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Yenoser cozdaem 2unomesw, 6cezda,
dasice ecau oH 0ueHb 0CTMOPOINCEH,
dasice ecau coscem 06 amom He dozadvieaemca.

Cmanucaas Jlem
KoakocTh 171a3 HEe KOJIeT

Kazxnyio BecHy E:KMK TPOBOIUT CEpHIO aCTPOHOMUIECKHX HAOII0IeHHiT. B 9TOM rony;-HeemMorpes

B-FEACEKOHABAPa3a, OH CMOI OOHAPYKUTH 3BE3/Ly, BOKPYT KOTOPO# 00paIaloTcs JaBe HHTepec-
HbIE€ TIJIaHETHI.

CriopHasd 1I1aHeTa

(5 6aanos). TlepBast mramera COCTONT U3 HOPUCTOIO MATEPHAJIA, 3ALOJIHEHHOIO MHOTOATOMHBIM
mea bHBIM rasoM. Y [0Kika HeT OCHOBAHMIl TOJAraTh, YTO IJIOTHOCTL MOPUCTOrO MaTepHasa
MHOTO GOJIBIITE MIOTHOCTH Ta3a. ByKHKY CTalo HHTEPeCHO, YCTORTHBA T Fa30Basd COCTABIAOMAL
IVTAHETHl K «IBIXaHUIO», TO €CThb MOXKeT JIH e€ pa3Mep ¢1ab0 caMONPOU3BOJBHO TOMOTETHYHO U
aImabaTHIHO OCIUAMIPOBaTh. [loMornTe FknKy permaTsh 3ToT BOmpOC.

Hpumeuarue. B mocaeayionux myHKTax 3aJa9u OyJIeM CUYUTATh, YTO €CJIU IJIaAHeTa yCTOHINBa
K JAbIXaHWIO, TO OHa B IIPpUHIUIIE yCTOﬁ‘{I/IBa n MOXKeT CyHieCTBOBaTD.

I'opgyasa niiaHera

(2 6asna). AHanus Bropoil MIaHeThl MOKA3aJ, YTO OHA IEJIUKOM COCTOUT W3 UJICATBHOIO JIBYX-
aTOMHOI'0 T'a3a, 0e3 TBEP0T0 WK XKUJAKOIO sijipa. Ter1oéMKOCTh ra3a MJIaHeThl IPH TOCTOSTHHOM
obbeMe 3aBHCUT OT TEMIIEPATYPHI MO CJIEAYIONEMY 3aKOHY:

5 (A\? 1

Cv=-R+ (=) ———R
=T

rie A = 5000 K. Onpenennre MakcHMaaIbHO BO3MOXKHYIO TEMIEPATYPY B IEHTPE BTOPOil IIaHe-
ThI, CIUTAA, UTO JIJIs JJAHHOTO I'a3a OHA HUKe KpuTudeckoit. Cuuraiite, 9T0 B IPONECCE JIbIXaHUSI
IIJIaHETHI TeMIIepaTypa U3MEHACTCAd HEe3HAQUUTEJIbHO, U CV MOYKHO CUHUTATh NOCTOAHHOM.

Talitnaga nJiaHera

(8 6asna). Beaepom EKUK pacckaszai o ¢cBOeM OTKPHITHH MeBeKOHKY, Ha 9TO €ro JIPYyT OTBe-
TWI, 9TO BUIeT TpeThio mIaneTy, KOTopas COCTOUT U3 BEMIECTBA, KATOPUIECKOE U TEPMUIECKOe
YPpaBHEHUH COCTOAHUSA KOTOPOTO UMEIOT BUJI:

U=aVT*
_ U
p_ 3Va

e U — BHyTpenHsds 3ueprud, V — o0beM, 3aHIMAaeMbIM BeIecTBOM, 1’ — TeMieparypa Belle-
CTBa, P — JaBJeHNe, @ — U3BECTHBIN KOIDDUIMEHT MTPONOPIIOHATBHOCTH.

«Ilcux» — mopyman Exuk. [louemy on caenas Takoit BIBOI?

Aemop sadavwu: C. Kyzapes



Pemenune ocHOBHOIT 3aga49n

Ob1ee paccyKaeHue

JL1s1 HAgaJ1a oIy IuM yCI0BHE MEXaHHIeCKOr0 PABHOBECHSI CAMOTPABUTHPYIOIIEro chepuaecKn
CHUMMETPHYHOr0 o0J1aKa ra3a 6e3 Apyrux rej. PaccMorpum Masblit 06bEM rasa miomaianio d.S
U TOJIIMAHON dr, HAXOAAIINNACS Ha PACCTOSHUU T OT IEHTPA CHCTEMBI:

3anuiieM ycj0BHE PABEHCTBA HYJII0 CYMMBI JTeHCTBYIOMINX HA HETO CHJI:

P(r)dS = dm.g(r) + P(r + dr)dS,

e dm, — Macca raza, P — jaBjeHue, a ¢ — yCKOpeHue CBOOOJHOIO HaJeHusI B JTaHHOI TOYKe.
Bamernm, aro dm, = p(r)dSdr u g(r) = GMT(;), rae M(r) — cymmapHas Macca BeIecTBa
BHYTpHU cepbl pajguyca r.

[Ipeobpasyem m3HavaIbHOE YpaBHEHHE

M(r)

r2

P(r)— P(r+dr) = p(r)dr -G

dpP Gpr(r)M(r)
dr r?

D10 ypaBHeHHe OyJeM HA3LIBATL yPaBHEHHEM MEXaHM4ecKoro pasHopecus. Vnorna ymobnee

CMOTpeThb Ha 9TO ypaBHEHME, BOCIpUHHMAsS KaK He3aBUCUMBIA mapamerp M, a me r. B cayuae,

KOTJIa BCIO MACCY IIAHETBI COCTABJISET TOJBKO Tas:
dM = 47 p.(r)dr

dP M,

dM, _G47rr4(Mr)

D10 ypaBHeHue Oy/1leM HA3bIBATH yPABHEHUEM MEXaHUYeCKOI0 PABHOBECHS B TepMHUHAX Jlarpan-
7Ka.

Tenepp mpoaHaJu3upyeM YCTORYUBOCTH 9TOrO PABHOBECHS K T'OMOTETUYHON ajimadaTudecKoit
gecdopmanuu. Ilycth Bee JuHeiinble pa3Mepsl rasa aguabaTHYeCKH U3MEHHJIUCH B (v pas, s
HPOCTOTHI OYAeM CIUTATh v < 1. 3amuieM ypaBHeHHe aJaunadaThl HIeaJIbHOTO Tra3a;



PV = PV}

3
Pr¥7 = Pir)Y = Pia®

Py =Pa™

[Tonyuaercd, npu czkaTuu B o pa3 pakTHIecKoe JaBaeHue ra3a Bo3pactéT. Ho BozpacTér Takzxke
U TpedyeMoe g paBHOBecus japienue. [Ipoananusupyem sto uzmenenne. st aToro cuenaem
3aMeHy  — Qr B YPaBHEHUH MeXaHWIeCKOTO paBHOBecHWd B TepMuHaX Jlarpanka. Bumano, 9To
TpebyeMoe JlaBjeHne n3MennTcs Kak P — a 4P,

I[Ipn o < 1 ang ycroitumBocTu Tpedyemoe JaBJaeHUE TOJKHO OBITH MEHbIIEe (PDAKTUIECKOTO.
Torna nasenue "moOeK AT TPABUTAIUIO U CHCTEMA BO3BPAIIACTCH B HAYAJIHHOE COCTOSHUE:

Pa™ > a7'P

[Toy4eHHOE BBIpayKeHHe - YCJIOBHE YCTOWIMBOCTH PABHOBECHST CAMOIPABUTHUPYIOMIETO Fa30BOIO
obJ1aKa.

CnopHag 1riaHeTa

Hannuane nmopuctoro Marepuasia n3MeHsdeT YpaBHeHHEe MeXaHUIeCKOTO PABHOBECHS, T.K. TPDABU-
THAPYeT Telepb He TOJBKO Ia3:

dP o pe(r)(Mi(r) + Ma(r))

o 2

dr r

VpaBuenue B repMuHax Jlarpamka:

dP M+ My(M,)

dM, 4rrd(M,)

Buzgno, uto ecam Temepb 3aMEHUTH T HAa Qr, TO TakxkKe m3Mmenutcs sun dyukuun M (M.). To
eCTh NP CXKATUN MEHSIeTCS MAaCcCca TIOPUCTOI0 MaTepHaJia, KOTOPbI HaXOMUTCs OJIMzKe K IEHTPY,
geM JaHHad MacCa Tra3a. OLIGBI/I,ZLHO, 9TO YMEHBIINUT HM3MEeHeHue Tpe6yeMOI‘O JJId paBHOBECH A
JIABJICHUS, UTO JIOJIZKHO PUBECTH K TOMY, YTO MHOT'OATOMHBIN a3 ¢ 7 = % CTAHEeT YCTONYUBBIM.



AﬂbTepHaTI/IBHO MOZKHO HHY€ro He 3alluCblBaTb, U IIPOCTO IIOHATH, 9YTO €CJIM paHbIIE I'a3 6bIJI
HA IPAHUIE YCTOWYMBOCTH, TO C TOPUCTHIM MaTEPUAJJIOM IPU CKATUH CUJIa TAKECTU HE TOJHKO
YBEJIMYUBAETCsI (32 CUET TOrO, 4TO ra3 «bumKe caMm K cebe» ), HO U yMeHbIIaeTcs (3a C4éT Toro,
4TO Ha a3 JIeUCTBYeT MEeHbIIIe IOPUCTOIO MaTepHasia). A 3HAUUT, YCJIOBHE PABHOBECHSI «CheJIeT>
M T'a3 CTAHET YCTOWIUBBIM.

OrBer: mIaHeTa yCTOWINBA.

I'opgyas miianera

B »r1oit 3a1ave HATO TMOHSTH, YTO OTCYTCTBUE KUIKOW WM TBEPAOH a3kl 03HAUYAET, ITO ras3
ycToituns u He KoJutancupyet. [IpaBia, v raza B 9Toil curyanum pa3Has B Pa3HbIX TOYKAX U3-
3a pasHoit Temneparypbl. Ho MBI MOXKeM paccMOTpeTb MaJiblii 00bEM ra3a B IEHTPe IJIaHeThl
(re TemmepaTypa, OY€BHIHO, MAKCUMAJIbHAS ), M HAIIUCATH ypaBHEHHUe JJist Hero. Hanndue rasa
BOKPYT HUKAK He MEHseT PaCcCyzK/ICHUe PO TO, 4TO v < %. [Tonyaaem:

5 A 2 1
§+( )'Shz(L)_‘_l 4

Tmax Tmax —_
5 A V2, 1 g
2 + (Tmax) Sh2(ﬁ;x)

OTKYAA Tiax = 3352.48 K

KommenTapuii: MHOrue cupamuBajim, MOXKET JIH Y JIByXaTOMHOI'O HJICAJIbHOIO I'a3a TeILIOEM-
KOCTb 3aBUCETH OT TeMIlepaTypPhbI. OTBe‘laeMZ Aa, MOZKeET. CBHSaHO 9TO C TEM, YTO Ha BBICOKHUX
TEMIIEPATYPax PACCTOAHUE MEXKIY aTOMAMU MepPecTaétT ObITh MOCTOAHHBIM, U HapaBHe ¢ MOCTY-
HATEJbHBIMA U BPAIIATETbHBIMU «BKJIIOYAIOTCS» U TaK Ha3bIBaeMble KoJeOATEIbHbIC CTEIeHH
cBoOospl. [Ipuduém deMm BbIIe TeMmepaTypa, TeM Y GOJBIIEro YHCJIa MOJEKYJ TPUCYTCTBYIOT
KoJiebanust pa3mepa.

Talinaga mJiaHera

Haitném ypaBHenme annabaThl BelllecTBa U3 TPeThero myHkTa. VI3 yeaosus caenyert, uro U = 3PV.
YVpaBhaenue ajinadarbl B TAKOM CJydae He OYJeT OTJIMYaThCd OT TAKOBOI'O JIjIsi MHOI'OATOMHOI'O
HJeaJbHOTO Ta3a:

0=0Q = PdV + dU = PdV + 3d(PV)

Torpa mokazarenb ajguadaTbl v = 3 a Mbl yKe€ 3HaeM, 9TO 3TO COOTBETCTBYeT 0Oe3pa3IndHO-

My paBHoBecuio. [losydaercs, Takas ImjiaHeTa He JOJKHA OBITH YCTONYHBOM M IpU MaJsieineit
dayKTyanuu J0JKHA PACIACTHCH.

KommenTapwmit o (pu3udeckoM cMbIC/IEe 330290

Bul He moBepuTe, HO 3TOT TYp - KJaccuiecKas acTpodusmdeckas 3ajada ¥ H3HAYAJILHO OHA
dopmymupyerca amaa 3Bé3d. YeiaoBue vy > % JeHCTBUTEILHO HEOOXOIUMO s MEeXaHHIeCKOit
YCTONYHNBOCTH 3BE3/bI. 3/1€Ch HYZKHBI HECKOJIBKO MOSICHEHMIA.



1. YeroitunBoCTb K «JIBIXAHUIO», KOTOPYIO Mbl pa3dbupaJiu B 3a/a4e, 03Ha4aeT YCTONYUBOCTD
K paykTyanuam o6bEMa, KOTOpble TIOCTOSHHO TPOUCXOAAT B 3Be3/1€ KAK MUHUMMYM H3-3a
TEIJIOBOI'O JBUXKCHUA YaCTHIL.

2. Bac MOXKeT CMyTHTB, UTO YCJIOBHE YCTOWYUBOCTH K TOMOTETHYECKUM KOJEOAHUSIM MBI BbI-
JaJIu 3a ycjaoBue o0teit yeroitauoctu. Ha 9T0 0TBeTHM, YTO MOXKHO YE€CTHO PACCUUTATH
yCJOBHUE HA 7y U3 TOTO, 9TO CyMMapHas JHEPTrUs PaBHOBECHOI 3Be3/bl JIOJIZKHA ObITH OT-
punarejibHa. Pe3ysbrar nojydaercs aHaIOTTIHBI.

3. Tax:ke MHOTHX CMYIIAJIO0, 9TO <«JAbIXaHUE» aJuTadaTudHo. U mpapia, Kak MUHHEMYM, Ha-
rpeToe TeJo JOJXKHO U3AydaTh. 371eCh BaXKHBI JIBe Bellli. Bo-IepBbIX, €CJIi TOBOPUTD PO
3BE3/bl, TO UX MU3JIy4YeHHE MOYTH HMIeAJTbHO CKOMIEHCUPOBAHO HEPTOBBIJIEJIEHUEM IIPU
TEPMOSIIEPHBIX PEAKIUAX B sjIpe. Bo-BTOPBHIX, BONPOC 3 MadaTUIHOCTH YaCTO CBOJUTCH
K BOIIPOCY CKOPOCTH: OBICTPBIE MPOIECCHl MOXKHO CYNTATH ajnadarudeckumMu. J{ms 38631
OOBIYHO BBLIEISIOT TPU XapaKTEPHBIX MacIITada BPEeMEHH:

ty — dJepHOe BpeMs, WIH BPeMs, 38 KOTOPOe «CTOPHT» BeCh JOCTYIHBINH 3Be3/1e BOIOPO/L.
Jlnst Cosania 910 mopsiaka 10 MIp Jier.

tp — TeIIoBOEe BpeMs, WK BPeMs, 3a KOTOPOe 3Be3/1a U3/Iy4dn/ia Obl BCIO CBOIO TEILIOBYIO
SHEpruio npu coBpeMennoit ceerumoctu. g Connna 31o nopsgiaka 10 MJIH JIeT.

ty — TUAPOJIMHAMHUYIECKOE BpeMsi, HJIH BpeMsi, KOTOPOe MOHAJ00UTCS 3Be3/Ie JIJIs «CXJIO-
HbIBAHUA», €CJIM OTKJIIOYUTH CUIbl jgaBjiaeHus. s CostHIa 910 HopsiKa 1moJiydaca.

CootrHorenne ty > tr > ty BBHINOIHAETCA I JTIO00H 3BE3IbI, M MOITOMY U3y JIeHUEM
MOXKHO IpeHeOperarh Ipu JIObIX MEXaHHYECKUX MIPOIECCaX.

4. B peaJlbHOCTH, KOHEYHO, I PacdéTa YCJIOBHUH MeXaHHIEeCKOW YCTOWIUBOCTH 3BE3IHI,
HY?KHO YYHTBIBATH OOIILYIO TEOPHUIO OTHOCHTEIbHOCTH. DTO HA HOPAIOK CJA0KHEE, HO JIJIs
00111ero pa3BUTHMA TI0JIE3HO 3HATH JIUIIb, YTO YIET 00IIei TeOPUN OTHOCUTETHHOCTH yBe -

GM
YUBaeT KPUTUUIECKOe 3HAUEeHHUE 7Y Ha BEJUUYUHY TOPSIKA ez rae M — macca 3Be37b1, 1R
c
— e€ paJmyc, a ¢ — CKOpPOCTh cBeTa. Takmm oOpa3om, mommpaBKa 0OBIYHO MaJja, HO BCETrIa

IIOJIOZKUTEJIbHA.
Tenepnb, monnmasi, 0 4éM OBLT TYP, TOCMOTPHUM eIIé pa3 Ha OTIAeJIbHBIC 3aJa49d B HEM.
CoopHag 1j1aHeTa

[Topuctbiit MaTepuaJj B epBOil 3a/1a4e MOYKHO 3aMEHUTDH Ha JII0O0H ycToWduBbIil ra3, u 3aa4a
OpaKTUdYecKn He nmoMmeHsercd. [lo cyTu MBI jokazaiu, 9TO J00aBKa YCTOWHYHMBOTO Ta3a MOXKET
CTaOMIM3WPOBATH KOHCTPYKITUIO U3 HeycToiauBoro. [lo sToit mpuawne, HanpuMep, B aTrMocdepe
SeMJin MOYXKET yCTOWYHMBO MPUCYTCTBOBATH BOJSIHON MAap MJIM YIVIEKHCJIBIH Ta3. 3aMeTbre, 9To
caMoii TJIaHeThl JIJIS 3TOTO HEeJIOCTATOYHO: BayKHO, YTOOLI yCTONYNBOE BEIECTBO PacIoIarajioch
TaM JKe, TJe W HeYyCTOWYWBBINA Ta3, WHade B 00JacTH HeycTOHunBOro ras’a Mypmecn HE OyIeT
3aBUCETb OT I U MPeJblAyIINe PACCYKICHUS CTAHYT HEBEPHBIMU.

T'opguyaga naamera
Bropas 3aj1aua 06bacHgeT cpa3y HECKOJBKO (haKTOB.

1. Koneuno, jaByXaTOMHBIN Ta3 mMeeT cjaaboe OTHOIIEHWE K 3BE3jaM, a TeM Oojee K UX
HeJpaM: Ha TaKUX TeMIleparypax XUMHYEeCKHe CBdA3U paspylnaiorcd. OJHaKO TeIIoéM-
KOCTH 3BE3JHOT'0 BEIECTBA TOXKE MOYXKET 3aBUCETh OT TEMIEePATYPhl HAIPAMYIO WA KOC-



BEHHO: Yepe3 JaBjieHue, IIOTHOCTD, CTeneHb noHn3anuu u T.1. [loaromy Bonpoc ycroiiuu-
BOCTH peaJibHbIX 3BE3]] CJI0KHEee YeM <«IIOCUUTAEM aTOMBI B MOJIEKYJIE>.

2. HeycroituuBbie objiaka ckopee CKJIOHHBI K KOJLIAIICY, YeM K Pa3JIeTy: IPHU PacCHIupPEeHUH
TeMIIEPATYPa MaJIaeT U ITO MOXKET BEPHYTH CUCTEME YCTONYUBOCTb.

3. OOBIYHO KOJLIAIC MPEKPAINAETCs, KOI/Ia BEeIeCTBO B EHTPe UCHBITHIBAeT (Da30BbIil mepe-
XOJI: YaCTO TPU TOM TOBBIIIAETCH €TI0 YIIPYTOCTh. Tak 00pa3yloTcs HeHTPOHHBIE 3BE3IHI,
OeJible KAPJIUKU U JIazKe TJIaHeThl. BripoueM, CTOUT cKa3aTh, YTO TEOPETUIECKU BOZMOYKHA
cuTyanus, Korjaa (a3oBbIil Mepexo B sdpe HA000POT ABJsgeTcs NPUINHON KOJLIAICa.

Talinaga niamera

Tperbga 3a7aua - KJIacCUIECKUil MpuMep Ha YCTOWIUBONCTD 3BE3/1. Y pABHEHHSA COCTOSHUS, JTaH-
HbIE€ B yCJIOBUU, OMHUCHIBAIOT ra3 ¢goronon. [lojydaercs, Mbl JoKa3ajid, 9TO HE MOYKET CYIIe-
CTBOBaTh YCTONYIUBOIl 3Be37bl M3 (POTOHHOTO ra3a, TO ecTh cBeTa. Paszymeercs, Oosiee decTHOe
JIOKA3aTeJbCTBO JOJKHO BKJIIOYATH JeMEeHTHI O0Ieil TEOpHH OTHOCUTEJIHHOCTH, HO Pe3yJIbTaT
HOJIy9aeTCs TaKOW 2Ke: 3BE3J1 U3 CBeTa CYIECTBOBATH HE MOXKET. A npejcraBbre, KaKoi WHTe-
pecHbBIit 3T0 MOT' Obl OBITH OO'BEKT...



AnbpTepHaTUBHAS 3244

1. (0 6aanos) Yexkopenue ¢BOGOTHOTO MAICHHs Ha MOBEPXHOCTH IUIAHETH M3 HECZKHMAEMOi
KHUJKOCTH paBHO a = 9,875, Haliure napienne B eHTpe IJIAHETHI.

2. (0 6annr08)

Pacemorpum y3kuit coif BermecTBa TOMIMMUHON Ar ¥ MJIOIMAILI0 S TaKOH, 9TO ¢ OXHOM
CTOPOHBI OH Harper jio Temuneparypol 17, a ¢ apyroit — g0 Temmneparypbl Tp. MormiHocTs,
paBHasi KOJUYIECTBY TEILIOTHI, KOTOPOe IeperaeTcs 3a HeOOIbIIoN nHTepBaa BpeMeHn At
OT OJHOH HMOBEPXHOCTU JAPYIOH, paBHa:

y
P - ES(TQ - T1>,

rae » — Ko3(dpunmeHT TenIonpoBOIHOCTH.

Hoxkka nmapThl u3 MaTepuaJja ¢ IIepeMeHHONH TeILIONPOBOIHOCTBIO UMeeT (POpMY IHJIMH-
Jipa pajguycoM Ry ¢ BBHIpE3aHHBIM M3 HEro MUJIUHIAPOM paguycoM Ri. TemmompoBoIHOCTH
3aBUCUT OT pajmyca Kak

R2

R}
Humuaaper Ry n Ry nmogmep:KuBaioTcesd mpu TeMmneparypax 17 u T, coorBeTcTBeHHO. Haii-
aure pacupegenenune T(R).

#(R) =

3. (0 6aanoe) Touka K - 3ro Touka wHa PV -amarpaMme, OMUCHIBAIOIIAsT COCTOSHIE MOCTOSTH-
HOT'O KOJTMYEeCTBA OJHOATOMHOIO H/I€ATbHOTO Ta3a. ¥ TOJI HAKJIOHA H30T€PMBI B 9TOI TOUYKe
K ocu V paBeH «. KakoB yros HakjJIoHa agumadaThl B 3TOH To4ke K ocu V7

4. (3 banra) Exuk xommn mo ¢pusnygeckoii 1a60pPATOPHI U HAIIE] HHTEPECHYIO YCTAHOBKY.
VcranoBka npecTaBiger u3 cedsd rOPU30HTANBHYIO TEILIOU30/JIMPOBAHHYIO TUJIHHIIPUYE-
CKYI0 TPYOKY, BHYTPHU KOTOPOH HAXOJATCH JBA METAINICCKUX MTOPIITHS, TIOIKIIOTeHHBIX
K UCTOYHUKY TMOCTOSHHOTO HampsizKeHUs. MeKny MOPITHAME HAXOAUTCS UIeAJTbHBIH O
HOATOMHBII ra3. Hanpsskennme mcrounuwka U, paccTosuue MesKIy mopmuamu d. Exuk
3axores obo3Ha4Yarh P, jaBjieHue Ha HOPIIHU, BbI3BAHHOE H/€AJIbHBIM ra3oMm, u Py, jgaB-
JIeHe Ha TOPITHE, BHI3BAHHOE SIEKTPITIECKHM B3aNMOIEHCTBIEM APYT C APYTOM. FKIKY

7



U3BECTHO, 9TO B HEKOTOPBIii MoMeHT Bpemenu d = dy, P,,; = P,;, Cunraiire, uro d < R,
rae R - paguyc nuansapa. TpenneM mopirHeii 0 CTEHKH COCy/1a, aTMOChEpHBIM JlaBJIeHTeM
U TEILIOM B IIOJIBOJIAIINX MPOBO/IAX IpeHedOpeb.

(a) (1 6aan) Tomorure, noxamnyiicra, EXKuKy HAUTH pacCTOsSTHHE MKy TOPITHAME dj
B [OJIOYKEHUN DABHOBECHSI.

(b) (1 6asn) Exuk 3axoren mocrpouts rpadukn 3asucumocti Py (d) u P,,(d), Ho y nero
nankn. ChesafiTe 3T0 34 HEro.

(¢) (1 6aan) Iomorute E:KUKY MOHATDH, Oy/JIeT JIK MOJOKEHHe DABHOBECHsI, HalileHHOe B
nyHkre 1 ycroiiausbivm?

fl
'l
U

5. (8 6aanos) TIporyniuBasich Ha CJIOHE, Esxux obrapyzxmt [Lmockuit Mup. [Lnockuit Mup
IpecTaBIsgeT cOO0 TOHKYIO OECKOHEUHYIO OJTHOPOIHYIO ITACTHHY C TOBEPXHOCTHOM ILJIOT-
HOCTBIO 0(. Armocdepa Tlinockoro Mupa npeacrapasier coboil 1Ba CHMMETPUYHBIX CJIOS
O/IHOATOMHOTO Ta3a Mo 006€ CTOPOHBI OT IMJIACTUHBI.

(a) (2 6aana) Haiinure 3aBHCHMOCTD YCKOPEHHs CBOOOAHOTO ajeHns B arMocdepe ILoc-
kKoro Mupa B 3aBucuMocTn oT paccroguus x j1o Ilnockoro Mupa. Cauraiite u3Bect-
Hoil yHKIMIO 0 () (HA KAPTUHKE).

dP
(b) (1 6ass) Beipasure paBHOBECHBIH TDAJIMEHT JABICHUS T uepes p(x) u o(x).
x

dP

(c) (2 6asanra) BoipasuTe rpauenT MABICHUS 1O MACCe o

o

(d) (1 6aan) Haiiaure nabienune rasa wa moepxHocTH [1I0CKOrO Mupa, €C/in u3BeCTHA
ero CyMMapHasl TTOBEPXHOCTHASI IIOTHOCTD 0 (T pmax )-

(e) (1 6aan) Yraxure, ycroitunsa s armocdepa [Trockoro Mupa K AbIxanuio?



Pemenue aabTepHaTuBHOI 3aaa4n

1. Yckopenne cBoOOTHOTO A IeHHUSI B 3aBUCHMOCTH OT PACCTOAHHUS 0 IEHTPa I

GM (r)
9(z) = —3
4
M(T‘) =p- _71-7’37
3
rJe p - IJIOTHOCTD ILTAHETHL.
AnGp
glz) = ——u

C yuérom a = %WGpR OKOHYATEJBHO MOTydaeM:

B 3a?
- 81

p

2. PaccmorpuM ToOHKOCTEHHBIH nuaHHAD BbicoToit H, pajguycom R, tonmuuoit dR. IlycTs na
ero BHYTpeHHel moBepxHoctu temieparypa 7', na puemnrneit 7'+ d1'. Torna morok reria
Jepes Hero:

dT
P="4s
dR%S

[Lnomane moBepxHOCTH IMUIKHApa paBHa S = 2mRH. Torna:

2
P:d—T%-27TRH:dT il

& 0 onRH.
R dr R

C nmpyroii cTopoHbl, B crarmumoHapHoM coctosann P = const. Torma:

PdR 27 H -dT
R R

[IpownTerpupyeM manaOe BeipaxkeHue ot Ri,17 10 R, T;:

TR of
w2 H-
P| —=———|dTl
R? R?

R1 T

11 s 21 H
2P| = —-——= | =—75—(11 — T,

(Rz R%) m T
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OTKYy/a, mojicraBuB Ry, Th:
%17THR%R%(T1 - Tg)
R-R

Ecau P > 0, To Temwno nepegaercs ot 15 kK T7. Ecin P < 0 — ot 1T ¥ T,. OTciona j1erko
nosyanth T'(R):

P =

samHRIRY(T, —Tb)  samHRIRX(T) — T(R))

R} — R? B R? — R?
RY(Ty —Ty) _ R*(Th - T(R))
R2 — R? R? — R?

RI(R? — R3)(Ty — T)
T(R) =T — 2 !
= e

3. Ilycre (P, Vo) - koopaunare Touku K Ha PV - qmarpavme. Torga ypaBHeHUST H30T€PMBbI
u azmabarsl, poxoaaux depes ary rouky PV = PyVy u PV = PV coorsercrsenHo.
TaHreHCH yIJIOB HAKJIOHA KACATEJIbHBIX K M30TepMe U ajuadare B TOUke K:

o= (22 __hW
g - dv - - %2

dP POVHY

tgf = (W)Q = _’y‘/ofy+1

PazesmmB onHO Ha JApyroe, moaydaemM OTBET:

b = arctgytg a

4. Tak Kak cOCyJ TeIJIOW30JUPOBaH, TO MapaMeTpbl P, m V' yIOBIeTBOPSIOT ypaBHEHHUIO
anabaTh:

Tax xkak BbITTOIHEHO yeaoBHe d < R, TO MOPITHA MOYXKHO CYUTATH ILJIOCKUM KOHJIEHCATO-
poM. [locunTaeM cuibl, ¢ KOTOPBIMIA TPUTATHBAIOTCS NIACTHHBI IIJIOCKOTO KOH/IEHCATOPA.

<t rje ¢ - 3apg ojanoit obsagku. Torma cuiia, JeiicTBYIOMAas Ha OJHY ILIACTHHY
€o

Eq
F = > (mesuM TIOMOJIAM, TOTOMY 9TO BKJIAJ, B HOJI€ BHOCAT 00€ IIACTHHBI, HO TPH

MOJCYETE CUJIBI HAC HHTEPECYET JIUITh MOJIe OJHON [TACTHHBI).
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_ gSPU? g SU?

C 250d2S 242
TOTJIA
P, =L 2~
S 242

CooTBeTCTBEHHO, B HOJIOXKEHUU paBHOBecus Py, = P,

5
€0U2 . df
2dg — 14l d§
3
€0U2
do=| ——=
2P d}
— DJIEKTPUIECTBO

Tas

Ka Bujgnro 13 rpadukos, npu MaJjom yBejgundennu d P, > P,; u cucreMa cCTpeMHATCS PACIITU-
PUTHCS, AHAJIOTUYHO NPH MajoM yMenblienun d P, < P,; u cucremMa CTPEMUTCSA CKATHCA.
CnenoBaTeIbHO, paBHOBECHE HEYCTONYIUBO.

5. (a) Chauana paccuuTaeMm yCKOpeHHe CBOOOJHOTO TMAJIeHNs, Co3/IaBaeMoe iacTuHoi. T1o-
CKOJIbKY 3aKOH BCEMHUPHOI'O TAI'OTEeHUAd UMeeT TOT 2K€e BUJ, 4YTO U 3aKOH KyﬂOHa, ITa

3a/a4a aHAJIOTUYHA BOTIPOCY 00 3/IEKTPUYECKOM T0JIe OECKOHEYHOI 3apsayKeHHOM T11a-
CTUHBI. TOFﬂa OYEeBUIHO:

Joo(r) = 21Goy

Vckopenue ¢cBOOOIHOIO MaJIeHNSsI, CO3/IaBaeMOe MJIOCKOCTHIO, HE 3aBUCHT OT PaCCTOsI-
HUA 0 HeeE.
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Tenepb moiiMém, Kakoe rpaBUTAMOHHOE TI0JI€ CO3MAET ra3 B TOYKE ¢ MPOU3BOIbHOMN
koopanHaToil. Pa3ennm ra3 Ha HECKOJIHLKO 00J1acTeii:

1y
x k************.ﬁ 77777777777
ol
0 o)
51
_’Z' 77777777777777777777777777
4%

N3 cummeTpun 3a1a49u 0YEBUIHO, UTO BO3JACHCTBUE MEpPBOil U 4eTBEPTO obsacTeit
Oy/yT KOMIIEHCHPOBATHCd, a BTOPOHl M TpeTbeil - CKAaIbIBATLCH, MPUYEM MEZKLY
€000l OHM paBHBI. T0 €CTh Gras = 2¢5. [loJte gy MOXKHO HafITH, pa30UB BTOPYIO 001aCThH
Ha TOHKHE CJOH TOIMUHON d1 ¥ TOBEPXHOCTHON MIOTHOCTBIO p(xq)dxy. Torma:

T

T

/ dg(z1) = 27G / p(z1) day = 27Go ()

0

Hroro:

g(x) = 21G (09 + 20(x))

(b) Pacemorpum masbiii 06béM raza ¢ wioma/ib d.S, TonmuHol dr 1 KOOpAuHATOl &

r+dx
x

00

CyMmma cwit, JIeficTBYIOMIAX Ha 3TOT ra3, JOJKHA OBITH paBHA HYJIIO:

P(z + dx)dS — g(x)dm — P(z)dS = 0(P(z) — P(z + dx))dS = g(z)dm

Ucnoab3yst dm = p(z)dSdz w panee nosyvennyo dbopmyay mist g(x), moaydaem:

dP

dx

(c) CsikeM nepeMeHHBIE T U 0

12
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()

d
da:pdx:dx:—g
p

[TogcTaBuM B ypaBHeHUE TPAIUEHTA JTaBICHULI:

dpP

- = —21G (0o + 20)

[IpounTerpupyem ypaBHEHHE U3 MPEABIIYIIEr0 MyHKTa OT HUKHEH IPDAHUIBI aTMO-
cdepsl 10 BepxXHeIi:

Prepx Opepx
dP = / —21G(0g + 20) do
Py Onusz
Prepx = Paws = =27 G(00(Tuepx — Tuns) + Taepe — i)

BamernM, 9T0 Pyepx = 0, & TakkKe Ogys = 0. Torpa:

Prys = 27G(000max + Tpay)

3aMeTuM, YTO MHTETPUPOBAHUE B YeTBEPTOM MYHKTE He 00I3aTeJbHO MTPOBOIUTD 10
Omax- OHAYHUT, PABHOBECHOE JABJIEHHE ITPOU3BOJILHOIO KYCOUYKa ra3a 3aBUCHT TOJIb-
KO OT MaCChbl I'a3a IIOJ HHM. HpI/I «AbIXaHUH» CJION HE IepeMeNInBalOTCd, IIO3TOMY
JII 1000 MaJiolf TOpPIUU ra3a paBHOBECHOE JlaBjeHue He MeHsercs. [Ipu srowm,
€CJIM Ta3 pacliupseTcs, TO ero dhakTHIecKoe JaBIeHNe MaJaeT, TO eCTh CTAHOBUTCS
HEeJIOCTATOYHBIM JIJI COMPOTUBJICHNS IPABUTAIINN. JHAYUT, HA aTMOocdepy AeficTByeT
BO3BpAlllaloNias cuia u papuoBecue ycroituusoe. Ciydail czkaTusi pacCcMaTpUBaeTCS
AHAJIOTUYIHO.
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