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1. CTATUKA

1.1. OcHoBHBIC MOHATHSA U AKCHOMBI

Cmamuxa — 5TO pasliel TEOPETUYECKOM MEXaHUKH, B KOTOPOM H3ydaeTcs
METOABl TPEeOOpPa3oOBaHUSI CHCTEMBI CHJI B OSKBUBAJICHTHBIE W YCTAHABJIMBAIOIINE
yCIIOBUS PABHOBECHSI CUJI, IPUIIOKEHHBIX K TBEPAOMY TEIy.

OCHOBHBIMH 00BEKTaMHU UCCIACAOBAHNS B TCOPETUICCKON MEXAHHUKE SBIISIOTCS:

- MamepuanbHas moyka — 3TO MaTepHabHOE TEJo, pa3MepaMd KOTOPOTO MOXKHO
npeHeopeyb;

- MexanuyecKkas cucmema — 3TO Jr00asi COBOKYITHOCTh MaTepUaIbHBIX TOUEK;

- abconomHo meepooe meno — STO MEXaHWYecKas CHCTeMa, PACCTOSHUE MEX]y
TOYKaMHU KOTOPOIl HE U3MEHSAETCS MPH JIFOOBIX B3aUMO/ICHCTBUSIX.

B OCHOBE CTaTuKH JIEKAT €€ aKCHOMBL.

1. Axcuoma unepyuu. Tlon neficTBIEM B3aMMHO YPABHOBEIIIMBAIOIIMXCS CHJT MaTepraTbHAS
TOUKA HAXOJIUTCSI B COCTOSIHHH TTOKOSI WJTH IBFDKETCST TIPSIMOJIMHEHHO M PABHOMEPHO.

2. Axcuoma pasHosecust 08yx cun. JIge CHIIbL, TIPHJIOXKEHHBIC K TBEPIOMY TeJTy, B3aUMHO
YPABHOBEIIIMBAIOTCS TOJILKO B TOM CITydae, €CIIM MX MOJY/IM paBHbI, U OHHU HATPaBJICHBI TI0 OJTHOM
TPSIMOM B IPOTHBOIIOJIOKHBIE CTOPOHBL.

3. Axcuoma npucoeouHeHust u UCKTIIOUeHUs YpagHoseuusarouuxcst cul. JIeRcTBre CHCTEMbI
CHJT Ha TBEPZIOE TeJI0 HE W3MEHWTCS, €CITM K HEl MPUCOCSTMHITD WM M3 Hee MCKITIOUHTH CHCTEMY
B3aMMHO YPABHOBEIITMBAFOIITAXCST CHJL.

4. Axcuoma napamenoepamma cui. PaBHOAGHCTBYOLIAS NIBYX —TEPECEKAOIIMXCS CHIT
NPWIOKEHA B TOYKE MX TIEPECCUCHHMS M W300pKACTCS JIMArOHAIBIO  IapauiesiorpamMa,
MOCTPOEHHOIO Ha 3THX cwiax (puc. 1.1) m BbeIpakaeTcss T€OMETPUYECKUM PABEHCTBOM:

R =P ,+P,, a Moxynb 9T0M cuibl onpezenseTces o GopMye:

R=./P?+P?+2PP,cosg.



Puc. 1.1

5. Axcuoma pasercmea deticmsusi u nponueooeticmaus. BesikoMy NEeCTBUS COOTBETCTBYET
PaBHOE 1 IPOTUBOTIOJIOKHO HATPABIICHHOE IMPOTUBO/ICHCTBIE.

6. Axcuoma 3ameepoesarusi. PaBHOBecre CHII, TIPWIOKEHHBIX JiehopMHpYIOITIeMycsl TeTy,
COXpaHSIET IPU €0 3aTBEPICBAHNML.

B ocHoBe pa3zienoB craTuka JIeKUT MOHITHE CUJITBI.

Cuna — 3TO0 Mepa MEXaHWYECKOTO B3aMMOJICHCTBHUS TEN M OMPEICISIOmas ee
WHTEHCUBHOCTD W HaIIPaBJICHHE.

Cuna omnpenensieTcss TpeMsl 3JIEMEHTaMU: YMCJIOBBIM 3HAYECHUEM WM MOJYJIEM,
HaIIpaBJICHUEM M TOYKOW NPWIOKEHHs. 3a €IWHHIY M3MEpeHHs cuibl B cucteMe CU
npuHUMaeTcss HeI0TOH (H). Monaynb BEKTOpa CHUIIBI MOKHO OMPEIEIUTh MO0 METOIY
MIPOEKITUH, T.€. IO OTHOIIEHUIO K KOOPJIUHATHBIM ocsaM. [Ipoekius cuiibl Ha OCh paBHA
MPOM3BENCHUIO MOIYJS CHJIBI HAa KOCHHYC yIila MEXIy HalpaBJICHHEM CHIIBI U OCH,
ompesensisi 3HaK MPOEKIIMU HETOCPEACTBEHHO MO 4epTexy. Ecim HampaBieHue ocu u
MPOEKIIUU CHITBI B OJTHY CTOPOHY, TO ITPOEKIINSA MOJIOKUTEIbHA, T.€. CO 3HAKOM (+), ecnu
MPOTUBOIOJIOXKHA, TO CO 3HAKOM (-) .

COBOKYITHOCTh HECKOJIbKUX CHJI, MPWIOKEHHBIX K TBEPIAOMY TeIy, SBISETCS
cUCmemou CuJ.

Cuna, S5KBUBaJICHTHAsE HEKOTOPOU CUCTEME CUJI Ha3bIBACTCS PABHOOEUCMBYIOUlel.

Cuna, paBHas 10 MOAYJIIO pPaBHOACHCTBYIOIICH W HampaBJCHHas B
MIPOTUBOTOJIOKHYIO CTOPOHY, Ha3bIBACTCS YPAGHOBeUUBAIOWEU CUTLOLL.

C TOHSTHEM CHJIBI CBA3aHO BaXKHOE OMNPENIETICHUE MOMEHT CHJIBI OTHOCHTEIIHHO
TOYKH U OCH.

Momenmom cunol ommocumenvHo mouku O (puc. 1.2, a) Ha3bIBAETCSI BEKTOP, MPUJIOKEHHBIN
B 3TOM TOYKE M HAINPABICHHBIMA MEPICHAUKYISIPHO K IJIOCKOCTH, CONEPKAILIEH CUIy Y TOYKY, B

TaKyIO CTOPOHY, YTOOBI CMOTPSI Ha BCTPEUy STOMY BEKTOPY, BHIETh CHUTy CTPEMSIIICHCS BpaIlaTh



TJIOCKOCTh B CTOPOHY, OOpATHYIO BpAILICHHIIO YaCOBOM CTPe/KK. B BEKTOpHO (hopMe Tomydaem
M (P)=PxT, a MOIyIlb 3TOT0O BEKTOpa PaBeH MPOM3BEIEHHIO MOIYIs CUIbl P Ha ee

wieuo d orHocuTensHO Touku O: M,=Pd.
3HaK BbIOMpaeTCs:
- eCJIi CruTa P TIbITaeTCs BpaIiaTh IPOTHB YaCOBOM CTPEJIKH, 3HAYUT MOMEHT IOJIOKHMTEIBHBII;
- ecy cruta P TIBITaeTCs BPpaIath IO YacOBOM CTPEIIKH, 3HAUUT MOMEHT OTPHLIATEILHBIIA.
Momenmom cunbt ommocumenvHo ocu Z (puc. 1.2, 0) Ha3bIBAaCTCS B3ITOE CO 3HAKOM MUHYC
WIH [UTFOC MPOM3BEIEHNUE TIPOEKIMH CHIIBI Ha ITIOCKOCTh  TIEPIIEHIMKY/IIPHYO K OCH Ha IUIEY0 OT
TOYKH IEPECEUCHHST OCH C ITOCKOCTH JI0 MPOSKIMH CHJIBI Ha TWIOCKOCTH: M,=Pyd;.

MowmenT ciitbl B cucteme CH nMeeT eMHHITY pa3sMEpHOCTH — HBIOTOH * MeTp (Hw).
A z

6)

Puc. 1.2

Ha paBHOBecMe Tena BIMSIIOT HAIOKEHHbIE Ha HEro CBBU. (B3 — 310 Telo,
OIPaHMYMBAIOIIIEE CBOOOTY JBIDKCHMS paccMaTpuBaeMoro Tesa. [t Toro 4roObl M30aBUTHECS OT
CBsI3el HEOOXOIMMO MPUMEHUTH TPUHIUIT OCBOOOXKIAEMOCTH OT cBsizei: «HecBoOomHoe TBepIoe
TEJIO0 MOYKHO PACCMOTPETh KaK CBOOOIHOE, HA KOTOPOE KPOME 33/1aBAEMbIX CHIT JICHCTBYIOT PEaKIIN
CBSI3EID)

3aoasaemvie cuibl — 31O CUIIBL, OTIPEIICTISIONTYE ISUCTBUE Ha Tefla IPYTHX TE, BhI3bIBAFOILIMX
WJTH CTIOCOOHBIX BBI3BATH M3MEHEHUE €0 KUHEMATUYECKOTO COCTOSTHHIS.

Peaxyuu ceszeri — 310 cva WM CECTEMa CHJI, ONPEIEISIOIIME ICCTBIE HA Tella CBS3U.

OCHOBHBIE THITBI CBSI3EH M PEAKLIMIA, COOTBETCTBYIOIMX STHM CBSI3M, TTOKa3aHbI Ha puc. 1.3.



Puc. 13

1.2. Cucrema cxoasimxcst CII

Cuibl HA3BIBAOMCSL CXOOSUUMUCS, eCTIU UX JIUHUL OeLICIEUS. NEPECEKArOMCs 8 OOHOU MOUKe.
JleiicTBrE CXOMSIIMXCS CHIT Ha TBEPIIOE TEJIO XapaKTepHU3yeTCsl paBHOCHCTBYOIIEH. UTOORI cricTemMa

CXOALIMXCA CHII Ob1a YPaBHOBCHICHA JOCTATOYHO BBIIOJIHCHHUC YCIIOBHA: ITCOMETPHICCKA CyMMa

cwt (D F =0) wm cymMMa NPOCKIWH CHUT HA KK W3 KOOPIMHATHBIX OCEH JOJDKHBI OBITH

PaBHBI HYIIIO, T. €. ZFX =0; ZFy =0; ZFZ =0.



1.3. ITapa cun

Cucmema pagnvix no Mooyaro, NPOMUEONOJLONCHO HANPABLEHHBIX, NAPAJIETbHBIX
CUJI HA3bIBAEMCSl NAPOU CUIL.

JlelicTBue mapel CHJI Ha TBEPAOE TEIO XAPAKTEPU3YETCS €€ MOMEHTOM.
MoOMEHTOM Tapbl CHJI Ha3bIBAETCA BEKTOpP, HAIPABICHHBIM IEPIECHIUKYISPHO K
IUIOCKOCTH, COJEpPKAIleld CHIIBI Maphbl, B TaKyl0 CTOPOHY, YTOOBI CMOTPSI HABCTPEUy
3TOMY BEKTOPY BHUIETh CHJIbI, CTPEMSIIMMUCS BpAIIATh HPOTHUB YaCOBOW CTPEIIKHU.
Ycnosue pasnosecue mena, nod oeiicmeuem nap cui: TEOMETPUYECKas CyMMa

MOMEHTOB Tlap CWJI paBHa Hymo (DM =0) HIM TNPOEKIHMA 3TOH CyMMBI Ha

KOOpPJIMHATHBIE OCH JE€KapTOBOW CHUCTEMBI KOOPJIWHAT pPaBHA HYJIIO ZM X =0;
> M, =0;,>M,=0.

1.4. IIpousBosibHAsA CHCTEMA CHJI

HpOI/II’)BOHBHaSI CUCTCMA CHJI XapaKTCPpU3YCTCA ,HGI;'ICTBI/IGM Ha TBCPIOC TCIIO

— — % __
I'’IaBHBIM BCKTOPOM R = Z Fi n I''IaBHBIM  MOMCHTOM M o — Z M Oi

MPOM3BOJBHOW CHUCTEMBbI CHJI. [JJaBHBIM BEKTOPOM MPOU3BOJIBHOW CHCTEMBI CHJI
HA3bIBAETCA TE€OMETPUYECKAs] CyMMa MPOU3BOJIBHBIX CHJI. [JIaBHBIM MOMEHTOM
MPOU3BOJILHOM CHUCTEMBI CHJI OTHOCHUTEJIBHO IIEHTPA TMPUBEIACHUS HA3bIBACTCS
reOMETPUYECKAsT CyMMa MOMEHTOB CHJI, ICMCTBYIOIIUX HA TEJIO OTHOCUTEJIBHO LIEHTpa
npuBencHUs. BwiOOp IleHTpa NpUBEACHUS HE BIUACT Ha YHCIOBOC 3HAYCHUE U
HamnpaBJICHUE TJIABHOTO BEKTOpPA, HO BIMSIET HAa MOAYJb W HAMNpPaBICHUE TJIABHOTO
MOMEHTA MPOU3BOJILHON CUCTEMBI CHUJI.

VYcioBue paBHOBECHUSI MPOU3BOJIBHOM CHUCTEMBI CHJI, IEMCTBYIOLIEW Ha TBEPHOE

TCJIO — O3TO R = O 151 M o — 0 WJIK IIPpU OpUCHTHPOBAHUH CUCTEMBI B IIJIOCKOCTHU HNJIN B
IIPOCTPAHCTBC 3TO COOTHOMICHHNN MOKCT npeo6pa30BaTbc>1:

mis miockoctd: Y F o =0; ) F, =0; ZM o(F)=0; mns mpocrpancrsa: ZFX =0;

SF,=0,>F=0YM(F)=0>M,,(F)=0;> M,(F)=0.



1.5. Pacnpenesénnasi Harpyska

Pacnipenenennas Harpy3ka ( 1o OTpe3Ky MpH JEHCTBUM Ha TBEPAOE TEJIO MOXKET

OBITh 3aMeHeHa cocpenoToueHHou cmimoir Q. CocpemoTodeHHasl Cuiia SKBUBAJICHTHA

COOTHOIICHHUIO. Q - IQ(X)dX U IIPUKIAABIBACTCA B TOYKCE Cc KOOpIIHHaTOfI
0

Ifx-q(x)dx
X, =2

R -PaccMoTpuM  mpuMmepbl  IEUCTBHS  HA  TBEPAOE  TEJO

pacrpeaeaeHHON Harpy3Ku
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1.6. IleHTp THAAKECTH

Llenmpom  napannenvHvix cuil, HAUAEHHBIA IOCIEIOBATEIbHBIM CIIOKCHUEM

napajjiesIbHBIX CHII, OyJieM Ha3biBaTh TOUKY C, pagnyc-BEeKTOp KOTOPOH ompeersieTcs

R, FF
bopmynoi: T, = ZZ II—:I = Z%' “, WIM B TMPOEKIUSIX HA KOOPJMHATHBIE OCH:
= ZZ::FIi:_xi _ Z;ixi , Y. = %Fli:_yi _ Z;iyi . 7, = ZZ::FIifzi — zgizi . TIe |f| - i-Tas

X

CHJIa B CHUCTEME NMapajuIeNbHbIX CHI, I — painyc BEKTOD, Xi, Vi, Zj - KOOPIAUHATHI TOYEK

MPWIOKEHUS apaJIEIbHBIX CUIIL.

Llenmp msanxcecmu mena — 3TO LEHTP MNapaJUIEIBHBIX CHJI TSKECTH, T. €.
r€OMETpUYECKass  TOYKAa  4Yepe3  KOTOPYK  IPOXOAWT  JMHUA  JACUCTBUSA
PaBHOJICHCTBYIOIIEH CHII TSYKECTH TeJIa IPH JIFOOOM MOJIO0XKEHUH Tejla B IPOCTPAHCTBE.

Ecnu Tteno oxHopoaHoe, TO BeC OTACIBbHOM 4actd ero P =V, -y, rmey -

|
y,[[eﬂbHBIﬁ BCC MaTcpuajida, U3 KOTOpOro CACiIaHo TCJIo, a Vi - O6’béM 3TOU YacTHU TCJa, TO
TOraa OCHTP TAKCCTHU 6y,Z[CT HUMECTH BU.
XV _Suy, Y
- v Yo — 1V EC T T,
2V 2V 2V

Eciu Teno xapakrtepusyercs ruiomanasio (S) wim  pasmepom (), TOo 1ieHTp

Xc

TSDKECTH COOTBETCTBEHHO OYACT ONMpEeIesAThCs:
_zsixi _Zsiyi 5 _Zsizi
Ty Ty e >'s
_Zlixi _Zliyi _Zlizi
IS Y Y

Xc

2. Kunemaruka

Kunemamuxou Ha3pIBalOT pa3feil TEOPETUYECKOM MEXAaHUKH, U3y4Yarouui
JBIDKEHUE MaTEePUAIbHBIX TEJl C TEOMETPUIECKON TOUKH.

B ocHoBe pasaciia KNHEMATHKA JIC)KAT OCHOBHLIC OIIPCACIICHUA !



3akonom Osudicenuss mouxku (meepoo2o mena) HA3BIBAETCAd MaTeMaTUyecKas
3aBUCUMOCTb, OTIPEACIIAIONIAs TIOJI0KEHUE TOUKH (TeJia) B TPOCTPAHCTBE OT BPEMEHH.

Tpaexmopueii mouxku Ha3bIBA€TCSI — JIO0As JUHUSA, ONMHUCAHHAS JBUXKYIICHCS
TOYKOM.

2.1. KuaemMaTuka TOYKH

CymiecTByeT TpU OCHOBHBIX CIIOCOOa 3aJaHusl JBM)KCHHS TOYKH: BEKTOPHBIM,
KOOPJIMHATHBIN, €CTECTBEHHBIN.

Bexmopnuiti cnocob 3adanusi Osudicenuss MOYKW 3aKIOYAETCS B TOM, YTO
MOJIOKEHUE TOYKH OMPEACISICTCS PagNycoM BEKTOPOM OT HEKOTOPOW HETOIBHIKHOMN
TOYKH. B KakIoe HOBOE IIOJOKEHWE TOYKHM MOXKHO TIPOBECTH PaIqNyC-BEKTOP.
3aBUCUMOCTh pajuyca BEKTOpa OT BPEMEHH SIBJISETCS 3aKOHOM JBMIKEHUS TOYKH B

BEKTOPHOM opme — 1 =T (t).

TpaekTopuss TOYKH OMNpEACISICTCS KOHIIOM pajamyca BEKTOpa, IO3TOMY
TPaeKTOpHUsI TOUKH B BEKTOPHOM crioco0e — 3To rojaorpad pagunyca-BeKTopa I wm

reOMETPUYECKOE MECTO KOHIIOB pajuyca-BeKkTopa I.

Koopounamnuiii cnocob 3adanus O0sudicenuss mouxu 3aKIOYaeTCS B TOM, 4YTO
MOJIOKEHUE TOUKHU OMPEIEIISIETCS CUCTEMOM JIEKAPTOBBIMU KOOpJIUHATAMU. B Ka b1
MOMEHT BpPEMEHH TOYKH HMEET OIPEACICHHBIC KOOPAMHATHI. 3aBUCHMOCTH OSTHX
KOOPJMHAT OT BPEMEHHU — 3aKOH JBMIKCHHUS TOYKU B KOOPIAMHATHOU Touke, T. €. X=f(t),
y=f(t), z=f(t).

UToOBI OmpeeanTh ypaBHCHUE TPACKTOPHH B KOOPIUHATHOM CIIOCOOE HYXKHO
BBIPA3HTh MapaMeTp HE3aBUCUMOM MepeMEHHOM t uepe3 0JIHy U3 KOOPAWHAT, HarpuMep
yepes x. Ecmn t=u(X), torna y = f,(u(x)), z = f,(u(x)).

Ecmecmeennwiii cnocob 3adamnusi Osudicenuss mouku 3aKIIOYACTCS B TOM, YTO
MOJIOKEHWE TOYKHM 3apaHee W3BeCTHO. Ha TpaekTopuM TOYKM OT HEKOTOPOU
HEIOABMKHOM TOYKH (Ha4aJi0 KOOPAUHAT) OTKJIAAbIBACTCS KPUBOJIMHEHHAS KOOPAUHATA
S. I3MeHeHre KpUBOJMHEWHOW KOOPJAUHATHI S OT BPEMEHHU SIBJISICTCS 3aKOH JBUKCHUS

TOYKHU B €CTECTBEHHOH Qopme u ypaBHeHUeM Tpackropun — S=F(t).



CambIM pacipoCTpaHEHHBIM CTIOCOOOM SIBIIIETCS] KOOPAMHATHBINA CITOCOO 3a/1aHUS
JBYDKEHUS TOYKH. ITOT CIIOCOO CBSI3aH C APYTHMH CTIOCOOaAMU COOTHOIIICHUSIMHU:

- B3aMMOCBS3b BEKTOPHOTO M KOOPJMHATHOTO CIIOCOOOB 3aJaHUs JIBUKEHUS
Touku: F=Xi +Yj+2zK, rme i, j, K - eqMHUUHBIE OPTO-BEKTOpPA KOOPAMHATHBIX OCEi
XY, Z

- B3aUMOCBA3b €CTCCTBCHHOI'0O U KOOPAMHATHOI'O CII0CO000B 3aJaHus OBUXXCHUA

TO‘IKI/IISII % + ﬂ + % dt.
0 dt dt dt

JIBUKEHME TOUKH MO TPAEKTOPHUH XapaKTEPU3YET CKOPOCTh U YCKOPEHHUE TOUKHU.

Ckopocmb mouku — 3TO BEKTOpHas BEJIIMYMHA, XapaKTepHU3ylolas OBICTPOTY
M3MEHEHHUS TI0JIOKEHHUSI TOUYKHU B IPOCTPAHCTBE OT BPEMEHH.
CkopocTh TOYKHM HampaBJieHA IO KacaTeNbHOM K Tpaektopuud U B cucteme CU

U3MEPSIETCS B M/C.

CKOpOCTB TOYKH B 3aBHCHMOCTH OT CIOCO0a 3aJaHusa ABMXKCHUA TOYKH MOXKHO

OTIPEICIIUTH:

1. BekTopubiM ciocobom V :d—';.

2.  KoopmunaTHEIM crocobom V- =in_+Vyj7+VZIZ, e V, = %, Vv, = %,

z

YA
V = el MPOEKIIMY CKOPOCTH Ha KOOPIMHATHBIE OCH.

Monynb CKOPOCTH MOXKHO ONPEEIUTh M0 METOAY ITpoekuil V = \/VXZ +Vy2 +VZ2 :

— ds_ S _
3. EcrtectBennsim criocobom V :Er,me -V :a - MOAYJIb CKOPOCTH, T -

€MHUYHBIN OPTO-BEKTOP KACATEIBHOM.
Yckopenue mouku — 3TO BEKTOpHAs BEIMYMHA, XapaKTEPHU3YIOIash OBICTPOTY

HU3MCHCHUS MOAYJIA W HAIIPABJICHUSA BCKTOpPa CKOPOCTH. YCKOpeHI/IC TOYKH B CUCTEMC



2
CU wusmepsiercss B m/c”. YCKOpeHHE TOYKM B 3aBUCHMOCTH OT CHOc00a 3aaaHus

ABUKCHUS MOJKHO OIIPCACIINUTD:

_ )
1. BekTOpHBIM CIOCOOOM: @ = v = d_zr
t  det
.. = dv, dx
2. KoopmunataeiM  ciocobom:  a=a,i +a j+ak, rme a = th = gt

a_dVy_dzy a_dVZ_dZZ
T dt di

- IPOCKIUMH CKOPOCTHU HAa KOOPANHATHLIC OCH. MOI[YJII)

2 2 2
YCKOPEHHUS TOUKH ONPEIENACTCS Yepe3 MPOCKIUUA a = \/ a +a, +a,

3.  EcrectBeHHbM cmocobom: a=ar+an, rae a,a, -  MOAyIH

KacaTCJIbHOI'O W HOPMAJILHOI'O YCKOpeHHﬁ, T, n - eI[HHI/I"IHI)II‘ﬁ OPTO-BCKTOpa

KacaTeJIbHON U HOpMaJIM B €CTCCTBCHHOM TPCXI'PAaHHHKC.

Kacamenvnoe yckopenue — 53TO BEKTOpHash BEJIMYMHA, XapaKTEpPU3YIOIIas
OBICTPOTY HU3MEHEHUs MOAYJsA CcKopocTH. [lo Moaynio KacaTeabHOE YCKOpPEHHUE
dv d’s
a =—=—-.
dt  d°t

ompenenseTcss  Kak DOTO  YCKOpEHHE MOXHO  ONpPEIEIIUTD,

2 2 2
npoauddepenrpoBas cootHomenue V :\/VX +V," +V,”, B pesynbrare MOIYYUM:

V., +Va +Va,

aT
V
HopmanvHoe yckopenue onpenemnsercs Kak ,, »TJie p— paanyc KPUBU3HEI
a=Vlp
TPaeKTOPUH TOYKH. Monyne ¥ HampaBleHHE YCKOPEHHS IIPH €CTECTBEHHOM

2 2
criocobe 3aaHusd ABHMIXKCHHUA  OIPCACIAIOTCA COOTHOIICHUAMM! a=-a, +a, ,

a a
cos(a,7)=-—+,cos(a,n)=—"
a a

2.2. KunemaTtuka TBepaoro reja

B 3aBucumocTtu OT ABMIKCHHUS TCJIa KHHCMATUKY TBEPAOIro TCjia MOKHO

pasaciinTe Ha IIATb  Ppa3gcaoB: IOCTYIATCIIBHOC JBHXKCHHUC TBEPAOIO0  TCJaA,



BpalllaTeJIbHOE JIBXKEHUE TBEPJOro Tea, IJIOCKOE WM  IUIOCKOIMApaiebHOe
IBMKCHHE TBEPAOro Tena, chepuuecKkoe ABIKEHHE TBEPAOTO Tena, OOIIMN Ciydaid
JIBUYKEHUS TBEPAOTO Tea.

Ilocmynamenvhvim OsudicenHue meepoo2o mend Ha3bIBAETCA TaKOE IBUKEHUE
TBEPJIOTO Tejla, MPU KOTOPOM IMIpsiMasi, COCIMHAIONIAS JIBE€ TOYKH Teja, JIBHXKETCA

napajiyieIbHO caMoi cebe.

CBoiicTBa TOUYEK Teja, ABHKYILErOCS MOCTYMATEIbHO, ONPEICIACTCS TEOPEMO:
Bce Toukm TBepAOro Tena, ABHIKYIIETOCS IMOCTYIATEIbHO, OMUCHIBAIOT OIMHAKOBBIC
(coBmagaromiyie MpH HAJIOXKCHHM) TPACKTOPHHM, M HMEIOT OJWHAKOBBIE CKOPOCTH M
yckopenus. Ha OCHOBaHMM 3TOH TEOpPEMBI, €CIM 3HATh, KaK ABMIKETCS OJHA TOYKa
TAKOro Teja, TO AaHaJOTHYHO OyayT ABUIaTbCI M APYrHe TOYKH Teja, MO3TOMY
MOCTyIATEeIbHOC JBMKCHHE TBEPAOIO Tela CBOAUTLCA K KHHEMATHUKE TOYKU. 3aKOH
MOCTYMATEIBHOTO JIBMKEHUS MOYXKHO MPEACTaBUTh BBIPAKEHHUSIMH: IPH BEKTOPHOM
cnocoGe - . =F(t); npu KoopauHatHoM cmocobe - Xc=f(t), yc=f(t), zc=f(t); npn

ecTecTBeHHOM crioco0e - Sc=f(t), rme C — HeHTp TSHKECTH WIIM MacChl Tea.

Bpawamenvhvim 0sudicenuem meepoo2o meia Ha3bIBA€TCSA TaKOE JIBIXKCHHE Tea,
IPU KOTOPOM BCE€ TOUKH STOrO Teja OCTAIOTCS HEMOJBUKHBIMHU, HaXOJSAIIUECS Ha
HEKOTOPOM MPSIMOM, HA3BIBAEMOM OCHIO BpAICHUSA, & OCTAJbHBIE TOYKH OIHMCBHIBAIOT
OKPYKHOCTB C LEHTPOM Ha 3TOH IPSIMOM.

Bpaiienrie Tena BOKPYT HEMOJBHKHOM OCH OIpEAEiseTcs YrioM IMOBOpPOTa (.
VYTros1 NOBOpOTa CUUTAETCS MOJOKHUTEIBHBIM, €CIIM BPAILlEHUE TEJa MPOUCXOIUT MPOTUB
yacoBoi crpenku. B cucreme CH yrom mnoBopoTra ¢ U3MeEpsETCs B paJuaHax.
M3meHeHue yria moBopoTa oT BpeMeHH - ¢p=f(t) — 3TO 3aKOH BpaIaTeabHOr0 JIBHKECHUS
TBEPJIOTO Teja. YTOoJ MOBOPOTA (¢ B 3aBUCUMOCTH OT 0OOpPOTOB Tejia N, COBEPIICHHBIX

BpallleHHE BOKPYT OCH, CBSI3aHbl COOTHOILIEHUEM: @ = 27 .

BpamaTeanoe ABMIKCHHUC TCJIa BOKPYT HCHOJIBH)KHOﬁ OCH XapaKTCPHU3YCTCA

YTJIOBOM CKOPOCTBIO M YIJIOBBIM YCKOPEHHUEM.



Yenosas CKopocnibe  OIIPCACIHCTCA HW3MCHCHHUC YIJld IIOBOPOTAa € TCUCHHCM

d
BPCMCHH H YHUCJIICHHO pPaBHaA a)Zd—f . B cucreme CHU YIJ10Bass CKOPOCTb U3MCPACTCS B

pad/c nma ¢

YVenoeoe yckopenue xapaktepusyeT W3MEHEHHUE YIIOBOM CKOPOCTH C TEUEHHEM

o dp
BPEMCHH 1 IMCIIEHHO paBia & =~ - . B cucreme CH umeeT eIMHUILY H3MEPEHUS

t dt’
— pad/c® wm ¢,

CKOpOCTh U YCKOpEHHUs TOYKH (Hampumep, A) Tella, BPAIIAIOIIETOCs BOKPYT

HETIOJBUKHOU OCH, ONPEACIISAIOTCS: V,=aR, a, =eR,a, = o’R, a,=Rv¢ ‘+o , T1Ie
R — paamnyc BparieHust Toukd. Paguyc BpamieHuss TOYKH — 3TO MEPIECHANKYIISIP OT TOUKH
TeJa 10 OCH BPAIICHUS.

Ilepeoamounvie mexanusmol (puc. 2.1) mpenHazHAYCHBI JIs IEpeayul BpaCHUS
OT OJHOTO Baja, HA3BIBAEMOTO BEAYIIMM, K JPYyromMy, Ha3bIBAEMOMY BEIOMBIM M
XapaKTEPU3YIOTCS MEPEIATOYHBIM YUCIIOM I.

B sToMm mpumepe nepenaTouHble yncia

110 st xonec 1-2 U is.4 nist xonec 3-4:

r Z . [0) r Z
——2:—’ | :—3:—4:—’1"I[e
oz

i :
i | Z— 4HCIIo 3yObEB KOJIEC.
1

Jlns Bcero mexanmsma: i =11, , .

Puc. 2.1
Inockum Osudicenuem meepoo2o mena Ha3bIBACTCSA TaKOE JBM)KCHHE TBEPIOTO
Tela, TPH KOTOPOM TOYKH JBIDKYTCS B TIUIOCKOCTH TapajUIeIbHO HEKOTOPOM
HETIOJIBIKHOW TUIOCKOCTH. B  pe3ynbrare TOro, 4ro TOYKH Teja JABWXKYTCS B
IJIOCKOCTSIX, TO TaKOE TEJIO0 Ha3bIBAIOT IJIOCKOH (hUTYPOH.
JIBOKeHHE TBEPIOTrO Tella, COBEPIIAIOIICTO IUIOCKOS JBKIKEHHE, MOYKHO
paccMOTPETh KaK COBOKYITHOCTh JIBYX MEPEMEIICHUI: MOCTYMATEIBbHOIO TIePEeMEICHHS

TeJa C TMPOU3BOJBHON TOYKOM, HAa3bIBAEMOM MOJIOCOM, M BpAILEHUS Tela BOKPYT



noyroca. BpiOop mosroca BAMSIET HA IMOCTYMATENbHYIO YacTh JABWKEHUS TUIOCKOMN
(buryphl, HO HE BIUSET HA BPAIICHUE TeJIa BOKPYT TOJIIOCA.

3aKOHOM IIJIOCKOTO JIBIDKEHHUSI TBEPOTO TeJla C MOJIOCOM B TOYKE A SIBISTFOTCS
cienyromue ypasHenus: x, = f,(t), y, = f,(t), o= f,(1).

Ckopocmb  mouKu HNIOCKOU Queypbl MOXKHO OINPEACTUTh HECKOIbKUMU
croco0amu.

Ilepsoviii  cnoco6: CKOPOCTh  JIIOOOM TOYKM IUIOCKOM  (UTYphl  paBHa

r€OMETPUYECKOM CyMME CKOPOCTH MOJIIOCA W BPAIlaTEeIbHON CKOPOCTH TOYKH BOKPYT

nomoca V, =V, +V;,, roe V; - uckomas ckopocts; V, - ckopocts momoca A4; Vg, -

BpalllaTeJIbHAsI CKOPOCTh TOYKM B BOKPYr IOJKOCA, KOTOpPAss IEPIECHINUKYJIApHA

paccTosiHUIO AB 1 uncineHHo paBHa Vg, = @ - AB; ® — yIrioBas CKOpPOCTb (DUTYPBI.

OTOT crocod UMEET CIEACTBUE O MPOEKIUU CKOPOCTEN TOYEK MIIOCKON (pUTypHI,
KOTOpPO€ YacTO MPUMEHAETCS IIPU PELICHUH 3a7a4: IPOCKLMU CKOPOCTEH TOYEK
IJIOCKOM (PUTYypBbI HA OCh, MPOBEACHHYIO Y€PE3 3TU TOUKH, PABHBI.

Bmopoui cnoco6 onpeneneHuss CKOpPOCTHM TOYKH IUIOCKOM (UIYpbl uepe3
MrHoBeHHbIM 1eHTp ckopocTeil (MIIC). MrHoBeHHBIM LEHTpP CKOpOCTE — 3TO
€MHCTBEHHAsl TOYKA (DUTypbl MPHU IUIOCKOM JIBUJKEHHUH, KOTOPAsl B KaXKIbIii MOMEHT
BPEMEHU UMEET CKOPOCTh paBHYIO HyJt0. Eciu y mockoit ¢urypsr uzsecten MIIC, to
BEKTOP CKOPOCTHM O3TOM TOYKH HANpPABJIEH NEPHNEHAUKYJIIPHO K  OTPE3KY,
coenunstonieMy Touky ¢ MIIC, B cTOpoHy yrioBoil CKOpocTH (DUTYpHI, a YUCIECHHO

3TOT BeKTOp paBeH: V, =w-BS, rae S - MIIC rtena. Torna npu pemeHuu 3agad Ha

OCHOBAaHUHU 3TOT0 COOTHOILEHUS HCMOJb3YIOT CBOMCTBA TOYEK IUIOCKOW (DUTYPBHI:
OTHOUIEHUE CKOPOCTEN TOUEK (PUTYpPHI MPSAMO MPONOPLUHUOHATBHO PACCTOSIHUIO OT 3TUX

touek 10 MIIC - \i = A—S
Ve BS

CymiectByet ueThipe criocoda onpenenerus MIIC:



1 cnoco6. V3BecTHO HampaBieHHE U MOAYJb
OJIHOM CKOPOCTH TOYKH U HaIpaBJE€HUE JIPyrou (puc.
2.2). Ytobsl ompenenuts MIIC HyXHO mpoBeCTH
MEPIEHAUKYIISIPBI K HAITPABICHUSAM CKOpOCTer. Touka

S ux nepeceuenus u ectb MLC.

2 cnoco6. CkopocTr ToYeK M3BECTHBI Vo U Vp,
napajuieibHBbL, a HaIlpaBJICHHUE CKOpOCTEN
MEPIICHIUKYIISIPHO OTpe3Ky AB. UToOBl omnpenenuTb
MIIC Hy)HO COEAMHUTH HAYAJIO CKOPOCTEN TOUEK A U
B wm coemuHuTh KOHLBI  cKopoctedl. Touka
nepeceueHuss S ectb MIIC. Bo3MoxHBI BapuaHTHI:
CKOPOCTHU HAmpaBlieHbl B OJHY CTOpoHY (puc. 2.3);

CKOPOCTH HAIIpaBJIEHbI B pa3Hble CTOPOHBI (puc. 2.4).

B sTux cnyuasx: a):X—g, V, =w-BS.

Ecau ckopoctr paBHBI Mexay coboit Va =Vp, a
WX HaNpaBJICHHE MapajuIeIbHOE, TO MEPICHINKYIISPHI
TOXKE TMapajuleNIbHbl  MEXAYy COOOW, 3HAUWT, B
JBIKEHUN OTCYTCTBYET BpariaTeIbHasI
COCTABJISIFOIIAS TIJIOCKOTO JBMIKEHUS, T. €. TIOCKOE
JBIDKEHUE TIEPEXOAUT B TOCTYIMATEIHHOE JBH)KCHUE
(puc. 2.5).

3 cnocoo: qyepes o01u1yto TOUKY
COMpUKACAONMXCs T, OJAHO W3  KOTOPBIX
HenoJABWXKHO (puc. 2.6). Touka P CONMPUKOCHOBEHUS

tex sBisiercss MIC.

Puc. 2.6

Yckopenue mouxu nnockot @gueypsl MOXKHO OIpPEACIUTh 4Yepe3 Teopemy 00

YCKOPEHUH TOYEK IUIOCKOM (HUTYphl: YCKOPEHHE TOYKH TUIOCKONW (UTYpPHI PaBHO

F€OMETPUYECKOM CyMME YCKOPEHHUs IOJIIOCA M BPAIATENIbHOTO YCKOPEHHS TOYKH

BOKpYT IToJifoca 8, =a, +a,, =a, +a,, +az,.



Coepuueckum OsudiceHuem meepo020 mena HA3BIBAETCS TaKoe JBH)KEHHUE
TBEPAOTO Tela, MPU KOTOPOM BCE TOUKH TeJia OMMCHIBAIOT TPACKTOPUH, JIeXKAIIUe Ha
cepax ¢ OOHUM U TEM K€ HENOJIBUKHBIM LIEHTPOM.

[lycTte TBepoe TENO MMEET OAHY HENOJBWXHYI Touky O (puc. 2.7). [Hna
ONpPENCIICHUS] TIOJIOKEHHSI Tejla B IMPOCTPAHCTBE
BBEJEM JIBE CUCTEMBbI KoopAauHat: Oxyz u Ox1YiZ3,
nepBasi M3 KOTOPBIX HEMOJABW)XXHAsA, a BTOpas
HEHM3MEHHO CBsI3aHa C TEJIOM U IEPEMEIIAETCS BME-
cte ¢ HUM. Hauama oOeux cucrteM KOOpAHHAT
COBMEIIEHBI C HEMOABUKHOU TOUKOU O.

[TokaxkeM Ha PHUCYHKE JIMHUIO NEPECEUCHUS

mwiockocren  Oxyz u  Oxiyi1Z;. DOTO  JUHHUS

HaspiBacTcs JuHuerd y3moB (OK). IlonoxeHue
MOJIBKOKHOH CHCTEMBl KOOPIMHAT I10 OTHOIICHUIO K HEIMOJABKHOW CHCTEME
KOOPAMHAT OIMPEACIIACTCS TPEeMsI HE3aBUCUMBIMH YIJIaMH. YTIIbI i, 6§, ¢ Ha3bIBAIOTCS
SIIIEPOBBIMU YTIIAMU; Y - Y20/l npeyeccuu, 6 — yeon Hymayuu, ¢ — yeoi coOOCMEeHHO20
8pauyeHusl.

B mportecce aBYKeHUS Tea yriibl Dijiepa MEHSIOTCS, SBJISSACh HEKOTOPBIMH
byukusamu Bpemenu: y= fi(t); o= f(t), O= f5(t). Oti ypaBHeHus - ypasuenusimu
chepuueckoco 08udceHusr mead.

KuHeMaTnueCKuMH XapaKTePUCTUKAMKM Tejla TpHU CHEpUYeCKOM JIBHIKCHHH
SIBIISIFOTCSI YTJIOBAsi CKOPOCTh M YIVIOBOE YCKOPEHHUE,

[TockoNBKY MPHU IBHKEHHH TElIa U3MEHSIOTCS BCE TPH yIiia, IBIDKCHHE Tella

IpeAcTaBiIsieTcs: coOON BpalleHUue C YIJIOBOM CKOPOCTBIO @ =@, + @, + ®,, TAE
@, =y, @,=¢, 0,=0. Tak Kak 3Ha4eHUs @, @,, @©O,U3MEHSIIOTCI CO BPEMECHEM

YHUCJICHHO U MO HANpPaBJICHUIO, TO (@ HA3BIBAIOT MTHOBEHHOW YTJIOBOW CKOPOCTBIO.
BennuunHa yrioBou CKOPOCTH @ SIBISIETCSA BEJIMYUHOU MEPEMEHHOMN U MO BEJIUYUHE

H 110 HAIIPpaBJICHHUIO.



VYTII0BbIM yCKOPEHHEM Tella Ha3bIBA€TCS BEJIWYMHA & =@ . B oTiauume ot
BpAIIaTEILHOTO JIBWXEHHS, NMPU CHEPUICCKOM IBIKEHHHM Tella BEKTOPHI YTIOBOM
CKOPOCTH M yTJIOBOT'O YCKOPEHUS HE JIe)KaT Ha OJTHON MPSIMOIA.

[TocKOJIbBKY B KaXKAblii MOMEHT BPEMEHU MPOUCXOIUT MOBOPOT Teja BOKPYT
MTHOBEHHOH OCH BpaIlleHUs C YIJIOBOH CKOPOCTBHIO ®, TO CKOPOCTh TOYKU OIPEEIAETCS
hopMyIIOii: V =wxF, roe F- paguyc BEKTOpP JaHHOW TOYKH, IMPOBEICHHBIA U3
HENOABIKHOM TOUukH O.

YCKOpeHHe TOYKH GYI[GT OIIpCACIIATHCA COOTHOHICHUCM.

a=a_+a =exTr+wxV, rae a_=¢& x[I - BpalarelbHOE YCKOPEHUE, a

e . o=@V -
OCECTPEMHUTENHFHOE YCKOPEHHE.

Obwuii cnyyai 08udcenus meepoo2o meaa 3TO KOTrAa TeO SBISETCS MOTHOCTHIO
cBoOOTHBIM. [IpuMepoM Takoro ABMIKEHHUS, MOXKET OBITh, TOJIET TUIAHETHI, CaMOJeTa,
CHapsIa ¥ IPyTuX Tell.

Jlis  ompeneneHus TIOJIOKCHHS Tela B MPOCTPAHCTBE B Telie BbhIOepeM
POM3BOJIbHYI0 Touky C — mojroc. Torjma IBHKEHHE MOXHO omucaTh Kak: xc= fy(t);
ye= f(t), zc= f3(t), w= f4(t); o= f5(t), O= fs(t) — smo ypasnenus obwezo cayuas

O08UdICEHUsL MBepPO020 melld.

2.3. Cj105KHOE IBMIKEHNE TOUYKH

CnoorcHbIM 08UdICEeHUeM MOYKY (Mmela) Ha3bIBAETCs TaKOEe JIBMXKCHUE TOUKH (Tesa)
MIPU KOTOPOM OHA OJTHOBPEMEHHO YYacCTBYET B JABYX WJIM O0Jiee IBIKECHUSIX.

[Ipy clO’)XKHOM JIBM)KCHHHM TOYKH pa3In4yaroT aOCOIOTHOE, OTHOCHTEIBHOE H
MEePEHOCHOE JBWXEHHE. [[BM)KEHHWE TOYKM OTHOCHUTEIBHO HETOJBMIKHON CHCTEMBI
Ha3bIBACTCSI a0COJIIOTHBIM JBUKEHUEM. [[BIKEHHWE TOYKM OTHOCUTEIHHO TOJBMKHOU
CHUCTEMbI HA3bIBACTCS OTHOCHUTEIBHBIM JBIDKCHHEM. J[BM)KCHHE TOYKH  BMECTE C
MOJBUXKHOM CHCTEMOW OTHOCHUTEJIBHO HEIMOJABUXHOMW HA3bIBACTCA IEPEHOCHBIM

JABHUKCHHECM.



CKOpOCTb TOYKHW OHIPCACCTCA IIpU  CIOXKHOM JIBUJKCHHMU II0 TCOPEMC O

CJIOKCHUH CKOpOCTCﬁI CKOpPOCTb TOYKHM IIpH €€ CJIIO)KHOM JBMJKCHHMH pPaBHA

reOMETPUUECKOl CyMME OTHOCUTEIIBHOW M INEpeHOCHO# ckopoctu. V =V, +V,, rae

V - abcomnroTHas CKOpOCTh, V, - OTHOCUTENBbHAsS! CKOPOCTh, V, - MEpPEHOCHAas! CKOPOCTb.

r e

Jlig Toro, 4ToObl OMPENENNUTh AOCOJIIOTHYK) CKOPOCTh IO MOIYJIO HYXHO
IIPUMEHATh METOJ MPOEKIUH, WU, €CIM MEKIYy OTHOCUTEIBHOM W IIEPEHOCHOU

CKOpPOCTb 00pa3yercss yroil o, TO MOXHO NPUMEHUTH TEOPEMY KOCHUHYCOB:

V =yV.)+V." +2VV, cosa.

AOCOIOTHOE YCKOPEHHE OMpEACNIeTCS IO TeOopeMe CIOXCHHS YCKOPCHHS:
a6COJ'IIOTHOG }’CKOpCHI/Ie TOYKH, B CJ'Iy‘-IaI/I HC HOCTYH&T@HBHOFO HepeHOCHOFO
ABWKCHMUA, paBHO I‘COMGTpH‘-ICCKOﬁ CYMMG OTHOCUTCIIBHOTI'O, HepeHOCHOTO n

KOPHOJIMCOBA YCKOPEHU: @ =d, +a, +ad,., TAe a - aDCOII0THOE YCKOPEHUE TOUKH, d,

- OTHOCHTENIBHOE YCKOPDEHHE TOYKH, @, - IIEPEHOCHOE YCKOPEHHME TOYKH, da, -

KOPHOJIMCOBO YCKOPEHUE TOYKH.
Kopuonuco yckopenue paBHo @, =2(w,xV.), roe @, - NepeHOCHas yriioBas
CKOpPOCTb, V, - OTHOCUTEINIbHASI CKOPOCTh TOYKH.

YHCIIeHHO KOPHOJIUCOBO YCKOPEHHUE MOYKHO HAWTH W3 ONPEACIICHUS BEKTOPHOTO
npousBeneHus: a, =2-,-V,-Sinf, rne [ - yroan MexIy BEKTOPOM IEPEHOCHOM
VTJIOBOM CKOPOCTH M OCBIO TEpeHOCHOro BparieHus. M3 anammza GopMysbl MOKHO
ClenaTh BBIBOJ, YTO KAapUOJIMCOBO YCKOPEHHWE paBHO HYJIIO, KOTJa OAWH U3
MHOKHUTEJIEH Oy/IeT paBeH HYIIIO.

HampaBnenue KopHonncoBa YCKOPEHHUs OMpenenseTcs npaBuioM JKyKOBCKOTO:
9TOOBI OINPEACIUTh HAIMpaBlIEHWEe KOPHOJIHUCOBA YCKOPCHHS HYKHO CIPOCIHUPOBATH
OTHOCUTEJIbHYI0 CKOPOCTh Ha IIJIOCKOCTh TMEPIEHIUKYISIPHYI0 K OCH TIEPEHOCHOTO

BpAIlICHUS Y TOBEPHYTH 3TY MPOEKIHIO HAa 90° B CTOPOHY MTEPEHOCHOTO BpAIICHUS.



