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ACTPOHOMMYECKasAd OJIMMIINAIdA 15
TEOpEeTUYeCKUil Typ, pelleHus despasis
9 xaacc

1.

[TokaxkuTe, 94TO yIJI0BOE TIEpEMeEIeHne JTI000i BHENTHEN TIJIAHEThl OTHOCUTEIBHO 3BE3J1 38 OJIMH
3EeMHOI TOJT JIJIsT 3eMHOTO HAOJIIOIaTe Isi TeM MEHbIIe, YeM OOJIbIle Pajuyc OpOUTHI ILIaHETHI.

Pentenne:

[Iycte P — nepuos obpatenud mianeTsl BOKpyr Comnna, a Py — mepuos odpatenus 3eMJIn.
Torma vepe3 oiuH 3eMHOM TOJI TIaHeTa 1poiijer Py /P dacTh cBoeit OpOUTHI U €PEMEeCTUTCS
Ha yron ¢ = Pg/P - 2w pamnan upu wabmogennun ¢ Cosana. [lepuoj mianersl u pajmyc
ee opOUTHI 7 cBA3aHbI cooTHomenueM P? = r3 (eciu nepuoji usMepsieTcss B TOJlaX, a paJldyc
OpOUTHI — B ACTPOHOMHUYECKUX €MHUIAX ), TO9TOMY paccTosiaue R, KOTopoe IIaHeTa mpoiiger
3a OJIMH 3€MHOW T'0JI, COCTABJISIET

Py

R =21 —F

1372

1, OYEBU/IHO, YMEHBIIAETCS C POCTOM PaJIyCca OPOUTHI ILJIAHETHI.

Ecin mMbl HaO/If0/18€M BCE TJTAHETHI B OJIMHAKOBBIX YCJIOBHSX (M B IIEPBBI, U BO BTOPOi MO-
MEHT HabJIIOICHUS OHU HAXOJATCs, HAIPUMED, JIMOO B OKPECTHOCTU ITPOTUBOCTOSAHUS, JTUOO B
OKPECTHOCTHU COEJINHEHHsI ), TO PACCTOSTHUE, Ha KOTOPOM MbI HABJII0/[aeM TLJIAHETHI, PACTET C yBe-
JITYEHUEM paJinyca OpOUTHI, a IepeMeleHne B IPOCTPaHCTBe, Ha00OpOT, yMeHbImaeTcss. B atom
ciydae JIOKa3blBaeMoe YTBEPKJIeHNEe CTAHOBUTCS OYEBU/IHBIM.

O 1HaKO BO3MOXKEH «HEYIOOHBIN» CIydaii: KOorja IiaHeTa ¢ MEHBITNM PaInyCcoOM OPOUTHI HAXO-
JIUTCSI B OKPECTHOCTHU COEJIMHEHU, a IJIaHeTa ¢ OOJIBIITUM PaJIyCcoM OpOUTHI — B OKPECTHOCTHU
nporuBocTosinuA. Eciau B TakoMm cirydae 6osiee Oymskasg K COJHILY IJIaHETa OKAXKeTCsl CPaBHU-
TeJBHO JAJIbIIEe OT 3eMJIA, TO, BO3MOXKHO, €€ YIJIOBOe IIepEeMeIleHe OKAYKeTCsl MEHbIIIE.

Ho 1o, uT0 noznobnas cuTyalisa HeBO3MOKHA, JIEI'KO IIPOBEPUTD IIpocTeiimmM nepebopom. Pac-
cmorpuM Mapce un FOmurep. Paguyc opoursr Mapca — okosio 1.5 a.e., paauyc opbutsl FOmuTe-
pa — okoJ10 5 a.e. [losromy MunIMasbHOE paccrosinue ot Semun g0 FOuurepa (4 a.e.) Bce paBHO
GoJIblIe, YeM MaKCHMAIbHO BO3MOXKHOE paccrosnue oT 3emutn 10 Mapca (2.5 a.e.). Criemoa-
TeJIbHO, JIJIA HUX MHTepecylolliee Hac yTBep:KJeHue Takzxke sepno. Hecjoxkno ybenuTbed, 110
JIUI BCeX JPYTUX I1ap BHENTHUX IJIaHET CUTYallsd OKa3bIBaeTCsd aHAJOTHIHON — MaKCUMaJsIbHOe
paccrogHue oT 3emin 10 6osiee 6m3KoM K COJHITY IJIaHETHI BCET[a MEHbIIIe, YeM MIHIMAJIbHOE
paccroganue Jio 6osee Jasnekoit. Cre/loBaTesIbHO, yTBEPKICHNE JOKA3aHO.

B 2014 romy Oymer HaOIIOATHCS BCEIO YEThIPE 3aTMEHUs: JIBa JIYHHBIX, JIBA COJIHEYHBIX; B
okTsiOpe u ampese. Kak Bor gymaere, kakoro Tuma onn o6yayT? Ob6ocHyiiTe ¢BOil OTBET.

Pemnienne:

KaK n3BECTHO, 6HaFOHpI/I${THbIe NIepuo/ibl JJjid HaCTYIIJICHUA 3aTMEHUN 6bIBaIOT JBa pa3a B I'OJ
C pas3HHUIEH IyTh MEHbIIe, YeM B 1mosroja, korja Jlyna u CosHile oka3blBaoTCs BOIN3N y37I0B
JyHHOH op6uThl. [TpuueM JUIMTEILHOCTD EPUOJIOB, GJATOIPHUITHBIX JJIs HAOJIIOJIEHNUsI COTHEY-
HBIX 32TMEHHl 4yTh GOJIbIIE CHHOJAMIECKOrO Mecsdla (OKOJIO 33 CYTOK), & JIyHHBIX — MEHBIIIe
CHHOIMIECKOro Mecsra (0koJo 21 cyTok). Takum 06pa3oM, CONMHETHBIX 3aTMEHUIT B OJTHOM TOJLY
B [IPUHIIMIIE, [IPU CAMBIX OJIATONPUSTHBIX YCJIOBUSX, MOXKET MPOM30HTH 5 (a4 KaK MEUHUMYM 2),
a JIYHHBIX — BCero 3 (HO MOXKET He ObITb ¥ HU OJIHOTO).



Ecim comnednoe 3armenue cjydaeTcd B CaMOM HadaJje OJaronpusiTHOIO MEPUOa, TO Yepe3
CUHOJIMIECKUI MeCsI] CHOBA CJIYIUTCS COJIHEYHOE 3aTMEHHE, HO B 9TOM cjydae OoHU oba OyjiyT
YACTHBIMH C OYE€Hb MaJIeHbKOH (ha30il, a MexKy HUMHU IIpou3oiijaer moJHoe jgyHnnoe. [Toxoxkast
CUTYaIUsI IIOBTOPUTCS IIPUMEPHO Yepe3 I0JIN0/ia U TaKUM 00pa30M B TOLy OyaeT HabJIIoIaThCs
YeThIpe YaCTHBIX C MaJIOi dazoii (I/UH/I TPHU YaCTHBIX, JIBa U3 KOTOPBIX ¢ MaJjioit (pa3oit, a oIHo —
C 6OJIbLHOI7I) COJIHEYHBIX 3aTMEHUSI 1 JIBa ITOJIHBIX, IIPUYIEM IPAKTUIECKN IEHTPAJIbHBIX, JIYHHBIX.
Ecnm xe mepBasg mapa 4acTHBIX ¢ MaJjioil (hpa30il COHEYHBIX 3aTMEHUN B T'OJLy ITPOUCXOJIUT B
HadaJje sHBape - HadaJje peBpaJisi, TO BTopas M0/I00Has 1apa MOXKeT IPOU30MTH B HAYAJIE UIOJIS
- Havaje aBrycTa, ¥ BO3MOXKHA TaKxKe ellle Iapa IMOJ00HBIX 3aTMEHHUH, OJJHO U3 KOTOPBIX €Ile
II0IIaJaeT B 9TOT 2Ke KaJIeH,ZLaprIﬁ 'O 1 IIPOUCXOJUT B CaMOM KOHIIE ;LeKa6p51 (BTopoe 3aTMEHUEe
3TOHM IIapbl HPOU3OUJICT YKE B AHBAPE CJACYIONICIO FOLL&).

Ecan ke B romay HabJ/110/1a€TCA POBHO JIBa COJTHEYUHBIX 3aTMEHUs U JBa JIYHHBIX 3aTMEHUsI, IIPU-
JeM He B siHBape WJu jieKabpe, 9TO 03HAYAET, 9TO B KaKJIblii U3 OJIArONPUATHBIX 3aTMEHUAM
[IEPUOJIOB IIPOMCXOUT POBHO OJIHO JIYHHOE M OJHO cojiHedHoe 3aTMenne. CiegoBaTebHO, OHI
cayqarores, korma Costaile ¢ JIyHoi#t oKa3bIBaIOTCs JOBOJIBHO OJIM3KO OT Y3JI0B JIyHHOI OPOUTHI,
U TaKuM 0Opa30oM Bce 3aTMeHust OyayT Jinbo MOJHBIME (KaK BapHUAHT, B CJIydae COJTHETHOTO,
KOJIBIIe0OPa3HBIMIE ), JINOO YaCTHBIME € OOJIbINOf (has3oii.

CobcerBenno, oba jgyHHBIX 3aTMeHus 2014 roga OyAyT TMOJHBIMEA, a U3 COJHETHBIX AllPEIbCKOe
Oy/IeT KOJIbIleoOpa3HbIM, & OKTIOPhCKOEe — JacTHBIM ¢ (a3oit (.8.

OrnernTe MaKCUMaJIHLHO BO3MOXKHYIO PA3HOCTH paccrogunit oT [lossiproit 3Be3pr 10 3emin u
710 JIyHBbL.

Penienne:

HOJIHpHaH 3B€3/1a Ha3bIBaCTCA «HOﬂHpHOﬁ» IIOTOMY, 9TO pacliojiaracTcd IIPaKTU4I€CKN B IToJtro-
Ce MUpPa — B HallpaBJICHHUHU, COBIIa/JalOIIEM C HallpaBJICHUEM 3€MHOI1 OCH.

W3BecTHO, 9TO MJIOCKOCTH 3€MHOTO 9KBATOPa HAKJIOHEHA K IIJIOCKOCTH 3eMHOI OPOUTHI Ha yTOJI
e = 23°.5, a WI0CKOCTH OopObuThI JIyHBI HaK/IOHEHA K IJIOCKOCTH opOuThl 3emyn Ha H°. OT-
CIOJIa CJIeJIyeT, 9TO MaKCHMaJIbHO BO3MOKHBIN YTOJI MEKJy ILIOCKOCTBIO 3€MHOT'O dKBATOPa 1
HarpasJyienneM 3emiisi—/IyHa cocraBisger 28°.5.
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Uszo6pasum wa pucynke Jlyny (C), 3emmmo (A) n mamnpasienne Ha IlossipHyio 3Be31y B coOT-
BETCTBYIOIIEH cuTyaruu, 0Tpe30K A B cOOTBETCTBYET IJIOCKOCTH 36MHOT0 9KBaTopa. [lockosibKy
[MosnsipHast 3Be3/1a HAXOUTCSA OYeHb JaJleKo (BO BCSIKOM CJIydae, PacCTOsHEE JIO Hee HAMHOIO
IPEBBINIAECT PACCTOsTHIE MeXKIy 3emieil u JIyHOit), To MOXKHO CcYUTATh, YTO HAIPABJICHUS Ha
[onsgpuyro 3Be3my ¢ 3emsn u ¢ JIyHbl napasieabHbl Apyr japyry. Torjia m300parkeHHbIil Ha
pucynke tpeyroibHuk ABC' oka3blBaeTcs MPsIMOYTOJIbHBIM, IpudeM ero rurorenysza AC —
3TO paccroguue oT 3emym o JIyubl (koTopoe mpumepno pasro 4 - 105 kum), a yron A pasen
28°.5 ~ 30°. U3BecTHO, 9TO JI/IMHA KATeTa B IPAMOYTOJILHOM TPEYTOJILHUKE, JIEXKAIIETO HAIIPO-
tuB yriia B 30°, paBHA MMOJIOBUHE JJIMHBI THIIOTEHY3bI, IIO3TOMY O0Tpe30oK BC' paBeH IpUMepHO
2-10° kM. OHAKO 9TO KaK Pa3 Pa3HOCTDb MKy PAcCTOSHUAME OT [1o1apHOit 3Be3/1bl 10 3eMIII
u j10 JIyHBI, T.e. HCKOMBIN OTBET.

C‘{I/ITaeTCH, 9TO HCTOYHUKaMM JJIMHHBIX I'aMMa-BCIIJIECCKOB ABJIAIOTCA BCIIBIIIKN CBEPXHOBBIX
OoIIpeJe/JIeHHOro THIIa. O,ZLH&KO IIpu 3TOM OIITHYECKOE M3JIYYCHHE BCIIBIIIKK PaCIIPOCTPaHACT-
Cd BO BCEX HallpaBJ/IECHUAX, & 'aMMa-U3JIy9€HUE HCIIYCKaCTCd TOJIBKO B JIBYX HallpaBJIEHHBIX B



[IPOTHBOTIOJIOYKHBIE CTOPOHBI Y3KUX KOHYCaX ¢ YIJIOBBLIM JmamMerpom H°. [Ipemnosaras, 4To Mbl
MO2KeM HabJIIo/IaTh BCE MO00HBIE O0BEKTHI, HAXOIAIINECS Ha PACCTOTHUAX, He TTPEBBIIAIONTIX
500 Muk, oreHuTe, BO CKOJILKO pa3 dallle MOKHO OyJeT Ha0JII0/IaTh CBEPXHOBBIE TOTO THUIIA,
JeM JIJTMHHbIE TaMMa-BCILIECKH.

Pemnienne:

Ecmm paccmorpers map pajguyca 500 Mk BOKpyr CBEPXHOBOM, TO M3 YCJOBUS CJEyeT, YTO
BCIIBIIIKY CBEPXHOBOI MOXKHO Oy/1eT HAOIIOAATE B JIIOOOI TOYKE STOrO IIapa, & raMMa-BCILIECK —
TOJIBKO B TOYKAX, MOMAJIAOININX B JIBa KOHYca. COOTBETCTBEHHO, €C/IN BO3MOYKHBIE HAOTIOATE I
PACIOJIOXKEHBI B IIPOCTPAHCTBE PABHOMEPHO, TO OTHOIIEHUE YUC/Ia HAOJIOATE e, YBUJICBIITNX
raMMa-BCIJIECK, K JHCITy HaOJ/IIomaTe e, YBUAEBIINX TOTBKO BCIBIIIKY CBEPXHOBOI, paBHO OT-
HOIIIEHUIO CYMMapHOTo 00beMa JIBYX KOHYCOB K OOIIEeMY 00beMy Imapa q.

O1HAKO BBIYUC/ISATH 00bEMbI KOHYCOB HEy100HO. BMmecTo 9Toro paccMoTpum TOHKUM cdepute-
CKHUIl CJI0i, OKpYyzKaoIuii cBepxHOBy0. OTHOIIEHNE 00beMa, «BBIPE3aeMOro» M3 HEro JBYMsI
KOHycaMu, K o0IeMy ob0beMy cjiosd OyJIeT paBHO TOi 2Ke BeJUYUHe ¢ — B CAMOM Jieje, JIJId
JIIODOTO pajinyca CJI0s ILIOMIA/Ib TOBEPXHOCTH CJIOSI U TLJIOIIA b, BbIpe3aeMasi KOHyCaMu, ITPOo-
MTOPIIMOHAIBHBI KB IPATY PAIUYCa, CJIeTOBATEIHLHO, NX OTHOIIEHNE C PAINYCOM He MeHseTcsa. A
9TO 03HAYAET, UTO MBI MOXKEM BMECTO IIapa PacCMOTpPETh cepy ¢ MEHTPOM B MECTEe BCIBIIIKH
U CpaBHUBaTh He 00bEMBI, & ILJIOMAIN TOBEPXHOCTU chephl U ee JacTeil, BhIpazkasd UX pasMephbl
B YIVIOBBIX €IMHHUIaX, OTHOIICHNWE ¢ IIPU TaKOM IIOACYETE HE USMEHUTCA.

3aMeTuM TakKe, UTO JIjId OJIHOTO HabJII0/IaTe I, BOKPYT KOTOPOI'O B CJIyUYailHOM HAIPaBJICHUN
U CO C/IYYallHON OpUEHTAIlMell BCIIBIXUBAIOT CBEPXHOBBIE, OyJIeT BEPHO TO K€ caMoe YTBep-
JKJICHWE — OTHOIIEHNE YacTOT HAOJIIOJAEMbIX BCIBIIIEK MaMMa-BCILJIECKOB U CBEPXHOBLIX OyJIeT
pPaBHO TOMY K€ OTHOIIIEHHIO ¢ CYMMApPHOI'0 00beMa KOHYCOB K 00beMy Imapa.

Ecim yrioBoit puamerp Konyca pasen d = 5°, TO ILJIOIMA b, «BbIpe3aeMasi» UM Ha cdepe, oKa-
3bIBaeTcd paBHOil /4 - d? ~ 20 KBajJpaTHBIX TPalycoB (KBaJPaTOB CO CTOPOHOI, paBHO 1°).
[Lnomamae Beeit cdepbl B TeX Ke eIMHUIAX OINEHUTh HECKOJIbKO cjoxkHee. Hekoropbie moryt
IIOMHUTDH, 9YTO OHa COCTaBJIACT OKOJIO 40 TBIC. KB. I'Pa/JIyCOB, HO MO?KHO U OII€EHUTHL 9TO YHCJIO,
BCIIOMHUB, KaK BBINJISJUT pa3Beprka cepbl Ha IJIOCKOCTH (HampuMmep, obbluHast reorpadu-
JecKasl KapTa) W [PHUHSAB, 9TO IIIomaab cdepol cocrasiasger 180° x 360°. OrneHKa MoIyInTcst
3aBBIIIEHHOI B TIOJITOPa pas3a, HO Jijisd IPydbOro npub/InzKeHnusi 9TO JIOMYCTUMO.

B urore momydaem, 4To /Ba KOHyCa <«BBIpe3aloT» Ha cdepe 0Ko10 40 KBaJIpaTHBIX I'DAJIyCOB,
oAb Beedt cdeprnl npumepro B 10% pas Gosiblie, clleoBaTeIbHO, U BCIBIIKH CBEPXHOBBLIX
MOZKHO OyJieT HabmoaTh B Te e camble 103 pas dalie, ueM ramMma-BCILICCKH.

[MosHast aMIIUTY/ A U3MEHEHHsI 3BE3/THON BEJIMYUHBI T€OCUHXPOHHOIO CIYTHHUKA (C HEPHOIOM
obpalrieHusi, B TOYHOCTH PABHOM CyTKaM) cocrasiser 5. OreHnTe MUHIMAJIbHYO BBICOTY CITYT-
HUKa HaJI TOBEPXHOCTHIO 3eMJIH.

Penienne:

[TockosbKy mepuos obpalleHus: CIyTHHKa P paBeH cyTKam, OOJIBIIYIO HOJIYOCh €ro OPOUTHI G
MOKHO BBIYUC/IATH, Bociojib3oBasiuck 11 3akonom Kerepa

P? B 472
a3 GM’

rie G — rpaBuTalmonHas noctosgaaast, M — macca 3emusn. MoxkHO, BIpodeM, cpa3dy coobpa-
3UTb, YTO y BCEX CIIYTHUKOB C OJMHAKOBBLIM IIEPUOIOM GOJIbINAs IOJIYOCh OPOUTHI OyIeT OHA-
KOBOI1, IT03TOMY MCKOMasl BEJIMINHA ( COBIIAJIAET C PAJIyCOM OPOUTHI NeOCTAIMOHAPHOIO CITYT-
HuKa (MHOTHM ydYaCTHUKAM OJMMITMAIb K3BECTHBIM ). B j1o6oM ciy4ae nostyunrest a ~ 43-10° u,
i npumepHo 6.6 pajgnycoB 3emin.

[TockoJIbKY CITyTHUK JIBUYKETCH 10 SJIIUNTUIECKON OpOUTE ¢ HEKOTOPBIM SKCIEHTPUCUTETOM €,
ero MepuIeHTPIYIECKOe PACCTOSHIE MOXKeT OBbITh 3ammucaHo Kak 7, = a (1 — e), a amoreHTpude-



CKOe — KaK T, = a (1 4 €). Oguako 0b6a 5T PacCTOsTHUST OTCUUTBIBAIOTCS OT IEHTPA 3eMJIH, a
PaCCTOAHUS OT HOBEPXHOCTH 3€MJIM IOJIyHYaTCs, €CJIM BbIUECTh U3 HUX paguyc 3eman R.

[TockoJsibKy 3Be3/HAA BEJIMYUHA CIIyTHHKA U3MEHSIETCs MAKCUMYM Ha 5", TO 9TO 0O3HAYAET, YTO
OCBEIEHHOCTD, co3jlaBaemMad UM, MeHsercsd B 100 pas. I3BecTHO, UTO OCBEIEHHOCTH 0OPATHO
[IPOTIOPIINOHAJIbHA KBAJIPATY PACCTOSHUS JI0 00BHEKTA, CJIe/IOBATETLHO, MUHUMAIbHAS U MAKCHU-
MaJTbHasl BBICOTHI CIIyTHUKA HAJ[ IIOBEPXHOCTHIO 3emin oTindatorcd B 10 pa3. Takum obpaszom,
MOXKHO 3aITCATh ypPaBHEHUE:

10-(a(l—e)—R)=a(l+e)—R.
Tak kak a = 6.6 - R, moryuaem
66-(1—e)—10=6.6-(1+¢)—1,

u, perias 970 ypaBHenue, HaxoguMm e ~~ (.7. OTcioga MUHEMAJIbHAST BBICOTA CIIYTHUKA HA/T
noBepxHoCThIO Semmn b = a (1 —e) — R = (6.6-0.3 — 1) - R ~ R, T.e. npubIu3uTEIHHO PaBHA
pajuycy 3emutn (0K0sI0 6 THIC. KM).
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