XXIX Cankr-Ilerepbyprckas 2022
acTpoHOMMUYecKas OJIMMITAAIA

TeopeTUdecKuii Typ, pelieHust deBpass

10 xaacc

1. B HekoTtopom poccuiickoM cejie moJisipHasg HOUYb jymmTea 60 jgaeit. OupesennTe CKJIOHEHHE
HaOTIOAoEeNicT B 9TOM ceJie 3Be37bI, €CJIM M3BECTHO, UTO NPHU HAOJIOEHNN B BepXHel
KyJbMUHAIINN 3B€3/1a HaJl TOPU30HTOM HAXOUTCH BJIBOE BBIIIE, YeM B HUKHEN KyJIbMHUHAIUH.

Pernrenue (8 6as110B):

3Has JIMTEILHOCTD MOJIAPHON HOYM, OIpPeIe/INM IMUPOTY MecTa HAOJIOIeHUs. 3aBUCUMOCTH
ckonerust CoJtHIIA OT JaThl IIPEJACTABUM KOCHHYCOHJION ¢ HavajoM OTcYeTa B JHE 3UMHErO
COJTHIIECTOSTHUS, TOT /I8 CKJIOHeHUe cirycTs N JiHel OT JHsI 3UMHEr0 COJIHIIECTOsIHUSA OyIeT paBHO

N
§(N) = —23°26' cos (ﬁ : 3600) :

BaBepruTcs moJgpHAs HOYb crmyctss 30 JaHeH 1mocsie  JHS  3UMHErO  COJTHIIeCTOSTHUST
npu ckjiaonenun CosHIA

30
5(30) = —23°26' cos (ﬁ . 3600) ~ —23°26' cos (30°) = —20.4°.

C yuerom pedpaknun (35) u Bugmmoro yriaosoro pasmyca Cosana (16') mosspHas
HOYb 3aKaH4YUBae€TCA IIpUu HUCTUHHON BBICOTE OeHTpa COJIHL[a. B BerHeﬁ KYyJIbMUHaIIUN
—35 — 16"’ = =51 = 90° — p + 6. Orcroga mupora oKasbiBaeTcst paBHOi 70.5°.

Tenepnb omnpejieIuM CKJIOHEHUE 3BE3/IbI, PACIIUCAB COOTHOIIEHUS JIJIsi BHICOTHI B KYJIbMUHAIUSIX.
CuauaJjia pa3dbepeM CUTYaIMIo, B KOTOPO#l BePXHss KyJIbMUHAIINASA IPOUCXOTUT K IOI'Y OT 3CHUTA:

90° —p+0=2-(p+8—90°) = &=270°—3p = 53.5°.

[IpoBepum, pa3yMHOii Jin 1oJIy4daeTcsd BbicoTa BepxHei Kyabmunarmn: 90° —70.5° + 58.5° = 78°.

ECJH/I 2Ke BepXHAdA Ky.HbI\H/IHaIH/IH IIPOUCXOJUT K CeBepy OT 3€HUTA:
90°+p—0=2(p+6—90°) = 35=270°—¢, &§=066.5

Ho B sTOM citydae BbicoTa BepxHeil KyibMunaiuu OyaeT pasaa 90° + 70.5° — 66.5° = 94° > 90°,
9TO HEBO3MOKHO.

2. Jlna peTpaHCIANNOHHBIX CIYTHHKOB CYIIECTBYeT TaKoe ¢dABJIEHHE, KaK <«3aCBeTKa» AaHTEHH
3eMHBIX cTaHiuit CosHIlEM — 3allyMJeHne paJIMOCHTHAJIA, IIPUHAMAEMOIo CO CIYTHHKA,
B pe3y/IbTaTe CMeEIIeHUs TI0JIE3HOT0 PAIMOCUTHAIA ¢ u3rydeHneM oT CoJIHIA, IPU HAXOXKJICHUN
Conama Ha nHebe psjioM co ciyTHUKOM. Onpejesnnre UPUMEpPHbIE JMAIIA30HBI JIAT, KOIJa
BO3HHUKAET 3aCBETKA, €CJIM M3BECTHO, YTO Ha3eMHAas CTAHIS IIPUHUMAET CUTHAJ CO CIyTHUKA
Ha dactore 12 I''m m mupeacrtaBisger co0Oif HENMOJABUAKHYIO MapabOIMIecKyl0 AHTEHHY
C JIHaMeTPOM 2 M.

Permrenue (8 6as110B):



Onennm yrjoBoe paspemnienne [ aHTEHHBI ¢ AuamMeTpoM D), HaOIOAoIIeil Ha YacToTe V
(1 JyIMHE BOJIHBI \):

le)\ c 3108 NlNlo
S 7S R CRST) v Sl
npudeM Mbl YyTh 3aBLICHJIM Dpe3yJbTaT. YTioBble pa3mepbl Cosmia na uebe okoso 0°.5
(mpu9eM 5TO B ONTUYECKOM JHala3oHe, a «PaJIrnocosHIiey HeMHOro GOJIbIie), TaK 9TO MPUMeM
JUUIs OLEHKH, YTO JJIs NosBIeHNs 3acBeTKN COJTHIIE JIOJIZKHO OKa3aThCsl Ha PACCTOSHNAN He OoJiee
1° oT HanpaB/IeHUsT HAOJIIOIEHUS AHTEHHBI.

[TockosibKy aHTEHHA HENOBUXKHA, TO padOTaTH OHA MOXKET TOJBKO C T'eOCTAllMOHAPHBIMU
CIIy THUKAMU, & OHU BPAINAIOTCS BOKPYT 3€MJIN B ILIOCKOCTH SKBaTopa. [loaromy Ham Tpebyercst
HaliTH wWHTepBa Bpemenu, Korja CosiHIle HaxoauTcs Ha paccrossHun +1° or HEOeCHOro
skBaTopa. g 9TOro MOYKHO BOCIIOTIB30BATHCA METOIOM W3 IPEIBIIYINEil 3a/1a9r, HO MOYKHO
UCIIOJIb30BaTh M 00Jiee TPOCTYIO OIEHKY: SKJNINTHKA HAKJIOHEHa K SKBATOPY IOJ YIJIOM
€ = 23°.4, Mo3TOMYy MEXKJy PaBHOJICHCTBUEM M JIOCTHXKeHHeM CKJioHeHusi 1° CoJtHIe JI0:KHO
HOPONTH 110 SKJIUNTHKe paccrosiame 1°/sin23°4 = 1°/0.4 = 2°5. Cumrag, uro CosHie
IIPOXO/IUT TPUMEPHO 1° B CyTKHU, TOJIyYIaeM, 9TO MOJIHBIN nHTepBaJl JBmKeHns: CoJTHIIA B TI010CE
ckjoHeHuit or —1° g0 +1° cocrasisier 0ko10 5 cyToK. COOTBETCTBEHHO, 3aCBETKA BO3ZHUKAET
B OKPECTHOCTH PABHOJIEHCTBUI U IIPOJIOJIZKAETCSA OKOJIO H CYTOK [IBa pa3a B T'O/I.

OgHako MBI HE YYJIM eIe OJNH CyNecTBeHHbIH dakTop. [eocrarmoHapHbie CIIyTHUKI
HAXOJATCH He Ha OeCKOHEYHO OOJIBIIIOM PACCTOAHUU OT 3eMJId, TO9TOMY UX CKJIOHEHUe
TOJIbKO TIpU HABJIIOJIEHUN € 9KBATOpa OyjeT HYJIeBbIM (M OIEHKA BBIIIE TOJUTCS UMEHHO
JIUISE 9TOTO cjtydas). PaceMoTpuM 1pejiesibHblil citydaii: 9To OyIeT, ecjii Mbl OKAsKeMCsl Ha OJJHOM
u3 reorpaduIecKuX MOJIOCOB 3eMJH (JIJIsT OIIPEJIeIEHHOCTH — HA CEBEPHOM ):

B Ttakom ciaydae wnabiojlaeMoe CKJIOHEHHE TeOCTAIlMOHAPHOIO CIYTHUKA MOXKHO Oy/IeT
OIPEJIEJINTD U3 yCJI0BHUA tg |0] = P;—@, rjie r /2 42 ThIC. KM — PaJInyCc OPOUTHI T'€OCTAIIMOHAPHOTO
CIIyTHHUKa, (COOTBETCTBYIOIILYIO BEJIUINHY, €CIM OHA HEM3BECTHA, JIETKO BBIYUCINTD). [lotydaem,
910 § ~ —9° (B I0KHOM IMOJIyIIAPUU CKJIOHEHHE, HA0OOPOT, OyeT MOJO0KUTEbHBIM).
JL71st TPOMEKYTOTHBIX MEK/Ty S9KBATOPOM H MOJIIOCOM TOYEK 3EMJIH CKJIOHEHUE, OYeBHIHO, OyIeT

MEHATBHCA B IIpeaeiax OT HYJIA JJO MaKCUMaJIbHOI'O 110 MOJIYJ/IIO 3HAYCHNA.

Torna, BCIOMHUB CHHYCOWJIAJBHBIN XapaKTep 3aBUCUMOCTH CKJIOHeHus COJHIa OT J1aThl
(1 ero aMmILTUTYyy), MOXKHO CJEJaTh BBIBOJ, YTO MPOJOJKUTEIBHOCTh JBYX HHTEPBAJIOB
3aCBETKU C Pa3yMHOIl TOYHOCTBIO MOXKHO CUUTaTh IIOCTOSIHHOM, HO BOT JAThl JBYX I€PUO/JIOB
3aCBETKN IPU OTXOJe OT 3KBATOpa OyIyT HPUMEPHO PABHOMEPHO COMMIKATHCS (B CTODOHY,
COOTBETCTBYIOIIYIO 3WMe B KaxKJOM u3 mnojymapuil 3emim). Mbl Bbiie hakTuIeckn yKe
BBISICHUJIU, UTO B OKPECTHOCTU PABHOJIEHCTBUIl cKjaoHeHue (COJIHIIA MEHSETCH CO CKOPOCTHIO
0°.4 B cyTKH, IT03TOMY MaKCUMaJbHO BO3MOYKHOE OTKJIOHEHUE CPEeJIHEN JTaThl IEPUO/IA 3aCBETKHI
OT JaT PaBHOJIEHCTBUI OYJIET COCTABIATH OKOJIO 3 HEJIE/Ib.

Bokpyr 3Be311b1 ¢ Maccoit 2 macchbr CoJtHITa 0 KPYTOBBIM OPOUTAM B OJIHO# IJIOCKOCTHU ¥ B OJTHOM
HAIpaBJIEHUN O0paIaloTcs JBe Iianersl. Paguycsr opbut pasubl 0.5 a.e. u 0.8 a.e., 59KBaTOPLI
IUTAHET JIe’KAT TaKxKe B 3TO# IIockocTH. II3BeCTHO, YTO MPOJIOIKUTETHHOCTH MECTHBIX
«COJTHEYHBIX» CYTOK Ha IJIaHeTaX COBIIAJIACT, HO IIPHU 9TOM BHEITHAA IJIaHeTa COBepIraeT 000poT



BOKpPYT CcBOeR ocu BABOEC JOJIbIIIE, 9€M BHYTPCHHAA. Onpe,zgeﬂHTe IIEPUOJIbI OCEBOT'O BpallleHUA
IJIaHEeT, CHYuTad UX JJIUTEeJIbHOCTh MEHbIIC JJJINTE/IbHOCTHU Op6I/ITa.HbHI)IX IIEepuoJa0B JIJId Ka}K,ZLOI'?'I
IIJIAHETBHI.

Pemtenne (8 6asioB):

OcHoBHAsI CJIO?KHOCTBL 3aJa9d COCTOMT B TOM, 9TO MbI HE 3HAEM, COHAIPABIICHO JIH OCEBOe
1 opOuTaIbHOE BpallleHne: BO3MOXKeH cydail Tuna Benepnl. [TosToMy HEOOX0IMMO paccMOTPETH
BCE BO3MOKHDIE CJIydan, KOTOPBIX HACUUTHLIBAETCS UETHIPE:

(a) y obenx miaHeT opbUTAIBHOE W OCEBOE BPAIEHUS COHAIPABJIEHBL;

(b) y obenx 1aneT opOUTAIBLHOE U OCEBOE BPAINEHUS TPOTHBOHAIIPABJICHBI;

(c) y BHYTpeHHeil ITaHETHI OPOMTAJBLHOE W OCEBOE BPAIIEHUs COHAIPABJICHBI, Y BHEIIHE
IIPOTUBOHAIIPABJIEHB;

(d) y BHYTpeHHeil ITaHeThl OPOUTATBLHOE U OCEBOE BPAIIEHUS TPOTHBOHAIIPABJICHBI, Y BHEIITHE

COHAITPABJIEHBI.

Pazbepem curyarmuu mociegoBare/ibHo. Bo Becex curyanumsax T} — opOUTAJIBHBINA TEPUOJT,
BHYTpeHHell ItaHeThl, Th — OpOWTAJbHBIN Iepuoj BHENTHel miaHeTsl, P u 2P — mepuoisl
oceBOro BpareHus, S — MPOJOJZKUTEJIHHOCTh MECTHBIX <«COJIHEYHBIX» CYTOK. llepnosbr

obparenus 1aaner omnpenenuM u3 111 3akona Kemepa B cucreMe eIMHHII «IOJ—a.e.—Macca
Coumanay

asi, M-
Orciona Ty = /a3 /M = 0.25 rona, Ty = /a3 /M ~ 0.5 roza.

(a) ITpu coHalpaBIEHHOM BDAIIEHUN [IPU ONPEJIETIEHIN COJIHEUHBIX CYTOK YIJIOBBIE CKOPOCTH
OpOUTAJILHOIO W OCEBOTO BpAIEHUsT OYJIYT BBIYUTATHCS ((DaKTUIECKH, MBI OIIPEJIeIsieM
CI/IHO,ZLI/I“IGCKHIZ HepI/IO,ZL), Ipuy S5TOM IIO YCJIOBHIO II€PHUOJ OCEBOI'O BpallleHUd MeHbIIe
opOUTAILHOTO TIEPUO/IA:

1 1 1 1 1 1 Tn—P Ty,-2P

S P T, S 2P Ty T\ P T - 2P

Perraem mociteiee paBeHCTBO Kak ypaBHeHue Ha F:

P Ll 0.25
= — =0.251.

2T, — 1)
Ho ecau mbl Temeph mompoOyeM ONEHUTH MPOIOIKUTETBHOCTh «COJIHEIHBIX> CYTOK,
Yy HaC HOJIYYUTCA C TOM WMJAU MHOU CTEIECHBIO TOYHOCTU OTBET, 3aMCTHO HPEBLIIIAIOIAN
JUIITEILHOCTD rojla Ha ItaHere!

(b) B ciyvae mpoTHBOIOIOAKHOCTH HAIIPABJIEHUIT OCEBOIO U OPOUTAIBLHOTO BPAIIEHUsI YIIIOBbIE
CKOPOCTH CKJIQIbIBAIOTCH:

1 1 1 1 1 1 Ti+P Ty+2P
S P T S 2P T TP Ty - 2P

Perraem I1ocjie/inee paBeHCTBO KaK ypaBHEHUE Ha P:

LT,
P = <0.
2(T) — Td)

Taxum obpaszoM, paccCMOTpeHHasd CUTyalllusd HEBO3MOYXKHA.



(c) Ilycts y BHyTpeHHell ILIAHETHI OpPOUTATBLHOE U OCEBOE BpPAIIEHUsI COHAIPABJICHBI,
y BHENTHEN MPOTUBOHAIIPABJIEHBI:

1 1 1 1 _ 1 1  Ti—P T,+2P

- == - -, —_ = — — = = .
STP T S T TP T, 2P
PeHIaeM HOCHe,ZLHee paBeHCTBO KaK ypaBHeHI/Ie Ha P:
T,

P=———=0.083r
2(Ty + 1)

[Ipu sTOM IPOIOIKUTETHHOCTD «COJTHEYHBIX» CYTOK ToJydaeTcs okosio 0.125 roja.
(d) IIycts y BHemHe#d [JIAHETHI OPOUTAJBLHOE U OCEBOE BpAINEHWs] COHAIPABJICHBI,
Y BHYTPEHHEH IIPOTUBOHAIIPABJICHDL:
1_1+1 1 1:>T1—|—P_T2—2P
S P Ty S 2P T TP  Ty-2P

PemaeM HOCJIG,ILHQG paBeHCTBO KaK ypaBHeHI/Ie Ha PS
T
p—__12
2(Ty + Ty)

Takum obpaszoM, paccMOTpeHHas CUTyalllnd HEBO3MOXKHA.

4. Ilepemennnie 3Be3anl Tuita W UMa mpeacrapisiior coboil  JiBe OJIMHAKOBBIX —3BE3IbI

[naBHOit mOCTIE10BATENIHHOCTH, CONPUKACAIOMNUXCHA TOoBepxHOCTsAMU. OlleHnTe XapaKTepHbIi
OpOUTAJIBHBIN TIEPUOJ| TaKOi napbl jjis 3Be3 Tuia Cosnna. YTo MOXKHO CKa3aTh O MEepPUo/IE,
ecyi 00e 3Be3/Ibl UMEIOT CHeKTpaIbHbIi Kitacc F? cuekrpanbubiii Kiace K7

Pemenne (8 6asioB):

B niepsom nipubsinzkenun O6yj1eM CIUTATh 3Be3/1bI ChePUIeCKU-CUMMETPUIHBIMEU. Tora B cirydae
COIPUKOCHOBEHUSI X TIOBEPXHOCTEN PACCTOSTHUE MeXK/y WX IEeHTPaMU PaBHO JIBYM PaJIdycaM.
OnennM BeJIMYInHY Tepuojia obparlieHus cucreMbl Py u3 aByx 3Be31 Tura CoJiHIa P TOMOIIN
TpeThero 3akona Kertepa:

47%(2Rs)?
P} = A (2Ro)” 0.01%/2 = Py =0.1%/1.41 roma = 7 x 10~ roma = 0.26 cyT
2G' M.,

3/7ech MBI Cpa3y IIOJCTABUJIN BEJIUIMHBI MAacChl U paccrosunms B Maccax CosHia n a.e.
(Re &~ 1/200 a.e.), moay4us 1mepuos oOpaiieHnsi B rojax.

s 3Be3 'l BepHa craTucTrYecKas 3aBUCUMOCTD:

() - () (7)

rie yxke npumenen 3akoH Credana-Bosbiivana. 3HAYMNT, MOXKHO BBIPA3UTh PAJINYC 3BE3JIbI
qepes3 ee MacCcy W TeMIIEpaTypy:

MT@)2

RZR@(MQT

Temueparypa 3Be3n kiacca F mnpumepro 8000 K, a macca nopsiaka 1.5Mg (st npumepa
MOYKHO BCIIOMHUTH, 4TO0 Bera kisacca A0 mmeer maccy, paBuyio 2My W BOCIOJIB30BATHCHA
y’Ke HalUCAHHBIM COOTHOIIEHHEM MAaCChl U cBeTuMocTH). [lojydaem, d9To pajmyc Takoit
3Be3bl Oyner pasen Rp = (1.5 - 6/8)?Rs =~ 1.25R,. B ciyuae 3Besapl kimacca K macca
obwrano nopsiyika 0.5M ), a Temneparypa nopsjika 4000 K. [Hoxywaem onenky pajuyca 3Be3/1bl

Ry = (0.5-6/4)>Re, ~ 0.6R,.
Torma syt mepuogoB OyIeT BEPHO:

1.253 0.6

Pr = Py x =0.26- 1.3 = 0.34 cyT; Py = Py x W =0.26-0.43 = 0.11 cyr.




5. Kak usBecTHO, Macca IeHTPaIbHOIO obbeKTa Hameit IagaxTuxu cocrasiaser 4.5 x 10% mace
Comuna. Ilpeanoraraercs, 9To 9TO CcBepxMacCuBHasi depHas Jibipa. MoxkeT i OBITH Tak,
9TO BMECTO 3TOI CBEPXMACCHUBHOW 4YEPHOW JILIPBI B IEHTpe Haleil [aJakTUKu HaXOIUTCS
IIIAPOBOE CKOILIEHNE PABHOMEPHON KOHIIEHTPAIINU, COCTOSAIIEE U3 YePHBIX JIbIP 3BE3/IHBIX Macc?
ObocuyiiTe cBOil OTBET MAKCUMAJILHO ITOJTHO.

Pemienne (8 6asioB):

Yepuas JibIpa 3BE3/IHON MacChl — KOHEYHBIN Pe3yJIbTAT IBOJIONNN 3Be3/bI Maccoit oT 10 macc
Cosania u 6osbmie. Tak Kak BepxHHUl mpejiesl Macce 3Be3J, orpaHuder npumMepro 150 maccamu
CoutHIIa, TO OYEBUIHO, ITO MacCa YePHOMN JIBIPBI 3BE€3/THON MaCChl HE MOXKET OBITH OOJIBIIIE 9TOTO
snadeHud. [ OlEeHKN BO3BMEM <«CPEJIHIOI» YEPHYIO JIBIPY 3BE3JIHON Macchl B 45 pa3 Gojiee
TS2KEJIYI0, YeM Hallle cBeTu/0. Takyke MOXKHO BCIOMHUTB, YTO IIEPBOE 3aPErUCTPUPOBAHHOE
IPABUTAIIMOHHO-BOJTHOBOE COOBITUE IIPEJICTABJISIIO COOOM CTOJIKHOBEHHUE JIBYX YEPHBIX JIbIP
maccamu 36 u 29 macc CosHa ¢ obpasoBaHumeM YepHO JbIphl Maccoit 63 macchl CoJHIa,
TaK 9TO Hallla OIICHKa KazKeTCA a,I[‘eKBaTHOfI.

[Tosyuaercs, uTo HaMm Hy:KHO 10° 4epHBIX IBIP 3BE3HON Macchl (MaJICHBKUX YePHBIX
JIBIP), 9TOOBI  3aMEHUTh OJIHY CBepxMaccuBHyto (6oJiblnyio). Bymem  mosib3oBaTbes
HIBAPIIIUIIBIOBCKAM IIPUOJINKEHUEM JIJIs IIPOCTOTHI.

[[TBaprmmibI0BCcKas UepHas JIbipa — BeCbMa MPOCTON OOBLEKT ¢ TOUKU 3PEHUs] MaTeMaTUKU.
Ee rpaBurarmonnsiii pajimyc Rg onpejesnsercs n3BecTHOi (hopMyIIoit:

2GM
RG = 2 )
C
rie G — rpaBUTAIlMOHHAsA IMOCTOsiHHAA, M — Macca YepHOW JbIPbI, ¢ — CKOPOCTH CBETA.

N3 dpopmysibl oueBHIHO, YTO pa3sMephbl Y€PHOI JIBIPHI IPSMO ITPOIOPIUOHATBLHBI MACCEe, TAKUM
00PA30M, MOXKHO CKa3aTh, YTO PaJIUyC I YepHOi JbIPhI 3Be3/1H0i Macchl Oyner B 10° pas Menble,
yeM pajumyc R cBepxXMacCHBHOM. DTo o3HauaeT, uTo obbeM, 3aHmMaeMblil 10° MajaeHLKUME
gepubiMu spipamu B (10°)3 pas menbiie, uem o6beM, 3aHUMaeMblil OHO GOJBIIOIH UepHOil
JIBIPO#l, TO €CTh MeKJIy STUMU MaJIEHbKIMU YePHBIMH JIIDAME €CTh CBOOOTHOE ITPOCTPAHCTBO.
BeirmgauT Tak, 6yATo MapoBoe CKOIJIEHHEe MOXKET 3aMEHUTH OJIHY OOJIBIIYIO YEPHYIO JbIPY.

Onennm cpetHee paccTosiine d MexKIy MaJeHbKUME Y€PHBIME JIbIPAME Uepe3 UX KOHIIEHTPAIIIIO
n, TpeJIoarasd, 9TO OHH BCe PABHOMEDPHO pACIpEIeseHbl B Impeenax pajmyca R = 10°r
OOJIBIIION YEePHON JIBIPHI:

10° mmT 105 mmT 1 mr Q/T 3
— ~ = = d= ¢/ — = V40 x 1093 ~ 3.4 x 10
TR T A(105r) T 4 x 101079 n i T

NzBectHo, 4TO JIIOOBIE OOBEKTHI, TOJJIETEBIINE HA PACCTOsiHUE MeHbIe 3Rg K 1epHOil Jibipe
3BE3/IHOI MacChl, Oy/IyT pa3opBaHbl NPUINBHBIME cujamu. OHAKO, B JJAHHOM CJIydae CpejHee
paccTosiHre ME¥KJly HUMH CHUJIbHO IPEBBIMIAET 3Ty BeJuduHy. Tak YTO MBIC/IL O MIapOBOM
CKOIUICHIAW IIOATBEPZKIACTCA.

OrneHnM XapakKTepPHYI0 CKOPOCTDb ¥ MAJIEHbKUX YE€PHBIX JIbIP B cKorieHuu. CJearh 3T0 MOXKHO
Ha OCHOBAHWM TeOpeMbl O Bupuase (WM Cpa3y BCIOMHHTH, 9TO OHa OyJeT paBHa HepBOil
KOCMHYECKON CKOPOCTH Ha KPatO CKOILIEHMWS ):

I/ITOFOBbeI pPeE3YJIbTAT IIOJIYyIUJICA XOTh U BECbMa 6OJIbIHI/IM, HO BC€ K€ MEHbIIIUM, 9€M CKOPOCTb
cBeTa, YTO He HAPYIIAeT CYIIECTBYOIe (DU3NIECKHe 3aKOHBI. 3aMEeTUM TaKyKe, UTO B CJIydae
OJIHOPOJIHON KOHIIEHTpaIuu Oo0jiee OJIM3KHE YepHbIE JIBIPbI K IEHTPY CKOILJICHUS JOJIZKHBI
JIBUTaThCsl elle MejjieHHee (npu ymenbinenun R B 2 pasa M ymenbinaerca B 8 pas). Takum
oOpa3oM, jlaxke KHHEMATHIECKHEe XapaKTePUCTUKU He 3alpelaioT CyIIeCTBOBAHUE MIAPOBOTO
CKOIlJIEHUA U3 Y€PHbBIX JIbIPD 3BE3JHbIX MaCC BMECTO O,ZLHOfI CBerMaCCI/IBHOfI qepHoﬁ JAbIPBI.



3aMeTuM, YTO yMEHBIIEHHEe CpeIHell MacChl OXHOW YepHO#l JbIPBI BEYET U yMEHBIICHHE ee
pa3MepoB, a 3HAYAT YBEJIUYEHHE CPEIHEr0 pPaCCTOAHMS MeXKIy HuMu. Ilpm 5ToM 3aMeHUTH
JepHBIe JBIPHI 3BE3/IaMU He BBIIET: U3BECTHO, ITO eciu czKaTh COJTHIIEe B YePHYIO JIBIPY, TO OHO
OyleT mMeTh pajmyc 3 KM, a 3 - 3.4 x 10° kv ~ 10* kM yKe cpaBHIMO ¢ pajmycoM 3eMin,
e roopsg o Courrie. To ecTb 3Be3/bl OYAYT BBIHYKJIEHBI HEIIPEPHIBHO B3aWMOJIEHCTBOBATD
JIPYT ¢ APYTOM B TAKOM ILJIOTHOM CKOILIEHUM.

Tenepb 1mOMPOOYEM OIEHUTH CpeHee BPEMsS T MEXKJIY CTOJKHOBEHUSIMA MAJIEHBKHUX YePHBIX
JIBIp, TpeHeOperast peaTHBUCTCKUME dPdeKTaMu, CINTasg, UTO CTOJKHOBEHUE ITPOU3OIJIET,
eciu jBe /1 3Be3/1HOI Macchl OKa3a/IMCh HA paccTossHuM 27 JApyT oT Jpyra. [lycrs ornenbnas
YepHas JbIpa JIBUZKETCS CO CpejiHeil CKOPOCTHIO v, a ocTajbHbie 1/] HemoaBUKHBI B TOYCTHBI.
Torma 3a BpeMs Ty OHa HPOIiJeT IMINHIP o0beMoM 47mr2vTy. Ecam B 9TOT MUAMHAP Tomasa
xorst 661 oHa U /1 (coryiacHO KOHIIEHTPAIUH 1), TO CTOJIKHOBEHUE TPOU3O0IILIO:

2 2.4 x 101
drrioron = 1 = To = V2 = V2 r ~ (0.5 X r x 10'0 =
Arine dme c
0.5-45-3 kM
- %10 =225%x10°c~ 1
3% 10° kvjc e hee

31ech MBI TOJCTABUIN BeJIMIUHYy 45 - 3 KM B Ka4ecTBe IIBaPIIIINIbI0OBCKONO PAJIIyca IepHOit
JBIPBI 3Be3JIHON Macchl. [lorydueHHasi BelnduHa Tg XapaKTepU3yeT <«BpeMsl KU3HH» OJIHOI
KOHKDETHOW YepHOii JIbIPbI (BUHO, YTO OHO BecbMa Majo). OJHAKO, CTOJKHOBEHHsS] MOIYT
IPOM30iTH MeK Ty AByMs JiroobiMu I/, Tak uto 7 = 275/10° = 45 cexyn.

Orcrosia cielyer MpOCTOil BBIBOJ: €CJIM B IeHTpe Hamleil ['ajakTuKu KOTJa-TO M HaXO/MJIOCh
[IaPOBOE CKOIJICHUE U3 YEPHBIX JbIP 3BE3JHBIX MAaCC, TO OHO BeCbMa OBICTPO IPEBPATUIOCH
B OJIHY CBEPXMAaCCUBHYIO YEPHYIO JILIPY — KaK pa3 3a BpeMsd MOPsAIKa Ty. ¥ 9eT PEeJIATUBUCTCKIX
3bderToB (hakTuIecKn, yBeJndeHne cevUeHrsl 3aXBaTa) elle CUIbHEee YMEHbIIAeT 9TY OIEHKY.
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