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[TPEAWCJ/IOBUE

JlanHoe mocoOue mpeacTaBisieT co00M 3aJayHUK, B KOTOPOM
OTPAXKEH ONBIT MPAKTHUYECKUX 3aHATHN 1O MmexaHuke Ha [ kypce
¢dusnueckoro ¢gakyibTeTa YHUBEpcuTeTa. B HEM conepxkarcs 3agauu
pPa3HOU CJOKHOCTU I ayJIUTOPHOTO pa3dopa MpernojaBareiieM |
CaMOCTOSITEJILHOTO PEIICHUS CTyAEHTaMH B JOMAalllHEH OOCTaHOBKE.
HanesnieHHbIE B OCHOBHOM Ha Pa3BUTHE aHATUTUYECKHUX CIIOCOOHOCTEMN
NEPBOKYPCHUKOB, OHH C YCIIEXOM MOTYT pEIIaThCsi M Ha CTAapIINX
Kypcax (puszndeckoro ¢akyyibTeTa yHUBEPCUTETA.

C MeTonMuYecKoll TOYKM 3pEeHHUs JAaHHOE I0COOME 3aHUMAaeT
MPOMEKYTOYHOE TOJIOKEHUE MEK]Iy OOBIYHBIMM 3aJJauHUKaMu [3, 5],
rl€ JAlTCs TOJBKO OTBETHl B KOHIIE KHUTH (MM HE JalOTCs
BOOOIIIE [6]), U “pemeOHuKamMu’ Tuna [2, 4]. B HacTosieM U3JaHUU
OTBEThl M TMOJCKa3KU-PEKOMEHJALNN, Ha3bIBAEMbIC YKa3aHUSAMH,
JNAIOTCA Cpa3y IOCIe MOCTaHOBKH 3afady. OT4acTH 3TO CBS3AHO C
HEOOXOJUMOCTBIO  HUCIIOJIb30BAHUSI TOTOBBIX OTBETOB B  TakK
Ha3bIBAEMBIX LEMOYKax 3aaad. Kpome TOro, mpucyTcTBUE OTBETA U
YKa3aHUM K PELICHHUIO 3a/1ad psJIOM C HUX YCJIOBHUEM, MO MHEHUIO
aBTOpa, NUCIUIUIMHUPYET CTYAEHTa U SKOHOMHUT ero Bpems. C Toil ke
LHEIbI0 B 33Jayax IMOBBIIMIEHHOW CJIOKHOCTH PEKOMEHIOBAHO
IpUMEHeHHe KoMIbloTepHoro nakera MathCad.

VYuuThiBass KpalHIOK 3arpyEHHOCTb MEPBOKYPCHUKOB M HEJIO-
CTaTOK y4eOHBIX 4acoB, W3 OOJBUIMHCTBA 33Ja4 MCKIIIOUYEHBI YUCIIO-
Bble 3HaueHMs. OHM OCTaBJICHBI JIMIIb TaM, TJI€ OMMCAaHA KOHKPETHAs
CUTyallusi M YUCIEHHBIA pe3yJIbTaT caM MOJIE3€H M (PU3NYECKOTrO
o0pa3oBaHus, a €ro NOJIy4eHHE HE MTPOCTO YIpPaKHEHUE.

ABTOp MO BO3MOKHOCTU COKpaTui 00bEM 3aMMCTBOBaHUM, MPO-
U3BEAEHHBIX B OCHOBHOM U3 [1 — 3], nepedopmynupoBaB U JOMOJHUB
Pl U3BECTHBIX 3a7a4y. MHOrMe U3 HUX MPEICTABIEHb B OPUTHHANb-
HOW mocTaHOBKE. OTIeNbHBIE “IEKOPATHUBHBIC AJIEMEHTHI, BIUIETEH-
Hble B “KaHBY (M3MYECKHX IOBECTBOBaHMI® (YyCIIOBHI 3ajmay), MO
MHEHUIO aBTOPA, OJIE3HBI B T'YMAHUTAPHOM OTHOIIEHHUH.

[IpencraBieHHbIE 3a/la4d B pa3HbIE TOJbI MPEAIATAINCH B Kaye-
CTBE JOMAIIHUX 3alaHUil CTyJeHTaM-(PU3UKaM, HEBOJIBHO CIOCOOCT-
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BOBABIIIMM HX MOSBJICHUIO W OTTAYMBAHHUIO (POPMYJIHPOBOK. ABTOP
MIPU3HATEJIEH CBOEeMYy Heu3MeHHOMY Kkojutere B. A. IlamopkoBy 3a
noJie3Hbie o0cyxaeHust u onaromapeH A. A. [Ipoxopuyky 3a moMoIIb
B MIOJATOTOBKE TEKCTA U PUCYHKOB.

[TonyunB Qusuko-TexHuueckoe obOpazoBanue B (CoOBETCKOM
Cotro3e, Mo MHEHHUIO akajemuka Payien0axa, ydriee B MUpe, aBTOP C
ropeubio HAOMIOJIaeT €ro Jerpajaluio B HelHElNHee BpeMs. JKenanue
cOepeub U pa3BUTh TBOPUECKUN MOTEHIIMAJ, HAKOIUICHHBIM €Il¢ B Te
rOJbl, PyKOBOJIMIJIO ABTOPOM MPU MOATOTOBKE JTAHHOTO U3IAHUS.

OBIIWE TPEBOBAHUA U PEKOMEHZAILIUH

Pemienue kaxxaoi 3aa4u HE3aBUCUMO OT €€ CJII0KHOCTHU CIIEAYET
HAYMHAThH C PUCYHKa, OpocTeiiei cxeMbl. OHM TOMOTAlOT HATJISIHO
NpEeACTaBUTh CHUTYallMIO, OMHCAHHYIO B YCJOBUHU 3aJaud, 3adUKCH-
pOBaTh M pa3BUTh Ha Oymare MbICJIEHHBIE 00pa3bl paccMaTPUBACMBIX
OOBEKTOB, YACHUTh UX XapAKTEPUCTUKHU.

Hy»XHO onuparbcsi HA OCHOBHBIE 3aKOHBI, YPAaBHEHUS, CBA3U (Pu-
3UYECKUX BEJIMUUH U UX OomnpejeseHus. MHOTHMe U3 HUX MPUBOISTCS B
Havaje KaxJaouh TeMbl. Hajgo y4uThbCsi MPUMEHSTh UX K KOHKPETHBIM
Cly4dasiM, UCXOAS U3 (PU3MYECKOM MNPUPOJBI SIBICHUN, a HE IIIKO-
JSIPHUYATH, MAHUITYJIUPYS PopMyiamu.

CnenyeT U3HavYalbHO pa3eisaTh GU3NUYECKUE BEIUYHMHBI HA UCKO-
MBbI€ Y 3aJ]aHHbIC. YUUThIBas cieudUKy pasjiena u XapakTep MocTaB-
JICHHBIX BOIPOCOB, CTAPATHCS MOIYUYUTh 3aMKHYTYIO CUCTEMY YpaBHE-
HUN (anreOpandeckux uiau nuddepeHInanbHbIX) IS HaXO0XKICHUS
HEW3BeCTHbHIX. M TOJIBKO yOEAMBIIUCH B €€ MOJTHOTE, 3aAyMaThCsl Ha
CIIOCOOOM PEIICHHUS.

Kaxnyro 3amady cienyeT pemiatb B 00meM (aHAJTUTHYECKOM)
BHUJIC, T.€. B OYKBEHHBIX O00O3HAYCHHUAX. Takoe pelleHHe MpuaacT
OKOHYATEJIbHOMY PE3YJIbTaTy 0COOYIO IIEHHOCTh, TaK KaK MOKa3bIBAET
3aBUCHUMOCTh UCKOMOM BEIIMYMHBI OT 33IaHHBIX MapamMeTpoB, HE3aBH-
CUMBIX TepeMeHHbIX. [lolydeHHbIi1 B 00IIEM BHE OTBET 3a4acTYIO
MO3BOJISIET CYJIUTh OO0 OMIMOOYHOCTH camoro pemieHus. s sToro
JOCTATOYHO MPOBEPUTH PA3MEPHOCTH WM PACCMOTPETH MPEIEIIbHBIC
CIIy4au.



Ecnu He Tpebyercst mpeABapUTEIbHBIX OLICHOK B 3ajjayax C YHC-
JICHHBIMU 3HAYCHUSMH, UX TOACTAHOBKY CIEAYET MPOU3BOJUTH TO-
JBbKO B KOHEYHYIO (QopMyiy, HE 3a0biBas O MPHUBEICHUH pPa3Mep-
HOCTEW K OJIHOM cucCTeME eauHull. lIpu 3TOM caM pacder HyX HO
MPOU3BOAUTH C JIByMSI — TPEMSI 3HAYAIIMMU IU(Ppamu, 4TO OTBEYAET
OOBIYHOM TOTPENIHOCTH OMNbITOB. IlOMydeHHBIH YHUCICHHBIA OTBET
HAJ0 MPOBEPUTH HA MPaBAONOAOOHOCTh, T.€. CPABHUTH C XOPOIIO
U3BECTHBIMU JAHHBIMH.

Pemenue 3aga4 Ha0 MPOBOJIUTH B OT/ACIBHONU pabouel TeTpaau,
HE CMENIMBasg WX C JICKIIMOHHBIM MaTe€pUaioM. A MpH caade Jo-
MaIIHUX 33JIaHUM HE TpeHeOperath ux 0(hOPMIICHUEM B YUCTOM BUJIE.
Ha »sToli cTamuu MOTYT BBISIBUTHCS OIIMOKU WJIM OTKPBITHCS HOBBIC
CTOPOHBI U3y4aE€MOT0 SBJICHHUSI.

ABTOp HE COTJIACEH C BEChbMA CHMBOJIMYHBIM BBICKa3bIBAHUEM
omHoro mpodeccopa: “Jlyis Toro, 9ToOBI PEMIUTh 3a7a4yy, HAA0 HANUTH
e€ ToToBoe peuieHue”, Hanpumep, B Murepuere. Takon mparmaruy-
HBIN TOJX0JI, BO3MOKHO, U XOPOIIl JiJii npodeccuoHana, HO HE I
CTyJIEHTa, Yy KOTOpOro emeé€ TOJbKO 3aKjajbiBaeTca (PyHIaMeHT
oOpazoBanusi. EMy-To Kak pa3 HEOOXOIUMO YUUTHCS MO-HACTOSIIEMY
pemaTe 3aaadu, T. €., UCXOMs U3 “TIEPBBIX MPUHIHUIOB W HAYYHBIX
METOJIOB pellieHMs], HapaOaThIBaTh COOCTBEHHBIN OIBIT MPEOI0TICHUM.
be3 storo He ctath npodeccuoHamoM. Jlymaercs, 4YTO JaHHOE
OCOOME MOCTY>KUT ATOMY JIEIy.

Kopuden duznueckoit Hayku Bceraa npuaaBaind 00JbIIoe 3HaUe-
HUE PEIICHUIO 3ajJlay, TTOHKWMasl, 4TO aHajlu3 JIFo0oi OOJbIIoN Mpoo-
JeMBbI JIy4llle HaUuHATh ¢ €€ MajbIX, mpoctemux dhopM. M emé cie-
nyeT noMHUTH cioBa npodeccopa MI'Y JI. T1. Koctomaposa: “Ycmex
B PCIICHUHU 3aJa4yd 3aBUCHUT TJIABHBIM OOpa3oM OT TOTO, HACKOJILKO
yAa4yHO OyJlyT BHIOpAHbI TIEPEMEHHBIE.



1. KHHEMATHUKA

e MrHOBEHHBIC TUHEHHBIE CKOPOCTh V M YCKOPEHUE W YaCTHIIbI:
dr dy

— W=—.

dt dt

® [Ipoekunn BEKTOpa YCKOPEHHS Ha KacaTeJIbHYIO T U HOpMAaJb 1
K TPA€KTOPHUH YACTHULIBL:

y =

rae v — MOAYJb BEKTOpa v, a R, — MECTHBIA paauyC KPHUBHU3HBI
TPACKTOPUH.
® 3aKOH CIIOKECHUS JBHXKECHUU JIJI1 CKOPOCTEN U YCKOPEHHUIM:

_ ! _ !
V=V +v,, w=w +w,.
® MTrHOBEHHBIE YTJIOBBIE CKOPOCTh U yCKopeHHe TBEPJIOTO Tea:

d(o ﬂ——

e CBsI3b IMHEHWHBIX U YTJIOBBIX BEJIMYMH IPH BPAIICHUU TeJIa:
2
v=[or], w.=BR, w,=0"R.

e CBsi3b MEXIy JIMHEHHBIMUA CKOPOCTSIMU JIByX TOUYEK TBEPAOTO

TeJla MPH ero MPOU3BOJILHOM JIBUKCHUH:
v =v, +|or].

e [lonsTne cpemmero 3a BpeMs Af 3HaueHHS HEKOTOPOM

BEJIMYMHBI Z:

:—jzdt rae At =t, —t,.
f1



IIpsamouHeliHOe deudiceHUe

1.1. Haunnas ¢ momeHTa BpeMeHM f=(, YacTMLa JIBUKETCA
2
BJIOJIb OCH X 110 3akoHy X =at” (1—-bt), rne a u b — MONOKUTCIbHBIC

nocrossHurie. Hannure:

a) CKOpPOCTb V W YCKOPEHHME W 4YacTHUIbl B 3aBUCHUMOCTH OT
BPEMCHHU 1,

0) MPOMEXYTOK BpeMEHH Af, IO UCTECYECHHUU KOTOPOTO YaCTHUIIA
BEPHETCSl B UCXOAHYIO TOYKY, M MYTh S, KOTOPBIA OHA MPOUAET Mpu
3TOM;

B) HaMOOJIBIIINM 32 BpeMs IBUKEHUSI Af MOTYJTb CKOPOCTH V| pax.

OtBet: a) v=at(2—-3bt), w=2a(l-3bt);

6) A= L, =59

b 27h%°
B) ‘v‘max =a/b.

1.2. B MoMeHT BpeMeHH ¢ = 0 4acTHIAa BBIXOJUT U3 Hadajia KOop-
JIMHAT B TTOJIOKUTEIILHOM HAIIPABJIEHUU OCHU X. E€ CKOPOCTh MEHSIETCA
1o 3akony v =v,(1—¢/7), rne v, =10cm/c, 7 =5c. Haiinure:

a) KOOPJAMHATY YaCTHUIIBI X B 3aBUCHMOCTH OT BPEMCHH £,

0) MOMEHTBHl BpPEMEHHU, KOTJla YacTHIla OyJAeT HaxOJWThCI Ha
paccrossauu 10cm oT Havama KOopaUHAT;

B) MMYTh §, HPOUAECHHBIN YaCTUIIEH K MOMEHTY BPEMEHHU ¢,

!
OtBer: a) x =vyf| 1—— |;

27

0)1.1,9ullc;
t* t

B) S=Vy|t—— |OpU t<T U S=V)| T—t+— |put>7.
27 27

1.3. Yactuia OBUKETCA B IMOJOKUTEIHLHOM HAIPABICHUM OCH X

TaK, 4TO €€ CKOPOCTh MEHSETCS MO 3aKOHY V = a\/; , T7I€ a — MOJIOKH-
TeJIbHAS MOCTOAHHAsA. B MOMEHT BpeMeHHu ¢ = 0 4acTHIla HaXOJWJIach
B Touke x = 0. Haiigure:

a) 3aBUCUMOCTh OT BPEMEHHM { CKOPOCTH V U YCKOPEHUS W
YaCTHIIBI;

7



0) cpenHee 3HaYeHHUE CKOPOCTH YaCTHUIIbI HA ITYTH S.
2 2
OtBeT: a) v=a 1/2, w=a /2;

6) v=avs/2.

1.4. Yactuna OBHXKETCA MPSAMOJHUHENHO, 3aMELISISICh OT Hadallb-
HOM CKOPOCTU Vj IO OCTAaHOBKH C YCKOpEHHEM w = —2atv, TIE a —
IIOJIOKUTENbHAs MOCTOsIHHAsA. Halaure 3aKk0H M3MEHEHUSI CKOPOCTH V
CO BPEMEHEM / U IPOUACHHBIN YaCTULIEH IIYTh S.

2 A%
. —at 0
OtBer: v=v,e ™ , §s= 5 J7ja.

1.5. IIpAMOIMHEWHO JBMXKYIIASICA YacTUIA 3aMEIJISIETCS OT Ha-
JaJIbHOW CKOPOCTH V( O OCTAHOBKH C YCKOpeHHEM W = —bx, rnie b —
MOJIOKHUTENIbHAS TTIOCTOSIHHAS, & KOOPAWHATA X OTCUMTHIBAETCS OT Ha-
YaJbHOTO MOJIOKEHUA YacTUIlbl. HaiiauTe 3aBUCHMOCTh CKOPOCTH V OT
KOOPJIMHATHI X, POUJICHHBIA YACTULIEH ITYTh S U BPEMSI JBUKECHHUS T.

OTBGTIVZ«/VZ—[)XZ, SZV—O, rzi.
" Jb 2b

1.6. YckopeHue Tena, BBINMABIIETO ¢ 0OpTa a’pocTaTa Ha BHICOTE
h, MEHSJIOCh TIO 3aKOHY W = g—bvz, I7JI€ V — MTHOBEHHAas CKOPOCTb,

b — moyoxurtelbHasg NOCTOsIHHAs. Hailaure CKOpoCTh Vv, C KOTOPOM
TEJIO ymaAa€T Ha 3EMIII0, U BPEMS €ro majeHus f,. ['opu3oHTanbHOU
CKOPOCTBIO a3pocTaTa IpeHeOpeyb.

- v Vv, +V
OtBeT: v. =y Al—e 2" ¢t =0 p| 02—
I 0 s n )
2

TIE vy =+/g/b — npenenbHas CKOpOCTh MaJIeHHS.

Yka3zanue. [loyunre 3aBUCUMOCTh CKOPOCTH TEA V OT IIPOUJICH-
HOIO UM IIyTH BHH3 W, OTIECIBbHO, CBA3b CKOPOCTH V U BPEMEHU
JBWXCHUA .



Il1ockoe dsudiceHue

1.7. KoopauHaThl YacTUIIBI TIpU €€ ABMKCHHUH TIO TUIOCKOCTH Me-
HSIOTCS 110 3aKOHYy: X =at, y=at(1->bt), rne a u b — MoONOXKUTEIb-
HbIe TocTOsTHHEIE. Halnure:

a) YpaBHEHHE TPACKTOPUH JIBUKEHHUS Y(X) U TOCTPOUTE €€;

0) aOCOJIIOTHYIO BEJIMUUHY CKOPOCTH V M YCKOPEHMS W YaCTHUIIbI B
3aBUCHMOCTH OT KOOPIUHATHI X;

B) YTOJ 0. MEXAY BEKTOpaMU CKOPOCTH U YCKOPEHHUS B MOMEHTHI
MIEPECECUCHUS YACTULIEH OCH X.

OTger: a) y=x—bx2/a;
0) v:\/a2 +(2bx —a)*, w=2ab;
B) a =37/4,7/4.

1.8. Yacrtuma JBMXKETCA HA IUIOCKOCTH MO TPAacKTOPUH
y:ax—bx2 , TIe a U b— monoXuTeabHble ITOCTOSHHBIE. Haraure

CKOPOCTh YaCTUIIBI V B 3aBUCHUMOCTH OT KOOPAMHATBHI X, €CIH &
YCKOpPEHHE TOCTOSIHHO, 1O aOCOJIOTHOM BEJIIMYMHE PaBHO W, a €ro
HaIlpaBJICHUE:

a) IPOTUBOIIOJIOKHO OCH Y,

0) coBImagaeT ¢ OChIO X.

OtBert: a) v=+/c(1+7%);
6) v=+lcn(1+n?), rae ¢ = w/(2b), 7 =a—2bx.

VYkazanus. J{Baxapl npoaudepeHuupyiTe ypaBHEHUE TPACKTO-
puu 1o BpeMeHu. M3 mosy4yeHHbIX YpaBHEHUN BhIPA3UTE KOMIIOHEHTHI
CKOPOCTH Vy , Vy .

1.9. Jlna yBennuYeHHs] NAIBHOCTH METaHUS KaMHEW JpEBHHUE
BOMHBI UCTIOJIB30BAJIN IIPALLY — CJIIOKEHHBIN NETIIEU PEMEHB, KOTOPBIN
OHM PACKpy4YMBaJIM HaJ TOJIOBOM, OTIYCKas B HYXHBIA MOMEHT
BPEMEHU OJIMH U3 e€ro KOHUOB. [Ipu packpyTke mpaiy BOKpYT LEHTpa
O yaepkuBaroas peMeHb pyka A BOWHA JBUIaJIach BIIEPEIHN KaMHS
B, oOpa3ys yroin a, moka3anHbelid Ha puc. 1.1. Halimure B 3aBUCUMOCTH
OT BPEMEHM ! CKOPOCTb KaMHS V U €ro IIOJIHOE YCKOPEHHUE W, €CIIU



packpyTka OyIeT IPOUCXOAUTH MPU MOCTOSHHOM YTJIE ¢ C Ha4yaJbHOU
CKOPOCTBIO V.

<
)

VoR e
R—tg(y)vot [ +rcos(a)’
R= \/r2 +1* +2rlcos(ar),
rJIe 7 — paguyc OKPY>KHOCTH, ONKMCHIBAEMON PYKOW BOWHA, [ — JUIMHA

TpaIy.

1.10. B ycnoBusix 3amaun 1.9 onpenenure, kKak CKOPOCTb KaMHSI V
OyaeT 3aBUCUTH OT yria ¢ ero mnoBopota? Ckoiabko N 000pOTOB

pamy Hy>KHO COBEPIIUTH ISl OpOCKa KAMHSI CO CKOPOCTBIO V;?

rsin(a)

OTBeET: V= ig(y)=

[ +rcos(a)’

1 sin(«x
Otser: v=v,”®”, N=——In L tg(y) = rsin(a) .
2rtg(y) v, [ +rcos(x)
LA Vx x
— = - — —
—_ —. — — —
__ ] S —— —
e =\
- — - \
_ —"—'7 - — }_n_;S'
N \"//fx////fx////fx////x//
Puc. 1.1 Puc. 1.2

1.11. Teno gBmKeTCS MO OKPYKHOCTH paguycoM R Tak, 4TO €ro

CKOPOCTb MEHSETCA MO 3aKOHY V = bls , TI€ § — MPOUJICHHBIN TEJIOM
nyTh, b — MOJOXKUTEIbHAS MOCTOsIHHAs. Haliutre B 3aBUCUMOCTH OT
BEJIMYUHBI § TIOJIHOE YCKOPEHUE TEJla W U YIOJI 0. MEXKIY €ro BEKTOPOM
Y BEKTOPOM CKOPOCTH.

b* 25’
OTBeT:w:7 1+ — a =arctg(2s/R).

1.12. Teno ABMKETCS MO OKPYHKHOCTH PAINYCOM R, 3aMEIISISICH C
2
TAaHICHLIMAIBHBIM YCKOpEeHHEeM Ww, =—bv", rae b — mnosoxuTenbHas

noctosinHasg. B momeHT BpeMenu ¢ = () €ero CKOpOCTh PaBHSJIACH V.
10



Kak Oyner MeHSTbCS ¢ TEYEHHUEM BPEMEHU ! CKOPOCTh Tejla v |
POUICHHBIA UM Ty Th §? KakumMu OyAyT Mpu 5TOM MOJTHOE YCKOPEHHE
TeJa W U yTodl o, 00pa3yeMblil €ro BEKTOPOM U BEKTOPOM CKOPOCTH?
Yo
2
1+ Vobt

w=v\b* +R™*, a=r/2+arctg(bR).

OtseT: v= s = %ln(l +vybt),

1.13. TlorepsiBiias xod cyOMapuHa A TIpou3Beja aBapuUMHOE
MOTPY>KEHUE C TOBEPXHOCTH MOPS HA €ro JHO C MOCTOSIHHOM CKO-
pocThio vy (puc. 1.2). Halinute TpaeKkTOpUIO ABUKEHUS NOIJIOAKH X())
U BEJIMYMHY § €€ TOPU3OHTAIBHOTO CHOCA, €CJIM CKOPOCTh MOPCKOTO

2 2
TEUYEHUS B MECTe Morpyxenus Ovia v, =a(h” —y”). 3nech h — riryouHa

MOPA, d — IMOJIOKUTCIIbHAA ITOCTOSAHHAA, KOOPAWHATA ) OTCYUTBIBACTCA
OT ITOBCPXHOCTHU MOP BHU3.

2 3
OTBeT:x:ﬂ w2 , S:2ah :
VO 3 3V0

1.14. Ilox neiicTBMEM BeTpa Tea0, OpOIIEHHOE BEPTHUKAIBLHO
BBEPX CO CKOPOCTBIO V(, IBUTATIOCHh C TOPU3OHTAIBHBIM YCKOPEHHEM

w, = ay, I'’Ic y — BbICOTA HaJl IOBECPXHOCTHIO 3€MJIH, d — IIOCTOAHHAI.

[lonarast BepTUKalbHOE JBUKEHHE TEJIa PABHOYCKOPEHHBIM, HAWIUTE:

a) 3aBUCUMOCTb OT BPEMEHH ¢ €r0 TOPU3OHTAIILHON CKOPOCTH Vy U
CMEIIEHUS X;

0) CKOpOCTh Tela Vi, €ro CMEIICHHWE X; W PaJUuyC KPHUBU3HBI
TPACKTOPUHU R| B €€ HAUBBICLIEN TOYKE;

B) TOPU3OHTAIBHYIO CKOPOCTh Te€Jla Vy,, €r0 CMEIICHHE X, U
paauyc KpUBU3HBI TPACKTOPUH R, MpU MaJleHUH HA 3EMITIO.

2 3
t t t 1
OTger: a) vxza— vo—g , =2 Vo—& :
2 3 6 4
3 4 2.6
6)v1:avg,x1:avg’ Rlzavso;
3g 8g 9¢
Dav? avi 1 302
B) Vx2 = av?f) ’ x2 :a—v309 R = (Vg +V§2)
3g 3g X2



1.15. Bo Bpemsa 3amycka METE€030HAAa CKOPOCTh €ro mnoabEMa

MCHSUIACh M0 3aKOHY V,, = b\lh* — y* | a CKOpOCTB BeTpa — IO 3aKOHY
V., =ay, TIe y— BbICOTA HAJ IOBEPXHOCTBIO 3eMJIM, a U b —

IOCTOsIHHBIE. Hanaure:
a) YpaBHEHUE TPACKTOPHUU X()’), TOPU3OHTAIIbHBIN CHOC S U BpEMsI
noabEMA 7 TeJla 10 MPeIeTIbHOU BBICOTHI /1;
0) KBagpaTbl MOJYJEH V CKOPOCTM M W YCKOPEHUS Tejaa B
3aBUCHUMOCTH OT KOOPAUHATEHI V;
B) TaAHTCHIMAIBHYIO W, M HOPMaJbHYIO W, KOMIIOHCHTBI
YCKOPEHMS, paanyC KPUBU3HBI TPACKTOPUHU R,
a [12 2 a T
OtBeT: a) xz—(h— h™—y ), s=—h, 7=—;
b b 2b
27272 2 12N.2 .2 12r 272 2 2\.2
o)V =b"h"+(@a —-b")y", w=blah +(b" —a")y’];
2,2 3
g2 g2y [p2 2 ab”h v
B) W, =b(a” =b")=+/h" =y~ , w,=—, R =—5—,
1% 1% ab”h
I7I€ CKOPOCTh V — MOJyYeHHAas BBIIIEC (DYHKIIAS KOOPAUHATHI ).

1.16. BeimonHuTe NyHKT a) 3a1auu 1.15, ecinu ckopocTh noabEéMa
METE030H/1a MEHSIIACH TI0 3aKOHY V), =b\/h—y npu Tom *e nu3MeHe-

HHUU CKOPOCTH BETPA C BBICOTOM ) HAJl IOBEPXHOCTHIO 3EMIIU.

OTBGTIX=4—a h3/2—(h+zj h—y |, s=4—ah3/2, r:gﬁ.
3b 2 3b b

1.17. YacTunia ABMXKETCS € TMOCTOSIHHOM MO MOJIYJIIO CKOPOCTBIO V
M0 TUIOCKOW TPAaeKTOpPUU )(X), YpaBHEHHE KOTOPOU HAETCA HHXKE.
Havinnre yckopeHre 4acTulbl W U paiiyC KpUBU3HBI TPACKTOPUH R, B

YKa3aHHbIX TOYKAX:

2

a) Juist mapabousl y = ax~ B Touke (0,0);

6) s smmrca (x/a)” +(y/b)* =1 B Touxax (a,0), (0,b),

rae a U b — N1OCTOSTHHEBIE.

OtBet: a) w= 2av? , R .=—:;
2a



0) w= cz\/2/192 , R = bz/a B Touke (a,0),
w= bvz/a2 , R, = az/b B Touke (0,b).
VYkazanus. J{Baxael npoauddepeHpyiTe ypaBHEHUE TPACKTO-

PHHA 110 BPpCMCHH. ITocnenoBareabHO onpCACIUTC KOMIIOHCHTBI CKOPO-
CTH U YCKOPCHUS B YKA3aHHBIX TOYKaAX.

1.18. ITonyuute oOlIEee BBIpaXKEHHE IJIsA paguyca KPUBHU3HBI R
IJ1aJIKOW TJIOCKOM KPHUBOW, 33J1aBa€MOM B JECKAPTOBBIX KOOPAWHATAX
dbyukiment y(x). Ilpumennte nonydeHHy0 GopMyiy K QyHKIUIM

2 3/2 2/3
y=ax", yzax/ , yzax/ ,
rae a — nocrosgHHas. Haiiaure paamyc KpUBU3HBI COOTBETCTBYIOIINUX
KPUBBIX B 3aBUCUMOCTHU OT KoopAuHaThl X. KakoB oH B Touke x =07

[1 + (y; )2 }3/2

Yka3zanus. IlpeacraBpre, 4TO MO JAHHOWM KPUBOM JIBMIKETCS Ya-
CTHIIA C TOCTOSHHOM CKOPOCTBIO, KOTOPYKO JJII MPOCTOTHI MOKHO
CUUTaTh €IUHUYHOM. IloCiaemnoBaTeIbHO BBIPA3UTE YEPE3 MPOU3BO/I-
Hble OT (YHKIMUM )(X) TOJHOE, TAHTCHIMAJIbHOE W HOPMAaJbHOE
YCKOPEHHS.

OtBer: R, =
"
| XX

3adayu Ha docmudiceHue yesell

1.19. CkopocTh T€UEHUS PEKH MEHSIETCA MO 3aKOHY U =cy(b—y),

I7I€ ¢ — MOJIOKUTEINIbHAS MIOCTOSIHHAS, b — IIUPUHA PEKHU, & KOOPJMHATA
Y OTCUMTHIBaETCA OT MyHKTa A Ha e€ Oepery. Jloaka, nBUXKyIasics
OTHOCHUTEJIBHO BOJBI C MIOCTOSIHHOM CKOPOCTBIO V, JIOJKHA MONACTh U3
nyHkTa A B myHKT B Ha mnpotuBonosioxxHoMm Oepery. Ilom kakum
yTJIOM o K TuHud AB oHa 10oKHA AepKaTh KypcC, YTOOBI:

a) cpasy Mociie MepeceyeHrs peKu OKa3aThCs B MMyHKTE B;

0) momnacth B MyHKT B 3a kpardaiiiiee BpeMs, €CJIu OCTaTOK MyTH
MOCJIC TIEPECEUCHUS PEKU el MPUIETCS MPONTH B0 Oepera?

2
OtBerT: a) sin(a) = i;
6v

13



5\l
0) sin(a) =| 1+ b
6v

Yka3anus. HanpaBeTe OCh x 10 Te€YEeHUIO peku. Hanaure Benu-
YUHY § CHOCA JIOJIKM Cpa3y IOCJE MEPECEUEHUs] PEKU T0J] 3aJaHHBIM
yrjioMm o. Beipazute Bpems n0CTUX)eHus MyHKTa B yepes yroa o.

1.20. JIBoe rpeO1ioB cTapToBaid Ha Oaijapkax W3 MyHKTa A C
HaMEpPEeHHUEM TIONMacTh B MyHKT B, HaXOAWBIIMICS CTPOro HAIPOTHUB
nyHKkTa A Ha apyrom Oepery peku mmpuHo s =500m. baitmapku

MMEJIH OJIMHAKOBYIO CKOPOCTb Vv =2Mm/c OTHOCHTEIbHO BOABL. I[lpu
3TOM CKOPOCTh T€UEHHUS PEKH u = | m/c Oblia BCIOLY MOCTOSHHOM.

[lepBriii ciopTcMeH rpé€d cHayajga CTPOro MONEpEK TEUYEHUs, a
JOCTUTHYB MPOTHBOIIOJIOKHOTO Oepera, MOIJIbUT B MYHKT B BHOJB
HEeTo. BTOpou *ke cpasy CTai rpeCcTH IOJ TAKUM YIJIOM 0, K JIMHUU
AB, 4T00OBI BCE BpeMms IUIBITh BAOJb HeE. Kakumu ObUIM Yron a, u
BpEMEHa 1|, t,, 3aTpayeHHbIe rpedramu?

OtBer: a, =arcsin| — |, # = , by = ——.

1% V—u w2 — 2

1.21. Haiigute BpemeHa (. © (, JOCTHXEHHS NyHKTa B

+
copTcMeHamu u3 3agauu 1.20, ecnu ux Oalapku OyIyT nepeceKkathb
pPEeKy MOJ YIVIaMH @ < @y U & > &5 COOTBETCTBEHHO, & OCTATOK IIyTH

IpOIUIBIBYT BAOJb Oepera. Kakue yriel o, o, obecriedar UM JOCTHU-

JKCHUE LEJU 3a KpaTdyauuiee BpeMsl MPU YCJIOBUHU MPSAMOJIUHENHOTO

[IEPECEUCHNUS PEKH.
h 1+sin(a h 1-sin(a
Otser: t_ = : ( ),t+= - ( ),a_:a+:a2.
v+u cos(a) v—u cos(a)

1.22. B ycnoBusix 3agaun 1.20 paccmMoTpuTe IBHXKEHUE JIOAKH-
JIBOWKH, MEPEIUIBIBAIOIICH PEKYy TaKUM 00pa3oM, UTO €€ PyJIeBOM BCE
BpEMsI HANpaBJsET JIOJKY K NMyHKTY B. Mcmonb3yst Te ke 3HaYeHus
CKOPOCTH JIOAKH V OTHOCUTEIBHO BOJBI U CKOPOCTH TE€UEHHUS PEKH U,
HaWAUTE BpEMS T, 3aTPAYECHHOE JIOJAKOW HAa IEpENpaBy, U YPABHEHUE
TPACKTOPHUU JBHM>KEHUA JOJAKU. [[oJ1 KaKuM yrjaom o OHa IPUYAIUT K
oepery B myHkTe B?

14



OtBeT: Tz%, X=V§, y=h—r\/1—§2 >

vV —Uu

a h (l—gj‘)/zu
Ji-g\+g)

VYka3zanus. Beenure mnokasanHele Ha puc. 1.3 KOOpAWHATHI X, ),
yroil o W paccrossuue r oT joaku C go myHkta B, B3sThIE B
IIPOM3BOJIBHBIN MOMEHT BPEMEHU f. BhIpa3ure yepe3 CKOPOCTH U, V U
yTOJ ¢ BETUYUHY NPUOIMKEHUsT — dr JTOAKUA K MyHKTY B u Benuuuny
e€¢ TMpoJOJBHOrO TMepeMelieHus dx 3a Mmaioe Bpems drf.
[IpounTterpupyiite noaydeHHbie (GoOpMysibl HA BpEMEHHOM HHTEpBAJIC
(0,7). (Mnest naHHOTO pelieHus: 3auMCcTBOBaHa u3 [3]).

JI1s HaX0KAEHUS TPACKTOPUM JIOJKH BBIPA3UTE €€ KOOPAUHATHI X,
y yepe3 mapamerpel r, ¢, re & =cos(a). B moaydeHHBIX BBIIIE
dbopmysiax UCKIIOUUTE BEIUYMHY df U 3aMEHUTE KOOPJMHATY X €&
BbIpakeHHeM. B HoBoM muddepeHnnaibHOM ypaBHEHUM pPa3AeiiuTe
MEPEMEHHBIE 7, ¢ U MPOUHTETPUPYUTE €r0 C HAYaJbHBIM YCJIOBUEM
r=h npu & =0. Ucnonp3yiite HalCHHYIO0 QYHKIMIO 7(&) s 3a/a-
HUS TPACKTOPUHU JIOAKHU B ITapaMeTpuueckom Buze x(&), y(&) u omnpe-
JIeJIeHUs yTiia o, 0/l KOTOPBIM OHA MPUYAIUT K Oepery B myHkKTe B.

by
- h
— — = _ \\
SR y\B
—_ I
= U X
: ____ 1 E | a/\:\_g} . g
4 X \
A 7//////////////? O A C
Puc. 1.3 Puc. 1.4

1.23. becneunast kypunia A mposiesna depe3 aeipy O B 3a0ope
JIEPEBEHCKOM ycaapObl M OKaszajach ¢ TIJla3dy Ha Iya3 ¢ Jucoi B,
3aTauBIICICSA HAINPOTUB ABIPHI Ha paccTOsHUU /i oT Heé (puc. 1.4).
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Cnacasce, Kypula mnoOexana C HOCTOSIHHOM CKOpPOCTBbIO # BJIOJb
3a0opa k ero yriuy C, rme cupaena xossiickas cobaka. Ilpu kakom
paccTosiHuM [ OT IBIPHI 10 yTriia 3a00pa Kypulla U30€KUT THOeNH, ecliv
CKOPOCTb JIUChI V OyAET MOCTOSHHOU (v >u), a €€ BEKTOp BCE BpeMs

HanpasiieH Ha Kypuiy? Kakoil Oyner TpaekTopus NBUKEHHUS JIMCHI B
KOOpAMHATAX X, V, IOKAa3aHHBIX Ha puc. 1.4?

hvu J-dy cd& hl g

v/2u

OtBer: [ <——, x=
V' —u 046 \1- 65 1+¢&

VYkazanus. [lo metoay [3] BeIpa3uTe BeNIUUUHY COMMKEHUS — dF
JIUCHI ¥ KYPHUIIbI U UX TiepemenieHus dx u dx, 3a Majoe Bpems df 4yepe3
CKOPOCTH U, V ¥l YTOJl @@ MEKJy BEKTOPOM CKOPOCTH JIUCHI U 3a00pOM.
[IpounTterprupoBaB nmoiaydeHHble (HOPMyJIbl HA BPEMEHHOM HHTEpBAJIC
(0,7), HaWiguTe BpemMs 7 Oera JUCHl JO BCTPEYU C KypHIEH Y

JOCTaTOYHO JJIMHHOTO 3a00pa U pacCTOSTHUE UT OT JABIPbI, HA KOTOPOM
3Ta BCTpeda JOJKHA mpous3ouTH. Ilpm ycinoBum [ <u7r BCTpeua He
COCTOUTCHI.

JIisi HaXOXKJEHUS TPACKTOPUM JIMCHI TPUMEHUTE BBIPAKEHUS
r=y/sin(a), dx =—dy/tg(a). B nonydeHHbIx Bbile HopMynax uc-
KJIIOUUTE BEJIMYUHBI df, dx W 3aMEHHUTE pPACCTOSHUE F €ro BbIpa-
xeHueM. Beens napamerp & = cos(ar), nonyuute nuddepeHumanbHoe

YPaBHEHHUE C pa3AeIIIOIIMMHUCS INepeMeHHbIMU Y, ¢. IIpounTerpu-
pyiiTe ero ¢ HavanbHbIM ycioBueM y=h npu & =0. Hcnoms3ys
BBIPDAKEHUE I BEIUYMHBI dX, TIOJYYUTE€ TPACKTOPUIO JIHUCHI
B napameTrpuyeckom Buae x(&), y(&).

baaaucmuka

1.24. 1lpn ABMKEHUM IMYJU B APEBECHUHE €€ YCKOPEHUE W MEHS-

2
€TCsl MO0 3aKOHy W=—av~, TIe€ a— TMOJOXHUTEIbHAsA TOCTOSHHAS.
Kakyro ckopocth v; OylaeT UMETh MyJisi Ha BBUIETE W3 JOCKH

TOJIIIIMHOM /4, eciu €€ TIepBOHAYaIbHAsI CKOPOCTh ObLIa V()?

Otset: v, =vpe .

1.25. Jma onpeneneHuss CKOPOCTA TOPU3OHTAIBHO JIETEBIIEU
nyJau Ha €€ MyTH yYCTAaHOBWUJIM TPU BEPTUKAIbHBIX muTa A, By, B,
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(puc. 1.5) Ha oamHakoBOM paccTtosHuu [ apyr oT npyra. Ilocrme
BBICTpENIa TOHWXEHUE MpoOowH B mmuTax B, B, mo oTrHomeHuo k
IIMTY A COCTaBWIO BEJIMYMHY ), ), COOTBETCTBEHHO. Kakoi Oblia
NepBOHAYATILHAS CKOPOCTH ITYJIH V), €CITH MOCTIE IPOOMBAHUS KaXKI0TO
IIMTa OHA YMEHbIAJach B OAMHAKOBoe uuciio pa3? Ilomararh, 4to
MOHWXEHUS V1, ), Majbl MO CpaBHEHMIO C paccrosHuem [. Compo-
TUBJICHUEM BO3]lyXa MPEHEOPEYb.

[ |g
Otser: vy = — —(y2 —yl).
n\2
Y Y
é— -“-‘*‘-‘-— —— e e o ] - -
\"“-.,, ]‘2
N
| R | X
A B, B,
Puc. 1.5 Puc. 1.6

1.26. Kakyro BenMuMHY /4 COCTaBUT MOHWXEHHUE MyJIH TOCHE
TOPU30HTAJIBHOTO  BBICTpPEJIa MO MMIINCHH, HAXOAMUBIICHCS Ha
paccTossHUM [ OT CTpenKa, €CIM MOoJA JACHCTBHEM CONPOTHUBIEHUS

BO3JyXa OHa MPHOOPETAET IOMOJIHUTEIBLHOE YCKOPEHUE W, = —avy,

TI€ a— TOJIOKUTENIbHAsA NOCTOsAHHAs. HavanpHas CKOpOCTH ITyJiH
paBHa V.
Otser: h = Lz(ezal —2al - 1).
(2av,)

VYkazanus. Paznoxute BEKTOpHYIO (HOpMyIy JUIsl MOJHOTO YCKO-
pEHUs IIyJIA MO OCAM KOOPAMHAT X — B HAIIPABIICHUU BBICTPENA, ) —
BHU3 OT HAYAJIBHOI'O MOJIOKEHUS NMYyJU. B MOJNyYEHHBIX YpPaBHEHUSX
MEPEUIUTE OT BPEMEHU ! K HE3aBUCUMOM TMEPEMEHHOMN X. YUUTHIBAS

HEPABEHCTBO V,, << Vy, IPOUHTErPUpPY#iTe UX ¢ ycaoBusamu v, (0) =v,,
v, (0)=0. Hcnomp3yiite nomyuennsie Qynkuuu v, (x), v (x) mis

HaXO0XJICHUS TPACKTOPHUH ITyJIH Y(X).
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1.27. ApTunnepuiickoe Oopyaue pacIojokEHO Ha CKIOHE TOpbI,
KOTOPBI MOKHO TPEJCTABJISTh HAKIOHHOW IJIOCKOCTBIO, COCTAaBIIS-
fotieit yrou f ¢ ropuzontoM. HavanbHasi CKOpOCTh CHapsiia — vy, yroi
€ro BbUIETA M3 OpPYAUs MO OTHOLIEHWIO K TOpU30HTY — o. Haligure

JaTbHOCTD MOJIETA CHApsa MO CKIOHY s IO/ YKJIOH TOpbl M s B
CTOpPOHY ©€ BO3BbIICHHUS. [Ipy Kakux 3HAYCHUSX Q, U «, YIja

HaKJIOHa CTBOJIa OpyAHA B JAHHBIX ClIy4daAaX, 3Ta HAJIbHOCTb 6yz[eT

HAnOONbIICH?
2

OtBeT: s* = m[sin@a) + 2tg(fB)cos’ (a)} )
a, = %arctg(ctg(ﬂ)), al = % ~-a; .

1.28. Ilenb Ha XOJIME BBICOTOM /1 PACMOJIONKEHA OT OPYAUHMHOIO
pacueta Ha paccrosHun [ (nmo ropusonrtanu). IIpeneOperas
COMPOTHUBJICHUEM BO3[yXa, HAWIUTE YroJ BO3BBLIIICHUS (@ CTBOJIA
Opyausl, MOJl KOTOPBIM HA/J0 BECTH CTPENbOY MO LENH IPH HAaYaJIbHON

CKOPOCTH CHapsiaoB vy. [Ipu kakoM ycinoBum 1enb gocsaraema?
2

OtBer: tg(ax)=b = \/bz — 2b?—1 , Te b :V_ol.

g

YcIloBrE I0CATAEMOCTH Vv, / g>h+\Nh +17 .

1.29. Ha xakoe paccrosinue / (110 TOPU3OHTAJIN) yJIETA€T CHAPSI,
BBIMTYIICHHBIN C XOJMa BBICOTOM / Ha paBHHUHY, NPU HayaabHOU
CKOPOCTH Vo MOA YoM o K ropu3zoHty? IIpm kakom yrie
BO3BBILIEHUS Oy, CTBOJIA OPYIUS JAJbHOCTb CTPEIbOBl B ITHUX
yciaoBUAX OyaeT HauOombiei? YeMy paBHa 3Ta JATbHOCTD [,y ?

OtBert: l:a\/l—sz(s+\/s2 -I—b),
1

Sin(amax):ﬁ, lmax =avb+1 )

IJI€ BBEJCHBI MTAPAMETPHI a = vg / g, b=2h/a v MOHOTOHHas TI0 YTy
0. IepeMeHHas s = sin(«).
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1.30. Mcnionp3ysi OpeMMyIIECTBO B CKOPOCTH V;; BbIJIETA CHAPSIOB
TJIABHOTO KainOpa, Kopabyii MPOTUBHUKA C PACCTOSHUS HanOOJbIIIEH
JATBHOCTH CBOEU CTPENbOBbI MOABEPINIM OOCTPETy MOPT U TOPOJCKHUE
KBapTaJbl, JICKAIIUE Y TOJHOXKHUSA TOpbI, MOJHUMAIOLIEHCS MO
yTJIOM f K TOPU30HTY. UTOOBI JOCTaTh MPOTUBHHMKA, HAXOIUBIIETOCS
BHE TIPEJICIIOB J0CATaeMOCTH OEpEeroBOM apTUIUIEPUM, CHApSIaMU C
HA4YaJIbHOM CKOPOCTBIO V, <V, 3AlIUTHUKU TOpoAa PEIIMIN BE3TH

o
CBOM OpYJHsl BBEpPX IO CKIOHY TOphl. Ha kakoe HanmMeHbIee paccTo-
SHUE 7 B JJAHHOM HamNpaBJICHUW MX Haao nepememarb? [lpu kakmx
3HAUCHUSIX yIJia f U CKOPOCTH Vy €HI€ BO3MOXKHO MPEAOTBPATHUTH
obcTpen nmopra?

OtBeT: r = ;

cos>(f) asin(f) -1y COS(:B)_\/"2 —aly sin(2/) ]
ecmu B> 7x/4 m vy 2v,/sin2f),

rme a=v; / g, [, = vﬁ / g — HauOoJbIIKE JaNbHOCTH CTPENBHOBI
OeperoBoil apTHUILIEPUH U KOPAOETbHBIX OPYIUM MPOTHUBHHUKA.
VYkazanus. Beegure cucremy koopaunat Ox)y, TOMECTUB €€ Ha4da-
70 O B MOPT U HAIpaBHUB OCh X B CTOPOHY NpoTHBHUKA B (puc. 1.6).
Hcnonb3yst oTBeT 3amaun 1.29, BbIpa3uTe HAMOOJBIIYIO AaTbHOCTH
CTPEINIBbOBI X, OPYJUMHOTO pacu€Ta ropoxkaH € MO3UIUU A Ha CKJIOHE
ropsl o oTHoweHuto Kk nopry O. M3 paBeHcTBa X =/, IHOJIydnTe

KBaApPaTHOC YPAaBHCHUC IJIs1 BCIIMYHUHLI 7, HCCHCHYﬁTe €TI0 KOPpHHU.

BpawjameavHoe deudiceHue. KaueHue

1.31. Cuapsn BwuieTen u3 mymkua 3a Bpems t=0.0lc, cumenas

BHYTpH CcTBola N =2 obopora. Cumras Hape3Ky CTBOJIA
paBHOMEpPHOM, a JBI)KCHHE cHapsga B HEM PaBHOYCKOPCHHBIM,
HaWJUTEe JIMHCHHYIO V M YIJIOBYIO (® CKOPOCTh CHapsja B MOMEHT
BbUICTA. J[IMHA cTBONA [ = 2.5 M .

OtBer: v=2//t, @ =4zN/t.
3ameuanne. [lockonbpKy Hape3ka CTBOJIa paBHOMEpPHAs, YToJ
TIOBOPOTA CHApsAa ¢ MPOMOPLIUOHATICH €T0 CMEIISHHIO X B CTBOJIE.

19



1.32. B wmoMenT BpeMeHu ¢=0 TBepaoe TEIO HAYUHAECT
BPAIIAThCS BOKPYT HEHOBIDKHOI OCH IO 3aKOHY ¢ = at—bt’, rne a,
b — nonoxuTENbHbIE MOCTOSIHHBIE. HaiinuTe:

a) BpeMs BpAILICHUS /| 10 OCTAHOBKM Teja U f, A0 €ro Bo3Bpara B

MCXOIHOE TIOJIOKEHUE;
0) HauOoJsbIIHME 3a BPEMS f, YroJd MOBOPOTA (. U MOIYJIb

max ’

YIJIOBOM CKOPOCTH |a)

B) CpEJHUE 3HAYCHUS (@ YIJIOBOM CKOPOCTH M [ YIJIOBOTO
YCKOPEHMS 3a BpeMsI BpalllCHHUS ¢; JO OCTAaHOBKH.

Ortser: a) ¢, =,/%, t :\/%;
2a |a

6) Dax =? g, |w|max :2a;

B) @=2a/3, B=—[3ab.

1.33. TBepaoe Tenmo BpamiaeTrcsi BOKPYT HEIMOJBUXHOW OCH, 3a-
MEUISISICh OT HaydallbHOM CKOPOCTU ) JO OCTAaHOBKH, C YTJIOBBIM
yCKOpeHueM [ = —aJo , TIe a— TOJOXKUTEIbHAsI IIOCTOSIHHAS.
Havinnre Bpems ABUXKEHUS £, TTIOJHBIN YroJ MOBOPOTA (@ U CPETHIOKO
CKOPOCTh (@ TeJIa 32 3TO BpEMSI.

2 3p

. 2 _
OtBer: 1, =—\@,, ¢, =—w) , W=
a 3a

1.34. TBepnoe Temo BpamaeTcss BOKPYT HEMOABHXKHOM OCH C
HA4YaJIbHOM CKOPOCTBIO (. Haiaure 3aBUCMMOCTH CKOPOCTH Bpalle-
HUS (@ OT yIJla ¢ TIOBOPOTa OT HAYAIIbHOTO TOJOXKEHUS MPU YIIIOBOM

YCKOPEHUHU:
a) ff =B, cos(p);
0) f = fysin(p),
rae fy— monoxuTenbHas mnocTtosiHHas. IlocTpoiite rpaduk 3aBUCH-
MOCTHU BEJIMYUHBI @ OT yria ¢ ((ha3oByr0 TPacKTOPUIO) U OOBSICHUTE

XapakTep ABMKeHUs Tena. OOpaTure BHUMaHKE Ha ciaydail @, = 0.

OTBeT: a) w= S\/a)g +2/,sin(@) ,
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rae s =+*1 npu w§£2ﬂ0 u s=1 npu a)g>2ﬂ0;

0) = \/a)g +4,sin” (¢/2).

1.35. Komeco ¢ pammycom R xatutcsa 0€3 CKOJBXKEHUS II0
TOPU30HTAIILHOM TIJIOCKOCTH C MOCTOSIHHOM CKOPOCTBIO Vv (puc. 1.7).
Jnsg Touxkm B, Haxomsmieiics Ha 000J¢ Kojieca B IIOJ0XKCHUH,
3aJ1aBa€MOM VYTJIOM (@ MEXAYy paJdycaMH, MPOBEAEHHBIMH B ITYy

TOYKY M TOUKY A KacaHHS KOJieCa INIOCKOCTH, HAWJIUTE:

a) MOOYJIHM V U W BEKTOPOB CKOPOCTH V U YCKOPEHUS W B
1a00paTOPHOM cUCTEME OTCUETA U UX HANPABIICHMUS;

0) TaHTCHITMAILHYIO W; U HOPMAJIBHYIO W, KOMIIOHEHTY BEKTOpa
YCKOpPEHUS TOUKHU B 1 paanyc KpuBU3HBI R, €€ TPACKTOPHUH.

Otsert: a) v =2v,sin(¢/2), w=v2/R;

6) w, =wcos(¢/2), w, =wsin(p/2), R =4Rsin(p/2).

Ykazanue. VMcnonb3ys 3aKOH CJIOKEHUS JBUKCHUH, ITOKAXUTE,

YTO  TMOJIHOE  YyCKOpeHMe Toukn B coBmagaer ¢ €€

LEHTPOCTPEMUTENBHBIM YCKOPEHHEM B cucreme orcuéra Ox'y',
JBHOKYIIIEICS TOCTYIATEIbHO BMECTE C OChIO Kojeca O.

Puc. 1.7 Puc. 1.8

1.36. B ycnoBusx 3amaun 1.35 mokaxure, 4To BEKTOP ¥ CKOPOCTH
MPOU3BOJILHOM TOUKK B Ha 0007€ Kojieca NePHEHIUKYISIPEH BEKTOPY
r, IPOBEJEHHOMY K 3TOM TOYKE U3 TOYKM A KacaHUs KoJjieca IMIO0CKO-
ctu (puc. 1.8). Ilpm »TOM MOAYyJH JAHHBIX BEKTOPOB CBSI3aHbI
COOTHOIIICHHEM V = @r, TAe @ =V,/R.
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3amMeuaHue. DTO JOKa3bIBAE€T, YTO MTHOBCHHOE IBMI)KCHHUE KoJjieca
MOKHO paccMaTpuBaTh KaK YHMCTOE BpAIICHUE OTHOCHUTEIHLHO TOYKH
A, IPOUCXOMSAIIEE C YTIIOBON CKOPOCTHIO .

1.37. Ilonyunte B mnapamMeTpUUECKOM BHUJE YPAaBHEHHE TPACK-
TOpPHUH JBMIKCHHS TOUKH B, Haxossmieics Ha 000/e Kojaeca paJnyCcoM
R, xatsmierocsi 6€3 CKOJBXEHHS C MOCTOSHHOW CKOPOCTBIO Vy IO
TOPU30OHTAJIBHOM TWIOCKOCTH Yy =(0. B KadecTBe mapamerpa MCIHOJb-

3YUTE Yrojl ¢ MEXIy paauycaMu, MPOBEAEHHBIMA B TOUKY B 1 TOUky

A KacaHuUs KoJieca 3TOW IUIOCKOCTHU. [ OpHU30HTaIbHYI0 KOOPJIMHATY X
OTCUMTHIBATE OT HHIKHETO MOJIOKeHUs Touku B (Touka B, Ha
puc. 1.9). Halinure B 3aBUCUMOCTH OT yria ¢ KOMIIOHEHTHI Vy, Vy U

MOAYJb V CKOpOCTM TOYKM B.Paccuurante mNOJHBIA TyTh S,
MPOXOAUMBIM TOUKOM B Mexnmy IBymsa €€ mOCIeI0BaTEIbHBIMU
KaCaHUSIMU TUIOCKOCTH.

OtBeT: x = R(gp — sin(go)) , V= R(l - COS((P)) )
v, =V, (1—cos(p)), vy =vysin(@), v=2v;sin(p/2),
s =8R.
VYkazanus. CBSOHKUTE C YyIJIOM ¢ KOOPAWHATHI X', )' CHCTEMBI

orcuéra Ox'y', IBHXKYIIEHCS MOCTYIMATEIbHO BMECTE C OCBIO KoOJieca
O. Ucnonp3yiiTe 3aKOH CIIOKECHUS JIBUKCHUM.

Puc. 1.9

1.38. Komeco ¢ paamycom R kaTuTcsl 0€3 CKOJBKEHHS 10 TOpH-
30HTAIBHOM IIJIOCKOCTH C MOCTOSIHHBIM YCKOpEeHHEM w, ero ocu O. B
MOMEHT BPEMEHHU, KOT/Ia YIJIOBasi CKOPOCTh KOJIECAa paBHA @, HAUJAUTE:

a) HOpMaJIbHYIO W, U TaHTCHIHAIBLHYI) W; KOMIOHEHTY BEKTOpa
w TIOJTHOTO YCKOpEHHUs TOuKdM B, Haxosmsimieiics Ha 00ojae Kojieca B
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IIOJIOKEHUH, 33aBa€MOM YIJIOM ¢ MEXIy paauyCaMH, IMPOBEIEH-

HBIMHU B 3Ty TOUKY M TOUKY A KacaHUs KoJjeca ITOCKocTH (puc. 1.7);
0) KBaApaT MOAYJS W BEKTOpa IMOJHOIO0 YCKOpPEHHUsI TOuku B u
YOIl @ U (), TPU KOTOPHIX JOCTHUTAECTCS COOTBETCTBEHHO €r0

MaKCHUMyM M MUHHMYM B TaHHBI MOMECHT BPEMEHHU.
OtBet: a) W, = o’ Rsin (¢/2), w, =2w,sin(¢/2)+ w*Rcos(p/2);
6) w” =2w; (1-cos(p)) + 2w’ Rsin(p) + @' R?,

2 2
@, = —arctg(w R/wo), @, =2x —arctg(w R/wo).
3ameuanus. I1o 3akoHY CI0KEHMS TBUKEHUN BEKTOpa CKOPOCTH V

U YCKOpPEHHUSI w B JaOOpaTOpPHOM cHCTEeME OTCU€Ta BbIpAXKaloTCs B
BUJIC

— 4 _ ' '
V=V,+V, W=W,+Ww +w,

rJ€ WITPUXaMH OTMEUEHbI BEJIMYWHBI, B3SITHIE B CHUCTEME OTCUETA,
JBHOKYILIEUCS TTOCTYNATeNbHO BMecTe ¢ oCbio O. BekTopsl vy, v' 1 wy,
w'. OJMHAKOBBI MO MOAYJI (00BACHUTE, Mo4YeMy?), a UX CYMMBI
OJMHAKOBO HampasJIeHbL. [Ipu 3TOM BEKTOP v 3a7a€T TAHTE€HIIUATIbHOE
HanpasieHue. OCTaeTcs JIMIb CIPOEUUPOBATh BEKTOP w. Ha JTO U

MEPIIEHINKYIISIPHOE €EMY HAIIPABIICHUA.

2. JMHAMUKA MATEPUAJIbHOU TOYKHU
N I[TPOCTBIX CUCTEM

e (OCHOBHO€ YypaBHEHHME JMHAMUKH MaTEpUAIbHOW TOYKUA B
WHEPLHAIBHON CUCTEME OTcueTa (M.C.0.)— BEKTOPHBIM BHUA U
MPOEKIIMU HA KAacaTeJIbHYI0 U HOPMaJIb K TPACKTOPUH:

mw=F, mw.=F, mw,=F,,

rae F — pe3yabTUPYIOLIHUN BEKTOP MIPUIOKEHHBIX CHIL.

e OCHOBHOE YpaBHEHHUE AMHAMHUKH MATEPHAIBHON TOYKH B HE-
WHEpIUAIBLHON CUCTeMe oTcueTa (H.C.0.) MpU €€ MPOU3BOJILHOM JIBU-
YKEHUU KaK TBEPAOTO Teja MO OTHOLICHUIO K MHEPLHUAIbHON CUCTEME
oTcYeTa:

mw' = F —mwq +mo’r] +2m[y'ow]+mlrB],
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I7I€ Wy — YCKOPEHUE MOCTYNaTEIbHOIO JBUKEHUS H.C.0., @ U ff— €€
yTJI0Basi CKOPOCTb M YCKOPEHHE, r| — PaANYC-BEKTOpP MaTepUalIbHOU

TOYKHU OTHOCHUTCIIbHO OCH BpAaIlICHUA H.C.O.

PCIBHO_)/CKOpeHHOB deujiceHue

2.1. Ilo HaKJIIOHHOM TUIOCKOCTH, COCTaBJISIFOLIECH YTOJ 0. C TOpH-
30HTOM, CKOJIB3SIT JIBa Tejla ¢ Maccoil m; (HWXHee) u m, (BEepXHee),
coennHeHHble HUTHIO (puc. 2.1). Koadduuuentsl tTpenus ten ky u k;
TaKOBBI, YTO k; < k,. Haligure yCKOpeHHE Tel W U HATSHKEHUE HUTH

T. ChopMyIHpyHTE YCIAOBUE CKOJIBKECHUS.
Otset: w = g[sin(a)— ycos(a)]|, T =pug(k,—k)cos(a),

kimy +kym mm
tg(a)> g, e y=——1—22, y=—I1-2_
ml +m2 ml +m2
mn,
mn, !
ATHTTTTTTTTATTTTT
ny
(9
Puc.2.1 Puc.2.2

2.2. B ycraHoBke Ha puc. 2.2 3aJaHbl MacChl TN My, My, UX KO-
dbunenTsl TpeHus ki, k, U yroi o, moj KOTOPbIM TOPU3OHTAJIbHAs
MJIOCKOCTh TMEPEeXOauT B HakiIoHHYIO. [IpeneOperas maccoi Oioka u
TPEHHEM B €r0 OCH, HAJIUTE YCKOPEHHUE TENl W MPU UX ABUKECHUU H
HaTsbkeHre HUTH 1. ChopMynupyiTe ycioBrUe CKOJIbKEHHUS.

OTBeT: w=ng(a)ml — ) T=,ug[;(1(0!)+k2],
my +m,
n(a)=kymy[m,

rae y (o) =sin(a) -k cos(a), w=mm,/(m +m,).
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2.3. Ilo HakJIOHHOW IUIOCKOCTH, COCTABJIAIOLICH yroiaia C
TOPU30HTOM, YCKOPEHHO  CKOJIB3UT JIOCKa Maccol mgy C
koa(unmentoM Tpenus ky. Ha nocky nmomemiaroT 6pycok ¢ Maccoi m
u ko3 duimentom tpenus k (puc. 2.3). Haitnute yckopenue Opycka
w' OTHOCHUTEIIBHO JIOCKU, €CJIU €€ JNBUKEHHUE OCTAHETCS YCKOPEHHBIM.
[Ipr KaKOM OTHOIIICHUU Macc m/my, :

a) TBWIKCHHUE JOCKH MOXKET CTaTh PABHOMEPHBIM;
0) JO0CKa HE CMOXET CKOJIB3UTh MO IIOCKOCTH?

. r __
OtBet: w' = (1+m/my)(k, —k)gcos(a),

a) m/mo =1,
m te(a) -k,
0) —>n,tne n=—>-——.

2.4. Jlocka Maccoil my CKOJIb3UT MO TOPU30HTAIBHOM IIIOCKOCTH C
Ko UIIMEHTOM TpeHUsl ky MOJ JEWCTBHEM IOCTOSSHHOW TOPU30H-
TabHOM cuiibl Fy (puc. 2.4). Ha nocky kmagyT Opycok Maccoi m ¢
kod(pdurmentom Tpenus k. Kakumu OyayT:
a) OTHOCHTEJIBHOE YCKOpeHHe Opycka w' B Clydae €ro CKOJIb-
YKEHHUS TI0 JJOCKE;
0) ropu3OHTaNbHAsA CHJIa B3aUMOJEHUCTBUA [ Opycka M JOCKU B
OTCYTCTBHE CKOJIbXKEHUS MEXKTy HUMU?
[Ipu xakom ycioBuM OpyCOK, MOMEIIECHHBIM Ha JOCKY, OKaXXeTCs
HETMOJABMUKHBIM OTHOCUTEIHHO HEE?
Otser: a) W = g(k, + k)(my +m)/m, — F,/m,;
6) F = Fym/(my +m)—kyng,
Fy <(ky+k)m, +m)g.
3ameuanne. BekTopHBIE BEIMYMHBI 37IeCh OepyTcs Kak ajureOpau-
YeCKHe 110 OTHOIICHHIO K HampasieHuto cuisl Fy. IToatomy w' <0,
F >0, U yCJIOBUE HECKOJbXEHUS] OpycKa MO JOCKE MOXET ObITh
HOJIYYEeHO U3 JIF000ro HepaBeHncTsa w' < 0 wmm F < kmg .
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i,

m 2
1 m F
: 1

I
a /s

Puc. 2.3 Puc. 2.4

2.5. B ycraHoBKe, MOKa3aHHOW Ha puC. 2.5, TaHbl Macca MpU3Mbl
my, YroJl O IIpU €€ OCHOBAHMM M MAacChl T€JI M, > Mm,, CBI3aHHBIX

HEPACTSHKUMOW HUTHIO. Tlojaras, 4Tto nmpusMa MOKOUTCA HA LIEPOXO-
BATOM CTOJI€, HAWJIUTE YCKOPEHUE TEJN W, HATSKEHUE HUTH T U CUITY
naBiieHUs1 P npu3Mbl Ha cToJ. TpeHuem Tell 0 OOKOBBIE T'paHU MpU3-
MBI, TPEHHEM B OCH 0JOKa U €ro Macco mpeHeOpeub. [Ipu kaxom
kod(pdurnuenTe TpeHUS Kk NOpU3MBI O CTOJ OHa eme Oyner
HETOABMKHOM?
OtBet: w=gnsin(a), T =2ugsin(a),
P =myg +4ugsin’(a)+(m, +m,)gcos’(a),
k>F/P, F=(m —m,)gsin(a)cos(a),
men=—1"" -, _ T
m; +m, m; +m,
VYkazanue. Jyisi o0sierdyeHus BBIKIAIOK MPU PEIICHUU CHUCTEMBI
CKAJIPHBIX YpPaBHEHUM HUCHOJB3YWTE OO0O03HAUeHHs s = sin(q),

¢ = cos(ar) u npumenute naker MathCad.

2.6. IlokazaHHy10 Ha puC. 2.5 yCTaHOBKY, MapaMeTphbl KOTOPOWU
JaHbl B 3aj1aue 2.5, moMecTwIn Ha riiaakuil ctoiu. [Ipenedbperas mac-
coil 0JIoka W TpEeHHWEM Ha BCEX MOBEPXHOCTAX, HAWIUTE YCKOPECHHE
PU3MBI W), YCKOPEHHUE TEJI W' MO OTHOLICHUIO K HEW M HATSHKEHUE

HUTH T.
' +1
OtBeT: W, = g s1n(0‘c) ;:os(a), w = wo%—, T=2ugsin(ax),
1, +sin“(x) cos(x)
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m; —m, my m;m,
rﬂ;en:—’ 770 =, ﬂ:—
my +m, my + m, m; +m,

VYxkazanme. Takoe ke, Kak B 3ajgaue 2.5.

F
my nt,
a
o «a m
4 1117717717717
Puc. 2.5 Puc. 2.6

2.7. Ha Hebompllloe TEIO ¢ Maccol m, JexaBlliee Ha TOPU30H-
TaJIbHOM TIJIOCKOCTH ¢ KO3 (UITMEHTOM TpeHUs k, B MOMEHT BPEMEHHU
t =0 oz yriIoM o K TOPM30HTY Hadaja JIercTBOBaTh cuia F = bt, roe
b — noctosinHas (puc. 2.6). Haitgure:

a) MOMEHTBI BPEMEHHU [, Hadajla CKOJIbKCHHUS U fy OTPhIBA TEIa;

0) CKOPOCTh TeJIa V B MOMEHT OTpPBhIBA OT IJIOCKOCTH;

B) ITyTh §, IPONJACHHBIN TEJIOM K 3TOMY MOMEHTY BPEMEHH.

OtBeT: a) ¢, = mgk/(b-f(a)), ty = mg/(b-sin(a));
2 ., 2
2b- f(a)
m*g> cos(a)h(a)
B) §=—5— 2, 30
6b” sin’(a) [ («x)

rae f(a)=cos(a)+ksin(a), h(a)=-cos*(a)-3k”sin’(a).
Boipaxenus 0) u B) mosiyueHsl ¢ npuMeHeHrueM nakera MathCad.

2.8. IIpu Kakux 3HAYCHUSX YIJja o TeJO U3 3aj1auu 2.7 OTOPBETCS
OT IUIOCKOCTU 0€3 CKOJIBKEHUS 10 HEel?

Otser: a > arctg(k).

2.9. B ycranoBke Ha puc. 2.7 maHa JIMHA CTEPXKHS [, €ro Macca
mp ¥ Macca 1apyuka m, upudeMm m, > m. Illapuk uMeer OTBEpCTUE U

MOXET CKOJB3UTh [0 HUTHU C HEKOTOPHIM TpeHHeM. Maccoil 0yioka u
27



TPEHUEM B €r0 OCH MOXHO IpeHeOpeub. CHavasa mapuK HaxXoAuiIcs B
IMOKOE HAIPOTHUB HUKHETO KOHIIA CTEP)KHSA. 3aTE€M CHUCTEMY IMPEao-
CTaBUJIM caMOM ce0e, M TeJjla CTajlu JABUTAThCA C MOCTOSHHBIMHU YCKO-
penvamu. Havinure cuny Tpenus F, MEX1y IIapUKOM M HUTBIO, €CIIN
CITyCTsI BpeMs ¢ MOCJIE Havaja JBUKCHUS IIApUK OKa3aJCsi HAIPOTHUB
BEpXHEro KOHIa cTepxkHs. Kakum ObLT10 BpeMs ¢, €CIIH IIapUK OCTajCs
HETMOJABUKEH OTHOCUTEIBHO OJI0KA?

2 /
Otser: F, = T 7. t= Lol.
(mo —m)t (mo - m)g
N
m,
m
— @
Puc. 2.7 Puc. 2.8

2.10. ITo neasHOMy %€100Yy, COCTABJISIIOIIEMY YTOJI 0. C TOPU30H-
TOM, PaboOUMii CIyCKaeT TOCKU C Maccou my u amHou [ (puc. 2.8). B
MOMEHT Hayajla JBWXKEHHUS OJHOW M3 HUX HA HIWXKHHUM Kpaul HOCKHU
IphIraeT cobauka Maccol m, KOTopasi OEKUT HaBEpPX, OTTAJIKUBASICh
OT JOCKUA C ToCTostHHOM cwmiion F. [IpeHeOperas TpeHHWEeM TOCKH O
KEM00, HAMAUTE OTHOCUTEIbHOE W' W aOCONIOTHOE W YCKOpPEHHE
cobauku, a Takxke Bpems ¢t e€ Oera o gocke. Ha kakoi BwicoTe /4 MO
OTHOILIEHUIO K HAYaJIbHOMY YPOBHIO OKaXeTcs cobauka, Koraa
JOCTUTHET BEpXHEro KoHua nocku? Kakyioo abCOMIOTHYIO CKOPOCTh V
OHa OyJIeT UMETb, CTIPHITUBAsi ¢ JOCKU? I3MeHEeHHEe CKOPOCTU TEJl BO
BpeMsI MPBIKKOB COOAYKH HE YUUTHIBATD.

Otser: W =F/u, w=F/m—gsin(a), t=+2ul/F,
h:lwt2 sin(x), v=Wwt, Tr1Ie yzﬂ.
2 m+m,
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VYkazanus. 3anuniuTe ypaBHEHHS JBHXKEHHUSI COOAQYKH OTHOCH-
TEJILHO JOCKHU U JJOCKHA OTHOCUTEIBHO KEI00a B MPOCSKIIMK Ha HAITPaB-
JIEHWE WX JBWXKEHHSA. [IpuMeHWTE 3aKOH CIIOKEHUSA IBUXECHHUN H
npocTeiire KnHeMaTu4eckue GopMyibl.

2.11. Ha oquH KOHEI[ CTOSBIIEH HA JIOPOTe TEIEHKKHU C MACCOU M1y
U JITMHOM [ TIphITaeT cobayka Maccou m, KOTopas 0eXUT A0 e€ Jpy-
roro KOHIIA, OTTaJKUBasICh OT TEJEKKU C TMOCTOSIHHOM TOpPU30H-
TanbHOM cwioi F. Haiiaute yckopeHue coOaykd w' OTHOCHUTEIBHO
TEJIeKKHU, eclu €€ KOIPOUIMEHT TPEeHUs O JOPOKHOE MOKPHITHUE
paBeH ky. Kakyio a0OcomioTHYI0 CKOpOCTh VvV mpHoOpeTéT cobauka,
CIOpBITHBas C TeNEKKU? II3MEHEHMEM CKOpPOCTH TE€l BO BpeMms
MPBDKKOB COOAUKH MTpeHeOpeyb.
F —kymg F 2] mmy,

,

v=—,|—, Tae u=

OtBeT: W' = .
7 m\ w m+m,

Vka3anusa. AHaJIorTH4HbIE TaHHBIM B 3agaue 2.10.

2.12. Yepes nérkuit 610Kk B Ha BepxHeM peOpe MpsiMOYToJIbHOTO
Opycka Maccoul my, JieKalero Ha TOPU30HTAIBLHOM CTOJIe, TIepedpo-
IICHA HUTh, K KOTOPOM MPUBS3aHbl OJWHAKOBBIC TEJIA MACCOU M
(puc. 2.9). Koaddumment tperus ten no 6pycky k < 1. [lonaras, 4ro
OpyCOK TIOKOWUTCS, HaWaWTe CuUiy P, €ro maBieHHUs Ha CTOJI U
yCKOopeHue Ten w. KakoMmy YCIIOBHIO MOJKEH YIOBJIECTBOPSTH B
JTaHHOM cirydae K03 PUIeHT TpeHus ky Opycka mo ctoiry?

Otgert: F, =mg£, W=§(1—k), k, Zﬂ,
2 2 g

rae &=2my/m+3+k.

2.13. B ycnoBusix 3amauu 2.12 Opycky Ha puc. 2.9 cooOumimm
HaNnpaBJICHHOE BJIEBO TOPU30HTAJIBHOE YyCKOpeHue w,. Hanmure ero

HaMeHbIlee W, ¥ Haubobllee W, = 3HAYCHUs, PU KOTOPBIX Teja

enié OyIyT HEMOJBUXHBI 0 OTHOIIEHUIO K OpycKy. Maccoii 010ka u

TPEHUEM B €T0 OCH IIpeHeOpeyb.

min 1-k max 1+k
OtBer: W, =g——, W, =g8——.



a
m m
m m
LA FS LSS IS IS S AV T 7 7
Puc. 2.9 Puc. 2.10

2.14. Yepes nérkuit 6710k B HA BepxHEM pedpe MpsSMOYTOJIbHOTO
OpycKa, JiexKallero Ha rOpu30HTaILHOM CTOJIE, MepedpoIIeHa HUTh, K
KOTOpOW MpUBs3aHbl OJWHAKOBBIE Tejaa Maccod m (puc. 2.10).
Koaddunment tpenmss tenm mo Opycky k >1. Korma moaBemieHHOE
TEJI0 HAXOJWJIOCh Ha ypOBHE 0JI0Ka, a HUTh ObUIa HATAHYTa, OPYCKY
COOOITMIM HAMpPaBJICHHOE BIPABO TOPU3OHTAIHLHOE YCKOPEHHE Wj.
Havnnre HatsbkeHue HUTH 1 M yroi oo €€ OTKIIOHEHUSI OT BEPTUKAJIH,
€CJIM JIeJKaBIlIee TeJIO OyIeT:

a) HEMOABUKHO 1O OTHOIIICHUIO K OPYCKY;

0) CKOJIB3UTH IO OPYCKY.

[Ipy KakoM HaWMEHBIIEM 3HAYCHHH W, = YCKOpEHHUs Opycka

HAayHETCA CKoJibkeHue Tena? Kakum Oyaer mocie 3TOoro ero
OTHOCHUTEJILHOE YCKOpEeHHue w' ?
Otser: a) T =mw,, tg(a)=w,/g;

0) T=m(kg+w1 —WO)/Z, te(a)=w,/g.

: k* -1 1
wot = , wW==(w, +w, —kg),
0 g 2k 2( 0 1 g)

[ 2, 2
TIE W, =48 + W, .

2.15. Yepes 0ok B Ha BepxHeM pedOpe MpsSAMOYroiabHOIo Opycka
Maccoil my, JeXaIlero Ha rTOPU30HTAILHOMN MJIOCKOCTH, TIepedpoIieHa
HUTh, K KOTOPOM mpuBs3aHbl aBa Teiaa maccorl m (puc. 2.10). Korna
MOJIBEIIICHHOE TEJI0 HAaXOAWJIOCh HAa ypOBHE OJIOKa, a HHUTHh ObLia
HATSAHYTa, CUCTEMY IIpeAocTaBuiIM camoil cede. [IpenedOperas maccoit
0JI0Ka U TPEHUEM Ha BCEX MOBEPXHOCTSIX, HAWIUTE YCKOPEHHE OpycKa
Wy ¥ YTOJI 0. OTKJIOHEHUSI HUTU OT BEPTUKAJIH.

Otset: W, = g tg(@), sin(@)=1+n—n2+n),roe n=m,/m.
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2.16. Yepes 6mok B Ha BepxHeM pedpe MpSMOYroiabHOI0 OpycKa
Maccoul my M BBICOTOM h mepeOpolleHa [JIWHHAS HUTh, K KOHILY
KOTOPOH TPHUBs3aHO HEOOJbIOE Teno Maccor m (puc. 2.11). Hpyroi
KOHEI[ HUTH 3aKperiéH Ha creHke C Ha ypoBHe 010ka B. Korma teno
HAaXOJMWJIOCh HAa TOM JK€ YpPOBHE, a HHUTh Obljla HATSAHYTa, CUCTEMY
npeaocTaBuwiM camoit cede. IIpeneOperas pazmepamu 0Jj10Ka, €ro Mac-
COll M TpeHHeM OpyCKa I10 TOPU3OHTAIBHOM INIOCKOCTH AA', HaauTe
€ro YCKOPEHUE Wy U yroji ¢ OTKJIOHEHUS HUTH OT BepTukaiu. Kakyro
CKOPOCTb Vv IPUOOPETET OPYCOK MOCIE TOr0, KaK TEJIO OIMYCTUTCS Ha
10cKoCcTh AA' ? C KaKOM CKOPOCTBIO V TEJIO yaAapuTcs 00 HeE?

OtBet: W, = g tg(a), sin(@)=1+n"—\n'2+7"),

_ 2wyh Cy=2 Wohl—sm(a)’ e 77'2&-
cos() cos(«) 2m

VYkazanusa. BBuay HepacTsSKUMOCTH HHUTH TEPEMEIIEHUS Sy Opy-
CKa IO TJIOCKOCTH U §' TeJda OTHOCUTEIHLHO Opycka OyayT OJMHAKO-
BBIMHU IIPU COXpaHEeHMH yria o. Kak ciencrBue, OyayT paBHBI yCKO-
peHus Wy U W'. YUHUTBIBAs 3TO, MOJYYUTE CUCTEMY U3 TPEX YPABHEHUM
JJI OTBICKaHWsI BEIWYUH Wy, I, o. CBeauTe €€ K ypPaBHEHHIO A
HEU3BECTHOTO Sin(a.).

B C V.
< 7 B
m * m
h h
A My A A Ka my
s 7
Puc. 2.11 Puc. 2.12

2.17. Ilo naknonHo rpanu AB npu3mbl Maccoil m, KOTopast Mmo-
KOUTCS Ha IIEPOXOBATOM CTOJIE, B CTOPOHY yIJja o MpU €€ OCHOBAHUU
CKOJIb3UT 0€3 TpeHus Teino mMaccort m (puc. 2.12). Halinure cuny P
JABJICHUS MPU3MBI Ha CTOJ U KOA(PUIIMEHT TpeHus kj, Ipu KOTOPOM
oHa emi¢ OyIeT HEMOABUKHOM.
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mcos(a)sin(x)

Otser: £ = g[mo +mcos2(a)], ky 2 oo (@)’
0

2.18. Ha mpusme ¢ yraom o« npu ocHoBaHuu (puc. 2.12)
HaxoAujICsA OpyCOK mMaccor m ¢ Kod(pdHUIMEHTOM TpeHus k < ctg(a).

[Tpu3me COOOIIMIM HAPABIEHHOE BJICBO TOPU30HTAIBHOE YCKOPEHHE
wo. Haliiute ero HauMeHblliee 3HaYeHUE W, , MIPH KOTOPOM OPYCOK
He Oy/JeT CKOJB3UTh BHHU3 IO MPHU3ME, M €ro HauOOJbIlce 3HAUCHHE
W, , IpH KOTOPOM OpYCOK He OyJIeT CKOJIb3UTh BBEPX MO HEil.
- tg(a)—k te(a)+k
Orper: w™ = g g(a) W g ga)+k
0 > W
1+k-tg(a) 1-k-tg(ax)

2.19. C BepmmHbl B npusmbl Maccoil my U BBICOTON 4, KOTOpas
HaXOAUTCA HA TOPU3OHTAIBHOM IJIOCKOCTH, B CTOPOHY yTJIA ¢ TIPU €€
OCHOBAaHMHM Che3KaeT HeOodbIoe Teao wmaccod m (puc. 2.12).
[IpeneOperast TpeHMEM Ha BCEX MOBEPXHOCTSX, HAMIUTE YCKOPEHUE
NpU3Mbl Wy M YCKOPEHHE Tela w' Mo OTHOIIEHWIO K Hel. Kakyro
CKOPOCTh Vv, NPHOOPETET mpu3Ma IOCJE TOTO, KaK TEIO0 CheIeT Ha
TOPU30HTAIBHYIO TJIOCKOCTh?

Otsetr: w, =npmcos(a), W =n(m+my,),

2h '
e = gsin(a)

Vo =Wo e .2 :
w sin(a) my +msin“ (@)

2.20. B ycranoBke Ha puc. 2.13 mana macca mpusMbl mg, €€
BBICOTA /1 ¥ yTrOJl o IPU OCHOBAHWH, a TAaKKE Macca m HEOOJBIIOro
TeJa, MPUBS3aHHOTO UIMHHOW HUTHIO K cTeHke C Ha ypoBHE Ojoka
B. Korga Teno Haxoawyioch Ha TOM € YpOBHE, a HUTh ObLla HaTs-
HyTa, CUCTeMY TpeaocTaBwim camon cebe. [Ipenebperas pasmepamu
0JI0Ka, ero Maccol U TPEHHUEM Ha BCEX MOBEPXHOCTIX, HAUIUTE CUITY
P nanenus Tena Ha npusMy U €€ yCKOpeHUe wy. Kakyr CKOpoCTh v
NpUOOPETET TMpu3Ma, KOTJa TEJNO ChEAET Ha TOPU3OHTAIBHYIO
I0CKOCTh AA'?

2(n' +1)cos(a) —cos*(a) — 1
2(n'+1-cos(a))

Otser: P=mg

9
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gsin(a) 2wyh , My

, , Vo=.—+—, toe n'=—".

2(n'+1-cos(a)) sin(cr) 2m
3ameuanus. BBHay HepacTSKUMOCTM HHUTH II€pEMELICHHS S

NPU3MBI 110 IUIOCKOCTH M S’ Tela OTHOCHTENHEHO HPH3MBI OYIyT

onuHaKkoBbIMU. Kak ciiefcTBre, OYayT paBHBI UX YCKOPEHHS Wy U W',

[TomyyeHHOoe U1 CWIbl P BBIpaXCHHE CHOPABEJIMBO JHUIIb IIPU

YCIIOBUH
cos(a)>1+n'—\n'(2+n').

Ecnu oHO HE BBINIOJHEHO, TO TEJIO OTCTAHET OT MPHU3MbI, U XapaKTEP
€ro JIBMKEHUs OYJIeT TaKUM K€, Kak B 3amaue 2.16.

0:

/
C WL

7
V

B

Puc. 2.13 Puc. 2.14

HHmezpupoeaHue ypasHeHUll d8UMCeHUSs

2.21. B mpotiecce MIBapTOBKH PEUHOTO TEIIOXO0a MaTpoCc Habpa-
ChIBA€T OJIMH KOHEI] KaHaTa MeTIENH Ha KHEXT — TyMOy Ha MPUCTaHH, a
€ro JApYyroil KOHEIl HaMaThIBACT Ha MOJIOOHBIM KHEXT, HaXOJSIIUKCS
Ha OOpTy Temioxona. HalauTe B 3aBUCMMOCTH OT yIJIa HAMOTKH @

CUJIy HaTsSKEHUs KaHata 1 NpH €ro paBHOMEPHOM CKOJIbKEHHH IIO
KHEXTy, eciau Marpoc TsaHeTr ero cuiioit 7). Ckonbko N 000pOTOB
KaHaTa CIeyeT clieNaTh, YTOObl YAEpKaTh TEIUIOXOM, IJIsl IIBAPTOBKU
koTtoporo TpebOyerca cuna 75?7 KospduuueHnt TpeHus kaHaTa o
MMOBEPXHOCTh KHEXTA PABEH K.

k 1
Otser: T =Tie"?, N>%1n(T2/T1).

Vkazanne. COpoenupyWTe BEKTOPHOE YpPAaBHEHHE JIBUKCHUA
KOPOTKOT'O 3JIEMEHTa KaHaTa ¢ YIJIOM HAaMOTKH d ¢ Ha KacaTeJlbHYIO0 U

HOPMaAJIb K ITOBCPXHOCTHU KHCXTA.
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2.22. JIérkass HUTH Ha puC. 2.14 CKONB3UT MO HEMOJABUKHOMY
0JI0Ky Maccoi m ¢ KOd(PUIIMEHTOM TPEHUsI k TOJA BIUSHUEM Tel
pa3HOU Maccel m; < m,. Halinure UX yCcKkOpeHue w U cuily F, Ienucr-

BYIOIIYIO Ha MoJiBeCKy Ojioka. [lomyunTte ycmoBue CKOIBKEHUS HUTH.

Orer: =2 _mlg)g, F=mg+ 2m1m2g(8+l), ™2 e,

m, +m;& m, +m& m,

e ¢ = e"” .

VYkazanue. cnonb3yiTe oTBeT 3anauun 2.2 1.

2.23. Ha Teno npu ABMKEHUM B BO3JyX€ JIEUCTBYET CHJIA COIPO-

2
THUBJICHUA F‘c =—CV , 1€ ¢ — IIOCTOAHHAasA, v — MITHOBCHHAsA CKOPOCTh.

Haiinure BBICOTY /4, Ha KOTOPYIO IOJHHUMETCS TEJIO Maccou m,
OpOLIEHHOE CO CKOPOCTBIO Vy BEPTHKAJIBbHO BBEPX C IMOBEPXHOCTH
3emuin. Kakoil Oyner CKOpoCTh Vv, ATOTO Tela MpU CBOOOJHOM
MaJICHUU Ha 3€MJIO C BBICOTHI /17

Otser: A :iln(lﬁtavg/g), v, = \/g(l—e_zah), rae a=c/m.

VYkazanne. B ypaBHEHMM [JBWXKEHHS Tela B  KayeCTBE
HE3aBHCUMOU NMEPEMEHHON HCTIOJIB3YUTE BEPTUKAIBHYIO KOOPAUHATY.

2.24. KoadduumueHT cONnpoTHUBICHUS ¢, BBEJACHHBIM B 3a1aue
2.23, mpu 3aTSHKHOM TIPBDKKE MapallfOTHCTA COCTABJISET BEIUYUHY
¢, =0.2x2/m, a moCIie PACKPBITHS MApaIloTa MPUHUMAET 3HAYCHUE

¢, =20ke/m. UroObl ybepeub MNAPAIIIOTHCTA OT MEPETPY30K, a

CTpOMbI TapailoTa OT pa3pbiBa, €ro CyMKa YCTpO€Ha TakK, 4YTOObI
NapaloT pacKpblBaJICS 3a BpeMs 7 =3cex. Haiinure cymmapHoe
HATsKEHUE CTpoIl 7' B 3TO BpeMs, IoJiaras €ro MmocTossHHbIM. Kakoe
PACCTOSIHUE S MOPOJIETUT MapaIlIroTUCT Maccor m =70ke BMecCTe C
MapalIroTOM J0 €0 MOJHOTIO PACKPBITHS.

Otser: T=mg+(v,—v,) /7, s=1(v,+V,)/2,

re v, = mg/c, ,i=12.

2.25. Cuna pnaBiieHUs] TOPOXOBBIX Ta30B Ha AapTUWUIEPUINCKUIMA
CHapsJ 3aBUCHUT OT €T0 MEPEMEIIEHUS X B CTBOJIE OPYAUS 10 3aKOHY
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F=F(1+x/l,) ",

rae Fy — 3HadYeHuWe 3TOM CHJIBI MPH BOCIUIAMEHEHUH Mopoxa, [y —
JUTMHA Ka3eHHOM 4acTW CTBOJIa, Y — IOKa3arenib aauadatsl. KakoBa
CKOPOCTH V CHapsia IPU BbUIETE U3 OPYIHs, €CJIU €ro Macca m, a MyTh
B CTBOJIC [?

20Fy [1
m(y —

(1+1/1,)" 7].

OtBeT: v =

2.26. IloaBemeHHbIi HA HUTH JJIMHOM [ IITApUK ¢ MAacCOM 7 OTBE-
JIM B CTOPOHY TaK, YTOOBI HUTh MIPUHSJIA TOPU30HTAIHHOE TIOJIOKEHUE,
a 3aTeM OTIyCTwiIn. Hanaure:

a) TIOJIHOC YCKOpEHHME IIapuKa W W HaTsOKeHHE HUTH 1 B
3aBUCHMOCTH OT yTJjia OTKJIOHEHUS 6 HUTH OT BEPTHUKAJIH;

0) 3aBHCHMOCTH OT yria 6 MOIyJs CKOPOCTH V M HamOOJIIbIIIEe
3HAYEHUE (Vy)max €€ BEPTUKAIBHON COCTaBIIAIOILEH;

B) BpeMsl OITyCKaHUs ¢, IIIapHKa B HIDKHEE TOJI0KEHUE.

OtBeT: a) w = g\/l +3cos*(0), T =3mgcos(0);

6) v = [2glc0s(0). (vy)max % ol 3 :
7/2
B) fo \/;j «/003(9

2.27. Ha ropu3oHTaIbHOW INIOCKOCTH Ox) MO HampapiAIOIICH
y=0 mpu x <0 B MOJOXKUTEIHHOM HAIPABIEHUHA OCH X CO CKOPO-

CTBIO Vo ABWXKETCS KapeTka. [Ipu x > 0 Hampapistoiias mepexoguT B
2
napaboyry y =ax”, riae a — noJioxkuTeapHas noctosHHas. [Ipenebpe-

rag TPEHHUEM, HAUIUTE B 3aBUCHUMOCTH OT KOOPIAMHATHI X CHILY
peakuuu N, JEUCTBYIOUIYIO HA KaPETKY CO CTOPOHBI HAPABIIAIOLICH.
OtBer: N=0 mpu x<0,

32
N=2amv§/(1+4a2x2)/ npu x=>0.

VYkazanue. Ucnonb3yiTe oTBET 3a1aun 1.18.
3ameuanus. [Ipu x =0 cuna peakuun N MEHSAETCS CKaYKOM Ha

BEJIMUUHY AN = 2amv§, Y, CIIEJOBATEIIbHO, POUCXOJUT yAap Kaper-
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KU 110 Hampasisitomien. [loxoxkas cutyanus onucana B pomane /lanu-
una ['pannna “Uny Ha rpo3y”, rae riaaBHbIM repoit KpblioB 00bscHUT
[JIaBHOMY KOHCTPYKTOPY 3aBOJia IOJOMKY KapeTKu ‘‘pa3pbIBOM
MIPOM3BOJIHON TpH “‘CONPSIKEHUU Jyrd C Hampapistomen”. Jlyra
npeAcTaBisiiga coOol OKPYXKHOCTh, M, YTOOBI YCTPaHUTh “‘TIPUUUHY
nosioMku”, KpbpUToB mipeasioxkui 3aMeHuTh €€ napabosnoit. [Tockonbky
Ipyrue nNoapoOHOCTH B pOMaHE OTCYTCTBYIOT, MOKHO MTPEATIONOKHUTH,
YTO B TOYKE CONPSIKEHUS “‘pBAIACHK HWMEHHO BTOpas MPOW3BOJHAS
y©., Kak B Hamied 3amade. Ho Toraa 3ameHa OKpPY)KHOCTH Ha

OObIYHYI0 (KBaJpaTHUUHYl0) Mapaboidy MO CYIIECTBY HUYEro HE

. 3
MeHsia. JIpyroe aeno — e€ 3aMeHa Ha KyOM4ecKyto mapabdoiy y = ax..

[TokaxxuTe, 9TO TOT/IA yJapa B TOUKe €€ compspkeHus ¢ mpsmoir y =0
He OygerT.

2.28. Haiiaure BenmuuHy Ax HemoJi€éta Myiau 10 1EJId, BBI3BaH-
HOTO CONPOTHBIIEHHEM BO3[yXa coryiacHo gopmyne F, =-—cvv, rae

vV — MOIYJb CKOPOCTH, ¢ — IIOJOKHUTEIbHAsI IMOCTOSIHHAsA. BricTpen
MPOU3BOINUTCA U3 TOUKK O TOJ YIIIOM 0 K TOPU30HTY TP HAYAIBHOU

CKOpOCTH Vy (puc. 2.15). Llenb A HaXoaUTCsI HA YPOBHE CTPEIIKA.

vy cos’ () . 1+sin(@)

OtBeT: Ax =

e sin(a)cos(a)| sin(e) + 5 |~ sin(a)

Yka3anus. Pemienue nmpou3BOAUTCA METOJIOM BO3MYIIEHUH. Ero
UJIes U TEXHUKA IMTPUMEHEHMS ONMCaHbI B [IpriioxxeHun.

'B
Y Py P
Ki ¢///\ \\\
o A'\\\ A
O Ax X
07 Z
Puc. 2.15 Puc. 2.16
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Bpawawwuecsa cucmemsl omcuéma

2.29. bosbION TOPU3OHTANBHBIN JUCK BPAIIAETCS C MOCTOSHHON
YIJIOBOM CKOPOCTBKO @ BOKPYI BEPTHUKAIBHOW OCH, IPOXOASIICH
yepe3 ero neHrp. M3 3Toro neHtpa pagMaibHO € ITOCTOSIHHOM
CKOPOCTBIO V' OTHOCUTEIBHO JUCKA JBHXKETCS 4esnoBeK. Kakou myTh
OH CMOXET MPOWTH, YIEPKUBAsCh HA JHUCKE, €CIu KOIPPUIUEHT
TPEHUS MEXK]Ty TTOJI0IIBAMH €r0 OOTHHOK U JUCKOM PaBeH k?
kg 2 (Y

> ®

OtBeT: ¥ =

2.30. I'magkuil TOPU3OHTANIBHBINA CTEPKEHb JUIMHOW [ BpaliaroT ¢
MOCTOSIHHOM YIJIOBOM CKOPOCTBIO @ BOKPYI BEPTUKAJIbHOM OCH,
npoxoAsiier uepe3 ero koHer. OT 3TOro KOHIA € HadaJlbHOM
CKOPOCTBIO V ITO CTEPKHIO HAYMHAET CKOJB3UTh My(TOUYKA Maccou mi.
Haiigure B 3aBUCHMOCTH OT pACCTOSHUSA » JO OCH BpallCHUS
MPOJIOJIBLHYIO CKOPOCTh My(TOUKH V', OOKOBYIO cuily P e€ naBiieHus
Ha CTEPKEHb U TOJTHOE BPEMS JBUKECHHUS T.

OrTBer: v':\/v§+(a)r)2, P=2mw, r:lln(§+«/1+§2),
0]

e &=wl/v,.

2.31. BenocurieiHOEe KOJIECO C BHYTPEHHUM paguycoM R Bpa-
IIAETCSI BOKPYT HEMOABUKHOM TOPU3OHTAIBHOW Oc O C MMOCTOSTHHOM
CKOpOCThIO . Ha kaxxayro cruily kojieca ojaeta My(pTodka, KOTopas
MOXET CKOJIB3UTh 0€3 TPeHUs BAOJIb CIIUIlbL. [Ipu kKakol HauMeHbIIeH
CKOPOCTH i, Bce My(PpTOUkH em€ OyayT MmoKaThl K 0001y Koseca?
[Ipy kakom yriae a OTKJIOHEHMsS CHuIilbl OT BepThukam OB eé
My(TOYKa HE CMOXKET yAEPKAThCA y 00013, €CIIU @ < @, !

OtBeT: @, =+/g/R, a< arccos(a)zR/g).

Vkazanne. CrpoelupyilTe ypaBHEHHE MABUKEHUA MY(PTOUKH,
MOKa3aHHOU Ha puc. 2.16, Ha BHYTPEHHIO HOpMaJlb K 000y KoJieca.
Bripazute HOpManbHYIO peakiuio N, AEHCTBYIONTYI0 HA MY(PTOYKY C
€ro CTOpoHbl, B BUAEC QyHKIMU N (&, ®). 3HAUEHUE (i, ONPEIACTUTE
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3 ypaBHeHus minN(a,w)=0. Ilpu w<w, He yIaepxarcs
(24

MydTouKH, 11t KoTopbix N(a,w) <0.

2.32. BenocurieHOE KOJECO C BHYTPEHHUM paanycoM R Bpa-
IIAETCS BOKPYT HEMOABUKHON TOPU30HTAIBHOM OcH O ¢ TOCTOSIHHBIM
3amemyienreM [ >0 (puc. 2.16). Hanetple Ha ero cnuisl MyQpTOUKH
MOTYT MEPEMEIIATHCS BAOJb HUX JHUIIb C KOAPDUIIMEHTOM TpeHUS k.
HavanbHast CcKOpOCTh Kojeca TakoBa, 4YTO Bce My(PTOuku ObuIn
no/KaThl K ero obonay. Ilpu xakoil yriioBod CKOPOCTH @ MY(PTOUKHU
el He OyAyT CKOJB3UTH 1o cnuiaM? [Ipu kakoM yriie o, OTKIOHEHUS
cnuilbl oT Beptukanu OB e€ wmydTouka TmepBOi HE CMOXKET
yAepKaThcs y 000/1a koyieca?

OtBeT: @ > \/%\/1 +k* —kp, a, =arctg(k).

VYka3zanue. [lonaras, yto mydrouka Ha puc. 2.16 yxe He JaBUT HA
000/ Kojeca, a yAEpPKUBACTCA OKOJIO HErO0 CWJIOW TPEeHUs IMOKos F,
3aUIINTE YpaBHEHUE JBWIKEHHUS My()TOYKM B TIPOCKIHUAX Ha
KacaTeJbHYI0 M BHYTPEHHIOIO HOpMalib K 0001y Koseca. Bripa3us
OTTyJa Cuily [, U HOPMAJIbHYIO pPEaKIui0 N., NCHUCTBYIOLIYIO Ha
MY(TOUYKY CO CTOPOHBI CIHMIIbI, TTOJYYUTE YCIOBHUE HECKOJbKECHUS B
BUIIE

g[cos(a) + ksin(a)] < kBR+@’R.

[lepBoii MOXET 3aCKOJB3UTh MY(TOUKA Ha CIHIIE, YIOJ . KOTOpPOH

JOCTaBJISIET MAKCUMYM JIEBOM 4acTHU JAHHOTO HepaBeHcTBa. [Ioka ero

npaBas 4acTb OOJIbIIIE 3TOI0 MAKCUMYyMa, CKOJIbKEHUS HE Oy IeT.
3ameuanue. 3ameyieHue S 37ech MOHMMAETCSl KaKk YCKOPEHUE CO

(I3

3HaKOM .

2.33. llenouka ¢ Maccou m, 3aMKHYyTasl B KOJIbLO paguycoM R, Ha-
JleTa Ha KPyroBOM KOHYC, 0Ch KoToporo OO’ BepTuKaibHa U COCTaB-
asiet ¢ ero odpasyronieit OA yron 0 (puc. 2.17). Haligute HatskeHue
1ernoyku 1 mocje Toro, Kak oHa OyAeT MpUBEJEHA BO BpallcHUE
BMECTE C KOHYCOM C YTJIOBOM CKOPOCTBIO (@ BOKPYT €ro ocu. byner i
JABJICHUE 1IEMIOYKHU Ha KOHYC 3aBUCETh OT BEJIUYUHBI (07
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2
m "R
Otser: T =& ctg(0)+——
2 g
VYkazanue. Bplnenure KOPOTKHM KyCOYEK LEMOYKU JJIUHOU
As << R ¥ COCTaBbTE YPAaBHEHHE €0 PAaBHOBECHUS B CUCTEME OTCUETA,
CBSI3aHHOM C KOHYCOM.

2.34. Bnoaw obpasytomieit OA KpyroBoro KoHyca u3 3ajgauu 2.33
MpoJIeTIaHa KaHaBKa, 10 KOTOPOU C €r0 BEPIINHBI HAUMHAET CKOJIB3UTh
maitbouka. [Ipenedperas TpeHueMm, HAMAUTE €€ OTHOCUTEIIbHYIO CKO-
pPOCTh V' B 3aBUCUMOCTH OT BBICOTBI OITYCKaHHS ) IO MOMEHTA OTPhIBA
OT KoHyca. IIpm KakoM 3HAYEHHM Vi, 3TOH BBICOTBI IMIPOMU3OUAET
OTPBIB, €CJIU KOHYC OYyJIeT JOCTATOYHO BHICOKUM?

OtBerT: v':\/2gy+(a)y)2tg2(9), Vorp = g/a)z.

2.35. C BepmmHbl O KpyroBOro KoHyca u3 3ajauu 2.33 cockajib-
3bpIBACT O€3 TPEeHMs MaJieHbKad Imaiida. Ha kakoi yrosi ¢ ot nepBoHa-

YaJIbHOTO HAINPABIICHUS ABMKEHHS OHA OTKJIOHHUTCS, OMYCTHUBIIUCH C
BBICOTHI 7 CKOPOCTH BpallleHUsI KOHYCa @ MojaraTh HeOOJIbIIOH.

20
OtBer: p=————/2 :
v 3cos(0) vig

Vkazanus. [IpeneOperass BIUsTHUEM IIEHTPOOEKHOM CHIIBI, Hail-
JIMTE B 3aBUCMMOCTHU OT BBICOTHI ) BEDTUKAIBHYIO Vy U PATUAIIBHYIO V;
CKOPOCTH HEBO3MYILIEHHOIO JABM)KEHHS LIAHOBI B CHCTEME OTCUETa,
CBA3aHHOM C KOHycoM. [IpuMeHsss MeTo BO3MYILIEHHM, IPOUHTETPU-
pyWlTe ypaBHEHUE a3UMYTAIBHOTO (OOKOBOr0) JBWKEHHUA IIAKWObI B
MepEMEHHBIX V,,, y. Hcmone3yst QyHKIui0 y(f), NOTyYECHHYIO VIS

HEBO3MYIIIEHHOTO JIBM)KEHUS 1I1ai0bl, HaNTEe €€ OOKOBOE CMEIIICHUE
OTHOCHUTEJIPHO KOHYCA.

2.36. Ilokaxwure, uyro cuna Kopuosmca F (K"p), JEUCTBYIOIIAsT HA
BEPTUKAJIBHO JBUXKYIIEECS TEJI0, HA ITUPOTE (@ KaK B CEBEPHOM, TaK U

B FO)KHOM TIOJIYIIApHSAX HMEET TOJHKO TOPHU30HTAIBHYIO COCTaBJIs-
IOIIY IO

Frgli(’p) =2mvaw cos(@),
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KOTOpasi HalpaBJieHa Ha 3amaj] Ipu NOoJAbEME Tella U COOTBETCTBEHHO
Ha BOCTOK MpPH €ro OMyCKaHuHW. 3/1eCb V— aOCOJIOTHAs BEJIMYMHA
CKOpPOCTH T€JIa, (» — yTJIOBasi CKOPOCTh BPALICHUS 3€MIIH.

Puc. 2.17 Puc. 2.18

2.37. I3 ToHA0JIBI BO3AYIIIHOTO I1apa, HAXOJAUBIIIETOCS B OE3BET-
PEHHYIO TOrojJy Ha 3KBAaTOPE, C BBICOTHI /1 =lxm BBINAIO TEJIO.

[IpeneOperasi COMPOTUBICHUEM BO3yXa, HAWIUTE OTKIOHEHHE TEJa §
OT BEPTUKAJIM IIPU €TI0 MAJICHUU HA 3EMIIIO.

2 2h
OtBeT: s =—wh_ |—.

g
VYkazanue. I[lagenue Ttema paccMarpuBaTh B 3€MHOM CHCTEME

OTCU€Ta, TPUMEHUB pe3yJIbTaT 3a1auu 2.36.

2.38. PaccmoTpuTe majgeHue Tena u3 3aaadu 2.37 B MHEpIUAIIb-
HOM cucTeMe OTCY€Ta, MBIKYIIEHCS MOCTYHaTehHO CO CKOPOCTBHIO
nmeHrpa 3emian. Ecian ommOOYHO CYMTaTh, YTO JBHKEHHE Tella
IIPOUCXOIUT KaK B OJHOPOJHOM II0JIe TsKeCcTH (1o mapaboie), To

TIOJTYYHTCS BEMYUHA S, = Wh+2h/g .

2.39. TlokaxuTte, uyto cwia Kopuonuca, neicTByromnias Ha ropu-
30HTaJIbHO ABWKYIIEECS TEN0, HA IUPOTE (P UMEET COCTABIISAIOIIME

Fo™ =2mvosin(p),  Fg™ =2mvacos(p)cos(f),

rop BEp
rac ﬁ— yYrojg MCxay BCKTOPOM CKOPOCTH vV U HAIIPABJICHUCM HaA BOC-
F(KOP)

rop

TOK. ['Opu3OHTAIbHAS COCTABJISAIOIIAS HE 3aBHUCHUT OT HAIIPAB-
JICHMS IBYDKEHUS TeJia. B ceBepHOM IoyIIapyuu oHa JEHCTBYET BOOK,
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HaIlpaBO 110 ABHUKCHUIO, B FOKHOM — HAJICBO. BepTI/IKaJ'IBHaﬂ COCTaB-

K
JISTFOIIAS Efep"p) HE 3aBHCHT OT HOJIyIIAPHSL.

VYkazanusa. Bocnone3yitech puc. 2.18, rme OE — mapannens,
ON — mepuaman, OB — mecTtHas BepTukanb, i, j, k— €IUHUYHBIE
O0asucHble BeKTOpPhL. [loka)kute, 4TO BEKTOP @ YIJIOBOM CKOPOCTH
BpalleHus 3eMJIU JICKUT B MEPUIUOHAIBHON IJIOCKOCTU U COCTABIISIET
yIoJl ¢ C TOPU3OHTOM. Pazyioxkure BeKTOpHI v, @ 1o 0azucy {i, j, k}.

2.40. Haitnute O0KOBOE OTKIIOHEHHE CHAPSAJIA Z, BHIMYIIEHHOTO U3
aPTUIIEPUNCKOTO OPYAUS C HAYAIBHOM CKOPOCTBIO Vy TIOJ YIIIOM O K
TOPU30HTY, €CJIU BBICTPEI MTPOU3BOAUTCS:

a) Ha CeBepHOM MOJIIOCE;

0) Ha PKBAaTOPE B CEBEPHOM HaIlpaBJICHUH;

B) Ha IIUPOTE (¢ BEPTUKAIBLHO BBEPX;

I') Ha IIUPOTE @ B BOCTOYHOM HaIpaBJIEHUU;
1) Ha IUPOTE ¢ B CEBEPHOM HAIPABIICHUHU.
Otser: a) z = 4bcos(a)sin’(a), Tae b = vSa)/g2 ;
6) z =(4b/3)-sin’ (), Ha 3amax;
B) z =(4b/3)-cos(¢), Ha 3amas;
r) z = 4bsin(p)cos(a)sin’(¢), Ha 10T;
) z = (4b/3)-sin’ (a)[2 sin(p —a) +sin(@ + a)] , Ha BOCTOK.
VYkaszanus. [IpuMenss MeTo1 BO3MYLIEHUH, Pa3I0KUTE IBUKECHUE
TeJa Ha OCHOBHOE, MPOUCXOJSIIEE MO BIUSHUEM CHJIbI TSKECTH, U
JOTIOJIHUTENIBHOE, CBSI3aHHOE C JEUCTBUEM CUJT UHEpLIMH. boKoBO€e OT-
KJIOHEHHE CHapsifa OT IJIOCKOCTU CTpenbObl OX) BBI3BIBACTCS CUIION
Kopuonuca. Ilpu e€ pacuére 1ocTaTOYHO y4eCTh JUIIb CKOPOCTh OC-
HOBHOT'O JIBHXKEHHS, KOTOPYIO CIIEIYET Pa3j0KUTh HAa TOPU30HTAJb-
HYIO Vx M BEPTUKAIIbHYIO vy cocTaBiisatomue. Ilonp3ysace pesypraramu
3amad 2.39 u 2.36, BbIpazutre OOKOBOE YyCKOpeHue w,. J[Bakibl

UHTETPUPYS €r0 3a BpeMs II0JIeTa, HAHJAUTE HCKOMOE OTKJIOHCHHE
CHaps/a z.

2.41. TlonBelnieHHBI HA HUTHA UIMHON /[ MaTeMaTUYEeCKHU MasAT-
HUK OTBEJIW OT IIOJOKCHUS PAaBHOBECHS Ha pPACCTOSHHE a <</ |
OTIyCTWIN 0€3 HavaibHOU ckopocTu. HaliuTe O0KOBBIE OTKIOHEHUS
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MasgTHHUKA Y| U ), OT BEPTUKAJIBHOU IJIOCKOCTH, MPOXOASAIIEH depes
€r0 MOJIO)KEHUE PABHOBECHS, B MOMEHTBI JJOCTHKEHHS UM CPEAHETO U
TUaMETPAIILHO MPOTUBOIOJIOKHOTO TMOJOXKEHUSI HA TPAeKTOPUH
NOCTYNaTeNbHOTO  ABWXKEHHUs. [l mpocToThl mosarath, 4YTO
JIBUKEHHUE coBepinaeTcs Ha CEeBEpPHOM MOII0CE 3EMIIH.

OtBeT: y, = aw/Q, y, =raw/Q,

rae Q=./g/l, w — yrioBas CKOPOCTh BpAICHHS 3eMITH.

VYkazanus. /[BuxkeHne MasTHUKA pAaCCMATPUBATh B 3€MHOW CUCTE-
Me otcuera. [lpumenuTs MeTOa BO3MYIICHUN. YacTHOE pelieHue
ypaBHEHMsI OOKOBOI'O ABMKEHUS UCKaTh B Buie y, = btcos({X), rae

b — Hens3BeCcTHAs IMOCTOSHHAS.

2.42. CTpenok U MUILIEHb HAXOJUIINCh B AUAMETPAIIBHO MTPOTUBO-
MOJIOKHBIX TOYKAaX Kapycelid paadycoM R, BpallaBIICCs BOKPYT
BEPTUKAIBHOW OCH C TIOCTOSSHHBIM YIJIOBBIM yCKOpeHueM f. Haitgute
OOKOBOE€ OTKJIOHEHUE IYJH S, MyHIEHHOW CO CKOPOCTHIO Vy CTPOro B
MUIIIEHb, €CJIM B MOMEHT BBICTpEJIa YTJIOBas CKOPOCTh KapyCelu
uMera 3Ha4eHUeE @, . I1osaraTe BBINIOJIHEHHBIM YCIOBUE WyR << V.

OTtBer: s = 2(R/ Vo )2 (2v0a)0 + ,BR)

VYka3zanus. [lone3Ho pemuTh 3a/1ady Kak B MHEPLIMAJIbHOU CUCTE-
M€ OTCY€Ta, TaK U B CHUCTEME, CBSI3aHHOW C Kapycelbr. B rmepsom
clly4ae CIeayeT yuecTb OOKOBYIO CKOPOCTb MYJIM, BBI3BAHHYIO Bpalle-
HUEM KapyCeJu MPHU BBICTPEIIC, U CMELICHUE MUIIEHU OT JINHUU TPHU-
uenuBanus. IlocienHee onpenensaeTcs yriioMm NOBOPOTa Kapycenu 3a
BpeMs IIOJIETA ITYJIN.

Bo BTOpOM cityuyae ciieAyeT MPUMEHUTh METOJ BO3MYIIEeHHU. B
CUCTEME KOOPAWHAT X, ), OTCUMUTBIBAEMBIX OT CTPEJIKA COOTBET-
CTBEHHO B CTOPOHY MHUIIEHH M B OOKOBOM HaIpaBJICHHH, HEBO3-
MYIIEHHOE JIBWKEHME ITyJIH OyleT 3aJaBaThCsl B BUAE X =Vyf. Ero u

HY’)KHO HCIIOJIb30BaTh, BbIpaXkash CHJIbI WHEPLMH, JEHCTBYIOLIUE B
OOKOBOM HampaBieHUH. BiusHueM LEHTPOOEKHOM CHIIbI, BOOOIIE,
MO>KHO MPEeHEOPEYb.

2.43. TlonaBemnieHHBIN HA HUTU JJIMHOM [ IIIApUK Maccoil m coBep-
mIaeT Majible KoJieOaHWsl ¢ aMIUMTyoM a. Hackonbko H3MEHHTCS
aMIUTUTyJla KoJeOaHWil 3a MEpPHOoJa, €CIM CO CTOPOHBI BO3ayXa Ha
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mapuk OyAer AeicTBoBaTh ciiabas cujia compoTuBiieHus F, =-bv,
IZI€ V — CKOPOCTb, b — MOJOXKUTENbHAS IOCTOSTHHASA?

OTtBeT: Aa = —ﬂg, rme Q=./g/l.
m

VYkazanus. CorjiacCHO METOAYy BO3MYIIECHHUM IPEICTaBbTE 3aKOH
JBI)KCHUSA IIapuKa B Buae x = acos({2¢)+&(¢), rae &(f) — neOomplas

nob6aeka. [[ns e€ OThICKAaHWS BBIBESAUTE YpaBHCHUS WM HadaJbHBIC
yCJIOBHS, OTOPOCHB YJIEHBI BTOPOrO TOpsaKa MajocTH. YacTHoe
pellieHre ypaBHEHHS JO0ABOYHOTO JBMIKCHHS WIIUTE B BHJC
&, =ct-cos(Q2t), e ¢ — HeM3BeCTHAs IOCTOSTHHAS.

3. 3AKOHbI COXPAHEHUA

e Omnpenenenne paboTel A U TNOTEHUHAIbHOM »dHepruu U
YaCTUILIBI B I10JIE KOHCEPBATUBHBIX CUII:

A =der =iﬂds, U-U,=4_,..
1 1

31ech U HWXKE MHICKCHI 1, 2 yKa3bIBalOT HA JiBa MOCJIEA0BATEIbHBIX
MOMEHTa BPEMEHHU.
e CBs3b KOHCEPBATUBHOW CUJIBI C TOTCHIIUAIBHON SHEPTHUECH:
F=-VU.

® 3aKOH U3MECHEHHS] KHHETUYECKOM dHEPrun K 4acTULIBL:
K2 o Kl = Ape3 >

1€ Ape; — padoTa pe3yabTUPYIOIEH CHIIBL.
e Teopema KEHura [isi KUHETUYECKOW HSHEPTUU K CHUCTEMBI
MAaTEPUAIIBHBIX TOYEK B JBYX CHCTEMAaX OTCUETA:

K:K'+%mvé.

3neck K'— sHeprus B MOCTYNATEIbHO JBHXKYLIEHCS (110 OTHOIICHUIO K
UCXOJHOM) cucteme 1neHTpa macc C, m — noJiHast macca.

® 3aKOH U3MEHEHUS MOJHOW MEXAHUYECKON HEPTUU £ CUCTEMBI
TelT:
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E,-E =4,,+4,.

cTOp

3necb E=K+U, a cnpaBa CTOUT pabOTa CTOPOHHUX CHUJI U CHUJ
TPEHUSI B CUCTEME.

® 3aKOH HW3MEHEHHUs TMOJHOr0 uMIlyJdbca P U ypaBHEHUE
JBH>KEHUA 1IeHTpa Macc C CUCTEMBI TEIT:

dP dv
—=F, m—-=F,
dt dt
rjae F — pe3ynbTupyronias BHEITHUX CUJI, 7 — TTOJTHAs Macca CUCTEMBI.
e OmnpezeneHre MOMEHTa UMITyJibca L 4aCTUIIbI 1 MOMEHTA CHJIbI
M otHOCUTENBHO TOUYKHU O:
L=[rp], M=[rF].

® 3aKOH M3MEHEHHUS TI0JTHOTO MOMEHTA HMITYJIbCa L cucteMsl Ten
OTHOCHUTCJIbHO IBWXYIICTOCA Hadalla O:

dL
E:M—m[vovc],

rae M — pe3ynbTUPYIOIIMA MOMEHT BHEITHUX CHJL.

Pa6oma u s3Hep2us

3.1. "OgHaxapl, B CTYJICHYIO 3UMHIOIO TTOPY' TOAT TIISAEI, Kak
"MOTHUMAETCS MEJIEHHO B TOpPY JIOIIAJIKa, Be3ylllas XBOPOCTYy BO3'.
Kakyro paboty A coBepiiuia JoIIajka, €CId BBICOTa TOpbl ObLIa
paBHa h, JJIMHA €€ OCHOBaHMS — [, Macca Bo3a — m, a KOdPuIueHt
TpEeHUsT €ro ToJio3keB O cHer — k? IlogpeM mpoucxoaun mpu
MEHSFOIIEMCS YTJIe HaKJIOHA JIOPOTH.

OtBetr: A=mg(h+kl).

3.2. Teno maccout m MyCTWIM BBEPX IO HAKIOHHOMW IJIOCKOCTH,
COCTaBJISIFOIIEW YroJl ¢ C TOpU3OHTOM. HauanbHass CKOpPOCTh Tena
paBHa V), ero ko3pduuueHt TpeHus — k. Haiinure myth s, mpou-
JICHHBIA TEJIOM 10 OCTAHOBKH, U PadOTy Ay, CHJIBI TPEHUS HA DTOM
nyTu. Kakyio ckopocTh v, OyleT MMeTh TeJlO MpHU BO3BPAIlCHUHU B
VCXOJTHOE MOJIOKEHUE, ecnu k < tg(ar)?
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2
v
OtBer: s = —2>—,

2gn
rae 17 =sin(a) + kcos(ax).
Ykazanue. [IpuMeHuTe 3aKOH U3MEHEHUS DHEPTUM U1 HAdallb-
HOI'0, HAaUBBICIIETO U KOHEUHOTO MOJOKECHHUHN Tea.

3.3. JIbbKHUK A COCKaJib3bIBaeT O€3 HayaJIbHOW CKOPOCTH C BEp-
IIMHBI TOPbI, MMEIOIIEH TOpHU3OHTAIbHBIN TpaMiuiuH (puc. 3.1).
Bricota ropel paBHa H, qynHa ee OCHOBaHUS — [, a KO3 UIIUCHT
TPEHUS JBDK 10 cHery — k. [Ipu kakol BeICOTE TpaMILIMHA /i JTBDKHHUK
MPOJICTUT HAUOOJIBIIEE PACCTOSIHUE Spyax ! UEMY OHO PaBHO?

Otsert: A =%(H—kl), S = H — K.

3.4. Meteoputr mMaccord m CO CKOPOCTBIO Vjy BOH3AE€TCA B IOYBY
NepHneHIuKYIsApHO €€ mnoBepxHocTH. Ha kakyro riyOumHy /4 OH
IPOHUKHET, €CJIU OYyJIeT UCIBITHIBATH CO CTOPOHBI OUYBHI 3aBUCAIILYIO
OT CKOPOCTH V CUIIy CONPOTUBIEHUS [, =czv, TI€ z — pacCTOSHUE OT

IOBEPXHOCTH, ¢ — MOCTOsTHHAs. CHIION TSHKECTH peHeOpeyb.
OtBet: h =./2mv,/c.

VYkazanue. [IpumenuTe kK METEOPUTY 3aKOH U3MEHEHUSI SHEPTUU B
muddepennmranbaon popme dK =—F.dz.

3.5. Ilo nHY BepTUKAJIBHOTO CTaKaHa PanyCcoOM R, MPUKUMASCh K
ero OOKOBOU CTEHKE, KpYTHUTCS 1aiibouka. E€ HauanbHast CKOPOCTH V,
a Kod(PUIMEHT TpeHUs M0 00eM MOBEPXHOCTSIM paBeH k. CKkoiabko N

00OPOTOB COBEPIIUT MIAKO0UKA JO OCTAHOBKHU?

2
1 v
OtrBer: N=—In| 1+ -2
47tk gR
VYkazanue. [IpumenuTe k mai0odyke 3aKOH U3MEHEHUS YHEPIUHU B

nubpdepennmansHoil popme dK =-04, ;.

3.6. Ha pacnonoXe€HHO€ TOPHU30HTAJIBLHO MPOBOJIOYHOE KOJIBIIO
pamuycoMm R Hanera OycuHka. KoadduimeHT TpeHHs MeXIy Tenamu
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paBed k. Ckonbko N 000pOTOB coOBepIUT OyCHHKA, €CIu ei
COOOIINUTH HAYATBHYIO CKOPOCTh V(?

1 2
OtBeT: N = —ln(b +b% + 1), rae b = V—O.
4 7tk gR
VYkazanue. [Ipumenure Kk OyCMHKE 3aKOH M3MEHEHMs DHEPIUU B

nudpdepenmansHoit popme dK =—F, ds.

A
B
A

H _ !

/ ~ 0 R
/ jh S m
[T77777777777T 40 Z

Puc. 3.1 Puc. 3.2

3.7. C BepmnHbI B 1iiagkoro nosymiapa paguycoMm R, JexKalero
Ha IIEPOXOBATOM CTOJI€, COCKAJIb3bIBAET HEOOJBIIIOE TEIO0 A Maccoi
m (puc. 3.2). Haitgute yron 6, mexay Beptukainbio OB u panuycowm,
MPOBEAEHHBIM K TeJIy A B TOYKE €ro OTphiBa OT ITOBEPXHOCTHU
MOJIyIIapa, a TaKke CKOpPOCTh Tella Vv, B 3TOM Touke. CyuTanre, 4To
MOJylIap HENOABMXKEH IPHU COCKalIb3bIBaHMU Tena. llpu kakom
3HAQYEHWH yrJia O, CUila TPEHHUS NMOKOs Frp, YACPKUBAIOIIAs IOJIyIIap

Ha crtoie, OyaeT Hanbonpmei? KakoBo eé 3Hauenue F. ?
Otser: cos(0,)=2/3, v, =+/2gR/3,
J19 +1 J19
6

cos(8,) =

max __ _
L =mg| S

VYkazanus. 3aaBas MOJIOKEHUE TeJla YIioM 6, IPUMEHUTE 3aKOH
COXpPAHEHUs YHEPIUU U YPABHEHHE IBHXKCHUS Tejla B MPOCKIMHU HA
HOpMaJib K MOBEPXHOCTH mojyimiapa. [lolyuynte B 3aBUCHUMOCTH OT
yria @ ckopocTh Tenla v ¥ cuily P ero JaBieHus: Ha ToJTyIap.
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3.8. Hackonbko u3MeHHUTCS yroii 6, mpu KOTOPOM IPOU30UJIET
OTPBIB T€NA A OT MMOBEPXHOCTHU TOJylIapa B 3aaaye 3.7, eclid Ha TeJ0
OyJleT BIUSATD:

a) ciabas cuwiIa CONPOTHUBIEHUS [, =—av CO CTOPOHBI BO31yXa,

T7I€ a — TOJIOKUTEIbHAs OCTOSTHHAS,
0) TpeHue 0 MOBEPXHOCTh C HEOOIBITUM KO (PhULIeHTOM k?

Ortser: a) A90:8_a R1_ 1 ;
m\g\5 6
2
6) AG, = 2k 1-— 2o |,
3sin(4,)

Yka3zanus. JJisi HEBO3MYILICHHOTO JIBU)KCHHUS TEJIa HAWIUTE 3aBU-
CUMOCTh CKOpocTH v OT yria 6. C e€ moMoIIbio BBIpa3uTe padoTy
BO3MYIILIAIOIIEH CUIIBI JO MOMEHTa OTphIBa, NpeHeOperas n3MeHEHUEM
yrima Af. B 3akoHe H3MEHEHHS DHEPIrUM HE YYHUTHIBAUTE UJICHOB
BTOPOI'O MOPSIJIKa MaJIOCTH.

3.9. HebGomnpioe Tei0 A HAYMHAET CKOJB3UThH C BBICOTHI 2R 10
HAKJIOHHOMY 3>KeJI00y, MepeXoIsIeMy B MOITYOKPYXKHOCTh PagnycoM
R (puc. 3.3). Ilpenebperas TpeHreM, HAMIUTE:

a) CKOpOCTb Teja v, B TOUKE OTPhIBA OT *kejao0a U €ro BBICOTY /i,
HaJl HIDKHEW TOYKOH KeJr00a;

0) cCKOpocTh Tena Vv, B HaWBBICIICH TOUYKE TpaeKTOpuu (Tocie
OTphIBa OT ’K€JI00a) U €0 BBICOTY /1, B 3TOM TOUKE.

Otser: a) v, =+/2gR/3, h, =5R/3.
6) v, =+/8gR/27, h, =50R/27.

3.10. Hebonpmmas maiba ¢ Maccod m 0e3 Ha4aJIbHOM CKOPOCTHU
COCKaJIb3bIBACT C TIJIaJKOM TOPKH BBICOTOM /i U MOMAAaeT Ha TOHKYIO
JOCKY MacCcol my, JIeKAIIyI0 y OCHOBaHUS TOPKHM Ha TJIaJKOU
TOPU30HTAIBHON TIOCKOCTH (puc. 3.4). BenencTBue TpeHUs MEXITY
maibol W JOCKOHM, CITyCTS HEKOTOpO€ BpeMs Teja HayuHAIT
JABUraThbCs Kak enuHoe uenoe. Hainure monnyro pabory A,, cui
TpEHUs W MYyTh §, NPOUJCHHBIN IMal0ONH MO JOCKe, €CIH HX
KO3 PUIMEHT TpeHHUs paBeH k.
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Orset: Ay, =—pgh, s="—, tae p= :
my +m
m
h
m
Puc. 3.3 Puc. 3.4

3.11. Yepes 3actonopeHHbId 070K B, BucCAmMIT Haj HMUPKOBOM
apeHoM, MepeOpollleH 3aMKHYTBhIM KaHaT IMHOW [ ¢ Maccol m,
HUKHUW 3aBOPOT KOTOPOTO MOYTH KacaeTrcs moJa (puc. 3.5). UtoObl
CHSITb CTOMOp C OJO0Ka, Ha KaHAT B30MpaeTcs TMMHACT Maccou my,
KOTOPBIA TNbITACTCS MOAHATHCA HaBepX. OJHAKO €My yAaeTcs JUIIb
JEepKAThCSl HA OJTHOM U TOM K€ YPOBHE, TaK KaK KaHAaT HAYMHAET
CKOJIB3UTh MO OJIOKYy ¢ Kod(pduuuentom tpeHus k. Haiinure ycko-
PEHUE KaHATA W U BPEMS fpe;, B TEUEHHE KOTOPOTO TUMHACT CMOKET
YIEPKMBATLCSA HA HEM, €CJIM €r0 NPeAeIbHAas MOIIHOCTb paBHA Pypey.
Kakas 4acTh MOIIHOCTH THUMHacTa OyJeT 3aTpadyuBaThCsi Ha
npeojnosienne cwil TpeHus? Ilpu kakoil BenuuunHe 7 =2m,/m

CKOJIbKEHUE KaHaTa 1o OJIOKy He OyJIeT MPOUCXOIUTh?
2F . e—1 _ P npexn

m(e+1) g5+1’ P Ry

By /Py =1-mw/F, n<e-—1,

krx

OtBeT: W =

rme F=m.g,e=e

VYkazanus. [IpeneOperast quameTpoM OJI0Ka 10 CpaBHEHHUIO C JIJIN-
HOM KaHaTa, COCTABbTE YPABHEHUSI JBUKECHUS €0 CBUCAIOIIUX YacTel
v rumHacTa. Mcnone3yiite otBeT 3anaun 2.21. [lonnyro u none3nyto
MOIIIHOCTh TUMHACTa BbIpa3uTe 1o hopmysiam

P, =Fv, P_. =dK/dt,

II0JIH
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rae I/ — cwia ruMHacTa, MPWIOKEHHAs K KaHary, Vv — UX OTHO-
CUTEIbHAsA CKOPOCThb, K — KHHETHYECKas SHEPTUsi CUCTEMbI. Morl-
HOCTb, pACXOAYyE€MYI0 TIPOTUB CHWJI TPEHUS, ONPEICIUTE KaK
P,=Fom—h

TI0JIH moJses *

3.12. B ycnoBusax 3amauu 3.11 apyrovi ruMHACT, MOATITUBASICH HA
KaHaTe C CHJIOW F >m_g, HECMOTPS HA €ro CKOJIbKECHHE, IIOJHUMA-

eTCsl JI0 IJIOMIAIKU A, pacroyioKEHHOM HA YpOBHE OJ0Ka, U pacKper-
aser ero (puc. 3.5). Haligute Bpemsa t,,, nmoabémMa TMMHAcTa Ha
IJIOIIAAKY, HAaMOOJIBIIYI0 MOIIHOCTh P ., Pa3BUBAEMYI0 UM, U €rO
TIOJIHYIO PA00TY Ao 1IpH KakoM 3Hau€HUM Fj, CHUJIBI TUMHACTA 3Ta
paboTa OyaeT HauMEHBIIICH?

Otger: tnoa = Z/Wr > Pmax = F(W+ Wr)tnozl’ AHOJIH = Pmaxtnozl /2’

— 2
Fmin:mrg1+ -] , 1= mra
n+e+1 m

rne w, = F/m_— g, a yCKOpeHHe KaHaTta w JaéTcsi B OTBETE 3aJauM
3.11.

VYkazanue. IlpeneOperas pasmepamu OJl0OkKa M THMHACTa II0
CPaBHEHMIO C JUIMHOW KaHaTa, CYUTAWUTE, YTO TUMHACT ITOJHUMAETCS
Ha BBICOTY h =1/2.

BN A
] T

Puc. 3.5 Puc. 3.6

3.13. HebGompiioe Teno A cwhezkaeT 0€3 HadalabHOM CKOPOCTH C
BEPXHEro Kpas MOJyKpyriioro xéinobda paauycoM R ¢ kordduiu-
eHTOM TpeHus k (puc. 3.6). Haiinure 3aBUCUMOCTH KBaJipaTa CKOPOCTH
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TeJa v OT yrjla @ MEeXIy paauycamu, MPOBEIEHHBIMU U3 IIEHTpa

#€no00a O K MPOU3BOJILHOMY M HadaJIbHOMY IMOJOXKEHUsIM Tena. [Ipu
KaKOM YCJIOBUM TEJIO HE JIOCTUTHET HUKHEUW Touku xkEnoda B?

Orser: v2 = 28R (1 —2k* )sin((p) + 3k cos(p) — 3ke **? ],

4k* +1
npu k >0.603, rne 3nauenue 0.603 — KOpeHb YpaBHECHHUS

1-2k?% = 3ke ™™ =0, naiinenusiii B makere MathCad.
Yka3anus. M3 3akoHa U3MEHEHUs TOJHOW SHEPTUU E, B3STOrO B
mubpdepenimansoit popme dE =—F, ds, u ypaBHECHUS [BIKCHHS

TeJa B MPOEKIMU Ha BHYTPEHHIOI HOpMallb K JKEJIOOY MOIy4duTe
ypaBHEHUE

dE/dp +2kE = —3kmgR sin( @),

rJe m — Macca Teja, a ero BeicoTa (B opmyie sl TTOJTHOM SHEPTUM )
oTcuuThIiBaeTcs OT ypoBHs Touku O. [IpeacTaBbTe pelieHre TaHHOTO

—2ko

ypaBHeHus B Buse E(p)=c(p)e ", rne c(¢p) — uckomas (yHKIUSI.

Wcnonb3yst BeIpaxkeHue [7] TaOJIMYHOTO MHTErpasia je“(p sin(p)dp un

HavalilbHOE ycioBue £ =0 npu @ =0, monyuure pyHkuuo E(@).

3.14. Illapuky maccou m, moABEIIEHHOMY B Touke O Ha HUTH
JUTMHOM [, COOOITUIIN CKOPOCTh Vy B TOPU30HTAJIHLHOM HaIpaBJICHUHU.
Hainnure:

a) HaTsODKEHUE HUTU 1 B 3aBUCUMOCTHU OT yIJja ¢ €€ OTKJIIOHCHMS

OT BEPTUKAJIH;

0) MUHUMAJbHBIE 3HAYEHUS HA4YaJIbHONW CKOPOCTH Vo, MpHU
KOTOPOM MIApUK JOCTUTHET YPOBHS TOUKH O, U V(p, IPU KOTOPOU OH
CTaHET JIBUTATHCS IO OKPY>KHOCTH BOKPYT 3TOM TOUKH;

B) BBICOTY /;, Ha KOTOpPOMl mHOpomaA€T HATSXKEHUE HUTU, U
CKOPOCTb IIApUKA V| B 3TOM MECTE, €CIIU Vy <V, <V, .

2

Otser: a) T = @ +mg(3cos(p)—2);

0) VOIZ\/Z_gla V()z:\/s_gl;

2 2
—2gl
3 g 3
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3.15. Kak u3MeHUTCs BEIMYMHA V- B ClIy4ae V, >V, 3a OIUH

o0opoT mapuka B 3aga4e 3.14, ecim Ha Hero OyAeT EMCTBOBATH Clla-
2

0ag cwiia COIPOTUBICHUS [, =—cV" CO CTOPOHBI BO3AyXa, TIE C —

MOJIOKUTEbHAS MocTossHHasA? (003HAYUTh CKOPOCTh B KOHIIC
000poTa KaK V.

OTBeT: v, — v, = drel (vg —2gl).
m

Yka3zanue. [IpumeHsist METOZ BO3MYILICHUI, CHaYala HAUJIUTE 3a-
BUCUMOCTb CKOpPOCTM Vv OT yrila @ B IPEHEOPEeKEHUU

CONMPOTHUBIICHHEM Bo3Ayxa. Mcrnoinb3yiiTe €€ mpu pacuere padoThl A,
CUJIbl  CONPOTHUBJIEHUA B 3aKOHE W3MCHEHUS DOHEpPrud s
BO3MYILIEHHOI'O JIBU)KEHUS IIAPUKA.

3.16. Pemnte 3agauy 2.43 (U3 TeMbI 2), UCIOJIB3Ys 3aKOH H3Me-
HeHus sHepruu. [IpeaBapurensbHo HalauTe padboTy A, CHUIIBI COMPO-
TUBJICHHS 32 TIEPUOJ KOJIeOaHU, TpeHeOperasi BO3MYIIIEHUEM 3aKOHA
JBH>KCHUS.

Otser: A. = -7a’bQ, Aa =—ﬂb, rne Q=,/g/l.
¢ mg)

3.17. TlonBeumieHHBIM HA HUTH JJMHOW [ IIApUK C Maccoul m
OTBEJIM OT BEPTUKAJIW Ha yroi 6y u oTiycTrian. Haliaure yMeHbIIICHUE
AfO yrna HauOOJNBIIETO OTKJIOHEHHUS IIApUKA 3a TMEPBBIA MNEPUOA
KoJieOaHuM, eclii CO CTOPOHBI BO3/yXa Ha HEro JeHCTBOBasia ciabas

2
CHUJIA CONIPOTUBIEHUs F, =—bv”, rae v — CKOpOCTb, b — IONOKUTEIb-

Has IIOCTOSHHAS?

OtBet: AG = 8—bl[1 -6, ctg(@o)] :
m

VYkazanue. CorjlacHo METOJy BO3MYIICHMH CHadajla M3 3aKOHa
coXpaHeHMsI HHepruu (mpeHeOperass COMPOTUBJICHUEM BO3/yXa)
MOJIYYUTE 3aBUCHUMOCTb CKOPOCTHM IIapuka Vv OT yria 6 ero
OTKJIOHEHUS. Mcnonb3ys €€, HailauTe padoTy CHUJIbI CONIPOTUBJICHMS 3a
nepuoa koyiebanuii. K BO3MyIIeHHOMY JBH)KCHHUIO MPUMEHUTE 3aKOH
W3MEHEHUS SHEPTUU. Y UTUTE MAJIOCTh BEIMUUHBI AD.
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3adauu c npyscuHKamu

3.18. Nmeetcs cucrtema U3 ABYX NPYKUHOK € KO3 dULIIEHTaMU
)KECTKOCTH )| U ). Kakywo paboTy A cieayer COBEpUIUTh, YTOOBI
MEJIJICHHO PAaCTSIHYTh 3Ty CUCTEMY Ha BEIWYUHY S, €CJIH MNPYKUHKH
COCIMHEHBI:

a) TOCJIeI0BaTEeIbHO;

0) mapasnienbHO?
2

OtBerT: a) 4=%a2 , TIE ¥, - Mk
2 X1t 2

6) A= yss” /2,108 X5= 21+ 1.

3.19. Ha ropu3oHTaIbHOM TUIOCKOCTH JIeXkKaau JBa OpycKa ¢ Mac-
caMH m; WU M,, COCIAWHEHHbIC JIETKON HeIePOpMUPOBAHHOU TIpy-
KUHKOU >KeCTKOCThI0 y. KoadduumeHtsl TpeHus OpyckoB O mIOC-
KOCTh COOTBETCTBEHHO paBHHI k| U k. K OpycKy ¢ maccoi m, mpujo-
UM TIOCTOSTHHYIO CHITy [, HampaBJI€HHYIO MO OCHU NpYyXUHKU. [Ipu
KaKoM €€ HaMMEHBIIEM 3HAYCHUM F;, APyrod OPyCOK CIABHHETCS C
Mecta? Kakoit uMmysnbc P B MOMEHT caBHra OyJeT MMETh CHUCTEMa,
ecu F > F_ .. 7

k 2k
4

m

VYkazanue. Mcnonp3yiiTe 3aKOH M3MEHEHUs] DHEPTUHU, YUUTHIBAS,
4TO OpPYCOK C Maccoil m, OyAeT MOKOUTHCS, MOKa CHJIa YIPYTOCTH
MPY>KUHKW HE JOCTUTHET BEJIUYMHBI €70 CUIIBI TPEHUS CKOJIBKCHHUS.

3.20. Ha riaakoi ropu30HTaIbHON TJIOCKOCTH CBOOOIHO JI€kKaIU
JIB€ HEOOIbIIME IIalOBI C MaccaMu m; U M), COCAUHCHHBIC JIETKOU
NPY>KUHKON KeCcTKOCThiO y. I[llaiidamM cooOImMIM TOPU3OHTATBHBIC
CKOPOCTH V| M v, B IPOU3BOJILHBIX HampaBieHusXx. Haiiagure Havasb-
HYI0 KHHETHYECKYIO dHEepruto K' 3TUX Tel B CHCTEME IIeHTpa Macc.
Kakum Oyner HauOosblee pacTsDKEHUE s, M CKATHE s NPYKUHKH

MpUA JAIBHEUIIIEM JBUXCHUU TEJ, €CIA BEKTOP UX OTHOCUTEIIBHOU
CKOPOCTH V; BHAYAJIEC OB HAIIPABJIEH MO OCH MPYKUHKH.
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1
OTBGTIK'=—yv§TH, S, =S_=V ﬁ, u=—-rr2_
2 X
rac vOTH:‘vz_vl"

Ykazanue. [Ipumenure teopemy Kénnra.

3.21. Ha rmagkoi ropu30HTaIbHON MIOCKOCTH CBOOOIHO JISKAIU
IBa KyOWKa C MaccaMu m; WU m;, COCIUHEHHbIE JIETKOW MPY>KUHKON
KECTKOCTBIO y, MpU4YEM KyOuk 1| pacronarainca y BEpTHKaJIbHON
cteHkH (puc. 3.7). 3arem KyOuK 2 mepeMecTUId BJEBO Ha HEOOJIBIIIOE
pacCcTosiHUE § W OTIYyCTUIM. Hauaure CKOpPOCTh Ve LIEHTpa Mace
CUCTEMBI TOCJI€ OTpbIBA KyOHKa | OT CTEHKH, a Takke HauOoJbllIee
PACTSDKEHME s, U CXKATUE s_ NPYKUHKU IIPU JaIbHEUIIEM JIBUKCHUU

s~ my m,

OtBeT: vp =——, 5, =85_=39 :
my +m, my +m,

KyOHKOB.

VYkazanue. PaccmoTpuTe ABUXKEHHE KYOMKOB IOCIE€ OTphIBA B
cucTteMe 1eHTpa mace. [IpuMenunTe 3aKk0H COXpaHEHUS IHEPTUH.

>
% X X I
41 YV H 1 YWWNVANL L
777 ST

Puc. 3.7 Puc. 3.8

3.22. B ycnoBusx 3aaauu 3.21 mpoBepbTE BBIIIOJHEHUE TEOPEMBI
Kéuura B MoMeHT oTpbiBa. Kakas 4acThb IMOJHOW 3HEpPruu, Mpuoo-
PETEHHOM CUCTEMOM TEJ MOCJE €€ OTPhIBA OT CTEHKH, MOXKET NEPENUTH
B YIIPYTYIO SHEPTuUt0 1ehOPMUPOBAHHOMN NPy KUHKU?

OtBeT: 1 = L.
m +m,

Yka3zanue. [locnenoBaresibHO HAUAUTE JJIsI MOMEHTA OTPhIBA CKO-
POCTh v, KyOHKa 2, CKOPOCTh V¢ IIEHTpa MacC M KHHETHICCKYIO dHEP-
ruto K' IBM>KEeHUsT KyOMKOB B cUCTeMe IieHTpa Macc. [Ipu ux gaapHen-
HIEM JIBUKEHUW 3Ta DHEPrUsl ILEJIMKOM IPEBpaIlacTCsi B YIPYTYIO
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SHEPTUIO TPYNKUHKK B MOMEHTHI €€ HaMOOJIBILIETO PACTSKEHUS U
CXKaTHs.

3.23. B ycnoBusa 3amaun 3.21 ngo0aBbT€ OJAMHAKOBBINM MJIS TeJ
kod(pduiment Tpenus k. Haligure MHUHUMAIBHOE CMEIIEHUE Spin
KyOuka 2, mpu KOTOpPOM KyOHMK | MOXXET OTOpBaThCA OT CTEHKH.
Kakum Oyner uMIyabc cUcTeMbI P B MOMEHT OTpbIBA IIPH § > 8, 7

OTBeT: 8, = 5o (142my /my), P = xm,(s = 50)(s = Sin) »
e s, = km g/ y — cMeleHue OTphIBa.

3.24. Ha rinaakoi ToOpu30HTaIbHON TJIOCKOCTH CBOOOIHO JI€kKaIU
OJIMHAKOBBIE KyOWMKM 1 m 2 ¢ Maccol m, COCAMHEHHBIC JETKOU
MPYXKUHKOW KECTKOCThIO ¥ (puc. 3.8). Ha oamH W3 HUX MO oOcCH
NpY>XKMHKU Hadaja JIeMCTBOBaTh MOCTOSIHHAS pacTsAruBaroias cuia F.
Haiinute 3aBUCHMOCTH CKOPOCTH U OTHOCHUTEJIBHOTO JBHXKECHUS
KyOUKOB OT pacTsbkeHus mnpyxuHku s. Kakumu Oyayt wux
HauOOJBIINE 3HAYCHUS Upma U Spax NPU JATBHEUINEM JIBUKECHUU
KyOHKOB?

OTBeT: u = \/E(F—;(s), U :L, Soa = F/ 1.
m 2ym

VYkazanusa. Onpenenure yCKOpeHUEe [EHTPa MacC U pacCMOTPUTE
JBIKEHHE KYOUKOB B CUCTEME OTCUETA, ABMIKYIICHCS MOCTYIATEeIbHO
C 3TUM YCKOPCHHUEM. YUHUTHIBAsI JCUCTBUE CUJI WUHEPILUH, TPUMEHUTE
3aKOH U3MEHEHUS TTOJTHOW SHEPTUU [T HAYAJIbHOTO U TPOU3BOJIBHOTO
MOMEHTOB BPEMEHH.

3.25. Pemnte 3amauy 3.24 B ciydae pa3HbIX Macc KyOMKOB m; U

m,, KOT/Ia pacTATUBAIOIIAs MPYKUHKY Cuja F IpuiaokeHa K KyOuKy 2
(puc. 3.8).

my, \ ¥ AL

rae p = mymy [(my +my).
VYka3zanus cmotpute B 3aaaue 3.24. Mcrnonb3ynTe BeIpaXKEHUE I
2
SHEPIMU OTHOCHUTEILHOTO ABMXKEHUS KyOukos K' = / 2.
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3.26. CucteMa U3 ABYX OJWHAKOBBIX JUCKOB MacCoOW m, COEIIH-
HEHHBIX JIETKOM NPYXKUHKOM JKECTKOCTBIO ¥, pacmojarajiach Ha
nozactaBke B (puc. 3.9). BepxHuil JucK OMyCTUIIM HA PACCTOSIHUE § MO
OTHOIIEHUIO K €ro MOJIOKEHUIO paBHOBECHsS A, a 3aTeM OTITyCTHIIH.
[Ipy KaKOM HAaWMMEHBIIIEM 3HAYEHUU Sy, HUKHUN JTUCK OTOPBETCS OT
nojactaBku? Kakyioo CKOpoCTh Ve MPUOOPETET IEHTP MacC CUCTEMBI
II0CJIE TAKOTO OTPBIBA, ECIU § > 5. 7

OtBeT: s, =2a, Ve = \/f(sz —4a2), rae a=mg/y.
a

VYkazanus. BBeaure BEpTUKAIbHYIO KOOPAMHATY ), OTKJIAJIbIBAS
e€¢ or mojoxkeHuss O BEpXHEro JUCKa, MPU KOTOPOM MPYKUHKA
HenedopmupoBana. OmnpenenuTe BEIUYUHY a CXKaTui MPYKUHKH B
MOJIOKEHUHU PaBHOBECHS] BEPXHETO MUCKa A U €€ pacTsiKeHHE B MO-
MEHT OTpbIBa HWXHETO JMCKa OT MojcTaBku. (BepxHuil auck npu
TOM OyAeT 3aHUMAaTh MosiokeHne A’ Ha puc. 3.9). [Ipumenure 3aKoH
COXPaHEHHUSI SHEPrUU JJI1 UCXOJHOTO MOMEHTa BPEMEHHM M MOMEHTa
oTpbiBa. CKOPOCTh LIEHTPAa MAacC CUCTEMbI ONPEACIUTE MO CKOPOCTH
BEPXHETr0 JUCKA.

3.27. B ycnoBuax 3agaun 3.26 npu s > s, HaWINUTE BBICOTY /i,

n
Ha KOTOPYIO MOJAHUMETCSI IIEHTP MAacC CHUCTEMBI IOCTE OTPbIBA HMXK-
HEro JMCKa OT MOJCTaBKU B, a Takke HauOoOJbIIEe PaCTKEHUE TIPY-
KUHKH Sy 10 OTHOIICHHUIO K €€ Heae(OpMUPOBAHHOMY COCTOSIHHUIO
O na puc. 3.9. Cyuraiite, 4YTO MOCJIE TAKOrO OTPHIBA MOJICTABKY Cpa3y
yOHparoT, 1a0bl HE TOMEIIaTh CBOOOHOMY JBUKEHHUIO CUCTEMBI.

s? —4a* s? =2a*

OtBeT: A =T Smx =\, . THE a=mg/y.
a

VYkazanusa. CHavyana UCHOIB3YUTE TEOPEMY O JBUKECHHUM IIEHTpa
MacC CHCTEMBI TeJl. 3aTEM PACCMOTPUTE JBUKEHUE JUCKOB B CHCTEME
neHTpa Macc. [Ipumenure B 3To# cuctemMe OTCU€Ta 3aKOH COXPaHEHUS
SHEPIrUU JJIsi MOMEHTA OTPbIBA 1 MOMEHTA HAUOOIBIIET0 PACTSIHKEHUS
PY>KUHKH.
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I I
N ° a —_— T T —
) / T T~ ~ m
\
L 0g—>—"
|
B MIIITT T +
7777 7777777777 7777 F
Puc. 3.9 Puc. 3.10

BpaweHue men

3.28. JIErkuii U rIaKuid TOPU3OHTAIIbHBIN CTEpKEHb AB mimHou
[ MOXeET CBOOOJHO BpalllaTbCsi BOKPYT BEPTUKAIBHOW OCH, MPOXO-
e yepes ero koneny A. Ha crepkeHbp Hajzeta HeOousblnas Myd-
TOYKa MAacCou m, COEUHEHHAs C KOHIIOM A HEBECOMOW NPYKUHKOU
KECTKOCTBIO y W JUIMHOU [y, rae [, </. Kakyro paboTy Hago cosep-

IIUTh, MEJJICHHO PACKpPy4YUBas CUCTEMY, YTOObI My(TOUKa JOCTHUTIIA
koHila B? Kakoili OyeT nmpu 3ToM yTriioBasi CKOPOCTb @ CTEPKHs?

Orger: A= y(I-1, 5 )

3.29. Mydtouky u3 3amaun 3.28 B COCTOSHUHM MOKOS JOIOJHH-
TEJIbHO K MPYKUHKE COCIMHUIIA C KOHIIOM CTEPKHSI A HEpaCTHKUMOU
HUTBIO AnuHOM [y). Ilocine packpyduBaHUS CTEpP)KHS 10 YIJIOBOM
CKOPOCTH @ HHUTh Tmepexmiu. I[IpeneOperas TpeHueM, HalauTe
3aBUCUMOCTb OTHOCHUTEIBHON CKOPOCTH MY(DTOUKH V' OT €€ CMEIICHUS
S W3 HAYaJIbHOTO TMOJIOXKEHUS U €r0 HAUOOJBIIYI0 BEIUYUHY Spay.
Kakum Oyner nanpHeifiiee aBuxenue mydprouku? CrepkKeHb MmoJjia-
ralTe JOCTATOYHO JUIMHHBIM JJIS BBIIIOJIHEHUS yCIIOBUA [ > [, +5, .. .

2
x5’ _ 2ma’l,
)_ > Smax = 5"
m Y —mo
Yka3anus. Bo Bpamaromencss CucTeMe OTCUYETa, MPUBA3AHHOU K

CTCPKHIO, ITOJIYUYHUTEC BBIPAXKCHUC JIA HOTCHHI/IaHLHOfI OHCpPIrumn, CB:iA-

Otser: V' = ,|@>s(21, + s
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3aHHOM C IIEHTPOOCKHOM cuiioi. [IpruMeHuTe B 3TOM CUCTEME OTCUETa
3aKOH COXPAHEHHUS SHEPTrUM JUIi HAYAIBHOTO M IPOU3BOJIBHOTO
MOJIOKEHUN MY (PTOUKH.

3.30. HeGonpliol mapuk Maccod m, IOJBEIICHHBIH Ha HUTH
nuHoOM [ K Touke O, paBHOMEpPHO Bpalla€TCsl B TOPU30OHTAIBHOU
MJIOCKOCTH TaK, YTO HUTh COCTaBIsAET yroi 0 ¢ BepTukanbto. Haitaure
VIJIOBYIKO CKOPOCTh IIapUKa @ W aOCOJIFOTHBIE BEJIMYUHBI BEKTOPOB
MOMEHTa uMItyjbca L otHocuTenbHO Touku O U ero npupaiieHus dL
3a Masoe BpeMms df. Ilokaxkutre, YTO OTU BEKTOPHl CBSI3aHbI
COOTHOIIIEHUEM

dL = [wL]dt, Tne @ — BexTOp.

gl
cos(d)’

Omser: @ = |—5 ‘L‘ = ml sin(0)

[cos(@)’
dL| = mglsin(6)dt .

3.31. Ilo rmaakoi ropu30HTAIHHOM MIJIOCKOCTH JABMKETCS HEOOb-
III0€ TEJIO0 MACCOW m, MPUBSI3AHHOE K HEPACTSHKMMON HUTH, KOTOPYIO
BTATUBAIOT C MOCTOSTHHOM CKOPOCTHIO v B Majioe oTBepctue O, moka-
3aHHO€ Ha puc. 3.10. Haiiqure HaTs>keHWE HUTU £ B 3aBUCUMOCTH OT
paccTosiHUs Tena » 10 orBepetud O, €ciii IpU ¥ =7, yIioBas CKO-

poCTh HUTHU ObLIa paBHA @ . [loMyunTe ypaBHEHHE TPACKTOPUH Teja B
IOJISIPHBIX KOOPAWHATAX 7, (.

24
mamgr, Y, 1%

3 D) = —, .
r l+ag Wt

Ykazanus. IlpumeHure K JTaHHOMY Tely 3aKOH COXPaHEHUS
MOMEHTa MMITYyJIbCa I HA4YaJbHOI'O U MPOU3BOJIBHOIO MOMEHTOB
BPEMEHH, a TaK)K€ 3aKOH U3MEHEHUs dHEpruu B nuddepeHImaabHOM

Buae dK =—Fdr. IlocnenHuii 3aKOH MOYKHO 3aMEHUTh ypaBHEHHEM

OtBeT: F =

JIBUKEHUS TEJIa B CUCTEME OTCUETA, BPAIIAIOIICICS C €r0 CKOPOCTHIO
@ BOKPYT BEPTUKAILHON OCH, Mpoxoasiei uepes orBepetue O.

3.32. Hebompl1oe Te10 Maccoil m, MPUBSI3aHHOE K HEPACTSKUMOMU
HUTH, BPAILAJIOCh 10 OKPYKHOCTH PAJNYCOM 7 C YTIIOBOM CKOPOCTBIO
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W Ha TIaJKOU TOPU3OHTANBHOM TTocKoCcTH (puc. 3.10). B HekoTopbIii
MOMEHT BpPEMEHU HUTh CTAIM TSAHYTh 4depe3 Manoe otrBepctue O,
HAXOJAIIECECS B ILEHTPE OKPYKHOCTH, C TOCTOSIHHOM CUJIOH

F> ma)gro. Hanpgure pagnanbHyr0 CKOPOCTH TE€Na V B 3aBUCUMOCTH
OT €ro pacctosHus r 10 orBepctus O.

2F
OtBer: v= \/—(’”0 —r)—(a)oro )2 (n*-1), rae n = o
m r

VYkazanus cMmoTpuTte K 3agaue 3.31.

3.33. [loxgBemieHHbIi Ha HUTH JUIMHOW [ HEOONBIION IIapUK
OTBEJIN B CTOPOHY TaK, YTO HUTh OTKJIOHWJIACh OT BEPTUKAIM Ha
yroma @), a 3aTeM TOJKHYJIM TEPHEHIUKYJISIPHO BEPTUKAIHHOM TLIOC-
KOCTH, MPOXOAsIeld yepe3 HUTh. Kakoit Obljla CKOPOCTH V( IIapHUKa,
€CIIM OH CTaJl JIBUTaThCA IO TOPU3OHTAIBHOM OKpyX)HOCTH? Kakum
OyZeT yroja OTKJIOHEHUs 6, HUTH B HAMBBICIICH TOUYKE TPACKTOPHH,
€CJI TOJIKHYTh IIAPUK BHAYAJIE CO CKOPOCTBIO V, >V, ?

Otser: v, =sin(6,)/gl/cos(6)),
5 2

cos(@z)z—%+ %—acos(91)+1, rae a:;—;gl.

3.34. OnuH KoHel Jerkoi HeAaehOpMUPOBAHHON MPYKUHKHU JJIH-
HOM / C MECTKOCTBIO y 3aKpEIUIeH Ha BEPTUKAIbHOM OCH, KOTOpas
MOET CBOOOJHO MOBOPAYMBATHCS B MOJIIMIIHUKE, 33J€JaHHOM Ha
TJIaJIKOM TOPU30HTAJIBLHOM cTojie. Ha npyrom koHIle mpy>KWHKH HMe-
€TCsl JIeXKalllasi Ha cTojie HeboJbias maiba maccoi m. B HEKOTOPHIit
MOMEHT BpPEMEHHU €H COOOIIaI0T TOPU3OHTAIBHYIO CKOPOCTh V) B
HAIPABJICHUH TEPIEHIUKYISIPHOM OCH MpyxkuHKUA. Haliaute makcu-
MaJbHOE YMJIMHEHUE NPYKUHKH Sp.x M MUHUMAJBHYIO CKOpPOCTh

IaNHOBI Vi, TP €€ JaTbHEUIIIEM JBIKCHUU.

v, mvg
=, Iraca= s
Z + Srnax )(

¢ =3P +18al+30\3a, b=I* +11al® —a?.

OtBeT: 5, = %[(l —c)* + 30!], Vmin
c
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VYka3zanus. [IpyuMeHuTe 3aKOHBI COXpPAaHEHUs YHEPTMA U MOMEHTA
UMITyJIbCa JJIsl HAaYaJbHOIO M MCKOMOTO MOJIOXKEHMs manobl. [lomy-
YEHHOE JIJI BEJIMUUHBI S, KyOHMUEeCKOe YpaBHEHUE

s> +20s* +(I* —a)s—2al =0

pemaercs B mnakete MathCad, roe Oepércs ero JelcCTBUTENbHBIN
KOPEHB.

3.35. Ha rnagkod TOPU3OHTAILHOM TJIOCKOCTH JIEKaJd JIBE
HEOOJIbIIINE IIalObl ¢ MaccamMH m; U M,, COCAUHEHHBIC BBITSIHYTON
HUTBHIO JUIMHOU /. B HEKOTOpPBIA MOMEHT BPEMEHHU I1aiide mMaccoil m,
COOOIIMIM  TOPU3OHTAIBHYIO CKOPOCTH Vo B  HalpaBJICHUH
neprneHauKkyasipaoM HuTu. Haitgute B cucreme unentpa macc C
KMHETUYECKYIO YHEPrui0 K- U MOMEHT UMITyJIbCa Lc- CUCTEMBI Tell, a
TAaKK€ CKOPOCTh BPAILICHUA (0 U HATSKCHUE HUTH 1.

2 2
4 v 1%
Ortger: Kczy—o, L = ulv,, a)ZTO, T:IUTO’
m,m
rie pu=—1"2
m, +m,

3.36. Ha rmagkos TOpU3OHTAIBHOW IUIOCKOCTH JICKaIWd JBE
HEOOJBIINE IIIaMOBI C Maccoul m; W m,, COCAUHCHHBIE JICTKOU
HeiehOPMUPOBAHHON NPYXKMHKOM JJIMHOM [ C JKECTKOCThio y. B
HEKOTOPBIA MOMEHT BpPEMEHHM Iaiibe ¢ Maccol m, COOOIIMIH
TOPU30HTAJIBHYIO CKOPOCTh V( B HANPaBJICHUHM MEPIEHIUKYIIPHOM
ocu npyxuHku. Haninure B cucreMe nentpa Mmacc C KHHETHYECKYIO
SHEPTUIO K- U MOMEHT UMITYJIbCA L CUCTEMBI TEN.

Orser: K = uvg /2, Lo = ulv,.

CmoJ/1IKHOBeHUsA

3.37. B Teno maccoi m,, IOJABCIICHHOS HA HUTH JJIMHOM /, morma-
Ja TOPU30HTAJIBHO JIETEBUIAS IIyJs C MAacCcou m << m_ W 3acTpsia B

HEM Ha JIMHUMU IIEHTpa Macc. B pe3ynbTare HUTh OTKJIOHWIACH HA YTOJ
0. IlpeneOperas pasMmepamMu Tejla, HaWUIUTE TMEPBOHAYAIBHYIO
CKOPOCTb ITYJIU V( U JOJIIO 7] COXPAHUBILIEHCS MEXaHUYECKOU SHEPTHH.
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2
Oteer: vy ~ % [glsin(6/2), n~-——.
m m

T

3.38. Yactuua ¢ maccod m; mnpousBena aOCONIOTHO YIPYroe
CTOJIKHOBCHME C IMOKOHMBIIECHCS YacCTHIIEH Maccou m,. Haliaure moiro
# KUHETUYECKOW DHEPIUH, TEPSIEMYI) HAJICTAIOWICH YACTHUIIEH, €CIU
OHa:

a) OTCKOYUT TOJ MPSIMBIM YTJIOM K TMEPBOHAYAJIBLHOMY Halpas-
JICHUIO JBUKCHUS;

0) coBepmIuT J1000BOE CTOJIKHOBEHUE?

IIpy kakOM OTHOILIEHUM MAacCC m, /m; TOTEPs YHEPTUU B ITUX CIIydasx

OyneT HauOoJbIIIEeH?

Otger: a) 7=2/(m' +1);

6) n=4m'/(m' +1)*

rne m' =m,/m;. B 000uX Ciy4asx BeJIWYMHA 7] MAaKCHMalbHa MPH
m' =1.

3ameuanne. Cnydall a) YBEPEHHO pealu3yercsl JHIIb MpHU
yCIOBUU m; <m,. 1IpU CTOJIKHOBEHMM YaCTHL] OJUHAKOBOM MaCChl
OHM pa3JIETAlOTCS I0J] MPSAMBIM VyIJIOM JpPyr K JApYyry, e€ciu
CTOJIKHOBEHHE He J000Boe. B mouTH 1000BOM CTOJIKHOBEHHH

HaJICTAlOIIasl YacTUIlAa OTCKOYUT TIOYTH TIOJ TNPSIMBIM YyIJIOM H
NOTEPsICT MOYTH BCIO YHEPTHIO, a 3HAYUT 17 —> 1.

3.39. Yactuma ¢ Maccoll mj, JETEBIIAs CO CKOPOCTBIO Vy,
OTKJIOHSIETCSI Ha YyToJd o) B pe3yiabTare aOCOJITHO YHOPYroro
CTOJIKHOBEHHS C TIOKOMBIICHCS dacTulle maccoit m, (puc. 3.11).
ITomaras, yto m; < m,, HAUIUTE B 3aBUCUMOCTH OT yIja & CKOPOCTH

qacTtunl vy, v, IIOCJIC CTOJIKHOBCHUS M HMX 3KCTPEMAJIBHBIC 3HAYCHUSA

Vimaxs V2max-

14
v m —1
OrTBer: V= 0 (Cl +\/612 +m’2 _1)> Vimin = Yo >
[ !
m +1 +1
B 2v,
Cm'+1

rne m'=m,/m;, ¢, =cos(e).
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VYkazanusa. K TpeyroibHUKY BEKTOPOB pg, Pi, P> Ha puc. 3.12,
BBIPAXKAIOIIEMY 3aKOH COXPAHEHUSI UMIYJIbCA CUCTEMBI, MPUMEHUTE
TEOpEMY KOCHHYCOB [JIsi yria «;. B TIOJIy4eHHOM YpaBHEHUH
UCKIIIOYUTE a0COIIOTHYIO BEIIMYMHY p, C MOMOIIBIO 3aKOHA COXpa-
HeHus dHepruu. OOparture BHUMaHUE Ha TO, 4To (yHKIuUU Vv (c),

V, (Vl) MOHOTOHHBIC, H UX 9KCTPCMYMBbI JOCTUT'AaOTCA COOTBCTCTBCHHO

Ha KpasX OTpe3KoB —1<c; <1, v, <V <V,.
v,
1
{ g N

0y

-— —_

mo Vy o 04 *2
vZ po

Puc. 3.11 Puc. 3.12

3.40. Yactuma ¢ maccoul m;, JETEBIIAsI CO CKOPOCTBIO V), MOJY-
4aeT CKOPOCTh V| B pe3yjIbTaTe adCOJIOTHO YIPYTroro CTOJKHOBEHHUS C
IIOKOMBILIEUCS YaCTULEN Maccou my. Ilomaras, yro m, > m,, HauAUTE

B 3aBUCHMOCTH OT BEJIWYHWHBI V| YIJIbl pa3jeTa YaCTHUIl ¢, O TOCIE
CTOJIKHOBEHHUS (110 OTHOIIEHHIO K HaIpaBJICHUIO NEPBOHAYAIBLHOTO
JIBMKEHMS HAJICTEBIICH YaCTUIIBI) U MX HAHOOJBIINEG 3HAYCHHUS O] max,

A2max-

l—m'( v l+m'[ v
Otser: cos(q;) =———/| > |+ L

— 5 ,
, 0. = aresin(m’),
2y 2 v

1+m'

o2Im’

cos(a,) =

rae m'=m,/m, .

VYka3zanus. K TpeyroabHUKy BEKTOPOB Py, Pi, P2, BRIPAKAIOIIEMY
3aKOH COXPAHEHUSI HMITyJIbCa CHUCTEMBI, NPUMEHHUTE (JIBAXKIbI)
TEOpEMY KOCHHYCOB ISl yrja o) W yria a,. Mcnonp3yure 3aKoH
COXpaHEHUS SHEPTHH.

3.41. Yactuma ¢ maccou mp, JeTeBmas CO CKOPOCTBIO V, IMOJIY-
YaeT CKOPOCTh V| MOCJE€ aOCOMIOTHO YIPYroro CTOJKHOBEHHS C
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MOKOMBIIEHCS] YACTHUIIEH Maccou m,. Onpenennure yroj pasiéra dac-
TUL &, + a,. [lokaxknre, 4T0 OH OYIET OCTPBIM IIPH 7, > M, , TYNBIM

npu m; < m, ¥ COCTaBUT 90° IpH OAWHAKOBBIX MaccaxX YacTHIl, CCIU
TOJBKO V; > 0 (HE 1000BOE CTOJKHOBEHHE).

. — ’ —
Otser: cos(@, +a,) =—— —1, tne m'=m,/m, .
VYka3zanus. K TpeyroabHUKY BEKTOPOB Py, Pi, P2, BRIPAKAIOIIEMY
3aKOH COXPAHEHUS UMITYJIbCa CUCTEMBI, IPUMEHHUTE TEOPEMY KOCHHY-
COB JIJIsl yrja MPOTUBOJIEKAIIETO CTOPOHE py. Mckimounte abCoMOT-
HYIO BEJIMYUHY P, C IOMOIIBIO 3aKOHA COXPAHEHUS DJHEPTUM.

3.42. Halinute OTHOIIGHUE MacC m; HaJIETEBIICH U 1M, IOKOUB-
IIeHCs YacTHIl, €CIU MOCe a0COMIOTHO YIIPYTOro CTOJKHOBEHHUS OHU
pazJIeTeNNCh COOTBETCTBEHHO MOJI YIJaMH o) U G, K HalpaBJICHUIO
IIepBOHAYAJIPHOTO JBMIKEHHUS HajeTeBIler dacTuilpl. [lokaxure, 4to
IIPU OAWHAKOBBIX MACCAaxX YaCTUIl YIOJl UX pa3léra ¢, + o, COCTaBIAET
90°, eciit a, # 0.

m

OtBeT: — =1+—
m, sin(a, )

2810) cos( +ay ).

VYkazanus. K TpeyroabHUKY BEKTOPOB Py, P1, P2, BBIPAKAIOIIEMY
3aKOH COXPAHEHUSI UMITYJIbCA CUCTEMBbI, IPUMEHUTE TEOPEMY KOCHUHY-
COB I yrja HPOTHUBOJIEKALIETO CTOPOHE po. ISl HCKIHOYEHUS
aOCOJIIOTHBIX BEIUYUH Py, pi, P, UCIOIB3YWTE 3aKOH COXpaHEHUS
SHEPTUU U TEOPEMY CUHYCOB.

3.43. Hcnonb3yiite oTBEeT 3a1auu 3.42, 4yTOOBI BBIPA3UTh YIOJI
OTKJIOHEHHSI 0 HAJIETEBIIEH YAaCTULBI 4Yepe3 Yyrojl OTIETa o,
NEPBOHAYAIBHO MOKOMBIIEWCS YacTUUbl. OTHOIIEHHWE MACC YacCTHIL
my; /m, =n cuuraiite usBecTHbIM. 15t citydast 77 <1 ompenenure yroi

OTJIETA O TIOKOUBILIENCS YACTULBI, COOTBETCTBYIOLIUN OTKJIOHECHUIO
HAJIETEBIIEH YaCTHULIBI HA yroJ 90°.
sin(2a,)

Otser: tg(a,) = a, = %arccos(n).

n—cos(2a,) ’
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3aMeuaHue. YTIIOM OTJETa Mbl HA3bIBAEM YTOJ, IMOJ KOTOPBHIM
OTJIETAET MOKOWBIIASICA YACTUIA TO OTHOUICHUIO K HANPAaBICHUIO
IIEPBOHAYAIIBHOTO JIBMYKCHUS HAJIETEBIICH YaCTHULIBI.

3.44. HWcnonp3yiiTe OTBET 3a1auud 3.43, 4TOOBI BBIPa3UTh YTOJ
OTJIETAa ) TEPBOHAYAIBHO TITOKOMBIIEHCS 4YaCTHUIbl 4YE€pe3 yroll
OTKJIOHEHHSI ¢ HajeTeBuIed 4YacTulbl. OTHOLIEHHE MacC YacTHIl
m,/m, =1 cuurtaiite u3BecTHbIM. Jisi ciywast 77 >1 ompemenute

HauOONBIINN YTON (., OTKIOHCHWS HAICTCBIICH 4YacTHLBI U
COOTBETCTBYIOLUN €My YI'OJI OTJIETA O IIOKOUBIIEHCS YaCTULBL.

Otser: cos(2a,) =7 sin® (a;) —cos(a )\/1 —n*sin’ (o)),

ey = arcsin(1/n), a, =%arccos(1/77).

4. HEBECHAA MEXAHUKA

e Cuyla ¥ TOTCHIHATbHAS DJHEPrusi TATOTCHUS JBYX Tl
(HeroTon):

F=ymM/r*, U=-ymM]r.
e CBa3b nepuosa 1 oOpaiiieHust miaHeTsl BOKpYr CoiHIla Maccoun
M¢ u nnuHbl a 605110 osyocu € opouTsl (Kemep):

a3/T2 =K, rue K:]/MC/(27Z)2.

® VYpaBHeHUE TpaekTopuu (OpOUTHI) KOCMHYECKOTro Teia B B
10JIe TATOTeHUS YEAUHEHHOM TIJIAaHEThI (MJIM 3BE3/1bl), HAXOASIIEHCS B
uentpe O, Mpu NpoU3BOJIBHOM HalpaBieHUU noJisipHoit ocu OO’, ot
KOTOPOH BeIETCs OTCUET yTiioB @ (puc. 4.1):

r= P ,

1+ ecos(¢—@,)
[Ipu BBIOOpPE 3HaKa “+” yriy ¢, oTBedaeT Onwxkaitmas k ueHrtpy O
Touka Tpaektopuu P (mepureil, nepureiauii, NMepuceleHui u T. IL.).

(132

JI1st snmunTrYecko opouThl (e < 1) mHOTIA ya0o0HO OpaTh 3HAK “—,
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Ipu KOTOPOM YTy (@, OTBEUAEeT €€ camas yAajJeHHas Touyka A

(amoreii, adenuii, anoceneHu u T. 11.).
® [lapamMeTp p U SKCUEHTPUCUTET e TPACKTOPUU (OpOUTHI):

(20)° 2e p
p=—"—, e= |l+——.
yM y M
e CexTopralibHasi CKOPOCTh 0 U YJEJIbHAS DHEPTUS & Tena:
1 vi oy M
oC==rv,, &=—_- ,
2 2 r
rie v, — €ro asuMyTalibHasi CKOpocTb, M — macca IUIaHEThI (WM

¢
3Be3/1bl), Haxos1eics B 1ieHTpe O.

BCBMllpHOB msczcomeHue

4.1. YcTaHOBJIEHO, YTO YCKOPEHHE CBOOOJHOrO MAJCHUS g Ha
riyoune 4 =500m Oosbllle, YeM Ha MOBEPXHOCTU 3€MJIM, Ha

a =0.005%. llomp3ysch STUM, HAWUJIWTE CPEIHIOK IUIOTHOCTH P

3eMHOM KOpbI B 500-meTpoBoM ciioe. CpeHsas INIOTHOCTh 3€MHOTO
mapa p, =5 e/mf , a ero paanyc R =6370xm.
OtBer: p, = p, (%—ﬂj
3 300%#A

VYkazanus. Yutute, 4To CepruUYECKHil CI0M BELIECTBA HE CO3/1AET
TATOTEHUS BHYTpH cebs1. Mcnonp3yiiTe ManocTs OTHOIICHUS /R .

4.2. Kak 3aBUCHUT YCKOpPEHHE CBOOOTHOTO MaJCHUS g OT TIIyOUHBI
MOTPYKEHUS Zz B BEPXHUX CJOSIX 3€MHOM KOPBI, €CIIM UX IUIOTHOCTH

paBHa p, =2.5 2/ cM’, a cpeiHss IIOTHOCTh 3EMHOro Iiapa

Py =35 2/ cv’ ? BpamieHreM 3eMiti ipeHeOpeys.

OTBeT: g:go +g0 —3ﬂ i,
Po )R

/1€ g — YCKOPEHHE CBOOOHOTO MaJCHUS HA MTOBEPXHOCTH 3eMIIH, R —
e€ paanyc.
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4.3. 3Has cpenHUN panumyc 3eMHOW opOuTHl 73 =150 man km n
nepuosi obpamenuss 3emnu Bokpyr Comnua 73 =1 200, BbIpasute

yCKOpeHue g cBoOomHoro majaeHusi Ha CoJIHIIE B 3aBUCUMOCTH OT
paccTtosiHUSL 7 10 ero neHTtpa. Paccuuraiite ero 3HaueHus g(r3) B
paiioHe 3eMHOI OpOUTHI U gc Ha noBepxHOocTU CoJjHIIA, €CIU PainycC
nocnenHero R =700moic. km.
2
3
2 | 7
OtBet: g =| — | =,
2
3 ) r

4.4. Tlepuon oOpamienus JlyHsl BOKpyr 3eMiid COCTaBISET
T, =27.320ua. Hcnone3ys 5uIIb BEIUYHMHY paguyca 3eMIH

R; =6370xkm 1 yCKOpeHHE CBOOOJHOIO NaJCHUS g3 = 9.8M/ ¢’ Ha e
MOBEPXHOCTH, OMNpEICIUTEe CpPeIHUM paauyc JyHHOH opOu-
ThI 7;1. CpaBHUTE €ro ¢ U3BECTHBIMU PACCTOSHUAMM OT LIEHTpa 3eMJIU
1o Jlynsl 1, =363 muic. xm B iepuree u r, = 405muic. xm B anoree.

2/3
TR
Otser: ryy = g —g k
m

4.5. Ucnonp3yst naHHble O ABWKEHUU 3emuid BOKpyr ColiHIa u3
3agaun 4.3 wm JlyHsl Bokpyr 3emun u3 3amaun 4.4, Haigute
orHomenne wmacc M./M, ConHma u 3emun. YuuThiBas, YTO

OTHOLIICHHE UX PAfNycoB R/ R, =110, a cpeHss MIOTHOCTH 3eMIIH
3
COCTABJIIET BEIMYUHY 05 =5.52 2/ CM~ , ONPEAEIUTE CPEAHION0 TIIOT-

HOCTbB pc COJTHCHHOI'O BCIICCTBA.

2 3 3
M T M R

Ormger: —C | 11| |5 . pe=py =S| =2
M 3 T 3 T M 3 RC

4.6. JIBa KOCMHUUYECKHX Tejla ¢ MaccamMu M U m nopd JAeHUCTBUEM
B3aMMHOTO MPUTSKEHHUST 00paIIaroTcss BOKPYT OOIIEro IEHTpa Mace
C. lIx HauMeHblilee ¥ HauOOoJIbIlIee yAAJICHUS APYT OT APyra paBHBI 7|
u r,. Haitnute nepuon T oOpamieHus: Tl B UHEPLHAIBHOW CHUCTEME
OTCYETA, T.€. OTHOCUTENIbHO Jan€kux 3BE3A. Kakom mnepuon 7, ;.
OyJieT UMeTh JIBOMHAs 3Be37a, €CJIM CyMMapHas Macca €€ KOMIIOHEHT
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BJIBO€ OoJibiiie Macchl COJIHITA, @ PACCTOSIHUE MEXKTy HUMH ITOCTOSIHHO
U COCTaBjIseT IIOJOBMHY pajauyca 3eMHON opOuthl. CpaBHUTE
BENMYUHY T ,; ¢ mepuoaomM Kamnemnsl (104 qus).

27132 j_hitn

, TJC
Jy (M + m) 2
Vkazanus. [lomaras Ttena UEHTpPadbHO CHUMMETPUYHBIMH,
MOKAXUTE, YTO TouKka C JETUT OTPE30K, COEAUHSIONINN EHTPHI TET, B
OTHOIIICHUM OOpaTHOM OTHONIIEHHWIO X Macc. s mpocToTh
paccMOTpUTE CiTydail KpyTrOBbIX OpOUT: 1, =1, =1.
3ameuanue. CTporo opmyisia B OTBETE€ BBIBOJIUTCSI U3 YPABHEHHUS

OTHOCHUTCIBbHOT'O ABHUKCHUS TCII U IIPCACTABIISICT O606HI€HI/I€ TPCTBETO
3aKOHa Kennepa AJIs1 CUCTCMBI IBYX TCJI C JIFOOBIM OTHOIIICHHUEM Macc.

OtBet: T =

4.7. Haiinure ortHomeHue macc M /M, Jlyasl u 3emun,

WCIIONB3Ys JTaHHBIC OpOUTAILHOTO JBYOKEHUS JIyHBI U3 3amaun 4.4 u
0OyCIJIOBJIEHHOE TITOTEHUEM 3eMJIM YCKOPEHUE CBOOOTHOTO MaJCHUS
g, = 9.8M/ ¢’ Ha eé noBepxHocTH. Ha KakoM CpeHEeM PacCTOSHHUU 7'¢
OT ILEHTpa 3eMJIM pacmoiokeH HeHTp macc C cucteMsl 3eMiist —
JIyna?

M, (22 )P M,

Otser: = l, n=——"—, 1€ [ =
My \TyRs ) g M3 +My

VYkazanue. [Ipumenute otrBeT 3agaun 4.6 K cucreme 3emils —
JlyHa.

4.8. OTHolIeHUEe Tepuo0oB oOpamieHuss Onurepa u 3eMiu Bo-
kpyr CounHila coctapiseT Benuuuny 77 =12. [Tonaras opOMTHI IIaHET

KPYTOBBIMH, BBIYHCIMTE OTHOIICHUE WX PAAUYyCOB ¢ U OTHOIIEHUE
CKOPOCTEH OpOUTATBLHOTO JBUKEHHUS { B T€TMOLEHTPUUECKON CUCTEME
OTCUeTa.

Ortser: §=772/3, 4’:;7‘1/3,

4.9. TlpencraBpTe KOCMHUYECKOE TEJIO, ABMXKYILEECS MO JTYHHOUN
opoure Baanmu oT camou JIynwl. Kakyro HauMEHBIIYIO CKOPOCTH V)
CleayeT COOOIIUTh Ty NPOTUB €r0 OpOUTAIBLHOTO JIBUKECHUS, YTOObI
oHO monaio Ha 3eMit0? CKOJIBKO BPEMEHH I, ;er OYJIET TIIUTHCS MOJIET
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K 3emuie? JlanHbie 0 nBMKEeHUM JIyHBI BOKPYT 3eMiIM U €€ paanyc R
B34Th U3 3a7auu 4.4. BiusiaueM atMocdepbl 3eMJii mpeHeOpeyb.

OtBer: vy = vy | 1 - 20 s Looner =T—H(l+5)3/2, 0 =Rs/ry.
1+0 442

VYkazanus. Onpegenure opOuTanbHyo ckopocts JIynsl vy. Ilpu-
MEHUTE 3aKOHBI COXPAHECHMS JHEPTMU U MOMEHTA UMITYJIbCA K HAYJIb-
HOMY M KOHEYHOMY IIOJIOXKEHHUIO Teja. YYTUTE, YTO HaWMEHbIIEH
CKOpPOCTH V, OTBEYAET, TaK Ha3blBaeMas, CTEIAIIA’ACA TPACKTOPHUS —
OHAa Kacaercs IMOBEpXHOCTH 3emud. [{ns pacué€ra BpPEMEHM figper
npuMeHuTe 3akoH Keriepa k HOBOM U cTapoil opoOuTe Tea.

AN

pakeTta \\

B — T T~
P /73 ™~
B
1% v ~_A JT}/
O O \\M_ﬁ__#__////
v, /

/

Puc. 4.1 Puc. 4.2

4.10. C kakoil HaMMEHBIIEH CKOPOCTHIO V( JOJKHA CTApTOBAaTh
pakeTa ¢ KOCMHUYECKOM CTaHIIMM 3€MJIM, HaXOJAIIeHcs Ha opOuTe
panuycoM 7, = 6700xm, uToObI mpoussectu 00n€r JlyHsl (puc. 4.2,

cxemaTudecknii). CKOJBKO BPEMEHU o OYJET IIUTHCS TOJET K
JIlyne u obparno? Ilonarath, 4TO0 OpOUTHI KOCMUYECKOW CTAHIIMU U
JIyHBI 7n€XaT B OJHOM IUIOCKOCTH, a IIOJET PAKEThl IPOUCXOIUT
naccuBHoO. BnusaueM Tsarorenust JIyHBI Ha JIBMIKCHHE PaKeThl B €€
OKPECTHOCTH TipeHeOpeub. JJis mpoCTOThI CYUTATh, YTO OOJET JIyHBI
COBEPIIIACTCSI HA MAJIOM PACCTOSIHUU 1O CPABHEHUIO C PAIUYCOM Fy €€

op6uTtkl. [lanHbie 0 ABMAKEHUU JIyHBI BOKPYT 3eMJIM B3SITh U3 3aJa4u

4.4,

3/2

1+

OtsBer: v, =V, L—l . /1 )
1+mn, 2
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e 17y =7, /1y, V. = R\g3 /1. — opburansnas ckopocTs crannmuu, R —

paauyc 3eMiM, g3z— YCKOpPEHHE CBOOOJHOrO TMaJeHUs Ha €€
MTOBEPXHOCTH.

VYkazanusa. Kak BuHO 110 puc. 4.2, HAMMEHBIIEW CKOPOCTH V() OT-
BEUACT CTapT PaKEeThl B HANPABJICHUU JBW)KCHUS CTAHIIMU MO OpOUTE.
[IpyuMeHuTe K AaHHOMY CIIy4alO 3aKOHbl COXPAHEHUS JHEPIUU H
MOMEHTa HMITyJIbCa [IJIsl Mepures M amores TPACKTOPUH PaKEThI.
BripasuTe OTHOIIEHHUE BEJTUYHH e U Ty IO 3akoHY Keriepa.

4.11. Tlepuon oOpamienuss kometbl ['amnes Bokpyr CosHia
cocraBisieT I =76 nem. PaccTossHME MeXAy HHUMH B IIE€PUTEIUU

1, =0.587a.e., rae a. e. Tak Ha3bIBaeMasi aCTPOHOMMYECKAS €IUHUIIA
IUIMHBI, paBHAsI CPEAHEMY PAINyCy 3€MHOU OpOUTHI 73 =150 manxm.

KakoBo paccrosHue r, koMeTbl 10 ConHua B adeianu, BHIpaXKEHHOE B
a. e., u e€ ckopoctb v, TaM? Ilepuon oOpaiieHuss 3eMiIu BOKpPYT
Connua 13 =1200.

Otser: r, =2r;| — | -1,
I
rae M- — macca ComHia.
VYkazanus. [Ipumenure Tperun 3akoH Kermepa k JBUXKEHHIO
3emau 1 komeTbl BOKpYr CosHia. Mcrnonap3yiTe 3aKOHbI COXpAHEHUS
DHEPTUU U MOMEHTA UMITYJIbCA.

TTom A

Puc. 4.3 Puc. 4.4

4.12. Dmmunc BeryepunBaeTca nepoMm C, HATATUBAOIIAM HUTKY
JUTMHOM 2@, KOHIIbI KOTOPOW 3aKkperuieHsl B Toukax F, F', Ha3pIBaeMbIX
dbokycamu (puc. 4.3). Paccrosinie Mexay HUMH 2f U JIMHA HUTKY, T. €.
OOJBIIION OCH 3JUIMICA, OJHO3HAYHO OIPEACNISIIOT €ro pa3Mepbl U
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dbopMy. DJUIMIIC TOJHOCTBIO  OMPENENIeTCS TakXKe 3aJaHueM
CIEIYIONIUX IapaMeTpoB: JUIMH a OOJIbIION W b MaJlol MOJIyocCeil;
HAaUMEHBIIIETO 7| W HauOOoJbBINEro 7, paccrosamii mepa C 10
BbIOpaHHOTO (hokyca F; mapamerpa p u akclieHTpucureTa e. Beipasure
BCJIMUMHBI;

a) ry, r, 4epes a, b;

0) p, e uepes ry, y;

B) p, e uepes a, b.

OrBer:a) n=a—-f,r,=a+f;

2nr, rh—h

0) p=——",e= ;
n+r n+r

B)prz/a,er/a,

rne f =+a’—b* — paccrosiane or ¢okycos F, F' no mentpa
samnurca O.

4.13. Kocmudeckoe Teno B IBHKETCs MO ITUNTHYSCKON OpoOuTe
Bokpyr Comnnia, Haxosmierocst B e€ gokyce F, ¢ HauMeHbIIUM 7| U
HanOOJIBIITUM 7, PACCTOSTHUSAMH /10 Hero (puc. 4.4). Halinure ckopocTu
Vi U v, IPOXOXKJeHUs Tena uepe3 nepurenuit P u adenuit A. Kakos
painyC KpUBU3HBI R, TPACKTOPUM TEJIA B ATUX TOUKAX?

Otser: v, =«/cp/r1 , Vo :4/cp/7f2 , R.=p,
tne ¢c=yM., p=2rr,/(r,+1,), Mc—wmacca ConHra.

Ykazanue. Paqnyc KpuBU3HBI R ONPEACIUTE MO YCKOPEHUIO W,
cooOI11aeMomMy Teny B Toukax P u A.

4.14. ITpubnmxkaromasica k Conniy O koMmera Obuta 0OHapy>KeHa
CO CKOPOCTBIO V() B TOUKE B, HaXOIMBIIIEHCS OT HEFO HA PACCTOSIHUU 7
(puc. 4.5). Ilpu >ToM yroi Mexay BEKTOpaMH Fy U V, PaBHSICS .
Cuurtasi TPACKTOPUIO KOMEThI DJUIUNTHYECKOW OpOUTOM, HaAUIUTE
HauMeHblllee » W HauOousplee r, paccTosiHUs KoMeTsl A0 CoiHua,
Maccy Mc kotoporo mnojarainte usBecTHou. Ilog kakum yriaoMm ¢ K
paguyc-BeKTOpYy Fy OyJeT pacmojiaratbCsi OOJblas OCh 3JuIuIca?
KakoBo ycioBue 3JUIMOTUYHOCTHA OPOUTHI?

n[li\/l—n(2—n)sin2(a)} rae n = [V
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(_ = arccos P~To , @, =71—@_, N<2,
er,

[T

rae 3Hakd “—" U “+” cooTBeTCTBYIOT 0Tpe3kam OP u OA 6oiblioii ocH.

VYkazanus. [l OTBICKaHWS BEJIUYUH 7 U 7, TOCTATOYHO 3aKOHOB
COXpaHEHUS SHEPrUU U MOMEHTa UMITyJibca. X ciienyer npuMeHnuTh K
HayaJbHOMY B M MCKOMBIM MOJIOKEHHSM KOMETHI, YUYUTHIBAS, YTO B
nepurenuu P u agenuu A BEKTOPHI ¥ U v B3aUMHO NEPIEHIUKYJISIPHBI.
Jlns oThICKaHUS yria ¢ HEOOXOAMMO HCIOJIb30BaTh YpaBHEHUE
TpaekTopuu (@), 3amucaB ero Jjsi Touku B ¢ mapamerpamu p, e,
BBIP@KCHHBIMU 4Y€PE3 HavajabHBIE NAHHBIE Fo, Vo, o. [lomaras ¢, =0,

MBI TIPOBOJMM HOJISIpHYIO 0Ccb OO’ cucTEMBI KOOPJIUHAT YEPE3 TOUKY
P wmu A COOTBETCTBEHHO 3HaKam ““+7 WM “—’ B ypaBHCHUU

TPaeKTOPUHU.
B 2 PN
(£
177 VO [ S B
Puc. 4.5 Puc. 4.6

4.15. Kocmuueckoe teno B asuxkercs k Connny O uzganeka co
CKOPOCTBIO V( U TIPULICJIBHBIM MapaMeTpoM [ — Tak Ha3bIBACTCS IJICHO
BEKTOpa CKOPOCTH Vv, OTHOocuTelbHO IeHTpa CoaHna (puc. 4.6).
CuuTtas TpaeKTOpUIO Tejla THUNEpOOSoN, HaWIUTe HaWMEHbIIIEe
PACCTOSTHHE 7y, TeNa 10 COJHIIA U CKOPOCTh Vi, B iepurenuu P. Ilox
KaKUM YTJIOM 0 K HamlpaBJCHUIO MEPBOHAYAIBLHOIO JBHXKCHUS TEJO
yHAET B OECKOHEUHOE TPOCTPAHCTBO?

Otser: 7, =Nd* +1* —d, v, =vyJ1+2d/r. |
a = —2arccos(l/e), e= \/1+12/d2 ,

rne d =yM./ vg, M — macca ConHua.

VYkazanusa. Crneayer npoBecTd U3 Touku O JIydd NapajieabHO

ACHUMIITOTaM TPACKTOPUU W HANTH, COTJIACHO yKa3zaHUsIM 3aaauu 4.14,
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YTOJI @ MEXKIY KaXIbIM U3 HUX U NOJsApHOU ocbto OO’, mpoBeIEHHOM
yepes nepurenuit P. Yron a onpenensercs no popmyne o =2¢p—r, a
SKCIEHTPUCUTET € BBIPAXKAETCS M0 HAYAJbHBIM JIAHHBIM Vy, /.

Manéspul Ha op6ume

4.16. Beruncnure paanyc r, KpyroBoil OpOUTHI, TaK Ha3bIBAEMOTO
CTallMOHAPHOTO CIyTHUKA 3€MJIM, KOTOPBI OCTaeTCsS HEMOJIBUKHBIM
OTHOCUTEIBHO €€ TIOBEPXHOCTH B HKBATOPUAIBHOW IUIOCKOCTH.
Onpenenure €ro CKOpOCTh V. B HHEPUUAIBHOW CHCTEME OTCYETA,
KOTOpasi ABUKETCA MOCTYNATEIbHO CO CKOPOCTHIO LIEHTPa 3EMIIH.

RTY 27,
i)
27 T

rae T — nepuoj oOpaiiieHus: 3eMJIu BOKPYT cBoeit ocu, R — e€ paauyc,
g3 — YCKOpEHHE CBOOOJHOTO MaJeHUs Ha €€ IOBEPXHOCTH.

Cp =3
OtBer: 7, = 3| g3

9

4.17. CnyTHUK JBUXETCS B SKBATOPUAIBHOM IUIOCKOCTH 3€MIIU
0 KPYroBoWl OpOUTE, MOSBISASICH HAJ HEKOTOPHIM MNYHKTOM Ha
sKkBaTope uepe3 Kaxnaple 7 =10y. Bpluucaure paauyc OpOUTHI
CIlyTHHKa r, B CJly4ae €ro IBWKEHHUS C 3alaja Ha BOCTOK U r_ IpHU
JNBW)KCHUU B MPOTUBOIOJIOXKHOM HampasieHuu. Paauyc 3emnn R,
nepuoj 1’ e€ oOpalieHus: BOKpYr CBOEH OCH U YCKOPEHUE CBOOOIHOTO
NaJICHUS g3 Ha €€ MOBEPXHOCTH M0JIaraTb U3BECTHBIMH.

RTr |
22(T +7)

3ameuanue. [lone3HO pemmnTh 3amady Kak B HHEPUHAIBHOU
CUCTEME OTCYETA C HEMOJABMKHBIM LIEHTPOM 3€MJIM, TaK U B 3€MHOU
(Bpalaromencs) CucTeMe OTCuéTa, yUuThIBasi CUIbl HHEPIIMH.

OtBeT: 1. = 3| g5

4.18. UckyccTBeHHbIN CITyTHUK JIyHBI Maccou m, BBIBEJCHHBIN Ha
KpYroByl0 opOWTYy, OyJeT MOCTEIeHHO CHIKAThCA Oyiarojaps cia-
OOMYy CONpPOTUBIICHHUIO CO CTOPOHBI KOCMHMYECKOW mbutu. Haiaure
npupaiierue Ar paauyca » OpoOUThI CIIyTHHUKA 3a OJUH 000POT BOKPYT

JlyHbl, ecnu cuina CONpOTUBIIEHUA F. 3aBUCUT OT €r0 CKOPOCTH V IO

2

dopmyie F, = cv®, rae ¢ — nocrosiHHas. KakoBo BpeMs t,, JBUKCHUS
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CIyTHHUKA 70 €ro TaJieHHs Ha IMOBEPXHOCTh JIyHBI, €Ciau IepBOHa-
yajbHas OpOUTa UMesia pajanyc ry?

4 e m 7
OtBeT: A = ———p?, { =— " D1y,

m ™ c\/gﬂiR R
rae R — panuyc JIyHbl, g5 — yCKOpeHHE CBOOOJHOTO MajJeHUs Ha €€
ITOBEPXHOCTH.

Vkazanus. Beipasute yckopeHue CBOOOJHOTO MAJCHUS g H
MOTCHIUAIIBHYIO YHEPrUIO CIyTHUKA U HA MPOU3BOJILHOM PACCTOSHUU
r ot ueHrpa JlyHsl yepe3 yckopeHue giy Ha €€ moBepxHocTu. [Ipume-
HUTE K CIIyTHUKY 3aKOH M3MEHEHU MOJHOU sHepruu E B nuddepen-
muanbHoil popme dE =—F,vdt. IlpeacraBuB BenuuuHsl £ U v B

3aBUCUMOCTH OT pajuyca OpOUTHI 7, IPUMEHUTE 3TO YpaBHCHHUE CHa-
yaja K OJHOMY 00OOpOTY CITyTHHUKA, a 3aTeM, pPa3JeiInuB NIEPEeMEHHbIE 7
U ¢, IPOUHTETPUPYUTE ero Ha BpeMeHHOM uHTepBaie (0, t;.,).

4.19. HaxoauBmuiicsa Ha KpyroBoil OpOUTE paguycoM ¥y UCKYCCT-
BEHHBI CHOYTHUK 3€MJIM II0CJIE€ KPATKOBPEMEHHOIO BKIIFOUEHUS
PEAKTUBHOTO JBUTATEN MOJYYHJ OpUpalleHue ckopoctu Av. Xapak-
TepH3ysl yJaleHHE CIlyTHUKA OT 3eMIIM BEIUYUHON 77 = 1, /1, HaliauTe

e 3HaUCHHE #; U CKOPOCTh V| B aroree HOBOW OpOUTHI, €CJIU BEKTOP
Av TIoJTy4eHHOU CITyTHUKOM CKOPOCTH OBbLIT HalpaBJICH:

a) panaibHO OT LEHTpa 3eMJIU;

0) Mo IBMKEHUIO CITyTHHKA Ha OpOUTE.

Otser: a) 77, =1—Av/v,, v, =1vy;

22
6) 1= — 0 -
(vy +Av)

e v, = R\/g,/r, — nepoHayanbHas opOUTAIbHAs CKOPOCTh, R — pa-

1, vy=n,(,+Av),

ouyc 3eMild, g3 — YCKOpPEHUE CBOOOJHOIrO MaJCHUs Ha €€ MOBEpX-
HOCTH.

VYka3zanus. [IpyuMeHuTE 3aKOHBI COXpPAHEHUS YHEPTMA U MOMEHTA
UMIyJbCa. YUYTHUTE, 4YTO B aroree y CHOyTHUKAa OCTa€TCsA JHUIIb

asuMyTaJibHasA KOMIIOHCHTA CKOPOCTHU V(p .
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4.20. Jling nepeBoia UCKYCCTBEHHOIO CITYTHUKA 3E€MIIA C KPYTO-
BOW OpOUTHI paguycoM 7, = 6700xu B 3KBaTOPHAIBbHOH IUIOCKOCTH HA

CTallMOHAPHYIO OPOUTY, pauyc KOTOPOil 7, onpenenéH B 3agaue 4.16,
PEaKTUBHBIM JBUTATENb JBAXKJbI BKIIOYAJICS HA KpPaTKOE BpeM.
CHaudana OH cOOOLIMI CIIyTHUKY HEKOTOPYHO CKOPOCTh Av, KOTOpas
Obl1a HaIpaBJieHa:

a) paJMa’gbHO OT LIEHTpa 3eMJIH;

0) Mo IBUKEHUIO CITyTHHKA Ha OpOUTeE.
A 3areM, B TOYKE HaWOOJBIIETO YyAAJCHHS OT 3eMJid, KOoTopas
nomnajaga Ha CTallMOHAPHYI0 OpPOUTY, MPU MOBTOPHOM BKIIFOYEHUU
JIBUTATENIb YBEJIUYWI CKOPOCTh CIIyTHUKA Ha BenuuuHy Av,. Haiinurte
ckopoctu Av m Av; B yKa3aHHBIX cllydasx. Kakoul W3 BapuaHTOB
a) wiu 0) 00Jee SKOHOMUYHBIN ?

Otget: a) Av=(~1-7,)v,, Ay, Z(l_ﬁ)"&
2 1|y, Av=|1- |2
1+7, 1+7,

IJIe Vo U V,— CKOPOCTH CIyTHHKA Ha MEPBOHAYAILHON U CTAIIMOHAP-
HOM opowure, 77, =7, /7. .

0) Av =

c?

VYkazanus. Ucnonw3yiite oTBeT 3agauv 4.19. DKOHOMHYHOCTH
nepeBoja CHYTHUKA Ha CTAalMOHApHYI0 OpOUTY ONpENesuTe II0
KPUTEPUIO MUHUMYMa CyMMBI Av + Avy.

4.21. Jlna cnycka Ha JIyHy KOoCMUYeCKHWI KOpaOjb, HaXOJHB-
uicsl BO3Jie HeE Ha KPYroBOW OpOHUTE pPaaMyCcoM Fj, OTCTPEIHII
anmnapar co ckopoctbto Av. [Ipy kKakoM HaUMEHbIIIEM 3HAYEHUU AV,
CKOPOCTHM OTCTpeJia BO3MOXHA IIOCajJKa anmnaparta Ha JyHHOU
MTOBEPXHOCTH, €CJIH €€ BEKTOP HAITPABJICH:

a) paauanbHO K HeHTpy JIyHbI;

0) MPOTUBOIOJIOKHO ABMKEHUIO KOpaodsisi mo opouTte?

Pamnyc Jlynel R W ycKOpeHHe CBOOOAHOTO MajcHUA gj Ha e€
MOBEPXHOCTHU CUUTANTE U3BECTHBIMU.
Otsert: a) Av_ . =(H —1)v,;

0) Av . =|1- 2

VO D)
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rne H=7,/R, v,=R\g, /7.

VYkazanusa. Omnpeaenure OpOUTAIBHYIO CKOPOCTh KOpalis V.
[IpuMeHnuTe 3aKOHBI COXpPAHEHMS] PHEPrUU M MOMEHTA HUMIIYyJIbca K
HAYaJIbHOMY M KOHEYHOMY TIOJIOKCHHSIM ammapara. Y4THTe, 4YTO MpHU
HAaWMEHBIIICH CKOPOCTH OTCTpesia Av CITyCKaeMBbIi amnmapaT JOCTUTHET
MOBEepXHOCTH JIyHBI MO cTemnsiencs (B MECTE TTOCATKN) TPACKTOPHUH.

4.22. B ycunoBusix 3amaun 4.21 ycCTaHOBUTE CBSA3b MEXKIY
BEJIMYMHON AV CKOPOCTH OTCTpENia B cly4asx a) 1 0) mpu Av> Ay, . H

MECTOM IMOCAJIKM CIIyCKAaeMOTro ammapara. ITO MECTO ONpeaelseTcs
YIJIOM MOBOPOTa (@ paJiMyC-BEKTOpa r ammapara 3a BpeMs CIyCcKa B

I/IHCpHI/IaJII:HOfI CUCTCMC OTCUCTA C HCIIOABUIKHBIM LICHTPOM HYHBI.

H-1
OtBeT: a) @ = r_ arccos( );
2 o

H-1
0) ¢ = —arccos| ———H |,
0(2-9)
rne H=1y/R, 5 =Av/vy.
Vkazanus. [Ipumenute ypaBHEHUE TpaeKTOpuu r( @), B3SATOE CO

3HAKOM ‘“+”, K TOYKaM OTCTpEJa U MOCAJIKU allapaTa Ha TOBEPXHOCTh
Jlynsl. ITonyuure oO1yro Gopmyay Ajisi KCKOMOTO yrIiia

- - R
@ = arccos P=h0 arccos(p )
er, eR

Y BBIPAKCHUS IS IaPaMETPOB TPACKTOPHH B YKA3aHHBIX CIydJasiX:
a) p=r1y,e=0;

6) p=ry(1-5), e=5(2-9).

4.23. baJuIMCTAYECKUN CHApSJ BBIMYUIEH C MOBEPXHOCTH JIyHBI

CO CKOPOCTBIO V, <./g;R TOX YIrIOM @ K TOPHU30HTY, IIE gj—

YCKOpEHHE CBOOOJHOrO TajeHuss Ha ToBepxHOCTU JIyHBl, R — €&
panuyc. I[IpeneOperas BpamienueM JIyHbl, HAalAUTE TaJIbHOCTH IOJIETa
CHapsia, ONPENECIAEMYI0 YIJIOM ITOBOPOTA (¢ €r0 PaJnyC-BEKTOpa F.

74



Kakoit yron a, oOecrneunBaeT HaWOOJBIIYIO IaJbHOCTH IOJIETa
CHapsiJia, ¥ KakoBa €€ BeJIMYuHa @ ,?

OtBeT: ¢ = 2arccos 1= feos (@) , THe 3= N
\/l—ﬁ(2—ﬁ)cosz(a) goR
cos(a,,) = #, @, =2arccos 2—“1_'8 ,
2-p —p

VYkazanus. [IpumenuTe ypaBHEeHUE TpaeKTOpuu r( @), B3SATOE CO

(Y3

3HaKOM “—”, K TOYKaM BBINTyCKa W TMAaJICHUs CHAps/Ia Ha MOBEPXHOCTHU
Jlynsl. [Tomyuute oOuire GopMyibl il KICKOMOTO yIJia

@ =2p,, cos(¢,)=(R—p)/(eR)

Y BBIPAYKECHUS JUIs1 TAPAMETPOB TPAEKTOPUH

p=pBReos* (@), e=\1-ap, a=Q2-p)/R,
rae mnapametp S <1 omnpeneneH Bbillie. MUHUMUZUPYSI BEITUYUHY

cos(¢,) mo mapamerpy p, ero 3HaueHue p, =2/a—R, COOTBETCT-
BYIOIIIEE YTIIY O, HAUJIUTE U3 YPABHEHUS

d(cos((oo))/dp =0.

5. IMHAMUKA TBEPZOI'O TEJIA

e MoMeHT nHepiuu tena:; J = jrzdm :

® YpaBHeHHe BpamiaTCJIbHOIroO ABHKCHUSL TBEPpAOIo TCjla C

3aKPEIUIEHHOW OChIO Z:
JB, =M

A

rae M, — pe3ynbTUPYIOLIMK MOMEHT ITPUIJIOKEHHBIX CHJL.
® YpaBHEHHE IBU>KEHUS LeHTpa Macc C TBEpAOro Tena:

me:F,

rae F — pe3yapTupyrouas BHEMIHUX CUJI, M — Macca Tena.
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® Tcopema IllTteitHepa s MOMEHTA HWHEPIMHU TEJIAa OTHOCHU-
TEJILHO OCH, CMELIEHHOW HA pacCTOSTHUE a OT ero neHrpa macc C:

J=Jc +ma’.

e KuHeTnueckass DdHEprus TBEPAOrO Tela MNOpPU  IUIOCKOM
JIBUKCHUU:

1 > 1 5
K=—Jco™ +—-—mv:.
27 ¢ 2 ¢

® YpaBHEHUE MPELECCUU TUPOCKOTIA:
QL]= M.

3adayu ¢ Yucmusim epaujeHuem

5.1. [IlyTémM nHTErpUpOBaHUs HAWMAUTE MOMEHTHI UHEPLIUU:

a) TOHKOTO OJIHOPOJHOTO CTEpPXKHS C Maccol m W JJIMHON [
OTHOCHUTEJILHO OCH, MPOXOASAIIEH Yepe3 €ro KOHEL NEePIEHIUKYISIPHO
CTEPIKHIO;

0) OTHOPOJIHOTO JUCKA C MAaCCOM m U pauycoM R OTHOCHUTEIIHHO
OCH CUMMETPUU MEPIECHANKYJISIPHON IIOCKOCTHU JUCKA;

B) TOHKOTO OJHOPOJHOTO C(EpPUYECKOro CJIOSI C Maccou m H
paanycoM R OTHOCUTEIBLHO OCH, MPOXOISIIEH YEpPE3 €ro LEHTP;

I') OJJTHOPOJHOTO IIapa ¢ Maccoll m U paanycoM R OTHOCUTEIHLHO
OCH, IIPOXOMSAIIEN YEPES €TO LIEHTP;

1) TJACTHUHBI ¢ MAacCOM m W JWAroHaJIbI0 d OTHOCHUTEIHLHO OCH,
MPOXOIAIIEH Yepes €€ yrodl NEPIEHAUKYIISPHO TUIACTUHE.

Otgert: a) J = m12/3;

6) J =mR>/2;
B) J =2mR2/3;
r) J =2mR?/5;
) J:md2/3.

5.2. bnok Ha puc. 5.1, npencTtaBisONUiA COO00M OTHOPOIHBIN
JIMCK Maccoll m ¢ paauycoM R, HaUMHAET BpallaThCs MO BIUSHUEM
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HEOOJIBIIIOTO TeJIa MAacCOM M, KOTOPOE IMOJIBEIICHO Ha JIETKON HUTH,
HaMOTaHHOW Ha OJiok. IIpeHeOperas TpeHHEM B €ro OCH, HalguTe
YCKOpEHUEe Tena w U cuiy F, NeUCTBYIOUIYIO0 Ha MOJBECKY OJioKa, B
nporiecce ABWKEHUS MPeAoCcTaBlIieHHOW ce0e cuctembl. Kakoin Oyner
yIJIoBasi CKOPOCTb « OJIOKa, €Cld Tejlo, HaxOJuBIIEECsS BHayale
MIOYTH Ha YPOBHE €TI0 OCH, OIMYCTUTCS C BBICOTHI /1 >> R ?

Oteer: w=2ng, F=(n+1)mg, a)=%«/77 h,

re 7 =m;/(m+2m,).
VYkazanue. [lomuMo ypaBHEeHUI JIBUKEHUS Tea U 0J10Ka, UCIOJIb-
3yMTE 3aKOH COXPAHEHHUS MMOJIHOM SHEPTUU CUCTEMBI.

5.3. Uepes 0510k Ha puc. 5.2, UMEIOLIMI BUJI OJHOPOJHOIO JUCKA
Maccol m ¢ paguycoMm R, nepeOpolieHa J€rkas HHUTb, K KOHLAM
KOTOpOH NpUBS3aHbl T€Ia pa3HOU MaccCel m, < m,. Haliaure ux ycko-

pEHHE W, €CJIM NPU JBUKEHUU CUCTEMbI HUTh HE OYJET CKOJIB3UTh IO
0JIOKY, a TpEHUE B €ro ocu oTcyTcTBYeT. [lomyunTte ycioBrue HECKOIb-

KEHUs U3 HepaBeHCTBa 1) / I < ek”, rae 1, T, — HaTSHKCHUS HUTHU 110
pa3Hble CTOPOHBI 0JI0KA, k — €€ KOA(PPULIHUEHT TpEeHHUs.

(my, —m)g ir . My(m+4my)
[m1+m2+m/2]’ m,(m+4m,)

OtBeT: W=

7rIrIiring

ny

Puc. 5.1 Puc. 5.2

5.4. B ycnoBusx 3agauun 5.3 pacCMOTPUTE JBUAKECHUE CUCTEMBI Ha
puc. 5.2 NpU CKOJILKEHUH HUTHU IO OJIOKY ¢ KOA(PPUIITMEHTOM TPEHHUS
k. icknrouast TpeHUE B €r0 OCH, HAWJIWUTE JTUHEHMHOE YCKOPEHHE W Tel
C MaccaMM m; WU m; W YrioBoe yckopeHue Onoka f. Ilomyuurte
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YCJIOBHE CKOJIBKEHHUSI W3 HepaBeHcTBa w > BR. CpaBHuTE €ro c

YCIIOBUEM HECKOJIBKEHUS B OTBETE 3a7a4u J.3.
(my —m€)g 4m1m2g(5 1) < (m+4m,)

OTtBeT: W= , ,
my +m& m(m2 +m )R’ my(m+4m,)

e & =e”*

VYkazanue. Mcnons3ynte oTBET 3a1aum 2.21.

5.5. B ycranoBke Ha pucC. 5.3 U3BECTHBI MAcChl T€JI m; U My,
COCIMHEHHBIX JIETKOM HUTHIO, paJIuyc R W Macca m CIUIOIIHOIO
onHOpoHOTO Aucka. KoadpuimeHt TpeHust Mexy T€JI0M MacCcou m
U TOPU3OHTAJIBHBIM CTOJIOM paBeH k. Haiiaure yrioBoe yckopeHue
IUCKa f M CKOpPOCTh V Tella MacColl m, TMOCJE €ro OMYCKaHWUsS C
BBICOTBI /. CKOJIb)K€HHE HHUTH TIO JIUCKY M TPEHHE B €ro OcCHu
OTCYTCTBYIOT.

OtBet: B = (my = km)g

9
(m; +m, + m/2)R
3ameuanue. OTBET MOKHO MONYYUTh M3 YPaBHEHHU JBHKCHUSI

TCJI MW JAHUCKA, a TAdKXKE C IIOMOIIBIO 3daKOHA H3MCHCHMU MOJIHOM
9HCPIrun CUCTCMBI.

2 BRh

5.6. Ha Omox ¢ momeHTOM wuHepuuu J U paadycoMm R Obll
HAMOTaH TOHKUM IMIHYp JJIMHOM [ ¢ maccodt m. Halinure yrioByto
CKOPOCTb (v, BBIBEJEHHOTO U3 PaBHOBECHS OJIOKA IMOCJE COCKaJb3bl-
BAHUA C HEro mHypa. [Ipu Kakou IvHE X, CBEIIMBAIOLICHCA YAaCTH
IITHypa ero HaTshKeHue I B MeCTe OTxoja OT OJioka OyaeT HamOOJIb-

2
muM, eciu J < mR“? Kakum Oynet ero 3HaueHue 7, B 3TOT MOMEHT
BpeMeHu? TpeHueM B ocH 0JIOKa U CMEIIEHHEM OT He€ LIEHTpa Macc
HaAMOTaHHOW YacCTH IIHypa MpeHeOpeyb.

gl 1 1 B J
=, X, ==nl, T,=—nmg, tne n=1+—.
nR 2 4 mR

Yka3anue. V3 ypaBHEHUN ABUKECHUS HAUIUTE YIIIOBYIO CKOPOCTH
0JIOKa @ W HaTsLKeHUE mHypa T B yKa3aHHOM MECTE€ B 3aBUCHUMOCTH

OT AJIMHBI X €T0 CBCMHBafomeﬁCH qacTu.

OtBer: @, =
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N

Puc. 5.3 Puc. 54

5.7. OnHOPOAHBIN LWIMHIADP PpaAUyCoOM R, BpallaBIIMHCI CO
CKOPOCTBIO ®) BOKPYT CBOE€M T'OPU3OHTAIIBHO OPUEHTUPOBAHHOW OCH,
MOMECTHJIM B YroJd MeEXIy JByMs IUIOCKOCTsMU (puc. 5.4).
Koadduuuent tpenus nuivHApa o CTEHKH yria paBeH k. Haitgute
BpEMSsI ABUKEHUS ¢ U YUCIIO 000pOTOB N IMIIMH/IPA 10 €r0 OCTAHOBKHU.

(1+k*)o,R v @t
2k(1+k)g v
Ykazanue. Hapsay ¢ ypaBHEHMEM pPaBHOBECHUS LIEHTPA MacCC

HWIMHPA UCHOJIb3YHTE YpaBHEHHE BpaIlaTeIbHOIO ABMKEHUS (MU
3aKOH U3MEHEHUS SHEPTUN).

OtBeT: t =

5.8. OMHOPOAHBIN HUCK paANycOM R pacKpyTWIA AO YTIJIOBOM
CKOPOCTH @, BOKPYI' €ro BEPTHUKAJIbHO OPHUEHTHPOBAHHOW OCH H
ammMsl OMyCTHJIM Ha TOPU3OHTAJIBHYIO TUIOCKOCTh. CKOJIBKO Bpe-
MEHM ¢ OyJeT BpallaTrhCs IUCK, €CIM KOADPHUIMEHT €ro TPEeHHsS O
IJIOCKOCTh OyJnieT paBeH k? JlaBiieHHE JAuCKa Ha IJIOCKOCTh CUUTATH

PaBHOMEPHBIM.
3ayR

4kg
VYkazanue. CHavyaJila HaANTE MOMEHT CUJIbI TPEHUSI, PUIIOKEH-
HbI K MQJIOMY 3JIEMEHTY IWCKA, OTPAaHUYEHHOMY JABYMS OKPY>KHO-
CTMM C paauycaMu r, r+dr M JIByMs paJvaibHbBIMU TPSMBIMHU C
yrioM d¢ Mexay HUMH. [IoJHBIH MOMEHT CHJI TPEHHS TMOJIY4YUTe

OtBeT: t = , TJe g — YCKOpeHHue CBOOOHOTO MaACHUS.

HHTCTPHUPOBAHUCM 110 IICPCMCHHBLIM 7" 1 (.
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KaueHue Kpye/blX meia

5.9. OnHOopoAHBIM 1Iap CKaThIBaeTcsi 0€3 CKOJBXKEHUS II0
HAKJIOHHOM IUIOCKOCTH, COCTABJISIFOIIEH YIOJ o C TOPU3OHTOM.
Haiinute yckopenue we nentpa mapa C u BenuuuHy KodddunneHTa
TpeHus k, TPy KOTOPOM CKOJIbKEHUE HE OyJIET MPOUCXOUTb.

OtBeT: Wy = %g sin(), k> %tg(a).

5.10. OgHopoaHBIM 1IAp BKATWICS HA BBICOTY /i 1O HAKJIOHHOM
IUIOCKOCTH, COCTaBJSAIOIIENM yroax o C TOpu30oHTOM. Hangure
HaYaJIbHYIO0 CKOPOCTb V, IIEHTpa IIapa U BpeMs f ero noabéma, eciu
CKOJIb)KEHUSI HE MPOUCX0oauiI0. KakoMy yCIIOBHIO IOJXKEH YJIOBJIET-
BOPSATH JUIs 3TOr0 KO3 (UITMEHT TpeHUs k 11apa o MI0CKOCTh?

[ 1 14h
OtserT: v, = M, f=— , k> %tg(a).
7 sin() | 5S¢ 7

5.11. OgHOpOAHBIM HUWIMHAP MACCOM M KATUTCA MO TOPHU30H-
TAUIBHOW TJIOCKOCTH MOJ JACHWCTBUEM MOCTOSIHHOM TOPU30HTAIBHOU
cuiibl F, ¢ KOTOpOM TSHYT NEPHEHIUKYJIIPHO OCH LWIMHIpA
HAMOTAaHHYIO Ha Hero HuTh (puc. 5.5). Haitgute yckopeHune wg ocu
HWIMHIPA B OTCYTCTBUE €r0 CKOJBXEHMUS IO IUIOCKOCTH. [Ipn Kakou
BEJIMYMHE CWIbl [ HA4YHETCS CKOJBXEHHUE I[UIMHIApPA, €CJIU €ro
KO?(PUIIMEHT TPEeHUS PaBeH k?

Otser: W, =4F/(3m), F >3kmg.

5.12. OnHOPOAHBIN IUIUHAP MACCOM m KATUTCS MO TOPU30H-
TAIBHOW TNIOCKOCTHU MO JEUCTBUEM MOCTOSIHHON BEPTUKAIBHOU CHUJIbI
F, ¢ xoTopoil TSHYT BBEpX HAaMOTaHHYKO Ha HEro HUThH (puc. 5.6).
Hannnre yckopenrue wo OCU HUJIUHAPA B OTCYTCTBUE €I0 CKOJIbKEHUS
10 TIOCKOCTU. [Ipy Kakou BeIUYUHE CHUIIbI /7 HAYHETCS CKOJIbKECHUE

HUJIUHIPA, €CIId er0 KO3 (PUITMEHT TpeHuUs: paBeH k?

Otser: w, :i—’:, inm—fk.
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Puc. 5.5 Puc. 5.6

5.13. OnHOPOAHBIN HMJIMHAP C MAacCOM m KATUTCSA MO TOPU30H-
TalbHBIM OpychsiM BB’ mon aeiicTBHEM MOCTOSHHOM BEPTHKAJIBHOM
cuiibl F, C KOTOpOW TSHYT BHU3 HAMOTAaHHYK) Ha HETO HHUTb,
MPOXOIAIIYIO 4Yepe3 3a30p Mexay Opyceksmm (puc. 5.7). Haiimute
YCKOPEHUE W OCH UWIMHJIPA B OTCYTCTBHUE €r0 CKOJBXEHHS IO
opychbsiM. [lpu kakoil BeIuYnMHE CHIbI F' HAYHETCSl CKOJIbKEHUE, eCIv
KO3 PUIMEHT TpeHUs HWINHAPA O OPYChs paBeH k?

OtBeT: W, :i—F, FZ%, ecin k <2/3,
m J—

HU TIPH Kakoii F, ecim k > 2/3.

5.14. Ha rmagkoil TOPU3OHTAIBHOM IUIOCKOCTH JIeKala JOCKa
MAacCOM mj, a Ha HEW OJHOPOJHBIA map ¢ Maccon m. K mocke mpu-
JIOXKWJIN TIOCTOSSHHYIO TOPU3OHTANIBHYIO cuiy F. Haigure yckopeHus
JIOCKHM W M LIEHTPA 11apa Wc B OTCYTCTBUE CKOJIbKEHUS MEXKIY HUMH.
[Ipyu xakol BeaMUYKMHE CUIbl F HA4YHETCA CKOJIbKEHUE, €CIU
Kod(pUITMEHT TpeHHUs 11apa 1o J0CKe paBeH k?

Otser: W, =L, We = gwl, FZkg(zm1 +m].
my +2m/7T 7 2
m
O, 0\ F
m
' ' 2 | |
B’ X7 X7
B o
Puc. 5.7 Puc. 5.8
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5.15. Ilo nerkomoaBw:KHOW IIaTGOpME MAcCOM m; JBHUXKETCS
CIUIOIIHOM UWIMHJIPUYECKAM KATOK C MACCOM m TMOJ JCUCTBUEM
TOPU3OHTAIBHOM cuiibl F, mipuioxkeHHo k ero ocu O (puc. 5.8).
Haiinute yckopenusi miaat@opmbl w; U OCH KaTKa Wy B OTCYTCTBHUE
CKOJIBXKCHUSI MEXIy HUMH. [Ipyr Kakon BenuM4YmHE CUibl I HaYHETCSA
CKOJIb)KEHHE, eCii KOd(DPUIIMEHT TPpeHUs KaTKa Ha MiaTgopme paBeH
k? Tpenuem mnat@opmsbl O peabCHl TPEHEOPEYb.

F 2
OtBeT: W, = ——— wo = wy| 14220 |, F>kmg| 3+
: 3m; +m © : m m,

5.16. boibiioe mosiioe KoJaeco ¢ Maccoll m KaTUTCS MO TOPU3OH-
TaJIbHOM TIOCKOCTH 0€3 CKOJIbKEHMS. BHYTpu Hero OeXuT cobauka
MacCou m, TaK, 4TO PaJUyC Kojeca, IMIPOBEACHHBIN K HEU, BCE BpeMs
COCTaBJISIET YroOJl 0 C BepTUKainbto. Haunure yckopeHue wg OcCu
KoJieca M MOIIHOCTh P, pa3BMBaecMyl0 COOQYKOW B 3aBUCUMOCTHU OT
BpeMeHH f. CKONBKO BPEMEHHU fype; CMOXET OexaTb co0auka B
33JIaHHOM  TIOJIO)KEHUM BHYTPU KoOJIeCca, €ClIM €€ MOUIHOCTh
OrpaHuyYeHa 3HauyeHueM Py,.,? Ilomaratb, 4TO IBMIKEHUE CHCTEMBI
HA4yaJuoCh U3 COCTOSIHUS MOKOSI.

S1In( o
g ( ) , P nmCWZt : tnpeﬂ Hpellz ,
n— COS(Ot) HIHCWO

OtBer: wy =
rue 17=2m/mg +1.

Yka3zanus. [Insg npocToTel cYMTaMTEe, YTO BCA Macca Kojeca 3a-
KJIFOUEHA B €ro 000/1e Ha paccTosHuU R oT ocu koiseca. [IpeneOperas
pasMepaMu CcOOauK{d T0 CPAaBHEHHUIO C BEJIUYMHOW R, 3aIUIINTE
BEKTOPHOE ypaBHEHHE €€ IBMXKCHHS M ypaBHEHHE BpaIlaTEIbHOTO
JIBWKECHUSI KOJIECA OTHOCUTEJIBHO MIHOBEHHOM OCH, JICXKAIlEW Ha

mwiockoctu. [pumenure Gpopmyny P =dK/dt, rne K — kuHeTHUecKas
SHEPIUsl CUCTEMBI.

5.17. B ycnoBusix 3amaum 5.16 HalauTe TaHTCHIUAIBHYIO [ U1
HOpMaJIbHYO N CUJIbl, C KOTOPbIMU co0Oayka JEHCTBYET Ha KOJIECO.
[Ipu xakux 3Ha4YeHUsAX yria o U Koddduimenta TpeHuss codbauku k.
OHa €mE CMOXET YICpPKUBATbCA HA BHYTPEHHEHW IIOBEPXHOCTHU
KoJjeca?
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Orser: F = m g TSM@  y_, meos(a)-1
n —cos(a)

cos(a) > l, k, > 7sin(a) ,
n ncos(a) —1

n—cos(a)

rae n=2m/mg +1.

5.18. PaccMmotpuTe KadeHHs Kojieca ¢ COOAauyKoi, JaHHOTO B 3a-
nade 5.16, B cioydae €ro CKOJBKEHHS MO IIOCKOCTH ¢ Kod(huIu-
€HTOM TpeHus k. Haiiaure TaHreHuuanibHyro I U HOpMalibHYI0O N
CUJIbI, C KOTOpbIMH coOOauka JAEHUCTBYeT Ha Kojeco. [Ipu kakmx
3HAUCHUSAX yria a u Koddduiumenta TpeHus cobOauku k. oHa emié
CMOKET YJIEP>KUBAThCS HA BHYTPEHHEW MOBEPXHOCTH KoJieca?

Otser: F =m,g[sin(@) +kcos(a)], N=m.g[cos(a)-ksin(a)],

@ <L s @k
k 1-ktg(a)
VYkazanue. IIpeneOperas paszmepamMu cOOQYKH IO CPABHEHHUIO C
paauycoM Kosieca R, 3aUIINTE BEKTOPHbBIC YPABHEHUSI JBUXKCHUS JJISI
He€ M IIEHTpa Macc KoJieca, yUYUThIBask €ro CKOIbKEHHUE M0 MIOCKOCTH.

5.19. B ycnoBusax 3amaum 5.18 HalguTe YCKOPEHHE Wy OCH
Kojieca U ero yrioBoe yckopenue f. Ilpu kakom kosdduimeHte
TPEHUsI kK BO3HUKAET CKOJBKEHHS Kojeca Mo IIOocKocTH? CuuTarh,
YTO BCSl Macca KoJieca 3aKIIF0ueHa B €ro 000/1e paanycom R.

OtBet: W, =kg, [ = %{m’[sin(a) +kcos(ar)|— k(1 +m")},
m'sin()
1+ m'sin?(a/2)

Vkazanus. 3anuiinTe YpaBHEHHE BpaIaTCIbHOIO JIBIDKCHUS
KoJIeca OTHOCHTEIbHO €ro ocu. [lojaras, 4ro JBMIKEHHUE CHCTEMBI

HAYaJI0Ch M3 COCTOSHUS TIOKOS, TOJIYYUTE YCJIOBHE CKOJBXEHUS B
BUJIC HEPABEHCTBA W, < SR.

2k <

, Tne m'=m_/m.

5.20. B ycnoBuax 3amauu 5.18 HaWauTe B 3aBUCUMOCTH OT
BPEMEHM [ TIOJHYIO MOHIHOCTb Ppopy COOAYKM M MOIIHOCTH Py,
3aTpayMBaEcMyIO Ha TPEOJIOJICHHUE CUJT TPCHUS.
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Otser: P =mpB*R*t +(m+ m,)wo SRt ,

TI0JTH

P, =(m+m )wo(FR—wp)t,
7€ YCKOPEHUSI W M [ TaHbl B OTBETE 3a7auu 5.19.

VYkazanus. [loqHYI0 U MOJE3HYIO MOIIHOCTh COOQUYKH BBIPA3UTE
o hopMyam

P . =F,

IIOJIH

=dK/dt,

PHOJ'IGB

rae ' — cuna cobauyky, MPUIOKEHHAas K KOJecy, V' — UX OTHOCHU-
TEJIbHAsI CKOPOCTh, K — KNHETUYECKasA YHEPIUsl CUCTEMbI. MOIIHOCTS,
pacxolyeMyr0 Ha IIPEOJOJIEHUE CHJI TPEHHUs, OIPEIEIUTE Kak
F,=h P

MOoJIH ~ * moses*

5.21. OgHOPOAHBINM UUIIMHIAP C MACCOU M U PaguyCcoM R mpuBein
BO BpAIllEHHUE C YIJIOBOW CKOPOCTBIO () BOKPYT €ro FOpHU30HTAIBHO
OpPUEHTUPOBAHHOM OCH, a 3aTe€M ONYCTWIM Ha TOPU3OHTAIBHYIO
MJIOCKOCTh € KOA(DPUIMEHTOM TpEeHUs k W TPEAOCTaBWIM CaAMOMY
cebe. Haiimute BpeMst ¢ v myTh S, NPOWJCHHBIM LUJIUHAPOM JO
OKOHYaHUS CKoJIb>keHUs1. Kakoil OyJieT mocie 3Toro yriioBasi CKOpocCTh
LIWIMHIPA @ U padoTa A,p, COBEPUIEHHAS CUIION TPEHU?

OTBeT: ¢ = @R , §= k—gtz, 1) :&, 4, = —E(a)OR)Z.

3kg 2 3 6

5.22. bunbsApAHBIA IMIap ¢ Maccod m W paauycoM R mocie
LHEHTPAJIBHOTO yJapa KHUEM MPUOOpeNl MOCTYNATEeIbHYI0 CKOPOCTh V.
Cuuras U3BECTHBIM KO3(Q(PUIMEHT TpeHUs k 1mapa 0 CyKHO, HAaWuTe
BpeMs ¢ U MyTh S, MPOMUJECHHBIN 1IApOM 10 OKOHYAHMS CKOJIbKCHHUSI.
Kakoii Oyzer mocie 3Toro CKOpoCTb Ve LEHTpa mapa U padbora A,

CUJIBI TPECHUS?
2 2
OTBeT:t:ﬁ, =12V0 , chsﬂ’ . =—m.
Tkg 49kg 7 P 7
3ameuanus. Bennuuny A4, MOXKHO HaWTH 4epe3 IyTh, KOTOPBIA
IIPOXOAUT OTHOCUTEIBHO CTOJa TPYIIAsicsi O CYKHO IIOBEPXHOCTH
mapa. OH onpenensercs 1o CKOpOCTH TOYKHM KacaHus mapa. OmHako

IMpoHIC UCII0JIBb30BATh AJIA 3TOI'O 3aKOH U3MCHCHUA OHCPIUH.
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5.23. Haligutre mnocTymaTeiabHYHO Vo U YIJIOBYK @y CKOPOCTH
OWJIBSIPJIHOTO IIapa ¢ MacCol m W paguycoM R, MpuOOpETEHHBIE UM
cpa3y Moclie TOPU30HTAIBLHOIO yAapa KMEM Ha BBICOTE /1 HaJ IEHTPOM
mapa C. Yaap HaHOCUTCS B BEPTUKAIBHOM IIOCKOCTH, TTPOXOSAIIECH
uepe3 Touky C. [loyarats, 4To cuia TpeHHS Iapa O CYKHO F, Majia
110 CPAaBHEHUIO C CWJIOW yjaapa F, IelCTBOBABIIEW B TEUEHUU Majoro
npomMexxyTka BpemeHu Af. Ilpu kakoi BBICOTE /4 TOCIEAYOIIEE
KaueHue Iapa OyaeT npoucxoauTth 0e3 ckonbxkenus? (Takou ymap
Ha3bIBAE€TCSI HOPMAJIbHBIM. )

Otser: v, =w, O =%, h = %R.

2R 5

VYkazanus. [IpumeHnuTe 3aKOHBI U3BMEHEHUS UMITYJIbCA U MOMEHTA

uMmnynbca. [lomyuure BeIpakeHUE 11l CKOPOCTH HUXKHEW TOYKH I1apa

cpa3zy mociie yaapa.

5.24. B ycnoBusx 3amaun 5.23 pacCMOTPUTE CIIydall BBICOKOTO
ynapa: h>2R/5. Haiigute ycKOpeHHe we [IEHTpPa [Iapa U €ro yIiioBOe

YCKOPEHUE £, BbI3BAHHBIE TPEHHUEM IlIapa O CYKHO mnociie yaapa. [lo
MPOIIIECTBUU KAKOTO BPEMEHH ¢ MPEeKpaTUuTcs cKoibxkeHue? C kakoi
CKOPOCTBIO V¢ OyIEeT KaTUThCS MOCIIE ATOro map?

5 2
OtBer: W, = kg, ﬁz—&, t = Yo (h——Rj,
2R TkgR 5

—Sﬁ 1+£
7 R

Ve =
5.25. B ycnoBusax 3amaunm 5.23 pacCMOTPUTE Cilydaildl HU3KOIO
yaapa: —R <h<2R/5. Haiinure yckopeHue wc LEHTpa 1Iapa W €ro

YIJIOBOE YCKOpPEHHME f, BbI3BAHHBIE TPEHUEM IlIapa O CYKHO MOCIe
yaapa. [1o npomrecTBrum Kakoro BpEMEHH f MPEKPATUTCS CKOIbXKEHUE?
C Kakoil CKOPOCThIO V¢ OYJET KaTUThCA Mociie 3Toro map? Bo3aMoxHO
JIM BO3BPATHOE JIBUKEHHUE 1Iapa?

5 2
OtBer: W, =—kg, ﬁ:%, t:7kv0R(§R—hj,
g

5 h
VCZ% 1+E
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5.26. OnHOPOIHBIN TWJIUHAP C MACCOU M U paAuyCcoM R KaTHUTCS
0€3 CKOJILKEHHUSI CO CKOPOCTHIO Vj MO TOPHU3OHTAIBHOW TUIOCKOCTH,
nepexoAsaIield IojJi YyrjioM o B HaKJIOHHYIO IIOCKOCTh (puc. 5.9).
Halinnte 3aBUCHMMOCTH CWIIBI JIaBjieHUWss N Ha ycTyn A OT yrjia
MOBOPOTAa @ HAa HEM uwimHApa. [lpm KakoW CKOpOCTH VvV, OCH

LWJIMH]IPA €T0 CKa4Ka HA YCTYIIE HE TPOU30MIET?
OtBet: N = mgk(p) — mvg /R , Vo SAJRgk(a),
rae k(e) = (7 cos(p) — 4) / 3 — BcrioMoraresbHasi (PyHKITHSI.
VYka3zanus. Bo3pmuTe ypaBHEHHE ABWKEHHUS LIEHTPA MacC LH-

JUHIpPA Ha yCTyNe A B MPOEKIMHU Ha paauaibHoe HanpasieHue. CKo-
POCTB LIEHTPA MACC ONPEIEIINTE U3 3aKOHA COXPAHEHUS DHEPTUU.

.

;

A

Z, m

;

;

4

Z

7 o

7 7

Puc. 5.9 Puc. 5.10

PaeHoeecue, nadeHue uau onpoKkudsieaHue me

5.27. Jlerkas, HO TIpoYHAasi JECTHUIIA JJIMHON /, MPUCTABIICHHAS K
cTeHe, oopazyet yroua a ¢ noyoM (puc. 5.10). Koaddumments! Tperus
JISCTHUITHI C TIOJIOM W CTEHOM COOTBETCTBEHHO paBHBI ki W k,. Ha
KaKO€ PacCTOSIHUE S BBEPX MO JICCTHUIE MOXKET MOJHSATHCS YEIIOBEK
pEeXe, YeEM OHA 3aCKOJIb3UT? [Ipu KaKOM 3HAYEHHH yTila o OH MOYKET
JIOCTHYb €€ BEPXHEro KOHIa?
lky (ky + tg(@)) 1

, tg(a)>—.
1+ kk, ky

Yka3zanue. g mpocTOThl NMPEACTABBTE YEIOBEKA MAaTEPUATIbHOM
TOYKOU ¢ Maccor m. Maccoll J€CTHUIIBI MOKHO MpEeHEOPEYb.

OtBeT: § =
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5.28. Ilog kKakuM MUHUMAJIbHBIM YTJIOM K IOJY O, OKOJIO BEp-
TUKAJIBHOW CTEHBI MOKET OBITh YCTAHOBJICHA JIECTHHUIIA, IIEHTP Macc
KoTopoi JexuT nocepeaune? KosduimeHTsl TpeHHs! JECTHUIIBI C
IIOJIOM M CTEHOM COOTBETCTBEHHO PaBHHI k| U k.

1—
Ortser: tg(amin)z%, ecin kk, <1. Ecmm kk, =21, 10

1
JIECTHUIIA HE OYAET CKOJIb3UTh MPHU JIFOOOM YTJIE O.

VYkazanue. [{ns ynoOcTBa BBEUTE Maccy m U JJIMHY [ JECTHUIIBI.

5.29. Jlocka camokata (ero OCHOBaHHUE, C POJIMKAMHU Ha KOHIIaX) C
Maccoll m, JIVMHON [ U MOCTOSIHHBIM MOINEPEUYHBIM CEUCHUEM ObLIa
MOCTaBJI€Ha BEPTUKAIbHO Yy cTeHbl (puc. 5.11). Ot HebombIIoro
TOJIYKA OHA Hayajla Che3kKaThb TAKUM OOpa3oM, 4TO €€ oceBas JIMHUS
BCE BpPEMs JIBUTAJIACH B BEPTUKAIBHOU INIOCKOCTH MEPIIEHAUKYIIAPHOU
mwmHTycy O. IlomyunTe 3aBUCMMOCTH YTJIOBOM CKOPOCTH @ H
YCKOPEHHUS f TOCKU OT yria ¢ €€ OTKJIOHEHHUs OT cTeHbl. [Ipu kakom

3HQYEHUHU () OTOr0 yrila BEPXHUW POJUK OTOPBETCS OT CTEHBI?

Kakyio TOpHU3OHTaIbHYIO CKOPOCTh Vcx OYZIET MMETh TMOCHE 3TOro
ueHtp nocku C? Pazmepamu ponmkoB, ©X MacCOoll U TPEHHUEM B OCSIX
npeHeOpeyb.

OTBeT: = \/37g (1-cos(p)), B= i—‘?sin(go) )

@, = arccos(2/3), ve, = \/Q /3,

VYkazanusa. OOpa3oBaHHbIA CTEHOW W MoJjioM TpsiMoi yroi xOy
BIIUCHIBACTCS B TIOJIYOKPYKHOCTE paanycoM //2 ¢ uentpom B Touke C

pU JIFOOOM TMOJIO)KEHUHU JIOCKH J0 €€ OTpbiBa OT CTeHbI. [loaTOoMmMy
LIEHTP JOCKH CHayajia OyJeT JIBUraThCs MO Jyre OKPYKHOCTH TOT'O Ke
panuyca ¢ ueHTpoM B Touke O, a yrioBasi CKOpOCTh 3TOTO JIBUKCHUS
OyJleT COBIIaJIaTh CO CKOPOCTHIO BPAIICHMS JOCKH » BOKPYT TOUKHU
C. Orcroga nerko BbIPpa3uTh HOPMAJbHOE W, W TAaHTCHIMAIBHOE W;
yckopeHus: Touku C depe3 BenuuuHbl @ W . s ompeneneHus
MOCJIEHUX MPOIIE BCETO MPUMEHUTh 3aKOH COXPAHEHMSI SHEPrUU U
KHHEMAaTUYECKYI0 CBSI3KY S =wdw/dp. Jlanee u3 ypaBHEHU

JBUKCHUSI IIEHTPA MacC JOCKH, B34ATOTO B MPOCKIHU HA TOPHU30H-
TallbHYI0 0Ch OX, MOKHO HAWTH HOPMAJIbHYIO PEAKIIUIO CTEHBI
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N, = mgsin(p)3cos(p) 2]

H OIIPCACIIUTDL YI'OJI OTPhIBA @ .

5.30. IMoanuieHHBIH Yy OCHOBaHUSI BEPTUKAJIBHBIA CTOJIO Maccou
m C JJIMHOW [ majaer, 3aleNuBIIMCh HIKHUM KOHIIOM 3a MEHEK.
[IpeneOperasi CONPOTUBIICHUEM CIIEIIKH, HAMAUTE YIJIOBYIO CKOPOCTb
® W YCKOpPEHHE ff cTO0a B 3aBUCUMOCTH OT yria 6 ero OTKIOHEHHUS OT
BepTukany. Onpefenure roOpu3OHTaNbHYI0 Fy U BEPTUKAIbHYIO Fy
CUJIy, JICUCTBYIOIIYI0O Ha TIEHEK CO CTOPOHBI CTOJI0Aa B €ro
TOPU30HTAJIBHOM ITOJIOKEHUU 10 yAapa O 3€MJI0.

OTBeT: W = \/375” (1-cos(9)), B= 32—‘§sin(9),

F, =3mg/2, F, =mg/4.

VYka3zanus. [IpumeHUTE 3aKOH COXPAHEHHSI SHEPTUU U YPABHEHUE
MOMEHTOB. [IpoBepbT€  BBINOJIHEHWE KUHEMATHYECKOW  CBS3U
S =wdw/dd. Ucnonb3yiiTe TeopeMy O ABMKEHUHU LIEHTpa Macc.

5.31. BepTukajbHO CTOSIBIIMH IIECT C Maccol m W JJUHOMN [
najaeT Ha TJaJKyl0 TOPU3OHTAJIBbHYIO IUIOCKOCTh. IIpeneOperas
TPEHHUEM, HAUJIUTE YTJIOBYIO CKOPOCTh IIECTa @, B KOHIIE MaJCHUS U
UMIYJIBC Py, TEPEJABAEMBIN TIJIOCKOCTH HPU aOCOJIIOTHO HEYIPYTOM
yaape o0 Heé miecTa.

OtBeT: o, = 3Tg, Dk =%1/3gl.

5.32. BepTukalbHO CTOSIBIIMM IIECT MACCOM m U JUIMHOM [/ TTajaeT
Ha TOPU30HTAJIBHYIO TIJIOCKOCTh CO 3HAYUTEIbHBIM TPEHHEM 00 HEE.
Hcnonb3yst oTBeT 3agauu 5.30, mojiyduTe B 3aBUCUMOCTH OT yriia 6
OTKJIOHEHHS IIECTa OT BEPTHKAIU CHIIy TpeHUs F,, ¥ HOPMalbHYIO
peakuuo N CcO CTOPOHBI IUIOCKOCTHM HAa HHM)KHEM KOHIIE IIecTa IMpH
OTCYTCTBUHU €r0 CKOJIbKECHHSI. BBIICHUTE YCIOBHUS CKOJIbXKCHUS
mecra?

Otser: F,, = %mg sin(6)(3cos(6)—2), N = %mg[l —3cos(9)],
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rae cuina [, Oepercs IOJNIOKUTEIBHOM Ipu €€ HanpaBICHUM B
CTOPOHY IAJICHUS LIECTA.

Vka3anus. Beipazute HOpMallbHOE W, W TAaHTCHIMAJIBHOE W,
YCKOpPEHUs LIEHTpa IlecTa yepe3 BeIW4YuHbl @ U f. Crnpoeuupyirte
ypaBHEHUE JIBUXKCHHUS IIEHTpa MacC Ha TOPU3OHTAIBHYI0 W
BEPTUKAIIBHYIO OCH.

3ameuanue. Ilonesno mnpoananuszupoBath B mnakere MathCad
rpapukn QyHkumii Fip(6), N(0), a Takke nx oTHOWEHUs F / N . Onu

MOKa3bIBAIOT, YTO CWia F,, MeHseT 3HaK B Touke 6, =arccos(2/3),

max(FTp/N) =0.3705795, a min(FTp/N) =—00 W JOCTHIaeTCsl OH B

Touke 6, =arccos(1/3). W3 3TOro ciemyer, 4To CKOJIBKEHHUE IIECTa

Ha3aJl (IMPOTUBOIIOI0KHO HaNpPaBJICHUIO MaJICHUs) OyJeT UCKIIYEHO,
eciu k>0.3705795. A ckonpxeHne BHEpEN (B CTOPOHY MAICHUS
1IecTa) MPOU30UIET 003aTEIbHO B MHTEPBAJIE YIUIOB 6, < 0 < 0,.

|

7

Puc. 5.11 Puc. 5.12

5.33. K Bepxnemy pebOpy B mpsiMoyroiapHOro mnapauienenuneaa
Maccoil m, CTOSIBIIErO0 Ha IIEPOXOBATOM CTOJIE, MPWJIOKHIH MOCTO-
SHHYI0O TOPU3OHTAJIBHYIO CWIy F mapamienbHO OOKOBOW TpaHHU C
pazMepamu a u b (puc. 5.12). Haitqure 3HaueHue cuibl F, HAUKMHAs C
KOTOPOTO MapaAJICTENUIE] CTAHET MOBOPAYNBATHCS BOKPYT HUIKHETO
pedpa A, eciu ero CKOJIbKEHHE MO CTOJly He OyAeT MPOUCXOIAUTH?
[Ipy KakoM HaWMEHBIIEM 3HAYEHUM CWIIbl F, OH MOXET OINpPOKHU-
HyThCcsA? Kakyro yrioByo CKOpOCTb @ OyAeT UMETh Mapalijieaenume]
B MOMEHT OINPOKUbIBaHUA, ecia [ > F,?
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mga, F:mg(d—b)’ o= 6a(F—F2),

Otset: F| = >
2b 2a md

rne d =\a* +b* .

VYka3zanus. llpuMmennre ypaBHEHME MOMEHTOB M 3aKOH COXpa-
HeHus SHepruun. Mcnonb3yiTe oTBET 3a1aun S5.17).

5.34. B BepxHuM Kpail mnapaienenunena u3 3agaud S5.33
NONAJaeT TOPU3OHTANBHO JereBmias Imyisd. [lpu kakoMm wumiymnbsce
NyJIu po NapajuiesienuIe]l onpokuHercs? Kakol umiynbe sz pu

3TOM ynaape OyAeT mnepeAaH CToJly B MNEPHEHAUKYISIPHOM €My
HanpasieHuu? [lonarate, 4To Macca MyJiM MNPEHEOPEKUMO Mana, a
TPEHUE O CTOJI JOCTATOYHO BEJIUKO, YTOOBI HE OBLIO CKOJIBKEHUS.

OTseT: p, Z%Jng(d -b), p; :me ; +M,

rae J=md2/3, d=Aa*+b*, w, = pyb/J.

Vkaszanus. [Ipomecc TNPOHMKHOBEHMS TyJdd B  MaTepual
KPAaTKOBPEMEHHBIA. 3a €ro BpeMs NapajuIeJICNUIE]T HE YCIEBaeT
MMOBEPHYTHCS HA 3HAYUTEIBHBIN yTOJ, I MOMEHT UMIYJIbCA CUCTEMBI
coxpansercsa. OTcClola MOXHO HaWTH NPHOOPETEHHYIO Mapa’ie-
JenuneaoM (HadaiabHYI0) YIJIOBYIO CKOPOCTh . Korma xe maparie-
JEnuIie]l TOBOPAYUBAETCA HA CBOEM peOpe, TO COXPAHSIETCS MOJIHAs
sHeprus. M3 3TOro MOXHO HaWTH YIVIOBYKH CKOPOCTh @) IIpHU
JOCTH>KEHUM IIEHTPOM MacC MNapajulesIClune/la HAauBBICIICH TOYKH

Tpaekropuu. B ciydae ompokuabsiBaHus @, > 0. HMiynasc pzl,

IIEpENABAEMBIN CTOJly B MOMEHT YJapa, ONPEAENsSeTCs 10 KOHEYHOU
CKOPOCTH MapAJIIETEIUANENA ;.

IIpeyeccus

5.35. ToHkHi1 OAHOPOJHBINA CTEP)KEHb C JJIMHOW [ U Maccou m,
BEpXHUM KOHEI[ KOTOPOTrO YKpemieH B mapHupe O, paBHOMEPHO
BpaIllaeTCsl BOKPYT BEPTUKAIBLHON OCH, OTKJIOHUBIIKCH OT HEE HA YroJ
6 (puc. 5.13). Haiigute yTIOBYIO CKOPOCTh CTEpPXHI @ U
TOPU3OHTAIBHYIO CUITY [, IEMCTBYIOIIYIO HA HETO B IIAPHUPE.
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3—g’ F =§mg tg(6).
2l cos(0) 4

VYkazanne. PaccmoTrpure yCIIOBUA paBHOBECUS CTEPKHS B
CUCTEME OTCYETA, KOTOpas BPAlIa€TCsl BMECTE C HUM CO CKOPOCTBIO O.
Pe3ynbpTupyIolyt0 LEHTPOOSKHBIX CHJ, JACHCTBYIOIIUX HA MaJibie
DJIEMEHTBl CTEpPXKHSA, W PE3YJbTUPYKOLIMM MOMEHT 3THUX CHII
OTHOCUTENBHO mapHupa O HaUUTE HHTETPUPOBAHUEM.

OtBeT: © =

5.36. Pemmute 3amauy 5.35 B mabopaTopHOW (MHEPLHMAIBHOMN)
CUCTEME OTCU€Ta, paccMarpuBas MPELECCUI0 BEKTOpa MOMEHTA
UMIyJIbCa CTEPKHS L OTHOCUTENBHO TOYKH O, MPOUCXOIAIIYIO IO/
JIICUCTBUEM MOMEHTA CHIIBI TSKEeCTH M OTHOCUTEIBHO TOHU K€ TOUKH.

5.37. Boidok ¢ Maccoi m 1 MOMEHTOM MHEPLHH J OTHOCHTEIIBHO
CBOEH OCH CUMMETPHUHU OBICTPO BPAIIA€TCS BOKPYT HEE CO CKOPOCTHIO
. Kakoit Oynmer yrimoBas ckopocTh ) TIpelecCHH BOJYKA IO
JNEHUCTBUEM CHJIBI TSIKECTH, €CJIM €r0 OCh HAKJIOHEHA Moj yriioM 6 K
BEPTUKAIM, & PACCTOSTHUE MEXKAY LIEHTPOM MAacC U TOYKOW OIOPBI
paBHoO [? HaiiauTe Takke TOpu30HTAIBHYIO CUITy peakiuu F, melcTBy-
IOIIYEO HA BOJTYOK B 3TOM TOUKE.

mgl

Otser: Q=—2", F =mQ*Isin(9).
Jw

5.38. MaxoBUK C MOMEHTOM HHEpPUHHU J BpaIIAeTCA C YIJIOBOU
CKOPOCTBIO (@ BOKPYI CBOEHM OCH CUMMETPUH, YKPEIUJIEHHOU
FOPU30HTAJIbHO B TOJIIAMHUKAX MOJACTaBKU. PaccrosiHue Mexnay
nogmunaukaMu  paBHo [ IloAcTaBKy MOBOpAauMBAIOT  BOKPYT
BEPTUKAJIBLHOW OCH C YIJIOBOM CKOpOCThIO 2. HailguTe BeIuunHy U
HanpaBJICHUE BEPTUKAIBHBIX CHJI /' JaBJIEHUS OCU Ha TMOJIIUMHUKHY.
HyxxeH nM MOMEHT BHEIIHUX CWJI JJII PaBHOMEPHOTO BpalICHUS
MMOJICTaBKU?

Otser: F = JwQ/I.

5.39. Jluck maccoit m ¢ paguycoM R KaTUTCsl 0€3 CKOJIBbXKEHUS C
YIJIOBOM CKOPOCTBKO @ TI0 TOPHU3OHTAIBHOW IUIOCKOCTH, HWMES
MOCTOSIHHBIM yrojl HakjioHa € K BepTukaiu. Haiiaute paanyc
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OKPY>KHOCTH ¥, ONUCHIBAEMOM LEHTPOM JWCKa MPU €ro JBHKECHUHU,
rmojiarasi BBINIOJTHEHHBIM YCJIOBHE 7» >> R, a TaKXKe €ro YriOBYIO
CKOpPOCTh ) ¥ TOPU3OHTAIBHYIO CHIIy F, NEWCTBYIOIIYIO HAa JUCK CO
CTOPOHBI INIOCKOCTU B TOUKE KacaHusl. KakoMy orpaHHYeHUIO TOJKEH
YAOBJIETBOPATH B JAHHOM Cily4ae yroia 6?
3w’ R? o_2e-1e0) . _2mg-tg®)

- - 9

9

2g-tg(0)’ 3wR 3
tg(6) << »°R/g.
Vka3zanus. IlOCKONbKY KpHBH3HA OINMUCBIBAEMOUW OKPYKHOCTH

Majla, TO JJIsI JMHEWHOM CKOpOCTH LeHTpa aucka C crnpaBeIvBO
paBeHCTBO V. = @wR. OTcrona cienyer, 4To o >> Q. Y4uThIBas 3TO,

OtBeT: ¥ =

PacCCMOTPUTE MPELECCUI0 BEKTOpa MOMEHTa wumIiyiabca L nucka
BOKPYTI' BEPTUKAIU. VCONB3yHUTE TEOPEMY O IBUIKEHUHU LIEHTPA MacC
Y YPaBHEHUE MOMEHTOB, B3TBIX OTHOCUTEIBHO TOUYKH C.

,ZIUHGMUKG cucmem

5.40. OgHOPOAHBIM TIAAKUM CTEP)KEHb Maccod m ¢ JJIMHON [
CBOOOJHO BpalllaJiCs C YTJIOBOM CKOPOCTBIO ) B TOPHU3OHTAILHOM
IJIOCKOCTH BOKPYT HEMOJABHXXKHOW BEPTUKAIBLHOU ocu O, mpoXoasIeH
yepes ero koHel. OT 3TOro KOHIA MO CTEPKHI0 HAYMHAECT CKOJIb3UTh
HeOonbinas mydrta maccord m;. IlpeneOperas tpenuem B ocu O,
HaWJIUTE MPOJOIBHYIO CKOPOCTh MY(THI V' Ha MPOTHBOMOJIOKHOM
KOHIIC CTEpPXHS W Yrojl ¢, TOJ KOTOPhIM OHA CJETHUT C HEro B
J1a00paTOPHOM CHUCTEME OTCUETA.

Otset: V' = wyl/ctg(a), ctg(a)=+/1+3m;/m.
Ykazanve. YUYTUTE U3MEHCHHUE MOMEHTAa HWHEPLUUU CHUCTEMBI U

YIJIOBOM CKOPOCTH CTEP)KHS ( COTJIACHO 3aKOHY COXpaHEHUs
MOMEHTAa HMITYJIbCA.

5.41. Ha crepxenb u3 3agaun 5.40 B COCTOSSHUM TIOKOS OblLjia
HajJieTa My(Ta Maccou m,, coeaquHeHHas ¢ ocklo O HEeBecOMOM Mpy-
KUHKOM >KECTKOCTBbIO y M JUIMHOM [y, Te [y </. JlomoJHUTENbHO K

Npy>XUHKE My(PTy OpUBS3aid K 3TOH OCH HEPACTSHKUMON HUTHIO TOM
xe nnusbl ). [locne packpyuuBaHus CTEPKHS /10 YIJIOBOM CKOPOCTH
o HUTh TIEPEXKIJIH, MPEAOCTaBUB CHUCTeMy camoil cebe. Haiimure
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KBaJpaT MpPOAOJIBHOW CKOpocTH My(QTHl V' B 3aBUCUMOCTU OT
pacTskeHUs NPYKUHKU 5. CKOPOCTb ) HE CIUIIKOM BEJIHMKA, TAK 4TO
BBINOIHSETCS YCIOBUE § <[ —1,.

2

2 2
2
o JyysQly+s)  xs e JO:m3l emi2.

Otser: V' =
J,+ms2l,+s) m
VYkazanue. [IpuMeHnuTe 3aKOHBI COXpAaHEHHS] MOMEHTa UMITYJIbCa
Y TIOJIHOM SHEPTHM CUCTEMBI TEJ JUISl UX HAa4aJdbHOTO W IPOU3BOJIb-
HOTO TOJIOKEHUM B JTAOOPAaTOPHOM CUCTEME OTCUETA.
3ameuanue. BennuuHa s,,,, HAMOOJIBIIETO PACTSHKEHUS Py KUHKH

SIBJISICTCS KOPHEM KyOMYeCKOro YpaBHCHHS, CICAYIOIIETO U3 yYCIOBHS
!
v =0.

5.42. KoHIly majo4yku ¢ Maccod m W JUIMHOM [, JIeXaBIIeH Ha
IJIAIKOM  CToje, ObUT COOOMIEH TEPHNEeHAMKYISIPHO €€ ocH
TOPU3OHTAIBHBIM UMITyJIbC p. HaliiuTe nproOpeTEéHHYH Malo4yKon
YIJIOBYKO CKOpPOCTh @ W KHHETHMYECKYH »Hepruro K? Ha kakom
paccTosiHUM 7 OT HeHTpa naoyku C OyAeT HaXOIWThCS MTHOBEHHAS
ock O eé€ BpateHus?

OtBer: w =6p/ml, K :2p2/m, r=1/6.
VYka3zanue. [IpumeHnTe 3aKOHbBI COXPAHEHUS] UMITYJIbCA U MOMEH-

Ta UMITYJIbCA, B3SITOI0 OTHOCUTEILHO MI'HOBEHHOW OCH BpAaIllCHUS WUJIH
OTHOCUTEJIBHO OCH, MPOXOSIIEH YEPE3 LIEHTP Macc.

5.43. O1HOPOAHBIN IIECT C MaccoM m W JJIMHOW [ TOABEIICH
CBOMM BE€pXHHMM KOHIIOM B mmapHupe O. HwxHuil KoHeln miecra
OpOoOHMBAET FOPU3OHTAIBHO JIETEBIIAS MYJII MAaccoll my << m, HOCIE

4Yero OH OTKJIOHSIETCS Ha yroa 6. BpeMs mposiéra myJid CKBO3b LIECT —
At, a e€ ckopocTh Ha BbUIETE — V,. Halimure mnepBOHAYAIBHYIO
CKOpPOCTb ITyJIM V; U TOPU3OHTAIBHYIO CUJIy PEaKUHUH [’ CO CTOPOHBI
mapHupa. OTKIOHEHMEM ILIECTa 3a BpEMs MPOJETA ITyJIU CKBO3b HETO
U TPEHUEM B LIAPHUPE MPEHEOPEUb.

m [|2gl . m |gl .
OTBeT: V| R V) +—,|—— sm(67/2), F=— g—s1n(«9/2).
m \ 3 At \ 6
3ameuanus. Bo Bpems mponéra myju CKBO3b IIECT COXPAHSAETCS
MOMEHT HUMIIyJbCa CHCTEMBbI L oTHOcuTenbHO Toukn O, a mocie
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HEro — moJyiHasi 3Heprusi cucrembl E. Cuina peakiuu [ B IapHHpE
ONPENECIACTCA MO NPUPALICHUIO UMITYJIbCA AP CUCTEMBL.

5.44. Paccmotpute 3amady 5.43 B NOPEAINONOXKECHUH, YTO Iy
MOMAJAET B IIECT HA PACCTOAHUUA X OT €ro BEPXHEro KOHIA U
3actpeBaeT TaM. [lonaras, 4To OHa JeTena ¢ U3BECTHOM CKOPOCTHIO Vy,
HalauTe uMmyibc AP, mpuoOperaemsbiii 1mectoM B mmapHupe. [lpu
KaKOM 3HAYEHHU X MIAPHUP HE UCTIBITAET yaapa?

OtBet: AP~ mlvl(?;—);—lj, X z%l.

O
/

/
/ / ’
/
/ / m
[ / '

/ VA
L—— J
S~

Puc. 5.13 Puc. 5.14

5.45. OgHOPOHBIN CTEPKEHb C MACCOM M U JJIMHOM [ TTOABEIICH
CBOMM BEpPXHHUM KOHIIOM B IIapHUPE U MOXKET CBOOOJHO IMOBOpa-
YHBaThCS B HEM. B HIOKHUN KOHEI CTEP>KHA MOMNaIaeT TOPU30HTAIBHO
JETEBLINN IIApUK C Maccou my < m/ 3, KOTOpPBI OTCKAKHMBAET Ha3a/l.

[locne dero crepkeHb OTKJIOHsETCS Ha yron 6. Halinute ckopocThb
Hiapyka vy o U v, oclie yaapa, nojarasi €ro a0CoJOTHO YIIPYTUM.

Otser: v, = (m/my +3) f(0), v, =(m/m,—3)f(6),
rae f(0)=+/gl/6sin(6/2) — BcriomoraresnbHas GyHKIHSL.

5.46. OqHOPOMHBIM CTEpPKEHb C MacCoh m, W JUIMHON [,
MOJIBEIIEH IIAPHUPHO 32 CBOUW BepxXxHUHU KOHEI B Touke O. K Toit ke
TOYKE HAa HUTU JAJMHON [ </, ObUI MOJBEIIEH IapuK Maccoil m (puc.
5.14). llapuk OTKJIOHWJIM HA yTroJl o U oTimyctuinu. Haliqure yriossie
CKOPOCTH CTEpXKHS ., W IIAPUKA @, Cpa3y MOCIE COYyIapCHUS,
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rnonarast €ro abCoMOTHO ynpyrum. IIpu KakoM OTHOIEHUH JutuH /],

HIapUK IOCJIe yaapa OCTaHOBUTCA? Ha kakoW yroma o, B 3TOM cllyyae
OTKJIOHUTCS CTEPKEHb, €CJIM TPEHUEM B IIapHUPE TTpeHeOpeyb?

- J
OtBeT: 0, = 120)1 , 21—77601, 77:7°, o, = Z\Esin(aﬁ),

Il = \/g , sin(e,/2)= \/23z1 sin(a/2).

3nech ) — YTJOBas CKOPOCTh IIApuka mnepea yaapom, J. u J —
MOMEHTBI HHEPIUU CTEPKHS U MAPUKa OTHOCUTENBbHO TOUKH O.

VYkazanue. [lng mnponecca coyaapeHuss NPUMEHUTE 3aKOHBI
COXPaHCHUSI SHEPTMU U MOMEHTA UMITYJIbCa CUCTEMBI OTHOCHUTEIBHO
Touku O.

5.47.B ycinoBuax 3amaun 5.46 HaWAWUTE YIJIOBBIE CKOPOCTH
IIapuKa @ M CTEPXKHS W, Cpady IMocie UX abCONIOTHO YIPYroro
COy/JapeHusi, eCIM BMECTO IapuKa MEePBOHAYAIBHO OyJeT OTKIIOHEH
CTEPIKEHb Ha Yroi a.. IIpu KakoM OTHOUICHWH JUtMH [, /I cTepkeHb

MIOCJIE yJ1apa OcTaHOBUTCA? TpeHneM B mapHHpe npeHeOpeyb?

OTBeTia)—Za)Cl Dy = i § Cl,f—— = 6—gsin(ac/2),
1+&° 1+¢& J, ,

I./1=/3m/m_ .

31eCh . — yIJIOBasg CKOPOCTb CTEpkKHSA mnepen yaapom, J u J. —
MOMEHTBI HHEPIIUU IIAPUKA U CTEP>KHA OTHOCUTEIIBLHO TOYKH O.

6. MEXAHUKA YXUJIKOCTEU

¢ OCHOBHO€ ypaBHEHHE TMHAMUKH UICAIbHON KUJKOCTH (Ditnep):

pﬂ = f —grad P,
dt

r7i€ p — IUIOTHOCTb JKUJAKOCTH, f — 00beMHas IUJIOTHOCTh MAaCCOBBIX
cun (f = pg nnsa cunbl TspkectH), P — naBnenue. [lpu v =0 ypas-
HeHue Dijiepa MpeBpallaeTcs B ypaBHEHNE THAPOCTATUKH.

e lurerpan bepHynnu 11 TMHUYM TOKA CTAIMOHAPHOTO TCUCHUS:
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2
V

—+u+—=const,
yo,
ra€ u — YyJAelbHas NOTEHUHalbHAs »Heprus (u =gz I CHUJIb
TSDKECTH).
® YpaBHEHHE CIUIOUTHOCTH JJI IBYX C€YEHUN TPYOKH TOKa:
PVIS| = PavsS;.
® 3aKOH BSI3KOCTH JIJISI INIOCKOTO TeueHus KuIKocTu (HbroToH):
- dv,
- )
Xy dy

TJIE Ty, — KACATEIBHOE HANPSKCHHUE, /] — KOO OULINEHT BA3KOCTH.
e Yucio Peiinonsica: Re = pvl/n, tae [ — xapakTepHblil pasmep.

o dopmymna Ilyaseins qis 00bEMHOTO pacxoaa Q KUIKOCTH dyepes
MOTIEPEYHOE CEUECHUE TPYOKHU:

7R' R-P,
&n [

rae R u [ — paauyc u niouHa TpyOku, Py, P, — naBieHus Ha €€ KOHIIax.

0=

b

Cmamuka. /luHamuka udea/1bHoil dHcuokocmu

6.1. IlpencraBnss 3eMit0 KaKk TMTAHTCKUM KUAKHWM 1Iap paguy-
coM R=6370xm € IUIOTHOCTBIO P, =35 2/ cm’, TIOMyYHTE 3aBUCH-

MOCTbh AaBJIeHHS P OT pacCTOSHMS 7 J0 IEHTpa 3eMJIM U BBIYUCIUTE
ero tam. ATMoc(epHBIM NaBICHHEM M BpallcHUEM 3eMJIM TIpeHe-
Opeyb.

1 r
Otset: P=— Rl 1-—|.
7 /OOg 0 [ R 2 j
VYkazanne. Hcnonwszys ¢Gopmyily s yCKOpPEHHUSI CBOOOJIHOIO
najgeHust g = g, 7/ R, IpOUHTErpUpyiTe ypaBHEHUE MUAPOCTATUKH.

6.2. Ha kakyto BenmunHy AP yMeHbIAETCS NABJIICHUE B LIEHTPE
3EMHOro Imapa W3-3a €ro BpalleHHs BOKPYI CBOEW OCH C YTJIOBOM

ckopocTb w? Kakas BbicOTa /4 TOp C INIOTHOCTBIO p; =2.5 2/ e’ 6y-
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JeT cOo3JaBaTh TAaKOE K€ JaBjieHHE? 3eMIII0 MPEJICTaBIISITh OQHOPO-
HbIM JKMIKMM IIAapOM C IUIOTHOCTBIO O, =35 e/ e’ u pagnycom

R=6370xm.

(wR)? AP
, h=——mom.

2 P&

VYkazanue. IlpeneOperass mameHenneM (opmbl 3eMiid 3a CYET
BpalieHusi, 3anumure audQepeHnnanbHoe YpaBHCHUE PaBHOBECHS
KUJKOTO BEIIECTBA B YKBATOPHUAJIBLHON IIJIOCKOCTH B IMPOCSKIMH Ha
paguanibHOE HAIpaBJIEHUE IJIs CIydaeB BpaIleHUS TUIAHETBI M €T0
OTCYTCTBHUAI.

OtBeT: AP = PoROR)

6.3. YuuTbeiBas BpamieHHe 3eMJId C YTJIOBOM CKOPOCTBIO @, B
yCIIOBHAX 3a7aud 6.1 Halinure pasHULy B pacCTOsAHUAX R, U R OT

MOBEPXHOCTH JI0 IIEHTpa 3eMJIM Ha JKBATOpE U MOjtocax. BiusHueM
HecepuuHOoCcTH 3eMiIU Ha €€ T0JIe TATOTEHUS MpeHeOpeyb.

OtBet: R, — R, ~(wR) ,

2g,
rae g9 — YCKOPEHHE CBOOOAHOTO MaICHUSI Ha MOBEPXHOCTH 3EMIJIH.
Ykazanue. IIpouHTerpupyrite  ypaBHEHHE  THAPOCTATHUKH,
3alMCaHHOE JIJI1 3€MHOI0 I1apa BO BPAILAIOIIEHCS CUCTEME OTCUETA B
MPOEKIHUSIX HA SKBATOPUATIBHYIO INIOCKOCTh U 3EMHYIO OCh.

6.4. UneanpHas KUIKOCTh C IUIOTHOCTBIO p CTALMOHAPHO TEYET
0 IJIOCKOMY TOPHU30HTAIbHOMY KEI00Yy MIHUPUHONM b, KOTOPBIA
IJIaBHO MoOBopauuBaeT Ha yrod 90° (puc. 6.1). BHyTpeHHuil paaunyc
3aKpyTJICHUS paBeH R;, BHEIIHUU — R, ¢ OOLIMM IIEHTPOM B TOYKE
O. Hainure ckopocts v u naBiaeHne P B cpeaHem ceueHuu BB’
3aKpYIJA€HHONM dYacTh kE€ao0a B 3aBUCUMOCTH OT pagdalibHOM
KoOpAauHaThl 7. JIMHUM TOKa B ATOW 4YacTH kE100a MPHUOIUKESHHO
[OJIaTaliTe TyTaMU OKPYKHOCTEH ¢ HEeHTpoM B Touke O. CKOpocTs v,

U nasiieHue F) B ynaj€HHOM cedyeHUU AA' cYUTaNTe MOCTOSHHBIMU.

2

b
OTBGTIVZE, P=PO+£ vg—c—z , THe c=—1
r 2 r In(R, /R))
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VYkazanusa. Bospmure B ceuennun BB’ ypaBHenuwe Oiinepa B
NpPOEKIIMM Ha paJuaibHOE HampaslieHwe. Mcmosb3yiTe uHTerpanl
bepuymm. YuTuTe paBeHCTBO OOBEMHBIX PACXOJIOB >KUIAKOCTH B
ceueHusix AA'u BB’

A

Puc. 6.1 Puc. 6.2

6.5. Kak OyzmeT MEHSIThCSI CKOPOCTh V U JaBlieHHe P ujaeanbHOU
KUJIKOCTH, TEKYILEH MO FOPU3OHTAIBHON TpyOe MEepEeMEHHOIro cede-
HUS S, €ClIi B €€ BXOJHOM CEYEHUH IUIOMIAJbI0 S| 3TH MapamMeTpbl
OynyT paBHbl v; U P;? Kakum Oyner B ceuenuu S uucno PeliHonbaca
Re, ecnn yudectb HEOOJBIIYIO BSI3KOCTh KUIAKOCcTH #? Ilpu kakom
00bEMHOM pacxoge () TedeHHE B KPYIJIOM CE€UYeHUU TpyObl S emié
OyJieT TaMUHApPHBIM?

2 2

OTBeT:v:vl—Sl, p:131+/7"1 1_S12 , Re:W1S1’

S 2 A) n\zS
0<10°(n/p)N7S.

6.6. MneanbHas »XUIKOCTh C IJIOTHOCTBIO p TEYET MO TOPU30OH-
TaJbHONU TpyOE€ NEPEMEHHOTO CEYEHHUsI B CTOPOHY €€ Cy>KCHUS.
Haitnure 00bEMHBIN pacxoa Q KUJIKOCTH Yepe3 MOIMEePEeUHOe CEYEHUE
TpyOBI, €CIIM Pa3HOCTb JaBiIeHMH F — P MeXIy BXOAHBIM S, U

BBIXOJHBIM S, CEUCHUSIMHU TPYOBI COCTaBIAEeT Bennmuuny AP > 07
2AP

P(S12 _Szz) |

OtBet: O =S,5,
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6.7. Kakyro Benmuuny S;/S, COCTaBUT CKaTHE MOTOKA HICAb-

HOM KMIKOCTH ITUIOTHOCTBIO p MpPHU MEPEXOJe W3 TOPU30HTAIbHOU
TpyOBbI C MONIEPEYHBIM CeUeHUEM S, B €€ pacLIMpeHHe, eClId JaBJICHUE
Py 3TOM ynaaéT Ha Benuuuny AP. HauanpHasi CKOPOCTh KUIKOCTH B
TpyOe V.
Otser: S}/S, = 1+2;A§,
PV
rae S, — oAb MONEPEYHOro CEYEHUs] MPUTOIJIEHHOW CTPYyH B

pacuIMpeHuu TpyOsbl.

6.8. C kakoil cuyion [’ AEHUCTBYET Ha CY>KAIOLIYKOCS YacTh FOpU-
30HTAJIbHOW TPYyObl HJI€aJIbHAS JKUJIKOCTh MPHU €€ yCTaHOBUBILEMCS
TEYCHUH MEXAY MPSMBIMU OTPE3KaMH TPYyObl C MOMEPEYHBIM Ceye-
HUEM S| B S,, B KOTOPBIX COOTBETCTBEHHO NOJJEPKUBACTCS [1aB-
neaue B u P,?

Otser: F =(BS,+BS,) (S -5,)/(S,+35,).

VYkazanus. CoctaBbTe ypaBHEHUE OajlaHCa MUMITYJIbCa ISl KU-
KOCTH, 3aKJIOUEHHON MEXJy CEYeHUsIMH S, S,, YUUTBIBas KaK €ro
HIEPEHOC Yepe3 HUX, TaK U JCHCTBUE BHEIIHUX CUII, BKITIOYast cuity F',
JEHCTBYIOUIYI0 CO CTOPOHBI CTEHKH TpyObl. IIpu ycTraHoBuBIIEMCS
TEUEHUU UMITYJIbC JKUIKOCTH B BBIIEICHHOM YacTH TPyObl HE OyaeT

MeHATbCS. Vcnonp3yute wuHTEerpan bepHyM, ypaBHEHHWE CILIOLI-
HOCTH W TpeTHii 3akoH HeroToHa: F'=—F .

6.9. C kakoi cunmoi f{, Oyzmer NEHCTBOBAaTh HA CY KAIOLLYHOCS

4acTh TPyObl B 3ajaue 6.8 HapyXKHBIM BO3AYyX, €CIIU €ro JaBJCHUE
pasHO F)?

VYkazanue. 3anumuTe ypaBHEHUS] PABHOBECHS BbIJICJICHHOW YaCTH
MyCTOW TpyOBl U BO3/TyXa B HEH.

6.10. B y3koM 3a3ope IIUPUHON O MEXIy IABYMSI COOCHBIMHU
TOPU30HTAIBHBIMA JAUCKAMHU PAIRyCOM R, TEUET JKHIKOCTb, KOTOpas

MOCTYMaeT TyJa U3 OTKPHITOM BOPOHKHU yepe3 HEOOJBIIOE OTBEPCTHUE
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paanycoMm R,, MPOJEIaHHOE B CEPENMHE BEPXHETO Iucka (puc. 6.2).
ITpeneOperas BA3KOCTBIO, HAWIUTE CPEIHIOI0 CKOPOCTh V; U IaBJICHUE
B B 9TOM OTBEpCTHH, €CIIM BBICOTA KMJIKOCTH B BOPOHKE PaBHA /1, a
JaBJIEHUE Hapy»XHOTO Bo3ayxa — ).
L _ 2 _ 2
Otset: vy =c2gh, B =R+ pgh(l-c”), tae c = 25R2/R1 :
VYkazanus. 11nomans OTKpBITON YacTu 3a30pa S, , 4epe3 KOTOPYIO
BBITCKAET KUIAKOCTb, CAUTAUTE MAJION 10 CPABHEHUIO C IUIOLAABIO S,

CBOOOIHOM MOBEPXHOCTH KUJIKOCTH B BOPOHKE. TeueHue mojaranrte
KBa3UCTallHOHAPHBIM.

6.11. IlmactukoByro OyTHUIKY B (opMe HWIMHApPA AUAMETPOM
D =9 cm n BbIcOTON h =24 cm HanonHwiu Boaou. He 3akpwiBas €€, B

IHE npojaenanu kpyrioe orBepctue nuamerpom d = 0.4 cm. KakoBo
BpeMs { BBITCKaHMs BCEU BOIBI?

OtBert: ¢, = |—| ——1

3amedanuss. OTBET MOJy4YEH C NOMOILBIO MHTErpaia bepHyinm B
NPEINON0KEHNN KBa3UCTAIIMOHAPHOCTH TeueHus. Oquako npu d ~ D
TeueHue B OyThUIKE TakOBbIM He Oyner. Jlyis 3Toro ciiydass OTBET
JOJIKEH OBITh APYTHM, YTO MPEJIaraeTcsi IPOBEPUTH HA OMbITE.

6.12. I'opusonTanbHas TpyOka AB mivHOU /, 3amI0JIHEHHAs UJie-
aNbHOM JKUJIKOCTHIO, OBICTPO BpPAIACTCS C MOCTOSHHOW YTJIOBOM CKO-
POCTBIO ® BOKPYI' BEPTUKAIBHOW OCH, IPOXOIAILEN Yepe3 €€ OTKpPHI-
ThIA KOHEN A. Ha apyrom nepBoHa4daibHO 3aKPBITOM KOHIIE B OTKpBI-
BAETCS OTBEPCTHE, IJIOIIAAb KOTOPOr0 ¢ Maja I10 CPaBHEHUIO C IUIO-
maap0 S nonepevyHoro cedeHust Tpyoku. Hailiaure ckopocts vy uc-

TE€YEHUS KUIKOCTU YE€PEe3 OTBEPCTUE B 3aBUCUMOCTH OT IOJIOKECHUS 7
€€ cBOOOJHOM TOBEPXHOCTU B TPYOKE U IOJHOE BPEMsI HCTCUCHHUS 7, .

2 2 )
OtBeT: vg =oNI"—1r", t, =—.
20w
VYkazanus. Onpenenure yJIeNbHY0 NOTCHIMAIbHYIO YHEPIHIO BO
BPAILIAIOIIEHCS CUCTEME OTCUETA. Y YUThIBAs €€, IPUMEHNUTE UHTErpal

bepnymm.
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6.13. IlopoxHuii TaHKep ¢ Maccoil M Mojy4yusl B JHUIIE HEOOIIb-
1y npoOouHy IIomanpio o . IlepBoHayanbHas BeicoTa OOpTa TaH-
Kepa HaJl ypOBHEM BOJIbI COCTaBIsUIa BenmnunuHy Ah. Uepes kakoe Bpe-
Ms ¢t OH IOTOHET, €CJIM IPU MOTPYKEHUH B MOpe He OyJeT ONpOKH-

npiBaThCa? JIs MpPOCTOTHI TUIOHIA[AL TOPU3OHTAIBHOTO CEUYCHHS
TaHKepa S cuuTanTe MocTosTHHOM (puc. 6.3).

SAh | pS
o \2Mg’

VYkazanus. 3anuinTe yCIOBUE IIaBYUYECTH, MCIIOIB3YS BCIIOMO-
raTelbHbIe IIEPEMEHHBIE: /i, — OCAJKy TaHKEpa U /i, — BBICOTY CTOJIOA

Otser: ¢, =

HATeKIIe B HETO BOJIbl. 3aJlaB CKOPOCTh MOTPYKEHUSI ¥ TaHKEpa, B
€ro CHUCTEME OTCUETa MPUMEHUTE UHTErpai bepHyuiM K JTUHUM TOKa,
HAYMHAIOIIEHCS B HEBO3MYIIIEHHOM 00J1aCTH MoJ1 TPOOOMHON U OKaH-
yyBarollecss B Hel. JlaBlieHHe Ha MPUTOIUICHHYIO CTPYIO, OBIOIIYIO
U3 MPOOOUHBI BHYTPh TaHKEpa, OMpPEEIUTE, MoJiarasi COCTOSIHUE OC-
TaJbHON BOJIBI B HEM OJM3KUM K CTaTUueckomy. BeIpaxkasi CKOpOCTh
BOJBl v B MPOOOMHE 4Yepe3 BEIUYUHBI /i, U /i , NOKAXXUTE, YTO OHA

noctostHHass. CKOPOCTh MOTPYKEHUSI ¢4 PABHYK) CKOPOCTH IMOJbEMA
BOJIBI B TAHKEPE ONPEACIUTE C MOMOIIBI YPABHEHUS CIUIOIIHOCTH.

: |—_#'________E:_:_>
- v T T [\7] ™) i
Puc. 6.3 Puc. 6.4

6.14. TOHKOCTEHHBIM UWIMHIAPUYECKAN COCYJ C IUIOIIAJbIO
TOPU30HTAJILHOTO CEUEHHs S 3aloJIHWIM BOJOM J0 BBICOTHI /. Kak
OyJleT OHUXKAThCSl ¢ TEUCHHEM BpPEMEHH ¢ €€ ypOBEHb ), €Ciu B 0O-
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KOBOM CTEHKE Yy JHA COCYJa OTKPBITh OTBEPCTHE ILIOIAABI0 o << S ?
KakoBo Bpemsl ¢, BBITEKaHUS BCel BOJbI? BA3KOCTBIO ITpeHEOpEYb.

2
S |[2h
OtBeT: y = Ji-2 & , e =— . |—.
SV2 o\ g

6.15. Cocyn u3 3amauu 6.14 nepen OTKpBIBAHUEM OTBEPCTHUSA
IIOCTAaBUJIM HA JICTKONOABMIKHYIO TEJIEKKY Maccon m, (puc. 6.4). Kak

OyJIeT MEHSTBhCA CKOPOCTh TEJICKKHU U B 3aBUCUMOCTH OT YPOBHS BOJIbI
¥ B COCY/I€, €CJIM BBITEKAIOIIAs BOa HE OyJeT monaaaTh Ha TEISXKKY?

OrtBeT: ﬁzf(\/h/_ﬂ—f( y/b), f(z)=z—arctg(z),

rae b =m, / (pS), p — WIOTHOCTH BOJIBI.

VYka3zanus. [Ipu manoy miomanay OTBEpCTUS CUJIA UHEPLIUU, JIEH-
CTBYIOIIAsl HA XUJIKOCTb B CUCTEME OTCUETA, CBA3aHHOU C TEJIEKKOU,
Maja MO CPaBHEHHUIO C CHJIOW TSHKECTH, U CBOOOJIHAs MOBEPXHOCTH
KUJKOCTH B COCYJI€ IOYTH rOpu30HTaNIbHA. [I03TOMY CKOpPOCTBH CTpyH
vV MOXHO BbIpa3uTh mo dopmyne Toppuyemnu. Jlamee, ucmonb3ys
YPaBHEHHUE CIUIOIMIHOCTH, B YPaBHEHUU MEMEPCKOTro HAJI0 MEPEUTH K
IIEPEMEHHBIM U, ). Pa3nenss uX, NPOUHTETPUPYWUTE TOJYYEHHOE
YPaBHEHHE C HaYaJbHBIM yCIOBUEM u =0 nipu y =h.

Baszkas ycudkocmu

6.16. B 3a3ope (IIpoMEXKYTKE) MEXKIy ABYMs HEIMOJBHKHBIMU
TOPU30HTAJIBHBIMY TUIACTUHAMM MPSIMOYTOJILHONU (HOPMBI Mapasieib-
HO UX peOpy JUTMHOW a TEUET KUIAKOCTh C BA3KOCTHIO #. PaccTosHue o
MEXIy TIJIaCTUHAMHM Majo IO CPaBHEHHWIO C WX IIUPUHON b (Tome-
peunsblil pasmep). Ilomaras npogunbs CKOpOCTH TedeHus v, (1) mapa-

6OJII/I‘I€CKI/IM, HaﬁI[HTe Cro0 U KaCaTCJIIbHOC HAIIPAKCHHC Txy Ha 1jia-

CTUHAX, €CJIM OOBEMHBIM pPacCXOJl KHUIKOCTH 4Yepe3 IMOIMepeyHOe
ceueHHe 3a30pa paBeH (.

Otser: v, (y)=cy(5-y), 7, =cnd, c:g

bs>’
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II€ BEPTUKAIbHAsg KOOpPJIWHATA ) OTCUHATHIBAETCA OT HUKHEH
IJTACTUHBL.

VYka3zanue. lMcnonmp3yWte yciiOBHE NPWIMNAHUS >KUJIKOCTA Ha
IJJACTUHAX W 3aKOH BA3KOCTH HbIOTOHA.

6.17. Kakoit pazHocThio faBieHnii AP MoxeT ObITh 00ecreueHo
TEUCHUE KUAKOCTU MEXAY MIacCTHHAMM B 3aja4de 6.167

OtBet: AP = M.

bs’

VYkazanue. VYuuThIBass HEU3MEHHOCTb HMITyJbCa KUJKOCTH,
HaXOOAIIEHCS MEXAYy IJIaCTUHAMM, 3alHUIINTE YCIOBHE PaBHOBECHS
CUJI JIaBJICHUS BO BXOJIHOM W BBIXOJIHOM CEUEHMSX 3a30pa M CHJI
BSI3KOI'O TPEHMS Ha IJIaCTUHAX.

6.18. Ilpu cranmoHapHOM TEYEHWHU Ta3a MEXIY IUIAaCTHHAMHU B
YCIIOBUSX 3a7aun 6.16 BBUAY €ro CKMMaeMOCTH OJJMHAKOBBIM BO BCEX
MOTNEPEYHBIX CEUEHUSIX 3a30pa OyJeT He 00BEMHBIM (J, a MACCOBBIM
pacxon G = pQ. Belpaszure ero BenuuuHy 4epes AasieHus £ u P, BO

BXOIHOM M BBIXOOAHOM CCUCHHUAX 3a30pa, IIojgarasgd TCUYCHUC Tra3a
HN30TCPMHUYCCKUM.

3

OtBet: G = 195—#(1)12 ~P; ) ,

24anRT
rae [ — MoOJspHas wmacca ra3za, R — yHHUBepcalibHasi Tras3oBas
MOCTOSIHHAS.

VYkazanus. 3anuimTe yCI0BUE pABHOBECUS CUII IABJICHUS, JEHUCT-
BYIOIIMX Ha Ta3, HAXOISAUIUUCA MEXIY ABYyMs OJM3KUMHU CEUYECHUSIMU
3a30pa ¢ KOOPAMHATAMH X M X+ dX, U CHJI BSI3KOTO TPEHUS Ha TUIa-
ctuHax. [lo orBery 3amadn 6.16 BeIpa3uTe KacaTeabHOE HAINPSIKECHUE

Tyy Ha IUIACTUHAX 4Yepes3 o0beMHBIH (J, a TOTOM U MacCOBBIM Pacxoj

G . Ucnonb3yst ypaBHEHHUE COCTOSHUS, MOJIyuuTe quddepeHianbHoe
ypaBHEHUE C pa3lendiolmuMucsa nepemeHubiMu P, x. Ilpounte-
rpupyiire ero ¢ rpaanubiMu yeaosussMu P(0) = B, P(a) = P,.

6.19. ITomyuure npodumib ckopoctd v, (y), IPUBEAEHHBIA B OT-

BeTe 3a1auu 6.16, paccMaTpuBas yCJIOBME PaBHOBECHUS CHII JABJICHUS
Y BA3KOTO TPEHUS, IEUCTBYIOIINX HA TPOU3BOJIBHBIN MPAMOYTOJIBHBIN
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AJIEMEHT KUJKOCTH TOJIIUHON dy , BBIICICHHBIN MEXIY ABYMs OJv3-

KUMH CEUCHUSMHU 3a30pa C KOOpAWHATAMH x W X+ dx. JlaBmeHue B
JAHHBIX CEYCHMSIX MOJIaraiTe MOCTOSIHHBIM.

6.20. B mpoTUBEHb HANUT CION Maciia TOJIIMHOU /=2 mm C

3
mwiotHocThio P =0.9 2/ cv” . KakoBa ero BSI3KOCTh 77, €CIH TPHU
HAKJIOHE NPOTHBHSA Ha Yroa « =4° 10 OTHOUICHUIO K TOPHU30HTY
CKOPOCTb  COPHMHOK Ha  MOBEPXHOCTH  Macjia  COCTaBiIAET
v =125 mm/c?

pgh’

vmax

Ykazanus. Beigenure B KUIAKOCTH NPOM3BOJIBHBIM JJIEMEHT B
BHJIC TOHKOTO Napajuiesienuiieia TONUHON dy , Tae y — nonepeyHas

OtBeT: 17 = sin() .

KOODJMHATA, OTCUUTHIBAEMAs OT IPOTUBHS. 3alUIIMTE YpaBHEHHUE
PAaBHOBECHS INIPUIIOKEHHBIX K DJIEMEHTY CHJI TSKECTU U BA3KOCTH B
NPOEKIMY Ha HAIPaBICHHWE IBUKECHHA. J[BayKIbl HNPOMHTErPUPYITE
€ro, HCIOJIB3Ys yCloBHe 7., =0 Ha CBOGOIHOI IOBEPXHOCTH Macla U
YCIIOBUE €T0 NMPUIMIIAHUS K IPOTUBHIO. IIpodums ckopoctu OymeT
umeth BUI v, () =cy(2h—y), rne ¢ = pg -sin(a)/(2n).

21. Th TCUECHHS Ha MOBEPXHOCTH u =0. .
6.21. Ckopoctb Tede a MOBEPXHOC exku v, =0.5m/c
¢ TJIyOuH =10 m KJIOH JI TaBJISICT H .
Eé omHa h=10m, a 0 cia k cocraBimster 7 cm Ha 1Km
jarasi KTUBHBIA K UIAEHT ‘T JIEHTHOI BSI3KOCTHU
ITonaras »dde 03 eHT “TypOYJICHTHOI’ BS3KOC
754 BEIMYMHON MOCTOSHHOW, COOTHECUTE €ro ¢ KO3(p(HUNECHTOM

BSI3KOCTH BOJIBI 17 =1 cl /3.
Top _ pghzk

M 2Vl
VYkazanus. 3akoH TypOYJIEHTHOTO TPEHUSI MOXKHO 3alucaTh B
¢bopMe HBIOTOHOBCKOTO 3aKOHA BSI3KOCTH, a Jajie€ HCIOIb30BaTh
METOJIMKY PEIICHUS], JAHHYIO B YKa3aHUAX K 3aaaue 6.20.

OTBeT:

6.22. MaccuBHBIl TOPUICHb C IUJIOTHOCTBIO p W paguycoM R

MEIUICHHO OITyCKaeTCs B OTKPBITOW C OOOMX KOHIIOB TJIAJKOM Bep-
TUKaJIbHOW TpyOe. Y3Kui 3a30p IIMPUHON & MEXAY MNOpPIIHEM U
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CTEHKON TpyObl 3alojHEH JKUJIKOW cMa3koh ¢ KodpduimeHToM
BA3KOCTHU 77 . Hanaure CKOPOCTh # OIYyCKAHUS IMOPIIHS.
PgRO
2n
VYkazanus. BBuny HepaBeHCTBa O << R JIBU>KEHHE CMa3Ku B 3a-
30pe OyIeT UMETh JIMHEWHBIM NPOQMIb CKOPOCTH v, () MO OTHOIIE-

OTBeT: U =

HUIO K OCSIM KOOPJIMHAT X, V, KOTOPbIC HAMPABICHBI COOTBETCTBEHHO
BHU3 U MEPHECHAUKYJISIPHO CTEHKE TPYObl. YUWTHIBAs YCJIOBUSI MPHU-
JUNAHUAST CMa3Ku K TIOBEPXHOCTH TPyObl W TOPIIHA, MOJIYYUTE
BBIPQKCHUE JUISI KACATEIBHOTO HANPSDKCHHS 7, B 3a30pe. 3amuIiuTe

YPAaBHCHHUC PABHOBCCHUA IMPUIOKCHHBIX K IMOPHIHIO CHUJI TKCCTU H
BA3KOCTH.

6.23. B OTKpBITOM CBEpXy HWJIHHAPHUYECKOM COCYJE AUAMETPOM
D mox n€rkuM moplmiHEM Maccou m HaxOAWUTCA BO3AyX. TouuHa
MOPIIIHS paBHA /1, a IepBOHAYaIbHas BbICOTA €0 HAJ JTHOM COCyna —
H. Tlonaras u30siTOuHOE AaBieHue AP (He JaHO) BO31yXa B COCYJe
HEOONpIIMM (10 CPaBHEHUIO C aTMOC()EpPHBIM), HAWIUTE BpPEMS 1,

ONyCKaHHs MOPIIHA Ha AHO cocyzxa. IllupuHy 3a3opa o Mexay
MOPIIHEM M CTEHKOW UWIMHApPA CYUTAUTE IIOCTOSIHHOW, a
KOd(P(HUITMEHT BA3KOCTU BO3TyXa PaBHBIM 7] .

3znhH ( D jf*
dmg \ 6 )

3ameuanus. BBuay HepaBeHCTBa O << D mpoduiab CKOPOCTH
v, (y) TeueHus rasza B 3azope Oyzer mapadonudeckum. IIpeneOperas

OtBerT: 1, =

C)KMMAEMOCTBIO Ta3a U ABMKEHHUEM TOPIIIHS, €r0 MOXKHO MPEJICTABUTh
B BUne Vv, (y)=cy(d—y), rae y — mnomnepeyHas KOOpAWUHATA, ¢ —

HEHU3BECTHAs mocTossHHas. KacarenbHoe HaIIpSDKCHUC T Xy Ha CTCHKax

B 3a30pe Takxke OyneT moctosHHBIM. 1o 3akoHy HploTOHA ero jerko
BBIPA3UTh YEPE3 OCTOSIHHYIO C .

VYkazanus. [Ipu ycTtaHOBUBIIEMCS IBUKEHUW TOPIIHA U Ta3a B
3a30p€ NPUWIOKEHHBIE K HUM CHJIBl JOJOKHBI YPAaBHOBELIWBATHCH.
CoOTBETCTBYIOIIME YPABHEHUS UMEIOT BU/T

mg=AP-S +7,,-S;, 27,5, =AP-S§,,
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rie S,, Sz, S
MIOBEPXHOCTH U IIONEPEYHOro cedeHust 3azopa. llomaras o << h, u3
JAHHBIX YPAaBHEHUW HAWUUTE BEIUYUHY 7, , & 3aT€M HEU3BECTHYIO C U

, — IUIOIAQAM OCHOBAaHMs MOpPIIHA, €ro OOKOBOMi
Xy?
00BbEMHBIN pacxon raza ( 4epe3 3a30p (cM. OoTBeT 3adauu 6.16).

[IpupaBHsiiTe 00BEMBI MEPBOHAYAIBHOTO Tra3a B COCYyJe U Tasa,
IIPOTEKILEro Yepes 3a30p 3a BCE BpeM 7, .

6.24. B OTKpPBITOM CBEPXY BEPTUKAJIBbHOM LIWIMHIPE AUAMETPOM
D HaxoauTcs JIETKOMOABHUKHBIM MOPIIEHh C MAaCCOM m WU TOJIUIAHOU
h, B KOTOpPOM IPOCBEPJIEHO Yy3KO€ OTBEPCTHE JUaMETpoM d .
[Ipenebperast c:kKMMaeMOCThIO BO3/IyXa U TPEHUEM TMOPIIHS O CTEHKHU
UUIMHApPA, HAWAUTE CKOPOCTh u omyckaHnus nopuiHsa. Koadduurent
BSI3KOCTH BO3AyXa — 77 .

4
mgd
——.
&7hD'n
VYkazanue. Ilosaras TedyeHue BO3AyXa B OTBEPCTUU BA3KHUM,
ucnoyb3yute popmyiny Ilyaseins.

OTBeT: U =

6.25. VI3 mmmpokoro cocyja 1no TOHKON TOpU30HTAIBHON TpyOKe
JUIMHOM [ M paJiiyCOM a BBITEKAET KUJKOCTh, YPOBEHb KOTOPOU B
cocyne (Ham TpyOkoit) paBeH /. Halimure oOBEMHBIN pacXojl yKHU/I-
KOCTU (J, ecliu €€ KUHEMaTUYeCKUil KO3 (PUIIMEHT BSI3KOCTH PaBEH V.

OtBer: O =-87vi+ \/ 8zvl)* +2x*gha .

VYkazanus. IIpeneOperure BHYTPEHHUM TPEHUEM >KUAKOCTH B
cocyne. [Ipoduiib CKOpoCTH Ha BXO/I€ B TPYOKY CUMTANTE MJIOCKUM, a
JUIMHY Yy4YacTKa YCTaHOBJIEHHS B HEW mnapabojnyeckoro mpoduis
CKOPOCTH — MaJIOH IO CpaBHEHUIO ¢ /.

6.26. 13 mmupokoro cocysia A 1o TOHKOH TOPU30HTAIBHOU TPyOKe
B mnmHOM [ m paguycoMm a, Haxopmsmielcs y aHa cocyna (puc. 6.5),
BBITEKACT JKHUIKOCTh. YPOBEHb €€ B cocyle paBeH /i, a B
BEPTUKAJIBHOHN TpyOKe C, OTCTOSIIEN HA PACCTOSHUM /| OT BBIXOIHOTO

orBepcTust TpyOku B, paBen /. Halinute xnHeMaTH4ecKUil
KO3 (PUILIMEHT V BA3KOCTH KUIKOCTH.
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gha’
8\2gl (hl, — )

VYkazanusa. IIpeneOperute BHYTPEHHHM TPEHHEM >KHIAKOCTU B
cocyze. [Ipodunb ckopocTu Ha BXoJie B TpyOKy B cuurtaiiTe miockum,
a JJIMHY ydYacTKa YCTAHOBJICHUS B HEW MapaOoIudecKoro mpoduis
CKOpPOCTH — MaJIOH 0 CPaBHEHHUIO C paccTosiHuEM J0 TpyOku C.

OtBeT: Vv =

=
it
1

|
|

%

|
T

/

Puc. 6.6

6.27. Kakyto paboty A Hajgo COBEPIIUTH IMOCTOSIHHOM CHUJIOM,
YyTOOBI BBIJJABUTh M3 IIIpHIIA 3a Bpems ! (puc. 6.6) JeKapCTBEHHYIO
KHUIKOCTh 00BEMOM V depe3 uriy JIMHOW [ ¢ MaJloW ILIOIIAIbIO
MOMEpPEeyHOro ceueHuss o ? TpeHuem MOpIHS O CTEHKU IINpHUIla U
CUJION TSIKECTHU MpeHEeOpeYb.

,oV3 N 8rnl &
Aot ot
I7ie p — INIOTHOCTH XKUAKOCTH, 7 — €€ KOA(PPHUIIUEHT BA3KOCTH.

OtBeT: A =

5

Vkazanus. [lpeneOperass BHYTPEHHUM TPEHUEM >KHUJKOCTH B
IIMPOKOM YacTU IIIIpHULA, UCHOJIb3yWTe uHTerpan bepnymiu. EE
TE€YEHUE B WIJIE MOJIaraiTe BCIOAY BS3KUM U NPUMEHUTE (HOPMYITy
[Tyazeiins.

3ameuanne. [losmesHo pemmTs 3amady B YOPOLIEHHBIX
BapuUaHTax: a) wmmpul] 0e3 uribl, 0) OYeHb JJMHHAs uria. B orBere
JOJKHBI OCTAThCS COOTBETCTBEHHO NIEPBOE U BTOPOE CIIAracMble.

6.28. Y KpBILIKH JTIOKa KOCMAYECKOTO ammapara ¢ BHYyTPEHHUM
o0béMOM V' oOpasoBajics 3a30p IMUPUHOM O C TOPJIOBHHOW, Yepes
KOTOPBIA BO3AYX CTal BBIXOAWTH HapyXky. Kak OyaeT MEHSAThCS €ro
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JaBJieHWe P B ammaparte, €CliM TSUCHHE Ta3a B 3a30pe OYIET B3KUM, a
BECh IMpoIecc H30TepMUYecKHM? JIBWkeHHMeM rasza B ammapare
peHeOpeyb.

P 3
OtBer; P=—">—, k=L,
1+ Pkt 24anV
rae P, — HauaJbHOE JABJIECHHME, ! — BPeMs, a U b — rIyOMHa ¥ JIKMHA

3a30pa, 7 — KO3 PUIIUEHT BI3KOCTH BO3yXa.

VYkazanus. 3anummTe ypaBHEHHE OallaHca MacChl BO3JIyXa B
Busie —dm = Gdt. Beipazure Maccy ra3a m B anmapare 10 ypaBHEHHUIO

COCTOSIHHS, a MacCOBBIM pacxon G depe3 3a30p MO OTBETY 3aJlayu
6.18.

6.29. Ilo nmepuMeTpy KoJblla YIUIOTHEHUS BAaKYYMHOW Kamepbl
o0béMOM V, oTkauaHHOM 10 AaBJICHHS P, BOZHUKIIA IIEIb ITUPUHON
o . I1lo mpormiecTBUU KakOoro BpEMEHHU ¢ JaBJICHUE B Kamepe MOJHUMET-
csa 110 3HaueHus P,? TedeHne Hapy»KHOTO BO3/1yXa 4epe3 IIeb Moja-
rayfte BS3KUM M30TEpPMUUYECKUM. ETo ABM)KEHHEM Ha MOAXOJIE K IIEIH
IpeHeOpeyb.

2Pk \P-P, B,+PB ) — 24anv’

_ 3
OTBeT: t = l In LH-B R+5 i Do

I7Ic a — IAPUHA KOJbIA YIUIOTHEHUS, D — €ro CpeaHuil auameTp,
npuuéM a << D, 7 — BA3KOCTh BO31IyXa.

VYkazanus. 3anuimuTe ypaBHEHHE OanmaHca MacCchl BO3AyXa B
Bune dm = Gdt. Belpazure Maccy ra3a m B KamMepe MO ypaBHEHHIO

COCTOSIHHSI, @ MacCOBBIM pacxon G depe3 IIelb 1O OTBETY 3aJladyu
6.18.
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[TPUJTIOKEHUE

Hdess Memoda 8o3MyujeHuli

dusznyeckue ABJICHUS OOBIYHO MTPOTEKAIOT MO BIUSHUEM MHOTUX
dakTopoB. OJIHAKO HEMHOTHE W3 HUX B KOHKPETHOW CUTyallud OKa3bl-
BAIOTCSl OMPEACIISIIOIIMMHU, MMOCKOJIBKY MOTYT UMETh pa3HbIE MacIlTa-
Obl, KOTOpBIE K TOMY >K€ 3apaHee Heus3BeCTHBI. [loaToMy B Hayke
peleHre JI00M CII0KHOM 3a/1auu IMIPOBOJIUTCS B HECKOJIBKO ATAIOB.

Chayana myTéM aHajav3a U YACIEHHBIX OLIEHOK MO MOPSIAKY BEIU-
YUHBI IPOU3BOJUTCS CPABHEHHE MACIITa00B JACHCTBYIONIUX (PAaKTOPOB
(B MexaHUKe — cuil). BeiaenstoTcsi riaBHbIE M3 HHUX, M 3ajadya pac-
CMaTpUBaeTCsl B IEPBOM, MHOTrJAa BeChbMa TpyOOM MPHUOIMKEHUH.
['maBHOe TpeOoBaHME K TakoWl 3amaue — €€ pelaeMocTb B OOIIEeM
(ananuTHuecKkOM) BuJe. B MexaHHWke OHa HA3bIBAETCS 3aJlauyeil O He-
BO3MYILIEHHOM JIBJKCHHUH, U MOJYUYEHUE WHTETPAIOB €€ ypaBHEHUM —
HEO00XO0IMMOE YCJIOBUE JaTbHEUIINX ACHCTBUIA.

Ha cnenytromem sTarme B OCTaBIICHCS Tpymnmne Kak Obl BTOPOCTE-
NEHHbIX (PaKTOPOB €II€ pa3 BBIIEIAIOTCS 00Jiee 3HAUUMbIE U CTABUTCS
3a/laya O BO3MYIIAIOINIECH IMOMPAaBKE K OCHOBHOMY PEIICHHUIO. YpaB-
HEHHUS JJIs1 HEE TMOJYyYaroTCsl U3 UCXOJHBIX MyTEM Pa3I0KEHUSI UCKO-
MBIX BEJIMYMH Ha YK€ HalJIeHHbIE (B MIEpBOM 3a/1au€) U MOMPaBKH.

[Ipy MOJCTAaHOBKE TAKUX PA3JIOKECHHUM B UCXOIHBIC YpPaBHEHUS
YacTh WICHOB (HYJIEBOIO MOPSJKA) COKPAIIAETCA B CUIy PEIICHUS
nepBoi 3anaun. HexkoTopble 4iieHbl OTOPAachIBAIOTCS MO MPUYUHE UX
0oJiee BBICOKOTO (BTOpPOTO) TMopsiaka majaocTu. M torma ocraBmmecs
yieHbl (MEpBOrO0 TMOpPSJIKA) OKa3bIBAIOTCA CBS3aHHBIMH  OoJjiee
IPOCTBHIMU 110 CPABHEHUIO C MCXOJHBIMU YpaBHEHUsIMU. X pelieHue
U JTIOJDKHO J1aBaTh UCKOMYIO TIOTIPaBKYy.

B nHaydyHOM wHcCcienoBaHMM Ha 3TOM JEJI0 HE KoH4Jaercs. Hai-
JIEHHYIO TOMPAaBKy COIMOCTAaBISIOT C HEBO3MYIICHHBIM PEIICHUEM.
Ecnu npenBapuTenbHble OLIEHKA MacliTab0B ObLIM MPOU3BEICHBI Mpa-
BUJIbHO (yZIauyHO), TO TOMpaBKa OyJeT 3HAYUTEIbHO MEHbIIIE HEBO3-
MyHIEHHOTO peuieHud. M Torma Bompoc 3akpbIBaeTCs, WM aHAJIO-
TUYHO MPOU3BOJUTCS YU€T Jpyrux (pakTopoB. B mpoTuBHOM ciydae
MPOUCXOJUT TEPEOIleHKa 3HAUYMMOCTH JACHCTBYIOIIUX (PAKTOPOB U
METOJ] IPUMEHSETCS B MTHOM BapUaHTE.
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OnucaHHBIN TTOJX0/1 B HAyKe HA3bIBACTCS JEKOMITO3HUIIMEH, a ero
neTanu3aiys (aIropuTM) — COOCTBEHHO METOIOM BO3MYIIICHUIA.

IIpumep npumeHeHus Mmemoada

B kadecTtBe mpummepa paccMOTpPUM peEHICHHE 3adauu  2.28,
IIOBTOPUB €€ YCJIOBUE:

Haipure BenuumHy Ax HEmon€ra mynau 10 LEIW, BBI3BAHHOTO
COIIPOTUBIIEHUEM BO3/yXa corjacHo Gopmyne F, = —cvv, rae v — Mo-

IyJib CKOPOCTH, ¢ — TOJIOKHUTENbHAS MOCTOsSIHHAsA. BeicTpen mpowus-
BoJaUTCS W3 TOYkH O moja yriioM o K TOPHU30HTY INPHU HayaJbHOU
CKOpOCTH Vv (puc. 2.15). [lenb A HaXOAUTCS Ha YPOBHE CTPEJIKA.
[IpencrtaBuM MOJIHBIN BEKTOP V;; CKOPOCTH IIyJIU CYMMOU
v, =v+u,

IJI€ v — CKOPOCTh HEBO3MYIIEHHOIO JBHXKCHUS, U — BO3MYIIAIOIIAS
no0aBKka, BbI3BaHHAsI CONMPOTUBIIEHUEM Bo3ayxa. [loacTaBuM JaHHOE
BBIPAYKCHHUE B YPABHEHUE JIBHKEHUS

mdvH =mg+ F, (1)

dt

U BOCIIOJIBb3YyEMCs IIEPBBIM HHTEIPajioM vV =V, + gf 3aJauyd O HEBO3-

MYIIIEHHOM JIBUJKCHHUH, MPOCKIMH KOTOPOTO HAa OCH KOOPJAMHAT X, V
UMEIOT BUJ]

Ve =Vecos(a), v, =v,,—gt, Tae vy, =v,sin(a). (2)

Torma w3 monHoro ypaBHenust (1), mpeHeOperas djieHaMu BTOPOTO
MOpsIIKa MaJOCTH, TOJYYHUM CJEAYIOIIee YpaBHEHHE J100aBOYHOTO
JIBU)KCHUS

du
m— = —cwy.
dt
[TockoNbKy MBI HMHTEpPECYeMCS HEAOAETOM Iy OT LEIH II0

TOPHU30OHTAIH, CIIPOCHUPYCEM ITOJTYUCHHOC YPABHCHUC TOJIBKO HA OChb X:

2, .2
%= —cv 4V TV (3)
dt
[Ipu mnoncraHoBKe crojla BbIpaXeHUM (2) MaHHOE ypaBHEHHE
UHTETPUPYETCs 10 ¢ MYTEM BBIACICHHS IOJHOTO KBajpaTa B IOJKO-
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peHHOM BbIpakeHUU. OAHAKO OH (PAKTUUECKHU YK€ BBIJCICH B BUJE
2 o
BesauHbL vy . [ToaToMy B ypaBHeHHH (3) 1enecooOpasHO MEperTH K

HOBOH MOHOTOHHOMU IIEPEMEHHOH V, , UCKIIIOYHUB BPEMs f IOCPEICTBOM

dopmyisr dv, =—gdt. Pa3nensis NEPEMEHHBIE Uy U Vy, TIONYYUM

du, =bv \|v; +v§ dvy, (4)

X

rne b =c/(mg).
VYpaBuenue (4) HUHTErpupyercss ¢ TOMOIIbI TaOJIMYHOTO
uHTerpana [7]
2
Im’x =% +a—ln‘x + 7
2 2

, TIe r=+a*+x*.

[locTosiHHAass MHTErPUPOBAHUS OMNPEIETACTCS U3 HaydaJbHBIX
ycaoBuid ux =0, vy =v,, npu ¢=0. OKOHYATEIPHO HMECM BBI-

y
paskeHue
3
bv bv Vy TV
u, = X(v V-V v)+ X |n| —2 (5)
X y y0%0 >
2 Vyo + Vo

[2 .2
THE V=4V +Vy .

AHAJOTUYHO TPEJICTAaBUM TMOJHBIA PAIAYyC-BEKTOp Fy IIyJHU
CYMMOU

r.=r+s,

TJ€ ¥ — PaJIUuyC-BEKTOP HEBO3MYIIEHHOTO IBUXCHUS, § — CMECIICHUE
IyJIM, BBI3BAHHOE COMNPOTHUBJICHUEM BO3/lyXa. YUHUTBIBASA, 4YTO

2 . .
r=vyt+ gt / 2, BBIJICTIUM W3 MIEPBON KHHEMATH4YECKON (HhOpMYJIbI

dry _ v TaKOBYIO e popMyiy s _ u
d " dt
JUTsl TOOABOYHOTO JBMKCHHS M CIIPOCIIpyeM e€ Ha OCh X:
ds
X — uX
dt

111



HckntounB oTCrOa BpeEMS ¢ C IOMOIIBIO TOW K€ 3aMEHBI IEPe-
MEHHBIX dV, =—gdt, IPUBENEM MOCIENHIOK (HOPMYITy K BHIY YI00-

HOMY JUJI1 UHTETPUPOBAHUSL:

ds, = —lux (vy)dvy, (6)
g

X
1€ Uy(Vy) — HaliJicHHas BbIIe QyHKIUA (5).
VYpaBHenue (6) UHTErpUpPYETCSs C TIOMOIIBIO TaOJIMYHOTO
uHTerpana [7]

Jln(x+r)dx =xIn(x+7r)—r, tme r =va’ +x*.

ITocTosiHHAS HHTCTPHUPOBAHUA OIPCACTIACTCA W3 HAYAJIbHbIX

ycnoBuit s, =0, v, =V, mnpu ¢=0. Pesymbrar mmsi ynobcrsa

npcacTaBuM B BUJIC

2 1 )
_ g s, =—y° —VyoVoVy T Vx| Vy In

Vv, +Vv 2
Y -V +—v(3,, (7)
Vyo Vo 3

T7e Sx — NCKOMast QyHKLHS OT V..

Otrcroga yXe JIETKO HAaWTH BEJIWYMHY HENOJETa Mylau Ax = —s

X

npu e€ NMaJICHUH Ha 3eMIII0, Korja vy, =—V,q U v =1V,. lloacrasmss

9TH 3HaYeHus B hopmyiy (7), umeeM

_ y
—Ax =2vyvy o +vivyoIn

bv, Vo — Vyo

A, ucmonb3ysi BbIpaxkeHus (2), OKOHYATEIbHO IOJIyYaeM OTBET
3a/1a4M B BUJIC

bvg cos’ (@) ln(l + sin(a)j

= o '
Ax = —sin(a)cos(a)| sin(a) + ) 1 —sin(a)
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OBbO3HAYEHHUA

! — BpeMm:

r — paguyc-BEKTOP

@ — BEKTOp yrIJa moBOpPOTa

v — BEKTOP CKOPOCTH, V — €r0 MOJ1yJIb

W — BEKTOP YCKOPEHHSI, W — €r0 MOAYJIb
@ — BEKTOP YIJIOBOM CKOPOCTH, (0 — €T0 MOLYJIb
f — BEKTOp YIJIOBOTO YCKOPEHHUS, S — €ro MOyJib
F — BEeKTOp CHJIBI

A —pabora

U — noreHuManbHas SHEPIrus

K — KuHeTnyeckas 3Heprus

E — nonHas mexaHn4deckas SJHEPTUs

P — BEKTOP UMILYJIbCA

L — BEKTOp MOMEHTA UMITYJIbCA

M — BEKTOp MOMEHTA CHUJIbL

y — TPaBUTALMOHHAS [TIOCTOSTHHAS

J — MOMEHT MHEPLUHU

() — CKOpOCTb MPEIECCUH

p — INIOTHOCTD KUAKOCTH

P — naBnenue

QO — 00BEMHBIN pacxo]
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