du3uka. 10 kiaace.
Bapuant 6

1. (6 6amnoB) /IBa OIMHAKOBBIX MAaJCHBKUX INAPHKA JIBUXKYTCS BIOJIb OJTHOMN
BepTuKanu. [lepBblif mapuk MOAOPOIIEH € TMOBEPXHOCTH 3eMIId C HadaJIbHOU
ckopoctbio Vo = 9 m/c, BTOpOH MIapuK OJHOBPEMEHHO C 3aIlyCKOM MEPBOro OpolleH
BHU3 C HadaJbHOW CKOpocThIO U = 3 m/c ¢ BeicoThl H = 8 M. B Touke BcTpeun
npoucxoaut abdcomrotHOo yrpyruit ynap. lllapuku npomomkaroT nBuwkenue. [lpu
OTCKOKE IepBOr0 IIapuka OT MOBEPXHOCTH 3eMJIM €ro MEXaHM4YecKas JHEPTus
ymenbimaercs B K=1,69 pa3za. Ompenenmure CKOpPOCTh IEPBOTO  IIIApHKa
HETOCPEJICTBEHHO TEpe]l BTOPHIM COYJIapEHUEM C IPyTruM InapukoM. CuuTtaite, 4To
3HAYEHHE YCKOPEHHUs CBOOOAHOro najgenus g = 10 m/c?.

Bo3mo:xnoe pemenue. [Ipu Bcex pacuerax mpuMeM, YTO BEPTUKAIbHAs OCh
KOOpJIMHAT HANpaBJieHa BBEPX. 3allUIIEM YpaBHEHUS 1JIs IEPBOTO U BTOPOT'O IIAPUKOB
JUTSI IBUSKEHHUS 10 COYAapeHHUSL:

2
911
hy =V, ——
1 0T1 >
2
T
hl—H_ufl_ng

3nmech h; — BBICOTA, HA KOTOPOH CTOJKHYJHUCH IIAPUKH, Ti — BPEMs IOJIeTa
IAPUKOB JI0 CTOJIKHOBEHUS, § — YCKOPEHUE CBOOOIHOIO NajieHust. M3 3Tux ypaBHeHUI

CIIETy€eT, 9TO
H
Ty =—.

1 Vo+u

BricoTa, Ha KOTOPO# CTOJNIKHYJIMCh IAPUKH, PaBHA

1/ H \?
0 g(—) =378 M.

hy =H
! Vo +u

T Vetu 2
Ha 51011 BBICOTE TPOEKINH CKOPOCTEN MIAPUKOB ONPENEIIIOTCA KaK
gH
CVe4u
gH
Ve+u
CoynapeHue mapruKoB a0COIIOTHO YIIPYroe, O3TOMY MPOEKIUN UX CKOPOCTEN

MOCJIe COyAapeHHs MO 3aKOHAM COXPAHECHUSI UMITYJIbCa U MEXAaHUYECKON SHEPTUU C
Y4E€TOM PaBEHCTBA MAcC IIAPUKOB OMPEIEIAIOTCS KaK

Viin=Vo—gt1 =V

Voy=—u—gt, = —u

VI — V _ gH
11 = V21 = —U Vot u’
/ gt
V21 = Vll = VO —_—— = 2,33 M/C.

Vo+u



3amMeTuM, 4YTO JajbHEHIIMe MpeoOpa3oBaHMs, MPOBOAUMBIE B OOLIEM BHUJE,
TPeOYIOT M3JIHIIHE TPYAOEMKHUX Omepaiuil, m1o3ToMy OyJeM MOBOAUTH YMCICHHBIC
pacyeTsbl.

MoayJib CKOPOCTH MEPBOTO MIAPUKA Yy OBEPXHOCTU PACCUUTHIBAETCS MO 3AKOHY
COXpaHCHUSI MEXaHUUECKON 2HEPTruu U OyJeT paBeH

Vi =+u?+2gH =13 Mm/c.

Bpemsa monera mepBoro mapuka OT TOYKM COYAApeHUs OO0 IOBEPXHOCTH
ONPENEISACTCS U3 YPABHEHUS

r

_ ! !
11 =Vii + 9711
[ToncTaBuB B 3TO ypaBHEHHE PACCUUTAHHBIC PaHEE PJIEMEHTHI, TTOTYYUM:

1/u2+2gH—u_ H

g Vo +u

Ty = ~ 0,33 c.

[Ipoexuuss CKOpOCTH BTOPOroO IIapyuKa B MOMEHT BPEMEHH, KOrJa IIEPBBIH
IapUK KOCHETCSl TOBEPXHOCTH, Oy/I€T paBHA

M
Vo, =Vo — gt =Vo+u—+u?+2gH = —1:.

BricoTa, Ha KOTOpO# OyAeT HAaXOMUTHCS BTOPOW IIAPUK B MOMEHT BPEMEHH,
KOT/Ia TIEPBBIN MIApUK KOCHETCS TOBEPXHOCTH, OyJIeT paBHA

712
h =h1+V2’1T1—921 —4m.
CKOpPOCTH IIEPBOTO IIAPHMKA CPa3y MOCIIE OTCKOKA OyIeT paBHa
Vi1 M
Vi, = — =10 —.
12 \/E C

HckomMoe BpeMmsl IoJieTa NepBOro Miapruka 0T OTCKOKA OT [IOBEPXHOCTH 3€MJIU J10
BTOPOT'O COYJapEHUsi C APYTUM IIAPUKOM OYJET paBHO

hy

Vip + Vo]

[Tepen BTOpBIM COyaapeHUEM CKOPOCTh MEPBOTO MapHKa OyIeT paBHa

T, = ~ (0,36 ¢C.

Vllz = V12 — gl = 6,36 M/C .

Omeem: V|, = 6,36 M/C.

Kpumepuu ouyenueanusn

BoinmostHenue baan

YyacTHUK HE MNpUCTyIajl K 3aJdaHWUI0 HWJIW BBIIOIHWUI €TI0 C 0
CaMOI'0 HadaJia HCBECPHO
3anucano BBIPAXKCHUEC JJIs1 BBICOTHI CTOJIKHOBCHHUS IITAPUKOB 1




3anucaHO BBIPRXXECHHME I CKOPOCTEH INAPUKOB IIOCIIE 1
CTOJIKHOBEHHMSI
3anucaHo BBIPAXKCHUE JUIS PACYETa BPEMEHU I10JIETA 1
3anucaHbl BBIPDAKEHHsI [UI pacyeTa HaYalIbHBIX BBICOT U 1
CKOPOCTEH JUIsl BTOPOTO CTOJKHOBEHHMSI
[IpousBeneHbl HEOOXOIUMMBIE MpPeoOpa3oBaHUsl W MOJY4YEH 2
OKOHYATEJIbHBIN OTBET

Bcero 6a/uioB 6

2. (4 6anaa) Kybnaeckuii 6ak ¢ )KECTKHUMH CTCHKaMH, JUTMHA pedpa
KOTOPOTO COCTaBisieT a = 2 M, pa3iensercs TOHKUM JIETKUM
HenehOPMUPYEMBIM  TIOPIITHEM, TEPEMENIAOIINMCS B BEPTUKATHHOM
HampaBieHun 0e3 TpeHus. llepBoHauanbHO 0aKk MOJIHOCTHIO 3aMOHEH
Bojaoi maccoit M = 8000 kr. B mpocTpaHCTBO MO/ MOPIITHEM 3aKaYMBAIOT
KPHUIITOH, TIPH 3TOM TOPIICHb CIBHUHYJCS Ha pacctosaue Ah =1 wmm. Onpenenure
IUIOTHOCTh KpUNTOHA. TemrepaTypbl KpUNITOHA U BOJbI OAMHAKOBBI, MIOCTOSIHHBI U
paBuel t=17°C. MomnsapHas wmacca kpuntoHa | = 84 r/Monb, 3HAaYCHUS
YHHUBEpCaIbHOM ra30Boit mocTossHHOM R = 8,31 J[x/(K-Mo11b), ycKOpeHUs CBOOOTHOTO
nazgenus g = 10 m/c?. CxuMaeMocTh BOJbI (OTHOCHTENBHOE M3MEHEHHE 00beMa IpH
M30TEPMHUYECKOM yBeIMYeHHU napieHusi) cocrapuser ¢ =5-101° ITa?l. Cunraiire
KPHUIITOH UACATBHBIM Ta30M.

Bo3moxkHoe pemenue. [Ipy IBMKEHUW TOPIIHS OTHOCHTEIIBHOE W3MCHCHUE
o0BeEMa cOCTaBIIET

a’Ah  Ah
6 =—7—=—.
a a
HauvanbHo€ naBiieHne BOAbI HA THO PABHO
p' = 29
a2
[To oxkOHYaHMM 3aTIOTHEHHSI HEOHOM MPOCTPAHCTBA MO MTOPIITHEM JABJICHUE TaM
COCTaBUT
, 6 Mg Ah
=p' +—=——4 —
pP=Pp 2 -
E a ae
Bocnonp3oBaBmmmcek ypaBHeHueM Knanenpona — MenaeneeBa, il MaccChbl
KPHUIITOHA MOJy4YHUM:

B upV' B palh (Mg N Ah)
M= T RT \a &)
[110THOCTL KPUIITOHA
m U (M g Ah) 3
a’Ah  aRT + £ Kr/m

Omeem: p = ﬁ(% + A?h) ~ 43 kr/m3.

p a



Kpumepuu oyenueanusn

BbpinosiHeHue bann
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WA BBIIOJHUI €ro ¢ 0
CaMoOro HayaJia HEBEPHO
[Tomy4yeHo BrIpa)KeHHE ISl OTHOCUTEILHOTO M3MEHEHHS 00beMa
[TosryyeHO BhIpaKEHUE 1151 1aBJICHUS
[TonydeH oTBeT B 00111eM BU/IE
[TosrydeH OKOHYATEJIBHBIN OTBET B BUJIC YHCIIA

Bcero 6a10B

T T L

3. (6 6ayu0B) B ropu30HTAIbHOM HEIMOABM)KHOM IHIMHAPUYCCKOM COCY/IE,
3aKPBITOM TOPITHEM Maccoir M, HaxonuTes ra3. ['a3 HarpeBaroT B TCUCHUE BPEMEHU T,
IIPX 3TOM IIOPIICHBb ABUTASTCS M3 COCTOSHHS TOKOS PaBHOYCKOPEHHO ¢ YCKOPEHHEM
a. BHyTpeHHSS SHeprus OJHOTO MOJII Ta3a MPONOPIHOHANIbHA a0COMFOTHOM
TemiiepaType raza. Onpeaenure K03(QpPHUIUESHT MPONOPIUOHATBFHOCTH, €CIIH CPETHSIS
MOIITHOCTh HarpeBarelst paBHa P. TermmoeMKoCThIO cocyia | OpIIHs npeHedpeds. C
BHEIITHEH CTOPOHBI IMTOPIITHS BaKyyM.

Bo3mo:xxHoe pemenue. [ToCKOIbKY MOPIIEHb JBUXETCS PAaBHOYCKOPEHHO, TO
npoliecc n300apHbIid. B cOOTBETCTBUY ¢ IEPBBIM HAYAJIOM TEPMOJAMHAMUKU

Q = pAV + vcAT .

3neck P — naBieHue rasa, V — ero o0beM, v — KOJIMYECTBO BEIIECTBA 'asa.
B cootBercTBHHu ¢ ypaBHeHueM Kitaneiipona-Menaeneesa

pAV = VRAT .
ITo TeopeMe 00 M3MEHEHNH KMHETHYECKOH SHEPruu
M (ar)?
AV = ———.
P 2
3HaYUT,
M(at)?
AT = ———.
v 2R

KonnuecTBO mepe1aHHO TEMIOTHI:
M(at)? cM(ar)? M(ar)? C
:2+2R=2(1+R)
MoOITHOCTE HarpeBaTens OnpeaesseTcs KaK

P

Q Ma?t (1 c )
T2 R/’
Jl1st ko3 dutineHTa mpornopIHOHATIEHOCTH TOTydaeM:

—R( 2P 1)
="\ Mazt '




0meem:c=R( 2F —1).

Ma?t

Kpumepuu oyenueanusn

BbinoJsiHenune baja
YyacTHUK HE MNPUCTYNAT K 3aJaHUI0 WM BBITOJHWI €ro ¢ 0
CaMOro HavyaJia HEBEPHO
3anucaHo BbIpAKEHUE JUISl IEPBOTO HAYAJIA TEPMOAMHAMUKHI 1
3anucaHo ypaBHeHue Knaneiipona — MeHieneena 1
3anucana TeopeMa 00 U3BMEHEHUH KHHETUYECKON YSHEPTrUuu 2
[IpousBenensr HeoOXxoaumble MpeoOpa3oBaHMs, TMOTYYEH 2
OKOHYATEJIbHBIA OTBET

Bcero 6as10B 6

4. (4 6anna) J[Ba MaJeHBKMX IIAPUKA MCIBITBIBAIOT aOCOJIIOTHO YIPYroe
CTOJIKHOBeHHE. Macca mnepBoro mapuka M. Ilocne CTONKHOBEHHS TEPBBIM MIap
NOTEPST A0JIO 1] CBOEH KMHETHYECKOHM sHeprun. Onpenenure Maccy BTOPOro Iapa.

Bo3moxkHoe pemenme. IlokaxkeMm, 4YTO 0OpH 3aJaHHBIX YCJIOBHSIX U HE
YKa3aHHBIX JOMNOJHUTEIBHBIX YCJIOBHMSIX PEIICHUE CYLIECTBYET TOJBKO B CIyYae,
KOrJ1a BTOpoi mapuk nokowics. [Ipu aGCoMOTHO yrnpyroM coyaapeHHH cyMMapHas
KMHETUYEeCKasi SHEprusi 1apoB HE U3MEHseTcs. Torga B 1abOpaTopHON cUCTeMe
OTCUYETa BBIIIOJIHAETCS YCIOBHE:

DTO MOXKHO 3aluicaTh Kak
mmVE  MV,2 MV} )
= —_ %
2 2 2
[lepeitneM B MHEPLUHMATBHYIO CUCTEMY OTCUETA, ABMIKYIIYIOCS CO CKOPOCTBIO
BTOPOTO IIapUKa J0 CoyJapeHus. B aToil cucreme orcuera

m(Vy — V5)? _ m(Vy{ —V,)? n MV = V,)?
2 B 2 2 '
BeinonnuB npeoOpa3oBaHus, MOTYYHM:

mVZ —mV{? — MV,? = 2V,(MV, + mV{ — MV, —mV,).

BelpaxxeHne B CKOOKax paBHO HYJIO, TaK Kak 3TO Pa3HOCTh CyMMAapHbBIX
MMITYJIbCOB ILIAPUKOB JI0 U ITOCie coynapenus. Torna

nmVE = MV,2.

CpaBHuBas MOJYYEHHOE BBIpaKEHUE C BhIpakeHHEM (*), meraeM BBIBOJ, YTO
IIPU 33/IaHHBIX YCJIOBUSIX PEILICHHUE CYIIECTBYET TOIBKO B CIy4dae, KOT/1a BTOPOU IIApUK
TTOKOMJICS.

Kunernueckas sHeprust nepBoro mapuka nocie yjapa paBHa




mV#
21 (1-1n).

Ero ckopocTh nociie coynapeHusi paBHa

V1, = Vl\/ 1 - T] .
M3 3akoHa COXpaHCHUA UMITYJIbCA
AR ACEIET)
v, 2 '

3HaK B BBIPAKCHUHU 3aBUCUT OT HAITPABJICHUA JIBUKCHUA IICPBOI'O HMIapHUKa IMOCJIC
COyaapCHHU:A. Kunernueckas OHCPI'UA BTOPOI'O HIapHrKa ITOCJIC COYyIapCHUA

K{ =

K, = nmVZ.

N3 storo cnenyer, 4To

_mx/T=n)
n

M
Omeem. M = m(14_r—\/1Tn)2
n
Kpumepuu oyenusanusn
BbinosiHeHue bann
YyacTHUK HE MNPUCTYNAT K 3aJaHUI0 WM BBITOJHWI €ro ¢ 0
CaMoro Hauajia HEBEpHO
3anucaHo BBIPAXKEHUE JJIs1 PABEHCTBA KWHETUYECKUX SHEPTUH J10 1
U TI0CJI€ COYJIapEHUS
[Tokazana HEOOXOIUMOCTH HYJIEBOM CKOPOCTH BTOPOTO IIApUKa 1
JI0 COyJIapeHus
[IpousBenensl HeoOXxoaumble MpeoOpa3oBaHMs, TMOJTYYEH 2
OKOHYATEJILHBIM OTBET
Bcero 6amioB 4

5. (6 6aaoB) [IpoBossias chepa umeeT paauyc R. JlapieHne Ha MOBEPXHOCTD
cdepbl, 00yCIOBIEHHOE B3aMMOJCHCTBHEM 3apsaoB, paBHO P. Ompenenure 3apsia
chepsl.

Ykazanue. Inomans chepsl pasHa 4R,

Bo3mo:xHoe pereHue. BpieauM Ha MOBEPXHOCTH cepbl MajibIii AIEMEHT
miomaabio AS. 3apsii 3TOro 3JeMeHTa paBeH

AQ QAS
ATTR?’
[TockonbKy 37€MEHT Majblif, €0 KPUBU3HON MOXKHO TIPeHEeOpedb, CUUTAs €ro

Y4aCTKOM ITIJIOCKOCTH. HaprDKCHHOCTB QJICKTPUYCCKOI'O ITI0JIA, Co3aaBacMaa 3apsaa0oM
9TOI'0 3JICMCHTA, paBHA




p o fe e _ e 1
17 26,AS ~ 8meyR2 ™ 4mR? 2¢,

HanpspkeHHOCTh TONIs, co3jaBaemasi BOJIM3M TOBEPXHOCTU cdepbl BCEM
3apsoM cdepsl, paBHA

0 1

ATR? g,

3HauuT, BKJIAI TIONA BceX 3apsfoB cdepbl 3a BbueToM 3apsga AQ B
CYMMAapHYIO HaNps>KEHHOCTBD OISl PaBEH

E =

Q 1
ATTR? 2¢,

Cuuta, ¢ KOTOpOH MoJie BceX 3apsioB cephl 3a BerueToM 3apsigaa AQ aeicTByer
Ha 3apsan AQ, paBHa

E, =E =

0 1 QAS
ATTR? 2g, 4mR2’

F =E,AQ =
a JIaBJICHUE HAa MaJBIA DJIEMEHT

QZ

p= 32eom2R*"

3apsn chepsl paBeH
Q = 4mR%\/2¢yp .
Omeem: Q = 4mR?%,[2¢,p .

Kpumepuu oyenueanus

BbpinosiHeHue bann
Y4YacTHUK HE NPUCTyNal K 3aJaHUI0 WA BBIINOJHUI €ro ¢ 0
CaMoro Hauajia HEBEpHO
3anucaHo BRIpaKCHHUE JJIs 3apsa dJIeMeHTa Cepsl
3anucaHbl BeIpaXeHUs JIJIsl HanpsbkeHHocTel Eq u E)
3anucaHbl BbIPAYKCHUE JJIsl CUJIbl B3aUMOJCHCTBUS U TaBJICHUS
[TpousBeneHbl HEOOXOAMMBIE MPe0OPa30BaAHUS U TIOJITYUEH OTBET

Bcero 0am10B

DL INNF-

6. (4 6anna) 3a pacceuBaromeii TOHKOH TuH30# quamerpom D B ee dokyce
IEPIIEHAUKYJISIPHO €€ ONTUYECKOM OCH PACIOJIOKEH IIJIOCKUM 3KpaH. Ilepen mmnnH3on
Ha TJAaBHOM ONTHUYECKON ocu Ha paccrossHud O OT JMH3BI OoyblieM (HOKYCHOTO
IIOMEIIEH TOYEYHBI UICTOYHUK CBETA. J[MaMeTp CBETOBOTO MATHA Ha SKpaHe paBeH D',
Omnpenenure (HOKYCHOE pacCTOSHUE JIMH3BI.



Bo3moskHoe pemieHue. PaccMOTpuM 4YepTEXK.
N3  ueprexxa w3  1moAOOMST  TPEYTOJIHHUKOB,
00pa30BaHHBIX JIYYOM U IJIABHOU U TOOOUYHOM OCSIMU,
BHUJIHO, YTO

[ _F+
roor
Hcnonb3yst ypaBHEHHE UIsI TOHKOM JIMH3BI, ' f
MOJIYYUM: '
d  F
Fe d(D' — 2D)
B D ' |
d(D'-2D)
Omeem: F = -

Kpumepuu ouenusanusn

Brinoanenue

Bbaan

YyacTHUK HE INpuCTymnaia K 3aJaHui0 WKW BBIIIOJHUI €ro C
CaMOro HadaJia HCBCPHO

[TocTpoen uepTex

PaccMmoTpeHsl og00HbIE TPEYTOIbHUKH

[Tpou3sBeneHbl HEOOXOAUMBIE MPE0OPA30BAHUS U MOTYUYEH OTBET

Bcero 6ai10B

DR INE




