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Система ФАПЧ 
 

 
Приведены результаты исследований системы фазовой 

автоподстройки частоты с учетом и без учета аддитивных помех, 
сопровождающих эталонный сигнал. Использованием метода теории 
выбросов проведен теоретический анализ зависимости вероятности 
срыва слежения (синхронизации) за заданное время наблюдения от 
отношения мощностей сигнала и помехи в канале эталонного 
сигнала. Для получения более точных результатов разработана 
имитационная модель системы в пакете динамических систем 
«Simulink» в среде Matlab, с использованием которой получены 
основные характеристики системы 

 
The PLL 

 
Phase-locked loop system is a multifunctional system, which is used 

for frequency synchronization, multiplexing and channel separations, 
frequency conversion and multiplication, and for other purposes. PLL is a 
system of automatic regulation that adjusts the phase-controlled generator 
in accordance with the value of the phase reference signal. 

Digital simulation of the PLL implemented in Matlab package 
applications. Model PLL with different types of filters constructed in a 
graphical environment Simulink. Types of system: PLL with inertial link, 
with proportional-integrating filter, with izodromny filter. 

The principle of operation of the system  
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Let us consider simplified one-loop, isolated from external influences 
PLL. By the structure PLL is the system of automatic regulation with one-
input, one exit and one- feedback loop (Fig.1). 

 
Fig.1. Functional diagram PLL 

PLL is used for frequency stabilizing of the self-oscillator on a signal 
of more stable reference generator (RG). The object of regulation – the 
voltage controlled oscillator (VCO) and a signal of control make an 
influence on the frequency and a phase of its auto-oscillations. A reference 
signal generator in the form of a periodic function (controlling influence) 
effect on input of the system, the VCO signal is the output signal. Error 
sensor in the system is a phase detector. Its function is fixing variance 
between the phase reference signal and VCO. The low pass filter is used 
for the correction of a transfer function of a closed system and filtration of 
potential interference. The control element is required to change the 
frequency (phase) VCO [2]. 

For experiment the simulation model of the system PLL is built in 
Matlab environment using graphical environment simulation Simulink. 
Model consists of the following elements: generator harmonic oscillations 
with a constant frequency, a generator with a linearly changing frequency, 
white noise generator, a phase detector, consisting of a multiplier and a 
low-pass filter, band pass filter, three types of feedback filters, amplifier, 
and a voltage controlled oscillator [3]. 

Analysis of tracking failure 
The PLL system at impact of noise is subject to tracking failure. 

There are several tracking failure analysis methods. This study presents a 
method of emission. 

Method of the theory of emissions 
In this method failure of tracking is meant as VCO signal phase exit 

out of limits of an aperture of a phase detector. As a result, of 
transformations the following expression for an assessment of probability 
of failure of tracking is received [1]. 
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 the relation of mean powers of a signal and noise 

on an entrance of a phase detector 
U0

2  - RG amplitude, 
∆  – transmission band of a bandpass filter, 
K – transmission ratio of system, 
Тf – time constant of the filter in a feed-back loop, 
T – time of functioning of system, 
x– threshold value, 
m – expectation of phase shift of VCO 
Δfe – the equivalent noise strip of the filter at the exit of the generator 

of a white noise, 
ΔFe – the equivalent noise strip of loop system. 
Based on the theory the experiments were performed for system 

without filter, system with the proportional integrating filter, systems with 
the izodromny filter. Experiments are made in the Simulink [3]. 

The analysis of the received results 
Analyzing the data obtained by method of the theory of emission, we 

see the following regularities. The experimental results showed that in case 
of small values of noise power the probability of failure of tracking is high 
that is quite expected.  

Comparing of three researched options of system is given in Table 1. 
 

Table 1. Pivot table of comparing of different options of system 

 

Analyzing this table, we see that the phase-locked system with PIF 
link in a circuit of back coupling is more noiseproof, than system without 
filter and with inertial link. 

In this work the principles of operation of phase auto-adjust in the 
developed software in the environment of Matlab are probed. In the 
environment of graphic simulation of Simulink the simulation model of the 
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phase-locked system with different types of filters of the lower frequencies 
in a loop of back coupling, namely with an inertial link, with the 
proportional integrating filter, with PID link and without filter is 
constructed. Method of the theory of emissions carried out the analysis of 
failure of tracking in the phase-locked system with different types of filters 
in a loop of back coupling. Based on the obtained data the most noiseproof 
system is revealed – the phase-locked system with the proportional 
integrating filter in a circuit of back coupling as failure of tracking in it 
began in case of great importance of noise became it. The phase-locked 
system without filter in a circuit of back coupling became the least steady. 
Conflicting data were obtained in the analysis of results of the phase-
locked system with an izodromny link. 

The further study of failure of tracking in different versions of phase-
locked systems of frequency is in the future planned. Special attention will 
be paid to research of failure of tracking in the phase-locked system with 
the PID filter in a circuit of back coupling which results of simulation 
turned out ambiguous. 
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