Kaxknasi npaBu/jibHO penieHHasi 3a1a4a ouenusaercs B 10 6amios.

duzuka 8 Kiaacc.

1. Bacs otnpaBusics B jiec 1o rpu0sl. ['pu0oB nomaganocs Maio, v MyTh CTAHOBHJICS TOJITUM. J{71s TOro
9TOOBI HE 320 Ty IUTHCS MPU BO3BPAILICHUH, OH PEIIMII Yepe3 KaKbI Yac OCTaBIsATh MeTKH. Uepes 15
MUHYT TIOCJIE€ TOTO, Kak Bacsi ocTaBuil BTOpYI0 METKY, OH HaIlleJ NEPBYIO M MOHSII, YTO JBUKETCS 110
Kpyry. KakoBa npoTs»KE€HHOCTh 3TOT0 Kpyra, €CJIM CPeIHss CKOPOCTh MnepeaBuxkeHus Bacu mo necy
Obu1a 4 KM/9?

Pemrenne.

Becb nyTh 110 kpyry umnssl L Baca npomén 3a t1 + t2, rae t1 = 1 4 — Bpems 1BUKEHUS MEXKIY IIEPBOI
U BTOpOM MeTko#, u to =15 muu = 1/4 4 — BpeMs OBHKEHHS MEXKIy BTOPOH W IMEPBOH METKOM.
JIBurasice co cpeHel CKopocThio v = 4 km/4, Bcero Bacst mpomén myTh

L =2 (t1 + t2). (80.)

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

orBer: L=5kKMm. 20.)

2. Ilynktel A u B pacnionoxxensl Ha ogHOM Oepery peku. ITynkr B pacronoxxen

)
HIKE 10 TeueHuro. Ha myTh u3 nynkta A B myHKT B karep 3arpaumBaer Bpems t1.  [d L=y
OOpartnslii myTh, U3 B B A, — 3anumaer Bpems to. Onpenennte CKOPOCTh TEUESHUS
PEKHU, €CIIM U3BECTHO, YTO MMHUMAJIbHOE BPEMSI, 3 KOTOPOE KaTep MOXET IEPECEUb
peKy ot Oepera 10 Oepera, paBHO {3, a mmpuHa pexu — d.

Pelnenmne.

[TycTb U — CKOPOCTh T€UEHHSI PEKH, a U — CKOPOCTh KaTepa. 13 ycrnoBus 04eBHIHO, UTO U > U, UHAYe
KaTep He CMOT OBl AOIUIBITH A0 MyHKTA, HAXOJSIIETOCS BHIIIE MO TCUYCHUIO.

CKOpOCTh IBUKECHUSI KaTepa OTHOCUTEIILHO Oepera CKJIalIbIBaeTCsl U3 CKOPOCTH KaTepa M CKOPOCTH
TEYCHUS PEKU:

0 =0+1U

OTH

Korna kartep nBuraercsa mo TEUeHHWIO, W3 NyHKTa A B NyHKT B, ckopoctu katepa U TeueHUs
HAIpaBJICHbl B OJHY CTOPOHY, U €r0 CKOPOCTh OTHOCHUTENBHO Oepera paBHa v + U. [Ipu nBuxeHun
NPOTHB TeueHHs, Ha oOpaTHOM myTd U3 B B A — ckopocTu Karepa M TEUCHHs HarpaBliCHbl B
MIPOTHBOIOJIOKHBIE CTOPOHBI, U €r0 CKOPOCTh OTHOCUTENIBHO Oepera paBHa v — U. (26.)

PaBencTBO mpsimoro u oOpaTHOTro IMyTel Mexay myHkTamu A u B MoxHO 3amucaTh B BUIE:

(v+u)t, =(v-u)t,. (1) (36.)

MuHumabHOE BpeMs, 3a KOTOPOE KaTep MOXKET IIEPECEUb PEKY, JOCTUTAETCs TOI 1A, —

KOoTa CKOPOCTHU KaTCpa U TCUCHUSA PCKU HAIIPABJICHBI B3aMMHO MEPIICHAUKYIIAPHO d © | ﬁ

(cM. pucyHoK). B aToM citydae cKOpoCTh JBHKEHHS TIOMEPEK PEKU MaKCUMasibHa U

B
paBHa v, TOATOMY



d=ot,. @) (36.)

Beipasus U u3 (1), ¥ moCTaBUB B MOJTYYMBIIEECS BEIPAKEHHE U, BRIpaKEHHOE U3 (2), HalaéM

orper: =209 (26.)
t,+t t,

3.K KOHIlaM paBHOIUICUMX PBHIYAXKHBIX BECOB IOJBEIICHHI JIBa
OJIMHAKOBBIX IO pa3Mepy MIapHKa ¢ MaccaM My ¥ My. Peiyar HeBecOMBIit
u umeer umHy L. [llapuk M1 morpyxeH B cTakaH ¢ XHIKOCThIO. [Ipu
STOM BECHl HAXOMATCS B PABHOBECHUU. 3aTEM LIApPUKH TOMEHSIIU MECTAMHU.

Ha xakoe paccrossHue X HE0OXOIWMO MEpPEABHHYTh TOYKY IOABECA
PBIYQKHBIX BECOB, UTOOBI OHM BHOBB OKA3aJIMCh B paBHOBECUU?

Pemrenne.

Bec mapukoB pui10’keH K KOHIIaM pbluara BecoB. Korja nepsblil mapuk

ObUT TOTPY)KEH B KUAKOCTb €ro BEC YMEHbBIIAETCS Ha BEIMYUHY
BBITAIKMBaroIIei cunbl Apxumena Fa. Bec mepBoro mapuka paBer mig — Fa, a Bec BToporo — mug.

B paBHOBecun cymMMa MOMEHTOB BCE€X CHJ, MPWJIOXKEHHBIX K pblUary, paBHa HYJIO. YCIOBHE
paBHOBECHSI OTHOCUTEIBHO TOYKHU IOJIBECA 3aIUIIETCS B BUJIE:

L L
(mlg—FA)-E—ng-? (1) (4 6.)

Kor;[a IIapuKu NMOMCHAJIM MCCTaAMU, YCIIOBHUC PABHOBCCHUSA OTHOCUTCIIBHO HOBOM TOYKHU moaBcca
3aIIUIICTCA aHAJIOTMYHO:

L L
(m,g-F,)- E+X =mg- E_X . 40,

ITockonbKy OOBEMBI LIAPUKOB OJMHAKOBBL, M JKUAKOCTh B CTakaHe Ta ke, TO cuja Apxumena,
JEUCTBYIOIIAsl HA BTOPOU IIAPHK, TaKasl )K€ KaK Ha IIEPBBIM IIAPUK.

BeipasuB Fa u3 (1) u moactaBuB B (2), a 3aTeM BBIPA3HB HCKOMOE X, TIOJTYIHM

m, —m,
OTBET: X = ———

L. 2 0.
T 26

4. B TepMoc ¢ BOJIOW OMYyIIIEH TEPMOMETpP, KOTOPBI MOKa3biBaeT TemiiepaTypy To. B Bomy Opocuim
Kyco4dek Jibaa Maccoir Am, umeromuii Temneparypy 0 °C. Korna nén pacrasii, TepMOMeTp MOKa3al
Temnepatrypy Ti1. 3areM B Boay Opocmin emé oJIuH Takol ke Kycouek Jsibaa. [locne Toro, kak jién
pacrasul, TEpMOMETp TIOKazajd Temmeparypy T2. Omnpenenute Maccy M BOAbI, H3HAYAIbHO
HAaXOJUBILEKCS B TEPMOCE.

Pemrenne.

[TockonbKy KyCOUYKM JbJa HM3HAYaJIbHO HaxoIATcs mpu Temmeparype miasienus 1 =0°C, to B
MpolLecce UX TEMJI0BOr0 B3aUMOJIEHCTBHS C BOJIOM OHU IJIaBsATCs 0€3 MpeaBapUTEIbHOrO Harpena. 3a
CU€T OCThIBaHMS BOJIbI, HAXOUBIIIEHCS B TEPMOCE, BBIIENIAETCS TEIIOTa, KOTopas UAET Ha IIIaBJICHUE
KyCOUKa JibJla U HarpeB BOJbl, 00pa3oBaBIlIeiics B pe3yibTare IiaBieHus Jbaa. COOTBETCTBYIONIEE
YpaBHEHHE TEIUIOBOTO OajaHca MOXKHO 3allicaTh B BUJIC:



em(Ty—T,)=cAm(T,-T)+Q, 1) (46.)

rje C — yAenbHas TEIUIOEMKOCTh BOIbI, Q — TeTuIoTa IiaBiIeHHUs KyCOUKa JIb/Ia.

3aTemM B Boay Opocmiim BTOPOM Kycodek Jibaa. COOTBETCTBYIOIIEE ypaBHEHHE TEIUIOBOTO OaslaHca
3aIIUIICTCS aHAJIOTUYHO.

c(m+Am)(T,-T,)=cAm(T,-T)+Q. (2) (40.)

3,Z[GCB MBI y‘-I.HI/I, qTo Hepez[ 6p0C&HI/IeM BTOpOI‘O KYCO‘-IKa Jbaa, Macca BOAHBI B TepMOCG yBeJII/ILII/IJIaCB
Ha Am.

Borautas (1) u3 (2) u BeIpaxast HCKOMYIO M, TTOTYYUM

T1 — Tz

oTBeT: M=2——*~% —
T,+T,-2T,

26.)



Kaxknasi npaBu/jibHO penieHHasi 3a1a4a ouenusaercs B 10 6amios.

dusuka 9 kiaacc.

1. Kycok onHOopoaHO# poBoIoku AnuHb! 10 cM pa3pe3anu Ha 1Ba Kycka. HaliTu AyMHBI 3THX KYCKOB,
€CITU TIPY MapaIeIbHOM COeIMHEHUH X 00I1ee conpoTuBieHre coctaBuio 0,24 oT conpoTUBICHUS
HCXO/IHOTO KyCKa.

Pemenue.

ConpoTHuBiieHHE TPOBOJIOKU JUIUHBI L ¢ y/IeIbHBIM COMPOTUBIIEHUEM P U CEUEHUEM S PaBHO

Rsz. ) (16.)

Ecnu npoBonoka oTHOpOJHAs, TO COIPOTUBIIEHHE KyCKa MPOBOJOKU MPOMOPILUOHAIBHO €ro JUIMHE.
OO003HaYMM JITMHBI IBYX KYCKOB, IOJYYUBIIUXCS TTOCIIE pa3pe3aHus IpoBoiokH, l1 u I

|, +1,=L. ) (16.)

[Tpu mapayensHOM COSIMHEHUH CKIIaIbIBAIOTCSt OOpaTHBIE COMTPOTUBIICHUS, TOITOMY MOJTYYHBILIEECS
COIIPOTHBIIEHHE R, yIOBIETBOPSET ypaBHEHUIO

1 1 1
e (2 6.)
R|| E| B|
1 2
S S

R L?
- (26.)
R, L1,
Io ycnoswuio, R, /R=0,24 . Iloatomy
I 1, =0, 2412, (3) (20.)

Pemrass cucremy ypaBuenuit (2) u (3), naiigém 11 =0,4L u I =0,6L (umm 11 =0,6L u 12 =0,4L).
[Toacrasus 3Havenue L = 10cMm, momydum

OTBeT: 4cM U 6CM. (20.)

2. B TepMoc ¢ BOJI0# OIyIIeH TePMOMETP, KOTOPBIA MOKa3bIBAaeT TemMmneparypy lo. B Bogy Gpocunu
Kycouek Jpaa. Korga nén pacrasii, TepMOMETp MOKa3all TeMIiepatypy T1. 3aTeM B BoLy Opocuiu emié
OJIMH TaKOW € KyCOYeK JIbJa, KOTOPBIM HAaXOAWICA IIPU TOW K€ HAYAJIBHOM TEMIIEPATYypE, YTO U
nepsbiid. [Tocie Toro, kak n€x pacrasi, TepMOMETp HoKa3an TeMieparypy I2. Onpeaenurte maccy Am
KyCOuKa JbJa, €CIM H3BECTHO, 4YTO M3HAYaJbHO B TEPMOCE HAXOAWIach BOJAa Maccel M.
TennoemkocTsIMu TepMOca U TepMOMETpa IMpeHeOpeyb.

Pemenue.

3a c4€T OCTHIBaHMS BOJIbI, HAXOAUBIIIEHCS B TEPMOCE, BBIJEISACTCS TEIIOTa, KOTOpas UAET Ha HArPEB
Y IJIaBJICHWE KyCOYKa JIbJla, a TAaK)Ke HArpeB BOJIbI, TOJYUUBIICHCS B PE3yiIbTaTe IUTABJICHUS JIbJA.
CooTBeTcTBYIOIIEE YpaBHEHUE TEIIOBOTO OajgaHca MOYKHO 3alicaTh B BUJIC:



em(Ty—T,)=cAm(T,-T)+Q, 1) (46.)
rae C — yaenpHas TermnoéMkocTh Boabl, 1 =0 °C — Temnepatypa miaBiaeHus jpaa, Q — temora,
KoTopas nouuia Ha Harpes 10 0 °C u naBiieHUEe KycOYKa JIbJa.

3areM B Bojy Opocuin BTOpoW Kycouek Jibja. COOTBETCTBYIOIIEE YpaBHEHHE TEIUIOBOrO OanaHca
3aMMILIETCS AHAJIOTUYHO:

c(m+Am)(T,-T,)=cAm(T,-T)+Q. (2) (40.)

31ech MBI Y9I, 9TO Tiepe]l OpocaHuEeM BTOPOTO KyCOYKa JIbJIa, Macca BOJBI B TEPMOCE YBEIUIHIIACH
Ha Am.

Borautas (1) u3 (2) u BeIpaxast HCKOMYIO M, TTOTYyYUM

orBeT: AM= EM (20.)
2 T,-T,
3. Karanynera OpocaeT TEHHHUCHBIH MIAPUK C HadaJIbHOU
CKOPOCTBIO U MOJ YriaoM o K ropusoHty. Ilapux ynmapsercs o lg
KpbILIy cocenHero aoma. Ha kakoM pacCTOSHHM OT AOMa HY>KHO 77 L45e
PAacIoNIOKUTh KaTamylbTy, YTOOBI MOCIE YNPYroro yaapa o0 3Ty A
KPBILIY OH IHOJHSUICS HAa HAauOOJIBLIYI0 BO3MOXHYIO BBICOTY HaJ J/
3eMi€N? Boicota noma H, HakiioH ckara kpbiuu 45°. Biusgauem / H
BO3/yXa npeHedpeub. Y CKopeHue cBOOOAHOTO MajaeHus J. vfa " v
Pemenue.

[Tpu ynpyrom yznape sHeprusi coxpansiercs. MakCUMyM BBICOTHI OyI€T JOCTUTHYT, KOT/a IapuK 1M0ocIie
yZapa o0 Kpbllly OTCKOYUT BEPTUKAIBHO, TaK KaK B 3TOM CJIy4ae BCS KWUHETUYECKAsl SJHEPIUsl TEPEUIET
B IOTEHIIMAJIbHYIO B BEPXHEN TOUKE TpaeKTOpuH. [10CKOIbKY Kpblllla HAKJIOHEHA 110 YoM 45°, nis
3TOTO HY)KHO, YTOOBI IIAPUK yIajl Ha KPBIIY TOPU30HTAIBHO. (36.)

O603HauuM 3a X1 paccTOsiHUE O TOPU3OHTAIN OT CTEHBI JIoMa JI0 MecTa yaapa o kpbiiry. Torna, c
OJIHOM CTOPOHBI, PACCTOSIHUE MO TOPU3OHTAIIM OT KaTamyJIbThl 10 TOYKHU yJapa O KpbIILY paBHO X + X1,
a ¢ IPyroi CTOPOHBI, OHO PaBHO MOJIOBUHE AAJIBLHOCTH MOJETA TeNa, OPOIIEHHOT0 CO CKOPOCTHIO U TOA
YTJIOM O K TOPU30HTY:

1) (26.)

Tak Kak yroa HakjoHa KpbIu 45°, TO pacCTOSTHUE MO BEPTUKAIN OT HUYKHETO Kpas KPBIIIN IO MECTa
yiapa paBHO Xi. (10.)

C o1HO¥ CTOPOHBI, PACCTOSIHHE TTO BEPTUKAIH OT KaTamyJbThI 10 TOYKHU yJapa o KpsIry paBHO H + Xy,
a ¢ IPyroii CTOPOHBI, OHO PaBHO MaKCHMaJIbHOU BBICOTE MOABEMA Teja, OPOIIEHHOTO CO CKOPOCTHIO U
IO YIJIOM 0. K TOPU30HTY:
. 2
(vsina)

H+x TR 2) (26.)

Boruutas (2) u3 (1) u BeIpaxkas X U3 MOJYdeHHOTO PaBEHCTBA, HAAEM



v° (sin 20, —sin? a)

29

orBeT: X=H +

(2 6.)

4. Han cronom Ha BbicOTE€ H C yrioBoil CKOPOCTBIO ® BpallaeTcs
TOPU30HTANBHBIN AUCK paanyca R. Ha pacctosiHuu I oT ocH K TUCKY
MPUKIIEEHO HEOObI0E TesI0. BHE3amHO Tello OTKIenBaeTCs, U cujia
CLIETUIEHUSI MEXY IUCKOM U TeJIoM Hucue3aeT. Uepes kakoe Bpems t

TEJI0 TOCTUTHET cToyia? TpeHueM u BIHSHHEM BO3/IyXa MPeHeOpeyb.
Yckopenue cBOOOTHOTO TaJeHUs J.

Pemenue.

[Tocre oTKJIEMBAHMS TENIO MO MHEPIUH OYAET CKOJB3UTH MO JHUCKY MPSIMOJIMHEHHO U PaBHOMEPHO,
COXpaHdgsA BCIWYMHY W HANpPaBJICHUC CKOPOCTH, KOTOPLIC OHO HMCIO B MOMCHT OTKJICHBAHUA.
CkopocTb paBHa

v=or. (20.)

W HampaBlieHa MEepIEeHIUKYISIPHO paJuycy B TOUKEe OTKJIeHBaHUSA. Takum oOpa3oM, LEHTp IHCKa,
TOYKa OTKJIEMBAaHUS M TOYKA, B KOTOPOHl TENO NOCTUIIIO Kpas AKMCKa, 00pa3yioT MPsIMOYTOJbHBIN
TpeyroibHUK. [1yTh X, MpONACHHBIN TETOM 10 Kpas Jucka, HaiaéM o Teopeme [Tudaropa:

X=+vR*-r?. (26.)
OTOT NyTh NPOIIEH 32 BpEMs
X ~R*-r’
t=—= . (26)

(% or

ITocme 9TOro, T€JI0 HAYNHAaECT CBO6OI[HO nagatb, U JOCTUTHET IMOBEPXHOCTHU CTOJIA 3a BPEM

%:/Ei_ (26.)
g

ITosTOMY, IIOCIIE OTKIIEUBAHUS TEJIO JOCTUTHET CTOJIA Yepe3 Bpems 11 + to.

R A

or g

OtBeT: t = (26.)



Kaxknasi npaBu/jibHO penieHHasi 3a1a4a ouenusaercs B 10 6amios.

®dusuka 10 kiaacc.

1. HeBecomprit ['-00pa3ublii xéctkuii crepskeHs ABC (yron B — npsimoii)

MOeET cB0OOAHO Bpamatbest BOKpYr Touku O. /lnunel orpeskoB AO, OBu g 4 B
BC paBnbI, coorBeTcTBEHHO, 1 cM, 4 cM 1 3 cM. B Touke A K CTEp)KHIO 3
nepneHauKyisipHo otpe3ky AB mpunoxkena cuna Fa =60 H. Haittu C
MUHHMaJbHOE 3Ha4YeHHE CWiIbl Fc, KOTOpyro, BBIOpaB ONTUMAlbHOE Fa Fo—?

HaIpaBlieHUE, HYKHO NMPUIOKHUTH K CTEPXKHIO B Touke C, 4TOOBI CTEpKEHb
HaxOJUJICS B PABHOBECHH.

Pemrenne.

UYroObl CTepKeHb HAXOIWICS B PaBHOBECHH, MOMEHTHI cuil Fa u Fc, Bpamaromux cTepkKeHb B
MPOTHBOMOJIOKHBIX HAIIPABJICHUSAX, JOKHBI OBITH [0 MOJIYJIIO PABHBI:

F.:[OA|=F.-|0X], (1) (36.)

rae riedo |OX| cunsl Fc paBHo mymmHe neprneraukysspa OX, mpoBeIEHHOTO Ha TUHUIO ICHCTBUS CHJIBI
Fc u3 toukm O. U3 ypaBHEHHWs BHIHO, YTO MHHHMaJbHOE 3HauyeHWEe CHIBI Fc cooTBeTcTBYyeT
MakcuMaiabHOMY 3HadeHuto |OX|. ['unorenys3a npsMoyroiapsHOTO TPEYroJIbHUKA HE MEHBIIE KaTeTa,
nostomy B TpeyroipHuke OXB |OC| > |OX|. 3nauur, makcumanbsHoe 3HaueHue |OX| pasro |OC|, uto
JocTHraercs, koraa cuna Fc Hamnpasinena neprnenaukyisipHo orpesky OC. MuHnManbHOE 3HAYeHUE
cuibl Fc MoxxHO HaiiTi u3 ypaBHeHus (1), 3amenuB B HéM |OX| Ha |OC|:

~Tod (2) (36.)

I'mnoteny3y |OC| mpsimoyronpHOTO Tpeyroiasauka OBC Haiiném mo Teopeme [Tudaropa:

0C| = |0B|" +|BC|" =/3? +4% cm=5cm, (26.)

U noyicTaBuB e€ B (2) BMecTe co 3HaueHneM Fa u [OA|, 3a1aHHBIMU 110 YCIIOBUIO, TTOTYYHM

oreer: F.,"" =12H. (26.)

2. Kakoe MUHUMaJIbHOE KOJUYECTBO N MIAPUKOB HYXKHO MPOKOJIOTH B cBs3ke U3 N = 25 oanHaKOBBIX
IIApUKOB, HATyThIX TelreM, 4yToObl IMPU HOPMAJIbHBIX YCJIOBHSAX CBfA3Ka IepecTaja MOJHUMAThCS
BBepx? O0BEM mapuka V = 10 11, Mmacca mpoKoJI0TOro Mmapuka M = 6 r, MOJIEKyJIsIipHast Macca BO3TyXa
Us = 29 r/mMonb, renus e = 4 1/MOoJb, 00bEM OJHOTO MOJIA MPH HOPMAaJbHBIX ycloBusax Vo = 22,4 1,
00BEMOM TTPOKOJIOTOTO MIApUKA MPEeHEeOPeUb.

Pemrenne.

Ha xaxapIii HEPOKOJIOTHIN IIAPHK NEHCTBYET CHiia TshKecTH (M + Mr)g u cuiia Apxumena MgQ, rie
Mr — Macca CojAepXKalllerocs B LIapUKe Teaus, a M — Macca BBITECHEHHOI'O IIAPUKOM BO3yXa.
[TockoNbKYy KOMMYECTBO MoJjeil rasa B o0Obéme mapuka pasHo V /V,, to m =p -V/V,, a
m, =, -V/V,. Ilycth N— 4YHUCIO HPOKOJNOTHIX IIAPUKOB, Torga reimeM HamosHeHsl (N —n)

H_IapI/IKOB. qTOGBI CBs3Ka HC ITOAHMUMAJIACh, CHJIA TAXKCECTHU CBSI3KHU JOJIXKHA HpeBBIH_IaTI: HOJ'IHy}O CI/IJIy
Apxumena:



Nmg -+ (N =) > (N =) g (1) (86

0 0

OTtcroma Hax0 UM

n>N 1_£L

V g —Hp

[loncraBuB YKCIIEHHBIE 3HAYEHUS BEIMUMH, MOJIyduM N > 11,6. MuHumanbHoe N, yAOBIETBOPSIOLIEE
3TOMY YCJIOBHIO, paBHO 12.

OTtBeTt: 12 mapukos. (20.)

IIpumeyanue: ypaBHeHnue (1) ¢ ynmylmeHHbIM BTOPBIM ClIaraéMbIM B JICBOW YacTH OIICHUBAETCS B 6
0asoB.

3. [Tay4ok momHUMaeTcs 1Mo MayTHHKE, ABUTA’ICh ¢ yckopeHueM a = 0,29 om g
OTHOCUTENbHO  cTona. IlayTWMHKa  TpUKpEeIruieHa K  KaMeIlKy,

HaxXoJsIIeMycs Ha cTojie. Macca kaMenika B 5 pa3 00JIbIlie MacChl aydka,
U B HaYaJIbHBIA MOMEHT OHHU UMEJIN HYJICBBIC CKOPOCTHU U HAXOJUJIIUCH Ha
OJIMHAKOBOM PACCTOSTHUU J0 Kpas crona. [laydok wim kameliek paHbliie m
JOCTUTHET Kpas crona? TpeHueM M pa3MepaMH Kamellka MU Maydka

peHeopeyb.

Pemenue.

Ha xameniex neiicTByeT cuia HaTsSKeHHs] HUTHU |, a Ha Maydka 3Ta ke cuiia |, HarpaBJeHHas BBEpX, U
CHJIa TSDKECTH MQ, HallpaBJIEHHAsl BHU3. 3alMIleM BTOpoi 3akoH HbIOTOHA /171 KaMellKa U May4ka:

T =5ma,, @) (26.)
T-mg=ma. (2) (40.)

3neck ax — yckopenue kamemka. [1o ycnosuto, a = 0,29 (unu g = 5a). [loacraBuB B (2) g =5au T u3
(1), momyunm, cokpaTtuB Ha M,

6
a, =—a. (20.)

5
To ectp ak >a. Ilpu paBHOYCKOPEHHOM NBM)XKCHHH C HYJIEBON HAYaJIbHOW CKOPOCTBIO OBICTpee
NPOMAET 3aAaHHBINA MYTh TO TENO, KOTOPOE JIBUKETCS ¢ OONBIINM yCKOpeHHeM. [I0CKOMbKyY maydox u
KaMEIIEK B Ha4aJIbHbIi MOMEHT UMEIIN HYJIEBBIE CKOPOCTH M HaXOJWJINCh Ha PABHOM PAaCcCTOSIHUM OT

Kpasi cTojia, KaMeIIeK, ABMKYIIUICS ¢ OONBIINM YCKOPEHHUEM, paHbIlIe IOCTUTHET Kpasi CTOJA.

OTBeT: KaMeIIIeK. (20.)

4. C momouipl0 pe3aka Ha IIAPHHPE DPa3pe3aroT IJIOCKUN TOJCTHIN
IUTACTMACCOBBIN JIUCT, Jexamuii Ha crone. Koadduuument tpenus
MEKIy Pe3aKOM U JIMCTOM PaBeH 1, @ MKy JHCTOM U CTOJIOM — Ll2.

Pe3ak MeasieHHO OIyCKalOT, YMEHbIAsl YTOJI 0L €r0 HAKJIOHA K CTOIY.
Bnauane nuct He pa3pes3aeTcs, a CKOJIb3UT 1o cTody. [Ipu kakom yrie o
pe3ak HayHET paszpesaTh JucT? Becom nucra nmpeHedpeys.



Pemenue.

Ha nuct netictByror cnemyromue cuiibl. Co CTOPOHBI pe3aka — cuia peakiuu Ni, HampaBlieHHAS
MEPIEeHIUKYIISIPHO pe3aKy BHU3 MO YIJIOM L K HOPMaJIU K CTOJY, ¥ CUJa TpeHus Frp1, HanpaBieHHas
BJIEBO BJIOJIb pe3aka MoJ YriioM o K ctoiy. Co cTopoHbI cTrosia — cuiia peakuuu N2, HarpaBiieHHas
NEPpUNCHAUKYIIIPHO CTOJY BBCPX, U CHUJIa TPCHUSA Fsz, HaIrpaBJICHHAs BJICBO BAOJIb CTOJIA. HOCKOHBKy
JIMCT CKOJIB3UT, CUJIbI TPCHUSA PABHBI CBOUM MAKCUMAJIbHBIM 3HAYCHUAM:

FTpl = MINI’ FTp2 = HZNZ * (1) (2 6‘)

Pe3ak HayHET pe3arh, KOrAa AEUCTBYIOIIME HA HErO CHJIbl YPaBHOBECAT JPYT APYyra, Tak YTO JIUCT
MepecTaHeT MepeMenaThesl. 3anuileM YCIOBUE PaBeHCTBA CHII B MPOEKIIUSAX, COOTBETCTBEHHO, Ha OCb,
HaIpaBJIEHHYIO BJIOJIb IOBEPXHOCTH CTOJIA, U HA OCh, IEPIICHAUKYIISPHYIO TOBEPXHOCTHU CTOJIA:

Fp.—N;sina+F_ cosa=0, (2) (30.)

N,cosa+F,

sino—N, =0. (3) (36.)

IloncraBuM B NOJTy4EHHBIE PaBEHCTBA BhIpaXKEHU JUIsl cuil TpeHus u3 (1), a 3atem BeipazuM N2 u3 (3)
u nogctaBuM B (2). B pezynbrare, cokparus Ha N1, HOTy4HM PaBEHCTBO:

sino.—p, cosa =, (Cosa +, Sina),

W3 KOTOPOro HaWI€EM
+
tgo = HiTH
1-wu,

+
oTBeT: O = arctg T,

. 26.)
1-wp,



Kaxknasi npaBu/jibHO penieHHasi 3a1a4a ouenusaercs B 10 6amios.

duszuka 11 kaace.

1. Kycok onHOopoaHO# poBoIoku AnuHb! 10 cM pa3pe3anu Ha 1Ba Kycka. HaliTu AyMHBI 3THX KYCKOB,
€CITU TIPY MapajIeIbHOM COeTMHEHUH UX o01nee conpoTuBieHre cocraBuio 0,21 oT conpoTuBneHus
HCXO/IHOTO KyCKa.

Pemrenne.

ConpoTHuBiieHHE TPOBOJIOKU JUIUHBI L ¢ y/IeIbHBIM CONPOTUBIIEHUEM P U CEUEHUEM S PaBHO

Rsz. ) (16.)

Ecnu npoBonoka oJIHOpOJHAsI, TO COMPOTUBIIEHUE KYCKa MPOBOJOKU MPOMOPIMOHAIBHO €ro JJIHHE.
O003HAaYMM JIJTMHBI JIBYX KYCKOB, OJTYYHBIIUXCS TTOCIIE pa3pe3aHus MpoBookH, l1 u Iz

L +1,=L. @) (16.)

[Ipu napasnienbHOM COeTMHEHUH CKJIaIbIBAIOTCSI OOpaTHBIE COIPOTUBIICHUS, IOATOMY MOJIYUHBILIEECS
CONpPOTUBJICHHE R, yIOBIETBOPAET YPABHCHUIO

111 26)
ST

2
R_L (26)
R, Ll
Io ycnoeuto, R / R=0,21. ITosTomy
l,1,=0,21L". 3) (26.)

Pemrass cucremy ypasuenuit (2) u (3), maiigém 11 =0,3L u I =0,7L (uwmm 11 =0,7L u 12 =0,3L).
[Toacrasus 3Hauenue L = 10 cMm, momyunm

oTBeT: 3cM u 7CM. (20.)

2. Koncrpyknus B hopme OykBHI “Y” COCTOUT U3 TPEX OJTMHAKOBBIX ’
OpYCKOB, CIETaHHBIX M3 OJHOPOJHOTO MaTepuaia, CKJICEHHBIX B lg P1, Pa—;
OJIHOM TOYKE KaK MOKa3aHO Ha pUCyHKe. KOHCTpYKIMIO B3BECHIIN P

MIPY MTOMOIIM MPYKUHHBIX BECOB, KOTOpbIE MMOKa3alu 3HaueHue P.

Kakumu  Oynyr  mokasaHUsi  JOBYX  MNPYKHUHHBIX  BECOB,

MPUCOSANHEHHBIX K JBYM pa3HbIM KOHIIAM KOHCTPYKIIMH, IPH

YCIIOBHHU MIPEXKHEH OpueHTAIuN OyKBBI “Y”"?



Pemenue. [Tycte m — Macca ogHoro 6pycka. Toraa nepBoe B3BEIIMBAHKE TAET:

P=3mg. 1) (26.)
Jy1st BTOpOTO B3BEIIMBAHUS 3aMUIIIEM YpaBHEHHE OajlaHCca CHIT
P +P, =3mg 2 (26.)
Y ypaBHEHHE OajlaHca MOMEHTOB CHJI OTHOCHUTEIBLHO TOYKH COSAUHEHUS TPEX OPYCKOB
Pll—PZI—mgIE:O, 3) (4o
rae | — muedo cunel P1 oTHOCHTENBHO TOUYKM coerHeHHs OpYCKOB. (MOMEHTBI CHIT TSDKECTH JIBYX

OJIMHAKOBO OPHEHTUPOBAHHBIX OPYCKOB KOMIICHCHPYIOT JIPYT APYTa, a CHIIa TSHKECTH TPEThEro OpycKa
o01aaeT BABOE MEHBIINM ILIEYOM 10 CPaBHEHHUIO C CHIIOH P1.)
Bripasus B ypaBHenusx (2) u (3) mg uepes P ¢ momompio (1), momyunm

P

P+P =P, P-P=—,

6

OTKYZa Hal1€éM
5

7
orBer: P=—P, P=—P. 2 0.
1 12 2 12 ( )

3. B mnuHHYIO TOHKYIO IMJIMHAPHYECKYIO TPYOKY, 3aKPBITYIO C OJHOTO KOHIA, BCTaBIICH JIETKHUN
TepPMETUYHBII OPIICHB, HA KOTOPOM HaXOJMUTCS dIIEKTPUIECKHi 3apsia. K 3akpbIToMy KOHIYy TPYOKH
HPUKPEITIII JICKTPUICCKHIA 3apsi]] TOTO ke 3HaKa. /laBieHne Bo3Iyxa Mo ITOpIIHeM B 2 pa3a MEHbIIe
YeM BHEIIHEe aTMOC(epHOe TaBJICHHE, IIPH TOM CUCTEMa HaXOJUTCs B paBHOBecHU. Bo ckosbko pas3
HGOGXOZ[I/IMO YBCJIWYHUTD 3apsd MOPHIIHSA, 4TOOBI 00BEM BO3yXa oA NOpHIHEM IMOCJIC YCTAHOBJICHUSA
paBHOBecHsl yBenuuwics B JBa paza? TemmepaTypy cuMTaTh MNOCTOSIHHOH. CTeHKH TpyOKH
HenpoBosmue. TpeHuem npenedpeys.

Pemenue. Cuna naBnenus Bo3ayxa Ha nopmens (Py—P)S, roe Po — armocdeproe napnenue, P —

JaBJIEHHUE O] TIOPIIHEM, S — CEYeHHE TOPILHS, YPAaBHOBEIIMBACTCS KYJIOHOBCKOM CHIION
09
F, =k 2 1 @e.

rae 1 ¥ (o — 3apsi/ MOPIIHS U 3apsi/l, 3aKPEIUIEHHBINA Ha 3aKPBITOM KOHIIE TPYOKH, I — paccTOSIHUE
OT IOPILIHS JI0 3aKphITOro KoHua Tpyoku. To ects (R, —P)S =F, . o ycnosuro, P =R, /2. [lostomy

-2 |5-F, @ @6)

Korna 06bém mox nopiaem yBenuumiics B 2 pasa (V'=2V ), naBnenune raza P, cormacuo 3akoHy
boitns — Mapuotra

PV =PV’ (16.)
ymenbInuinock B 2 pasa (P’ =P /2 =P,/ 4). [Toatomy, ypaBHeHHE aHATOTHIHOE (2) 3aIUIIECTCS TEIEPh
B BUJIE

p_Fols_F () (26
4 ¢
rae Fq' — cwina KysioHa, i3MEHMBIIASCS 3a CUET YBEJIMYEHHs PACCTOSHUS MEKIY 3apsaaMu B 2 pasa

1 3a CYET U3MEHEHUS BETIMYMHEI 3apsiia B o pa3 (o — uckomoe otHomieHue). CormacHo (1),



o
7 (26.)

!
Paznenus (3) Ha (2) u noxacrasus F, / F, =o/4 u3 npeapiayiero paBeHcTsa, NOIy4MM YpaBHEHHE

3/2 =04, pemB KoTOpOE, HANIEM
oTBeT: B 6 pas. (26.)

4. Ha HaKJIOHHOH IJIOCKOCTH, KOTOpas pPAcIloJIOkKEHA IOJA yIJIOM 0 K TOPU30HTY, MOKOATCA ABa
OJIMHAKOBBIX OpycKa Macchl M, CBSI3aHHBIX MEXIy cOOOW MpPYKUHKOH kECTKOCTH K. B HauanmbHbIH
MOMEHT TMpYXHHKa HenedopmupoBaHa. KoapduuueHT TpeHus Mexay OpyckaMu M HAaKJIOHHOM
IUIOCKOCTBIO [ = tg o. BepxHemy Opycky yaapoMm NpuAadd CKOPOCTb U BBEPX BIOJb HAKIOHHOH
miockocTd. HaliTu MakcumanbpHOE cXKaThe NPYXKUHKH, €CIM H3BECTHO, YTO B IIPOLIECCE BCETO
JBMKEHUS] HKHUN OpYCOK BBEPX HE IepeMelaics. Y CKOpeHHe CBOOOIHOTO MajieHus g.

Pemenue. Ha ka1t Opycok MEHCTBYIOT CJIEIYIONINE CUIIBI: CHJIa TSHKECTH MQ, peakius omopsl N,
cuia TpeHus Frp W cuna HarTsbkeHuss NOpyKuHKH. M3 OamaHca cuil B MPOEKIMH Ha OCh,
MEPIEHANKYIIIPHYIO MMOBEpXHOCTH, motydaeM N =mgcosa . Cuia tpenus He npessimaer WN |, rae

p=1tgo cormacHo YCIOBHIO 3agadyd. TakuMm o00Opazom, |FTP|£mg Sinot, mpuU4EéM pPaBEHCTBO

JocTUraercs, korjaa Opycok asmxercs. C 1pyroil CTOpoHbI, IPOEKIMS CUIIbI TSPKECTH Ha HallpaBJICHUE
B/IOJIb TUIOCKOCTH BHH3 paBHa MQSino. B pe3ympTaTe MOMy4uM CICAYIONIHE YTBEPXKICHUS O
paBHOzelcTBYOIIEN TpEX crit MY, N 1 Frp:

(Y1B. 1) Korna 6pycok nBuxercs BHU3, paBHoAeicTByomas cuit mg, N u Fr, paBHa HyII0. (16.)
(Y1B. 2) Korma Opycok aBmkeTcsi BBepX, paBHoxe#cTBytomas cui Mg, N u Fr, paBra 2mgsino u

HaInpasJji€Ha BJIOJb MIJIOCKOCTH BHU3. (10.)
(Y1B. 3) B mo6om cinyuae paBHozeicTBytomas cuit mg, N u Frp mubo paBHa HyIt0, 1100 HampaBieHa
BJIOJIb TJIOCKOCTH BHM3.

JIBI>KEHHE CUCTEMBI OPYCKOB COCTOMT U3 TPEX ITAIOB:

1) BepxHuUii OpPYCOK TBUKETCS BBEPX, HIDKHUN HETOJBUKCH, IIPYKIHA PACTSIHYTA;

2) BepxHUIl OPYCOK JIBUKETCS BHU3 JIO CBOETO MEPBOHAYAIBHOTO MOJI0KEHUS, HUYKHUH HEMOIBUKEH,
MpYXXUHA PacTIHYTA;

3) 06a Opycka ABUKYTCS BHU3.

Paccmorpum ux monpoOHee.

Irtan 1. Huwxuuii 6pycok He IBIXETCs BBEpX (M0 yciaoBuio 3a1aun). OH TakKe HE MOXKET JBUTATHCS
BHU3, T. K. U pa3roHa BHU3 Ha HEro JI0JDKHA AeMCTBOBATh PABHOCHCTBYIONIAS CHIIA, HAIIPAaBJICHHAS
BHU3 10 CKJIOHY, 4er0o OBITh HE MOXKET (HATSOKEHUE TMPYKUHBI TSHET BBEPX, a MPOYHE CHIIBI TPU
JBM>KEHUH BHU3 KOMIICHCUPYIOT JIpYT Apyra, coriaacHo YTB. 1). Takum oOpaszom,

MOKa BEpXHUI OpPYCOK JBMXKETCS BBEpX, HUXKHUH TIOKOUTCSI. (16.)
Haiiném nepemernenue BepxHero opycka AX; Bo BpeMs 1-ro srama (1o ocraHoBkH). KuHeTndeckas

sHeprus 6pycka Mo’ / 2 TepexOoauT B YIPYTYIO SHEPTUIO MPYKUHBI k(AXl)2 / 2 3a BBLIYETOM PabOTEHI
IPOTHB CHJI TSDKECTH M TPEHHMS, paBHOH AX,2mgsina (cM. YTB. 2). Takum o6pasom,

mo®  k(Ax,)?
2

+Ax,2mgsino, (16.)

OTKyza



B —2mgsinoc+\/(2mgsin a)? +kmo? )
- ” _

Jran 2. Ilo Tem Xe mpuuMHAM, 4TO M Ha 1-M 3Tame, HIWKHUH OpycOK OyAeT MOKOWUTHCS, TMOKa

AX,

NPYKUHKA OCTAaETCs PACTAHYTOM, T. €. IOKA BEPXHUN OPYCOK HE JOCTHTHET CBOETO MEPBOHAYAIBHOTO
noJiokeHus. Bo Bpems IBMKEeHUS BEpXHETro Opycka BHU3 SHEPTHUs PACTSKECHUS MPYKUHbI TOCTEIICHHO
NEePEeXOAUT B KNHETHUUYECKYIO 3HEPTUI0 3TOro Opycka (T. K. BCe CUJIbI, ACHCTBYIOILIME Ha HETr0, KpoMe
CHUJIBI HATSDKEHUS PYKUHBI, KOMIICHCUPYIOT APYT Apyra corjacHo YTB. 1). [Toatomy

k(Ax)?  mu?

. @ @s)
rre U — CKOpPOCTh BEpXHEro Opycka B KOHIE 2-rO 3Tama, T. €. B MOMEHT, KOrja MpyKHHa
HezneopMupoBaHa.

Jrtan 3. Korga npyxrnHa Hayajla CKUMaThCs, HIPKHUM OpyCcOK Hayalsl ABUTaThCsl BHU3, (16.)

MMOCKOJIbKY paBHOeicTBYOMmast cuit Mg, N u Frp He MoxeT ObITh HanpaBiieHa BBepX (Y TB. 3), a 3HAUUT,
HE MOKET KOMIICHCHUPOBATh HAIIPABJIECHHYIO BHU3 CHUJTY, C KOTOPOM CxKaTasi Mpy>KMHKa JACHCTBYET Ha
HIKHUN OPYCOK.

C »TOro MOMeHTa Ha Kax/blil OpYCOK JEWCTBYET TOJIBKO CHJa CO CTOPOHBI MPYKUHKHU (BCE MPOUYUE
CUJIBI KOMIIEHCHUPYIOT JIpyT npyra coriacHo YTB. 1). [ToaTomy coxpaHsieTCss CyMMapHBIH HUMITYJIbC
cucteMsl OpyckoB Mo, (t) + mo, (t) ¥ cyMMa KHHETHYECKHUX SHEPTHiA OPYCKOB M SHEPTUH JAehopMaruu

npyxuHKH Mo (t)/2+mol(t) /2 +KkAX?(t)/2.
B MOMEHT MakCHMAJILHOTO CXKaTHs TPYKHUHKU CKOPOCTH OpPYCKOB OfnHaKkoBbl. O003HAUMB UX 0,

HaWJEM U3 COXPAHECHUS UMITYJIbCA U DHEPTUMU:

mov'+mo' =mu, 3)
12 2 12 2
m m
v” _ mo +kAx =mu, (@)
2 2 2 2
rae AX' — MCKOMOE MaKCUMAIIbHOE C)KaTUE MPYKHHKH.
U3 (3) naiiném, uro v’ = U/2 . TloncraBus 310 3HAYCHHUE B (4), NOTyIHM:
kA mu?
= 5 16.
5 1 ®) (o)
CpasnuBas (2) ¢ (5), Haiiném, uto
AX
AX'=— (16.)

i

u noxactaBuB AX, u3 (1), nomyuum

—2mgsino + \/(ng sina)? + kmo?

k2

orBeT: AX' = 20.)



