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Research results of signal formation peculiarities in autodyne short-range radars with linear frequency modulation
by non-symmetric saw-tooth law are presented. Calculation expressions for autodyne signals are obtained in the
general case of arbitrary delay time of reflected emission. Temporal and spectral diagrams of autodyne signals
are defined in the cases when its period duration is much more than the delay time of reflected emission, as well
as for cases when this inequality is not satisfied. Experimental investigations are performed using the autodyne
oscillator on the Gunn diode of 8mm-range, which is electronically controlled in frequency by the varicap.
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Introduction

Autodyne short range radars with frequency
modulation (FM ASRR) have found wide application as
guard sensors, anti-collision sensors for transport vehi-
cles, measuring devices for car motion in hump yards,
detectors of point-work occupation and railway crossings
and many others [1-5] due to construction simplicity
and low cost of the transceiver device. Operation princi-
ple of these devices is based on the so-called “autodyne
effect”, which consists in oscillator parameter variations
under influence of reflected emission [5]. These variati-
ons registration in the form of autodyne signals and
their further processing provide a possibility to obtain
information about reflecting object and its relative moti-
on parameters.

A large number of publications is devoted to peculi-
arities of FM ASRR autodyne signal formation, in whi-
ch different mathematical models and impact function
representations for proper reflected emission are used.
In earlier publications, which were mainly issued in the
period of autodyne theory coming into being, the impact
function was represented by variable load, which vari-
es with a frequency of the signal formed [6]. In later
publications, this function was described by the equi-
valent current (or voltage) source having the relative
frequency offset caused by emission FM and by reflected
radio-signal delay [5,7-9]. Within the limits of described
approaches, the oscillation frequency and amplitude are

changing with the differential frequency and the output
signals become harmonic as a result of these variation
detection.

In publications of the recent time, the presence of
anharmonic distortions [10, 11] at investigation of FM
ASRR signal in the millimeter wavelength range. The
phase delay of reflected emission was assumed as a
basis of the model, which takes into consideration this
phenomenon. At that, it was shown that signal distorti-
ons are caused by autodyne frequency variations, which
cause nonlinearity of the reflected emission phase incursi-
on. Nevertheless, solution of equations with retarded
argument in known publications was obtained for the
first approximation only, which is valid under condition,
when the delay time 7 of reflected emission in much less
than the period T, of formed autodyne signal. In the
actual conditions, at large values of frequency deviations
and the high FM operation speed, which is typical for
millimeter-wave range, this inequality may be violated!.
For such conditions of FM ASRR functioning, peculiari-
ties of autodyne response formation did not consider in
known publication.

To develop the promising FM ASRRs and its
reasonable applications, it is undoubtedly necessary to
have a knowledge about signal properties under menti-
oned conditions. Therefore, the goal of this paper is
obtaining the general solution of the system of retarded
equations for the single-circuit autodyne FM oscillator.
Then, on the base of this solution, we are going to

1For example, in 8mm-range, in typical situation of 500 MHz frequency deviation [4], the frequency modulation by non-symmetric
saw-tooth law equaled to 10 kHz and the distance to the object 75 m, the delay time 7 is 0.5- 1079 sec, and the autodyne signal period

T, is equal to 0.4 - 1076 sec.
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examine peculiarities of autodyne response formation
at different FM parameters and distances to the radar
object for the non-symmetric saw-tooth FM law. Parti-
ally, this task were discussed in reports [12-14].

1 Initial for

analysis

expressions signal

A system of differential equations linearized in the
vicinity of steady-state mode for small relative variations
of the oscillation amplitude a and frequency x for single-
circuit oscillator, which is under impact of the proper
reflected (from the radar object) emission, has a view
[12,15]:

(QL/weav)(da/dt) + aa +ex = T'(t, 7)ncosd(t,7), (1)
Ba+ Qrx = —T(t,7)nsind(¢,7), (2)

where Qr, weey are the loaded Q-factor and the cavity
natural frequency, relatively; «, e, and S are dimensi-
onless parameters defining the oscillator increment slope,
non-isodromity and non-isochronity, relatively; n =
QL/Qex, Qer 1s an efficiency and the external Q-factor
of the oscillating system; I'(¢,7) = Do[A(t, 7)/A(t)],
o(t,7) = ¥(t) — ¥(t,7) are the modulus and the phase
of the instantaneous reflection factor reduced to the
oscillator output; I'g is the emission damping factor in
amplitude at its propagation to the object and back;
A(t), A(t,7), and ¥(t), ¥(¢,7) are oscillator amplitudes
and phases in the current moment t and from the system
pre-history (¢t — 7); 7 = 2l/¢, where [ is a distance to the
reflecting object; c is the speed of emission propagation.

At FM by means of the bias voltage variations across
the varicap, both frequency and “parasitic” amplitude
modulation (PAM) occur:

3)
(4)

where mpy = Awpy/wo and may = AAan/Ao
are coefficients of frequency (FM) and amplitude (AM)
modulation, relatively; Awpgpr, AAgp are maximal
deviations of oscillation amplitude and frequency from
the steady-state values Ay and wy due to oscillation
modulation; f,04(t) is the normalized modulating functi-
on having the Q,,,4 frequency. The quasi-static solutions
of the first approximation [16] of the equation system
(1), (2) with account (3), (4) for relative variations of
the amplitude a(¢,7) and absolute frequency variations
w(t,7) of FM ASRR have a view:

w(t) = wo + AOJFz\/[(t) = WO[I + mFMfmod(t)]a
A(t) = Ao[l + aanm (t)] = Aol + aans frnod(t)],

a(t,7) = man fmod(t) + T(t, 7)Kq cos[d(t, 7) — ], (5)

w(t, T) = W {1 =+ mAMmed(t) — F(t, T)La

sin[é(¢,7) + 6]}, (6)

where K,, L, are coefficient of autodyne amplificati-
on and the frequency deviation; ¥ = arctan(p), 6 =
arctan(y) are angles of phase shift; p = ¢/Qr, v = 8/«
are coefficients of oscillator non-isodromity and non-
isochronity, relatively.

To obtain expressions describing the autodyne
response in the general case of arbitrary ratio of reflected
emission delay time 7 and Ta period, we use the known
approach to analysis of systems with delay, which is
developed for the case of usual (without FM) autodyne
signal description in [15]. Its sense consists in expansion
of functions A(t,7) and ¥(t,7) of retarded impact into
Taylor series over the small parameter — ratio of delay
time 7 and the current time ¢. At that, we assume that
functions (5), (6) have no breaks over all time interval
for autodyne response formation. In addition, here we
exclude from consideration the transients in reverse zones
of the modulating functions taking into account fulfi-
llment of the strong inequality 7 << 27/Q04. Then,
taking above-mentioned into consideration, expressions
for O(t, 7) and 6(¢,7) in (5), (6), as functions of normali-
zed (dimensionless) delay times 7,, = wo7/27 and the
modulating function ¢,, = Q,,,,4t/27, have the view:

F(tn, Tn) =TIy (1 + 27, Lo K,

M
. Z (=)™ X () sin[0(tn, 7)) — ¥ + @m(rn)]> (7)

m=0

5(tn; Tn) = 271—7—77, + WBFMfmod(tn)_

M
—Crp S (~1)" X (1) SI3(ns 7) + 6 + O ()]
m=0

(8)

where r,, = 7/T, is the parameter of normalized (with
the respect to the autodyne signal period T,) distance
to reflecting object; Bpys = AFpp 7 is the parameter of
“FM base” defining the number of signal periods being
stacked over the modulating function period at fixed
reflecting object, when 7, is fixed; AFpy = Awppr /27
is the frequency deviation expressed in Hz; Cpp is the
feedback parameter of the autodyne system; X,,(rn),
O, (r,) are amplitude values and phase shifts of m-
th terms (m = 0,1,..., M) of series in equations (7)

and (8):
B (27r7“n)2m\/4(m +1)2 + (277, )2
XTYL(TTL) - 2(m + 1)(2m + 1)| 9
wr (9)
O, (ry) = —arctan T:)

Autodyne variations of oscillation amplitude T'gK,
are usually very small: T'g\K, << 1. Therefore, we
can neglect by the second term in large parenthesis
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of (7). Such an approximation in the autodyne system
mathematical model supposes an account the phase delay
only of the reflected emission. At that, we note that
known solutions for the autodyne response following
from (7) — (9), are obtained in the first approximations
assuming m = 0. Account of series terms of higher order
in these expressions, as it will shown later, allows taking
into consideration also the dynamics of phase variation
d(tn, Tn) at any ratio on delay time 7 of reflected emission
and the autodyne signal period 7.

In this connection, the further analysis of the
autodyne response will be examined without first terms
in (5), (6) for I'(t,7) = To. Then, expressions for
normalized maximal values of variations of amplitude
and frequency in the form of the amplitude (AAC)
an (tn, ) and frequency AFA x,,(t,,7,) characteristics®
of the autodyne, have the vews:

A (tn, Tn) = a(tn, ) /ToKs = cos[d(tn, T) — V],
Xn(tn, Tn) = X(tn, Tn)/ToLe = —sin[d(tn, ) + 6].

(10)
(11)

Solution of the transcendent equation (8) under
condition of its smoothness when Crp < 1, can be
obtained by the successive approximation method. This
solution in the form of the autodyne phase characteristic
(APC) 0(tn, ) has a view:

5(tn7 Tn) = 6(tna 7_n)(O)*

—Crp Z D)™ X (1) sin[0(En, Tn) (1) + 0 4 O (1) —

—Crp Z(_ Tn) Sin[6<tn7Tn)(2)+9+@m(rn>_
m=0

—Crg Z )™ X (1) 8in[0(En, 7o) (k) 04O (10)] - . .

S (12)

where indices in parenthesis near terms 6(¢,,7,) denote
the approximation order; §(t,,7n)o1,.k = 27T, +
71—BF]\/Ifmod(tn)-

The zero approximation, when we take into consi-
deration the first term only of the sum in (12) §(tn, 7 ),
corresponds to the linear phase characteristic, which is
typical for homodyne SRR. The further approximati-
ons insert nonlinearity in the function, which is the
autodyne system attribute. Therefore, the main attenti-
on below in research fulfilled will be focused on revealing
of ASRR signal peculiarities under conditions, when the
Crp parameter is commensurable with 1.

2 Numerical analysis of the

autodyne response

FM ASRR signals are usually registered in the power
source circuit of the UHF oscillator (the autodetection
signal) or by means of oscillation amplitude variations
detection. Both variations of the amplitude in the form
of AAC ay,(t,) and of the autodyne current frequency
in the form of AFC y,,(¢,) give the contribution in these
signal formation. To clarify the peculiarities of FM ASRR
signal formation, we use the following mathematical form
of the normalized modulating function f,0q(t,) [11] for
the non-symmetrical modulation law:

2 27t
fmoa(tn) = — arctan {tan <W>} . (13)
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Fig. 1. Time diagrams of APC formation §(¢,), their

derivatives dé(t,)/dt,, AAC a,(t,) (curve 1) and AFC

Xn(tn) (curve 2) calculated at various values of normali-

zed distance r,,: r,, =0 (a), r, = 0.5 (b), r, =1 (¢) and
n = 1.5 (d)

Calculation results of the time diagrams of APC §(t,,)
and its normalized derivatives dd(t,)/dt, characterizi-
ng the variation speed of the reﬂectlon emission phase
incursion, as well as AAC a,(t,) and AFC x,(¢,), fulfi-
lled according to (10) — (12) with account of (13) for
different normalized distances r,, are presented in Fi-
gure 1. Spectral diagrams a,(F,) and x,(F,) of signal
characteristics calculated at previous values of oscillator

(), Xnltn)

2These characteristics are determining in autodyne signal formation, therefore, they are referred as signal characteristics in the theory

of autodyne systems [15].
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parameters and normalized distances r, (see Figure
l,a—d), are presented in Figure 2. In the future, at
analysis on autodyne characteristics, we shall call as
“operation zones” (beginning for the first, where 0 <
rn, < 1) the segments of normalized distance r,, which
are multiplies to integer numbers.
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Fig. 2. Spectrograms a,,(F,,) and x,(F,) calculated for

normalized distances r, = 0 (a), r,, = 0.5 (b),
rn =1 (c) and r, = 1.5 (d)

Hereinafter, if there is not the special reservation,
calculation of the time diagrams are performed at 6 = 1,
1/1 = 0.2, BFJW = 5, CFB = 08, k=M = 50, Tn — 0.
We note that the number of series terms in (7), (8) and
approximations of k-order in (12), which were taken in
calculations, ensure the convergence of calculation results
in the ranges r, <5 and Cgr < 0.98.

From analysis of time and spectral diagrams
presented in Figures 1,a and 2,a, we see that results obtai-
ned for r,, = 0 correspond to research results, which were
performed in [10, 11] only for the first approximations
(1 << T,). In other cases, as we see from diagrams in
Figures 1,b—d and 2,b—d, with growth of the normalized
distance r,,, their view essentially varies. So, for example,
the APC time diagram §(¢,,) approaches to linear functi-

on, and the peak height of the normalized derivative
dé(t,)/dt,, essentially decreases. The anharmonic di-
stortion degree of AAC and AFC diagrams, and accordi-
ngly, the level of higher harmonic components, signifi-
cantly decrease. This tendency is especially noticeable
in the first operation zone, where 0 < r, < 1. In the
case of 7, = 1,2,..., as well as at Crp << 1, AFC and
AAC have practically the sine view as for homodyne FM
ASRR.

For more obvious representation of functions obtai-
ned, we use the generalized parameter — the total
harmonic distortion (THD) factor characterizing the
distortions of quasi-periodic oscillations. Calculation
results of THD as a function of the normalized distance
Ty, are presented in Figure 3 for different C'rp.
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Fig. 3. Plots THD(r,) calculated for Bry; = 5 and
Crp = 0.4 (curve 1) and for Crp = 0.8(curve 2)

From plots in Figure 3, it is seen that the most
distortions of the FM ASRR signals are observed in
the region of small r, of the first operation zone. At
Crp = 0.8, THD in this zone achieves about 40%. With
further transition into operation zones of higher order,
signal distortions essentially decrease achieving the mi-
nimal values at the normalized distances r,,, which are
multiplies of integer numbers (r, =1,2,...).

Returning to examination of calculation results
presented in Figure 2, it is necessary to note a presence
of DC components ag(Fy,) and xo(F,) in spectrograms
of Figure 2a,b,d. A presence of the DC component
Xo(Fy) in the oscillator response on frequency variation
Xn(tn) indicates to some offset of the average oscillati-
on frequency under influence of the reflected emission.
Therefore, these components deserve attention at studyi-
ng FM ASRR signals. Their account may be required,
for instance, at signal processing, the noise immunity
analysis, etc.

Calculation results of relative levels of DS
components ag(ry,) and xo(r,) depending on the normali-
zed distance r,, at Crp = 0.8 for the autodyne responses
an(t,) and x,(t,) are presented in Figure 4.

From curves in Figure 4 we can see that in the fi-
rst operation zone of the FM ASRR at large values of
Crp ~ 1 the DC component level may have values,
which is commensurable with signal amplitudes. In zones
with higher order, we may neglect by influence of DC
components. It is necessary to note that for Cpp << 1,
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DC components in the output signals of FM ASRRs are
practically absent.
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Fig. 4. Plots of ag(ry) (curve 1) and xo(r,) (curve 2)
calculated for Bpy; =5 and Crp = 0.8

To understand of the character of dependences obtai-
ned, let us introduce the concepts of equivalent feedback
parameter C., of the autodyne system and the angle of
dynamic displacement of phase Adpp of the autodyne
response: Ceq = CrpKpr and Adpp = 6(ry) — 6(rp, =
0). Here Kpr = Z%:O(—l)me(rn) is the “dynamic
factor” of feedback included in (8) and (12); &(ry),
d(r, = 0) are phases of the instantaneous reflection
factor obtained for the current value of 7, and for
its zero value, relatively. Calculation results for functi-
ons Kpp(ry,) and Adpp(r,) are presented in Figure
5, at that, for Adpp(r,) two curves are obtained: for
non-isochronic (curve 1) and for isochronic (curve 2)
oscillator.

1 /4
~ 08 \ 3n/16 |——
E 06 =2 \ 1\,\
3 0.4 X 7/8 N \/’ N_~ ~
Moo g /
)
0.2 \ < /16
0 \./\\ e 0 2
0O 05 1 15 2 25 3 0O 05 1 15 2 25 3
ry ry

(a) (b)
Fig. 5. Plots of the dynamic feedback factor Kpr(ry,) (a)
of FM ASRR and phase displacement Adpp(ry) (b) of
signals versus the normalized distance r,, to the reflected
object: 6 =1 (curve 1), # = 0 (curve 2)

From the curve Kpp(r,) (see Figure 5a) we see that
with growth of r, in the first operation zone, where
0 < r, < 1, the value of Kpp and, hence, the equivalent
parameter C., decreases practically by an order. Then,
with growth of r,,, the value of C,, asymptotically damps
with slight growths in the middle part of the operation
zones of higher order, where r, > 1.

Dynamic phase variations Adpp of signal characteri-
stics, which influence on the distortion character, which
is well seen from comparison of curves of Figures 1la
and b, with growth of r,, in the first operation zone are
also maximal. At r, = 1, there is the first minimum
of this value, which is determined by the 6 parameter,
characterizing of oscillator non-isochronous property (see
Figure 5b). with further growth of r,, the asymptotic

damping of “oscillations” in dynamic phase variations
Adpp is here observed.

Plots of AFC x,(t,) and AAC a,(t,) are presented
in Figure 6 for the case of 7, = 2.5 and Crp = 5.
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Fig. 6. Time diagrams of AFC x,(t,) (curves 1) and
AAC ay(ty) (curves 2) formation calculated at Crp =5
and r, = 2.5

As we see from plots in Figure 6, in spite of the fact
that Crp > 1, the autodyne response in higher operation
zones of FM ASRR is smooth and has not jumps and
breaks. At that, the distortion level of quasi-harmonic
characteristics equals to 31%.

Results obtained here seem to be contradictory to the
habitual representations [10,11] and have quite explai-
nable physical sense. For its understanding, it is enough
to take the simplified model of representation of interacti-
on process of the autodyne with the proper reflected emi-
ssion, which can be described by the steps method [17].
From this model it follows that with shortening of the
radio-pulse relative duration (this is equivalent to growth
of normalized distance), a number of partial reflecti-
ons decreases during the time period of the radio-pulse
action. This leads to reduction of equivalent feedback
parameter Ce, of the autodyne system and, hence, the
signal distortion level. When r,, achieved the unity (r, =
1), the reflection emission impact becomes single-partial
and formation of practically harmonic autodyne variati-
ons is provided, which is shown by the above-described
analysis.

3 Results of experimental investi-
gations of FM autodynes

Experimental investigations of FM ASRR were
performed with the oscillating module on 8mm-range
Gunn diode in the structure of the autodyne radar
developed for monitoring of point-works occupation in
hump-yards [2-4]. The autodyne oscillator of this sensor
was made on the base of the Gunn diode AA727A and the
varicap 3A637A-6 in packaged implementation. Qutput
power is 25 mW, the central frequency is 36.5 GHz.
The UHF oscillator provides the frequency tuning of 500
MHz in the mode of linear FM. The FM law is the
non-symmetric saw-tooth, the modulation frequency is
10 kHz. The antenna is horn-lens type with the pattern
width 6 x 6 degrees.
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The autodyne signal was extracted in the power
source circuit of the Gunn diode with the help of the
wideband current transformer. After filtering and ampli-
fication, it passes on the analog-to-digital converter of the
digital signal processor (DSP) TMS320F2808 from Texas
Instrument of the processor unit. In this unit, functions
of modulation voltage formation, digital signal processing
and communication interface RS-485 with the personal
computer.

Figure 7 shows the signal spectrograms obtained from
the corner reflector (a) and from the wall of five-floor bui-
lding (b). The corner reflector with effective dispersion
area near 10 m? was mounted at the distance [ = 3 m
(delay time 7 = 2 - 1078 sec) from the ASRR antenna
aperture. The building wall was situated at distance
I =60m (r = 4-1077 sec). Signal amplitudes (U,)
in both cases were practically the same. The converted
signal frequency in the first case was about 100 kHz
(T, =1-1075 ¢), a Bo BTOpoM — 2 MI'nt (T}, = 5-1077 ¢).
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Fig. 7. Spectrograms of signals converted by the
autodyne obtained from the corner reflector (a) and from
the wall of 5-floor building (b)

In the first case (see Figure 7a), we see in
spectrograms the noticeable level of second and thi-
rd harmonics typical for anharmonic distortions of the
autodyne signals. In the second case, higher harmonic
components are practically absent. From comparison of
obtained spectrograms presented in Figures 7a,b and
2a,c, we see their qualitative agreement. Thus, obtai-
ned experimental data confirm the adequacy of above-
developed mathematical model for analysis and calculati-
on of FM ASRR signal and spectral characteristics.

Conclusions

Peculiarities of FM ASRR signal formation are consi-
dered for the non-symmetric saw-tooth law in the general
case of arbitrary ratio of delay time 7 of the reflected emi-
ssion and the autodyne signal period Tj,. At description
of signal properties, the new concepts of the normalized
distance r, to reflected object, the equivalent feedback
parameter C., of the autodyne system and the angle
of phase dynamic displacement Adpp of the autodyne
response.

From analysis of the fulfilled research results the
important conclusion follows that FM ASRR signal

frequency in the whole range of distances to the radar
object corresponds exactly to the frequency of the
converted signal obtained in the case of the homodyne
system [5].

In the first operation zone, at small distance to the
reflected object, where the strong inequality r,, << 1 is
true, and hence, 7 << T,, the analysis results obtained
are agreed with results of previous researches. In this
zone, at Crp ~ 1, significant distortions of autodyne
signals and spectrum enrichment are observed, which
require of its account in devices for signal processing.

With growth of normalized distance r,, the value
of equivalent feedback parameter C., of the autodyne
system essentially decreases while the angle of phase
dynamic displacement Adpp of the autodyne response
after significant variations in the first operation zone
has got the steady-state value in the further zones. This
approaches APC §(t,,) to the linear function and essenti-
ally decreases the anharmonic distortion degree of AAC
an(tn) and AFC x,(t,). This feature is especially noti-
ceable in the first operating zone if r,, — 1. In the case,
when r,, is the multiple of the integer number (r, =
1,2,...), AAC a,(t,) and AFC x,(t,) have practically
the sine view.

Signal analysis results obtained in this paper develop
and expand results of known researches fulfilled in publi-
cations [15,18] in the part of FM oscillator account as
well as fulfilled in [10, 11] in the part of account (in
the autodyne model) of dynamics of phase variation of
reflected emission at its propagation to the object and
back. Revealed regulations of signal formation in FM
ASRR have rather general character, therefore, obtained
results, as we think, can be used at signal calculation
of autodyne systems made on the base of semiconductor
laser modules [19-21].
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Ocob6auBocti bopMyBaHHS CUTHAJIIB aBTO-
AUHHUX PaaioJIOKaTOpiB i3 JiHiliHOIO 4Ya-
CTOTHOIO MOJIYJISIIIDI0

Hocxos B. 4., Ienamxos K. A., Yynazin A. II.,
Bacuaves A. C., Epmax I'. I1., Cmorvevruti C. M.

IIpencraBmeni pesyabraTé IOCTIIKEHH OCOOIMBOCTEH
GOopMyBaHHSI CHTHAB ABTOAWMHHUX CHCTEM OJIMIKHBOI Pa-
I10JIOKAIli MIJTIMETPOBOTO Jiala30HY 3 JIHIAHOIO YaCTOTHOIO
MOJIYJIAIIEI0 TI0 HECHUMETPUIHOMY MHUIKOIIOII0HOMY 3aKOHY.
OTprMani BUpa3wW i PO3PAXYHKY ABTOIWHHUX CUTHAJIB B
3araJbHOMY BWITAJIKy JOBIJIBHOTO YacCy 3alli3HIOBAHHS BiaOn-
TOrO BUIPOMiHIOBaHHs. [100y/10BaH0 THMYIACOBI 1 ClIeKTPaJIbHI
JlarpaM¥u aBTOAWHHUX CUTHAJIB JJIsT BUMAJIKIB, KON TPUBA-
JICTB iX Tepiofay 3HAYHO Ol/IbINe Yacy 3ami3HIOBAHHS BiIOU-
TOrO0 BUMPOMIHIOBAHHS, & TAKOXK JIsi BUMAIKIB, KON TaKa
HEPIBHICTH He BUKOHYEThCA. EXCIIepuMeHTaIbHI JOCTi TXKeHHS
BUKOHAHI 13 3aCTOCYBaHHAM TeHepaTopa Ha jmiomi lamna 8-
MM [iama30Hy [AOBXKWHHU XBHJIb, €JIEKTPUIHO KEPOBAHOTO IO
YaCTOTI BAPUKAIIOM.
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Mynsiis; reaeparop Ha mioai [anna
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IIpencraBiennbl pe3ysibTaThl UCCIEIOBAHNN OCOOEHHOCTEH
GOpMUPOBaHNST CUTHAJIOB aBTOJIWHHBIX CUCTEM OJIMKHEN pa-
IOUOJIOKAIIAW C JIMHEHHON 9aCTOTHON MOAYIAIIMENd IO HEeCHUM-
MeTPUYHOMY Nua000pa3sHoMy 3akoHy. llogydensr Bbiparke-
HUS JJIS PAcyéTa aBTOAWHHBIX CUTHAJOB B OOIIEM CiIydae
MIPOM3BOJIBHOTO BPEMEHU 3aMa3/IbIBAHUS OTPAKEHHOTO U3JIY-
qennsi. [locTpoeHbl BpeMeHHbIE U CIIEKTPAJIbHbBIE JHATPAMMBI
ABTOJWHHBIX CUTHAJIOB ISl CJIYYaeB, KOTIA MPOIOJIKUTETh-
HOCTb WX TIEPHUOa 3HATUTEIHHO OOJIbIEe BpeMEHH 3aI1a3IbIBa-

HUS OTPAXKEHHOI'O M3JIyHeHHUs, a TAKXKe I CJIydaeB, KOIJa
JTAHHOE HEPABEHCTBO HE BBITIOJHSIETCI. DKCIEPUMEHTATHHBIE
WCCIeOBAHNA BBIIIOJTHEHBI ¢ IIPUMEHEHHeM IeHepaTopa Ha
muone lanna 8-MM uamna3oHa JJIMH BOJIH, JIEKTPUYIECKN
YIPaBJIIEMOTO TI0 YaCTOTE BaPUKATIOM.

Karouesvle cao6a: aBTOAWUH; ABTOAWHHBIN CHUTHAJ, aBTO-
JWHHBIA OTKJIMK, CUCTE€Ma OJIMKHEH pPaIMOJIOKAIAN; FaCTO-
THas MOMYJSINs; reHepaTop Ha auoje [anna
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