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AHHOTaLUA

Henps uccrnenoBanus: pa3BUTHE METOAA CTPYK-
TYPHOT'O CHHTE3a 3aMKHYThIX KMHEMAaTHYECKHUX LIeTel
MOJBMKHEIX 3BEHBEB Ha IIATOC, IIECTOE, CEAbBMOE H
BOCBMOE€ MOICEMENCTBO NMEPBOTO CEMENCTBA.

3asauu: HA OCHOBE YHUBEPCAIBLHOU CTPYKTYp-
HOHU cucremsl npodeccopa JI.T. J[BopHukosa s 3a-
MKHYTBIX KHHEMAaTUYECKUX IIETIe MOBUKHBIX 3BEHb-
€B IIEPBOr'0 CEMEUCTBA, MOJIYyYUTh MOJIHBIA COCTaB pe-
[IEHUH, OMUCHIBAIONINX OPTaHU3AIUI0 3aMKHYTHIX KH-
HEMAaTHYECKUX IIeTNeH MOJBIKHBEIX 3BEHBEB IISITOTO,
LIECTOr0, CEAbMOr0 U BOCBMOIO MOJACEMENCTB IIEPBOTO
ceMeiicTBa MpH CIIOKHOCTH 0a3UCHOTO 3BEHA IICTIH,
paBHOM ABYM M TpeM, MOJABMXKHOCTH LENHU, PABHOMI
MIECTA U OOIIEM 4YuCie 3BEHBEB Lenu oT 3 10 6. Uc-
[0JIb3ys MOJYYEHHbIE JJAaHHBIE, PAaCCMOTPETh Ha KOH-
KpPETHOM NpUMEpPE NOCTPOEHHE CTPYKTYPHOM CXEMBI
3aKpBHITOM KHHEMATHUECKOM LEMU MOJBUKHBIX 3BEHHEB
NIEPBOr'O CEMENCTBA.

Metoapl HCCIIEAOBAHUS: MCIIOJB30BaH METOJ
CTPYKTYPHOTO CHHTE3a 3aMKHYTHIX KHHEMaTHUECKHX
Lernei MoJBUKHBIX 3BEHBEB TIEPBOTO CEMENCTRA.

Ccvlnka Ona yumuposanus.

HoBm3Ha paboTHL: paccMOTPEHBI OCOOCHHOCTH
MPUMEHEHHUS YHUBEPCANBHOW CTPYKTYPHOW CHCTEMBI
JUIL ONpEACNICHUS COCTaBa 3aMKHYTBIX KHHEMaTHYe-
CKUX IeNeld IMOJABHMKHBIX 3BEHBEB IIATOTO, IIECTOIO,
CEIbMOI'0 M BOCBMOI'O IOJICEMENCTBA MEPBOro CeMei-
CTBa. HOKaSaH an/IMep HUCIIOJIB30BaAHUA HOHy‘IeHHLIX
CO‘IeTaHI/Iﬁ KHHCMATHYCCKUX nap U 3BCHBCB JISI CUH-
TE3a CprKTypHLIX CcXeMm SaMKHyTLIX KHHEMATHUYCCKUX
Lernen MOABUKHBIX 3BEHbEB IIEPBOr0 CEMENCTRA.

PesynbraThl HccieoBaHUS: MOMYYCHBI COYeTa-
HUS KHHEMATHYCCKUX Iap M 3BEHBEB, MO3BOJLIOIINE
HAlTH CTPYKTYPHBIE CXEMBI 3aMKHYTHIX KHHEMAaTH4e-
CKUX Iened IOABM)KHBIX 3BEHBEB IISITOTO, IIECTOIO,
CeIbMOTO M BOCBMOTO ITOJICEMEUCTB HEPBOTO CEeMei-
CTBa IPH 3aJ]aHHBIX MapaMeTpax, U3 KOTOPBIX IIyTeM
OCTaHOBKH 3BCHa MOI‘yT O6pa3OBbIBaTI)C${ OOHOIIO-
JBHUXXKHBIC MCXAHU3MbI nepBoro CeMeﬁCTBa.

KiioueBble cjioBa: cucrema, II€Ib, 3BEHBS,
CcXeMa, IOJABHXXHOCTb, KHHCMAaTHYCCKAas napa.
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Abstract

The study objective is to develop a method of
structural synthesis of closed kinematic chains of mov-
ing links into the fifth, sixth, seventh and eighth sub-
families of the first family.

Tasks: to obtain a complete set of solutions de-
scribing the arrangement of closed kinematic chains of
moving links of the fifth, sixth, seventh and eighth sub-
families of the first family with the complexity of the
basic chain link equal to two and three, the mobility of
the chain equaling to six and the total number of chain
links from 3 to 6 based on the universal structural sys-
tem of Professor L.T. Dvornikov for closed kinematic
chains of moving links of the first family. Using the
data obtained, consider the construction of a block dia-
gram of a closed kinematic chain of moving links of
the first family on a specific example.

Research methods: a method of structural syn-
thesis of closed kinematic chains of moving links of the
first family is used.

Reference for citing:

The novelty of the work: the peculiarities of ap-
plying a universal structural system for determining the
composition of closed kinematic chains of moving
links of the fifth, sixth, seventh and eighth subfamilies
of the first family are considered. An example of using
the obtained combinations of kinematic pairs and links
for the synthesis of structural schemes of closed kine-
matic chains of moving links of the first family is
shown.

Study results: combinations of kinematic pairs
and links are obtained, which make it possible to find
structural schemes of closed kinematic chains of mov-
ing links of the fifth, sixth, seventh and eighth subfami-
lies of the first family under given parameters, from
which single-moving mechanisms of the first family
can be formed by stopping the link.

Keywords: system, chain, links, diagram, mo-
bility, kinematic pair.
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BBenenne

B pabore [1,2] M. I'probrnepom ObuI
paccMOTpPEH METOJl CTPYKTYPHOTO CHHTE3a
3aMKHYTBIX IIOCKHUX IIAPHUPHBIX KHHEMaTH-
YEeCKMX LleNei NOJBU)KHBIX 3B€HbEB, KOTOPBIE
M03Ke MOJYYMIIN Ha3BaHue 1eneit ['prodruepa,
IIPU OCTAHOBKE OJIHOTO M3 3BEHBEB MOIJIH 00-
Pa30BBIBATHCS OJHOTIOJBIKHBIE MJIOCKHAE Me-
XaHU3MBI.

OTOT MeTOJ co3laHusi paboToCIocoO-
HBIX MHOTO3BEHHBIX IIIOCKUX MEXaHH3MOB
MONYyYHJI HIMPOKOE PACHPOCTPAHEHUE CpEIn
HEMELIKMX CIEUATUCTOB, a BCIEA 33 HUMHU
TaKXKe CIEIUAIMCTOB MHOTHX JPYTUX CTpaH
(ocobentno B Espore) [3,4,5,6].

Meron paszpaboran M. I'probiepom st
IUTOCKUX LieTell, KOTOphI HEe MOJIy4uI1 PUH-
[IUTNIHATIFHOTO PAa3BUTHSI HA 3aMKHYTHIE KHHE-
MaTMYECKHE LEeNH MOJBUKHBIX 3BEHBEB
(3KLI) Bcex ceMelcTB U MPOCTPAHCTB.

B paGore [7] paccmoTpeHa BO3MOX-
HOCTh TIPUMEHEHHsSI YHUBEPCAIbHOW CTPYK-
TypHOH cuctemsl npogeccopa JI.T. JIBopHu-
koBa [8] s pasButust merona M. I'proGiepa

Ha 3KII mepBoro cemeiictBa. [IpuBenena
YHUBEpcalbHasi CTpyKTypHas cucrtema 3KI]
nepBoro cemencrsa. HaliieH mosHslil cocTas
pelieHuii, onucbiBaromuii opranuzamnuio 3KI]
IIEPBOT0O IOJCEMENCTBA IEPBOIO CEMENCTBA
IpU CIIOKHOCTH 0a3MCHOTO 3BEHA IIeNU paB-
HOW TpeM, MOJABUKHOCTH LEMH PABHOM IIECTH
1 00I11eM YHCIie 3BEHbEB LIENH OT YEThIpeX J10
LIECTH.

B Hacrosmiei cratbe, UCIONB3YS YHU-
BEpCAIbHYI0 CTPYKTypHyI0 cucreMy 3KI[
nepBoro cemeiictea [7], HaimemM MOJHBIN coO-
CTaB PEIICHM, ONUCHIBAIOIINNA OPraHU3aI1I0
3KI] nAroro, mecroro, ceAbMOro 1 BOCbMOTO
ITOJICEMEMNCTB MEPBOr0 CEMENCTBA IPH CIIOXK-
HOCTH 0a3MCHOTO 3BEHA IIeNI PaBHOM JIBYM M
TpEM, MOABUKHOCTH LIEMH PABHOM IIECTH U
o0I11eM yucie 3BeHbEB LEMH OT TpexX A0 IIe-
CTH. A Tak K€ pacCMOTPHUM IIPUMEP CUHTE3A
CTPYKTYPHBIX CXE€M 3aMKHYTBIX KHMHEMaTH4Ye-
CKMX ILIeNed MNOJBUKHBIX 3BEHBEB IEPBOIO
CeMeNcTBa.

Oco0eHHOCTH PUMeHeHHs1 YHUBepcaabHOl cTpykTypHoii cuctembl 3KII nmepBoro cemeiictea
JJIS oNpeAe/IeHUs] COCTaBa KHHEMATHYeCKHX Leneil naToro, mecroro, ceAbLMOro 1 BOCbMOro

MmojJaceMelncTB
N3BecTHO, 9TO BCe MHOrooOpaszme Mme-
XaHU3MOB  ONMUCHIBAIOTCA  YHUBEPCAIBHOMN

¢dbopmynoit moasmxHocTH B.B. J[06poBOIIB-
ckoro [9]:



k—m=1

W, = (6 -m)n - Z(k_m)pk’ (1)

rac Wm — NOABWXHOCTH Me€XaHu3Ma; N— 4duc-

JI0 TIOJIBMIKHBIX 3BE€HBEB; M — mapamerp [[o0-
POBOJIBCKOTO, ONPEESISIONUNA YUCIO OOIIHX,
HaJIO)KCHHBIX Ha BECh MEXaHWU3M YCIIOBUU
CBSI3M OT HYJIA JI0 4eThIpex; K — Kijacc KuHe-
Mathyeckux map, k =1,2,3,4,5.

Yepez M Bc€ MHOrooOpasue mpocTpaH-
CTBEHHBIX MEXaHHU3MOB JIEJIUTCS Ha IISATh Ce-
MmetictB. [Ipu aTtom HOoMep cemeiictBa (0, 1, 2,
3, 4) COOTBETCTBYET YHCIY OOIIMX CBS3CH
[10].

CtpykrypHble GOpMyIbI A MEXaHU3-
MOB CEMENCTB UMEIOT BHI:

W0:6n_5p5 '4p4'3p3'2p2'p1- (2)

Wy :5n'4p5'3p4'2p3'p2- (3)
W, :4n'3p5'2p4'p3 : (4)
W3:3n'2p5'p4- (5)
W, = 2n-p,. (6)

Bce cemeilicTBa MEXaHU3MOB U3 YyCIIO-
BUS SIBHOTO pa3jiu4Msi MEXaHU3MOB IO HC-
MIOJIb3yEMBIM B HHUX KJaccaM KHHEMaTHhye-
CKHUX Tap JesATcs Ha mojcemeiictsa [11].

Hampumep, mnepBoe ceMeWCTBO Mexa-
HU3MOB BKJIIOYAEeT NSATHAALAThH MOJCEMENCTB
[12].

W3 npuBeneHHbIX BhIIe Gopmyn (2—6)
MOKHO TOJYYUTh CTPYKTYpHBIE (OPMYIIbI
noasrkHOCTH 1711 3KII Bcex cemeiricta. Jls
3TOTO JI0OCTaTOYHO 3aMEHUTh B (opMysax Ko-
JIMYECTBO TOABUXHBIX 3BEHbEB MEXaHU3MOB

(n) Ha obuiee konmuecTBo 38eHbeB 3KI (N, )
M, YYHTBIBAs 9TO N, = Nn+1, 100aBUTEL K MO-

JBIKHOCTH Iieneld (6 —m) creneHnei cBoOo-
nel. Takum oOpazoM, 7 OHOTOJBYKHBIX
MEXaHU3MOB TOJIy4aeM CIIEYIOUIUE CTPYK-
TypHble popmynsl noasuwxkHoctu 3KL no ce-
MENCTBaM:

Wu0:6nu_5p5 '4p4'3p3'2p2'p1:7-(7)
Wu1:5nu'4p5'3p4'2p3'p2:6- 8
Wuz :4nu'3p5'2p4'p3:5- 9)
W, =3n, - 2p;-p, =4 (10)
W, =2n,-ps =3. (11)

VYHuBepcanbHas CTPYKTypHasi cHCTeMa
3KI] nepBoro cemeiicTBa MpH YKCIIE 3BEHHEB,
HE J00aBISIONUX B IEMb KAHEMATHYECKHX
nap n, =1, umeer Bun [7]:

p =T+(‘c—1)n(r_l)+...+ini +..+2n, +n,
N, =2+N_+..+N +..+0,+n, 12
WL(l :5nu _4p5_3p4_2p3_ P, =6,

rae Wipi— noasuxuocts 3KI[ mepBoro ce-
MelicTBa; Ny — 00Iee YNCIIO 3BEHBEB LIENHU, T
— YHCJI0 TEOMETPUYECKUX JIEMEHTOB Haubo-
Jee CII0KHOTO 3BEHa KMHEMAaTH4eCKOW LeTH;
N, — YKMCJIO0 3BEHBEB, 100ABIAIONINX B LEMb |
KMHEMaTHYEeCKUX Iap; P — oOliee 4nucio Ku-
HEMAaTHYECKUX Tap Lenu; Ps, P4, P3, P2 —
YHCI0 KMHEMAaTHYECKUX Map IMATOrO0, YeTBEP-
TOTO, TPETHETO M BTOPOTO Kilacca.
Crpykrypssle popmynst mns KL ns-
TOTO, HIECTOT0, CEALMOTO U BOCBMOTO TIOZCE-
MEWCTB MEPBOTO ceMeiicTBa MMEIOT Bu [7]:

WL[l(S) = 5nu -4ps-2p;-p, =6, (13)

ey — on, - 4ps - 2p;=6, (14)
Wu1(7) = 5nu -4ps-p, =6, (15)
Wjyey =5n, - 4p; = 6. (16)

3ameHsiss B cucteme ypaBHenui (12)
CTPYKTYypHYIO Gopmyny noasumxHoctn 3KI]
MEPBOTO CEeMEWCTBa (TpEeThe ypaBHEHHE CH-
CTEMBbI) TIOOYEPEHO Ha (OPMYIIbI OABHKHO-
ctu 3KI1] naroro, mecroro, ceIbMOro U BOCh-
MO0 TOJCEMEUCTB JAHHOIO CEMEWCTBa
(popmynbr (13-16)) modyduM  CleayrOIIHAe
UCXOJIHBIE CHCTEMbl YPABHEHUMN IUISI TaHHBIX
MIOJICEMENCTB NIEPBOT0 CEMENCTBA:

JIst IATOTO MO/ICeMENCTBa, pH T =2

Ps+ Ps+ P, =0,
n,=2+n, a7
4p.+2p,+ P, :5nu—6.

JIst ATOrO MmojiceMeicTBa, pu 7 =3
Ps+ Ps + P, =3+2n,+n,,
n,=2+n,+n, (18)
4ps +2p;+p, =5n, —6.



Jns  miecroro moaceMencTBa, IpHU

=2
p5+ p3:nl4’
n,=2+n, (19)
4ps +2p, =5n, —6.

Jns  mecroro mojaceMecTBa, IpH
7=3:

Ps + P; =3+2n, +n,,
n,=2+n,+n, (20)
4p;+2p; =5n, —6.

Jlns  cembMOro IOACEMEMCTBA, IpU
=2

p5+ pZ :nu'
n,=2+n, (21)
4ps+ p,=5n, —6.

Jlnst  ceapMOro  TOJICEMEWCTBa, IPHU

=3

Pe3yabTaThl Hccie10BaHUT

B pesynbrare peuieHuss CUCTEM YpaB-
HeHwid (17-24) HaiineH MOJHBIA COCTaB pe-
menui ang 3KII ngroro, mecroro, ceapMoro
¥ BOCBMOTO TOJICEMEICTB TIEPBOTO CEMEHCTBA
IIPH CIIOKHOCTH 0a3WCHOTO 3BeHA IENH 7 = 2,

Ps+ P, =3+2n,+n,,
n,=2+n,+n, (22)
4p; + p, =9n, —6.

Jns  BocbMOro mojacemMencTBa, MpH

=2
p5 :nu’
n,=2+n, (23)
4ps =5n, —6.

Jns  BocbMOro mojacemMencTBa, MpH
7=3:
ps =3+2n, +n,
n,=2+n,+n, (24)
4p,; =5n, —6.

TexHonorus pacuer mokasarenel B CH-
cremax ypaBHeHwmid (17-24) B manHoii paboTe
HE MPUBOAMTCS, TaK KaK OHA JIOCTaTOYHO I10-

OpoOHO paccMOTpeHa B paborax aBTopa
[12,13,14,15].

U 7=23, U O0LIEM YHUCIE 3BEHLEB LIENU OT 3

1o 6.
[TonydeHHble pelieHUss TPUBEICHBI B
TabunIe.

Tabnuua

[Tonnsrii coctaB pemenunii nys 3K1 nsroro, mecToro, ceMOro U BOCBMOTO MOJACEMENCTB MEPBOTO
CEMEICTBA MPH CIIOKHOCTH 0A3MCHOTO 3BCHA IIENH 7 =2, U T =3,

M OOII[EM YHCIIE 3BEHLEB LIEMU n, or 3106

Table

The complete composition of solutions for the WCC of the fifth, sixth, seventh and eighth subfami-
lies of the first family with the complexity of the basic chain link 7 =2, andz =3,

and the total number of chain links from 3 to 6

OO011ee uncio
3BCHLCB HeHI/I, nu

Pemenus, onuceiBaromue opranusanuio 3KI us n; u p,

IIsaToe moacemMelicTBO

«a
Il

no=1,n=1n,=1,p;=2, p;=2, p,=2.

a
Il

np=1,n=3,n,=0,p=4, p;=1, p, =1

no=1,nm=2,n,=1, p;=3, p,=3, p, =1.

«
Il

no=1,n=3,n,=1, p;=5 p;=1, p,=2.

o o ;o a1l »
~
Il

w| w|w|w|w

)
Il

no=1, n1:21 n2:2! p5:47 p3:3’ p2:2'




OO01ee 4nciio
3BeHbeB 1emH, N, Pemenus, onuceiBaromue opranusanuio 3KI us n, u p,

IIIecToe moaceMencTBO

4 t=2,n,=1,n=2, p;=3, p, =1.

4 t=3,n,=1,n=2,n,=0, p;,=2, p;=3.

4 t=3,n,=1,n=1,n,=1, p, =1, p,=5.

6 t=3,n,=1,n=4,n,=0, p,=5, p,=2.

6 t=3n,=1,n=3,n,=1, p;,=4, p,=4.

6 t=3,n,=1,n=2,n=2, p,=3, p,=6.
CenbpMoe II0CEMENCTBO

3 t=2,n,=1,n=1 p;,=2, p, =1

4 t=3,n,=1,n=2,n=0, p,=3, p,=2.

S t=3,n,=1,n=2,n,=1, p.=4, p,=3.

6 t=3,n,=1,n=2,n=2, p, =5, p,=4.
BocsMoe mmoceMencTBo

6 t=2,n,=1,n=4, p,=6.

AHaNOrM4yHO MOTyT OBbITh HaWIEHBI pe-
nIeHus1, onuceiBaromue opranuzanuio 3K1I u3
N, 1 P, MATOro, IECTOro, CEABMOrO U BOCh-
MOIO IIOJICEMEUCTB NEPBOTO CEMENCTBA IS
APYTUX 3HAYCHHH 7 U N, .

[IpuBeneHHble B Tabnuile pelIeHUs,
onuceiBarone opranuzanuio 3KL u3 n, u

pk’ SIBIIIIOTCA COUCTAaHUEM KHMHEMATUUYCCKUX

nap U 3BEHbEB, HEOOXOJIMMBIM JIJIsi TIOCTPOE-
HUSL BceX 0€3 UCKIIYEHUS CTPYKTYPHBIX
cxem 3KI| msroro, mecroro, ceapMoOro u
BOCBMOT'O IIOJICEMEHCTB TIEPBOr0 CEMEHCTBA,
T10 3aJJaHHBIM TTapaMeTpaM.

IIpumep cunresa crpykrypHbix cxeMm 3KII nepBoro cemeiicTa

PaccMoTpuM 0COOEHHOCTH MOCTPOECHHUS
cTpykTypHbIX cxem 3KI[ mepBoro cemeiicTBa
Ha OCHOBE PEILICHHH, NPUBEICHHBIX B TalOIu-
1€ Ha KOHKPETHOM IpUMepe:

[Iycth TpeOyeTcst MOCTPOUTh CTPYKTYp-
Hyto cxemy 3KI[ BoceMoro mnojacemericTsa
MEepBOro CeMeMcTBa MO 3aJaHHBIM IapaMerT-
pam:

t=2,n,=6.

Jlns takoit 3KL[ B Tabmmie umeeTcs
TOJIBKO OJIHO pElICHUE:

t=2,n,=1,n=4, p,=6.

VYuureiBas, uro Bce 3BeHbs 3K mpu
t=2, sBusioTcs aynapueivu, ans 3K
BOCBMOTO TOACEMENCTBA 0 3aJaHHBIM Iapa-
METpaM, MOKHO IOCTPOUTH TOJIBKO OJHY
CTPYKTYPHYIO CXEMY C YCJIOBHBIMM KHHEMa-
TUYECKHUMH TIapaMu msroro kiacca (puc. 1).

3aMeHUM YCJIOBHBIE KHHEMATHUYCCKUC
mapbl TEXHUYCCKU PCATIM3YyCMbIMU IIapaMH C
KOHKPETHBIM KOMIIJICKCOM ,HBI/I)KCHI/Iﬁ. ZL]'IH
KMHEMATUYCCKUX Iap IATOro Kjacca BO3-
MOKHBI CICAYIOIIUC BUIAbBI KMHEMATUUYCCKHUX
Iap: BpalaTCIbHBbIC, IMOCTYINATCIIbHBIC, BUH-
TOBBIC.

.-'71/ Ps | m
s Ps
T m
Ps Ps
% s m

Puc. 1. CrpykrypHas cxema 3KL] ¢ ycioBHBIMH
KHHEMATHYCCKUMHU ITapaMM IIATOI0 Kjiacca
Fig. 1. Block diagram of the WCC with conditional
kinematic pairs of the fifth class



Jiis Hamero ciydasi OOJbIIE MOAXOMST
BpallaTeibHble Mapbl, KaKk Haubojee TEeXHO-
JIOTUYHBIE U HaJeKHbIe B padore. [loatomy
MpU MOCTPOECHUM CTPYKTypHOU cxembl 3KI]
OyZeM UCIONB30BaTh JTAHHBIA BUJ KHHEMATH-
YeCKHUX Map.

/

B pesyibrare 3aMeHBI MOIYYUM CTPYK-
TypHyto cxemy 3KI] Bocbmoro nojacemerncra
MEePBOro0 CEMENCTBA MO 3aJaHHBIM IapaMeT-
pam, MoKa3aHHYIO Ha puc. 2.

1,

Puc. 2. Ctpykrypnas cxema 3KI] ¢ TexHHMYeCKH peaan3yeMbIMU BpallaTelbHbIMU
KHMHEMATUYCCKUMU MTapaMu IIATOro Kjiacca
Fig. 2. Block diagram of the WCC with technically
feasible rotational kinematic pairs of the fifth class

Ecnu B ctpykrypHoii cxeme 3KII, noxa-
3aHHOHI Ha pHUC. 2, OCTAHOBHUTH 3BEHO N,, TO

MOJYYUM U3BECTHBIA OJIHOIOJBHKHBIN MeXa-

3aki0ueHne

3amaga cTpykTypHoro cuHte3a 3KII
MIEpPBOrO CEMENCTBA UMEET TPH dTana.

Ha nepBoM sTane ¢ moMoImpl0 yHHUBEp-
casibHOM cTpyKTypHO#l cuctemsl 3KI[ nepso-
ro CeMEICTBa HAXOANUTCS MOJIHBIM COCTaB pe-
IIeHUHM, omuchkIBaromux opranuzanuio 3KI]

nus3 ni u pk 110 3aJIaHHBIM ITapaMeTpaMm 7 , nu.
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