[image: image1.jpg]3AJAUU K KOHTPOJIbHbBIM 3AIJAHHAM

CTATUKA

3anaua Cl1

Xectkas pama (puc. C1.0-C1.9, Tabn. C1) 3akperieHa B ToUke A wap-
HMpHO, @ B ToYKe B MpHKperUleHa UM K HEBECOMOMY CTEpXHIO BB,, unu K
LUapHUpHOR OMope Ha KaTKaxX; CTepXeHb MPHKpelUleH K pame H K HEMOABHX-
HOfl ofnope LIapHHMpaMH.
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[image: image3.jpg]Ha pamy melcTBYIOT mapa CWwI ¢ MOMeHTOM M = 100 H - M u OBe CHIIBI,
3HaYeHHs KOTOPHLIX, HANpPaBJIeHMA M TOYKH NPWJIOXECHUA YKa3aHbl B Tabnmue
(HampuMep, B ycioBuax N° 1 Ha pamy pmeiicreytor cwia F, = 10 H nox yr-
nom 30° K TOpUM3OHTAILHON OCH, MPHIOXeHHasd B Touke K, u cuna F, =40 H
oz, yriom 60° K TOpPH3OHTAIBHON OCH, IPWIOXKEHHAA B ToUKe ) . .

OnpefieSIHTh peaKIMH CBA3elt B TOUKax A M B, BeI3pIBacMblI€ 3alaHHBIMU
Harpy3KamH. [IpH OKOHUaTeNbHBIX NOfACUeTaX NPHHATH [ = 0,5 M.

Vxazanuf. 3agauya Cl — Ha paBHOBecHe Teyla IOA, OEHCTBHEM IUIOCKOM
cuctemb! cun. CocraBnsAsf ypaBHEHHA paBHOBECHSA, yueCTb, YTO YpPaBHCHHE
MOMeHTOB GymeT Gonee MpOCTHIM (COOEpXaTh MEHbIE HEH3BECTHBIX), €CIH
GpaTh MOMEHTHI OTHOCHTEJIBHO TOYKH, TNie NepeceKaloTCA JIMHHH [eHCTBHA
ABYX peaKimif cBs3eil (B MAaHHOM CllyYae OTHOCHTENIBHO TOYKH A) . IIpu BHI-
wiClTeHuM MoMeHTa cwisl F uacto ymoGHO Pa3NoXUTh ee Ha COCTaBJIAIOILME
F' u F", gna KOTOpHIX IUIeWH JIETKO BLIYMCIISIOTCH, B YaCTHOCTH Ha COCTaB-
NsMOIMe, NapajUleibHble KOOPIUHATHBIM OCAM, H BOCIO/IB30BAThCA TeopeMoit
BapunnoHa; Toraa mp (F)=mg (F') + mo (F")
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[image: image4.jpg]3anaua K1

Touka B mpuxerca B mnockoctu xy (puc. K1.0-K1.9, Tabn. K1; Tpack-
TOpUS TOUKH Ha PUCYHKaX MOKa3aHa yCIIOBHO) . 3aKOH ABHXXCHUA TOUKH 3aliaH
ypaBHenusamu: X = f, (t), ¥ =f, (1), Tle X ¥ Y BrIpaXKeHbl B CAHTUMETpAX, I —
B CEKYHIaX.

HaitTh ypaBHeHMC TPacKTOpHY TOYKH; IS MOMEHTa BPEMCHU [, = 1c
onpene/INTh CKOPOCTb M YCKOPeHHe TOUKH, @ TaKXKe €C KacaTeNbHOe U HOpMajlb-
HOe YCKOPEHHSA M palMyC KPHBH3HBI B COOTBETCTBYIOLUEH TOYKC TPaeKTOpHH.
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[image: image6.jpg]3aBucuMocTs X = f, (f) yKa3aHa HenocpeACTBEHHO Ha pUCYHKaX, a 3aBHU-
cuMocTh ¥ = f, (f) maHa B 1abn. K1 (mns puc. 0-2 B cron6bue 2, ang puc. 3—6
B ctonbue 3, mns puc. 7-9 B cronbue 4) . Kak u B 3agavax C1, C2, HoMep pH-
CYHKa BbIOHMpaeTcs No IpennocinenHeil uudpe umdpa, a HoMep yCIOBHSA B

Tabn. K1 — nmo nocnenHeit.
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Yxazanusn. 3apaua K1 oTHOCHTCI K KHHEMAaTHKE TOYKHM H pellaeTcH
¢ nomourio GopMyi, IO KOTOPHIM OIPEnensAoTCd CKOPOCTh H YCKOpeHHe
TOUKU B [OEeKapPTOBHIX KOOpAMHAaTaX (KOOpOWHATHBIA criocol 3anaHHuA IBHXKe-
HMA TOYKH), a TaKxke dopmyi, N0 KOTOPLIM OMNpeHeNnsAoTCs KacarelbHOoe H
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HOpMAJIbHOE YCKOPCHHA TOYKH.
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[image: image7.jpg]B panHoMt 3ajaue BCe UCKOMBIC BEIMUMHBI HYXHO OMNpeNeiMTh TOJbKO
I MOMeHTa BpeMeHH ¢, = 1 c. B HeKOTOpBIX BapHaHTaX 3aJlauH [IpH onpene-
JleHMH TpPaeKTOPHM WIM MpH MoCiefyloUmMX pacuerax (id HUX yNpOLIeHN )
ClleflyeT y4ecTb M3BEeCTHbIe U3 TpUTOHOMeTpHH GHopMyIibl: cos 2a=1 - 2sin*a =
= 2cos?a — 1: sin 2a =2 sin a * cos a.




[image: image8.jpg]3apaua K2

Mnockuil MexXaHW3M COCTOMT M3 cTepxHeii /] —4 u non3yHa B, coeluHeH-
HBIX [pyr ¢ OpPYromM H C HeMOOBHXXHBIMH OIIOpaMH O, n 0, wapHUpamH
(puc. K2.0-K2.9). JlnuHbl CTepxHe#: l, = 04m1,=12m, I, = 1,4 m,
l, = 0,8 M. ITonoxxeHne mMexaHu3Ma olpefiesseTcsd yrinamu «, 8, v, ¢, 6, KOTO-
pble BMecCTe ¢ ApYTHMH BeJIHYHMHAMH 3a[iaHbl B tabn. K2. Touka D Ha Bcex pu-
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M40 51 : IHaHO
o
§ m Halitn
o o] (o] (o] o 0
TS @ 8 Y v 0 W, W, Vg
1/c 1/c M/cC

0 30 150 120 0 60 2 — - ug, Vg, W,
1 60 60 60 90 120 - 3 — Uy, U, W,
2 0 120 120 0 60 — - 10 vy, vp w,
3 90 120 90 90 60 3 - ~ Vg, Vg, W,
4 0 150 30 0 60 - 4 - UB, UA, W,
5 60 150 120 90 30 - — 8 VY, VE Wy
6 30 120 30 0 60 5 — — Vg, Vg, W,
7 90 150 120 90 30 — 5 — V4, U Wy
8 0 60 30 0 120 — - 6 vy vp W,
9 30 120 120 0 60 4 — - Ug, VE, Wy

cyHKkax M Touka K Ha puc. K2.7-K2.9 B cepequHe COOTBETCTBYIOLLEI'O CTEPX-
Hs. OnpenenuTh BelIMYMHBI, YKa3aHHbIe B Tabnuue B cronbue “Haimi™. Haiiti
TaKXe YCKOopeHue @4 TOuKH A cTep>Hs I, ecnu cTepxeHb ! UMeeT B JaHHBIA
MOMEHT BpeMeHH yTTI0OBOe YCKopeHHe €, = 10 ¢c™ 2.

IlyroBhle CTpelIKM Ha pHCYHKaX I[OKa3pIBaloT, KaK I[pH MOCTPOECHUH
YepTeXXa [OJIXKHBLI OTK/IadbIBaThCA COOTBETCTBYIOUIME YIJIBI, T.e. MO XOay
WIYM NMPOTUB XO/Ja YaCOBOW CTpeJIKH (HanpuMep, yroj <y Ha puc. 1 cnenyer or-
JIOXHTh OT cTepXHA DE NpoTHB XO0Ja YacoBOH cTpenkH, a Ha puc. 2 — oT
cTrepxHs AE 1o Xooy 4acoBOH CTpenkH) .

[TocTpoeHne uvepTeka HauMHAaTh CO CTEepXKHSA, HalpaBlieHHEe KOTOpOro
onpemensercsd yraom «; MHona3yH B u ero Hampasndioupie Wi 60nblIed Ha-
ITIAOHOCTH M3006pa3uTth, Kak B npumepe K2 (cm. puc. K2). 3ananHyo yrno-
BYIO CKOPOCTb CUMTaTh HalpaBlleHHOH NPOTUB XOHa YaCOBOH CTpEJIKH, a 3a[iaH-
HyI0 CKOPOCTb Ug — OT TOUKH B k b.

Ykazanun. 3apaua K2 — Ha uccnegoBaHMe IUTOCKONapaJinieNbHOIoO ABHXe-
HUs TBepaoro Ttena. [Ipu ee pelleHHH IS OMpedesIeHHS CKOPOCTeH Touek
MeXaHM3Ma ¥ YTJIOBBIX CKOpOCTeif ero 3BeHbeB cledyeT BOCIHOJbL30BaThCA
TeopeMOH O NMPOEKUUAX CKOpPOCTEH OBYX TOYEeK Tejla ¥ MOHATHEM O MIHOBEH-
HOM LIEHTpe CKOpOCTel, MIpUMEHSs 3Ty TeopeMy (UJIM 3TO NOHATHE) K KaxA0-
MYy 3BEHYy MeXaHM3Ma B OTACJIbHOCTH.




[image: image11.jpg]3apaua 11

I'py3 D maccoit m, nony4ius B TOUKe A HavuansHYI0 CKOpOCTb v, , ABHXET-
cad B u30oTHyTOoM TpyGe ABC, pacnonioxeHHOH B BEpPTHKAJIBHON IJIOCKOCTH;
yuyacTKH TpyGbl M o0a HaKIOHHbLIE, HIH OJMH ropM30HTAILHBIR, a ApyToit
HaxioHHbI (puc. J11.0—J11.9, ta6n. Ji1) . Ha yuacTke AB Ha rpy3 KpoMme CH-
bl TAXeCTH NefiCTBYIOT IOCTOSHHAasA CHIa Q (ee HampaB/ieHHe NOKa3aHO Ha
PMCYHKaX) M CHJIa CONPOTHBJICHHMS Cpelbl R, 3aBucsAmasg OT CKOpOCTH v IpY-
3a (HampasJjieHa NPOTHB JBHXKCHHUS) .




[image: image12.jpg]Puc. 11.9

Ta6nuua 11

Homep |m, xr |v,,m/c | O, H R, H I,m t,,C Fy,H
ycrnoBus

0 2,4 12 5 0,8 v? 1,5 - 4 sin (4t)

1 2 20 6 04 v - 2,5 —5 cos(4t)

2 8 10 16 0,5 v? 4 - 6t?

3 1,8 24 5 0,3v - 2 —2 cos (2t)

4 6 15 12 0,6 v? 5 - —5 sin (2¢t)

5 4,5 22 9 0,5v - 3 3t

6 4 12 10 0,8v: |- 2,5 - 6 cos (4t)

7 1,6 18 4 0,4 v - 2 —3 sin (41)

8 4,8 10 10 0,2 v? 4 - 4 cos (2t)

9 3 22 9 0,5v - 3 4 sin (2t)

B Touke B rpy3, He H3MeHAS 3Ha4YCHHA cBoeff CKOpOCTH, NepexomuT Ha
yuacTtok BC TpyOb»l, Tie Ha HEro KpoMe CUJTBI TSXECTH AecTBYeT NepeMeHHad
cwna F, npoexuus koTopo#t Fx Ha OCh X 3271aHa B tabnuue.

CuuTas rpy3 MaTepHalTbHON TOUKOH W 3Has paccrosue AB = | wau Bpe-
MA t, OBHXXEHHS Ipy3a OT TOUKH A 1o Touxku B, HallTM 3aKOH BHIKEHH I'Py3a
Ha y4yactke BC, T.e. x=f(), rae x = BD. Tpexmnem rpysa o TpyOy nmnpe-
HeOpeub.

Viazanua. 3amaua 1 — Ha uHTerpupoBaHue MG ¢epeHIHaTbHbIX ypaB-
HeHMH HBI>KEHMS TOUKHM (pelleHMe OCHOBHOH 3ajau OMHAMHKH) . PeleHue
3afayd pa3busaeTcs Ha [Be 4YaCTH. CHauasia Hy>XHO COCTaBHTb U MPOUHTErpH-
poBaTb METOAOM pa3fiefieHusl MepeMeHHbIX oM depeHuaibHOe ypaBHEHHE
ABMOKeHUS TOukM (rpy3a) Ha ydacTke AB, yuTa HavyasbHbIC YCIIOBHI. 3areMm,
3Hasg BpeMs [BHMXXEHMA Ha yHacTKe AB WM ero MJIHHY, OlNpenenuTh, KaKylo
cKopoCTh OyneT UMeTb Ipy3 B TOUKeE B. DTa cxopocTb Oynmer HavyaJIbHOW 1S
OBMOXKEHUS I'py3a Ha Y4YacCTKe BC. Tlocnie 3TOro HY>XHO COCTaBHTh U NMPOUHTET-
pupoBaTh AuddepeHuManbHoe ypaBHEHHE IBMXXEHUA TIpy3a Ha yvacTKe BC
TOXe C y4eTOM HauYaIbHBIX YCTOBHH, Bed OTCHET BpeMeHH OT MOMEHTa, Kor-
fa I'py3 HaXoOHTCSI B TOUKE B, u nonaras, YTo B 3TOT MOMEHT BpEMCHH t =0.
[Ipy MHTErpUPOBAHMH yPABHEHHS IBHOKEHU Ha yyacTke AB B cny4ae, KOraja
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[image: image13.jpg]jajlaHa IyiuHa [ yvyacTka, uUejlecooGpa3HO NepelTH
B YpaBHeHHU K NepeMeHHOMY X, YUTs, 4TO

de de
= Uy ——— ,
dt * o dax





[image: image14.jpg]3agawa 12

MexaHH4YecKasd CHCTeMa COCTOMT U3 MPSAMOYTONbHOH BepTHKANbHONA ILUIH-
Tl ] Macco#t m, = 24 xru rpy3a D maccoit m, = 8 Kr; IIMTa UK OBUXKETCA
B[IOJIb TOPU3OHTAIBHBIX HAMpaBIITIOLUMX (puc. [02.0-12.4), unn Bpawaercd
BOKpYT Bepmxanmoﬁ ocH Z, nexaulelt B mmockocTH winTel (puc. 12.5-112.9).
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[image: image16.jpg]B MOMeHT BpeMeHH ! ;=0 rpy3 HauMHaeT ABMIaTbCA MON gefcTBHEM BHYTpEH-
HMX CH MO MMelollleMyCsl Ha TUIMTe KeloOy; 3aKOH ero ABWXKCHUA § = AD=
= F (¢) 3apau B Ta6n. [I2, rae s BBIpPaXeHO B METpax, { — B CCKyHIaX. dopma
weno6a Ha puc. 12.0, 2.1, 02.8, 029 - npsaMonuHelHas (kenob KE),
Ha puc. 12.2-102.7 — OKPYXHOCTb pamyca R = 0,8 M Cc LIeHTpOM B LIEHTpeE
macc C, wmTsl (s = AD Ha puc. 02.2-I2.7 oTcCuMTBIBaEeTCA MO Ayre OKpYyX-
HOCTH) .

Mnuta (puc. 2.0-I12.4) umeeT B MOMEHT f, = 0 CKOpPOCTb U, = 0.

Mmra (puc. 12.5-12.9) MMeeT B MOMEHT BpeMeHu I, = 0 yTIIOBYI0 CKO-
pocTh w, = 8 ¢!, U B 3TOT MOMEHT Ha Hee HauMHaeT OeHCTBOBAaTh Bpallalo-
it MoMeHT M (MOMEHT OTHOCHTEJIBHO OCH Z), 3aJaHHBIA B TabnuIEe B HBIOTO-
HOMeETpaxX M HarpaBJIeHHBbIA Kak w, npu M > 0 u B MPOTHBOMONOXHYIO CTOPO-
ny npu M < 0. Ock z IpoXofwT oT leHTpa C, TWIMTH Ha paccToAHMM b; pasme-
pbI IUIMTHI IOKa3aHbI Ha PUCYHKaX.

CudTas I'py3 MaTepHalbHoOM TOUKoH M MpeHeOperasd BCEMM COMpPOTHBIIC-
HUSMH, ONMpene/iuTh yKalaHHoe B Tabnule B cronbuax 4 U 9, rae o603HaAUYEHO:
B cronbue 4 (orHocurca K puc. [12.0-12.4) x, — nepemelicHHE TUIHThI
3a Bpema or t, = 0 mo t, =1 c, U, = CKOPOCTb [UTHTBl B MOMEHT BpEMECHH



[image: image17.jpg]t, =1c, N, — nonHas cuia HOpMaJILHOTO [aBJICHUA IUIMTHI Ha HanpaBJgiolMe
B MOMEHT BpeMeHHu 7, = 1 ¢ (yka3aTs, Ky[da CW/Ia HalpaBJieHa) ; B cTonOue 9
(oOTHOCHTCA K pUcC. 5-9) w, — yrinosad CKOpPOCTh IVIUTH B MOMEHT BpeMEHH
t, =1c, w = f() — yrnoBag CKOpOCTb IUIMThl KaK ¢(yHKUUSA BpeMEHH.

Ha BceXx pucyHKaxX rpy3 MoKa3aH B NMOJIOXEHHH, NpH KOTopoM s =AD > 0;
npu s < 0 rpy3 HaxoOMTCA MO APYTYIO CTOPOHY OT TOYKH A.

Ykasanua. 3anava J12 — Ha npUMeHeHMe TeOpeM O IBMXKEHHHU LEHTPa Mace
U 00 U3IMEHEHNH KOJIHYECTBA ABUXEHUSA U KMHETHYECKOTO MOMEHTA CHCTEMEL.
Teopemolt 0 ABMKEHMH LIEHTPa MACC LEeneco0Opa3HO BOCMONL30BAaTLCA B 3a0a-
ye, I'le HY)KHO onpede/HTh NOCTynaTeNbHOe NepeMelicHHe OJHOTO U3 TeJl CHC-
TeMbl (WIM peaklLHio CBA3H), a TeopeMolt 006 H3IMEHEHMH KOJIMYeCTBA OBHXKeE-
HHA — KOTHa HY>XHO ompelenHTh CKOPOCTh Takoro tena. Teopema 06 uamMeHe-
HHM KUHETMYECKOI0o MOMCHTA NMpUMeHseTcS B 3aJavax, rie Hy>KHo HalTH yr-
JIOBYIO CKOPOCTH HJIH 3aKOH BPAlLCHH ST ONHOTO M3 TeJl CHCTEMBIL.
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[image: image20.jpg]IMpu pewieHMH 3aavu y4ecCTb, YTO aGCONMOTHAS CKOPOCThL v I'py3a craraer-
ci U3 OTHOCHTENBHOH Ugry M NepeHOCHOH -'Tnep cxopocTeft (onpenensaTCS
TaK Xe, KaK NpY pellleHHH 3a1a4u K3),T.e.v = Vorn +Tfnep Torna KOJMYecCT-
BO JOBHXEHHUA Ipy3a mv = Mmvgry + mUnepa a MOMEHT My OTHOCHTEJIBHO
OCH Z II0O Teopeme Bapmmoﬂa (craTuka) Oynmer m, (mv) = m, (muom) +
+ m, (mvnep) : 3TM MOMEHTHI BBLIWMCIAIOTCA TaK Xe, KaK MOMEHTBI CHIIBL

KonxpeTHee X0l pellieHHA pa3BbACHEH B npmwepax 2.

- MOMEHT MHepUHH IUTUTBHI oTHocHTeNnbHO ocu C,2’, HampaBJeHHOH TaK Xe,
Kak ocb z Ha puc. J12.5-]12.9, HO npoxonsiiell Yepe3 LeHTp Macc C, IUIMTHI,
p‘éﬁnnercx m, I* /12, rme | — nmpuHa WMTel (B 3amaue l=3R umu l = 4R).
IInsa ompeneneHus MOMeHTa MHepLUMH [, OTHOCHTENBHO OCH Z BOCMOJNB30BaTh-
ca Teopemoit ToiireHca o MOMEHTaX WHepUMH OTHOCHTEIBHO MapajlieibHbIX
ocett. Och z npu H3o06paXKeHMHM YepTexka NMpOBECTM Ha TOM pacCTOAHHH b ot

ueHTpa C,, KOTopoe yKa3aHo B Tabnuue.
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