3agaga /12

MexaHnyeckasi CUCTeMa COCTOUT U3 TPy30B 1 U 2, cTyneH4aroro mkuBa 3, 6yo0ka 4
(Macca paBHOMEpPHO pacmpeneneHa mo o0oAy) M KaTKa WIM MOJBHXKHOIO Ojoka 5
(crutomtHOM OAHOpPOAHBIA LMAMHAP). Teia cHUcTeMbl COEIWHEHBI APYr C JIPYyrom
HUTSIMH, YYaCTKM HUTEH MapajuieTbHbl COOTBETCTBYIOMIMM IUIOCKOCTSIM. K ogHOMY 13
TeJ MPUKPEIUIeHa MPYKUHA ¢ KOAPPUITUEHTOM KECTKOCTH C.

[Mon netictBuem cumsl F = f(S), 3aBucsmeil or mepememieHuss S TOYKH €€
IPUJIOKEHUS, MEXAaHUYECKasl CUCTEMa IMPUXOAMUT B JIBHKEHUE W3 COCTOSHUS IOKOS;
nepopMmanus IpykKMHbBI B MOMEHT Hauajia JIBWKEHHUS paBHA Hymo. [Ipu nBumxkeHun Ha
IKUB 3 JEHCTBYET IOCTOSIHHBIH MOMEHT M cun comnportuBieHus. Bcece katku u
HOJBUYKHBIE OJIOKU KaTATCS MO MJIOCKOCTSAM 0€3 CKOJIbKEHHUS .

Tpebyercs onpenenuTs 3Ha4YeHUE UCKOMOWM BEIMYMHBI B MOMEHT BPEMEHHM, KOIJa
NepeMEIeHUE S CTAHET PABHBIM S;.

CxemslI cuctem npuseneHbl B Tabmuue 1.

JlanHble 001IMe U1 BCEX BaPHAHTOB!
paanycsl mkuBa 3 R3=0,3 m, r;=0,1 u; panunyc nneprun mkusa p3=0,2 m,
paauyc 6moka 4 Ry=0,2 u;
KOX(QPUIMEHT TpeHHs TPy30B 0 miockocTs f=0,1;
IIyTh, IPOUAECHHBIN Ipy3oM 1, S;=0,2 m.

YucneHHble 3HaYCHUS! IPYTUX 3a/laHHBIX BEJIMYMH NpuBeieHbl B Tabnuue 2.

Ha Bcex pucyHkax He u3o0paxatb rpys 2, eciid M, = 0; ocTajbHbIE Tesla TOJKHBI
M300paxaThbCsl U TOTJa, KOI/la UX Macca paBHa HYJO.

BapuanT 3ajgaHus  BbeIOMpaeTcs 1O HOCAEAHMM JIBYyM 1udpam 3a4yeTKu:
npeanocieAnss uudpa — Homep cxembl (Tabmuma 1), mocnennsist mudpa — HOMEP
ycnoBus (Ta6nuua 2). Hanpumep: Ne091365, mexanusm — 6, yciaoBue — 5.

Taomuna 1. CxeMbl MEXaHUYECKUX CUCTEM

Cxema 0 Cxema 1

Cxema 2 Cxema 3




Cxema 4

Cxema 6 #i Cxema 7 0
Cxema 9
Ta0Omuna 2. UcxoaHble JaHHBIE
Homep My,ke | My,k2 | Mg,ke | My,xe | Mg,xe | ¢ HIm | M ,H-m | F=1(s),H | Haiitn
YCIIOBUS
0 0 6 4 0 5 200 1,2 80(4+5s) w3
1 8 0 0 4 6 320 0,8 50(8+3s) Vi,
2 0 4 6 0 5 240 1,4 60(6+5s) V,
3 0 6 0 5 4 300 1,8 80(5+6s) | .
4 5 0 5 0 6 240 1,2 40(9+4s) Vi
5 0 5 4 6 4 200 1,6 50(7+8s) | Vs
6 8 0 0 0 6 280 08 40(8+9s) | ws
7 0 4 0 6 5 300 1,5 60(8+5s) | V.,
8 4 0 0 5 6 320 1,4 50(9+2s) Wa
9 0 5 6 0 4 280 1,6 80(6+7s) Ves




Yka3zanus K peumienuio 3agaum J[2

JT0 3ajaya Ha NPUMEHEHHE TEOpeMbl 00 M3MEHEHMHM KUHETUYECKOW SHEpPrUu
cuctemsl. [Ipu pemeHnn 3agaun CIeyeT Y4ECTh, YTO KUHETUYECKAS SHEPTUS CUCTEMBI
T paBHa CyMM€ KMHETUYECKUX DHEPTUM BCEX BXOIAIIUX B CHUCTEMY TENl. DTy SHEPTUIO
HY’KHO BBIPA3UTh 4epe3 Ty CKOPOCTh (JIMHEWHYIO WM YTJIOBYI0), KOTOPYIO TpeOyeTcs
onpenenuTs B 3anade. [Ipu BbrumciieHuu paboOThl, HAO BCE MEPEMENICHUS BhIPA3UTh
4yepe3 3alaHHOE TEPEMENIEHUE Si, YUTS, YTO 3aBUCHUMOCTb MEXKIY IMEPEMEIICHUSMU
OyZeT TakoH ke, KaK MKy COOTBETCTBYIOIIMMH CKOPOCTSIMHU.

Kunetnueckas 9HCPIrusg TBECPAOIO TCia
1. TlocTynarenbHOE ABHKECHUE TBEPIOTO TEJa:
1
Tnocm = E m VCZI J
KHMHCTUYCCKAss OHCPrus TCjla IIPU IIOCTYIIATCIIBHOM JBHM)XXCHHM pPaBHa I10JOBHUHC
IMPOU3BCACHHNA MACCHI TCJIa Ha KBaApPaT CKOPOCTHU LICHTpPA MacCC.
2. BpamarenbHoe ABUKEHUE TBEPIOTO Tea:
1 2

Tgp :EJZ a ,

KMHETHUYECKasi »HEprus Tejla NpH BpPAIIATEIbHOM JBW)XCHHUM paBHA IOJOBUHE
MIPOU3BEJICHNS MOMEHTA MHEPLIMH TeJla OTHOCUTEIBHO OCH BpAICHHsS Ha KBaJpaT €ro
YIJIOBOU CKOPOCTH.

3. IlnockonapanenbHoe ABMKEHUE TBEPIOTO Tea:

1 -1 2
T :EmvC+EJZC @,

NnJjlocK

MpU TUIOCKOTapaJUIeIbHOM JBM)KCHUM KUHETUYECKash DHEPTHsl Tejla paBHA IHEPTUU
MOCTYNATEIBLHOTO JBUKEHUSI CO CKOPOCTBIO LIEHTPA MACC, CI0KEHHON ¢ KMHETUYECKOU
SHEpruel BpalaTeabHOro JIBHXKEHUSI BOKPYT OCH, IPOXOISIIEH Yepe3 HEHTP Macc.

MoMEHTBI HHCPIHUH OAHOPOIAHBIX TCJI

1. OmHOpOAHBIN KPYTIIBIN MIIHHIP (KATOK):
mR?
J, =——,
¢ 2
R — panuyc xatka.
2. OgHOPOIHOE KOJBIIO WM HWJIMHIPHYEcKas 000JI04YKa, Macca KOTOpOi
pacrpenesneHa mo oooay (010K):

J, =mR?,
C
R — paauyc Onoxka.
3. Teno cnoxHO# KOHPUTYpaIUH (CTYIIEHYATHIN IIKHB):

2
Jz=mp7.
£, — PaayC WHEPINH IIKHUBA.



Teopema 06 U3MEHEHNH KMHETUYECKON SHEPTUU CHCTEMBI
C UJCAIbHBIMU CBA3SIMU
PaznenuMm Bce nelcTByIONME HA CUCTEMY BHEIIHWE U BHYTPEHHUE CUIIBI HA aKMUEHbLE
U peakyuu cesa3el.
Torma Teopema 00 H3MEHEHUM KHUHETUYECKOM SHEPrUUM CHCTEMBI MOXKET OBITh
[IPEACTAaBICHA B BUJC:

T,-To =S A +> AL

HoeanvHvie cesa3u — O5TO CBSI3M, PEAKIIMM KOTOPHIX HE COBEpIIAIOT paboTy Ha
QJICMCHTAPHOM IICPCMCIICHUU CUCTCMBI:
r
ZdAk :O

T.€. CyMMa 3JIeMEHTapHBIX pabOT peakivil UIealbHbIX CBsI3el paBHA HYIIIO.
s cucmemul ¢ udeanvbHuIMU CEA3AMU MeopemMa 00 U3MeHeHUU KUHemUu4ecKou dHepeul
UMeeT BU:
T -To=XA
U3MEHEHHE KMHETUYECKOW SHEPTUU CUCTEMBI C MJICATbHBIMU CBS3SIMU MPU JIIOOOM €€
HNepEMELICHUH PaBHO CyMMeE pabOT Ha 3TOM MEPEMEUICHUH MPUIOKEHHBIX K CHUCTEME
BHEIIHUX U BHYTPEHHUX AKMUBHBIX CHIL
DTO MO3BOJISIET UCKIIOYUTh U3 PACCMOTPEHUS BCE HEU3BECTHBIE PEAKIIMU CBS3EH.
IIpumepwl udeanvrvix ceszeli: UICATBHO-TIAAKAs MOBEPXHOCTh, MIAPHUP O€3 TpeHHH,
HEpacTsDKMMasi HUThb, LIEPOXOBaTas MOBEPXHOCTb IMpPU KadeHUM KoJjieca 0e3
MPOCKaJIb3bIBAHU.
IIpumepwl Heudeanvuvix ceszeli: MEPOXOBaTasd MOBEPXHOCTh MPHU CKOJBXKEHUU IO HEU
Tena (paboTy CcoOBepIIaeT cujaa TPEeHus), MOpyxkuHa (padoTy coBeplIaeT Ccuia
yIPYTOCTH), MIAPHUP WX MOAIIUITHUK C TpeHUEM (paboTy COBEpIIAET MOMEHT TPEHHUS).
[Ipumeyanue: B cnyuae HewpeaqbHON CBSI3U €€ peakiuio OyaeM paccMaTpuBaTh Kak
AKTUBHYIO CHILY:
1. mepoxoBaTasi TMOBEPXHOCTb, MPU CKOJBXKEHUU Tela IO KOTOpOoH paboTy
COBEpIIaeT Cujia TPEHUs - OyJeM paccMaTpHUBATh CHIIY TPEHHUS, KaK aKTUBHYIO
CUIy;
2. TlpyxwuHa, mpu nedopmanmu KOTOpOH CHJIa YOPYrOCTH cOBepiiaeT paboTy -
OyJzeM paccMaTpuBaTh CHIIY YIIPYTOCTH KaK aKTUBHYIO CHITY.

IIpumep perieHus 3aga4u

Hcxonnbie jaHHBIC:

Cxema O;

M1=9 xe; My=0 re; M3=0 ke, My=7 k2; Ms=15 ke;

c=300 H/m; M=0,9 H m; F(s)=60(5+4s) H;

R3=0,6 m; 13=0,3 m; paouyc unepyuu p3=0,3 m; Ry=0,4 m; xos¢hgpuyuenm mpenus
epy306 o naockocmo =0,05; 5,=0,2 wm.

Hantu: V4



Pentenue

I/I306paBI/IM AKTHUBHBIC CHJIBI:

PI/ICYHOK 1. Cucrema 1o ,Z[GﬁCTBPICM AKTHUBHBIX CHJI

Teopema 00 U3MEHEHHH KMHETUYCCKON SHEPTHUU CUCTEMBI C WJI€aTbHBIMU CBA3SIMU:
_ a

T-Ty=2XA

Tak kak B Ha4aJIbHBIII MOMEHT CUCTEMA HAXOAMUJIACh B Mokoe T, =0

Kunernueckas sHeprusi CUCTEMBI

I'py3 1 coBepiaer nocrynaTeabHOE IBHKCHUE

1
T, == m1V12
2
B0k 4 coBepLIaeT BpalaTeIbHOE ABUKEHHE

1. -
Ty =7 J,04
2
MowmeHT uHepiuu 0J0Ka
2
Ja =myRy
brok 5 comepmaer miockonapamiensHoe aBwkeHue (Cs — meHTp Mace, Ks —

MTHOBEHHBIN LIEHTP CKOPOCTEN)
1., .. 1 2

Ts =2 Jsws +-mgVes
2 2

MowmeHT uHepnuu 0J0Ka

1
Js =Em5r52



PI/ICYHOK 2. B3auMocBs3b MCXKAY CKOPOCTAMHU YacTEH CUCTEMBI

OHpGI[eJII/IM COOTHOHICHUSA MCIKAY CKOPOCTAMMU:

Va1
’ Ry R
Vi = @als =V, 23
B 303 1R3
Vy =Vg =V, 3
D = VB 1R3
V r
o, D _y, 13
R, 'R4R,
r
V. =V, =V, =
Cs D 1R3
_ Ve Ve _y, 13
° CsKs 15 1r5R3
\% r
I's Rs

HO}ICTaBI/IM MaCCOBO-MHCPIHUOHHLIC
CKOPOCTSMM. Torna KHMHETHUYCCKAA DHEPTHA CUCTCMBI PaBHA!

XapaKTCPUCTUKN W COOTHOHICHMA



1 1

1 1
T=-mVE+23,00 +=)s0f +=mVs =
2 V1 2 474 2 5%5 2 5YC5

2 2 2
1 2 1 2 I3 11 2 r3 1 I3
=—m\Vy +-—muR; |V +——mgle |V —— | +—mg|V;—| =
e 244(1 ] 505 1r5R3 55 V1

R,Ry ) 22

1 1 3 2
=l—-m;+—my +—mg |-V
(2 1T g T e 5) 1

Pucynok 3. Onpenenenue paboT akKTUBHBIX CHII HA IIEPEMEIIICHUN CHCTEMBI

Cymma pa®OT BHEHNIHMX CHJI Ha TICPEMEIICHHH CHCTEMBI, COOTBETCTBYIOIIEM
MEPEMEIICHHIO Sy’

e _
2AC=A + Ay + Ay +A,:mp1 +A,:ynp +Ap,
S

S
Ap = le(S)dS = 1160(5 +4s)ds = 60(55l + 2512)
0 0

Ay =-M - @3

APl == P1$1$In60° nglg ‘Sl

Ar

mpl

pe ~S08-2)-So-2)-—S 3

Ap, =—P5-Sc, =-M5Q-Sc,

==Fup1:81=—F-Ny-5, =—fF -Pl-c0560°-31:—%fmlg-sl
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[IpuMeyaHue: cwia YNpyrocTd MNPYKUHBI M CHJIA TpEeHHs Ipy3a | O IUIOCKOCTh
paccMaTpUBAIOTCSl KaK aKTHBHBIE BHEIIHUE CUJIBL. A9 U A; — HayalbHOE U KOHEYHOE
YIJIMHEHUS NIPY>KUHBI.

PaboTa ocTaibHBIX CHJI paBHA HYIIIO.

CooTHomIEHUsT MEXAY TMEPEMENICHUSMH aHAJOTHMYHBl COOTHOIICHUSIM  MEXIY
CKOPOCTSIMH:

Vv, S1
0)3 = — —_ =
Ry ?3 Ry
s I3
VC5 _Vl R3 SCS = SlR_
Y, = ’
_ G '3 S I
" C.K: KR P = 5 =5 3
5K5 5 R3 5 CsKs 1 Ryl
r
V, =2V, =2V, = 3
L C5 1 R3 SL = ZSCS - 251_
3

Torga cymma paboT BHEUIHUX CHUJI C YYETOM COOTHOIIEHUN MEXAY MEepeMEIICHUSIMU
paBHa:

V3 1 C
> A :60(551+2512)—I\/I - +7m1g-31—5 fmlg-sl—zsf —M5Q - S, =

2
s, 3 1 c r r

—60(5s; +252 )-M - 2L + X2 m g-s; == fmg-S; ——| 25 —— | —meq S, —- =
(1 1) R > 19-S; > 105, 2( lR] 50 1R

3 3 3

M /3 1 c 1
:(60(5+231)—R—+7m1g _E fm]_g_ES]_ _EmSQJ'Sl
3

(yuteHo, uto R3=2ry).
[TpupaBHHBaEM KHHETHYCCKYIO SHEPTHIO CyMME padoT:

1 1 3 ) M 3 1 c 1
“my+=my +—m: |-V, =|605+28, ]|-—+—m,g—=fmg——=s, ——m:qg |-S
(2 1+gMa+ g sj 1 ( ( 1) Ry | 2 19 h1J 5°1 75 59j 1

2
Torma
M 3 1 C 1
60(5+2s, |- —+-—mg—->-fmg—-—-5, —-msQ |-S
V(( 1)R321921921259J1
o }m +Em +im )
2 18 ‘16 °

58 6358
_ (290998 _ 616 = 2676/
81875 Mee

Ortger: V;=2676 m/cC
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