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ON APPLYING HIGH-CLASS MECHANISMS OF HEAVY-LOADED
MACHINES

Purpose. To evaluate the impact of possible variants of assemblies of the fourth class Assur group as a component

of a jaw crushing machine on the machine runnability.

Methodology. In this paper, a theoretical study of possible assemblies of a fourth class Assur group, which is part

of a jaw crusher, was carried out.

Findings. Based on the conducted research it is found that the number of possible assemblies of the group in this
mechanism without its reference to the crushing machine is equal to four. While applying this mechanism in the
crushing machine, the maximum number of assemblies equals two and they can be in a close proximity, which can

result in emergency.

Originality. The originality in the work involves defining the number of possible assemblies of the fourth class As-
sur group. For the group under consideration it has been established that the maximum number of assemblies equals
four. An algorithm of finding a zone of possible positioning of a driven crank of a crushing mechanism is suggested,
which allows influencing the remoteness of two closely-spaced assemblies.

Practical value. The search algorithm of possible assemblies of the fourth class Assur group with the help of
Mathcad program can be used when synthesizing similar crushing machines.

Keywords: jaw crushing machine, mechanism assemblies, Assur group, Mathcad program

Introduction. The vast majority of planar lever
mechanisms applied in current technology belongs to
the second class according to Assur-Artobolevsky clas-
sification. Mechanisms of the third class feature small
application domain. As for the mechanisms of the
fourth and higher classes, which are called “high-class
mechanisms (HCMs)” in scientific literature, they are
rarely used.

With increasing class of the Assur group, the number
of its possible configurations and assemblies increases.
Every assembly has its own peculiarities and studying
them is of certain interest. The issue of choosing an ef-
ficient assembly in relation to functions performed by
the mechanism is topical.

Literature review. Many researchers (L.V.Assur,
I.1. Artobolevsky, U.A.Dzholdasbekov) pointed out
that HCMs have considerable kinematic and dynamic
possibilities compared to the second class mechanisms,
which are traditionally used.

However, these possibilities have not been properly
developed up to the present. In many respects this is
caused by the lack of engineering methods for their
computation and analysis.

For a long time, the issue of high-class mechanisms
was studied by U. A. Dzholdasbekov who along with his
apprentices developed general methods of structural, ki-
nematic and force analysis of HCMs. Moreover, he sug-
gested a series of devices whose basis is formed by HCMs
(hoisting, cargo-handling, lifting gears and others). Ac-
cording to the results of this work, U. A. Dzholdasbekov
published the book “The theory of high-class mecha-
nisms” in 2001.
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In [1] issues of synthesis of Stephenson six-leverage
mechanism which contains the fourth class group, are
considered. Article [2] deals with analysis of the fourth-
class mechanism. Kinematic analysis of the sixth class
mechanism is done in [3]. General issues of finding as-
semblies in Assur groups of lever mechanisms are con-
sidered in [4].

In [5, 6] set forth results of research on mechanisms
with alterable contour. Moreover, works regarding the
second class mechanisms are published regularly [7].

Recently there has been observed a tendency of ap-
plying HCM s in crushing machines. Research and devel-
opment in this field are performed under L. T. Dvorni-
kov’s guidance in Russia. He and his apprentices obtained
patents of the Russian Federation for a range of crushing
machine designs in which mechanisms with closed-loop
reconfigurable contours are used (Fig. 1).

Patent No. 2332260 of the Russian Federation is also
related to a jaw crusher with a sixth class mechanism.

Crushing machines belong to heavy-loaded ma-
chines in which strong forces act and there can be part
joint gaps as a result of heavy wear of mated surfaces of
the parts. Under such conditions if mechanism assem-
blies are arranged rather closely, spontaneous transition
from one assembly to another can occur, which may
cause emergency situation.

Earlier the authors of the article [8] conducted re-
search on design of a jaw crusher in which both jaws
move (Fig. 2) which resulted in establishing that in cer-
tain cases with one and the same position of the input
crank AB, two mechanism assemblies can be situated
rather closely.

Therefore, studying assemblies in such mechanisms
is of great importance at the synthesis stage.
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Fig. 1. Ajaw crusher:

a — with a fourth class mechanism (Patent No.2235594); b — with a fourth class mechanism (Patent No. 2142850); c — with a fifth

class mechanism (Patent No. 2232637)

Fig. 2. A jaw crusher in which both jaws move with a
Sourth class mechanism (Patent No. 2538108)

Purpose. The purpose of the work is to study possi-
ble variants of assemblies of the fourth class Assur group
when it is used in a heavy loaded jaw crusher.

To achieve the set purpose the following tasks were
determined:

- to study a fourth class mechanism (Fig. 3, @) which
is similar to the one in Fig. 1, a;

Fig. 3. Jaw crusher with a fourth class mechanism:

- to define the maximum number of assemblies of
this mechanism without reference to its use in the
crusher;

- to study possible assemblies of the mechanism
when using it in the crusher;

- to define a zone of possible displacement of the
crank in order to influence the remoteness of one as-
sembly from the other by changing the place of fixing of
a driven crank and its length;

- to solve non-linear equations of mathematical
model numerically using the standard procedures of
mathematical software package [9, 10];

- evaluate the results achieved taking into account
the recommendations of [11, 12].

Results. A jaw crusher (Fig. 3, a) with a compound
motion of the jaw, which is similar to the crusher in
Fig. 1, a, is taken as an object of the research.

The crusher is started by the crank AB. The complex
motion of the jaw BCE is ensured by a three-joint rock-
er DFG and two piston rods CD and EF. The mecha-
nism links form a closed-loop four link contour CDFE.
The material is crushed between moveable and vertical
fixed jaws. When the crank rotates clockwise, the move-
able jaw takes the positions (from one to six) shown in
Fig. 3, b.

Let us consider the mechanism links as vectors
(Fig. 4). Let us put the origin of the rectangular axes at
point A. The modules of the vectors are taken as follows,

a — diagram; b — displacement of a moveable jaw per one revolution of a crank
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Fig. 4. Vector image of linkage

m:/,=0.1;5L=105,=0.35; L, =1l3=0.75;,=0.4; [,=0.6;
[5=0.35; [5; = 0.6. Position of point G is: x;=—0.55; y;=
=0.19. The angle o = 43°. The specified geometric pa-
rameters of the crusher correspond to the sizes of its
model. Since the search for possible assemblies of the
mechanism is a geometric problem, any sample with
any dimensions proportional to the sizes of a real crush-
er can be subject to the research.

For the fixed position of point B in the mechanism,
two four-link chains BCDG and BEFG can be pointed
out. Let us write vector closedness equation for both of
them.

12“1‘13:[5—101 and 121+l42151_l()1. (1)

We solve the task using the Mathcad-11 application
program package, expressing the vectors in terms of ex-
ponential form of a complex number.

The system (1) takes on the form

12~exp(i-(|)2) + 13~exp(i-¢3) = 15~exp(i-¢5) ~lpy 'exp(i-(])m)
by ~exp(i~(|)2) + 14~exp<i~<|)4) = lg; ~exp(i-¢5]) -l ~exp(i‘¢01).

For the first four-link chain, let us take link 2 as an
input link and link 5 — as an output link. For the second
four-link chain, link 2; will be an input link and link
5; — an output one.

Let us eliminate the angle ¢; from the first equation
by assuming the equation as a system (1)

13'exp(1i~¢ 3) = 15-exp(1i.¢ 5) —101-exp(1i.¢ 01) —12-exp(1i~¢ 2).

By multiplying both sides of the equation by the ad-

joint vectors, we will obtain l32 on the left, while on the
right we will obtain an expression in which the angles ¢,
and ¢5 are unknown.

Applying the universal trigonometric substitution
to this equation (expressing the sines and cosines of
the angle ¢5 in terms of the tangent of the angle 0.5¢s),
we can obtain two formulas for determining the angle
05 as a function of the angle ¢,, which correspond to
the upper and lower assemblies of the four-link chain
BCDG

70

05(0) = 2atan — B(#2) ¢ /B (¢;)4A¢2) c(42)

-B(6,) ‘/ B(9)" - 44(6)-C(0)

¢5a(¢2) = 2atan 2A(¢2)

In these formulas, A(¢,), B(d,), C(d,) are numerical
coefficients depending on the value of the angle ¢,.

In a similar way, eliminating the angle ¢, from the
second equation of the system (1), we will obtain two
formulas for defining the angle ¢s; as a function of the
angle ¢,, which correspond to the upper and lower as-
semblies of the four-link chain BEFG

d51(2) = Zata{_Bl(q’z) i JBl(q’Z)Z ‘4A1(¢2)‘C1(¢2)J

2A1(¢2)

-By(97) */Bl(%)z - 4A1(¢2)'C1(¢2)] _

¢51a(¢2) = 2atan{ 2A1(¢2)

In these formulas, 4,(9,), B,(d,), Ci(d,) are numerical
coefficients also depending on the value of the angle o,.
Let us consider the function

A0 2) =0 5(02) =0 510 2) +
If it equals zero, this equates to occurrence of an as-
sembly of the mechanism under consideration. There are
only four possible combinations of the angles ¢s; and ¢s.
Let us write a small subprogram for enumeration of
these combinations changing them by applying param-
eter m.

A6 2) =

¢5(¢2)—¢51(¢2)+0° if m=1
¢5(¢2)—¢51a(¢2)+°‘ if m=2
¢5a(¢2)—¢51(¢2)+0‘ if m=3
0 5a(02) =0 51a(0 o) + o i m=4.

For example, Fig. 5, a shows function graph A(¢,)
for m = 3 at the value ¢, = 120°.

In the Figure it is apparent that the studied function
has the value of zero at three values of the angle ¢,. We
will find the precise values of the angle ¢, applying the
Given-Find resolver. Taking the initial approximation
of the angle ¢, as equal to one radian, we obtain

0y =1 A(9g) =0 ¢y :=Find(¢))

¢y =49.211deg

Given

For the initial approximation of ¢; = 3 radians, we have
0y =3 A(92) =0 ¢, = Find(9))

do = 179.126deg

Given

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 3



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

Afoo) N> afo,) © Aloo) o
2 - 0.05
-3 1 2 3 4 5 6 R 3 4 5 s M Fis i 17 iE is
0 4, - 0 0, . 14 o, 2
a b c

Fig. 5. Function graph A(¢,) for combinations of the angles $5 and ¢s,, corresponding fo:

a—-m=3;b—m=1;c—m=1and $,=0°
For ¢, = 5 radians, we obtain
0y:=5 A9y) =0

05 = 271.612deg

Given

0y = Find(¢2)

Fig. 5, b shows function graph A(¢,) form = 1.

It is easily seen that in this case we have another as-
sembly of the mechanism; to find this assembly we can
take ¢, = 2 radians as the initial approximation. We have

0y =2 A(97) =0 ¢ :=Find(9,)

¢, = 121.85deg

Given

For the studied configuration of a fourth class mech-
anism the total number of assemblies equals four.

Let us see if there are assemblies located in close
proximity in this mechanism when being applied in the
crushing machine. In this case the variation limits of the
angle ¢, can be taken from 1.4 to 2.3 radians. The study
on this issue showed that with ¢, =0° and m = 1, there are
two assemblies which are characterized by the following
values of the angle ¢,: 84.4 and 94.8° (Fig. 5, ¢). These
assemblies are shown in Fig. 6.

Such “aboutness” is rather hazardous since it occurs
when a moveable jaw moves rightwards, i.e. when it is
affected by peak loads.

One of the efficient ways to influence the variants of
assemblies is to change the place of crank positioning
and its length. Let us define the zone beyond which the
trajectory of point B of the crank should not go.

Fig. 6. Two assemblies of a crusher lever mechanism (¢,:
§4.4° — index I; ¢,: 94.8° — index 2)

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N° 3

We put the origin of coordinates at point G and fix
link 5 directing the vector /5; upward vertically (Fig. 7).
Moveable links 2, 3, 4 along with the fifth link make a
four-bar linkage.

To solve the task of defining the zone of positioning
the driven crank of the lever mechanism of the crusher it
is necessary to find extremal values of the modulus of
vector R. the modulus of this vector characterizes the
distance of point B from point G.

We get the expression for the vector R as a function
of the angle ¢;. The given data to the task remain the
same, there are preserved directions of the vectors re-
placing the mechanisms links, only coordinates of point
G are taken to be equal to zero.

Let us indicate the interval CE of link 2 as l,,. The
length of this vector is

The length of the vector Is, is
152 = \/152 + ].512 - 215151005((1) ].52 =0.419.

With the vertically upward-directed vector Is;, the
angle is
b 15
b5y = —— +asin —-sin(ot) d5p = —55.246deg.
2 ls)
Taking into account lengths .;=0.4 and [, = 0.6 m we
ascertain that for this mechanism the Grashof rule (the
sum of crank lengths and any other link is less than the

F

Fig. 7. Vector scheme for defining the zone of positioning
the driven crank
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sum of the other links) fails; therefore, the ECDF mech-
anism is a double-rocker four-link chain.
The vector closedness equation for this four-link
chain is
14-exp(¢ 4-1i) - 122~exp(li-¢ 2) = 152'exp(li~¢ 52) + 13~exp(¢ 3~li).
Having made mathematical transformations, we ob-

tain the dependence of the angle ¢, on the angle ¢5. For
the given mechanism assembly it is written as

-B(03) + [B(43)° - 4(63) <(43) ,
2A(¢3)

In this formula A(¢5), B(¢3), C(¢3) are numerical co-
efficients, depending on the value of ¢;.

The expression for the vector R, as a function of the
angle ¢;

R($ 3) = 15exp 1i %—(x
+13~ex|:p(l(i-¢ 3) jJzexp(li«p 2(03)):

It is necessary to obtain the value of the minimal and
maximal distances of point Bto point G, that is why we test
the modulus of this vector for the extreme point, that is

R(03) = [R(0 3)].
Let us apply special functions of Mathcad.

¢3=15 _TTCS(I)3<TE

¢4(¢3) :=2ata

Given
$31min = Minimize(R, ¢3)

¢3 =0

R(3ypin ) = 035639

Given ;;s¢3<n

d31max = Maximize(R, ¢3)

O3max = —4999deg  R(d3,) = 068198.

Module R has the minimal value with ¢s,,;, = 87.123°,
and the maximal value with ¢3,,,, = —4.999°. The mean
value of modulus

Ry, = R(¢3max) ;r R(¢3min) R, = 0.531,

is the radius of a circle on which the rotational center of
the driven crank of the crusher mechanism should be
placed in case of its maximal length.

The maximal length of the crank is

R(¢3max) - R(¢3min)
lAB = lAB
2
Fig. 8 shows arcs of the circle of the radiuses R,
R...«and R,,, while the dotted line shows one of possible
trajectories of point B of the crank with its maximal
length. If, based on the technological requirements, the

= 0.151.
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Fig. 8. The zone of possible positioning of the crank for
the crusher lever mechanism

crank has to be of a shorter length, the trajectory of its
point B should not go beyond the bounds of its area be-
tween the segments of the arcs R,,;, and R,,,.

Conclusions. Theoretical research on geometry of
the planar fourth class Assur group of a lever mechanism
of a jaw crushing machine was conducted.

It has been established that the number of possible
assemblies in this mechanism without reference to a
crushing machine equals four.

The mechanism being applied in a crusher, the max-
imum number of assemblies equals two and they can be
located in close proximity which may cause an emer-
gency situation.

The synthesis of these mechanisms is to exclude oc-
currence of assemblies located in close proximity, par-
ticularly at the crushing stage when the mechanism links
are affected by peak loads. This problem can be solved
by a rational choice of positioning a power-driven crank
and its length.

References.
1. Pira, B., & Cunaku, I. (2017). Synthesis of WATT and
Stephenson Mechanisms six bar mechanism using Bur-
mester Theory. International Journal of Current Engi-
neering and Technology, 7(1), 25-29.
2. Moldovan, C.E., Lovasz, E.-C., Perju, D., Mod-
ler, K.-H., & Maniu, I. (2015). On the Kinematic Anal-
ysis of the fourth class Mechanisms. In Proc. of the 14"
IFToMM World Congress (pp.2447-2453), Taipei, Tai-
wan, 25-30 October 2015, OS8-023. DOI: 10.6567/
IFToOMM.14TH.WC.0S8.023.
3. Moldovan, C.E., Perju, D., Lovasz, E.-C., Mod-
ler, K.-H., & Maniu, I. (2017). On the Kinematic Anal-
ysis of a Sixth Class Mechanism. Mechanisms and Ma-
chine Science, book series, 46, 47-59. DOI: 10.1007/978-
3-319-45450-4 5.
4. Matsyuk, 1. M., Morozova, T.I., & Shlyahov, E. M.
(2017). Search of variants of assemblies of structural
groups in planar linkages. Naukovyi Visnyk Natsional-
noho Hirnychoho Universytetu, 2(158), 65-69.
5. Koshel, S. 0., & Koshel, G. V. (2016). Analysis of pla-
nar mechanisms of top rank with movable closed-loop

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N2 3



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

circuit. Visnik Hmelnitskogo tehnichnogo universitetu.
Tehnichni nauki, 4, 15-19.

6. Koshel, S., & Koshel, G. (2018). Analysis of fourth
class plane mechanisms with structural groups of links
of the second order. Pratsi Odeskogo politehnichnogo uni-
versitetu, 1(54), 12-17.

7. Todor Stoilov Todorov (2015). Synthesis of Four Bar
Mechanisms as Function Generators by Freudenstein -
Chebyshev. Journal of Robotics and Mechanical Engi-
neering Research, 1(1). DOI: 10.24218 /jrmer.2015.01.

8. Matsyuk, I.N., Shlyahov, E.M., & Yehurnov, O.I.
(2018). Some aspects of synthesis of linkage of complex
structures. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, 3(165), 57-63. DOI: 10.29202/nvngu/
2018-3/14.

9. Ilin, S.R., Samusya, V.I., Kolosov, D. L., Ilina, I.S.,
& Ilina, S. S. (2018). Risk-forming dynamic processes in
units of mine hoists of vertical shafts. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 5(167), 64-71.
DOI: 10.29202/nvngu,/2018-5/10.

10. Protsiv, V., Ziborov, K., & Fedoriachenko, S. (2015).
Test load envelope of semi — Premium O&G pipe cou-
pling with bayonet locks. New Developments in Mining
Engineering 2015: Theoretical and Practical Solutions of
Mineral Resources Mining, 261-264.

11. Taran, I., & Bondarenko, A. (2017). Conceptual ap-
proach to select parameters of hydrostatic and mechani-
cal transmissions for wheel tractors designed for agru-
cultural operations. Archives of transport, 41(1), pp. 89-
100. DOI: 10.5604,/01.3001.0009.7389.

12. Belmas, 1., & Kolosov, D. (2011). The stress-strain
state of the stepped rubber-rope cable in bobbin of
winding. Technical and Geoinformational Systems in
Mining: School of Underground Mining 2011, 211-214.

IIpo 3acTocyBaHHS MeXaHi3MiB BUCOKHMX
KJACIB Y BA)KKOHABAHTAXKEHUX MALIMHAX
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Meta. OLUiHATHY BIUIMB Ha Tpale3IaTHICTh MallluH
MOKJIMBUX BapiaHTiB CKJIalaHb CTPUXKHEBOI CTPYKTYP-
HOI I'pyIM YETBEPTOro KJIacy y CKJIaji LIOKOBOI ApO-
OMJIbHOI MAILIMHU.

Metoauka. Y poOOTi BUKOHaHE TEOPETUYHE T0CITi-
JKEHHST MOXJIMBUX CKJIalaHb CTPYKTYPHOI TPYITU YeT-
BEpPTOro KJacy, 110 BXOAUTb 10 CKJIAAy IIOKOBOI IpO-
OGapku.

Pe3ynbTaTu. Ha migcTaBi BUKOHAHOTO AOCIiIXKeH-
HsI BCTAHOBJIEHO, 1110 KiJIbKiICTb MOXJIMBUX CKJIagaHb
rpyIu B LIbOMY MeXaHi3Mi, 0e3 MpUuB’sI3KU MOTO 10 APO-
OMJILHOI MalIMHU, JOpiBHIOE YoTupboM. I1pu 3acTocy-
BaHHI LBOrO MEXaHi3My y [Opobapili MakCHUMalbHa
KiIBKICTh CKJIafaHb IOPiBHIOE JABOM i BOHM MOXYTb
nepedbyBaTu B Oe3rnocepeaHiii OJM3bKOCTI, 110 MOXE
CTaTU MPUUYMHOIO BUHUKHEHHS HELITaTHOI CUTYallii.
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HaykoBa HoBu3Ha. [Tossirae y BUsHaueHHi KiJIbKOC-
Ti MOXJIMBUX CKJIaJaHb CTPYKTYPHOI TPyIU TaKOTO
BuAy. s po3rjsiHyTOl Tpyly BCTAaHOBJIEHO, 11O MaK-
cUMaJlbHa KiJIbKiCTh CKJIaJlaHb ITOPiBHIOE YOTUPHOM.
3anpornoHOBaHO AJTOPUTM 3HAXOMKEHHS 30HU MOX-
JINBOTO PO3TalIyBaHHS IIPUBOIHOTO KPUBOIIUITY Me-
XaHi3My IpoOapKu, 110 T03BOJSIE BIUIMBATU HA Bigaa-
JIEHICTh JBOX OJIM3bKO pO3TAlllOBAaHUX CKJI1aJaHb.

IIpakTHuHa 3HaumMMicTh. BuKopucranuii y poOoTi
aJITOPUTM TIOLIYKY MOXJIMBUX CKJagaHb TPYIU YeT-
BEPTOTO KJjacy 3a JOMOMOTOI0 TIPOrpPaMHOI0O MPOIYKTY
Mathcad Moxxe OyTU BUKOPUCTAHUI MPU CUHTE31 TTOMi-
OHUX APOOMIBLHUX MAIIIVH.

KmouoBi cioBa: ujokosa dpobapka, ckaadanus mexa-
Hi3ZMYy, cmpyKkmypHa epyna, npoepama Mathcad

0) INPUMEHEHUN MEXAHU3MOB BbICOKHMX KJIACCOB
B TAKCJIOHATIPYZ2K€HHbIX MAIIMHAX
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eas. OueHUTH BIMSIHUE Ha pabOTOCTIOCOOHOCTH
MaIlliH BO3MOXHBIX BapMaHTOB COOPOK CTEP>KHEBOM
CTPYKTYPHOI TPYMIIBI YETBEPTOTO KJacca B COCTaBe
ILIEKOBOI APOOMIBLHON MaIlIMHBI.

Metomuka. B paboTe BBINIOJHEHO TEOPETUYECKOE
HCClIeJOBAaHUE BO3MOXHBIX COOPOK CTPYKTYPHOM
TPYIITBI YeTBEPTOTO KJ1acca, BXOISIIEH B COCTAB IIEKO-
BOU APOOUIIKH.

Pe3yabraTthl. Ha OCHOBaHUM BBITIOJIHEHHOT'O HC-
CIIeIOBAaHUS YCTAHOBJICHO, UTO YMCJIO BO3MOXKHBIX
CcOOPOK I'PYIIITEI B 3TOM MEXaHU3Me, 0€3 IIPUBSI3KU €TO
K IpOOMJIBHON MaIllHe, paBHO 4deThipeM. [lpu mpu-
MEHEHUM 3TOTO MEXaHM3Ma B IPOOUIIKE MaKCUMaIlb-
HOE YHCJIO COOpPOK paBHO IBYM M OHM MOTYT HaXo-
IUThCS B HEMOCPEACTBEHHOU OJM30CTH, YTO MOXKET
SIBUTHCSI IPUUYMHONM BO3ZHMKHOBEHUSI HEIITATHOU CH-
Tyaluu.

Hayunas HoBu3Ha. 3akitoyaeTcsl B OIpeneeHUU
KOJIMYECTBA BO3MOKHBIX COOPOK CTPYKTYPHOI TPYITITHI
Takoro Buaa. i pacCMOTPEHHOM TPYIIITHI YCTAHOBIIE -
HO, YTO MaKCUMaJIbHOE YU CJIO COOPOK PABHO YETHIPEM.
[MpennoxeH alropuT™M HaXOXICHUS 30HBI BO3MOXKHO-
IO PACITOJIOXEHUS TIPUBOTHOTO KPUBOIIIUIIA MEXaHM3-
Ma IpOOWJIKH, YTO ITO3BOJISIET BIMATH Ha YIAJICHHOCTD
IIBYX OJTM3KOPACTIONIOKEHHBIX COOPOK.

IIpakTnyeckasi 3HAYMMOCTb. VICIIONB30BaHHBINA B
paboTe aJropuUTM ITOMCKa BO3MOXKHBIX COOPOK TPYIIITHI
YEeTBEPTOro KJjiacca C MOMOIIBIO TPOrpaMMHOTO TIPO-
nykta Mathcad MoXeT ObITh MCITOJIb30BaH MPU CUHTE-
3¢ MOJOOHBIX IPOOMIIBHBIX MAIIHH.

KmoueBbie cioBa: wekosas dpobunrka, coopku mexa-
HU3Ma, cmpykmypHas epynna, npoepamma Mathcad

Pexomendosarno 0o nybaikauyii dokm. mexH. Hayk
B. A. Ponaem. Jlama naoxooxcenns pyxonucy 12.03.18.
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