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2021/2022 y4eOHbIH TOI.

1. MasneHbKas 11aii0a CoCKalib3bIBaeT ¢ HEKOTOPOI BBICOTHI N 10 IIIaIKO HAKJIIOHHOW TNIOCKOCTH, TTAaBHO

m ., Tepexonasuien Ha TOPU30HTAIIbHBIN Y4acTOK [JIaIKOH

p ; MOBEPXHOCTH, W HCIBITHIBAET IEHTPATbHOE a0COIIOTHO YIPYroe
h NP o "

' m/2 2 coynapeHue ¢ maiboil BABOE MEHbIIEH Macchl. Bropas mraiiba

[OCJIE COyJapeHHs IIONajaeT Ha HAKIOHHYIO ILEPOXOBATYIO
HIOBEPXHOCTB, IJIABHO COIPSHKEHHYIO C TOPU30HTAIBHON MOBEPXHOCTHIO TIOCPEICTBOM IJIJIKOTO YYacTKa.
Omnpenenute yroi o, KOTOPbIH 00pa3yeT ¢ FOPU30HTOM ILIEPOXOBaTask HAKJIOHHAS TIOBEPXHOCTh, €CIIU 3T
maiida mogHUMaeTcs Mo Hel Ha Takyr ke BbicoTy h. Koaddunment tpenus mexay maiiboir u
II€pOX0OBAaTON MOBEPXHOCTHIO paBeH L = . OTBET NpUBEIUTE B Ipajlycax, OKPYIJIMB O LEIbIX.

Pemenue. (23 0asia). CKopoCcTh MEpPBOM MIAWOBI MEpea yaapoM OIMpeAessieM M3 3aKOHa COXpPaHEHHsI
2

o mv o
MCXAaHUYCCKOH SHCPIruu mgh = TO . I3 3akoHna COXPAHCHUS UMITYJIbCA U MCXAHUYCCKOU SHEPTHUU IIPU

4V,

PR _ Vo
YIPYroM yziape OmpejeisieM CKOPOCTh BTOPoil maiiber V, = ——. Jlanee 3amuchBacM 3aKOH H3MCHCHHS

2
1

m m
MEXaHUYECKOM HSHEPruu BTOPOH IIANOBI: —u- E g-h-ctga = E gh. C yuérom mnepsoro

. 9
paBCHCTBA M HAUJCHHOI'O BBINIC 3HAYCHUS CKOPOCTH Vi MOJIy4YaeM, 4YTO th(,ZTM. OTtBer:

9y
=arctg| — |.
* g( 7)

Bapsupyewmslii nmapamerp L. Jnanason usmenenus ot 0,2 no 0,4 ¢ marom 0,02. Pacuérnas ¢opmyna:
o =57,3-arctg(1,286 - ).

u 0,20 0,22 0,24 0,26 0,28 0,30 0,32 0,34 0,36 0,38 0,40

o 14 16 17 18 20 21 22 24 25 26 27

2. Ha mepoxoBaToM ropu30HTAIBHOM CTOJIE HAXOAUTCA Opycok Maccoil M = T ¢ MpUKpEIIeHHOH K HeMy
M JIETKOM HEpacTSHKUMOM HHTBIO, MEPEKMHYTOM Yepe3 HEBECOMBIM HEMOJBHKHBIN
7T 6mok. Ko BTOpoMy KOHIly HHTH NpUBA3aHa Jierkas MpPYXHHA >KECTKOCTBIO

k k=10H/M ¢ noasemieHHbIM Ha Heil rpy3om maccoii M =100r. B HavanbHOM
COCTOSIHUM TPY3 YAEPKUBAIOT B TAKOM IOJIO)KEHHM, YTO HUThH CJIETKA HATAHYTA, a
npyXrHA He NeOpMHPOBaHA, TPUYEM TPABBI KOHEI] HUTH U MPY)KWHA 3aHUMAIOT
BEPTUKAJIBHOE IOJIOKEHHE. B HEKOTOPBIII MOMEHT Ipy3 OTIYCKAIOT U3 COCTOSHUS MOKOs. CIycTsi Bpems
1 =7/30 ¢ = 0,105 ¢ mocie 3toro Opycok capuraercs ¢ Mecta. Haiiure KO3 QUIHMEHT TPEHUS L MEKITY
OpyckoM u cTonoM. OTBET OKPYTIIUTE IO COTHIX.

m

Pemienue. (21 ©0aaua). bpycok caBuHeTcs ¢ MecTa, KOTJa CHja HATSKEHUS HUTH | TIPEBBICUT
MaKCHMaJbHOE 3HAUEHHE CHUJIbI TPEHUS MOKOS MEXIy OpycKoM M cTojioM, T.e. ipu T >uMg, rae g —

yCKOpeHue cBOOOJHOro maaeHus. B cBoro ouepenap mo 3akoHy I'yka T =Ky, rme y — ymaiuHeHue

npyxuHbl. Halizem Benuuuny Y(t) = Yo B MOMEHT BpeMeHH T. COBMECTHM HAyaJio OTCYETa C HIKHUM
KOHIIOM HeZe(pOpMUPOBAHHON MPYXUHBI, KOOpAUHATHYIO ock OY HampaBuM BepTHKanbHO BHU3. [lo
BTOpPOMY 3akoHy HbIOTOHa asi Tpy3a MMeeM YpaBHEHHE NBIDKCHHS MY =mg—Ky ¢ HadaJbHBIMH

ycaousmu  Y(0)=0, y(0)=0, rme ToukamMu 0003HAYEHBI MPOM3BOJIHBIC MO BpPEMEHH. 3aMEHOMN




mg

NEPEMEHHBIX M =Y ——— YypaBHEHHE [BWXKEHUS TIpy3a NPUBOAUTCS K YypaBHEHMIO N+—n=0,
m

k

OIMCBHIBAIOIIEMY TaPMOHHYECKHE KONCOAHWs C KPYroBOil 4acToTol ®=,|— . C yd4eToM HadyabHBIX
m

ycnouii  M(0) = —% , N(0)=0 pemenre storo ypaBHeHus wumeer Bua 1(t) = —% COS[\/Et] .
m

. m k
Ilepexons BHOBb K EPEMEHHOM Y, HAXOIUM, YTO Y, = Tg{l—co{ —tﬂ. [ToxcraBisist 3TO 3HaYEHUE B
\'m

ypaBaenue UMQ = ky,, moiyuaem, 4To HCKOMBII KOOPUIUESHT TPEHUS Ll = %{1— COS(\/E‘C]:| .

m
Otset: p= m |:1— CO{\/Etﬂ .
M m

Bapsupyewmsrii mapamerp M. uanazon nsmenenus ot 200 qo 600 r ¢ marom 40 r. Pacu€rnas ¢opmyna:
50

pn=—-.
M

M 200 240 280 320 360 400 440 480 520 560 600

u 0,25 0,21 0,18 0,17 0,14 0,12 0,11 0,10 0,10 0,09 0,08

3. B TCIIJIOU30JIUPOBAHHOM BCPTUKAJIBHOM HWJIWHAPE IMOJA TAKCIbIM TCINIOU30JIUPYIOIMIUM IMMOPIIHEM
HaXOJUTCS HWJACANbHBIM OJHOATOMHBINA ra3. PaccrosHue Mexay mnopiiHeM U JHOM cocyaa H =1 wm.
CBepxy Ha MOPUICHb MEIJICHHO HACHIAIN MAIYIO MOPIMIO TecKa, Macca KOTOPOW M = T 3HAYUTEITHHO
MeHble Macchl nopurHs. Ha kakyto Benuunny AU u3MeHHMTCS B pe3ysbTaTe 3TOTO BHYTPEHHsS SHEPrus
raza? VYckopeHWe CBOOOJHOTO TajeHMss mOpummTe paBHeIM ¢ = 10 M/c2. OTBer mnpuBeauTe B
MWLIHJDKOYIISIX, OKPYTIIMB JI0 LEJBIX.

Pemenne. (20 0asnoB). I3MeHEHME BHYTPEHHEH SHEPrUM MJEAIBHOIO OJHOATOMHOIO Ta3a PaBHO
3 .
AU = EVRAT , TIle V — KOJIMYEeCTBO MOJel ra3a, R — yHuBepcanbHas ra3oBasi IOCTOSIHHAS. Y paBHEHUS

MenpaeneeBa—Kuanelipona [uisi HadajabHOTO M KOHEYHOIO COCTOSHMM raza ummeror Bua: PV =vRT,
(p+Ap)(V —AV)=vR(T +AT).3nece p,V u T — HavyajbHbIC JaBlIcHUE, 00EM M TEMIIEpaTypa rasa;
Ap, AV u AT — ux npupamenus. [IpeneOperas mpousBefeHHEM MalblXx BelnuduH APAV , U3 3THX
ypaBHeHu# HaxoguM VRAT =VAp— pAV . Ilockonabky ra3 TemjaoW30JIMPOBAH, M3 TEPBOTO 3aKOHA
TEPMOJIMHAMHKH cieayeT, uyto PAV =AU . YcioBus paBHOBecHs MOpIIHS Maccoii M B HayanbHOM U
KOHEYHOM COCTOSHHSX MMEIT Bua: PS=Mg+ p,S, (p+Ap)S=(M +m)g+ p,S, rae S — miomans
nopmHs, P, — armocdepHoe pgasineHue. OTcooma Ap M9 _ m\g;_H OObenuHsAs 3amMCaHHBIC

S
3 3
BBIpaXEHMSI, ITosIydaeM, uro AU = gmgH . OrBer: AU = gmgH .

Bapsupyemsrii mapamerp M. Jwmanazon m3meneHus ot 10 go 30 r ¢ marom 2 r. Pacuérnas ¢opmymna:
AU =6-m.

M 10 12 14 16 18 20 22 24 26 28 30

u 60 72 84 96 108 120 132 144 156 168 180




4. B nenu, cxeMa KOTOpOH MOKa3aHa Ha PUCYHKE, B HEKOTOPBIM MOMEHT 3aMbIKAIOT KJIH0Y
K. Haiigute nanpsxenue U Ha KaTyllke K TOMY MOMEHTY, KOTJa uepe3 pe3ucTop
nporeder 3apsan (=1wmKn. HWuayktuBHocTh Karymku L = 1mI'H, conporusieHue
pesuctopa R=40m, DJIC wucrounnka E = B, a ero BHYTpEeHHEE CONPOTUBICHUE
r =1 Om. OTBeT NpUBEAUTE B BOJIBTAX, OKPYIJIUB /10 JECATHIX.

Pemenune. (19 0anioB). PaccMoTpuM MOMEHT BpEMEHHM, KOI'Zla HAmpsDKEHUE Ha Karylike paBHo U .
O06o3naunm uepe3 |, |z, U |, CHIBI TOKOB, TEKyIIMX B 3TOT MOMEHT 4epe3 KaTylIKy, PE3UCTOp H

. Al
UCTOYHUK, COOTBETCTBEHHO. [lo 3akoHy »siekTpoMarHUTHONM uHAyKIUH U = LTtL’ rie Al —

r

U3MEHEHHE 3a Majioe BpeMs At CHIIBI TOKa, TEKyILIero yepe3 karymky. [1o 3akony OMa 1t 0THOPOAHOTO
ydacTka nenu Hanpsbkenue Ha pesucrope U = IgR . ITo 3akony Oma juid y4yacTka Ienu, COJEep Kallero

OJC, U=E-I,r. Ilockonbky corinacHo nepsomy mnpasumiry Kupxroda I, =1 +1y, u3 nocinennero
U
pPaBEHCTBAa MOXKHO UCKIIIOYUTH IepeMeHHyo |, , nepenucas 310 paBeHcTBO B Buie: U =E—| I +—|r.

Kpome Toro, us 3anucanHbiX Bbllle ypaBHeHMH cienyeT, uto LAl =RIgAt=RAqQ, roe Aq=I1gAt —
3apsil, NpoTeKIMi yepe3 pe3uctop R 3a Bpems At. Tak kak /10 3aMbIKaHUS KJIOYa TOK 4Yepe3 KaTYIIKY
OTCYTCTBOBAJI, & K pacCCMaTPUBAEMOMY MOMEHTY BpeMeHM cran paBHbiM |, To LI, =Rq. Bepaxkas
OTCIOJIa BEIMYMHY |, UM IOJCTaBiIsAA €€ B 3allMCaHHOE BBIIIE COOTHOIIEHHE Uid U , IOJIlyduM ypaBHEHHUE:
U= E—(&+Bjr, W3 KOTOPOTO cienyeT, uto U = R (E— quj. OtBer: U = R (E— quj.

L R R+r L R+r L

Bapwsupyemsriit mapamerp E. [namaszon usmenenus ot 5 10 15 B ¢ marom 1 B. Pacuérnas dopmymna:
U=08-(E-4).

E 5 6 7 8 9 10 11 12 13 14 15

U 0,8 1,6 2,4 3,2 4,0 4,8 5,6 6,4 7,2 8,0 8,8

5. CTexIsiHHBIH KYOMK OCBEIIAeTCs HIMPOKHUM IyYKOM IapajIeNbHBIX CBETOBBIX
Tydeid, mapasiebHBIX OAHOM U3 €ro TpaHeil, Kak MoKa3aHo Ha pucyHke. Omnpenennre
mpuHy d mapayuienbHOrO MydYKa JIydel, BBIXOMAAIIEr0 M3 KyOWKa B HaIpaBICHUU
najaromiero mydka. [[nuHa pebOpa kyOmka a = cm, KO3hOUIMEHT MpeToMIICHUS
crexna N = 1,5. OTBeT npuBEIUTE B CAHTUMETPAX, OKPYTJIHB /10 AECATHIX.

Pemenne. (17 6anuoB). Xox iyded, MajalolMX Ha BEPXHIOI IIOJIOBHHY KyOWKa, H300pa)keH Ha
pucyHke. BuaHo, 4To mapasienbHbIi My4oK JTydel, BBIXOIAIINX U3 KyOuka
B HalpaBJIEHUM MAJAIOIIEro Iy4yKa, OrPaHUYEH JIydaMH, MONaJarolnuX Ha
pedpo KyOuKa 1 mpeaoMIEHHBIMUA Ha HeM. OTMETUM, 4TO JTy4H, 11aJ[alolue
W3HYTpHU Ha rpaHb KyOuka noa yriaom 90°—[3 = 62°, UCHBITEIBAIOT HA 3TOM

. . A90
TPaHH TOJHOE BHYTPEHHEE OTPAKEHHE (KPUTHUHECKHH yrom o, ~42°) u

HapyXky He BbIXoAaT. Kak BHIHO M3 pHCYHKa, %=a(l—tg B)-Sinoc.

_ sina sin a
YuuThIBas, 9YTO 1O 3aKOHy mpenomieHus SINB=——, a COSP=,/1-———, momydaem, dTO
n
d sina. . . J2 J2 J2
—=a 1-——-=|-sina. Ilockonpky a0 =45°, 10 Sino=—n d =28 1 - ——n—o |- —.
2 Vn? —sin® o 2 2n?-05) 2




V2 V2
OmBer: d=2a|1————— |- —.
{ 2n?-05) 2

Bapeupyemsriii mapamerp a. Jlnanazon mameHenus ot 3 0 8 cm ¢ marom 0,5 cm. Pacuernas dopmyna

d=a-0,658.

a 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8

d 2,0 2,3 2,6 3,0 3,3 3,6 3,9 4,3 4,6 4,9 5,3




