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KYPCOBOMU ITPOEKT
IO TEOPETUYECKON MEXAHUKE

«ACCJIEJOBAHUE JUHAMUKHN MEXAHUYECKUX CUCTEM>»

Bapuant Ne

Crynent
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MOCKBA 20




HUcxoaubie 1aHHBIE

JlaHo:

m, =5 kT;

m, =4 kr;

m, = 3 KT;

m, = 2 Kr;
R2: 0,5Mm;
r,=0,3m;

P2 = 0,2mMm;
3= 0,1wm;
R,s= 0,4m;
r,=0,2m; Puc. 1
Pg = 0,3wm;

o =3C;

F = 50H,
f=0,25;

k = 0,15¢cMm;
MCZ’: O,ZHM,
Mcg,: 0,1HM,
S=1,5wm.

Mexanundeckas cucrema (puc.l), coctosimas u3 rpysa 1 maccel
M, OI0KOB 2 M 3, UMEIOIMUX MAcChl M, WU M, COOTBETCTBEHHO, U

KaTtka 4 Maccoil M,, HAXOJMBIIASCSA B HAYAJIbHBI MOMEHT BPEMEHU B

IIOKOE, JBWXKETCA TII0J JEWCTBUEM IIOCTOSHHOM cuiabl F .
Y4uTBIBaCTCA TPEHHE CKOJBXKCHHS MEXKIYy TeIoM 1 M INIOCKOCTBIO
(kodpbULMEHT TpPeHUs CKOJBXKEHHS f ), COmpOTHBIICHHE KadueHHIO
Tena 4, karsmerocst 6e3 CKobkeHus (Ko3(hGUIIMESHT TPeHUS KauyeHUs
K), 1 mocTosstHHBIE MOMEHTHI CONPOTHUBJICHUS B OCAX OJIOKOB 2 1 3 -
M., 1 M., COOTBETCTBEHHO.

B 3amaue 0003Ha4€HO!

R, r>, Ry, Iy - panrychl OOIBITNX U MAJIBIX OKPYKHOCTEH Tell 2 U
4, r3 —paauyc 0j0Ka 3;

P>, P4 - paauychl wuHepuMu Ted 2 W 4 OTHOCUTEIBHO
TOPU30HTAJIBHBIX OCEH, MPOXOIANINX YEPE3 X IEHTPHI TAKECTH, OJIOK
3 SIBASETCS CILIOIIHBIM OJHOPOIHBIM [UIHHIPOM,

O - yroJa HaKJIOHA TUIOCKOCTH K TOPHU30HTY.



3aganue

1. C MTOMOUIBIO nudpepeHImaIbHbIX ypaBHEHUM
NOCTYNaTeNbHOTO,  BpallaTebHOTO U IUIOCKOMAPAIEIbHOTO
JNBW)KEHUW COCTaBUTh cucTeMy Ju(depeHIuanbHbIX YpaBHEHUH,
OTMCBHIBAIONIYI0 JIBHDKEHHME MEXAaHMYECKOW CHUCTeMBl. [IpoBecTun
KMHEMAaTUYECKHUI aHAIU3 MEXaHU3Ma U BBIPAa3uTh YCKOpeHue Tena 4, a
TaKXe YrJoBble yCKOpeHus Ten 2, 3, 4uepe3 yckopeHue rpysa 1.
HalinenHuble yCKOpEHHS MOJACTABUTH B CUCTEMY YPABHECHUU.

2. C nmoMoIipo TeopeMbl 00 U3MEHEHUH KMHETUYECKOW SHEPrUu
HaWTH CKOPOCTh U YCKOpEHHUE rpy3a 1 B MOMEHT, KOT/la OH MPOUJIET
nyTh S =S, yKa3aHHBIA B HICXOAHBIX TaHHBIX.

3. C nomompio mnpuHnumna JlanamOepa HaWTH peakIUU OIOP
0JIOKOB 2 U 3, CUJIbl HATSDKEHUSI HUTeH Mexay Teiaamu: 1u 2; 2u 3; 3
U 4,a TakKe CUIy TPEHUS MEXKAY TEJIOM 4 U TIIOCKOCTHIO.

4. C 1noMOUIpIO TIPUHIMIA BO3MOXHBIX  MEPEMEIICHUN
ONpee/IUTh  ypaBHOBEMIMBAIONYI0 cuny Q, Ipu NpuUIOKEHHH

KOTOpPOM MeXaHu3M OyJeT HaxoauThcsi B paBHOBecuu. Cuma Q

JOJKHA OBITh HampaBjeHA NapajuieIbHO HAKJIOHHOW IJIOCKOCTH H
MPUJIOKEHA!

- K Telly 4, eciii IBWXKYIIAs CUJia F MpUJIOKEHA K Teny 1;

-k Teny 1, ecnm aeuxkymias cuna F npunoxena k Teny 4.

5. Haiitu yckopenue Tena 1 Apyrum croco06om, MpUMEHUB o011Iee
ypaBHEHUE JTUHAMUKHU.

6. C mnomompto ypaBHenuit Jlarpamxka Il poma cocTtaBuTh
muddepeHImaibHoe ypaBHEHUE JBUKEHUS CHUCTEMBI, TPUHAB 3a
0000IIIEHHYI0 KOOPJMHATY TiepemMelieHue rpys3a 1.



1. CocraBienue cucrembl Au(pepeHIUAIbHBIX YPABHEHUIA,
ONUCHIBAKOLIUX IBHKEHUE MEXAHUYECKON CHCTEMBI.

1.1 Iuddepenunanbabie ypaBHEHUS, OMUCHIBAIOIIUE JIBHKCHUE
rpy3a 1.

I'py3 1 HaxoauTCsl B MOCTYMaTeIbHOM JBMKEHUHU. Kak M3BECTHO
U3 KHHEMAaTHKH, 33aJ1aya O MOCTYMAaTeILHOM JIBI)KEHUU TBEPJIOTO Tela
CBOAUTCS K 3aJade O JBM)XCHUU TOuku. [lodToMy miis omucaHwus
IBWKEHUS T1py3a 1 Oyaem wuCHoias30Bath aud@epeHInanibHbIe
ypaBHEHUS IBW)KCHUS MaTePUAbHON TOYKH, KOTOPBIE BBITIISIAT TaK

ma, =3 F, ma, =3 Fy .

CoctaBuM pacueTHylo cxemy (puc.2), Ha KOTOPOH ITOKa)KeM

CHJIBI, IeHicTBYIOMMMKE Ha Tpy3 1.

y
. _
\
F a [ To
- =
X SN S E
Ymg
Puc.2

Bribepem ocu koopauHAT (OCh X CIEAyeT HANpPaBHTh B CTOPOHY
JBWOKCHUS Tpy3a 1) u 3anumieM quddepeHIraIbHbIC YPaBHCHUS

ma, =F —T, - FTPl (1)
m [0= N, -mg )
VYpaBaenue (2) pakTUUeCcKH SABISETCS YPaBHCHHEM PaBHOBECHH,
M3 KOTOPOT'O MOKHO HaiTh peakiuio N,

N, =mg,
KOTOpas HyKHa JJIA ONPCACIICHHUA CUJIbI TPCHUA FTPl
Fp, =fIN, =fImg. (3)

1.2. JuddepeHnuanbHOe ypaBHEHUE NBUXKEHUS OJI0Ka 2.



biok 2 (puc.6) HaXOgUTCAs BO BpallaTeIIbHOM JIBM)KCHHH
OTHOCHTEJBHO OCH, TpoXojsineii yepe3 Touky O, MeprneHIuKyIsIpHO

MJIOCKOCTH PUCYHKA.

Puc. 6

st OTIMCaHMS TaKoTO JIBIDKCHUS MIPUMEHSIETCS

nuddepeHnmanbHOe ypaBHEHHE BPAIIATEIHHOTO JIBUKEHUS
6,8, = > Mg (F).

[TokakeM Ha pacyeTHON CXeMe CHUJIbI, ICHCTBYIOIIME Ha OJIOK 2, U
sanuiieM auddepeHunaibHoe  ypaBHeHue. Ilpu sTomM  cieayer
MOMHHTB, YTO JJII MOMEHTOB CHJI W JUISl YTJIOBOTO YCKOPEHHUS Haao
WCIIOJB30BaTh OJHO W TO JKE€ TMpPaBUiIO 3HAKOB. B kadecTBe
IOJIOXKUTEILHOIO HAIIPABJICHUS OTCUETa MOMEHTOB CHJI MOXKHO (HO HE
00s13aTeNIbHO) MPUHATH HAIPABJICHUE YIIIOBOI0 YCKOPCHUS

1€, =T, +T1'2R2 —Mg,. (4)
1.3. luddepennuanbHoe ypaBHEHUE NBUXKEHUS OjloKka 3.

biok 3 (puc.7) HAXOOUTCA BO BpallaTeIIbHOM JIBM)KCHHH
OTHOCHTENBHO OCH, mpoxosiied yepe3 Touky O, MeprneHAnKyISpHO

IJIOCKOCTH PUCYHKA.




Jos OIMMCAaHUSA TaKOT'O IBUKEHUS MIPUMEHSETCS
nuddepeHnmaibHOe ypaBHEHUE BPAIIATEIHHOTO JIBUKEHUS
—_ r e
[TokakeM Ha pacYeTHON CXeMe CHUJIbI, ICHUCTBYIOIME Ha OJIOK 3, U

3anuiieM auddepeHnuanbHoe ypaBHeHue. JJisi MOMEHTOB CUJT U IS
YIJI0BOTO YCKOPEHUS UCHOJIB3YEM OJHO U TO K€ MPABUJIO 3HAKOB

|383 :T2I3r3 —T34I‘3 - Mca (5)

1.4. {uddepeHnmanbabie ypaBHEHUS ABUKECHUS KaTKa 4.

Karok 4 (puc.5) HaxoauTcs B IJIOCKONAPaICIbHOM JABUKCHUU.

Puc. 5

JI71st onMcaHusi TaKOTO JABUKEHUS UCIIONB3YETCA CUCTEMA U3 TPeX
nuddepeHIaIbHbIX YpaBHEHU N

r‘naCx = Z |:kx !
mag, = F,
| € :ZMC(Ifke)'
[Tokakem Ha pacuyeTHOM CXEME CHUJIbI, ICHCTBYIOIIME HA KaTOK 4.
BribepeM ocu KOOpAMHAT: OCh X, - B HANPABJIECHUU JIBM)KEHUS KaTKa,
OCb Y, - IEPHEHAUKYISIPHO OcH X, . [IepBble nBa ypaBHEHUS 3amlUIIEM,

UCIIOJIB3YS 3TU OCH, TPEThE — YPABHEHNE BPALIATEIbHOTO JTBUKEHUS —
3aMuUIIeM OTHOCHUTEIBHO OCH, MPoXoasiiei yepes 1eHTp macc C kartka
NEPIECHINKYISPHO MIIOCKOCTH PUCYHKA.

ma, =T, + F,,, —m,gsina, (6)
m, [0=N, —m,gcosa (7)

6



1€, = TR, - FTP4 r,—My (8)
VYpaBuenne (7) ¢pakTHUECKU SABIIICTCS YpaBHCHHEM PaBHOBECHS,
13 KOTOPOTO MOKHO HalTH peakiuio N,
N, =m,gcosq,
KOTOpas Hy>KHa JIJIsl OTIpeeIeHUsI MOMEHTa TpeHus KaueHust M
M, =N,k =m,gcosa [Kk. 9)

1.5 KunemaTuueckuil aHaJIu3 MEXaHU3Ma.

[{ens - BBIpa3uTh yCKOpeHUe Tena 4, a TakKe yriIoBbIX YCKOPECHUM
Ten 2, 3, 4uepes yckopenue rpysa 1.

OmpejerieHue  COOTHONICHHA ~ MEXAy  YCKOpeHHsiMH (U
NEPEMECIICHUSIMH)  MPOU3BOIUTCS  4Yepe3 COOTHOMICHUS  MEXTY
ckopocTsimu. CreiraeM pacdeTHyIo cxeMy (puc. 6) U mokakeM Ha HEi
ckopoctu Ten 1, 4,a Takxke yriioBble CKOpocTu Ten 2, 3, 4.

<l
1

Puc. 6

[Ipn omnpeneneHUH COOTHOIICHHM MEXAY CKOPOCTSIMU HCIOJIb3YeTCs
dbopmyna s ONpeAesieHHs] CKOPOCTHM TOYKMA Tejla MpH  BpallaTeIbHOM
JBUKEHUU

V=wlR
I'py3 1 u y4acTOK HUTH, CBsI3bIBAIONIUN Tesna 1 u 2 HaxoAsTCA B
MOCTYNAaTEIbHOM JBWKCHUU, CIEIOBATEIBbHO BCE UX TOUKU HMEIOT
OJIMHAKOBYIO CKOPOCTh. HaliieM yrioByo CKOPOCTh Tefa 2

7



Janee, 4ToOBI OT ABUKEHUS Teja 2 MEPEUTH K JBUKEHHIO Teja 3,
HaliieM CKOpOCTh V,, HUTH, KOTOpas CBA3BIBAET 3THU TeJa

Vir
V, =w,r, ===,

Jlanee, yauThIBas, YTO y4aCTOK HUTH, CBS3BIBAIOIIMHN Tena 2 U 3,
HAaXOJUTCS B IOCTYIATEIbHOM JBH)KCHUM M BCE €r0 TOYKHU HUMEIOT
OJIMHAKOBYIO CKOPOCTb, HalJIeM YTJIOBYIO CKOPOCTh Teja 3

—_ VH — V1r2
I’-3 R2r3 |

JIBurasce 1Mo HUTU Jajiblie, npuxoaum K teny 4. Tak kak Teno
HaXOJIUTCSl B IJIOCKONAPAIIICTBHOM JIBUXKECHUH, TO MPU ONPEICICHUN
CKOPOCTEM pacCMaTpUBa€M MIHOBEHHOE BpPAIATEIbHOE JBUKCHUE
BOKPYI' MTHOBEHHOT0 1IeHTpa ckopocTeil C,, KOTOPbIH JEKUT B TOUKE

KacaHUd KaTkKa 4 ¢ HaKJIOHHOM IJTIOCKOCTRIO. Torma

— VH — Vlr2
W, = = :
R4+I’4 RZ(R4+r4)
V, =w,r, = Vilfa :
R(R, +1,)

CaeJlieM MOJIydYeHHBIE pe3yJbTaThl B TA0NMIly 1, B KOTOPOM TaKkxke
MOKa)XKEM COOTHOIIICHUSI MEXKY YCKOPEHHUSIMH, KOTOPBIE MOJTYYarOTCs
nyTeM audepeHIMpoBaHrs MO0 BPEMEHHU JICBBIX M IIPaBBIX yacTei
COOTHOIIIEHUN MEXIy CKOpoCcTsAMH. Takke IpuBeaeM B TaOJIHIe
COOTHOIIICHUS MEXY MepEeMEIICHUSIMHU, KOTOPBIC MOJYyJal0TCs IyTeM
MHTETPUPOBAHUS COOTHOIICHUH MEXIy CKOpocTsIMU. COOTHOIICHUS
MEXIy MNEpPEeMEIICHUSIMHU ITOHAJ00SITCS MPHU BBIMOJIHEHUH ITYHKTa 2
KYpPCOBOTO TIPOEKTA.

Tabauma 1
CxopocTu Yckopenus ITepemenienus
V,
(*)2:_11 82:31 ¢2:i1
R, R, R,
— Vir, € = ar, b, = S,
’ R2r3 ’ ’ R2r3 ’ ’ R2r3 ’




— Vir — al, — SiP
YRR TRRL Y TRER L)

— V1r2 r4 a — alrz r'4 S — S1r2 r4
YR(R ) YRR ) YR(R )

[ToacTaBUM BBIpaKEHUS ISl YCKOPEHHS IIEHTpa Macc KaTka 4 u
yIJIOBBIX yckopenui Ten 2, 3, 4B ypaBuenus (1), (4), (5), (6), (8).
Taxoke moxcraBum Boipakenus (3) u (9) mns cunbl Tpenns F,, u

MOMEHTa conpoTtusiieHus kaueHuro M, . Kpome Toro, moacraBum

BBIPQKEHUS JIJISI MOMEHTOB MHEPIUU: JIJI Tell 2 U 4 3a7jaHbl PagnuycChl
WHEpINH, a OJIOK 3 CUUTAEM CILIONTHBIM OJHOPOHBIM ITUIUHIPOM

2
r
L=mpl . 1=t 1 =mpl (10)
[Tomyanm CHUCTEMY muddepeHranbHbIX ypaBHEHUH,

OIUCBHIBAIOIIYIO JBUKCHUE MEXaHUYECKON CHCTEMBI
Taxxke yurem, urto T,=T,, T,=T,, u T,,=T,, o Tperbemy
3akoHy HproTOHA.

ma, = F _T12 - fmlg
mng % = _T23r2 +T12R2 - Mcz
rZ ar
T ;1; :T23r3 _T34r3 -M c3 (11)
213
al.r .
q 1y
2 a1r2 -
m4p4m = TR, — FTP4 r, —m,gcosa [k
L YRRV

B cuctemy BXomAT 5 ypaBHEHHMH ¢ 5-t0 HEM3BECTHBIMH: &, I,,,
T231 T34, FTP4'

Ipumeuanue. IlpenonaBareilb MOXKET B pPaMKax KypPCOBOTO
poeKTa noTpedoBarh pemenus cucrembl ypasHeHuir (11). ITpumep
TAKOI0 penieHus npuseicH B [Tpunoxenun 1.

9




2. OnpeneeHue CKOPOCTH M yCKOpeHus rpy3a 1 ¢ momompbio
TeopeMbl 00 MI3MEHEHNH KMHETHYECKOI JHEPIUH.

3anumieM TeopeMy 00 HM3MEHEHUM KHHETUYECKOM HHEpPTHH B
KOHEYHOU (hopme JjIsl HeU3MEHIEMON MEXaHUUEeCKONH CUCTEMBI
T-T,=> AFS), (12)
rae T - KAHETUYEeCKas HHEPrusi CUCTEMbl B KOHEYHBIH MOMEHT
BPEMEHU;
T,- KUHeTHYecKas DJHEpPrusi CHUCTEMbl B HAYaJbHbII MOMEHT

BPEMCHH;
ZA(Ifke) - cyMMa pa0OT BHEIIHUX CHJ Ha TepeMEeIICHUU

MEXaHHUYECKOM CHCTEMBI 32 MPOMEKYTOK BPEMEHH MEXKIy HauaIbHBIM
¥ KOHEYHBIM MOMEHTAMH.

[To ycrmoBuio 3a7ad B HayaJbHBIH MOMEHT BpPEMEHH CHCTEMa
HAXOJIMUJIaCh B COCTOSIHUH TIOKOS, [TO3TOMY

T, =0.

B KOHEUYHBIH MOMEHT BPEMCHHM KHHETHYECKas dHEPIUs CUCTEMbI

CKJIaJIIBACTCS U3 KHHETUYECKUX SHEPTUH BCEX TEJ CHCTEMBI
T=T+TL+T,+1,. (13)

Halinem KHHETUUECKYIO DHEPTUIO KAXIOT0 Tea.

I'py3 1 HaxomuTcs B MOCTyHaTeIbHOM JBIoKeHHH (puc.6),
MIOSTOMY €0 KHHETHUYECKast SHEPTHs 3alUChIBACTCS TaK

2
T =MV,
19
BJIOKI/I 2 nu 3 HaxXogadaTCsa BO BpamaTeHBHOM JABUXKXCHUU, HO3TOMy
BBIPAKECHUSA UX KHUHETUYECKUX SHEPTUN paBHBI
2 2
I 2(1)2 I 3(L)3
2 2

rae |, u |, - MoMeHTBI HHEpLIMK 0JIOKOB 2 U 3 OTHOCUTENIBHO UX OCEU

T2 = , T3:

BpaIlCHUS.
Katox 4 HaxoauTcss B IUIOCKONApAICIBHOM JIBUKEHUH, U
BBIPKEHHE €r0 KUHETUUECKOM YHEPIUU COCTOUT M3 ABYX ClIaraéMbIX
— m4V42 + |4w421
2 2
rae |, - MomeHT mHepiuu katka 4 OTHOCUTENBHO OCH, MPOXOASILEH

T4

Yyepes ero IeHTp Macc;
10



V, - cKOpOCTb LIEHTpa Macc Karka 4.
HOHCTaBI/IM BI)Ipa)KeHPHI KHUHCTHUYCCKHUX 3H€pFHfI BCEX TCJI B
(opmyiy (13)
T — rn.l.Vl2 + IZQ); + |3w§ + m4V42 + |40‘)421 .
2 2 2 2 2

[TomcTaBUM CrOJIa CKOPOCTH TEJ CHUCTEMBI, BBIpKECHHBIC depe3
ckopocTh rpy3a 1 m3 tabmumbl 1, MmomeHTsl mHepumu Tea (10) u

BoiHeceM V,?/2 3a cKOOKY
—_ V12 n‘lng n]3r32 r22 m4r22 r42 m4p£21r22
- 7 rnl + 2 + 2 2 + 2 2 + 2 2 | (14)
R 2R RR+L) R(R+1)
BrpaxeHne B CKOOKax MNPEACTABIsAE€T COOOH  KOHCTaHTY,

UMEIOIIYI0 Pa3MEpPHOCTh Macchl. BpemeHHo 0003HauuM ee Kak Z,
MOJTYYUM

V2
T=-127. (15)

2
Haiinem cymmy pabot BHemHux cwi. J[jis 3Toro uzobpaszum
pacueTHyto cxemy (puc. 7), Ha KOTOPOW MOKa)XKeM BHEIIHUC CHIIBI,

HCﬁCTBYIOHIHC Ha TCJIa CUCTCMBbI, a4 TAKKC IICPCMCIUICHUA TCII.

2

AN

- AN

N

FST

- -
FTF,1

e Vv

Ymg

Puc. 7

3anumiem cymmy padbot
11



ZA(Ifke): F [S_ - FTQ% - Mczq)z - Mc3¢3 +
+m,g cos(90° + 0()84 -M,0,.
HOHCTaBI/IM CI0Jla BBIPpAXXCHUA JJIA HepeMemeHHﬁ, BBIPpA’KCHHBIX

yepe3 nepeMenieHue rpys3a 1, a Takke BbIpaXKeHHS ISl CUIIbI TPEHUS

(3) u momenta Tpenus (9) m BbIHeceM IMepeMmenieHue rpy3a 1 3a
CKOOKY

ZA(Ifke): S{F - fmg - Mc, _ Mc,f, - mgsina li,r,
RZ R2r3 R2(R4 + r4)
_m,gcosa [k DTZJ
R(R, +r,)
BripaxxeHne B CKOOKaxX TMpeACTaBiIseT CO00M KOHCTaHTY,
HMEIOIIYI0 pPa3MEpPHOCTh CHIIbl. BpeMeHHO 0003HauuM €€ Kak Y,

MOJTYy4YUM
> AF)=sY. (17)

3anmmieM TeopeMy 00 W3MEHEHWH KWHeTHueckod sHeprum (12),
ucnoib3ys Beipakerus (15)u (17)
2
V—é Z-0=9Y. (18)

OTtcroaa HaliJieM CKOpocCTh rpy3a 1

_ |2SY
V=[5 (19)

JI71s1 BBIYMCIICHHUS] CKOPOCTH Tpy3a 1 cHavaa BEIYUCIUM OTIAEIBLHO
KOHCTAHTHI Y U Z

(16)

Y=F - fmg- Mc, M, mgsinalrr,
RZ R2r3 RZ(R4 + r4)
_m,gcosa [Klr, _
R(R, +.)
02 01003 2[981[05(03[02
05 051 05004+02)
~2[98110,866(0,0015[03
0504+ 02)

(20)
=50~ 0255[D81-

=34,/5H,
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2 2 2,2 2,2
+ m2p2 + rnSrZ + m4r2 r4 + m4p4r2 -

TR TR TRR L] R(R )
_g,A02° 8003 = 2003°02° | 2003038 _ (21
05° 205 05°(04+02)° 05°(04+02)
=6,44 xr.

Tenepr BBIUMCIMM CKOpOCTh TIpy3a 1 mo ¢opmyre (19),
TIOZICTAaBUB BMECTO S 3HAa4CHUE S U3 MCXOJHBIX JaHHBIX

V, = \/_231\( = [2HRBBATS 46 e,
Z 644

Jns onpenenenus yckopenus rpysza 1 npoauddepenunpyem mo
BpEMEHHM TeopeMy 00 HW3MEHEHMM KHUHETHYECKOM DHEpruw,
3alMCAaHHYIO JUIS TAHHOW MeXaHW4ecKou cucteMbl (18)

az)=g

dt\ 2
E N, dv, _vy ds,
2 dt dt
YuureiBas, 4To C;—? =V,, a TaKXxe, 4To % = a,, osy4aeM
Y
=—. 22
8= (22)

JIs1 HArJISTHOCTH TIOJICTaBUM CHOJIa KOHCTaHTHI Y U Z U3 (popmyn
(14-15)u (16-17)
F - fmg- Mq, Mg, mygsinalr,r, m,gcosalklr,
R, Rr R((R+r) R(R+r)
2 2 2,2 2.2
+ ranZ + rT13r2 + m4r2 r.4 + m4p4r2
2 2 2 2 2 2
R 2R R(R+r) RI(R+r)
[Tonygaercss apoOb, B YHCIWTENIE KOTOPOM CTOHUT CyMMa
MPUBEJACHHBIX CHJIOBBIX (DaKTOPOB, BIUSAIONIMX HA JBI)KCHHUC
CHUCTEeMbI, a B 3HAMEHaTeJie — MPUBEJACHHBIN MapaMeTp HWHEPTHOCTHU
CHUCTEMBI.
Berauciimm yckopenue a, mo gpopmysie (22)c yuerom (20)u (21)

34,75 2
=—— =539 m/c".
644 39 m/c (24)

& = (23)

m,
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3. Onpenesienne CUJI HATSKEHHMs] HUTeH, peakunuii onmop wu
CUJIbI TPEHHUH ¢ MOMOIIBLI0 NpuHIKna Jlamamoepa.

[punoxuM K MEXaHHYECKOW CHUCTeME BHEIIHHE CHIIBI U CHJIBI
uHepuuH (puc. 8).

|

o
-
[l
I

Puc. 8
I'py3 1 HaxoauTcss B MOCTYNATEIbHOM JIBUKEHHUH, ITOITOMY
MPUKJIAJBIBAEM K €ro LEHTPY MacC CWIy HHEPUHH, HAMPABICHHYIO
MIPOTHUBOIOJI0KHO YCKOPEHUIO TPy3a
F'" =ma (25)
brnoku 2 u 3 HaxoAATCSA BO BpallaTEIbHOM JIBHXKEHUH, [MOATOMY
MPUKIAJbIBAEM K HUM  MOMEHTBI HHEPIMH, HAIPaBICHHbBIC
MPOTUBOIIOJI0KHO UX YTJIOBBIM YCKOPEHUSIM
MM =1.¢,, MM =1 .¢,. (26)
Katok 4 HaxonsTcs B IJIOCKOMAPAILIETIEHOM JBU)KEHUH, TTOATOMY
MPUKJIAJBIBAEM K €ro LEHTPY MacC CWIy HWHEPUHH, HAMPABICHHYIO
MPOTUBOTIONIOKHO YCKOpPEHHI0 IeHTpa Macc C kaTka, ¥ MOMEHT
VWHEPIMY, HAIPABJICHHBIM MTPOTUBOMOJIOKHO YIJIIOBOMY YCKOPEHHIO
KaTKa
F'=ma,, MM =1,¢,. (27)
B cootBercTtBHM ¢ mnpuHIMIoM JlamamOepa NpUIIOKEHHBIE K
CUCTEME BHEIIHUE CUJIbl M CUJIBI UHEPIIUU O0pa3yrT CUCTEMY CHII,

HaxXOJAIIYKOCS B PaBHOBECHMU. PacCMOTpUM pAaBHOBECHE CHCTEMBI.
14



[TockombKy CHCTEMa COCTOUT U3 UYETBIPEX TEJ, PaCCMOTPUM
pPaBHOBECHE KaXKJOTO Teja OTACILHO.
N3006pa3um pacueTHyto cxemy juist tena 1 (puc. 9).

y

= VH
N Ty, F

|
ol

/
¥ mg

N
|

|

Puc. 9
CocTaBHM ypaBHCHUS PaBHOBECHS

> F,=0 : F-T,-F, -F"=0, (28)

> Fy=0 : N,-mg=0. (29)

W13 mocnenHero ypaBHEHHsT MOKHO HaiiTu peakimto N, u 3atem
HAWTH FTP1 , HO 3TO yke crenano B (3).

[Tokaxxem pacueTHyto cxemy st 0aoka 2 (puc. 10).

Puc. 10

CocTaBuM ypaBHEHHS PABHOBECHUS
> Fe=0 T,-R, =0, (20)
ZFkyzo : R,  +T,;—m,g=0, (31)
ZMOZ(E):O : T23r2_T12R2+M02+M;IH:0' (32)

[Tokaxxem pacueTHyro cxemy st Oaoka 3 (puc. 11).

15



y
M Iﬁsy
M 7 P, -
VAR
BINYE

3
?’23 ' m3§
Puc. 11
CocTaBuM ypaBHEHUSI paBHOBECHS
ZFkX =0 - R, —Ty,cosa =0, (33)
ZFky =0 : RSy _rrlsg_T23_T34Sina =0, (34)
ZMOS(FK):O : T23r3_T34r3_Mc3_M£I;IH:0' (35)

[TokaxkeM pacueTHyI0 cxemy Juis katka 4 (puc. 12).

Puc. 12

CocTaBuM ypaBHCHHS PAaBHOBECHSI
> F,=0 1  T,+F, -mgsina-F" =0, (36)
> R, =0 N, - m,gcosa =0, (37)
ZMC(E)ZO : T3:4R4_FTP4"4_MK_MAI,/IH:O' (38)

13 ypaBuenus (35) moxHO HaiiTu peakiuio N, W 3aTeM HaliTh

M , HO 31O yxke caenaHo B (9).

Teneps W3 ypaBHEHUM PABHOBECHUS HAMJIEM CHWJIbI HATSKCHUSA
HUTEH M PEeakIH OIOp C Yy4eTOM 3HaueHUs yckopeHus a, u3 (24),
BBIpDOKECHUH CHJI M MOMeEHTOB wuHepiuu (25)-(27), BbIpakeHU

16



YCKOPEHHMI M3 TaOnuibl 1, BBIpaKEHHH CTaTHYECKMX MOMEHTOB
unepuuu (10), cunel Tpenus (3) 1 MomenTa Tperus (9):
a) u3 ypaBHeHus (28) Haiinem cuity HaTsDKEHUS 1,

T12:F_FTP1 _Fll/IH =F-f [ng-ma, =
=50-0,25[519,81-515,38=1(,79 H;
6) u3 ypasmenns (30) maiinem peakimio R, , yumrsisas, uro T, =T, B
CHIIy TpeThero 3akoHa HeroToHna
R, =T,=10,/79 H;
B) U3 ypaBHeHU (32) HaliieM CHITy HATSOKSHHS 1,
TR, -M,, -mp’
T23:T12R2_M02_M?H _ 1R c2 mzsz2
P P

2229

10,/9105-0,2-4L0, 05
—=1157 H;

03
r) u3 ypasuenus (31) natinem peakuuio R,
R,, =m,g-T,,=4[981-1157=-3833 H,

OTpHIIATEILHOE 3HAYCHHUE TOBOPUT O TOM, YTO BEPTUKAIbHAS PCAKITUs
B ocHu 0J10Ka 2 HampaBJjieHa HE BBEPX, a BHU3;

n) u3 ypasHenus (35) Haxomum T,,, yumteiBas, uto T, =T, mo

rZ _ar
-I-zsre,_l\/lcs_m33 E'h

TpeTbeMy 3aKoHy HproToHa

T :T23r3_Mc3_M?I:IH: 2 R2r3:
* Iy Is
1157101-01- 3 [20’1 D53§[50’3
= ——=5/2H;
01

e) u3 ypaBHenus (33) HaxoauM peaknuio R,
R, =-T,,c000 =—-5/72 \/2:_3 =—-495H,

OTpHUIIATEILHOEC 3HAYCHHE TOBOPHT O TOM, YTO TOPHU3OHTAJIbHAS
peakiys B ocu 0Jioka 3 HallpaBJieHa He BIPaBo, a BIIEBO;
k) u3 ypasHenus (34) Haxomum peakuuio Ry

17



R;, =m,g + Ty, +T;,sina =3[081-1157- 5,72% =15H;

3) u3 ypaBHenus (36) naxomum cuiy tpenus F, , yuntemas, uro

T,, =T,, mo tperbemy 3akony HprotoHa

. . ar,r
F,,, =m,gsina +F,™ -T,, =m,gsina + m, —RZ(F1242: » T, =
=2 [9,81E +2 °39103102 _ 5/72= 625 H.
2 05(04+02)

Bcero ypaBHeHuii paBHoBecus moiayumioch 11:c (28)mo (38).13

nux ompenenensl 10 wemssectubix: T, Ny, R, Ry, T,s Ry Ry,
Tay Frp,» N,. Hcrnone3ys ognHHaquaToe ypaBHEHHE MOXXKHO HAWTH

yCcKopeHue rpy3a 1, Ho 310 yxke caenano B (23) - (24).

18



4. OmnpenejieHue YPaBHOBENIMBAKINEH CHWJIbI ¢ MOMOIIbIO
MPUHIMIA BO3MOKHBIX IepeMeleHU .

[IpuHuMIT BO3MOXHBIX MepeMelieHui (popMynupyercs Tak: AJs
PaBHOBECHSI MEXAaHUYECKON CUCTEMBI C UCAIBHBIMU CTAlHOHAPHBIMHU
CBSI3IMU HEOOXOJIMMO U JIOCTATOYHO, YTOOBI CymMMa 3JIE€MEHTapHBIX
paboT aKTHMBHBIX CHJI Ha JIIOOBIX BO3MOXXHBIX MEPEMEIIEHUSIX TOYEK
CUCTEMBI PABHSIACH HYJIO

> 3AF?)=0.

[TockonbKy JBMKYINAs cuna F mpunosxkeHna k teny 1, mpuaokum
ypaBHOBeIMBaromy0 cmry Q k Temy 4 W COCTaBUM PacCUYETHYIO

cxemy (puc. 13), mpmIIOKHB K CHCTEME aKTHBHBIC CHJIBI U 3a/aB
CHCTEME BO3MOYKHOEC MEPEMEIICHHE.

_— FT P mza V

o,

m.,g
Puc 13
K akTMBHBIM CHMJaM OTHOCSTCS. JABWXKymias cuia F,
ypaBHOBelmMBawoIm@as cuna Q, CHAB TSKECTH M PeaKIuu
HeuIeaIbHBIX CBI3EMH.
B cooTBeTcTBMHM C TPUHLUMIIOM BO3MOXHBIX MEPEMEIICHUM

3aMUIIeM CyMMy paOOT aKTUBHBIX CHJ Ha JAaHHOM BO3MOXHOM
IIEPEMELLICHUY U IPUPABHAEM €€ K HYJIIO

F [651 - FTPlasl - Mcz&bz - Mcs&bss +

; (39)
+m,g S, cod90® +a)-QBS, - M 3¢, = 0.
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[IeperineM OT BO3MOXHBIX NEPEMEIICHUN K CKOPOCTAM, JJISI YETO
pas3ieInM JIEBYIO M IpaByIo YacTH ypaBHeHus (39)Ha Ot
FIV,-F,V, —M,w, —M,w; —mgsina lV, -QILV, -M,w, =0.
[Tonyyaem ypaBHEHHE CyMMBI MOIIIHOCTEH, B KOTOPOE OICTAaBUM
CKOPOCTH TEJI CHCTEMBI, BBIPAXKCHHBIC Yepe3 CKOpPOCTh Ipy3a 1 u3
Tabnuupt 1, a takoke Boipaxenns nis Fp, w3 (3)u M u3 (9)

V, Vr : Vrr
FIV,- fmgV,-M., +--M_, % -m,gsina —>**——
IR g ey, TR R 1)
—Q—V1r2r4 —m,g cosa [IJ(—V1r2 =0
Ry(R, +1.) Ry(R, +1.)

Otcrona, mocie JAeNIeHHs JIEBOM M MpaBOMl YacTH YpaBHEHUS Ha
V,, nojiy4aeM ypaBHOBEUIMBAIOLLYI0 cuity Q

F — fn‘llg — MC2 _ Mc3r2 _ m4gS|na [r2r4 _ m4gCOSG [k[rz
Q= RZ R2r3 RZ(R4 +r4) RQ(R4 +r4)
onh
R (R, +1.)
Brraucnum oTaeNbHO YUCIUTETL APOOH
F - fmg - Mc, _ Mg, _mygsinalr,r, —m,gcosatkir, _
R, R\ Rz(R4 + r4) Rz(R4 + I‘4)
02 01003 2[981[05[03[0.2

=50- 025[5[D81- = —
05 0501  05(04+02)
_209B1I0B71015103 _,,,,
05(04+0,2)
BpruucimM ypaBHOBEIIMBAIOIIYIO CUITY
_ 3222 _
Q=—(3ins  ~1611H.
05(04+ 02)

20



5. Onpenenenue yckopenusi rpy3a 1 ¢ momombio o00mero
ypPaBHEeHMS TMHAMUKH.

OOmiee ypaBHEHHE JUHAMHUKH 3aIllMCHIBACTCA  CICAYIOIIUM

obpazom
> oA(F)+ X 8A(F™)=0.

DTO ypaBHEHHME IIPEJCTaBIsICT COOON 3amuCaHHBIA B BHJE
YPaBHECHUS MIPUHIINAT JHanamOepa-Jlarpanxa, KOTOPBIN
dbopMyIUpyeTCsl TaK: «IpU ABMKEHUM MEXAaHUYECKOW CHCTEMBI C
UJICabHBIMU CBSI3SIMA CyMMa 3JIEMEHTAPHBIX Pa0OT aKTUBHBIX CHUJI U
CWJI MHEPIMU Ha JIFOOOM BO3MOKHOM TMEPEMEIIEHUU TOYEK CUCTEMBI
paBHa HYJIIO».

[TprII0)KMM K CHCTEME aKTHBHBIC CHJIBI (KOTOPBIC MPUKJIIAIbIBAIIH
NpH TPUMCHCHWW NPHHINIA BO3MOXKHBIX TEPEMEIICHUN) W CHIIBI
MHEPIUU (KOTOPBIC MPUKJIAIBIBAIM IPU PEIICHUU 33J]a4H C TIOMOIIIBIO
npuHnuna J{agamOepa); 1aauM cHCTEMe BO3MOXKHOE TIEpEeMEICHUe 1
COCTaBHMM pacyeTHYI0 cxeMy (puc. 14).

Puc. 14
3anuiieM o01ee ypaBHEHHUE JUHAMUKHU. CYMMY pa0OT aKTHBHBIX
CHI HW CHJI HHEPIUH Ha JaHHOM BO3MOXHOM II€pEeMEIICHUN
IIpUpaBHIEM K HYIIIO

F [6% - F1HH681 - FTP1651 -M ;IH6¢2 - Mcz&bz - M?Héq)s - (40)
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-M .00, —m,gsina [8S, - F,""8S, -M,"dp, - M, dp, =0.
3anuiieM BO3MOJKHBIC IIEPEMCIICHHS, BBIPAKCHHBIC Yepes
BO3MOJKHOE IMEpEeMEIICHUE Tpy3a 1, UCIOJIb3ysl COOTHOIICHHS MEKIY
JNCUCTBUTEIIBHBIMM ~ IIEPEMEIICHUSIMH U3  TOCICIHEH  KOJOHKH
tabnuuel 1

5, =2, 50, =202, 80, =, 55, = gy
R, Rory R (R, +1.) R (R, +1.)
[TomcTaBUM 3TH BBIpAXKCHHS, a TAaKXKE BBIPAKCHHS CHI U
MOMEHTOB mHepiuu (25)-(27), BbIpaXkeHUs CTaTUYECKUX MOMEHTOB
nHepuur  (10) wm  BeIpakeHHs ycKopeHWH W3 Tabmuiel 1 B
ypaBHenue (40)

d 0
F (85, ~madS - Mg 88 ~mp} £t M, Xt -
2 2
_rnSrS a12r226 _MCS éslrz—m4gsin0( 6S1r2r4 _
2 R, Rt R(R, +1.)
2,2 2
RIS e KOS ook O3 o
R(R +r.) R(R +r.) R(R, +1.)

[logenuB JEeByI0 W TpaByK YacTH STOTO ypaBHEHHS Ha O,

BBIPa3HM U3 HETO yCKOpeHue rpy3a 1
F - fmg- Mc, Mg, mgsinalr,r, m,gcosalklr,
R, Rn R(R+n) R(R+r)
+ mng + m3r22 + m4r22r42 + m4p421r22
R 2R R(R+r) RI(R+r)

[ToyyeHHOE BBIpaKEHHE COBMIAJaeT C BhIpaxkeHueM (23),
HOJyYEHHBIM C IOMOIINBI0 TEOPEMbl 00 W3MCHCHHHM KHUHETHUYECKOH
SHEPTHH, a CIIeI0BaTEeNbHO 8, = 539 M/c”.

a1:

m,
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6. CocraBiienue nuddepeHIUATBLHOTO YPABHEHUS IBUKEHUS
CHCTEMBbI ¢ MOMOIIbLIO YpaBHeHui Jlarpansxka || poxa.

MexaHndeckasi cucTeMa UMEET OJHY CTETeHb CBOOObI, TTOATOMY
JUISl OTIMCAHMS €€ JIBMKEHUsI TOHA00MTCs OHO ypaBHeHHE Jlarparka

d EaT] T _ o 4o
dtldg) dg ° (42)
rae  — oboOmenHas koopauHata, Q — o0oOmieHHas cwia, a T —
KHMHETUYECKast SHEPTHS CUCTEMBI.

[lo ycnoBuio 3aauu B KadecTBE OOOOIIEHHOW KOOPAUHATHI
ClleqyeT NMPUHATH nepeMelnieHue rpysa 1, cienoBatenbHo (=S,

Torjga o000IIEeHHas CKOPOCTh paBHA CKOpOCTH rpy3a 1: ¢ =V,.

Kunernueckass dHeprus Obuta BbluucieHa B (14)-(15).
BoCoap3yeMCs 9TUMU BBIPAKCHUSIMH, 3aMEHHB CKOpOCTB V, Ha (

T :q_z[n'h + mZpg + m3r32r22 + m4r22r42 + 4p4 J
q

2 R 2R; R22(R4 + r4)2 R + r (43)

2

—7Z.
2

Haiinem 0000I1I€HHYIO CHIy, IJIS YEro MPUIIOKUM K CHUCTEME
akTUBHBIC CHiIbl (puc.15). K akTUBHBIM CHIIaM OTHOCSTCS TaKXkKe
peaKIuu HeueadbHbIX CBS3CH.

H

Puc. 15
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JlamuM ~ cucTeMe ~ BO3MOXKHOE  mepemerneHue 00 B

MOJIOKUTEILHOM HAIPaBJICHUU OTCUEeTa 00OOIIEHHON KOOPAWHATHI U
3aMuIleM CyMMY pa0OT aKTUBHBIX CHJI HA 3TOM MEPEMEIICHUU

ZEA(Fka) =F [&q - FTP16q -M 026¢2 -M c36¢3 -
-m,gsina [dS, - M, d0,.
BBIpaBI/IM BCC BO3MOJXHBIC IICPCMCIICHUA YCPC3 BO3MOIKHOC

IepeMelleHne, COOTBETCTBYIoIIee OO0O0OIEHHOW KOoOpJAuHATe, IS
4ero BOCHOJIb3yeMcs BeipakeHHsIMU (41)

_9oq _oqlr, oqlr oqlr,r
6(') 6(') 6(') —21 oS, =—— 124
R PRy T RR ) D TRR )
[ToxcraBum 31H BeipakeHus B (44) u BeiHeceM O( 3a CKOOKY
ZEA(Ifka):[F ~fmg- M, Mcr, mgsina@,r,
RZ R2r3 R2(R4 + r4)
_m,gcosu [k thj
R(R,+1.)
O6o6OmeHHoN cumor  sABmsieTcsl KOAI(PPUIMEHT, CTOSAIMIUA B
BBIPQKCHUU CYMMBI Pa0OT aKTHBHBIX CHJI TIPH COOTBETCTBYIOIIEM

0000IIIECHHOM BO3MOXXHOM TI€PEMEIIEHUH, TO €CTh BBIPAXKEHHUE B
CKOOKax

Q=F - fmg-

(44)

Mc, Mg, mgsinalrr,
RZ R2r3 RZ(R4 + r'4)
_m,gcosu [klr, _
R (R, +1.)
OO0o0O1IeHHasT cujia SIBJIETCS MOCTOSIHHOM, MO3TOMY BPEMEHHO
0003Ha4YMM €€, Kak Y.

Jna 3anmucu ypaBHeHust Jlarpan:ka Hauaem NDPOM3BOAHBIE OT
KHHETHYeCKOM sHepruu (43)

(45)

aT_o(q°,\_2
dg dq(ZZj 220 (49)
d(aT)_d .
E[d_CJ_ a (zq)=2zq, (47)
T _0(q° ).
o5 ) o
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3anumem ypaBHeHue Jlarpamka, I8 Yero  IOJACTaBUM
BeIpakeHus (45)-(48)s (42)

Z0-0=Y.

10 u ectb nuddepeHHaNbHOEe ypaBHEHUE, OMMCHIBAIOIIEE
IBIDKCHHE MEXaHWYCCKOW CHCTeMbl. Ecim m3 Hero BBIpa3uth (], TO
€CTh YCKOPEHHE Ipy3a 1, To MmoaydaeTcs BhIPaKCHHUEC

F - fmg- Mc, Mg, mygsinalrr, m,gcosalkir,
R, Rr, R(R+*r)  R(R+r)
+ mZpé + m3r22 + m4r22r42 + m4p421r22
R 2R R(R+r) R(R+r)
KOTOpPOE COBMAAaeT ¢ BhIpaxkeHHeM (23), MOTYYCHHBIM C TOMOIIBIO
TEOpeMbl 00 W3MCHCHMHM KHHETHYCCKOW DJSHEPruu, a TaKkKe C

BBIPQXKECHHUEM, T[IOJYYEHHBIM C TIOMOIIBIO OOINET0 ypaBHEHUS
JTAHAMUKH.

m,
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[Tpunoxenue 1
Pemenne cucreMbl ypaBHeHuii (11) B 001emM Bujae

Pemenue maHHOW CUCTEMBI YPaBHEHUN TOBOJBHO TPOMO3JKO, HO
TIO3BOJISICT OIPEISTUTh YCKOPEHUE rpy3a 1, CHIIbI HAaTSHKCHUS HUTEH U
CUJIy TPEHHS MEXIy TeJIOM 4 U IUIOCKOCTHIO, OJHAKO HE TO3BOJISET
HAWTH PEaKINH B OCAX 0JI0KOB 21 3.

3anumeMm cuctemy ypaBHeHumit (11), mpoHymepoBaB Bce
ypaBHEHUS OTIAEIBLHO

ma =F -T, - fmg, (49)
mng Fa\)lz —Taf, +T,R, =M, (50)
r
msz ;12 = Toaly = Tauls =M, (51)
2 3
alr .
Mp(Roar,) e ~MGSING, (52)
4 4
2 al, _
m4p4m =T,,R, = F,r, —m,gcosa [k. (53)
4 4
Beipaszum u3 ypaBaenus (49) cury HaTsDKeHUsS T,
T,=F-fmg-ma (54)

U TI0JICTAaBHM 3TO BhIpaxkeHue B ypaBHeHue (50)
mzpé ;12 =Tl +FR, - fmgR, —-maR, - M.

BeIpazum oTcrofa Cuily HaTs>KEHUS T23

_FR,_fmgR, _maR, a

Tos = r ,oor, r2 MR R, (55)
U TOJICTAaBHM 3TO BhIpaxkeHue B ypaBHeHue (51)
myy ar, _ FRr, _ fmgRr, _maRr, M, o2 s _

2 R2r3 r2 r-2 r2 r-2 ’ R2r2
-T,,;—M
BhIpazum OTCIOAA CHITY HATSKCHHUS T34

Ty = FRyr; _ fmgRyr, _maRr, Mg mzpé al; _ (56)

r,r, r,r, r,r, rzr R.r,r,
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- MC3 - rn3r3 a1r2
Iy 2 R,
U TIOJICTABUM 3TO BhIpakeHHE B ypaBHeHue (52)

Al _FR_MOR_maR, Mg _ . o8 _
R2(R4 + I’-4) I’-2 I’-2 I’-2 I’-2 R2r2

—MC3—m3a1r2+FTP - m,gsina,
n 2R

OTKy/ia BbIpasuM cuiy Tpesus F,

. __FR fmgR, maR M

P,

c2 2 &
+mP, R +
r2 r2 r2 r2 2r2

+ MC3 + rrl3 a1r2 + m4gS|nC( + m4 1r2r4 i
n 2R R(R, +r,)
Teneps noxacraBuMm (56)u (57) B (53)
ar, — FRR, _ fmoR,R, _maRR, MR, _

R2(R4 + I’-4) I’-2 r2 I’-2 I’-2
2aR, MR, _marnR, + FRyr, _ fmgRyr, _maRr, _
’ R2r2 r3 2 RZ r2 r2 r2

— |\/IC2r4 — rnng a1r4 — MC3r4 — rn3 a1r2r4

r2 R2r2 r3 2 RZ

(57)

2
m4p4

—Mmp

—-m,gsina [, —

-m a1r2r42
'Ry(R, +T1,)

—-m,gcosa [k.

CrpynnupyeM ciaraemble
mpiar, _FR(R,+r,)_fmoR (R, +r,) _maR(R,+r,)_
R2(R4 + r4) r2 r2 r2
Mg (R+1) M(R +1,)  mpla (R, +r,)
r2 r3 R2r2
2
_ Ifn\Bail.rZ(R4 + r4) _ m4g Sln(] m4 _ m4a1r2r4
2R, R(R, +r,)
JIOMHOXMM JIEBYKO M IIPaByl0 4YacTb Ha [, W pa3fenuM Ha
[R(R, +1.)]
m,pZa.r? M M ..r 2
24p4a12 . =F-fmg-ma, - c2 _Vlc32 _mzpzza1_
RI(R, +r,) R, Rr, R
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_mgar, mgsinal,r, mar’,  mgcosa kT,

2 2 2
2R2 Rz(R4+r4) RZ(R4+r4) RZ(R4+I‘4)
Bripa3um oTcrona yckopeHue rpysa 1
F - fmg- Mc, Mg, mgsinalr,r, m,gcosalklr,
RZ R2r3 RZ(R4 + r4) R2(R4 + r4)
2 2 2.2 2.2
+ ran2 + m3r2 + m4r2 r4 + m4p4r2
2 2 2 2 2 2
R 2R RR+n) RR+)
[ToslyueHHOE  BBIp@KEHHE  COBIAJAET C  BBIPAXKCHUSIMH,
[IOJyYEHHBIMHA C IOMOIIBIO TEOPEMBI 00 M3MEHEHHH KHHETHUYECKOM
SHEpPIuM, OOIIEr0 ypaBHEHUS AVHAMMKHU M ypaBHeHuM Jlarpamxa |
poza.
Hanee u3 Beipaxkenuir (54), (55), (56)u (54) MoxHO HaWTH
HeU3BECTHBIC [,, Ty, Ty, 1, cooTBETCTBEHHO.

a1:

m
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