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BBEJEHHUE

Teopernueckas MexaHUWKa KaK HayKa COCTOUT U3 TPEX Pa3eioB: CTATHKHU, KU-
HEMATUKHU U JUHAMUKHU. B KMHEMaTuke, KOTOpOH MOCBAIIEHO yueOHOe mocodue, u3-
JaraeTcsi yueHue O croco0ax 3aJaHus JIBIKCHHUS T€JI U METOAaX OMpPEACNICHHS OC-
HOBHBIX KHHEMATHYECKUX XapaKTEPUCTHUKAX JBIKCHHS, TaKUX KaK CKOPOCTh U
YCKOPEHHE TOUYKH, YTJIOBAsi CKOPOCTh U YIJIOBOE YCKOPEHUE Tena. J[BUkKEHNE B KUHE-
MaTUKE PacCMaTPUBAETCSl C TEOMETPUUECKONM TOUKH 3PEHHMs], TO €CTh 0e3 yuera (hak-
TOPOB, BBI3bIBAIOIINX 3TO ABUKECHHE.

KuneMaTuka Kak OTAEJbHBIA Pa3fe]l MEXaHUKHU BBIJIEIUIIACH MO3KE CTATHUKU U
JMHAMUKY — Jauiib B XIX Beke Mo BIMSHUEM 3alPOCOB Pa3BUBAIOLIETOCS MAIIMHO-
cTpoeHus. B Hacrosiee BpeMsi KWHEMaTHKa UMEET OOJIBIIIOE CAMOCTOSITEIHHOE 3Ha-
YEHUE NIl U3yUYEeHUsl IBUKEHUS MEXaHU3MOB U MalllMH. BUIHBIMH yYE€HBIMH, BHEC-
IIMMH CBOM BKJIaJl B TEOPETHYECKYI0 MEXaHUKY, ABIstoTCA: M.B. Octporpanackuii
(1801-1861), II.JI. YeOwmmer (1821-1894), C.B. Kosanesckas (1850-1891),
AM. JIsnynoB (1857-1918), U.B. Memepckuit (1859-1935), K.O. I{uonkoBckuit
(1857-1935), A.H. KpsuioB (1863-1945), H.E. Kykosckuii (1847-1921), C.A. Yan-
aeiruH (1869-1942).

JlaHHO€ W3IaHWE TPEIHA3HAYEHO IS CTyAeHTOB cnenuanbHocTerd 110301
«MexaHu3zarus cebcKoro xo3saicTBa», 110302 «DnexkTpudukanus 1 aBTOMaTH3AIHS
cenbckoro xosstiictBay, 110303 «Mexanuzanus nepepadOTKH CEIbCKOXO03SHCTBEH-
HOM mipoaykiuny, 110304 «TexHonorust oOCIyKUBaHUS U PEMOHTA MAaIllUH B arpo-
IMPOMBIIIJIEHHOM KOMIUJIEKCE» HANpaBICHUS «ATPOUMHKEHEPUS» U CIEHHAIbHOCTEN
270102 «ITpoMbIlITIEHHOE U TPAXKAAHCKOE CTPOUTENBLCTBOY, 270106 «IIpon3BoacTBo
CTPOMTENBHBIX MAaTEPUATIOB, M3ACIUN U KOHCTpyKuuit», 270114 «IIpoexktnpoBanue
3maHui HanmpaBiaeHus « CTPOUTEIIBCTBOY» OYHON U 3a04HOM (hopM 00yUeHHUS.



1. OBINUE METOANYECKHUE YKA3ZAHUA
11O N3YYEHUIO AN CHUIIJIMHBI

1.1. BekTopHBbIii c10c00 3a1aHUsA IBUKEHUS TOYKHU

3anarh JBMKEHUE — OTO 3HAYUT YMETh ONPEICIIUTH ITOJIO0KEHNE TOUYKH B KaX-
JIbIi MOMEHT BpeMeHU. BekTopHbIi cioco0 3a/laHus ABMXKEHUS 3aKI0YaeTcs B 3a/1a-

HUU BekTOp QyHKIMuU: ¥ =1 (¢). [logcTasmnsis B Hee 3HAYCHHS] BpEMEHU f,, ¢, , ..., TIO-

JyuyuMm Bektopa ', =r (¢,), ', =r (t,), ..., KOTOpbIE ONPEAEISIIOT MOJIOKEHUE
TOYKH B 3TU MOMEHTHI BpeMeHHu (puc. 1). [locTpoutb BEKTOpP MOXKHO TOJIBKO B HEKO-
TOPOM CHUCTEME KOOpJMHAT. BEeKTOpHBIN croco0 moapa3symMeBaeT HalUyue CUCTEMBbI
KOOpJIMHAT, HO HE KOHKPETU3UPYET €€, TOATOMY UM MOJIb3YKOTCA IIPU BBIBOJIE TEOPE-
TUYECKUX TOJIOKEHUM.

z, I,
_ r3
d .
—_—
y
X
Puc. 1

JIuHusl, KOTOPYIO ONMUCHIBAET TOYKA MPU CBOEM JBUKCHUU, HA3bIBACTCS MpPAaeK-
mopueti.

1.2. KoopanHaTHbIi c10co0 3aJaHNs ABUKEHUSA TOUYKH

[Tpu sTOoM criocoOe 3amaercs 3 GyHKIUHN (IpHU ABMXKEHUU B MPOCTPAHCTBE), OII-
peAegIonre TP KOOPIMHATHI TOYKUA B KaXKIbIH MOMEHT BpeMeHU. CucTeMbl KOOp-
JMHAT MOTYT OBITh Pa3HBIMHU, HampuMep: MpsAMOyroibHas JlekapToBa, IMINHIpUYE-
cKas UM cepuueckas CHCTeMbl KoopAuHAT. B mepBoM ciyuae 3amaeTcs: x = Xx(1);
Y =Y(t); z = z(t) — 3TO U €CTb YpPAaBHEHUs JIBUXKEHUSI TOUKH (puc. 2). B mununapuye-
CKOM cucteMe koopauHat (puc. 3) 3amawTcs: p = p(t);p = ¢ (1); z = z(t). B chepuue-
ckoii (puc. 4): ¢ = ¢(t); 0 = 0(t); r = r(t). Eciu 1Br>XeHue 3a1aHO B KAKOU-TO U3 3TUX
CUCTEM KOOpAMHAT, TO BCETJa MOKHO MEPEUTH K 33JaHUIO JBUKEHUS B JII00OH U3
JBYX JIPYTHUX.




1.3. EcTecTBeHHBIH cIOCO0 3aJaHUA ABUKEHHUS TOYKHU

OH 3akmrouaercs B 3ajaHuu (puc. 5):

1) TpaekTopun Touku: y = f(x),

2) Hadana orcyera (Touka O),

3) TOJIOKUTEIILHOTO HAIIPABIICHUS OTCUETA,

4) 3aKOHa IBUKEHUA S = (1), TJe § — JyroBas KOOpJUHATA.

y 4 o S;;Eav M

s(t)

v

Puc. 5

1.4. EcTrecTBeHHbIEC 0CH KOOPAUHAT

EcTecTBeHHBIE OCH IBUTAIOTCSI BMECTE C TOUKOM M U3MEHSIIOT CBOE TMOJIOKEHUE B
IpOCTpaHCTBE. DTUX ocer TpH (puc. 6): KacarenbHas, IJ1aBHas HOpMajlb, OMHOPMAJb.

Puc. 6
Enunnynbiil BEKTOp KacaTeabHOM 7 (Tay) HampaBiieH IO KacaTeIbHOW K TpaeK-
TOPUH B CTOPOHY IOJIOKUTEIIBHOTO OTCUETA TyTH.
Conpukacaronasicsl IJIOCKOCTb — IPENEIbHOE MOJOKEHUE TUIOCKOCTH, MPOXO.Is-
e yepes T. M, Jexaliyro Ha KpMBOM, Y KacaTelibHyro B T. M, ipu crpemiieHnd T. M

T. M. EXuHUYHBINA BEKTOP [IaBHOW HOPMAIIM /1 TIEPIICHIUKYJISIPEH T , JIEXKUT B COIIPHUKA-
CAIOLLEHCS IUIOCKOCTH W HAIPaBJIEH B CTOPOHY BOTHYTOCTH TPAaeKTOpHH. [I10cKOCTb,
NEPICHINKYISIpHAS KacaTeNIbHOM, Ha3bIBACTCS HopMaivHou. EAuHUYHBIA BeKTOp Ou-

HOpMaM D meprieHauKyIIsIpeH CONPUKACAOIIENCS TUIOCKOCTH M HAIIPaBJIEH B Ty CTOPO-
HY, OTKY/ia BpallleHUe OT 7 K 7 II0 Kpar4alliemy ITyTH BUJHO IPOUCXOAIINM IIPOTHB

yacoBoii crpenku. ITnockocts (7 ,b ) HasbiBaeTcs cnpamasowerl.



1.5. CxopocTh Np¥ BEKTOPHOM CIoco0e 3a1aHusl ABHKEHH S

[Tycth 3a Bpemsi At Touka nepemectuinach u3 M B M, (puc. 7), Bektop AV —
BEKTOP MEPEMEIICHUSI.

Puc. 7

Cpeoneti ckopocmplo TOUKHM 3a BpeMs Af Ha3bIBa€TCA BEKTOp V o) = AT /At
Ckopocmvlo mouKu 6 OAHHbIL MOMEHM 6peMeHU Ha3bIBAeTCA IMpeiell, K KOTOPOMY
CTPEMUTCS OTHOIIEHHE BEKTOpa MEpPEeMEIICHUs K MPOMEXKYTKY BPEMEHH, 32 KOTOPOE
OHO MPOU3OIILIO, TPU CTPEMIICHUH MOCIIETHETO K HYJIIO:

V =lim A7 /At
At—0
U3 pucyrka 7 BUIHO, uto: ¥ (1) + AV =T (t + A1),
Torma AV =F (t+40)— T (1)
u V=limA¥ /At=lim (¥ (t+A)—F (¢))/At=dF /dt.
At -0 At -0

To ecTb CKOPOCTH TOYKH B JAHHBII MOMEHT BPEMEHHU paBHA NEPBOM MPOU3BOI-
HOM OT paanyca BEKTOpa II0 BpemeHu. 13 pucynka 7 BUAHO, 4YTO BEKTOP CKOPOCTH B
JAHHBII MOMEHT BPEMEHHM 3aHUMACT MOJIOKEHUE KacaTelbHOU. CKOPOCTh U3MEPSET-
csi B M/C.

1.6. YckopeHne npu BEKTOPHOM cI0co0e 3aJaHNsl IBUKEHUSA

CpeOHuM YCKopeHuem Ha3bIBACTCA OTHOLICHHWC BCKTOpPAa U3MCHCHHA CKOPOCTH K

IIPOMEKYTKY BPEMEHH, 32 KOTOPOE OHO Ipousonwio: d cp =AYV /At.
Ycrxopenuem mouku 6 0anHwilti MOMeHm HA3BIBAETCS MPEJEN 3TOTO OTHOIICHHUS
IIPU CTPEMJIEHUU MTPOMEKYTKA BPEMEHU K HYJIIO:
a=lmAV/At=lim(V (t+A) -V () At
At— 0 At— 0
YckopeHue paBHO IEPBOM MPOU3BOJHON OT CKOPOCTH UJIM BTOPOM IMPOU3BOJHOU
OT paJiiyca BEKTOpa M0 BPEMEHHU:

a=dv/dt=dr/dt.

Yckopenue d ,, @ 3HAYUT, U YCKOPCHHE B JAHHBIH MOMEHT BpeMeHH ( Ha-
IIPABJICHO B CTOPOHY BOTHYTOCTH TPAEKTOPHH (puc. 8).



2
Yckopenue uzmepsiercs B M/c”.

1.7. CxopocTh IpH KOOPAUHATHOM CIIOCO0€ 3aJaHUSA [IBHKECHUS

Ussectno, uto V =dr/dt ,uwo ¥ =x-i +y-j+z-k  torma (T.K. l"]"k—
const):

v=dx/dt-i +dy/dt-j+dz/dt-k, (1)
C npyroit CTOpOHBI: V=yv 0+ v, -]_'+ v, k. (2)
CpaBnuBas (1) u (2), noxyuum:

vy =dx/dt; v, =dy/dt v,=dz/dt.

T.e. npoexyus ckopocmu Ha ocb pagHa nepeou NPoOU3BOOHOU OM COOMBENCMBYIO-
wetl KOOpOUHamsl NO 6pemMeHy. 3Hast IPOSKIMH, MOKHO HAMTH MOJTYJIb CKOPOCTH:

‘7

cos(vi) = v, /|[v]; cos(v; j) = v, /‘\7; cos(v;k) = v, /‘17‘.

1.8. Yckopenne npu KOOPAUHATHOM CIIOCO0€ 3aJaHUS ABUKEHU S

MsBectHo, uto @ = dv/dt, wo V =V, 'lT+Vy JHv, -k ,
TOI/1a:
a=dv, /dt-i+dv,/dt-j+dv,_/dt-k, 3)
C IPyToi CTOPOHBIL:
a=a_-i+a, j+a. k. 4)
CpaBnauBas (3) u (4), moxyunm:
a, =dv,/dt =d’x/df’;  a,=dv/dt=dy/dt’; a.=dv./dt=d’z/dr.

To ecTb npoexkyus yckopenus Ha ocvb pagHa nepeoti NPoU3B0OHOU OmM NPOeKYuu
CKOPOCMU HA MY e 0Cb, UIU 8MOPOU NPOUIBOOHOU OM COOMEEemMCcmayouel Koop-
OUHAMbL NO BPEMEHU.



Moaynb yckopeHus:

— 2 2 2
al =\/ax +a+a’
HaIIpaBJIAOIIUC KOCUHYCHI:

cos(a;i)=a, lla

;cos(c_z;l;) =a, /‘c_z‘_

;cos(a; j) = a, /‘c_z

1.9. CxopocTh NpH €CTECTBEHHOM CIIOCO0€ 3aIaHusl IBUKEHMSI

UNssectHo : V=lim A¥? /At- As/ As=lim A; / As - limAs / At.
At— 0 As— 0 At— 0

Tak Kak mepBbIM IPEAEN MO0 MOIYJI PaBEH E€IMHMIE, a HAIPaBJICH IO Kaca-

TeJIbHOM, T OH paBe ? (Tay), o603Haunm: ds/dt =v, torma: V =V, T .

1.10. YckopeHue npHu eCTeCTBEHHOM CIOC00€ 3a1aHNsl IBUKEHUS

N3BecTHO, 4TO:

a=dv/dt=dv |dt-7+v -dT/dt.

Mo3kHO OKa3aTh, YTO:
dr/dt=v_ /p-n.

Torna ¢popmymna (1) mpumer Bu:
a=dv, /dt-T+v}/p-n. (5)

C npyroii CTOpOHBI:

a=a -t+a n+a,-b. (6)
CpaBnuBas (5) u (6), noxyuum:
a =dv /dt; a,=v/p; a, =0.

31ecy p — paanyc KpUBHU3HBI TPACKTOPUH — BEIUYHMHA, 0OpaTHAas KpUBHU3HE A
p=1/k.

ITo onpenenenuro:

k=lim e/ As,
As — 0

TZle € — YTrOoJ CMEXKHOCTH (YroJ MEXIy KacaTelbHBIMH B JIBYX TOYKaX KPHBOH, Jie-
XKamux Ha paccTtossHUH As). Pagmyc KpUBU3HBI — 3TO paanyc MaKCHUMalbHOW OK-

PY’KHOCTH, KOTOPYIO MOXKHO BIIMCAaTh B KPUBYIO B JaHHOW TOYKe. Pannyc KprBU3HBI
OKPY’KHOCTH PaBEH PAANYCy OKPYKHOCTH, Y IIPSIMOU OH PAaBEH o0.

1.11. ITocTynaTre/ibHOE ABUKEHUE TBEPAOIrO Tejia

IlocmynamenvHoim O08udicenuem Ha3bIBACTCS TAaKOe JBW)KCHHE Teia, IPH KOTO-
poMm Jro0ast mpsiMasi, )KE€CTKO COCIMHEHHAs C TE€JIOM, OCTAETCsl MapayieIbHON CBOEMY
HaYaJIbHOMY TOJIOKEHHUIO.

TeopeMa: npu nocmynamenbHOM OBUNCEHUU 6Ce MOYKU MeNd ONUCHLIBAIOM
cognaoaroujue npu HAL0HCEHUU MpPaAeKmopuu U UMerom 6 OaHHbIL MOMEHM 8peMeHU
00UHAKOBblE CKOPOCMb U YCKOPEHUE.



[Tycts Tenmo (puc. 9), IBUrasch MoCTyMaTEIbHO, IEPEMECTUIIOCH U3 MOJOKEHHUS
AB B nonoxenue A'B'. @urypa ABA'B' — napamnenorpamMm, T.K. ctoponsl AB u
A'B' paBHbI 1 napaiensHbl. CiienoBatenbHO, iepeMenienust Touek A u B 0ynyT tak

’K€ PaBHBI U MApAIUICNbHEL, T.c.. AT4 =ATB,

A

y - B
A 7
\ _
N Ar
< B
\ SR N
_ \
~ \
r \
B AN
A X
Puc. 9

W3 pucyHka BUAHO, YTO TpaeKTopus T. B moiyuyaercsa u3 Tpaektopuu T. A cme-
[IEHHEM Ha /', T.e. TpaeKTOpPHUH COBMAJAIOT IPU HAJIOXKEHUU. B3sB n1Ba pasza mpowus-
BOJIHYIO OT paBeHcTBa /'y = I'y, momydum: V, = Vg; 4, = dg . Yto u TpeGOBaIOCh
JoKazaTh. TO €CTh MPU U3YUYEHUH MOCTYMATEIBHOIO JBHXKEHUSI JOCTATOUYHO U3YUYUTh

JABMXKCHHEC XOTA ObI OI[HOf/’I €ro0 TOYKH, a4 OJIsI OTOTO MOJKHO HMCIIOJIb30BAaTh TCOPHIO,
IMOJIYUYCHHYIO B KHHCMATUKC TOYKH.

1.12. BpamarejbHoe IBHKeHHE. YTJI0Basi CKOPOCTb M YIJIOBOE YCKOPeHue

BpawamenvHvim 08udsicenuem Ha3bIBACTCS TaKOE ABUKEHUE TBEPJOTO TeNa, MPU
KOTOPOM MUMEIOTCS JIBE TOUKH, OCTAIOIIHNECS BCE BPEMS HENOIBH)KHBIMU.
JIvuHMA, IpOXOAAIIAs Yepe3 ITU JBE TOUYKH, Ha3bIBAETCS OCBIO BpallleHus. Bece Tou-
KU, JIEXKAIlME Ha OCU BpalllEHUs], HEMTOABWKHBI. [1o0keHre Bpalaromerocs Tejia Mox-
HO 33/1aTh C IOMOILBIO IBYTpaHHOro yria ¢ (puc. 10) Mexxay HENmoJBUKHOM MOJTYTLIOC-
KOCTBIO (H.I1.) ¥ TTOJABM>KHOM MOJTYIJIOCKOCTBIO (I1.11.), )KECTKO CBSI3aHHOM C TEJIOM.
V4
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VYT0JI ¢ TIOJIOKUTEIICH, €CIIU JTs HAOTI0AATEsI, CMOTPSILETO C MOJIOKHUTEIBHOTO
KOHIIA OCH BpAICHHSI, IIOBOPOT BUICH IPOUCXOMISIIAM IPOTHUB YACOBOW CTPEIIKH.
JInst 3aaHus BpaleHUs HA0 3a1aTh (YHKIIHIO, ONMCHIBAIOINIYI0 U3MEHEHHUE yIja ¢
BO BpeMeHH: ¢ = ¢(f). DTO M €CTh 3aKOH BpaIlaTeIbHOro JBIMKEeHUS. OCHOBHBIMHU
KAUHEMAaTHYCCKUMHU XapaKTePUCTHKAMU BPAIlATeILHOTO JBMXKCHUS SIBIISIOTCS YIJIO-
Basi CKOpocTh @ (pan/cek; 1/c) u yrioBoe yckopenue ¢ (pam/cex’; 1/c¢%). Dt Bennuu-
HbI BBOJISATCS 110 aHAJIOTHH C MOHATHSIMU CKOPOCTH M YCKOPEHHSI TOUKH.

VYrioBasi CKOpOCTh @ (OMera) ecTh Mpeies, K KOTOPOMY CTPEMHUTCSI OTHOIIICHUE

IPUPALLEHUS yTila TOBOPOTA Ap K IPOMEXKYTKY BpeMeHN Af, 32 KOTOPOE OHO INpO-
U30I1IJI0, TIPU CTPEMJICHUH MOCIIEIHETO K HYJI0. YTIJIOBOE YCKOPEHHE & (UIICUIIOH) —
IIpeAesl OTHOLIEHUs NMPUPAILLECHHS YIIOBOM CKOPOCTH K NPOMEKYTKY BPEMEHU IIpU
CTPEMJICHUH TIOCIEAHETO K Hynro. O4YeBHUIHO, ITH IPEAEIIbl PaBHbI NIEPBBIM IIPOU3-
BOJHBIM OT yIJIa ¥ YTJIOBOM CKOPOCTH IIO BPEMEHU, TO €CTh:

o =do/dt; ¢=dw/dt =d /.

B TexHMKe 4acTo yrioBas CKOPOCTh 3aJaeTcsi B 000pOoTax B MHUHYTY. B aTOM
Cllydae OHa Ha3bIBA€TCS YaCTOTOM BpallleHUsI U 0003HadaeTcs OykBoil 7. CBS3b MEXK-
Iy @ U n uMeeT BUI: w = - n /30 .

VT710BbIe CKOPOCTh M YCKOPEHHE MOKHO MPEJICTABUTh KaK BEKTOPHI. BekTop @ Ha-
TIPaBJICH TI0 OCH BPAIIICHUS B TY CTOPOHY, OTKY/Ia BPAIICHUE BHTHO TIPOMCXOISIIIUM TIPO-

TUB 4acOBOM CTpenku. BekTop € HarpaBieH B CTOPOHY BEKTOpa (D , €CIIM BPAILEHHUE YC-
KOPEHHOE, U B IPOTUBOIIOJIOKHYIO CTOPOHY — €CJIH 3aMeyieHHoe (cM. puc. 10).

1.13. CkopocTh U YCKOpEeHHe TOUYEK TeJia
NPHU BpPalIaTeJIbHOM ABMKeHUun. @opmya Jiljiepa

ITyctb 3a Bpemsi At Teslo MOBEPHYJIOCh Ha yroia Ag, Toraa T. M onuuier ayry
OKpPYKHOCTH 1iuHOM As (puc. 11, a). Halinem ckopocts T. M:

vy = lim As / At = lim (R - Ap)/ At = R-w.
At—0 At—0

YckopeHune KacaTelbHOe:
a,=dvy/dt =dR - w)/dt =R - dw/dt =R - ¢.

YCcKkopeHrne HOPMAJIBHOE :
— 2 _ . 2p2 _ 2
a,=vy '/p=wR/R=wR.
Torna moJiHoe yCKOPEHHUE:

2 2 2 4
ay=+a, ta, =RN& +w .

VYTroJ HaKJIOHA MOJHOTO YCKOPEHHUS K pauycy He 3aBUCHUT OT R
tga = a,/a,= e/’
CkopocTb T. M MOKHO HAalTH U C TOMOIIIBIO BEKTOPHOTO MTPOU3BECHUS:
V=0 X1
DTO U ecThb popmyna Dinepa. 3nech r — paauyc Bektop Touku M (puc. 11, 6).
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Puc. 11
B3siB mpou3BoiHYI0 OT (hopMyJibl Ditiepa, MOTydnM:
a, =dv, /dt=do/dtxF+oxdr/dt=gx7 +ox (@ xF)
MO0>XHO MTPOBEPUTD, YTO MEPBOE CIIATAEMOE €CTh d;, a BTOPOE — d,.

1.14. YpaBHeHHe pPABHONIEPEMEHHOT0 BpallleHU S

Pasnonepemennvim épawyenuem Ha3bIBACTCS TaKOE BpallleHUE, TPH KOTOPOM YT-
JIOBOE YCKOPEHUE MOCTOSIHHO (& = const).

Ho & = dw / dt, paznenus nepeMeHHbIE U IPOMHTETPUPOBAB:
0] t
I do = J g dt
@, 0 ’

IOJIyYMM 3aKOH U3MEHEHHS YIIIOBON CKOPOCTHU MPU PABHOIIEPEMEHHOM JIBHIKEHUM:
W — W) = é&t, 7RI W =w) + &t (7)
VuutbiBast, uro @ = d@/dt, pasnenss nepeMeHHblE ¥ MHTETPUPYS €LIE OMH
pas, MOIyYUM 3aKOH PABHOIIEPEMEHHOIO BPALIECHHMS:
0 = Qo+t wyt+1/2 et . (8)

W3 ypaBHeHus (7) BUIHO, YTO €CIIU € U (V) UMEIOT OJMHAKOBBIN 3HAK, TO (U TIO
MOZYJII0O BO3pacTacT ¢ TEYCHUEM BpEeMEHU. B 3TOM cilyyae BpallleHHE Ha3bIBACTCS

paBHOYCKOpeHHBIM. B dopmyiie (8) 00buHO nosaratoT @) = 0, T.K. Ha4aJIbHBINA YIroJ
IIOBOPOTA (0() 3aBUCUT OT BhIOOpa Havasa otcuera. Eciu € = 0, To BpaleHue Ha3bIBa-
€TCsl pPABHOMEPHBIM. () = (), + (U ,f — 3aKOH PAaBHOMEPHOI'O BpaIlICHUSI.

12



1.15. IlnockonapaJ/uie/ibHOE IBHKEHH e

IInockonapannenvhvim 08udICeHUeM HA3BIBAECTCA TAKOE JIBUKEHHE, IIPU KOTOPOM
MMEETCS CEYEHUE Tela, ABHXKYIIECECS MapauieibHO HEKOTOPOM HEMOABUKHOW TLIOC-
koctu (puc. 12). O4ueBUIHO, YTO TOUKH, JISKAIIUE HA TIepreHauKyspe AjA, k ceue-
HUIO S, IBUTAIOTCS, TaK ke Kak Touka A. CienoBaTesbHO, I U3YUYEHHS JBUKECHUS
BCEr0 Te€jla JOCTATOYHO M3YUUTh ABWKEHUE ceueHud S. [lonoxxenue ceuenus S orpe-
nensieTcs nmojoxkeHueM orpeska AB (puc. 13).

v

/777777777777 XA

Puc. 12 Puc. 13

s 3amanus monoxkeHus: otpe3ka AB pocratouHo 3amath KOOPAMHATHL X U ),
TOUKU A, a Takxke yron ¢ mexay AB u ocero X. Iy 3ajaHus IBUKEHUS] CEUEHUS S

Ha/0 3a/1aTh TPU (PYHKLMH, ONPEIEISIIOIINE X, ¥ U () B KaXAbII MOMEHT BPEMEHH.
Taxum 06pa3oM, ypaBHEHUS IUIOCKO-MAPAIIEIBHOIO ABM)KEHUS UMEIOT BUJL:

x, =/
Va=12(0)
¢ = (1)

3Has 3TU YPaBHCHUA, MOKHO HAITUCATb YPABHCHUC JIBUIKCHUA J1000M TOYKH Teia.

Ecnu ¢ = const, TO Tesno OyAeT coBepiaTh NoCTynarenbHoe ABuxkeHne. CiaenoBaresb-
HO, TIEPBBIC JIBA YPAaBHEHUS €ro U onuchiBaloT. Ecim x4 1 y4 = const, To Teno Oyaer co-
BEpIIaTh BpaIIaTEIbHOE ABUKEHUE, CIEIOBATEIBHO, €r0 OMKCHIBAET MOCIEIHEE YpaB-
HeHue. [lnockoe ABMXKEHHME MOXXHO TMPEJACTABUTh KaK CyMMY JBYX JIBHOKCHHIL:
MOCTYIATEILHOTO BMECTE € MOJIFOCOM A U BpaIlllaTEIbHOTO BOKPYT TOUKH A.

1.16. TeopeMa 0 CJI0:KeHHH CKOPOCTEH MPH IJI0OCKOM IBHKEHUH

Teopema: ckopocmv 71000t mouku mena, CO8epUIAOWE20 NI0CKO-
napasiienvHoe OsudiceHue, 2eoMempuiecku CK1aovbleaemces U3 CKopocmu nooca (m.
A) u ckopocmu épawenus 5moti moyKu 80Kpy2 noocd.

N3 pucynka 14 BugHO, 4TO v, =7, +7  BosbpMeM Mpou3BOAHYI0. M3 KuHema-

TUKU TOUKU U3BECTHO, uTo dry /dt =v,; dr,/dt =V, .

13



Puc. 14

OGosnaunm dr /dt = vy, Torma nonyuum: Vy; =V, +V, — smo u ecmv meo-
pema o crodcenuu ckopocmeti npu naockom osudiceruy. OU4eBUIHO, Vg, — 3TO CKO-
pOCTH JBMKEHHUs TOYKH B, KOraa Touka A HENoJBMKHA, TO €CTh KOIJa TeJo Bpalla-

eTcs BOKpYT nomoca A. Vy, — 5T0 CKOPOCTb BpalleHusl TOUKU B BOKpyT mosmoca A.
Torna Vu, | AB. ITo dopmyne Diinepa: Vg, = @ X7 Toraa TeopemMa MPHMET BUJ:
Vp =V, tOXT.
JlaHHast TeopemMa UMEET ABA CIEACTBUS .

1. IIpoekuun cKOpPOCTEN ABYX TOUEK Teja, COBEPIIAIOIIETO IJIOCKOE JIBUKEHHUE,
Ha JIMHUIO, COSTUHSIONTYIO UX, PABHBI.

2. Kownern Bektopa ckopoctu T. C, nexanieit Ha otpeske AB (puc. 15), nenut ot-

PE30K, COEMHSAIONINI KOHIIEI BEKTOPOB V, U Vz, B TOM K& OTHOIIEHHH, B KaKOM
touka C nenut otpe3ok AB, To ecte AB/AC = ab / ac.

Puc. 15

1.17. OnpenesieHne CKOPOCTH ToOUYEK ¢ momMombo MIIC

[Tpu pemenny 3ama4 MOAB30BATHCS TEOPEMOM O CIIOKEHUU CKOPOCTEH HEym00-
HO, JJIs1 TOTO UCIOJIB3YIOT MOHSITHE MTHOBEHHOTO 1IeHTpa ckopocteit MIIC.

MIIC — 310 TOYKa, CKOPOCTh KOTOPOU B JAaHHBIK MOMEHT BpeMeHH paBHa (.

Ecnu B xauectBe nostoca B3sTh MIIC (Touka P), To Teopema 0 CIOKEHHH CKO-
pocreii mpumer BUE: Vz; =V, +Vy mmm V,=V,+V,., ..., HO Vp= 0, Torma

Vg =Vpp, V, =V,p. Takum 00pa3om, CKOPOCTh JIFOOOM TOYKH TUIOCKOW (PUTYPHI OII-

pelenaeTcs Kak CKOPOCTh IPHU €€ BpamareiabHoM JBuxeHun Bokpyr MIIC, torma
vgy=w AP, v = w - BP, ..., ve = w - CP, TO €CTb IIpH OINPEIEIECHUN CKOPOCTEN
MOKHO CUMTAaTh, YTO TeJ0 Bpamaercs Bokpyr MIIC.

MIIC HaxoauTCs Ha MEPECEUYECHHM NEPHEHAUKYISAPOB K CKOPOCTAM 2-X TOYEK
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tena (puc. 16). Ecnu n3BecTHa BeIMYMHA OJHOM M3 CKOPOCTEW, TO MOKHO HAWTH yT-
JIOBYIO CKOPOCTh M CKOPOCTH JIF00OOM TOUKH cedeHus 1mo gopmynam: @ = v,/ AP,
vg= * BP, ve=w - CP, .... O4eBUIHO, 4TO ueM OJuxe Touka pacnosoxkena k MIIC,
TE€M MEHbILIE €€ CKOPOCTb.

Puc. 16

Kpowme toro: vg /BP =v¢/CP = ... =v, /AP = w.
Ecnu ckopocTu OByX TOYEK Tesla MapalijiesibHbI, a NePIEeHINKYIAPhl K HUM HE
COBIAJAIOT, TO OHU MepeceKyTcs B 0ecCKOHEUHOCTH (puc. 17), B 3TOM ciyyae:

w=v ,/AP=v /o= (.

FOBOpSIT, 4TO TCJIO COBCPIIACT MI'HOBCHHOC ITOCTYIIATCIIBHOC IBHUIKCHUC. B sTom
ClIy4ac CKOPOCTH BCCX TOYCK TCJIda PaBHLI U IIApAJIJICIIbHEI.

Puc. 17

Eciu ckopoctu IByX TOUYEK Tella mapajleibHbl, a MEPIECHAUKYISAPbl K HUM COB-
najialoT, TO 1 onpeaeneHus nonoxenuss MIIC Hano 3HaTh BEIMYMHBI CKOPOCTEH
2-x Touek Tena. B atoMm ciiyuae MLIC HaxoauTcs Ha NepeceYeHrnH NEPIECHINKYIISApa K
CKOPOCTSIM U JIMHUM, POXOJIAIICH yepe3 KOHIIBI BEKTOPOB CKopocTei (puc. 18).

15



Paccrosinue ot T. B 1o MILIC MOXHO onpenenuts U3 moaooust TpeyroJbHUKOB
AaP u BbP: v,/ = (AB + BP) / BP. Otctona: BP = vg - AB / (v4— vg). 3Has BP,
MOXHO HaWTh @ = vz / BP, a 3areM CKOpOCTh Jit00Oil Touku. Hampumep:
Ve= @ - CP.

AHQJIOrMYHO pemaeTrcs 3aJada B Clydae, KOrJa CKOPOCTH ABYX TOYEK Iapal-
JIENbHBI U HAIIPABJIEHbI B TPOTUBOIOJIOKHBIE CTOPOHBI.

MIC Tena, karserocs 06€3 CKOJbXEHUS 10 HEMOJBUKHON MOBEPXHOCTH, Ha-
XOJIUTCS B TOUKE COMPUKOCHOBEHHUSI TeJla U TOBEPXHOCTH (puc. 19).

P
Puc. 19

B »sTtom cnyuae Hamo 3HaTH CKOPOCTh XOTA OBl OAHOM TOYKH, TOT/A:
w=v,/AP; vg=w - BPurt.1.
1.18. Teopema 0 cj10:KeHNM YCKOPEHUI
Teopema: yckopenue mouku mena, cogepuiarouie2o niocKoe 08UICeHUe, 2e0-
MempuyecKu CKAaobl8Aemcs U3 YCKOpeHus. MOYKU, 8blOPAHHOU 3a NOJIOC, HOPMATlb-
HO20 U MAH2EHYUAIbHO20 YCKOPEHUU NPU 8PAWEHUU IMOU MOYKU BOKPY2 NONIOCA:
dy=a,+a,,+ad,.
Bocnonb3yemcs TeOpeMOM O CIIOKEHUH CKOPOCTEM:
V, =V, +V,,.
Bo3pmem npon3BoIHYIO.
Torna noCKOJBKY:
dv,/dt =a, u dv,/dt =aj,
to G, =4, +d@/ dixF+oxd 7/ dt,
Ho dw/dt=& wu dr/dt=v,,,

rorma dy =4, +EXF+o|@xF|=a,+a;, +ap,
rae {,, — BEKTOp HOPMAIBHOTO (IIEHTPOCTPEMHTENHHOTO) YCKOPEHH)S TIPH BPAILCHUH
Touku B Bokpyr Touku A. OH HanpasiieH oT ToUkH B k Touke A (puc. 20);
- T
dy, — BEKTOpP TAHIE€HUMAJIBHOrO (KacaTelIbHOI'0) YCKOPEHHs MpPH BpaLEHUU
Touku B BOkpyr TOouku A.
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Puc. 20

OH HampaBJeH IEPHeHANKYIIpHO AB B cTOpoHy yrmoBoro yckopenus €. Io
2 .
penuunne: Ay, = O - AB; ay, =& AB.

1.19. CnoxHoe nBMKEeHUE TOYKHU. Teopema 0 CJ10KeHUH CKOPOCTEeH

Crnooicnbim HA3BIBACTCS TAKOE JBMXKEHUE TOYKH, MPU KOTOPOM OHA OJIHOBpE-
MEHHO y4acTBYET B HECKOJIbKUX JBWXKCHUSIX. AOCOIIOMHbIM TBIKCHHEM HA3bIBACTCS
JIBIDKEHHUE TOYKHM IO OTHONIICHHIO K HEIOJABMIKHOM cucTteMe otrcuera. Omuocumens-
HblM HA3BIBACTCS NBIDKCHHE TOYKHU IO OTHOIIEHHIO K MOJBHKHON CHCTEME OTCUETA.
llepenochvim Ha3bIBACTCS ABWKEHHE TOM TOYKU MOJBUAKHOM CHCTEMBI OTCUETA, B KO-
TOPOM HAXOIWTCS ABWKYILASCS TOYKA IO OTHOLICHUIO K HENmoABM>KHOM. [Ipomie
MOYKHO CKa3aTh: OTHOCUTEILHBIM JBUKCHUEM HA3bIBACTCS JIBMYKEHUE TOUKH T10 TEY,
a TIEPEHOCHBIM JBM)KEHUEM — JIBUYKEHUE TOYKH BMECTE C TE€JIOM.

CKOpOCTh U YCKOPEHUE TOYKHU IO OTHOIIECHUIO K HEMOJBIKHOM CHCTeMe OoTcueTa
Ha3bIBAIOTCA A0COMIOTHBIMH (v, a). CKOPOCTh M YCKOPEHHE TOUKHU IO OTHOIICHHIO K
MOJIBIYKHOM CHCTEME OTCYETa Ha3bIBAIOTCS OTHOCUTEIBHBIMHU (V,, d,). CKOPOCTh U YCKO-
pEHUE TOM TOYKH TMOJABWKHON CUCTEMBI, B KOTOPOW HAXOAMUTCS ABMXKYIIASCS TOYKA, IO
OTHOIICHUIO K HETIOJBUKHOWU CUCTEME Ha3bIBAIOTCSI MEPEHOCHBIMHU (V,, d.).

Teopema: ckopocmb mouku 6 aOCONOMHOM OBUNCEHUU 2eOMEMPUUECKU CKIA-
0vl8aemcsi U3 NepPeHOCHOU U OMHOCUMENILHOU CKOPOCIIL:

V=V, + Ve,

Hampumep, Ha pucynke 21 Touka M coBepiaeT ClI0)XKHOE ABUKEHHUE: BpaIllaeT-
Csl BMECTE C JIUCKOM — TIEPEHOCHOE JIBUKEHUE U JBUTAETCA MO XOpJe JAUCKa — OT-
HOCUTEIBHOE JABUKEHHUE.

v




[Ipn 5TOM IIEpeHOCHass CKOPOCTH V, HAIIPABJICHA NEPIEHAUKYISAPHO 0Tpe3Ky OM
B CTOPOHY NEPEHOCHOM YTIJIOBOW CKOPOCTH (., @ €€ BEITUYMHA MOXKET OBbITh HaileHa
o ¢opmyiie:
v, = w., OM.
AOCOIIIOTHYIO CKOPOCTh TOUKM M MOYHO HAMTH 1O TEOpEME KOCUHYCOB:

2 .2 2
vi=v_ +v, +2v v, -cosa,

TJ€ 0. — YIOJ MEXKYy BEKTOPAMHU V, U V,.

1.20. Teopema 0 CJ10:KeHUM YCKOPEHUI MPH CJI0KHOM JIBUKEHUN

Teo peMma: abconromuoe YCKOpeHUue modKku ceomenpudeckKu CKIA0bI8Aemcst U3
neperHoCcHo2co, ONMHOCUMENIbHO2O U Kopuojaucosda yCKOp€HI/H/7.'

a=a,+a,+a,,

rie @, — IepeHOCHOE YCKOPEHHE;
@, — OTHOCUTEIBLHOE YCKOPEHUE;

a. — yckopenue Kopuonuca:
aC :2[0)6 le”]
Moaynb yCKOpEeHUS MOXXHO HalTH 10 (hopMyTIe:

|| =2 , | v, | sinp,

rjae f/ — yroia Mexay Bektopamu @, u V., B paccMaTpUBaeMOM CJIy4ae 3TOT yIoJ

paBeH 90°, Tak Kak BEKTOp YIJIOBOM CKOPOCTH HAIPaBJIECH NEPHEHIUKYIISAP-
HO IIJIOCKOCTH PUCYHKA OT Hac.

I[JI?I OIPCACIICHHA HAIlPaBJICHUA 676 MOHO ITOJIb30BATHCs ITPABUJIOM BCKTOPHO-

ro YMHOXXEHUS WU mpaBuioM JKYyKOBCKOTO: 0 onpedeieHus HAnpasieHus.

yekopenusi Kopuonuca maoo cnpoeyuposamv 6ekmop OMHOCUMENbHOU JUHEUHOU

CKOPOCMU HA NJIOCKOCHMb | OCU NEePeHOCHO20 6pAaujeHUs U NOBEPHYMb dMY NPOeK-

yuro 8 amot naockocmu Ha yeon 90° 6 Hanpasnenuu nepeHoCHou Y21080U CKOPOCHIUL.
VYckopenne Kopuonnca paBHO HYJIIO, €CIIH:

1) @We= 0, T.e. nepeHOCHOE JBUKEHUE OYIET MOCTYNATEIbHbIM;

2) V.= 0, T.e. TOYKa HEMOJBIWKHA [0 OTHOIICHUIO K MOJBIKHON CHUCTEME OT-
cUeTa;

3) We //'V,, ToUKa ABIKETCS MAPATIIEIBHO OCH IIEPEHOCHOTO BPAIICHHSL.
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2. METOINYECKHUE PEKOMEHIALIUN
IO BBIMTOJIEHUIO KOHTPOJIBHOM PABOTHI

Kunemarnka — paszzies TeOpeTHUECKON MEXaHUKHU, U3Y4alolUi IBHXKEHHE TOY-
KU U TeJl 0€30THOCUTENIbHO K MIPUYMHAM, €r0 BbI3bIBAIOIIMM. [[71s1 BBIMOTHEHUS! KOH-
TPOJBHOUN paboThI cienyeT pemuTh 4 3anaun. Pemenue kaxaon U3 3aa1ad HeOOX01u-
MO HAuMHaTh Ha pazeopome mempaou (Ha YETHOM CTpAaHULE, HAYMHAsS CO BTOPOH).
CBepxy yKa3blBaeTCs HOMEp 3aJad, BBIIOJIHIETCS YEPTEK B COOTBETCTBYIOIIEM
MaciuTade v 3alKiChbIBaeTCs yciaoBHe 3a1auu. TeKcT 3a1aun He nepenucsiBaercs. Yep-
TEX JOJDKEH ObITh aKKypaTHBIM M HarJIsiJHbIM, C HAHECEHHEM BCEX Pa3MEPOB U 000-
3HaueHuil. Pemenue 3agauum HEOOXOAMMO CONMPOBOXKAATh KPATKUMU IOSICHEHUSIMH.
Ha xaxxnoui ctpanune cienyer OCTaBIATh MO 1S 3aMEUYaHUN PELIEH3EHTA.

PaboTbl, He oTBevarolIe NEPEYUCICHHBIM TPEeOOBAHUSM, HE MPOBEPSIIOTCS U
BO3BpAIAIOTCS HA TOPAOOTKY.

[Ipy BBINTOJIHEHHH KOHTPOJBHBIX palOT CIIEyeT HOMEpP PUCYHKA BBIOMpATh I10
nocneanen nuudpe mudpa, a ycinoBue 3agaud — B COOTBETCTBYIOIIMX TaOIUIAX IO
npeanocienuent nudpe mudpa.

[Tpumep: ecnu mmdp 892341, to npu pemennn 3agaun K1 cneayer B341h pucy-
HOK 1.1, a ycinoBue Ne 4.

2.1. 3agaua K1

[lo 3agaHHBIM  ypaBHEHHSM  JBWDKCHUS TOYKH B  IUTOCKOCTH XV
x=f,(¢),y=f,(t) (rabn. 1) TpebyeTcs HaiiTH ypaBHEHHE TPAEKTOPUHU U ISl MOMEH-
Ta BPEMEHH ¢; = 7/6 C ONpPEIeTUTh CKOPOCTh U YCKOPEHHE TOYKH, a TaKXKe e Kaca-
TEJbHOE M HOPMAIBHOE YCKOPEHHE M PaJnyC KPUBU3HBI B COOTBETCTBYIOIIEH TOYKE
TpaekTopuu. IIOCTPOUTh Ha PUCYHKE BCE HAIEHHBIC CKOPOCTH U YCKOPEHHSI B COOT-
BETCTBYIOILIMX MaclITadax.

VYkazanue. 3agaya K1 oTHOCHTBCA K KMHEMAaTHKE TOYKH M PEIIAETCA C IIO-
MOIIBI0 POPMYIL, TIO KOTOPBIM OMPEIEISIOTCS. CKOPOCTh U YCKOPEHUE TOYKH B JEKap-
TOBBIX KOOpJHMHATaX (KOOPIMHATHBIA CIIOCO0 3aJaHWs IBMDKCHUS TOYKH), a TaKXKe
GopMyI1, IO KOTOPBIM OTPEAEIIAIOTCS KacaTeIbHOE U HOPMAIbHOE YCKOPEHHUS TOUKH.
B naHHO# 3a7a4e Bce HCKOMBIC BEITHMUYMHBI HYKHO ONMPEICTUTh TOJIBKO JJIsi MOMEHTA
BpEMEHH ¢; = 7r/6 ¢. B HEKOTOpBIX BapHaHTaX 3aJadd MPHU ONpPEIETCHUN TPAEKTOPHU
WJIH TIPH MTOCIEAYIOIINX pacueTax (IS UX YIMPOUICHHUS) CIeAyeT MPUMEHUTD U3BECT-
HbBIC U3 TPUTOHOMETPUH HOPMYJIBI:

cos2a=1-2sit e,  sin2a=2sinacosc.

[Tpu BBpIOOpEe MaciITabOB MOCTPOEHUS TPACKTOPUHU, CKOPOCTEH U YCKOPEHHIA
CJIEyeT yYUTHIBaTh, YTO OHH JIOJDKHBI OBITH CTAHAAPTHBIMHU, TO €CTh U3 psipa: 1; 2;
2,5; 4; 5; ... Ilpu aToM n3o0pakaembie BEKTOpa JOJKHBI OBITH TOCTATOUYHO KPYITHBI-
mu (50-100 mm).
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Tabnuya 1
Ilapamempul Onsa pewenus 3a0auu K1

HocneHzI[;&I)}II) :I/I(I)pa x=f.(t), em Flllzle&r;;)ﬁpelgg;;ﬂ Y= 1,0, o
0 3sin(2¢) + 1 0 2 —2cos(21)
1 2sin”(2f) -2 1 3cos’(2f) — 1
2 4sin(2¢) — 1 2 2cos(4t) +2
3 3 —4 cos(2¢) 3 3sin(2¢) — 1
4 4cos’(21) — 2 4 2sin’(27) + 1
5 cos(4r) + 1 5 2sin(2t) — 3
6 2sin”(2f) — 1 6 3 — 2cos(21)
7 2cos(41) + 1 7 2cos(4t) + 1
8 3cos”(21) — 2 8 2sin’(27) + 1
9 2 + 3cos(4t) 9 2 —2cos(4?)

I[Ipumep pemenus 3agauu Kl

I[ AHO ! YPaBHCHUA JABUXCHHUA TOYKH B IINIOCKOCTH X):
x=-2cos(mt/4)+3;y=2sin(nt/8)—1

(X, y — B CAaHTUMETpaX, f — B CEKYHJIax).

OnpenenuTh: YypaBHEHUE TPACKTOPUM TOUKH; JJII MOMEHTA BpeMeHHu ¢, =1 ¢
HAWTU CKOPOCTh U YCKOPEHHE TOUKH, a TAKXKE €€ KacaTelbHOE€ U HOPMaJbHOE yCKO-
PEHUE U paauyC KPUBU3HBI B COOTBETCTBYIOLIEH TOUKE TPACKTOPHUH.

Pemenmne:

1. Jlna onpeneneHuss ypaBHEHUS TPACKTOPUU TOYKU HMCKIIOUUM M3 3aJaHHBIX
ypaBHEHUU NBUKEHUS BpeMms f. [IoCKOIbKY ¢ BXOJUT B apryMEHThl TPUTOHOMETpUYE-
CKUX (PYHKIIMM, TJIe OIMH apTyMEHT BABOE OOJIbIIIE APYroro, UCIIOIb3yeM (PopMyITy:

cos2a =1-2sin’a wm cos(zt/4)=1-2sin’(zt/8).

W3 ypaBHEHUI ABMKEHUS HAXOJUM BBIPAKEHUSI COOTBETCTBYIOLIUX (PYHKIUH,
TOI'1A ITOJIy4YHM:

cos(zt/4)=(3-x)/2, sin(z¢/8)=(y+1)/2;

2
CIIEZIOBATEIBHO: (3 - x)/ 2=1- 2(y + 1) /4.
OTcroga OKOHYAaTeJIbHO HAXOAWM CIICIYIOIIee yPAaBHCHHE TPACKTOPUHM TOYKH

(puc.): X = (y+1)2 +1.




2. CKOpOCTb TOYKH HAWJIEM IO €€ MPOEKIUSIM Ha KOOPINHATHBIE OCH:

, d
v =%=§Slﬂ(ﬂ't/4); v :z);:%rcos(ﬁt/S); v =L vl+uv

x y y oo

umnput=1c: v, =111 em/c, v, =073 cm/c, v =133 cwm/c.
3. AHAJIOTUYHO HAWIEM YCKOPEHHE TOYKH:

de 72'2 T de 72'2 . T ) 2
a, = =—cos| —t}; a,6 = =— sin| —t [, a = a, +a; .
dt 8 4 dt 32 8 Y

unput=1c: a.= 0,87 em/c?, a,=—0,12 em/c’, a=0,88 cm/c’
4. KacarenbHoe yckopeHue HaijeM, qudepeHupys o BpeMeHU paBeHCTBO:

[ 2 2
U =,UytUV, .

du_Uxax+U a

Y=y
[Tonyuum: ar = = .
7 dt v
TTo/ICTABHB MONTyYCHHbBIC paHee 3HAYCHIS, Haiiem, 4to mpr £ = 1 ¢: a,= 0,66 cm/c™.
. _ 2 2 .
5. HopmanwsHOE ycKOpeHme TOukH: d, =+/a” —ay. IloacTtaBmss croma Haii-

2
JICHHBIC YMCJIOBBIC 3HAYCHUS d; U d,, TOTydnM, uTo ipu ¢ = 1 ¢: a,= 0,58 cm/c”.
6. Paanyc KpuBU3HBI TPACKTOPUU:

2
p=0"/a,.

[loacraBnsia CroAa 4YWCIOBBIE 3HAYEHHUS U U dy, , HaWAeM, 4To npu ¢t = 1 c:
p=3,05cm.
[Ipu mocTpoeHuHn CKOpPOCTEH clieyeT B JIaHHOM Cjydae BbIOpaTh MaciTad
cM/c

1,=0,02 €
MM

Torma L= | v | /1, = 1,11/0,02 = 56 mm,
L= || /1,=0,73/0,02 = 37 mm;

v u,= 0,01 %,
MM
torna l,= | ve| /u,=1,11/0,01 =111 mm,
L= |vy| /1,=0,73/0,01 = 73 mm.
[Ipu mocTpoeHnn yCcKopeHu# ciaeayer Beioparh macirad u, = 0,01 CL/C
MM

Torna l,,= | a,| / n,=0,87/0,01 = 87 mm,
loy= |ay| /pu,=0,12/0,01 = 12 mm;
Le= | a:| / pta = 0,66/0,01 = 66 mm,
ln=|an| / 1ta=0,58/0,01 = 58 mm.
HaﬁHGHHLIe MJIMHBI OTPC3KOB OTKJIAAbIBACM M3 TOYKH C KOOpAHWHATAMH: IIPpU
t=1c:x=-2cos(7/4)+3=1,6 cm;y =2sin(z/8)—1=-0,23 cm.

Ipumeuanue. I1pu MOCTPOEHUH CIEYET YUECTD, YTO [, HEOOXOAUMO OTIIOKUTH BHHU3, TAK KaK
a,<0,a a, — 1o HaIpaBJIEHUIO CKOPOCTH, TaK KaK a, > 0.
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2.2. 3agaua K2

MexaHu3M COCTOUT U3 CTYNEHYAThIX KoJieC /-3, HaxXOIAIIUXCS B 3alECIUICHUU
WJIM CBSI3aHHBIX PEMEHHOW Tepeaadeii, 3y0uaToil peiiku 4 u rpy3a 5, IpUBS3aHHOTO K
KOHIly HUTH, HAMOTaHHOM Ha 0JHO U3 KoJiec (puc. 2.0-2.9, tabxn. 2). Paguycel cTyne-
HEll paBHbI COOTBETCTBEHHO: y Kojeca I — r; = 2 cM, R; = 4 cMm, y Kojeca
2—r,;=6cm, R,=8 cMm, y koteca 3 — ;=12 cm, R; = 16 cm. Ha o6oapsix konec
pacnoJioxkensl Touku A, B u C.

B cronbue «/laHo» TaOnuIbl yKa3aH 3aKOH ABMKEHHUS WIM 3aKOH HU3MEHEHHUS
CKOPOCTH BEIYIIEro 3BEHAa MEXaHHW3Ma, rjae @, (f ) — 3aKOH BpauleHus KoJjeca /,
S4(t) — 3aKOH JBUXKEHUS PEUKU 4, ,(1) — 3aKOH U3MEHEHHUSI YTIIOBOU CKOPOCTH KO-
neca 2, vs(t) — 3aKOH U3MEHEHHUsI CKOPOCTH Tpy3a 5 U T.JA. (B€3lle ¢ BbIpAXKEHO B pa-
JMaHax, § — B CAaHTUMETpax,  — B cekyHJax). [lonoxurenbHoe HanpaBieHUEe I ¢
U @ TPOTHUB X0J1a YACOBOMW CTPENIKHU, ISl Sy, S5 U Uy, Vs — BHHU3.

OmnpenenuTs B MOMEHT BPEMEHH #; = 2 ¢ yKa3aHHbIE B TaOnHIe 2 B CTOJOLAx
«Hamtn» ckopocT (v — JIMHEHHBIC, (® — YTJIOBBIE) U YCKOPEHUS (@ — JIMHEHHBIE,
& — YIJIOBBIE) COOTBETCTBYIOLUX TOYEK WUJIHU TeJl (s — CKOPOCTh I'py3a 5 U T.11.).

Ykazanue. 3amadya K2 — Ha ucciegoBaHue BpalaTeabHOTO IBUKEHUS TBEP-
JIOTO TeJia BOKPYT HeNMoABWKHOUM ocH. [Ipu pelienun 3agaum y4yecTh, 4TO, KOT1a JBa
KOJIECA HAXOJATCS B 3alECIUICHUU, CKOPOCTh TOYKH 3aLCIUICHUS KaXXA0r0o Kojeca OA-
Ha U Ta e, a KOIJa JBa KoJieca CBSI3aHbl PEMEHHOM Iepenayed, TO CKOPOCTH BCEX
TOYEK PEMHS U, CJIEI0BATEIHHO, TOUCK, JSKAIIUX Ha 000/€ KKIOTO U3 ITUX KOJIEC,
B JIAHHBI MOMEHT BPEMEHH YMCICHHO OJMHAKOBBI; MIPU ITOM CUUTAETCS, YTO PEMEHD
1o 000y KoJieca HE CKOJIb3HT.

Tabnuya 2
Ilapamempuol ons pewenus 3a0aqu K2
[Tocnennss Haittu

Hlllgg(gja Hlaro CKOPOCTH YCKOPCHHSI
0 s4=4(7t—t2) Up, Vg £y,0a,,4,
1 u4=2(t2—3) Uy, Up £y,0,,4,
2 @, =2t -9 Vg 2 £y,0a,,4,
3 w, =Tt -3t Uy, 3 &,,dz,4d,
4 @, =3t Uy, 3 &, dy,4d,
5 o, =5t -2t Dy, Up £,,0,,4,
6 @, =2(t* =3¢ Dy, W3 £5,d,,4,
7 1)4:312—8 Dy, ) Ey,dp,a,
8 s, =2t> =5t D4y 7 &5,d,,4,
9 w, =8 -3t Dy, Up £, 4, d,
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PucyHku kK BapuaHTaM 3aJaHuUU
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[Ipumep pemenus 3agauu K2

Peiika /, crynmenuaroe kojsieco 2 ¢ paguycamMu R, U r; M KOJeco 3 pannyca R;,
CKPEIUIEHHOE C BAJIOM pajJinyca 73, HAXOASTCS B 3alICTJIEHUH; Ha BaJl HAMOTaHa HUTh C
rpy3om 4 Ha koHIie (puc. 2.10). Peiika nBrkeTcs 1o 3akoHy s; = f(2).

1l

Puc. 2.10

HaHo:R,=6cm, r=4cM, R3=8cMm, r;=3cM, §; = 3f (s — B caHTHUMETpaXx,
t — B cekyHgax), A — Touka 06oja koneca 3, ¢; = 3 c.

OnpenenuTs: w; Uy €3 04 B MOMEHT BPEMEHH = ;.

Pemenue:

YcnoBuMmces: 0003Ha4YaTh CKOPOCTH TOYEK, JISKAIIMX HA BHEIIHUX 0007aX KoJiec
(pamuyca R;), uepes v;, a TOUCK, JeKaIIUX HA BHYTPEHHUX 00omax (paauyca r;), —
qyepes u;.

1. Onpenenum cHayasna yrioBble CKOPOCTH KakK (PyHKIMU BPEMEHH f. 3Hasl 3aKOH
JBYOKEHUS PEHKH [, HAXOJUM €€ CKOPOCTb:

v, =5, =9".

Tak kak peiika u Kojeco 2 HaXOAATCA B 3alCIJICHUH, TO 0, = 0; WU R, = v;.
Ho xoneca 2 m 3 TOXEe HaXOAATCS B 3alCIUICHUM, CJICAOBATECIbHO, U, = 03 HIH
w1R; = w;3R;. 3 3THX paBEHCTB HAXOIUM:
vy _ 3,2 ) 32

wnH =
2R, 2 R,

Torpaa ajist MOMEHTa BpeMEHU ¢; = 3 ¢ MoJIydyuM: w;= 6,75 ¢l

2. Onpenenum v,. Tak Kak vy = vg = w3r;, To Opu t; = 3 ¢: v,= 20,25 cMm/c.

3. OmpepensieM 3. YauThIBas, 4to &3 =@ 3= 1,5¢. Torma npu £, = 3 ¢ moay4um
e3=45c¢".
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4. Omnpenensem ay. Jna Ttoukm A: Ay =aAdr +AAn, TAE YHUCICHHO

2
ayr =R3&3, ay,=R3w3y. Torma s MOMEHTa BPEMEHH f; = 3 C, HMEEM:

a, =36cem/c?, a,, =3645cem/c’, a, =+a’ +a’ =3663cm/c’.

Bce ckopocTu U yckOpeHUsl TOYEK, a TaKKe HalpaBJICHUS YTIOBBIX CKOPOCTEH
noka3aHbl Ha pucyHke 2.10.

2.3. 3agaua K3

[Inockuit MexaHU3M COCTOUT U3 cTepxkHel I, 2, 3, 4 u non3zyna B wiu E (puc.
3.0-3.7) unu u3 crepxuen I, 2, 3 u nonzyHoB B u E (puc. 3.8, 3.9), coeauHeHHbIX
IpYT C APYrOM M ¢ HenoABWXKHbIMHU onopamu O;, O, mapHupamu; Touka D Haxonut-
cs B cepenune crepxkHs AB. [lnuna crepxueit: [y = 04 m, L =12 M, 5 = 1,4 M,
[y = 0,6 m. TlonoxxeHne MexaHu3Ma ompenensercs yriamu a, S, v, ¢, 0. 3HaueHus
ATUX YIJIOB M JIPYTUX 3aJIaHHBIX BEJIWYUH yKazaHbl B Tabnuue 3.1 (mist puc. 3.0-3.4)
wii B Tabmume 3.2 (mus puc. 3.5-3.9); mpu stom B Tabmume 3.1 w; wu
W4 — BEIINYUHBI TIOCTOSTHHBIE.

OnpenenuTs BETUYHHBI, yKa3aHHBIC B Ta0nHIax B cTonbnax «Haittmy.

JIyroBble CTpeNKH Ha PHUCYHKaxX MOKa3bIBAIOT, KaK MPU MOCTPOCHUM 4YepTexKa
MEXaHH3Ma JOJKHBI OTKJIAJbIBATHCSI COOTBETCTBYIOIINE YIJIBL: 110 XOAY WM IPOTHUB
X0J1a 4YaCOBOM CTpENKU (HampuMep, yroji y Ha pucyHke 3.8 cienyer oTiaoxuTs oT DB
[0 XOJY YacOBOW CTpEJKH, a HAa PUCYHKE 3.9 — MpOTUB XOJa YacCOBOW CTPEJIKU U
T.1.). [locTpoeHue ueprexa HAUMHATH CO CTEPKHS, HAMPABICHHE KOTOPOrO OIMpeJie-
JISIETCS YTIIOM 0 TIOJI3YH C HAIPABJISIFOIIMMU ISl OOJIBINEH HATISAHOCTA U300pa3uTh
Tak, kak Ha pucyHke 3.10, 6. 3agaHHble YTIIOBYIO CKOPOCTb U YIJIOBOE YCKOPEHHUE
CUMTATh HAIPABICHHBIMY MIPOTHB XOJ@ YACOBOM CTPEIIKH, 4 3aJaHHbIC CKOPOCTh U B U

yCKOpeHHe ap — oT Toukn B k b (cMm. Ha puc. 3.5-3.9).

Ykazanue. 3agaua K3 — Ha uccrieqoBanue mioCKONapauieIbHOTO IBIKESHUS
TBepaoro Tena. Ilpu ee pemeHnun A OMpeesieHns CKOPOCTEH TOYeK MEXaHHu3Ma |
YTJIOBBIX CKOPOCTEH €r0o 3BEHBEB CJIEIYET BOCIIOJIB30BATHCS TEOPEMOM O MPOCKITUIX
CKOpOCTEH JBYX TOUEK TeJa M MOHSATHEM O MTHOBEHHOM IIEHTPE CKOPOCTEH, IpHMe-
HSISL 9Ty TeopeMy (WM 9TO TOHITHE) K KaKIOMY 3BEHY MEXaHU3Ma B OTAEIbHOCTH.
[Ipu ompeneneHny yCKOPEHU TOUYEK MEXaHU3Ma MUCXOAUTHh U3 BEKTOPHOTO PABEHCT-

- - -7 -n - o
Baap =a4+ap4 +apq ,rae A — TOUKa, yCKOPEHUE @ 4 KOTOPOU WIIM 3aJ1aHO,
WIM HEMOCPEJICTBEHHO OIPEACIIAETCS M0 YCIOBUAM 3aa4uM (€CIM ToUKa A JIBHXKETCS

- - -7
10 JIyre OKPY>KHOCTH, TO A4 = d4 + a4); B — TOUka, yCKOpeHHUE d B KOTOPOM
HY’KHO OMpEeNeNuTh (ecau Touka B IBMKETCS MO Ayre OKPYKHOCTH paauyca [, To

- - n 2
Az =das+ as, rae unciaeHHo Ay = Uy /l; BXoxsmas cioma CKOpoCTh v OMpPeeNseT-
csl TAaK e, KaK M CKOPOCTH JIPYTHX TOUEK MEXaHU3Ma).
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Ilapamempur ons pewenus 3a0auu K3 (k puc. 3.0-3.4)

Tabnuya 3.1

ToceHss Yribl, rpaj JlaHo Haititu

uudpa Wy, | Oy v W a €

mm((lillf)a ¢ p 7 4 0 1/1c 1/40 TOYEK | 3B€HA | TOYKH | 3B€HA
0 0 60 | 30 0 [ 120 ] 6 — |B,E| DE B AB
1 90 | 120 | 150 | O 30 — 4 |AE| AB A AB
2 30 | 60 | 30 0 [ 120 ] 5 - |B,E| AB B AB
3 60 | 150 | 150 | 90 | 30 — 5 |AE| DE A AB
4 30 | 30 | 60 0 [ 150 | 4 — |D,E| AB B AB
5 90 | 120 | 120 | 90 | 60 — 6 |AE| AB A AB
6 90 | 150 | 120 | 90 | 30 3 — | B,E| DE B AB
7 0 60 | 60 0 | 120 | - 2 |AE| DE A AB
8 60 | 150 | 120 | 90 | 30 2 - |D,E| AB B AB
9 30 | 120 | 150 | O 60 — 8 |A,E| DE A AB

Tabnuya 3.2
llapamempuwr ons pewenus 3a0aqu K3 (k puc. 3.5-3.9)
Tocuess Yriibl, rpaj Jano Haintu
uugpa Wy, | €1, | VB, | Qs Y @ “ ¢
mudpa a | By e 0 el 1| we|we| O | 386 | Tod- | 3BE-
YeK | HA | KH Ha

0 1201 30 | 30 (90150 2 | 4 | — | — |B,E| AB B | AB
1 0 6090|0120 — | — | 4 6 |[AE| DE | A | AB
2 60 | 150| 30 (90| 30 | 3 51 -] - |B,E|AB| B | AB
3 0 [150130 |0 |60| —| — | 6 8 |AE| AB| A | AB
4 30 {120)120] 0 | 60 | 4 | 6 | — | — |B,E| DE B | AB
5 90 {12090 |90, 60 | — | — | 8 | 10 |[D,E| DE | A | AB
6 0 [150]90 | 0 |120] 5 8 | — | — |B,E| DE B | AB
7 30 (120130 (O | 60 | — | — | 2 5 |AE| AB| A | AB
8 90 | 120|120(90|150| 6 | 10 | — | — |B,E | DE B | AB
9 60 | 60 |60 |90 30 | — | — | 5 4 |D,E| AB| A | AB
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PucyHku Kk BapuaHTaM 3aJaHuUU

Puc. 3.0 Puc. 3.1

Puc. 3.2 Puc. 3.3

Puc. 3.5

27



Puc. 3.7

Puc. 3.8

[Ipumep pemenus 3agaun K3

MexanusMm (puc. 3.10, a) cocrout u3 crepxuei /, 2, 3, 4 u nonzyHa B, coequ-
HEHHBIX JPYT C IPYTOM U ¢ HeNoABMKHBIMU oriopamu O u O, 1mapHUpaMH.

Hano: a=60°, B=150°, y=90°, p=130°, @ = 30°, AD=DB, [,=04 ™,
L=12m L= 14M w =2 cfl, g =17 ¢ (HampaBJieHUE @; U & — MPOTUB XOJ1a
YacCOBOU CTPEJIKH).

OnpenenuTs: Up, Ug, @, Ap, &;.

A

Puc. 3.10
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Pemenune:
1. CTpouM MOJOKEHHE MEXaHW3Ma B COOTBETCTBUM C 3aJIaHHBIMH yTiaMu (CM.
puc. 3.10, 6).

2. OnpenensieMm vp. Touka B mpunamnexut crepxaio AB. UtoOs! HailTH vp, Ha-

710 3HaTh CKOPOCTh KaKON-HUOYb JPYroill TOYKU 3TOIO CTEPXHS U HapaBlIeHUE Vs .
[1o nanHBIM 3a1a4n, YYUTHIBAsA HANPABIEHUE @), MOKEM OINPEIAETUTD U4 ; YACIEHHO

v, =l =0-8wm/Cc; EJ_OIA,

Hanpasnenne UB HalaeM, yuyTs, 4TO TOYKa B mpuHaIIEKUT ONHOBPEMEHHO
MOJI3YHY, JBHXKYILIEMYCS BAOJIb HAITPABIISIIOIIMX MMOCTYNaTeNbHO. Teneps 3Hast V4 U

HalpaBleHUE Up, BOCIOIb3YEMCS TEOPEMOH O MPOEKLHAX CKOPOCTEM JBYX TOUYEK
Tena (crepxHs AB) Ha npsMyto, coequHsoNyt0 3TH ToukH (mpsmas AB). CHauana
110 3TOH TEOPEME YCTaHABIMBAEM, B KaKyl CTOPOHY HAIIPaBJIEH BEKTOP v (MpOeK-
Yuu ckopocmetl OONJICHbL UMEMb OOUHAKOBblEe 3HAKU). 3aT€M, BBIUUCIAS 3TH NPOEK-
L1H, HAXOJUM:

U, c0s30°=0v,c0s60° u v, =0,46Mm/c.

3. Onpenensiem Le. Touka E npunamnexur crepxkHio DE. CnegoBarenbHo, Mo
aQHAJIOTUU C TPEAbIAYIIUM, YTOObI ONpEAeUuTh VE, HAJO0 CHadajla HAaUTH CKOPOCTh

Touku D, mpuHaexaiieil oqHOBpEMEHHO cTepkHI0 AB. [[ns aToro, 3Hasg U4 u Us,
CTpOUM MTHOBEHHBIN 1EeHTp ckopoctert MIIC crepxHus AB; ato Touka Cs, nexaras

Ha IEPECEUCHNN NEPIEHANKYIIAPOB K U4 U Up, BOCCTAHOBJICHHBIX U3 ToueK A n B
(x U4 mepneHAUKYIsIpeH crepxeHb 1). [lo HampaBieHUIO BEKTOpa V4 OmpeaesnseM

HarpasiieHre noopota crepxkHsi AB Bokpyr MLIC Cs. Bexktop Up nepneHauKys-
pen otpe3ky C;D, coenunstomemy Touku D u Cs, 1 HanpaBiieH B CTOPOHY ITOBOPOTA.
Bennuuny vp HailaeM U3 Iponopurn

c.D C,B

Yro0sl Berunciuth C;D u C;B, 3amernMm, uro AAC,B npsMoyronsHbiii, Tak
KaK ocTpbie yriibl B HeM paBHbl 30 u 60°, u yto C;B = ABsin30° = 0,5AB = BD.
Torma ABC,D sBnsiercst pasHoctoponnum u C3B = C;D. B pesysbrare momyunm:

v, =0, =0,46M/c; vp LC,D.
Tak kak Touka E npunamiexur ogHospeMenHo crepxkHio O,E, Bpamaromemycs
BokpyT O,, To Ve L O,E | Torma, BoccTanasnupas u3 Todek E u D neprnenaukyaspsl

K ckopoctsiMm VE u Up, noctpouM MIIC C, crepxusa DE. 1o nHanpaBiieHHnio BEKTOpa

Up omnpexaensieM HarpaslieHHEe noBoporta crepxkHsa DE Bokpyr menrtpa C,. Bekrtop
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UE HanpaBlieH B CTOPOHY II0BOPOTa 3TOro crepskHsa. M3 pucynka 3.10, 6 BUIHO, UTO
LC,ED=/ZC,DE =30° orkyna C,E=C,D. CocraBuB Temeps HpOMNOPIHIO,

HaMJEM, UTO:

v v
E=—L  p,=v,=046m/C.
C,E C,D
4. OnpenensieM @,. Tak kak MLIC ctepxns 2 uzBecteH (Touka C,) u
[ Up -1
C,D=—-"—=0,9M, o, = =0,67¢c .
2cos 30° C,D

5. Onpenensiem as. Touka B npunamnexut crepxkHio AB. UtoOwl Haiitn dB,
Ha/I0 3HaTh YCKOPEHUE KaKOW-HUOyIb ApYyroil Touku crepxkHsi AB u TpaexToputo

-7 -n

touku B. I[lo nanHbIM 3a1a4u MOKEM ONpeAeauTh d4 = d 4 + A 4, Ta€ YUCICHHO:

ai=¢l, =28wmc?;, a’=wl =16wmc"’. 9)

—n -7

Bekrtop a4 Hanpasned Bnoiab AOj, a @4 NEpNEHANKYISIPHO MOI3YHY, TO BEK-

TOp @ TMapajuieleH HAaIpaBJISIOLUMM Moi3yHa. M300paxaeM BEKTOp ds Ha YEpTEKE,

ToJjiarasi, YT0 OH HAIpaBleH B Ty K€ CTOPOHY, 49TO M v;. I onpeneneHus d B BOC-
M0JIb3YyEeMCSI PABEHCTBOM:

— . r —n - T -n
ap=ad,t+ad4+AdB4s + ABA. (10)
— _,
N3obpakaem Ha uepTexe BEKTOphl d B4 (BH0ab BA oT B k A) u dB4 (B mo0y10
n 2 o
CTOPOHY MepNeHANKYNsIpHO BA); uncnenso @z, = @5 -1y Haiing w; ¢ moMoIIsio
noctpoeHHoro MIIC — C; crepxHs 3, mOTy4nM:
L )
C()3 — A — A
C,A [;cos30°
Takum 00pa3oMm, y BEIMYUH, BXOASIIUX B paBeHCTBO (10), HEU3BECTHBI TOIBKO

=0,66c'u aj, =0,61m/c>. (11)

T )
YHCJIOBBIC 3HAYCHUS dp U dpgy. VIX MOXKHO HaWTH, CIPOCKTUPOBAB 00€ 4acCTH pPaBEH-

ctBa (10) Ha Kakue-HUOY b IBE OCH.
UToOBl onpenieuTh az, COpoeKTHpyeM o0e yactu paBeHcTBa (10) Ha Hampasiie-

T
Hue AB (och X), IEpIEHIUKYJISIPHOE HEU3BECTHOMY BEKTOpY dp, . Toraa momydum:
o __ T (e} n o n
a, cos30°=a’, cos60°—a’, cos30°+ay,. (12)

[ToncraBuB B paBeHCTBO (12) uncioBbie 3HaUeHUs! Bcex BenuuuH u3 (9) u (11),
HaMJeM, YTO
ag =0,72 m/c’. (13)

Tax kak ap > 0, TO, cIeAOBaTENbHO, BEKTOP 4, HAmpaBleH, Kak MOKa3aHO Ha
pucyske 3.10, 6.
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V) T
6. OnpeneinsgeM &;. UToOBI HAMTH &;, CHaYajaa onpeacinM dg,. JIus aToro ode
BA

yacTu paBeHcTBa (10) cupoekTupyem Ha HamnpasieHue, nepneHaukysapaoe AB (ock
y). Toraa nony4yum:

5 o _ 7 &1 (e} n 3 (e} 2
—a,sin30°=a, sn60°+a’, sin30°+ay,. (14)
[ToncTaBuB B paBeHCTBO (14) uncnoBbie 3HaUYeHUS Beex BenuuuH u3 (13) u (9),

o T 2 T
HaijeM, uto dg, =-3,58 m/c”. 3HaK yKa3bIBaeT, YTO HaIpaBlieHHe dp, MPOTHUBOIO-
JI0’)KHO TIOKa3aHHOMY Ha pucyHke 3.10, 0.

T
Teneps u3 paBencTBa dp, = £3/3 momyunm:

T
b

£ = =256¢72.
I3

OtBeT: Uy =0,46 M/c; vy = 0,46 M/c; @,= 0,67 c_l; ag=0,72 M/Cz; &=2,56 ¢’

2.4. 3apaua K4

[IpsimoyronbhHas miactuHa (puc. 4.0-4.5) unu kpyrias IJlacTUHA pajguyca
R = 60 cm (puc. 4.6-4.9) Bpaiaercsi BOKPYT HEMOJBHKHOM OCH TIO 3aKOHY @ = f;(1),
3amanHoMy B Tabnuie 4. [lonoxuTenbHOE HampaBlieHWE OTCYETa YIJia ¢ MOKa3aHo Ha
pucyHkax nyroBou crpenkou. Ha pucynkax 4.0, 4.1, 4.2, 4.6, 4.9 ocw Bpauienus nep-
NEHIMKYJIIPHA TUIOCKOCTH IJIACTUHBI U MPOXOJUT uepe3 Touky O (IacTuHa Bpamia-
€TCsl B CBOEH IJIOCKOCTH); Ha pucyHkax 4.3, 4.4, 4.5, 4.7, 4.8 ock Bpaienus OO, ye-
KUT B IUIOCKOCTH TUIACTUHBI (IUTACTHMHA BpalaeTcsl B mpocTpaHcTBe). [lo mimactune
B1oJib nipsimoit BD (puc. 4.0-4.5) wiu no okpyxuoctu paauyca R (puc. 4.6-4.9) nBu-
&KeTcs Touka M; 3aKOH €e OTHOCUTEIHLHOTO JBMXKEHUS, T.€. 3aBUCUMOCTh § = AM = f5(1)
(S BBIpa)KEHO B CAHTUMETpPAX, ! — B CEKYHJIax), 3aJaH B Ta0nuile 4 OTIAEIbHO ISl PU-

cyHkoB 4.0-4.5 u s pucyHkos 4.6-4.9; tam e manbl pasmepsl b u [. Ha pucynkax
Touka M nokazaHa B MOJIOKEHUH, TpH KoTopoM s = AM > 0 (npu s < 0 Touka M Ha-
XOJIUTCS ¢ MPOTUBOMNOJOKHONU CTOPOHBI). Tpedyercs onpeaenuTb CKOPOCTh U YCKO-
pEHUE TOYKH B MOMEHT BpeMeHu ¢; = 1 c.

Ykazanue. 3agaua K4 — Ha croxxHOe ABMKEHHE TOUKU. [ ee pemieHus He-
00X0JIMMO BOCTOJIB30BATHCSI TEOPEMAMH O CJIOKEHHUU CKOPOCTEH M YCKOPEHHH TpH
CJIIOKHOM JIBMXeHUU. [Ipexie ueM npou3BONUTh BCE pACUEThl, CIEAYET MO YCIOBUIM
3a/1aud ONPENENUTh, TJI€ HAaXOAWUTCS TOouka M Ha IJIaCTUHE B MOMEHT BpPEMEHU
t;=1 ¢, 1 U300pa3UTh TOYKY UMEHHO B 3TOM IOJIOKEHUH (a HE B IPOU3BOJILHOM, IO-
Ka3aHHOM Ha pUCYHKax K 3ajnaue). B ciydasx, oTHocamuxcs K pucyHkam 4.6-4.9,
IPU PELICHUH 33]1a4d HE MOJICTABIIATh YHCIOBOIO 3HAYEHUsS R, Moka He OyJeT ompe-
JIEJIEHO TOJIOKEHUE TOYKA M B MOMEHT BpeMEHHU f; = 1 ¢ (C MOMOILBIO yIiia MEXy
paguycamu CM u CA B 3TOT MOMEHT).

Ipumeuanue. B 3anauax na pucyHkax 4.3, 4.4, 4.7, 4.8 sexkropa U ., , 4 ;EP ua xop HA-

MMPaBJICHBI MEPIICHANUKYJIAPHO IJIOCKOCTU PUCYHKA, ITIOOTOMY B 3THX BapUaHTax
CIIeaycCT BBI6paTB OCH XYyZ, CHHuTas OCb Z HaHpaBHeHHOﬁ Ha Hac. HaHpaBHeHI/Ie

Ha HacC H306pa>1<aeTcs1 3HaA4YKOM @, a OT HacC: ®
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Ilapamempul Onsn pewrenus 3a0aqu K4

Tabnuya 4

[Tocnennsia | s Beex Jns pucynkos 4.0-4.5 J{nst pucynkos 4.6-4.9
uugpa PUCYHKOB _ _ _ _
mndpa | oo | DM |[STAM=LO |1 | s =AM =f(1)

0 A —1) 12 5003t — *) — 64 R | 2zR@4F-2£)/3
1 37— 8¢ 16 403F—1Y—32 | 43R | 37RQF-1)/2
2 6r — 127 10 80(F— ) + 40 R 2R —1)/3
3 -2t 16 60(#' - 3¢%) + 56 R 5tR(3t—1) /6
4 107 - 5¢ 8 80(2£ — ) — 48 R 27R(E—26) /3
5 24— 1) 20 60(£ — 21%) R TR(£ - 41) ] 6
6 5t—4f 12 40(F—36)+32 | 3/4R | nR(E-21)/2
7 15t -3¢ 8 60(t — ) + 24 R aR(t— 58/ 6
8 20— 11¢ 10 15(5£ = 1) — 30 R 27R(3F—1)/3
9 6t — 3¢ 20 40(t—2)—40 | 4/3R | 4zR(F-2£)/3
PrucyHKM K BapuaHTaM 3aJaHUH
[<€ 5[9\/5 > D
4b
< > D B A: M D
C
0 .
otk _IM } 3h
D A ®
A S
B )]
Puc. 4.0 Puc. 4.2
O, § § D O, § § D
M P M i
(P 300 A ( A
n
O JIE B Ol B O JE B
4b 3, 5h__,
Puc. 4.3 Puc. 4.4 Puc. 4.5
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N

Puc. 4.8 Puc. 4.9

I[Ipumep pemenusa 3agauu K4

Huck pagnyca R (puc. 4.10, a) Bpamaercs Bokpyr ocu O, TepHeHANKYJISIPHON
IUIOCKOCTU PUCYHKA, TI0 3aKOHY ¢ = f7(?) (II0JI0)KHUTENBHOE HANPABJIEHUE OTCYETA yTiIa
@ nokazaHo Ha pucyHke 4.10, a nyrosoii crpenkoii). [To o6ony ADB aBmxercsa Touka
M 1o 3akony s = AM = f>(1); NON0KUTENBHOE HANPaBIEHHE OTCYETa s OT A K D.

Puc. 4.10

Hauno: R=05Mm, @ = 26 - 4t2, s = (nR/6)(7t — 2t2) (¢ — B pagmaHax, s — B
MeTpax, [ — B CEKyHJIax).
OnpenenuTs: U,z U ad,; B MOMEHT BpeMeHu ;=1 c.
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Pemenue:
PaccMoTpyuM nBHkeHHME TOUKM M Kak CHOXHOE, CuuTas €€ ABWKEHHUE M0 JIyTe
ADB oTHOCUTENBHBIM, a BpallleHUE JAUCKa — TIEPEHOCHBIM JIBWXKEHHEM. Torma abco-

JFOTHAS CKOPOCTh Vas U a0COIIIOTHOE YCKOPEHUE (a6 TOUKU HaAMyTCs 1O hopMyJiam:

Vawo =VDor +Vmr, Aac = Qor + Aumer + Axop

- -7 —n - -7 —n

rze, B CBOIO ouepenn, dor = dor + dor, A nmer = A ner + A nep

Onpeaenum Bce XapaKTePUCTUKU OTHOCUTEILHOTO U MIEPEHOCHOTO JABUKEHUM.
1. Omnocumenvroe osudicenue. ITO ABUKEHUE MMPOUCXOJUT MO 3aKOHY:

s =AM = (zR/6)(7t - 2). (15)
CHauana ycTaHoBUM, i€ Haxoautcs Touka M Ha gyre ADB B MOMEHT BpeMeHHU
t;. llomaras B ypaBHenuu (15) ¢ = 1 c¢, mnoaydyuMm s, = %nR . Torna

S

JACM = 2 = %ﬂ' =150° wiu £ BCM =30°.
N3o0paxaem Ha pucyHke 4.10, a Touky M, B ITOJIO)KEHHH, OTIPEACIIIEMOM dTUM

YTJIOM.

T n o,
Tenepb HAXOAUM YHCIIOBBIE 3HAYECHUA Vor, or> Qo7 -
2 2 2
. T . n
Uar=S=0ﬂ/6X7—M)iaOT=UOT=—§%Ria0T=00T/P0T=UOT/R’

T€ Por — PaNyC KPUBU3HBI OTHOCUTEIBHO TPACKTOPUH, T.€. 1yru ADB.
Jnst MomeHTa BpeMenu £, = 1 ¢, yuurtsbiBasi, yTo R = 0,5 M, OTy4uM:

v,y = MR/2 = 0,785 M/C; al, = — /3 =-1,047Tm/C; a), = 77 /8=1234m/c. (16)
3HaKU MOKa3bIBAIOT, YTO BEKTOP VOT HAIPABIECH B CTOPOHY MOJIOKHUTEIBHO OT-

cdeTa pacCcTOSHUSA S, a BEKTOP Aor — B [POTUBOIOIOKHYIO CTOPOHY; Qo7 HAIPaB-
neH k uentpy O agyru ADB. N300paxaem Bce 3TH BEKTOPHI Ha pucyHkax 4.10, a, 6.
2. Ilepenocnoe osusicerue. ITo NIBHKEHUE (BpallleHNE) TPOUCXOIUT 10 3aKOHY:
o =20 —4f.
Haiinem yrioByro CKOPOCTh @ U YTIIOBOE YCKOPEHHE & IEPEHOCHOTO BpALLEHUS:

w=0 =6F-8te=0@ =12t—8

unpu t=1c:
_ -1. _4 .2
w=-2c ; ¢=4c ~. (17)
3HaKW yKa3bIBaIOT, YTO Npu f; = 1 ¢ HampaBlieHUE & COBNAAAET C HAIIPABJICHUEM

IIOJIOKUTENIBHOTO OTCUETa yria (), a HalpaBJIEHUE (U €My IPOTHBOIIOIOKHO; OTME-
TUM 3TO Ha pucyHke 4.10, a COOTBETCTBYIOIIMMHU TyTOBBIMH CTpenkamu. Toraa B

MOMEHT BpeMeHH #; = 1 ¢, yuutsiBast paBeHcTBa (17), momyuum:

vpep =|@ [R=1m/c, afpp =e| R =2mlc?, alpp = w*R =2wm/c?. (18)
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- -7
N3o6paxkaem Ha pucyHkax 4.10, a, 6 BEKTOpBl UJEP U a[JEP C Y4€TOM HaIpas-
[V n
JIEHUW @ U & U BEKTOp djpp (HAIIPaBJIEH K OCH BPAILICHUS ).

3. Kopuonucoeo yckopenue. Tak Kak yroj MEXIy BEKTOPOM Uor WM OChbIO Bpa-

meHus (BeKTOpoM o) paBeH 90°, TO YMCIEHHO B MOMEHT BpeMeHH ¢; = 1 ¢ (cM. pa-
BeHcTBa (16) u (17)):

aop =200 ||@|sin 90°=2-0,785-2 =314 m/c>. (19)

Hamnpaiienue dxop Haiiiem, CIPOEKTUPOBAB BEKTOP Vor Ha IIOCKOCTh, TEp-
MEHIMKYJISIPHYIO OCH BpallleHus (TO €CTh B JAaHHOM ClTy4ae HUKYJ1a MPOeUpOBaTh HE
HAJI0, TaK KaK 3Ta MJIOCKOCTh COBMAAET C IJIOCKOCTHIO PUCYHKA), M TIOBEPHYB 3aTeM
9Ty MPOEKIMI0 B CTOPOHY @, T.€. IO X0y 4acoBoil crpenku Ha 90°. M3o0pakaem

BEKTOp dxor Ha pucyHke 4.10, 6.

4. Onpeoenenue Vyp, Ayp . I10CKOIBKY NIEPEHOCHAS U OTHOCHUTENbHASI CKOPO-

CTH TOYKH HAIPABJIEHBI 1O OJIHON MPSIMOM B MPOTHUBOMOJIOXKHBIE CTOPOHBI, TO a0CO-
JIOTHAsI CKOPOCTh OyeT paBHA PA3HOCTU UX MOJTYJICH:

= [0p | = [Oor |= 1-0,785 = 0,215 m/c

‘Uaﬁ

Y HaIpaBJICHA B CTOPOHY OOJIBIIIEH CKOPOCTH.
[1o Teopeme O CIIO)KEHUN YCKOPEHUN:

- -7 —n -7 —-n

Aas =aor +aor +anep +anep +axor. (20)
Jlnst onpeneneHust d,; NpoBeAeM KoopauHaTHbIe ocu M xy (cMm. puc. 4.10, 6) u

BBIYMCIIUM MPOEKIMU BeKTOopa a6 Ha 3TU ocu. Toraa, npoekTupys o0e 4acTu pa-
BeHCTBa (20) Ha KOOpJIMHATHBIE OCH M YUTs OJIHOBpeMEeHHO paBeHcTBa (16), (18),
(19), momy4yum 1151 MOMEHTa BpeMeHu ¢; =1 c:

A, =ah+an. —d.,p,=2+1234-314=0,094m/c;

a =-2+1,047=-0,953m/c*.

— T T
aby = aHEP""aOT

OTcro1a HaXO UM 3HAYEHUE d,6 B MOMEHT BpeMeHu £, = 1 c:

A, :1/a§5x +a§6y =0,957 m/c>.

OTBeT: V5= 0,215 Mm/c; ayz= 0,957 m/c.
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