5.5.4. pumep 8bIrnonHeHUs1 Kypcogoao 3adaHusi [ 4

PaccmoTpum npumep BbINONHEHUS 3agaHuns [ 4.

Ycnoeue 3adaHus.

MexaHn4yeckaa cuctema nog OeUCTBMEM CUM TSXKECTU NPUXoauT B
ABWXEHME N3 COCTOSIHUA MOKOoS. HayanbHOe NosioKeHne CUCTEMbI NMoKa-
3aHo Ha pwuc. 5.30.

Puc. 5.30

YuuTbiBas TpeHue cKonbxeHna Ttena 1, npeHebperass cumnammn co-
NPOTUBNEHNA W MacCaMn HUTEN, npeanonaraembiX HepacTAKUMbIMU,
onpegenuTb MoAyMb CKOPOCTU LieHTpa mMacc Tena 1 B TOT MOMEHT Bpe-
MEHW, Korga nponaeHHbIN UM NyTb CTaHET paBHbIM Sci.

B 3agaHun npuHATbl cnegyowme obo3HavYeHns: my, my, M, my
— maccbl Ten 1, 2, 3, 4; Ry, r;, Rs, r3 — pagnycbl 60nbwmx n  Marnbix
OKPYXXHOCTEMW; icoxz, icaxs — pagnycbl uHepummn Ten 2 n 3 OTHOCUTESbHO ro-
PU3OHTarNbHbIX OCEWn, NMPOXOAALLUNX Yepes3 UX LEeHTPbl Macc; a — Yrosn Ha-
KNMOHa LIepoxoBaTon NOBEPXHOCTU K FOpU3OHTY; f — koadpduumeHT Tpe-
HNSA CKOSTbXEHWS.

HdaHo: mi =m; m; = m/2; ms = 0,3m; my = 1,5m; R, = 26 cm;
r, = 0,5'Rz; Rz = 20 cm; r3 = 0,5:R3; icaxe = 20 ¢M; icaxs = 18 cm; a = 307
f= 0,12, Sc1 =2 M.

KypcoBoe 3apaHve pekoMeHAyeTCs BbIMOMHATL MO crnegylowemy
anropuTmy.



1. 3anucatb TeopeMy 06 U3MEHEHUN KUHETUYECKON SHEPrnM HEU3-
MEHSEMOW MEXaHNYECKON CUCTEMbI Ha KOHEYHOM NepeMeLLEHUN.

Tok— Tsn = ZAT = ZA(FF) + ZA(RF),
roe Tsk — 3Ha4YeHne KNHETUYECKON SHEPTNN MEXAaHNYECKOWN CUCTEMBI B KO-
HEYHbI MOMEHT BPEMEHU; Ts, — 3HAYEHME KMHETUYECKOW SHEPTUN MeXa-

HMYECKOW CUCTEMbI B Ha4yasribHbIl MOMEHT BpeEMEHMN, ZAIE — CyMMa pa-

BOT BHELUHUX CUM, NPUITOXKEHHbIX K MEXAaHNYECKON CUCTEME Ha €€ KOHEY-
HoM nepemetlleHnn; XA(FF) — cymma paboT akTUBHbIX CUTT; >A(RF) —
cymma paboT peakumit BHELLIHUX CBA3EWN.

2. OnpenenuTb KUHETUYECKYIO 3HEPTUIO Tsn MEXAHUYECKON CUCTEMBbI
B HayalbHbIl MOMEHT BpeMeHW. [locKOonbKy MexaHuyeckas cuctema
OBWXETCA U3 COCTOSAHMUSA nokosi (cMm. puc. 5.30), To BO BCex BapuaHTax 3a-
JaHn nmeem Ts, = 0.

3. N1306pasnTb Ha pUCYHKE MEXAHUYECKYD CUCTEMY B MOMEHT Bpe-
MeHK, korga ueHTp C4 macc tena 1 npoxoguT pacctosiHne S (CM. puc.
5.31).
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Puc. 5.31

4. lNpoBecTn KMHemaTudeckmn aHanma 6es3aBapunHon paboTbl UC-
crnegyemMon MexaHM4eckom CUCTEMBI.



CornacHo puc. 5.31 Tena mexaHU4YecKoM CUCTEMbl OCYLLECTBNAT
crnegywouwme Buabl ABMWKXEeHUN. Teno 1 — nocTtynatenbHoOe OBWXEHUE CO
ckopocTbio Vi UeHTpa Cq ero macc; Teno 2 — BpawjatensHoe ABMXeHne

C YrnoBoWn cKopocTbio § , oTHOCUTENBHO ocy BpaleHus C,Xz, npoxoas-

wen vyepes ueHTp macc C,; Teno 3 — nnockonapansernbHOe OBUXEHUE;
Terno 4 — nocrtynarernbHOe ABWXeHWe CO CKopocTbio Ve LeHTpa Cy4 ero
Macc.

5. BblpasuTb Mogyrnmn CKOPOCTEW LIEHTPOB MacC U YrnoBbIX CKOPO-
CTen Ten MexaHU4eCKOW CUCTEMbl B 3aBUCUMOCTU OT Vc1 MOLYMA CKOPO-
ctn ueHtpa C4 macc Ttena 1.

C uenbto cokpalleHust hopmbl 3anucu BBegEM 0003Ha4YEHNEe V
= Vc1. Npyn onpegeneHnm KMHeEMaTUYeCKNX XapaKTepPUCTUK Ten MexaHu-
YEeCKOW CUCTEMbI Y4TEM, YTO B TOYKAX KOHTaKTa Ten MOoOyrnun CKOpOCTeN
3TUX TOYEK OOMKHbI ObITb OOMHAKOBBLIMU U3 YCIIOBUSA MUX MPUHAASEXHO-
CTW conpukKacarLmMecs Tenam.

Ntak, Heobxoammo onpenenuTb 3asucumoctu: 1§51 = w, = fi(V),
Ves = fo(V), 1§ 31 = ws = f3(V), Ves = f4(V), rae w2, Ws — MOAYNM YrmoBbIX
ckopocTtent § 5, § 5 Ten2um 3.

Tak kak Teno 1 coBepluaeT noctynaTesibHoe ABUXEHUE, a HUTb He-
pacTsXXuma, TO cCnpaseifiMBO PaBeHCTBO
Vei1 =V =Va= Vg,
rae Va — Mogynb CKOpOCTU TOYKM A KOHTakTa Terna 1 ¢ HUTblo; Vg — Mo-
Aynb CKOPOCTU TOYKM B KOHTaKTa HUTKU C Tenom 2.
3 ycnosus npuHaanexHocTn Todkn B Teny 2, cosepluarowemy Bpa-

LaTenbHoe ABWKEHWNE C YrIoBON CKOpocThbio § , OTHOoCMTENBHO OocK Bpa-
lweHust C.X,, npoxoaswen yepes ueHTp macc C,, nmeem
VB =\ = U)z'BCz = U)Q'Rz.
OTcioga nony4nm

_V_V = 3,846-V
"R, 026 '

3Hast Moayrb W, YrNOBON CKOPOCTU § 5, HECTIOXHO OMpeaenuTL Mo-

aynb Ve ckopocTtu Todkn E conpukocHoBeHus Tena 2 ¢ ydactkom EK He-
PaCTSXXMMOW HUTW.

W2

V V
VE = U)Q'ECQ =Wolh= "= _'0,5'R2 = 0,5V
RZ R2
3aBVICV|MOCTV|, cBA3biBawOLWne Mmoaynum CKOpOCTeVI TOYeK B, C, E, He-
CINOXHO MNOoJ1Iy4YnTb N U3 pacCMOTpPEHNA |'|O,E|,O6VIF| TpPeyroJyibHMKOB Ha puUC.

5.31.



Mopaynb Vk CKOpoCTU TOYKM K KOHTaKTa HUTU C TerioM 3 paBeH Moay-
Mo Ve CKOPOCTH TOYKU E HUTN.

VK = VE = 0,5V

N3 ycnosus npuHaanexHocTn Todkn K teny 3, coBepLuaroLemy nro-
ckonapannenbHoe ABMXeHne, CnpaBeanMBo paBeHCTBO

VK = 0,5V = U)3'KP3,
rae ws — Moayrb yrnoson ckopoctn § 5 Tena 3; KP; — paccTtosiHMe oT Tou-
Kn K 4O MFTHOBEHHOIO LIEHTPA CKOPOCTEN — TOYKU Ps.
CornacHo puc. 5.31 umeem KP; = R; + r3. Torga
0. - Vi _ Vi _ 0,50V

° KP, (Ry+ry) 02+050,2

Mopaynb Ves ckopoctn ueHTpa Cs macc Tena 3 paBeH

Ves = ws'CsPs = wsrs = 1,666-V+(0,5:0,2) = 0,166-V.

Tak Kak no ycnoBuo 3agaHnst HUTU HEPaCTSXKUMbI, TO FIerko BUOETD,
4YTO MoAaYnb Vcz CKOPOCTU LIEHTpa Macc Tena 3 paBHa Moaymnto Ves CKOPO-
ctn ueHtpa C, macc Tena 4.

Vc4 = Vc3 = 0,166V

Takum obpasom, 3aBucmoctn W, = f1(V), Ves = fo(V), ws = f3(V), Ves
= f4(V) nony4yeHsl.

6. Onpenennutb KUHETUYECKYIO HEPTUD Tsk HEM3MEHAEMON MEXaHW-
YEeCKOW CUCTEMbI B €€ KOHEYHOM MONOXEeHUN rno popmyre

Tsk = ZTsu,
roe Tsk — KUHETUYECKas aHeprust i-ro Tena CUCTeEMbl B KOHEYHOM MNOJSIOXKe-
HUW.

KuHetnyeckasa Tsk 9Heprus Tena 1, coBepluatowlero nocrynatenb-

HOe ABWXEHne,

= 1,666-V.

1 1
Tkt = E ‘mq*(Ver)? = E ‘m-V? =0,5-m-V2,
KuHeTndeckas Tsc 9Heprusi Tena 2 npu ero BpalwiaternilbHOM OBUXe-

HWUM HaxoauTcs nNo popmyre

1 1
Tsio = E 'chxz'(w2)2 = E '(rT12'(ic;2x2)2)'(002)2 =

1
= {(m/2) ez (VIR:Y =

% -((m/2)-(0,2)?)(V/0,26)* = 0,147-m-V>,

KnHeTnuyeckas aHeprust Tena 3 npu ero nnockonapannenbHOM OBu-
)KEHUUN paBHa



1
Tsks = 5 'm3'(V03)2 + 5 'Jc3x3'((103)2 =
= %-(O,B-m)-(O,166-V)2 + %'(m::,'(iax)z)'(’],666-V)2 =

= %-(0,3-m)-(0,166-V)2 ¥ %-((O,3-m)-(0,18)2)-(1,666-V)2 = 0,03-m-V2,

KunHeTnyeckas aHeprusa tena 4

Tow = %'m4'(Vc4)2 = %-(1,5-m)-(0,166-V)2 = 0,02:m-V2.

Onpenenym KUHETUYECKYIO SHEPTU0 Tsk MEXAHNYECKOM CUCTEMDI:
Tsk = 0,5-m-V2 + 0,147-m-V? + 0,03:m-V? + 0,02:m-V? = 0,697 m-V2.
Takum obpasom, umeem Tsx = 0,697 m-V2.
7. lNokasaTb BHELUHNE CUMbl, 4ENCTBYIOLLNE HA TOYKM MEXaHNYECKOW
cUCTeMbl NMpu eé asmxeHun (puc. 5.32).
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CornacHo puc. 5.32 Ha MexaHU4YeCKylo CUCTEMY OENCTBYIOT aKTUB-
Hble cunbl (G1, G2, Gs, G4) N peakummn (N4, Fi1, Zco, Yco, TL) BHELWHUX CBA-
3eU, KOTopble HaIOXeHbl Ha 3Ty CUCTEMY.

Mo ycnoBuo 3agaHns cuna Fq TpeHus ckonbxeHus Tena 1 npu ero
OBVKEHUM NO LepoxXoBaTon NMOBEPXHOCTU CBSAi3aHa C HOPMarnbHOW peak-
umnen N4 cootHoweHnem Fq1 = Ny, rae f — koapdUUMEHT TpeHus ckonb-
XeHus, N1 — moayrnb HopMansHou peakuumn Ni.

AOns onpepenenuna mogyna Ny peakuun Ny paccmoTpum noctyna-
TenbHOe ABWXKeHue Tena 1, NPUHAB ero 3a MaTepuanbHyt0 TOYKY, B CU-
cteme otcyéTta O4X,Y4, npoucxogsiiee nog OAENCTBUEM CUMbl TSHXKECTU
G, HopmarbHoM peakuumn N4, cunbl TpeHus Fi n peakumn T, pacTaHyTOM
HUTK (puc. 5.33).

Puc. 5.33

OCHOBHOE ypaBHEHWEe OMHAMUKU O51s1 NoCTynaTenbHO ABMXKYLLErocs
rpysa 1 umeert sug

m-dci = 2 FiE+ ZRIE =Gy +N+F + TA,
roe daci — yckopeHue ueHtpa macc tena 1; Ta — HaTshKeHne HUTU B TOYKe
A Tena 1 (cm. puc. 5.33).

CoctaBum andppepeHumanbHoe ypaBHeEHWE ABMXeHus ueHTpa C
Macc rpysa 1, cnpoeuupoBas nocrniegHee BEKTOPHOE PaBEHCTBO Ha KOOp-
anHaTHyto ocb O4Y5.

\ E



MockonbKy npoekunsi Yo, YCKOPEHUs daci LeHTpa macc Tena 1 Ha

KoopauHaTtHyto ocb O+Y4 paBHa Hyn, TO UMEEM
N1 = G;-cos(a) = m4-g-cos(a) = m-g-cos(a).
Torga mofynb cusibl TPEHUS HAXo4uUTCs Nno hopmyrne
F. =fm-g-cos(a).

8. Onpepenutb nepemelleHnst Sci ueHTpoB C; Macc Ten MexaHun4e-
CKOW CUCTEMbI B 3aBMCMMOCTU OT nepemewleHns Scqi ueHtpa C4 macc
Tena 1.

[Mpn peweHnn paccMaTpmBaemMoro BapuaHTa KypCOBOro 3aaHus
OblnNKn onpegeneHbl 3aBUCUMOCTU, CBA3bIBatOLLME MOAYNb CKOPOCTU V4
=V ueHTtpa Cs macc Tena 1 ¢ mogynamn ckopocten Ves, Vs LeHTpoB Cs,
C, macc Ten 3, 4.

Vc3 = Vc4 = 0,166\/

NHTEerpupys aTu Bblipa)KeHus, Nony4mm

Scs = Sc4 = 0,166'801.

9. Onpegenutb cymmy pabot (ZAF) BHELUHUX CUM, NPUITOXKEHHbIX K

MexaHU4eCcKon cucteme, nNpu nepemelteHnmn ueHtpa Cq macc tena 1 Ha
paccTosHue Sci.
> AS= 3 A(FF) + Z A(RF),
roe ZA(FF) — cymma pabot aktuBHbix cun Ff Ha koHeyHOM nepemelle-
HUK MexaHudyeckol cuctembl; ZA(RF) — cymma pa6ot peakuuii RE BHeLw-
HUX CBS3EMN, HANOXEHHbIX HA MEXAHUYEKYIO CUCTEMY.
Cymmy paboT akTMBHbBIX CUI onpegenum no dopmyne
ZA(FF) = A(G1) + A(Gz) + A(Gs) +A(Gs),
rae A(Gi) — paboTa cunbl TAKECTU i-ro Tena MexaHM4yeCckon CUCTEMBI.
CornacHo TeopeTudeckoMy maTepuarny, U3rnoXeHHoOMYy B nogpasge-
ne 5.5.1 paHHoro y4yebHo-meTOAMYECKOro nocobus, cnpasensiMebl cre-
AyloumMe paBeHcTBa:
A(G1) =Gy Her = m1-g-(Sc1)-Sin(a) =
= m-g:(Sc1)-sin(a) = m-g-2:0,5 = m-g,
rae Hci — nepemeldenmne ueHtpa Cq macc tena 1 no BbicoTe.
Pabota A(G;) cunbl Tskectu Tena 2 pasHa Hynto (A(Gz) = 0), Tak kak
Npu OBWXKEHUM MEeXaHWYeCKOW cuUcTeMbl LeHTp macc C, He M3MeHseT
CBOETr0 MOSIoXKEHUS.
Paboty A(Gs) cunbl Taxkectn G; Tena 3 onpegenvm rno popmyrne
A(Gs) =—G3Hegs =— m3-g-Sc3 = - O,3mgO,166Sc1 =
=-0,3m-g-0,166-2 = - 0,099 m-g,
rae Hes — nepemeleHne ueHTtpa C; macc Tena 3 no BbicoTe.

Pabota A(G4) cunbl Tskectn G, paBHa



A(G4) =— G4'Hc4 = — m4'g'Sc4 = — 1,5mgO,166Sc1 =
=-1,5m-g-0,166-2 = - 0,5-m-q,
rae Hes — nameHeHne nonoxeHus ueHtpa C, macc Tena 4 no BbicoTe.

Cymmy pabot XZA(RF) peakuuin RF BHelHNX cBA3el onpeaenvm no

doopmyrne

>A(RF) = A(Ny) + A(F1) + A(Yc2) + A(Zc2) + A(TL),
rae A(N+), A(F+1), A(Yc2), A(Zc2), A(TL) — pabota COOTBETCTBYIOLLEN peak-
LM BHELUHEW CBA3MN.

Pa6ota A(N+) HopmanbHon peakumn N4 paBHa Hynto (A(N4)=0), Tak
Kak HanpaeneHue peakuum N4 nepneHanKynsapHO HanpasneHuo BEKTopa
Sc1 nepemMeLLeHnst TOUKM €€ NPUNOXKEHNS.

Pabota A(F1) cvnbl TpeHna F, onpegensietca no goopmyne

A(F1) = F1Sc1 =—-F4+S =— (fFm-g-cos(a))-Sci =
=-0,12-m-g-0,866-2-= — 0,207-m-g.

Pabotbl A(Yc2), A(Zcz) peakunn Ycz, Zcz LWWIAPHUPHO-HENOOABUMXHOM
onopbl B Touke C, cooTBeTcTBEHHO paBHbl HYMNKO: (A(Ycz) = 0; A(Zc2) = 0),
TaK Kak Npu BpaweHun Tena 2 ToYkM npunoxeHns peakumn Ycz, Zc, He
N3MEHSIOT CBOErO NosoXeHus (Scz = 0).

Pabota A(T.) peakunn T, pactaHyTon HUTK pasHa Hynto (A(T.)= 0),
TakK Kak Todka L npunoXeHus 3TON peakumm He U3MEHSIET CBOEro noso-
XEHUSA Npu OBMXKEHNN MEXAHNYECKON CUCTEMBI.

Bbluncnum cymmy pabot ZA:E BHELLUHWUX CWIT, NPUINOXEHHbIX K Mexa-

HU4Yeckon cucteme, npu nepemewieHmn ueHtpa C4 macc tena 1 Ha pac-
CTOsIHUE Sci.

> A" = SA(FF) + ZA(RF) =
=m-g-0,099-m-g-0,5m-g-0,207-m-g = 0,194-m-g.
10. Onpegennm CKOpPOCTb LieHTpa Macc Terna 1 B TOT MOMEHT Bpe-
MEHW, Korga nponaeHHbIN UM NyTb CTaHET paBHbIM Sci.

Tsk = 0,697'm-V2 = ZAF =0,194-m-g.
Pelasa nocnegHee BblpaXxeHue, Nonyymv
V = /(0,194 0g)/0,697 = ./(0,19309,81)/0,697 = 1,652 m/c.

Takum o6pa3om, OTBET Ha BOMNPOC, NOCTaBMIEHHbIN B KYypCOBOM 3aa-
HWUW, MONYyYeH:

Ve =V = 1,652 m/c.



