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Abstract—Increasing the range of electronic devices, especially nonlinear impulse loads worsen the parameters of elec-
tricity quality. One of the most negative factors for the electricity quality are low-frequency interharmonics, which have
a negative impact on electric motors, transformers and other AC equipment. The interharmonics generated by disturbances
forming by grid loads which operates with frequency that is not multiple with the electric grid one. The interharmonics
detection is a complex problem because of their permanent frequency fluctuation. The common numerical methods imple-
mentation for interharmonic analysis leads to large number of the mathematical operation, therefore analytical methods
are more attractable. Usually, interharmonics forming is researched in wide range of disturbance parameters for further
analysis and their suppression. Often, for math operation reducing, interharmonic analysis is performed by probabilistic
approach in several points of parameters range with subsequent expanding its result on all parameter values that cause to
inaccurate results. In the paper is proposed a fully analytical method based on a Fourier series of several variables, which
allows: describe the voltage model immediately in the frequency domain; calculate the interharmonics of the voltage in all
disturbance parameter range directly with a minimum number of mathematical operation due to representing the param-
eters in final analytical formula for interharmonics calculation; minimize error. In considered case the electric grid model
consists of active-inductive internal resistance and a batch of nonlinear loads: AC system which operates on different fre-
quency comparing with the grid frequency; pulse loads that switches with different frequency than grid frequency; para-
metric load with non-multiple period to the grid frequency. The properties of Fourier series of several variable are analyzed
and advantages of describing signals with several components are shown. Principle of projection of multidimensional spec-
trum to one variable is demonstrated. The grid voltage disturbance for each load are analyzed and voltage model in fre-
quency domain of several variable are obtained. The shape of each disturbance for batch of the input parameters are con-
structed and total grid voltage shape and its spectrum are built. The nature of interharmonic forming as combinational
harmonics are shown. The mathematical operation elimination is analyzed for general case and shown the total advantage
of the proposed method in comparing with numerical Fourier series of one variable.

Keywords — grid voltage spectrum; interharmonic voltage disturbance; Fourier series of several variables.

to spectral leakage effect [3]. Therefore, the development
of analysis method of disturbances impact on grid voltage

I. INTRODUCTION

Spreading of impulse nonlinear loads of AC power
grid worsens the parameters of electricity quality. One of
the negative factors caused by the impulse loads are inter-
harmonics with frequency which is lower than the electric
grid one [1]. The low-frequency interharmonics presence
has negative impact on electric motors, transformers and
other AC equipment [2].

Usually, interharmonics generated as combinational
harmonics with frequencies fiu, as result of interaction of
M processes, M > 1, with non-multiple frequencies fi,

fz..fMZ

M
Sine = 2 My s )]

k=1
where my are integer numbers.

Measuring of the interharmonics because of perma-
nent frequency changing is very complex problem and led

that generate interharmonics is topical issue.

Implementation of common numerical methods for
interharmonics detection caused to large amount of math-
ematical operations [4-6]. Often, for calculation reduction
probabilistic methods are used [7,8], that allows calculate
interharmonics and interpolate obtained results on all
range of parameters values that together with significant
reducing of math operation increase the calculation error.
Whereas analytical methods allow reduce the amount
operation without loss of accuracy.

In the proposed research a method of analytical repre-
sentation of processes that generate interharmonics based
on Fourier series of several variables [9] are proposed.
The method allows to:

e obtain model of the signal directly in frequency
domain that simplify interharmonic analysis;
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e calculate interharmonics for any parameters value
with minimal math operation amount;

e minimize error due to implementing the fully ana-
lytical method without interpolation.

II. PowegRrR GRID MODEL

As usual, a source of grid current are consumers Con-
sumer(1).. Consumer(k), that, because of the power grid
non-zero inner resistance Z, caused grid voltage interhar-
monics in consumer connection point 4. The power sub-
stitution scheme is shown in Fig. 1.

The voltage RMS value in point 4, E4 is defined as
difference of the grid voltage E on a generator output and
the inner resistance Z, Uz

E,=E-U, =E—Z{Z[cust(k)}: (2)
k

where L. is current RMS value of the consumer £.

For voltage e4(f) calculation in time domain

the Duhamel's integral is used [10]:

ey()=e()—u, (1) =

t
= e(t) - [h(t)zlcust(k) (0) + J- h(t - T)Z l.CuSl‘(k)' (‘[)dTJ )
k 0 k
3)

where e(f) is voltage on the generator output, uz(¢) is volt-
age on inner resistance Z, iqusix)(f) 1s instantaneous value
of the consumer current k, A(f) is voltage reaction on
resistance Z on one-step current.

For household power grids inner resistance Z has
active-inductor reaction, therefore voltage reaction A(¢) is
described as follows:

h(t)=R+L-3(2), “)

where L, R are values of inductance and resistance of
the inner resistance Z, 9 is delta-function.

Let’s consider typical current profiles that are gener-
ated by consumers with interharmonics.

III. INPUT CURRENT PROFILES

The consumers with interharmonics may be split into
groups [1]:

1)  AC systems that operate with frequency fint that
are different from power grid frequency f1. Usu-
ally, such AC system connected to the grid via
DC link. For instance, the another AC grid con-
nected to the considered power grid via DC
interconnector or asynchronous motor con-
nected via electric drive [1]. As result, from
the power grid consumed current iint, that
defined as follows:

/
it = 2 Lina(hey ST (1) + P ) (%)
k=1

where I 1s amplitude of current harmonic £, ¢ is phase
of current harmonic £.

According to formula (4), voltage uz(f) on inner
resistance for defined in (5) current, is:

Customer(1)

Power grid,

e(f) _:'_.___ __________

Customer(k)

Fig. 1. The power grid substitution scheme

/
Uuz1 (1) = R Lipyiey SIS 1 + @) —
k=1
l ©)
—2T5ka;-m(1) Z ]int(k) COS(Zﬂkﬁm(l)l‘ + O ),
k=1
2)  Parametric loads: welding machines, laser print-

ers with resistance R;; that has such time
dependence:

Ripy =Ry - (&, fie)s (7
where fis a modulation function with frequency fi.

In the paper are analyzed two functional dependencies
of parametric loads that cause:

e pulse current:

e(t)t

,0<t<t,;
Ontr
@,t,qsrﬁy—l;
on int(2)
?QL‘”‘fh ]
int(2
ity = { 40 _ Zon e/ @®)
R,, t
f, +—1 <t<t +tp+ no
int(2) T fim)
0.4, +17+ N | ,
Jint(2) Jint(2)

where ¢, ¢ are rise and fall edges of the current, R,, is
a load pulse resistance, y; is relative period duration of
the load turn on;

e for smooth current:

e(t)- Gyt fimm ,0<t< Y_z;
Sint(3)
i(t) = 1
Jint(3)6)Go ( I —IJ
int(3) , Y2 << 1 ’
(1-v72) Jint(3) Jint(3)

©)
where expression Gy-t is load conductance that smoothly
changed with time, v is relative period duration when
current is rise.
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Voltage uz on the grid inner resistance caused by cur-
rent given in formulas (8) and (9) defined as follows:

. G fo oL
Gote(t)fth)R_ 0fint(3) C0<rs 2
) V2 Sint(3)
U (t) = 1 (10)
z fint(3)GOe(t)R[f —IJ 1G
) ) 0/int(3) o, ! :
(1-v7) A-v2)  fime) Sint(3)
REDL _f Ton 0<t<t,;
Rontr tr
R@, to<t<t, +—1
Ron fint(2)
Y
=1 [f—fr—f p” J , (1)
REON, L Jm@)) +Lon tr+y—1<tStr+tf+y—l;
on ty ty Jint(2) Jint(2)
Y1 1
0, 1, +tp+ <t< .
T i) Jint(2)

As result of the processes interaction (6), (10), (11)
with frequencies fi.) and power grid with frequency fi
interharmonics are created. Let’s consider advantages of
Fourier series of several variables for interharmonics cal-
culation.

IV. VOLTAGE REPRESENTATION BASED FOURIER
SERIES OF SEVERAL VARIABLES

Fourier series of few variables describes signal in
multidimensional space based on spectral coefficients
Com1)om2)..ombr), where M is number of the variables x; = o,
X2= at,..., Xp= Opmt, where o1...w0x are angular frequen-
cies of the processes [11]:

C _ 1
(m)mo).(myg) = 371 37 ¢
M
2n 2m Jy.mix; M (12)
><J- I Y(x1,%,..,x)7 )e =1 dei,
0 0 i=1

where y(x1, X2,..., X») is a function of M variables.

. R { . .
uz) ()=1- 7 D Line(ky SIS 1) + ) +

m k=1

The Fourier series applying express’s the spectral
characteristics of the modulated signal in an analytical
closed form for any multiplicity parameters Ps,..., Py,
where P, = xy/x1,..., Pu=xu/x1. The signal harmonic with
number k, C is calculated as follows [12]:

Cr =
(13)

0 0
= 2 2 ClkemPromBecmy By my )
mz =—00m M =—00
As result of implementation of Fourier series of sev-
eral variables the grid voltage is multiplied on disturb-
ances (6), (10), (11), therefore for retrieving correct
results the disturbances preliminarily have to be normal-
ized on grid voltage e(?):

uz (?)
e(t)

After implementation of normalization (14) to (6),
(10), (11), we obtain:

uy ()=1- (14)

2Lk 1y
E

m

!
D Lin(y €SS 1y + 0 ) (15)
k=1
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1—L[R t 1 J 0<t<t;
Em Rontr Rnntr
__R , tr<tﬁtr+Y—1,
RonEm fint(2)
uz2* (t) = (t L= fYI j (16)
P S fm@ )\, L |, <ttty
Em Ron tf Rontf flnt(Z) fint(Z)
I, t.+tr+ LU ! X
Jint(2) Jint(2)
l_ﬂ[mm_L} ()<tgy_2,
m V2 Jint(3)
us ()= R[ ! t] (17
z3 - -
3G i
l_fmt(S) 0 m® ), L R R L
E, (1-7v2) A=v2) | fim3) Jint(3)

The voltage expression with interharmonic disturb-

x2-x4 are disturbances arguments u1"(x2), u"(x3), tz3"(x4)

ances (15)-(17) based on Fourier series in four variables is:
space: x; is argument of the grid voltage e(x1) = Exsin(x1),

21 2n
1 . i * i
Clmymyomsmg) =5 | B sinVxy)e’™ dbyy [ uy” ()22 dxy x
271 0 18
2n . ] 2n . ) (18)
><.|. Uy (x3)e’™%3 dxy I uyz (xg)e’™ dxy,

0 0

where ¥ is lowest common multiple of P, = x»/xi, .., V =Lem(Pys..; Py ). (19)
Pyr=xu/xi: . .
M= X Let’s integrate separate parts in formula (18):
2 jTCEm, m = V,
inty = [ E,, sin(Vy)e/" N dx; = —jnE,,, my =-V; (20)
0 0, my#-V,m#V,
nl. Wk e—j(Pk ‘
—%(]R‘Fzﬂl/kjfmt(l)), my :k,
m
2n ;
. _ * Jmyx _ 7l _ e_j(pk
inty = [ uy" (xy)e"22dx, = _%(_m”m%mm), my = —k: 1)
0 E,
2n, my =0;

0, my#0,my £k, my #—k;
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2n
inty = I u,y (x3)e’™ dy =
0
Jorm3 4 _ - _ . )
RE 3(1 J(ErM3) 1 jL (l—ejm3(pr)+
¢,.m3 13
j(eij(Pr _ e.im3((Pr+2nV1))
+R +
ms3
S et efm3(<Pr+27W1)(1_e/m3<Pf )_
1 ms (pr3
_E R , Mg # 0;
_ m*ton R ej(‘Pr+‘Pj'+2“Y1)m3 (1_]((Pr+(pf +27'cy1)m3)_ .
2
_ ¢ pm3
_ej((p, +2my) )ms3 (1 =-J ((Pr +2my; )m3)
2
®rm3
.y jm3(@,+2my .
n ]Le 3( 1) (1 _ejm3(pf )
®rm3
2n— &+2ny1 +ﬂ , my =0, (22)
E,R,, | 2 2
g2 . ]
Rejm4 Y2 (1_]m42’W2)—1 ~ jL §
2myymi 2myymy
2n _g_o X(l—ejm“z““ )+L(—R(J;L/)2“J(ejm42m _1)_ ,my #0;
inty = J U3 (x4)e’™ 4 dxy = " " ! (23)
0 R((l—j2nm4)—e/m“z’w2 (1— jmy2my, ))
N 2
2n(1-y, )my
2GyR
27'[— 0 , My = O
l;n1
Based on obtained integrals int;-ints in formulas (20)- value of the power grid parameters e(f)=

(23) and values of V, P>-P4 spectrum of grid voltage e.(?)
in connection point 4 are calculated.
V.  CALCULATION OF GRID VOLTAGE SPECTRUM

A harmonic k value C; is a sum of two combinational
components:

M
kY=Y mP+V; (24)
=2
M
k==Y mP -V, (25)
=2
each of them calculated by formula:
o 3 ¥
Cu = inty... int,,.(26)
> mAxy 2M71 T[M my =—0 myy =—o0
=2

Based on formula (26) impact of each disturbance on
the voltage in connection point of consumers e(?) is
obtained. Impact of disturbances is obtained for such

=311sin(2n-50£)V, L = 100 pHn, R = 1 Ohm.

A disturbance caused by AC system with another fre-
quency connected via DC link with parameters fiu 1=
=100/3 Hz, V' =3, ¢ = 0 with amplitude [;, = 30 A is
shown in Fig. 2.

e,V

A
400

300

200

100

=200

-300

—400
0 o 2nV

Fig. 2. A disturbance caused by AC system with another frequency
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A disturbance caused by an impulse load with
resistance R,, = 0.01 Ohm connected with frequency
Sfim2) = 350/3 Hz, V'=3 to the power grid and parameters
¢r=@r=0.1m, y; = 0.1 is shown in Fig. 3.

A disturbance caused a load with smoothly changing
in time conductance that changed periodically with fre-
quency fiz) = 650/3 Hz, Go = 100 Sm/s, V' = 3 and
v2 = 0.7 is shown in Fig. 4.

A total impact of the considered disturbances of grid
voltage e4 and its spectrum calculated with formula (26)
are shown in Fig. 5 a) and 5 b) respectively.

As shown in Fig. 5 a) the total voltage e, is product of
voltage e and disturbances (15)-(17). In Fig. 5 b) the har-
monic amplitude that corresponds grid frequency has
number k£ = V' = 3. Harmonics with number & not multiple
V, k # V, are interharmonics. With changing disturbances
parameters spectrum calculation is more simple based on
proposed method than with Fourier series of one variable.
Let’s define numerical indicator of calculation efficiency

VI. EFFICIENCY COMPARING WITH FOURIER SERIES
OF ONE VARIABLE

Implementation of Fourier series of several variables
for interharmonics calculation has such advantages com-
paring with Fourier series of one variable:

e direct spectrum calculation without signal repre-
sentation in time domain;

e simple procedure of the spectrum recalculation
when frequency of the disturbance is changed;

e gplitting of each disturbance impact on voltage
spectrum with possibility of its further analysis in
analytical form.

One of the main advantage of the proposed method is
significant reducing of math operation for spectrum cal-
culation that allows use it in control system in real time
scale.

Let’s analyze the math operation reducing for the con-
sidered disturbances. For their representation g = 16
parameters: L, R, fiui1)s ©, Lints Rons fini2)> ®rs Of; Y1, G0, fini(3)s
Y2, P2, P3, P4 are used. Assume, that £ = 1000 harmonics
are calculated for / = 100 values of each parameter.

When Fourier series of one variable is used for spec-
trum calculation for overlaying disturbances the amount
and positions of integration intervals always changed.
Therefore, grid voltage has to be reconstructed in time
domain again and its spectrum may be calculated only
numerically. Such voltage representation requires define
grid voltage at least in 2k points for every parameter set
that needs

N(])] = 2klgFi, (26)

operations, where F; is operation amount for voltage cal-
culation in one point.

For spectrum calculation based on fast Fourier trans-
form additionally operations executed

Ny, = klog(k)I8, (27)

-100+

=200

-3001

-400

Fig. 3. A disturbance caused impulse load with resistance R,,

e,V
“ 400

300r

200r

100

4]

-100

2001

=300

—400
0 X 2aV

Fig. 4. A disturbance caused a load with smoothly changing in time con-
ductance

~400 - A
0 X

300

250}

200+

150}

100+

50+

.;]Lll...:l___.. M T .
i

) 10 20 30 40 50 60 70 80 90

6) k

Fig. 5. Total voltage that taking to account all disturbances: a) in time
domain; b) in frequency domain
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When Fourier series of several variables is used, max-
imum value of coefficients 72 max, M3 max, M4 max calcu-
lated by formula:

My =M Ak =10, (28)

As result, the voltage spectrum calculated with Ny
operations:

N(2)1 = Mm Fz, (29)

max

where F3 is average amount of math operations for com-
ponent int;..inty calculation, formula (26).After compar-
ing an operation amount in (6), (10), (11) and (20)-(23)
we can conclude that F; = F,. Because each component
int;..inty depends on less parameters number, in our case:
int; doesn’t depend on disturbance parameters; int,
depends on four parameters; int; depends on 6 parame-
ters; ints depends on four parameters. We can assume,
that each component int;..inty approximately depends on
gr parameters, gr~ g/M. Therefore, component int;..inty
recalculated in fewer cases comparing with Fourier series
of one variable. As result, a total amount of operation Ny,
for Fourier series of several variable implementation is
equal to:

N(Z)t = N(z)lMlgf . (30)

The reducing of operation amount Oy for Fourier
series of several variables is defined as interrelation of
sum of expression (26) i (27) to expression (30):

18 U=1/M)  1-1/(M~1)
OM =

5 (2+1log(k)/ Fy)>>1,(31)
M
If assume that /> = 30, Oy = 1.4-10%, that prove very
high efficiency of the proposed method. With increasing
of the disturbance number and subsequently increasing of
parameter M, parameter Oy will be increased exponen-
tially. Therefore, implementation of the Fourier series of
several variables for signal calculation, which formed as
a result of the interaction of several processes with inter-
harmonic generation is very useful and time-efficient.

CONCLUSIONS

In the paper the method of Fourier series of several
variable implementation for the grid voltage spectrum
calculation with disturbances that cause interharmonics is
proposed. It is proved, that proposed method has such
advantages:

e direct spectrum calculation without signal repre-
sentation in time domain;

e simple procedure of the spectrum recalculation
when frequency of the disturbance is changed;

e splitting of each disturbance impact on voltage
spectrum with possibility of them further analysis
in analytical form,

Hapiitnuia no pepakuii 21 aunns 2020 p.

e and significantly reducing amount of math opera-
tion, that for considered in the paper case is
1.4-10% times comparing with Fourier series of
one variable.
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Kagenpa enexrpoHHHX NpUCTpOIB Ta cucteM eds.kpi.ua
HauioHaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu

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

Anomayia—306iNbIIEHHS THIB €JICKTPOHHHUX NPUCTPOIB, 0CO0IMBO HEJNIHIHHUX IMITYJIbLCHUX HABAHTAMXKEHb, NOTipIIy€e
napamMeTpH siKocTi eekTpoeHeprii. OqHUM 3 HAHOLILII HeraTUBHUX (AKTOPIB /15 SIKOCTI eJIeKTPOeHeprii € HU3bK0YacTo-
THi iHTeprapMoHiky, siki HeraTHBHO BIUIMBAIOTH HA €J1eKTPOABUIYHH, TPaHcopMaTOpH Ta iHuIe 00J1aJHAHHS 3MiHHOIO
cTpyMmy. IHTeprapmMoHiku, BUK/IMKaHi 30ypeHHsIMH, 1110 YTBOPIOIOTLCS 32 PAXYHOK HABAHTaMeHb, sIKi MPalIOIOTh 3 YaCTO-
TOI0, He KPAaTHOIO eJIeKTPUYHili Mepeski. BusiB/IeHHs1 iIHTeprapMoHik € CKJIaJHOI0 NP00/1eMOI0 Yepe3 NMOCTiliHe KOJUBAHHS
ix yacToTu. BipoBa/zkeHHs 3arajiIbHUX YHCEIbHUX METOAIB Vsl iIHTEPrapMOHiYHOI0 aHAJII3y IPU3BOANTD 10 BEIUKOI KiJib-
KOCTi MaTeMaTH4YHUX ONepauiii, TOMy aHAJITHYHI MeTOAH € Oinbl NpUBAGJIMBUMY NPU BUpPilIeHHi Hi€i 3agayi. 3a3Buyai,
IHTeprapmMoHiku J0CJHIIKYIOThCSl B IIUPOKOMY Jiana3oHi napaMeTpiB 30ypeHb 3 MeTOI0 NOJAIBLIIOI0 aHANI3Y Ta iX npuay-
1eHHs. 151 3MeHIIeHHs KiJIbKOCTI MATEeMATHYHUX ONlepaniii mix 4yac iATeprapMoHi4YHOr0 aHaJIi3y BUKOPHCTOBY€EThCH iMO-
BipHicHUH minxin, mo 3acTocoBY€ETHCS Y KiTbKOX TOYKAX Jiana3oHy NapaMeTpiB 3 M0JAJIbIIUM PO3LIHPEHHSM HOro pe3yJib-
TATy Ha Bech Aiana3oH MapameTpiB, 0 NPU3BOASTH 10 HETOYHHX Pe3y/abTATIiB. Y CTATTI NPONOHYETHCS MOBHICTIO aHATI-
THYHHI MeTo/1, 3acHOBaHMii Ha psaai Pyp'e AeKinbKOX 3MiHHHX, 10 103BOJIsA€: Oe3M0cepeIHLO ONMMCATH MO/ie/Ib HANIPYTH B
YacTOTHill 00/1acTi; 004UMCII0BATH iIHTEPrapMoOHiKH HANPYrH B ycboMY Jiana3oHi mapameTpiB 30ypeHb 3 MiHIMaJILHOIO Ki-
JIBKICTIO MATEMATHYHHX ONlepaNiii 32 paXyHOK BBE/ICHHSI IUX NapaMeTpiB y KiHueBiil anaxiTuyHii ¢popmyJi nist 06unc-
JIeHHs1 iHTeprapMoHik; MiHiMi3yBaTH NOMMIKY 004uc/IeHb. Moje/b eJ1eKTPUYHOI Mepexki CKIaJa€Thesl 3 AKTUBHO-IHIYK-
THBHOI0 BHYTPIllIHBOI0 ONOPY Ta HA0OPY HeMiHiIiHMX HABAHTa’KeHb: CHCTEMH 3MIHHOIO CTPyMY, fKa NpPalIO€ HA iHmIii
4acTOTi NOPIBHAHO 3 YACTOTOI0 Mepexki; iMIyJIbCHe HABAHTAKEHHS, 110 NIEPEMHUKAETHCS 3 iHIIOK YaCTOTOI0, HiZK YacTOTa
Mepe:xi; mapaMeTpuYHe HABAHTAKCHHS 3 He KPATHUM IIepiooM 3MiHH 10 YyacToTH Mepexi. [IpoanasizoBano BjacTHBOCTI
pany @yp'e 3 AeKiIbKoX 3MiHHUX Ta MOKA3aHO NepeBaru ONUCY CUTHAJIB 3 JeKilbkoMa koMnoHeHTamu. [loka3aHno npun-
UM NMpoeKlii 6araToBUMIPHOTo CIeKTPY Ha oAHY 3MiHHY. [IpoaHalli3oBaHO COTBOPEHHSI HANPYTH Mepexki 1/ KOKHOT0
HABAHTAKEHHS Ta OTPMMAHO MO/eJ]Ib HANPYTH B YACTOTHIH 06JacTi Aekinbkox 3MinuuX. [1o6ynoBano ¢popmy KoKHOTrO 30Y-
PeHHs /15 Aiana30Hy BXiTHUX NapaMeTpiB Ta nody10BaHo 3arajbsHy popMy Hanpyru mepe:ki Ta ii cnextp. [lokazano xapa-
KTep popmMyBaHHS iHTEPrapMoOHiK Ik KOMOiHAIIHHUX rapMOHIK. AHATI3Y€TbCSl 3MeHIIEHHS KVILKOCTI MATEMATHYHHX OIle-
pauiii 171 3araIbHOT0 BUNA/AKY i MOKa3aHO 3arajbHy NMepeBary 3anpornoHOBaHOT0 COCO0y y MOPiBHHHI 3 YHCJIOBHMH Psi-
aom Dyp'e oaHi€l 3MiHHOI.

Knrouoei cnosa — cnexmp nanpyzu mepedici; inmepzapmoniuni 30ypenns nanpyeu; pao @yp’e 0ekinpKox 3MiHHUX
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