depepanbHoe rocyfapcTBeHHOE BloayKeTHoe

ob6pazoBaTenibHoOe yupexaeHune Bbicliero ob6pasoBaHms

«MOCKOBCKWMIN rocyAapCTBEHHbIN TEXHUYECKNIN YHUBEPCUTET

nMeHn H.3. bBaymMaHa (HauMoHanbHbIN MCCNeaoBaTeNbCKUIN YHUBEPCUTET)»

ONTMMMNUNALOA WKOJIbHUKOB «WWAI' B BYOQYLEE»

[Tpodunb: UnxkenepHoe neno, cnenuanu3anus «Dusnka
Bapuant: 12 Kiacc: 10

3apava 1 (5 6awios). N = 11 oaqnHaKOBBIX HEOOJBIUX MMIAPUKOB, HAXOMSAIINXCS HA BBICOTE A
OT TOPU30HTAIBHON IMMOBEPXHOCTH, OTIYCKAIOT 0€3 HadyanbHOU ckopocTH ¢ uHTepBasiom Af = 0,1 c. Bce
HIAPUKU JABHKYTCS BIOJb OJHOM MPSMOM, CTOJIKHOBEHHUS IIAPUKOB IPYT C APYTOM U C TOBEPXHOCTHIO
— abcomtoTHo ympyrue. Ilocnenuuii mapuk cmycTst Bpems ¢ = 5 ¢ OT Hayaja CBOETO IaJieHHs, BHOBb
oKaszalncs, B Touke majeHus. OmpejenuTe BHICOTY h. YckopeHue cBoGogHoro magenus g = 10 m/c.
ConpoTuBieHHEM BO3lyXa MPEHEOPEUb.

3apaua 2 (5 6annos). OgHa U3 MUKPOYACTHIl KOCMHYECKOTO0 MyCOpa MOCJe CTOJIKHOBEHUH C
JPYTUMH TMOAOOHBIMM OOBEKTaMH OKa3ajach Ha PACCTOSHUU OT LIEHTpa 3eMJIM, PAaBHOM IIOJIOBHHE
pamuyca TeocTanMoHapHOW opouthl 3emiu. I[lpuw 3TOM CKOPOCTh JAaHHOW MHKPOYACTHIIBI
OTHOCHUTEIIBHO HEIOJBMKHBIX NaJICKUX 3Be3] paBHAa Hymto. [lox neicTBMEM 3€MHOTO TATOTECHHUSA
MHUKPOYACTHIIa HAYMHAET IBUTAThCS MO MPSAMOM, HaMpaBiIeHHON K HeHTpy 3eMiu. Kakoe paccrosinne
IpoiIeT 3Ta MUKpPOYACTHLIA 32 MEPBYIO MHUHYTY CBoero aBmkeHHs? ['eocranmonapHas opburta —
Kpyrosasi opOuTa, Ha KOTOPOIl CITyTHUK «BHCHUT» BCE BpEMs HaJ OJHOW M TOH K€ TOUYKOW 3eMIIH.
[punsare panuyc 3emnu Rz = 6400 kM, yckopeHre cBOOOJHOTO MaJeHUsI HAa TOBEPXHOCTU 3eMITH g =
9,8 m/c>.

3agaua 3 (8 Oannog). g 3amuThl NMPOEKTHOM pPabOThI, MIKOJBHHUK CMAacTepHsl MakeT
YCTPOMCTBA, KOTOPOE OH HA3BaJl <«AJIEKTPUUYECKON MYIIKON». «DJIEKTpUUYECKas MylIKay MpPeICTaBIseT
co00il TOHKYIO TpPyOKYy C IMUIMHIPUYECKUM OTBEPCTHEM BHYTPHU, B KOTOPOM MOXKET IBUTATHCS
3apsOKEHHBIM MIapUK (CM. PHUCYHOK). «DJEeKTpUuecKas IIyIIKa» 3aKperieHa Ha TOPHU30HTaJIbHOMU
MOBEPXHOCTH, IIAPUK HAXOAWTCA B HWXKHEH Touke TpyOku. Ilocie BKIIIOUEHUS MCTOYHUKA
MOCTOSTHHOTO 3JIEKTPUYECKOr0 MOJIs, AapUK HAaUYWHAET ABUTaThCS BHYTPU TPYOKU U 3aT€M BBLICTACT
u3 Hee. IlycTh BbICOTA, HA KOTOPON HAXOMWUTCS IIAPUK IEpel BBUIETOM W3 TPYOKH, paBHa A, yroiu
HaKJIOHA TPYOKH K ropu3oHTy o = 60°. Hy)xHO paccuuTaTh OTHOIIIEHUE MACChl IIAPHKa K €ro 3apsiay
m/q, IPU KOTOPOM, IIAPHK, MOCJIE BbUIETA W3 TPYOKH, JOCTUTHET MAaKCHMAalbHOW BBICOTHI 3/ OT
TOPU30HTAIBHOM MOBEPXHOCTH. DIEKTPHUUECKOE T0JIE OJHOPOJHOE U JIEHCTBYET KaK BHYTPHU TPYOKH,

TaKk U CHapyXH, BEKTOp HANPsHKEHHOCTH £ HAMpaBiIeH TOPU3OHTAIBHO. 3HAYCHHE HAMPSHKEHHOCTH
paBHo E = 0,6 B/M. Yckopenne cBobomHoro mamenus g = 10 m/c’. Ilpu pacuerax TpeHHEM U
COITPOTHBIICHUEM BO3yXa MPEHEOPEYb.
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3anaua 4 (8 6ann06). B BepTUKAILHOM IWIMHAPUYECKOM COCY/IE TIO/ MOPIITHEM Maccor M =
20 kr u mwomamu cedenus S = 0,01 M> HaXOQIATCS B COCTOSHUH paBHOBecust m = 20 T BOJBI U
HEKOTOPOE KOJIMUecTBO renus npu temmneparype ¢1 = 10°C. [lopmens pacnosiokeH Ha BeicoTe 1 = 10
CM OT OCHOBaHHS cocyna. l[Ilpu 53Toif TemmepaType KOJIMYECTBO BOJSHBIX TapoOB B COCYIe
NpeHeOpeKUMO Majlo, MO0 CpaBHEHHIO ¢ KoindyecTBOM renus. CoaepKUMoOe cocyla HarpeBaroT 0
temriepatypsl 2 = 100°C. B pe3ynbrare nopuieHb MOoJHUMAETCA, U, TOCIIE YCTAHOBIICHUSI PAaBHOBECHUS
B OTOW CHCTEMe, 3aHMMaeT HOBOE IMoJiokeHHe. UeMy paBHa BbICOTa /2, HAa KOTOPYIO TOIHSIICS
nopurens?. AtmocdepHoe masnenue po = 10° IMa. Yckopenue cBoGomHoro magenus g = 10 m/c,
TpeHreM mopIIHS O CTEHKHU cOCy/ia IpeHeOpeyb.

3apaua 5 (/2 6annos). HekoTopoe KOMMYECTBO KHCIOPOJA COBEPIIACT CHAdajda OJUH IIHKI
KpyroBoro mporecca 1-2-5-6-1, a 3arem onuH 1ukna nporecca 1-3-4-6-1 (oba mporiecca U300paKeHbI
Ha PHUCYHKE B KoopJuHarax p-V, rae p — naBinenue, a J — o0bem razop). CocrossHus 2 U 6 jexar Ha
OJIHOM M30TEepMe, TaK)Ke KaK U COCTOSHUS 3 U 5 (3TH U30TEPMBI TTOKA3aHbI HAa pUCYHKE). M3BecTHO, 4TO
pabora, coBeprieHHas 3a kI 1-3-4-6-1 B n = 2,5 paza 6onbiie, ueM padoTa, COBEpIIICHHAs 3a UK -
2-5-6-1. Yemy paBHBI TeMIEpaTypbl B COCTOSHMSX 2, 3 U 4, ecnu TeMieparypa B cOCTOsSHUM |
m3BectHa 1 paBHa 11 = 300 K. PUCYHOK yCIOBHBIN, U IPOMOPLIUHA OTPE3KOB B HEM HE COOTBETCTBYIOT

PCaJIbHBIM 3HAUCHUAM BCINYNH.
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3anava 6 (/2 6annos). Ha rmagkoi ropu30HTAILHOM MOBEPXHOCTH HAXOAATCS TPU HEOOJIBITNX
Tena. Teno 2 maccoll 2m COEAMHEHO HEBECOMOM HEPACTSKUMOW HUTBIO C TEJIOM | Maccel m, a C
MIPOTHBOIIOJIOKHON CTOPOHBI HEBECOMOM MPYXHWHOH JXKECTKOCTH kK — ¢ TenoM 3 maccel 2m (CM.
pHCyHOK). BHauane cucrema HemoABHMXKHA, NMPU ATOM MpPYKHMHA HE AepopMHUpOBaHA, a HHUTb HE
HATSHYTa, HO MPAaKTHMYECKU HE MPOBHCAET. 3aTeM Tely 3 TOJYKOM COOOIIAIOT CKOPOCTh Vo BIIOJIb
NPSMOM, COeTMHSIONIEH BCE TPU TeJa B HAIIPABJICHUH OT CPEIHEro Tena 2. B pesynbrare TOIYKa HUTh
HATATUBAETCA, U CUCTEMa MPUXOJIUT B JABMKEeHHE. UeMy paBHBI CKOPOCTH BCEX TeJ cpa3y Iocje TOro,
KaK HATh CHOBA MEPECTAHET OBbITh HATSHYTOM?
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depepanbHoe rocyfapcTBeHHOE BloayKeTHoe

ob6pazoBaTenibHoOe yupexaeHune Bbicliero ob6pasoBaHms

«MOCKOBCKWMIN rocyAapCTBEHHbIN TEXHUYECKNIN YHUBEPCUTET

nMeHn H.3. bBaymMaHa (HauMoHanbHbIN MCCNeaoBaTeNbCKUIN YHUBEPCUTET)»

ONTMMMNUNALOA WKOJIbHUKOB «WWAI' B BYOQYLEE»

Kpurtepuu oLieHHBaHHS OJUMIHALHONW pabOThI

IIpoduan: MuxeHepHoe neso (akaaeMHUUecKHH Typ)
IIpenmer: Pusnka
Kaacc: 10

Saganue 1 (maxcumanbHas oueHka b 6.)

Makc.
Kputepunit (ykasath 6ajiy M0 KaXKIAOMY KPHTEPHIO) 6asn
3anucaHbl (GopMyJIbl KHHEMATUKH, HEOOXOAHUMbIE AJISl PEllleHUs 3a1aunt 1
EcTp moHMMaHUe, UTO NPH YIPYTOM CTOJKHOBEHHH OfMHAKOBbIE IIAPUKH 0OMEHHMBAIOTCS CKOPOCTSMH 1
[IpoBeneHbl MpaBUJIbHBIE PACCYXIEHHS W TpofesaHbl airebpanueckde npeobpa3oBaHusi, HEOOXOAUMbIE MAJISI 2
pelleHHs 3a1auH
CrenaHbl MOACTAHOBKH YMCJIOBHIX 3HAYEHHH U MOJyUeH MPaBUJbHBIA OTBET 1
Saganue 2 (maxcumanbHas oueHKa b 6.)
Makc.
Kpurepuit (ykasath 6aji 10 KaXKIAOMy KPHTEPHIO) 6aJwn
[TonyueHo BbIpa)KeHHe ISl IBHXKEHHS CIYTHHKA MO Te0CTAlMOHAPHOH OpOHTE 2
3anucaHa (opMysa 1Js YCKOPEHHsS CBOOOLHOrO MafeHUs BOMIM3HM 3eMJIM UM Ha PACCTOSHUH I OT 3eMJIH 1
[TonyueHo BhIpaxkeHue 1Jist BpeMeHH t (Bap.11) uau paccrosiHus s (Bap.12) |
CrenaHbl MOACTAHOBKH YMCJIOBBIX 3HAYEHUH U MOJyUYeH NPaBUJbHBINA OTBET 1
3amanne 3 (makcuMasbHas oLeHKa 8 6.)
Makc.
Kpurepuii (ykasats 6aji mo KaXxIOMy KPUTEPHIO) 6aJa
3anucaHa (opmyna AJs CUJbI, NeHCTBYIOIIEH Ha 3apsin 1
TlosyueHo BbipaXkeHHe 1Jis CKOPOCTH Ha BbIXOJe M3 TPYOKH (MJH Ans v2) 2
3anucaHa (opMysa A/ MaKCHMaslbHOH BBICOTH OAbeMa 1
[Tponenanbl HeoOxonMMBle anrebpanyeckue peodpas3oBaHuUs 3
CrenaHbl MOACTAHOBKH YMCJIOBHIX 3HAYEHHH U MOJNyUeH MPaBUJbHBIA OTBET 1
Saganue 4 (mMaxkcuMasnbHas oueHKa 8 6.)
Makc.
Kpurepuit (ykasatb 6ajiy 10 KaXKIAOMy KPHTEPHIO) 6aJun
YcraHoBsieHo uTo naBieHue Haceim. napa npu 100°C pasHo p0 1
3anucaHo yc/oBHe PaBHOBECHS TOPLIHS B HAa4asJbHOM COCTOSIHMM M HalileHO NaBJjeHHe rasa 1
[IpoBepeHo, UTO B KOHEYHOM COCTOSIHHM Map — HaChIIeHHBIH 1
3anucaHo yc/oBHe PaBHOBECHS MOPLIHS B KOHEUHOM COCTOSIHHH W HalIeHO NaBJjeHHe rasa 1
3anucaHo ypaBHeHHe KiameiipoHa nJist rasa (Mu ypaBHEHHs COCTOSIHUS rasa) 1
[Tponenansl Heo6xonuMble anrebpandyeckue NpeoOpa3oBaHUs 2
CrenaHbl MOICTAHOBKH YMCJIOBLIX 3HAYEHHWH M MOJyUeH MPaBUJbHBIA OTBET 1
Saganue 5 (mMaxkcumanbHas ouenka 12 6.)
Makc.
Kpurepuii (ykasaTe 6aji Mo KaXXIOMy KPUTEPHIO) 6aa
Hcnonb3yioTesi ypaBHeHHe COCTOSIHHS WA€AabHOrO ra3a Wju (M) ras3oBble 3aKOHbI 1
3anucana (opmyna ass paboThl 32 LUKJ 1
Bap.11: IlonyueHsl (opmysnbl, CBsi3bIBalOlIME TeMIepaTypbl B cocTosiHusx 1,2,3, U B cocrosuusax 3,4,5 (mo 2
1 6anny 3a kaxnayio ¢opmyay). Bap.12: [Toayuensl (hopMmysbl, CBsI3bIBaIOIINE TEMMEPATYPbl B COCTOSHHSX
1,2,5, u B cocTtosguusx 2,3,4 (no 1 6annay 3a Kaxunyo Gopmyy)
Bap.11: [Toayuensl BeipaxeH#ust Ajst paboThl B npoueccax 12341 u 35643 (mo 1 6anny 3a Kaxayio GopMy.y). 2
Bap.12: TTonyueHsl BoipaXkeHHus: 1151 paboThl B mpotieccax 12561 u 13461 (mo 1 Ganny 3a Kaxaywo Gpopmyay).
[Tponenanel Heo6xonrMble anredpandeckue peobpa3oBaHUs 2
[Tosyuensl GopMynbl s pacyeta TeMIepaTyp B COCTOSHHUAX 2, 3 U 5 (no 1 Ganny 3a Kaxayo ¢opmyny) 3

CIIeJ'IaHbI MOACTAHOBKH YHCJIOBBIX 3HaUeHUH U MOJIy4Y€Hbl TIPABUJIbHBIE OTBETHI




Sagaune 6 (makcumanbHas orenka 12 6.)

Makc.
Kputepuit (ykasatb 6aji M0 KaXKAOMY KPHTEPHUIO) 6asn
W3 pemiennss MOHATHO, YTO KOTZla HUTb CHOBA IepecTaHeT ObIThb HATSAHYTOH, Tesa | ¥ 2 UMeIT OfMHAKOBYIO 1
CKOPOCTh
W3 pelueHust NOHATHO, YTO KOTAA HUTb IlepecTaeT ObITh HATSAHYTOH, TO U NIpPy»KHHA TaKxke He Ae(pOopMHUpoOBaHa 2
3anucaHbl ypaBHEHHS] 3aKOHOB COXPAHEHHs dHEPTHH M HMIyJbca B 060MX caydasx (mo 2 Gasga 3a Kaxaoe 4
ypaBHEHHE)
[Tponenanel Heo6xonrMBle anredpandeckue peobpa3oBaHUs 4

[TonyuyeH npaBUJIBHBIH OTBET




Onumnuana «Ilar B byaymee» 2023 roa
[Tpodune: UnxenepHoe aeno, cnennanu3anus « TeXHUKa U TEXHOJIOTHH - GU3UKa»
PEIIEHUA BapuanT: 12

3apaua 1 (5 6annos). N = 11 oquHaKOBBIX HEOOJBUINX HIAPUKOB, HAXOISAIIUXCS HA BbIcOTE h OT
TOPU30HTAILHOW MOBEPXHOCTH, OTIYCKAIOT 0€3 HayalbHOU CKOpocTH ¢ uHTepBanom At = 0,1 c.
Bce mapuku ABMXKYTCS BIOJIb OJHOW MPSIMOH, CTOJIKHOBEHUSI IIAPUKOB APYT C JAPYTOM U C TO-
BEPXHOCTBIO — abcotoTHO ynpyrue. Ilocneauuii mapuk croycts Bpems t = 5 C 0T Hayasla CBOETo
HaJICHUsI, BHOBb OKa3aics, B Touke majeHus. Onpenenure BoICOTy N. YckopeHHe cBOOOTHOTO
nagenus g = 10 m/c?. ConpoTupieHneM Bo3Lyxa NpeHedpedb.

g(t+(N-1-At)°

OrtBer. h= 45m

Perenue.
[TonHoe Bpemsi majeHUsl NEPBOrO IMIAPUKA 0 CTOJKHOBEHHUS C IMOBEPXHOCTHIO MOMKHO

y 2 y
HauTHu 110 CI)OpMy.]'IC T=|— c. ITocnennuit IapuK HaA4YHET IMAaJACHUC CIIYCT BpCMs

t, = (N —1)- At =1c mocne Hayana ABWXEHUS MEPBOrO MapHka. [Ipy ynpyrux CTOIKHOBEHHSIX

OJIMHAKOBBIE IIAPUKHA OOMEHUBAIOTCS CKOPOCTSIMH. [103TOMY MOKHO MPEICTaBUTh UX JIBHXKEHUE
Tak, OyATO OHM MPOXOJAT APYT Yepe3 Ipyra, He CTANKHUBAsCh. TakuM 0Opa3oM, MMOCIEIHUH I1a-
PHUK OKa)XeTCsl CHOBA B ICXOJHOM TOUKE, Uepe3 TAKOE K€ BPEMs, Yepe3 KOTOPOe MEePBbI OKa3aj-
cs1 ObI B 3TOM K€ TOUKE, €CITH ObI MPOIIEN, HE CTAKUBAsCh, CKBO3b BCE MIAPUKHU HA ero myTu. Jlo
IIOBEPXHOCTU IIEPBBIM IIApUK JIETUT Bpems t, =T —t, C, nu ocraBiieecs pacCTOSHUE BBEPX 3a

Bpems T c. Torna nonHoe Bpems ABMXKEHHUS IMOCIIEHETO IIApUKa, KaK M MEepBOro, 06e3 mpemnsr-

2h

2
CTBUM, paBHO t =t +T =2T -t;, =2 |[— —t;, = h:wz45M_
g

Kpurepun onenuBanus 3agauu 1.

DJ1eMEeHThI pelieHus! banner (Makc. 5 6annos)
1 | 3anucansl GopMynbl KHHEMaTHKH, HEOOXOAMMBIE AJisl peweHus | +1 Oamia
3aJa4n

2 | Ectp moHMMaHMe, 9TO TIPH YIPYTOM CTOJKHOBEHHWH OJMHAKOBBIC | +1 Oamma
HIAPUKU OOMEHUBAIOTCS] CKOPOCTSIMU

3 | [IpoBeneHs! MpaBUIIBHBIE PACCYKICHUS W TPOJEIaHbl anredpau- | +2 Oamia
YyecKue npeoOpa3oBaHusi, HEOOXOAUMBIE AJIsl pEIICHUs 3a1a4H

4 | Coenanpl TMOJICTAHOBKM YHCJIOBBIX 3HAYCHUH W TOJNydeH Tmpa- | +1 Oamn
BUJILHBINA OTBET

3amaua 2 (5 6amnos). OnHa W3 MUKPOYACTHI KOCMUYECKOTO Mycopa IOCIE CTOJKHOBEHUH C
JIPYTUMHU TOJIOOHBIMH OOBEKTaMH OKa3aJiach Ha PACCTOSIHUU OT IIEHTpa 3e€MJIH, PaBHOM II0JIO-
BUHE pajiyca reocTalioHapHoil opoutsl 3emiuu. Ilpu 3TOM CKOpOCTh TaHHONW MUKPOYACTHUIIBI
OTHOCHUTEJIBHO HETOJBWKHBIX JAIEKUX 3B€3J] paBHA HYH0. [lox AeiicTBHEM 36MHOrO TATOTEHUS
MHUKpOUYACTHIla HAYMHAET JIBUraThCsl MO IPSIMOM, HAIlpaBJIEHHOM K 1ieHTpy 3emiu. Kakoe pac-
CTOSTHUE MPOMJET 3Ta MUKPOYACTHUIA 32 IEPBYK0 MUHYTY CBOEro ABMKeHHUA? ['eocTarmoHapHas
opbuta — KpyroBasi opouTa, Ha KOTOPOH CIIyTHHK «BHUCHT» BCE BpeMsl HaJl OJHOM M TOH *ke Tou-
koi 3emnu. [lpunsare panuyc 3emnu Rz = 6400 kM, yckopeHre cBOOOIHOTO MaieHus] Ha TOBEpX-
HocTH Semitn o = 9,8 m/c2.

at? 4R? . g RT?
2

OrtBer. S= - =16 xkm, THe a=g, —=0,90 M/c?, I, = A =423,4-10° m.
T

ec




Onumnuana «Ilar B byaymee» 2023 roa
[Tpodune: UnxenepHoe aeno, cnennanu3anus « TeXHUKa U TEXHOJIOTHH - GU3UKa»
PEIIEHUA BapuanT: 12

Pemrenue.

1) Haiinem panuyc reoctaiiioOHapHOR OpOUTHI o, G = mw?r , rae M — Macca CITyTHH-

r2

2r -
ka, M — Macca 3emin, @ = Ea YTJIOBasi CKOPOCTH JIBUKEHUS CIIyTHHKA 110 opoute, T = 24 yaca

2 212
=864:10°c. =1, = f/ GAIr\/I'Iz' = f/ gO4R3;I' =423,4-10° M, go — YCKOPEHHE CBOGOIHOTO MIaCHHUs
v T

1
Ha MOBEPXHOCTH 3eMiid. MuKpouyacTHIla HAXOJUTCSI HA PACCTOSIHUM I = 2 I, OT LIEHTpa 3eMJIH.

2) ByaeMm cuuTath, YTO 3a MEPBYI0 MHUHYTY MHKPOYACTHIIA MPOMIET PACCTOSIHUE MHOTO
MeHblree I. Torma ABMKEHHE MHUKPOYACTHI[BI HA 3TOM OTPE3KE MOXKHO CUMTATh PABHOYCKOPEH-
2 2
GM 4R at
HBIM C YCKOpeHHeM a = —— = g, —> = 0,90 m/c?. Torna S = <5 =16 xm0 r.

2 2
r ec

Kpurepun onenuBanus 3agauu 2.

DJIeMeHTHI pelleHust basnnb! (Makc. 5 0anioB)

1 | [onyueHo BbIpakeHUE IS JBIIKCHUS CITyTHHKA IO T€OCTalHo- | +2 Oayia
HapHOW opouTe

2 | 3anmcana dopmyna Uit YCKOPEHHsI CBOOOJHOTO najaeHust BOym3u | +1 Oamn
3eMuIM WM Ha PacCTOSIHUM I OT 3eMJIn

w

[TosryueHo BbIpaskeHUE AJIs1 PACCTOSIHUS S +1 Gann

4 | CnenaHpl TOJCTAHOBKM YHWCIOBBIX 3HAYEHMH M Tomy4deH mpa- | +1 Gamn
BUJILHBINA OTBET

Bamaua 3 (8 6annos). JIns 3amuThl MPOSKTHOH pabOTHI, IKOJIBHUK CMAaCTePHI MaKeT yCTpPOU-
CTBa, KOTOPOE OH HAa3BaJl «AJIEKTPUUYECKOM MYIIKON». «DJIEKTpUYecKasl MyIIKa» MpeacTaBiseT
co00i1 TOHKYIO TPYOKY C HMUIMHIPHUYECKUM OTBEPCTHEM BHYTPH, B KOTOPOM MOXKET JABUTaThCS
3apsDKEHHBINA MIAPHUK (CM. PUCYHOK). «QJIEKTpHYECKasl MyIIKay 3aKperyieHa Ha TOPU30HTATBHOM
MOBEPXHOCTH, MIAPUK HAXOAUTCS B HIDKHEW Touke TpyOku. [locrme BKIIOUEHHS MCTOYHMKA TIO-
CTOSTHHOTO 3JIEKTPUYECKOTO TOJIs, IIApUK HAYNHAET JIBUTATHCS BHYTPU TPYOKU U 3aT€M BbLIETA-
et u3 Hee. [IycTh BBICOTA, HA KOTOPOM HAXOMUTCS MIAPUK TEPe]] BHUICTOM U3 TPYOKH, paBHa h,
yroJI HakJIOHa TPYyOKH K ropu3oHTy o = 60°. Hy»HO paccuuTaTh OTHOIIEHUE MACCHI IIapHKa K
€ro 3apsay m/Q, mpu KOTOPOM, HIAPHK, MTOCIIC BbUIETa U3 TPYOKH, TOCTUTHET MAaKCUMAJIbHON BbI-
coThl 3N OT FrOPU30HTAIBHON MOBEPXHOCTH. DJICKTPUIECKOE MOJIE OJJHOPOTHOE U JACHCTBYET KaK

BHYTPU TPYOKH, TaK U CHapy>Ku, BEKTOp HANPsHKEHHOCTH E HampaBlieH ropU30HTaIbHO. 3Haue-
HIIe HaTpsOKeHHOCTH paBHO E = 0,6 B/M. Yckopenne coGomanoro magenus g = 10 m/c?. Ilpu
pacyeTax TPeHHEM M CONPOTUBIICHUEM BO3]lyXa MPeHeOpeUb.

-

19

h

—>
o —E

)

OrTBer. m_ Esinacosa = E\ﬁ =9,5-10 2 kr/Ku.

qa g (2+sin2 a) 119
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Pemrenue.

1) CxopocTb mapuka V Ha BBIXOJIE U3 ITYIIKA MOYKHO HAMTH ABYMsI CITIOCOOaMHU.
2

| cnoco6 (sHepreTuyeckuii). FICOSa—mgh=%, rae |:_L, = V2 ZE(F ctga—mg)h,
m

rneF=qE>mgtga.

. F cosa—mgsina 2
Il crioco6 (muHaMuYeckwuii). a = g , V2 =2al = —( Fctga—mg ) h.
m m
2) Jlns pacuera MakCHMMalbHOW BBICOTHI MOJIETAa, HEOOXOAMMA TOJBKO BEPTUKAIIbHAS CO-
vZsin o
CTaBJIAIOIIAA CKOPOCTH, IIO3TOMY MOKHO 3anucath h., =3h—h=2h= g
g
mg(2+sin? )

3) Hoxacranss B 5Ty GopMyly BeIpaxkenue 1ist V2, monyunm F = . [on-

sina cosa

>mgtga = mg\/§. T.e mapuk BBUICTUT W3

cTaBisisl croga o = 60°, yoenumes urto F = 117%9
TPYOKH.

4) IMonyunm BeIpaykeHUE Ui M/Q ¥ paccunuTaeM ero 3HaucHuUe.
m_Esinacosa Ev3

= =9,5-10 /Ko
qa g (2+sin2 a) 119

Kpurepun oueHuBanus 3agaum 3.

DJ1eMEeHTHI pelieHus! Baiel (makc. 8 6amios)
1 | Banucana gopmyna 1is cUiIbl, JEMCTBYIOLIEH Ha 3aps] +1 Gamn
2 | [TomyueHo BbIpaXKeHHE Ul CKOPOCTH Ha BbIXOJe U3 TpyOku (wim | +2 Gamna
s V)
3 | 3anmcana dopMyiia 1T MAKCHMAJIbHOU BBICOTHI ITObEMa +1 Gamna
4 | Ilponenansl HEOOX0IMMBIE alredpandeckrue NpeoOpa3oBaHus +3 bauia
5 | ChoenaHbl NOJICTAaHOBKM YHCIIOBBIX 3HAUY€HUM W MOdydeH mpa- | +1 6amn
BUJIBHBIN OTBET

3anaua 4 (8 6an106). B BepTHKaIbHOM IMIMHIPUYECKOM COCYAE MO mopiurHeM maccoit M = 20
KT ¥ iomamu cederns S = 0,01 M? HaxomATCs B COCTOSIHME paBHOBecus M = 20 T BOJIBI U HEKO-
TOpoe Koiu4ecTBO Trenust npu temneparype t1 = 10°C. [lopmens pacnonoxeH Ha Beicote hy = 10
CM OT OCHOBaHHsI cocyza. [Ipu 3Toi TemriepaType KOJIMIEeCTBO BOSHBIX IMapoB B COCYE MpEeHe-
OpeXHMO MaJio, IO CPABHEHHUIO ¢ KOIU4YecTBOM Tenus. CoaepKuMoe cocyia HarpeBaroT 10 TEM-
nepatypsl t2 = 100°C. B pe3ynbTare mopuieHb MOJHAMAETCS, M, TIOCIE YCTAaHOBJICHUS paBHOBE-
CHsI B 9TOM CHCTEMe, 3aHMMaeT HOBOE MoJIoKeHHe. Yemy paBHa BbIcoTa N2, Ha KOTOPYIO MOTHSII-
cs1 mopmens?. ATMocheproe napierne Po = 10° Ia. Yckopenue cBoboanoro maenus ¢ = 10
m/c?. TpeHHneM MOpIIHS 0 CTEHKH cOCy/Ia HpeHeOpeyb.
Ortser. h, =h (PoS +Mg)T, =0,79 m.
MgT,
Pemenue.
1) JaBienue B cocynae B HadanbHOM coctossHuu (mpu temmepatype t1 = 10°C) co3maercs
TOJBKO TEUEeM, T.K. B ITOM COCTOSHHH JaBICHHUEM BOJSHBIX MapOB MOXXHO IPEHEOpEUb.

M
Haiinem 510 naBiaeHue, MOJIb3YsACh PABHOBECUEM IOPIIHA: P, = Py + —g

S
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2) IpeamonokumM, 9T0 B KOHEYHOM COCTOSTHHH mpH Temmeparype tz = 100°C (T2 = 373 K)
BOJITHOM TIAp OCTAeTCs HACHIIEHHBIM, TOTJIA €ro AaBjieHue paBHo Po = 10° Ia. Ycnosue paBHO-

M
BECHsI TIOPILHS IPU 3TOM uMeeT BUIL: (P., + Po)S = PS+Mg, = p,, = ?g
3) 3anumem ypaBHenue Kianeipona ajis reius. pLVl = M , IpU 3TOM \é = & .
T T Vi h

4) [Moncrapnsist B 3Ty (hopMyiy BEIpaXEHHUS IJIs JaBJICHUS Teliisl B HAYaJIbHOM U KOHEYHOM
S+Mg)T

:m(po 9)220179 M.
MgT,

COCTOSHUAX, ITOJTYIUM. h2

5) ITocunraem maccy mapa B cocyzne mpu Temmeparype T2 = 373 K. m, = M =4,6r,

2
YTO MEHbIIIE YeM 3aJaHHas Macca BObI MOJ] MOPIIHEM. 3HAUUT, MO MOPUIHEM UMEETCs BOJa B
JKUJIKOM COCTOSIHUY M B BHJIC HACBIIICHHOTO Tlapa. M Haire npeanoioskeHrue BEpHO.
Buvicomoii cmonba sicuokocmu (600vbl) MOJACHO npenedpeub, 8 HAYANLHOM COCMOSHUU SMA

m
gvicoma pasna h, =——=2mm << hy.

PeS
Kpurepun onenuBanus 3agauu 4.
DJIeMeHTHI pelieHust baiel (makc. 8 6aios)
1 | YcranosneHo uro nasienue Hacoiml. napa npu 100°C paBHo Po +1 6amn

2 | 3ammcaHO yCIIOBHE PaBHOBECHS TIOPIITHS B HAYAIBHOM COCTOSTHHHM | +1 Oamn
Y HalJICHO J1aBJICHUE I'EINs

3 | BanmcaHo ycliOBHE PaBHOBECHS MOPIIHS B KOHEYHOM cOCTOSTHHUH | +1 Oarmn
Y HalJIEHO J1aBJICHUE IeNNs

4 | 3anucano ypaBHeHue Kiameiipona st renust (Wi ypaBHeHus | +1 6amn
COCTOSTHUS 230Ta)

5 | IlpoBepeHo, uTO B KOHEYHOM COCTOSIHUU Map — HACHIIEHHBIH +1 Gamna

(ep]

[Tponenansl HEOOXOIMMBIE alireOpandecKue mMpeodpa3zoBaHus +2 Oayuia

7 | Coenanpl TOJCTAaHOBKM YHCIIOBBIX 3HAUYE€HUWH W TMONy4YeH mpa- | +1 6amn
BUJILHBINA OTBET

3amaua 5 (12 6annos). HekoTopoe KOIMYECTBO KUCIOPOAA COBEPIIAET CHavYajla OAMH UK Kpy-
roBoro mnporecca 1-2-5-6-1, a 3arem oaus Uk mporecca 1-3-4-6-1 (o6a mporiiecca n300pakeHbI
Ha PUCYHKE B KoopauHarax P-V, rue p — naBienue, a V — oobeM ra3os). CoctostHus 2 U 6 exat
Ha OJTHOM M30TEepMe, TAKXKE KaK U COCTOSHUS 3 U 5 (3TH U30TEPMBI MMOKa3aHbl Ha pUCYHKe). 13-
BECTHO, YTO paboTa, coBepIueHHas 3a uukia 1-3-4-6-1 B n = 2,5 pa3za Oounbuie, yueM pabota, co-
BepIIeHHas 3a MUKI1-2-5-6-1. Uemy paBHBI TeMIIepaTypsl B COCTOSIHUAX 2, 3 U 4, eclii TemIiepa-
Typa B coctossHuU 1 u3BectHa u paBHa T1 = 300 K. PucyHok ycrnoBHBIH, 1 MPONOPLUN OTPE3KOB

B HEM HE COOTBETCTBYIOT p€aJIbHBIM 3HAUCHUAM BCIUYNH.
P\\\ “\3 4

\

\ \
\ N
\ N
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Orser. T, =(N—-1)T, =450 K, T, =(n-1)°T, =675K, T, =(n—1)°T, =1012,5 K.
Pewenue.

1) O6Go3Ha4YnM JaBJICHUS U 00BEMBI I'a3a B COCTOSIHUSAX 1 — 6, Tak Kak Ha PUCYHKE, a TeM-
neparypsl B coctostausiX | = 1 — 6, kak Ti, mpu 3ToM Te = T2, Ts = Ta. 1151 ©I30XOPHBIX MPOLIECCOB
1-2 u 6-5 3anuiemM ypaBHECHHS:

& _ & p3 _p_\\_ _\\3\ 4

T, T, T T

N - T LN, R A J T

P_P p, T, T 1 R S R

T, T, 2 h

P1 ]'I :6\\\‘ _____

! ! Vv
Vi V,

AHaJOTMYHO, 3allMChiBasl ypaBHEHUs sl mporeccoB 2-3 u 5-4, momydum T32 =TT, .
IMycrs T, =KT,, Torna T, = kY T, T, =k?°T,.

2) Iomyuum dopmyny s paboThl ra3za B mpoiiecce 1-2-5-6-1, BOCmonb30BaBIINCEH ypaB-
HEHUSIMHU COCTOSHUH 1,2,5 ¥ 6 M 3alIMCaHHBIMH BBIIIE COOTHOIMICHUSMHU MEXITYy TEMIIEPATYPaMHU.

2
Aser = (P, — PV, —V,) =vR(T; - 2T, +T,) =vRT, (k]/3 —1) , TJIe vV — KOJMYECTBO KHCIOPOJA.

AHanoruuso, nomyaum Gopmyiy s paboTsl KMCIopoaa B npouecce 1-3-4-6-1.
Azier = (Ps— PV, —Vy) =vR(T, -T,-T; +T,) =vRT, (k1/3 —1)(k2/3 —l) )

Asier —k¥*+1=n
2561

3) Torma , = k=(n-1)*=15

Takum  oOpazom,

T, =k¥*T, =(n—DT, =450 K, T, =k?°T, = (n—1)?T, =675K, T, =KT, =(n—-1)°T, =1012,5 K.

Kpurtepuu onennBanus 3agaum 5.

DJ1eMEeHTHI pelieHus! basl (makc. 12 6anios)
1 | Mcnonb3yroTcst ypaBHEHHE COCTOSIHUS H€adbHOro raza wiu (u) | +1 6amn
ra30BbI€ 3aKOHBI
2 | 3anmcana gopmyna ayst paboTHI 32 UK +1 Gann
3 | [TomydeHsl GopMyIIbI, CBSI3BIBAIONINE TEMIIEPATyphl B COCTOSIHU- | +2 6auta (rmo 1 6amry 3a
ax 1,2,5, u B cocrostHusx 2,3,4 KXKAYI0 GopMyITy)
4 | TlomydeHsl BeIpaskeHUs st paboThI B mporeccax 12561 u 13461 | +2 Gama (mo 1 Gamny 3a
KOXKAYI0 GOpMyITy)
5 | [Ipoxenanbr HeOOX0AMMBIE anreOpanvecKue mpeoOpa3OBaHMs 2 bayna
6 | [Homyuens! popmyssl As pacuera TeMIepaTyp B cOCTOSHUX 2, 3 | +3 Oamna (o 1 6amty 3a
uS KaXIy1o hopmyiy)
7 | Cnenanbl MOACTAaHOBKM YHCJIOBBIX 3HAYEHHUH M MONydeHBI mpa- | +1 Oamn
BUJIBHBIE OTBETHI
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3agauya 6 (12 6annos). Ha riaaxoii rOpH30HTAIBHON MTOBEPXHOCTH HAXOMSATCS TPU HEOOJBIINX
tena. Teno 2 Maccoil 2M COeAMHEHO HEBECOMOW HEPaCTSDKUMOM HUTBIO ¢ TeltoM 1 Maccel M, a ¢
IPOTHUBOIOJIOXKHOW CTOPOHBI HEBECOMOM MPYXKHHOM ecTkocTd K — ¢ Tenom 3 maccel 2m (cM.
pPUCYHOK). BHauane cucremMa HEMOJABIIKHA, IPU 3TOM MPYKWHA HE JAeGopMUpOBaHA, a HATH HE
HATSHYTA, HO MPAKTUYECKH HE MPOBHUCAET. 3aTeM Telly 3 TOITYKOM COOOIAI0T CKOPOCTh Vo BJIOJIb
IpSMOM, COeTUHSIONIEH BCe TPH Tella B HAIPABJICHUH OT CpeHero Tena 2. B pe3ynbrare Tomuka
HUTh HATSTUBAETCS, U CHUCTEMa MPUXOIUT B JABIKeHUE. UeMy paBHBI CKOPOCTH BCEX TN cpasy
MocJie TOro, Kak HUTh CHOBA MepecTaHeT ObITh HATAHYTON?

m 2m 2m
k Vo
1 2> M'VWM 3 >

Il T Ul T

4 1
OTtBeT. Vl =V2 =V:gV01 V3=U =_gVO_

Pewenue.
[Toxa HUTH HaTsAHyTa Tena | U 2, coeqMHEHHbIE HUTBIO, IBUXKYTCA Kak ofHO uenoe. Koraa
UX CKOPOCTb CTaHET MaKCUMAaJIbHON (WJIM MUHUMAIbHON) UX YCKOpEHHE MPUMET HYJIEBOE 3Ha-
YeHHE, YTO O3HAYAeT, YTO HUTh IepecTaeT ObITh HATSIHYTOH, a MpyXWHa Ie(hOPMHPOBAHHOM.
O603HauuM ckopocTeil Ten 1 u 2 B 5TOM MOMEHT BpeMeHH V; =V, =V, a CKOpPOCTbh Tela 3 B 3TOT

JK€ MOMEHT V3 =U W 3alMIIEM 3aKOHBI COXPaHEHHU UMITYJIbCa M DHCPTHHU.

2mv+mv+2mu = 2my,,

2 2 2
3y’ 2mu® _ 2mvg v=ﬂvo,
2 2 2 5
b=ty
5

3T0 03HAYAET, YTO TEJO 3 UMEET CKOPOCTh, HAIIPABIEHHYIO IPOTUBOIOJIOXKHO V.

Kpurtepuu onennBanus 3agaymn 6.

DJIeMeHTHI pelleHust basl (maxc. 12 6awios)

1 | U3 pemieHus MOHSATHO, YTO KOTJa HUTh CHOBA MepecTtaHeT ObITh | +1 Gamma
HATSIHYTOM, TeJia | 1 2 UMEIOT OIMHAKOBYIO CKOPOCTH

2 | U3 pemieHust MOHATHO, YTO KOI'JIa HUTh IepecTaeT ObITh HATAHY- | +2 Oanna
TOW, TO M MIPY)KWHA TaKXKe He neopMupoBaHa

3 | 3anucaHbl ypaBHEHUS 3aKOHOB COXpAHEHHUs SHEPrHU U uMItyiabca | +4 GawioB (mo 2 Oamia
B 000MX ciIydasix 3a Ka)KJ]0€ YpaBHEHHUE)

4 | Tlponenanbl HEOOXOIMMBIE alNTredpandeckrue NpeoOpa3oBaHus +4 GamnoB

5 | [lomyueH npaBUIBHBINA OTBET +1 6amn




