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HHMEM aKTUBHOTO CONPOTHBICHUA 0OMOTKH. Teoperndeckoe
000CHOBaHNE YCOBEPIICHCTBOBAHHOTO METO/1a TEIUIOBOH 3a-
IIUTBl ACHHXPOHHBIX IEKTPOJBUTATENICH MPH TOKOBBIX TIe-
perpy3Kax IyTeM HENOCpPEICTBEHHOTO OMPECICHNUS TeMITe-
patypbl HarpeBa 0OMOTOK CTaTopa.

IIpakTHyeckasi 3HAYMMOCTb. Pa3paboTaH anroputm
(YHKIMOHMPOBAHKST MUKPOIIPOLIECCOPHOTO YCTPOMCTBA 3a-
IIUTHl ACHMHXPOHHBIX 3JIEKTPOJABHUIaTesel, paboTaoluX B
TIOBTOPHO-KPaTKOBPEMEHHOM PEXHME, OT HEJOITyCTHMOTO
TrieperpeBa 0OMOTOK NP TOKaxX Meperpys3Kax.

KnroueBble ¢10Ba: aCUHXPOHHWbIL 3EKMPOOBUAMETD,
MUKPONPOYECCOpHOe YCMPOUCME0 3aduumbyl

Purpose. Theoretical justification and engineering of the
method of induction motors protection from overload cur-
rents with the winding temperature direct control at the
launch time and implementation as microprocessor device
functioning algorithm.

Methodology. To solve the problem we used the theory
of electromagnetic transients in electrical circuits. A math-
ematical model of the instantaneous power change of an in-
duction motor consumption in starting transient mode was
developed, in which the application of simple and widely
used in relay protection, circuit breakers microprocessor
trips, in particular, mathematical operations of instantaneous
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current squares integration allows the most in harmony with
the mathematical apparatus construction other network pro-
tection types.

Findings. The need for direct winding temperature con-
trol of induction motors was proved. To realize the control
of the working in intermittent mode motor temperature by
the extreme values analysis of the instantaneous power con-
sumption of the motor at the initial time after start-up.

Originality. Theoretical research of ways to obtain in-
formation about the electrical circuit parameters in the tran-
sient mode of perturbations current variation, in particular
the induction motors temperature determining by the varia-
tion winding resistance monitoring. Theoretical substantia-
tion of induction motors thermal protection improved meth-
od at current overloads by directly detecting the temperature
of the stator windings heating.

Practical value. Against impermissible heating wind-
ings at current overload algorithm of induction motors mi-
croprocessor protection operation of operating in intermit-
tent mode was designed.

Keywords: induction motors, microprocessor protec-
tion
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BE3KOHTAKTHA CUCTEMA MEPEJIAUI EHEPI'TI
3 BATATOMOJAEJBHUM AJAIITUBHUM YIIPABJIIHHAM

Purpose. For the contactless inductive power transfer (CIPT) system, the power is transferred by the mutual inductance
coupling, which results in many problems, such as speed, reliability, and stability. This paper puts forward a method of con-

tactless power transfer based on multi-model adaptive control.

Methodology. This method adjusts the duty cycle of control pulse by using the fuzzy control algorithm, and thus to con-

trol the output voltage.

Findings. This paper brings in the theories related to the multi-model reference adaptive control, establishes an ideal mod-
el for CIPT system, and obtains an approximate curve of the output voltage in the ideal model by way of curve fitting. By us-
ing fuzzy controller, the output voltage may well real-time track the ideal reference model.

Originality. The proposed fuzzy control method of multi-model adaptive duty cycle may improve the performance of the

contactless power transfer system.

Practical value. The method proposed in the paper can ensure that the output voltage could be kept constantly at an ideal
value after the system came to a steady state. The experimental result shows the efficiency of this algorithm.
Keywords: contactless inductive power transfer, multi model, control pulse, duty cycle, curve fitting, fuzzy control

Introduction. As a new technology, CIPT has no
standard definition at present. However, it also has a
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common ground: power transfer to non-conductor mechani-
cal connection and power supply and use equipment relative-
ly movable may be achieved by loose coupling. As a result,
traditional power transfer mode for tight coupling transform-
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ers and induction machines is not included. CIPT is a multi-
disciplinary technology integrating modern power electron-
ics technology, control theory and electromagnetic theory,
etc. Besides, many fields like power conversion technology,
power flow adjustment, control theory, and magnetic cou-
pling need to be delved into at the same time [1].

Contact power transfer system is a typical object having
a great delay and inertia. Due to changes in magnetic mech-
anism distance and load, parameters in the system model are
time-variation, elements and magnetic materials comprising
the system are non-linear to some extent, field interference
is relatively large, and accurate mathematical model cannot
be casily obtained. The greatest advantage of fuzzy control
does not require the controlled object to have accurate
mathematical expression [2], interference nonlinear indexes
then can be restricted, and parametric variation of the con-
trolled object have relatively strong anti-interference per-
formance. For contactless power transfer system with loose
coupling characteristics, no electrical connection existing
between original and secondary-side magnetic coil mecha-
nism and the power transfer can be achieved only by circuit
coupling. During the operational process of contactless
power transfer system, both original and secondary-side
magnetic mechanism are inevitably changed by external in-
fluences, and the mutual inductance value is then affected
[3]- The load switching and disturbance may also exert an
influence on system output voltage, and stable voltage is
important and crucial in electrical vehicle charging system
[4]. Due to the non-linear, time variation and uncertainty of
contactless power transfer system, the accurate mathemati-
cal model cannot be easily obtained. For traditional PID con-
trol, it has a strong dependence on the object transfer func-
tion model and parameters [5]. The rational design of adap-
tive law is a core problem in reference system design of the
model. To ensure the system’s reliable operation, the adap-
tive law can be designed by using Liapunov Direct Method
or Popov Super Stabilization Theory [6-7]. On these
grounds, this paper puts forward a contactless power trans-
fer method based on multiple model adaptive control, and
thus to effectively improve the performance.

Multiple model adaptive control based on optimiza-
tion model set. Based on traditional adaptive control, Mul-
tiple Model Adaptive Control (MMAC) has developed as an
effective way to solve complex system problems, including
nonlinear, off-design condition, strong disturbance, and pa-
rameter uncertainty.

The multiple model adaptive control mainly consists of
the following three parts.

1) To establish multi-models according to the uncer-
tainty in model parameter structure of the controlled object,
and constitute a set of multi models.

Q={M,

i=1,2,/\,n}.

2) To constitute a set of multi controller according to
different models in model set Q.

c={u,

i=1,2,/\,n},

3) Given switching principle: select the current optimi-
zation model of the controlled object and switch the con-
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troller designed based on optimization model as the current
optimization.

U, =fU.U,,AU,,0).

Establish the Dynamic Optimization Model Set. This
paper adopts the way of dynamic optimization model set to
establish model sets, of which the parameters can be adjust-
table or fixed. Different models have different advantages
and disadvantages: adaptive controller constituted by using
multi-adaptive models is relatively large from the perspec-
tive of calculated amount; because model parameters need
to be dynamically adjusted, parameters of adaptive models
needs to be re-given; only parameter values relatively near
actual parameters, parameters of the controller can be en-
sured of fast identification. However, fixed models have no
these disadvantages. It can be applied to time-variant or
time-invariant system, but control accuracy cannot be guar-
anteed. A better control can be obtained by integrating mul-
ti-fixed models and multi-adaptive models.

Self-Tuning Control of Pole Assignment. In relation to
the dynamic optimization model set, the self-tuning con-
troller design of pole assignment is applied. The basic
structure diagram is shown in fig. 1.

Switching J

Algorithm

y

Fig. 1. Self-Tuning Control Structure of Multi Model Pole
Assignment in Optimization Model Set

Consider the controlled object with single input single
output discrete time described by the following ARMA
model.

Atk )y() = Blk.q” Ju(k)+e(k).

Of which, u(k)and y(k) are process input and output,
A(kq”')and B(kq') are moment k and polynomial of back-

ward shift operatorg™ , and &(k) is white noise.
Atkg')=1+a,(Kq" +rta, k)",
Blkq")=b,())+b,(K)q" +~+b,(K)g".

Assume parameters of A(kq')and B(kq') are un-
known, but both satisfy the parameter vector below

0" =[a,(k), A,a,(k); b,(k).b,(k), A,b,,(®)] .
It changes in bounded convex set () and satisfy the co-

prime between 4(g",k) and Blkq").
The controlled object can be written as below
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y(k) =gk -1)" O(k).
Of which,
Hk-1)" =[~y(k=1),~p(k=2), A\~ y(k=n),ulk 1), Aulk-m)]
Use least square regression algorithm with exponen-

tial weighting defined as below to estimate model pa-
rameters of controlled objects.

Ok +1) = (k) + P(k +1)'{'(k+1)[y(k +1)—‘Yr(k+1)é(k)}

>

P(k+1)={P(k)—P(k)\y(k”)w(k”)f’(")}i.

A+Y (k+DPR)Y(k+1) | A

Exponential weighting refers to the exponential discount
of previous measured value, it could track the time variation
and nonlinear.

Variation of System. The equation parameter 4 is forget-
ting factor, which is mainly within the scope of 0.95 <2 < I/.
The change speed of system plays a decisive role; the smaller
A is, the faster the forgetting speed has. It can be used to deal
with system issues such as the nonlinear and rapid variation.
When 4 approximates to 1, the forgetting speed may be
slower and it can be used in the process of system gradual
change.

Switching Algorithm. Establish multi fixed models for
controlled objects based on different operating points

Alg ) =B (g u@-1), ie{l,2,AN]}

A.(qY=(+a,q " +r+a,q");
Bi(qil) =(by,; +b1izil +A +bmizil) .

To select a set of models nearest to the controlled ob-
jects, the following performance indexes are established.

J(0) = Y at) (k)-8 gk =1, ie{lAN};
k=1

- . T,
6 =[-ayn=a,;:b, AD, T ie{lLAN} 0<a<].

Of  which, wibos b T L iefl,a NG,
0<a<1 is a weighting factor.

Establish two parameter estimators for the controlled ob-
jects, conduct optimal adjustment to the initial value dyna-
mic of the first estimator. After setting initial value for the
second estimator, keep initial value unchanged in the identi-

fication process and establish the switching index.

0,=l-a,.na

w(k) =6, (k-1 gk -1)|, 11,2},

J(t)= Zr:a(k)”k

If the performance index of fixed model is smaller than
that of the adaptive model, the system shall be switched to
the fixed model and its corresponding controller, and give a
new initial value to the adaptive identification model. The
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re-given initial value can be deemed as a parameter value of
switched fixed model. Conversely, the system shall be
switched to adaptive model and its corresponding adaptive
controller. If this model is a common adaptive model, the
given initial value of adaptive identification model can be
deemed as a parameter value of switched adaptive model. If
no initial value of the adaptive identification model can be
switched, the following specific algorithm may be used.

If J,, ()< J,,(0), then 0(1)=6,, ;

If /(t)=2, then the given initial value of the first adap-
tive identification model is 6, = 0%,;

If /(1) =1, no initial value can be switched;

If j/m(t) > me(t) , then é(t) = é,(r) ,éz(t) = éj(r) .

Fuzzy adaptive control system with reference model.
The fuzzy control is based on the fuzzy mathematics, fuzzy
set theory, fuzzy language variables, and fuzzy logical rea-
soning. It is an intelligent control method, which uses fuzzy
set to represent variables and adopts fuzzy logical operation
to make inference decision. The core in fuzzy control sys-
tem is fuzzy controller, comprising three parts as below [8]:

1. Fuzzification. To use colloquial variables to describe
measured voltage deviations.

2. Fuzzy Reasoning. To obtain fuzzy output values of the
fuzzy controllers by using fuzzy reasoning approach in ac-
cordance with the fuzzy control rule base.

3. Defuzzification. To transfer fuzzy output values to ac-
curate controlled variables, which can be directly affected
the controlled objects.

A common fuzzy controller always selects the output
variable deviation value of the controlled object: e and devi-
ation variation rate: de to be input variables, and the accu-
rate controlled variables obtained by defuzzification to be
output. In this chapter, control system may real-time collect
DC output voltage u0(k) in CIPT system, and DC output volt-
age error amount e(k) and its corresponding differential de(k)
of the kth sampling period.

e(k) =, ~u(k)
de(k) = e(k) —e(k -1)"

By using triangle fuzzy model as the membership func-
tion, the membership functions with error: e, error variation
rate: de and output control variable: u can be seen in the
fig. 2, 3.

Fig. 2. Input Membership Function e(k) and de(k)

Based on the idea stated above, this paper will introduce
the defuzzification method. Assume eL is boundary value of
the retention phase and fine-tuning phase, eH is boundary
value of the fine-tuning phase and coarse-tuning phase, eM
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is maximum error can be adjusted by the fuzzy controller,
and u0 is the previous state output value of the fuzzy con-
troller.

Fig. 3. Outputs Membership Function u

n
Z u;
— i=1

. _ Ot o+t o,

i
i=1

O +0,+ -+,

The calculation equation of weight in ith rule is

@, =R Y A =RA(x)A(x,) 4 (x,).

J=1

It means multiplying input variable x; in the ith rule with
membership of each subset and then with the identified
weight R;. The identified weight R; refers to a proportion
that ith rule accounted in the total output by designers under
the condition that unaffected by input membership function.
It can adjust the weight of this rule somehow, and for easy
calculation, R=1is often adopted.

Due to different conditions, the system electrical charac-
teristics and requirements on system accommodation time
may be different. Consequently, the foregoing boundary
values and coefficient values may be repeatedly adjusted
and settled according to the experience of designers.

Model Establishment and Analysis. The CIPT system
structure based on fuzzy control strategy is shown in fig. 4.
The control system is composed of CIPT main circuit, de-
tection circuit of DC output voltage, fuzzy control circuit,
PWM modulator, drive magnify circuit, etc. The fuzzy con-
troller and fuzzy algorithm, PWM modulator, etc. are con-
stituted by the controller with core of TMS320F2812 DSP
CPU.

Sl B o
1 L % L R
s
J | | |
%ﬁj &ﬁj
S1-S4 u Fuzzy 1 o) de Voltage
Gate = Control |« Detection
Driving Circuit Circuit

Fig. 4. CIPT System Principle Diagram Based on Fuzzy Con-
trol
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Fig. 5 is PWM control signal for four switches on primary
H Bridge. If the cycle T remains unchanged, the output elec-
tric voltage of secondary circuit can be adjusted by changing
the duty cycle a. As shown in fig. 5, if cycle T remains un-
changed and the duty cycle 0=0.5T, the output electric volt-
age of secondary circuit could reach the highest value. If
acomes close to 0 or 7, output electric voltage of secondary
circuit may be gradually reduced to 0.

- -
S1

-~ T—
S2
S3
S4

Fig. 5. PWM Control Signal

Control Algorithm. To obtain the accurate sampling of
the actual output voltage by AD, and to calculate output
voltage of the reference model, the difference between these
two 1s marked as E, and the ratio between error and sam-
pling time is marked as error variety rate EC. The step size
of duty cycle change is U. besides, £ and EC may be con-
ducted with fuzzification. £ would be conducted with fuzzi-
fication in three scopes: high error, ok error, and low error.
EC would be conducted with fuzzification in three scopes:
positive change, ok change, and low negative change. The
defuzzification for U can be divided into five accurate steps:
open-fast, open-slow, no-change, close-slow and close-fast.

By these five accurate steps of U, in accordance with
step size of duty cycle change on real-time based on actual
conditions, errors can be eliminated as soon as possible, and
the overshoot may be reduced at the same time. If an error is
relatively large, the change of controlled variables should
enable errors to be reduced as rapid as possible. If an error is
relatively small, other than eliminating errors, the system
stability should be considered at the same time to avoid
larger overshoot and even vibration produced by the system.
In this way, quick response and stable convergence can be
achieved.

The established fuzzy rule ought to go through the fuzzy
reasoning before deciding a fuzzy subset of control varia-
bles. As a fuzzy variable, it cannot directly control the con-
trolled objects and need to be transferred as an accurate con-
trol variable that can be directly affected on the controlled
objects. The fuzzy condition statement of fig. 1: IF
(e=corresponding elements in the first column,
de=corresponding elements in the first line), THEN
(u=corresponding elements in the table). The % can be cal-
culated by the first statement. In a similar way, all elements
can be represented by other statements.
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Table
Fuzzy Rule Query Form
u\ de

-6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6
e
-6 7 6 7 6 7 7 7 4 4 2 0 0 0
-5 6 6 6 6 6 6 6 4 4 2 0
-4 7 6 7 6 7 7 7 4 4 2 0 0
-3 7 6 6 6 6 6 6 3 2 0 -1 -1 -1
2 4 4 4 5 4 4 4 1 0 0 -1 -1 -1
-1 4 4 4 5 4 4 1 0 0 0 -3 -2 -1
0 4 4 4 5 1 1 0 1 S 4 4 4
+0 4 4 4 5 1 1 0 -l -1 -1 4 4 4
+1 2 2 2 2 0 0 -1 -4 -4 -3 -4 -4 -4
+2 1 2 1 2 0 -3 4 4 4 3 4 -4 4
+3 0 0 0 0 -3 -3 -6 -6 -6 -6 -6 -6 -6
+4 0 0 0 -2 -4 -4 -7 -7 -7 -6 -7 -6 -7
+5 0 0 0 -2 -4 -4 -6 -6 -6 -6 -6 -6 -6
+6 0 0 0 2 -4 -4 -7 -7 -7 -6 -7 -6 -7

If the control variable is fuzzy set u, it can be expressed as
u=u+u,+-u,.

The control fuzzy variable can be transferred to control
accurate variable by using the maximum membership meth-
od, and thus to control the controlled objects.

For example, the first fuzzy condition statement

IF e=NB or NM and de=NB or NM THEN u=PB.
Then the control variable can be obtained

u, =eo[(NB,+ NM,)x PB,|e des[(NB,, + NM,)x PB,].

If the membership function values of e and de select /
on corresponding quantitative grade and 0 on others, then it
can be simplified as

u, =min {max( 2y, (0); £y, (D X[ L5505, (); bagae (5 £, ()}

The corresponding fuzzy rule query form can be ob-
tain-ned by = the calculation method stated above. Save
this form in DSP, and when conducting real-time control,
required control strategies can be queried according to
output voltage errors and error changes. The effect of
fuzzy constant pressure control is to query this form and
to control the input voltage in compliance with the fuzzi-
fication level in errors and error changes.

Experimental results and analysis. Reference/actual
model are mainly constituted by original and secondary-
side circuits. The main body of original-side circuit is an
H bridge, including four IGBT switching tubes. The sec-
ondary-side circuit is mainly composed of full-bridge
rectifier and loads, in which the loads are simulated by
the multiple of one capacitance and one resistance. The
original-side resonance capacitance is in in series, and
secondary-side resonance capacitance is in multiple.

System Parameter Setting.

System frequency: =20kHz
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Original-side inductance: 11=190ph; secondary-side
inductance: 12=110ph; coupling inductance: M=78.75uH,
MI1= 73uH, M2=68uH; original-side compensation capaci-
tance: C1 =370y; secondary-side compensation capaci-
tance: C2=57.57nF.

Simulation Process. The output voltage and current of
the H Bridge Oms-2m: (square wave-original-side voltage, si-
ne-original-side current)

100 T T T T T T T T T T

90 H
80 M
70 H

601 ‘

il

—
e :

401 \ ‘
30 H

20 ul

lo_--..h,bdb..,._-_,,,_L,_,_,-\__-_-I____d__L_

0 L L L L L s L L L L

0 1 2 3 4 5 6 7 8 9

Fig. 6. Output voltage and current of the H Bridge Oms-2m

The output voltage and current of H Bridge 11—12.5ms:
(square wave-original-side voltage, sine-original-side current)
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Fig. 7. Output voltage and current of the H Bridge 11—
12.5ms
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The load voltage and current of reference model: (black
curve-load voltage, black half wave-load current)
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Fig. 8. Load voltage and current of reference model

Comparison of actual model and reference model:
(black-actual output, grey-reference output)
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Fig. 9. Comparison of actual model and reference model

Through simulation experiment results of the above
Matlab, we can obtain analysis result as stated below:

1. It can be seen from simulation results, the system
can well track outputs of the reference model, and
achieve non-overshoot and stable output when ensuring
quick response.

2. Both smaller and larger coupling inductance would
reduce the output voltage. If the positive and negative
changes of coupling inductance are not large, the system
could compensate the reduction of the output voltage by
adjusting the duty cycle. If the positive and negative
changes of coupling inductance are large, the system
cannot compensate the reduction of output voltage by ad-
justing the duty cycle, and even may lead to the inevita-
ble voltage deviation. However, in the case of deviation,
the output voltage may also remain stable.

3. Through observing the voltage tracking records in dif-
ferent coupling inductances, it is found that the system can
well track the voltage of reference model when coupling
inductance is from 67uH to 83uH. In the event that it ex-
ceeds the foregoing scope, the system will stably output
voltage nearest reference model in this coupling condition.

4. To simplify the achievement of DSP procedure and
enforce the system robustness, a simplest fitting model is
obtained by using the curve fitting approach.
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5. Through comparing different tracked fitting mod-
els, it is founded the records have rather smaller differ-
ences with the actual results. The actual output tracking
of the simplest fitting model and tracked reference
model could achieve the dynamic and stable indexes of
output voltage.

6. If the set value of DSP’s compare register is oversize,
pulse losing may occur when comparing with triangular
wave. If the set value is undersize, the adjustable range
of duty cycle may be narrowed down.

7. If set membership permissible range of error E is
oversize, overshoot may occur. If the set membership
permissible range of error E is undersize, larger joggle
may occur in the stable phase.

8. If set membership permissible range of error variety
rate EC is oversize, the fuzzy control may not be fully
used. If the set membership permissible range of error E
is undersize, larger joggle may also occur in the stable
phase.

Conclusion. This paper proposes to adjust the duty cy-
cle of control pulse by using fuzzy control algorithm, and
thus to control the output voltage. This paper brings in
theories related to the multi model reference adaptive con-
trol, establishes an ideal model for output voltage model,
and obtains an approximate curve of ideal model output
voltage by the way of curve fitting. By using fuzzy con-
troller, the output voltage may well real-time track the ide-
al reference model and be kept constantly at an ideal value
after the system came to a steady state.
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Mera. V cucreMax iHIYKIIHHOT O€3KOHTAKTHOI TIe-
penaui enexTpuuHoi eneprii (CIPT), nepenaua 3ilCHIO-
€ThCA 4Yepe3 IHAYKTUBHUH 3B'S30K, IO TOPOKYE MPO-
Omemu cnabkoi IIBHAKOCTI Tepenmadi, HaXifHOCTI Ta
cTilfikocTi. Y CTaTTi 3alpOIIOHOBAHO METOJ| OE3KOHTAKT-
HOI Tiepeqadi eNeKTPUIHOI eHeprii 3 0araToMoJeTbHIM
aJIalITUBHUM YIPABJIiHHSIM.

Metomuxa. Lleit MeTon perymoe poOOUril UK iMITy-
JIbCY YIPABIHHS, BAKOPUCTOBYIOUYH aJITOPHTM HEYITKOI JIO-
TiKH, TAKUM YHHOM, JUISl YIIPABIIHHS KOHTPOJIOIOYH BUXI[-
HOIO HAIIPYToIo.

Pesyabrar. ¥V pobOTi BHHECEHI Ha pO3risi Teopii,
MOB'si3aHl 3 0araTOMOJAENBHUM aJaNTHBHUM YIPABIIiH-
HsM, BH3HAUYeHa igeanbHa monaeins CIPT-cucTeMHu Ta Ha-
BE/IeHa, OTPHMaHa 3a JJONOMOTOI0 BUPIBHIOBAHHS €KCIIe-
pPUMCHTAIBHUX JaHWX, MPUOJM3HAa KpHBa BHXIJHOI Ha-
MIPYTH B ifeanbHiil Momeni. 3 BUKOPUCTAaHHSIM HEUYiTKOTO
KOHTpOJIepa, BUXiIHA HANPyTa BiAIOBiAaTUME €TATOHHIH
MOJEII.

HaykoBa HOBH3HA. 3ampONOHOBAaHUI METOJ HEYiT-
KOTO0 KOHTPOJIIO 0araToMOJIENBHOTO aJaliTUBHOTO po0o-
YOro IMKJy TO3BOJHTH MOJIMIIUTH MMOKA3HUKH POOOTH
cucteM 0E3KOHTAKTHOT Mepeiadi eleKTpUYHOT eHeprii.

IMpakTHyna 3HAYMMiCTh. 3aNPONOHOBAHMN METO[
MOJXKE TapaHTyBaTH, [0 BHUXIiJHA Hampyra 30epiratume
3aj[aHe 3HAYCHHS IICIs TOTO, SIK CHCTeMa BBiiijie 10 cTa-
J0TO pexnMy. Pe3ynbraTn eKCepuMEHTaIbHHUX JI0CHi-
JUKEHB TITBEPDKYIOTh ()eKTUBHICTD aTOPHTMY.

KirouoBi cioBa: iHOykyitina Oe3kommaxkmua nepe-
odaua enekmpuyHoi euepeii, 6azamomooenbHull, IMnYabLe
VIPAGNinHs, pedcum pobomu, BUPI6HIOBAHHA eKCnepume-
HMANbHUX OAHUX, HeYIMKUll KOHMPOlb

Hean. B cucremMax HHIYKIIMOHHOM OECKOHTAKTHOMN
nepenauy daekrpudeckoil snepruu (CIPT), nepegada ocy-
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LIECTBIIAETCS Yepe3 UHAYKTUBHYIO CBSI3b, UTO TMOPOXKAACT
mpo0seMbl CclIabOW CKOPOCTH TEpeAadd, HaICKHOCTH H
ycTounBoCTH. B cTarthe mpemmokeH MeTon OSCKOHTaKT-
HOM mepenayu 3JIEKTPUYECKONH SHEPIHMM C MHOTOMOJIENb-
HBIM aJalITUBHBIM YIIPaBJIECHUEM.

Metoanka. DTOT METOH PETyIHUPYET PaOOUHMiA ITHKIT
MMIyJbca YIPABIEHHA, MCIIOJb3Ysl alTOPUTM HEUETKOU
JOTUKH, TAKMM 00pa3oM, JUlsl YHpPaBJICHHUS KOHTPOIHUPYS
BBIXO/IHBIM HAIPAXKCHUEM.

PesyabTaT. B paboTe BhIHECEHBI HAa PACCMOTPEHUE
TCOpPUU, CBA3aHHLIE C MHOI'OMOJCIIBHBIM aJallTUBHBIM
YIIpaBJICHUEM, OIpelesieHa uueanbHas Moneinb CIPT-
CHCTEMBI U TPUBE/ICHA, IOTY4YEHHAs C TOMOIIBIO BBIPAB-
HUBAHUS SKCHEPUMEHTAIBHBIX JaHHBIX, TPHOIN3UTENb-
Hasi KpUBasl BBIXOJHOTO HAIPSKEHHS B MJI€AIbHOW MOJie-
mu. C HCTIONB30BaHMEM HEUYETKOTO KOHTPOIIEPA, BBI-
XOHOE HAaNpsDKEHHE OYZET COOTBETCTBOBATH ATAIOHHON
MOJIENH.

Hayuynasi HoBu3Ha. [IpennoxeHHbI METOH HEYeT-
KOTO KOHTPOJISI MHOTOMO/ICJIBHOTO aJJallTHBHOTO padote-
TOo OMKJIa MO3BOJIUT YJIYYHIUTH IMOKa3aTeInu pa6OTbl CH-
cTeM OECKOHTAKTHOH Nepeiauy JIEKTPUUECKON SHEPTUH.

IIpakrHyeckas 3Ha4YMMOCTD. [IpennoxkeHHbl METON
MOXKET rapaHTUpOBaThb, YTO BHIXOJHOE HAIIPSAKECHUC 6y)1eT
COXpaHATh 3a/JaHHOE 3HAUYEHHE IOCJe TOro, KaKk CHCTeMa
BOWMJET B YCTAHOBHMBLIMICS pexXHM. PesynbraTel 3Kcrie-
PUMCHTAIBHBIX HCCIICIOBAaHMI TOATBEPXKAAIOT APdex-
TUBHOCTB aJTOPUTMA.

KaioueBble cioBa: undykyuonnas 6eckonmaxmmnas
nepeoaua 9NeKMpu4ecKkoll dHepaull, MHO2OMOOETbHbI,
UMRYIbC YNPAGIEHUs, pedcum padbomol, GblpaAsHUSAHUE
9KCNEPUMEHMATLHBIX OAHHBIX, HedemKUll KOHMPOTib
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