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ITpumep 1. Touka onucvi8aem naockyo mpaexmoputo. 3naa paduyc KpueudHvl IMOU MPLEKMOPUY U CKOPOCTD
UMEHEHUA Y2aa, 00Pa3YeMOo20 6EKMOPOM CKOPOCTIU C HEKOMOPOT HENOISUNCHOT NPAMOT, ONpedesume 8eAu -
HY CKOPOCTMU MOUKY.

Pewenue. AHATTUTHYECKOE DEIIEHNE 33IA4YH CJIEYET HEMOCPEJICTBEHHO U3 ONPEJIEEHUs PATINYCa KPUBU3HBI

TPAEKTOPUH p = j—;. Tlomyvaem

ds ds . .
V= — = —p =
i d(pw PP

ITpumep 2. Touxa deusicemces no 6uUHMOBOT AUHUYU C NOCTNOAHHOU N0 BEAUMUHE CKOPOCTILIO Vy. Onpedeaums
BEAUMUHY U HANPABAEHUE YCKOPEHUA U PAOUYC KPUBU3HBL MPIEKMOPUL TNOYKY.

Pewenue. ITapamerpudeckie ypaBHEHNSI BUHTOBOH JINHUY B JIEKAPTOBOM CHCTEME KOODIMHAT UMEIOT BHJL
T=rcosp, y=rsinp, z=by

rae ¢ — bYHKIWS BpEMeHH, T U b — HMOCTOSTHHBIE.

HuddepeHnnpys 3Tu BbIPAXKEHUS TI0 BPEMEHU, Oy IIUM

T=—rsinpy, y=rcospp, z=20bp

OTKYy A

2
Yo

2 2 | 12y :2 2 .2
= +b = vy = const, =
v (T )90 Vo 1 ¥ T2 +b2

Tlockonbky ¢ = 0, TpOEKIMY yCKOPEHUsT B IEKAPTOBOM CUCTEME KOOPAUHAT UMEIOT B,

= —rcospp?, §=—rsinpp?, =0

W3 nmocnenunx ¢GhOpMyJs BHIHO, 9TO BEKTOP YCKOPEHHs PACIIOJIOXKEH B IIJIOCKOCTH, OPTONOHAJIBHON K OCH 2, a

BEJINYUHA YCKOPDEHUSA DPAaBHA

.2 7"1)8
a=ry = 77’2+b2

Tak Kak TOUYKa JABU2KETCA C MOCTOSIHHOM 1O BEJIMYNHE CKOPOCTBIO, TO KaCaTeJbHAA COCTABJ/IAKINAA YCKOPEHUA

obparmaercst B HyJib, TO ecthb a, = 0. CilemoBaTenHO,

v
a=a, = —
P

OTKY 2
72 + b2

T
ITpumep 3. Touka deusicemca 6 naockocmu. Iloav3yscs Gopmysamy 0As KOMNOHEHM YCKOPEHUA MOYKU 6
NOAAPHBIT KOOPOUHAMAT, 00KA3AMDb, MO €CAU YCKOPEHUE MOUKY PAGHO HYA0, MO 0Ha GYdem cosepwams pas-

HOMEPHOE U npﬂMo./LuneﬁHoe deusicenue.



Pewenue. Vcnionn3ysi BbIpasKeHUsi [JIsi KOMIOHEHT YCKODEHUS B IOJSIPHBIX KOODJAMHATAX, B CUJY YCJIOBUS

33/1a9N UMEeM
a, =i —rp? =0,

1d
ap =1@+2rp = ——(r*p) =0

rdt
Orcroma cienyer, uro r2¢p = ¢ = const, TO ecTh
b=
r2
Hanee,
2 N ) d’l" 2
P =ret = r—=—
r3’ dr r3
WMuTerpupyst 310 ypaBHEHUE, IOy IUM
2
. c
7"2 = Y + I{/’Q
T

rme k — mpom3BOJIbHAS MOCTOSTHHAsI. TOraa KBaApaT CKOPOCTH TOYKK PABEH

2 c2
+E 4+ =k
T

2 _ 2 2.2 _ &
V=17 4+ rtpT = 3

TO €CTh CKOPOCTHb TOYKHU IMOCTOAHHA IIO BEJIMYUHE.

Haiinem Tpaekroputo neukenus touku. meem

c? c
F=ak2- S, p=S
r2 14 r2

Eciu k = 0, TO CKOPOCTH TOYKM PABHA HYJIIO, CJIEA0BATEIHLHO, TOUKA, nokourcs. Ecm k # 0, ¢ = 0, 70 ¢ = const,

CJIeJIOBATEJIHO, TOYKA, JIBUKETCSI PABHOMEPHO U npsimosinueitno. Ecau k # 0, ¢ # 0, umeem
2
dr :I:T k? — &
dp c
OTKY/1d, UHTErPUPYs, MOy IUM
c
r= "
k cos(yp — o)

Tlocnennee ypaBHeHUE SIBIASETCS yPABHEHUEM TPSMOI B TOJISPHBIX KOOPIMHATAX.

ITpumep 4. Towxa M onucweaem naockyro xkpusyro. JIunua yckoperus MouKy 8 NepeceneHuy ¢ Kpyaom Kpu-
sushnvl obpazyem xopdy MA = l. Bupadumbs 6eAUNUHY YCKOPEHUA “ePe3 8EAUNUHY CKOPOCU U OAUHY IMOT
TP

Pewenue. I3 npeacTaBJIeHUd YCKOPEHUA TOYKU B OCAX €CTECTBEHHOTO TPEXTPaHHUKaA CleayeT

dv n V2
a=—T1+—v
dt p

2
TO €CTh @ — TUNOTEHY3a NPAMOYTOJIBHOTO TPEYTOJIbHUKA C KaTE€TaMU BEJINYIUHBI % u U? s gepTexKa ACHO, YTO

3TOT TpPEYTroNbHUK Tom00eH Tpeyronbuuky AM K L, rae K — 1eHTp KpUBMU3HBI KPUBOit, a L — cepeauHa XOpabl
M A. I3 momobust TpEyroJbHUKOB TOJIYY4aeM

a _ p 202
v2/p  1)2’ l



K npumepy 4.

IIpumep 5. Cmepocenv OA daunv, 11 epawaemces 6 naockocmu wepmesica 6oxpye nenodeuschol mowku O
¢ NOCMOANHOT Y2A080T CKOPOCBIO W1 NPOMUS 4acosol cmpeaxu. Boxpye ezo nodsusicnozo xowya A 6 moti
gice maockocmu epausaemcs Opyzolti cmepocens AB daunos lo max, wmo yeoa @, 06pa3zosarmbili CMeEPAHCHAMU,
USMEHACTNCA N0 3aKOHY © = wa > 0, 2de wy nocmoanna no seaunune. Onpedesumsd abCOMOMHYIO CKOPOCTIL
mouky B, npumenas meopemy caosfcenus cxopocmed.

Pewenue. Boibepem cHa4Yaia NMOABUXKHYIO CUCTEMY OTCYETa, CBsA3AaHHOU co crepxkuem OA: ogny u3 oceit
HampasuM 1o crepxkHio O A, a BTopyio — oproronainbao O A B mtockocTu Yeprezka. Torma nepeHocHast CKOpoCThb

—
Touku B Oyner paBHA Unep = w1 X OB]. Ornocurensnoe nonoxenue crepxust AB onpepensiercst yriom ¢,
- .

a OTHOCHTEJIbHASI CKOPOCTH TOYKM B MMEeT BUI Vory = (w2 X AB]. Ilo Teopeme ciioxkeHwsi CKOPOCTEH Va5 =
Unep + Vors, TO €CTh CKOPOCTb TOYKH B SBJISIETCS NUATOHAJIBIO MAPAJIIENIOrPAMMA, MOCTPOSHHOIO HA BEKTOPAX

Vnep U Vorn, CIEI0BATENILHO,

2

— 02 2 —
Va6c = Vnep T Vorn + 2UnepUoru COS 7Y =

= wi(lF +15 — 2l1la cos p) + wil3 + 2wiwala(la — 11 cos )
A

K npumepy 5.
Eciiz 33 moaBuzKHyI0 CHCTEMY OTCYETd, BbIOMPAETCs CHCTEMa OCeH C HAYaJIOM B TOYKe A M ABUXKyINAsiCs
—
HOCTYNATEJILHO, IEPEHOCHASI CKOPOCTb TOUKK B Oymer paBHA Upep = [wi1 X OA]. Ilomoxkenue crepxus AB
OTHOCHUTEJIbHO TMOJBUXKHBIX OCEHl ONMPEEJISIeTCs Teneph YIJIOM < + ¢, CKOPOCTh M3MEHEHUsSI KOTOPOro wi + wo.
. 5
Baarogapst 3T0My BEKTOP OTHOCHUTEIBHON CKOPOCTH PABEH Vory = [(w1 + wa) X AB]. Ilo Teopeme croxkenus

CKOpPOCTENt

Vage = Vnep + Vorn = w1 X (OA + AB)] + [wy x AB] = [w; x OB] + [wa x AB]

Takum 06pa3oM, BbIpakeHue Jijist abCOTIOTHON CKOPOCTH TOYKH B COBIAIAET C IPEIbIIYIIIM, YTO U €CTECTBEHHO.



K npuwmepy 5.

ITpumep 6. IIpamosunetinoti cmepoicenv AB daunvs [ CKOAL3UM CEOUMU KOHUAMYU NO 08YM 83GUMHO NEPNEH-
dukyasprsim nanpasasowum Ox u Oy, spawarouumcs 6okpyz mouxy O ¢ NOCMoOAHHOT Y2A080T CKOPOCMbIO

W NPOMuUB 4acoeol cmpearyu. Yzoa naxaona cmepscna AB x ocu Ox uamenaemcea no 3aKoHy
@ = Yo £ wt.

Onpedeaums abcoarommuyro mpaexmoputo mouru M cmeporchs.

Pewenue. Ilycrb yron ¢ MeHsieTCsl TI0 3aKOHY ¢ = o + wt. CBsiKeM MOABUKHYK CUCTEMY OTCYETa C Ha-
npasJistoruMu. ' Toraa, crepxkeHb OyIeT y4aCcTBOBATH B JIBYX JBUXKEHUSIX: BMECTE C MOJBUXKHOM CHCTEMON OH
BPAIIAETCsi C yIJIOBOM CKOPOCTBHIO W MPOTUB YACOBOM CTPEIKU BOKPYr TOYKM (O M OTHOCHUTEJIBHO TOIBUXKHOMN
CHCTEMBI OTCYETA BPAIIAETCHA C TAKOU K€ yIJIOBOI CKOPOCTH II0 YAaCOBOU CTPeIKe, NMesi MTHOBEHHBIN IIEHTDP BpPa-
IEHUsI B TOYKE S, PACIIOIIOKEHHON Ha MepecedeHnn NeprneHauKkyasapoB K ocsam Ox u Oy, BOCCTAHOBJIEHHBIX U3
KOHIOB crepxkHsi AB. Pedysbrupyiomee ABUKEHNE B 3TOM CJIydae MPEJCTABISIETCS IapOoi BPAIIEHUM, SKBUBA~
JIEHTHON MI'HOBEHHO-TIOCTYIIATEILHOMY JBUKEHUIO TBEPJOrO TEJIa, CKOPOCTH KOTOPOr0 PABHA MOMEHTY Haphl wl.
Bo Bce Bpemst ABUKEHUS CKOPOCTD IEHTPa cTepKHst ()1 OCTAETCs MOCTOSTHHOM 110 BEJIMYMHE U HAIIPABJIEHA, OPTO-
FOHAIBHO K npsiMoit 0.5, paccTosare MeXKy HenoaBMXKHON To4ko#i O u Toukoi O paBHO /2, cienoBaTesnsHo,
HEHTD CTEPKHS JIBUKETCsI TI0 OKPYKHOCTH C neHTpoM B Touke O pajguyca l/2 ¢ moCTOSIHHOM CKOPOCThIO. Tak Kak
JIBU2KEHUE CTE€PIKHSI MOCTYIATEIbHOE, JIIo0ast APyrasi TOYKa, CTepKHsI OyIeT IBUraThCs 0 OKPYKHOCTH PAIUYCA

1/2, neHTp KOTOPOH JEKUT HA MPSAMOl, mpoxoasmei depe3 Touky O n napanenbHoit AB, co ckopocThio wl.
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K npumepy 6.



Paccmorpum BTOpOIt ciry4ail, Korga ¢ = ¢g — wt. Yrou ¢ yobIBaeT CO CKOPOCTBHIO w, M CTEPXKEHb COBEPINAET
JIBA BpAIIEHNs], IPONCXOIAIINE IPOTUB YaCOBOH CTpesku. Pe3ynbTupyiomiee JBu>KeHUe SBIISIETCS MTHOBEHHBIM
BPAIIEHNEM C YTJIOBOH CKOPOCTBIO 2w, IPUYEM JIMHUS IeMCTBUS BEKTOPA MCHOBEHHOM YTJIOBOM CKOPOCTH IIPOXO-
auT 4depe3d neHTp crepxkHst O;. [Toaromy ckopocts Touku O OyIeT MOCTOSTHHO OCTABATHCSI PABHOM HYJIIO, a BCe

OCTaJIbHBIE TOYKM CTEP>KHS OYyIyT ONMUCHIBATH KOHIIEHTPHUYECKHE OKPYKHOCTH BOKPYT TOUYKM O .

sY

K npuwmepy 6.

TIpumep 7. 1o nenodeuichomy Kpy2080MYy KOHYCY C Y2A0M NPU BEPUWUHE, PASHbIM 20¢, KAMUMCS 6e3 Croab-
orcenus 0py2oli KpYy20601 KOHYC € Y2A0M NPU BEPWUHE, Pashbim 203, evicombt h mak, wmo yewmp ocHO8aHUA
N008UNCHO20 KOHYCA DSUNCEMCS € NOCTNOAHHOT N0 BEAUNUHE CKOPOCTLIO V. Halimu Menosennyio Yy2a06y10 cko-
pocmsb NodeUNCHO20 KoHYCa, a makdice yckopenus mouky C KaACaHuA 0CHOBAHUA NOJSUNCHOZ0 KOHYCA C HENO-
dsusicrbim u moury D nodeusichozo konyca duamempassro npomueonososcroti C.

Pewenue. HO,Z[BI/I)KHbeI KOHyc KAaTUTCA 110 HeHO,ELBI/I}KHOMy 683 I'II)O(:KE),JIB3I)IBa,HI/ISI7 C.]'[e,ILOBE),Te.]'H)HO7 TOYKHU I10-
JIBUYKHOTO KOHYCa, PACIIOIOXKEHHBIE Ha 00Iel 00pasyolei, UMeIOT HyJeBble CKOPOCTH. [103TOMYy MIHOBEHHAS
OCh BpPAIIEHUs COBIAIAET ¢ 00mmeil obpasyromeit 000mx KOHYCOB. BBeieM MOJBMAKHYIO CUCTEMY OTCUETA CBSI3aH-
HYIO C IJIOCKOCTBIO, TTPOXOISINEH Yepe3 OCU CUMMETPUN KOHYCOB. IBUKeHMe TOIBUKHOTO KOHYCa TeTeph MOYXKHO

NPEJICTABUTD KAK CIOKHOE, COCTOSIIIEE N3 BPAIEHUS TIOABUKHON CHCTEMBI BOKDPYT OCH CAMMETDHH HETOIBUKHO-
Vo
hsin (o + )

KOHYCa U OTHOCUTEJIBHOTO BPAIIEHUA MOABUZKHOTO KOHYCa BOKDPYT cBOEM ocu CUMMETPUN B HO,Z[BI/I)KHOfI CucTremMe

'O KOHYCa C yIJIOBO# CKOPOCTBIO PABHOM w1 = ¥ HAIIPABJICHHOH MO OCH CUMMETPHAM HEIOABUKHOIO
oTcuera. 3Hast HAMPABJIEHUs aOCOMIOTHON ¥ OTHOCHTEIHHON YIJIOBBIX CKOPOCTEH MTOIBUXKHOTO KOHYCA, & TaKIKe
BEJIMYNHY M HAIIPABJIEHUE IIEPEHOCHON YIJIOBOU CKOPOCTH, JIETKO ONPENeSUTh BEJINYNHY aOCOTIOTHON yTJIOBOM
CKOpOCTH BpalieHns KoHyca. COoriacHo TeopeMe CI0ZKEHUS YIJIOBBIX CKOPOCTEH Wage = Wnep +Worn Oy/IEM HMETH

Wabc w1

sin(a + () sing

OTKY I3
sin(a + () Vo
Wage = W = W1 - = - = const
sin 8 hsin 8
dw .
VrioBoe yCKOpEHUE PaBHO € = > O €CTD, MCXOJIA U3 MEXaHMECKOTO CMBICIA MPOM3BOIHOMN PajtyC—BeKTOpa



(ckopocTh €ro KoHIIa),

€ = |wi X W]
3HAYUT, BEKTOP YIJIOBOTO YCKOPEHUS HAIPABJIEH OPTOrOHAJIBHO IJIOCKOCTH, OMPEIEISIEMOM OCSIMU CUMMETPUN
KOHYCOB, B CTOPOHY BpAITIEHUsI 3TOM MJIOCKOCTH M BEJIMUYMHA €TO

2 .
Chpties

h? sin G sin («a + ()

€ =wwsina =

K npumepy 7.

Yckopenne npou3BOILHOM TOYKYM M TBEPAOro TEjid, UMEIOIIEr0 HEMOABUKHYIO TOUKY (), HAXOAUTCS IO TEO-

peme PuBasnnhca Kak reoMeTpudeckasi CyMMa BPAIATEIHHOTO YCKOPEHUST
B
a®® = [e x OM)

1 O0CeCTPEeMUTEJIbHOTO

a® =[w X [wx 5]\7]], a®® = w?dy

rae dy; — paccrosinue OT Touku M 10 MrHOBEHHO# ocu Bparenus. I[lockombky Touka C' JIE2KUT HA MTHOBEHHOMN
oCc __
ocu Bpamenus agy = 0 u

—
ac:[sxO ]

TO eCTb ycKopeHue TOYKu C' JIEXKUT B MJIOCKOCTH, OMPEIEISeMOil OCSIMUA CUMMETPHUHU KOHYCOB, IEPIIEHIUKY JISPHO
obrmeit obpasyroreil, HAITPABJIEHO B CTOPOHY IOBUKHOIO KOHYC3, U €r0 BEJTMINHA

2 .
Vg s &

hsin 3 cos Bsin (a + )

ac =

Bpamarensuoe yckoperue Touku D — BEKTOD, MOy 9€HHBIN TOBOPOTOM BEKTOPA, a'ép B IIJIOCKOCTH OCEUl CUMMET-

pUH KOHYCOB Ha, yroJ 23 mMpoTWB Y4acoBOil crpesiku BOKpyr Touku O. OcecTrpeMuresbHOe yCKOpeHue ToYKu [



JIEXUT B ILJIOCKOCTH, OIIpeiesiieMOil OCIMU CUMMETPUN KOHYCOB, IEPIEHIUKYISPHO MITHOBEHHON OCH BpallleHU,

HAIMIPABJIEHO BHYTPH MOABUZKHOI'O KOHYCa M €r0 BEJIMYUHA

21)8
hsin 3

a% = 2w?hsin f =
Yckopenwne Touku DD paBHO
ap =a¥5+a
3ameuanne. Benmunny abCoMOTHOR yIIOBO CKOPOCTH MOIBUKHOIO KOHYCA MOXKHO HAWTH BOCIIOJIB30BABIIUCH
dopmyJioit Ditsiepa

—
V0, = V0 + [Wase X O01],

rae O] — UeHTP OCHOBAHUS MOABUXKHOTO KOHYCa. Tak Kak vo = 0 u HampaB/ieHne BEKTOPa aDCOIIOTHOMN YIJIOBOMA
CKOPOCTH Wyg KOHYCA U3BECTHO, TO
—
Vo = Wagc|OO1 | sin 3.

vo
CenoBaTeNbHO, Wage = ———-
hsin 3

ITpumep 8. Ioav3ysaco meopemots CAoHCERUA YCKOPEHUT, ONPEIEAUMD KOMNOHEHTDL YCKOPEHUE MAMEPUAALHOY
MOUKY 8 NOAAPHHL KOOPOUHAMAL.

Pewenue. CBsizkeM NOJBUXKHYIO CHUCTEMY OTCYETA C PAJUYC—BEKTOPOM TO4YKHM u BBemeMm ocu £O7n. B 3roii
CHCTEME OTCYETA TOYKA JBMXKETCS TPSMOJMHERHO 10 3aKOHY 7 (f) mo ocu O, 3HAYUT, OTHOCUTENHHAS CKOPOCTh
TOYKHU Oy/IeT HAMPABJIEHA BIOJb PAIAyC—BEKTOPA M PABHA I, OTHOCUTEIbHOE YCKOPEHWE TOYKU PABHO * M Ha-
MIPABJIEHO IO TOU 2Ke IPAMOU.

Cucrema oTcyera Bpamaercss BOKPYT nomoca O, mpuaeM HOJSIPHBIA YTOJl ¢ M3MEHSIETCsI TI0 3aK0Hy ¢ = ¢(t).

Touku OABMKHON CHCTEMBI OTCYETA ABUXKYTCS IO OKPYKHOCTSAM C IeHTpoM B nojiroce. [lepenocnoe yckopenue

TOYKU MOXKHO HAUTU KaK CYMMY KAaCaTeJbHOI'O U HOPMAJIBHOI'O YCKOPEHUit

22

Onep, = 79", Unep, = TP-
KopuonncoBo yCcKOpeHHe Gyop = 2[w X Vorn] OyJeT HANPABIIEHO OPTOrOHAJILHO PAJUYC-BEKTOPY B CTOPOHY
Bpalenus, TO ectb 1o ocu O, u PABHO
Qxop = 2T¢.

IIpoekTupys BeKTOp abCOIOTHOrO YCKOPEHUS Ha KOOpAuHATHBIE Hanpasjerus O& u O, NOIyYuM PaauaabHyO

¥ TPAHCBEPCAJIBHYIO COCTABJISIONINE YCKOPEHUS:

ar =¥ — 1@, ap = 1P + 27
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K npumepy 8.

IIpumep 9. Cmepoicenv AB daunbt a cxoab3um ceoumu Konuamu A u B no cmoponam Henodeuicrozo nps-
Mmo20 yaaa Oy mak, wmo ez0 koney A deustcemes ¢ nocmoanwnol ckopocmoro u. Ilo cmepotchio deusicemesn
mamepuaavras mouka M ¢ nocmoannol ckopocmoio vy. Onpedeaumsd abCOAOMHOE YCKOPEHUE MAMEPUAALLHOU
mouku M, npunumas 6 Kavecmee NAPAMEMPa, ONPEIEARIOULE20 NONOHCEHUE CMEPHCHS, Y204 L, KOMOPHLT OH
obpasyem ¢ ocvro Oy.

Pewenue. st onpenesenusi yCKOPEHUsT MATEPUAIHHON TOYKU BOCIOJIB3YEMCSI TEOPEMOIi CJIOXKEHUST YCKOPe-
HUHA Gapc = Qmep + Qorn + Gxop. 1IOABUKHYIO CHCTEMY OTCYETA CBSIXKEM CO CTEPIKHEM, TOL[A OTHOCUTEIHHOE
JIBU2KEHME MATEPUATBHON TOYKM M MPSIMOJIMHEAHO U PABHOMEPHO, TAKUM 0OPA30M, OTHOCUTEJILHOE YCKOPEHUE
Touku M PaBHO HYJIO Gory = 0. Ilepenocuoe yckopenue ToYKu M MOXKHO ONPENENUTD, TOJIb3YsICh TEOPEMOi
Pusasibca. IIlpumem B kadecrse mosoca 049Ky A. ITOCKOJIBKY yCKOpeHue IoJI0ca paBHO Hy 0 a4 = 0, TO nepe-
HOCHOE yCKOpeHue Touku M crepkHst OyJeT CKJIQIbIBATHCS U3 OCECTPEMUTEIHHOIO ¥ BPAIATEILHOIO YCKOPEHUH
Gnep = 57 + aly

a‘]’\f[:—w2m, a'ﬁ:[exm]
MrHOBeHHBI IEHTP CKOPOCTel cTep:kHs AB — TOYKa S HAXOJUTCS HA MEPECEICHNN EPIEeHINKYJISPOB K CKOPO-
crsim Touek A u B (x ocsim Oy u Ox COOTBETCTBEHHO), YIIOBAsi CKOPOCTh CTEPIKHS YAOBJIETBOPSIET COOTHOIIEHUIO

—
v = [w X CA] n 3HaUMT paBHa

. U
asin g

Huddepennmpys nocieaHee BhIparXKeHHe 0 BPEMEHH, TTOJIyIaeM BEJIMYNHY YIJIOBOTO YCKOPEHHSI

UP COS P u? cos

sin? o aZsin® ¢

E = gp =
OCGCTpeMI/ITeHBHoe YCKOp€eHune TO4YKHn M CTEP2KHA HAIIPABJIEHO BAOJIb HEI'O K TOYKE A u 1o BeIu4YnHe paBHO
s =AM = sg + vot

BpamarenrHoe yckopenue Touku M HAMpaBIeHO OPTOTOHAJIBLHO K CTEPXKHIO B CTOPOHY YOBIBaHUS YIJIa ¢ U 10

BEJINYUHE DABHO

u?scos

3

apy = |Pls = ——
a?sin” ¢



KopronncoBo yCKOPEHHE Qyop = 2[w, Voru| OYAET HAIPABIIEHO OPTOrOHAJIBHO K CTEPXKHIO B CTOPOHY BO3PACTAHMS

yria @ ¥ 1O BEJINYUHE PABHO

2uvg
Qxop =

asinp
TaxkuMm o6pa3oM, abCOTIOTHOE YCKOpeHHe TOYKU M, MpencTaBIsgeMoe TeOMEeTPHYECKOl CyMMOU NEPEHOCHOTO U

KOPHOJIICOBOTO yCKOPEHHUH Qa5 = a5 + @} + axop, PABHO

2
2uvg  u?scosy uts?
Gabe = -

asing  a2sin® atsin®

as
"a,,,

Bp
ay

-
0 B T

K npuwmepy 9.

ITpumep 10. Oxpyorcnocmsd paduyca r 8pawaemcs 8 c80el NAOCKOCTY 80KpY2 €60el HenodeudcHot movwKy
O ¢ nocmoannol Yy2a080U CKOPOCMBIO w1 Npomus “acosol cmpeaxu. Cmepocensy OA epawsaemces 8 moti odice
naockocmy 80kpye mouky O ¢ nocmoannol Yaa080l cKOpocmvblo wa No wacosol cmpeare. Ha cmepoicens u na
oxpystcnHocms 0demo Koaewxo M. Onpedesumsp cKopocms U YCKOPEHUE KOACUKAG 8 3ABUCUMOCTNY OM GEAUNUHDL
yeaa @, Komopsil obpasyem paduyc OKPYAHCHOCTIU CO CEPIHCHEM.

Pewenue. Onpenennm CKOPOCTb KOJIEYKA, BOCIOIb30BABIILCH TEOPEMO CJIOXKEHUsI CKOPOCTEH Vage = Vnep +
Vorn- B KAYECTBE MMOJIBUKHOM CUCTEMbBI OTCYETA BHIOEPEM CUCTEMY OCEil, HEeU3MEHHO CBSI3aHHBIX C OKPYKHOCTBIO.

Torma mo Teopeme Dityiepa BEKTOP MEPEHOCHON CKOPOCTH OMPEIETUTCS IO (POPMYIIe

vl(é)p = [w1 x OM], vl(é)p = 2rw; cos

BekTop oTHOCHTETLHON CKOPOCTH B 3TOM CUCTEME OTCUETa, HATPABJIEH 1O KACATEIBHOM K OKPYKHOCTH, a TIOTOMY
KOHEIl BEKTOPa abCOIIOTHOM CKOPOCTH TOYKK M J1€2KUT HA NPAMOi A1, NapaJuIeIbHON KACATEIbHON K OKPY2KHO-
CTHU U IIPOXOJAIIEH Yepe3 KOHEIN BEKTOPa IEePEHOCHONU CKOPOCTH v,%)p, IIOCKOJIbKY BEKTOD abCOJIIOTHOM CKOPOCTH
— IWAroHaJIb MapaJlIesiorPpaMMa CO CTOPOHAMU v,(é)p u v(()lT)H

B kauecTBe BTOpO#i MOABUAKHOIM CUCTEMBI OTCYETA BHIOEPEM CUCTEMY OCe, HEM3MEHHO CBSI3aHHBIX CO CTEPXK-

HeM. TOorga BEKTOD IEPEHOCHOH CKOPOCTH ONPEIeUTCS 10 popMyte
—
v? = [we x OM], @ = 2w, cos

nep nep

BekTop orHOCHMTENBHOI CKOPOCTH B 3TOH CHCTEME HAMPARBJIEH BIOJb CTEDPIXKHSI, CJI€0BATEILHO, KOHEI| BEKTOPA
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abcoTIoTHON cKOpocTH TOYKU M JIeKHUT Ha TPsSMOil Ag, MapassesbHOM CTEPXKHIO W MPOXOSINeil Yepe3 KOHeI|

N 2
BEKTOPA TTEPEHOCHO# CKOPOCTH vl(m)p.

Touka S nepecedenust npsaMbIXx A1 1 Ao ONPEIEIUT MOJIOKEHHE KOHIIA, BEKTOPa abCOIOTHON CKOPOCTH KO-
. 1o
neuka M. Temepb HeTpyHO HaliTH abCOMIOTHYIO CKOpOCTh Touku M (BekTop M S):

(1) (2)
o = BB 31y + wa),
CcoS

Vage = 27\/w§ + w1 (w1 + 2ws) sin?

K npumepy 10.

YcKopeHme KOJIeUKa OTPeNIeNIUM TI0 TeOPeMe CIIOMKEHNA YCKOPEHUH Gasc = Gnep + Gorn + Gxop- B CHUCTEMe
oceil, HEeU3MEHHO CBS3aHHBIX C OKPYKHOCTBIO, MATEPUATbHAS TOYKA JABUKETCH IO OKPY>KHOCTU C TTOCTOSHHOM
110 BeJIMYMHE CKOPOCTHIO véﬁi = 27(w1 + w2), TO3TOMY OTHOCUTEILHOE yCKOPEHUE TOYKH B ITON CUCTEME OTCYETa,
110 BeJIUYMHE PABHO

all) = dr(wy + wy)?

OTH

¥ HAMPABJIEHO K IEHTPY OKPYyKHOCTH. Tak KaK OKPYKHOCTh BPAINAETCS C MOCTOSIHHOM yIJIOBON CKOPOCTBIO, TO

(1) _ 2

—_—
IIEPEHOCHOE YCKOPEHUE Qrep = —wiOM Touku M N0 BesudnMHE PABHO

1 — 2
Apep = 2TW7 COS

1 1
u HanpasJyieHo K Touke O. Kopuommcoso yckopenue a,((o)p = 2w X ng)H] 10 BEJUYNHE PABHO

al((}))p = 4drwi (w1 + ws)

¥ HAIIPABJIEHO OT LEHTPa OKpYy2KkHOCTU. [IpoekTupysi 3tu Tpu yckopenust ua ocu Ox u Oy, CBsI3aHHBIE CO CTEPAK-
HeM, NOJIydaeM

a; = 4rws(wy + we) sin @, ay = —2r[wi + 2wa (w1 + wa)] cos p

Torna yckopenne koseuka M 1o BeuduHE PABHO Gage = /02 + a2.

11



IIpumep 11. Cmepocenv AB ckoav3um c6oum KoHuom A no okpystchocmu paduyce r u npoxodum wepes
mouky C amol oxpystchocmu. Onpedeaums ycrkopenue mouky B cmepoicHi, pacnososrcennot Ha paccmosnuy |
om Konya A, ecau mouxa A deustcemca ¢ NocmoaAHHOT N0 BEAUNUHE CKOPOCTNBIO V.

Pewenue. Beibupast B KatecTBe mosiroca To4Uky A, mo reopeme PuBambca
— =
ap =as+ e x AB] —w“AB

Herpyano BuzeThb, YTO MTHOBEHHBIN IEHTP CKOpocTeil S crepxKusi AB HaXOmuTCs HA MEPECeYeHUN UAMETPa,
OKPY2?KHOCTH, IIPOXO/ISIIIErO Yepe3 TOUKY A, U HeprneHauKyisipa K CTePKHI0, BOCCTAHOBJIEHHOrO B Touke C. Pac-
CTOsIHME OT TOYKU A O MIHOBEHHOIO IIEHTPA CKOPOCTEH PABHO JUAMETPY OKPYKHOCTH M OCTAETCS MOCTOSTHHBIM
BO BCe BpEeMsi JBI2KEHUsI. Byrarogapsi 3TOMy, MCHOBEHHAS YIJIOBAs CKOPOCTH CTEP2KHST OCTAETCS MMOCTOSIHHOM BO

BCe BpeMd JABHUZKEHUA U 110 BEJINYWHE PAaBHA

Vo
2r

da MTHOBEHHOE YIJIOBOE€ YCKOPEHUHE CTEP2KHA € PABHO HYJK BO BCE€ BpEeMA ABUXKCHUA. C.He,ILOBa,Te.HI)HO, Bpala-

TEJIbHOE YCKOpeHue TOYKu B crepxkHsi paBHO Hysi0. QcecTpeMuTesibHOE yCKOPeHue TOYKU B paBHO

V2l
ay = Ww?AB = 4—7?2

1 HaIIPpaBJIECHO K TOYKEe A. yCKOpeHI/Ie Toukm A CTEP2KHA HAIIPABJICHO K IMEHTPY OKPY2KHOCTU U IO BEJINYIUHE

PaBHO

v
aA:—
r

PaccmarpuBasi mpoeKnuu yCKOpPEeHUsi TOYKY B Ha, HAIIPABJIEHUE CTEPXKHS AX U OPTOrOHAJBHOE K HEMY Ha-

npasjieHue Ay, 1oLy dnm:

2 2 2
oc _ Yo vyl . Vo .
By = AACOSP —ap = ——COSp — —, apy = aASsing = — sin g;
r 4r r
ap = \/(aB)? + (aBy)?

K npuwmepy 11.

ITpumep 12. Oxpyorcnocms paduyca r Kamumcs 6e3 CKOALIHCEHUA NO NO BHEWHET CMOPOHE HEN00BUNCHOU

oxpyorcnocmu paduyca R mak, wmo ee yenmp uMeem MOCMOAHHYIO NO 8eAuvuHne cKopocms vy. Onpedeaums
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ycxopenue mouky S oxpyscHocmu, coenadaouleli 8 0aHHOT MOMEHM C NONOAHCEHUEM M2HOBEHH020 UEHMPA
cxopocmetd, u ycKopenue mouky A, pacnonodicennol Ha NPOMUBONOAONCHOM KOHYE JUAMEMPa, NPOLOOAUEL20
yepe3 mowky S.

Pewenue. Tak kak npu KadeHnn 6€3 CKOIbYKEHUSI CKOPOCTh TOYKH OIBUKHON OKPY>KHOCTH, COBIIAIAIONIE
B JAHHBIA MOMEHT C TOYKON KOHTAaKTa MOABUXKHOII OKPY?>KHOCTHU € HEMOABUXKHOM, PABHA HYJIIO, TO MTHOBEHHBII
LEHTP CKOPOCTEi HAXOAUTCS B 9TOM TOUKe S, U MTHOBEHHASI YIVIOBAsI CKOPOCTb OKPY2KHOCTH w OYJeT 10 BEeJIMInHE

paBHa

151 HaXOXKIeHUsl YCKOpeHuit To4ueK S u A BOCIO/Ib3yeMcs TeopeMoit PuBasibca, BoIOMpast B KAYECTBE MOJIIOCA,
LEHTP TOABUXKHON OkpykHOCcTH 1. Touka (O ABUKETCS MO OKPYKHOCTU paauyca R + r ¢ TOCTOSHHON 10

BEJINYINHE CKOPOCTHIO Vg, TIOITOMY yCKOpeHwue Touku (J1 paBHO

—— 2 00
2 Yo 1
ap, = —wpo, 001 = —

01 OO0 ! R +7r 001

YrioBoe yCKOpeHHe € OKPY2KHOCTH PAaBHO HYJII0 BO BCE BPEMs [BH2KEHWs, TAK KAK BEKTOD €€ MIHOBEHHOM

yI‘J’IOBOfI CKOPOCTHU OCTAECTCA BO BCE€ BpEeMSA NBUZKEHUA IMMOCTOAHHBIM U 11O BEJIMYUHE, W 110 HATTPABJICHUIO. HOSTOMy

BP

BpalaTeJbHBIE YCKOPEHUA aS n a;p ToueK S m A COOTBETCTBEHHO PaBHBI HYJIIO.

OcecrpemuresibHOE yCKOpeHue a%’ Touku S paBHO
y S

2—)
oc _ 2—)771)_0015
ag = —w015 = r—OlS

YckopeHnue TOUKH S CIOXKUTCS U3 yCKOpeHust T09ku ()1 ¥ OCECTPEMUTEHLHOIO YCKOPEHUS TOYKHU S

2 2 2
as = ao, + a® — _ Ch) 001 . ’U_O 01S _ ’UOR 001
LS R+r00; 1 08 r(R+r)00;

TO €CTh HANPaBJjeHOo K Touke (0.

Awnasiornano, Hadinem yckopenue touku A. OcecrpemurenbHoe yckopenue a’f To4ku A paBHO

— v O, A
a% = —w?0,A = —7001/1

B pesyabraTe yckopenue Toukn A paBHO

2 2—) 2 -
as=ap. +a’ =— &0 00, _U_OolA__UO(R+2T) 00,
Ao AT R+7r00, 1 O01A  r(R+r) 00

OTKYJIa BUIHO, 9TO YCKOPEHUE TOUYKU A HANPABJIEHO K IEHTPY MOABUXKHON OKpyxkHOCTH (1.
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K npumepy 12.

ITpumep 13. Iloawvti yuaundp paduyca 2T 6pauLaemcs 60kpy2 C80el HenodeudcHol 0CU CUMMEMPUL C NO-
CMOAHHOT Y2A0801 CKOPOCTBIO W NPOMuUE 4acosol cmpeaku. Ilo enympenneld nogeprHoOCMY IM0O20 YUAUHIPA
Kamumes 6e3 cKoavocenua 0py20l YuAUHID Paduyca r ¢ NOCMOAHHOT OMHOCUMEALHOT Y2A080T CKOPOCTNDIO Wi
10 wacosol cmpeare. Onpedesums ycroperue mowkyu C mMan020 yuasundpa, cosnadaroweti 8 paccmampueaemoll
MOMEH, BPEMEHU C MOYKOT 0CU BOABULOZO.

Pewenue. Huamaapsl COBEPIIAIOT IJI0CKO-TIAPAJIIEIHLHOE ABUXKEHIE MAPAJIIEIBHO [JIOCKOCTH OPTOTOHAJIb-
HOII UX OCSIM. HOSTOMy AOCTATOYHO PACCMOTPETH OBUXKEHHWE TOYEK CHCTEMBbI, DACIIOJIO?KE€HHBIX B IIJIOCKOCTH
[IEPIEHIUKYJIAPHON OCAM MUWIMHAPOB M Hpoxoaseil depe3 Touky C. Touka C BO Bce BpeMs aBuv2KeHusi Oyner
OCTABATHCSI B 9TOM ILIIOCKOCTH (CM. YEPTEXK).

Yckopenne Touku C' MOxkeT ObITh IpeAcTaBeHo no Teopeme PuBasibca. Eciu 3a mosroc npunsts Touky O,
TO

9= —
ac =ap, —°0:C + [e x O1C]

rae 2 — abcosroTHAsT MCHOBEHHAs! YIVIOBAs CKOPOCTH IUJIMH/IPA PAJIAYCA T, a € — €ro YIJIOBOE YCKOPEHUE.
ITockonbky TOUka (O] ABUKETCS IO OKPYKHOCTY PAJUYCA T, €€ YCKOPEHUE IPEICTABUTCS KAK T€OMETPUIECKAS

CyMMa KaCaTeJbHOI'O0 1 HOPMAJIBHOI'O yCKODEHUN

2
dvo (%
1 O1
aop, =ap,. +aop,, = T+ v
1 1T 1v dt r
rae vo, — abcomoTHas cKopocTh ToUkU (J1, KOTOpast MOKeT OBITh HaiiJileHa 10 TeopeMe CJIOKEHUsI CKOPOCTeEi.

Eciu nogBuKHY CHCTEMY OTCYETa CBS3aTh C MOJIBIM ITUJINHIPOM, TO MEPEHOCHAsT CKOPOCTh Touku (1 Oyner
0 BeJIMYMHE PABHA Wr, a OTHOCHUTENbHAsT CKOpOCTh — wir. Torma abcomoTHast cKOpocTh Toukn (O Oyaer mo
BeJINYMHE DABHA,

vo, = (w4 w1)r = const

¥ HAMPABJEHA B CTOPOHY BPAIIEHUs TOJIOr0 MUInHIpa. Takum obpa3oMm, Touka (01 ABHKETCS 10 OKPYKHOCTH

paJuyca r ¢ OCTOSAHHOM MO BeJIMYHHE CKOPOCTRIO UVo, U ao,, = 0. Biaromaps sTomy, ycKOpeHHe NOII0Ca PABHO

——1)2&001——( +w1)?00
0= T 00, T WA

TO €CTh HAMPaBJIeHO K To4uke O.

14



L7151 onIpeiesIeHHOCTH TTOJIOXKUM w > w1. Toraa abCcoMoTHAS YTIIOBAasi CKOPOCTh MAJIOTO IUIUH/IPA IT0 TeopeMe
CJIOYKEHWSI YTJIOBBIX CKOPOCTEl MO BequduHe Oymer paBHa () = w — w) ¥ MaJbIi NWIMHAD BPAINAETCs MPOTUB
4acoBoit crpesiku. [I0CKOIBKY BEKTOP MIHOBEHHOU YTIJIOBOM CKOPOCTH {2 OCTAETCS MOCTOSIHHBIM U IO BEJIMYWHE,
¥ TI0 HAIIPABJIEHUIO BO BCe BPEMS IBUKEHUS, YIJIOBOE YCKOPEHNE MaJOro IUJINHAPA PABHO HYJIO, U YCKOPEHHE

Touku C' MaJioro TUJIVHAPA CIOXKUTCA U3 YCKOPEHUA TOYKU 01 " OCECTPEMUTEILHOI'O YCKOPEHUA

—
a¥ = —0%0,C
Takum obpazom,
—
9 =
ac = —(w+w)*001 — (W —w1)°01C = —dwwir
004

OTKY/Ia, BUJHO, YTO YCKOPEHUE HAPABJIEHO K TOUKe O.

K npuwmepy 13.

IIpumep 14. Hlapruproit napaasesozpamm OAA1O01 umeem dse nenodsusichvie mouru: O u O1. Cmopona
OA spawsaemcs ¢ nocmoauhol Y2A0800 CKOPOCMbI0 W 80KpY2 Henodeudtctot mouky O 8 NAOCKOCTY 4ePMENHCa
npomus wacosolt cmpearu. Ilo cmopone AA, ¢ nocmoannol cxopocmovro v dsusicemes mowka M. Onpedeaume
BEAUNUHDL U HANDABAEHUS AOCOMOMHBLL CKOPOCTU U Yckoperus moukyu M 6 mom momenm, xoeda LO10A = «,
cuuman, wmo OA = a, AA; =b.

Pewenue. CBsixkeM MOJBUKHYIO CUCTEMY OTCYETa CO CTepyKHEM AAj, KOTOPBIA JBUMKETCS] MOCTYHATEIBHO.
CremoBaTeIbHO, HE3ABUCUMO OT TIOJIOXKEHUsI TOYKU M TepeHOCHBIE CKOPOCTh U yCKopeHue Touku M OymayT
PaBHBI COOTBETCTBEHHO CKOPOCTU M YCKOPEHMIO TOYKU A, TO ecThb

— 9=
VUnep = [w X OA], Quep = —w-0A

Tak kKak B 3TO# cucTreMe oTcyueTa TOUKa M IBMIKETCS MPSIMOJIUHEHHO U PABHOMEPHO

—_—
AA,
Vora = UA—141’ Qo = 0
KoprommcoBo yecKopeHre paBHO HYJIIO, MOCKOIbKY TIOIBUKHAS CHCTEMa, OTCYeTa, ABUXKETCS MOCTynaTeabHo. Ta-

KUM 00pa3oM,
—
- AAl

Vage = [w x OA] +v Qase = —w?OA
abc — AA, a6c — —W

15



Benuuuubr aBCOMIOTHBIX CKOPOCTH U YCKOPEHUsT TOUKM M paBHBI

Vabe = \/w2a2 + v2 — 2wavsin a, Aage = wia

K npuwmepy 14.

Ecnu monBukHy0 cucteMy oTcueTa cBs3aTh co crep:kHeM O A, pernienne 3HaUnTeIbHO yesroxkuHuTCs. [Toe3no

MIPOBECTHU ITO PEIIEHNE U YOEAUTHCs, 9TO PE3yabTaT OyIeT TOT XKe.

Vkazauunsg kK 3agadam riaBel 1 "Kunemarnka"

coopuuka "3agaum 1m0 TeopeTmYecKoilt mexanuke"
1.1. Bocrnonbs3oBarbest GOKAIbHBIM ypaBHEeHHeM Juaica U 0 = wt (§ — ucTHHHAS aHOMAJINS).
1.2. Boimmucars BbIPpasKeHUsI JJ1s1 CKOPOCTH TOYKHU U CEKTOPHOU CKOPOCTH B HOJISIPHBIX KOODAMHATAX.
1.3. Boinucars BBIPAXKEHUsI JJ1s1 CKOPOCTH U YCKOPEHUSI TOYKY B IOJISIPHBIX KOOPAMHATAX.
1.4. Paccmorpers IpeCTaBIeHre BEKTOPOB CKOPOCTH U YCKOPEHMUSI B IOJISIPHBIX KOOPANHATAX U B €CTECTBEHHBIX
OCHIX.
1.5. Cm. 1.3.
1.6. Cm. 1.3.
1.7. PaccMoTpers mpe/CcTaBiieHIe BEKTOPA yCKOPEHUsI B €CTECTBEHHBIX OCHX.
1.8. CBsi3aTh KOMIIOHEHTHI YCKOPEHHUS] B €CTECTBEHHBIX OCAX @ (dr,a,) C BEKTOPAMM CKOPOCTH M YCKOPEHWs
TOYKH.

2
v
1.9. Tak kak p = —, TO HEOOXOAUMO HAUTU BBIPAYKEHUsI JIJIsl BEJIMYMHBI CKOPDOCTU U U HOPMAJIbHOM COCTABJIs-

ay
I0Ield yCKOpEeHUs @, B 3aBUCUMOCTH OT T.
1.10. Cwm. 1.4. HaiiTu BhipaykeHue Jijisi HOPMAJIBHOM COCTABJISIIONMIEN YCKOPEHMSI.
1.11. Haiitu CKOpPOCTH U yCKOPEHHE TOYKH. BBIYUCINTh HOPMAJIBHYIO COCTABJIAIONLYI0 yCKOPEHUSs, BOCIOJIb30-
2
. v

BaTbCst POPMYIOit p = —.

ay
1.12. Cwm. 1.11.
1.13. Juddepennmansuoe ypaBHeHE KPUBOI CIEAYET U3 MPEICTABIEHNUS] KOMIIOHEHT BEKTOPA CKOPOCTU TOYKH
B chepruuecKnx KOOPIUHATAX.
1.14. Cwm. 1.13.

1.15. W3 BeIparkeHniit KOMIIOHEHT BEKTOPA CKOPOCTU TOYKHM B MOJISIPHBIX KOOPAMHATAX COTJIACHO YCJIOBUIO 33191

oty unTh nuddepeHImaibHoe YpaBHEHNe TPAeKTOPHH.
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1.16. IlocTpouTh BEKTOpP abCOMIOTHOM CKOPOCTH TOYKU M, MCXOAs M3 BHIOOPA TOABUKHBIX CHCTEM OTCUETA,
cBsi3aHHBIX ¢ npsaMbiMi AB u C'D nocieqoBaTeIbHO.

1.17. ITocrpouTsb BEKTOP abCOIOTHON CKOPOCTH JIOAKY, BHIOPAB MOABUKHBIE CUCTEMbI OTCUETA, CBI3aHHBIMU 1)
¢ BOJIO u 2) ¢ aydom AM.

1.18. ITocTpouTs mapaJyIesIorpaMM CKOpPOCTeit Touku M, CBS3aB MOABUXKHYIO CUCTEMY OTCYETa C IOIBUXKHOM
OKPY2KHOCTBIO.

1.19. Hajiitn HampaBjieHHEe BEKTOpa abCOIOTHOM CKOpOCTH TOUKM M TIO0 TeopeMme CIJIOKEHUsI CKOPOCTei, BbI-
OpaB 33 MOABUMKHYIO CUCTEMY OTCYETa, PAANyC-BeKTOp Touku M . YcranoButh momobue rpeyrombauka NOAM n
TPEyroJIbHUKA CKOpOocTel Touku M.

1.20. PaccmoTrperh JBUKEHWE TOYKH [0 JIIUICY KAaK CJIOXKHOe, BHIOPAB 33 MOABHMXKHBIE CHCTEMbI OTCYETa ee
paanyc—BEeKTOPHI ¢ mosocaMu B (hOoKycax asumca. V3 ompeneseHus: JIANCA CIeIyeT, 9To 7'y = —79, TO €CTh
OTHOCHTEJIbHBIE CKOPOCTH TOYKHU PABHBI MO BEJIMYMHE. AHAJIOIMYHO [Jis TUIIEPOOIIBL.

1.21. Anasnoruuno 1.20. pacCMOTpETh IBUKEHUE TOYKHU, BHIOPAB 3 TOIBUKHBIE CUCTEMBI OTCYETa 1) CBA3aH-
HYIO C PaJlyC—BEKTOPOM TOYKHU, MPOBEIEHHBIM U3 (POKYCa, U 2) JEKAPTOBY CHUCTEMY C OCSMU: JIUPEKTPUCA U
NEPIEHAUKYJIAD K Hel, IPOXONAIUYA 4epe3 TOUKY.

1.22. Ucnonab30BaTh MPeACTaBICHNE CKOPOCTH B MOJISPHBIX KOOPIUHATAX.

1.23. Io Teopeme CIOKEHUs! CKOPOCTE(, CBSI3aB MOABIIKHYIO CHCTEMY OTCYeTa ¢ paJuyc-BeKTopoM OM, vie =
72 + (r¢)?. Orciona cremyror Heobxomumbie BuIpazkenus maias r(t) u v(t). Ilo Teopeme CIOXKEHUS yCKOPeHwHit
TIOJIyYUTh YCKOPEHUE.

1.24. Cwm. 1.23.

1.25. Cpsi3aB MOABUKHYIO CUCTEMY OTCYETa C JTUCKOM, MIPIMEHUTH TEOPEMBI CJIOKEHHUsI CKOPOCTE U YCKOPEeHUi
Agist Toaku M.

1.26. CBsi3aB MOABIMXKHYIO CHCTEMY OTCYUETa C OKPYKHOCTBHIO, MPUMEHUTH TEOPEMbI CIIOXKEHHUsI CKOpOCTel u
yCKOpeHuit st Touku M.

1.27. Cwm. 1.25.

1.28. TlocTpouTh mapaIeIorpaMM CKOPOCTell, CBSI3aB MOJBUKHYIO cucTeMy oTcdera co crepxkueM OC.

1.29. HaiiTu npoeKIuy OTHOCUTEJILHOI'O, IIEPEHOCHOI'0 U KOPUOJIMCOBA YCKOpeHuil Ha monsukHbie ocu Ox u Oy.
1.30. Ucnonp3oBark pe3ysabrar 3ama4uu 1.29.

1.31. CBs13aB MOABMKHYIO CUCTEMY OTCYETA C KOHYCOM, IPUMEHUTh TEOPEMY CJIOYKEHHs YCKOPEHHIA.

1.32. CBs13aB MOABUKHYIO CUCTEMY OTCUETA C [IAPOM, IPUMEHUTD TEOPEMY CJIOXKEHUs YCKOPEHUI.

1.33. CBsi3aB NOABIKHYIO CUCTEMY OTCYETa C ILUIOCKOCTHIO MPIMOyroibHuKa, ABC D, npuMeHuTH TEOpeMyY CJIO-
KEHUs yCKOPEHUM.

1.34. Cpsi3aB MOJBUKHYIO CUCTEMY OTCYETA, ¢ IJIOCKOCTBIO IUCKA, TPUMEHUTH TEOPEMY CJIOXKEHUST YCKOPEHUIA.

1.35. CBsi3aB MOABUKHYIO CUCTEMY OTCUETA, C IJIOCKOCTHIO KOJIbI[A, TPUMEHUTEH TEOPEMY CJIOXKEHUS] YCKOPEHUHA.
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1.36. Cm. 1.34.

1.37. CBsi3aB MOABUKHYIO CUCTEMY OTCYETA C MJIOCKOCTHIO JIMCKA, IPUMEHUTb TEOPEMY CJIOKEHUSI yCKOPEHUN.
1.38. Crepxkenp OA — TBepioe TeJIO ¢ HEMOABUKHON TOYKOH O.

1.39. IlocTpouTs mapaJjuIeiorpaMM CKOPOCTEH IEHTPA POJIUKA, CBSI3aB MOIABUXKHYI CUCTEMY OTCYETa C IOJIY-
JUCKOM, VUage = Unep * 18 -

1.40. TTocTpouTh mapa/IeIOrpaMM CKOPOCTeH KOHIA A, CBSI3aB MOABUKHYIO CUCTEMY OTCUETa C TPOMUIEM.
1.41. CBsi3aB MOABUKHYIO CUCTEMY OTCYETa, C 3eMJIeil, BOCIIOIB30BATHCS (POPMYJION i KOPUOINUCOBA, YCKOPE-
HUS.

1.42. Cwm. 1.41.

1.43. IlogBuKHYIO CUCTEMY OTCYETA, CBS3ATh C BPAIMAIOIIEHCS MJIOCKOCTHIO, B KOTOPOH HAXOMSATCS TOYKU A n
B. Bo Bpammaroreiicst mIoCKOCTH BBECTH TOJSPHYIO CUCTEMY KOOPIUHAT.

1.44. Cesi3aTh TOABUKHYIO CUCTEMY OTCYETA, C MJIOCKOCTHIO TPATENUHd, IPUMEHUTh TEOPEMY CJIOKEHUs yCKOPe-
HUM.

1.45. [Jokazath dhOpMyJIIbl
'bnep = Qnep + [w X 'UOTH]; 'borru = Qoru + [w X 'Uo'rn]

I7le W — YIJIOBasl CKOPOCTh IIOJBUKHOM CUCTEMBI OTCYUETA.

1.46. Cum. 1.45.

1.47. IlpuMeHuTs TeopeMy CJIOKEHUsI yCKODEHWi, paccMarpuBasi ABrkenue Touku M kKak cioxkHoe. Tpex-
rpaHHUK M Tyz NBUKETCS OTHOCUTEIBHO IOJBUKHONW CHUCTEMBI OTCYETd, CBSI3aHHOW € 3eMileil M Vory =
VEpe; +UNey + vpe,.

1.48.,1.49., 1.50., 1.51., 1.52., 1.53., 1.54. IlocTpouTs MIHOBEHHBI [IEHTP CKOPOCTEIA.

1.55. HaiiTu MrHOBEHHYIO YIJIOBYIO CKOPOCTb CTEP:KHSI AB, MCXOMsl M3 MOJIOXKEHNsT MTHOBEHHOI'O IIEHTPA, CKO-
pocreit. ITpumennts Teopemy PuBamnbca, cBsi3aB yckopenust Touek A u B.

1.56. Paccmorpers mosie ckopocreit crepxkusi AB. Ilpumenuts Teopemy PuBasbca, cBsi3aB yCcKopeHus: Touek A
u B.

1.57. Cm. 1.56. Haiiti ocectpemuTesnbHoe yckopeHue TOUku B Kak To4uku crepxkus O B.

1.58. Ilpumenuts Teopemy Pusasbca, cBs3as yckopenusi Touek B u C crepxxust BC'. Haiitu ocecrpemuresnroe
yckopenue Touku C' kKak To4uku crepxkHus CD.

1.59. Haiity MrHoBeHHYIO yIiOBYIO cKopocTh yriia AM E kak GhyHKIHIO yIia ¢, UCXO/s U3 TTOJOXKEHUST MTHO-
BEHHOT0 IIeHTPa cKopocteil. [IpumennTts Teopemy PuBanbca, cBsi3aB yckopenust touek A u M.

1.60. HaiiTn MrHOBEHHYIO YIJIOBYIO CKOPOCTb W ¥ MI'HOBEHHOE YIJIOBOE YCKODEHHE € KOJeca JJisi JAHHOTO MO-
MeHTa Bpemenu. Haiitu yrom o (tga = %), COCTABJISIEMBINl YCKOPEHUEM TOYKU KOJIECA C €€ PAJNyC—BEKTOPOM

OTHOCHUTEJIBHO IIEHTPA YCKOPEHUMH.
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1.61. Cuavyasia HaiTH MTHOBEHHYIO YIJIOBYIO CKOPOCTbH CTep:KHsI AB, 3aTeM npuMeHHTh Teopemy Puasbca,
CBAI3BIBAIONIYIO yCKOpeHust Touek A u B crepxkusi. Haiitu yckopenne To9ku A KaK TOYKH AMCKA.

1.62. Bocnob30BaThCs BEIpAXKEHUSIMU [1J1s1 yCKOpeHuit Todek M u N u3 teopembl PuBasibca, NpuHSIB 3a MOJIOC
Touky A. [IpensapuresnsHO HANTH MITHOBEHHYIO YIJIOBYIO CKOPOCTh ¥ MTHOBEHHOE YIJIOBOE YCKOPEHHE MO/IBUKHOMN
IIeCTePHU.

1.63. Cum. 1.62.

1.64. YpaBHeHUs [IJisi MTHOBEHHOM YTJIOBOM CKOPOCTH M MTHOBEHHOI'O YTJIOBOIO yCKOpeHusi crepxusi AB cie-
AYIOT 13 TeopeMbl PruBasbca, CBA3BIBAIOIIEH YCKOPEeHUsT TOYeK A u B cTep:KHs.

1.65. Bocmosib30BaThCst CBOMCTBAMEU MIHOBEHHOT'O IIEHTPA YCKOPEHMIA.

1.66. Cm. 1.64.

1.67. Bripa3uTh yCKOpeHUE CepeIuHbl CTEPIKHS MO TeopeMe PuBasibca, MPUHSB 3a MOJIIOCA MOCTIEI0BATETHHO
Toukn A n B.

1.68. MruOBeHHBII IEHTP CKOPOCTEl TOABUXKHOTO JVCKA HAXOAUTCS B TOYKE TIEPECEUEHUS MPOIOIKEHUH MPsi-
MOJIMHEHHBIX yIaCcTKOB peMHs. [IpuMmennTs Teopemy PuBasibca a1 yKa3aHHBIX TOYEK, IIPUHSB 32 TOJIOC TOUKY
A.

1.69. MruoBeHHasT OCb BpAIEHUsT KOJIECA, MPOXOAUT depe3 ToUKy ()1, PACIIOIIOKEHHYIO HAJT EHTPOM TPEKa, Ha
BBICOTE 7", U TOYKY KACaHUS KOJieCa C TpeKoM. IIpuMeHUThL TeopeMy CI0XKeHUsT YTJIOBBIX CKOPOCTEH, MpeIcTa-
BUB JIBI2KEHUE JUCKA KAK CYMMY JBYX BpalleHuii. MrHOBEHHOE yIJIOBO€ YCKOPEHHE KOJIeCa — CKOPOCTH KOHIA
BEKTOPa €ro0 MTHOBEHHOU YIJIOBO CKOPOCTH.

1.70. Cwm. 1.69. a) = a5 + a}f.

1.71. Touka O njst AUCKa, SIBJISIETCS HETIOABUXKHOM TOYKOU. [IpUMEHUTD TEOpEMY CIIOXKEHUSI YTJIOBBIX CKOPOCTEI,
npeaCTaBUB JABUXKEHUE JTNCKAa KaK CyMMY OBYX Bp&H.[GHHfI, CUNTad 4YTO IIOABUXKHAA CUCTE€Ma OTCYETa CBA3aHa C
wrockocThio zOC.

1.72. Cm. 1.71.

1.73. IlpencraButh ABIKeHUE KOHYCa A KaK CyMMy JBYX BDAIEHU, CIATAS ITO TOJBUKHAS CUCTEMA OTCIETA,
CBSI3aHA, C MIOCKOCTHIO 2Oy .

1.74. Touka O nnd OUCKa SIBJISIETCS HEMOABUKHON TO4UKOi. [IpemcraBuTh aBMKEHWE NMCKA KAK CyMMY ABYX
BpAIEHU BOKPYT OCU KOHYCA C MOJABUKHOM CUCTEMOI oTcueTa, onpenenasemoit paguycom OA U OChbI0 KOHYyCa,
" BOKPYT HOPpMaJIN K TIJIOCKOCTU NUCKA B TOYKE O BO BBe,ILeHHOI./'I cucreMe.

1.75. Cm. 1.73.

1.76. Touka O gnsa mecrepuu 111 sBiasiercss HenoaBrKHON TOUKOM. [IpUMEHUTD MBAXKIBI TEOPEMY CIIOXKEHUS
YIJIOBBIX CKOPOCTEIl, BHIOPAB 38, MOABUMKHBIE CUCTEMBI OTCUETA MOCIeI0BATEHHO ecTeprn [ u I1.

1.77. YpaBHeHus sl TPOEKIWi MIHOBEHHON YIJIOBOM CKOPOCTH CJIEAYIOT U3 TEOPEMbI DMJiepa, CBI3bIBAIOIIEH

ckopoctu touek Mi u M. MrHOBeHHAs1 OCh BpaIlleHnsT HAXOIUTCS U3 YCIOBUS, YTO CKOPOCTH TOYEK, JIEIKAIIAX
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Ha Heli, PaBHBI HYJIIO.

1.78. Cm. 1.76.

1.79. IlocTpouTh BEKTOP MIHOBEHHO! yriioBoit ckopoctu II 1mecrepnm, mpeacTaBuB ee JBUXKEHUE KAK CyMMY
Bpamenuii 1) ¢ I mecrepHeit u OTHOCUTEILHO Hee U 2) € BAJIOM U OTHOCUTEJIHHO BAJIA.

1.80. HaiiT MrHOBEHHYIO OCh BPAIIEHUS BOTYKA, IPUMEHUB TEOPEMY CJIOKEHUS YIJIOBBIX CKOPOCTEH.

1.81. HaiiTu MIrHOBEHHYIO OCh BPAIIEHUS IUCKA, IPUMEHUB TEOPEMY CJIOKEHUSI YIJIOBBIX CKOPOCTEH.

1.82. Cm. 1.81.

1.83. Bripa3uTh CKOPOCTh TOYKM KACAHUS IMIAPA € TUIOCKOCTHIO MO TeOpeMe Dijiepa U MPUPABHATH €€ HYJI0.
1.84. TTocTpouTh MApPAJIEIOrPAMM CKOPOCTEH JiJisi TOYKU A, CBSI3aB MOJBUXKHYIO CUCTEMY OTCYETa, C OTPE3KOM
AC, ¢ magasiom B Toure C'.

1.85. [TocTpouTs mapaJsuiesiorpaMM CKOpPOCTel JIjist TOUKU B, CBA3aB MOJABUXKHYIO CUCTEMY OTCHETa, C PaIuyC—
BEKTOPOM IUCKa, TIPOBEACHHBIM B TOYKY CXOJa HUTU, U HpHMOJIHHGfIHbIM OTPE3KOM HUTHU.

1.86. IIpu BBIOOpE MTOABUKHOM CUCTEMBI OTCYETA, CBSI3AHHOM C JIMCKOM, JAHHBIE 33Ia9U OMPEIESISIOT BCE HEOD-
XOaAuMbI€ BEJIMYUHBI JJI1d TPUMEHEHUA TeOpeM CIIOXKEHUSA CKOpOCTGIVI n yCKOpeHI/Iﬁ TOYKHU A.

1.87. 3amucarb Teopemy Jitiepa JJis NEHTPa, NMIUHAPA, A U TOYKYU KACAHUS.

1.88. IlocTpouTh BEKTOP CKOPOCTH KJIWHA, IPEICTABUB €r0 JIBUKEHNE KaK CJI0KHOE, TIOC/IeI0BATEIHHO BHIOUPAasi
TMOABUKHBIC CUCTEMBI OTCYETA, CBA3aHHBIMU C 6pyCKaMI/I

1.89. IMocTpoursh mapaiieJIorpaMM CKOPOCTei i TOYKA A, ecju MOJBUXKHASI CUCTEMa, OTCYETa, CBS3aHA, C
KoJiecoM B.

1.90. IIpumenuTs Teopemy ditaepa.

1.91. CBsi3aB NOABUKHYIO CUCTEMY OTCYETa C "BOIUJIOM IPUMEHUTH TEOPEMY CJIOXKEHUs] YCKOPEHUM JJIsi TOUKU
M nucka.

1.92. Cwm. 1.91. Haiitu ckopocTh TOUku M OTHOCHTENBHO "BOIUIIA UCIIOIB3YsI TEOPEMY CIIOXKEHUSI CKOPOCTEH.
1.93. ITocTpouTh MIHOBEHHBIH IIEHTP CKOPOCTEH MPOMEXKYTOYHOM IIECTEPHY U HAWTH €€ MTHOBEHHYIO YIJIOBYIO
CKOPOCTB, a 3aTE€M HalTH MIHOBEHHBIM IIEHTD CKOPOCTEH BEIOMOW IMIECTEPHU U HAWTU €€ MIHOBEHHYIO YIJIOBYIO
CKODOCTb.

1.94. B cucreme orcuera, CBSI3aHHOM C MPU3MO#, IUJIUHIDP COBEPIIAET ILJIOCKO-TAPAJICBHOE IBUKEHNE: MIHO-
BEHHBII TIEHTP CKOpOocTeil HaxoauTcsi B Touke D. Vcxomst u3 9T0r0, OnpeaesitoTcs OTHOCUTEbHBIE YCKOPEHUE U
CKOPOCTBH TOYKY A.

1.95. B moaBuzkHOI cucTeMe OTCYeTa, CBA3aHHOM CO cTepxkHeM AB, OUCK COBEPIIAET ILJIOCKO-IAPaJIIEIbHOE
aprkenrie. AGCOTIOTHBIE CKOPOCTH M YCKOPEHUsT YKA3AHHBIX TOYEK OMPEIEJISIOTCS 0 TeOPEMaM CJIOKEHUs CKO-
pOCTeit U yCKOpPEHUIA.

1.96. Bocmosib30BaThCst TEM, 9TO TOABUXKHAS IIECTEPHS JIBUKETCS TIOCTYIATEIHHO.

1.97. B cucreme orcuera, CBI3aHHOI C mecTepHeil B, mecrepHs A coBepiiaer KaueHnue 6e3 CKobxkenus. Vcxons
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U3 3TOTO, ONMPEIETISAIOTCS OTHOCUTEIBHBIE CKOPOCTH M YCKOPEeHue TOuKu D).

1.98. B cucreme orcuera, CBSI3aHHOM C IUCKOM, TOYKA, A NBUKETCs TIO MPSIMOi O 33IaHHOMY 3akoHy. [Ipume-
HUTBb TEOPEMBI CJIOXKEHUA CKOPOCTEH M yCKOPEHUM.

1.99. Konyc I — tBepmoe Temo ¢ mHenoasuxkuoil Toukoit 0. B cucreme orcyera, cBsi3aHHOM ¢ KOHycOM I, TOUKa
M nBuKeTCs MO TPSIMO# MO 33aJaHHOMY 3aKOHy. lIpUMEHUTH TeopeMy CIIOKEeHUs yCKOpeHuit jjis Touku M.
TlepenocHoe yCcKOpeHUe OnpenesisieTcss KaK YCKOPEHNE COOTBETCTBYOMIENH TOYKH TBEPAOTO TEJIA.

1.100. KpecTtoBuHa — TBEpA0€E TEJIO C HEMOABUAKHONU TOUKON F. IlocTpouTh BEKTOP MTHOBEHHOU YTJIOBOM CKO-
POCTHU KPECTOBUWHbBI, PACCMATPUBASsI €€ JBUKEHNE KAK CyMMY BPAIIEHU, BLIOPAB MOCIEIOBATEBHO TIOIBUKHbBIE
CHCTEMBI OTCYETA, CBSI3aHHBIE C OHON ¥ APYrOil BUIKAMU Npu (DUKCUPOBAHHOM YTJIE .

1.101. Haiit KOMIIOHEHTHI MI'HOBEHHOI YTIJIOBOM CKOPOCTH U3 TeopeMbl Jitjepa ajs touek B u C, BBIOpaB 3a
mositoc TOUKy A. MrHOBeHHas1 OCh BpPAIIEHNSI MPOXOIUT Yepe3 TOUKY A v ee HAMPABJISIIONIUN BEKTOP — BEKTOP
MT'HOBEHHOI yIJIOBOIi CKOPOCTH.

1.102. HaiiTi KOMIOOHEHTHI MTHOBEHHOM YIJIOBOM CKOPOCTH U3 ypaBHEHWi Diijiepa, CBSA3BIBAIOIINX CKOPOCTH
touku A, B u C. BunToBast 0Ch HAXOIUTCS U3 YCJIOBUSI, YTO CKOPOCTH TOYEK, JIEXKAIUX HA, HEl, MapasIIeIbHbI
MT'HOBEHHOI yIJIOBOIi CKOPOCTH.

1.103. CkopocTh ¥ yCKOpPEHUE IEHTPA, KPUBUIHBI MO ONPEIEJICHUI0 HAXOSITCS MOCIEI0BATEIbHBIM nud depeH-

MPOBAaHUEM TI0 BpeMeHH, UCHoab3yst hopmysibl PpeHe, COOTHOIIEHNS
— —
OK = OM + pv

rae O—I)( — PaauyC—BeKTOD LIeHTPa KPUBU3HBI, O—]\j — paguyc—-BeKTOp TouKu M, p — paguyc KpUBHU3HBL, UV —
BEKTOD IVIABHOW HOPMAJIH.

1.104. Ucnonszoars dhopmyist Ppene u dbopmyasr [Iyaccona.

1.105. Bocmosnb30BaThCs OIpene/IeHneM BEKTOPA BUXPs U TEOpeMoii Jitiepa.

1.106. IlenTp mapa ABUAKETCS IO OKPYKHOCTH, €T0 YCKOPEHNE MMeeT JIBe COCTABJISIOIINE: HOPMAIbHYIO U Ka-

CaTeJIbHYIO.
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