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Opranuzanuss ¥ MPOBEIECHHWE MYHHUIIMNAIBHOTO ATana BCEPOCCUUCKOM OJIMMIHUAIbI
mKOIbHUKOB 2022/23 y4yeOHOro roja MO acTPOHOMHH OCYIIECTBIISICTCS B COOTBETCTBHH C
MeronuyeckuMu pEeKOMEHALUAMU 10 MPOBEACHUIO LIKOJIBHOIO U MYHUIIMIIAIBHOTO 3TAIOB
BCEPOCCUICKON OJIMMITHA/IBI MKOJBHUKOB 1O acTpoHoMuu B 2022/2023 yyeOHOM TOy, YTB. Ha
3aC€aHUM LEHTPAIbHOW NPEIMETHO-METOIMYECKON KOMHUCCHH BCEPOCCHICKOW OJIMMIINAJIbI
KOJbHUKOB 1o acTtpoHomuu 07.06.2022, npotokon Ne I, u B CTpOrom COOTBETCTBUU C
TpeOOBaHUSMU, TPEICTABICHHBIMU HUXKE.

MyHUIIMDIANBHBIN 3Tall MPOBOAMUTCS HE3aBUCHUMO JUIs IIKOJbHUKOB 7 — 11 kmaccos. B
cootBercTBUM ¢ Ilopsnkom mpoBeneHus Beepoccuiickoi oiMMIIMazibl, yYacTHUK (B TOM 4YHCIE
MOJIOJKE 7 Kjlacca) BBINOJHSET 3aJaHusl 3a Oojiee CTapliuid KJIAcC, €CIU OH BBIMOJIHAJ 3aJaHus
MIKOJBHOTO 3Tama 3a 3TOT ke kiacc. OH JMoKeH OBbITh NPEeaynpexaeH, YTO B Ciydae
KBIM(UKAIMY B CIHCOK YYAaCTHUKOB IOCJEIYIOIIUX JTAloB BCEPOCCHICKON OIUMIINA/IbI
(peruoHanbHOrO, 3aKJIIOYUTENILHOI0) OH OyIET BBICTYNAaTh TaM B TOM e CTapIIel Mapajiesu.

OOyyarommMcest KaxJ0W BO3PAaCTHOW Mapajiedd mpeljiaraeTcss pemuTs 6 3axad, Ha
BBIINIOJIHEHHE KOTOPBIX 0TBOAUTCS 90 MUHYT B 7 — 8 kinaccax u 120 munyt B 9 — 11 kiaccax.

Bo epemsa pabomul Hao 3a0aHUAMU YYACHUK OTUMAUAObL UMeem NPAago .

1.  Tlomp3oBarbcs JIFOOBIMU CBOMMH KAHIEISPCKUMU PUHAIICKHOCTIMHU.
2.  Tlonb3oBaTbcs COOCTBEHHBIM HENPOTPAMMHUPYEMBIM KaJbKYJISATOPOM, a TakKXe IPOCUTh
HaOJr0/1aTeNIsl BPEMEHHO NPEIOCTaBUTh €My KaJIbKYJISATOP.
3. OOpamartbcsi ¢ BOMpOCaMU IO TOBOAY YCJIOBHM 3aiad, npuriamas K cebe HaOmromaress
MOJTHSATUEM PYKH.
4.  TlpuHMMAaTh NPOJIYKTHI MUTAHUSI.
5.  BpemeHHO MOKWAATH ayIUTOPHIO, OCTAaBISAA y HAOJIOAATeNss CBOW KOMILIEKT OJMMITHAIHBIX
3aJaHUM.

Bo epemsa pabomul Hao 3a0aHusAMU YYACMHUKY 3aNPeuaemcsi:
1. [Tonb30BaThCss MOOMIIBHBIM TEJC(POHOM (B JTHO00H €ro PyHKIINN).
2. [Tonp30BaThCcst 1000 PYrodl BBIYMCIUTENBHON TEXHUKOM, KpOME HEMpOrpaMMHUpPYyeMOro
KaJIbKYJIATOpa (KapMaHHBIM KOMITBIOTEPOM, TUIAHIIETOM H T.J1.).
3. Tlomb30BaThCsl KaKUMH-TMOO HCTOYHMKAMHU HH(OpMAIMM; BCcs HEOOXOAMMAs CIpaBOYHAS
uH(pOpMAaIUs IPUBEICHA B TEKCTE 3aaHUM.
4.  OOpamaTthcs ¢ BOMpOcaMH K KOMYy-ITu00, KpoMe Habmroarens, wieHoB OprkoMUTeTa 1 KIOpH.
5. 3anpemaeTcst 0THOBPEMEHHBIN BBIXO/ U3 ayAUTOPUH IBYX U O0JIee y4aCTHHKOB.

OBIIMUE TPEBOBAHUSA
1) Kaxmomy y4yacTHUKY onuMmuaabl OpPrkKOMHUTET JOJDKEH IMPEI0CTaBUTh Oymary st
BBITIOJTHEHUS OJIMMITHAHBIX 33/IaHUN: TETpaJb B KJIETKY WU JUCThl popmara A4. XKenarenbHo
MMETh B ayAUTOPUU HECKOJIBKO 3alaCHBIX PYYEK CUHEr0 WJIM YEPHOIO IIBETA.
2) XKiopu omuMmuaabl OIEHMBACT 3alMCH, MPUBEICHHBIE B YHCTOBHKE. UYepHOBHKH
HE MPOBEPSIIOTCS.
3)  IIpaBuibHBIN OTBET, MPUBEACHHBIN 6€3 000CHOBAHMS MM MOJYYECHHBIN M3 HEMTPABUIbHBIX
pacCyXJI€HHI, HE YUUTHIBAETCA.
4)  Ecnwu 3a1a4a pelieHa He MOJIHOCTBIO, TO ATAIbI €€ PEIICHHS OICHUBAIOTCS B COOTBETCTBUU
C KPUTEPHUSIMHU OIICHUBAHUS TI0 JAHHOM 3a7ade, T/Ie yKa3aHbl MAaKCUMAaJIbHBIC OaIIbl 32 KaXK bl
aneMeHT perieHus. [loompurenbHble Oamibl MOTYT OBITH TOCTaBIEHBI 32 HAIMYHE XOTA ObI
O)IHOﬁ 13 UCXOIHBIX (hOPMYJI, HEOOXOIUMBIX JIJIsl PEIICHUsI TAaHHOMW 3a/1a4uH.
5)  Bce noMeTrku B pabOTe yUaCTHHKA YWICHBI )KIOPH JICIAIOT TOJIBKO KPACHBIMH YSPHHIIIAMH.
6) Bamibl 3a MPOMEKYTOYHBIC BBIKIAIKHA CTaBITCS OKOJO COOTBETCTBYIOIIMX MECT B paboTe
(9TO MCKITIOYAET MPOMYCK OTACTBHBIX MYHKTOB U3 KPUTEPUEB OIICHUBAHMS).
7)  WroroBas olleHKa 3a 3agady CTaBUTCS B KOHIE perreHus. Kpome TOro, WieH >KIOpH
3aHOCHUT €€ B TaOJIMIly Ha TIEPBOU CTpaHUIIe pa0OTHI  CTABUT CBOIO MOMKCH MO OI[EHKOM.
8) B caydyae HeBepHOro pelieHHs HEOOXOIMMO HAXOIUTh W OTMEUYaTh OIMHOKY, KOTOpas K
HEMY MpUBeIa.



7 Kyacc

7-1. Onenute BpeMms t (B CeKyHax U rojiax), 332 KOTOPOe 3Be370JIeT COBEPIIUT MyTellleCTBHe B COCeTHIO0
raJlakTUKYy, PacCTOsIHKE 110 KoTopoi S = 10%? M. CkopocTs 3Be3nonera v = 3000 km/c. 1ron= 3:107 c.

7-2. Kakue co3Be3nust n300pakeHbl Ha 3TUX pPUCYHKax? B kakoe Bpems roja jydllie Bcero HabIOIaTh
KaXK7I0e U3 Tpe/ICTaBJIeHHbIX Co3Be3uii B Tyse?

Puc 1. Puc 2. Puc 3. Puc 4.

7-3. B kakoe BpeMsl CyTOK M B KaKOM CTOpPOHe TOPU30HTa MOXXHO YBUJIETh CepIl MoJIof1oH JIyHbI?

7-4. OOBIYHBIN TOJ JIYHHOTO KaleHJaps COCTOWT, KaK M CONHe4YHbIH, u3 12 mecseB. JIyHHBIN MecsIn
HacuuThbiBaer 29,5 cyrtok. [Ipenmonoxum, 4To oTCueT OOOUX TOMOB BeAeTcsl OT OJHOM U TOM ke
BBHIOpAaHHOM AaThl (310xu). B kakoit o mopsiiky roji JYHHOTO KajieHJaps ¥ B KaKoM MOJIOBUHE 3TOTO ro/ia
€ro OTCTaBaHMe OT COJIHEYHOTO KaJleHJapsi TPEeBBICUT OJIMH JIYHHBIN MeCsIl?

7-5. ®oboc nenaer oguH 060poT BOKpyr Mapca 3a 7 4acoB 40 MUHYT, @ MApPCUAHCKHe CYTKU MTPUMEPHO
paBHBI 3eMHBIM. B Kakoil CTOpOHE MapCHAaHCKOTO TOPH30HTa Habmomaercs Bocxom Poboca?
(HampaBnenus oceBoro Bpartenust Mapca u obpamenust @oboca Bokpyr Mapca coBnaiator.)

7-6. PeakTrBHBII aBHasalfHep JIETUT CO CKOPOCTBIO, COM3MEPUMON C JIMHEMHOW CKOPOCTBIO ITOBEPXHOCTH
3eM/IM B CpeHUX LIMpOTax. Bo3aMOXHO yiM, HAXOASICh HAa aBMANalHepe, JBAXIBl BCTPETUTh Bocxoa? B
KaKoM reorpadu4eckKoM HaIpaBJIeHUM [IOJDKeH JleTeTb CcaMojieT, 4ToObl 3To npousounuio? Hackosnbko
MIPOAOJDKUTENBHBIM JIOJDKHO OBITH BpeMs ojeTa?



8 kiacc

8-1. Connne Bpamaercs BOKpyT cBoeit ocu ¢ nepuogoMm T =2,2-10° ¢. Paguyc Comnma R = 7-10° km.
Onenure cKOpOCTh TOYEK, JieXkalllx Ha 3kBaTtope ComnHna. [InvHa okpyxHocTH paguyca R: L = 2R,
rnet = 3,14.

8-2. Onenute mMaccy M acrepounia, CpeiHss IIOTHOCTh BEIleCTBa KOTOPOro p = 3 r/cm°. XapaKkTepHbIA
pasmep acreporga R = 100 km. O6bem acreponga: V = R®,

8-3. Kakue co3Be3nus n3o0pakeHbl Ha 3TUX PUCYHKax? B kakoe BpeMs roja Jiydille Bcero HaOIr0/1aTh
KaXK7loe 13 IpefiCTaBJIeHHbIX cOo3Be3ui B Tyre?

Puc 1. Puc 2. Puc 3. Puc 4.

8-4. OObIyHBIN TON JIYHHOTO KajleHJapsi COCTOWT, KaK U COJHe4YHbIH, u3 12 mecsneB. JIyHHBIT MecsI]
HacuutbiBaeT 29,5 cytok. [lpenmosoxxum, 9To OTCYeT 00OOMX TOJOB BeAeTCS OT OJHOM W TOU XXe
BBIOpPAaHHOH J1aThI (310X1). B KaKoii 1o mopsiiKy rofi JIyHHOTO KaJleHAaps U B KaKoW MOJIOBMHE 3TOT0 roja
€ro OTCTaBaHME OT COJIHEYHOT'O KaJleH/Iapsi IPeBLICUT OJIUH JTYHHBIN MeCsII?

8-5. ®oboc nmemaer oguH 060pOT BOKPYr Mapca 3a 7 4acoB 40 MUHYT, a MApCHAHCKHE CYTKW MPUMEPHO
paBHBl 3eMHBIM. B Kakoll CTOpoHe MapCHaHCKOIO TOpPW30HTa Habmomaercs Bocxon Poboca?
(HampaBnenus oceBoro Bpartenust Mapca u obpamenust @oboca Bokpyr Mapca coBnayiator.)

8-6. PeaxTuBHBIN aBHanaiHep JIETUT CO CKOPOCTHIO, COM3MEpHMOM C IMHEMHON CKOPOCTbIO IIOBEPXHOCTH
3eMJIM B CpeJJHUX IIMpoTax. Bo3MoXHO i1, HaXOJsICh Ha aBUaslaliHepe, ABaXKAbl BCTPeTUTh Bocxon? B
KaKoM reorpa¢u4ecKoM HalpaBIeHUH JIOJDKeH JieTeThb caMojieT, 9ToObl 3To mpousonuio? Hackombko
MIPOAOJDKUTENBHBIM JIOJDKHO OBITH BpeMsi 1ojeTta?



9 kjacc

9-1. Ilyascap.
[Tynbcap, pamuyc kotoporo R = 15 kM, BpaliiaeTcs BOKpYT CBoei 0CH ¢ HeKOTOpbIM nepuozoM T. Kakum
MOeT GbITh 3TOT epuoji? CKOpOCTh CBeTa B BakyyMe ¢ = 3-10° km/c.

9-2. HeitrponHas 3Be3/a.
Omnenure paguyc R (B cM 1 kM) HEMTpOHHOM 3Be3bl, Macca KoTopoi M = 1,5 Me. CpepHsist INIOTHOCTh
BelecTBa 3Be3zibl p = 2-10' r/cm®. 3e3na umeet popmy mapa. Macca Conmnna Mo = 2:10% 1.

3
O6wem miapa: V = %, eoe 7 =3,14.

9-3. KocMuueckuii anmapar B ra30BoM o0Jiake.

Kocmuueckwmii anmapat (KA) moman B IIOTHOe ra3oBoe 00J1aKo, XapaKTepHBLIM pa3Mep KOTOPOTO paBeH
L =4 a.e., a otHoCTh p = 107'° kr/M°. Crsta cOpOTHBIIeHHs Ta30BOM CPe/Ibl, NEMCTBYIONICH Ha JaHHbIH
KA, npsamo nponoprnyoHaibHa INIOTHOCTH cpefibl ¥ KBazapaty ckopoctd KA: F. = 4pv? (YMCiIeHHbIHA
MHOXUTeNIb ompefieieH B cucreMe eguawll «Cu»). 3a cdeT pabOThl JBUTATebHONW yCTaHOBKU KA
IBIKeTCs B OOJIake MPSIMOJMHEWHO W PaBHOMEpPHO C YCTaHOBHUBINEHCS CKOpocThio v. Cuma Tsru
JIBUTATeIbHON yCTAaHOBKY ompefesiseTcs dbopmysoi F = p-u, rme 1 — execeKyHIHBIN pacxo]] TOILIURA, U
— CKOPOCTh MCTe4YeHwUs Ta3a u3 coruia apuratens. [Ipu atom macca m KA ymenbIaetcs Bo BpeMeHu t 1o
JIMHEMHOMY 3aKOHY m = mp — ut, e mo — HadaabHas Macca KA, KOTOpPyI0 OH WMes [0 BKJIFOUEHUs
neuratens. C xakot ckopocThio KA nBurancs B obmake? 3a kakoe Bpemsi KA mposeren o6i1ako?
Ckonbko ToIUIMBa OyzeT M3pacxofoBaHO 3a 3To BpeMs? Cua Taru asuratens paBHa F = 0,09 H.
CKOpOCTh HICTeUeHHs Ta30B M3 COTUIA ABUraTesis paBHa u = 30 km/c . 1 a.e. =150 MH.KM.

9-4. CBepxmaccuBHas yepHas abipa (CY/I) B uentpe Hamreii 'aakTHKH.

ITo HexoTopeM omeHkam Macca CUJI cocrasisier M = 4:10° Mg . Onenure ckopocTb v (KM/C) 3Be3[pl,
koTopasi nBmxercs Bokpyr CYJl mo kpyroBoii opbure pammyca r = 1000 a.e. Omenure mepuof
obpamenus T (B ronax) 3Be3nbl Bokpyr CH/I.

Macca Comnna: Mo = 2-10% kr.

I'paBuranmonHas nocrogaHas: G = 6,67-10"! H-m%/kr

la.e.=1,510"™m; 1rom= 3,2:107 c.

9-5. 'opsiuas MaccuBHas 3Be3/a.

Omnenwnre pamuyc R 3Be3nsr (B emunumax paguyca Comama Re), ecmn ee ceetumocts L = 23000 Lo, a
a¢pdexTrBHas TemnepaTtypa ee noepxHoctd T = 13000 K. DddexTrBHas TemnepaTypa MOBEPXHOCTH
Comuma Te = 5875 K. Onenure maccy M 3Be3fibl B eIMHUIAX COJTHEYHOM MAacchl Mo, ecimu sl Hee

M L

COOTHOIIIeHHe «CBeTUMOCTb — MdCCa» UMeeT B ——=| —

L

©] ©

9-6. baeck Mapca.
3Be3qHas BeIMYMHA Mapca B MPOTUBOCTOSIHUM My = — 2,1™. KakoBa OyzeT ero 3Be3jiHasi BeJIMYMHA My B
kBazipatrype? Cumtarh, 9TO pagryc opouTsel Mapca paBeH ry = 1,5 a.e., ¥ 9TO OHa KpyTOBasl.
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10-1. CepxmaccuBHas yepHas asipa (CU/) B ramakruxe NGC 3258.

Maccy CYJI MOXHO OIleHHUTb IO OpOUTaIbHBIM XapaKTePUCTUKAM Ta30BbIX OOJIAKOB, OOpaIaioNIuXCs
Bokpyr CU/I. OnHO M3 0671aKOB HAXOAMUTCA Ha paccTosHuu T = 4-10° a.e. or CYUJI ¥ OBUXKETCS BOKPYT
Hee TI0 KpyroBoil opbute co ckopoctbio v = 800 km/c. Ouenute maccy M (B eAMHHUIIAX CONHEYHOU
maccel) CH/I. 3a ckosbko JieT 061ako coBeplllaeT OWH MOJIHBIM 060poT Bokpyr CH/I?

la.e. = 1,5:10"" m; 1rog= 3-107 c.

Macca Comnuna: Mg = 2-10% kr.

I'paBuTanuonHas nocrosauas: G = 6,67-10"! H-m?/kr?,

10-2. «Anosnnon-11».

20 urong 1969 roga yHHBIM MOIYJIb KOCMHUYECKOT0 Kopabiis « ATIoyioH-11» coBepIIMiI MATKYIO [T0CaJIKy
Ha 1oBepxHOCTh JIyHbl. KoMaHIgHBIN MOmysib KOpabisl OCTaBajiCs Ha KPyroBOH opOHTe, Jiexalleld Ha
BbicoTe h = 110 kM. Berunciure op6uTambHyl0 CKOPOCTh V. KOMaHIHOTO MOAYJs. B TedeHHWH Kakoro
BpeMeHHU (B MUHYTaX) C JIYHHOTO MOAYJISl MOXXHO ObUIO HAaOIMI0/IaTh MpoJieT KoMaHgHoro Moayis? OceBoe
Bpaienye JIyHbl He yauTbiBaTh. CUUTATh, YTO TPAeKTOPHs KOMAHIHOTO MOJYJISl OTHOCUTEILHO JTYHHOTO
MOJYJIsl IPOXOJUT Yepe3 3eHHT.

Janneie o JIyne: macca M = 7,35-10% kr; pamuyc R = 1730 km.

I'paBuTanuonHas nocrosayas G = 6,67-101 H-m%/kr?,

10-3. Breck Mapca.
3Be3qHas BeIMUYMHA Mapca B MPOTUBOCTOSIHUM My = — 2,1™. KakoBa OyzeT ero 3Be3/iHasi BeJIMUMHA Mk B
KkBasipatype? CumTath, 4TO pafnryc opouTsl Mapca paBeH rm = 1,5 a.e., ¥ UTO OHa KpyToBasl.

10-4. I'eocrarrnonapHas opoura.

Ha xakoM paccTosiHMM OT IOBEPXHOCTH 3eMiid h TOJDKeH paciosiaraTbCs CIyTHHK, 9TOOBI, 06paIasch mo
KPyroBO opOWTe, HAXOOWThCS BCerja HAJ OJHOM U TOW >Ke TOYKOH 3eMHOr0 3KBaTopa?
OKBaTOpUaNbHEIA pajuyC 3eMIIM CYMTaTh PaBHBIM R = 6378 kM, maccy 3emmu M = 5,97 - 1024 kr.
I'paBuTanionHas noctosHuas G = 6,67 - 10711 m3 - kr~1 - ¢™2. Cunepuueckue cytku T = 86164 c.

10-5. OT coeguHeHUsI 10 TPOTHBOCTOSAHHUS.

B npotrBocTosiHMY Giteck rutaHeTh! yBenmuariics Ha 0,85 3Be3[1HOM BeJTMYMHBI IO CPAaBHEHHIO C 6JIeCKOM B
coenuHeHnH. CKOJIBKO CYTOK IUIaHeTa ABHUTrajlaCh OT COEAWHEHHsS 10 TPOTHUBOCTOSHUS? Bce opOHTHI
CYUTATb KPYTOBBIMHU.

10-6. ®oboc B Ky IbMHHAIIHH.

CkobKO BpeMeHH NpOUeT MeXy ABYMs [0CiieIoBaTesIbHBIMU BepXHUMU KyJibMUHanusMu Poboca st
HabmroziaTesnst Ha Mapce, eciy BbIpaXaTh MX B MapCHAHCKUX COJTHeYHbIX cyTkax? [lepron obparmeHus
Mapca Bokpyr coGCTBeHHOM ocu oTHOcHTeNbHO ConHna paBeH 24" 37" cpeTHECOTHEYHOTO BPEMEHH.
3Be3HbIN nepuo obparnienus ®oboca pasen 7° 39™.
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11-1. CBepxmaccuBHas yepHas AbIpa B neHTpe I'aakTukH.

[Ipennomnaraercs, 4To B IeHTpe Hamlei ['ajlaKTUKU HAaXOAUTCSI CBepxMaccuBHas uepHas awipa (CYUI),
Maccy KOTOPOM MOXKHO BBIYHCIIUTH 110 JAHHBIM 00 3JUTMNITUYeCKUX opouTax Ommkanmux k CU/I 3Be3n. B
HaCTosIIIee BpeMs OIpefesieHbl OpOUTHI isd OimbKadmmx K 1eHTpy [amaktuku 28 3Be3n. Haumbosee
VHTepeCcHOW Cpelly HUX siBJsieTcs 3Be3sia S2. 3a BpeMst HaboneHn (1992—2002) 6b110 ycTaHOBIIEHO:

- mepuoz ee obpamenus Bokpyr CUJI cocrasun T = 15,2 roga (1 rox = 3,2:107 ¢);

- 6ompias momyock opoutsl a = 1000 a.e. (1 a.e. = 150 myH. KM).

Borunciivre mo aTuM gaHHBIM Maccy M (B KT U B e[IJUHUIIAX COIHe4YHOM Maccel) CUJI B 1ieHTpe Halei
lanmakTuky.

I'paBuTanmonHas nocrosHHas: G = 6,67-10!! (H-m%/xr?). Macca Conana: Me =2-10% kr.

11-2. KopuuHeBBIii KapJHK.

Hannbie 06 3101 3Be3ze cienymomue: paguyc R = 0,1Re; Temneparypa nosepxuoctu T = 1000K.

1). Onenure cBeTUMOCTb L. 3Toii 3Be3nbl (B BT M equHMIIAX CONHEeYHOM cBeTMMOCTH Lo = 4-10% Br).
[Mocrosiunas Credana — BonmbiMana o = 5,67-10° Br/(m? -K*).

2). Onenute Maccy M 5Toit 3Be3pl (B eIMHMIIAX COMHEYHOM Maccel Mo = 2-10% kr) npu ycinosum, uto
COOTHOIIIEHHNE «CBETUMOCTb - Maccay UMeeT BH]

512
M L

M L
3). Ouenure Temneparypy Tc B LeHTpe 3TOi 3Be3jibl. MOJIMPHYIO MacCy BeIIeCTBa 3Be3JbI NPHHATH
paBHO# = 1 r/Monb. ['paBuranmonnas nocrosudas G = 6,67-10!" H-m%/xr?. VauBepcanbHas razoBas
nocrosiHHag R = 8,31 JIx/(Monb-K).

O] ©

11-3. I'paBuTaIMOHHAsA HEYCTOHYHNBOCTh U POKIeHHE 3Be3]I.
[Iporecc 3Be3mo000pa3oBaHMsI HAYMHAETCS C TPABUTAIMOHHOM HEYCTOWYMBOCTH IUIOTHBIX M XOJIOJIHBIX
razonbuieBbIx 065akoB ([Ix./xunc,1902r.). TunuaabIMH MecTamMu (OPMHUPOBAHUS 3BE3][ SBJISIOTCS
MeJIKoMacIITabHble KOH/IEHCAIIUK B Me)XX3Be3/THbIX MOJIeKYJISIPHBIX 00sakax, rae Temnepatypa T = 5-20 K
¥ KOHLIeHTPaIMs MOJIeKyJIapHOro Bogopozaa n = 10° — 10° cm?,
1). Onpesienure kpuTHueckui paniyc R, u kputndeckyro maccy M, rasoBoro obnaka, HauMHas C

KOTOPBIX O0JIAKO CTAHOBWUTCS T'DABUTAIMOHHO-HEYCTOMYWBLIM, T.e. OYIEeT CXKMMAaThCS TOJ AerCTBUeM

COBCTBEHHOTO TPaBUTAIMOHHOTO Mo, YucrenHsle onenku R, u M, nomyuute npu Temmeparype

Mesx3BesnHou cpeabl T = 10K u konmenTpanum Bogopoga n = 10° M7,

rofiax) MpOTO3BEe3HOr0 00JIAKa /IO ero IMpeBpalleHus B 3Be3Ty.
O6mnem oby1aka C xapakTepHbIM pasmepoM R onenusaercs kak V = RP,

2). Onenure Bpems cxaTus (B

['paBuTarmonHas moctosiHas G = 6,67 -10 ™ (H - m?) [ x2”.

VuuBepcanbHas ra3osas nocrosaHas R* = 8,31 JIx/(MonbK).
Yucno Asoragpo Na = 6,02:10% mons ™.

MonspHas Macca MoJIeKyJIapHOro Bogopogaa u = 2-107 kr/mMoib.
1 ron= 3107 c.

11-4. PengaruBucrckas 3se3jaa.
JlaBieHve B I[eHTpPe OJHOPOJHOM peISTUBHUCTCKOM 3Be3dbl pajguyca R u maccel M ompepnensieTcst

dbopmyiion



2GM
=—
C
2
ypaBHEHHe COCTOSHHMS BellleCTBA B IIeHTpe 3Be3[bl MMeeT BHA P, =VvpC®, rme v — IOCTOSHHaf,

rge P — IUIOTHOCTBb BelleCcTBa 3Be3bl, R - ee FpaBHTaHHOHHbIﬁ paauyc. HOJ’I&FHH, qTOo
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onpefieiuTe paguyc R 3Be3dnl, BhIpa3WB ero 4epe3 rpaBUTALIMOHHBIN paguyc Ry, mpu v = 1/3.
Borauciure maccy M 3T0# 3Be3/1bl (B eIMHUIIAX COMHEYHOM Macchl Mo = 2:10% kr) mnpu ee paguyce R =
12 xm.

I'paBuTanuonHas nocrosHHas: G = 6,67-10!! (H-m%/kr?). CkopocThb cBeTa B BakyyMme ¢ = 3-108 m/c.

11-5. IBmxenne KA BHyTpH cdepsl AeiicTBUSA ILIaHETHI.
Kocmuueckuit anmapar (KA) Bxomut B cdepy neicTBus
C“’ﬁ""‘—”i‘”@z KOpurepa co cxopoctbio Vi = 7 KM/C OTHOCUTENIBHO
P\A‘/‘Q = Connma. Ckopocts IOnuTepa otHocuTenbHo ComHia Vg =
p \ 13 km/c. BexTop ckopoctn Bxona mMapasuiefieH BeKTOpY
\ CKOpOCTU IIIaHeThl. TakuM obpasoM, cdepa [eHCTBUS

\/g, KAy \
s f('“ ___________ ; maHeThl Jorouset KA.
! \\ \ 1). Kakoii 6yzner ckopocThb Bxoza vex KA B cdepy meiicTBus

| v ) OTHOCUTEJIbHO IUIaHeThI?
N 19
2). Ilo xakoi Tpaektopuu OymeT nsuratbcsi KA BHyTpH
/ o
\\ e ; cdepel ercTBus?

\ pantErl p 3). C Kakoé CKOPOCTBIO Vyux OTHOCHTeNbHO FOmwmrepa KA

\ 4 BbII/IeT U3 chephl JeHCTBUS?
~ Panuyc cdeps! peiictua IOmmrepa rq = 4,8:101% m.
.. el o Macca IOnurepa M = 2-:10% r.
‘ ['paButanuonHas nocrosuyas G=6,67-10"!! (H-m%/kr?).

11-6. OT coeguHeHUsI 50 IPOTHBOCTOSHHUS.

B npoTtuBocTosiHuYM 6ieck miaHeTh! yBenuuuiics Ha 0,85 3Be31HOM BeTMUMHBI 110 CPaBHEHMIO C 6JIeCKOM B
coequHeHny. CKOJIBKO CYTOK IUIaHeTa ABUTraJlaChb OT COeAWHEHMs [10 IPOTHBOCTOSHUSI? Bce opOUTHI
CYNTATb KPYTOBBIMHU.
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