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M. O. CATKAJIHEBA

CHUHTE3 [IPOCTPAHCTBEHHOI'O HAITPABJISIIOIEI'O MEXAHU3MA
V KJIACCA 1O 3AJAHHBIM MNOJOXKEHUAM BBIXOIHBIX TOUYEK
IITATYHHBIX 3BEHBEB

PaccMoTpuM 3aaauy cuHTe3a npoCTPaHCTBEHHOTO
MexaHu3ma V kiacca o0luero Buia B COOTBETCTBHU C
PUCYHKOM 10 MATH 3aJaHHBIM MMONOXEHUAM BXOAHOIO
3BeHa | W BLIXOOHBIX TOYEK T\, T, COOTBETCTBEHHO
3BEHLEB 3, 5:

o =a(t,),
X=Xl Yo, =Yl0) Zpi =20 (0)
i=15,
X2 =X} Yio =Yt ) Z 10 =Z 12(),
i=15. )

Peuienye 3anauu cuHTe3a MEXaHU3Ma POBENEHO C
MCTI0JIb30BAHHEM METOAA HHTEPNONUpOBaHus. J{s pe-
LIEHUS 3a1a44 CUHTE3a KuHeMaTtnueckoit uenu DENM
MEXaHH3Ma MO0 33aJaHHBIM MOJOXEHHUAM C BbIXOIHOM
Toukoii 7, 3seHa 5 (EN) [1], B koropom npuGnuxato-

@s OKPYX HOCTb TOYKH N pamuycom [y,

= lgy ©

Y A

LIEHTPOM B Touke M 3BeHa 6 (NM) onpenensercs Kak
N¥HHS nepecedyeHns chepsl ¢ koopauHaTamn X,
Yis1> Zp1 ¥ NNOCKOCTH, yNOOHO MCMONBL30BATh BbIpa-
’KeHUs B3BEIIEHHBIX pa3HocTelt [2]:
2 g2
Aq = 16 —16¢’ (2)
Aq, = axsy; +bysy, +czsy, ~1=0, 3)

rae [g, — paccTosHUE MeXLY TOYKaMi N 3BeHa 5 1 M|

2 2

l§¢ = (XMI "XM)Z +(YM1 _YN:) +(ZMI ‘ZM) ,(4)
a, b, ¢ — k03bduuMeHTH YpaBHEeHUs NpUOIHKaOILEH
nnockoctd; X s Yasrs Zpis Xnis Yyis £y — COOT-

BETCTBYIOILME KOOPAHHATLI Touek M, (ueHTpa cdepsi)
u N 3Bena 5(EN) B abconoTHOH cHCTEME KOOpAMHAT
OXYZ.Tlo ycoBu10 CHHTE3a KOOPAMHATHI TOUKH N 3Be-
Ha 5 (EN), KOTOpOMY MpUHALJIEkKAT IOKaJIbHbIE KOOP-
JMHAThI BEIXOAHOW ToukH T, B abCOMOTHON cucTeMe
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MATEMATHKA

koopauHar OXYZ, onpeAenstorcs ¢ UCroib30BaHHeM
0000mEeHHOr0 MeTola CUMBONHMUYECKUX 0603HaueHMi
IpeobGpasosanns koopauHar [3] B Buge

Xy =%sy cos(Wy +Ws) + zsy Sin(y, +Y5) + Xy,
Yy ==ysy cos fs + ¥y,
Zy = Xsy SN +Ys5)~ 25y COS(W,y +s)) + Zy, (5)
rie
X;V =agy +as 4 COSY,, _
Yz;/ =—boy —bs 4, o |
Z;V =Cp4 +0as 48INY,.

Cunresy nognexar 10 HEM3BECTHBIX FEOMETPUYEC-
KHX J1apaMeTpoB kuHemaruyeckoi nenu DENM mexa-
HU3Ma. M3 HUX 7 mapaMeTpoB: Xsy, Vsys Zsys

Xy, YyysZyys Ly, — mapaMeTphl CHHTE3UPYEMOro

sseHa 6 (NM), 3 napamerpa: X, Yy, Zys — K0Op-

AWHaThH HeHTpa chepsol
Beluncienne nsiTH NapaMeTPoB PaCCMOTPUM Ha

NpUMepe OAHOIo U3 BapHaHTOB: X, 1, Yis1, Z 415 Vsyo

Ter . g Cwpar v o

D -
BripaxeHue B3BeleHHOH pasHocTH (2) ¢ yderoMm
ypaBHEHUH KOOPAWHAT TOUKK N 3BeHa 3aMUChHIBACM B

B 0000IeHHOr0 TONHAOMA
I

A= p fi@nw )+ pafalenws) + by fi(onya) +
o T PSPV )+ Ps f5 (@1 W) + 3y fs (@1, 4) ~

[N I T S 4

e f,F(¢’1a‘//4), 6)
e
. =Xy [ilenwy)=
=—2[ X5 cos(Yry +¥s5) + 25y Sin(y, +W5)+X}v],
P2 =Y, f2(¢)l5‘//4):'—2Y1‘V:

D3 =Zyns F(@sw,)=
=-2xsy sin(y, +ws)+ 25y COs(yy +s)+ ZIN‘.L

(..

Py =Ysn> Fo(@r.wa) =21y cos fs,

2
ps =X + Y1 + Zoy + yin —IJ%’MI, fs(pwa) =1,

P3Py = YsyYas  fo(@,¥4) =2c0s Bs,
Flo,y,)= "szN[X;v cos(yy +¥s)+

+Zysin(y, + w5~ 225y [ Xy sin(y, +ys) +

+ Zy COS(W 4 +Y5)]+ 2%y 25y SIN2(W 4 +V/5)) ~

1= (xiy + 2 )~ (X 2+ Y7 + Z3).

Ilpu pemreHuy 3a7ayn cuHTE3a 11O METONY MHTEp-
NONMPOBAHUS I TIATH 3aJaHHBIX NOJOXKEHUH Mexa-
HU3Ma OTKJIOHEHHS B3BEIIEHHOM Pa3sHOCTH JOJLKHBI
paBHATBCA Hymo. C y4eToM 3TOro u3 BblpaxeHus (6)
nMeeM

< ph ((Pu a¢2i)+ P2ty (‘Pli a¢2i)+ P3f3(¢’1f =¢21)+
I+ P4f4(‘/7u=¢’2i)+ Dsfs (¢1i’¢21)+ D3PaJs (¢1;s¢’2z)"
‘ '“F(ﬂi’%i):o’ i=1,_5-. s ()
Pemas cuctemy ypaBHeHHMi (7) METONOM HCKITIOUEHUA

HEH3BECTHRIX, NOIYHACM KBaApPaTHOC YpaBHEeHHE OTHO-
CHATCIIbHO HEH3BECTHOIO p "

2

kpi +kypy + k3 =0. ®
Pewas ypaBHeHue (8), onpeznensieM IeOMeTpUUECKUE
nmapaMerpsl kuHeMarrHdeckoii tenu DENM MexannsMa

no popmynam o
Xy =Pt Yirt = P25 Zyyy = P3> Ysy = Pas
lNM1=\/P12+P%+P32+P§“P5- :

Bbluncienne OCTAJBLHBIX NATH NapaMeTpoB:
Xsn sZsns X pp> Yar» £ )y — NPOBOMM C UCTIONBL30BAHM-

‘ T

€M BbIpaXXeHus B3BEIICHHOM pazHocTH (3):

Ag; = axsp; +bysc; + 230, —1=0, i=15.
C y4yeroM xoopauHar To4YkH N 3anMCBIBAEM CHCTEMY
[ATH ypaBHEHHUIA B BUIE

aXy +bYy +cZy, =1, )
aX yy +bYyy +cZy, =1,
aX 3 +bYys +cZyy =1,
aX s +bY s +cZyy =1,

aXN5 +bYN5 +CZN5 =1.

OnpeziensgeM koa(p$uUHeHTE PUOIAKAIOMEH 1ITOC-
KOCTH : e

®

aeB pote A
A A A

Jiisi peuleHus 3aayM CHHTe3a YKa3aHHBIX NATH
HapaMeTpoB COCTaBlIseM CHCTeMy TpeX anreGpandec-
KHX YPaBHEHWH, COCTOSIUMX U3 ABYX YPABHEHMH CHC-
TeMel (9) 1 kBaaparHoro ypasHerus (8). Pewas nosy-
YEHHYI0 CHCTEMY TpeX anrebpauyecKMX ypaBHEHHi,
HOCJIe COOTBETCTBYIOLINX NPpeodpa30BaHuit oIy aeM

ecmu A=0. (10)
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()% +T(z )2 + T ()2 + T (2H)x +T(z*)=0,

Se(z")x° +85(z )x° +S4(zz)x4 +S3(z3)x3 +
+S2(z4)x2+S1(25)x +SO(26)=0,

TAEX = X5y, V= Ysy>2= Zsy-

Cuctema ypasHeHuit (11) copepXuT Hen3BeCTHbIE
x u z. MUckimodas HemsBecTHOE x, Mojiy4aeM anreOpau-
4ecKoe ypaBHeHue 24 cTeneHd OTHOCUTENbHO HeH3Be-
CTHOTrO z. Pellas naHHOe ypaBHEHHME, HAXOAUM Belle-
CTBEHHBIE PELICHHA OTHOCHTEIHHO HEH3BECTHOTO, YHC-
JI0 KOTOPBIX onpenensercs no reopeme typma. JIns
TMOJIOKUTEIbHIX BEIECTBEHHbIX 3HAYEHUH HEU3BECT-
HOTrO z ONpefieNseM 3Ha4YeHUs OCTANIbHbIX HEU3BECTHBIX

)]

X = X30,Y = y3-. B UacTHOM cnyuae, koraa oiHa u3
JABYX MOJABHKHBIX CHCTEM KOOPMHAT MPHHUMAETCA 3a
HETIONBUKHYIO CUCTEMY, COBITAAAOLLYIO0 ¢ abCOMOTHOM
cucreMoii koopauHar OXYZ, KoOpaUHATBI Xy, Yy Z)y

(ueHTpa OKPYXHOCTH) NPUPAaBHUBAIOTCSA K KOOPAHHA-
Tam touku M: X, Y,,, Z,, . CnenosarensHo, OCHOBa-
HHE NEPHEHIUKYAAPA, OMYIIEHHOro U3 LeHTpa cdephl
TOYkKM M| K NMIOCKOCTH, onpenenseT KOOPAMHAThI

Xy, Yy Z )y uenTpa M npubmxatoeH OkpyKHOCTH:

Xy=Xu+Qd, Yy=Yn+0d,
Zy=Zyn+Qd, (12)
roe Qx = ﬁ.i____. . = _—b.__—.. .
Vo B et vat +b% +¢?
c
e — HanpasJsIoL1e KOCUHYCbI 0CH

Va* +b* +c?
BpallaTebHoii napsl B Touke D 3BeHa 4;

_ aXM) +bYMl +CZM] “‘]
ot +b we*
Hinuny 38ena 6 (NM), T.e. paauyc OKpY>XHOCTH, Haxo-

1M 110 popmyne
lt’)(NM)qb = \/(XM ‘XN)2 Lo TR YN)2 +(Zy “ZN)2 .
(14)

Jnst kuHeMmaruyeckoi uenu DENM mexaHu3ma ofl-

d

(13)

peneneHbi 10 reoMeTpuyecKUX NapaMeTpoB: Xsy » Ysy »

Zsns Xars Yars Zags Uune s Xanns Yans Zann -

Jlns peluenus 3aa4 CHHTE32 KUHEMaTH4eCKoH Lienu
ABCD MexaHu3Ma No 3aJaHHbIM MOJ0KEHUAM BbIXO/-
HOM Touku 7' 38eHa 3 (BC), B KOTOPOM NpUGaMIKatOLLAs

OKpYXHOCTb TouKHK C panuycoM [ =1y, C LEHTPOM B
Touke D 3BeHa 4 (CD) onpenensieTcs Kak JMHUs nepe-
ceuyeHus chepnl ¢ koopaunaramu Xp, Yy, Zp 4
TNJIOCKOCTH, YAOGHO HCMONB30BATH BbIPAXKEHUA B3Be-
WeHHBIX pa3HocTeit [2].

Aq=1; 13, (15)

(16)

Cunresy noanexar 10 HeM3BECTHbIX FeOMeTpHIEC-
KMX [1apamMeTpoB KuHeMaTuyeckoit uenu ABCD mexa-
Hu3Ma. M3 Hux 7 nmapaMeTpoB: Xyc, Vi, Z3cs

Ag; = axyc; + bysc; +cz3c; ~1=0.

XYy, Zpy, I — NapamMeTpbl CUHTE3MPYEMOTO 38e-

ua 4 (CD), 3 napamerpa: Xy, Yp,, Z ) — KOOPAMHATBI
ueHTpa chepsl.
Bblunc/ieHHe MATH MapaMeTPOB PACCMOTPUM Ha

npuMepe onHOro u3 BapuaHtoB: X, Ypi, Zp, Yacs

lepy -

BripaxeHue B3BeLieHHOM pa3HocTH (15) ¢ yuetom
koopauHat Touku C 3BeHa 3, KOTOPOMY MpUHAANEKAT
JIOKaJIbHblE KOOPAMHATBI BHIXONHOM ToukH 7 3BeHa 3
(BC), 3anuiieM B BuAe 060611€HHOTO NMOJIHHOMA.

Aq = p fi(@,¥,)+ P (9, ¥,)+ i@, +
+p. (@, + P fi(@,y,) + PP S, v,) -

- F(o,y)- amn

[pu peuieHuy 3aauu CUHTE3a MO METOAY MHTEp-

MOJUPOBaHUs AJS TMATH 3aaHHbIX MONOXKEHUH MeXa-

HM3Ma OTKJIOHEHHWS B3BEIUEHHOH Pa3HOCTH HOJKHBI

paBHATbCS HyMo. C y4eToM 3Toro u3 Beipaxenus (17)
nMeeM

L@ 02)+ 220102 )+ 3 F3 (01502 )+
'+ pafa ((p]i’¢21) + Psfs(‘PL N2Y )“’ P3Pafs (‘Pm‘/’zf )“

~F(@,02)=0, i=15. (18)
Peiuas cucreMy ypaBHeHuit (18) METOIOM UCKITIOUEHNS
HEM3BECTHBIX, [10JIy4aeM KBaipaTHOE yPaBHEHHE OTHO-
CHUTENIbHO HEU3BECTHOTO P!

kps +kypy +ky =0. (19)

BbiGvpas MosoXUTeNbHbIE 3HAYEHHs OCTabHbIX

HEU3BECTHBIX P, P, P, ONIPEieIIAEM FEOMETPHYECKHE

napameTpbl KiHemaruueckoit uenu ABCD mexanu3ma
o opmynam

Xp=pi Yoi=pP2 Zpi=P3s YVic = Pas

Lepy =\/P12 +P§ +P§ +Pf = Py
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MATEMATHKA

Boruncaenne ocTajJbHbIX HATH NapamMeTpoB:
X5 2305 Xpy Yp, Zy — IPOBOIUM C UCIIONB30BAHMU-
€M BBIpaXKeHHs B3BEIIEHHOM pa3HocTH (16)

Aq; = axy0; +bysc; +c2z30; —1=0, i=15. (20)

2

OnpeaenseM ko3buuuenTsl a= éAl b= AAZ—

A
c=—2, ecnmn A # 0.
A

Jna pemeHus 3a0a4M CMHTE3a YKa3aHHBIX IIATH
NapamMeTpoB COCTABIAEM CUCTEMY TpeX airebpaudec-
KX YPaBHEHHH, COCTOAINX U3 JABYX YpaBHEHU# CHC-
teMsl (20) u kBaaparHoro ypaBaenus (19). ITocie co-
OTBETCTBYIOIIMX IPeoOpa30BaHuii NoJryyaem

L% +T(z ) + T (20" +Ti(2)x +T(z%) =0,
Ss(2°)x® +85(z )x° +8,(zH)x* +8,(2)x* +
+8,(z*)x* +8,(2°)x +8,(z5)=0,

TIEX= X3c, V= V30527 Z3c-

Pemenne cucrems! ypaBHenuit (21) aHanoruyHo
pemenuto cucreMsl ypapHenuii (11). st nonoxure)in-

HBIX BELIECTBEHHBIX 3HAYCHUI HEU3BECTHOTO Z orpe-
JCIIIEM 3HAYEHUST OCTANBHBIX HEH3BECTHBIX X = X3,

Y = y3c. OnpenensieM KOOpAWHATEI LEHTpA MPUOIH-
KAKOMEH MI0CKOCTH

Xp=Xpn+0Qd, Y=Y, +04d,
Zp=Zp+Q.d.

Jmany 3sena 4 (CD), T.e. painyc OKPYKHOCTH, HAXO-
M 1o hopmye

@1

2 2 2
lopg =\(Xp = Xc) +Up~Xo) +(Zp-2c) -
Onpenenensl 10 napaMeTpoB KMHEMaTHYECKOH
nent ABCD MeXaHu3Ma: X3¢, Vacs Zacs Xps¥Yps Zps
X1 Ypis Zpis bep -
TaxuMm 06pa3oM, 10 NATH 3aJaHHBIM NOJIOKEHHAM

TOYEK JIByX BBIXOIHBIX IATyHHBIX 3B€HbEB 3, 5 Mexa-
HM3Ma onpefessoTes 20 napamMeTpoB:

Xsno Ysns Zsns Inas Xogs Yags Zgs X Vs Zans

X3¢s Yacs Z3cs Xps¥Ypy Zp, Xp1s Ypis Zps bep -
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Pe3siome

V KJ1acTbl KEHICTIKTi OaFbITTay bl MEXAHU3MHIH €Ki INaTyH
OybIHIAPBIHBIH, LIBIFLIC HYKTENEPiHiH GepinreH Oec xaraakbiHa
GailIaHbICThI, MHTEPIIOJISALMS TOCIIiHE CYileHe OTBIPBIN, FeOMeT-
PUANBIK apaMeTpiepiHiH CHHTe3 ecebi uretiareH.

Summary

The task of synthesis of geometrical parameters of a spatial
guide link mechanism of V class upon five preset positions of output
points of connecting rod links using the interpolation method is
solved.

Hocmynuna 2.05.062.
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