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I0.E. MEILIKOB

XepCOHChKUIT HALlIOHAJIBHUM TEXHIYHUH YHIBEPCUTET

ORCID: 0000-0002-2506-7020
CTATUKA MEXAHI3MIB

Y ecmammi pozenadaromocs memoou cmamuuno2o ananizy, AKuil NOAsA2A€ 8 GUHAYEHHT Y3a2albHeHUX
CUTL, WO 8PIBHOBANCYIOMb | peaKyill 36'a3Ki6. PiHsHHA pIBHOGA2U MEXAHIZMY MONCYMb OYMU UKOPUCMAHL OIS
BUSHAYEHHS. NOXIOHUX IO (DYHKYI NONONCEHHS;, NO 8XIOHUM KOOPOUHAMAM I NApamempam KIHeMamuyHoi cxemu
6 363Ky 3 O0O0CHIOJNCEHHAM MEeXAHI3MI6 [ aHanizoM mouHocmi mawunu. PieHsHHA pieHOsacUu 00360/110Mb
BUSHAUUMU OCOOAUBI NONOJNCEHHS MEXAHIZMY, WO MAE BeluKe 3HAYeHHs Ol MAWUH 3 6€IUKOI0 KIIbKICIO
08UZYHIS.

CmamuyHuil aHaniz npogooumsbCsl 8 HANPAMKY, NPOMULEHCHOMY 2eOMeMPUUHOMY | KiHeMaAMU4HOMY
DO3DAXYHKAM, MOOMO NOYUHAEMBCA 8I0 CIPYKMYPHUX 2PV OCAHHb020 CIPYKIMYPHO20 Wapy i 3aKiH4YEMbCA
2pynamu, AKi nepuumMu NPUEOHYIOMbCA 00 CMILIKU.

Ilpeocmasnacmoca yinkom 0OCMAMHIM HA3UBAMU SPYRU NO KilbKOCMI JAHOK 8 HUX - OBOXAAHKOSI,
YOMUPLOXJIAHKOBI, UWEeCMUNAHKOSI, 80COMUNIAHKOGI | 0eCAMUNIAHKO8I.

Oxpim  gionogionocmi  gopmynu  Yebuwesa, epynu Accypa ROSUHHI  3A0080NbHAMU  YMOSL
eleMeHmapHoOCmi, a came, maKi epynu He NOSUHHI PO3NAOAMUCS HA NPOCMIWL, i 6I0N0BIOAMU YMOBAM PIBHOBAZU
610 MOMEHMI8 W0 HA HUX OIIOMb.

Ymosu pisnosacu mexanizmy (mexaniynoi cucmemu 3 i0eanbHUMU 36 A3KAMU) MOANCYMb OYMU OMPUMAH]
3a 00NOMO2010 NPUHYUNY MONCTUBUX NepeMilyetb, 8ION0BIOHO 00 K020 CYMAapHa poboma 6Cix aKMUGHUX CUl Ha
0Y0b-AKOMY MOANCTUBOMY NepeMiyyeHHi NOBUHHA OOPIBHIOBAMU HYIIIO.

Hpunyun modxciugux nepemiujeHb 3acmoco8yEMbCsi MAKONC 0N GUSHAYEHHS Peaxyill 36L1bHAIYUX
38'a3Ki6. [ Yyb0o2o MexaHizm NOCAIO08HO 3BLIbHAEMbCA 6i0 00HO20 3 38'a3ki6. Ilpu yvomy Ha O0OUHUYIO
30LIbUYEMBCA 11020 KilbKICMb CMYneHie 8iibHocmi. B pe3yiomami 3'161aembca Hoge MOdCIUBe NepeMiljeHHs,
AKe paHiule He OONYCKAN0CA Yum 38'a3xkom. [is 36'a3Ky 3aMiHIOEMbCA BIONOBIOHOI PeaKyi€ro, AKY 8KI04aAmMb 00
CKAa0y axmueHux cui. Jani niopaxogyemvcsi poboma 6cix OioUUX AKMUBHUX CUN HA HOBOMY MOICIUBOMY
nepemiweni cucmemu. Ilpupiguseuiy 00 Hyisi MOJNCIUBY POOOMY YUX CUL, OMPUMAEMO PIGHAHHS OJIsi GUIHAYEHHS]
WLYKAHOI pearyii.

Braszanuii memoo eusnauenns cun (axmugnux abo peakyitl 36'a3Ki6) maec 6adciugy nepesazy nepeo
IHWUMU MemOoO0amMu: KOJCHA 3 HeBIOOMUX CUL BUSHAYAEMbCS HE3ANENHCHO G0 THUMUX PO36 SA3AHHAM 00HO20
PDIBHAHHA.

Knrouosi cnosa: ymosu pignosacu mexanizmy, epynu Accypa, cmyninb 8i1bHOCMI, KiTbKICMb JIAHOK,
Kracu@ikayiini napamempu, AKMuGHI CUIU, 3AMKHYMI 3MIHIO8AHI KOHMYDU.

10.E. MEIIIKOB

XepcoHCKUi HALlMOHAIbHBINA TEXHUYECKUH YHUBEPCUTET

ORCID: 0000-0002-2506-7020
CTATUKA MEXAHU3MOB

B cmamve paccmampugaiomess memoovl CMAMUYECK020 AHANU3A, KOMOPbLL  3AKIIOYAEmcst 8
onpedenenuu 000OUWEHHBIX CUL, YPABHOBCWUBAIOWUX U pPeakyull Cés3U. YPasHeHusi PasHOBecUsi MEXAHUIMA
Mo2ym  6bimb  UCHONL306AHbL OJisL. ONPEeOesieHUss NPOU3BOOHbIX OM  (DYHKYUU NOLONCEHUS, NO 6XOOHLIM
KOOpOUHAMAM U NAPAMEMPAM KUHEMAMUYECKOU CXeMbl 6 C653U C UCCIe008AHUEM MEXAHUIMO8 U AHATUZOM
MOYHOCMU MAWUHBL. YPABHEHUs pAGHOGECUsI NO3BOSIIOM ONPEOEIUMb 0CODbLE NOIONCEHUSL MEXAHUZMA, UMeem
bonvbuoe 3Hauerue 0Jisk MAWUH ¢ OOILUUM KOTUYECTBOM 08UcAMeell.

Cmamuyeckuil ananu3 NpoGOOUMC 6 HANPABIEHUY, NPOMUBONONONCHOM 2EOMEMPUYEcKOMy U
KUHEMAMUYECKOMY PACYEMaMm, mo eCmb HAYUHAEMC sl OM CIMPYKMYPHBIX 2PYRR NOCIeOHe20 CIMPYKIYPHOZO COS.
U 3aKAHYUBACMCSL 2DYNNAMU, KOMOPbLE NePEbIMU NPUCOCOUHSIIOMCSL K CIOTIKe.

Ipedcmasnsiemcst 6noiHe OOCMAMOYHBIM HA3LIGAMb 2PYRRbL NO  KOIUYECEY 36€HbE8 6 HUX —
08YX36eHHbLE, YUeMbIPEX3GEHHDLE, UECMU3ZBEHHBIE, B0COMUZBEHHbIE U OECAMU3EEHHbLE.

Kpome coomeemcmeus ¢hopmynvl Uebviwesa, zpynnvl Accypa OO0miCHbL YOOGLEMBOPIMb  YCIOGUIO
INEMEHMAPHOCMU, A UMEHHO, MaKue 2pynnvl He OOJJICHbL PACnAadamsCsi Ha Oolee Npocmule, U OMEEYaAmb
VCOBUSIM PAGHOBECUSL O MOMEHTNO8, OCUCMBYIOUUX HA HUX.

VYcnosus pasnosecusi mexanuzma (Mexanuueckou cucmemvl ¢ UOEANbHbIMU CE535MU) Mo2ym Oblmb
HONYYEeHbl ¢ NOMOUWbIO NPUHYUNA 803MOJICHBIX NEPeMeWenull, CO2IACHO KOMOPOMY CYMMApHAs paboma 6cex
AKMUBHBIX CUL HA TTI0OOM B03MOICHOM nepemMeujerul OONICHA PABHAMbCS HYIO0
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Ipunyun  603MOJICHBIX — NEpeMeujeHull  NPUMEHSemcs  makdce Olisl  ONpedeieHus — PeaKyull
0cB000COaroOwUX ces3ell. s Imoco Mexanusm nociedo8amenbHo 0c80bodcoaemes om o0Hou u3 cesasel. Ilpu
9MOM HA eOUHUYY VBETUHUBAEMCSl €20 KOIUYeCmEo cmeneHel c600600vl. B pezyibmame nosigisemcsi HOBoe
B03MOJICHOE Nepemeujerue, Komopoe pamee He OONYCKANOCh MOl cea3blo. Jlelicmeue C8513U 3aMeHsIemcst
coomseememeyroujell peaxkyuel, KOMOPYl0 GKIIOYAIOM 8 COCMA8 AKMusHulx cul. /laiee noocuumuvléaemcs
paboma ecex OelicmayrOWuUx aKmMUuBHbIX CUll, Ha HOBOM B03MOICHOM nepemeujersvl cucmemvl. [lpupasmsns k nyo
B03MOJICHYIO PAOOMY SMUX CUJL, NOTYYUM YPABHEHUE 0I5t ONPeOeNeHUst UCKOMOU PeaKyuu.

Yxasannwiti memoo onpedenenus cun (AKMuHbIX ULU peakyull césazell) umeem 6adlcHOe NPeumyuecmeo
nepeo Opyaumu MemoOamu: Kaxicods U3 HeU3BeCMmHblX CUL ONPeOesiemcs He3asUCUMo Om Opyeux peuieHuem
00HO20 YPABHEHUSL.

Kniouesvie crosa: ycrosus pasnosecust mexanusma, pynnol Accypa, cmenenb c800600bl, KOIUHECHEO
38€HbEB, KIACCUDUKAYUOHHBLE NAPAMEMPDL, AKMUGHBLE CULbL, 3AMKHYMble USMEHAEMbLE OUePIMAHUSL.

Yu.Ye. MIESHKOV
Kherson National Technical University

ORCID: 0000-0002-2506-7020
STATIC OF MECHANISMS

The article deals with the methods of static analysis, which is to determine the generalized balancing
forces and the reactions of bonds. The equilibrium equations of the mechanism can be used to: determine
derivatives of position functions; on the input coordinates and parameters of the kinematic circuit in connection
with the study of mechanisms and analysis of the accuracy of the machine. Equilibrium equations make it
possible to determine the specific positions of the mechanism, which is of great importance for machines with
many engines.

Static analysis is performed in the direction opposite to geometric and kinematic calculations, that is, it
starts from the structural groups of the last structural layer and ends with the groups that are the first to join the
rack.

It seems quite sufficient to name groups by the number of links in them - two-link, four-link, six-link,
eight-link and ten-link.

In addition to conforming to Chebyshev's formula, Assur groups must satisfy the elementary condition,
namely, such groups should not break up into simpler ones, and satisfy the equilibrium conditions from the
moments that affect them.

The equilibrium conditions of the mechanism (mechanical system with perfect couplings) can be
obtained by the principle of possible displacements, according to which the total work of all active forces on any
possible displacement must be equal to zero.

The principle of possible displacements is also applied to determine the reactions of releasing bonds.
To do this, the mechanism is consistently released from one of the links. In this case, the number of degrees of
freedom increases by one. The result is a new possible move that was not previously allowed by this connection.
The action of communication is replaced by an appropriate reaction, which is included in the active forces. The
work of all active forces on the new possible displaced system is then calculated. Equating to zero the possible
operation of these forces, we obtain the equation to determine the desired reaction.

The specified method of determining forces (active or coupling reactions) has an important advantage
over other methods: each of the unknown forces is determined independently of the other by solving one
equation.

Keywords: mechanism equilibrium conditions, Assur groups, degree of freedom, number of units,
classification parameters, active forces, closed variable circuits.

IMocranoBka npodaemu

MexaHi3MH TpHU3HAYCHI HE TUTBKU IS OTPUMAaHHS HEOOXiTHUX pPYXiB BHXIIHUX JAaHOK, a W Ui
nepenadi cui. [lpu HeBnasomMy BHOOpPI T€OMETPHYHHMX ITapaMeTpiB KIHEMATHYHOI CXEMH, MEXaHi3M MOXKe
BUSIBUTHCST HETIPAIe3laTHUM 4Yepe3 HETPUIyCTUMO BEJMKI 3yCHIUIA, 10 BHHHKAIOTh B HOTO KiHEMaTHYHHX
napax. Tomy Bxe Ha cTafii KIHEMaTHYHOTO CHHTE3Y, TOOTO 10 po3poOKH AeTaneH 1 By3iiB KOHCTPYKIIii, MOBHHHI
OyTH ITpoaHaJi30BaHi yMOBH IIepeiadi CHII MEXaHI3MOM.

AHaJti3 oCTaHHIX J0CTiTKeHb i myOJikauin

JlociKeHHS. TEOMETPHYHIX YMOB Tepeaadi CJI Ha3MBAE€THCS CTATUYHMM aHAi30M MexaHi3my. Llen
aHali3 BemeThCcs 3a JONOMOTOI0 CIIPOMICHOI CTAaTHYHOI MOZENi, IO BPaxOBY€ TINBKH 3yCHIUIL SKi
BpIBHOBaXYIOTh (y3arajJibHeHI pYIIidHI CHJIM, $Ki YTPUMYIOTh MEXaHi3M B CTaHi piBHOBaru), poOoui
HaBaHTaXeHHs 1 peakiil 38's13kiB[1-3]. TIpu 11boMy He BPaXxOBYHOTHCS MAacH JIAHOK 1 CHJIM TepTs. Y IUX YMOBaxX
PIBHSHHS JMHAMIKK TEPETBOPIOIOTHCS B PIBHSHHS CTAaTHKW, X0Y 1 OMUCYye pyX MexaHismy. Ilo cyri, mpu
CTaTUYHOMY aHaJIi31 JIOCIIJUKYIOTECS PIBHSHHS PIBHOBArM MEXaHi3My B Pi3HHX HOTO TIOJIOKEHHSX.
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®opmy TIOBaHHS METH J0CTiZKEHHS

Meroto pobotu Oyj0 BH3HAYEHHS YMOB PIBHOBArd JaHOK MeXaHi3Mmy rpadidHuM abo aHATITHYHUMH
METOIAMH.

BuknageHHs1 0CHOBHOI0 MaTepiany H0CTiIsKeHHS

3aBIaHHAM CTATHYHOTO aHaJi3y € BHU3HAUSHHS y3aralbHEHHWX CHJI, 10 BPIBHOBAXYIOTb 1 peakIii
3B'A3KiB. PiBHSIHHA piBHOBark MexaHi3My MOXYTh OyTH BHKOPUCTaHI JUIS BU3HAU€HHs MOXITHMX BiX (yHKIiH
MOJIOKEHHSI IO BXIJHMUM KOOpIMHATaM 1 IapamMerpaM KiHEMaTHMYHOI CXeMH B 3B'3Ky 3 JOCIiIKECHHIM
MEXaHI3MIB 3 MPYKHUMH JIAHKAMH 1 aHAJTi30M TOYHOCTI MAlluHK. PiBHSIHHS piBHOBAaru MO3BOJISIOTh BU3HAYUTHU
0cOOJINBI MOJIOKEHHS MEXaHI3My, 1110 Ma€ BEJIMKE 3HAUSHHS U MalllMH 3 BEJIMKOIO KUIBKICTIO JIBUTYHIB.

CraTu4HUIA aHalli3 TPOBOJMTHCS B HANpPSIMKY, NMPOTHIEKHOMY T'€OMETPHYHOMY i KiHEMAaTHYHOMY
pO3paxyHKaMH, TOOTO MMOYMHAETHCS BiJl CTPYKTYPHUX TPYN OCTAHHBOTO CTPYKTYpPHOTO IIAPY i 3aKiHIYETHCS
rpynamH, siKi HepUIMMH PHETHYIOTHCS 0 CTIHKH.

Y minockoMy MeXaHi3Mi BH3HAUAIOTBCS 3yCHIUIA SIKi BPIBHOBAaXYIOTH 1 peakilii TiITbKH 3B'A3KiB
3BUIBHAIOYHX, IO JISKaTh B IUIOMIKHI pyXy JIaHOK. [Ipy bOMy BUKOpPHCTOBYIOTHCS PIBHSHHS PiBHOBardu BCi€i
CTPYKTYpHOI rpymu abo I OKpeMHX JaHOK.

3aBIaHHS Ha PIBHOBAry JJAHOK MEXaHi3My BHPILIYIOThCS TpadivyHUM ab0 aHATITHYHAMH METOJaMH. 3
CUJIOBHM PO3PaXyHKOM BaXKUTbHUX MEXaHI3MIB M0 CTATHYHIM MO MO3HAHOMHUMOCS Ha ACSIKHX HpUKiIagax [1-
4].

1. I'padoananmiTiaHmii MeTO

BuznaueHHs cuit, 10 AiFOTH B MeXaHi3Mi, Tpad)0aHaliTHIHUM METO/IOM 3/IHCHIOETHCS 3a JIOTIOMOTOI0
BEKTOPHUX PIBHSHB 1 IUTaHIB CUJI IO iM BiJIIOBIAAIOTH.

[puxnan 1. BusHaunMo cuiM, 010 BPIBHOBAXYIOTH 1 peakiii B KiIHEMaTHYHUX Mapax HaBaHTa)XyBada,
MOKa3aHoro Ha puc. 1,a. PoOo4ye HaBaHTa)XeHHS B JaHOMY TIOJIOKEeHH] MexaHi3My P =30 xH .

PosristHeMo piBHOBary kopima 8. Ha HbOro miloTh Tpu cuiu: poGode HapaHTaxkeHHs P i 1Bi peaxuii
3B'3KiB R, , Ryq. Ockinbku Ha HeBaromy JiaHKy 7 AiloTh [Bi CHlH, TO peakuis R, crpsiMoBana B30BK mpsaMoi

] . . o eee ee
EE". Ha mixcrasi teopemu npo tpu Henapanensnx cumn P, Rog, Ry poOumo BUCHOBOK, w0 minii aif mux
CHJI IOBHHHI niepeTHyTHCs B onHiii Touni K - Toumni nepetuny miniit aii cun P, R,s -

Jist 3HAXOIDKEHHS HEBIIOMMX pEakliil 3amvmmemMo piBHAHHsA piBHOBaru KoBma: P+ R, + R,; =0i

no0yayemo mian cui (puc. 1,6), 3 AKOTo BU3HAYMMO R, = 34 kH , Ryg = 52 kH -

6)

Puc. 1. Cxema cuut i peakuiii B KiHeMaTHYHHX Mapax HABaHTAKyBada

40



BICHHK XHTY NoA(71), 2019 p. IHKEHEPHI HAYKH

3 piBusub pioBary nanku 7: Ry, + Ry, = 03naitnemo Ry, = —Ry, = R,4. Jlanka 6 3naxonutses B
PIBHOBA3I1 MiJ €0 TPHOX CHIL: R76, Rse 1 RSS' Jlinii #ii 3a3Ha49eHUX CHI IepeTHYThcA B Touni M - Toumi
nepetudy niniit aii cun R, Req, (peaxuis Rgq cipsvoBana B3nox npsmoi AA'"). 3 pisusHb pisHOBar:
nauku 6 P+ R,g + Ry = 0 i mmany cun 3uaiinemo Rgg =20 kH, Rsg =50 kH -

3 pisnoBarn mamok 4 i 51 Ry +Q, =0, —Q, +R,, =0 Bmswaummo cmiy, mo BpiBHOBaXyE
Q, = —Rys = Ry i peaxuito Ry, = Q.

Ha nanky 3 mitots wotupn cumi, Rgy, Rgs. R, 1a Ry;. Tpu mpomy xis Bimomux cun Rgy = —Ryg i
Rs3 = —R;¢ Moxe Oyru 3aminero pisrogirouoro: R = Ry, + Ry, . Jlinia xii cumn R,; cnpsamosana B3zosx
npsivmoi BB' . Touka N - touxa meperuny miniit mii cun R,, i R e Touxoro meperuny tprox cun R, R,,. 1
Rys- 3 piBustHEs piBHoBaru nmanku 3. R+ Rj; + R,; =0 3a nomomororo mnany cui 3naiinemo Ry, =106 xH ,
R,; =164 kH .

3 piBnsinb piBHOBark manok 21 1: Ry, +Q, =0, —Q, + R, = 0Bmmaummo Q, = —R;, = R,;,
Ry =Q,-

2. BexTopHuii METO BU3HAUEHHS CUJI

CraTn4HUA PO3paxyHOK MEXaHI3My MOXE 3IMCHIOBATHCS CHUIPHMM DIIIEHHSIM BEKTOPHUX PiBHSIHB
piBHOBArH, CKJIaJICHUX ISl KOXKHOT JIAHKH OKPEMO.

[Ipuxman 2. BuzHaunmo peakuii B KiIHEMaTHYHUX Mapax BaXUTbHOTO MeXaHi3My, ITOKa3aHOTO Ha pHC.
2,a, i MOMeHT mo BpiBHOBaxye Q, SKIIO 10 BUXiAHOI JaHKW 7 B 3a1aHOMY TIOJIOKEHHI TPHMKIAJEHHIA
HaBaHTaXyBaJIbHUI MOMEHT M =10 H - m .

Puc. 2. Cxema peakuiii B KiHeMaTHYHHMX Napax Ba:KiILHOT0 MeXaHi3My

leometpuuni mapameTpu MexaHismy: (=7/3; lopa=4M (p=Xp=2Mm;, [lg = 23 u;

£H|:2 5—2\/§M, fDC:2+\/§M; EDF=EED=€GF=2\/§M; gCB:7_2\/§M; £C|:7M; yH:O,
Xy =Yg =Xg =Yg =6 .

Crio4artky 3 CUCTEMH PiBHSIHb FT€OMETPUYHOTO aHAI3Y:
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{5 COS @, —( o COS @, — (', COS @, = X,y —{ 5, COSC,

C g SINQ, — Ly SiNp; — Ly, sing, =y, — Lo, 8ing,
0 COS@py+ 1, COS@, + 1 COSP; — ¥ 5 COSP, = X5 — Xy s
CoySingy + Ly sing, + 0o Sings —C e SN, =Yg — Yy,
lcCOS@y+ 1, COS@, —{ 5 COS Qs —{ cp COS @y = Xg — Xy s
CoySingy + 1Ly sing, — e SN — Ly SN = Ve — Y,

HpI/I 3aJaHOMY 36I/IpaHHi JJAaHOK BH3HaA4YUMO prHOBi KOOpAHWHATH: @y = 30°, Q3= 900; Q5 = OO’
¢4 = 156120; ¢6 :1350, §07 = 4501

ne Cep=Lep+1pr-

BekropHi piBHSHHS piBHOBard pyXxoMHX JJAaHOK MEXaHi3My MaroTh TaKWil BUTIISL!

Ry; + Ry =0, Q+|KOAXR21|Z =0,
Ry, + R, =0, | C pg X R32|Z =0,
Ry + Ry + Ry =0, |£CBXR23|Z+|€CI XR43|Z =0,
Ry, + R, =0, | 044 xRy,|, =0, "
R35+R65+R75:Oa |€DCXR65|Z+|€CFXR75|ZZO’
Ros + Rss =0, | Cep X R56|Z =0,
Ry7 +Rs; =0,

~M +| Lo xRg|, =0.

Sxmo BBecT o3HaYeHHS (pucC. 2,0):

Rl = R01 = R12 = Rzai Rz = R04 = R4sv
R4 = R07 = R7Sv Rs = Roe = R65' 2
R;,=R,+R,=R;; =-R, - R;,

TO PIBHSHHS PIBHOBAarn MOMEHTIB NepenuieThest B hopmi:

Q—| €OA><F\’1|Z =0,

|ECB XRl'z +| L ><R2|Z =0,

|€DCXR5|Z+|£CFXR4|Z:O’ ©
-M —| 4 xR,| =0.

I3 3anucanmnx BUIIC PIBHAHDb BUIUIMBAE, 1110 BEKTOPU f A1 Rl , g Hi L R2 , f epl R5 KOJI1HE€apH1, TOOTO:

Ri=wlpg, Ry=ply, Ry=psle,

Hde

My, Hy 1 U - KoedinieHTn mponopuiiHoCTi.

3 ypaxyBaHHsaM (2) i (3) piBHSHHS piBHOBarm MOMEHTIB /ISl IIECTHIIAHKOBOI Ipynu Accypa MpuiMyTb
HACTYNHUN BUJ!

3y + ppa; =0,
by + 120y + g5z =0, ¢
ey + ppca + pisc3 =0,

(4)
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ne
& :£|ICB ><IAB|Z = ol pp SIN(@, — ;) = 6124 1*;

a, =|£(:| ><IH||Z =Ll Sin(@, —; ) =15876 m?;
by =0 ce X0 |, =Corl pe SIN(@5 — g, ) = —4,268 M*;

b, =lce X0y |, = Lepl vy SIN(@s — @, ) = —4,268 17 ;

by = oe X Cep|, —|ler X Cep|, = el ep SIN(@s — @5 ) =16 M*;
¢, =|lg ><£AB|2 =l gl 4 SIN(@, — @, ) =1464 M*;

Co =ler XL, = leelry SiIN( @, —p, ) = 6536 17;

C, :_VGF XEED|Z =l el o SIN( @5 — @, )=8.x".

3 JiHIIHOT cucTeMH PiBHSHB (4) 3HaleMo KoedillieHTH MPOTOPIIHHOCTI:

M a,b,M - M
=20 _goggH. DM M b mab M g H
J M J M J M
Iie sIK0O1aH CUCTEMH PIBHSHB TEOMETPUIHOTO aHATI3Y!
J =a,(b,c, —b,c,)+a,(b,c, —b,c, )= 482,605 n°. (5)

Tonai Momyti peakiiiii BiAMOBIAHO PiBHI:
R1 = R01: R12 = st =40 pg =10,527 H; Rz = R01: R12 = R23 =l g =10,527 H;
Ry = Rys = Ryg = 14/ gp =5503H; R, =/RZ +RZ —2R R, cosex =8576 H ;
R, =+/RZ +RZ —2R,R, cos B =9,065 H ,

ne a=¢@,—@,+180° =538°;
B=2/BAC +¢, —p, =76687°; /BAC =180" —arcsin(R, sina/ R,)=97887

MOMEHT, 1110 BpiBHOBaXY€E 3 NEPILOTO PiBHIHHS cucTeMH (3) JOPIBHIOE!
Q=140 opl o5 SIN(Q—¢, )=21053 H - .

3. MeTox po3MHKaHHS KiHEMaTHYHOTO JIAHIIIOTa

Leit meTon 6a3yeThCcst HA YMOBHOMY PO3MHKaHHI AESKMX KIHEMaTHYHUX Iap 3 THM, 100 KiHEeMaTHYHA
JAHIIOT Tpuadana CTPYKTYPY «IepeBo». MeTox 3acTocyeMo il BCROTO MEXaHI3My B IIUIOMY 1 IUII OKPEMHUX
CTPYKTYpHUX Tpym. Ilpm 1ipoMy piBHSHHS PIBHOBAard CKJIAmaroThCs B (OpMi PiBHIHP MOMEHTIB IIOAO Ocei
MIApHIpiB, 1 pIBHAHB MPOEKITiii CHII Ha OCi, BIANOBIHI JIHITHAM KOOpIHMHATAM.

Tpuknan 3. BusHaunmo BpiBHOBaxkye MomeHT Q 1 peakuii B KiHEMaTHYHHMX Mapax MeXaHizmy,
300pakeHOTo Ha pHC. 2,a.

YMOBHO po3iMkHEMO MexaHi3M B mapHipax H,E i G mms Toro, mo6 xinematuuHuii naHIor npua6as
CTPYKTYPY «AepeBo» (puc. 3), a J1ito 3B'sI3KIB 3aMIHUMO BiJIIOBITHIMH MPOEKIIISIMU PEaKIIiii.

st BU3HAYEHHS IUX CHJI 1 MOMEHTY, LIO BPIBHOB2XXYE CKIIa/IeMO PIBHSHHS PIBHOBAard BiIKPUTOTO
KiHEMaTHYHOTO JIaHI[IoTra:

ZM| = R04X(y| _yH)+R04y(XH -
ZMF = R07X(yF _yG)_R07y(XF —Xg

~ X
|
<
Il
o
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Puc. 3. Cxema KiHeMaTH4YHOI0 JIAHIIOTa CTPYKTYPOIO «1ePEBO»

ZMD = ROGx(yD _yE)+R06y(XE —XD)=0,

ZIVIC = R06x(yc - yE)— Roey(xc —XE)+ Rmx(yC — yG)+ Rmy(xG —Xc)— M =0,
ZMB = RO4X(yB ~Yu )"’ R04y(XH _XB)— ROGX(yE - yB)+ ROGy(XB —XE)—
_R07x(yG _yB)+ RO?y(XG _XB)—M =0,

ZMA - R°4X(yA ~Yu )+ R04y(XH _XA)_ ROGX(yE - YA)_ Rosy(XA _XE)_
—Rorx (Yo = ¥Ya)+ Rz (X —X,)—M =0,
ZMO =Q+ R04x(y0 ~Yu )+ R04y(XH —Xo)— ROGX(yE —yo)+ R06y(XE —xo)—
- R07X(yG - yo)"‘ Ro7y(XG —Xo)— M =0,
Ae Xo =Yo =Xp =0; X =2 M; YAZZ\/EM; Xg = X, =XC=2+\/§M; y, =1m;
Yo =2V3+1a; Yo =Yp =Yr =X =8

3 mepmInx meCTH PiBHAHD PiBHOBArd BU3HAYMMO MPOEKIIii peaKiii:
_ _ ‘]04x _ . _ _ ‘JO4y _ .
Ross = ~Ruys =22 = 4605H; Ry, =Ry, = = —203H;

J J
Rosx = —Rsex = 36X =-3891H; Roey = _Rsey = f)]ey =3891H;

J J
= =S =8403H; Ry, =Ry, =~ =3403H,

R,;, =—R

07x 57x

Jie siko0iaH CHCTEMH IPYIOBHX PIBHSHB!
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Yi=Yu Xy =X 0 0 0 0
0 0 0 0 Ye = Yo X —Xg
3| © 0 YoVe Xe=X O O |- 482605 u. ©6)
0 0 Ye =Y Xe =X Ye—Ye Xe—Xc
Ye = Yu Xy —Xg Ye~VYe Xe—Xg Ys~VYs X Xg
Ya=Yu Xu=Xa Ya=Ye Xge=Xa Ya— VYo X Xa

Toni:
R;., = Ry, + Rg7y =—4511H; R35y = R56y + R57y =-7294 H
3 0CTaHHBOTO PIBHSHHS PIBHOBAr'H 3HAWIEMO:

Q= _R04x(y0 —Yu )_ R04y(XH _Xo)"' ROGx(yE - yo)_ ROGy(XE _Xo)+
+ Ro7x(ye _YO)_ Ro7y(XG —XO)+ M =21053 H - m

[Mpuknan 4. BusHaunTH CHJIM, IO BPIBHOBAXKYIOTh Q1 i Q2 a TaKoX peakiii B KIHEeMaTHYHUX Mapax

HaBaHTaXyBayda (puc. 4). Poboue nHaBantaxkenns P = 20 xH . ['eomeTpudHi mapameTpy MeXaHizMy:

lop="0,+0,+0, =083 ~1386; Con=12m; 0 :(44\/%—1,6:0,940114; loy =08m;

O =043l g =16Mm; 0, =

_le,l?,&w;xo = Yo =0; x, =083 ~1386;

x.=0; y, =0657m; y=90% y,, =2m.

_08(24/3-1)
3

2 A @y A AR

Puc. 4. Cxema cnJ, 110 BpiBHOBAXKYIOTh Ql i Q2 a TAKOK peakuii B KiHeMATHYHHUX

napax HaBaHTa)KyBaya
MexaHi3M HaBaHTa)XyBada CKJIQJAETHCS 3 JBOX OJHOPYXOMHX TPHOXJIAHKOBHX rpym (manku 1,2,3 i

4,5,6) i rpyn Accypa - nanku 7,8.
3 TPhOX CHUCTEM TPYIIOBHX PiBHSIHB:
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(£y+0,+0;)COS@o — gy COS Pz = Xg _Xo’}

(Ly+0,+0,)sINg, — Ly, SINPs =Yg =Y,

(L4 +0L5+0,)C08 @0 — L e COS(Pg0 + 7 + Pg3 ) = Xg + L ge COS(@50 +7 ) — X }

(L4 +0s5+0,)8INQu — e SIN(Q30+ 7+ Pg3) =Yg + e SIN(@30+7) = Y,
g COS( @30 + 7 + Pgz + @15 ) — L oy COS( P30 + 7 + Pg3) =

EEH_ COS( 30 + 7 ) — L g COS( 5 TV ¥ Pea )
g Sln((030+7/+(063+(076)_€GH Sm((DSO +7+(P33)=

Ly SIN(@yo +7 ) — L SIN(@30 + 7 + 055
TIpH 3aJ1aHOMY CKJIaJIaHHi JJAHOK BH3HAYMMO TIOCITiIOBHO TPYIIOBi KOOPJMHATH: (@), = 0°; @5 =270%;
0. 0. 0.
Pao =307, @53 =1207; @3 =90"; ¢, = 240°.

3a 101OMOr010 TPYHOBUX KOOPAWHAT 3HAHAEMO KOOpAWHATH LIAPHIpPiB:
Xy :2,8\/§M Xg = Xy =2\/§M; Xe =(2/3-186)x; Xe =X, =0; X, = 08V3a; Y, = ye =12m;
Xo = [(62-+3)/3-16|m;xc =|(68v3)/3-16|1; v, =vye =yr =20 yp =18

_ 0,8(2J§—1)M
e

Cc

YMOoBHO po3’eHaeMo rpymy Accypa B mapHipi H. Jlifo BilkuHyTHX 3B’s3KiB 3aMiHuMO cumamu Rgg i

R . 3 piBHAHB PIBHOBAIW BiAKPUTOI KIHEMATHYHOI JJAHKH, 1[0 CTBOPEHA JIAaHKaMu 8 1 7:
38y

ZMG =—P(Xy —Xg )+ Rygy (X = X6 )+ Ry, (V6 — Y1 ) =0,
ZMF :—P(XNI — X )+ R38y(XH — X )+R38x(yF — Yy )=0

Buznauumo:

R38x _ P(XM —Xg )(XH — X )_(XM — X )(XH —Xg ) :20\/5 KH,
(YG —Yu )(XH _XE)_(yF ~Yu )(XH _XG)

R =P(yG_yH)(XM_XF)_(yF_yH)(XM_XG)
o (yG_yH )(XH_XF)_(yF_yH )(XH_XG)

=20kH, Ry =40kH.

3a 101I0OMOT010 PiBHSHB PIBHOBAarM OKPEMHX JIAaHOK 8 1 7:
Z Fxs = R78x + R38x =0, ZFU = R87x + R67x =0,
D> Fie =Ry + Ry, —P=0, > F =Ry, +Rs, =0

3HaNaEMO.

Roe =—20y/3 kH; Ry, =0 kH; Ry, — 203 kH:
R67X = _20\/5 KH; R67y = O KH; R67 = 20\/§ KH.

B mopamemomy po3’enHaeMo KiHEeMaTH4YHY JaHKy MexaHi3My B mapHipi E. Cxiagemo piBHSHHS
piBHOBAru BiZKpHUTOI KIHEMAaTHYHOI JIAHKH, IO CKJIATAETHCS 3 JIAHOK 6, 4 1 5:
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ZMD =_R76y(XD — Xg )_ R76x(yF - Yo )+ Rgey(XE —Xp )+R36x(yD —Ye )=0,
(ZF)DC =(Rygy + Ryg, )SIN30” +( Ry, + Ryq, )COs 307 +Q, =0,
ZMC = Rooy(Xe =Xc )= Roex (Ve = Yo )+ Ragy (Xe = Xc ) Raex (Ve — Ve ) =0.

3 nux piBHSIHD BU3HAYMMO PEaKIIii:

R%x _ Fx(XE — Xc )_Fy(XE _XD) =0KH,
(yD —Ye )(XE _XC)_(yC —Ye )(XE _XD)

F.(Yp — Ve )—F.(yc -
Ry, = (Yo —¥e)—F(¥e —Ve) _ 20kH,
(YD —Ye )(XE _Xc)_(YC —Ye )(XE _XD)

e
Fx = R76y(XD _XF )+ R76x(y|: - yD )=4'\/§ KH,
Fy = R76y(xc —Xg )"' R76x(yF —Ye ): 4652 kH

1 CHITy L0 BPIBHOBXYE:!

Q, =—(Rygy + Ry, )SIN30" —(Ryg, + Ryq, )c0s30° =40 xH.

3 piBHSIHb PIBHOBAru JIaHOK 6 1 4:

zer = Ryg, + Ry + Ragx =0, Z F =R —Q, c0s 30" =0,
D Fs =Rye, +Rse, + Ry, =0, D 'F, =Ry, —Q,sin30° =0

3HaNaEMO:.

Rsex = -20/3 xH; Rgey =—20 xH; Ry, =40 xH,;
Roax = -20V3 kH; Ry =—20 kH; Ry, =40 xH.

Jlis BU3HAYCHHS 3yCHIIb B TIEPIIiN CTPYKTYPHIH rpymni yMOBHO po3’enHaemo mrapHip B. Cximagemo tpu
PIBHSHHS PIBHOBAar BiIKPUTOT KiHEMaTHYHOT JaHKu (mauku 3,2,1):

DMy, =Rgg (X = Xa ) =Ry (Vi = Ya )+ Reg (Xe =X, ) —
—Rea (Ve - ¥a) - Rogy (XaXg) - Roge (Y ,4) =0,

(3F),, = Ryay + Reay + Rag +Q, =0,

DMy =Ry (X =X )= Rag (Vi — Yo )+ Rygy (Xe =X, )=
—Re3 (Ve = Yo )+ Rogy(Xg =X )= Rog (Ve = Y6 ) =0.

3 mepIoro i TPeThOro piBHAHL BU3HAYUMO KOMIIOHEHTH peakiiii B mapHipi B:
Fxl(XB —Xo )_ Fyl(XB —Xa )
(yA —Ys )(XB _Xo)_(yo —Ys )(XB _XA)

Fyl(yA_yB)_Fxl(yO _yB)
(yA_yB)(XB_XO)_(yO_yB)(XB_XA)

R03x =

=-15,672 kH,

03y —

= 40kH, R, =42961xH,
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IS

Foo = Raay (Xa =Xy )+ Rea (Vi = Ya )+ Reay (Xa =X )+ Rea(Ye- Y2 ) =18807 kH,
Fy1 = Raay (Xo = Xu )+ Rea (Vi — Vo )+ Regy (X0 —Xe )+ Rea (Ve — Yo ) =74,232 kH.

3 npyroro piBHSIHHS 3HAHAEMO CHITY IO BPIBHOBAXKYE:
Q, =—Rys, — Rgz —Rgs =50313xH.
3 yMOB piBHOBar#d OKpeMHX JJAHOK BU3HAYHMO:
R,s% =Ry =Q, =50313 kH; R23y = ROly =0«xH.

4. MetoJ BU3HAYCHHS CUJI, OCHOBAHUI Ha MPUHLIUITI MOXIIMBUX ITEPEMIllICHb

YMOBH piBHOBAaru MexaHi3My (MEXaHIYHOI CHCTEMH 3 iJeaTbHIMH 3B'SI3KaMH) MOXYTh OyTH OTpHMaHi
3a JOITOMOTOI0 IIPUHIIAITY MOKJIMBHX ITEPEMIIIeHb, BIAIOBIAHO 10 SIKOTO CyMapHa po0oTa BCiX aKTUBHHUX CHJI Ha
OyIb-KOMY MOXJIMBOMY II€PEMIIIIeHHI TOBUHHA JOPIBHIOBATH HYJIIO.

[Tpu mocmipkeHHI YMOB PiBHOBAru JOBOAMTHCS PO3B’sI3yBATH JIBa BHIH 3aBJaHb: a) MPH 33JaHUX CHJIaX
BU3HAYATH IOJOKEHHS PIBHOBaru; 0) MpH 3aJaHOMY MOJOXKEHHI PIBHOBaru BHU3HAYATUMYTh aKTHBHI CHIIH,
NPUKIIaAEH] 10 JIAHOK MEXaHI3My

[puknan 5. BusHauMO MOMEHT 110 BPIBHOBaXKY€ B BAXKUILHOMY MEXaHi3Mi, TOKa3aHOMY Ha pHC. 2,a.

3ajaMo BXiOHMH KOOpIWHATI ( Manie MepeMilieHHs oJ; Npu [bOMY BHXIIHA JIaHKa OTpPHMAE
TIEPEMILIERHS (-, BENTMIMHA SKOTO, 3 TOUHICTIO 0 WIIHX APYTOTO HOPAIKY, &P, = (d o, ! dq)éq .

TIpUpIBHSEMO [0 HyJIsl MOXIIMBY PO6OTY po6odoro MomeHTy i Momenty Q@ SA=Qdg— M - Sp; =0.

Toxi otpumaemo:
Q=Mdg, | dq :Mgo§ :M-JQ /J =21053 H - m,

Jie sIK0OiaH CHCTEMH TPpyNoBUX piBHsHD (1):

—lgSiNg, Ly sing, [, Sing, 0 0 0
lgCOSQ, —LgCOSp; —(,, COSQ, 0 0 0
e 0 —le Sinp, -1, sinp, —{sing, 0 o SiNQ, 43260545, (7)
0 {080, [, C08p, (. COSQ, 0 — 1 4 COS @,
0 —lgsing, =0, sing, lp.sing, L sing, 0
0 leC08p; 0, €080, —{lp.CO8S@, —/{COSQ, 0
IS J Q BHU3HAYHHK, OTpI/IMaHI/Iﬁ npu 3aMiHi IIIOCTOTO CTOBIIIA B BU3HAYHUKY \] Ha CTOBIICIb

(£opsing, —fo,c0sq, 0, 0, 0, 0).

[TpuHOMI MOXJIMBUX MEPEMILICHb 3aCTOCOBYETHCS TAKOXK Uil BU3HAYCHHS peakiliid 3BUIbHSIOYMX
3B's13KkiB. JI7Is1 1[bOTO MeEXaHI3M IMOCIIZOBHO 3BUIBHSETHCS BiX OJHOrO 3 3B'si3kiB. IIpM HbOMY Ha OTUHMIIO
301IBIIYETHCS HOTO KUIBKICTh CTYIIEHIB BUIBHOCTI. B pe3ysbraTi 3'BIISETHCS HOBE MOXIIMBE MEPEMIILICHHS, SKe
paHilie He AOImycKajiocs UM 3B's3KoM. [list 3B'A3Ky 3aMiHIOETHCS BIAMIOBIZHOIO PEAKII€I0, SIKY BKIIOYAIOTH 10
CKJIaay akTHUBHUX cwi. Jlanmi migpaxoByeTbcs poOOTa BCIX JiIOYMX aKTHBHHX CHJI Ha HOBOMY MOJKJIMBOMY
nepeminieHi cucteMu. [IpupiBHABIIM 10 HyJIS MOXKIIMBY POOOTY IIMX CHJI, OTPUMAEMO PIBHSHHS ISl BU3SHAYCHHS
IIyKaHo{ peakiiii.

Bkazanuii MeTon Bu3HaudeHHS cuil (aKTMBHHX a00 peakiiil 3B'SI3KiB) Mae BaXKJIMBY IIepeBary Iepen
IHIDUMHA METOJaMU: KOKHAa 3 HEBIIOMUX CHJ BH3HAYA€THCS HE3AJIEKHO BiJl IHIIMX PO3B’S3aHHSM OJHOTO
PIBHSHHSL.

Takox € MOXJIMBICTH 3aCTOCYBaTH IOTPYIIOBHH METOA BH3HAUCHHS CHJI, SKHH 3BOIUTBCA IO
CKJIaIAIOThCSI PIBHSHHS PIBHOBATM 30BHIMIHIX CHJI JJS BCIX CTPYKTYPHHX TPYyIl MEXaHi3My B HaIpsSMKY,
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MPOTHIICKHOMY T€OMETPHYHOMY | KIHEMaTHYHOMY PO3pPaxyHKaMH, i piBHSHHS PiBHOBArd MOMEHTIB i MOMEHTIB
CHJI, IO IiFOTh Ha KOXKHY JIaHKY I'PYIIH.

BucHoBku
Po3risiHyTi TYyT METOAM BH3HAYEHHS CHJI Ta MOMEHTIB MPH3HAYCHI IS AOCHIIHKEHHS T€OMETPHYHUX

YMOB Tiepeadi Cil. € MOMXIJIMBICTh BII3BHAYMTH, IO BKAa3aHE OCHIHKCHHS HE 3aMiHIOE€ KiHETOCTATHYHOTO
aHaJli3y MEeXaHi3MiB, KM TIPOBOAMTHLCS 3a3BUYal HA HACTYITHUX €Tarax Horo MpOeKTyBaHHS.
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