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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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OPTIMAL SYNTHESIS OF PLANAR LINKAGES

Abstract. This paper investigates the optimal synthesis of planar linkages. The main idea of this paper is to
find the initial approximations based on the use of Burmester points for function generator linkages, path generator
linkages, motion generator linkages. The results of the numerical synthesis of the linkages depend on the choice of
the initial approximations. A more flexible method to the search for initial approximations is the method based on the
use of Burmester points. This method allows the determination of the initial approximations analytically for three,
four or five by established initial data of synthesis. In this case, the problem is reduced to determining the solutions
of polynomials, respectively the second, third and fourth degree. The method consists in that the synthesized linkage
is conditionally divided into initial kinematic chains and closing kinematic chains, and Burmester points are
determined for each chain. After the choice of initial approximations, an objective function is formed according to
the output criteria, depending on the synthesis parameters, using the Chebyshevsky (best) or quadratic approximation
problems. The synthesis parameters of planar linkages are determined from objective function minimum. According
to this method, a program for the synthesis of planar linkages has been developed. An example is included to
demonstrate the method.

Keywords: synthesis, optimal, planar linkages, initial approximations, Burmester points.

Introduction. Synthesis of planar multiple bar linkages has been extensively studied in the last ten
years. Dimensional synthesis is one of the most important stages in the design of the linkages, since at this
stage the basic kinematic properties necessary for the mechanism are formed to perform the functions
assigned to it. The dimensional synthesis of linkages is divided into three types [1]:

1) It is required to realize the given function of the position of the output link of the mechanism -
synthesis of transmission mechanisms ("function generation");

2) It is required to reproduce the trajectory of the working point in the plane - the synthesis of the
guide mechanisms ("path generation");

3) It is necessary to reproduce the given motion of the solid body in the plane - the synthesis of the
motion mechanisms ("motion generation").

When exact realization of the given motion is required, the problem arises of exact synthesis.
However, the number of output object positions that can be reproduced accurately is generally limited. On
the other hand, any movement in practice cannot be reproduced with perfect accuracy due to inaccuracies
in the manufacture of elements (links, kinematic pairs, etc.) of the mechanism.

Therefore, the methods of approximate synthesis of the linkages have developed greatly. The
problems of the kinematic synthesis of linkages reduce to the problem of approximation of a function.
This formulation of the problem of linkages synthesis was proposed in the work of P.L. Chebyshev [2]. By
way of compiling synthesis equations which follow from the constraint equations can be divided into
geometric and algebraic methods [3-6]. The geometric synthesis methods are compiled on the basis of the
equation of the projected closed kinematic chain. The algebraic constraint equations used methods that are
imposed on the output link of moving mechanism. By the method of solving the synthesis equations, the
existing methods for the synthesis of linkages can be divided into two groups: 1) analytical methods;
2) optimization methods.

—— 172 =——
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In analytical synthesis, part of the constant parameters of the mechanism is calculated directly by
analytical formulas. These formulas are obtained as a result of solving the synthesis equations in an
explicit form [7, 8]. Upon optimal synthesis of linkages, additional synthesis conditions, such as the
optimal transmission angle, the minimum value of the generalized force at the input, etc. can be taken into
account. In connection with the advent of modern high-speed computers, optimal synthesis of linkages
have been created, which were considered in [9-16]. The advantages of optimization methods for the
synthesis of linkages are particularly evident in cases where the "classical" methods of kinematic synthesis
based on kinematic geometry or various methods of approximation, are inapplicable or ineffective.

Initial approximations for plane linkages. The success of the search for the optimal linkage largely
depends on the choice of the initial approximation, determined by classical methods, while the linkage
designed by classical methods often requires optimization taking into account additional synthesis
conditions. The results of the numerical synthesis of linkages depend on the choice of the initial appro-
ximations. The choice of initial approximations can be made using the metric parameters of the mecha-
nism analog.In this case, it is possible to obtain only one mechanism, which reproduces an approximately
desired trajectory. The initial approximations can be found using random search methods, for example the
LP; sequence generator. In this case, the initial approximations are distributed in a given multidimensional
space using the LP: sequence [17, 18]. The method makes it possible to obtain the most complete picture
of optima distribution of considered functional; however, large dimension parameters of the synthesis can
greatly increase the computational volumes. A more flexible method to the search for initial approxi-
mations is the method based on the use of Burmester points. This method allows determining the initial
approximations analytically for three, four or five by established initial data of synthesis. In this case, the
problem is reduced to finding solutions of polynomials, respectively the second, third and fourth degree.
The principle of method lies in the fact that the synthesized mechanism is conditionally divided into initial
kinematic chains (IKC) and closing kinematic chains (CKC), and for each chain Burmester points are
determined [19, 20]. For example, to synthesize a path-generator four-bar linkage, this mechanism is
divided into the IKC, which is a dyad O;AC, and CKC, which is a bar O,B (figure 1). Consider the
method of finding initial approximations, based on the use of Burmester points for function generator
linkages, path generator linkages, motion generator linkages.

Figure 1 — Path generator four-bar linkage Figure 2 — Initial kinematic chain

For function generator linkages. Suppose that N positions of the two movable planes 1 and 2 are
given, for the initial kinematic chain. Movable planes are determined by the coordinates

X s Vis Xy » ¥y Of the points H and M, and the rotation angles @, ¥/, around these points
(i=1,2, ..., N), (figure 2). It is necessary to determine the Burmester points K and L in the corresponding
movable planes, lying on arcs of circles with centers at the points H and M.

We will compose the algebraic equation of closure of vector contours, relative to the coordinate
system

Xy =Xy + Dy COSQ, —q Sing, +1,c08y, = x,, +u, cosy, —v, siny,,
Vi, =Yy P SING, + gy cOsY, +1siny, =y, +u, siny, +v, cosy,, (1)
i=12, ..,N
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Excluding an unknown angle ¥, , the system of Eq. (1) reduced to the form
A, +B,py+Cqy +Du, +Ev, +F].(pKuL +quL)+ G_].(pKvL —unL): 0 @
where (3)
=[50+ (o 50, (o, ]2
B, :_(XM, —xHi)cosgél. _(J’M, —yHi)singél. +
+(xMHl =Xy )cos - +(yMM ~Vu,, )sin -
C, = (xM[ — Xy )sin¢l. —(yM/_ ~Vu )cos¢i -
—(xM[+l — Xy )sin » +(yM,-+1 —Vu, )cos »
D, :(xM’_ —xH,_)cosy/l. +(yM’_ —yH‘_)singyi - (3)
~ (%, =, JeosW = (v, = v, Jsinw
E, = —(xM‘_ — Xy )Sil’ll//i +(yM’_ —yH’_)cosy/l. +
+()ch_+I — Xy )sinl,//i+1 —(yMM ~Vu, )cosy/i+1
F, = —cos(dy —y,) +cos(d, ~,.,)
G, =-sin(g —y,)+sin(g,, —y,,,),j=12,..,N -1

If the hinges H and M are taken as the frames, we get a function generator four-bar linkage (figure 3)
and coefficients of the system Eq. (2) take the following form:

4;,=0

B, =~(r1, 52, G0t o5~ (1, ~ i )5 5.
C, =(xy, =y, )(sing —sing,,) = (v, =y, )(cosg —cosg.,)
D, =(x,,, = xy, ) (cosw, —cosy,., )+ (3, = vy, )(siny, —siny,.,) 4)
E; = (xy, =%y, )(siny;, =siny,,) + vy, = vu, )(cosy, —cosy,,)

F/ = _COS(¢1‘ - l//i)+COS(¢I~+1 - V/i+1)
,=—sin(g —y,)+sin(@,, —y,,,),j=12,... ., N-1

Figure 3 — Transfer four-bar Figure 4 — The binary link
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For path generator linkages. Let N be given the positions of the movable plane is determined by the
coordinates X K.» Y K of the point K by the angle of rotation around this point (figure 4). It is

necessary to determine the coordinates of the point M in the fixed plane and the point L in the movable
plane is lying on the arc of the circle with center at the point M.
We will compose the algebraic equation of closure of vector contours

X, =Xg +u, €osy, —v siny, =x, +Ilcosi,,
Vi, =Yg tu siny, +v,cosy, =y, +Ilsing, , (5)
i=L2, .., N
Egs. (5) can be reduced to the form
A, +Bu +Cv, +Dx, +Ey, +F;(”LXM +v,y, )+ Gj(uLyM —vaM): 0 (o
Where
Aj = [xKlz +yKi2 —xKM2 —yKMz]/Z
B, =x cosy, +yg siny, — Xg COSY. = Vi siny,,,
C,=—x siny, + Yk COSY, + Xy siny,,, — Yk, COSY., (7)
DJ. =Xy +xKM,Ej ==V +y1<,-+1’F/ =—Cosy, +C0SY,,,

G, =—siny,+siny,,,j=12,..,N -1

For motion generator linkages. Let N positions of the point L are given, and is set to define the

coordinates X L Y I and the rotation angle ¢, of the movable plane with respect to an unknown

fixed point Hy (figure 5). It is necessary to determine the coordinates of the point Hy of the fixed plane and
the point K in the movable plane is lying on the arc of the circle with center at the point Ho.

Figure 5 — The Dyad

The equation of closure of vector contours for the considered chain has the form
X, =Xy, + PxCOS@ —q,sing, +1,cosy, ,
Vi, =Yy, T PgSING +q, cosg +1,siny, ()
i=12, ..,N

Egs. (8) can be reduced to the form
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Aj +Bj XH, +ijH0 +Djp[( +EjQK +Fj(xﬁop1< +yH0qk)+

9
+Gj(xH0qK _yHopK):O ®
where
4, :[XL,Z +yL[2 —xLM2 —yLMZ]/2
By=—x, +x, .C;==y, +y,,
B, =—x, cosg—y, sing +x, cosg, +y, sing, (10)
E =x, sing — Vi, cos g, X, sing,, + Vi cosd,,
F,=—cos¢ +cosg,,G, =—sing +sing,,j=1.2,..,N -1
We obtained a system of equations of the form for all the three cases
A, +B, x,+Cx,+ D x, + E x, + F].(x1x3 +x2x4)+ Gj(x1x4 —x2x3)= 0, a1

j=12,..,N-1
If three positions of moving planes (N = 3) are given from Eq. (11) we obtain a system of two
equations with four unknowns. In this case, two parameters of the mechanism, for example x,, x, are

given arbitrarily and the system Eq. (11) is solved with respect to the remaining two unknowns. The

solution has the form
x,=d, /d, }

x,=d,/d, (12)

where
d,= ‘(Dj +Fx, —ijz) (EJ. +G)x, +ij2)

3

d = ‘(—Aj - Bx, —ijz) (EJ. +G)x, +ij2)

3

b

dy=|(D,+Fx,~Gx,) (-4,-Bx,—C;x,)
j=12

If four positions of moving planes (N = 4) are given from Eq. (11) we obtain a system of three
equations with four unknowns.

In this case, one parameter of the mechanism, for example x|, is given arbitrarily and system Eq. (11)
is solved with respect to the remaining three unknowns.

Alternately, excluding the two unknowns (for example, x, and x, ), we obtain a cubic equation that is
solved by analytically known methods [21].

ks + k2 +kx, +k, =0, (13)

where

ky=h +hx, +hx +hox k= h+hx, +hxl k, =h +hox, k= h,

h =dydy —dydy,, by =d,d, —d,d,, +d,dy, —dpdy, —dds,,

h3 = d11d34 _d14d31 + d24d33 _d23d34 _dodzv

h4 = d14d22 - d12d34 + dodll - d0d32:

hs = d13d34 - d14d33 + dodu - dod23a

hy=dd,, h, =dyd,;,

hx = d14d23 - d14d32 + d12d34 _d13d24 _dodzz _d0d33a
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b

d :‘Ej F G,

dy, :‘_Aj F; G,

dlzz‘_B./ F, G,

s =‘—Cj F, G,

’d14=‘_D./ F; G,

b

dy, =|E, -4, G,

.dy,=|E, -B, G,

dy=|E, -C, G,

.dy,=|E, =D, G,

b

j b

dy, Z‘E«i F, -4,
=123

’d32:‘E«i F; - B,

’dSSZ‘Ej F, =G,

’d34:‘E./ F, =D

The cubic equation Eq. (13) can be solved analytically and have one or three real roots [21] that sub-
stituting into Eq. (11) we obtain two equations in two unknowns x;, x,, are defined analogously to Eq. (12).

If five positions of moving planes (N = 5) are given, from Eq. (11) one by one excluding the three
unknowns (for example, x,, X;, X, ), we obtain a fourth-order equation of the form

k,x! + ko) +kxl +kx, +k, =0, (14)
where
ky = hhy + hhy k= hhy, + (hy + hy)hg + 2hh k, = hohg + (hy + hy)hy + 20,k +(h, + h))h,,,
ky = hoh, + (h, + hy)h, +2hh, .k, = h, h,, + hyh,,,
h=d,(dy;— dy)-dy(dy;+d,), hy=—d,(d,, - d;)+d;,(dy; +d,,),
hy=—d,d,;— dyd,;,
hy =—(dy, —d, )d; +d,)) +(dy, = dy))dy; +dyy),
hy =—(dy, —d )dy +d,,)+(dy, —dy))d); +dy),
hy=—d\;(d;, —d,))-d,;(d, +d,),
hy =—dy(dy; — dy))+d,,(dys+d,), by =dy(d); — dy)-dy(dys +d,,),
hyy=—ds(d\;— dy)-dy(dy+dy,), by =dpds+ dyd,,
d,=|D, E; F, G|
d,=|-4,E, F, G,

.dy,=|-B,E, F, G,

dy=|-C, E, F, G,

b

d, =|D;, -4, F, G,

dy=|D, =B, F, G,

b

dy=|D, —C, F, G,

d31:‘Ej F, -4, G,

sy :‘Ej F, -B, G,

dy=|E, F, -C, G,

J J

d41:|Dj E; F; -4,
j=123,4.

,d42=|D‘,- E; F, _Bj|’d43:|D~f E, B =€

j b

The fourth-order equation Eq. (14) can also be solved analytically [21], it can have two or four real
roots or have none. If there are two real roots and one of them was determined analytically, then the
second root can be determined from the following equation

2
x, =(hy +hox, +h x7)/(hy + h,x,)
If there are four real roots, then x; and x, are determined from
xy =(d,, +d,x, +d;x,)/ dy,
x, =(dy +dypx, +dyx,)/ d,
After the choice of initial approximations, an objective function is formed according to the output

criteria depending on the synthesis parameters P , using the Chebyshevsky (best) or quadratic approxi-
mation problems. For the Chebyshev approximation problem, the synthesis parameters are determined as a
minimum of the functional [22-25]
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S(ﬁ): max‘Aqi (P)‘ = min S(ﬁ), (15)

i=1,N
where Ag, (f’) is the weighted difference function for the selected mechanism [22-25].

According to this method, a program for the synthesis of planar linkages has been developed.

Conclusion. The optimal synthesis of planar linkages was developed. The method of searching for
initial approximations based on the use of Burmestor points for function generator linkages, path generator
linkages, motion generator linkages was considered. The objective function was formed according to the
output criteria, depending on the synthesis parameters of linkages, using the Chebyshevsky or quadratic
approximation problems. The synthesis parameters of linkages are determined from functional minimum.
The program for the synthesis of planar linkages has been developed. The program used the following
optimization methods: the Niedler-Mead method (the deformable polyhedron), the kinematic inversion
method, the coordinate descent method, the spiral coordinate descent method, the quadratic interpolation-
extrapolation method and the sliding tolerance method. We synthesized path generator four-bar linkage at
19 preset positions of the coupler point and planar linkages of Assur of the third and fourth classes. Using
the method of optimal synthesis, the gripper with desired law of motion of the bucket edges was designed.
A prototype of the gripper was manufactured and tested.

Acknowledgments. This material is based upon work supported by the Ministry of Education and
Science of the Republic of Kazakhstan under Grant no. AP05134959.
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"KA3BIK MIHTIPEKTI MEXAHU3M/EPIIH OHTANJIAH/IBIPBLIFAH CUHTE3I

AHHOTaIMs. bepiireH »KYMBICTa kKa3blK MIHTIPEKTI MEXaHWU3MJIEPIiH OHTAMIbl CHHTE31 3epTTenesni. byr ma-
KaJIaHBIH HETi3Ti MaKcaThl OarbITTaJFaH HIHTIPEKTI MEXaHW3MIEP, OPBIHAYBICTHIPFBIII HIHTIPEKTI MEXaHHU3MIEP,
OepimicTi MIHTIpEKTI MexaHU3MIEp YIIiH bypmecTep HyKTenepiH mainanaHyra HETi3[elnreH 0acTamKbl KyBIKTaybIH
aHbIKTay. JKa3plK Kem OybIHIbI HMIHTIPEKTI MEXaHU3MJICPIHIH CHHTE31 COHFBI OH JKbUIAA KAPKBIHIBI TAMbBII KEJIeI.
['eoMeTpHsIIBIK CHHTE3 — MIHTIPEKTI MEXaHU3MJIEpiH kKobanayaarsl €H MaHbI3/Ibl Ke3eHaepaiH Oipi, ce0ebi 1o ochl
Ke3eHJIe MEeXaHHM3M ©3iHe KYKTelreH (YHKUHsIapAbl OpbIHJAY YIUIH KaKETTi HEeri3ri KMHeMaTHKAaJbIK KacHeTTep
KanbmTacansl. MiHTIpeKTI MEXaHU3MICPIiH TeOMETPHSIIBIK CHHTE31 YII Typre OemiHei: OepiiicTi MeXaHU3MICPHIH
cuHTe31 («pyHKIUS TeHepaTopbl»); OarbITTAyIIbl MEXaHU3MAEPIIH CHHTE31 («TPaeKTOpHsl T€HEPaTOpbI»); KO3Fal-
MaJbl MEXaHHU3MICPAiIH CHHTE31 («Ka3BIKTHIK-TIApaJUIeh KO3FAllbIC T€HepaTOph»). BepiireH KOo3FaubICTHIH HaKTHI
OPBIHJIATYBI KOKEeT OOJIFaH Ke3Jie, I9JI CHHTE3/Iey MAcelieci TybIHaalIbl. JlereHMeH 1o mibiFapyFa OOMaThiH HIBIFBIC
OOBEKTICIHIH OpHAJacy CaHbl MIEKTeyNi. EKIiHII KaFblHAH, iC-OPEKeTTEeTi Ke3 KEeNTeH KO3FalbICTHl MEXaHU3M dJIe-
MeHTTepiHiH (OybIHAap, KWHEMATUKAIIBIK KYIITAp JKoHE T.0.) KaTelikTepiHe OaillaHbICThI IONAIKIIEH KOOSHTY MYMKiH
emec. COHABIKTaH MEXaHM3MJEPII CHHTE3/Y TEOPHSCHIHIA COHFbI KbULAAPbI, HETI3IHEH, MEXaHU3MAEPl KYbIK
cUHTE3/ey omicTepi jkacaiasl. Ocbulaiiliia, KMHEMaTHKAJIbIK CUHTE3MIH JKOFapblla aTajraH OapiblK MakKcaTTapbl
(yHKUMSIHBI KaKbIHIATY MoceleciHe AeiiH azasapl. MyHnal cuHTesney macenenepid Tyxbipeivaay [1.JI. UeObi-
IIEBTIH KJIACCHKAJIbIK )KYMbICTapbIHaH OacTay anazpl. baiiaHbic TeHIEYJIEpiHEH IIBIFATBIH CUHTE3/IK TeHIEYIepIi
KYpPAacThIPY 9IiCi MEH KOJIIAHBICTAFbl CHHTE3 JJIICTEPIH alreOpablK KOHE TeOMETPHUSIIBIK en Oenyre Oonaabl. ['eo-
METPHSUIBIK CHHTE3 9MIICTEpi KYpacTHIPbUIFaH KWHEMAaTHKaJbIK Ti30€KTiH TYWBIKTHIK TEHJIEYyJiepl HeriziHie Kypac-
TBIPBUIA/IBL. AJITeOpaIbIK CHHTE3 SJicTepi MEXaHW3MHIH LIBIFBIC OYBIHBIHBIH KO3FaJbICHIHA KOWBUIFaH OalinaHblc
TeHJIeyNepiH Koyinanaael. CHHTE3 TeHASYJIepiH Ienly TacuiaepiMeH OaiilaHbICThIPa OTHIPBIN, KOJIIAHBICTAFbl HiHTI-
PEKTI MeXaHM3MIEP/Ii CHHTE3ICY SHICTEPiH eKi TomnKa Oemyre Oomaapl: 1) aHATUTUKAIBIK SHicTep; 2) CaHABIK-OHTA-
JMAHIBIPY 9NicTepl. AHATUTHKANBIK CHHTE3IEC MEXaHW3MHIH TYpPaKThl IapaMeTpliepiHiH Oeiri Tikenedl aHamuTH-
KaJbIK (hopMymnanap apKpUIBI ecenTeneni. by ¢opMmynanap cuHTe3 TEHIAEYJIEpiH HAKTHI TYype MICUTy HOTIKECIHIIE
anpiHFad. MiHTIpeKTI MeXaHU3MIEpiHIH CUHTE31H OHTAIaHABIPY Ke3iHJe KOChIMILA CHHTE3 JKarJaiIapblH ecKepyre
0oapl, MbICANbl, KO3FaJbIC OEPY/IiH OHTAMIbI OYPBIIIbI, YKaIIbUIAHFAH Kipic KYLIIHIH MUHUMAJIIBI MOHI JKoHE T.0.
MexaHu3maep/i CUHTE3ACy/ IiH OHTAMIaHBIPy SAICTEPIHIH apTHIKIIBUIBIFBI, dCipece, KWHEMATHKAIIbIK [€OMETPUsIFa
HEMeCce OpPTYPJIi JKYBIKTAy O/iCTEpiHE HETI3[eIreH KHHEMATHKAIIbIK CHHTE3/IIH «KJIACCUKAJIBIK» dJiCTepl KOJIIaHbLI-
MalTBIH HeMece THIMCi3 OoiFaH >karjaiia xepiHeai. MiHTIpeKTI MexaHM3MIEPHiH CaH/BIK CHHTE3IHIH HOTHXKeCi
OacTamnKel KaKbIHIAYIBIH TaHAAybIHA OaiiaHBICTEL. bacTankel skaKbIHIAYIBI 131y IiH eH THiMIl omici — Bypmectep
HYKTeJIEpiH Maiiajlanyra HerizienreH afic. byt ozic cuHTe3 N yiI, TepT skoHe 6ec OepinreH 6acTanKsl AepeKTepAiH
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aHAJIMTUKAIIBIK OACTAIKbI XKAKbIHAYbIH aHBIKTAYFa KeMeTi Theal. bynaaii sxariaiina eKiHii, YIIiHII KOHe TOPTIHIII
JIOpexKeieri MOJIMHOMIAPAbIH IIeMiMIEpiH aHbIKTay KaxkeT OoJajbl. OAICTe, CHHTE3/eIreH UIHTIPEKTI MeXaHH3M
Oacrarnkbl KoHE TYHBIKTaJFaH KWHEMaTHKaNIbIK Ti30ekke OesiHell, coHbIMeH Oipre opOip Ti30ekrtiH bypmecrep
HYKTeCi aHbIKTanajbl. bacTankpl skaKplHIAYbl TaHJaFaHHAH COH, KBaJpaTThl JKakbiHIay HeMece UeOblleB ecente-
PiHIH KeMETiMEH CHHTE3 MapaMeTpliepiHe OalIaHbICThI IIBIFBIC OJIIIEMICPI OOMBIHIIIA MAKCATThI (DYHKIIUSA KYpbLIa-
11, JKa3bIK MIHTIPEKTI MeXaHU3MJEp CHHTE31HIH IapaMeTpliepi MakcaTThl pyHKINSHBIH MUHUMYMBbIHA OaiilaHbICTBI
anbIKTamanel. OCHI o/licKe COlKec, JKa3blK MIHTIPEKTI MEXaHWU3MIEp CHHTE3IHIH OarmapiiamMachl jkacaijbl. bepiareHn
9/IiCTi IEMOHCTpanusuIay YIIiH YT KeTipiia.
Tyiiin ce3aep: oHTAIIEI, XKa3bIK HIHTIPEKTI MEXaHU3MEP, OacTaIKbI XKaKpIHAAY, BypMecTep HyKTeci.
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ONTUMM3AIIMOHHBIIA CUHTE3 IVIOCKUX PHIYAKHBIX MEXAHU3MOB

AHHoTanusl. B Hacrosimelr paboTe ucciemyercs ONTHMANbHBIM CHHTE3 IJIOCKHX PHIYaKHBIX MEXaHH3MOB.
OcHOBHasl uzesl ATOM CTaTbd — B HAXOXKACHUM HAYAJIbHBIX NMPUOIIKEHUH, OCHOBAHHON Ha HCIOJIb30BAHUM TOUYEK
Bypmectepa i1 nepenaTodHbIX PBIYAXKHBIX MEXAHW3MOB, HAIPABILIIOLIMX PBIYAKHBIX MEXaHU3MOB, IIEpeMe-
AKX CA PbIYaXHbIX MEXaHU3MOB. CuHTe3 IUIOCKMX MHOTO3BEHHBIX PBIYAXXHBIX MCEXaHU3MOB HWHTCHCHBHO
pa3BHBaeTCs B IOCJIEJHUE AECATH JieT. ['eoMeTpuyecKkuil CUHTe3 SIBISIETCS OJHUM M3 HamOoliee OTBETCTBEHHBIX
9TANOB NMPOEKTUPOBAHMS PHIYAKHBIX MEXAaHM3MOB, NOCKOJBbKY MMEHHO Ha 3TOM 3Tamne (OpMHPYIOTCS OCHOBHBIE
KHHEMaTH4YeCKHe CBOMCTBA, HEOOXOIMMbIE MEXaHU3MY ISl BHIIIOJIHEHHS BO3JIOKCHHBIX Ha Hero ¢yHKIud. ['eomer-
PHYECKHUH CHHTE3 PBIYAXHBIX MEXaHM3MOB, IIO/IPA3JENsIeTCsl HA TPU BHJA: CHHTE3 IEpelaTOYHBIX MEXaHW3MOB
(«reneparop (HyHKIMM»); CHHTE3 HAMIPABIAIONINX MEXaHU3MOB («T€HEPATOp TPAEKTOPHUI»); CHHTE3 MEPEMEIIAIONINX
MEXaHHM3MOB («TCHEPATOpP IUIOCKO-TIAPAIIICIBHOTO ABMKEHU»). [Ipn TpeOGoBaHMM TOYHON peann3alyu 3aJaHHOTO
JIBIDKCHMSI BO3HHUKAET 3a/lada TOYHOTro cuHTe3a. OIHAKO KOJIMYECTBO ITOJIOKEHHH BBIXOJHOTO OOBEKTa, KOTOpBIE
MOXHO BOCIPOM3BECTH TOYHO, KaK IIPaBmIo, orpaHudeHo. C Opyroil CTOpPOHBI, JI0OOE NBM)KEHHE Ha IPAKTHUKE
HEBO3MOXHO BOCIIPOM3BECTH C HJCATbHOM TOYHOCTHIO M3-33 IOTPELIHOCTEH M3rOTOBICHUS 3JIEMEHTOB (3BEHBEB,
KMHEMaTHYEeCKUX Map | T.J.) MexaHu3ma. [loaToMy B TeOpHHu cHHTE3a MEXAaHU3MOB 3a MOCIEJHHE TObl PA3BUBAIIICH
TJIaBHBIM o6pa30M MCTObI l'[pI/I6J'lI/l)KeHHOFO CHHTE3a ME€XaHM3MOB. Takum 06p330M, BC€ yKa3aHHBIC BbIIIC 3ala4un
KHMHEMATHYECKOr0 CHHTE3a CBOIATCS K 3ajade NpuOImKkeHus (QyHkuuu. Takas (HopMyJIupoBKa 3aaad CHHTE3a
BOCXOAUT K KiaccuueckuM padoram I1.JI. YUeOsbieBa. [lo crocoOy cocrtaBieHUs ypaBHEHHH CHHTE3a, KOTOpBIE
BBITEKAIOT U3 YPaBHEHHH CBs3€H, CyNIECTBYIOIIME METOIbI CHHTE3a MOXXHO Pa3ZeiHTh Ha ajireOpanyeckue U reo-
MeTpuyeckue. ['eoMeTpuyeckne METo/Ibl CHHTE3a COCTABISIOTCS Ha 0a3e ypaBHEHHMH 3aMKHYTOCTH ITPOEKTUPYEMOH
KHHEMaTH4YeCKOW Ienu. AnreOpandeckre METObl CHHTE3a HCIIOJIb3YIOT YPABHEHHS CBsI3el, KOTOphIE HAJIaraloTcst Ha
JIBIDKCHNE BBIXOAHOTO 3BeHa MexaHm3Ma. Ilo crmocoOy pemeHnsi ypaBHEHHH CHHTE3a, CYLIECTBYIOIINE METOJIbI
CHHTE3a PHIYKHBIX MEXaHU3MOB MOYKHO Pa3/Ie/IUTh Ha JIBE TPYMIIL: 1) aHAIUTHYECKHE METO/BL; 2) YUCICHHO-OIITH-
MHU3alMOHHBIE MeTOAbl. IIpM aHaIMTHYECKOM CHHTE3€ 4YacTh IOCTOSHHBIX MAapaMeTPOB MEXaHW3Ma BBIYHCIACTCS
HETIOCPENICTBEHHO 10 aHANUTHYeCKHM (GopMynam. OTu (GOpMYJIbI OJNYYalOTCs KaK pe3yibTaT pellieHHs ypaBHeHUH
CHHTE3a B SIBHOM BHJE. lIpy ONTHMU3AIIMOHHOM CHHTE3€ PBIYaKHBIX MEXaHHU3MOB MOJKHO YUHTHIBATH JOIMOJIHH-
TCJIbHBIC YCJIOBUSA CUHTE3a, TAKUC KaK OITHMAaJIbHBIN yroja nepcaaqyu ABUKCHUA, MUHUMAJIbHOC 3HAYCHUE O606U.leH-
HONl CcHJIBI Ha BXOoAC U T.nO. HpeI/IMyLHeCTBa ONTUMU3AIUOHHBIX METOAOB CHUHTE3a MCXAaHHU3MOB IPOABIIAIOTCA
0CcOOEHHO B TeX CIydasiX, Koraa "KilaccHdeckue" MeToJbl KWHEMaTH4eCKOrO CHHTEe3a, OCHOBAHHBIE Ha KMHEMaTH-
YEeCKOW TeOMETPHHU MM PAa3IMYHBIX CIOCO0axX aNlpOKCUMAIMH, HEIPUMEHUMBI WIIH MAJIO3((EKTHBHEI.

Pe3ynbTaThl YHCIIEHHOTO CHHTE3a PHIYQKHBIX MEXaHM3MOB 3aBHCSAT OT BHIOOpAa HAYIBHBIX MPUOIIDKEHUH.
Bonee ruOKMM METOIOM ITOWCKA HAYaIbHBIX MPUOIMKEHNH SIBIISIETCS. METOJI, OCHOBAaHHBIH Ha MCIIOJIb30BAaHUU TOUEK
Bypmecrepa. DTOT MeTOJ MO3BOJISET ONPENESIUTh AaHAINTHIECKN HavalbHbIE MPUOIIKEHHS TI0 TPEM, YETBIPEM HIIH
IATH 3aJaHHBIM HCXOJHBIM JaHHBIM CHHTE3a. B 3TOM ciydae 3amavya CBOAMTCS K ONPENCIICHUIO DPEIICHHWH
MIOJINHOMOB COOTBETCTBEHHO BTOPOM, TPETbEM M UETBEPTOM CTENEHH. METOJ 3aKJII04aeTcsi B TOM, YTO CHHTE3H-
PYEMBIil PbIYaXXHBII MEXaHU3M YCIOBHO Pa30MBacTCS Ha MCXOJHBIC U 3aMBIKAIOLIME KHHEMATHYEeCKHe LEMH, U I
Ka)XJOM LIeTu olpeessitoTess Touku bypmecrepa.

Iocne BeIOOpa HavanbHBIX NPUOIMKEHUH (popMHupyeTcs LeneBas GyHKIMS MO BBIXOAHBIM KPUTEPHAM, 3aBH-
csilasi OT MapamMeTpoB CHUHTE3a, IPU HOMOILM 33a7a4y YeObIeBCKOro (HauIy4llero) Wik KBaJapaTuiecKoro mpuoim-
xenuid. [TapameTpbl CHHTE3a IJIOCKMX PHIYQKHBIX MEXaHM3MOB OIPEACIISAIOTCS U3 MUHUMYMa 1ieieBoi GpyHkuuu. B
COOTBETCTBUH C 3THM METOJIOM OblIa pa3zpaboTaHa MporpamMMa CHHTE3a IUIOCKUX PBIYaKHBIX MeXaHW3MOB. lIpuBe-
JIeH IIpUMep Ul AEMOHCTPALUU JAHHOTO METOJa.

KoueBble ci1oBa: CHHTE3, ONTHMAIIBHBIN, INIOCKHE PHIYQKHBIC MEXaHU3MBI, HadyaJIbHbIE TIPUOIMKEHHS, TOY-
ku bypmecrepa.
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