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1 BBEJEHHUE
Mertoanueckre peKOMEHJalluy NpeIHa3HAuEHBb!l JUIsl CTYIEHTOB, 00Y4aloLUUXCcs 110 CHEUaTbHOCTH
38.02.01 DxoHOMHUKa ¥ OyXraiTepcKui y4er ( O OTpaciisiM) W HAIpaBlICHbI HA OKa3aHWE IMOMOIIU IPU
BBITTOJIHEHUH MTPAKTUYECKHUX U Ja00paTOpHBIX padboT 1o yuebnoit aucuurummne OYIL.08 Actponomus.
Ilesb BBIMOJIHEHUS NPAKTHUYECKUX U J1a0OpaTOpHBIX paboT: (OpMHpPOBAHUE MPEAMETHBIX H
METaIllPeIMETHBIX pPE3Yy/lIbTaTOB OCBOEHUS OOYYaroIMMHUCS OCHOBHOM 00pa30BaTeNbHOM NporpaMmbl
0a30BOro Kypca aCTpOHOMMH.
DopMUpyEMBIE YMEHHS:
npeAMeTHbIe
- UCTOJIb30BATh KapTy 3BE3AHOT0 Heba I HAXOKACHUS KOOPIAUHAT CBETUIIA;
- pelaTh 3aja4y Ha IPUMEHEHUE U3yYEHHBIX aCTPOHOMUYECKUX 3aKOHOB;
- BJIaJICHUE OCHOBHBIMM METOJAMM HAYYHOI'O I103HAHUS, UCIOJb3YEMBIMU B ACTPOHOMHUU: ONMCAHUE;
OOBSICHATh MOJIY4YEHHBIE PE3YJIbTAThl U JIEJIaTh BHIBOJIBI;
- oOpabarbIBaTh pe3yJbTaTbl H3MEpPEHUH, OOHApY)KHMBaThb 3aBHUCUMOCTb MEXAy (U3HYECKHUMHU
BEJIMYMHAMU;
MeTanpeaMeTHbIe
- BBINOJIHATH MI03HABATENIbHbIC U IPAKTUYECKHE 3aJaHUS;
- KJTaccu(uIUpoBaTh OOBEKTHI UCCIEIOBAHUSA, CTPYKTYPUPOBATh U3y4aeMblii MaTepHal;
- Ha TIpPaKTHKE II0JIb30BaThCsl OCHOBHBIMU JIOTUYECKMMHU TNPUEMaMHU, METOJaMH HaOJIIOJeHHUS,

MOJIEIIUPOBAHMSL.

2 OFBbEM YUEBHOM HATPY3KH HA BBIIIOJTHEHUE TPAKTHYECKHUX U

JIABOPATOPHBIX PABOT
Buj yueOHoii padoThl KosmuectBo
4acoB
[TpakTryeckue 3aHATHSL 6
JlaGopaTopHble paboThI 12
Bceero: 18




3 HOACHUTEJIBHASA 3AIIMCKA K JIABOPATOPHBIM PABOTAM
TPEBOBAHMUSA K O®POPMJIEHUIO JIABOPATOPHBIX PABOT

Obwue nonosicenus

JlaboparopHasi paboTra — HEOOJBIIONW HAYYHBIH OTYET, 000OIIAIONIUI MPOBEICHHYIO CTYASHTOM
paboTy, KOTOPYIO MPECTABIISAIOT IJIs 3alIUTHI MpernoaaBatelnto. K mabopaTopHbiM paboTaM MperbsBIseTcs
psa  TpeOOBaHUM, OCHOBHBIM M3 KOTOPBIX SIBISIETCA IIOJIHOE, HCYEpIbIBAIOIIEEe ONKMCAHUE BCel
MPOJIeNIaHHOM pabOoThI, O3BOJISAIONIEE CYIUTh O MOJYUYEHHBIX PE3yJIbTaTaX, CTEIICHU BBIIIOJHEHUS 3aJaHUIl
U ipodecCUOHaIbHON MOJTOTOBKE CTYJCHTOB.

B otuer no naboparopHoii paboTe JOIKHBI ObITh BKJIIOUEHBI CISAYIOIINE MyHKTHI:

— 11e7b PabOoTHI;

— 000pyI0BaHuUE;

— KpaTKHe TeOPETUUECKUE CBEICHMS,

— OMKCAaHUE YKCIIEPUMEHTATBHON YCTAHOBKU U METOIAMKHU IKCIIEPUMEHTA;

— DKCTIEPUMEHTAIbHBIEC PE3YIIbTaTHI;

— aQHAJIU3 Pe3yJIbTaTOB PabOTHI;

— BBIBO/IBI.

Tpebosanusn Kk codeprcanuro omoenbHpIX Yacmeil omuema no 1ad6opamopHoil padome

HasBanue naboparopHoii paboThl IPUBOAUTCS O€3 CIIOBA TEMA U B KaBBIUKU HE 3aKIHOYAETCS.

B 06opynoBannu yka3pIBalOTCs IPHOOPHI B HEOOXOIUMBIC CPEIICTBA U3MEPCHHUSL.

Lenp pa®oThl JOMDKHA OTpaxkaTh TeMy JabOpaTOPHON pabOThI, a TaKKe KOHKPETHBIC 3a/1a4H,
MOCTaBJICHHBIC CTYJEHTY Ha MEepPUO/I BBITIOIHEHHS PaOOTHI.

Kpatkue Teoperndeckue cBefeHus. B aToMm pasnene uznaraercsi KpaTKoe TEOPETHUECKOE OMHUCAHNE
U3y4aeMoro B paboTe SBJICHUS WJIM MpoIecca, IPUBOIATCS Takke HEOOXOTUMbIe pacyeTHbIE (POPMYIIBL.
Marepuan paszena He JOJDKEH KONMUPOBATh COJACPXKAHWE METOJWYECKOro MOCOOMS WM yuyeOHHKa IO
JAHHOW TeMe, a OTPaHWYMBACTCS WM3JI0KCHHWEM OCHOBHBIX TOHSATHHA M 3aKOHOB, PacUeTHBIX (OPMYIL,
TaOIHII, TPEOYIOMIMXCS UTS AalbHeHIe 00paboTKH MOTyYEHHBIX IKCIIEPUMEHTAIBHBIX Pe3yIbTaTOB.

Omnucanue SKCHEPUMEHTAIBHON YCTAaHOBKM M METOAMKH OJKCIEpUMEHTa. B maHHOM paszzene
NPUBOJIUTCS CXE€Ma DKCIEPUMEHTAIbHON YCTAHOBKH C ONMUCAHHWEM €€ padoThl M TOJAPOOHO H3iaraercs
METO/IMKa MTPOBEACHUS KCIIEPUMEHTA, IPOLIECC NOIYUYEHHUs JaHHBIX U cr1oco0 UX 00paboTKH.

DKclepUMEHTaIbHbIE Pe3yNbTaThl. B 3TOM pasiene mpHUBOASTCS HENOCPEICTBEHHO DPE3yNbTaThl,
NOJyYeHHBIE B XOJle NMPOBEJCHUS JIA0OPATOPHBIX pabOT: IKCHEPUMEHTANBHO ONpeAETCHHbIE 3HAUYEHUS
BEJIMYMH, TpapuKH, TabIuIbI, JuarpaMMbl. O0s3aTenbHO HEOOXOJMMO OLEHUTh MOTPEIIHOCTH U3MEPEHU.

AHanus pe3yapTaToB padoThl. Pa3nen oTuera qoKeH cofepxKaTh NOAPOOHBIM aHAIN3 MOJIYYEHHBIX
pe3yabTaTOB, MHTEPIPETALUIO 3TUX PE3YIbTATOB HA OCHOBE (hM3MYECKHX 3aKOHOB. ClieayeT CpaBHUTH
MOJTyYCHHBIC pPE3YNbTaThl C W3BECTHBIMH JIUTEPATYPHBIMH JIaHHBIMH, OOCYIUTh WX COOTBETCTBHE
CYIIECTBYIOIIUM TEOPETUIECKUM MOIeIsiM. Eciin 0OHapykeHO HECOOTBETCTBHE MOTyUYEHHBIX PE3yJIbTaTOB
U TEOPETHUYECKUX PACUETOB MJIM JIUTEPATYPHBIX JAHHBIX, HEOOXOIUMO OOCYAMTH BO3MOXHBIE NMPHUYMUHBI
9THX HECOOTBETCTBUH.

BeiBogpl. B BBIBOJIaX KpaTKO M3JIaraioTcsi pe3yiabTaThl pabOTHI: MONTyYE€HHBIE SKCIIEPUMEHTAIBHO
WIA TEOPETHUYECKU 3HAYEeHUs (PU3MUECKUX BETUYMH, UX 3aBUCHMOCTH OT YCJIOBHUN SKCIEPUMEHTa WU
BBIODAaHHOW pacyeTHOW MOJIeNM, YKa3bIBa€TCS HMX COOTBETCTBHE WJIM HECOOTBETCTBHE (HU3UUYECKUM
3aKOHAM M TEOPETUIECKUM MOJIEIISIM, BO3MOKHBIE TIPUIHHBI HECOOTBETCTBUSI.

Odhopmnenue omuema o npooenannoii pavome
1.Homep paGoTsl.



2.HanmenoBanue pabOTHI.

3.llens paboTHI.

4.0060pynoBanue

5.Yeprex (pucyHoK) (eciu TpedyeTcs)

6.DopMYITBI TSI ONPESIICHNUS NCKOMBIX BEIMUWH M UX TIOTPEITHOCTEH.

7.Tabnuua c pe3yabTaTaMi U3MEPEHUN U BEIYMCIICHUMN.

8.OKoHYATEIHHBIN PE3YyIbTAT, BEIBOJI U TIpOUee (COTJIACHO LETH paboThI).

Kputepun oneHuBaHus J1adopaToOpHbIX padoT:

Ouenka «5» cmasumeces, eciu ooyuarowuiica:

[TpaBUIIbHO OIpeAETIII LIEb OMBITA U BBIIOIHII PadOTy B MOJHOM 00beMe ¢ COOTI0CHHEM HE00X0IUMO
MOCIIEI0BATEILHOCTH TMPOBEICHUS OINBITOB U HU3MepeHui. CaMOCTOSITENbHO W PAallMOHAIBLHO BHIOpal U
MNOJATOTOBMIJI JJISL OMNBbITa HEOOXOAMMOE O0OpYZOBAaHME, BCE OIBITHl NMPOBEN B YCIOBUSX U PEXKUMAX,
o0ecreynBaroIIUX MOJIy4YeHHE pPe3yJbTaToB M BBIBOJAOB C HauOOJbIIEH TOYHOCTHIO. HayuyHO rpamoTHO,
JIOTUYHO OMHUCANl HAOMIOACHHUS U C(HOPMHUPOBAI BBIBOBI U3 OMBITA. B TIPE/ICTABICHHOM OTYETE MPaBUIHHO
U aKKypaTHO BBIITOJIHWJI BCE 3aIMCH, TAOJWIbI, PUCYHKH, YEPTSIKH, TpadUKH, BBIYUCICHUS W CHeall
BBIBO/IBI.

Ounenka «4» craBuUTCH, eCJd O0Y4YAIOIIMICH BBINOJHMJ TPe0OBAHMA K OLEHKe «5», HOo: OnbIT
MPOBOAMII B YCIIOBHUSX, HE 00ECIEUNBAOIINX JOCTATOUHON TOUHOCTH M3MEpeHHi. bbuio momyrieHo nBa —
TpU HepodeTra wiu Ooyiee OAHON TrpyOOd OmMOKM M OJHOTO HeIouYeTa. DKCIEPUMEHT MpPOBEIEH He
MOJHOCTHIO WJIM B ONUCAaHUU HAOMIOACHMM W3 OMbITa OOYYAIOUIMIICS OMYCTHUJI HETOYHOCTH, BBIBOJIBI
CZIeJIall HEIOJIHBIE.

Ouenka «3» craBuTCS, ec/Id 00y4arommiics:

[IpaBunBHO Ompenenui neidb OnbiTa; padoTy BBHINOIHSAET MPABHIIBHO HE MEHEE YeM HAIoJOBUHY, OJHAKO
00BEM BBITIOJTHEHHOW YaCTH TAaKOB, YTO MO3BOJISICT TOJYYUTHh IMPABWIBHBIC PE3yJIbTaThl M BBIBOJBI IO
OCHOBHBIM, TIPUHIIMITHAIBHO BAXKHBIM 3a7a4aM padboTel. [logbop obopynoBanus, 00bEKTOB, MaTepUasoOB, a
Tak)ke pabOTHI MO HAaYaly OMBITAa MPOBEJ C MOMOIIBIO MPENoiaBaTeNsl; UM B X0J/ie IPOBEICHUS OIbITa U
U3MEpPEHUIl OmbITa OBUTH JOMYIIEHBI OIIMOKH B OMUCAaHUM HAOMIOACHUN, (HOPMYTUPOBAHWU BBIBOJOB.
JomyckaeT rpyOyro oOmHMOKYy B XOJe OJKCIepuMeHTa (B OOBSCHEHHH, B OQGOpPMIICHHH pabOThI, B
COOJIOZICHUH TPaBWJI TEXHUKH O€30MacHOCTH MpU paboTe ¢ marepuanaMud U oOopymoBaHHEM), KOTOpas
UCTIPABIIETCS 110 TPEOOBAHMIO MTPETIOIaBATENsI.

Ouenka «2» cTaBUTCS, eC/IU 00ydarommiics:

He ompenenui caMOCTOATENBHO 1€ OMBITA: BBHIOIHUI pabOTy HE MOJHOCTHIO, HE MOJITOTOBUI HYKHOE
obopyoBaHue U 00BEM BBHIMOJTHCHHOH YacTW PabOTHl HE TO3BOJIICT CACNIATh IMPABWIBHBIX BBIBOJIOB.
OnbIThI, U3MEPEHUS, BEIYMCICHHUSI, HAOMIOICHUS TPOU3BOIMINCH HETIPAaBIUIIbHO. B X01e paboThI U B oTYETE
00HapyXWINCh B COBOKYITHOCTU BCE HEIOCTATKH, OTMEUEHHBIE B TPEOOBAHUSX K OlLleHKe «3». JlomyckaeT
nBe (u Oosee) rpyOble OMMOKM B XOJAE JKCIEPHUMEHTA, B OOBSICHEHMH, B O(OpMIEHUH paboThl, B
COOJIOZICHUH TIPaBWJI TEXHUKHU 0€30MacHOCTU MpH paboTe C BEIIeCTBAMU U 00OpPYIOBAHUEM, KOTOPHIE HE
MOJKET UCTIPABUTh JaKe MO TPEOOBAHUIO YIUTEIIS.



JIABOPATOPHASA PABOTA 1 .
«M3YYEHHME 3BE3/IHOI'O HEBA C IOMOIIBIO IMOJABUKHOHU KAPTbI»

Henn:
1. HayuuTbcs ompeaensTs BUJ 3B€3IHOTO HeOa B JIF000I MOMEHT CYTOK MPOU3BOJIBHOTO JHSI T0J1a.
2. HayuuTbcs onpeaensTh KOOpAUHATHI 3BE31.

Oo6opynoBanue: [loaBuxHas kKapTa 3B€3THOTO HeOa, HAKIATHON KPYT.

TeopeTnyeckas 4acThb.

Bun 3BE€31HOTO HEOa M3MEHSETCS U3 - 32 CYTOYHOTO BpamieHus: 3emin. Mi3MeHneHue Bua 3BE€31HOTO
HeOa B 3aBUCHMOCTH OT BPEMEHM Iofa HPOMCXOIUT BcielncTBHE oOpaimieHus 3emian Bokpyr CoisHua.
[MonBuxuas kapra 3BE3nHOrO0 HebGa mM300pakeHa Ha puc.l. OHa COCTOMT W3 KapThl 3BE3HOTO Heba U
HaKJIaJJHOTO KpyTa.

NMOABHXHASl KAPTA 3BE3HOIMO0 HEBA HAKJIAIHOA KPYr K KAPTE 3BE3/IHOIO HEBA
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Pucynokl- 3Be3iHas kapTta

Ha kapre 3BE371bI MOKa3aHbl YEPHBIMH TOYKAMHU, Pa3MEPbl KOTOPBIX XapaKTEPU3YIOT IPKOCTh 3BE3,
TYMaHHOCTH 0003HAYEHBI MITPUXOBBIMU JTUHUAMH. CEeBEpHBIN MOIIOC MUpa U300pakEH B IIEHTPE KapThl.
JIuHUM, WCXOMAIME OT CEBEPHOrO MOII0Ca MHpA, MOKAa3bIBAIOT PACIOJIOKEHUE KPYroB CKIoHeHus. Ha
3BE3HON KapTe AJs ABYX OJMDKaWIIMX KpyroB CKJIOHEHHS YIJIOBOE€ paccTostHue paBHO 2 4. HeGechble
napanienu HaHeceHbl yepe3d 30°. C MX MOMOIIBIO MPOU3BECTH OTCUET CKIOHEHHE CBeTHN O. Touku
MepecedeH sl SKIUINTUKA C SKBAaTOPOM, JI KOTOPBIX MpsiMoe Bocxoxkaenwe 0 u 12 4., Ha3bIBAIOTCSA
TOYKaMH BeceHHero y u () paBHoAeHCTBUU. [1o kparo 3BE31HON KapThl HAHECEHbI MECSIBl U YHUCIIA, a Ha
HAKJIQJIHOM KpYTe — Yachl.

Jli1s1 oTipeiesieHust MECTOTION0KEHUST HeOECHOTO CBETHIIAa HEOOXOIMMO MECSII, YHCII0, YKa3aHHOE Ha
3BE3THOM KapTe, COBMECTUTH C YaCOM HAOIIOIEHUS Ha HAKIIATHOM KpyTe.

Ha xapte 3eHHT pacroyio’keH BOJTU3W [IEHTpa BhIpe3a (B TOUKE MepeceueHrs] HUTH, H300pakaromien
HeOecHBI MepuanaH C HeOECHOW MapasuieNblo, CKIOHEHHE KOTOPOH paBHO reorpauueckoi MIMpoTe
MecTa HaOJII0/IeHNS).

OO6nacTe KapThl, 3aKIIOUEHHAss BHYTPU HEOECHOTO SKBAaTOpa, MPEACTABISIET CEBEPHYIO HEOECHYIO
nosycepy; ocTambHas 4YacTh KapThl M300pakaeT ToJie FOKHOW HeOecHoi momycdepsl. M3o0pakeHus



CO3BE3/IUH 10KHOM Tomychepsl pacTIHYTHI, ¥ UX BUJ HECKOIBKO OTIMYAETCS OT MPUBBIYHOTO BUA TEX KE
CO3Be311ii Ha HeOe.

[To HapyxHOMY 00pe3y KapThl, Ha3bIBAEMOMY JMMOOM JaT, HAaHECCHBI KaJlCHAApPHBIC YHCIA U
Ha3BaHUS MECAIICB I'0Ja.

[ToMIMO KOOpMHATHON CETKH HAHECEHBI TPAHMIIBI M Ha3BAaHUE CO3BE3/MIA, HAanOOJIee SPKUE 3BE3IbI
B KaXKJIOM CO3BE3/IUM, TYMAHHOCTH Y 3BE3/AHbIC CKOIJIEHUs, Miieunslil [1yTh.

Buemnunii 00pe3 kpyra, Ha3bIBaeMbIi YacOBBIM JIUMOOM, pasieneH Ha 24 uaca. YacoBod 1m0
ornu(poBaH B CUCTEME CPETHETO BPEMCHH.

Xoa padoTsl

1. VYcraHOBUTH MOABMKHYIO KapTy 3BE3/IHOTO HeOA Ha JICHb U Yac HAOJIIOICHHS U Ha3BaTh CO3BE3/IUS,

BUJIUMBbIC B JJAHHBI MOMEHT BPEMEHH.
2. YCTaHOBUTH MOJBIKHYIO KapTy 3BE3JIHOT0 HeOa Ha JIEHb M Yac HAOJIOJACHUS U Ha3BaTh CO3BE3HS,
HEBUJIUMbIC B JAHHBIII MOMEHT BPEMEHH.

3. Omnpenenutb, OynyT Jin BUAHBI co3Be3aus Jlenl, Paka, BecoB B mostHOYB 15 ceHTAOS?
Ornpenenutb, Kakue M3 IMEPEUYHCICHHBIX co3Be3auil: Manas Mensenuua, Bonomnac, Bo3zuuuuid,
OpuoH — U1t JTaHHOW MIMPOTHI OYAYT HE3aXOASAIIUMU ?

5. OmnpenenuTh CBETHIIA, HAXOAsIIMECS B 3eHUTE 25 Mas B 22 yaca?

6. OmnpenenuTh CBETHIIA, KOTOPHIE KyIbMUHUPYIOT B 11 yacoB 5 mas?

7. HaiiguTe Ha 3Be3JHON KapTe U HA30BUTE OOBEKTHI, MMEIOIINE KOOPIUHATHI:
0

)

>

=-90 a=15"12"
=+48%, 0. =3" 40"
8. Onpenenutb SKBAaTOPHAIBLHBIE KOOPIUHATHI CICAYIOIIUX 3BE3/I:
Cxionenne 6. I[Ipsamoe Bocxoxkaenne o
o Tenbua (Anbaebapan)
B Opuona (Purens)
o brmsuenos (Kactop)
a JIsBa (Perym)
a Bonomnaca (Apkryp)
9.CnenaTb BBIBOJ 1O paboTe.



JIABOPATOPHAS PABOTA 2
«U3YYEHUE CUCTEM CUETA BPEMEHN»

Ileas padoTel: H3y4eHHE Pa3IHYHLIX CHCTEM CHETA BPEMEHL.
Odopynosanune: moaens HebecHoit cdepbl, ACTPOHOMHYECKHIT KaleH1aph
(MOCTOAHHAA W MIEPEMEHHAA YacTH), MOJBHIKHAS 3BE3/IHAA KapTa.
Bonpocs! k fonycky:
1. IloHsTHE 3BE3IHOTO BPEMEHH.
2. CpeaHee U HCTHHHOE COJIHEYHOE BPEMSL.
3. VpaBHeHHe BpeMEHH.
4. CBs3b MECTHOTO BPEMEHH C reorpaM4eckoii 10nroToii.

OcHosHble meopemu4eckue ceeoeHun

W3mepenne BpeMeHH OCHOBAHO Ha HaOMIOIEHMAX CYTOYMHOTO BpAILEHHS He-
OecHoro coja W roAn4Horo jAsuxeHus CoNHUA, T.e. HAa BpalleHHH 3eMJIH BOKpPYT
OCH 1 Ha oOpateHnu 3emnu Bokpyr CoJHua.

Bpamenne 3emnu BOKPYr OCH NPOMCXOIHT MOYTH PABHOMEPHO, C MEPHOIOM,
paBHEIM nepuoay BpaweHus HeOecHoro ceoja. [loatomy mo yriy nosopora 3emin
OT HEKOTOPOT0 HAYaJIbHOTO TMOJIOKEHHA MOMKHO CYJAMTH O MPOTEKIIeM BpeMeHH. 3a
Ha4YaibHOE MOJIOKeHHe 3eMJIH NPHHUMAETCS MOMEHT MPOXO0KIeHHs MIIOCKOCTH 3eM-
HOr0 MEpH/IHaHa MecTa Ha0M/IeH!s Yepe3 H30paHHYH TOYKY Ha HeOe, WM, 4TO 0JI-
HO M TO K€, MOMEHT BepXHeil KyIbMUHALHH TOi TOYKH HA JAHHOM MepHIHaHE.

[IponomkuTenbHOCTE OCHOBHOM €IMHHLBI BPEMEHH, Ha3blBAEMOIl CyTKaMH,
3aBUCUT OT H30paHHOI To4ukH Ha HeOe. B acTpoHOMMH 3a TakHe TOYKH NPHHUMAKOT-
c:

— TOYKa BECEHHETO PABHOJEHCTBHA (368€30H0€ 6pema),

— ueHTp Buaumoro aucka ConHua (ucmunnoe Connye, UCTHHHOE COJHEHHOE Bpe-
MH),

— cpednee Connye — (PMKTHUBHAA TOUKA, MOJOKEHHE KOTOPOil Ha HeOe MOKeT OBITh
BBIMHCIIEHO TEOPETHYECKH /15 11000r0 MOMEHTa BPEMEHH (Cpe/iHee COJIHEYHOE Bpe-
M),

Jlns w3mepeHus JUTHHHBIX MPOMEKYTKOB BPEMEHH CITYKHT TPOMHYECKHii o,
OCHOBAHHBIIT Ha JBMKeHHH 3eman Bokpyr CofHia.

Tponuueckuii 200 — NPOMEKYTOK BPEMEHH MEKTY JBYMA T0C/IE/I0BATENBHI-
MH TPOXOKAEHUAMH LeHTpa ucTHHHOTO CONHIA Yepe3 TOYKY BECEHHEro pPaBHOJIEH-
crBud. Copepxut 365,2422 cpeJHHX COJHEYHBIX CYTOK.
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H3-3a meaneHHoro ABMAEHHA TOYKH BECCHHETO PAaBHOACHCTBHA HaBCTpE4y
Conuiy, BeI3BaHHOTO npeneccHeii, oTHocHTenbHO 3Be3] ConHie oka3niBaeTcs B Toi
#e Touke He(a yepes npoMexyTok BpemerH Ha 20 MuH. 24 c. GonbuIMii, Y4eM Tponu-
yeckHii roa. OH Ha3kIBaeTCH 28e€20HbLM 2000M H COOepkuT 365,2564 cpeanux con-
HEYHEIX CYTOK.

Jee3zonoe spema. llpomexyTok BpeMEHH MEAIY ABYMSA NMOCIEA0BATENLHBIMH
OJHOMMEHHBLIMH KYJIbMHHALMAMH TOYKH BECEHHEr0 PaBHOAEHCTBHS HA OJHOM H TOM
e reorpapuueckoM MepHAHaHEe HA3LIBACTCA 38€30HbIMU CYMKAMIL.

3a Hauano 3Be3qHLIX CYTOK HA JaHHOM MEPHIHAaHE NPHHHMAIOT MOMEHT
BepXHei KyJIbMHHALMH TOYKH BECEHHEro paBHOJACHCTBHS.

Bpewmsa, npoTtekinee oT BepxHeil kKynsMHHALKH Toukd Y 10 moboro apyroro
€€ MOJIOMKEHHA, BLRIPAXKEHHOE B JOMAX 3BE3AHBIX CYTOK, HAIBIBACTCA 38e30HbIM epe-
Menem S .

Yron, Ha KOTOpBI 3emid MOBEpHETCH OT MOMEHTA BepXHEH KyIbMHHALHH
TOYKH BECCHHETD PABHOACHCTBHA 10 KaKOro-HHOYIL APYTroro MOMEHTA, PaBEH 4aco-
BOMY yray Todku 7’ B 9TOT MOMEHT.

S=tn.
[IpakTHueckH 1714 YCTAHOBIEHHA HA4ana 3BE3HBIX CYTOK HIIH 3B€3HOTO BPEMEHH B
KakoH-TO MOMEHT HaJ0 M3MEPHTE 4acoBoil yron t kakoro-nubo ceetuna M, npamoe
BOCXO#/IEHHE KOTOPOro H3BecTHO. Toraa 3se3Hoe BpeMs:

S=a+t,
raet=_Qm, oa=_Ymatyp=_QV =5,

Jgez0noe épema B MOOOH MOMEHT pPaBHO MPAMOMY BOCXO#AICHHIO KaKOTO-
nubo CBETHNIA IUIOC ero 4acoBoii yron. B momeHT BepxHeil KyIbMHHALHH CBETHIIA
ero 4acosoii yront =0, Torga S = a.

3pe3aHoe Bpems g HaOmwonareneil, HaxOASIMXCA HA pa3sHBIX MEpHAHAHAX,
OyaeT pasHbiM. Pa3HoCTE 3BE3HONO BPEMEHH B JIBYX MYHKTAX 3€MHOI MOBEPXHOCTH
B OIHH M TOT #e (pu3M4YeckHil MOMEHT paBHa PasHOCTH ceozpaghuveckux doicom
ITHX NYHKTOB.

53 -S|=JL}-}L]‘

Hemunnoe coaneqnoe gpema. llpoMexyTok BpEMEHH MEHIY ABYMA Mocie-
AOBaTENLHEIMH OJHOMMEHHBIMH KyIbMHHALMAMH ConHua (LeHTpa CONHEeYHOro Juc-
Ka) HA OIHOM M TOM e reorpaH4eckoM MEpHANAHE HA3LIBACTCH UCHIUHHBIMU COT-
HeYHbLMU cymKami. 3a HAYAI0 HCTHHHBIX CONHEYHLIX CYTOK Ha JaHHOM MEpHIHaHE
MPHHHMAKT MOMEHT HWkHel KynbMmuHauuu ConHua (ucmusHan noaHoYs).

Bpemsa, npotekiee oT HukHel kynsMmuHauui Connua 1o modoro Apyroro ero
NONOKEHHA, BEIPAKEHHOE B J0IAX HCTHHHBIX COJHEYHBIX CYTOK HA3LIBACTCA UCMUH-
HBIM CONHEYHbIM epemenem T .

HeTunnoe conneunoe spems T Ha gaHHOM MEpHIHAHE B TI000H MOMEHT:
h
T =t +12,
rae t, — vacosoii yron ConHua.
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McTHHHEBIE COMHEYHBIE CYTKH HMEKOT PazIH4HYIO MPOAOIKHTENBHOCTD, TAK Kak:

1. Connue aBHkeTca He Mo HeDecHOMY JKBATOPY, @ MO IKIHNTHKE, HAKIOHEHHOI K

IKBATOpY Nnoj yraom 23°26°.

2. Jlpnxenue ConHua no dJKIHNTHKE HEPABHOMEPHO.

Cpeonee conneunoe gpema. Utodbl Nony4YuThL CYTKH MOCTOAHHON MNPOAOIKH-
TEILHOCTH M B TO A€ BpeMms cBA3aHHLIE ¢ aBixeHHeM ComHIa, B aCTPOHOMHH BBE/e-
HBI MOHATHA ABYX (PMKTHBHBIX TOYEK — CPEIHEr0 JKIMIITHYECKOr0 H CPEAHEro JK-
paropuansHoro ConHua.

Cpeanee sxmunTuueckoe ConHile paBHOMEPHO ABHIKETCH M0 JKJIHITHKE CO Cpel-
Heil ckopocTeio Connua.

Cpennee sxBatopuansHoe ConHile paBHOMEPHO JBHAKETCH MO JKBAaTOPY C MOCTO-
AHHOI CKOPOCTBIO cpeaHero dKkmunTHYeckoro CoaHua 1 0HOBPEMEHHO ¢ HUM Mpo-
XO/JHT TOYKY BECEHHET0 paBHOJCHCTBHA.

[IpomekyTOK BpeMEHH MEXKIY OBYMS [OCJACA0BATENBHEIMH OJHOHMEHHLIMHA
KyJILMHHALMAMH CcpefiHero skparopHansHoro ConHua Ha 0QHOM M TOM K€ reorpa-
(pHYECKOM MEPHIHAHE HA3BIBACTCA CPEOHIUMU COTHEYHBIMU CYMKAMU.

[IpomomENTENEHOCTE CPEHHX CONHEYHBIX CYTOK paBHA CpeaHeMy 3HA4YeHHIO
NPOAC/KHTENLHOCTH HCTHHHBIX COJTHEYHBIX CYTOK 3a rof.

3a Hauano cpeJHHX COJHEYHBIX CYTOK Ha JaHHOM MEPHIHAHE NMPHHHMAIOT MO-
MEHT HHIKHEH KyJIbMHHALWH cpeaHero skeatopHansHoro Connua (cpeduas non-
HOUYB).

Bpewma, npoTekinee OT HHAHEH KyJIbMHHALHH CpeaHEro JkeatopHansHoro Conn-
1a 10 J1000ro Apyroro ero rnojJokeHHs, BRIPAKEHHOE B JOIAX CPEIHHX COJIHEUHBIX
CYTOK, HA3LIBACTCH cpedHum conHeunsim epemenem T .

Cpennee conneunoe Bpems Tm Ha JaHHOM MepHIHaHe B M1000H MOMEHT:
T =t + 12",

rae t - uacosoii yron Conuua.

PaznocTs Mexkay cpeqHHM W HCTHHHBEIM COJIHEYHEIM BPEMEHEM B OJHH W TOT
#KE MOMEHT HA3bIBAETCA VPASHEHUEM EPEMEHH 1].

T|=Tm‘Tc=tm‘tc:uc"am1

rae t— JacoBoil yron, a O — NpgMOe BOCXOXKIEHHE.

Orcrona cneayeT

To=T.+n=t.+12" +1.

Ypaeuenne spemeHH oOpamaeTcs B HYAb okono 15 anpens, 14 uiong, 1 cen-
Ta0ps 1 24 nexabps, U YeTsIpe pa3a B roJy NPHHHMAET JKCTPEeMallbHLIE 3HAUCHHS, H3
HHX HauboJsiee IHauuTeNnbHEe okojo 11 deppans (n =+14") u 2 noadpa (n =-16").

YpaBHeHHe BpeMmeHH NMyOIMKyeTcS B aCTPOHOMMYECKHX KalleHJapax - ewke-
roguukax BAI'O ans kaxnoii cpeauneii nonyHoun Ha mepuauane |'punsuua. Ecnu B
KaIeH/Iape J1aH MOMEHT BepxHeil KylbMHHAIKMK ueHTpa uctuHuoro ConHua, To uMes

12



B BHIY, 4TO TOT MOMEHT JaH M0 CPeAHEeMY BPEMEHH, H 4TO B JaHHLII MOMEHT MC-
THHHOE COJIHeuHOoe Bpems pasuo 12", nonyuum ypasHenue:
h
N=Ty-12"

Beemupnoe epema. MecTHoe cpelHee CONHEYHOE BPeMs IPHHBHUCKOTO Me-
PHIHAHA HA3LIBACTCA SCEMUPHBIM, WIH MUPOSHIM pemerem T .

MecTHOE cpeaHee cOMHeuHOe Bpema M000ro NyHKTa Ha 3eMiIe OnpeaenseTcs:

Tp =T, + A

rae lh — JOAroTa JaHHOTO [YHKTA, BRIpadeHHas B 4acoBoi mepe (h).

IMosacnoe spema. MecTHBIX CHCTEM CHETa BPEMEHH DECHYHCIEHHOE MHOMKECTBO,
KaK H MEPHIHAHOB.

B 1884 rony Obina npennokeHa MoscHas CHCTEMA CHETa CPelHEr0 BPEeMEHH.
CueT BpeMeHH BeJEeTCA TONLKO Ha 24 OCHOBHBIX reorpapuueckHx MepHauaHax, pac-
MOJOKEHHBIX JAPYT OT Jpyra no A0Arote TO4HO 4depes 15°, npudansntensHo nocepe-
Oduxe KaKA0r0o 4acoBOI0 noAca. Ja OCHOSHOU MepuouaHn HY1eeo2o Nofca NPpuxHam

[ puneuvexudi.
MecTHoe cpeaHee CONHEUHOE BpeMfA OCHOBHONO MEpHAHaHA Kakoro-nudo ua-

COBOrO NMOACA HA3LIBACTCA HoACHbLM Bpemenem Tp. CBA3L MOACHOTO BPEMEHH C MECT-
HBIM H BCEMHPHBIM BbIPakaceTcs CACAYIOUIMM 00pa3oM:
Tm-Tnz ;:'l.h—hl'll-l.|
T =T,+n
Ie n' — YHCIO LETBIX 4acos, paBHOE HOMEPY 4acoBOro rnodAca (JI0AroTa OCHOBHOIO
MEPHIHAHA YacOBOTO M04Ca).

Hexpemnoe épema. B uenax Oonee pauMoHaNLHOINO pacnpeieleHus IeKTPo-
JHEPrUH, WAYIIEH HAa OCBELICHHE MPEANPHATHI M JKHIBIX JOMOB, B JIETHEE BpeMmsA
BBOAAT neTHee Bpema. B CCCP 16.07.1930r. gekperoM npaBHTENLCTBA CTPEIKH 4Ya-
COB Nnepesed Ha 1 yac Bnepea NpOTHE NOACHOTO BPEMEHH.

Jlns noay4yenus 3a4era HeodX0IHMO:

1. ¥meTk cBODOIHO OPHEHTHPOBATLCA B Pa3HLIX CHCTEMAX CUETa BPeMEHH.

2. C nomousl MOABMKHOI 3BE3HOI KapTel YMEThH ONMPEAENHTL 3BE3IHOE BpEMA,
3Has B ITOT MOMEHT CPEJHEee MECTHOE BpeMs, a TAKKE YMETh pellaTbh H o0paTHyO

3a/1a4y.
3. llpencraeuTts npenoaaeaTento OQOPMICHHLIE BEIMHCICHNA, TpeOyeMble B 3aJaHHN.
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JIABOPATOPHAS PABOTA 3
KPATHBIE 3BE3/1bl

Lleaw paborei: onpenencnue Onecka, CBETHMOCTH H PACCTOAHNS MY 3BE3-
J1aMH B JBOIHOH CHCTEME.

ObopynoBanne n nocodns: ACTPOHOMHYECKHIl KaneHIapk (MOCTOAHHAS
YACTh), KAJIBKYIATOP.

Bonpoce! k 1onycky:
|. Tune! KpaTHEIX 3BE3HBIX CHCTEM.
2. XapakTepHCTHKH 32TMEHHO-NIEPEMEHHEIX H CTIEKTPANbHO-1BOIHHEIX 3BE3IHLIX CHC-
TEM.

OchosHble m eopemuieckue ceéeoeHuR

eoitnbie u kpamnusie 3ge30sl. Habmonenus nokaswiBaloT, YTO HEKOTOPLIE
38316l 00BEAHHEHE! B (PH3NYECKN CBA3aHHEIE Mekay co0oil napel. OHH HA3LIBAIOTCSA
guzueckumu TBOIHHEIMH 3BE3IAMH.

CymecTByloT Takke ciydaiiHele oObLeIHHEHHS 3BE3/, KOIa KaKeTcs, 4To
336l 00pas3yloT napy BeaeAcTBHE dpexta mpoekuUMH ABYX (pM3MYecKH He CBA-
3aHHLIX 00BEKTOB. TakHe Mapel HA3LIBAIOTCA ORMUHECKIUMIL.

JlBoiiHble 3Be3aLI BCTpEUaloTCA 04eHb YacTo. MX n3ydenne BaxHO 114 Bhifc-
HEHHA NPHPO/LI 3BE31 H IS KOCMOTOHHYECKHX MpobieM NPOHCXO0KIEHHS H IBOJIO-
LIHH 3BE3 .

(Oba kOMMOHEHTa Napkl CHILHO MPHTATHRAIOTCA APYT K APYTY, HO CHJIA TpH-
TAAEHHS YPABHOBELINBACTCA LEHTPoOekKHOI cHIloil BpalleHHs. ITO NPHBOIMT K Op-
OHTANLHOMY JBHKEHHIO BOKPYT o0wero uentpa Macc. CKOPOCTL 3TOTO JIBH/KEHHS H
(hopma opOHTEI HecyT HH(OPMALIHIO O Maccax HeGeCHBIX Te.

JlBoiinple cHcTeMbl OueHb MHOr000pasHul. CyLIECTBYIOT Napel HACTONLKO
OnMH3KHE ApPYT K APYry, 4T0 MX MOBEPXHOCTH MOYTH compHkacaioTcs. llpunieHoe
B3aUMOJIeHCTBHE NPUBOANT K TOMY, YTO KOMIOHEHTHI NpHoOpeTanT (opMy JILIHI-
COMJIOB H C MX MOBEPXHOCTE(l BElIECTBO MEPeTeKaeT ¢ OAHON0 KOMIOHEHTA Ha JApy-
roi MIM Jame MOCTENEeHHO BhIOpachiBaeTcs 3a mpefensl cucteMel. [lepuons obpa-
IEHHS TAKHX CHCTEM COCTABNAIOT HECKOJILKO YacOB.

JIBoiicTBEHHOCTH TecHOIi cHCTeMBl 0OHAPYKHBAETCA C MOMOLUIBIO CIIEKTPOrpa-
ha, a TarKe MyTeM H3YUEHHS B3AHMHLIX 3aTMEHHI, BLI3BIBAIOIIHX MEPEMEHHOCT
Onecka. ITH 3Be3/Ibl HENMb3A YBHAETL pa3denbHo. Takue cicTeMbl HA3LIBAIOTCA CHEK-
MPATLHO-O8OLUHBLMU WU (homomempudecKumMl O80LHbLMU, B 3ABHCHMOCTH OT TOTO, C
MOMOIIBIO crieKTporpada uin JoToMETpa YCTaHABIHBAETCA JBOHCTBEHHOCTE.
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Korpaa nsa koMnoHeHTa pasfeneHbl CHILHEE, Ha PacCTOSHHE B HECKOILKO CO-
TEH PajgnyCcOB, HX MOXKHO PalIHYHTE B Teleckomn. Takue napsl HA3LIBAIOT BUZVAILHO-
OBOUHBLMU.

PaccTosanns MexIy KOMNOHEHTAMH ITHX [ap MOTYT OBITh CTONL BEIHKH, Y4TO
NPHTAKEHHE IPYTHX 3B€3]] COCOOHO paspyLInTE ABOHHYIO CHCTEMY.

KomnoneHTE! MOTYT OBITH OJHHAKOBBIMH H COBCEM pasHsiMH. HHorna oana us
3B€3]] HACTOJILKO Masa, 4YTO HE BHHA H BhIJAET CBOE NPHCYTCTBHE, BLI3LIBAA AHOMA-
MM B JBWKEHHH TIaBHON 3Be3awl. Takue cHCTEMBLI HA3LIBAIOTCA acmpomempuie-
CKUMU OBOLHBIMU.

YacTo BCTpevaloTcsl KpaTHLIE 3BE3IHEIC CHCTEMBI, COCTOALIME H3 HECKOILKHX
3ge3d. [lpu oToMm Takue mapel MOryT OBITE OQHOBPEMEHHO BH3YallbHO-IABOHHLIMH,
CHEKTPaNLHO-ABOIHLEIMH H HMETL HEBHIMMEIE cTyTHHKH. Hanmpumep, 3se3na Anwda
Llentappa.

Jammenno-nepemernsie 36e30n. Kpuesle dnecka, onpedenenue opoum Kom-
noHeHm u uInNYecKux xapaxKmepucmuk. 3aTMEHHLIMH NIePEMEHHBIMH Ha3blBAKOTCH
TAKHE HEPA3PEIIHMEIE B TEIECKONE! TECHEIE Mapkl 3Be3/], BHIHMAA 3B. BEIHYHHA KO-
TOPBIX MEHAETCA BCJIEACTBHE NMEPHOIHYECKH HACTYNAIOWIHX A 3eMHOro Hadbmona-
TeNld 3aTMEHHIl OJHOr0 KOMMOHEHTa CHCTeMBl ApyriMm. B JToM ciydae 3Be3na c
Dol CBEeTHMOCTBIO HA3LIBACTCA I7IaBHOI, a ¢ MeHbIlell — cnyTHHKOM. THrmi4-
ueie npumepsl — Anrons ( [epces) u B Jluper.

BeneacTeue perynsipHO NpOMCXOAALIMX 3aTMEHHI TIaBHOH 3BE3[bl CITYTHH-
KOM, & Tak:e CIYTHHKA rMaBHOM 3Be3/10i, cyMMapHas BHAHMAaA 3B. BeMHYHHA MeHA-

Puc.15
I'padmk u3ameHeHua Dnecka 3aTMEHHO-ABOIHOI 3BE31H

eTCA NMePHOIHYECKH.

I'papuik, uzobpakaromuii HIMEHEHHE NOTOKA M3TYUYEHHA 3BE3/LI CO BPEMEHEM
Ha3blBaeTCcA KpHUBOil Onecka. MomeHT BpeMeHM, B KOTOpPEI 3Be3Ja HMeeT HaHMEHE-
Y BHIHMYIO 3BE3[HYIO BEIIHYHHY, HAIBLIBAETCA JM0XOH MakCHMyMa, a HaHDONIb-
[IYI0 — MOX0H MHHHMYyMA.
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PaznocTe 3Be3OHLIX BEIHYHH B MHHHMYME H MAKCHMYME Ha3blBaeTCAd aMILIH-
TYA0M, a MPOMEKYTOK BPEMEHH MEKIY JABYMA NOCHEA0BATEILHEIMH MaKCHMYMAMH
HWIH MHHHMYMaMH — MEPHOA0M NMEPEMEHHOCTH.

Ilo xapakTepy kpHBoii Onecka 3aTMEHHOI NepeMeHHOI 3Be3IbI MOKHO HAHTH
WIEMEHTEl OPOHTEI OJHOH 3Be3/Ikl OTHOCHTENBHO JPYroil, OTHOCHTEILHEIE pa3MEpEI
KOMIIOHEHTOR, NpeJcTaBleHue 00 ux opme.

Ha xpuBoii Gnecka BHAHLI ABa MUHHMYyMa — riyOoKuWil, COOTBETCTBYIOLIHI
JATMEHHIO TIABHOM 3BE3/bI, H cNa0dblii, BOIHHKAIIIWH, KOTJa rIaBHas 3BE31a 3aTMe-
BAET CIYTHHK.

Ha ocnoBanum nerantHOro M3y4eHHA KPHBBIX OIlECKa MOKHO MONYYUTH ClE-
JAVIOUIHE JaHHBIE O KOMIIOHEHTAX 3aTMEHHBIX [IEPEMEHHEIX 3BE3/:

1. XapakTep 3aTMenHii onpeaenseTca HAKIOHEHHEM U pazMepamu 3ee3a. Koraa auck
OJHOH 3BE3/kl MOJHOCTEID NEPEeKPRIBACTCA JHCKOM JPYIoi, COOTBETCTBYIOLIHE OD-
JIACTH KPHBOH OJlecka MMEKT IUIOCKHE YYACTKH, 4TO FOBOPHT O MOCTOAHCTBE HM3ITY-
YEHHA CHCTEMEI B TEUCHHE HEKOTOPOro BpeMeHu. Ecnn 3aTMeHNs 4acTHBIE — MHHH-
MYMBEI OCTPEIE.

Ecnu 3pe3fsl NpHMEpPHO PaBHBI MO pa3sMepaM, MHHHMYMEI H MaKCHMYMEI KPHBOIi
NPHMEPHO OJHHAKOBEL, €CIH OJHA 3BE3Ja 3IHAYHTENBHO MEHBLIE, TO MAKCHMYM
CHILHO MPEBOCXOIHT MHHHMYM.

2. Ha ocHOoBaHHH NpOJ0IKHTENLHOCTH MHHHMYMOB HAXOAAT PAAHyChl KOMIIOHEHTOB
BLIPAKEHHLIE B J0IAX OONLIIOH NoayocH OpOMTEL, TaK Kak NPOAOIKHTENLHOCTE 3a-
TMEHHA MPONOPLUHOHANEHA THAMETPAM 3BE3/1.

3. Ecnu 3aT™MeHHe MOJHOE, TO MO OTHOIIEHHIO TAYOMH MHHHMYMOB MOXKHO HaiTH
OTHOILIEHHE CBETHMOCTEI, 4 MPH W3BECTHLIX PaJuycax — OTHoLIEHHE ek THBHEIX
TeMIepaTryp 3Be3l.

4. [InasHoe w3Menenne KpHBoil G1ecka roBopHT 00 UIHICOHATEHOCTH, BEI3BAHHOI
NPHIHBHEIM BO3ACHCTBHEM OYCHE DIIHIKHX KOMIIOHEHTOR JBOHHEBIX 3BE31.

B nacrosumee spems u3secTHO okono 4000 3aTMeHHBIX 3BE37 Pa3IH4HLIX TH-
noB. MUHHMANLHEI HIBECTHRI MEPHOI — OKONO 4Yaca, MaKCHMANLHEIH Gonee 57
JIeT.

CnexmpaisHo-ogotinsie 38e30sl. B cnexTpax HexkoTOpeIX 3Be3n HaOmwaawTcs
NepUOAHYECKOe Pa3iBOCHUE HIIH KolleDaHHEe MONIOKEHHS CNEeKTpanbHbIX THHMIA. Ec-
JIH 9TH 3BE3/bl ABNAIOTCA 3aTMEHHBIMH MEPEMEHHBIMH, TO KonebaHHA JTHHHI NMpoHC-
XOIAT C TeM K€ MEePHOAOM, 4TO W H3MeHeHHe Onecka. [lpu 2ToM B MOMEHTEI coeu-
HeHHii, korja obe 3Be3[bl ABHKYTCH NepHneHIHKYIApHO Iydy 3peHHA, OTKIOHeHHe
CMNEKTPalbHLIX THHHII OT cpeaHero nojoxenns paeno (. Ecnn nadmoaaemMslii cexTp
NPHHALIEAHT TOILKO OJHOI 3Be3/e, TO BMECTO pa3iBOeHHA THHHII HadmoqaeTcs X
CMELICHHE TO B KPacHYI0, TO B CHHIOW 00MacTh CNEKTPa. 3aBHCHMOCTEL OT BPEMEHH
IY4eBOH CKOPOCTH, ONPEACICHHOH MO CMEILICHHAM THHHI, HAZLIBACTCA KPUEOL 1Vye-
8bIX CKOpOCMEl.

B nacrosumee epems uiBecTHO okono 2500 3Be3n, ABoiicTBeHHAas NPHPOIA KO-
TOPBIX YCTAHOBIEHA TOIBKO HA OCHOBAHMH CNEKTpansHEIX HaOmoaenuii. [Ina 750 u3
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HHX llUJl}"—lL:Hbl I{[JH.HI:.IL: Jl‘_',"'-ll:l:ibl?l {:I{LI[JLII.J'I'I.JH, LIS B LA RO L HdiiTH J.ll.:].'lH{JJ_l,hl UG[JH-
mieHHs | Gopmy opOHTEL
Tak xak sHeprus, nonyyaeMas HaMH OT KpaTHOIT 3Be3/16! paBHA CYMME DHEPrHii
OT Kak 0 W3 KOMIOHEHT, To Oneck E kpaTHoil 3Be31kl paBeH cyMMe OIeCKa ee KOoM-
MMOHEHTOB:
E=E, +E +..,
H MOJTOMY €€ BHAHMas m W abcomorHas M 3Be3nHble BETMYMHBI BCEra MEHBIIE
IBE3AHON BEMHYHHEI my; B M; modoro KOMnoHEHTA.
Briuvcnenne cymmapHoil 3Be31HOMH BeMHYHHEI JIerde BCEro MPOM3BECTH, MONL3YACH
COOTBETCTBYIOLIMMI TaDIHLaMH.
Ecnu BHanmylo 3Be3AHYI0 BelIHYHHY DOee ApKOro KOMMOHEHTAa 0003HAYHTE 4epesd
m,, a donee cnadoro — Yepes my, TO M, > m,, U [0 PasHOCTH
Am=m: - nmy
B TaDIIMIax OTLICKHBAETCA Nonpaeka Am’, MO3BONAKONIAA ONPEAEIHTE
m=m; - Am’.
Oror TabaHuHBIH MeTod MOXkKeT OBITh MOCNEN0BATENLHO NMPHMEHEH K KOMIIO-
HEHTAM 3Be3/1kl 11000i KpaTHOCTH.
Cornacto opmyne [lorcona orHouenne dnecka apyx 3ege3a E, u E, ceaszano ¢

HX 3BE3IHBIMH BCIIHYHHAMH My H 1Myl
E\

E

Takum oGpazoM, 3Had BHAMMLIC 3BE3AHLIE BEMHYHHLI KOMIIOHEHT KpaTHOI
3B€3/1bl, MOMKHO BEIYHCIIHTE OTHOLIEHHE D1ecKa ITHX 3Be3l.

JHepruf, NpoXoAAllas B eIHHHIY BPEMEHH 4Yepe3 3aMKHYTYI) MOBEPXHOCT,
OKPY#AaKIYI0 JaHHLIH HCTOUHHK M3TyYEHHS, Ha3bIBaeTCHd €ro cBeTHMocThi. Cie-
JOBaTeNLHO, DIECK 3Be3/ILl PONOPLHOHAIIEH €€ CBETHMOCTH H 0DpaTHO NpONopLHo-
HAJIeH KBajapaTy paccTosHus 1o Hee. ODo3HaunM cBeTHMOCTE OVKBOil L, paccrosnue
10 3Be3abl — OyKBoil 1, a koadduunenT nponopuuonansHocTH — k. Toraa

- 315 IEIM!-JII: ]

e=r L
r
Jlna nByx 3BE31 HMeeM
E=kLl Ea=k 22
i1~ F2-
llens nepBoe paBeHCTBO Ha BTOpPOE, MOTYYHM:
£ B Li.r2?
Ex Lan®’

Ecnu nee 3Be3anl cocTaBngoT H3HUECKH JABOIHYIO 3BE3Y, TO PACCTOSHHE 10

ITHX 3BC3O HPH.ICTHL]GCEH OIHHAKOBO: I') = 1. Tﬂrﬂﬂ. HGH}WHM:
E L

E: - Lo
OTI-IDI].[EHHG Dnecka ﬂB}'K FBE3 CHCTCMEI []HEHI] OTHOLUEHHID) HX CBETHMOCTEIH.
HHHGﬁHDC pﬂCCTGﬂHHC MC}K,[[}" KOMIIOHCHTAMH CIIIH?H‘-]CCI'EH ﬂBDﬁHﬂﬁ FBCIALI MOMKCT
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OBITh BEIYMCIIEHO TOJNBLKO B TOM CIIy4ae, €c/IH W3IBECTHL FOJHYHLIN napamake T H
HAKIOHEHHE 1 OpOMTEI KOMMOHEHTA — CNYTHHKA K KapTHHHOH MIOCKOCTH, T.€. K
MJIOCKOCTH, NEPNeHIHKYIAPHOH K nyuy 3peHus Habmogatend. ITa IIOCKOCThL Kaca-
TenbHa Kk HeDecHoH cdepe B Toil ee Touke, B KOTOpoil HaxoauTes 3e3aa. Ecau i1 He
M3BECTHO, TO MOKHO YCTAHOBHTE JIHIIL NMPOSKILHIO MEAIY 3Be3JaMH Ha KAPTHHHYIO
MI0CKOCTh.

IlyeTe kKOMNOHEHTE ABOIHOI 3BE3/LI BHHEL N0 YTIOM P, napaniakc JBOH-
HOJl 3Be3]bl paBeH T, pacCTOAHHE MEXkAy KOMMOHEHTaMH d, MpoeKuHs ITOro pac-
CTOAHHA HA KAPTHHHYIO MIOCKOCTE — dy, paccTosnue ot 3emun a0 ConHua paBHO
0HOIi acTpoHOMHYECKOIl eguHHLe a;. OG03HAYHB pacCcTOAHHE 3BE3ALI OT 3eMIIH Ye-
pes r, NoJy4HM:

dp=rsinp”; ap=rsinmT";
TaK Kak p~ H T 04eHBL Malkl, TO
sinp”  p"
sint' "

Cnenoeatensho, d, /ag = p/ 1. Hoag=1 a.e. Tormad, =p"/ 1",
B rakom ciyuae d, BHIYHCIASETCA B ACTPOHOMHYECKHX €IHHHIAX.

Odpaszey 3adanuii

1. Ilo kpuBoii n3MeHenus Gnecka 3aTMEHHOH NepeMeHHOI 3Be3/Ibl ONpeIeIHTh:
4) XapakTepUCTHKH 3BE3/l Napel: pasMepsl OTHOCHTEILHO APYT JAPYyra H OTHOCH-
TEILHO WX OpPOHTHI; COCTABIAET 1M OIECK CNYTHHKA 3aMETHYIO 010 Osecka
IrIaBHOM 3BE3kL
0) ropmy, xapakTep 3aTMeHHA (MOTHOE, YACTHOE WIH KONslieoOpazHoe);
B) NEpHOI 00palleHHA 3Be3/L;
) IPOAOIKHTENEHOCTE 3aTMEHHA.

n m

VIV

1 2 3 4

2. BrMMCIHTE NPOEKLNIO HA KAPTHHHYH) MIOCKOCTEL THHEITHOTO paccTOSHHA MEKIY
KOMIOHEHTAMH, OTHOLIEHHE MX CBETHMOCTEH H CYMMApPHYIO BHIAHMYID 3BE€3IHYIO
BETHYHHY (MIPHHAE, 4TO ecau my = (0, To Eq = 1), apoiineix 38e31;

a) p Cxopnuona 6) v essl

3. Onpenenuts no Tadnuue 0OLIYI0 BHAUMYIO 3BE3AHYI0 BeIMUHHY JABOIHLIX 3BE31;

a) ¥ Hesnl 6) v ldennduua
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4. Onpenenuts 00LIYID CBETHMOCTL, NpuHAR cBeTHMocTk Connua = 1, aeoiinoii
3BE3/kI BCKDpHHﬂHa.

5. OnpenenuTs BHAMMYIO 3BE3AHYIO0 BENHYHHY KaikI0N0 KOMIOHEHTa TPEXKPAaTHOI
1Be3/bl 10 e¢ 00mell BHIHMOil 3Be3qHOM BellHUHHEe M W COOTHOLWEeHHIo onecka E
MEKIY KOMIOHEHTAMM:

m=3"74
NepPBLIil KOMIOHEHT ApUe TPeThero B 3.5 pasa;
BTOPOH KOMIOHEHT Apue TpeTkero B 1.9 pasa.

Tpurepni 66IMOTHEHIA HEKOMOPBIX FA0AHLTL
1. Boraucmins npoespio Ha KapmiHHVIO RIOCKOCITS IUHETIHOR0 PACCIMOSHUA MENCOY KOMNOHEHMA-
ML U CYMMAPHVIO UM 3822010 BeTLeiHY (npurHss, wmo ecd my = 0, mo E, = 1), dsodimon
sgesdnt: A KopnuoHa.

[lpoexpio HA KAPTHHHYIO [TIOCKOCTE JIMHEHHOND PACcCTOSHHA ¢, MEKTY KOMIOHSHTAMH B0
HO# 3BE3/THI MOAHO BLIMHCIIHTE, 3Has YITIOBOE PACCTORHHE MEHKTY KOMIIOHEHTAMH £ H NOIMYHLE 13-
paIaKe T JT0i 3Be3ILL YITIOBOE PacCTOAHHE 0 BATEL M3 Tah/MLIEL «/|BoiiHEIe M KpaTHBIE 3BE3ILL»
ACTPOHOMHUECKOID Kanenapa (Hanp. L konssoro) p= 147 a romuuHelii napariare 77 MOKHO Hail-
TH, 3Has paccToAHie (M3 Toi ske Tab/MLLT) 10 JaHHO TRoitHOI 38eyTbl B napeekax rnc). B talmie r
MOZKET ObITh JAHO B CBETOBBLIX MOJIAX, KAK B JAHHOM ciTy4ae: r = 650 ca. 1em. [lepenenem B napoesat,
3Had, 910 Inc = 3.26 ceem. omywne: r=650/3.26 = 1994 ne. Torna rouHeGi napamiake 7 =
Iine), 1. e. T=I/ 1994 = 07005 . A npoexipia Ha KAPTHHHYIO ITIOCKOCTS JTMHEHHOTD PACCTOSHHA B
actposoMudeckix emunax d,= p7 77T e.d,= 14/0005 = 2791 ae.

CymMMapHyi0 BHIMMYIO 3Be3IHYIO BIHYHHY m MOKHO Haifmi, nenome3ya dopayrty [lorcona
(mpursB, uTo ecrm my = (), To Ey = 1), samscaryio ana norapudgma orHorie s Gniecka IaHHoOH Boii-
HO# K Gniecky 38e3s! ¢ napamerpavi my = 0n Ey= 1, e [g(E/ Ey) = 04(my- m) =IgE = O4m. Or-
Ky/Ia CYMMApHad BHIHMas 3Be3Had BeiumHa m = -2.512 [pE (*), rne E—cymvapHbii Grieck 1BoiHO#
3peyibl. Kak isectio E = E, + E;, tie E;— 510 (neck nepBoro KOMNoHeHTa, a E;— 310 Gneck BToporo
KOMIOHEHTA. brieck OTIeNBHBIX KOMIIOHEHTOB MOHO Haiti o dopsyam | lorooua, samicasHLM
JI718 OTHOLLIEHHSA O71ecka JAHHOTD KOMIIOHEHTA K Gnecky 3seysl ¢ napavetpavi my=0u E,=1,1e. E/
Ey=2512""""y Bx/ By= 2.512""", tiig mi v m2 — BHIMMBIE 3BE3THBIC BEIHYHHEL KOMIIOHSHTOB
JIBOIHOI 38E3TBI, JTAHHbIE B TafyHLe. Yuntsmas my=0u Fo= |, nommaem E,= 2.512"" ' ;= 2512
" Jins pamedi speymsi ml = 2"6 um2 = 4"9. Tooromy E; = 25127 = 009u E,= 25127 = 001.
Janee E = E;+ E>=(0.1.Tloncrarnas B (*), nomyaaemm = -2.512 lg(0.1) = 2"512.
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2. Onpedenams, npunas ceenmuvocns Comga L, = 1, o0upro ceemumocns O8olHON 28e3061
PCropnuiona. OymmapHas 6UOUMAS 36€30H05 8ETIMLHA MOt 36e3061 m=2"512.

Masecrio, yro Greck 38e3ibl NPONOPLMOHATEH €€ CBETHMOCTH H 00pario NponopLMOHAIEH
KBaIpaTy paccrosms 10 Hee: E = k L/r. To sxe moviaio sammcars 1 s Comua: E, = k L./, Pasne-
E r?
Lzl.{'——,‘.
Ec .
JTHM [EPBOE BLIPZKCHHE HA BTOPOE 1 BLIPATHM CBETHMOCTE 3BE3/ILL
Omowenwe E/E, o chopayne [ lorcona:

L= iz.ﬁ ] 2 {te=)
L

C yueroM L. = 1, nomy4aes:

£ _asppmem)

i
Bumnvan 3seymman sermrnia Commua m, = -26°, paccrosye 10 Coma r = 1 a.e, Bmivas
3ee3Han pemaanna 3 Croprmona m = 2".5]2, a paccrosnue 10 Hee r = 650 ce. iem. Belpams re ae,
nomyaM = 41 126475 a.e.. oncrarnss s dopayry, nomyuaem: L= 41126475 x2.51277 = 6651,

3. Onpedenims o 38E30HI0 SETHUHY KAMCO0PO KOMIOHEHIG MPEXKIAMHON 3823061 NO e
00Ul BUOLMOLT 38E20HON BETUNLINE 1T U COOMHOWEHLIO Giecka E vexcdy kovnonenmavie: m =

374

NEPEbILT KOMNOHEHI APHe Mpenibe2o 8 3.5 pasa;
BIMOPOLI KOMROHEHM APHe mpenbe2o 6 1.9 paxa.

CHavana 3anMIneM OTHOLSHHA GIeCKa MESKTY KOMIIOHEHTaMI, TaHHLIC B yenom: E/ E; = 3.5,
E/E; = 1.9 Orciona E; = 35E; E>= 1.9 E; BUumimMyio 38e3mHYI0 BETIHHHY KaATIOTD KOMIOHEHTA
TPEXKPATHOH 3Be3kI N0 ¢ 00LICH BHIHMMOM 3BE3HON BEMHUMHE m MOMKHO OTPEISTHTE, HCTIOME3YA
cpoparymy [lorcona, sarmicanyo /14 Norapiva OTHOLICHHA GecKa JaHHOTO KOMIOHEHTA K CYM-
MapHoMY (00iLemy) Gnecky eIl Hanpinvep, [g(E/ Ex) = 0.4{m;- m). Orcronams=m+ 25 [g(E/E;)
(*). Cynovaprrii (00upiii) Greck 3seymer E = E;+ E; + E; lloncrasue E; = 3.5E; u E>= 1.9E;, nony-
wim E = 3.5E; + 1.9E; + E; = 64E, CnenorarersHo, E/ E;= 64, | loncrasus B (*), 1 B HTore OyeM
MMeTs ;=3 .74 + 2.5 [e(6.4) = 57.75.

BrmimMyro 38e3HYIO BEIHYHHY NEPBOT0 KOMIOHEHTA Haiinem, uenonssyva (opayy: [e(E; / E;)
= O04(m;—my). Orcroma m; = my— 2.5 [g(E, / E,). loncrasus E,/ E; = 3.5 wm; nomyumns iy = 57.75—
251g(35)=4"38

Bumnvyio 38e3IHYI0 BEHMUHHY BTOPOID KOMIOHEHTA Haines, Henormssys qopaymy [g(Ex/Es) =
O4(m—m,). Orciona m, = m— 2.5 [g(E,/ E;). Toncrasam E/ E; = 1.9 m;nonyamMm, = 5".75-2.5
lg(1.9)=5"05.
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4 TIOACHUTEJIBHASA 3AIIMCKA K IPAKTUYECKUM PABOTAM

IIpakTHyeckue 3aHATHSA - OJHA W3 BAXHEHIIMX (OPM KOHTPOJIS CAMOCTOSITEIBHON pPaboTON
o0yyaroImuxcst HajJ y4eOHbIM MAaTepUaloM, KayeCTBOM €ro YyCBOCHMs. ['OTOBACh K MPaKTUUYECKUM
3aHATHAM, OOydaroluecs JAOJDKHBI M3YYUTh PEKOMEHIOBAaHHYIO JIMTEpaTypy: IE€PBOMCTOYHUKH,
COOTBETCTBYIOLIME pa3zeiibl yUeOHUKOB, YU€OHbBIX TOCOOUH, KOHCIIEKTBI JIEKIUH U T.1I.

Iear mnpakTH4eckux 3aHATHH — (QOPMHUPOBAHME NPAKTUYECKUX YMEHHIl: BBIIIOJIHEHHE
OTIpeNIeNIEHHBIX JCUCTBUI, orepanuii, HEOOXOJUMBIX B MOCIENYIOMEH NpodecCnOHaIbHON WM yaeOHOH
NESATENIbHOCTH, a TAKXKE KOHTPOJIb IPUOOPETEHHBIX YMEHUM U 3HAHUH.

B cBs3M ¢ 3TUM cojep)kaHuEM MPAKTUYECKUX 3aHATUN SIBJSETCS PELIEHUE 3a/ay, BHIIOJIHEHHE
BBIYUCIICHHH, pacy€TroB, paboTa C JMTEpaTypoil, paboTa C JIEKUUSMH, CIPABOYHUKAMHU, MHCTPYKLHUSMH.
BbINONMHEHNIO MPaKTHYECKUX 3aHATUH MOXKET NPEAIIECTBOBATH MPOBEPKA 3HAHMNA OOYYarOIIUXCS, HX
TEOPETUYECKON TOTOBHOCTH K BBIIIOJIHEHUIO 33aHUH.

Kpurepum oueHuBanus

Ouenka 5 craBuTCs 3a paboTy, BBINOJIHEHHYIO MOJIHOCThIO 0€3 OLIMOOK U HEI0UETOB.

Ounenka 4 craBurcs 3a paboTy, BBINOJIHEHHYIO MOJHOCTBIO, HO IPU HAIWYMM B Heil He Oosiee ogHOU
HEerpy0oil OIMOKHM ¥ OTHOTO HeJoveTa, He 0oJiee Tpex Hel0UEeTOB.

Ounenka 3 cTaBUTCA, €CJIM YYCHUK NMPABWILHO BBIOJHII HE MeHee 2/3 Bceil pabOThl MM AOMYCTHII HE
Oosee otHOM rpy0Oi OIIMOKK U ABYX HEIOYETOB, HE OoJiee OAHOM TpyOOi M OHON HETpyOOi OomMOKH, HEe
Oosee Tpex HerpyObIX OMMOOK, OHOW HEerpyOol OMMOKHM M TPEX HEJAO0YETOB, IPH HATHYUH YETHIPEX -TISITH
HEJI0YEeTOB.

Ounenka 2 cTaBUTCS, €CIIM YUCIO OIIMOOK M HE0UETOB MPEBBICUIO HOPMY JJISl OLIEHKH 3 WM MPaBUIBHO
BBITIOJIHEHO MeHee 2/3 Bcelt paboThI.

IlepeyeHb NpaKTHYECKUX 3aAHATHH
IT3Nel Onpenenenue pacctostHui 10 Ten COTHEYHON CUCTEMBI U UX Pa3MEPOB
[13Ne2 Pemenue 3anay Ha 3akoHbl Kemepa.
[1.P.Ne3 Mansbie tena CoTHEYHOU CUCTEMBI
[13Ne4 Pemienue 3amau Ha 3aKoH cMmernieHus Buna u 3akon Credana-bonbimana
I1.P.Ne5 Onpenenenue CBETUMOCTH 3BE3/1»
[13Ne6 DBomonus Beenennoil. 3akon Xa06ua
[13Ne7 YepHble IbIpbl, UX OPUPOJA U OACHOCTh
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INPAKTHYECKOE 3AHATHE 1
OIIPEAEJIEHUE PACCTOAHUMU 10 TEJ COJTHEYHOU CUCTEMbI U UX PASMEPOB

Ucnons3ys tpetnii 3akon Kemepa, cpennee paccrosHue Bcex miaHeT oT ColiHia
MOXHO BBIpa3UTh uepe3 cpenHee paccrosiHue 3emin ot Connna. OnpenenwB ero B
KWJIOMETPAX, MO’KHO HAWTH B ATUX €IUHUIIAX BCE paccTosiHus B COJIHEYHOM cucTeMe.

C 40-x romoB Halllero BeKa paJuOTEXHHUKA MO3BOJIMIIA OMPENENSITh PACCTOSHUS 0
HEOECHBIX TN MOCPEACTBOM PAIUOJIOKAIIMM, O KOTOPOW BBl 3HAeTe M3 Kypca (PU3UKH.
CoBeTckue 1 aMepUKaHCKHUE YYEHbIe YTOUHUIIN PaJHOJIOKaIuel paccTosaHus 10 Mepkypus,
Benepsl, Mapca u FOnurepa.

Krnaccudeckum crocoOoM OmpesesieHns: pacCTOSTHUM ObLT M OCTaeTCsl YTIOMEPHBIH
TEOMETPUUYECKHIA CIoco0. MM ompenensroT pacCTOSHUS U 10 NaJeKUX 3Be37, K KOTOPBHIM
METOJI PaguOJIOKAlMM HENPUMEHHM. [ eoMEeTpHYecKHil crnoco0 OCHOBAaH Ha SBJICHUU
NapaJJIaAKTHYECKOTO CMEILIEHUS.

llapannakmuueckum cmeujeHuem Ha3bIBAETCSI U3MEHEHUE HANpPaBIICHUS HA MPEIMET
IIpHU TiepeMeneHun HabmoaaTens (puc. 1).

Pucynok 2- I3MepeHne paccTOSHUS A0 HEIOCTYITHOTO MPEAMETA M0 MapauIaKTUIECKOMY
CMELIEHUIO.

[TocMoTpuTEe Ha BEPTUKAJIBHO IMOCTABJICHHBIM KapaHJall CHayaja OJHUM TJIa30M,
3aTeM JIpyrum. Bbl yBUANWTE, KaK OH MPU ITOM MEPEMEHMII MOJIOKEHNE Ha (DOHE HAIEKUX
MpEeAMETOB, HAlpaBJIEHUE HAa HEro M3MEHWIOCh. UeM gaibIlie Bbl OTOJIBUHETE KapaHJall,
TE€M MEHbIIe OyJeT napauiakTuieckoe cmenienue. Ho yem nanmbiie oTcTosAT Apyr OT apyra
TOYKU HaONIOAEHUS, T. €. 4eM OoJiblie 0a3uc, TeM OOoJblle NapallaKTUYECKOe CMEUIEHUE
IIpU TOM ke yAaJICHHOCTH TipeaMera. B HameM npumepe 6a3ucoM ObLIO PACCTOSTHUE MEXTY
rnazamu. [IpyHIUI MapaniIakTUYeCKOro CMENIEHUS IIUPOKO UCMOJIb3YETCSl B BOEHHOM JIEJIe
TIPY OTIPEJICIICHUH PACCTOSHUS JI0 TIeJIA MMOCPEACTBOM JlaabHOMepa. B manbHOMepe 6a3ucom
SIBJISICTCS] PACCTOSTHUAE MEXIY 0ObEKTUBAMU.

Jlnst u3mepenust paccrossauid 0 ten COoNMHEYHON CUCTEMBI 3a 0a3uc OepyT paauyc
3emumn. HaGmroparorT mosockeHue cBeTwia, Hanmpumep JIyHbl, Ha (oHE malekux 3Be3[
OJIHOBPEMEHHO U3 JIByX oOcepBaTopuid. PaccTrosiHue Mexay o6cepBaTOPUSIMU JOJIKHO OBITh
KaK MOJKHO OoJibllie, a COEIMHSIIOUIMI HX OTPEe30K JOHKEH COCTaBJsTh Yroiy, IO
BO3MOXXHOCTH OJIU3KHI K MPSMOMY C HalpaBJICHUEM Ha CBETUIIO, YTOOBI MapalIaKTHIECKOE
cMmernieHrne Obto MakcuManbHbIM. Onpenenus u3 1ByX Touek A u B (puc. 3) HanpaBieHus
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Ha HaOJII0JAaeMbIi 00BEKT, HECIIOKHO BBIYUCIUTH YTOJ P, MOJ KOTOPHIM C 3TOTO OOBEKTa
ObLT ObI BUJICH OTPE30K, PABHBIN paguycy 3eMIIH.

Csertuno

PucyHnoxk 3- I'opr30HTanbHbII Napaiiake CBETUIA.

VYroi, Mo KOTOPBIM CO CBETHJIA BUAEH paguyc 3eMIIH, NEPHIEHIUKYISIPHBIN K JIyuy
3pEHMS, HA3BIBAETCS 2OPUZOHMAILHBIM NAPATIAKCOM.

Yem Ooubllle pacCTOSHHWE 10 CBETWA, TEM MEHBIIE YroJl p. DTOT yroa paBeH
napauIakTUYEeCKOMY CMEIICHUIO CBETHIIA JjIsl HaOrogaTesel, HaXoamuxcs B Toukax JI u
B, Touno Tak ke kak CJIB mns mabmomateneit Betoukax C u B (puc. 2). CAB ymo6HO
onpenessaTh no paBHomy eMy BCA a paBHBI OHM, KaK YTIJibl IIPU MApAJIIEIbHBIX MPSMbBIX
(DC napamnensna AB 1o noctpoeHuto).

Paccrosnue
SC=D=-2
sin p
rae R - paguyc 3emmu. [IpunsaB R 3a equHuily, MOKHO BBIPa3UuTh PACCTOSIHUE O CBETHUIIA B
3€MHBIX paJinycax.

[Tapannakc Jlynsl cocraBnsier 57'. Bece mnanetrsl u ConHIle Tropa3io Jaiblle, U UX
napajuIakchl COCTaBISIIOT ceKyHAbl. [Tapamtake Connna, Hanpumep, pe = 8,8". Tlapaakcy
ComnHia cooTBETCTBYET cpeaHee paccrosinue 3emin ot CoinHua, mpumepHo paBHoe 150 000
000 kM. DTO paccTosiHUE MPUHUMACTCS 3a 00HY acmporHomuyeckyio eounuyy (1 a. e.). B
ACTPOHOMHUYECKHMX EIMHUIAX YacTO HM3MEPSIIOT paccTOsHUS Mexay TenamMu CoaHedHOM
CHUCTEMBI.

Pucynok 4- Onpenenenue TUHEMHBIX pa3MepOB HEOECHBIX CBETHII 110 UX YTJIOBBIM
pazmepam
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[Tpu ManbIX yriax sin p = p, €Clid Yrojl p BeIpakeH B paananax. Eciu p BbipaxeH B

CCKyHAax AyIru, TO BBOOAUTCA MHOKUTCIIb

sint” =

206265
rae 206265 — 4uucno ceKyH/ B OJHOM pajJuaHe.
Torpa

sinp = p”sinl1” = £
206265”

3HaHWE OATHUX COOTHOIICHWH YIPOINACT BBIYUCICHHE
Hapajuiakcy:
D — _206265" p

pll )

pacCTosdHnA 10 H3BCCTHOMY

1. Yemy paBeH ropu3oHTaJdbHBIM mNapawiakc IOnutepa, Habmomaemoro ¢ 3emiu B
MpOTUBOCTOSIHUY, eciu FOnuTep B 5 pa3 ganbiue ot CoiHila, yeM 3emiia?

2. Paccrosnue Jlynsl oT 3emuu B Onwpkaiiiiein k 3emiie Touke opoutsl (repuree) 363
000 kM, a B HaumOoisee ymameHHod Touke (amoree) 405 000 km. Omnpenenute
BEJINYMHY TOPU30HTAIBHOTO Mapasuiakca JIyHbl B 3TUX MOJIOKEHUSX.

3. U3mepwTe TparcmoptupoMm yroia DCA (puc. 1) u yron ASC (puc. 2), THHEHKON —
JIIMHy 0a3ucoB. Beruuciaute mo HUM cooTBeTcTBeHHO pacctosHusi CA u SC u
MPOBEPHTE PE3YIIbTAT MPSMBIM U3MEPEHUEM 110 PUCYHKaM.

4. VI3MeppTe Ha pUCYHKE 3 TPAHCHOPTUPOM YIJIBI P U Q U ONpeAesnuTe Mo MOoJTyYeHHbIM

JAaHHBIM OTHOILICHUC JHAMCTPOB I/1306pa)KeHHBIX TCII.
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ITPAKTUYECKOE 3AHSATHUE 2
PEHIEHUE 3AJIAY HA 3AKOHBbI KEIIVIEPA

OcHoBHBIE TeopeTHUYeCKHe cBeleHns. J[BrkeHue miaHeT Bokpyr CoiHia
onuceiBaeTcs 3akoHamu Keruiepa, kotopelie Oblu copmynupoBanbl Morannom Kernepom
TakK:

1. Bce maneTsl ABUXKYTCS 10 AIIIUIICaM, B OJJHOM U3 (POKYCOB KOTOPBIX (001IeM Asist
BceX IiaHeT) HaxoauTcs: CoJHiie.

2. Paaumyc-BekTOop TMJaHEThl B PpPaBHbIE MPOMEXKYTKH BPEMEHH OIHCHIBACT
PaBHOBEJIMKHE IJIOLIA/IH.

3. KBagparel cuIepuUecKuX IMepuoaoB oOpanieHuil 1miaHeT BOkpyr CouHia
IPOMOPIMOHATIEHBI Ky0aM OOJIBIINX MOJTyOCed UX AIUTUINTHUYECKUX OPOMT.

bnarogaps pabGoram WM. Hplotona mnomydensl o0oOmieHHble 3akoHbl Kermuepa,
KOTOpBIE€ B HACTOAILEE BPEMSI UMEIOT BU/I:

1. Ilon nelicTBUEM CHIIBI NPUTSDKEHUS OJIHO HEOECHOE TENO0 JBUXKETCS B IOJIE
TATOTEHUS! JPYroro HEOECHOro Tela MO OJAHOMY W3 KOHHUYECKUX CEYEHMH — KpyrTy,
IIMICY, Napabosie uiau runepbone. Ota (HOPMYIHpPOBKA IMOAXOAUT JUIsl OMUCAHUSA
JBUKEHUSI BCEX HEOECHBIX TEJI: CITyTHUKOB, KOMET, IBOMHBIX 3BE31 U JIp.

2. Ilnomaas, onucaHHas paJuycoM BEKTOPOM 3a €IMHHUILy BPEMEHH €CTh BEJIMYHMHA
MIOCTOSTHHASL.

IIpumepsl penreHus 3aga4:

1. Yepes kaxoil npomexcymox epemenu nogmopaomcs HUNCHUE COEOUHEHUS
Mepxypus?

Jlano: Pemenne:
T =1lroxn Onpeenure cHHOAMYECKHH nepuon Mepkypus:
®1 0
S T T,

_ o T T
Ty=024rong  Beimonnute npeodpasosarus GOpMYIsL: § = .

®
BrimosiHute pacuére: S = ]1 ?]2_: ~032r0/a

Haiiru: S-7 [lepeBeure CHHOMYECKHIT IIEPHO/ U3 JIET B CYTKH:

032-36525=117
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yepe3 117 cyrok.

OrBer: HiKHHE coeuHeHHs MepKypus NOBTOPAOTCS

2. Paccuumaiime npodoaxcumensHocms 200a Ha Benepe.

Jlano:

T@= lron
a® =]a.e.

a 0 =(,72 ae

Haiiru: '[j -7

Pemenne:

2 3
Sanmummre 111 3akon Kennepa: == <_

2

3
21 a@

k)
Boinosnure npeodpasoanue Gopmyist: 7'=T, (i-)

ag

3
Beimonxure pacuérsr: 7 =1 (Oliz) ~ 0,61

[lepeseaute 3BE3/1HBII NIEPHOJ B CYTKH: 0,61-365,25 ~ 223
Ortser: roj Ha Benepe jmres 223 s,
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MMPAKTUYECKOE 3AHSTHE 3
MAUJIBIE TEJIA COJTHEYHOM CUCTEMBI
1. Actepoubl

Mauble TIaHeThl, WK acTepOrIbl, B OCHOBHOM OOpalaroTcss Mexay opoutamu Mapca u FOnurepa
¥ HEBOOPYKCHHBIM IJ1a30M HeBUAMMEI. [lepBas Manas ruianera 6pu1a oTkphiTa B 1801 1., 1 o Tpaaunuu ee
Ha3BaJld OJIHUM U3 UMEH TpeKO-puMCcKoi Mudonoruu - [Jepepoii. Bckope OblIN HaliIGHBI U Apyrue Majble
IUIaHeThl, Ha3BaHHbIC [lanniada, Becma v FOnona. C npumeneHueMm ¢otorpaguu cTaiud OTKPHIBaTh BCE
Oosee cnabpie actepounbl. B Hacrosimiee Bpemsi m3BectHO Oonee 3000 acrepommoB. Ha mpoTspkeHMM
MIJLTHAP/IOB JIET aCTEPOUIbI BPEMS OT BPEMEHH CTAJIKUBAIOTCS IPYT ¢ ApyroM. Ha 3Ty MbICIh HABOJIUT TO,
YTO PsIJI aCTEPOUIOB UMEET He IMIapooOpasHylo, a HempaBmibHy0 ¢popMy. CymMMapHasi Macca acTepOUJIOB
ollcHHBaeTCcs Beero auib B 0,1 Maccel 3eMiu.

Campiii sipkuii actepoun; - Becta He ObIBaeT sipue 6-i1 3Be3aHONM BenudyuHbI. CaMblii KPYITHBINA
actepoun - Llepepa. Ero quamerp oxono 800 kM, u 3a opOutoit Mapca gaxke B CUIbHEHIIINE TEJISCKOIBI Ha
CTOJIb MaJIOM JUCKE HHUYEro Henb3si paccMoTpeTh. Camble MENKHE U3 U3BECTHBIX acCTEpOMJIOB HMEIOT
JTUaMETPhI JIMIIL OKOJIO KuioMeTpa (puc. 5 ). Koneuno, y acrepousioB HeT atMocdepbl. Ha Hebe mamnbie
TUTAHETHI BBITJISAAT KaK 3BE3/bl, OTUEr0 X M Ha3BajJHM acTePOMJAaMHU, UTO B MEPEBOJIE C APEBHEIPEUECKOTO
o3HayvaeT "3Be3aonoAo00Hbe". OHU 001aal0T XapaKTEpPHbIM JJIs IUIAaHET METIe00pa3HbIM MEpEMELIEHUEM
Ha (Qoue 3BesgHOro Heba. OpOUTHI HEKOTOPHIX AacCTEPOMJIOB HMEIOT HeoOblyaitHO  Oousbliue
sKcUeHTpUucuTeTsl. BeneactBue aroro B mepurenuu oHu nojaxonat kK Connuy Onmxe Mapca u 3emin,
a Uxap - 6mxe, yem Mepkypuii (puc. 6). B 1968 r. Ukap mpubnusuics k 3emie Ha paccTosiHue meHee 10
MJIH. KHJIOMETPOB, HO €r0 HUYTOXXHOE MPUTSDKEHHE HUKAKOTO BIMSHHS Ha 3eMilt0 HE mMelno. Bpems ot
BpeMeHH OJIM3KO MoaxoasT k 3emie ['epmec, DpoT u Ipyrue Masble IUIaHeThI.

< -
-
»
4

_— - |
Pucynok 5- Pa3zmep 0THOr0o U3 HaMMEHbBIIMX U3BECTHBIX ACTEPOUJIOB B CPABHEHUH CO 31aHueM MI'Y

Pucynok 6- OpOUTBI HEKOTOPBIX ACTEPOUIOB C OOJIBIINM IKCLIEHTPUCUTETOM OpPOUT
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HoBble acTepoupl OTKPBIBAIOT €XerogHo. [IepBoOTKphIBaTe b MMEET MPAaBO Ha BIOOpP HAa3BaHUS
OTKPBITOM UM IIJJAHEThI, KOTOPOE 3aTEM YTBEPXKAAETCA MEXKIYHAapOJHBIM KOMHUTETOM. Yame Bcero
acTepouiaM PUCBAMBAIOT UMEHA U3BECTHBIX YUCHBIX, TEPOEB, AeATenei uckyccrsa. Tak, B 1978 1. ObL1
OTKPBIT acCTEPOU]I, MOJIYYUBILNI T031HEE UMl Boponsenus B 4eCTh aBTOpa HACTOALIETO Y4eOHHUKA.

2. boauapl U1 METEOPUTHI

BonumoM Ha3bIBaeTCs MTOBOJILHO PEIKOE SIBICHUE - JICTAIIUI MO HeOy OTrHEHHBIH map (puc. 7).
OTO sBIICHHE BBI3BIBACTCS BTOP)KEHHWEM B IUIOTHBIE CJIOW aTMOC(hEpbl KPYMHBIX TBEPABIX YACTHIL,
HA3bIBAEMBIX METCOpPHBIMU Tenamu. J[Burasce B armocdepe, yYacTHI]a HarpeBaeTcsl BCJEICTBUE
TOPMOXKEHHSI M BOKPYr Hee oOpa3yercsi oOmIHMpHas CBETAIAsACS 000JI0YKa, COCTOSMIAs U3 TOPSUUX
ra3oB. bonuapl 4acTo MMEIOT 3aMETHBINM YTJIOBOW quameTp M ObIBalOT BHUIHBI Jaxke qHeM. CyeBepHbIe
JIOQY TNPUHUMAJIM TaKue OrHEHHbIE LIapbl 3a JIETALIMX JPaKOHOB € OrHeAblmamied nactbio. OT
CHUJIBHOT'O COIPOTUBJIEHUS BO3JlyXa METEOPHOE TEJO HEPEIKO PACKAJIbIBAETCS U C TPOXOTOM BBINAJAET
Ha 3eMJII0 B BUJIE OCKOJIKOB. OCTaTKU METEOPHBIX TE€J, YIABIIME HA 3€MJI0, HA3bIBAIOTCS METEOPUTAMH.

Pucynok 7- Iloner 6onuna

MerteopHoe Teno, umerolee HeOOJbIINEe pa3Mepbl, HHOT/IA LEIMKOM HcHapsieTcss B aTMocdepe
3emun. B OonbIIMHCTBE CilyyaeB €ro macca 3a BpeMs IOJIeTa CHJIbHO yYMEHBIIAeTCsl M 10 3eMIIH
JI0JIETAIOT JIMILb OCTATKH, OOBIYHO YCIHEBAIOIME OCTHITh, KOI/Ia KOCMUYECKasi CKOPOCTh yXe MoramieHa
CONPOTHUBIICHNEM BO31yXxa. MIHOT1a BhINAAAaeT LEIblii METEOPUTHBIM N0X1ab. IIpu monere meTeopuTsl
OIIABJISIIOTCS U NOKPBIBAIOTCS Y€pHOW KOpoukoM. OnuH Takol "depHbIM KamMeHb" B MeEKKe BIENlaH B
CTEHY Xpama U CIYKUT MPEIMETOM PETUTHO3HOTO OKJIOHEHMS.

M3BecTHBI TpH BHJIa METEOPUTOB: KaMEHHbIE, jkeJe3Hble (puc. 8) M xene3o-kameHHble. MHoraa
METEOPUTHl HAaxXOJAT Yepe3 MHOro JeT mocie ux mnajgeHus. OCOOEHHO MHOr0O Hai/IeHO >KENe3HBIX
meteoputoB. B CCCP mereopuT - COOCTBEHHOCTh TOCYAApCTBA M TOJJICKHUT C/ade B HaydHbIE
yupexaeHus uisi uzydeHud. [lo conepikaHui0 paMOAaKTUBHBIX 3JIEMEHTOB M CBHUHIA ONpPEAEISIOT
BO3pacT MeTeopuToB. OH pas3iauyeH, HO CaMble CTapble METEOPUTHI UMEIT Bo3pacT 4,5 MipA. JeT.
HekoTopsie Hanbosiee KpynHble METEOPUTHI IIPU OOJIBIIION KpaTep U 00pa3yloT METEOPUTHBIE KPAaTEpPhl,
HaroMuHaroIue JyHHble. Camblil O0JIBIION KpaTep U3 XOPOLIO COXPAHUBIIMXCS HAXOIUTCS B ApHU30HE
(CIIA) (puc. 9). Ero muamerp 1200 M u rimyouna 200 M. DTOT Kparep BO3HHK, MO-BHIAMOMY, OKOJIO
5000 ner Hazan. Haiinenwl cnenpl eme Oonbmimx U Oojiee TPEBHHUX METEOPUTHBIX KparepoB. Bce
METEOPUTHI - 3TO WIeHb COMHEYHON CUCTEMBI.

Pucynok 8- XKenesHslii MeTeoput
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Pucynok 9- Apu3oHCKHII METCOPUTHBIN KpaTep

Cyns o TOMy, 4TO OTKPBITO HEMAJIO MEJIKUX aCTEPOHIOB, EpeceKaromux opouty Mapca, MOKHO
IyMaTh, YTO METEOPUTHI - ITO OCKOJKHU TE€X acCTePOHIOB, KOTOpbIE MEPECeKaoT OpOuUTy 3eMIIu.
CTpyKkTypa HEKOTOPBIX METCOPUTOB CBUICTEILCTBYET O TOM, YTO OHHM MOJBEPrajiiChb BBICOKUM
TeMIlepaTypaM M JaBIICHUSM M, CJIEIOBATEIbHO, MOTJIM CYLIECTBOBATh B HEApPax pa3pylIMBILIEHCS
IJTAHEThI WJIM KPYITHOTO acTepOna.

B cocraBe meTeopuTOB O0OHAPYKEHO 3HAYUTEIHLHO MEHBIIEE YHCIO MUHEPAJIOB, YEM B 3€MHBIX
TOPHBIX MTOPO/aX. ITO CBUAETEILCTBYET O MPUMUTHUBHOM XapaKTepe METEOPUTHOro BemiecTBa. OiHaKoO
MHOTHE MUHEPAJIbl, BXOJSIINE B COCTaB METEOPUTOB, HE BcTpedatoTes Ha 3emiie. Hanpumep, kameHHbIE
METEOPUTHI COJEPKAT OKPYIJIbIC 3€pPHA - XOHAPHI, XUMUUYECKUN COCTAB KOTOPHIX MOYTH UIACHTHYEH C
cocraBoM ConHna. 2OTo Hauboyiee J[ApeBHEE BEIIECTBO AT CBEACHUS O HayalbHOM JTame
dbopmupoBanus riaHeT COTHEYHOH CUCTEMBI.

3. Kometbl. UX OTKpBITHE U JBUKECHUE

Haxomsice B mpoctpanctBe Branu oT CoJiHIIAa, KOMETHl UMEIOT BHUJ OY€Hb CIA0BIX, Pa3MBITHIX,
CBETJIBIX MATEH, B IICHTPE KOTOPBIX HAXOIUTCS SAp0. OUYeHb SIPKUMH U "XBOCTATHIMU'" CTAHOBSITCS JIUIIb
T€ KOMETBI, KOTOPbIE POXOJAT CPaBHUTENBHO 0Ju3Kk0 oT ComnHila. Bua koMeTsl ¢ 3eMiIM 3aBUCUT TaKXKe
U OT paccTOsIHUS 10 Hee, yriaoBoro pacctosuust ot Comuua, cBeta JIyHbl u T. m. bonbiine KOMeTHl -
TyMaHHbIE 00pa30BaHMsI C JJIMHHBIM OJICITHBIM XBOCTOM - CUMTAJIUCh BECTHHUKAMHU PA3HBIX HECUACTHIA,
BOMH u T. . Eme B 1910 r. B napckoit Poccun cinyxxunu mMoneOHbI, 4ToObl OTBECTH "OOXHiIl THEB B
o0Opaze KoMeThI".

Brnepseie 1. HpioTOH BhIUMCIMI OpOUTY KOMETHI U3 HAONIOJACHUN €€ MepeMellleHus Ha (oHe
3Be3]] U yOeauics, YTO OHa, MOJO0OHO IulaHeTaM, JBuranachk B CONHEUHOM cucTeme Moj JeHCTBUEM
srorernst Conmuua. Ero coBpemeHHuWK, aHrnumiickuit ydenwiit J. [annei (1656-1742), Bbrumcius
OpOUTHI HECKOJBKUX TOSIBIISIBIIUXCS paHee KOMET, mpeamoioxwi, yro B 1531, 1607 u 1682 rr.
HaOmo/anach OJHA W Ta JK€ KOMeTa, MepHuoaudeckd BosBpamiawoomascs K ConmHIly, W BIEpBBIC
npeackasan ee nosieiueHue. B 1758 r (uepe3 16 ner mocne cmeptu ["ames), kak u ObUIO TpeicKa3aHo,
KOMeTa JeMCTBUTENIHHO MOSBUIIACH U TMOJyunsia Ha3BaHWe koMmeThl ['amies. B adenuu ona yxoaut 3a
opouty Henrryna (puc. 10) u yepe3 75-76 netr BHOBb Bo3Bpamaetcs k 3emuie u Conaiy. B 1986 r. ona
CHOBa Mpolia Ha Kpartdaiiem pacctosHuu oT ConnHma. Ha BcTpedy ¢ koMeToil BHepBble OBLIH
HalpaBJIeHbl ~AaBTOMAaTUYECKHWE MEXKIUIAHETHbIE CTAaHIUM, CHAOXEHHBbIE pA3JIMYHOW Hay4YHOMU
anmnapaTrypou.

Pucynok 10- Op6uts! komet ["amies u DHke
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Pucynok 11-Komera I'annes (ssuBaps 1986 r.). Buaen uznom xBocra noj; BO3A€HCTBUEM COJHEYHOT O BeTPa
B MarHUTHOM nosie ConHua. (Pororpadus nosydeHa Ha BHICOKOTOpHOM cTaHuuu (BbicoTa 2800 M)
Kazaxckoii o6cepBaTopun.)

Komera T'amness oTHocuTCs K 4HMCIY nepuoouueckux Komem. Tenepb HU3BECTHO MHOIO
KOPOTKOIIEPUOANYECKUX KOMET C MepHoJaMu OOpalleHus oT Tpex (komema Ouke) 10 necatu jer. Mx
adenmuu iexar okojio opobutsl FOmurepa. [Ipubmmkerne KoMeT K 3emiie U UX OyayIuil BUTUMBINA ITyTh
110 HeOy BBIUUCIIAIOT 3apaHee ¢ 00JbIION TOUYHOCThIO. Hapsay ¢ 3TUM ecTh KOMETbI, JBUTAIOIIMECS 110
OYCHb BBITSHYTHIM OpOHMTaM C OOJBIIUMH TepHOJaMH oOpaimieHus. Mbl MpUHIMaeM UX OpOUTHI 3a
napabosibl, X0Ts B ACHCTBUTEIBLHOCTH OHM, IIO-BUAMMOMY, SIBIISIIOTCS OYEHb BBITSIHYTBIMH 3JUIUIICAMU,
HO pa3JIM4MTh, 3TH KPUBBIE, 3HAS JIHUILIb MAJIbI OTPE30K IMyTH KOMET BOIM3H 3emiu U CoiHIla, HEJETKO.
BonbIIMHCTBO KOMET HE UMEIOT XBOCTA U BUJHBI JIMILBb B TEJIECKOIL.

Kaxnpiii rox mosiBIAIOTCS CBEACHHMSI 00 OTKPBITUM HECKOJBKMX HEWU3BECTHBIX DPAHEE KOMET,
KOTOpbIE MOJYYaloT Ha3BaHME MO (haMMINU OOHAPYKUBLIETO X y4eHOro. B karanoru 3aHeceHO OKOJO
TBHICSIYM HAOJI0IaBIINXCS KOMET.

4. ®uznueckas IpUpoaa KOMET

Manenpkoe SApO AMAMETPOM B JIOM KHIOMETpa SIBISETCS €IMHCTBEHHOM TBEPJAOM YacCThIO
KOMETBI, U B HEM NPAKTUYECKU COCPENOTOUYEHA BCS €€ Macca. Macca KOMET KpaliHe Majla U HUCKOJIBKO
HE BJIMSIET Ha JBM)KEHUE TUTaHeT. [1naneTsl e npou3BoAsT OOJbIINE BOSMYILEHUS B IBUKEHUHN KOMET.

Anpo KOMEThI, MO-BUAMMOMY, COCTOMT U3 CMECH IBUIMHOK, TBEPABIX KYCOYKOB BEIIECTBA U
3aMep3IINX ra30B, TAKUX, KaK yIJIEKUCHbIN ra3, aMmuak, Metat. [lpu npubnmxenun komets! k ConHIly
AP0 MPOTPEBACTCS U U3 HErO BBIACNSAIOTCA Ta3bl M MbUb. OHU CO3/1aI0T Ta30BYI0 000JIOUKY - TOJIOBY
KoMeThl. ['a3 u mblIb, BXOJAIINE B COCTAB I'OJIOBBI, MO ACHCTBUEM JABJICHHS COJTHEUYHOTO U3ITYyYEHUS U
KOPITYCKYJISIDHBIX ~ [TOTOKOB  00pa3yloT XBOCT KOMETbI, BCErja HaNpaBiCHHBII B CTOPOHY,
npotuBomnoioxuyr ConHily (puc. 12).

Pucynok 12- XBocT KOMeThI pacTeT ¢ npudnmxkenuem ee k CoiaHIly U Bcerja HamnpasieH oT ConHia
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Yem Ommke k CoNHIy MOJXOAUT KOMETa, TEM OHA sipuye M TeM JJIMHHEE €€ XBOCT BCIEACTBUE
Oonpliero ee OOJy4eHHs M HHTEHCUBHOIO BbIIENEHHs ra3oB. Yamie Bcero OH MNpsMON, TOHKHIA,
CTpyHYaThiii. Y OOJBIIMX M SPKUX KOMET MHOTAA HAOJIOJACTCs IIUPOKUM, M30THYTHII BEEpPOM XBOCT
(puc. 13). HekoTopble XBOCTBI IOCTUTAIOT B JUIMHY paccTosiHUA OT 3emin 10 CoiiHIa, a rojoBa KOMETHI
- pazmepoB Connua. C o ynanenuem ot CostHIIa BUI M IPKOCTh KOMETBI MEHSIFOTCS B 00paTHOM MOPSI/IKE
U KOMeTa Mcye3aeT U3 BUja, JOCTUrHyB opOuTsl FOnuTepa.

- k3 ; o < R };ﬁ. ..
Pucynok 13- ®otorpadus komerst Mpkoca 1957 r.

CriekTp TOJOBBI M XBOCTa KOMETHI HMEET OOBIYHO SPKUE MOJIOCHl. AHAIIU3 CIIEKTpa MOKA3bIBAET,
YTO rojiIoBa KOMETHI COCTOMT B OCHOBHOM M3 IIApOB YIJIEpoja U I[MaHa, a B COCTaBE €€ XBOCTa UMEIOTCS
MOHHM30BaHHbIE MOJEKynbl okcuna yriepona (II) (yrapaoro rasza). CrnexkTp sapa KOMETHI SIBISIETCS
KOIIMEN COJIHEYHOTO CIEKTpa, T. €. AP0 CBETUTCS OTPAKEHHBIM COJIHEYHBIM CBETOM. ['010Ba M XBOCT
CBETSATCS XOJOJIHBIM CBETOM, TOIJIOIIAas M 3aTeM Iepeusliydas COJHEUHYI0 DSHEpruto (310
pazHoBUAHOCTH (hiryopecuenuun). Ha paccrosinuu 3emin ot CoHIla KOMETa He Topsiyee, ueM 3emls.

Boiparomuiics pycckuii yuensid @. A. bpenuxun (1831-1904) pazpaboTan crocod onpeaeneHus
10 KPUBU3HE XBOCTA CHJIBI, ACUCTBYIONIEH Ha ero yacTuibl. OH yCTAaHOBMII KJIACCH(UKAIIMIO KOMETHBIX
XBOCTOB U OOBACHWI psAll HAONIOIaeMBIX B HHUX SIBICHHI Ha OCHOBE 3aKOHOB MEXaHWMKHU U (u3uku. B
MOCJIE€AHUE TOJbl CTaj0 $ICHO, YTO JBHXKEHHE Tra30B B NPSIMBIX XBOCTaX U M3JOMbI BBI3BaHbI
B3alMOJCIICTBUEM HMOHHU30BAHHBIX MOJIEKYJ ra30B XBOCTAa C HAJETAIOLUIMM HA HUX IOTOKOM YaCTHUI
(xopmyckyin), neTsmux oT CojiHIa, KOTOPbIN Ha3bIBalOT COJHEUHBIM BeTpoM. Bo3aeiicTBre COMHEUHOro
BETpa Ha MOHBI KOMETHOTO XBOCTa IMPEBOCXOMAT UX NpUTsKeHHe COJHIEM B ThICSAYM pa3. Y CUIICHHE
KOPOTKOBOJIHOBOM paguanuu CoslHIa U KOPIYCKYJISIPHBIX TOTOKOB BbI3bIBAET BHE3AITHBIE BCIBILIKU
SAPKOCTH KOMET.

W B Halie Bpems MHOI/Ia Cpeld HAceJIEeHUs! BBICKA3bIBAIOTCS OMACEHUs, YTO 3e€MJIsl CTOJIKHETCS C
komero. B 1910 r. 3emuist npoiia CKBO3b XBOCT KOMETHI ['aines, rae ectb yrapHslil raz. OgHako ero
IpUMECh B NPU3EMHOM BO3AYyX€ HE yIaJoCh OOHAPYKUTh, TaK KaK JaXe B TIOJIOBE KOMETHI Ta3bl
ype3BbIuaiiHO paspexeHbl. CTOIKHOBEHHE 3eMIIM C SAPOM KOMETHI KpailHe MajoBeposiTHOe COOBITHE.
Bo3moxHO, Takoe cTroikHOBeHHE Habmoganock B 1908 r. kak magenue TyHrycckoro mereoputa. Ilpu
9TOM Ha BBICOTE€ HECKOJBKHMX KHUJIOMETPOB MPOM3OIIE] MOIIHBIM B3PbIB, BO3AYIIHASA BOJHA KOTOPOTO
MOBAJINJIA JIEC HA OTPOMHOM TUIOIIA[TH.

5. Mereopsl ¥ METEOPHBIE TTOTOKU

JlaBHO 3ameueHo, YTO si/ipa MEePUOJAMYECKHUX KOMET MCTOINAIOTCA, C KaXXIbIM O0OOpPOTOM OHHU
cBerarcsi Bce crnabee. He pa3 HaOmojganoch AeleHHE KOMETHBIX SAep Ha 4YacTU. DTO paspyllieHHe
MIPOM3BOJMIIM JTUOO COJIHEUHbIE NPHIIMBBI, JTUOO CTOJIKHOBEHMSI C METEOpUTHhIMH Tenamu. Kowmera,
OTKpBITasi YEUICKMM Y4eHbIM buaioii eme B 1772 r., Habmoganach Ipu MOBTOPHBIX BO3BPALICHUSAX C
cemMuseTHUM nepuosoM. B 1846 r. ee siapo pacmanoch, U OHa MPEBPATWIIACH B JIBE ClIaOble KOMETHI,
KoTopble mocie 1852 r. He Habmonanuck. Korma B 1872 r., mo pacueraM, MCYE3HYBIIME KOMETHI
JOJDKHBI ObUTH TPOUTH BOJMM3U 3emid, Habmoaancs n1oxkap "mamgarommx 38e3a". C Tex mop 27 HoAO0ps
3TO SBJIEHHE TIOBTOPSIETCA €XKErofHo, XOTd H MeHee d(pdekTHo. Menkue TBepAble YaCTUUKH
pacnasierocs siipa ObIBIIEH KOMeThl buaibl pacTsHynuch B0db ee opOouTh (puc. 14), u, koraa 3emist
nepeceKaeT X MOTOK, OHU BIIETAIOT B €€ aTMoc(epy. DTH YaCTUUKH BBI3BIBAIOT B aTMOC(epe sBICHHE
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METEOpPOB U IOJIHOCTBIO pa3pyllaloTcs, HE Josietas A0 3eMiu. M3BecTeH psn ApYyrux METEOpPHBIX
MOTOKOB, IIMPHHA KOTOPBIX, KaK MPaBUJIO, HEU3MEPUMO OOJIbIIe, YeM pa3Mep MOPOIUBLINX HX SAEP
KOMeET.

PI/ICYHOK 14-Cxema MMPEBPAlICHHA paclIagaromerocs aapa KOMCThI B IIOTOK MECTCOPHBIX YaCTHI]

C xometoit ['aymnest cBs3aHbI JiBAa METEOPHBIX TOTOKA, OJUH M3 KOTOPBIX HAOJOMAaeTCs B Mae,
ApyToii - B HOSIOpE.

®dororpadupys nyTh OAHOTO U TOTO K€ METEOopa Ha 3BE3THOM HeOe, KaKk OH MpoeuupyeTcs A
Ha0IrI0aTeNe, OTCTOSAIIMX APYyr OT apyra Ha 20-30 KM, ONpenensitoT BBICOTY, Ha KOTOPOI MOSBUJICS
Mereop. Yamie Bcero MeTeopHbIE Tela HauyMHAKT CBETUThCs Ha BbicoTe 100-120 KM M MOJHOCTBIO
ucnapsroTcs yke Ha BbicoTe 80 kM. B UX criekTpax BUIHBI SPKUE JTHHHUH XKeJie3a, KaabIisa, KpEMHUS U
np. V3yueHue CHEKTpOB METEOPOB MO3BOJIIET YCTAHOBUTH XMMHMUYECKHUW COCTaB TBEPABIX YACTHII,
MOKWHYBIIUX SApO0  KomeThl. Dotorpadupyst moner wmereopa Kamepoil, OOBEKTHB KOTOPOH
MEPEKPHIBAETCS BPAIAIOIIMMCS 3aTBOPOM, MONYYarOT MPEPBIBUCTHIN Clel, MO KOTOPOMY MOXKHO
OIICHUTh TOPMOKEHHE METEOPa BO3TYXOM.

Macca MeTeopHBIX TeNl - MOpsAIKa MUJUTUTPAMMOB, a pa3Mep - JOJIH MILIUMeTpa. BeposTtHo,
METCOpHBIC TeJla - ITO TOPHUCTHIC YACTHIIBI, 3aIIOJITHCHHBIC KOMETHBIM JIbJOM, KOTOPBIN HCTapseTcs
MIEPBBIM.

VYnaercsi onpenenuTh U CKOPOCTh METEOpPOB. MeTeopHbIe Tefa, JOTOHSIONME 3eMITI0, UMEIOT
CKOpPOCTH, ¢ KOTOPBIMH OHHU BIIETAIOT B aTMochepy, He MeHee M km/c, a neTsie HaBcTpeuy 3emie - 10
60-70 xm/c.

THlooymaiime, nouemy MUHUMATLHASL U MAKCUMAIbHAS CKOPOCMU BCMpedU MemeOpHbIX mel C
Bemnent umerom umMeHHO maxKue sSHA4eHUs.

Packanennbie ra3bl, OcTaBIsieMble METEOPHBIM TEIIOM, O0Pa3ylOT CBETSIIUNCSA ciea. MereopHas
YacTHUIA HAa CBOEM IyTH MOHU3YeT Bo3nyX. Ciea M3 MOHW30BAaHHOTO BO3yXa OTPa’KaeT PajuOBOJIHEI.
DTO MO3BOJHIIO MPUMEHUTH JIJISI H3yYEHHUSI METEOPOB PaINOJIOKATOP.

MeTteopsl MHOTAA KaXXyTCs BBUICTAIONIMMH K3 HEKOTOpod oOnacTh Ha Hebe, Ha3zbIBaeMOMU
paJiiaHTOM MeTeopHOro motoka (puc. 15). Oto addext mepcnexktuBsl. [lyTr MeTeOpoB, JETAIIUX TO
MapajuIeIbHBIM HAIMPaBJICHUSIM, OyJIydd TMPOJOJIKCHBI, KXKYTCS CXOJANIUMUCS BIAIH, KaK PEIbCHI
Kele3HO! Joporu. PaanaHT HaXxoauTcst Ha HeOe B TOM HAIPaBJICHUH, OTKY/A JIETAT JaHHBIE METCOPHBIC
Tena. Besakuii paanaHT 3aHUMAaeT ONPECIICHHOE MTOJI0KEHNE CPEA CO3BE3IMA M YIaCTBYET B CyTOUHOM
BpameHun Heba. [lonmokeHue paamaHTa ompeAenseT Ha3BaHHE METEOPHOTo MmoToka. Hampumep,
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MeTeopbl, HaOmogaromuecss 10-12 aBrycra, paaMaHT KOTOpbIX HaxoauTcss B co3e3auu Ilepces,
Ha3bIBAIOTCS IIEpCEUIaMH.

Pucynok 15- Jloxap MeTeopoB U3 paguanta. IPGheKT nepCreKTUBbI
3agaHus:

1. ITocne 3axona ComHIla Ha 3arajie HaxoauTcsa koMeTa. Kak OTHOCHTENIbHO TOPU30HTA HaIIpaBJIeH €
XBOCT?

2. KakoBa Gouibiiast ock opOuTHI KOMeTHI ["aiies, ecinu nepuoy ee ooparmenus 76 yer?

3. Kak M03kHO 10Ka3aTh, 4TO ACHCTBUTEILHO 3BE3/bI ¢ HeOa He maaarT?

4. bonmn, 3amMedeHHbIN Ha paccTossHuM 0,5 KM OT HaOt0AaTeNs, UMe BUAUMBIN TUCK BJBOE MEHBIIIE
ayHHoro. KakoB Obu1 ero AeficTBUTENbHBINA JUaMeTp?

5. Moxer nu KoMeTa, NepUOAMYEcKH Bo3Bpamasich K CoyHIy, BEYHO COXpaHSATh CBOM BHUJ
HEU3MCHHBIM?
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INPAKTUYECKOE 3AHSATHE 4
PEHIEHUE 3ATAY HA 3AKOH CMEIIEHUSA BUHA

Jakon Cme (hana-boavymana.

MogctaHoBka (1.10) B (1.3) W BeINONHEHME WHTErPUPOBAHMA (CM.
3agavy 1.1) npueogut k 3akoHy Cre(haHa-BonbUMaHa, onpejensowemy
3HEpreTUYecKky o CBETUMOCTb aBCONKTHO YepHOro Tena:

M =o-T* (1.12)

rje  0=567-10"° Br/(m*K") - nocTosnHas Ctethana-EonblmaHa.
B COOTBETCTBMM C 3akoHOM CTedaHa-BonblMaHa 3HepreTuyeckas
CBETUMOCTb abCOMIOTHO YEpHOTO Tena MponopLiMoHanbHa YeTBEpToi
CTeneHw ero abconioTHOI TeMNEpaTypbl.

[IN8 cepblX Ten 3aBUCMMOCTb JHEPreTMYECKod CBETUMOCTM OT
Temneparypbl Gonee cnoxHas:

M, =a; -0 T, (1.13)
NOCKONbKY HDEEIJEIJHU,HEHT TENNOBOrO M3NYYEHWA &y ABNAETCA B DﬁLuEM
cnyy4ae yHKLMen TeMneparypol.

Jakon cmewenua Buna

MccnegoBanue dopmynbl (1.11) Ha akcTpemym NO3BONAET 3aKMHOYNTH,
YTO B CNEKTpEe M3ny4yeHus abconioTHO YepHOro Tena UMEETCS MakCUMyM,
MPUXOAALWNIACA Ha ANWHY BOMHbI A_, ONPEdenseMyl Temneparypoi

Tena: A = % (1.14)
rie b=29010"m K.

CooTHowweHWe (1.14) onucbiBaeT 3aKkoH CMeWeHus BuHa, B
COOTBETCTBHN C KOTOPbIM C MOBbILUEHUEM Temnepatypbl Tena AnuHa
BOMHEI, Ha KOTOPYK NPUXOAWUTCA MaKCMMyM W3ny4yeHusa, CMeELaeTCH B
yneTpacWoneTosyw obnacTe cnekTpa.

MaKkcumanbHas  cnekTpanbHas  NNOTHOCTb  3HEPreTU4ecKoi
CBETMMOCTM ONpeaenseTca U3 COOTHOLEHNA (1.14) n (1.11) n pasHa

M =C-T°, (1.15)
rme  C=1,29-10" Br/(m*K°).

mi
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IIpuMepsl pelieHus 3a1ay:

3amava 1. [IoToK 3HEpruu, U3ay4aeMol U3 CMOTPOBOTO OKOIIKA TUIaBUJIbHOW neun, O
= 34 Br. OnpenennTs TeMIepaTypy Meds, eClIt IIOManb OTBEpCTH S = 6 cMm2.

Jlano:

® =34 Br
S=610*m?
T-7?

Pemnenne

Ilo zaxkony Credana - BonsnMana

R,—cT*

oT KyJa

r-ofe
g ]

ITo onpenenenuto

@ T 35
R =—. torma T= |—. T= - _ =1000K
=5 So 610 56710

OtBet: 7= 1000 K.

3agaya 2. KakoBa mommkHa OBITH TemmepaTypa aOCONIOTHO YEPHOTO Tella, YTOOBI
MaKCHUMyM CIIEKTPAJIbHON TJIOTHOCTH JHEPreTHUECKON CBETUMOCTH TPHUXOIWJICS Ha
KpacHyo rpauiy BugumMoro crekrpa (7,6 - 107)? Ha ¢uonerosyro (3,8 - 107 m)?

Jlano:

A, =7.6-107
Ay =38-107
r-17,-7
Pemenne

Temnepatypy onpenenum nu3 3akoHa Buna:

[ &

f"’ﬁ‘]:_-.: CITK}’;[E. f:‘_:’ C?ZEHED_EMK_
I i, :
Brrauciaum
z9.i07° 23,10
) ?-5i[}_ ?’-EE[}_
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Orper: 1: =3810K, T, =7620K.

3amaua 3. Kakoe KOMMYECTBO SHEPIUM U3IydaeT 1 cM? 3aTBEpAEBAKOIIErO CBHHIA B |
CEK. OTHOULICHHE IHEPreTHUUECKUX CBETUMOCTEN MOBEPXHOCTEH CBMHIA U aOCOJIIOTHO
YEepHOro Teia g 3TOW Temmueparypsl cumtarb paBHeiM 0,6. Temmeparypa
nosepxHoctu t = 327 °C.

Jlano:
§=10"u’
t=1c
a=0,6
T=600K
W-?

Pemenune

IIo zaxony Credana - BonsnMana A abCOMOTHO
9EPHOTO TENna

A 0000 TeNA

R=z=aR =acT"

rac R'—’ - OHCPICTHUYCCKasd CBCTUMOCTD TCJIA.

=2

U5y W=R St

ITo onpeeneHno OTKyJ1a W=acl 3t

, TOr1a
Boruucnum suepruto W:

W =08-367-107°-6007 . 107 . 1=0,46 T

OtBer: W= 0,46 [Ix.
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INPAKTUYECKOE 3AHSATHE 5
«OIIPEJEJIEHUE CBETUMOCTH 3BE3/1»

Llens padoTsi: H3y4ueHHe KIaccH(HUKALIMH 3BE3IHLIX CIEKTPOB, AHATPAMMEI
I epmuinpynra-Peccena, onpeaeneHue cCBETHMOCTEH 3BE3.

Obopyaoeanne n nocodns: IBM - coemecTumelii komnesiotep THna XT/AT
286 M BeILIE, ¢ MOHHTOPOM He Xyi#e EGA 256 K, DOS sepcun He ke 3.0, naker
nporpamMM ASTRONOM, acTpoHOMHYECKHIT KaneH apk (NOCTOAHHAA YacTh), LIene-
BLIE CICKTPOrpaMMEl 3BE3/1.

Bonpocs! k fonycky:
1. 'apBapackas knaccHMKalLMA 3BE3IHBIX CTICKTPOB.
2. lnarpamma I epummpynra-Peccena.

OcHosHble M eopemuieckie ceedenHun

CnexmpanbHas Kiaccupurkayua. 3Be3HLIC CIEKTPLI MO3BOAIOT W3Yy4aTh
(pH3MUECKHE XapaKTEPHCTHKH 3Be3/ H CYIHTh O MpoLeccax, MPOHCXOAAIIHX B X He-
apax.

3Be3/Ibl HMEKOT HEMPEPBIBHEIC CMIEKTPhl, HA KOTOPLIC HAKIAALIBAIOTCA TEMHBIC
H APKHE CHEKTPANbHBIC IHHHH. Painn4yna CeKTPOB 3Be3/ 3aKMI04al0TC B KOJIHYeCT-
BE H HHTEHCHBHOCTH Ha0IIONaeMBIX CIEKTPaNbHLIX JTHHHI, a TAKKE B pacnpenene-
HHH JHEPTHH B HENPEPLIBHOM CIIEKTpE.

YacTe mydeii, npoxoadaummx depes atMocpepy 3Be3bl, MOrNOMAeTes, NPHIEM
ITO MOTJIOIIEHHE MOMKET OBITE HENPEPLIBHEIM, KOIJa oclnadnaeTca HeKOTopkIil Domee
HIIH MEHee NpOTAKEeHHBIH YIacTOK CNEKTPa, H H30HpaTenbHEIM, KOT1a NOrI0MainTcs
Y3IKHE YUACTKH CIEeKTpa.

CrnexTpsl 0ONLIIHHCTBA 3Be3 VAAN0CH PACNONMKNTE B BHAE NOCIE0BATENb-
HOCTH, BAOJE KOTOPOH JTHHHH OJHHX XHMHYECKHX DIE€MEHTOB MOCTENEeHHO ochade-
BAIOT, @ APYrHX — ycunusaioTes. Cxoausie Mesxkny coboii cnekTpel 00beAHHAIOTCS B
COCKTPAIbLHEIE KNacchl. TOHKHE pasnHUHA MEXKIAY HHMH MMO3BONAIOT BRIICIHTE MOI-
KJIACCEL.

3Be3el, NPUHAUICKAIINE Pa3IHYHLIM CMEKTPaJbHLIM KJIaccaM, OTIHYATCH
CBOMMH TeMIOepaTypaMH.

Jta knaccudukauusa Oblla Boepeble npumeHena Ha ["apeapackoii obcepearo-
puH B Hadane XX peka. [lozanee I'apeapackas knaccuMkalMa JoNONIHANACk, BHIO-
HIMEHAIACE H CErOJHA — ITO CJIOMKHAA CXEMa ¢ MHOKECTBOM HHEKCOB H Moapasie-
noe. B pesynwrare paboTel rapeapiackux actpoHomoB noseuica “Karanor ['enpu
Hponepa”, cogepaaiiunii cnekTpansHele XapakTepuctiku 225 320 3Be3a ceBepHOTo H
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HGKHOTO MOOYIIapHAa HeDa W BRIYAKIIHI NpaKTHUYCCKH BCE 3IBC3IALL 10O 9 3B. BENH-

YHHEI.

B l'apeapackoii knaccHpukallMH cneKTpankHbBIe THNE 0003Ha4eHbl OYKBAMH
NaTHHCKOTO andasuTa

WN

Q- P- W- 0O- B- A-

wcC

— et [l

i Kitcnopod
| [ | XA -

'—-—Ku'c]'lnpn,u

NELL

Harpmti Marum

Puc. 13

Cnekrpsl

C R-N
F- G- K- M.
S

Knace O. bonbmas WHTEHCHBHOCTB
yALTpahuoneToBoil o6nacTH cBHAETENb-
cTBYeT O BhICOKOH Temnepatype. CeeT
ITHX 3Be3/l KawkeTcsa romybosarbim. Han-
fonee MHTEHCHBHBI JTMHHH HOHH30BaH-
HOTO TefTud W, MHOTOKPaTHO HOHH3OBAH-
HBIX, YTIIEpPOAa, KPEMHHA, a30Ta, KHCIIO-
pona. Ecte cnadble THHHH HElTpanLHOTO
renus W Bojopoaa. Temneparypa doTto-
cipepst - 30 000 K.

Knace B. Hauboneuryio HHTEHCHBHOCTE
MMEIOT THHAN HelfiTpansHoro renus. Xo-
poILO BHAHBI THHUK Bogopoaa. Lieer ro-
nybosaro-6enstii. Temneparypa - 20 000
K. Tunuunas 3pe3na — Crnuka.

Knace A. Jlunuu Bogopoaa gocturaior
HaubonbIIel HHTEHCHBHOCTH. XOpOLID
BH/IHEI JIHHHH HOHH30BAHHOIO Ka/lbLIHA.
LigeT Gensiii. Temneparypa — 10 000 K.
Tunuunsie 38e3anl — Bera, Cupuyc.

Knacc F. Jlunun Bonopoaa ocnabeBaior. YCHIHBAKOTCA JTHHHH HOHM3OBAHHBIX Me-
TAUIOB (Kanblud, #xkene3a, THTana). Liger xenrosatwiii. Temneparypa — 7 000 K.

Tunwunas 3se3ga — llpoumon.

Knace G. OueHs HHTEHCHEHBI THHHH HOHH30BAHHOTO Kansuud. LseT swmenteiid. Tem-
nepatypa — 6 000 K. Tunuunas 3sezga — Connue.

Knace K. ®uoneroswlii konen ocnadneH, 4To CBHACTENLCTBYET O CHIBHOM YMEHb-
meHnn Temneparypsl. llBer kpacHoeatwii. Temnepatypa — 4 000 K. Tunuunee

3Be36l — APKTYp, AnpaeGapa.

Knace M. Jlunun merannoe ocnabesaior. CnekTp nepecedyeH nolocamH MOraoile-
HHS MOIIEKY]l OKUCH THTAHA W JIPYTHX MOJEKYIAPHBIX coequHeHHil. L{BeT kpacHslii.
Temneparypa — 3 000 K. Tunuunas 3se3na — berensreiize (ansha Opuona).
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KPGMC OCHOBHBIX KIACCOB ¢CTh OTBETBJICHHA OT Knaccos G H K, npeicTaBNARIIHS
coDO0fi 3Be3LI ¢ AaHOMANLHEIM XHMHYECKHM COCTABOM, OT/IHYAIOMIMMCH OT XHMHYE-
CKOTD COCTaBa DONBINHHCTEA APYTHX 3BE3/1.

Knace C. Conepxut yraepoassie 3ee3nsl. B cnekTpax BoblZieneHsl THHHH MOTIOLIE-
HUA 4TOMOB H MOJI0C NOTIOIMEHHA MOJIEKYT YIIEpoIa.

Knacce S. [lupkonuessie 38e3asl. BmecTo nojioc okHCH THTaHa NPUCYTCTBYIOT MOJO-
Chl OKHCH LIHPKOHHA.

B knmaccax R u N 3aMeTHBI pa3MH4HBIE MOJEKYIAPHLIC COSTHHEHHS.

bykgoii Q 0003Ha4aOTCA CNEKTPANBHEIE KIIACCHI HOBLIX 3BE3/1.

byksoii P ofGo3nauaiores cnekTpanbHble KIACCH CIEKTPOB IUIAHETAPHLIX TY-
MAaHHOCTEIA.

bykeoii W o0oznaualoTcs cnekTpel 38e31 THNa Bonwga-Paiie — ouens rops-
YHE 3BE3/LI, B CIIEKTPAX KOTOPEIX MHOIO dMHCCHOHHBIX JTHHHI.

B cnexrtpax 38e3n WN BHIHBI CTIEKTPANLHELIE THHHH a30Ta.

B cnektpax 3se3nq WC BHAHEI ceKTpaibHBIE THHHH yriaepoja. TemnepaTtypsl
thotoedep X 3BE3n oueHs BeicokH: 0T 60 000 o 100 000 K.

BryTpH Ka#10ro cneKTpaasHOrD KIacca MOMKHO YCTAHOBHTE IUIABHYH) MOCIIe-
JA0BATENBHOCTE [OJKIACCOB, NEPEeXOAAlUIMX W3 oauoro B apyroii. Kasnwii knacc
(kpome O) nenutcs Ha 10 noaknaccos, o0o3HavaeMelx uHdpamu ot 0 10 9, KoTOpEIE
CTABATCA NOCHe DYKBEL

Crnextpanshslii knace O nenutes Ha nogknaces! ot 04 no 09.5.

Ilocne Takux obGo3nauenuii crapaTcs pasHble 3HAYKH, €ClH CNEKTp obnanaet
ocobeHHocTAMU. Ecnu NpHCYTCTBYIOT IMHCCHOHHEIC JTHHHH, CTaBuTca OykBa e.
3Be3ALI-CBEPXTHIaHTLl YacTO OTIHYAKOTCA MTYDOKHMH Y3KHMH JTHHHAMH. JTO OTMe-
uaerca Oykeoii ¢ (cF0). /lasnenne rasa B Toii obnactu 3Be3aHoil obonouku, rae ob-
pa3yloTcs CHeKTpalnbHbIe THHHH, BIMgeT Ha uX ummpuuy. [Ipu manoii nnotHocTH M
MAJIOM JABIEHHH CNEKTPAJILHBEIC THHHH TOHKHE H PE3K0 OuepuYeHHBle. JTa ocoleH-
HOCTE YKa3LIBAET HA BEICOKYID CBETHMOCTE.

HutencHBHOCTE H30paHHBIX JIHHHIT MOTTIOLICHHS MO3BOIACT CYIHTE 0 CBETH-
MOCTH 3Be3[kl, #ABIAETCA OHAa TMTAHTOM WIH KapiukoM. B nepBom ciyvae nepen
CMEKTPAlLHEIM KIAaCCOM CTABHTCH HHAEKC g (TMraHT), Bo BTopoM — d (kapnHk).
pyrue ocobenHHoCTH, HETHIHYHBIE U1 JaHHOTO Kinacca ofo3nadarorcs OYkBoil p
(pecular) — nekynapuslie cnekTpsl (ASp).

Ocesoe BpauleHHe 3Be3] NPHBOIAMT K PACLIMPEHHI0 H Pa3sMLIBAHHIO CIEK-
TpaibHEIX JuHKIL. [loaToMy BBeaeHEI HHAEKCH N — AH((Y3IHLIC THHHH, H § — pPe3-
KHE THHHH, OHH MHIIYTCA PAIOM C OOBIYHBIM CHMBOIIOM CIICKTPAIBHOTO KIacca.

CpaBHHBas CIEKTPOrpaMMy 3Be3/LI CO CTaAHIAPTHLEIMH 3BE3AHBEIMH CIEKTPaMHu,
MOMKHO YCTAHOBHTE NOJAKIACC 3BE3/1LI H NPHOMHAKEHHO OLIEHHTE €€ TeMIepaTypy.

Paznuung B feransx cnekTpoOB OJHOTO M TOTO e MOJKIAcca NO3BONAIOT Olle-
HUTb CBETHMOCTL 3Be3l. (eemumocmplo Ha3bIBAETCA MOTOK JHEPrHH, M3Ty4aeMblii
IBE3I0H M0 BCEM HAIpaBICHHAM.

lg(]-"ﬂ-"f]-c] =04 {MC - M']:I.,
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rae Mc 1 M3 — abcomornsie 3se3queie senuunnel Conuna 1 modoil 3Be3sl cooT-
BETCTBEHHO, a Lc u L3 — ux ceetumocTH. OOBIUHO cBeTHMOCTE CONHLIA NPHHHMAET-
cA paBHOI eQMHHIE M CBETHMOCTH 3B€3/1 BBIPAKAIOTCH B €JMHMIIAX CBETHMOCTH
Conuua. Toraa:
lgl., =04 (Mc - M3).
ABCONMIOTHYIO 3BE3/IHYI0 BEIMUHHY 3Be3/1k MOKHO HaiiTh no gopmyre.
M=m+5-Igr.
A ecnM OHA WIBECTHA, MOMKHO HANTH PACCTOSHUE J10 3BE3/ILL.
m—= M

lgr= +1

Pasznocte memay dororpadmueckoii M BH3yanbHOH 3BE3IHEIMH BelTHYHHAMH
HA3BIBACTCA Hokazamenem yeema C.
C= mu:]]m' - My, = MEIZHJT - MEH‘:*
TemnepaTtypa moxer OBITE Halinena no gopmyne:
~ 7200
T C+0m 64
Ilomumo ["apeapackoii knaccudukaumun Ovina pazpaboTana elle cnekTpaibHas
KnaccH(pukanma 3pe3a no ceetHMoctaM. (OHa Ha3wIBaeTcA Flcpﬁcma.ﬂ KnaccH(pHKAIMA
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Huazpamma Fepywinpynza-Paccena. B 1905 roay Diinap ['epumnpyur 1 B
1910 roay 'enpn Paccen ycranoBmIM cylecTBOBAHHE 3aBHCHMOCTH MEKIY BHIOM
CIEKTPa H CBETHMOCTLIO 3BE3 L.

ITa 3aBHCHMOCTL HIUTIOCTPHpYeTca rpadHKkoM, no 0JHOH OCH KOTOpOTo OT-
KIa/bIBaeTCA CIEKTpanbHLIl Kiace, Mo Apyroii — abconioTHad 3Be31HAA BeHYHHA.
JT1a IMarpaMMa Ha3LIBAeTCH OuAZPAMMOL CHEKMpP-CEEMUMOCMb UAN OUazpamMmol
lepywnpyuza-Paccena.

[lonoxenne xamnoii 3se3apl Ha AuarpaMme onpedensercs ee (usmueckoii
npupozoii u craaueii 3somonny. [lodTromy Ha 1Marpamme 3aneuyarieHa BCA HCTOPHS
paccMaTpHBAEMOii CHCTEMBI 3BE3 1.

Jluarpamma mo3BoseT BLIACTHTL PA3IHYHLIC TPYNNE! 3Be37, 00LEAHHEHHLIE
0OIMMH (PU3HYECKUMH CBOICTBAMH, H YCTAHOBHTL 3aBMCHMOCTb MEKIY HEKOTOPbI-
MH HX (pu3ndeckuMH XapaktepucTukami. C MoMOLIBI0 THArpaMMbl MOKHO HCCIeno0-
BaTh XHMHYECKHIi COCTAB H BONIOLHIO 3BE3].

Bepxuas uyacTh ImarpamMMel COOTBETCTBYET 3Be3JaM OOMBLIOH CBETHMOCTH,
KOTOpLIE NPH JAHHOM 3HAYEHWH TEMIEPATYpPhl OTIHYAIOTCA OONBIIHMH Pa3MEpaMi.
31eck pacnonaratoTcs FMraHThl H CBEPXTHIAHTEL.

Husxnas yacTe AuarpaMMel 3aHSTa 3Be31aMH MAIOI CBETHMOCTH. 3ech HaXo-
AATCA KapIHKH.

B nesoii yacTi pacnonaraiorcs ropa4ie 3se3/ibl 00J1ee PaHHHX CMEKTPANLHEIX
KIACCOB, a B NPaBoii — Oonee X0101HEIE 3BE3/bl, COOTBETCTBYIONIHE Doee Mo3AHHM
CIEKTpalbHBIM Klaccam.

Jluaronans waymas clieBa BHM3 HANpaBO, HA3bIBAETCA TIABHOI mocnenoBa-
TeALHOCTBIO. B1ones Hee pacnonoxeHsl 38e3/1bl, HAUNHAS OT CAMBIX FOPAYMX 0 HaH-
Dosee XONOHBIX.

Qopazey 3a0anuii

1. Knaccudmumposars cororpaupopatHble WENEBLIM CrekTporpadom mpeaio-
JKEHHBIE CIIEKTPbI 3BE3]1.
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2. BblMHCIHTE paccTosHHE, a0COMIOTHYI BH3VAIBHYH H (poTOrpadHUecKyry BEJIH-
YHHY [PELI0KEeHHBIX 3Be3] 110 opMynam, PHBEIeHHbIM B OIIHCAHHH.

3. Haiitu 3HayeHus aOcolOTHOMH 3Be3HOI BEIHYHHBI M CBETHMOCTH NPEIIOMKEH-
HBIX 3BE3[l C MOMOLILK nporpaMmHore nakera ASTRONOM.

4. HU3yuuts nonoskeHue 3TUX 3Be3] Ha auarpamme [epumnpynra-Paccena, onpene-
JIUTh, K KAKHM KJIAcCaM CBETHMOCTH OHH OTHOCATCH.

5. Ilepeiitn k auarpamme “‘criekTp-macca”, HalTH 3HAYEHWE MACChl, pajauyca H
[IOTHOCTH.

6. [ons3ysace HUKENPUBEAEHHON TaOMMLUEN, MOCTPOUTL IpapUKk 3aBUCUMOCTH MEXK-
1y MoKazaTeleM LBeTa W TeMreparypoii 3se3ll, ykazae Ha ToOM ke rpajduke oc-
HOBHBIE CIIEKTPallbHbIE KI1ACChl.

IlIxkana 3¢ ¢eKTHBHBLIX TEeMNIEpaTyp 3Be3/1

Cnekr | [lokasarens DexTHBHAA TeMepaTypa
p BETA

05 - 0,45 35 000°
B0 -0,31 21 000°
B5 -0,117 13 500°
AD 0,00 10 000°
AS + 0,16 8 100°
FO + 0,30 7 200°
F5 + 0,45 6 500°
GO + 0,57 6 000°
G5 + 0,70 5 400°
K0 + (0,84 4 700°
K5 + 1,11 4 000°
MO + 1,39 3 300°
M5 +1, 61 600°

7. Tlo nony4yeHHO# B npeAblAyIIEM 3aJaHHH 3aBUCHMOCTH ONPEe/IUTh M0Ka3aTellb
[[BETa M BBIMHCIHTL a0CONIOTHYIO BHAMMYK U (oTorpaduyueckyro 3Be3qHYIO Be-
THYHHY MPe/JI0KeHHOI 3Be3/1bl.
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ITPAKTUYECKOE 3UAHHTI/IE 6
IBOJIIONNA BCEJIEHHOU. 3AKOH XABBJIA

3akon Xab0ma — Qusuko-maremarudeckas (opmyna, TOKas3bIBalolas, 4To Hamia BceneHHas
MOCTOSTHHO paciuupsiercs. [IpudeM pacimpeHre KOCMHYECKOro MPOCTPAHCTBA, B KOTOPOM HAaXOAUTCS U
Hallla TaJakTUKa MIICYHBIA IMyTh, XapaKTePU3yeTCs OJHOPOJHOCTHI0 W u30oTponueil. To ecTh, Hamia
Bcenennas paciuimpsercs oJMHAKOBO BO BceX HampaBieHUsX. DopMynupoBKa 3akoHa Xa00ia JoKa3bIBaeT
U ONHCHIBACT HE TOJIBKO TEOPHUIO paciiupenue BceraeHHO#, HO M TIaBHYIO HUJCI0 €€ MPOMCXOXKICHUS —
Teoputo bonbiioro B3peiBa.
Haubonee wacto B Hay4HOU JIMTeparype 3aKkoH XaO0ma BcTpedaeTcs Moj clieayromeid GpopMyTupoBKOi:
v=HO*r. B atoii ¢popmyne v o3HadaeT ckopocTh raaktuku, H) — kodpduimeHT nponopruoHaIbHOCTH,
KOTOPBII CBS3BIBACT PACCTOSHUE OT 3€MJIM 10 KOCMHUYECKOTO 00BEKTa CO CKOPOCTHIO €ro yAajleHus (3TOT
koa(ddurmenT emre Ha3pBaroT «IlocTossHHON Xa00i1a»), r — pacCTOSTHUE JI0 TaJTaKTUKH.
B HEKOTOphIX HMCTOYHMKAX BCTpedaercss npyras ¢opmyiaupoBka 3akoHa Xabb6ma: cz=HO*r. 3mecws ¢
BBICTYIIAE€T, KaK CKOPOCTb CBETA, a Z CUMBOJIM3UPYET COOON KpacHOE CMEIEHHUE — CIABUT CHEKTPATbHBIX
JUHUN XUMHYECKHUX 3JIEMCHTOB B JUTMHHOBOJIHOBYIO KPACHYIO CTOPOHY CIIEKTpa [0 Mepe WX yaalieHus. B
(U3UKO-TEOPETUUECKON JUTEpaType MOKHO OOHApYKUTh U Jpyrue (OpMYyIUPOBKH JAHHOTO 3aKOHA.
Opnako OT pa3HOCTH (DOPMYJIMPOBOK CYTh 3aKOHA Xa00Ojla HE MEHSETCS, a €ro CYTh 3aKI04YacTcs B
omnucaHuu Toro (akTa, 4yTo Haia BeeneHHassHEMPEPBHIBHO PACHIMPSAETCS BO BCEX HANPaBICHUSX.

Bonbwoti paspure

TTocrosHHas
TEMHOM 3Hepruy

HOM

bonbuoe cxarue

s
S
a
2
5
S
=

Hacrosuee spems Byaywee

[Ipennocelakoi K OTKPBITHIO 3akoHa XaO0sia ObUT HENbld psii aCTPOHOMHYECKUX HAOIIIOJICHHH.
Tax, B 1913 rony amepukanckuii acrpodusuk Beiin Cnaiinep oOHapyxwui, uro TyMaHHOCTb AHAPOMEBI U
HECKOJIBKO JIPYTUX OIPOMHBIX KOCMHUYECKUX OOBEKTOB JIBUXKYTCS C OOJBIION CKOPOCTHIO, OTHOCUTENHHO
ConHeyHOM cHCTEMBI. OTO JAJ0 YYEHOMY OCHOBAHHME MPEIIONIOXKUTh, YTO TYMAaHHOCTb — 3TO HE
dopmupyroliecs B Halllel TajJakTHKE IUIAaHETapHBIE CHCTEMBI, a 3apO’KIAloIIUecs 3Be3[bl, KOTOpbIE
HaAXOJATCS 3a MpeaenamMu Hamell ranaktuku. /lanpHelmee HaOmoAeHNEe 32 TYMAaHHOCTSMHU MOKa3ajo, 4To
OHM HE TOJIBKO SIBIISIOTCSA APYTMMHU TaJJaKTUYECKUMU MUPAMH, HO U IOCTOSIHHO YAAJSAIOTCA OT HAc. DTOT
¢dakT Jam BO3MOXHOCTH aCTPOHOMUYECKOMY COOOIIECTBY MPEIINOIO0KUTh, 4TO BceleHHas MOCTOSIHHO
pacimpsercs.

B 1927 rony Genbruiickuii yuensiii-actpoHoM Kopxk JleMeTp sKCriepUMEHTANbHO YCTAaHOBUJI, YTO
TaJJakKTUKKM BO BceneHHOM ynansroTcss Apyr OT JApyra B KOCMHYECKOM mpocTtpaHcTBe. B 1929 rony
aMepUKaHCKUN ydeHblli OaBuH Xabb6n mpu momomu 254-CaHTHMETPOBOTO TeNeCKONa YCTaHOBWJ, YTO
Bcenennas pacmmpsieTcss M TajlakTUKM B KOCMHYECKOM IPOCTPAHCTBE YAAISAIOTCA JAPYr OT Jpyra.
Hcnonb3yst cBon HaOmrofeHus, IABUH Xa00a chopMynrpoBaa MaTeMaTHYECKyr0 (opMyiy, KOTopas o
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C€FO,Z[H$II.HHPII>1 JACHb TOYHO OIMUCBIBACT NMPHUHIUII PACIHUPCHUA BCGHCHHOﬁ, U UMCCT OIr'POMHOC 3HAYCHHC,
Kak JIJIsl TEOPETUYECKOM, TaK U MPAKTUYECKOU aCTPOHOMHMH.
3akoH Xa061a: MpUMEHEHUE U 3HAYCHUE JUIsI ACTPOHOMHH

SBoouusa BceneHHoOM

CneymanbHo ana

http://spacegid.com/

Opoironus BeenenHon

3akona XaOOiia MMeeT OrpoMHOE 3HAa4YeHHE [JJIs acTpOHOMHUU. Ero mupoko NpHUMEHSIOT
COBPEMEHHBIE YUYCHbIE B paMKaxX CO3/aHHUS Pa3IMUYHBIX HAay4yHBIX TEOPHH, a Takke MpU HAOIIOJCHUU
KOCMHUYECKHX OOBEKTOB.

I'maBHOe 3HauyeHMe 3akoHa XabO0ia s aCTPOHOMMHM 3aKJIHOYaeTCsl B TOM, YTO OH IMOATBEPKAAET
noctynat: Beenennas moctosiHHO pacimpsiercs. Bmecte ¢ 3TuM 3akoH Xa00i1a CIlyKUT JOTOJHUTEIbHBIM
NOATBEP)KJIEHUEM Teopuu bonbiioro B3peiBa, Beb, KaK CUYHUTAIOT COBPEMEHHBIE YYEHBIE, HMMEHHO
bop110¥ B3pBIB MOCITYKHII TOJTYKOM JUISl PACIIMPEHUS «MaTepun» BeeneHHon.
3akoH Xa00ma MO3BOJIMJI BBIACHUTBH Takxke, 4To BceneHHas paciuupsercss BO BCeX HaIlpaBlICHHUIX
OJIMHAaKOBO. B Kkakoll TOYke KOCMHMYECKOrO MIpPOCTPAaHCTBA HE OKasajicsd Obl HaOoaTeNlb, €CIH OH
IOCMOTPHUT BOKPYT' ce0sl, OH 3aMETHUT, YTO BCE OOBEKThl BOKPYI HEro OJUHAKOBO OT HETO YIAJSIOTCA.
Haubonee ynauno 31oT (hakT MOKHO BbIpa3uTh UTaTO Quinocoda Huxonas Kyzanckoro, KoTopslii emie B
XV Beke ckazan: «JIrobas Touka ects 1ieHTp be3rpannynoit Becenennoi».

[Ipn nomomm 3akoHa Xab0ja COBpEMEHHBIE ACTPOHOMBI MOTYT C BBICOKOM J0J€ BEpOSTHOCTU
IPOCUUTHIBATh IOJIOKEHHE TaJaKTHK U CKOIJICHWH rajlakTuk B Oynymem. TOYHO Tak e C ero MoMoIIbIo
MOKHO BBIYMCIUTH TPEANOIOKUTEIIBHOE MECTOPACIOIOKEHHE JI000ro 00bEeKTa B KOCMHYECKOM
IIPOCTPAHCTBE, CIIYCTS ONPEAEIEHHOE KOJIMYECTBO BPEMEHH.

HNHuTepecHbie pakThI

1. Benmuuna, oOpaTHas nocTossHHOW XaOOsa, paBHa mnpumepHo 13,78 munumapaam ser. Ota
BEJIMYMHA YKa3blBa€T HA TO, CKOJIbKO BPEMEHM IIPOLUIO C MOMEHTAa Hayajla paclIMpeHus
BceneHHoO, a 3HaUUT, BIIOJIHE BEPOSTHO YKa3bIBAE€T U HA €€ BO3PACT.

2. HambGonee gacto 3akoH Xa001a HCITOJIB3YIOT JUISl ONPEICTICHIS TOYHBIX PACCTOSIHHH 10 OOBEKTOB B
KOCMHUYECKOM IIPOCTPAHCTBE.

3. 3akon Xab0ia onpenensieT yJaleHne OT Hac JaJIEKUX TaTakTHK. UTo Kacaercs OMmKalImuX K Ham
TaJIaKTHK, TO 3€Ch €r0 JEMCTBHE HE TaK SIPKO BbIpakeHO. CBA3aHO 3TO C TEM, YTO 3TU TAJIAKTUKH
MOMHMMO CKOPOCTH, CBA3aHHOM ¢ paciuvpeHreMm BcenenHoll, o0nanaroT eie u cBoeil cOOCTBEHHOM
CKOpOCTBIO. B CBSI3M ¢ 3TUM OHU MOT'YT, KaK yJaJIAThCS OT HAaC, Tak U MpuOmmxkarbes k HaMm. Ho, B
0011IeM U 11eJI0M 3aKOH Xa00J1a akTyaseH i1 BCeX KOCMHYECKUX 00BEKTOB BO BeeneHHoi.

3amanusa

Yacrs A. OTBeTUTH HA BONIPOCHI:

1. Acrepousl — 310

2. YraBmve Ha 3eMITI0O KOCMHYECKHE Tella Ha3bIBAIOT
3. XBOCT KOMETHI COCTOUT M3:
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4. ITo MHEHHIO YUEHBIX, MTOSIC ACTEPOUIOB — ITO KyCKH HEC(OPMHUPOBABIICHCS MIIAHETHI:

5. [Ima3mMeHHBIN XBOCT KOMEThI HAPABJICH:

6. Kona Meskue KaMelKy v MECUMHKY BIETAIOT B aTMochepy 3eMiId C OTPOMHBIMU CKOPOCTSIMH,
BO3HMKAIOT:

7. CaMblii OOJIBIIION U3BECTHBIN METCOPHT:

A. Tynrycckuii; b. I'o6a; B. Uensounckwii; I'. I'amnes.

Yacrs b. BoiOepure HOMepa BepHBIX YTBEPKIEHUI.

AcTtepouibl — 3TO KPYIHBIE 3BE3/IbI.

BonbuMHCTBO acTeporI0B IBUKYTCA Mexay opoutamu rianet Mapca u FOnutepa.
Komertsl cocTosiT U3 siipa, TOJIOBBI U XBOCTA.

Camas uzBectHas kometa — Llepepa.

Merteoputsl — ynapiide Ha 3eMJII0 KOCMAYECKHE Tea.

B nepeBoze ¢ rpedeckoro s3blka METEOPUTHI - 3TO «IAPSALIUE B BOAE.

VY 01HOI 1 TOMU e KOMEThI HE MOKET OBITh HECKOJILKO XBOCTOB.

ITo cBOEeMy cocTaBy METEOPUTHI MOTYT OBITH KaK KAMEHHBIMU, TaK U JKEJIC3HBIMHU.

LN~ wWNE
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IMPATUYECKOE 3AHATHUE 7
YEPHBIE ABIPBI, UX TIPUPOJA U OITACHOCTD

UYepnbie bipel (puc. 1) - OIUH U3 caMbIX HEOOBIKHOBEHHBIX O0BEKTOB, MPEACKA3bIBACMBIX OOIICH
TEOpUEH OTHOCUTEIIBHOCTH DUHIITEIHA.

PI/ICYHOK 16- Yepnas apipa

VY dYepHBIX MABIp HHTEpECHas WCTOpPHUS, MOCKOJBKY OHHM TPENOJHECIH TEOPETHKaM HeMajo
CIOPIIPU30B, NMPUBEALIMX K JydlleMy MOHMMAaHHUIO MPHUPOJbI MPOCTpaHCTBa-BpeMeHH. Camoil 0oJbIIoi
4yepHO#l JpIpoil Bo BeeneHHOM sBisieTcs yepHas Jplpa, pacrnosioxeHHas B neHTpe ranaktuku NGG 1277 B
co3pe3auu Ilepces, HaxoAIIAsACA HA pacCTOSHUM 228 MUJUIMOHOB CBETOBBIX JIET OT 3eMJIU. UepHbIE JbIPbI
HACTOJIbKO MaCCUBHBI, YTO UX BTOpasi KOCMUYECKasi CKOPOCTh ObICTpee, 4eM CKOPOCTh CBETA.

Yro Takoe yepHas AbIpa U KaKk OHa 0Opa3yercs

UYépnas nmpipa— 3TO 00JacTh B MPOCTPAHCTBE-BPEMEHH, T'PABUTALMOHHOE NPUTSDKEHHE KOTOPOM
HACTOJIBKO BEJIMKO, YTO MOKHHYTh €€ HE MOTYT Ja)ke OOBEKTHI, IBUXKYIIHECS CO CKOPOCThIO CBETa, B TOM
YuCJ€ KBaHTHI caMmMoro cBeTa. ['paHuiia 5Tod 0OJacTH Ha3bIBA€TCS TOPU3OHTOM COOBITHH, a eé
XapaKTepHBINA pa3Mep - TPaBUTALMOHHBIM paguycoM (puc. 2).

Doronnas chepa
Beaas gmpa

rOpMZlOHT CO()thHﬁ

Pucynok 17- CtpoeHue 4epHOH AbIpbI

B koHIe XM3HM 3Be€3Ja MOXET HayaTb CHKMMAaTbCi K LIEHTPY 3@ CUET IIOTEPU BHYTPEHHEIO
nasienus. [lpu aTom mepeias omnpenesieHHYIO TpaHully - paauyc [IBapimwmibaa, €€ MIOTHOCTh CTaHET
HACTOJIBKO BEIIMKA, YTO OHA MPOJOJDKUT CKATUE U €r0 YK€ HUYETO HE CMOXKET OCTaHOBUTh. B pe3ynbrare
noJjryyaeTcsi 0OBbEKT ¢ OTPOMHOM Maccoil M IUIOTHOCTBIO T. €. uepHas Abipa. Ha3wiBaercs "depHoii", T. K.
BTOPasi KOCMUYECKast CKOPOCTh y IIOBEPXHOCTH IIPEBBILIAET CKOPOCTh CBETA.

UYepHble JpIpbl MOTYT 00OPa30BBIBATHCS B PE3YJIbTATE aCTPOPHU3NYECKUX MPOLIECCOB, KOTAA Y 3BE3]] C
Maccoi, Ha NOpsAAOK mnpesblmaromeil maccy CoiHIla, KOHYAaeTcs TEPMOSAJIEPHOE TOIIMBO, U OHHU
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OOpYIIMBAIOTCS BHYTPh ce0si TOJ JCHCTBHEM TpaBUTAIIMOHHBIX CHI. VMeeTcss AOCTaTOYHO JaHHBIX
HaOJI0/IEHU, CBUJIETENBCTBYIOIINX O PEAIbHOCTH CYILIECTBOBAHUS TAKUX YEPHBIX JbIp BO BeeneHHoi.

Pucynox

C acrpou3uyeckoil TOYKH 3pEHHs, OOHApPYKCHHbIE YEpHBIC IBIPHI TOJPA3JCIAIOTCS HA JBE
KaTeropuu:

MEPBBIA THUIM - 3TO YepHBIC JBIPBI, 0OPA30BABIIUECS B PE3y/IbTaTe KOJJIANICA MACCHUBHBIX 3BE3[ U
oOnajaromue cooTBeTcTBYOMEH Maccoil. [IockonbKy YepHbIe ABIPbI KaXyTCsl HaM pEalbHO YEPHBIMH,
HAOJIO/IaTh WX KpaiiHe CI0KHO. EcCiM TOCYacTIMBHUTCSA, MBI MOXEM YBUACTH JIHMINL IIICH] rasa,
3aTATMBAaEMOro B YEPHYIO JbIpy. PasroHssch Npu MaJeHuu, ra3 pa3orpeBaeTcs U UCILyCKAaeT XapaKTEepHOe
U3ITy4YeHHE, KOTOPOE MbI TOJIBKO U MOXEM OOHapyXuTb. McTOUHMKOM ra3a mpu 3TOM SBJISIETCS Apyras
3Be3/1a, o0pa3yrolas MapHyl CUCTEMY C YE€pHOH JbIpol M oOpallaromiascs BMecTe ¢ Hel BOKPYT LEHTpa
Macc JBOWHOH 3Be3AHON cuctembl. IHBIMU cloBaMM, CHayajla Mbl UMEJIHU OOBIYHYIO JIBOMHYIO 3BE3NY,
3aTeM OJIHa M3 3BE€3Jl B pe3yjbTaTe I'PAaBUTALMOHHOIO KOJLIAIca IpeBpaTuiach B 4epHyro Iblpy. Ilocie
JTOr0 YepHas Jbplpa HAYMHAET 3aCaChIBaTh I'a3 C IOBEPXHOCTHU TOPsIYEH 3BE3/bL.

BTOPOW THUI - 3TO Topa3no Oojiee MacCHBHbIE UYEpHBbIE IbIpbl B LEHTpax TrajakTHK. VX Mmacca
npesbliiaeT Maccy ConHua B MuuMapabl pa3. OnsaTh ke, magas Ha TaKUe YEpHbIE JbIPbI, BEILECTBO
pa3orpeBacTcs U UCIyCKAaeT XapaKTEpPHOE U3Iy4EHHE, KOTOPOE CO BPEMEHEM JIOXOIUT A0 3EMIIU, €ro-TO
MBI U MOKeM OOHapyuTh. [Ipennonaraercs, 4To Bce KpYIHBbIE TI'aJaKTHKH, BKJIIOYas Hally, UMEIOT B
LIEHTPE CBOKO YEPHYIO JBIPY.

CornacHo Teopuu OHHIUTEHiHA 4YepHas JAbIpa MpeAcTaBisgeT coOo0M Oe3OHHBIH MpoBal B
IPOCTPAHCTBE-BPEMEHHM, IAaJ€HUE B KOTOpbIM HeoOpatnmo. UTo ynmasno, TO Mpomajgo B YEpHOU JbIpe
HaBEKHU.

NocNeaHAs cTabunsHas
opbuTa

AT

COnHue

v

)eNbik Kapauk

| VCKaXeHHOoe
NPOCTPaHCTBO

CHUHIYNAPHOCTD ~a YepHan fbipa —
Pucynox 19-I'paBuTannonHbie BOPOHKH (MCKPHUBICHHE IPOCTPAHCTBA-BPEMEHH )
CBoJicTBa YEepPHBIX AbIP
VY 4epHBIX ABIp OYEHb NHTEPECHBIE cBOMCTBA. [locie kostanca 3B€3/1p B YUEPHYIO ABIPY €€ CBOWCTBA
OyIyT 3aBUCETh TOJBKO OT JIBYX MapaMEeTPOB: Macchl U YIJIOBOTO MOMEHTa BpalleHUs. TO ecThb, YepHbIE
JBIPBI TIPEJICTABISAIOT COOOM yHUBepCcallbHble OOBEKTHI, TO €CTh, MX CBOIMCTBAa HE 3aBUCAT OT CBOMCTB
BEILIECTBA, U3 KOTOPOro OHU 00pa3oBaHbl. IIpn m060M XMMHUYECKOM COCTAaBE BEIECTBA UCXOIHOM 3BE3/IbI
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CBOWCTBA YEPHOI1 IBIPBI OYAYT OJHUMHU U TeMH Xke. To eCThb, YepHbIE ABIPHI MOAYUHSIIOTCS TOJBKO 3aKOHAM
TEOPHUH I'PABUTALINN - U HUKAKUM HUHBIM.

Jlpyroe mt00O0MBITHOE CBOMCTBO UYEPHBIX ABIP 3aKIIOYAETCS B CICAYIOMIEM: HPEANOIOXHUM, BBI
HaOJI0/1aeTe MpoLecC, B KOTOPOM Yy4acTBYeT uepHas Ibipa. Hampumep, MOXHO paccMOTPETh MpPOLEcc
CTOJIKHOBEHHUS JIBYX YEpPHBIX JbIp. B pe3ynbraTe U3 ABYX YepHBIX IbIp 00pazyeTcs oaHa 6ojiee MaCCHBHAS.
DTOT poLIECC MOKET COMPOBOKAATHCS U3ITYYEHUEM I'PaBUTALMOHHBIX BOJH, M YK€ IOCTPOEHBI IE€TEKTOPHI
C LENbI0 UX OOHApyKeHUs U u3MepeHus. [Iporece 3TOT TeopeTHUECKH MPOCUYUTATh BECbMa HEMPOCTO, IS
3TOr0 HY)KHO PEUIUTh CIOXKHYIO cucTeMy nuddepeHnuanbHbX ypaBHeHUH. OIHAKO UMEIOTCS U MPOCThHIE
TeopeTudeckue pe3ynbrathl. [lmomans chepsr [lIBapmmmiabpaa MOMYyYUBIICHCS YEpPHOW ABIPBI BCETIa
00JIbIIIe CYMMBI IJIOLIa/IeH MOBEPXHOCTEH IBYX MCXOTHBIX YEPHBIX AbIP. TO €CTh, MPHU CIUSHUU YEPHBIX
JBIp TUTOIIAJh WX MOBEPXHOCTU pacTeT ObIcTpee Macchl. ITO TaK Ha3bIBaeMas «Teopema IUIOIaAeii», OHa
Obu1a noka3zana CtuBenom XokuHrom (StevenHawking) B 1970 romy.

OO0HnapyxeHHe YepHBIX AbIP

[TockonbKy CBET HE MOKET BBIPBATHCS W3 MACCHUBHBIX JKUBOTHBIX CHIIKOB, OH HE MOXET OBbITh
BuJeH. [loaToMy 4TOOBI MCKATh YEPHBIE BIPHI, MOKHO I10JIaraThCs TOJIBKO Ha KOCBEHHBIE JI0KA3aTEIbCTBA
ux cyuectBoBaHus. OgHUM H3 CcOCOOOB MOWCKAa YEPHOU IBIPBI, SIBISIIOTCS HAXOXKIEHHE 00IacTeil B
OTKpPBITOM KOCMOCE, KOTOpble 00ja/at0T OOJBIION Maccod M HaxoIsATCS B TEMHOM IpocTpaHcTse. [lpu
MOMCKE MOJAOOHBIX TUIOB OOBEKTOB, ACTPOHOMBI OOHAPYKUITU MX B JIBYX OCHOBHBIX OOJIACTSAX: B LIEHTPAX
rajakTUK U B JBOMHBIX 3B€3JHBIX CUCTEMAX HalIeH [ amakTuku.

Pucynok 20- HMckaxenune n3o0pakeHus ralakTUKU, TPOXOAIIEeH repesl Y4epHOU IbIpoit

Ha camom perne, 60IbITMHCTBO aCTPOHOMOB TETEPh CYUTAIOT, YTO CYMEp MAacCUBHAsl YepHas JbIpa
MOJKET CYIIECTBOBATh B IIEHTpe Hameid ranaktuku Mieunsiit [Iytes (puc. 5). O3Havyaer nau 3TO, 4TO OHA B
KOHEYHOM utTore Bce moriotut? Ha camom ngene, Her. YUepHas npipa MMeEeT Ty K€ MaccCy, 4YTO H
OpUTHHAIILHBIE 3BE3/Ibl, MIOTOMY Kak Oblia chopMupoBaHa u3 HuX. [loka HUYETO HE MPEABEIIAET CIUIIKOM
OJIM3KOTO TMPUONMKEHHS] K TOPU30HTY COOBITHH, Tak 4To 3TO Oe3omacHO. BmomHe BeposiTHO, 4TO
MUJUTAAP]IBI 3BE3/1 B HAIlIEH TallakKTUKe OYAeT MPOI0JKATh OPOUTY BOKPYT ATOW TUTAHTCKON YEPHOU JBIPHI
MUJUTHAP/IBI JIET Brepea. JlokazaTenbcTBa 3TOW M JAPYTMX YEPHBIX JIBIP MOXKET OBITh MOATBEP)KIEHBI C
MOMOIIbI0 (PYHKIIMU TOUCKA ISl PEHTTEHOBCKUX Jydeld. ACTPOHOMBI TMOJArarT, YTO YEPHBIE BIPHI
U3ITy4aroT UX B OOJIBIIIOM KOJIMYECTBE.
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Pucynok 21- Yepnast 1pipa B ieHTpe MiledHOTr0 IyTH BbLAAJIA SIPYAMIIYIO BCIBILLIKY.

3ananus:
1. CocraBuTh KOHCHIEKT 10 TeMe «YepHble AbIPbI»
2. OTBeTHUTH HA BONPOCHI:
KBazapsl, LIECHTpaJIbHBIE PETHOHBI JAJIEKUX TAJIAKTUK, COJIEPKAT, KAK CYMTACTCS
Korna 3Be31a ymupaeT, OHa CTAHOBUTCS YEPHOU JBIPOM, €CJIM UMEET MAcCy 110 MEHBILEH MEpE:
OO11ast TeOpHUst OTHOCUTEIBHOCTH TOBOPUT, YTO YEPHBIE JbIPHI UMEIOT:
Kak Ha3pIBaeTCs TOUKA B IEHTPE YEPHOU IBIPHI?
["opu30HT cOOBITHIT YEPHO JBIPHI 3TO:
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