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Abstract. The process of forming a mathematical model of an asynchronous electric
drive with phase-impulse control is considered.

The article presents the peculiarities of making of mathematical models of
electromechanical energy converters and laws of physics on which they are based.

A critical analysis of scientific sources on the development, research and operation of
control devices for adjustable asynchronous electric drive is made. It is emphasized that
the emergence of a new modern element base encourages the search for new engineering
solutions in this area.

It is noted that the definition of the priority method of speed control of an
asynchronous electric motor as a basic element of asynchronous electric drive is a
multifactorial and quite complex task.

The following are selected as research methods: fundamental provisions of the theory
of electromechanical energy conversion, methods of mathematical analysis of elements of
valve-electromechanical systems, mathematical modeling, numerical methods of solving
differential equations.

For mathematical modeling of an asynchronous electric drive with phase-impulse
control, a system of real stator coordinates is chosen, which allows to operate with real
stator phase currents, both in unconverted natural coordinates, and at the same time to get
rid of periodic coefficients in expressions for inductances and mutual inductance of flux
linkage.

Taking to the account that the transformations in making of the mathematical model
refer only to the rotor circuits of the motor, and the stator currents remain unchanged, it
was pointed out the possibility of its matrix interpretation, considering stator phase circuit
in addition to the rotor.

The expediency of adaptation of the built model of asynchronous electric drive with
phase-impulse control to practical calculations in MathCad is indicated.

Key words: mathematical model, asynchronous electric drive, phase-impulse
control
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Introduction. Mathematical modeling is one of the important methods of modern
scientific research of physical properties of real objects, based on the formal uniqueness of
the mathematical description of the modelled object and the model. At the same time, the
study of the process is reduced to the analysis of its mathematical description.
Mathematical modeling, as a method of scientific knowledge, depends on a number of
factors - social, economic, technical, on the level of development of related sciences and
on specific physical ideas about matter and the universe as a whole.

The mathematical description of the electromechanical energy converter (generalized
electrical machine) is based on the known laws:

— the equation of equilibrium of voltage and EMF on the windings of the fixed and
moving parts is based on the second law of Kirchhoff;
— Ampere's law in turn connects the flux linkage of the windings with currents
flowing through the windings of an electric machine;
— the third law is Newton's second law - the law of equation of moments on the
axle of the machine.

Literature review and problem statement. The long-term efforts of scientists and
engineers have provided significant advancement of theoretical research in the field of
asynchronous electric drives (AEDs), including regulated ones [4; 6; 9], and have also
been embodied in many patents.

In several works, considering these issues, there is a classification of known methods
for controlling the rotational speed of alternating current electric motors, mainly
asynchronous electric motors with squirrel-cage rotor [9; 11].

The choice of a specific method of regulation is determined by many factors, the
main of which are the requirements of the technology of a particular production, where it
is planned to use a regulated AED and, of course, its reliability and efficiency.

The leading position in regulation is occupied by semiconductor control devices,
which include a power switching device based on thyristors, triacs, transistors and a

control unit that ensures its operation according to a certain algorithm.
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A lot of studies have been devoted to the issues of development, research and
operation of control devices for controlled asynchronous electric drives [9; 12; 13; 14].
Many of the proposed devices are protected by patents, and a number of them have found
practical application [15 - 17]. It is remarkable that researchs and the search for new
engineering solutions in this area are going ahead, motivated by the advent of a modern
elemental base.

It can be stated that the determination of the priority method of regulating the rotation
speed of an asynchronous electric motor, as the basic element of the AED, is a
multifactorial and rather complicated task.

Object of study - asynchronous electric fan drive.

Subject of study - mathematical model of an asynchronous electric drive with phase-
impulse control.

Research methods: fundamental principles of the theory of electromechanical
energy conversion, methods of mathematical analysis of elements of valve-
electromechanical systems, methods of mathematical modeling, numerical methods for
solving differential equations.

Mathematical modeling of asynchronous electric fan drive with phase-impulse
control. For mathematical modeling of an asynchronous electric drive with phase-impulse
control, a system of real stator coordinates was chosen, which has a number of known
advantages [1,2,3,5].

Such a system allows operating with real currents of the stator phases, as well as in
non-transformed natural coordinates, while simultaneously providing the opportunity to
get rid of periodic coefficients in expressions for inductances and mutual inductances of
flux linkages.

In the case of a transition to an idealized two-phase machine, which allows us to
achieve the mentioned simplification of the system of differential equations describing the
electromagnetic transient processes occurring in it, the stator phase currents are calculated
in two stages - first for an idealized machine, and then using variable replacement

formulas for a real machine.
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When compiling a system of differential equations describing an asynchronous
electric fan drive with phase-impulse control in various operating modes, a number of
necessary transformations were performed.

When compiling the differential equations of electric equilibrium, the assumptions
are made [1,5,8], which simplify the model with an allowable and insignificant decrease in
the accuracy of the results of calculating the quasi-steady-state mode of an electric
machine.

The system of equations of electrical equilibrium of the rotor winding is made up for
a decelerated electric motor that is magnetically-invariant to a real rotating fan motor. The
legitimacy of such a replacement is confirmed by the observance of one of the most
important conditions of the electromechanical energy conversion - the mutual immobility
of the magnetomotive forces of the rotating space [1,2,5,10].

The system of equations of electrical equilibrium for the phase circuits of the stator
windings and the rotor of the electric motor, recorded through currents and flux linkages,

has the following form:

| ¥, d¥,
, B d‘{rb
Ue=icr+Z80=i,n+ ¢ (1)

A continuous change in time of the mutual arrangement of the stator windings and
the rotor of the electric motor (Fig. 1, angle y) causes a change in the mutual inductance of
the same phases of the stator and rotor

My, = My o, cOSY (2)
where Mg .0, - is the maximum value of the mutual inductance “stator phase - rotor

phase", which occurs when their axes coincide.
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A stator phase winding

rotor phase
winding

Figure 1. The relative position of the stator windings and the rotor of an

asynchronous electric motor

For a symmetric asynchronous machine, the relations are

L=l +My=1L+ Mg, (3)
L=l +My=L,+M,, (4)
My, = Mycos2m/3 = —0,5M,, (5)
Mg, = Mycos2m/3 = —0,5My, (6)

where L, , L,- total stator and rotor phase inductances; [ i [ ;- stator and rotor phase

inductance; My, M, —the mutual inductance between the stator phase windings and

between the rotor windings, respectively, for the converted machine [1,2,10].

The transition from a real machine with a rotating rotor to a stationary (decelerated)
machine in the mathematical model is reflected primarily by replacing the real phase
currents of the rotor i, i, 1; with the currents of the fixed rotor i,,i;,i. . In this case,
the squirrel-cage rotor of the electric motor is considered as equivalent three-phase.

The direct conversion formulas linking both currents can be written based on the

properties of the representing current vector [1,2,5]:

i' = 2/3[i,cosy +i,cos(y + p) +i_cos(y — p)]. (7)
i'y = 2/3[icos(y —p) +i,cosy +i_cos(y+p)]. (8)
i',=2/3[i,cos(y+ p) +i,cos(y —p) —i, cosy], 9)
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The reverse replacement of the considered rotor circuit variables is possible using the

inverse transformation formulas

iy = 2/3[i'ycosy + i’ cos(y — p) +i", cos(y + p)], (10)
iy =2/3[i" cos(y +p)+i% cosy +i’, cos(y —p)]. (11)
i, = 2/3[i’jcos(y —p) +i% cos(y + p)+ i cosy], (12)

In expressions (7) — (12) p = 120°. Obtaining the formulas of the direct and inverse
transforms is easy to trace (Fig. 1) using particular provisions that reveal the properties of
the representing vector [1, 2, 5, 8].

The projections of the spatial current vector (or magnetomotive force) of the m-phase
in the general case of the machine on the axis of the phases are instantaneous values of the
current (magnetomotive force) of the corresponding phases. The value of each
magnetomotive force at a given constant value of the representing vector depends on the
spatial position of the phases.

Representing vector of the rotor current of a three-phase asynchronous electric motor
can be presented by the analytical expression:

i, =2/3(i, +i, +1.), (13)
and through the currents of the converted (fixed) rotor
i, =2/3( i, 1) (14)

In this case, it is imperative to meet the conditions of the invariance of the phases of
the magnetomotive forces of the real and converted rotors created by the currents.

Recording of direct transformation formulas in matrix form. Considering that the
transformations concern only rotor circuits of the electric motor (transition to the fixed
axes of the stator phases), and the stator currents remain unchanged in accordance with
[1], it is possible to write formulas (7 - 12) in matrix form, considering in addition to the
rotor and stator phase circuits. Then, for the machine as a whole, the direct conversion
formula is written as follows:

i'=IM-i (15)
and the inverse conversion
i=mt-i (16)
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In a somewhat more complete form, the conversion formulas (15) and (16) can be

written as

Ia Ig
ig ig
ic | _ ic

v [T o (17)
i’y iy
E:?G E'G

ig ] Ly

ig ig

i i

Ll=m).F (18)

LE L [

i, i

L i, - L i,

The correspondence of expressions (17) and (18) to the previously written formulas
for converting rotor currents (7) - (12) is obvious, in particular, if the former are written

more detailed.

i, = [1f3 + 2,’3 cosy) - i, + [1,.’3 + 2,’3 cos(y + p)] i, +

+[Y3+ 2fzcostr— )] i (19)
i = [Y/3+2/3c0s(r = p)] - ia+ (Y3 + 2[5 cosy) iy +
+[Y5 + 2/zcos(r + )] i, (20)
i, =[5+ 2/3c05(y +p)]- i+ [Y/5+2/5c0s(y — p)] 1, +
+(1/3 +2/3cosv) -5, (21)
In these expressions, it is easy to distinguish the rotor zero sequence current
for = 1f3(iq +iy+ i) (22)

For a rotor with no neutral wire,
for= 1/g(ip+iy+i)=0 (23)
and then the expressions (19 - 21) become identical to the transformation formulas (10 -
12).

The expressions for the flux linkages of the phases of the stator and rotor of a three-
phase asynchronous electric motor, taking into account generally accepted assumptions
[1,5, 8, 9], have the form

W =Lgg iy +Mgg ip+ Mgs io+ Mg cosy i+ Mg cos(y+p) ig+
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TMg - cos(y —p) - i, , (24)
W =Lgs ipg+ Mgs iy + Mg i+ Mg-cos(y—p) i+ Mg-cosy -ig+
+Mz -cos(y +p) - i, (25)
We=Lgg i+ Mgg i+ Mgg-ig+Mg-cos(y+p)-i, +
+Mg -cos(y —g)-ig + Mg - cosy - i, (26)
W, =Lg i, +Mg, i+ Mg, i +Mzg-cosy iy,+ Mg cos(y+p) ig+
+Mg - cos(y +p) - i, (27)
Ty =Lg i+ Mg, i, + Mg, i, —Mg-cos(y —p) iy + Mg cosy ip+
+Mg - cos(y —p) ¢ (28)
Vo=Lg i+ Mg, i+ Mg, iy +Mg-cos(y —p) iy + Mg-cos(y —p)-
Xig+ Mg-cosy-i., (29)
Considering that for a four-wire power supply system of the stator of the electric
motor, the current in the neutral wire is
fpg=1i4+ig+ic,
as well as previously performed rotor current transformations, expression (10) - (12) can

be written as following:
¥ ¥ 3 .
TA:[L@S_M@F:]'I’A+M@5'I’D_‘-'+EM@5'I’E =
=L iy +Mge i o+M-i (30)
¥ ¥ 3 v
TE':(L-{:*E_M@SJ'I’A+M¢5'I’GS+EM¢'I’E? =
=Leipg+Mgs-i+M-i,, (31)

3
Tc= [Lli:-_f.'_MliﬁS] 'II’C-I_M@S'II’E-E—I_EMI#'II’G =

=Lo o+ Mg i c+M-i' . (32)
For rotor phase circuits
'{"a:[%r‘”ﬂw)'%"‘%“q:'ih:Lr'ia+M'i}1, (33)
¥, = (Lge— Mg, ) iy +oMy i =L i+ M-i'5, (34)
W, = (Lge— Mg, ) i4+2My-ic =L, i +M i, (35)
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Here i'4,1'5, i’ —are projections of the stator current representing vector on the rotor
phase axis.
Taking into account the expression (23), the direct transformation matrix IT is slightly
modified, particularly, its part relating to the phase currents of the electric motor rotor

cosy  |cos(y + p) lcos(y — p)
I= % cos(y —p)l cosy |cos(y+p)|. (36)
cos(y + p) lcos(y — p)|  cosy

Using this matrix to perform a number of mathematical transformations related to
expressions (33) - (35), we obtain, by analogy with the transformation formulas for rotor
currents, similar formulas that reflect the relationship between the flux linkages of a fixed
(decelerated) rotor and a rotating rotor of a real machine

cosy  |cos(y + p) lcos(y — p)

v, v, v,
wllz-,- =1II- |y, :i' CDS(T_P:” cosy |CU‘5(T +o) | ¥, (37)
Y, W cos(y + p) lcos(y —p)| cosy Y.

After substituting the values of the flux linkages of the phases of the real rotor from

expressions (33) - (35), we obtain the following expressions

W, = (Lge =My ) iy + oMy iy = (Ly— My, ) i, + M iy (38)
W, = (Lge— My, ) iy + oMy ig= (Lye— My,) i, + M- ip (39)
W, = (Lge— My,) i, +oMy-ic=(Ly— My, )i, + M- ic (40)

Here, a number of intermediate transformations are omitted to reduce the
presentation.

Considering that L4 — M, = L, we can bring the whole group of formulas for the

flux linkages of the phases of the stator and rotor of the electric motor (expressions (30) -
(32) and (38 - 40)) to the form

Wy=Lo i+ Mgg-ipct+M-i',, (41)
Wo=Loig+Mgg ipct M iy, (42)
Vo=l ip+ Meg i o+M-i_, (43)
v =Loi, A Mi, (44)
v, =L.iy, +M-ig, (45)
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v =L-i + M- (46)

We perform the transformation of the equations of electrical equilibrium of the rotor

of the electric motor (real and rotating) to the decelerated one, multiplying equation (1) by

the transformation matrix column
r2

—ca
3 s¥

2
I, = 3 cos(y + p) |- (47)

2
— CO5 —
5 costy — p)|

The result of the multiplication is

2 d¥, d¥, d¥._
0= [—cﬂsr +——+cos(y +p) - ——+cos(y—p) -

3 dt dt dt ] tiah (48)

We introduce additional transformations as following

i[‘f’ﬂ ccosy) = =¥, -% - siny + cosy - di" . (49)
d dy d¥
— [¥y - cos(y— p)] =¥, - —sin(y + p) +cos(y +0) =2, (50)
d dy d¥y,
= ['F, - cos(y —p)] =¥, -Esin (y—p) + cos(y—p) - rrak (51)
Summing up expressions (49) - (51) and rearranging, we obtain
de, d d¥,
cosyr——+ cos(y + p) -d—tb — cos(y —p) - el
d
=% [, -cosy+ ¥, -cos(y+p)+¥, cos(y —p)] +
+a[¥,-siny + ¥, -sin(y+ p) + ¥, - sin(y — p)]. (52)
dy
Here o = ™
An analysis of Fig. 1 allows us to write the following expressions:
siny = %[CDS(? —p) —cos(y + p)], (53)
sin(y + p) = = [cos(y + p) — cosy], (54)
sin(y — @) = = [cosy — cos(y — p)]. (55)

Then the second part of expression (52) is transformed to the following form

(intermediate transformations are omitted)
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o[, -siny+ ¥, -sin(y+ p)+ ¥, -sin(y—p)] == % (‘{-‘;J —‘{-‘::]. (56)

Expression (48) - the equation of electrical equilibrium of the stationary rotor phase

circuit) can be written as

0= di“+%[‘{';j—‘{‘;)+i;-rr, (57)
where %(‘P,; — W) - is EMF of rotation of the phase of the rotor with changing the
N

magnetic flux formed by the windings of phases b and c.

The system of equations for the circuits of all phases of the rotor will be as follows
0= et & (v, —w) i, (58)

0= %+%[WG'— W) +iy,
0= %+%[ﬂ—ﬂ)+ic’-g
The general system of equations of electrical equilibrium describing the state of the
asynchronous electric fan drive, taking into account the possible presence of upstream
elements in the stator phase circuits (rsa, Y g, Facs Liaa, Lag, Liac), has the following form
Uy =1 Ty + L__E%-I- [y -I-%,
Ug =iz T +L_,E%+i3 Ty +%,

dWo

Ug =ig- T’?C"'L?c E+igers+ =5,

0=i,m+2(¥-¥)+e (59)

0<i ) @ _ d¥,
=i, T}"‘E( e~ E]+?:

L tu : . d‘f"c-

o _I’clrr—i_ﬁ[q;ﬂ_?b)-l_d_;
After substituting of the previously obtained expressions for flux linkages in the
equations and supplementing with the equation of motion, we obtain the following system

of equations:
w, = ;'A-r_,ﬁ%+ iy 75+ LA +M‘““+M‘“ﬂf,

up =ig- TTB +LE. 15+ Lg rj!z‘g-I-M—i'l—l-a"vil"ﬁ!zﬂg
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dip dz,:

Ue = ic T g Ty + LeSS + M+ ME0S,

u, =i_n+L rh':‘-l- [L,[L L)+M[LB—L,_—I|+MdEA

T dt

U= iy L, 2 L G 1)+ M(ic— )]+ M2,

u,, =i, 1+ LE:TEJF% (L, (fe —i5) + M(iy—i5)] + MEE,
=T 0 M), (60)
where u,, = —M=%,
Auxiliary equation linking variables
igtigt+ic=1i,s (61)

The expression for the electromagnetic moment developed by the electric motor is
taken in the form [51]

M5 =22 in (s — ic) + iy (ic — 1) + ig(ia— i5)]: (62)

Conclusions. The system of equations (60) is a mathematical model of an
asynchronous electric drive, not related to intermediate transformations, and therefore
more convenient for use. It seems appropriate to adapt the mathematical model for
performing of practical calculations in Mathcad.

Note that the equations which describe the operation of an asynchronous electric
drive with phase-impulse control allow their practical implementation in the form of
blocks and subsystems of Matlab Simulink.

Based on the above, we can conclude that the developed model of asynchronous
electric drive with phase-impulse control is quite adequate and can be used in industrial

conditions to increase its efficiency and reliability.
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MATEMATHUYHE MOJEJOBAHHS ACHHXPOHHOI'O
EJEKTPOIIPUBO/JA 3 IO®A3ZHOIMITYJbCHHUM YIIPABJIIHHAM
H. I. bameuxo, M. T. /lym, C. B. Illlocmak, O. 3inuenxo

AHoTauisi. Pozenanymo npoyec opmy8aHus MamemamuyHoi Mooeni acCUHXPOHHO20
eIeKMPOnpuU8ooa 3 NOPA3HOIMNYIbCHUM KEPYBAHHIM.

Hagedeno ocobauseocmi nobyoosu mamemamudHux Mmooenel ereKmpoMexaHiuHux
nepemeopro8ais enepeii ma 3aKOHU QI3UKU, HA AKUX BOHU SPYHMYIOMbCAL.
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IIpogedeno kpumuunuii ananiz HAyKo8uUXx Odfcepesl Wo00 NUMAHb pPo3pPoOIeHHS,
00CNiOXMCeHHs: ma eKcnayamayii npunadié Kepy8aHHs pecylbO8aHUM ACUHXPOHHUM
enekmponpueooom. Hazconowerno, wo nossa Hoeoi cyuacHoi elemeHmuoi 6a3u CnoHyKae
00 NOULYKY HOBUX IHICEHEPHUX PIleHb Y Yill 2aly3i.

3ayeasiceno, w0 BUHAYEHHA NPIOPUMEMHO20 CHOCOOY pe2yNl08aHHs 4acmomu
00epmanHs ACUHXPOHHO20 eNeKMpPOO8U2YHA, 5K 0A308020 eleMeHma aCUHXPOHHO2O
eleKmponpueooa € 6a2amoaxmopHy ma 00Cumv CKIAOHY 3a0ady.

B saxocmi memooieé oOocniodcenns obpaui GyHOAMEeHMANbHI NONONCEHHS Mmeopii
eeKMPOMEXAHIYHO20 NEPEeMBOPEHHSl  eHepeli, Memoou MamemMamuiHo20 aHAali3y
eleMeHmi8 GeHMUNbHO-EIeKMPOMEXAHIUHUX CUCTEM, MAMeMAmuyHo20 MOOeN08aHH s,
yucenbHi Memoou po38 a3anHs OupepeHyianbHUx piHsHb.

s mamemamuyno2o  MOOENO8AHHA — ACUHXPOHHO20 — €eKMponpueood 3
NOQAHOIMNYILCHUM KePYBAHHAM 0OPAHO CUCEMY DPealbHUX KOOPOUHAmM Cmamopd, o
00380J1€ ONepysamu 3 peaibHUMU moxKamu (a3 cmamopa, siK [ 8 HenepemeopeHux
NPUPOOHUX KOOPOUHAMAX, MAK I OOHOYACHO HAOAMU MONCIUBICMb NO30YyMucs 6io
nepioouuHux xoe@iyicnmis y eupazax O0Jis iHOYKMUGHOCMEU Ma 83AEMOIHOYKIMUBHOCTI
NOMOKO3YENIeHb.

Bpaxoeyiouu, wo nepemeopenus npu no6yoosi mamemamuyHoi Mooeni cmocyomscs
Jiue pOMOPHUX Kill eleKMPOOBUSYHA, A CIPYMU CIMamopa 3a1uaromscs 6e3 3miH, 0y10
pomopa i xona ¢asu cmamopa.

3asznaueno Ha OoyintbHocmi adanmayii No6Y008AHOI MOOeNi ACUHXPOHHO20
eeKmponpueooa 3 NO@A3HOIMNYIbCHUM KEPY8AHHAM 00 HNPAKMUYHUX DPO3PAXYHKIE 8
MathCad.

KiawuoBi cioBa: mamemamuuna mooenvb, QACUHXPOHHUIL e1€KMPONPUBOO,
nogaznoimnynscne KepyeanHns

MATEMATHUYECKOE MOJAEJINPOBAHUE ACUHXPOHHOI'O
SJIEKTPOIIPUBOJIA C IO®PAZHOUMIIYJIBCHBIM YIIPABJIEHUEM
H. I'. bameuxo, H. T. /Ilym, C. B. lllocmak, A. 3unuenko

AHHOTamMs. Paccmompeno npoyecc (opmuposaHus mamemamuieckou Mmooenu
ACUHXPOHHO20 IIeKMPONPUBOOA C NOPAZHOUMNYNbCHUM YNPABIEHUEM.

IIpuseoeno ocobennocmu nocmpoenus Mamemamudeckux mooeneu
IeKMpOMeXaHudyeckux npeobpazosameneil dHepeUUu U 3aKOHbl YU3UKU, HA KOMOPBIX OHU
OCHOBbIBAIOMCAL.

lIposedeno kKpumuyeckuil aHamu3 HAYYHBLIX UCHMOYHUKOE OMHOCUMENbHO BONPOCO8
paspabomku, UcCcie008anus U IKCHAyamayuu npubopos YNpaeleHUus pe2yiupyembim
ACUHXPOHHBIM 2JIeKMPONPUBOOOM. AKYEHMUPOBAHO, YMO NOsAGIeHUe HOBOU COBPEMEHHOU
I/IeMEeHMHOU 6aA3bl NPUBOOUM K NOUCKY HOBBIX UHICEHEPHBIX PeUeHUll 8 IMOti OMpaciu.

B xauecmee memooos uccnedoganus 6vlOpaHvl HYHOAMEHMANIbHbBIE NOLONCEHUS.
meopuu 21eKmpoMexaHuiecKko20 npeoopazosanusi IHepauU, Memoobl MamemamuiecKko2o
aHaIU3a 31eMEeHMOo8 GEeHMUNbHO-3IEKMPOMEXAHUYECKUX CUCNEM, MAMeMamuyeckKo2o

MOOenUpoBaHus, YUCIeHHble MemoObl peuleHus OupdepenyuaibHulx YpasHeHuUll.
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s mamemamuuecko2o  MOOEIUPOBAHUS — ACUHXPOHHO20 — INEKMPONPUBOOd C
NOMA3HOUMNYIbCHUM YNPABIEHUEM 8blOPAHO CUCMEM) PEeanlbHblX KOOPOUHAmM Cmamopa,
Ymo No360JIsleM ONepPupo8amv ¢ pedibHbIMU MoKamu @az cmamopa Kak u 8
HenpeoopPaz08aAHHbIXX eCMeCMBeHHbIX KOOPOUHAMAX, MAK U 0OHOBPEMEHHO NPedOCmAasIsis
BO3MOJICHOCb U30ABUMBC OM NEPUOOUUECKUX KOIPPUyUueHmos 6 GulpadceHusx OJis
UHOYKMUBHOCMEN U 83AUMOUHOYKMUBHOCMEL 8 NOMOKOCYENTICHUSIX.

Yuumeieas, umo npeobpazosanusi npu nNoOCMpoeHUuu MamemMamuideckoi Mmooenu
Kacaromcs moJabKo pOMOPHbIX yenell 21eKkmpoosuecamelis, a MoKy cmamopa oCmarmcs
be3 uzmeHeHull, ObLIO YKA3AHO HA BO3MOICHOCMb MAMPUYHOU UX UHMepRpemayull,
paccmampusdsi OONOJIHUMENbHO K pOMOpY U yenu (aszvl cmamopa.

Vkazano ma yenecoobpaznocms adanmayuu NOCMPOEHHOU MOOenu ACUHXPOHHO2O
INEKMPONPUBOOd ¢ NOPASHOUMNYIbCHUM YNPABIeHUeM K NpaKmudeckum pacuemam 6
MathCad.

KawueBble ciioBa: mamemamuueckas mooeb, ACUHXPOHHBLIL IIEKMPONPUBOO,
noghasHouMny1bCHOE ynpagieHue
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