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§1. KuneMaTuka IBH:KeHHS TOUKH IO OKPY/KHOCTH

1.1. JIuneiinasi U yrjoBasi CKOPOCTH

BaXHbIM YacCTHBIM CITyYacM JBH)KCHHSI MAaTEpUALHON TOYKH IO 3a/aH-
HOH TPACKTOPHUHU ABJIACTCA ABUKCHUC IO OKPYIKHOCTH. PaCCMOTpI/IM JABUXKEC-
HUEC MaTepUabHOW TOYKM M TI0 OKPYXKHOCTH pamuyca R C LIEHTPOM B
Touke O.

B mpou3BOIBHEIII MOMEHT BPEMEHU £ T10-
JIO)KCHUC TOYKH Ha OKPYKHOCTH OAHO3HAY-
HO OIpenemnsieTcst yriioM ¢(t), KOTOpPHIH pa-
auyc-exkTop 7 (t) Toukn M olpasyer ¢ Ha-
npaBJeHUEeM Havana orcuéra yrios (puc. 1).
Taxkum HaIlpaBJICHHUEM 6yz[eM CUuTaTh Ha-
npasieane OA. pyrum ciocobom 3amaHus
TIOJIO)KEHUSI TOYKU Ha OKPY)KHOCTH SIBIISICT-
cs1 3amanvie HEL S(¢) nyru AM .O6a cno-
co0a 3a71aHus TOJIOKEHUS TOUKU Ha OKPYXK-
HOCTH 3KBHUBAJICHTHBI, TaK Kak yrioBas ¢(f) u ayroBas S(¢) KOOpAWMHATHI
CBSI3aHbI ONIPEAECICHUEM PAJUAHHON MEpHI yria

S(1)
o) =—p"

Paccmorpum nepemenienne Ar = UA¢ Touku M TIpU IBUXKCHHU IO OK-

PYKHOCTH 32 Majblii IPOMEXKYTOK BpeMeHH Af. DTO NepeMeIleHUe CTSIruBa-

ercs myroit mHoi AS =~ |AF | = | 17|At, a pajauyc-BeKTOp Touku M moBopa-

Puc. 1

YHBaeTcs MpU 3TOM Ha yroi A@. Ha takoi ke yroy mnoBopauynBaeTcsl U BeK-
TOp CKOPOCTH, MaK KaK CKOpOCMb U NEPpReHOUKVAApHA T — paguycy-

BEKTOPY TOYKH, T. K. HAIIpaBIieHa 110 KacaTeIbHOH K OKPY>KHOCTH.
Jlunetinoii ckopocmvio v(¢f) TOYKH HA3BIBAIOT OTHOIIEHHWE JUTHHBI AS

IyTd Ko BpeMeHu A¢ mepemenienus (mpu At — 0):

v(t):%. (D

JluHeliHasg CKOPOCTh TOYKM €CTh MOAYJIb (BEIMYMHA) BEKTOpA CKOPOCTH.
B cucreme CU nuHEHHYI0 CKOPOCTD U3MEPSIOT B M/C (METP B CEKYHIIY).

Yenosoii ckopocmwio a)(t) panuyca-BeKTopa TOUYKH Ha3bIBAIOT OTHOILIE-
HHE yria A@ MOBOpOTa paauyca-BeKTopa KO BpEMEHU Af, 3a KOTOPOE 3TOT
MOBOPOT ObLT coBepmiéH (pu At — 0),

o(1)=22. )
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C makoii dice Y2060t CKOPOCMbIO 8PAWAEMCA U 8EKMOP CKOPOCMU MOYKU,
mMaxk KaxK JuHelHas ckopocms U L F—pannycy-BeKTopy TOUkd. B cucrteme
CH yTI10BYI0 CKOPOCTH U3MEPSIOT B pajl/c (paguaH B CEKYHIY).

Crnenyer OTMETUTB, YTO B yUEOHBIX MOCOOMSX YITIOBYIO CKOPOCTh paiuy-
ca — BEKTOpa TOYKM YacTO Ha3bIBAIOT MPOCTO YIIIOBOH CKOPOCTHIO, a B Ka-
YEeCTBE CAMHMIIBI M3MEPEHHUS YIIIOBOM CKOPOCTH yKasbiBaroT 1/c(00paTHyro
CeKyHJy, C'): MocieaHee oOyCIOBICHO TEM, UTO PajHaH — BEIMYHHA 0e3-
pa3MepHasi.

3ameyasi, uto A@(t) = , mpuxogum ¢ yuéroMm (1) u (2) x cooTHO-

AS(?)
R

LICHUIO, CBSA3BIBAIOLIEMY JIMHEliHYI0 0(f) W yrIOBYI0 @(f) CKOPOCTH IpH
HPOM3BOJILHOM JIBI)KEHUN MaTeprUaIbHOM TOUKH II0 OKPYXKHOCTH paguyca R :

o(t)=w(1)-R. (3)

1.2. PapHOMepHOe IBM:KeHHE 10 OKPYKHOCTH.
Ilepuon u yacToTa o0paleHus

JIBHKeHuE 110 OKPY>KHOCTHU € IIOCTOSIHHOM IO MOJAYJII0 CKOPOCTBEO Ha3bl-
BalOT paBHOMEPHBIM JABIDKEHUEM 110 OKpyx)HocTH. U3 (3) chnemyer, 4ro mpu
TaKOM JBM)KEHUH YTJIOBas CKOPOCTh @ TOXE MOCTOsiHHA. B 3TOM citydae eé
HA3bIBAIOT TAK)KE IIMKINYECKONW YacTOTOH.

s onucaHust paBHOMEPHOIO ABMXKEHUSI IO OKPY>KHOCTH Hapsiy € IUK-
JIMYECKOM 4acTOTON @ yJO0OHO MCHOJBb30BaTh nepuod obpawenus T, omnpe-
I[CHHGMBIﬁ KaxK BpE€Ms, B TCUCHHE KOTOPOI0 COBECPIIACTCA OAWH MOJTHBIN

1
O60pOT, u vacmomy v 06pau;eHuﬂ v ZF, KOTOpasd YUCJICHHO paBHA YUCITY

000pOTOB paanyca-BEKTOpa TOUKH 3a €IUHMIY BpeMeHH. B cBi3M ¢ 3THM
TOBOPST, YTO YacTOTa vV U3MEPSAETCs B 000pPOTax B CEKyHIY.

U3 onpenenenus (2) yrioBoil CKOPOCTH CIEAYET, YTO IPH PABHOMEPHOM
JBIDKEHUU TI0 OKPYXHOCTHU BEJIMUUHBI @, T ¥ V CBSI3aHBI COOTHOIIECHUSIMU

27
o=—=27v. 4
T (4)

PasmepHocTH @ m v onnHakoBHI (1/¢), Tak KaKk 3TH BETMYUHBI PA3ITHIAIOTCS
JIUIIb YUCIOBBIM MHOXKUTENEM 27T.

PaccmoTtpum n1Ba mprMepa, WILTIOCTPUPYIOINX NMPUMEHEHUE BBEAEHHBIX
BEJINYMH.

Hpumep 1. Cunrtas, yto 3emis aBuxkercs BOKpyr CoiHIA O KpyroBon
opbute paauyca R =150 MiIH KM, HalJUTE JTUHEHHYIO CKOPOCTh U 3EMIIH B
€€ TOOUYHOM ABMXKEeHUH BOKpyr ColHLa.

Pemenue. byjeM cuutarh, 4TO 3€MIISI COBEpIACT OJMH MOJIHBIA 000POT



Bokpyr Comana 3a 365 cyrok. Torma mepmonm oOpamieHust  3eMiu
T =3,15-10"c. Jlanee u3 (3) u (4) HaX0AMM
=2—”R=L’147'150-10° ~30-10° m/c.
T 3,15-10

IIpumep 2. PesibChl UTPYIIEUHON HKe-
JIe3HOW MOpOoru O00pa3yrT KOJBIO pa-
quyca R. Baronuuk M nepememaercs
0 pesibcaM, MOATAIKUBAEMBIH CTepPIKHEM
AB, KOTOpBIN BpalllaeTcs C MOCTOSHHON

YTIIOBOM CKOPOCTBIO @, BOKPYT TOUKH A, 4

JieKaleil BHYTPH KOJIBLA TIOYTH Y CaMbIX
penbcoB (puc. 2). Kak 3aBucuT oT Bpe-
MEHH JINHEHHAasi CKOPOCTh U(f) BaroH4H-

ka? Cuuraiite 0< ¢, < 7/2.

Pemenune. bynem cuurars, 4To yron
@, OTCUHUTBHIBAETCS OT HaIlPaBJIEHU:, 3a-
nmaBaeMoro pagmycoM AQ (touka O —TEHTP OKPYKHOCTH, IO KOTOPOM
JBIDKETCS BaroH4YMK). CTepikeHb BpalIaeTcsl ¢ MOCTOSIHHOW YITIOBOM CKOpO-
CTBIO (,, CJIEIOBATEIBbHO, YTOJN ¢ PACTET CO BPEMEHEM IO JINHEHHOMY 3a-

Puc. 2

KOHY ¢, = wt. Haliném 3aBUCHMOCTb OT BpEMEHM ! YIJIa ¢ IIOBOpPOTa pa-
JUyca-BeKTopa BaroHuuka. Jlins 3Toro 3aMeTHM, YTO TPEYTOJbHUK
AOM paBHOOenpenHslit, Torna LOAM = ¢,. BHemHuil yroa TpeyroibHuKa
paBeH cCcyMMe JBYX BHYTPEHHHX, C HHUM HECMEXKHBIX, OTCIOAa
@ =2¢, =2wt. 3aMeTHM, 4TO Yo go(t) pacT€T co BpeMeHeM I10 JTHHEHHO-
My 3aKOHY M YTO YTJIOBas CKOPOCTh @ BaroHYHKa TP JBUKEHUU IO PEib-
caM IOCTOSIHHA U BJBOE OOJIbILE YIJIOBOM CKOPOCTH @), ¢ KOTOPOM Bpalia-
€Tcs CTEepKEHb, T. €. @ =2®,. CleJ0BaTelbHO, BATOHYUK ABHKETCA 11O OK-

PY>KHOCTH PaBHOMCPHO, €TI0 JIMHEHHAas CKOpPOCTb OT BPEMCHHU HE 3aBUCUT U
paBHa
v=w-R=2-0,-R.

1.3. YckopeHue npu paBHOMEPHOM JBUKEHHH M0 OKPYKHOCTH

Ilo ompeneneHnio yCKOpeHHE d MaTepHUAIbHOM TOYKH €CTh BEKTOpHAs
BEJIMYMHA, PaBHAS OTHOIIEHHWIO MPHUPAIICHUS BEKTOpa CKOPOCTH KO BpeMe-
HU, 32 KOTOPOE MIPOU30IILIO 3TO MPUPALICHHUE:

&(Z) _O(t+A)—o(t)  o(1)
At At
Haiiném BenwumHy W HalpaBlIeHHE YCKOPEHUS d TOYKH IPU PaBHOMEPHOM

(mpu At —>0). ®)
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JBIDKCHUH TIO0  OKPY>KHOCTH. T (1)
JlommycTM, 4TO TIpU 3TOM JIBU-
JKEHUHM PaIdyC-BEKTOP TOYKH
3a BpeMsi OT ¢ 1o t+ At co-
BEpIIWI TOBOPOT HA Yroi
A@ (puc. 3). U3 paBHOOEIpEH-
HOTO TPEYroJIbHUKA, WIITKOCT-
PpHUpYIOIIETO COOTHOIIIEHHE
AD=0(t+At)—0(t), HaaEM
BEJINYMHY MPHUPALICHUS BEKTO-
pa CKOPOCTH, OOYCIIOBJICHHOTO
TONBKO HW3MECHEHHEM HAaIpaB-
neHus (BpalleHHeM) BeKTopa
CKOpOCTH:

U (t+ad) 0(1)

%J-(t+ AD

Ny

A

|Az7|=2-v-sin7=v.A(p‘ Puc. 3

3,[[60[) YUYTCHO, YTO IIPpHU MAJIbIX apryMmeHTax, T. €. ripu |x| << 1, BBITIOJIHACTCSL

npuOMIKEHHOE PAaBEHCTBO Sinx = X, T/€ X BBIpaXXeH B paJHaHHON Mepe.
Torma u3 coorHomeHus (5) HaXOAMM BEIMYHMHY @ BEKTOpAa YCKOPCHHS
TOYKH MPH PABHOMEPHOM JBHIKCHUH MO OKPY>KHOCTH:
|A?7| v-A
a=|i(n| =122
At At
C yuérom (3) u (4) mocieiHee COOTHOIICHUE MOXHO TaKXKe MPEICTABUTh B
BUJIC

=0-.

2 2
4

a=wv="=wR=4-7° V" R= 72
R T

‘R. (6)

YcraHoBuM HampaBieHue Bektopa d. U3 (5) cmemyer, uTo yckopeHue
d w npupaiieHue AT CKOpOCTH — COHArpaBlieHHbIe BEeKTOphL. [Ipu Af — 0

yron Ap—>0 nu « =[%—%) —>% (puc. 3), cnemoBarenbHO, B 000

MOMCHT BPEMECHU BCKTOPLI 5 U d B3aUMHO NEPNCHAUKYJISAPHEBI, IIPU 3TOM
BEKTOP YCKOpPEHHsI HAIIPABIICH 10 PAagUyCy K LEHTPY OKPYKHOCTH H C pa-
JITyCOM — BEKTOPOM 7 () TOYKH CBSI3aH COOTHOIICHUEM (pHC. 4):
a(t)=-’ 7). (7
Tak kaK BEKTOP YCKOPEHHUSI HAIPABJICH K IEHTPY OKPYKHOCTH, TO TAKOE
YCKOpEHHE Ha3bIBAIOT [IEHTPOCTPEMUTENBHBIM (pagHabHbIM, HOPMAJIBHBIM,



T. €. HallpaBJICHHBIM 110 BHYTpEHHEH HOpManu K Tpaekropun). [loguepkuém,
YTO BEJIMYMHA IIEHTPOCTPEMHUTEIHHOTO YCKOPEHHs (KaK BUAHO U3 BBIBOJA)

CBsI3aHA C YIJIOBOW CKOPOCTBHIO BpAIICHUS
BEKTOpa CKOPOCTH.

ChopMmymupyemM  BBEIBOA:  O@udicenue
MOYKU NO OKPYHCHOCMU C NOCMOSHHOU NO
8eUYUHe CKOPOCMbIO eCb 08UJICEHUe Y-
KOpeHHoe, npu 3MoM 6eKmMOp YCKOPEHUs 6
060U MOMEHM — 8PeMeHU HANpasien K
YeHmpy OKPYICHOCMU, d €20 BelUYUHA
nocmosiina u onpedensiemcs u3z (6).

Mpumep 3. Haligure ckopocts ¥ U yc-
KOpEeHHE d TOYEK 3eMHOil IOBEPXHOCTH Ha

mmpore @ =60°, 00yCIIOBICHHBIC Y4YacTH-
€M B CYTOYHOM BpalieHuu 3emin. Pamuyc
3emmu R = 6400kMm.

Pemenue. Beibepem ykazaHHYIO Ha pH-
cyHke 5 cucremy orcuéra. Hadano orcuéra
MOMECTUM B LEHTP 3eMJIH, IUIOCKOCTh X)
COBII/IaeT C IUIOCKOCTBIO DKBATOpa, OCh Z
COBIIQIa€T C OCHIO BpAIEHHUs IUIAaHETH. B
BBIOpaHHOH cucteMe oTcuéra Jirodas TOYKa
3eMHOU MMOBEPXHOCTH HA LIUPOTE (» ABHUXKET-
Csl PaBHOMEPHO IO OKPY)KHOCTH pazuyca
r=Rcos@ (Ha puCyHKE 5 MOKa3aHa IMyHK-
TUPOM) C TIEPUOJOM B OJIHH CYTKH, T. €.
T =86400c. CxopocTh IIO0OW TOYKH Ha-

[IpaBJICHA II0 KacaTeIbHOM K TAKOM OKpYyXk-
HOCTH, & YCKOpEHHE K €€ LeHTpy. BenuunHel
BEKTOPOB CKOpPOCTH YCKOpPEHUS HalaEM M3

(3) u (6):

2zr  27Rcoso
T

~230m/c,

a(t)

(1)

7(0)

2
a =a)2r=[2?ﬁj Rcosgp~0,017m/c’.

<y

Puc. 5

1.4. YckopeHue npu HePAaBHOMEPHOM JIBMKEHUHM 110 OKPYKHOCTH

[Ipu HEpaBHOMEPHOM JIBHKEHHH IO OKPYKHOCTH U3MEHSETCS CO BpeMe-

HEM He TOJIbKO HaIpaBJICHUE BEKTOpa U CKOPOCTH, HO M €ro MOAysb v. B
9TOM ciydae mnpupameHne AD BeKTopa cKopocTd (puc. 6) MOXKeT OBITh



MIPEJICTABIICHO B BHJIE CYMMBI JIByX B3aWMHO IEPHEHIUKYISAPHBIX COCTaB-
asommx AU = AU, + AU, ,rie AU, — COCTaBIIAIONIas IPUPAIIECHNS CKOPOCTH,
COHAIpaBJIEHHAsl C BEKTOPOM CKOPOCTH U M OOYCIIOBJICHHAS MpPHUPALICHUEM
BEJIMUMHBI BEKTOpa CKOPOCTH HA Av_ = Av = |Az7|cos ¢; BTOpas COCTaBIISIO-

mas AU, — HopManibHas (HaMH y>Ke u3ydeHa), 00yclIoBlIeHa (KaKk U Mpex[e)

IMOBOPOTOM BECKTOpA CKOPOCTH. TOFZ[a CCTCCTBCHHO M YCKOPCHHUC NPpCACTa-
BUTh B BHJE CYMMbl KacaTeJbHOW (TaHTEHIMAILHOM) W HOPMAaIbHOU CO-
CTaBJIAIOIIHNX
G=20 2% 80 g g @®)
Al A Al
Jlist mpoekInii BEKTopa YCKOPEHUS Ha KacaTelIbHOE ¥ HOPMAaIbHOE HaIpaB-
JICHUA CIIpaBEAJIMBBI COOTHOIIICHUA

Av
AU7 '5(0 a. = E, At > 0,
AT ' 7(0) .
A a,=0-v=—. )
! R

(t+
ole+ ) OTMeTHM, 4TO KacaTeiabHas

COCTaBIIAIIOINAS d, YCKOPEHHUS
OTIpeieIsieTCs CKOPOCTBhIO W3-
MEHEHHsI MOJYJS BEKTOpa
CKOpOCTH, B CBOIO OdYepenb,
HOpMaJTbHAS (pamnanpHas)
COCTaBIIAIOINAs @, CBsS3aHa C
YIJIOBOM CKOPOCTBIO Bpallie-
Puc. 6 HUsl BekTopa ckopocTH. llo
teopeme [Tudaropa

a=|é|=\/af+af. (10)

Ommemum, umo 08uUICEHUe NO NPOU3BOJILHOU KPUBOIUHEUHOU MPAEKMO-
puu modcem 6bImb NPEOCMABNeH0 KaK NOCIe008ameNbHOCb NepeMeleHUll
1O 27leMeHMAapHbIM OydcKam okpyacHocmet. Toeoa coomuowenus (9), (10)
CNpaseonusbl U NpU HEPAGHOMEPHOM OBUICEHUU  MAMEPUAIbHOU MOYKU
10 NPOU3BOTLHOU KPUBOIUHEUHOU MPAEKMOpUlY, Npu 3mom eeauyuny R 6

popmyne (9) ona a, Hasvliearwom paouycom KpUsUsHbl MpAeKmopuu 6 pac-

cmampugaemoi mouxe. Huaue 2080ps, 3mo paouyc s1emeHmapHotl OYHCKU
OKPYJCHOCIU, ¢ KOMOPOIL 8 NEPEOM NPUOTUNCEHUL COBRAOACT MPACKMOPUSL
MAMEPUATLHOU MOYKU 8 MALOU OKPECMHOCIMU MO020 MeCma, 20e Imad moyKkd
6 OAHHBIU MOMEHM HAXOOUMCA.



B 3akmroueHue OTMCETUM, YTO NPU HEPABHOMCPHOM MABUKCHUU IO OK-
PYXKXHOCTHU YyrijioBasgd CKOPOCTh @ 3aBUCUT OT BPEMCHU. CKOpOCTL HU3MCHCHU
@ CO BPpEMCHEM HAa3bIBAIOT YTJIOBBIM YCKOPCHUEM &, KOTOPOC BBOAUTCA I1O

hopmyre:
gz% (mpu At > 0). (11)
t

Ecnu yrioBoe yckopeHue MOCTOSIHHO, TO 3aBUCHUMOCTH yIja MOBOPOTa
pannyca-BeKTopa OT BpeMeHH (110 aHaJOTHMH C KMHEMAaTHKOW paBHOIepe-
MEHHOT'O JABMKEHUS 110 TIPAMOIl) MPUHUMAET BUI:

2
(/)(t)=¢0+a)0't+g'2t )

W3 (9) u (11) cnexyer, 4To TaHTe€HLIMAIbHAS COCTABIIAIOIIAS @, YCKOpe-

HUA MaTepHaHBHOﬁ TOYKHU U YITIOBOC YCKOPCHHEC & CBs3aHbl COOTHOLICHHUEM
Av Aw

a =—=R-—=R-¢. (12)
At At

IIpumep 4. MaTepuanbHas TOUKa JIBUKETCS 110 OKPYKHOCTH paauyca R

C MTOCTOSTHHBIM YTJIOBBIM YCKOpeHHeM &. Haliaute 3aBUCMMOCTH OT BpeMe-

HH BCJIMYHUH CKOPOCTU U H YCKOPECHHUA a. B HavanpHBI MOMEHT BpEMCHU

TOYKA TTOKOUIIACH.
Pemenne. Tak Kak yriioBoe yCKOPEHUE MOCTOSIHHO, TO YTJIOBas CKOPOCTh
OyJIeT YBEIMIUBAThLCSI CO BPEMEHEM 110 JINHEHHOMY 3aKOHY
o(t)=w(0)+e-t=¢-1. (13)
U3 (3) c yuérom (13) Haxomum -
v(t)=R -w(t)=R-¢-t. y
Hanee u3 coorHomenuit (9), (12) u (13) Haxo-
JIUM TIPOCKIIMH BEKTOpa YCKOPCHHS Ha HarpaBiie-
HUS: TaHIeHLUalbHOe a, =R-&, HOpMaJbHOE

a,=w’R= (g-t)2 R w BemmumHy (MOIYIIB) YCKO- o

a=,\la’+a =& R+t a3 x

Ipumep 5. Kamens OporeH co CKOPOCTBIO U,
MOJ YIJIOM & K TOpPHU30HTY. B Mamnoii okpecTHOCTH
TOYKM CTapTa HaijguTe paauyc R KpUBHU3HBI Tpa-
€KTOpUU M YTJIOBYI0 CKOPOCTh (» BpAaIllCHUS BEK-

TOPa CKOPOCTH. Puc. 7
Pemenne. [Ins pemienus 3agauu BOCIOJIb3YEM-

peHust

3

0Q {
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Cs1 COOTHOIICHUSIMU
a

R=—, w=-—". (cm.(9)).
v

B Majoii okpecTHOCTM TOUYKM crapra (puc. 7) v =v,, HOPMAJIBHOE YCKO-
peHue a, €CTb TNPOEKIHs YCKOPEHHs CBOOOMHOTO MajeHuss ¢ Ha HOpMaib
K TPAEKTOPUU a, = g - COS .

2

. . v, gcosa

N3 npuBenE€HHBIX COOTHONIEHWN HaxoguM R = , O= .
gcosa v,

§2. lunaMuKa ABUKEHHS M0 OKPYKHOCTH
B nnepumanpHO# cucTemMe 0TCUETa OCHOBHBIM YPaBHEHHUEM TUHAMUKA

MaTepHaNbHOM TOUKH SBJISIETCS BTOPO 3akoH HproToHa:
mi=F+F, +... (14)
PaccMmoTpuM monpoOHEe pasHomepHoe O8udiceHue mena Nno OKPYICHO-
cmu, Jexarieil B miockoctr XOY koopauHaTHOM cuctembl. M3 (7) m (14)
CJIEAYET, YTO TPH TAKOM JABMKCHUH CyMMa CUII, Tak K€ KaK U YCKOPEHHUE, B
Mr000if MOMEHT BpeMEHH HalpaBlieHa K LEHTPY OKpy>kHocTH. Tornaa, mepe-
xons B (14) k ckanspHOU Popme 3amucH, YA0OHO TIEPEeUTH He K MPOSKIHIM
cui U yckoperus Ha ocu OX, OY wuHepUuaabHOW CUCTEMBI OTCUYETa, a Ha
NOJBIKHOE HANpaBlI€HWE — HalpaBlieHHWE BHYTPEHHEW HOPMAaJM, CUUTAs
MOJOKUTENFHBIM HAIlPaBJICHUE K LEHTPY OKPYXHOCTU. DTO NPUBOJHUT K

COOTHOIICHUIO:
2

man=m%=Fln+Fz”+.... (15)

B paccmarpuBaemMoM cilydae ABM)KEHHE MPOMCXOIUT B I1ockocTd XOY.
Torna a. =0 wu u3 (14) HaxonuM, 4TO CyMMa IIPOEKIMH CUJI HAa Halpasile-

Hue OZ, NeprneHIuKyISIPHOE TNIOCKOCTH OKPYKHOCTH, paBHa HYJIIO:
O=F_+F,_+... (16)

Takum obpa3om, I pelieHus 3agad JUHAMHKH PaBHOMEPHOIO IBHKeE-
HUSI MATEPHATILHOM TOYKH 110 OKPY>KHOCTH HEOOXOIUMO:

1) B uHEepUMANbHON CHCTEME OTCUYETA IPUBECTH «MOMEHTAIBbHYIO (OTO-
rpaduio» ABMXKYIIErocs Tella M yKa3aTb NPWIOKEHHbIE K HEMY CHJIBI U CO-
o0ImaeMoe 3TUMH CHJIaMH yCKOPEHHE,

2) coctaBuTh ypaBHeHHs (14) — (16) M pemIuTh NOTYUECHHYIO CHCTEMY.

OtMmeruM, uto u3 (15) cimemyer — npouszgedeHue maccel mena HA HOp-
ManvHoe (paduanvroe, YEeHMpPOCMPEMUmenbHoe) YCKOPeHue paeHo Cymme
HOPMANILHLIX NPOEKYUll cex 0elicmayouux Ha meio cul. ATy CyMMy, CTOsI-
1y1o B npaBoil yactu (15), 4acTo HeylauHO Ha3bIBAIOT LEHTPOCTPEMUTEIb-
HOW cuioi. U3 (14) BUAHO, YTO HUKAKOH LIEHTPOCTPEMHUTENBHOM CHUIIBI B



11

npupoje He cyuiecTByeT. B nHepnuanbpHOM cucteme OTcUETa ABMKEHHUE T10
OKPY>KHOCTH BCerja MPOUCXOIUT MOJ IEHCTBUEM CHII, O0YCIOBICHHBIX U3-
BECTHBIMU B3aMMOJCHCTBUSIMU. TaKUMM CHJIaMU SIBJISIFOTCS CHUIBI TSKECTH,
TPEHHUs, peaKLIMU ONOPHI U T. 1.

Ipumep 6. Ileprox oOpamenus JIyHbl BOKpyT 3eMiIM B TeOIeHTpHUE-
ckoil cucremMe otcuéta paseH 1 =27,32 cyrok. 3Has paauyc 3eMiH

R=6400kM ® yCKOpeHHE CBOOONHOTO TaicHHS y ©€  IOBEPXHOCTH

g=10m/c’, naiigure paccrosuue r 10 JIyHbI.
Pemenune. bynem cuutath, uro JlyHa ABHXKETCS BOKPYT 3€MIIM IO KpY-
roBO¥ opOuTe paadyca r TOJ IEHCTBHEM CHIIBI NMPHUTSDKEHUS K 3eMIe.
Torma u3 Broporo 3akoHa HeioToHa (puc. 8) md = mg(r), nepexoms K
HPOEKIHSAM CHIIbI NIPUTSDKEHUSI U yCKOpe-

HUA Ha HOPpMAJIbHOC HaAIlpaBJICHUE, IMOJy4da-
eM:

2 2 2
v mM M R R
m—=G—-, 02:6—2—:g—.
r r R r r
JIluHeitHasi CKOPOCTb CBsi3aHA C TMEPUOJIOM
2rr

obOparnieHus U paguycoM OpOUTHl U = -

M3 nByX mocleIHUX COOTHOIIEHUN Haxo-
UM

GRT? 1/3

47?
IIpumep 7. ABTOMOOWIIb TBHKETCS B TOPU30HTATBHOM IFIOCKOCTH C TIO-

CTOSTHHOM 110 MOJYJII0 CKOPOCTBIO T10 3aKPYTJIEHHUIO TOPOTH — AYTe OKPYXK-
HocTH pagnyca R =200 M. KoadhdumueHT TpeHUs CKOIbXEHHsI IITUH T10 J10-

pore u=0,1. Ilpu kaKoit CKOPOCTH U aBTOMOOWIISI €T0 HE OyIeT «3aHO-

~3,8-10%Mm. Puc. 8

V=

cuTh»? YCKOpPEeHHe CBOOOTHOIO MaJeHUs y
g =10m/c?. = N
. D, T N
Pemenne. MueprmanbHas cucteMa orcuéra u - g -
o m
CUWJIBI, JICUCTBYIOIINE Ha aBTOMOOMIIb, MIOKA3aHbI Ha E, g
puc. 9. TakuMHU CHUIAMHU SIBISIIOTCS: CHJIA TPCHHUS 4 7
= = - C
F_, cuna conporuBicHus F,, culia TSDKECTH mg U F,.,
™’ c ZA
o - L/
cuia HopManbHOH peakunn N. Ilo Bropomy 3ako- X
Hy HproToHa 7l

3

ma=mg+N+F +F,.
Tak kak aBTOMOOWIb IBHKETCS 1O OKPY>KHOCTH Puc. 9
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paBHOMepHO, [ =-—F . llepelinéM K IpOEKLMAM CHJI U YCKOPEHHUS Ha

T™D,T

HOPMAJIBHOC HAIIpaBJICHUC

v
me=F,, (17)
Y Ha BEPTHKAJIb
0=N—-mg. (18)

Bennunna cunbl Tpenust orpanmyesa F, < uN. Torma w3 (17), (18)

CJICOYECT, YTO IIPpHU ABUKCHUU 110 OKPYKHOCTH B I‘OpI/I30HTaJIbHOI71 IIJIOCKOCTHU
2

%
mfﬁ pumg. OTCrona HaXOAUM BEPXHIOI OLEHKY (mpu F, =0 ) ckopoctu

TaKOTO IBUXKEHUS: U < \//JgR = \/0,1 -10-200 =14 wm/c.

IIpumep 8. ABTOMOOMIIB, TPOTAsICH C MECTa, PABHOMEPHO HAOHMpaeT CKo-
POCTb, IBUTASACH [0 TOPU3OHTAILHOMY YYaCTKy JOPOTH, MPEICTABISAIOIIEMY
coboit myry B 1/12 oxpyxkuoctr pamnyca R =100wm. C xakoi HanmOobIiei
M0 BEJIMYMHE U CKOPOCTHIO aBTOMOOWIIb MOXKET BBIEXaTh Ha MPSMOIMHEH-
HBIA Y4aCTOK JIOPOTH, €ciau KO3(P(PHUIMEHT TPEHHUS CKOJIBXEHHS [IMH 10 J10-
poxxHomy mokpeiTHiO £ =0,3?  YckopeHue CBOOOJHOTO MaJeHUS
g =10m/c*. Cuity conpOTHBICHHS CUUTAITE MPEHEOPEKUMO MATIOM.

Pemenne. Ha aBTOMOOWIH B mpoliecce pasroHa JAEMCTBYIOT CHUIBL: TH-

KECTH mg, HOPMAIBHOU peakuu N U TpeHUs F'Tp, KOTOpasi COHAIpaBJIeHa
¢ yckopeHueMm d. [IpoaHanusupyeM U3MEHEHUE BEKTOpa YCKOPEHHUSI CO Bpe-
MeHeM. JI71st 3Toro y100HO 0OpaTUThCS K TaHT€HIMANbHONH g, M HOpMaib-
HOH g, COCTaBJLIOMIMM ycKopeHus. Ilo yciioBHIO @, NIOCTOsHHA, CleJ0Ba-

TCJIbHO, BCJIMYMHA CKOPOCTHU aBTOMOOHIISA B KOHIIC pas3roHa U TaHIrCHIHAJIb-
Hasl COCTaBJIAOIAA ¢, CBA3aHbI COOTHOLICHHUCM

R 39°
v=42a s =,/2a,- , OTCI0Jla a, = .
TR
LleHTpocTpeMuUTeNbHASL COCTABISIOMIAs YCKOPeHUs omnpenensercss ¢op-

2
o (%
MyJion a, Z? u JOCTHUTacT HanOOJIBIIETO 3HAYCHHUS B KOHIE y4JacCTKa pa3s-

TOHa, TJIe CKopocTh HanOobmas. I1o Teopeme [Tudaropa
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2\2

2 2
v 302 v? 3
Aumax =Na2 +ab =, || — | + =— [1+|=|. -

R 7R R V4
N3 Broporo 3akona HreloTona ciemyer N = mg, a P 7
CWJIa TPEHUsI MOXKET COOOIIUTh HAUOOJbIICE MO Be- "N
F‘Tp,max ,UN AF‘Z
JIWYMHE YCKOpEHHe q,, =———=——= [ g. H
m m
Torma HanboJBIIAS CKOPOCTH B KOHIIE Y9YacTKa pas- o
rOHA paBHA Tla -
R -~ —_
v= |HE — ~I5u/c. Fy
3 r
1+ —
/4
Vmg.

Ipumep 9. MaccuBHBIN MApHUK, MOABEIIEHHBIA
Ha JIETKOW HHTH, IBIKETCA PABHOMEPHO TIIO OK- Puc. 10
PYXKHOCTH B TOPHU30HTAIBHOH miiockoctH (puc. 10).

PaccrosiHue OT TOYKM MOJBECAa HUTH JI0 IUNIOCKOCTH,
B KOTOpPOH TMPOWCXOAWT IBIKeHUE, paBHO H. Haiinmre mepmonm 7' obpa-
HICHU MIapHuKa. Y CKOpeHHe CBOOOAHOTO MaICHUs g.

Pemenue. Beeném oOo3HaueHws: L — JUIMHA HUTH, ¢ — YTOJ, 0Opa3ye-
MBI HUTBIO C BEPTUKaJbIO, 7 = Lsin@ — paauyc OKPYKHOCTH, IO KOTO-
po¥i IBMXKETCSI IAPUK CO CKOpOCThIO v. 3ametum, uto H = Lcosa. Obpa-
TUMCA K JuHaMuke. Ha mapuk nefcTByIOT cuiia TsDKeCTH mg W Cujla Hats-

JKeHus F HUTH. DTH CUJIbI COO6H_IaIOT HIapyuKy HaIlpaBJCHHOC K LICHTPY OK-
2

r. Ilo

PY>KHOCTH HOPMAJIbHOC YCKOPCHUE, IO BCJIMYUHE PABHOC a = T2

BTOpOMY 3aKkoHY HbroToHa ma = F + mg, nepexonis K NPOEKIUsIM CHII U yC-
KOpEHHs Ha HOpMaJIbHOE HANPaBJICHUE U Ha BEPTHKalb, HOTy4aeM:

4r’ :
m- ; r=Fsna, (19)
0= Fcosa —mg. (20)

C yuérom (20) mpeoOpazyem (19) k Buny:

2

. H
m Lsinad =mg -tga, orcioma 1 =27 |—.

g

T2
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Hpumep 10. Konbo, u3roros-
JIEHHOE W3 OAHOPOJHOTO PE3UHO-
BOrO XryTa IMHOHM L, Maccoil
M u x€cTkoCThIO k, Bpariaercs
B TOPU30HTAJIBHON MIIOCKOCTH BO-
KpyT BEPTUKAJIBHOM OCH, IIPOXO-
JsUieil yepe3 LEHTp KOJbLa, C yr-
JOBOM CKOpocThio . Haiinure
paguyc R Bpalllalonierocst KoJib-
ua.

Pemenne. Paccmorpum aine-
MEHTapHBI y4YacTOK Bpalllarolle-
rocst koibra o Al. Ero mac-

M
ca Am=——Al. Ha Bbluenes- Puc. 11

27R
HBIN y4yacTok aedcTBytoT cuibl 7, u 7, (puc. 11), HampasieHHBIE [0 Kaca-

TEJIbHBIM K KOJbLy U OJMHAKoBble I0 Moxymo I, =7, =T. Ilo Bropomy
3akoHy HproToHa
Am-i=T+T.
PaccMaTpuBaeMblil 2J1IeMEHTapHBIN y4acTOK IO, JEUCTBUEM IIPHIIOKEH-
HBIX CHJI PABHOMEPHO JIBHJKETCS 110 OKPYXKHOCTH, CJIE€A0BATENIBHO, €0 yC-
KOpPEHHE B JII000H MOMEHT BPEMEHHM HAalpaBJIEHO K LEHTPY OKPYKHOCTH

U IO BCJIMYMHC PABHO a)zR. Hepexo;[ﬁ B MaTEeMaTU4YeCKOH 3amucu BTOpOro
3akoHa HrproToHa K MMPOCKUUAM CHUII U YCKOPCHHA Ha HOPMAJIbHOC HaIlpaB-

MA .
JIEHUE, MO0JIy4aeM 2—Rla)2R =2Tsin(er/2). Bennmunna T ynpyroil cuiibl
T
(cuyBl HATSKEHHMSI) CBSI3aHA C yIUIMHEHUEM (271'R —L) KOJIbLIa 3aKOHOM ['y-

Ka T=k(27rR—L). [Tpu maneix yrnax sin(e/2)=a/2=AIl/(2R). C yué-

TOM 3THX COOTHOIIICHUHU YPpaBHCHUC JABUIKCHUA IIPUHUMACT BU/]

MAL pop= 2k(27R —L)Al.
27R 2R
27wkl N
Orcrona R=————. W3 nocnenueir GopMyJsbl CIEAYET, YTO INPH
4k —w M

/ k
0=2r ﬁ KOJbHO AOJDKHO HECOTPAHUYCHHO PACTATMBATHCA, OAHAKO 3TOI'0

HE CIIYYUTCS, TaK KaK 3aKOH [ yka HapymuTcs yxe mpu HeOONbIINX YIJTNHE-
HUSIX, & C POCTOM @ KOJIBLIO Pa30pPBETCS.
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Ipumep 11. Onpenenure Bec P Tenma Maccod m Ha reorpadudecKoi
HIIpoTe @. YCKOpeHHe CBOOOJHOTO MajeHusi g, 3eMyII0 cUuTaiite oJHO-
POIHBIM TIapoM pajuyca R.

Pemenune. HamoMmanM, 94T0 Bec P Tena — 310 CuJa, ¢ KOTOpOM Telno Jei-
CTBYET Ha OIIOpYy WM MojaBec. JlOmycTUM, YTO TEJO JISXKHUT Ha TOBEPXHOCTH

Bparaomieiics 3emiM, Ha HEro JeHCT-

) BYIOT CHJIa TSDKECTH mg, HalpaBJiIeHHas

z
.y - -
r N K ILEHTpY 3emiu, U ciwia peakuun N
(puc. 12). Tlo Tpersremy 3akoHy Hbio-
toHa P =-N. [losToMy Ana ompenerne-
HUs BEca Tejla HaljéM Cuily peakiuu
N. B unepumansHO#l cucreme OTcuéra
TEJI0 PAaBHOMEPHO IABUKETCS 0 OKPYK-
HOCTH pajuyca v =R-cos¢ C nepuo-

IOM ofHH CyTKH, T. €. T =86400c, u
IUKJINYECKON 4acTOTOM

Puc. 12 a)=27ﬂ=7,3-105c1.

X

VcKopeHue Tena MO BEJIMYMHE PABHO a4, =@ -7 =@ -R-cosp U Ha-

IIPaBJICHO K OCH BpalllCHUS 3emumn. W3 sToro CJICOYCT, YTO paBHO,Z[CfICTBYIO-
mas CUJI TAXKECTU U peaKIIuU 3eMIIu TOXKe JOJIKHA OBITH HaIrpaBJICHa K OCH
BpaliCHu:A Semin. Torma cuna peakuuun o6pa3yeT C NCPHCHAUKYJIAPOM K OCH
BpaliCHuA HCKOTOpBIfI YyIol & # ¢, UHAa4Y€ CyMMa CHUJI, IPUITOXKCHHBIX K TC-

Ty, a CIIeZIOBaTENIbHO, U yCKOpeHue Obut Obl paBHBI Hymo. [lo BTOpomy 3a-
xony Hetorona ma=mg+ N.

[Nepetiném k MPOEKIMIM CHJI U YCKOPEHHUS HAa HOpMaJIbHOE HAIPABJICHUE

ma’Rcos@ =mgcosp — N cosa
Y Ha HalpaBJICHUE, MEPICHIUKYIAPHOE IUIOCKOCTH, B KOTOPOH JIEKHUT OK-
pyxHocTh, 0=-mgsinp+ Nsing. HWckmouas @ M3 IBYyX MOCIETHUX CO-
OTHOIIIEHUH, HAXONM BEC Tella:
P=N= \/(mg)2 ~m’@’R(2g — @’ R)cos’ ¢.

Ipumep 12. ManeHbkuil IEpEeBSIHHBIN IAPUK MPUKPEIUIEH C MOMOIIBIO
HepacTsDKUMOU HUTH uIHON [ =30CcM KO JHY HIJIHHIPHIECKOTO COCyIa C
BoAOU. PaccTosiHue OT LEHTpa JHA A0 TOYKH 3aKpeIuieHus HUTu r = 20cMm.

Cocyn pacKpy4wBalOT BOKPYT BEPTHKAIBHONW OCH, TIPOXOIAIICH depes
ueHTp AHa. [Ipu kakoi yrioBol CKOPOCTH BpalleHUs] HUTh OTKJIOHUTCSA OT

BepTUKaan Ha yroin « =30°? Yckopenue cBo6ogHOTO nageHust g =10m/c?.
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Pemenne. Huth ¢ 1mapukoM OTKIOHUTCS K Ocu BpauieHus. JleilcTBu-
TENBHO, Ha IMApUK OYIyT AEHCTBOBaTh TPH CUJIBL: CHJIa mg TSHKECTH, Chia

T wnarsokeHust HUTH U cuna F, Apxumena (puc. 13). Haiiném sty cumy.
O0603HaunM 00bEM mapuKa V, INIOTHOCTH JIepeBa, U3 KOTOPOTO M3TOTOBIICH

mIapuK, p,, TMJIOTHOCTh BOABI O, W pac- -

CMOTPUM JIBHKCHHE JKHIKOCTH [0 TIO- <4 7

TpyeHus B He€ mmapuka. JIro0oit anemen- \ Az
TapHbIi 00BEM BOJABI paBHOMEPHO JBU- |
JKETCS TI0 OKPY>KHOCTH B TOPU3OHTATHHOU —
wiockoctd. CleoBaTeabHO, BEPTHUKAIB- — — —
Hasg COoCTaBJiArouIasd CyMMbl CHUJI OaBJICHUA
(cumbl Apxumena) F, . ypaBHOBEIIMBAET —

N
f
<

CUWIYy TSDKECTH, JNEUCTBYIOILYIO Ha XKHUJ- -
KOCTh B pacCMaTpPHBAEMOM 00BEME, TOPH- &
30HTallbHas cocTaBisomas F, . cooOua-

€T ITON JXKUAKOCTH IEHTPOCTPEMHUTEIEHOE Iz
yckopenue. [lpu 3amemeHun XKUIKOCTH Puc. 13

[IAPUKOM JTH COCTABISIOIINE HE H3Me- ‘

HstoTcs. Torna BepTUKabHAs COCTABJISIONIAS CHIIBI ApXUMe/a, NCHCTBYIO-
el Ha IIapuK, [0 BEeIW4YWHE paBHAa F, = p V' g, a HalpaBlIeHHas K OCH
BpallleHUs] COCTABIIAIONIAs CHJIBI ApXuMmena IO BeEIHYUHE paBHa
Fap=cVao?(r—Iising). Tlox nelicTBHeM NPWIOKEHHBIX  CHJI IIApHK
JIBIDKETCST PABHOMEPHO TI0 OKPYKHOCTH paguyca (» —/[Sina) B TOPH30HTAb-

HO#T mockocTH. W3 BToporo 3akoma Heiorona ma=mg+T + F.
ITepexons k MpOEKIUsSM CUJI U YCKOPSHHS Ha BEPTUKAIBHYIO OCh, HAXO-
JIAM:
pVeg—pVg—Tcosa=0,
MIPOSKTUPYS CUJIBI U YCKOPEHUS B TOPU30HTAILHOM TNIOCKOCTH Ha HOPMaJlb-
HO€ HaIpaBJIeHHE, oTy4YaeM
p. V@ (r=Isina)=p,V & (r—Isina)-Tsina.
Uckimouast T 3 ABYX MOCIEIHAX COOTHOIICHHM, OMPe/IeNsieM UCKOMYIO YT-
JIOBYIO CKOPOCTh @ = gti ~10,7¢™".
r—Isina
Hpumep 13. Onpenenure paguyc R T0OpOATOrO0 MOCTHKA, HUMEHOIIEIO
BUJ] JYTH OKPYXHOCTH, €CIIU U3BECTHO, YTO MpH CKOpocTu v =90kM/4 Bec
aBTOMOOWJISI B BEpPXHEH TOYKE MOCTHKA BIBOE MEHbBINE Beca Ha TOPU30H-
TaJIbHOM Jiopore. Y ckopeHue cBo6ogHOTO TaaeHus g =10m/c?.
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Pemenne. IIpy ABMKEHUU TO TOPU3OHTAIBHOM JOpOre BeC Tella paBeH
CHUJIC TSKECTH.

OO6paruMcst K TBIKEHUIO aBTOMOOMIIS IO MOCTHKY. MHepmansHas cuc-
TeMa OTCUY€Ta U CWIIBI, JCHCTBYIONINE HA aBTOMOOUIIb U Ha MOCTHK, MTOKa3a-
HBI Ha puc. 14.

y
AV
v
X VF
vmg
n
Puc. 14

Jlns aBTOMOOWIISE B BEpXHEH TOYKE MOCTHKA 110 BTOpOMY 3aKkoHy HeroTo-
Ha mad=mg + N. Ilepeiiném B 3TOM ypaBHEHHH K MPOEKIHSIM CHI U yCKO-
peHMs Ha HOpMaibHOe Hampasienue: mv’/R=mg—N. Tlo ycnosuio

P=mg/2, a mo tperhemy 3akony Hbroroma N =-P, torna N=mg/2.
M3 nonyyeHHbIX COOTHOLIEHU HAXOIUM:
mv*/R=mg/2, orciona

2.2 2.25

g 10

PaccmoTpum nBa mpumepa, B KOTOpPBIX Teja
JIBIDKYTCS II0 OKPY>XHOCTH HEpPaBHOMEPHO, IIpU
5TOM TaHTEHIIMAIEHOE YCKOPEHHE TOKE NU3MEHSIET-
ca. B atom cinyuae Hapsay c 3akoHoM HbroToHa
TIOJIE3HO TIPUBJIEKATh 3aKOH M3MEHEHHs (WJIH CO-
XPaHECHUSI) MEXaHUYECKOM SHEPIUH.

IMpumep 14. ITo AIUHHONW MPOBOJOYHOW BUH-

R= =125m.

TOBOH JIMHUK paauyca R c¢ maroM H, ocb KOTO- Vm_.
poli BepTHKaJbHa, CKOJIB3UT Oycunka. Koaddumu- g
€HT TPEHMsI CKOJIb)KEHUs] OyCHHKH II0 IIPOBOJIOKE Puc. 15

paBeH u(u<H/2xR). Haiimute ycraHo-
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BHB TN Ty Focst ckopocTs v ckombike-
HUsl OyCHHKH. Y CKOPEHHE CBOOOIHOIO MaJIcHUS g.

Pemenne. Ha OycuHKy NEHCTBYIOT CHIIBL: TSDKECTH m g, HOPMAalbHOU
peakimu N u TpeHus Fp, =y N, npu stom N =N, +N,, 3necs N, —ro-
PHU3OHTAJIbHAS COCTABISIOIIAs, a /NN, JIEKHUT B OJHOHM IUIOCKOCTH C mg U
1:1 , (puc. 15).

U3 BToporo 3akoHa HeloToHa cremyer, 4TO ¢ pOCTOM BEJIMYUHBI CKOPO-
CTU cocTaBisitomas N,, cooOmaromas OyCHHKE LEHTPOCTPEMHUTENILHOE yC-
KOpEeHHeE, a C Hel ¥ cuiia TpeHus OyIyT pacTH 10 BeJIMYUHE, TaK YTO €CTEeCT-
BEHHO OKUJATh BBIXOJA ABMKCHHS HAa YCTAHOBMBIIMICS PEKUM CKOJIbXKE-
HUSI C HEKOTOPOM CKOpocThio v. [ns ompeneneHust 3TOd CKOPOCTH Nepeit-
néM B nHepuuanbHyto cuctemy orcuéra (MCO), nmxyuryrocs Mo BepTuKa-
JM BHU3 CO CKOPOCTBIO USIN @, @ — Yol HAaKIOHAa BEKTOpa CKOPOCTH K IO-
pusonty, tga=H/2x R. B BbiOpannoii UCO OycuHKa paBHOMEPHO IBH-
KETCA 110 OKPYKHOCTU pazuyca R CO CKOPOCTBIO UCOS®, IIPH 3TOM YCKO-
peHne OyCHHKHM HaIIPaBJIE€HO 110 HOPMaJld K OCH BUHTOBOM JIMHUU U IO Be-

2
munse paHo (vcosar)/ R. W3 Broporo 3akona HeoTona
ma=mg+N, +N,+F_.
Ilepexons K MpOEKLUsIM CHJI U YCKOPEHUS Ha HOPMAaJbHOE Halpasile-
(vcosa)’ .
HUE, HAXOIUM M —r =N,. B BepTHKaNBbHONW IUIOCKOCTH
0=mg+ N, + F,,, nepexos K IpOEKLHSIM CHJI HAa B3aUMHO OPTOTOHAJIbHbIE

HanpasjieHus, Haxoxum  F, =mgsina, N, =mgcosa.
U3 51X cOOTHOMIEHNUH ¢ yuéTom F_ = 414/ N] + N, monyudaem:

v=(gR /,u)l/2 [(tgza -’ )(tgza + 1)]1/4
Mpumep 15. Tnaakwuii k€100 COCTOUT U3 TOPUZOHTAILHOU YacTud AB u
IIyTH OKpPY>XHOCTH BD pammyca R=5wm (puc. 16). lllaiiba ckomb3uT 1O
TOPU30HTAJIBHON YaCTH CO CKOPOCThIO Uy =10Mm/c. Onpenenure MOAyIb d
ycKopeHus 1aiiosl B Touke C W yroa [, KOTOPBIH BEKTOP & YCKOPEHUS
IIaii0bI B ’TOT MOMEHT COCTaBJIIET ¢ HOPMAJIBIO K TpaeKTopuu B Touke C.
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Pammyc OC oOpasyer ¢ BepTukaipio yron « = 60°. YckopeHne cBoOOIHO-
ro magenus g =10m/c?.

Pemenue. /[ HaxOXKIeHUS YCKOpPeHHMS @ MmaiObl B Touke C Haimém
TaHT€HUHUAIbHYIO ¢ ¥ HOPMAIIbHYIO @, COCTABJIAIOIIME YCKOPEHHS B OTOM

touke. Ha Teno, ABMXKylieecs B BEPTUKAIBHOW IJIOCKOCTH MO ayre BD
(puc. 16), B 110001 TOYKE ACUCTBYIOT CHJIBI TSHKECTH Mg W PEaKIUU OIOPHI

D

S

4 B 4
Puc. 16 Puc. 17
N. Tlo BropoMmy 3akoHy HelotoHa mi =mg + N. Ilepeiiném B 3TOM ypaBHe-
HHUM K NPOEKLUSIM CHUJI U YCKOPEHHUSI Ha TaHTE€HIMAIbHOE HalpaBiieHHE (Ha
HalpaBJIeHHE BEKTOPa CKOPOCTH)
ma, =—mgsing.

3

Orcrona a,=-gsina =-10 b -8, 7m/c’.

2
Jna onpenenenust a, = N3 HaiIEéM BEIMYMHY U CKOpPOCTH LIaii0bl B

touke C. OOpaTUMcsa K SHEPreTH4ecKuM coobpakeHusM. [Ipu aBmKeHUH
M0 TOPU3OHTAILHOW YacTH kE100a CKOPOCTh Tella He M3MEHSETCS BCIEACT-
BHE€ OTCYTCTBUS TPEHUs, a Ha BEPTUKAIBLHON YacTH €noba (Kak U Ha TOpH-
30HTAJIBHOW) CHJIa HOPMAaJBHOW Peakiui HE COBEpIIaeT padoTy, T. K. dTa
CWJIa TIepIeHAUKYIsipHa ckopocTu. ClieZloBaTeIbHO, MEXaHUYECKas SHEPTUs
(cymMMa KMHETHMYECKOHW M NOTEHLUMAILHON) coxpansercs. [loTeHImanbHyro
SHEPTHIO MaiObl Ha TOPU30HTATLHON YacTh kEmobda OyaeM CUNTaTh paBHOM
HyJr0. Torna 1o 3aKoHy COXpaHEHHS MEXaHWYECKOH PHEpruu

v, v

m—=m—+mgR(l-cosa),

2 2

oTcroza
2 2 2
a, =v—=v—°—2g(1—cosa)= 10 —2'10(1—lj =10m/c>.
R R 5 2
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Benmmunny a yckopeHwus mai6s1 B Touke C Haiaém mo teopeme [Inuda-

ropa:
a=+a?+a? =13,2m/c?.

B Touke C BeKTOp YCKOpEHHSI ¢ 00pa3zyeT ¢ HOPMaJbIo Yyroi [ TaKou,

la.|

n
Ipumep 16. Ha ropu3oHTanbHOi MOBEPXHOCTH JEKUT MOTYIIAP MACCOM
M =100r. U3 ero BepxHel Touku 0e3 TpEHUs] C HyJIEBOM HAYaJbHOH CKO-

qro tgf = ~ (0,87, orcrona f=~41°.

POCTBIO CKOJB3HT I1aiiba Maccoil m =25r. M3-3a TpeHuss MeX 1y MoymapoM
U TOPU30HTAIBHOM MOBEPXHOCTHIO [ABM)KCHHE TMOJyLIapa HAYMHAETCS
npu  =10°. Haiiaure koddpuument u A N
TPEHUS! CKOJBXEHHUSI MOoyLIapa mo Imo- N,
BEPXHOCTHU. Y CKOPEHHE CBOOOJHOTO Ia-
nenust g =10m/c?.

Pemenne. PaccMoTpum cuiibl, Oeu-
CTBYIOIITHE Ha Kaxkaoe u3 Tel. Ha maiioy a >
JEHCTBYIOT CHJIA TSDKECTH mg W CUIa

HOpMaJbHOU peakuuu N; (puc. 18). U3
BTOpOro 3aKoHa HproToHa

<V

ma=mg+N,.
[lepexons x IMpOEKLMAM CUI U YCKOpE-
HUsI Ha HOPMaJbHOE HAIIPaBICHUE, B Puc. 18
MOMEHT Hayaja JBW)XEHHUS NOoIyliapa
UZ
HoJyvaeM m - mgcosa — Ni.
ITo 3ax0oHy COXpaHEHHs SDHEPTUU
2
mv
- = ng(l - cosa).

W3 »>THX cOoOTHOIIEHUH HAaXOAUM BEJIH- M
YUHY JEUCTBYIOIIEH Ha a0y B 3TOT MO-
MEHT CWIbl  HOPMAJIbHOH  pEaKLUu:
Ni=mg(3cosa —2). Mg

Ha monmymap nedcTBYIOT CHIIBL: TSDKe- \/
ctu Mg, HopMmanbHOHI peakuuu N,, Tpe- Puc. 19

uust F o uwBec P waibsl (puc. 19).
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ITo Tperbemy 3akony HproToHa P =—N,. B MOMEHT Hauana ABUKEHUS
noJiyuiapa u3 BToporo 3akoHa Herorona

Ma=Mg+P+N+F,.
Iepexons K MPOEKUUSIM CUII M YCKOPEHUS @, = 0 nojymapa Ha BEPTU-
KaJIbHOE HallpaBJeHHEe, ¢ y4y€TOM paBeHCTBA P = N, MOIydaeMm:
N>= Mg + Pcosa = Mg + mg(3cosa - 2)cosa.

Ilepexoa kK MPOEKIMSIM CHJI M YCKOPEHUS TMOJIyIlIapa Ha TOPU30HTAILHOE
HarnpaBJieHHE TIO3BOJIET ONPEICIUTh BETMYHHY CUJIBI TPCHUS:
F,, =Psina =mg(3cosa —2)sina.

C poctoM « cuna F,, yBemnuuBaercs, cuna N, yMeHblraercs. B MomeHT

HaJaJia JBIKCHHSI TIOJTyIIapa BEIMUWHA CHJIBI TPSHHS CBSI3aHA ¢ BEITUIHHOMN
CWJIBI HOPMAJIbHOM peakuuu cooTHoueHueMm Iy, =y - N,. Otcrona
Fy m(3cosa —2 )sinx 0.033
ﬂ = e— = z . .
N, M+m(3cosa—2)cosa

KO]—[TpOJ’lb]—[bIe BOIIPOCHI

CnpasouHvie OaHHble:
I'paButammonHas nocrosaHas G =6,67-107"" H-m’ / Kr’, paguyc 3eman

R=6,4-10°M, yckopeHue cBOOOJHOrO TaJeHUS Y TOBEPXHOCTH 3eMIIH
g= G% & IOM/c2 ; 00BEM mmapa pagauyca R pasen V = %ﬂR3.

1. BocbMunonacTHo# BUHT camolieta GpoTorpagupyioT BO BpeMs Bparle-
aust ¢ oxcrosuimeit 7 = 0,02 c. Ha ¢ororpaduu BuaHO, 9TO 32 3TO BpeMs
KakK/1as JIONAcTh MOBEPHYJIACh HA MOJOBUHY YTJIa MEXAY JByMs COCETHHUMHU
jonactsaMH. BerauciuTe yrioByro cKOpocTh @ BpaileHus BuHTa. Eciau -
Ha Jjoractd R = 5,4 M, TO KakoBa JMHEHHAS CKOPOCTh U KOHIIA JIOTACTH?

2. IIpumem B [Ipumepe Ne 2 3aganusi, 4To B HAUaIbHBI MOMEHT BpEMEHU
CTEpXEHb COBIMAJAeT C AUaMeTPOM KoJIblia, a yepe3 7 =10 ¢ paccTosiHue OT
BaroHYMKa 10 OCH BpAIIEHHUs yMEHbIIAeTcs BIBoe. Pamuyc urpymiedHoit
KOJIBLIEBOH kene3Hoi noporn R =0,5 M. Halinute BenIMUMHY a yCKOpPEHHS
BaroH4YMKa. YKa)XXUT€ HalpaBlIeHUE BEKTOpa d YCKOPEHHsS BaroH4YHMKa B
000 MOMEHT BpEMEHH.
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3. JIuHeiiHas cKOpoCTh KOHI@A cTpenku gacos v =0,35-10" m/c, yckope-

Hue KoHia crpenkn a=0,61-107 m/c>. Kakas 3To cTpenka — CeKyHIHas,
MUHYTHas, yacoBasi? OTBET MOIKPENIUTE pacuETaMHu.

4. B mporuiecce BBINONHEHUs 3TOr0 3a1aHus Bbel cuaute 3a cTOIOM Ha
Bpamaromieiics 3emie. Beruncnure Bamy nuuHble TUHEHHYIO CKOPOCTh U
ycKopeHue, 00yCIIOBIEHHBIE yYaCTHEM B CYTOUHOM BpAIIEHUH 3EMIIH.

Bo BTOpOi1 wactu 3TOTO ympaxkHeHus Bam mpennaraeTcst BCTaTh U pac-
MOJIOXXUTh OIHY BBITSHYTYIO PYKy MapajleIbHO OCH BpalIeHUs 3eMid, a
JIpyTroi yka3aTh HampaBieHue BekTopa Baiero yckopenusa. Kak umenno Bel
pacronoxute BeITsHyThle pyku? OObsicHuTe Banr BeiOop.

5. Ha ckombko TpOIEHTOB (CM. MPEAbIAYIINA KOHTPOJBHBIA BOIPOC).
Barmm Bec oTiiMgaeTcs OT CHIIBI TSKECTH?

6. Koneco, yacrtora BpaieHusi KOTOPOr0O B MOMEHT Hadajla TOPMO>KEHUS
v =4,0c", ocranasmuBaercs uepes 7 =30 c. Ompenennrte BEINIHHY &

YTIIOBOTO YCKOPEHMS KOJIeca, CUUTAs 3TO YCKOPEHHE MOCTOSHHBIM. CKOJIBKO
000pOTOB COBEPIIIUT KOJIECO 32 BPEMsI TOPMOKEHUS?

7. [lon KakuM yIJIOM & K TOPU3OHTY clielyeT OpOCUTh KaMeHb TaK, 4To-
OBl LIEHTP KPUBHU3HBI MAJIOTO y4YacTKa TPACKTOPUU B OKPECTHOCTH €€ BBIC-
1€l TOUKM JIeKall B TOM K€ TOPU3OHTAIBHOM MJIOCKOCTH, B KOTOPOU JIEKUT
TOYKa cTapra’?

8. [To coobmennsm CMU u3 Bcero mo0bITOro Ha 3emile 30J10Ta MOXKHO
ObTO OBI «cmenaTh» Imap pamguycoM R =11 M. Beruamcaure cKoOpocTh v
MPUIOBEPXHOCTHOTO CIIyTHMKA TakoW r1UiaHeThl. ILmoTHOCTH 3050Ta
p=19,3-10° xr/n’.

9. Ooparumcs k [Tpumepy Nel3. [Tpu kakoil CKOPOCTH U aBTOMOOWIIA,
JIBUKYIIETOCS TI0 TOMY € MOCTHKY, BOJAUTEIh HA MCHOBEHUE «OOBIBACT B
HEBECOMOCTH»?

3apaun

1. Kamenp Gpomen mox yriaoM o =30° K TOPU3OHTY ¢ HAYaJIbHOU CKO-

pocteio v, =20 M/c. Uepe3 HEKOTOpOE BpeMs [0 TPAaeKTOPUH KaMHsI JICTUT

ITUIIA C TIOCTOSAHHOH cKOpocThlo ¥ =2 M/c. Haiinure Benuuuny o, Hau-

X

OoJIBIIIETO U HaAaMMCHBUICTO YCKOPEHUS IITUIIBI B TAKOM MOJIETE.

min

2. Tpu 3Be3asI MaccHl m Kaxaasi, yaaiaéHHbIe OT APYTUX HEOECHBIX Tel,
COXPaHSAIOT B CBOEM JIBIDKEHHHM KOH(HIYypalMio paBHOCTOPOHHETO Tpe-
yroibHUKa co cropoHoi L. Haiinure nepuon 7' oOpaieHus 000 3BE3BI

BOKPYT IIEHTPa Macc CHCTEMBI.
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3. [Ipubop nns u3MepeHHs YIJIOBOH CKOPOCTH
BpalmieHusi CoCcTOWT W3 riagkoro [T — oOpasHoro
CTEPIKHS, PACMOJI0KEHHOTO B TOPU30HTAILHOMN TIJIOC-
KOCTH, U My()TOYKH A MacChl m, COCTUHEHHOU C
npy>KUHKOU k€cTkocTH k (puc.l). Btopoil koHen
MIPYKHUHBI 3aKperiéH B Touke B. Bes cucrema Bpa-
1IAETCA C HEKOTOPOW IMOCTOSHHOW YIJIOBOWM CKOPO-
CTBIO @ BOKDPYT BEPTHUKAIBHON OCH, MPOXOJSIIEH
gepe3 Touky O. Cuuras OTHOCHUTEIHHOE YIJIMHECHUE

Al .
— MPYXUHKU HU3BCCTHBIM, HAUAWUTC YIJOBYI CKO-
0

pOoCTh .

4. Ha mpomenmem B aBrycre 2007 r. B XKy-
koBckoM MAKC-2007 BrepBeie B MUpPE 5 TSDKE-
neix  uctpeoureneit Cy—27 u3 MWIOTaXKHOU
rpynnsl «Pycckue BUTS3W» W 4YeThIpe (HPOHTO-
BBIX HCTpeOuTeNns Mul—-29 u3 mOIIoTaXXKHOMH
rpynmsl «CTpwXKH», MposieTas MUMO 3pUTENeH
co ckopocthio U, =100M/c B IUIOTHOM CTpOIO

Puc. 2

«poMO» (puc. 2), mpuOnu3uTensHo 3a 7=18c¢

BBIMONHUIN «60uKy» (Bpamenue crpoeM Ha 360° BOKPYT TOPH3OHTATBHOI
ocH; cM. Bumeo B mHTepHeTe). Kpaitane mcrpeburenn Cy—27 yaalieHBl OT
ucTpedurens B IeHTpe cTpos Ha r =30 M. Ha kakyro BenmnuuHy AU CKO-
pocTh KpaHux ucrpedureneit Cy—27 MOIDKHA MPEBHIIATh CKOPOCTH UCTpPE-
OuTels B LIEHTPE CTPOSI BO BpeMsl BBITIOTHEHUsI pUTypbI? Bo ckoilbko pa3 BO
BpeMsI BBINTOJHEHUS (UTYPHl HAMOOIBIIIAs CUjla aBICHHS HA CHUICHBE JET-
YHKa KpaHero UCTPeOUTENsT OOJIBINE CHITHI TSHKECTH JIETIYNKA?

5. lonmycTHM, 4TO OTBIT, B KOTOPOM H3MEPSIETCs IEpHoA oOpaleHus 1ia-
pHKa, OJBEIIEHHOTO Ha JIETKOW HUTH W PaBHOMEPHO JABMKYIIEroCs MO OK-
PY>KHOCTH B TOPHU30HTAIFHON TUIOCKOCTH, BBITTONHSAETCS CHAaYalla Ha 3emile,
a 3atem Ha Jlyne. Eciiu B 3THX ombITax mepro bl 0OpaIieHns: OIMHAKOBBI, TO
B KaKOM M3 OIBITOB CHJa HATSHKEHUs HUTH Oousbine? OTBET MOIKPENnTe
pacyérom.

6. TpamBail, IBHXKYIUHCA TIPSIMOJIMHENHO 10 TOPU30HTAILHOMY PEIHCO-

BOMY IYTHU CO CKOPOCTBIO VO = 2M/C, BBC3XKACT HAa YYAaCTOK MOBOPOTA —

4eTBEPTh OKPyxHOCTH pammyca R =20wM — u paBHOMepHO (II0 BpEMEHN)
HaOupasi CKOPOCTh, MPOE3XKAET MOBOPOT. [10CTOSIHHOE B MpoIiecce MOBOPOTa
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TaHTeHIUMANBbHOE YCKOPEHHE PaBHO OAHOM TpEeTbedl HavalbHOTO HOPMAallb-
Horo. [Ipu xakoil BenmnunHe KOA(pUIMEHTAa TPEHUS CKONBKEHHS MacCaX-
P, CUASIIKE B CalloHe, HE OYIYT CKOJB3UTH 0 CHAEHBSIM B XOJ€ TIOBOPO-
Ta?

7. ToHKask MeTaUIMIECKas 3aMKHYTas IIEM0YKa MacChl M M JIHHBI L
HaJIeTa Ha TNIaJKUI KPYroBOil KOHYC ¢ yrioM npH Bepiunae 2¢ . Och KOHY-
ca BepTukaigbHa. KoHyc M 1lemouka BpamarTcsi ¢ 4aCTOTOM V BOKpYT Bep-
TUKaJHbHON OCH, COBMANAIONIEH ¢ OChIO KOHyca. [lenoyka JIeKuT B TOpH30H-
TanbHOM TockocTH. Haitnmure cuity 7' HaTsHKeHHS LETIOYKH.

8. Potop ynbprpaneHTpudyru BpamiaeTcsi BOKPYT BEPTHKAIBLHOH OCH C
gactoToit n=>5,0-10* 06/Mun. Ha poTtope 3akperuieHa mpoGupKa ¢ BOJIOL.
Ocb npoOUpKH TOPU3OHTANILHA, HAIIPABJICHA 110 PaJUyCy pOoTOpa, THO MPO-
Oupku HaxoauTcs Ha paccTossar L =10cM oT ocu BpamieHus. B mpoOupke
y IHA HAXOZHWTCS MApuK o0béMoM V =0,1 cMm’ u maccoit m=0,25T. C ka-
KOH 10 BeNMWYMHE P CHIION MAapuK [eHCTBYET Ha JHO MPOOUPKH B MPOIEC-
ce Bpamenus yibTpaueHTpudyru? InotHocts Boasl o =1,0-10° kr/n’,

9. BycuHKa Macchl 7 HaJeTa Ha IagKoe MPOBOJIOYHOE KOJIBIO Paliy-

ca R, mIOCKOCT, KOTOPOTO HAKIOHEHA MOoJ yriaoM o =30° K ropH30HTY.
KombI10 jkecTKO€ M 3aKperuieHo HemoaBmkHO. C Kako¥ 1Mo BeTWYIMHE W Ha-

npaBiieHUIO cuoil P jieiicTByeT OyCHHKA Ha KOJIBIIO B MOMEHT MPOXOXKIC-
HUSI HWOKHEH TOYKH KOJIbLA, ecIM OyCHMHKa Havaja JIBH)KEHHE U3 BEpXHEH
TOYKH KOJIbLIA C IPEHEOPEKNMO MaIOH CKOPOCThIO?

JdomosHuTeIbHAS 3a/1a4a

1. KocmonasT maccoit m = 100 KT HaXOIUTCS BHE KOCMUYECKOTO KOpao-
15 Maccoit M = 5-10° kr Ha Jerkom ¢ane mmuaOM [ = 64 M. Haiinure Benu-
yuHy 7' CHIIBI HAaTsOKeHUS ¢aiia, eciii KOpadilb pacioNokeH MeXay KOCMO-
HABTOM U 3eMJieli Ha JIMHUM, COCIUHSIONICH WX LEHTpbl macc. Cumraiite,
YTO KOpabIb BUKETCS 10 KPYrOBOW opOWTE, BEICOTAa KOTOPOM HAJl MOBEPX-
HOCTHIO 3eMJI Malla TI0 CPaBHEHHIO C pafmycoM 3emiu. | paBUTaIlMOHHBIM
B3aMMOJICHCTBUEM KOCMOHABTA ¢ KOpabi€M npeHeOpeyb.



