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3anaua 1. /IBa cocyna

CooOmiaromuecss  cocybl HUMEIOT (GopMy JBYX  OJIMHAKOBBIX
MUJIUHAPOB, COSAMHEHHBIX BHHM3Y Y3KOW TpyOkoil ¢ kpaHom. Iloka A
KpaH 3aKphIT, B JICBOM COCYJI€ HaXOAUTCS CTOJIO KHUIKOCTH BBICOTON H

(eMm. puc.). Cucrema npuBeIeHa B TEIUIOBOE pAaBHOBECUE IIPU
temneparype 7y. KpaH OTKpbUIM, U Jaldu CHCTEME BHOBbH IPUITH B H
paBHoBecue. Haiinnre n3MeHeHue BBICOTHI LIEHTpa Macc KUIKOCTU B

cocynax? CunTast, 4TO TEIJI00OMEH C BHEIIHEH Cpesoil OTCYTCTBYET, a

b
i |

COCyIbl BCE€ BpeMsl HENOABIJKHBI, OMpeAenuTe, Oyaer u

YCTAaHOBUBIIASICS TeMIeparypa cuctembl [ Oomnblie, MeHblle uian paBHOMl Ty? Ecnu oHm
pa3ianyarTces, TO Ha CKOJIbKO? YiienbHasi TEMIOEMKOCTh KUIKOCTHU ¢, a TETNIOEMKOCTBIO COCYIOB
MO>KHO MpeHeOpeyb.

Pemenne
B Ha9anmsHOM COCTOSTHUY IICHTP MacC HAXOIUJICS Ha MOJIOBUHE BBICOTHI CTOJIOA )KHUIKOCTH, T.€. Ha
ypoBHe H/2 (mpeHebperas nepeMbrukoii). KoneuHoe cocTosiHue n300pakeHo Ha pucyHKe. LleHTp
MaccC JKUIKOCTH B COCyHdaX CMECTWJICS BHHU3 Ha BBICOTY H/4, 3TO
03HAYAET, YTO MOTEHIIMATbHASI SHEPTUSI CUCTEMbI YMEHBIIIHUIIACH.

HM3MeHeHne NoTeHIIMaIbHON SHEPTrrUUu COCTABUJIO:

MgH
AE=L,

4 H/2

IToTennnanpHas OHEPIrus NCJIWKOM IICpellylIa B BHYTPCHHIORO
TCIJIOTY CHCTCMBI, T.K. COCYAbl OCTAIOTCA HCIIOABUKHBIMHU U TEIUIOOOMEH C BHEIIHEH cpenoﬁ

e M — Macca »KUIKOCTH.

orcyrcrByeT: Q = AE. B pe3ynbrare Temiieparypa jKHIKOCTH YBEIHMUUATCS.
Haiiném npupaimenue Ttemneparypsl >KUAKOCTH. UToObl HarpeTh cucreMy Ha AT, HyXHO
nepenarb el konuyecTBO Temuothl @ = cMAT(nmpeneOperass TEIUIOEMKOCTBIO COCYIOB),

CJIEI0BATENBHO, U3MEHEHUE TEMIIEPATYPBI COCTABIISET
AE MgH gH

AT = — = =—
cM  4cM 4c
Kpurepnii onenuBanuns 3navenune | baaa
VYKa3aHo, 4TO LEHTP MAacCC )KUIKOCTH TOHU3UIICS H/4 2
Vka3zano, uro T>T, 3
Paccunrana BenMuMHa NOBBIIEHNS TEMIIEPATYPBI gH 5
4c




3anaua 2. I'paBuTanus

KocMonaBT HaxomuTcs Ha ceprHueckoM acTepouje, KOTOPbIi He HMeeT arMocepbl U He
BpalllaeTcsl BOKPYI CBOEM OCH, a CpelHss IUIOTHOCTh acTepou]a paBHA CpPEIHEH IUIOTHOCTU
wianeTbl 3emisi. [IpbIrHYB BepTHUKAIbHO BBEPX CO CKOPOCThIO ¥ = 1M/c, OH 3aMeTWi, 4To
MaKCUMaJIbHasE BBICOTA ero moabema h = 5 M. [IpeHeOperas M3MEHEHHEM CHIIBI TSXKECTH C
BBICOTOW, HAWJIUTE YCKOpPEHHE CBOOOIHOIO NaJCHUs Ha MOBEPXHOCTH JaHHOrO acrepouzaa. Bo
CKOJIBKO pa3 paJilyCc M Macca acTepou/a OTIIMYAIOTCSA OT COOTBETCTBYIOIIUX TapaMeTPOB 3eMiIu?
VckopeHue CBOOOHOTO TaeHUs BOIM3H MOBEPXHOCTH 3eMIIM CUMTaTh paBHBIM g = 10 M/c?.

Pemenne

YckopeHue CBOOONHOTO MaJieHusi Ha TIOBEPXHOCTH acTepoujia ¢, CBA3aHO C HayalbHOMU
CKOPOCTBbIO HIpbDKKA M  MaKCHUMallbHOM  BBICOTOM MMOABEMAa KOCMOHABTa  COIVIACHO
KHHEMaTu4eckou dopmyiie:

v

2
Ja=—=0,1m/c%

2h
B cBoro ouepensb, g,CBsI3aHO € pagnycom actepousa R,u ero maccoit M, COOTHOLIEHUEM:
_ GM,
Ya = RS2
s 3emin 3anuiineM aHaJorH4HyIo GopMyITy:
_ GM,
9s = F’

3

rae R,u M, — paauyc u Macca 3eMJId COOTBETCTBEHHO.
CocTaBuM IPOIOPIHIO:
9s _ M; Ra®
ga Mg Rs%
Ecnu cpennue 1ioTHOCTHM acTepoua W 3eMJIM PaBHBI, TO UX MAacChl OTHOCSTCS Kak KyObl

pamnycoB

M; Rs3
M, R,>
CJICOIOBATCIBbHO
9s __ R33 Raz _ Ry

> =
Ya Ra3 RS Ra
Panuyc acteponna MeHsblIe paanyca 3eMiH B

N=S =92 _ g

Ra da vZ
Macca acreponjia MEHbIIIE MACCHl 3€MIIM B
M, R;® 3 6
=—=2=N°=10°
Mg R,
Kpurepuii ouennBanus 3HauyeHune Baun
Haiineno g, 0,1m/c? 3
[Ipousseneno cpaBuenue R, u R, R, 3
= 100

R,
[Mpousseneno cpaBuenue M, u M, M, 106 4

M,




3anaua 3. barapeiika

Y4eHUK OPOBOIUT OMBITHl C HCTOYHUKOM TOKAa, MMEIOIIUM HEKOTOpOe
BHYTPEHHEE COIIPOTUBIIEHUE, & TAKXKE PE3UCTOPOM Harpy3ku R. McTtounuk

TOKa UMEET TPH IOJIOKEHUS Nepektouarens Hanpspkenus: U, 2U, 3U, npu

5TOM €ro BHYTPEHHEE CONPOTHBICHUE Takxke pacrer: 7, 2r u 3r | T
COOTBETCTBEHHO. (XemMa HCTOYHHMKA TOKa B TMEPBOM  MOJOXKEHHUH
nepeKItoyaressl NMpuBeJeHa Ha PUCYHKE. B mepBoM MONOXKEHWU B IEMH +

nomen Tok 1 A. Bo BropoM mnosnoxkeHun TOK coctaBui 1.5 A. Haiinute U

OTHOLIEHUWE  BHYTPEHHEIO  CONPOTHBIECHHS  MCTOYHMKAa  TOKa K -
compoTuBiieHUI0 Harpy3ku 7/R. Kakoil Tok Oymer HUATH B TpeTheM
HOJIOKEHUU?

Penrenue
Hapucyem 3kBHBajI€HTHBIE CXEMBI U BCEX TPEX MOJOKEHUN EPEKITFOUATEIIS:

r 2r 3r

+ R+ R~ R
U 2U 3U

Jl1s mepBOTro MOJIOKEHUsI UCTOYHMKA TOKa ¢ HanpsbkeHreM U o 3akony OMa nmeem:

U

I =—=1A
r+R
st BTOPOTro MonoKeHus:
2U
I, = = 1.5A.
2r+R
JInst TpeThero noyIoKeHUs:
3U
I3 = .
3 3r+R
Bripazum u3 nepBoro ypaBHeHust HanpspbkeHrue U 1 1oICTaBUM BO BTOPOE:
[ = 2h+R
27 2
r+R

Otcioza BEIPa3uM BHYTPEHHEE COMPOTUBIIEHHE Yepe3 CONPOTHUBIEHNE HAIPY3KH:
2n-I, R r 1
2,21, 2’ R 2

Tok [UIsl TPEThEro MONOKEHHUs OyIeT:

_ 3L,(r+R) _ 3L (r/R+1) _ 315

I3 = 1.8A.
3r+R 3r/R+1 3-0.5+1
Kpurepnii onenuBanuns Bbanna
3anucan 3akoH Oma B 3-x ciydasx (mmo 16 3a cimydait) 3
. r_1 3
Hatineno otHomeHue =3
HaiineH Tok B TpeTheM MOJOKEHUH UCTOYHUKA HATTPSAKEHUS 4

+



3anaua 4. Cusudos Tpyn

Cunauy TpeOyeTcsi mepeMecTuTh Kyo ¢ pedpom [ U mMaccoil m, Jexamuid Ha TOPU30HTATHHOM
MoJly, Ha paccTosHue L, KparHoe JuiMHE pebpa Kyba. Y Hero ectb Ha BBIOOp ABa crocoba:
PaBHOMEPHO TOJKaTh KyO, MPUKIAAbIBas K HEMY TOPU3OHTAJIBHYIO CHIY, JHOO “KaTuTh’ —
CTaBHUTb Ha pedpo, a OTOM OTIyCKaTh, Mpu4eM Kod3(duuueHT TpeHus Kkyda o moa | TakoH, 4To
pedpo, Kacaroleecs 1oja, B Ipolecce IBUKEHUS He CKOJIb3UT.

Cunau xo4eT 3aTparuTh Ha MepeMelieHne MUHUMYM 3Hepruu. Kakyro MuHuUManbHylo padoTy
JIOJDKEH COBEpIIUTh cuiad B mepBoM ciydae? Bo Bropom? Kakoili cnoco0 3HepreTH4ecKd
BBITOJTHEE U BO CKOJIBKO pa3, eciiu KOdPPUIIMEHT TpeHus Kyda o moa p = 0,8?

Pemenue
Uto0bl nepeABUHYTH KyO EPBBIM CLIOCOOOM, TpeOyeTCsl IPUKIIAIbIBATh CUITY
F, = umg.
Pabota, koTOpas coBepIaeTcs py MepBOM COCOOE NepeABHKEHHUSL:
Ay = F;L = ymgL = 0,8mgL.
[Tpu BTOpOM criocobe KyO Hy>KHO ITOCTaBUTH Ha pedpo N pas
N=L/L
C kaxapIM pa3oM, Korja KyO BcTaeT Ha
pedpo, LEeHTp Macc Kyba HOAHMMAeTcs Ha

BBICOTY:
h=(2-1)1/2 Sy
I /__|h
3Haunt  paborta, KOTOpylo  Tpelyercs e
COBEpLIUTb, 4YTOOBI IEpeKaTuTh KyO Ha
paccrossae L, MoxeT OBITh HaiiieHa U3
3aKOHA COXPaHEHUs SHEPTUu:
A, = mghN = (\/72—1)1me = (ﬁ_?mgL ~ 0.2mgL.
B cuny ycnoBusi, HakiaapIBaeMoro Ha KO3QpQUIMEeHT TpeHus, 4> < A, mnpuyem
é = —Z‘M =4
A V2-1
Kpurepnii onenuBanus 3HaveHue bann
Paccunrana pabGora A4;, HeoOxoaumasi, 4ToObl TONKaTh | A; = umgL 3
KyO
Paccuntana pabGora A;, HeoOxomumasi, UTOOBI (\/E — 1)mg L |6
MepeBUHYTh KyO BTOPBIM CIIOCOOOM 4 = 2
[IpousBeneHo cpaBHeHue A u A, é _ 2u 1
A, V2-1




3agada 53. CBo0oaHbIe KOJIe0aHus
Jlist 3aTyXaromux KOJICOaHHW CYIIECTBYET MOHITHE Odekpemenma zamyxanusi. OUpenenuTb ero

MOJKHO CJICIYIOIIIMM 00pazoMm:

/1_1
=

rae N — 3TO 4uciio KosiebaHui, 3a KOTOpOE HayallbHAsl aMIUTUTYAA KOJeOaHUsI YMEHBIIUTCS B €
pa3, rne e = 2,72.
Koaddumment 3aryxanust MOKHO OTMIPENICIHUTD IO CIeayromniei Gopmyre:

yl

p=1,

rae A — AeKpeMeHT 3aTyxaHusi, 1 — nepuos KouedaHusl.
N3yunte 3aryxaHue KoieOaHMH MaTeMaTHYecKoro MasiTHHKa. Ompenenure IeKpeMeHT |
Kk03¢GGUIMEeHT 3aryxaHus KojeOaHuM MasTHHMKA. IlocTpoiiTe rpadmk HU3MEHEHUs aMILIUTYIbI
Kojie0aHMsI MasSTHUKA OT BPEMEHH.
[TpoBeuTe J1Ba SKCOEPUMEHTA OPU PA3HBIX JJIMHAX MasTHHUKA.

OO0opynoBaHue: HUTH, TPY3, 2 TUHEWKH, KAHIIETSAPCKUI 3aKUM, JIUCT MUJUIMMETPOBOI OyMaru.

Penrenue
CobupaeM MaTeMaTHYECKUH MasTHUK MPOM3BOJIBHOM JUMHBL [lepnon koneOaHUS HAXOAMM IIO
Q)opMyne, I/I3MepI/IB [[JII/IHy HHUTHU MasITHUKA OT rpy3a 0 TOYKHU I10ABECA.

T=2T[\/Z.
g

[lanee mpoBOAMM 3KCIEPUMEHT, 3allyCKaéM MAasATHHK C MajbIM YITIOM OTKJIOHEHUS, JIMHEHKOU
U3MEpSIEM aMIUTUTYNy KaXJ0ro kosneOaHus. 3Has BpeMsl OAHOIO KojeOaHus, MOXKHO MOCTPOUTh
rpaduk 3aBUCMMOCTH aMIUTUTY/Ibl YK€ HE OT HoMepa KoyiebaHus, a oT BpeMeHHU. 1o yka3aHHbIM
B 3371aHUU (OPMYJIaM PACCUUTHIBAEM JIEKPEMEHT U KO3 PULIMEHT 3aTyXaHusl.
OcTanock NOBTOPUTH SKCIIEPUMEHT C Pa3HBIMU JJIMHAMMU I10/IBECA MAasTHUKA.



Kpurepuii oueHuBanus

Baaa

OroBopeHo ycioBue coONIIOAEHUS HMEHHO MaIbIX KoJieOaHui, Tak
KaK TOJIBKO OHH OyIyT M30XPOHHBI IPU 3aTyXaHHH.

PaccuuTan nepuon xonebanus MasTHUKA. 1
Y4ureHa He TOJBKO JJIMHA HUTH, HO U T€OMETpUYECKue pazMepsl | 1
rpy3a (JuiHa u3MepeHa /10 IIEHTpa Macc rpysa)

Jnst ogHOM IIMHBI MasiTHUKA TIPOBEJICHO | M3MepeHue 0
st oqHOM ITMHBI MasITHUKA IIPOBEJICHO 2 U3MEPEHUS 1
Jl1st onHOM ITMHBI MasiTHUKA MPOBEIEHO 3 1 0oJiee U3MepeHuit 3
[Toctpoen rpaduk B koopauHarax A(t) (aMIuUTyaa OT BpeMEHH ) 1
OreHka NOrpenrHoCcTy u3MepeHust (0TMe4YeHa Ha rpaduke) 2
[IpoBeneHsl Bce ABa IKCHEPUMEHTa C MAasTHHUKAMH PAa3IUYHOM | 2
JUTUHBI

OmnpeneneH JeKPeMEHT 3aTyXaHHs KoneOaHui 2
Omnpenenen ko3 PUIMEHT 3aTyXaHUs KOJIeOaHU 2




