XXX Bcepoccuinckasa onmmnuaga LWKOSbHUKOB N0 aCTPOHOMUMU
PernoHanbHbIn 9Tan. 3agaHus n peLleHus
9 knacc

1. Ycaosue. Camonér nerur Ha BbicoTe 10400 M. B MecTHBIM nonneHb 21 uioHA caMoONET nepecék
napamiens +50°. B 3To Bpems o HUM OKasalicsl IIOTHBIA POBHBIN €i10i 00:1ak0B ¢ BbicoTO# 2800 M 1
Hwke. Ha kakom paccrostHum (JIMHEHHOM) OT MPOEKINK Haaupa Ha oOsiakax OyJeT BUIHA TeHb camojieTa’?
B kakom HampaBneHuu (ceBep, 0T, 3amajl, BOCTOK) OTHOCUTEIBHO TOYKH HaJupa Ha objakax oHa OyAeT
HaxonuThesi? KakoBa Obuta yriioBas BeicoTa ConHila B 3T0T MOMeHT? (4. M. Tamaprukos)

1. Pemenne. OTBEeTHM CHayajla Ha MOCJIEIHHUN Bompoc 3anauyu. 21 uioHs ckioHeHwe CoiHIa paBHO
0 = 23.4°, 1 ero BBICOTY B MOJIJICHB (3TO MOMEHT BEPXHEH KyJIbMUHAIINH) JIETKO HAUTH 110 opMyIie:

h=90°—0¢+d=634°.
Urak, yrinosas BeicoTa CojHIIa B pacCMaTpUBaeMblii MOMEHT BpeMEHU cocTaBisiia 63.4°. Tenepb Mbl

MOEM OTBETUTh Ha MEPBBIM Bompoc 3anaun. HapucyeM nmpsMOyrosibHbIA TPEYTrObHUK C BEpUIMHAMU B
camonére (A), ero TeHu (S) U TOYKK Haaupa Ha ob6mauHOoM cioe (N).

HanpaBneHme\
Ha ConHue A

NOBEPXHOCTb
\ obrnayHoro cnos

N S

NOBEPXHOCTb 3emnn

OpuH U3 KareroB 3TOro TpeyroiapHuka paseH AN = 10400 — 2800 = 7600 m, a BTOpoil KareT (NS)
ABJIAETCS NCKOMOM BEeNMYUHON. YT0I £NSA — 3TO yrojl Mexay FrOpU30HTOM U HarpasieHueM Ha CouHIe.
OH paBeH yrnoBo#t BeicoTe CosiHIIa HaJ TOpU30HTOM: £NSA = h = 63.4°. COOTBETCTBEHHO, YTOJI «IpHU
camonére» paBeH £ZNAS = 90° — 63.4° = 26.6°. OTcrozia pacCTOsIHUE OT TE€HU 0 TOYKH HAAUpa paBHO NS
= 7600 tg 26.6° = 3800 M.

B cpennux mmporax CeBepHoro nonymapust 3emin COJHIIE B MOJIEHb HAXOAUTCS K 0Ty OT OTBECHOM
muHuK. [loaTOMy TeHb OyJIeT HaXOIUThCS K CEBEpPY OT OTBECHOW JIMHHUHM U, COOTBETCTBEHHO, TOYKH
HaJupa Ha o0Jiakax.

Otgert: 1) mpumepno 3800 m; 2) k ceepy; 3) 63.4°.

1. CucreMa oneHUBAHNSA.
Jran 1. (1 6ami): [loHumMaHne KapTUHBI MPOUCXOJAIIETO, BBIPAKEHHOE PHUCYHKOM WM BEPHBIM
XOJIOM pEIICHUS.
Irtan 2. (1 6a/mr): 3anuck GOpMyJIbI BEICOTHI B BEPXHEH KyJIbMUHAIUH.
Jrtam 3. (2 6aaua): Beiuncnenue yrinoBoil BbicOThl CoONHIA C OTBETOM B jauana3zoHe [63°; 64°].
3a BepHbIi 0TBET 6€3 (popMyIIBI MITH BBIUMCIIEHUH cTaBuTcs | Gast.
9rtan 4. (1 6amn): BeruucieHue BHICOTH caMoJIETa HaJl 00JJaYHBIM CIIOCM.
Jran 5. (1 6ana): OnpeneneHue HanpaBiIeHUs, B KOTOPOM PaclojoXKeHa TEHb OTHOCUTEIBHO TOYKH
Haaupa.
Jran 6. (2 6aana): OnpeaeneHue HCKOMOTO PacCTOSHUA.
MakcumanbHas OIICHKA 3a 3a/1a4y — 8 0aJioB.
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2. Ycaosue. Ha nmoepxHoctn CojHIIa MOSIBWIOCH CTallMOHApPHOE SKBaTOpuajibHOE NATHO. i ero
u3ydeHus ObLT 3amylleH Ha opouty Bokpyr CoiHIIa KOCMHUYECKHUH ammapar Tak, 4YToObl OH HaXOJUJICS
MOCTOSIHHO HAJ ATHM IISATHOM. B CHITy KOHCTPYKIIMU ammapaTa MepelaBaTh JaHHBIE OH MOXET TOJIBKO
B IIPOTUBOMNOJIOKHYIO OT TOYKM HAONIOJCHUS CTOPOHY, a YrOJl TOJIsS 3pEHHUs (auarpamMma HampaBlieH-
HOCTH) aHTeHHBI cocTaBisieT 6 = 3°. C KakUM MPOMEXKYTKOM BPEMEHHU M Kak JOJIro Ha 3eMiie MOXHO
OyIeT MpUHUMATh CUTHAI OT 3TOro crmyTHHKa? OpOuThl ammapata U 3eMIU CUUTATh KPYTOBBIMH.
[TmockocTh OpOUTHI 3eMiIM CUYHMTATh COBMAJAIONIEH C TUIOCKOCThIO dKkBaTopa COJIHIIA M IUIOCKOCTHIO
opOuThI anmapara. [lepuon oceBoro BpamieHus: Comnnna cocrabiset 24.47 cytok. (M.B. Ky3ueyog)

2. Pemienue. DxBaropuanbHbiid niepuos oopamennst ConHna cocrabiser 24.47 cytok. CremoBaTenbHO,
POBHO C TakuM e MEepUuoIoM AOKEH Jenath o0opoT Bokpyr ConHua ammapat. s HacTyrmieHHUs
MOMEHTA, OJIaroNnpusiTHOrO ISl CBSI3U, HEOOXOIMMO HAaXOKIeHHe Ha ofHou mpsimoit ConHua, ammapara
u 3emnu. Ota KoHUryparws ans 3emid OyJeT COOTBETCTBOBATh HUKHEMY COCIMHEHHUIO armapara
¢ Connnem. Bpemst Mexly 1ByMs NOCJI€IOBATEIbHBIMU H)KHUMH KYJbMUHALIMSIMU aliapara paBHO €ro
cUHOJM4YecKomy nepuony. Haiiném ero:

TaTg  365.2564 - 24.47

S, = =
AT Tg—Ts 3652564 — 24.47

= 26.23CyTOK.

3nechk Ta — dKBaTOpHANBHBIN Tiepuo odpamienus ConHia, a Tg — cuaepudeckuii nepuoy 3emin. Tenepb
OIpENIeNIUM Ty 4acTh OpOUTHI, KoTOpas OyaeT OjaromnpusTHA A CBsI3M ammapara ¢ 3emiueil. s sToro
HCOGXOI[I/IMO OMPCACIIUTL PaAanuyC Op6I/ITLI amnmaparta, I 4€ro BOCIOJB3yCMCA TPETbHUM 3aKOHOM
Kennepa:

T? aj

=—3’

2
Ty ag
r7e ag — paauyc opouTsl 3emiau. BeipazuMm pacctostHue ot ammapara g0 CoHia:

2

2
Ta\3 2447 \3
a = ag <ﬁ> =1.5-108 (m) ~ 24.7MJIH. KM.

Bocnonbezyemcs cucreMoit koopAMHAT, B KOTopoi ColHIle U anmnapaT HEMOABMKHBI, a 3eMJIs JBUKETCS
Bokpyr ComHma c mepuogoM Sa. Ilpoxoxas uepe3 aumarpamMmy HampaBJICHHOCTH aHTEHHBI 0, 3emis
noBopauynBaercss Ha yron o < 0 Bokpyr ComHua (cM. pucyHok). Ilycte / — myra 3emMHON OpOWTHI,
oOsydaemasi aHTeHHOM. B cuity ManocTu yria o MOJKHO IPHUHATH, YTO PACCTOSIHUE OT anmnapaTa 10 3eMJIH
BO BpeMsl Ilepe/laur He MEHSETCS U PABHO d@ — da. 10ra MOXKHO 3allMCcaTh 1BA COOTHOLLICHHUS:

l a° ! 6°

ag T 57.3” ag—apa ~ 57.3%

Hckmounm / U3 ypaBHEHHIA, TIOZICTUB IIEPBOE HA BTOPOE:

o

aAgp—as _ O(_
a@ - eo’
OTKyza
A —ay . 150-10°—24.7-10°

~ 2.5°,
ag 150- 106
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OpbuTa 3emnu

CHGI[OBaTeJIBHO, BpEeMs HpI/IéMa CUrHajia C arimapara Ha 3emie COCTaBHT JOJIO OT IIOJHOI'O CHMHOIH-
YCCKOro nepuoaa:

o o

T=Sa3600 ~ 20233500

OtBet: 1) SA =26.23 cyT. 2)1=4.4 u.

= 0.18cyTok =~ 4.44aca.

2. CucremMa ouleHUBAHUA.

Jran 1. (3 0anna): Haxoxxaenue uHTepBaga MeXAy NEPUOAAMU CBSA3HU, KaK CUHOJIMYECKOrO Meproja
CIIyTHHUKA.

Bo3moxknas ommbka — mepuoa oOpamieHus ammapara BOKpyr CofHIIA B3AT paBHBIM MEPUOAY
BpameHus: Connua 24.47 cytok, uto naér Bpems npuéma 0.17 cyrok nnu 4.08 gaca. B atom cirydae
NYHKT oOleHuBaeTrcss B 1 Oamr. Takas e OLEHKAa CTaBUTCA B Clyyae IPEANOJIOKEHUS

MIPOTHBOIIOJIOKHOCTH OOpaIleHHs anmnaparta U 3eMIIH.
Jran 2. (4 0asua): OnpenesieHue yria BUAMMOCTH U3 1ieHTpa CoHiia.

B0o3MOXHO TOYHOE BBIYMCIEHUE YIJIa C UCHOJB30BAaHUEM TEOPEMbl CHHYCOB, UYTO OLIEHHMBAETCS B
nosiHoi Mepe. Ecnu yron no ymonyanuto 0epércs paBHBIN IuarpaMMe HANpaBiIeHHOCTH aHTEHHBI, TO
MBI norydaeM Bpems npuéma 0.22 cytok uim 5.2 gaca. B atom ciydae atan orneHuBaercs u3 1 6aina,
JaJbHEUIINE MyHKTHI OLIEHUBAIOTCS B IMOJIHOU Mepe.

Jrtan 3. (1 6amn): HaxoxaeHne BpeMeHH puéma CUrHaia.

MakcumManbHas OlleHKa 3a 3a/1a4y — § 0asios.

3. YcaoBue. B MoMeHT HamOoJjblIeii BOCTOYHOM KBaJpaTyphl JJIsi 3€MHOrO HAOMIOAATess JiydeBas
CKOpOCTh acTepoua cocraBmia +20 km/c. Onpeaenure paanyc opoUTHI acTEPOHIa, CUUTas €€ KPyroBoii
U JeXaled B IUIOCKOCTH SKIMNTUKH. HampaBneHus BpamieHuss 3eMid U acTepouia COBIAAAIOT.
(A.B. Becenosa)

3. Pemrenne. JlyueBas CKOpoCTh acTepouia MOJIOXKUTEIbHA, TO €CTh I 36MHOT'O HAOJI0IaTeNs aCTePOr]
yaansiercst ot 3eMiud. s onpeneneHus: 1yd4eBol CKOPOCTH acTepouaa V: cieayeT ydecTb IPOCKIUU Ha
Jyd 3peHUs] CKOPOCTH Kak acTepouaa V, Tak u Habmomarens, TO €CTh CKOpocTh 3emin Vg. B MomeHT
KBaJpaTypbl MOJIHASI CKOPOCTh 3€MJIM HalpaBjeHa BIOJb Jyya 3pEHUs, OT CKOPOCTH acTepoujaa
HE00XO0IUMO B3SITh KOMIIOHEHTY BJIOJIb JIyda 3pECHUS:
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V. = Vg —Vcos(90° — 8) = Vg — Vsin®.
3neck 0 — yron mpu actepousie Mexy HanpaieHueM Ha CounHile u Ha 3emiio. M3 pucynka
a
sing = —,

TZIe T U ag — paAnychl OpOUTHI acTepOmia U 3eMJIM COOTBETCTBEHHO.

Taxoke 3aMeTHM, YTO Ha KPYroBOM opOUTE CKOPOCTH OOPATHO MPOMOPLUOHATIBHA KBAIPATHOMY KOPHIO U3

_ GM@ _ .a_ea
V=T V=V, /r.

[ToncraHoBKa ATUX BBIPAKEHHUM B BHIPAXKEHUE JIJIS JIy4€BOM CKOPOCTH JAET COOTHOIICHHE

a® Cl@ a® 3/2
V= Vg — Vg - /T'TZVEB'( _(7) _

O06o03HaunM k = ,/ag /T, TOrJa ypaBHEHHE IS JIy4€BOM CKOPOCTU IPUMET BU]]

panuyca opOUTHI:

OTCIOI[a HaxOoJuM BCIIMYHHY K:

CrieoBaTenbHo, ¥ = ag / k° =2.1 a.e.
3. Cucrema oneHuBaHusl.

Jran 1.(4 6a/sa): 3anuck BeIpaXEHU IS Ty4€BOM CKOPOCTH C YYETOM CKOPOCTH JBHKEHUS 3€MIIH.
Bo3mokHas ommOka: ydé€T TOJIBKO CKOPOCTH acTepouja, cUYuTas 3eMiIl0 HemoJBWKHOH. [lpum
MPaBWIbHBIX BBIUMCICHUSAX 3TO AaeT oTBeT 1.3 a.e. B 3ToM ciydae 3a JaHHBIA 3Tan BBICTABISAETCS
Tosbko 1 Oasm, ocTanbHbIE MYyHKTHI OLEHUBAIOTCA M3 MOJHOTO Oayia. YUYacTHHUK MOXET TaKxke

OMHMOUTHCSI B HANpABICHUU JIy4yeBOW CKOpPOCTH (NMpUONMKEHHWE WM YyAaJeHuEe), a TakkKe B
HaNpaBICHUU KBaJApaTyphl (3amajgHas WJIM BOCTOYHAs). UHCIEHHO OSTH OWIMOKH MOTYT
KOMIICHCUPOBATh APYT ApPYyra, OJHAKO OIICHKA 3a ATaIl CHIXKAeTcs Ha 2 Oaa.
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Ortam 2.(2 06anaa): CBsa3b CKOpOCTH acTtepowaa M paauyca opOutbl. COOTHOIIEHHWE MOXET OBITH
BBIBCACHO WJIU 3aIIlMCAHO 663 BBIBOJA.

Jrtan 3.(2 6aa): 3anuck ypaBHEeHHS U paauyca opOuThl (1 6amr), pemeHue ypaBHEHUS U MOTY-
YEHHUE UTOroBOro oreeta (1 Gamm).

MakcumManbHas OlleHKa 3a 3a/1a4y — § 0asios.

4. YcaoBue. OOHapyXeHa IUIAaHETHAss CHCTEMa Y 3Be3Abl paguycoM R =2Rpe, KOTOpas HMEET Tpu
IUTAHETHI, PACHOJIOXKEHHbIE OJM3KO K POJUTENILCKOM 3BE3/Ie: TOPSUUil HENTYH M JBa TOpsAYMX IONUTEpa
(R1=2Rw0, R>=1.4R:, R3=1.5Ry). Haiinute mMakcuMmasibHOE MajieHHE OJiecka B 3BE3MHBIX BEIUYMHAX
9TOM CUCTEMBI JUIsl HaOIroaTelNsl, HaXoJAIerocss JOCTaTOYHO AAJIEKO OT CHUCTEMBI B INIOCKOCTH OpOUT
IUTaHEeT 3TOM cucTembl. [loTeMHEeHneM amcKa 3Be3/bl K Kpato npeHedpeus. Ro — panuyc ConHua, Ry —
paauyc fOnurepa u Ry — paguyc HentyHa. (4.4. Aémaesa)

4. Pemenne. MakcumanbHOe TazieHHe OJjiecka MPOW3OHAET B TOT MOMEHT, KOTJa BCE TPH IJIAHETHI
OKaXXyTCsl Ha JUCKE 3BE3/IbI, HO HE OYIyT MEePeKphIBaTh ApyT apyra. [IoTok ot 3Be3abl / TPOMOPIIMOHATICH
BUJIMMOM IIIOIIAAH 3BE3/5bI S, CIIeIOBAaTEIBHO,

Io~S=nR? I~5-8—-8—-25;,
rae lo — TOTOK OT 3Be3/Il BHE MHHMMYMOB Onecka, S1 = nR12%, S» = nR>* u S5 = nR3%. Ionenus BTOpOE
ypaBHEHHE HA MepBOe, HOTyUUM

I R?*—R?-R?—R? 4R —4R3-196R3 — 1.25R? 0.984
Io R? a 4R% ST

UtoOb! HaliTH MagieHue OJecKa B 3BE3IHBIX BEIMUYMHAX, BOCTIONIB3yeMcs (hopmydoit [lorcona:

I
Am = ~2.51g—— = 0.018.
o

4. CucremMa oleHUBAHHUA.

Jran 1. (2 6anna): MakcuManpHOE MajieHUue OJiecka, KOrJa BCE TPHU IUIAHETHI OKAKYTCS Ha JMCKE
3B€3/1bI (3TO MOXKET OBITh MPOCTO BUIHO U3 PELICHHUS).

Jran 2. (1 6asr): [ToTok oT 3B€3/1bI NPONOPLUOHAIECH IUIOLIAH.
Irtan 3. (1 6ana): [loTok npu MakCUMaIbHOM MaJeHUH OJIeCKa MmponopiuoHaneH So — S1 — $2 — Ss.

Irtan 4. (1 6ana): Haxoxnenune [ / Io = 0.984 (MOkeT OBITH HE MOCYMTAHO YHMCICHHO, HO WMETh
NPaBUIIBHYIO (GOPMYITY).
Jran 5. (1 6amn): [IpaBunbHas 3anuck popmyisl [lorcona mis 3Toi 3aga4mn.

Jran 6. (2 6anna): [lonyueHHoe najeHue OJiecka B 3BE3HBIX BEIIMYMHAX

MakcumManbHas OlleHKa 3a 3a/1a49y — § 0asios.

5. YcaoBue. B teneckon ¢ muamerpom 20 cMm m ¢dokycHbIM paccrossuueM 1000 mm dororpadupyror
Mapc B MOMEHT BEJIMKOTO MPOTUBOCTOSIHUS (paccTostHre Mexay Mapcom u 3emieit 0.38 a.e.) na [13C-
MaTpuIly ¢ pasMmepoMm mukcens 5 MkM. Ckonbko mukceneit 3anuMmaer Mapc? Ckonbko (OTOHOB OyaeT
B Ka)XJIOM TIMKcele 1pu Beiiepxkke 1/200 cekyHabi?
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CunrTaiiTe, 4TO OT 3Be3/bI HYJNEBOH 3B&31HOI BemmunHbl puxoaut 10° Gpotonos 3a 1 cexynmy Ha 1 cm?.
3BE3qHas BenMunHa Mapca Bo BpeMsl BEIMKUX POTUBOCTOSIHUN —2.9™". (B.b. Henamyves)

S. Pemienne. Ha mepBoM odrame 3agadyd OIpenesMM YITIOBOM pasmep Mapca B IIPOTHBOCTOSHHM.
Bocnonb3yemcs popmyioit yriaoBoro pazmepa:

_ 206265 -D
= -

14

= 24.6".

Teneps onpenenyM IMHEHHBIN pa3zMep n3o0pakeHust Mapca B pOKaIbHON MIIOCKOCTH
x=F"-p.
351ech p — AOJKHO OBITH MOJICTABIICHO B paauanax. [lojacrapisiemM 3HaYCHUS U TOTy4aeM

206265

CornacHo yCJOBHIO, OJIMH IUKCENIb MMEET pa3Mep 5 MKM. Torja JTUHEHHBIN AuaMeTrp H300pakeHus

x=F-p=1000Mm - = 0.1193mMM = 119.3MKM.

Mapca coctaBut d = 119.3 / 5 = 23.9 nukcens. [lockonabky Mapc B IpOTUBOCTOSTHHH, TO €ro (a3a paBHa
1, u Ha U300pakeHNH OyIET BUIEH Bech quck Mapca. Mapc npu 3Tom 3aiMET

Nox = 1+ (d/2)? = 447nnKcenei.

K Ttakomy e OTBEeTy MOXHO TNpHUNTH, €CIU CHauyajga BBIYUCIUTH IJIOWAAbL H300pakeHus Mapca

B MUKPOMETPAX, a 3aTEM Pa3IeIUTh HA IIONIA1b OJHOTO MUKCES — 25 MKM?.

Teneps onpenenum 4ucio GOTOHOB, MPHUIIEANICe HA | TUKCENIb 3a BpeMs IKCIO3UIMK. Mapc BO BpeMs
BEJIMKUX TMPOTHBOCTOSHUM HMMEET BHAMMYIO 3BE3MHYIO BenmmuuHy —2.9". OnpenenuM KOJUYECTBO
($hoTOHOB, pUXOAAMUX OT Mapca 3a Bpemsi SKCIIO3HUIIHH:

N =N, -At-S-10704m=mo),
rae At — ato BeiIepkKa (pororpaduu, mokaspIBaroIIas, CKOJILKO BPEMEHH OTKPHIT 3aTBOp. KonmdecTtBo
(hOTOHOB JIMHEWHO PACTET C YBEIWUYEHUEM BBIICPKKHU. S — IIIOMIAb O0OBEKTHBA TeJecKomna, No — YUCIIO

(dhoToHOB, MpuUxOASMUX OT 3Be3apl 0™, a MHOXHUTENb 107%4(m=m0) poka3pIBacT, HACKOIBKO OOJIBIIE
OCBEIIEHHOCTh OT 00BEKTA, YeM OT 3BE3/IbI HYJICBOHM 3BE3THON BEIIMUUHBI.

Bbynem wucnonp3oBaTh NpeAnoiokeHUue, 4To Bce (OTOHBI HMEIOT OAMHAKOBYIO »HHepruto. Toraa
COOTHOIIICHHE OCBEMIEHHOCTEH PaBHO OTHOIICHUIO YKciia (poToHOB. Beraucium obinee uncio GOTOHOB,
kotopsie npuayT Ha [13C xamepy:

N =105 — ——.10704(-2970) = 22.7. 10°.

st ompeneneHuss 4uciaa (OTOHOB B OJHOM IIHMKCENE pas3lenuM oOmiee 4Yucio (OTOHOB Ha YHCIO
MAKCENEH:
N = 22.7 -10° — 08 10°
U447 T T '
Ot10 u OyIeT OTBETOM Ha 3aJauy.
Oteert: 1) 452; 2) oxosio 50 ThICSY.
5. Cucrema oneHuBaHUA.
Jran 1. (1 6am): OnpexaeneHue yriioBoro pazmepa Mapca.

Oram 2. (3 6anaa): Onpenenenne uncna nukcenedr [13C, B koTopeix Oyaer m3oOpakenwe Mapca.
[lepBbrit Gamnm cTaBUTCS 3a OmpeaeicHUEe JMHEHHOTO pasMepa H300pakeHHs dYepe3 (OKyCcHOe



XXX Bcepoccumnckas onumnuaga LWKOSNbHUKOB MO aCTPOHOMUN
3agaHus 1 pelleHns

PervoHanbHbIV 9Tan
9 knacc

paccrosinue. Bropoi Oamn 3a macmtad n300pakeHUsT B THUKCENAX. TpeTuit 0amin 3a ompejaesieHue
momaau Mapca B IMKCeIsX.

Ecan ydyacTHHK HEBEpHO HallleNl YIjIoBOW pasmep Mapca uinu nepenyrtan paauyc ¢ JUaMeTpoM, 3a
Ortan 2 oH nonyyaet He Oonee 1 Gania, eciay MOTYYHI JUaMeTp U300pakeHus Mapca npaBHIBHO IS
CBOET0 3HAYEHUs YIJIOBOTO pa3Mepa.

Y4acTHUK MOKET CUMTATh LIEJIOE YUCIIO MUKCENeH, ocBemaeMbix MapcoM. Tak quamerp Mapca MoxeT
rmonagaTth Ha 24, a MOXKET U Ha 25 MUKCeNIeH. DTO HECKOILKO MEHSIET HTOTOBEIH OTBET, HO OIIMOKOH HE
SIBJISIETCSI.

Oran 3. (3 6anaa): Onpeaenenne oodmero yucia GoToHOB. 1 GamT cTaBUTCS 3a IPABHUIILHOE WCIIONb-
3oBa"ue ¢Gopmyssl [lorcona (Bo3MoxHO ¢ pesynbTaToM, 4yTo Mapc sipue 3Be3nbl 0" B 14.45 paza).
Btopoii 6amn — 3a 3anmuchk BBIpaKEHHS ISl TIOJHOTO 4ucia (GOTOHOB B oOmieM Bujae. 3-H Oamt 3a
KOPPEKTHBIN YHCIECHHBIN OACYET. BO3MOXKHO, YTO YUYaCTHUK JEAaeT BCE BBIYMCIEHUS B KOHIlE. Toraa
3TOT 6aJIJI BBICTABJIACTCA TOJIBKO IIPU NPABUJIIBHOM KOHCUYHOM OTBCTC.

Jrtan 4. (1 6amn): Onpenenenue yucia (OTOHOB, OKA3aBIIMXCA B OJHOM mukcene. JlaHHBIN Oain
BBICTABIIICTCS TOJBKO MPH MPABUILHOM YHCICHHOM OTBETE B OTCYTCTBHE OIIMOOK Ha MPEABLAYIIHX

oTalriax.

MakcumManbHas OlleHKa 3a 3a/1a4y — § 0asios.

6. YcaoBue. B cepun kHuUT «Kocmoonyxwy HMBHIM3AIMs HAILIa CIOCOO CHJIBHO COKPATUTh BpEMS
nepemenieHus no Beenennoit. Kocmuueckre kopabian MOTYT COBEPIIUTH MPBIKOK B MIPOCTPAHCTBE OUYECHD
OpIcTpo Ha Job0oe paccrosiHue 10 0.5 knk. ['MaBHBIC Tepou 3aHUMAIOTCS Tpy30IepeBo3kaMu. B kakoi-To
MOMEHT OHHU CTapTYIOT ¢ 3eMJIM M UMEIOT 3aKa3bl K IJIaHETaM WJIM acTepouiamM OKOJIO 3Be3a: AJIbKOp,
3Be3anl JItonBura u o Manoit Meneauupl. OHM XOTAT MPOWTH KpaTUaWIlIUM ITyTEM, 3aBe3s BCE 3aKa3bl U

BEpHYBIINCh Ha pojaHyio iaHery, HoBelii boiiOpyiick, 1o HoBoro I'oma. Iloctpoiite mis HUX Tpaccy

(mopsimok 3Be37, B KOTOPOM MM HaJO JIETETh) U NOCUUTAITE JUIMHY 3TOH Tpacchl. Bam naHa BeIpe3ka U3

HaBUTAIMOHHOTO aTinaca XXV Beka. (4.4. Aemaesa)

3Be3na IIpsimoe BocxoxkaeHue | CKiOHeHHE IMapajanakc
AJIbKOp 134 25m +54° 59’ 0.0399"
3sesna Jloasura 134 25m +54° 53’ 0.0109"
o Mastoii MezBeau1ibl 024 31m +90° 00’ 0.0073"
Hogwrit boitbpyiick 014 25m +73° 00’ 0.0050"
6. Pemienne. Haiiném paccTosiHust OT 3eMiIH IO BCEX 3TUX OOBEKTOB:
r(nK) = %,
r7ie T — napasuiakc.
AJbKOpP 3B. JlloxBura Hoasipuas Hb
Paccrosinue ot 3emiu 25.06 nk 91.74 nk 137 ik 200 ik

Haiiném yrioBoe paccTrosiHMe MOMapHO MEXIY BCEeMHM 3BE3aMHU, MPU HAONIIOACHUU C 3eMIIU. 3aMETHM,

yto y Hac ectb [lonsipHas 3Be3na (o Manoit MenBenuiibl), CKIOHEHHE KoTopoil naHo kak +90° 00', a
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3agaHus 1 pelleHns

3HAYUT, €€ NMPSAMOE BOCXOXKJICHUE 3HAYCHUS HE UMEET, U YTI0BOE PACCTOSHHUE OT HEE A0 BCEX 3BE3N, OTO
IIPOCTO TOJISIpHOE paccrosiHue. Taxke 3ameruM, 4to Anbkop M 3Be3pa JlrogBura nexar Ha OJHOM
Mepuanane, takxke, kak 1 Hoseiii boitOpyiick (HB). Torma yrioBoe paccTosiHue MexIy 3BE3aMu IO
OJIHYy CTOPOHY OT IIOJIFOCA PABHO Pa3HOCTU UX CKJIIOHEHUMN, U CYMME IOJIIPHBIX PACCTOSHUU JUIS 3BE3] 110

Pa3HyIO CTOPOHY OT Houtoca. Ktoro:

Yroa B AJbKOpP 3B. JlronBura | Iloasipuas Hb
AnbKOp 0 00° 06’ 35° 01" 52° 01’
3B. JltogBura 00° 06’ 0 35°07 52° 07
[TonspHas 35° 01" 35°07 0 17° 00’
Hb 52° 01’ 52° 07 17° 00 0

Ham u3BecTHBI paccTostHUS A0 3BE3N M yroil Mexay HuMHU . Bocmomb3dyemcs TeopeMoil KOCHHYCOB,

YTOOBI HAUTH PACCTOSIHUE MEXAY 3BE3TaMHU:

r= \/rlz + 12-2 - ry15c08p.

Hroro:
B3aumHble AJIBKOp 3B. JIroasura | IoaspHas Hb
PACCTOSHUA
3emuist 25.06 nx 91.74 nk 137 nx 200 nk
AJbKOp 0 66.68 nk 117.34 nx 185.63 nx
3B. JItogBura 66.68 Nk 0 81.38 ik 160.88 ok
[onapnas 117.34 nk 81.38 nx 0 79.78 nx
Hb 185.63 nk 160.88 nx 79.78 nx 0

Bce paccrosinust Menbpine 0.5 KOk, 3HAYUT MPOCTO CUYMTAeM MHUHUMAIBHYIO Tpaccy, He 3a0bIBas, 4TO

Hoserit boitbpyiick nomkeH 0Ka3aThesl B KOHIIE:

n
IlepBasn Bropas Tperbst roropas
Crapr JJIMHHA MYTH
OCTaHOBKA OCTaHOBKA OCTaHOBKA
a0 Hb, nk
3B. JItogBura [Tonsapuas 252.9
Anbkop
[TonsipHas 3B. JItonBura 384.7
AJbKOp [Tonsapuas 355.5
3emutst 3B. JltogBura
[onapnas Anpkop 476.1
Anbkop 3B. JItogBura 481.9
[TonsipHas
3B. JltogBura Anbkop 470.7

MuHumanbHas JuiMHa Tpacchl coctaBigeT 252 nk (3emus — Anbkop — 3Be3na Jloasura — I[onspuas —
Hogwrii boitopyiick).

Pemenue 3amaun MOXKHO OOJETYWTh, aKKypaTHO HapHCOBaB yepTeX. Torma Bce pacCTOSHUS MEXKIY
3B€3JaMM MOXXHO IIPOCTO M3MEPUTH JIMHEHKOH, a HauKparyaillias Tpacca (BblAEJIEHAa HAa PUCYHKE)
CTAaHOBUTCS OYEBUIHOM.
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3agaHuns 1 peweHus 9 knacc
HoBbiln Bonbpyinck

MonapHas

3Be3na
Noasura

6. Cucrema oneHuBaHUA.

Jran 1. (2 6amna): Haiinens! paccrostaus oT 3emiu 10 Bcex 00bekToB (1 6amn 3a popmyiy, 1 6am 3a
BBIUMCIICHHUS ).

Iran 2. (1 6amn): OObSICHEHUE, YTO BCE 3BE3/IbI JISKAT B OJTHOM IITOCKOCTH.
Jrtan 3. (2 6anna): HaxoxxeHue Bcex NOMAPHBIX YIVIOBBIX PACCTOSTHUM.

Jrtan 4. (2 6aama): HaxoxaeHue momapHbIX paccTOsIHUH Mexay 3Be3namu (1 Oamn 3a dopmymy, |
0aJT 32 BBIYUCIICHUS ).

Jrtamn 5. (1 6ana): CocTaBUTh MUHUMAJIBHYIO TPACCy.

Jran 6. (1 6amn): OObsICHEHHE TOYeMy MUHUMAJIbHASI.

Jrtan 7. (1 6ana): Beruncinenue JIMHHBI TPACCHL.

[IpaBunbHOE Tpaduueckoe pemneHne TaKxke oneHnBaeTcs B 10 6amos.

Bo3MoXKHBIE OIIMOKH:

e  OmmOKM BHIYUCIICHUN OOHYJISIFOT TOJIBKO TOT MTyHKT, B KOTOPOM OHU OBUTH CJI€JaHbI, €CJIN OIUOKHT
HE BIIUSIOT HA CMEHY TPACCHI.

e Ecnm ommOKku BEIYUCIEHUN MPUBOJAT K CMEHE TPACCHI, TO MMyHKTHI 5, 6 HE OIICHUBAIOTCS, a UTOTO-
Bas OIICHKA He MpeBbIIaeT 7 6aioB.

e Ecmm 3a0wBaror, uto nepexon a0 Hooro boiiOpyiicka Toxke cyWTaercsi, TO 3a MYHKTHI 5 U 7
craButcs 0 6ayIoB (B MITOTE 32 3a/1a4y He Oosiee 8 OAJIIOB)

e Ecmu Hosriit boitOpylick He sBnseTcs MocieAHEd TOUYKOM MapiipyTa, TO MyHKTHI 5, 6 u 7
HE OLICHMBAIOTCS, a 32 3a7]auy BBICTaBIsETCS He Oomee 7 6aioB.

MakcumanbHas olleHKa 3a 3axaqy — 10 6aios.
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10 xiacc

1. YcaoBue. B pomane «TanHCTBEHHBIM OCTPOBY MYTEIIECTBEHHUKH, YTOOBI yIOCTOBEPHUTHCS, YTO OHU
Ha OCTpOBE, B300paIich HAa OJMHOYHYIO BBICOKYIO ropy. Haxomsce Ha camoii BepiuHe, nHxeHnep Carpyc
CMut 3ameTui, 4TO Ha 3akaTe, Korga auck CojiHLIa KOCHYJICS TOPH30HTA, MOAHOXHUE TOpbl Kak pas
CKpBIJIOCH B TeHW. Haligute W3 3TUX MaHHBIX BBICOTY TOpbl. Pedpakuuio He yuuteiBaTh. PemieHue
COIIPOBOJIUTE YepTeKOM. (4.A. Aemaesa)

1. Pemenne. [TockobKy MOAHOXKHE TOPBI TOJIBKO CKPBLIOCH 32 TOPHU30OHTOM, MOKHO CUMTATh, YTO JISI
HaOMoaTeNns y MOJHOXKUS BepXHssA yacTh aucka ColiHIa Kacaercsl ropu3oHTa. M300pa3uM Ha pucyHKe
3emitto pamuyca R, Topy BBICOTHI 4. YTOI MEKIy HalpaBiICHUSIMH Ha TOPU30HT 0003HAYHMM (L. DTOT yroj
paBeH yrioBomy nuamerpy CouHIa.

VYT0JI P OCHOBAHUU TOPBI IPSIMOW, TTOITOMY
cosa=R/(R+h),

VYrnoBoit auamerp ConHIA@ €CTh OTHOIIEHHWE €ro MPOCTPAHCTBEHHOTO JHAaMETpa K PacCTOSHHUIO
1o Connua. B yrioBoii Mepe oH coctasisieT o = 32'. BeicoTa ropsl ecTb

1
h=R<——1)=6371KM'<

- 1) = 276M.
cosa

cos32'

1. Cucrema oueHUBaHHUs.
Itan 1. (2 6amua): [IpaBuIbHBIN PUCYHOK.
Itan 2. (1 6aa): Yroa o paBeH yriioBoMy pazmepy CosHiia (MOKET ObITh TTOKa3aHO Ha PUCYHKE).
Itan 3. (1 6au): B3saT nim nocuntan npaBuiIbHBIN yriioBoi pazmep Comnaia (ot 30" mo 32).
Oran 4. (2 6aaua): [IpaBwibHas hopmyna a1 pacdéTa BEICOTHI TOPBHI.

Iran 5. (2 6aaua): [IpaBunbHbIi pacuét s BeICOTH Topbl (0T 230 M 1o 280 M) mpu MpaBUIBLHOMN
dbopmyIie. DTam He 3aCYUTHIBACTCS €CIIM NPABUIIBHBIN OTBET MOIYYEH 110 HEMPaBWIBHO (GOpMyIie MU
peleHre OTCYyTCTBYET.

MakcumalnpHast OlieHKa 3a 3a1a4y — 8 0aJuIoB.
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2. YcaoBue. KoopanHaThl 3BE€3/bI 0o = 6" 40™, &0 = 23.5°. Paccrosgnaue 1o 3Be3anl o = 20 nk. Y 3Be31bI
UMeeTCs COOCTBEHHOE JIBIKEHHE g = 0”/rox u us = 0.74"/ron. JIlyueBasi CKOPOCTh 3BE3/bI Vi = —39 KM/C.
Omnpenenure:

e Koopaunatsl 3B€3/1bl, KOT/Ia OHA yJAINUTCS OT HAC HA OECKOHEYHOCTh
e Bpewms, 3a KOTOpPOE 3B€3/1a OKAKETCA B TEKYILEM IIOII0CE MUpa
e KoopanHatsl 3B€3/1b B MOMEHT MUHUMAJILHOTO COJMKEHUS
[Tpernieccuio 3eMHOM OCH U IBUYKEHHE 3BE3]1 BHYTPU TaJITaKTHUKU HE YUYUTHIBaTh. (B.b. Henamves)

2. Pemienne. OTBETHM CHauyala Ha NEPBBIA BOIpoc 3agaud. M3 yciioBus 3a1adv MOXKEM ONPENEIUTH
TPaHCBEPCAIbHYI CKOPOCTbH 3BE3/1bl B KAPTUHHOM IIOCKOCTH.

K
v, =474—=4.74n -1, = 70.2xM/cC.
T
OmnpenenuM yroia MeXIy HampaBlICHUEM JBIIKCHHUS 3BE3[bl M HAMpPABICHHEM Ha HaOMIOAaTens. JTOT
YroJI MOKHO ONPEACIUTh U3 TPEYTOJbHHKA CKOPOCTEW, TaK KaK 3TO YroJl MEXIYy JIy4EBOW CKOPOCTHIO
Y MOJIHOM CKOPOCTBHIO.

v
tg0(=—T

Uy

Otcrona o = 60.9°.

|
ap = 18"40™

| = 61’14“114

Hanpasnenue ckopocTu 3Be3/16I 00pa3yeT yroi o' = o — do = 60.9° — 23.5° = 37.4° ¢ minockocThio HebGec-
HOI'0 5KBaropa. CJIeI[OBaTCHBHO, HMCHHO 3TOT YI'OJI 1 6yI[eT SABJIATHCA HOBBIM CKIIOHCHHUCM:

Olnew = 18h 40m, Onew = 37.4°.

[Iepeiinem ko BTopoMy Bompocy. [I0CKOIbKY IBUMKEHUE 3BE3]IbI MPOUCXOJUT CTPOTO MO CKIOHEHUIO, TO
B KaKOW-TO MOMEHT OHa OKa)XeTcsl B TOUYke Tekymiero moitoca mupa (P). Jlnms storo 3Be3ma mo HeOy
JOJDKHA TIEPEMECTUTBCA Ha YTOJ, PaBHBIM TOJMSIPHOMY pacCTOsiHUIO 3Be3nbl: 90° — o9 = 66.5°.
PaccmoTpum TpeyrombHuk PNSo: B HeM Mbl 3HaeM cTopoHy NS¢ = ro m aBa yria. OnpenenuMm u3
T€OMETPUUYECKUX COoOpaxkeHu# cTopoHy PSo, paBHYIO 7 = VF - £, T/I€ VF — TIOJIHASI CKOPOCTH 3BE3/IBI.

N3 TeopemMbl CUHYCOB CIEYyET:
T Ty

sin(90 — &) - siny’

11
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Bripaxkaem r:
sin(90 — §,) cosd,
siny —To sin(180 — 90 + §y, — )

r=ry, = 23.1nk.

Jlis ompezeneHuss UCKOMOTO BpPEMEHH, HEOOXOAMMO HAWTH MOJIHYI0 HPOCTPAHCTBEHHYIO CKOPOCTb
3BE3bl

vp =4/ V¢ + v? = 80.3kM/c.
Otcrona BpeMs, 4epe3 KOTOPOe 3Be3/1a OKAKETCS B TOUKE TEKYIIEro MOJI0ca MUpa
t =r/vp = 280000seT.
DTO SBIIIETCS OTBETOM Ha BTOPOM BOMPOC 3a/1a4H.

Ocranoch OTBETUTH Ha TpeTui Bompoc. Onpenenum KoOpAuHaThl 3B€3[bl B MOMEHT MaKCHMAaJIbHOTO
commkenust 3Be3abl ¢ Comnnem. Kak crnenyer u3 pucyHKa, MUHUMalbHOE COMIKEHHE MPOM30UIET J0
TOrO, KaK 3B€3/1a OKaXETCs B IOJIIOCE.

[Ipsimoe BOCXOKIEHHME 3BE3/IbI HE MEHSETCS, TaK KaK HET KOMIIOHEHThl COOCTBEHHOIO IBHKEHUS |lg,
a3(QeKTsl cBs3aHHBIE C TMpeLeccHeil Mbl HE YYUTHIBaEM IO YCIOBHIO 3anayd. CKIOHEHHE 3BE3[Ibl
yBennuutcst Ha yroi 90° — o = 29.1° u coctaBur o1 = 23.5° + 29.1° = 52.6°. DT0 BHOBB MOATBEPKIACT,
YTO 3BE€3/1a HE YCIEET NePEiiTH Ha IPYTyI0 CTOPOHY OT TEKYIIETo MONI0Ca MUPa, TI03TOMY o = 6" 40™,

OTBeT: 1) Onew = 18"40™, §new = 37.4°, 2) t = 280000 sier, 3) o = 6"40™, §; = 52.6°.

12



XXX Bcepoccumnckas onumnuaga LWKOSNbHUKOB MO aCTPOHOMUN PervoHanbHbIn 3Tan
3agaHuns 1 peweHus 10 knacc

2. Cucrema oneHUBaHUA.

Jran 1. (5 6aanoB): OnpeneneHrne KOOPAUHAT 3BE3/bl ocie mposieta MuMo CoJHIIA U yAaleHus Ha
O0eckoHeyHOCTh. [lepBblii 6aMT cTaBUTCS 33 OMpENEICHUE TPAHCBEPCATHHONW CKOPOCTH M YTIIa MEXIY
HaMpaBlIeHUEM ABW)KCHHUS 3BE3[bl W JIydoM 3peHus. J[Ba Oaina craBUTCS 32 MOJENb, B KOTOPOW
UIIETCS yTOJI MEXKIy HalpaBICHHEM IBWKCHHS U HEOEeCHbIM SKkBaTopoM. Ilpu 3TOM moapa3ymeBas,
YTO BCE JBIKEHHE MPOUCXOIAUT 1O OOJNBIIOMY KPYTY C 0o = 6 40™ U onew = 18" 40™, a Taroxe
coJiep Kalii TeKYIIUHA MOTI0C MUpPa. 3a MPaBUILHOE OINpeAeIICHHe KoOOpArHAT 1mo 1 6amty.

Bo3moknas ommbka. [IpssMoe BocXoxaeHHE 3BE3bI HE U3MEHUIIOCh M OCTaJIOCh PaBHBIM 0. B 3TOM
cIydae 3a MoJeib cTaBuTCsA 1 Oami, a obOmas omeHka 3a »Tan 1 He mpeBocxomuT 3 OamoB. Ha
MOCJICIYIOIINE ATAMbI ATa OIMIMOKA HE BIHSIET. BTOPOW M TpeTHil ATaIbl OIEHUBAIOTCS HE3aBUCUMO OT

peai3aIyu MepBoro rarna.

Bosmosknas onmbka. HeGecnas cdepa cuntaercs chepoil KOHEUHOTo paanyca. YUYaCTHUK HIIET TOUKY
nepeceueHusl My TH 3Be3/bl ¢ HeOecHOM chepoil U U3 ITUX COOOpaKEHUH HAXOIUT HOBOE CKIOHEHHE.

B nanHOM citydae mepBbIi ATall MOXKET OIICHMBATHCS MakCUMyM B 1 0Oajul, eciii BepHO ompeseneHa
TpaHCBepCaabHasi CKOPOCTb.

Bo3MmokHas ommOka. YYacTHMK IyTaeT HaIpaBlieHHE Jy4eBOM CKOPOCTH: B €ro MOJEIH 3Be3la

yaansercs oT Connna. Torga oH He mosydaeT O6auibl 32 «MOJIETbY, M MaKCHMallbHAsl OLICHKA 3a dTal
CTAHOBHTCS 3 Gaiia NMpH MPaBUIBHOM ONpE/ICNICHIH KOOPIHHAT: Onew = 6" 40™, Spew = 84.4°. Dtam 2
IIPU TaKOM pelneHnu ornennBaercs B 0 6ayuioB, a stan 3 — B 1 6ayun mpu MpaBHIIBHOM OTPE/ICICHUN
06enX KOOpAMHAT: o = 6"40™, §; = —5.6°.

Jram 2. (2 6aaaa): OmnpenesieHHE BPEMEHH, Yepe3 KOTOpOE 3Be3/la OKAXETCS B TOYKE TEKYIIEro
nosroca Mupa. [lepBbrit 6at cTaBUTCS 3a ONpeeeHUe TTOJIHON MPOCTPAHCTBEHHOW CKOPOCTH 3BE3/IbI.
Bropoii 6amt 3a moiay4yeHune UTOroBoro oreera B nuamnasone ot 275000 no 286000.

Jran 3. (1 6ana): OmnpenencHue KOOPAWHAT 3BE3Abl B MOMEHT MaKCHMaibHOTO cOmmkeHus. OH
CTaBUTCS 32 BEPHOE HAXOXKJICHHE 00erX KOOPAMHAT.

MakcumManbHas OlleHKa 3a 3a/1a4y — § 0asios.

3. YcaoBue. Ilpo onHo u3 cambix spkux mapoBbix ckomieHMd NGC 104 wim 47 Tykana cka3aHo
cienymoee: «lleHTpanbHas 4acTh (SIp0O) IIApOBOI0 3BE3JHOTO CKOIUIEHHMSI UMEET CBETUMOCTD, PABHYIO
1048 - Lo (Lo — cBetumocts CONHITA) HA KYOHMUYECKHH Mapcek M yriaoBOi pajuyc IeHTPanbHOH YacTH
ckorieHus 0.36'.» Omnpenenure BUIUMYIO 3BE3IHYIO BEJIMYHMHY $pa IIAPOBOTO CKOIUIEHHS, €CIH
paccrosiHue 10 Hero 7o = 4.5 KiK. MexX3Be3JHbIM MOTJIONIeHHeM IIpeHe0peus. (B.5. Henamveg)

3. Pemenne. M3 u3BECTHOTO PacCTOSIHUSA JI0 MIAPOBOIO CKOIUIEHUSI M YTIIOBOTO pajnyca siipa CKOTUICHUS
MOYKHO HaWTH JIMHENHBIN pa3Mep siapa:

206265 - R 0 p"
T = 260265

n

= 0.471nkK.

Hawm u3BecTHa CBETMMOCTD sIpa IAPOBOTO CKOIUICHMs Ha KyOmdeckuil mapcek. Ecim m3BecteH pammyc
A1pa, TO 3Hasi €ro 00bEM MOXHO TOJTYUYHUTh TOJTHYIO0 CBETUMOCTH SI/Ipa.

4T
L= 104'88LO?R3 ~ 33000L.
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Bripasum abcotoTHYIO 3BE€3/IHYI0 BETUUMHY Si/Ipa CKOILIEHUS, CpaBHUB ero ¢ CosHIeM:

L
O]

L
My = M, — 2.5lg <L—> = 4.7 — 2,51g33000 = —6.6™.
O]

Ha mocnenmnem »srame pemeHus 3amadd  ONPEASTIMM BUAMMYIO 3BE3JHYI0 BEIWYMHY 0e€3 ydera
MEIK3BE3HOTO MOTJIOIICHHS.
M —m =5 - 5lgn,
m =M + 5lgry — 5 = —6.6™ + 51g4500 — 5 = 6.7™.
3. Cucrema onleHUBaHUSA

Oran 1. (2 6anaa): OmnpexneneHne JMHEHHOTO pa3Mmepa sapa IapoBOro ckoruieHus. [lepBbrit Oamt
CTaBUTCSI 3a MPaBUIILHOE HAaNUcaHue GOPMYJIbI Ui YTIIOBOIO pa3Mepa U MOJICTAHOBKY B HEE UHCIIOBBIX
naHHbIX. BTOpoll Gamnm — 3a BepHOE YHCIEHHOE 3HAUYE€HHE pa3Mepa sjpa IIapoBOTO 3BE3IHOIO
ckoruieHus. @opmyna 0e3 MpoBeIeHNUs C €€ MOMOIIBIO BEIYUCICHHUH HE OLICHUBAETCS.

Jrtan 2. (2 6amna): OnpenerneHne CyMMapHOi CBeTUMOCTH sipa. [lepBoiii Oa gaercss yYaCTHHKY 3a
NpaBUIbHOE HCIONb30BaHME (opMynsl oObemMa ImIapa M HaxoxiaeHus obOvema sgpa HI3C
(HemoCpeICTBEHHO B BUJAE YHCIA WM BHYTPH (DOPMYIIBI JUISI CBETUMOCTH, KaK B IMPEICTaBICHHOM
pemeHnn). Bropoit 6amn — 3a Haxox/1eHHue CBEeTUMOCTH Apa CKOIIJICHUS B BUE (POPMYJIbI MIIM YUCIIA.

Bo3MmorkHas ommbka. Y4acTHUK MepenyTain AuaMeTp U paauyc. Toraa oobeM siipa OyneT OTaudaThest
B 8 pa3, a uToroBas 3Be3/lHas BeauMuuMHa Ha 2.25". B aTOM ciydae BTOpOM 3Tam oneHuBaercs B 0

0ayioB, a TPETHM M YEeTBEPThIM — MOJIHOCTBHIO, €CIIM YYAaCTHHK IOJy4yaeT MpaBUIIbHBIE YHUCIIOBBIE
OTBETHI JUIsl ero Mojenu. Eciiu B mocnenyromux 3ranax pemeHus 3aauyn YYaCcTHUK TaKyKe COBEPIINI
OLIMOKY, TO OHU PaclEHUBAIOTCSI HE3aBUCUMOT0, COTJIACHO CUCTEME OLEHUBAHUS CJIETYIOIINUX 3TaIoB.

Oran 3. (2 6anaa): Onpeaenenne aOCOMIOTHONW 3BE3HOW BETWYUHBI IS siipa CKorwieHus. [lepBrrid
0ayul yyaCTHHK IOJIy4yaeT 3a HCHojb3oBaHue (opmyibsl Ilorcona st cBeTuMocTe U aOCONIOTHBIX
3BE3/IHBIX BEJIMYUH. YYAaCTHUK MOXKET HamucaTh 3Ty (opMyiy cpa3y HIM HOJIYYUTb U3 (OPMYIIBI
[Torcona s ocBenieHHOCTEH. BTOpoil 6ayun qaercss y4acTHUKY 3a MOJTY4YEeHHUE YUCICHHOTO 3HAUCHHS
aOCOMIOTHON 3BE3THON BEJIMYMHBI ¢ TOUHOCTHIO A0 0.15™. Eciau yyacTHHMK He MomasiaeT B yKa3aHHbBIC
BOpPOTa 3HAUECHU I aOCOIIOTHOH 3BE3JHOM BETUUMHBI, BTOPOI 0ailI 3a 3TOT IMyHKT HE CTaBUTCA.

Y4acTHUKM MOTYT OOBEOUHHUTH 3TOT 3Tall C MOCIEAYIOIUM 03 BBIYMCICHHUS MPOMEXYTOUHBIX
pe3ynbTatoB. Takue pelieHusi OLEeHUBAIOTCSA B MOJTHOM Mepe, OJHAKO, IPU HENPaBUIHLHOM HTOTOBOM
OTBETE HE BBICTaBJIsETCS 2 Oasia.

Ortan 4. (2 6anaa): OnpeneneHue BUAUMOMN 3B€3IHON BEJIMUMHBI JUTs siapa ckorieHus. [lepBoiid Oamn
YYaCTHHUK TIOJy4YaeT 3a MCIIOJIb30BAHUE CBSI3M MEXIY BHIMMOW M aOCOJIOTHOW 3BE3HOW BEIMYMHON
6e3 ydera norJjorieHus. Bropoii 0amn 3a npaBUIbHBIN YHMCIOBON OTBET C TOYHOCTHIO 110 0.15™.

MakcumManbHas OlleHKa 3a 3a/1a4qy — § 0asios.

4. YcaoBue. OKOJO3eMHBIH CIYTHUK Maccod 99.9 Kr nBurajics mo BBICOKOW KpyroBoil opOwuTe.
B HEKOTOpBIif MOMEHT BpEMEHU OH HCIIBITAN JIOOOBOE COyAapeHne ¢ 00JIOMKOM KOCMHUYECKOTO Mycopa
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Maccoit 0.1 Kr, IBUTaBIIMMCS B TOM JK€ HAIIPaBJICHHH C BJBOE MEHBIIECH CKOPOCTHIO, IMOCIE YEro
MIPOJIOJKIIT IBIXKEHUE C 3aCTPsBIIUM 00J10MKOM. Uemy B % OT paamyca rnmepBoHaYaIbHOW OpOUTHI paBHA
Pa3HOCTh BBICOT MEPUIICHTPA U arlolieHTpa HOBOM opOuTHI ciyTHUKA? (A.B. Becenosa)

4. Pemeﬂl/le. 3aHI/H_HeM 3aKOH COXpaHeHI/IH I/IMHyﬂbca JJISL CHTyaHI/II/I 0 U ITIOCJIC Coy,[[apeHI/IH:
lel + m2V2 = (ml + mz)V, 999V1 + 0.1- 05V1 = 100V, V= 09995V1

CxkopocTh crmyTHHKa yMmMeHbImmIach Ha pomo Kk = 0.0005. ITycte R — paguyc mepBOHAYaIbLHOW OpPOUTHI
CIYTHUKA, V1 — KpyroBasi CKOpOCTh Ha 3Toi opoute. Torga KpyroByr CKOPOCTh MOKHO BBIPa3UTh Yepes3
panuyc opOUTHI U Maccy 3eMITH Kak

GMg

"R

OmnpenenyM OOJBIIYIO MTOTYOCh HOBOM OpOUTHI CIIyTHHUKA. J{JIs1 3TOT0 3amMIlIeM UHTETpall SHEPTHi, yuTs,

Vlz =

qTO CKOpOCTL CHYTHI/IKa N3MCHHNJIACh Ha JTOJIIO K:
(1-x)?VZ =GM (2 1)
.. _ -2
1 @ R a

[ToxcraBus 3HAUEHUE V2, TOMyYUM

R

2 —o_R 4 2 _o_R _
1-x)¥-=2 a,l 2k+ k=2 4=,

DKCLEHTPUCUTET HOBOM OPOUTHI ONPEAETUM U3 YCIOBUS JUIsl allOLIEHTPa OPOUTHI: B TOUKE CTOJIKHOBEHHUS
¢ 00JIOMKOM MycCOpa CKOPOCTb CITyTHHKA OblIa MepreHANKYJIIpHa paanyc-sekTopy. CienoBaTenbHo, 3Ta
TOYKA SIBJSIETCS ArlOLEHTPOM WM TMEPULICHTPOM HOBOH OpOuTHL. IIOCKOIBKY KOCMHYECKHH ammapar
3aMEUIMIICS, TO TOYKA COYJApPEHUs SIBISETCS TOYKOW amoleHTpa opOuThl. Torna BBIIOIHAETCS
COOTHOLIEHHE

R=a(l+e), e=§—1=1+2K—K2—1=2K—K2.

BBICOTHI B IEPHUIIEHTpPE U allOIIEHTPE HOBOM OPOUTHI paBHBI
Hy=a(l+e)—Rg, Hy = a(l — e) — Ry,
CrnenoBaTenbHO, Pa3HOCTH BHICOT pPaBHA
AH = 2ae = 2 R (2x — K?)
T cae= 1+ 2k — k2 LS
[lepecuer B MpOLIEHTHI OT pajlyca UCXOAHOM OpOUTHI 1aeT BhIpA)KEHUE
A 009 = e 2 100%
R T 1+ 2k — k2 o

B namem ciayuae k = 0.0005 = 0.05%, uto maer utoroBoe 3HaueHue 0.2%. 3ameTum, 4TO MpPU MaJbIX K
claraeMbIMH ¢ k* MOYKHO HpeHeOpeyb, B TOM YHC/IE M B IIPOMEKYTOYHBIX (hOPMyIax, 4TO NP TOUHOCTH
JAHHBIX B YCIOBUAX HE CKa)KETCS HAa TOYHOCTH MOIY4aeMOro OTBETA.

4. Cucrema oneHuBaHHusl.

Oram 1. (2 6ajua): 3amuch 3aKOoHA coxpaHeHuss ummyibca (1 Oama), oleHKa HOBOM CKOPOCTH
CIyTHHKA WJIM YKa3aHHE U3MEHEHHsI CKOPOCTH B TIPOIIEHTAX WM JOJISAX equHUIbI (1 6amr).

Jrtan 2. (4 6anna): ompenereHHe MapaMeTpOB HOBOW OpOWUTHI: Oosblioi moimyocu (2 Oamna) u
SKCIeHTpHcUTeTa (2 6amia). 3aMeTUM, YTO HA ITOM 3dTare JOIMyCTUMO IpeHeOperaTh KBaApaTHUYHBIMU
cllaraéMbIMH  OT K. YYacTHHKM MOTYT Cpa3dy IMOJCTaBJIATh YUCIOBBIE KO3(PPULIMEHTH UIs
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M3MEHSIIOIIMXCS BEJIMYUH U TIOJY4YuTh, HANpUMeEp, U3MEHEHHE paauyca OpOUTHI; BBIBOJA 0OIIeH
(GbopMyIIbl, KaK B aBTOPCKOM PEILIEHUH, Heo0sA3aTeeH. ITal MOKHO BBIIOIHITh HECKOJIBKO MMO-UHOMY,
BOCTIOJIb30BaBIINCH (HOPMYJION Jii CKOPOCTH Teina B mepulleHTpe (2 0amia), a TMOTOM HCKaTh
JKCLEHTpHUCUTET (2 6ata), 4To TaKKe BEPHO.

Jrtan 3. (2 0ana): 3anuch BBIPAKEHUHN AJI BBICOT MEPULIEHTPA U alOLEHTPa, NOJyUYEeHUE Pa3sHOCTU
BbIcOT (1 6amt), momydeHue UTOroBOro oTBeTa B mporieHTax (1 6amn).

MakcumanbHas OIICHKa 3a 3a/1a4y — 8 0aJioB.

5. YcaoBue. 26 centsaops 2022 roga FOnurep okazancs B «Benukomy (Ommxaiimem Kk ConHIy U 3emiie)
MPOTUBOCTOSIHUYU U MOJIOIIEN K 3eMIie Ha PEKOPJHO MaJIOE pacCTOsAHME 3a nocieanue 59 jet — 591.3 Mo
KM. DTO YHUKAJbHBIN MIAHC JJIA TOJy4YeHHUs HamOoJiee NeTalbHbIX (pororpaduii armocdepsl miaHeTHI.
ACTPOHOM-TIOOUTENH PEIIUJ CHITH IUIAHETY C MTOMOIIBIO TeJIecKona ¢ AuamerpoM oobekTuBa Dt = 150
MM ¥ OTHOCHUTEIBHBIM OTBEPCTHEM, paBHBIM 1:5, ucmonb3ys TpexkpaTHyro JmH3y bapioy (JIb,

YBEJIMYMBAOLTYI0 3(dexTrBHOE (OKYCHOE paccTOsIHHE B 3 pa3a) M acTpOKaMepy C pa3MepoM MHUKCEIs
MaTpuilsl 2.4x2.4 mxMm. Cuutath, yro FOmurep oOpamraercss Bokpyr CoiHIIA B IUIOCKOCTH SKJIMITHKH.

Omnpenenure:

a) Macmtad (B yIJIOBBIX CEKYHJaX Ha IMUKCENb) W IMpeJesl pa3pelaroneil CnocoOHOCTH ONTHYECKOM
CHCTEMBI «TeJeCKOI-Kamepay (Ui JUIMHBI BOJIHBI A = 555 M. CremyeT monarath, YTO BEIMYHHA
aTMOC(EepHBIX UCKAKEHHUI BO BpeMs HaOt0IeHus He MeHbIne 1.5";

0) MaKkCUMaJbHYIO JTOIYCTUMYIO BBIACPIKKY IJISI OJHOTO KaJapa BUACOPOJIMKA, HA KOTOPOM eIlle He
Oyaer pasMbITHS HM300paXCHHs IUIAHETBI B pE3yJbTaTe CYTOYHOTO JIBHKCHHS 3eMiu (TpH
HETOJABHKHOM TpyOe TellecKora);

B) ONTUMAJILHBIE Pa3Mepbl OHOTO Kajpa s cheMkn HOnmrepa ¢ ncnonszoBanuem JIb u3 BO3MOXKHBIX
dopmaToB  (1936%1096, 1280x960, 640x480, 968x548, 320x240 mnukceneil), ¢ LEIbIO
MUHMMM3ALUHU pazMepa ¢aiina;

I') MakCHUMAalbHYIO TPOJOJDKUTEIBHOCTh BUACOPONIMKA, M3 KAJAPOB KOTOPOTO €Ile MOKHO coOpaTh
M300pakeHNe TUIAaHETh 0e3 Pa3MBITHS JIeTael, 00yCIOBICHHOTO CyTOYHBIM BpamieHueM KOmwurepa.
Crnenyer monaraTh, 9YTO CheMKa BUACOPOJIHKA OCYIIECTBISIETCS B PEKUME TOUHOTO BEJCHUS TPYOBI
TEJEeCKoNa Ha POOOTHU3UPOBAHHON MOHTHPOBKE 3a HOmuUTEepoM, KOMIIEHCHPYIOMIETO CYTOYHOE
BparmieHue 3emnu. (fO.11. Qununnos)

5. Penienue.

1. [Ipexxae Bcero, onpeesuM pa3penarollyio ClIOCOOHOCTh OOBEKTHBA TEIECKOTIa Ha YKa3aHHOM JTHHE
BOJIHBI, 00YCJIOBJICHHYIO SIBJICHUEM AU (PAKIINN:

A
Br = 1.22—x 206265" = 0.93".
Dy

CornacHo ycioBuio, aTMoc(epHbIe HCKaKEeHHsI BO BpeMsi HaOumoieHust He MeHbie 1.5, yto 6onbiue Pr.
3Ha4nT, pazpearlnas crocCoOOHOCTh 00BEKTHBA OYAET ONMPEENATHCS UMEHHO COCTOSTHHEM aTMOC(epHl,
a He mudpaknueit. [lockonpky OblTa HMCMOMB30BaHA TpexkpartHas nuH3a bapmoy, 1o »ddexTuBHOE
(dhokycHOE paccTosiHuEe 0OBEKTHBA OyIeT
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Dy
FBCIJQ) =k X F06 =k X 7 = 2250MM,

3neck k = 3 — KkpatHOCTh NUH3BI bapioy, y = 1:5 — oTHOCHTENbHOE OTBEpCTHE Teleckomna. Torma Ha
MaTpHIle acTpoKamepsl yroi B 1.5” 0ToOpazuTcs OTpe3KoM, JUTMHA KOTOPOTO

1.5"
| = ————=; X F,3 = 16.4MKkM = 6.83 - a,,
206265~ % 0
rne a0 = 2.4 MKM — IuHEHHbBIM pasmep oxHoro mnukcens. ClegoBaTeNbHO, MCKOMBIA MacmTad

I/1306pa)KeHI/ISI I[aHHOI\/'I OINTHYECKOI CUCTEMBI «TCJICCKOII-KaMCpa» €CTh

1.5"

= 83nmrcena 022" /maxcen.

BOC

OTMeTuM, 4TO MacmTad OJHOTO MHUKCENS CYHIECTBEHHO MEHbIIE JAPYTHX (DaKTOpOB, OrpaHHMYMBAIOIIMX
paspemienue (atMocdepa M aAudpaxiys) U TEM CaMblM Ha pa3pellarollyl0 CHOCOOHOCTh CHUCTEMBI HE
BIIUSICT.

2. OueBuaHO, pa3MmbITHe U300paxenus KOmurepa BO3MOXKHO, €ClIM B pe3yJibTaTe CyTOYHOI'O BpAIICHUS
3emnu mpom3oMAET cMenieHue JuMOa u AeTtanei atmocdepsl FOmmrepa Ha yron, He MeHbImA 1.5”.
[Tockonbky mpoTuBocTosiHue IOmurepa ObLIO BETUKUM, TO €r0 I€OLEHTPUYECKOE PACCTOSHUE JIOJIKHO
MHUHHUMAJIBHBIM CPEIN MPOYMX MPOTUBOCTOSIHUM IIJIAHETHI-TUTaHTa, YTO JIOCTUTAaeTCs B Cilydae, Koraa
MOCTIeTHSS JIEKHT B IJIOCKOCTH SKIUNTHKU. Kpome Toro, mpotuBocTosinue FOnurepa nmpousonwio BOIU3U
IHSI OCEHHETO PaBHOACHCTBHS, TO, oueBHUAHO, IOmuTep pacrnosaraics B Maloll OKpPECTHOCTH JIaHHOM
TOUYKH, 3HAYUT, €r0 CKIOHEHHE ObUIO ONM3KO K Hymo. Torna yrioBas CKOPOCTb BHIMUMOIO JIBUKECHUS
IOmnuTepa mo HeGocBomy OyneT paBHA YIIIOBOW CKOPOCTH CYTOYHOTO BpalleHUs 3eMid — og = 15"/c.
3HAYUT, MAKCUMAJIBHO JIOITyCTUMas BbIIEP)KKa JIJIsl OJJHOTO KaJipa BUACOPOJIMKA MPU HEMOABUKHOU TpyOe
Teneckomna oyer

T(l) = 1'5” = iC
Weg 10 '

3. Jlns onpeneneHuss ONTUMAIBHOIO pa3Mepa OJHOro Kajpa npu cbemke IOnurepa ¢ ucnonb30BaHUEM
JIb, npexnae Bcero, BEIUMCIUM YIVIOBOM 3KBAaTOpHaIbHBIN quameTp FOnurepa B 3TH CyTKH:

n 2R] n n
D" = ——x206265" = 49.9,
A
31ech Ry — sKBaropualbHblid paaumyc KOnurtepa, Aj — €ro reoneHTpUYECKOE PacCTOSHUE HAa MOMEHT
MPOTUBOCTOSIHUA. Torma JMHEWHBIM SKBAaTOpPUAJIbHBIA JuaMeTrp aAucka lOmnumrepa Ha MaTpuie
acTpoKaMepbl BO BPeMs CheMKH (B MUKCENAX) €CTh

,  6.83muKcenen .
d; = D)" X 17 = 2271UKCesNeN.

OueBHIHO, HATO MAaKCHUMaJIbHO BO3MOKHBIM JIMHEWHBIM pa3Mep JUCKa I[UIAHEThl Ha MaTpHuile.
CrnenoBatenbHO, C LIEJIbI0 MUHUMH3AIMU pa3Mepa BUACOPOIUKa MOJOMAET Kaap ¢ pasmepamu 320%240

MUKCETEH.

4. Utobbl He ObUIO cMa3a Jeraneil arMocdepsl IMIaHEThl, OOYCIOBIEHHOTO CYTOYHBIM BpalleHUEM
OmuTepa, HeoOXoauMo, dYTOOBI camble OBICTpBIE TOYKH MOBepXHOCTH HOmuTepa OTHOCHUTEIHHO
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ACTPOHOMA-JIFOOUTENSI CMECTHUJIUCh 3a HMCKOMBIA TMPOMEXYTOK BpeMeHH He Ooiee yem Ha 1.5”, 4TO
COOTBETCTBYET JIMHEHHOMY pa3Mepy Ha MOBEPXHOCTH IJIAaHETHI, PABHOMY
1 5"
Li=——X
} 7 206265"

CaMbIMH 6I>ICTpI:IMI/I TOYKaMHU IMOBCPXHOCTHU IOHI/ITepa SIBJIAFOTCA TOYKH 3KBATOPA MJIAHCTHI, IPOXOAAIINUC

A= 4300KM.

B MOMEHT CBhEMKHU 4epe3 €€ LICHTPAJIbHbIA MepuauaH. X CKOpoCTh NepneHIuKyspHa Jydy 3peHUsS U
paBHa

V] = T = 1257KM/C
J

B HUTOIC, HICKOMas MaKCUMaJibHas NPOJAOJILKUTCIbHOCTE BUACOPOJINKA 6yz[eT

L
T(Bp) = 7] = 342c = 5.70MuH.
J

5. Cucrema oneHuBaHUA.

Oran 1. (2 6anaa): Pazpemaromas cmocoOHOCTh ONTHYECKOH CHCTEMBI  «TEJIECKOTI-KaMepay.
Y4acTHUK MOXKET CUUTaTh €€ paBHOM MakCHUMaJbHOMY U3 BcexX (pakTopoB (aTMochepHble HCKaKEHUS,
mudpakius, pazMep MHKCeNs), ¥ TOTJa OCHOBHBIM (haKTOPOM JIOJDKHA OBITH atMochepa. MoxkHO
TaKXKe CIOXKUTh JBa ONM3KUX MO BenuynHe (akropa (atmocdepa u audpaxius) mo Teopeme
[Tudaropa, nomxyuuB B pesynbrate 1.8”. DTOT MOAXOA CUMTAETCS TAK)KE BEPHBIM, OH M3MEHUT YacCTh
MOCIEAYIOIUX YHMCIEHHBIX PE3YyJbTaTOB, YTO HE NPUBOAUT K M3MEHEHHMIO OLICHKH. A BOT IpsIMOE
CloXeHue NBYX (akTopoB ¢ pesyabraroM 2.4” wnm 2.6” (ecnu eme W yYTCHBI pa3Mepbl MUKCEs)
cuMTaeTcss OMMOOYHBIM, 3a dTam BbICTaBisieTcss | Oajul, ocTalbHbIE 3Tallbl, C YYETOM H3MEHEHUs
YHCIIEHHBIX OTBETOB, OLIEHUBAIOTCS B MTOJIHOM Mepe.

Ortan 2. (1 6a1J1): BIYUCIICHUE MacITada n300paskeHHS.

Jran 3. (1 0a/u1): MakcumanbHasg AOMYCTUMAas BBIIEpPXAKKa JJIsi OJHOTO Kajapa BHUIACOPOJMKA MPH
HETIOIBMYKHOM TpyOe TellecKora.

Jran 4. (2 6anna): OnpeneneHue ONTHUMAIBHBIX Pa3MEpPOB OJHOIO KaJpa M3 IMPEASIOKEHHBIX U
cbeMku HOmuTepa. 1 6amn BbICTaBisIeTCs 32 MPAaBUIBLHOE BBIYUCICHHE YTJIOBBIX pa3mepoB HOmutepa,
eme 1 6ann — 3a onpeneneHue pa3MepoB Kajpa.

Jran 5. (2 6anna): MakcumainbHas MPOAOHKUTENBHOCTh BUACOPOJIMKA, U3 KAJAPOB KOTOPOTO €IlIe
MOXKHO coOpaTh H300paKeHHE IIJIaHeThl 0e3 pa3MBITUS JeTalieil, OOYCIOBIEHHOTO CYTOYHBIM
BpamieHueM lOmmtepa. [lepBpiii U3 2 0a/yioB BBICTABISIETCS 32 BBIYUCICHUE JIMHEHHOW CKOPOCTH
Bpamenus KOnurepa Ha sKkBarope.

MakcumanbHas OIICHKA 3a 3a/1a4y — 8 0aJioB.

6. YcaoBue. B pomane Anekcanapa /roma «I'pady Monte-Kpucro» Iamon JlaHTtec deThIpHAaALATh JIET
mpocues B oqHoM TeMuuiie B 3amke M (Ha cxeme TemHuIa 1107 HOMEpoM 4) BbIcOTOM 3 MeTpa. B aToit
Kamepe Juisi cBeTa OBUIO TOJIBKO MaJIeHbKOE OKOIIKO-OoHuIa, pazmMepom 70 cMm B BeicOTy U 20 cM B
LIMPUHY, KOTOPOE CYy’KaeTcsi K BHEIIHEW 4acTu CcTeHbl 10 BbICOTHI 30 cM u mumpusbl 10 cMm. OkHO
HaXOJUTCSI POBHO MOCEPEIUHE BHEIIHEH CTEHBI MOJ CAMBIM IOTOJIKOM, OHO CUMMETPUYHO 110 LIMPUHE,
BEpXHsIS TpaHb OKHA CTPOTO TOPU30HTaNbHAs. B onpeneneHHblii MOMEHT DIMOH, 4TOOBI HE COMTHU € yma,

18



XXX Bcepoccumnckas onumnuaga LWKOSNbHUKOB MO aCTPOHOMUN PervoHanbHbIn 3Tan
3agaHuns 1 peweHus 10 knacc

HayaJl HaOro1aTh 3a 3Be3AaMu U3 okHa. OLeHUTe, CKOJIBKO BCEro 3Be3/ Ha Hebe Mor HabmoaaTh DIMOH
n3 cBoerr kamepol. Jlantec mmen poct 180 c¢cM W OBLI HACTONBKO MCTOIIEH, YTO MPBITaTh WIH
MOATATUBATLCS OH He Mor. TonmuHa BHemHUX cteH 3amka U 1.5 m. Cunraiite pacmnpeneneHue 38e3/1 Mo
HeOy paBHOMEpHBIM, DaMOH JlaHTec MokeT BUAeTh 3Be3abl a0 6. Illupora 3amxa Mdp — 43° c. m.
(4.4. Asmaesa)

6. Pemienune. Ha prucyHke HaM He AaHbl pa3Mepbl KaMephbl, HO B YCJIOBHM yKa3aHa TOJIIMHA Hapy>KHOU
cTeHbl. Bocnonb3yemest el i onpeesieHns MaciiTada pucyHka U pa3MepoB KaMephl.

Haitnem, Ha kakux BbIcOTax /[aHTec MOT BHUIETHh 3BE3/bl B OKOIIKO. Tak Kak Hy»XHa OLIEHKA, TO
npeHeOpekeM pasHULICH MEXAy MOJI0KEHHEM MaKylku U ria3 Jlanteca. He crout 3a0b1BaTh, 4TO
XOJUTB IO KAMEPE, a TAKIKE CATAUTHCS WIIN JIOKUTHCS Ha TI0JI, EMY HUKTO HE 3ampenia.

MaxkcrMaabHO BO3MOJKHAsI BBICOTA /11 COOTBETCTBYET TOMY CJIy4aro, KOTJa Jy4 3pEHUS MPOXOIAUT
Yyepe3 HUKHUHN Kpall OKOHHOTO ITpoeMa Ha BHYTPEHHEH cTopoHe cTeHbl (Touka C) U BEpXHHM Kpait
Ha BHeIIHeH ctopoHe (Touka A). U3 pucynka

0.7
h, = arctg (E) = 25°,
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Moskem yOeauThes, uto Jlantec BoOOIIEe BHAEN 3BE3IbI M3 OKHA. /(i1 ATOro eMy HEeoOXOauMO
OBLIIO pacmojiaraThCsi Ha pacctosiHuu l; = (2.3 — 1.8)/tgh; = 0.5/(0.7/1.5) = 1M, yTO MeHbIE 3
METPOB JI0 TPOTUBOIIOJIOKHON CTEHBI.

0.3 m

2.3 M

1.8 m

1.5m N 3Mm N
b gl

Cros y IIEUIBHGIZ OT OKHa CTCHbI 3,Z[MOH MOTI' BUACTD 3BC31bI HA MUHHUMAaJILHOM BBICOTE. I[JISI TOrO,

| -<
|

YTOOBI ONpPENEeNIUTh 3Ty BBICOTY, HEOOXOIMMO BBIICHHTH, BEPXHSAS OKOHEUHOCTh KAaKOW 4acTu
CTEHBI, BHyTPEHHEH WM HApYXKHOH, 3aKpbIBasia emy o0030p. s 3Toro ompenenum, Ha KakoM
paccTtosiHuM OT OkHa Jy4 BC, mpoxoadimuii BI0Ib HUKHEN TPaHUIbl OKHA, MOKET MONAaCTh B IJ1a3
Y3HHKa:
l,=(23-18)/tgh, =05-15/04 = 1.9m.
OTO paccTOsiHME MEHbIIE 3 METPOB, a 3HAUUT HUKHSASA 4acTb MOJIS 3pEHHs] OTpaHUYEHA HYKHEN
rpaHullel BHEIIHEH dYacTu OKOHHOro mnpoema B. Torma MuHHManbHas BBICOTA OOBEKTOB,
JTOCTYIHBIX JUIS HAOMIOACHNUS, paBHA
0.4+0.5
to = vty (S

B npunnumne, Jlantec MOT CMOTPETh HE TOJIBKO Ha 3BE3/bl HA MEpUINaHe, HO U HEMHOTO BOOK. OTieHHM

) ~ 11.3°.

JOCTyMIHBIE 71 ero o030pa asumyTel: A = arctg (15 / 150) = 5.7°. D10 ovyeHp HeOOJbIIAs BEIMYMHA.
BuemHsiss cropoHa kamepsl 4, Kak M OKHO, BBIXOJHUT POBHO Ha OT, MO3TOMY CUUTAeM, YTO BCE, UYTO
HaAOII0/1aeTCs, HAXOIUTCS BOJMM3M BEpXHEW KyJIbMHHAIIMU, TaK Kak 3aMok M HaxomuTcs B ceBepHOM
nonymapuu 3emui. BOmM3n Mepuanana Kpyru CKJIOHEHHs MPUMEPHO NapayljieIbHbl TOPH30HTY, XOTS U
MIOCTETICHHO OITyCKArOTCS BHU3. B3risig «cO0Ky» depe3 OKHO YMEHBIIAeT Kak MAKCHMaJIbHO BO3MOXKHYIO,
TaK ¥ MHHUMAJIFHO BO3MOXXHYIO BBICOTHI HAOJIOJCHUS, HO 3TH M3MEHEHHs CTOJIb HE3HAYMTEIbHBI, YTO
MMH MOXHO TpeHeOpeYb.
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10 cm

5cm A

Tenepr HalileM CKJIOHEHHS 3B€3[, MOCTYIHBIX sl HaOmrogeHus. HeOecHbIN 3KBaTOp HAXOAMTCS Ha
BbICOTE hp = 90° — @ = 47°. CkJIOHEHUS 3Be3]] B BEPXHEH KyJIbMUHAIIUA MOXKHO ONPEACITUThH C TTIOMOIIBIO

hopMyIIBI
d=h+¢—90°.
CrnenoBatenbHO, HA MAKCHMAIILHOU BBICOTE /11 JlaHTEC MOT BUIETH 3BE3/IbI CO CKIIOHEHUSIMU
Omax = h1 + ¢ — 90° = —-22°,
a Ha MUHUMAaJIbHOU BBICOTE /13 — 3BE3/Ibl CO CKIIOHCHUSIMH
Omin = A3 + @ — 90°=—35.7°.

B pesynbrare [lantec Buaen 3Be3[bl B mosioce HeOecHOU cdephl, OrpaHUYCHHON CKIOHEHUSMH Omin U

8I'I'IEIX-

[Tnomans chepruyeckoro mosica MOXKHO BBIYMCIHUTH C MOMOIIbIO Gopmyisl S = 2nRH, rae R —
paauyc cdepsl, H — BpicOTa cheprudeckoro nosica. BeicoTy mosica MOKHO BBIPa3UTh Kak H = R sin
0. Bunumas Jlantecom mosoca SBISETCS Pa3HOCTBIO ABYX C(HEpUUECKHX MOSCOB, OTPAHUYCHHBIX
CKJIOHCHUSIMU Omin M Omax. 1171011816 ITO MOJIOCHI MOTyYaeTCsi paBHOU
S = 2mR? - (sin8 . — SiNdyin),
YTO B JIOJISIX TUIOIIAN HEOEeCHO! cephl COCTaBUT

2TR? (Sind . — Sindyyin)
R = ~ 0.1045.
4mR?

Ha Bcem Hebe okono 6000 3Be3n sipue 6™, mosTomy

N = 6000-0.1045 = 6273Be3/.
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6. Cucrema oneHuBaHUA.

Oran 1. (1 6anaa): HampaBneHuss OokHa Ha IOT, 3HAYUT BCE BUAMMBIC 3BE31bI BOIHM3U BEpPXHEH
KYJII:MI/IHaL[I/II/I.

Jrtan 2. (1 6amn): Haxoxxnenue napamMeTpoB KaMepbl (CaMoe BaKHOE 3TO JUIMHHA I10J1a B HaIlpaBlle-
HUU I0T-CEBEP, OCTAJIbHBIE MOXKHO HE MCKATh).

Jrtan 3. (1 6amn): OnpeneneHre HanpaBiIeHUs X0/1a Jyda OT 3BE€3/bl C MUHUMAJIbHON BhICOTON. Ecimn
YUaCTHHUK HE pacCMaTpHUBAET TOT BONPOC BOBCE, Oasl HE BHICTABISETCS, AK€ €CIM OH MPaBUIBHO
pemaer 3ana4dy. Eciv y4acTHUK NPUXOIUT K BBIBOAY, YTO MUHUMAaJIbHAs BBICOTA ONPEAEISAETCS yIIOM
h2, TO HE BbICTaBJIsIeTCs OAT Kak 3a 3TOT, TaK U 3a MOCIETHUM TyHKTHI.

Jran 4. (1 0a/mr): HaxoxnaeHne MUHUMAaIbHOM YIJIOBOM BBICOTHI, KOTOPYIO MOKHO YBUIETh U3 OKHA
KaMepBhl.

Jran 5. (1 0a/r): HaxoxieHre MakKCUMaJIbHOM YTJIOBOM BBICOTHI, KOTOPYIO MOXHO YBUIETh M3 OKHA
KaMepBhl.

Jran 6. (1 6amn): HaxoxkaeHne MUHUMAIbHOIO CKJIOHEHHUS, KOTOPOE MOKHO YBUJETh U3 OKHA.
Jrtan 7. (1 6amn): HaxoxaeHne MakCHUMaabHOTO CKIIOHEHMSI, KOTOPOE MO>KHO YBHJIETh U3 OKHA.

Iran 8. (1 6am1): HaxoxaeHne MakCHMalIbHOTO CMEIIEHUS TI0 a3UMYTY, U/HITU BBIBOJ, UTO CMEIIICHHUE
0 a3UMYTYy HE MEHSIOT MOJIOCY Ha HeOe, KOTOPYIO MOJKHO YBHJIETh U3 OKHA. Eciu y4acTHUK MPUXOAUT
K BBIBOJAY, UYTO CMEIIEHHE Jiyya 3pEHUS MO a3UMYTy 3aMETHO H3MEHSET YHUCJIO BUIUMBIX 3BE3]]
(GoubIie 2 3Be31), TO HE BBICTABISETCS OAUT KaK 3a 3TOT, TaK U 3a MOCIICTHUHN TyHKTHI.

Jran 9. (1 6am): Haxoxnenue miomaan o0nacTy Ha HeOecHO! cdepe, KOTOPYI0 MOXKHO YBUJETh U3
OKHa 3a Bce BpeMs (ceprueckuii mosic) — MOXKET OBITh MPECTABICHO TOJBKO (POPMYJIONW U HESIBHO,
WIM cpa3y MOJCTAaBICHO B UTOTOBYIO (POPMYJy HaXOXACHHUS KOJMYECTBA 3BE3[. YUYACTHUKU MOTYT
OLIMOUTHCS, UCIONB30BaB (hopMyiny A chepruecKoro mosica U MOJICTaBUB B HEE CHHYC Pa3HOCTH
CKJIOHEHHH BMECTO Pa3HOCTU CHHYCOB. B Takom cilydae OlleHKa 3a 3TOT IyHKT HE BBICTABISETCS, HO
MOCJICTHUN MyHKT MpHU NpaBuiabHOM oTBeTe (710 3Be3m) olieHMBaeTCs B MOJTHON Mepe. Tak ke CTOUT
MOCTYNaTh MPU Pa3yMHBIX, MyCKail U HEMPABIIBHBIX, OLIEHKAX TUIOIIA U TIOBEPXHOCTH MOIOCHL.

Jran 10. (1 6ana): HaxoxaeHne Koau4ecTBa 3837, KOTOPOE MOXHO YBUAETH U3 OKHA.

Bo3MoxkHBIE OLINMOKHU:

e BzdT0 HempaBWIIBHOE 3HAUEHUE KOJIUYECTBA 3BE3/ Ha BceM Hebe, 3a MyHKT 9, ctaButcs 0 GamioB
(xomu4ecTBO 3Be31 spue 6™ MOMmKHO OBITH B3sITO B paiioHe 6000 3Be31)

e JlroOast jmormueckas WA BBEIYHCIMTEILHAS oum61<a, npuBoJAdIIad K HCIPABUIBHOMY 3HAYCHHIO
I'paHUYHBIX BBICOT HaGJIIOI[eHI/ISI WU CKIIOHSHUM IIpU BOAUT K 3aHYJICHHIO HC TOJIBKO TOI'O ITYHKTa
CUCTEMBbI OLCHMBAHUA, K KOTOPOMY OHA OTHOCHUTCS, HO H IOCJICIHCIO ITYHKTA, €CJIM BbIIIC HEC
CKa3aHO HUHOC.

MakcumanbHas oreHka 3a 3ajady — 10 6amios.
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1. YcaoBue. 3emHON Habmomarenb BUAWT, YTO yrioBoe yaaneHue Benepsl m Mapca ot Connua
OJMHAKOBO W OoJbile HyNs. B TOT e MOMEHT Ha Mapce MOXXHO HaOJII0JaTh BepXHEE COCIMHEHUE
Benepnr ¢ Connnem. Onpenenute yrioBoe ynainenue Benepsl ot ConHIA At 36MHOTO HAOJIOATENsI.
OpOuThl BceX MJIAHET CYMTATh KPYTrOBBIMH U JIEKAIIUMH B IJIOCKOCTH SKIMOTUKH. Ormpenenure
MUHUMAaJIBHO BO3MOXHOE BpPEMsI, 32 KOTOPOE OJIHA U3 IUIAHET OKa)KeTCs Ha oAHON JuHUM ¢ CosHLEM IS
3eMHOro HaOmioaarens. PaccmoTpure Bce BO3MOXKHBIE BapuaHThl M KoH¢urypanuu. ComnpoBoauTe
pereHue noipoOHBIM YepTexoM. (B.b. Henamueg)

1. Pemienue. M300pa3um Ha puCyHKE MOJIOKEHHUE TIIIAHET.

3ameTuM, uTo oTpe3ok 3emisi—ColiHile — OuccekTpuca TpeyrojibHuKa. CBONCTBO OMCCEKTPHUCHI — JCIUTH
MIPOTUBOJIEKALTYIO CTOPOHY B OTHOIIEHHUH JIJIMH IPWIECKAIUX CTOPOH. DTO 3HAYUT, YTO

14:] ag 0.72

™ B am B 152
3anuieM TeopeMy KOCHHYCOB Uil cTOpoH 3eMisi—Benepa u 3emns—Mapc. Yron 3emiis—Connue—-Benepa

0003HA4YUM 3a o

T = aé + a§ — 2agagcosa,

ng = ag + af — 2agaycos(180 — ) = ag + afy + 2agaycosa.

3aech Mbl yuiu, 4to cos (180° — a) = —cos a. [lomgenum ogHO ypaBHEHUE HA APYroe:

15\2 _ (ag\? _ ag + af — 2agagcosa

(E) B (@) " a} + a} + 2agagcosa

Hawm HeusBecTHa TOJIBKO O/1HA BEJIMYMHA — COS 0. Pelnm ypaBHEHHE OTHOCUTENBHO Hee. Toraa
cosa = 0.366 = o= 68.5°

[To TeopeMe KOCMHYCOB HaXOJUM CTOPOHY 7'B:

rs~1a.e.
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Tenepp Mo TeOpeMe CUHYCOB JIETKO HaxoauTtcst yroi Benepa-3ems-Comnnie:
"B ag . .
——=—— = sine =sina—,
sina  sine TR
oTKyJa € = 42° — yrunoBoe ynainenue Beneps! ot ConHua.

Jlnst Toro, 4toObl MPaBUIIBHO OTBETUTh HAa BTOPOM BOMPOC 3aJa4yH, OOpaTUM BHUMAaHHE, YTO YCJIOBHIO
3aa4u YAOBJICTBOPAIOT ABA BaApHUAHTA B3aMMHOI'O0 PACIIOJIOKCHUA TIJIAHCT. B OAHOM BeHepa HaxXoJuTcCiAa
K BocToky oT ComnHiia, a Mapc — k 3anany, a B Ipyrom — Hao0opot. [lepelinemM B Takyto CUCTEMY OTCUETA,
B KoTopoil u CounHue, U 3eMisi HEMOABIKHBEL. B 3TO# cucteMe KOOpAMHAT IUIAHETHI OYIyT COBEpIIATh
OJIMH O0OpPOT TO CBOEH OpOWTE 3a CHHOAWYECKWH Iepuoj, npudeM BeHepa OyneT IBUTaThCS MPOTHB
4acoOBOM CTpEJKH, a Mapc — 1Mo 4acoBOM.

K sToMy BBIBOZYy JIETKO NPHUITH, BOCIOJIb30BABIIUCH YIVIOBBIMU CKOpPOCTAMHU. Ecmu Te U Tunamerss —
CUACPUYCCKUC TICPUOAbL 3emMiu u IIaHCThI, TO PA3HOCTDb YITIOBBIX CKOpOCTeﬁ 3eMJIM U IUIaHETHl COCTABUT
HUX OTHOCHUTCJIbHYIO YTJIOBYIO CKOPOCTh!:
360°  360°

TGB Tl‘l}]aHETbI

360°

= |(*)GB - wl‘l}]aHETbll = Wory =

Sl'l)'laHeTbI

31ech OTHOCHUTENIBHOM YTJIOBOW CKOPOCTH IOCTaBJIIEHO B COOTBETCTBHE BpeMs S, KOTOPOE U SIBIAETCS
CUHOJIMYECKUM TiepuoaoM. HampaprneHue ABMKEHMS TUIAHETHI OMpPENEsieTcss 3HAKOM BBIPAKEHUS MMOJ
MoaysieM. BenuuuHbl cuHOAMYEeCKUX mepuoaoB it Beneppl m Mapca paBubl 584 u 780 cyTok
COOTBETCTBEHHO.

PaccmoTpuMm BapuaHT, W300pakeHHBIN Ha JIEBOM pUCYHKE. BeHepe 10 HM)KHEro COCJUHEHHUSI OCTAeTCs
IIPOMTH yTOJ 0, Torga kKak Mapcy 10 NpOTUBOCTOSIHMS HY»HO mpoiith yroa 180° — a. CuHomuueckuit
nepuox Mapca Gombine U 0oJbIlIe MyTh, KOTOPBIA €My HaJlo MPOWTH, TO3TOMY, OYEBHIHO, YTO BPEMS 10
coeuHeHns: Benepsl nNponIeT MEHbLIE:

SB
360°

t1p=a ~ 242cyT.

o

~ 111cyr, ty,m = (180°—a) - ?ﬁ)

3
Tenepr oOpaTumcsi K MpaBoMy pHCYHKY. B 3ToM Bapumante Mapcy ocTaercs MpPOWTH Yroil o J0
COCMHEHMS, TOTJa Kak BeHepe morpedyercs mpoitu yroa 180° — o, OTHENSIOMMIA €€ OT BEpXHETO
coenuHeHus. [{ist aToro um norpedyercs

SB
360°

Sm
360°

t,p = (180° — a) - == =~ 181cyT, tym =« ~ 148cyT.

B stom caywae yxxe Mapc oxaspiBaercsi ObicTpee Ha oaHOM nuHMM ¢ COJHIIEM, OJHAKO HCKOMOE
MUHUMAaJIBHOE BPEMsI ITOJIy4aeTCss UMEHHO B IIepBOM BapuaHTe: 111 cyTok.

1. CucreMa onieHUBAHNSA.

Jran 1. (3 6amma): OmnpenelieHUME B3aWMHOTO PACIIONOKEHHUSI IUIAHET W ONPENENICHHE YTIIOBOIO
ynaneaust Beneper ot ConHma. 1 0amn CTaBUTCS 3a PUCYHOK/CXEMY WM TOAPOOHOE OMHMCaHUE
KoH(urypauu. 1y 3Toro sTana J0CTaTOYHO PACCMOTPETh OJMH U3 JBYX BapUaHTOB PACHOJIOKEHUS
wianer. OcTaBiuecs 2 0ajjia B 3TOM ITyHKTE CTaBSITCS 32 BEPHOE HAXOXKIACHHE BEIIMYMHBI YTIIOBOTO
ynanenus Beneps! ot Connua. IIpuanmaemast TouHocts — 1 rpaayc.

Bo3MmokHas ommbOka. Y4YacTHUK cpasy Mpeanosnaraer, 4yTo BeHepa HaxoauTcss B MaKCHMalbHOMN

anoHrammu. B 3TOM ciydae, maHHBIA 3Tam oreHmBaercs B (0 OamioB. Bropoil sram oieHuBaercs
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HE3aBHCHUMO OT IE€PBOIO H, €CJIU COrjlaCHO MOACIM YYAaCTHHKA, OH PCHICH BCPHO, OLUCHHUBACTCIA
N3 CTOUMOCTH BTOPOI'O 3Tara.

Bo3MmokHas ommOka. Y4YaCTHHK HE YBHJEN B YCIOBHM, 4TO BeHepa HaxoQuTcs B BEpXHEM

COeMHEHNH Ui HaOmoaTenss Ha Mapce Win mepernyTal BepXHee W HIDKHee COequHEeHHe. B 3Tom
Cllydae ydYacTHHK HAaYMHAET pellaTh MOJIHOCThIO CBOKO 3a7ady, W TaKoe pelieHue (Bce JTarbl)
oucHusaercs 0 0ayUIoB.

Jram 2. (5 6amaoB): OnpeneneHre BpEMEH, KOTJa KaxK/1asi U3 MJIaHeT OKakeTcs: Ha JuHuu CoJiHIile-
3emitst ¥ BBIBOJT O TOM, 4TO BeHepa mMokeT cienath 3T0 panbine. [1o ogHOMY Oaimy BBICTABIISETCS 3a
BEpHOE ONpECIICHNEe BPEMEHH 10 coefAuHeHus TutaHeThl ¢ CoyHIeM. YYaCTHUK MOXKET HE CUUTaTh
BpeMsl JI0 MPOTHUBOCTOSIHUS Mapca, HO TorJa JIOJDKEH SIBHO CliejaTh BBIBOJ, YTO OHO OOJIbINE, YeM
BpeMs 10 HKHETro coequHenust Benepsl. [Tocneaauii 6ant BrICTaBIsCTCS 32 BEPHBIN BBIBOJ O TOM, M3
BCEX BO3MOXKHBIX BapUaHTOB HauMeHblee BpeMs 111 nueli 3arpatur Benepa.

Bo3MmokHas ommbOka. Y4YaCTHHK PacCMaTpUBaeT TOJNBKO OJMH M3 JIBYX BApHAHTOB PaCIIOJIOKEHUS

rtaneT. [Ipu mpaBWIbHOM pelIeHHH OH MOJy4aeT 3a BTOPOi 3Tan 2 Gaiia 3a onpeaesieHHe BpeMeH J10
coeMHEeHUs: 1o 1 6aty 3a Kaxayro IIaHeTy.

Bo3moykHas ommbOka. Vcmoab3oBaHue CUACPUYCCKOro Iepuoaa IJIaHCTbl, BMCCTO CHUHOIHUYCCKOIO

nepuoaa. B atom cimyuae Bech 3tan onenuBaercs () Oamiamu.
MakcumanbHas OIICHKa 3a 3a/1a4y — 8 0aJioB.

2. Cm. 3apauy 2 aasa 10 kaacca.

3. Ycaosue. IloBropHas HoBas RS 3meenocna B 2021 romy HaOmromamack BO BCEX CIEKTPATbHBIX
JMarna3oHax, B TOM YUCJIe U B TaMMa-Auana3oHe. B nepBbie 2 AHS MOTOK (POTOHOB OT HOBOW COCTaBIISUI
2.4 - 10 poronos-c!-cm? mns poronos ¢ sHeprueit 100 MaB. Onpenenure cBETUMOCTh OT MOBTOPHOI
HOBOU /1711 JOTOHOB C TaKOM SHEPTHEH, eciu paccTosiHue 10 o0bekTa 1.6 knk. Onpeaenure CBeTUMOCTh
B ONITHYECKOM JIMAIa30He, €CTM B MaKkCMMyMe Ojecka BUAMMAs 3BE3[(HAash BeIMYWHA cocTaBisuia 4.8™.
Cpasuute co cBetuMocThio Ha 100 M»B. Mex3Be3IHBIM TOTJIONICHHEM M TIOTJIOIIEHUEM B atMocdepe
3emn mpeHebpeub. I10TOK colHeuHO >HepruM Ha 3emie B BHAMMOM jauanaszoHe paBeH 600 Br/m?.
AoGcomoTHas 3Be3aHast BenuurHa CoJHIIa B BUIUMOM Juana3zoHe paBHa 4.79™. (B.b. Henamves)

3. Pemienue. /s Havanma ompeaenuM TOTOK 3HEpruu £ B ramma-gauanaszone. Kaxaplii ¢oToH Hecer
sHepruto 100 MaB. MaB — 3T0 MWUIMOH 3J€KTPOH-BOJBT. M3 Ha3zBaHUs 3TOW €IUHMIIBI U3MEPEHHUS
SHEPTHHM TOHATHO, YTO O9TO pabora HeoOxoawmas Il TepeMelIeHHe D3JIEMEHTApHOTO 3apsia B
noteHmuaite 1 BoibT, To ecthb 1 3B = 1.6 - 107" Jx. Torma mOTOK SHEPrud B raMMa-Ihana3oHe OT
MMOBTOPHOM HOBOH OYJIET paBeH

F=24-10"°-100-10°-1.6-10"9x-c1-cM2 =3.84-10"xx-c™ 1 - cm~2,
Halinem cBeTHUMOCTE B raMMa-ariana3oHe:
L,=F-4mr§ =3.84-10717 - 4m(1600 - 3.1 - 10'8)? = 1.2 - 10?®Br.
CHGI[yIOH_[I/IM mrarom omnpeacinM ONTHYCCKYHO CBECTUMOCTE. BLIpaBI/IM a6COJIIOTHYIO 3BC3/IHYIO BCIIMUNHY
B OIITUYECCKOM AHAIIa30HC:
M =m+5 — 5lgry = 4.8™ + 5 —5Ig1600 = —6.22™.

CpaBHuBas NOJy4YEHHYIO a0COJIIOTHYIO 3BE3HYI0 BeTHuuHy ¢ COMHIEM:
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@ = 10~04(M-Mg)

Lo
BaxxHbIM MOMEHTOM pelIeHUs SBISETCS ONpeeieHre onTuueckon ceetuMoctu CoiHia. B cripaBodHbIX
JaHHBIX JaHa cBeTHMOCTh 3.88 - 10%° BT, HO 31O OoJoMeTpudecKkasi CBETUMOCTb, TO €CTh U3ITydaeMasi BO
BCEM DJJIEKTPOMAarHMTHOM Juamna3oHe sHeprus. Ham >xe ans cpaBHeHMsI HyXHa cBeTUMOCTh CoiHIa
MMEHHO B ONTHUYECKOM auarnazoHe. OOpaTuM BHHMaHUE, YTO B YCIOBUU 3aJa4M JIaH MOTOK COJHEYHOM
SHEPrUM B BUIMMOM JMana3oHe. B cIpaBOYHBIX JAHHBIX €CTh conHeuHas moctosHHas (1360 Bt/ m?),
T. €. TIOTOK BCEH COJTHEYHOW HPHEPTUU Yepe3 CAUHUYHYIO IUIOMaAKy Ha opouTe 3emiau. OTHOIIEHUE dTUX
MOTOKOB JIa€T HaM JOJI0 3Hepruu B crekrpe ConHIa, KOTopas MPUXOAUTCS HAa ONTHYECKHM JMara3oH.
[ToacTaBuM 3HAUYEHUS U TOJTYUYHUM CBETUMOCTb OT IOBTOPHON HOBOM JIJIsl ONITHYECKOTO IUAara3oHa.

L =10704(-622-479) . 3 8g.. 1026% = 4.3 -103°Br.

CBeTUMOCTh B ONITUYECKOM JIMara3oHe okazanachk Ooinee ueM B 300 pas Boie, yem Ha 100 MaB.
3. Cucrema onleHAUBaHHUA.

Jram 1. (2 6aana): OmnpeneneHue MOTOKA HHEPrUM B TraMMa-Iuaria3oHe OT MOBTOPHOW HOBOM
RS 3meenocua. [lepexo oT BHECUCTEMHBIX €IUHULL U3MEPEHUS IHEPTUU K JIKOYJIISIM.

Jram 2. (2 6auana): OnpejeneHre raMMa-CBETUMOCTH HOBOM. [lepexo/1 OT moToka 3Hepruu Ha 3emiie
K CBETUMOCTH. J[aHHBIN MyHKT OLIEHUBAeTCs B 2 Oasa.

Jran 3. (3 6aana): OrnpezgeneHre ONTUYECKOW CBETUMOCTH TOBTOPHOM HOBOW. JlaHHBIM sTam
pa30buBaeTcs Ha OmpeesieHHe aOCONIOTHOW 3BE3JHON BEIWYMHBI 3BE3JIbI 10 M3BECTHOW BHIUMOUN U
paccrosiHuto 10 Hee. OnenuBaercs B 1 6amn. Onpeaenenne ontudeckoi cBeTUMOCTH COJTHIIA B IBHOM
BHJIC WJIM B BHJIC€ OTHOIICHUS IMTOTOKOB OlleHuBaeTcs B 1 6amn. OmnpeneneHne onTuIecKo CBETUMOCTH
HOBOI1, 4TO OIleHUBaeTcsa B 1 Oal.

Jlst onpenenenust cBeTuMocTy CoJTHIIA B ONITUYECKOM JTHAIIa30HE YYACTHUK MOJKET B3SITh HHTETPAT OT
¢byukuun [lnanka B mpenmenax BuauMoro auarnasona, oT 360 um go 740 uM. Ecimm sTo cnmemaHo
HpaBI/IJII:HO, TO OLICHUBACTCS B HOHHOﬁ Mepe.

Oran 4. (1 6amn): BeiBog 0 TOM, B KaKOM JHMama30HE CBETUMOCTh Ooubliie. bamin BwIcTaBiseTcs
TOJIBKO TIPH MPABUIHLHOM BBIUHCICHHH 00CHX CBETHMOCTEH.

Bo3moknas ommOka. YuacTHHK Oeper BCiOo cBeTMMOCTh COJHIIA W YTBEP)KIAeT, YTO OHa BCS

ontuyeckas. B aTom cirydae 3a 3 3Tan y4acTHHK MOJIy4aeT TOJIbKO 1 Oarm.

Bo3morkHas ommbka. Y4acTHUK HEBEPHO HIIET A0JI0 onTudeckoi cBetumoctu Comaia. Ckopee BCero

3TO MPOUCXOIUT M3-32 HEBHUMATEIHHOTO YTCHHS YCIOBHUS. JTal 3 TaKOTO PEIICHUS OIICHUBACTCS B 2
6aya. Hwke mpuMepbl Takux OmMOOK.

Bapuant 1. [loTok 3HEprum B onTudeckoM auamnazoHe coctasisier 600 / 1360 = 0.44 cetumocTn
Comnnna, a 3HaYUT aOCOTIOTHAS 3BE3/IHASI B BUAMMOM JHAama3oHe paBHa My, = M — 2.51g0.44 = 5.6™.

Bapuant 2. bonmomerpuueckas nomnpaBka s 3Be3s kiacca G2 cocrasmser —0.07. Otcroga, cBeTH-
MocTh COJHIIA B ONTHYECKOM AuamnazoHe coctaniseT 10794007 ~ 0.94 nonuoii cBerumoctu ComHIA.
DTO HEBEPHO, TaK KAK HE yYTEHA PA3HHUIIA «HYJIb-IIYHKTOBY» BU3YyalbHON M OONOMETPHYECKOM MIKAI
3BC3HbBIX BCIIMYHNH.

MakcumManbHas OlleHKa 3a 3a/1a49y — § 0asios.
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4. VYcaoBue. B jamexoit 3Be3gHOM cHCTeME II0 KPYroBOM OpOWTE BOKPYT 3BE37bl TJIABHOM
MOCNIeI0BaTebHOCTH Maccoil 1.5 Me oOpamaercst miuaHera — xomusi 3emiid 1mo pazMepam. CXoJICTBO
JOTIONIHSIETCS TE€M, YTO IUIaHeTa MOJIy4aeT OT 3BE3/Ibl POBHO CTOJBKO K€ SHEPIHH, CKOJIBKO 3emiis
nonydyaeT oT ConnHua. Boxpyr mumanersl oOpamaeTcst coyTHUK—Komus JIyHBI MO pa3Mepam, TOJBKO
HaKJIOH opOUTHI criyTHUKA paBeH 0°, a mepuoa oOpamieHus: coctaBiusieT 50 3eMHBIX CyToK. Omnpenenure
MepuoI CMeHbI (a3 CIyTHUKA JJI HaOIroaaTens Ha manete. (4.B. Becenosa)

4. Pemenue. JIna onpeneneHuss mepuoAa CMeHbI (a3 CHOyTHMKAa HAM HY)KHO OINPENCIHMTH IIEPHOJ
00OpallleHus TIAaHEThl BOKPYT 3BE3/bI, a JUI1 3TOT0 TPeOyeTcs 3HATh PaauyC OPOUTHI 7 IUIAHETBL DTy
BEJMYMHY MBI HaliJIeM M3 PaBEHCTBA OCBEIEHHOCTEH, CO31aBaeMbIX 3Be3/0l Ha mianere 1 COJIHIEM Ha
3emue:
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CrnyTHuK oOpalmaeTcs B TOH e IIOCKOCTH, YTO U IJIaHeTa, ¢ mepuogoM 7s = 50 cytok. Hakion opOuTHI
paBeH HyJIO, 3TO O3HAYaeT, YTO CIyTHHK M IUIaHEeTa IBIKYTCA MO OpOMTaM B OJHOM HAarpaBJICHUHU.
[lepuon cMeHbl a3 — CHHOIMYECKUN MEpPHOA S CIIyTHMKA — CBS3aH C OTHOCHUTENBHBIM JIBUKECHUEM
CIIyTHUKA U IJIAHETBI:
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4. CucremMa olleHUBAHHUA.

Jrtan 1. (4 6anna): 3anKCh YCIOBUS O PABEHCTBE OCBEIICHHOCTeH (1 6amt), mpuMeHeHNe COOTHOIIIe-
HUSL «Macca—CBETUMOCTh» (2 0ara), moilydeHue paauyca OpOWTHI IJIAHETHI B a. €. WIH JIPYTHX
MOAXOIANINX 10 pazMepHocTH eaununax (1 6amn). [Tokasarens CTENeHH B COOTHOIIEHUU MOXKET OBITh
NPUHAT PaBHBIM JIOOOW BeNWYMHE B auamna3oHe oT 3 10 4. OTinuus OTBETOB B MOCIEAYIONINX
MyHKTaX, CBA3aHHbIE C BHIOpaHHBIM MOKa3aTeleM, He sBIsAloTCA omuOKkoil. Tak, mpu mokaszareine
cTeneHW 3 3HaA4YeHHWE paamyca opoutsl Oyaer paBHo 1.8 a.e., mepwonm oOpamenus — 2 TOja,
CHHOJIMYECKUI MEPUOJT COCTABUT OKOJIO 53.7 CyT.
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Jrtam 2. (2 6ania): 3anuck TpeThero 3akona Kemepa (1 6amr) u onpenenenue nepuoaa oOpamieHus
TUTAHETHI B TOJIaX WJIU JAPYTUX MOAXOSIIAX 0 pazmepHocTh eauaunax (1 6amr). [lepexon k cucreme
«ron — a. e. — macca CoHIIa» HeoOs3aTeseH.

Jrtan 3. (2 6a/u1a): 3aNKMCh COOTHOWIEHUS Ui CHHOJIMYECKOTO U CHIepUuUecKoro nepuoaos (1 6amn),
MI0JIy4EHHUE CUHOJIUYECKOTO MEPUOJa B CyTKaX WM JAPYTUX MOAXOASIIUX 10 Pa3MEPHOCTH €IUHULIAX
(1 6amr). Ucmonb30oBaHWE BETUYHHBI TPOMUYECKOTO roja 3eMJd BMECTO 3BE3IHOTO Tofa [aeT
HE3HAYUTEJIbHOE U3MEHEHHE U OIMOKOI HEe CUMTAETCS.

MakcumanbHas OIICHKa 3a 3a/1a4y — 8 0aJioB.

5. CMm. 3apanme 5 nasa 10 kiacca

6. CM. 3apanme 6 nusa 10 xkiacca
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