3akJII0uYnTeNbHBIH (0UHBII) 3TANl AKAIEMHYECKOT0 COPEBHOBAHMS
Oaumnuansl WKIbHUKOB «Illar B Oyayiee»
no o01meo0pa3oBaTe/ibHOMY npeaMeTty «u3ukay», ecaa 2021 r
10 xaacce

Bapuant 8

1. Manbuuk 6wet no msuy. Ilocne yaapa Msu ynetaeT moja yriaom o = 45° K TOpU3OHTY U
MPU3EMJIISIETCS HA PACCTOSTHUU S = 25,6 M OT Malibuuka. YeMy paBHA cpeiHssl cuiia yaapa
no Ms4y, eciu Macca msiua m = 0,5 kr, a Bpems yaapa t = 0,02 ¢? ConpoTuBiieHUEM BO3-

ayXa IpeHeOpeyb.
(10 6annos)

2. llupKOBO#M THUMHACT JIOXKHUTCS Ha TYTO HAaTIHYTYIO YIPYTYIO MPEAOXPaHUTENbHYIO CET-
Ky, B pe3yJIbTaTe 4ero MakCHMaabHOEe poBucanue ceTku paBHO Alg = 9 cm. C kakoii 6e3-
OMacHOW MaKCUMAaJbHOW BBICOTBI, OTCUMTHIBAEMOM OT YPOBHS CETKH, MOXET ynacTb (0e3
Ha4yaJIbHOM CKOPOCTH) TMMHACT, YTOOBI MAaKCUMAJIbHOE MIPOBUCAHUE CETKH B ATOM CIIy4yae

o610 He 6osbiie Al = 60 cm?
(10 6annos)

3. TpI/I KOCMHUYECCKHX T€JIa MAacCChbl M KaXJ0€ JieKaT B O,HHOﬁ IINIOCKOCTH W HAaXOIATCA B
BCPIIMHAX PABHOCTOPOHHCTO TPCYI'OJIbHHUKA, COXPAHAA IOTY KOH(l)I/IpraIII/IIO B IIpOOCCCC
BpalllCHUA BOKPYT O6IHGFO OCHTpa MaccC. HepI/IOI[ BpalliCHUA ATOM CHUCTEMbI HM3BECTCH M
PaBCH T. OHpCI[GJ'II/ITe PaCCTOAHUC L MCXKAY TCJIaMHU, CUHUTasA €ro MHOI'O OOIBIINM pa3Mmce-

POB caMUX Tell.
(12 6annos)

4. Ha kparo cTojia CTOMT OTKPBITHIA COCY/, 3all0JIHEHHBIN JKUAKOCTHIO 10 BhICOTHI 4h. B
COCyJI€ Ha OJIHOM BEPTUKAIIU CIEIaHbl MAJIble OJJUHAKOBBIE OTBEPCTHS, U3 KOTOPBIX MOXKET
BBITEKATh KUAKOCTh. OTBEPCTHS PACIIOIOKEHBI Ha paccTosHUAX 2h 1 3h 0T MOBEPXHOCTH
crona (cM. puc.). Onpengenure, Ha KaKOM BBICOTE OT MOBEPXHOCTH CTOJA MEPECEKAIOTCS
CTpyH, BbITEKaromme U3 orBepctuid? Cocys OcTaercs HENOJBHUKHBIM, BBICOTA YPOBHS
AKHUJKOCTU B COCY/I€ 3a BpeMsl HaOJII0IEHUS PAKTUUECKU HE MEHSIETCS.

y

4h

2h| 3h

(16 b6annos)



5. TennoBas mamuHa, paboOYUM TEJIOM KOTOPOH SIBISETCS OJHOATOMHBINA MI€aIbHBIN Ta3,
COBEpIIAeT MUKINYECKUI MPOIECC, COCTOSIIMNA U3 TpeX ydacTKoB. BHauane ras agmuaba-
TUYECKHU PacCIIupsieTCs, IPU ATOM €ro TeMIieparypa ymeHbimaetcs ot 4T 1o T, 3aTeM CKH-
MaeTcs M300apHO JI0 MEPBOHAYAIBLHOTO 00beMa M, HAKOHEIl, HarpeBaeTCsl M30XOPHO JI0
nepBoHavyaiabHOro aaBieHus. Haiaure KIIJ TersioBoil MallvHBI, YYaCTBYIOIIEH B 3TOM
mpolecce.

Ilpumeuanue: ypasnenue aouabamol 01 0OHOAMOMHO20 UOEANbHO20 2A3d UMeem BUO.
5

pV 3 =const.
(16 6annos)

6. Ha rmankoit TOpU30OHTaIbHONW MOBEPXHOCTH HAXOMUTCS TIAAKUN KJIMH Maccou 4m,
uMerouii popMy TpeyroabHON MPU3MBI, B OCHOBAHUU KOTOPOMl JIEKHUT MPSMOYTOJIbHBIN
TpeyroiapHuk ¢ yriaamu 60° u 30°. Ha xauMH OCTOpOXKHO NOCTaBWIIM JBA TIAJKHUX TeEa,
MaccamMH 2M 1 M, KaK MoKa3aHO Ha pucyHke. OnpenenuTe, B KaKyl0 CTOPOHY, U C KaKUM
yCKOpeHueM OyJIeT IBUTaThCsl KJIUH, €CJId 00a Tela OJHOBPEMEHHO HAUYHYT CKOJIB3UTh I10
ero OOKOBBIM ITOBEPXHOCTSIM?

(16 6annos)

6. (20 GanmIoB) NmeeTcs HepaCTBOPUMBI B KEPOCHHE MOJIUANCIEPCHBIH (C YaCTHIIAMH Pa3HBIX pa3zMe-
POB) MOPOILOK M3 MaTepuana HeM3BECTHOM IIOTHOCTU. HackinHas mIOTHOCTH (OTHOIIEHHE MAacchl K 3a-
HEMaeMOMY MOpPOIIKOM 00beMy) MaTepuana pasHa 1450 xr/m*. CpejHss IIOTHOCTH MaTepHana, 3ailH-
TOro KepocuaoM — 1950 xr/m.

TII0THOCTH KEpOCHHA MPHHATH paBHOit 800 Kr/m>.

Haiinure noito, 3aHUMaeMyl0 MaTepraIoM B 3aChITAHHOM UM o0beMe (KOd(hDUITMEHT 3arOTHEHHS ).
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10 kaace

PEHIEHUS. BAPUAHT 8
BapuanTt 8

1. Manbuuk Ober no Msauy. [locne ynapa msu yneraet noq yriaom o = 45° K ropu-
30HTY U MPU3EMJISIETCS HA PACCTOSHUU S = 25,6 M OT Manbuuka. YeMy paBHa cpea-
HSISL CUJIa yjapa Mo Msdy, eciiu Macca msiua m = 0,5 kr, a Bpems yaapa t = 0,02 ¢?
ConpoTHuBI€eHHEM BO3yXa MpeHEeOpeyb.
(10 b6annos)
Pewmennue.
3aKOH M3MEHEHUs UMIybca: MV, =F7, Tae Vo — CKOpOCTh, IOJyYeHHas M-

) -
YoM B pe3ynbTaTe yaapa. T.k. S = Vo Sin2a: , = F = m i =400 H.
g 7 \'Sin2a
2. 1lupkoBO#l THMHACT JIOKHUTCS HA TYTO HATSHYTYIO YIPYTYIO MPEAOXPaHUTEIb-
HYIO CETKYy, B pE3yJIbTaTe Yero MakCHMaJIbHOE MpOBHUCaHHE ceTku paBHO Alg = 9
cM. C kakoi 6e30macHOi MaKCHMaIbHOW BBICOTHI, OTCUUTHIBAEMON OT YPOBHS CET-
KA, MOXET ymacTh (0e3 HayaJbHOW CKOPOCTH) TMMHACT, YTOOBI MaKCHMAaJbHOE
IPOBHCAHUE CETKH B 3TOM ciiydae Obuto He 6oubie Al = 60 cm?
(10 6annos)
Pemenne.
YcnoBue paBHOBECHs! HEMOABIDKHO JIeXkalero ruMHacta: mg =Kk - Aly, rge m

— Macca TuMHacTa, K — k03 (HUIUEHT JKECTKOCTH CETKU. 3aKOH COXPAHEHHUS dHEP-

k(Al)?

rur: mgh=-mg - Al + , Te h — BbIcOTa, ¢ KOTOPO# MMaJacT TUMHACT.

~ h=Al ZA—II—l _14wm

0

3. Tpu KOCMHUYECKHX Tejla MacChl M Ka)KA0€ JIeKaT B OJHOW MJIOCKOCTU U HAXO-
JITCS B BEPILIMHAX PAaBHOCTOPOHHETO TPEYTrOJbHUKA, COXpaHsAs 3Ty KOH(pUrypa-
LIMIO B IIpOLIeCcCe BpallleHUs BOKPYT oO1iero neHtpa macc. [lepuos Bpamenus 3o
CUCTEMBI U3BECTEH U paBeH I. Ompenenurte paccTosHue L Mexay Tenamu, cuuras
€ro MHOTO OOJIBIIMM Pa3MEPOB CAMUX TE.

(12 6annos)
Pemenue.

L/2 L m?
X : 2F, c0s30° = mw’R (cm. puc.), rae R = =—, F=F,=G—.
1 ( puc.) c0s30° \/§ 1 2 2

2 2

= ZGm—Z-—Bzma)ZL,rﬂe a):z—ﬂ.: L:3%.

L 2 3 T A
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PEHIEHUSA. BAPUAHT 8

4. Ha kparo cTojla CTOUT OTKPBITBII COCYJI, 3aIl0JI- y
HEHHBIA KHIKOCTBIO 70 BbICOTHI 4h. B cocynme Ha
OJIHOM BEPTUKAIIA CIEJaHbl MaJlble OJUHAKOBBIE OT-
BEpPCTUS, U3 KOTOPBIX MOXKET BBITEKATH MKUIKOCTB. 4h
OtBepcTusi pacnojiokeHsl Ha paccrosHusx 2h u 3h onl 3n
OT TOBEPXHOCTH cTosia (cM. puc.). Onpexnenure, Ha
KaKOH BBICOTE OT MOBEPXHOCTH CTOJIA NIEPECEKAIOTCS

CTPYH, BBITEKAIOIIME U3 oTBepcTHii? CoCyl ocTaeTcs -
HEIOJABW)XHBIM, BBICOTA YPOBHS KUAKOCTH B COCYIE

3a BpeMsl HaOII0I€HUSI TPAKTUYECKHU HE MEHSETCS.

(16 6annos)
Pemenue
HauvasnbHbIe CKOPOCTH CTPYH HAWIEM C ITIOMOIIBIO TeOpeMbl Toppuuem
(ypasuenue Beprynmn): v, = 2g(4h —3h) = 2gh, v, =/2g(4h—2h) = /4gh .
Ocu KoopauHAT BhIOEpPEM, KaK HA PUCYHKE U 3aIUIIEM KHHEMATUYECKUE
YPaBHEHUSI IBUKECHUS YaCTULl CTPYH.

y X=wt,
Vi Cmpys 1. gtz :
» yl — 3 _ 9
4h 72} \ 2
;} X =V,t,
cmpys 2. t2

HcknrounM t U3 3TUX CUCTEM U NOJTYyYHUM YPAaBHEHUS CTPYM:

2 2

gX gX
—3h-2_y, =2h-2
yl Vf y2 2V§

Crpynm nepecekyTes, koraa Y, =Y,. = X= 2/2h, y, =Y, =h.
5. TerutoBast MammHa, pabOYMM TEJIOM KOTOPOU SIBIISIETCS OJHOATOMHBINA HIcallb-

HBIM Ta3, COBEPIIACT HUKINYECKAN MPOLECC, COCTOAINNA U3 TPEX Yy4acTKOB. BHa-
yajie ra3 aanadaTH4YeCKH paclIupseTcs, Py 3TOM €ro TeMIepaTypa YMEHbIIAeTC s
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ot 4T o T, 3atem c:xuMaeTcst ©300apHO 10 MTEPBOHAYAILHOTO 00beMa ¥, HAKOHEII,
HarpeBaeTcsl M30XOPHO /0 MepBoHadaibHOTO nasieHus. Halpure KIIJ TemnoBoit

MAallIuHBI, YYaCTBYIOIIEH B 3TOM mpouecce. [Ipumeuanue: ypasHenue aouabamol
5

0/151 0OHOAMOMHO20 Udeanvho2o 2aza umeem éuo: PV 3 =const.

(16 bannos)
Pemenue.
['padux ukia nzobpaxken Ha pucyHke. [lo ycnosuto T, =4T , T, =T .
A
D1 p 1 KITJI nukna paBeH 17 = ——, a6 A=A, + A+ A4y,
3 9
P2 ----3 2 v Ay =—p,(V,-1)=—VR(T'-T3), 43 =0.
! ! 3

YTOoOBI NOTYYNTH CBA3b TEMIIEPATYPHI |5 C TEMIIEpATypaMH rasa B COCTOSHH-
ax 1 u 2, 3anuiieM ypaBHeHHE aia0aThl U YPaBHEHUE COCTOSIHHUA.

/3 _ 5/3
SAARE AVES 2/3
Vol 4 Va_ o2
A AS j(v_j _4’\/__4 =8.
—— = 1 1
4T T
3akoH ['efi-JIroccaka st H30X0psI 2-3: \A = \é =T,=T ﬁ = I
T, T V, 8
IToncrasngem Temneparypy T, B popmysl g paboTel Taza u Q, .
= A=vR ZT +T; :EVRT , Q.o =§VR 4T I :%VRT :
2 8 2 8) 16
Torma n=—2 =28 _62 4%

non 93

6. Ha rmankoil TOpHM30OHTAIBHOM TMOBEPXHOCTH
HaXOJHUTCSA TJIAAKWH KIIMH Maccou 4m, mMero-
il GopMy TpeyroibHOW MPU3MbI, B OCHOBA-
HUM KOTOPOM JICKUT NPSAMOYIOJIbHBIA Tpe-
yroapHUK ¢ yrnamu 60° n 30°. Ha xnuH ocro-
POHO MOCTAaBUJIM JBA IIAJKUX TEJIa, MACCaMH
2m ¥ M, KaK MokKa3aHo Ha pucyHke. Omnpenenute, B KaKyl0 CTOPOHY, U C KaKUM
YCKOpPEHHEM OyJIeT IBUTaThCs KJIMH, €CJIM 00a Teja OJHOBPEMEHHO HAYHYT CKOJIb-
3UTh IO €r0 OOKOBBIM MOBEPXHOCTSIM?

(16 6annos)
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1o o01eodpa3oBaTeJLHOMY NpeaMeTy «uznka», BecHa 2021 r
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Penienue

HpCI[HOJIO}KI/IM, YTO KJIMH JBHUXXCTCA BIIPaABO. HYCTB YCKOPCHHE KJIMHA PaBHO
a. 3amnuiiemM YpaBHCHHA JUHAMHUKU J1JIs oboux Ten (CM. pI/ICYHOK)
AN

N>

B=230°
P AT ITS SIS IT SIS SIS SIS

>

v 4mg a X

Yy, N, —2mgcosa =—-2masine,
Y, :N, —mgcos S =masin j.
OTHX ABYX ypaBHeHI/Iﬁ AJOCTAaTOYHO MAJIA HAXOXACHUA CUJI JAaBJICHHWA HAa KIWH
N, u N,, kotopsie paBHbl N; =2m(gcosa —asina), N, =m(gcos S +asin f) .
VYpaBHeHUE JBWKEHUS KIIMHA B MPOEKIIUU HA OCh X:
X:N;sina—N,sin f=4ma.
IToncrasnasa B mocnennee ypasaenue ¢popmynsl 111 N; u N, , HalineM ycko-

pEHUE KIIMHA.

: 1.
g(sta—stﬁj
—a- S — :Jgg:OJSMm?
4+2sin“a+sin“ g 23

Tx. a> O, SHAYUT OPEAITOJIOKCHUC, YTO KIIMH ABUKCTCA BJICBO BEPHO.

6. (20 6amioB) MmMeercss HEpPaCTBOPHUMBIN B KEPOCHHE MOJUIMCIEPCHBIH (C YacTUIAMU pa3-
HBIX Pa3MepoB) MOPOIIOK U3 MaTepuana HeN3BeCTHOU MIOTHOCTH. HackinHas niaoTHOCTh (OTHO-
IIEHHe Macchl K 3aHMMAaeMOMY MOPOIIKOM 06beMy) MaTepuana paHa 1450 kr/m®. Cpemmss
TIOTHOCTH MATEPHAaNa, 3a7THTOro KepocHHoM — 1950 kr/m>.

T170THOCTh KepOCHHA TIPHHATH paBHOit 800 Kr/M>.

Haiinure momto, 3aHUMaeMyl0 MaTepruaaoM B 3aChIlIaHHOM UM 00beMe (Kod(hHITMeHT 3amoHe-
HUSA).

Pewenue:

HacwinHas mioTHOCTE:

pHaE:VM+Vn

['ne M,, — macca marepuana, V,, — 006éM maTepuana, V; — 00bEM mycroT
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Omnpenenum ko3 PHUIMEHT 3aMOITHEHUS:

I,

M

KE e ——
v, +V,
Otkyna 00bEM IyCTOT:

v,
VH=K—:—VH

KoadduimenT 3anonHeHns MOKa3bIBaeT KaKyl 4acTh MPOCTPAHCTBA 3aHUMAET HETOCPEICTBEH-
HO Marepual.

3anumeM BBIPAXXCHHUEC OJIA INIOTHOCTH ITOPOIIKA B KEPOCHUHE:

M, + M,
Prex :W

['me M, — macca kepocuHa. Pacniuiiiem Macchl KepOCHHA U MOPOIIIKA:

M, =pV

0]

MM = JGM: VMI
BrIpasum miioTHOCTH Yyepe3 Ko3QPUIIMEHT 3anoiaHeHus K.
HacpinHas miaoTHOCTB:

M M

Paze = VM = _MKE = .IOM:KE
VoA@E-v,
3

[110THOCTB B KEpOCHUHE:

_ PV + (%_ VM)

FPree = v
Vet g Ve
1
PF‘[VM + Py {?r; - VM:}
FPree = VM KE
P T P {Klg— 1)
pnse-: = KEVM

1
Pres = pu+pec(__1) KE
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Bripa3uB u3 HACBITHOM MIIOTHOCTH KOA()(PHUIIMEHT 3arOTHEHUS:

:pHEII'_‘

K.
3 P

W mopctaBuB 3TO BEIpaXKEeHHUE B GOPMYITY JUISI ITIOTHOCTH MOPOIIKA B KEPOCHHE, TTOIYUUM:

Posx = ﬂu+wa(P”-—1) Paze
p P

HaC

OTKy,[[a IJIOTHOCTb MaTCpHrajia:

D
FPree = Prae + Py (1 _E)

M

_ FPruzc _ FPrex — Prac

1
P Py
Prac =1 Prex — Paac — Pe ™ Proex + Prae
P Py Py
_ PraclPy
.IGM -
Py~ Prex T Paac
YucieHHo:
1450 -300 KT
P, = = 3867 —
300 — 1950 + 1450 M
N ko3 ppuimeHT 3anoaHeHus:
1450 3
K3=@=—=n,3?5=—
p, 3867 8

3
OTtBeT: MaTepuan B 3aChINIaHHOM 00bEeMe 3aHUMAET S



