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Abstract—Review of AC chargers topologies with active power factor correction are considered in the paper. Single and
double-stage charger topologies are highlighted and the feasibility of using the first group of converters is substantiated
because of its smaller size and simpler structure. Among single-stage converters, the advantages of modular converters
based on SEPIC topologies are emphasized because of minimal dynamic losses, a simple algorithm, and circuit implemen-
tation of power factor correction at the boundary condition mode (BCM) of input current and small dimensions. The oper-
ation of modular converters is analyzed on the example of a two-cell converter and the principle of improving the shape of
the input current under the condition of shifting control pulses of each cell is shown. As a result, the functional dependence
of the electricity quality parameters (power factor PF and the total harmonic distortion THD) on the pulse ratio of each
converter cell is established. Since it is difficult to comply BCM in real converters, and in continuous mode the shape of
the input current is distorted, such converters operate in the discontinuous conduction mode (DCM) of input current. Based
on the analysis of equivalent circuits in three intervals of operation of the SEPIC converter - interval of increase of input
current, interval of decrease of input current and interval of zero pause - its mathematical model was created. It is shown
that the increase of relative zero current interval duration significantly worsens the value of the power factor PF and
the total harmonic distortion THD. As a result, the PF and THD parameters are functions of duty cycle and the relative zero
current interval duration and have a complex relationship. Therefore, in order to estimate the number of converter cells
that provide the required PF and THD values, it is advisable to derive these dependencies in analytical form, based on
the use of a Double Fourier series. The obtained dependencies simplify the selection of the number of cells of the converter
for a given range of duty cycle and the relative zero current interval duration. PF and THD dependencies for two, three and
four cells are constructed on the basis of the derived formulas.
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ZCS of the transistor and ZVS of the output diode
is provided.

L INTRODUCTION *

Batteries of electric vehicles usually charged from AC

grid with two-stage ac-dc converters [1]. The first stage
is power factor pre-regulator (PFP), another one is an
isolated dc-dc converter. Nowadays for power
applications a variety of one-stage chargers with im-
proved efficiency are proposed [2-4]. Interleaved SEPIC
converters operating in discontinuous conduction mode
(DCM) have a number of advantages as chargers with
built in power factor (PF) correction [5-8]:

e it operates as a voltage follower, meaning that
the input current naturally follows the input volt-
age;

e acurrent control loop can be omitted;

e galvanic isolation can be easily implemented and
several isolated outputs provided;

e the input current ripple continuous and defined
during the design stage;

e can operate as step-up or step-down converter

According to such advantages interleaved SEPIC
topology were used as a charger for power-assist wheel-
chair [9]. A topology and simple analyze of the charger’s
operation modes are given in [10]. For clear chosen of
the charger cell number it is necessary to research
dependency input current PF and THD depend on cell
number N and the converter duty cycle range 7.

An analysis of PF and THD based Fourier variable is
inefficient because of necessity to recalculate current
spectrum after each current parameter changing therefore
it is proposed to use a Double Fourier series [11] that
allows obtain PF and THD values for different N and y.

II.  MODEL OF THE INTERLEAVED SEPIC CONVERTER
INPUT CURRENT

Let assume an abstract two cell converter with an
ideal shape input current in border current mode (BCM)
that provide maximum PF, shown in Fig. 1. The input cur-
rent i, is a total current of two cells ice1 and icenz shifted
on half period 7/2. The advantage of BCM that sine of
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input current is provided with constant pulse width yT
[12]. Let analyze the input current shape of SEPIC con-
verter, Fig. 2. For the analysis, it is assumed that:

e capacitors C; and C, are large enough to neglect
the voltage ripple across them;

Uiy Lin

3
Ire

Fig. 2. SEPIC converter scheme
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Fig. 3. DCM SEPIC has three equivalent circuits

e PWM period T significantly less than input volt-
age period O, T << O, therefore input voltage u;,
during PWM period £, T} has approximately con-
stant value u,x = Ui, = const;

e all SEPIC elements are ideal.

The DCM SEPIC has three equivalent circuits as
shown in Fig. 3.

When transistor V'7; is switched on the cell input cur-
rent iy rises from zero value to maximum value ey max
as follows:

U.
ey (1) = L"’ t,0<t<yT. )]

1

where L; is input inductance of the cell, U, is input volt-
age value.

On the second interval the cell input current declines
to zero:

. U,
ey (1) = Icell_max _n_g(t_YT)rYT <t<T-1,(2)
i

where uc; is voltage on capacitor C;, U, is output voltage,
uci = Up, to 1s duration of third interval.

On third interval the cell input current is neglected,
icen = 0. Third interval i..; = 0 worsens input current
shape, so it should be minimized. However, continuous
current mode also unfavorable for PF correction because
significant current distortion [10]. So, PF and THD of
input current should be analyzed.

IIl.  INPUT CURRENT ANALYSIS BASED ON A DOUBLE
FOURIER SERIES

A Double Fourier series [10,11] allows to separate
impact of a modulated function and a carrier function into
spectrum of a pulse modulated signal due to their inde-
pendent representation. The carrier function angle varia-
ble x; = ¢, and the modulated function angle variable
X2 = @yt may have any relation, where ® and Q are angu-
lar frequencies of the carrier and modulated functions, ¢
is time variable. Thus a modulation multiplicity parame-
ter P = x1 / x, may have any positive value (integer or
fractional). Therefore, Double Fourier Series provides
a simple analytical model that allows:

e define PF and THD for any modulation multiplic-
ity parameter P in analytical form;

e detect interharmonics caused the fractional value
of parameter P;

e minimize calculations.

Coefficients Cgui)(m2) of the Double Fourier Series are
the spectral components of the signal with multiplicity m;
relatively to the carrier frequency and the multiplicity m»
relatively to the modulation frequency:

Commy) =

1 F? : 3)
=—2.[ Jf(xl,xz)e](m1x1+m2x2)dxldx2,

0 ¢
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where f(xi1, x2) is a function of two variables x; and x»
whose spectrum is calculated, @; and ¢, are integration
limits that define pulses position relatively variable x;.

The Double Fourier Series applying express’s
the spectral characteristics of the modulated signal in an
analytical closed form for any multiplicity parameter P.
The signal harmonic with number &, Cj is calculated as
follows [13]:

o0
Ck = 2 Con(h=myp)- “4)
m;=0

The cell ideal input current spectrum is defined as cur-
rent sum on first interval x; € [0, 27-y) where the cell cur-
rent growths and second interval x; € [2ny, 21) where
the current falls down to zero.

On the first interval, for defined angle x, of modulated
function the cell input current starts from zero value,
ice(0) = 0, and achieves value Ice; max = Asin(x2), where
angle x; of modulation function corresponds angle 27y of

the carrier function. Constant A4 is the current amplitude
for x,=m/2, formula (1):

A=————4T. 5)
where Uj, max is amplitude value of the input sinusoidal
voltage.

On the end of second interval the cell ideal current
starts from /cen max and at x; = 2m it always tends to zero,
ice(2m) = 0. Therefore, the cell input current on i interval
of carrier period i defined as follows:

ASIN o < <omy:

2 b - b
leen (X)) =19 . ™ (6)
Asin(x, )(2n —x;) Yoy < 3 < It
=y ST

According to formula (3) the Double Fourier Series
spectrum components Cin1)im2) calculated as follows:

1 2y
_ xle./'(mlxl+mz>€2)dx1 _
T 2y 0
Clomyoms) =7 5 JsinG) o o iy +
0 - J' xlej(mlxl +m2x2)dxl - J' ej(m1x1+m2x2)dxl
2n(1-1) ;. eI
) ™)
L J(myx+myx;)
— | xe dx) —
o 2 I 1 1
+— J. sin(x,) 0 X
2 2 2n 2n 2
T - J' xe! mxitmyxg) gy J‘ o/ (mx+myx3) g
2n(1-y) -y :
2my 2my
In the second clause we will change the limits of integration to [0, ).
4 T ) 1 2wy ] 2n )
C =——(1-(=D")|sin(xy)e’"?"2 x| — | x;&/™" dxy ———— | (x; —2n)e/™Mdx, |dx,. (8
myom) =57 (1= D™ siny) 7y | e =S [ (= 2me ™ (dy. (8)
0 0 2y
From the formula (8) we can conclude that the integral is zero for even m;, and for odd ms it is simplified to:
4 b @ N 1 2my ) 1 2n )
C ) =— | sin(xy)e/ T2 x| — | xe!™MMdx) ———— | (x —2m)e!"Mdx; |dxy. 9
(my)(2my—1) “2'0[ (x2) oy _([ 1 1 2n(l—y)2j (% —2m) 1 |dxy )
Spectral coefficient (9) has only two types of nonzero A
values: C=Js
2
C . A(l _er'Ym]TC) CZk—l = 0,2k -1 m1P+l,2k -1+ mlP—l;
0 a2 (g =ty A=) (a1
: (10) leP+l =J] 2 P
c A1y c jd 4 (y = ymy
== =, .
(my)(-=1) 4752 (y- l)ymlz O 2 CA(L- eZJymln)
Cop1 =~J—5————

According to formulas (4) and (10) nonzero harmonic
are calculated as follows:

2 2
4n” (v =ymy
For a converter with NV cells the total spectral coeffi-
cients are defined as follow:

(®
S
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Fig. 4. Two cell current in BCM
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Fig. 5. Two cell current in DCM

] A(l _ erymln)
C =] —
(m)(z = J
! 4> (y =y 15

A= 2Ty N ji2n

Ci vy = — e N (12)
(m)(-1)z =) ey
1 A (y=Dyym?® (5
_jNA
Com =5

Thus, only spectral coefficients with number m:N have
nonzero value:

c ; A=
(mN)YDT = ;
1 4n® (y =1)y(m N)*

CAQ-eHMTN

C, 1y =— ; (13)
(mN)(-Dz = —J
1 4n® (y = 1)y(m N)*
N4
Con =75

Therefore, in the total current high frequency harmon-
ics are partially eliminated:

NA
C=j—;
1=J 5
Cri_1 =0,2k—1#mNP+1,2k -1+ m NP -1,
; A(l_e2jym1Nn) '
4m? (y—l)ymlzN’

2 jym Nt
A=/
Coynp1 == —————>

4n” (y —Dym"N
Two cell current with phase shifting © and y = 0.3 is

reconstructed based on formulas (11), (14) and shown in
Fig. 4.

14
Cmnpi1 = (14

When converter operates in DCM with relative zero
pause duration y, and the cell current i..; shape is defined
as follows:

2my
Asi 2n(l—-vy,) -
() = TR

2my < <21(1-v,);
0,2n(l-7y,)<x < 2m.

the Double Fourier series expression for spectral compo-
nent Ciuijm2) 1S:

Clom)imy) =
21y
- xlej(m1x1+m2x2)dx1—
T %
:?.([sm(xz) i) i) dxy + (16)
- - xe/ M) g ej(mvfﬁ'"zxz)dx1
ml=v=v2) A=v=v2)
1T
) o xlej(mlxﬁmzxz)dxl -
L fsin(x ) "o dx
2 2 2n(1-72) 2n(1-y.) z
m S xej(m1x1+m2x2)dx1 - J ej(M1x1+m2x2)dxl
ml=y=v2) A=v=v2)

After series of transformation the spectral components in DCM defined as follow:
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a) b)

Fig. 6. Functional behavior of PF (a) and THD (b) depend on duty cycle y and cell number N

L =2jy,m
A JYzmm . Y
= x(y+ @/ (1) = 2T (y gy D)

C =
(m)()

P4t vy, —Dym)?

J'Aefzj“/zmlTE

x (y + 2/ (rHyz)mm (v, -1 o2/ zmm (v, +7-1)); (17)
2 2
An (v +vz —Dym

Comp-n =~

jA
Co = 7(1 —Yz)
According to formulas (4) and (10) nonzero harmonic are calculated as follows:
A
G=Jj50=r);
Coi1=0,2k-12mP+1,2k-1#mP -1,

jAe’ijZmln 2j(y+y. )mm 2jy,mm (18)
Coypr1 == X (y T (y 1) =™V (y 4y = 1))
4n”(y+v, —Dym
4o 2T T . .
leP—l __ 2]14@ X (v+ o2 (v+yz)mm (v, -1)— ezﬂzmlﬂ(yz +y-1)).
4n”(y+v, —Dym
The current shape of the two-cell converter for y = 0.4 PF and THD of the modular converter calculated
and y. = 0.4 is shown in Fig. 5. based on formula (17):
After developing formulas of the cell current for BCM PFy, =
and DCM modes it is possible to calculate the PF and .
THD for different cell number. 2
(V=L ) (-l ) -) T | o
1V.  ESTIMATION CURRENT QUALITY PARAMETERS =], 1+ § (y—1yyN 5

Let consider ideal input current PF and THD values
for predefined number of cells N in BCM. In comparison
with one cell in N modular converter high harmonics
mainly eliminated except harmonics Cypnr1, Cpn-1. Input
current RMS value /i, rusavy may be calculated in closed THD =
analytical form: N

(I=y)yN

(N =[] (1= (N [V ]))J
.(20)

{(vN—[YN])((YN—[vN])—I)T

Liy rMs(N) = Y

(AN)* & | AN(1—2/rmNTy |2 The same formulas for RMS current value /i, zusvp is

- 4 * 2 o T (19)  obtained for current with relative zero current interval Y-
147 (= yy(m NY?|

2
2 _ [(4N) 2
_AN 1 (W =LV ) (N -V ])-1) Lin_RMS(N)p —\/ 1 (1-y.) +z, (1)
2 3 (y=DyN . where

—G)
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Fig. 7. Functional behavior of PF: a) N=2,b) N=3,c) N=4 Fig. 8. Functional behavior of THD: a)y N=2,b) N=3,c) N=4
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2
1

z=2 3 X
4n”(y+y, —DyN

o1+ 14717
4270y =D(1=30(Cr: + VN =[ (1 + 1IN )7 +
H60((vz + 1IN = (v + 1IN ]y -
=30((r; + PN = (2 + N )=
=2(1; =Dz +7-D(1=30GN -V )7 +
+60(N = YN ) =300V —| vV )*) -
=29y, +1-D(1=300r, N =1,V )? +

+60(y,N | 7, N |’ —30(yZN—|_2yZNJ)4).

PF and THD for defined RMS current value (21)
defined as follow:

Tl',4

pr, —_ 054 N(1:) o)
P JosAN(I-y,)+z2
z
THDy, =~ . 23
054N (1-7,) *3)

Functional behavior of PF and THD depend on duty
cycle y and cell number N for BCM is shown in Figure 6
a) and 6 b) respectively.

As we can see increasing of cells N significantly im-
proves PF and THD and extends range of duty cycle y
where they have good enough value, y € [1/N; 1-1/N].

PF and THD behavior for DCM is more complex
because of additional parameter of relative zero current
pause v.. The functional dependences of PF are shown in
Fig. 7 a), b), ¢) for N=2, N=3, N = 4 respectively.

The same functional dependence may be obtained for
any N with formulas (24) and (25), therefore developed
formulas may be used for estimation number of cells N
for predefined PF or THD.

CONCLUSIONS

In the paper the formulas for THD and PF parameters
based on Double Fourier series for modular SEPIC con-
verter valid for different cell number N are obtained. The
obtained functions allow to simplify to determine cell
number to defined THD and PF values for duty cycle y
range and relative zero current interval duration v..
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AHaJ3 nmapaMmeTpiB IKOCT1 BX1JHOTO CTPYyMY
MoayJibHOTO AC-DC 3apsiIHOrO NpUCTPOIO
SEPIC Ha ocHOBI psiny ®yp’e ABOX 3MIHHUX
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Kagenpa enexrpoHHIX NpUCTpOIB Ta cucteM eds.kpi.ua
HauioHaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu

«KwuiBchkuii noitexHiuHMA iHCTUTYT iM. Irops Cikopcbkoro» kpi.ua
Kuis, Ykpaina

Anomayia—Yy cmammi po3zianymo Moicaugi mononozii 3apAOHUX npucmpoie IMIHHO20 CMPYMY 3 AKMUBHOIO KOPEKUIEI0
Koeghiyicnma nomyxscnocmi. Budineno oononankosi i 0601ank06i mononozii 3apaoHux npucmpoie ma 0OIPYHmMOEaAno 00Uinb-
HiCIb 6UKOPUCMAHHA NePpUuLOl ZPYNU nepemeoploeauis uepes meHuti zabapumu ma npocmiuty cmpykmypy. Ceped 00HONaHKOBUX
nepemeoprosayie HAz0N0UEHO HA NePesazax MOOYILHUX nepemeopioeauie 3 uepzyéannuam ¢az na ocnosi mononozii SEPIC, ujo
Maromy MIHIMANbHI OUHAMIYHI 6Mpamu, RPOCMUIL AIZOPUMM MA CXEMHY peanizayito Kopekuil Koegiyicnma nomyscnocmiy zpa-
Huunomy pexcumi npomixkannsn cmpymy (I'PII) ma negenuxi zabapumu. OynKyionyeanus mMooyj1bHUX NEPemeopiosauie npoana-
J306AH0 HA NPUKNAOL 08OKOMIPDKO6020 NEPEemeoprosaia ma nOKA3aHo NPUHYUR NOKPAWEHHA (hopmu 8XiOH020 CIPYMY 3a YyMOGU
3cy8y iMnynbCie KepysanHs KoucHoi Komipku. Ak pezyiomam, 6cmanoeneno )yHKUIOHAIbHY 3a1€HCHICIb napamempie aKocmi
enexkmpoenepzii (koeghiviecnm nomymycnocmi PF i koegivicnm neniniiinux cnomeopens THD) 6i0 koeghiyicnma 3anoenenns imny-
bCi6 Kodcnoi komipku nepemeoprosaua. OckinoKu y peansnux nepemeopiosauax ckinaono oompumyeamucs I'PII, a é nenepeps-
HOMY pestcumi hopma 6xiOH020 CIPYMY CROMEOPIOEMbCA, MAKI NEPemeop ui npay, b y nepPepueuacmomy pexcumi npomi-
kanna (IIPI1) cmpymy. Ha ocnosi ananizy cxem 3amiuienna onsa mpvox inmepeainie poéomu nepemeoprosaua SEPIC — inmepean
HAPOCMAaNHA 6XIOH020 CHPYMY, IHMEPBAl CRAOAHHA 6XIOH020 CIPYMY mdA IHMEPBATLY HYIbOBOT RAY3U — CHIGOPEHO 1020 MAmeMa-
muuny mooens. Ilokazano, wio 30invuienns mpueanocmi Hyb060i nAy3u NPOMIKAHHA CHPYMY CYHIMEBO ROIPULYE 3HAYEHHA
koegiyicnma nomyxycnocmi PF i koeghiyienma neniniinux cnomeopenvs THD. Buacniook uybozo napamempu PF i THD ¢ ¢hynk-
uiamu Koeghiyienma 3anoeHenns iMnynoveie i mpueanocmi nayzu i maroms cKiaony zanexcuicme. Tomy 0na oyinku Kinbkocmi
KOMIpOK nepemeopiosaua, uio 3ade3neuyioms Heo0xioni snauenna PF i THD 0ouyinbno gueecmu yi 3anexcHocmi 6 QHAIMuYHIi
hopmi, wio 30iticneno na ocnosi sukopucmanns pady @yp’e 060x sminnux. Ompumani 3ane)icHOCmi CRPOULYIOmMs 6UOIp KintbKocmi
KOMIPOK nepemeoprosaua ons 3a0anozo 0iana3ony Koepiuicnma 3ano6HeHHs IMRYbCi6 | 3HaueHHA 6i0HOCHOT HY1b060i nay3u. Ha
0CHOBI ompumanux gropmyn nodyoosano 3anexcuicmv PF i THD 015 060X, mpbox i “omupbox KOMIipoK.

Knruoei cnoea — moodynwvnuit nepesmoprosau; SEPIC nepeemeoprosau; 3apaonuii npucmpiii; Kopekuia xoegivicnma
nomyscnocmi; pao @yp’e 060x 3MiHHUX
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AHHOTanuA—B cTaTbe paccMOTPEHbI BO3MOXKHBIC TOIOJOIHH 3apPS/JAHBIX YCTPOHCTB NEPEMEHHOI0 TOKA ¢ AKTHBHOM
Koppekuueii ko3 puunenTa MOUIHOCTH. Bblie/1eH0 0THO3BEHHBIX H ABYX3BEHHbIX TONOJIOTHH 3aPSIAHBIX YCTPOHCTB 1 000cC-
HOBaHA IIe1ec000pPa3HOCTh MCIOJIb30BAHUSA NMePBOil rpynnel npeodpa3oBaTeseil Yepe3 MeHbIIHe ra0apHThl U MPOCTYIO
cTpyKTypy. Cpen 01HO3BEHHOT0 Ipeodpa3oBaTeieii 0TMeYeHa NpenMyIlecTBaX MOYJIbHBIX peodpa3oBaTelieii ¢ Yyepeno-
BaHueM ¢a3 Ha ocHoBe Tonosoruu SEPIC, umerommx MUHAMA/IbHbIEe JHHAMHYECKHe MOTepH, MPOCTOii aJrOpuT™M U CXeM-
HYI0 peaIM3aliI0 KOPPeKuuu Ko (pHuiuueHTa MOIIHOCTH B NpeieJbHOM pe:xkuMe nporekanus toka (I'PII) u HeGonbmme
radapurpl. ®yHKIUOHHPOBAaHME MOJYJIbHBIX Npeodpa3oBaTeieil NPOAHAJIM3NPOBAHBLI HA PUMepe ABYXSI4eecTOro npeod-
pa3oBaTesisi M NOKA3aHO NPUHIMI YJy4lleHHs ()OPMBbI BXOJHOIO TOKAa NPH CABMIA HUMIIYJbCOB YNPABJICHHUS KAXKIOMH
siueliku. Kak pe3yabTart, ycTaHOB/IeHO (PYHKIIHOHAJIbLHYIO 3aBHCHMOCThL IaPAMETPOB KauecTBa 3JIeKTpo3Heprun (kod3pdu-
nueHT MouHocTH PF u ko3 puuuent HenmHeiinbIx uckaxennii THD) ot ko3punuenTa 3anoiHeHUs1 HMILYJIbCOB KaKI0M
siyeiiku npeodpasosareiisi. [lockoJbKY B pealbHbIX Mpeodpa3oBaTe/sx c10:kH0 npuaepxkusathes I'PII, a B HenpepbsIBHOM
pe:kuMe (popmMa BXOAHOIO TOKA MCKajKkaeTcsl, TAKHe NpeoOpa3oBaTesin padoTalOT B NPEPLIBHCTOM pesKMMe NMPOTeKAHUS
(ITPII) Toxa. Ha ocHOBe aHa/iM3a cXeM 3aMellleHUs /ISl TPeX HHTEPBaJIOB padoThl npeodpazoBartess SEPIC - untepBan
HapacTaHHUs BXOJAHOI0 TOKA, HHTePBAJI NaJeHHsl BXO/HOT0 TOKA U HHTePBaJa HyJIeBOii May3bl - CO3AaHO ero MaTeMaTH4e-
cKky10 MoJeb. [Toka3aHo, 4TO yBeInYeHUE NPOJOJKUTEIbHOCTH HYJICBOIi Iay3bl IPOTEKAHHUSA TOKA CYLIECTBEHHO yXY/AIIAeT
3HauyeHue ko3¢ punnenta momuoctu PF n xo3dpdunnenra Heauneiinbix nckaxenuii THD. B pesyiabTate napamerpsl PF
u THD siBasiorcs GpyHKuusaMu k03¢ UIMEeHTa 3a110,JHEHHS] HMITYJIbLCOB U [UIMTEJILHOCTH Nay3bl H HMEIOT CJIOKHYIO 3aBH-
cuMocThb. [ToaToMy /1M1 OLICHKH KOJIHYeCTBa siUeeK Npeodpa3oBarelisi, o6ecneynBalIux Tpedyemsole 3Hayenuss PF u THD
1e1eco00pa3’HO BbIBECTH 3TH 3aBHCHMOCTH B aHAJIMTHYecKOi ¢opMe, 0CYIIeCTBJIEHO HA OCHOBE HMCNOJIL30BAHMS pPsiia
®@yphbe ABYX nepeMeHHbIX. [loyuyeHHbIe 3aBUCHMOCTH YIPOLIAIOT BLIOOP KOIMYECTBA siyeek Mpeodpa3oBaTeis AJs 3a1aH-
HOT'0 AUana3oHa K03 PUUHEeHTAa 3aN0JHEeHHs UMIIY/JIbCOB U 3HAYEeHHe OTHOCUTEe/JbLHOW HyJ/eBoil nay3bl. Ha ocHoBe moJy-
YeHHBIX (hopMmyJ1 nocTpoeHo 3asucuMocts PF u THD nuist nByX, Tpex U YeThIpex siueex.

Knrouesvie cnosa - mooynvnutit npeoopazosamens; SEPIC npeoopazosamens; 3apaonoe ycmpoiicmeo; Koppekyus Koig-
duyuenma mowgpocmu; psao Oypve 08yx nepemeHHbIX
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