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4 Beeoenue

BBEJAEHHUE

Teopemuueckas mexanuka — (GyHIaMEHTalbHAas HayKa o
3aKOHAaX W YpPaBHEHUAX IBMKEHHUS MaTepUaJbHBIX CUCTEM (Ted,
MEXaHU3MOB, MPUOOPHBIX YCTPONUCTB, MHOXKECTBA YaCTHUI U T.1.).
OpHa Y3 IIaBHBIX 337]a4 MEXaHUKHU — IMOCTPOCHHUE U UCCIIEIOBAHUE
MaTeMaTUYECKUX MoJieJiell 00bEKTOB C MPUMEHEHHEM CUMBOJIbHBIX
Y YHCJICHHBIX PAcy€TOB Ha KOMIIbIOTEpe. BO MHOTHX PaKTUYECKHUX
3a/layaX MaTeMaTHYeCKUMHU MOJIEISIMU SIBJISIIOTCS anreOpandyeckue
WM OOBIKHOBEHHBIE Ju(depeHnanbHble ypaBHEHHS, JHOO
CUCTEMBbI TakuX ypaBHeHui. IIpu ucciaegoBaHuM ATUX Mojeen
UCIIOJIB3YIOTCS MHOTHE Pa3/ielibl BBICIIEH MaTEeMaTHKU.

B TO ke Bpemsi TeopeTHueckas MEXaHHKA HalpaBjieHa Ha
HIMPOKOE MPUMEHEHHUE B MHKEHEPHOU MpakTuke. MaTemaTH4ecKue
MOJIETIH, CO3/JaBacMble Ha OCHOBE MEXaHUKH, CIIy>KaT 0a3ol is
aHalli3a U CUHTE3a MPUOOPHBIX CUCTEM, JIJIsl BBIOOPA ONTHUMAJIbHBIX
3HaYEHUN MapaMeTPOB MEXaHMYECKUX KOHCTPYKUMid. OTMeTHM
TaKXKe, YTO MHOTHME MNpUOOpbl W YCTpOHCTBa paboTaloT Ha
MPUHIHUIIAX TEOPETUYECKON MEXAHUKHU.

B n1anHOM mnocoOuMM AaHO WBJIOKEHUE KUHeMAmuKu -
paszziena TEOPETHUYECKOM MEXAaHUKHU, B KOTOPOM COJEPIKHUTCS
MaTEeMaTHUYECKOE OMHUCAHNE MEXAaHUYECKUX ABUKEHUN 00BbEKTOB. B
KMHEMaTUKE paccMaTpUBAIOTCS CHOCOObI 3aJaHusl Ppas3InYHbIX
BUJIOB JIBIDKEHMSI TE€JI U MEXaHU3MOB B BHUJAEC (YHKIHOHAJIbHBIX
YpaBHEHUH, a TAKKE€ METObl ONPEJEICHUsI M0 3TUM YPaBHEHUIM
TPACKTOPUM, CKOPOCTEM M YCKOPEHHH OTAEJIBHBIX TOYEK TEN M
MEXaHU3MOB. B 3TOM pa3znene MeXaHMKU H3y4aeMoe IBUKCHHE
CUMTAETCS 3aJaHHBIM W HE paccMaTpUBAIOTCS  MPHUYUHBI,
BBI3BABILIME 3TO JBIJKEHHE, TO €CTh HE NPUMEHSETCS MOHITHE
Cumbl.
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B kauectBe wMojeneli peambHBIX MaTEPUANBHBIX T
UCIIOJIB3YIOTCSI:

*  ceomempuuecKkas N MamepuaibHas moyka — Teno, popma

U pasMepbl KOTOPOTO B YCIOBUSAX JaHHOW 3aIadu
HECYIIECTBEHHBI;

* abconromHo meepooe meno — TeNo, sl KOTOPOTO €ro
dbopma U PaACCTOSTHUS MEXIY JIOOBIMU €r0 TOYKAMU HE
U3MEHSIOTCST (WM OTM  W3MEHEHUS  CUHUTAIOTCS
IpPEeHEOPEKUMO MAJIBIMU).

TBepawie Tenma, CBsI3aHHBIC JIPYT C JAPYroM TEM WA HHBIM
oOpa3zomM (Hampumep, ¢ TIOMOIIBIO IIAPHUPOB) OOpPa3yIOT
MexXanusmbl, KOTOPbIE HCIOJIB3YIOTCS C LEJbl0 Mpeodpa3oBaHus
JBUKEHUH OJTHOTO BHJIA K IPYTOMY.
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I'/TABA 1. KHHEMATHUKA TOYKHA

PaccMoTpuM JBHKEHHE TOYKHU B TUIOCKOCTH OTHOCHUTEIBHO
NpsIMOYTOJIBHOW JIEKapTOBOM cucTeMbl koopauHaT Oxy (puc.l).
HenpepsiBHast muHus AB, KOTOPYIO OMUCHIBAET ABUKYIIAACS TOUKA
C TEUEHHUEM BpPEMEHH, Ha3bIBACTCS mpaexkmopueti. B 3aBucumoctu
OT (QOpMBI  TPACKTOPUU  PA3IUYAIOT  HNPAMOJUHEUHble |
KpUgouHelitvle TBUKECHHS TOUKH.

y
A M(x,y)

a

a

0 X

Puc 1. Bekmopwi ckopocmu u yckopeHus mouxu,
08udICYUelcs 8 NJIOCKOCU.

JInst 3amaHust TIOJIOXKEHUST JBIKYIIECUCS TOUYKH HMCIOJIB3YIOT
BEKMOPHBIL, KOOPOUHAMHBIL W eCMeCmMBeHHbl CnocoObl 3a0aHUs
0BUIICEHUS.

1.1 BekTOopHBIH CIIOCO0
3a/aHMs IBUKEHUS TOUYKH

B BekrtopHOM cmnocobe 3aJaHus JIBJKEHHS TOYKH €€
MOJIOKEHUE B JIHO0OM MOMEHT BPEMEHH OIpPEACINSIOT PailnyCOM-

BeKTOpoM 7 =OM , npoBeleHHbIM M3 Hayana koopauHaT O B
JIBUXKYLTYIOCS TOUKy M (puc.l), To ecTh BEKTOpHOU (yHKIMEH

F=7(t). (1.1)
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Konkpernas pynkuus (1.1) onpenensiet 3akon 0gudicenus mouxu 8
e6ekmopHoti popme. Bexktop 7(¢) m3MeHsIeTCS B 00IIEM ciydae 1o

BEJIMYMHE U TI0 HAPaBJICHHUIO.

OCHOBHBIMU KHHEMATHUYECKHUMH XapaKTEPUCTHUKAMU JIBUXKE-
HUSI TOYKH SIBJISIOTCSI CKOPOCTh U YCKOPEHHE, KOTOPBIE SBIISIOTCS
BEKTOPHBIMU BEJIMYUHAMHU.

Ckopocmblo mouku Ha3bIBalOT BEKTOP V, paBHBIA NEpBOU
IPOU3BOIHON 110 BPEMEHU ¢ OT €€ paJuyca-BeKTopa 7, TO €CTb OT
BEKTOpHOU pyHKUUU 7 (¢):

N

V=F wm Vv=—o . (1.2)

d
dt

3nech MCHOJIb30BaH MPHUHATHIA B  MEXaHUKE CUMBON Oug-
Gepenyuposanus no epemenuy B BUJE TOUKH, PACIIONOKEHHBIN Hao
nuddepeHnpyeMont GyHKIHEH.

BekTop ckopocTH HampasieH M0 KacaTelbHOU K TPaeKTOpUU
TOYKH B CTOPOHY €€ JABIKeHus (puc.l).

Ycxopenuem mouxu Ha3pIBa€TCA BEKTOP @ , PABHBIN MEPBOU
MPOU3BOJHON IO BpPEMEHH ! OT €€ CKOPOCTH V WM BTOPOU
MIPOM3BOJIHOM OT ee paJunyca-BEeKTopa 7 :

dv _d’r
dt di*

A=V=F WM a=

(1.3)

[Ipy KpUBOJIMHENHOM JBHXEHMM TOYKM B ILIOCKOCTH Oxy
YCKOPEHHUE PACIIOJIOKEHO B ITOW IUIOCKOCTH M OTKIOHEHO OT
CKOPOCTHU 8 CIOPOHY 80cHYymocmu TpaekTopuu Touku (puc.l). [lpu
OPSMOJIMHETHOM ~ JIBUKEHUM TOYKM BEKTOPBI CKOPOCTH H
YCKOPEHUSI HAIPaBJIEHbI BAOJb TPACKTOPUH B OJIHY CTOPOHY WJIHU
IIPOTUBOIIOJI0KHBIE CTOPOHBI.
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1.2 KoopauHaTHbId C1IOCO0
3aJaHUS IBUKEHUS] TOUKHU

B koopauHatHOM cmocoOe 3alaHusl JABUKEHUS TOYKU
MOJIOKEHUE TOYKH B JIFOOO MOMEHT BPEMEHHU ONPENIEAETCS B BUIE
GyHKUMA ee 1eKapTOBbIX KOOPAUHAT OT BPEMEHHU

x=x(6),  y=yQ@. (1.4)

VpapHenust (1.4) npeacTaBisiOT COOOH ypasHeHusi OBUNCEHUS
mouxku 6 Koopounamuou gopme. OHU OJTHOBPEMEHHO SIBIISIFOTCS
YPaBHEHUSMH TPACKTOPHUH 8 napamempuieckol ¢popme, B KOTOPBIX
POJIb TapaMeTpa BBITIOIHSIET BpeMs 7.

Ha ocHoBanuu ¢opmyisl (1.2) mpoekuun v, ,v, CKOPOCTH

TOYKH V pPaBHBI TIICPBBIM IIPOU3BOJHBIM II0 BpPEMCHH OT
COOTBCTCTBYHOIIUX KOOPANHAT TOYKH:

y . _dx _dy
V=X, V,=) wm v, =——, —

v, = . 1.5
* dt Yoodt (1.5)

Motysib CKOPOCTH V U €€ Hanpasiaowue KOCUHYCbl OTPEACIIOTCS
dbopmynamu

v= v + vi ; cos(v,x) =v, /v, cos(v,y) =v, /v. (1.6)

IIpoekiuu a ,a, YCKOPEHHS TOYKH HA KOOPIAWHATHBIC OCH
PaBHBI NEPBBIM MPOU3BOAHBIM I10 BPEMEHHU OT MPOEKIUI CKOPOCTH
WIM BTOPBIM NPOU3BOAHBIM OT COOTBETCTBYIOIIMX KOOPAHHAT
TOYKHU:

a =v_.=X, a,=v, =y. (1.7)

Monynbs yCKOpeHHMsT @ ¥ €ro HalpaBJSIOIIMEe KOCHHYCHI
OTIpEACIISAIOTCA MO (popMyiaM

a=.la; +a,; cos(@,x)=a,/a, cos(@y)=a,/a. (1.8)
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1.3 EcrtrecTBeHHBIH CIIOCO0
3aIaHUA IBUKCHUSA TOYKH

EctecTBeHHBIT  cmoco0  3amaHuWsl  ABWMKEHUS  TOYKH
WCMOJIB3YETCSI B TEX CIy4dasiX, KOTJa TPACKTOPHUS €€ JABHXKECHHUS
3apaHee u3BecTHa. Ecin KpuBas AB ABIAETCS TPACKTOPUEN TOUYKU
M (puc.2), To moJio)KeHHe TOYKU M Ha 3TON TPACKTOPHUU MOMKHO
OJIHO3HAYHO ONPEACTUTH KPUBOJIUHEUHOU KOOPOUHAMOU. S.

Puc 2. Bekmopbl ckopocmu u yckopenus mouku npu
ecmecmeeHHOM Cnocobe 3a0anusl ee 08UNCEHUsL 8 NIIOCKOCU.

Koopaunata s OTCUMTHIBAETCS OT HEKOTOPOW (DPUKCHPOBAHHOM
Touku M, (Hadajao oTcyeTa) BAOJIb TPACKTOPUM U Oepercs ¢
COOTBETCTBYIOIMM 3HAKOM. UTOOBI 3HATh MOJIOKEHNE TOUKU M Ha

TPAEKTOPUH B JIIOOOH MOMEHT BPEMEHHM, HAJ0 33/1aTh 3aBUCUMOCTh
KPUBOJUHEWHON KOOPAUHATHI OT BPEMEHU

s =s8(1) . (1.9)

VYpasuenue (1.9) BweIpakaeT 3aKkoH O8udiCceHuss MOYKU TIPH
€CTECTBEHHOM cmoco0e 3amaHusi ee aABwxkeHus. OTMETHUM, dYTO
BEJTMYMHA § B 00IIIEM clTydae He paBHA MMPOUICHHOMY TOYKOU ITyTH.
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CKOpOCTh M YCKOpPEHHE TOYKU MPU E€CTECTBEHHOM CIIOCO0e
3aJJaHUS IBUKECHUS ONPEICIIAIOT IO UX MPOSKIUSIM Ha MOJABUKHBIE
NpSIMOYTOJIbHBIE OCU MTn, HWMEKOIIME Hayajlo B TOYke M wu

JBIOKYyIIMecs: BMecte ¢ Hewo (puc.2). Ocy MT HampaBieHa O
KacaTeJIbHOM K TPAeKTOPUU B CTOPOHY MOJIOKHUTEIBHOIO OTCYETa
KOOPJHMHATHI §, @ OCb Mn - IO HOPMAJIM K TPAEKTOPUHU B CTOPOHY
ee BorHyTocTu. OpThI 3TUX OCet 0003HAYUM COOTBETCTBEHHO T U
n.

CKOpOCTh TOYKM V, HalpaBJ€HHas MO KacaTeJIbHOW K
TPACKTOPHUH, ONPEIEISAETCA OAHOU MPOEKIUEN V., PABHOU IIEPBOU
MPOU3BOHOM MO BPEMEHH OT KPUBOJUHEHHON KOOPIAUHATHI §:

vV=v.T, V. =3§. (1.10)

T

Bekrop yckopenuss a =a, T +a,n MMEET NPOEKLUIO @, Ha
KacaTellbHyl0, PaBHYK) MNEPBOW IPOWU3BOJHOM IO BPEMEHH OT
IIPOEKIIMH CKOPOCTU V, WM BTOPOM NPOU3BOAHON OT KOOPAHMHATEI

S, W NPOEKLUHUI0 HAa HOPMAJIb «,, PAaBHYIO OTHOILIECHUIO KBajpara
CKOPOCTH K painyCy KpUBHU3HBI TPAEKTOPUU B JTAHHOU TOYKE:

a =v. =5, a, =v:/p. (1.11)

Beanunnbl a, n a, Ha3bIBAIOT KacamejlbHbiM N HOPMAIbHbIM

YCKOpeHUsIMA TOYKU. KacaTenpbHOEe YCKOpEeHUE XapaKTepU3yeT
W3MEHEHUE CKOPOCTH TI0 BEJIMYMHE, a HOpPMajdbHOE — TIO
HaIPaBJICHUIO.

Moy CKOpPOCTH M YCKOPEHHS TOYKH OMNPEIEISIOTCS I10
dbopmynam

v=|v,

; a=ya’ +a . (1.12)

Ecnu um3BecTHBI KacaTelbHOE YCKOPEHHME TOUYKH a,(f) H

HAYAJIbHBIE 3HAYECHUSI CKOPOCTU V) U KPUBOJUHEWHON KOOPAUHATHI
So B MOMEHT BpeMeHH f, = 0, TO B MOCIEAYIOLINE MOMEHTHI
BPEMEHU CKOPOCTb M IOJOKEHUE TOYKM HAa TPACKTOPUM MOTYT
OBITh HAWJIEHBI IO CIAEAYIOIHUM (OopMyIaMm:



Kunemamurxa mouku 11

v. (1) =v, +j'ar(t)dt; s(t)=s, +jvr(t)dt. (1.13)

B yacTHOM cityuae pasronepemenno2o KpugoIUHEUHO20 08UNCEHUS,
Korjga a, = a, = const popmyisl (1.13) npuHUMarOT BUJ

v, (1) =v, tay; s(t)=s, + vt +a,t’ /2. (1.14)

Ecou v, W a, UMEHT OAMHAKOBBIE 3HAaKU (IPOU3BEIEHHE
v, [d, >0), nBuwxeHnue OyINEeT pasHOYCKOpPEHHbIM, & €CIIU Pa3HBIC
3Hakn (v, ld,<0) - pasenozameorennvim. Ilpn a,=0 Touka
COBEpIIACT pagHOMEpPHOe O8UdNCeHUe C TIOCTOSTHHOW CKOPOCTBIO

V, =V, =const, NpU4YEeM YCKOPEHHE TOUYKH DPABHO TOJIBKO HOp-

—_ — .2
MaJbHOMY YCKOPEHHUIO: @ =a, =v~/p.

1.4 KacateabHoe 1 HOPMAJIbHOE YCKOPEHUS

Jlnst ompeneneHusi KacaTelbHOTO YCKOPEHUS TOYKU TPH €€
IBW)KCHUU, 3aJaHHOM KOOPIMHATHBIM CIIOCOOOM C TIOMOIIBIO
¢bynkmuit - (1.4), BBOomuTCA  OpT  KacarempHOM T =V /v,

COHANPABJICHHBIA C BEKTOPOM CKopocTH. I[Ipoeuupysi BekTOp
YCKOPEHHUS a Ha 3TOT OpT, Moixydaem Gpopmyiy

v +
o =g =2 NN (1.15)

T
1% \4

BenuumHbl, BXOASIIME B TMpaByK YacTh JTOH (OPMYIIHI,
BbIUUCIIAIOTCSA coryacHo (1.5), (1.6), (1.7). IIpu a,> 0 BeKkTOpBI V U

a, VMMEIOT OJIMHAKOBBbIE HANpaBJiE€HUs BIOJb KAacaTeIbHOH, a MpH
a,< 0 — mporuBomnoyiokHble. Eciu B AaHHBIE MOMEHT TOYKa
ocraHoBmwiack ( v = 0 ), T0 a, = 0 U yCKOpeHHE TOYKU d =a,
ONPEEIAETCS MPOESKUHUAMH d, ,d,, .
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HopmanbsHOE yCKOpeHrEe TOUKH

¢ = Ja -a _|va,mva (1.16)

v

[lanee nmpuBenem nmpuMep BBINOJHEHUS 3a4aHus 1 110 JaHHOU
TEME U UCXOJIHbIE IaHHBIE JIJISl CAMOCTOSITENIbHOM paObOThI.

1.5 3anmanme 1.
Onpenenenue CKOPOCTH U YCKOPEHUS TOYKH
10 3aJTaHHBIM YPAaBHEHMSIM ee IBHKeHUs

[1o 3a1aHHBIM ypaBHEHUSM ABUKECHUSA TOUKU M:

x=3t(cm); y =2t (cm)

YCTaHOBUTH BUJ] €€ TPACKTOPHUH U ISl MOMEHTa BpEMEHU ¢ = ¢ (C)
HalTU TOJIO)KEHUE TOYKM Ha TPAEKTOPUH, €€ CKOPOCTb, MOJHOE,
KacaTeJIbHOE U HOPMAJIbHOE YCKOPEHUS, a TAKKE painyC KPUBU3HBI
TPaEKTOPHUHU.

Pewmenne. /{551 onpenenenus Buaa TpaeKTOPUU HAMAEM ypagHeHue
mpaexmopuu, TOKa3bIBaIOIIEe 3aBUCUMOCTh MEXKy KOOpJUHATAMU
X U y OBUXKYIIEHcs Touku. Beipa3uB u3 nepsoro, 6ojiee mpocToro,
ypaBHEHUsT BpeMsi f=x/3 ¥ MOACTAaBUB BO BTOPOE, MOIYYUM

2
ypaBHEHUE TPACKTOPUU B BUJIE ) = gxz. CrnenoBaTenbHO, TPACKTO-

pHeil TOYKHM SIBISETCS BETBb Mapaboibl C BEPIIMHON B Haudaje
koopauHat (puc.3). [lpu rpaduueckom N300paKEHUN TPACKTOPUH
maciTadsl 1o ocsaM Ox u Oy cineayeT BbIOpaTh OAMHAKOBBIMHU.
[lonoxxenune Toukn M HaA TPACKTOPHUH B 3aJaHHBIM MOMEHT
BpeMeHH ¢, =1 (¢) HaXOAUM IyTeM BBIYUCICHUS €€ KOOpAUHAT:

x(t,)=30=3 (cm); y(t,)=20%=2 (cm).
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CKOpOCTh M YCKOPEHHE TOYKH OIpENeNieM MO UX IPOEK-
[MSIM HA KOOPJAUHATHbBIEC OCHU:

v, =x=(3t)=3;

v, =p=(217) =4t v, (1) =4;

v=vi v v(t,) =43 +4% =5 (em/c).

a :\)x:(3j:();

X

a,=v, =(41)=4;

a=1/a§+ai; a(t)=4 (cm/c?).

KacarenbHOoe W HOpPManbHOE YCKOPEHUS TOYKHA HAXOJHWM TIO
dbopmynam (1.15), (1.16):

va tv.a
a = S——=a)

=M =3.2 (cm/c?).

_ any _Vy(lx

n 2

a

3M4-400
a,(t) =|5—| =2.4 (cu/c?).

Panuyc KpUBU3HBI TPAaeKTOPUM B PACCMATPUBAEMOM IOJIOKEHUU
TOUKH onpenesnsiercs u3 popmyisl (1.11):

p=v/a,; p(t,)=5"/24=10.4 (cm).

[TonyueHHble pe3yabTaThl 0TOOpa3WM Ha pUCYHKe (puc. 3).
BekTopsl V M @ CTPOMM MO HMX MPOCKUUSM V.V, H d.d, B

BBIOpAaHHBIX MaciiTabax. MacimralObl 0 KOOpJAUHATAM, CKOPOCTHU U
YCKOPEHUIO HE 00s3aTeIbHO JOJKHBI OBITh OJMHAKOBBIMH. WX
CJIelyeT BhIOMpATh TaK, 4YTOOBl 00ECTIEUUTh MPUEMIIEMbIE pa3MEPhI
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Y HArJSJHOCTh PUCYHKA. BEKTOp CKOPOCTH V JOJIKEH COBMAAATh
[0 HANpaBICHHUIO C KacaTelIbHOM K TPAEKTOPUHU, a BEKTOP
YCKOPEHUSI @ HampaBlieH B CTOPOHY BOTHYTOCTH TPAaeKTOPHUHU.
[locTpoeHHBIH BEKTOp @ pAa3joKUM HAa COCTaBIAIONIME IO
KacaTeJIbHOW (KacaTeIbHOE YCKOPEHHE «,) U 10 HOPMalH

(HOpMaJIBHOE yCKOpeHueE a,). B xauecTBe KOHTPOIISI IIPaBUIILHOCTH
pellIeHusl peKOMEHAyeTCs yOeNUThCS B COBIAJACHNUN BEJIIMYMH d, U
a, , IOJy4YEHHBIX U3MEPEHUEM I10 PUCYHKY JUIMH BEKTOPOB @, U @,
C UX 3HAYCHUSIMU, NIOJyYCHHBIMH aHAJIUTUYECKH.

y
3

o 1 2 3 4 X

s Ime 1 Imc?

Puc 3. I'paguueckoe uzobpasxcenue pezyromamos
8bINONHEeHUs 3a0anus 1.

I[anee [MPpUBOAATCA TPpU BapHUaHTAa HCXOAHBIX MJAHHBIX JJIA
CaMOCTOATEIBHOI'O BBIITOJITHEHHUA JAHHOT'O 3a1aHHA.
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3amanmue 1.1.
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Ne X =Xx(t), cm y=y(t), cm t;, ¢
I 3t 3t -2 ]
2 (2t-3) 41 0.5
3 - 3t 6t + 3 0.5
4 “2t7+3 3t 1
5 3t -5F +2 1
6 2 — 4 -2t 0.5
7 - 3t -6 + 1 0.5
8 -4 + 1 - 3t 1
9 2t 6t — 4 I
10 (6t-2) 3t 0.5
11 -2t ar - 1 0.5
12 _ 61 + 4 2t 1
13 2t -3 -3 ]
14 6t + 2 -3t 0.5
15 - 2t -5F +4 1
16 “2F + 3 - 5t 1
17 4t 5t -1 I
18 (4t-1) 2t 0.5
19 - 4t 3t -2 ]
20 -4F + 2 41 0.5
21 4t -6 + 3 0.5
22 4 -3 -4t I
23 - 4t -3F +4 1
24 -6 — 1 -2t 0.5
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3amanue 1.2.

B 5TOM 3a/aHuM IIPH TIOCTPOEHMH YPABHEHMS TPAEKTOPUM
cleflyeT BBIPA3UTh CHHYChl U KOCHHYCHI OJMHAKOBOIO apryMeHTa
kt(k=const) w3 3aJaHHBIX ypaBHEHUU [BIWKEHUA TOYKH U
BOCIIOJIB30BAThCA TOXKAECTBOM sin’(kt) + cos’(kt) =1. B pe3ynn-
TaTe M0JTy4aeTCs ypaBHEHUE TPACKTOPUH B CIIEAYIOLIEM BH/IE:

2

(x = xp) +(y bzyo) =1 (a>0;6>0).
a

CnenoBaTenbHO, TPAEKTOPUEH TOYKU  SBISIETCS  AJUIMIC €
IOJIyOCSIMU, PaBHBIMU @ U b, ¥ C LEHTpoM B Touke (x,,),). B

JaCTHOM ClIy4ae, KOrjga a = b, TPAaeKTOpPHEHW TOYKH SBISICTCS
OKPYXKHOCTh C paguycoM R =a = b.

No X =Xx(t), cm V=y(t), cm t, €
1 sin(2t) + 3 cos(2t) + 4 76
2 3sin(T1/3) -2cos(1/3) + 2 1
3 4cos(T1/3) + 2 4sin(T0°/3) -3 1
4 ~4sin(T°/6) + 3 4cos(T/6) + 2 1
5 6sin(T8/2) 8cos(mt/2) - 1 5
6 3cos(t) -Ssin(t) + 3 4
7 -2cos(2t) sin(2t) + 3 4
8 -3sin(18/3) - 1 -3cos(Tt/3) 1
9 3cos(T/3) - 1 2sin(T0°/3) + 2 1
10 4sin(T0°/6) -2cos(T’/6) - 3 1
11 -sin(Te/2) + 1 cos(Tt/2) +2 1/3
12 Ssin(t) + 1 3cos(t) - 3 4
13 2cos(2t) + 3 -3sin(2t) + 2 73
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Ne X =Xx(t), cm y=y(t), cm t;, ¢
14 2cos(Tt/3) 3sin(18/3) + 1 1
15 cos(Tr°/3) 2sin(T0°/3) + 4 1
16 cos(Tt) + 1 2sin(Tt) 2/3
17 2sin(2t) - 3 cos(2t) - 4 73
18 2cos(Tt/3) + 1 -2sin(11/3) - 4 1
19 2cos(2t) + 1 sin(2t) - 3 4
20 -2sin(11/3) 4cos(te/3) + 1 1
21 2sin(2t) - 3 3cos(2t) - 2 73
22 -4cos(T1/3) -2sin(11/3) - 3 1
23 4cos(2t) - 1 3sin(2¢) - 3 4
24 -cos(2t) - 2 sin(2t) + 1 73
3axanme 1.3.

B nanHOM BapuaHTe 3amaHUsl coJepiKarcsa OoJiee CII0XKHbBIE
3aBUCUMOCTM  KOOPJMHAaT TOYKM OT BpPEMEHH, a TaKxKe
JIOTIOJIHUTENILHO TpeOyeTcs ONpeneIuTh MOMEHT BPEMEHM f, Kak

pellieHre anreOpandeckoro WM TPAHCICHACHTHOTO YpaBHEHUS
COTJIaCHO YCJIOBHIO, 3aJJTAHHOMY B TPEThEM CTOJIOIIE TaOIHUIIHI.

[Ipy mocTpoeHHH TPACKTOPUU HEOOXOAMMO BBIIECTUTH HA
rpaduke GyHKIUU ¥y = f(x) Ayry, KOTOpas SIBISIETCS TPAaCKTOPHEH
TOukH. J[J1 yTOUHEHUs BUAA KPUBOH 11€71€CO00pa3HO MOACUNUTAThH
HECKOJIBKO ~ TMPOMEXYTOYHBIX  3HaueHud  ¢yHkuuu. s
OIIpe/IeNICHNs] MOMEHTA BPEMEHHU #; HEOOXOJIMMO MPOBECTU aHAIIN3
COOTBETCTBYIOIMX 3aJaHHBIX (PYHKIHUM IO YCIOBHIO 3aJaHMSL.
OTMeTHM, 4YTO MOMEHT BPEMEHHU ¢ onpeneiseTcs: (PakTUUECKH IpU
BBIIIOJIHEHUM 33JJaHHOT'O YCJIOBHMS BO BTOPOM pa3 Iocie Hadaia
JBAYKCHHS.
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t; — momenm epemenu,
No X = x(l‘), cM y = y(t)’ cM K020a enepavie nocie
HAa4ana O8UMNCeHUs.
BLINOTHAEMCA YCI08UE
1 1 + 2sin(11/2) 2 + 3cos(11/2) Y = Yomin
2 2sin(T1/3) 4cos’(T1/3) TpaekTopus
nepecekaer ocb Oy
3 2t 2cos”(4t) Y = Ymax
4 sin(t)/2 1 —sin’(t) + X = X2
2sin(t)
5 3sin(2t) + 2 4cos(2t) - 1 X = Xoin
6 4cos(61) 1 + 2sin(31) Tpaexropus
nepecekaer ocb Oy
7 4t2 3Sln2(m) y = ymax
8 4sin(11/2) 1 —sin’(11/2) TpaekTopus
nepecekaer ocb Oy
9 t (exp(t) + y(t) =1
exp(-t)/2 - 8
10 2sin’(11/2) £/9 X = Xonin
11 1 —sin(10/4) 2 + cos(T1/4) X = Xmax
12 5cos(2t) - 3 8sin(2t) + 4 Tpaekropus
nepecekaer ocb Ox
]3 (exp(t']) + 4t X = Xmin
exp(-t+1)))/2
14 Scos’(11/2) 2sin(11/2) - 1 X = Xmax
15 exp(-(2t-1)) 2t-1 Tpaekropust
nepecekaer ocb Ox
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t] — MOMEHM 6PEMEHU,

No X =Xx(t), cm Vv =y(1), cm K020a énepavie nocie
HA4ana O8UMNCEeHUs.
BbINOIHAEMCS YCI08UE
]6 2Sll’l(m/2) ZCOS(TE) Y = Vmax
17 £/4 2n(t+1)-1/2 vy =0
18 2sin’(11/2) r-1 Ve =0
19 (exp(t/2) + (exp(t/2) - Paccrostare ToukH 110
exp(-t/2) )/2 exp(-t/2) )/2 Hayaya KOopAuHaT
paBHO | cM
20 Sll’l(TE/S) 2(Sln(m/3)— Vx = Vxmax
1/4)’°
21 COS(TE/2) 3+ 2Sll’l(77/2) X = Xmax
22 r-t exp(—Z(tZ —1) Tpaekropus
nepecekaer ocb Oy
23 1+ exp(- 12/2) Zexp(- tZ/Z) Vx = Vx min
24 cos(2Tt) (cos2mm) — 1/3)° Y = Voin
25 2sin(2t) % sin(2t) Tpaekropust
(sin(2t) -2 ) nepecekaer ocb Oy
26 2sin(18/2) - 3 4cos(T1/2) + 4 v, =0
27 £/3+2 In(f +1)-3 Tpaexropus
nepecekaer ocb Ox
28 £/2-4 exp(-t) Tpaekropus
nepecekaer ocb Oy
29 - 3cos(mm) + 5 3sin(TT) Paccrostuue Touku ot
Hayaja KOOpAUHAT —
MUHHMAaJIbHOE
30 2t2- 1 3COS(m) ay = Ay min
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I'/IABA 2. KHHEMATHUKA TBEPJIOI'O TEJIA

B nanHOl T7aBe paccMaTpHBAIOTCS CHOCOOBI 3a7aHUS JIBU-
JKEHUS TBEPAOTO Tela W METOJbl OMpPENeNICHUS KUHEMATHYECKUX
XapaKTePUCTUK [BIDKCHHS KaK BCEr0 Tella B IIEJIOM, TaK |
OTIIETTLHBIX €r0 TOYECK.

Paznuunbie BUIBI ABUKEHUS TBEPIOTO Tela KiacCHUUIIH-
PYIOTCS CIIEIYIONTUM 00pa3oM:

* nocmynamenbHoe 08UNCEHUE,
* 8paujamenbHoe O8UICEHUE
(BpalieHue Tena BOKPYT HETIOABM)KHON OCH);
* nI0CKOe (niockonapainienvhoe) 08UICeHUe,
* cghepuueckoe ogudcenue
(BpalieHue Teja BOKpYT HEMOABMKHON TOUYKH);
* 00wl CYYall OBUNCEHUSL MBePO02o meid.
Jlanee paccMaTpuBaIOTCs TIEPBBIC TPH BHUIA JBUKCHHSL.

2.1 IlocrynarejbHOe IBU:KE€HHE TBEPAOTO TeJIa

Ilocmynamenvnvim O8udicenuem TBEPAOTO Tela HA3bIBACTCS
TaKko€ JIBIDKCHHE, TpPH KOTOpPOM Jro0as mpsmMas, KECTKO
CKpETUIGHHAss C TEJIOM, OCTaeTCs BO BCE BpeMs JBIKCHHS
napajuIeIbHOM CBOEMY MEepBOHAYAILHOMY IMOJIOXKEHUIO (Ha puc. 4
npsimasi  AB|| A B,). Tpaekropuu BceX TOUYEK Tejga IPU STOM

JBYDKEHUU TPEACTaBISIIOT cO00M OJMHAKOBBIE KPHBBIE, KOTOPBIE
MOTYT OBITb COBMEIIEHBI JAPYI C JAPYIOM IyT€M HapasllelbHOTO
nepeHoca (Ha puc. 4 mMoKa3aHbl TpaekTOpuu ToueKk A u B).
TpaexkTopusiMu TOYEK MOTYT OBITH KpUBBIE JIF000#1 POPMBI.

IIpy nocTynaTelbHOM [BHKEHHH BEKTOPBl CKOPOCTH U
YCKOPEHHUSI BCEX TOYEK Tejda B KaXAbli MOMEHT BpPEMCEHHU
OJIMHAKOBHI (Ha puc. 4 v, =v, u a, = a,). OnQuHaKkoByIO I BCEX
TOYEK Telld CKOPOCTh V HA3BIBAIOT CKOPOCHIbIO NOCMYNAMENbHOZO
oguoicenusi Tella, a OJUHAKOBOE YCKOPEHUE a - YCKOpeHuem
NOCMYNamenvbHo2o  O08UdICeHuUs. IJTU TIOHATHA CKOPOCTH H
YCKOPEHUsI TeJla UMEKT CMBICI MOJbKO HpU NOCMYNAmenbHOM
oguoicenuu, a IpA IAPYTrUX BUJAX JBMXKEHHS TEPSAIOT CBOM CMBICIH,
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MOCKOJIBKY CKOPOCTH M YCKOPEHHMsSI Pa3jMuYHbIX TOYEK Tena OyayT
pPa3HBIMHU.

Puc 4. Ilocmynamenvnoe osudicenue meep0oozo mena.

Takum 00pa3zoMm, MOCTyNAaTEIbHOE JBUKEHUE TBEPIOTO Tela
MOJIHOCTBIO OTPEACISIeTCS JABMKEHUEM 000 ero Toukw. Jlis
3aJlaHHsl 3TOTO JIBM)KEHUS JTOCTaTOYHO 3HATh KOOPAHMHATBI KaKOM-
a100 TOYKHU Tena (Hampumep, TOUKu A) Kak PyHKIIMH BPEMEHU:

x,=x,0); y,=y 05 z,=2,0). (2.1)

VYpaBHenus Bujaa (2.1) SBASIOTCS YpaGHeHUAMU HOCYNAMELbHO2O
ogudicenus meepooco mena. Jid W3ydeHUs MOCTYNATEIbHOIO
JMBIDKCHUSI Tella JIOCTATOYHO HMCIOJIb30BaTh METOJIbI KHHEMATHUKHU
TOYKHU.

JIBikeHHe TBEPAOTO Tema, JUIsi KOTOPOTO  BEKTOPHI
CKOPOCTEH BCEX TOUYEK PaBHBI TOJIHKO B OJUH MOMEHT BPEMCHH, a
HE BCE BpEMs, HAa3bIBACTCA MCHOBEHHbIM NOCMYNAMENbHbIM
osudicenuem (cM. c¢. 34). Ilpy MrHOBEHHOM MOCTYMATEIBLHOM JIBH-
KEHUU YCKOPEHMsS TOYEK B OOIIeM ciaydae He SBISIOTCA
OJIMHAKOBBIMHU.
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2.2 BpamarejbHOe JBUKeHHE TBEPAOIro Tejia

Bpawamenvnvim 06udicenuem Tena (BpalieHUEM Tea BOKPYT
HETMOABUKHON OCH) Ha3bIBa€TCAd TaKOE€ ABUKEHHUE, MPU KOTOPOM
JIB€ TOYKM Te€Ja OCTAIOTCS HEMOABUKHBIMU B TEUYEHUE BCETO
BpeMeHu ABUkKeHUs (Touku A u B Ha puc.5). Ilpu stoM Takxke
OCTAlOTCSl HEMOJBMKHBIMU BCE€ TOYKHM TeEJa, PACMOJIOKEHHbIE Ha
OpsIMOM, MPOXOJALIEH Yepe3 3TU TOYKH. JTa IpsiMas Ha3bIBAaeTCA
ocvto epawenuss mena (ocb Oz). Touku, HE Jexkallue Ha OCH
BpaIllEHUs, OINHUCHIBAIOT OKPYKHOCTH, IIJIOCKOCTH KOTOPBIX
NEePNEHIUKYISIPHBl OCH BpAIEHUS W IIEHTPHl KOTOPBIX JIEKaT Ha
ATOM OCH.

////y

Puc 5. Bpawamenvroe 0sudicenue meepooco mena.

[TonoxxeHne BpalamIierocs Tena B JIOOOH MOMEHT BpPEMEHH
OJIHO3HAYHO OIpPEACINISIeTCS B3STHIM C COOTBETCTBYIOUIUM 3HAKOM
VIJI0M ¢ , Ha3bIBAEMBIM y2rnom nogopoma mea. [1010KuTETbHBIM

HalpaBJICHUEM OTCUCTa YIJIa (p IIPUHUMACTCA HaIllpaBJICHHC
npomue X00a uacoeotl cmpeiiku, BUIUMOC C IMOJIOKHUTCIIBHOI'O
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KOoHIIa ocu Oz (Kak MOKa3aHO Ha puc. 5). 3aBUCUMOCTb yriia ¢ oT
BpPEMEHHU

¢=0(1) (2.2)

BBIPAXKACT 3AKOH 6PAUAMENbHO20 OBUNCEHUS MEepO020 meid
B0KpY2 HENOOBUNCHOU ocu. YTOJI ¢ U3MepsIeTCs B paduauax.

OCHOBHBIMU KMHEMATHYECKUMH XapaKTEpUCTUKAMU Bpalla-
TEIbHOTO JBIKEHHUS TeNa SBISAIOTCA €ro yrioBas CKOPOCTb U
YIJI0BO€ YCKOpPEHHUE.

Yenoeou ckopocmvio (W Telna B NaHHBII MOMEHT BPEMEHU
HA3bIBAETCS MepBasi MPOU3BOAHAS 10 BPEMEHH OT YIJia IOBOPOTA:

w=¢ (padlc). (2.3)

Ona sBnse€TCAs BEIUYMHOM IOJOKUTEIBHON MpPHU BpPALICHUU TeEJa
IIPOTHB YAaCOBOW CTPENKHU (CM. pHC. 5), KOrjaa yroy moBopoTa Tena
BO3PACTAET C TEUECHUEM BPEMEHH, U OTPULIATEIILHOU — IIPU Bpauie-
HHM TEJA 110 YaCOBOM CTPEIIKU.

B TexHuKe yIJIOBYIO CKOPOCTHb Ha3bIBAIOT TAKKE YaCMOmou
épawjenuss U 4acTO BBIPAXKAIOT B JPYTHX EIAMHHULAX W3MEPEHUs,
Hanpumep, 6 obopomax 6 munymy. CBs3b MEXIy 3ITHUMH
BEJIMYMHAMU BbIPAXKaETCsl POPMYJION:

w(pao/c) = 2_7()T n (06/mun) WM @ = % (2.4)

Yenosvim ycxopenuem € Ttena B JAaHHBIA MOMEHT BPEMEHH
Ha3bIBACTCS TIE€pBasi IPOM3BOJHAs IO BPEMEHH OT YIJIOBOU
CKOpPOCTH (U WJIA BTOpasi HPOU3BOHAS OT yIJia MOBOpPOTa @ :

E=w=¢ (pao/c). (2.5)

VYIIOBYI0O CKOPOCTH U YIJIOBOE YCKOPEHHE Tela Ha PUCYHKax
M300pakaroT AYTOBBIMH CTPEJIKAMH BOKPYT OCH BpallleHus (puc.5S).

VYTIIIOBYI0 CKOpPOCTH M YIJIOBOE YCKOPEHHME Tela MOXKHO
paccMaTpuMBaTh KaK BEKTOpHBIE BENMYMHBL. Ecim k- opT ocn
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BpauieHus1 Oz, TO 8eKmMOop y21080U CKOpocmu W U 8eKMOp 2108020
YCKopeHus € ONPENEISIOTCS BBIPAKEHUSIMU

w=wk; £=¢ck. (2.6)
9TI/I BeKTOpBI HaHpaBHeHBI BI0Jb OCH BpaH_IeHI/IH n MOFYT 6BITB

IMPUIIOKCHBI K JIFOOBIM TOYKaM 3TOM OCH, TO €CTb OHH SABJIAIOTCA
CKONBb3AMUMU 6EKMOPAMU.

1) 2)

4
®

Puc.6. Bekmopui yenogoti ckopocmu u y2n068020 YCKOpeHuUsl
spawjaiowe2ocs mena u ux 63auUMHoe pacnoiodcetue.

I[Ipy w=¢ >0 u £€=¢ >0 oba BeKkTOpa HANpPABICHBI B IIOJIO-

KUTEJbHYIO CTOPOHY ocH BpameHuss Oz (puc.6; cmyuaii 1). B
OTJIMYUE OT BEKTOPOB (W U & CKAISIPHbIE BEIUYUHBI W U &,
onpenaeinsiembie Gopmynamu (2.3) u (2.4), Ha3BIBAIOT aeebpa-
UYEeCKOU  Y2llo8OU CKOpOCMbIO W aleebpauyeckum  Yelo8biM

YCKOpeHUueM.
Ecnu u3BECTHO yrioBoe ycKopeHHe Tena £ =€(¢),t=0wu

HayaJbHbIC 3HAYEHUS YIIIOBOM CKOPOCTH (J, U yIJia IOBOPOTa @,
(06bruHO MpuHUMAIOT @,= 0) B MOMeHT BpemenH ¢ = 0, To yrioBas

CKOpPOCTb W YIOJl MOBOPOTAa B MOCIEAYIOIIME MOMEHTHI BPEMEHHU
¢t > 0 onpenensitores no Gopmysiam

w(t) = w, +Jj£(t) dt, ¢()=9¢, +£w(t)dt. (2.7)
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B wactHOM chy4ae pasHonepemenHo2o — 8pawyeHus  TPU
£ =&, =const Gpopmyinsl (2.7) IpUHUMAIOT BUA

w=w, +&,t; ¢=¢,+w,t+e,t>/2. (2.8)

Ecin BenmuuuHbl WU €, UMEIOT OJMHAKOBBIE 3HAKU (IIPOU3BEICHUE
wE, >0), Bpawenue 6yaer pasuoyckopennvim (puc 6; ciyyau 1 u
3), a ecnu passble (WE, <0) — pagnozameonennvim (puc 6; cirydau
2 u 4). llpu £, =0 yrioBas CKOPOCTb T€Ja OCTAETCS NOCTOSHHOM
BO BCE BpEeMs BHJKEHUS Tella (W = W, = const) U TAKOE BPALCHUE

HAa3bIBAECTCA PABHOMEPHBIM.

PaccmoTpuMm  aBMKEHME KakoW-1MO0 Touku M Bpaia-
foierocs tena (puc.S), HaxoAsuiencss Ha paccTossHUM R OT ocu
BpamieHus. Paccrostnue s Touku M, oTcuMThIBAEMOE OT TOYKU M)
(mpu ¢ =0) mo ayre oKpy)HOCTH (pHC.7), BBIpAXKACTCS Yepe3 Yo

moBopoTa ¢ (paji.) 3aBUCUMOCTHIO

s=R¢. (2.9)

Puc 7. Bexmopwvi ckopocmu u ycKkopenusi mouku
spawaroue2oca mea.
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YucioBoe 3HaUueHUE CKOPOCTH coriacHo Gopmyre (1.10) Oyaer
paBHO

v, =§=R¢ wm Vv=Rw. (2.10)

Takum 06pa3om, MOIyJb CKOPOCTH TOYKH BpAalllaloIIErocs
Tela PaBEH MPOMU3BEICHUIO MOJYJS YIJIOBOW CKOPOCTH Tena Ha
pacCTOSAHUE OT O3TOM TOYKM 10 OCH BpallleHHs. BEKTOp CKOpoCTH
HAIIPaBJIEH IO KACATEIBHOM K ONKUCBIBAEMOU TOYKOW OKPYKHOCTH B
CTOPOHY JAYTrOBOM CTpenku w (puc. 7).

YCKOpeHHE TOYKM OIpeNersieTcss IO KacaTeJbHOW WU
HOPMAaJbHOM COCTaBJISIFOIIUM coriacHo dhopmynam (1.11):

a, =v. =R®=Reg; a,=-- =Rw’ (P=R). (2.11)

n

b |"'<I\)

KacarenbHast cocTaBisitomas yCKOpeHHUs a. (6pawamenvroe ycKo-

peHue) HampaplieHa MO KacaTeIbHOM K TPACKTOPUM B CTOPOHY
OYyrOBOM CTpEJKM &, a HOPMallbHAas COCTaBJAOLIAs a

n

(yenmpocmpemumenvHoe ycKopeHue) BCETJa HaIpaBleHa IIO
panuycy MO, k ocu BpatieHus (puc. 7).
MotyTb IOJTHOTO YCKOPEHHS TOUKH

a=.a’+a’ =R.& +w'. (2.12)

BekTopbl ckopocTM V M YCKOPEHUS da MOTYT OBITh
OTpeJIeIeHbl MO CJIEIYIOUUM BEKTOPHBIM (hopMysiam:

V=WXF, a=a,+ad, =EXF+@XV; (2.13)

TA€ 7 - paJlyC-BEKTOp, MPOBEACHHBIN U3 TOYKU O B TOUKY M.

@opmynbl (2.9)-(2.12) MO3BOJSIIOT ONPENENATh CKOPOCTh U
YCKOpeHHUe 000N TOYKM Teia, €CIM W3BECTEH 3aKOH BPAIICHUS
Tena (2.2) u paccTosiHUE JAHHOW TOYKH OT ocH BpauieHus. [1o atum
ke QopMymaM MOXHO, 3Has JBW)KCHHUE OJHOM  TOYKH
BpAIllAIONIErocsl Tena, HAWTU XapaKTEPUCTUKU [JIBUKEHUSI BCETrO
TeJa B 1eJIOM (YTIIOBYIO CKOPOCTh (U U YTJIOBOE YCKOPEHHE & ).
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2.3 Ilnockoe ABUKeHHE TBEPAOIrO Tejia

IInockum  Osudicenuem  Ha3bIBAETCA  TaKO€  JBUIKECHHE
TBEPAOTO Tela, MPU KOTOPOM BCE €r0 TOYKM IEPEMENIAIOTCS B
HENOJBWKHBIX  MapaJUIeNIbHBIX  MEXAYy COO0OM  IMJIOCKOCTSX.
YacTHBIM Clly4aeM IUIOCKOTO JABMIKEHMS SIBISIETCS BpAILICHUE
TBEPJOIO TeJIA BOKPYT HENOABMKHOU OCH. /{7151 M3ydeHus II0CKoro
JBUKEHUS TeJa IOCTATOYHO U3YUUTh JABIXKEHHE TUIOCKON (PUTYpHI B
IJIOCKOCTH, KOTOPYK) MOXKHO CYHATAThb CEYEHUEM TeNa JAaHHOU
IIJIOCKOCTBIO.

2.3.1 YpaBHeHus ABUKEHUS
IUVIOCKOM (PUTYPBHI B IJIOCKOCTH

[Tonoxxenne ¢urypst S B miockoctd Oxy (puc. 8) MOXKHO
3aaTh KOOpAUHATAMU X ,, VY, KaKOW-1H00 TOUYKU 4 U yriaoMm ¢, Ha

KOTOpBIM MOBEpHYyNach (urypa BOKPYTr TOYKH A OTHOCHUTEJIBHO
HEKOTOPOr0 HAYaJIbHOTO €€ IMOJIOKEHUS (B AITOM IOJIOKEHUU
npuaumaetrcs ¢ =0). Touky A, UCTIONB3YEMYIO I ONPEICIICHUS

MOJIOKEHUS (PUTYPBI, HA3BIBAIOT HOIIOCOM.

y

J;I e e

0 X

Puc 8. Jleusicenue niockoii gpueypwi 6 niockocmu.
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Jlnia 3agaHus IONOKEHUS IBIKYILEHCs PUrypbl HAAO 3a/1aTh
3aBUCHUMOCTH KOOPAUHAT X ,, )V, U yIJia ¢ OT BPEMEHH f:

x,=x,8); v, =y,0); & =9(@). (2.14)

VpaBHenus (2.14) Ha3bIBAOTCS YPAGHEHUAMU OBUNICEHUSL NAOCKOL
¢ueypul B IIIOCKOCTH.

[lepBbie nBa u3 ypaBHeHui (2.14) ompenensitoT IBHXEHUE,
KOTOpoe coBepiiana Obl ¢urypa mnpu ¢ =const. [Ipu 3ToM Bce

TOYKH (GUTYpbl OyAyT ABUTATbCA TaK kK€ KaK MONIOC A, TO €CTh
Takoe JBMKEHHE OyAeT MOCTymaTelabHbIM. TpeTbe U3 ypaBHEHUI
(2.14) ompenenser nBIMKEHUE, KOTOpOE coBepIaia Obl (hpurypa npu
HEIMOABWXKHOM montoce 4 (x, =const; y, = const ), TO €CTb Bpallie-

HHE (QUTYpBI BOKPYT Moutoca 4.

CrnenoBaTenbHO, 1H000e NiocKoe 08UdCeHUe NI0CKOU Pueypbl
CKnaovlgaemcsa U3 NOCMYNAMENbHO20 U 8PAUAMENbHO20
O0BUNCEHUII.

KrunemaTnueckuMu  XapaKTEpPUCTUKAMHU TOCTYIATEIBHOTO
IBW)KCHUSI SBISIFOTCS  CKOPOCTh M YCKOpEeHHWe Toitoca A:
v,=F,; a,=V,=F,; a BpalIATeJbHOTO [BUXECHUS — YIJIOBas
CKOPOCTh W YTIJIOBOE YCKOpeHHe GUrypel: W=¢ ; £=wW=¢.
XapaKTepUCTHKH MOCTYMATEIHHOTO JBIKEHUS 3aBUCST OT BhIOOpa
TIOJTIOCA, a BPAIIATEeIbHOTO JABMKEHUS — HE 3aBHCHT.

[anee paccMOTpuM OIpEIENIEHHE CKOPOCTEW M YCKOPEHUU
OTIENLHBIX TOYEK IJIOCKON (UTyPHI.

2.3.2 Omnpenenenue CKOPOCTEH TOYEK IVIOCKOM (pUrypsol
C MCII0JIb30BaHHEM I0JII0CA

[TockonbKy NBHXKEHUE MIIOCKON (PUTyphbl CKIAAbIBACTCA M3
NOCTYNAaTEebHOTO JBUXEHHUS, MPU KOTOPOM BCE€ TOUKU (DUTYpHI
JIBHKYTCSI CO CKOPOCTBIO V, IOJNIOCa A, W U3 BpalaTEIbHOIO

JBIDKEHUSI BOKPYT 3TOTO TIOJOCA, TO CKOPOCTh JIt00OW Touku B
CKJIQJIBIBACTCSl BEKTOPHO M3 CKOPOCTEH, KOTOPBhIE MIMEET TOYKa B B
KaXXJIOM U3 3TUX ABUKEeHUH (puc. 9):

Vv, =V, +v,,, (v, OAB). (2.15)
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3necb v, - CKOpOCThb moiyitoca A; V,, - CKOPOCTb TOYKH B mpu

BpauieHuu (Qurypsl BOKpyr mojtoca A (eciu CcYuTaTh  €ro
HEINOJIBUKHBIM), paBHasi 10 MOAYJIIO vy, =W[AB u HamnpaBieHHas

NEPHEHIUKYISIPHO K AB B CTOPOHY IyrOBOW CTPEJKH YIJIOBOU
CKOPOCTH .

Puc 9. Onpeoenenue ckopocmu mouxu B
C ucnonbzosanuem nonoca A .

Monaynbs CKOpPOCTH TOYKH B MOXKET OBITh HAWACH C HCIONb-
30BaHHEM TEOPEMBI KOCHHYCOB 1O (popmyiie

Vy =\/v/24 +v> +2v,v, cosy, (2.16)

rae y U[0,71] - yron Mexay BEKTOpaMu vV, U V.

Ecnu cnpoenupoBath BEeKTOpHOE paBeHCTBO (2.15) Ha ochb
Au, mpoBeJeHHYIO 4epe3 Touku A u B (puc. 9), To ¢ yderoMm
YCIIOBHsI TIEPIEHIUKYJSIPHOCTH V., [1 AB , momy4aem ceotcmeo
npoekyuti  ckopocmeti TOYEK IUIOCKOW (QUTYpBL: MPOEKIHH

CKOpPOCTEH NIBYX TOYEK IUIOCKOW (PUTYpbl Ha OCh, IMPOXOJSIILYIO
4yepe3 3TH TOYKU, PaBHBI.
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OTO CBOMCTBO MPOEKIMI CKOPOCTEM BBIpAKAETCS CIIENY-

IOIMM COOTHOILIEHHEM MEXIY MOAYISIMU CKOPOCTEN TOueK A U B
(puc. 10):

v, =v,cosa =v,cos 3. (2.17)

[Ipu momoiu paBeHcTBa (2.17) MOryT pemiaTbCsi MHOTHE 3a/1aud
OTIpeZieNIeHUs] CKOPOCTEN TOUYEK MIOCKOU (DUTYPBHI.

Puc 10. Ceoticmeo pagencmea npoexyutl
ckopocmeti mouek A u B.

OTMeTHM, YTO PAaBEHCTBO HPOEKIMM CKOPOCTEN V, U V,

SIBIISIETCSL CJIEICTBUEM HEM3MEHHOCTH PACCTOSHUS MEXAY TOUKaMHU
A u B, npuHamnexamumu TBepaoMy Tteny. [losTomy ykazaHHOe
CBOMCTBO MPOEKIUN CKOPOCTEH OYIEeT BBIMOIHATHCS MpPU JTHOOOM
JBUKEHUH TBEPJOTO Tea.

233 OmnpeneneHue CKOPOCTEH TOYEK
IUIOCKO# (pUTrypbI € HCIOJIb30BAHMEM MTHOBEHHOTI'0
LEHTPa CKopocTeil

Menosennvim yenmpom ckopocmei (MLC) mnockoit purypsr
Ha3bpIBACTCs TOYKA P, CKOPOCTb KOTOPOM B [JaHHBIM MOMEHT
BpeMeHM paBHa Hymo: v, =0. MIC moxkeT ObITh KOHKpPETHOM
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TOYKOW TUIOCKON (PUTYpPBI HJIM MOXKET PacrojiararbCsi BHE TUIOCKOM
burypsl. B mocnennem ciydae ero cieayeT MOHUMAaTh KaK TOYKY
NOOBUIICHOU  NAOCKOCMU, MKECTKO CKPEIJICHHOM ¢  IUIOCKOM
durypoit. Ilpu nBuwxeHun miockod ¢urypsl nojoxenue MIIC
MOKET HU3MEHSThCA KaK OTHOCHUTEIIbHO CaMOW (UTYphl, TaK WU
OTHOCHUTEIBHO HEMOABUKHON CUCTEMBI OTCUETA.

UcnonszoBanne MIIC ymnpomiaer npoueaypy OnpeaciaeHus
CKOpOCTeH TO4YeK IUIOCKOW ¢urypol. IlycTh B JaHHBIE MOMEHT
BpeMeHu wu3BecTHO mojoxxkeHne MIIC (Touka P) u u3BecTHa
YTII0Basi CKOPOCTh (W TWIOCKOU purypsr (puc. 11).

Puc 11. Onpeoenenue ckopocmeii mouexk B u C
C UCNONIL308AHUEM MCHOBEHHO20 Yenmpa ckopocmell P.

Bo3bmeM TOuky P 1 3TOr0O MOMEHTa BpPEMEHH B KauyecTBE
I0JIF0Ca, CKOpocTh KoTtoporo v, =0. Torma cormacHo ¢opmyie

(2.15) ckopocTb KakoM-mubO TOUKH BV, =V, + Vyp = V.
Hanpasjienne CKOpPOCTH Vv, TEPIEHAUKYIAPHO OTpe3Ky PB u ee
MONYJIb V, =V, =WIFB. AHaJIOTMYHBI pe3yibTaT MOJIYYaeTCs
st Apyroit Touku C:

Ve =Veps Ve =V, =wIRC; (v, OPC).

Takum oOpazoMm, ckopocmu mouex NIOCKOU ¢hucypwl
NPONOpYUOHAIbHLL ux paccmosnusim 0o MLJC u onpedensromces 6

OGHHBILL MOMEHM 8peMeHU MAK, KaK eciu Ovl 08udicenue pueypbl
ovi0 epaweruem okpye MIJC.
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MeTtoabl Haxo:kaeHus1 moJioxkenus MIIC

1). U36ecmen 6exmop ckopocmu |+,

Vv Kaxkou-1ub0o mouxku A niockoi -
=
Queypvl u ee yenosas ckopocmo Pl
C() ¢ O . .-".I
L
_ | {
P —

MIIC (Touka P) HaxoguTCs Ha MEPHEHIUKYJSApE K BEKTOPY V,,

npoBeieHHOM uepe3 Touky A. Paccrosnue AP = v,/ u oTkia-
JBIBAETCS B CTOPOHY, KOTOPYIO YKa3blBa€T BEKTOp V, IOCIE

MOBOPOTa Ha YyroJi TU2 B HaNpaBJICHUH JYroBoW cTpenku @ I[lpu
ATOM IOJYYaeTCs, YTO CKOPOCTh
Vo=V, +v,, =V, =V, =0; (v, =wPRA=v,).

2). H36ecmubl He napainnenvhble
opye Opyay cKopocmu vV, U Vg,
08YX MoueK NI0CKOU ueypbi.

P

MIIC (Touka P) HaxOAUTCA B TOUKE IIEPECEUCHUS IIEePIICH-
JTUKYJISAPOB, MPOBEJCHHBIX 4Yepe3 TOUKU A U B K CKOPOCTSIM ITUX
TOYEK. YTIIOBasi CKOPOCTh TUIOCKOU (PUTYPHI

w=v,/PA=v,/PB.

OTMernMm, 4YTO [ HAXOXIACHHUS TOJIbKO mnonoxkenuss MIIC
JIOCTATOYHO 3HATH JIUIb HANpasieHuss CKOpOCTEN IBYX TOUEK.
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Metoabl HaxoxaeHus moJioxkennss ML{C

3). H3zeecmmuvl napannenvhvie
opye Opyay cKopocmu V, U Vg,
mouex A u B naockou ¢ueypul,
nepneHouKkyisapHole ompesxy AB,
HanpaejienHvie 8 00HY CMOPOHY
U He pasHvle NO  MOOYIIO

(vy#Vvy).

MIIC (touka P) HaXOOUTCA B TOYKE MEPECEUEHHUs MPOAOJIKEHUS
oTpe3Ka AB u npsMoil, IPOBEJEHHON Yepe3 KOHIIbI BEKTOPOB V, U

V,. Ilpu 3amanHOM jumHe oTtpe3ka AB paccrosHus or MLIC no

ToueKk A U B onpenenstorca U3 npomnopuuu: vy [ vg = PA [ PB.
VYrioBas CKOpOCTh GUTYpPbI

w=v,/PA=v,/PB.

Crnyuyaii paBeHCTBa v, =V, cM. 1. 6 Ha c. 34.

4). Hzeecmmuvt napannenvrvle
opye Opyay cKopocmu V, U Vg,
mouex A u B naockou ¢ueypul,
nepneHouKkyisapHole ompesxy AB,
HanpasieHHvle 8 pasHvle CMo-
DOHbL.

MIIC (Touka P) HaxoIWUTCS B TOUKE NEpEcedYeHusi oTpe3ka AB u
IIPSIMOW, TPOBENEHHOM 4Yepe3 KOHLbI BEKTOPOB V, U V,. llpwm
3agaHHON JMHE oTpe3ka AB paccrosinus ot MIIC no touek 4 u B
OnpeaenaoTcss U3 nponopuuu: v, | vg = PA ! PB. Yriosada
CKOpOCTh purypsl w=v,/ PA=v,/PB.
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Metoabl HaxoxaeHus moJioxkennss MIC

5). Ilnockas ¢ueypa xamumcs
0e3 CKObICEeHUs N0 HEeN0O0BUIC-
HOU KPUBOLI.

P

MIIC (Touka P) HaxOIUTCS B TOUKE COMPUKOCHOBEHHUS (PUTYpHI C
KPHUBOM, TaK KaKk CKOPOCTU TOUYEK (PUTypbI U HETIOABMXKHON KPUBOIA,
HAXOJSIIMECs] B CONPUKOCHOBEHHHU, PaBHBI MEXIy COOOH W,
CJIEIOBAaTEIbHO, PaBHbl HYJIO. EciiMm HM3BECTHA CKOPOCTh KaKOM-
1100 TOUKU A PUTYpBI, TO YIIIOBasi CKOPOCTh W=V, / PA.

6). Hszsecmmno, umo cropocmu Pewx
V, U V, O08YX MOueK MIOCKOlU

Queypvl  napannenvHvl  Opye
opyey u He NepneHOUK)JIsAPHbL 0=
ompe3Ky AB.

MIIC B naHHBIA MOMEHT BPEMEHU He cywecmaeyem Wi, IPyTrUuMHU
CIIOBaMHU, Haxooumcsi 8 0OeckoneuHocmu. YTJI0Bas CKOPOCTb
IJIOCKOW (Urypsl B JaHHBI MOMEHT paBHa HyJ0. JIBuxkeHue
burypsl Ha3bIBaeTCs MeHO8eHHO-nocmynamenvHuiM. CKOpOCTU
BCEX TOYEK (UTYpPHI paBHBI (V, =V, ).

AHaJOTHYHBIN pe3ysbTaT MOJyYaeTCsl B Cllydae PaBEHCTBA V, =V,
(cm. m. 4 Ha c. 33).
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234 Omnpenenenue ycKopeHui
TOYEK IJIOCKOU (PUTypbI

PaccmaTpuBasi miocKoe NBHXKEHHE IUIOCKOM (DUTYpBI Kak
CyMMY IOCTYNATEIbHOIO [BHMXKEHHS, MPU KOTOPOM BCE TOUKHU
(urypbl IBUKYTCS C yCKOPEHUEM g , TIONIHOCA A, U BPAILATENLHOTO

JNBIKEHUSI BOKPYT JTOr0 TMOJoca, moiaydaeM Gopmyny s
OTpeJIeTICHUSI YCKOPEHHS KaKOW-TMO0 TOUYKHU B MI0CKON (Urypsl B
BUJIC

adgp=a,+ag,=a,+ap +ay,- (2.18)
3meck @, =v,=r, - yCKOpeHue momoca A; G,, - YCKOpEHHUE

BpallaTeJIbHOIO JABMKEHUS TOYKM B BOKpYr mosroca 4, KOTOpoe
KaK B CJIy4yae BpallEHUs Tella BOKPYT HENOJABHKHOM OCH BEKTOPHO

CKIIa[IbIBACTCS U3 GpAWYAMENbHO20 YCKOPEHUs gp, W YEeHmpo-

CMpeMumenvHo2o yckopenus gj . Mopymn 3THX  yCKOpeHHi
onpenenstoTces no Gopmynam

ab,=€MB; a%, =w” [UB, (2.19)

re (= |¢| - MOJTyJIb YTJIOBOM CKOPOCTH TUIOCKOU (PUTYPHI; £ = |¢| -

MOJyJIb YIJIOBOTO YCKOpPEHWs. BpaiiarenbHoe YCKOpeHHE gy,
HAIpPaBJICHO TEPIEeHIUKYISIPHO OTpPe3Ky AB B CTOPOHY AyroBOW

CTPENKH &, @ HEHTPOCTPEMHTEIBHOC YCKOPEHUE g, HANpPaBJICHO
1o JJUHUU AB ot Touku B k nomtocy 4 (puc. 12). Moayss moJHOTO

YCKOPCHUA C_ZBA TOYKH B OTHOCHUTEIIHFHO Ioyoca 4 B CU1y yCJIOBH:A

—8 —
ag, Oay, Berancisercs no Gpopmyie

ayy =(af )’ +(ahy)? = ABE? +a' . (2.20)
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y

Puc 12. Onpeoenenue ycxopenus mouku B
¢ ucnov306anuem noaroca A.

Jnst Haxoxaenus yckopeHus g, 100 ¢opmyne (2.18)
PEKOMEHAYETCSl HCIIONB30BaTh aHanumuieckuti cnocod. B 3tom
crioco0e BBOAUTCS MPSAMOYTOJIbHAS JIEKapTOBA CHCTEMa KOOPIUHAT

(cuctema Bxy Ha puc. 12) U BBIUHUCISIIOTCS TPOCKUHUHU ¢ Bx>Apy

HUCKOMOI'O YCKOPEHHMS Kak aireOpanyeckue CyMMBbI MPOEKIUN
YCKOPEHHMM, BXOJISIINX B IIPaByIO 4YacTh paBeHCcTBa (2.18):

ag, = (@), +(apy), +(apy), = acosa —ap,; (2.21)

ag, =(a,), +(ag,), +(ag,), =a,sina +ag,,

rae 0 - yroia MeXIy BEKTOPOM g, W OCbio Bx. Ilo HanmeHHbIM
NPOEKIHUAM MOXHO M300pasuTh Ha PUCYHKE BEKTOD g, M HAWTH
€ro MOJyJib

ag = Jalz;x + alzgy . (2.22)

W3noxxeHHbI cmoco® ompeneneHus YCKOPEHH TOYek
IUIOCKOM (UTYphl TMPUMEHUM JJIsl PELIEHUs 3aJady, B KOTOPBIX
3aJaHO JIBIDKEHHWE Tontoca A W yYrol TOBOpoTa (Urypsl
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ypaBHeHusiMu (2.14). Ecnum 3aBUCMMOCTH yrila MOBOPOTA OT
BPEMEHHU HEW3BECTHA, TO JUIsI 3aJaHHOTO TOJOXKEHUS (UTYPHI
NPUXOJIUTCA OMNPENEISITh MEHOBEHHYI0 YTIIOBYIO CKOPOCTh U
MeHOBeHHoe YrioBoe yckopenwe. CrnocoObl MX OnpeereHus
paccMaTpuBalOTCs Aaliee B IPUMepax BBIMOJHEHUS 3aAaHus 2.

OTMeTuM TakXe, 4TO MPHU ONPENESIEHUH YCKOPEHUU TOYeK
IJIOCKOM (UTYphl MOXET MCIOJIb30BAThC MCHOBEHHbIU YEHMp
VCKOpeHUuti — TO4YKa, YCKOPEHHE KOTOpOW B JAaHHBIA MOMEHT
BpEMEHU paBHO HYNI0. OAHAKO MPUMEHEHHE MTHOBEHHOIO LIEHTpa
YCKOPEHHMII CBSI3aHO C JIOBOJIbBHO TPYAOEMKHUMH METOJIaMHU
HaXO0XJCHUS €ro IMOJOKEHUs, MO3TOMY OIpEeJeNIEHUEe YCKOPEHU
TOYEK TUIOCKOHW (DPUTYpBI PEeKOMEHIYETCS BBITIONHITEH MO (OopMyJsie
(2.18).

2.4 3ananue 2. OupeneseHue CKOPOCTEl M YCKOPEHUH
TOYEK IMJIOCKOI0 MEXaHU3MAa

MexaHu3Mmsbl (CM. C. 5) Ha3bIBAKOTCA MJIOCKUMU, €CIIU BCE €0
TOYKM JBWXKYTCA B OJIHOM WJIM B MapaJUICNbHBIX JIPYr JPYyry
IJIOCKOCTSIX, MHA4Y€ MEXaHU3Mbl HA3bIBAIOTCS HPOCMPAHCMBEH-
HBIMU.

B 3amanum 2.1 paccmatpuBaroTCs nianemapHvie Mexanu3mol,
B 331aHUU 2.2 — KPpUBOWUNHO-NO3YHHbIE MEeXAHU3Mbl, & B 3aJJaHUU
2.3 NOMHUMO Ha3BaHHBIX JIByX THUIIOB H3Y4YaeTcs JBHUXKEHHE
MEXaHU3MOB JPYTUX THUIIOB. bBOJBIIMHCTBO paccMaTPUBAEMBIX
MEXaHU3MOB SIBIISIFOTCS MEXAHUIMAMU C OOHOU CIMeNneHbio c80000bl,
B KOTOPBIX JUIsl ONPEAEJICHUS JIBUKEHHUSI BCEX 3BEHBEB HYKHO
3a/1aTh 3aKOH JBUYKEHUS OJTHOTO 3BEHA.

3amanue 2.1

B nnanerapHom mexanuszme (puc. 13) kpuommn 1 giuHON
OA = 0.8 (m) Bpamaercsa BOKpYyr HemoaBuxHOHW ocu O,
NepHeHIUKYISIPHON IJIOCKOCTH  PUCYHKA, o 3aKOHY
Poq(t) =6t — 21 (pan). B Touke 4 KpUBOUIUIT HIAPHUPHO COCAUHEH

C LEeHTpoM aucka 2 pammyca r = 0.5 (M), HaxomsIerocss BO
BHYTPEHHEM 3alleINICHUH ¢ HEMOBMKHBIM KOJIECOM 3, COOCHBIM C
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kpusommunom OA. Ha qucke 2 B MOMeHT BpemeHHu ¢; = 1 (c) 3aana
TOYKa B, MOJOKEHHE KOTOPOH ONpelensieTcs paccTosiHueM AB =
0.5 (M) m yrimom O = 135°. (B 3agaHHbBIii MOMEHT BPEMEHH YToJ O
OTCUUTBIBAECTCA OT OCU AX B HANpaBJICHUU MPOTHB XOJla YACOBOM
cTpenku pu O > 0 UM B MPOTUBOIOJIOKHOM HAIPaBIECHUU TPHU
a<0).

3

Puc 13. I[Inanemapuwiii mexanuzm u
Cnocob 3a0anus noaodHceHus mouku B.

OrnpenenuTb B MOMEHT BPEMEHH {;

1) ckopocTh TOYKM B JByMs croco0aMH: € HCIIOJIb30BaHUEM
MTHOBEHHOTO 1eHTpa ckopoctert (MILIC) aucka 2 u ¢ UCIoJib30-
BaHUEM I10/110Cca A;

2) yCKOpeHHEe TOYKH B ¢ UCTOJIb30BaHUEM TTOTt0ca A.

Pemenue.

1) OnpenesieHue CKOPOCTH TOUYKH B.

Brauane TtpeOyeTcss BBIMOAHUTH Tpaduueckoe H300pakeHUe
MexaHu3Ma B BbIOpaHHOM maciitabe (Hampumep, B 1 cm pucyHKa —
0.1 m orpeska OA u paauyca r) U MOKa3aTh 3aJJaHHOE MOJIOKEHUE
Touku B (puc. 14).
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rf;f

T
77/

Puc 14. Onpeodenenue ckopocmu mouxu B ¢ ucnonvzosanuem
MeHOB8eHHO020 Yyenmpa ckopocmeti P u nonioca A.

[lo 3amaHHOMY 3aKOHY BpaiieHuss kpuommna OA Haiinem
ckopocTh LeHTpa A aucka 2. OmnpenensieM YrioBYK CKOPOCTb
KPUBOIIMIA B 33JJaHHBIA MOMEHT BpeMeHH ¢ = 1 (¢):

Wy = oy = (61 =262)= 6—4t; (1) =2 (pad/c).

[TosryueHHast BeMuuHaA Wy, (?) ABIAETCS MOJOKUTENBHOM, TO3TO-

My IyrOBYIO CTPEIKY (Jy, HAaIlpaBiIsieM IPOTUB XOJa YacOBOH

CTPEJIKH, TO €CTh B IIOJIOKHUTEIILHOM HAIPABICHUHU OTCYETA yria ¢ .
BeraucnseM Motysib CKOPOCTH

v, =0, (1) DA=20.8=1.6 (m/c)

U CTPOMM BEKTOpP CKOPOCTH V, NEPHEHAUKYJISIPHO OA B CTOPOHY
IyTOBOM CTPEIIKU (W, .
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B cnywae, korma @p,(?;) mnomy4aerca OTPULATEIBHOMU,
IyroBas CTpellka W,, W BEKTOp V, H300pa)xkaroTcsd B IPOTHUBO-
MIOJIOKHOM HaIlpaBJIEHUH, a JJIA pacyera v, UCHOJb3YeTCS MOYJIb

Woa(t)]-

MrHoBeHHBIN LEHTp ckopocTel (Touka P) aucka 2 pacno-
JIO’)KEH B TOYKE €ro CONPUKOCTHOBEHHUA C KojecoM 3 (cM. m. 5 Ha
c. 34). OnpenenuM MrHOBEHHYIO YIVIOBYIO CKOPOCTh (W JHMCKa MO
HalJICHHOMN BEJIMYMNHE CKOPOCTH V 4

w=v,/AP=v,/r=1.6/0.5=3.2 (pao/c)

1 n300pakaeM Ha PUCYHKE €€ TyroBYIO CTpenKy (puc. 14).

Jns onpeneneHuss CKOPOCTH TOYKH B € HCIOJIB30BAHUEM
MIIC naxogum paccrosiHue BP mo TeopeMe KOCHHYCOB U3 Tpey-
rojibHuka ABP:

BP=+/AB* + AP? =2 AB APcos135° =

=/0.5% +0.52 = 2[0.5% (—/2/2) = 0.924 ().
CKOpOCTh Vz paBHA 110 MOJYJTIO
vy = WIPB =3.2[0.924 =2.956 (m/ )

Y HaIpaBJ€Ha NEPNEHAUKYJAPHO OTpe3Ky PB B CTOPOHY IyrOBOU
CTPEIIKHA Q.
Totr ke BEeKTOp Vz MOXKET ObITh HalJIeH ¢ UCIOJb30BaHUEM

nomtoca A no gopmyne (2.15): vz =v, +vp,. llepenecem BekTOp
V4 B TOYKY B ¥ IIOCTPOUM BEKTOP Vg, IEPIEHAUKYISAPHBIA OTPE3-

Ky AB W HampaBJICHHBI B CTOPOHY JAYyTOBOHM CTpEJIKU . Moayib
vy =B = 3.2[0.5=1.6 (m/c). 3necp NOITYyYHJIOCh PABEHCTBO

Vg4 =V, TOCKOJIbKY paccTosinue AB = r. I1lo pucyHKy onpenesnseM,
4YTO Yroj MeXAy BeKTopaMu VvV, H vy, paBeH 45°. Torma mo
dbopmyie (2.16) HaxoauMm
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_ [ 2 2 o _
vB—\/vA +tvp t2v, vy c0os45 =

= J1.6> +1.6> +200.6> (/2 /2) =2.956 (wm/c).

Ha pucyHke BEKTOp Vp [IOJDKEH COBIANATh C JMArOHaIbIO Iapai-
JIeJiorpaMMa, CTOPOHaMU KOTOPOI'O SIBIISIIOTCS BEKTOPBL V, U V.
OTO 1OCTUTaeTcs MOCTPOEHUEM BEKTOPOB V,, Vp U Vy, B BbIOpaH-

HOM Macitabe (Hampumep, | cu Ha PHUCYHKE COOTBETCTBYET
0.5 m/c). OTMeTuM, 9TO IPUBEIACHHBIE B PACCMOTPEHHOM TPUMEPE
MacITaObl MOKHO U3MEHSATh M Ha3HAYaTh CAMOCTOSATEIBHO.

2). OnpenesieHne yCKOpeHusi TOUYKH B.

Yckopenue Touku B ompenenum no dopmyne (2.18) ¢
UCIIOJIb30BaHUEM TONIOCa A, YCKOPEHHE KOTOPOTO CKIIAbIBACTCS
BEKTOPHO M3 KacaTeJIbHOTO U HOPMAaJIbHOTO YCKOPECHHIA:

- _ = —8 —y _—T , —n , —86 —y

ap=a,t apy tapy=a,ta, tapg, tap,-

[lo 3amaHHOMY 3aKOHY BpamieHus kpuBommna OA Haiinem
€ro YriioBOe YCKOPEHHE:

Eoy = Wpy = (6—41)=—4 (pad/c?).

ITonydyeHHass BenuuuHa &, SBIAETCA OTPHULATENBHOH, MO3TOMY
IYTOBYIO CTPEIIKY €., HAIpPAaBISEM I10 XOAY YaCOBOM CTPEINIKH, TO

€CTh B OTPHIIATEIIPHOM HAIPaBJICHWUHU, a B JAJbHEUIIIEM pacuere
Oynem Opath 3Ty BEJTUUYMHY IO MOAYJIIO.

Moynu KacaTelbHOTO U HOPMAJIBHOTO YCKOPEHH TOJIoCca
A B 3aJlaHHBII MOMEHT BpeMeHHU ¢ HaxoauM 1o hopmynam (2.11):

a'| =lep|DA=40.8=3.2 (m/c?);
a" =wh, [0A=2"10.8=32(u/c?).
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KacaTenbHoe YCKODEHHE @4 HANpaBJIEHO MEPIEHIUKYIAPHO
kpusommny OA4 B CTOPOHY AYrOBOW CTPENKH E,,, & HOPMAIBHOE
YCKOpPEHUE dy - OT TOCKA A K Touke O TpH JI000M HATPaBICHUN
yIJ0BO# ckopocTu Kpusowuna (puc. 15). IlonHoe yckopenue a
OIIpEAEIIATh HE TpeOyeTCs.

Puc 15. Onpeoenenue ycxopenus mouku B
¢ UCno1vb3068anuem noaroca A.

Hanee TpeOyeTcs HAlTH yIJIOBOE YCKopeHue £ nucka 2. [l
ATOTO 3aMMIIEM BBIPAXKEHUE JJISI €r0 YIJIOBOW CKOPOCTH, KOTOPOE
BBITIOJIHSETCS B KKl MOMEHT BPEMEHMU:

W=v,/r=wy,W(0A4/r).

Torma mo oOmpelneNeHHI0 YIJIOBOE YCKOPEHHE Jucka (mpu
OA/r = const) paBHO

£=W=0,,[004/r)=€,,[00A/r) = -410.8/0.5) = —6.4 (pad/c?).
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IIoCKOJIBKY B MOMEHT BPEMEHHU | (W U € MMEIOT Pa3HbIE 3HAKU, TO
YIJIOBYIO CTPEJIKY € HANpaBIIsieM B MPOTHUBOIOJIOKHOM HAIpaBJe-
HUU K TYTOBOU CTPEJIKUA (.

BprunciauMm Moayny BpalaTeabHOrO UM LEHTPOCTPEMUTEINb-

HOT'0 YCKOPEHMM TOYKH B OTHOCHUTENIBHO Moiitoca 4 mo (hopmynam
(2.19):
aj, =|e|MB =6.410.5=3.2 (mu/c’),

a%, =w' UB=32°00.5=5.12 (m/c?).

BekTop @j, HampaBiieH MEPHECHAUKYISIPHO OTPE3KY AB B CTOpPOHY

JYyroBOH CTpEeNKH £, a BEKTOp dj, - OT TOYKH B K momocy A

(puc. 15).
YckopeHue TOYKHA B HAlJEeM 10 €ro MPOCKIUsAM Ha OCU KO-
OpJAMHATHOM CUCTEMBI AX):

ag, =(@y), + @), +(@ga)x +(@4y), =
=0-aly —ap,cos45’ +aj, cosds” =
=-32-320/2/2+5.120/2/2=-1.84 (m/c?);
ag, =(ay), + (a@y), +(agy), +(ag,), =
=—a'y +0—-a},cos45” —a}, cosd5 =

=-32-320/2/2-5.120/2/2=-9.08 (m/c?).

Monyne ag = 1/alz;x + alzgy =9.27 (m/c?).

—T —n —8 —y
Ha pucynke yckopenuss a,, a,, dp,, dj, TpeOyercs
n300pa3uTh B BBIOpAaHHOM MacIiTabe W TIOCTPOUTH B STOM IKE
Maciitade BEKTOp dp 110 HalIeHHBIM npoekuusaMm (puc. 15).

HcxonHble JOaHHBIE JUISI CAMOCTOSITENIBHOTO BBINOJHEHUS
3amanusi 2.1 npuBeneHsl B Tabnuie Ha c. 44.
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Ne | @out), pao | OA, m | r,m | AB,m | @, epao | b, ¢
I £+ 3t 08 | 06 | 0.5 120 I
2 8t—3r 08 | 05 | 03 -60 I
3 -4t 08 | 06 | 0.3 90 ]
4 3t—2r 09 | 06 | 05 -30 I
5 2t -t 09 | 05 | 04 45 I
6 -r 09 | 04 | 03 -135 I
7 2r - 6t I 0.6 | 04 2120 | 0.5
8 2t-3r I 0.7 | 0.5 150 I
9 3t - 4t ] 0.8 | 0.6 135 ]
10 8t—2r ] 0.8 | 0.5 45 I
11 4r - 6t ] 0.6 | 0.3 2120 | 0.5
12 3t—4r I 0.7 | 04 60 I
13 ar - 2t 1.2 | 09 | 06 2150 | 0.5
14 6t—t 1.2 | 09 | 08 -135 I
15 2t - 4t 1.2 | 0.8 | 05 45 0.5
16 4t - 3¢ 1.2 | 0.8 | 06 -30 I
17 20+t 1.2 0.7 | 06 120 0.5
18 4t-2r 1.2 | 06 | 04 2150 | 0.5
19  37-10¢ 1.4 I 0.8 60 I
20 t—2r 14 | 09 | 0.7 135 I
21 3¢ + 2t 14 | 09 | 06 45 0.5
22 6t— 3t 14 | 0.8 | 05 30 0.5
23 3t - 8t 14 | 0.8 | 06 -90 0.5
24 2t—4r 14 | 07 ] 05 150 I
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3amanue 2.2

KpuBommunHo-non3yHHbii  Mexanu3M (puc. 16), coctosmuit
3 kpueowuna OA, wamyna AB m noazyna B, coBepmiaeT ABUXKE-
HHUE B IJIOCKOCTH pUCYHKaA. IIpsimass B1B,, M0 KOTOPOW ABHXKETCS
NOJI3yH B, HE MPOXOAUT 4yepe3 och BpameHus O KpuBOLIMIA U B
ATOM CJIy4ya€ KpPUBOIIUIIHO-MIOJ3YHHBI MEXaHU3M Ha3bIBAIOT
HeYeHmpaIbHbIM.

KpuBommun OA Bpamaercsi pagHomepHo € YriIOBOM CKOPO-
CTBIO (W, =const (Ipu Wy, >0 BpalleHHEe MPOUCXOIUT IIPOTUB

XO0Jla YaCOBOM CTPEINIKU; IPU Wy, < 0 - 110 X0y 4aCOBOM CTPEIIKH).

Ha maryne 3amana touka C ¢ u3BecTHbIM paccrosinueMm AC. B
HEKOTOPBIA MOMEHT BPEMEHH IOJIOXKEHUE MEXaHH3Ma OIpeess-
eTcsl yriaoMm moBopora ¢ kpusowmmnna OA4 W yrjioMm O, KOTOPbIA
00pa3yroT MeK1y coOO0I KPUBOLLIUII U IIATYH.

ITycTh BbILLIETIEpEUNCICHHBIE TAPAMETPBI UMEIOT CIIETYIOIINE
YUCIIOBBIE 3HAUEHUS: Wy, = 10 (pao/c); O4 = 0.4 (m); AB =

1.2 (n); AC=0.6 (n); ¢ =30° a = 120°.

Puc 16. [lapamempol 3a0anH020 NONONHCEHUSL U OBUINCEHUS
KPUBOWUNHO-NOJIZYHHO20 MEeXAHUIMA.
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B 3a1aHHOM MOJIOKEHUHM MEXaHU3MAa OPEACIIUTh
1) ckopoctu Touyek B u C ¢ UCIOIb30BaHUEM MTHOBEHHOTO IIEHTpA
ckopocter (MIIC) maryna 4B, a Takke CKOPOCTh TOYKH B ¢ uc-
M0JIb30BaHUEM TOJIIOCA A;
2) yckopenus touek B u C.

Pemenne.

Omnpenenenue ckopocrei Touek B u C.

N300pa3um 3amaHHOE MOJOXKEeHHE Mexanusma (puc. 17) ¢
KOHKPETHBIMU yriamMu ¢ =30°, 0 = 120° u B BbBIOpaHHOM MaciiTade
1o anuHe (Hanpumep, B 1 cm pucynka — 0.2 m nnunbl OA u AB).

[To 3amaHHON yrioBoW ckopocTu KpuBommna OA Haiinem
MOJyJIb CKOPOCTH TOUYKH A

v,y =Wy, [04=1000.4 =4 (m/c).

BekTop v, HampaBieH NEepIeHIUKYIIpHO KpuBowmuny OA B cTOpo-
HY AYTOBOM CTPEIKU Wy .

[Tonoxenne MLIC (Touka P) maTyHa HaiiieM 10 U3BECTHOU
CKOPOCTH V, M W3BECTHOMY HAaIIPaBJIEHUIO CKOPOCTH MOJI3yHa B

(cMm. 1. 2 Ha c. 32). [lis 3TOro mpoBoauM 4epe3 Touku A u B nep-
MEHIUKYJISIPBI K HAIPABJIEHUSAM CKOPOCTEM ATUX JIBYX TOUYEK JI0 UX
nepecedueHuss B Touke P. 1lo pucyHKy BHAHO, YTO TPEYrOJIbHUK
APB sBngeTcsa paBHOCTOPOHHUM H, cieaoBareinbHo, AP = BP =
= AB = 1.2 (m). B npyrux ciayyasx croponsl AP u BP 3toro tpe-
YIOJIbHUKA MOYKHO HAaWTH 10 TEOPEME CHUHYCOB, IO TEOpEME
KOCHHYCOB miH 1o teopeme [ludaropa.

YTI0BYIO CKOPOCTh (W (MOYKHO TaK)Ke MCIOJIb30BaTh 0003HA-
YeHUEe W, ) WATyHAa AB onpenensieM yepe3 U3BECTHYIO CKOPOCTb

Touku A 1o popmyie
w=v,/AP=4/1.2=3.33 (pad/c)

u u3obpaxaem nyroBoil crpenkoir Bokpyr MIIC B HampaBneHuw,
COIJIaCOBAaHHOM C HAIIPABJICHUEM BEKTOpA V.
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Puc 17. Onpeoenenue ckopocmeti mouex B u C.

CkopocTh Vv MONI3yHA B paBHA 110 MOAYITO
v =w[BP =3.330.2 =4 (m/c)

Y HalpasJieHa BJOJb HAIPABIIIIOIUX MMOJI3yHA B CTOPOHY JTYIOBOU
CTpeJKH (. B maHHOM ciydae MONy4YWJIOCh PaBEHCTBO V, = Vg
BCJICICTBHE PaBEHCTBA paccTosiHUM AP = BP. OTMETUM TakxKe, 4To
HIOJIyYE€HHBIE CKOPOCTU V4 U Vy O0JICHbI YIOBIETBOPSITH CBOWCTBY
paBeHCTBa NPOEKIMIl ckopocTei (cM. c. 30).

Jlns onpenenenus ckopoctu Touku C nposeneM oTpe3ok PC
(B manHoM npumepe PC sBisieTcss BBICOTOW TpeyroyibHuka APB) u
HaWJEM €ro JJIUHY

PC=:/4P? - AC* =127 - 0.6> =1.04 ().
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CKOpoCTh V- paBHA IO MOAYJIIO
ve =wlPC =3.3301.04 =3.46 (m/c)

Y HallpaBJieHa MEPIEeHIUKYIApHO 0Tpe3Ky PC B CTOpPOHY AYyroBOM
crpesiku . CKOpOCTb V- MOJIy4WIach HAINpPAaBICHHOW BIOJb

matyHa AB. JIerko BUIETh, 4TO ISl IPYTUX TOYEK 3TOrO CTEPKHS,
pacmooKeHHbIX MeXIy ToukaMu 4 u C, UX CKOpOCTU OyIyT OT-
KJIOHEHBI BBEpPX (KaK y TOYKH A), a JUIsl TOYEK, PACIIOJIONKEHHBIX
Mexy ToukaMu C U B, - BHU3 (KaK Yy TOUKH B).

ToT ke BEKTOp Vz MOXKET ObITh HAWAEH C MCIOJIb30BaHUEM

nomoca 4 no gopmyne (2.15): vy =v, +vy,. [lepenecem BeKTOp
V4 B TOYKY B ¥ IIOCTPOUM BEKTOP Vg ,, IEPIEHAUKYISPHBIA OTPE3-

Ky AB W HampaBJICHHBI B CTOPOHY JAYyTOBOHM CTpEJKU . Moayib
vy =WLHUB = 3.330.2=4(m/c). 3nech NOIY4YUSIOCH PABEHCTBO

Vg4 =V, TOCKOJBKY paBHbI paccTosiHus AB u AP. Ilo pucyHky
OTpeAeIisieM, UYTO yroJl MEeXIy BEKTOpamMHu Vv, U Vg, paBeH 120°.
Torma no popmyne (2.16) Haxoaum

_ [, 2 2 o _
vB—\/vA +vp +2v,vpcosl20 =

= /42 +4% +20@% (=0.5) =4 (n/0).

Ha pucyHnke BEKTOp Vp [IOJDKEH COBIANATh C JMArOHa/IbIO Iapai-
JIeiorpaMMa, CTOpOHaMU KOTOPOI'O SIBJISIIOTCS BEKTOPBL V, U V.
OTO 1OCTUTaeTcs MOCTPOEHUEM BEKTOPOB V,, Vp U Vy, B BbIOpaH-

HOM MaciTabe (Hampumep, | cm Ha pUCYHKE COOTBETCTBYET 1 m/c).
OTmMeTuM, 4YTO TPUBEJACHHBIE B PACCMOTPEHHOM TPHUMEPE
MacITaObl MOKHO U3MEHSATh U Ha3HAYaTh CAMOCTOSATEIBHO.

2). OnpenesieHne yCKOpeHusi TOUKH B.

YckopeHue TOYKH B ¢ HCIOJIb30BaHUEM TOJoca A ompeje-
nsietcst o gopmyie (2.18):

- _ = —g —y _ =T , —n , —§ —y
ap=ayt+ agy tag,=a,ta, tapg, tapg,-
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Tax xak xpuBommn (OA Bpamaercs paBHOMEPHO (W, =
= const), TO £y, =Wy, = 0. CaenoBarenabHO, KacaTeabHOE YCKOpeE-

uue T04ku A a’y =€,,[MA=0 u ee MOIHOE YCKOPEHUE & 4 COBIIA-

JaeT C HOPMAJIbHBIM YCKOPEHHEM d 4, HAMPABJIEHO OT TOYKUA A K
touku O (puc. 18) ¥ paBHO IO MOIYJIIO

a,=a" =wh, [0A=10*10.4=40 (m/c?).

B nmaHHOI 3aa4ye 3aBUCUMOCTD YIJIOBOM CKOPOCTH (VU ILIATY-
Ha OT BPEMEHU HEU3BECTHA, IOATOMY MPUXOJIUTCS ONPEIEIATh €ro
MeHO8eHHOe YTI0BOE YCKOPEHHUE £ B 3aJaHHOM IOJIOKEHUU. Takue
3aJlayu MOT'YT OBITh PEIICHBI, €CIIU U3BECTHO HAIPaBJIEHUE YCKOPe-
HUSI KaKOW-IMOO TOYKM paccMaTpUBaeMOro Teya. Takoll TOUYKOM
miaTyHa SIBJIIETCS TOYKA B, HalmpaBJIEHHUE JIBUKEHUSI KOTOPOU W3-
BECTHO. 3a/1aluMCsl KaKUM-JIMOO HaIpaBJICHUEM yTJIOBOTO yCKOpe-
HUsA € (Hampumep, MPOTHB XOJa YaCOBOM CTPEJIKH; CM. puc. 18) u
HaIlpaBJIEHUEM YCKOPEHUS dp (Hampumep, cripaBa HajeBo; puc.18).

M300pa3suM Ha PHCYHKE TaKXKe BpallaTeNbHOE M LIEHTPOCTPEMU-
TEJILHOE YCKOPCHUS dpy, dj, TOYKUA B OTHOCHTENBHO I0JI0ca A.

Puc. 18. Onpeoenenue yckopenus mouxu B.
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[{eHTpOCTpEMHUTENIBHOE YCKOPEHUE TOUYKH B OTHOCUTEIBHO NOJIIOCA
A 1o MOAYJIO PaBHO

a¥, =w’ UB =333 0.2=13.30 (m/c*).

BBeaem cucreMy KOOpAMHAT AX) U CIIPOCIUPYEM BEKTOPHOE
BBIp@)KEHUE /Il YCKOPEHUS dp Ha OcU Ax U Ay:

%—aB c0s30° =—a cos60° —a},;

H-agsin30° =—a ,sin60” + aj, .

ITony4yenHas cucrema AByX alreOpanyecKuxX YpaBHEHUN CONEPIKUT
JBe CKAJSIPHBIX HEU3BECTHBIX: dp U ap, =E[HB. V3 mepBoro
YPaBHEHHsI HaXOIUM

aB =(aA COS6OO +a?}A)/COS3OO -

= (4000.5+13.30)[2/+/3 =38.45 (m/c?).

BennunHa ap oka3anach IOJOKUTEIBHON U B 3TOM CJIy4Yae Halpas-
JIEHUE BEKTOpa dp MOKa3aHo Ha puc. 18 BepHO. B apyrom ciyuae,
KOTJla BEIMYUHA d g ABIAETCS OTPULATEIBHON, BEPHBIM HANpaBJe-
HUE BEKTOpa dap OyAeT MPOTUBOIOJIOKHOE TOMY, KOTOpOE

N300paX€HO Ha pHUCyHKe. Bo BTOpPOM cilydae NepepuCOBBIBATH
BEKTOP dz B BEPHOM HampaBlIeHUU HE TpeOyeTcs.

Jlanee u3 BTOPOTO YypaBHEHHUS alreOpanvyeckoil CUCTEMBI
OmpeieNsieM BeIMYHHY YCKOPEHHS d g4, @ 3aTEM — YIIIOBOE YCKOpe-
HUE [IaTyHa:

ap,=a,sin60° —ay sin30° =
=400/3/2 -38.4500.5=15.42 (m/c?);
£=ab,/ AB=15.42/1.2=12.85(pao/c?).
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BennunHa yrnoBoro yCKOpeHusi € OKa3anach IMOJIOKUTEIbHOU U B
OTOM CJIly4ae HaIlpaBJIICHUE IYIrOBOM CTPEJIKM £ TIIOKa3aHO Ha
puc. 18 BepHo. B apyrom ciywae, xoraa BeIMYMHA &£ SBISAETCS
OTpHULIATENILHOM, BEPHBIM HANpPABJICHUEM AYTOBOW CTpeiku Oyner
MPOTHUBOIOJIOKHOE TOMY, KOTOpOE€ H300pa)keHO Ha pucyHke. Bo
BTOPOM CJIy4ae PEKOMEHAYETCS IEPEPUCOBATH TYTOBYIO CTPEJIKY B
BEPHOM HaIlpaBJICHUH, a MIEPBYIO CTPEIKY U300pa3UTh MyHKTUPHOU
JIMHUEN.

[Ipy M3BECTHBIX 3HAYECHMUAX YIIOBOM CKOPOCTH (W W YIVIO-
BOI'O YCKOpPEHHUs £ IIaTyHa yCKopeHHe TOUKH C JIETKO ONpPEAEIUTh
C HCT0JIb30BaHUEM Toroca A mo popmyie (2.18):

- = —8 —y
ac=a,t acy tacy.

[Ipu 3TOM ciieayeT BOCIOIb30BaThCs BEPHBIM HAIIPaBJIEHUEM YTJIO-
BOTI'0 YCKOPEHUS £ U CIOCOOOM, U3JIOKEHHBIM Ha C. 36.

Mcxonnbple nOaHHBIE IS CAMOCTOSITEIBHOIO BBIITOJHEHUS
3a1aHus 2.2 npuBeIeHbI B Ta0uIIe Ha C. 52.

3amanue 2.3

B kadectBe 3TOro 3ajaHusl NPENIAracTCsl BBIITOJIHUTH
3aganue K.3. «KunemaTndyeckuili aHaan3 IJIOCKOT0 MEXaHU3Ma) U3
coopHuka [7].
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Ne |y, pao/c | OA, m | AB,m | AC, m | ¢, 2pao | a, epad
1 5 0.6 2 0.5 45 120
2 -12 0.5 1.8 0.6 60 90
3 8 0.5 2.1 0.8 30 90
4 -6 0.6 2 1 120 30
5 9 0.5 2.2 1.2 30 135
6 -10 0.4 2 1.4 150 45
7 12 0.4 1.6 0.7 30 90
8 -5 0.5 1.5 0.8 45 135
9 10 0.6 1.8 1 135 60
10 -9 0.5 2 1.2 120 45
11 8 0.6 2.2 1.5 60 90
12 -10 0.4 1.8 0.9 30 150
13 6 0.4 2 1.3 45 120
14 -12 0.4 1.2 0.5 60 135
15 5 0.5 1.6 0.9 120 60
16 -8 0.6 1.8 1 150 45
17 10 0.5 2 1.2 30 135
18 -6 0.6 1.6 0.7 45 135
19 9 0.5 1.8 1.1 60 120
20 -5 0.6 2.1 1.4 120 30
21 12 0.6 2 1.3 150 60
22 -10 0.4 2.2 1.5 45 120
23 8 0.6 2 0.8 30 150
24 -9 0.5 1.8 0.6 60 90
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I')TABA 3. CJIOKHOE JIBUKEHUE TOYKH

[Ipennosioxxum, 4TO0 ABUKEHHUE TOYKU M B IPOCTPAHCTBE
paccMaTpHUBaETCsl B IBYX JBUXKYIIMXCS OTHOCUTEIBHO JIPYT Apyra
cucrtemax koopauHat: O;x;y,;z; u Oxyz.

Onny u3 stux cucrem koopauHat (Opx;y;z;) TpuMeM 3a
OCHOBHYIO M HAa30BEM aOCOIOMHOU CUCmeMou KoopouHam, a
JBUKEHHUE IO OTHOIIEHUIO K HEM M BCe KHHEMAaTHYeCKue rapamer-
pbl — abconromuvimu. IlapameTpsl aOCOTIOTHOTO JABWKECHUS OyaemM
0003HayaTh NOJACTPOUYHBIM UHAECKCOM “a”’. Hanpumep, v, u a, Oy-

nyT 0003Ha4YaTh a0CONIIOTHBIE CKOPOCTh M YCKOPEHHUE.

Hpyryro cuctemy koopauHat (Oxyz) Ha30BEM OmMHOCUMENb-
HOU CUCmemou KOOpOuHam W, COOTBETCTBEHHO, ABUKEHUE IO
OTHOLIEHUIO K 3TOW CHCTEME, a TaK)KE€ €ro KMHeMaTH4ecKue napa-
METpbl — omHocumenvhbimu. [lapaMeTpbl OTHOCUTENBHOTO JIBHKE-
HUs OyneM 0003HayaTh MOJACTPOYHBIM MHACKCOM ‘7. Hampumep,
V. U a4, - OTHOCUTEJIbHBIE CKOPOCTh U YCKOPEHHE COOTBETCBEHHO.

BBenem moHsATHE nepeHocHO20 O08udCceHus, TapaMeTphbl
KOTOpOro OyneM 0003Ha4YaTh MOJCTPOYHBIM HHACKCOM ‘e’ (Hampu-
mep, v, U a,). llepeHOCHBIM BUKE€HHEM TOYKH OyAeM Ha3bIBaTh

JNBIKEeHHE (10 OTHOILIEHHIO K aOCOJIIOTHOM CHUCTEeME) TOW TOYKH
OTHOCUTENILHON CHCTEMbI, B KOTOPOIl B paccCMaTpUBAaE€MbIii MOMEHT
BPEMEHU HaxoaUTCs NBHKYyIIascs Touka M. CKOpOCTb, YCKOpEHHE
U Jpyrue KUHEMaTUYECKHE MapaMeTpbl MEPEHOCHOIO JBUKEHUS
OyaeM Ha3bIBaTh MEPEHOCHON CKOPOCTHIO, NMEPEHOCHBIM YCKOpe-
HUEM U T. [I.

3.1 TeopeMbl 0 CJI0KEHHH CKOPOCTEH U YCKOPEHUM

3aBUCUMOCTH MCXKAY OTHOCHUTCIbHBIMH, IICPCHOCHBIMHU H
a0COJIFIOTHBIMH CKOPOCTSAMH U YCKOPCHHUAMHU YCTAHABIIMBAIOTCA CJIC-
AYIOIIUMHA TCOPCMaMHU.

Teopema o croocenuu ckopocmeu: IPUA CIOKHOM JIBUKECHUN
a0COJIIOTHAs! CKOPOCTh V, PaBHA BEKTOPHON CyMME OTHOCHUTEJIbHOM

Y IEPEHOCHOU CKOPOCTEM:
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v, =v, +v,. 3.1
31ech V, - OTHOCUTENbHAs CKOPOCTb; V, - IEPEHOCHas CKOPOCTb

TOYKU M, TO €CThb CKOPOCTh TOM HEM3MEHHO CBSI3aHHOW C IMOJIBUXK-
HOM cuctemMoil koopauHaT Oxyz TOYKH, C KOTOPOW COBMAJAET B
JAHHBII MOMEHT TOo4Ka M. Eciu yroin Mexay BEKTOpamMu v, U V,

paBeH O, TO MOJyJIb a0COIFOTHOM CKOPOCTU paBeH

v, =V +2 +2v, v, cosa . (3.2)

Teopema o cnoocenuu yckopenuii (meopema Kopuonuca):
IPU CJIOXHOM JBMKEHUM Aa0COJIOTHOE YCKOPEHUE @, PaBHO BEK-

TOPHOW CYMME OTHOCHUTEJIBHOIO, NEPEHOCHOIO M KOPHOJIMCOBA
YCKOPEHHM:

a,=a,+a,+a,. (3.3)
31ech @, - OTHOCUTENIbHOE YCKOPEHHE; a, - MEPEeHOCHOE YCKOpe-
HHE; d, - KOPUOIHCOBO yckopeHue (yckopenue Kopuonuca), pas-

HOE YJIBOCHHOMY BEKTOPHOMY IPOM3BEJCHUI0 BEKTOpa YIJIOBOU
CKOPOCTH (0, (BEKTOpa YIJIOBOM CKOPOCTH MOJBHKHON CHUCTEMBI

KOOPJIMHAT) Ha OTHOCUTEIbHYIO CKOPOCTD V),

a,=2a,xv,. (3.4)
Moysib KOPHOIMCOBA YCKOPEHUS

a,=2w,v,sin 3, (3.5

rae 3 - yrox Mexzay BeKTopamu &, U V,. Ecnu mepeHocHOe ABH-
KEHUE SIBJIsSIETCA TOCTynaTeNnbHbIM (W, = 0), T0 a, =0.

Ecnm Touka cOBEpPIIAET TIIOCKOE OTHOCUTEIBHOE JIBUKEHUE,
TO €€ OTHOCHUTEJIBHOE YCKOPEHUE CKJIAJbIBAECTCS U3 KACATEIBHOTO U
HOPMAJIBHOTO YCKOPEHHM:
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a=a +a'. (3.6)

r

Ecian nepeHoCHBIM JBUKEHUEM SIBJISIETCS BPAILLEHUE BOKPYT
HEIIOJIBUKHOM OCH, TO NEPEHOCHOE YCKOPEHHUE CKIAIbIBACTCS W3
BpAILATEIILHOTO U LIEHTPOCTPEMUTEIBHOTO YCKOPEHUI:

a=a' +a’'. (3.7)

3.2 3anpanue 3. OnpeneneHue a0COJTIOTHONU CKOPOCTH U
a0COJIIOTHOT0 YCKOPECHUS TOYKH

[To paguycy win 0601y AMCKA, BpalllalOIIerocs BOKPYT He-
NOoABIKHOM ocH (puc.19; cxemsl 1-4), nBuxercs Touka M. YpaBHe-
HHE BpallleHus aucka ¢, =@ (¢), ypaBHEHHE OTHOCHTEILHOTO JIBU-
XKeHus s, =s, (1), paanyc Jucka R ¥ yroy O IpHUBEAEHBI B TA0IMIIE

Ha c. 63. OnpenenuTh aOCOMIOTHYIO CKOPOCTh U a0COTIOTHOE YCKO-
peHne TOYKM M B MOMEHT BPEMEHM f, KOTOPBIA OIpPEHEIAETCS
YCIIOBUEM, 33/IaHHBIM B CTOJIOLE 5 TaOIHIIbI.

IIpumep BbInoJHEeHUs 3agaHus 3.

Jluck BpamaeTcss BOKpYT TOPU30HTAILHON HETIOIBHYKHOU OCH
(puc.19; cxemal) cornacHo ypasHenuio ¢, =27Tcos’(¢/2)/3 (pao).
[To pamnycy nucka ¢ yriom HakioHa O = 30° aBuxkeTcs Touka M
cornacHo ypaBHeHHio s, (¢)=4sin’(10¢) (m). Onpenemuts a6co-

JIOTHYIO CKOPOCTh U a0COJIFOTHOE YCKOPEHUE TOUYKU M B MOMEHT

BpeMeHH ¢, > 0, Korga BOepBble Nociie Havyaia aABuwxkeHus (f = 0)
2

YIJI0BO€ yCKOpeHue &, = —T11/6 (pad/c”).

Pemenne.
OnpenenuM MOMEHT BPEMEHHU f; M3 33JaHHOTO YCIJIOBMS:

£, =¢, =(2mcos’(t/2)/3) = (-msin(t)/3) = —1Tcos(t)/ 3; B MOMEHT
BpEMEHM #,: —TTcos(t,) =—T11/6; cos(¢)=1/2; 1, =103 (c).
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Puc. 19. Cxemvl 3a0anus omHocumenbHo2o u nepeHoCcHO20
osuoiceruti mouku M.

I[BI/I}KGHI/IG TOuku M paccMaTpuBacM KaK CIIOKHOC IBHIKC-
HUEC. OTHOCUTCIBbHBIM JIBMXXCHHUEM TOYKH ABJIACTCA ABHXXCHHUE IIO
paagnyCcy AucCKa, a ICPEHOCHBIM [IBHXKXCHHCM — BpallaTCIbHOC
JABHKCHHEC NUCKA BOKPYT HCHO,HBH)KHOfI OCH.

1). Onpenenenue adCOJMIOTHON CKOPOCTH TOUYKH M.

AOCOJIIOTHYIO CKOpPOCTh TOUKM M omnpenenum mno dopmyse
(3.1): v, =v, +v, (puc. 20). HalineM BeIMYNHY OTHOCHUTEIBHOU
CKOPOCTH B MOMEHT BPEMEHH 1:

v, =5 =(4sin’(10¢)) = 40sin(20¢);
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v (t,)=40sin(2077/3) =40/3 /2 =34.64 (m/c).

Moynb epeHOCHON CKOPOCTH V, =|a)e h, rne w, -yriosas
CKOpPOCTb AMCKA; /1 =, sind - pacCTOSHUE OT TOYKU M 10 Ocu Bpa-

meHus aucka. Halem 3T mapamerpbl B MOMEHT BPEMEHU 1

©, =" sin(0); .(1)=- G? == 0.91(pao/c);

w| N

h(t,)) =4sin (1077/3)Ein30° =4{—/3/2)’ 0.5 =1.5 (m);
v, (1) = |—O.91| 0.5=1.36 (m/c).

3HaK MUHYC y YUCJIOBOI'O 3HAYEHUS YIJIOBOM CKOPOCTHU JIMCKa yKa-
3bIBACT HA TO, YTO LYTOBYIO CTPENIKY (W, CIEAYeT II0Ka3aTh B IPOTHU-

BOIIOJIOKHOM HAIIPpABJICHUU K HAIIPABJICHHUIO HYFOBOﬁ CTPCJIKHU ¢e .

BekTop nepeHOCHOH yrioBOM CKOPOCTH (U, HAIIPABJIEH BIIPABO (CM.

c.24).

Beenem cucremy koopaunat Mxyz: oce My HampaBum Iapai-
JIETBHO OCH BpALEHHUS IHMCKA; TUIOCKOCTh Myz COBMECTUM C ILJIOC-
KOCTBIO PUCYHKA; OCh MXx HampaBiieHa NEPIEHIUKYIISIPHO MIOCKOC-
T pUCyHKa. OTHOCUTENBHO 3TOM CUCTEMbI KOOPJIUHAT U300pa3zum
BEKTOpBI V., U V,. Tak kak v (¢,) >0, TO BEKTOp V. HaIpaBisieM I10

paanycy B CTOPOHY IMOJOKUTEIBHOTO OTCYETa KOOPAUHATHI .. OH
pacIoiiokKeH B III0CKOCTH Myz. BexkTtop v, HampasiieH 110 ocu Mx B
CTOPOHY AYIOBOU CTPEJIKU (W,. BEKTOpBI V. U v, B3aUMHO MEPIICH-
JTUKYJISIPHBI, TO3TOMY MOJYJIb A0COTIOTHOM CKOPOCTH TOUKU M

v, (1) =V +2 =4[34.64° +1.36” =34.67 (m/c).

[Ipu apyrom yrie MeXIy BEKTOpaMu V. U V, CIEeIyeT BOCIOJb30-
BaThcs hopmynoii (3.2).
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3

Puc. 20. Onpeoenenue abcorromuou ckopocmu mouxu M.

2). Onpenesienne a6COMIOTHOIO YCKOpeHUs TOYKH M.

AGcomoTHOE ycKopeHue Touku M omnpenensem (puc. 21) mo
dopmyne (3.3), koropas ¢ yderom ¢opmyn (3.6),(3.7) 3anucsei-
BaeTCA B CIEAYIOIIEM BUJE:

— =T —n —8 —y —
a,=a. +ta' +a, +ta ta,. (3.8)

OnpenenyM Mo BEIWMYUHE U TI0 HAMIPABIECHUIO YCKOPEHUSI B PABOU
4yacTH paBeHCTBA (3.8) B MOMEHT BpeMeHHU ¢, =TT/ 3 (c).

OTHOCHUTEIBbHOE KacaTeJIbHOE YCKOPCHHC!

a’ =v_=(40sin(20¢)) =800cos(207);

14

a’ (t,) =800cos(2071/3) = =400 (m/c?);
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Puc. 21. Onpeoenenue abconromnozo yckopenus mouxu M.

IPU OTPULIATENLHOM 3HAYCHHHU 4, (f,) BEKTOp a. HAMpaBIsieM OT

Touku M k Touke O, TO €CTh B OTPHIATEIHHOM HANpaBICHUU
OTCYeTa KOOPAUHATHI S, .

n—_2 —
OTHOCI/ITGHBHOC HOpMaHBHOC YCKOpeHI/Ie Clr - Vr /p - O, TakK
KaK OTHOCHUTCJIIBHOC IBUXXCHHUC ABJISACTCS HpHMOHHHCﬁHBIM (p = 00)
HepeHOCHOe BpaliaTCJIbHOC YCKOPCHHUC!

al(t)=le|h=|-m/6)0.5=0.78 (m/c);

BEKTOp @, HANpaBJIeH M0 OCH Mx B CTOPOHY AYTOBOIl CTPENKH &, .
[lepeHoCHOE LIEGHTPOCTPEMUTENBHOE YCKOPEHUE:

a'(t) =’ h=(-0.91)>0.5=1.24 (m/c>);
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BCKTODp C_Zeu HarpasJICH OT TOYKHU M kK ocu BpallcHuA JUCKa, TO €CThb

B OTPUIIATEIbHOM HAIpPaBJIE€HUU OCU Mz.
KopuonucoBo yckopenue:

a,(t)= 2|a)e

v,[sin30° = 2[0.9134.64[0.5 = 31.52 (m/c*);

BEKTOP 4, HAaIIpaBJICH MEPIEHAUKYIAPHO INIOCKOCTH, B KOTOPOU
JIe’KaT BEKTOPBl W, W V., TaK, 4TO C KOHIIa BEKTOpa da, IOBOPOT
BEKTOpa (U, K BEKTOpY Vv, Ha KpaTdaimwuii yroa B 30° BuieH mpo-

UCXOASIIUM MPOTUB XOJ1a YACOBOM CTPEIKH.

[Ipoenupys BekTopHOEe paBeHCTBO (3.8) HA ocu Mx, My, Mz
HaxOJUM MPOEKIIUH, a 3aTeM U MOJYJIb YCKOPEHHUS] TOUKU M B MO-
MCHT BPEMCHH /.

a,(t)=a’ +a,=0.78+31.52=32.30;
a, (t)=—al cos30° =—4000/3/2=-346.41;

a,.(t)=-a’ sin30° —a' =—40000.5 —1.24 =—201.24;

a,(t,)=,[as, +al, +a, =+/32.30° +346.41° +201.24’ =401.9 (/).

Jlanee B Tabnwile MpUBEIACHBI UCXOTHBIC JaHHBIC JIJISI CaMO-
CTOSITEIIBHOTO BBITIOJTHEHUS 3a/IaHusl 3, T1Ie
s .(¢) - ypaBHEHHE OTHOCUTEIIBHOT'O JIB>)KEHUS TOUKH M

@,(¢) - ypaBHEHHUE BpAILICHHS JHCKA;

{1 - MOMEHT BPEMEHH, B KOTOPHII BIIEPBBIEC MOCIIEC HaYalla
JBU>KEHUSI TOYKH BBIMIOJIHSIETCS YKa3aHHOE YCIOBUE;

O - yroj HakKJIOHA pajuyca, 0 KOTOPOMY JIBUKETCS ToUKa M;

R - pagnyc nucka.
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Ne Cxema P.(1), pao S(t), m t, ¢ a, epad | Rom
] ] 25t—2¢/3 0.1(1 — sin(11/4)) v, = 0.025TT(m/c) 30 -
2 ] r—2r 0.1(1 + sin(11/6)) S = Spax 45 -
3 1 20t + 40cos(T1/2)/ T 0.5 —0.15¢ a.= 0.1 (m/c’) 30 -
4 ] 5t/2—10£/3 0.06(1 — sin(0.371)) £ =10 90 -
5 ] @ —r 0.5t— 0.1t v, =0.3 (m/c) 150 -
6 ] 50/3 - 5¢° 0.1cos’(T1/4) W = @ in 150 -
7 2 5t —50/3 0.12510 a. = - 0.3
8 2 9 - 0.1Tcos’(11/3) a’, = - 0.1
9 2 £-2r 11(0.4t - 0.1£)/8 a'. = - 0.2
10 2 r/3-2¢ 0.211(1 — &) W = @ in - 0.4
11 2 5t 0.271sin’(1) a". = d'y - 0.3
12 2 10r/3 0.04t + 0.02¢ la',| = 0.12 (w/c’) - 0.2
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Ne Cxema P.(1), pao S(t), m t, ¢ a, epad | Rom
13 3 10t — 20sin(1e/2)/ 11 | 0.05(1 — cos(Tt/2)) a’. = a’ - -
14 3 20sin(t) 0.1¢” a, =0.2 (w/c’) - -
15 3 -3cos(18/2-3)/ - £/3 | 0.01t+0.06¢ — 0.01¢ Ve = Vymax - _
16 3 -10e” 0.1(2 — cos(Tn)) v, = 0.05T2 (w/c) - -
17 3 27 0.05sin’(T1/2) E. = Eomin - -
18 3 £ —5/2 0.1sin’(11/2) a, = - -
19 4 @ —r 0.2t—0.05¢ d', = - 0.3
20 4 4’ —4r'/3 0.3(TT - cos(T1)) Vi = Vi max - 0.4
21 4 10(t +¢”) 0.37T(sinTt —cos’ ) a. = - 0.2
22 4 20 —F 0.4t —0.1¢ L' = 0.2 (/) - 0.3
23 4 10t-1 0.6t + 0.15¢ &, |= 6 (pao/c’) - 0.2
24 4 6t— 2t 0.4t- 0.1t d=dy i 0.1
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