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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.
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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.
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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, ¢tc. 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 O1AC, 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

Xy, Vi » Xy > YVay, Of the points H and M, and the rotation angles @, ¥, around these points
(1=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

X; =Xy + Pg COSQ, — gy sIng, +1;,c08y, = X, +u, cosy, — v siny,,
Vi =Yy Py SINQG, + g cos@, +hsiny, =y, +u; siny, +v, cosy,, (D
i=12, .,N
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Excluding an unknown angle y . , the system of Eq. (1) reduced to the form

Aj + ijK + quK + DjuL + E]'VL + F] (pKuL T4V, )+ Gj (pKVL —qrU ) =0 @
where (3)

Aj - |:(xM,- _ xH,- )2 +(yMi _yH,- )2 —()CMi+1 — )CHH1 )2 - (yMH1 - yHH1 )2:|/2

B, = —(xMi —le_)cosgzﬁl. —(yMi —yHi)singzﬁl. +
Jr(xMH1 — Xy )cos ) i o (yMi+1 —Vu, )sin »
C, = (xMi — xHi)singzﬁl. - (J/M,. —yHl_)cosgzﬁl. —
— (xMH1 — Xy )sin ¢+ ( Vi, ~ Vu,, )cos i
D, = (xMi — Xy )COSl//l. =+ (yMi —Vu, )sin W, — (3)
- (xMM — Xy, )cos Wi — (yMM ~ Vi, )Sin Vi
E = —(le_ — Xy )sinl//l. + (yMl_ — Yy, )cosy/l. +
+ (xMH1 — Xy )sin W — ( Yat, ~ Va, )cos Vi
F, = —cos(d — ;) +cos(dh, ~v.,)
G, ==sin(g —y,)+sin(g,, —v,.,),/=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:

A]. =0

B, = —(xM —xHO)(cos¢l. —Cos Hl)_(yMo _yHO)(Sin¢i —sing,, )

C]. = (XMO —XHO)(SinQ —sin M)—(yMO _yHO)(COS¢i —CO0s z‘+1)

D, = (xMO - Xy, )(cosy/l. —cosy,,, ) + (yMO ~ Y, )(sinl//l. —siny,,,) 4)

E = (xMO — g, ) (siny, —siny,,, )+ (yMO — W )(cos W, —cosy,,,)
F} = _COS(¢1' - l//z) + COS(¢H1 - l//z'H)

G]

=—sin(g —y,)+sin(g,, —v..,),j=12,...,N-1

Figure 3 — Transter 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 P & . 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 cosy, —v siny, =x, +lcosk,,
Y, =YV, +u, siny, +v,cosy, =y, +Isin4 , (5)
i=12 .,N

Eqgs. (5) can be reduced to the form
A +Bu +Cyv, +Dx, +Ey, + Fj.(uLxM + vLym)+ Gj.(uLyM -V, X, ) =0 (6
Where
A =[x+ =%, ]2
B, =X, cosy,+ Yy, siny, =X, C€OSY,, — Y, siny,,
C, = —Xy siny, + Vi, COSY, + X siny,,, — Vi, COSY,, @)

D, ==x¢ +x¢ E, ==Y +¥ I, =—cosy, +cosy,,

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 Ls Y 5 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, + Py COSG — gy sing, +1,cosy, ,
Vi, =Yy, + PrSIng +q, cosg +1siny, (®)
i=12, .,N

Egs. (8) can be reduced to the form
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4.+ B, Xy, +ijH0 +D,py +E,qy +Fj(xH0pK +yH0qk)+

9
+G (5,4 = Y, 1) =0 v
where
A = [xLI_Z + yLI_2 —xLM2 — yLI_HZ]/2
B=—x; +x_,C,==y. + ¥,
Bj =—X, cosg — v, sing, +X; cosg,, + Y sing,,, (10)
E, =x_ sing -y, cosg —x, sing,, +y, cosd.,
F,=—cos¢ +cosg,,G, =—sing +sing ,j=12,..N -1
We obtained a system of equations of the form for all the three cases
A +B; x,+Cx,+Dx;+ Ex, + F].(xlx3 +x2x4)+Gj(x1x4 — x2x3)= 0, an

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,,
12
x,=d,/d, (12

where
dy =D, +Fx,~Gx,) (E,+Gx +Fx,)

B

>

dy=|(-4,-Bx,—Cpx,)  (E;+Gx +Fx,)

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].
kX +kyxd +kx, +k, =0, (13)

where

k,=h+hx +hx +hx k =h+hx +hx’ k =h +hx k=h,

hl = d24d31 - d21d34a hz = d14d21 _d11d24 + d24d32 _d22d34 _d0d31:
h3 = d11d34 _d14d31 + d24d33 - d23d34 - d0d217
h4 = d14d22 _d12d34 + dodn a d0d32:
hs = d13d34 o d14d33 + dodn o d0d23:
hy =dyd,, h,=dd,;,

hx = d14d23 - d14d32 +d12d34 - d13d24 - dodzz - dod

33>

— 176 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2020

B

d,=|E, F, G,

:dll :|_Aj F; Gj

dy,=|-B, F, G,

7d13:‘_cj F; Gj

dy=|-D, F, G,

B

dy=|E; -4, G,

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

.dy=|E, -D, G,

B

J J J Jl?

dy =|E, F, -4,
j=123

dy,=|E, F, -B|.d=|E, F; -C,

dy =|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

kx! + kol +kox! +kx, +k, =0, (14)

where

k,=hh,+hh, k =hh,+(h, +h)h +2hh k, =hh,+(h +h)h, +2hh, +(h,+h)h,,

k,=hh, +(h,+h)h,+2hh. k,=hh, +hh,,

h=d,d,;—- d,)d,d,+d,), h=-d,d, - d,)+d,(d,;+d,),

h,=-d,d,,— d,d,;,
h,=—(d,,—d )d,+d)+(d,—-d,)d,;+d,),
h,=—(d,,—d )d,+d,)+(d,—-d, )d;+d,),
h,=-d.,d,,—-d,)-dd,+d,),
h,=-d,(d,- d,)+d,d,~+d,), h=d,d,— d,)d,(d,+d,,),
h,=-d,d,— d,)d,d,,+d,), h, =d.d,+ d,d,,
d,=|p, E, F, G|
d, =|-4,E, F, Gl.d,=|-B, E, F, G|.dy=|-C, E, F, G|
dy=|D, -4, F, G,

B

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

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

dy=|E, F, -4,G|d,=|E, F, -B,G,

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

d,=|D, E, F, -4,
j=1234.

d,=|D, E, F, -B|.ds=|D, E, F, -C

j g

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 = (l/% +h6'xl + hllxl )/(hs + thxl)
If there are four real roots, then x; and x, are determined from
X3 = (dn + dlle +d13x2)/d0>
Xy = (d21 + dzle +d23x2)/d0
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(]S)= r,-nﬁai‘Aq"(ﬁ)‘ => mﬁinS(ﬁ), (15)

where Ag, (13) 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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TAxagemuk ©. A. JKonIacOEKOB aThIHIAFbl MEXAHHKA YKOHE MANIMHATAHY HHCTHTYTHI,
Ammatsl, Kazakcran,
Typik Mammua xacay KaybmaacTsrs, [asmanremn, Typkus

"KA3EBIK MIHTIPEKTI MEXAHWU3MIEPIH OHTAMJIAHALIPELIFAH CHHTE3I

AnHoTamust. bepinreH »xyMpIcTa ’Ka3bIK MIHTIPEKTI MEXaHU3MICPAIH OHTAMIBI CHHTE31 3eprreneal. by ma-
KAJaHBIH HETI3rl MAKCaThl OAFBITTANFAH MIHTIPEKTI MEXaHM3MICP, OPBIHAYBICTBIPFBIII HMIHTIPEKTI MEXaHH3MIED,
OeplricTi HIHTIPEKTI MEXaHM3MIEP YHIIH BypMecrep HYKTENepiH maimanaHyFa HETI3JACITeH OACTanKbl >KYBIKTAY bIH
aHbIKTay. JKaspIK kem OyBIHIBI HiHTIPSKTI MCXAHH3MICPIHIH CHHTC31 COHFBI OH YKbUTAA KAPKBIHIBI TAMBIN KEIC.
I'eoMeTpHSLITBIK CHHTE3 — HIHTIPEKTI MEXaHU3MAEPIH K00aIay TaFbl €H MAHBI3ABI Ke3CHICPAiH Oipi, cebebdi 101 OChI
KE3CHIC MEXaHM3M 631HE KYKTCITeH (DYHKIMIAPAbI OPBIHAAY YINIH KAKCTTI HETi3rli KMHEMATHKAIBIK KACHETTEP
Kampinracansl. MiHTIpEKTI MEXaHU3MAEPAIH TEOMETPISIIBIK CHHTE31 YII Typre OeHeai: OepiicTi MEXaHH3MACPHIH
cuHTE3l («(PYyHKOMSA TEHEPATOPBD»);, OAFBITTAYMIBI MEXaHM3MACPIAIH CHHTE3l (KTPACKTOPHS TCHEPATOPBI»), KO3Fal-
MaJbl MEXaHU3MICPAIH CHHTE31 («KA3bIKTHIK-MAPAIIICTh KO3FAIBIC TCHEPATOPhD»). bepinreH KO3FaJbICTBHIH HAKTHI
OPBIHAANYBI KAKET OOJFAH KE3/E, IO CHHTE3ICY MACENECl TYBIHAAHAbI. JIeTeHMEH 1001 MbIFapy¥Fa OOIAThIH IIBIFIC
OOBEKTICIHIH OpHAIAcy CaHbl IMEKTEYi. EKIHINI JKaFbIHAH, IC-OPEKETTErl Ke3 KEITeH KO3FAIBICTHI MEXAHU3M JIIc-
MEHTTEPiHIH (OYBIHAAP, KHHEMATHKAIBIK JKYNTAP JKOHE T.0.) KaTeJIKTepiHE OaHIaHBICTHI TOIIKIICH KOOCHTY MYMKIH
emec. COHABIKTAH MEXAHHM3MACPAI CHHTE3ICY TCOPHACHIHIA COHFBI KBUIIAPHI, HETI3IHEH, MEXAHH3MACPIl KYBIK
CHHTE37ey omicTepi skacanasl. OchbUIaiIma, KMHEMATHKAIBIK CHHTC3IH >KOFAPBINA aTanFaH OapibIK MaKCaTTaphl
(P)YHKIUSHBI JKaKbIHAATY MOCENCCiHE nciiH azasasl. MyHmalt cuHTe3Aey Mocenenepin Tyxbipsivaay [1.J1. UeOsr-
MICBTIH KIACCHKAJBIK *KYMBICTAPBIHAH 0acTay ananpl. baimaHbic TeHACYJNEPIHCH IIBFATHIH CHHTE3AIK TEHACYICPal
KYPacCTBIPY 9iCi MCH KOJIAHBICTAFBl CHHTE3 QIICTCPIiH anreOpajIblK sKOHC TCOMCTPHIAIBIK e Oenyre Oomaxsl ['eo-
METPISIBIK CHHTE3 OICTEPl KYpPACTHIPHUFAH KMHCMATHKAJBIK Ti30CKTIH TYHMBIKTHIK TCHICYJICPI HETi3iHIAEC Kypac-
THIPBUIAABL. ANTeOpaNbIK CHHTE3 SICTEPl MEXAHM3MHIH INBIFBIC OYBIHBIHBIH KOBFAJBICHIHA KOMBUFAH OaiiaHbIC
TCHACYJICPiH KommaHaabl. CHHTE3 TCHACYICPIH MICIIY TOCLIACPIMCH OAMIAHBICTHIPA OTHIPHIN, KOJIIAHBICTAFBI HiHTI-
PCKTI MCXaHU3MICPII CHHTE3ACY dICTCPiH CKi TOMKA Oenyre 0omaapl: 1) aHAMMTHKATIBIK SOICTEP; 2) CAHIBIK-OHTA-
JAHABIPY S7icTepl. AHANHMTHKANBIK CHHTE3IC MEXAHM3MHIH TYPAKTHl HMAPAMETPICPIHIH O6Jri TIKCICH aHAIHTH-
KaJbIK (popMynamap apkeuIbl ecenreneai. byn gopmynanap cuHTe3 TEHACYIACPIH HAKTHI TYPAC HICHIy HOTHIKCCIHIC
aneiaFaH. MIHTIPeKTI MCXaHU3MACPiIHIH CHHTC3IH OHTAMIAHABIPY KE31HAC KOCHIMINA CHHTE3 JKAFIANIaphIH CCKEPYTe
60amp1, MBICAJBI, KO3FAIBIC OCPYAiH OHTAMIBI OYPHIMIbI, KANIMBIIAHFAH Kipic KYIIiHIH MUHUMAJIAbI MOHI JKOHE T.0.
Mexanu3MaepIi CHHTE3ACY AiH OHTAMIAHABIPY SHICTEPiHIH APTHIKIIBUIBIFEL, dCIpece, KHHEMATHKAJBIK TCOMCTPHSFA
HCMECC OPTYPIIL JKYBIKTAY OMICTCPIHS HETI3ACATCH KHHCMATHKAIBIK CHHTC3/IIH «KIACCHKABIKY OAICTCPl KOJIIAHBLI-
MaHTBIH HeMece THIMCI3 OoJFaH skarmaina kepinemi. MiHTIpekTI MEXaHM3MICPHAIH CAHABIK CHHTE3IHIH HOTIDKECI
GacTanKel )KaKbIHAAY IbIH TAHJAybIHA OaHIaHBICTHL. bacTamke! >KaKbIHAAYBI 130CYAIH €H THIMAI dxici — Bypmecrtep
HYKTCIICPIH MaHJaIaHyFa HETI3ACITCH o4iC. By omic CHHTE3AiH Y, TOpT sKoHE OcC OCpiareH 0acTamKbl ACPCKTSPIIH
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AHATTMTUKAIIBIK OACTAIIKBI KAKBIHIAY BIH AHBIKTAYFa KOMeET1 Theal. byHnalt skarmaiina exiHii, YIIHON KHE TOPTIHMI
JIOPCHKEICTI MOJMHOMIAPIBIH IICINIMACPIH AHBIKTAY KAKST OONATbl. OMICTC, CHHTC3ACITCH HIHTIPCKTI MCXAHH3M
0acTanKkpl KOHC TYHBIKTAIFAH KHHEMATHKAJNBIK Ti30EKKke OeuiHeni, cCOHbIMEH Oipre oapdip Tiz0ekriH Bypmecrep
HYKTECI aHBIKTAJIadbl. bacTanKel sKaKeIHAAYIbI TAHJAFAHHAH COH, KBAaJApATTHI *KaKpIHIAy Hemece UeObmmes ecemnre-
PiHIH K6METIMEH CHHTE3 MapaMeTpIiepiHe OaIaHBICThI IIBIFBIC ©IMEMACP] OOMBIHIIA MAKCATTHI (PYHKIMSI KypbLIa-
161 JKa3bIK MIHTIPEKTI MEXaHM3M/CP CHHTE31HIH IapaMeTpepi MaKcaTThl ()Y HKIMSTHBIH MHHHUMY MBIHA OaiIaHBICTHI
anbIkTanagbel. OChI OICKE COMKEC, KA3bIK MIHTIPEKTI MEXaHM3MCP CHHTC3iHIH OarmapiaMacsl »kacainasl. bepinrren
OMICTI AGMOHCTPANKMSIAY YIMIiH YT KEXTIPIImL.
Tyiiin ce3aep: OHTAMIEL, KA3bIK HIHTIPSKTI MEXAHU3MICP, OACTATIKBI KAKBIHAAY, BypMecTep HYKTeCl.

A. K. Tynemosn!, A. A, T:xomapros?, C. HUopaes!, H. K. ixamaos!, P. Xamucuorisr

TMHCTUTYT MEXAHUKM M MaIIMHOBeneHuS uM. Y. A. JhronnacOexosa, Anmarsl, Kazaxcras;,
2Typeuxast Accounarust Teopur Mammus, [asuanren, Typuus

ONITUMHU3ALMOHHBIA CHHTE3 INIOCKHUX PBIYAKHBIX MEXAHU3MOB

Annortamust. B Hacrosmeil pabore HCCIEAyeTcsi ONTHMANBHBIA CHHTE3 IUIOCKHX PBIYAXKHBIX MECXAHHU3MOB.
OcHOBHAsI West ITOW CTaThH — B HAXOXKACHHH HAYAIBHBIX NMPHOMIDKCHUH, OCHOBAHHON HA MCIIOJIB30BAHHH TOUCK
Bypmecrepa ans mepelaTOYHBIX PHMAKHBIX MEXAHHW3MOB, HAMPABILIOIINX PHMAKHBIX MEXAHH3MOB, IIEpeMe-
IMAFOIIAXCSA PHYMAKHBIX MCXAHH3MOB. CHHTE3 IUTOCKHX MHOTO3BCHHBIX PBIMAKHBIX MCXAHH3MOB HWHTCHCHBHO
pa3BHBAeTCA B IOCICIHHC ACCATH IIET. | COMETPHYCCKHI CHHTE3 SIBILICTCS OJHHM M3 HAWOOJIEE OTBETCTBEHHBIX
3TaNoOB MPOCKTUPOBAHHUI PBHIYAKHBIX MEXAHW3MOB, MOCKOJIbKY MMEHHO HA 3TOM 3Tane (POPMHUPYIOTCS OCHOBHBIC
KHHEMATHICCKHE CBOHCTBA, HCOOXOAUMBIC MEXAaHU3MY ULl BBIIIOJTHCHHS BO3JIOKCHHBIX HA HETO (DyHKIMH. [ eomer-
PHMECKHI CHHTE3 PBHIMAKHBIX MEXAaHH3MOB, ITOJPA3JACICTCS HA TPH BHAA: CHHTE3 IEPEIATOUHBIX MEXAaHH3MOB
(«reHepaTop (D)YHKUHMY), CHHTC3 HAMPABILFOIINX MCXAHH3MOB («TCHEPATOP TPACKTOPHEY), CHHTC3 TMCPCMCIIAFOTIIHX
MCXAHHU3MOB («TCHEPATOP ILIOCKO-TIAPAJUICTHHOTO ABIWKCHHD»). [IpH TpeOOBaHNN TOUYHOH PCaMHM3alHd 3aJaHHOTO
JBIDKCHHSI BOZHUKACT 33/1a4a TOYHOTO cuHTE3a. OJHAKO KOJMYECTBO IOJOXKCHHH BBIXOJHOTO OOBEKTA, KOTOPHIC
MOYKHO BOCIPOHW3BECTH TOYHO, KaK IPaBWiIo, orpaHmdcHO. C Apyrod CTOPOHBI, JFOO0OC NBI)KCHHE HA IPAKTHKE
HEBOZMOKHO BOCTIPDOM3BECTH C HICAILHON TOUHOCTBIO HM3-3a IIOTPEHIHOCTEH W3TOTOBICHHUS 3JCMCHTOB (3BCHEBCE,
KHHEMAaTHYCCKUX Map H T.J.) MeXaHu3Ma. 1103ToMy B TEOPHH CHHTE3a MEXAHHU3MOB 32 ITOCICTHIE TObI PA3BUBAIHICH
TJIABHBIM 00PA30M METOIBI MPHOIMKCHHOTO CHHTE3a MEXaHH3MOB. TakmM 00pa30M, BCE YKA3aHHBIC BBIIC 331a4H
KHHCMATHUCCKOTO CHHTE3a CBOJATCSA K 3adauc NpHOMKCHHS (yHKuuH. Takas (HOpMyIHpPOBKA 3a7ad CHHTE3A
BOCXOmHT K KiaccumueckuM padoram I1.JI. YUebnimena. [To cmocoOy cocTaBicHHS YpaBHEHHH CHHTE3a, KOTOPBIC
BBITCKAFOT W3 YPABHCHUH CBS3CH, CYIICCTBYIOIIHME METOIBI CHHTE3a MOYKHO PA3ACIHTh HA aNreOpantecKHe W Ieo-
METpHUYCCKHE. | eOMETPHUECKHE METOAbI CHHTE3a COCTABILIFOTCS HA 0a3¢ YpaBHEHHH 3aMKHYTOCTH ITPOCKTHPYEMOH
KHHEMATHICCKOI LeTn. ANreOpaniecKue METOIbI CHHTE3a HCIOIb3YIOT YPABHEHHS CBSI3¢H, KOTOPBIC HAJIAratoTCs HA
JBIKCHHUC BBIXOJHOTO 3BCHA MexaHm3Ma. [Io cmocoOy perucHus ypaBHCHHH CHHTE3a, CYIICCTBYIOIIME METOJBI
CHHTE3a PHUAKHBIX MEXAHU3MOB MOKHO Pa3JCIUTh HA ABE FPYNIbL 1) AHAMUTHYECKUE METOBI, 2) YUCICHHO-OITH-
MH3A0HOHHBIC METOABL [IpH aHATUTHYECKOM CHHTE3C YaCTh IIOCTOSHHBIX NAPAMETPOB MEXAHW3MA BBIMHCIICTCS
HEIOCPEICTBEHHO MO aHANMUTHYCCKUM (hopMyIaM. 3TH (HOpPMy Bl HOIYUAOTCA KaK PE3yIbTaT PEHICHHUS YPABHCHHH
CHHTC3a B SBHOM BHAC. [IpH ONTHMH3ALMOHHOM CHHTC3C PBUAKHBIX MCXAHH3MOB MOYKHO VUHTBIBATH JOTIQIHH-
TEJIbHBIC YCIOBHS CHHTE3d, TAKME KaK ONTUMAJIBHBIN YTOJI NEPEAAdn ABIKCHIS, MUHHMAILHOE 3HAUCHUE 0000MIECH-
HOH CWJIBI HA BXoJAe W T.4. [IpemMmymiecTBa ONTHMH3AIMOHHBIX METOJOB CHHTE3d MEXAHH3MOB ITPOSIBILIFOTCS
0COOCHHO B TEX CIy4YasiX, KOTAA "KIacCH4eCKHE" METObl KHHEMATHUICCKOTO CHHTE3A, OCHOBAHHBIC HA KMHEMATH-
YECKOH TE€OMETPHH HITH PA3IHYHBIX CIIOCO0AX AIMIPOKCHMALUH, HEMPUMEHUMBI WA Mal03()(hEeKTHBHBL

Pe3ybTaThl UMCICHHOTO CHHTE3a PHMMAKHBIX MEXAaHM3MOB 3aBHCAT OT BHIOOPA HAYANHHBIX NMPHOIIKCHHUH.
Bonee ruOKuM METOAOM MOWCKA HAYATBHBIX MPHOIMKCHUH SBIICTCS METO/I, OCHOBAHHBII HA UCTIOJIb30BAHUH TOUCK
Bypmecrepa. 310T METO MO3BOIIET ONMPENCIHTh AHATHTHUCCKH HAYAJIbHBIC MPHOMIDKCHIS IO TPEM, YCTHIPEM HIIH
IITH 3a7aHHBIM KMCXOJHBIM JAHHBIM CHHTE3a. B 3TOM cCiywyae 3amadya CBOAMTCS K OIPEIACIICHHIO PEIICHHUH
TIOJIMHOMOB COOTBETCTBEHHO BTOPOM, TPEThEH M HETBEPTOH CTEHMEHH. METOA 3aKIH0YAcTCA B TOM, YTO CHHTC3H-
PYEMBIH PHMAKHBIH MEXaHH3M YCIOBHO Pa30MBACTCA HA UCXOMHBIC M 3aMBIKAIOIIIC KHHEMATHICCKHE LCTH, U I
KaXIOH IIEIH ONPEACILIFOTCS TOUKH bypmecTepa.

[NTocne BBIOOpA HAYANLHBIX MPHOMMKCHUH (DOPMUPYETCS HEIeBas (yHKIWS IO BBIXOJHBIM KPUTEPHSIM, 3aBH-
CAImaqd OT MAPAMCETPOB CHHTE3A, MPH MOMOIIH 33124 YEOBIMICBCKOTO (HAMJIYYIICTO) HITH KBAAPATHICCKOTO MPHOIH-
skeHuH. [lapaMeTpsl CHHTE3a IUIOCKUX PHIMAXKHBIX MEXAHU3MOB OIPEICIIOTCS W3 MUHIMYMA IeneBoil (yHKmu. B
COOTBETCTBHH C 3THM METOJO0M ObITa pa3paboTaHa MporpaMMa CHHTE3a IUIOCKUX PHIMAKHBIX MEXaHH3MOB. [Ipuse-
JICH TIpUMEP A ACMOHCTPALMHI JAHHOTO METO/IA.

KiroueBbie cioBa: CHHTE3, ONTHMAIBHBIN, MJIOCKUE PHIMAXKHBIC MEXAHH3MbI, HAYAIbHBIC MPUOIKCHUS, TOY-
xu bypmecTepa.
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