EH.®.06 TEOPETUYECKAS MEXAHUKA
KHHEMATHUKA
Y4ebHO0-MeToANYECKOe TOCOOHE sl CTYACHTOB
3204HOM (OPMBI O0YUEHHUSI

IIpencTaBaeHsl MaTEpHAIBI IO TCOPETUUECKON MEXAHHUKE U3 pa3icia
«Kuremarnka». PaccMOTpeHbI 00IMHE MOMOKCHNA KHHEMATHKH, TTPUBCICHBI
KPAaTKHES TCOPETHUCCKUE CBEJACHHUS, PA300PaHbI IIPHMEPHI, TAHBI 3aMAHHAA T
BBITMIOTHCHUS KOHTPOJIbHBIX padoT.

TlpenrazHAYICHO I CTYACHTOB 3A0YHOH (POPMBI OOYHCHHS BCCX
CHENHATBHOCTE .



BBEJAEHHUE

TeopeTHyeckass MCXaHHKA — HAYKA, KOTOPAsk U3V4acT OOIIUE 3aKOHbI
MCXAHMYECKOrO JABIJKCHUSA H MEXAHUYCCKOTO B3aHMMOJACHCTBHI MATCPHAIb-
HbIX Tl OHa UMEET OOMBIIOE 3HAYCHUE A1 KAUCCTBEHHOH MOArOTOBKH UH-
JKCHEPHBIX KAJPOB B Pa3IMYHBIX OTPACIAX TCXHUKH, TAK KAK ABIACTCH (PYH-
JAMCHTAILHON HAYKOH A1 MHOTUX CICHHMANBHBIX TCXHHYCCKUX JUCLIUILTHH.
TeopeTuucckas MECXaHHKA MOCTpocHA Ha 3akoHax M. HeroToHa, a Ttawke Ha
PpsAAC AKCHOM, CTIPABEIIHBOCTh KOTOPBIX INPOBEPECHA MHOTOBECKOBOH MPAKTU-
YECCKOM JCATENBHOCTBIO YEIOBEKA B 00IACTH MEXAHUKU.

B ofwmeM ciyyae IBIKCHUE SIBISICTCS OAHOH M3 (POPM CYIIECTBOBA-
HHA MATCPUU. B TEOPETHYCCKON MEXAHUKE H3YHYAKT OJHWH U3 BHIOB JIBHIKC-
HHA — MCXAHHYCCKOEC ABIKCHHC — 3TO U3MCHCHHE MOJIOMKCHHA TSI B IMPO-
CTPAHCTBE, NMPOUCXOMIINCE C TCUCHHUECM BpeMEHH. (CICIyeT OTMETHUTh, YTO
COCTOAHUE IMOKOA SABJKICTCA YACTHBIM CIYy4aeM MEXAHHYCCKOrO ABHYKCHHA,
MO3TOMY B TCOPETHUYCCKOH MEXAHHKE M3YHYAKOT TAKKE PABHOBECHE MATCPH-
aMbHBIX 00BEKTOB. [101 MEXaHHUYCCKUM B3aHMOACHCTBUCM IMOHUMAKOT ACHCT-
BHA MATEPHAJIBHBIX T APYL HA JPYra, B PE3yJIbTATE KOTOPBIX M3MEHACTCA
XApPaKTCP UX MCXAHHUYCCKOro ABMKCHIS WiH (popma. OCHOBHOH MECpOH Mexa-
HHYECKOr0 B3AHMOACHCTBHA TEJ SBILICTCA CHIA, ONMPEAC/LIFOIIAA HHTCHCHB-
HOCTb U HAIIPABJICHHUE 3TOr0 B3aUMOJCHCTBUA.

Kunemamuxa — BOKHBIH pa3aei TEOPSTHUSCKON MEXAHHUKH, B KOTO-
POM M3YUAOT 3aKOHBI ABHKCHHS MATCPHATLHOH TOUKH M a0COOTHO TBEPAO-
ro TejJa ¢ reOMETPHUCCKON TOUKH 3pEHUs, 0¢3 yuéTa MX HHEPLHMOHHBIX Xa-
PAKTEPUCTHK (MACChI) U ACHCTBYFOIUX HA HUX CHIL

JIBHKCHHE B KHHEMATHKE PACCMATPHUBANOT KAK H3MCHCHHC IOJIOMKE-
HHA TCIA B MPOCTPAHCTBE C TCUCHHCM BPEMCHH MO OTHOIICHHIO K BHIOPAHHOMH
cucrteme orcucta. Cucmema omcyena BKIKOUACT TCAO OTCUYCTA (ABHAKCHHC
TCJIA BCCrAA M3YYAKOT MO OTHOMICHHIO K KAKOMY-THOO APYrOMy TCIy, KOTO-
pO€ CHMTAKT HCMMOABUKHBIM ), CBA3AHHYEO C HUM CHCTEMY KOOPJMHAT U YAChI
JUISL H3MEPCHUS BPEMCHH. B TCOpPETHICCKOH MEXAHUKE B KAYCCTBE OCHOBHOH
HCIOIB3VIOT TEIIMOUCHTPHYCCKYH) HHEPUHMAIBHYE) CHCTEMY OTCUYETA, CB3aH-
Hyt0 ¢ ComrnieMm. OHAKO MPH PCHICHHH MHOTHX MPAKTHUCCKUX 337134 TPH-
MCHSIFOT M CHCTEMY OTCUETA, CBABAHHYIO C 3EMIICH,



JBIOKEHHE TENl MPOUCXOIUT B MPOCTPAHCTBE C TECUCHHEM BPEMEHHU.
B xknmaccuueckon mexanuke [anmnes-HproTOHA OPOCTPAHCTBO, B KOTOPOM
U3YYAKOT ABUAKEHUE TN, CUHTAKT TPEXMEPHBIM, ¢BKIUAOBLIM, A0COTHOTHBIM,
OJHOPOAHBIM M H30TPONMHBIM. CBOMCTBA MPOCTPAHCTBA HC 3aBHCAT OT BPCMC-
HH H ABHKYIIHXC: B HCM TCII, OHH OJHHAKOBbLI BO BCCX TOYKAX H HAIpaBJIC-
HUAX. Bpema ABIAETCSI HENPEPHIBHO U3MEHSIOMICHCA CKAJLIPHOU BEJIMYHHOM,
HATIPABICHO OT HACTOSIICTO K OVAYIIEMY M MPOTCKACT OJMHAKOBO BO BCEX
CHUCTEMAX OTCYETA.

KI/IHeMaTI/II{y noapasacadalT HA KHHCMATHKY TOYKHM H KHHCMATHKY
abCcomOTHO TBEpAOro Tena. Ecau npu u3yueHHH ABHKCHHA Tena ero (popMoi
H Pa3sMCpPaMH MOYKHO TMPCHCOPCYB, TO TAKOC TCIO OTOKACCTBILIIOT C Mamepi-
QILHOU MOYKOEl, T.€. C TCOMECTPHYECKOM TOYKOM, B KOTOPOHM BCA Macca Tela
VCIIOBHO CUHTACTCS COCPCIOTOUCHHON. B ApyrHX Cayyasx TCmo paccMaTpH-
BAFOT KAk aOCOMIOTHO TBEpAoc, (popMy M pa3Mcpbl KOTOPOTO NMPHHUMAOT
HCHU3MEHSEMBIMH. ABconomuo meepoviM me/loM HA3bIBAKOT TaKOE TENO,
PACCTOAHHE MEXKTY JHOOBIMH JBYMS TOYKAMH KOTOPOrO MPH €ro JBH/KCHHH
HC H3MCHACTCH.

B TeopuM OTHOCHTEILHOCTH JWHINTCHHA CBOMCTBA MPOCTPAHCTBA
3aBHUCAT OT MATCPUANLHBIX OOBCKTOB M HX ABIKCHHS, a MPOCTPAHCTBO H
BpPCMA CBS3aHBI MCKTY COOOM H pacCMAaTPHBAKOTCA KAK CIMHOC UCTBHIPCXMEp-
HOE MPOCTPAHCTBO — BpemMs. [Ipu 3TOM BpeMsd 3aBHCUT OT TOTO. B KAKOH CHC-
TEME OTCHETA OHO U3MEHACTCA, DUHINTEHHY VIAA0Ch 00O0OIMMTE 3aKOHBI ME-
XQHUKH HA ABWXKCHHE TET CO CKOPOCTBIO, OMH3KOH K CKOPOCTH CBeta. [lo-
NPABKH U U3MCHCHHS, BHOCHMBIC TCOPHEH OTHOCHTCIIBHOCTH B 3AKOHBI KJIAC-
CHUCCKOM MCXAHWKH, CTAHOBSTCS OLIYTHMBIMH TOJIKO TIPH OOJBIIHX CKOPO-
CTSIX, OTH3KUX K CKOPOCTH CBCTA, a TAKKE AJIA TCII, pa3MCpPhl KOTOPBIX HMCIOT
HOPSIOK aTOMOB.

OCHOBHBIMH 331a4aMHU KHHEMATHUKH ABJISFOTCSL:

1) YyCTAHOBNECHHUE 3AKOHA JABWKCHHA, T.€. COC00a 3aJaHUS MONOMKE-
HHUS TOYKHM HJIH TCIA B THOOOH MOMCHT BPCMCHH IO OTHOIICHHIO K BEIOPAH-
HOM CHCTCMC OTCYCTA,

2) ONmpeaciaCHHUE IO 3aJAHHOMY 3aKOHY ABIDKCHHA BCCX KMHCMATH-
YCCKUX BCIMYHH, XapaKTCPU3YIOIMX H3y4ACMOC ABIKCHHC.

1 TOYKH KHHEMATHYECKHUMH XAPAKTCPUCTHKAMHM JBIKCHHS SIBJIS-
KOTCS MPAeKMopUs, CKOpOCms U YeKopeHue, A7 a0COMOTHO TBEPAOTO Teaa —
Van08as CKOpocmy H yalogoe YeKopeHie CaMoro Tea, a TakKe mpaekmopus,
ckopocmb U YCKopeHue THOO0H €ro TOYKH. B KMHEMATHKC HC HCHOIB3YIOT



KaKHe-TMOO0 3aKOHBI MEXAHHUKH, MOMYUCHHBIC ONMBITHBIM ImMyTeM. Bee ee m3mo-
JKEHHE OMUPAETCH HA W3BECTHBIC AKCHOMBI €BKIUAOBON reomerpuu. g usy-
YCHHA KHHCMATHKH HGO6XOZ[I/IMH SHAHHA MATCMATHKHW B PAMKAX AaHAJIATHYC-
CKOI T€OMETPHH, MATEMATHIECKOTO AHAIH3A H BEKTOPHOH aNreOpHI.

B nacrosmeM yucOHO-MCTOIHUCCKOM MTOCOOHH COACPKATCA KPATKHUC
TCOPETHUCCKHES CBEICHHA W3 pa3fcia « KHHeMaTHKay MO CICTYIOIIUM TEMAaM:;

1) KuHEMATHKA TOYKH,

2) NpoCTEHIIUEe BUIbI ABIKEHHA TBEPAOIrO TEIA: MOCTYHNATCILHOC H
BPAIATEAbHOE BOKPYT HEMOABHKHOM OCH,

3) IIOCKONAPALICIbHOS ABMKCHHUE TBEPAOIO TEIA.

[To kaxka0# TeMe JaHBI BOMPOCH! JJIs1 CAMOKOHTPOIIA. B 4-M pasaene
nocoOusl PaCCMOTPCHBI MPUMEPbl PCLICHUS THIOBBIX 33Ja4 M MPUBCACHBI
BAPHAHTHI KOHTPOJIBHBIX 3aJaHWI. B mocoOMH HMMCIOTCS CCBUIKH HA PEKO-
MEHAYEMYIO JIUTEPATYPY, U3 KOTOPOH CTYAEHTHI 3A0YHOr0 OOYUYEHHS MOIYT
HOJYYHTh 00J1ce OOBCMHBIC 3HAHHS TI0 HHTEPECY FOIIUM HX BOIPOCAM.

Jmst u3yUeHUST KOHKPETHOM TEMBI H BBIMTOTHSHHS KOHTPOJIBHOTO 3a-
JAHUA CTYJCHTY CICIYET:

1) BHUMATCIBHO MPOYUTATH COOTBCTCTBYIOIIHI PA3ACa B YUCOHUKS,
BBIOPAHHOM H3 CHHCKA PEKOMCHIYEMOH IHTEPATyphl, H3YUHTb TEOPETHYE-
CKHC CBCICHHMA M MCTOAWMCCKHEC PEKOMCHIALMM HACTOSIUECTO MOCOOMS, CO-
CTaBUTh KPATKHH KOHCHCKT, 3aMHCAB OCHOBHBIC OMPEACICHHUS, TEOPEMBI H
(pOpMYIIbI, OTBCTHTH HA KOHTPOJIBHBLIC BOIMPOCHI,

2) pa30o0paTh peHICHHUS MPUBEACHHBIX THITOBBIX 3444,

3) CaMOCTOSTENBHO BbIMOJHUTE U O()OPMHUTH KOHTPOJIbHBIE 3aJAHUS
B COOTBCTCTBHH C IPCIIOKCHHBIM IMPCIIOAABATCIICM BAPHAHTOM.

JaHHoe mocoOHe COCOOCTBYET PA3BUTHIO M 3AKPEIUICHUI) V Oyay-
IIUX HHKCHCPOB MPAKTHUCCKHX HABBIKOB PCIICHHS PA3HOOOPA3HBIX 3a1ad
KHHCMATHKH, HCOOXOIMMBIC B UX MPO(CCCHOHATHHOH ICATCIBHOCTH,



1. KHHEMATHKA TOYKH

KunemaTtnka TOYKH — 3TO pPas3acai KHHCMATHKH, B KOTOPOM HCCIIC-
JVEOT MCXAHMYCCKOE [BIDKCHHC MATepuaibHOH Touku. OCHOBHAd 3a7aua
KHHCMATHKH TOYKH COCTOHT B CJICOYIOLICM

1) 3a7aTh 3aKOH ABHYKCHUS TOYKH, T.€. YKA3aTh NPABHIO, B COOTBET-
CTBHH C KOTOPbIM MOKHO OAHO3HAYHO OIPCACIUTD IMOJOKCHHC TOYKH B IIPO-
CTPAHCTBC B OO0H MOMCHT BPCMCHH IO OTHOIUCHHIO K BEIOPAHHOM CHCTCMC
OTCHCTA,

2) 1o 3aJAHHOMY 3AKOHY JBHKCHUS TOUYKH ONPEACIUTH BCE KUHEMA-
THUCCKHC XAPAKTICPHUCTHKH CC ABHMKCHH. K XAPAKTCPUCTHKAM ABIKCHHA
OTHOCAT mpaeKmopuio, CKepocntb U VCKOPeHUe HIOYKH. Tpaekmopuﬂ MOYKY —
HCIIPCPBIBHAA TTPOCTPAHCTBCHHAS KPHBASI, KOTOPYIO TOYKA OMUCHIBACT B MPO-
LECCE NBWKCHUA. ECIM TpacKTOpHEN SBIAECTCS MPAMAsA JTUHUA, TO JABUKECHUE
HA3BIBAIOT HPSAMOSIUHEUHBIM, ECITH KPUBAA — KPUBOTUHEIHBIM.

1.1. Crioco0nI 3a1aHid ABICKEHHS TOUYKH

JIs pemicHuS 33734 KMHCMATHKH HEOOXOTUMO, YTOOBI H3Y4AEMOE
IBIDKEHHE OBITO 3aJaH0. OHO CUMTAETCA 3aJaHHBIM, €CTH B JFOO0H MOMEHT
BPEMEHH O/THOZHAYHO MOKHO OIPEACTHTH TOJIOKEHHE TOUKH B MMPOCTPAHCTBE
OTHOCHUTEIBHO 3aJAHHON CHUCTEMBI OTCUETA. MCMONB3VIOT TPU OCHOBHBIX CTIO-
coba 3aJaHAA ABUKCHHA TOYKH: 8€Km0prl1J, KOOp()MHamelg H ecmecmecH-
HblU .

BekropHsiit cniocod. [lomoxkeHue ABWKYIIEHCS TOUkH A B JHO0OMH
MOMEHT BPEMECHH MOKHO OTIPEICITHTH C TIOMOIINBIO €€ PaTHyC-BEKTOpA, MPO-
BEACHHOrO U3 UEHTPA (J, CBA3aHHOIO C TEJIOM OTCYETA, B TOUKY A (puc. 1.1).
Uro0Bl 331aTh ABIKEHHE BEKTOPHBIM CIOCOOOM, HEOOXOOUMO OMPEIACTHUTH
BEKTOPHYIO (DYHKLMKO BPEMEHH B BHJIE:

7 =7(). (1.1

3aBucHMOCTS (1.1) HA3BIBAKOT ypasHenuem Os8UNCEHUS MOUKU 8 6EKMOPHOTL
¢opme. Hauano paauyc-BeKTopa ABHXKYLUCHCSH TOUKH HAXOAUTCA B TOUKE (),
a KOHELl €ro mEPEeMEASTCd N0 TPACKTOPHH BMECTE ¢ TOUKOH A, ['eomerpu-
YECKOE MECTO KOHLOB PAaJHYC-BEKTOpA, T.€. rogorpad) 3Toro BEKTOpa, OIpe-
JETACT TPACKTOPHIO JBHIKYIUECHCA TOYKH.

KoopannaTsslif cnocod. C TeI0M 0TCUYETA CBA3BIBAKOT MPAMOYTOIb-
HYI0 CHCTCMY JICKAPTOBBIX KOOPIHHAT, MPH 3TOM IOJIO’KCHUC TOYKH OTPEIC-



JAIOT €¢ KOOPAWHATAMH, KOTOPBIC ABJLIFOTCA CKATAPHBIMHA ()YHKIMAMH BpE-
McHH (puc. 1.2):

x = x(1);
V=), (1.2)
z=2z(1).

Vpaeuenust (1.2) Ha3BIBAKOT YPASHEHUAMU OGUMNCCHUS MOYKU 6 KOOPOU-
namnoii gopme. OHU ABJBIIOTCS NAPAMETPHYCCKAMHU YPABHEHUAMH TPACKTO-
puu TOUYKH. VICKIIFOYHB K3 3THX YPABHCHUH MAPAMCETP — BPEM:, MOYKHO ITOJIY-
YUTb YPABHCHHUE TPACKTOPHH.

Pucynoxk 1.1

Pucynox 1.2

Mexay cnoco0aMHu 3aJaHHS ABHYKCHHS TOUKH HMEETCA CBA3b. Tak,
€CTH HAYAJO JACKAPTOBON CHCTEMBI KOOPIMHAT COBMAJACT C LICHTPOM, H3 KO-
TOPOTO MPOBOIUTCS PATHYC-BEKTOP TOUKH MPH BEKTOPHOM CIOCO0E H3VUe-
HHUSA €¢ ABMKCHHUA (CM. pHC. 1.2), TO KOOPAMHATHI TOUKH PABHBI MPOCKIHAM HA
COOTBETCTBYOIIKME OCH PAAYC-BEKTOPA TOUKH

F=ri+rjtrk=xi+y+zk,

—

rae i, j, k — ¢HHHYHBIC OPTHI KOOPIMHATHBIX OCCH.

ECTeCTBCHHBIN CIOC00. ITOT CMOCO0 HCHOMB3VIOT B TCX CIYUAsX,
KOI/1A 3apaHCe M3BCCTHA TPACKTOPHS TOYKH. Ha TPacKTOpuH BBIOMPAKOT HE-
HNOJABIKHYK TOYKY () (HAYaI0 OTCYETA), 4 TAKKES IOIOKUTEIBHOC H OTPHLA-
TCABHOC HATPABJICHUS OTCUCTA PACCTOAHHH TOYKH OT HAYala OTCUCTA




(puc. 1.3). Toraa nmomoskeHUEC TOUKH A HA TPACKTOPHH OYJCT OJTHO3HAYHO
OTPEACIATHCS 3aBHCUMOCTBEO KPHBOJIHHEHHOM KOOpAWHATHI S = OM OT Bpe-
MCHH

s = s(0). (1.3)

CBa3b MCXKIY KOOPAWHATHBIM H CCTCCT-
BCHHBIM CIOCOOAMH OTMPEACTSICTCS BBIPA-
JKEHHEM

7
SZij X +y 4+ dr+C,
0

Pucyrok 1.3 rae x,y,Z — NEPBBIE MPOHU3BOIHBIE OT

KOOPAUHAT TOYKH IO BpeMeHH, C — MOCTO-
AHHAS HHTCTPHPOBAHUS, 3aBUCAINASA OT HAYAIbHBIX YCIOBHH,

1.2. CropocTh TOYKH

OpHOIl M3 OCHOBHBIX KHHEMATHYCCKHX XAPAKTCPUCTHK JBHKCHHSA
TOUKH ABJCTCA CKOPOCTDH TOUKH. CKOpOCi’nb MOoYKH — 3TO BCKTOPHAA BCIIH-
YHHA, XAPAKTCPU3YHOIUAA HHTCHCHBHOCTD H HANPABICHHC ABHXKCHHA TOYKH B
HMPOCTPAHCTBE B PACCMATPHUBACMBII MOMEHT BPEMCHH.

B ciy4dae BekTOpHOTO cnocoba 3a1aHus JBWKCHUS BEKTOP CKOPOCTH
TOYKH PABEH NEPBOU MPOU3BOAHOM 0 BPEMEHH OT €€ PAJHyC-BEKTOpA

(1.4)

¢ TOYKA HAA (PYHKUMCH B TCOPCTHUCCKOM MEXAHHKE O3HAYACT MEPBYHO
NPOM3BOAHYIO IO BPEMEHH, 4 ABE TOYKH — BTOPYH) NPOM3BOJHYE) IO BpEME-
HU. [[poH3BOIHBIE IO APYTHM MEPEMEHHBIM 3AMHCHIBAIOT OOBMMHBIM 00pa30M.
BexkTop CKOPOCTH TOUYKH MPHUIOKEH B CAMOH TOYKE M HAMPABJICH IO Kaca-
TCIBHOH K TPACKTOPHH B CTOPOHY ABIWKCHHUA TOYKH. EauHHIA W3MEpPCHHS
ckopoctu B cucreme CH — 1 m/c.

ITpu KOOpAHHATHOM CHOCOOE 3aJaHUS ABH/KCHHA TOUKH €€ CKOPOCTh
ONMPEACIAOT YEPEe3 MPOCKUMH BEKTOPA CKOPOCTH HA OCH BBIOPAHHOW CHCTE-
MEI KOOPAHHAT, KOTOPBIC pPaBHLI IICPBBIM IIPOH3BOAHBIM OT COOTBCTCTBYHO-
IIUX KOOPAUHAT IT0 BPEMEHH!



v, =¥ (1.5)

Ecnu u3BECTHBI MPOCKIUH CKOPOCTH HA OCH KOOPAMHAT, TO MOAYIb BEKTOpa
CKOPOCTH M €r0 HANPAB/LIFOLIME KOCHHYCBI HAXOJAT MO (pOopMyaaMm:

o] = v +v +vi: cosoc:v%; cosB:r—yl; cosy:ﬁ, (1.6)

v Vv Vv

rae o, 3, ¥ — YIABl MEXKIY BEKTOPOM CKOPOCTH M OCAMH KOOpAHHAT. [Ipm

CCTCCTBCHHOM CIIOCOOC 3aJaHMA ABHKCHHSA TOUKH BCKTOP €C CKOPOCTH OIpe-
JASTBHOT 1O (popMyIe

F=§i=vi (1.7)

rac T — COUHHUYHBIM BEKTOP KACATEIBHOM K TPACKTOPHH B JAHHOH TOYKE,
HAMPABJICHHBIN BCETIA B CTOPOHY MOJOKHUTEIBHOTO OTCYETA KPUBOJIUHCHHON
KOOpAHHATHI .S. CKAIPHYIO BEIMYHHY S =V, , ABIAOLIYIOCSH MPOCKUHCH BEeK-
TOpPa CKOPOCTH HA KACATC/ILHYK) K TPACKTOPHH, HA3BIBAKOT i12e0pauuecKol
ckopocmero mouru (puc. 1.4).

3uak amreOpamucckoii ckopoct T V(<0

ONpeacAeT HANPABJICHHE JBIIKE-
HHUS TOYKH. €CIH § > (), TO BEKTOP
CKOPOCTH COBIAJAET IO HANPAB-
JCHUIO C BEKTOPOM T ;, B IPOTHB-
HOM CIy4ae OH HAINpPABJEH B INPO-
THBOIMOIOKHYK) CTOpoHY. Ha pu-
CYHKE TOYKa (J); O3HAYAET LCHTP
KPHBH3HBI TPACKTOPHHU, a p — pa-

0;

JAWYC KPUBU3HBI B TOUKE M. Pucynox 1.4

1.3. Ycropenue T0MKH

Vekopenue mouxky IBIACTCA BEKTOPHOU MEPOH H3MEHCHMS €C CKO-
POCTH, KAaK IO BEIMYHHE, TAK H 10 HANMPABICHHIO. [IpH BEKTOPHOM CHocoOe
3aJaHUS JBWOKCHHS BCKTOP YCKOPCHHS TOUYKHM PABEH MEPBOH MPOW3BOIHOH



MO BPCMCHHU OT BEKTOPA €€ CKOPOCTH HJIH BTOPOH MPOH3BOAHOM MO BPCMCHH
0T €€ paJauyC-BEKTOpA:

d*7
dt’

a=

=V =7 (1.8)

BexTop yCKOpPEHUS MPUIOKEH K JABHKYIICHCA TOUKE, JICKHT B CONPHUKACALO-
LICHCA TUIOCKOCTH K TPACKTOPHHU B JAHHON TOYKE U HANPABICH B OOIUEM CIIy-
4a¢ B CTOPOHY BOTHYTOCTH TPACKTOPHH. EAUHUIA M3MEPCHHUA YCKOPCHUA B
cucreme CU — 1 wm/c” .

ITpu KOOPAMHATHOM CIOCOOE 3aAAHMSI ABMKCHUS TOUKH BEKTOP YC-
KOPCHHS ONPCACISIOT YePe3 €T0 NPOCKIHMH HA OCH KOOPAUHAT, KOTOPBIC PaB-
Hbl BTOPLIM IIPOM3BOJHBIM OT COOTBETCTBYHOLIUX KOOPIUHAT 110 BPEMCHHU!

a=x, a =y, a,=Z. (1.9
Ecmu u3BECTHBI MPOEKIUH YCKOPEHHA Ha OCH KOOPAMHAT, TO MOAYJIE BEKTOpA
VCKOPEHHS U €r0 HATIPABIIAIOIAE KOCHHYCBI HAXOAAT MO (pOpMyIIaM:

|Ei|:1/a§+af,+af; cosoalza—x; cosBI:%; cosylza—zl, (1.10)

@ @

rae o, P, ¥, — YIJIBI MEIKAY BEKTOPOM YCKOPCHHSA H OCAMH KOOPIUHAT.

ITpu ecTeCTBEHHOM CMOCO0C 3a4aHMS ABIDKCHHMA C ABHMKYILCHCS
TOYKOM CBS3BIBAKOT CCTEC- ol
CTBCHHYI) CHCTEMY KOOp- -
quHat (puc. 1.5). Ecrecr- a a

BCHHBIH TPCXTPAHHUK CO- SN

1

CTaBICTCA M3 TPEX Iepe- 7 {
CCKAOIIHX CA B3aHMHO N
9%
NEPIECHIUKYJIPHBIX TIIOC- % "% M v

Kocren: 1 — conpuxacaro- 2

weiicst, 2 — HopManbHOl 1 b, /////%{,’/ﬁf .
3 — enpamaaowei. JInauu //// = a
MEPECEUCHUA IUTOCKOCTEN = 3 1

00pa3yrT MPABYK) CHCTE-

My €CTECTBEHHBIX OCEH Pucynok 1.5

KOOPAWHAT: T, # H b, ompe-

—

ACTACMBIX CAHHHYIHBIMH BCKTOPaMH :L:, 7] 5 b , KOTOPBIC HA3BIBAKT CIHHHU'IHBI-



MH BCKTOPAMH KACaTCIbHOH, INIABHOW HOPMAJH H OMHOPMAIH COOTBCTCTBCH-
HO.

BexTop yCKOpEeHHs TOUKH B €CTECTBECHHOM CUCTEME ONPEACTSIOT MO
(opMynam:

-3\ 2
a, B v (1.11)
PP
la|=4la.| +la.|: a =o.

?)Z[CCB ti — KacdamejibHoe WM MmaHeeHyudivHoe YCKOPCHHC TOYKH, KOTOPOC

HAMPABICHO MO KACATE/ILHOU K TPACKTOPHH B CTOPOHY ABHKCHUA, CCIIH JBU-
JKCHHE YCKOPEHHOE (anredpanveckas CKOPOCTh TOYKH BO3PACTAET), H B MPO-
THBOIIQJIO’KHYH) CTOPOHY, €CIH JABHDKCHHE 3aMCICHHOE (anreOpanveckast
CKOPOCTh TOUKH YOBIBACT). [Hopmansrnoe YCKOPEHHE ¢, BCELAA HAIPABICHO
N0 HOPMAJIH K TPACKTOPHH B CTOPOHY BOTHYTOCTH. [IOCKOIBKY BEKTOP VCKO-
PCHHA TOYKH JICKHT B CONPHKACAIOMICHCS IUTOCKOCTH, TO €r0 MPOCKIH HA
OmHOpMAmL 4, paBHA Hy/0. KacareipHOC YCKOPCHHC XapaKTCPU3YCT H3ME-
HCHHSI CKOPOCTH TOYKH 10 MOAYJIXO, & HOPMAJILHOC — MO HAIPABJICHHIO.

KacarerpHOE YCKOPEHHE TOYKH IO BETHYHHE H HAMPABICHHIO MOK-
HO OIPCACIUTH IO H3BCCTHBIM IPOCKIHAM BCKTOPOB CKOPOCTH H YCKOPCHUA
Ha KOOPJMHATHBIE OCH 1O opmye

:3'cjc'+yj>+z'2 (1.12)
7

1.4. HacTHBIC CJIYHAH JABHKCHHS TOUKH

JBW:KEHHE TOYKH C MOCTOSHHOU MO MOAYIIO CKOPOCTHIO HABBIBAKOT
PasHoMepubIM, T.€. |\7 | = const umm v_ = 5 = const. Caea0BaTEIbHO,

MPH KPUBOJIHHEHHOM JABHKCHHH

s=s,+tvi, a =v. =0, a = ; (1.13)

mpu Hp}IMOHHHefIHOM ABHKCHHH, HAIIPHMCP, BAOJIb OCH X
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x=x,+xf; ¥=0, a =x¥=0, a, =0, p=ow (1.14)

JIBIDKCHHE, MPH KOTOPOM KACATCIBHOC YCKOPCHHE TOYKH HE HM3ME-
HAETCA, HA3BIBAKOT pasHonepeMensim, T.€. a_ =5 = const. Cre10BaTenbHO,

NPH KPUBOJIUHCHHOM JBHKCHUH

V. =V, +alf; S:SO+v10t+a17; a, = . (1.15)

T

TPU TPSIMOTHHCHHOM JBHKCHUN

2
k=i x=x b= o =T e, =0, (1.16)

IHpumep. /IBiKCHUE CHAPAIA B BCPTUKAJIBHOU IJIOCKOCTH (puc. 1.6)
ONUCBHIBAKOT ypaBHCHUAMHE: X = 300 £, M, v = 400 { — 57 , M, TAC [ — BpeMs, C.

Y
vy —
H
o
0
L a, X
Pucynok 1.6 Vi
OnpeaeauTs.

— TPACKTOPHIO, CKOPOCTh M YCKOPCHHME CHAPAAA B HAYAJIBHBIM H KO-
HEYHBIA MOMEHTHI BPEMEHH,

— BBICOTY MOABEMA CHAPSAAA HAJ YPOBHEM TOPHU30HTA /1 H JATBHOCTH
oOcrtpena L;

— paguyC KPUBU3HBI TPACKTOPHH B €€ HAYAJBHOW, KOHCYHOH W HAH-
BBICIICH TOYKAX.

Penicaue

Haiinem ypaBHEHHE TPASKTOPHH, HCKIIIOYHB M3 YPABHEHHS IBHDKE-
HuA = 400 £ — 5¢° (m) Bpemsa £. CHauama w3 ypaBHEHHA X = 300 f onpese M

X
= T a 3aTeM MOJYyYMM YPABHCHHE TPACKTOPUH B CICAYIOLIEM BHJC:
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4 1
y= gx—mxz . TpackTopueH CHaApsAa B KOOPAMHATAX X U ) BEPTHKAJIb-

HO¥ IJIOCKOCTH SIBJACTCS mapadona.
BBMECTHM TPOCKIHH CKOPOCTH W YCKOPCHHSA CHAPAIA HA KOOPIH-
HATHBIC OCH:

e . R . s . T 2
v, =x=300m/c; v, =y=400-10rm/c; a, =% =0; a, =y =-10m/c".

OnpeaemuM WX 3HAYCHHA B HAYAJIbHBINH MOMCHT BpeMEHH f = (:

v, =4/ % + 37 =400% +300% = 500 m/c ;

a, =¥ +37 =J(-10)’ =10 w/c*,

BricoTy moarema CHapsAaa HaJ YPOBHEM TFOPU30HTA MOXKHO ONpEnc-
JUTb, UCCIACAOBAB HA IKCTPEMYM (DYHKLUMHU V() MO MEPEMEHHOI /. ITO 03HA-
YACT, YTO C TOUKH 3PCHUS KHHCMATHKH MPOCKLHS CKOPOCTH TOUKH HA OCb V' B
paccMaTpHBACMBINE MOMCHT BPCMCHH JO/DKHA OBITh paBHA Hymo. Toraa

y=400-10t, =0, rac T, — BpeMA NMOABEMA CHAPAJA HA MAKCHMAJbHYIO
BbIcOTY, T, =40 c. IloacTasisiss JAHHOE 3HAYCHHE BPEMEHU B BBHIPAKCHHE
1A Y, TOIVYAM Vi, = 1 = p(40) = 8 kM. JlamsHOCTE 00CTpena onpeaenum u3
VCJIOBHSL, UYTO B MOMCHT MAJCHUS CHapAna (pyHKUus y(/) MPUHUMACT HYJICBOC
3HauUCHHE y(T,) = 4007, —513 =0, roe T, — BpeMsa nmoneTa cHapaga. KopeHs
ATOT0 KBAAPATHOTO VPABHCHHS, COOTBCTCTBYIOIIMH MAJACHHIO CHAPsIIA HA
3eMII0, T, =80 ¢, OTKYJA JANBHOCTD TOMETA Xy = X(80) = 24 kM.

Teneps, 3HAA BPEMs MOJCTA CHAPAIA, MOXKHO ONMPEACIUTBH €r0 CKO-
POCTh M YCKOPCHHC B KOHLEC noneta. [loacTaBmas BpeMsa T, B BBIPAKCHHUC
U NPOCKIUHK CKOPOCTH CHAPSLIA HA OChb y, mony4nM v, = —400 m/c. [Ipock-

LUH CKOPOCTH M YCKOPECHMSA HA OCh X HE 3aBHCAT OT BPEMCHHU U MOCTOSMHHBI B
TCUCHHEC MOJeTa. TakuM 00pa30M, CHAPSAI ABHKCTCS C MOCTOSHHBIM YCKOPC-
HHEM, PaBHEIM 10 M/C’ H HAPABICHHBIM BEPTHKAIBHO BHH3, 4 €T0 CKOPOCTH B

KOHIIE TOJIETA PABHA IT0 MOJIYJIKO CKOPOCTH B Hauase ero || =[v,| =500 m/c n
COCTABJSIFOT C OCBHO X OIMHAKOBBIC yrubi [oy | =|at, | .

JUTs1 oTIpeIeICHHS PANyCa KPUBH3HEI MIEPEHACM K KHHEMATHUCCKHM
XapaKTEPUCTHKAM JBHKCHHSA CHAPAJA B €CTECTBEHHOM CHCTEME OTCUETA.

12



Buauane HalineM KacaTenbHOC YCKOPCHHC MO (popMyic
XX+ yy+zZ
af R =
17
a 3aTeM BBIMHUCJIMM €r0 11 HAYAJIBHOTO MOMEHTA BPEMCHH

42z 300-0+400-(-10) _
" v 500

H I KOHCHYHOI'O

—8 cm/c?

o 300-0+(=400)-(-10) _
r 500
Tenepps MOKHO MOCUHTATh HOPMAJNBHOC YCKOPCHHC MO (POPMYIC

- |2
a| .asatem n a,, =a, =v10° -8’ =6 cu/c’ . Tlockonbky pa-

8 m/c?.

2
a, =l -

n

2
v
JHYC KPUBH3HBI TPACKTOPHH BXOJMT B JOPMYITY @, =—, TO

B v? B 500°
: a 6

n

=41.667 km.

Paauycpl KpUBH3HBI TPACKTOPHH B HAYAJIC U B KOHLE [OJIETA OAHMHAKOBLL B
HAHMBBICIICH TOYKE TPACKTOPHUH
0 = 300-0+0-(-10)
: 500
Kak BHAHO W3 MPUBEACHHOTO MPUMEPA, YPABHEHHA IBHKCHUS TOUKH

COACPKAT BCE HEOOXO0AMMOE s HCCICI0BAHMS XaPAKTCPUCTHK €C IBHKCHHS
B TFOOOH MOMEHT BPEMEHH.

300°
=0; a,=10cm/c’; [7|=300cu/c; p= o= oo

Bonpocer 115t CAMOKOHTPOJISA

1. B ueM 3aKIHOYAKOTCH 33JaYd KHHCMATHKH TOYKH H aOCOIOTHO
TBCPAOTO TCia?

2. Kakue cnocoObl NpUMEHSIOT A1 3aJaHHS ABH/KEHHS TOUKH?

3. Kak onmpeacastoT CKOPOCTh TOUKH TPH Pa3IAYHBIX COCO0axX 3a-
IAHU €€ NBIKEHUA !

4. Kak onpeacasroT YCKOPEHHE TOYKH MPH PA3JIMYHBIX CIOCO0ax
3aJaHUS €€ JBHKCHUA?

13



2. KHHEMATHKA TBEPAOI'O TEJA

KunemaTrka TBEPAOro TCIAa — 3TO Pas3aci, B KOTOPOM H3YYAOT KH-
HCMATHKY A0COMOTHO TBEPAOTO Teaa. OCHOBHBIMH 3aJaYaMH KHHCMATHKH
TBEPAOTO TCMA SBIAFOTCH 33JAHMC MBIGKCHHA M ONMPSIACICHHC KHHCMATHYC-
CKHX XAPAKTCPUCTHK OBIKCHHS TEIA B LICTIOM, a TAKKE OIPEICICHUC KHHC-
MATHYECKHX XaPAKTEPUCTHK JABH/KCHHS TOUEK, MPHHALICKAIINX 3TOMY TEly.

K mpocTeiiimuM ABIGKCHUSM TBEPAOTO TENA OTHOCIT HOCHYVAAINEIb-
Hoe OgudCcene 0 epaujeniie meaa 80Kpye HenoosudicHoti ocu. Boee CIIoKHBIC
BHIBI IBIDKCHESL — MJIOCKONAPAIENbHOE H Cheputeckoe.

2.1, MousATHE 0 CTENEHSIX CBOOOALI TREPIOTO TEJIA

Ja 3a7aHuA ABWOKCHHMS TBEPAOILO TEJA HEOOXOAHMMO YCTAHOBHTH
yucio cmenereti cgoboovl, T.¢. MUHHMATPHOS YHCIO HC3ABHCHMBIX CKAILAP-
HBIX TICPEMCHHBIX, B COBOKYIMHOCTH OTHO3HAYHO OTPCACIIIOIIHNX TOI0KCHHS
MATEPHAIBHOTO TEJIA B MPOCTPAHCTBE. JTH MEPEMEHHBIC B THHAMHUKE ITPHHA-
TO Ha3blBaTh O0OONICHHBIMH KOoOpauHaTamu. B 1-M pasgene Hacrosiuero
nocoOust ObLTO MOKA3AHO, YTO A OAHOZHAYHOrO OMPCACIACHHS TMOJIOMKCHHS
TOYKH B MPOCTPAHCTBE HECOOXOAMMO 3HATH, HANPHUMEP, TPH €€ JACKAPTOBBI
KoopauHaThl. Cae10BaTEIbHO, MATECPUATILHAS TOYKA UMEET TPU CTEIICHU CBO-
O0BI.

[Tpu 3amaHuy ABWXKCHHSA TBEPAOIO TEIA €r0 MOJOMKCHHUE B MPO-
CTPAHCTBE MOKHO CUUTATh 3aJAHHBIM, €CJIH H3BCCTHO MOJIOMKCHHUE TPEX €ro
TOUCK, HampuMmep, A, B, C. HC IC/KamuX HA 0gHOM mpsMod. B aTom ciyuac
JUTSL OAHO3HAYHOTO OMPEACICHAS TMOMIOKCHHUS TBEPAOTO TEAA B MPOCTPAHCTBE
HCOOXOUMO 3HATH TI0 TPH KOOPAMHATHI KAKI0H W3 ITHX TOUCK,

A(%4s Y4524 )5 B (%55 V5525 ) C%s Ven2c )
Bce ACBATH KOOPAHHAT HCJ/IL3s CUHTATL HC3aBUCHMBIMH, TAK KAK OHH CBA3Q4-
HBI MEKAY COO0I YPAaBHCHHAMH, BBITCKAOIIMMH W3 YCIOBHA HCH3MCHHOCTH
PACCTOSTHHS MKy ToUKaMu A, B, (' aDCOMOTHO TBEPAOTO TEIA:

(xA —xB)2 +(yA —y3)2+(ZA—ZB)2 = AB*:
(xA—xc)2+(yA—yC)2+(zA—zC)2:ACQ; (2.1)

(xc _x3)2 +(yc _y3)2 +(Zc _23)2 :CB2>
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rac AB, AC, BC — pacCTOSHUS MSK/Ty COOTBCTCTBYOIIUMH TOUKAMH TCIIA.

TaxkuM 00pa3oM, YUCIO CTEIEHEH CBOOOIBI TBEPAOTO TEIA B OOMIEM
CIy4a¢e €ro ABWKCHHS B IMPOCTPAHCTBE PABHO WEeCTH (3%3 — 3 = 6). [Ipu 3TOM
B KAUCCTBC HC3ABHCHMBIX MAPAMCTPOB MOTYT BBICTYIIATH KAK JIFOOBIC THCCThH
HC3aBUCUMBIX KOOPAMHAT TOUCK A, B, C, TAK U MIECCTh APYTUX HE3ABUCHMBIX
CKALIPHBIX MepeMeHHbIX. KpoMe o0Imero cayyad ABH/KCHHS TBEPAOTO TEla,
HMCIOT MECTO M JPYTHE €0 BHIBI, XAPAKTCPH3VIOIMHECSI HEKOTOPHIMH OTJIH-
YATCJIBHBIMHA IMPH3HAKAMH, IO3BOJUIHOIMHMH BBIACIATL HX KM3 BCCX BO3MOMK-
HBIX JIBHYKCHHH TCHIA.

2.2, llocTynare/ibHOE ABH/KEHHE TBEPI0T0 TEJIA

Hocmynameflbubm O6UIICCHUEM msepdozo meJid HASBIBAKT TAKOC
JABWIKCHHUE, TIPH KOTOPOM JIFOOAs psSMast, MPOBSACHHAS B TCIIC, OCTACTCS TPH
JABW)KCHHH MAPAJICILHON CBOCMY NMCPBOHAYAIBLHOMY HAMpasiacHuro. [locty-
MATEJIBHOE ABH)KCHHE MOXKET OBITh M MPAMOTHHCHHBIM, H KPHBOJIHHCHHBIM.
Hampumep, ky30B aBTOMOOWIS, ABIDKYIIHICA IO MPSMOTHHEHHOMY Y4aCTKY
JOPOTH, COBCPINACT MPSIMOIHHCHHOC IMOCTYMATCIBHOC ABHMXKCHHC, KAOWMHKA
BPALIAIOIICTOCH KOMECa OOO3PCHHSL COBEPIIACT KPHBOIHHEHHOE MMOCTYIA-
TCABHOC JABHIKCHHUC,

CBoOHCTBA MOCTYNATEIPHOTO ABIDKCHHA ONMPEIC/LAIOTCS CIEAYHOIICH
TCOpeMOfII «Hpu nocmynameibHoM OguUdICEHUU 6Ce MOUKU Mmesld ORUCHI-
8AI0M OOUNAKOGLIE (COBRAOAIOW{NE HPU NHATIONHCEHUNU) MPACKMOpUU U
UmMerom pasHblie no MOO_VJHO U HARPABIACHUIO CKOPOCHIU U YCKOPEHUS.
CnemoBaTenbHO, MOCTYNATCIBHOC ABHKCHHC TEIA BIOJHC OMPCACISICTCS
JABHKCHHCM KaKoH-THO0 €ro TOYKH, 4 H3YHYCHHC ABHMKCHHA CBOAHUTCA K YiKC
PACCMOTPEHHOH 3aJa4e KHHEMATHKH TOYKH. 34JaBATh MOCTYNATEILHOS JBH-
YKEHHE MOKHO, HAMPHMEP, C MOMOIIBIO TPEX ACKAPTOBBIX KOOPAHMHAT TTFOOOM
TOYKH T€NA, ABJLIOIHXCS (DYHKIUAMH BPEMEHHU

x, =£(0): v = £0): 2, =£0). 22)

Tak kak A14 ONUCAHMA TMOJIOKCHHA TEJIA B MPOCTPAHCTBE HAAO 3a1aTh TPH
HC3ABHCHMBIX NApaMeTpa (JCKAPTOBBI KOOPAWHATBI OOHOH M3 €ro TOYEK),
TOBOPAT, YTO TEAO MPH MOCTYNATECIBHOM ABHKCHHH B NPOCTPAHCTBE HMECT
TPH CTCIIEHH CBOOOIBL.

ITocKOTBKY CKOPOCTH M VCKOPEHHS BCEX TOYEK TBEPAOIO TEJIA IPH
MOCTYMATEIBHOM JBHKEHHH OJWHAKOBBL, MOKHO ITOJIB30BATECA TEPMHHAMH
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«CKopocmb meaa» U «ycKopeHue meaay», OAPA3YMEBas CKOPOCTh H YCKOpE-
HUe mo00ii ero Touku. [Ipy KOOPAUHATHOM CIIOCO0E 3aAAHMS IBIDKEHHS CKO-
POCTBh H YCKOPEHHE T€lA ONPEACIIOT MO HX MPOSKUMAM HA KOOPIHUHATHBIC
OCH, KOTOPBIE PABHBI IIEPBOIl U BTOPOH MPOM3BOIHBEIM OT COOTBETCTBYIOIIHX
KOOPAMHAT MO BPCMCHHU:

Ve =Xgs Yy = Vs Vi =240 (2.3)
Aue =X45 Ay, =Vy5 Ay, =2, 2.4

Moy Ti CKOPOCTH H YCKOPCHHES ONPEICIOTCS 1O (DOpMyIaMm:

. 2 2 2 . . 2 2 2
VA—\/VAx+VAy+vAZ, aA—\/an+aAy+aAz. (2.5)
2.3. Bpamenue TBepAOro TeJ1a BOKPYI HCMOABHKHOM 0CH

Bpawenuem goxpy2 HenoodeusicHoil ocu Ha3bIBAIOT TAKOE JABHIKCHHE
TBEPAOTO TCTA, MPH KOTOPOM ABC KAKHC-THOO TOUKH, TMPHHAIJICKAIIHC TCITY,
OCTAKOTCA HEMOABHMKHBIMH. [IpAMYHO, MPOXOIAIIYEO HEPE3 3TH TOYKH, HA3BI-
BAKT OChIO spdlitenus TCIA. HepeMemeHne TCIA H3 OJHOIO MOJOXKCHHSA B
IPYTO€ HAZBIBAKOT Hosopomom. Bce TOUKH Tenma, Te/KAMKUE HA OCH BPAIICHHS,
HEMOABIDKHBL. BCe TOYKH, HE IC)KAMIME HA OCH BPALUCHHUS, OMHCBHIBAIOT OK-
PY;KHOCTH, IIOCKOCTH KOTOPBIX NEPIECHAUKY JIAPHBI OCH BPAILCHUA, 4 TEHTPBI
PACHOJIOKCHBI HA OCH.

Teno, BpamAOmEeecs BOKPYT HEMOABUKHOM OCH, HMEET OJHY CTe-
MCHb CBOOOABI, TAK KAK C€ro MOJOKCHHC B MPOCTPAHCTBC B JHOOOH MOMCHT
BPEMECHH MOTHOCTBID OMPEACIACTCA OJHHM HE3ABHCHMBIM MAPAMETPOM —
IUTOCKUM YTJIOM (p MEKIY ABYMS IUIOCKOCTAMH: HEMOABWKHOM U MOJABHUKHOM,
JKeCTKO CBA3AHHOM C BpamarImUMCs TeJaoM (puc. 2.1). DTOT yroll Ha3bIBAIOT
yaiom nogopoma meia U W3MEPAIOT B paauaHax. [Ipu 3T70M NpHHATO CHH-
TaTh YTOJI MOBOPOTA p MOJOKATEIBHBIM, €CITH MOBOPOT TENIA, HAOIFOJAEMBII
C TMOJOKUTCILHOrO HAMpaBICHUA OCH (Jz, BHJICH MPOUCXOAIIUM MPOTHB
X012 YaCOBOH CTPEJIKH.

TakuM 00pa3oM, 3aK0H BPAIIATCILHOTO ABHIKCHHS MOKHO CUHTATH
YCTAHOBJICHHBIM, CCIIM 33aJaH YTOJI MOBOPOTA TEIA KAK (DYHKLHA BPCMCHH

P =(f). (2.6)

OCHOBHBIMH KHHCMATHYCCKHMH XAPAKTCPUCTHKAMH BPAIIATCIIBHOIO
ABIDKCHHA TCJIa B LCTIOM ABJLIKOTCA Y2l06a8 CKOPOCHb H Y2/l080€ YCKOPEHUE.
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YraoBag CKOPOCTh TCIA — JTO BCKTOPHAA BCIHYHMHA, XAPAKTCPH-
3¥YKOUIaA HHTCHCHBHOCTL H HANIPABJICHHUC H3MCHCHHA YIJIA IMOBOPOTA TCIA.

ANreOpanyecKoe 3HAUCHHC
YIJIOBOM CKOPOCTH PaBHO
NEPBOM  MPOM3BOJHOH IO
BPCMCHH OT yTJia TIOBOPOTA
TEIA

[

S
S
Q1
<

(R
\
\
\
B

o, :@:q). 2.7)
dt

YTrmoBo€ VCKOPEHHE Tena —
3TO BEKTOPHAS BEIMYHHA,
XAPAKTEPU3VIOMAA  HHTCH-
CHBHOCTb HM3MECHEHHSA YIJIO-
BOI CKOpOCTH. AnreOpamye-
CKOE J3HAYCHHE VIIIOBOTO
= 7 YCKOpEHHUA vpaBHO MEPBOH
NPOU3BOJHOMN MO BPEMEHU OT

\ YIJIOBOH CKOPOCTH TE€lA WU

5

BTOPOH MPOU3BOJHOH MO
BPCMCHH OT VyIJa MOBOPOTA
Pucynox 2.1 TCaa

do,

82
dt

Pasmepnocts yrinosoit ckopoctu B cucreme CH — paa/c, pa3sMepHOCTD YIiIo-
BOTO YCKOPeHH: — pag/c. Ync1o 060poToB Tena N H 4HCI0 000pOTOB B MH-

HYTY A CBA3aHBL C YIJIOM IIOBOPOTA (/) H YIIOBOH CKOPOCTBIO ®_(f) cle-

=0, =¢. (2.8)

JVEOIIMMH 3aBUCHMOCTSIMH

¢ = 27N paz;
2nn

. =——paz/c.
60 ©

YCTaHOBHM 3aBHCHMOCTH MEXKIY OOMMMH KHHEMATHUCCKHMH Xa-
PAKTEPHUCTHKAMH BPAIIATCIHHOTO ABIKCHHA TEIA B LEIIOM, a TAKXKE CKOPO-
CTAMHM H YCKOPEHHAMH Pa3IHYHBIX TOYCK 3TOr0 Teiaa. TPACKTOPHAMH TOYCK
TEJIA MPU €ro BPALUCHUH BOKPYT HECIOABMKHON OCH SABIIIKOTCS OKPYKHOCTH,
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JEKAMME B MIIOCKOCTAX, MEPHCHINKYISPHBIX OCH BPALLCHUA, PAAUYChI KOTO-
PBIX PaBHBI PACCTOAHUAM OT 3THX TOYCK J0 OCH BpamecHus. IIpumenan ecre-
CTBCHHBIA CMOCO0 3aJaHWA JBHKCHHS TOYKH TCJA M YUHTHIBASA, YTO

ds=h-do, rae h — pacCTOAHHE OT TOYKH A0 OCH BPALUCHUH Teaa (CM.
pHuc. 2.1), 17 CKOPOCTH M YCKOPEHUSA TOUKH Af 3aIHIIEM

v=h¢=ho_. (2.9)
a® =hp=ho_=he_, (2.10)
a* =ho’ =ho?, (2.11)

rac v — anrcOpanucCcKoC 3HAUCHUE CKOPOCTH TOUKH M, a™ u a* — anrcOpan-
YCCKHUC 3HAUCHHUS COCTABJIAIOINUX TMOJHOTO BCKTOpPA YCKOPCHUA 3TOH TOUKH.
346Ch BEMMUYHUHBL a™ U ™ COOTBETCTBYHOT KACATCIbHOMY U HOPMAILHOMY
YCKOPCHUAM TOYKH, OAHAKO, IIPH H3YUCHHH BPAIATCILHOIO ABMMKCHMA HX
MPHHSTO HA3BIBATL PAULAME/ILHBIM YcKopeHuem (a™ ) u ocecmpemumetnb-

HbIM WU UEHMPOCpeMumenbuvim yekopenuem (o). OnpeaeanM MOoayJib
MOJTHOTO BEKTOPA YCKOPSHUA TOYKH

3| = V(@) + (@) =hle* +o" . 2.12)

W3 npuBeacHHbIX (POPMYI BUAHO, YTO CKOPOCTH, YCKOPCHHS H COCTABIISIIO-
I[HEC YCKOPCHUA TOYEK TEA, BPAIIAOLICTOCA BOKPYT HEMOABHKHOH OCH,
MPOMOPLUUOHATIBHBI PACCTOAHUAM OT TOUYEK 0 OCH BPALICHUS TEA.

[TpuBeaeM TAKKE BEKTOPHBIC (DOPMYJIbI, OMUCHIBAOIIIEC KMHCMATH-
YECKHME XAPAKTEPHCTUKH TEJIA M €r0 TOUEK (CM. pucC. 2.1), 11d 4ero BBeaeM
BEKTOPBI YTI0BOH CKOPOCTH H YII0BOTO YCKOPEHHUA

—

H=qk=0k, B=ipk=¢rk, (2.13)

z

—_

rac k — COMHUYHBLIA BCKTOP OCH, COBHAJANINUN MO HANMPABICHUIO C IOJIO-
JKHUTCIIBHBIM Hal'[paBJ'IeHHEEM OCH BpaIJ.IeHI/I}I TCJA, OJZ H £ . BCJIHYIHHBI,
HMCHOIIHE CMBICTT MPOEKUUHA BEKTOPOB YIIOBOH CKOPOCTH H YIJIOBOTO YCKO-
PCHHUS HA OChb BpALUCHWSA Teia. TakuM oOpa3oM, BEKTOP VIJIOBOH CKOPOCTH
pacmoaaracTCa Ha OCH BPALICHHS M HAMPABJICH TAK, UTO C €r0 BEPIIUHBI BPa-
IMEHHE TEJa HAOTIOAAETCA MPOTHB CTPEIIKH YACOB. BEKTOpP YII0BOTO YCKOpE-
HHA TOKE PACMOIATACTCA HA OCH BPAIUCHUA. ECIM 3HAKM ¢ W ¢ COBMAJAKOT,
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TO OH HANPABJICH TAK K€, KAK H BCKTOP YIIOBOH CKOPOCTH (BPALICHHE YCKO-
PEHHOE), 4 B MPOTHBHOM CTY4Ya¢ — NPOTHBOMOIMKHO BEKTOPY VIJIOBOH CKO-
POCTH (BpAIICHUE 3AMEIICHHOE).

CKOpPOCTb H YCKOPCHHE TOUKH TEIA ONPEACTUM MO (popMynam:

=Ex7r; a” =ox(®x7F), (2.14)
IJIc 7 — PATHYC-BCKTOP TOYKH, MPOBCACHHBIN H3 MOOOH TOUKH HA OCH Bpa-
IICHHS TCJIA, 3HAK « X » 03HAYACT BCKTOPHOE MPOU3BCICHHC,

BpalncHUC HA3BIBAIOT PAGHOMEPHBLIM, CCIH B MPOLCCCS IBHMKCHHS
YIJI0Basi CKOPOCTh OCTACTCS MOCTOSIHHOM MO MOJAYTI0 H MO HATPABJICHUIO,

d
T.€., €CIIH ® = ?(P =const . YMHOKHMB MPABYIO H JICBYK) YAaCTH 3TOr0 PaBCH-
!

CTBA HA BCJIMYUHY ¢! U MPOMHTECIPHPOBAB JICBYIO YaCTh MOJIYYCHHOTO PAaBCH-
CTBA B MPEICHAX OT ¢, A0 ¢, a MPaByro — OT () 10 f, NONYYHM 3AKOH PAGHO-

MEPHO20 8PAUEHUSL
P=p, +of. (2.15)

BpameHne HA3BIBAKOT pA6HONEPEMERHBIM, CCITH YITIOBOC YCKOPCHHC
TCJIa B MPONCCCe ABHXKCHHA OCTACTCA MOCTOAHHBIM IO MOAYJIKO H HAIIPABIIC-

do  d°¢
HHIO, T.€., €CIH € = —— = —

dt dt
JIOBOM CKOPOCTH B 3TOM CIy4ac, MPOHHTCTPHPYCM JICBYIO YACTh PABCHCTBA
do =edl mpeaenax or , A0 M, a MPaBYIO 4acTb — OT 0 10 f:

= const . UToObI HAWTH 3aKOH H3MCHEHHA VI-

O =m,+el. (2.16)
de
Tak kak o = — TO MOIYHYCHHOE BBIPAYKCHHUE 3AIMHUIIEM B CICAVEO-

meM BHAE d@ = o, df +efdl . IHTErpupys 3TO BBIPAYKCHUC NMPH H3MCHCHHU
yIJa DOBOPOTA OT ¢, A0 ¢ H BpeMeHH OT 0 10 f, 3alHIIEM 3aKOoH pasHone-

PEMEHRO20 spaltieHUsA:
2

(p:(p0+(1)0f+87. 2.17)
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2.4. Ilpeolpa3oBaHus NPOCTCHIINX JABHKCHHIT TBEPAOIO TE/1A

B pa3auuHbIX MEXaHH3Max 4acTO OCYLUCCTBILIOT NPcoOpa3OBaHUE
MPOCTCHIINX ABMKCHHUUI, MOCTYNATEIBHOS — BO BPALIATC/IBHOC, BPAINATEIb-
HOE — B MOCTYIATENBHOE, 4 TAKKE Mepeaady BPAIIATEIbHOTO IBHKCHHUA OT
OJHOTrO 3ICMCHTA MCXAHH3MA K APYTOMY.

PaccmoTpuM onpeacicHUE YraoBo#H CKOpocTH Oapabana 2 mpu 3a1aH-
HOM CKOpOCTH rpy3a |, MOoABEmIEHHOTO HA TPOCE, HAMOTAHHOM Ha OapabaH
(puc. 2.2). CKOpOCTH BCEX TOUCK TPOCA, HA KOTOPOM IOJBCIICH IPY3, OJIHHA-
KOBBI (TPOC CUHMTAKOT HCPACTSHKHUMBIM), CKOPOCTH TOUKH €X0Ja Tpoca ¢ dapa-
0aHa KoJleca paBHa CKOPOCTH rpy3a. Ho ¢ 3To#l TOUKOH COMPUKACAETCA TOUKA,
MPHHAAICKAINASA KOJECY, KOTOPOS COBEPIIACT BPALIATCABHOC ABHKCHHE, U
HMEKOIIAA TY K€ CKOPOCTh, YTO IMO3BOJIACT ONPEACIUTh VIJIOBYH) CKOPOCTH
koseca. Ilpu 3ToM OyaeM moaaraTe, YTO MONOKHTEIBHOMY ABHKCHHUIO IPy3a
COOTBETCTBYET MOJIOKUTEIBHOC BPAIICHHE KOJIECA.

3anummeM anreOpandecKoe 3HAUCHHE YTIOBOH CKOPOCTH 2-TO KOJeca

©,, = ‘;x _ (2.18)
2

AHATOrHYHO MOKHO ONPEACAHTb CKOPOCTh IPy-
34 MO 3a0AHHOM YIJI0BOM CKOPOCTH KOJeca

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

IIpm nepenade BpalleHHsA OT OJHOIO
JJICMCHTA K APYTOMY HCIIOIB3YIOT 3y0UAThIC HITH
(pukouoHHBIC 3aueruieHus (puc. 2.3, 2.4), a
TAKGKE LICMHBIC MM PEMCHHBIC mepeaavu (puc.
2.5, 2.6). B ciayuac 3y04aToro 3aucruiCHus KOJIC-
ca l u 2 uMerOT OOIIYIO TOYKY, MO3TOMY CKOPOCTH TOYCK, HAXOTIAIIMXCA HA
ux 000abAX, OTUHAKOBBL, T.C.

Pucynoxk 2.2

ok =o,R,. (2.20)

[Tpu 3amucu anreOpanyecKOro 3HAUCHHUS VIJIOBOM CKOPOCTH 2-rO
KOJIECA YUTEM, YTO BHEIIHEE 3AUCIUICHHE (CM. pHC. 2.3) MEHSCT HANPABIICHAC
BPALICHHA HA MPOTHBOIIOIOKHOE
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®,, =—0, — (2.21)

®, =, —. (2.22)

PucyHoOk 2.5 Pucynok 2.6

OauHAKOBBI MOAYJTH CKOPOCTCH W U COOTBCTCTBYIOIIMX TOUCK HA
LIKHBAX PEMEHHOM Mepeaaun (MMEKOTCA B BUAY TE€ TOYKH, TIE PEMEHb, KOTO-
PBIi CHMTACTCS HEPACTSHKUMBIM, CXOAUT C OJHOTO IIKHBA U HAMATHIBACTCS HA
apyroi). HanpasicHue BpameHua MOXKET TAKOKE THOO H3MEHATHCS HA TPOTH-
BOMOJIOYKHOE TPH Nepeaade ABWKCHHS (CM. pucC. 2.5), mHOO HE UBMCHATHCA
(cM. puc. 2.6). YIIOBYKO CKOPOCTH NMPH 3TOM OMPEACIEOT COOTBETCTBECHHO
o (popmyaam (2.16) u (2.17).

Hpumep. Koneco 1 (puc. 2.7) Bpamaercsa BOKPYT HEMOABHKHOH OCH
IO 3aKOHY @ = 2f°+4, paj H IPHBOAUT B ABHKCHHE MEXAHH3M MOTBEMA TPY3a
4. MexaHH3M COCTOMT H3 ABYX CTYNEHYATHIX KOJIEC 2 U 3, COCAMHEHHBIX pe-
MEHHOMH nepenaveii H BpamAOIHXCA BOKPYT HEITOABIYKHBIX OCEH.

OnpeaenuTs CKOPOCTh H YCKOPEHHE Ipy3a 4 B MOMEHT BPEMEHH [ =
=3c,ecmu R =40cm, Ro=15¢cM, R3=25¢cm, =10 cMm, 73 = 20 cM.
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Pucynok 2.7

Peneune

OnpenennM YIIOBYK) CKOPOCTb 3yOUaTOro komeca o, =¢@=4.¢ .
Touka koHTakTa KOJACC 1 M 2 ABNACTCS B JAHHBIM MOMCHT BPCMCHH HX OOIIICH

R
H €¢ CKOPOCTh v, =0, R, = 0,R,, 0TKyIa o, =0, R% Jlance, mpuUpaBHHBAS
2

CKOPOCTH TOUCK 53 1 B’ , MPUHAIICKAIIMX B 3TOT MOMCHT BPEMCHH KOJICCAM
2, 3, noay4HMM CBA3h MEXKAY YIVIOBBIMH CKOPOCTAMH 3THX KOIIEC 0,7, = O, R,

7 R r .
OTKYJa ®©, = ®, —— =@, ——= [TOACTABISIs BBIPAXKCHHC ISl YIJIOBOH CKO-
R3 RZ R3
POCTH (&, W 3HAYEHHS PATHYCOB KOJIEC, OMPEIEIHM

o, =210y
15 25

Tak Kak v, = ®,#, , BRIMUCIIHM CKOPOCTH TOUKH M urpy3a 4 mput =3¢
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v, =v, =4.267-3-20 = 256 cm/c.

YckopeHue rpysa 4 paBHO BpaIaTeIbHOMY YCKOPEHHIO TOUKHU M, T.€.
a, =a, =g, =0, =4.267-20 =8534 cm/c’ .
Bonpocsl uis CAMOKOHTP OIS

1. Yto HA3BIBAIOT CTCICHAME CBOOOIBI TBCPAOTO TCIA?

2. CKOJBbKO CTEMEHEH CBOOOIBI HMEET TBEPAOE TEIO B ODIEM CIIY-
4yac €ro ABUYKCHUS B MPOCTPAHCTBE?

3. Kakue BHOBI IBIKCHHA TBEPAOTO TEIA HA3BIBAIOT MPOCTCHIMHMHE ?

4. KakoBbl OCHOBHBIC CBOMCTBA MOCTYNATCIBHOIO ABH/KCHHSA TBEP-
noro tena?

5. Kakoe ABWKEHHE TBEPAOrO TENA HA3BIBAKOT BPAIUICHUEM BOKPYT
HCIIOABHKHOM OCH?

6. KakoBBI OCHOBHBIC KHHEMATHYCCKAC XAPAKTCPUCTHKH JIBWKCHH
TEIA, BPAIAKOIICTOCS BOKPYT HCITOABIHKHOM OCH?

7. Kax cBsa3aHbl Mexay COOOH yroa moBOpOTa TENa, YIaOBas CKO-
POCTb H YIII0BOC YCKOPCHHUC MPH BPAIICHUH CTO BOKPYT HCMOABHYKHOM OCH?

8. Kax HampaBiieHBI BEKTOPBI YIJIOBOU CKOPOCTH H YIJIOBOTO YCKO-
PCHHS NPH BPALLICHUH TC1A BOKPYT HCMOABHKHOM OCH?

9. Kak ompeesfr0T CKOPOCTH TOUYEK TEJA, BPALIAROIICTOCA BOKPYT
HETIOBUYKHOH OCH?

10. Kak onpenensiror yCKOPEHHS TOYEK TEIA, BPALIAKOMEIOCs BO-
KpYT HETIOABHKHOM OCH?

3. INIOCKOMAPAJLUIETHHOE IBUKEHUE
TBEPAOTO TEJA

3.1. YpaBHeHUs IUIOCKONAPAICILHOTO ABH:KeHNd. Pasioxenue
ABMZKCHHA HA NIOCTYHATEC/ILHOEC H BpallaTé/ILHOC

ITnockonapaniensupim WM RAGCKUM JBUKCHHUEM TBEPAOro Teua
HA3BIBAKOT TAKOE JBHIKEHHE, NMPU KOTOPOM BCE €r0 TOUKH MEPEMELIAKOTCA B
IJIOCKOCTAX, MAPAIICIBHBIX HEKOTOPOH HEMOABMKHOHM MIoCKoCTH. [Ipume-
paMu ABILIFOTCA JBIJKCHHS IIATYHA B KPHUBOLIMITHO-TIOI3YHHOM MEXAHHU3ME
HIM KOJNECA, KATALICTOCA MO MPAMOIMHEHHOMY PEnbCy. YacTHBIN Ciyvan
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MIOCKOMAPAJIICIBHOTO ABHKCHHS — 3TO BPAIATCIBHOC ABHKCHHE TBEPAOTO
TEJIA BOKPYT HEMOABH/KHON OCH.

ITrockonmapanIenbHOEC ABHKCHHUE BIOJHE OMPEACIACTCH ABHIKCHUCM
IIOCKOH (PUCYpPBL .S, MOJYYCHHOH CEUCHHEM TElA ILIOCKOCTBE), MAPaIcib-
HOH HCMOJABIKHOH MIOCKOCTH (puc. 3.1,a). M3 onpencncHusa Takoro ABHKe-
HUS W U3 CBOMCTB TBCPAOIO TEIa CAcAyeT, uto yodas npsamasi 4,4, mpose-
JCHHAA B TEE NEPHNEHANKYIAPHO HENMOABHKHOM MIOCKOCTH (CM. puc. 3.1.a),
OyIaeT mepeMemaTbCs MOCTYMATEAbHO, T.€. BCE TOYUKH 3TOM mpAMOH OvayT
HMETh OJHHAKOBBIC TPACKTOPHUH, CKOPOCTH W yCKOpeHms. (CIeT0BaTEIBHO,
H3VUCHUC TUIOCKOTIAPAUICTHHOTO JBIGKCHHS TENA CBOAMTCA K HM3YUCHHEO
JBUKCHMA TUIOCKOHM (PUrypsl S B IIIOCKOCTH, COBNAJANOIIECH ¢ KOOPAHHATHOM
MI0CKOCTEI0 XOy (puc. 3.1,0). INomoskerne ceueHus S B TH0O0H MOMEHT Bpe-
MCHH TOTHOCTHIO 3aBUCHT OT TOJI0KCHHS OTPE3Ka A B, COCTHHMIOMETO TOUKU
A u B aroit Qurypsr. ITonokerue otpeska AB, B CBOK OYepeab, ONPEACIICT-
Csl KOOPAMHATAMH X4 U 4 TOUKH A, HA3BIBACMOU HOIIOCOM, U YTIIOM (), KOTO-
phIi 00pa3syeT OTpe30K A5 ¢ NOTOMKUTCIIBHLIM HAMPABICHUEM OCH Ox (CM.
puc. 3.1.0). 3aBUCHMOCTb 3THUX TPEX BCAHYUH OT BPCMCHH HA3bIBAIOT ypde-
HEHUAMU NIOCKORAPWIC/ILHO20 08UMCeHUs! TBEPIOTO Tea

X, =HWO: v, =L0): o= £@0). (3.1)

TaxkuM 00paszoM, A1 OMUCAHUS MOJOKCHUSA TEIA B MPOCTPAHCTBE HEOOXO M-
MO 337aTh TPH HC3ABHCHMBIX MAPAMCTPA: ACKAPTOBBIC KOOPIHHATHI X4 H V4
TOUKH A, MPUHATOW 3a TOMIOC, a TAIOKS YIIOBYK kKoopamHaty ¢. Ciaemosa-
TCIHHO, TIPH TIOCKOTAPALICTFHOM MBIDKCHHH TBEPIOC TCIIO HMCCT TPH CTC-
MIEHU CBOOOIBL.
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. o u ; x
Pucynoxk 3.1

[TnocKOmapanIeabHOS ABHIKCHHE TENA — 3TO CIOKHOE IBHYKCHHE
TBEPAOTO TEIA, KOTOPOE CIAracTCA U3 ABYX 0OJee MPOCTHIX ABMKCHHM: IO-
CTYNATEIbHOTO ABHXCHHUS TUIOCKOH (PUTYphl S BMECTE C MOJKOCOM H Bpala-
TCABHOTO JABH:KCHHSA BOKPYT OCH, NMPOXOJSIICH Yepe3 MOMC U NMEPNCHIUKY -
JSAPHOH TTOCKOCTH ABIKCHHA. HeoOX0AMMO OTMCTHTBH, UTO B KAYCCTBC IIO-
AKOCA MOKET ObITh BbIOPAHA MPOU3BOJBHAS TOYKA Teaa. BeiOop momoca
BJIMET HA MOCTYIATEABHYH) YACTh IUIOCKOMAPAIUIEIBHOTO IBIKEHUS, a Bpa-
LIATEIbHAA 4ACTh OT BbIOOPA MOKOCA HE 3aBHCHT. 1IOCTYNATEIBHYIO 4aCTh
MIOCKOMAPAIUICTBHOTO ABIMKCHHS OMHUCBHIBAKOT 1-MH ABYMSI VPAaBHCHHAMH
(3.1), mpu 3TOM KHHEMATHYECKHMH XAPAKTCPUCTHKAMH 3TOU YACTH ABHIKE-
HUS SABIAKOTCSA CKOPOCTb H YCKOPEHHUE MOJIFOCA

= | _ .2 . = | _ 2 2

|vA|—\/xA+yA, |aA|—,/xA+yA, (3.2)
BpamarenpHy0 4acTh IIOCKOMAPAIUICIBHOIO IBIJKCHHS OITHCHIBAIOT 3-M
ypaBHeHHEM (3.1), mpH 3TOM KHHEMATHYECKHMH XAPAKTEPHCTHKAMH 3TOH

YACTU ABWKCHUSI SIBJIFOTCS YIJIOBASI CKOPOCTh U YIJIOBOC YCKOPEHHUE (PUTYPBI

O=¢, E=0=0¢. (3.3)
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3.2, Onpeneienne CKOPOCTEH M YCKOPCHHH TOYCK TEIA

CropocTb m000i1 TOUKH B NI0CKOH (PUIyphl pABHA FEOMETPUUCCKOM
CYMME JABYX CKOPOCTCH: CKOPOCTH TOMKH A, PUHATOH B KAYSCTBE MOJKOCA, H
CKOPOCTH TOUKH 53 TPH BPAMICHHH TENAa BOKPYT mourroca (puc. 3.2.a)

—

P, =V, 47, ¥, =0xAB, (3.4)

[1¢ ® — BEKTOP YII0BOHM CKOPOCTH, BBCACHHBIM TAK K€, KAK U IPU PacCMOT-
PEHUHU BPALICHUSA TElIa BOKPYT HEMOJABHKHON OCH (3€Ch 3TOT BEKTOP PACIO-
JAracTCs HAa OCH, NPOBEACHHOH 4epe3 MOMHC MEPNEHIUKY/IAPHO MIOCKOCTH

OBHKEHUS), AB — paauyc-BeKTOpP TOYKHM A/, MPOBEACHHBIH W3 TOYKH A.
BpamartensHast COCTABIIOMIAS CKOPOCTH TOYKH V,, NEPICHIHKY/APHA OT-
pe3ky AM W HampaBIICHA B CTOPOHY BPALUCHHA TCIA, €C MOAY b

[Ppu| = - 4B. (3.5)

Moay1s M HampaBlIeHHE CKOPOCTH V, HAXOMAT MOCTPOCHHEM COOTBETCT-
BYIOLLICTO MapajeiaorpaMma (CM. puc. 3.2.a).

Pucynok 3.2

Eme oamH cnocod onpeaciacHusa CKOPOCTEH TOYCK Tela MPH IIOC-
KOnapaaiCibHOM ABMGKCHHHU OCHOBAH HA HCIIOJIb30BAHHH TCOPCMbI O PABCH-
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CTBE MPOCKUUH CKOPOCTEH ABYX TOYEK Teaa:. «IIpoexyuu cropocmeii 0gyx
mouex mena Ha NPAMyI0, COCOUHSIOWYIO IMU MOUKU, PABHBI OPY2 OPY2Y»,
3aMeTHM, YTO 3Ta TEOPEMa CIPABSTHBA AT JTHOOO0TO BHAA JBHKCHHSA a0CO-
JTFOTHO TBEPAOTO TENA U MO3BO/MET JICTKO HAXOJUTH CKOPOCTh TOYKH TENA,
CCITH M3BCCTHBI HATIPABJICHHE CKOPOCTH 3TOH TOUKH, 4 TAKXKC HATIPABICHHUC H
BCITUYHMHA CKOPOCTH KAKOH-THOO0 APYTOH TOUKH 3TOTO K TENIA.

VYckopenne mr000# TOUKHM B IIOCKOH (PUIYpBI PAaBHO T€OMETpHMC-
CKOM CyMME YCKOPEHHS TOYKH /A, MPHHATON B KAYECTBE MOJIOCA, H YCKOPE-
HUS, KOTOPOC TOYKA MPHOOPETACT TIPH BPAIICHHH TEIa BOKPYT TIOIOCA
(puc. 3.2.0):
d,=a,+ad,,; @, =a’+a> =8xAB+®x(®xAB), (3.6)
II€ € — BCKTOP YIVIOBOrO YCKOPCHHA, BBCACHHBIM TAK KE, KAK W MPH Pac-
CMOTPEHHH BPALUECHHUA TENA BOKPYT HEMOABHYKHOHM OCH. BekTop Bpaiarens-
HOIl COCTaBIAIOLIEH YCKOPEHHs d,, HANpPaBICH MEPHEHIHKYIAPHO OTPE3KY
AB B CTOPOHY YITIOBOTO YCKOPCHHSI, T.€. B CTOPOHY BPAILLCHHS, CCIIH OHO yC-
KOPCHHOE, U B MPOTHBOIOIMKHYI CTOPOHY, €CIH 3aMeIcHHOE. BekTop oce-
CTPEMHTEIBHOH COCTABIAKOLICH YCKOPEHHS d,, BCErJa HANPABICH OT TOYKH
M x nonrocy A. 3anMiueM MOAYIH 3THX BEKTOPOB COOTBETCTBEHHO

=g-AB; l|ay|=0"-4B. (3.7)

aBA

OmnpenenaTe NMOMHBIH BEKTOP YCKOPCHHA d,, TOYKH A 1eaecoobpasHo HE

TCOMCTPHYCCKH, a4 AHAIMTHYCCKH C IIOMOINBI) PA3JIOKCHHA CIATACMBIX BCK-
TOPOB HA OCH BBIOPAHHON CUCTEMbI KOOPIUHAT.

3.3. MrHOBCHHBII HIEHTP CKOPOCTEi

[TpocTOi W HATTAAHBIA CIOCO0 OMPCACICHHA CKOPOCTCH IITOCKOH
(purypbl OCHOBAH HA MOHATHU O MCHOGeHHOM Wenmpe ckopocmeir (MLIC).
WM Ha3pIBAKOT TOMKY NOABHWKHOM IUTOCKOCTH, B KOTOPOM PacHoOIOMKEHA ILI0-
ckas urypa S ¥ CKOpOCTh KOTOPOH B JAHHBIH MOMCHT BPEMCHH PaBHA HYJTHO.

Jlokas3aHa TeOpeMa O TOM, YTO €CJIHM TEI0 ABHKETCA HE MOCTYMATEb-
HO, TO TaKas TOUYKA CYMIECTBYET, H TIPUTOM €IUHCTBeHHAs. U3 ompenencHus
CIEYET, 4TO B O0MIEM CIIy4ae B Kaxkablii MoMeHT BpeMeHu MILIC HaxomuTes
B Pa3IHMYHBIX TOYKAX TIOCKOCTH. [IpH BpammaTteIbHOM JABHKEHHH TENA BO-
KPYT HEMOABIKHOH OCH, SBIBIFOIUMCS YACTHBIM CIy4aeM TLIOCKOTApa-
aensHOTO ABIKeHMS, MLIC B mo0oii MOMEHT BpEMEHH PACTIOIONKEH HA OCH
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BpamcHua. Ecam e Temo ABIWKSTCS MOCTYNMATCABHO MM MTHOBCHHO TOCTY-
MATEIBLHO (CKOPOCTH BCEX TOUEK TEJA B JIAHHBIH MOMCHT BPEMCHH PaBHBI O
BCIIHYWHE W COBMAJANOT MO HampasicHH:0), TO MIIC HaxoamTcs HA OCCKO-
HEYHO OOJIBIIOM PACCTOSHUM OT JIE000H TOUKM Tena. BeiOpas B KQUeCTBE 1MO-
JTFOCA TOUKY P, KOTOpas SBAACTCA B JAHHBIH MOMCHT BpeMeHH MLIC, a 3Ha-
yut vV, =v, =0, 13 Gopmyast (3.4) Axa onpeacncHus CKOPOCTH 000 TOY-

KH TUTIOCKOH (DHTYPBI HaliieM CKOPOCTh TOUKH M
Vy =V, =0OxPM . (3.8)

(C1ea0BaTenbHO, CKOPOCTh THOOOM TOUKH TEJIA B JAHHBIM MOMCHT Bpe-
MCHH HAXOJMM TaK JKC, KAK MPH BPAIICHHH BOKPYT HCMOABWKHOH OCH, TPO-
xomamieit uepes MLC U nepneHIUKYSIPHOH IUIOCKOCTH ABHAKCHHA. Takum
00pa3oM, TMPH TIOCKONAPAIICIPHOM JBHKCHUH CKOPOCTD JIFOO0H TOUKH TN
NCPIICHAUKYJISIPHA OTPE3KY, cOcAamHsromemy 3ty Touky ¢ MLIC, a moayms
CKOPOCTH MPOMOPLHOHANIEH paccTossHuto 10 MLIC

v, =o-PM. (3.9)

VYraoBas CKOPOCTh IUTOCKOU (PUTYPbI PABHA OTHOIIEHHEO CKOPOCTH Ka-
KOH-THOO0 €€ TOYKH K PACCTOSHHUIO OT 3T0i TOUKH 10 MLIC

o= (3.10)
PM
Cnocobel onpedenenust NOAONCEHUT MEHOBEHHO20 YEeHMPA CKOPOCMET.

1) ecnu M3BECTHBI HANPABICHUA CKOPOCTCH V, M V, Touck A u B
wiockoit ¢urypsl, To MLC (Touky P) ONpeaeistoT Kak TOYKY MEPEeCeUeHUs
NEPHCHAUKY/IPOB K CKOPOCTAM V, M V,, NPOBCACHHBIX M3 3THUX TOUYCK
(puc. 3.3.a);

2) ec| CKOPOCTH ABYX TOYCK Tena A U B W3BECTHBI IO MOJY KO, -
pPaIeIbHBL APYT APYTY (V, ||V, ), H DEPOCHAUKYLIPHBI npamoit A5, to MLIC
HAXOJAT B TOUKE MEPECEUCHHS TMPAMOH AB ¢ MpAMOH, COCIMHAIOMEH KOHLBI
BEKTOPOB CKOpocTed Vv, u vV, (puc. 3.3,0,B);

3) npH KaueHHH O€3 CKOJIBKCHHS OJHOTO TEA M0 HEMOABIYKHOM IMO-
BepxHOCTH MLIC HaxoAadT B TOYKE COMPHKOCHOBEHHS Tea (puc. 3.3.r), Tak

KAK MPH OTCYTCTBHM CKOJbJKCHUS CKOPOCTb 3TOH TOYKH MOABH;KHOIO TEIa
PaBHA HYJIO;

28



4) ecm CKOpPOCTH TOUCK 4 M B Teda v, W V, MAPAJLICIBHBI APYyT
apyry (v, ||V, ) 1 HE NEPNCHIUKYIAPHBI OPAMOH AB, TO NCPHCHAUKYILAPBI K

HUM TAKXE MapauieasHbl Apyr Apyry. B atom cayuae MLIC Haxogutcs B
OECKOHEYHOM YJANCHUM OT TOYEK A U B, IBIKCHHE TENA SBIACTCS MTHOBCH-
HO MOCTYNATENBHBIM, CIEI0BATENBHO, CKOPOCTH BCEX TOYEK TENA PABHBI, a
€ro YIJIOBAS CKOPOCTh B JAHHBIM MOMCHT BPEMCHH PABHA HYJIIO,

Pucynok 3.3

C momompro MLIC miockonapaiienbHOC ABHIKCHHE MOYKHO IPEA-
CTABHUTBh HE TOIBKO KAK CIOKHOE, COCTOAILIEE W3 MOCTYMATEIBHOIO M Bpalia-
TCIBHOIO JBIDKCHHH, HO H KAK MPOCTOC ABIDKCHHC, COCTOSIICEC U3 CCPHH
3IEMEHTAPHBIX MOCIEIOBATENBHBIX MOBOPOTOB BOKPYr MLIC. Heobxomumo
OTMETHTB, 4TO Moao:keHHe MI{C B MPOCTPAaHCTBE BO BCE BPEMS JBIGKCHHA
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MeHsCTCS. ['eomerprucckoe MecTo Touek MLIC moABMKHOTO T¢I HA3BIBAKOT
HOOBUMNCHOI WEeHMPOUOON, A HCTIOABHKHOTO TCIA — HEHOOGUMNCHOI UEH-
mpoudoii. Takum 00pazoM, MIOCKONAPALICIBHOS IBHKCHHE HPEACTABILACT
co0o0ii kaucHHE 0€3 CKOJIbKCHUS MOJABHKHOH LEHTPOUIB! N0 HEMOABHKHOM
LCHTPOUAC.

Ipumep 1. Koneco xaturca 0C3 CKOIBKCHHS 10 HCIMOABHKHOMH
npsMOH MOBEpXHOCTH. CKOpocTh TOUKH () MOCTOSHHA M paBHa 100 cm/c
(puc. 3.4.a).

OmnpenenauTs YIJIOBYIO CKOPOCTh KOJeca, CKOpocTH Touek A, B, C u
yckopenus Touek A, C, P, ecmu R = 50 cm, » = 40 oM.

T Y
0)

Pucynox 3.4

PemeHne

Koneco coseplmaer IUiocKomapaUie/ibHOS JABMKCHHE. KaucHue
MPOUCXOJNT 0€3 CKOMBKEHHA, CIeI0BATEIRHO, B JAHHOM CIY4ae TOYKA Kaca-
HHSI KOJECA C HEMOABIKHOU IMOBEPXHOCTBHKO — Touka P — seiasercas MLIC.
OnpemeaHM YTIOBYE CKOPOCTH Kojieca coraacHo opmyie (3.10)

v, 100
» = ——=——=2 paza/c.
OoP 50 B

3Has paccTtoaHusa oT ToueK A, B u C 1o MLIC, MOKHO HAWTH HX CKOPOCTH IO
(dopmyne (3.9)
v,=0-P4=v-2R =2-100 =200 cm/c;

v, =0 -PB=0-VR*+R* =2.450° +50° =141.42 cm/c;
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Ve =0-PC=0 AR +r? =2-450° +40% =128.06 cm/c.

BekTopbl CKOPOCTEH TOYCK KOJCCA HANPABJICHBI NCPICHAHKY ISAPHO
orpeskaM, cocamparomuM ux ¢ MLC (cm. puc. 3.4.0). B cCOOTBCTCTBHH C
TECOPEMOI O TMPOSKITHAX CKOPOCTEH TBYX TOUCK TEJIA HA MPSMYIO, COCTHHSIIO-
LIYIO 3TH TOYKH, YOEKIAEMCH B MPABHUIBHOCTH MOTYYEHHBIX PE3yJIbTaTOB.

IlepeitneMm K ONPEACICHUED VCKOPCHHH, A1 YEro BOCIOJIb3YEMCH
(hopmynamu (3.6) u (3.7). B kauecTse nomroca BeioupaeMm Touky (). Yckope-
HHE MOMKCA PABHO HYJIIO, TAK KAK 3TA TOYKA ABHKETCSA PABHOMEPHO H INpH-
MOMMHEHHO. [To3TOMY YCKOpEHHA TOUYCK OyAYyT PaBHbI UX YCKOPCHUSIM BO
BpAIIATCILHOM JBIKCHUH BOKPYT moaroca. Hanpumep, amst Toukw A

—

_ = . =  _ =Ep —oc _ = A, = = I
a, =d,,, 4,,=0d,, tad,,=exA0+ox(®xA0).

1%
JudpepeHuupyss N0 BPEMEHU BBIPAKCHHE © :O—TD U YUYUTBIBAS, 4YTO

OP = const u v, = const, momyuyum € =0. TaxkuM 00pa3oM, YCKOPEHHA BCEX

ToucK, BKIOUAd MLIC, COCTOAT M3 OCCCTPEMHUTCIBHBIX YCKOPCHHH BO Bpa-
MICHUH BOKPYT mojroca O

a, =a,, =0’ - A0 =0"-R=4-50 =200 cm/c*;
Ay = Ao =0’ -CO=0"r=4-40 =160 cm/c*;
ap, = dp, =0’ -PO=0"-R=4-50 =200 cm/c’

H HAIPABJICHBI OT COOTBETCTBYHOIMUX TOYEK K MOIOCY (CM. pHC 3.4,B).

Ipuvep 2. Kpupommm O KpHBOIMIHO-TIOI3YHHOTO MEXAHH3MA,
NPUBEICHHOIO HA PHUC. 3.5, BpalIAETCAd BOKPYT HEMOABHYKHOU OCH C YIJIOBOH

CKOPOCTBIO @, =10 pam/c W yIIOBBIM YCKOpeHHEM &,, = 20 pax/c’. Tomo-

JKCHHC MCXAHH3MA OHpEICIsICTCs yraoM ¢ = 30° .

Haiitu yrioByr CKOpPOCTb H YIJIOBOE YCKOPEHHE IIATYyHA A5, a Tak-
7K€ CKOPOCTh M YCKOPEHHE MOI3VHA B, ecam AmuHa kpusommma (04 = 10 oM,
a amaHa matyHa AB = 30 oM.
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Pucynok 3.5

PericHue
BHavane onpeaeauM CKOPOCTh TOUKH A KPHBOIIMIIA

v, =0, -04 =10-10 =100 cm/c.

3aTeM, 3HAA HAMPABICHHS CKOPOCTCH TOUCK A 1 B, Haiaem nonoxenue MLIC

HA NCPECCUCHUH NMEPICHAUKY/IAPOB K CKOPOCTAM 3THX TOUCK — TOUKY £, Jra

ONpPEJCNICHU:A YITIOBOM CKOPOCTH LIATYHA ( ,, H CKOPOCTH TOYKH B HAXOJUM

JUTHHBI OTPE3KOB, coeauusromux Toukd A u B ¢ MLC. M3 Te¢opeMBbI CHHYCOB

CACAYET, UTO

OA-sme 10-0.5
4B

siny = =0.167.

BerucauM 1mHHBI OTPE3KOB!

OB = 0Acosp+ABcosy =10-0.866+30-41-0.167" =38.239 ¢cm;

BP =0B -1tgqp =38.239-0.577 =22.078 ¢,

AP = 0B —-04 = 58.259 —10=34.156cm .

Ccos 0.866
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Tenepp HARACM HCKOMBIC BCJIHYHUHBI

W _Ya 100
AP 34.156

=2.928 paa/c;

v, =0, - BP = 2.928-22.078 = 64.639 cM/c,

OnpenenuM YCKOPEHHE TOUKU 5B U YITIOBOE YCKOPCHUE maTyHa AB.
3Aech HAM0 UMETh B BHAY, UTO paccTtosiHue oT Touku A 10 MLIC He asasercs
MOCTOAHHBIM U 3aBHCHUT OT MOJMKCHUA MCXAHU3MA, T.€. OT BpeMcHH. [103T0-
My Tpoau(@CcpCHIMPOBATE TI0O BPEMCHH YTJOBYK) CKOpPOCTh MIATYHA HE
MPCACTABIIACTCH BO3SMOKHBIM, [TocTymmM caeayromuM obpazom. s HAXO0xK-
JEHHUSA YCKOPEHHA TOYKH 5B BOCTIONB3YEMCS BEKTOPHBIM PABEHCTBOM (3.0)

= __ =ED —=0C =B = 0C

a,=a, +a, +a,, +a,,
H CIPOCIUPYEM €ro Ha ocu koopamHat xOy (cMm. puc. 3.5). Tlpu 310M yuTeMm,
YTO BEKTOP ¢, ICKUT HA NPAMOH OB, Tak KaK TOYKA B ABHKCTCS NPAMOJIH-
HEHHO, BEKTOP d,, HANpPaBJEH K MOMOCY A, a BEKTOP d,, NEPNeHIUKYIAPEH
emy. IMomyumnm aBa anreOpandeCKUX YPAaBHCHUSA A1 ONPEACICHHS BETHIHH 1
HAMpaBJICHUH YCKOPEHHUH d, M d,, (BHAYale HANPABIIEM HCKOMBIE BEKTOPI
MIPOU3BOIBHO):

a, =—a, -singp—a; -cosp+a,, -siny —ay,, -CoS\y .

__ _.BD oc 0 Bp oc 0
0=a, -cosp—a, -sInp+ay, -CoS\Y +a,, -SIny .

IIpenBapuTeIbHO BBIMHCIMM COCTABILIIOINUC YCKOPCHHUS COITIACHO
bopmynam (3.7):

a? =g,,-04=20-10=200cm/c*; a¥ =}, -04 =100-10 =1000 cm/c?;

ay =w’,-AB =2928".30=257.196 cm/c*; cosy =+1-0.167" =0.986.

Janee onpeacnuM:

— U3 2-TO YPABHEHHA
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Bp oc e oc 0
g 04 "Cosptay -Sing—ay, siny
BA T -

Cos \/
~ —200-0.866+1000-0.5-257.196-0.167

=287.879 cm/c*;
0.986

— u3 1-ro ypaBHEHHA
a, =—200-0.5-1000-0.866+287.879.0.167-257.196-0.986 =
=-1171.519 cm/c’.

3HAKHM MOKA3BIBAIOT, YTO HANPABICHHUE YCKOPEHHA &), COBMAJAET C TPHHA-
TBIM, 4 HATIPABJICHHE &, — MPOTHBOINOJIOYKHO HATIPABJICHHIO, YKA3AHHOMY HA
puc. 3.5. 3Hast yCKOPEHHE @, , MO’KHO HANTH YII0BOE YCKOPCHUE IIATYHA

a®  287.879
g = = =9.596 pan/c.
B AB 30 B

BonpocsI U1 CAMOKOHTPOJIA

1. Kakoe ABHyKCHHME TBEPAOro TEIA HA3BIBAKOT IJIOCKOMAPAJIICIIb-
HbIM?

2. Ha xakue mpoCTCHINHEC ABHKCHHA MOKHO PA3I0KUTh IUIOCKOMNA-
PaLICIbHOC ABH/KCHHUC?

3. Kakue ypaBHeHHA ONMHCHIBAKOT IJIOCKONAPALIEILHOE ABUKEHHE ?

4. Kak onmpeaesroT CKOPOCTb MPOU3BOJBHOH TOYKH IIOCKOH (pHTy-
PBL, €CITH W3BECTHA CKOPOCTh TIOMEOCA?

5. Kakyio TOUKY IUTOCKOH (DUTYPBI HA3BIBAKOT MTHOBCHHBIM IEHTPOM
ckopocter (MLIC)?

6. Kak pacmpeneiacHsl CKOPOCTH TOUCK TElIa TO OTHOIICHHIO K
MILIC?

7. Kakue cymecTBYIOT CIOCOOBI onpeaeneHusa moaoxeHus MLIC?

8. Kak onpeacasoT yCKOPCHHA MPOH3BOIBHBIX TOUCK TCIA, COBCP-
MIAOIICTO TUIOCKOMAPAUICTIBHOC IBIKCHHC !
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4. 3AJAHUA K KOHTPOJBbHBIM PABOTAM

KoHTpoabHbIE paOOThI MO KHHEMATHKE BKJTKOYAKOT TPH 3aJaHHUA.

B 3amanuun K1 HE0OXOTWMO HCCNEIOBATH KHHEMATHKY JBHIKCHHSA
TOYKH MPH KOOPAWHATHOM CIOCOOE ONMHCAHHS €€ ABIKEHHA. B 3amanum K2
HEOOXOIUMO ONPEACTHTh KHHEMATHYCCKHE XAPAKTEPHCTHKH IPEOOPA30BaH-
HBIX JBHYKCHHH TEJI, 4 TAKKE CKOPOCTH M YCKOPEHHUA UX TOYeK. B 3aganuu K3
HCOOXOAHMO ONPENCIHTh KHHEMATHYECKHE XAPAKTEPHCTHKH TBEPAOTO TENA
NMPHU MIOCKONAPAUIENbHOM JBHKECHHH, A TAKKE CKOPOCTH H YCKOPEHHUA €ro
TOYEK. /I KasKA0ro KOHTPOJIBHOTO 3aJaHHA B COOTBETCTBYROIIUX TaOIHIAx
NMPUBEACHO 24 BApHAHTA HUCXOAHBIX JAHHBIX, a 4714 3agaHui K2 u K3 eme u
24 BapHAHTA PACUCTHBIX CXEM.

J714 BEIIOTHEHH KOHTPOIBHBIX PA0OT HEOOXOIUMO:

1) BHEIMATCTBHO MPOYMTATH COOTBCTCTBYIOIMH Pa3AcI B VUCOHHKE,
BBIOPAHHOM M3 CITUCKA PEKOMEHAYEMOH JINTEPATYPHI, 03HAKOMHTBCS C TEOpE-
THYCCKUMH CBESACHHAMH M METOJHYCCKUMH PEKOMECHIALMAMH HACTOAIIETO
MOCOOHS, COCTABHTh KPATKHI KOHCIHEKT, 3AMHCAB OCHOBHBIC ONMPEACICHUS,
TCOPEMBI B (DOPMYJIBI,

2) OTBETHTDH HA KOHTPOJIBHBIE BOIIPOCHI,

3) pa3zo0paTh pEIICHHE THIOBBIX 331a4 HA MPUMEPAX, MPUBECICHHBIX
B HACTOSIIIICM TTOCOOHH,

4) CaMOCTOSTEIBHO BBIIOJIHUTh HHIHUBHAYAIBHBIC KOHTPOJBHBIC 3a-
JAHHA B COOTBCTCTBHH C MPCATOKCHHBIM MPCMOaBaTeicM BapuanTtoMm. Ha-
npUMEP, yKazad sapuanT K2-5, uro o3navact cneayromee: K — paszgen «Ku-
HEMATHKA», 2 — HOMEP TEMBI pa3aciia, 5 — HOMEP BAPHUAHTA B 3adaHuH K2;

5) odopMuUTH PCIICHHBIC 3aJaHHSA B BHAC KOHTPOJILHOW padoThl B
0TaenbHOM Terpaau. Kaxkaoe BBINOJHCHHOE 3aJaHHE JOJLKHO COACPKATH
HCXOJHBIC JAHHBIC H PACUCTHYH) CXCMY € YKA3AHHCM ONPCIACIACMBIX KHHC-
MATHYCCKHX XaPAKTCPHCTHK JABIKCHHA, PEUICHHC JO/DKHO OBITH H3JIOKCHO
NOCJICAOBATCBHO C KPATKUMH KOMMCHTAPHIMH, B KOHUE HEOOXOIUMO MpPH-
BCCTH YKCJICHHBIC 3HAUYCHHUA C PA3MEPHOCTAMH OIPCAC/LICMBIX BEIIMYHH,

6) 3aperUCTPHPOBATH BBHIIOJHCHHBIC KOHTPOIBbHBIC 34AHUSA B YCTa-
HOBJICHHBIC CPOKH B ACKAHATE 3A0YHOI0 OOYUCHUS ¥ METOAMCTA.
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4.1, Onpenesienne CKOPOCTH H YCKOPEHHS TOUKH
o0 341aHHBIM YPABHCHUAM €C IBHKCHHA

Jamanne K1
4.1.1. Ilpumep pemieHust KOHTPOIBHOTO 3ananms Kl

Ilycts TOuKa A/ ABHKETCS B INIOCKOCTH X(JV B COOTBETCTBHH C
YPaBHCHUAMH

xX= 4sin[%tj +6 cM

. .
y=-2 cos[%} +4 cm

Hnst MOMeHTa BpeMeHd [ = 0.5 C HAHTH MOJIOKECHHE TOYKH A/ HA

TPACKTOPHH, €€ CKOPOCTb, MOTHOC, KACATCILHOC H HOPMAJIBHOC YVCKOPCHHS, A
TAKKE PAAUYC KPUBH3HBI TPACKTOPHH.

Pernenue

3aJaHHBIN 3aKOH ABHKCHHS TOYKH B KOOPAHMHATHOH (DOPMEC MOIKHO
paccMaTpUBaTh KAK NMAPAMETPHUYCCKHE YPABHCHHWS TPACKTOPHMH TO4YKM. Mc-
KJIFOYUM BPEeMs { W3 YPABHEHHH NBIDKEHHSA H IOIYYHM YPABHCHHE TPACKTO-

PHH TOYKH B BHIC:
2 2
(=6) (4

42+22

Takum 00pa3oM, TpackTopuci TOUKH M ABIACTCS ILTUNC CO CMCINCHHBIM
LCHTPOM, H300paskeHHBIN Ha pHC. 4.1. OTMETHM HA TPACKTOPHH MOJIOKCHHE
TOYKH M (X1, 1) B MOMEHT BpeMeHH f; = 0,5 ¢

V2

x = x(t=t) = 4sin| E1|+6=asinE 4 6= 432 16 =882 o
272 4 2

V2

| T
=yv(t=1)=-2¢c05| —= |+4=-2cos—+4=-2—+4=259 CMm.
v=y=1) [2 2} i >

Bexkrop ckopocTH TOUKH NPEACTABHM B BUJC!
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rae i, j — OpThl KOOpAUHATHBIX oceil Ox u Oy, v

X

1% P MPOCKIHH BCKTOPA

CKOPOCTH TOYKH Ha KOOPAHHATHBIC OCH, KOTOPBIC PAaBHBI 1-Mm IMPOHU3BOIHBIM
OT COOTBCTCTBYHOIIHMX KOOPAUHAT IO BPCMCHHU

v, —%: 21 oS —;
g :%: TSIn—
Y. M A
7
6+
54
4+
3
)+
1+

1 2 3 4 5 6 7 8 910 11 12 xMm

Pucynox 4.1

B momeHT BpeMenn £ = 0.5 ¢
v, (f,=05¢)= 2%005% = 271% a2 = 4,44C_M;

c
v,(t, =0,5¢) = nsin% - nﬁ 220
C

BEKTOp CKOPOCTH TOYKH v CTPOHM IO JBYM B3aUMHO TICPICHIHKY TIPHBIM
MPOCKIHAM vV, H V , B COOTBCTCTBHH C BBIOPAHHBIM MACIITAOOM

V=V, +Vy‘
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ITomy4yeHHBI BEKTOP A0/DKEH OBITH HAMPABJICH MO KACATCIBHOH K TPACKTO-
pHH TOYKH B CTOPOHY ABIGKCHHA. MOOyJIb CKOPOCTH TOYKH ONPCACIHM IO
V3KC HAHICHHBIM MPOCKITHAM

v= V2 v = 4447 £200° =496,
C

BexTop yCKOpeHHA TOUKH IPEACTABHM B BUIC:

ra¢ i, — OPTHI KOOPIAMHATHBIX oceit Ox u Oy, a_, a , — MPOCKIMH BEKTOPA

X2
CKOPOCTH TOYKH HA KOOPIAMHATHBIC OCH, KOTOPBIC PABHBI |-M MPOU3BOIHBIM
OT MPOCKIMH BCKTOPA CKOPOCTH WM 2-M MPOU3BOAHBIM OT COOTBCTCTBYH)-
IOUX KOOPAWHAT IO BPSCMEHH:

B momeHT Bpemenu £ = 0,5 ¢

a(t, =05¢) = —nsin®= - V2 _ 697 =
4 2 C
2 2
T T T N2 CM
a,(t, =0,5¢)=—cos—=——=349—,
y(l ) 2 2 2 02

BekTop YCKOPSHHS TOUKH ¢ CTPOHM IO JBYM B3AaHMHO NCPIICHIHUKY ITPHBIM
MPOCKIIAM d, U d , B COOTBCTCTBHH C BBIOPAHHBIM MACIITA00OM

Q)

a=da ¥ + y
TToay'CHHBIM BSKTOP YCKOPCHHUS TOUKH B OOMICM CIyUAC TOKCH OTKIIOHSTH-
C4 OT BEKTOPA CKOPOCTH B CTOPOHY BOTHYTOCTH TPACKTOPHH, 4 NPH ABHKE-
HHH TIO 3JUTHIICOBHIHOH TPACKTOPHH — MPOXOAUTH YEPE3 LEHTP 3ILIHIICA.
Mozay e YCKOPCHHS TOYKH OMPEACTNM MO VKE HAMACHHBIM MPOCKITHAM

a=qJal +a} =y-6977 +349® =779
C
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Bekrop mOMHOTO YCKOPEHHA TOYKH MOKHO TAKKE NPEACTABHTH B
BUAC F'COMCTPHYCCKOM CYMMBI €T0 MPOCKUUH HA OCH CCTCCTBCHHOU CHCTCMBI
oTCcueTa

IA¢ TH 1 — CIUHHYHBIC OPTHI KACATCIBHON H TIABHOH HOPMATH;, @, U 4, —

COOTBETCTBEHHO MPOCKIUU BEKTOPA YCKOPEHHUSA HA KACATEIbHYIO U [TIABHYIO
HOpMask. KacateasHyro M T HANpABIAEM MO KACATEIBHOM K TPACKTOPHH B
CTOPOHY JABHKCHHUS TOUKHU JBWKCHUSA, 4 [IABHYIO HOpMAab A n — nepncHau-
KYJSIPHO KACATCIIBHON B CTOPOHY BOTHYTOCTH TPACKTOPHH. [IpH BHIMUCICHUA
KACATCIBHOTO YCKOPCHUS YAOOHO BOCTOIB30BATHCS (DOPMYIIOH, YCTAHABIIH-
BAIOLIEH CBA3b MEIKIY KOOPAHHATHBIM H €CTECTBEHHBIM CIIOCOOAMH 3aJAHUA
JBHKCHUS TOYKH

v.a, tva,

a. =

1%
B momenT Bpemenu £ = 0,5 ¢
4,44(-6,97)+2.22-3,49

a.(t, =05) = o =—467cm/c”.

3HAUCHUC KACATCIBHOTO YCKOPCHHSI @, MMECT OTPHUATCIBHBIN 3HAK, CIICI0-
BATEJIbHO, B JAHHBI MOMEHT BPEMEHH JBIXKEHHE TOUKH 3aMEIJICHHOE H BEK-
TOP KACATEIHHOTO YCKOPEHHUS ¢, HATIPABJICH B MPOTHBOIIOIOKHYIO CTOPOHY

HANPABJICHUKO BEKTOPA CKOPOCTH TOUKH V .
V2
HopmanbHoe yCKOpEeHHE @, BBIMHCIUM IO (JOPMYJIE 4, = — , CCIH

HU3BECTCH PaaMyC KPUBH3HBI Tpackropuu. Hanmpumep, ecim TOMKA ABHIKETCH
M0 OKPYKHOCTH pPaauycoM R, To B 000 TOUKE TpackTopuHu p = K. Ecium xe
TPACKTOPHUEH ABHKCHUSA TOUKH ABISCTCA MPAMAd, TO P =00, CICAOBATENBHO,

a, =0 . B nanHOM ciyyac paauyc KpHMBH3HBI TPACKTOPHH 3apaHEe HE M3BCC-
TEH, MO3TOMY HOPMAJIBHOE YCKOPEHHE ONpeAeAeM Mo (popMyie:

B momenT BpeMenu £ = 0,5 ¢
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a,(t; =0,5¢) = \/7,792 —(-4.67)* =6,23cm/c” .

[MTocTpouM BEKTOpPBI d_ W &, B COOTBETCTBHH C YK BBIOPAHHBIM MACIITA-

O0OM, a 3aTeM CIOKMM HX TeOMETpHUecKH. B pe3ynprare MoMyduM TOT ke
BCKTOP TOJHOTO VCKOPEHHS TOYKH @, KOTOPBIM paHee V:kE OBLT MOIYUCH
[COMCTPHYCCKON CYMMO# COCTABISIFOLUMX &, M a,. ITOT (PAKT CIHyKHT KOH-

TPOJIEM TIPABHIBHOCTH PCIICHHSL.
Paguyc KpHBH3HBI TPACKTOPHH B PACCMATPHBACMOH TOYKE OMpeiac-
UM 10 (hopMyTIe

Vv
p=—-.
a

n

B momeHT BpeMcHH £ = 0,5 ¢

4.96*
t,=0,5¢c)=—
p(t, ) T

>

=395¢cm.

Pe3ymbTaThl BCCX BBIMHMCICHHH A714 3aJaHHOTO MOMCHTA BPCMCHHU
MpPHBEACHBI B TA0M. 4.1.

Tabmuua 4.1
Koopau- Cropocru, cm/c YckopeHus, cm/c’ P-
HATBI, CM M
x [y v, v, v a, a, a a, a,

8.82 [2.59 | 444 222 | 496 |-6,97 | 3.49 | 7.79 L4.67 | 623 |3.95

5 b

[Tpumeuanne. B mocneanem cronmdue depe3 p OO0O3HAYUEH Paguyc
KPUBH3HBI TPDAEKTOPUH B TOUKE A .

4.1.2. Ycnosue u BapuanTsl 3aganug Kl

[To 3a7aHHBIM YPABHCHUSIM JBHKCHHS TOUYKH AJ YyCTAHOBUTH BUJ €€
TPACKTOPHH H IJI1 MOMEHTA BPEMEHH [ = {, HAWTH IOJIOKEHHE TOYKH HA Tpa-
CKTOPHUH, €¢ CKOPOCTb, MOJIHOC, KACATCIPHOC H HOPMANBHOC YCKOPCHUS, a

TAKKE PAAUYC KPUBHU3HBI TPACKTOPHH.
HcxoaHbBIE NaHHBIE A1 PEMICHHS NPUBEACHBI B Ta0M. 4.2.
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Tadbmma 4.2

Homep YpaBHCHHUS JBIKCHHSA Bpems
BApPHAHTA x = fl(f) , CM y= f2(t) , CM [, C
Ki1-1 40082 (ﬂ:—f] +2 4-SiIl2 (ﬂ:—f] 1

3 3
+* . (=t
K1-2 —cos[%j+3 s1n(%} -1 1
) f f
K1-3 25111[7[—] -3¢cos (H—J +4 1
3 3
Kl1-4 3t 42 —4r 0,5
5t
K1-5 37— +1 5¢° —?—2 1
2 2
K1-6 7sin(%}+3 2—7c05(%} 1
{ ) !
K1-7 —4 COS(TE—j -2sin [Tf._] -3 1
3 3
K1-8 442 41 -3t 0.5
yivs T
5sin®| — —5¢c0s’| — |-3
2 ) f2
K1-10 5¢os L —35sin i 1
3 3
i A 4
4cos| — —381n| ——
K1-12 3t 48+ 1 0,5
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[Mpogomxenue Tadm. 4.2

Homep YpaBHCHHS TBHKCHH A Bpems
BAPHAHTA [.cC
Tt Tt
7sin®| — | -5 —7cos* | —
K1-13 [ 6 ] [6] 1
2 2
Ki1-14 1+3cos[m7] 3sin(%j+3 1
K1-15 —5¢—4 3t 1
=3t
v 3—— -3¢
R 231 6F > 0
e 2
K1-17 6sin i -2 6cos . +3 1
6 6
K1-18 7£-3 5¢ 0,25
5¢
K1-19 337+ 450 +— 1
t . (mt
K1-20 —4 cos [’T[_] -1 —4sin [n—j 1
3 3
K1-21 6t 212 4 1
t . t
K1-22 80082 (TE—] +2 -3 Sll’l2 [’JT._] =7 1
6 6
g 12
K1-23 —3-9sin = —9cos K +5 1
6 6
K1-24 4+ 1 3¢ 1
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4.2. IlpeodpasoBanue npoCcCTeHIMX ABHKEHUIT TBEPAOIO Te/1a
3ananne K2
4.2.1. Ilpumep pecHus KOHTPOILHOrO 3a1aHus K2

PaccMoTpuM npuMep peLIcHUA 3aJaHAA A1 MEXAHU3MA, KHHCMATH-
YECKaA CXEMAa KOTOPOro MPUBEACHA HA PUC. 4.2, TA¢ BEAYIIUM 3BCHOM SBJLI-
CTCA IPy3. 3aJaHO. 3aKOH HM3MCHCHHMS BCPTHKAJILHOM KOOPAHMHATHI TPy3a
x(r)=30+ IOtz, CM. paguychl Komec R; = R3= 10 cm, 1, = 30 e, r, = 20 cMm.

OmnpeacauTs CKOPOCTh H YCKOPCHUC TOYKH A/ 1719 MOMCHTA BPCMCHH
L=1c.

Pucynox 4.2

Pemenne

O0603HaunM 1 nokaxeM Ha puc. 4.3 Touku mexanusma 4, B, D;, D,,
Yyepe3 KOTOPBIC MCPCAACTCH ABM/KCHHC OT OJHOTO 3BCHA (BCAYILCIO) K APY-
roMYy (BEIOMOMY).

Pemenue 3anaun HAUHEM C ONPEACICHUA CKOPOCTH Ipy3a. [Tockoas-
KY IPy3 COBCPIIACT MOCTYNATCIBHOC ABIKCHUE, €0 MOYKHO CUHTATH TOYKOH,
OBIDKCHHC KOTOPOH 3aJaHO KOOPAMHATHBIM CIIOCOOOM, M ABHDKCTCS TOJIBKO
BJ0JIb OCH X. [IpOEKIMIO CKOPOCTH Ipy3a HA 3TY OChb ONPEACIHM KAaK MPOH3-
BOJHYVI) OT KOOPJAUHATHI X 110 BPEMEHHU

v, =x=20f cM/c,mput, =1¢ v,=20cm/c.
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IToCKOMBKY 3HAK MPOCKIHH CKOPOCTH IPy3a HA OCh X IMOJIOKHTCIIb-
HbIH, BEKTOP CKOPOCTH HAMpPABJICH BHHU3, T.C. B MOJOKHUTCILHOM HAIMpPABJIC-

HHUH OCH X.

b

Pucynok 4.3

CKOpPOCTH BCEX TOUCK HUTH, HA KOTOPOH BHCHT IpPY3, OJUHAKOBBI
(HUTb CUMTACTCS HCPACTSLKHUMOM), CKOPOCTh TOUKH CX0Ja HHTH ¢ Oapadana
(xomeca 1) paBHa ckopocTH rpy3a. Ho Touka 4 ¢x0Ja HUTH B JAHHBII MOMCHT
BPCMCHH NPHHAJJICKHAT H KOJCCY |, COBEpIIAOIEMY BpPAIIATCIBHOC ABHIKC-
HHE BOKPYVI HENOABIKHOH OCH, YTO MO3BOJMIET ONPEACIUTH €ro YIIOBYH)
CKOpOCTh. HampagsieHue yriaoBo# CKOPOCTH KOIECa 1 COOTBETCTBYET HANPAB-
JCHHIO CKOPOCTH TOYKH 4. 3aNHIICM TCIICPh AIr¢OPanvICCKOC 3HAUCHHE YT-
J0BOH CKOPOCTH KoJjeca 1
o, =Y :& =2t paa/c, mpu = 1c m,= 2 pag/c.

R 10

Koneca 1 u 2 HaxXoaaTCcsA B 3ALCTUVICHHH W HMCHOT ODIMYIO TOYKY B
(cM. puc.4.3). TTo3ToMy CKOPOCTH TOUEK KOJIEC, HAXOIAIIUXCS HA UX 0007b-
AX, oauHakoBbl. [Ipu 3amucu anreOpan4ecKoro 3HAYCHHS YIIOBOH CKOPOCTH
KOJIECa 2 yYTEM, HMTO BHCIIHCE 3ALCIUICHUC MCHSCT HAMPABJICHHEC BPAILCHUS
HA MPOTHBOMOJIOKHOS

®,, =-0_ R /v, =pan/c,oputf = 1cw,,=1panc.
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OaMHAKOBBI TAKKC CKOPOCTH TOUCK 1D; W D, ., pacmoOKCHHBIX HA
IIKHBAX peMEHHOM mepegaun. OIHAKO 31eCh HAMPABICHHE BPAIICHHSA HE W3-
MCHACTCA, MIO3TOMY

0, =0, R, /R, =3t pan/c,mpuf=1c ®, =3 pag/c.

OnpeaenuM Tenepb CKOPOCTh TOUKH M KoJeca 3 B MOMEHT BPEMEHH

f; = 1 ¢c. BenmmuuHA CKOPOCTH — 3TO MPOU3BEACHUEC MOAY /I YTIOBOU CKOPOCTH

HA PAcCTOAHME OT TOYKH A/ 0 OCH BPAIICHHA, KOTOPOC PABHO pamHycy K.,
v,, =, R, =30 cM/c. HanpaBiicHHE BEKTOPA CKOPOCTH MOKAXKEM IIEPICHIH-

KYJBSIPHO PAAUYCY, COCAMHSIOIICMY TOUKY C OChIO BPALUCHHS, B COOTBETCTBUU
C HAMpaBJICHUEM BpamcHus (puc. 4.4).

Ans  HAXOKACHUA YCKO-
peHmst ToukH A He0OX0AMMO 3HATH
VTIIOBOC YCKOPCHHE Kojeca 3. An-

re6pque0Koe 3HAYUCHHC YIJTIOBOI'O

VCKOPEHUS ONPEACTNM KaK MPOH3-

BOJHVIO IO BPEMCHU OT anrcOpau-
YECKOr0 3HAYCHUS YIJIOBOH CKOPO-

CTH &, =®m, =3 pan/c’. Anreb-

pauvecKue  3HAYCHHS  VIJIOBOU

Pucynok 4.4

CKOPOCTH H VIJIOBOIO YCKOPCHHA
HMCIOT OJUHAKOBBIC 3HAKH, CICAOBATCIBHO, BPAIIATCIPHOC ABIKCHHC SABILA-
€TCSl YCKOPECHHBIM.

YCKOpCHHUE TOYKH A ONpEacIuM KAK TCOMCTPHUCCKYH) CYMMY
BEKTOPOB BPAIIATEIBHOTO H OCECTPEMHUTEIBHOTO YCKOPEHHH, MOAYIH KOTO-

PBIX BBIMHCIHM 1O (DOPMYJIaM:
Bp _ 2. oc 2 _ 2
ay =&, =30 cM/c”; a,; = o, R, =90 cM/c”,

OTKYJA MOJYYUM MOTHOC YCKOPEHUC TOYKH M

ay = (@) +(a@®)? =30410 ~ 94,87 cm/c? |

45



Bexkrops! yckopeHul mnoxasaHel Ha puc. 4.4. JIBmkeHHE Koaeca 3
YCKOPEHHOE, IO3TOMY BPALIATENbHOE YCKOPEHHE TOYKH A/ HANIPABICHO B TY
K& CTOPOHY, YTO H €€ CKOPOCTh. OCECTPEMHTENBHOE YCKOPEHHE BCETAa Ha-
NPABJCHO K OCH BPAILCHHSL.

Ecnu B ycnosuu OyI€T 3a/1aH HE 3aKOH JBHKCHUS TPy3a X(1), a 3aBH-
CHMOCTB YTJIa TIOBOPOTA KoJieca | oT BpeMeHH, HaTpuMep, ¢ () = 3+t °, pan,
W3MCHEHHSI B PEIICHMH 33Ja4M KOCHYTCA TOJBKO HAYaJIbHOrO 3rama. Anre6-
PAH4ECKOE 3HAYCHHUE YIVIOBOH CKOPOCTH KoJeca 1 onpeaciaum Kak MPOH3BOI-

HYIO OT €ro yIrja moBopoTa I0 BPEMEHH (), = ¢, = 2f paz/c.

JlanbHCHIIICE PCIICHHC 337 HE OTIHYACTCS OT MPHBCACHHOTO
OpHMEpa.

4.2.2. Ycaosue u BapuanTel 3a0anma K2

3a7aH 3aKOH JBHKCHHUA BEAYIIECTO 3BEHA MEXaHW3Ma. B oaHHX Ba-
PHAHTAX BEAYIOHM 3BEHOM ABJLACTCA IPY3 U 34JaH 3aKOH H3MEHEHHUA €TI0 Bep-
THKAJTBHOW KOOPAHMHATHI X(7) B CAHTUMETPAX, 4 B APYTHUX — OJHO H3 KOICC H
3a7aH 3aKOH M3MEHEHHS €ro VIia moBopoTa (p(f) B pamuaHax., OnpeaemuTh
CKOPOCTbh H YCKOPEHHE TOUKH A JJ11 MOMEHTA BPEMEHH f;. PacuyeTHbIE CXEMBI

3amanus K2 mpeacraenensl Tadna. 4.3, a YHCIOBBIC MCXOAHLIC JAHHLIC — B
tadn. 4.4.
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Taommua 4.3

SRR
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[Mpomomxenue Tadm 4.3

K2-7

K2-8

K2-9

K2-10

AR

P
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ITpoaomkenue Tadi 4.3

K2-13

3
N,
\/
s
-@W

K2-16

R
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[Tpogomkenue Tadn. 4.3

K2-19

K2-21 K2-22
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Tabmuua 4.4

YpaBHeHHE MowmeHT
Homep | nBwkeHms Ry, R, ra, R, 73, BPECMCHH,
BAPUAHTA | BEOYILETO CM CM CM CM CM C
3BCHA

K2-1 @ =3+ | 10 50 30 15 — 0,5
K2-2 x = 2+3F — 40 30 50 40 1
K2-3 P =31 10 40 15 30 — 1

K2-4 x = 4f° — 20 15 40 20 0.5

K2-5 P =1: P 10 30 10 15 — 0,5

K2-6 x = 4f° _ 10 _ 20 10 0.5
K2-7 @ =407 | 20 50 40 30 — 1
K2-8 x=t — 20 — 40 30 1
K2-9 x =2F — 20 10 50 20 1

K2-10 [@, —=919p | 10 40 20 15 — 0.5

K2-11 | x=5+¢ — 40 20 30 = 0,5
K2-12 | =29 15 40 20 10 — 1
K2-13 | x=3F+1 _ 30 15 50 30 1
K2-14 | x=10+F —_ 20 10 30 20 1
K2-15 |, =3 249 | 10 30 — 25 15 2
K2-16 | x=5F+5 _ 40 30 50 40 1
K2-17 |@, = 422 + 2 10 30 20 10 — 1
K2-18 x = 6F — 20 10 50 20 2
K2-19 | ¢y o | 15 30 10 40 — 2
K220 | x=4+rF — 20 10 60 — 1
K221 | x=5¢F 4 — 40 — 40 20 1
K2-22 |@, =3 427 30 60 — 30 20 2
K223 | x=4+rF — 10 — 80 40 1
30 x=3+7¢ — 10 — 15 1
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4.3. OnpeaeieHne CKOPoOCTel TOUEK Te/1a
MPH IT0CKOTIAPAJLICILHOM TBHZKCHHI
3aganue K3

4.3.1. ITpuMepsl perucHusT KOHTPOIbHOTO 3aaaHusa K3

Ipumep 1. Katymka xaTurcs 0¢3 CKOIbXKCHHS B BCPTHKATBLHOM
IJIOCKOCTH MO HAKJIOHHOMY IyTH (pucC. 4.5).

Haiitu yr/10BYXO CKOpPOCTH KATYIL-
KH, CKOPOCTH ToUYeK (O u B, ¢Clii B paccMar-
PHBACMBIH MOMCHT BPEMEHH V, = 2 M/C,

r=06mM R=1M
PemicHue

Kartymka coeepliaer IUIOCKOMA-
paNICIbHOC ABHKCHHE. TaKk KAK KA4YCHHC
PHCYHOK 4.5 HNPOUCXOHMT O€3 CKOMBKEHHA, TO CKOPOCTh
TOYKH P KacaHWA KATYIUKH C HCITOABH:KHOH

HNOBEPXHOCTBI) Vv, =0, CICA0BATECIBHO 3Ta

TOYKA ABJISACTCS MTHOBEHHBIM TIEHTPOM ckopoctert (MLIC). Bekrop ckopoctu
TOYKH 4 V, NEPNEHAUKYISpeH AP ¥ HANPaBICH B CTOPOHY KAUCHMS KATyI-

KH, 4 YHCICHHOC 3HAUCHHC CKOPOCTH MPOMOPIHOHAIBHO PACCTOSHHIO OT
touku 4 no MIIC:

v, =0-AP,

e AP :\/OAQ +OP* ~2.04-0Pcos(180° —45°) =

VR +72 2R -rcos135° = 1.49 m.

OmnpeaeauM YIIOBYI CKOPOCTh KATYIIKH
® =4 = 1,35 pag/c
AP '

Tak kak CKOPOCTH TOUCK (J U B KaTYIIKH TaKXKe MPOMOPIHOHATBHBI HX Pac-
CTOSIHHSIM A0 TOYKH P, TO

v, =0-0OP =o-r =081 M/c;
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v, =0-BP=a-(R-r)=0,54 m/c.

HanpaeicHue BpameHWs1 KATYIIKH, 4, CICAOBATCIBHO, H HANPABIIC-
HHS CKOPOCTEH Touck B u (), ONpeACSOTCS HAMPABICHHEM BEKTOpA CKOPO-

ctd v, mo orHOmeHur kK MLIC.

Hpumep 2. CrepxeHb AB UMEET HA KOHIAX TON3YHBI, OHH H3 KO-
TOPBIX A CKOJB3UT MO NPAMOJHMHCHHOH HANPABIAKOINCH CO CKOPOCTBIO V, =
=1 wm/c.

Haiitu B mono:xeHuu, yka3aHHOM HA pucC. 4.6, YIIOBYK) CKOPOCTh
cTepskHsL, CKOPoCcTH ToueK B u C, ecmu AB =12 M AC=BC,

PucyHOK 4.6 e P

Pemenne

CrepskeHb A B COBCpIIACT IUIOCKOMAPAUICIBHOC ABWKCHHE. TaK Kak
CKOpPOCTH TOYCK 4 W 5B HAmpaBICHBI MAPATICIBHO COOTBCTCTBYHOLIUM HAa-
OPABSAOIUM, BAOIb KOTOPBIX CKOJIB3AT MOI3VHBI, TO, BOCCTAHABIUBAS U3
TOYCK A W B NCPNCHAUKY SIPBl K CKOPOCTAM 3THX TOUCK, OMPCACIHM HOJIO-
JKCHHC MTHOBCHHOTIO LICHTPA CKOPOCTCH CTepokHst AB — touka P. Tpeyroib-
HUK ABP 4BisieTCs paBHOOCAPEHHBIM, CICAOBATCIIBHO, A58 = BP = 1,2m.

CxopocTth TOYKH 4 MPOMOPLHOHAILHA PACCTOAHHIO OT 3TOH TOUKH
a0 Touku P v, =o,, - AP, tae AP =2A4Bcos30° =2,08 m.

BbrucIEM YITIOBYIO CKOPOCTB CTEPKHA A B
L%

10
©,, =——=——=10,48 pan/c.
AP 20,8 P

CKopocTh TOUKH B onpeaciauM no (popmye
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v, =0, BP = 04812 =058 wc,

Jlna onpencacHus CKOpOCTH Touku (' HAWaeM paccTosHue PC ¢ TOMOIIBIO
TEOPEMBI KOCHHYCOB

CP=+BP* + BC* —2.BP-BCcos120° =1,59 .

Torma CkOpoOCTh TOUKH '
Ve =, -CP =0,76 M/c.

Hpumep 3. Kpusomun O4 amaHo# » = 1 M BpamacTcst ¢ yriaoBoi
CKOPOCTBIO O, = 2 paja/c, NpUBOAA B ABIJKCHUC WATYH A8 amunoi / = 4 M,
KAaK MOKA3aHO HA puC. 4.7,

OnpeaenuTe CKOPOCTh MOA3YHA B, YIIOBYK) CKOPOCTh LIATYHA O ,,

B JBYX MOJOKCHHAX MEXAHH3MA, KOrAa yroa MOBOPOTa KPHBOWIHNA ¢ = 0 K
0
¢ =90,

W B
m

a)

N\

© o |B
D7, v, 70

Pucynok 4.7

54



Pemenue
[TatyH AB coBepIAcT IUIOCKOMAPAMICAbHOS ABWKEHHUE. [Ipu 3TOM
v, L OA, tak kak Touka A npuHaAaCKHuT Kpusowmmny (A, cOBEpLIAOIIEMY
BpallareabHoe ABHKEHHE. (CKOPOCTh MOM3YHA 5 mapaiyielbHa HANPABILO-
oM. YACICHHOE 3HAYCHHE CKOPOCTH TOYKH A
v, =0, r=2"1=2 M/c.

Haiimem mosiokeHME MTHOBECHHOTO LICHTPA CKOPOCTEH, BOCCTAHAB-
JUBAS NEPICHAUKYJLIPBL K CKOPOCTAM TO4CK A U B w3 3tux Touek. [Ipu yrie
¢ = 0 (cMm. puc. 4.7,a) NEPNCHAUKYJLIP K CKOPOCTH V, H NEPNCHIUKYLAP K
HAMpPABJICHUIO V, MEPeccKaroTcs B TOUKe 5. Clie0BaTeIbHO, TOYKA 5 ABMA-

€TCS B 3TOM MOJOKCHHH MEXaHH3MA MTHOBCHHBIM LIEHTPOM CKOPOCTEH H
v, =0. DTO NONOKCHHE MCXAHHU3MA HA3BIBAIOT «mepmevimy. Halinem yrio-

BYIO CKOPOCTb IIATYHA

Vi Vy Doy V _
@, = = = = 0.5 pan/c.
B AP AB { :

Ha puc. 4.7,a nokasaHo pacnpeacneHue CKOPOCTEH TOUEK MATYHA.
Ipu yriae mosopota kpusommmna ¢ = 90° ckopocTH ¥, W ¥, Ha-

MPABIICHBI MAPAJIICIIBHO, a4 MCPICHANKYJISIPEI K HHM TICPSCCKAIOTCS B OCCKO-
HeyHOCTH. CIeA0BATENbHO, B JAHHBI MOMCHT BPEMCHH HMEET MECTO MIHO-
BCHHOC MOCTYNATCIBHOE PACHPEACICHUE CKOPOCTEH, TO €CTh BCC TOYKH IIA-
TyHa /B MMCIOT OJHHAKOBBIC CKOPOCTH, PABHBIC V, , TIPH 3TOM YIJIOBas CKO-

POCTh WATYHA ® a5 = 0 (pHC. 4.7,0).

Ipumep 4. Kpusomun O4 = 0.5M Bpamacrca ¢ yriioBOH CKOPO-
CTBIO Oy = 10 pag/c u IpUBOIUT B ABMKCHHUE WATYVH A5 =4 M.

Haiitn yriaoByH CKOpPOCTh INATYHA, CKOpPOCTH Touck 5B u C
(AC = 2.5M), ec yron noBopoTa kpueommmna ¢ = 45° w OA L AB (puc. 4.8).

Pemenue
Tak kak kpusommn (4 COBEPIUACT BPALLATETBHOE ABHKEHHE, TO

v, =0, -04=5ufc, v, LOA
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Lllatyn AB coBepmacT MIOCKONA-
pamnenbHoe ABw:keHue, Haiiaem
MTHOBCHHBIM LICHTP CKOPOCTEH JJIA
JAHHOTO TIOJMIOKCHHSI IIATYHA —
TOYKY P Ha TIEPECEUCHHUH TICPICH-
JUKYIAPOB K CKOPOCTIM TOYEK A U
B, BOCCTAHOBJICHHBIX U3 3THX TO-
yek. Tpeyromsuux PAB pasHOOCT-
peHHBIH, TpH 3TOM AB = AP =4 m.
Haiinem yrioByioo CKo-
pocTh maTtyHa 48
v, 5

o, =—A =2=1.25pan/c.
AP 4 pag/

PucyHok 4 8

Ckopoctu Touek B u ( MpONOPUHOHATIBHBI HX PACCTOSHHUAM 0

MILIC:

vV, =®,,BP,

B

e BP = AP* + AB> = 4 +4> =565 m
v, =0, -BP=1.25565=7.07 w;

v, =0, -CP,rae CP=AAP* +AC* = \|# +2,5° =472 u;

C

ve =0, -CP =125472=59 w/.

C
4.3.2. Ycnosue u BapuaHThl 3a7aHu1 K3
Jns Tena, COBEPIIAOIIETO MIOCKONAPAIICIBHOES ABUKEHHE, B COOT-
BCTCTBHH C 3aJdHHBIMH KHHCMATHHUCCKHUMH XAPAKTCPUCTHKAMH H I'COMCTPH-
YCCKUMH Pa3MCpPaMHU HJICMCHTOB, OMPCACTHTh YIJIOBBIC CKOPOCTH W JIMHCH-
HBIC CKOPOCTH TOHYCK. PacueTHble cXeMBI H HCXOIHBIC JAHHEBIC IIPHBCACHLI B
Tadm. 4.5.
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Tadmuua 4.5

Bapuant K3-1

1.1

1.2

30°

A

r
TN

R

SN

paeaa

Karymka xarurcs 03 CKOJb-
JKEHHA MO NMPAMOJIMHEHHOMY IIV-
TH.

Hanitn  yraoByw  CKOPOCTB
KATYIIKH, CKOPOCTH TOUCK A u B,
€CIIM B PACCMATPUBACMBII MOMEHT
r=3cM,R=4cMm, v, =6cM/C.

CrepsxeHb AB WMEeT HA KOHIAX
NONM3YHBI, OJWH W3 KOTOpHIX A
CKOJb3UT MO MNPAMOIHHCHHOH Ha-
NPABIAKOLICH co CKOPOCTBIO
v, =7cM/c.

Haiitn B mOMOkeHHH, YKA3aHHOM
HA PHCYHKE, VIJIOBYVK) CKOPOCTb
CTCPIKHSI, CKOPOCTH TOYCK 5B u C,
ecm AB =6 ¢m, AC = BC,

Bapn

aHT K3-2

2.1

| M
7

Koneco karurca 0€3 CKOIbKE-
HHA B BEPTHKATBHOM IUIOCKOCTH
0 HAKJIOHHOMY ITyTH.

Halitu  yraoByw  CKOPOCTH
KOJeca, CKOpoCcTH Touek O u B,
€CIIH B PACCMATPUBACMBII MOMECHT

R=2cm, v, =6CM/C.

CrepxeHs AB HWMEST HA KOHLAX
MOM3YHBI, OMHH W3 KOTOPBIX 4 CKOJTb-
3UT MO MPAMOIHUHCHHOH HAIPABILIO-
IEH CO CKOPOCTBIO v, = 6 CM/C .

Haiitu B MOJOKCHUH, YKA3AHHOM
HA PHCYHKE, VIJIOBYK) CKOpPOCTB
CTEpKHA, CKOpOCTH Touek B u C,
eccmu AB =12 cm, AC = BC.
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[TpoaommxeHue Tabn. 4.5

Bapunanr K3-3

Il

o

Karymka karurcs Oe3 CKOJb-
KCHHA 1O MPAMOJIMHCHHOMY ITy-
TH.

Haiitm  yriioByro  CKROpOCTB
KATYIIKH, CKOPOCTH TOYCK 5 u C,
€CITH B PACCMATPHUBACMBINH MOMCHT

r=lcm,R=2cM, v, =4cm/c.

Crep:keHb 4B HMeeT Ha KOHLAX
HNOJI3YHBL, OAUH H3 KOTOPBIX 4 CKOJIb-
3UT MO MPAMOJIHMHEHHON HANpPABIAO-
miel co ckopocTero v, =10cM/c .

Haiitu B TONOXKCHHH, YKA3aHHOM
HA PHCYHKE, VIJIOBYK) CKOpPOCTh
CTCPKHS, CKOpPOCTH TOueK B u C,
ecn AB =8 cm, AC = BC.

Bapuanr K3-4

Karymka xaturcs 0e3 CKOJIbKe
HHS B BEPTHKAJBHOH IUIOCKOCTH IIQ
HAKIOHHOMY ITYTH.

Haiitu yrimoByr0 CKOpPOCTH Ka-
TYIUKH, CKOPOCTH Touek O U 5, eciu
B PACCMATPHUBACMBIM MOMEHT
r=4cm, R=10cMm, v, =20cm/c.

Crep:keHb 4B HMeeT Ha KOHLAX
HNOT3YHBIL, OOUH H3 KOTOPBIX 4 CKOJIB-
3UT MO NPAMOJIHMHCHHON HANPABIAO-
meH co CKOPOCTRIO v, = 3CM/C.

Haiitu B TONOXKEHHH, YKA3aHHOM
HA PHCYHKE, VYIJIOBYK) CKOPOCTB
CTCPKHS, CKOpOoCcTH TOuek B u C,
ecmu AB=4cm, AC = BC.
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[TpomomxeHue Tadmd. 4.5

Bapuaut K3-5

5.1

R

Karymka xarurcs 0e3 CKO/IbA
JKCHHSI TIPSIMOJIMHEHHOMY TTYTH.
Haiitu yriaoByr CKOpPOCTBH Ka
TYIIKH, CKOPOCTH Touek O H B,
€CITA B PACCMATPHUBACMBIH MOMEHT
r=5cm, R=10cm,
v, =25cMm/c.

CrepskeHb AB MMEET HA KOHLAX
MON3YHBI, OAWH H3 KOTOPBIX 4 CKOIb-
3UT MO MPSIMOIHHEHHOH HAMPABIIIIO-
LIEH CO CKOPOCThIO v, = 20CM/C .

Haiitn B mOI0KCHUH, VKA3aHHOM
HA PHCYHKC, VIIOBYK) CKOPOCTB
CTCPKHA, CKOPOCTH Touck B u C,
ecma AB =10 cm, AC =6 cMm.

Bapuaut K3-6

6.2

frma

Karymka xarurca 06e€3 CKOIb-
JKCHHA B BCPTUKAIbHOH IUIOCKO-
CTH 10 HAKJIOHHOMY IIYTH.

Haiith  yriaoBywd  CKOPOCTB
KATYIIKH, CKOPOCTH TOUCK O u B,
€CJIM B PACCMATPHUBACMBIA MOMCHT
r=2cM,R=6¢cm, v, =9cMm/C.

CrepxeHs AB UMEET HAa KOHIAX
NOJA3YHBL, OJAUH U3 KOTOPBIX A CKOJb-
3UT MO MPAMOIHHCHHONW HAMPABILIIO-
e co CKOPOCTBIO Vv, = 9cM/C .

Haiith B monosxkeHHH, yKA3aHHOM

HA PHCYHKE, VYIJIOBYIO CKOPOCTb
CTCPIKHSL, CKOPOCTH TOUCK 5 u C,

eccmu AB=6cm, AC=2 oM.
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[Mpomomkenue Tadm. 4.5

Bapuanr K3-7

7.1

Koaeco xarurca 0€3 CKOJIbHKE-
HUA MO MPAMOTHHCHHOMY MYTH.

HaiiTi yIiioByto CKOpOCTh KOJIC-
ca, ckopocTtu Touek O W B, ecnH B
paccMaTpUBAECMBIH MOMECHT
R=3cMm, v, =12cm/c.

R,

CrepskeHb AB MMCET HA KOHLAX
MOJI3YHBI, OIWH W3 KOTOPBIX A
CKOJIB3UT MO NPSMOIWHCHHON Ha-
MIPABJIAFOLICH CO CKOPOCTBIO
v, =16 cm/c.

Haiitu B nonoskeHHHM, yKa3aH-
HOM HA PHCYHKE, YIJIOBYK) CKO-
POCTb CTEPKHA, CKOPOCTH TO4YEK 53
unC ecmAB=8cm, AC = BC.

BapmanT K3-8

23
Kartymka xkaturca 0e3 CKONbKe-
HUSL B BEPTHKAJILHOM IIOCKOCTH IO
HAKJTIOHHOMY ITYTH.
Haiith yriaoByrw CKOpOCTB Ka-
TYHIKH, CKOPOCTH TOueK 4 u B, ec-
JH B PACCMATPHBACMBIA MOMEHT

R=4cm, r=3cm, v, =10 cm/c.

e |3

Crepkens 4B UMEeT Ha KOHIIAX
MOJI3YHBI, OIWH W3 KOTOPBIX A
CKOJIB3UT MO NPSMOIAHCHHON Ha-
MIPABJIAOLIEH CO CKOPOCTBIO
v, =20 cm/c.

Haittu B monoskeHWH, VKa3aH-
HOM HA PHCYHKE, YIJOBYIO CKO-
POCTH CTEPHKHA, CKOPOCTH TOYEK [
unC, ecmAB=10cm, AC = BC.
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Bapuant K3-9

9.1

0
30

8]

Kartymka katurcsa 0€3 CKOJbKE-
HHA IO HAKJIOHHOMY ITVTH.

Haiitu yraoByr0 CKOpPOCTH Ka-
TYIIKH, CKOPOCTH TOouck O u B,
CCIIH B PACCMATPUBACMBIH MOMCHT
R=4cm,r=2cm, v, =8 cMm/c.

CrepikeHb 4B WMEET HA KOHIAX
NOJ3YHBL, OOMH H3 KOTOPbIX A
CKOJIb3HT MO MNPAMOJHMHCHHOM HA-
MPABIAKOIICH co CKOPOCTBIO
v, =8cMm/C.

Haiith B mOJ0KCHUH, YKA3aH-
HOM HAa PHCYHKE, VIJIOBYIKD CKO-
POCTBb CTEPIXKHA, CKOPOCTH TOYEK B
uC, ecruAB=6cm, AC = BC.

Bapuant K3-10

10.2

/ 4

Karymka xarurcsas 0O€3 CKOJb-
KCHUSI B BCPTHKATBHOM MIOCKOCTH
MO HAKIIOHHOMY ITyTH.

Haiitn yriooByr CKOpPOCTH Ka-
TYIIKH, CKOPOCTH TOouek 5B u C,
€CJIM B pACCMATPHUBACMBIA MOMEHT
R=4cm, r=3cm, v, =7 cM/cC.

e

CrepskeHbp AB HMEET HA KOHLAX
MOJI3YHBI, OJHH M3 HHUX A CKOJB3HT
0 MPAMOJIMHEHHON HATIPABIIAIOMICH
CO CKOpOCTBIO v, = 10cM/C.

Haiith B NOI0KCHUHM, YKA3aH-
HOM HA PHCYHKE, VIIOBYK) CKO-
POCTb CTEPIKHS, CKOPOCTH TOYEK 5
nC,eccmmAB=4cm, AC = BC.
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BapwanT K3-11

11.1

Koneco xaturcs 0e3 Ckojbke-
HHS TIO0 TPAMOTHHCHHOMY MYTH.

Hautu yrnoByr CKOpPOCTh KOJIC-
ca, CKOpocTH Touck O u B, cciu B
PacCMATPUBACMBbIA MOMEHT

R=5cm, r=3cem,v, =12 cM/c.

R

Kpupommn OA4 amunod 1 M
BpAIIAETCSA C YIJIOBOH CKOPOCTHIO

®, = 2 paa/cC ¥ NPUBOAUT B ABIIKC-
HUC WATYH AB n1auHoi 1 M.
HaWTH yIIoByxo CKOPOCTE © ,,

AaTyHa, CKOpocTd Touek A u C,
ccm AC = BC.

BapuanT K3-12

12.1

12.2

Karymxka katurcs 0€3 CKOIb-
JKEHHA B BEPTHKAIbLHOH IJIOCKOCTH
M0 HAKJIOHHOMY TIYTH.

Haiitu yrioByrw CkOpOCTH Ka-
TYIIKH, CKOPOCTH TOUEK A U B, ec-
U B pACCMATPHUBACMBIA MOMEHT
R=4cMm, v, =10 cm/c.

™D B

S,

Kpupomnn OA pounoit 0.5 M
BpallaeTCs C YIJIOBOH CKOPOCTBEO

®, = 2 paa/C ¥ NPUBOAUT B ABHIKE-
HUC WATYH 45 nauHoi 1 M.
HalTe yIiIoByrw CKOPOCTE © ,,

maTyHa, Ckopoctd Touek 4 u C,
ccma BC =0,2 m.

62




[TponomxkeHue Tadn. 4.5

Bapuant K3-13

13.1

13.2

A4
R

45°K B

b

30°

Karymka xaturcsi 0€¢3 CKOJb-
JKCHHA 1O OPSAMOIHHCHHOMY MY TH.

Haiitu yriaoeyroo CKOpOCTh Ka-
TYIMIKH, CKOpoCcTH Touck 4 u C,
CCIIH B PACCMATPUBACMBIA MOMCHT
r=2cMm, R=4cm, v, =6cM/c.

Kpupommn OA agmusOM 0.5 M
BpalACTCA C VIJIOBOH CKOPOCTBED
®, = 3 paa/c u NPUBOJHT B JBUKC-
HUC WATYH AB aaunoit 1 M.

Haiitu  yrnoByeo  CKOPOCTB
® ,, NIATYHA, CKOPOCTH TO4YEK 5B H
C, ecmu BC = 0,1 m.

Bapuanrt K3-14

14.2

Karymrka xaturca 0e3 CKOIIb-
SKEHHA 110 TPAMOTHHEHHOMY ITYTH.

Haiitu yrioByw0 CKOpPOCTH Ka-
TYIIKH, CKOPOCTH TOUYEK 4 u B, ec-
M B PACCMATPHUBACMBIN MOMCHT

r=2cm,R=4cMm, v, =6cM/C.

Kpusommn OA4 pmuHoH 0.4 M
BPAILAETCA C YIVIOBOH CKOPOCTEIO
o, = 2,5 pag/c ¥ NIPHBOJUT B JBH-
JKCHHC WATYH A B amuHo# 1 M.

Haiitu  yrnoByw  CKOPOCTB
® ,, NATYHA, CKOPOCTH TOYECK 5 H
C,ecmu AC =03 m.
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[Tpomomkenue Tadmd. 4.5

Bapuanr K3-15

151

Karymka karurca ©€3 CKOJb-
JKEHHS TIO TPAMOTHHEHHOMY Y TH.

Haiftu yrioByro CKOpOCTH Ka-
TYIUKH, CKOPOCTH TOUCK A H B, ¢C-
JHM B PACCMATPHBACMBIA MOMEHT
r=5cm, R=10c¢cm, v, =10cMm/c.

e

Kpusommn OA4 agmuHOH 0.6 M
BpAILIAETCA C YIJIOBOH CKOPOCTBIO
®, = 2 paa/c ¥ NPUBOJUT B ABUKC-
HUC WATYH A B nmmHo# 1 M.

HaiTi yriooeyro ckopocts o,

AaTyHA, CKOpocTH Touek 5 u C,
ecm BC =03 m.

Bapuant K3-16

16.1 16.2
0 o A C S
AN S
@” Dy B

oe3

Kartymxka
CKOJBKEHHA MO MPAMOIHHEHHOMY
MyTH.

Halitu yrioByrw CKOpPOCTH
KATYIIKH, CKOPOCTH TOYeK 4 u B,
€CITH B PACCMATPHBACMBIIT MOMCHT
r=5cm, R=10cMm, v, =10cMm/c.

KATHTCA

Kpusommn OA4 amuHOH 0.4 M
BpAIIAETCA C YIJIOBOH CKOPOCTBIO
©, = 1 pag/c u IpUBOIUT B ABMIKE-
HUC WATYH 4B nmmHo# 1 M.

Haiitu yriooByro CKOpocTh © ,,

MATYHA, CKOpPOCTH TOouck B m C,
ecma AC =0,2 m,
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BapuanT K3-17

17.1

30°

R

B

ﬁ

4
: 30°
Karymka karurcs 0e3 Ckombike-

HHUS TI0 TIPAMOJTHHCHHOMY MY TH,
Haiftu yrimoByrw CKOPOCTH Ka-
TYIIKH, CKOPOCTH TOUEK 4 u B, ecru

B PaCCMATPHBACMBbI MOMCHT

R=3cM, v, =6cM/C.

Kpusomun OA nouuoit 1 M
BPAIACTCS C YIJIOBOH CKOPOCTBE)
o, = 1 pan/c u npuBOUT B ABUKE-
HHUE WATYH 4B 1HHOM 3 M.

Ha¥iti yraoByrw CKOpPOCTh ©

maryHa, CKopoctu Touek 5B u C,
ccmm BC =1 wm,

BapunanT K3-18

18.2

%
Karymka karurcs 0e3 CKOIbike-
HHS TIO MPSMOJTHHCHHOMY MYTH,
Haiftu yraoByro CKOpOCTB Ka-
TYIIKH, CKOpOoCcTH Touek O u B,
€CIIU B PACCMATPHUBACMBIA MOMCHT
r=3cM, R=4cMm, v, =6CM/C.

Kpusomun OA pousoit 1.5 M
BPALIACTCA C YITIOBOH CKOPOCTBIO
©, = 2 pag/c U NPUBOIUT B JBIGKE-
HHUE WATYH 4B 11HHOM 2 M.

HaiTn yraoByr CKOpPOCTh o

ATyHa, CKOpocTH Touck B u C,
ecma BC = 0,15Mm.
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Bapuanr K3-19

19.1 93
30° .
* / 0 ¢ oo
4 el O
—f- y 30° S VAN T
R 0

e

Karymka katurcsa 0e3 CKoIbxke-
HHS TIO TPAMOJIHHCHHOMY TYTH,

Haiith yrioByr0 CROpPOCTB Ka-
TYIIKH, CKOPOCTH TOUCK A u B, ecnu
B PaCCMATPUBACMBII MOMCHT

r=2cm,R=4cmM, v, =6cMm/c.

Kpusommn OA amuaOM 0.5 M
BPAIACTCA C YIIOBOH CKOPOCTBIO
©®, = 2 paa/c ¥ NpUBOJUT B JBIIKC-
HHE WATYH AB qiuHOoi 4 M.

Ha¥itu yrioByr CKOpOCTh © .,

MATYHA, CKOPOCTH TOouCcKk B m C,
ecm AC =25 M.

Bapuant K3-20

20.1

20.2

Karymka karurcs 0e3 CKOIb-
SKCHHSI IO MPSAMOJTHHCHHOMY MY TH.

Haiitu yrioByro CKOpOCTh Ka-
TYIIKH, CKOPOCTH TOueK A u B, ec-
7 B pACCMATPUBACMBbII MOMCHT

r=2cM,R=5cM, v, =10cM/c.

PR

Kpupommn OA amuaOM 0.5 M
BpAIIACTCS C YIJIOBOH CKOPOCTHIO

©, = 1 pag/c ¥ IpUBOAUT B JABHIKE-
HUC WATYH AB qmHoi 4 M.
Haiitu yrimoByr CKOpOCTh © ,,

IATyHAa, CKOPOCTH Touek B u C,
ec BC =1 M.
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Bapuant K3-21

21.1

Karymka xaturca 0e3 CKOJbKe-
HHS TIO TIPSAMOJIHHCHHOMY Y TH,
Haittu yrmoByr0 CKOPOCTH Ka-
TYIIKH, CKOPOCTH ToueKk A u O,
€CIIH B PACCMATPHUBACMBIM MOMCHT
r=2cm,R=4cMm, v, =10cMm/c.

]

frr

Kpusonmmn OA pmaHoit 2 M
BPALIACTCA C YIJIOBOH CKOPOCTBIO
®, = 2 paj/C U MPHBOJUT B JBIKC-
HUE WATVH A8 NTuHOH 2 M.

Haiitn yriaoByrw CKOpOCTb O,

IATYHA, CKOPOCTH TOoucK B u C,
ecmu AC =0,5 M.

BapuanT K3-22

22.1

222

Karymka xatutca ©6€3 CKOIb-
JKCHUS 1O MPAMOJIMHCHHOMY My TH.
Haitrn vrioByr0 CKOpPOCTH Ka-
TYIIKH, CKOPOCTH Touek A4 u O,
€CIH B pacCMATPUBACMBIN MOMEHT,

R=3cm, v, =6CM/C.

R,

Kpusommn OA4 agmuHOM 2 M
BPALACTCA C YIVIOBOH CKOPOCTBIO
®, = 2 paj/C U MPHBOIHT B JBHKE-
HAC WATYH AB pmuaoi 1 M,

Haiiti yrinoByrw CKOpPOCTh © ,
IATYHA, CKOPOCTH ToucKk B m C,

ecmu AC =0,5 M.
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Bapuanr K3-23

23.1 232
1 B ]
A
R C <
30°
45°
450& B r 19) A

B

Karymka karurcs 6e3 CKobKe-
HHA 110 NPAMOIHHECHHOMY Y TH.

Haiit yrnoByro CKOpoCTh Ka-
TYIIKH, CKOPOCTH TOUEK 4 u B, eciu
B pacCMATPUBACMBIH MOMECHT
r=3cm,R=4cMm, v, =6cM/C.

bz O,

Kpusommun OA powsO# 1 M
BPALIACTCS C VIJIOBOH CKOPOCTBEO
®, = 2 pan/c U NPHBOIUT B JABHIKC-
HUE WATYH A B 1muHO# 3 M.

HaiTtn yrumoByro CKOpPOCTE ® ,,
IIATYHA, CKOPOCTH TOucKk B m C,
ecmi BC =1 M.

Bapuanr K3-24

24.1

24.2

Karymxka xaturca 0e3 CKOIbike-
HHS TIO IPSIMOJTAHCHHOMY MY TH,

Haiitu yrioByrw Ckopocts Ka-
TYIIKH, CKOPOCTH TOUCK () | B, ecnu
B PaCcCMATPHUBACMBIA MOMCHT
r=3cM,R=6c¢cMm, v, =10cm/C.

A C B
m

) 30°

Crepsxenp OA amusoi | M map-
HUPHOIQ YETHIPEX3BCHHHKA Bpalla-
€TCA C YITOBOH CKOPOCTBIO O, =
= 2 pag/c. ouHOH 1 M.

HalitTm  yrmoBele  CKOpPOCTH
crepxkHe AL amaHo#t 2 M m BD
JIUHOH 3 M, a TaKKe CKOpPOCTH
Touck Bu C, ecmm AC=1wm.
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