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BBEJEHUE

TeopeTrndeckas MEXaHHKa — HayKa, KOTOpast H3y4aeT OOIIHE 3aKOHBI
MEXaHNYECKOTO JBI)KEHHS W MEXaHHYECKOTO B3aMMOJCHCTBHS MaTepHallb-
HBIX Tes. OHa nMeeT OoJIbIIoe 3HAYEHHE VIS KaUeCTBEHHON MOATOTOBKU WH-
JKCHEPHBIX KaJ[pOB B PA3IMYHBIX OTPACIAX TEXHHKH, TaK Kak sBiseTcs (QyH-
JaMEHTAJIbHON HayKOW Ul MHOTHX CIICIHANBHBIX TEXHUYECKUX TUCILUIIIHH.
Teopernueckast MexaHHKa MOCTpoeHa Ha 3akoHax M. HeioToHa, a Takxke Ha
psizie akcHOM, CIPaBeUIMBOCTh KOTOPBIX MPOBEPEHA MHOTOBEKOBON NPAaKTH-
YEeCKOH AEATETHHOCTHIO YEIOBEKA B 00JIACTH MEXaHHKH.

B obuiem ciydae fABHKEHHE SIBISIETCSI OJHOM M3 ()OPM CyIIECTBOBA-
HUS MaTepuu. B TeopeTHueckoil MexaHnke M3y4aroT OJWH W3 BUJIOB JBHXKE-
HHUS — MEXaHWYECKOE JIBI)KCHHE — 3TO M3MCHEHHE ITOJIOKCHUS TeNl B IPO-
CTPaHCTBE, MPOMCXOJIIEE C TeUCHHEM BpeMeHH. CIeqyeT OTMETHThb, YTO
COCTOSIHAE TIOKOS SIBJISIETCSI YACTHBIM CIIydaeM MEXaHWYECKOTO IBHKEHUS,
MOATOMY B TEOPETHUYECKOH MEXaHUKE M3y4aloT Takke PaBHOBECHE MaTepH-
IbHBIX 00BEeKTOB. [log MexaHWYECKHMM B3aMMOJEHCTBHEM HOHMMAIOT ACH-
CTBHSI MaTepUANIbHBIX TEJ JPYT Ha JIpyra, B pe3ysbTaTe KOTOPBIX H3MEHSETCS
XapakTep MX MEXaHWYECKOTo ABM)XKeHHs mim Gpopma. OCHOBHOM Mepoii Mexa-
HUYECKOTO B3aMMOJCHUCTBHS TeJl SIBJISICTCS CHJIA, ONpPENENIonasl HHTCHCHB-
HOCTb M HallpaBJICHUE 3TOTO B3aUMOJICHCTBUSL.

Kunemamuxa — BaXXHBIN pa3ziell TEOPETUIECKONH MEXaHHKH, B KOTO-
POM HM3y4aroT 3aKOHBI JBIKCHUSI MaTEPHATBHON TOUYKH M aOCOJIIOTHO TBEPAO-
ro Tena ¢ TeOMETPUYECKONH TOYKH 3peHHMs, 0e3 yuéTa MX MHEpIMOHHBIX Xa-
PaKTEepUCTHK (Macchl) M AEHCTBYIONINX HA HUX CHIL.

JIBIKeHHE B KMHEMAaTHKE PacCMaTPUBAIOT KaK M3MEHEHHE MOJIOoXKe-
HUS TeJla B IPOCTPAHCTBE C TEUEHHEM BPEMEHH 110 OTHOLIEHUIO K BEIOPAaHHOM
cucreme orcuera. Cucmema omcuema BKIIOYAET TENO OTcyeTa (ABMKEHHE
TeNla BCerja M3ydaroT 10 OTHOLIEHHMIO K KaKOMY-JHOO Jpyromy Teiy, KOTo-
pO€ CUMTAIOT HEMOABHKHBIM), CB3aHHYIO C HUM CHUCTEMY KOOPJMHAT U Yachl
JUISL N3MEPEeHNUs] BpeMeHU. B TeopeTnueckoii MexaHuKe B Ka4eCTBE OCHOBHOM



HCIIOJNB3YIOT TEIHOLEHTPUIECKYI0 HHEPIIUAIBHYIO CHCTEMY OTCYETa, CBSI3aH-
Hyto ¢ ComaneM. OJHAKO NPH PENIEHNH MHOTHX MPAaKTHYECKUX 3a7ad IpH-
MEHSIIOT U CHCTEMY OTCUETa, CBA3aHHYIO C 3eMJICH.

JIBIXeHHe TeJl MPOUCXOJUT B NPOCTPAHCTBE C TCUCHUEM BPEMEHH.
B xnaccuueckoil mexanuke [anunes-HproTOHa MmpocTpaHCTBO, B KOTOPOM
W3YyJaloT ABMKEHHE TEIl, CYUTAIOT TPEXMEPHBIM, €BKIIMIOBBIM, A0COIIOTHBIM,
OJTHOPOJHBIM M M30TPONHBIM. CBOICTBA MPOCTPAaHCTBA HE 3aBUCAT OT BpPEMe-
HU ¥ JABIXKYIIUXCSI B HEM TEJl, OHM OJMHAKOBBI BO BCEX TOUYKAX U HAIpaBiie-
HUsX. Bpems sBnsercs HENpepbIBHO U3MEHSIOIIEHCS CKaIsIpHON BEIMYUHOM,
HAIlPaBJIEHO OT HACTOSIMIETO K OyIymeMy W NpOTEKaeT OAWHAKOBO BO BCEX
cHCTeMax OTcUeTa.

KunemaTuky moapa3fensioT Ha KMHEMaTHKY TOYKH M KHHEMAaTHKY
abcomroTHO TBepaoro Tena. Ecnu nmpu n3ydeHun OBIDKCHUS Tena ero (opMoi
U pa3MepaMu MOXKHO IPEHeOpedb, TO TaKOe TEJI0 OTOXKAECTBISIOT C Mamepu-
AnbHOU MOYKOU, T.€. C TEOMETPUUECKON TOUKOM, B KOTOPOHM BCs Macca Telna
YCIOBHO CUHTACTCS COCPENOTOYCHHOW. B mpyrux cirydqasx Teno paccMarpu-
BAlOT KakK aOCOIIOTHO TBepAoe, GopMy W pa3sMepbl KOTOPOTO HPHUHUMAIOT
HEU3MEHIEMBIMU. AOCOII0MHO MEepObiM MmeioM Ha3bIBAIOT TAKOE TEIO,
paccTosiHIEe MEXIy JIOOBIMH ABYMs TOYKAMH KOTOPOTO TPH €ro ABHKECHHH
HE U3MEHSCTCS.

B Tteopun otHOcUTENbHOCTH DHHIITEWHA CBOMCTBA MPOCTPAHCTBA
3aBUCAT OT MaTepHAIbHBIX OOBEKTOB M WX JBIDKCHHS, a IMPOCTPAHCTBO H
BpeMs CBsI3aHBI MEXIy COOOH M paccMaTpHUBaIOTCS KaK €MHOE YeThIpexXMep-
HOE IIPOCTPaHCTBO — BpeMs. [Ipu 3TOM Bpems 3aBUCHT OT TOTO, B Kakoi CH-
CTeME OTCYeTa OHO M3MEHsAeTCS. DWHINTEHHY yaanoch 00O0OIINTH 3aKOHBI
MEXaHUKHU Ha JIBWKEHHE TeJI CO CKOPOCTHIO, OIM3KO0i K ckopocTH cBeta. [1o-
MPaBKH ¥ M3MEHEHHUs, BHOCHMBIE TEOPHEH OTHOCHUTEILHOCTH B 3aKOHBI KJlac-
CHYECKOM MEXaHUKH, CTAHOBSTCS OLLYTHMBIMHU TOJBKO IPU OOJBIINX CKOPO-
CTAX, OJIM3KUX K CKOPOCTH CBETA, a TAKKe JUIS TeJl, pa3Mepbl KOTOPBIX UMEIOT
MOPSJIOK aTOMOB.

OCHOBHBIMU 3aJja4aMi KHHEMATHKH SIBIISIOTCSI:

1) ycraHoBIIeHHE 3aKOHA JBM)KEHHS, T.€. CIIOCO0a 3a/1aHMs TI0JIOXKE-
HUS TOYKH WJIM Tesa B JIF000H MOMEHT BPEMEHH I10 OTHOIICHHUIO K BHIOpaH-
HOM CHCTEME OTCUETa;

2) ompenesieHue MO 3aJaHHOMY 3aKOHY JBI)KCHHS BCEX KMHEMAaTH-
YECKHMX BEJIMYMH, XapaKTEePU3YIOIIUX N3y4aeMOe IBHKECHUE.



JIn1s TOUKM KMHEMaTHYECKUMH XapaKTEPUCTHKAMHU JBIDKCHUS SIBIIS-
IOTCSI Mpaekmopus, CKOpocmsy 1 yckopeHue, Ui abCOMIOTHO TBEPIOTO Tea —
yeno8as ckopocms ¥ y2i08oe YCKOpeHue caMoro Tena, a TAaKXKe mpaeKkmopus,
cKopocmb M ycKopeHue MIOO00H ero TOukd. B KMHeEMaTuke HE HCHONB3YIOT
Kakue-Tn00 3aKOHBI MEXaHHKH, [TOJIy4YeHHbIE ONBITHBIM ITyTeM. Bee ee n3mo-
JKEHHUE OTMPAETCA Ha M3BECTHBIE aKCHOMBI €BKIIH0BOH reomerpun. s u3y-
YEeHUs] KHHEMAaTHKNA HEOOXOJMMBI 3HAHUS MaTeMAaTHKH B paMKaxX aHaJIHTHUe-
CKOM T€OMETPHH, MATEMaTHICCKOTO aHAIM3a U BEKTOPHOH alTeOpHl.

B HacTosmeM y4eOHO-METOANYECKOM TIOCOOUH CONIepKATCS KPaTKue
TEOpEeTHYECKUE CBEIeHNS U3 paszena «KuHaemaTtnkay 1o ciaeayomuM TeMam:

1) KMHEMAaTHKa TOUKH;

2) mpocTeie BUIBI IBIKCHNS TBEPAOTO Tela: IMOCTYNaTeIbHOE U
BpallaTeIbHOE BOKPYT HETIOBIDKHOM OCH;

3) mIocKonapamuIeNbHOE IBMKEHUE TBEPAOTO TEa.

ITo xaxol TeMe AaHBI BOIIPOCHI Ul CAMOKOHTpoIs. B 4-m pazzaene
MOCOOMsI pacCMOTpPEHBI MPUMEPHI PEIICHUS] THIIOBBIX 3a/lad M IPHUBEICHBI
BapUaHTHl KOHTPOJBHBIX 3aJaHWi. B mocoOum MMEroTcsi CChUIKM Ha PEKO-
MEHIYEMYIO JINTEPaTypy, U3 KOTOPOH CTYAEHTHI 3a09HOTO OOYYCHHUS MOTYT
HOYy4YUTh Ooiee 00bEMHBIE 3HAHNUS 110 MHTEPECYIOIUM X BOIIPOCAM.

Jnst n3ydeHns: KOHKPETHOW TEMBI M BBIIIOJIHCHHS! KOHTPOJIBHOTO 3a-
JIaHUS CTYACHTY CIEIyeT:

1) BHUMATEIBHO MPOYHUTATH COOTBETCTBYIOLIMI pa3zien B yueOHHKe,
BBIOpDaHHOM M3 CIHCKa PEKOMEHIyeMOH JIMTepaTyphl; M3Y4UTh TEOpeTHUe-
CKHE CBEJCHUS W METOAMYECKHE PEKOMEHJAIMH HACTOSIIETO I0CcoOus; co-
CTaBUTh KPAaTKWH KOHCIEKT, 3allMCaB OCHOBHBIE ONpPENENICHHUS, TEOPEMBI U
(hopMyJIBI; OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI;

2) pa3o0paTh penIeH s IPUBEICHHBIX THIIOBBIX 3a/1a4;

3) caMOCTOSTENBHO BBIOIHATL U OOPMHUTH KOHTPOJIBHBIC 33IaHUS
B COOTBETCTBHH C MPEIIOKEHHBIM IIPETIOIaBaTEeNIeM BaPUAHTOM.

JlanHOE mocoOue crocoOCTBYeT Pa3BUTHIO M 3aKPEIUICHHIO y Oyay-
WX WH)XEHEPOB INMPAKTUYECKHX HABBIKOB PELICHUS PAa3HOOOPA3HBIX 3a3j1ad
KWHEMaTHKH, HEOOXO0MMBIE B NX NPO(ECCHOHATLHON AeSTeIbHOCTH.



1. KHHEMATHUKA TOYKHA

KunemaTrka TOYKM — 9TO pas3jien KMHEMATHKH, B KOTOPOM HCCIIE-
OYIOT MEXaHHYECKOE ABWKEHHE MaTepuanbHOH Toukd. OCHOBHas 3agada
KMHEMATHUKH TOYKH COCTOMT B CIIEAYIOILEM:

1) 3amaTh 3aKOH ABM)KEHHS TOYKH, T.€. yKa3aTh IPABUIIO, B COOTBET-
CTBHMH C KOTOPBIM MOYKHO OJHO3HAYHO ONPENEINUTh MOJI0KEHUE TOYKH B PO-
CTpPaHCTBE B 000K MOMEHT BPEMEHH 110 OTHOIICHUIO K BEIOpAaHHOW CHCTEME
0TCYETa;

2) 1o 3aJaHHOMY 3aKOHY JIBUXKECHUS TOUKH OIPEENIUTh BCe KMHEMa-
TUYECKHE XapaKTepHCTUKU ee ABWXKeHHA. K xapakTepucTHKaM JIBUKEHUS
OTHOCAT Mpaexmopuro, CKOpocmo u yckopenue moyku. Tpaekmopus mouku —
HENpephIBHASI IPOCTPAHCTBEHHAS KPUBAsl, KOTOPYIO TOUKA ONUCHIBAET B IIPO-
necce nBuxkeHUs. Ecnu TpaeKTopuen sBIsSETCs NpsAMas JIMHUSA, TO JABUKCHUE
Ha3bIBAIOT NPAMOAUHEHHBIM, ECITU KPUBAS — KPUBOTUHEUHBIM.

1.1. Cioco0bl 3agaHus ABHKEHUS TOUYKH

Just peuienust 3a7a4 KHHEMATHKA HEOOXOAUMO, 4TOOBI M3ydaeMoe
IBIDKEHHE ObUTO 3amaHo. OHO cuuTaeTcs 3aJaHHBIM, €CIIH B JTIO00M MOMEHT
BPEMEHH OJIHO3HAYHO MOYKHO OINPEICIIUTh MMOJIOKECHHE TOYKU B IIPOCTPAHCTBE
OTHOCHUTEJILHO 33JJaAHHOM CUCTEMbI OTCUeTa. VICIONB3YIOT TP OCHOBHBIX CIIO-
coba 3amaHus JIBIKCHUSI TOUYKHU: GeKMOPHbLU, KOOPOUHAMHBIN U eCMeCmEeH-
HblLl.

BexkropHbriii cnioco6. [Tonoxenne aBuxymieiicss Touku M B M000i
MOMEHT BPEMEHH MOXKHO OIPEAEIUTH C MOMOIIBIO €€ PaIHyc-BEKTOpa, Mpo-
BEJCHHOTO W3 IeHTpa O, CBA3aHHOTO C TEJIOM OTcUeTa, B Touky M (puc. 1.1).
YroObl 3a1aTh ABM)KEHHE BEKTOPHBIM CIIOCOOOM, HEOOXOANMO OMNpENEIUTh
BEKTOPHYIO (DYHKIIHIO BPEMEHHU B BHJIE:

r=r(t). (1.1)

3aBucumocTs (1.1) HA3BIBAIOT ypasHenuem 0GUICEHUA MOUKU 8 6eKMOPHOU
¢opme. Hagano paanyc-BeKTopa JBIKYIIEHCS TOYKU HaxoauTcs B Touke O,
a KOHEIl ero MnepeMelaeTcs no TpaekTopuu BMecTe ¢ Toukoil M. ['eomerpu-
YECKOE MECTO KOHIIOB PaJHyC-BEKTOpa, T.€. rojgorpad 3TOro BEKTOpa, ompe-
JIeJISIET TPACKTOPHIO ABMXKYIIEHCS TOUKH.

KOO[!Q]I/IHaTHLIﬁ croco6. C TeIoM 0TCYEeTa CBA3BIBAIOT npAMOYTOJib-
HYI CUCTEMY ACKAPTOBBIX KOOPAWHAT, IIPHU 3TOM IOJOKEHUEC TOUYKH ONPECAC-
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JSIIOT €€ KOOPJIMHATaMH, KOTOPbIE SIBISIOTCS CKAISIPHBIMU (DYHKIMSIMH Bpe-
MenH (puc. 1.2):

X = Xx(t);
y=y(); (1.2)
z=12(1).

VYpaBHeHust (1.2) Ha3BIBAIOT YPAGHEHUAMU OGUMNCEHUA MOYKU 6 KOOpOu-
Hamuoui gpopme. OHU SABIAIOTCS MAapaMETPUUECKUMHU YPAaBHEHUSIMH TPACKTO-
pun Touku. VICKIIOUMB U3 3TUX YpaBHEHUH NMapaMeTp — BpeMsl, MOXKHO IOJTy-
YUTh YPaBHEHUE TPAECKTOPHUU.

M —]

=

x|

Pucynok 1.1 Pucynok 1.2

Mexny ciocobaMu 3alaHusl JBMYKCHHUS TOUYKH UMEETCS CBS3b. Tak,
€CJIM HAYaJo JIEKapTOBON CHCTEMBI KOOPIWHAT COBIANAET C IIEHTPOM, U3 KO-
TOPOTO TPOBOAMTCS PaTUyC-BEKTOP TOYKH MPH BEKTOPHOM CIloco0e H3yde-
HUS ee ABIKEHUs (cM. puc. 1.2), TO KOOpIMHATH TOYKH PaBHEI MPOSKIUAM Ha
COOTBETCTBYIOIINE OCH PaIIyC-BEKTOPa TOUKH

rae I, j y k — CANMHUYHBIC OPTbI KOOPANHATHBIX oceil.

EctectBenHBIH cnocol. DTOT crmocod MCHONB3YIOT B TE€X CIyYasx,
KOI/la 3apaHee M3BeCTHa TpaeKTopusi Touku. Ha Tpaekropuu BhIOMpaloOT He-
MOJBIKHYIO TOUKy O (Hagasio OTCYeTa), a TaKyKe MOJOXKHUTEIHHOE M OTPHIIa-
TCJIbHOC HaIpaBJICHUA OTCUETA paCCTOﬂHI/Iﬁ TOYKH OT HayaJla OTcCUCTa
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(puc. 1.3). Torma monoxeHue TOYKH M Ha TPACKTOpUH OyaeT OJHO3HAYHO
OIPCACIIATHECA 3aBUCUMOCTBIO KpHBOHHHeﬁHOﬁ KOOpAUHATbL S = OM ot Bpe-
MCHH

s =s(t). (1.3)

CBs3pb MEXIy KOOPIAWHATHBIM M €cTe-
-0+ CTBCHHBIM CIOCOOAMM OTNPENEISICTCS BBI-
pakeHneM

t
SZiJ. X +y +22 dt+C,
0

Pricyriok 1.3 rae X, Y,Z — nepBble IPOU3BOJAHBIE OT
KOOPJHMHAT TOYKH 110 BpeMeHH; C — 1mocro-
sIHHAs1 UHTETPUPOBAHUs], 3aBUCAIIAS OT HAUaJIbHBIX yCIIOBUIL.

1.2. CxopocThb TOUKHU

OnHOM M3 OCHOBHBIX KMHEMAaTHYECKUX XapAaKTEPUCTHK JIBHKEHUS
TOYKH SIBJSIETCSI CKOPOCTb TOUKU. Cropocmb mouxku — 3TO BEKTOpHAs BEJU-
YrHa, XapaKTCpusyromasd MHTCHCUBHOCTb U HAlIPABJICHUC NBUKCHUSA TOYKU B
IIPOCTPAHCTBE B PACCMATPUBAEMBI MOMEHT BPEMEHU.

B ciyuae BekTOpHOTO crioco0a 3a/iaHusi ABHIKEHHUSI BEKTOP CKOPOCTH
TOYKH PaBEH MepBOM MPOU3BOHON MO0 BpPEMEHH OT €€ pajiiyC-BEKTOpa

ar .
V=—"=F, 1.4
” (1.4)

rae Todka Haj (YHKIHMEH B TEOPETHYSCKOW MEXaHHWKEe O3HayaeT MEepBYIO
NPOU3BOJHYIO TI0 BPEMEHH, a JIBE TOYKH — BTOPYIO NPOM3BOJIHYIO TI0 BpeMe-
HH. [IpOoM3BOAHBIE 1O APYTUM HEPEMEHHBIM 3aIMCHIBAIOT OOBIYHBIM 00pa3oM.
BekTop cKOpocTH TOYKHM NMPHIOKEH B CaMOW TOYKE W HaIpaBlieH N0 Kaca-
TEILHON K TPpaCKTOpHUU B CTOPOHY ABMIKCHHUSA TOYKH. EI[I/IHI/IHa U3MEPCHUA
ckopoctu B cucteme CU — 1 m/c.

HpI/I KOOPAWHATHOM criocobe 3aJaHus ABUXCHUSA TOUYKH €€ CKOPOCTh
OIIPEeNIeISIOT Yepe3 MPOEKIUH BEKTOpa CKOPOCTU Ha OCH BBIOPAHHOW cHCTe-
MBI KOOPAWHAT, KOTOPBIC paBHBLI ICPBBIM IMPOU3BOJIHBIM OT COOTBETCTBYIO-
IIMX KOOPAMHAT T10 BPEMEHH:
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vV, =X
z, =1

Ecnu u3BecTHBI MIPOEKINHI CKOPOCTH Ha OCH KOOPIMHAT, TO MOJYNb BEKTOpa
CKOPOCTH H €T0 HAINPaBJIAIONINE KOCHHYCHI HAXOAT 10 (popMyIam:

v \4 Y
|\7|:,fv2+v2+v2; coso=—; cosp=—; cosy=—%, (1.6)
L vl v v

rie o, B, Y — YIJIBl MEXAy BEKTOPOM CKOPOCTH M OcsMH KoopawHat. Ilpm

€CTECTBEHHOM CIIO0CO0€ 3aJaHus ABMKEHHS TOUKH BEKTOP €€ CKOPOCTH OIIpe-
JeTsroT 1o opmyite

V=§$T=V7, 1.7)

rae T — eIWHUYHBIM BEKTOp KacaTeNbHOW K TPaeKTOpUHU B TaHHOH TOUKE,
HaIPAaBJICHHBIN BCETJa B CTOPOHY IOJIOKUTEIBLHOIO OTCYETa KPUBOJIUHEHHON
koopauHaThl S. CKaJSpHYIO BENUYMHY $ =V_, SBISIONIYIOCS MPOEKIHEH BeK-
TOpa CKOPOCTH Ha KAaCaTENbHYIO K TPACKTOPHH, HA3bIBAIOT a12e0pauyiecKoil
ckopocmovio mouku (puc. 1.4).

3Hak anreOpandeckoil CKOpOCTH -t j3s<0
ompenieNnseT HampaBJIeHHE IBHXKE- M
HUS TOUKH: ecnu $> 0, TO BEKTOp V(§>0)
CKOPOCTH COBHAJaeT IO HaIpaB-
JICHUIO C BEKTOPOM 7T ; B TPOTHB-
HOM CIy4ae OH HampaBlIeH B IIpO-
TUBOIOJIOKHYIO cTOpoHY. Ha pu-
CyHKe Touka (O; O3Ha4aeT LEHTp o
KPUBHU3HBI TPAeKTOPHH, a P — pa-

JINYC KPUBU3HBI B TOUKe M. Pucyrok 14

1.3. YckopeHue TOYKH
Yexopenue mouxu sBnsieTcs BEKTOpPHOW Mepol M3MEHEHHUs €€ CKO-

POCTH, KaK IO BCJIMYMHE, TAK U IO HAIIPABJICHUIO. HpI/I BEKTOPHOM criocode
3a/laHud IBWKCHUSA BCEKTOP YCKOPCHHUA TOYKHU PABCH nepBof/i HpOHBBOHHOﬁ
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M0 BPEMEHH OT BEKTOpa €€ CKOPOCTU MJIM BTOPOH MPOU3BOIHOM 110 BpeMEHH
OT ee pajJuyc-BeKTOpa:

d=—=V=". (1.8)

BeKTOp YCKOpEHHs MPUIOKEH K ABMKYIIEHCS TOUKE, JIEKAT B COMPHKACAIO-
1Ieiics IIOCKOCTH K TPAeKTOPHH B JAHHOM TOUKE U HATIPABJIEH B OOIIEM CITy-
Yae B CTOPOHY BOTHYTOCTH TPAaeKTOpHH. EJWHHMIA M3MEpEeHHS YCKOPEHHS B
cucrteme CU—1 m/c?.

IIpy KOOPIMHATHOM CIIOCOGE 3aJaHMs JBHMKEHHS TOUYKH BEKTOP
YCKOPEHHs ONpENENSIOT Yepe3 ero MPOeKIMH Ha OCH KOOPIMHAT, KOTOpPBIE
paBHLI BTOp])IM HpOI/I3BO[[H])IM oT COOTBeTCTBy}OH_H/IX KOOp}:LI/IHaT 110 BpeMeHI/IZ

a, =X, a, =Yy, a =12, (1.9)

Ecnu u3BecTHBI MMPOCKIUN YCKOPCHUA HAa OCHU KOOPpAMWHAT, TO MOAYJIb BEKTOpa
YCKOPCHUS U €0 HAIPABJIAIOIINE KOCUHYCBI HAXOJAT 110 (i)opMynaM:

= 2 2 2. ax . ay . aZ
- / : =_x- =1 =—2 (110
|a| a, +a, +a,; cosa, |§| cosf, |§| CoSY, |g| ( )

rae o, [;,Y; — YIJIbl MeXy BEKTOPOM YCKOPEHUS ¥ OCSIMU KOOPJIMHAT.

IIpu ecrecTBeHHOM cmocoOe 3afaHUsl IBIDKEHUS C JBIDKYIICHCS
TOYKOW CBSI3BIBAIOT €CTe-
CTBEHHYIO CHCTEMY KOOD-
muHat (puc. 1.5). Ecte-
CTBEHHBIH  TPEXI'PAaHHUK

COCTABJISIETCS M3 TPEX IIe- i , k%

fne——— N\

- ;
kocreit: 1 — conpuxacato- %aﬁﬁh\
weticst, 2 — HOPMALHOU U . }y_‘?;

3 — cnpamnsrower. Jluann
MepeceyeHus: IMIOCKOCTEH
00pa3yloT NpaByl0 CHCTe-
My €CTECTBEHHBIX Ocell Pucynok 1.5
KOOpAMHAT: T, N U b, ompe-

ACTIACMbIX CAUHUYHBIMA BEKTOPAMU %, ﬁ, b , KOTOPBbIC HA3BIBAIOT €AMHUYHLI-
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MH BEKTOpaMH KacaTelIbHOMH, INIaBHOW HOPMAaJIH U OMHOPMalld COOTBETCTBEH-
HO.
BekTop yckopeHHs TOUKH B €CTECTBEHHOHM CHCTEME OIPEACIIOT 0

(hopmymam:

\2 2
3 _®) v (1.11)
p p
la|=la.|" +|a|"; & =0

3IleCI> 3, — KacameibHoe W maHeeHyualbHoe YCKOPCHUC TOYKH, KOTOPOEC

HAIPAaBJICHO MO KACATEIbHOW K TPACKTOPHU B CTOPOHY IBHIKCHUS, C€CIIH JIBHU-
JKEHUE YCKOpEeHHOE (anredpanyeckas CKOpOCTh TOYKH BO3PACTAET), M B MPO-
THUBOMOJIOKHYIO CTOPOHY, €CIH JBIDKCHUE 3aMEIJICHHOe (anreOpanyeckast
CKOPOCTb TOYKH yOBIBaeT). HopmanvrHoe yCKOpeHHE d, BCEr/a HallpaBIEHO
[0 HOPMAJIM K TPAEKTOPHUU B CTOPOHY BOTHYTOCTH. [10CKOJIbKY BEKTOP YCKO-
PCHUSI TOYKU JISKHT B CONPHUKACAIOIICHCS MIOCKOCTH, TO €ro MPOSKIHUs Ha
OuHOpManp &, paBHa Hymo. KacaTenbHOe yCKOpEHHE XapaKTepH3yeT H3Me-
HEHHSI CKOPOCTH TOYKH 10 MOJIYJII0, & HOPMaJIbHOE — 110 HAITPABJICHHUIO.
KacaTenpHOe yCKOpEHHE TOYKH T10 BEJIUYMHE U HANPABICHUIO MOX-
HO OIPEJENUTh 110 U3BECTHBIM MPOCKIUSIM BEKTOPOB CKOPOCTH U YCKOPEHHS
Ha KOOPJIMHATHBIE OCH TI0 GopmyIie
P (1.12)
v

1.4. YacTHble cayyan IBMKEeHUS] TOUKH

JIBMKEHHE TOUKH C TMOCTOSIHHOM 110 MOJYIIO CKOPOCTBIO HA3BIBAIOT
pasnomepuuiy, T.¢. |V| = const mmm V, = $ =const. CiejoBateinbHO,
IPU KPUBOJIMHEHHOM JIBHIKCHHH
2

n — 1

p

s=s,+Vvt; a =v =0

T T

(1.13)

npu HpHMOHHHeﬁHOM JBHMKCHMH, HAIPUMEDP, BJIOJb OCH X
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X=X +Xt; X=0;, a =X=0; a,=0;, p=oo (1.14)

JlBmxeHue, mpu KOTOPOM KacaTelbHOE YCKOPEHHE TOUYKH HE H3Me-
Hs€TCs, Ha3bIBAIOT pagHOnepemennvim, T.6. & =$ = const. CienoBarteinbHo,

Inpu KpI/IBOHI/IHeﬁHOM JBHUXCHUN

t? v,)?
vV, =V, +at; s=so+vtot+a15; an=(1) , (1.15)
p
1P NIPSIMOJIMHENHOM JIBUYKEHHUU
tZ
X =X, + Xt; x:x0+>‘(0t+>'<’3; a =X a,=0. (1.16)

IIpumep. /[BrxeHne cHapsAaa B BEPTUKAIBHON TUNIOCKOCTH (puc. 1.6)
onuceiBatoT ypapHenusamu: X = 300 t, m; y =400 t— 5t M, e t— Bpems, C.

H
&g

Pucynox 1.6

Onpenenurs:

— TPAaEKTOPHIO, CKOPOCTh M YCKOPEHHUE CHApsiAa B HAUAJIbHBIM U KO-
HEYHbI MOMEHTHI BpEMEHHU;

— BBICOTY TIOJTh€Ma CHapsia HaJl ypOBHEM ropu3oHTa H 1 JanbHOCTH
obcrpena L;

— paauyC KpUBU3HBI TPAGKTOPUM B €€ Ha4YaJbHOW, KOHEYHON Hu
HaAWBBICIIICH TOYKaX.

Pemenue

Haiinem ypaBHEHHE TPAaeKTOPHH, MCKIIOYHB M3 YPABHEHHUS JIBHIKE-
ust y = 400 t — 5t° (M) Bpems t. CHauama u3 ypasrenus X = 300 t onpeaemium

X
t = %, a 3aT€M MOJyYMM YPAaBHCHHE TPACKTOPHU B CICAYIOILIEM BHJIC:
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4
y=5X—r—
3 18000

HOH IVTOCKOCTH SIBIISIETCS MTapaboa.
BrruucnuM nmpoeKknun CKOpOCTH M yCKOPEHHMsI CHapsiia Ha KOOPIH-

HATHBIC OCH:

X2 . TpaeKTOpI/Ieﬁ CHapsdJa B KOOpAUHATAX X U )y BCPTUKAJIb-

Vv, =Xx=300m/c; v, =y=400-10t m/c; a, =X=0; ay:y':—IOM/cz.

Onpe,ueJmM HMX 3HAYCHHUS B HaYaJbHBIA MOMEHT BPEMCHU t=0:

Vo = /X2 + Y7 =+/400% +300% =500 m/c ;

3, =i+ = a/(—10)2 =10 m/c?.

BricoTy mombeMa cHapsiia HaJ YPOBHEM T'OPU30HTA MOXKHO OIpe/e-
JIMTh, UCCIIEA0BAB Ha 3KkcTpeMyM (yHkuuu Y(t) mo nepementoii t. OTo o3Ha-
YaeT, YTO ¢ TOYKH 3PCHUSI KWHEMATHKU MPOSKIUsI CKOPOCTH TOYKH Ha OCh Y B
paccMarpuBacMblii MOMEHT BPEMEHH [O/DKHA ObITh paBHa HyImo. Toraga
y=400-107, =0, rme 1, — BpeMsa HoxbEéMa CHapsAa Ha MaKCUMAJbHYIO
BoICOTY, T, =40 c. IloxcTaBisis JaHHOE 3HAUCHUE BPEMEHH B BBIPAXKEHUE

IUTA Y, TIOY9IAM Ymax = H = Y(40) = 8 xm. JlaneHOCTE 00CTpena onpeneum u3
YCIIOBUSI, YTO B MOMEHT NajieHus cHapsaa Gpyukiws Y(t) mpuHUMaeT HyaeBoe

snauenue Y(t,)=400t,—515 =0, r1e 1, — Bpems nonera cuapsga. Kopens
ATOr0 KBaJpAaTHOIO YPAaBHEHHWS, COOTBETCTBYIOIIMH MaJEHHUIO CHapsja Ha
3eminto, T, =80 ¢, OTKy/a JaJbHOCTB MOJETA Xmax = X(80) = 24 kM.

Tenepb, 3Has BpEM: IOJICTA CHApsAada, MOKHO OIIPEACTIUTh €ro CKO-
POCTb U YCKOPCHHC B KOHIIC IIOJICTA. HO,I[CTaBJ'ISIS[ BpEM: T, B BBIPAXCHUC

JUIS IPOEKIMH CKOPOCTH CHapsiaa Ha ock Y, nomyunm V;, =—400 m/c. TIpoek-

WX CKOPOCTHU M YCKOPEHHUS HA OCh X HE 3aBUCAT OT BPEMECHHM U IIOCTOSIHHBI B

TedeHue ImoieTa. TakuMm 06pa30M, CHapAa ABWKXCTCA € MMOCTOSAHHBIM YCKOpEC-
2

HHUEM, PABHBIM 10 m/c“n HalpaBJICHHBIM BEPTUKAJIBHO BHU3, a €0 CKOPOCTH B

KOHIIE NI0JIeTa paBHA I10 MOAYJI0 CKOPOCTH B Ha4aje ero |\71| = |\70| =500 wm/c u

COCTABIISIIOT C OCBIO X OAMHAKOBBIC yIIIbl |0t | = [0ty | -

Jis omipenienieHus paanyca KPUBU3HBI IIEpeIeM K KHHEMaTHIEeCKUM
XapaKTepUCTHKAM JABIDKEHHS CHapsa B €CTECTBEHHOM CHCTEMe OTCUETa.
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Bravane HaiiieM KacaTenbHOE YCKOPCHHE IO (POpMyIie

a - XX + yiy+zz
vl

a 3aTCM BBIYUCJINM €ro U1 Ha4YaJIbHOTO MOMCHTAa BPEMCHU
XX+ yy+27  300-0+400-(-10)
; V] 500

" IJ11 KOHCYHOTO

-8 em/c?

_300-0+(—400)-(-10)
i 500
Tenepb MOXHO MOCYMTATh HOPMAaJbHOE YCKOpEHHE MO (opMmyiie

a, = «”§|Z —|a|*, a satem u a,, =a,, =+10> —8? =6 cm/c?. TTockombky pa-

2
Vv
JMyC KPUBU3HBI TPACKTOPUH BXOJUT B popMyny &, = —, TO

=8 m/c?.

V2 5007

a
Pa,I[I/IYCLI KPUBU3HBI TPACKTOPHUHU B HAYAJIC U B KOHIE IMOJICTA OJANHAKOBBI. B
HaWBBICILIEW TOYKE TpacKTOpHUHU
, _ 300-0-0-(-10)
: 500

Kak BUIHO M3 IPHUBEIEHHOTO PUMEPA, YPABHCHHS [BIDKECHUS TOUKH
COZIepIKaT BCE HEOOXOAUMOE LISl HCCIICOBAHMS XapaKTCPHUCTHK €€ IBIKEHUSI
B JII000I MOMEHT BPEMEHH.

=41.667 xm.

n

300°

=0; an=1OCM/Cz; |\7|=3000M/c; p= =9 xm.

Bonpocs! 111 CAMOKOHTPOJIsA

1. B 4em 3akimrodarorcs 3aadyd KMHEMATHKH TOYKH U a0COJIFOTHO
TBEpJIOTO Tena?

2. Kakne criocoObl IPUMEHSFOT IS 3aIaHUsI TBM)KCHUS TOUKU?

3. Kak onpeneisitoT CKOPOCTh TOYKH HPU Pa3ITUYHBIX CIIOCO0axX 3a-
JIaHWS €€ TBYKCHUA?

4. Kak onpefensioT yCKOpPEHHE TOYKU MPH Pa3IMIHBIX CII0CO0ax
3aJlaHud e¢ IBYKEeHU?
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2. KHHEMATHKA TBEP/JIOT'O TEJIA

Kunematnka TBEpIOro Tela — 3TO pasfell, B KOTOPOM H3ydaroT KU-
HeMaTHUKy a0comoTHO TBepAoro Tena. OCHOBHBIMH 3aJladaMH KHHEMATHKH
TBEPIIOTO Tella SBIIAIOTCS 3a/laHHe ABIDKCHHUS W ONpeiesicHHe KHHeMaTHde-
CKUX XapaKTePUCTHK IBIDKEHHUS Tela B IEJIOM, a TaKKe ONpeIelieHHe KUHe-
MaTHYECKIX XapaKTEPHUCTHUK IBUKEHUS TOUEK, IPUHAIICKAIINX ITOMY TeITy.

K mpocrefiinM IBHKEHHSAM TBEPAOTO TENa OTHOCST HOCHYynamens-
Hoe dgudicenue N epaujenue meia 6OKpye HenoogudicHoll ocu. boiee ci1oxHbIe
BUJIBI IBWKEHUSI — HIOCKONAPAIENbHOe U chepuiecKoe.

2.1. TloHsiTHE O CTEMEHSAX CBOOOIBI TBEPAOTO Tejla

Jlis 3amaHus JBMOKGHHUS TBEPIOTO Tejla HEOOXOIUMO YCTAaHOBHUTH
yucio cmenereil c60600bi, T.c. MUHUMAIIbHOE YHCIO HE3aBUCUMBIX CKAaJsIp-
HBIX TIEPEMEHHBIX, B COBOKYITHOCTH OJHO3HAYHO OTIPEICISIONINX MMOJIOKCHIE
MaTEepHaJIHHOTO TeJIa B IMPOCTPAHCTBE. DTH IEPEMEHHBIC B IUHAMUKE TPHHS-
TO Ha3bIBaTh OOOOIICHHBIMH KOOpAMHAaTaMu. B 1-M pa3jmene HacTosImero
mocoOust OBUTO TIOKa3aHO, YTO U OJHO3HAYHOTO OMPEICICHHUS MOJO0XKCHUS
TOYKHA B TIPOCTPAHCTBE HEOOXOIAMMO 3HATh, HANIPUMEp, TPHU €€ IEKAPTOBHI
koopauHatel. Cie1oBaTeNbHO, MaTepUaibHasi TOUKAa UMEET TPH CTETIEHU CBO-
00/IbI.

[Ipu 3aganuu NBWXKEHUS TBEPAOTO Tela €ro TMOJOXKEHUE B TPO-
CTPaHCTBE MOHO CUUTATh 3aJ]aHHBIM, €CJIM M3BECTHO IMOJOXKEHHE TPEX €ro
Touek, Hanpumep, 4, B, C, He nexamux Ha OJHOU mpsiMoil. B aToM ciydae
JUTSL OTHO3HAYHOTO OIPECIICHIS ITOJIOKEHHS TBEPIOTO TeJla B MPOCTPAHCTBE
HEOOXOIMMO 3HATh 0 TPHU KOOPAUHATHI KAXKIOH U3 3THX TOYEK:

A(XasYarZ4)s B(Xs: Y5:25 ): C (X1 Yoo Zc ) -
BC€ JEBATH KOOp,I[I/IHaT HCJIb3s CUMTATh HEC3aBUCHUMBIMH, TaK KaK OHHM CBA3a-

HBI MEX]y CO00# ypaBHEHHSMH, BHITCKAIOIIMMHU U3 YCIOBHUSI HEM3MEHHOCTH
paccTosiHus Mex Ty Toukamu A, B, C abCOIIOTHO TBEPJIOTO Tena:

(%0 =% ) +(Ya—Ye) +(24—25)" = AB?;
(=% ) +(Ya=Ye) +(2a—2) = AC?; @.1)

(% —% ) +(Ye — Yo ) + (2 —2,)° =CB?,
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rae AB, AC, BC — pacCTOSIHUS MEX1y COOTBETCTBYIOIIUMHU TOYKAaMHU Tela.

Taxum o6pa3om, 4uCIIO cTeneHel cBOOOIbI TBEPOTOo Tella B 00IIeM
ClIydae ero IBIDKEHHS B MPOCTPAaHCTBE paBHO miecTh (3%3 — 3 = 6). [Ipu aTom
B KayecTBe HE3aBHCHMBIX [IAPaMETPOB MOTYT BBICTYIATh KaK JIIOOBIE IIECTh
HE3aBHCUMBIX KOOpIMHAT To4eK 4, B, C, Tak M WeCTh IPYrHuX HE3aBUCHMBIX
CKaJIAPHBIX NepeMeHHbIX. KpoMe olero ciydas IBH)KEHHS TBEpPIOTO Tela,
HMEIOT MECTO M JPYTHe €ro BUIBI, XapaKTePU3yIOIHecss HeKOTOPBIMU OTIIH-
YHUTEIbHBIMU MPU3HAKAMH, ITO3BOJISIFOIIMMH BBHIIETIATh MX U3 BCEX BO3MOX-
HBIX JIBH)KEHHUH TeJa.

2.2. IloctynarejbHOe IBHKEHHE TBEPAOIo Teja

Ilocmynamensvnoim 0guicenuem meepoozo mea HA3BIBAIOT TaKOe
JIBIKEHHE, TIPU KOTOPOM JTt00asi mpsimasi, MpOBE/IeHHAsl B TEJE, OCTAeTCsl MPH
JBIDKCHUH TIAapaJUIeIbHON CBOEMY TepBOHAYAIBLHOMY HampasieHuto. [locty-
MaTeIhbHOE JBHKCHHE MOXKET OBITh W MPSIMOJMHEHHBIM, W KPUBOJIHHCHHBIM.
Hanpumep, Ky30B aBTOMOOWIIS, IBIDKYIIUICS MO0 MPSIMOIMHEHHOMY YY9aCTKy
JIOPOTH, COBEpIIACT MPSIMOIMHEHHOE IOCTyHaTeIbHOES ABIDKEHHE;, KaOWHKa
BpaIaromerocss Koieca 0003pEHUS COBEpIIACT KPUBOIMHEWHOE MOCTYyIa-
TeIbHOE ABUKCHUE.

CBoiicTBa MOCTYMATENFHOTO IBHKCHHUS OIPENENSIOTCS CICAYIOMICH
Teopemoit: «llpu nocmynamenvHomM O8usCEHUU 6Ce MOUKU mead ORUCHI-
earom o0O0uHaKoevle (coenadaioujue Npu HAN0IHCCHUU) MPACKMOPUU U
umerom pagHvle N0 MOOYII0 U HANPAGIEHUI) CKOPOCMU U YCKOPEHUA.
CrnenmoBatenbHO, TOCTYIATENBHOE [BIDKCHHE Tella BIIOJHE OMpeAeIseTcs
JBIDKEHUEM KaKOH-TMOO €ro TOYKHW, a M3YYCHHUE BHIKCHHUS CBOIHUTCS K yKe
PaccCMOTPEHHOM 3ajjaue KHHEMAaTHUKU TOYKH. 3aaBaTh MOCTYMATEIFHOE JIBH-
JKCHHE MO’KHO, HAaIPpHMep, C TTIOMOIIBIO TPEX JEKAPTOBBIX KOOPIMHAT OO0
TOYKH Tela, ABISFOINXCS (YHKIUSIMHI BpEMEHH

Xy = fl (t); Ya= fz (t); Z,= f3 (t) (2-2)

Tak kak Jyisi ONMCAHUs TIOJIOKEHHUS Tejla B MPOCTPAHCTBE HAJO 3aJaTh TPH
HE3aBHUCHMBIX MapameTpa (JAeKapTOBbl KOOPAWHATHI OJHOW M3 €ro TOYeK),
TOBOPSIT, 4TO TEJIO MPU MOCTYNATEILHOM JIBUKEHHH B MPOCTPAHCTBE MMEET
TPH CTETIEHU CBOOOMBI.

ITockonbKy CKOPOCTH M YCKOPEHHs BCEX TOYEK TBEPIOro Tena IpHu
MOCTYNAaTeIbHOM JBM)KEHUH OAMHAKOBBI, MOXHO IOJb30BAThCS TEPMHHAMHU
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«CKOpocmb mena» N «yckopeHue meaa», oJpa3yMeBasi CKOPOCTh M yCKOpe-
HHe 1000# ero Touku. [Ipu koopauHATHOM crioco0e 3a1aHus ABHKEHUS CKO-
POCTb M YCKOPEHHE TeJla ONMPEACIAIOT MO MX MPOSKLHSIM Ha KOOPAWHATHBIC
OCH, KOTOPBIE PAaBHBI IEPBOH M BTOPOH NMPOU3BOAHBIM OT COOTBETCTBYIOIINX
KOOPJWMHAT [0 BPEMEHHU:

Vax = XA; Vo = YA; Va =2p; (2-3)
Ap =Kps Ay =Var Ay =2, (2.4)

MOL[yJ'H/I CKOPOCTHU U YCKOPCHUS OIIPEACIAIOTCS 11O (bOpMyJ'IaMi
_ 2 2 2 . _ 2 2 2
vA_avax Vi Vi s aA_,fanJraAeraAz. (2.5)

2.3. Bpamelme TBEPAOIo TE€Ja BOKPYT HENOABHKHOM 0CH

Bpawenuem 6okpyz Heno0guicHoli ocu Ha3bIBAIOT TAKOE ABIKCHHUC
TBEPAOTO TeJa, IPH KOTOPOM JABE KaKHe-THOO TOUKH, ITPUHAUIC)KAIINE TETY,
OCTAfOTCSI HETIOABIDKHBIMHE. [IpsMyIo, IPOXOASIIYI0 Yepe3 3TH TOUKH, Ha3bl-
BAIOT 0Cbl0 epaujenusn Tena. llepeMelneHne Tema U3 OJHOTO TIOJIOXKEHUS B
Jpyroe Ha3bIBAIOT noGopomom. Bee ToUKH Tena, nekanie Ha OCH BpaIlCHNU,
HETOABIKHBI. Bce TOYKHM, He Jexaliue Ha OCH BpAIICHHUS, OIMCHIBAIOT
OKPY>KHOCTH, TJIOCKOCTH KOTOPBIX HNEPIEHANKYISAPHBI OCH BpallleHHS, a LIeH-
TPBI PACTIOJIOXKEHBI Ha OCH.

Teno, Bpamatomieecs BOKPYT HEIOABMKHOW OCH, UMEET OJHY CTe-
MeHb CBOOOJBI, TaK KaK €ro IOJIOKEHHE B MPOCTPAHCTBE B JIFOO0I MOMEHT
BPEMEHH IOJTHOCTBIO OMpEIENseTCs OXHUM HE3aBUCHUMBIM MapaMeTpoM —
TUTOCKUM YTJIOM (0 MEXy ABYMS IUIOCKOCTSIMH: HETIOABIKHOMN U ITOJIBUKHOIA,
JKECTKO CBS3aHHOW C BpamIaromumMcs TeaoM (puc. 2.1). DTOT yroi Ha3bIBaIOT
yenom nogopoma mena M M3MEPAIOT B paguaHax. [Ipu 3ToM NpHHATO cuu-
TaTh YroJl OBOPOTA () MOJIOKUTENBHBIM, €CIIH NTOBOPOT TeJla, HAOII0AaeMbIi
C TOJIOXKHUTENBHOTO HampasieHus ocd Oz, BHICH NPOUCXOAAIINM IPOTHB
X0Jla 4aCOBOM CTPEIIKU.

Takum 00pa3oM, 3aKOH BpalaTeNIbHOTO JIBIKEHUSI MOXKHO CUHTATh
YCTaHOBIICHHBIM, €CIIY 33J[aH YToJI IOBOPOTa Tela Kak (pyHKIUS BpeMEeH!

P=0(t). (2.6)

OCHOBHBIMH KHHEMATHYECKUMH XapaKTCpUCTUKAMH1 BPpalaTCJIbHOI'O
JABMOIKCHU TEJIa B LEJIOM ABJIAIOTCA Y2l10644 CKOPOCHb U Y2ll1060€ YCKOpeHue.
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Yrinopas CKOpPOCTb T€JIa — O3TO BCKTOpHAd BCJIMYUHA, XapaAKTCPU3Y-
ro1as MHTCHCUBHOCTD M HANIPaBJICHUE U3MCHCHUS yI'Jla IIOBOPOTaA TEJia.

Anrebpanyeckoe 3HAaYCHUE
YIJOBOW CKOPOCTU PaBHO
NEepBOM  MPOU3BOAHOM IO
BPEMEHH OT yIjla IOBOpPOTA
Tena

0, =2 @7

foodt

VYrioBoe yckopeHue Tena —
9TO BEKTOpHas BeJIUYUHA,
XapakTepu3yroolasi  UHTEH-
CHUBHOCTb W3MEHEHUS YIIIO-
BOIl ckopocTtH. AnreOpamde-
CKOE€ 3HA4YEHHE YTIIOBOIrO
YCKOPEHHSI PAaBHO MEPBOIl
MIPOU3BOJHON IO BPEMEHH OT
YIJIOBOM CKOPOCTH Te€jia WIH
BTOPOH  IIPOM3BOJHOH IO
BPEMEHU OT yIila IOBOPOTa
Pucynox 2.1 TEJ1a

e

L

do
_tdo, . .
€,= o =0, =¢. (2.8)
Pa3smepHocTs yrioBoit ckopoctu B cucteme CU — pajn/c, pa3MepHOCTh YIii0-
2
BOTO yckopenus — paa/c”. Uucno o6opotos Tena N u uncio o60poToB B MU-

HyTy N cBsi3aHbI ¢ yriioMm nosopota ¢(t) u yriaoBoii ckopocthio o, (t) ciexmy-

OIIKUMHU 3aBUCUMOCTAMMU:

¢ = 27N pax;
o) —@ an/c
: =760 p .

YcTaHoBUM 3aBHCHUMOCTH MEXKOY O6HH/IMI/I KNMHCMAaTHYCCKUMHU Xa-
PaKTCPpUCTUKAMM BpPAIIaTCIbHOTO ABUXXCHHUA TCJIa B IEJIOM, a TAKXKE CKOPO-
CTAMH U YCKOPCHUAMU PA3JIMYHBIX TOYCK OTOT'O TEJa. TpaeKTOpI/IﬂMI/I TOYCK
TCJIa TP €TI0 BpalICHUNU BOKPYT Hel'lOI[BH)KHOﬁ OCH SABJIAIOTCA OKPYKHOCTH,
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JIeXKAIIUE B INIOCKOCTAX, IEPICHANKYIISPHBIX OCH BPAIICHHUS, PAIUYChI KOTO-
PBIX PAaBHBI PACCTOSIHUSIM OT TUX TOYEK J0 OCH BpalieHus. [IpuMensis ecTe-
CTBCHHBIH cHOCO0 3aJaHUsl [BWKCHHS TOYKM Tela M YIUTBIBAs, HTO
ds=h-de, tnme h — paccrosHme OT TOYKHM 1O OCH BpaIleHHs Teha (CM.

puc. 2.1), A5t CKOPOCTH U YCKOPEHUst TOUKU M 3amnuiiemM

v=ho =how,; (2.9)
a”® =h=ho, =he,; (2.10)
a* =h¢’ = ha?, (2.12)

rje V — ajaredpanyeckoe 3HaUeHHEe CKOpocTH Touku M; a® u a* — anreOpau-
YEeCKUE 3HAUYEHHS COCTABILIIOIIMX ITOJIHOTO BEKTOpAa YCKOPEHHs 3TOi TOUKH.
3nech BenmMuMHbL 4" U @’ COOTBETCTBYIOT KacaTeIbHOMY M HOPMaJIbHOMY
YCKOPEHHUSM TOYKH, OMHAKO, NMPU M3YYCHHH BPANIATEIBHOTO MBIKCHUSI HX
OPHHATO Ha3bIBATh epaujamensHvim yckopenuem (@™ ) u ocecmpemumens-
HBIM UITH YeHmpocmpemumensuolm yckopenuem (2°° ). Onpenenum MOayIIb
MOJIHOT'O BEKTOpa YCKOPEHHS TOUKH

la]=y@") +(a*)* =hye’ +o* . (2.12)

W3 mpuBeneHHBIX (OPMYT BHUIHO, YTO CKOPOCTH, YCKOPEHHS M COCTaBJISIO-
e YCKOPEHHsI TOYEK TeJa, BPAIIAafolIerocsi BOKPYT HETOJBIDKHOM OCH,
MPOTIOPIMOHAIBHBI PACCTOSHHUAM OT TOYEK JI0 OCH BpAI[CHHUS Tela.

IIpuBenem Takxke BEKTOpHBIE (HOPMYJIBI, ONMHICHIBAIOIINE KHHEMATH-
YeCcKHe XapaKTEePUCTHKH Tela U ero Todek (cM. puc. 2.1), Amsg d4ero BBeaeM
BEKTOPHI yIJIOBOH CKOPOCTH U YTIIIOBOTO YCKOPEHUS

k; €=k =¢,k, (2.13)
rae K — eMHUYHBIA BEKTOP OCH, COBMAAIONIUI [0 HAMPABICHHUIO C TOJIO-
KUTEIbHBIM HAIpaBICHHEM OCH BpallleHus Tena; o, U €, — BEJIUYHUHB,
MMEIOIIHE CMBICT MPOEKIHII BEKTOPOB YTIIOBOM CKOPOCTH M YIIIOBOTO YCKO-
peHHs Ha OCh BpAIIeHUs Teia. TakuM 00pa3oM, BEKTOp YITIOBOH CKOPOCTH
pacroaraercs Ha OCH BpallleHHs M HAIPaBJICH TaK, YTO C €r0 BEPIIUHBI Bpa-
HICHUE TeJla HaOFoIaeTCs MPOTHB CTPEIIKKA YacoB. BekTop yriioBoro yckope-
HUS TOXKE PAcIiojiaracTcs Ha OCH BpamieHus. Eciii 3HaKu ¢ ¥ () COBHAJAroT,
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TO OH HaIIpaBJIEH TaK )K€, KaK U BEKTOP YIJIOBOW CKOPOCTH (BpallleHHE YCKO-
PEHHOE), a B IIPOTHBHOM Clly4ae — HPOTHUBOIIOJIOKHO BEKTOPY YIJIOBOW CKO-
pocTH (BpamieHne 3aMeICHHOE).

CKOpPOCTh U YCKOpEHHE TOUYKH TeJa OTPEISIIAM 110 POpMYyTaMm:

V=0oxf; 8% =&xr; 8% =ox(oxr), (2.14)
rae ' — paauyc-BEeKTOp TOYKH, MPOBEJCHHBIN M3 JII00O0W TOYKM HA OCH Bpa-
IIEHNS TETa, 3HAK « X » 03HAYaeT BEKTOPHOE NTPOM3BEICHNUE.

Bpamenue Ha3bIBAIOT pagHOMEPHbBIM, €CIH B NIPOIECCE IBIDKCHHS
yIJIOBass CKOPOCTH OCTAaETCsl TIOCTOSHHOHM IO MOXYJIO W IO HAIpaBICHHUIO,

d
T.C., €CIIH M= d_(tp =const . YMHOHB IpaByIO U JEBYIO 4aCTH 3TOTO PaBEH-
cTBa Ha BennunHy Ot ¥ MPOUHTETPUPOBAB JICBYIO YacTh MOIYUYCHHOTO PaBEH-
CTBa B Mpelenax oT @, X0 ¢, a npaByro — oT 0 1o t, oy4nM 3axon paémo-

MEPHO20 8PAUEHUA.
¢=@,+ot. (2.15)

Bpaienne Ha3bIBAIOT PAGHONEPEMEHHBIM, CCITH YTIIOBOS YCKOPEHHUE

TCJIa B MPOUECCE ABUKCHUA OCTACTCA MOCTOSAHHBIM IO MOAYJIFO U HaIlpaBJIC-
2

do do
HHIO, T.C., €CIH €= ——

dt  dt?
JIOBOH CKOPOCTH B 3TOM CIIy4dae, IPOUHTEIPUPYEM JIEBYIO YaCTb PAaBEHCTBA
do=¢edt mpenenax or ®, 40 ®, a mpaByio gacTs — ot 0 1o t:

=const . YtoOsl HalTH 3aKOH M3MEHEHHS yT-

o=m,+st. (2.16)
do
Tak kak ® = e TO MOJIyYCHHOE BBIPAKCHHUE 3alHILIECM B CIIEIYIO-

mweM Buzse d@=w,dt+etdt . Murerpupys 310 BbIpakeHHe HNPH U3MEHEHHH
yIila oBOpoOTa OT ¢, A0 ¢ ¥ BpemeHH oT O j10 i, 3anMIIeM 3aKoH pasHone-

PEMEHHO020 épauieHusA .
2

(p:(po—i-mot—i-s%. (2.17)
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2.4. lIpeoGpa3oBaHus NPOCTEHINX ABUKEHUI TBEPIOro Teja

B pasnmmuHBIX MEXaHH3Max dYacTO OCYIIECTBISIFOT NpeoOpa3oBaHHUE
NPOCTEWIINX JBIKCHUH: MOCTYMATEIbHOE — BO BPAIIATENIbHOE, BPAIIATEIb-
HOE — B IOCTYNAaTEIbHOE, a TaKKe Iepefady BpallaTelbHOTO ABIDKEHHS OT
OJTHOTO 3JIEMEHTA MEXaHU3Ma K APYTOMY.

PaccmoTrpuMm onpeznesnieHne yrioBoi cKopocTH OapabaHa 2 mpH 3amaH-
HOM CKOpOCTH Tpy3a 1, MOABEIICHHOIO Ha TpOce, HAMOTAaHHOM Ha OapabaH
(puc. 2.2). CxopocT BceX TOUEK TPOca, Ha KOTOPOM ITOJBEIICH Ipy3, OAMHA-
KOBBI (TPOC CUHMTAIOT HEPACTIKUMBIM), CKOPOCTh TOUKH CXO0J/ia Tpoca ¢ Oapa-
6aHa KoJyieca paBHa CKOpPOCTH Ipy3a. Ho ¢ 3Toii Touko# conpukacaeTcst Touka,
NpUHAJISKAIast KoJiecy, KOTOpOE COBEpINAeT BpaIlaTeIbHOE ABIKEHHE, H
UMeEIOIasi Ty K€ CKOPOCTb, YTO IO3BOJISIET ONPEIEIHTH YIIOBYIO CKOPOCTb
koneca. IIpu 3ToM Oynem momnaratk, 4TO MOJIOKHUTEIBHOMY JBHXKCHHUIO TPy3a
COOTBETCTBYET MOJIOKUTEIBHOE BPAIICHNE KOJIeca.

3amnunieM anredpandeckoe 3HaUCHHE YIIIOBOM CKOPOCTH 2-TO KoJeca
V.

0y = 2 (2.18)
2

AHAJIOTHYHO MOKHO OIIPCACIINTD CKOPOCThb I'Ppy3a
1o SaHaHHOﬁ yFHOBOﬁ CKOpPOCTH KoOJIeca

v, =0,,R,. (2.19)

[lpu nepenaue BpallleHHs OT OJHOTO
9JIEMEHTa K JIPYroMy HCIIOJNIB3YIOT 3y0uaThle MM
¢dbpuknnonHsie 3anemieHus (puc. 2.3, 2.4), a Tak-
K€ TeMHbIe WM peMeHHbIe mepeaadyu (puc. 2.5,
2.6). B ciryuae 3yGuaroro 3anemieHus Kojeca 1 u
2 UMEIT OONIyI0 TOYKY, MOITOMY CKOPOCTH TO-
YeK, HAXOJSAIIUXCS HA MX O0OMBAX, OMHHAKOBHI,
T.C.

Pucynoxk 2.2

oR =o,R,. (2.20)

[Ipn 3amucu anredOpanveckoro 3HAYEHHUs YIIIOBOM CKOPOCTH 2-TO
KoJIeca y4YTeM, YTO BHEIIHEE 3aleIieHue (CM. puc. 2.3) MEHseT HallpaBJeHHe
BpaIlleHHs Ha MPOTHUBOIOJIOXKHOE!
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®,, =0, %, (2.21)
2

a BHyTpEHHee 3aIleIuieHre (CM. puc. 2.4) ero He MeHsIeT

R
R (2.22)

Pucynok 2.5

OMHAKOBBI MOJYJIM CKOPOCTEH M JUIS COOTBETCTBYIONIMX TOYEK HA
IIKMBAaX PEMEHHOU Iepeadu (MMEIOTCS B BUAY TE TOYKH, TlIe PEMEHb, KOTO-
PBIH CUUTACTCS HEPACTSHKUMBIM, CXOJHT C OIHOTO IIKMBA M HAMATHIBACTCS Ha
npyroii). HampapiieHre BpameHusi MOKET TaKKe JIM00 U3MEHATHCS Ha TIPOTH-
BOIIOJIOKHOE TIPH TIepeave IBIKCHHS (CM. puc. 2.5), 1M00 HEe H3MEHSATHCS
(cM. puc. 2.6). YIiaoBy0 CKOPOCTh HNPU I3TOM OMNPEIENAIOT COOTBETCTBEHHO
o ¢popmyinam (2.16) u (2.17).
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IIpumep. Koneco 1 (puc. 2.7) Bpamaercs BOKpYT HEIOJBIKHON OcH
10 3aKOHY @ = 2t°+4, paj1 U IPUBONT B ABHMKECHHE MEXAHH3M TOIBEMA IPy3a
4. MexaHM3M COCTOUT M3 JBYX CTYNEHYATHIX KojeC 2 M 3, COeIMHEHHBIX pe-
MEHHOH nepeaadyell 1 BpallaroIuxcsl BOKPYT HEMOABHXHBIX OCEH.

OmnpenennTs CKOPOCTh M YCKOPEHUE Tpy3a 4 B MOMEHT BpeMeHH t =
=3c¢,ecmm R1=40 cm, R,=15 cm, R3=25 ¢cm, =10 cMm, 3 = 20 cm.

Pucynok 2.7

Pemenue

OnpesieuM yIIOBYK CKOPOCTH 3y6uaToro konmeca , =@ =4t,c.

Touka KoHTaKTa Koec | u 2 ABNseTCs B JaHHBIA MOMEHT BPEMEHH UX 00mIen

u ee ckopocts V, =R =o,R,, otkyna o, = ml%' [anee, npupaBHUBas
2

CKOPOCTHU TOYCK Bu B , IPUHAAJIC)KAIUX B 9TOT MOMCHT BPEMEHHN KOJICCaM
2, 3, IIOJIY4YHUM CBs3b MEKAY YINIOBBIMHU CKOPOCTSAMHU 3THX KOJICC O, rz =, R3 y
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r r
OTKyZia O, = ®, == =, R . TloacTaBnss BhIpaskeHUE IS YIIOBOM CKO-
R3 RZ R3
POCTH ®, ¥ 3HAYEHHUS PATUYCOB KOJIEC, OMPEIETUM
40 10
@, = At 2 = 4,267t .
15 25

Tak xak V, = ®,I, , BBIYUCIUM CKOPOCTH Touku M nrpy3a4 nput =3¢
Vy =V, =4.267-3-20 = 256 cm/c.

YckopeHue rpysa 4 paBHO BpallaTeJIbHOMY YCKOPEHUIO TOUKU M, T.e.
B] . 2
a, =ay =&, =0, =4.267-20=85.34 cm/c” .
Bonpocs! 111 CAaMOKOHTPOJIA

1. Yro Ha3bIBAIOT CTEMEHSIMU CBOOOIBI TBEPIOTO Tea?

2. CkonbKO cTerneHeil cBo00Ibl MMEEeT TBEPIOE TEJIO B 0OIIeM CITy-
Jac €ro ABU>XKCHUs B HpOCTpaHCTBe?

3. Kakue BuIbI IBYXKEHHUS TBEPJIOTO TeJIa HA3bIBAIOT MPOCTEHIINMU?

4. KakoBbl OCHOBHBIE CBOICTBa MOCTYNaTCJIbHOTO0 ABMXKCHUS TBEP-
Joro Tena?

5. Kakoe aBmWXeHHE TBEPIOrO Tella HA3bIBAIOT BPALICHHEM BOKPYT
HEMOJIBUYKHOU OCH?

6. KakoBbl OCHOBHBbIE KHHEMATHYECKHE XaPAKTEPUCTHUKHU JIBHIKCHHUS
Tela, BPAIIAIOIIErocsi BOKPYT HEMOABIKHOM ocu?

7. Kak cBsi3aHbl MeXIy cOOOI yroJsi moBopoTa Tela, YriaoBasl CKO-
POCTb U yIIIOBOE YCKOPEHHE MPH BPAIIEHUU €r0 BOKPYT HEIIOBIKHOM ocu?

8. Kak HampaBiieHbl BEKTOPBI YIJIOBOH CKOPOCTH U YIIIOBOTO YCKO-
PEHUSI [TpU BPAILIEHUH TeJla BOKPYT HEMOABUKHOM OCH?

9. Kak omnpenensitoT CKOpOCTH TOYEK Tella, BPAIIaloLIerocsi BOKPYT
HEMOJIBUYKHOU OCH?

10. Kak ompenensroT yCKOpEHHUsS TOUYEK Tella, BPAIAIOMIErocs BO-
KPYT HEMOJBIKHON och?
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3. IIJIOCKONNAPAJIVIEJIBHOE IBUKEHUE
TBEPIOI'O TEJIA

3.1. YpaBHeHHs IUIOCKOMAPAJIeIbHOr0 IBH:KeHus. Pa3nokenue
ABM KEHMS HA MOCTYNATeIbHOE M BpalaTeIbHOe

ITnockonapannensnuvim I HAOCKUM [IBIDKCHHEM TBEPIOTO Tela
Ha3bIBAIOT TAKOE JBIDKEHHE, IIPH KOTOPOM BCE €r0 TOYKH MEPEMEINAIOTCS B
IUIOCKOCTSIX, MapajlieJIbHbIX HEKOTOPOW HEMOABMXKHOM miockocTd. Ilpume-
pamH SBISIOTCA ABIDKEHMS IIaTyHAa B KPUBOIIUIHO-TION3YHHOM MEXaHHU3MeE
WIM KOJleca, KaTsILerocs IO NPsSMOJIMHEHHOMY peibey. YacTHbIM citydaid
TUIOCKOIIAPAJIIENIBHOTO JBIDKEHHS — ATO BpAIaTeNbHOE IBIKEHHE TBEPJOTO
TeJa BOKPYT HENOJBUKHOU OCH.

[TnockonapasuienbHOE IBUKEHUE BIIOJIHE ONpEesIeTcs ABIKCHUEM
IUIOCKOH (UTYpHI S, MOIy4YEeHHOH CeYeHHeM Tela IUIOCKOCTHIO, Mapaiieib-
HOU HETOIBMXHOH Mmiockoct (puc. 3.1,a). U3 ompeneneHust Takoro ABIDKE-
HUS ¥ U3 CBOMCTB TBEPJOTO TENa CIEXyeT, 4To odas npsamas 414,, mpose-
JICHHas B TeJle MEePIeHINKYIISIPHO HETIOIBIKHOM TUIoCcKoCTH (cM. puc. 3.1,a),
OynmeT mepemeniaThCs MOCTYMATENbHO, T.€. BCE TOYKH 3TOH NpsMon OymyT
UMETh OJMHAKOBBIE TPAaEKTOPHH, CKOPOCTH M ycKopeHus. CliemoBarenbHO,
U3y4eHHE IUIOCKONApaIENIBHOTO JBIDKEHHUS Tela CBOJUTCA K H3YyUEHHIO
JIBIDKEHUS TUIOCKOM GUTypBI S B IJIOCKOCTH, COBMAJAMONIEH ¢ KOOPANHATHOMN
wiockocthio XOy (puc. 3.1,0). Ionoxxenne cedeHust S B 11000 MOMEHT Bpe-
MEHH ITOJTHOCTBIO 3aBUCHUT OT IOJIOKEHHS OTpe3ka AB, COeINHSIOMEro TOYKI
A n B atoii urypsl. [lonoxenne orpeska 4B, B CBOIO 04epeib, ONpeienser-
Csl KOOPANHATAMH Xp U Ya TOUKU A, Ha3bIBAEMOW MOJIIOCOM, VI YTIIOM @, KOTO-
phiit 00pa3yer oTpe30k AB ¢ MoJOKUTEeNbHBIM HarpasieHueM ocd Ox (cM.
puc. 3.1,0). 3aBUCUMOCTb 3THX TpeX BEJIWYMH OT BPEMEHHU HA3bIBAIOT ypae-
HeHUAMU RIO0CKONAPAN/IENbHO20 0GUINICEHUs TBEPIIOTO TEJa

Xg = F,(1); Yo =F,(1); o= 1,(t). (3.1)

Takum 00pa3zoMm, sl OITUCAHUS MOJIOKCHHS TeIa B IPOCTPAHCTBE HEOOXOAU-
MO 33JaTh TPH HE3aBUCUMBIX ITapaMeTpa: JICKApTOBBIC KOOPAUHATHI Xp H Ya
TOYKU A, IPUHATON 3a IOJIIOC, a TAaKXKe YIIOBYI KoopawHaTy ¢. CiemoBa-
TEJNBHO, TP IIOCKOIAPaUIETFHOM JIBH)KCHUH TBEPIOE TEJIO MMEET TPH CTe-
[IEHU CBOOOIBI.
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PucyHok 3.1

[InockomapamienpHOE OBIKEHHE TeNa — 3TO CIOXKHOE IBHIKCHUE
TBEPIIOTO TeNa, KOTOPOE ciaraeTcs U3 AByX OoJiee MPOCTHIX NBMKCHUI: 11O-
CTYMATEIHHOTO IBIDKEHHSI TUTOCKOW (PUTYPBI S BMECTE C MOJIIOCOM M Bpalia-
TEJIbHOI'O JABW>KEHUS BOKPYT OCH, NPOXOJALICH Yepe3 MOJIOC U NEPIEHINKY-
Hf(pHOﬁ INIOCKOCTHU JBUXKCHU. HGO6XO}II/IMO OTMCTHUTH, UYTO B KAa4YCCTBC I10-
JIFOCa MOXET OBbITh BHIOpaHAa MPOU3BOJIbHAS TOYKA Tesia. BeIOOp mosroca Biiv-
seT Ha TOCTYNaTeIbHYI0 YacTh IUIOCKOMApajIeIbHOTO IBIDKEHHS, a Bpala-
TeJbHAs 9acTh OT BBIOOpa Mooca He 3aBUCHUT. IlocTynmaTenpHyI0 YacTh MJI0-
CKOIApalIeNbHOTO JABMXKEHUS OMKUChIBAIOT 1-Mu naByms ypaBHenusimu (3.1),
MPHA 3TOM KHHEMATHYECKAMHU XapaKTEPUCTUKAMH 3TOW YaCTH JBIDKCHUS SIB-
JISIOTCS CKOPOCTH M YCKOPEHHUE TIONF0Ca

— ) .2 . — 2 )

|VA|:\/XA+yA’ |aA|:\jXA+yAY (3.2)
BpariatensHy0 4YacTh IUIOCKOIMAPAUICIbHOTO JIBHXKECHUS OIUCHIBAIOT 3-M
ypaBHeHHEM (3.1), mpu 3TOM KHHEMAaTHYECKUMH XapaKTEPUCTHKAMH STON

HacCTU ABWIKCHUS SBJISIFOTCS YIJIOBast CKOPOCTH U YTJIOBOC YCKOPEHUE (1)I/Il“ypI:I

0=, e=0=0. (3.3)
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3.2. Onpeneienne ckopocTeil H yCKOPEeHMIl TOYeK TeJsa

CKOpocCTh 000 TOUKH B TUIOCKOW (GUTYpPHI paBHA TEOMETPUIECKOI
CYMME€ JIBYX CKOPOCTEW: CKOPOCTH TOUKHU A, IPUHATOM B KaUECTBE IOJIIOCA, U
CKOpPOCTH TOYKH B IIpH BpameHUH Tella BOKPYT moitoca (puc. 3.2,a)

Vg =V, + Vg, Vg =@x AB, (3.4)

I7e ©® — BEKTOp YIJIOBOI CKOPOCTH, BBEACHHBIN TaK *e, KaKk U IPH paccMoT-
PEHUH BpamICHUS Tea BOKPYT HETIOIBIKHOM OCH (37ECh 9TOT BEKTOP PACIIO-
Jaraercs Ha OCH, IPOBEACHHOH uYepe3 IOJIIOC MEPIeHIUKYIAPHO IIOCKOCTH

mBikeHus); AB — pammyc-BekTop TOUKH M, TIPOBEINCHHBIA W3 TOYKH A.
BpamiarenbHasi cocTaBIsIomas CKOPOCTU TOUKH Vg, MHEPIEHIUKYISIPHA OT-

pe3ky AM 1 HarpaBieHa B CTOPOHY BpaIlleHHs Tela, €€ MOAYIb
|‘73A| =m-AB. (3.5)

Monyns 1 HampaBleHHE CKOPOCTH V,; HaXOIAT IMOCTPOCHHEM COOTBETCTBY-
IOIIETO MapasienorpaMmma (cm. puc. 3.2,a).
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Eme onun croco® ompezaeseHusi CKOPOCTEH TOYEK Tesa IPH IUIOo-
CKOIapaJuIeIbHOM JABMKEHUH OCHOBAaH Ha UCIOJIb30BaHUH TEOPEMBI O PaBEH-
CTBE NpPOEKLUI cKopocTell NByX Touek Tena. «[Ipoekyuu ckopocmeii 0gyx
mouexk mena Ha NPAMYI0, COCOUHAIOWYIO IMU MOUKU, PAGHbL OpY2Z OPY2Y».
3aMeTnM, 4TO 3Ta TeOpeMa CIIpaBeINBa I JTF0O0T0 BHIa IBIDKEHHUS abco-
JIOTHO TBEPJOTO Tela W IMO3BOJSAET JIETKO HAXOOUTh CKOPOCTh TOYKH TENa,
€CJIM U3BECTHBI HAIIPABJICHUE CKOPOCTU 3TON TOUYKH, a TaKXKe HAIIPABICHHE H
BEJIMYIHA CKOPOCTH KaKOU-TMOO0 IPYToif TOYKH 3TOTO XKE Tela.

Yckopenue 0001 TOYKM B IIIOCKOW (QUTYypBl paBHO reoMeTpHuye-
CKOM CyMMe yCKOpEHHUs TOYKHU A, IPUHATON B KadyecTBe MOJ0Ca, U yCKOpe-
HHS, KOTOpOE TO4YKa NpHOOpETaeT NpU BpaIIEHHH Tela BOKPYT IOJIOCa
(puc. 3.2,0):

a, =a,+85,; 8y, =8 +a5, =exAB+Ox(dxAB), (3.6)
rae € — BEKTOp YIJIOBOTO YCKOPEHHS, BBEICHHBIW TaK XKe, KaK M IPH pac-
CMOTPEHUH BpAIICHUs Tela BOKPYI HEMOJBUKHOM ocH. BekTop Bpamiarteins-

=Bp

HOM COCTaBJIAIOIIEN YCKOPEHHUs dg, HalpaBlIeH NEPIEHIUKYIIPHO OTPE3KY

AB B cTOpOHY yIJIIOBOTO YCKOPEHHS, T.€. B CTOPOHY BpAILCHHS, €CIU OHO
YCKOPEHHOE, ¥ B MPOTHBOMOJIOKHYIO CTOPOHY, €CIH 3aMelieHHoe. Bekrop

~0cC

OCECTPEMUTENBHON COCTaBIIAIOIIEH YCKOpeHMs dg, BCErJa HampaBleH OT
Touku M K mostocy A. 3amuiieM MOIyJIH 3TUX BEKTOPOB COOTBETCTBEHHO

=& AB; = - AB. (3.7)

=Bp
a'BA

=0c
aBA

OmpenenaTh HOJHBIA BEKTOpP YCKOpeHHUs &,, TOUKH M 1enecooOpa3HO He

TCOMCTPHUYICCKH, 4 aHAJIUTUYCCKU C IMOMOIIBIO PA3JIOKCHUA CJIaracMbIX BEK-
TOPOB HAa OCH BBI6paHHOﬁ CHUCTEMbI KOOpJAUHAT.

3.3. MrHoBeHHbI#i LIEHTP CKOPOCTei

[IpocToit 1 HArnsSAHBIA CIMOCOO OMpeAeNeHUs] CKOPOCTeH IMIIOCKON
(urypsl OCHOBaH Ha TMOHSATHU O MZHO8eHHOM uenmpe ckopocmeii (MIIC).
M Ha3bIBAIOT TOUKY MOJBHKHOMW INIOCKOCTH, B KOTOPOM pacrosiokeHa Iioc-
Kast ¢purypa S ¥ CKOpOCTb KOTOPOil B JAHHBIH MOMEHT BPEMEHH paBHa HYITIO.

JoxazaHa TeopemMa O TOM, YTO €CJM TEJO ABUMKETCS HE MOCTyHaTelb-
HO, TO TaKas TOYKa CYIIECTBYET, U MPUTOM €IUHCTBeHHas. 3 ompeneneHus
CIIEZyeT, 4TO B O0IIEeM cirydae B KakIplii MoMeHT BpeMeHnn MIIC Haxomutcs
B Pa3UYHBIX TOYKAX IUIOCKOCTH. [IpW BpalmaTeqpHOM JBIXKCHHU Tela BO-
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KPYT HEIOJABI)XHOW OCH, SIBJIAIOIIMMCS YacTHBIM ClIy4aeM IUIOCKOIapal-
nenbHOro ABmkeHus, MLC B 111060if MOMEHT BPEMEHHU pacIiojoXeH Ha OCH
BpameHusa. Eciu ke Teno OBIKETCS MOCTYNaTeNIbHO MIIM MTHOBEHHO ITOCTY-
HaTeJbHO (CKOPOCTH BCEX TOYEK Tela B IAHHBIH MOMEHT BPEMEHH PaBHBI 110
BeJIMYMHE W COBMAAAIOT 10 HampasieHuto), To MLIC Haxomutcs Ha Oecko-
HEYHO OOIIBIIOM PACCTOSHUM OT JIF000# TOoUKH Tena. BriOpas B kauecTBe 1mo-
Jroca TOYKy P, KoTopas ABIseTcs B AaHHBIH MoMmeHT BpeMmenu MIIC, a 3Ha-
qur V, =V, =0, u3 Gpopmynst (3.4) st onpeaeneHus: CKOPOCTH JT000H TO4-

KM IJIOCKOH (pUTyphl HaliieM CKOpoCTh TOUKH M
Vy =V =0OxPM . (3.8)

CrnenoBartenbHO, CKOPOCTH JIF000H TOUKU TelNa B JaHHBI MOMEHT Bpe-
MEHH HaXOIUM TakK kK€, KaK IPH BPALICHHH BOKPYT HEMOJBIKHOW OCH, MPO-
xonsauiel yepes MLC u nepneHauKynIspHON MIOCKOCTH IBHKEHUS. Takum
00pa3oM, IpH IIOCKOTApaILICTFHOM ABIKCHHH CKOPOCTh JIFO00H TOYKH Tea
MEPIeHIUKYISIpHA OTPE3Ky, coeauHstoneMy 3Ty Touky ¢ MIIC, a momynb
CKOPOCTH MPONOPIMOHANEH paccTosiHuio 10 MIIC

vy =0-PM. (3.9)

YrioBast CKOpOCTh TUIOCKOW (PUTYPHI paBHA OTHOIICHUIO CKOPOCTH Ka-
KOM-1100 ee TOYKH K PacCTOSHUIO OT 3ToH Toukn 10 MLIC

VM
PM

o= (3.10)
Cnocobvl onpedenenust ROIONHCEHUs, MCHOBEHHO20 YEeHMPA CKOPOCel.

1) ecnu M3BECTHBI HanpapjieHus ckopocteit V, u V, Touek 4 u B
wiockoii ¢urypsl, To MLIC (Touky P) ONpeAensoT Kak TOYKY HepeceueHus
HEepIeHINKYIIPOB K CKOpOCTSIM V, U V,, IPOBEACHHBIX M3 3THUX TOYEK
(puc. 3.3,a);

2) eclli CKOPOCTH JBYX TOYeK Tena A u B M3BecTHBI 10 MOAYIIHO, Ma-
payuteNbHBI ApYyT ApyTy (V, || Vy ), 1 neprenaukymsipas! npsimoit AB, To MLIC
HaxoJsT B TOUYKE MEpecedyeHus npsiMon A8 ¢ npsMOi, COEANHSIONIEH KOHIIbI
BEKTOPOB ckopocted V, u V, (puc. 3.3,0,B);

3) npu KayeHuH 0e3 CKOJILKEHHsI OTHOTO Tejla MO HEMOABMKHOM Mo-
BepxHocTr MIIC HaxomsT B TOYKe CONpPUKOCHOBeHWs Ten (puc. 3.3,T), Tak
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KaK IPH OTCYTCTBHH CKOJIBXKEHUSI CKOPOCTb 3TOW TOYKH MOABHMIKHOTO Tejla
paBHa HYJIIO;

4) ecin ckopoctu Todek A u B Tena V, u V, mapamiensHsl apyr
apyry (V,||Vy) 1 He mepneHANKYISIPHBI IPsIMOit AB, TO NEPICHAUKYISIPBI K
HUM TakXe MapauieNnbHBl Apyr Apyry. B stom cimygae MIIC Haxommtcs B
OecKOHEeYHOM yAaleHNH OT Touek A u B, nBikeHme Tema saBiusieTcs MTHOBEH-

HO TIOCTYIATEeNbHBIM, CIIE0BATEIBHO, CKOPOCTH BCEX TOYEK TEa PaBHBI, a
€ro yIJIOBasi CKOPOCTh B JAHHBII MOMEHT BPEMEHH PaBHA HYIIIO.

Pucynok 3.3
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C nmomoursio MIIC miockonapasmieabHOe ABMXKEHHE MOXHO Tpej-
CTaBUTh HE TOJBKO KaK CJIOKHOE, COCTOsIIee U3 MOCTYNaTeIbHOTO U Bpalla-
TEJNBHOTO JIBIKCHHH, HO M KaK IPOCTOE IBIKEHUE, COCTOAIIEEC M3 CepUH
3JIEMEHTaPHBIX MOCJIEN0BaTENbHBIX MOBOpoTOoB Bokpyr MIIC. Heobxomnmo
OTMeTHTH, 4TO monoxerne MLIC B mpocTpaHCTBE BO BCE BpeMsl JBHIKCHHUS
Mmensercs. 'eomerpraeckoe Mecto Touek MI{C moaBMKHOTO Tella HAa3bIBAIOT
ROOBUIICHOUI UEeHMPOUOOIl, 3 HETIOABIUKHOIO TeJla — HENOOBUIHICHOU YeHm-
pouooit. Takum 00pa3oM, IDIOCKOTApAJUICTbHOE IBIDKCHHE MPEICTaBISET
coboii kaueHue 0e3 CKOJNBKCHHS MOABIKHON LECHTPOUIBI MO HETOIBHKHON
LUEHTPOUIE.

IIpumep 1. Koneco katutcs 0€3 CKOJBKEHUS MO HEIMOIBHKHOM
npsiMoii noBepxHoctd. Ckopocth Toukn O mocrosiHHa W paBHa 100 cm/c
(puc. 3.4,a).

OnpenenuTs yriioBy CKOPOCTh Kojieca, ckopocT Touek A, B, C u
yckopenuns Touek A, C, P, eciim R = 50 cMm, =40 cm.

Pemenne

Komeco coBepmiaer ImiockomapauienbHOe ABIDKeHHe. KadeHune
MPOMCXOINUT 03 CKOJILKEHUS, CIIEIOBATENIFHO, B JAHHOM CIIy4ae TOYKa Kaca-
HUS KOJieca C HEMOJBHKHOM MOBEpXHOCTBEI0O — Touka P — semsercs MIIC.
OnpeznenyM yrIOBYIO CKOPOCTh KoJieca coriacHo ¢opmyie (3.10)

vV, 100

®w=——=——=2pazg/c.
op 50 P

3nas paccrosiaust ot Touek A, B u C 1o MIIC, MOXHO HalTH UX CKOPOCTH I10
dbopmye (3.9)
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vV, =0-PA=®-2R =2-100 = 200 cm/c;
Vg = ®-PB=wm-yR? +R? =2.4/50° +50% =141.42 cm/c;

Ve =®-PC = @-yR* +r? =2-+/50° +40° =128.06 cm/c.

BekTopsl cKOpocTeil Touek KoJsieca HalpaBICHBI MEPICHINKYIIPHO
orpeskam, coenuasromuM ux ¢ MIC (cm. puc. 3.4,6). B cooTBercTBUH C
TEOPEMOH O TPOEKIMAX CKOPOCTEH JIBYX TOUEK Tella Ha MPSIMYIO, COCIHHSIO-
1Yo 9TU TOYKH, y6e)KjlaeMC$[ B IMPaBUJIbHOCTHU MOJYUYCHHBIX PE3YJILTATOB.

IlepeiineM K ONpEenENCHUI0 YCKOPEHMM, AJI YEro BOCIOJIb3YEMCS
tdopmynamu (3.6) u (3.7). B kauectBe mosroca Beibupaem touky O. Vckope-
HHE TI0JIIOCAa PAaBHO HYIJIIO, TaK KaK 3Ta TOYKA JIBHXKETCS PaBHOMEPHO U Mpsi-
MojuHelHo. [loaToMy yckopeHHs TO4YeK OYAyT paBHBI MX YCKOPEHHSM BO
BpalaTeIbHOM JIBHKEHUH BOKPYT Moiitoca. Hanpumep, amst Touku 4

d,=8,,;, 8, =a"+ay =exA0+mdx(®xAO).

V,
Juddepennupys mo BpeMeHH BBIpa’KCHHE (,l):O_OP U YYWTHIBas, 4YTO

OP = const u V, = const, nomyanm € =0. Takum 06pa3zom, yCKOPEHHs BCEX

Touek, Bkitoyas MIIC, cocToAT U3 0cecTpeMUTENbHBIX YCKOPEHUH BO Bpa-
IIEHUH BOKPYT Tomoca O

a,=ay =0 -A0=w"-R=4-50=200 cm/c’;
& =a% =0 -CO=w"-r=4-40=160 cm/c*;
a, =ay =o' -PO=o"-R=4-50=200 cvm/c’

1 HAIIPaBIICHBI OT COOTBETCTBYIOIINX TOUYEK K IMOOCY (M. puc 3.4,B).

Hpumep 2. Kpusommn OA KpUBOIIMITHO-TIOI3YHHOTO MEXaHU3Ma,
NPUBEJICHHOTO Ha puc. 3.5, Bpamaercsi BOKPYr HEMOJBIKHON OCH C yrJIOBOH

2
CKOPOCTBIO W, =10 pan/c u yrioBeIM yckopeHueM &, = 20 pan/c”. Ilomo-
JKEHHe MeXaHn3Ma omnpenensercs yriom ¢ =30°.

Haiitu yrinoByro ckopocTb U yrioBoe YCKOpEHHE LIaTyHa AB, a Tak-
K€ CKOPOCTh M yCcKOpeHue noisyHa B, ecnu anuna kpusommna O4 = 10 cm,
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a nnvHa matyHa 4B = 30 cm.

Pucynok 3.5

Pewienue
BHauane onpenenuM CKOpoCTh TOUKU A KpUBOIIHIIA
V, =g, -OA=10-10 =100 cm/c.

3arem, 3Hasg HampaBJIEHUS CKOpocTel Touek A u B, HaineMm nonoxenue MLIC
Ha TIepECeUCHUH MEPIEHANKYISIPOB K CKOPOCTAM ITHX TOUeK — Touky P. [l
OIIpEe/IeIEHNs] YIIIOBOM CKOPOCTH IIATYHa (M,; M CKOPOCTH TOYKH B HaXoguM

JUTMHBI OTPE3KOB, coequHstonmx Touku 4 u B ¢ MLIC. U3 Teopemsbl cuHycoB
CIIeyeT, 9To
siny = OA-sing _ 10-0.5 0167,
AB 30

Brerancianm JJIMHBI OTPE3KOB!

OB = OAcos @+ ABcosy =10-0.866 +30-+/1—0.167% =38.239 cum;

BP =0B-tgp =38.239-0.577 = 22.078 cMm;
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_ 0B A 38.239

AP — —-10=34.156 c™m .
Cos @ 0.866
Tenepb HaliieM HCKOMBIE BETUYHHBI:
Vo 100 _ 2.928 pan/c;

w e T —
" AP 34.156

Vg = @, - BP = 2.928.22.078 = 64.639 cum/c.

OmnpenenyM yCcKOpeHHE TOYKU B U yrioBoe yCKOpeHHe IaTyHa AB.
3/1ech HaJl0 UMETh B BUAY, UTO paccTtosinue oT Touku A 1o MLIC He sBisercs
MIOCTOSIHHBIM M 3aBUCHT OT IOJIOKEHHsI MEXaHU3Ma, T.€. OT BpeMeHu. [loaro-
My npoaudpepeHIMpoBaTh M0 BPEMEHH YIJIOBYIO CKOPOCTh IIaTyHa He
Npe/ICTaBIsIeTCst BO3MOXHBIM. [locTynum cienyromum obpasom. [ Haxox-
JCHUS YCKOPEHHUS TOUYKH B BOCIIONB3yeMcsl BEKTOPHBIM paBeHCTBOM (3.6)

= _ =Bp =0c =Bp
dg =d, +a, +ag, +ag,
U cupoenupyem ero Ha ocu koopauHat XOY (cM. puc. 3.5). [Ipu sToM yurewm,
4TO BEKTOp & JeXHT Ha npsMoil OB, Tak Kak Touka B ABHXKETCS IPSIMOJIH-
HEHO, BEKTOp &g, HAIpaBIIEH K IOJIOCY A, a BEKTOp &g, NEpHEeHAUKYIApEH
emy. [lomydnm nBa anreOpandecKux ypaBHEHUS Ul ONPEACIICHHS BEINYUH U
HalpaBlIeHUH yckopeHuil d; u &3, (BHayaje HalpaBisieM UCKOMbIE BEKTODBI
MIPOU3BOJIBHO):
— Bp i oc Bp H oc .
a, =—a, -sinp—ay -cose+ag, -siny —ag, -cosy ;

0=a;”-cosp—ay -Sing-+ag, -CoOSy+ag, -Siny.

IIpenBapuTenbHO BBIYKMCIMM COCTABJISIONINE YCKOPEHHUS COIJIACHO
dbopmymam (3.7):

a? =gy, -OA=20-10=200 cm/c’; ay =3, -OA=100-10=1000 cm/c’;

g = u)iB -AB =2.928"-30=257.196 cm/c’; COSy = 1-0.167%> = 0.986.
Hanee onpenenum:

— ¥3 2-TO ypaBHEHHS
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oc

—ay -Cos@+ay -Sing—ag, -siny
cosy
—200-0.866+1000-0.5—257.196-0.167

= =287.879 cm/c?;
0.986

Bp
aBA

—u3 1-ro ypaBHeHus

a; =—200-0.5-1000-0.866+287.879-0.167 — 257.196-0.986 =
=-1171.519 cm/c?.

3HaKHU MOKA3bIBAIOT, YTO HANPABICHHUEC YCKOPCHHUS &g, COBIANACT C IPHHA-
TBIM, @ HallpaBlI€HUE &, — IPOTHBOIOJIOKHO HANPABICHUIO, YKa3aHHOMY Ha

puc. 3.5. 3Has ycKOpeHHe ag, , MOXKHO HAalTH yIIoBOe YCKOPEHHE IIIaTyHa

v 287.879
_ 8 287819 4506 vane.
“2 = AT 30 pax/e

Bonpocs! 111 CAMOKOHTPOJIsA

1. Kakoe nBmxeHHE TBEPAOTO Tejla HA3bIBAIOT IUIOCKOMApaiiesb-
HBIM?

2. Ha xakue mpocTedime JBIKESHUS MOKHO Pa3JIOKUTh IUIOCKOIA-
pajutenbHOe JBIKEeHNE?

3. Kakne ypaBHEHHS ONMCHIBAIOT IUIOCKONAPAIIIIETBHOE IBH)KEHHE?

4. Kak ompefensioT CKOpOCTh MPOU3BOIEHOW TOYKH IUTOCKOH (pury-
PBI, €CIIH U3BECTHA CKOPOCTH Touttoca?

5. Kakyio Touky miockoit (purypsl Ha3pIBalOT MTHOBEHHBIM IIEHTPOM
ckopocreit (MIIC)?

6. Kak pacmpeneneHbpl CKOpPOCTH TOYEK Teja IO OTHOIICHUIO K
MIIC?

7. Kakue cymiecTByIOT crioco0bl onpeeneHus nosuoxenuss MLIC?

8. Kak ompenensiror ycKOpeHHsl MPOM3BOJILHBIX TOYEK TEja, COBEp-
MIAIOMIETO TUIOCKOIIAPaJIICIbHOE ABIKEHIE?
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4. 3AJAHUS K KOHTPOJIbHBIM PABOTAM

KoHTponbHbIe paboThl IO KHHEMATUKE BKITIOYAIOT TPH 3aJaHUsI.

B 3aganmm K1 HeoOxommmo mccienoBaTh KHHEMATHKY IBHKCHUS
TOYKH IIPU KOOPAMHATHOM crioco0e onmcaHus ee ABxeHus. B 3amanmn K2
HEOOXOANMO OIIPEAEINTh KHHEMATHUECKHE XapaKTEPUCTHKU MpeoOpa3oBaH-
HBIX IBUJKEHUI TeJ, a TaKkke CKOPOCTH U yCKOpeHUs ux Todek. B 3amanun K3
HEOOXOANMO OTpPENeIUTh KMHEMATHUECKHE XapaKTEPUCTUKU TBEPIOTO Tela
MPU MJIOCKONapauIeIbHOM ABIDKCHHUH, a TaK)Ke CKOPOCTU U YCKOPEHMS €ro
ToYeK. J[s Ka’k7Aoro KOHTPOIBHOTO 3a/1aHHs B COOTBETCTBYIOIINX TaOJIMIAX
MpUBeIeHO 24 BapuaHTa UCXOJHBIX JaHHBIX, a Ay 3agaHuil K2 u K3 eme u
24 BapuaHTa pacUCTHBIX CXEM.

J171s1 BBITIOJTHEHUSI KOHTPOJIBHBIX pab0T HE0OX0IUMO!

1) BHEMATENBHO MPOYUTATH COOTBETCTBYIOLIMI pa3fen B yueOHUKe,
BBIOpPaHHOM M3 CITUCKA PEKOMEHAYEMOM JINTepaTypbl; 03HAKOMHTBCS C TEOpe-
THYECKUMH CBEICHUSIMH U METOAMYECKHMH PEKOMEHIAIMSIMH HACTOSIIETO
MOCOOMsI; COCTaBUTh KPAaTKUH KOHCIIEKT, 3allMCaB OCHOBHBIC OIPEICIICHUS,
TEOpeMBI U (JOPMYJIBI;

2) OTBETUThH Ha KOHTPOJIBHBIC BOIPOCHT;

3) pa3obpath penieHHe THIIOBBIX 33/1a4 Ha MPUMEPax, MPHUBEICHHBIX
B HACTOSIIEM ITOCOOUH;

4) caMOCTOSITENILHO BBITOJIHUTH WHIMBUAYaTbHbIE KOHTPOJIBHBIC 3a-
JTaHUA B COOTBETCTBHMHM C IPEUIOKEHHBIM IIperojaBaTenaeM BapuanTtoMm. Ha-
npuMep, ykazaH BapuaHT K2-5, uro o3Hauaer crenyromee: K — pazgen «Ku-
HEMaTHKay, 2 — HOMep TeMBI pa3jiena, 5 — HoMep BapuaHTa B 3a1anuu K2;

5) odopmuTh pemeHHbIe 3aJaHUsl B BHAE KOHTPOJIBHOH PabOTHI B
otaensHON TeTpaau. Kakmoe BBINONHEHHOE 3aJaHUE JOJDKHO COJEpKaTh
UCXOJIHBIE JAHHBIE M PACUETHYIO CXEMY C YKa3aHUEM OIpEJeNIIeMbIX KUHE-
MaTHYECKUX XapaKTePHCTHUK ABIKCHHS; PEUICHHE JOJDKHO OBITH M3JI0KEHO
MIOCJIC/IOBATENILHO C KPATKUMHM KOMMEHTapHUsIMU; B KOHIIE HEOOXOANMO TIpH-
BECTH YHCJICHHBIC 3HAUEHUS C Pa3MEPHOCTSIMH OTIPEIEIIIEMBIX BEJTMYNH;

6) 3aperucTpupoBaTh BBHIIOJIHEHHbIC KOHTPOJIbHBIC 3aJaHHs B yCTa-
HOBJICHHBIE CPOKH B JIEKaHATE 32a09HOTO O0YUICHHUS Y METOANCTA.
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4.1. OnpenejieHHe CKOPOCTH H YCKOPEHHS TOYKH
110 32JaHHBIM YPABHEHHSIM ee JIBHKeHHUsI

3ananne K1
4.1.1. IIpumep pemeHHs KOHTPOIBHOTO 3amanus K1

Ilycte Touka M pmBmwxkeTcs B miockoctd XOY B COOTBETCTBHU C
YPaBHEHHUSIMHU

X= 4sin(%tj+6 cM

y=-2 COS(%t] +4 cm

Jns momenta Bpemenu U= 0,5 ¢ Haiitu nomnoxenue touxku M Ha

TPaeKTOPUH, €€ CKOPOCTh, NIOJHOE, KacaTeIbHOE 1 HOPMAJIBbHOE YCKOPEHUS, a
TaKXe paguyc KPUBU3HBI TPACKTOPHH.

Pemenue

3a7aHHbI 3aKOH JBMXKECHUSI TOYKH B KOOPJAMHATHOH (OpME MOYKHO
paccMaTpuBaTh Kak IapaMETPUYECKUE YPABHEHMsI TPACKTOPUM TOUYKH. Mc-
KIIIOYMM BpeMs t U3 ypaBHEHMH OBH)KEHUS M MOJyYUM YPAaBHEHHE TPAEKTO-

pHHY TOYKH B BUJIE:
(x-6)" (y=4) _

+

e > 1.

Takum 00pa3om, TpaeKTOpUel TOYKH M SIBISETCS DIUIUIC CO CMEIICHHBIM
HEHTPOM, U300paxkeHHbIi Ha puc. 4.1. OTMETHM Ha TPAEKTOPHHU MOJIOKEHUE
Touku M (X1, Y1) B MoMeHT Bpemenu t; = 0,5 €

J2

x, = x(t=t,) = 4sin[ TL |+ 6= 4sin® +6-=4Y2 1 6-882 cu:
22 4 2

V2

nl b8
y, =y(t=t) =—2005(55j+4=—2cosz+4:—27+4= 2,59 cm.

BCKTOp CKOPOCTH TOYKH ITPEACTABUM B BHUJIC:
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e i, ] — OpTHl KOOpAUHATHBIX oceil OX u OY; v,, V, — NPOCKLHH BEKTOpa

CKOPOCTH TOYKH Ha KOOpAMHATHBIE OCH, KOTOPbHIC PAaBHbI 1-m IMPOU3BOJHBIM
OT COOTBCTCTBYIOIINUX KOOPAUHAT IO BPEMCHHU

dx nt
= —— =21 C0S —;
dt 2
:d_y: sinn—t.
N 2

Pucynoxk 4.1

B moment Bpemenn t; = 0,5 C
v, (t, =0,5¢) = 2ncos% = 271% =2 =444,
C

v, (t, =05¢) =nsin£:n£: 2,22
4 2 c

BekTop cKOpoCTH TOYKH V CTPOMM MO JBYM B3aMMHO HEPICHANUKYJISIPHBIM
npoekiusM V, u V, B COOTBETCTBUH C BBIOPAHHBIM MacIITab0M

V=V, +V,.
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[omy4deHHBIH BEKTOp IODKEH OBITH HANPABIICH IO KAacaTEIbHOW K TPaeKTO-
pUHM TOYKU B CTOPOHY JBM)KEHHS. MOAyNb CKOPOCTH TOYKH ONpeNesHM IO
y’K€ HailICHHBIM NIPOCKIMAM

v= Vv = /4,447 42,227 = 4,96%“.

BekTop ycKopeHHsI TOUKHU MPEICTaBHM B BHIC:

rie i, j — opThl KOOPAUHATHAIX oceit OX u OY; a,, a, — MPOCKIHHI BEKTOpa
CKOpOCTI/I TOYKH Ha KOOpI[I/IHaTHI)Ie OCH, KOTOpI)Ie paBHLI 1-M HpOI/ISBO,[[HbIM
OT TPOEKIUH BEKTOpa CKOPOCTU HJIH 2-M MPOU3BOJHBIM OT COOTBETCTBYIO-
mux KOOp)II/IHaT 1o BpeMeHI/II

v, o, . mt

B moment Bpemenn t; = 0,5 ¢

a,(t, =05¢) = —n? sin~ = —x? ﬁ =-6,97 %;
4 2 c
2 2
a,(t, =05¢) = cosZ :n—ﬁ :3,49%.
2 4 2 2 c

BekTop ycKOpeHUsl TOUKM @ CTPOMM IO JIBYM B3aUMHO TEPICHANKYIISIPHBIM
npoekiusM d, U &, B COOTBETCTBUHU C BbIOPAHHBIM MacITaboM

Q)

a=a +4a,.
[omy4yeHHBIH BEKTOP YCKOPEHHUS TOYKH B OOIIEM CITydae TOJDKEH OTKIIOHSTh-
Csl OT BEKTOpa CKOPOCTH B CTOPOHY BOTHYTOCTH TPAaE€KTOPHH, a MPH JIBHKE-
HUHM TI0 3JUTUIICOBUAHOM TPAEKTOPHHM — MPOXOTUTH dYepe3 IHEeHTP 3IUIMIICA.

Moaynb yCKOpEHUsI TOUKHU ONPEIETNM TI0 YKE HalJEHHBIM ITPOEKIUIM

a=.fa} +aj =-697°+349° =779
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BeKTOp IMOJIHOTO YCKOPCHHA TOYKHW MOXKHO TaK¥XC MPECACTAaBUTHL B
BUIC FeOMeTpH‘IeCKOfI CYMMEI €I0 HpOGKHI/Iﬁ Ha OCH €CTECTBEHHOM CUCTEMBI
OoTCUeCTa

d=at+a,n,

rae Tu N — eJUHHYHbIE OPTHI KacaTelbHOH U TIaBHOM HOpManu; a, ¥ a, —
COOTBETCTBEHHO IPOEKIMH BEKTOpAa YCKOPEHMS Ha KacaTEeIbHYIO U IJIABHYIO
HopManb. KacarenbHyro Mt HampaBisieM IO KacaTeJbHOW K TPaeKTOpUU B
CTOPOHY JIBIDKCHHS TOUKH JBYDKCHHMS, a TIIaBHYIO HOpManb MiN — neprneHau-
KyJSIPHO KacaTelIbHON B CTOPOHY BOTHYTOCTH TpaekTopuu. [Ipy BeUUCICHUH
KacaTeJIbHOTO YCKOPEHHUS! yJOOHO BOCIOJIB30BATHCS (POPMYIIOH, yCTaHABIIH-
BAIOIIEH CBSI3b MEXy KOOPAMHATHBIM U €CTECTBEHHBIM CIIOCOOAMH 3aTaHUS
JBIDKCHUS TOUKH
v,a,+v a
a _ X X y y

T

v
B momenT Bpemenu t; = 0,5 ¢
4,44(-6,97)+2,22-349

a (t, =05)= 195 =-467cm/c?.

3HaYeHHE KacaTeIbHOIO YCKOpPCHHA a_ HMECT OTpI/ILIaTeJ'IBHHﬁ 3HaK, CJICI0-

BaTeNbHO, B JAHHBI MOMEHT BPEMEHH JIBKEHHE TOYKH 3aMEIJICHHOE U BEK-
TOp KacaTeIbHOTO YCKOPEHHS a_ HAINpaBlIeH B MPOTHUBOIOIOXKHYIO CTOPOHY

HalpaBJICHUIO BEKTOPA CKOPOCTU TOUYKH V.
2

Vv
HopmanbHoe yckopeHHe @, BBIYUCIMM IO dopmyne a, = F , €CIH

W3BECTCH paJnyc KPUBU3HBI TpaeKTOpWHU. Hampumep, ecinm ToYKa IBMIKETCS
M0 OKPY>KHOCTH paguycoM R, To B 060t Touke Tpaektopuu p = R. Ecnnm xe
TpPaeKTOpPUEHN MBUKEHUS TOUKH SBIISETCS MpsMasi, TO p = o0, CIEIOBATENbHO,

a, =0. B naHHOM ciydae paauyc KpUBH3HBI TPACKTOPHHU 3apaHee HE HM3Be-
CTEH, II0ATOMY HOpPMaJIbHOE YCKOPEHHE OIpeersieM 1Mo popmyie:

B moment Bpemenn t; = 0,5 C
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a,(t; = 0,5¢) = /7,792 — (—4,67)% =6,23cm/c?.

IMocTponM BEKTOPHI a, M &, B COOTBETCTBHHU C YK€ BBIOPaHHBIM MAcIITa-
0oM, a 3aTeM CJIOXKHM HX TeOMEeTpHYecKd. B pesynpraTe MoyduM TOT *Ke
BEKTOp MOJHOTO YCKOPEHHUS! TOYKM &, KOTOpBIA paHee y)ke ObUI MOJTydeH
reOMETPUYECKOH CyMMOii cocTaBistomux 8, U &, . DTOT QaKT CIyKHT KOH-
TPOJIEM HPABHIBHOCTH PELICHUS.

Pamnyc KpHBU3HEI TPAacKTOPUH B PacCMaTpHUBaeMOil TOYKE olpene-
JIM TI0 (hopMyIIe

p=—-.
an
B moment Bpemenn t; = 0,5 ¢

4,96°
t, =0,5¢) =—
p(1 ) 6.23

=39 cm.

Pe3ynbraThl BCeX BBIYHMCICHHN JJIs 33aHHOTO MOMEHTa BpPEMEHH
TpUBeACHH B Ta0m. 4.1.

Tab6muua 4.1
Koopu- Ckopocru, cm/c Vckopenus, cm/c’ P,
HAaTbl, CM cM
X |y | v, v, | v a, a, | a |a, a,

8,82 (2,59 | 4,44 | 2,22 | 496 |-6,97 | 3,49 | 7,79 4,67 | 6,23 |3,95

[Mpumeuanue. B mocnegHem cronbiie yepe3 p oOO3HAUEH pajyc
KPUBHU3HBI TPAEKTOPHUHU B TOUKE M.

4.1.2. YcnoBue u BapuaHThl 3a1aHus K1

Ilo 3agaHHBIM ypaBHEHMSIM JBUXKEHHS TOUKU M yCTaHOBUTH BUJ €€
TPAEKTOPUH M JUII MOMEHTA BpeMeHH t =1 HaliTh MonoKeHne TOYKHM Ha Tpa-
€KTOpHHU, €€ CKOPOCTb, IIOJHOE, KACATEIbHOE M HOPMAJIbHOE YCKOPEHHUS, a
TaK:K€ PaJuyC KPUBU3HBI TPAEKTOPHH.

Vcxonuble naHHbIE AJIsI pelIeHus IpUBeIeHEI B a0, 4.2.
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Tabiuuua 4.2

Howmep YpaBHEeHUs JBUKCHUS Bpewms
BapHaHTa x=f(t),cm y=1,(t),cm t,c
t . mt
) 4cos’ n—]+2 45|n2(—]
K1-1 (3 3 1
nt? . wt?
- —cos| — |+3 sin| — |-1
K12 [ : j ( : ] )
K1-3 Zsin(%t) —3cos(%j+4 1
K1-4 3t2+2 —4t 0,5
K1-5 3t —t+1 5t2—%—2 1
2 2
K1-6 7sin w +3 2-7cos L 1
6 6
Ki1-7 —4C05(%tj —25in(%t)—3 1
K1-8 —At2 +1 =3t 0,5
1 nt
5sin?| = —5005{—)—3
K1-9 6 j 6 1
t? [ mt?
- 5cos| — —5sin| —
K1-10 ( 3 J ( 3 ] 1
it (ot
4cos| — =3sin| —
K1-11 (3j [ 3 j 1
K1-12 3t 42+ 1 0,5




Iponomxkenue Tabm. 4.2

Howmep YpaBHEHUS IBUKEHUS Bpewms
BApHAHTa t,c
i t mt
7sin? ﬂ—j—s —7cosz(—j
K1-13 ( 6 6 1
2 2
K1-14 1+3cos ﬂ 3sin i +3 1
3 3
K1-15 5t 4 3t 1
_3t )
_3t_t 3-— -3t
K116 2-3t-6t > 0
2 2
K1-17 6sin(£j—2 6c05[£j+3 1
6 6
K1-18 -3 5t 0,25
5t
K1-19 3_3t+t 4-5t5+ = 1
mt . (mt
—4cos| — [-1 —4sin| —
g O
K1-21 —6t 204 1
K1-22 80052(n—t)+2 —8Sin2(n—tj—7 1
6 6
2 2
K1-23 -3-9sin i -9cos i +5 1
6 6
K1-24 42+ 1 -3t 1
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4.2. Ilpeodpa3oBaHue NPoCTeINX ABUKEHUI TBEPIOIo TeJia
3aganne K2
4.2.1. [Ipumep petieHUs] KOHTPOJIBHOTO 3aaanHus K2

PaccMoTpuM TipuMep pelieHus 3aIaHns JUTS MEXaHH3Ma, KHHEMAaTH-
Jeckasi CxeMa KOTOpOro NpuBejieHa Ha puc. 4.2., T1e BEIYIIUM 3BCHOM SIBJISI-
ercsi Tpy3. 3aJaHo: 3aKOH HW3MEHEHWs BEPTHKAIBHOW KOOPIWHATHI Tpy3a
x(t) =30 + 108, em; pamuychl koiec Ry = Rg= 10 cM, R, = 30 cMm, I, = 20 cm.

OrmpeneuTs CKOPOCTh U YCKOPEHUE TOUKH M It MOMEHTa BpEMEHH
th=1c.

Pucynok 4.2

Pemenue

O0603HaYMM U MOKakeM Ha puc. 4.3 Touku MexaHusMma 4, B, Dy, Dy,
yepe3 KOTOphIE MepenaeTcsl IBMKEHHE OT OJHOTO 3BeHa (BEIylIero) K Jpy-
roMy (BEIOMOMY).

Pemrenue 3a7aun HaYHEM C OTIpeAeNeHUs] CKOpOCTH rpy3a. [Tockomb-
Ky Ipy3 COBEpILIAET MOCTyNaTeNbHOE JABHKEHUE, €0 MOXKHO CUMTATh TOUKOH,
JIBIDKEHUE KOTOPOH 3aJaHO KOOPAHWHATHBIM CIIOCOOOM, U JIBHYKETCS TOJBKO
BIIOJIb OcH X. [IpoeKIuio CKOpoCTH Tpy3a Ha 3TY OCh ONPEAEITUM KaK TpOHU3-
BOJHYIO OT KOOPJUHATHI X TIO BPEMEHHU

vV, =X=20t cm/c,mput;=1c V=20 cm/c.

48



HOCKOHLKy 3HaK NPOCKIMHU CKOPOCTU Ipy3a Ha OChb X IIOJIOKHUTECIIb-
HLII71, BCKTOP CKOPOCTH HaIllpaBJICH BHHU3, T.C. B IOJIOKUTCJIBHOM HaIIpaBJIC-

HHH OCH X.

Prcyrok 4.3

CKOpOCTH BCeX TOYEK HHMTH, Ha KOTOPOH BHUCHUT TI'py3, OJHMHAKOBBHI
(HUTH cuMTaeTCsl HEpPaCTSDKUMOM), CKOPOCTh TOYKHM CXOAa HUTH ¢ Oapabana
(xoneca 1) paBHa ckopoctu rpy3a. Ho Touka 4 cxoja HUTH B JaHHBII MOMEHT
BPEMEHH NMPHUHAICKUT U KOJIeCy 1, COBEpIIAONIEMy BpaIlaTeIbHOE JABHKE-
HHE BOKDYT HEMOJBIPKHOM OCH, YTO TO3BOJISIET OIPEAEIHTH €T0 YIIIOBYIO
cKopocTb. HanpaBiieHre yrioBoi CKOpoCcTH Kojieca 1 COOTBETCTBYET Harpas-
JICHUIO CKOPOCTH TOUYKU A. 3amuimieM Tenepb ajaredpandeckoe 3HaUYCHHE yT-

JIOBOW CKOPOCTH KoJieca 1
v, 20t

X

o, == =——=2t pag/c,npu t;=1c ;= 2 paz/c.
1 R 10 p puly 12 p

Koneca 1 u 2 HaxopsTcsi B 3alleTUICHUH M MMEIOT OOIIyI0 TOYKYy B
(cm. puc.4.3). TToaToMy CKOPOCTH TOUYEK KOJEC, HaXOASAIINUXCS Ha UX 000/b-
AX, oguHaKoBbl. [Ipy 3ammcu anrebpandeckoro 3HaYCHUs YIIIOBOM CKOPOCTH
KoJieca 2 y4TeM, YTO BHEUIHEE 3aleIUICHHEe MEHsSET HalpaBlICHUE BpalleHUs
Ha MPOTUBOMOJIOKHOE

®,, =—0,R /I, =par/c,nput; =1 ¢ vy, = 1 pag/c.

49



OnuHakoBBI Takke ckopoctd Touek D; u D, , pacnonosxkeHHBIX Ha
IIKMBaX pPeMeHHOH mepenaun. OJHAKO 37€Ch HANPABICHUE BPAICHUS HE H3-
MEHSETCsI, TO3TOMY
0, =0,,R, /R, =3t pag/c,mputi=1c o, =3 pag/c.
Onpezennm Tenepb CKOPOCTh ToukK M Kkoseca 3 B MOMEHT BpeMeHH
t; = 1 c. BennunHa cKOPOCTH — 3TO IPOU3BEACHNUE MOYJIS YIIIOBOH CKOPOCTH

Ha PaccTosHHE OT TOUKH M 110 ocu BpamieHus, KOTOpOE PaBHO paauycy R,,
Vy = ®,,R; =30 cm/c. Hanpasnenue BEKTOpa CKOPOCTH MOKaXKeM NEPIEHIH-

KYJISIPHO PaJInyCy, COSIUHSIONIEMY TOUKY C OChIO BPAIEHUsI, B COOTBETCTBHH
C HalpaBlIieHHEM BpamieHus (puc. 4.4).

Jns HaxoXIOEHUS YCKO-
penus Touku M HeoOxoauMo 3HATH
YIJI0BOE yCKOpeHue kojeca 3. An-
reOpanyeckoe 3HAUYEHHE YIJIOBOTO
YCKOPEHHMS OIPENIEINM KaK IpOn3-
BOJIHYIO TIO BpEMEHH OT anreopau-

YCCKOI'O0 3HAUYCHUA yFHOBOﬁ CKOpO-

. 2
CTH &, =, =3 pazg/c”. Aireo-

panvyeckuce 3HA4YCHUA yl"J'IOBOI7I

Pucyunoxk 4.4

CKOPOCTH M YTJIOBOTO YCKOPEHHS
HUMEIOT OJIMHAKOBBIC 3HAKH, CIICMOBATENHLHO, BpANIATeIbHOE JIBUKCHUC SBIIS-
€TCsl YCKOPECHHBIM.
VYckopenrne Touku M ompenenuM Kak reOMETPHYECKYI0 CYMMY
BEKTOPOB BPANIATEILHOTO U OCECTPEMHTEIBHOTO YCKOPEHHI, MOLYIIH KOTO-
PBIX BBIYUCIIHM T10 (popmymam:
ar =g, R, =30 cm/c’; & =o;,R, =90 em/c?,

OTKYyJa NOJIYYUM ITOJIHOC YCKOPCHUEC TOYKHU M

ay, =4/(a3)” +(ar)’ =304/10 ~ 94,87 cm/c’.
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Bexropsl yckopeHuil mokaszansl Ha puc. 4.4. JIBukenue koneca 3
YCKOPEHHOE, MI03TOMY BpalllaTreibHOe YCKOpeHue Touku M HampaBieHo B Ty
€ CTOPOHY, YTO M €€ CKOpOCTb. OCECTPEMHUTENBHOE YCKOpEHHE BCeria
HAIPAaBJICHO K OCH BPAIlCHUSI.

Ecnu B ycnoBum OyjieT 3ajaH He 3aKOH JBIDKeHus rpysa X(t), a 3aBu-
CHMOCTB yIJIa TIOBOPOTa Kojteca | oT Bpemeru, Hampumep, ¢q(t) = 3+t 2, pan,
M3MEHEHHs B PEIICHHUH 331a4l KOCHYTCS TOJBKO HaualbHOTo 3Tama. Anred-
panyecKoe 3HaAYEHUE YrIIOBOM CKOPOCTH KoJieca | ompesiesiuM Kak IpOr3BO/I-

HYI0 OT €ro yIJla IOBOpOTa [0 BpeMeHu m, = ¢, =2t pazn/c.

JanpHelimee pelieHue 3aJadyd HE OTJIWYAETCA OT IPUBEIECHHOTO

npuMepa.

4.2.2. YcnoBue u BapuaHTh 3a1aHus K2

3amaH 3aKOH JABW)KCHUS BEAYIIETO 3BEHa MexaHu3Ma. B ojHUX Ba-
pHaHTaX BEIYIIMM 3BEHOM SIBIICTCS TPY3 U 3aaH 3aKOH H3MCHECHHS €ro Bep-
THKaJIbHOM KoopauHathl X(f) B caHTHMETpax, a B APYrHX — OJHO M3 KOJEC H
3ajaH 3aKOH M3MEHEHHus ero yria moBopora ¢(t) B paguanax. Onpenenutsb
CKOpOCTh U YCKOpEHHE TOUKU M 1111 MOMeHTa BpeMeHH t;. PacueTHbie cxembl

3amanus K2 mpencraBnensl TaOn. 4.3, a 4MCIOBBIE UCXOAHBIE JaHHBIE — B
Tabm. 4.4.
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Tabiuma 4.3
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[Iponomxenue tabdm. 4.3

K2-7 K2-8

K2-9 K2-10
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IIponomxenue Tadmn. 4.3
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[Mponomxkenue tadm. 4.3

K2-21 K2-22

K2-23 K2-24
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Tabiuuua 4.4

YpaBHeHue Mowment
Homep | mBmwxeHms Ry, R, I, R3, I3, BpPEMCHH,
BapI/IaHTa Beaymero CcM CcM CM CM CM C
3BCHA

K2-1 ¢, =3+ | 10 50 30 15 - 0,5
K2-2 X = 2+3t° — 40 30 50 40 1
K2-3 0, = 3482 10 40 15 30 - 1

K2-4 X = 4t° - 20 15 40 20 0,5

K2-5 =1+ | 10 30 10 15 - 0,5

K2-6 X = 4t — 10 - 20 10 0,5
K2-7 0= 44022 | 20 50 40 30 - 1
K2-8 X =t - 20 - 40 30 1
K2-9 x = 2t — 20 10 50 20 1

K2-11 X =5+ t° - 40 20 30 - 0,5
K2-12 | @,—¢24+o | 15 40 20 10 - 1
K2-13 | x=3t%+t — 30 15 50 30 1
K2-14 | x=10+1¢ - 20 10 30 20 1
K2-15 [, 34+ 2| 10 30 - 25 15 2
K2-16 | x=5t%+5 | - 40 30 50 40 1
K2-17 |@,—42+0 | 10 30 20 10 - 1
K2-18 X = 6t - 20 10 50 20 2
K2-19 | g, —ap2_o | 15 30 10 40 - 2
K2-20 | x=4+1 — 20 10 60 - 1
K2-21 | x=5t—4 - 40 - 40 20 1
K2-22 [¢,=34+0¢ | 30 60 - 30 20 2
K2-23 | x=4+1t — 10 - 80 40 1
30 Xx=3+t — 10 - 15 1
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4.3. OnpenesieHne cKopocTeil ToYeK Tesa
NPHU IJI0CKONAPA/IJIeTbHOM IBUKEHUU
3apanne K3

4.3.1. IIpumeps! perreHus: KOHTPOIsHOTO 3axanust K3

Ipumep 1. Karymka xarutcs 0e3 CKOJBXECHUS B BEPTHKAIbHOU
IJIOCKOCTH M0 HAKJIIOHHOMY TIyTH (pHc. 4.5).

HaiiTn yrnoByro CKOpOCTh KaTylll-
KH, ckopoctH Touek O u B, ecin B paccMar-
pHUBaeMblil MOMEHT BpeMeHHu V,=2 M/c,

r=0.6mM,R=1m.
Pemienue

Karymka coBepmaer Iuockomna-
pajulesibHOE JABMKEHHE. Tak Kak KaucHUE
PucyHok 4.5 MIPOUCXOIUT O€3 CKOJBKEHUS, TO CKOPOCTh
TOYKH P KacaHWs KaTYIIKN C HEMOIBIXHOM
HOBEPXHOCThIO V, =0, ciemoBaTenbHO 3Ta

TOYKa SIBJISIETCSI MTHOBEHHBIM 1IeHTpoM ckopocteld (MIIC). Bektop ckopocT
ToukH A V, NepHeHAUKysipeH AP W HalpaBleH B CTOPOHY KaueHHs KaTyIll-

K{, a YHCICHHOE 3HAYCHHE CKOPOCTH MPOMOPIUOHAIEHO PACCTOSHUIO OT
Touku A 1o MIIC:

vV, =0-AP,

e AP = \/OAz +OP?—-2.0A-0OP cos(1800 —450) =

=R2+r? —2R-rcos135° = 1,49 m.

Omnpe/esiuM yriloBYO CKOPOCTh KATYIIKA
VA
o=—=1,35pax/c.
AP P

Tax xax CKOPOCTHU TOUYCK OuB KaTYIIKKW TaKKE MPONOPLUHNOHAJIbHBI UX pac-
CTOAHHUAM 1O TOYKHU P, TO

Vo =0-OP =w-r =0,81 m/c;
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Vg =®-BP=w-(R-r)=0,54 m/c.

Hanpapnenne BpamieHns KaTyIIKH, a, CIEIOBATENbHO, W HANpaBle-
HUsI cKopocTelt Touek B u O, onpesensioTcs: HalpapIeHHeM BEKTOpa CKOpo-
crtu V, no orHomenuto k MIIC.

Ipumep 2. CrepkeHb 4B MMeeT HA KOHIAX MOJI3YHBI, OJUH U3 KO-
TOPBIX A CKOJIB3UT IO HPSAMOIMHEHHOH HampaBIIAIONIEH CO CKOPOCTBIO V, =
=1 m/c.

Haiiti B monoxeHnu, yKa3aHHOM Ha puc. 4.6, YIIOBYIO CKOPOCTh
cTepkHs, ckopoct Touek B u C, ecnmu AB = 1,2 m, AC = BC.

Pucynox 4.6

Pemenne

CrepxeHb AB coBepllaeT MI0CKONapajIeIbHOE ABMXKEHUE. Tak Kak
CKOpOCTH TO4YeK A W B HampaBleHBl NapauielbHO COOTBETCTBYIOIINM
HAIIPaBJISIONINM, BJIOJIb KOTOPBIX CKOJB3SAT MOJ3YHEI, TO, BOCCTAaHABIIUBAs U3
TOYeK A M B NeprmeHAuKyIsIphl K CKOPOCTSM 3THX TOYEK, OMPEISIIAM TOJI0-
’KEHUE MTHOBEHHOI'O LEHTpPa CKOPOCTEH cTepxHS AB — touka P. Tpeyromnb-
HUK ABP sBnseTcs paBHOOGAPEHHBIM, ClIeZIOBaTeNbHO, AB = BP = 1,2M.

CKopocTh TOYKU A TPOMOPIIMOHATBHA PACCTOSHUIO OT ATOW TOUYKH

0 Touku P: V, =®,, - AP, rie AP =2ABc0s30° =2,08 m.
BrruncnuM yrioByro CKOpocTh CTepkHS AB

v, 10
Va2 19 a8 pave.
e = AP 208 paie

CkopocTh TOUKH B onpezenum o ¢popmyie
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V, =0, BP =0,48-1,2=0,58 m/c.

Jus onpenenenns ckopoctu Toukn C Haiimem paccrostaue PC ¢ TIOMOIIBIO
TEOPEMBI KOCHHYCOB

CP =+BP? + BC? —2-BP-BCc0s120° =1,59 m.

Torna ckopocth Touku C
V. =, -CP =0,76 m/c.

IIpumep 3. Kpusommun OA anuHoii I = 1 M Bpamraercs ¢ yrioBou
CKOPOCTBIO (,, = 2 paj/c, IPUBOAS B ABIKCHHE MATYH AB mmuwoi | = 4 M,
KaK [0Ka3aHo Ha puc. 4.7.

OmnpenenuTs CKOpPOCTh NON3YHA B, YIIOBYIO CKOPOCTh IIATYHa O,
B JIBYX TOJIOKEHUSX MEXaHH3Ma, KOTJa yroj noBopoTa kpupomuna ¢ = 0 u
¢ =90°

Va

N 6=l

S
a)
= A
VA
Mo,
0 <« |5
P 5) Vo
Pucynox 4.7
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Pemenne

[lTatyn AB coBepluaeT IUIOCKONapaieabHoe ABmxeHue. [Ipu s3tom
V, L OA, tak kak Touka 4 mpuHaanIexuT kpusomuny OA, coBeplIaronieMy
BpamarenabHoe ABmwxkeHHe. CKOpOCTh NMOJI3yHa B mapaiienbHa HalpaBiIsio-
muM. YncneHHoe 3HaueHHue CKOPOCTH TOUKHU A

V, =g, -F=2-1=2 m/c.

Haiinem nosno)xeHne MrHOBEHHOTO LIEHTpa CKOPOCTEW, BOCCTaHAaB-
JIUMBas EPIEHIUKYISIPBI K CKOpOCTAM To4YeK 4 U B u3 atux touek. I[lpu yrie
¢ = 0 (cm. puc. 4.7,a) NEPICHAUKYISIP K CKOPOCTH V, M MEPICHIUKYISP K
HalpaBlIeHUI0 V, Iepecekalorcs B Touke B. CienoBaTebHO, TOUKa B ABIA-

eTCSI B TOM IIOJIOKCHUH MEXaHHM3Ma MTHOBEHHBIM ILIEHTPOM CKOPOCTEH H
Vg =0. D10 monoxeHne MexaHU3Ma Ha3bIBAIOT «mepmavim». Halinem yrio-

BYIO CKOPOCTb IIaTyHa
Va Vo  Oop !

Oy =——=—2-= =0,5 pan/c.
© AP AB | pad

Ha puc. 4.7,a moka3aHo pacmpeesicHHe CKOPOCTEil TOUeK MIaTyHa.

[pu yrime mosopora kpuBommma ¢ = 90° ckopoctw V, n Vg
HalpaBJIeHbl apajuiesIbHO, a MEPICHINKYISAPhl K HUM HepecekatoTcst B Oec-
koHeuyHocTH. CrieoBaTeNbHO, B JaHHBI MOMEHT BPEMEHH HMEET MECTO
MTHOBEHHOE ITOCTYIATEIbHOE pacIipeielieHHe CKOPOCTeH, TO €CTh BCE TOUKH
maTyHa AB MMEIOT OJMHAKOBbIE CKOPOCTH, PaBHbIE V,, IIPH 3TOM YTJIOBas

cKkopocTh matyHa wag = 0 (puc. 4.7,0).

Ipumep 4. Kpusomun OA = 0,5M Bpamiaercs ¢ yrioBod CKOpO-
CThIO Wy = 10 pan/c v IPUBOIUT B ABMKEHHE MIATYH AB = 4 M.

Haiftu yrmoByro cKOpOCTh IIaTyHa, cKopocth Touek B u C
(AC = 2,5m), ecri yron nosopora kpusommna ¢ = 45° u 04 L AB (puc. 4.8).

Pemenne
Tak kak kpuBomun OA4 coBepIaeT BpalareabHOe IBUKEHHE, TO

V, =0, -OA=5m/c; v, LOA.

60



IlTatryn AB coBepiiaer IUIOCKONa-
pamnenbHoe JnBHXKeHUE. Haiinem
MTHOBEHHBII LEHTP CKOPOCTEH AJIs
JAHHOTO TMOJOXKEHMsI IIaTyHa —
TOUYKY P Ha TepeceucHHUH MepHeH-
JUKYJISIPOB K CKOPOCTSIM TOUYEK A U
B, BOCCTaHOBIEHHBIX M3 3THX TO-
yek. Tpeyronsauk PAB paBHOOEH-
PEHHBIH, TIpH 3TOM AB = AP = 4 m.
Haiinem yrmoByro cko-

pocThb maryHa AB
Dppg = a
AP

5
=—=1.25pag/c.
4 pai

Ckopoct Touek B um C NpONOPIHOHAIBEHBI MX PACCTOSHHUSAM [0
MIIC:
V, =0, BP,

e BP = AP? + AB? = \4* + 42 =565 m:
V, =, -BP=125565=7,07 w/;

Vo =®,,-CP, e CP =N AP+ AC? = |4 +2,5% =472 m;

V. =w,,-CP =125472=59 w.

4.3.2. YcnoBue u BapuaHThl 3aaHus K3

Jnst Tena, COBEpIIAIOIIETO INIOCKOIIApalieNbHOe IBHKEHHE, B COOT-
BETCTBUH C 3aJaHHBIMH KHHEMATHYECKUMH XapaKTEPHCTUKAMU M T€OMETpPH-
YECKUMH pa3MepaMy 3JIEMEHTOB, ONPENEIUTh YIJIOBbIE CKOPOCTH W JIMHEH-
HBIE CKOPOCTH TOUYeK. PacueTHbIe cXeMBbl M MCXOJHbIE JaHHbIE IPUBECHBI B
Tabm. 4.5.
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Tabiuuma 4.5

Bapuanr K3-1

1.1

1.2

Karymka kxarutcs 6e3 cKoub-
JKEHUSI TI0 TIPSIMOJIMHEHHOMY ITy-

TH.
Haiitu  yriosyro

CKOPOCTb

KaTyIIKH, CKOPOCTU TOYeK A U B,
€CIi B pacCMaTpUBaeMblii MOMEHT
r=3cm,R=4cm, v, =6Cm/c.

CrepxxeHb AB uMeeT Ha KOHLAX
MONI3YHBI, OIWH W3 KOTOPBIX A
CKOJIB3HUT 10 PSIMOJIMHENHON
HampaBJAOIIEd  CO  CKOPOCTBIO
v, =7cm/c.

Haiitu B mosioxeHHH, yKazaHHOM
Ha pHUCYHKE, YIJIOBYIO CKOPOCTP
CTEpKHS, CKopocTh Touek B u C,
ecimu AB =6 cm, AC = BC.

Bapu

anrt K3-2

2.1

2.2

%

Komeco xarutcst 6€3 CKOIbKeE-
HUS B BepTHKaJ’ILHOﬁ IIJIOCKOCTHU

10 HAKJIOHHOMY ITyTH.
Haiitu  yriosyro

CKOPOCTb

Koseca, ckopocTu Touek O u B,
€CJIi B pacCMaTpUBaeMblii MOMEHT

R=2cm, v, =6CMm/c.

CrepxxeHb AB uWMeeT Ha KOHIIAX
MOJI3YHBI, OIMH U3 KOTOPBIX A CKOJIb-
3UT 110 NPSMOJIMHENHOW HaIpaBIIsio-
IIeH Co CKOPOCThIO V, = 6CM/C .

Haiitu B moyiokeHHH, yKa3aHHOM
Ha PHUCYHKE, YIJIOBYIO CKOPOCTb
CTepKHA, cKopocTH Touek B u C,
ecii AB =12 cm, AC = BC.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-3

3.2

FELES

Karymka katutcs 0e3 CKOIb-
JKEHUSl 10 NPSAMOJMHEHHOMY IIy-
TH.

Haiitu  yrioByro  CKOpOCTh
KaTyIIKH, CKOpocTH Todek B u C,
€CJIi B pacCMaTpPUBaEMbIii MOMEHT
r=1cm,R=2cm, v, =4cm/c.

CrepxxeHb AB uMMeeT Ha KOHIAx
TIOJ3YHBI, OJMH N3 KOTOPBIX A CKOJb-
3UT IO NPSIMOJIMHEHHOW HaIpaBIIsiIo-
1meit co ckopoctsio V, =10CMm/c .

HaiiTn B mosno)xeHuu, yKa3aHHOM
HA pHCYHKE, VIJIOBYIO CKOPOCTb
CTEpXKHS, ckopoctu Touek B u C,
eci AB =8 cm, AC = BC.

Bapuant K3-4

Karymka xatutcs 6e3 CKOJbXkKe-
HUSl B BEPTUKAJIbHOW IUIOCKOCTH IIQ
HAKJIOHHOMY ITyTH.

HaiiTu yrinoByro CKOpOCTb Ka-
TYIIKH, cKopocTr Todek O u B, eciy
B paccMaTpUBaeMbIii MOMEHT
r=4cm,R=10cm, v, =20cm/c.

CrepxeHb AB uMeeT Ha KOHIIAX
HOJI3YHBI, OUH U3 KOTOPBIX A CKOJIb-
3UT [0 NPSIMOJIMHEHHOW HalpaBiIsiio-
1eit co ckopocTeio V, = 3CM/C.

Haiitn B mosioxeHuu, yKa3aHHOM
Ha pHUCYHKe, YIJIOBYI0O CKOPOCTb
CTepXHs, ckopoctu Touek B u C,
ecau AB=4 cm, AC = BC.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-5

51

SR

Karymxka katutcs 6e3 CKOJIbA
JK€HHUS MPAMOJIUHEHHOMY MyTH.
HaiiTu yrinoByro CKOPOCTb Ka-
TYLIKH, CKOpocTH Touek O u B,
€CJIM B pacCMaTpPUBAEMbIi MOMEHT
r=5cm, R=10cMm,
v, =25cm/c.

CrepxeHb AB uMeeT Ha KOHIIAX
MOJI3YHBI, OIUH U3 KOTOPBIX A CKOJIb-
3UT IO NPSAMOJIMHEHHOW HAIpPaBILIO-
1meit co ckopocthio V, = 20CM/c .

Haiitn B nosnoxeHuu, yKazaHHOM
Ha pPHCYHKE, YIIIOBYIO CKOPOCTh
CTEpXKHS, CKOpocTH Touek B u C,
eciu AB=10cm, AC=6 cMm.

Bapuanr K3-6

6.2

Karymka katurcs 6e3 CKOJb-
JKEHUSI B BEPTUKAJIBHOM IUIOCKO-
CTH IO HAKJIOHHOMY ITYTH.

Haitftu  yrioByr  CKOpOCTh
KaTyIIKH, cKopocTh Todek O u B,
€CJIU B pacCMaTPUBAEMbIil MOMEHT
r=2cm,R=6¢cm, v, =9cm/c.

CrepxxeHb AB uWMeeT Ha KOHIIAX
MOJI3YHBI, OIWH U3 KOTOPBIX A CKOJIb-
3UT 1O NPSAMOJIMHENHON HaIpaBIIsO-
mieit co ckopocTeio V, =9cm/c .

Haiitu B moyiokeHHH, yKa3aHHOM
Ha PHUCYHKE, YIJIOBYIO CKOPOCTb
CTEpXKHS, CKopocTh Touek B u C,
ecimu AB=6 cm, AC=2 cMm.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-7

Koneco xarutcs 0e3 ckoibke-
HUS 110 IPSMOJIMHETHOMY Iy TH.

HaiiTu yrinoByroo CKOpOCTb KoJe-
ca, ckopoctu Touek O u B, eciu B
paccMaTpHUBaeMbIii MOMEHT
R=3cMm, v, =12 cm/c.

CrepxxeHb AB MMeeT Ha KOHIIAX
MOJ3YHBl, OJWUH W3 KOTOPBIX A
CKOJIB3UT 10  NPSIMOJUHEHHOU
HaIpaBJIAOLEH CO CKOPOCTHIO
v, =16 cm/c.

Haiitu B mnonoxeHuu, ykas3aH-
HOM Ha pHUCYHKE, YTIJOBYK CKO-
pOCTb CTEpP’KHSA, CKOPOCTH TOYEK B
u C, eciu AB=8 cm, AC = BC.

Bapuanr K3-8

8.2

Karymka karutes 6e3 cKoibke-
HUS B BEPTUKAIBHOW IIIOCKOCTH 110
HaKJIOHHOMY IyTH.

Haiitu yrioByro ckopocTh Ka-
TYILIKU, CKOPOCTH To4yek 4 u B, ec-
JI1 B pacCMaTpUBAEMbIIi MOMEHT
R=4cm r=3cm, v, =10 cm/c.

&2

=~

A

30 gl | 4

| ———
FFrrF B

CrepxxeHb AB nMeeT Ha KOHILAX
MON3YHBI, OOWUH W3 KOTOPBIX A
CKOJIB3UT IO  MPSIMOJUHEHHON
HaMpaBJIAOLEH CO CKOPOCTBIO
v, =20 cm/c.

Haiitu B mnosoxeHuu, ykaszaH-
HOM Ha pPHUCYHKE, YTIJOBYI CKO-
POCTb CTEpXHs, CKOPOCTU TOYeK B
u C, eciu AB=10 cm, AC = BC.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-9

Karymka xatutes 6e3 cKoJbKe-
HUS 110 HAKJIIOHHOMY ITyTH.

Haiitu yrioByro CKOpOCTh Ka-
TYIIKH, CKOPOCTH To4ek 4 u B, ec-
JI1 B pacCMaTpUBAEMbIII MOMEHT
R=4cm,r=2cm, Vo =8 cm/c.

CrepxxeHb AB nMeeT Ha KOHIaX

MOJI3YHBI, OJWH H3 KOTOpBIX A
CKOJIB3UT 10  IPSIMOJIUHEHHON
HaNpaBJAIOMEH CO  CKOPOCTBIO
v, =8cm/c.

Haiitu B mnonoxeHuu, ykasaH-
HOM Ha pHCYHKE, YTIOBYIO CKO-
POCTB CTEpKHS, CKOPOCTH TOUYCK B
u C, ecniu AB=6 cm, AC = BC.

Bapuanr K3-10

10.2

Karymka xaturcs 6e€3 CKOJb-
KEHUS B BEPTHKAJIBHOW MIOCKOCTU
10 HAaKJIOHHOMY IyTH.

Haiitu yrioByro ckopocTh Ka-
TyLIKH, cKopocTd Touek B u C,
€CJIU B pacCMaTpUBAEMbIIl MOMEHT
R=4cm,r=3cm, v, =7 cm/c.

CrepxeHb AB nMeeT Ha KOHIaxX
MOJI3YHBI, OAUH U3 HUX A CKOJIB3UT
0 IPSIMOJIMHEHO HanpaBIstoIEel
co ckopocTeio V, =10cm/c .

Haittu B mnosioxkeHuu, yKa3aH-
HOM Ha pHCYHKE, YTJIOBYIO CKO-
POCTb CTEpXKHS, CKOPOCTH TOYEK B

uC, ecniu AB=4 cm, AC = BC.
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[Iponomxenue tabdm. 4.5

Bapuant K3-11

11.1

30°,

Komeco xatmtcs 6e3 ckoibke-
HUS 110 TIPSIMOJIMHEIHOMY Ty TH.

Haiitu yrnoByro ckopocTh KoJje-
ca, ckopoctu Touek O u B, eciu B
paccMaTpuBaeMblii MOMEHT
R=5cMm,r=3cm,v, =12 cm/c.

AL

KpuBommmn OA pnmuHodt 1 M
BpallaeTcs C YIJIOBOM CKOPOCTHIO
®, = 2 paj/c ¥ NPUBOIUT B JABUKE-
HUe matyH 4B nuHo# 1 M.

Haiitn yrinoByro ckopocTe ® ,,

maTyHa, ckopoctd Touek A4 u C,
ecn AC = BC.

Bapuanr K3-12

12.1

12.2

Karymka katurcs 06e3 CKOJIb-
KEHUsI B BEPTHKAIBHON IIOCKOCTH
10 HAKJIOHHOMY ITyTH.

Haiitu yrioByroo ckopocTh Ka-
TYLIKU, CKOPOCTH To4yek 4 u B, ec-
JIM B pacCMaTpUBaeMbIil MOMEHT
R=4cm, v, =10 cm/c.

B

C L]

Kpupommmun OA pnuso#t 0,5 M
BpallaeTcs C YIrJIOBOM CKOPOCTHIO
®,= 2 paj/c ¥ NPUBOIUT B JABUKE-
HUe matyH 4B mmHo# 1 M.

Haiitn yrnoByro ckopocTe ® ,,

martyHa, ckopoctu Touek 4 u C,
ecau BC=0,2 M.
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[Iponomxenue tabdm. 4.5

Bapuant

K3-13

13.2

Karymka katurcst 0e3 CKOJb-
KEHHUS 10 IPAMOJIMHEHHOMY ITyTH.

Haiitu yrioByro CKOpOCTh Ka-
TYIIKH, CKOPOCTU Touek A u B, ec-
JI1 B pacCMaTpUBAEMbIIi MOMEHT
r=2cm, R=4cm, v,=6ci/C.

Kpusonmn OA pmuso#t 0,5 M
BpaIaeTCs C YTIOBOM CKOPOCTHIO
®, = 3 paz/c 1 IPUBOAUT B JABIKE-
HUe WaTyH AB anuHou 1 M.

Haiitu  yrimoByro  CKOpOCTh
® ,, IaTyHa, CKOPOCTH TO4YeK B U

C,ecmu BC=0,1 m.

Bapuant

K3-14

14.2

Karymxka katutca 0e3 CKOJIb-
JKE€HHUS 110 IPSIMOJIMHEHOMY Ty TH.

Haiitu yrioByro cKopocTb Ka-
TYIIKU, CKOPOCTU ToueK 4 U B, ec-
JIM B paccMaTpUBaeMblii MOMEHT
r=2cm,R=4cm, v, =6Cm/c.

Kpusommn OA mpmunoit 0,4 m
BpalllaeTCsl C YTIJIOBOH CKOPOCTHIO
®,= 2,5 pag/c ¥ NIPUBOJMT B JIBU-
JKEHUe WaTyH AB nnaunHoit 1 m.

Haittu  yrioByro  CKOpOCTh
® ,, ATyHa, CKOPOCTH TOYeK B u

C,ectu AC=0,3 m.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-15

15.1

KaTymKa KaTUTCcs 0e3 CKOJb-

KEHUSI 110 TIPSIMOJIMHEHHOMY ITyTH.

Haiitu yrimoByro cKOpocTh Ka-
TYILLKH, CKOPOCTH TO4eK 4 U B, ec-

JI1 B pacCMaTpUBAEMbIII MOMEHT
r=5cm, R=10cwMm, v, =10cm/c.

KpuBommmn OA mnmunoit 0,6 m
BpallaeTcs C YIJIOBOH CKOPOCTBIO
®, = 2 paja/c ¥ NPUBOAUT B JBMXKeE-
HUe matyH AB nnuHo# 1 M.

Haiitn yrioByro cCKoOpocTe ® ,,

maTyHa, ckopoctd Touek B u C,
ecia BC = 0,3 M.

Bapuanr K3-16
16.1 16.2
0 4 S [
/ANSR S =
V() B

0e3

Karymika
CKOJIBXKEHHUS M0 IMPSIMOJINHEHHOMY
MY TH.

Haiitu yrnoByrwo ckopocThb
KaTyIIKH, CKOPOCTH Touek 4 u B,
€CJIM B paCCMaTPUBAEMBbIIl MOMEHT
r=5cm,R=10cm, v, =10cm/c.

KaTuTCA

KpuBommmn OA pmunoit 0,4 m
BpalllaeTCsl C YTJIOBOH CKOPOCTHIO
®, =1 pan/c u IPUBOAUT B ABIKE-
HUe WaTyH AB anuHo 1 M.

Haiiti yrioByro ckopocTe  ,,

matryHa, ckopoctu Touek B u C,
ecin AC = 0,2 M.
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IIponomxkenne Tadm. 4.5

Bapmant K3-17

17.1

Katymka katurcs 6e3 cKoibxe-
HUS 110 IPSIMOJIMHEHOMY Iy TH.
Haiitu yrnoByro ckopocTh Ka-
TYIIKH, CKOPOCTH To4eK 4 u B, eciu
B pacCMaTpUBAEMbId MOMEHT
R=3cm, v, =6cm/c.

KpuBommn OA pmusHot 1 M
BpaIlaeTcsi C YIJIOBOM CKOPOCTHIO
®, =1 pan/c u IpUBOAUT B IBHXKE-
HUe mIaTyH AB mnHoH 3 M.

Halitn yrinoByro ckopocTe @,
mratyHa, ckopoctu Touek B u C,
ecmu BC=1 m.

Bapuan

T K3-18

18.1

18.2

4 0

s
v
Karymka katurcs 6e3 ckoibxe-
HUS IO TIPSIMOJIMHEHHOMY ITyTH.
Haiitu yrimoByro CKOpPOCTb Ka-
TYILIKHU, CKOPOCTH TO4ek 4 U B, eciu
B PaccMaTpUBAEMbIi MOMEHT
r=3cm,R=4cm, v, =6c¢i /c.

KpuBomun OA mmuvoit 1,5 M
BpaIllaeTcsi C YIJIOBOH CKOPOCTHIO
®, =2 paj/c U IPUBOAUT B JIBHXKE-
HUE MIaTyH AB mmHoHi 2 M.

Haiitn yrnoByro ckopocTe o,
niatyHa, ckopoctu touek B u C,

ecit BC = 0,15Mm.
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IIponomxkenne Tadm. 4.5

Bapuant

K3-19

19.2

Karymika xaturcst 6e3 ckoybxe-
HUS 110 NIPSIMOJIMHEITHOMY Ty TH.
Haiitu yrmnoByro CKOpOCTb Ka-
TYILKH, CKOPOCTU ToUYeK 4 U B, ecnu
B paccMaTpHBaeMbIii MOMEHT
r=2cm,R=4cm, v, =6Ccm/c.

B
e

D |

o]

C
you [ )

o

a

S AN

0

Kpuommmun OA npouso#t 0,5 M
BpalllaeTcsi C YIJIOBOH CKOPOCTBIO
®, =2 paj/c U NIPUBOJUT B JABUIKE-
HUe MIaTyH AB mnHoHi 4 M.

Haiitn yrioByro ckopocTb ®,,
maryHa, ckopoctd touek B u C,
ecmn AC=2,5 M.

Bapuan

T K3-20

20.1

20.2

Karymxka xatutcst 6e3 CKOJb-
YKEHUs 110 TIPSIMOJIMHEHHOMY ITyTH.
Haiitu yrioByro CKOpPOCTb Ka-
TYIIKH, CKOPOCTH TOUeK A U B, ec-
JIM B paccMaTpUBaeMblii MOMEHT
r=2cm,R=5cm, v, =10cm/c.

B
frrrd

FEFFS

Kpusomun OA mmmnoit 0,5 M
BpamaeTcs ¢ YIJIOBOH CKOPOCTBIO
®, =1 pan/c ¥ MPUBOANT B IBUKE-
HUE WATyH AB NIuHOU 4 M.

Haiiti yriaoByro cCKopocTh ©,,
mratyHa, ckopoctd Touek B u C,

ecmu BC=1 m.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-21

21.1

30°,

Karymka xartutcs 6e3 ckoibxe-
HUS 110 IPSIMOJIMHEHOMY Iy TH.
Haiitu yrmnoByro CKOpOCTb Ka-
TYILKH, CKOPOCTU TOYEK 4 U B, ecnu
B pacCMaTpUBAEMbId MOMEHT
r=2cm, R=4cm, vo=10ci /c.

KpuBommn OA pouHOd 2 M
BpallaeTcsi C YIJIOBOM CKOPOCTBIO
®,= 2 paj/c U IPUBOJUT B ABUIKE-
HUe NIaTyH AB mnHoHi 2 M.

Haiitn yrioByro ckopocTb o,

maryHa, ckopoctd touek B u C,
ecn AC=0,5 m.

Bapuan

T K3-22

22.1

22.2

Karymka xaturcs 6€3 CKOJIb-
KEHHUS TI0 IPAMOJIMHEHHOMY ITyTH.
HaiiTu yrioByro CKOpoCTb Ka-
TYILIKU, CKOPOCTH ToueKk A u B, ec-
JM B paccMaTpHBaeMbIii MOMEHT,
R= 3c¢m, v, =6cCi /C.

KpuBommmn OA npnuHOW 2 M
BpallaeTcs C YrioBOW CKOPOCTHIO
®, = 2 paj/c ¥ MPUBOANT B JBUKE-
HUe WaTyH AB nnuHou 1 M.

Haiitn yrioByro ckopocTb o,

maryHa, ckopoctd touek B u C,
ecit AC = 0,5 m.
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[Iponomxenue tabdm. 4.5

Bapuanr K3-23

Karymka xatutes 06e3 cKombxe-
HUS 110 NIPSIMOJINHEHHOMY Iy TH.

HaiiTu yriioByro ckopocThb Ka-
TYIIKH, CKOPOCTH TO4eK 4 U B, eciu
B paccMaTpUBAaEMbld MOMEHT
r=3cm,R=4cm, v, =6cm/c.

0%

KpuBommmn OA pmunoit 1 M
BpallaeTcs C YIJIOBOM CKOPOCTHIO
®, = 2 paj/c ¥ IPUBOJUT B JIBIKeE-
HUe WaTyH AB AnuHOu 3 M.

Haiitn yrioByro CKOpOCcTb
miaTyHa, ckopoctu Touek B u C,
ecaiu BC=1 wm.

Bapuanr K3-24

Karymka xarutes 6e3 ckoibke-
HUS 110 NIPSIMOJIMHEHHOMY Iy TH.

Haiitu yrnoByro CKOpOCTb Ka-
TYIIKU, CKOPOCTH Touek 4 u B, eciu
B paccMaTpUBaEMbli MOMEHT
r=3cm,R=6cm, v, =10ci /c.

Crepxxenb OA nnuHoit 1 M map-
HUPHOTO YeTHIPEX3BEHHUKA Bparla-
€Tcsi C YIJIOBOM CKOPOCTBIO (M, =
= 2 pag/c. JyuHOH 1 M.

Haiitu  yrnoBble  CKOPOCTH
crepxkHedt AB mmmuo#t 2 M u BD
JUIMHOM 3 M, a TakXe CKOPOCTH
Touek Bu C, ecmn AC=1 M.
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