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BBEAEHUE

OcHOBHasl 1EeNb JAHHBIX METOJMYECKUX YKA3aHUN — H3YUYCHHUE
TEOPETUYECKOTO MaTEpralia U OBJIAJICHUE HABBIKAMU PELICHUS 3a1a4 110
OCHOBHBIM TeMaMm paszzena «Knnematuka» KypcoB «Teopermueckas
MexaHnka» «Mexanuka", "l[IpuknagHas mexanuka'.

[TockonbKy TIpUM HW3YyYEHHH Kypca HauOOJbIIYyI0 TPYIHOCTh
IPEACTABIACT peleHue 3azad, OOJIBITMHCTBO 3a1aHUI
c(OpMyIMPOBAaHO UMEHHO B BUJE 3a7a4, IpUYEM HamOoJiee CII0KHbIE
U3 HUX Pa3JeJieHbl HA HECKOJIbKO JIOTUYECKUX 3TANoB, HE TPEOYIOIIUX
JUISl PELIEHUS] CIIOXKHBIX pacyeToB. TakoM MOAXOJ K MOJade Marepuana
MO3BOJISIET MPUBUTH YYalIMMCS HABBIKM CaMOCTOSITEIBHOIO aHajlu3a
3a/1a4 U aKTUBU3UPYET MBIILICHUE.

JUis  OCBOEHMS TEOPETHMYECKOro Marepuaia HEeoO0XOAUMO
O3HAKOMHTBCA C KPATKAMH CBEACHUSMH W3 TEOPUU PEKOMEHIyEMOU
mutepatypbl. OTBETBI Ha BOIPOCHI TMOMOTYT CTYJIEHTaM 3aKpPENUTh
TEOPETUUYECKYIO YacCTh pa3Jiena.

[Ipennaraemasi pa3paboTka mNpegHa3HayeHa Uil OOy4YeHHs W
CaMOKOHTpOJII BO BHEAyJAUTOPHOE BpeMs NPU MOATOTOBKE K
IPAKTUYECKUM 3aHATUAM U 3K3aMEHAM.



TpeOoBaHusi K pelieHUI0 M 0GOPMIIEHUIO PACYEeTHO-TPadUuIeCKUX
padoT

1. He cnenyer mnpuctynatb K BBIIIOJIHCHHIO pacyeTHO-
rpaduueckux padoOT, HE U3YYHMB COOTBETCTBYIOIIETO pasjena Kypca.
Ecnu cryneHT cnabo yCBOWJI OCHOBHBIE IMOJOKEHHUSI TEOPUM U HE 10
KOHIIa pa3o0pajicsi B MPHUBEICHHBIX MpUMEpax, TO NPH BBINOJHCHUH
paboT MOTyT BO3HMKHYTH Oouibllivie 3aTpyaHeHus. HecamocTosTenbHO
BBIMIOJIHEHHOE 3aJlaHle HEe JaéT BO3MOXKHOCTb MPENojaBaTello-
PELICH3EHTY BOBpEMsI 3aMETUTh HEJIOCTATKM B paboTe cTyneHTa. B
pe3yJbTaTe CTYACHT HE NpUoOpeTaeT HEeOOXOAMMBIX 3HAHUN U
OKa3bIBACTCS HETIOATOTOBJICHHBIM K 3K3aMEHY WUJIM 3a4eTY.

2. He pekoMeHIyeTcsi MNPUHOCUTH NPENOAABATENO Cpaszy
HECKOJIbKO BBITIOJHEHHBIX 3aJaHuil. ITO HE JaéT PEILEH3EHTY
BO3MOYKHOCTh CBOCBPEMEHHO YyKa3aTh CTYJICHTY Ha JOIYIICHHBIC
OIIMOKU U 3aJIep>KUBAET PELICH3UPOBAHUE.

3. PacuerHo-rpaduyeckasi paboTa BBINOJHSIETCS Ha JHCTax
dbopmata A4. TUTYIbHBIA JIMCT 3alOJNHSIETCA B COOTBETCTBHHU C
[Ipunoxenuem 1. 3agaHusi, MOJIy4YEHHbIC CTYAEHTOM, IOJIXKHBI OBITH
BBITIOJIHEHBI TMOJAPOOHO, AKKYypaTHO. 3a4EpKUBAHUS W HWCIPABIICHUS
TEKCTa HEIONyCTUMbI. DOpPMYIUPOBKU 3aJaHUN JODKHBI  OBIThH
npuBeeHbl TONHOCTHhIO. CokpaiieHuss He gomyckarTcs. [lpu
HEOOXOAMMOCTH IPUBOAUTCS CIIMCOK JIUTEPATYPHI.

Pa3Mmepnl nosieit cTpanull paboThl: - geBoe nosie - 30 MM; - mpaBoe
nosie - 15 mm; - BepxHee u HibkHee noJie - 20 M.

Ecnu TekcT paboThl HaOpaH HA KOMIBIOTEPE, TO MPU OPOPMIICHUU
cilenyeT Npuaep>KUBaThCa TPEOOBaHUM, MPUBEACHHBIX BHIIIE, & TaK JKE!
mpudT Times New Roman pasmepa 14 pt ¢ MESKCTPOYHBIM HHTEPBAIOM
1,5 u abG3anHbIM oTcTynom 1,25 cwm.

4. Ecmm pacuerHo-rpaduueckasi paboTa BBHINIOJNHSETCA 0O€3
TUTYJILHOTO JINCTA, TO NMpu 0OpMIICHUH, paboTa TOJKHA 3aMOIHAETCS
B cooTBeTcTBUM C [Ipunoxuuem 2 u conepxats: @O crygenta, Homep
IpyNIbl W/Wid Ha3BaHue (¢akyabTeTa, HOMEp BapuaHTa, Ha3BaHUE
paboTHI.

S. Pemenue JTOJI’KHO COMPOBOXKIATHCS KpaTKUMHU,
MOCJICIOBATENIbHBIMM W TPaMOTHBIMH  0€3  COKpallleHUsI  CJIOB
OOBSCHEHUSMH M YEpPTEeKaMH, Ha KOTOPBIX BCE BXOAIIME B pacyeT
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BEJIMYMHBl JIOJDKHBI OBITH MOKa3aHbl B 4yuciax. Hamo wusz0erartsb
MHOTOCJIOBHBIX TMOSICHEHMM M TEpecKa3 y4eOHHKA: CTYIAEHT JIOJKEH
3HATh, YTO SA3BIK TEXHUKU — (DOPMYJIa U YEPTEK.

6. HeoOxomumo yka3aTb pa3MEpHOCTb BCEX BEIUYUH U
NOAYEPKHYTh OKOHYATEIbHBIEC PE3YJIbTATHI.

7. B BO3BpalleHHOW pacyeTHO-Tpaguueckoil padoTe CTYIEHT
JOJIKEH UCTIPABUTh BCE OTMEUEHHBIE OIIMOKHU U BBIITOJIHUTH BCE JJAHHBIE
eMy ykazaHus. B ciyuae TpeOoBaHMsI NpenojaaBaTels-pelEH3eHTa
CleayeT B KpaTyaWlllMd CpOK Iiepenarb €My BbIIOJHEHHbIE Ha
OTJIETIbHBIX JIUCTAaX HCHPABJICHUS, KOTOPbIE JOJKHBI ObITh BJIOKEHBI B
COOTBETCTBYIOILIUE MECTa PELEH3UPOBAHHON padoThl. OTAENBHO OT
pabOTHI UCTIPABIICHHS HE PACCMATPUBAIOTCSL.



1. KHHEMATHUKA TOYKHA

K-1. Onpenesienne TpaeKTOpPUM TOYKH, €€ CKOPOCTH U YCKOPEHM s
10 32JaHHBIM YPABHEHHUSIM JIBUKEHU A

Kparkue TeopeTnyeckue moJio:KeH st

Kunematuka TOYKM — pas3jel KUHEMaTUKH, B KOTOPOM
UCCIIETyeTCS MEXaHWUECKOe JBUKCHUE MAaTepUaIbHbIX TOUEK.

OnHOM M3 Ba)KHBIX XAPAKTEPUCTUK JIBUKEHUS TOUYKH SIBIISETCS
TPAGKTOPUSA  ee  JBHKeHHMsl, T.6. TEOMETPUYECKOE  MECTO
MOCJIEAOBATENbHBIX (C TEYEHHWEM BpPEMEHU) TMOJIOKEHUM TOYKH B
POCTPAHCTBE.

JlpyruMu KMHEMaTUYECKUM XapaKTePUCTUKaAMU JBWKCHHUSI TOUKHU
SBJISIFOTCS CKOPOCTh U YCKOPEHHeE.

CkopocThbi0 TOYKHM  HA3bIBACTCSI  BEKTOpHAash  BEJIIMYMHA,
XapakTepU3yrolas ObICTPOTY JABMXKEHHUSI TOUKH 10 TPACKTOPUH.

CKOpOCTh TOYKH HaIIpaBJIECHA MO KACATEIbHOU K TPACKTOPUHU.

Enunauna namepenus: ckopoctu B cucreme CHU — MeTp B CEKyHIy

YckopeHMeM  TOYKHM  HA3bIBAETCAd  BEKTOpHAs  BEJIWYMUHA,
XapaKTepU3yrollass HW3MEHEHHE C TEYEHUEM BpPEMEHH MOIYJA U
HanpaBJICHUsI CKOPOCTU TOUKHU.

Enunanna w3mepenus yckopenuss B cucteMe CU — merp Ha
CeKyHIy B KBazmpate (M/c?).

Ecmu npu IBMKEHUM TOYKHA N0 TPACKTOPUH MOJIYJIb CKOPOCTH

dv
BO3pACTa€T C TEUYEHUEM BPEMEHHU (E>O)’ TO TaKO€ JBUKECHUE

dv
Ha3bIBACTCS YCKOPEHHBIM, a IpU at =const> 0- paBHOYCKOPEHHBIM.

dv <0),

Ecimi MOoaynb CKOPOCTH IIPU IBUKEHUU TOYKH YMEHBIIAETCS (a

dv
TO JBW)KCHHE HA3bIBACTCS 3aMeJIEeHHbIM, a IIpU azconSkO-



_ dv
paBHO3aMeMJIeHHBbIM. [Ipu v = const (EZO) JNBIOKECHUE HA3bIBAETCS

PaBHOMEPHBIM.
CymectByeT 3 cnocoba 3agaHus ABUXKEHHUSI TOUKHU: BEKTOPHBIM,
KOOPJAWHATHBIN U €CTECTBEHHBIM.
1. BekTOpHBIN c10C00.
IIpu BeKTOpHOM cmocoO€ JBMXKEHUE TOUYKHU 3aJa€TCsl 3aKOHOM

M3MEHEHMS PaUyC-BEKTOPa BO BpeMeHH r =r(t) (puc.1.1).

2
=

Puc.1.1. BexkTopHblii cioco0 3aaHusl IBUYKEHUS TOYKU

Tpaektopueli TOYKM B 3TOM cjydae SBIs€TCS rojaorpad ee
paanyc-BEeKTOpa.
CKOpOCTh TOYKH:

dar -
OV=—="1. 1
U= 1)
Y CKOpEHHE TOUYKU:
. do dif

2. KoopamHaTHBIN C110C00.
[Ippu KoOpAWHATHOM cCHOCOOE JBMDKCHHE TOYKH 3aJaeTCs

KOOpAUHATAMU, KaK (PyHKIUSIMU BPEMEHU
X=fi(t); Y="10»); Z="F(). 3)

OTH ypaBHEHUS ONPEICIISAIOT 3aKOH JABM)KCHUS Toukh (puc.1.2).
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Puc. 1.2. KoopauHaTHbIN crIOCcO0 3aaHUs ABMKEHUS TOUKU

HpI/I KOOpAWMHATHOM croco0e HaXOoJIuM IIPOCKOHUHU CKOPOCTHU Ha

KOOPAHWHATHBIC OCH
ax . _dy _dz

Dy =—=X;, Ly=—"-=Y, L, = = 4
X dt Y g VT T )
CKOpOCTh TOUKH
\/UX+Uy+UZ , (5)
i Yx.. Vy. _ Vg
a HapaBJIAIOIUE KOCUHYCHI - COSoL = —; COSP=—; COSy=—=,
L L L
AHAJIOTUYHO HaXOJUM MPOEKIUH YCKOPEHUS HA OCH KOOPJAUHAT
dv 2 dv 2 dv 2
ag= X OX g o Y AV gy D2 872, (g
dt g2 Yo dt dt2 dt g2
YCcKkopeHne TOUKHU
\/ax+ay+az , (7)

a a a
a HaIIpaBJHOMINE KOCUHYCHI - COSalq = —X; Cosfq = _y; COSyq = -z,
a a a

3. EcTtecTBEeHHBIN CII0CO0.




[Ipn ecTeCTBEHHOM CIOCOOE H3BECTHO HAyajlo OTCUETa Ha
TPACKTOpUM, HampapjieHue JBUXKeHUs (puc.l.3) u 3aKOH JBUKEHUS
TOYKH BJI0JIb TPACKTOPUHU B BUJIE:

S =f(t). (8)

Puc.1.3. CkopoCTh U yCKOPEHUE TOUKH MPU €CTECTBEHHOM
croco0e 3a1aHus JBUKEHUS TOUKH

JI71s1 HaxOXKJIEHHUs] CKOPOCTH MPU €CTECTBEHHOM CIIOCO0€ 3aJaHMUs
JIBUKEHUS CJIEIYET BBIYUCIUTH MPOU3BOAHYIO OT 3aKOHA WM3MEHEHUS
JTyTOBOM KOOPAUHATHI:

=% ©
dt

Bripaxkenue (8) ¢ yueroM (9) naet BO3MOKHOCTb MOJIYYUTh 3aKOH
U3MEHEHUS ITPOUAEHHOTO TOYKOM ITYTH OT BPEMEHMU:

t t
s=[udt = [{/u?x + vyt (10)
0 0

Jluneunoe yckopenue mouku, Kak ¥ JUHEHHYIO CKOPOCTb, MOKHO
MPEICTaBUTh B BHUAE CYMMbI COCTABIBSIIOIIMX NPOCKIUKA HA OCH
JNEKAPTOBOM CUCTEMBI KOOPIUHAT:

a=ay+ay, (11)
a TPOSKUHUM YCKOPEHMS PaBHbl NEPBBIM  NPOU3BOAHBIM  OT
COOTBETCTBYIOIINX MPOEKIUNA CKOPOCTEU IO BPEMEHH:
dov dv
dt dt
[TonHOE yCKOpEHHE TOYKU BBIUUCIAETCS M0 popMmyiie:



a=./a’x +3.2y. (14)

BripaxkeHnst npoeKuyii JIMHEMHOTO YCKOPEHUS Ha JIEKAPTOBBI OCU
KOOpJAMHAT HECYyT WHGOPMAIMI0O TOJBKO 00 H3MEHEHUU OCEBBIX
COCTaBJIAIOLIUX CKOPOCTH.

XapakTep U3MEHEHUSI BEKTOpPA CKOPOCTH OMNPEAECIAIOT MPOEKUINU
BEKTOpPAa YCKOPEHHUS HAa ECTECTBEHHBIE OCU KPHUBOW, II0 KOTOPOWU
JIBUKETCS TOUYKA: KaCaTEIIbHYIO

Y TJIABHYH0 HOPMAJIb.

Kacamenvhoe yckopenue TOUKM @, XapaKTEepU3yeT OBICTPOTY

U3MEHEHUS CKOPOCTH o BEJIMYMHE u HaXOJUTCS
mudpepeHImpoBaHUEM CKOPOCTH 110 BPEMEHU:
dv
ar=—. (15)
T
dt

Bektop @, HampaBisieTcsi no xacamenvHou K mpaexkmopuu. OH
COHAIPaBJIEH C BEKTOPOM CKOPOCTH MPHU YCKOPEHHOM JBUKEHUM TOUKHU
U TPOTHUBOIOJIOXKEH €My B Ciydae 3aMeIJICHHOrO JBWXeHus. Eciu
TOUYKa JIBUXKETCSI C IOCTOSTHHOW CKOPOCTBIO, TO KacaTelIbHOE YCKOPEHHE
OTCYTCTBYET. B

Hopmanvnoe yckopenue — aj XapaKTepPU3yeT U3MEHEHUE
CKOPOCTH 10 HanpasyieHuto. [ ero pacuera npumensierca popmya

an = (16)
P
r€ p — paanuyC KPUBU3HBI TPACKTOPHHU.

BekTop HOpMabHOrO YCKOpEHHSI a8, BCErja HaIpaBiIseTCs K
YeHmpy KpUBU3Hbl mMpaekmopuu, TO €CTh MO TJIaBHOW HopMaiu. [lpwu
JIBMOKEHUH TOYKH 110 TipsiMoit a, = 0 .

BekTop 1ojaHOoro yCkopeHusi TOYKM paBE€H Fr€OMETPUUECKON CyMME
KacaTeJIbHOI'0 U HOPMAJIBHOT'O YCKOPEHUH

a=a.+a,. (17)

Ha pucynke 1.4 mokaszaHbl HampaBJICHUSI BEKTOPOB CKOPOCTH H
YCKOPEHUM TOYKH B CIIy4ae €€ YCKOPEHHOI'0 JBHKEHHSI.

[TockoabKY KacaTeabHOE W HOPMAJIBHOE YCKOPEHHUSI B3aMMHO
NEePINEHIUKYISPHBI, TO MOJHOE YCKOPEHHE TOYKH PACCUUTBHIBAECTCS IO

dbopmye:
a=+/a’;+an. (18)
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CraenoBaTenbHO, IIOJIHOE
YCKOPEHHE TOYKU PABHO HYJIIO TOJIBKO B
ClIy4ae OJHOBPEMEHHOIO OTCYTCTBHS
KacaTeJIbHOU " HOPMAaJIbHOMN
COCTaBJISIIOIINX, TO €CTh MPU JBHKCHUU
TOYKM IO TPAMOM C TOCTOSHHOU
CKOPOCTBIO. Puc.1.4

Bonpocs! i CaMOKOHTPOJIA

1. Yro uzydaer KuHEeMaTUKa?

2. OCHOBHBIC KHHEMATUYECKHE XapaKTEPUCTUKHU JBUKCHUS?

3. Kakue cnnocoObl 3a1aHus IBU>KEHUSI TOYKH CYILIECTBYIOT, U B
YEeM 3aKJII0YAETCA 0OCOOEHHOCTh KaXKJI0TO U3 3TUX CIIOCOOOB?

4. Kak omnpenensiercss CKOpPOCTb TOYKM JJIS  Pa3IMYHBIX
crioco0OO0B 3aJjaHusl IBUKECHUS ?

5. Kak omnpenensiercss yCKOpEHHE TOYKHA MPU E€CTECTBEHHOM,
BEKTOPHBIM U KOOPAMHATHOM CIIOCO0AX 3aJIaHUsl ABUKEHUA?

6. B kakux ciaydasXx HOpPMaJlbHO€ YCKOPEHHME TOYKH pPaBHO
HYJIIO?

/. Korga kacaTelbHOE YCKOPEHHUE TMPU KPUBOJIMHEHHOM
JIBH>KEHUH PABHO HYJIIIO?

11



BAPUAHTBI 3AJAHUM JJ151 CAMOCTOSATEJBHOI'O
PEHIEHUA

[To 3amaHHBIM ypaBHEHUSM IBUKCHHUS TOYKH B KOOPIMHATHOMN
dopme X = X(t) , y = y(t) (X, y — B canTumetpax, t — B cexyHmax) (
Tabn. 1.1) cocTaBuUTh ypaBHEHHE TPAaeKTOPHH, MOCTPOUTH ee. Halitu
3aKOHBl M3MEHEHUSI €€ CKOPOCTH, IIOJIHOTO, KacaTeIbHOro U
HOPMAJILHOTO YCKOpPEHUH, a Takke H300pa3uTh Ha PHUCYHKE BEKTOpa
CKOPOCTHU Y YCKOPEHUS U UX MPOEKIIMUA Ha OCU KOOPMHAT.

Tabmuna 1.1
Bapuanr | YpaBHeHUS JBMKECHMS Bpems Bapuant YpaBHeHuSs ABHKCHUS Bpems
1 x=T7t% -3 g x=3t% -2
y =5t 2 y=-2t 1
) X=4-2t 1 9 X=2t+4 5
y:t2 -2 y=t2 -2
X:—Zt . T
2 X =7sIn (—t)-l-z
3 Y=l 2 | 10 °
x:7cos(3tj—4 1
3
X=2t+2 x=35in2(gtj
4 y=2t3 1 11 - .
y:SCosz(—t)—l
6
X=4-2t X =4sin (gt)
5 y =4+ 2t 1/2 12 n 1
y:2—3005[—tj
3
X =5t X=3-sin3t
6 y=—3t2 ) 1/3 13 y:23in3t_4 /9
3
Xx=3-1 x:Zsin(Etj—Z
y=2t3+4 4
! 1 14 y:4cos(gtJ—4 1

12




npojomkeHue tadi. 1.1

Bapuanr | YpaBHeHUd IBM:KEHMS Bpems Bapuant YpaBHeHus ABHKECHUSA Bpems
4 3
X=t"-3 X=4+t
15 2 1 24 B 3 1
y=2t"+4 y=2+2t
X=Tt X=2cosmt -1
16 y=7t2 46 1 25 y = 2sinxtt + 2 1/4
X =12co0s (gt) X = 3sin (gtj—z
17 . 2 26 . 1
=-4cos| —t =4-9cos| —t
g (6 j g (6 j
X = 4sin (gt) X=5sin| =t |+3
18 i 1 27 i 1
=4-9cos| —t =3cos —t |-2
y (2] y=3coq ©
x:3sin2(gtj+2 X = 6Sin gt -4
19 1 28 2
y=2COSZ(Etj—1 y =3C0S Til+2
3 6
x:3—6sin(gtj x:losin(gtj
20 - 2 29 . 1
=2-2co0g —t =4-8cog —t
g 6 j g {6 j
X =3-6sin (gtj x:—4cos(gtj
21 i 1 30 i 1/2
=4-9cos| —t =6sin| -t |-1
y (6 j d (3 j
22 X=2t2+4 1/2 31 X=4t2 +1 1/2
y =4t y=-3t
X =sin2(%tj—1 X = 3sin th
23 1 32 . 1

2( T
=Ccos| —t |+1
g (4 )
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IIpuMep BbINIOJIHEHHS 3aJaHUIl 10 TeMe «Onpenesenne
TPAEKTOPUM TOYKH, €€ CKOPOCTH U YCKOPEHHUS 10 3aJaHHBIM
YPaBHEHMSIM JIBHKEH U5

3aKOHBI N3MCHEHUS KOOpAUHAT TOYKH, M:
it it
x:1—2c052§; y=23|n§+1.

OnpenenuTs: TPAEGKTOPUIO TOYKH; TOJOXKEHHE, CKOPOCTH,
YCKOPEHUE U paJuyC KpPHUBU3HBI TPACKTOPHUHM, COOTBETCTBYIOIIUE
MOMEHTY Bpemenu t1=1 C.

|. Ananumuueckoe pewienue 3adauu

1 Onpedensem ypasuenue mpaekmopuu MOYKU AHATUMUYECKU.
JIs 3TOro MCKIIIOYMM M3 3aJIaHHBIX YpaBHEHUM IBHMOKEHHS Bpems L.
ITockonmbKy B 3aJJaHHBIX BBIPAKECHUSAX BpPEMS SIBIISIETCS apTyMEHTOM
GyHKIIMM CHHYC M KOCHHYC, TO BOCIIOJIb3YEeMCS HM3BECTHBIM

TPUTOHOMCTPHUYCCKUM TOXKIACCTBOM:

sin2a+c032a:1

B Hamewm ciyuae

sinﬁ—t:y—_l; coszn—tzl_—x.
3 3 2
2 mit 2 mit 1

sin“ —+co0s” — =
3 3

2 2
CrnemoBaTenbHO (yz_lj +1_2X:1; %—X—lzo.

(y-17°

OTcroia HaXOIUM: X = 5

- YpaBHEHHUEM TpaeKTOpUU
ABJISIETCS TTapadoiia.

. mt
Tak kak —1£sm§£1, TO IOBWXEHHE TOYKHU IIPOUCXOIUT HE IIO

BCeil mapaboute, a mo e€ ygactky -1<y<3.
s MOCTpOCHUM TPACKTOPUU COCTAaBUM TaONMIy 3HAYCHUM
KOOPJIMHAT X U )
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X -1 0 1 2

w

¥ 1 0,5 1 0,5 3

B maciirade cTpouM TpaeKTOPHUIO ABUKEHUS TOUKH.

2 Onpeoensiem  KoopouHamel  Osudicywjelicsis  mouku M,
coomeemcmeyowue momenmy epemenu t1. lloncrapinss 3HaueHue t; B
3aJIaHHBIC YPAaBHCHHS JIBUKEHUS, HAXOINM:

x; =1-2c0s> = =05, y,=2sin—+1=273m.
3 3

N3o0paxkaeM Ha TpaeKTOPHUH TOYKYy M; C TIOTYUCHHBIMHU
KoopauHaTtamu (puc.l1.5).

3amMeuaHue: 3/1€Ch W Jajiee IIPHU pacdyeTax YUCIICHHBIX 3HAYCHUH
BEIMYMH  QpPTyMEHT  TPUTOHOMETPHYECKUX  (QYHKIHMHA  CJICIyeT
TIOJICTaBJISTh B paJMaHax.

3 Onpedensem nuneuHnyo ckopocms mouku. JJis 3TOro BHavaie
HaXOJIM 3aKOHbI U3MEHEHUS OCEBBIX MPOEKLUN CKOPOCTH:

dx 47t nt( : Tctj 2t . 27t
== =""sin——

Tt 3 3
_dy 2z mt
Y"dt 33

Torma CKOpOCTh TOYKHU

2 2
4n” . 22nt 4 t 2n | . 2 2mt t
02\/02x+02y\/ ® sin? 84 cos? :—n\/smz—;c +cosz—7;.

9 3 9 3 3

B MmomeHT BpeMenu t;=1 ¢, nonxydaem:

Uy, = 2—?:[sin2—?jE =1814 wml/c;

1

Ly :ECOSE=1,O47 mlc.
13 3
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-2

Puc.1.5. I'paduk pyukipu x=Ff(y)

B cootBercTBMHM ¢ pe3yJbTaTaMH pPacueTOB Ha PHUCYHKE
n3o0pakaeM BEKTOp CKOpocTH. J[Jisi AToro B BBIOpaHHOM MacIiTaoe,
Hampumep, B 1 cm — 1 cM/c, U3 Touku M; OTKJIaJbIBa€M COCTABIISIIOIIINAE
BEKTOpAa CKOPOCTH Ly M Vy. 3aTEM IIyTEM CIIOKEHHUS COCTaBIISAIOLIMX
MoJay4aeM BEKTOp CcKopocTH VL. [lpu mnpaBwiIbHBIX pacyueTrax H
MOCTPOCHUAX JTOT BEKTOP JOJDKEH JIekKaTh Ha KacaTeIbHOM K
TPACKTOPUM ABHXKEHHUS, YTO U MTOJTYUYHIIOCH HAa PUCYHKE 5.

4 Cmpoum epaghux gyuxyuu v = f(t). OH U300pakeH HA PUCYHKE
1.6. Ha ydacTke OT Hayana ABMKEHUS 10 MOoMeHTa Bpemenu t = 0,63 ¢
CKOPOCTh TOYKH YBEIUYUBAETCS, CJIEIOBATEIbHO, B 3TOT MPOMEXYTOK
BPEMEHU JIBH)KEHUE TOUKH YCKOPEHHOE, a Ha uHTepBatie oT t = 0,63 ¢ 1o
t = 1,57 ¢ CcKOPOCTh yMEHBIIAETCS, 3HAYUT HA HEM JIBUIKCHUE TOUYKH
3amesieHHoe. Jlanee mpoucXoauT YepeIOBaHUE STUX BUJIOB JIBHXKCHHUS.
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V.
VAR

Puc.1.6. I'padpux pynkmmm v = f(t)

5. Onpedensiem nuneurnoe yckopenue moyku. Jljst 3Toro Haxoaum

OCCBLIC COCTABJIAOIINC YCKOPCHUA
_doy 2n 2nt2m 47 2mt

ay = oS co
dt 3 3 3 9 3

doy 2x . mt\w 2n® . mt
ay =—=—|-SN— | -—=—SIN—

dt 3 3)3 9 3’

B momenT BpeMenu t=1 c, noinyyaem

2
axlzﬂcosz—nz—zw mlc?;
3
2
ay :=—2LsinE:—1,9O mlc?.
! 9 3

JIuneliHOe yCKOpEeHUE TOUKHU HalieM 1o hopmysie a = Jalx+ azy )
a=(-219)2 +(-190)> =29 w/c?.

Bekropsl @, dy,ay u300paxkacM Ha PUCYHKE S5, BbIOpaB HOBBIM

macirraba, Hamp. lem — 2 m/c’,

6. Buluucnsiem npoekyuu JAUHEUHO20 YCKOPEHUs MOYKU Ha
ecmecmeeHHble  OcU  KOOpOouHam.  3aBUCUMOCTh  KacaTeJIbHOI'O
YCKOPEHHUS OT BPEMEHU UMEET BU/I;

. 2mt 2nt 21 nt . wtxw . A4nt . 2mt
dv 5 2sin——Cc0S—— — —2C0S—SIn — — 2 25iIn— —sin——
a. — _ T 3 3 33_T 3 3
T
dt 3 ) 9 )
2\/S|n22nt+cosznt \/smz +coszn—t
3 3
Lyay +Lya
WIH 110 (hopMyIie: a; =[v-alv; a;= x> y%
L
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KacarenbHoe yckopeHue oT Bpemenu u ;=1 c:

. 4n . 2¢
2 2SIn— —SIn——
T 3

d \/sin22n+coszn
3 3

3HaK «MUHYC», MOJYYUBIIMMCSA IIPU pacueTe, MOKA3bIBAET, YTO B
paccMaTpUBAEMbII MOMEHT BPEMEHHM JBH)KCHUE TOYKHU SIBJISETCS
3aMEJIEHHBIM.

ITockonbky a= \/azr + a2n , TO
an, =21 —a%y, =(29)? —(-2,849)> =0541 m/c?,
vyay — oyax‘

a, = ~ 2849 mlc?

WK 110 (hOpMYyIIe: ap =|oxalv;a, = :
v

N3o0paxaeM Ha PUCYHKE BEKTOPHI KacaTEIbHOTO U HOPMAJILHOTO

YCKOpeHUuM a;,a8, B TOM K€ Maciitadbe, B KOTOpPOM paHee

HU300paKkaluCh BEKTOPHI yckopeHut (B 1 cm — 2 m/c2). Bekrtop
KacaTeJIbHOTO YCKOPEHHSI HaIpaBJIEH IO KacaTeJbHOW K TPAaeKTOPHUH
nBwxkeHus. I[lockonbKy B Hamiedl 3agaye KacaTelbHOE YCKOPEHUE
NOJIyYWJIOCh OTPULATEIBHBIM, TO OHO HAlpaBJIEHO B CTOPOHY,
IPOTUBOMOJIOKHYIO HAIPaBICHUIO BEKTOpa ckopocTu. HopmambHoe
YCKOPEHUE HAIPaBJICHO NEPHEHAUKYISIPHO KACATEIbHOMY K LEHTPY
KpPUBU3HBI  TpacKkTopuu. BekTtopHas cyMMa KacaTelbHOrO U
HOPMaJIbHOTO YCKOPEHHH OKa3ajlach paBHa BEKTOPY IOJHOTO
YCKOPEHUS, TMOJYYEHHOIO0 Yepe3 OCEBbIE MPOCKIUHU. ITOT (haKT
MOATBEPKIAET MPABUIBHOCTh PACYETOB.

[ Onpeoenum paouyc KpususHvl mpaekmopuu 6 mouxe M .
U2
Jl1s1 aTOoro ucnonb3yem dhopmyiny a, =—. U3 He€ nonydaem:

2
a 2,09
p:—n=—=8,07M.
02 0,541
W3 ommcaHus pemieHs CclaeayeT, 4TO TOCTpOeHHe rpaduka c
HAHECEHUEM BEKTOPOB CKOPOCTEHM W YCKOPEHUH IMO3BOJISIET MPOBEPHUTH
MPABWIBHOCTh  AHAJWTHUYECKUX pacyeTroB. Ilpm >TOM  JOIKHBI

BBITTIOJIHATBHCA CICAYIOIIUC YCIIOBUS .
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— TOYKa ¢ KOOpAWHATAMH X;, Y1 JOJDKHA TMOMacTh Ha
M300paKEHHYIO TPACKTOPHIO;

— BEKTOpP CKOPOCTH VL3, IIOCTPOSGHHBIM KaK JHaroHajb
NPSIMOYTOJIBHAKA CO CTOPOHAMH Ly, H Ly, , ZOJDKCH OBITH HalpaBiCH

BJIOJIb KacaTeJIbHON K TPAEKTOPUU B TOUKE C KOOPAUHATAMM X1 , Y1 ;
—  BEKTOpPbl  YCKOPEHUM, IIOJyYEHHBIE KaK  JMaroHaIu
IPSAMOYTOJILHUKOB CO CTOPOHAMM ay, ,ay, U dr, , Ap, , LOJDKHBI COBIACTS.

Il. Yucnennoe pewenue 3a0auu ¢ NOMOWbIO KOMNBIOMEPHOLU
npoepammuou cpedvt MATHCAD

Jlnis  sroro ortkpoem Mathcad wu moaroroBuM B OKHE
peIaKTHUPOBAHMS 3aJJaHUE HAa BBIUMCIICHHUE.

Jlns 3amycka (OpMyJIBHOTO peakTopa JOCTaTOYHO YCTaHOBHUTH
yKa3aTeNlb MBI B JIFOOOM CBOOOJHOM MECTE OKHA PEIaKTUPOBAHUSI U
MICJIKHYTh JICBOM KHOMKOM MBIIIH. [T0SBUTCS Kypcop B BUAC MaJICHLKOTO
KpacHOTo Kpectuka. Ero MoxHO mepeMeniaTh KJIaBUIlIaMU ITepeMeITeHUs
Kypcopa.

BBomuMm wmcxonmHbele ypaBHeHms jBmwkenus x(t), y(t), u ty,
UCMOJIb3Ys OINEpaTop MpUCBauBaHUsA ':=", KOTOPBIA MPUMEHSITCA IS
3aJlaHus 3HAYCHUM TTePEMEHHBIM.

[TogroroBka BBIYMCIUTEIBHBIX OJOKOB oOjerdaercs Ojaromaps
BBIBOJIY 111a0JIOHA MPHU 3aJaHWM TOTO WJIM MHOro oreparopa. st 3Toro
CITy’KaT MAJIUTPhl MATEMATHYECKUX CUMBOJIOB M IIA0JIOHOB ONIEPATOPOB U
GyHKIMIA.

Brruncienus BBIOTHSAIOTCS TOCHMBOJILHBIM HAa00OpOM JICBOM YacTh
BBIYMCIISIEMOTO BBIPAXXEHHS M YCTAHOBKOM TIOCJIE HEro oreparopa
BBIBOJIA — 3HaKa «=» (paBHO).

Huddepennupoanne ¢dyakmuid  X(t) w  y(t) npoucxogur ¢

d d"

1 H ——]
MOMOIIBI0  oreparopa dn d'  ma mamenu "MaremaTHueckuit
aHamu3". Jlns CHMBOJBHOTO BBIBOJIa TOJIYYEHHOIO OTBETAa BBECTH
onepatop "—", I YUCIEHHOTO BBIBOJIA - OMIEPATOP«=).
AHAJIOTUYHO, C MOMOIIBIO CUMBOJBHBIX PEIAKTOPOB, OMPEACIIIEM
MOAYJIH a; ¥ &; YCKOPEHU U PaJInyC KPUBU3HBI TPAEKTOPUH .
JIucTUHT BBIYKMCIIEHU MPUBEECH HAa pucyHke 1.7.
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| ®aiin DpEBK_E Bua Beraska @opmar  Vlactpymentel  Cumeonssbie onepaumn  Okno  Cnpaska
) BESRY| B0 [T (=50 [ )0
armal leriaI vIll.'.‘l v” B 7 U | | :

ypEEIHEHHH ABHAHEHWA

[ [(==]T2] <= (Z0] =] #* | &

| = = = —= = fx uf xfyxfy

il
i1
i1

a

i i i |"r t\‘
Wty =1-2-cos w— | wit) = 2-sin w— |+ 1 tl=1
L3 3

x(tl) = 05 y(tl) = 2.732

CKOpOCTE TOUKK

Fr) () , () Tpeusckuil =)
4-7-cos| — |-sin| — | d _-W-cos;t _j o 4 v & &
L) — SEPARNE P, il “ .
E‘: 3 dt 3 n @ o ok Ny |[E0eKynATap
¥ £ o w® o a [[Bin costan
cod o= 1047 .
vx =L vx = 1814 vy =y vy = 104 Tou ¢ o9 ox w00 KT
a w ABT AE /[ ()=
3 3 ZH® 1 EKA|I™ 783/
vo=aJur + oy .
’ MNZEOQTI P 4568 X
v =200 TT Y @ ¥ ¥+ 1 2 3 +
o a
YCKOopeHUe TOUKK

2 et 2 (et 2 i £ g " b omom
4 47" -cos| — 4.t -5in ﬂT: n 2ot 5in WT LET Ii x
ke - - e . Ul ow
dt” g 9 dt” 9
2 2 CumBONbHbIE @
ax = ——=x(tl) ay = —=v(tl)
del dtl — - Modifiers
. ay = —1.809 float rectangular  assume
;= e solve sirplify substitute
2 2 factor expand coeffs
a= ax + El}"
collect series parfrac
a=2501 fourier laplace Zirans
KacarensHoe yckopeHue HopmansHoe ycKopeHue invfourier  invlaplace RS
VE-AX + UY-ay o | TRy T vyar Jﬁ no— nl— [ml —
ar = |— = " v anl =-Ja" — at . .
" explicit combine confrac
ar = 2.840 an = 0,543 anl = 0.548 A0
7
— U‘- |
p= bos

Puc.1l.7. JIucTHHT BBIUHUCICHUMI

Jlis moctpoenus rpadukoB pynkmuid x=f(y) m v= f(t;) BBeaéMm
napametp 1, Kak AUCKPETHBIA pacYETHBIM MHTEPBAI BPEMEHH, C IIaroM
0,1 u na manenu uHCTpyMeHTOB '"I'paduk" 1mienkaeM Ha KHOIKE C
n3o0pakeHueM Trpaduka — Ha DKpaHE NOSBUTCS 11a0JOH rpaduka.
Beeném B Mecto BBoma mo ocu X u Y - x(t) u y(t,) - uMs HE3aBHCHMOIO
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aprymenTa. OtBeéM OT rpaduka ykazaTeslb MBIIIM U LIEJTKAEM JIEBOU
KHOIIKOM — TpaduK TpaeKTOpUU ABWXKEHUS Oymer mocTpoeH. [lanee,
aHaJIOTUYHO, TocTpouM Tpaduk v = f(ty).

Ecimu Bel XoTuTe mpocMoTperh Matpuily 3HadeHui x(tp) u y(t,), To
cpazy Hmwke rpaduka x=f(y) BbIBOOMM WX 3HAYCHHUS C ITOMOIIBIO
oriepaTopa BbIBOJIa — 3HaKa «=» (paBHO). CrpaBa B TaOJIUIE MUMEETCS
nojioca TMPOKPYTKH, C TMOMOIIBIO KOTOPOM MOMXKHO TPOCMOTPETh
3HaueHus t, B uaTepBasie ot 0 110 6.

JIMCTUHT ¢ TOCTpOEHHBIMHU IpaduKaMu TIPUBEJIEH Ha pUCyHKe 1.8,

®aiin [lpaska Bwg Boraeka ®opmar  WMaorpymenter  Cumeonedbie onepaumn Oxne  Cnpaeka

rEE SR Y| | = =] P = |[100% ~|| @) ||[@@][F) [ [==]T8) <2 (ZT[f]®) | b @ &
iables Times Mew Roman 10 | | | | = = = = = fx xf ufy xfy
2=001.6
}/ b= 1‘):: + 1‘}-‘2
F R N I ¢ £ )2
| 4-m-cos| — |-sin — | | | 2-7w-cos| — 1|
L L L
W) = || Lo+ |
"l""( ? \ 3 J \ 3 J
¥ ;
0 03 1
-f o(t2)
*(t2)
H
() =
_1 []
0.978 : 5 - )
0.914
(£2)
0.800
0.669
-0.5 2
0.308 2.176
0.105 2.338
.
0.105 2.486
0.309 2.618
0.5 2.732
0.669 2.827
0.808 2.902
0.514 2.956
0.978 2.989
3l

Puc. 1.8. Co3nanue nekapToBbIX rpaduKoB
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BreiBenem Ha nedats rpaduku Gynkoui x=f(y) u v = f(t). Ha rpaduxe
¢yukiuii x=f(y) ormerutrh Touky M;i(X,y) U B COOTBETCTBHH C
pe3yiabTaTaMH pacueToB, BBIOPAaHHBIM MacIITadOM, U300pa3uTh BEKTOpa
CKOPOCTEU U YCKOPEHUM.
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2. KHHEMATUKA TBEPJOT' O TEJIA

C-2. BpaieHnue TBep0ro Tejia BOKPYT HeNMoABUKHOM OCH.
IIpeoOpazoBanue NpoCTEHININX ABUKEHUM.

Kparkue TeopeTnyeckue moJioKeH st

K mnpocreiimium Bugam JBUKEHUS TBEPJIOTO TEJIAa OTHOCSTCS
MOCTYIATEIBLHOE U BpaIllaTEIbHOE JBUKCHHUE.

IHocTynareJabHbIM HAa3bIBACTCA TAKOE JBHXKEHUE TBEPJOIO TeNa,
Ipyu KOTOpPOM Jiro0asi mpsiMasi, MPOBEJCHHAsE B 3TOM TeJe, OCTAaeTCs
napasuieibHON caMoi ceOe IpH ero nepemMenieHuH.

IIpyn mocTymartenbHOM NBWKEHHWHM BCE€ TOYKH TeEJIa OMMUCHIBAIOT
OJIMHAKOBBIE TPACKTOPUM WU HMEIOT B KaXIblii MOMEHT BPEMEHU
OJIMHAKOBBIE TT0 MOJTYJII0 U HAMPABJICHUIO CKOPOCTH U YCKOPEHHS.

JIeNCTBUTENBHO, €CJIM Kakas-ToO Todyka Tena M coBepiaer
NnBWKeHHWe mo Tpaektopuun MM, (puc. 2.1), to npyras Ttouka N
COBEpIIAET TOYHO TaK ke JBHkeHue mo Tpaektopuu NNj, mockonbKy
orpe3ok MN cMmemasch, ocTa€rcsi mapauielibHbIi CBOEMY HayajJbHOMY
noJjiokeHuro. Bee Touku kpuBont MM; coBnagyT ¢ COOTBETCTBYIOIIMMHU

Toukamu KpuBoil NN; mpu cMmelleHny ux BAOJb JIMHUH, NapaJlieIbHON
MN.

N,

{

-l
-

-
by

g
M

v

X

Puc. 2.1. TloctynarensHoe ABUKEHHUE TBEPAOTO Tela
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MoOXHO 3anucaTh O4YCBHUAHOC COOTHOIICHHUC MCKIAY paduyCaMH-
BCKTOPAaMH TOYCK:

F,=F +MN. (1)
Torna

_dr, dr, dMN _dr,

dt dt dt dt
TaK Kak MpOou3BOAHAs MO BpeMeHu OT BekTtopa MN, KOTOphIil ocTaércs
Ipu  ABHUKCHUU IIOCTOSAHHBIM HC TOJIbBKO II0 MOAYJIXO, HO W IIO0
HaIIpaBJICHHUIO, paBHA HYIIIO.

Bropuuno nuddepeHnupys monyuyeHHOE paBEHCTBO, 3aKIJIIOYAEM,

= Uy, (2)

qTo.

z, = doy _ doy —a,. 3)
dt dt

Takum 00pa3oM, ecii 3a1aTh 3aKOH [BIKCHHUSI OIHOW TOYKH
MOCTYNATeNIbHO JIBHXKYIIErocs Tejda, TO TeM CaMbiM OyJeT jJaHa
rcYepIbIBarolias HHYOPMAIIKsI O KHHETHKE BCEro Tella.

HeoOXoauMoO 3aMeTUTh, 4YTO JIMIIb MPU TOCTYHNATEILHOM
JBIDKCHUH TeJla MOYKHO TOBOPHTH O JIMHEHHBIX CKOPOCTH M YCKOPCHUU
Teda. Bo Bcex MHBIX BHUIAX JBWIKCHHS Tella BBIPAXKCHUE «CKOPOCTH
TeJda» WIA «YCKOPEHHE TeJa» TEpSeT CMBICI, TaK KaK KaxJIas TOYKa

TCJIAa 6y,H€T HUMCTDb OTJIMYHBIC OT APYTHUX TOUYCK CKOPOCTb U YCKOPCHUC.

BpamareJbHbIM JBHKCHUEM TBEPJOTO TEJIA HA3BIBAETCS TAKOE
JIBIKEHHE TBEPJIOrO Tejla, MPU KOTOPOM Kakue-HUOyIb JIBE TOYKH,
MPUHAJICKAIINE TEIIy, OCTAIOTCS BCE BPEMs HEMOABWKHbIMU. [Ipsimas,
OpPOXOJAIIAs 4Yepe3 3T TOYKH, HA3BIBAETCA OCBIO BpalieHus AB
(puc.2.2). TlonmokeHwe Tena TPU STOM OJHO3HAYHO OIpPEEsIeTCs

3HAYEHUEM YIJla IOBOPOTA TENa (p MEXKAY HEKOTOPOW HEIMOJBUKHOMN
IJIOCKOCThIO |, TIpoxoasiie yepe3 och BpallleHus, W IUIOCKOCThIO |1,
KECTKO CBSI3aHHOM C TEJIOM U TOXKE MPOXOJIAIICH YEpE3 OCh BpAILICHUS.
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ITonmoxxeHue BpallaromIerocss Telda B MNPOCTPAHCTBE B JIHOOOM
MOMEHT BPEMEHU OINPEACTIICTCSI 3aKOHOM BPAICHHUS

¢ = (D).

Puc. 2.2. BpamarenbHoe JBH)KEHHE TBEPAOTO Tea

OCHOBHBIMH KHMHCMAaTHU4YCCKNMU XapaKTCpUCTUKaAaMU
BpamaTC/IbHOIO ABMIKCHUA ABJIAIOTCA YIJIOBAA CKOPOCTb MW YIJIOBOC
YCKOPCHHC.

YIn0oBOM CKOPOCTBKO  HA3bIBAETCA  KUHEMAaTHYeCKass  Mepa
BpAIIATEIIbHOTO JABUXKEHHS, BBIpaXKacMas BEKTOPOM, pPAaBHBIM IO
MOJYJII0 aOCOIOTHOMY 3HAYEHHUIO MPOU3BOJHOM yria MOBOpOTa Tela
[0 BPEMEHU, W HANPABICHHBIM BJIOJIb OCH BpPAIICHHUS B Ty CTOPOHY,
OTKyJla BpAalI€HHE TeJla BHUIHO IPOUCXOIAIIMM IIPOTUB YACOBOU
CTPEJIKHU.

Monynp yrioBou CKOPOCTH:

_Oo_.
- dt_(P’ (4)

a Cro pasMCpHOCTb MOKET 0003HaYaTHCS IMO-Pa3HOMY:
-1
[o]=pawec =1/c=c™
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B TexHuueckon mauTeparype 4YacTO MCHOJB3YETCS BEIUYMHA
VIJIOBOM CKOPOCTH N, u3Mepsemas B oOOpoTax B MHUHYTY. Mexay
BEJIMYUHAMU O U N TIPUA 3TOM JIETKO YCTAHOBUTH CIIEAYIOIIYIO CBS3b:

® = 27nn/60 = tn/30, (5)

NOCKOJIBKY OJIMH O0OpPOT COCTAaBJISIET 27 pajuaH, a MUHYyTa COCTOUT U3
60 cexyHn.

YI0BBIM YCKOPEHUEM HA3bIBACTCS MEpa W3MEHEHUS YTJIOBOU
CKOPOCTH T€Jla, paBHAsA IMPOU3BOJHOW OT YIJIOBOM CKOPOCTH IIO
BPEMEHHU

_ do
E=—-:.
dt
Monynp yrioBoro yCKOpeHus:
do d’e . .
E=—=—7=0=0, 6
dt  dt’ P ©)

a ero pa3MepHOCTh MOXKET 0003HAYAThLCsI, HAIPUMeEp, KaK
2 2 -2
[e]=pawc?® =1/ c? =c™.

Mopynb yrioBoil CKOPOCTH MOKa3bIBAa€T, KaK OBICTPO BpaIllaeTCs
TEJ0, & MOJYJIb YIJIOBOTO YCKOPEHUS — KaK OBICTPO U3MEHSETCS MOJTYJIb
YTJIOBOW CKOPOCTH.

VYrioBas CKOPOCTh U YIII0BOE YCKOPEHUE — BEJIMYNHBI BEKTOPHBIE,
HaIlpaBJICHHbIC BJIOJIb OCH BpamieHus: (puc. 3), IpuUYeM BEKTOp ®
HaIpaBJI€H B Ty CTOPOHY, OTKYJa BPAlICHHE BUIHO IPOUCXOISAIIAM
IIPOTHUB YaCOBOM CTPEJIKU.

B cnydae yCKOpEHHOro MABMIXKEHHUS ® UM € COBHAJAIOT IIO0
HarpasiieHuto (puc. 2.3, a), B ciiy4ae 3aMeJJICHHOTO — HaIpaBJICHbI B
IIPOTHUBOIIOJIOXKHBIE CTOPOHKI (puc. 2.3, 6).

[Ipu € =0, yrioBas cCKOpoCTh Oy/eT MOCTOsIHHA ((® = ®, = CONst ).

OTO ecTh cllydyall pPaBHOMEPHOIO BpalICHHS, KOTJa 3a PaBHbBIC
MPOMEXYTKH BPEMEHU TEJIO0 MOBOPAYUBAETCS HA OJJUH U TOT K€ YTOJl.
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Puc. 2.3. HanpasieHue yriioBoit CKOPOCTH M YTIIOBOTO YCKOPEHUS
MIPU BpallaTeIbHOM JIBUKEHUH TBEPJIOTO TEJA: @ — YCKOPEHHOE
JBIKEHUE; O — 3aMeJIJICHHOE JIBH)KEHHUE

3aKOH paBHOMepHOFO BpameHI/IH:
¢ =m,t + Q. (7)
B ciyuae MOCTOAHHOTO YIJIOBOTO yckopenus (€=g, =const)
FOBOpﬂT (0] paBHOHepeMeHHOM BpaHJ;eHI/II/I:

W= gy t+wg, Q=g tT/2+ o t+ Qo (8)

CKopocTh M YCKOpeHHe TOYeK NMPH BpamaTeJbHOM
JABHKEHUH

[Ipu BpamaTenrbHOM JOBWKEHUHM TOYKM Tela JBUXKYTCS 10
OKPYXKHOCTSIM, IUNIOCKOCTH KOTOPBIX HNEPIEHAUKYIISIPHBI OCU BpaILIEHUS,
a paJlnyChl PaBHBI PACCTOSHUSAM OT TOUYEK JI0 OCH BPAILLlCHUS.

CKOpOCTh TOYEK TeJIa OIpeesIeTcs o ciaeayoIeid popmyie:
vy=o-h, 9)

IJIe Ly — CKOPOCTh TOYKH; (O — YIJIOBasi CKOPOCTh Tena; h — paccrosHue
OT TOYKH JI0 OCH BpaICHHUS.
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Ha puc. 2.4 mpeacraBiieHa KapTHHA PACHPEACICHUS CKOPOCTEH
TOYEK, W3 KOTOPOM BHJHO, YTO CKOPOCTb TOYKH 3aBUCHUT OT €€
PaCCTOSIHUS JI0 OCH BPAICHHUS.

Puc. 2.4. Kaptuna pacnpeneyeHusi CKOpoCTel TOYEK Tena,
COBEPILAOLIETO BPAIATEIbHOE JBUKEHNE

YCKOpeHI/IC TOYKH TCJ1Aa, COBCpHIAOOICTO BpalaTcIIbHOC
ABHIKCHHUC, PACKIIAABIBACTCS HAa KACATCIbHOC U HOPMAJIbHOC YCKOPCHUS

(puc. 2.5).

Puc. 2.5. HanpaBieHue yCKOpeHUH TOUKH Tela

Moynb KacaTeIbHOTO YCKOPEHUS:

a =
dt

HO L =®- h, Tor;a moyy4um:

a.=h 3 .. (10)
dt
TJI€ € — YIJIOBOE YCKOPEHHUE.
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Moaynb HOpMaJTbHOTO YCKOPEHHS:

2
a, =2,
p

HO p=h, V=0 h,
HOJTYYHUM:

a, = o> h. (11)

Mopynb MOAHOr0 YCKOPEHUS:

a=,a +a =hve'+o". (12)

IIpeoOpa3oBaHue NPOCTENIIMX ABUKEHUI TBEPAOr0
TeJIa

ITon npeoOpazoBaHMEM MPOCTEUIIUX  JABWKEHUH  OOBIYHO
MOHUMAIOT:

a) MpeoOpa3oBaHKE BPAIIATEIIbHOTO ABUKEHHUS B MOCTYNATEILHOE
(1 oOpaTHOE MpeoOpa3oBaHUE);

0) nmpeoOpa3zoBaHUE BPAILIEHUS] BOKPYT OJHON HEMOABUXKHON OCH
BO BpallleHUH BOKPYT JIPYTOi HEMOJBHKHOU OCH;

B) IIpeoOpa3oBaHue OJHOTO MOCTYNATEILHOIO JBHXKCHUS B IPYroe
MOCTYIATEIbHOE JBUKECHHUE.

[Ipu pemiennu 3a1a4 o0 JIBMXKCHUU MEXaHU3MOB, IPEOOpa3yIoImX
IPOCTEUIINE NBUKEHUS, CICAYET MOJIb30BATHCS COBMECTHO (hOopMyIaMU
KMHEMATHUKU TBEPJOro Teja, BPAIIAOLIErocs BOKPYT HEMOJBHKHOM
OCH.

Bonpocs! 1J11 CAMOKOHTPOJIS

1. Kakoe nBm>XeHHE TBEPIOTO Tejia HA3bIBACTCS BPAIIATEIbHBIM?

2. Uem ompenensiercs TOJIOKEHUWE TBEPAOro Tena IpuU
BpaIaTeIbHOM JBUKECHUU??

3. Ilo kakum QopmMmynam ONpeaeIsSOTCS MOIYIH YIJIOBOU
CKOPOCTH U YTJIOBOTO YCKOPEHUS Tejia, COBEPIIAIOIIETO BpaIllaTeIbHOE
NBIDKEHNE?
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4. B KakuX €AMHULAX U3MEPSIOTCA YIi0Basi CKOPOCTh U YTIIOBOE
YCKOpEHUE?

5. Uro Takoe yacToTa BpaleHus?

6. Kak HampaBiieHbl BEKTOpPHI YIJIOBOM CKOPOCTH U YIJIOBOTO
YCKOPEHHS IIPU BPALLIEHUU BOKPYT OCHU?

/. Kakoe BpallleHME Ha3bIBAECTCS PABHOMEPHBIM? 3alUILINATE
BBIDQXKCHHE Ui yIjla NOBOPOTa M YIVIOBOM CKOPOCTH IIpHU
PaBHOMEPHOM BPAILICHUU.

8. Kakoe BpailieHrne Ha3bIBa€TCS PaBHONEPEMEHHBIM? 3amuUIINTe
BBIDQXKCHHE [UJI yrja NOBOPOTa M  YIVIOBOM CKOPOCTH IIPHU
PaBHONIEPEMEHHOM BpaILlCHUU ?

9. Kak HaxomsTcss MOAYJIM CKOPOCTEH U YCKOPEHUN TOYEK Tena,
BpAILIaFOIIEr0Csl BOKPYT HETOJIBUKHOW OCH?

10.Kak ompenenuTs MOAYJIM COCTaBIISIIOUIMX YCKOPEHUS TOYKHU
[IPY BPAILIATEIIbHOM JBHKCHUN?
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BAPUAHTBI 3AJAHUM JJ151 CAMOCTOSATEJBHOI'O
PELHIEHUA
Pemuth 3a1a4u B COOTBETCTBUH C BapraHTaMu TaOIuIsI 2. 1

Tabauna 2.1

I'py3, IBHXKyIIUMCS 10 3aKOHY
x=2t>+1 (cMm), IPUBOJIUT B JBUKECHUE
MexaHu3M. OnpeaenuTs Ayt Touku M B
MOMEHT BpeMmeHu 1;=1c) cKopocCTb,
BpalaTeIbHOe, IEHTPOCTPEMUTEIIHHOE
u nosHoe yckopenue. Iloka3ath Ha
PUCYHKE COOTBETCTBYIOIIEE BEKTOPHI
(R,=20 (cm), r,=10 (cm), R3=40 (cm),
r;=20 (cm)).

Huck, panguyca 40 cm, Bpaiiaercs
o 3aKOHY ¢0=0,2xt? (pan).
OnpenenuTs €ro yrioByl CKOpPOCTb, a
TaKKe BpallaTebHOe u
HEHTPOCTPEMUTEIIHLHOE YCKOPEHUS
TOYkM M mociae Toro, Kak JHUCK
coBepuuT 1 060poT.

brox 1 Bpamaercs ¢=3t*+4 (pan)
U TPUBOJUT B JBI)KCHHE MEXaHU3M.
Onpenenuts a1 rpy3a 3 B MOMEHT
BpeMeHH [;=2 (C) CKOpOCTh H
yckopenue (Ri;=40 (cm), ri=25 (cm),
R,=30 (cm), r,=20 (cm)). IlokaszaTs Ha
PUCYHKE COOTBETCTBYIOIINE BEKTOPHI.

Konenr HuUTH, cMmaTbeIBaromieics C
KaTymwku  paguycom R=0,8 (m),
JBWDKETCS BEPTHUKAJIBLHO TI0 3aKOHY
S=O,47rt2 (m). Onpenenuth I TOYKH
M, nexaiied Ha CEpeIUHE paauyca
KaTyIIIKA, CKOPOCTh, BpaIaTEIbHOE U
IIEHTPOCTPEMUTENIBHOE YCKOPEHHUS B
MOMeHT Bpemenu t=0,25 (c).
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poOJI0HKeHUE TaOIuIhI 2. 1

HMuck  pamuycom R=0,5 (m)
Bpalaercs paBHO3aMEIJICHHO.
N3BecTHO, 4TO TOYKa M, nexamias Ha
000/ie nKCcKa, MpoIuia J0 OCTAaHOBKH
nyTe S=6,4 (M), UMesi B HadaJbHBIN
MOMEHT BpPE€MEHHU CKopocTh 1p=0,8
(m/c). OnpenenanTs yriioByI0 CKOPOCTb,
YIJIOBOE YCKOPEHHE, a TaKKe MOIYJIH
COCTaBJIIOIIMX YCKOPCHHS TOYKH B
HaYaJIbHBI MOMEHT BPEMCHH.

Touka A, nexamas Ha 0007€
Bparatoiierocs: aucka paaunycom R=90
(cm), WUMEeT B HAYaJbHBIK MOMEHT
BPEMEHU CKOpOCTh y=120 (cm/c),
yepe3 Bpems t=10 (mun) ee CKOPOCTH
cTajia  paBHOU v=150  (cm/c).
Onpenenuts 8 3TOr0O  MOMEHTA

BPEMCHHU BpalaTeIbHOe u
HEHTPOCTPEMHUTEIILHOE YCKOpEHHE
TOYKH, eciu JIBUKEHUE
PaBHOYCKOPEHHOE.

['py3, NpUKpPEIUVIEHHBIH K KOHIY
HUTW, HAMOTAaHHOM HA  KaTyLIKy
paguycom =4  (cm), HaYMHAET
OIyCKaTbcs 10 3aKOHY X=8t*(cm).
OnpenenuT CKOPOCTh M YCKOpPEHUE
TOYKU A, OTCTOSIIENH OT OCU KaTyUIKU
Ha paccTosHUM R=4,5 (cm), B MOMEHT
BpeMenu t=0,5 (c).
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Koneco pamuycom R=80 (cm)
HAYMHAET BPAIIaThCs PaBHOYCKOPEHHO
u3 coctostHus mokosi. [locie Toro, Kak
oHo cosepuuao N=750 o0060poTOB,
CKOPOCTh TOYKM Ha e€ro oboxe
okazamach  paBHo 200  (m/c).
OnpenenuTs BpeMs, 3a  KOTOpPOE
JIOCTUTHYTA YKa3aHHAsI CKOPOCTb.




poOJI0HKeHUE TaOIuIhI 2. 1

Huck pagmycom R=25 (cm)
Bpalaercs PaBHOYCKOPEHHO.
N3BectHo, uto uepe3 t1=2 (c) mocine
HaJajla JBUKCHHUS CKOPOCTH TOYKH A
Ha ero oboxe okazanach paBHou 10
(cm/c), a mupu =4 (c) — BIOBOE
OOJbIIIEeH.

OnpenenuTh  BpamiaTeIbHOE |
IIEHTPOCTPEMHUTEIIBHOE YCKOpEHHUE
TOYKM B  yKa3aHHbIC  MOMEHTHI
BpPCMEHU.

10

Touka M  oboma  MaxoBHUKa
paguycom R=1,5 (M) nBmwxercs 10
3akoHy S=mn(t*-3t)/3, (m). Onpenenuthb
JIJOBYIO  CKOPOCTH M YIJIOBOE
YCKOpEHHE MaxOBHKa, MOJTYJIH
COCTAaBJIIOIIMX YCKOPEHUS TOYKU M B
MOMEHT, KOrja €€ CKOpocTb V=97
(M/c), a Takke YHCIO OOOPOTOB,
KOTOpPOE COBEPIIUT MAaXOBHK K 3TOMY
MOMEHTY BPEMEHHU.

11

Crepkenp jgauHOM 1=1,92 ™
KosiebneTcs B BEPTUKAIBHOM
IUIOCKOCTH  BOKPYT TOPU30HTAIBHOM
ocu 1o 3akoHy @=a12[sin(¥mn)t]
(pam). Omnpenenutb CKOPOCTh U
YCKOPEHUE TOUYKU A CTEP>KHS B MOMEHT
BPEMEHHU, KOIJla YIJIoBas CKOPOCTh
JOCTUTHET HAaUOOJBIIICH BEITMUYUHBI

12
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Teno Bpamaercs BOKpPYT
HEMOJBMWKHOW  OCM  TI0  3aKOHY
@=2n(4t>-t), (panm). Omnpeneauts B
MOMEHT BpeMeHH =8 (c) ero yrioByio
CKOpPOCTb UM  YIJIOBOE YCKOPEHHE,
CKOPOCTb M YCKOpPEHHE TOYKH M,
OTCTOSIEN OT OCH Ha pacCTOSHHE
OM=5 (cm). Haiitu Takxke 4HCIO
000pOTOB, KOTOPOE COBEPUINIIO TEJIO 32
ATO BpEMSI.




poOJI0HKeHUE TaOIuIhI 2. 1

13

Konyc ¢ yriaom mpu Bepimae 30°
paauycoM  OCHOBaHMS R=48(cm)
BpaIaeTcsi BOKPYT BEpTUKAIBLHOW OCH,
uMes B JaHHBIA MOMEHT BpPEMCHHU
VTJIOBYIO CKOPOCTh o=8 (pad/c) n
YII0BOE yCKOpeHue =12 (pad/c’).
Omnpenenuts ansi TOYKA M CKOPOCTH,
BpaIaTebHOE U

IIEHTPOCTPEMHUTEIIBHOE YCKOpPCHHE,
3Has, 4T0 OM=0A/3.

14

Crtpenka maHoMeTpa uMHOHN |=6
(cM) coBepiiaeT KoJeOaHHUS BOKPYT
HETMOJBMKHOW  OCH  TI0  3aKOHY

Y/ . T
=-—5in0,2z sin =t )
?=25 78N (pan)

Omnpeneiants MOMEHTHI BPEMEHH, B
KOTOpBIE YIJIOBasi CKOPOCTh M YIJIOBOE
yCKOpeHHe oOpaiiaercss B HYJIb, a
TaKKe CKOPOCTh U YCKOPEHHE TOYKH,
HaxOMSIICHCS Ha KOHIIE CTPEIKH, B
momeHT Bpemenu t=0,1 (C).

15

Jluck HayMHAET PaBHOYCKOPEHHO
BpallaTbCs U3 COCTOSIHUS TOKOS U 32
BpeMs (=10 (c) cosepmaer N=20
oboporoB. Omnpenenuts YCKOpPEHHE
TOYKU M naucka, OTCTOSIIEH OT OCH Ha
paccrosiuue OM=0,2 (M), B MOMEHT
Bpemenn t1=5 (C).

16

Juck Ha4yuHaeT BpaIaTbCs
PaBHOYCKOPEHHO v YIJIOBBIM
yckopeHueM — e¢=16  (pam/c)  u3
coctostHusi mokosd. Omnpenenutb, B
KaKOMl MOMEHT BpPEMEHU YCKOPECHHUE
TOYKH A OyJET COCTABIAThH C PAIUNYCOM
yIoJl 45°,
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poJIoHKeHUe TabiuIs 2. 1

17

Huck panuycom R=0,15 (m) B
MOMEHT BpPEMEHH, KOIJa CKOPOCTb
Touku M Ha ero o6oae v=0,48 (m/c),
HAYMHAET BpalaThCs
PaBHO3aMEJIEHHO. o TOJIHOU
OCTAaHOBKHM JHCKa To4ka M mpoiuia
nytb S=0,4 (m). Onpenenuts B
yKa3aHHBII MOMEHT BpPEMEHHU ee
YCKOpEHHE, a  Takke  YIJIOBYIO
CKOPOCTb U YTJI0BO€ YCKOPEHHE JIMCKa.

18

Huck  paguycom  R=1 (M),
BpaIasch C TOCTOSHHBIM YCKOpPEHHUE,
3a Bpems t=n/4 (C) MOBEPHYJICS Ha yroJ
90°, mpum 9TOM CKOPOCTH TOUYKH A
OKa3anach paBHOM 4(m/c) (B
HavaJbHBIK MOMEHT BPEMEHH JIHCK
Obul HemoABuXkeH). OnpenenuTs yroi
MEXJy CKOPOCTBIO M YCKOPEHUEM
Touka A B yKa3aHHbII MOMEHT
BPEMEHHU, a TaKXKE YIJIIOBOE YCKOpPEHHE
TOYKH.

19

3ybuatoe kojeco 1 Bpamraercs
PaBHOTIEPEMEHHO C yTJIOBBIM
YCKOpPEHHEM e1=4 (pan/c?).
OnpenenuT CKOpOCTb TOYKU M B
MOMEHT BpemeHu (=2 (c), eciuu
paauycel 3yOuaTthix Konec R;=0,4(m),
R53=0,5 (m). /JIBukeHHEe HAUMHAETCS U3
COCTOSIHUSI TTOKOS.

20

Koneco 1 Bpamaercss coriacHo
3akoHy @1=20t (pam). Omnpenenutsb
9UCIO  O0OpOTOB,  COBEPIICHHBIX
KojecoMm 2 3a Bpemsa t=3,14 (c), ecnu
pagumycel konec R;=0,8 (M) m R,=0,5

(m).
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poJIoHKeHUe TabiuIs 2. 1

[kuB 1 npu BpanieHUH COBEPIIAET
120 (06/mun). Paguyc BTOpOro mkuBa
B 1,5 pa3za Oosbuie, 4yeM TNEpBOTO.
OnpenenuTs CKOPOCTb UM TOJIHOE
YCKOpPEHHE TOYKH M, yKa3aTb UX
HarpaBJieHus, 3Has, uTto R1=0,2 (m).

Ik 1 HaYMHACT BpaIIATHCS
PaBHOYCKOPEHHO o 3aKOHY
@1=8+t-2¢>. Tlpm =3 (c¢) HaiiTH
CKOPOCTh M YCKOpeHHWE TOYKH A Ha
BTOpOM TImKuBe, eciau R;=10 (cm),
R,=40 (cm).

3ybuaToe koyieco 1 Bpamaercs
COIVIAaCHO  3aKoHYy  O1=4t%,  (pan).
OnpenenuT CKOpPOCTb TOYKU M B
MOMEHT Bpemenu (=2 (c), ecuu
paanycel 3youateix koiec Ri1=0,4 (m),
R,=0,8 (m); r,=0,4(m), Rz=1(m).

24

Koneco 1 3yOuaroii mnepengauu
Bpamaercs mo 3akoHy ¢@1=2t (pam) u
NPUBOJIUT B JBWKEHHE Kolieco 2.
Haiitu yckopenne Ttouku M o0oxaa
BTOpOro koiseca, eciu R;=0,1 (M),
R2=0,05 (m).
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poOJI0HKeHUE TaOIuIhI 2. 1

Cucrema 3y04aThIx KOJIeC
NPUBOJUT B JBM)KCHHE 3aKPEIUICHHYIO
Ha Kojiece 3 crTpenky mnpubopa OA
amuHor 0,20 (M). 3aKOH JBMKCHUS
IEPBOTO Kojeca B pajguaHax

7 15
¢1Z§COSZt , paauycel R;=5 (cm),
R=12 (cm), R3=10 (cm). Haittu nms
TOYKH A CKOPOCTh M YCKOpPEHHE B
MOMEHT BpeMeHu =7 (c).

I'py3, HIBWXKYLIMHCS IO 3aKOHY
X=2t*+1 (cM) TpUBOAUT B JABUIKECHHE
MexaHu3M. OnpeaenuTs Ayt Touku M B
MOMEHT BpeMmeHu U;=1 (C) CKOpoCTb,
BpallaTEIbHOE LIEHTPOCTPEMUTEIBHOE
u nosHoe yckopenue. Iloka3ath Ha
PUCYHKE COOTBETCTBYIOIIUE BEKTOPHI
(R=20 (cm), r,= 10 (cm), Rz=40 (cm).

27

[llecTtepua pamuycom R;=4 (cm)
peayKTopa BpallaeTcss 1o 3aKOHY
@1=3t> (pax). Omnpenenuth YIJIOBBIC
CKOPOCTHM BCEX WIECTEPEH, a TaKxKe
CKOPOCTb M YCKOpEHHE TOuku M mpu

t=4 (c) (Ry=4 (cm)).

28

['py3, IBWXKYyIIMKCS MO 3aKOHY
X=2+3t> (cM), IPpUBOOUT B ABUIKEHHE
MexaHu3M. OnpeaenuTs Ayt Touku M B
MoMeHT BpemeHu t1=1 (c) ckopocTsb,
BpalaTeIbHOE, LIEHTPOCTPEMUTEIHHOE
u nonHoe yckopenus. Iloka3aTth Ha
PUCYHKE COOTBETCTBYIOIIHE BEKTOPHI
(R2=40 (cm), r,=20 (cm), R3=20 (cm)).
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poJIoHKeHUe TabiuIs 2. 1

I'py3 IBHXKyHMHCS 10 3aKOHY
X=1+2t> (cM) OPUBOAUT B IBUIKEHHE
MexaHnu3M. OnpenenuTs 1t TOUKu M B
MOMEHT BpeMeHu =1 (c) CKopoCTb,
BpallaTelbHOE, LEHTPOCTPEMUTEIBHOE
M TonHOe yckopeHus. lloka3ate Ha
PUCYHKE COOTBETCTBYIOIIUE BEKTOPbI
(R2=30 (cm), r=15 (cm), R5=10 (cm)).

I'py3, IBMXKyIIMHCS 10 3aKOHY
X=2t?, (cM), TPUBOJUT B JBUIKECHHE
MexaHu3M. OnpeaenuTs Ayt Touku M B
MOMeHT BpeMenu t1=1,5 (c) ckopocTb,
BpallaTeIbHOE, LIEHTPOCTPEMUTEIBHOE
u noinHoe yckopenus. Iloka3aTth Ha
PUCYHKE COOTBETCTBYIOIIME BEKTOPHI
(Rz=20 (cm), r=10 (c), Rs=40 (cm),
rs=30 (cm))

['py3, ZABWXYyIUICA 1O 3aKOHY
x=2t? (cM), TPUBOJMUT B JABWKECHHUE
MexaHu3M. OnpeaenuTs Ayt Touku M B
MOMEHT BpeMeHu ;=2 (C) CKOpOCTb,
BpalaTeIbHOE, LIEHTPOCTPEMUTEIBHOE
u noinHoe yckopeHus. Iloka3aTth Ha
PUCYHKE COOTBETCTBYIOIIHE BEKTOPHI
(R2=40 (cm), r,=20 (cm), Rz=10 (cm)).

biiok 1 Bpamaercs 1o 3aKOHY
(p=t2+2 (pan) ¥ MPUBOJIUT B JBHIKEHUE
MexaHu3M. Onpenenuts s rpys3a 3 B
MOMEHT BpeMmeHH t1=1 (c) ckopocTh u
yckopenue. Ilokazate Ha pHCYyHKe
cootBeTcTBytomue BekTopsl (R;=30
(cm), r=10 (cm), Ry=25 (cm)).
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IIpumepsl BbINOJHEHHS 3adaHuMid 1m0 Teme «Bpamenue
TBEPAOr0 TejJla BOKPYI HemoABH:KHOW ocu. IIpeoOpa3oBaHue
MPOCTEHIIUX ABUKECHUID).

3axaua 1.

JlBmkenue rpysa 1 (puc. 2.6) 3agaercs ypaBHeHHeM S=2t°,
Onpenenutb CKOPOCTh U YCKOpeHue Touku M, nexartieit Ha 06one

KoJieca 3, B MOMEHT BpemeHu t; =2 ¢, ecmu R, =10 ¢cm, I, =5 M, R3 =
20 cM.

Pemenue

Tak kak rpy3 | coBepuIaeT MOCTYyNaTelbHOE IBUKEHUE, TO €ro
CKOpPOCTb

01:E=4t.
dt

YraoBas CKOpoCTb Kojeca 2
0o = Ulle - 4t/R2
Haiinem ckopocTh TOUKM KacaHHS JBYX KOJIEC:
U, = M) - Iy,
C Ipyrol CTOPOHBHI,
U = 03 - R,
OTCIO/Ia MOJIYYUM

W, -, =m3 - Ra.
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Puc. 2.6. Cxema mexaau3ma

VYrioBas CKOPOCTH KOJICCa 3:

r, 4tr2
3= 022 "RR,
YTioBoe ycKopeHue Kojeca 3:
_ do, 4r,
€3 = =—2
dt  R,R,

CkopocTtb Touku M:

Atr
Ly = 03 - R3 = —2

Ry

Moz[ynb KacaTeJIbHOI'O YCKOPEHUS:
4I’2

ar, =g2-Ra=

M 3'"3=

Ry

Monynp HOpMaJIbHOTO YCKOPEHHUS:
n 2
aM == 0)3 . R3 f
BenuunHa nosHoro yckopeHust Touku M-

am=.a ' +a; =R o +¢ .

HO,Z[CTaBJ'I}Iﬂ HAaHHBIC, ITOJIYUUM!

vy =4 (cM/c); ay =2 (em/c?); aj,=0,8 (eM/c?); ay=2,2 (m/c).
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3axaua 2.

OmnpeneneHrue CKOPOCTU U YCKOPEHHUS TOUKH Tella, BPaIlaroerocs
BOKPYT HEIOJABUXHOU OCH.

MaxOBHK, BpAIasch cO CKOPOCTBIO Ny = 3000 o6/mun", mocie
OTKJIFOUECHHMS DJICKTPOJIBUTATEN sl Hauasl BpallaThCs PaBHO3aME/JICHHO U
octaHoBuics uepes ty = 90 c.

Onpenenutb CKOPOCTh M YCKOpPeHHE TO4YKH M TOBEpXHOCTH
MaxoBHWKa, Haxojsmielcs Ha pacctosauu ¢ = 0,5 M, gepe3 t; = 60
CEKYH]I ITOCJIC OTKIIIOUeHHs (puc. 2.7).

Pemienue

B MmomeHT octanoBa nipu t =ty cornacHo (7) umeem:
ot)=¢,t +o,=0.
Otcrona
w, —mw, —m-3000

Eg=—— = = =-3,49 an/c?
°= 7% T30, 30.90 (paxc™),

B MmomeHT BpeMenu t; mo dopmyiie (7) HaXoauM:
o,(t)=w, +&,t, =7-3000/ 303,49/ c® -60=104.6 (pan/c).
Hanee no GpopMynam BEIYUCIISIEM CKOPOCTh U YCKOPEHUE TOUKHU M
v=wnr=1046-05mM=523 (M)
a =r-g =-349-05=-174 (mc?),
a, =’ r=(104,6)"-05m=5470 (m/)

a=.,a’+a’=5470 (m/c?),

Pacnionmoxenue Bexkropos U, a., &, © @ Ka4yeCTBEHHO MOKA3aHO
Ha PUCYHKE 7.
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Puc. 2.7 Cxema MaXOBHKAa

Tak kak UMeeT MECTO 3aMEIJIEHHOE BpallleHUE, BEKTOPbl U U @,
HAIPaBJICHbI B TPOTUBOMOJIOAKHBIE CTOPOHBI.

3amaua 3.
OnpeneneHre yriioBOM CKOPOCTH W YIVIOBOTO YCKOPEHHUS Tena,

BpalIAIOIIErocsi BOKPYT HETOJBU>XHOM OCH.
B nepuon pasroHa MaxoBHK BpalllaeTcsi BOKPYI CBOEH OCH TIO

7T .3
3aKoHy @ = Zt - OnpenenuTh YIIOBYIO CKOPOCTh U YTJIIOBOE YCKOPEHHE

MaxOBHKa, KOTJIa OH cjiesiaeT 27 000pOTOB.
Pemienne.

ITo popmynam (4) u (6) HaxoaUM:

o= d—(P =§1It2
at 4 (pano),
2

g = (jj—;p = gﬂt ’
t (pam/c”).

[TockonbKy OIMH OOOPOT COCTaBIsICT 2T pajauaH, TO MaXOBHK
MOBEPHETCS Ha YTOJI:
Q=21N=27-27=541 (pan).
OnpenenuM MOMEHT BpeMEHH i, B TEUCHHHM KOTOPOTO MaXOBHK
caenan 27 000poTOB:
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Tt _sar
4

orkyna t=3/54-4=6(c).
BenuunHbl yrioBoil CKOPOCTHM M YIVIOBOIO YCKOPEHHS B 3TOT
MOMEHT OyJ1yT paBHBI:

3
o=t .6°=271=84,4 (pam/c);

3
€= Zﬂtz -6=91=28.3 (pazl/cz).

C-3. KunemaTuyecKHii aHAJIN3 IIJIOCKOI0 MeXaHu3Ma

JIB>keHrWe  TBEpJOro Tejla Ha3bIBaeTCid IIOCKHUM  (Wid
MJIOCKOMAapaJJIeIbHBIM), €CJIM BCE TOYKH Tejla MEpeMENialoTcs B
MJIOCKOCTSIX, MapaiIeIbHBIX HEKOTOPOW HemoaBMKHOU 1tockocTu (I1)
(puc.2.8).

PaccMoTpuMm cedeHue S Tena Kakod-HUOYAb TIOCKOoCcThio OXY,
napauieabHOu miockoctu I1.

[Ipu mtockomapauieIbHOM JIBHKEHUU BCE TOYKHU TEJA, JIEKAIIUE
Ha mnpsamoil NN', meprneHAuKyIsIpHON cedeHuro S, T.e. muiockoctu I
JIBUKYTCS TOXKIECTBEHHO.

Orcroga cieyer, 4To ISl W3YyYEeHUs JBWKEHHS BCEro Tela
JIOCTATOYHO M3YYUTh JABMKEHHE cedeHus S B riockoctu XOY.
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Puc.2.8. Onpenenenue miocKoro ABM>KEHUS

[Tonoxenue ceyeHuss S B 1iockoct XOY Oyner onpenensiTbes
nosioxkeHueM otpeska AB (puc.2.9). Touka A Ha3BIBAETCS HOIIOCOM.

Torga ypaBHeHHE JBUKEHHUSI TIIIOCKON (PUTYpBI MOKHO 3aIliCcaTh B
CJIEYIOILEM BHUJIE:

Xa =f1(t); ya=1(t); o="f3(1). (1)

Puc.2.9. Ceuenue TBEpI0TO TENA
Omnpenesienne CKOpPoCcTel TOYEK NMPH MJIOCKOM IBUKEHUHU

JInst onpeneneHuss CKOPOCTH TOYKHU TeJla PacCMOTPUM JBUKECHUE

Iockoil gurypsr (S) OTHOCHTENBHO HEMOJBMXKHBIX OCCH KOOpIUHAT
(puc.2.10).
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Puc.2.10. CkopocTh TOUKH

Paguyc-Bexktop
r=ra+AM. (2)
CkopocTtb TOUKH M:
— dr _dra dAM
VM =——= +
dt dt dt

: (3)

dra _ )
rie a9t =Vp - CKOPOCTh NoItoca A;

dAM  _
e UMA - CKOPOCTh TOYKH M TpH €€ BpallleHUH BOKPYT TOYKH A.
Torna
VM =VA4 +Upyy. (4)
[Ipu 3TOM

Vyy =0 - MA, BMA 1AM,

IJIE ® - YIJIOBasi CKOPOCTh Tena; AM - paCCTOSIHHE OT TOYKH JO MOJIFOCA.

CiiemoBaTeNnbHO, CKOPOCTH JIIO0OOM TOYKHM TeJIa T€OMETPUYECKHU
CKJIAJIbIBACTCSI U3 CKOPOCTH IOJIIOCA U CKOPOCTH TOYKH B €€ BpAILICHUH
BOKPYT IOJIOCA.

B HekoTOpbIX 3amauax g ONpEACNICHHS CKOpPOCTEH yI0O0HO
BOCIIOJIb30BATHCSI TEOPEMOM O MPOCKIHAX CKOPOCTEH JBYX TOUEK Teia:
MPOEKIIMM CKOPOCTEN JABYX TOYEK TeJIa IMPH IIJIOCKOM JIBUKEHUU Ha OCh,
MPOXOJIAIIYIO Yepe3 ATH TOYKH, PaBHBI MEXKIy c000M. [[elCTBUTEIBHO
(puc. 2.11), B cooTBeTCTBUU C (4) v =L 4 + Vg, , TO:

LB, =Ly, +Vpy =vp COS0+0=vg-COSP (5)
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Puc. 2.11. Teopema 0 mpOEKIIMHN CKOPOCTEH JIBYX TOUEK Tea

Hawnbonee npocTo HAXOAUTH CKOPOCTH MPU MOMOIIA MTHOBEHHOTO
neHntpa ckopocteit (MLIC).

MIIC Ha3bIBaeTCsA TOYKA IIOCKOW (DUTYphI, CKOPOCTH KOTOPOU B
JIAHHBIA MOMEHT paBHa HyJ0 U, =0. [Ipumep ero HaxOKICHHs MIOKa3aH

Ha puc.2.12: MIC HaxoauTcs Ha MEPECEUCHHHM MEPIEHIUKYISPOB,
BOCCTAHOBJICHHBIX K BEKTOpam ckopocTeil B Toukax 4 u B. Toraa, ecinu
3a nostoc BeIOpaTe MIIC, To ckOpOoCTH TOUEK OYyT paBHBI:

(6)

Puc.2.12. [Ipumep naxoxaenus MLC

s onpenenennss MIIC noctaToyHO 3HATH TOJBKO HalpaBJICHUE
CKOpPOCTEH JIBYX TOUYEK TEJIA.
PaccMmoTpuMm paznuunble ciydaud onpenesieHus: nosoxenuss MIC

(puc.2.13).
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.:"1 —
Vg
B —»
UAHUB

o va L AB;

/P

s L AB: A

BAH BB

B) r)

Puc.2.13. YactHeie cayuan HaxoxaeHuss MIIC: a - kauenue 6e3
CKOJIBXKEHUS; O - LA| LB ¥ HAIPABJIEHBI B OJIHY CTOPOHY; B - LA || LB
M HAIpPaBJIEHBI B IPOTHBOIIOIOKHBIE CTOPOHBL; T - L A [ UB, LA = Vs,

MIIC HaxoauTcsa B 0ECKOHEUHOCTH

Omnpenesienne yCKOPeHUs TOUYEK MPH MJI0CKOM JIBHKEHUH

B cootBerctBuu ¢ puc.2.10:
r=ra+AM
UM =VA +UMA
Torga yckopenue Touku M
- d%r _d%ra d’AM
M == =2 T
dt dt dt

; (7)
rae
d°ra -  d2AM -
2 =dA, ) =adMA.
dt dt
CJ'ICI[OB&TGJ'II)HO, MOXHO 3aIIUCaThb
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- - - - -1 —-N
aM =aA +aMA; aMA =aMA +aMA; ®)
T . n _ 2
Yckopenue Ja1000i Touku M Tesa - 3TO reOMETpUYECKasi CymMma

YCKOPEHHMs TIOJII0OCa U YCKOpPEeHUs TOYKH M BO BpallaTeJibHOM
JBUYKEHUU BOKPYT ITIOJIFOCA.

Bonpocs! 11 CAMOKOHTPOJIA

1. Kakoe jaBwXeHHE TBEPAOrO Tejla HA3bIBAETCS TJIOCKUM?
Kakumu ypaBHEHUSIMH OHO OMUCHIBAETCA?

2.  Kak HaxoauTCsi CKOPOCTh JIFOOOUM TOUKH TUIOCKOU PUTYpPBHI?

3.  Uto Takoe MrHOBeHHbIN 1IeHTp ckopocTeit (MIIC)?

4.  Yactasie ciydyan HaxoxaeHus MIIC.

5.  Kak HaxonuTcsi yCKOpeHHE JIF000M TOYKH TUIOCKON (PUTYpHI?
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BAPUAHTBI 3AJIAHUM JIJISI CAMOCTOATEJBHOI'O PELHIEHUS

JInst n300paX€HHOr0 Ha PUCYHKax B Tabnuie 2.2 TOJ0XKEHUU
IJIOCKOTO MEXaHU3Ma ONPEJEIUTh JIMHEUWHBIE CKOPOCTH U YCKOPECHUSA

Touek B u C, a TakKe yIrii0BO€ YCKOPEHHUE 3B€HA, KOTOPOMY 3TH TOUYKH
IpUHAJJIeXKAT.

Tabauna 2.2

1 a A [,
(2

‘ N v, =502
/ ,x--\ B T e
f:' 3

o=45% CD=20cm; BD=30cm

-
5!‘-"'
= mz° pan;

:=1-:: AB=12cm; AC=25em

O
f/} - :
P, = 3" pax; o
V, =1= a, =3 Du,t; r=2; F o Pl
. € r=2ecm; AB=40cm; AC=25cm
BD=35cm; CD=15cm
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MPOAOJKEHHUE TaOIUIbI 2.2

(O} = 81— 27 pan;, t=lc;
0OA=50cm; AB=15¢cm

8 T, > I-LE 0, = 05" pax;

r t=le;

r=20em

(0} =3E‘: & 362,:‘: A=15cx;
c c”

AB=25¢cx; BC=15ex; R=20cx

AB=30cx; AC=15¢cx; h=12 cx
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MPOAOJKEHHE TaOIUIbI 2.2

~ €3=3p3:=: 04 =20
o2
AC=12cx

-
x, =157 oo
r=2c;

BD =10 cm;

CD=25cm

(67} '-‘-lE; ) =4g; AB =30 cx;
< e

BC=45cx

= |
m] =2_|:' -

e =155 04=20cm;
¢ BC=15cm

0,4=0,B=20cx; BC=25¢em

51




IPOJOIKEHUE TaOIUIIBI 2.2

(N =3E; gy =4—: 04 =20 cm:
c c”

v, = 4&%.;

i

=50r—10¢" cw; f=1le;
AB=25cm; AC=15em

PAT £, =4P22. 4B=30cx
[ o~

BC =45cm

c
AB=25cx; BC=15ex; R=20cx

o =322 g =622, 04=150x;
=

Py = it‘pax;
t=2¢;

O =20 em;
ABR =10 em;
AC=15em
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IPOJOIKEHUE TaOIUIIBI 2.2

t=2c:

r=230cM

v =20t em:

f_.i' iy

-
x, = 30¢ — 20¢° oM, F=3c;
AB=50ca; AC=20cm

= 50— 10¢% cm; 1=1c

AB=25em; AC=15em

an
2 - E]=5P—1; AF =35 cm;

c o

o =22 ¢ =22 04=12cx;

¢ ¢

pax

AB=30cu; BC=10cx
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IPOJOIKEHUE TaOIUIIBI 2.2

o, =182, ¢ =122 0,4=30cx;
c c”

O0,B=50cw; AB=70cx; AC=BC

w1=4E: E:=!5Pa..:l: 04 =10 e
c e

AB=30¢em; BC=15em

vy =40—. a,=25"0:

T c

AB=30cm; AC=20cm; R=10cm

35
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HpnMep BBINIOJIHCHU A 3aI[aH]/II71 no teMe «KuHeMaTuuyecKuii aHaJIu3
IIJIOCKOT'0 MEXaHU3MA»

Ipumep 1.

Ocr xomeca O pagmyca R JABWXKETCS €O CKOPOCTBIO Uop.
OmnpenenuTs CKOpoCcTH Touek Kosieca A u B (puc.2.14).

Pemienmne.

MrHoBeHHBI LIEHTP CKopocTell P kojeca HaxoguTcs B TOYKE
KaCaHUsi €ro C TOPU3OHTAJIBHOM ITOBEPXHOCTHIO. IloaTOoMy yrioBas
CKOpOCTb KoJIeca:

w=20 VA _Vs.
OP ADB BP
CKOpOCTh BEpXHEW TOUKM KoJieca A:

va = ® 2R =2vg,
CKOpPOCTh TOUKH B:
vg = ®- BP = RV2 = 2 v,.
re paccTosiHuE BP onpeneneHo u3 npsMoyrojbHoro A4ABP no teopemMe

Iudaropa: BP=vVR% +R? =R/2.

AN

V/%/%/%»yp (MIIC) //J

Puc.2.14. PacuerHas cxema

3aMCTI/IM, qTO B Ka)KI[BII\/II MOMCHT IIJIOCKOE€ ABHMXXCHHUE KOJIECA
MOXHO paCCMATpUBATb KAK TOJIbBKO BPAIICHHUC BOKPYI' TOYKHW KaCaHUsA
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a100 Kak CyMMY BpallaTtelbHOro ABWKEHUs BOKpyT nostoca (MIC) u
MOCTYNAaTEIbHOTO BMECTE ¢ MoJtocoM. CKOPOCTh TOUKU B MOXHO HaillTu
TaK>Xe, UCTOJIb3Yys TEOPEMY O MPOEKIUSAX CKOPOCTEM:

L
UB'COS450:Uo, UB:—O:UO\/E.

Hpumep 2.

OrnpenenuTs yrioByl0 CKOPOCTh M YIJIOBOE YCKOpPEHUE 3BeHA AB,
JIMHENHBIE CKOPOCTH W JIMHEHHbIE ycKopeHus: Touek B u C, eciu ®1=3
pam/c; ;=4 pan/c’; OB=40 cm; BC=12 cm; R=20 cm (puc.2.15).

Puc.2.15. Ucxoanas cxema

Penienmne.

1. BremosnHsieM HEOOXOAMMBIE MOCTPOCHUSA 1T M300paKeHUs
BEKTOPOB CKOpoCTei (puc. 2.16).
[ITatyn AB coBepmaer miockoe IABHKEHUE, MPUYEM CKOPOCTH
TOYKH A IIaTyHa paBHA:
va = o1 - OA=3.28,28=84,84 cwm/c,
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rae paccrossane OA HalnéM U3 NPSIMOYTOJIBHOrO TpeyronbHuka OAB
no Tteopeme Iludaropa OA*+AB*=0B?. Tak kak OA=AB, T0

2
40 or
OA4 = T: 800228,28 CM.
Tak kak Touka A mnpuHagiexur Takxke KpuBommuny OA,
BpallaoIeMyCs BOKPYT HemoJBMKHOM ocu O, TO BEKTOpP CKOPOCTHU
V41 OA v HanpaBJIEH B CTOPOHY YIJIOBOM CKOPOCTH (1.

Puc.2.16. PacueTHas cxema omnpenesieHus: CKOPOCTEM TOUEK U YIJIOBOM
CKOpPOCTH 3B€Ha AB

CkopocTh TOUkKM B miatyHa HenWs3BeCTHa, HO BEKTOP €€ CKOPOCTH
Vs HAIpaBJICH II0 KacaTeJIbHOM K KPUBOJMHEWHOM TPACKTOPHH,
pamuyca R:  vglR.

Ha mepeccucHHH MEPICHAMKYIIPOB K CKOPOCTSM Ua U Ug
HaxXoJUM MTHOBEHHBINM IIEHTp ckopocteil P miaryna AB. B nanHbIM
MOMEHT MBICIICHHO MO>HO paccMarpuBaTh TpeyroibHuk PAB kak
IJIOCKYI0 (UTYpy, Bpalaloilyrocsi BOKpYr P ¢ yrioBod CKOpOCTHIO

WAB-
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-OA
mAB:UA:(Dl =w,=3, pawc

Herpynno mnokaszate, uto AOAB ~ APAB, nostomy OA=AP;
PB=0B.

JIuHenHas CKOPOCTh TOYKU B

Ug = wag - PB = 3-40=120 cwm/c.

YToOBbl OmpeAeNuTh HampaBlieHHE BeKTopa cKopocTH Touku C,
OpOBOAMM  OTPE30K, COCOUHSMMH 3Ty Touky ¢ MIIC.
CootBeTcTBYrOIMI BEKTOP CKOpOCTEN HanpaBJIsAECTCA
NEPIICHANKYJISIPHO 3TOMY OTpPE3Ky B CTOPOHY MOBOPOTAa Teja IO
YT'YTOTHOIIEHHUIO K TOUKE P.

JIuneiiHas ckopocTh TOUKHU C:

Uc = opp - PC =3-32,64=97.9 cMm/c
rae anuHa PC onpeneneHa no teopeMe KocunycoB u3 APCB:
PC*=BC?*+BP*-2BC-BP0s 45°=1065,18 cwm.
PC =v1065.18 = 32.64 cm.

2. OnpenenseM yrioBoe YyCKOpeHWE InatryHa AB w JUHCHHBIC
yckopenus Touek B u C (puc.2.17).

[Ipu pacuere yCKOpEHH B KAYECTBE IMOIIOCA CIAEAYET B3SATh TOUKY
A, Mg KOTOpOW W3BECTHA TpaekTtopus. M3 cxeMbl MexaHU3Ma BHJHO,
YTO TOYKA A JBHXKETCS MO OKPYKHOCTH, paauyca OA.
YckopeHue Touku B:
- —_ A =T =1 =T
ag =a, ta; +ag, +ag,, 9)
=1 T T
3Ha4YeHUs COCTABIMIOIMX YCKOPEHUA Qy, Ay, Ag,, Af, HAXOIAUM
o opmyiam:
n 2 M
C

., cM
a, =& -0A = 113.126—2.
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n o — ,,2 — cM
g, = wig-AB = 254.520—2.

ag, = €45 AB. (10)

Bekrop aj; HanpaBusercd NEpPHEHIUKYISIPHO OTpe3sky OA B
CTOPOHY YIJIOBOrO YCKOpeHus kpuBomumna OA4, BEKTOp a) — OT TOYKH

A x Touke O, BEKTOp dg, — OT TOUKH B K TOYKE A, KaK IOKa3aHO Ha
pucynke 2.17.
=T
Bekrop ay, HanpasieH NEPHEHAUKYIISIPHO OTPE3KY AB B CTOPOHY

YIJIOBOT'O YCKOPECHHUSA &£4p. Tak kak HaITpaBJICHUC YIJIOBOT'O YCKOPCHHA

€45 HCHU3BCCTHO, BBI6I/IpaeM CaMOCTOATCIIbHO HAIIPpAaBJICHHUC BCKTOpPA

=T =T 1
Ap 4, TAK, YTO Ap,lag,.

Puc.2.17. PacuerHas cxema omnpeaeiacHus YCKOPEHUM TOUEK 1
YIJIOBOTO YCKOPEHUS 3B€HA AB

Tak kak TOYKa B JBUXKETCS 10 KPUBOJIMHEWHOM TPACKTOPHH,
paauyca R, To mojiHOe yCKOpeHue TOUKH B onpenenum no popmyse:
- —_ e T
ag =ag+ag . (11)
3HAuUEHUS COCTABJISIOUIMX YCKOPEHHS dp W df HAXOOUM IO
dbopmynam:
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Bektop a7 HampaBiieH K IICHTPY KPUBOJUHECHHON TPacKTOPHH,
panuyca R, a BEKTOp G— MEPNEeHINKYISIPEH BEKTOPY dp

ITockonbky nBuxkeHue kpupomuna O4 yCcKOpeHHOe (HampaBiIeHUs
M1 ¥ € COBMAAAIOT), TO BpallleHUE MaTyHa AB Takxe yckopeHHoe. Jliis

HAXOXXJICHUSI YTJIOBOTO YCKOPEHHS €45 CHPOCIUPYEM BEKTOPHOE
paBeHCTBO (9) ¢ yueroMm (11) Ha ocu aekapTOBOM CHCTEMBI KOOpPIUHAT,

MOJIyJaeM:
Ox: —ap = (—a; —ay —ag, +ag,) cos4d (12)
Oy: ag = (—a} +aj +ag, +ag,) - sin45 (13)

W3 ypasuenus (13) ompenensem aj, = 141. 4 —

N3 ypaBuenus (10) onpenensieMm £,5:
lag,l pa
—_ —_ 5 .
BTy T 7
U3 ypaBuenus (12) ompenensem ag:

. cM
ap = 340 =
TakuMm o0pa3zoMm:

CM
ag = J(a o)+ (ag,)* = 384.7 =

Pacuer yckopeHuss Toukn C BBINOJIHAEM IO AHAIOTMYHOMY C
TOYKOU B anroputrmy. B kauecTBe moitoca UCIOJIb3yeEM, MO-IIPEKHEMY,
104Ky 4. Torma:

aC—aA+aA+a +aCA (14)
ag, = wig " AC = 146.5 c_2
CM

rne AC=AB—CB=28,28-12=16,28 cm.
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Bekropsl 4;, u Qj, HaNpaBisieM IO TOMY >K€ TpPaBUILy, KaKk U
BEKTOPBI A, M Qg 4.
[Ipoenupyem Beipaxkenue (14) Ha ocu KOOPAUHAT, OJIy4aEM:
. — (ATl _ AT _ AT T . —_ —
OXx: Q¢ = (—ay —a; —ag,+ag,) cos4dd =—-306 =.

Oy: ac, = (—aj +aj +a2, +ag,) sind5 =67.2 <.
TakuMm oOpa3zoMm:

_ 5 , cM
ac = [(acyx)* +(acy)” = 312 2
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3. CJIOKHOE JIBUXEHUE
K-4. CioxHoe I1BUKEeHNE TOUKH
KpaTtkue TeopeTnueckue moJio:KeHus

B psine ciydaeB 1enecooOpa3sHO M3ydaTh JIBUXKEHHE TOYKH WIIU
TeJla OJTHOBPEMEHHO IO OTHOIIEHUIO K IBYM CUCTEMaM KOOPJIMHAT.

PaccmoTpum  HemoaBwkHyr0 cuctemy koopauHat OX;Y;Z; u
cucreMy OXYZ, koropass IBWXKETCS OTHOCHTEIBHO HEMOJABHKHON
(puc.3.1).

JIBM>keHME TOYKM M 110 OTHOLICHHIO K HENOJBHKHOM CHCTEME
KOOPJIMHAT HA3bIBACTCSI A0COJIOTHBIM JIBUKCHUEM HJIU CJI0KHBIM.

JIBM>keHMEe TOYKM M 1O OTHOIICHHIO K ITOJABMIXKHOM CHCTEME
KOOpPJIMHAT HA3bIBACTCS OTHOCHTEJIbHBIM JIBIKECHUEM. JIBH)KEHUE
MOJBUXHOW CHCTEMbl KOOPJAWHAT II0 OTHOIIEHHWIO K HEIMOJBUKHOU
Ha3bIBACTCS MEPEHOCHBIM.

L4

Puc.3.1. CnoxxHoe nBUKEHUE TOYKA

B cootBercTBuUM ¢ puc. 3.1 umeeM

Fr=mf+p. (1)
AOCoII0THAsS CKOPOCTh TOUKH M
g-dr_d  dp )
dt dt dt

r7I€ P - MOJIBUXKHBINA BEKTOp B cucteMe OXYZ.
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ITo dpopmyne bypa:
dp dp P o B E . + B XD
—=——+0X Uy + ® X
dt _ dt p= P (3)
_dp
rae Vr =4t - UokalbHas NPOM3BOAHASA, ONPEJENAIONas CKOPOCTD

N3MCHCHHUA BCKTOpPa P B HOI[BI/DKHOﬁ CUCTECMC KOOpAHWHAT, -
IEPpCHOCHAs YCJIOBHAA CKOPOCTD.

ITomyyum

_ dro
L = —+Ur+0)xp WIn

dt
V=Vg+Vr+OXP, 4)
Vg — CKOPOCTh TOUKH O MOABUKHOM CUCTEMbI KOOPUHAT.
[lepeHocHasi CKOPOCTb:

Ve =Up+®xp, ©)
TOF}Ia a0cosTroTHAA CKOPOCTh:
V= U+ UL (6)

AOGCONIOTHOE YCKOPEHUE TOUKH M-
_ dv do, dv, do, d,. _ _
dt  dt  dt  dt  dt (Vo +®xp). (7)

Bocnonbs3oBaBimck popmynoi bypa 3anumem:

o) Vg _ o _
=—+PX—+OXVp+——+—XP+OX— =8, + OX Uy +8g9 +EX X
at p dt r ¢ Y r p+

_ (8)
x(£+mxpj =a, +ag+exp+ox(oxp)=a, +ay +exp+ax(@xp)+2(@x0[);
e dy — OTHOCHTEIBHOE YCKOPEHHUE,

a, =39 +Exp+ox(®xP) - nepeHocHoe ycKOpeHHe;

a, = 2(®x Oy ) - yckopenue Kopuonuca.

Takum o6pazom

a=2a +a, +a;. 9)

AOCOJIIOTHOE YCKOpPEHHE TOYKH PaBHO CyMME TMEPEHOCHOTO,
OTHOCUTEIBHOTO U KOPHUOJIUCOBA YCKOPEHUI.
[To monynto yckopenue Kopuomnuca onpenensercs mo gopmyie:

a. = 20v,sin{o oy . (10)

63



Hanpasnenne  yckopenus  Kopuwomuca  (puc.3.2)  MOXKHO
onpeAcauTy 10 mnpaBuwiay 7KYKOBCKOro. Jlis 3Toro, BEKTOp
OTHOCHUTEJIbBHOW  CKOPOCTH U, IpoemHpYeTcs B  IUIOCKOCTb,
MEPICHANKYISPHYIO OCH [EPEHOCHOrO BpAIICHHS e H 3aTeM
noBopaunBaercs Ha 90° B CTOPOHY BpaLICHUSL.

KopuronmncoBo yckopeHHne paBHO HYJIO B CIECIYIOUIUX CIydasx:

a) MMepeHOCHOE IBIKECHUE TTocTynaTenbHoe (m.=0);

0) OTCYTCTBYET OTHOCHUTEIIbHOE ABMXKeHue (v = 0);
B) CKOPOCTH Uy U e TapaJUICIbHBI.

Puc.3.2. Hanpasnenue yckopenus Kopuonuca
BOITPOCHI JIs1 CAMOKOHTPOJIA

1. Uro Takoe OTHOCUTEIBHOE, TEPEHOCHOE U aOCOJIOTHOE
IBUKEHUE TOYKU?

2. Kak ompexaensercss aOCONIOTHAs CKOPOCTh TOYKH B CIIOKHOM
IBUKCHUM?

3. Kak onpenensercs abCOMOTHOE YCKOPEHUE TOYKU B CIIOKHOM
IBYKCHUM?

4. Yto Takoe yckopenue Kopuomnuca?

5. Kak HaliTu BenuuuHy 1 HamnpayieHue yckopenus Kopuonuca?

6. IIpu kakux ycnoBusix yckopenue Kopuonuca paBHO HYJHO?
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BAPUAHTBI 3AJIAHUM JIJISI CAMOCTOATEJBHOI'O PEIIEHUSI

Teno BpamaeTcss OTHOCUTEIIBHO HEMOABUAKHON OCHU C ITOCTOSHHOM
WJIY TIEPEMEHHOM YTIIOBOM CKOPOCTBIO (O IO 3aKOHY, IMPUBEICHHOMY Ha
pucyHkax B Tabmuie 3.1 (mpu 3HAKE MHUHYC HalpaBJICHUE
MPOTUBOIIOJIOKHO TOKa3aHHOMY Ha PUCYHKE). OTHOCUTEIBLHO 3TOrO
Te€Jaa U3 MOJIOKEHUSI A B MOJIOKEHHE B IBMKETCA Touka M, 3aKOH €€
OTHOCHTENIbHOro  aBrokeHHs  S=f(f) wam 3akoH  H3MEHEHHS
oTHocuTenbHOM ckopoctu V., =f(t) koropoii Ttaxxke wusBecteH. s
M300paKEHHOTO HA PUCYHKE TMOJIOKEHHUSI TOUKH, COOTBETCTBYIOIIETO
3aJJaHHOMY MOMEHTY BpeMEeHH t, onpeaenuTh €€ a0COMOTHBIE CKOPOCTh
U YCKOpPEHUE.

Tabmnura 3.1
1 < 4b » 2 A ‘M B
X B(5>0) 1 ¢ |
oM |
= |
o
o |
s B {4 &
NQO ¥
-l 7 6b -
: Bls<0) o=3¢"
o=1 1 S =80(21% £3) - 48, cm
S = 60(13- 21), cm t=lc; b=8cm
t=1c:5=20cmMm
3 s 4
mr
m=3cu::s.T ¢ o= 5i-5° ¢
out N CM
Ve = ST — Vora =T c
C
_ t=2
R=5cM N
R=4cu
f=1c _
o = 45°
A
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npoAoJKeHue Tadauibl 3.1

o=>5t—4% el y
. Tt oM I wx [ Ao —
vnm=4[jlsm€;; i ber Y e
C .
t=1c: 4 _ . T M
. w=10t—61° ¢!; Vi = 35510— —
AM =3 o 4
t=1c; R=6cM; o =060°
7 % ; 8 A
A AN =
A\ : .
M -
L
B
- b = -
5 T 3 . ~» ChL
@=2 -3tc’: Vo _5sin M @=15t"c"; Vo = 61" —:
2 ¢ C

t=1c; R=5cm; a=30°

2 - - T M
@=6f+1"c; Vo = 30sm——
4 c

t=1¢c; AM =4 c; a=30°

f=1c: R=5eM a=30°
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npoAoJKeHue Tadauibl 3.1
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M= EsmT v = 4t —-
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r=1~:'- R=4cm og=45°

il

1

it CM
m=4cos? co:

Vo = 317 —1—
C

f=1c; AM =6cy; «=30°

16

17

C
t=1c; AM =4 cM; o =060

2 Ch
Vg =4+ 22—

~ Ch
Vo = 4012 22
C
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f=1c; R=6cm
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npoAoJbKeHue Tadaunbl 3.1

20

3 _ -1. o .o CM_
. . oM =1 —5c; V,, =20sm——:
o=60" —4tct; v =307 +10—; c
C f=1c AM =4 cn; o =60°
R=6cm ft=1c; aw=30°
{1 A A B
o= |
A M OB i
sl I‘ e
L
.

el

o=5t ¢l v

. Wy 2 CM
nt oM m=35m?c D Vo =41 —ﬁfT,

=12sin— —; .
= o =30°

: 6 c t=1c; a=>5emMm;

t=1c; AM =4cMm

23 B 24

i
o .-f.-_-'ﬂ;-lu'"". B .
L ?77:'!‘:! i
L
3 2 CM
. M =2t +3cl; Vo =207 —
O=4—1 €] Wy =25t" +15—; C
c t=1c; R=5cu; a=60°
t=1c; R=8cuM
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npoAoJKeHue Tadauibl 3.1
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npoAoJKeHue Tadauibl 3.1

32 M
31 v
- i1
w=3t" =2t ¢ iy e A o/ BY 7 e
- — " k\_}*m
Vorg = 20 cos——
t=1c
- T - . .2 CM
AM =5 e @=5f+3t" ¢, L’UH=Z‘ITI.T'TI
o = 30%; t=1c; R=5cMm; a=45"
33 34

S
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S =60(t- 1) +24.cm
t=1c;5=20cm

Bs=0 M

¥

3D

A
|
|
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|
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IIpuMep BbInoJTHeHU 3a1aHuil 10 TeMe «Ci10KHOe IBHKEHU e
TOYKH»
Ipumep 1.

Onpenenuth CKOPOCTh M YCKOPEHHE INTOKa | KyJIauKoOBOTO
MEXaHWU3Ma, KOTOPBIM IMOJHUMAETCS B pPE3yJbTaTe PaBHOMEPHOIO
IBIDKCHHUS  TIOJIYKPYTJIOTO  CerMEHTa 2 10  TOPU30HTaJIbHOMN
HarpasJstroniei (pucyHok 3.3). CuuTaTh 3aJJaHHBIMUA PAJINyC CETMEHTa
OM = r, CKOpOCTb €ro Ly U Yroil o, o0Opa3yeMblii C TOPU30HTAJIBIO
orpe3koM OM; ponuk M nonarate reoMeTpuIECKON TOYKOM.

Pemienne.

IIpssmonuHeliHOe JBWXKeHHE pojuka M B BepTHUKaIbLHOM
HAIpaBJICHUU JJIA PEIICHUs 3aJlaud Leecoo0pa3sHO MPEeACTaBUTh Kak
CJI0’KHOE, TJI€ OTHOCUTEILHBIM JBWKEHUEM OyJeT NBUXKEeHHE TOuku M
0 KPYroBOM MOBEPXHOCTH CErMEHTA, a IEPEHOCHBIM — MPSIMOJIMHENHOE
MOCTYIATEbHOE JIBUKEHUE CErMEHTa B TOPU30HTAILHOM HaINpPaBJICHUH.
W3 TpeyroipHUKa BEKTOPHOTO YPABHEHUS:

CIEIYET: Uo= Ve - Ctgau = vg- Ctg o, Uy = Lo/ SIN L = vy / SiN 0.

I

—1

i

Puc. 3.3. PacuerHas cxema
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B ycnoBusix JaHHOM 3a7jayu MEPEHOCHOE YCKOpEHUE (MOCKOJIBbKY
Uy = const) W KOPHUOJUCOBO (TIOCKOJIBKY TOJIBUXKHASI CHCTEMA
KOOPJMHAT JIBMXKETCS ITOCTYNATENbHO) paBHbl Hy/IH0. Clea0BaTeIbHO,
BEKTOp yckopenuss Ttouku M @, = a,. B cBowo ouepens, BEKTOp
OTHOCHTENLHOTO YCKOPEHHS. @y = a, + @, , TaK KaK B OTHOCUTEIILHOM
JIBIKEHUHM Touka M JIBIDKETCS 110 OKPYKHOCTH cerMeHTa. [1ocKonbKy
HOPMAJIHOE OTHOCHUTEILHOE YCKOPEHUE @, HaIlpaBIeHO OT Toukh M k
neHTpy cermenta O, TO, Kak 9TO BUJAHO Ha pUCYHKE 4, BEKTOp
a0COIIOTHOTO YCKOPEHHUS HarnpapJjeH 00s13aTeJIbHO BHU3.
CrnenoBaTenbHO MTOK 1 ABMXKETCS BBEPX € 3aMeyieHrneM. HopmanbHoe
OTHOCUTENBHOE YCKOPEHHUE, PaBHO KBaJpaTy OKPY>KHOM CKOPOCTH,
JEJICHHOMY Ha pajinyc:

a"= o’/ r= v’/ (r-sin’ ).
W3 TpeyronpHHKA T€OMETPUUCCKON CYMMBI YCKOPCHHH CIICAYET:

a,=a"/sino= v/ (r-sin‘a),
a’ =a"-ctgo=uy-cosall(r-sin‘a).

IIpumep 2.

TpeyronapHass mmactuHa D (puc. 3.4) Bpamaercs BOKpPYT
HEMOIBIDKHOIM OCH 10 3akoHy @=@(t)=4t>-3t, pax. Ocp BpareHHs
NePHEHIUKYISIPHA IJIOCKOCTH IJIACTUHBI U MPOXOJUT yepe3 Touky O
(TU1acThHA BpamaeTcsl B CBOEH MIIOCKOCTH).

[To miactuHe BHOJb TpsMON AB, nBukercs Touka M. 3akoH ee
OTHOCHTEILHOTO JIBIKECHUS, BhIpaxkacTcs ypaBHeHHeM S = S(t) = KM =
=20(3t - t), (S — B canTuMerpax, t — B cexynmax), Ha pucyHke Touka
M 1mokazaHa B MOJIOKEHUH, pU KOTopoM S = KM > 0 (nipu S < 0 Touka
M HaxoJIUTCs IO JPYTYIO CTOPOHY OT TOUkH K).

Onpenenutb aOCOMIOTHYIO CKOPOCTh M aOCOJIOTHOE YCKOpPEHHUE
Toukd M B MOMeHT BpemeHu t; = 2 ¢, OK=30 cwm.
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B
B

d,
v,

a) 0)

Puc.3.4. a - ucxonHas cxema; 6 — pacueTHas cxema
Penienue:

1. Onpenenum nonoxxkenue Touku M Ha tene D.

bynem cuuTarh, 4TO B 3aJlaHHBIA MOMEHT BPEMEHHU ILJIOCKOCTH
yepTexka (puc.5) CcoBMagaeT ¢ INIOCKOCTBIO TpeyroiabHuka D.
[Tonoxenue 1.M Ha Tene D onpenensiercsa paccrossauem S=KM.

IIpu t = 2¢, S = 20(3-2-2%)= — 40 cm.
Tak xkak S < 0, To Touka M HaxXOgUTCS MO JPYTYIHO CTOPOHY OT
ToukH K.

2. OnpenenuM aOCONMIOTHYIO CKOPOCTb TOUKU M.

AOGCONIIOTHYS CKOPOCTh T.M HaiijieM, Kak TEOMETPUUECKYI0 CYMMY
OTHOCHTEJIbHOH U TIEPEHOCHON CKOPOCTEH:
Uaoc = Ur T Ve
OTHOCHUTENbHASI CKOPOCTA:
vr = ds/dt = 60 — 60t%, mput;=2c v,=—240cm/e, | v]=240 cme.
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OTpullaTeNIbHBIM 3HAK y U, I[OKAa3bIBAa€T, YTO BEKTOP Uy
HaIlpaBJIeH B CTOPOHY BO3pacTaHus Sy.

ITepenocHas CKOPOCTh:

V= ®-OM,

o=de/dt=8t-3, nput;=2¢c o =13 pan/c.

[TosOKUTENBHBIM 3HAK Yy (0 T[OKa3bIBAET, YTO BpallCHUE
MIPOMCXOJIUT B CTOPOHY HANPABIICHUS OTCUETA (.

N3 npssmoyrosibHoro AOKM

OM =\ OK? + KM? =302 + 402 =50 e,
ZKOM =a., torna

sin 40 0,8 cosa OK _30 0,6
a=—=—= . = =
OM 50 OM 50 77
a=53,1°.

OrnpenenuM NepeHOCHY0 CKOPOCT:
L=13-50=650 c™m/c.

Bekrop Vel OM u HalpaBJ€H B CTOPOHY O.

AOCOIOTHYIO CKOPOCTh TOYKHM M HalIeM METOIOM MPOEKIUH,

CIIPOELIUPYEM Uy U Vg HA OCU X U Y.
Ly = Le-SINaL = 650-0,8 = 520
Vy= — Ut Le-COSa= — 240 + 650-0,6 = 150

Vape = U,ZC +o§, = 541,2 cm/c.

3. OnpenenuMm aOCOIIOTHOE YCKOPEHUE TOUKHU M.

AOCOJIIOTHOE YCKOPEHHE TOYKH PaBHO T€OMETPUYECKOU CymMMe
OTHOCHUTCIBHOI'O, IICPCHOCHOI'O 1 KOPHUOJIHUCOBA YCKOpeHI/IfIZ
d,5, =8y +3, +3, =4, +a, +a¢ +al +a.

OTHOCUTEIIEHO HOPMAJIBHOE YCKOPEHUE:
=N _. .2/ _ 0
dr =V /p =0, TaKk KaKk TpPaeKTOPUs OTHOCUTEIHLHOI'O JBUKCHUS -

npsimMast (p=o0).
OTHOCHUTENIPHOE KacaTeIbHOE YCKOPEHHUE:!
af =a,= d°s/dt* = —120t, npu t,=2 ¢ & =a,= — 240 cw/c?, | &| = 240
cm/c?.
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OTpuuartenbHbli 3HAaK y @y T[OKa3blBa€T, 4YTO BEKTOp Qy

HaIIpaBJIEH B CTOPOHY BO3PACTaHUA Sy. 3HAKA Uy U ay - OJUHAKOBEIE,
CJIEI0OBATENBHO IBUKEHUE TOUKUA M YCKOPEHHOE.

[TepeHOCHOE BpPAIATENLHOE YCKOPEHUE:
8

rae € = dz(p/dt2= 8 pazx/cz. 3HaKU Y € M ( OJUHAKOBEHI, CJICI0BATEILHO,
BpaineHue Tpeyroiruuka D — yckopeHHoe.

a$= 8-50=450 cm/c°.

BekTop a¢ HanpaBIieH B Ty K€ CTOPOHY, UTO U Ee.
ITepeHOCHOE IEHTPOCTPEMUTENBHOE YCKOPEHUE:
a¥ = 0® -OM = 13250 = 8450 cm/c>

BekTop a¢ HampaBieH K IICHTPY BpallcHUsI.

KopuonucoBo yckopeHue:

2, = 2v;0 sin(vyo)= 2-240-13-sin 90°= 6240 cm/c’.

Bektop a. HampamieH, corjiacHO npaBuiy JKyKOBCKOTO: BEKTOP
OTHOCHUTEJIbHOM  CKOPOCTHM Uy  MPOCHUPYETCS  HAa  IUIOCKOCTb,

HEPICHINKYIIPHYIO OCH IIEPEHOCHOTO BpaleHuss o ( Ly yXKe JCKHUT B
. ¢

ATOM IIJIOCKOCTH) M 3aTeM IoBopauuBaeM Ha yroia 90° B cTopoHy

BpateHus (puc.d).

Mopayns aOCOMIOTHOTO YCKOpeHUs T. M HaxoAuM METOJAO0M
IPOEKIINM:

a,= —ag -COSa+ag -sinat+a, = — 8450-0,6 + 450.-0,8 + 6240 =1530
ay= ag -Sina+ag -coso. — a, = 8450.-0,8 + 450-0,6 — 240 = 6790

Qyge =a5 +ag = 6960 cm/c?

OTBeT: Vgse = 541,2 cM/c; ayse = 6960 cm/c?.
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[Tpunoxenue 1
(ITpumep odbopmienus
TUTYJIbHOTO JcTa PI'P)

MHUHOBPHAYKHN POCCHUH
denepanbHOE rocyIapCcTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEkKACHUE
BBICILIETO 00pa30BaHUs
«tOro-3anaaHbIii TOCY1apCTBEHHBIN YHUBEPCUTET
(FO31Y)
Kadenpa mexannku, MeXaTpOHUKU U pOOOTOTEXHUKHU

PACUETHO-TPAOUYECKAA PABOTA

10 AU CHUITIIIMHC «TeopeTrnueckass MEXaHUKA

Brimonumt: CTYJIEHT rp.

(PUO)

[IpoBepuu:

(mOMKHOCTB/ CTETICHB ) (®HNO)

Kypck 20 T.



[Ipunoxenue 2
(ITpumep odopmiienus aucta PI'P)

OUO , . , BapuaHT Ne

Haszsanue Da60mbl

JlaHo:

Hawntu:

Puc. Ucxonnasa cxema Puc. PacueTrHas cxema

Pemnenue:

lloscHenus k 3a0aue cm. 8 npumepax MemooudecKux YKa3aHuli.

Omeem:
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