du3uka. 10 kiaace.
Bapuant 5

1. (6 6amnoB) /IBa OIMHAKOBBIX MAaJCHBKUX INAPHKA JIBUXKYTCS BIOJIb OJTHOMN
BepTuKanu. [lepBblif mapuk MOAOPOIIEH € TMOBEPXHOCTH 3eMIId C HadaJIbHOU
ckopocTbio Vo = 8 M/c, BTOpO# MIapuK OJHOBPEMEHHO C 3aIlyCKOM MEPBOro OpolleH
BHU3 C HAadaJbHOW CKOPOCTBIO U = 2 m/c ¢ BeicoThl H = 5 M. B Touke BcTpeun
npoucxoaut abdcomrotHOo yrpyruit ynap. lllapuku npomomkaroT nBuwkenue. [lpu
OTCKOKE IepBOr0 IIapuka OT MOBEPXHOCTH 3eMJIM €ro MEXaHM4YecKas JHEPTus
ymenbImaercs B K = 1,21 pa3a. Onpeneiute BICOTY, Ha KOTOPOW TIPOU3OIILIIO BTOPOE
coynapenue mapukoB. CuuraiiTe, 4TO 3HAYCHUE YCKOPEHHS CBOOOTHOTO TajCHUS
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
CIENYET, YTO

_ H
Tl_VO+u'

BricoTa, Ha KOTOPO# CTOJNIKHYJIMCh IAPUKH, PaBHA

1/ H \?
0 g(—) =275M.

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

MocJe COyAapeHHs MO 3aKOHAM COXPAHEHUS UMITyJIbCa U MEXaHWUYECKOW IHEPTUH C
Y4E€TOM PaBEHCTBA MAcC IIAPUKOB OMPEIEIAIOTCS KaK

gH
_m_
gH
_m

Viin=Vo—gt1 =V

Voy=—u—gt, = —u

A— —
Viin = Vo1 = —u

V2,1:V11 =Vo =3M/C



3amMeTuM, 4YTO JajbHEHIIMe MpeoOpa3oBaHMs, MPOBOAUMBIE B OOLIEM BHUJE,
TPeOYIOT M3JHIIHE TPYAOEMKHUX ONeparuii, modroMy OyJeM MOBOAUTH YHUCIECHHBIC
pacyeTsbl.

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

Vi1 =+u?+2gH = 10,2 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 = ~ 0,32 c.

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

M
Voy =Vo — gty =Vo+u—+u?+2gH = —0,2;.

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

12
gt

hy = hy + V5,11 — ~ 3,2M.

CKopoCTh MEPBOTO MIAPHUKA CPa3y MOCIIe OTCKOKa OyIeT paBHa

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

!
hy
T, =——~0,34cC.
Vi + |Vl
3a 5T0 BpeMs IEPBbII MIAPUK IOAHUMETCS Ha BBICOTY
2
gi;

hz = V12T2 _T = 2,58M

Omeem: h, =~ 2,58 M.

Kpumepuu oyenusanusn

BuinosiHeHue bann
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WM BBIIOJHUI €ro ¢ 0
CaMoro Haudajia HEBEPHO
3anucaHo BBIPAXKCHUE JJIs1 BLICOTHI CTOJIKHOBEHHS IIAPHUKOB 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) Kyouueckuii 6ak ¢ )KECTKHMH CTCHKaMHU, JJTHHA

pedpa KOTOPOTro COCTABIISACT & = 2 M, pa3/IeseTCsl TOHKUM JIETKUM
HeAePOPMUPYEMBIM MOPIITHEM, MepeMearoIIMCs B
BEPTUKAJILHOM HampaBiieHun Oe3 TpeHus. [lepBonadanbHO Oak
IIOJTHOCTBIO 3aIlOJHEH BOAOM. B mpocTpaHCTBO Haja IMOpIIHEM
3aKauMBaIOT aproH, B pe3yJbTaTe IMOPIIEHb CIABUHYJCS Ha

paccrosane Ah = 15 wmm. KakoBa mmIOTHOCTE aprosa,

HaxoJAILIErocss B MPOCTPAHCTBE MEXAY BEpPXHEW CTEHKOM Oaka M MOpIIHEM?
Temnepatypsl aproHa u BoJbl OJJMHAKOBBI, TOCTOSHHBI U paBHbl t = 27 °C. MonspHas
macca aproHa | = 40 r/monb, 3HauY€HHE YHUBEpPCAJIHLHOM Ta30BOW IMMOCTOSHHOM
R = 8,31 JIx/(K-mo1p). C:kuMaeMOCTh BOJIBI (OTHOCUTEIIBHOE M3MEHEHHE 00beMa Mpu
M30TEPMHUUYECKOM yBEIUYeHUH napienus) cocraiaser € =5-101° IMal. Cuwuraiire
aproH UJCATbHBIM Ta30M.

Bo3mozkHoe pemeHuc. HpI/I ABUIKCHUN IOPIONHSA OTHOCHUTCIBHOC HN3MCHCHHUC
oO0BbeMa BOJABI COCTABJIACT

a’Ah  Ah
0 =—7%—=—.

a a

HauvanbHoe naBieHue BOAbl HA BEPXHIOK KPBIIIKY OTCYTCTBYET, 10 OKOHYAHUU
3aII0JIHEHUST aprOHOM ITPOCTPAHCTBA HAJl MOPIIHEM JABJICHUE TAM COCTABUT

6 Ah
P T ae

Bocnons3oBaBmmcek ypaBHeHueM Kianeipona — Menieneesa, 11t MacChl €U

HOJIYYUM:

upV'  ua(Ah)?
m= = .

RT ERT
[LmoTHOCTH aproHa COCTaBUT
m UAh
= = ~ 24 3
P = @2Ah ~ aeRT Kr/m
Ah KT

Omeem: p = +— ~ 24 =,
asRT m3



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,
MIPU 3TOM TOPIICHb JIBUTAETCS U3 COCTOSHUSI TTOKOSI paBHOYCKOPEHHO C YCKOpEHHUEM
a. Haiigute cpemHIOI0 MOITHOCTH HarpeBaTess. BHYTpEeHHsIS SHEPTHs OJHOTO MOJIS
raza pasHa U = CT. TemnoemkocTeio cocyaa U mopiuHs npeHedpeus. C BHEIIHEH
CTOPOHBI TTOPIITHS BaKyyM.

Bo3mosxkHoe pemenue. [1ockoyibKy TOPIIEHb ABMXKETCA PABHOYCKOPEHHO, TO
npoliecc n300apHbIid. B COOTBETCTBUY ¢ IEPBBIM HAYAJIOM TEPMOJIMHAMUKU

Q = pAV + vcAT .

31ech P — naBlieHHE ras3a, V — ero o0beM, v — KOJUYSCTBO BEIIeCTBA Ta3a.
B cootBercTBHHU ¢ ypaBHeHueM Kitaneiipona-Menaeneesa

pAV = vRAT .
ITo TeopeMe 00 M3MEHEHNH KMHETHUECKO SHEPrUu
M (at)?
AV = ————.
P 2
3HAYUT,
M(ar)?
AT = ————.
Y 2R

KosmmuecTBo nepegaHHON TEIOTHI:

_ M (at)? N cM(ar)? _ M (at)? (1 N c) |

2 2R 2 R
B okonvaTenpHOM dhopme mosrydaeM
Q Ma?t c
= — = 1 —
T 2 ( R )

Omeem:P = MZZT (1 + %) :

Kpumepuu oyenusanusn

BbinoJsiHeHune \ basn




Y4acTHUK HE TPHUCTyNal K 3aJaHAI0 WIH BBIMOJHWI €Tr0 C 0
camoro Hayasia HEBEpPHO
3anucaHo BeIpaKEHUE JJIs IEPBOTO Havajia TePMOIMHAMUKU 1
3anmcano ypaBHenue Kianeiipona — Menaeneena 1
3anucaHa TeopeMa 00 U3BMEHEHUH KHHETUYECKON YHEPTUHU 2
[IpousBenenbr  HeoOXomauMmple MpeoOpa3oBaHMs, TMOIYYCH 2
OKOHYATEJIbHBIA OTBET

Bcero 6aJi10B 6

4. (4 6anna) [Tpu 1BMKCHHUHU B BO3JIyXe HA MY JICHCTBYET CHJIa COPOTUBIICHUS,
MPOMOPIMOHANIBHASL  KBaApaTy CKOpocTH. HemocpencTBeHHO mepesn  yJIapoMm
BOJICHOOIMCTa MSY JIETENl TOPU3OHTAIBHO, UMesl yckopeHue a;. Ilocie ymapa msia
MOJIETENT BEPTUKAIBLHO BBEPX C YCKOpeHUEM ap. Omnpenenure OTHOIIEHUE CKOPOCTeH
Ms4a 1ocJie U 0 yAapa.

Bo3moxkHoe pemeHue. 3anuilieM ypaBHEHHE CBSI3U YCKOpPEHHUs Msida U €ro

CKOPOCTHU B TOPU30HTATBLHOM JBUKCHUH:
W Bk
m m

3nech F1 — cuma comportuBieHus, M — macca Ms4a, K — KoapUIMeHT
nponopuoHanbHOoCcTH. [locne ynapa Msd mosieten BBEpX, HA HETO JEHCTBYIOT CUIIbI
TSDKECTU M CONMPOTHBIICHHUS, HalpaBiieHHbIe BHU3. Ero yckopenue mpu 3TomM Oyjaer
paBHO

may .,
Vs +m
kVi+mg V2 2 g V02
a, = = =\ + g .
m m Vi
JI7s1 OTHOLLIEHUSI CKOPOCTEH MOTyYaeM
Vo, lap—g
Vi a,
% a,—g
Omeem: =2 = |2
1 a
Kpumepuu oyenuganusn
Brinosinenune bana
Y4acTHUK HE NPUCTyHal K 3aJaHUI0 WIM BBIIOJIHWI €ro C 0
CaMOro Hayajila HEBEpHO
3anucaHO BBIPAXKEHHUE Ui YCKOPEHHsS B TOPU30HTAIBHOM 1
10JIETE
3anucaHo BbIpaKEHHUE JJIsl YCKOPEHHS B BEPTUKAJIBbHOM MOJIETE 1
[Tpou3sBeneHbl HEOOXOAMMBIE MPE0OPA30BAHMS U MOTYYEH OTBET 2

Bcero 6a/u10B 4




5. (6 6ammoB) IIpoBoasimas chepa umeet 3apsaa Q. JlaBieHue Ha MOBEPXHOCTD
chepbl, 00yCIOBICHHOE B3aUMOJCHCTBUEM 3aps/ioB, paBHO P. Omnpeaenure paauyc
cthepsl.

Ykazanue. 11nomans chepsl paBHa 41R2.
Bo3mo:xHOe pemieHue. BbijeauM Ha MOBEPXHOCTU cepbl Mablil AIEMEHT
wiomaabio AS. 3apsi 3Toro 3jaeMeHTa paBeH

AQ QAS
4TTR?’
[TockombKy 37€MEHT Majiblid, €T0 KPUBU3HON MOKHO MpEeHEOpedb, CUUTAS €TO

Y49aCTKOM ITJIOCKOCTH. HaHpH)I(eHHOCTI) QJICKTPUYCCKOT'O I10JIs, CO3JaBacMasd 3apAa10M
9TOro 2JICMCHTA, paBHa

P A
17 2¢,AS ~ 8meyR?2 4mR? 2¢,

HanpspkeHHOCTh 1O, co3jaBaemasi BOJIM3M TOBEPXHOCTU cdepbl BCEM
3apsanoM cdepsl, paBHa

Q 1

ATR? g,

3HauuT, BKJIAJ TONIA BceX 3apsanoB cdepbl 3a BbiueToM 3apsga AQ B
CYMMAapHYIO HallpsKEHHOCTD MOJISI paBEH

E =

Q 1
ATTR? 2¢,
Cuna, ¢ KOTOpOii oJie Bcex 3apsiioB ceprl 3a BerueToM 3apsiaa AQ mericTByer
Ha 3apsag AQ, paBHa

E, =E; =

0 1 OQAS
ATR? 2g, 4mR?’

F =E,AQ =

a J1aBJICHHUC Ha MaJibIii JIEMEHT

QZ
P=o5 2pa:
328077: R
Panuyc cdepsl paBeH
4 2
R="|—2 .
32¢&,m?p

QZ

4
Omeem: R = | ———
32g9m?p



Kpumepuu oyenueanusn

BoinmoJsinenue

baaa

Y4yacTHUK HeE MNpUCTymmajl K 3aJdHWUI0 HWJIW BBIIOJIHWUI €TI0 C
CaMOro Haydajia HCBCpHO

Onpenenen 3apsii deMeHTa chepsl

3anucaHbl BbIpaXeHUs ISl HanpsbkeHHocTel Eq u E)

3anucaHbl BBIPAKCHUC IOJIA CHUJIbL BSaHMOHGﬁCTBHH N JAaBJICHU

[TpousBeieHbl HEOOXOUMBIE MPEOOPA3OBAHMS U MTOTYUYEH OTBET

Bcero 0asiioB

DL ININF-

6. (4 6anna) 3a paccerBaroleil TOHKOH JTUH30M ¢ (OKYCHBIM paccTosiHueM F u
nuamerpoM D B ee (okyce nmepneHAMKYISIPHO €€ ONTHUYECKOW OCH PacIoJIOKEH
tockuit 9kpas. [lepen muH30i Ha TTaBHOM onTHYeCKOW ocH Ha pacctosiaun d > F ot
JIMH3BI IOMELICH TOYEYHBIA HCTOYHMK cBeTa. ONpenenure AuaMeTp CBETOBOIO IsATHA

Ha JKpaHe.

Bo3mokHoe pemienue. PaccMoTpuM 4epTex.
N3 dgeprexka W3  MOAOOMS  TPEYTOJHHUKOB,
0o0Opa3oBaHHBIX JIy4OM U TJIABHOW U TOOOYHOU
OCSIMH, BUJTHO, YTO
f F+

P .

r r
Hcnionb3ysi ypaBHEHUE Jii TOHKOW JIMH3BI,

THOJTYYHM: ;
F ¢ F
D'=D (— + 2) .

d

Omeem: D' = D (S + 2) :

Kpumepuu oyenusanusn

Bninoanenue

baan

YyacTHUK HeE IMpUCTyIlaJl K 3aJdHWUI0 HWJIW BBIIOJIHHUI €TI0 C
CaMOI'0 HadaJia HCBEPHO

[TocTpoeH yepTex

PaccMmoTpensl mogo0HbIe TPEYTOBHUKH

[Tpon3BeneHb HEOOXOUMBIE MPE0OPA3OBAHMS M MTOTYUYEH OTBET

Bcero 0a10B

DR (N[




