®dusmnka JleMOHCTPAUMOHHBIH BAPUAHT 10 knacc

Bpems BoinosiHeHus 3aganuii — 240 MUHYT.

[Mummure pazdoopuyusBo. B padore He 1015KHO OBITH HUKAKHX IOMETOK, HEe OTHOCAIIUXCS K
oTBeTaM Ha Bomnpochl. Eciiu Bol He 3HaeTe oTBeTa, cTaBbTE NMPOUYEPK.

MakcuMajabHoe KoJaudecTBo 0aios — 100.

3adaua 1 (20 6annos). B U-06pa3Hyto TpYOKY C OTKPbITbIMM KOHLLAMM
HaNUAW PTYyTb, NOC/E YEro OANH U3 KOHLLOB TPYOKM 3anaaam (puc. 1).
3aTem pTyTb BbIBE/IN U3 COCTOAHUA PaBHOBECKA, B pe3y/ibTaTe yero
BO3HMKAN Manble KonebaHua pTyTn B TpybKe. Hanaute nepmnog sTnx
KonebaHUM, ecnn n3BeCcTHO, YTo macca pTyTu m = 367 1, ee NNOTHOCTb
p = 13,6 103 Kr/m3, niowaab nonepeyHoro ceyeHna TpyoKu S = 1 cm?,
a BbicoTa ctonba Bo3Ayxa B 3anasHHOM KOHLe TPY6KM pasHa | = 1m?,
BHewHee aTmocdepHoe aasneHune po = 10° Ma. Mpouecc cuntath
NU30TEPMUYECKUM.

Omeem: T =27r\/ m ~ 0,63 ¢
(2pg+p,/ DS

3adaua 2 (20 6annoe). TOpPU30OHTANILHO PACNONOXKEHHbIN 3aKPbITbIA C 06EUX CTOPOH UMAUHAP
pa3fenieH nopwHemM Ha 2 paBHble 4acTu. [opweHb MoxeT cBobogHo (6e3 TpeHus)
nepemelaTbca. B nepBoHayaNbHOM COCTOAHWKM B 0BeMX YacTaAX UMAMHAPA HAXoAWNOoCb NO
O4HOMY MO0 OAHOATOMHOrO WAeanbHOrO rasa npu oauHakoson Temnepatype Ty.
PasgenAoowmii noplweHb MOXeT NpPoBOAMTb TEnso, MPUYem TensIoBOM MOTOK Yepes Hero
NIMHEMHO 3aBUCUT OT PA3HOCTM Temnepatyp ero CTeHoK: ¢, = a (T; —T,). OpgHy uvacTb
UMNHAPA HAYMHAIOT HarpeBaTb, NPU 3TOM ra3 MoJly4yaeT TEM/0 CO CKOPOCTbIO g1, a Yyepes Bpems
T C TAKOW e CKOPOCTbIO HA4YMHAKT OTOMpaTb Tensao OT rasa M3 APYron 4actM UMAMHApPA.
Onpepennte Ko3dPUUMEHT TENNONPOBOAHOCTU O, €CAN M3BECTHO, 4YTO B CTALMOHAPHOM
COCTOSIHMU (NpK t >> T) OTHOLWEHNE 06BEMOB Pa3HbIX YacTel UMANHAPA paBHO . = 2.

Omeem: o = 9qR
2(gr +3RT,)
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3adaua 3 (20 6annoe). [1Ba 0ANHAKOBbIX MaJIEHbKMX LLAPUKA Maccoi m
M 3apAAOM G KaXKAblA BUCAT Ha HUTAX OAMHAKOBOM A/MHbI | Ha
paccToaHuMn X K L. N3-3a megneHHOM yTeuku 3apsaga no HATU BeIMYNHA
3apAfa KaXAaoro LWapuKa M3MEeHAeTCA CO BpemeHeM t No 3aKoHy q =
qo (1 — at)3/2 (roe a—noctoAaHHan), a WapuKn coamnkatotca. BennumHsl
qo, M, a, | 3agaHbl. Hangute ckopoctb v = Ax/At cbankeHua
LWApMKOB.

1/3

2klq;
mg

Omeem: v = a

3adaua 4 (20 6annos). [Ba OAMHAKOBLIX MNAOCKUX
KOHAEHCaTopa C paccTosHMem mexay obknagkamu d
noAKNoYeHbl K baTapee ¢ noctosHHor 3AC & wn h [ ——
BHYTPEHHUM CONPOTMBAEHMEM T. B NeBOm KoHAeHcaTope ""_-j‘_—m d

PacnonoMKeHa AM3NEKTPUYECKan NAACTUHA TONLWMHOW h
(h < d) ¢ ananeKkTpryeckoi npoHuUaemocTbio €. MNocne | K r
YCTAaHOB/IEHUA CTaLMOHAPHOrO COCTOSAHUA  MIACTUHY I
6bICTPO BbIABMIalOT U3 KOHAEHCATOpa TaK, YTo 3apAdbl Ha 06KNaZ4Kax 3TOro KoHAeHcaTopa He

ycneBakoT USMEHUTDLCA. Ol'lpeﬂ,eﬂMTb BENNYNHY N HANPaB/eEHWNE TOKa Yepe3 6aTape|o Cpa3sy nocne
yAaneHnAa nnactuHbl.

Eh(e — 1)
r(2ed — h(e — 1))

Omeem: [ =

3adauya 5 (20 6annoes). 3emna v3-3a BpalLEHMA BOKPYr CBOEM OCWU CNIOLEHA CO CTOPOHbI
nontocos. MNoO3ToOMy paccToAHME OT LeHTpa 3emnau A0 NoncoB (NONAPHbIA paguyc) MeHblle
paccToaHMA OT LeHTpa 3eMan A0 3KBaTopa (IKkBaTopuanbHbIM paguyc). OueHUTe OTHOLWEHUE
pa3HOCTU 3KBATOPMANIbHOTO M NONAPHOrO PaANyCoB K cpegHemy paanycy 3eman R = 6370 Km.
3eMI0 CYUMTATb KUAKUM TEJIOM, OKPYHKEHHbIM TOHKOW 3/1aCTUYHOM 0060/I04KOM B BMAE 3€MHOMN
Kopbl.

AR (27[)2 R 1
Omeem: 2 =

T ) 2g 582

BcepoccuiicKas oaMmnuaaa WKoAbHUMKOB «Bbicwaa npob6a» 2022, 2 stan



dusumka 10 Knacc

10 Knacc. PeweHus.

Kaxkpas 3agaya ouyeHmBaetca B 20 6annos, Bcero 5 3agay, cymma 6annos pasHa 100. PeweHue
KaX4oM 3agaym COCTOMT M3 HECKO/IbKMX LLaroB, COOTBETCTBylOLWee pa3bueHune no bHannam
npMBeAEeHO NOC/E PELLEHMA KaXKA0MN 3a4auM.

3agava 1. MexaHuKa-TepMoAuHaAMMKa.

Ycnosue. B U-06pasHyto TpyOKy C OTKPbITBIMM KOHLAMW HAanWAM pTyTb, NOC/AE Yero OAuH U3
KOHL,0B TPYOKM 3anasanm (puc. 1). 3aTem pTyTb BbIBE/IM U3 COCTOSAAHUA PAaBHOBECUSA, B pe3y/ibTaTe
yero BO3HUKAW Manble KosebaHus pTyTn B TpybKke. Hangute nepuopn aTmx KonebaHuin, ecam
M3BECTHO, YTO Macca pTyTM m = 367 r, ee NOTHOCTb p = 13,6 103 Kr/m3, naowaab NnonepeyHoro
ceyeHunAa Tpy6Kn S = 1 cm2, a BbicoTa cTon6a BO34yXa B 3anasHHOM KOHLe TpybKu pasHa | = 1m2.
BHewHee atTmocdepHoe gasneHune p0 = 105 Ma. Mpouecc cumtaTb U30TEPMUYECKUM.

UcmoyHuK: 3apaya npepnaranacb Ha Bcepoccuiickom
onvumnunage (Bcepocculickue onumnuadsl rno ¢usuxke 1992-
2001, 2002, 3apaya 10.44). Axy

)

PeweHue. I'IpM CMELWEHNN YPOBHA PTYTU B KaXXOOM KOJieHe 1 :_:_
} —

(cM. Puc.l.) Ha paccrosHne AX  p3-3a  pasHocTu
rMAPOCTAaTUYECKUX AaBNEHUI BO3HUKAET CMa, pPaBHas

F=2pgSAx

Bo3ayx B /1eBOM KOJieHe CxKMmaeTcs, obbem Bo3gyxa npwu
3TOM CTaHOBUTCA pasHbIm (I — Ax)S. Mo 3aKOHY Boinsa-MapuoTTa

Pol =(py +Ap)( = Ax) = p,l — p,Ax + Apl — ApAx. Tak kKak KonebaHua Manble, cnaraembim
ApAx moxHo npeHebpeyb. OTClOaa

a cuna, AeicTByIOLLANA CO CTOPOHbI BO3ayxa F, :(Ax/l)pOS . YpaBHEeHWE ABUKEHUA PTYTU UMeeT

BUA;
Py _
ma+S(2pg+—l ij =0.

YpaBHeHMEe COBMagaeT C ypaBHEHMEM [ABUKEHUA Tpy3a Ha MNpyKuMHKe c 3ddeKTUBHOM
«YKECTKOCTbIO».
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k:(2pg+%JS.

T=27z\/i=27r
k

Torpa no aHanornm

~0,63c.

3apada 2. TepmoanHamumKa.

Ycnosue. [OpM30HTaNbHO PACMNONOMKEHHBIN 3aKPbITblI ¢ 06enx CTOPOH UMAWHAP pa3geneH
NopWwHeM Ha 2 paBHble YacTu. MopweHb moxeT cBoboaHO (6e3 TpeHus) nepemeltatbea. B
NepBOHa4Ya/IbHOM COCTOAHMM B OOEMX YacTAX UMAMHAPA HAXoAMAOCb NO OAHOMY MOJIHO
O4HOATOMHOrO MAeanbHOro rasa nNpu oamMHakosow Temnepatype Ty. Pasgensaowmii nopleHb
MOMET NPOBOAMUTL TEMO, MPUYEM TEMNOBOW NOTOK Yepe3 HEro SIMHENHO 3aBUCUT OT Pa3HOCTU
TemnepaTyp ero cteHoK: qi, = a (T; — T,). OaHy YacTb UMAMHAPA HAaYMHAIOT HarpesaTb, Npu
3TOM ra3 no/siy4aeT TENAO0 CO CKOPOCTbIO 1, a Yepe3 Bpems T C TAaKOM XKe CKOPOCTbIO HauyMHaAOT
oTbMpaTb Tennao OT rasa M3 Apyroln 4actu umnuHgpa. Onpegenunte  KoadPuUMeEHT
TENNONPOBOAHOCTU O, €C/IU U3BECTHO, YTO B CTaLLUOHAPHOM COCTOAHUM (MpU t >> T) OTHOLEHUE
06bEMOB pPa3HbIX YacTel UMAMHAPA paBHo n = 2.

UcmouHuK: 3apayva npeanaranacb Ha Bcepoccuiickon onumnuage (Becepocculickue onumnuadsi
no ¢uszuxe 1992-2001, 2002, 3apaya 10.38).

PeweHue. [pnmeHMM nepBoe Hayano TepMOgMNHAMUNKU KO BCEM CUCTEME:

qrzAU=CV(ﬂ—7;>+CV<1;—75>=§RT<7;+T1—275).

(B ypaBHEHWM y4TEHO, YTO AN OAHOATOMHOIO rasa MOIAPHAA TeNN0EeMKOCTb MPU MNOCTOAHHOM
obbeme pasHa C, =(3/2)R). 3anuwwem ycnoBu1e CTaLMOHAPHOCTMA CUCTEMBI:

pl :p2:p1<0u,q:q12 :a(ﬂ_];)

B obowx ypaBHeHuax 1, u T,- ycTaHOBMBLUMECA TemnepaTypbl rasa B HarpeBaemow U

OXNarKAaller uYacTax UMAMHAPA COOTBETCTBEHHO. Pellaa COBMECTHO ypaBHEHMA Ha
Temnepatypbl Haxoaum 1, n T, :

Ncnonb3ya ypaBHEHUA COCTOAHMA ANA obeux YyacTen UMANHAPA B CTALUMOHAPHOM COCTOAHUM
p,(V,+AV)=RT, p,(V,—AV) = RT,, nonyyaem

_Vy+AV T

n= =—.
“w-AV T,
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Mopacrasnas 3HadeHua ana T, n T, Haxoaum KOapPULMEHT Tenn1onpoBOAHOCTU NpU n =2

o 9gR
2(qr +3RT,)

3agada 3. INeKTpoCcTaTHKa.

Ycnoeue. [1a 041HaKOBbIX MafeHbKMX LWapWKa Maccoi M 1 3apaaom q
KaK bl BUCAT Ha HUTAX OAMHAKOBOW ANMHbI | Ha paccToaHun x K L. Us-
3a MeA/ieHHOM yTeuyku 3apAfda Mo HUTW BeMYMHA 3apada Kaxkaoro
LIap1Ka M3MeHAETCA CO BpeMeHeM t No 3aKoHy q = q, (1 — at)?/? (rpe
a — NOCTOAHHAA), a WapuKu cbamKkatoTca. BennunHel o, m, a, L 3agaHsi.
HanauTe ckopocTb v = Ax /At cONUMKEHUA LIAPUKOB.

UcmoyHuK: 3apava npepgnaranacb Ha Bcepoccuiickolt onnmnuage
(Bcepoccutickue onumnuadel no ¢usuke 1992-2001, 2002, 3apaua
10.58).

PeweHue. TaK KaK TOK YTEUYKM Mas, TO MOXKHO CYMTaTb, YTO B KaxKAbli
MOMEHT BPEMEHM CYMMa BCEX CUJ1, AENCTBYIOLLMX HA WWAPUK, paBHa Hyato. Toraa cuna KynoHa

2

ﬂ:k%:mgtga,
X

(04

rae yron % - nonosuHHbIN yron mexay HUTAMU. OTCIOAa NOAYYUM
3 ) 3 1/3
2kl
kg (l—at)y =280 oy x=| Y (-
21 mg

OTKYyAa CKOPOCTb conmxKeHunn LLAPUKOB paBHa

1/3

2klgex’
mg

v=a

3aaaya 4. DneKkTpocTaTuKa.
Ycnosue. [1Ba OAMHAKOBbIX MJIOCKMX KOHAEHcaTopa ¢
paccTosHMeM Mexay ObKnagKkamu d NOAKNIOYEHbl K
b6aTtapee c noctoaHHoin 3[4C E M BHYTpPEHHUM h —r—t—
conpotTuBneHnem 1. B neBOomM  KOHAgeHcaTope ""_;_—m d

PacrnosioXKeHa AMINEKTPUYECKAA NNACTUHA TOAWMHOM h
(h < d) ¢ gnaneKkTpmyeckoi npoHuMLaemocTbto €. MNocne |
YCTAaHOB/IEHUA CTALUMOHAPHOFO COCTOAHWUA  MAACTUHY |
6bICTPO BbIABUIAOT M3 KOHAEHCATOPA TakK, YTO 3apsaAbl Ha 4 °/

obKNagKax 3TOro KOHAEHCAaTopa He YCNeBalT M3MeHUTbcA. Onpeaenntb BeAUNYMHY U
HanpasaeHWe TOoKa Yepes baTapeto cpasy nocae yaaneHuna nnacTuHbl.
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UcmoyHuK: 3apava npeanaranacb Ha NMCbMEHHOM 3K3ameHe B MOTU (busemsi nucbMeHHbIX
scmynumernbHbix 3Kk3ameHos M®TU (2003 e.), 2003, Bunet 10, 3agava 4).

PeweHue. [10 W3bATUA [OMINEKTPUYECKON NNACTUHBI CUCTEMY MOMKHO PacCMaTpuBaTb Kak
nocnepoBaTeNibHOE COeAMHEHUE TPEX MIOCKUX KOHAEHCATOPOB. Y BCEX 3TUX KOHAEHCATOpOB
OZMHAKOBas NJIOWAAb NAACTUH. Y NPaBOro KOHAEHCATOpPa PAcCTOsHUE MeXAy NAacTUHaMU
paBHO d, a Mmexay naactuHamm nyctota. O6o3HaumMm ero émkocTb Cjy. Y BTOPOro KoHAeHcaTopa
paccToAHWe Mexay naacTMHamu pasHo (d — h), U mexay nnacTMHamKU TakxKe nyctoTa. Ero
émkocTb pasHa Cy/(1 — a), rae Mbl anAa KpatkocTM 0603Haumnm oTHoweHue a = h/d. Y
TPeTbero KOHAEHCATOpa PacCTofAHME MeXAy NNACTUHAMW PaBHO h, @ MPOCTPAHCTBO MexAy
NAacTMHaAMM 3aNONHEHO AWINEKTPUKOM C AMINEKTPUYECKON NPOHML@aemMocTblo €. Ero émkocTb
paBHa noatomy Cye/a.

MNonHaa éMKOCTb Lenu nocienoBaTeIbHO COeANHEHHbIX KOHAEHCATOPOB pPaBHa

c _(1+1—a+a>‘1_ Co
m=\¢, ' G | €C, C2—a+ale

3apAag, 3aNacéHHblM Ha 0bKNaZKax 3TOro COCTaBHOrO KOHAeHcaTopa, paseH Q;, = ECi,. Cpasy
nocae U3bATUA NAACTUHbI EMKOCTb COCTaBHOro KoHaeHcaTopa Cr, 6yAeT paBHa EMKOCTU ABYX
nocnefoBaTeNlbHO NOACOEAMHEHHbIX KoHAeHcaTopoB émkoctblo Cy, To ecTb (g = Cy/2, a
HanpsaeHne Ha Hém cooTtBeTcTBeHHO U = Q;,/Cfin- TOK, KOTOPbIN NOTEYET B 3TOT MOMEHT,
paBeH

IZU—&_S(Cin 1)_8 (e—1

r r\Cqn / r@d/h—1e+1

3aa4a 5. 3a4a4a-oueHKa.

Ycnosue. 3emna 13-3a BpalLeHUA BOKPYT CBOEN OCKU CNJIIOLLEHA CO CTOPOHbI NONOCOB. MNosTomy
paccTosiHWe OT LLeHTpa 3eMn A0 NOACOB (NOAAPHBIN PagMyC) MeHbLUE PACCTOAHUA OT LLEHTPA
3emnn g0 3KBaTopa (dKkBaTopuanbHbiM  paguyc). OueHUTe OTHOLLIEHME pPa3HOCTU
3KBATOPMANIbHOrO U MONAPHOro paamycos K cpegHemy pagunycy 3emam R = 6370 km. 3emnto
CYNTATb XKUAKUM TENIOM, OKPYKEHHbIM TOHKOM 3/1aCTUYHOM 000/104KOM B BUAE 3€MHOMN KOPbI.

UcmoyHuK: 3apaya npeanaranacb Ha Bcepoccuiickont onmmnuage (Bcepocculickue oaumnuaosi
no ¢usuxe 1992-2001, 2002, 3apaya 9.53).

PeweHue. Ycnosuem, onpegensiowmm — GopMy  NOBEPXHOCTM  3eMau,  ABNSAETCS
3KBUMOTEHLMANbHOCTb €€ MOBEPXHOCTU. B Hawem cnyyae, Korga NPUHATO BO BHUMaHWe
BpalleHMe 3emnu, 3TO YCIOBME [AO/KHO BbIFNAAETb cnegylowmm obpasom: paboTa,
Heobxoauman ana Toro, YTobbl NepemecTUTb NPobHoe Teno (MaTepuanbHyO TOYKY) C O4HOrO
y4acTKa NoBEPXHOCTU 3eM/IM Ha APYroi, A0/IXKHA ObITb paBHa Hy/IO.

MocmoTpum Tenepb, Kakyto paboTy HaZo COBEPLMUTb ANA TOro, YTobbl NEpemMecTUTb Teno C
3KBaTOpa Ha nostc. Mbl Haxo4MMCA BO BpaLLAMOLWLENCA CUCTEME KOOpPAWHAT, No3TOMy Ha
MaTepUasibHYyI0 TOYKY MacCcbl m AENCTBYHOT OBE CWUMbl — CUMA TAXKECTU UM CUa MHEepuuu
(ueHTpobexHasa cnna):
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F = mg + mw?p

rae @ — UMKAMYEecKan YyactoTa BpaweHua 3emnun. Cuna TAXKECTU HanpaB/ieHa BCeraa K LeHTpy
3emaun (BekTop g, umelowmii B6AU3M NOBEPXHOCTM 3eMM MOYTU MOCTOAHHOE abConloTHoe
3HaYeHMe), a LEHTPOCTPEMUTE/IbHAA CMU/a Hanpas/ieHa OT Ocu BpalleHua 3emnu (BeKkTop p, No
MOZY/H0 PaBHbIW PACCTOAHUIO P A0 OCU BpaLLeHuUs).

MocmoTpuM, Kakyto paboTy coBepLuaeT LeHTpobeXKHaA cMia Npu nepemMeLeHm maTepmuasibHOM
TOYKM C MoAOca Ha 3KBaTop. 3Ta cuna MNo COel 3aBUCMMOCTM OT PACCTOAHMA MOXOXKa Ha
BO3BPALLAOLLYIO CUAY ANA YNPYrOW NPYKUHbI (MOCKONbKY IMHENHO 3aBUCUT OT PACCTOAHUA P A0
OCM BpalleHuna), o4HAKO HanpaB/ieH B NPOTUBOMOJIOXKHYIO CTOPOHY. [osToMy No aHanoruu c
ynpyrov npyxuHou, pabota, coBepléHHaa LeHTPObOeXKHOM CUNON NPU N3MEHEHUN P OT HyNA
(nontoc) oo R (akBaTOp), paBHa

1

A, = Ema)ZR2

ITa paboTa AOMKHA KOMNEHCMPOBATLCA PABOTOM CUAIbI TAXKECTU, KOTOPAsA paBHa
Ay = —mg AR

MpupaBHMBAA HYO CYMMY 3TUX ABYX PaboT, Noay4aem, YTo Ha aKBaTope paanyc 3eman 6onblue
eé paguyca Ha NoatoCe Ha BEIMYNHY

AR—wZRR—<2n)2RR 11
T g T \7) 2gn TN

Jlntepartypa

bunemeol nUCbMeHHbIX 8CmynumesibHbix 3k3ameHos M®OTU (2003 2.). (2003). Mocksa: MOTU.

Bcepoccutlickue oaumnuadsi rno ¢usuke 1992-2001. (2002). (C. M. C. Kosen, B.M. Ed.). MockBa:
Bepbym-M.
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