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3AJIAHUE

PacuetHo — rpaduueckas padora Ne4 cocTouT W3 3a1a4l MO OMPECIICHUIO
XapakTepa IBWXXEHUS OJHOIO M3 TeJl 3aJaHHOW MEXaHWYECKOW CHUCTEMBI,
JBUTAIOIIEHCS MTOJ AEHCTBUEM CHUJI TSKECTH.

MexaHuueckasi CUCTEMa, COCTOALLAS U3 TPEX TBEPbIX OAHOPOAHBIX Tel A, B
u C, IpUXOIUT B IBUKEHUE U3 COCTOSHUS MOKOS IO IEUCTBUEM CHII TSKECTH
G, G, u G;, IPWIOKEHHBIX K UX LEHTpaM Macc. Hutu, coeauusmiomue tena,
HEBECOMBI, HEPACTSKMMBlI U PACIIOJIOKEHBI MapajuieIbHO  ONOPHBIM
IIOBEPXHOCTAM. ' py3bl CKOJIB3AT 110 LIEPOXOBATOM IMOBEPXHOCTHU. Y KaTALLIETOC
Kojleca OTCYTCTBYET IPOCKaJIb3bIBAHME IO ONOPHOM mnoBepxHOcTH. Koneca
(0:10kM), M300pa’kEHHbIE HA CXEMax B BMJIE OKPY>KHOCTH C OJIHUM paJuycoM,
CYUTATh OAHOPOAHBIMU CILIOLIHBIMU JUCKAMMU.

JTAHO:
e cwubl TsDKecTH Ten (G, Gr u Gy );
® pasMepsl TeN ¥y, Ry, 12, R3, 73
® paJudyChl HHEPLUHUH p, U p3 CTyneH4YaToro OJoka (IIKWBA), WU
CTYIEHYATOT 0 KoJieca (Ha CXeMe ATHU TeJla UMEIOT JBE OKPYKHOCTH);
e KO3(DPUIUEHT TPEHUS CKOJIbKEHUS f;
e k03h UITMEHT TpeHUS KaueHus k;
® VYIIbl oM f HaKJIOHA TUIOCKOCTEH.

OTIPEJEJINTD: 0,4 — yCcKOpeHHEe YKa3aHHOM Ha CXeMe TOUKH Tena A, .

YKA3AHUA

Kaxnplii CTyZEeHT nosyyaeT BapHUAHT 3aJaHus, COOTBETCTBYIOLIUN HOMEPY
cxembl Mexannueckoi cuctemsbl (IIpunoxenue 1). Heobxonumble ais pacuera
mudpobie naHHble npuBeneHsl B Tabmuue (IIpunoxenue 2). Homep ctpoku
TaOJIMILIBl YKA3bIBAETCS JUUIS KaXKJOM CTYJAE€HUYECKOU TPYIIIbI.

OcHogHble mpebosanus K o0QopmaeHuro 3a0anHusa: - COOTBETCTBYIOT
TpeboBanusM npu BbinosiHenuu PI'P-1 u PI'P-2.

PacyetHo - rpaduueckas padbora Ned mo qUHAMHKE MEXaHUYECKOH CHCTEMBI
MOJKET OBITh BBIIMOJIHEHA C UCTIOJIB30BAHUEM PA3JIMIHBIX METOJOB PEIICHHUS I10
CJIEYIONIMM pa3JieiaM TUHAMHUKU CUCTEMBI Kypca « TeopeTndeckas MeXaHUuKay:

- muddepeHnnanbHble YpaBHEHUS IBIXKEHUS a0COFOTHO TBEPJIOTO TEIa;

- npunnun lamamOepa;

- o0rmiee ypaBHEHHUE TUHAMUKH,

- Teopema 00 M3MEHCHHH KHHETUIECKON SHEPTUU MEXAaHUUECKOU CUCTEMBI;

- ypaBHeHwus Jlarpanxa 2-ro pona.



B npuBeneHHOM HMXE IpPUMEpE BBIIOJHEHUS 3aJaHUS PACCMOTPEH METOJ
pELICHHs C UCIIOJIb30BAHUEM TEOPEMBI 00 M3MEHEHUN KMHETHYECKOW 3HEpPruu,
YTO BIPOYEM, HE MCKIIOYAET BBINOJHEHUE CTYACHTOM pabOThl JIIOOBIM U3
NIEPEYUCIIEHHBIX METOJIOB.

[TPUMEP BbIITIOJIHEHW A 3AJAHW A

CxeMa MexaHMYECKOM CHCTeMbI 3a/1a4y Ipe/icTaBieHa Ha puc. 1.

Puc.1

HcxoaHble TaHHBIE:

G| =400 1; Go = 100 H; G3 =250 H
JITAHO: rp=0,15m; Rp=0,20 m; R3=0,25™
a=60":f=30"; p=0,18 m
£=0,12; k=0,0025 .

OIIPEAEJINTD: aa

Boimonnenne  3amaHusg  OyJeM  OCYLIECTBISITH B CIEIYIOLIEH
MOCJIEIOBATEIHHOCTH.

1. Onucanue IBMKEHUA MEXaHHYECKOM CHCTEMBI:

e rpy3 A (teno 1) coBepiiaer MOCTYNAaTEIbHOE JIBH)KEHHE BHU3 IO
HIEPOXOBATOM HAKJIOHHOW IUIOCKOCTH C YIJIOM HAKJIOHA o K
TOPU30HTY;



e cryneHuarblii 0ok B (Teno 2) Bpamaercss Mo Xoay 4YacoBOH
CTPEJIKU BOKPYI HENOABMIKHOW OCH, MNPOXOIAILEH uepe3 LEHTP
CUMMETPHH Tea;

e koiseco C (Teno 3) ABUIKETCS IIIOCKONAPAIENbHO, IPUYEM B TOUKE
kacanusi P orcyrcTByer nmpockanb3siBanue (Vp = 0), T.e. Touka P
ABJISIETCSI MTHOBEHHBIM LIEHTPOM CKopocted Kojeca 3. LleHTp
KOJIeca MEPEMEIAETCS BBEPX 110 HAKJIOHHOW INIOCKOCTH C YIJIOM
HAaKJIOHa f/ K TOPU30HTY, MPU ITOM KOJECO IOBOPAYMUBAETCS IO
XOJly YaCOBOM CTPENKHU
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2. YcraHoB/IeHHE BBIPAXKEHUH [JIA  CBsi3ell, JAeiCTBYHOLIUX

MEKAY OTAC/IbHBIMHA TCJIAMHU MEXaHMYeCKOH CUCTEMBI.

[TockosbKy 1eib 3aJaHusl 3aKJIIOYAETCSl B OICHKE BEIUYUHBI YCKOPEHUS
TOYKU A Tena 1, KHHEMaTUYECKUE apaMeTphl BCEX TEJ MEXaHUYECKOU CUCTEMBI
CBeJEM K IBIDKCHHUIO 3TOH TOYKH. BBeleM MOMOJHUTEILHBIE 0003HAUCHHUS IS
TOYEK COMPSKEHUs CBsI3ed Mexay Tenamu cucteMbl: Touku E u K B Tene 2,
Touka D B Tene 3.

Torga yrmoBas CKOPOCTb BpallleHHs Tena 2: @, :B—E, a y4YuTbIBasg, 4TO

TOouka E JIeXKUT Ha OKPY>KHOCTH pajauyca ), a HuTb AE HepacTsbkuma V. =V, ,
(puc.2), To:



w, =4 . (1)

Ckopocts Toukm K, nexamed Ha OKpy»XHOCTHM paauyca Ry, paBHa
Vi =o,BK =w,R, . B cuiy Hepactsxumoctu Hut KD V, =V, = o,R,.
VYrioBasg CKOpOCTh Kojieca 3 ONPEHENseTCs 4Yepe3 OTHOILUEHUE CKOpPOCTH

Touku D k paccrosHuto or Hee 10 M.I.C. (T. P): w, :% :02)2_152‘ [Toacrassis
3
(1), momyuum:
R,
W, = V,. 2
TR, 2)

Ckopoctb nenrpa koineca 3 (1.C) onpenenum yepes3 paccTosHUE A0 M.IL.C. (T.
P) V. = w;R,;, a ucnionb3ys cootHomenue (2):

R,
2r,

[Tonyuennsie cootHomieHus (1) - (3) oTpakarOT KMHEMAaTHYECKHE CBSI3H,
JICUCTBYIOIME MEXKIY TellaMd JTaHHOW MEeXaHW4YecKOoH cuctembl. [lockombky
CBS3M TPOCTHIE, TOJIOHOMHBIE, HMX HHUX IIyT€M HWHTETPUPOBAHUS, MOXKHO
MOJIy4uTh M TeoMmeTpuueckue cBs3u. llepenmmiem Boipaxenus (1) - (3) B
muddepennuansHOi hopme:

V.==2V,. (3)

dp, 1ds, dp, R, ds, dsc _ R, ds,
dt r,dt’ dt 2R, dt’ dt 2r, dt

ITocne COKpalmCHUA IIOJTYYUM HCKOMBIC BBIPAKCHUS I I[GI\/’ICTBYIOH_II/IX B
CUCTCEMEC I'COMCTPHUICCKHUX CBSI3CH:

1
dp, =—ds, 4)
T
R
dp, =—=2—d 5
5 2R, Sa (5)
ds. = &ds A (6)
2r,

HampaBnenuss pacCMOTPEHHBIX KHHEMAaTUYECKUX W  TI'E€OMETPUYECKUX
napaMeTpoOB CUCTEMbI IOKa3aHbl HA PUCYHKE 3.
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3. OneHka KHHeTHYECKOM JHEPIrul MEeXaHNYeCKOM CUCTEeMbI

Kunernueckas OHCPIrUusA CHUCTCMbI €CTb COBOKYIIHOCTD BHCpI‘I/Iﬁ JABHXKCHUA
BCCX €C JJICMCHTOB!:

T = Tvlnocm + Tzﬁp + T3nocm + T36p , (7)

raAc¢ KHUHCTHYCCKAd OHCPIrUd IMOCTYIATCIbHO  ABHIKYIICTOCH I-ro Tena
ONIpCACIIACTCA N3BECTHBIM BBIPAKCHUCM

1
nocm __ 2
KHHCTUYCCKAA SHCPTHA BpallaromiCrocs OJ0Ka 2 OIpCACIIACTCA 110 (I)OpMy.]'Ie
bp _ 1 2
L' ==]0,, ©)
2
IMOCTYIIATCJIbHAA COCTABJIAIOIIAA KHHETUYECKOU OHCPIruM KoJIiccCa 3 uMmeeT BUA
1
nocm __ 2
T, —EmSVC , (10)

U, HaKOHEIl, BpallaTelbHasi COCTAaBJSIONIAs] KUHETUYECKOM SHEpruu kKosieca 3
omnpenensiercs no Gopmyiie

1
ij :E]sa); (1T)



OceBble MOMEHTHl MHEPIMHU CTyNEHYaToro OjJoka 2 U OJHOPOJHOTO
CIUIOLIHOTO IMCKA KoJieca 1 OIeHNnBaIOTCs BBIPAKEHUSAMH, COOTBETCTBEHHO

1
]zzmzpzza 144 ]3:§m3R32 (12)

IToncraBuB (12) B (9) u (11), a (8) — (11) B (7), ¢ y4eToM CBSA3U MEKIY

y y G 2
Maccol Tea M ero cuiou Ttsbkectu (m=—, rae g=9,8 M/c” — ycKopeHwme

CBOOOIHOTO TAJICHUS ) TOJTYYHM:

T= lmIVAZ + %]za)f + %1113VC2 + %]3@,,2 =

= +1& o, + 1G3V2 11&1{2 = (13)
29 2 g 2 g 2 2¢g

= i(GIVAZ + G2p22a)22 + G3VC2 + %G3R32w32)

Hane cnenyet noctaBuTh B (13) BbIpaxeHUs Uisi KHHEMAaTHYECKUX CBS3EH

(1)~(3), 4TOOBI MPUBECTU KUHETHUUECKYIO SHEPIUIO K 3aBUCUMOCTH OT CKOPOCTH
T.A:

T = ZL(GJ/AZ +G,p, 0" +G,V. + %GSRSZa)SZ) =
8

2 2 2
ZZL(GIVAZ+G2,022 VA2 +G, R22VA2+1G3R2 R,
8

7, 4r, 2 4r, R}

2
BeiHecss 3a ckoOku kBajgpar ckopoctd V,°, COKpaTMB B IIOCIEIHEM

V')

cJlaracMom Rsz, Hn CJIOXKHNB JABa ITOCICOAHHUX HOI[O6HI)IX HJICHA, OKOHYaTCJIbHO

MOTYYHM:
1 2 3R}
T=—(G,+22G,+22LG,)V,’ (14)
29 1, 8 1,
4. OueHka cuJi, JefiCTBYIOLIUX B MEXaHUYECKOM cHUCTeMe

HpI/IJIO}KI/IM CHIJIBI, ,ZIGI/ICTBYIOHII/IG Ha T€Ja MEXaHUYECKON CUCTEMBI (pI/IC 4)

="
OTO cuna TAKECTH G1 Tena 1 ¢ KOMIOHEHTaMu G u G, , a TaKxKe CHUJIBI
TsxecTH 6sioka 2 (G, ) u koneca 3 (GS ).
OT0 cuibl peakuuu co cTopoHsl onop y tena 1 (N;) u koneca 3 (N;), a
TaK)K€ KOMIIOHEHThI peakuy mapHupa Ha ocu O1oka 3 (Q, u Q,).

Ot1o cuibl TpeHus Tena | (F ;) " koiseca 3 (E, .), ¥, HAKOHELl, MOMEHT

mp3
CONpPOTHUBIICHHUS KadeHuto M, komeca 3.



Puc. 4

HamnpaieHusi COOTBETCTBYIOIIMX CHUJIOBBIX (DAKTOPOB MOKa3aHbl Ha puc. 4.
BuyTpennue cuibl, a TakKe CHJIbI, ACHCTBYIOIIME MO BHYTPEHHUM CBSI3M, Ha
PUCYHKE HE TMOKa3aHbl — B 3a7auy€ CUYMUTAETCs, YTO CHUCTEMa HEU3MEHseMa,
o0Onagaer uaealbHBIMU CBSA3SIMU, pabOTa KOTOPHIX B CYMME JaeT HYJO (T.e. uX
MOHO HE YUUTHIBATH).

HopmanbHble peakuuy OIIEHUBAKOTCA 10 YCJIOBUIO OTCYTCTBHUS JABUKECHUS
BJI0JIb HOPMAJIU K TIOBEPXHOCTH U BBIPAKAIOTCS (hOpMYyTIaMu:

N,=G,cosax, N;=Gjcospf. (15)

Cuna TPCHUA CKOJILKCHUA TCIIa | OoIIpCACIIACTCA 3aKOHOM Ky.]'IOHa:

E,.=fN;=fG,coscx . (16)
MomenT compoTuBieHust KaueHutro M,y Komeca 3 ompemernsiercs
BBIPAKCHUEM:
M, =kN; =kG;cos 3. (17)
5. DJjieMeHTapHasi paboTa CHJI CUCTEMBbI

Heo6xonumo oTMeTuTh, 4TO paboThl HemoABMKHBIX cul (G,,Q;, u Q,) u

CHiBl TpeHus mokost F,

y Kojieca 3 paBHbl HyJO (IO ONPEACIICHUIO
aJIeMeHTapHON paboThl cuiibl dA =F -ds). PaboTbl HOpMaIbHBIX CHJI PEAKITHiA
tena 1 (N,;) u xoneca 3 (N,) Takke paBHbI HYJIIO B CUJIy UX OPTOTOHAIBHOCTHU K

CBOHM JJICMCHTAPHBIM IICPCMCIICHUAM.



Kak oTmeuasiocs, cucteMa Heu3MeHsieMas U 00J1aJaeT UaecalbHBIMH CBI3SIMH,
OTKyJia CyMMa paboT BceX BHYTPEHHUX CHII paBHa Hymo: dA," =0.

Chopmynupyem BblpakeHHE JUIsl OIEHKHA D3JIEMEHTapHOM paboThl Bcex
OCTaJIbHBIX BHEITHUX CUJI CUCTEMBI B BUJIE

> dAS =dA(G,)+dA(G,) +dA(F,,;) + dA(M,,) (18)
Haiinem 3HaueHne kaxaoil U3 3Tux pador:

dA(G,)=G,dsa =G,ds , cos(90° — ) = G,ds , sina;
dA(G, )=é CTéc =G s c0s(90° + B)=—G,ds.sin 3 ;
dA(Fmpl) wp1 "84 =F, ,ds, cos180° =
dA(M,, )= —Mmpd%.

Bocnonszyemcsi popmynamu (4) — (6) mig TeOMETPUUECKUX CBSI3EH U
BeIpakeHusMu (16) u (17). Torma snemenTapHasi paboTa CHII CUCTEMBI OyIET:

ZdA =Gds,sina —Gydscsinf—F, ,ds, — M, dp; =

mpIdSA 9

=G,sina -ds, —G3sin,82—2dsA — fG,cosads, —kG;cos 3 R,

) 1IR3

ds,
OKOHYATENBHO:

D dAS :{Gl(sina—fcosa)—;{—ZGg(sinﬂ+R£cosﬂ)}dsA (19)
rZ

3

6. Hcnoab3oBanue TteopeMbl 00 HW3MEHEHMH KHHETHYECKOMN
JHeprum B 1M depeHunAILHOM BUAE

[TpuBenem GopMyIUPOBKY TEOPEMBI JUIsl HEU3MEHAEMOW CUCTEMBI:

dT =) dA; . (20)
k=1
Bemumuuny muddepennnana KUHETUYECKON OSHEPTMH CHUCTEMBI MOYXKHO
MOJIYYHUTh, Hpoz[Hq)(bepeHquOBaB (14) o ckopoctu V, :

3R/}

ATt ’——(G '02G+ 22 GV,
av, Va r,’ 81,
OTKyJ1a:
2 2
dT =T, dV, L+, 3 g v av, 1)
8 2 8 1”2

[TonctaBum (21) u (19) B (20), yurs, 4TO 3JIEMEHTApHOE MEpPEMEIICHUE
IPOIMOPLIMOHATIBHO CKOPOCTH:



2 2
é(cl 2G4 225G v,V -

2
2 g

= {Gl(sina — feosa) —5—2G3(sinﬁ + Ricosﬁ)}VAdt
T

3

av,
Cokpamiasi mpaBylO W JIEBYIO 4acTH Ha V, W ydTs PaBEHCTBO 4, = T
OKOHYATEJIBHO MOTydr (GOPMYJIY IS OLCHKH YCKOPEHHS T.A:
: R, . k
G,(sina — fcosa) ——=G;(sin B+ —cos )
2r, R,
aA = 2 3 R 2 g (22)
G,+22G,+272 ¢,
7, 81,
7. OuneHKa YMCJICHHOI0 3HAYCHHUS YCKOPEHUS
[ToacranoBka mu(POBBIX JAHHBIX 3aaHUsS AAa€T CICAYIOIIMNA PEe3yIbTaT:
400(sin60° —0,12-cos60° ) — 0,20 250(sin30° +%COS 30°)
g, = 2-0,15 0,25 9.8=3,58 m/c’
0,18’ 30,2

400 + 100 +—

. 250
0,15 80,15

8. OTBer

Vckopenue T.A rpysa paBHo a, = 3,58 m/c’

10



1 2 IMpunoxenue 1




12



13



14



15









18



IIpunoxenue 2. UCXOAHDBIE JAHHBIE

Cunbl TAXECTU Paanycbl OKpYXHOCTHU Ten Paavycbl uHepuumn Ten  |yron HaknoHa
Ne (G4 [H] |G, [H]|G; [H]|rs [M][R; [M]r [M]|Rs [M] |3 [M] |p, P3 o [rpax]
1) 8200 [ 800 [ 600 |0,150{ 0,420 0,140 0,280 | 0,210 0,300 0,230 30
2[ 8210 { 790 | 590 |0,151| 0,418 [{0,139] 0,278 [ 0,209 0,298 0,228 45
3] 8220 | 780 | 580 [0,152| 0,416 ]0,138{ 0,276 | 0,208 0,296 0,226 60
4] 8230 | 770 [ 570 |0,153] 0,414 10,137| 0,274 | 0,207 0,294 0,224 30
5| 8240 | 760 | 560 [0,154| 0,412 10,136 0,272 | 0,206 0,292 0,222 45
6/ 8250 [ 750 | 550 |0,155| 0,410 {0,135] 0,270 [ 0,205 0,290 0,220 60
7| 8260 | 740 | 540 [0,156| 0,408 | 0,134 0,268 [ 0,204 0,288 0,218 30
8] 8270 { 730 | 530 |0,157| 0,406 [ 0,133] 0,266 | 0,203 0,286 0,216 45
9] 8280 | 720 | 520 [0,158] 0,404 )0,132| 0,264 { 0,202 0,284 0,214 60
10] 8290 | 710 | 510 {0,159 0,402 | 0,131 0,262 | 0,201 0,282 0,212 30
11) 8300 [ 700 | 500 0,160/ 0,400 {0,130] 0,260 | 0,200 0,280 0,210 45
12] 8310 [ 690 | 490 |0,161| 0,398 [0,129] 0,258 | 0,199 0,278 0,208 60
13| 8320 [ 680 | 480 |0,162| 0,396 [0,128] 0,256 | 0,198 0,276 0,206 30
14] 8330 [ 670 [ 470 0,163 0,394 {0,127 0,254 | 0,197 0,274 0,204 45
15) 8340 [ 660 | 460 |0,164| 0,392 [0,126] 0,252 | 0,196 0,272 0,202 60
16] 8350 [ 650 | 450 |0,165| 0,390 (0,125] 0,250 | 0,195 0,270 0,200 30
17] 8360 [ 640 | 440 0,166/ 0,388 [0,124| 0,248 | 0,194 0,268 0,198 45
18] 8370 [ 630 | 430 0,167 0,386 (0,123| 0,246 | 0,193 0,266 0,196 60
19| 8380 [ 620 | 420 0,168 0,384 | 0,122 0,244 | 0,192 0,264 0,194 30
20| 8390 [ 610 [ 410 [0,169| 0,382 |0,121{ 0,242 | 0,191 0,262 0,192 45
21) 8400 [ 600 [ 400 {0,170{ 0,380 0,120 0,240 | 0,190 0,260 0,190 60

f=0,2 — x03dHUIMEHT TPEHUs CKOJIBKEHUS TeJa, KOTOPOE CKOJIB3UT 10
TUIOCKOCTH.

k= 0,00005 M — K03pPUIMEHT TPEHHSI KaUeHUsI KATKOB, KOTOPBIE KaTATCs 0e3
CKOJIb)KEHUSI.






