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Abstract. The use of modern hardware and software design allows to effectively solve a number
of problems associated with the development of various technical devices. The specificity of this
approach is the development of algorithms with the capabilities of dynamic correction of the de-
sign process with the participation of the user. The algorithm of the software implementation of
designing protection circuits against electrical overloads in photovoltaic modules of solar arrays
using a voltage limiting device based on metal oxide varistor and posistor of the PolySwitch type
being in thermal contact is described in this paper. The algorithm provides for determining the
optimal technical parameters of the voltage limiting device (minimum resistance and tripping
current of the posistor element, classification voltage and non-linearity coefficient of the varis-
tor element) for the operation of photovoltaic module, which is in the state of lighting in the
absence and presence of faulty, degraded, or shaded photovoltaic cells.

Keywords: algorithm, design, approximation, modeling, photovoltaic module, overvoltage
protection.

Introduction. Currently, solar arrays are one of the most popular re-
newable sources of electrical energy. The actual task in their further develop-
ment is directly related to improving the reliability of their operation and ser-
vice life.

One of the factors of unreliability of the solar battery is the presence of
overvoltages inside its photovoltaic (PV) modules, which lead to the appear-
ance of local heating regions (“hot spots”) [1-3].

The PV module (solar panel) consists of series-connected PV cells that
are divided into several submodules [4, 5]. Each such submodule is equipped
with a bypass diode, which is connected in parallel to it. If one or more PV
cells reduces the photocurrent generated by them due to a malfunction or
shadowing (such PV cells are called “bad”), then the bypass diode D provides
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an alternative current path from other submodules. The voltage across the en-
tire submodule coincides with the low voltage drop across the directly biased
diode (less than 1 V) [6]), which corresponds to an almost short circuit of the
considered submodule.

The lighted cells inside the submodule cannot transfer their generated
photocurrents to the external electrical circuit, because the series connection
contains a big resistance created by the “bad” cells. The voltage created by
these PV cells shifts the p-n junction of the “bad” element in the reverse di-
rection, and it operates as a load, and not as a generator. Energy dissipation
on the indicated load leads to inhomogeneous heating of the module, in par-
ticular, to the appearance of local heating regions in it. The number of PV
cells in the submodule must be small in order to prevent the voltage on the
“pbad” cell Ur from exceeding the breakdown voltage of its reverse biased p-n
junction Up. If this is not done, then the PV cell will be heat up. High tempera-
tures in local areas of PV cell can lead to the appearance of “hot spots”. Thus,
thermal breakdown of the p-n junction can occur as the cell temperature in-
creases. In this case, the magnitude of the reverse voltage decreases, but does
not increase with increasing current, and local thermal drift in time takes
place. In this one-dimensional current channels are formed, which can lead to
internal temperatures significantly exceeding 400 °C and damage to the PV
cell [2]. “Hot spots” with or without thermal breakdown can lead to degrada-
tion and destruction of PV cells.

Problem statement. Among the circuitry means for protecting PV
cells from overvoltages, one of the new approaches to the problem of protec-
tion against overvoltages of this type is the use of voltage limiting devices
based on a varistor-posistor structure [7]. For its perspective implementation,
it is necessary to justify and develop general schemes for using the solid-state
structure under consideration to limit the constant overvoltages that occur in
PV systems of solar arrays, as well as determine the requirements for their pa-
rameters. The most effective solution to this problem can be made using mod-
ern hardware and software design. Moreover, the specifics of applying the ap-
proach to the design of these systems is the development of algorithms with

ISSN 1562-9945 (Print) 125
ISSN 2707-7977 (Online)



«CucremHi Texsouorii» 1 (126) 2020 «System technologies»

the possibilities of dynamic correction of the design process with the partici-
pation of the user.

The algorithm of this kind for the software implementation of design-
ing protection circuits against electrical overloads in PV modules of solar ar-
rays using a varistor-posistor voltage limiting device based on metal oxide
varistor and resettable fuse of the PolySwitch type being in thermal contact is
described in this paper.

Main part.

1. Circuit representation of the implementation of overvoltage
protection. As know, the implementation of overvoltage protection of an
element of an electric circuit is realized by installing the corresponding volt-
age limiting device parallel to it [8, 9]. This approach makes it possible to pro-
pose an electrical circuit for the protection of one or series connected PV cells
from overvoltages in the submodule of PV module (Fig. 1).
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Figure 1 - Scheme of inclusion of voltage limiting devices for protection PV
cells. VLD 1, VLD 2 ... VLD M are the voltage limiting devices. Ui, and Uy
are the input and output voltage of the voltage limiting devices;

D is the bypass diode; K is the number of PV cells in the section of the PV
module; M is the number of sections in the PV submodule; Ising and Ipypass
are the current coming from other submodules
and the current through the bypass diode (Ipypass=Istring)

Several series-connected PV cells are connected to the output circuit
of a separate voltage limiting device. The serial connection of the input cir-
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cuits of the indicated voltage limiting devices and the bypass diode connected
in parallel to them form a submodule of PV module.

The combined two-layer structure is used as the voltage limiting de-
vices [10, 11]. One layer of this structure is varistor ceramics. The second layer
is nanocomposite used in PPTC (polymeric positive temperature coefficient)
fuse of the PolySwitch technology. These layers are in thermal contact. The
equivalent circuit of such combined structure and its transient characteristic
are shown in Fig. 2.
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Figure 2 — Equivalent electrical circuit (a) and transient characteristic
Uou=f(Uin) of voltage limiting device based on varistor-posistor structure

Thus, the resettable fuse is switched on between the separate sections
of the PV cells, and the varistor is switched on in parallel to each section.
When an input overvoltage is applied to such a structure, the current flowing
through the varistor layer heats it. The heat dissipated by this varistor layer
heats the posistor layer connected in series to it and leads to an increase in
the resistance of this posistor layer. As a result, there is a redistribution of the
input overvoltage between the layers. This ensures voltage limitation at a
given value on the varistor layer (output voltage) and, therefore, on the load,
which is connected in parallel with the varistor layer.

The project algorithm takes into account that PV cells have nonlinear
current-voltage characteristics that depend on the level of solar radiation,
ambient temperature and the features of the cell itself. Currently, there are
several basic substitution schemes for PV cells, whose mathematical descrip-
tion is used in modern simulation [12-14].

The most well-known of them contains a photocurrent source (i,») and
a parallel-connected diode (D) simulating a p-n junction, shunt resistor (rs)
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simulating leakage currents, and series resistor (rs), which characterizes inter-
nal resistance of the cell and contacts (Fig. 3). rz is the load resistance for PV
cell.

Solar Lighting I

Figure 3 — Equivalent substitution scheme for PV cell

In the operating mode of the PV cell (directly biased photodiode) the
leakage current is neglected, i.e. it is assumed that shunt resistance rs, tends
to infinity. In accordance with this substitution schemes, the output current
of the PV cells i can be determined [12, 13] from the equation

=iy, —io{exp{%}—l}, (D

where 4 is the coefficient depending on the physical properties of materials
and the p-n junction parameters (for silicon, it is assumed to be 1.2 - 1.8
[12, 15]); & is the Boltzmann constant; 7 is the absolute temperature of the
PV cell; ¢ is the electron charge; u is the output voltage of the PV cell; i, is

the reverse current of the p-n junction diode.
In addition to the indicated physical parameters of the PV cells, the
technical parameters are also used: iz, =i(u=0)=i, is the short-circuit cur-

rent of the PV cell (maximum current generated by the PV cell when its con-
tacts are closed); uoc = u(i = 0) = (AkT/q) In[(ipn + i0)/i0] is the open circuit voltage
of the PV cell (voltage drop at the p-n junction), which is created by the
photocurrent i, if the current in the external circuit i is zero.

The following parameters of the PV cell and its equivalent circuit are
used as the main (basic) initial values in the considered algorithm: short cir-
cuit current (isc), open circuit voltage (uo), series resistance (rs), shunt resis-
tance (rsn) and breakdown voltage at reverse bias (Us).

These parameters of the substitution scheme can be found from the
current-voltage characteristics of PV cell [15, 16, 17].
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The values determining during the design are the parameters of the
varistor-posistor voltage limiting device: current in the conducting state (Ir.),
electrical resistance in the conducting state (Rr.), temperature (Twip), tripping
current (transition current to the insulating state) at a temperature of 25°C
(Iip) of the resettable fuse element as well as the classification voltage (Uc),
non-linearity coefficient g, electrical resistance in the initial (at voltage less
than Uc) state (Ry) of the varistor element.

2. Models describing the operation of the photovoltaic submodule

2.1. Submodule does not contain “bad” photovoltaic cells. All PV
cells are forward biased and have low resistance when the entire submodule is
lightened and all its PV cells are identical. Current Istring=Isubpanel flows
through the submodule, and the bypass diode D is off (Fig. 1). In this state, the
presence of the voltage limiting device does not affect the operation of the
submodule, i.e. this voltage limiting device is in a conducting state (Fig. 4a).
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Figure 4 — Equivalent circuits illustrating the state of VLD 1 in the absence of
“bad” PV cells (a), in the presence of one “bad” PV cell (b) and at the initial
moment of relaxation after the renewal of the state of lighting of the PV cell
which was in a state of shading (c). Cell 1 in Section 1 is the “bad” PV cell (has a
reduced photocurrent). Uin is the output voltage of the voltage limiting device;
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Iz, Liar, and Ipaq are the currents flowing through the PV cells of the submodule,
the varistor element of the voltage limiting device and the shunt resistance of
the “bad” PV cell

The following conditions must be met when realizing such a state of

the voltage limiting device.

- The voltage generated by a separate section of the PV cells K-Ur (Ur is
the voltage generated by the forward biased p-n junction of the lighted PV
cell; K is the number of PV cells in a separate section of the PV submodule)
and applied to the varistor must be less than the classification voltage of the
varistor Uc (which must be less than the breakdown voltage of the reverse bi-
ased p-n junction of the section of the PV cells Up)

K-Up<<U; <U,. (2)

The varistor must be in a state with high resistance, and thus it does
not affect the operation of the PV cells.

- The resistance of the PPTC fuse in the conductive state Rr, (deter-
mined by the passport values: the minimum initial resistance Rui» or the
maximum resistance after one hour after tripping at a given ambient tempera-
ture R1lmax [18, 19]) must be many times less than the equivalent series resis-
tance of the PV cells section K- r;

Ry, <<K-r,. 3)

- The tripping current Iy, i.e. the minimum current flowing through
the PPTC fuse at which the transition from a conducting to a non-conducting
state occurs must be greater than the short circuit current of an separate PV
cell (Isc=Istring=Isubpanel)

I.>1,,. (4)

Upon meeting the conditions (2)-(4), the calculation of the light cur-
rent-voltage characteristic I(U) and the volt-watt characteristic P(U)=I(U)xU
of the submodule can be carried out using well-known equations [12, 15,
20-21]

I=ISC-{1—exp{V_VOLC]+I'RSﬂ, (5)
T

where Isc=isc is the short-circuit current of the PV submodule;
U,=(A-k-T/q)-n is the equivalent thermal voltage of the submodule;
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Uoe =n-Uye is the open-circuit voltage of the submodule; Rg =rg-K is the
equivalent series resistance of the submodule; n=K-M is the number of PV
cells in the submodule.

The characteristics of typical photoelectric submodule obtained in ac-
cordance with (5) are shown in Fig. 5.
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Figure 5 — Light current-voltage and volt-watt characteristics of the
PV submodule consisting of n=20 single crystal silicon PV cells

The parameters of the PV cells and its equivalent circuit used as the

initial parameters of the considered algorithm are given in Table 1.

Table 1
PV cells parameters used in simulation
Parameters Values
Short circuit current is., A/cm? 2
Open circuit voltage uo, V 0.56
Series resistance rs, Ohm 0.05
Shunt resistance rs,, Ohm 1000
Breakdown voltage under reverse bias U, V 12

2.2. Submodule contains “bad” PV cells. If in the section one (or
several) PV cell is “bad”, i.e. it has a reduced generation current, then the sec-
tion resistance increases. The reasons for the appearance of “bad” PV cells

may be their degradation, shading or malfunction. The current Ising begins to
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flow through the bypass diode D (diode is on), which short-circuits the sub-
module (Fig. 1 and 4b). As a result, a situation is realized when all the gener-
ated voltage by the lighted PV cells will be shift the “bad” PV cell (or cells) in
the reverse direction. If the voltage of the voltage limiting device Uin is less
than the total voltage generated by the lighted sections of the PV cells located
outside the Section 1 with a “bad” PV cell E1=K-(M-1)-Ur (Fig. 4b), i.e.

U, <El, (6)

then the varistor will be heat up transferring heat to the fuse. With increasing

lim

voltage limiting device temperature to Ty, the fuse will be increase its resis-
tance. As a result, the generated voltage E1 will be redistributed so that part of
it will be drop on the high resistance of the PPTC fuse of the voltage limiting
device, and the rest of the voltage (no more than Uj»,) will be drop on Sec-
tion 1.
In the presence of “bad” PV cells, the total shunt resistance of the
“bad” PV cells, which is quite large (up to 10* Ohm [15]), is the load resistance
of all series-connected lighted PV cells of the submodule. Thus, the following
conditions hold:
ige >>1p; Up=Uge. (7)
The equations for determining the magnitude of the voltage drop on
the “bad” PV cells of the submodule in accordance with Fig. 4b and approxi-
mations (7) are based on the use of Kirchhoff's laws and the heat balance
equation:
Tp =1 + 11045
El=1Ig [Rp,(T)+r - K-(M~1)]+Up; ®)
Iyaq ‘[kbad Top T ‘(K_kbad)]:UR ‘[kbad +1y [T, ‘(K_kbad)]:Uout +E2;
where Ur= Ipad ‘Tsh ; Uour=Uout(Ur)=Ur:[Kpaa+1s/Tsn-(K-kvaa)]-E2 is the output voltage
of voltage limiting device (the voltage on the varistor element Uyu=Ur);
E2=(K-kpaa)-Ur is the total voltage generated by the PV cells of the Section 1,
except for the “bad” PV cells; ki is the number of “bad” PV cells; T is the
temperature of voltage limiting device.
The system (8) can be transformed to the nonlinear equation with un-
known Ur and T:
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{U—Ruvar U )}-R;L,(T)wm _F1-0, 9
rsh

where R, (T)=R;,(T)+r, -K-(M-1).
The equation for the heat balance of voltage limiting device, which
also depends on these unknowns, can be written as follows
T-T,
P (Ug)+ Poprc(Ug,T)- RTO =0, (10)
where RT is the thermal resistance of the structure; P, (U,)=1,,(U,,)-U

var — “var

out
Ur

2
+1,..(U,, )} -R,(T) are the electric powers dissipated
rsh

and PPPTC(UR’T):|:

by varistor and posistor elements respectively.

The main characteristics of voltage limiting device are presented in
Fig. 6. The dependences of the output voltage of voltage limiting device U,u,
which is applied directly to the “bad” PV cells, and the varistor current of
voltage limiting device on the input voltage E1 for the situation under consid-
eration (Fig. 4b), correspond to the case when the submodule contains one
“bad” PV cell (knaa=1). It is accepted that the voltage limiting device is used for
individual protection against overvoltages of PV cell (K=1).

The main parameters that can vary are the electrical resistance of the
posistor in the low-conductivity state Rro and the thermal resistance of volt-
age limiting device RT.

As can be seen from Fig. 6a, a decrease in the thermal resistance of
voltage limiting device (RT) slightly increases the voltage of limiting Ulin.
Voltage limiting devices with smaller RT require higher currents of the varis-
tor element necessary for heating and transition of the posistor element to a
low-conductive state, which can not always be ensured by the characteristics
of submodule. For example, if the voltage limiting device has RT= 5 K/W, then
La>2.5 A is required to realize its tripping. Thus, the PV submodule consid-
ered here with the maximum current is=2 A/cm? (Table 1) can not tripping
such voltage limiting device. This must be taken into account when designing
the considered protection system of PV cells from overvoltage, i.e. the heating
current of varistor element must be less than the short circuit current of the
PV submodule.
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Ivar<ISC' (11)

A change in the electrical resistance of the posistor in a low-

conductive state does not lead to a significant change in the characteristics
under consideration within the studied ranges. There is only a slight increase
in the maximum heating current of varistor with a decrease in the electrical

resistance.
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Figure 6 — Dependences of the voltage drop on the “bad” PV cell Ug=U,i and
the magnitude of the current flowing through the varistor layer of voltage lim-
iting device I« on the input voltage E1 for Rp0o=0.001 Ohm; RT, K/BT: 1 — 60;
2-40;3-27;4-15;5-5 (a) and RT=20 K/BT; Rruo, Ohm: 1 - 0.1; 2 -0.01;
3-0.001;4 -0.0001 (b)

It must be noted that if a section consists of several PV cells K>1 then
the following restrictions must be fulfilled.

1. The voltage at a separate protected (“bad”) PV cell must not exceed
the breakdown voltage of its reverse biased p-n junction (Fig. 4b)

Ur = Uy, +E2)/Kyqq <U, - (12)

The influence of the resistance of directly biased lighted PV cells is not
taken into account in (12), because ry/rs<<1.

134 SSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 1 (126) 2020 «System technologies»

2. The voltage applied to the varistor element in the absence of “bad”
PV cells must be less than its classification voltage, i.e. E2=Kax Ur<Uc (equa-
tion 2). Knax is the maximum possible number of series-connected PV cells in a
section, i.e. Kna=max(K).

From these restrictions, the equation can be obtained for the maxi-
mum number of series-connected PV cells in the section

K o = min[Uy,,, /U (U, -Uy, )/UF I. (13)

The maximum number of PV cells in the section protected by one volt-
age limiting device can be obtained from the equation (13). Taking into ac-
count that the voltage generated by one PV cell is Ur~0.56 V [15], the maxi-
mum number of PV cells in the section is 7, 10, and 7 when using varistor
elements that provide the voltage of limiting Usin equal to 4, 6 and 8 V, respec-
tively. The highest voltage drop value on a “bad” PV cell occurs when it is
alone in a circuit of series-connected lighted and serviceable PV cells.

2.3. Features of relaxation of voltage limiting device when renew-
ing lighting of shaded PV cell. In accordance with the concepts [22], when
returning submodule of the PV module from partially shaded in a fully lighted
state the transition of the resettable fuse to a highly conductive (“cold”) state
can occur only when its temperature decreases due to a decrease in the sup-
plied electric power. The initial stage of this process is illustrated in Fig. 1.

When the submodule of the PV module is fully lighted, the varistor re-
sistance becomes large (shown by an open switch) due to the fact that a small
voltage is applied to it. This voltage is generated by one section of the PV cells
and it is less than the classification voltage of the varistor. The thermal power
dissipated by the varistor becomes insufficient to maintain the resettable fuse
at the tripping temperature. As a result, the temperature of the resettable fuse
decreases and its resistance decreases. In the analyzed situation, condition (4)
must be satisfied, i.e. the current through the voltage limiting device must be
less than the value of the tripping current of the resettable fuse element I, at
the actual temperature of the posistor layer.

The heat balance equation for the posistor layer, which describes such
a process of relaxation of the voltage limiting device, can be written as:
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CdT—(t):PPPTC[E’T(t)]_M; T(t=0)=T, (14)

dt RT Tt

RFu (T) E
Ry, (T)+ R, Ry, (T)+ R,

temperature; t is the time; Rrn(T) = const /(Twip — T) is the approximation of

where Py [E,T(t)] =

-E; T=T(t); To is the ambient

the temperature dependence of the PPTC fuse; const= Rruo (Twip — To) at
To =298 K; E= K-M-Ur is the electrical voltage generated by a PV submodule
with voltage limiting device; C is the thermal capacity of voltage limiting de-
vice.

Typical relaxation dependences of the temperature of the voltage lim-
iting device T(t) and the electrical resistance of the posistor element of the
voltage limiting device Rr.(t) are presented in Fig. 7. As can see, the previ-
ously mentioned parameters of the voltage limiting device also have a signifi-
cant effect on these dependencies.

10['\
2
i 3

Figure 7 - Dependences of the temperature T and the electrical resistance of
the PPTC fuse layer of the voltage limiting device Rr, on the time t after
resuming lighting of a previously shaded PV cell: when using the PPTC fuse
with electrical resistance in the conducting state Rr,0=0.001 Ohm and the
voltage limiting device with thermal resistance RT, K/W: 1 -5; 2 - 15; 3 - 27,
4 - 40; 5 - 60 (a); when using the voltage limiting device with thermal
resistance RT = 20 K/W and the PPTC fuse with electrical resistance in the
conducting state Rro, Ohm: 1 — 0.0001; 2 - 0.001; 3-0.01;4 - 0.1 (b)

136 SSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHosorii» 1 (126) 2020 «System technologies»

Relaxation of temperature and electrical resistance to their initial val-
ues (corresponding to the “cold” highly conductive state of the posistor) is
possible only for voltage limiting devices that have small values of the ther-
mal resistance of voltage limiting device RT (Fig. 7a, curves 1, 2, 3) and the
electrical resistance of posistor layer in conducting state Rr,o (curves 1 and 2).
Relaxation is not observed at large values of indicated parameters.

3. Algorithm for determining the parameters of voltage limiting
device for the submodule based on silicon photovoltaic cells. Based on
the above results, the sequence for determining the optimal parameters of a
varistor-posistor voltage limiting device can be represented by the following
algorithm.

1. Determination of the parameters of the PV cells.

2. The choice of the voltage limiting device in accordance with condi-
tions (2)-(4), (6) and (7) with the subsequent control of their implementation
for all the above states of the PV submodule.

3. Simulation the operation of the PV submodule in the presence of
“bad” PV cells. Clarification of the parameters of the voltage limiting device
to ensure the required values of voltage of limiting (Uiin) and the heating cur-
rent of the varistor (I..) The operability test of the protection against the
maximum possible overvoltages in the presence of only one “bad” PV cell
Kpad=1.

4. Simulation the relaxation of the voltage limiting device when re-
newing lighting of shaded PV cell. Correction of such parameters of the volt-
age limiting device as the resistance of its varistor element in the conducting
state Rro and thermal resistance of the voltage limiting device RT in order to
fulfill the required conditions for the implementation of relaxation.

Conclusions. The description of the design algorithm for a voltage
limiting device based on metal oxide varistor and resettable fuse of the Poly-
Switch type being in thermal contact for protection against electrical over-
loads in PV modules of solar arrays is given in this paper.

The parameters of the PV cell and its equivalent circuit are used as the
initial values in the considered algorithm: short circuit current (isc), open cir-
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cuit voltage (u.c), series resistance (rs), shunt resistance (rs;) and breakdown
voltage at reverse bias (Up).

Determination of the technical parameters of the voltage limiting de-
vice reduces to an analysis of the influence of their numerical values on the
operation of the submodule of PV module, which is in the state of lighting in
the absence and presence of faulty, degraded or shaded PV cells, as well as
during relaxation to the lighted state of the shaded PV cells. Such technical
parameters are the electrical resistance in the conductive state and the trip-
ping current (current transition to the insulating state) at a temperature of
25 °C of the resettable fuse element; classification voltage, non-linearity coef-
ficient #and electrical resistance in a low conductive state (at a voltage lower
than the classification voltage) of the varistor element; total thermal resis-
tance of the voltage limiting device.

The algorithm can be used to develop the software application for
modeling systems protection against overvoltages of the considered type at
the stages of selecting the element base and describing the functioning of the
modern cycle of computer-aided design technology.
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Anzopumm npozpammHol peanuzayuu npoeKmMuUposaHua 3aujumel
om nepexanpsxeHuli 8 (pomo3lnekmpuyeckux Modynax CoNHeYHbix 6amapeli
C npuMeHeHUeM 8apUCMOPHO-NO3UCMOPHOU CMPYKMypbI

[lpumeHeHue coBpemMeHHO20 anNNApamMHO-NPOSPAMMHO20 NPOEKMUPOBAHUA N0380/Aem
¢pexkmusHo pewams ps0 3a0aqb, CBA3AHHbIX C PA3PAOOMKOU Pa3NUYHbIX MEXHUYECKUX YCm-
policms. Cneyugukol 3moeo nodxoda 3akaw4aemcs 8 pa3pabomke an20pumMMos C BO3MOXKHO-
cmamu OUHaMu4ecKoU KoppeKuyuu npouyecca NnpoekmupoBaHuUsA C ydacmuem nosb3osamess. B
danHol pabome npusodumca onucaHue an20pumma NPopamMmHol peanu3ayuu npoekmuposa-
HUS CXeM 3awumbl Om 371eKmpu4ecKux nepezpy3oK 8 (omosieKmpuyeckux Mooyasix CONHEeYHbIX
6amaped, Komopsle UCNOJIb3YIOM 02paHUYUMesb HANPsXeHUs HA OCHOBE MemaanoKCUOHO20
sapucmopa u nosucmopa muna PolySwitch, Haxo0swuxca 8 mennosom KoHmakme. Anzopumm
npedycmampusaem onpedesieHue onmuManbHbIX MexHUYeCcKux napamempos 02paHu4umens Ha-
npAXKeHus (MuHUManbHOE conpomussieHue U MOK cpabameiBAHUA NO3UCMOPHO20 3/1eMeHma,
KAACCUUKAUUOHHOE HanpsaxXeHue u Ko3gouyueHm HeauHelHOCMU B8apuCmMopHoO20 3/iemeHma)
014 (PYHKUUOHUPOBAHUA (HOMO3IeKmpu4ecko20 MoOY/IsA, HaX00:AUe20CA 8 COCMOAHUU ocBele-
HUS 8 OMCYMCMBUU U NpU HAAUYUU HeucnpasHslx, 0e2padupoBaHHbIX UU 3ameHeHHbIX homo-
anekmpuyeckux npeobpasosamesned.

Anzopumm npo2pamHoi peanizayii npoekmysaHHA 3axucmy
810 nepeHanpyau y gpomoenekmpuyHux Modynsax COHAYHUX 6amapel
i3 3aCmMocyBaHHAM BAPUCMOPHO-NO3UCMOPHOT CMpYKmypu

3acmocyBaHHA Cy4acHo20 anapamHo-npo2pamHo20 NPoeKmyBaHHs 00380/IA€ epeKmusHO
supiwysamu pso 3a80aHb, NOB'A3AHUX 3 PO3POOKOK PI3HUX MexHIYHUX npucmpois. Cneyugika
4b020 Ni0X00y NosIS2aE 8 PO3POOYT AN20PUMMIB 3 MOXAUBOCMAMU OUHAMIYHOT KOPeKUii npoyecy
npoeKkmyBaHHsA 3a y4yacmio Kopucmysaya. Y oaHili pobomi npusodumMbCA ONUC an2opummy npo-
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2pamMHOi peanizayii NPoeKmMyBaHHA cxeM 3axucmy 8i0 eleKmpUYHUX nepesaHmaxeHb y pomo-
e/leKmpuyHUX MOOY/IAX COHAYHUX bamapel, AKI BUKOPUCMOBYIMb 06MeXYBay HaNpyau Ha OCHO-
81 MemanoKcudHo2o sapucmopa ma nozucmopa muny PolySwitch, wo nepebysatoms y meno-
8OMY KOHMakmi. Anzopumm nepedbayae BU3HAYEHHS ONMUMAbHUX MeXHIYHUX napamempis
obmexysaya Hanpyeu (MiHIManbHUL onip ma cmpyMm cnpaybo8yBAHHA NO3UCMOPHO20 efleMeHma,
KnacugpikayiliHa Hanpy2a ma KoegiyieHm HeaiHilIHocmi 8apuCMopHO20 eslemeHma) 014 QyHK-
YIOHYBAHHSA (homoenekmpuyHo20 Modyo, W0 nepebysae 8 CmMaHi 0CBIMAEHHA Y BIOCymHOCMI
ma npu HasBHOCMI HecnpasHux, 0e2padosaHux abo 3amiHeHUX GomoeneKmpuyHux nepemso-
ptoBavis.
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