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Abstract. The problem of efficient and safe mining has recently become more relevant
due to the intensification of production processes, for example, during the operation of electrical
installations at mining enterprises, the insulation of electrical networks and electrical equipment
undergoes a change in the electrical insulating properties of materials, which reduces the
electrical safety. The network insulation admittance determines the safety of electrical receivers
and operational personnel in mining facilities, since the current of a single-phase earth fault is
directly proportional to the value of the network insulation admittance, and by controlling its
active and reactive components, this will allow for a violation of the integrity of the insulation,
thereby taking preventive measures.

The article depicts the analysis of the reliability of the devised method by estimating the
error of insulation parameters in ungrounded AC systems which is done by indirect
measurements. Graph-analytical studies of relative root-mean-square error reveal that the
accuracy of the calculation in the devised method can be effectually managed by selecting the
susceptance of the additional capacitor and accuracy class of measuring units.

Keywords. Network insulation, admittance, neutral shift, error estimation, zero-sequence
voltage.

Introduction.

The development of the mining industry is constantly associated with an increase in the
unit capacity of overburden and mining machines, and the introduction of more modern
technological processes in open pits, which, in turn, is supported by the requirements for
ensuring the safety and continuity of mining operations. operations. operations. internal power
supply system. Ensuring an uninterrupted power supply for mining facilities and the electrical
protection of their operation is one of the issues of increasing energy efficiency, where a special
place is given to the development of a method for determining network insulation parameters.

Under actual operating conditions in ungrounded AC systems, it is desirable to have
information about the calculated values of the single line-to-earth fault, on account of which
security measures are being developed to provide the safety and uninterrupted power supply of
mining facilities. All organizational and technical measures are aimed at reducing the magnitude
of the earth fault current. The importance of developing a method for determining the network
insulation parameters in ungrounded AC systems is its application to other enterprises with high-
voltage electrical networks. [1]

There are a number of requirements for measuring network insulation parameters,
namely:

1) Measurements must be carried out without interruptions in the supply of electrical
energy to consumers.

2) The measurement procedure ought not to create a detriment to the insulation of
consumers.

3) Measurements should be made using a small amount of electrical equipment and
instruments.
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4) The performance of work to determine the network insulation parameters must be
electrical safety for people involved in the measurement.

5) Measurements of the initial values must be adequately correct and have a brief
duration of measurement work.

6) The relative root-mean-square error of the devised method should not exceed 10%.

Materials and methods.

First of all, the requirements of the devised method for determining the network
insulation parameters include the accuracy of measurements. In addition, the electrical
conductivity of network insulation cannot be measured directly, so it becomes necessary to
assess the accuracy of the data obtained when measuring values indirectly. As a result of the
parsing of relative root-mean-square error (RMSE), useful advices are derived containing the
necessary measurement accuracy and safe operation of electrical installations during
measurements.

Implementation of the parsing of RMSE of the devised method, which boils down to
identifying the relationship between the values of the conductivity of the network insulation and
measurement data, which in our case are the maximum instantaneous magnitudes of the zero-
sequence voltage, the phase voltage, and their vector angles before and after the additionally
connected capacitor. The final result of the precision of deciding the desired values by the
methods proposed above will be the ratio of the relative RMSE of the measured value to the
error of measuring units. [2,3]

Mathematical dependencies of the devised method for determining insulation parameters
are described in the article [4,5], where:

a) network insulation conductance

ByUpyy [UAl cos(@ — a) — U:'-J]

¢= Uyo Uy sin(@y — ay) — Uy Uy, sin(e — a)’ @)
b) network insulation susceptance
B = BoUyy Uy, sin(e —a) ’ @)
Ugo Uy sin(y —a;) — Uy Uy, sin(e — a)
c) network insulation admittance
_ BoUyyv Uf + Uf — 2Uy Uycos(p —a) 3)

B U Uy Sm(fsﬂi - alj — Uy Upy sin(p — fﬂj

where U,,, U, — phase voltage before and after the additionally connected capacitor;

U,.U,, —zero-sequence voltage before and after the additionally connected capacitor;

a,a, — vector angles of phase voltage before and after the additionally connected
capacitor;

@,¢, — vector angles of zero-sequence voltage before and after the additionally
connected capacitor, B, — susceptance of the additionally connected capacitor.

Using the main requirements of the error theory and mathematical analysis, we will
analyze errors estimation. [6, 7, 8]

According to equation (1), we calculate RMSE in determining the network insulation
conductance:
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_ BoUyy (Uyy cos(@ —a) — Uy)
Uyo Uy sin(@, —a;) — Uy, Uy, sin(e — a)’

G

where Uy, Uy, Uy, Uyy, @ —a =z, @, —a, = z,, B, — recorded data during direct
determination.

RMSE of the determination function of network insulation conductance is calculated by
the equation:

(2 a,) + (-, )1(56 AU )1
AUy “ AUy, 2 aly "

-

fp= == +( %y )+( A ())_+ (4)
°T A G Uy, M) T\Gsin(z) " TV ’

+( A ( ))_+(SG ﬁB):
d sin(z,) A dB,

where 86au,, ', dGaU,, ', 3GaU, ', aGaAU,, ', Gdsin(z)™, 860 sin(z,) Y
dGab,”* — partial derivative functions 6 = f(U,,,U,,, Uy, Uy, ,sin(z),sin(z,),B,) .

Define partial derivative functions ¢ = f(U,,,U,., Uy, Uy, ,sin(z),sin(z,), B,) with
respect to variables U,,, Uy, Uy, Uy ,sin(z), sin(z,), By:

e

aGau,, "t = BoUy Uy (Ugy cos(z) sin(zy) — Uy, 51'1;1(3)] _
(Uaz Uy sin(z,) — Uy Uy, sin(z))?
_ BoUyUny sin(z,) (Uy, cos(z) — Uy) ]
(UgaUy sine(zy) — Uy Uy, sin(z))*
BoUay Uy (Uy cos(z) sin(z,) — Uy, sin(z))
(Ugo Uy sin(z,) — Uy Uy, sin(z))? J
_ BolUy Uy, sin(zy) (Uy cos(z) — Uy)
(Uga Uy sin(zy) — Uy Uy, sin(z))* ()
Uya Uy sin(z) sin(z,) — Uy, Uy, sin(z)? +
BoUa1 Uy _
+Uy, cos(z) (Uy, cos(z) — Uy)
(Uyo Uy sin(z,) — Uy, Uy, sin(z))?
BoUy Uy, Uy, cos(z,) (Uy, cos(z) — Uy) ]
(UgaUy sin(z,) — Uy Uy, sin(2))*
-1 _ Uy (Uyy cos(z) — Uy)
dGdB, ~ = - . .
Ugo Uy sin(z,) — Uy Uy, sin(z)

r

aGau,, * =

aGoU, =

aGaUNi_l

9Gasin(z)™t =

]

dGa sin(z,) ™t =—

Here AU,,, AU,,, AUy, AUy, Asin(z), Asin(z,), AB, — are the absolute errors of direct
determinations of U,,,U,,, Uy, Uy, . sin(z),sin(z,),B, which are designated by the next
equations:

AUy = Ugy AUgy.5
AUgy = U AU, ;
AUy = UyAUy.;
AUyy = Uy AUy, (6)
Asin(z) = sin(z) Asin(z,);
Asin(z,;) = sin(z,) Asin(z,,);
AB, = By,AB,,,
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where AU,,,,AU,,,, AUy, AUy, ., Asin(z,),Asin(z,,) — relative error measuring
voltage circuits and in order to define the error of measuring units, we consider that
AU, = AU,,, = AU,, = AU,,, = Asin(z,) = Asin(z,,) = AB,, = A; AB,, — is the relative
error of the measuring unit that gauges the value of the additional susceptance of the connected
capacitor.
Hereafter is an equation to calculate the random RMSE of the devised method, where
partial derivatives of equation (4) and absolute errors (6) are substituted into equation (4),
knowing that AU, = AB, = A we get this equation:
[, VUL Uy cos(2)sin(z) ~ Uy sin(2)*
(Uso Uy sin(z,) — Uy Uy, sin(z))*(Uy, cos(z) — Uy)*
N 2ULUSL, sin(z,)?
(U, Uy sin(z,) — Uy, Uy, sin(z))?
Ui, sin(z)? (UAZ Uy sin(z) sin(z,) — Uy, Uy, sin(z)* +)2 ) (7)
- +Uy, cos(z) (Uy cos(z) — Uy)
(Uso Uy sin(z,) — Uy Uyy sin(z2))?(Uy, cos(z) — Uy)?
UzUZ, sin(z,)? cos(z,)?
! (U, Uy sin(z,) — Uy Uy, sin(z))? 1

+ +

Let's display the formulated equation (7) in relative units and use the Maple and
Python.Matplotlib programs to plot:

— > _1.1'12
T B B e , =
Elﬂgéﬂg%(g 1—sin(z,)* — sm[zéjj
1+ — +
: 2 FEEr—a— :
(Uﬁ.-'i- - Ufli— .S'IR[:Z%])‘(UA%\," 1- SI”’[zz-]_ - U.'-."e)
203,
+ : ~+
¢ = A (U:".l's - UA% SI'II[:EE:]:]‘ ’ (8)
Uy, sin(z,)—U,, sin(z,)* + )_

U: , 2 —_— T R
2 sin(z,) ("‘\-’ 1 —sin(z,)? (U_qn-“ 1—sin(z,)?— U}n}

_|_

\ 5 = w7 z
L (U:'-.-'i- _U.Ai- Slntzsj)_{uﬂs \,"1—.5‘11‘1(25)'— U;'ﬁ.l':-}
where Uy, = Uy * Ugy ™", Uy, = Uy = Uy, Husin(z,) = sin(z) = sin(z,)™.

Similar calculations were made to determine RMSE of the devised method for
determining network insulation susceptance and admittance using mathematical dependencies
(2), (3) and we obtain:

1) RMSE of the method for determining network insulation susceptance
EUA:s- .S‘I'I?,[Zi_): + 4“%‘:— - U.":.lz- sin (zs): - EL{".H-UAz- Sin[:zz-) 2

=A - i 9
° (LI:".H- - UA:- .S'I']'T,(Zi_jj: ( )

2) RMSE of the method for determining network insulation admittance
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- " _1.l'l:
o o L{'v':-‘u'll_szlnz:-:_uﬂi-_ _
I{"}i—(uﬂ_j— + 1) . S ———
sinz, (Um — U, 1—sin z;)
=+
\ a a o P ——
(va‘s - UA:— sin z:—)_(uﬁs + U;"_Fz- - EUAsU;"h-‘JI 1- Slnzs_)
2U3
£ = A Ne _ 114 . (20
(I"r;'v':- - UA:— sinz, )"

-

. , . S'I'TT,Z:_ 'Uﬂs _UA:-'U;'J:- S'I'TT,Z:_'-F )
Uy, sinz, © 5 5 ; —— —
{UA:- + U;'v':— - EUA:- U;'v's v 1 —sin z:-_)‘q"l 1 —sin zy

-

L (va‘s - UA:— sin z:—):{uﬂzs + U;%z— - EUAsU;"h-‘JI 1- Sinzs-:)
where Uy, = Uy * Uyt Uy, = Uy # Uy, “tsin(z,) = sin(z) = sin(z,) ™%
Result and discussion.

The construction of mathematical dependencies is based on the equations of random
RMSE in determining network isolation parameters:

AG

€Th T FU,,, Uy,,sin(z,));
AE

g = E = f[UAHI{ﬁ,sin[ZJj:
A

TN T f Uy, Uy, sin(z,)),

illustrated on the charts (Figure 1, Figure 2, Figure 3).

On Figure 1, Figure 2, and Figure 3 show the effect of connecting a capacitor on the
change in RMSE of the method for determining the network insulation conductance — =, the
network insulation susceptance — =5 and the network insulation admittance — &, taking into
account the reliability of the desired values.

sin(z,) = 0,2

— sin(z,) = 0,4
— sin(z,) = 0,6

— sin(z,) = 0,8
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Figure 1 — RMSE of the devised method for determining network insulation conductance
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When calculating the network insulation conductance based on plotted graph (Figure 1)
of RMSE, the capacitor is chosen so that at: sin(z,) = 0,2 zero-sequence voltage in relative

units at the limits of U,, = 0,2—0,62: and U,, = 0,3 —0,8; sin(z,) = 0,4 zero-sequence
voltage in relative units at the limits of U/, = 0,48 — 0,8 and U,, = 0,2 — 0,54; sin(z,) = 0,6
zero-sequence voltage in relative units at the limits of U,,, = 0,51 — 0,8 and U,, = 0,2 — 0,49;
sin(z,)= 0,8  zero-sequence Vvoltage in relative units at the limits of
U, =02-033:05-08andU,, =06 —0,8:02—0,5.

sin(z,) = 0,2

— sin(z,) = 0,4
— sin(z,) = 0,6

— sin(z,) = 0,8

Uy. 03
N & 02

Figure 2 — RMSE of the devised method for determining network insulation susceptance

When calculating the network insulation susceptance based on plotted graph (Figure 2) of
RMSE, the capacitor is chosen so that at: sin(z,) = 0,2 zero-sequence voltage in relative units
at the limits of U,,, = 0,2—0,8: and U,, = 0,2 — 0,8; sin(z,) = 0,4 zero-sequence voltage in
relative units at the limits of U,, =0,31—-0,8 and U,, = 0,2 —0,68; sin(z,) = 0,6 zero-
sequence voltage in relative units at the limits of U,, = 0,44—0,8 and U,, = 0,2 —0,53;
sin(z,)=08 HH zero-sequence voltage in relative wunits at the limits of
U, =02-04:051—08andU,, =0,6—0,8:0,2—0,5.

sin(z,) = 0,2
— sin(z,) = 0,4
w— sin(z,) = 0,6

— sin(z,) = 0,8

€Y 1001

Figure 1 — RMSE of the devised method for determining network insulation admittance
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When calculating the network insulation admittance based on plotted graph (Figure 3) of
RMSE, the capacitor is chosen so that at: sin(z,) = 0,2 zero-sequence voltage in relative units
at the limits of U,,, = 0,2—-0,8: and U,, = 0,2 — 0,8, sin(z,) = 0,4 zero-sequence voltage in
relative units at the limits of U,,, = 0,33 — 0,8 and U,, = 0,2 — 0,69, sin(z,) = 0,6 HanpsDKEH
zero-sequence Vvoltage in relative units at the limits of U,, = 02— 0,34:046— 0,8 and
U, =072-0,8:02— 0,6; sin(z,) = 0,8 zero-sequence voltage in relative units at the limits
ofu,, =02-038:048—08andU,, =0,6 —0,8:0,2 —0,52.

Conclusion

These zero-sequence voltage and phase voltage variation range provide an error of
indirect measurements of network insulation parameters of no more than 10% if using measuring
device with class of accuracy 1.0, using a more accurate measuring device, the measurement
error is proportionally reduced.

Graph-analytical studies of relative RMSE reveal that the accuracy of the calculation in
the devised method can be effectually managed by selecting the susceptance of the additional
capacitor and measurement accuracy.

The results show that the devised method has satisfactory accuracy in calculating network
insulation parameters.

Appreciation

The work was carried out at S.Seifullin Kazakh Agro Technical University in accordance
with the budget program 217 "Scientific and / or scientific and technical activities", subprogram
102 "Grant financing of scientific research” on the topic "Development of innovative
technologies for improving the efficiency of power supply to power receiving devices with
voltage up to 1000 V for mining enterprises™ with the support of a grant MES RK AR05132692.

REFERENCES

[1] Tatkeyeva G., Kurabayev 1., Ataullaev N. and Murodov X., "Experimental research of
the developed method to determine the network insulation for ungrounded AC systems in
laboratory conditions,” 2022 International Conference on Electrical, Computer and Energy
Technologies (ICECET), 2022, pp. 1-4, DOI: 10.1109/ICECET55527.2022.9873012.

[2] Boboev K., Sidorov A., and Davlatov A., “Evaluation of indirect methods for
determining the isolation parameters of the network phases relative to the ground on a computer
model,” 2021 International Ural Conference on Electrical Power Engineering (UralCon), 2021.
DOI: 10.1109/UralCon52005.2021.9559538

[3] Utegulov B., "Special Issues of Ensuring Electrical Safety in Networks with Isolated
Neutral Voltage up to 1000 V at Mining Enterprises”, in Industrial Engineering. London, United
Kingdom: IntechOpen, 2018

[4] Fedorova S.V., Utegulov B.B., Utegulov A.B., Koshkin 1.V., Kurabayev LK.
“Experimental studies of a developed method for determining the insulation parameters in a
network with isolated neutral voltage up to 1000 V>, Herald of Science of S. Seifullin Kazakh
Agro Technical University, no. 1, 2019.

[5] Kurabayev 1., Suvorov I., Utegulov A., and Tatkeyeva G., “Mathematical description
of the method for ungrounded AC systems to determine the network insulation,” IET Generation,
Transmission &amp; Distribution, vol. 16, no. 11, pp. 2223-2227, 2022, DOI:
10.1049/gtd2.12436

[6] Zaidel A.N. Elementary estimates of measurement errors, Leningrad, Science, p. 97,
1968.

434



Ka3KKA Xa6apmbicer Ne 2 (125), 2023 ISSN 1609-1817 (Print) The Bulletin of KazATC
Becruuk KasATK Ne 2 (125), 2023 ISSN 2790-5802 (Online) DOI 10.52167/1609-1817
vestnik.alt.edu.kz

[7] Bessonov L.A., Bessonov V.L. Theoretical foundations of electrical engineering.
Electric circuits // Limited Liability Company Publishing house URAIT. — 2016.

[8] Gladilin L.V., Utegulov B.B. Analysis of the error of the method for determining the
parameters of insulation in three-phase electrical networks with an isolated neutral voltage above
1000 V. lzvestiya vuzov. Mining magazine. - 1980. - No. 8. — P. 94-97.

Eckennip Kopa6aeB, noxrtopant, C. CeiidymnuH ateiHmarsl Kazak arpoTexHUKaJIbIK
yHuBepcureTi, Acrana, Kazakcran, dernaksi@gmail.com

I'aauna TarkeeBa, Tt1.F.ja., C. Ceitdymnmun aTteiHmarel Ka3zak —arpoTeXHHUKaBIK
yHHBepcuTeTi, Acrana, Kazakcran, tatkeeva@mail.ru

Apman OTeryioB, T.F.K., KaybIMaacTeippiiran mpodeccop, C. CeiidyminH aTbiHAAFbI
Kazak arporexHukaiblk yHuBepcureTi, Acrana, Kasakcran, a.utegulov@kazatu.edu.kz

OKKAMJAHFAH BENTPAJIJIbI JKEJIUIEPAETT OKILIAY ITAPAMETPJEPIH
AHBIKTAVBIH O3IPJIETEH OJICTHIH KATEJITTH BATAJIAY

AHaaTna. OHAIPICTIK TPOUECTepiH KapKbIHAAybIHa OailIaHBICTBI, MBICAIIBI, Tay-KEH
KOCIIOPBIHAAPBIHAA 3JIEKTP KOHIBIPFbUIAPHIH Naiiianany Ke3iHJe, JIEKTp XKeJiepl MeH 3JeKTp
KaOJIBIKTApbIH OKIIAYJIayIbIH SJCKTP OKIIAYJAFbIl KACUCTTEPiHIH ©3repyiHe OalIaHBICTHI
COHFBI YyaKbITTa THUIMII JKOHE Kayilci3 Tay-KeH OHJipy Macerneci e3ekTi Ooyia OacTajbl.
MaTepuaniap, Oyin SJeKTp Kayinci3miriHiH AcHrediH Temenmeremi. JKenmumk oKIaysiayIbiH
JKaJbl OTKI3TILITII Tay-KeH TOpamnTapbIHAAFbl JEKTp KaObUIAAFBIIITAP MEH JKYMBIC 1CTEHTIH
NEPCOHAIBIH KAYINCI3AIrIH aHBIKTalIbl, ©iTKeH1 Oip (azanbl kepre TYWBIKTATy TOTBI KeJl
OKIIIayJIaybIHbIH JKaJlIbl ©TKI3TIIUTITIHIH MOHIHE Typa NPONOPILHOHAI/ILI XKOHE OHBbI Oakpliay
apKBUTBI OEJICeH Il )KOHE PEaKTHUBTI KOMIOHEHTTEP, OJI OKIIAYJIAyIbIH TYTACTHIFBIHBIH OY3BLTYBIH
OoipKayFa MYMKIHJIIK Oepe/ii, Coa apKbUIbI aJlJIbIH ajly IIapaiapbl.TEXHUKAIBIK XKOHE aJIbIH ally
rapanapsl.

Makanaga okmayjgaHfaH OeWTapanThl >KeslijepAe OKIayjay [apaMeTpiepiH >kaHama
eJIllIey KATeNiriH Oarajiay apKbUIBI O31pJEHTEH OMICTIH CEHIMIUIITIH 3epTTey KOPCETUIreH.
CanbICThIpManbl  opTaiia KBaJpaTThIK KaTeHIH TIpadUKalbIK-aHAJUTUKAIBIK 3epTTeyiiepi
93ipIIeHTeH 9/1ic OOMBIHIIIA ecenTey JAIAITiH KOCHIMINA KOHIEHCATOPABIH CHIHBIMIBLIBIFBIH KOHE
eJIllIey KYpaJIapblHBIH JOJJIK KJIachlH TaHjAay apKbUIbl THIMIL Oackapyra OoOJaTBIHBIH
KOPCETEeIi.
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OHEHKA MNOT'PEHNIHOCTH PASPABOTAHHOI'O METOJA OIIPEJEJIEHHS
ITAPAMETPOB M30JIIIUU B CETAX C U30JIMPOBAHHOU HEUTPAJIBIO

AnHotanus. [IpoGnema >(¢exkTHBHOrO M 0€30MacHOrO BEICHUS TOPHBIX pPaboOT B
HIOCJIEIHEE BpeMs cTana 0osiee aKTyalbHOW B CBSA3M C MHTCHCHU(HMKANNEH MPOM3BOACTBEHHBIX
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IpPOIIECCOB, HANpUMep, MPH OSKCIUTyaTallkd 3JEKTPOYCTAHOBOK HA TOPHOJOOBIBAIOLINX
OPENNPUATHIX, HU30JALUS OJICKTPUUECKUX CeTe U 3JIeKTPooOOpyAOBaHUS IpETepreBacT
U3MEHEHUE  DJIEKTPOM3OJSILIMOHHBIX  CBOWCTB  MarepHalloB, YTO CHMI)KAeT  ypOBEHb
anekTpobe3onacHocTu. [lonHas HPOBOAMMOCTh H3OJALIMKA CETH OIpeneiser 0e30macHOCTh
JIEKTPONPUEMHHUKOB U IKCIUTYaTUPYIOLIETO IIEPCOHANIA B CETSX TOPHOTO MPOU3BOACTBA, TEM YTO
TOK OAHO(A3HOrO 3aMBIKaHHS HA 3€MJII0 MPSIMO TMPOMOPLHMOHANBHO 3aBUCHT OT BEJIIMYMHBI
IIOJIHOM TPOBOJUMOCTH H3OJSIIMM CETU U KOHTPOJIUPYsS. €€ aKTUBHYIO U PEAKTHUBHYIO
COCTaBJISIFOLIME, TO3BOJIUT 3a0JIarOBPEMEHHO MPEIBUICTh pa3pylICHHE HEIOCTHOCTH U30JISIUHY,
TEM CaMbIM HPEANPUHATH YIPEKIAOINE TEXHUKO-TIPOPHUIAKTHUECKUE MEPOTIPUATHSI.

B crarbe mokazaHO HcCCleOBaHHE JIOCTOBEPHOCTH pa3pabOTaHHOIO METoAa IyTeM
OLICHKH NOTPEIIHOCTH KOCBEHHBIX U3MEPEHUI ITapaMeTPOB U3OJISILIMU B CETSAX C U30JIMPOBAHHON
HelTpanblo. ['padoananuTuueckue MCCIEAOBAHUS OTHOCUTENIBHON  CpEeIHEKBAAPATHUHOMN
HNOTPEIIHOCTH IIOKa3bIBAIOT, 4YTO TOYHOCTHIO pacuera pa3padOTaHHOIO METOJa MOKHO
3¢ (heKTUBHO yNpaBIsATh 32 CUET BHIOOpA EMKOCTHON IPOBOJAUMOCTH I00AaBOYHOTO KOHAEHCATOpa
U KJlacca TOYHOCTU U3MEPUTENbHBIX TPUOOPOB.

KaroueBbie cJoBa. H3omsuus CCTH, IIPpOBOAUMOCTb, CABUT HeﬁTpaﬂH, OLICHKa
MOrpCIrHOCTU, HANIPAKCHUC HyJIeBOﬁ OoCICA0BATCIbHOCTH.

KEAAEAKAAEAAAAAAIAAAAAAAAAAAAAAAIAAAIAAAIAAAAAAAAAAEAAkAAAkAAhkAArAhkhkrhkhkhhkhkihhkihhihhiiiiikx

436



