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[. CITOCOBbI OITMCAHIKA IBHMXXEHIA
TOUKHU

1. KoopauHaTHBINA cnocod 3alaHusi ABHXKEHHUS TOUKH

JIroOple  TpH HE3ABHCHMBIE BEIHUMHMHBE  ( ,{,.{.,

OJHO3HAYHO ONPECACIAIOINC IMOJOKCHHE TOYKH B TPEXMEPHOM
IIPOCTPAHCTBE, MOTYT PAacCMaTPUBATHCS KAK KOOPAHHATHL OTOH
touku. [lpm 3TOM paguyc-BEeKTOp TOUKH ABIACTCA (YHKLUHCH

otux koopamuar, Te. I =7(q,,4,,q,). Tlpn wnsvencuun

OTHOW W3 KOOPAWHAT W (DPUKCHPOBAHHBIX OCTAJIBHBIX KOHCII
pagnyca-BekTOpa 7 BHIMECPYMBACT JTHHHIO, KOTOPYIO HA3BIBAIOT
KoOpaAuHATHOH uHUCH. KoopawHaTHeIC THHHMH, BOOOINEC TOBOPS,
KPHBBIC, U MO3TOMY KOOPAHWHATHI HA3BIBAKOT KPHUBOIUHEHHBIMU.

EAMHHYHBIC OPTBI €, HANPABJICHHBIC IO KAaCATCIbHBIM K

KOOpPAMHATHBIM JMHHSAM B TOUKe M MpocTpaHCTBA B CTOPOHY
BO3PACTaHHA COOTBECTCTBYIOIIUX KOOPAHWHAT, OINPCACIAOT B
KaKJ0H TOYKE MPOCTPAHCTBA CHCTEMY KOOPAWHAT, MPHICM

_ 1 or
e =1T—T7——-
|,
aq,
BexkTtop cxopoct
— dr 2 or >
===y =SHge. L1
@ %og b &R, 0D
rae
Hl_:a_r: ﬁ + a_y + z (1.2)
oq, oq, oq, oq,

Pasencteo (1.1) mpeacraBmger coboil pazmoxkeHHe (a HE
OPTOTOHAILHOC TIPOCIIHMPOBAHKUC !|) BEKTOpA CKOPOCTH MO OCIM



KPUBOJIHHEHHONH  cuCcTeMbl  koopawmHAar.  OpToroHa bHBIC

NPOEKLIUU qu_ | BCKTOPA CKOPOCTH HA OCH (|; PABHBI

2
V  =Ve = SN 14 . (1.3)
B H, og.\ 2
Koaddumuentsr H; HassiBarores ko3dduimentamu Jlame
U HAXOATCS U3 COOTHOIIICHMS

dS = H dq
rac dS; — muddepeHnman ayra 1-d KOOPAWMHATHOM JIHHHUH TPHU
HU3MCHCHHH 1-H KOOPIHHATHI H (PUKCHPOBAHHBIX OCTAITbHBIX.

B camom aene, B npsAMOYTOIBHONW CHCTEME KOOPAMHAT
ds’ = di’+ dy’+ dz”, (1.5)

HO

dx = Z—dqz,dy Z@y dq .dz=%dg .

i=1 .
i i i

IMoxcrassist 3HaueHHs dx, dy, dz B (1. 5) MOJTYy YUM

dsS’ = ZH dgq’ +ZH dq dq, (1.6)

i.k=1
rac

_ox 8x+8y 8y+8z 0z
© 0q,0q, 0q,0q, 0q,0q,

IIpeamonaras, 4To W3MEHSACTCS JHINb OJHA KOOpPAMHATA, a JBC
apvrue ukcuposansl, nonyduM (1.4), T.e. ko3dpduuuenrtsr Jlame
MOMYYAIOTCS KaK MHOXHUTCTH Au(DPepecHINATOB KOOPAHHAT B
BEIPAKCHHAX A1 AUGPEPEHIHATOB IYVT COOTBETCTBYIOIIHX
KOOpAMHATHBIX  nuHUH. Ecnmm  cuctema  KpUBONMHEHHBIX

KOODAHHAT OPTOrOHAIBHA, T.C. CCIu npu I # K



T 1 ox Ox N oy oy N 0z 0z

i =0.(1.7
HH_\0dq 0q, 0q, 0q, 0q,0q,
ToH;=0mu dS° = ZHz.qujz.

ITosTromMy B ciaydae OpPTOrOHAIBHOM CHCTEMBI KOOPAMHAT s
MOV BEKTOpa CKOPOCTH MOIYIacM

V=[>H"q . (1.8)

OpToroHaTBEHEIC TIPOSKIMH BEKTOpa YekoperHs V Touxw Ha ocn
MPOU3BOJIbHOW KPUBOJIMHEUHOW CUCTEMBI KOOPAUHAT UMEIOT BUJ
2 2
W, =We, = L4 a AR a 4 . (19
1 H. |dtog\ 2 oq.\ 2
Kak BugHo w3z ¢opmynsr (1.9), npoekuuu yckopeHus Ha
KOOPAWHATHBIE OCH (; mnomyyarres guddepeHIupoBaHHEM
BBIPXKEHUA 4718 kBagpaTta ckopoctu. Ilpu 3TOM cneayver umeTs B

BUAY, 4TO (/, H (L HE3aBUCHUMBI, 4YTO OTpaxkaeT (akT

HE3ABUCUMOCTH COOBITHH: HAXOAWTBCS B KAKOW-THOO TOYKE
NPOCTPAHCTBA M HMMETh B 3TOM TOUYKE KaKyIO-JIHOO CKOPOCTE.
KpoMe TOro, usyuaercs He ABMIKEHUE MO HEKOTOPOU 3aJaHHOM
TPACKTOPUHK, a cHocod omnucaHus ar0bIX ABkeHUU. HMuaue
ropop:, pacCMaTpuBacTCda BCA COBOKYINHOCTE AOIMYCTHMBIX
JBHKCHUI W BBHIOOP TOUYKH MPOCTPAHCTBA 33JacT TOIBKO €€
IIOJIOJKEHUE, HUKAK HE OTPaHUYMBAs HAIIPABJICHHUE H BEIUUHHY
BCKTOPA CKOPOCTH.

3amaua 1.1. Haiitu cKOpOCTh ABMIKYINECUCA TOUKH U MPOCKIIUH €€
VCKOPCHUS HA KAacarCJbHBIC K  KOOPAWHATHBIM  JIHHUSAM
IUTHHAPUIECKOM CHCTEMBI KoopauHaT /', (2, Z (puc. 1).

Pemenne. Tak kKak CUCTEMA KOOPAMHAT OPTOTOHAIBHA, TO



V?=>H’q.
i=1

Haifnem xoaddurmmentsr Jlame, paccmarpuBas 37I6MEHTHI JAVT
BJ0JIb COOTBETCTBYIOIIUX KOOPAUHATHBIX JHHHUH.

dSr =dr, orxyma H =1, -""~-.,_‘_Z
dSq):l’ng,OTKy;[a ng:r, E
dSZ:dZ,OTKy,I[aHZZI. i
CrieoBareibHo, — i
VPP gt 4 2 i
Beimonssist onepanyun AU PCPCHIIHPOBAHHS B

COOTBETCTBHH ¢ (popmy ot (1.9), moayaaem Puc. 1

W =F-r¢°, W, =2i¢p+rp,

W =z

z

Ilpn aBMKEHMHM TOYKM B IUTOCKOCTH Z = COnst NEpBBIC ABE

KOMITOHCHTBI YCKOPCHHUA 3a4a10T PaauaJIbHY O W n

¥

TPAHCBECPCANBHY KO ng KOMIIOHCHTBI YCKOPCHHMSI B MOJSIPHOMU

CHUCTEME KOOpIUHAT.

2. Onucagyue NBUKEHHS TOYKH C IIOMOIIBIO
OCEN €CTECTBEHHOTO TPEXTPAHHNUKA

B kaxaol TOUYKE TPACKTOPHMH MOKHO MOCTPOUTH TPU
B3aMMHO TICPIICHAUKYIIAPHBIC OCH, HCITIOCPECACTBCHHO CBA3AHHBIC
¢ Tpaekropueil. Ecau Hauyano uX NOMELIEHO B JBHAKYINYIOCS
TOUKY M HaIPaBICHO MO KAacaTeJIbHOM, HOpMamH M OMHOpMAaTH

tpaexropuu ( T,M,0 - enunuuHbIC OPTHI 3TOH CHCTEMbI), TO 3TH

OCH HA3BIBAIOTCS €CTECTBEHHBIMH OCsiMH. Bextop ckopoctu V'
HAMpaBJIcH T0 KacatedbHOH K Tpacktopum V. =)'T . Bekrop

W BCCraa JICXKHUT B COHpHKElCElIOIl[GfICﬂ IITOCKOCTH TPACKTOPHH,



M TTO3TOMY ITPOCKITHS €r0 Ha OHHOPMATh pPaBHA HYITIO VVb =0.

[Tpoexmu BexTopa vekopenus }/  Ha kacaTenpHYIO M TIaBHYIO
HOpMAaJb K TPACKTOPHH PaBHBI COOTBETCTBEHHO
W dav I Ve
T = I =
dt Jo,

rac O - pasuyc KPHBH3HBI TPACKTOPHH B JTAHHOH TOUKE.

(1.10)

>

3agaga 1.2. Haiitu xacatenshoe W u nopmanshoe W

T

YCKOPEHHS TOUYKH, A TAKKE PAAUYC KPHBU3HBL 0 €€ TPACKTOPHUH,
€CJIH ABWKEHHE TOUKH BBIPAKACTCS VPABHEHUSIMH

gtz o = const

X=al, y=pl ——— :
y=F 2 [ = const

Perenue. Hnst  ompeneneHuss  KacaTr€apHOrO U
HOPMAJIBHOTO  VCKOPCHHMS  HAWACM  CHayala  CKOPOCTH

V =Xi +73j.

Takkak X =0, V= — gl , 10 V2=0{2+(ﬁ—gt)
gB-g)
Vo' +(B-gt)

Tak kak paguyc KPHUBHU3HBI TPACKTOPHUM HCH3BECTCH, HaMACM

OTtkyna WT =—

5 2 2
HOPMAaJbHOC YCKOPCHHC Wn 13 PaBCHCTBA W= WT + Wn .

Jlns sroro HyskHO cHawama Haiith W = Xi + JJ. Tak kak

X=0, V=—g.,10 W =—g. Mosromy

22
o
S .
n T 3
o’ +(B - gt)
Tenepr HETPYIHO OMPEACTUTD
. Ve

P = p=aig[a2 +(ﬂ—gt)2]%-




[I. KHHEMATHUKA TBEP/1IOI'O TEJIA

[Ipy mpOU3BOIBHOM ABHKEHHUH TBEPAOIO TEJIAa CKOPOCTH
M YCKOPEHHUS €r0 TOUCK MOTYT OBITh HAMACHEI 110 (hopMyIam:

V=V +axp, 2.1)
szm+§xﬁ+a_)><a7xﬁi, (2.2)

rae V, u W, - ckopocts u yckopenue BoiGpannoro nomoca O,

() U & - YIIOBbIC CKOPOCTb U YCKOPCHUE T€aa, O, — paauyc-

BEKTOP, NPOBEACHHBIN 13 momoca O B paccMaTpPUBACMYIO TOUKY

(puc. 2).
KoMnoseHTHI

YCKOPEHUS W =gx o)

% n W =@xBXP
‘ COOTBCTCTBCHHO
Ha3bIBAKOTCA BpPAINATCIbHBIM
%1 OCECTPEMHUTEIbHBIM

VCKOPCHUSIMHU

COOTBETCTBEHHO.

Yrioeas  CKOpPOCTb
TEIa HE 3aBHCHUT OT BBHIOOpa
TOTIOCA. [poexmm
CKOPOCTCH TOYCK TEJA HA MPAMYIO, UX COCAUHAIOLIYIO, PABHEI.
(IMTocneanee yTBEPKACHHE HECTIPABEJTHBO ISl YCKOPEHUI).,

PaccMoTpyM 4acTHEIC CIVYaH JABWKCHHUS TEIA.

Q

Puc. 2

1. IlnockonapanieabHOe IBHKEHHE TBEPAOIrQ TeJa

[InockomapanieIbHBIM JABHKEHHUEM TENIA HA3BIBACTCS
TaKkO€ [JBIDKCHHE, TIPH KOTOPOM BCIKOE CCUCHHE TEa
miockocthio Il  mapannenbHON  HEKOTOPOM  HENOABUKHOU
miockoctu Il;, octactes B miaockoctu II. Tlostomy Takoe
OBIDKCHUC CBOOUTCA K ABMJKCHHUIO ILTOCKOH (uryper B ce



miockoctn, M3 dopmymsr (2.1) Beitexaer, uro mpu @ # 0
(IBIDKCHME TENMAa HE SIBSCTCS MIHOBCHHO ITOCTYIIATCIBHBIM)

CYIIECTBYET TOUKa GUrypsl P, ckopocTs KOTOPOH VP =0. Dma

TOYKA HA3BIBACTCSI MTHOBCHHBIM HICHTPOM cKopocteii. Ecmu B
KQueCTBE IMOI0Ca B3sATh TOYKY P, 10 w3 (2.1) nomyuaem

VA =@ X [_)A, T.C. BCKTOP CKOPOCTH MNEPICHAUKYIAPCH

MPSIMOH, COCAMHSIOMEH TOUYKY A C MIHOBCHHBIM IICHTPOM
ckopocteit P. g ompenencHus MNOJOMKEHHS MIHOBEHHOTIO
IICHTPa CKOPOCTCH (UTYPHI JOCTATOYHO 3HATH HAIMPABJICHH
CKOPOCTEH Kakux-mud0 ABYX TOYCK 3TOM (purypei. MrHOBCHHBII
LICHTP  CKOPOCTCH  HAXOAWUTCA B TOYKC  NOCPCCCUCHUA
NEPICHANKYJIAPOB, BOCCTAHOBICHHBIX WX 3THX TOYEK K
HAMPABJICHUSIM WX BEKTOPOB Ckopocrtei. Eciam  ckopoctu
BBIOPAHHBIX TOYUCK MAPAIICIABHEI, TO MNCPHCHAUKYIPB K HX
CKOPOCTSAM THOO TapalICIbHBI, THOO COBMATarT. B mepBom
cIydac JABWKCHHUC (UTYPBHI MTHOBCHHO TOCTYIIATCIBHOC, BO
BTOPOM — MTHOBECHHBIM HCHTP HAXOTUTCS B TOUYKE MEPECCUCHHS
OOLIEr0 MEPICHAMKYIAPA K CKOPOCTIM C TPSIMOM, MPOXOASIICH
YCpe3 KOHITBI BCKTOPOB CKOPOCTCH 3THX TOUCK.
Tax kak npu nmockom aswkeHnn @ L 0, 1o dopmyma
(2.2) nas vekOpeHUA TOUCK (QUTYPHI IPHHUMACT BU
W =W,+sxp —a’p.. (2.3)
B sToMm caydac BpamareibHas U OCCCTPEMUTEIBHAS KOMITOHCHTBI
VCKOPCHHUS OPTOTOHAITBHEL.
3amaua 2.1. Kpusommun QA B uzobpaxkeHHom Ha (puc. 3)
MEXaHM3ME BpamaeTcs BOKpyr ocu O HEMOABHMKHOM mecTepHH |
C VIJIOBBIM
VCKOPCHHEM €&
UMEsT B JAHHBIN
MOMEHT
VTJIOBYIO
CKOpOCTE (V.
Kpusomun
HeceT Ha celde




OCh JIBOMHOM MICCTEPHHU 2-3, OKAHUMBASICH B LICHTPE MIECTCPHU 4.
Haiitn abCOMOTHYIO CKOPOCTh U aOCOIIOTHOS VCKOPEHUE TOUCK
M u N mecrepau 4 B MomeHT, koraa Toukd O, A u M nexar Ha

omnoit mpamor, a (OAL AN . Pamuycm mecrepen
V=F=2rr=r =r.
Pemenne. CkopocTh TOUCK TEIA MOKECT OBITH HAMACHA MO

dopmyie (2.1). Bozemem 3a momroc Touky A. OHA TIPHHAIICKHAT
KakK mecTepHe 4, TaKk U KPUBOLIUIY, MOITOMY CKOPOCTb €€ JIETKO

MOKET OBITh HAW/ICHA; VA = 6@r. YroGsl ONpPEEINTb YIIOBYIO

CKOPOCTh IIEeCTEpHU 4 (),., HAWAEM MOJOKEHHUE MTHOBEHHOTO

4
IICHTPA CKOPOCTCH 3TOM mecTepHu. s 3Toro 10CTaTOYHO 3HATH
CKOpOCTH ABYX TOoUCK wmecTtepHu 4. CkopocTe TOUKH A HalACHA.
Onpeaennm, kpome Toro, ckopocte Touknd K kacanus mectepeH
3 u 4. Touka B xacanmus mectepeH | U 2 SBISETCS MTHOBEHHBIM
LCHTPOM cKopoctedl aas mectepau 2-3. Cropocts nentpa C

IMECTCPHU 2-3, ¢ OJHON CTOPOHBI, paBHA VC = 3@r, tak Kak
touka C [€KUT HA KPUBOWIMIE, a C JAPYroH CTOPOHBI,
VC = @,F, rac (I, - abCOIIOTHAA YIIOBAad CKOPOCTh INECTCPHU

2-3. Otkyma @, = 3w (mampaBneHME (D, COBOAAET C

HAIPABICHUCM YTJIOBOH CKOPOCTH KPHBOINHIIA), CJICIOBATCIBHO,
V. =|\@, x BK

OTCYTCTBYET, TO CKOPOCTH TOUCK KAaCaHHUS MCKIY IMICCTCPHIMH
2-3 u 4 paBHbl MeKay coboit. Takum oOpazom, MBI 3HAacCM
ckopoct Touck A w K mecrepaun 4. Haxoamm mnomoskeHHC
MIHOBCHHOTO IICHTpa ckopoctei P Ha mnepeceucHum 001mero
INCPICHANKYIApa K cKopocTsM Touek A mw K ¢ mpamoid,

= 9@r . Tak xax MPOCKATL3BIBAHHE B CHCTEME

MPOXOISIMICH YEPE3 KOHITHI BEKTOPOB VA U VK (puc. 4). Tlpn

ITOM

V V

K A

KP KP—KA




Orxyaa KP = 37. Teneps Hetpyauo HaiiTi
w,. 0, =V, /KP = 3@ (nanpasncHue @,

IIPOTHUBOIIOIOAKHO HAMPABIEHUIO BEKTOPA YIJIOBOH CKOPOCTH
KPHUBOIIHUIIA). 3HAS MOMI0KEHIEC MTHOBCHHOTO LICHTPA CKOPOCTEH,

Haxoaum ckopoctu touek MuN: V=@, PM =3wr

(manpasnenue V), cosmagaerc V),

V,, =350r (V, L PN) umno dopwyse (2.1)

v, —a_)4><M’:3a)r, V.=V, +o,xAM

n Tax kax V, J_(a_)4 xm), TO
V, = J360°F +90°r =
=3/50r.

Hns  onpeaeneHus YCKOPEHMS
Touek M uw N w#cmoae3yem

-

M

dbopmyny (2.2), B3sIB B KaYECTBE
nmoarca TOUKy A. VYcKopeHue
TOUKA A HMMECT KacaTCIBHVIO U
HOPMAJIBHYFO0 COCTABIISIOLINC:

_ _ 2
W, =6er, W,6 =6wr.
[lpn mmockom aBMKEHHH (GUTYPBI YIIOBasg CKOPOCTH

do do _
= a)o -
dt  dt

(¥, ~ eAMHUYHBIH OPT, 3aJAMOLIMI HAMPABICHHE BEKTOpa (0.

MCHICTCI TOJBKO IIO BCJIHYHHC, T.C. E =

rae

[ToaToMy Tak Kak BO BCE BPEMsl ABHKEHUS COOTHOLICHUE MEXKAY
VIJIOBBIMH CKOPOCTSIMH INECTCPHH 4 M KPUBOILIWIMA COXPAHICTCS

(a) 5 (t )= 3(0(1 )), TO TAKOE K& COOTHOLICHHE CIPABEIIHBO H

AJIs yTIOBBIX YCKOPEHUH: &, = 3&. CaenoBarenpHo,

W." =W, =3er, W,” =W,” =90°r.

10



IMpoeunpys komnoHeHTbl yckopeHust Touek M um N Ha aBa
OPTOTOHAITLHEIX HANPABJICHUA (CM. pHC. 5), oygacMm

w, =W, -w,”f +w, +w,} =
=3/’ + 250",

Puc. 5

w, =, -w, "+, +w, ) =
—3ry5e° +130" +160°¢.

& I[BI/I}KGHI/IG TEJd, HMEIOIIECIO OAHY HENOABHIKHYIO TOYKY

Ecau TBEpAOE TENO UMEET OAHY HENOABHAKHYIO TOUKY, TO
A1 KKAOTO MOMEHTA BPEMEHH CYLIECTBYET MIHOBEHHASA OCh
BpalOCHUA, TMPOXOAAINAsd tUepe3 HEMOABIKHYIO Touky O.
Breibupast B kaduecTBE IOAIOCA 3TV TOYKY, A1 CKOPOCTH H

YCKOPCHUS TPOU3BOJIBHON TOYKH TC/Ia B COOTBETCTBHH C (2.1) m
(2.2) byaeM UMeETh

V. =& xOM, 2.5)



/= e —— _ - [ —— 7T ry7r ©O¢C

W, =exOM +oxoxOM =W~ +W, . (2.6)
BpamarenpHOE yCKOpPEHHME MNEPHNEHAUKYIIPHO K IMIOCKOCTH,
concpxameii £ w  OM. OceCTpeMHTENBHOE — YCKOPEHHE

HANPABICHO MEPNEHAMKYIAPHO K BEKTOPY (), OT TOYKH M x

—
ocu BpameHus, OOparuM BHuManue, uto Bektopa W, wu

7 OC
WM B 0o0meM cIydac HE OPTOTOHAIBHBI (CP. C IUIOCKHM

TBHKCHHCM).

3amaua 2.2, Jluck paauyca ¥ KatuTca 0C3 CKOMbXKCHHS
[0 TOPH30OHTAJIBHOH IIIOCKOCTH, COXPaHsS CBOK ILIOCKOCTH
BepTukanbHOH. Llentp C aucka OmuchIBACT OKPYKHOCTh PaIHyca
R, mpuuem BenmuurHa CKOPOCTH TOUKH C MEHAETCS CO BpeMEHEM

mo 3akony: }J = af. Haiiti abcomoOTHYIO VITIOBYIO CKOPOCTH H
abCONIOTHOC YIJI0BOC VCKOpeHHE aucka. Haditm  yckopeHume
TOYKH M, IOJI0KEHHE KOTOPOH Ha 000JC AUCKA OINPEACIACTCS
yriaoM (P, noka3aHHBIM Ha (puc. 6).

Pemrenue. YpasueHue mrHosenHodl ocu @ X F =0,
e CKOPOCTH
TOYCK, JICKAIIX HA
MTHOBCHHOH  OCH,
paBHBl Hymro. Bo
BCC BpeMs
aBuxkeHds touka O
OCTaCTCHA
HCTMOABHIKHOM,
TOUYKka A KacaHud
JUCKA c

IUIOCKOCTBI) HMECT

B
paccMaTpUBACMbIi MOMEHT CKOPOCTh, PAaBHYK) HVJIIO. 3HAYHT,
MTHOBCHHASI OCh BPAIICHHS BCC BPCMS MPOXOAHUT uepe3 Touky O
H B pacCMaTpuBacMBI MOMEHT coBMagact ¢ mpsmor OA.
Ckopocte Toukn C MOXET OBITH TIPCACTABICHA B BHIC

Puc. 6

12



V,=QxOC=wo xPC, re sexrop PC  3zanaer
paccrosiaue Touku C OT MTHOBEHHOH ocH. Tak Kak CKOPOCTH
touks C 3a7aHa, TO BEIMUHHA YITIOBOH CKOPOCTH () pPaBHA

4 V at

O=—=—AR +1r" =—AR" +71°.
PC  Rr Rr

Bo BpeMs ABMKEHHS BEKTOP () COBMAAAET ¢ MCHOBEHHOM OCBIO

M OIIMCHIBACT KOHHMHECKVIO MOBEPXHOCTh BOKpyr ocu OZ,

4 at

ocC R

Haiigzem BekTop VyriloBoro yckopeHus &. Ilycts

BPAILAsCh C YIIOBOH cKOpocThio L2 =

O =00 I Vi . o — CAMHUYHBIA OPT BEKTOPA @ . Torna

_ do do_ — _ do, — _

g = =—0,+QQxo, (tx. —=Qxa0,)
dt dt dt

Ilepoe cmaracmMoe B 3TOM BBIPAKCHHH 3a0acT HM3MCHCHHE
BCKTOpPA YTJIOBOM CKOPOCTH TIO BECIIMUHHE, a BTOPOH — H3MCHCHHC

() 1o HanpaplcHuIo. Ecam, Hampumep, |5 | = const, To

£ = ()X @, u 1BUKCHHC HA3BIBACTCS PETYILIPHON MPELICCCHCH,

a BEKTOp & HAmpaBeH IO KAacaTeJbHOH K OKPYIKHOCTH,
KOTOPYIO OIHCHIBAET KOHEL BEKTOPa (0 .
B HAIIICM cavyac COCTaBJISIOMAS

_do  aJR +7r

ST T (k)

HANPaBJICHA MO0 MTHOBCHHOM OCH, a

a 2

COCTAaBJISIOLIA E,= ‘Q X @ | = L M HampasjcHa
Rr
nepucHANKY JIpHO mmockoct AOC.
BpamareapsHOC M OCECTPECMUTEABHOEC YCKOPCHUS TOUKU M
HaiiaeMm no dopmync (2.6). B mpoekuuax Ha TPU OPTOrOHATBHBIX
HAMpaBJICHUA (CM. pHC. 6) 3TO AacT

13



] j k
ﬁﬁ7qr::25><() _ C]ZIZ __Ez fz. _
(Rr) r R
rsm@ R —rcoso

=ia(cosq —1)+ j%(atz COSQ + F'sin )+

\\-_.-—/

—a .
+ k—(at2 + rsin @
r

R r

2[2 2t2
irsing+ jR - krcosq))[a — + aR2 ]:
r

a’t’ ,
R + r*)sin 2rRsm — k2R*sin .
L [( Jsing — j2rksin” & g

Ecmu, manpumep, Touka M coBmamaeT ¢ Toukod A, TO

Pp= 0 u IMO3TOMY

2
I/Egp:jat +Eat VVAOC:O,
R r

rrr OC
(WA PaBHO HYTIO, TaK KaK TOYKA A JICKHT HA MTHOBCHHOH

.
ocu). Bexrop WA nexur B mockoctd AQC u oproroHaneH

npsmoit OA.
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1. CJIOXKHOE JIBUXKEHUE TOYKH

Ecaun Touka M ABHXKETCH OTHOCHTCIBHO HEKOTOPOH CPEAbI,
KOTOpas B CBOIO OUCPCAb TOXKC ABHXKCTCA OTHOCUTCIBHO CPCABL,

TIPUHATOU 3a

x3| &3 _ g HCTIOABIKHYIO, TO TaKOC
v ABIDKCHHC  HasbIBacTCH

CIIOKHBIM ABHKCHHUCM

3 TOUKH. Cesxem c

M IO ABUKHOM cpeaoit

o . CHCTEMY oTCUCTA
1 1 Ogcs,. a ¢

X2 HCNIOABIGKHOM Cpeaod -

CHCTCMY OTCUCTA

X O1 X, X, X,.  IBrkeHHe
Puc. 7 Toukl M OTHOCHTEIBHO

IO IBUKHOH cpe bl

Ha3pIBalOT OTHOCHTC/IbHBIM, JBHAKCHHC HO,Z[BI/I}KHOI\/‘I Cpcabl
OTHOCHUTCJIBHO HGHO,Z[BI/I}KHOI‘/’I — NCPCHOCHBIM, a ABHMKCHHC TOYKH
M OTHOCHUTEJIBHO HEIIOABIDKHOM Cpeanl Ha3EBIBACTCS
aAOCOJTFOTHBIM.

I'lo TeopeMe O CIOKCHHU CKOPOCTCH

V.=V +V, (3.1)
TaC Va — abComiOTHAsI CKOPOCTS, Vr —  OTHOCHUTCITBHASA

CKOPOCTh, Ve — MNCPCHOCHAA CKOPOCTD.

Ilonoxenne Touku M OTHOCHUTENIBHO TOABHKHOM CPEABI

3
samactes  Bextopom  OM OM = Zf}.l ;»  TIO3TOMY
Jj=1

OTHOCHUTEIBHO 3TOH Cpeabl CKOPOCTh TOUKH M omnpenensercs
COOTHOINCHUCM
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V=3¢ (3.3)

ITepenocHaga cxopocte TOUukH M — 3TO CKOpPOCTH TOHM
TOUKH TMNOABUXKHOM CPEeAbl, ¢ KOTOPOM B JAHHBIM MOMECHT
coBmagacT Touka M, T.¢.

V.=V, +o,x0OM, (3.3)
rac GTQ — VYIJIOBasi CKOPOCTb MOABHXKHOW cpeabl. [Ipu stom

CACAYET HWMETh B BHAY, YTO ONPEACNIis OTHOCHUTEIBHYIO
CKOPOCTB, MBI MBICIIEHHO OCTAHABIHBAEM MEPEHOCHOE JBHIKCHHE
M, HA0OOPOT, TIPH OTHICKAHHH TIEPEHOCHOW CKOPOCTH (PHKCHPYEM
MOIOKEHHUE TOUKH B MOABHIKHOM CPEJE.

AOCOMIOTHOE YCKOPEHHE Wa NOJIVYACTCA MO TEOPSME
Kopunonuca:

W =W +W +W_, (3.4)

1€ OTHOCHUTEIBHOE YCKOpEeHUE TOUKH M paBHO
— 3 oe =—
W =3¢l . (3.5)
Jj=1

MICPEHOCHOE VCKOPECHUE — YCKOPEHUE TOUKH MOABHIKHOM CPEABL, C
KOTOPOM COBMAJACT B PAcCMATPUBACMBIM MOMEHT Touka M —
BBIPAKACTCHA COOTHOLUCHHUCM

W =W, +& xOM+@, <o, <xOM , (3.6)
YTO COBMATACT C BBIPAXKCHHCM ISl VCKOPCHHS TOYKH B (hopMyac

(2.2), 3agaromed VCKOPCHHEC TOYKH TBCPAOM CPCObl  IIPH

MIPOU3BOJIBHOM JBHKCHUH.
YckopeHue Wk Ha3bpIBACTCs yecKopeHueM Kopuonuca u

pPaBHO
W.=2o,xV . (3.7)
B ¢dopmynax (3.6) u (3.7) @, u &, — VIIOBHE CKOPOCTb H

VCKOPCHHE ITOJABHKHOU CPEIBL.
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Jamaua 3.1. Touxka M paBHOMEPHO JABIKETCSA TIO
Mepuauany mapa paguvea R co ckopocteio V. Ilap Bpamaercs
BOKPYT BEPTHUKAJIBHOTO JHAMETPA € TIOCTOSIHHBIM VTJIOBBIM
yckopenueMm £. Haiitu aOCOMIOTHRIE CKOPOCTE W YCKOPECHHE
TOYKU M B 3aBUCUMOCTH OT yIja WHPOTHl (P, €CK B HAYaIbHBIH

MOMECHT TIap TMOKOUJICS, a TOUYKa M Hax0aunace Ha 3KBATOPE.
Pemienue. JpmxcHue Touku M mo MepuanaHy mapa —
OTHOCHUTCIIBHOC ABHKCHHUC. BpatmeHue mapa — nepeHOCHOE

ABukcHUE. Torga OTHOCUTENBHAS CKOPOCTh Vr =V . Ecnu

HA4AJIO TOABUKHOM CHCTEMBI B3iTh B Touke O, Toraa
V,=0, @,=& n OM=R J = gRcOS (. Tak xax Bextop

Vr HAIPAaBJICH B JAHHBIM MOMEHT M0 KaCaTEIbHOU K MEPUAHAHY

(TPacKTOPHH OTHOCHTCIHHOTO ABMAKCHHS), a BekTop V. 1o

e

KacaTCIbHOH K Tapajic/ina (TPACKTOPUH TICPCHOCHOTO
,Z[BI/I)K@HI/IH), TO OHH OPTOTOHAJIBHBI H ITO3TOMY

Vo=V + V2% =V + 1R cos’ .

Puc. 8

17

Yckopenne  Toukum @0 M
HaxoauM 10 hopmyiie (3.4).

Yckopenme
OTHOCHTEJBHOTO JBUAKCHUS
3a0a0UM B TIPOCKIHSIX Ha
oCH CCTECTBCHHOTO
TpexrpaHHuka. I[lpu sTom

w._=0, TaK KaK

OTHOCHUTCI/IBHOC ABHMKCHHC
PaBHOMEPHOE, &

W =V'Ip =V*/R

(3mece L - paamyc
KPUBU3HBI TPACKTOPHUU
TOUYkd M B OTHOCHUTEIIBHOM
newkenun).  IlepenocHoe



VCKOPCHHUE HAXOAUM ¢ moMoinbro opmysl (3.6). B cuny Beibopa

HO,HBH)KHOﬁ CHCTCMBI KOOPOHHAT WO = O 5

w,” =[g. x OM

e

W™= ‘a_) X @ OM‘ = &°t’Rcos .

= gRcos,

Kopuomucoso yckopenue W, = 2&vsin .

KomnoneHTsl yckopeHMs mpeictaBineHel Ha puc.8. [lpoeumpyvsa
KOMITOHEHTBl YCKOPEHHA HAa TPH OPTOTOHAIBHBIE HANPABICHHS,
HAXOJUM BEJIHYHHY aOCOTIOTHOTO YCKOPEHHS TOUKH M

2

w, =W+ W cosof + W sino) + (W -w,)

2

2 4

y vt
g't'Rcosp+—cosp | +——sin” @+
= R R

2

\ + (gRcos @ + 2&tvsin @)

IV. CJIOXKEHUE JIBUKEHUU TBEPJIOI'O
TEJIA

Ecmu TBepaoe TEI0 ABMXKETCS OTHOCHUTECIBHO HEKOTOPOM
MMOABMKHOM CpPeAbl M BMECTE C HEM JOBHKETCA OTHOCHTEIBHO
JPYroH, MPUHATOM 34 HENOABMKHYIO, TO HHOTJA OKAa3bIBACTCSI
VA0OHBIM TIPH ONPEACTICHHH CKOPOCTEH H YCKOPEHHH TOUEK TEIa
TOTB30BATHC (POPMYTIAMH CJIOKHOTO IBHIKCHUS TOYKH (3.3) H
(3.4).

Ilpy »TOM  yraoBBIE  CKOPOCTB M YCKOPEHHE
VAOBJICTBOPSOT COOTHOUICHUSIM!

O =0,+0, (4.1)
+& +0,Xa@,. (4.2)

E =€,

18



Ilpu pemennn 3aza4q st ONMPEACIACHUS YIJOBBIX CKOPOCTCH B
TJIOCKHUX MEXaHH3MaxX 4acTo MPUMCHAIOT MeToa Bumica.

JUis  3TOTO  BBOAST CHCTEMY OTCYCTA, HCH3MCHHO

CBA3aHHYIO ¢ KpuBomunoMm (puc. 9). B sroit cucreMe orcuera

KPHUBOLIHIT

L~ 2 1 0 HCTIOOBHOKCH, A

ﬂ ~J ] .... 1 ] aOCOTIOTHBIC

VIJIOBBIE

CKOPOCTH  BCEX

Puc. 9 KOIEC HM3MEHSTCS

Ha Bemmumay ()
VIJIOBOM CKOPOCTH KPHUBOIIMMA (OTHOCHTEIBHBIE  VIJIOBBIC

ckopoctu @, =@, — £2).
IMocae 3Toro, paccMaTpuBas KaKAVIO Tapy Kolec,
HAXOIAMUXCS B 3alCTIICHUH, MOKHO 3aITHCATh COOTHOIICHHUS IS

CKOpPOCTEH TOUYEK CONMPHUKOCHOBEHMdA, Kak €CclIh OBl Koieca
BpaLNATIUCh BOKPYT HEMOABHKHBIX OCEH:

a)ir]/; = ia)(z’ﬂ)r ]/;+l

WIn

(a)i o Q)rz = i(a)iﬂ o Q)riﬂ 2

II€ 3HaK “+~ CTABUTCS B CIYYac BHYTPECHHETO, & 3HAK = B

CJy4ac BHEILIHETO 3aLCTUICHUS MEXKAY KOJIECAMH.

Jamaua 4.1. Pemwure 3amauy 2.1, ucmonsiysa (GopMy sl
KHHEMATHKH CJIOXHOTO ABHKEHUS TOUKH.

Pemenue. [pmxenue touek N u M mectepur 4 MOKHO
npeactaButh Kak cnoxkHoe. [logewknyro cucremy otcuera
MOYKHO BBIOpaTh pazimu4HbIMH criocoOamu. PaccMoTpum aBa u3
HUX:

1. Cucrema koopaAMHAT BPALIACTCS € YITIOBOM CKOPOCTHIO
KPHBOIIHIIA, HAYAJI0 €€ TIOMEIIEHO B TOUKy O.

2. CuctemMa KOOPAMHAT ABIDKETCS MOCTYMATEIBHO, HUMES
HAJAJI0 B TOUKC A.
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Ucxons w3 dopmyn (3.1) m (3.4) mpocacamm, Kak
HU3MCHSIOTCA IPU 3THUX BbIOOpax MOABHXKHOM CHUCTEMBI OTCUETA
COCTABJIIOIIHC CKOPOCTH B YCKOPCHUS ToucK M u N.

1. B nepenocnom asmkeHuu touka M (N) Oyaer asurarbes 1o

okpyxuoctr pamuyca OM =Tr (ON = \/377”) C TICHTPOM B

HETIOABMKHOM Touke O, mpuuem

W, =0,&, =E. 3Haumr,

Vo=V, +@ xOM =@, xOM .

v, =1or, veNzﬁa)r),

W =W, +&xOM + @, <@, xOM =W,." +W,”
w " =Ter, W =~ =Twor

OtHocutenpHOC ABMKCHHE TOUKH M (N) — IBIDKEHHE €€ BMECTE C
MCCTCPHCH 4, KOTOpas BPaAIOACTCS OTHOCHTCIBHO BBIOPAHHOM

TIOJABMXKHON CHCTEMBI C YITIOBBIM YCKOPEHHEM &, H HMEET B
JAQHHBIH MOMEHT YIJIOBYIO CKOPOCTh (), . lna onpeaeneHus:

@4}’
a6COJ'[IOTHbIe VIJIOBBIC CKOpPOCTH MCCTCPCH

BOCmoNb3yemMcs  MetoaoM  Bumnmca. O0o3Haunm

a, = 0, W, =0,, @,. (IT0 HX abOCOMIOTHBIC 3HAYCHH).

IlepeiineM B CHUCTEMY KOOPAHMHAT, JKECTKO CBA3AHHYIO C
KpuBomumnoM. [lo OTHOIMEHHWIO K 3TOH CHCTEME VIJIOBBIC
CKOPOCTH LIECTEPEH OV AYT COOTBETCTBEHHO:

w, =0, 0, =0, 0,

0, =0,—-0, O, =0,—Q0.

Tak kak NPOCKANb3BIBAHUE B CHUCTEME OTCYTCTBYET, TO MOIKHO
NpUpPaBHUBATE MEXIY CODOM  OTHOCHUTENBHBIE  JIMHEHWHBIC
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CKOPOCTH TOYEK KAaCcaHWsA. YUTEM TENEpPb, UTO MNPHU BHEIIHEM
3aLCIUVIEHUH  LIECTEPHH BPALAKOTCd B MNPOTHBOIOIOMKHBIX
HarnpasiacHUAX. [lomyuanm

(_ a))rl = —(0)2 - a))rz = 0,1,
(a)3 — &))7"3 =0, 7= —(604 _ 0))7"4 =—w,7r,,

OTKYJa @, = —4@. 3aech 3HAK “—* MOKA3BIBAET, UTO YINIOBAA
CKOpPOCTb (¥, TNPOTUBOIOJOXKHA YII0BOH CKOPOCTH KPHBOIIKIIA.

Tak kak B paccMaTpHUBacMOM CIy4ae CHCTEMA COBEPIIACT

TIOCKOTIAPALIETIBHOE
A WBP ABHIKCHUE H a)e”a)r , TO
&}
dhopmya (4.2)
A Vau MPUHUMACT BHJ
g =€ +€..
= a e ¥
Wk Taxum obpasom, 3Has
” o o
& u & HAXOIHM .
a e’
VrM g4r - _48 ’
y Wi, Tenepp  MOXKHO
HAUTU BCIIHYIHHBI
OTHOCHTEIIBHEIX CKOPOCTECH VrM . VrN Y YCKOPCHHUU VVFM . erN .

OTHOCHTCIBHBIC CKOPOCTH VrM = VrN =4or .

Tax KaK
OTHOCHTCIBHOC
JIBHKCHHE TE/Ia YHCTO
BpPAIIATCIBHOC, TO
KacarciapHasg

COCTABJIAIOIIAA W

¥FT
YCKOPCHHUS COBIIQJACT
C BpaINATEIbHOU

Puc. 11
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ep “
Wr , a HopManeHas /) - ¢ ocectpemurenpHOi M
m ¥

Wrr = VV;’MSP = Wrng = 467/'7 Wm = WFMOC = WFNOC =16a)2r

(3TO HE BCETAA CHPABEAIMBO, Tak Kak Hampasiacaus W u W

. 17 60 oc
onpeaesoTCs TpaekTopuel Apwkenns Touku, a W u W

3aBUCST OT BHIOOpPA MONIOCA, C MOMOIINBI0 KOTOPOTO 3aMMACHIBACTCS
BBIPAKCHUC YCKOPCHHUS TOUKH Teaa (cM. popmyay (2.2)).
Kopronucoso yckopeHue:

|WKM’ =W |=2040r =80°r.

HanpasneHusi COCTaBISIIOIMMUX CKOPOCTEH M YCKOPECHHH TOYCK
M m N npeacraBmenst Ha puc. 10 w 11, Cxaaxereas
COOTBCTCTBYIOLIMEC COCTABMAKOIIMEC A1 MOAYJICH BCKTOPOB
CKOPOCTH H YCKOPEHMU, MOJIyYaeM

VaMzVeM_VrM=3a)r3

V. = [%VQNT{ ] =3/50r,

w,, =, -w-w, )+ (W )
=3re’ + 250"

[LW@ -W +W"CL+W“] +

[37 e K e [37 ¥
1 Wsp 6W oc )

+| F=— =W
V37 37 '

—3rd130" +5¢” + 160 c.
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2. Tak xax MOABWXKHAS CUCTEMA KOOPAHUHAT ABHIKETCS
TENEPb MOCTYNATENBHO, TO (1, = O, &, = 0. [MosTomy

_ _ _ _ _ 2
V.=V, =6ar, W =W, W, =6e, W, =60°r).
OtHocutenpHOE aBHXKCHHE — ABwkeHHe Toukd M (N) mo
OKPY’KHOCTH paauvca ¥ ¢ ueHTpoM B Touke A. Ipu atom

— —_— rr r7r 6P ry7 OC
V=wo,xAM, W =W "+W .
OTHOCUTE TBHBIE
B VIJIOBad CKOPOCTh U
N\ Veou VITIOBOE  YCKOPEHHE

COBNAJAIOT B JAHHOM
cavdac ¢ aOCOTIOTHBIM

M (oM. dopmyastr (4.1) u

v (4.2)).
N
/ CreaoBareiibHO,
WBNp VrM = VrN = 3@7‘,
< / WP]\? W 6 W e 3
M - N - (C’T)
oc oc o)
w. =W, =%b»r,
w. =W, =0.

Tak kak cucTeMa OTCUCTA ABHIKCTCS MOCTYIATCIBHO, TO I
BCJAUYHUHBI CKOPOCTH W yCKOpeHWs Touek M u N momydacm
(cM. puc. 12)

V, =V, -V, =3wr, V, =V, +V,> =350r,
W, =AW 7] <, ) =3 + 250"

W, =, +wF W, +w ) =
= 3r130" +52° +160°¢.
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3agaua 4.2. Pemmuts 3agauy 2.2 ¢ momorpio Gopmyil
CIIO’KHOTO IBHIKECHHUSI TOUKH.

Pemenue. Ecmm paccmarpuBaTh ABMIKCHHUE JUCKA Kak
CIOXHOE, TO MOXKHO, HAmpHUMeEp, B3ITh B  KadeCTBE
OTHOCHTEJIbHOIO ABIKCHHs BpaineHue Aucka Bokpyr ocu OC, a
MEPEHOCHBIM TOTJAa OYAET BpAIEHHE OUCKAa BMECTE € OCBIO
OC Bokpyr ocu OZ. Tak kak LEHTP AWCKA YIACTBYET TOJBKO B
IICPCHOCHOM  JBIDKCHUH,
JETKO HAWTH TIEPEHOCHYIO

,_9)_":1_ _______ YIJIOBYIO
E 8 CKOPOCTb:
: "R c o =V /R=at/R.
f - S 1
O [{x\ | 3nas @, , Haxomaum @), :
O . | T
el at
Y O, =—~R +71°,
A rR
Puc. 13 o, =octga=at/r

(cm. puc. 13). CooTsercTBEHHO &, = al R, g, = —a/r, tax

KaK TICPCHOCHOE U OTHOCHTC/IBHOC JBIDKCHHA — BPAIICHHA
BOKPYI' HCIHNOABHXKHBIX B COOTBCTCTBYHOIIHUX CHCTCMAX OCCH.
AOCOIFOTHOE YTII0BOE YCKOPEHHE TTONMyYnM o (opmyie (4.2):
2,2
— — = pm— — - a lL - a U a
E =+ +0, X0, =I——— j—+k—
[2] [ ¥ [ ¥V
IR ¥ R
KomnoneHnter  yckopenus Ttoukd M Haiinem mo  dopmyrne
Kopuosmca. B mpockiusix Ha TpU OPTOTOHAIBHBIX HAMPABJICHHUSI
OHH HMCIOT BHI (CM.PHC.6)
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[ k
W= xOM=| 0 0 alR |=
rsingg R —rcosQ
—ia+ % sin
J I 0,
- L _adtt _a’t?
W= =, xo,x0 =—1'ar2 rsm(p—jaR
[ J k
W"=g xCM=| 0 —alr 0 |=
Fsin @ 0 — FCOSQP
=iacosQ + kasin @,
W =o, x@ xCM =-0,"CM =
242
_at Fsing -k coso),
r
[ 7k
W.=2m xv =2/ 0 0 at/R
atcosp 0 atsing
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V. ITPUMEHEHHWE TEOPHUHU CKOJIB3AINX
BEKTOPOB B KUHEMATHUKE

[Ipy paccMOTpPEHUH CIOKHOTO ABUKEHUS TBEPAOTO TEaa
TPCOYCTCS HAWTH PACTPCACICHHE CKOpOocTCH Touck Tema. [lpwm
ATOM BO3HHUKACT 337244 O CJIOKCHUH JABUKCHHH.

Korga roBopsaT O CIOKEHHMHM JBVX BpAIICHUH WU
BpaIAaTEAPHOIO M MOCTYNATEJbHOIO JABMJKEHMII Teaa, TO
MOAPa3yMEBAIOT, YTO OJAHO M3 3THX JBHKCHUH TEC/IO COBCPIIACT
MO0 OTHOUICHUIO K MNOABMKHOH CHCTEME OTCUCTA, a APYroc —
MOABMYKHAA CUCTEMA OTCYETA 10 OTHOLICHHUIO K HEMOBIKHOM.

PaccMoTpuM  CHauanza  CIOKCHHC — BPAIIATCIBbHBIX
ABMoKCHHUM. [lokakeM, 4YTO m0OpH 3TOM
BEKTOD (¥ BEACT CeOs KaK CKOIB3SIIUUI
BCKTOP, T.C. XAPAKTCPUIYCTCA BCIUYHHOM,
HAMPABACHUEM U TUHUEH ACUCTBUS.

Ilycte TEJIO COBCPLIACT
BpAaLNATEIbHOC JBHIKCHHUE BOKPYT
HEKOTOPOU ocu. BexTop yriaosoi ckopocTu
() 330aCT HANPABICHUC BPAUICHUS H
CKOPOCTb U3MCHCHUS VIIa MOBOPOTA TEJA.
Ilpy 2TOM pacmpeacacHUE CKOPOCTEH

Puc. 14 TOUCK TENa Vz =@ X 0, B CHIy CBOHCTB

BEKTOPHOT'O NMPOU3BCACHHSA HE 3aBHCHT OT

TOrO, B KAKOM TOYKE OCH BPALICHHUS MbI IOCTPOMM BEKTOP (@) .
MOMCHT CKOJB3SIICTO BCKTOPA OTHOCUTEIBHO nonroca O

BBOIUTCS B COOTBETCTBHH v PaBEHCTBOM

n (F)=f><F=@><F, rac 04 - pagMyC-BEKTOP,

0
npoBeAcHHBINH w3 momroca O B mOOVID TOUKY A Ha JTHHUH

nedicteus  Bexktopa /Y. PaccMoTpuM MOMEHT BekTOpa (@
OTHOCHTENBHO mojroca O:

W(ﬁ)=@x5=a7x0/l. (5.1)

o
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Ho @ x AQ) - Bextop mumeiiHoi cxopocts Touku O mpu

BpaIcHUH Tela BOKPYT OCH C YIJIOBOM CKOPOCTBIO (U, T.€.

MOHATHC BCKTOPA MOMCHTA CKONB3AIICTO BEKTOPA OTHOCHTCITBHO
NOJHCA HMCCT DJKBUBAJICHT B KHHCMATHKC B BHAC BeKTopa
THHCHHOM ckopocTH Tomioca O mpH BpaIcHUH Tena BOKPYT
HCTIOABMOKHOM ocu. TakuM oOpazam, TpH H3IYYCHHH IO
CKOPOCTEH TOYEK TBEPAOrO TEAA BEKTOP () MOXKHO CUHTAaTh
CKOJIB3SILIUM BEKTOPOM.

PaccMoTpuM Temephs PacHpeacneHUE CKOPOCTEH TOYCK

g TBEPAOTO TEJIA MPH APYTHX
2 ABIDKCHHSIX M TIOKAXKCM,

910  ChOPMYIMPOBAHHBIN

BBIBOA ( (¥ — CKOMB3SIIHIA

i BCKTOP) COXPaHSICT CBOIO
L7 CHITY .

. 3amaga 5.1. Teno
X R; VIACTBYET B ABYX
< BpALLCHUAX BOKPYT
Al D nepecexarmomuxcst  OCeEH,
T.C. TCIO BpamacTca ¢

YIJIOBOH CKOPOCTBIO (U,

Puc. 15 BOKPYT HEKOTOpOH ocu AC
(OTHOCHUTCIIBHOC

ABHJKCHHEC), a ¢aMa OCh BPAI[ACTCA ¢ YIIOBOH CKOPOCTBIO (),

BOKpYr ocu AB, nepecekaromieiics ¢ nepeod (IMEPEeHOCHOE
TBHCKCHHC). HaliTH moe CKOpoCTeH TOUCK Tela.

Pemcane. Bocmombayemces dopmynoid (3.1) crokenmns
ckopoctei. [Ipu 3ToM epeHOCHAs CKOPOCTh MPOU3BOTBHOM

Touxu Tena V', = @, X R . otHoCHTEABHAs CKOPOCTD

V =0, x R . [Moacrasmas Ve ul s (3.1), monyuacm

V. =@ +@,)xR.

O6oznHaunm (2 = @, + @, . Torga Vm. = Qx E :
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To ecTe MBI MOMYYUIH, YTO PACOPEACICHHE CKOPOCTEH TOYEK
TBEPIOTO TEla TAKOBO, KaK €CIH OBl OHO BpaIaloCch BOKPYT OCH,
HaMpap/IeHUE KOTOPOH B JAHHBIM MOMEHT ONPEASTACTCS

pektopoM (). TakuM 06pazoM, Mbl MOJYYAEM, YTO YIIOBBIE
CKOpPOCTH, Kak W  JHOOBIC  CKOJB3SIIHE  BEKTOPHI  C
NCPCCCKAIOIMUMUCA  JTHHUSMH ~JCHCTBHS, CKIQABIBAIOTCS IO
NPaBUITY NapaIieaorpamMmma.

3apaga 5.2. Temo Bpamaerca ¢ YrI0BOH CKOPOCTBIO (),
BoKpyr ocu 1-1. Ock 1-1 B cBOIO oucpeap BpammacTcsd BOKPYT
MapaieabHOM ¢if ocu 2-2 ¢ yrmoBoil ckopoctsro (), . Haiiru

pacnopeacacHue CKOPOCTEH TOUEK
2 6 TCIA TPH CICAVIOIIHX YCIOBUSAX:

1 — ——

) a) HampaBICHHUI @, U @

1 2

N coBnajaioT; 0) HampaBacHHA ),

OA U (@, TOPOTUBOMNOJOXKHBI H
4

) | >,

11/10)2

. B) HAIPABJICHUS ()

b’

—_

MMPOTHBOITOIOZKHBI H

|a)1| - |a)2|

Puc. 16 PemcHue. BpamcHuc
Teaa BOKpYT ocu 1-1 mpumem 3a

OTHOCHTENIBHOE, a BpalllcHUE camoi ocH |-1 — 3a mepeHoCHOE.
OueBHAHO, TPH BCEX YKA3AHHBIX YCIOBHSAX JBIDKCHHE
Teaa OVAET MIOCKOMApATICTbHBIM W CKOPOCTH  TOUYEK,
PacCHONIOKEHHBIX Ha  KaKOH-TMOO  TPsSIMOHM,  MapajuieIbHOU
VIJIOBEIM CKOPOCTAM, OYIYT B JAHHBIH MOMCHT OJHHAKOBHI.
[ToatoMy  10CTaTrOYHO  PacCMOTPETh  CKOPOCTH  TOYEK,
PACITOIOKCHHBIX B JTIOO0H IHIOCKOCTH |1, meprncHANKY IIpHOH K

o na)z.

Cayuaii  a). ITycte  mmockocte Il mepecekaer

1

MIOCKOCTh (a_)la_)2) no mnpamoii AB. Torga ckopocTb
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por3BOAbHON ToukHd N oTpe3ka AB B COOTBETCTBHH ¢ TEOPEMOH
CIIOKEHUSI CKOPOCTEH MOKET OBITh MOTYUCHA U3 PABCHCTBA

V. =V _+V, =@ xBN +@, x AN. (5.2)

VN = VNr
Tak xak cjaracMbic B PaBCHCTBC (5.2) TPCACTABIAIOT COOOH
MPOTHUBOMOJIOKHO HANPABICHHBIE BEKTOPHI, TO Ha oTpeske AB
HakaeTca Takas Touka C, A9 KOTOPOM 3TH BEKTOPBI PaBHBI TIO

moaymo, u mnostomy V., =0. Tlonoxenue »>Toii TOUKH

¢
ONPEACIISICTCS PaBEHCTBOM a)ZAC = a)lBC , OTKYJa
AC/BC=0)1/G)2. Hos

_ N MPOU3BOJIBHOMN TOYKH M

ITOCKOH (PUTYPBI, VUUTHIBAS,
4TO

AM = AC + CM ,
BM = BC +CM , u3(5.2)

IIOIY4YacM

V., =@ +o,)xCM
Puc. 17 i, 0003HAYAs
Q=0 +0,,

V., =QxCM.

Takum 00pasoM, KapTHHA pacnpeiciacHUs CKOPOCTEH
TOYECK B 3TOM CIyYac Takas K€, Kak €ClM Obl ABHKEHHUE ObINO
YMCTBIM BPAIICHUECM BOKPYT OCH, MApaIensHON (), u @,

meKarmed Mekay ocamu 1-1 u 2-2 Ha pacCTOAHHAX, O0OpaTHO
MPONOPLMOHANBHBIX MOAYIAM VIIOBBIX ckopoctel. Ilpu stom
BEKTOpP VIJOBOH CKOPOCTH

— — N 7 Q2 PE3VIBTHPYIOLLETO
JABIJKEHUSI  PaBEH  CYMME

BEKTOPOB @, u @, .
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K Takomy k¢ pe3viabTaTy MBI IIPUAEM, UCXOISI U3 TEOPUHU
CKOJB3AMMX BEKTOPOB. B camom aene, 700aBuM BEKTOPHEIH HY.Tb

(5,—07) K CHCTeME BEKTOpoB (), u @), (cm. puc. 18) m

CIIO’KMM BEKTOPBI (1),

CKOJIB3AIINX BEKTOPOB CKOJIB3UTH BJAOIb JHMHUHM ACUCTBHA (CM.
3agaqay 5.1), MEpeHeceM MOJIYUYCHHBIC BEKTOPBI B TOUYKY HX
MICPECCUCHHAS M CIIOKUM CHOBA. [ OpM30HTATBHBIC KOMIIOHCHTBI
JAagyT  BEKTOPHBIE  HYIb, a  BEPTUKAIBHBIE  CIOKATCA

Q=0 +0,.

Cnayuaii 6). IlpoBoxs aHATOTHYHBIC PACCYKACHUS,

u @, @, n— 0 . Tlons3ysics CBOHCTBOM

yOexKIaeMCa, uTO B CIy4ae, KOTJa BEKTOpe ), H @),

HAMNPABJICHBI B MNPOTUBOMOJOKHBIC CTOPOHBI, PE3VIBTUPYIOLICE
JBIDKCHUC TIPCACTABIACT COOOHM BPAICHHUE C YIIIOBOH CKOPOCTHIO

Q=o, +®,. Tpu stom sextop () nmemur B MWIOCKOCTH

(0710_)2) MapayieiicH BekropamM ), u 0,

| HaIpaBJICH B

CTOPOHY OOJIBIICH M3 HUX W MPOXOIUT YSPE3 TOUKY, JCKALIYIO HA
mpoaomKeHU oTpe3ka AB 3a BexkTOpoM OOMBIICH MO MOAYJIIO
YIIOBOH CKOPOCTH.

Cnyuait B). Bextopst @, u @, obpasyior mapy.

Hcnonpsys dopmyny (3.1) m yuuthiBag, uro @, =—@,,

AB =AM + MB, ana cxopoctu mpomssombHON Toukn M
TeIa HMEEM

V. =0 xBM+®, xAM =@, x BA.

MBI TTOJTYYHITH, YTO CKOPOCTH BCEX TOUCK TC/Ia B JAHHBIH
MOMEHT COBMAJAKOT MEKIy CO0OH, T.€. JABIDKCHHE TeEa
MTHOBEHHO MNOCTYyMaTeapHOE. Takum 00pa3oM, mapa BpalueHUi
AacT YUCTO HOCTYH&TGHBHOC ABHUZKCHHUC .

O06parHo, BCAKAs MOCTYNIATEIBHAS CKOPOCTh MOXKET OBITh
NPEJCTABICHA B BUAC MAapbl MTHOBCHHBIX YIJOBBIX CKOPOCTEH,

MIOCKOCTh KOTOPOH MepneHAuKyspHa K}
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W3 Tteopunm CKOAB3AMMX BEKTOPOB HM3BECTHO, UTO mapa
CKONB3AIIAX BCKTOPOB XapaKTCPH3YCTCA MOMCHTOM  TIapHI,
KOTOPBIA SIBIACTCSA CBOOOTHBIM BCKTOPOM. 1O €CTh MBI CHOBA
JCIacM COBMAJAOIMKC BBIBOABI W3 (POPMYNT KHHCMATHKA W W3
TCOPUH CKOJIB3SIIUX BCKTOPOB.
ObparuM BHHUMaHHC CINC HA TaKOH
dakr. IlycTh TEIO B AaHHBIE MOMCHT
BPAIACTCS BOKPYT OCH, MPOXOISIIIESH
Yepe3 TOYKY A, ¢ YIJIOBOU CKOPOCTHIO
@. Tloctpoum B TOuke B Tema
BCKTOPHBIH  HYNb,  OOpa30BaHHBIH
OBYMSI BEKTOPAMH VTJIOBOM CKOPOCTH
' @D'=0 u—0 =—@. Bextops @

U — (@ 00pasyIoT mapy ¢ MOMEHTOM

Puc. 19 V = x AB (nocrynareapHas
CKOPOCTB), BEKTOp (0  OMpEAeTscT

BpallaTe/IbHOC IBIKCHHUC. JHAYHT, BPAIICHHC TEla C YIIOBOM
CKOPOCTBIO () BOKPYT OCH, MPOXONAINCH HEepe3 TOUKy A,
SKBHUBAJICHTHO CYMMC ABYX ABH)KCHHI. MTHOBCHHOMY BPAIICHHIOQ

v v — ——
C TaKOH KC IO MOAYIIO VITIOBOH CKOPOCTBIO () = () BOKpYT
napauieqbHOM  OCH, MNOpPOXOoAdImeH uepe3 Touky B, wu

MOCTYTMATCIBHOMY JIBIDKCHHIO cO cKopocThio J =@ X AB.

TeMm

N CaMBIM MBI
®1 yOCAUINUCh, UTO
k(l BEKTOpD (), Kak

/>} H BCSIKHH
2 B CKOJIB3SIIHH
BEKTOP,

MPUJIOKCHHBIN B
TOYKE A, MOKHO,
HE M3MCHAS €ro

JACHCTBHA,
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MICPCHCCTH B JTIOOYIO TOUKY B,

NpuOaBUB MPH STOM TAPy € MOMCHTOM, PaBHBIM MOMCHTY

NPHIOKEHHOIO B TOUKE A BEKTOPA () OTHOCHTE/ILHO TOUKHU B.
Jamaua 5.3. Haiitu pacnpeciacHHEC CKOPOCTCH TOUCK

TEJa, BPALIAIOLIETOCH ¢ YTJIOBOM CKOPOCTBIO (D), BOKDPYT ocH 1-1,

ykperieHHo# Ha maardopme. [lnardopma BpamaeTcs ¢ yrioBoi

CKOPOCTBIO (1),

Pemenne. Ckopocte mr000H TOoukH Tenma M B
COOTBETCTBUU C dhopmy o (3.1 paBHa

V, =0, xAM + @, x BM, rac nepsoc u BTOpOE
claaraeMeie TPEACTAB/ISIIOT COOOH OTHOCHUTEIBHYIO H MEPECHOCHYIO
CKOPOCTH COOTBETCTBCHHO. Tak Kak

BM =BA+ AM , aV, =@, x BA, 1o
V., =V, +(@ +@,)x AM =V, + Qx AM.

Msbl yOCOMIHCH, YTO PACIPCACICHHC CKOPOCTCH MpH
CIOKCHHMM JBYX BpPAIICHHUH BOKPYTI CKPCIMHUBAIOIMUXCA OCCH
JDKBHBAJICHTHO PaCOpPCACICHUIO CKOPOCTCH TPH  CIIOKCHUU
MOCTYIIATCIFHOTO ABHIKCHUS CO CKOPOCTBIO BRIOPAHHOTO TOJTIOCA
A ¥ BpamaTeIpbHOTO ABIDKCHHSI BOKPYT OCH, TIPOXOISIICH Yepe3
BBIOPDAHHBIH TIOKOC, NPHYEM HAMNPABJICHUEC OCH BPAUICHUI H

BOKpYT ocH 2-2. Ocu 1-1 u 2-2 ckpemBarOTCS.

yIJI0Bas CKOPOCTh onpeacisiotes sektopom (2 =@, + @,,.

PaccmoTpuM 3Ty 3agady, OmMpasck HA  TCOPHUIO
CKOIB3SITHX BCKTOPOB.

Bribcpem  Ha  mHMM  OCHCTBHA  BEKTOpa ()

MPOM3BOJIBHYIO TOUKY A WM MOCTPOWM B HCH BCKTOPHBIA HYJb C
S - !

y - —
BeKTOpaMH @, =@, 1 — @, =—®,, MU TMNEPEHECEM B ITY

TOUKY A BEKTOp @,. DTH ONEpPaALHH, OYCBHIHO, HE H3MEHST
y 1 > 2

AelicTBUs BekTOpoB (), ¥ (@, . COBOKYMHOCTb BEKTOPOB (),

H

.’

OHH 00pPa3yIOT CHCTCMY TICPCCCKAIOIUXCI BCKTOPOB. A BCKTOPBI

MOKET GBITh 3aMeHeHa BekTopom ) =@, + @, , Tak Kak
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. u— Q.

' v
) , 00pasyroT mapy, MOMEHT KOTOPOH PABEH MOMEHTY

BeKTOpa (1, orHocurenpbHO Touku A. Takum oBpaszom,

COBOKYIIHOCTh  JABYX  BPAINATENBHBIX  JABIXKCHHM  BOKPYD
CKPELIMBAIOIIUXCH OCEH DKBUBAJICHTHA CYMME CIEAYIOIIMX ABYX

JBIKCHHIA, BPAIIATCIBHOTO ABMIKCHHS C YITIOBOM ckopocTsio {2

7 =1
M [OCTYNATENbHOTO ABIKEHHS co ckopocteio V =@, xBA,
rac B — mpousponbHas TOUka HA IMHHMH ACHCTBHSL BCKTOpA (), .

Hanpasncune ocu BpameHHs ompeacmictcs Bexropom €2, a
MOCTYNATCIBHOC  JBHKCHHUC PCANM3YETCS B  HAIMPABICHHH,

- !
NCPTICHANKY ISIPHOM  TIIOCKOCTH  mapel  \(), , — (02) T.€. MBI

CHOBA MOJYYWIH TOT K€ PE3VIbTAT, YTO U HCXOAsM U3 GopmMyn
KUHCMATHKH.

IIpuBeacHHBIC BBIIE PACCYKACHUA (CM. PELICHHS 3a1ad
3.1 - 5.3) noxa3pIBalOT, YTO BEKTOPHI YIJIOBBIX CKOPOCTECH NpH
CIIOKEHUH BpalLATEJIbHBIX JABIDKEHHUH, B KOTOPBIX YYacTBYET
TBCPIOC TCJIO, MOKHO PAaCCMATPHUBATh KaK CHCTCMY CKOJIB3ATIHX
BEKTOPOB.

Onupasch TENEPh HA TECOPHIO CKOJB3SIIHX BEKTOPOB,
PacCMOTPUM OOLIMK CAYYAM CIIOKESHHS IBHIKCHHH TEa.

O6mmit ciayvuaif  CIIOKHOTO JIBHDKCHHA TCIa MOXKHO
OPCACTaBUTh  CACAVIOMIM oOpaszoMm. Temo  OTHOBPCMCHHO
yuacTBVeT B K BpameHUsIX ¢ VIJIOBBIMH  CKOPOCTSMH

, @,

S 55 (0, M TIOCTYNATENBHBIX ABIDKEHHIX CO CKOPOCTSIMH

V.,V

12" 2
NPEICTABUTh Kak Iapy MIHOBCHHBIX BpamcHuH. Crie0BaTCIBHO,
OOImMH CIy4all CBOAMTCS K  CIOKCHHIO OJHHUX  TOJIBKO
MIHOBCHHBIX BPALIATC/IEHBIX ,Z[BI/I}KGHI/II\/’I.

PaccMoTpuM cUCTEMY BEKTOPOB VIVIOBBIX CKOPOCTEH

@,,...,0 ., PaCMONIOKCHHBIX KaK VYrOAHO B TPOCTPAHCTBEC.

IlepeHeceM 3TH BEKTOPBI B MPOM3BONBHO BHIOpaHHYIO TOUKY O,
N00AaBIISIsl MPH 3TOM COOTBETCTBVIOIIME Mapbl. Mbl MOAYYHMM B

peens Vm. Ho kaxkmoe mocTynatenbHOE ABMKEHUE MOKHO
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touke (O 1ABE CHCTEMBI BEKTOPOB: CHCTEMY BEKTOPOB

—f— — _

a, (0)1. = a)i) U CHCTEMY BEKTOPOB OAi X @, rae A; — Touku,

BBIOPAHHBIC TIPOM3BO/IBHO HA JHHUSIX JEHCTBUS BEKTOPOB (1. .
CxaaapiBas 1O MPABHIY MAPALICIOrPaMMa BEKTOPHI

!
Q). , moIy4acM

ﬁziaei@. (5.3)

BGKTOp Q Ha3bIBalOT I''IABHBIM BCKTOPOM CHCTCMEI. CKJ’I&,Z[I:IB&SI

sektopst VA4 X @, mvcem
- n
V,=>.
i1

BGKTOp VO Ha3bpIBACTC T'JIABHBIM MOMCHTOM ,Z[aHHOI\/JI CHUCTCMBI

OA x@ =S @ xA0. (5.4)

CKOIB3AIMUX BCKTOPOB oOTHOcHTenbHO momoca . I'naBHbIH
MOMEHT CHCTEMBI BEKTOPOB OTHOCHTENIBHO Toroca 7 CBsizaH ¢

MomeHTOM },, cooTHOmEHHEM

— — '_ —

V, =V, +0'0xQ. (5.5)
C apyroii croponsl, 3t1a (dopMyIa 3aJa€T CBA3b MEKIY

ckopoctamu Touck O u O°. BecmoMmHAs COOTHOINCHHUC MEIKIY
CKOPOCTSMHM JBYX TOUCK TEja MHPH MPOU3BOIBHOM JBHIKCHUU

(VB =V s o <X AB , BHOAM, 4YTO TJaBHBIK  BCKTOP

_ n
)= Za)z_ MPCACTABIACT COOOM MIHOBCHHYIO  YIJIOBYIO
i=1

CKOPOCTE TBEPAOTO TEda, KOTOPas SBISACTCS WHBAPHUAHTOM
OTHOCHUTCIIBHO BEIOOPA TIOJTIOCA.

Takum  00pa3oM,  COBOKYIHOCTb  MPOU3BOJIBHBIX
BPAIICHUH TBECPAOrO TE/IA SKBUBAJICHTHA CYMME JIBYX JBHIKCHUM:
BPAIICHHUS BOKPYT OCH, mpoxoasieh yepe3 Touky O, ¢ yriaoBou
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=3

ckopocteo {2 =) @, W NOCTYNAaTCIBbHOTO ABWKCHUSA ¢
i=1

- n
nuneiinoii cropoetsio V', = Y OAX @,.
i=1
C 1enpr0 yOPOCTHTh MPEACTABICHHE MPOU3BOJIBHOTO
JBMCKCHHS TENA HANAEM TaKME TOUKH P, s KOTOPBIX TMHEHHASA

CKOpPOCTh KOJUIHHCApHAa Q , T.C.
V, =AQ, (5.6)

rie A - cKkamipHas DOCTOSHHAS. B 2ToM  cayuae
PE3VABTUPYIOIIEE JBIKCHUE TMPEACTABISICT COOOH BHHTOBOEC
ABWOKCHHUE, TEI0 BPALIACTCH BOKPYT OCH, MPOXOJALICH dYepes

Touky P, ¢ vriaoBoii ckopocthio {2 H ABIKETCS MOCTYMATCIBHO
CO CKOPOCTBIO VP B101b ocu €2 |

['comeTpuueckuM MeCTOM TakuxX TOuek P saBasiercs
mpsMas, Ha3blBacMasd OCbKD KHHCMATHYCCKOrO BHHTA. Jlas
HAXOKJICHHS OCH BHHTA UCTIOIB3VEM COoOoTHOIEeHHE (5.6). Tak kak

VPZVH‘FEXEJTO
7V +POxQ
Q

WIH, BBOOA JcKaptoBy cucremy koopauHat OXYZ, momydacm
VPaBHCHHUC BUHTOBOW OCH B CKASIPHOU (hopMC:

V.=)yQ, +zQ  V —zQ +xQ,

=A, (5.7)

Q Q

V. —ny + Q)
3 :

z

CKOpOCTh MOCTYMATC/IBHOTO ABMJKCHHUS BAONb OCH BHHTA
HAXOAMUTCS KAK MPOCKLMS BEKTOPA CKOPOCTH MMPOU3BOIBHOM

(5.8)

touxu O Tena Ha HanpasicHue Bektopa {2
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A

0
Tak Kaxk u3 ¢opmyisl (5.5) cneayer, UTO 3TA BEIUUHHA SIBISICTCS
WHBAPHAHTOM CHCTEMBI CKOJIB3SINUX BEKTOPOB. Takum o0pazom,
OOLIMH Clydad CI0KHOTO ABHIKCHHUS TBEPAOTO TEJA MPHBOIUTCS

K MI'HOBCHHOMY BHHTOBOMY ABHAKCHHK) OKOJIO H@KOTOpOﬁ
MTHOBCHHOM OCH, HANPaBJICHUC  KOTOPOM  COBIAAACT  C

: (5.9)

manpasiacareM (). VrmoBas CKOpPOCTh BpAINCHHS BOKPYT OCH

pasa () = Za)i , 4 CKOpPOCThP MOCTYNATCIbHOTO JABHKCHHUS
BJIOJIb OCH BUHTA VP = (VO y Q)/ Q.

PaccmoTpum uwactHbie ciayuan. Ecmu B momioce O MbI

NOJIYy4YHM, 4YTO Q = O: VO * O, TO B CHUIY HMHBapPHMaHTHOCTH

sextopa £ oH GyaeT paBeH HyTIO M B THO0OM APYTOM MOTIOCE, H
JABIDKCHHE  CBOJUTCS K  MCHOBCHHOMY  MOCTYNATCIBHOMY
JBIDKCHUIO (CM. 3a1a41y 5.2 B).

Ecnu npoekuust BEKTOpa VO HA HAIpPaBJICHUC Q paBHa
HYIH0, TO MTHOBCHHAA BHHTOBAA OCh CTAHOBHTCA OCBHD YHCTOIO

BpameHust (cM. 3axaay 5.1, 5.2 a), 6)). Ecau Q= 0, u V = 0,

o
TO B JaHHBIM MOMEHT TEJIO MMOKOHUTCA.
Takum obpazom, uMeeM

Q=0 70—++0 VO-§¢O BUHT

Q=0 I7O =0 VO . = () | umcroe Bpamenue

Q=0 VO —0

Q=0 V20 MOCTYIATEIBHOE
© JBHYKCHHUC

O=0 I7O -0 PaBHOBECHC
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Tenepp 3amaua CNOXKEHUSA ABMKCHUW B OOILIEM CJIy4ac
CBOJUTCH K 331a4€ CJIOKEHUS BUHTOB.
Jamagua 54, Touka O; crepxkut O;A CKOMB3UT ¢

MOCTOSTHHOH ~ CKOPOCTBIO VO

BPALIAIOLICTOCH € IMOCTOAHHOM VIJIOBOM CKOPOCTBIO () OKOJIO
ncHTpa O (0Ch  BpamcHHUS TNCPICHAUKY/SPHA TUIOCKOCTH
pucvaka). Crepxenp ;A Bpamaercs BOKpyr crepskas OX ¢

Boob  crepxkHa  OX,

TTOCTOSTHHOH VIJIOBOM
CKOpOCTBIO @) ,. Hantn
\AN PE3VABTUPVIOLIECE IBHKCHHE
A XA OO0 crepxus O/A.
| O PemecHue.

Hewkenne crepxas  OA
cnoxHoe. [Iverh nepeHocHoe

ABHUZKCHHC — JABUKCHHC

CTCPIKHS 0X. Taxum

obpazom, TICPCHOCHOC

JBHIKCHHE — YHCTOE

0 \/" BpamncHue. OTHOCHTCIBHOC

P 0 OBIDKCHUC  —  JIBIDKCHHC
= crep:kHsa O1A OTHOCHTEIIBHO
Y creprkaa OX. D10 IBHKCHHC

BUHTOBOE. (OChIO  BHHTA
OTHOCHTEJIBHOIO ABIDKCHHUS
seisicTcsa ock OX. TlpuBecaem cucremy BekTopoB kK mosocy O,
BBCAA s yaoOcTBa AckapToBy cuctemy koopauHaTt OXYZ (och
OZ nepneHAUKYISIPHA TIOCKOCTH PUCYHKA). Toraa B mMpoCKIMAX
Ha OCH 3TON CHCTEMBI

Q= ﬁ(a)O,O,a)), V. = VO(VO ,0,0).

Tak kak IMPOCKIIKA BCKTOPA VO Ha HaAIpPaBJ/JICHHC Q OTJIHMYHA OT

Puc. 21

HYJIS, TO PE3YABTHPYIOILIEE ABMKECHHE — BHHTOBOE C VIJIOBOH

2 2 "
CKOPOCTBIO Q= \/ (¥ + @, uCIIOCTyNaTeJIbHOU CKOPOCTHIO

37



2
V=V w,/\&°+®», srom ocu peyisTHpymOmEro

BUHTA, YPABHEHUE KOTOPOU

Vo — Y0 _—z0, + X0 _ Yo,
o, 0 @
WA
a vV,
Z=—2X, Yy=— .
a, w +a,
z B 3anaua 55.
/]\ Vs Teno VIaCTBYET
: e OIHOBPEMEHHO B TpPEX
A BUHTOBBIX JIBHKCHHSIX,
ocH KOTOPBIX
PacHoIOKESHBI TI0
AUATOHAIISIM rpaHe

ky0Da, KaK MOKa3aHO Ha
pucynke 22. Haiitu

PC3YIBTHPYOLICE
JBUKCHUC, €CITU
VIIOBHIE
Puc. 22 sropoeT -
]a)i‘za) (l=1,3)n
MOCTYIIATC/IbHBIC

ckopoctn V, =V (i = 1,3). PeOpo kyb6a pasHo d.
Pemenue. [Ipusoas cucremy k momrocy O, Oyaem uMeTs

Q =0, V. =2V +oa/2,
Q =0, VyzﬁV—wa/JQ_,
Q =20, V.=~2V —wal\2.
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YpaBHCHHEC BUHTOBOM OCH:

=(V+aa) o, y=02V +wad) 2.

PesyabTupyrouee ABUXKECHUE — BUHTOBOE € VIJIOBOM CKOPOCTBIO

= +/2( ¥ nocTynaTeIbHOM CKOPOCTHIO

ng[ﬁV—%

COJIEPYKAHUE

] BJ0Jb OCH BHHTQ.

I. CI1IOCOBbLI OITMCAHUA ABMKEHUA TOUKH. .. ... ...

1. KoopauHatHbIi criocod 3aJaHHs ABHKEHHS TOYKH. .. ...

2. Omucanue IBHMKCHUSA TOUKH C TIOMOIIBID OCCH

€CTECTBEHHOIO
TPEXTPAaHHUKA. .

II. KI/]HEMATI/IKA TBEPI[OFO TEJIA

1. ITnockomapanne1bHOE ABMKEHUE TBEPAOIO TEMIA. ... ... ..

2. IBrxeHUE TEaa, UIMCIOLICTO OJHY HEMOBHIKHYIO
TOUKY . .. et vt et et e e e et et e e e et e e e e e e

1. CJIO)KHOE ABUKEHME TOYKH..
V. CJIOXXEHUE JIBUXKEHUA TBEPI[OFO TEJIA
V. IIPUMEHEHHUE TEOPHMH CKOJIB3ALLINX

BEKTOPOB B KMHEMATHKE.................................
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