10 kaacce
Bapuant 7

1. (6 6amnoB) /IBa OIMHAKOBBIX MAaJCHBKUX INAPHKA JIBUXKYTCS BIOJIb OJTHOMN
BepTuKanu. [lepBblif mapuk MOAOPOIIEH € TMOBEPXHOCTH 3eMIId C HadaJIbHOU
ckopocThio Vo = 10 m/c, BTOpOii mapuK 0JJHOBPEMEHHO C 3aIlyCKOM IEPBOT0 OPOIIICH
BHU3 C HaudaJbHOW CKOpocThIO U = 4 wm/c ¢ BeicoThl H = 9 M. B Touke BcTpeun
npoucxoaut abdcomoTHO yrmpyrui ynap. lllapuku mnpomormkarotr naBukenue. [lpu
OTCKOKE IIepBOTO IapHUKa OT IOBEPXHOCTH 3eMJIM €ro MEXaHW4YecKas HSHEPTHs
ymenbimaercss B K=1,96 paza. Ompenennure CKOPOCTh BTOPOro  IIApHKa
HETMOCPEICTBEHHO TEPEe]l BTOPBIM COyIapeHHUEeM C MepBbIM IapukoM. CuuTaiiTe, 94To
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:
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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
CIENYET, YTO

_ H
Tl_VO+u'

BricoTa, Ha KOTOPO# CTOJNIKHYJIMCh IAPUKH, PaBHA

1/ H \?
0 g(—) —436M.

hy =H
! Vo +u

T Vetu 2
Ha 51011 BBICOTE TPOEKINH CKOPOCTEN MIAPUKOB ONPENEIIIOTCA KaK
gH
— m _
gH
— m _

Viin=Vo—gt1 =V

Voy=—u—gt, = —u

Coynapenue mapukoB a0COJIIOTHO YIIPYToe, MOATOMY MPOEKIIUUA KX CKOPOCTEM
MocJe COyAapeHHs MO 3aKOHAM COXPAHEHUS MMITYJIbCa U MEXaHUUYECKOW DHEPTUM C
Y4E€TOM PaBEHCTBA MAcC IIAPUKOB OMPEIEIAIOTCS KaK

VI — V _ gH
11 = V21 = —U Vot u’
' gt
V21 = Vll = VO —_—— = 3,57 M/C.

Vo+u



3amMeTuM, 4YTO JajbHEHIIMe MpeoOpa3oBaHMs, MPOBOAUMBIE B OOLIEM BHUJE,
TPeOYIOT M3JHIIHE TPYAOEMKHUX ONepalruii, modToMy OyJeM MOBOAUTHh YHCICHHBIC
pacyeTsbl.

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

Vi =+u?+2gH =14 m/c.

Bpems monera mepBOro mapuka OT TOYKM COYIApE€HUS 10 TOBEPXHOCTH
ONPENEISACTCS U3 YPABHEHUS

r

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

1/u2+2gH—u_ H

g Vo +u

Ty = ~ 0,36 c.

[Ipoexuuss CKOpOCTH BTOPOroO IIapyuKa B MOMEHT BPEMEHH, KOrJa IIEPBBIH
IapUK KOCHETCSl TOBEPXHOCTH, OyAET paBHA

Vo, =V —gty =Vo+u—+u?+2gH=0.

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

T!2
h =h1+vz'1r1—921 —5wM
CKOpOCTh MIEpBOTO MIApUKa Cpa3y MOocjae OTCKOKa OyJeT paBHA
11 M
VlZ _—— = 10 -
vk c

Hckomoe Bpemsi 1ojieTa nepBoro mapuka OT OTCKOKa OT TOBEPXHOCTH 3EMIIH J10
BTOPOT'O COyIapEHusi C APYTUM IIAPUKOM OYJET paBHO

hi

Vi + |Va,]
ITepen BTOPBIM COYJapEHUEM CKOPOCTh BTOPOIO HIapuKa OyJeT paBHa

Vy, =Vo, + g1, = 6,03 M/cC.

(5 =0,5c.

Omeem: V|, =~ 6,03 M/c.

Kpumepuu oyenueanusn

BopinosHeHue bann
Y4YacTHUK HE NPUCTyNal K 3aJaHUI0 WA BBIMNOJHUI €ro ¢ 0
CaMoOro HayaJia HEBEPHO
3anrca”o BhIPAXKEHHUE JJIs1 BBICOTHI CTOJKHOBECHMS IIAPUKOB 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 6anna) Kybnueckuii 0ak ¢ )KECTKHUMH CTCHKaMH, JJIMHA

pedpa koToporo coctaBisier a = 1,2 m, pazaensieTcss TOHKUM JIETKUM
HeAePOPMUPYEMBIM MTOPIITHEM, TIEPEMEIAIOITUMCS B BEPTHKATHHOM
HampaBieHun Oe3 TpeHus. IlepBoHawambHO Oak MOJHOCTHIO
3aMOJHEH TJIMLEPUHOM. 3areM B MPOCTPAHCTBO HAJ MOPIIHEM
3akaunBaroT v = 0,5 Monp nupeanbHOro rasa. Ha xakoe paccrosiHue

cMmecTuiIcs nopiieHb? Temneparypsl ra3a u riaviepuHa OJIMHAKOBHI,
nocTostHHbl M paBHbl t = 17 °C. 3HaueHue yHUBEpPCAJIbHOM ra30BOH MOCTOSHHOM
R=2831 [x/(K-Momnp). CxumaemMocTh TIuIlepuHa (OTHOCHUTEIBHOE W3MEHEHHUE
00BbeMa IIPU U30TEPMUUYECKOM YBEIMYEHNH AaBlieHus) coctapiseT € = 2,2-107° ITa™2,

Bo3mosxkHoe pemenme. [Ipy ABMKEHHUU TMOPIIHS OTHOCHTEIBLHOE HM3MECHCHHE
o0bEMA COCTaBIIET

a’Ah  Ah
§=t ==

a3 a
HauanpHOe [naBiieHHE TUIMIIEpUHA Ha BEPXHIOK KPBIIMIKY OTCYTCTBYET, IIO
OKOHYAHUU 3aMlOJIHEHUS Fa30M MPOCTPAHCTBA HAJ MOPIIHEM JIaBJICHUE TaM COCTABUT
6 Ah
P=e e
Bocnons3oBaBmmcek ypasHeHneM Knaneiipona — MeHeneesa, g KOJIUYECTBA
BEIIECTBA MOIYUYHM:

pV' a(Ah)?
RT  &RT
HOplﬂeHb CABHUHCTCA HaA paCCTOSIHI/IG

V= ~ 0,3 MOJIb .

VERT
Ah = " ~ 0,225 MM.

Omeem: Ah = /VS;T ~ (0,225 MM.




Kpumepuu oyenueanusn

BbpinosiHeHue bann
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WA BBIIOJHUI €ro ¢ 0
CaMoOro HayaJia HEBEPHO
[Tomy4yeHo BhIpaKeHHE ISl OTHOCUTEILHOTO M3MEHEHHS 00beMa
[TosryyeHO BhIpaKEHUE 1151 1aBJICHUS
[TonydeH oTBeT B 00111eM BU/IE
[losrydeH OKOHYATEIbHBIM OTBET B BUJIC YMCIIA

Bcero 6a10B

T T L

3. (6 06amnoB) B BepTHKaIbHOM HEMOABMKHOM LUIHHIAPHIECKOM COCY/IE,
3aKPBITOM MOPIITHEM Maccoii M, Haxonutes ra3. ['a3 HarpeBaroT, MPU STOM MOPIICHb
JIBUTAETCS U3 COCTOSHUS IMOKOSI PABHOYCKOPEHHO C YCKOpEHHEM a. 3a BpeMsi HarpeBa
MOPIIEHb BBIXOIUT U3 COCYJIa, a 3aTEM IMPOJIOJIKAET IBH)KEHHE BEPTUKAIBLHO BBEPX B
cBOOOHOM TipocTpaHcTBe. CpeaHsis MOIIHOCThL HarpeBarelns paBHa P. Omnpenenute
BpEMSI MOIbeMa MOPIIHS 10 MAaKCUMAJIbHOW BBICOTHI HaJl KpaeM cocyna. BHyTpeHHss
sHeprusi oaHoro mouist raza paBHa U = CT. Yckopenue cBoOoAgHOro majeHus (.
TemmoeMkocThiO cocyna U mopiiHs mnpeHeOpeub. C BHENIHEH CTOPOHBI MOPIIHS
BaKyyM.

Bo3mosxkHoe pemenue. [10CcKobKy NOPIIEHD ABHXKETCA PABHOYCKOPEHHO, TO
npoliecc n300apHbIid. B cCOOTBETCTBUY ¢ IEPBBIM HAYAJIOM TEPMOJAMHAMUKU

Q = pAV + vcAT .

3neck P — naBieHue rasa, V — ero oo0beM, v — KOJIMYECTBO BEIIECTBA rasa.
B cootBercTBHHM ¢ ypaBHeHueM Kitaneiipona-Menaeneesa

pAV = VRAT .
ITo TeopeMe 00 M3MEHEHUH KMHETUYECKOM SHEPrum
M (ar)?
AV = ———.
P 2
3HaYuT,
M(at)?
AT = ———.
Y 2R

KonudecTBo nepeiaHHoi TEMUIOTHI:
M(at)? cM(at)? M(ar)? c
_ (at) 4 (at) _ (at) (1 _)
2 2R 2 R

3a BpeMsi IBMKEHHS B IWJIMHIPE TOPIIEHb TPHUOOPEN CKOPOCTh

V=ar.

Torna

P:g MaV(

-T2



Y4autheiBas, 4To

VZ

H=—,
29

B OKOHYATEJILHOUM (popMe moryyaeM
2pP?
H = -
2,2 hd
M=a=g (1 + R)
2p?
Omeem: H = ———.
Mzazg(1+%)

Kpumepuu oyenueanusn

BbinoJsiHenune baju
Y4yacTHUK HE MNPUCTYNAI K 3aJaHUI0 WM BBIIOJHWI €ro C 0
CaMOro HavyaJia HEBEPHO
3anucaHo BbIpaKEHUE JUIsl IEPBOTO HAYAJIA TEPMOAUHAMUKHI 1
3anucaHo ypaBHeHue Knaneiipona — MeHnieneena 1
3anucana TeopeMa 00 U3BMEHEHUH KHHETUYECKON YHEpTruu 1
[TonydyeHo BbIpa)k€HUE [Jis CBA3M MOIIHOCTH M CKOpPOCTHU
MOPIITHS
[IpousBenensl HeoOXoaumble MpeoOpa3oBaHMs, TMOJTyYEH 2
OKOHYATEIbHBIA OTBET

Bcero 6a/110B 6

4. (4 6anna) /[Ba MaJCHBKMX IIAPUKA WCIBITBIBAIOT AOCOJIIOTHO YIPYroe
CTOJIKHOBeHME. [lociie CTOJIKHOBEHMS TIEPBBIA IIAp TIOTEPSI JOJIO 1) CBOEH
KMHETHYecKo sHepruu. Macca Broporo mapuka M. Omnpenenure maccy mepBOro

nrapa.

Bo3moxkHoe pemenue. [lokaxeMm, 4TO IpH 3aJaHHBIX YCJIOBHSX U HE
YKa3aHHBIX JIONOJHUTEIBHBIX YCIOBHSX PEIIEHUE CYILIECTBYET TOJIBKO B Ciydae,
KOTJla BTOpOH mapuk mnokowics. IIpu abconoTHO ynpyrom coyaapeHuud cyMMapHas
KUHETHYECKasi SHEprus IIapoB He u3MeHsercs. Toraa B 1abopaTOpHOM cucTeMe

OTCYETa BBIIOJIHICTCS YCIOBHE:
Ki+K, =K +K,.
ITO MOYKHO 3aIucarb Kak
nmVy  MV,2 MV7
2 2 2

()

[lepeiineM B MHEPUUATBHYIO CUCTEMY OTCYETa, JBMIXKYIIYIOCS CO CKOPOCTBIO

BTOPOIO IIapHKa J0 coyaapeHus. B 3Toil cucreme orcuera
m(V; — V,)? m(Vy — V3)? M, - V2)?
2 2 2




BrlnmonHuB npeoOpa3oBaHus, HOTYyUHUM:
mV2 —mV)? — MV,? = 2V,(MV, + mV] — MV, —mV,).

BeipakeHue B CKOOKax paBHO HYJIIO, TaK KaK 3TO Pa3HOCTb CYMMAapHBIX
MMITYJIBCOB IIAPHKOB J10 U Iociie coyaapenus. Torna

nmVE = MV,2.

CpaBHHBas TMOJTYyYEHHOE BBIPAXKECHHE C BBIpaXeHUEM (*), mernaeM BBIBOJ, UTO
IIPU 3a/IaHHBIX YCIIOBUSIX PEILICHHUE CYIIECTBYET TOILKO B CIydae, KOT1a BTOPOM IIapUK
MTOKOMJICSL.

Kunerndeckasi 3Heprusi nepBOro Iapuka 1nocjie yjaapa paBHa

mV#
21 (1-1n).

Ero ckopocTh mmociie coyapeHusi paBHa

V1, = Vlw/ 1 - T] .
W3 3aKk0HA COXpaHEHUS UMITYJIbCA
v — m(V; +V)) mV(1+1-n)
B V, B V, '

3HaK B BBIpaKECHUH 3aBUCUT OT HAIIPABJICHUS JBUKEHUSI IEPBOTO IIapUKa MOCIIE
coynapenus. Kunernueckasi 3Heprus BTOPOro IapukKa nociie coyaapeHust

K| =

K, = nmV{.
N3 storo cnenyer, 4To
Mn
m= 5
(1+y1-n)
M
Omeem. m = —772
(1+/1-1)
Kpumepuu ouenuganusn
Brninoanenue Bbaan
YyacTHUK HE MOpPUCTYNal K 3aJaHUI0 WM BBIIOJHWI €ro ¢ 0
CaMoro Hayajia HEBEPHO
3anucaHo BeIpaKEHHUE 1Sl PABEHCTBA KUHETUYECKUX SHEPTH J10 1
Y TI0CJI€ COYJIapECHUS
ITokazana HEOOXOAUMOCTh HYJIEBOH CKOPOCTH BTOPOTO IIapUKa 1
JI0 COyJlapeHusI
[IpousBenensl  HeoOXoaAMMBbIE  TPeoOpa3oBaHUs, IOJTYUYEH 2
OKOHYATEJILHBII OTBET
Bcero 6a/u10B 4




5. (6 6annoB) [IBa OIMHAKOBBIX BO3MYIIHBIX KOHJAEHcatopa EéMKocThio C
KaX/bli 3apspkeHbl 10 HanpsbkeHus U. OOuH W3 HUX B 3apsHDKEHHOM COCTOSIHUU
NOTPYKAIOT B JUAJIEKTPUUECKYIO KUJKOCTh C MPOHUIAEMOCTBIO €, TOCIE YEero
KOHJIEHCATOpPbl COEIMHSIOT MapauienbHo. Onpenenure KOJIWYECTBO TEIUIOTHI,
BBIJICJIMBILIEECS NIPU COETMHEHUH KOHJIEHCATOPOB.

Bo3moskHoe pemenue. [Ipy norpyxeHun nepBoro KOHAEHCATOPa B KUJIKOCTh
€ro 3apsjJ HE HM3MEHSETCA, a E€MKOCTh BO3pacTaeT B € pa3. Hampsokenuwe Ha
KOHJICHCATOPE YMEHBIIAETCA B € pa3. [Ipu mapamienbHOM COeTMHEHUH KOHIEHCATOPOB
HANPSKEHUSI HA HUX CTAHOBSTCSI PAaBHBIMU JPYT JIPYTY 3a CUET NEPETEKAHUS 3apsiaa C
OJHOTO KOHJICHCATOpa Ha JPYrod IIpU COXPAHEHHM CYMMapHOIro 3apsjaa
KOHJEHCATOPOB. DHEPTUS CUCTEMBI KOHJIEHCATOPOB JI0 COCIMHEHUSI paBHA

_CU? CU?  CU? e+1

M=ot —5 =73 £
HanmeeHI/Ie Ha COCAMHCHHBIX HapaJIJIeJIBHO KOHI(CHC&TOan paBHO
, 22U
T e41°

3HepFI/I${ COCAMHCHHBIX HapaJ'IJ'IeJ'IBHO KOHI[eHcaTopOB paBHa
2CU%¢ 2CU? 2CU?

W, = + = .
27 (e+1)?2 (e4+12 e+1

KommuecTBO BBIIENMUBIIEHCS TEILIOTHI:

0= AW CU?(e —1)?
2e(e+ 1)
CU?(e-1)?
Omeem: ) = ———
Q 2e(e+1)
Kpumepuu ouenusanusn
BbpinoiHeHue Bana
Y4acTHUK HE MNPUCTYNAI K 3aJaHUI0 WM BBIIOJHWI €ro ¢ 0
caMoTro HaJaJia HEBEpHO
3anurcaHo BBIpAKCHUE JIJII SHEPTUH CUCTEMBI JIO COCTMHCHHMSI 2
3anucaHo BEIpOXXEHHUE JIJII DHEPTHH CUCTEMBI TTOCJIE COSTMHCHHMS 2
[TpousBenenbl HEOOXOAMMBIE MPEOOpa3OBaHUS, IOIYYCH 2
OKOHYATEJIbHBIA OTBET
Bcero 6a/10B 6

6. (4 6ayna) 3a paccenBaroIieii TOHKOM JIMH30M ¢ (POKYCHBIM paccrosiuueM F B
ee pokyce NeprneHANKYISIPHO €€ ONTUYECKON OCH pacoJIOkKEH ITOCKU SKkpaH. [lepen
JMH30M Ha TJIAaBHOW ONTHYECKOW ocH Ha paccTosHud 0 > F OT JUH3BI MOMEIICH
TOYCUHBIM HCTOYHUK CBeTa. JuameTp CBETOBOro IMsiTHAa Ha JKpaHe paseH D'
Onpenenure quaMeTp JUH3BIL.



Bo3moskHoe pemenue. PaccMoTpuM 4YepTex.
N3  ueprexxa w3  1moAOOMST  TPEYTOJIHHUKOB,
00pa30BaHHBIX JIYYOM U IJIABHOU U TOOOUYHOM OCSIMU,
BHUJIHO, YTO

[ _F+
roor
Hcnonb3yst ypaBHEHHE UIsI TOHKOM JIMH3BI, ' f
MOJIYYUM: '
, I
D D'd
T F+2d |
d
Omgem: D = —=.
F+2d

Kpumepuu oyenusanusn

Bninoanenue

Bbaan

YyacTHUK HE NpuCTymnaia K 3aJaHui0 WK BBIIIOJHUI €ro C
CaMOr'o Ha4YaJia HCBCPHO

[TocTpoen uepTex

PaccmoTpensl moj00HbIE TPEYTOJIbHUKU

[Tpon3sBeneHb HEOOXOUMBIE MPE0OPA30BAHMS M TTOTYUEH OTBET

Bcero 6asi10B

N ERINE




