MyHnuuunajabHbli 3Tan Beepoccniickoil 01TMMIMABI IKOJIbHUKOB
2024-2025 y4eOHblii roj
ACTPOHOMMUSA

11 kaacc
Kpurepun oueHuBanusi

BeicraBieHne — mpeMUaNbHBIX  0aJUIOB  CBEpX ~ MAaKCHMaJIbHOM  ONEHKH 32
3a/laHue He JTOMYCKaeTCsl.
3aganue Nel
1. Beibpan pucyHok 6 — 4 6ama.
2. [Ipencrasneno Hanbonee 61u3koe 3HaYeHUe ocinadnenus B 1,01 pasza — 4 Gasna.
Htoro 3a 3axanue 8 6amos.
Saganue Ne2
1. M3BecTHO, YTO PACCTOSTHUE B MIEPUTEITUN MOXHO BBIYUCIHUTH 110 (hOpMYyJIe:

a, =aog(1—e), a paccrosHHe B ademuu mo Qopmyne a, =a,(1+e). 3mech e—
HKCLIGHTPUCHUTET, a B dg — pa3Mep Oobliol noayocu. OTcrofa JIerko HalTH OTBET
Ha TIEPBLIH BOTIpOC:

ap 1

=% — 1,86.
ap 1-e

2. VI3BecTHO, YTO OCBEIIEHHOCTh OOPATHO MPOMOPIIMOHAIBHA KBAJpaTy PACCTOSHUS JIO
MCTOYHUKA CBETa. 3HAYUT, OTHOIIICHUE OCBEIIEHHOCTEH OyAeT paBHO

E ag 2
£ = (—) = 3,45.
Eq ap

3. Cornacuo ¢opmyse ITorcona, pa3HOCTb 3BE3IHBIX BETMUUH — 3TO

E
Am = 2,5135—" =1,34.
a

4. CornacHo 3-my 3akony Keriepa, nepruona odparieHus 3aBUCUT TOJIBKO OT BEIMYUHBI OOBIION
MOJIYyOCH M MaccC MPUTATUBAIOIIMNX JIPYT Apyra 00beKToB. [10CKONIBKY MO yCIOBHIO HU OJHA U3
ATUX BEJIIMYMH HE MEHSJIACh, TO HE U3MEHUTCS U IEPHUO/IL.

1. Jlan oTBeT Ha nepBblii Bonpoc B uHTepBaie 1,84 - 1,87 — 2 6anna.
2. la" oTBET Ha BTOPOH Bompoc B uHTepBaie 3,43 — 3,47 — 2 Oaia.
3. Jlan oTBeT Ha TpeTuii Bonpoc B uHTepBaie 1,33 — 1,39 — 2 Ganna.
4. Tlepuon He U3MEHWIICA - 2 OaJa.

Htoro 3a 3a1anue — 8 6asoB.



3amanue Ne3
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Berapennrs pesyibrar MOMKHO KakK HEOCPEeCTBEHHON IOJCTAHOBKON YHMCIOBBIX JAHHLIX, TaK
U YUHTBIBAS, YTO KPyroeas ([epBasi KOCMHYECKast) CKOPOCTE U HA IOBEPXHOCTH 3eMJIH PaBHA
npuMepHo 8 KM/, H0ITOMY PAIyC 3eMIH BLIPAYKALTCS KaK

GM,
R@ = 269,
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Takum o6pazon, nocKoIbKy pagnyc 3emmn 6.4 - 10* kv, To paauyc nepBoHaYAILHON OPOUTLI —
910 6.4 - 2.2 = 14 ToICAY KM.

3anuck BeIpAXKEHUS JJ1s1 KPYTOBOM CKOpocTH — 2 Gasuia.

[Tonryuenue ¢popMyIbHOTO BRIpaXXEHUS JUIsl paaunyca — 2 Oana.

3HaHue HEOOXOMUMBIX KOHCTAHT (TPaBUTAIMOHHOMW IMOCTOSIHHOM M MacChl 3eMJIM WM TEpPBOU
KOCMHUYECKOW CKOPOCTH | paanyca 3emin) — 2 6amia (o oJHOMY 0aliTy 3a KKyl KOHCTAHTY).
Brruucnenue uroroporo ordera — 2 6asia.

Ecnu yyacTHUK 1aeT npaBWIBHBINA OTBET, BEIPAXKEHHBIN B painycax 3eMJIA, EMY 3aCUNUTHIBACTA |
Oamn, u 1 6amn 3a «3HaHHME» paauyca 3eMJId, YHCIOBOE 3HAYEHHE KOTOPOro B ATOM Cliyyae B

peleHnH He TpeOyercs.



Hroro 3a paboty 8 6amioB

3ananue Ned
MaxkcumainsHoe IIaacHUueC OJrecka HpOH3OI>iI[éT B TOT MOMCHT, KOrga BCC TpH IINIAHETBI OKAXYTCs
Ha JIUCKE 3BE3/1bl, HO HE OyAyT nepeKkpbiBaTh Apyr apyra. [lotok ot 3Be3as! I nponopuuonanex
BUJIMMOM IIJIOIIAAH 3BE3bI S, CISIOBATENLHO,
Iy~ S=nR?, I~§5-81—-5-8;
rjie /o — MOTOK OT 3Be3/lbl BHE MUHUMYMOB Dliecka, S| = R2, §» = nR? u $3 = nR32. lonenus BTOpOE

ypaBHEeHHE Ha MepBoe, MOMYIHM

I R*-R}-R:—-RZ 4RE —4R3-1.96RZ% — 1.25R? 0.984
Io R2 - 4R% o

YroOk1 HaiiTh nageHHe Orecka B 3BE3IHEIX BeIHYHHAX, BOcIoIb3yeMcs (opmynoii [lorcona:

1
Am = —2.5lg— = 0.018.
In

1. MakcumanpsHOE MajieHne OJiecka, KOrjaa BCEe TPU IUIAHEThI OKAXYTCA Ha JIMCKE 3BE3bI (ITO
MOKET OBITh IPOCTO BUHO M3 PEIICHUs) — 2 Oaia.

2. IToTok OT 3Be3/1bI MPOMOPIIMOHAJIEH TUTomany — 1 Gasm.

3. [ToTok nmpu MakCHMaJIbHOM TaJieHuH OJIecKa mporopiroHaineH So — St — Sz — Sz — 1 6am.

4. Haxoxnaernne 1 / [o = 0.984 (MoxeT OBITh HE IMMOCYMTAHO YMCICHHO, HO UMETh MPABHILHYIO
dopmyiry) — 1 6am.

5. [IpaBunbHas 3anuch Gpopmysnsl [lorcona mis stoii 3anaun — 1 Gam.

6. [TomydenHoe nasenue Oyiecka B 3BE3HBIX BEIMUMHAX — 2 Oasia.

Htoro 3a 3aganue — 8 6aoB.

3amanue Ne5
Ha mepBoMm »Jrame 3amgadu  ompeneiiM YIJIOBOW pasmep Mapca B NPOTHBOCTOSIHHH.
Bocnonbs3zyemcs ¢popmynoit yrmoBoro pazmepa:



"

206265 - D
a—

= 24.6".

Teneps onpenenum NTUHEHHBIH pazmep u3odpakenus Mapca B (poKallbHOMH TIOCKOCTH
x=F-p.
31echk p — TOMDKHO OBITH MOJCTABICHO B paguaHax. [loacTapnseM 3HaUCHUS U MTOTydaeM

206265
CornacHo ycloBHIO, OJMH MHKcelTh HMeeT pasmep 5 MkM. Torfa muHelHbil amameTp uzobpamkeHus

x=F-p=1000MmmM - = 0.1193MMm = 119.3MKM.

Mapca cocraBut d = 119.3 / 5 = 23.9 nukcens. [lockonbky Mapc B IpOTHBOCTOSIHHH, TO €ro (aza paBHa
1, u Ha u30OpaxkeHun OyACT BUACH Bech MUCcK Mapca. Mapc nipu 5TOM 3aiiMET

Ny =" (d/2)? = 447nukcenei.

K TaKOMY K€ OTBCTY MOKHO l'lpHﬁTPI, €CJIM CHa4daJla BBIMMHCIHTE ILIOIIAIb H306pa}K€HHﬂ Mapca
2
B MHKpPOMETpax, a 3aTe€M pa3JdeiIuTh Ha IIOIadb OJHOI'O IMMHKCEI — 25 MEM-,

Teneps onpenenym uncno (HOTOHOB, IpHIIEANICe HAa | MHUKCENs 3a BpeMs DKCIIO3UIMHU. Mapc BO BpeMs
BCIUKUX TPOTHBOCTOSHHUH HMCCT BHAMMYIO 3BE3HYW BeaumumHy —2.9™ OmpenenuM KOIHYECTBO
(boToHOB, MpUXOAAIMX OT Mapca 3a BpeMst SKCIIO3UIINH:

N =N, - At -5 1070-4m=m0),

rae At — 9To BeiiepkKa (oTorpadun, nokaspiBaomas, cKoJIbKO BPEMEHH OTKpHIT 3aTBop. KommuectBo
(h)OTOHOB JIMHCHHO PacTET ¢ yBEIHYCHHEM BBIACPKKH. S — miuomaab oObekTHBa Teaeckona, Ny — 4HCIo
doronos, npuxoasmmx ot 3se3ast 0™, a muokurens 107°#(M~Mo) pokasmiBaer, Hackonbko Gosbiue
OCBELIEHHOCTD OT 00BEKTA, YeM OT 3Be3/1bl HYJICBOH 3BE3/IHOMN BEJIMYHHBL.

Byznem ucnonb3oBaTh MpeAnookKeHHe, 4To Bce (OTOHBI HMMCIOT OJWHAKOBYIO dHepruto. Toraa
COOTHONICHHE OCBEMIEHHOCTEH PaBHO OTHONICHHMIO yHcaa (OTOHOB. Berancaum obuiee uncno GpoToHOB,
kotopsie npuayT Ha [13C kamepy:

1 w202
N =108 r5mm s 10T = 227 108,
ﬂﬂﬂ OnpeacICHus YHCIIa (bOTOlIOB B OJHOM IIHKCCJIC pa3/iCiiHM 061110(5 YHCIIO0 CbOTOHOB Ha Y4HCIIO
MHKCeJIeH:
N_22.7-10"_5 .
| =— g = 50810,

1. Onpenenenue yriaoBoro pazmepa Mapca — 1 Gam.

2. Onpenenenune uncna nukceneit [13C, B kotopeix Oyner uzobpaxenue Mapca. IlepBbiif 6ann
CTaBUTCS 3a OINpeEJelieHnEe JUHEHMHOro pasmepa H300pakeHus depe3 (POKYCHOE pacCTOSHUE.
Bropoii 6ann 3a Macimitad u300pakeHus: B MUKcensax. Tpetuil 6ayut 3a onpeeneHue MIomaan
Mapca B nukcensx. Eciu ydacTHUK HEBEpHO Hallen yrioBoi pasmep Mapca wiu nepemnyran
pamguyc ¢ IuMamMeTpoM, TOrJa OH Mojy4aeT He Oonee 1 Oamna, ecnu MOMYyYMIT JUAMETP
n3o0paxeHus: Mapca npaBUIIBLHO JUISI CBOErO 3HAYEHMs YIJIOBOTO pa3Mepa. YUYacTHHK MOKET
CUMTATh LIEJIOE YUCIIO MUKCENEH, ocBemaeMblx MapcoM. Tak nuamerp Mapca MOKeT momnajarhb
Ha 24, a MOXKET W Ha 25 muKceeid. ITO HECKOIbKO MEHSET UTOTOBBIM OTBET, HO OIMMOKON HE
sBIsieTcs — 3 Gana.

3. Onpenenenne obmero 4ucia GoTroHOB. 1 Oall CTaBUTCSA 3a MPABUIBLHOE HUCIOJIL30BAaHUE
¢dopmynbl [lorcona (Bo3MOKHO C pe3yibTaToM, uTo Mapc spue 3Be3asl Om B 14.45 paza).
Bropoii 6ann — 3a 3anuch BbIpaXXeHUs JJis MOJIHOTo yucia poToHOB B oOuieM Buze. 3-i 6am 3a
KOPPEKTHBII YMCIEHHBIM NOACYET. BO3MOXKHO, UTO y4aCTHUK JENIAET BCE BBIUMCIICHUS B KOHIIE.
Toraa 3ToT 6aJi BEICTABISETCS TOJIBKO MPH NMPAaBUILHOM KOHEUHOM OTBeTe — 3 Oasa.



4. Onpenenenue yucia GOTOHOB, OKAa3aBIIUXCS B OJTHOM TuKcene. JlaHHbIi 0amt BEICTaBIsSETCS
TOJIBKO TPU MPABIIEHOM YHUCICHHOM OTBETE B OTCYTCTBHE OIIMOOK HA MPEAbIIyluX dTamnax — 1
Oa.

Hrtoro 3a 3aganue — 8 0ajios.

3aganmne Neb

O6BEM mapa MOXKHO BRMHCIHTEL 1o dopmyne V, = 4/3mR3. O6béM 0Gomoukn —
3T0 00BEM MPOCTPAHCTBA, 3aKIIOYEHHBIN MEXKY ABYMS cepaMH ¢ €IMHBIM LIEHTPOM
M pajJlycaMH, paBHbIMH BHYTpeHHeMy (R;) u BHemHeMy (R, = Ri + AR) paauycam
0005104KH. MOKHO BBIYHCIHTL 00BEM 000J104KH Kak

V= gn[(Ri + 4R)® — R3]

[Tockonbky R; > AR, To nocneanio ¢GpopMylly MOXKHO ynpocTHTh. Packpoem ky6
CYMMBI:

4
V= gn(R? + 3RZAR + 3R,AR? + AR® — R}).

3neck R cokpamaercs, a M3 OCTaBHIMXCS WICHOB TOT, KOTOPBIH COAEp)HT R,
3aBeloMo Oosiblie ocTanbHbIX. Takum oOpaszom, noinyyaeMm yzaoOHyo ¢opmyty
JUIA BEIYHCIIEHHS 00BbEMa 000JI0YKH, Ubs TOJIHHA TOPa3/10 MEHbILIE pajHyca:

V = 4nR?AR.
Tonmmua 0607109KH B aCTPOHOMHYECKHX €IMHHUIIAX paBHA
AR =15-10%/150-10° = 0,1a.e.
[ToncraBnsiem 3Ha4YeHUS:
V = 4m(2a.e.)?0,1a.e. ~ 5a. e

JU1st OTBETa Ha BTOPOii BONPOC BBIPa3UM HaiiIeHHBIH 00BbEM B KyOHUECKHX MeTpax:
V =5-(150000000000)% ~ 1,69 - 103* »’.
TIpy KOHUEHTpALMHU NbUIH 7 = | M~ YHCIIO MBUIMHOK YHCIICHHO COBIIAJIACT ¢
N =nV =1,7-10%* orr.
Kaxnas nbuiMHKa HMeeT 00bEM
4

V, = gnr3 = 270,0000001° ~ 4,19 - 1072 .

3HaYHUT, CyMMapHbIil 00BEM BeeX MBUTHHOK COCTABIISICT
V,N = 7,08 - 1013 v’
O06béM acTeponjia paguycom a = 10 000 M paBeH
V, ==ma® = 21100003 = 4,19 - 1012 '

Tenepb MOKHO MOJYYUTh OTBET:
VN

N, = ~ 17 wr.

a

1. Jlan BepHBII OTBET Ha MEPBHII BONPOC B HHTEpBatie 5 - 5,3 — 4 Gamna.

2. Jlan BepHBIN OTBET HA BTOPOI BOMpOC B HHTEpBaie 16 - 18 6e3 mpaBUILHOTO OKpYTiieHus - 4
Oana.

Utoro 3a 3amanue — § 6amios



