Pemenus 3a1a4 no ¢pusuke

Kaxknasi npaBujibHO penieHHasi 3a1a4a ouenuBaercs B 10 6amios.

duzuka 8 kiaacce

1. Crapux noGupasncs Ha MOTOPHOH JIOJIKE Ha CBOIO J1ady, KOTOpasi HaX0IWJIach Ha OCTPOBE HUXKE IO
TedeHuto. Bpems t on mén Ha MoTOpE, KOTOPBIH 3aTeM 3ariiox. Yepes BpeMs T ocie 3TOro ero CHECJI0
TeueHreM K gade. Bech 0OpaTHBII yTh 1O0MO# cTapuk mén Ha MmoTope. Jlo MecTa, T/1e y Hero 3arjiox
MOTOp 1O IIyTH Ha a4y, oH &N BpeMs T. CKOJIbKO BpeMeHHU emMy emié moTpedyeTcs, 4ToObI 1oOpaThes
1o oma?

Pemrenne.

HYCTB uU— CKOPOCTh TCUCHHUA PCKH, U — CKOPOCTH ABMIKCHHUA JIOAKU C BKIIOYEHHBIM MOTOPOM
OTHOCHUTEJIbHO BOJbI. J[0 MecTa, rie 3arjioX MOTOp, CTApUK JIBUTAJICS CO CKOPOCTHIO ¥ + U B TCUCHHE
BpPEMEHH 1, TPEO0/I0JIEB pacCTOSHUE

S, =(v+ult, (1) (26.)

Ot Mecta, i€ 3arjoX MOTOp, 0 Jaud CTapHK JIBUTAJICA BPEMsI T CO CKOPOCTBIO TEUEHHS peKku U,
MPONIS MyTh

S, =ut. ) (26.)

Bech oOpaTHBIif MyTh CTapHK MIET HA MOTOPE, ABUTASICH CO CKOPOCThIO U — U. [TyTh Sz 10 MecTa, tae y
HEro 3arjiox MOTOp, OH MIEN BpeMs T.

S,=(v-u)T. (3) (2
0.)
[Tyth S1 OT MecTa, TJe 3arjoX MOTOp, /10 JIOMa, CTAPUK MPEOJI0JIEIT 38 BpeMs
S
=2t (4) (2
0-u
0.)
Permrast cucremy ypaBuenwii (1) — (4), Haiiném
2T +
orBer: L, = .t 2 6.)



2.B Tepmoc ¢ ropsideir BOmOW IO odepeau OpocHIM JBa 100! T.°C

OJIMHAKOBBIX KyOuKa jbaa. ['padk 3aBUCHMOCTH TEMIIEPATyphl B Iﬁ
TEpMOCE OT BPEMEHM INpEICTaBIeH Ha pucyHke. Onpenennte 80y

TeMneparypy Jpaa. VnenbHas TEMIOEMKOCTD mpaa 607 \
cqn = 2100 [Ix/(xr-Tpan), yaeNIbHas TEIUI0EMKOCTD Boabl 401 t, MuH
cs = 4200 JIx/(kr'Tpam), yAedbHas TEIUIOTA ILIaBJACHUS JIbJa 1 2 3 4 -

A =336000 [Ix/xr. TepMoc TeMIOU30IUPOBAH, TEILIOEMKOCTHIO
€ro CTEHOK, a TAK)KE TEIIOOOMEHOM C OKPYIKAIOIICH Cpeioi MOXKHO MpeHeOpeyb.

Pemenue.

B mpornecce TasHuA bJa TeMIepaTypa ropsiuei BoJbsl yMeHblIaeTcs. ['opu30HTalbHbBIE YYacTKHU Ha
rpauKe COOTBETCTBYIOT TEIJIOBOMY PABHOBECHIO, & IEPEXOIHBIE 00JaCTH MEX1y HUIMU — MOMEHTaM
BPEMEHHU, KOI'/la B TEPMOCE OJIHOBPEMEHHO HAaXoATcs Boja U néa. O003HauuM TeMiepaTypsl Ha TPEX
TOPU3OHTANBHBIX yuacTKax rpaduka T1, T2 u T3, cieBa Harpaso.

Temora, BbIIEIMBIIASACS IPU OCTBIBAHUN TOPsIUEH BOJIbI, UAET HA HATPEBAHME JIb/1A, €T0 MJIaBICHUE U
HarpeBaHue 00pa30BaBILEHCs B pe3ysbTaTe MiaBlieHus BoAbl. [I0CKOIBKY COCY/l TEIUION30JIMPOBaH, U
TEIUNIOOOMEH C OKpYXarollled cpelod MpeHeOpeXkuMo Mall, ypaBHEHHE TEeIUIOBOro OamaHca auis
npolecca yCTaHOBJIEHUSI paBHOBECHS IIPU OPOCAHUM N1EPBOTro KyOHKa JibJja UMEET BUJI:

cm (T,-T)+Am +cm (T,-T,)+c,m (T,-T,)=0, 1) (4 6.)
riae m; — macca KyGHKa JIpJa, Mz — Macca BOJbI B TEpMOCe, [o— TeMIieparypa IUIaBJICHUS JIbja,
T — HauvanpHas TeMIiepaTypa Jbja.

AHaIIOTUYHO 3alHIeM YpaBHEHHE TETUIOBOTO OanaHca Jilsl Mpolecca YCTaHOBICHHUS paBHOBECHS TIPH
OpocaHuU B TEPMOC BTOPOTO KyOHMKa JIbja:

c,m, (T, —T)+am +c,m (T,-T,)+c,(m +m )(T,-T,) =0, (2) (46.)
3/1ech ydTeHO, YTO TMocie OpocaHusi MmepBoro KyOMKa jbJa, Macca BOJAbI B TEPMOCE CTajla paBHA
mg + M;. U3 ypaBHenus (1) BeIpa3uM HCKOMYIO TEMIIEpATYpy JIbJa:

A ocC c,m
T=Ty+—+=(T,-T,))+=>—
c ¢C c m

i T I T

(T,-T.). (3)

OOpatuB BHUMaHUE, UYTO MEPBHIE JIBa caraeMbIx B ypaBHeHUsX (1) u (2) omnHakoBsie, Berautas (1) u3
(2), Haiigém OTHOIIIEHUE MacC

m 2(T,-T,)
m  T,+T-2T,°

[ToxacTaBuB HaliIECHHOE OTHOIIIEHHWE MAcC B BhIpakeHHE (3), MOTydnm

L ocC c, 2(T,-T,)
T=T+2lbq_1)+&. L") g 1y
"¢ ¢ (T =To) c, T,+T, 2T, (T, =T,)

J1 JI

N3 rpaduka ompenenum T1 =95°C, T =70°C u T3 =50 °C. IloacraBuB YUCICHHBIC 3HAYCHUS B
MOJIYYEHHOE BBIpOKEHUE, HAMIEM

orBer: T =-100 °C. (20.)



3. Jluneilika J€XUT OAHUM KOHIIOM Ha OTIOpe, APYTMM — Ha Becax.
Bropyto nuHelKy, Ha KOHIIaX KOTOpOW JieXaT JBa Tpy3a,
MOJIOKUJIM KPECT-HAKPECT Ha TEpPBYIO, TaK 4YTO BCA CHUCTEMa
HaxOJUTCS B paBHOBECUU. [Ipu 3TOM paccTOsTHUS OT EPEKPECTHS

10 TPY30B OKa3aiuchk paBHbIMH |1 1 |2, a OT mepexpectus 10 onopsr
1 BecoB Lo u Lg coorBeTcTBeHHO. Beckl mokaseiBatot Bec P. Uemy
paBHBI Macchl KaK10r0 U3 Tpy30B? JIMHENKN y3KuEe 1 HEBECOMBIE,

YCKOpeHHe CBOOOIHOTO MaICHUS PaBHO J.

Pemrenne.

Ha nuHeliky, Ha KOTOPOM JIexKaT [1Ba Ipy3a, JEHCTBYET BEC IPy30B MiJ U M2Q U CHJIa PEaKLUH CO
CTOPOHBI APYTOM JINHEHKU. A Ha IMHEINKY, ONUPAIOILYIOCS HA BECHI, IEHCTBYET BEC JINHEUKH C TPY3aMHU
M1g + M2g, a TaKKe CUJIBI PEAKIIUU CO CTOPOHBI ONOPHI U BeCOB. CHIla PEaKIMU CO CTOPOHBI BECOB
paBHa MMOKa3aHUsAM BecoB P.

ﬂ.]'[ﬂ JIMHEHKU C T'py3aMH yCIIOBHE PABHOBECHA OTHOCUTECIIbHO TOYKH IIEPECCUCHUSA TUMHECK 3AITUIICTCSA

B BUJIE!
mgl, =m,gl,. 1) (46.)
J1is TuHEeNRKH, ONUPAIOIEicsl Ha BECHI, YCIIOBHE PABHOBECHSI OTHOCUTEIHHO OMOPHI 3alUIIETCS B BUJIE:
P(Ly +Lo)=(m +m,) gL, @ (46
Pemas cucremy ypaBHenwuii (1) u (2) OTHOCUTETFHO HEU3BECTHBIX M1 U My, HAWIEM
P 1+i P 1+5
otBer: M =——°%, M, = —LO. 6.

g 1+|—1 g 1+|—2

IZ Il



4.B aspomopTy Ui TEpexoAa MAcCAXKHUPOB MEKIYy ~~-~~-~"--------------------

TepMHUHAJIaMUd  pabOTaeT MHOTOINOJOCHBI  TpPaBOJATOP > 03
(IOCTOSIHHO JIBMIKYILMICS JIGHTOUHBIM TpoTyap). CkopocTh —7%
1-1 neutsr v1 = 1wM/c, 2-i1 HeHTBI — U2 = 2M/C U T. L. — U1
Cxkopocts camoit ckopoctHOM 10-i menter — v10 = 10 m/c. oA

[Taccaxxup 3axoauT Ha TpaBojaTop (depe3 ero 1-ro JeHTy) U

gepes T =30c cxomut ¢ Hero (c ero 1-il nentel). Ha kakoM MakCUMaJbHOM PACCTOSHUU OT
MepBOHAYAIbHON TOYKH A OH MOXKET MPH 3TOM OKa3aTbCs, €CIIM €My Pa3pelieHO IBUTATHCS TOJIBKO
NEPNCHAUKYIIAPHO ABUKCHHUIO JICHT (B TOM YHCJIC U MECPCXOJs C JICHTBI HA JICHTy) CO CKOpPOCThIO, HC
MIPEBBINIAOIICH 1O a0cooTHOM BenuurnHe U = 1,5 m/c. [llupuna Kaxaoi JIEHTH TpaBojaTopa paBHA
L=3m.

Pemenue.

YroObl 0Ka3aTbcsd MAKCUMAIbHO JAJIEKO OT TOUKH A, maccaxupy CIeAyeT 3a BpeMsl | MaKCHMaJIbHO
IPOABUHYTHCS B CTOPOHY BBICOKOCKOPOCTHBIX JIEHT M BEPHYTbCS 00paTHO, COMIS ¢ TpaBOJIaTOPA.

[Tockonbky maccaxupy Heobxomumo depe3 Bpems | =30 C coiftu ¢ 1-ii JeHTHI TpaBoiaropa, OH
JIOJDKEH TI0JIOBUHY BPEMEHHU JBUTAThCS B HampaBieHUW 10-i JEHTHI, a BTOPYIO MOJOBHHY — HJITH

obpartHo. (20.)
JIBUTAsICh TIEPIICHIUKYJISIPHO JIBMKCHUIO JIEHT, TTACCAKUP TIPOBOIMT HA KAXKIOM JICHTE BpEMsI
t=L/u=3/15=2c.

3a MmoJIoBMHY 00IIET0 BpeMeHH, T.€. 3a T/2 = 15 ¢, maccakxup cymeeT rnepecedsb Juinb [1/2t] = 7 aeHr,
3aTpatuB Ha 3TO 7T = 14 c. Oka3aBmuch Ha 8-1 JICHTE, MacCaKUp MOXKET MMPOBECTH HA HEH OCTaBIIeeCs
Bpems T/2 — 7t = 1c. 26.)

CnenoBarenbHo, 3a BpeMms 7/2 = 15 ¢ maccaxup MEPEeMECTUTCS] B HAPABICHUU JBIIKCHUS JICHT Ha
paccTosiHue

S=L/u(vi+ove+...+0v7)+L/I2u-vg=2:(1+2+...+7)+1.8=64m. (26.)

Bropyo mooBHHY BpeMEHH MMacCakupy CIEAyeT TakKe MPOBECTH Ha 8-ii jtente Bpems T/2 — 7t = 1c,
U JaJibllle IBUTAThCS B CTOPOHY MEepBOH JIeHTHI. [Ipr 3TOM B HampaBlIeHUH JBHKEHUS JICHT MACCAXUP
TaKXe MPEOI0JIEET pacCTOsIHUE S. (26.)

MakcumanabHOe pacCTOsIHUE OT MePBOHAYABHONW TOUYKH A Ha KOTOPOM MOXKET OKa3aThCs MaCCaKUp
paBHoO 2S.

OtBer: 2S = 2L/u-(v1+ v2 + ... + v7) + L/u- vg = 128 m. 26.)



dusuka 9 kiaace

1. Crapuk nobupaics Ha MOTOPHOH JIOJIKE Ha CBOIO Jjauy, KOTOpasi HaXOIWJIach Ha OCTPOBE HIDKE IO
TeueHur0. Bpems t oH mén Ha MOTOpE, KOTOPBIN 3aTeM 3ariox. Yepes BpeMs T ITOCIIe ITOr0 €ro CHECIIO
Te4yeHueM K jaade. Bec oOpaTHbIii MyTh JOMOM cTapuk mEn Ha MoTope. Jlo MecTa, Iie y Hero 3arjiox
MOTOp I10 ITyTH Ha Jjauy, oH mén BpeMs T. CKOIbKO BpeMEeHHU eMy ellé nmoTpedyercs, YTo0bI 10OpaThCs
o moma?

Pemenue.

ITycTh U— CKOpPOCTb TEYEHHUS PEKH, U — CKOPOCTh JIBUXKEHUS JIOJKU C BKJIFOUYEHHBIM MOTOPOM
OTHOCHUTEJIBHO BOJBI. J[0 MecTa, e 3arjioX MOTOp, CTapUK JIBUTAJICS CO CKOPOCTBIO U + U B TEUCHHE
BpEMEHH {, IPEO0IEB PacCTOSIHUE

S, =(v+ut. (1) (26.)

Ot Mecta, rze 3arjJ0x MOTOp, IO Jaud CTapUK JBUTAJICA BPEMsI T CO CKOPOCTBbIO TEUEHHS peKu U,
PO s IyTh

S, =ur. (2) (26.)

Becw o0patHBIii yTh, CTApUK LIENT HA MOTOPE, IBUTAACH CO CKOPOCTHIO U — U. IlyTh Sz 10 Mecra, 1€
y HETO 3arjiox MOTop, OH IEN Bpems T.

S,=(v-u)T. 3) (2
6.

[Tyte S1 OT MecTa, T/Ie 3arJI0X MOTOP, 10 IOMa, CTAPUK MPEOIOIIENT 32 BpeMs

S
t=——. (4) (2
0v-U
0.)
Perrast cucremy ypasuenwii (1) — (4), Haiiaém
2T +
orBer: L, = .t 26.)

T



2. Y Iletn umeeTcs OOJIBIIOE KOJUYECTBO MAIEHBKHUX INIACTUKOBBIX IIapuKOB, 1 OH

XOYeT HAWTH IJIOTHOCTh p MaTepHaa, U3 KOTOPOro OHM M3roToBieHsbl. g storo on vV (§§X§§X§§X§§§(§§g lg

MOCTAaBUJI Ha BECHI MyCTON LUIUHAPUYECKHM cocya 00bEMOM V U U3MEpHII €ro Bec, Soseees
paBHbIl P1. 3aTeM OH J0BepXy Hachlllal B CTaKaH IIAPUKH M Hayal MEIJIEHHO

HaJIMBATh B CTAKaH HCKOTOPYIO KUAKOCTD. B MOMCHT, KOrjga IIapuKu Ha4daJnl
BCILIBIBATh, BEC OKa3ajcs paBHbIM P2. HaiiTu mioTHOCTE p. YcKopeHUe CBOOOIHOTO
nmaacHus paBHO g

Pemrenne.

[Tycte H — BhIcOTa cocyma, S — ero miormaab, a h — BeICOTa YPOBHS KHIKOCTH, IPU KOTOPOM
IIapUKH Hayalld BCIUIBIBAaTh. B 3TOT MOMEHT CHJIa TS)KECTH ypaBHOBEIIMBAETCS CUIIOW ApXuUMena:

V.9 =p,V,9, @) (26,

TI€ Poc — IUIOTHOCTh XKHUAKOCTH, V., —Bech 00BEM, 3aHMMAEMbI mapukamu, a V, — 00BEM
MOTPY)KECHHOW YacTH IIApUKOB. Tak Kak MIapUKH MaJCHbKHE M WX MHOTO, TO OTHOIICHHE 00BEMa
MOTPYKEHHOW YaCTH IIAPUKOB KO BCEMY 00bEMY IIAPHUKOB PABHO OTHOIIECHUIO BBICOTHI IOTPYKCHHOMN
9aCcTH K BBICOTE BCEro 00bEMa MIAPHKOB:

% 0 ) (26,
V, H’ )
Tak Kak Bec IIapUKOB PaBEH BECY BBITECHEHHOW UM BOJIbl, TO CyMMAapHBIi BEC IIAPUKOB U KUAKOCTH
P3 paBen
Py =p,NSg. 3) (26.)
M3meHeHue Beca, KOTOPBII MOKa3bIBAIOT BECHI, PABHO BECY HIAPUKOB U KHUJIKOCTH Pa3:
P=PR-F. (4) (26.)

Bripasus V, u3(2) u moacrasus B (1), Haliném
p,.N=pH (5).

[TpupaBusB npaBsie yacTu ypaBHeHu# (3) u (4), 1, moaCcTaBUB (5) B MOTyYEHHOE BRIPAKEHUE, BRIPA3UM
MCKOMYIO TIOTHOCTD, @ YUuThIBas, uTo HS =V, nomy4unm

PZ_Pl

v (26.)

OTBeT: P =



3. Y mKonpbHUKA UMEIOTCS TPU IJICKTPUUICCKUX Ipubopa: Oarapeiika, BOILTMETp B amriepMeTp. Bee
npuOopsl HeujaeaabHble, T.€. 00JaAal0T KOHEUHBIM compoTuBieHueM. llIkonbHUK coeauHuUN Bce
MPUOOPHI TIOCIEA0BATENIBHO, TIPU ATOM BoJIbTMETp TokazsiBasl Uy = 10 B, a amnepmerp — 11 = 0,1 A.
3areM MIKOJBHUK COEIUHWI Bce MpUOOpHI MapauieabHo. B 3TOM ciyyae BOJBTMETpP MOKa3bIBal
Uz =1 B, aamnepmerp — l2 = 1 A. Onpenenure D/IC Garapeiiku.

Pemrenne.

Hapucyem cxemy [uisi moOcCienoBaTeNbHO COEAMHEHHBIX MPHOOPOB,
obozHauuB &, Rs, Rs, Ra OJIC CoOarapelixu u BHYTpEeHHHUE
CONMpOTUBIIEHUSI  Oarapeiiku, BOJBTMETpA H  aMIEPMETpa,
cootBeTcTBeHHO (puc. 1). M3 3TOil cXeMbl JIErKO OIpPEeAeIUTh
COMPOTHUBIICHUE BOJIBTMETPA:

U € Re
R, :I—1 ) 26) I
1
Puc. 2
Hapucyem cxemy [uis napajjienbsHO COeIMHEHHBIX pubopoB (puc.2). U3
9TOW CXEMBI JIETKO OIPENEIUTh COIPOTUBIEHUE aMIIEpMETpa: R,
U
R=2 @ @y -
2 a
3anumiem 3akoH Kupxroda ans mocnenoBaTebHO COETUHEHHBIX TPUOOPOB:
5=|1-(R6+RB+R3). (3) (26.)

3anumem 3akoH Kupxroda mais napaniensHo cOeJMHEHHBIX TPUOOPOB, YUUTHIBAS, UTO TOK, KOTOPBII
NpOTEKaeT Yyepe3 BHYTPEHHEE CONPOTUBIICHUE OaTapelku, paBeH CyMMe TOKOB, ITPOTEKAIOIINX Yepes3
aMIIEpMETP U BOJIBTMETD:

U
E=U,+ I2+?2 ‘R;. (4) (2 6.)

B

Bripasus Re u3 (3) u noacraBus B (4), 3aTeM MOACTaBUB B MOJYUYEHHOE BBIPAXKEHNUE COOTBETCTBYIOIINE
conpotusienus u3 (1) u (2), Haiiiém

|2+&|1 . &4_&
g: Ul IZ Il
2 I _1

U

_U2

-

N

—
i

HO,Z[CTaBJISISI YUCJICHHBIC 3HAYCHUS, ITOJTYUIUM

orer: £=111B. (26.)



4. INMHHYI0 OJHOPOAHYI0 MACCHUBHYIO IEMNOYKY MEIJIEHHO
MEPETATUBAIOT Yepe3 HEMOABMKHYI0 HAKIOHHYIO TOpKY C
MOMOIIBIO JIETKOW HEPACTSKUMOU HUTH, MPUBS3aHHON K KOHILY

uenouku. HUTh nepekunyTa yepes OJI0K, U K €€ KOHILY IPUBSA3aH

auHaMoMeTp. I'paduk 3aBUCHMMOCTH TMOKa3aHUI AMHAMOMeETpa

OT TIepeMEIIeHUs KOHIIA HUTU TIOKa3aH Ha pPHCYHKE.
Omnpenenure Maccy MEMOYKU. Y CKOPEHUE CBOOOHOTO MaACHUS
g = 10 m/c%. Tpenus ner.

© \ I, c™m
10 20 20 40 50 °

Pemenue.

Ha npencraBineHHoOM rpaguke BUIHBI TPU Pa3HbIX ydyacTKa C pa3lIMYHBIMU HakJIOHaMu. IlepBbIi,
MOHOTOHHO pacTymuil 10 cuwibl F =4 H, cooTBeTcTByeT nmoabEéMy LIEMOYKM HA BEPUIMHY T'OPKH.
Bropoii, MoHOTOHHO YyOBIBatoumii 10 cuibl F =2 H, cooTBeTCTBYeT TOMY, YTO YacTh LEMOYKH
nepeBanuiach yepe3 ropky. Ha tperbeM ydacTke mokasaHusi TMHAMOMETpa yMEHBIIAI0TCsl ObICTpeEe,
YTO COOTBETCTBYET TOMY, YTO JIEBBIM Kpail LIETIOUKH YKE OKA3aJICs HA TOPKE. (26.)

Toraa, mpoauB Ha rpaduke NepBblid y4acTOK BIEBO, MOXKHO ONPEAEIUTh JJIMHY LIeTI0YKH L, cunras,
YTO, KOTJ]a Ha4aJli BTATUBATH 1IEMIOYKY Ha TOPKY, MOKa3aHUs JUHAMOMETpa ObUTH PaBHbBI HYIIO:

L =50 cm. (3 6.)

B xoHI1e BTOporo ydactka yacte nemnouku aiuuHor AL = 10 cM okazanachk mepekuHyTa uepes 070K, a
NoKa3aHus JUHaMoMeTpa yMeHbmiauch Ha AF = 2 H. Bec BepéBku P MOXHO HalTH U3 MPOTIOPIIHH:

L
P=AF — :
R 1) (36.)

Maccy BepEBKH MOKHO HAWTH, pa3eluB BeC Ha YCKOPEHHUE CBOOOHOTO MaICHHUS:
m=—. )

[Toacrasus Bec u3 (1) B (2), 1 MOACTaBUB YHCIICHHBIC 3HAUYCHUSI B TIOJYUUBIIIEECS BBIPAXKEHUE,
Hainém

oTrBeT: M = 1 KT (20.)



5. JIBe cTapuHHBIX MYIIKW HAlleJIeHbI TaK, YTOOBI OMACTh APYT B Ipyra. JIeBas myIika BHICTPETUBACT
sapo Macckl M1 =10 kr, a mpaBas cTpenseT sSApoM wmaccod My =2 kr. [lymku cTpensroT
OJTHOBPEMEHHO, sI/[pa CTAIKUBAIOTCA JIOO B 1100 1 cumnatorcs. Ha kakoM paccTOSHUM OT JICBOH ITIIKH
yImagyT CIWIIIAECS siipa, €ClU paccTosHue Mexnay mnymkamu L =600 m? Bausauem Bo3myxa
npeHedpeyb.

Pemrenne.

Ecnu nmymiku HaneneHsl Apyr Ha Apyra, CTPEsioT OJHOBPEMEHHO, a sipa IONajarT Ipyr B Apyra,
3HAYUT TPACKTOPHU IMOJIETA SICP OJJMHAKOBBI, U OHHM CTOJIKHYTCSl B BEpXHEW TOUKe TpacKTopuH. (2 6.)

Torna oba siipa 10 CTOIKHOBEHUSI JIETAT ¢ OAMHAKOBOM MO MOJIYJIIO TOPU30HTAIBLHON CKOPOCTHIO U, a
IIOCJIE CTOJIKHOBEHMsI WM CIIMIIAHMS JIETAT C TOPU3OHTAIBHOM CKOpPOCTBIO U. B BepxHel Touke
TPAEKTOPUU BEPTUKAIbHASI CKOPOCTD SIJIEP paBHA HYIIIO. 3aHUIIIEM 3aKOH COXPAaHEHHUS UMITYJIbCA B 3TOT
MOMEHT:

mo-m,o=(m+m,)u. (1) (46.)

Kaxnoe u3 siiep 10 BepXHEH TOYKH TPACKTOPHU MPOILIO MO FOPH30HTAIM MyTh L/2 3a HekoTopoe
Bpems L

L/2=vt. (2) (16.)

[Tocne cTONKHOBEHUS Apa MOJETAT B CTOPOHY MPaBOi MyIIKH U OyIyT majnaTh To ke Bpems t. Torna
HUCKOMOe paccrosiaue |

I=L/2+ut. (3) (16.)
Permrast cucremy (1) — (3), Haitném

m,

|=—
m, +m,

L.

HO,Z[CTaBI/IB YU CJICHHBIC 3HAUCHU A, ITOJTYyYUM

orBet: | =500 m. 26,



®dusuka 10 kiaacc.

1. Topka npezacrasisier co00i HAKIOHHYIO IJIOCKOCTh, BHU3Y IUIABHO
COIPSKEHHYIO C TOPU30HTAJIBHOM MI0CKOCThI0. CaHKH, HAXOISAIIUECS
Ha TOpKE Ha BBICOTE N, TOJKHYIM BHH3, COOOIIMB MM HEKOTOPYIO
HAYaJIbHYI0 CKOPOCTb B/10JIb TOpKH. Ilocie 3Toro caHku 0CTaHOBHIIUCH
Ha TOpPU30HTAIBHOM IIJIOCKOCTH, TMPEOJ0JEB IO TOPU3OHTAIN
paccrosiaue L (cm. puc.). Ha kakoe emé paccrosiHue X mpoeayT CaHKH, €CIIM UM OIISITh COOOIUTH Ty
e HadaIbHYI0 CKOpocTh? KoadduimeHT TpeHust Mex 1y caHKaMH ¥ TOPKOH (a TakyKe TOPHU30HTATBHOU
IJIOCKOCTBIO) PAaBEH . Y4aCTOK 3aKpYTJIEHUS TOPKH KOPOTKHIA.

Pemenue.

IIpy nBW)XEHUMM Ha CaHKU JEMCTBYeT cwia TpeHus Frp1 Ha HakIOHHOM ydacTtke, U — Fi2 Ha
TOPU30HTAIBHOM ydacTke. [Ipu aTom

FTpl,Z = MN],2’ (1) (10.)
IJIe CUJIa peakus ONOpPbI
N, =mgcosa, (2) (16.)
N2 =mg, 3)
rae M — macca CaHoK, 00 — YroJl HakjoHa ropku. ITycTh JUIMHBI 3TUX y4acTKOB paBHBI |1 u |2

cooTBeTCTBeHHO. Torma pabGoTa, coBepliaemasi CHJIOM TpPEHUsS Ha 3TUX y4yacTKax Al U Amp,
OIMPCACIIACTCS BBIPAKCHUEM

Arp1,2 = _FTp1,2|1,2- (4) (16.)
C npyroii CTOpOHBI
l,cosa+l,=L. (5)

W3 ypaBuenuii (1) — (5) HaxoauM CyMMapHYIO padOTy CHUIIbI TPCHHUS
Arp] + A, = —umgL . (6) (10.)
3anwuiiem O6anaHC SHEPTUU AJIS CITydast, KOTr/la CAHKU TOJIKHYIIU C TOPKU
0-(E +E,) =4, +4,, (7) (16.)

riae Ex — kuHeTHueckas sHeprus, moJaydeHHas CAaHKaMu [TPH TOTUKe, a E, — moTeHnmanpHas sHeprus
CaHOK Ha BbIcOTE h

E, =mgh. (8) (16.)

N3 ypaBuenus (7) ¢ yu€rom ypaBHeHui (6) u (8) Haxoaum

E_=ypumgL—mgh . 9) (16.)

Korga canku TONKHYIM BO BTOPOM pa3 ¢ TOM K€ HAadaJbHOM CKOPOCTBIO, Y HUX OYIET Ta Ke
kuHeTnyeckass 3Heprus Ex. C yu€ToM TOro, 4yto B 3TOM cilydya€ OHM JBUTAIOTCS TOJBKO IO
TOPU30HTAILHOMY YYacTKy, OajJaHC SHEPTUU PUMET BUJ



0-E =A_ =-umgX. (10) (16.)

K )
[TpupasuuBas Ex navinennoe u3 (9) u (10), momyunm

OTBeT: X=L-h/u. (26.)



2. BeprukanbHas TpyOKa cedyeHus S morpykeHa Ha riiyOmHy H B KHIKOCTB
IJIOTHOCTH p. B Heé BcraBiaeH JErKWd  NOpPUIEHb,  MOANEPTHIN
HeehopMUPOBaHHON TPY)KUHON kécTkocTu K (cM. puc.). XKuakocts mon
MOPIITHEM HAYMWHAIOT HAarpeBaTh IMPH IOMOIIM CIIHPAIH, PACHOJIOXKCHHOW Y
HIDKHETO KOHIa TpyOku. B pe3ynbTare IUIOTHOCTH JKUAKOCTH B TPYyOKe
yMeHbIIaeTcs 10 po. Ha kakyro BBICOTY X mogHUMETCs mnopiieHs? Oba KoHIa
TpyOKH OTKpbIThIEe. TpeHneM npenedpeyb. Y CKOpeHre CBOOOIHOTO MajeHus g.

Pemrenne.

ITocme HarpeBaHHs ) KUAKOCTH IO MOPHIIHEM U U3MCHCHU A €€ IJIOTHOCTH 10 Po

BO3HHUKACT Pa3HOCTb JIABJICHUIN CTOJIOOB XKHUJIKOCTEH CHApYXU U BHYTpU TpyOKHU. Pa3zHOCTH cuil 3 THX
JaBJICHUHM NMPUBOAUT K Je(opMaluy NPy HUHbBI. Y CIOBUE PAaBHOBECHUS MOPILIHS MPU 3TOM BBITJISIIUT

CIIeyIOImuM 00pa3zom

F=F+F,. (1)

(2 6.)

3necs F u Fo — cuiibl ruApoCTaTUYECKUX JaBJIEHUI CTOJIOOB KMIKOCTEH IUIOTHOCTH p (CHApY»KHU

TpyOKH) 1 — po (BHYTpH TPYyOKH) COOTBETCTBEHHO, PaBHBI

F=pgHS, 2
F =pog(H+x)S. 3)

Cuna ynpyroctu npy>kuHbl
F, =kx. (4)

y
[ToacraBus (2) — (4) B (1), BeIpa3uB X, MOIy4YUM

X = (p_po)gH
p0g+k/S

OTBET:

(2 6.)

(26.)

(2 6.)

(2 6.)



3. DnekTpuueckas 1enb coOpaHa u3 waeanbHoro ucrouHuka OJIC, wmumeanbHBIX BOJBTMETpA U
amriepMeTpa U TpEX pe3uctopoB. CoOMpoTHBICHUST Pe3UCTOpOoB paBHBI R1 =6 kOM, R2 =3 kOm u
Rs = 2 kOwm, cootBercTBeHHO. DJIC ucrounnka cocrasiser € = 9 B, BonbT™eTp mokassiBaer U = 6 B,
a amnepmerp — | = 0,5 MA. Hapucyiite onucaHHyIo 3J1€KTPHUECKYIO [eTb, 0003HAYHB BCE DJIEMEHTHI.

Pemrenne.

ITpu mocIeoBaTeNbHOM COCIMHEHNH BCEX TPEX PE3UCTOPOB ITOTHOE COMPOTHBICHUE
R +R, +R; =11 kOm,

a [Ipu MnmapauiciibHOM COCIUHCHUN

Rl RZ R3
RR, +RR,+R,R,

=1 xkOMm .

IIpy coenuHEHMHM OAHOIO pa3HCTOpa MAPAVICIBHO ABYM APYIHMM IIOCIEHOBATEIBHO COCIUHEHHBIM
pe3ucTOopam, IOJHOE CONPOTUBIICHUE LENU OKa3bIBACTCS PABHBIM:

R(R+R) 30 o
R+R,+R, 11
RR+R) 24 o
R+R,+R, 11
Ri(Ri+R,) 18
R+R,+R, 11

kOM

BI/I,Z[HO, 4TO MPpHU TAKUX COCAUHCHUAX PC3UCTOPOB HU HA OJHOM YYACTKC ITUX I.[el’[eﬁ HEBO3MOXKHO
MOJTYYUTh YKa3aHHBIC TTOKa3aHUs TPHOOPOB. (20.)

[TosToMy IIeTb OJDKHA COCTOSTH M3 JBYX IOCIECIOBATEIBHO COCTMHEHHBIX yd4acTKOB. IIpu 3ToM
OYEBHJIHO, YTO OJIMH y4aCTOK OY/IET COMEPIKATh TOIBKO OJJMH PE3UCTOP, & IPYTrOif — JBa MapalieIbHO
COEIMHEHHBIX PE3UCTOPA. (20.)

CrnenoBaTenpHO, HA OJIMH y4acToK nagaet nagaet U = 6 B, a ma npyroit — € — U = 3 B. 13 paBeHcTBa
TOKOB Ha 3THX Y4aCTKaxX CJIEAYeT, YTO OTHOIICHUE COPOTUBIICHHIA ITHX Y4aCTKOB PABHO OTHOIIICHHUIO

HanpsHKEeHUN
U
—=2.
&-U
W3 Tpéx pe3ucTopoB Hpu MOMAPHOM MapajUIebHOM COEIMHEHWU MOXHO MOJIYYUTh CIIEAYIOIIne
3HAYEHUs
R
ARy =3 kOm,
R +R,
RR
—13 =15kO0m,
R +R,
R,R
—23 =12 xOm.
R, +R,

N3 HUX TONBKO BTOPOM BapHaHT AAET HCKOMOE OTHOIIICHHE COITPOTUBIICHHH, paBHOE 2.



Takum 00pa3oM, mosydaeM memnb U3 pesuctopa Re mocnemnoBareabHO COSAMHEHHOTO C MapalIeIbHO
COeTMHEHHBIMH pe3ucTopamu R1 u Rs. (20.)

O4eBUIHO, BOJIBTMETP JODKEH OBITH TOAKIIOUEH K PE3UCTOPY R2, a ammepMeTp — K PEe3HCTOpY C
compotuBiieaueM (€ — U ) /| = 6 kOwm, T.e. k pe3ucropy Ri. (20.)

OrBer: Ry (20.)

Rs3




4. lnuaHas nocka maccel M MOKOWTCS B TOPU30HTAIBLHOM

MOJIOKEHUH Ha BajMKax. Y caMoro kKpas JOCKH €€ CBepXy C F
cwioi F npuaaBnuBaroT BPALAIOLUIMMCS C YIJIOBOM CKOPOCTBIO lg %"3
® BamukoM paguyca R. CKoinbKo 000pOTOB COBEPIIUT BEPXHUM ML

BaJIUK K MOMCHTY, Koraa  CKOpPOCTH JOCKHU CTaHET ©o

MakcuMmanbHOU? TpeHuneM MexIy AOCKOM M HWKHMMHU BallUKaMHu mpeHeOpeub. [lnmna mocku L.
KoadduuneHT TpeHns Mexay NOBEpXHOCTAMHI BEPXHET0 BAJIMKA M JOCKH PABEH LL.

Pemenne.
Jlocka moj iefiCTBHEM CUJIbl TpeHHUsl OyJeT ABUraThCs PaBHOYCKOPEHHO ¢ yckopeHueM a. [Ipu stom
€€ ypaBHCHME JBUKCHHS UMEET BUJ
=
Ma=uF = a=5_ (26.)
M
Ecim B mpouecce B3aMMOACHCTBHS BaJlMKa M JOCKM IPOCKAJIb3bIBAHHE IPEKPAILAETCsS, TO
MaKCUMaJlbHasi CKOPOCTh OyJeT paBHa MR, U OHA JOCTUTaeTcs Yepe3 BpeMs

oR MoR
t=— =7, (26.)
a uF
[Monenus HaiileHHOE BpeMs Ha NepUoj obpamieHus Baauka 1 = 27/, HAXOAUM HMCKOMOE YHCIIO
000opoToB
t Mo’R
Ne—=—ao (16.)
T 2nuF

B IMPOTUBHOM CJIydacC, KoOrjga IMpOCKaJb3bIBAHHUC HC MNPCKpallacTcsa, AOCKa JOCTUTHET CBOIO

MaKCUMAalbHYI0 CKOpPOCTh, paBHYHO +2al K MOMEHTYy BBICKAKMBAHUS H3-TIOJ BAaJHKa,

COOTBETCTBCHHO, UCPE3 BPEM
(o [2L_ [2M (26.)
a uF

AHAJIOTUYHO MPEABIIYIEMY, HAXOIUM YUCIIO 000POTOB B 3TOM CIIydae

_ o [2LM
2n\ uF

2
Oteer: N MoR mpu ng,/zﬁL, (16.)
2nukF M
F
N2 PEM O oR> 2ED L (16.)
2n\ uF M

HpHMeanne. Omeem umeem cmwici 0axce O Heyenoco yuciaa 060p0m06.

(16.)



5. Cucrema coCTOUT U3 IBYX IMAPUKOB OJIMHAKOBOTO 00bEMa, Maccor My 1 My, E— —
1 IBYX OJIOKOB — TOJABHKHOTO M HEMOABIMXHOTO (cM. puc.). [llapuk maccoit
M1 TPUKPETUIEH K TIOJBIKHOMY OJIOKY, @ MACCOM M2 — K HUTH, IEPEKUHYTOH
Jepe3 /Ba 0JIoKa U 3aKperuI€éHHON Ha qHe. CrcTeMa MoTrpyKeHa B KHUIKOCTh U
HaxXOJUTCs B paBHOBCCHUMH. Ha ckonbko U3MeHHUTCS CHIa AJaBJICHUA XUJKOCTHU

Ha JTHO COCYJa, €CJIM mepepe3arh HUTh? Maccoil OJIOKOB M HUTH, a TaKkKe UX
o0BEMoOM, ipeHeOpeus. Tpenus Het. Y ckopeHrue cBOOOHOTO aACHUS (.

Pemenue.
Paccmorpum F — cymmapnyro crity, TIeHCTBYIONIYIO HA JHO CO CTOPOHBI OJI0KA M HUTH, IEPEKUHYTOU
yepe3 0110k. [lycTs T — HaTsOKeHHE HUTH, IEPEKUHYTOM depes 610k. Torma

F=3T. 1) (40.)
[Tocne Toro Kak nepepe3aiv HUTh, CUJIA IaBJICHUS HA THO U3MEHUJIACh Ha 3Ty BEJITUUHHY.
VYcnoBus paBHOBeCHs IAPOB A0 Nepepe3aHuss HUTH UMEIOT BH]T

mg+2T =F,, (2) (20.)
m,g+T =F,, (3) (20.)

rae FA — Apxumenosa cuiia, neficTByromas Ha mapuk. Beipaszus T u3 (2) u (3) 1 mocTaBUB pe3yJibTat
B (1) Haxoaum

OTBeT: F=3T=3(m,-m)g. (26.)



duzuka 11 kiaace

1. B 1muiIMHApPUYECKOM COCyle TOJ HEBECOMBIM IOPIIHEM Po s

HaxXOOUTCs BO3AyX. Ha mopiieHs HanWTa BOJA IJIOTHOCTBIO P lg 4

cmoeM BbICOTOM hz. B paBHOBecHH BBICOTA MOPIIHS HAJ JHOM vh3 P-?
cocyna paBHa hy. LIumuHIp 3aKphIBalOT TEPMETHYHOMN KPBIIIKOH, o]
PAacIIOIOKEHHOM Ha BBICOTE N3 Haa MOBEPXHOCTHIO BOALL Yepes AR Y 2

HEKOTOpOe BpeMsl MOpIIEHb MPOXYIWICSA, U BCA BOJA OKasajach hy Fooieviag
BHHM3Y. UeMy paBHO JaBiieHHE BO3ayxa B cocyne? AtmocdepHoe ,L Y

naBieHre paBHO Po, yckopeHHe CBOOOIHOrO MajeHUsl paBHO (,
TpeHus HeT. TeMnepaTypa MOCTOSIHHA.

Pemenue.

Jlo TOro, KaKk MOopIIeHb MPOXYAUJICS, aBJICHHE BO3yXa HaJI CIIOEM BOIBI ObLTO paBHO Po, a maBieHue
BO3/1yXa 1moj| nmopirHeM (0003HaunM ero P1) Ob1710 paBHO

P1=Po + pgha. 1) (2
6.)
HYCTB Vi1 1 V3 — KOJIMYCCTBaA B03;[yxa B MOJISIX IO U HAJL HOpHIHeM, COOTBCTCTBCHHO, S — IJiomaab

ceueHusi cocyna; R — rasoBas mocrosiHHas; | — TemmepaTrypa. Torma, coriacHO ypaBHEHHIO
Knaneiipona—Menneneesa,

Pthi1S=wRT, PohsS=wv3RT. (@) (2
0.)

ITocne Toro, Kak MOPIHIEHb MPOXYIHWJICA M BCA BOJA OKa3alach BHHU3Y, (V1 + V3) Moyieil BO3ayxa
3aHuMaroT 006éM (hy +hs3) S, oTkyma

P(hi+h3)S=(vi+v3)RT, 3 (2
0.)

rae P — uckomoe naBneHue Bo3ayxa B cocyae. U3 (2) u (3) Haxomaum:

P1 h1 + Po hs =P (h1 + hg). (2
0.)

[ToacraBus 3Hauenue P1 u3 (1) u pemuB momydeHHOE YpaBHEHHE OTHOCUTENBHO P, Hailném

pghh,
h+hy

oreer: P=PF, + (20.)



2. JIBa OTMHAKOBBIX IIApHKa MAacChl M KaXKIbIH COCTMHEHBI HETPOBOIAIICH MPY>KUHKOM KECTKOCTHU X.
B HayanbHOM MOJIOKEHUH IAPUKH HETIOIBM)KHBI, IPY)KUHKA HE pacTsHyTa, a e€ mmmHa — |. apuku
3apsAIAId OJMHAKOBBIMM 3apsAaMU (, U OHHM Ha4daJld pas3jeTaTbCs B pa3Hble CTOpOHBI. [Ipm kakoi
MUHMMaJIbHOW BENUYMHE (] NPYXKUHKA TOPBETCSA, €CIM H3BECTHO, YTO OHA BBIJICPKUBAET
MakcuUMaabHy0 cuiny F?

Pemenue.
B ToT MOMEHT, KOT/1a HATSHKEHUE TIPYKUHBI JOCTUTHET BEJTUYMHBI F, IITApUKH OCTaHOBATCS. (20.)

(Ecnir 661 OHM HE OCTaHOBUJIUCH, TO ( HE OBLIIO OBl MUHUMAJILHON BEIMYMHON 3apsiaa, IPU KOTOPOU
npykuHa pBércs.) [103TOMY KHHETHYECKash SHEPTHs. CHCTEMBbI B MOMEHT pa3pbiBa MPY)KUHBI PaBHA
Hymo (TaK K€, KaKk U B HavaJbHbIi MOMCHT BpeMcHH). TakuM 00pa3oM, 3HEPrHs KyJIOHOBCKOIO
OTTaJIKMBAHUA IIAPUKOB B HadanbHeli MomenT Bpemenu kg%l (rme Kk — kodpdurment
IPOMOPHUOHATIBHOCTH B 3akoHe KysoHa) paBHa CymMMe SHEPrHM KYJIOHOBCKOTO OTTAIKUBAHUS B
MOMeHT paspeiBa mpyxkuHbl kQ%/li (rme |1 — JInMHA TPYXHHBL, IIPM KOTOPOH OHA PBETCS) M
MOTEHIUATLHON SHEPTUU MPYKUHBI Epyx B STOT MOMEHT:

2 2
quzk?—+Ew_ 1) (2
1
6.)
U3 3akona I'yka Haiiném muny i
li=1+F/x, (2) (2
0.)
OTKyZa
P 2 2
0.)

[Moacrasus B paBeHCTBO (1) 1 13 (2) U Enpyx 113 (3) ¥ BbIpa3uB ( U3 MOJY4CHHOTO YPaBHEHHUS, HAHIEM

F
orBer: (= W (20.)



3. Ha rnaakoii ropu30HTANBbHON IUIOCKOCTH HETOIBMIKHO JIEXKaT JBa ® PY
MaJIeHbKUX I1apuka. OHU COEIMHEHbI HEBECOMOM HEPAaCTSKUMOM HUTHIO, m lV 5m
KOTOpasi BHavajie pacrpsiMiceHa (CM. BUJ CBepXy Ha pucyHke). LleHTp Hutu

HAaYMHAIOT TEpEeMeIlaTh BAOJb IUIOCKOCTH C HEKOTOPOM MOCTOSHHOM

CKOPOCTBIO, HAaNPaBJIEHHOH MEePIEHINKYISIPHO HadaabHOM opreHTanuu HUTH. Lllapuku craakuBaroTcs
NIEPBBII pa3 Mo yriioM K Ha4aJbHOW OpPUEHTALMU HUTH, PaBHBIM, oueBuAHO, 90°. Ilox kakum yriom
K HavaJbHOW OpPHEHTAIIUM HUTH OHU CTOJKHYTCS BO BTOPOM pas, €CIM UX MacChl paBHBI /M u 5M, a
CTOJIKHOBEHUSI a0COJIIOTHO yNpyTHe?

Pemenue.

JIBI>KeHHE MIapHKOB yAOOHO paccMaTpuBaTh B CHUCTEME OTCU€Ta, IBIIKYLICHCS C IMOCTOSHHOM
CKOpOCThI0 V BMECTe ¢ LEHTPOM HHUTHU. B 3TOH cucreMe MIapuKH 1O CTOJKHOBEHHS JIBUXKYTCS
HABCTpeUy JpYyr APYrYy IO OKPYKHOCTH C OJUHAKOBBIMU CKOpOCTsAMH, paBHbIMU V. IlycTh ocp X
HaIIPaBJICHA 110 TOPU30HTANIH, CJIEBA HAIIPAaBO HA PUCYHKE. Tornaa, B ABMXKYIICHCS CUCTEME OTCUETA,
CKOpPOCTH 000MX HIAPUKOB HETIOCPEACTBEHHO Mepe]l MEPBBIM y1apoM paBHbBI V U HalpaBJIeHbI BIOJIb
OCH X HAaBCTPEUy APYT APYTY. (10.)

Haiiném cxopoctu mapukoB Vi u V2 (B POSKIIUK HAa OCh X) HEMTOCPEACTBEHHO MOCJIE MEPBOTO yaapa.
Cnenatb 3T0 MOKHO pa3HbIMU criocobamu. OMH crioco0 3aKI0YaeTcs B TOM, YTOOBI 3aMTUCaTh 3aKOHBI
COXPAHEHUS UMITYJIbCA U SHEPTUU IIPU YIIPYTOM CTOJIKHOBEHHUH !

7mVi+5mVz =7mV —-5mV,
7mV12/2 + 5mV2%/2 = 7TmV %2 + 5mV ?/2,
u Haiiti V1 1 V2 U3 3TOH cUCTeMBI IBYX ypaBHeHui. B pesynbrare moxyunm Vi =-2V/3 u V2 = 4V/3.

Bropoii crioco® cocTouT B mepexojie B CUCTEMY LIEHTPa Macc JIByX LIapUKOB,
KOTOpast ABHIKETCS CO CKOPOCThIO Vi = (7MV —5mV) / (7m + 5m) = V/6 Brom
ocu X. [Ipoekuuu ckopocTeii ICBOro U MPaBOro MIAPUKOB HA OCh X B CUCTEME
rieHTpa Macc paBHbl V — Vi = 5V/6 u (=V) — Vi = =7V/6, COOTBETCTBEHHO.
[Tocne CTOMKHOBEHUSI CKOPOCTH IIAPHKOB B CHCTEME LIEHTPA MAcC OCTAFOTCSI
TAKUMHM K€ TI0 BEIMYMHE, HO MCHSIOT HAlpaBJICHUE Ha MPOTHUBOIOJIOKHOE.

CrnemoBaTenbHO, X-TIPOCKIIMU CKOPOCTEH nocie CMmoIKHOGeHUs B CUCTEME
1ieHTpa Macce paBHbl —5V/6 u 7V/6. HakoHel, BO3BpaIasch U3 CUCTEMBI IICHTPa
macc, noiaydum Vi = -5V/6 + Vyu = -2V/3 u V2 = 7VI6 + Vi = 4V/3.

Wtak, B cucteme oTcuéra EHTpa HUTHU, IIAPUKH TOCIIE MEPBOTO COYAapEHUs

pasjyicTaroTCad B IMPOTUBOIIOJIOKHBIX HAMPABJICHUAX BIAOJIb OCH X Cco > X
CKOpOCTSIMHU

|Vi| =2VI3 u |Vo| =4V/3. 1) (4
0.)

O003Ha4YNM (@1 U (2 YTIIbI, HA KOTOPbIE TIOBEPHYTCS IMOJIOBUHKU HUTH, IPUKPEIUIEHHBIC K IPAaBOMY U
JIEBOMY LIapuKaM, MEXAY MEpPBbIM M BTOPHIM CTOJIKHOBEHHMSMHU (CM. PUCYHOK). Tak Kak HIapHKu
JBUKYTCSI pPABHOMEPHO 110 OKPY?KHOCTH OTHOCUTEJIBHO LIEHTPA HUTH, TO

o1 _ 0l
o2 |’ ) (2

6.)

IpU4EM



o1+ @2 = 360°. ©) (1
6.)

N3 paBencts (1), (2), (3) Haxonum @1 = 120°. CienoBaTenbHO, BTOPOE CTOJKHOBEHHUE MIPOU3ONAET MO/
yrioMm ¢1 — 90° = 30° kK mepBOHAYATBLHON OPUEHTAIIUN HUTH.

OrtBer: 30°, win 7/6 paauaH. (20.)

4. B 1ByX NpOTHUBOIIOJIOKHBIX KBaJpaHTax Mmiockoctu XY (3alITpUXOBAaHbI Ha y
PUCYHKE) UMEETCSI OTHOPOAHOE MarHUTHOE IoJie MHAYKIMU B, HanpaBieHHOe

BIOJb ocH Z. YacTuily ¢ 3apsoM € M Maccoil M 3amyCTWIM TaK, YTO OHAa
IBWKETCs B Twiockoct XY 1O 3aMKHYTOW Tpaektopuu. Haiimure mepuon
JBUKEHHSI YACTHIIBI TIO 3TOU TPAEKTOPHH.

7

Pemenue.

Ha Tex yudacTkax TpaekTopuu, /i€ HET MAarHUTHOTO IOJIA, YacTHIAa IABMXKETCA MPSIMOIMHEWHO U
paBHOMepHO. Tam, re uMeeTcs OTHOPOTHOE MarHUTHOE ToJIe (3aTPUXOBaHHbIE 00JacTH), YaCTULIA
JIBHXKETCS 110 OKPY>KHOCTH C TTIOCTOSIHHOM CKOPOCTBIO. (20.)

Tax Kak CKOPOCTh YaCTHUIIbI TIOCTOSIHHA, TO UCKOMBIN niepuoA T paBeH
T=—, (1)

rae L — mmHa 3aMKHYTO# TpaeKTOpUH, U — CKOPOCTh YacTUIlbl. UTOObI HaiiTh L, BRIYMCINM CHavyana
paanyc KpyroBbIX y4acTKoB Tpaektopuu R. J{ist aToro Bocnosnb3yemces 2-m 3akoHoM HeroToHa F = ma,
rie F = evB — cuna Jlopenna, a = v?/R — ycKopeHue Ipy paBHOMEPHOM JBUKEHUH MO KPYTY:

2

eszmv—,
R
OTKyza
mo
R=—. 2 2 0.
5 @ (26)

Ecnu TpaekTopus Y4acTHIIBI HE BBIXOAWT 3a MPEIebl OJHOTO 3aIITPUXOBAHHOTO KBAJPaHTA, TO 3TO
OKpYyKHOCTh paauyca R. B atom ciyuae L = 2nR, otkyna ¢ yu€rom (1) u (2) nmonyuum T = 2zm/eB.

Ecnu ke dacTuma IBHXKETCS W3 OJHOTO 3aIITPUXOBAHHOTO KBAJpaHTa B JIPYroil M oOpaTHO, TO e
TPAEKTOPHS COCTOUT U3 IBYX AYT OKPYKHOCTEH panuyca R v AByX COeIMHSAIOMUX UX TPSIMOJIUHENHBIX
y4acTKOB. Takas TpaeKTOpHsi UMEeT BUJT «CTaiuoHay (puc. 1). (20.)

Touku A, B, C, D, rae npsimonuHeHHbIe yYaCTKH

CMBIKAIOTCS C KPYT'OBBIMH, 00pasyroT

npsMOYTOJIbHUK, mpuuéMm otpesku BC u AD

SIBIISTIOTCSL THAMETPaMU KPYTroBbeIX oTpe3kos: |BC| A B
= |AD| = 2R. Touku A, B, C, D npomkHbI
HaXOJWUTHCS HAa TpPaHUIAX 3alITPUXOBAHHBIX
KBaJPaHTOB. DTO MOYXHO OCYILECTBUTH TOJBKO
cmoco0OM, TIOKa3aHHBIM Ha pHUC. 2, Korma D C
npsmoyroinbHUK ABCD okasbiBaeTcsi KBaJpaToM,

MOBEPHYTHIM Ha 45° OTHOCHTENBHO KOOPIHHAT- Puc. 1 Puc. 2

HBIX oceil. CnenoBatenbHo, |AB| = |BC| = |CD| = |AD| = 2R. B 3TOM ciiy4ae TpaeKTOpHUsI YacTHUIIBI




cocTouT U3 IBYX oTpe3koB AB u CD mmmuo# 2R kaxnblid, 1 IBYX HOJIYOKpY)KHOCTEH uinHON TR
Kaknas. Takum oOpazom,

L=2R+2R+nR+7R=2(n+2)R. ©)) (26.)

U3 (1), (2) u (3) mony4um mepuo] IBUKEHHUS 110 TPACKTOPHH THIIA «cTaanoH»: T = 2(n+2)m/eB.

2nm 2 2)m
iLLp— (R;B) (10.+16.)
e

OTBeT:

5. OnleHnTE, KaKOE€ MaKCHMaJIbHOE CTATHUECKOE HAMPSHKCHHE OTHOCUTEIFHO 3eMJIM MOXKET OBITh Ha
YeJIOBEeKe, OKPYKEHHOM 3a3eMJIEHHBIMU TpEIMETaMHU (JIepeBbsIMHU, OETOHHBIMU CTEHaMH, OaTapesMu
OTOIUJICHHUS U T.J.), €CJIM U3BECTHO, YTO JICKTpUUECKasi MPOYHOCTh Bo3ayxa Ha mpoboii E = 30 kB/cwm.
Hpednozzaeaemc;z, ymo Bul xopouo npedcmaeﬂﬂeme A6NeHue, moaceme camu 3a0amb Hedocmaroume 6 ycioeuu

361@(1‘{“ 6€JIUYUHDL, 6bl6pai’l’lb UX 4UCIIEHHble 3HAYEHUA U NOJIYYUmb ’iuCﬂeHHblZZ pesyibmam.
Pemenue.

PaccmMoTpuM cHavana ynpoui€HHYIO 3ajady: 10 KAaKOoro MaKCHMaJIbHOI'O HAaNpsKEHUS MOXKHO
3apsAOUTh (B TEX XK€ YCIOBUAX) MpoBOAAIMN map paauyca R? Hanpspkenne U mapa oTHOCUTENBHO
3eMJIM PaBHO Pa3HOCTHU MOTCHIIMAIOB Iapa (Pm) U 3emiu (¢s = 0):

Q Q
U=p -0 =k=-0=k=X, 1 2
Py @, =K 2 A (1) (
0.)
rne Q — 3apsn mapa. Dnekrpuueckoe noie E nmeer HaubonpiIyo BeMMYUHY BOJTU3M 11apa, I7ie OHO
paBHO
E=k % @) (1
0.)

3Hasi MAaKCUMAJIBHO BO3MOJKHOE 3HAYCHHE HAMPSHKEHHOCTH MO Emax = 30 xB/cm, Haxomum u3 (1)
1 (2), 94TO MaKCUMaJIbHO BO3MOXKHOE HarpsikeHue Ha mape Umax paBHO

Umax = EmaXR " (3) (2
6.)

Ecnu mombITatbes 3apsauTh LIap 10 HAmpsDKeHUs, 0ombiuero, yeM Umax , TO 3apsa ¢ Hero Oynet
CTEKaTh 4epe3 BO3yX.

Yem MmeHblie R, TeM MeHbIIEe MaKCHMMalbHO BO3MOXKHOE HampspkeHue. [lodTomy mpu 3apsake
MIPOBOJIHUKA CJIOKHOW (DOpMBI (TENIO YelnoBEeKa) 3aps/ HAa4YHET CTEKaTh B MEPBYIO OYepelb C TeX
YUYaCTKOB, TJIe Paauyc KPUBU3HBI HaWUMEHBIIWI (KaK M3BECTHO, 3aps] CTEKAaeT C OcTpus). Takum
obpasom, B hopmyny (3) HagO MOACTABUTH HAMMEHBIINN paNyC KPUBU3HBI TElA. (26.)

VY Tena yenoBeka HAMMEHBIINH paguyc KpuBU3HBI — nopsaka 0,7 cM (KOHIIBI MalblIEB). (16.)
IMoacransas R = 0,7 cm 1 Emax = 30 xB/cM B (3), Haliném

orBeT: =~ 20 B. (26.)



Ja3epHON yKa3KM HAIIPABJICH MO YIJIOM K TOPU30HTAIbHON OBEPXHOCTH
croiyia. Ecnu Ha ImyTH 1a3epHOro jyda pa3MeCTUTh TOHKHM BEPTUKAIbHBIN —
METAJUIMYECKUH CTEp)KEHb KpYIJIOrO CEYeHUs, Ha CcToje oOpaszyercs
CBETAILIAsICS OKPYKHOCTH C IIEHTPOM B MECTE HaXOXKACHUs CTepkHs. Ecim
3aMEHHUTh CTEPKEHb KPYIJIOTO CEYCHMsI HAa BEPTUKAJIbHBIA CTEPKEHb C HETIPABUJIBHOU (HE KPYTJIoi)
¢dopmoii ceueHus], cBETALIAACSA JUHUA Ha CTOJe BCE€ paBHO UMeeT (GopMy OKpYKHOCTH. OObICHUTE
Ha0JII0JaeMoe SIBJIEHHE.

6. 3a0aua-oemoncmpayusi  (Oemoncmpupyemcs  eudeopoaux).  Jlyda \ H

Pemenue.

B »T0i1 33a1a4€ HY>KHO OOBSICHUTS:
1) mouemy oTpakE€HHBIE JTydn 00pa3yIoT Ha CTOJIE 3aMKHYTYIO JIMHUIO, 00XOISIIYI0 BOKPYT CTEPIKHS;

2) moyeMy 3Ta JUHHS MPEJCTABISET COOON OKPYKHOCTH (Jlake MpU HETPaBUIBHOU (opMe CeueHUs
CTEPIKHSI ), IIEHTPOM KOTOPOM SIBJISIETCS HUKHUN Kpal CTEP>KHS.

1. UTOOBI OTBETUTH HA TIEPBEII BOMPOC, PACCMOTPHUM XOJI JIydei B MPOEKIIUU Ha TUIOCKOCTH CTOJA («BU]T
CBepXy», cM. puc. 1). JIyun, monagaromue Ha ctepkeHb B Toukax A, B, C, D, E, F, mocne orpaxkenus
JOCTUTAIOT OBepXHOCTh crona B Toukax A', B, C', D', E', F', coorBercTBenno. JIyun, manaromnme Ha
NeByio (TpaBy0) TOJIOBHHY CTEPIKHSA, OTPa)KaroTCs BJIEBO (BMpaBo). BuaHo, 4TO mpu IBYKCHUH
[a/IalolIero Jiyya cieBa Harpaso (0T A 1o F) oTpax€HHBIN JTyd miaBHO moBopaunBaeTcs Ha 360° (B
npoekiuu cBepxy) oT AA' no FF'. [ToaTomy Touka majieHus Jydya Ha CTOJI OMUCHIBAET HEMIPEPHIBHYIO,
nouyTH 3aMkHyTyio kpuByio A'B'C'D'E'F' (mebGonbimoii paspeiB Mexay A' u F' — 310 Tenp ot
cTepxHs). B yClIoBUsAX JaHHOTO OMbITa IIUPHUHA Ja3€PHOTO JIyda OOoJIbIIIe UPUHBI CTEPXKHS, T. €. BCE
touku A, B, C, D, E, F ocBemensl omnoBpemenHo. [loatomy Bcst kpuBast A'B'C'D'E'F' Bunna
OJTHOBPEMEHHO KaK CBETSAIIAsICs, IPAKTUYECKH 3aMKHYTasl TUHUSI. (40.)

2. Jlyuu na3epHOM yKa3KH, najas Ha crep:keHb 1o Juaur AO (puc. 2), 0TpaxarTcs OT Pa3HbIX TOYCK
CTEPJKHSI, B pe3yJIbTaTe 4ero Bo3HUKaeT HaOop oTpakEéHHbIX Jyderr OB, OB', OB" u 1. 1. [Tokaxewm,
YTO BCE 3TU OTPAKEHHBIE JIYUU PACTIPOCTPAHSIIOTCS TIOJT OJTHUM U TeM ke yriioMm K BepTtukanu ON:

Z/BON=/B'ON=/B"ON=...= ZAOM. (1)

(IToquepkHEM, YTO 3TO YTBEp)KIEHUE Oomauuaemcsi OT YTBEPKACHUS «yrosl MaJeHUs paBeH YLy
OTPa)KEHUD», TAK KAK YIJIBI MEKY BEPTHKAJIBIO M HAIIPABJICHUSAMH JIy4eld — 3TO HE TO JK€ CAMOE€, 4TO
YTJIbI AJCHUS U OTPAXKEHUS. )

[Ipome Bcero yoemuthcsi B BepHOCTH paBeHcTBa (1) m3 cooOpakeHuit cummerpuu. Omnepanus
3ePKAIILHOTO OTPAXXEHHUST OTHOCHTEIBHO IUIOCKOCTH (., KacaTeNbHOW K CTEp)KHIO, MEPEeBOIUT
npoaoipkeHue magaroiero ayda OB1 B otpaxénnsiii iya OB (puc. 3). Drta e onepanus OCTaBIsgeT
BepTUKaIbHYIO TUHHIO ON HeM3MeHHOH (Tak Kak 3Ta JIMHUS MPUHAJICKUT III0CKOCTH o). [ToaTomy



yron BiON nepexoaut npu 3epkanbHoM oTpaxkeHuu B yroa BON, a 3naunt, ZB,ON = ZBON (mpu
3epKaJIbHOM OTPaXKEHUH PACCTOSHUS U yIIibl He u3MeHstorcs ). C apyroii croponsl, ZB,ON = ZAOM

, T. K. 9TO BepTUKaJIbHbIE yribl. CienoBarenbHo, ZBON = ZAOM. D1 ke paccy AeHUs BEPHBI IS
yrios B'ON, B"ON u . 1., oTkyna u cnemyet paBeHcTBO (1).

N3 (1) caenyer, uro npsmoyroibsHbie TpeyronbHukn BON, B'ON, B"ON u T. 1. paBHBI ApyT Opyry,
OTKyJ1a

IBN|=|B'N|=|B"N|=...,

T. €. TOUKH cBeTsmeiics muauu B, B', B, ... 00pa3yioT okpyXHOCTb ¢ IeHTpOoM B ToUKe N — HUKHEM
Kpae CTCPIKHS. (40.)
3aMeTHM, 4TO B MPUBEAEHHBIX PACCY)KICHHUAX HUTJIEC HE MCIIOJB30BAIACh (pOpMa CTEPKHS, TOITOMY
OHU OJIMHAKOBO BEPHBI U JJISI KPYTJIbIX, U IS HEKPYTJIBIX CTEPKHEH. (20.)
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Pucynoxk 3.



