10 kaacce
Bapmuanr 4

1. (6 6am0B) /[Ba OAMHAKOBBIX MAJIEHbKUX IIApUKa JABUXKYTCS BIOJIb OJTHOM
BepTukanu. [lepBblii IMIapuK MNOAOPOIIEH C MOBEPXHOCTH 3€MJIM C HA4YaJIbHOU
CKOpocThiO Vo = 7 M/c, BTOPOH IIapHK OJHOBPEMEHHO C 3allyCKOM IEPBOro OpoIlIeH
BHU3 C HauyajgbHOW ckopocthio U = 1 m/c ¢ BeicoThl H = 4 M. B Touke BcTpeun
MpOUCXOAUT abcomtoTHO ynpyruil ynap. lapuku npopoipkaroT auxkenue. I[lpu
OTCKOKE IEpBOr0 IMIAPUKAa OT IMOBEPXHOCTU 3EMJIM €ro MEXaHWYecKas SHEeprus
ymenbmaercs B K =1,21 paza. Onpenenure Bpems IoJieTa IMEPBOTO MIAPHKA OT
OTCKOKa OT ITOBEPXHOCTM 3€MJIM JO BTOPOrO COYIApEHUs C JIPYTUM IIAPUKOM.
CumTaliiTe, 4TO 3HAYEHHE YCKOPEHHS CBOOOAHOrO manenus g = 10 m/c?,

Bo3mo:xHoe pemenue. [Ipu Bcex pacuerax mpuMeM, YTO BEPTUKAIbHAs OCh
KOOpJIMHAT HAINpaBJieHa BBEPX. 3allUIIEM YpaBHEHUS JJIs IEPBOTO U BTOPOT'O IIAPUKOB
JUISL ABUKEHHUS 10 COYIapEHHUS:
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3nech h; — BBICOTA, HA KOTOPOW CTOJKHYJHUCH IIAPUKH, T1 — BpPeMs IOJIeTa
[IAPUKOB JI0 CTOJIKHOBEHUS, § — YCKOpPEHUE CBOOOIHOTO TajieHust. M3 3Tux ypaBHeHUIN
CIENYET, YTO

H
= m :
BricoTa, Ha KOTOPOW CTOJIKHYJIUCH IAPUKH, PABHA
V H \°

VO—iu_%<m> —225u.
Ha 3101 BBICOTE TPOEKIINH CKOPOCTEN IIAPUKOB OMPEAEIIIOTCA KaK
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Viin=Vo—gt1 =V

Vou=—u—gry = —-u

Coynapenue mapuKoB a0COJIIOTHO YIIPYToe, MOATOMY MPOEKIIUMUA UX CKOPOCTEH
MOCJIE COYJAapeHUs MO 3aKOHAM COXPAHECHHSI UMIYJIbca U MEXaHUYECKOW SHEPTUU C
YYETOM PaBEHCTBA MACC IIAPUKOB OMPEAEIIIIOTCA KaK

gH

V=V, =—u————.
11 = V21 Vo +u



gH

Va1 =Viy =Vo—m

=2 M/c.
3aMeTuM, 4YTO JalbHEUIINE MPeoOpa3oBaHMs, MPOBOAWMEIC B OOIIEM BHIE,

TPeOYIOT M3JHIIHE TPYJAOEMKHX OMNEeparfii, modToMy OyJeM MOBOJIUTH UYHCICHHBIC
pacueTsl.

Monyiab CKOPOCTH MEPBOTO MIAPHKA Y MOBEPXHOCTH PACCUUTHIBAETCA MO 3aKOHY
COXpaHEHUsI MEXaHUYECKON 3HEpIUM U OyAET paBeH

Vii=+u?®+2gH =9Mm/c.

Bpems mosiera mepBoro mapuka OT TOYKHM COYAApEHHs /10 MOBEPXHOCTH
ONpEIESAETCS U3 YPABHEHUS
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11 =Vi1 +9711.
[ToncTaBuUB B 5TO ypaBHEHUE PACCUUTAHHBIC PAHEE PJIEMEHTHI, MTOTYUHM:

w/uz+2gH—u_ H

g Vo+u

T = ~ 0,3c.
[TpoekIust CKOPOCTH BTOPOTO IIIAPHKAa B MOMEHT BPEMEHH, KOIJa IEpPBBIi
IIAPMK KOCHETCS MOBEPXHOCTH, OyIET paBHA

M
Vo =V —g11 =Vo+u—+u?+2gH = —1:.
BricoTa, Ha KOTOpOil OyAeT HAaXOIUThCA BTOPOM IIAPUK B MOMEHT BPEMEHH,
KOI'/Ia IIEPBbI IAPUK KOCHETCS IIOBEPXHOCTH, OYIET paBHa

712
h’:,l = h1'l'I/ZI:I_T:{_'ngz 2,65M

CKopocCTh MepBOro mapuka cpa3y nocjae oTckoka OyJeT paBHa
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V,, = — ~ 8,18 -
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Hckomoe BpeMs oJieTa IEPBOIo MApHUKa OT OTCKOKa OT IIOBEPXHOCTH 3EMIIH 110
BTOPOTO COYAAPEHUSs C IPYTUM IIAPUKOM OyJET paBHO

!
hi
T, =—=0,29c.
Vi + Vsl
Omeem: 7, = 0,29 C.
Kpumepuu ouenuganusn
Bninoanenue Bbaan
VY4acTHUK HE NPUCTyNal K 3aJaHUI0 WU BBIMOJHUI €ro ¢ 0
CaMoro Hayajia HEBEPHO
3anucaHo BbIpAKEHUE VISl BBICOTHI CTOJKHOBEHUS IIAPUKOB 1
3anmyMcaHo BBIpOXEHHWE JUII CKOPOCTEH IIapUKOB IIOCTe 2
CTOJIKHOBEHUSA




3anucaHo BbIpaKEHUE JUIsl pacueTa BPEMEHHM I0JIeTa 1
3anucaHbl BBIPAKEHUSA JJISI pacdyeTa HadallbHBIX BBICOT U 1
CKOPOCTEH JJ1s1 BTOPOT'O CTOJIKHOBEHUSI
[IpousBenenbl HEOOXOAUMBIE MPEOOpPa30BaHUS U IOJIYYEH 1
OKOHYATECIILHBIM OTBET

Bcero 0a10B 6

2. (4 6anna) KyOuueckmii 0ak ¢ >KECTKMUMH CTEHKaMH, JTMHA
pebpa kotoporo cocrapiser a = 1,2 M, pa3aensieTcsi TOHKUM JIETKUM
HeZeOPMHUPYEMBIM TIOPIITHEM, TEPEMEIIAIONTUMCS B BEPTUKAIBHOM
HarnpaBieHuu 6e3 Tpenus. [lepBoHayanbHO Oak MOJTHOCTHIO 3AMOHEH
METHJIOBBIM crUpTOM. Kakoe KOJM4ecTBO BeIlecTBa HICATLHOIO rasa
HY)XHO 3aKa4aTh B MPOCTPAHCTBO IO TMOPIIHEM, YTOOBI MOPIICHb CABUHYJICS Ha
paccrostaue Ah = 0,8 mm? Temrieparypsl Ta3a U CHHpPTa OJUHAKOBBI, MTOCTOSIHHBI H
PaBHBI t=27°C. 3HavYeHUs YHUBEPCAIBHOU ra3oBou OCTOSIHHOM
R = 8,31 JIx/(K-Momb), yckopenus cBoGomnoro mazenus ¢ = 10 m/c? mmotHocTH
criupra p = 810 kr/m3. CkUMaeMOCTh CIUpPTa (OTHOCHTENLHOE U3MEHEHHE 00BbEMA IPH
M30TEPMUYECKOM H3MEHEHHH JaBiieHus) coctasuseT € = 8-:10°2° [Ta™,

Bo3moxknoe pemenue. [Ipyu IBMOKEHUW TOPIIHS OTHOCUTEIBHOE W3MEHEHUE
o0bEMA coCTaBIIET

a’Ah  Ah
0 = = —,

a3 a
HauanbHoe naBieHue BO/bI HAa THO PABHO

[
p' =pga.
1o okoOHYaHUM 3aITOJTHEHUSI HEOHOM HpOCTpaHCTBa IO HOpH_IHCM JAaBJICHHUEC TaM
COCTABUT

Ah

o
=p' +—=pga+—.
p=p +_=pgat_—

Bocnosb3oBaBmcs ypapaenuem Kinamneitpona — Menaeneena, 1isi KOJIMYECTBA
BEIIIECTBA UCATBHOrO Ta3a MOJTyYnM:

pV' a3Ah Ah
= — (pg + Q) ~ 0,39 M0OJIb .

VZRT T RT
a®Ah Ah
Omeem: v = - ( g+ Q) ~ 0,39 MoJI1b .

Kpumepuu ouenuganusn

BuinosiHeHue bana
VYyacTHUK HE MNPUCTYNAT K 3aJaHUI0 WM BBITOJHWI €ro ¢ 0
CaMOro HavaJila HEBEPHO
[TonydeHo BbIpaxeHue JJisi OTHOCUTEIBLHOTO U3MEHEHHUs 00bemMa 1
[TonydeHo BeIpa)KEHUE JJIs JIABJICHUS 1




[TonydeH oTBeT B 0011IeM BHU/IE 1
[TosrydeH OKOHYATEJIBHBIN OTBET B BUJIC YHCIIA 1
Bcero 6an10B 4

3. (6 6angoB) B ropu30oHTAIFHOM HEMOABMKHOM IMJIMHAPUYECKOM COCYJIE,
3aKpBITOM MOPIIHEM Maccoll M, HaxonuTces uaeanbHbId ra3. ['a3 HarpeBaroTt, Ipu 3TOM
MOPIIEHb JIBUXKETCS M3 COCTOSIHUSI TOKOSI PaBHOYCKOPEHHO C YCKOPEHHEM a.
KonuuectBo TemnoTel, coobiieHHoe ra3y, paBHo Q. Omnpenenute BpeMs, 3a KOTOPOE
razy Oblia cooOlieHa TeriaoTta. MossipHas TEMJIOEMKOCTh rasa B Mpolecce Mpu
IOCTOSTHHOM 00beMe paBHa Cyy. TemIoeMKOCThIO cocyaa U mopiuHs npenedpeus. C
BHEIIIHEH CTOPOHBI MOPIIHS BaKYyM.

Bo3mo:xxHoe pemenue. [ToCKOIbKY MOPIIEHb TBUXETCS PAaBHOYCKOPEHHO, TO
npoliecc n300apHbiid. B cOOTBETCTBUY ¢ EPBBIM HAYAJIOM TEPMOJAMHAMUKHU

Q = pAV + v, AT .

3aech p — gaBiieHue rasza, V — ero o0beM, v — KOJIMYECTBO BEIlleCTBa rasa.
B coorBercTBum ¢ ypaBHeHueM Knaneiipona-Menpaeneesa

pAV = vRAT .
[To Teopeme 00 UBMEHEHUN KHHETUYECKON IHEPTUN
AV M (at)?
paAV =——/——.
2
3HaAYUT,
M(at)?
VAT = ———.
2R
B okonuaTenbHOM dhopme mosryyaeM
20Q
T = TN
Ma? (1 + L)
R
Kpumepuu oyenusanusn
BeinosiHeHune bana
YyacTHUK HE TPUCTYNal K 3aJlaHUI0 WJIM BBITOJHUI €ro C 0
CaMOro Hayvajia HeBEPHO
3anucaHo BhIpaKEHHUE JIJIsi IEPBOT0 Havajia TEPMOTMHAMUKH 1
3anucano ypaBHeHne Knanelipona — Menaeneena 1
3anucana TeopeMa 00 U3MEHEHUH KUHETUYECKON SHEPTrUun 2




[IpousBenaeHbl HeOOXOaMMBbIE IPeoOpa3oBaHUs, IOJYYCH 2
OKOHYATEIHLHBIA OTBET

Bcero 0aJi10B 6

4. (4 6anna) [Tpu nBMKEHHUU B BO3IIyXe HA MY JICHCTBYET CHJIA COPOTUBIICHUS,
IPONOPLUMOHANIBHAS ~ KBaapary CKopocth. HenocpencrBeHHO mepen  yaapom
BOJIEHOOIMCTA MY JIETE€ TOPU30HTAIBHO CO CKOPOCTBIO Vi, MMesd YCKOpPEHHE aji.
[Tocie ymapa Msi4 MOJ€TEN BEPTHKAIBHO BBEPX C YCKOpeHHEM . Omnpenenute
CKOPOCTb MsI4a HEITOCPEICTBEHHO II0CIIE yAapa.

Bo3mo:xHOe pemieHue. 3anuuIeM YpPAaBHEHUE CBA3U YCKOPEHHUS Ms4a M €r0
CKOPOCTH B TOPU30HTAIILHOM JIBH)KCHUM:
F, kV?
a=—=—.
m m
3nech F1 — cumma comporuBieHusi, M — macca Ms4a, K — KoapUIMeHT
nporopuroHanbHocTH. [locne yaapa Msd mmoseres BBEpX, Ha HErO JEHCTBYIOT CUIIBI
TSKECTH U CONPOTHUBIICHUS, HalpaBieHHbIe BHU3. Ero yckopenue npu 3ToM Oyjaer
PaBHO

may .,
Vs +m
kVi+mg VZ 2 g V,\2
a, = = =\ + g .
m m 4
N3 3TOTO BBIpKECHUS TOTYYaEM:
a — g
Vz == Vl —_.
aq
a —
Omeem: V, =V, |22
a;
Kpumepuu ouyenusanusn
BoinosiHenue bana
YyacTHUK HE MOpUCTYNal K 3aJaHUI0 WM BBIIOJHWI €ro ¢ 0
caMoro HayaJjia HEBEpHO
3anucaHo BBIPAXEHUE [JII YCKOPEHUS] B TOPU3OHTAIBHOM 1
1oJIeTe
3anucaHo BhIpaKEHHUE JIJIsl YCKOPEHHUSI B BEPTUKAIBLHOM T0JIETE 1
[Tpon3BeieHb HEOOXOUMBIE MPEOOPA3OBAHMS U MTOTYUYEH OTBET 2
Bcero 0am10B 4

5. (6 6amnoB) IIpoBosiias chepa paguycom R umeer 3apsa Q. Omnpenenute
JaBJICHUE HA TIOBEPXHOCTH cpephl, 00YCIOBICHHOE B3aUMO/ICHCTBUEM 3aPsI0B.

Vkazanue. Inomans cheps! pasaa 4R,



Bo3moxHoe pemienue. BeiaennuM Ha MOBEPXHOCTU C(hEpbl MAJBIA 3JIEMEHT
iomapio AS. 3apsi 3Toro 3j1eMeHTa paBeH

A0 - QAS
Q"4nR2'

[TockombKy 37€MEHT MaJblid, €r0 KPUBU3HON MOKHO MPEeHEOpEUb, CUUTAS €TO
YY4aCTKOM IUIOCKOCTH. HanpsskeHHOCTh 3JEKTPUYECKOro MOJIs, Co3/1aBacMasl 3apsioM
ATOTO AJIEMEHTA, paBHA

po e ¢ _ ¢ 1
17 2¢,AS  8meyR?2 4mR? 2¢,

HampsokeHHOCTh TOJIS, co3faBaeMasi BOJM3HM TMOBEPXHOCTH CQepbl BCEM
3apsanoM cdepsl, paBHA

Q 1

ATR? g,

3HauuT, BKJIAJ TIOJIA BCEX 3apsaoB cdepbl 3a BbiueToM 3apsga AQ B
CYMMAapHYIO Halps>KEHHOCTD MOJISI paBEH

E =

E, =E; = < !
277V anR? 2,

Cuna, ¢ KOTOpOii oJie Bcex 3apsiioB cepsrl 3a BerueToM 3apsiaa AQ mericTByer
Ha 3apsan AQ, paBHa
Q 1 QAS
ATTR? 2g, 4mMR?’

F =E,AQ =

a JaBJICHUE HA MAJIbIH DJIEMEHT
QZ
32eom%R*"

B cuny cdepuueckoil cuMMeTpHHM JaBJICHHE BO BCEX TOYKax cQepsl
oanHakoBo. Cuiia B3aMMO/ICHCTBUSI HAIIpaBJIeHa OT LEHTpPa cepsbl.

QZ

32gqm2R%’

p

Omeem: p =

Kpumepuu oyenueanus

BbpinosiHeHue bann
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WA BBINOJHUI €ro ¢ 0
CaMoro Hayajia HEBEpHO
Onpenenen 3apsia deMeHTa chepsl
3anucaHbl BbIpaXEHUs JIJIs1 HanpsbkeHHocTel By u E)
3anucaHo BbIPAKEHUE JUIsl CUJIbl B3aUMOICHCTBUS
[TpousBeeHb HEOOXOAMMBIC MPeOOPa30BAHUS U TIOJIYUEH OTBET

Bcero 6a10B
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6. (4 6amma) 3a cobuparomieil TOHKON TMH30M ¢ (POKYCHBIM paccrosiaueM F u
muamerpoM D B ee (dokyce mepneHAMKYISIPHO €€ ONTHUYECKOW OCH PacIoJIOKeH
MJI0CKUi 3Kkpad. [lepen TMH30# Ha IITaBHOM ONTHYECKONM OCH Ha PACCTOSIHUM OOJIbIIIEM
(OKYCHOTO OT JIMH3BI MOMEIIEH TOYEYHbI HCTOYHUK cBeTa. Jlmamerp cBETOBOIO
nsTHA Ha SKpaHe paBeH D'. Onpenenure paccTosiHre OT (HOKyca JMH3bI 10 UCTOYHUKA
CBETa.

Bo3mo:xHoe pemenue. Paccmorpum ueprtex. U3
yepTeka U3 noJ00us TPEeyTroJbHUKOB, 00pa30BaHHbIX JTy4YOM
Y TJIABHOM M TTOOOYHOM OCSMU, BUJHO, YTO

, FD
D' = a4
Otkyna '
. D
d =d—F=F(E—1>.

Omeem: d’ =d—F=F(§—1).

Kpumepuu oyenusanusn

Boinosnenune baaa
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WA BBIINOJHUI €ro ¢ 0

CcaMOoro HavaJia HEBEPHO

[TocTpoeH vepTex

PaccmoTpensl moj00HbIE TPEYTOJbHUKU

ITpousBeneHb HEOOXOAMMEBIC MPeoOpa30BaHUs U IOJTYYEH OTBET
Bcero 60aJs10B
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