10 kaacce
Bapuant 8

1. (6 6amnoB) /IBa OIMHAKOBBIX MAaJCHBKUX INAPHKA JIBUXKYTCS BIOJIb OJTHOMN
BepTuKanu. [lepBblif mapuk MOAOPOIIEH € TMOBEPXHOCTH 3eMIId C HadaJIbHOU
ckopocThio Vo = 11 m/c, BTOpOii ImapuK 0JJHOBPEMEHHO C 3aIlyCKOM IEPBOT0 OpOIlICH
BHU3 C HAYaJbHOU CkopocThio U = 1 M/c ¢ BeicoTel H = 10 M. B Touke BcTpeum
npoucxoaut abdcomoTHO yrmpyrui ynap. lllapuku mnpomormkarotr naBukenue. [lpu
OTCKOKE TIIepBOTO IapHUKa OT IMOBEPXHOCTH 3eMJIM €ro MEXaHW4YeCKas SHEPTHsI
ymenbImaercs B K = 1,96 paza. Onpenenure MakCHMaIbHYIO BBICOTY TIOJJbEéMa BTOPOTO
IIapyKa IMocJie BTOPOTO COYJIapeHUs ¢ MepBbIM mapukoM. CuuTaiTe, 4TO 3HAYCHHE
YCKOPEHHUs cBOOOAHOro magenus g = 10 m/c2.

Bo3mo:xxnoe pemenue. IIpu Bcex pacuerax mpuUMEM, YTO BEPTHUKAJIbHAs OCh
KOOpJIMHAT HANpaBJieHa BBEPX. 3allUIIEM YpaBHEHUS 1JIs IEPBOTO U BTOPOT'O IIAPUKOB
JUTSI IBUSKEHHUS 10 COYAapeHHUSL:
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hy =V, ——
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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(—) —569M.

hy =H
! Vo +u

T Vetu 2
Ha 51011 BBICOTE TPOEKIINK 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 —_—— = 2,67 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 = 14,18 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 = ~ 0,48 c.

[Ipoexuuss CKOpOCTH BTOPOroO IIapyuKa B MOMEHT BPEMEHH, KOrJa IIEPBBIH
IIapUK KOCHETCS TOBEPXHOCTH, OyAE€T paBHA

M
Vo, =Vy — gty =Vo+u—+u?®+2gH =-2,18 =

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

T!2
h, = hy + Vi1 — 92

~ 582Mm.

CKopoCTh MEPBOTO MIAPHUKA Cpa3y MOCIe OTCKOKa OyIeT paBHa

r M
V,, = — =~ 10,13 -

vk
BpewMms nosiera nepBoro mapuka oT OTCKOKa OT HOBEPXHOCTH 3€MIIH JI0 BTOPOTO
COyJapeHHsl C IPYTUM IapUKOM OyAeT paBHO

/
1

Vg + Vol

CkopocTh IEpBOro MIApUKa MNEPE] BTOPHIM CTOIKHOBEHUEM U CKOPOCTh BTOPOTO
HIapuKa Mocje CTOJKHOBEHMS OyyT paBHbI

T, ~0,47c.

Vi =Vip—gt, =V — gh ~ 54 M/c
Vip + Va2l
BricoTa BTOpOro coymapeHus mapukoB OyeT paBHa
2
V. h
h, =h'1;2 g% ~ 3,67 M.

Vig + Vo5 2 Vi + Vo]

MaxkcumaibHasi BRICOTA TTOIbEMa BTOPOTO Mapuka OyIeT paBHa



Vi3
hpy = h, +'3551¥ 513 M.
Vi3

Omeem: h,, = h, 20 513 M.

Kpumepuu oyenueanusn

BbinosiHenune bana
YYyacTHUK HE MNpPUCTYNAI K 3aJaHUI0 WM BBIIOJHWI €ro C 0
CaMoOro Hayajila HEBEpHO
3anucaHo BbIpaXEHUE JJIs1 BBICOTHI CTOJKHOBEHUSI IIAPUKOB 1
3anucaHo BBIpRXEHHE JJisi CKOPOCTEW IIApUKOB IOCIE 2
CTOJIKHOBEHMUSI
3anucaHo BBIpAKCHUE JJIsl pacueTa BPEMEHHM TOJIETa 1
3anucaHbl BBIPAXEHUs Ui pacyeTa HayalbHBIX BBICOT U 1
CKOPOCTEM ISl BTOPOI'O CTOJIKHOBEHUSI
[Ipou3BeneHbl HEOOXOIMMBIE MPEeOOpPa3oBaHUs W IOJIyYEH 1
OKOHYATEJIbHBIA OTBET

Bcero 6aJ110B 6

2. (4 6anaa) Kybuueckuii 0ak ¢ )KeCTKMMH CTEHKaMHU, JJIiHA pedpa
KOTOpOTO coCTaBiusieT a = 1 ™M, pa3gensercsi TOHKUM JIETKUM
HenehOpPMHUPYEMBIM  TIOPIITHEM, TEPEMENIAIONIUMCS B BEPTHKAIHLHOM

HaIlpaBJICHUHU oe3 Tp@HHH.]IGpBOHaanBHO 0aK ITOJIHOCTBIO 3amOJIHEH

MUHEPATbHBIM HHAYCTPUATBHBIM MAacIOM. B mpocTpaHCTBO MO/ MOpITHEM
3akaunBaloT v = 0,6 Monel maeanpHOro rasza. Ilpum 3TOM mopiieHb CABHHYJCS Ha
Ah=1wmM. KakoBa Obuta Temmeparypa wmacna? TemmepaTypbl ra3za W Macia
OJIMHAKOBBI M, TIOCTOSIHHBI B MPOIIECCE 3aMOJIHEHUSI TPOCTPAHCTBA ra30M. 3HAYCHUS
yHUBEpCaJIbHOM ra3oBoil moctossHHOW R = 8,31 JIx/(K-Mo07b), yCKOpeHUs: CBOOOHOTO
nagenns ¢ =10 M/c?> mnotHoctu Macma p = 890 kr/m°. CKUMaeMOCTh Macia
(oTHOCHUTEIBHOE M3MEHEHHE O00beMa MPHU M30TEPMUUYECKOM H3MEHEHUH JaBJICHUS)
cocraBisieT € = 6,8-101° [Ta 'L,

Bo3moxknoe pemenue. [Ipy IBMKEHUU TOPIIHS OTHOCHUTEIBHOE W3MCHEHUE
o0bEMA coCTaBIISIET

a’Ah  Ah
===
a a
HauanbHOE aBieHNe BOBI HA JTHO PABHO

[
p' =pga.
[R)OKOanHHHSaHOHHeHHHHﬁOHONIHpOCTpaHCTBaHOHIHHHHHENIH&BHCHHCT&M
COCTaBUT

Ah

o
=p' +—=pga+—.
p=p +_=pgat_—

Bocnonp3oBaBmmcs ypaBHeHneMm Knanelpona — Menaeneesa, s OIyYrM:



T_pV’_a3Ah( +Ah> 207 K

VR VR Pg caz) '
! 3

Omsem: T =2 =22 (pg +20) ~ 297 K.

Kpumepuu ouyenusanus

BuinosiHeHue bann
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WA BBINOJHUI €ro ¢ 0
CaMoro Hayajia HeBEpHO
[Tomy4ueHo BoIpakeHHE sl OTHOCUTEILHOTO H3MEHEHHs 00beMa
[TosryyeHO BhIpaK€HUE 1151 TaBIEHUS
[TonydeH oTBeT B 00111€M BU/IE
[TosiyyeH oKOHYATEIbHBIM OTBET B BUJIE YHCIIA

Bcero 6aa10B

N N L

3. (6 0anaoB) B BepTHKaTbHOM HEIMOJBMKHOM IMJIMHIPUYECKOM COCYJIE,
3aKpBITOM MOPIIHEM Maccoll M, HaxonuTes uaeanbHbId ra3. ['a3 HarpeBaroT, Ipu 3TOM
MOPIIEHb JIBUTAETCS U3 COCTOSIHUS TTOKOSI PABHOYCKOPEHHO C YCKOPEHHUEM a. 3a BpeMs
HarpeBa MopiieHb BBIXOAUT U3 COCY/Ia, a 3aT€M MPOJIOHKAET JBH)KCHUE BEPTUKATIBLHO
BBEpPX B CBOOOJHOM ImpocTpaHcTBe. CpemHsis MOIIHOCTh HarpeBareliis paBHa P.
Onpenennre MakCUMabHYIO BBICOTY ITObEMA MOPIIHS HaJl KpaeM cocyaa. MossipHas
TEIUIOEMKOCTh ra3a B IIPOLIECCE NPHU MOCTOSHHOM 00bEeMe paBHA Cuy. YCKOpPEHHE
cB0OOOHOTO TIafeHus J. TermIoeMKOCThIO CoCcy/ia U MOpIIHS MpeHeOpeysb. C BHEIIHEH
CTOPOHBI TTOPIIIHS BaKyyM.

Pewenue Bo3moxxkHoe pemeHue. [IOCKOJIBbKY  NOpIICHb  JABHXKETCS
PaBHOYCKOPEHHO, TO TMpollecC HU300apHbId. B COOTBETCTBMM € MEPBHIM HA4aIOM
TEPMOINHAMUKH

Q = pAV +vc, AT .

31ech p — gaBiieHHUE rasza, V — ero 00beM, v — KOJIMYECTBO BEIlleCTBa rasa.
B coorBercTBHM ¢ ypaBHeHueM Knaneiipona-Menaeneesa

pAV = vRAT .
[To TeopeMe 00 M3MECHEHUN KHHETUYCCKON SHEPTrUn
M (at)?
AV = ———.
P 2
3HaAYUT,
M (at)?
AT = ——.
v 2R

KosindecTBo nepegaHHON TEIOTHI:

M(at)? cM(at)? M(ar)? C
TN o T Co T
2 2R 2 R



3a BpeMmsl IBM)KEHHS B LWJIMHIPE TOPUIEHb TPHUOOPEN CKOPOCTh

V =ar.
Torpa
p=2-T (14,
T 2 R
YuuTeIBas, 4TO
V=grt,
B OKOHYATEJILHOM (popMe morydaeM
, 2P
T = N
Mag (1 + %V)
Omeem: T’ = LCV.
Mag(1+%)
Kpumepuu oyenusanusn
BoinosiHenune baaa
YyacTHUK HE MOPUCTYNal K 3aJaHUI0 WM BBIIOJHWI €ro ¢ 0
CaMOro Ha4yaJila HEBEPHO
3anucaHo BbIpaXEHHUE JIJIsl IEPBOr0 Havajia TEPMOJMHAMHUKHU 1
3anncaHo ypaBHeHue Knaneiipona — MeHieneeBa 1
3anucana TeopeMa 00 U3BMEHEHUH KHHETUYECKOW YHEPTrUuu 1
[TonydyeHo BbIpa)keHUE [JII CBSA3M MOIIHOCTH M CKOPOCTHU
MOPILHS
[IpousBeneHbl HeoOXoAMMbIE MPeoOpa3OBaHMs, MOJYYEH 2
OKOHYATEIbHBIA OTBET
Bcero 6aJi10B 6

4. (4 6anna) J[Ba MaJeHBKHX IIAPHKA MCIBITBIBAIOT AOCOJIIOTHO YIIPYroe
CTOJIKHOBEHME. llociie CTOJIKHOBEHMs TIEPBBIA IIAp TIOTEPSI JOJNKO 1) CBOEH
KMHETUYeCKo sHepruu. OrmnpenenuTe OTHOIIEHHME MacChl MEPBOroO Iapa K Macce
BTOPOTO LIAPHUKA.

Bo3moxkHoe pemenue. I[lokaxkemM, 4TO NOpU 3aJaHHBIX YCIOBUSX U HE
YKa3aHHBIX JIOMOJHUTENIBHBIX YCJIOBUSIX PEUICHHE CYIIECTBYET TOJIKO B Ciyyae,
KOT/1a BTOPOM miapuk mokowics. [Ipu aGCoMOTHO ypyroM COyaapeHHH CyMMapHast
KUHETHYeCKasi SHEeprus IIapoB He u3MeHsercs. Torma B mabopaTOpHOM cucTeMe
OTCYETa BBINOJIHIETCS YCIOBHE:

Ki+K, =K +K,.
DTO MOXKHO 3aMmucarh KaK
nmV¢  MV,2 MV?
2 2 2

(+)



[lepeiineM B MHEPUUATBHYIO CUCTEMY OTCYETA, JBUKYIIYIOCS CO CKOPOCTBIO
BTOPOTO MIApHUKa 0 coynapeHus. B aToii cucteme oTcuera

m(Vy — V;)? _m(Vy — V,)? 4 MV; —V,)?
2 B 2 2 '
BolnonHuB npeoOdpa3oBaHus, HOTYyUHUM:

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

BelpaxxeHne B CKOOKax paBHO HYJIO, TaK Kak 3TO Pa3HOCTbh CyMMapHbIX
MMITYJIbCOB LIAPUKOB JI0 U ITOCi€e coyaapenus. Torna

nmVZ = MV,

CpaBHuBas MOJYYEHHOE BBIPAXEHUE C BhIpKEHHEM (*), memaeM BBIBOJ, YTO
IIPU 3a/IaHHBIX YCIIOBUSIX PEILICHHE CYIIECTBYET TOIBKO B CIy4dae, KOT1a BTOPOU IIAPUK
TOKOMJICS.

Kunernueckas sHeprusi nepBoro mapuka nocie yjapa paBHa

mV:?2
21 (1-7n.

Ero ckopocTthb nocie coyaapeHus paBHa

V1, = Vl'\/ 1 - T] .
N3 3ak0oHa cCOXpaHEHUs UMITYJIbCa
v — m(V, £V)) mV;(1+1-n)
7 2 |

3HAaK B BBIPAXKEHUU 3aBUCUT OT HAPABJICHUS JBUKEHUSI IEPBOTO IIapHUKa [TOCIIe
coynapenusi. Kunernueckas sHeprusi BTOpOro Iapuka 1nocje coyaapeHus

Ki =

KZI - anlz .

U3 storo cienyer, 4To

k= L
(1+/1-7n)
Omeem: k = Lz
(1+yT)
Kpumepuu ouenuganusn
BbinosiHeHue bann

VY4acTHUK HE NPUCTYyNaT K 3aJaHUI0 WU BBIMNOJHUI €ro ¢ 0
CaMoro Hayajia HEBEPHO
3anucaHo BeIpaKEHHUE 1Sl PABEHCTBA KUHETUUECKUX SHEPTHI 10 1
Y MOCJIE COYJIapEHUS
ITokazana HEOOXOIUMOCTh HYJIEBOM CKOPOCTH BTOPOTO IIapvKa 1
JI0 COyJIapEHUsI




[IpousBenenbl  HeoOXoaMMbIE  TpPeoOpa3oBaHUs, IOJTYUYEH 2
OKOHYATEJILHBIU OTBET
Bcero 0aJi10B 4

5. (6 6ansoB) /[Ba OAMHAKOBBIX BO3IYIIHBIX KOHACHCATOpA 3apsKCHBI 10
HanpspkeHuss U kaxnapii. OJIMH M3 HUX B 3apsyKEHHOM COCTOSIHUM IOIPYXaroT B
IUDJIEKTPUUECKYIO0 KHUIKOCTh C INPOHHULAEMOCTBIO €, IOCJIE YEro KOHJIEHCATOPhI
COEIMHSIOT napayienbHo. KolnyecTBO TEmIOThI, BBIIECIMBLIEECS MPU COEIUHEHHUH
KOH/IEHCAaTOpOB, paBHO Q. OrnpenenuTe eMKOCTh KOHAEHCATOPOB.

Bo3mo:xHoe pemienue. [Ipy norpyxeHuu NepBOro KOHAEHCATOPA B KUJIKOCTh
€ro 3apsal He U3MEHSAETCs, a €MKOCTb Bo3pacraeT B & pa3. HampsbkeHue Ha
KOHJIEHCATOpE YMEHbIIAETCS B € pa3. [Ipu napajienbsHOM COEIMHEHNN KOHIEHCATOPOB
HaIpsHKEHUS Ha HUX CTAHOBATCS PaBHBIMU APYT APYTyY 3a CUET NEepeTeKaHus 3apsaaa ¢
OJIHOTO KOHJEHCATOpa Ha Jpyrod IIpU COXPaHEHHH CYMMapHOro 3apsjaa
KOHJICHCATOPOB. DHEPIHsl CUCTEMBI KOHJIEHCATOPOB 10 COSAMHEHUS PaBHA

_CU* CU* CU* e+1

1= T3 2 £
HanmeeHI/Ie Ha COCAMHCHHBIX HapaJ'IJ'IeJ'IBHO KOHJACHCAT Oan paBHO
o2U
e+ 1]

DHEprHsi COeMMHEHHBIX NapalIeIbHO KOHIEHCATOPOB PaBHa
2CU%¢ 2CU? 2CU?

W, = = )
2= Er D2 T er1)? e+l

KommuecTBO BBIIENMUBIIENCS TEILIOTHI:

0= AW CU?(e — 1)?
2¢(e+ 1)
N3 3T0r0 BhIpaXXeHUs MOIydaeM
2¢(e + 1)Q
U2(e —1)2
2e(e+1)Q
Omeem: C = ———
U2(e—-1)2
Kpumepuu ouenuganusn
BrpinosiHeHue baan
VYyacTHUK HE MNPUCTYNAT K 3aJaHUI0 WM BBITOJHWI €ro ¢ 0
CaMoro Hauajia HEBEpHO
3anucaHo BhIpaKEHHUE JJIsl SHEPTUU CUCTEMBI JI0 COSTMHEHUS 2
3anucaHo BIpaXEHUE JJI SHEPTUH CUCTEMBI IIOCJIE COSTMHEHUS 2
[IpousBenenbl  HeoOXoaAMMBIE  MpeoOpa3oBaHUs, MOJIy4YEH 2
OKOHYATEJILHBII OTBET




\ Bcero 6as10B \ 6 \

6. (4 6ayura) 3a paccenBaroIeii TOHKOW JTUH30M ¢ (HOKYCHBIM paccTosiHueM F u
muamerpoMm D B ee (dokyce mepneHAMKYISIPHO €€ ONTHYECKOW OCH PaCIOJIOKEH
IJI0CKUM dKpaH. [lepen MMH30# Ha rITaBHON ONTHYECKOM OCH Ha PACCTOSTHUM OOJIbIIIEM
(OKYCHOI'0 OT JIMH3bI MOMEIIEH TOYCUHBI UICTOYHUK CBETA. TUAMETP CBETOBOTO IMSITHA
Ha 3KkpaHe paBeH D'. Onpegennte pacCTOSHUE OT JIMH3BI 10 UCTOYHUKA CBETA.

Bo3mo:xHoe pemieHue. PaccMOTpuM 4YepTex.
N3 geprexxa w3  TOAOOMS  TPEYTrOJIHHUKOB,
00pa30BaHHBIX JIYYOM M IJIABHOU U TOOOYHOMN OCSIMU,
BHUJIHO, YTO ,
r
f F+
r r -
HNcnonb3yst ypaBHEHHME IS TOHKOM JIMH3BI, . f
MOJIYYHM: !
d F F
P DF
= —, .
DF
Omeem: d = )
DI—2D
Kpumepuu oyenueanusn
Beinmoauenune Bbaaa
Y4YacTHUK HE NPUCTYyNAI K 3aJaHUI0 WA BBINOJHUI €ro ¢ 0

CaMOro Ha4yaJla HEBEPHO

[TocTpoen uepTex

PaccMmoTpensl ogo0HbIe TPEYTOIbHUKH

[Ipou3sBeneHbl HEOOXOAUMBIE MPE0OPA30BAHUS U MOTYUYEH OTBET
Bcero 0as10B

N RN




