKaJIbHA,

Myabcauma uedena
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KOHTPO/IbHbIE BOMPOCbI

1. Kaxue 3Be3aHble CUCTEMbI Ha3biBAKOTCA ABOMHLIMK U KPaTHLIMK?

2. K Kakomy TMny npuHagnexuT 6anmanias K 3emne 3pe3gHas cu-
ctema?

3. Kakumu npoueccaMmv CONpPOBOXAAETCA POMAEHWEe HOBbIX 38347

3AAAHUE AN CAMOCTORTE/IbHOW PABOTbI

MNoKayuTe Ha 3Be3QHOW KapTe 3Be3abl Muuap 1 AnbKOp B co3Bes-
Avu Bonblioi Measeauupl, MonspHyio 3se3ay B Manoi Measeauue
u o LleHTaBpa B co3se3aun Kentaepa.

1. TpowHas cuctema MNonApHoOW 3Be3abl.
2. HoBble 3Be3abl.
3. Uedenab — manku BceneHHoM.

3.5. Hawa lMnaktuka — MneyHbii MNMyTb

Muaeunsiit IIyrs. Bgaau or ropogos B 6esobnaunyio u 6e3-
JYHHYIO HOYb Ha Hefe X0opouio 3aMeTHAa II0JIoca CBETJIO-MOJI0Y-
Horo usera (puc. 3.13). Ilpu HabaoaeHHN B OHHOKIb HIIH TeJe-
CKOIl CTAHOBATCH BHJIHBI OTAeJbHBIE 3Be3/[bl, U3 KOTOPBLIX OHA
cocTOUT. 3araJlouHas ¥ BeJIMUECTBEeHHAA MOJIOCA NMPeJACTABIAET




CTPOEHUE
coboit o6AaacTh, B KOTOPO¥ cocpemoTodeHa GoAbLIasg 4acTh 3BE3[ 1 9BOAIOLIMS

Hamed 'aaAaKTHUKHM — THUTAaHTCKOM 3BE€3IHOM CHCTEMBI C NO3THU- BCEAEHHOM
4yecKMM HasdBaHueM MaeuHbsld I[IyTe. Bce 3Be3abl, KOTOPBIE MBI

BUAUM HEBOOPYXEHHBIM raa3oM, BKaodada CoaHIe, IpHHAOAE-

xaT aToit TanakTuKe.

B 1609 r. I. FfaAnMAelt npoBeA nepBble TeAeckonuuyeckue HabAloAeHUA 3Be3AHOro Heba.
OH nepBbIM YBUAEA, 4YTO cBeT MAeyHoro MyTM MCXOAMT OT MHOXecTBa He pa3AMYUMBbIX
HEBOOPYXEHHbIM FTAa30M 3Be3A.

OnosaceiBaromuit He60 Maeunsrit [IyTh IPOXOAUT IO CO3BE3-
nuaMm Bosuuuero, [lepcesa, Kaccuomnewu, Lledes, Crpeabita, Opu-
oHa, Teabma u Ap. OTa moaoca HUMeeT HEOAHUHAKOBYIO HIUPHUHY
U APKOCTh Ha pPa3AMYHBIX ydacTKaX, IPaHUIUBl €€ pa3MBITHI.
B cosBesauu Ctpeabna nmoaoca Maeuynoro [IyTu mocTUraeT Hau-
OboAbIIed HMIUPUHBI. VUMEHHO B 3TOM HallpaBA€HUU HAXOAHUTCS
IEeHTp Aapa Hamekd 'arnaKTHUKU C O4YeHb BBICOKOH KOHIlEHTpa-
nueu 3Be3n. [lo coBpeMeHHBIM OEHKaM, oHaA comepxkuT orT 200
no 400 mapno 3Be3n.

Moaonabie 3Be3Qbl U 3BE3HBIE CKOIIAEHHUS, BO3PacCT KOTOPHBIX
He NpeBBINIaeT HECKOABKHUX MHAAMAPAOB A€T, KOHIEHTPUPYIOT-
csg BOAM3H IIAOCKOCTH AHCKA.

3Be3AHble CKOMAEHUA — 3T0 rpaBUTaUMOHHO-CBA3aHHbIe
rpynnbl 3Be3A, KoTopble UMeloT obliee NpouUcXoXAeHHe.

3Be3MHBIEe CKOIIAEHHUSA ABUXYTCH KaK €JMHOE I[€A0€ U MOTYT
OBITH KaK pAaCCesSHHBIMHU, TaK U IIapPOBBIMH.

PaccesiHHble  38e30Hble  CKONMJEHUsT HMEKT HEIPaBHUABHYIO
dbopMy MU KAOYKOBATHIH BHJ, COAEpPKAT OT HECKOABKHX HAECST-
KOB 0 HECKOABKHX TBICHAY MOAOABIX 3B€3a M BUAHBI BOAWU3HU
Maeynoro Ilyrtu. Bauxaiimue K HaM paccesHHBbIe 3Be3JQHBIE
ckonaeHusa — Ilaeans! (puc. 3.14) u T'magel — HaxoAATCS B CO-
3Be3auu Tearpna.

Illaposble  38e30HbLE ckonnieHuss uMeBT GopMy cdepsl
uAU 3aAuncounpga (puc. 3.15), OHHM HACYHUTHIBAIOT OT AECATKOB
THICSY OO MHUAAHMOHOB cTapbiX 3Be3n. OOHO M3 caMBIX SPKHUX
u 6oapmux — mapoBoe ckomaeHue NGC 5139 B co3Be3nuu
IlenTaBpa.

Kpome 3Be3ng B coctaB 'aAaKTHKH BXOAAT THICSAYM THTAHT-
CKUX 00AaKOB rasa uW NBIAH, CKOIAEHUH M TyMaHHOCTe#. [as

BOAU3H IAOCKOCTH nuckKka 'anakTHKH pacupeneAacH HEPABHO-
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PacceaHHoe 3Be3pHoe
ckonaeHue — MNaenaabl

LLlapoBoe ckonaexHue
B co3Be3auu LleHtaspa
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MepHO, 00pa3ysa MHOTOYHCJIeHHBIE Ta30Bbie 00JIaKa — OT HeoJ-
HOPOJIHBIX I10 CTPYKTYPe '’MIaHTCKUX (IPOTAKEHHOCTLIO CBEIIIe
HECKOJBKHX THICAY CBeTOBBIX Jier) (puc. 3.16) no meGonbmmux
obnakos (pasmepom He 6oawme 1 nk) (puc. 3.17).

B Me)xk3Be3gHOM NPOCTPAHCTBE NBLIL BCETZA CONYTCTBYET
razy. Ha ee nono npuxogurcs okoso 1% ot macces! rasa. Ilsi-
JUHKH UMEIOT PasiIudYHYyI0 (GOopMYy H COCTOAT M3 PasJHYHBIX
XUMHYECKHUX BellecTB (cuamukaros, rpadura, apaa), HEKOTO-
pble MOKPHITEI CBepXYy ODOJIOUKOI M3 3aMep3lIHuX ra3os. 3a
MHJJIMOHEL JIET AaKe NPHM HU3KOH TeMIepaType B NBLIMHKAX




CTPOEHUE
NPOHMCXOOAT CJOMHBIe XMMHYeCKHe IIpolecchl C ot’)paaoaaﬂu— W 3BOAKOLMA

€M MOJIEKYJ BOJBI, 9THJIeHA, CAHHHJIBHOW KHCJIOTHI, 3THJI0BOTO BCEAEHHOW
coupTa ¥ Ap. 3aperucTpupoBaHo okoso 90 tu-
OB MOJIEKYJI, HEKOTOPbIE U3 HUX COAEepPIKAaT A0
13 aTomoB.

IIeineBbie 06aKa COCTOAT M3 MeJlbYaMUINX
TBEePAbIX YaCTHIl, KOTOPLIE MONAJAI0T B Me-
3BE3JHYIO CPeay 3a cueT paclupeHHA 000J10-
YeK HOBBIX M CBEDPXHOBBIX 3Be3/l, IIJIAHETAPHBIX
TYMAHHOCTeH, XOJOJAHbIX KPACHBIX T’MIaHTOB H
ceepxruradaTos. KoHnesTpanna rasa B obaa-
KaX COCTABJAET HECKOJIBKO JeCATKOB ATOMOB
Ha 1 em® u no kpaiineit mepe 8 100 pas menbLue
B ITPOCTPAHCTBE MEXKAY obJaKaMu.

Ecau 6B rasoBsie u nelieBbie o0jlaka He Iie-
peKpbiBaiu HaM 0030p, Mbl BHAeJH OBl OoJibiLe
3Be3/l, TAJJAKTHYeCKHI [eHTp cudAa Obl Apue 1moJ-
HO# JIyHBI 1 HOYBIO 66110 Obl HAMHOTI'O CBeTJIee.

Menkas KOCMHYeCKas NbIJIB He TOJBKO ocaabiasieT cBeT

3Be3J{, HO ¥ MeHAeT ero nser. YacTUIsl TAKOIO pasMepa CHJIb- Croans! TBOpEHUA —
Hee BCero morjoumarmT cuHue gydu. B pesyabrare aToro mpo- CKONAEHUA
HCXOAHUT NOKpPACHeHHe CBeTa 3Be3]], NPOIIeJIINX Yepe3 Mexx- MEexX3BEe3AHOTO rasa

W NbIAM B TYMAHHOCTH
3Be3JIHY10 cpeny. Opea (ﬂle:epHO

Kpome rasoBsiXx u neljieBsIX 00JIAKOB MeK3Be3JHOe NPO- ki e
CTPaHCTBO BKJIIOYAeT B cefs MesK3Be3JHbIe 3JIeKTPOMATHUTHEIE OT 3emam)
10JisfA, KOCMUYEeCKHe JIYYM, 4 TAKIKe FHIOTeTUYECKYI0 TEeMHYIO
MaTepHIO.

Puc. 3.17

TymaHHOCTb
KoHckan lonosa —
4acTb rasonbIAEBOro
obAaka B CO3BE3AWMKM
OpuoH
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CTPOEHUE
H 3BOAIOUMA
BCEAEHHOW

Puc. 3.18

BuptyaabHoe
n3obpaxexue
MaeuHoro Myt
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KocMuyeckue Jy4Yu NpeAcTaBiIdgOT coboil MOTOKH 3JeMeH-
TAPHBIX YACTHI, ¥ AJep PA3JHUYHBIX ATOMOB, ABHIKYIHUXCH
CO CKOPOCTAMH, OIUBKHMH K CKOpocTH cBeta. OHM MPOHU3BIBA-
IOT BCe MEeXILJIAHeTHOe U MeyK3Be3JHoe mpocTpaHcTBo. Ha no-
manky B 1 m? exkecexyHIHO nonajaeT B cpegaeM oxkosao 10 Teic.
Pa3IHYHBIX YACTHIIL.

Crpoenne IN'anakruxkun. Bonbmas yacTs razonslieBoil Ma-
TEPUH COCPEAOTOYEHA B OTPOMHBEIX CHHDAJBLHBIX PYKaBax, OT-
XOAAIMX OT mapoobpa3Horo B3AyTHA — YTOJIIEHUS B IeHTpe
lanakruxku. Koneuno, Mel He MoxeM yBuaeTh Hamy amakTu-
Ky €O CTOPOHEI, OJJTHAKO MOJYYEHO ee BHPTyajabHOe m3obparce-
Hue (puc. 3.18).

Ha cxeme, npegcrasiesHoi Ha puc. 3.19, a, nokasaHo pac-
MOJOKeHNe YeThIPeX CIHPAJBHBIX PYKABOB M TEMHOM 30HBI —
HeBUAMMOM ¢ 3eman obaacTu, 3acaoHaeMon aapom anaxTu-
Ku., HeaTeIM KPYIKKOM OTMeUeHO noJjiokenue Hameil ConHed-
HOM CHCTEeMBEI.

CosHlLle HAXOAUTCHA NPUMEPHO HA PABHOM PACCTOAHHMH OT
JABYX CIMpaJbHBIX BeTBeii — pykasos Crpensua u Ilepces, na-
3BAHHBIX [0 UMEHH CO3Be3Nii, B KOTOPBIX 00HADYKHUBAIOTCH UX
yuacTku. PaccTosiHMe 10 HUX COCTABJSET 3 ThIC. CBETOBBIX JIeT.

B erpoennn 'anmaktukm (puc. 3.19, 6) BRIAEAAIT TPH MOA-
CHCTEMBI:

1) OTHOCHTENBHO TOHKHH AMCK CO COMUPATLHOM CTPYKTYPOI
M3 3Be3Ni, rasa ¥ neiM guamMerpoMm 100 THIC. CBETOBHIX JeT H
TOJNMINHON HECKOJBKO THICAY CBETOBBIX JIET;
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2) cepuueckoe rajo, cocToAmee B OCHOBHOM H3 OUeHB CTa-
PBIX, HEADKHUX 1 HEMACCHUBHBIX 3Be3/l, BCTPEYAIOIUXCA Kak 10-
OAWHOYKEe, TAK M B BHJe IIAPOBLIX cKomIeHuii. ['aso oxpymxa-
€T O4YeHb paspeskeHHas ¥ Ooabmasn mo pasmepam (50 ... 60 xkmok)
BHEIIHAA 4acThb [alaKTHKKM — KOPOHA;

3) meHTpanbHasa obaacTe 'anakTUKM — Baja K ¥ ero AApo.
Banmx npeacrasasier coboit cheprueckoe yToJINeHWe B [EHT-
pPANBHOM YACTH AHCKA, B HEM HAXOAATCA B OCHOBHOM CTaphle
3Be3/Ikl.

Jl1a neHTpaabHbBIX y4acTKOB ['alaKTHKHU XapaKTepHa CHJIb-
HAsl KOHIEHTPALUA 3Be3]] — HECKOJbKO THICAY B OAHOM KyOm-
4eCKOM IapceKe, 4TO B JIECATKH ¥ COTHH Pa3 MeHbllle, YeM pac-
cTOSHME Mexay 3Besgamu B okpecTHocTAX ConHna. B menTpe

CTPOEHHE
1 3BOAKOUMA
BCEAEHHOM

Cipoexne

Hawen fanaKTukm

W NOAOXKEHHE
CoAHEYHON CHCTEMDbI:
a — cxemaruyeckoe
npeAcTaBAEHHWE;

6 — dororpadua
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u 332:%3:: lanmakTukM npeanojaraeTcs CyneCTBOBAHHE CBEPXMACCHBHOM
BCEAEHHOWM 4YepHOU ABIPbI.
lopsiume mMoJiofible 3Be3JBI co/iepIKaTesa B pykKasBax lamak-
THKH, ABAfAOIMUXCA obnacTaMu GopMUpOBaHUA 3Be3n. B cou-
paJdbHBEIX PYKAaBax, rZile MHOTO IBLIM M ra3a — B 30HAX IIOBBI-
IIeHHOH ILIOTHOCTH, IIPONCXOAUT AKTHBHOE 3Be34000pasoBaHue.
Hame Conane pacnosiosxeHo 6iuske K Kpaw JUCKa, HMEHHO
noaromy OoJibiliasg Y4acTb 3Be3n Hamei ['anakTHKM BHIHA HaM
B Buae nojockl Muneunoro Ilyru.
m Kaabii roa B fanakTuke NoABNSETCA A0 7 HOBbIX 383/, @ Kawable 50 NeT oaHa U3 Kpyn-
HbiX 3Be3[ B3pbiBaeTcA, 06pa3ys CBEPXHOBYIO 3Be3fy.

Bua KoBlUA

B CO3BE3AMM

Boablias Measeavua
100 ThIC. AT HA3aA (@),
B HacToALee Bpema (6)
H yepes

100 TBIC. AET (B)

Bpamenue l'anakTuku. Brepsbie ABMIKeHUe 3Be3] APy OT-
HOCHTEeJLHO JApyra 6bL10 3amMedero B 1718 r. anrauiicKkuM acTpo-
soMoM J.Tanneem. CpaBEuBasa HabmIOZaBIIHECH B ero BpemMs
MOJIOMKEHUA 3Be3J] ¢ TEMH, KOTOPbIe OblIM HPUBEJEHBI B Ka-
ranorax I'mnmapxa (II B. 1o H.2.), OH 3aMeTHJI cCMeIlleHUE AP-
kux 3Be3q Cupuyca u ITponmona va 0,7°, Apkrypa Gosee uem
Ha 1°, Biarogaps co6CTBEHHOMY ABHIKEHUIO 3Be3/] OTHOCUTEb-
HO CoNHIA IPOMCXOAUT NOCTOAHHOE U3MEHEHHE BUA 3BE3AHO-
ro Heba (puc. 3.20).

Hamenenre OTHOCHTENLHOIO PACHOJIOMEHUA 3Be3J IPOMC-
XOIUT OUeHb MEJJIEHHO, B TeYeHHE ThICAYeNeTHH. AHATN3UDPYA
3HAYEHNA CKOPOCTH JABHIKEHHSA 3Be3/, VAAJIOChE YCTAHOBUTE, UTO
Hama lajakTuka BpaljaeTcs BOKDPYI IEHTPAJbHOIO YIJIOTHE-
HHA. Bmecte ¢ apyrumu 3Bessamu CoslHIE TOMKE JBHIKETCH BO-
Kpyr meaTpa ladakTHKH co cKopoceThio npumepso 230 kMm/c,
coBepiuas oauH obopor 3a 225—250 MIIH 3eMHBIX JIeT.

Mepuoa BpeMeHu, 3a KoTopbii ConHevyHan cucTema coBepluaeT oguH 060pOT BOKPYT LIEHT-
pa Hawe#n lanaKTUKK, Ha3bLIBAETCA ranakTHYeCKUM roaomMm.
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3a Bce BpeM# cBoero cymecTBoBanusa COJHIIE COBEPIITHIIO HE
G6osee 30 obopoTos BOKpYr nenTpa 'anakTukn.




CTPOEHUME
Pesrome. Hama l'asnakTuka Maednsrit IIyTp — 2TO orpom- 1 3BOAIOLIMS

Has TPaBHUTAIlMOHHO-CBsS3aHHAas CHCTEMa MHUAAHMAPAOB 3Be3. BCEAEHHOM
U ThICSAY Ta30NbIA€BBIX 00AaKOB, KOTOopas BKAMIYaeT 3Be3bl
Pa3AMYHBIX THIIOB M MEX3Be3QHYIO Cpeay, B TOM YHCAE Mar-
HUTHBIE NIIOAS M KOCMHUYECKHEe AydHu. Bce 3Be3awsl nucka la-
AAKTHKH obpalnaroTcd BOKPYT ee gapa no opburaM, GAHU3KHUM

K KPYTrOBBIM.

KOHTPOAbHBIE BONPOCHI

. Uto Takoe MaeyHbit MyTb?

. Yepes Kakue co3Be3AUA NMPOXOAUT MaeuHbl MyTb?

. Kak yctpoeHa Hawa laaaktuka?

. Uem oTAMvaloTcA 3Be3Abl AMCKa [aAaKTMKM OT 3Be3A rano?

a H W NP

. KakoBbl 0co6eHHOCTU BpalleHUa Hawel FanaKTUKKU?

3AAAHUE AASE CAMOCTOATEAbBHOMW PABOTHI

Hailiaute B crnoBape 3HayeHUe CAOB «raAakKTUKa», «rano», «6anpxo».

TEMbl AOKAAAOB

1. MAeyHblt MyTb B MUPax U AereHAax HapoAOB MUpa.

. Metoabl onpeaeAeHUA NMPOCTPaHCTBEHHbIX CKOpOCTEW 3BE3A.

3. Hawa lanaktuka: ¢opma M coctaB ra3oBblXx TYMaHHOCTEH U MOAEKY-
AAPHbBIX 06A@KOB.

4. Mex3Be3apHasda NblAb: NpUpoOAa U CBOMCTBA.

N

3.6. Apyrve ranaktuku

Tunel ranakTuk. Hama F'asaktuka Maedsnsiid [IyTe, KoHEd-
HO, HE €eAUMHCTBE€HHad BO BceanenHoli. KpynHelimue coBpeMeH-
HBbl€ TEAECKOIIbBl CIHOCOOHBI YBHUAETHh MHOXKECTBO APYTHUX rasak-
TUK (puc. 3.21), KaxXagad U3 KOTOPBIX COCTOUT U3 MHUAAHUADPIAOB
3Be3n. [IpeamoaaramT, 4YTO B BUAMUMOM JacTu BceaeHHOH Ha-
xonutcsa okoao 100 mapnm rasakTuk. Cpenu HabGalogaeMBIX ra-
AaKTHK €CTh HalOMHHAIOIIME Hally, HO IoIagaloTCcd U COBep-

III€EHHO OTAHYHEIC.

TymaHHocTb AHApOoMeAbl. Ha ceroAHAWHUK AeHb 3To camoe 6oAbliOe CKOMAEHUE YepHbIX

m He Tak AaBHO acTpoHOMbl 06HapyXWAM 26 HOBbIX YEpPHbIX AbIp B COCEAHEl raAakTuke
AbIp, 06HapyXeHHbIX B rarakTUKax, He cuutas MaeuHblii MyTb.



CTPOEHME
M 3BOAKOLIMA
BCEAEHHOW

CKONAEHHE ranaKTUK

CBeT OT CaMBIX JaJIeKHX raJJaKkTHK HIAeT K HaM OKOJO
13,4 mapp aer. Camas 6iuskana rajakTuka Boabsmoe Marenna-
HoBo O6aako (puc. 3.22) maxoaurca Ha paccrosauu 163 Tsic.
cBeToBBIX JeT. Boabmoe u Manoe Marennanossl Obaka aBisa-
IOTCHA KapJHKOBBIMH raJJaKTHKaAMH, CIYTHUKAMH HAaIIeH.

Marennadoesl O6naka Ha3saHbl B 4ecTb PepHaHa Marennasa, Habniogaswero 3ty ra-

m NaKTUKKU B BMAE TyMaHHbIX NaTeH B 1519 r. BO BpeMA KPyroceBeTHOro nyrewecrsms. Ma-
rennad UCnonb30Ban Mx ANA HaBMrauuu Kak anstepHartvsy MNonsapHon 3Be3fe, He BUAK-
MOW B IOXHbIX WupoTax. Bonblwoe MarennaHoeo O6nako 3aHumaeT obnacte Heba K-
HOro nonywapus B co3sesauax 3onotan Peiba, Manoe MarennaHoeo O6nako — B cO-
3Be34uM T)fl-(aH, U C TEPPUTOPHHA Poccuu OHU HUKOrga He BUAHbI.

BoAblioe
MareanarHoBo Obaako
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Bawkaiiimeil KpynHoii 1o padMepaM ralakTHKOM, HOXO0rKeH
Ha HaNly, CYATAeTCA cnupaibHad rarakTuka TymasHoCcTs AH-
apomens! (puc. 3.23). Ona HaXOAUTCA HA PACCTOAHUM IIPUMEPHO
2,5 MJIH CcBeTOBBIX JieT oT Hac. Paccroanue me:xay mHamei a-
makTHKOH B TyMaEHOCTBEIO AHAPOMEH TOCTEIIEHHO COKpAIa-
erca. OHM TpUOIUIKAIOTCA APYT K APYTY CO CKOPOCTHIO IIPHUMeEp-
#0 100...140 K™M/c, HO BCTPETATCHA TOJBKO Hepes 4 MJIpJ JieT.

CTPOEHMWE
1 3BOAIOUMA
BCEAEHHOWM

TymaHHOCTb
AHApOMEAbI —
b6Anxanwan
CNUpanbHan rarnaKkTHKa

h——— -

©

HeBeposaTHO Tycknoe cKkonnenue 1 ThiC. 3Be3[, KOTOpoe Bpallaetcs BOKpyr Mne4yHoro
MyTM, — camas nerxkas no macce ranakTuka, U3 Koraa-nMbo OTKPLITLIX. 3Ta KapnMKoBas
ranaktuka 6Gbina obHapyweHa B co3se3gun OsHa B 2007 r. M nonyyuna HasBaHue
Segue 2. Ee matepuan yaepmxuaeTtca BMecTe 6narogapa HebonblwoMy CKOMNNEHHIO TEM-
HOW MaTtepuu. ITa ranaKkTuka Bcero B 900 pas apye ConHua, Koraa Kak (ana cpaBHEeHMA)

MneuyHbir MyTe B 20 Mnpa pas fapye Hawen 38e3abl.

l'azakTUKM O4eHb OTJIHYAIOTCA APYr OT Apyra pasMepam,
dopmMoii, CBETUMOCTBHIO, YHCJIOM BXOAANIAX B HUX 3Bean. [lns
o003HAUYEHUA TAJaKTHK HCIOJIL3VIOTCA pPasHbIe KATAJIOTH, HAa-
npumep, karanor Meccse (M) u HoBbrit 06muit karamor (New
General Catalogue of Nebulae and Clusters of Stars — NGC),
B KOTOPBIX OJHM M Te Ke FaJaKTUKH MMEIOT pasHbie HOMe-
pa. B 1926 r. amepukanckuii actpoHom 3. Xabba npegnoxu
CBOIO KJACCH(HUKAIUIO MAJIAKTUK, B KOTOPOH OH pasfenny HX
HA TPH OCHOBHBIX THIA: ayutnnTudeckue (E), cmupansabie (S) u
HenpasuabHbie (Ir) (puc. 3.24). B coBpemenHO# Kaaccudukra-
MU K HUM gobasuin nuasoBuAHbIe (S0). PaziuuHbie THIIBI r'a-
JIAKTHK PACIOJIOKEeHbl TAKUM 00pasoM, 4To cojep:KaHue IMbLIH
M MOJIOABIX 3Be3]] YBeJIMUUBAETCA CJIeBa HAIpaso.

I
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CTPOEHME
1 3BOAKOUMA
BCEAEHHOMU

Kaaccuoukauma
ranaktuk 3. Xaboaa
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Iraunmudeckue zarlaKkmuKu — KJIace TaJakKTHK ¢ 4eT-
KO BBIPDasKeHHOH chepudecKol CTPYKTYPOH M YMeHbIIAKIeH-
¢ K KpaaM spkocTbio (puc. 3.25). Bo BecenenHoit mMeHHO 2J1-
JUOTHYECKHE TAJaKTHKHN ABIAKTCHA caMbIMM Oonbmumu, OHM
CPaBHHUTEJILHO MeJJIEHHO BpalllalOTCs, 3aMeTHOe BpallleHue Ha-
OalojaeTcA TOJBKO Yy FajJaKTHK CO 3HAYMUTEJBHBIM CKATHEM.
B cBaA3u ¢ 3THM OHH moApas/ieNleHbl HA BOCEMb MOJKJIACCOB —
or EO (uaposas ¢opma, cixarue orcyrcreyer) go E7 (man-
Oonbniee cixarue). JIIHIOTHYECKHE TAJaKTHKH COCTOAT B OC-
HOBHOM M3 CTAPBIX KPACHBIX M JKEJTHIX 'MIaHTOB, KPaCcHBIX,
KeaThIX ¥ Oesbix Kapankos., O0pasoBaHue 3Be3] B raJlaKTHKAaX
TOrO THIIA HEe HAET ViKe HeCKOJbKO MHJJIHAPAOB JIET, IOTOMY
YTO XOJIOAHOTO ra3a M KOCMHYECKOIl IBIIM B HUX IOYTH HET.
B neHTpe anaunTHYECKHX FalakKTHK HAXOAUTCH CBEPXMACCHB-
HafA yepHas AbIPAa.

ITpumepHO nosOBHHA BCeX HAOMIONaeMBIX FaJJaKTHK HMeeT
COHpaNbHYIO CTPYKTYPY. K cnupansnvim zanaxmukxam or-
HocATca Maeunsii ITyre 1 TymarroeTs AHIpoMensbl. Bee enu-
panbHBIE TAJAKTHKH BPALIAIOTCHA CO 3HAYNTEJIBHBIMH CKOPO-
CTAMH, HO3TOMY 3Be3Jbl, IBLIL U I'adbl COCPEAOTOUYEHBI ¥ HUX
B Y3KOM auckKe (puc. 3.26). IIsineBasa maTepusa BHAHA KAK TeM-
HBIE II0JIOCHI HA HelpephLIBHOM (hoHe 3Be3x ranakTuku. O6uane
ra30BBIX W IBLIEBBIX O0JIAKOB M NPHUCYTCTBUE APKHUX rojayObIX



IUIAaHTOB MOBOPAT 00 AKTHUBHBIX Ipolleccax 3Be3foo0pas3oBaHud,
NPOUCXOAAININX B CIMPAJLHBIX PYKaBax aTHX raraktuk. llen-
TpaJbHAA BHINYKJIOCTh IO HEHTPY COMPAJIbHOH raJakKTHKH CO-
AEePIKUT cTapble 3Be3Abl, M0A00HO AJLTHIITHYECKON raJakTHKe.
B caMoM meHTpe NpaKTHYECKH BCerjia IPHUCYTCTBYET OrPOMHAA
yepHAas AbLIPa, MAcca KOTOPOH COOTBETCTBYET MHJLJIMOHAM Mace
Conurna. [IMCK CIMpPAaNbHBIX FAJIAKTHK IIOTPY3KEH B paspesKeH-
HOe caabocBerameeca 061aKo 3Be3] — rajio, KOTOPOe COAEePHUT
HIAPOBEIE CKOIJIEHUA CTAPBIX 3Be3].
PasinualoT gBa TUIA CIIAPATBHBIX FaJaKTHK:
m Sa, Sb, Sc, Sd — cnupanbHBIE FaJJAKTHKH, COCTOAIIHME U3
fanmxa (chepuyueckoe yTOJIMMEHNE B MEHTPE MaJaKTHKH)

CTPOEHME
W 3BOAIOUMA
BCEAEHHOW

IAAMNTHYECKAERA
ranaktuka M87

B co3se3amu AeBbl

CnupanbHas ranaktuka
Combpepo
B co3se3puu AeBa
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CTPOEHME
M 3BOAKOLMA
BCEAEHHOW

CnupanbHasn ranaktmka
Beprywka

M BHEITHero AMCKa, cojep:xamero pykasa (puc. 3.27). Byk-
Ba B 0003HAYEHUH TAJTAKTHKH MMOKA3LIBAET, HACKOJILKO IJI0T-
HO PaCHoJIOMKeHBLI PyKasa;

m SBa, SBb, SBc, SBd — cnupanbHBIe raJakTHKH ¢ APKOH
nepeMbI9dKoil (bapom), mepecekawuieil HeHTPAIbHBIN
fangx, oT KOTOPOTO OTXOXAT pykasa (puc. 3.28). Hama

CnupanbHan raraktMka
C NepembINKOH
B CO3BE3AWU 3pHAaH
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l'arakTHKa TaKe OTHOCHTCHA K CIIMPAJIBHBIM IajJlaKTHKaM

C IMepeMbIYKOIl.

B rnaccudurkamun Xabbma IpuCyTCTBYET elle OAUH THUI ra-
naktuk — S0, mpomMexkyTodHEIHA THI Mexay E7 u cnupanbHbl-
M Sa. OHM OTJIMYAIOTCH OT JUTUNTHIECKHX, IIOCKOJIBKY HMEIOT
BBINIYKJIOCTh H TOHKHH IUCK, HO He MOXO0YKH Ha Sa, DIOTOMY 4TO
He UMEHT CIHPAJbHOM cTPYKTYphl. TaKkue raJJakTHKHU HA3bIBA-
0T aAundoobpasnsvimu (puc. 3.29). AxTHBHOe 3Be370006pas3o-
BaHHME B 3THX FaJIJaKTHKAaX He HAET, TAK KaK MeX3Be3ZHOro Be-

IIecTBa MOYTH HET.

Henpaaunbuue 2aaaxkmuxKu — 3TO raJlJakKTHKH, KOTOPbIE
He 00HAPYXHMBAKIOT HU CIHPAIbHOM, HHY SJIMONTHYECKON CTPYK-
Typel. Takue raJakTUKH MMET Xa0THYHYIO (hopmy Oe3 APKO
BREIDAYKEHHOrO f/Ipa ¥ cnupaibHeIX BeTBeil (pue. 3.30 u 3.31).
HenpasuibHBIE TATAKTHKH COAEPYKAT MHOIO rasa (B OCHOBHOM

CTPOEHHE
1 3BOAKOUMA
BCEAEHHOW

Bepeteno —
AuH3000pazHan
rarnakTMka

8 CO38E3AMM APaKoH
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CTPOEHMUE
1 3BOAKOLMA
BCEAEHHOW

HenpasuabHan
ranaktka NGC 1427A
B CO3BE3AWK IpHAAH

| Pwc.3.31]
HenpaswAbHan
ranaktka NGC 4449

B CO3BE3AMM

loHume Mcbl
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HelTpaasHoro Bogopona) — xo 50% wux obmieir Macchkl U UMe-
0T HU3KYIO CBeTHUMOCTh. OHH COCTABJIAIOT MPUMEPHO 4eTBEPTh
oT HabJI0gaeMbIX raJaKTHK.

B npomnoM cuuTanock, uro Bonsmoe u Mamnoe Maresna-
HOBBEI O6JIaKa OTHOCATCA K HeNpaBUALHBIM rajakrtukam. On-
HAKO MO3Ke ObLI0 0DHADYKEeHO, YTO OHH HMENOT CIMPAIbHYIO
CTPYKTYPY ¢ GapoM.




CTPOEHME
U 3BONOLUMA
BCEAEHHOWM

AKTUBHOE AAPO
ranakTHKM,
BbibpacbiBalolLee
rasoBble CTPyM, —
AXETbI

AxTHBHBIE Aapa rajdakTuk. [leHTpanbHas dacThk J1000# ra-
JAKTHKH — ee AP0, KOTOpoe BCerja OTJH4YaeTcda cBoell ApKOo-
cThi0. B sipax HeKOTOpBIX HAOMIOJlaeMBIX FaJaKTUK IMPOHCXO-
IUT KOJOCCAJIbLHOE BhIJEJIEHUe 9HePruH, KOTOpoe Helb3sd 00b-
ACHHTH H3JIYIeHHeM HJH B3pbIBAMH 00BIYHEIX 3Besl]. Takue
raJakTHKHM IIOJIYYMUJIM HA3BAHUE 2ALAKMUKU
¢ AKMuéHbLMU A0pamu.

DopMBl TPOABJIEHUA AKTHBHOCTH AJAep ra-
JAKTHK pasjaundibl. Boablioe KOJIUYECTBO dHEep-
FHHM MOMKET BBIIENATHCA B MH(ppaKpacHO, BH-
AUMOH MM PEHTreHOBCKOH 00JiacTH CHeKTpa.
IIpruemM MOIHOCTHL M3JYYEHHUHA MEHAETCA 3a
CPaBHUTENBHO HEDOJIBIIOE BpeM#A: OT HECKOJIb-
KHX JHeH 10 HecKoJNbKUX JjeT. IIpu aToM B aape
MozkeT HAbII0gaThCAa ABHIKEHHE ra3a co CKOpo-
cThio okosio 1000 km/c. MrOrga ras obpasyer
JAJAHHBIE IPAMOJNHENHBIe Ira3oBble CTPYH —
Oxcemut (puc. 3.32). Mowable IOTOKH 3JIEKTPO-
HOB M IIPOTOHOB BBLICOKOM 9HEPIrHH ABHMKYTCA U3
AApa B IPOTHBONOJIOHBIX HANIPABJIEHUAX, CO3-
nasas pagmonsaydenune. Haunbosnee BepoATHAA runoresa, oobac-
HAONAA AaKTHBHOCTD A/IeP, NPeANoIaraeT HaJIuune MacCUBHOMN

= MraHTcKan
YepHOM ABIPHI B IIeHTPEe IaJJakKTHKH. SAMMNTUYECKARA
OauH U3 THIIOB HADIIOJaeMbIX FAJIAKTHK C AKTUBHBIMHA AApa- paAMOranakTHKka
Mu — paduozaraxmuru (puc. 3.33 u 3.34). Ouu ob1azaOT MOIIL- NGC 1316

B co3Be3auM Meub
HBIM pPaHOM3JIYyUYeHHeM, INPeBOCXOAAINHM HX H3JIYyYeHHe B OII-

THYECKOM (BHIMMOM) AUAIIA30HE.
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AMH30BMAHEA
paAvorarakTvka
LentaBp A (NGC 5128)
B co3Be3auu LlewTaBp

KBa3ap, OKpyXeHHbIA
AMCKOM rasa
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B mauasne 60-x rr. XX B. yueHbIe OTKPBLJIMA CAMBIE MOI[HBIE
MCTOYHHKHM BHAMNMOTO M MH(ppakpacHoTro uaayueHus Bo Bee-
JIEeHHOH — Kéaaapbi. ITO OYeHb KOMIIAKTHBIE M B TO JKe BpeM#
OuYeHb ApPKHe 00'BEeKTHhI, H3IYUAKIHe DHEPIUH B AECATKH Pas
fonbie, yeM KpynHbe ratakTukH (puc. 3.35). Haspanue «kBa-
3ap» (quasar) — cokpalesue yrnorpebasBiierocs paHee Tep-
MHHA «3Be3noobpasHbIil pagnoncrousuk» (quasi-stellar radio
source), XOTs Terepk U3BECTHO, UTO MHOTHE KBA3aphl He 0YeHb
AKTHBHEI B pajuoaHanasoHe.

KBasape! ABAAKTCA CAMBIMH OTJANEHHBIMU O00BEKTAMH
B U3BecTHO#H HaM BeenenHoil. 9To yAaloCh ONPEIeINTE IO 3HA-




YUTEJBHOMY CMELIeHHI0 CIeKTPAJbHBEIX JHHHHA B UX CIHEKTpax
B KpacHyw o0JacTh, 03HAYAIOIEMYy, YTO KBasapbl yIaJAOTCA
OT HAC ¢ OTPOMHOM CKOPOCTLIO.

Bzaumopeiicreyromue ragaktukn. Mexay 61u3Kopacnoio-
HEeHHBIMH raJlakTHKaM#M aCTpPOHOMBLI MHOTI'/1a Hﬂ6.7[IO}].alOT IoJIo-
CKY CBeTAIlelcA MaTepuH, COCTOAIIEH M3 ra3a ¥ ropadux Mo-
JoaelX 3Bes3n. Bmarogapa 6M3KoMy cocecTBY B3aHMHAas r'pa-
BHTaAHUA BJIMAET Ha (l)OpMy raJdakKTHK, JABHIKe€HHe BelllecTBa H
3Be3JI, Mpollecchl 3Be31000pa3oBaHusA U 00MeH BEelIeCTBOM MErK-
ay aumu. Taxkue raakTHKY HASBIBAIOT 63aumModellcmeyouu-
mu (puc. 3.36 u 3.37).

CTPOEHMUE
1 3BOAKOLMA
BCEAEHHOW

YaueurensHoe uaobpameHue AByX CTanKWMBalOWMXCA ranaktuk 66110 Nony4yeHo ¢ nNomo-
L0 KOCMUYECHKOro Teneckona «Xab6n». [1Be ranakTMKu HanoOMMHHAIOT NUHIBMHA, KOTOPLIW
CHNOHUACA Hag anuom. 06e 3T ranakTMKKW pacnonoXeHbl B paoHe co3se3ans Muapa

Ha paccTosHuu 326 MNH CBETOBbIX NeT OT 3eMNu.

YacTo BCcTpeyaeTcA B3aUMOAENCTBUE KPYIHON JHCKOBOM
raJakTHKH ¢ HeDOJNbITUM CIOYTHHKOM. FDHBHTPIU.HH CIOYTHHEKA

lpynna
B3aMMOAEHCTBYHOLLLMX
ranakTMKk B CO3BE3AWMM
AHApOMEAA,
HaxX0AALLAACA

Ha PacCTOAHWH

300 MAH CBETOBbIX AT
o1 3eMAM
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BaaumoaencTeyrowme
raAakTMKM Mbilkm

lanaktvka
Boaosopor (M51)
H € CMNyTHHUK
NGC 5195
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MOXKeT AedopMHpPOBATE (hOPMY AMCKA M HADYIIHTE CTPYKTYDPY
coupanbHBIX BeTBeli. Boablnas raJjakTHKa B CBOIO OYepeab MO-
JKeT NPUTAHYTH YACTh BemjecTBa cnyTHuka. lamakTuka Bomo-
Bopor (M51), mabmogaeman Ha ¢oHe cozBesaua 'ornune Ilckr
(puc. 3.38), cocront U3 GONBIIOH CIUPAJILHON ralakTHKM, HA
KOHILEe OJHOI'O M3 PYKABOB KOTOPOI HAXOAMTCH raJIaKTHKA-CIIYT-
HUEK. ['aakTHKa pacnoJiodKeHa HA PACCTOAHHHM 23 MJH CBETO-
BBIX JIET.

HNHorga BeTpedyaloTesa IeJible IPYIILI B3aUMOIeHCTBYIOIIAX
raraktuk. Keuarer Credpana — rpyina U3 NATH FaJakTHK B CO-
sBesauu Ileraca, yeTbipe M3 KOTOPLIX B3AMMOAEHCTBYIOT APYT
¢ apyrom (puc. 3.39). BsaumoeiicTByIOIIHe TAJaKTHKHA UMEIOT




JKeJITOBATYIO OKPACKy, MCKPUBJIEHHBIE NTeTJH U XBOCTHI, (hopMa
KOTOPBIX O0yCJOBJI€HA BJHAHHEM PaspylIHTEJbHBIX IPHJIHB-
HbBIX I'DPABHTAIlMOHHBIX CHJI. FO.’IyﬁOBaTaﬂ rajJjaxKTHKa, pacnojao-
seHHad Ha puc 3.39 BBepxy cieBa, HAXOAUTCA ropasuo diuxe
OCTaJbHBIX, Bcero B 40 MJIH cBeTOBBIX JIET OT HAC, M He ABJA-
ercHd 4IeHOM B3aMMOAEHCTBYIOIeH DYk,

Hama TanakTuka ToKe ABJIAETCA B3AUMOAEHCTBYIOLIEH.
B HacToAIHiI MOMEHT OHA MOTJIONIAET KAPJIHKOBYIO 3JUIHITH-
YeCKYH FaJakKTHKY, HaAXOAAMYIOCA Ha IMPOTHBOMOJOMHON OT
HacC CTOpOHE raJlJakTH4Y4eCKOoro JuckKa. T‘IEDEB HEeCKOJIBKO MHJIJIN-
apaos JeT Hama anakTuka noraoTutT Marennanossl O6naka,
a uepes 4 mapa ger cronkHercs ¢ TymManHOCTBEI0O AHAPOMEBI.
IIpu aTOM BEPOATHOCTH TOrO, YTO OVAYT CTAJIKUBATLCA OTAEJNb-
HBI€ 3Be3bl OUYeHb Majia, TAK KAK OHH yAAaJeHBLl OAHA OT APY-
rom Ha PaAcCTOAHHA, B COTHH MHJIJIMOHOB pPa3 npeBbllIalIne
ux aumamerp. Ilpeanonaraercs, 4To OKOJO 2 MJIPA JIeT Has3am

CTPOEHME
1 3BOAKOUMA
BCEAEHHOM

Keunter Cregpana
rpynna u3 YeTbipex
B3aWMOAENCTBYHOLLIMX
FanaKTHK
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yXe INPOUCXOMAHUAO CTOAKHOBeHHE MaedyHoro IlyTu ¢ apyro#
raAakKTHUKOHU.

Pesrome. TarAaKTHUKU — THUTFaHTCKHE TPaBHUTAIlMOHHO-CBd-
3aHHbBI€ CHCTEMBI 3B€3/] U MEX3BE€3JHOT'O BEIIECTBA, PacIOAO-
XKeHHBble 3a npeneaaMu Maeuynoro Ilytu. Ilo BHemHeMy BUAY U
CTPYKType TAaAaKTHKH KAACCHPUIUPYIOTCH HA AAHUNTHYECKHE,
CIupaAbHBIE, HENIPAaBUABHBIE U AUH30BHUAHbIe. KBazapbl — ca-
Mble MOIIHBIE O 3AEKTPOMATHUTHOMY HU3AYYEHUIO 00BEKTHI BO
BceaeHHONH, OHHM CYHUTAIOTCH AaKTUBHBIMU dAApaMHU JaA€KHUX Tra-
AaKTHK. ACTpOHOMHUYECKHe HabOAOOAEHHUdI HNOATBEPXKAAIOT, YTO
B3auMOAEeHCTBHE U CTOAKHOBEHHUS TFaAaKTHK IIPEACTABALIT CO-

60 MOBOABHO pacCIHpOCTPaHEHHOe SBA€HHE BO BceaeHHOH.

KOHTPOAbHBIE BOMPOCHI

1. K KakoMy TMny OTHOCUTCA Hawa lanakTuka?
2. Kak Ha3biBaeTca 6GAMXaKWlwas CnUMpaAbHas ranakTtuka?

w

. Ha kakue TMnbl MOXHO pPa3peAUTb FaAakTUKU? B ueM HMX 0COBEHHO-
cTn?

. YTo HasbiBaeTCA aKTUBHBLIMU SIADAMMU FTAAAKTUK?

. KakoBbl 0CO6EHHOCTU MBAYUEHUS PAAUOTAAAKTUK U KBA3apoB?

. Kakne aBaeHus HabAIOAQIOTCH NMPU B3aUMOAENCTBUMU FAAAKTUK?

N o0 U A

. K yeMy MOXeT NpMBECTU CTOAKHOBEHMWE TFaAaKTUK APYr ¢ Apyrom?

3AAAHUE AAA CAMOCTOATEAbBHOW PABOTHI

3anoAHuTe TabAMLy.

Khaccuoumkaums KOCMUUYECKUX CUCTEM MO OCHOBHBIM QU3UUYECKUM
XapaKTepucTukam

AKTHRALIC FAJTaKTHER

HopManbaeie rasakTegn:

HEeNPDARUIbHEIE

JAHH30BEIE

CIINDAJIBHBIE

SAJHAIITHYECKHS




CTPOEHUE
Orxonuarue  mabauybl N 3BOAIOLIMA

BCEAEHHOWM
lanakTHYecKne CHCTEMEIL:
BIAHMOAEHCTRYIOIHE TANAKTHKH
rpYIOLI FANAKTHR
CKOTIEeHUA IraJaKTHE
CEBEPXCHKOINIEHUA TAMaKTHK
TEMbl AAA AOKAAAOB
1. Hawa TlanakTuka.
2. NMponCXOXAEHUE M IBOAIOLUUA TANAKTUK.
3. B3auMoOAENCTBYIOLWUE TaAAKTUKMU.
3.7. MeTtaranaktuka
MeTarasakKTHKa H €e CTpoeHHe. HabAaeHUT NOKA3BIBAIOT,
4TO FAaAAKTHKHU PEAKO BCTPEYAIOTCH [IOOAHUHOYKE, GOABIIMHCTBO
U3 HUX 00pas3yioT IrpaBUTAIMOHHO-CBA3aHHBIE TPYIILl — CKO-
nneHust e2anaxkmurkx. Pa3Mepbl CKONAEHUH OOCTHUTAIOT [OECAT-
KOB MHAAHMOHOB CBETOBBIX AeT. Maeunw# [Iyrs u TymaHHOCTH
Aupgpomensl 06pa3yoT MecTHYIO Ipynny raAakTHK, B KOTOPYIO
BXOOUT 0KOoAO 50 apyrux o6be€KTOB, B TOM YHUCAE U FaAaKTHKAa
TpeyroaAbHHUK, TpeThd IO pa3d3Mepy B Hame# rpynmne (puc. 3.40).
MexayHapoaHbI nccrepoBaTenbCkUit npoekt The Six Degree Field Galaxy Survey oTKpbIA
HanMuvme B MeTaranaktuke (Habaopaemoi yacTU BCEA€HHOM) OrpPOMHBIX KOCMUYECKMUX

nyctowei. HoBaA cBepxruraHTCKas NyCTblIHA AMAMETPOM OKOAO 3,5 MAPA CBETOBBIX AT
nopaxaeT BoobpaxeHue paxe BUAABIUMX BUABI CneuuMasuctos. Ho raaBHoe, ee cylue-
CTBOBaHUE MPOTMBOPEUUT OBLLENPUHATON TEOPUMU, BEAb C MOMEHTa BO3MOXHOro BoAb-
WOro B3pbiBa NPOWAO 14 MApA A€T, @ 3TOr0 BPEMEHU ABHO HEAOCTAaTOUHO AAS CO3AQHUA
nycToThl TaKUX pPa3MepoB.

MecTHad rpynmna rarakTHK CPaBHHUTEABHO HeBeAHKa, Ooaee
KPYIHBIE CKOIIAEHHUS COAEpPIXKAaT ThICAYH rasakTHK. B Kocmoce
BCTPEYAIOTCSH NMPOTHAXKEHHBIE IENOYKH M3 CKOIAEHHU rasraKTHK,
TUTAHTCKHUE IIAOCKHE IIOAS, YCE€AHHBIe TAaKHUMHU CKONAEHHUAMHU 197
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1 IBOAOUMA
BCEAEHHOWM

lanakTuka
TpeyronbHUK —
CNUpaAbHan raAakTMka
B CO3BE3AMH
TpeyronbHUK

A4yencro-cotoBan
cTpyKTypa BeeaeHHOR
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M OAMHOYHBIMH rajaktTuxamu. CKolJleHHMA rajJjakTuk obpa-
3yIOT eule G0JbIIME TPYNNbI — CEEPXCKONAEHURA, KOTODPBIE
BKJIIOYAIOT JIO ABAJAIATH TAJTAKTHYECKHUX CKOIUJIEHHWI, pacloyo-
JKEHHBIX B FAJIJAKTUYECKHX HUTAX WM Y3JIaX UX NepecedyeHudd.
Pazmeps! cBEpPXCKOIJIEHNI JOCTHTAIOT COTEH MHJIJIMOHOB CBETO-
BEHIX JIeT.

ITo coBpemMeHHBIM NpPEACTABIEHUAM, AJIA HabmIogaeMoii 4a-
ctu BecenenHoll XapakTepHa AYEUCMO-COMOBAA cmpyKkmypda.
Ha puc. 3.41 mokasaHBl OTJe/IbHBIE MAJIAKTUKHU (eBa 3aMeT-
Hble BKpaIJIeHHUA) ¥ CKOILJIEHHA rajakTHk (DoJsiee KpynHBIE H
ApKHe BKparmyeHus). Mexay YCJIOBHBIMH «CTEHKAMH» SYeer
HAXOJAATCHA THTAHTCKHE MycTOTH pagmepoM okoso 100 Mok npu
TOJIIIMHE CTEHKH Beero 3...4 Mnk.




Habamopaemyio uacts BeeneHHOM npuHATO HasblBaTs Me-
TaralakTHKoi. BoaMoKHO, MBI BHIHM IOYTH BCiO BceleH-
HYI0, a8 MOKeT OBITH JUIIbL ee MaJyl dacTh. ITo Mepe coBep-
IMIEHCTBOBAHUA TEJIECKONOB U MOJIyYeHNA HOBOM MHDOpPMAaNH
CTAHOBHUTCHA MOHATHO, 4TO pasmepbl MeraralakTHKH HAMHOIO
Goabie, yem mpeAcTaBifanochk paHee. CBeT oT caMbIX JaleKHX
obnacreit men k 3emue okono 13,6 mapa sger. 3a ropusoHTOM
BHAMMOCTH MOTYT paclrojiaraThbcf 3arajJovyHble BHEMeTarajaak-
THYEeCKHe 00beKTHI.

CTPOEHWE
M 3BOAKOUMA
BCEAEHHOW

©

MneuyHbiit MyTe BMecTe cO BCEM CKonneHuem [leBbl nepemellaeTcs B npocTpaHcTee
€0 cKopocTbio 600 KM/C B CTOPOHY HEW3BECTHOro 06beKTa noj HassaHWeMm Benuxui

ATTpaKTop, €ro Macca npesbiliaeT Maccy Hawen ManakTUKK B AeCATHHU ThbicAY pas.

IIpakTHYecKH BCIO MCTODHIO YejOBedYecTBa 3Be3jiHOe Hebo,
CYHTAJOCh CTATUYHBIM, T.€. HEM3MEHHbBIM BO BpeMe€HH. HO
B XVIII B. 661710 OTKPHITO ABHKEeHHEe 3Be3] B Hamei ['anakTuke,
aB1912—1914 rr. amepukaackuii actporom B. Cnaidep obra-
PY&HMII, YTO CIEeKTpaJbHbIE JIMHUHN Y JaJIeKUX raJJakTHK CABM-
HYThI B JJIMHHOBOJIHOBYIO (KPACHYI0) YacTh crnekTpa (puc. 3.42).
OKasaaoch, 9YTO B CIEKTPe ABHIKYIIErOCA HCTOYHHKA OHH CMe-
IawTcA Ha BEJIMYHMHY, NPONOPIIMOHAIBHYO CKOPOCTH €ro npm-

©

CABMr CNEKTPanbHbIX NTMHWIA B GMONETOBYIO (KOPOTKOBONHOBYIO) 4acTk CMEKTPa Has3biBa-
€TCH CUHUM cMellieHnem. Takoe CMelleHne HabNoaaeTes B CNeKTpax 38e3[ W ranakTuk,

KOTOpLIE C OFPOMHOM CHKOPOCTLIO NpUBNKKAITCA K HaMm. COOTBETCTBEHHO, N0 CHHEMY
CMELLEHWUIO MOKHO ONpPeeniTb CKOPOCTb NPUBNMKEeHHA o6beKTa K 3emne.

R

KpacHoe cmelleHue
CNeKTPanbHbIX AMHUA
AAAEKMX FAAAKTMK
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OAMXKEHHUI UAU yOAA€HHS, U IO IIOAOXKEHHIO CIHEeKTPaAbHBIX
AMHUY MOXKHO BBIYHUCAUTH CKOPOCTH 3TOro ob6bekTa. KpacHoe
CMelleHHe MOXHO OOBSACHHUTH TE€M, UTO TFaAaKTHKH yIAASIOTCH
OT HAcC CO CKOPOCTBLIO COTEH KHAOMETPOB B CEKYHAY.

B 1929 r. amepukaHcKui yuenbiii 9. Xab6a onpeneaua pac-
CTOSHHA [0 HEKOTOPBIX IaAaKTHK M HX cKopocTH. OKa3aaocCh,
4TO YeM AaAbllie HAXOAUTCH rasaKTHKa, TeM ¢ 6oablied CKOpoO-
CTBIO OHA OT Hac ymaadgercd. 3akKoH Bceobuiero paszberanuda ra-
AQKTHK Ha3BaAW 3aKkoHomM Xa6bna. CoraacHO eMy Ha KaxXIbId
1 MAH K paccCTOogHHUS OO 00bEeKTa CKOPOCTh yberaHusa yBeAH-
yuBaeTCsa NPUOAU3UTEABHO Ha 75 KM/c. DTy BEAUYUHY — KO-
3 PUIIHEHT NPONOPIUOHAABHOCTH MEXAY CKOPOCTBHIO yOAACHUS
BHEraAaKTHYEeCKHX 00bEKTOB M PacCTOSHHEM A0 HUX — HasBa-
AR NOCMOstHHOIL Xab66na.

MatemarudecKkas 3allUch 3aKoHa Xabb6aa BBITAIAMUT TakK:

v = Hr,
rIe U — CKOPOCTh oTHaadgmllerocsa obwvekra, KM/c; H — mo-
crosgsuHag Xabbaa, H =75 kMm/(c * Munk); r — paccrogHUE 10

obrekTa, Mnk.

YucaeHHOe 3HadYeHHe IOoCTogHHOW Xabbaa mpomoaxaer
YTOYHHAETHCH.

3akoH Xabbara Hauboaee TOYHO BBIIIOAHSETCH AAS JAAEKHUX
raAakKTHK U UX CKOIA€HHH M IPHUMEHAETCH, Korjga APYTHe METO-
OBl OIIPENEAEHHUH PACCTOAHUN HCIOAB30BATh HEBO3MOXHO. OTOT
3aKOH HMMEET CBOM TI'PDAHHUIBI IPHUMEHHUMOCTH, OH BBIIIOAHSETCH
TOYHO TOABKO AAS HJAAEKHX raraKTHK, PAacCCTOSHHE N0 KOTOPBIX
npeBbpimaeT 5... 10 Mok. Bauxkalimue K HaM FraAaKTHKH, B3au-
MoOmeHCcTBYysS MexXAy coboi, MOryT KakK yOaAsThCsH, TaK U IIPHU-
6auxaTrbca K Maeunomy IlyTu.

MeTarasakTuka U ee pacmupenue. B 1922 r. mam coore-
4YeCTBEHHUK A.A.PpuamMaH, OCHOBBIBASACh Ha TEOPHUU OTHOCHU-
TeAbHOCTH A.DHHImITEeHHAa, IpeAcKa3as, YTO PACCTOIHUSI MEXAY
rarakKTHKaMH He MOTYT OCTaBaThCHd IOCTOSHHBIMH, IIOTOMY YTO
cama MeraraaakTHKa He MOXKET OBITH CTAlMOHAPHOMW U MOAXKHA
Aub0 pacmiupaThbCsa, AUOO CXKHUMATHCS, B 3aBUCUMOCTH OT CPEJ-
He¥ MAOTHOCTH MaTepuu B HeiM. K coXaaeHHUIO, TEOPETHUYECKUE
BRIBOABI PpHuAMaHa He NPHHHMAaAAUCh BO BHHUMAaHHE yYEHBIMH
oo Tex mop, moka J. Xa66a He ony6AUKOBaA Pe3yAbTaThl CBOUX
uccaenoBaHuit. U3 orkpbiToro Xab6Aom 3aK0oHa CAELOBAAO, UYTO
MeTarasaakTuka pacmupsaercsa. IMeHHO MoO5ToOMYy, YeM gaAblle
OT HaC HaAXOOUTCH aCTPOHOMHUYECKHH 06BEKT, TeM GOAbIlle ero
OTHOCHTEABHAHA CKOPOCThH.

KoHeuyHO, raAakKTHUKHU pa3beramTcs BO BCE CTOPOHBI OT Maeu-
Horo IlyTu, He mOoTOMyY YTO MBI HaXonuMcd B LleHTpe Merara-



AAKTHKH, TOYHO TakKasd Xe KapTHHa pas3beramiiuxcd rasakTHK
Oymer HabalomaThcd B AI0OO# ee Touke. Bce rasnakTuku ybera-
IOT APYTL OT APyra CO CKOPOCTSAMHU OT COTEH A0 AECATKOB TBICHAY
KHAOMETPOB B CEKYHAY, HOTOMY YTO PDaCIIHPHAETCH CaMO IIPO-
CTPaHCTBO, B KOTOPOM OHH Haxonarcd. [Ipuyem B pacmupe-
HHH He y4acCTBYIOT I'PaBHTAIlHOHHO-CBS3aHHBIE MEXAYy coboi
3Be3Abl U 3Be3JAHBbIE CHCTEeMBl B MacmTabax oZHOM TFasaKTHKH.
Pacmiupenune MeTarasakTHKHU NPOABASETCS TOABKO Ha yPOBHE
CKONIA€EHHUHN U CBEPXCKOIIAEHUH rasakKTHK.

Ecau ce#ivac raaakTUKU paszberarmnTcd, TO B JAAEKOM IIPO-
IIAOM OHH OBIAM PACIOAOXKEHBlI HAMHOIO GAHIXKEe APYT K APYTLY.
I''A.TamoB, yueHuk A.A.Ppuagmana, B 1946 r. BRBIABUHYA TH-
IoTe3y O TOM, YTO BEINECTBO BO BceaeHHOH Ha HadYaAbHBIX CTa-
OUSX paACUIUPEHHS HMeAO ODEeCKOHEYHO OOABIIYIO INAOTHOCTH U
BBICOKYIO TeMIepaTypy. BmocaegcrBuu, B 1965 r., a1y rumo-
Te3dy NOATBEPAHAN aMepHUKaHCKHe acTpodusuku A. [leHamac u
P.BuaAbCoOH, OTKPBIBIINE SAEKTPOMArHUTHOE M3AY4YE€HHUE, PABHO-
MEPHO 3allOAHSIIIEee KOCMUYECKOEe IIPOCTPAHCTBO, KOTOpOE Ha-
3BAAH pPENUKMO8bIM uUsiyueHuem. 3a cBoe OTKpbITHEe B 1978 r.
A.Tleu3uac u P.Buabcon moaydyuau HoGeaeBCKy INIpeMUIO.
CymecTBOBaHHE PEAMKTOBOTO HM3AYYEeHHsS OBIAO TEOPETHUYECKH
npenckaszano I'. A. TaMoBBIM B paMKax OOIIenpUHATON Temeps
KOCMOAOTHYECKOH MoOmeaH pacliupeHuda BceaeHHoOM — Teopum
Boarmoro B3pwIBa.

CoraacHO 5TOH TEOPHH B HAYAABHBIH MOMEHT BCS MaTepHd
HaXOAHAACh B KOCMOI02UUECKOU CUHYASIPHOCMU — COCTOSAHUH,
ob6arapmarmiieM GECKOHEYHOMN MMAOTHOCTBHIO M TeMIlepaTtypoii. 3a-
Te€M NIPOCTPAHCTBO M NE€PBHYHAA MaTepHUd HAYaAAU PACHIUPATH-
cad U oxaaxpgaTbcd. [IpuyeM pacmupeHue BceaeHHON Heab3d
paccMaTpuBaTh KaK pacliupeHUe OBIBIIENd CBEPXIAOTHOM Ma-
TEPHUH B OKPYXKAKIYI INyCTOTY, NYCTOTBI BOKPYI IIPOCTO HE
6b1a0. BemecTBo BceaeHHO#M c camMoro Hadaaa OLZHOPOXLHO 3a-
IOAHSAO BCE CYIIECTBYIOIE€e Ha TOT MOMEHT IpoCTpaHcTBO. YTo
ABHUAOCH NIPUYHUHOMN pacmupeHud BceaeHHONH, coBpeMeHHad Ha-
yKa OoTBeTHTHh He MoxeT. OgHako padpaboraHa mosranmHasg Qu-
3uYecKasd KapTHHa 3BOAIOIHH BeIlecTBa C MOMeHTa Boabpmoro
B3pBIBa [0 HacTosgmero BpemMeHu (puc. 3.43) IlpumepHO uepes
3 MuH nocae Boarmioro B3prIBa HadYaaCd MNPOLECC COEAUHEHHUHA
IPOTOHOB U HEHUTPOHOB B cocTaBHEIe ganpa. Yepe3 380 TriCc. aeT
nocae Boapmoro B3peIBa TeMIlepaTypa CHH3HMAACh HACTOABKO,
4YTO 0Ka3aA0Ch BO3MOIXKHBIM CYIIECTBOBaHHE aTOMOB BOJOpOAA.
[Ipu aToM MaTepud cTasa NPO3pPadyHOU OAd HU3AYYEHUHA, KOTO-
poe, cBOOOIHO pacIpoCTpaHAgsACh B IPOCTPAHCTBE, NOIIAO 4O HAC
B BHUJE PEAHMKTOBOTIO HU3AYYEHHUHA.

CTPOEHUE
N 3BOAOLNSA
BCEAEHHOW
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3BoAIOUMA
MeTtaranaxkTmim:

o1 BOAbLWOrD B3pbLIBa
AO HaCTOALLEero
BpEeMeHH

JIpa KBAHTOBOM
rpaBuTaAIlNH

: . Hunamus
Boasmoi B3pbiB

13
mmoc 10 ¢
KTOBOE

Boawumoi Bapbis
‘I) Yenue

30 ¢
maroc 10 c?
380 TeIC. NET
nochae Boasumoro
B3pBIBA

o 1
| Ceer

Ceropns
I'paBHTANHOHHBIS )
BOJIHEI

14 mapna ner
nocae bonsmoro Bapeiga

BenuyuHa, obpaTtHas noctosHHOW Xab6na, pasHa npumepHo 13,8 mnpa net. BoamoxHo,
3TO YKa3blBaeT Ha TO KONMYECTBO BPEMEHM, KOTOPOE NpoLLNo ¢ MOMEHTa Hayana pacilu-

peHus BceneHHOW, a 3Ha4yuT, BNONHE BEPOATHO, ONpeaenaeT U ee BO3pacT.
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¥Ycropennoe pacmmupenne Beenennoii. B 2011 r. 3a oTKpbI-
THE YCKOPEHHOTro paciiuperdns BeeseHHOM mocpeacTBoM HADIIO-
A€HuA JaJIbHUX CBEPXHOBBIX 3Be3/l ABYM He3aBHMCHMbLIM rpynmnaM
yuenbix u3 CIIIA u Aprpanuu ObLna npucy:xkzena HoGenesckasn
npemus no ¢pusuke. OHE 00HAPYIKHUIN, YTO CYHIECTBYET OTKJIO-
HeHHe 0T 3aKoHa Xabbsia, KOTOpOe 3HAYMTENBHO IPeBhIIaeT 10~
rpemaocTH uaMepenuna. Habmaonaemoe yckopenue BeesleHHOIM
OOPOMK/AaeT TaK Ha3blBaeMasd meMHaA Mamepus — HEeU3BeCT-
HBII paHee BUJ MaTepuu, 001aga0niuil CBOIICTBOM AHTHTPABH-
ranun. Takum obpaszomM, MoATBEPAMJIACE 'HIIOTe3a JifHIITEHHA
0 HaIW4YuHu BO BeceneHHO# MaTepuu, KoTropad co3faer He MpPH-
TAKEHHe, a OTTAJIKMBaHUe, WJIN aHTHuTAToTeHHe. Kpome Toro,
OKa3aJioCh, YTO CYIIeCcTBEHHAdA J0JIA BellecTBa BO BecejleHHOM
JOJIKHA OPUXOAUTHCA HA TEMHYIO MaTepuio, KoTopad He HC-
NycKaeT 3JeKTPOMArHUTHOIO U3JIYYeHHUA U HANPAMYIO He B3a-
MMOJIeHCTBYeT C HUM.

B mHacTosimiee BpeMs y4eHble HPHILIN K BBEIBOAY, YTO 00Jb-
masg gyacTh Maccel BecelleHHO#N npuxoauTcsa Ha JOJIO mem-



CTPOEHUE
HOU 9Hepeuu, KOTOpas NPAKTHYECKH OLHOPOAHA, B OTAHYHE W SBOAIOLIMS

OT OOBIYHOM 2HEPrHH U TEMHOH MaTepHUH, KOTOPHBIE paclIpemese- BCEAEHHOM
HBl B KOCMHYECKOM IIPOCTPaHCTBE HEOAHOPOAHO, o6pa3ysa 3Be3-

Abl, TAAAKTHKH H Apyrue obbvekTrl. CynTaeTcsda, YTO TeMHAad

3HEepPrud — 3TO CBOHCTBO CaMOro IPOCTPaHCTBA.

Bynymee Bceaenuoii. CymecTBYIOT ABE€ TEOPETHUYECKHE MO-
neau Oynyumiero BceaenHoii: 3akpbiTad u oTKpbiTasg. CoraacHo
3aKpBITOM Monmeaum BceaeHHad MOXKET HCHBITBIBATH MHOXECTBO
3BOAIIMOHHBIX IIHKAOB. lIHKA pacIIMpeHHS CMEHAETCH IHU-
KAOM IIOCAEAYIOIIEr0 CXKAaTHA A0 BO3BpAalleHHUS B CHHTYASPHOE
COCTOHHHE, 3aTE€M CAEAYEeT HOBBIM B3PBHIB, M BCE HAYHHAaETCH
cHoBa. [ToAHBIY IHKA pacUIMpPEeHHS U cxKaTud BceaeHHOH 3a-
HuMmaeT npumeprHo 100 mapn aer. Kaxpawsléi pa3, Bo3Bpamasach
K CHHTYASPHOCTH, BceaeHHasa TepdeT «IaMATb» O IPOIIAOM
COCTOSHHUU U MOIKET CHOBa «POAHUTHCS» C COBEPIIEHHO HOBBIM
Habopom (PU3UYECKUX KOHCTAHT.

CoraacHO OTKPBITOH MOLEAHW OOAXKHA IIPOU30UTH TelmAoBad
cMepTh BceaeHHOH, cBI3aHHAasd C OCTBIBAHHUEM 3B€3J BCAEACTBHUE
npeKpalleHUsd B HUX TEePMOSAEPHBIX PEaKIUH, KOorga 3aKOHYHUT-
cd BCe AnepHoe TONAUBO. Ilo mpeaBapUTEABHBIM pacdYeTaM, 3TO

MOXKeT Ipou3o¥TH dyeped 10+ aerT.

3HaKOMOe BCEMY MHpPYy Ha3BaHHE TE€OPHH O pacIIHpeHHH BceAeHHOH «BOABIIOH B3pPBIB»
OBbIAO HEBOABHO 3aHMCTBOBAaHO y €e NMPOTHBHHKA P. Xoiaa, KOTOpPBIH Tak 0603Ha4YHA Teo-
PHIO, aABTEPHATHBHYIO €ro COGCTBEHHBIM B3rasAamM. OH CYHTAaA 3Ty TEOPHIO «COBEPIIEHHO
HEyZOBAETBOPDHTEABHOH» H OTCTaHBAaA THIIOTE3y O HE3aBHCHMOCTH NOSBA€HHS MaTepHH
H pacirHpeHHs BceaeHHo#H. IlocAe MyGAHKaIHH ero TeMaTHYECKHX AEKIHH TEPMHH CTaA
O4YeHb NONMYASIPHBIM.

Pesome. Maeuynsiit IIyTs, TyMaHHOCTh AHAPOMEABI U APY-
rue OAumxkadmue rarakKTHUKU (POPMUPYIOT CKomaeHue — MecT-
HYIO Ipynny rasrakTHK. CKOIIA€HHS U CBEPXCKONAEHHHA rasak-
TUK 00pa3yoT BUAUMYIO HaM 4YacTh BceaeHHO¥ — MeTaraaak-
THKY, UMEIOMYIO S4YE€HCTO-COTOBYIO CTPYKTypy. CHnekKTpasbHBIE
AMHHUHU B HM3AYYEHHHU NAAEKHX TFaraKTHK 3aMETHO CMEIIEHBI
B CTOPOHY KPacCHOIO KOHIla CHEKTpa, YTO IIO3BOAHET OIpene-
AUTH UX ckKopocTh. CoraacHo 3akoHy Xabbaa — dYem gaasbuie
OT HAcC rasakTHKa, TeM ObICTpee OHa OT HAaC ymaageTcd. 3aKOH
Xabbaa IMO3BOAUA BBISICHHUTH, 4TO MeTaraaakTHKa pacUIUpPSeET-
Ccd ONMHAKOBO BO BCEX HaNIpPaBAEHHHAX. YCKOPEHHE paCIIUPEHHUH
MeTarasaKTHKH OOKa3bpiBaeT (PaKT HAAMYHUA B IPOCTPAHCTBE
TpexX BHUAOB MaTEpPHHU: OOBIYHONW MaTepHUU, TEMHOH MaTEpHUU HU

TEMHOMN 3HEPTHUH.
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KOHTPOAbHbBIE BOMPOCHI

. UT0 HasbiBaeTCA CKOMAEHUEM U CBEPXCKOMAEHUEM FanaKTUk?

. Yto Takoe MeTaranaktuka? KakoBa ee CTpykrypa?

. B uem cocrtout 3akoH Xa66ra?

. Kakne OTKpbITUA CAyXaT NOATBEPKAEHUEM TE€OPUU BOAbWOro B3pbIBA?
. B uem npuumHa yckopeHua pacwupeHus MeTtaranaktuku?

Ul A WN R

. Ha poAlo Kakoih MaTtepuu NpuxoAUTCA OGOAblIAA 4YaCTb BellecTBa BO
BceneHHOW?
7.4T0 noHMMaeTcA NOA 3aKPbITOM U OTKPLITOW MOAEAAMU Oyayliero
BceneHHOW?

3AAAHUA AN CAMOCTOATEAbBHOMW PABOTHI

1. CoctaBbTe NepeyeHb METOAOB ONPEAEAEHUA PaCCTOAHUW A0 ranak-
TUK MO Cxeme: Ha3BaHMe MeToAa, CYyTb METOAa, AOCTOMHCTBA, HEAO-
CTaTKMu.

2. MoArotoBbTe HEGOALIWOW CLUEHAPU AAA PpOAMKA «UCTOPUA OTKPLITUA
3akoHa Xab6haa» mAu OykTpeilaep no TeKCTy ctaTtbn AMUTPUA Camu-
Ha «TaWHbl BceaeHHON. 3akoH Xab6haa».

TEMbl AAAA AOKAAAOB

1. BceneHHaa dpuamaHa.

2. TeopeTnueckne mMoaeau byaywero BceaeHHOW.

3. TemMHas MaTtepus U TeMHas 3Heprua — ocobbie BUAbI CyLLECTBOBA-
HUA MaTepuu.

3.8. IBoAIOUMA FraAaKTUK U 3BE3A

OBoaoIug rasakTuK. Ha coBpemMeHHBIX (oTorpaduax ra-
AQAKTHK MBI BUAUM HX TAKHMH, KAaKUMH OHHU OBIAM MHAAHOHBI
U MHAAHMADPABI A€T Has3aJ. Beab HMEHHO CTOABKO BPEMEHH IIO-
Tpe6GoBaAOChH CBeTy, 4TOOBI mocTHU4Yb 3eMAU. Baaromapsa aTomMy
MBI KaK OyATO mepeMeliaeMcs B IPOIIAOE, IJ€ U3MEHSIOIIH-
ecs raAakKTHKU Ipuobperasu CTPYKTYypy, KoTopad Habamwpga-
ercsa ceromHsa. TakKoe peTPOCHEKTHBHOE «IyTeIIeCTBHE» IO-
3BOASET aCTPOHOMAM IIOAYYHTH HNpeACTaBA€HHE 00 3BOAIOIIHHU
rasaKTHK.

CoraacHo Teopuu Boabpmoro B3prIBa BHadaae Halra Bce-
A€HHasd HMeAd OLHOPOAHYIO CTPYKTYpPy. HeaHauuTeabHBIE KO-
Ae6aHUS IAOTHOCTH NOATOAKHYAH HEKOTOpPBI€ YaCTHIBI Ilepe-
MelaThcd IIOA AeHCTBHUEM CHABI THAXKECTH, B pe3yAbTaTe IIPHU-
TAXEeHUsS OHU OOBEeIHHHAUCH B 6oaee KPYHHBIE CTPYKTYDPHI.



ayajdbHOe B

Buj oyayimieil ralakTHKHA B 3TOT MOMEHT 3aBHCEJI OT HAJIHUYHA
MOMEHTA BpaIlleHHA V IMIPOTOTaJIaKTHKH, 8 HHTeHCHBHOCTE IIPO-
necca 3se3zoo0pasoBaHUA — OT ee TIOTHOCTH.

Ecan Bpanjesue y nNpoTorajakTHKR OTCYTCTBOBAJIO, TO (hop-
MHpOBAaJach JIANTHYECKAA rajaktuka. [Ipu aTom Bce Beme-
CTBO IOTJIOUIAJIOCH B nporecce (GOpMHUPOBAHUSA 3Be3/l, TAK Kak
OTCYTCTBOBAJIH IeHTPODEXHBIE CHJIBI, JEHCTBYIOIIHE HA MEK-
3Be3iHOe BemlecTBO. [Ipu Hanw4yuK cobCTBEHHOIO MOMEHTa Bpa-
meHus popMupoBaica rarakTHdecKkui auck. Ecim ckopoers
3Be3/1000pa3oBaHuA HeDOIbINIAA, TO YACTH BEILIECTBA OCTABAJIACH
1 (QOPMHPOBAJIA CIHpAJIbHBIE PYKaBa (puc. 3.44).

CTPOEHME
M1 3BOAIOLIMA
BCEAEHHOW

Obpa3zosaHue

IAAMNTHYECKHX
M CNUPEAbHBIX
ranaKTuK

Mo oaHOW U3 BepCUi, KBa3apsl NPEACTABNAIT COO0H pe3ynLTar CNMAHWUA KPYNHbIX ranax-
m TUK B paHHeil BceneHHOW, KOrga oHWM pacnonaranucb HamHoro Gnue, 4em celudac,
M MX CTONKHOBEHWUA Cny4Yanucb HaMHoro Yauwle. CBepxMacCcUBHbIE YepHbie Abipsl B AApax
NP CNUAHKUK ranakTuKk GOPMUPOBANKM KONOCCaNbHYI0 YEpHYIK Abipy, KOTOpas HavyvHana

adKTUBHO NOrMouwaTtb OKpyHawliee BewecTeo.

Ecan naHayaabHaA IJIOTHOCTH IPOTOTANAKTHKY JOCTATOYHO
BeJIMKA JJA OBICTPOro HOrJIONIeHNA BeILIECTBA B IPOLIECcax 3Be3-
noobpasoBaHHA, TO 00pazoBEIBANIACE JUH30BHAHAA rajlaKTHKA.

Ilox meiicTBHeM CHJ NPUTAYMEHHA FaJaKTHKN OPUTATHABA-
JHCh APYT K APYry, MOTJIOLas ¥ paspeiBas OoJiee MeJIKHe Kap-
JIAKOBBIE TAJIAKTHKH, Osarogapsa yeMmy Oojiee KpyIHBIE CTAHO-
BUINCH eme Goabme (puc. 3.45).

Mneunsrit IIyTes yiKe DOrJaoTHI HECKOJBKO KAPJIHKOBBIX
raJaKkTHK ¥ npeofpasoBas X B mLIeid 3Be3/, BpamaoIiuxca
BOKPYT sifpa rajakTuku. B Hacrosilee BpeMd BHYTPb 3aTATH-
BaeTcda KapJuKoBasa rajaktuka B Crpenbiie (puc. 3.46). IToxo-
JKafg y4acTh JKIeT KapJauKoBble rajakTuku Boawsmioe n Manoe
Marennasosel ObsaKa, NOCKOJBKY I'PABUTAIMOHHOE B3aUMO-
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CTPOEHME
1 3BOAIOUMA
BCEAEHHOM

CroAKHOBEHHE
ranakTMK

Ha PacCTOAHUM

500 MAH CBETOBbIX AET
ot 3emMAM

i. neicreue ¢ Muneunsim ITyrem yoke ceituac paspymaer MX CIIH-
pajibHBIE CTPYKTYPHIL.

B peayabTaTe CIMAHUA ABYX OOJBIIHUX raJakTHK paspy-
HIaeTcs MX COMpaJbHAas CTPYKTypa M o0pasyercs THTaHTCKAA
ANINUNTHYECKAs raJJakTuka. B Kakoii-To MOMEHT 9TO IIPOU30ii-
net ¢ Maeunsim [lyTem, Korjga oH BeTpeTuTes ¢ TyMaHHOCTHIO
AngpomMensl.

—— S S—

Horaa npouecc pocta 38e3[bl 3@ CYET OKPYXalLWMX ra3a v Nbiik NpexkpaulaeTcs, oHa
m elle He ABNAeTCcA cOGCTBEHHO 3BE3/10M U Ha3bIBAeTCH «3Be3/10M A0 rMaBHOW nocneaosa-
TeNbHOCTU». OCHOBHBLIM MCTOYHUKOM 3HEPTUM TaKoro o6beKTa ABNAETCA Npouecc rpasu-
TaUWOHHOIO CHaTKA, B X0O4e KOTOPOro 3Be3ja pasorpesaercs. TONbKO Koraa B ee Hegpax
Ha4yHYTCH TEPMOAAEPHbIE peaKkLMU, OH8 MOXET CHUTATbCH NOMHOUEHHOW 3BE3/0M.

KapaukoBan
3AMMNTHYECKAR
ranaktuka B Crpeasue
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CTPOEHMUE
Taxum 06PH3OM, SBOJIOIHA laJaKTHK yiKe IJIHTCA MHJJIH- M 3BOAKOLMA

apAasl JerT 1 B obozpumom OyayineM oHA He npexparurcs. a- BCEAEHHOW
JAaKTHKHY Becerja OyayT B3aMMOJeMCTBOBATE MeXIY coboil, 3BO-
JIIOIMOHHUPOBATE ¥ BUIOM3MEHATHCH.

Poxpenue 3ge3n. 3se3ibl 00pasyoTesa MyTeM IpaBUTAIM-
OHHOTO C3KaTHA 00JIAKOB rasa, IPH 5TOM IPOHCXOAHT MX Paso-
rpei. Korza B nenTpe c)kaToro BOJOPOAHOTO 06/IaKa BEIecTBO
JOCTHTaeT ILIOTHOCTH M TeMIIEPATYPHI, JOCTATOYHBIX JJIA HPO-
TeKAaHMA TePMOAAEPHBIX peaKIuii, poskaaercsa 3Beajaa. Ilpu
ATOM €€ CIKATHEe NPeKpamaercs, I0OTOMY YTO CHUJIA BHYTPEHHEro
JIAaBJIeHHA I'a3a YPABHOBENIHBAET CHJY TATOTeHHA. Yem 60Jb-
IIe Macca 3Be3/bl, TeM BBIIIe TEMIIepaTypa, IpU KOTOPOi Jo-
cruraerca pasHosecue. IloaTomy cambie DONBLUIHE CBETHMOCTH
HaDIIOAAI0TCA HMEHHO Y MACCHBHBIX 3Be3l. YToObl MPOTH 3Ty
CaMYI0 PAHHIOIO CTAJXHIO CBOEH DBOJIIOIMH, IPOTO3BE3AaM HYKHO
CPABHUTENBHO HEMHOrO BpeMeHH. Il HpoTosBesasl ¢ Maccoi
DoJIbIIe COJTHEUHOM HY¥KHO BCET0 JIMIIb HECKOJbKO MHJLIIHOHOB
JIeT, a4 eCJIM Macca MeHbIIle — HECKOJBKO COTeH MUJLIIHOHOB JIeT.

rOMUBYLLME 3BEe3[bl ManoW Maccel. 3Be34a ¢ MaccoM, paBHOW CONHEYHOMW, NpeBpallaeT-
cs B 6enbiid KapnuK, a 6onee MaccHBHasi — B HEMTPOHHYIO 3Be34y.

m 3HayuTenbHasa YacTb BEeWeCTsa B Npouecce 38e34006pa3oBaHus nNpespallaeTcs B 4on-

YacTe nporosBes ¢ HeOOABIIOH Maccoi,
K KOTOPBIM OTHOCATCHA KOPHYHEBbIe KapJIHKH,
He JOCTHIaeT HJOCTATOYHOM AJIA peaKkiuil TepMo-
AIePHOTO CUHTe3a TeMueparypsl. Takue 3Be3nl
VMHPaloT, NOCTEIeHHO OCThIBAA 38 HECKOJBKO
COTeH MHJLIMOHOB JIeT.

Bpemsa sBOJOIUH NPOTO3BE3[ CPABHUTEILHO
HEBEJHMKO, II09TOMY CaMyI0 paHHIOK (azy pas-
BHUTHSA 3Be3]l 00HAPYIKHTE CJI0:KHO. B HacTosamee
BpeMs# acTPOHOMBI HabuozawT 3a o6pa3oBaHM-
€M 3Be3/{ M 3Be3JHBIX CHCTEeM B MeK3Be3[HbIX
rasonslIeBbIX 00JaKax ¢ NOMOINBI KOCMHYE-
CKHUX MH(ppaKpPaACHBIX TeJeCKOIOB, CIIOCOOHBIX
VBHUETh POMKACHHE 3Be3/bl JajKe 3a Henpoapad-
HEIMH TyMaHHOCTAMH (puc. 3.47). B rymanHocTax, rae obpa-

3YIOTCA 3BE3ALI, BOAOPOA HAXOAUTCA He B ATOMAPHOM, a4 B MO- POXAEHHE 3BE3ALI
nexkyasapaom (H,) Buje, B TaKUX cAydYaaX TYMAHHOCTH HA3bIBA- B NPOTONAGHETHOR
0T MOAeKyaapHbim obaaxom. HabmoneHua cBHeTeNbCTBYIOT, CHUCTEME B TYMAHHOCTH

UTO B XOJOZHBIX 06/aKax, KaKk MNPABUIIO, NOABISAIOTCS 3BE3/IbI Opuora

¢ HeDONBIION Maccoi, KOTOphIe cHaAYala BUJAHEI B HH(ppakpac-
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HOM CHeKTpe BHyTpH o0saka, a Korga obJIaKo paccenBaercs, TO
1 B BUANMOM crnexrtpe (puc. 3.48, 3.49). B orpomusix u Gosee
TEILTBIX MOJIEKYJIAPHBIX 00JaKkax MOryT o0pasoBLIBATHLCH 3BE3-

IbI JII000H Macesl.

0

Mepean HaGniogaeMan HOBOPOXAEHHAs 3BE3/a, Yeil Bo3pacTt coctasnan 10 mnH ner,
6bina o6HapymeHa Ha pacctonaHuM 10,4 mMnpa cBeToBbIX NeT, Toraa Bo3pacT BeeneHHon

coctaenan 3,3 MnpAa nert.

Puc. 3.48

MoaekyaspHoe ob6Aaako
rasa W NbiAK,

OTAEAMBLUEECH
OT TYMaHHOCTH Kuas.
B6AM3M BUAHBI HEAGBHO
chopmupoBaHHbIE
3Be3AbI,

Hx U306paxeHna
OKpaLLeHbl B KPacHbiA
LBET, TaK Kak
M3AYYEHHE CUHETD
UBETA XOPOLWO
PACcCEeUBAETCA NbIALIO

CornacHo Teopuu Boabmmoro B3peiBa B 3JI-
JTHUNTHYECKON raJIakTHKe DOKAeHUEe BCEX 3Be3]]
MPOUCXOAUT MOYTH OAHOBpeMeHHO. IToaTomy
B HHUX BCE 3Be3/bl NPUOIU3UTETHHO OJTMHAKOBOIO
BO3pacTa, T.e. O4eHb crapble. IIOCKOJBKY BeCh
BOZOpPOA OBLI MCYEpIIaH Cpasy ke B caMOM Hada-
Jie CyIIeCTBOBAHMUA FaJJAKTHKM, TO U3 OCTaBIIE-
roca HeGOJIBIIOro KOJINYeCTBO MEeK3Be3HOTO Be-
IIeCTBA HOBBIE 3Be3/Ibl ViKe He MOT'YT BOSHUKATD.

B cnupanbHBIX raJaKTUKaX HA KaMAbIHA
aTOM ME’K3BE3[HOTO rasa JeiCTBYIOT JB€ CHJIBL:
rpaBUTALlMOHHAA, IPUTATABAKIOIIAA €ro K IeH-
TPy raJJakTHKH, ¥ HEeHTPoOeXHadA, BRITAJIKMUBA-
0IIas ero o HANPABJIEHUIO OT OCH BPAILeHHUA.
B peayabTaTe ras c;kUMaeTcs B FaJaKTHUYECKOM
IIJIOCKOCTH B OTHOCHUTEJNIBHO TOHKHII cioil. MHOKecTBO 3Be3]
PO aaeTeA HA KAaXKJIOM dTale CIKATHS MeXX3Be3IHOTO rasa BO
Bce Bomee yroruarwmemcsa aucke. [Tloaromy B mrameit IamakTui-
Ke MOYKHO HAWTHW KAK CTaphble 3Be3/Ibl, BOSHUKIINE IIPUMEPHO
10 mappn JeT Ha3aj, TAK U 3Be3/bl, POAUBIINECH OTHOCHTEb-
HO HEJAaBHO B CHMpPAaJbHBIX pykasax. IlogTeBepskieHHeM 3TOTO
cay:kar HabOJMIOJeHHs 3a MOJOABIMH 3Be3laMH H pacrpejele-
HHEM TasolbLIEBLIX 00JIAKOB B CHIUPANbHBIX BeTBAX [anakTu-
ku. HambGonpmasa mIOTHOCTE MeK3Be3HOT0 raza Habnwonaercs
HA BHYTPeHHHX Kpasax cnupaneii. IIponece obpazoBanus 3sesn
M3 MeXK3Be3IHOM ra3oBO-TILLIEBOM cpelbl MPOMCXOIHUT U ceiuac.

Hoggle nccneoBaHus KOCMOCA Aai0T DOraThIil MATEPHAJ AJH
CO3NAaHMA M APYTHX I'MIOTE3 SBOJIOIUHM raJakTHK, ajJbTepHAa-
THUBHBIX Teopuu BoJibiioro B3psiBa.

©
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nW. YAMBUTENLHO, HO OKONO YEPHOW Abipbl BPEMS TEYET MEANeHHee, Yem Ha 3emne. 3a He-

CKONBKO MWUHYT HAXOMAEHUA PAAOM C 3TUM OGBLEKTOM NPOWAET HECKONLKO NET WNK Jecs-
TUNETHK Ha HalWewn nnaHere.




Isomonun 3se3n. Korjga npoTossessa CTAHOBUTCA 3Be3/0MH,
OHA OKA3bIBAeTCHA HA IJIABHOH ITOCJIE0BATENBHOCTH AHarpam-
mbl epumnpynara—Paccena (cMm. puc 3.4). IIpu arom riaBHas
[IOCJIeJOBATEILHOCTS MIpecTaBaAeT coboi Kak OBl reomeTpuye-
CKOe MeCTO TOYeK, XapaKTepHU3YIOIIHUX CTAIlHOHAPHOE COCTOA-
HHE 3Be3JIbl ¢ AJUTeJbHBIM B YCTONYNBLIM HayuyeHHeM. Boas-
IMUHCTBO HaGJIHAaeMblX 3Be3J MPUHALJIEKUT IJIABHOM Iocie-
JOBATENLHOCTH.

Bpemsi npebbiBaHMA 3Be3bl HA IJIABHOW MOCJIEeNOBATENb"
HOCTH OIIpefiesiseTcsa Maccoi 3eeanbl. Bosee maccuBHBIE 3Be3-
ALl IMEIOT GOJBIIYI0 MOIIHOCTE U3JIYUYeHNU A, IIOCKOJbKY CBeTH-
MOCTH 3B€3/ibl IIPOIOPIMOHAIbHA IPUMEPHO YeTBePTOi cTeneHn
ee maccel. KpyIHEIEe 3Be3/ibl, MACCHI KOTOPHIX B HECKOJIBKO pas3
ooasmre macesl ConHIa, HAXOAATCH B CTAIIMOHADHOM COCTOAHHH
TOJIBKO HECKOJBKO MUJIJTMOHOB JIeT, a 3Be3/bl, noxobusie ComxH-
oy, — MHJJIHAPALI JIeT.

ExxecexkyHaHo 13 aapa ConHua BbICBODOM/AAETCA IHEPTUN, IKBU-
ganeHTHan 100 Mnpa B3pLIBOB atoMHbiX 60M6.

Kak nmokassIBalOT pacueThl, u3-3a c¢a1aboil MHTEHCUBHOCTH
TePMOSIIGPHLIX peakinii KpacHBIe KAPJIWKH, 3Be3[kl ¢ Maccod
MeHee MoJOBUHBI Maccel ColHIA, MOTYT CYIIecTBOBAThH OT Je-
CATKOB MHJLIHADAOB J0 AeCATKOB TPHJIJIMOHOB JIeT.

HanmomauM, 4TO KOHEeUHAA CTAAUA YXHU3HH 3Be3Abl TaKKe
onpeneasierca ee maccoi (cM. nmoapasa. 3.3, 3.4). 3Beaw! ¢ He-
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Ob6pasoBaHKe 3BE3AbI,
CTaBLUen BUAHWMOM
NoCAe paccenMBaHus
MOAEKYARPHOro obaaka
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Goabnioit maccoii nmocne BeITOpaHUA BOJAOpoaAa u of6pa3oBaHUsA
reJIMeBOro A/pa CUJILHO YBEJIHUYNBAIOTCSA B pa3dMepax M IpeBpa-
IIAKTCA B KPACHOTO I'MraHTa WJIM Ja’ke cBepxXruraHra. Baem-
HUe CJIOM TAaKO# 3Be3/[bl NOCTEeNeHHO pacllupATesa, 00pasyoT
nJlaHeTapHble TYMAHHOCTH, 4 HA MeCcTe P'MraHTa OCTaeTcs Ma-
JeHbKasa KOMIaKTHadA ropadas 3Be3sa — Oensnit kapiauk. Ye-
pe3 COTHM MMJIJIMOHOB JieT, OCThIBas, OHH IpeBpaTATCH B HEBH-
JAUMBIe YepPHbIe KAPJIUKH.

CosepmienHo apyras cyabba y 6o1ee MACCUBHBIX 3Be3]l, IIpe-
Belmnaomux maccy Conana 8 8—10 pas. B xonue cBoeil xus-
HH OHHM TepAKT YCTOMYMBOCTH M B3PBLIBAIOTCA KaK CBePXHOBHIE,
BeIOpachiBasg B MEK3Be3JHYIO CPely MHOYKEeCTBO THMKEJbIX XH-
MHYECKHX ajeMeHTOB. Ilocsie B3pbiBa OHM KaTacTpouuecKH
CKHMMAITCH J0 HIAPOB PaJHyCOM B HECKOJBKO KHJIOMETPOB,
IIpeBpallasgch B HeHMTPOHHBIE 3Be3/bl WK, NpH Goabireii mac-
ce, B yepHbIe AbIpbI (puc. 3.50).

©

JlyHbI,

HelTpoHHbIE 3BE3/ibl HACTONLKO NNOTHLIE, YTO ECNK TEOPETUHECKM NOMECTUTL COCTaBNS-
OLMe MaTepuanbl HEMTPOHHON 3Be3abl B BaHKy, To ee macca 6yaet 6onblwe, 4em macca

HXKUBHEHHBIA LIMKA
asespn
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AxTBHan obaacTb
3se3pa00bpasosaHun —
TYMaHHOCTb KnAA

(B UHpaKpacHOM
AnanasoHe)

3Be3/bl MEPBOTO MOKOJEHHUA COCTOANHA DOJBbIIeH YacThio U3
BOoZopoaa. B xoe TepMOALepPHBIX PeaKI Uil BHYTPH 9THX 3Be3]
poskaaauck 6osee TAMKedbIe aToMBI. B Hegpax 3Be3s MoskeTr 06-
pazoBatbes A0 30 XMMHUECKHX 3JIEMEHTOB, 4 BO BPEMS B3phI-
BA CBEPXHOBBIX — OcCTaJbHbIE 31eMeHTHl [lepuoauueckoii cu-
CTEeMBl XMMHYECKHUX 3JIeMEeHTOB. B mpoiecce sBOTIOIUHN 3Be3/bI
epPBOTr0 MOKOJEeHHA BO3BPAINATIN B MEK3Be3HOe TTPOCTPAHCTBO
3HAYMTEJNBHYIO YacTh BCeil Macchl, oboramnas TAMKeNLIMH aje-
MEeHTAMHU Me)K3Be3JHyw cpeay. M3 aroro raza cranm obpaso-
BbIBATHCA DOJIee MOJIO/bIe 3Be3/ibl, 3BE3/Ibl CJAeAVIOMIET0 MOKO-
neauns (puc. 3.51).

B 3Be3sax BTOPOro MOKOJIEHHA NPUMECh TAMKEILIX 2JIeMeH-
ToB DoJlee 3aMeTHa, TaK Kak OHHM obOpasyiorcs u3 ymxe obora-
[IEHHOI'o TAMeJIBLIMH 3JIeMeHTaMM NepBHYHOTO rasa. HMEHHO
[I09TOMY O BO3PACTE 3BE3/bI MOMHO CYAUTH 110 €6 XHMHYECKOMY
COCTaBY, KOTOPBIH YCTAHABIMBAETCH C IOMOIIBIO CIIEKTPAJIBLHO-
ro aganusa. Hame ConHne — Toxke 3Be3/ia BTOPOro NOKOJeHHA
3Be3s. Takum obpaszomM, GONBIIMHCTBO ATOMOB (THAXKeIee aToMa
BOJIOPO/IA) B HAIIMX TeJIaX U B OKpPy:Kaloleil cpeje ObLIN POH-
JIeHBI B HEAPAaxX AABHO YMEpPILUHX 3BE3/.

HacTo BO3HWKAET HENpaBuNbLHOE NpeacTasneHne o pasmepe BeceneHHow: ero cpaBHUBa-

m 10T C €€ e BO3pacToM, KOTopbii coctasnsier 13,8 mnpa net. MNpy 3TOM He y4UTbIBAETCA,
yto BceneHHas paclWpReTcs ¢ ycKopeHueM. Mo npubnuantenbHbliM NoacyHeTam, gvameTp
BMAMMONA BceneHHoW coctasnaer 93 Mnpa CBETOBLIX NeT.
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PesoMme. 'aAaKTHUKHU U UX CKOIAEHUS, B3AUMOAEHCTBYSI MEXK-
oy coboii, MOTYyT BOAIOIIUOHUPOBATL U U3MEHSITHCSI. 3Be3Abl 06-
pas3yoTcd B pe3yAbTaTe TPABUTAIMOHHOTO CXATHUHA BeEUIECTBA U3
ra30mbIAEBBIX 00AAKOB. B 3aBUCHUMOCTH OT MacChl 3Be34bl B IPO-
Ijecce 3BOAIOIIUYU NIPOXOAAT CTAOUHU OT IPOTO3Be3n A0 OeABbIX Kap-
AMKOB, HEUTPOHHEIX 3BE€3[ UAHU YEPHBIX ABIp. B Xome 3BOAIOIINU
3Be31 B pe3yAbTaTe TEPMOSAEPHBIX peaKIUili U B3PHBIBOB IIPO-
HUCXOOAUT 0oOpa3zoBaHUWEe XUMHUYECKHX DAEMEHTOB TsHaXeEAee BOLO-
poxna.

KOHTPOABbHBIE BOMNPOCHI

. KaKk BO3BHWKAU ranakKTUKM U CKOMAEHUA ranaKTUK?

. Uto onpepersieT GOpMy ranakTtuku?

. Kak NpoucXOAUT poXAeHUe 3Be3A?

. OT KakKoW xapaKTepuUCTUKWU 3aBUCUT Pe3yAbTaT 3BOAIOLUMU 3BE3A?

a d W NP

. Uem oTAMYaloTCA 3BE3Abl NEPBOro U BTOPOro NOKOAEHUA?

3AAAHUA AAS CAMOCTOATEABHOW PABOTHI

1. U306pasuTe rpadpuuecku MexaHW3Mbl BO3HWKHOBEHUA CNUPAAbHbIX
pYKaBOB B ranaKTuMKax.

2. CocTaBbTe XPOHOAOTUIO U3YUEHUA MOAEKYAAPHBIX 06AAKOB.

3. CocTtaBbTe KAaccUPUKaLUIO aAbTepPHATUBHLIX TEOPUIW IBOAIOLUMU
ranakTUK U 060OCHYWTe COCTOATEABHOCTb NPEAAOXEHHOW KAAcCUOU-
Kauuu.

TEMbl AN AOKAAAOB

1. CaMble KpacUBbie MA@HETapHble TYMAHHOCTU B Hauwel [arakTUKe.
2. KakuMu anemeHTamu 6oratbl MOAEKYyAspHbie o6Aaka?

3.9. XXu3Hb 1 pasym Bo BceneHHOM

EnuvucrBo npupoabl. HYeaoBek X X1 B., KUByHUUH¥ B yCAOBHU-
AX AUHaAMHUYHO MEHSIOUIETOCS MHpPa — MHpPa BBICOKHX TEXHO-
AOTHH, MOAXKEH 3HATh O NOAAMHHOM eAHHCTBe [Ipuponsr. Bax-
HO NOHHUMAaTh, YTO CYILIECTBYET €IMHOE OCHOBaAHHE, HA KOTOPOM
IIOCTPOEHO BCe pa3HooOpa3ue 0O0BEKTOB, IBACHHH MU IIPOIIECCOB
IIpuponabl, €e 3aKOHOB, CBS3BIBAIOIIUX MHKPO- U MAaKPOMHUPBHI,
3emao u KocMmoc, acTpoHOMHYeCcKHEe, PU3HUIECKHE, XUMUYECKHE
u 6moasoruyeckue ABAeHudA, KusHb u Pasywm.

N3ygyass oTmHeAbHO KaXAYI0 M3 €CTECTBEHHBIX HayK (acTpo-
HOMHUIO, PUBUKY, XUMHUIO, OMOAOTHIO U T.L.), HEBO3MOXHO 0CO-
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OEABHOCTH — 3TO AHMIIbL OAHA CTYHNEHb K MNO3HaHHIO [Ipupoms! BCEAEHHOM
BO BCe#l ee IIEAOCTHOCTH U IIPEACTABAEHHIO COBPEMEHHOU ecTecT-
BEHHO-HAay4YHO¥ (KBAaHTOBO-KOCMOAOTHYECKOH) KapTHUHBI MHpA.

OcHoeHble uenu usyueHust Komnniexca ecmecmaeeH-
HbLX Hayrk.

1. [ToznaHnue BceaeHHOH, MecTa U POAU YEAOBEKA U YEAO-
BeyecTBa BO BceaeHHO.

2. BrigBAeHHE CKPBITHIX B3aMMOCBs3el, CO3malIIUX Oopra-
HUYECKOe €IHHCTBO BCeX PU3HUUYECKUX, XUMHUYECKUX, OMOAOTH-
YEeCKHUX, NMCUXOAOTHUYECKUX U COIUAABHO-3KOAOTHUYECKHUX SIBAE-
HHH U IIPOILIECCOB.

3. Boaee rayb6okKoe M IIOAHOE IO3HAHHE 3aKOHOB 3THUX SB-
A€HU¥ U ONPOLECCOB U CO3MaHHE COBPEMEHHOI eCTeCTBEHHO-Ha-
YVYHOH KapTHHBI MHUpA.

IIpobaema 0OBACHEHHS NPOUCXOXKAEHUS XKU3HU Ha 3emae
U CYIIeCTBOBAHUS BHE3E€MHBIX IIUBHUAU3AIUN SBASETCS ONLHOH
u3 raobaapHBIX IpobaeM YeaoBeuecTBa. TepMHH «TAOGaAbHBIE
npobAeMBI» CTAA HMOSBASTHCS B HAYYHOH AUTepaType B KOH-
me 60-x rr. mpomAoro Beka. Tak yuyeHble 0XapaKTEepPHU30BaAU U
HOBBIe IpPpoOAEMBI, NOSBUBIINECS Ha CTHIKE IPOMBIIIAEHHOH U
UHPOPMAIIMOHHON 5IOX, U CcTaphble, CYLUIECTBOBABIIHE B CHCTEe-
Me «HYeaoBek — [Ipupomga— ObGimectBO», ycyryouBumiuecs u o60-
CTpPUBUINECS B COBPEMEHHBIX YCAOBHUSIX.

MeHU» CHGOPMYAUPOBAA np06/\emy YCTaHOBA€HUA CBA3U C BHE3EMHbIMU UWUBUAU3AUUAMMU,
PacCMOTpPEeA TEXHUYECKUEe BO3MOXHOCTU NEpPBOro KOHTakKTa U NPEAAOXUA A3blK KOCMHU-
4eckon CBfA3M Ha npuHUuMnax MaTeMaTU4YeCKON AOTUKMU.

. B 1876 I. poCCHICKMIA yueHblit 3. HeoBUYC B KHUTe «BeAnuyaiiwas 3apaya Hawero Bpe-

'nmoTe3bl O CyLIeCTBOBAaHHH KH3HH H pa3yma Bo Bceaen-
HoM. JKu3Hb — OOHO H3 CAOXHEeWIIHNX SBAEHUU INPUPOILHBI.
Co BpeMeH rAy060KOH APEBHOCTH OHAa Ka3aAacCch TaAaMHCTBEHHOH
U HeNO3HaBaeMOH, BOIIPOC €€ IPOHUCXOXKAEHHUA BCeraa BBI3BI-
BaA ocTpylo 6opwrby MexAy MaTepHaAHCTaMHU U HAEAAUCTaAMHU.
ITo coBpeMEeHHBIM HNPEACTABAEHHUAM, XKHU3HB — 3TO IIPOIECC CYy-
IIECTBOBAHHUSA CAOXKHBIX CHCTEM, COCTOSINMX M3 OOABIIUX opra-
HHUYECKHX MOAEKYA U HEOPTFaHHWYECKHUX BEIIECTB, CIIOCOOHBIX ca-
MOBOCIPOM3BOAUTHLCH, CaAMOpPa3BUBATHCA U INOAAEPKUBATH CBOE
CylleCTBOBaHHE B pe3yAbTaTe oOMeHa Heprueil M BEIIECTBOM C
OKpyzXKalleh cpenoiu.

CoBeTcKUH (PUBUKOXUMHUK U Oumodpusuk H. B. Boabken-
mTefiH chopMyAHpOBaA OAHO M3 AYUHIIHNX omnpenmeseHui: «2Kwu-
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BbI€ TeAa, CyUIeCTBYIOIIHe Ha 3eMAe, MpPeACTaBASIOT coboi oT-
KPBIThIE€, CAMOOPTaHU3YIOIIHECS U CaAaMOBOCIPOU3BOASAIINE CH-
CTEeMBI, NOCTPOEHHBIe N3 OHUONMOAUMEPOB — OEAKOB U HYKAEH-
HOBBIX KHCAOT?».

CoBeTCKHUH ydYeHBI# B ob6AaacTH paguoO(U3UKU H pPagUO-
actpoHomMuu B.C.TpoumukKuili ompegeAmA pa3yM KaK «COOCO0-
HOCTh MaTepHU HO3HaABaTh caMy cebgd — dpyHOZaMeHTaAbHBIE
3aKOHBI NPUPOABl U PA3AUYHBIE CYIIHOCTH» HAHU, NO-APYTOMY:
«Pa3yM — 3To cnocoOHOCTH XXUBO¥ MaTepuHu K obMeHY HHPOpP-
Mallued ¢ BHEIIHEN cpenod, KOOHUPYEMOMN NMOHATUSAMHU».

/@ 0O Heob6XOAMMOCTHU YCTAaHOBAEHUA TeAePOHHOTro coobleHUs mexay 3emaein U Mapcom
' K.OrnaMmMapuoH 3aABAAA B 1892 r. (A0 U306peTeHUs paauo).
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KaeTKH KOpPBI TOAOBHOTO MO3ra (HEepBHBIE KAETKH) HUMEIOT
HaUBBICIIYIO CAOXKHOCTH opranusanuu. Hocureaem pasyma BO
BceaeHHOY MOXKeT OBITH TOABKO XXHBas U BBICOKOOPTAHH30-
BaHHas MaTepuss. BO3HUMKHOBEHNE U pPa3BUTHE XKU3HU U pasy-
Ma Ha 3eMAe NOATOTOBAEHO BCEM XOJIOM 3BOAIOIMU HEXUBOH
MaTepuu MeTarasrakTHKH. 3aKOHOMEPHOCTH U HeH30EXHOCTH
BO3HHUKHOBEHHUS W Pa3BUTHUHA XKHU3HU U pa3yMa 0OyYCAOBAEHEI
OOMHUM H3 BaXHeHWHmMUX cBoHcTB MeTaraaakTHKHU — aHTPOI-
HBIM IIPUHIIHUIIOM.

AHmMponHuLil npuHyun  — OAVH ©W3 (QYHAAMEHTAABHBIX
OPUHIIUIIOB COBPEMEHHOH KOCMOAOTHHU, KOTOPBIH (PUKCHPYET
CBSI3b MeXAy KpyImHoMAacIITAaGHBIMU cBo¥cTBaMu HaIme#d Bce-
AeHHOH (MeTarasnakKTHKHU) U CyIleCTBOBAaHHUEM B Hell 4eAOBeKa,
Habaogateass. TepMHUH «aHTPONHBIY HNPUHIIUI» INIPEIAOXKHUA
aHTAuBCcKuY Mmarematuk B.Kaprtep (1973): «To, 4TO MBI OXKHU-
nmaeM HabAlOZaTh, MOAXKHO OBITH OTPAHUYEHO YCAOBUAMU, HE0O-
XOOUMBIMHU OAS HAIIEero CyLUleCTBOBaHHS KakK HabaioogaTeaei».
dopMyAupPOBKaA CHABHOTO aHTpPONHOTro npuHuuna no Kaprepy
raacut: «BceaeHHada (M caenoBaTeAbHO, (pyHIAMEHTAABHEIE IIa-
paMeTphl, OT KOTOPBLIX OHA 3aBUCHUT) HOAXHA OBITH TAaKO#, UTO-
OBl B He¥ Ha HEKOTOPOM 3Tale 3BOAIIHUHU AOONYCKaAAOCH CyIIe-
cTBOBaHUe HabalomaTeAaei».

CymiecTBOBaHHE U pa3BUTHEe 00beKTOB MeTaraaakTHUKHU 00-
YyCAOBAEHO BHYTPEHHHUMM AUHaAMHUUYECKHUMHU IHIpoleccaMu. Bce
BO3HHKAIIHEe 00bEKTHl — OT KOCMHYECKHUX ONBIAUHOK U TyMaH-
HocTel, OakTepu# U Alogeii, 3Be3n, TAAAKTHK U, IO-BUOAUMOMY,
Bcelt MeTarasaakTHKU B I[EAOM — HBASIOTCH OTKPBITBIMHU He-
PaBHOBECHBIMH CHCTeMaMU, OOMEHUBAIOIIUMUCH C OKpyXKa-
omed cpenod BeIIeCTBOM U dHeprue. B xome 3BOAIIUU BO3-
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U YyCBOEHHIO MMH OraronpuobpeTeHHBIX NPU3HAKOB M CBOMCTB. BCEAEHHOM
C yBEAWYEHHEM CAOXKHOCTHU CTPYKTYP YHOPSAAOYEHHBIX CHCTEM

BO3pacTaeT HX CIHOCOOHOCTh K HAKOIIAEGHHIO, 3allOMHUHAHHIO H

xpaHeHHI HHpopManuu. MHbDOpMaAIHOHHAA 3BOAIIHUS yCKO-

pseT TeMIIbl CAaMOOPTaHU3allMU MaTEePHU U HUAET B HAIPAaBAECHHUH
YMEHBIIEHHUS BO3MOJXKHBIX HAaOOpPOB 3A€MEHTOB, ONPEAEASIOIINX

CTPYKTYPY U (PYHKIHMOHHUDPOBaAHHE CAOXKHBIX cucrteM. HabGopsl

C HAUMEHBIIUM YHUCAOM 3AEMEHTOB A€TrdYe BOCCTAHaBAHMBAaIOTCH,

nepemsanTCd U THPaXHUPYIOTCS.

T'unomesst 0 npoucxoixdeHuu KU3HU Ha 3emne MOXK-
HO pPa3leAUuTh HA HECKOABKO TPYyII:

1) KkpeanumaHU3M — pPEAHUTHO3Hasd TUIIOTe3a O OOXKECTBEH-
HOM INPOHCXOXAEHHUHU XKHU3HHU,

2) runoTe3a CaMOIPOM3BOABHOTO 3aPOXKMAEHHS XKHU3HHU, KO-
TOopass OCHOBBIBAETCH Ha HAE€ MHOTOKPATHOIO BO3HUKHOBEHHS
KHU3HU U3 HEXHUBOTO BEIIECTBA;

3) maHcmepMHUsS — XKH3HbB BO3HHMKAA B KOCMOCE U 3aTeEM
ObIra 3aHeceHa Ha 3eMAIO.

CoraacHO HmepBOH TpyHIle THIOTE3, KOTOPble HMEIOT CaMYIO
AAMHHYI HCTOPHIO, CO3JaHHE XKHU3HHU €CTh aKT 0OXKECTBEHHOTO
TBOpeHHUsi. CBUAETEABCTBOM 3TOMY ABASIETCS HaAHYHE B KUBBIX
opraHu3Max 0co0OH CHABI, AYIIN, yOIPaBASIOIIEH BCEMH XKH3-
HEHHBIMH IIpolleccaMu. OTa THIIOTe3a HaBesdHa PEAUTHO3HBIMHU
BO33PEHUSIMH M K HayKe OTHOILIEHHUH HE HMEET.

F'mmore3a caMONIPOM3BOABHOTIO 3aPOXKAEHHUA XKHU3HH OblAa
BeIABHUHYTa B [peBHuUX Kurtae m MHAUU KaK asabTepHaTHUBa
KpealnmoHusMy. llpemcraBAeHHS 5TOH THIIOTE3bl NOAAEPIKUBA-
AU MbIcauTeAUu [ApeBHel penuu (IlaatoH, ApuctoTeas), a Tak-
Xe ydeHble nepuona HoBoro Bpemenu ([.T'aaumaeit, P.[dekaprT,
XK.-B. Aamapk). CoraacHo 3TO¥ TruUmoTes3e XKHUBbIe OPraHU3MBI
(Hu3mue) MOTYT MOSABHUTHCH NYTEM CaMOPOXKAEHHS U3 HEXKHBOTO
BEIIeCTBa, COoAepXKalllero HeKoe aKTHUBHOe Hadaao. Tak, Hanmpu-
Mep, IO APHCTOTEAI, HAaCEKOMBIE€ U ASATYIIKH IIPH ONPEAEAEH-
HBIX YCAOBHUSX MOTYT 3aBOAMTHCS B HA€ U CBIPOH NHOYBE, YEPBH
U BOOOPOCAM — B CTOsiued BoAe, a AHMMHKH MYX — B IIPOTYX-
meM MsIiCe HNPHU €ro THUEHHH.

AUBLUEro B KOHTAKT C NPEACTaBUTEAAMU BHE3EMHbIX LUBUAUBALHUNA, XUBYLUIUX Ha APYTrUX
nAaHeTax, NOMUMO Mapca, MOCKOAbKY B CYLLeCTBOBaHUHU BblCOKOpa3BMTOFI MapCVIaHCKOVI
UMBUAU3ALUNU NOYTU HUKTO HE COMHEBaACH.

B 1900 r. NMapuUXckasa akKapeMUs HaykK YUpeAWAa MpPeMUI0o AAA MepBOro YeAnoBeKa, BCTY-
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OnHako yxe ¢ Hadaaa XVII B. Takoe NOHUMaHUE IIPOUCXOXK-
NEHHUd XKU3HHU CTAAO NOABEPraThcss COMHeHHUI0. OMYTUMBIH yaap
IO 5TOM TUIOTE3€ HaHEC HUTAAbSHCKHU €CTECTBOHCHIBITATEAL H
Bpauy ®. Penu, KoTopbli B 1688 r. pacKpblA CYUIHOCTH IIOSIBAE-
HUH XKHU3HHU B rHupomeM Msce. ®.Pegm chopmyaupoBaa cBoi
OpuHOUI: «Bce XXKMBoe — OT XKMUBOTO» M CTAA OCHOBOIIOAOXKHH-
KOM KOHIENI MU OHMoreHesa, yTBepxKaaBIlei, YTO XKU3Hb MOXKET
BO3HUKHYTHh TOABKO H3 IPEAIIECTBYIOIIEH XU3HHU.

dpaHuy3ckuil Mmukpobuoaor A. [TacTep CBOUMH ONBITAMH
C BHPyCaMH OKOHYATEABHO OOKa3aA HECOCTOSTEABHOCTBb HIEU
CIIOHTAHHOTO caMo3apoxXAeHUd XKU3HKU. OQHAKO, ONIPOBEPTHYB
5Ty THNOTE3y, OH HE IPEJAOXKHUA CBOIO, HE IPOAHA CBET Ha BO-
IPOC O BOBHHUKHOBEHHHU KHU3HH.

l'mnmoTe3a maHCHEPMHH — O HE3E€MHOM IPOUCXOXKIAEHHUHU
KHU3HHU IyTEM 3aHECEHHUSd «3apoabllledl XKH3HHU» H3 KocMoca
Ha 3eMAI — BIepBbIe Oblaa BBICKa3aHa HEMEIKHM OHMOAOTOM
u BpayoM I'. Puxtepom B KoHne XIX B.

KoHnenmnus maHcmepMHH (OT rped. pan — BeCb, sperma —
ceMs) NONYCKAaeT BO3MOXKHOCTE IIPOUCXOXKAEHHUT KHU3HU B pas-
HOe BpeMsd B pa3HBIX 4YacTAX BceaeHHOHW M mepeHoca €e pas-
AMYHBIMHU NYTSIMHU Ha 3eMAI (METEOPHUTHI, aCTEPOUABI, KOCMHU-
yecKasd MBIAB).

Jass o60CHOBaHHS NAHCIHEPMHUH B HAYYHO-NONYASIPHOH AH-
TepaType NPUBOAATCS (PAKTHl O HEONMO3HAHHBIX A€TAIOIIUX 005B-
€eKTaX, NPUAETE MHONAAHETHSH Ha 3eMAI0, HaCKaAbHBIE TOIIOAO-
THYEeCKHE PHUCYHKH

CymecTByeT HAesd O BOBHUKHOBEHHH XKHU3HU Ha 3eMA€ IOYTH
c MOoMeHTa ee obpasoBaHusa. Kak usBecTHo, 3emMad o6pa3zoBasacsk
OKOAO 5 MApPA A€T Has3azn. 3HaAYHUT, XKU3Hb MOTAa 3aPOAHUTHCH
Bo BpeMda ob6pasoBaHusd COAHEYHOH CHCTEMBI, T.€. B KOCMOCE.
[IoOCKOABKY OAUTEABHOCTBL 3BOAIOIHNH 3€MAM KM XKHU3HHU Ha HeH
Pa3HUTCHA HE3HAYHUTEABHO, TO CYLUIECTBYET BEPCHS, 4YTO XKU3HB
Ha 3eMAe — 3TO HNPOJOAXKEHHE BEYHOTIO €€ CYLIeCTBOBAaHUS.

Otra mo3uunus 6AM3Ka K TEOPHH BEYHOTIO CYIIECTBOBAHUIA
XKU3HU BOo BceaeHHoON. B macmrabe rao06aABHOI0O 3BOAIIHOH-
HOTO IpoIlecca MOIXHO IIoAaraTh, YTO BO3HHKHOBEHHE XKH3HHU
Ha 3eMAe MOXET, NO-BHAHMOMY, COBIIazaTh C oOpa3oBaHHEM
U CyILIeCTBOBaHHEM MAaTEPHH.

Axanemuk B. V. BepHaackuii pa3geAssAa HUOEI0 BEYHOCTH
XKHU3HU HEe B KOHTEKCTE €€ IlepepacIpeneAeHHS B KOCMOCeE,
a B CMBICA€ HEPa3pPBIBHOCTH W B3aHMMOCBSI3aHHOCTH MAaTEPHUH U
xKu3Hu. OH mucaa, 4TO «XKU3HBb U MaTepus Hepa3pbIBHBI, B3a-
MMOCBSI3aHbl U MEXAY HUMHU HET BPEMEHHOH NOCAENOBATEAb-
HOCTH».
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ercsa akageMuk A.M.Omnmapun. CoraacHo ero TEOpHUHU IIpoliecc, BCEAEHHOM
NpUBEeAIINH K BO3SHUKHOBEHHIO XKU3HH Ha 3eMAae, MOXKeET OBITH
pasfeAeH Ha TPHU 3Tama:

1) BOBHHKHOBEHHE OPraHHUYECKHX BEIIECTB;

2) BO3HUKHOBeHHE 0OEAKOB;

3) BOBHUKHOBeHHE O0EAKOBBIX TEA.

ACTPOHOMHUYECKHE HCCAEAOBaHHS IIOKa3bIBAIOT, YTO Kak
3Be3Abl, TaK U IIAAHETHBIE CHCTEMBl BOSHHUKAM U3 Ira30INbIAEBO-
ro BemectTBa. Hapaay c MeTaaraaMH M HX OKCHAAMH B HEM CO-
Oep}KaAuCh BOAOPOJ, aMMHAaK, BOJAa MU OpPraHHYecKoe BEIIeCTBO,
NPpOCTEUIINN yraeBOOOpPOA — METAaH.

Hu omHa M3 pacCMOTPEHHBIX THIOTE3 HE IOAydYHAa AOcCTa-
TOYHBIX JOKa3aTEAbCTB €€ CIpPaBEeIAMBOCTH.

B HacTofmee BpeMs y4YeHble NPUAEPRKHUBAIOTCI CAECAYOIINX
MMO3UIIHUH:

1) BO3BHMKHOBEHHE XHU3HH Ha 3eMA€ HOATOTOBAEHO XOAOM
5BOAIIMU HEXHBOH MaTepHUu BO BceaeHHOH;

2) cyluiecTBOBaHHE KXKHU3HH Ha 3eMAE OIPEAEAsIeTCS IOCTOSH-
CTBOM AEHCTBHS KOCMHYECKHUX (PAKTOPOB: MOIIHOCTBIO M CIEK-
TPaAbHBIM COCTABOM COAHEYHOTO HM3AyYYEHHS, HEHU3MEHHOCTHIO
OCHOBHBIX XapaKTEPHUCTHUK OpPOHUTEI 3eMAHM M €€ 0CEBOro Bpa-
HMI€eHUsI, HAAUYHUEM MATHHUTHOTO IIOAS M aTMoOcC(ephl IIAaHETBHI;

3) pa3BHTHe XKHU3HHU Ha 3eMAe BO MHOTOM OOYyCAOBAEHO
NAABHBIMHU HE€3HAYHUTEABHBIMH H3MEHEHHUSIMHU KOCMHUYECKHX
dhaKTOpOB; CHABHBIE M3MEHEHHS BeAYyT K KaTaCTPOMHUUYECKHM
IIOCAEACTBHSAM;

4) Ha ompeAEeA€eHHOM 3Talle CBOEro Pa3BUTHUS XKHU3Hb CTa-
HOBHUTCS (PAKTOPOM KOCMHUECKOTO MacmiTaba, OKa3bIBAIOIIUM
BAUSHHUE Ha (PU3HUKO-XHUMHYECKHE XaPaKTEPUCTHUKH OCHOBHBIX
0060A0UYEK IIAaHETH (HaAaIpUMEp, COCTAaB U TeMIepaTypy aTMo-
ceprr, ruapocdepbl U BEPXHUX CAOEB AUTOCHEPHI).

BHe3eMHBIe NUBUAU3ANHU. [IpeAIIOAOKEHUT O BO3MOKHO-
CTH CYIIEeCTBOBAHHS BHE3E€MHOHN XHW3HU KU pa3yMa BbICKa3blBa-
AMCH MHOTHMH BBIJAIIIUMHCH YYEHBIMH IPOIIAOTO: OIUKYPOM
u Aykpenuem Kapowm, Ax.Bpyno, U.Kenaepom, X.T'oireHcoMm,
N.HpioTroHOoM, B.Tepmeaem, A.Aanmaacom, M.B.AoMoHOCO-
BeiM, M.Kautom, K.D.lluoakoBckum. B koHue XIX B. 6blAaH
pa3paboTaHBl IepBble HAY4YHBI€ NIPOEKTHl CBSI3HM C BHE3EMHBI-

K.9.UuonkoBckuit B 1934 r. nucan: «B 6aMxanwem 6yaylieM KOpPOTKMUE PaAAMOBOAHbI
MPOHUXYT HawWy atMocoepy U CTaHYT OCHOBHbIM CPEACTBOM MEX3BE3AHOW CBA3MU».
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Mu nuBuauzanuamu (BL), aBTtopamu koToprix 6siau K. I'aycc,

M.U. doH AUTTPOB U AP.

Bompoc o BHE€3€eMHBIX IIMBHAH3AIUAX HMMEET CBOI Hayd-
HYI HIOCTaHOBKY, KOTOpas CYLUECTBEHHO OTAHMYAETCS OT €ro
TPaKTOBOK MacCCOBBIM, OOBIIEHHBIM, BHEHAYYHBIM CO3HAHHUEM.
B mnpemcraBAeHUSX COBPEMEHHOH HAYKH 6He3eMHble UYUeUnu-
3ayuu — obmecTBa pa3yMHBIX CYIIEeCTB, KOTOPbIE MOTYT BO3-
HUKaTh U CYILIeCTBOBATh BHe 3eMAHM (Ha APYIrHX INAaHeTaxX, KOC-
MHYECKHX TeAaX, B MHBIX BCEAECHHBIX, Cpelax U Ap.).

IIpengnoAaoXXeHHE O BO3MOXKHOCTH CYLIECTBOBAHHS BHE3EM-
HBIX IUBHUAU3AINUH HMeeT OOb€KTHBHBIE OCHOBAHHUSA:
°* TIpenACTaBAEHHS O MaTepHaAbHOM €IMHCTBE MHDPA;
°* TIMOHSTHE Pa3BUTHUSA, DBOAKIHU MaTEepPHUU KaK BceobOIieM ee

CBOMCTBE;
°* J[JaHHBIE €CTECTBO3HAHHHA O 3aKOHOMEPHOM, €CTECTBEHHOM

XapaKTepe NPOUCXOXKAEHUT U 3BOAIINHHU XKHU3HHU, a TaKXKe

IPOUCXOXKAEHUS M OBOAIIIUU YeAOBeKa Ha 3eMae;

* AaCTpPOHOMHYECKHE AaHHBbIe 0 TOM, 4To COoAHIle — THNHYHAasd,
papgoBad 3Be3na Hameidl [aAaKTHKHM M HET OCHOBaHHUHN OAd
ee BBIEACHHUST CPeAU MHOXECTBa APYTHX IOMOOHBIX 3BE3[;

* Ooapmoe pa3HooOpasue (PHU3MUYECKHUX YyCAOBHUIH B KOoCMoOcCe,
49TO MOXKET NPUBECTH K BOSHUKHOBEHHIO CaAMBIX pa3HooOpas-
HBIX (POPM BBICOKOOPIraHH30BaAHHOH MaTEpHH.

Beaukas acTpoHoMHUecKass peBoAroIugd XX B., BO3ZHHUKHO-
BE€HHE U Pa3BHUTHE PAJHOACTPOHOMHU M KOCMOHaABTHUKHU CAEAAAH
npobaeMy akKTyaAbHOM Hay4dHO 3apmadeil, Ype3BBIYAMHO IIONY-
ASPHOMW B HMIMPOKHUX Kpyrax oOIIECTBEHHOCTH.

B CoBerckoMm Coio3e npobaeMO¥ cylieCTBOBaAHHUS, IIOUCKA
u KOHTakTa ¢ BIl 3aHMMaaAuCh TaKHe H3BECTHBIE YYEHBIE, KakK
N.C.IIkaoBcku#t, H.C.Kapmamen, C.A.Kanaau, B.®d.llIBapn-
MmaH, [I.B.MakoBenkuii, B.C.Tpounkuii u ap. Cexkuusa «Ilouc-
KH CHTHAAOB BHE3eMHBIX LIMBHAH3anuii» HayuHoro coBera mo
KOMIAEKCHOH npobaeme «PammoacTtpoHoMus» AKaZeMHUHU HAYK
CCCP 6rp1aa co3gana B 1964 r., 3ateMm oHa 6biana mpeobpasoBaHa
B CeKIHI0 «[JOMCKHM KOCMHYECKHX CHIHAAOB HCKYCCTBEHHOTO
IPOUCXOXKOEHHUSsI», €0 pyKoBoaua akameMuk B.C.Tpounkuii.

B 1999 r. cekuuga noa HadBaHUEM «[[OMCKHU BHE3EMHBIX I[H-
BHAU3AIlUH» BoIlAa B cocTaB HaydyHoOro coBeTa mo acTpOHOMUH
Poccuiickoii akageMHuUu HaAyK; €€ IpeACenaTeAeM sSBASETCsS akKa-
nemuk H. C. Kapmames.

MeTonm M3MepPEHHUS TEXHOAOTHUYECKOTO PAa3BUTHUA IIUBHUAU3A-
MU, OCHOBAaHHBIH Ha KOAMUYECTBE DHEPTHUH, KOTOPOE IIUBUAHU-
3aIlUgd MOJXET HUCIIOAB30BAaThb AAS CBOUX HYXJ, OBIA IPELAOKEH
H.C.KapnameBbIM B Buae mKaAbl B pabore «Ilepemaua nadop-



MaIluHd BHE3EMHBIMU INHBUAH3AIUAMHU», ONYyOAMKOBAHHOH B

«AcTpoHOMHUYECKOM XypHaae» B 1964 r.:

e yusuausayuss muna I KOHTPOAHUDPYET OSHEepPreTHUYeCKHEe pe-
CYpCHI II€AOH NMAaHETHI. OTa HHBHUAN3ALUA CIIOCOOHAa ynpaB-
AFTHh HOTOAOH, HNpefoTBpallaTh 3€MAETPSACEHUA, BHEADPATH-
csl B TAYOMHBI 3eMHOH KOPBI U IIOAB30BAThCH AapaMH OKea-
HoB. OHa yXe 3aBeplInAa UCCAELOBAHHE CBOEM COAHEUYHOH
CHCTEMBI;

e yusuausayuss muna II KOHTPOAUDPYET O3HEPTHUIO CaMOro
CoaHna. M aTo He IpocTO MacCUBHOE €€ UCIOAB30BaHHE: IHU-
BHAM3alud faHHOro Tuna ocsamBaeT CoaHne. Ee suHepreru-
YeCKHEe INOTPeOHOCTH HACTOABKO BEAHMKH, YTO MOIIHOCTH
CoAaHIla 3KCHAyaTHPYyeTCsS HENOCPEACTBEHHO OAd IIpUBenE-
Hud B AelicTBHe MalmUH. OTa LHUBUAH3aAINUdg HAYHET KOAO-
HHU3aIlUI0 MECTHOM COAHEYHOMH CHCTEMBHI;

e yusunuszayuss muna III KOHTPOAUPYET OHEepruo Bced ra-
AaKTHKH. MCTOYHHKOM SHEPrUH €H cAayXKaT MHUAAHADOEBI
3BE€3HBIX CUCTeEM. BeposaATHO, NpeACTaBUTEAN 3TOM IIUBUAH-
3allU{ yX € OCBOMAM ypaBHEeHHd OHHMTEeHHa U MOTYT IIO CBO-
€My X€AaHHI0 MAHUINYAHUPOBATh NPOCTPAHCTBOM-BPEMEHEM.
[IMkaana HcHnoab30Basach AAS HOHCKa aCTPOHOMAaMH ILIHUBHU-

AM3allUld B COCEJHHUX rasakKTHKaX. BBIAU NIpegAOXKEHBI TaKXKe

pacmIMpeHUS WMIKaAbl A0 elne 00Aee THIOTETHYECKUX IHUBUAH-

3anui tTuna IV, cnmocoOHBIX HCIIOAB30BATh PECyYpPCHI Ileaoi Bce-

A€HHOM, u Tuna V, yOIPaBASIOIIUX IPOU3BOABHBIM MHOXECTBOM

BCEAEHHBIX (MyAbTHUBepcyMoM). KoandecTBeHHBIH KpPUTEPHH

5HepronoTpebaeHUsS OBIA NOINOAHEH TAKHMH KadYe€CTBEHHBIMH

nokKas3aTeAsIMH, KaK «BAaJleHHEe B COBEpIIEHCTBE» IIAaHETOIH,

CHCTEMOH HMAHM TaAaKTHUKOH (HOCTHXKEHHE IIOAHOTO KOHTPOAS

HajJ HPOHUCXOAAIIMMHU B HHUX npomneccamu). K. Caran nomoaHHA

KAQCCH(HUKAIIUIO TEM, UYTO INIPEJAOKHUA PAaCCMaTPHUBATh IIOMHUMO

KOAWYECTBA yTUAU3UPYEMOH SHEPIrUHM KOAHYECTBO KOHTPOAUDPY-

eMo#i muUBUAH3anuedl MHPOPMAIHHU.

3a pybexom (B ocHoBHOM B CIIA) paborsl mo moucky BII
Beau yueHble ®.Kpuk, K.Tayuc, Ax. IIaart, K.®asHHEDPH,
& . Opetik, OAx.KokkoHnu, ®.Moppucon, K. Caran u MHOrue
apyrue.

Jars pemenus npobaem nmoucka BIl 26 mapra 1992 r. 65614
co3nmaH Hayuno-kyabTypHBI}# neatp SETI (HKI SETI, Search
for Extraterrestrial Intelligence), o6pa3oBaHHBINH peIIeHH-
em [Ipesupguyma AkKkamemMuu kKocMoHaBTUKHU uM. K. O. Humoa-
KOBCKOTO (ceuyac Poccuiickas akageMHUss KOCMOHaBTHKH
um. K.9.lluoakoBckoro — PAKIl). Ilo3gHee cCOydYpeqUTEAIMH
€ro BBICTYIHAU [OCymapCTBEHHBIH aCTPOHOMHYECKHUH HHCTUTYT
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umenu II.K. IllTtepubepra (FAUII) 1 ACTPOKOCMHUUYECKHUH IEHTP
Poccuiicko#i akagmemuu Hayk (AKIL ®UAH).

B mHauyaae 1960-x rr. 661Au cHPOPMYAUPOBAHBI KAACCHUYECKHUE
npunuunsel SETI.

1. BHe3eMHBIEe IIUBHAHU3AIHUHU CTPEMSATCH YCTAHOBUTH MEXK-
3Be3JHYI0 CBS3b APYL C APYILOM U C 3€MHOH IIMBUAH3AIHUEH.

2. OnTuMaAbHBIM CpenCTBOM KOoHTakTa ¢ BIl aBagmoTcg
5A€KTPOMATHUTHBIE (pagHoO-) BOAHBI.

3. Y3KONOAOCHBIE, INEpPEMEHHBIE BO BPEMEHH, HOBTOPS-
omuecsd curHaabl BIl JOAXKHBI MCXOAUTH U3 TOYEYHOTO PagHO-
HCTOYHHKA, NPAaKTHYECKH coBHajmamIiero ¢ noxoxei Ha CoaH-

e 3Be30H.

. KOHTaKTOM KOCMHWUYECKMUX ULWBUAM3ALUIN HasbiBaeTca Aoboe
B3aUMOAENCTBUE MEXAY HUMMHU.

Hauboaee BeposSITHO OCylleCTBAEHHE KOHTAKTa 10 Pa3AHU-
HBIM KaHaAaM CBf3H (IpH NMOMOINIM HalpaBAeHHBIX pagHoIle-
pemad u T.4.).

Hauboaee 3dpPpeKTUBHBI KOHTAKTHI, IpeAyCMaTpUBAaIOIIHeE
ABYCTOPOHHHN HAU Oaxe MHOTOCTOPOHHUN o6MeH HHpopMa-
nue B TedeHHe OOABIINX IIPOMEXYTKOB BpeMeHHU («Beamkoe
Koabnmo» B pomanax U.A.EdppemoBa). SdpcdekTuBHOCTL 0OMeHaA
nHpopManuel onpeneAseTCs PACCTOSHHEM MEXAY ILUBHUAH3A-

OUAdMH U CKOPOCTBIO pPaCIpPOCTpPaHEHHSA CHUTHaAAa.

B 1989 r. MeXAYHapOAHbIii MHCTUTYT KOCMMYECKOro npaBa U AKAaAeMUS aCTPOHaBTUKH
pa3paboTtaru AekKAapauuio NPUHLUNOB AEMCTBUI, NOCAEAYIOLLUX 32 OOHApPYXEHUEM BHe-
3€eMHON UMBUAM3AUUU. LleAb NPUHATMA AOKYMeHTa — «obecneyeHUe BbICOKUX CTaHAaAp-
TOB, HayYHOW OTBETCTBEHHOCTU W AOCTOBEPHOCTU MHPOPMALUU».

220

JAsT MOAOABIX IMBUAM3AIHNME, XKEAAIHUX BCTYIUTb B KOH-
TaKT, M30AHUPOBAHHBIX B IPOCTPAHCTBE HAHW HaAXOAAIIUXCSH
B KPUTHYECKOM IMOAOXKEHHH, CYUIECTBYET BO3MOXHOCTb BCEHa-
IpaBA€HHON OOHOCTOPOHHEH mepenadu HHPOPMAIIUH.

MeHee BEepOSATHBI HENIOCPEACTBEHHbIE, B3aMMHBIE AU OQHO-
CTOPOHHHE KOHTAKThl — IIOCEIIEHUS NPEACTABUTEAIMU KOCMHU-
9eCKOH INHUBHUAW3ALHUU APYTHUX pa3yMHBIX BemecTB. CayuyailiHasa
BCTpedYa NpeaACTaBHTEAEH pa3HBIX KOCMHYECKHX IHUBUAU3ALNHUU
IIOYTH HEBEPOSTHA; NOCEIIEeHHNI0O NPEeAIIeCTBYeT KOHTAKT IO Ka-
HasaM CBS3U. MeXk3Be3QHBIE ITePEAETHl TPeOYIOT OTPOMHBIX Ma-
TePpHUaAABHBIX U 3HEPreTHYECKHUX 3aTpaT, AOCTYIHBIX AHIIb BBI-
COKOOPraHU30BAHHBIM I HUBHUAHU3ALUSIM.
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3Be3/aM, HO JaXe U B 3TOM cAydae OHH TpebOyroT ocoboi moxaro- BCEAEHHOM
TOBKH (COH-THOEpPHAIUS AAS IIOCTOSIHHOTO 3KHIIaxa; CMeHa IOKO-
A€HHUH BHYTPH Kopabasi; MoAeT B OAHUH KOHeIll 0e3 BO3BpAallleHHd).
HanmpaBAeHHS NOMCKOB BHE3E€MHBIX HUBHAuU3aluil. OgHUM
U3 HallpaBA€HHH SIBASETCS IIOHMCK CAE€IOB aCTPOUHIKEHEPHOH ne-
ATEABHOCTH KOCMHUYECKHUX NUBHAM3anuii. K Hacrosmemy BpeMe-
HH B Halle¥d cTpaHe U 3a pybexoMm paszpaboTaHO MHOTO pa3AHdY-
HBIX NHPOEKTOB IpeoOpa3oBaHHUS OKOAO3EMHOTO KOCMHYECKOTO
npocrpaHctBa U COAHEYHOH CHCTEMBI — OT CO3JaHHS MHOTO-
YHUCAEHHBIX OPOMTAABHBIX CTAHIUHUH M KPYHOHBIX KOCMHUYECKHX
noceAeHU# BOKPYT 3eMam um BOKPYr CoaHIA A0 NMOCTPOUKHU HC-
KYCCTBEHHBIX OMOC(MEPHBIX CUCTEM Ha IIOBEPXHOCTH IMAAHETHBIX
TeA C IIeAbI0 Haunboaee MOAHOTO MCIOAB30BaHUA Hepruu CoaH-
na. AHaAAOTHYHBIE€ O0BEKTHI MOTYT OBITh OOHAPYXKEHBI B KOCMOCE.

Ilouck caenoB moceueHUud 3eMAU InpencraButesgamu BIl
MOXKHO BECTH IO TAKUM HaIpaBAE€HHUAM, KaK HOHCK BHE3€MHBIX
apTedakKTOB — O0BEKTOB HMAH IIPOIECCOB, 0Opa3oBaHUE UAHU CYy-
HleCTBOBaHHE KOTOPBIX Ha 3eMAe He MOXKET OBITh OOBSICHEHO
€CTEeCTBEHHBIMU HNpUYHHAMU. Takue 06beKTHl MOTyT OBITH IPO-
CTO KOCMHYECKHUM MYCOPOM, OTXOZaMHU XKH3HemesaTeAbHocTH BII
(A.H. u B.H.Crpyraukue «I[IlUKHUK Ha 0OOYMHE») UAU HCKYC-
CTBEHHO CO3JaHHBIMH CHUCTEMaMHU OAAd HabAlOOAeHUS 3a 3eMHOM
nuBuauzanueit (A.Kaapk «Kocmuueckas onuccesi»). Hauboaee
NEepPCIEeKTUBHLIMHU palioHAMH IIOHUCKA PSIA YyUYEHBIX CUUTAET IIO-
AdgpHBle palioHBl AYHBEIL.

Hay4uyHble OCHOBBI mMoHCKa apredaktoB Bll paccmarpuBaioT-
ca B uccaenoBaHugx A. B. ApxunoBa. [lo ero pacueraMm, BOKpPYT
3Be3 LUBUAU3anuU Tuna Il cymecTByeT TeXHOTeHHas 30Ha, IIO-
3ToMy oT 3 00 15 % NPOAYKTOB UX KOCMUYECKOHN NESITEABHOCTHU
paccenBaeTcd B MEX3BE€3AHOU cpene.

YenoBeKy Bcerpa XoTeAOCb HalTU rAe-HUBYAb Ha APYrMX KOCMUUYECKUX TeAax cylliecTBa,

m nopobHble cebe. UMEHHO NO3TOMY He pa3 U He ABa B MCTOPUU HAYKU CAYYaAOCb, YTO Te
UAU WHble AaHHble 0 MAaHeTax (ocobeHHO 0 Mapce) paccMaTpMBaAAUCh KakK AOKa3aTeAb-
CTBO MX 06MTaeMoCTU. BbIABUFrAaAMCb AaXe MPOEKTbl TOro, Kak YEAOBEUECTBO MOIAO Obl
3a8BUTb O CBOEM CYLLECTBOBAHWU. Tak, HanpuMep, HeMeLKU MaTeMaTuk lfaycc npepAa-
ran npopybutb B Aecax CMOUPU TUraHTCKME Npoceku B OopMe TpeyroAbHUKA U APYrUX
reoMeTpuyeckux ¢puryp, utobbl MapcuaHe y3aHaAM O HAaAMUMWU Ha Halleh NAaHeTe pas3yM-
HbIX obuTateAei.

Caenpl mocemeHUs 3eMAM B OTHOCHUTEABHO OAM3KOM HCTO-
PHYECKOM IIPOIIAOM MOXKHO BECTH HA OCHOBE H3y4YEHHS HaMsT-
HHUKOB MaTepPHaABHOH M AYXOBHOH KyABTYpPHI. [loKa3zaTeabCcTBA 221
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nocemeHusa 3eMAN B OTAAA€HHOM IPONIIAOM BeAYTCS IYTEM H3-
y4eHHUd TeHEeTHKH XHUBBIX CYIIECTB: HEKOTOPBIE COBPEMEHHBIE
y4eHble CYHTAIOT NEPCIEKTHUBHBIM BO3MOXKXHOCTHh BKAIOYEHUS
UH(poOpMaIUU B F€HETHUYECKYI CTPYKTYPY KAETKH.

BruoaorudyeckKui KaHaa CBsS3U cHocobeH CyIlecTBOBaTh CTOAb
XKe NOATO, KaK M XXHM3Hb Ha IIaaHeTe, OH ob6aamaeT BBICOKOH HH-
dbopMaUOHHONH €MKOCTHIO, YCTOHYHBOCTBIO K NOMeXaM H [O0-
CTyIeH OAS NPOYTEHHUHd AHWIIbL Ha BBICOKOM yPOBHE pa3BUTHULA
MECTHOM HHUBHUAH3AIHH.

Eme onHuUM HanpaBA€HUEM SBASETCS H3y4YeHHE aHOMAaAb-
HBIX sBA€HHH (AS) M HEONO3HaAHHBIX AETAMIIHUX O00BEKTOB
(HAO), ucxongamee U3 AONYUI€HHUS, YTO YACTh UX NPEACTaABASL-
eT uccaengoBaTeAbCKHe ycTpoMcrBa BIl (aBTOMaTHYeCKHE MEXK-
3Be3JHbIe 30HABlI AU JaxXe NHAOTHPYEMBle KOCMHUYECKHE A€Ta-
TeAbHBIE almnapaThl).

ITouck curHaaoB BIl. OuyeHb BaXXeH BHIOOP ONTHMAaABHOTO
Auana3oHa A€KTPOMATHHUTHBIX BOAH, KOTODPBIM MOAXKEH UMETH
MUHHUMYM HNPHHIHMIHAABHO HEYCTPaAHHMBIX IToMeX U ocaabae-
HUH cHUTHasa IOoA AeHCTBHEM Pa3AHYHBIX (PAKTOPOB.

KoHTaKT HpH NMOMOIIH CPEACTB CBS3H BBIIOAHSETCH B CA€-
AyIOIleM IIOCAENOBATEABHOCTH:

1) mpuem mo3bpIBHBIX BIl, cnocoOHBIX NpHUBA€Yh BHUMAaHHE
noaydarteasi, obaerdasg nad Hero obHapyKeHHe CHTHaaa, yKa-
3BIBAIOIIUX HA €TI0 MCKYCCTBEHHOE IIPOUCXOXKAEHHE (HeOOBIYHBIH
CIIEKTP, OCOOEHHOCTH INOAIPHU3AIlHH, BPEMEHHble HU3MEHEHUHA
U T.A.) U HECYIIHMX ONpeJeAeHHOE€ MHUHHMAaAbHOE KOAHUYECTBO
NOoA€3HOM MH(pOpPpMAaI NN, KAIY K IIepeaade OCHOBHOIO coobIe-
HUH (yKa3aHHe Ha II0AOCY YacTOT, CIIoco0 KOAHMpPOBaAHHUS U T..4.);

2) mpHeM OCHOBHOTO coobuieHusi, pacmudpoBka, obpaboTka
U OCMBICAE€HHE IOAYYEHHOH HH(POpPMAIIHU;

3) mocaaHHe OTBETHOTO CHTHaAa U BCTYyHA€HHE B ABYCTO-
POHHHUM (MHOTOCTOPOHHHI) KoHTaAakKT c BII.

KoHTaKTHUpPYIOLUIHE CTOPOHBI JOAXKHBI HIPEIAOXKHUTE XOTsS OBI
MUHHUMAaAbBHBle HH(POPMAIIMOHHBIE TAPAHTHHU TOTO, YTO B3aHUMO-
ne¥cTBHE MEXAYy HUMH He OyaeT CBsI3aHO C CEPbE3HBIMHU IOTEH-
IUaAbBHBIMU ONACHOCTHAMHU.

B ceHTA6pe 2001 r. K WecTUh 3Be3pAaM CrneKTpaAbHbiX kKrnaccoB GI—G5 (HD 197076

AeAbdHUHa;

HD 50692 BausHeuoB; 47 BboabwoW MeaBeauubl; HD 126053 AeBbl;

HD 76151 Tuapbli; HD 19364 ApakoHa), HaAMYMEe NAAHETHbIX CUCTEM Y KOTOPbIX yCTaHOB-
A€HO WAU npeanonaraetcs, 6biIA0 OoTMpaBAEHO MepBOE paAuMonocAaHue OT AeTel 3eMAM,
BKAlOYaBllee B ceba My3blKaAbHYIO 4YacTb, PUCYHOK-aMOBAEMy, TEKCT Ha PYCCKOM U aH-
rTAMIACKOM fi3blkax U cAoBapb 06pasoB.
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2. Ucnoab3ys npou3BepAeHUA HaydyHou daHTacTuku U.A.EdpemoBa,
A.Knaapka, C.Aema, A.H. u B.H.CTpyraukux, K.Calmaka, NoArotoBb-
Te pedepartbl No TeMam:

1) NepBblii KOHTAaKT;
2) Nocewarn AU NpeAcCTaBUTEAU BHE3EMHbIX LUBUAU3ALUN 3eMAl0?
3) 3araaku HAO.

TEMbl AOKAAAOB U COOBLLEHHWU

. UYto Takoe XWU3Hb?

. Teopun 0 NPOUCXOXAEHUU XU3HU Ha 3emae.

. Tae uckaTb XU3Hb BO BceneHHOU?

A€ U KaK UCKaTb BHE3eMHbie UMBUAU3ALUU?

. UcTopua noucka BHe3eMHbIX LMBUAU3ALUMN.
.Mporpammbl SETI n CETI.

. [loUCK BHE3eMHbIX LUBUAU3ALUN POCCUUCKUMU YUYEHBIMM.

3.10. lNepcneKktuBbl pa3BUTUA
aCTPOHOMMU U KOCMOHaBTUKH

dyHmaMEeHTaAbHBIE NPOGAEMBI, pemraeMble ACTPOHOMHEH.
AcTpoHoMus — Hayka HabalomaTeabHas, 'AaBHOe B HeH — OT-
KPBITHH, B pe3yAbTaTe KOTOPBIX IIPOUCXOAUT U3MEHEHHE CTAPBIX
IpenAcTaBAEHUN 0 MHUpe, 9BOAIOIIMU BceaeHHOHN, MecTe B Hel de-
AOBEYECKOH IHUBHUAH3AIHH.

I[Ipexxnae BCero 4eAOBEK AOAXKEH MOHUMATh IPUPOAY TeX 00B-
€KTOB M SIBA€HHM, KOTOpBIE €ro OKpPYyKalT. B xome mo3HaHusa
HCIOAB3YIOTCS HOBBIe, Ooaee COBepIIeHHbIe HHCTPYMEHTHI, OT-
KpbIBaIOIIe HOBBI€ TOPH30OHTH U BBI3BIBAIOIINE HOBBIE BOIPO-
CBl V YYE€HBIX.

dyHIaMeHTaAbHBIX BOIPOCOB, KOTOpPBbI€ BaXKHBI AAS YEAOBE-
4YecTBa, NOBOABHO MHOTO, OCHOBHBIMHU SIBASIOTCH (POPMHUPOBaHHE
3BE€3 U NAAHETHBIX CHCTeM, oOpa3oBaHHE M 3BOAIOIHS rasak-
THK, a TaKXe aKTHUBHBIE IPOIECCHl, IPOUCXOAsIINE Ha 3Be3aax,
B YaCTHOCTH MEXaHHU3Mbl 3BE3JAHBIX M COAHEYHBIX BCHBIIIEK,
NPOILIECCHl, NPUBOASIINE K B3PBIBY 3BE3[.

He MeHee akTyaabHad 3amada — H3y4YeHHE TEMHOH MaTe-
puH, KoTopas CYIIeCTBYeT, HO HHUKTO IIOKa He 3HAEeT, U3 YeTro
oHa coctouT. Y KoHeuHO, 6GOABIIOH HMHTEpPEC BBI3BIBAIOT (PHU3HU-
YeCKHe IPOLeCChl, CBSI3aHHbIE C THTAHTCKHUM BBIJIEA€EHHUEM JHEpP-
T'MHU CBEPXHOBBIMH 3Be3JaMH, HCTOYHHKaAMHU raMMa-BCIIAECKOB,
AaKTHUBHBIMH dJpPaMM TaAraKTHK M APYTUMH acCHeKTaMH.



BaxHO TakXke HNOHATH, KaK IIPOUCXOAAUINE B KOCMOCE IIPO-
IIeCChl BAUSAIT Ha xxurteaeit 3emau. Hanmpumep, BCOBIIIKU Ha
CoaHIle BO3AEHCTBYIOT Ha 3€MHYIO aTMocdepy H OIOCpenoOBaH-
HO — Ha XHUBBIe opraHu3Mbl. CymiecTByeT Hay4YHOe HaIlpaBAe-
HUE, KOTOpOoe TakK U Ha3bpiBaeTCcd — «COAHEYHO-3€MHBIE CBSA3HU».
B r. Tpounk (TuHAO MockBbI) ecTh LleHTp KOCMHYECKOM IO-
roasl, rae pa3pabaThIBAl0OT KOHKPETHEBIE IPOTHO3bBI OTHOCHUTEAD-
HO OXHOaeMbIX BCIbIIleK Ha CoaHIle U UX nocaenctTBuit. Cuab-
Hble BCIOBINIKH MOTyT HaBPEeAUTh He TOABKO AIOAAM Ha 3eMae,
HO U KOCMHUYECKHUM ammapaTaM MU caMHUM KOCMOHaBTaM, KOTO-
pble He 3alIUINEHBI 3eMHOY aTMocdepod Bo BpeMda npebObIBaAaHUA
B KOCMOCE.

CuuraeTrcsa, 4To BceaeHHadg BO3HUKAA OKOAO 14 MaApZa aeT
Ha3agl U C Te€X NOp MNPOMOAXKAET HENPEPHIBHO PACHIUPSITHCS.
BMecTe ¢ TeM cOnenUMaAUCThl YTBEPXKAAOT, YTO PAaHO AU IO3THO
B MHUpE HAaCTYOHUT raobasbHas TeMHOTa, MOCKOABKY CYIIECTBY-
Iouue cefyac 3Be3abl B KOHEYHOM HTOI€ OKOHYAT CBOM XKHU3HEH-
HBIH NyTh, IPU 3TOM HOBBIe He oO0pa3yrooTcs. Bo3HUKAOT BOIpoO-
Cbl faAbHeHIIero cyIecTBOBaHUSA YeAOBeYeCTBa U OIpaBAaHHO-
cTHU Teopuu Boapmioro B3peiBa, HO caMblii TAABHBIM: BO3MOXEH
AU KOHEIl CBeTa C aCTPOHOMUYECKOH TOYKU 3peHUs? BepodarHo,
B JaAbHEHIIeM Ha 3TOT BOIIPOC BBl CMOXETE OTBETUTH CAMU C [0O-
CTATOYHOU CTEIEeHBI NOCTOBEPHOCTH.

AcTpoHOMHA B peaAbHOH XH3HH. ACTPOHOMUS BCErga Urpa-
Aa GOABIIYIO POABR B NMPaKTHUYECKOH XKHU3HU Atoneii. Mcropuue-
CKU aCTPOHOMMUS OKa3aAsa KOAOCCAAbHOE BAUSHUE Ha pa3BUTHUHE
IUBUAU3AIHUHU, YTO NPOSIBUAOCH B pa3paboTKe MeTOLOB HaBHU-
ramuy oo 3Be3aaM U B POPMHUPOBAHUHU CHCTEM CUeTa BpPEMEHH,
KaAeHOapHBIX cucteM. CeronHd acTpOHOMUSA TaKxkKe 3amelicTBO-
BaHa B paboTe cucTeM HaBHTAallUH, KoTopasd yxke paboraer c mo-
MOIINBI0O HaBUTAIIMOHHBIX CIYTHHUKOB.

AcTepoHAHass ONMacCHOCThb. ACTPOHOMMUUYECKHUE AaHHbIE IIOMO-
raloT B ONpeAyNpeXAeHUH acTepoUAHOH omacHocTH. HeaoBeue-
CTBO IOKa He COHOCOOHO HNPEeaOTBPATUTH CTOAKHOBEHHE acCTEpPO-

naoB C BEMAeﬁ, HO BIIOAHE€ BE€POATHO, YTO YEPE3 AECATHAECTHUI

OAHUM U3 HauboAee KpynHbIX acTepoUAOB ABAAeTcA 270-meTpoBbii Anoduc, uan 2004
MN4. PaHee cYuTaAOCb, YTO BEPOATHOCTb CTOAKHOBEHUA ero ¢ 3emaei B 2029 r. paBHa
2,7%. B cayuae ypapa B3pblB NPUYUHUA O6bl OTPOMHbLIE paspylleHUss Ha TEPPUTOPUU MAO-
LWaAblo B TbhiICAYU KBaApaTHbIX KMAOMeTpoB. OAHaKo nocae 1oro kak B 2013 r. Anoduc
npoweAn MUMO HalleW nAaHeTbl Ha paccTofsiHUKW 14,46 MAH KM, HACA npaKTU4YecKu MOA-

HOCTbIO UCKAIOYUAO TaKyild BO3MOXHOCTb.

CTPOEHME
N 3BOAKOLIMA
BCEAEHHOWN
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MBI HAay4YHMMCH OTBOAMUTH TaKHe ONAacCHble 0O0BEKTHl OT Hallei
naaHeTbl. U 3To maaeko He eAMHCTBEHHasa U3 NPUKAAAHBIX 3a-
Aad, pellaeMbIX C HCIOAB30BaHHEM aCTPOHOMHHU.

CnenunaaucTel BcepoccuiickKoro neHTpa MOHUTOPHHTA U IPO-
THO3UPOBAHHUSA YpPEe3BBbIYAaWHBIX CUTyallMll NPUPOAHOTO U TEXHO-
reHHoro xapaktepa MUYC Poccuu «AHTHUCTHUXHS» BBISCHHAH,
CKOABKO acTepoumoB cbausutrca ¢ 3emaet o 2050 r. B 6auxkaii-
mue 32 roxa KpyIHBIE acTepouabl (AuaMeTpoM A0 1 KM) Goaee
10 pa3 MoryT npubAuU3UTHCH K 3eMAe HaA ONMACHBIE PACCTOSHHS.
OTMmeyaeTcs, YTO HAUOOABIIYIO ONACHOCTH IIPEACTABASET acTe-
poun Anoduc (auamerpom 393 M), KOTOpPHIH, KakK OXHIOAeETCH,
npubausutrca 13 anpeas 2029 r Kk Hamel maaHeTe Ha pPaccTo-
sHue 38,4 THIC. KM.

Tak, meHTp «AHTHUCTHUXHS» oTMedaeT, uTo B 2017 r. 6o-
aee 730 acTepouaoB MOAOWIIAM K 3eMAe Ha paccCTOsSHHE MeHee
10 Mar kM. M3 HUX acTepouasl nuamerpoM cBeilie 100 M omac-
HO cOAUMXKaAUCE ¢ TAaHeTOo# moutu 100 pas.

Ha 3emae usBecTHO 0KoAO 120 odeHBb KPYIHBIX acTE€pPOUM-
HBIX KpaTepoB. B Poccuu cameiii 60oapmoii u3 Hux — [lonuraii-
ckKas KOTAOBHHa Ha ceBepe CuOGUpPCKOH maaTdopMbl; AHaAMETP
ero BHYTpeHHero kpartepa — 75 KM, BHemHero — 100 xwm.

26 deBpans 2011 r. actepoua 2011 AG5 aAnameTpom 0KOoAO 140 M nNpoAeTEA Ha MWUHHU-
MaAbHOM pacCcTOfiHUM OT 3eMAU. B caeaylowMin pa3 aTOT acTepouA okaxertcAa OAM3KO
K 3emAae B 2040 r,, No oueHKaMm y4yeHblX, pacctosiHue A0 3eMAU cocTaBHUT Bcero 1975 kwm.
7 ceHTa6pa 2014 r. actepoua 2014 RC anametpom 20 M NPOAETEA Ha PacCTOAHUMU
oT 3eMAU npuMepHO 40 TbiC. KM.
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B HacTogamee BpeMda y4deHble U3 pPa3HBIX CTpPaH paccMaTpHUBa-
I0T Ba BapHaHTa OTpaXeHHud aCcTEePOUAHONH yrpos3nl: YyBOXA acTe-
pouza C TPAEKTOPHUH CTOAKHOBEHHUS ¢ 3eMAE€H MAU pa3pylleHHUE
actepouma Ha 6osee MeaKHe 06AOMKHU. [lepBBIH crnocob caoxkeH
TeM, 4YTO yBOoJ TpebOyeT HOBBIX AOPOTOCTOSIIHUX TEXHOAOTHH,
KOTOpBbIEe NOAXHBI HAaXOAUThCA B HNOCTOSHHOH TOTOBHOCTH, Ha-
OpuMep, KOCMHUYECKHX OYKCHPOB HAHM CBEPXMOIUIHBIX Aa3€POB
OAd HCIIapeHHs BellecTBa acTepoHja U CO3JaHUd pPeaKTHUBHOH
Taru. PaspymieHune mpolie, TakK KakK ONpeAloAaraeT UCIOAb30Ba-
HHEe MOIIHBIX paKeT AAfd AOCTAaBKH K aCTE€POHUAY TEPMOSAAEPHBIX
60eronoBok. Takue TEXHOAOTHH YK€ €CTb, OHH HCIOAB3YIOTCH
B CTpaTerudecKoM SAEPHOM OPYXKHHU.

Y4yeHBle A0 CHX IIOp NBITAIOTCH HaAWTH crnocob OCTAaHOBUTH
X0Td OBl HEOOABIINE ACTEPOUABI. I'pynma ydeHbIX U3 MOCKOBCKO-
ro dpu3uKOo-TexHu4Yeckoro uHcrturyrta (M®THU), UHCcTHTYyTa KOC-



CTPOEHUE
MHUYECKHX HccaemoBaHUM Poccuiicko#l akaaeMHH HaAyYK U ABYX 1 3BOAIOLMA

uHCTUTYTOB lockopmopanuu «Pocatom» — Poccuiickoro dene- BCEAEHHOM
pPasbpHOTO sSAEepPHOTO ILeHTpa «Bcepoccuiicku¥ Hay4YHO-HCCAEI-
OBaTEeAbBCKHU HMHCTHUTYT 3KCIEepPHUMEHTaAbHOH ¢dusuku» u Tpo-
MIKOTO MHCTHUTYTa HHHOBAIIMOHHBIX M TEPMOSAEPHBIX HCCAE-
NOBAaHUP IpoBeAa HCCAEJOBaHHE, KOTOPOE IIO3BOASET OILEHHUTH
IPOTHUBOACTEPOUAHYIO 3(PPEKTUBHOCTL TEPMOAAEPHBIX O60MO.

29 aHBapA 2008 r. 250-meTpoBbIA actepoups 2007 TU24 c6AU3UACA ¢ 3eMAel A0 pac-
cTossHUA B 1,5 pasa 60AblIero, Yem AO AyHbl.

YT06Bl OLEHUTH 3(PPEKTHUBHOCTL SAAEPHOTO OPYXKHUS OASA
pa3pylleHUsd acTEepPOUAOB, POCCHUHCKHE y4YeHble NIPOBEAH CAOXK-
HOe MOJEeAHpPOBaHHE, B KOTOPOM HeboabIlag MOOEAb aCTEPOHU-
na obcTpeamBasach M3 Aa3epa, UMMHTHPYIOIIEro Bo3aelcTBHE
CBEPXBBICOKHUX TEMIlepaTyp M yAapHOM BOAHBI TEPMOSAEPHOTO
B3peIBa. Hanpumep, moaeab nfuamerpoMm 8... 10 MM U Aa3epHBIH
UMIOYyABC MOomHOCTBI0O 500 [IX MMHUTHPOBAAU acCTEePOHUO AUaAME-
TpoM 200 M U TepMoOsSAEepPHBIH 3apda MONIHOCTHI0O 6 MT. Okcme-
PUMEHTHl U MOJEAHUPOBaHHE INOKa3aAH, UYTO AAS pa3pylUIeHUSA
actepouna nuamerpoM 200 M Ha o6aoMKH 6e3omacHOTO pasMe-
pa (20 m 1 mMeHee) Heobxoaguma GoeronoBKa MOIIHOCTHIO Goaee
3 MT. OTo HaMHOTO MEHBbIIIEe caMOi MONIHOM B HCTOPHHU COBET-
ckKoM TepmosapmepHo# «llappr-60MObI», KOTOpass B TPOTHAOBOM
9KBUBAAEHTE HMeAa MOIIHOCTEL Goaee 58 Mrt. IIpu atom Goaee
93¢ PEKTUBHBIM SIBASE€TCS OAWH MOIUIHBLIH B3PBIB, 4 HE HECKOAb-
KO IIOCAE€QOBATEABHBIX MEHbIIel MOIMHOCTH. Takxke 3PPeKTUB-
HOCTBb pa3pyllleHusd pacTeT, €CAU INOAPHIB IPOBOAUTE HE Ha IIO-
BEPXHOCTH, a IocAae 3araybaeHUs 3apsana.

HOL[OﬁHI)Ie TEXHOAOTHH CYHmECTBYIOT, H YyXE€ ceryac MOXK-
HO COo3aaTh pPaKeEThbl, KOTOPHIE 6yI[yT HECTH AEXYPCTBO C MOIIL-
HBPIMU IIPOHHUKAKWIIMMHU TEPMOAdAECPHBIMHU 3apdaaMHu Ha 60pTy.
OaxgHaAKO OAd TaKoOTO IIPOEKTA HCOGXOI[I/IMO MEXAYHapOOAHOE CO-
TPYAHHUYIECTBO .

B HacTogaigee BpemMda poccnﬁcxue YY€HBIEC ITAAHHUPYIOT IIPO-
BECTH CEPHUIO JKCIECPHMEHTOB C PaAa3HBIMHU MOAEAAMH, a TaKXKe
HNONBITATHCS HAMTHU CIIOCO0 M3MEHEHUS TPAEKTOPHUHU aCTEPOUOOB.

OK30mAaHETHI U CYIIEpP3EMAH. ﬂOAI‘OC BpeMd 3apgada 06-
HapyXE€HHUd IIAaHET BO3AE€ APYruX 3BE€3A OCTaBaAaChb HeEpa3pe-

JK3onaaHeTbl — 3TO NAaHeTbl, KOTOPble HAaXOAATCA BHe nMpeAeAoB COAHEYHOW cucTeMbl
M o6palwaloTca BOKPYF CBOMX COOCTBEHHbIX CBETUA (puc. 3.52).
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BCEAEHHOM CPaBHEHHIO CO 3Be3/laM#, a4 CAMH 3Be3/Ihl HAXOAATCA AAJEKO
or Conrua. IlepBbie sK30nIaHETH OBLIM ODHADYKEHBI B KOH-
me 1980-x rr.

Ha ceroauaimsauii 1eHb UX OTKPLITO Gosee 3 Thic. Bonbmus-
CTBO M3 HHX — T'a3oBhIe 'MIaHTHI ¥ OoJbire moxoxxku Ha Onu-
Tep, yeM Ha 3emiw. O0bACHAETCA 9TO TEM, YTO
Jerdye oOHAPY:KHTh MACCHBHBIE IIJIAHETHI C He-
fonbpmuM nepuogom obpamenunsa. Hexoropsie
9K30IJIAHETHI BXOAAT B COCTAB JABOMHBIX 3BE3/-
HBIX cucTeM. OHM MOryT BPAIATHCA BOKPYT
TOJBKO OJJHOT'O KOMIIAHBOHA JBOMHON 3BE3AHOM
CHUCTEMBI MM orubaTsh cpasy ABa KOMIOHEHTA.

Brnepseie BHecomHeYHaA cucTeMa Obliia Ha-
nena B 1988 r. kanagckumu yuessimu B, Komn-
6ennom, I'. Yoakepom u C. flarom y ABOHHON
aBeansl ¥ lledes (45 cBerosrix ner or ConHua),
HO ee cyllecTBoBaHHe OLLIO moATBepskAeHo Toasko B 2003 r.,

P AR rorza naanera Y Iledea Ab 6ri1a obHapyKeHA METOLOM JOILIE-

Ha opbuTe BOKpYr POBCKO# cneKTpocKonuu. B panpHe#meM ¢ MOMOIMIbI APYTHX

KPACHOro KapAvka MeTO0B OBLJIO HAHJAEHO HECKOJBKO COTeH 9K30IJIaHeT.

HHEM 6n1M3KoH K CONHUY KpacHOW TYCKNOKW 3Be3/bl B cO3BE3AMH 3MeeHocel aMeprKaH-
CKWM actpoHoMoMm 3. bepHapaoM. OH 06GHapymun, 4TO 3Ta 3Be3aa A0CTAaTOMHO 6bICTPO
nepemellaeTca nNo He6y OTHOCUTENbLHO APYrX 3Be3/. ACTPOHOMLI Ha3sanu ee fleTallen
3Be3/0¢, unu 3Be3nor BepHapaa. Tak Kak ata 38e3ja Mana (B 7 pa3 meHblue ConHua),
cnefoBaTenbHO, BAMAHKUE HA HEe BO3MOMHBIX NAaHeT AOMKHO ObiTh A0CTATOYHO 3aMeT-
HbiM. Ho B 1973 r. LK. [edTBYA ONPOBEPr HaNW4YMe NNaHEeT, TaK Kak onpeaenun, 4To 3ses-
fa nBumertca 6e3 KonebGaHuK, a 3Ha4yuT, 3Be3ga bepHapaa NnaHeT UMEeTb He MOMET.

m MepBoi NONLITKOW OGHAPYKMTE IKIOMNAHETHl MOKHO CHMTATL HAGNIOAEHWS 3a NoNoMe-

Ins moucka sxaonnaner B 2009 r. Ha opbuTy ObLLT BEIBEIEH
KocMHUecKHil Teneckon «Kennep». B Hem mcmosssoBanica me-
TOJl, HA3LIBAEMBIH TPAHZUTHBLIM: U3MEPSI0CH 3aTeMHEHHE 3Be3-
ZIBI BO BpeM#A MPOXOJKIeHHUSA nepel Hell KoOCMHYecKoro ooseKra.
B Treuenne yersipex Jer cBoeit paborsl « Kenjep» BREIABUI MHO-
JKECTBO PABJIMYHBLIX THIIOB 3K30ILJIAHET.

IToMuMO ra30BBIX 'MTAaHTOB M TeJ 3eMHOHW I'DYNNEl Teje-
CKOIl IIOMOI' YETAHOBHUTH CYIIECTBOBAHHE HOBOT'O KJIACCA 9K30-
IJaHeT — Ccymnep3eMelb.

Cynepaemns (WM CBePX3eMAs) — 3T0 KNace NNaHeT, Macca KOTOPbIX NPEBbILaeT Mac-
Ccy 3eMnu, HO 3Ha4yWTeNbHO MeHblUe Macchl ra3oBbiX ruraiToB (puc. 3.53).




CTPOEHME
Ilox cynepsemieit moEUMAalOT miaaHeTy maccoii 1...10 mace 1 3BOAIOLMA

Semun. Ilnaners! aroro Tuna GbLIH 00HAPYIKEHBI CDABHUTEIb- BCEAEHHOW
HO HeJABHO Y APYTHX 3Be3J.

ITepeyio cynepasemiio obuapyxkuiau B 1991 r. okoso 3Be3asl
I'nusze 876. Ilocnennioio, BpamaoIyiocia BOKPYT OPAHKEBOrO
kapauka GJ 536, oTkpeLIa MeXxIyHADOAHAS HAyYHasA I'PyNna
B 2017 r.

GJ 536 b — arTo HebosnbIIas CYNEpP3eMJisd, MACCOM BCEro
B 5 pas Gosbile 3eMJaH, KOTOpasa ABJIAETCH YACTHIO IPYINLI ca-
MBIX MaJIeHbKHX IIJIAHeT ¢ u3MepeHHoil Maccoil. OHa HaxoauT-
cA He B 30He 00MTAaeMOCTH CBOEM 3Be3JIbl, OJHA-
KO ee OTHOCHTeNbHO O1m3kas opOHTa M APKOCTH
3Be31bl JeJalT 3Ty NJIaHeTy NepCleKTHBHBIM
00'beKTOM ANIA n3ydeHus. MceneioBaHusA IPOBO-
ANINCE crienuaancraMu KaHapcKoro MHCTUTYTA
actpodusuku (Mcnanus) u Henerckoit obecepna-
Topuu (IlIseitnapusn). JlanHble MoCTyIaIH OT HH-
crpymerToB HARPS u HARPS-N, cmoaTHpOBaH-
HbIX Ha 3,6-MeTpoBOM Teneckorne B 00cepBATOPUU
Jla-Cunba B Unnm u Ha 3,6-MeTpOBOM TeslecKo-
ne Jla-Ilanema B Ucnasun. OHK 06 beANHAINUCE C
(hoToMeTpHUeCKNMH JaHHBIMM OT 0030pa Heba ASAS (All Sky | EFEEEEEE

Automated Survey) B Yunn u Maywn. BupTyanbHoe
HccnegoBarensckas rpyia OMMPAIach Ha M3MePeHue paju- npeAcTaBAeHue
AJIbHOM CKOPOCTHU 3Be3/bl, 4T00bI PA3/INYaTh IPUCYTCTBHE 1114~ cynep3emau

HeTHI, & TaKJKe JaHHBIE 10 crneKTporpaduyeckuM HabIIOAeHHAM
3Besziel 3a 8,6 ner. IIpu Bcem #TOM OHM HE TOABKO 0OHADPYHRHUIN
9K30ILIAHETY C NOAXOAAILLEH MAacCcoil, HO U NOJAYy4YUIH HHpOopMa-
M0 0 caMoii 3Be3jie, KOTopas UMeeT Iepuol obpalieHns 0K0JI0
44 nHeil 1 MarHWUTHBINA IUKJ, AJAduiica 6osee 3 jer.

Insa cpasuenusa: Hame CosHIle HMeeT nepuoj obpalneHus
BOKDYT cBoeil ocu 25 qHel W MarHWTHBINA MUKJ okojao 11 mer,
KOTOpPHIE XapaKTepU3yITCA N3MeHEeHUAMM B YPOBHAX COJIHEY-
HOT'O H3JIYYeHHHA, HCIIYCKAaeMOoro UM, KOPOHAJIBHBIMH BhIOpOCa-
MH MacChl ¥ MMOABJIEHUEM COJIHEYHBIX IATEH.

YyeHsble B «CKONKOBO» paccMaTpuBaloT nepcrnektuebl 3D-nevarn Yyenoseyeckux opraHos

m B Kocmoce. Oco6eHHOCTb METOAa 3aKNKI4YaeTCA B TOM, 4TO ANs ero pabotsl He06Xx0AMMO
OTCyTCTBME rpaBuTaumu. Mo 3Toi NPpUYMHE y4EeHble paccMaTpuBaloT B KayecTse nnowag-
KK ana anpobaunu «hopMaTUBHOro» NPOM3BOACTBA POCCUICKMIA cermeHT MHKC. YyeHbie
TaKkme 06CYAsT BO3MOMHOCTL NEYaT B KOCMOCE YYBCTBMTENbHbLIX K paavaluu THaHen
M OpraHoB. 310 HeO6X0AUMO ANA OLIEHKKM HeGNaronpUATHOrO BO3AEWCTBUS KOCMUYECKO-
ro NPOCTPaHCTBa Ha OPraHM3m KOCMOHABTOB NpuW nonertax Ha flyHy u Mapc.
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ITO OTKPHITHE BCEro JHINb MOCJEJHee B AJMHHONH depeje
OTKDBITHH cyHneps3eMesb OKOJO KPACHBIX KapJukKoB M-kJjacca
¢ HU3KO#H Maccoi, HU3KOH cBeTuMocThio. Ceiiuac ydyeHble 3a-
HATHI NOUCKAMM APYTUX IJIaHET, BPalaluIuXcsad BOKPYT 2TOH
3Be3/Ib.

Hosble kocvMudeckune asurarenn. Cnenumanuctel EBponeii-
cxoro xocmuueckoro aregrersa (EKA) paspaboranm m ycnem-
HO MCHOBITAJH YHHKAJBHBIH NPAMOTOYHBINH KOCMHYECKHH JABH-
rarejib, KOTOPLIN MCHOJb3YEeT B KAYEeCTBE TOILIMBA MOJEKYJIhI
Bo3ayxa (puc. 3.54).

B HacToAmiee BpeMsA CPOK cAy:KOBI CIYTHHKOB Ha opOuTe
3aBHCHUT B OCHOBHOM OT 3anaca TOIIJIMBA OJIA NOAHATHA OPGH‘
Tel. CJI02KHee BCEro CHTyallufd ¢ HUBKOOPOUTANLHBIMM CIYTHH-
KaM#, KOTOpbIe MOCTOAHHO HCIBITHIBAIOT TOPMOJKEeHHEe B aT-
mochepe n TpedyIOT NOCTOAHHOIO BKJIOYEHUA ABUTATENdA AJ1d
VAEePHAHUSA BBICOTEI.

HuskoopOuraibHBIe COYTHUKH Bce Oojsee BocTpebDOBAHEI,
TAK KAK HA MeocTAlMOHAPHLIX OPOUTAX yiKe CAMIIKOM TeCHO.
K Tomy e TakHMe CIYTHHKH MOrYyT o0eclieduTh HOBBIE YCJIYIH,
B TOM 4HcJe ranobankHbiil 6ecnposoauoit Mareprer. OgHako co-
OpoTHBJIeHNEe aTMoc(epsl, Jaxe PaspeKeHHON Ha BeICOTAX DO~
aee 100 KM, CHJIBHO TOPMO3HT CIYTHUKH. B HTOre oHM GBICTPO
pacxoAyioT TOILJIMBO HA yAep:kaHue Ha opOuTe W HenabekHO
najgawT, cropas B armocdepe.

Nnxenepsl EKA npeaioskunm uiealbHOE pellieHue: paKeT-
HBIN ABHraTejlb, KOTOPOMY IJiA paﬁo’rm HYM¥HO JJHIIb 3JIEKTPpH-
yecTBo. C HUM COYTHUKH MOTYT OCTABATLCA HA 3aJJaHHON opOu-

Te MHOTHEe TOJbI.
Hogssrit asurarens or EKA ucnonssyer B KauecTse TOILIMBA
MOJIEKYJIBL BO3AYXAa, KOTOPbIE BTATMBAIOTCA B BO3AYX03a00pHHUK




COYTHHKA ¥ MCHOJB3YIOTCH B KAYECTBE TOILIHBA I8 MOHHOTO
aeurarend. I[IOCKONBKY COIYTHHK JABUIKETCA OYeHb OBICTPO —
co ckopocTeio 7,8 KM/c, BO3AyxX03abOpHUK, a)ke HA BBICOTE
200 kM, ycneBaeT HaOpaTh JOCTATOYHO MOJIEKYJ JAJIA CO37a-
HUA TATH.

KoHCTpyKIMA ABUraTeN si O4eHb NPocTasi, B HEM HeT JABUIKY-
AXCHA YacTel, a HCIIOJb3YIOTCA JIUIIL HePeryJINPyeMbli BO3AY-
X03a00pHUK, KATYIIKH U 3JeKTPOALI, HOHU3UPYIOIIHe BO3AYX.
DJIEeKTPHYECTBO MOYKET MOCTYIATh OT COJTHEYHBIX NaHeJ el WiIu
APYroro HCTOYHHUKA 3JIEKTPOdHepruu. [[BUratens KOMIaKTHBIH
H JIOCTATOYHO MOIIHEIN, YTOOBI YAEPKHUBATE KOCMHYECKHE ar-
napaTtsl Ha HU3KOH opOuTe MUHUMYM HECKOJIBKO JIeT.

HosBwiit gBUTaTENH YI3KE YCIEIIHO HCIBITAH B BAKYYMHOM Ka-
mepe. BepoaTHo, B OsMakaiiinue rojasl OyaeT co3faH KocMHUYe-
CKHH anmapar, MCHOJb3YIONNIl HOBYIO TeXHOJOTHIO.

Takoii BeUHBI ABUraTeNlb HEBEPOATHO MOJE3eH HE TOJBKO
HA OKOJIO3eMHO# opOuTe, HO ¥ IIPH HCCJIEJOBAHWHM APYIUX ILJIa-
HeT. 30HABI IOJYYAT BO3MOXKHOCTh paboTaTh HA HU3KUX OpOu-
Tax, Hanpumep Mapca u Benepsl, B0 MHOrO pas JoJiblne, cobu-
pas moApoOHBIe HAYYHBIE JAHHEIE ¢ HA3KHX OpOHT.

Ilepeeie nean muccun «IkzaoMape-2016». I[TpoexT «IK30-
Mapc» — coBMecTHBIH npoekT Pockocmoca u EBponeiickoro
KOCMHYECKOro areHTCTBa IO HMcciaeqoBaHWi Mapca, ero mo-
BEPXHOCTH, arMoc(epsl U KAuMaTa ¢ Op6UTHl M HA NOBEPXHO-
cTH IageTs! (puc. 3.55).

Kocvuuecknii anmnapar «Tpeit 'ac Op6urep» (TI'O) muccun
«9k3oMapc-2016» B mapte 2017 r. Hayan aTanm TOPMOMKEHHA
B arMocdepe. ITO MO3BOJINIIO alAPATY YMEHBIIHTH IePHOJ 06-

CTPOEHMUE
W 3BOAKOLMA
BCEAEHHOM

Kocmuuecknin annapar
«Tpew lac Opburep»
MHCCHK
«3k30Mapc-2016»
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pameHnsa ¥ BeIcoTy anoneHTpa. Urorosas opbura mgosxHa OLITH
Kpyrosoi, Beicoroit okoso 400 kM Hax noBepxHOCTHIO Mapca n
nepuofoM obpameHus 2 4.

C y4yeToM OpHEHTAIIMH COYTHHKA B IIePBLIE HeJeJ U Iocie
HeoOXO0AMMBIX TECTOB M KanubGpOBOK POCCHHMCKHH CIeKTpoMe-
Tpudeckuii kommiexce AIIC cpasy ke mepeiiier K KJIMMATOJI0-
rHYecKUM HagupHbeIM u3Mepenuam. [Ipubop ®PPEH]I, nnsa KoTto-
poro HaJupHAasa OPHEHTAIIUA ABJAETCA OCHOBHOM paboueii, Ha4-
HeT H3MepPeHUsA BOJopoAa B rpyHTe Mapca B OOLIYHOM peskuMe.

C konna anpens 2018 r. TT'O HauHeT peryJAapHO NPOBOAUTH
U3MEpPEeHUA B peruMe COJITHEeYHBIX 3aTMeHNH (He MeHee BOCBMHU
B IeHb), KOTOPLIE IIO3BOJAT H3MEPHTHL COCTAB MAPCHAHCKOM aT-
Moc(epsl ¢ peKOpAHO# TOYHOCTHIO, a npubop @®PEH]I npogo-
JKUT U3MEePeHusA HeMTPOHHOIO MOTOKA Ha opOuTe, YTO MO3BOJIUT
CO3JaTh KapThl pacupocTpaHeHusA BOJopoJa B rpyHTe Mapca BhI-
coualero paspenieHusd.

IInaaupyemsbie muccuun HACA. B xonue 2018 r. HACA
(CIIIA) npumeT pemreHne 0 (PMHAHCHPOBAHWUH OJHOM M3 ABYX pO-
60TH3UPOBAHHBIX KOocMUUYecKnX Mmuccuit [lnaserosornueckoro
uHetTutyra CIITA. O6a HccneoBaHUA BaXKHBI A7 MOHUMAHUA
ucropuu CoJTHEYHOH CHCTEeMBbI

Vuensie [Inanerosoruueckoro uacruryra CIIIA (PSI) npex-
craBaT HACA cBou BapuMaHThI NIPOBEAEHHA ABYX PoBOTH3HPO-
BAHHBIX KOCMHYeCKHMX MHUccHil ana uaydeHuna CoJHeYHOH cH-
crembl. OgHa M3 HUX npexnoJaraer 3abop oOpasmoB uU3 Axpa
komeTsl 6 7P /Yypiomopa — I'epacumenko (puc. 3.56), a Bropas
Oyaer uayyars reojorui Turana.

B xone muccun «llesaps» (CAESAR — Comet Astrobiology
Exploration Sample Return) niasmpyerca nonyduts odpaser
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1 3BOAIOUMA
BCEAEHHOW
YHUKBALHAA MUCCHA
«Crpekoza», B KOTOPO#
BGyAeT UCNOABL3OBATLCA
MyALTHKONTED
AARl BEAEHWA
BO3AYWHON pa3BeakH
anpa koMmetsl 6 TP/Yypiomosa—I'epacuMeHKo u Ge3onacHo
BEePHYTH ero Ha 3emuo. KomeTsl cOCTOAT M3 BeljecTBa JApeB-
HHUX 3Be3J[, MeX3Be3ZHEIX 00JIaKOB W 3JIEMEeHTOB, CYIeCTBO-
BaBIIUX U 3aposkaeHun Hamel ConHeuHoit cucremsl. [Tony-
YeHHBIH 0o0pasel] MoKaMeT, KakK 3TO BelllecTBO cIocobCTBOBAIO
(dhopMHpPOBAHUIO PaHHeH 3eMJH, BKJO4Yas obfpasoBaHHe OKea-
HOB M YXH3HH.
Muccusa «Crpexosa» HanmpaBjieHAa Ha M3yYeHHe reojornye-
CKHX nponeccoB Ha Turane m onpejesieHNe BePOATHOCTH CY-
MIeCTBOBAHUA XHU3HHM Ha oToM cnyTrHuKe CarypHa (puc. 3.57).
IInarupyeres UBYUYUTH reojioruio Turana ¢ oco6bIM yIopoM Ha
mponeccsl 06pasoBaHUA KpaTepoB M ByJkaHOB. IIpu atom yue-
HBIE VIeJAT BHUMaHUe IIPoIeccaM, KOTOPhIe yiKe 3aBepIIHINCh
M KOTODPBIE MPOMCXOAAT B HACTOAIEE BPeMd.
P PoccritCKMIA Npe3uaeHT 3asepun, 4To Ha JlyHe ecTb 4em sansTbeA. K TOMY e CO cnyT-
' 4 HMKa 3eMNU MOMHO Ha4aTb MCCNeNoBaHWe APYrMX NNAHET U AaneKoro kocmoca. Poccus

ywe B 2019 r. sanycTut muccuio Ha Mapc. B pamkax HOBOro MCCnefoBaHns NyHbl poc-

CUsiHe HamepeHbl OCYLecTBMTL BbICaAKK Ha nonioca.

"

KOHTPO/NIbHbLIE BOMNPOCHI

1. Nepeyucnute pyHaameHTanbHbie Npo6GnemMsbl, KOTOpbIE pelwaeT acTpo-
HOMMA.

2. Haxue yrpo3sl HeceT YenoBe4ecTBy acTepouiHasn onacHoCTL?

3. Y70 Ha3bIBaIOT IK3ONNAHETAMH? ¥

4. Mepeuncnute nnanupyembie muccin HACA.

5.-KakoBbl nepasie Lenu Muccun «3xkzoMapc-2016»?
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3AAAHWUA AAA CAMOCTOATEAbBHOMW PABOTHI

. 3ayeM AIOAU OTKpbIBAlOT 3K3oNAaHeTbl? BeAb nyTewecTBue A0 HHUX
3aiiMeT MHOro BpPEeMEHHW, a NPU HblHEWHEM Pa3BUTUU HaYKU W Tex-
HUKW MOAET A0 HUX NMPOCTO HeBO3MOXeH. CHGopMYyAUpPYIHTEe CBOIO TOY-
Ky 3peHWa B oTBeTe Ha 3TOoT Bonpoc. O60CHYMTe Bce aprymeHThl 3a

A NPOTUB.

. Mo matepnanam CMMU coctaBbTe CNUCOK CeEMMU NOTeHUMaAbHO onac-

HbIX AAA 3€eMAM acTepOUAOB U 3aHecUTe AaHHbie B Tabauuy.

Ha3zBanmue
acrepousa

®orto

Ocobennoct
acTrpouaa

Onucanuc mMOTeHHAJILHOH
Yrpo3bl

TEMbl AOKAAAOB

1. MeToAbI
2. Cynep3eMAs (MAU CBEpPX3EMAS).

NOUCKa 3K3OoNAaHerT.

3.Cnoco6bl 3alUTbl OT aCTEPOUAHOW ONACHOCTH.




NOCJIEC/IOBUE

Mp1 getu 'anakTukn,
Ho camoe rinaBHoe —
Mgl 1eTH TBOH,
Hoporasa Semus.

P.H.PowdecmeeHcKuil

ACTPOHOMHUSA — BTO He TOJLKO YBJEKaTelbHAA HAVKA, C KO-
TOPOi YesioBeYecKas IUBHUIN3ANNA BO MHOIOM CBA3BLIBAET CBOE
Oyaymiee. 9To HayKa, KOoTopas o0beIHHAST BCeX JIIOAeH Mupa |
IOMOraeT 0CO3HABATH CBOIO CONMPHUYACTHOCTHL KO BCeM COOBITHAM,
MPOUCXOAANIINM B HeM. Bee BMecTe MBI JOM¥KHBI Oepedb IJIaHe-
Ty 3eMJIf ¥ MOHUMATE, YTO Bce MBI — JieTH 'aJlakTHKH, U B HO-
MCKaX HOBBIX IIMBUJIN3AIMii, B IIPOIECCe OCBOCHUA DIHMMKHEro M
JanbHEro KocMoca, nojJaBas CHTHAJEI O 3eMHOH IIMBUIN3AIIAH,
PasyMHO NPEeACTABJATH He ONHY KAKYVIO-HHOYIb KOCMHUYECKYIO
JlepyKaBy, a BCe YeJI0BEeUeCcTBO.

06 arom sagymeiBanuck mHorue. JIx. V. san Kupk ogaum
u3 nepBeIX paspaboras cBoii ausaiH daara mupa (puc. I1.1)
B 1913 r. u ¢ aTum darom ABar/ (bl IPOBEJ Map-
mu Mupa yepe3 Espony.

Jlo BeicafiK® acTpoHaBTOB Ha JIyRy cyme-
CTBOBAJIO MHEHHE, YTO IEePBLIM JIIOAAM HA CIYT-
HHKe cJeJyeT OCTABHTHL TAM He aMepPHKAHCKHI
¢mar, a aar, npeAcTaBAAIIIAN Bce 4YesoBede-
cTBO. XOTHA 9TH HEMHOTOUYMCJIEHHBIE I'0JIOCca He
Ob1LIH yeaslmanbl, B 1970 r. oHM NOATOJIKHYJIHN
Jx. Kagna k cosganuio daara 3eman (puc. I1.2).
ITo sameicay Kanna, duar ciaepyer UCHOJIb30-
BATh JJIA MpeJCTABJIEHUA YeJIOBeYecTBa B IesoM, 0e3 neneHus
Ha cTpaHsbl, oprasusanum uan augrocty. x. Kagn nocssarua
CBOIO XUBHBb Nonyaapusanuu ara 1 pacchliall ero BceM e-
naromuM. Ilepex cmeprbio oH nepepas aar 3eman B obme-
CTBEHHOE JOCTOAHHE.

®aar mupa
Ax. Y. BaH Kupka




MNOCAECAOBME

Eme oane BapuanT 6611 npeanoxked 9. K. Peaxene npu-
mepHO B 2000 r. ®nar, npeacTaBaaBImIAA coboil cuHee MOJOT-
HHUINE, B IEHTPe KOTOPOT0 PACHOJIOMKEH roJy-
60i1 KPYT € OKPYIKAIOIIAM ero 6eJsIM KOJBIOM,
CUMBOJIM3UDYIOIMUM 3eMIi0, A0JKeH ObLI CHM-
BOJIM3HPOBATE MJEI0 MHPA U COCYIIECTBOBAHUA
(pue. I1.3). IIpocrora nusaiina daara npecie-
A0BAaJia Uens yaobeTBa ero U3roTOBJEHUSA JJIA
BCEX JKeJaloniux.

B 2006 r. I1. Kappoan npeAnosAna BapuaHT
BCEMHPHOTO (hJ1ara, CHMBOJIU3UDYIOMHIA rioba-
JIA3aIHI0 coBpeMeHHOro mupa (puc. I1.4). ®aar
[an s e I1. Kaponna npeacrasiser coboit npAMOYyrosbHOE IOJOTHHUINE,
®Aar 3emau Ax. Kasna B IlEHTPe KOTOPOro paclojokeHbl Kapra mupa u ¢aar OOH,

OKpy:xeHble (praramu 216 cTpaH U TeppUTOPHIA.

B 2015 r. mBeacknit xyaoxauk O. Ilepre-
densn npennoxua ausaits MexayHapoaHOTO
thnara naanersl 3emnsa (puc. I1.5). ITo sambic-
ay Ilepredensga, aToT (Jar go13eH UCIOJIb30-
BAThCA B OYAYHIMX KOCMHYECKHUX SKCHEAUIIHAX
(B yaCTHOCTH, NWJIOTHPYeMOM noJjete Ha Mapc)
M NpeJHa3HAYeH JJIA BBIIOJHEHHsA ABYX OCHOB-
HBIX IleJieii: npejcTaB/JIeHHe NJIaHeThl 3eMJd
B KOCMOCE ¥ KaK HAallOMHHAHHE JIAAM 3eMJH,
YTO BCE OHH — ee HTeJIH, He3aBHCHMO OT Ha-
P Puo, L3 UOHAJBHBIX I'PDAHHI, H JOJKHBI 3a00THTHCA APYr O Apyre

Breksaiesd) Buar M O ILJIaHeTe, Ha KOTOPOH JKHUBYT.
3.K. PeHxeae Dar npeacrasiAer coboi nzobparxenne ceMH KoJjell, nepe-
CeKawLuX APYr Apyra, Ha TeMHO-cHHeM (ore. Mzobparkenns
nepeceKamwMxca Kojgel ob6pasyoT B cepeuHe
LBETOK, CHMMBOJIM3HPYIOUHIL }KU3Hb HA 3eMie,
a nepecedyeHne KoJell 03HAYAET, YTO Bce HA 3eM-
Jie IpAMO MJIA KOCBeHHO cBA3aHo. TemHO-cHHMI
(hoH OIMIIETBOPAET OKeaH U Ba)XHOCTb BOABI IJIdA
JKU3HM Ha 3eMe.

®aar Oprasmsanun O6seguHeHHbIX Ha-
uuii (OOH), yreepxaennsiit 7 gexkabpsa 1946 r.,
npeacrapageT coboii mzobpaskenue opHUIIHATE-
"ot amMbaemer OOH, pacnosioskeHHOM B IeHTpe
e P | nogorHuua roayboro nsera — nsera OOH (pue. I1.6). Ira am-

P — 6nema Genoro neera n3obpaxkeHa Ha 00eMX CTOPOHAX HOJIOTHH-
M. Kappora ma. Paar OOH mcnoab3oBajica AAA AeMOHCTPAIMHM eJMHCTBA
MHPOBOI'o cOO0LIeCTBA, XOTA TEXHHYECKH IIPEACTABIAET TOJb-

ko camy OOH. IlInpokas u3BeCTHOCTH 3TOro (hiara jgenaer ero




MOCAECAOBHE

JOCTATOYHO NPEJCTABHTENbHBLIM /A BHIPAXKEHHA HHTEPECOB
[LJIAHEeTHl B LEJIOM.

«Hama ConrHeuHas cHCTeMa — 3TO HE YHHKAJIBHOE MECTO,
¥ NP BBINOJHEHMH CXOKHX VCJOBHM B Apyrom mecre obssa-
TeJbHO JOJHA NOABUTHECH KU3Hb., Ceifyac MOMK-
HO ¢ abconTHON YBEPEeHHOCTHIO CKA3aTh, YTO
JKM3HB, padyM — Bellb paAxoBas Bo BceneHHOI,
U B OinMixaline AecATUIeTHs YYeHble OTKPOIT
MecTa B Hammei anmakTuke, rje 3Ta ¥ U3Hb €CTh.
H ona 6yzer nopasuTenbHO IIOX0MKa HA TY, KOTO-
PYIO MBI 3[ieCh IPEACTABIsIEM» — 3ITO CJI0BA AH-
apes PUHKeNbINTEHHA, 3HAMEHUTOTO COBETCKO-
ro ¥ pocCHMCKOro acTpoHoMa. BoaMoKHO, 4TO
aTO HpopoYecTBO B OiMKalee Bpemsa cOynercs,
a (raru, nocnaHHBIE 3eMJIAHAMH JKUTEJIAM BHE3eMHBIX ITUBH-
JU3anMi, IOMOryT (DOPMHPOBATE HE TOJBKO €JMHCTBO MHPOBOTO MexayHapoAHbIi dar
coobuiecTBa Ha maaHere 3eMJid, HO M COOOLIECTBO BCeX LMBH- NAGHeTbl 3eMAR
JH3anMii, a caMa JXU3Hb OyAeT cUHTATHCA (DYHAAMEHTATbHBIM 0.MNepHedersaa
cBoiicTBOM BeeneHHOI, Tak Ke KaK TeMHAA MaTepHus, CBEPXHO-
Bble 3Be3/ibl M YepPHBIE JIbIPbI.

AcTpoHOMHEHA Kak Hayka Oyzer, 0e3yCJIOBHO, PasBHBATBLCH
3a cYeT Hay4YHBIX MCCJeNOBaHMWIl, MPOBOAMMEIX B KOCMOCE, KO-
TOpble OXBATHIBAIOT PA3JIMYHBIe pasfiesibl YeThl-
pex HayK: acTPOHOMHH, (pM3UKH, reoPpHU3IUKH U
omonoruu. OT™METHM, YTO TAKOE pasrpaHUYeHHe
HAYK 3a4aCTyH HOCHUT YCJIOBHBIA XapakTep.

Hocud Camymnnosuu lIIkm1oBCKHIT — OCHOBA-
TeJIb COBPEMeHHO acTpodH3uKH, OTBeYas Ha BO-
npoc o OyAyIeM aCTPOHOMHUU, BBIJEIA] HECKOJIb-
KO HanpasyJeHHi B acrporomun XXI B.

1. PasBuTHe pajHoacTpOHOMHH HA OCHOBE
HMCIOJIB30BAHHUA KBAHTOBBIX YCHJIMTEJNEH B IpH-
eMHO# anmapatype (I NOJY4YeHHA AOJTOKIAHHON nHpOpMa-
nuu 00 yaaJleHHBIX yroJkax BeceneHHOM B, BUAUMO, Pa3perinm ®Aar OpraHu3aLmy
JaBHO yie HabOJIeBIINIT BOIPOC O XapaKTepe ee PACIIUPEeHH). OfbearHeHHbIX Haumi

2. Pacuser «acTPOHOMMH HEBHJAHUMOTO», T.€. HCCIAEJOBAHUI
KOCMHWYEeCKHX M3JTYYeHHH, JeKamux no obe cCTOpoHE! OT BUAN-
MOr0 AMATIA30HA 2JIEKTPOMATHHUTHBIX BOJH (CBETOBOTrO AHana-
30HA) 3a CYET PA3BHTHA PAKETHOH aCTPOHOMHH.

3. PasBuTHe Tak HA3LIBAEMOM raMMa-aCTPOHOMUH (Hceaeno-
BAHUA CAMBIX JKECTKHX raMMa-jydei, KOTOphle, HECOMHEHHO,
JOJHBI HCIIYCKATHCHA HEKOTOPBIMH KOCMHYECKHMH TeJIaMH).

4. BOo3HUKHOBEHHE W Pa3BUTHE HEHTPUHHON ACTPOHOMHH.
Takoit acTpPOHOMHMH HOKAa eIlfe HeT, HO €CTh BCe OCHOBAHUSA MO~
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AaraTh, 4YTO B OAamMXKalimeMm OyAylleM oHa BO3HHKHeT. He#rTpu-
HO — B3A€MEHTapHad YacTHIla, UCIIyCKaeMas HEKOTOPBIMHU gapa-
Mu npu Oera-pacmnane.

5. BO3HMKHOBEHHE NPHHIUINAABHO HOBOTO HAIllpaBAEHHUSHA
B aACTPOHOMMH, TaK Ha3bIBAE€MOH 3KCIHEPHUMEHTaABHOH acTpo-
HOMHUH.

Baaromaps HOBBIM HalpaBAEHHSM B aCTPOHOMHYECKOH Hay-
Ke, 6e3ycaoBHO, Bo BceaeHHoO#l 6ynyT oOHapyXKeHBI HOBBIE SB-
A€HHS, O CyIIECTBOBAHHH KOTODPBIX MBI cefiyac He MOXEM gaxKe
AoranblBaThCcsi. BO3HUKHYT HOBBIE TPAHAMO3HBIE NIPOOAEMEBI, pe-
maThk KOTOpPble OyAeT HmpH3BaHa aCTPOHOMHUYECKass HayKa KOH-

ma X X I croaetruda.



CAOBAPb

A

AGcoaloTHasa 3Be3AHas BEAHMYHHA — BEAWYHNHA, XapaKTepH-
3yollas CBETHMOCTh aCTPOHOMHYECKOTo obbekTa. [Jasd pas3HBIX
THUIOB OOBEKTOB HCIIOAB3YIOTCS pas3HBbIe ONpeneAeHHs abCoAIOT-
HOM BeAWYUHBI. [[AS 3Be3[ OIpelleAsieTCd KaK BUAUMAas 3Be3AHas
BE€AMYHHA, KOTOPYIO MMeAa OBl 3Be3na, yAaseHHas OT HAC Ha pac-
crogHue 10 mk.

AcTepu3M — A€TKO pa3AumdYHUMas Tpylna 3Be3[, HMelollas
HCTOPHUYECKH yCTOSBIIE€ECS CaMOCTOSATEeAbHOE Ha3BaHHe, HaIpH-
Mmep, Boarmio#t KoBur, Haxoasmuiica B co3Be3nuu boarmiasa Mense-
auna. PaszamyaloT acTepU3Mbl-yKa3aTeAd U HaBUTallUOHHBIE acTe-
PU3MBI.

AcTepu3MbI-yKa3aTe€AHW — I[apbl 3Be31, KOTOPHBIE IIO0 YCAOBHOM
AVHHUHU, NIPOBEAEHHON MeXAy HHUMH, yKas3blBalOT Ha HOYHOM Hebe
HalpaBA€HHE Ha ApPyrue 3Be3/bl.

Actepounm — OTHOCHUTEABHO Heboabllloe HebecHoe Teao Coa-
He4YHOU cucTeMbl. [IBuxkeTcsd no opbure Bokpyr CoaHuna momobHO
nmAaHeTaM, HO ycTyllaeT MM IIO MacCe M pa3MepaM, 4acTO HUMeeT
HEeNpaBHUABHYIO (popMy, AUIIEH aTrMocdepbl. TepMHH «acTepoum»
(«momo6HBIN 3Be3me») BBemeH Y.lepmeaem.

ActpomeTpusg — pas3ngeA acCTPOHOMHHU, TAABHOM 3amadeidt Ko-
TOPOTO fBASETCS HM3y4YeHHE TeOMETPHUYECKHX M KHHEMATHYECKHUX
CBOMCTB HeOECHBIX TEA.

AcTpoHOoMHHA — HayKa o BceaeHHOU, H3ydalollas ABHUXKEHHE,
CTpOeHHE, IPOUCXOKAEHUE U Pa3BUTHE HEOECHBIX TEA U UX CHUCTEM.

AcTpodusnka — pasmges aCTPOHOMHUH, KOTOPBIM HM3ydaeT BaxK-
HeWmue PU3NIECKUE XAPAKTEPUCTUKU U CBOUCTBA KOCMHYECKUX
00BEKTOB, IMPOIIECCOB U SIBAEHUIMH.

B
Baagx — saemeHT CTPYKTYpPBI CIIMPAABHBIX TaAaKTHK B BHAE
IOEHTPAABPHOTIO CrymeHHud. Buemrue GaAI[}K BBITAAOUT KaK YTOA-
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nieHHWEe OUCKA, B LIEHTPE KOTOPOTO OOBIYHO MMEETCS OYEeHb IIAOT-
HOEe fAapo.

BeAsrit KapAHK — 3B€3aa MaAO¥ CBETHMOCTU C Maccou Imopan-
Ka COAHEYHOU U pasMmepomM, CpaBHHMBIM C pa3sMEpoOM BCMAI/I; npen-
craBAsgeT coboi cxkaBllleecs aapo HOpMaABHOﬁ 3BE€3AbI HA 3aKAIO-

YUTEABHOM OTaIll€ €€ OBOAIOIIHMH.

BAHXHHH KOCMOC — 30Ha KOCMHYECKOTO IIpocTpaHncTBa, KOTO-
pad Ha4YHUHAaAETCd Had OKOAO3E€EMHBIM IIPDOCTPAHCTBOM H 3aKaHYHBa-

€TCd Ha TpaHHuIlE Hamei COAHEYHOMW CHCTEMBI.

Boaua — odeHBb HpKI/Iﬁ METEOP. MNMeeT BUO OTHEHHOTO mrapa,
KOTOpLIﬁ ocTaBASET 3a coboit caen. B HEKOTOPBIX CAyHYadAX I3TO AB-
A€HHUE MOZXKHO HaGAIOILaTb HE€ TOABKO HOYBIO, HO OaXe€ NHEM. Boau-
ABI MOTYT COIIPOBOXKAATHBCA 3BYKOBBIMH ABACHUAMU.

B

BeHepa — mnaaHeTa 3€MHOM TpyInnbl, BTOpas IO YOAA€HHOCTH
ot CoaHIla U camag ropgdas naaHera CoaHedHO¥ cucteMmbl. OT-
AumdaeTcsa oOpaTHBIM BpallleHHEM BOKPYT CBOEH OCH, OTCYTCTBHEM
CIYTHHUKOB U KOAell. YTpeHHss 3Be3fa UM BedepHssa 3Be3ga — ABa
UMEHHU ONHOU caMo#él apKo# maaHeThl. [as HabalomaTeasa Ha 3eMm-

Ae gpdye BeHepnl TOABKO AyHa.

Bsanmonei'm'rnyromne TAAAKTHKH — [B€ HAU HECKOABKO IIPO-
CTPaHCTBEHHO OAUBKUX TaAQKTHK, HaXoOAdILIUXCd II04 nerCcTBUEM
B3aUMHOMN TpaBUTaAllMU, KOTOpPAad BAHUAET HaA CbOpMy TraAaKTHUK, OBH-
2KE€HHE BEIIECTBa U 3BE€3[4, IIPOIECCHI 3Be3l[006pa3OBaHI/IH u obMmeH
BEIIECTBOM ME2XKAY HUMMU. BoAbIlloe KOAUYECTBO rasa, nomnagarwImne-
T'O B LEHTP TraAakKTHKH, CTUMYAHUPYET aKTHBHOCTBb dApa, IIO3TOMY
cpeanu CHUABHO B3aHMOﬂeﬁCTBy}OmHX TaAaKTHK Jalle BCTpEYaAKTCd

TaAaKTHKH C aKTHUBHBIMHU dApaMH.

BHe3eMHBIe IHBHAH3ALLHH — OGHleCTBa pPa3yMHBIX CyHIIE€ECTB,
KOTOpPBIE MOTIYyT BO3HHKATh H CYLIECTBOBATh BHE 3eMAH (Ha ApYy-

TUX ITAaHE€TaX, KOCMHYECKHUX T€AaX, B MHBIX TaAaKTHKaX, Cpenax

u ap.).
BceaenHass — BeCh OKpPyXKalOIMUK MHUP.
Bropas KOoCMH4YecCKass CKOPOCThP — MUHHMAaAbHasg CKOPOCTh,

KOTOPYI HYXHO COOOINUTE TeAy, YTOOBI, IPEOJOAEB CHAY IPHUTS-
XKEeHUHd MAAaHETHl (MAW APYroro KOCMHYECKOTIO TeAa), OHO HaBCer-
na ee MOKHUHYAO IIo nmapaboAudecKod TpaeKTOopHuH. [Ipemearl mei-
CTBHS 3€MHOTO TATOTEHHS TE€AO IIOKHIAET CO CKopocThio 11,2 KM/cC
U, momajgas B rpaBHUTalMoOHHOe nmoase CoAHIIA, CTAHOBUTCH CIYTHH-

koM CoaHIIA.



r

TFTarAakKTHKH — THUTaHTCKUE TPaBUTAIlHOHHO-CBA3aHHbBIE CHCTE-

MBI 3BE€34 U MEXK3BE3AHOI'O BEINECTBA.

TaAaKTHKH C aKTHBHBIMH AApaMH — AKTHBHBIE€E TAAAKTHKH,
B ILIEHTPE KOTOPBIX HAXOAATCH HUCTOYHHKH C KOAOCCAABHBIM BBIAEC-
A€HHUEM OHEPTHUHU. Hpel[HOAO}KI/ITeALHO, TaKO€ KOAUYECTBO 3HEPruu
MOTYyT AaBaThb CBEPXMACCHBHBIE€ YEPHBIE ABIPHI.

lF'asakRTHYEeCKHH rox — Iepuol BpeMeHH, 3a KOTopblii CoAaHed-
Hasg CHCTeMa COoBeplIaeT OAWH 060pOT BOKpPYT IieHTpa Hame# la-

AQKTHKH.

lF'aano rasakTHKH — cepHUiecKoe 06AaKO pa3pexReHHOTo rops-

YEro ras3a U 3BE3[, OKpPYyXKAaKWIEE€ CIINPAABHYIO TaAaKTHKY.

TCuranT — 3B€3aa, KoTopad IIO CBETHMOCTH H pa3MEpPy 3HaA4YHU-
TEABHO IIPEBOCXOOHUT OOABIIHUHCTBO 3BE€34 TOro X€ CIIEKTPAaABHOTO
Kaacca. Ilo paauycy Inpe€BbIlIIaceT CoAHIlE B IECATKH pas.

F'AaBHasA mMOCAeZOBATEABHOCTBb — Yy3Kas AHAaroHaAbHas IO-
aoca Ha auarpamMme lepnmnpyHra—Pecceaaa, B KoTopoit ompe-
NEeAeHHBIM 00pa3oM CrpyHNIIHPOBaHO IOAABASIOIEe GOABIIMHCTBO
3Be3[ (B HAIIpaBA€HHH OT SAPKHUX U TOPSAYUX B BEPXHEM AEBOM
YyrAy K TYCKABIM M OTHOCHTEABHO XOAOAHBIM B HHUXHEM IPaBOM
Yray).

TFoau4HBIH mMapaaAaKC — yIOA, I[IOJ KOTOPBIM CO 3Be3Abl BHAHA
6oabIIasg MOAYOCh 3eMHOM OpPOUTEI, MepIEeHAUKYASIPHas HalpaBAe-
HHIO Ha 3Be3My.

A

JaAbHHH KOCMOC — 30HA KOCMHYECKOTrO IIPOCTPAHCTBA 3a Ipe-
neaaMu COAHEYHOM CHCTEMBI.

HOduarpamma lFepummnpynra—Pacceaa — pguarpamMma, BbIpa-
Xxalomasg 3aBHCHMOCTh «CHEKTPaAbHBIM KAAQCC—CBETHUMOCTb» A
3B€3J pa3AMYHOT'O THIIA.

/v

HeAThlH KapAHK — He(oablllag 3Be3na, IpHHaAmAexallas
IIeHTPaAbHOM YacTH TAaBHOH IIOCA€LOBATEABHOCTH AHarpaMMBI
Fepumnpynra—Pecceaa. Tunuuubeld npencraButeab — CoaHIe.

HH3HP — IpPOIECC CYINEeCTBOBAaHHUSA CAOXKHBIX CHCTEM, COCTO-
AIMHUX U3 OOABIIHMX OPraHHYECKHUX MOAEKYA U HEOPraHHYECKHUX
BEIIECTB M CIIOCOOHBIX CaMOBOCIPOH3BOAHUTHLCS, CAMOpPa3BHBATBHCH
U NMOANEPXUBATh CBOE CyLIeCTBOBaHHE B pe3yabTaTe oOMeHa 3Hep-
THeH U BELUIECTBOM C OKpyXKamIllel cpemoH.

CAOBAPb
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3

3akoH Xab66aa — ycTaHOBAEHHAas 3aBHCHMOCTb MEXAY CKOpPO-
CThIO, C KOTOPOH ymaAdOTCd OT HAaC JaA€KHe TaAaKTHKHU, U paccTo-
SHUEM [10 HUX: YEM JaAbIlle HAXOQUTCH rarakKTHKa, TeM C Ooabmieit
CKOPOCTBIO OHA yAaAsdeTcCd.

3Be3nga — HebecHoe TeAO, CBETHMOCTH KOTOPOTO HOAAEPIKHUBA-
eTcd NPOTEKAIIINMHU B €ro HeApaxX TEPMOSAEPHBIMH pPeaKIIUIMHU.

3Be3AHbIEe CKOIIA€EHHS — TPYNNBl 3Be3J], CBA3aHHBIX CHAAMH
TSATOTEHHUS U HMEIONIUX o0Illlee NMPOUCXOXKAeHHEe. PazAandyaroT Ia-
pOBBIE (AECATKH U COTHH ThICAY 3B€3J) U pacCcesdHHBbIe (HECKOABKO
NEeCATKOB HAM COTEH 3Be3]]) CKOIIAEHUS.

3eMasa — TpeThbd IIOo yanaseHHocTH oT CoaHIa U HdTad IO Be-
AUYMHEe U Macce cpeau naaHeT CoAHeYHOU cHcTeMBI. YcTynas
10 padMepaM Ta30BBIM M A€AAHBIM THTaHTaM, 3aHHUMAaeT MHEPBYIO
MNO3UIIMI0 II0 IIAOTHOCTH. OTO — KpyHNHeHIIasdg IaaHeTa 3€MHOTO
Tuna. Cdepudeckas dpopma 3eMan 06ycaoBAeHA I'PAaBUTALHOHHBIM
HoAEM, NPOYHO yAep}RKUBawIIUM aTMmocdepy. Obramaer MOIIHBIM
MAarHUTHBIM IToAeM. OTAUYUTEABHAS OCOOEHHOCTDh *— HAAUYHE TH-
npocogepbl. YcaOBHUsS 6AATONPUATHBI OAd CYLIECTBOBAaHHUHA KH3HHU.

3eHUT — TOouKa mnepecedeHus HebGecHOM cephbl C OTBECHON AH-
HUEMW HaO FOAOBOM HabAmOmIaTEAS.

K

KaseHmappr — HeOpepblBHAsd CHCTEMa CYHCAEHUS OOABIIUX
IPOMEXYTKOB BPEMEHH, OCHOBaHHAad Ha IMEPHUOAHUYHOCTH SIBAEHHUH
OPUPOABI, OCOOEHHO OTYETAMBO NpogBAgiolleiica B HeOECHBIX sB-
A€HUAX (ABUXEHUH HeOECHBIX CBETHA).

KapamkoBas maaHeTa — HebecHoe TeaO0, KOTOpOe Bpalllaer-
ca Bokpyr CoaHIla, MMeEeT AOCTATOYHYIO Maccy, YTOOBI CTATh IIOY-
TH KPYTLAOM, HO HE MOXKET PACYHUCTHUTH CBOH OpOHTaABHBIM IYyTh
OT APYTUX 00BeKTOB. B HacToamee Bpema llepepa, [IaytoH, Opu-
na, Makemake, Xaymea odHUIHMAABHO NPHU3HAHBl KAPAUKOBBIMU
nAaHeTaMH.

KBazapbl — o4YeHb KOMINAKTHBIE MU B TO K€ BPEMS OUY€HBb fp-
KHe OO0BEKTHI, H3AyYaAIIINe B AECATKH pa3 0oAbllle SHEPTHH, YE€M
KPYIHBIE TaAaKTHKH.

KomeTsr — Mmaablie Teaa CoOAHEYHOMH CHCTEMBI, COCTOSIINE H30
ABla U KOCMHUYECKOH mblau. OOpamasichk No BEITIHYTHIM opbOuTtam,
HeOoAHOKpaTHO npubauxkaiorca K Coanny. Ilo mepe npubauxkeHusa
K CoaHILly y KOMeThl oOpasyercsa ras3oBblif XBOCT, YMEHBIIAMOIIHUH-
ca npu ynaseHuun ot CoaHna. Paspymriasch, KoMeTa oCTaBASeT 3a
coboil MeaKHe YacCTHIBI, KOTOpble B arMocdepe 3eMae cropaor,

KaK METEOpPBHI.



KOHTaKT KOCMHMYECKHX IHBHAH3AaLHH — A0OOe B3aumomeii-
CTBHE MEXAY NpeAloAaraeMbIMU HUBHUAHW3ALMUSIMU.

KoHdHurypamua — xapaKTepHOe B3aHMHOE pPAaCIOAOXKEHHE
CoaHna, nmaaHeT, apyrux tea CoaHeYHOH cucTeMbl Ha HebecHoU
cepe. PazamyamwT KOH(PUIypallMu BEPXHHUX M HHUXKHHUX IIAQHET.

KopHuyHEBBIH KapAHK — MACCHUBHBIN ra3oBBIM IIap, CAUIIKOM
00ABIIIOHM, YTOOBI OBITH IMTAAHETOH, U CAUIIKOM MAaAEHBKHM, UTOOEBI

cTaTh 3BE3O00MH.

KocMHuYeckHe 00BEXKTBI — KOCMHYECKHE TE€AA U KOCMHYECKHE
CHCTEMBI.
KocMHu4YecKHe IIpomeccel — COBOKYIIHOCTH CbI/I3I/I‘{CCKI/IX Iopo-

IIECCOB, A€XAallUX B OCHOBE BO3HHUKHOBEHHSH, CYIIEeCTBOBaHUA U
Pa3BUTHUA KOCMHYECKUX 00BHEeKTOB. [IpuMephl KOCMHYECKUX MOPO-
meccoB: obpa3oBaHUe, CYIIECTBOBAHHE U 3BOAIOINS 3Be3J], IIAAHET,
rarakKTHUK U Bceil BceaeHHOI.

KocMHYEeCKHE CHCTEMBI — TO, YTO COCTOUT H3 KOCMHUYECKHX
TeA. OCHOBHBIE THUIIBI KOCMHUYECKHX CHCTEM: MAAQHETHBIE U 3BE3M-
HBbI€ CHCTEMBI, TaAaKTHUKHU, MeTarasakTuka U BCcd BceaeHHad.

KocMHYeCKHEe CKOPOCTH — XapaKTEepHble KPUTHUYECKUE CKO-
POCTHU ABHUXKEHHUSI KOCMUYECKUX OOBEKTOB B I'PABUTAIIMOHHBIX IIO-
AX HeOEeCHBIX TEA U UX CHCTEM. Pa3AHMYAIOT YeThIpe KOCMHUUYECKHUE
CKOpPOCTH.

KocMHYeCcKHe TeAa — Bce (PU3UUYECKHE TEAA, KOTOPHIE SABAS-
I0TCH CTPYKTYPHBIMH dAeMeHTaMU BceaeHHol. OCHOBHBIE THUIIBI
KOCMHUYECKHUX TeA: NMAaHETHBIE TeAa, 3Be31bl, TYMAaHHOCTH H KOC-
Mu4Yeckad cpena.

KocMHuuecKHe SIBA€HHSI — (PU3UUYECKHE SBAEHHUS, BO3HHKA-
I0OIMEe IIPH B3aMMOAEHCTBHHM KOCMHYECKHUX TE€A MU INPOTEKaAHHUHU
KOCMHYECKHUX IIpoleccoB. Hampumep, cylecTBoBaHHUE CIYTHUKOB
Y MaCCHBHBIX KOCMHYECKHX Te€A, ABHXKEHHE IIAaHET, COAHedYHas
aKTHUBHOCTDb U T. IO.

KocMH4YecKoe HNpPOCTPAaHCTBO — IIPOCTPAHCTBO 3a IpeaeAaMu
3eMHO#l aTMocdepbl, B KOTOPOM ABHUXKYTCH KOCMHYECKHUE OOBEKTHI.
KocMuyeckoe HmpoCTpaHCTBO HNPOHM3aHO HNOTOKaAMH KOCMHYECKUX
AydeH U SA€KTPOMATHHUTHBIM H3AyYE€HHEM.

KocMOroHHsI — pa3leA aCTPOHOMHHU, KOTOPBIM H3ydaeT IIPO-
HUCXOXKIEHHUE U Pa3BUTHE KOCMHUUYECKHUX O0OBEKTOB U HUX CHCTEM.

KocMmoaorua — pasjgeAs aCTPOHOMHUH, KOTOPBIH HCCAEAYET IIPO-
HUCXOXK/IEeHNEe, OCHOBHble (PU3UUECKUE XapPaKTEPUCTHKHU, CBOIMCTBa
U 3BOAIOIIUI0 BceaeHHOIH.

KpacHBIH THraHT — KpylnHasg 3Be31a KPACHOBATOIO HAU OpPaH-
XEeBOT0 I[BeTa, MAaKCHMYM H3AyYE€HHS KOTOPOH IPHUXOAUTCH Ha

KPacHYI W HH(ppakKpacHyo 00AacTh CIEKTpa.

CN\OBAPb
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Kpacumifl KapAHK — MAaA€HBKAasd M OTHOCHTEABHO XOAOOAHAA
3Be374a rAaBHOHU IIOCA€EOOBATEABHOCTH, AHUaAMETP KOTOpOfI HE IIpe-
BBIIIIA€T TPETHU COAHEYHOTO. 3To0 cawmbie pacopoCTpaHEHHBIE 00B-

€eKThl 3BE3HOT0 THIAa BO BceaeHHOI.

A
Anﬂsooﬁpasnme TaAaAKTHKH — THII TaAaKTHUK, IIPOMEXKYTOY-
HBIU MEXKAY SAAUIITHYECKHUMH U CIIHPAABHBIMHU. 9T0 — AUCKOBBIE

raAakKTHKH C SPKHM H CHABHO CXKAaTBIM I€HTPAABHBIM CIYIIEHHEM
(baamxeMm), MOXOXKHM Ha AMH3Yy; BETBH IPOCAEXHBaloTca caabo
HAHU OTCYTCTBYIOT BOBCE.
AyHa — ecTeCTBEHHBIH U €IUHCTBEHHBIH cnyTHUK 3emau. [lo-
cae CoaHIa BTOPO# IO IPKOCTH 0OBEKT Ha 3eMHOM HebocBozxe.
AyHHOe 3aTMeHHe — SBAE€HHE NOTEMHEHHS SPKOTO AHUCKa

AyHI)I IIpHU €€ nonagaHUU B TEHDb 3emMAan.

M

Maasie Teaa CoaHeuHO#Hl cucTeMbl — 00BeKTHl COAHEUYHOMH
CHUCTE€MBI, K KOTOPBIM OTHOCSITCSI METEOPOUIABI, aCTEPOUABl U KO-
METBHI.

Mapc — uyerBepradg oT CoAHIla U caMad IToXoxXas Ha 3eMAIO
naaHeTa. MapcHaHCKHM roa OAMHHEE 3€MHOrO IIOYTH B ABa pasa.
Kaxk u Bce maaHeTHl 3€MHOM I'PpyINIbI, UM€ET TBEPAYIO NIOBEPXHOCTD,
YTO AeAaeT Ha3eMHbIe ONTHUYEeCKHE HabOAIOLEHUA MaA0 HHPOPMATUB-
HeiMUu. B CoaHeuHoO¥ cucteme KpacHag nmaaHeTa, KakK ellle Ha3blBa-
10T Mapc, HaubGoaee moapoOHO M3yYeHA C IOMOIIBI0 KOCMHYECKHX
annapaToB. Y Mapca ecTh ABa KPOXOTHBIX €CTECTBEHHBIX CIIyTHH-
kKa — doboc u [deiimMmoc.

Mex3Be3qHas NbIAb — IIPUMECH TBEPABIX MHKPOCKOIIHMYECKHUX
YacTHUIl B MEX3Be3QHOM rase.

Mex3Be3QHBIH ra3d — paspexkeHHad rasoBasl cpena, 3alOAHs-
Iollas BCe€ NPOCTPAHCTBO MEXAY 3BE€3AaMH.

Mepkypu#i — naaHeTa 3eMHOM rpynnel, nepBag or CoaHIA H
camasagd MaseHbKasa naaHeTa COAHEYHOH CHCTEMBI.

MeTarasakTHKa (BHAHMass BceaeHHasa) — uacTh Habalomaemoi
BceaeHHOH, mocTynHasa AAS U3y4€HHS COBPEMEHHBIMHU aCTPOHOMHU-
YECKHMH METOJaMH.

MeTeop — dBA€HUE, BBI3BIBAEMOE TOPMOXKEHHEM BAETAIOIIUX
Ha OTPOMHBIX CKOPOCTSX B aTMocdepy 3eMAH METEOPOUIHBIX TEA.
jIBA€eHHE TIpeacTaBA€HO HAa HOYHOM Hebe B BHUIe SIPKOTO CBeTsIIe-
rocsl CA€la OT PACKAAEHHBIX METEOPOUAO0B, TaK Ha3blBAaeMBbIX Ia-

AAaIUX 3BE3LO.



MeTeopHTBI — TaK Ha3bliBaeMble HeOeCHBIE KaMHH, KOTOpPBIE
OpeacTaBASIOT cOO0M OCTATKHM KPYHNHBIX METEOPHOMOB, AOCTHUra-
IOIUX 3EeMAU.

MeTeoponasnl (MeTeOpHBIe TeAa) — HeboabInue HebecHBIE 00B-
€eKTHhI (ropa3fo MEeHbIIE acTepoUua0oB) B npoctpaHcTBe CoAHEUYHOMH
CHCTEMBI, KOTOpble ABUXKYTCH BOKPYTr COAHIIA IO SAAUITHYECKHM
opburawm.

MoaexkyasspHOoe 06AakK0 — 006AaCTb MOBBIMIEHHON MAOTHOCTH

BEIIeCTBAa B MEX3Be€3HOMU cpene, mMmerwmasd B OCHOBHOM MOAEKY-

ASIDHBIM COCTaB, TAaBHAas COCTABASIONAas KOTOPOTLO — MOAEKYABI
BOZOpOAA.

H

HaBuramumoHHBIE 3Be€3ABbI — 3BE31bl, C NOMOIIBI KOTOPBIX

B aBHAIlUHU, MOpPENAaBaHHH M KOCMOHAaBTHKE OIPEAEATIOT MECTO-
HaxXOXAEeHHEe U KYyPC TPAHCIOPTHOTO CpPeaCTBA.

Hamup — Touka HebecHOH cdephl, B KOTOPOH ee mepecekaeT
HUXKHAH9 YaCTh OTBECHOM AMHHHU.

HeGecHass MexaHHKa — pas3feA aCTPOHOMHH, KOTOPBIH HCCAE-
AyeT NBUXKEHHE KOCMHUYECKHX 00BbEKTOB NOA AeHCTBHEM CHA T'DaBU-
TAUU C yYeTOM AEHCTBUS NaBAE€HUS H3AYUYEHHUH, COINIPOTHBACHUS
cpenbl, U3MEHEHHUSd MAacCChl U APYTUX (PAKTOPOB.

HebGecnas chepa — BooOGpaxkaemas chepudeckas MOBEPXHOCTH
IPOU3BOABHOTO pajguyca ¢ HabalomaTeaeM B II€HTpPe, Ha KOTOPYIO
npoenupymoTcsa HebecHBIE CBeTHAA.

HeliTpoHHasa 3Be3Za — 3Be3[a, B KOTOPOMU CxKaTHe gapa He Ipe-
KpallaeTcs OO TeX NOp, NOKa IPOTOHBI, 3aXBaThlBas 3A€KTPOHBI,
He IpeBpaTsaTcd B HEUTPOHBEI.

HenpaBHABHBIE TAaAAKTHKH — TaAaKTHUKH, KOTOpble He obOHa-
PYXUBAOT HU CIUPAAbHOM, HHU 3AAHUNTHYECKOH CTPYKTyphI. Xa-
PaKTEepHU3yIOTCHd OTCYTCTBHEM LEHTPaAABHBIX YVIIAOTHEHHH U CHM-
METPUYHOH CTPYKTYpPBI, @ TaK¥)Ke HHU3KOH CBETHMOCTHIO.

HenTyH — BocbMag mnaaHera no ymaseHHocTu oT CoaHua. Ilo
cocTaBy caaralollero ee BellecTBa 0AuM3kKa K YpaHy. Camas Ma-
A€HBKas U3 IIAAHET-THTaHTOB; o0AazaeT COYTHHKaMHU U cAaboOBBI-
pPaxkeHHOM CHCTEMOM KOAE€Il.

HoBas 3Be3ma — 3Be3na, y KOTOPOH BHE3AIIHO W 3HAYHUTEABHO

yBEANYIHUBaAETCA CBETHMOCTB.

(6]
OnrTuyeckKas aCTpoHOMHA — pas3naca Ha6AIOL[aTeAI:H0ﬁ aCTpPOHO-
MHH, UHCTPYMEHTaAMH KOTOpOﬁ ABAAIOTCAd TEAECKOIIEI, CIIOCOOHEBIE

BOCIIpPHUHHMATh BUAUMBIH CBET.

I
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OTBecHasA AMHHSI — BepTHKaAbHas AHUHHUS, KOTOopasd IlepeceKka-
er HebecHyI0 cepy B TodKax 3eHHTaA U Haaupa.

I

ITapaaaaKc — yroa, Ha KOTOpPBIY cMemaeTcsa BHAMUMOE IIOAO-
XKeHHe 00beKTa OTHOCHTEABHO yOaAeHHOTO (POHA B 3aBHUCHMOCTH
OT NOAOXKEHHUsS Habalomartead.

IIapcex — paccTosHHe A0 00BEKTa, HMEIOIIEro yroa mapaa-
arakca B 1"

IlepBass KOCMH4YeCKasi CKOPOCTh — MHUHHMaAbHas CKOPOCTH,
KOTOPYI HEOOXOAHMMO COOOIIUTH TEAY AAS BBIBEAECHUS €Tr0 Ha KPYy-
roBymo op6uty. YToO6Bl T€eAO IPEeBPaATHAOCH B HCKYCCTBEHHBIH CIyT-
HUK 3€MAH, €My HaJo NpuAaTh CKOpocTh 7,91 KM/c.

IInaHeTe3HMaAb — 3apPOABIII IIAAHETHI, BO3HHUKAIOIIHUMN Ha MO-
caenHe#dl craguu (POPMHUPOBAHUA IAAHETHI U3 AONAAHETHOTO ra3o-
BO-IIBIAEBOTO BeIllleCTBAa.

IIaaHeTHI-THTraHTBI — caMble Goabine nmocae CoaHna teaa Coa-
"HeyHoH cuctemsl (FOmutep m CarTypH (rasoBble THTAHTEBI), YpaH U
HenTyH (AendHble THTAHTHI)). 3HAYUTEABHO HpPeBOCXOAAT 3eMAIO
mo macce u o6seMy, HO, no cpaBHeHHI0O ¢ COAHIIEM, OHH COBCEM He-
BeAHMKH. Ux maoTHOCTE 6AM3Ka K cpefHel coaHedHOM. Pacmoaoxe-
HBI 3a IIpeleAaMHU IT0osica acTepPOUaAoB, 06Aamar0T MOIIHBIMH aTMOC-
depamu, OBICTPEIM BpallleHHEM, a TakK¥ke Koabnamu. OTanudamTCcs
60ABIIMM YHCAOM CHYTHHKOB.

IIayToH — KpyInHelInada KapAauKoBas naaHeTa CoAHedYHOH cu-
creMbl. [JoAToe BpeMsa CUHTaAACH AeBATOH maaHeTol CoaHedHOH
cucteMbl. Y IlayToHa, Kak u y BeHepnl ¢ YpanoMm, obpaTHoe Ha-
npaBA€HHUE BpallleHHd BOKPYT cBoel ocu. Ero moBepXHOCTH CHAb-
HO HeoxHopoaHa. [IAyTOH COCTOUT B OCHOBHOM H3 KaMHS U Abja.
Ero macca npuMepHO B LIeCTh pa3 MeHbIIe Maccbhl AyHBI. MMeeT
OATh CHOYTHHUKOB.

IHocTossrHas Xa66aa — K09(pPUUHUEHT NPOHNOPLHUOHAABHOCTH
MEX/AYy CKOPOCTBIO yAaA€HHs BHETaAaKTHYECKHX O0OBEKTOB M pac-
CTOSIHHEM [0 HHUX.

HpOTossesna — 3B€3Ja Ha 3aBE€pIIarmlIeM 3Tall€ CBOEro (t)Op-
MUpPOBaAHHUMA.

P

PaguorarnakTUKH — OAUH W3 THUNOB HabOAIaeMBIX TasaKTHUK

C aKTHUBHBIMHU dApPaMH. MaKCI/IMyM H3AYYE€HHUAd IIPUXOAUTCA Ha pa-
JAUOBOAHOBOM aguamnas3oH.

PeaukToBoOE H3Ay4Y€HHE — CbOHOBOC KOCMHYECKOE PaAHOU3AY-
YE€HHE, KOoTopoe O6p330BaAOCL Ha paHHHUX CTagUudX pa3BUTHUL Bce-



AE€HHOH; sBASE€TCS YHHKAABHBIM HCTOYHHKOM HH(OpPMAaIIUU O ee
npomaoM. TepMHH «PEAHMKTOBOE H3AYYE€HHE» BBEA acCTPOPU3UK
M. C. lIkaoOBCKHUI.

PedprekTOp — 3€pKaAABHBIH ONTHYECKUIMH TEAECKOII, B KOTO-
poM B KadecTBe CBETOCOOHMpAIONIET0 3A€MEHTa HCHOAB3YEeTCS BO-
rHyToe 3epkaao. Pabora Teaeckoma OCHOBaHa Ha SIBAE€HHH OTpa-
JXKEeHHusd CBeTa.

PedppakTop — AHMH30BBIH OINTHYECKHH TEAECKOIl, B KOTOPOM
nAad cobupaHHA CBeTa HCIIOAB3yeTCsd AMH3a (MAM CHCTEMa AHH3),
Ha3piBaeMass 00beKTHBOM. PaboTa TeAecKomla OCHOBaHAa Ha SIBAE€-

HHUU IIPEAOMACHHUAI CBE€Ta B AHUH3EC.

C

CartypH — miecrasd IIAaHeTa IO ygaseHHocTH oT CoAHIla U BTO-
paa B CoaHedHOH cucTeMe IO pa3dMmMepaM nocae lOmurepa, Ha KOTO-
peIf oueHb moxoxka. Cpenu Bcex nmaaHeT COAHEYHOM CHCTEMBI BBI-
neasgeTcsa cpefgHel MAOTHOCTHIO, KOTOpasd MEHBINE ITAOTHOCTH BOJBI
u cocraBasieT 0,7 r/cm:. Cpeau nmaaHeT-TUTAHTOB OTAWYaeTCs Haubo-
Aee BBIpaXXE€HHOM cHcTeMO#l Koaell (3HaMeHHUTBhle KoabIla CaTypHa).

CBepxXruraHT — 3Be3Ja, CBETHMOCTb U pa3Mep KOTOPOH elle
6oabmre, yeM y ruraHta. Ilo paaguycy npenBbeimaimT CoaHIlE B COT-
HHU pas.

CBepxHOoBasd 3Be3Jla — MacCCHBHasd 3Be3jJa, B3pblBalolladcsd
B KOHEYHOM cTaJAHUHU CBOE€H 3BOAIOIHH.

CBepXCKONAEHUSA TFaAaKTHUK — MHOTOYHCAEHHBIE T'PYIIBI Ta-
AAKTHK U CKOIIAEHHM raaakKTHUK B CTPYKType pacIpeneAeHHs Be-
mecTBa BceaeHHOH.

CBeTHMOCTB 3Be€3J, — XapaKTePUCTHKaA MOUIHOCTH H3AydaeMOH
3B€30H 3HEPTHUH.

CBeToBOM romg — paccTosdgHHE, KOTOPOe CBeT IPOXOAUT 3a 1 rox.

CupmepudecKui nepuon obpalieHusS — NPOMEXYTOK BPEMEHH,
B Te€YeHHE KOTOPOTO IIAAHETa COBepIllaeT OAMWH IOAHBIH 060pOT BO-
kpyr CoaHna mo cBoe#l opbure.

CHUHIyAIPHOCThL — HadYaAbHOE€ COCTOSIHHE, U3 KOTOPOTLO BO3-
HUKAA BceaeHHas, Korga sHeprus (MaTepusda) 6blaa cocpenoTodeHa
B TOYKE C HYA€BBIM 00BEMOM M GECKOHEYHO OOABIIOH IIAOTHOCTBIO
U TeMIepaTypoH.

CuHoOAMYEeCKHUN mepuon obpameHud — INepuon obpalleHUs
HebecHoro Teaa npu HabarogeHuum 3a HUM ¢ 3emau. He coBmana-
€T C CHAEPUYECKHM IIEPHUOAOM H3-3a ABUXKEHHUS 3e€eMAH ITo opbure.

CkomaeHHUS TaraKTHK — TIpaBUTAIlMOHHO-CBS3aHHBIE T'PYIINBI
rasaakTHUK. Pa3andyaloT mpaBUAbHBIE U HEIIPaBHUAbHBIE CKOIIAEHHUS

TaAaKTHK.
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Co3Be3ane — ydyacTOK HebeCHOM cdepbl, TPaHUIBI KOTOPOTO
OIlpeeA€HBl CIEIHAABHBIM pellleHHMEeM MeXAYHapoOLHOTO acTpo-
HoMH4YecKoro coro3a (MAC).

CoAHeYHOe 3aTMEHHE — SIBAEHHE, IIPU KOTOPOM AyHa IOAHO-
CTBIO MAM YaCTH4YHO 3acaoHgeT CoaHIle oT HabalomaTeas, HAXOOAs-
merocsa Ha 3emae. BriBaloT IMoAHBIE, YacTHBIE U KOABbIleOOpa3HEBIE
3aTMEHHUS.

CoaHume — Oaumzxkalimmas K HaM 3Be3[a, IIOBEPXHOCTh KOTOPOH
OOCTYyNHA H3y4YEHHUIO.

CnHpaAbHBIE TAAAKTHKH — TaAaKTHKH, OTAHMYAIOUIHECsS CIH-
paapHOH CcTpyKTypo#. OCHOBHBIM HabAgaeMBIM 3A€MEHTOM SB-
AfeTCs BpallalIquicad AUCK C BBIACASIOIIMMUCS HAa HEM CIHpPAAb-
HBIMHU BETBSIMH.

Cynep3eMast (HAH CBepX3e€MAsI) — KAaacC IIAaHeT, Macca KOTO-
PBIX IpEeBBIIIAET MacCy 3€MAH, HO 3HAYHUTEABHO MEHBIIE MAacCChI

Ta30BBIX IIAQHET-THTAaHTOB.

T

Teaeckon — npubop, KOTOpPBIH# yBeAHMYHBaeT yroA 3PeHHUH,
o4 KOTOPBIM BUAHBI HeOeCHBIE TeAd, U KOAMYECTBO CBeTa, IIPHU-
xopnsmero or HebecHoro Teaa. Ilo onTHYEeCKO# cXeMe TEAECKOIIBI
NeAsTCd Ha AMH30BBIE (pedpaKToOphl), 3epKasbHBIE (pedAEKTOPHI)
U 3€pKaAbHO-AHMH30BEBIe. [lo pabodyeMy aAuama3oHY 4acTOT AEASTCS
Ha pagHuOTEeAeCKOIbl, HH(paKpacHble, OITHYECKUE, yAbBTpaduoae-
TOBBIE, PEHTr€HOBCKHE, raMMa-TEAE€CKOIIHI.

TemMHass HepTrHA — HEU3BECTHBIH paHee BHUA MaTepuH, obaa-
Oaomui cBOWCTBOM aHTUIPaBUTAIIUHU.

TpeTbss KOCMHYECKass CKOPOCTh — MUHUMAaAbHasg CKOPOCTH,
KOTOPYI HeOoOXOAMMO COOOIIHUTH HaXOAsIleMycs BOAW3H IOBEPX-
HOCTH 3eMAH TeAy, UYTOOBI OHO MOTAO NIPEOJOAETHh NPUTSAXKEHUE
3emaun u CoaHIla U HOKUHYTH npeneabl CoanHeUYHOH cucTeMBbl. [Ipu
crapTe ¢ 3eMAM KOCMHYECKHH amnmapaT MOXET AOCTHUYbL TpeThbeH
KOCMHYECKOH CKOPOCTH IIPH OAATONPHUSTHBIX YCAOBHUAX yXKe€ IPH
16,7 KM/C OTHOCHUTEABHO 3€MAHU.

TPONMHYECKHH roA — MPOMEXKYTOK BPEMEHH MeXAY ABYMs I10-
CAeLO0BaTEABHBIMHU NpoxoxaeHUuAMH CoaHIla 4Yepe3 TOYKY BeCEHHe-

T'O PaBHOAECHCTBHUA.

y

¥YpaH — ceapMmad mo ymaseHHocTH oT CoaHIla, TpeThbs IIO pas-
Mepy U dYeTBepTas 1o macce naaHera CoaAHEe4YHOH cucTeMbl. Y Ypa-
Ha obpaTHOe BpalleHHUe (10 YaCOBOH CTpeAKe) BOKPYT COOCTBEHHOU



OCH U BpallleHHe «Ha 60Ky» (oceBoil HakKAOH 97,77) Bokpyr CoaH-
na. ITomo6HO APyruM ra3oBbIM IIAAHETaM-THTAHTAM, HMEET KOAb-
1a, KOTOpble OBIAM OTKPBITHl IEPBBIMHU ITocae Koaell CaTrypHa. 910
CTaAO0 OCHOBAHHEM JOAf IPEAINOAOKEHHUS O TOM, YTO KOABIlA SIBAM-

I0TCH 0o0Ield XapaKTEePUCTHUKOH IAaHET.

P

Pa3za AyHel — Habalomaemass ¢ 3eMAH OCBeIlleHHAs YacTh AYH-

HOI'oO AHCKa.

X

Xaymea — yYeTBepTasd IO BEeAHMYHMHE KapAHMKOBasd IIaAaHeTa, ca-
Moe OBICTpOBpAaIalIIeecs TEAO U3 BCEX H3YUYEeHHBIX 00beKkTOB Coa-
HEYHOM CHCTEeMBI, UMePIIuxX auamerp 6oaee 100 kM. [lepuon Bpa-
meHUd MeHee 4 4. Xaymea ob6aagaeT CHABHO BBITIHYTOH (popMOIi.

Y Hee 06Hapy>KeHo ABa CIIYTHHKa U CHCTEMa KOAE€II.

I
I.letbemmm — INYABCHUPYHOIMHE IMNEPEMEHHBIE 3BE€34bl, APKOCTH
KOTOPBIX NIEPHUOAUYIECKHU MEHAIETCA BO BPEMEHHU.

9

YepHaa ApIipa — 00AaCTh IPOCTPAHCTBA, B KOTOPOH TATOTEHUE
HaCTOABKO BEAMKO, YTO HHYTO, HE MOXKET NOKHHYTHh HAaHHYIO 00-
AACTBb, He IIPEBBICUB CKOPOCTH CBeTa.

YepHbIle KAPAHKH —° OCTBIBIINE OeAble KAPDAHUKH.

YeTBepTasd KOCMHYECKass CKOPOCTh — MHUHHMAaAbHO HEOOXOOHU-
Masi CKOPOCTH TeAad, IM03BOASIOIIAsd IPEOLOAETh NPUTSIXKEHHE TaraK-
TUKH B JaHHOU Touke. YeTBepTad KoCcMHYecKasg CKOPOCTH He IIO-
CTOSHHA OAS BCEX TOYEK TaAsaKTHKH, a 3aBHCHT OT KOOPAHUHATHI.
ITo omenkaM, B paiioHe Hamero CoaHIa YeTBepTas KOCMHYecKas

CKOPOCTB COCTaBAsIeT 0Koao 550 km/c.

€]

9K30mAaHETBI — I[IAAHETHI, KOTOpPble HaAXOAATCH BHe Ipene-
AroB CoaHEYHOH cHCTEMBI M obOpalialTcsd BOKPYL CBOUX COOCTBEH-
HBIX CBETHA.

OKAHNTHKA — TOoAMYHBIA nyTh CoaHIla o HebecHoM cdepe.

OAAHNTHYECKHE TaAaKTHKH — KAacCC TFaAaKTHK C YE€TKO BBI-
paxXeHHOH cdepHUUYeCKOH CTPYKTYpPOH M yMeHbIIamolleldcs K Kpa-

AdM AdPKOCTBIO.
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3pI/IL[a — BTOpad II0 pa3ME€pPy KapAHMKOBad IIAaHETa IIOCAE HAy—
TOHa, caMad MaCCHBHad U "Hauboaee yYaasn€eHHad OT Coanma. Umeert
OY€HBb BBICOKYIO OTpaXaTE€AbHYIO CHOCOﬁHOCTL, OHa MOYTH Oeaas.
BepOS{THO, 3TO0 O0BSCHSIETCH HaAUYUEM METAHOBOTO CHera Ha II0-
BEPXHOCTH.

o

I‘OHI/ITep — Indarad IO YAAA€HHOCTH OT CoAHIla IAaHeTa-TUTAHT.
Camasg KpynHad U caMad MaCCHBHasd M3 BCEX ITAAHET CoaHedHOH
CHCTEMBI; HCIIBITBEIBAET CaMoO€ 6LICTp0€ Bpam€HHne BOKPYT cobcTBEH-
HOHU OCH; CIIAIOCHYTa y IIOAIOCOB. MarHuTHOE TTOAE IO BEAUYHHE

BHAYUTEABPHO IIPEBBIIIAET 3€MHOC.

|
ﬂ;{po TaAaKTHKH — ILEHTpaAbHad 4YaCTh CIIMPAABHBIX U 3AAHUII-
THYECKHX TaAaKTHK. O6AaﬂaeT BBICOKOH CBETHUMOCTBIO.
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