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Mokaxem NoNoXeHNe MTHOBEHHOTO LIeHTPa CKOPOCTeit Pag WaTyHa AB 1 HanpaB/eHe ero YraoBoi ckopocT (PUCyHOK 4).

PucyHok 4
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Onpezennm pacctoaHme oT Touek B 1 C 10 MTHOBEHHOTO LieHTPa CKOPOCTeN Pag:
— PaccToAHMe OT TOUKM B 0 MTHOBEHHOTO LIEHTPa CKOPOCTEli ONPeAenM 13 NPAMOYTONbHOTO TPEYroNbHUKa APagB:
BPpg = AB - sin30° = 60 - sin30° = 30,0 cm,
— pacctoaHue oT Touku C O MTHOBEHHOTO LieHTpa CKOPOCTelt OnpeAenM 13 NPAMOYTO/bHbIX TPeYronbHNKoB ACD 1 CDPag:
CPag = ((APag — AC - c0s30°)% + (AC - 5in30°)9)"/2 =
= (52,2 - 20 - c0s30°)% + (20 - sin30)%)'/? = 36,1 cm,
Onpezaennm Moaymn ckopocTeii Touek B n C:
Vp = wag - BPag = 029 -30,0 = 87 cw/c,

Ve = wag - CPag = 029-36,1 = 10,5 cm/c.
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Mokaxem HanpaBaeHue BekTopa ckopocTyt Touky C waTyHa AB (pUCyHOK 5).

PucyHok 5
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Mo TeopeMe 0 paBeHCTBE MPOEKLIA CKOPOCTEN ABYX TOUEK MAOCKO GUrypbl Ha OCb, MPOXOAALLYIO Yepe3 3TV TOUKY BbINOAHVM MPOBEPKY MPaBUAbHOCTA
onpeAeneHna ckopocTeii Touek waTtyHa AB. 1A 3TOro cnpoeLmpyemM BeKTopbl CKOpocTeid Touek A 1 B waTyHa AB Ha OCb f, NPOXOAALLYHO Yepe3 Toukn AB
(prcyHoK 6).

PucyHok 6
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OnpeAen M 3HaueHNA NPoeKLWii ckopocTeid Touek A v B watyHa AB Ha ocb f:
Vax = Vex
Vi - cos60° = Vp - cos30°,
15,0 - cos60° = 8,7 - cos30°,
7,50 = 7,53,
NpoBepKa CoLNACh, 3HAUUT CKOPOCTY TOUEK LWaTyHa AB HaliaeHbl BEpHO.
2. OnpepeneHme yCKOPeHUii ToUek 1 YrIoBOTO YCKOPEHNA 3BeHa.
Pa3/105kIM YCKOpeHIe TOUKM A Ha KacaTe/lbHYH) COCTAB/AIOLLLYIO AT i HOPMa/bHYHO COCTaBAOLLYHO ax™
BEKTOP G = BEKTOP aa" + BEKTOP aa".
Onpezaenm Moy b KacaTeNbHOI COCTaBAAROLLEN YCKOPeHNA (KacaTeNbHoe yckopeHue) Touku A kpusolumna OA:
ap" = g0a - A0 = 2,010 = 20,0 e/
Onpezaenmm MoAyb HOpMa/bHOV coCTaBAAtOLLEl YCKOpeHUa (HopManbHoe yckopeHue) Toukn A kpueowmna OA:

@A™ = wop2 - A0 = 1,52 10 = 22,5 cm/c2.
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BekTop KacaTe/bHOro yCKopeHua Touku A kprsolwnna OA Hanpas/ieH Mo OCK KacaTe/IbHO B MPOTVBOMO/IOXHYO CTOPOHY BEKTOPa CKOPOCTY TOUKM A, T. K.
BpalLeHve kpuowwmna OA 3ameAneHHoe (ecn Bbl BpaleHne KpuBolmna OA BbI10 YCKOPEHHOE, TO BEKTOP KacaTe/IbHOro YCKOpeHNs bt Gbl HanpaB/eH B
Ty e CTOPOHY, UTO 1 BEKTOP CKOPOCTM). BpaliieHe ABAAETCA 3aMeANEHHbIM, T. K. YT/I0BaA CKOPOCTb U YTI0BOE YCKOpeHue KpnoLunna OA Hanpas/eHbl B
NPOTVBOMO/IOXHbIE CTOPOHI (BPaLLieHMe Gb10 Bbl YCKOPEHHBIM, €M Gbl Yr10Bas CKOPOCTb 1 YI/I0BOE ycKOpeHue KpuBolumna OA 6binn Bbl HanpaBaeHb B
O/iHY CTOPOHY). BEKTOP HOPMa/bHOTO YCKOPEHMA Hanpas/eH MO OCU IaBHOV HOPMa OT TOUKM A K LIEHTPY BpallieHus Touke O kpusolunna OA. Mokaxem
HanpaB/ieH1A BEKTOPOB KacaTe/IbHOrO 1 HOPMaibHOTO YCKOpeHuii Touku A kpusowuna OA (pUCyHOK 7).
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YckopeHue Touky B WwaTyHa AB MOXHO ONpeAeniTb kak reoMeTpUUECKyto CyMMy YCKOPEHIA MOKOCa 1 YCKOPEHWUA TOUKM B BO BpaLLeHUM WwaTyHa AB BOKpYr
nontoca. 3a NokoC BbibrpaeM ToUKy A WwaTyHa AB, T. K. YCKOPEHMWE 3TOW TOUKMW 13BECTHO.

BEKTOP Gg = BEKTOP Gy + BEKTOP Gga.

HanpaBneHue BeKTOpa YCKOPEHA TOUKM B BO BpalleHUu waTyHa AB BOKpYr Mo/itoca A HEU3BECTHO, NMOSTOMY Pas/fioXUM YCKOPeHMe TOUK B BO BpalleHn
waTtyHa AB BOKpYr nostoca A Ha KacaTe/lbHyr COCTaBAAROLLYHO (KacaTebHOe YCKOPEHIE) dga™ U HOPManbHyHo COCTaB/AIOLLYHO (HOPMabHOE YCKOPEHWe) aga™:

BEKTOP Gpp = BEKTOP dga" + BEKTOP Gga”.
Onpezaenm Moy b KacaTeNbHOI COCTaBAAROLLEN YCKOPeHNA (KacaTeNbHOe YCKOpeHMe) ToukM B Bo BpalleHun WwaTyHa AB BOKpyr nostoca A:
aga” = €23 BA
(T. K. yTI0BOE yCKOpeHWe WaTyHa AB HEeM3BECTHO, TO KacaTeslbHOe YCKOPEHUE Gpa” ONPEAETL HeNb3A).
Onpezaenm MoAyb HOPMa/bHOW COCTaBAAIOLLEN YCKOPeHWA (HOpMaabHOE YCKOPEeHWe) TOUkM B BO BpalleHny WwaTyHa AB BOkpyr nontoca A:
apa" = wag? - BA = 0,292 60 = 5,0 cm/c2.
Toraa, NonyuunMm, UTo yCKOpeHWe Toukm B WwaTyHa AB paBHO:

BEKTOP Gg = BEKTOP Gx" + BEKTOP ap" + BEKTOP dgp” + BEKTOP aga".
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BekTop ycKopeHna Touki B waTyHa AB HanpaB/ieH Takxe Kak BEKTOP YCKOPEHNA TOUKM B MosyHa B, T. €. Npy 3aaHHOM MOJIOXEHUN MeXaH3Ma BAONb
TPaeKToOPNM ABVXEHUA MOI3yHa B UM MO NPAMON CHU3Y BBEPX, UM MO NPAMON CBEPXY BHU3. BbibepeM, Npon3BONbHO, OAHO 13 3TUX HanpaBAeHW (Mo
NPAMOVi CHU3Y BBEPX). leCTBUTEIbHOE HanpaB/ieH!e BEKTOPa YCKOPEHUA TOUKM B OMPeAenTCa Mo 3HaKy ero YMcIoBOro 3HaueHNA. BEKTop KacaTelbHoro
YCKOPEHUA Gpa” Hanpas/ieH Mo OCK KacaTe/bHO K TPaeKTopuM BpaLLEeHNA TOUKY B BO BpalLeHWM WwaTyHa AB BOKpYT No/ioca A UM B CTOPOHY BpaLLEHUS, U
B MPOTUBOMONOXHYH CTOPOHY BPaLLEHNA. BbibepeM, MPOK3BONBHO, OAHO 13 3TUX HaNpaBAEeHWH (B CTOPOHY BpalleHus). [leficTBUTeNbHOE HanpaBAeHe
BEKTOPa YCKOPEHUA dgat OMPEAENTCA MO 3HaKY €ro YMCIOBOTO 3HaUeHMA. BEKTOP HOPMa/IbHOTO YCKOPEHUA dga"™ HaMpaB/eH Mo OC [aBHOM HopManu oT
TOUKM B K LIeHTPy BpalleHua Touke A waTyHa AB. MokaxeM HanpaBaeHna BEKTOPOB YCKOPeHUii WwaTyHa AB (pUCyHoK 8).

PucyHok 8
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Prinynvn v

B cocTaB/IeHHOM BEKTOPHOM yPaBHEHUI HEU3BECTHbIMIA ABAIOTCA BEKTOP dg 1 BEKTOP ga”. [L1A TOrO UTOBbI UX ONpPeAennTb HEOBXOAUMO BEKTOPHOE
YpaBHEHWe CPOeLIPOBaTb Ha OCY KOOPAVHAT X U , HanpaBuB 3T1 OCK TakuM 06pasom, UToGbl OAHa V3 HEN3BECTHbIX Gbla NepreHAUKYAAPHA OAHOM 13
oceli (Toraa ee NpoekLMA Ha 3Ty ocb ByeT paBHa HyJ1t0) (PUCYHOK 9).

PucyHok 9
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Cnpoeumpyem BEKTOPHOE ypaBHEHMe A8 ONpeAeNeHa YCKOPEHA Touku B waTyHa AB Ha OCb X:
0=-ap"+ 0+ —aga® - cos30° + aga" - cos60°,
aga® = (- ap® + aga" - cos60°) / cos30° =
=(-20,0 + 5,0 cos60°) / cos30° = — 20,2 cm/c?
(3HaK MVHYC MOKa3bIBAET, UTO BEKTOP dpa® HaMPaB/ieH B CTOPOHY MPOTUBOMOIOKHYHO YKasaHHOM Ha uepTexe).
Cnpoeumpyem BEKTOPHOE ypaBHeHME A8 ONpeAeNeHa YCKOPEHUA Touku B WwaTyHa AB Ha OCb y:
ag =0+ ap" + agp" - cos60° + agp" cos30°,
ag = A" + aga" - c0s60° + aga" cos30° =
=225+ (- 20,2) - cos60° + 5,0 - cos30° = 16,7 cm/c2.
Onpezenus kacaTenbHOe YCKOPeHWe TOUKK B BO BpallieHn WwaTyHa AB BOKpYr noatoca A MOXHO HaiiT MOAy b Yr10BOTO YCKOpeHua WaTyHa AB:
eap = |agaT| / BA = 20,2 / 60 = 0,34 pan/c2.

HanpaBneHvie yckopeHvie Touku B BO BpalleHnu WwaTyHa AB BOKpYr nostoca A onpejenaeT HanpaBieHne (AyroBoii CTpenku) yra1oBoro yckopenusa watyHa AB,
KOTOPOE MpK YCKOPEHHOM BPaLLEHIY 3BeHa COBMaAaeT C HaMpaB/IeHNEM ero BpaLLeHs, a NPy 3aMeAIeHHOM — MPOTUBOMOIOXHO eMy. B AaHHOM cryuae
Yr/I0BOE YCKOPeHUe WaTyHa AB NPOTUBOMONOXHO HaNpaBAeHUIo ero BPaLLeHWs.

YckopeHue Touky C waTyHa AB MOXHO ONpeAennTb Kak reOMeTPUUECKYH CyMMy YCKOPEHA NO/Ioca U yckopeHna Touku C BO BpalleHuu WwaTyHa AB BoKpyr
nontoca. 3a NokoC BbibrpaeM ToUKy A WwaTyHa AB, T. K. YCKOPEHMWE 3TOW TOUKMW 13BECTHO.
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nostoca. 3a NontoC BbIGMpaeM TouKy A waTyHa AB, T. K. yCKOPeHUe 3TOI TOUKM N3BECTHO.
BEKTOP dc = BEKTOP da + BEKTOP dca.

HanpaeneHue BekTopa yckopeHus Touku C BO BpalLieHn WwaTyHa AB BOKPYT No/toca A HEU3BECTHO, MO3TOMY Pas/oXM ycKopeHie Touku C BO BpaLLeHn
wartyHa AB BOKpYr nositoca A Ha KacaTe/lbHyr COCTaBAAROLLYIO (KacaTe/lbHOe YCKOPEHME) dca® M HOPMaJIbHYH COCTaBAALLYHO (HOPMaNbHOE YCKopeHue) aca™:

BEKTOP dca = BEKTOP Aca® + BEKTOP dca”
Onpezaenm Moy b KacaTeNbHOM COCTaBAAROLLEN YCKOpeHWa (KacaTeNbHoe yckopeHue) Toukn C BO BpalleHWm WaTyHa AB BOKpyr nostoca A:
aca” = a5 - CA = 0,34 20 = 6,8 cm/c2.
Onpezaenm MoAyb HOpMa/bHOV cocTaBAAtOLLEl YCKOopeHua (HopmanbHoe yckopeHue) Toukn C BO BpalleHWN WwaTyHa AB BOKpyr nontoca A:
aca” = wag? - CA = 0,292+ 20 = 1,7 cm/c2.
Toraa, nonyuum, uto yckopeHwe Toukm C watyHa AB paBHO:
BEKTOp dc = BEKTOP " + BEKTOP ap" + BEKTOP aca” + BEKTOP dca".

BekTop yckopeHus Touku C WwaTyHa AB Hanpae/eH Mo/ HEN3BECTHBIM YI/IOM B MNOCKOCTM, B CBA3W C YeM, Pa3oXM yckopeHiie Touku C waTyHa AB Ha ABe
COCTaBAAIOLME Napa/eNbHble OCAM KOOPAVHAT:

BEKTOP dc = BEKTOP gy + BEKTOP dcy.
Toraa, nonyuum:

BEKTOP dcy + BEKTOP dcy = BEKTOP GA" + BEKTOP GA" + BEKTOP dca + BEKTOP dca™
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BeKTOp KacaTeIbHOrO YCKOPEHUA dca™ HampaB/eH Mo OCu KacaTe/bHOM K TpaeKTopuy BpalleHna Touki C BO BpalLeHuM WwaTyHa AB BOKpYr nostoca A uan B
CTOPOHY NPOTVBOMO/OXHYHO BPALLEHNA (T. K. ABUXEHIE 3aMeANEHHOE). BEKTOP HOPMAabHOTO YCKOPEHWA aca” HaMPaB/eH Mo OCY FaBHOM HOPMaW OT TOUKM
C K UeHTpy BpalleHna Touke A waTyHa AB. [okaxeM HanpaB/ieHNa BEKTOPOB YCKOPeHWiA WwaTyHa AB (pucyHok 10).

PuicyHok 10
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B COCTaBNIEHHOM BEKTOPHOM YPaBHEHM HEM3BECTHBIMM ABAAIOTCA BEKTOP dcy W BEKTOP dcy. 1A TOro UTo6bl UX ONpeaennTb HEOBXOAMMO BEKTOPHOE
YpaBHEHWe CNPOoeLIMPOBaTh Ha OCK KOOPAMHAT X 1 Y.

Cnpoeumpyem BEKTOPHOE ypaBHeHUe ANA ONpeAeneHIA YckopeHua Touky C waTyHa AB Ha OCb X:
Acy + 0 =—ap" + 0 + acp® - cos30° + acy" - cos60°,
Aoy = —ap" + aca” - €0s30° + aca" - cos60° =
=-20,0 + 6,8 -c0s30° + 1,7 - cos60° = 13,3 cm/c?
(3HaK MVHYC MOKa3bIBAET, UTO BEKTOP Ay HaNpaB/eH B CTOPOHY MPOTUBOMOIOXKHYHO YKasaHHOM Ha UepTexe).
Cnpoeumpyem BEKTOPHOE ypaBHeHUe ANA ONpeAeneHa YckopeHua Touky C waTyHa AB Ha ocb y:
0+ acy =0+ an"—aca" - cos60° + aca” - cos30°,
acy = aa" = aca® - cos60° + aca" - cos30° =
=22,5-6,8c0os60° + 1,7 - c0s30° = 20,6 cM/c2.
Mogaynb nonHoro yckoperua Touku C watyHa AB paBHa:

ac = (acd + ag)V? = (13,32 + 20,6%)'/2 = 24,5 cm/c2.
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PucyHok 1 — Cxema MexaH13Ma B 3aJaHHOM MONIOXKEH NN
Aano. OA = 10 cm, AB = 60 cm, AC = 20 cm, woa = 1,5 paa/c, goa = 2,0 paA/cz.
Onpegenutb. Bektop Vg, BeKTOp V(, Wag, BEKTOP @B, BEKTOP Ac, €AB-
Pewetue.
1. OnpeaeneHvie CKOpoCTeit ToUeK 1 YrI0BOW CKOPOCTM 3BeHa.
TMpoaHan1smpyem BUA ABUKEHNA KaX/Oro 38eHa MexaHU3Mma:
- 3BeHO OA - kpvBOWWN (BpaLLaTeNbHOE ABVKEHWUE, 3aMeANEHHOE),
—3BEHO B —Mo/I3yH (NocTynaTenbHoe ABMXeHWe, NPAMOANHEHOE),
—3BeHO AB — WwaTyH (N10CKoe ABVXKEHME).
OnpeaennmM MoAy b CKOPOCTY TOUKM A kpusolwMna OA Npu 3aaHHOM MONOXKEHN MeXaHU3Ma:

Va = woa- OA=15-10 = 150 cm/c.
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Mokaxem HanpaBieHue BeKTopa CKopocTy Toukn A kpreoluvna OA (pUCYHOK 2).

PucyHok 2
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BeKTop CKOpOCTY TOUK B NoA3yHa B Npu 3ajaHHOM MOJIOXKEH M MeXaHU3Ma HanpaB/ieH Mo NPAMOIA CHI3Y BBEPX. [oKaxXeM HanpaB/ieHe BeKTopa CKopoCTi
Touku B nonsyHa B (prcyHok 3).

PucyHok 3
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Touka A kpyBowwna OA ABNAETCA OJHOBPEMEHHO 1 TOUKOI WwaTyHa AB. B cBA3M C UeM, TpaeKTopws, CKOPOCTb 1 YCKOPeHMe Touku A watyHa AB paBHa
TPaeKTopPnM, CKOPOCTU U YCKOPEHIIO TOUKM A KpuBoLwMna OA.

Touka B nonsyHa B ABAAKOTCA OAHOBPEMEHHO TOUKON LaTyHa AB. B CBA3M C UeM, TpaeKTOpWA, CKOPOCTb U YCKOPEHWe TOUKM B LaTyHa paBHa TPaeKTopuy,
CKOPOCTU 11 YCKOPEHMIO TOUKM MOAI3yHa B.

MrHOBEHHbIV LIeHTP cKopocTeit Pag WaTyHa AB HaxoAMTCA Ha NepeceyeHn NeprnexanKynapoB, MPOBeAEHHbIX 13 Touek A 1 B watyHa AB K X CKOPOCTAM.
Onpezaennm BeMUMHY YrI0BOV CKOPOCTY LWaTyHa AB:
Va = Wag - APhg,
APpg = AB - c0s30° = 60 - cos30° = 52,2 cm,
Wag = Va/ APag = 15,0/ 52,0 = 0,29 paa/c.

B cooTBeTCTBUM C HanpaBaeHVeM ckopocTeli Touek A 1 B waTyHa AB, OU€BM/HO, UTO yroBas CKOPOCTb WaTyHa AB Hanpas/ieHa Mo XOAy YacoBOW CTpesnku.




