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Purpose. To improve simulation and design of Automatic Control Systems in the SPICE-compatible programs and 
to obtain separate economic and universal macromodels of PWM controller. Development of an PWM controller eco-
nomical macromodel for the study of automatic control systems (ACS) in computer-aided design (ECAD) programs, 
which does not generate algorithmic failures in comparison with the existing models of PWM. 

Findings. Analysis of SPICE-family applications’ mathematical basis allowed to classifying existing models of 
PWM-controllers, defining their suitability for ACS simulation. The criteria for the synthesis of new models have been 
defined. For the SPICE 3G algorithms, the Switch and Averaged models based on behavioral elements has been devel-
oped. Universal and economical PWM controller macromodel based on the simple algorithm for determining the output 
signal with minimum numbers of input parameters has been designed. For the Automated Measuring magnetic suscep-
tibility System, the macromodel of quasi-PWM signal generator have been designed, which is used in the compensation 
subsystem. This model is different from the existing ones: it synthesizes the staircase output signal instead the pulse one, 
thus, there is direct control of the amplitude of the output signal, which is taken averaged. The adequacy of the models 
is confirmed as comparison of the simulation results during investigations of the model already existing in the SPICE 
program, as well as the results of experiments with real ACS. 

The modeling of the PWM controller was carried out on the basis of behavioral elements from the ECAD library, 
simulation (solution of algebra-differential equations systems with programming elements) is based on SPICE algo-
rithms. The object of the study was the simulation process of ACS with the pulse-width principle of adjusting the output 
value. The subject of the research are the models of PWM controllers. 

Originality. The new macromodel of PWM controller that meets the criteria of adequacy, reliability and economy, 
synthesized on the basis of a new approach in modeling objects at the macro level in accordance with the theory of 
automatic control. Macromodels based in capabilities of behavioral modeling in the program of computer-aided design 
in Electronics (ECAD). As part of the compensation system studying, the new controller model has been developed, that 
turns pulse-width modulated signal into amplitude-modulated signal by a certain algorithm. This approach (obtaining a 
quasi-PWM signal) made it possible to significantly simplify the control unit model, and the model of ACS at whole. 

Practical value. PWM macromodels expands the mathematical support of ECAD, reduces the probability of the 
appearance of algorithmic failures and accelerates the modeling of ACS in ECAD. Approach, which used during its 
synthesis, allows us to build similar models for other software (CAS, CAE). 

Keywords: ACS; PWM Controller; ECAD; SPICE; modeling; simulation; behavioral elements; macromodel; 
adequacy

I. INTRODUTION 

Pulse width modulator (PWM) switches the power 
on and off in order to control the level of voltage or cur-
rent in the load. This modulation technique produces a 
series of pulses whose duty cycle varies depending upon a 
reference signal. PWM is a key principle for the regula-
tion in many devices: Uninterruptible Power Supplies, 
Switch Mode Power Supplies (SMPS), DC-to-DC Con-
verters, Frequency Converters, voltage/current or speed 
Automated Control Systems (ACS), etc. As a modulation 
signal typically used sawtooth waveform. 

To study ACS and mechatronic systems on high 
level of abstraction, ECAD programs are used [1]. Unfor-
tunately, as a rule, models for the PWM controller are 

quite complicated in ECAD [2].Usually, models for the 
PWM controller only for specialized controllers and DC-
to-DC Converters are represented in libraries of SPICE-
compatible programs. For example, for 100V Current 
Mode PWM Control (LM50201), Integrated Power 
Ethernet PD Interface and PWM Controller (LM5070), 
PWM Current-Mode Controller for Low-Power Universal 
Off-Line Supplies (NCP1200/ON), etc. [2]. These com-
plex models combine elements of schematic diagrams and 
behavioral elements and they are written in a specialized 
modeling language (Spice). 

SPICE-family ECAD programs have in their librar-
ies a set of macromodels for different types of SMPS 
(Buck, Boost, Buck-Boost and other converters). The core 
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of these models is the encapsulated macromodel of the 
control system (PWM). They can be constructed on the 
basis of the principle electric circuit (Switch models) [2, 
3] or obtained as a Black Box (Averaged models) [4]. 

The Switch models are much more complicated than 
the Averaged macromodels, the number of external out-
puts of Switch models equal to number of pins of real IC 
(models for specialized controller for Modular Power 
Systems UC1846, controller of Power Supplies TL494, 
etc [3,4]). Averaged models are obtained for the Small 
Signal Mode on the base of Laplace Transform and used 
for frequency response analysis; they are not adequate in 
the transient analysis. 

II. ANALYSIS OF LAST RESEARCHES 

In article [5] we‘ll see how to find the output power 
stage transfer function H(s), called the Control-to-Output 
function,  of the most switching power supplies: BUCK, 
BOOST, BUCK-BOOST, HALF-BRIDGE, FULL 
BRIDGE, both in voltage mode (VM) control and current 
mode (CM)  control. According to Bode plots, we can 
choose the most suitable compensator (Transfer function 
G(s)), implementing the compensation network with the 
operational amplifiers embedded in the microcontrollers. 
The SPICE simulation of the open loop transfer function 
G(s)·H(s), will allows us to evaluate the results for the 
system stability. Once the components for the specific 
power supply have been parametrizied, we can estimate 
with good approximation the transfer function which de-
scribes mathematically the output power stage. Models of 
subsystems are averaged for the Small Signal Mode and 
are obtained as blocks with transfer functions by the 
Laplace transform. 

Article [6] describes some guidelines which will 
help to write new generic models for the ECAD. An ef-
fective PWM model that is easily modeled includes func-
tions that are common and in Small Signal Mode it is not 
necessary to model the internal architecture of specific 
converters. In this article models are constructed on sim-
ple linear equations, which describe idealized behavior. 
Some passive elements added to include various effects 
(propagation delay, input voltage offset, etc.). The two 
models, PWM CM and PWM VM, simulate quickly and 
converge very well, but there are not adequate in 
Switched Mode.  

In these models it is proposed to use the Berkeley B 
element [2], [3], the standard Behavior element (linear or 
non-linear current or voltage sources). Some vendors have 
expanded the B element syntax to include BOOLEAN 
and IF-THEN-ELSE functions. For INTUSOFT’s 
IsSpice4 (San Pedro, CA) and CADENCE’s Analog 
WorkBench Spice Plus (San-Jose, CA), the writing of I or 
V math equations using B elements is the same because 
both are SPICE3 algorithm compatible. 

Article [7] presents the simple model PWM control-
ler for the DC driver`s simulation in Matlab (library Sim-
PowerSystem). This model is an algebraic summation of 
signals from the sawtooth generator and a reference volt-

age generator, the resultant signal is supplied to the relay, 
which model is quite complicated. 

In the article [8], the PWM model for a three-phase 
frequency converter with a rectifier and a voltage inverter 
is presented as a source of noise, which is then suppressed 
by analog filters with compensators that well eliminate 
noise caused by PWM and do not distort the phases and 
amplitudes of the main harmonics. This model adequate 
only for this specific occasion. 

The paper [9] presents the basic equations on which 
the model of the PWM can be based, and model as Block 
Diagram for the Perturbation Case has been obtained. 
PWM signal of constant frequency has been obtained by 
comparing the ramp signal (or carrier signal) with the 
error between the desired and the actual output voltage 
signal (compensator voltage signal).This model is valid 
for continuous conduction mode (CCM) and is accurate 
only for frequencies much lower thanfs/2 (Nyquistrate). 

For DC-to-DC converter, PWM reference signal 
(Vr) is constant value and independent from modulation 
technique employed for the steady state. For the dynamic 
purpose, the reference signal can be considered to be the 
sum of DC value corresponding to the steady state and a 
sinusoidal signal signifying the small signal perturbation. 

The macro circuit in ECAD program which based 
upon the article [10] featured a very workable model for 
the UC1845 pulse width modulator. This macro is the 
version with an integral T flip-flop. Its schematic is com-
plicated and based on the manufacturer’s specifications 
and block diagram of the UC1845 PWM IC, and uses 
most of the same concepts as in the macromodel of 555 
Timer. 

In Micro Cap 11 (SPICE-family ECAD program) 
[4], there is interesting PWM signal generator model that 
is an integral part of the DC-to-DC converter (file 
DSP_SAMPLE circuit).  

The macromodel of PWM has six parameters: 
ModHigh, ModLow, ModFreq, ModType, PWMHigh, 
and PWMLow. ModHigh and ModLow define the high 
and low voltage values of the modulating signal. The 
ModFreq parameter defines the frequency of the modulat-
ing signal. ModType defines whether the modulating sig-
nal is a trailing edge sawtooth, a leading edge sawtooth, 
or a triangle waveform. The PWMHigh and PWMLow 
parameters define the high and low voltage values of the 
PWM output signal. 

The ModPeriod variable converts the ModFreq pa-
rameter into its equivalent period in units of seconds. The 
internal parameter ModTrans variable is used to set the 
transition time for the sawtooth modulation signal. It sets 
the transition time to the modulation period divided by 
10000. ModRamp source creates the sawtooth signal. 
Behavioral element Voltage source creates the PWM out-
put signal Vout. The function source has been defined 
with the following expression: 

 51 10out o a IN ,RampV V V tanh( V )= + ⋅ ⋅ ⋅ . (1)  
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The hyperbolic tangent operator produces a value 
between 1 and -1. The 1·105 provides a high gain that 
minimizes the transition between the two limits. Essen-
tially, when the differential voltage between nodes In and 
Ramp is positive, the tanh function returns 1. When the 
differential voltage is negative, the tanh function returns -
1. The Vo and Va variables are set through the two fol-
lowing define statements (syntaxes of Spice language): 

.define Va (PWMHigh-PWMLow)/2; 

.define Vo (PWMHigh+PWMLow)/2. 
These two variables force the output voltage of the 

pulse signal to the high and low values of PWMHigh and 
PWMLow respectively. 

This model is quite simple, based on the behavioral 
element, but the calculation of the hyperbolic tangent can 
give rise to problems of convergence of the computational 
algorithm. In addition, this model is not embedded in the 
library of Micro Cap, thus, there is no separate model of 
the PWM signal generator. 

III. FORMULATION OF THE WORK PURPOSE 

Analysis of ECAD's mathematical support has 
shown that there is no separate simple model of PWM as 
block, suitable for investigating the dynamics of processes 
in the ACS, or it is not available. As you can see, these 
PWM models evolved mainly as a component of DC-DC 
Converters and they are adequate in Small Signal Mode.  

But it would be desirable to have simple model of 
PWM, suitable for use in any Switched Mode electronic 
devices, especially those that are part of the ACS. There-
fore, the criteria for developing such models are univer-
sality, cross-platformism, minimum set of input and inter-
nal parameters, and lack of algorithmic failures to accel-
erate and improve the reliability of the simulation process. 
The model should provide the ability to monitor and pre-
dict dynamic performance in real time mode. The accu-
racy of simulation is always the main criteria. So, we need 
to develop a separate model suitable fo the ACS analysis 

IV. NEW MACROMODEL`S MODELING AND 
SIMULATION 

Universal and economical PWM controller model is 

shown in Figure 1,а. This model is similar to the model 
discussed above, but based on a simple algorithm for de-
termining the output signal and has three times smaller set 
of input parameters. 

The IN is the input pin for the reference signal. In 
this scheme generator V1 emulate the variable input / 
reference signal. The OUT is the output pin for the PWM 
signal. The modulation signal is generated by the 
Sawtooth generator within the macro (leading edge 
sawtooth) by the multipurpose Voltage Source V2. 

The macro has three internal (local) parameters: the 
PWM_High and PWM_Low, which define the high and 
low voltage values of the PWM output signal respectively 
and PWM_Period, which set the period of Sawtooth sig-
nal. In this example the frequency of the modulating sig-
nal is 8kHz. The R1 resistor (resistance 1MOhm) pro-
vides a DC path to ground at the input node. 

Behavior of output programmed by the functional 
source E1. This creates a comparator function which pro-
duced the pulse of the modulator. Input and sawtooth sig-
nals are compared in it: if the value of input/references 
signal greater than the one in sawtooth signal, output volt-
age is set to low value; in vice versa, if the input signal 
less than the sawtooth – to high value. 

This algorithm is written in the conditional operator: 
IF V(IN)≥V(SAWTOOTH) 
THEN PWM_Low 
ELSE PWM_High 
The PWM_High and PWM_Low values of output 

voltage levels are given in the respective «define» opera-
tors. This form of statement is used to create and define 
the value of a symbolic variable. In Spice-language the 
Conditional operator IF(b,z1,z2): if b is true, the function 
returns z1, else it returns z2). 

The result of simulation of corresponding modula-
tion signals are shown below in the fig.1,b. In the top plot 
the leading edge sawtooth waveform and changing input 
signal are displayed. The bottom graph shows the gener-
ated PWM signal (resulting waveform). 
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а)                                            b) 

Figure 1. Modeling of PWM Block in Micro Cap 11: a) macromodel; b) results of simulation 
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а)                                          b) 

Figure 1. Comparison of PWM models: a) scheme for research models; b) comparative characteristics of the new model 
(upper graph) and model [4] (lower graph) 

To determine the accuracy of the model, the results 
of the simulation are compared. Figure 2,a  shows the 
model from DSP_SAMPLE circuit [4] and new model. In 
Figure 2,b the results of their simulation are presented 
(upper graph – new model, lower graph – model from 
[4]). 

As can be seen, the results are almost identical; there 
are slight differences at the beginning of the modeling 
time, which is due to the features of initial conditions cal-
culation (DC Operation Point computation). 

Another model is a simplified version in which 
compensating signal produced as a constant continuous 
signal with variation of its amplitude (staircase signal). 
This assumption is acceptable provided if the output sig-
nal is smoothing effectively by filter. Since the PWM 
signal regulates the average value of the voltage by 
changing the duty cycle, it is possible to directly use the 
variation of the mean/average value during PWM simula-
tion. If the duty cycle (D.C.) varies linearly, and the am-
plitude of the signal is constant, we can assume that the 
average value of the signal VAVG:  

 
. .AVG m mV V D C V

T
τ

= ⋅ = ⋅
,  

where VAVG – amplitude of output voltage; T – period; τ − 
pulse duration. 

Such model developed during designing of compen-
sating subsystem in the System for measuring of magnetic 
susceptibility [11]. This information-measuring system is 
an AСS (magnetometric scales with the registration of the 
zero position on the basis of determining the frequency 
change of LC generator) [11]. Control of the measure-
ment process is carried out by a microprocessor. ACS is 
designed to compensate for the displacement of the rod 
caused by the magnet's impact on the magnetic material, 
for measuring and fixing the current of a power magnet, 
resulting displacement of the rod, frequency difference, 
and PWM signal generation for the compensating choke. 

The resulting scheme of Automated System is 

shown in figure 3. The total model consists of subsys-
tems: 1 – Power Magnet; 2 – tested sample; 3 – the rod; 4 
– Measurement subsystem on Colpitts variable frequency 
oscillator; 5 – Compensating subsystem (implemented on 
an inductive choke); 6 – Microprocessor Control System). 

 

 
Figure 2. Structural diagram of the ACS model 

Here the variables: POSITION1 – displacement of 
the rod (ejection/retraction of the tested sample from the 
power magnet); POSITION2 – result displacement (ejec-
tion/retraction from compensating system). 

Macromodel of PWM for Micro Cap 11 is shown in 
figure 4,a, it’s created by the rules of SPICE 3G simula-
tion algorithms and based on B elements [10]. The output 
PWM signal controlled the current of the choke with in-
ductance 10 mH. The displacement of the rod is calcu-
lated in two subsystems – in the measuring one (subsys-
tems for finding the frequency difference (FREQUENCY) 
and displacement of the rod (POSITION1)) and in com-
pensating subsystem (scheme for finding the resulting 
displacement (POSITION2)). The difference between 
them makes it necessary to change the Duty Cycle of 
PWM signal (frequency 8 kHz), which corresponds to 
changing of signal amplitude in current /voltage generator 
for compensating system. So, the average level of quasi-
PWM signal can be changed. 

The calculation of the current value of the rod`s po-
sition in the measuring and compensating subsystems 
occurs separately according to the corresponding algo-
rithms. For visibility of the results, the found value PO-
SITION1 in measuring subsystem is fixed (3·10-6 m), the 
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change of POSITION2 in compensation subsystem occurs 
by incrementing the PWM signal.  

The PWM substitution scheme based on staircase 
voltage source X1, which emulates PWM signal. In this 
element, the value of the function (the voltage with re-
spect to T) is averaged at each step, and then the incre-
ment for the next step takes place at a specified fre-
quency. Founded value INCREMENT then transferred to 
the source E1 for determine the rod position changing 
(POSITION2) with coefficient K=1·10-3. It reproduces the 
process of its ejection from the inductor by the action of 
PWM signal that varies stepwise. The choke in compen-
sating system is emulated by the inductance L1=1·10-3H. 
The R2 resistor (resistance 0.5 kOhm) provides a DC path 
to ground for ensure algorithmic reliability and emulated 
the total resistance of subsystem. 

The compensation signal stops changing when the 
values of POSITION1 and POSITION2 become equal 
(fig.4,b, upper graph).  

The work of the PWM is determined by the algo-
rithm:  

 
IF POSITION1≥POSITION2 
THEN POSITION2= K·INCREMENT 
ELSE POSITION2= POSITION1  
ENDIF “PWM STOP CHANGING 
 
All variables here have a voltage dimension by the 

rules of SPICE algorithm. 
Found value of POSITION2 fixed (fig.4,b, lower 

graph) and transferred to further processing: in the general 
model, the frequency of generator in the measuring sub-
system and the current of the power electromagnet are 
calculating. All internal variables are written in operator 
.define. 
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а                                         b 

Figure 3. Model of the compensation system: a) scheme for research; b) results of simulation 

In fact, this model represents a proportional integra-
tion block of ACS [12]. Both models are used the causal 
approach [1], [12]. The model also makes it possible to in-
vestigate tasks in which the POSITION1 is also changing. 

Model of measurement system was investigated in 
static and dynamic modes in ECAD program Micro-Cap 
11. Its speed and stability have been evaluated during the 
Transient Analysis. The delay of operation of the com-
pensation system is found (3 μs±10%).  

Directions of its parametric optimization and im-
provement on criteria of accuracy and versatility are 
found. 

V. CONCLUSION 

In this section, necessary to state the results obtained 
a result of the research. The developed macromodels are 
distinguished by minimalism and simplicity and therefore, 
may be recommended for the study of ACS on the upper 
levels of abstraction in ECAD and in other similar 
mathematical processors.  

After the model experiment, in which the parameters 
of the system has been optimized and refined on the basis 
of physical features of the real hardware, a prototype of 

compensation system was designed [11]. So, the ade-
quacy of the models has been confirmed not only by 
comparison of the simulation results during investigations 
of the model already existing in the SPICE-family pro-
gram [4], but with the results of experiments on real ACS 
[11].  

The relative error of the model is not more than 
20%, so it can be recommended for the study of such sys-
tems. 
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СУМІСНИХ ПРОГРАМАХ ECAD 
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Мета. Покращити моделювання та проектування систем автоматичного управління (САУ) в програмах, 
сумісних з SPICE, та отримати окремі економічні та універсальні макромоделі ШІМ-контролера. Розробити 
економічну макромодель ШІМ-контролера,що не генерує алгоритмічні збої для задач вивчення систем авто-
матичного управління в програмах автоматизованого проектування (ECAD). 

Методи дослідження. Моделювання контролера ШІМ здійснювалось на основі поведінкових елементів з 
бібліотеки ECAD, моделювання (розв’язання систем алгебро-диференціальних рівнянь з елементами програму-
вання) базується на алгоритмах SPICE. Об'єктом дослідження був процес моделювання САУ з принципом ши-
ротно-імпульсного регулювання вихідного значення. Предметом дослідження є моделі контролерів ШІМ. 

Отримані результати. Аналіз математичної забезпечення SPICE-сумісних програм ECAD та інших ма-
тематичних процесорів дозволив класифікувати існуючі моделі ШІМ-контролерів, визначивши їхню придат-
ність для симуляції САУ. Визначені критерії синтезу нових моделей. Для алгоритмів SPICE 3G розроблено клю-
човута усереднену моделі на основі елементів поведінки. 

Розроблено універсальну та економічну макромодель контролера ШІМ на основі простих алгоритмів для 
визначення вихідного сигналу з мінімальним числом вхідних параметрів. Для автоматизованої системи вимірю-
вання магнітної сприйнятливості було розроблено макромодель генератора квазі-ШІМ сигналів, яка викорис-
товується для дослідження компенсаційної підсистеми цієї САР. Ця модель відрізняється від існуючих тим, 
що вона синтезує вихідний сигнал ступінчастої форми, а не імпульсний, таким чином, існує прямий контроль 
амплітуди вихідного сигналу, який приймається усередненим. Адекватність моделей підтверджується порів-
нянням результатів моделювання під час досліджень із існуючою  в програмі SPICE моделлю та із із резуль-
татами експериментів з реальною САУ. 
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Наукова новизна. Нові макромоделі контролера ШІМ, які відповідають критеріям адекватності, надій-
ності та економічності, синтезовані на основі нового підходу в моделюванні об'єктів на макрорівні відповідно 
до теорії автоматичного управління. Макромоделі синтезовані із використанням можливостей поведінкового 
моделювання в програмах автоматизованого проектування в електроніці (ECAD). Як частина вивчення сис-
теми компенсації, була розроблена нова модель контролера, яка перетворює ШІМ-сигнал в амплітудно-
модульований сигнал за певним алгоритмом. Такий підхід (отримання квазі-ШІМ) дозволив значно спростити 
модель як керуючого пристрою, так і модель САУ в цілому. 

Практична цінність. Макромоделі PWM розширюють математичне забезпечення ECAD, зменшують 
ймовірність появи алгоритмічних збоїв та прискорюють моделювання САУ в ECAD. Підхід, який використову-
вався під час їхнього синтезу, дозволяє створювати аналогічні моделі для іншого програмного забезпечення 
(CAS, CAE). 

Ключові слова: САУ; ШІМ контролер; програми автоматизованого проектування в електроніці; 
SPICE; синтез моделі; моделювання; поведінкові елементи; макромодель; адекватність 
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mail: snow@zntu.edu.ua; 
Цель. Улучшить моделирования и проектирования систем автоматического управления (САУ) в SPICE-

совместимых программах, и получить отдельные экономические и универсальные макромодели ШИМ-
контроллера. Разработать экономичную макромодель ШИМ-контроллера для задач исследования систем ав-
томатического управления в программах автоматизированного проектирования (ECAD), которая не генери-
рует алгоритмические сбои. 

Методы исследования. Моделирование контроллера ШИМ осуществлялось на основе поведенческих эле-
ментов из библиотеки ECAD, симуляция (решение систем алгебро-дифференциальных уравнений с элементами 
программирования) базируется на алгоритмах SPICE. Объектом исследования был процесс моделирования 
САУ принципу широтно-импульсного регулирования выходного значения. Предметом исследования являются 
модели контроллеров ШИМ.  

Полученные результаты. Анализ математической обеспечения SPICE-совместимых программ ECAD и 
других математических процессоров позволил классифицировать существующие модели ШИМ-контроллеров, 
определив их пригодность для симуляции САУ. Определены критерии синтеза новых моделей. Для алгоритмов 
SPICE 3G разработаны ключевая и усредненная модели на основе элементов поведения. 

Разработана универсальная и экономическую макромодель контроллера ШИМ на основе простых алго-
ритмов для определения выходного сигнала с минимальным числом входных параметров. Для автоматизиро-
ванной системы измерения магнитной восприимчивости была разработана макромодель генератора квази-
ШИМ сигнала, которая используется для исследования компенсационной подсистемы этой САР. Эта модель 
отличается от существующих тем, что она синтезирует выходной сигнал ступенчатой формы, а не им-
пульсной, таким образом, существует прямой контроль амплитуды выходного сигнала, принимаемого усред-
ненным. Адекватность моделей подтверждается сравнением результатов моделирования в ходе исследований 
с существующей в программе SPICE модели и с результатами экспериментов с реальной САУ. 

Научная новизна. Новые макромодели контроллера ШИМ соответствуют критериям адекватности, 
надежности и экономичности, синтезированные на основе нового подхода в моделировании объектов на мак-
роуровне согласно теории автоматического управления. Макромодели синтезированы с использованием со-
временных возможностей поведенческого моделирования в программах автоматизированного проектирования 
в электронике (ECAD). Для задач исследования системы компенсации, была разработана новая модель кон-
троллера, которая превращает ШИМ-сигнал в амплитудно-модулированный сигнал по определенному алго-
ритму. Такой подход (получение квази-ШИМ) позволил значительно упростить модель как управляющего уст-
ройства, так модель САУ в целом. 

Практическая ценность. Макромодели PWM расширяют математическое обеспечение ECAD, умень-
шают вероятность появления алгоритмических сбоев и ускоряют процесс моделирования САУ в ECAD. Под-
ход, который использовался в процессе их синтеза, позволяет разрабатывать аналогичные модели для другого 
программного обеспечения (CAS, CAE). 

Ключевые слова: САУ; ШИМ контроллер; программы автоматизированного проектирования в элек-
тронике; SPICE; синтез модели; моделирование; поведенческие элементы; макромодель; адекватность 
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