MyHnuuunajabHbli 3Tan Beepoccniickoil 01TMMIMABI IKOJIbHUKOB
2023-2024 y4eOHblii roj
ACTPOHOMMUSA
10 kaacc
Kpurepun oueHuBaHusi
BricTaBneHne — mpemMuanbHbIX — OaUIOB  CBEpPX ~ MAKCHMaJbHOW  OLEHKM  3a
3aJjaHue HE JIOMYyCKaeTCsl.
3ananme Nel
1. Jlan BepHBIN OTBET Ha MEPBBINA Bompoc: bonbimas meapeauna - 2 6amia.
2. JlaH BepHBII OTBET Ha BTOPO BOIpoC: 1a - 2 Gaa.
3. OneHena 3BE34Has BeIUYMHA HOBOM B mHTEepBasie 1.5 - 2.5 — 4 6amna
Wroro 3a 3amanue 8 6aios.
Saganue No2
CymmapHslit cBeT ocnabHeT Takke Ha 10%. Ocnabnenue Ha 10% COOTBETCTBYET YMEHBIIECHHIO
MOIIHOCTH B

100
n=—
100 —10
CooTBeTCTBYIOIICE U3MCHEHHE OJiecka MOXKHO HailTh 1o ¢opmye [TorcoHna:
Am = 2,5lgn = 0,11.

= 1,11(1)pas3a.

3BE3Has BEIMYMHA — 3TO MEpa OCBELIEHHOCTH, KOTOpasi 3aBUCUT, HAIIPUMEDP, OT PACCTOSHHUS, Ha
KOTOPOM PACHOJIOKEHBI JIaMIlbl. Takoi uH(OpMaIK B YCIOBUM HET, a IO3TOMY OIpeeIEHHbIN
YHUCJIEHHBIM OTBET J1aTh HEJIb3SL.

1. Jlan BepHbIit 0TBET Ha nepBbIil Borpoc: 10% - 3 Ganna.

2. Bepno BelpakeHa BenuunHa ocinadnenus: 0,11 - 3 6amra. 3a otser 0,1 craButcs 2 6anna.
3. Jlan BepHBIN OTBET O HEBO3MOXKHOCTH OIPEICIIUTh - 2 Oasia

Htoro 3a 3axanue 8 6aos.



3aganue Ne3
OTBeTHM CHauana Ha nmocjenHuil Borpoc 3agauu. 21 urons ckionenue ConHia paBHo 0 = 23.4°,
M €0 BBICOTY B ITOJIIEHB (3TO MOMEHT BEpXHEH KYJIbMUHALIMH) JIETKO HAlTH 10 popMmye:

h=90°— ¢+ 5 =63.4°.
Hrtak, yrinosas BeicoTa CollHIIa B paccMaTpUBaeMblii MOMEHT BpeMeHM cocTaBisiia 63.4°. Teneps Ml
MOJKEM OTBETUTh Ha MEpBbIH Bompoc 3a7a4u. Hapucyem mpsMoyroiabHbIH TpEeyroJIbHHK C BEPIIMHAMH B
camonére (A), ero TeHu (S) U TOUKH Hagupa Ha obnayHoM cioe (N).

A
HanpaeneHne
Ha ConHue A

NOBEPXHOCTb
obnayHoro cnost

N S

v NOBEPXHOCTb 3emnu

OpuH U3 KareToB 3TOro TpeyroibHuka paBeH AN = 10400 — 2800 = 7600 M, a Bropoii karer (NS)
SIBIISICTCS] HICKOMOH BETTMYMHOW. YT01I £NSA — 3TO yroi Mex/y TOPU30HTOM U HampasieHHeM Ha ColHile.
OH paBeH yrioBoii BbicoTe ConHIa HaJ TOpH30HTOM: £ZNSA = h = 63.4°. COOTBETCTBEHHO, YTOJl «IIpH
camonérey» paBeH £ZNAS = 90° — 63.4° = 26.6°. OTcroa paccTOsHUE OT TEHH JI0 TOUYKH Hajiupa paBHO NS
=7600 tg 26.6° ~ 3800 m.

B cpennux mmporax CeepHoro nomymapust 3emian CoiHIIE B MOJJICHb HAXOAUTCS K IOTY OT OTBECHOM
muHuu. [losTomMy TeHb OyJneT HaXOAMTHCS K CEBEpPY OT OTBECHOW JIMHMM H, COOTBETCTBCHHO, TOYKHU
Ha/iupa Ha oblaKax.

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

1. IToHnMaHue KapTUHBI IPOUCXOISIIETO, BBIPAXKEHHOE PUCYHKOM I BEPHBIM XOJI0OM PEIICHUS
— 1 Gamn

2. 3anuck (hOpMyIbI BBICOTHI B BEpXHEW KylIbMHUHALIUU — 1 Oa.

3. Brerumcnenue yriioBoit BeicoThl CONHIIA ¢ OTBETOM B jamama3oHe [63°; 64°] — 2 Gamra. 3a
BEpHBIN 0TBET 0e3 (hOpMYIIbI UM BBIYUCICHUN cTaBUTCS 1 6am.

4. BeryucieHue BLICOTEI CaMOIéTa HaJl O0JIaYHbIM CJII0EM — 1 Oai.

5. Onpenenenre HalpaBleHUs, B KOTOPOM PACIIOIOKEHA T€Hb OTHOCUTEIHLHO TOYKM Hagupa — 1
Oa.

6. Onpenenenne HCKOMOTO PacCTOSHUS — 2 Oasuia.

Hroro 3a paboty 8 6amioB

3apanmue Ned
MakcumanbHOE najieHne 0Jecka MPOU30MIET B TOT MOMEHT, KOI'/la BCE TPH IJIAHETHI OKaXyTCs
Ha JIMCKe 3Be3/lbl, HO He OyIyT mepeKkpbiBaTh Apyr apyra. [lotok ot 3Be3as! I mponopiroHaneH
BUIMMOM IIJIOIIAAHN 3BE3ALI S, CIEI0BATENLHO,
I~S=naR>  [~S§5—S1—8 -5
rae lp — MOTOK OT 3Be3/bl BHC MHHHUMYMOB Oliecka, S| = anz, S = nR? u S3 = nR3% Tlopenus BTOpOE
YpaBHEHHE Ha MepBoe, MOTYIUM

I R?*—R}-R?-R? 4R% —4R2-1.96R% — 1.25R? 0984
Io R? B 4R% S

YroOb! HaiiTu najfieHne O1ecka B 3BE3HBIX BEIMYHHAX, BocTionb3yeMcs dhopmymoii [Torcona:

1
Am = —2.5lg— = 0.018.
In



1. MakcumanpsHOE MajieHne OJiecka, KOrja BCE TPH IJIAHETHI OKAXYTCS Ha JHUCKE 3Be3/bl (3TO
MOYET OBITh POCTO BUHO U3 pelIeHus ) — 2 Oana.

2. [ToTok OT 3Be3/1bI MPOMOPLHUOHAJIEH TUIOIa Iy — 1 Ga.

3. [ToTok mpu MakCUMaILHOM TaJIeHuH OJiecka mponopimonaned Se — St — Sz — Sz — 1 Gann.

4. Haxoxpaernne 1 / [o = 0.984 (MoxeT ObITh HE MOCYMTAHO YMCICHHO, HO UMETh MPABWIBHYIO
dbopmyny) — 1 6am.

5. IlpaBunbHas 3anuch hopmyssl Ilorcona s »toit 3apaun — 1 6am.

6. [Tonyuennoe nmagenue Oecka B 3BE3IHBIX BEIMUMHAX — 2 Oajuia.

Wroro 3a 3aganne — 8 6amIOB.

3aganmne Ne5
Ha mnepBom »Jrame 3amgauu ompeneiuM YIIIOBOM pa3smep Mapca B TpPOTHBOCTOSHUHU.
Bocnonbs3yemcs popmyiioit yriioBoro pasmepa:
_ 206265 - D

To

"

= 24.6".

Teneps onpeaenuM THHEHHBIN pazMep H3o0paxkeHus Mapca B GoKambHOMH TTOCKOCTH
x=F"p.
31echk p — TOMMKHO OBITH MOJACTABICHO B paguaHax. [loacTapnseM 3HaUCHUS U MTOTydacM

206265

CornacHo ycloBHIO, OOWH HHKCETh HMeeT pa3sMmep 5 MKM. Torda iuHeHHEbIl anameTp H300paKeHHs

x=F-p=1000MmM - =0.1193mMm = 119.3MKM.

Mapca cocraeur d = 119.3 / 5 = 23.9 nukcens. [lockoneky Mapc B IpoTHBOCTOSIHHH, TO ero ¢aza paBHa
1, u Ha u3obpaxenun GyaeT BUACH Bech MUck Mapca. Mapc npu 5ToM 3aiiMET

Npyy =" (d/2)? = 447nukceneit.

K TaKOMY JKC OTBCTY MOKHO l'lplf[ﬁTH, €ClIM CHa4daJla BBIMMHCIHTE ILIOIIAIb HBOﬁpa)KeHHﬂ Mapca
2
B MUKpOMETpax, a 3aTEM pa3/IeJIuTh Ha MI0MA/AL OJHOTO MHKCEN — 25 MKM-.

Teneps onpenenyM uncno (OTOHOB, IpHIICAINICE HA | MHUKCENs 3a BpeMs DKCIIO3UIMH. Mapc BO Bpems
BETUKUX TPOTHBOCTOSHHH HMEeT BHAMMYIO 3BE3HYW BemuuuHy —2.9™. OmpenemuM KOTHYECTBO
¢doToHOB, npuXOAAMUX oT Mapca 3a BpeMs JKCIIO3HIIIH:

N =N, -At-5-10704m-mo)

riae At — 210 BbliepkKa (oTorpadun, Mokas3biBalomas, cKOJILKO BPEMEHH OTKpPHIT 3aTBop. KommuecTBo
(h)OTOHOB JIMHCHHO pacTET ¢ yBEIHYCHHEM BBIACPKKH. S — miomaab oObekTHBa Tenaeckona, Ny — 4HCIo
doronos, npuxoasmmx ot 3se3ast 0™, a muokurens 107°#(M~Mo) pokaskiBaer, Hackonbko Gosbiue
OCBELIEHHOCTD OT 00BEKTA, YeM OT 3Be3/1bl HYJICBOH 3BE3/IHOMN BEJIMYHHBL.

Byznem ucnonb3oBaTh MpeAnookKeHHe, 4To Bce (OTOHbBI HMMCIOT OJWHAKOBYIO dHepruto. Toraa
COOTHONICHHE OCBEMIEHHOCTEH PaBHO OTHOLICHHMIO yHcaa (oTOHOB. Berancnum obuiee uncno GpoToHOB,
kotopsie npuayT Ha [13C kamepy:

1 m20?
N =108 smm s JOTMEE0 = 227 108,
IIJIH OnpeacICHus YHCIIa d)OTOHOB B OJHOM IIHKCCJIC pa3/iCiIHM 061116(‘, YHCIIO0 CbOTOHOB Ha Y4HCIIO
MHKCeJIeH:
N_22.7-10"_5 .
| = —gm— = 50810,

1. Onpenenenue yriaoBoro pazmepa Mapca — 1 Gasm.
2. Onpenenenue uncna nukceneit [13C, B kotopbix Oyner uzobpaxenue Mapca. Ilepbrii Gann
CTaBUTCS 3a OINpejelieHne JMHEWHOro pasMmepa n300pakeHus depe3 (POKyCHOe pacCTOSHHUE.



Bropoii 6ain 3a Macmtad u300pakeHusl B MUKCEIAX. TpeTuil 6ayi 3a ompeeeHue MIoaan
Mapca B nukcensax. Ecim ydacTHUK HEBEPHO HalleNl yrioBOM pasmep Mapca win nepemnyran
paguyc ¢ JIuMaMeTpoM, TOrJa OH IojiydaeT He Oonee 1 Oamia, ecnu MOMY4YMI JTUAMETP
n300pakeHust Mapca MpaBWIIBHO JUIS CBOETO 3HAYEHHUS YIIIOBOTO pa3Mepa. YUaCTHHK MOXKET
CUMTATh IIEJIOE YUCIIO MUKCeNel, ocBemaemMbix MapcoM. Tak nuamerp Mapca MokeT mornajath
Ha 24, a MOXKET U Ha 25 muKcenaeid. ITO HECKOJIbKO MECHSET UTOTOBBIM OTBET, HO OIIMOKOH He
apisercs — 3 Ganna.

3. Onpenenenue obmero yucia ¢GoroHOB. | Oaln CcTaBUTCS 3a MPABUIBLHOE HUCIOJIL30BAHUE
dbopmynsr [lorcona (Bo3aMOXKHO ¢ pesyibTaToMm, uTo Mapc sipue 3Be3nbl Om B 14.45 pasa).
Bropoii 6amn — 3a 3amuch BeIpaKEHHsI 1711 IOJTHOTO 4ncia GoToHOB B 00mieM Buje. 3-it 6ami 3a
KOPPEKTHBII YHCIEHHBIH MoAC4ET. BO3MOXKHO, UTO yUYaCTHUK JENaeT BCE BHIYUCIICHUS B KOHIIE.
Torna 3ToT 6ayut BEICTABISIETCS TOIBKO MIPY MPAaBUIIBHOM KOHEUYHOM OTBeTe — 3 Oasuia.

4. Onpenenenue yncia GOTOHOB, OKA3aBIIUXCS B OJHOM MHKcene. JJaHHbIi 6ayt BbICTaBIsETCS
TOJIBKO TP MPABHILHOM YHCICHHOM OTBETE B OTCYTCTBHE OIIMOOK HA MpEeAbIIyIINX dTanax — 1
Oast.

Wroro 3a 3aganue — 8 6ayios.

3aganue Neb

O6BEM mapa MOXKHO BBIMMCIHTL 1o popmyne V, = 4/3 mR3. O6wéM obonoukn —
3T0 00BEM NMPOCTPAHCTBA, 3aKIIOUEHHBIH MEKLY ABYMS chepaMu ¢ €THHBIM IIEHTPOM
M pajJiiycaMH, paBHbIMH BHyTpeHHeMy (R;) u BHewmHeMy (R, = Ri + AR) paauycam
0007104KH. MOKHO BBIYUCIHTHL 00BEM 000J104KH Kak

V= %n[(Ri + 4R)® — R3]

[Tockonbky R; > AR, To nocneaHiolo ¢Gopmyiy MoXHO ynpocTHTh. Packpoem ky0
CYMMBI:

4
V= §7r(Ri3 + 3RZAR + 3R, AR? + AR® — R}).

3neck R cokpamaercs, a M3 OCTaBHIMXCS WICHOB TOT, KOTOPBIH COAEp)HT R,
3aBeZloMO Oosblie ocTanbHbIX. Takum oOpasom, noiaydaeMm yaoOHyo ¢opmyty
JUIA BEIYHCIIEHHS 00BbEMa 000JI0YKH, Ubs TOJIHHA TOPa3/10 MEHbILIE pajHyca:

V = 4nR?AR.
TOJIU.lHHa 000JI04YKH B ACTPOHOMHYCCKHX €JHHHUILAX paBHa
AR =15-10°/150- 10° = 0,1a.e.
HO,[ICTaBIISICM 3HAYCHHUS

V = 4n(2a.e.)?0,1a.e. ~ 5a.e?

JU1st OTBETa Ha BTOPOii BONPOC BhIpa3UM HaiiIeHHBIH 00bEM B KyOHYECKHX MeTpax:
V =5-(150000000000)% ~ 1,69 - 103* »’.
TIpy KOHLEHTpaLMK MBUIH 7 = | M~ YHCIIO MBUIMHOK YHCJIEHHO COBIAJIacT ¢
N =nV =1,7-10%* orr.

Kasknas neIMHKa nMeeT 00bEM
4

Vo =3mr® = §n0,00000013 ~ 4,19 - 10721 )2,



3Ha4YUT, CyMMapHBIii 00bEM BCeX IBLITMHOK COCTABIISIET
V,N =7,08-10% .
O6béMm acteponia paguycom a = 10 000 M paBeH

Vo =>ma® = 2m10000° = 4,19 - 10%2 »’.

Tenepb MOXHO ITOJIYYHUTE OTBET:

VN
N, =—= 17 .
Va

1. Jlan BepHBIN OTBET Ha MIEPBBINA BOIIPOC B MHTEpBaJe 5 - 5,3 — 4 OGama.
2. JlaH BepHBIH OTBET Ha BTOPOW BOIpPOC B MHTEepBaie 16 - 18 Ge3 mpaBUIBLHOTO OKpYyTJeHus - 4

Oasa.
Uroro 3a 3amanne — 8 0ajuioB



