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3agaua 1 (5 6annos). N =21 onMHAKOBBIX HEOOJBIIHMX IAPUKOB, HAXOAIIUXCS HA BBICOTE /1 =
125 M OT TOPU30HTATBLHOM MOBEPXHOCTH, OTITYCKAIOT 0€3 HaYaIbHOW CKOPOCTH ¢ uHTEepBajioMm Af = 0,2
c. Bce mapuku nBMXKYyTCS BIOJIbL OJHOM NPSIMOM, CTOJIKHOBEHMSI WIAPUKOB JPYr C JIPYTOM U C
MOBEPXHOCTHIO — a0COMIOTHO ynpyrue. Onpenenure BpeMs, 4epe3 KOTOpoe MOCIEAHHIN IapUK, ITOCIIe
TOTO0, KaK OH Hadyall MaJlaTh, BHOBb OKAXXETCS B TOYKE MaJeHUS. Y CKOpPEHUE CBOOOIHOTO MAIeHUS g =
10 m/c?. ConpoTHBIEHHEM BO3yXa MpeHeOpeUb.

3anava 2 (5 6annos). OnHa U3 MUKPOYACTUL] KOCMUYECKOTO MYCOpa IOCIE CTOJIKHOBEHHH C
OpYTMMH TOJOOHBIMU OOBEKTaMH OKa3allaCh Ha PAacCTOSHUU OT IIeHTpa 3eMJIHM, PaBHOM OJIHOM
TpeThel paamyca reocTanroHapHo opOutsl 3emuu. [Ipu 3TOM CKOpPOCTH NTaHHOW MUKPOYACTHIIBI
OTHOCHUTEJIPHO HEMOJBWKHBIX [JAJEKUX 3Be3J] paBHa Hyr0. Ilox neicTBHEM 3€MHOrO TATOTEHUS
MHUKPOYACTUIIa HAYMHAET ABUTATHCS IO MPSIMOi, HAPABICHHON K LIEHTPY 3eMJIH. 3a KaKkoe BpeMs ATa
MHUKPOYACTHIIa MPOUAET MEepBbIM KmiomeTp cBoero mytu? ['eoctannoHapHas opOUTa — Kpyrosas
opOUTa, Ha KOTOPOU CITyTHHK «BHCHT» BCE BpeMs HaJ OJHOW M TOH ke Toukod 3emuu. [IpuHATH
panuyc 3emmu R3 = 6400 kM, yckopeHHe cBOGOHOrO MajieHus Ha HOBEPXHOCTH 3emin go = 9,8 m/c?.

3agaua 3 (8 Oannos). s 3amuThl NPOEKTHOM pPadOThI, MIKOJBHHUK CMAacTepHJl MakeT
YCTPOMCTBA, KOTOPOE OH HAa3BaJl <«AJIEKTPUUYECKON MYIIKON». «DJIEKTpUUECKas MylIKay MpeCTaBIseT
co00il TOHKYIO TpPYyOKYy C IMUIMHIPUYECKUM OTBEPCTHEM BHYTPHU, B KOTOPOM MOXKET IBUTATHCS
3apsOKEHHBIM MIapuK (CM. PHUCYHOK). «DJEeKTpUuecKas IIyIIKa» 3aKperieHa Ha TOPHU30HTaJbHOM
MOBEPXHOCTH, MIAPUK HAXOAWTCA B HWXKHEH Touke TpyOku. Ilocie BKIIOUEHUS MCTOYHUKA
MOCTOSTHHOTO 3JIEKTPUYECKOr0 MOJIs, AapUK HAUYWHAET JABUTaThCS BHYTPU TPYOKU U 3aT€M BBLICTAET
u3 Hee. IlycTh BbICOTA, HA KOTOPOH HAXOMWUTCS IIAPUK IEpel BBUIETOM W3 TPYOKH, paBHa /A, yroiu
HakJIoHA TPyOku K Topu3zoHTy o = 30°. IlomormTe NIKOJIBHUKY pacCCUMTATh HAIPSIKEHHOCTh
AIIEKTPUYECKOTO TIOJIS, TIPU KOTOPOM, IIAPHUK, TMOCIE BbUIETA M3 TPYOKH, JOCTUTHET MaKCHMAaTbHOM
BBICOTBI 2/1 OT TOPU3OHTAIBLHON MOBEPXHOCTU. DJEKTPUUECKOE TIOJIE OJTHOPOIHOE M JICUCTBYET Kak

BHYTpU TPYOKH, TaK U CHApY>KH, BEKTOp HANpPsHDKEHHOCTH £ HampaBieH rOpu30HTaIbHO. OTHOIICHHE
Macchl Iapuka K 3apany m/q = 3,5-10 = xr/Kn. Yckopenue cBoboguoro magenus g = 10 m/c’. Ipu
pacderax TPEHHEM U CONPOTUBIICHHEM BO3yXa IPEeHEOpEUb.

Ry

IIpooondicenue bunema cm. Ha obopome

0 Ha 3ToM nucTe 3anpeLweHo genaTtb 3anmcu 1 NoMeTkn



3anaua 4 (8 6ani06). B BepTHKAILHOM MWIMHAPUIECKOM COCYJE MO TOPIITHEM HaXOMISTCS B
cocrtosiHUM paBHoBecus m = 100 r BoJbl U HEKOTOPOE KOJIMYECTBO a30Ta Ipu Temneparype f1 = 7°C.
[TopmieHb pacrmoyiokeH Ha BBICOTE /1 = 5 cM OT ocHOBaHUsA cocyaa. [Ipum 3Toil Temmeparype
KOJINYECTBO BOJSHBIX MApOB B COCYJE MPEHEOPEKUMO MaJlo, IO CPAaBHEHHMIO C KOJIMYECTBOM a30Ta.
Cognepxxumoe cocyaa HarpeBarT 10 temiepatypsl ©» = 100°C. B pe3ynbTaTe mopiieHb mogHuMaeTCs,
U, TI0CJIC YCTAHOBJICHUS] PABHOBECHS B 3TOW CHCTEME, 3aHUMAET HOBOE TOJI0KEHUE Ha BbICOTE /12 = | M.
Yemy paBHa Macca mopmHsa? AtMochepHoe maBnenue po = 10° Ila, maomanas ceuyeHns mopuiHs S =
0,07 m*. Yckopenue cpobomHoro mamenus g = 10 m/c’. TpeHueM MOpIIHA O CTEHKH cocyia
peHeOpeyb.

3apaua S (/2 o6annos). T'enmit coBepmaeT KpyroBod mporecc 1-2-3-4-1, a Takoe xe
KOJIMYECTBO (B MOJSX) BOAOPOJA YYacTBYeT B KpyroBom rmporecce 3-5-6-4-3 (oba mporecca
n300pakeHBl HA PHUCYHKE B KOOpAWHATax p-V, rae p — naeienue, a J' — o0beMm razos). CocTossHUS 2 U
4 nexar Ha OJHOW M30TEpPME, TaKXKe KaK U COCTOAHMS 3 U 6 (3TU M30TEPMBbI MOKA3aHbl HA PUCYHKE).
N3BecTHO, 4TO paboTa, COBEpIIICHHAs 3a UK BOJOPOJOM B 1 = 2 pa3a OoJblie, yeM paboTa 3a OAuH
IIUKJI, COBEpIIICHHAs rereM. YeMy paBHBI TEMIEPATyphl B COCTOSIHUAX 2, 3 U 5, €Clii TeMIieparypa B
coctosiHuM 1 m3BectHa U paBHa 11 = 200 K. PucyHok ycliOBHBIM, U MPOMOPIUNA OTPE3KOB B HEM HE

COOTBGTCTBYIOT pea.HBHBIM 3HAYCHUSM BCIIMYUH.
P 2 3 5

3anava 6 (/2 6annos). Ha rmagkoi ropu30HTAILHON MOBEPXHOCTH HAXOAATCS TPU HEOOJIBITNX
Tena. Teno 2 maccoil 2m coeAMHEHO HEBECOMOM HEPACTSHKMMON HUTBIO C TEJIOM 1 Takoil ke macchl 2m,
a C TPOTUBOIIOJOKHOW CTOPOHBI HEBECOMOW TMPYKHHOH KECTKOCTH k — C TeloM 3 Macchl m (CM.
pHCcyHOK). BHauane cucrema HemoABMIKHA, NMPU ATOM MpYKHMHA HE AepopMHUpOBaHA, a HHUTb HE
HATSHYTa, HO MPAaKTHYECKHW HE MPOBHCAET. 3aTeM Tely 3 TOIYKOM COOOIIAIOT CKOPOCTh Vo BIIOJIb
IPSMOM, COeTMHSIONIEH BCE TPU TeJa B HAIIPABICHUH OT CPEIAHEro Tena 2. B pe3ynbrare TOIYKa HUTh
HATATUBAETCA, U CUCTEMa MPUXOJIUT B JABMKEeHHE. UeMy paBHBI CKOPOCTH BCEX TeJ cpa3y Iocje TOro,
KaK HUTh CHOBA MEPECTaHET ObITh HATSHYTOM?
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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
[Tpoduns: UnxenepHoe aeno, cnenuanu3anus « TeXHuKa U TEXHOJOTHH - GU3UKa»
PEIIEHUA BapuanT: 11

3agaua 1 (5 6anros). N = 21 oquMHAKOBBIX HEOOJBIINX IMAPUKOB, HAXOAAIIMXCS HA BBICOTE h =
125 M OT TOpU3OHTAIBHOIN MOBEPXHOCTH, OTITYCKAIOT 0€3 Ha4yalbHOM CKOPOCTH ¢ UHTEpBaIoM At
= 0,2 c. Bce mapuku ABMKYTCS BAOJIb OJHON MPSMOMN, CTOJTKHOBEHUS IIAPUKOB APYT C APYTOM U
C IOBEPXHOCTHIO — a0COMIOTHO yrpyrue. Onpenennure Bpemsi, 4epe3 KOTOpOe MOCIeTHUN IapyK,
nocjie TOro, Kak OH Haydaj MaJaTh, BHOBb OK&XXETCS B TOYKE MaJeHUs. Y CKOpEeHHE CBOOOIHOIO
nagenus g = 10 m/c?. ConpoTHBIEHHEM BO3IyXa IpeHeOpeyb.

Otger. t =2 2—h—(N -1)-At=6c.
g

Pemenue.
[TonmHoe BpeMs majgeHHWsT NEpBOrO IIApPHUKAa JI0 CTOJKHOBEHHS C MOBEPXHOCTBHIO
2h .
T = |— =5c. Ilocnenuwmii mapuk HauyHeT mageHue cmycts Bpems ty = (N —1)-At=4c nocrne
g

Hayaja JBUKEHUS MepBoro mapuka. [lpu ynpyrux cTOIKHOBEHMSIX OJUHAKOBBIE IIAPUKU OOMe-
HUBAIOTCS CKOPOCTAMU. 1109TOMY MOXHO MpeICTaBUTh MX JIBUKEHUE TaK, OyJITO OHU MPOXOIST
Jpyr 4yepe3 apyra, He CTaJKHUBascCh. TakuM oOpa3oM, MOCIEAHUN IIApUK OKaXETCs CHOBA B HC-
XOJJHOM TOUYKe, Yepe3 TaKoe ke BpeMs, yepe3 KOTOpoe MepBblid oka3aics Obl B 3TOM )K€ TOUKE,
ecnu OBl TIPOIIEN, HE CTAJKUBAsCh, CKBO3b BCE MIAPUKU HA €ro MyTH. [0 TOBEPXHOCTH TEPBHII
mapuk JetuT Bpems t; =T —t, =1C, u ocTaBueecs paccTosiHie BBepX 3a BpeMs | =5c. [lonHoe

BpeMs IBUJKEHUS TIOCIIEAHETO IapyKa, KaK 1 IepBoro, 6e3 npensarcTBuid, papHo t =t +T =6C.

Kpurepun onenuBanus 3agauu 1.

DJ1eMEeHTHI peleHus! banner (Makc. 5 6annoB)
1 | 3anucansl GopMynbl KHHEMaTHKH, HEOOXOAMMBIE AJs pemeHus | +1 6amia
3aJa4n

2 | Ectb moHMMaHMe, 9TO TIPH YIPYrOM CTOJKHOBEHHWH OJMHAKOBBIC | +1 Oamma
HIAPUKU OOMEHHUBAIOTCS] CKOPOCTSIMU

3 | [IpoBeneHs! MpaBUIIBHBIE PACCYKICHUS W TPOJEIaHbl anredpau- | +2 Oamia
YyecKue npeoOpa3oBaHysi, HEOOXOAUMBIE JJIs pEIICHUs 3a1a4H

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

3amaua 2 (5 6annos). OnHa W3 MUKPOYACTHI] KOCMUYECKOTO Mycopa TOCIE CTOJKHOBEHHUH C
JIpYTMMH NMOAOOHBIMU OOBEKTaAMU OKa3aJlaCh Ha PACCTOSIHUM OT LEHTpa 3eMJIM, PaBHOM OIHOMN
TpeTheil paanyca reocTainoHapHoi opOuThl 3emiu. Ilpu 3TOM CKOPOCTh JaHHOM MUKpOYacTu-
1Ibl OTHOCHUTEJILHO HETIO/ABMKHBIX JTaeKUX 3Be3]1 paBHa HyIo0. [loa nelicTBUeM 36MHOIO TATOTe-
HUS MUKPOYacTHLA HAYMHAET ABUTaThCA MO NMPSMOM, HaNpaBIECHHON K LIEHTPY 3eMIIH. 3a Kakoe
BpeMsl 3Ta MUKpPOUYACTHIIa PO IET NepBbIil KuiaoMeTp cBoero nytu? ['eoctanronapuas opoura —
KpyroBasi opouTa, Ha KOTOPOM CIIYTHHMK «BHUCHT)» BCE BpeMs HaJl OJTHOW U TOH e TOYKOM 3emiu.
[Tpunsts paguyc 3eman R3 = 6400 kM, yckopeHue cBOOOIHOTO Ma/IeHUs Ha TOBEPXHOCTU 3eMJITU
go = 9,8 m/c?.
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Otser. t = é =315c, rne a= gogz 2,015 m/c?, r,=3 904R_32T =423,4-10° m.
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Onumnuana «Ilar B byaymee» 2023 roa
[Tpoduns: UnxenepHoe aeno, cnenuanu3anus « TeXHuKa U TEXHOJOTHH - GU3UKa»
PEIIEHUA BapuanT: 11

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. MuKpouyacTHIia HAXOJUTCSI HA PACCTOSIHUM I = 3 I, OT LIeHTpa 3eMIIN.

2) T.k. paccTosiHKe, MPOMICHHOe MUKpoYacThileih S=1kM[] I, TO ABM)KCHHE MHKpOYa-

GM 9R?
CTHUIIbI HA 9TOM OTPE3KE MOJKHO CUMTATH PABHOYCKOPEHHBIM € YCKOPEHUEM & = —— = ( —23 =
r r.
9 2s
=2,015 m/c*. Torma t=,/— =31,5¢c.
a
Kpurtepuu onennBanus 3agaum 2.
DJIeMeHTHI pelieHust Bbamer (Makc. 5 6amioB)

1 | [onyueHo BbIpaKeHUE IS JBIIKCHUS CITyTHHKA IO T€OCTalo- | +2 Oaia
HapHOW opouTe

2 | 3amucana opmyna s yCKOpEHUs: CBOOOAHOrO maieHus: BOau3u | +1 6amn
3eMITu WIIM Ha PACCTOSIHAH I OT 3eMIIH

w

ITosryueHo BbIpaskeHHE AJIs BpEMEHH +1 6amn

4 | Coenanpl TMOJICTAHOBKM YHCJIOBBIX 3HAYCHWH W TOJydeH mpa- | +1 Oamn
BUJILHBINA OTBET

Bamaua 3 (8 6annos). JIns 3amuThl MPOSKTHOH pabOTHI, IKOJIBHUK CMAaCTePHI MaKeT yCTpPOU-
CTBa, KOTOPOE OH HAa3BaJl «AJIEKTPUUYECKOW MYyIIKON». «DIEKTpUUecKasi MyIIKa» MpeacTaBiseT
co0Oi TOHKYIO TPYOKY C IWJIMHAPHUYECKUM OTBEPCTUEM BHYTPH, B KOTOPOM MOJKET JBHUIaThCs
3apsDKEHHBINA MIAPHUK (CM. PUCYHOK). «QJIEKTpHUYECKas MyIIKay 3aKperyieHa Ha TOPU30HTATBHOM
MOBEPXHOCTH, IIAPUK HAXOJIUTCS B HIKHEH Touke TpyOku. Ilocie BKiIrOUEHHMS MCTOUHHUKA IO-
CTOSIHHOT'O 3JIEKTPUYECKOT0 MOJIsl, IIapUK HAUMHAET ABUTAaThCS BHYTPU TPYOKH U 3aT€M BbLIETa-
eT u3 Hee. [IycTh BBICOTA, HA KOTOPOM HAXOJMTCS MIAPHK Mepe] BbUIETOM U3 TPyOKH, paBHa h,
YToJ1 HaKJIOHa TPYOKH K ropu3oHTy o = 30°. [loMOoruTe MKOMHHUKY PaCCUUTATh HANIPSIKEHHOCTD
AIIEKTPUUYECKOTO MOJIsL, IPH KOTOPOH, LIapHK, MOCTe BbUIETa U3 TPYOKH, JOCTUTHET MaKCHMallb-
HOM BBICOTHI 2N OT TOPHU30HTANBHON MOBEPXHOCTH. DICKTPHUSCKOE MOJI€ OIHOPOIHOEC U JICH-

CTBYeT KaK BHYTPHU TPYOKH, TaK M CHapY)KH, BEKTOp HANpsHKEHHOCTH E HampaBiieH TOpH30H-
TanpHO. OTHOIIEHNE Macchl mapuka K 3apamxy m/q = 3,5-10  kr/Kn. Yckopenne cBoGOIHOTO
nagenus g = 10 m/c?. TIpu pacueTax TpeHHEM U CONMPOTHBIEHUEM BO3/IyXa IIpeHeOpeys.
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Onumnuana «Ilar B byaymee» 2023 roa
[Tpoduns: UnxenepHoe aeno, cnenuanu3anus « TeXHuKa U TEXHOJOTHH - GU3UKa»
PEIIEHUA BapuanT: 11

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., =2h—-h=h= EETI
g
mg(1+sin? @)

3) [oacrapnsis B 5Ty (OPMyIy BBIpaKeHHe s V2, monyunm F = . Iox-

sina cosa

5m m
craBisig croga o = 30°, y6ez[HMc;1 gyro F = —g >mgtga = Tg T.e mapuk BBUIETUT U3 pr6—

3

4) [onyunum BbIpaykeHUE J1s HAPsHKEHHOCTU E 1 paccunTaem ee 3HaueHue.

=2

q ° sinacosa 3 q

KH.

Kputepuu oneHuBanus 3agauu 3.

DJ1eMEeHTHI peleHus! Baiel (makc. 8 6amios)
1 | Banucana gopmyna 1is cuiIbl, JeMCTBYIOLIEH Ha 3aps +1 Gann
2 | [TomyueHo BbIpaXKeHHE Ul CKOPOCTH Ha BBIXOJe U3 TpyOku (wim | +2 Gamia
st V)
3 | 3anucana GopmyIia s MAKCUMaJIbHOM BBICOTHI IOJJbeMa +1 Gamia
4 | IIponenanbl HEOOXOIMMBIE alredpanyeckue NpeodpazoBaHus +3 Oauta
5 | CuenaHbl NOJCTAaHOBKM YMCJIOBBIX 3HAYeHMH W MojydeH mpa- | +1 6amn
BWJIbHBIN OTBET

3amaua 4 (8 6an106). B BepTHUKAIBLHOM IHJIMHIPUYECKOM COCYJE MO/ MOPIIHEM HAXOAITCS B
coctosiun paBHoBecuss M = 100 r Boxbl 1 HEKOTOPOE KOJIMYECTBO a30Ta MpHU Temrepartype 1 =
7°C. INopuiens pacnonokeH Ha Beicote h1 = 5 cM oT ocHOBaHus cocyna. [Ipu 3To# Temmneparype
KOJINYECTBO BOSIHBIX MAPOB B COCYJIE MMPEHEOPEKUMO MaJIO, IO CPAaBHEHHIO C KOJIMYECTBOM a30-
ta. CozepkuMoe cocyaa Harpesarot 1o temieparypsl t2 = 100°C. B pe3ynbrare mopiieHs mo-
HUMAaeTCsl, M, TIOCJIe YCTAHOBIICHNSI PABHOBECHS B 9TOH CHCTEME, 3aHUMAeT HOBOE MOJI0KEHHE Ha
Beicote h2 = 1 M. Uemy pasHa macca mopmHsa? AtmocdepHoe gapienne Po = 10° ITa, mromans
ceuenns nopuras S = 0,07 M2, Yckopenue cBo6oHOro0 majgenus g = 10 m/c?. TpeHueM MOpIIHS 0
CTEHKH cOoCy/ia IpeHeOpeyb.

OtBer. M = M
g(h, T, —hT,)

=50 kr.

Perenue.
1) JlaBnenue B cocyje B HavajdbHOM coctossHuu (npu temmeparype t1 = 7°C) coszmaercs
TOJIBKO a30TOM, T.K. B 3TOM COCTOSIHHH JIaBJICHHEM BOJISTHBIX TTAPOB MOXHO MpeHeopeyus. Haitnem

M
9TO JABJICHUC, MMOJIB3YACh PABHOBECUCM IMOPIIHS: pa31 = po + ?g .
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2) Eciu B koHeuHOM cocTosiHuu npu temmepatype t2 = 100°C (T2 = 373 K) BoastHO# map
OCTaeTcsi HACBIIIEHHBIM, TO €ro JaBjeHue pasHo Po = 10° ITa. [TocunTaem Maccy mapa B COCYIIE.

_ PoShyut _
m, =——=—=0,04 xr, 4TOo MeHbIIe YeM 3aJaHHas Macca BOABI IIOJ ITOPIIHEM. 3HAUYHT, I1OJ
RT,
HOPIIHEM UMEETCS BOJa B JKHIKOM COCTOSIHUHM W B BHJIC HACBIIICHHOrO mapa. Toraa ycioBue
Mg
paBHOBecHs MOPLIHS UMeeT BUA: (P, + Pg)S = PS+Mg, = p,.o = 5
. Y Y V, h
3) 3anumem ypasHenue Knaneiipona amns a3ora. Pasts _ P2V ,rIe N=—2=-2=20.
T T Vi h
4) TToncrasisist B 9Ty (GOpMyITy BBIPQKEHHS /IS JaBJICHHS a30Ta B HAYAILHOM U KOHCUHOM
M = pOS —
COCTOSIHUSIX,, TIOJTY9IHUM BhIpaXKeHue Jutst Macchl moprast. M = —————— =50 kr.
(hZTl ]
hT,

Buvicomoii cmonba sicuokocmu (600bl) MOINCHO nperedOpeub, 8 HAUANbHOM COCMOSHUU SMA

m
gvicoma pasua h, =——=0,14cm << hy.

PaS
Kpurepun oueHuBanus 3agaum 4.
DJ1eMEeHTHI pelieHus Baibl (makc. 8 6aios)
1 | Ycranomieno uto napnenue Hachil. napa npu 100°C paBHO Po +1 Gamn

2 | 3amucaHO YCJIOBHE PaBHOBECHS MOPIIHS B HA4aJIbHOM COCTOSIHUM | +1 6amn
U HaWEeHO JIaBJIEHHUE a30Ta

3 | IIpoBepeHo, YTO B KOHEYHOM COCTOSTHMM Map — HACHIIIEHHBIN +1 6amn

4 | 3anMcaHO YCJIOBHE paBHOBECHS MOPLIHS B KOHEUHOM cOCTOSHMHU | +1 Gann
Y HalJICHO JIaBJICHHE a30Ta

5 | 3anucano ypaBHeHue Kimameiipona mis asora (wnm ypaBHeHus | +1 Gamia
COCTOSTHUS 230Ta)

6 | [Iponenansl HeOOXOAUMBIE alredpanyecKue npeodpazoBaHms +2 Gauia

7 | CnenaHbl MOJCTAaHOBKM YHCIIOBBIX 3HAUYEHMM W TOJy4deH mpa- | +1 Oamn
BUJILHBINA OTBET

Banaua 5 (12 6annos). I'enuii coBeplaetT kpyropoii npouecc 1-2-3-4-1, a Takoe ke KOJIUYECTBO
(B MOJISIX) BOJIOPO/IA y4acTBYET B KpyroBoM mporecce 3-5-6-4-3 (ob6a mporecca n300pakeHsbl Ha
puCyHKe B KoopauHaTax P-V, rae p — aaBienue, a V — oobem razos). Cocrosaus 2 u 4 nexar Ha
OJTHOW M30TE€pMeE, TAK)KE KaK M COCTOSIHUS 3 U 6 (3TH M30TEpPMBI TTOKa3aHbl Ha pucyHke). M3Bect-
HO, 4TO paboTa, COBEpIICHHAs 3a IIUKJI BOAOPOAOM B N = 2 pa3a Oosblie, yeM padoTa 3a OJUH
LMKJI, COBEpIIEHHAs remeM. YeMy paBHBI TEMIIEPATYPHI B COCTOSIHUAX 2, 3 U 5, eciau TeMIiepa-
Typa B coctossHuu 1 u3BectHa u paBHa T1 = 200 K. PucyHOK ycrOBHBIH, 1 MPOMOPIIUN OTPE3KOB

B HEM HE COOTBETCTBYIOT PEAILHBIM 3HAYCHUSAM BEIUYHUH.
P 2 3 5

Orteer. T, =nT, =2T, =400 K, T, =n?T, =4T, =800 K, T, =n°T, =8T, =1600 K.
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Pewenue.
1) O6Go3HaunM AaBJICHUS U 00BEMBI I'a3a B COCTOSHHUSAX | — 6, TaKk Kak Ha PUCYHKE, a TeM-
nepaTypsl B COCTOsHUAX | = 1 — 6, kak Ti, mpu 3ToM T4 = T2, Te = T3. J{i1s1 H30XOPHBIX MPOLIECCOB
1-2 u 3-4 3anuiiemM ypaBHEHHUS:

B_p LR

T T ol

1 2 : &:_1:_21 :> -|-22 :T1T3 \\-I—2 ‘\T3

P_P P T Ty 0 IS

. 1bo- \

(LR L 4 b
| 1 \4\\~::-_
I Y
Vi Vi Vs

AHaJIOrM4HO, 3aIIMChIBasl YPaBHEHUS Ul ITpolueccoB 4-3 u 5-6, nomyuum T2 =T,T5. Ilyctp
Ts =KT,, Torga T, = KT, T, =k%°T,.

2) Monyuum ¢opmyny ans paboTsl renus B mporecce 1-2-3-4-1, BOCHONIB30BaBIIUCH
YPaBHCHUSIMH COCTOSHUU 1-4 M 3aMCaHHBIMH BBIIIE COOTHONICHUSMHU MEKIY TEMIIEPATypaMHu.

2
Aoz =P, — PV —V,) =vR(T; - 2T, +T,) =vRT, (k]/3 —1) , TJIe V — KOJINYECTBO reus (BoJo-

pona). AHaJIOTUYHO, MOXyIuM (hopmysny it paboTsl Bogopoa B mporecce 3-5-6-4-3.
2
Pgseas = (P = P(Vs —V3) =VR(T; — 2T+ T,) = VRT1<kJ/3 —1) kY3,

3) Torza Posots _ s =n, = k =n®=8. Takum o6pasom, T, =k"*T, =nT, = 2T, =400 K,
2341

T, = k?°T, =nT, = 4T, =800K, T, =kT, =n’T, =8T, =1600 K.

Kpurtepuu oneHnBanus 3aga4m S.

DJ1eMEeHTHI pelieHus! babl (makc. 12 6amios)
1 | Mcnonb3yroTcst ypaBHEHHE COCTOSIHUS HM€aIbHOro raza wiu (u) | +1 6amn
ra30BbI€ 3aKOHBI
2 | 3anucana gopmyina st paboThl 3a UK +1 Gann
3 | [omydensr popMyIibl, CBA3BIBAIOIINE TEMIIEPATYPHI B COCTOSHU- | +2 Oaiia (mo 1 Gamny 3a
ax 1,2,3, u B cocrostHusx 3,4,5 Kax1y1o Gopmyiy)
4 | TlomydeHsl BeIpaskeHUs UTst paboThI B mporeccax 12341 u 35643 | +2 Gamna (mo 1 Gamny 3a
KaXAYI0 GopMyITy)
5 | [Ipoxenanbr HeOOX0AMMBIE aNreOpanvecKue mpeoOpa3oOBaHMs 2 bayna
6 | [Tomyuens! popmyssl s pacuera TeMIepaTyp B COCTOsSHUAX 2, 3 | +3 Oamna (o 1 6amty 3a
uS KaXIy1o hopmyiy)
7 | Cnenanbl MOACTAaHOBKM YHCIIOBBIX 3HAYEHHUH W 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 COeMHEHO HEBECOMOW HEPAaCTSHKMMON HUTHIO C TeJIOM | Takoil xe
Maccel 2M, a ¢ MPOTUBOIOJI0KHOW CTOPOHBI HEBECOMOW MPYKUHOM kecTKocTH K — ¢ Teom 3
Macchl M (cM. pUCYHOK). BHadane cuctemMa HEMmoABMKHA, IIPH 3TOM MPYXUHA HE 1eOpPMHUPOBa-
Ha, 2 HUTh HE HATSAHYTA, HO IPAKTUYECKH HE MPOBUCAET. 3aTeM Telly 3 TOITUYKOM COOOIIAI0T CKO-
POCTH Vo BIOJb MPSIMON, COSAMHSAIONIEH BCe TPH TeJIa B HAIIPABICHUH OT cpeaHero Tena 2. B pe-
3yJbTaTe TOJNYKA HUTh HATATUBAETCS, M CUCTEMa IMPUXOJUT B JBIKEHUE. YeMy paBHBI CKOPOCTH
BCEX TeJI cpa3y Mocie TOro, Kak HUTh CHOBA MEepecTaHeT ObITh HATAHYTON?

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

Il T Ul T

2 3
OTtBeT. Vl =V2 =V:gV01 V3=U =_gVO_

Pemenwue.
Iloxa HUTH HaTgAHYTa Tena 1 U 2, COEIMHEHHbIE HUTBIO, IBUKYTCS Kak oHO uenoe. Korna
WX CKOPOCTh CTaHET MaKCUMAaJIbHOW (MJIM MUHUMAJIBHOW) UX YCKOPEHHE MPUMET HYJEBOE 3Ha-
YeHHEe, YTO O3HAYaeT, YTO HHUTh MepecTaeT ObITh HATIHYTOM, a MpyxXuHa 1ehOpMUPOBAHHOM.

O0603HaunM ckopoctelt Tea 1 1 2 B 9TOM MOMEHT BpeMEHH V; =V, =V, a CKOpOCTb TeJa 3 B 3TOT

K€ MOMCHT V3 =U ¥ 3anuiieM 3aKOHbI COXPaHCHHU UMITYJIbCa U DHCPIUH.

2mv +2mv +mu = mv,, v:évo,
2mv> mu® mv =
2- =+ = . 3
2 2 2 U=-=V.

5

DTO 03HAYAET, YTO TEJIO 3 UMEET CKOPOCTh, HAIIPABIEHHYIO MPOTHUBOIOJIOKHO V, .

Kpurtepuu ouennBanus 3agaymn 6.

DJIeMeHTHI pelieHust basl (makc. 12 6awios)

1 | U3 pemienus: mMOHSATHO, YTO KOTJa HUTh CHOBA MepecTaHeT ObITh | +1 Gamna
HATSHYTOM, Tena | ¥ 2 UMEIOT OAMHAKOBYIO CKOPOCTh

2 | U3 pemennst MOHATHO, YTO KOTJIa HAThH TepecTaeT ObITh HATAHY- | +2 Oamia
TOW, TO M NPY)KMHA TaKXke He AedopMupoBaHa

3 | BammcaHbl ypaBHEHUS 3aKOHOB COXPAHEHUS SHEPTHU U UMITyJIbca | +4 GamwioB (mo 2 Oamna
B 000UX CIydasx 3a KaX/10e YpaBHEHHE)

4 | IIponenanbl He0OX0AMMBIE aNredpanyeckue NpeodpazoBaHus +4 Gannos

5 | [lomyueH npaBUIBHBINA OTBET +1 6amn




