HPUMEP

BEITOJTHEHUS PI'P mo Teme
«Mainpie KoJjicOaHUS MEXAaHUUYECKON CUCTEMBI C OJTHOM
CTEIEHBIO CBOOOIBI»
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VCJIOBUE 3AJIAUU

MexaHuueckasi cucTeMa COCTOUT U3 4-X aOCOJIFOTHO TBEPABIX Tel: rpysa 1,
Omoka 2, cTepxHs 3, KECTKO CBSI3aHHOTO C OJOKOM 2, W CTYIEHYaToro kaTtka 4.
Temna mexny coOOW COEIMHEHbI HEBECOMBIMH HEPACTSLDKMMBIMU HUTSAMHU. KaTok
CBSI3aH C OCHOBaHHeM mnpykuHOH. [Ipu nBmxennn rpysa 1 mo Beptukamm 00K 2,
MIPEICTABIISIONIMA COOOW CIUIONTHON OJHOPOAHBIA JWCK, BMECTE CO CTEpPKHEM 3
BpallaeTcsi BOKPYI HEMOABMKHOM OCH, a CTyNEHYaTbli KAaTOK KaTUTCs Oe3
CKOJIBKEHHMS 110 IIEPOXOBATON TOPU30HTAIBHON MIIOCKOCTH. JlaHbl Macchl Tel My,
My, M3, pasmepsl £, Iy, F4, paAlyC UHEPLHMH KaTKa p4, )KECTKOCTb MPY>KUHBI ¢ H
HaYaJIbHBIE yCIIOBUA Yo, Y, .



NCXO/JHBIE JTAHHBIE

m;=5 kr, m,=2 KT, m5=10 xr, ms=4 kr, c=15 xkH/m, =1 wm,
r.=0,5m, rs=0,3m, p4=0,6m, Y0,=0,05 M, Y,=0,05 m/c.

CIUTONTHBIMY JIMHUSMH Ha 9EPTEKE N300PaKEHO MOJI0KEHNE MEXaHUICCKOM
CUCTEMBI B TIOJIO)KCHUHM pABHOBECHS, MYHKTUPHBIMH — B OTKJIOHEHHOM OT
PaBHOBECHS COCTOSHHUH.

BOIIPOCBI 3AJJAHUA

1. [IpoBepuTh yCIOBHE€ YCTOWYHMBOCTH  IMOJOXKEHHUS  PABHOBECHUSA
MEXaHUYECKON CUCTEMBI.

2. Boiuncnuth cratudeckyro aegopmariuio MOpYyXKUHBI B IOJOKEHUHU
PaBHOBECHUSI MEXAHUYECKON CUCTEMBI.

3. OnpenenuTs 4YacTOTy W TEPUOA MaJbIX CBOOOJHBIX KoJieOaHHI
MEXaHUYECKON CHUCTEMBI C OJIHOM CTENEHbI0 CBOOOJBI, MpeHeOperas cuiaMu
CONIPOTUBIICHUSI U MAaCCAMU HUTEM.

4, Haiit ypaBHeHme nBrkeHus rpy3a 1 y=Yy(t), mpuHSB 3a Hayalo
oTcueTa MojiokeHue paBHoBecus: rpys3a 1. Haiitu Taxke amMminutyay koseOaHui
rpy3a 1.

PEHIEHUE

[Tpu mepexone W3 OTKIOHEHHOTO TOJIOKEHUS B TIOJIOKCHHUE PABHOBECHUS U

o0partHo:
- Tpy3 1 ABMKETCS MOCTyNaTeNbHO;
- 0J10K 2 ¥ CTep>KEHb 3 BPAIAlOTCS BOKPYT HEMOABIKHOU OCH,
- KaTOK 4 COBepIIaeT IIOCKOMAPaIeTIbHOE IBMKCHHIE.

MexaHudeckass cCMCTeMa WMEET OJHY CTEIEeHb CBOOOBI, CIIEOBATEIBHO,
JUISE ONMCAaHUS JBIDKEHUS BCEX TEN CHUCTEMbI MOXKHO WCIOJIB30BaTh OJHY
0000IIEHHYIO0 KOOPAUHATY.

B kauectBe 00001IeHHON KOOPAMHATHI CUCTEMBI IPUHUMAEM BEPTHKAIHHOE
cMmerieHue Y rpy3a 1 oT mosioxxeHus paBHOBECHS, COOTBETCTBYIOMIETO CTATUIECKOM
nedopMaluy MpyKUHBI.

Hus  cocraBnenus — audepeHIUaT-HOTO  ypaBHEHHS  JIBYDKCHUS
MEXaHUYECKOW CHCTEeMBI B  OOOOIIEHHBIX KOOPJAMHATAX BOCIOJIB3yEeMCS
ypaBHeHHEeM JlarpaHa BTOpOTo pojia Jiis ciydasi KOHCEpBAaTHBHOW CHUCTEMBI (0e3
CHJI COTIPOTHBIICHUS):
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OnpenenyM MOTEHUHMAIBHYI0 W KHHETUYECKYIO SHepruu cuctemol. [lpu
ATOM, CYHUTasg OTKJIOHEHHUSI CHUCTEMbl OT TMIOJOXKEHUSI PABHOBECHUS MaJbIMHU,
KUHETUYECKYIO IHEPTUI0 7" OMpEeAEeINM C TOUHOCTBIO O BEJIMYMH BTOPOrO MOPSIKa
MaJIOCTU OTHOCUTEIBHO 00O0OIIEHHOW CKOPOCTH Y, a MOTEHIHAIbHYIO SHEpruto /1

— € TOYHOCTBIO JI0 BEJIMYMH BTOPOTO TOPSAKA MAJIOCTH OTHOCHUTEIHHO
00001IEHHON KOOPIUHATHI Y.

Kunernueckass SHEpPTHS CUCTEMBI OMPEIEISAETCS CYMMON KHHETHYECKUX
sHeprui Ten 1,2,3 u 4.

I=Ti+ 1o+ T3+1; (2)

JIisi HaXOXJEHUS KUHETUYECKOM SHEepPruu Kak (yHKIMU OT 0OOOIIEHHOU
CKOPOCTH Y HEOOXOJAMMO COCTaBUTH BHIPAKECHUS JUIsl KWHEMATUUECKUX CBSI3EH Tel

CUCTEMBI.
Tak ckopocTh rpy3a 1 onpenensercss nepBoOd MPOU3BOJHON MO BPEMEHH OT
CMEIIIeHUs Y ¥ paBHA 000OIIEHHON CKOPOCTH.

Vi=y 3)

YTnoBele CKOpoCcTH Oyioka 2 U CTepKHS 3 paBHBI M ONPEACIAIOTCA
CKOPOCTBIO JIBHJKE€HHS rpy3a 1:

Vv
Wy, =Wy =—

g

OKOHYATENBHO:

_ Y

r2
VYrioBas CKOpOCTh KaTka 4 OmpenenseTcs CKOPOCThIO JBHUKEHHS TOYKH A
PaBHOM CKOPOCTH JIBMIKEHUSI BEJOMOW HEPACTSHKMMOW HUTH, U PACCTOSTHHEM J10
MrHOBeHHO Heno BrxHOU Touku P (M.II.C., niax MrHOBEHHBIH IICHTP CKOpPOCTEi)

KaTKa, HAaXOAAIIEHCS B KOHTAKTE C OMTOPHOW MOBEPXHOCTHIO!

VA

w, =——,
toor,

V4auThIBas 04EBUIHOE PABEHCTBO cKopocTe: V, =V, =y, noay4nm:

0= ©)



CkopocTtb nBHKEeHHs LieHTpa Macc C kaTka 4 omnpeneluM 4epe3 YIrIIOBYIO
CKOpOCTh ero BpaiieHusa u paccrtosiaue ot M.II.C. no touku C:

Ve=o,-1,.

[Tocne moacTaHoBKH BhIpakeHus (D) moaydum:
y y
VC=C<)4-F4=—-F4=E (6)

Hammmem BoipakeHue (2) UIsi KHHETUYECKON YHEPTUU CUCTEMBI, YYUTHIBaS,
yro Tpy3 1 [ABMKETCS TOCTymaTreiabHO, OJOK 2 M CTepKeHb 3 BpalarTcs
OTHOCHUTEIBHO OCH, Npoxoxdmen uepe3 Touky Oj, a Karok 4 mnepeMmemaercs
MOCTYIATEIbHO, T.€. €r0 KUHETHYECKAasi SHEPIHUsl COCTOUT U3 ABYX KOMIIOHEHTOB —
MOCTYIATEIbHOr0, CO CKOPOCTBIO IBMKEHUS LIEHTpa Macc, U BpallaTeIbHOTO
OTHOCHUTENBHO OCH, IPOXOAIIEH Yepe3 LIEHTP Macc KaTkKa:

1 1
T= Em1V12+EJ2w22+%J3w§+%m4vcz+%J4ij (7)

Hcnonp3dyem ¢GopMynbl Ii MOMEHTOB WHEPIIMU CIUIONTHOTO OJjioka 2

1 1
(J,= EmZ r7), omHopomHOro crepxkHs 3 (J, = §m3£2), CTyIeHYaToOro karka 4

(J,. =m,pZ). Torna seipaskenus (7) mpuodpeTeT BUL:

1 11 1
T= Emlvl2 +E-Em2r22a)22 +§%m3£2a)32 +%m4v§ +%m4pfa)f (8)

[Tocne moacTtaHoBKM KuHeMaTHUeckux cBs3eit (3) - (6) B (8) m oueBMIHBIX
COKpAIICHUH, ITOTyYUM:

1, 11 ., 11 ¢, 1 1., 1 p2.
T=-my*+=-=my’ +=-=my— 3" +=m, =y +=m, =4 y?,
g Y MY Ty Y e ey
NN OKOHYATCIIBHO.
T—1 m+im +££m +—(1+p—‘f)m 'Z—Ea-'z (9)
2| T e Ty g T Y Tt

3nech BBeZieH KO3 (PUIIMEHT UHEPIUU dp, UK NMPUBEJeHHAS] HHEPTHOCTH
MEXaHUYECKOUN CUCTEMBbI, paBHasl:



1 1 /2
ao =m1 +Em2 +§Fm3+

2

2 2
ln+ps

2 4
4 r,

(10)

OnpenenuM  TOTCHIMAJIBHYIO  DHEPTUIO  CHCTEMBI  Kak  pabory
KOHCEPBATUBHBIX CHJ CHCTeMBl (CHJI TSKECTEH W CHJIBI YHPYTOCTH) IO
MEPEMENICHUIO CUCTEMBI W3 OTKJIOHEHHOTO IIOJIOXKEHUS, XapaKTePU3YIOIIETOCT
00001IIEeHHO KOOPUHATON Y, B paBHOBECHOE MOJI0KEHUE, ITPU KoTopoMm y=0.

[ToTeHnManbHass SHEPrHsi, COOTBETCTBYIOIIAs CHJIAaM TSDKECTH Tpys3a 1
_ _ 1.
(P1=m1Q) u ctepxHs 3 (P3=M3Q) IpH YKa3aHHOM TEPEMEIICHUHN -

[1(mg) =-m,g -y-m,g-h, (11)
riae h — BepTUKaIbHOE CMEIICHHE IIEHTPA TSHKECTH CTEPIKHS 3.

BenuunHy h MOXHO HaWTH Kak pa3sHUIy MEXIY BBICOTOW LEHTPA TSHKECTH
CTEPXHSA OTHOCUTENBHO T. O» B PABHOBECHOM U OTKJIOHEHHOM COCTOSIHUU

0 v Y4
h=——-—cosp=—(1-cos 12
5 5089 2( ®) (12)

PackitanpiBast KocuHyc B psa Tennopa, noinyduMm:

2 4

cosmzl—%+%—... (13)

OFpaHHqHMCH TOJIBKO ABYMs IICPBBIMU YICHAMHU B PA3JIOKCHHHU, YUUTHLIBAA,
4TO pacCMaTpUuBarOTCA TOJBKO MaJIbIC KoJIeOaHHsI CUCTEMBI. YTOJ OTKJIOHCHUS (1)
MOXHO BBIPa3UTh UCPEC3 CMEIICHUEC V.

o= (14)

I,

Torma mociie mMoACTaHOBKM TMepBbIX ABYX ciaraembix u3 (13) B (12), ¢
yueTom (14) nomyqnm:

‘e 1 ¢ .,
h=— T ==.— 15
> 5 =3 y (15)

Takum o6paszomM, Beipaxenue (11) mpuobperaer BUI:

1 o
Cuibl TsDKeCcTH OJI0OKa M KaTKa He BXOZAT B BBIPAXKCHUC JIA TIOTCHIUAJIBHOU SHCPIUA B
CHUITY TOTO, YTO TOYKH HUX MPUIIOKCHUA HC ICPECMCIIAIOTCA B BCPTUKAJIILHOM HAITPABJIICHUN



_ 1 ‘.,
I[I(mg)=—mg-y—-——m,g -— 16
(M) =-mg-y--mg-- 7Yy (16)

2

[loTenuuanbHass sHeprusi AeHOPMUPOBAHHON MPYNKUHBI MPU yKA3aHHOM
MEPEMENICHUH CUCTEMBI PABHA!

ZcA, (17)

rAe A — pacTsiKEHHUE NPYKUHBI U3 CBOEro Heae(OPMUPOBAHHOTO COCTOSIHUS,
A, — PAcCTSDKEHUE MPYXKUHBI 10 MOJIOKEHUS, COOTBETCTBYIOIETO PABHOBECHOMY

COCTOSIHUIO CUCTEMBI.

Haiinem craTuueckoe cMelnieHue MNPy KUHDI.

OHO COOTBETCTBYET YCJIOBHIO paBHOBECHs KaTka 4 MoJ JIEeUCTBUEM JBYX
MOMEHTOB CHJI — MOMEHTA CHJIbl HATSXKEHUS Beyllel HUTH, paBHOM Becy Tena 1, u
MOMEHTA CHJIbl YIIPYTOCTH NMPY>KUHBI IIPU €€ CTATHYECKOM PACTSIKEHUH:

Mp(M@)+M,(F, )=0; wm mg-2r,—cA,(r,+3r,)=0, (18)
OTKY/Ia:
L (19)
2c

O0o3HaunM J00aBOYHOE CMeIleHue MpyKuHbl (mepememenne 1. K
NPYKHHBI) CHMBOJIOM X: X = A — A_ . V3 4epTeka 3a1auu JIETKO YBHJAETH, UTO

X _ PK _r, +3r,
y PA 2r,

, OTKyJIa:

X =2y (20)

B sToMm cirydae Beipakenue (17) mpeoOpasyeTcst B CIISIYIOMUN BU/:

[(F,) = Selx+ 2, =2 e, = 2@yt 2, ) =2 e, =

(21)
1 1 1 1
== 4ey® +2CA, Yy +=cAl —=cA’ ==dcy* +2CA
2 Cy cmy 2C cm 2C cm 2 Cy cmy

[TonmHas moTeHIMaIbHAS SHEPTUs cUcTeMBbl, cornacHo (16) u (19), Oyner:



_ - 1 / 1
[T=TI(mg)+I1(F,, )=-mg-y —5 Mg -?yZ +540y2 +2¢4,,Y =

(22)
1 0 1 ,
= 5(40 —ms;g ?)y +(2¢4,, —mgQ)y = Ecoy +(2¢4,, —mQ)y,
2
371ECh BBEJIEH 0000LIEHHBINH KOIPPHUHEHT KeCTKOCTH C,, PABHBIN:
¢ =dc—mg—— 23)
0 3 2r2

2

Kak cnenyet u3 (19), BeipaxkeHre B CKOOKax B MocieaHeM ciaraeMoM (22)
pPaBHO HYJIIO, OTKYJIa TIOTEHITHAIbHAS YHEPT Ul CUCTEMBI IPUOOPETET BH/I:

1
M="ay’ (24)

I/ICCJ'ICI[yeM yCTOﬁqHBOCTb IMOJIOKCHUSA PABHOBECHS.

ITo Teopeme Jlarpanxka — [Iupuxiie COCTOSSHHE PABHOBECHSI KOHCEPBATUBHOM
CHUCTEMBI SIBJISICTCSI YCTOWYMBBIM, €CIIM IIOTCHIMAJIbHAS SHEPIrUsl CHCTEMBI —
MHHUMAJIbHA. MaTEeMaTHYECKHU 3TO O3HAYAET, YTO B ITOM IOJOKEHUH

2
%_[ 0=0; 271}‘0 >0. (25)
[To mepBomy ycioBuio, npoauddepenimponas (20), momyunm:
oIl
E‘ozcoy (26)

paBeHCTBO B (25) OyneT BBIMOIHATHCS TOJIbKO Tipu Y =0, T.e. Ipu yKa3aHHOM Ha
YEPTEKE MOJOKEHUU CUCTEMBI.

Bropoe ycmoBue B (24) -  ycioBHEe  CTPOrO  MHUHHMYMA.
[TpoauddepennnpoBar Beipakenue (25) eme pas, moryunm:

o1 /
> ‘0 =c, =4c—m,g 2—r22

HOI[CTEIBI/IM YHUCJICHHBIC 3HAYCHHA B COOTBCTCTBHMH C MCXOJHBIMHW OJAaHHBIMH
3aaHusd.



o1

ES

, — 415000 ~10-9,8—~— = 60000 — 196 = 59804 1 /
2.(0,5)

Kak BHAHO W3 MONYYEHHOW YUCIOBOM OILIEHKH, 3TO — IOJIOXKHUTEIbHAS
BennurHa. ClegoBaTeIbHO, MeEXaHHM4YecKasi CHCTeMa B HM300pa’KeHHOM Ha
PHUCYHKeE I0JIOKEHUH Oy/JeT HAXOAUTHCHA B YCTOHYHBOM PABHOBECHH.

[ToncraBum moreHnuanbHyo (24) w  kuHetwdeckyro (9) »Heprum B
ypaBHeHue Jlarpanxa BToporo poja (1):

T day)=ay T-o A_,
dtl oy ) dt*° % oy ay_"y’

TOr'/1a ypaBHEHHE MPUOOPETET BU:

8, + ¢,y =0 (27)



