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1 &' o dzv M aixff®& B Z H tf dc@ dpEiz@n s s D' L dzdz® y j dz
md dedr stefmls Ef fifidss W § P dzd WndsdPz@m §f e s h jothedztc O~ IZ dzC *
B Iz difttc 2 dg"@srsd ded\yy ' . § 6 d W& gadizd plddatfic O azf o355 & dzd -
S H d daqiyte @ O 1y csta Satseol' dg® S ls J 16 Lt Isiaf ¥ s tefgO f f
f s *° dz' Mg detfzO f dfsy dz@34 dz"fofdisf B Y § to j fujdasjaO § d&,
L d3j dz" dsed'igP dptis t ) Is Sts' Isfiydsf! ds@ Istap € s p 1] 2 dz! G lsf @ikar@z gz
X { tedgj dzh LJdBO y jMiziardr dzo d € st d figls © dzdiziBls® I ‘dz8 o O dzdz
L G Jifdiets WO @ ds Is tc L BzBs@C ) d i3I0 dzd dzj dzdizy fr) Esd s, ©
H' CizOf &' 5 BHz0 y jigafized H f tso ' dgEXIsdRE® gz dz@ ZO Yy
MisswCddf tod 2 dzv Is dzB g fydeda™j ¥ stc F@ B 'd'tc O ‘IsH e * H daz
f J to jids sMsGs@Astisq s tofils ¢ * Mls ! .

1 @dof sC Of 6agd S seifgis z ) HAtHjIls 58 e d ¢ dZOH j dzt
md dtd=0 1 edL tcts M lskRdsds’'d dz@dg@ of ), B 3-BD dstsH jnds'sWV € O
W tc OG d3jtc@icitelo® f 2@ ° dzy ' .
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1Oy 5d0dz dzgd?2 bkdz o jtemdlsjls B' Stej Mzt o
sz Cd2 dz0Y " s de@zl oo d@sgj tdsO te dzd 2

ztstemMisC O Jdzshddzd ' bkd' ojtmMOd dzd &3 € tsdzf
BOhNddz ' ftedmlstes™ & HdzvW ftesf' 8 9 Odgdz? ° Mmj {
102B " dz "W HtsMdz' HYyjdedds ' ks YOMmMisddese ¢ s
Ctsdzd o Odz! dzd 2 dedif2tc @Bz’ df REzc 59 d 2 tclzn d . M9
fiteijyddds fijtcjtc’ Lsd3 £ odcdwH' mMd dze s’
Wisddzj IstcO' Cltste’ '’ GCtoL Odadz?" YOfMilsd detsC .
f LOCBEB twhkhlk. StSoL Odzdzw YO MmliddodaSSds d3tf t
LOdzdz? 5 Rmneaddwmls' 2 e jtrnds Ctdzd Ok
Csdzd o Odzdzg" = R o ddzv ists’ ftse jten dz' |, (o Y
s dztsc * ydese s RO j o' Odzz MElkls ats L o3 dzg® °

14 r02 yddz' dghntedydzO roaddzvw mis © ftistsed jo O zbaw
sOCdd3 yddesdz, hts oM’ T b(sdg@ d to dbfif pdpRE B dz'
bteO Cltste’ © fjtoj a3 hjdedew ytsbdte! sp ktsyts
tesL Gz HOoa MW 5 o' Hdesh j dadz® HOXYZzj tolzr s d3ts’

o oag

i dheoj GO Ssdso A dvededss Odpson tRd2 SO ftod

) d dzd
CcS¢hs fmojtendzt ftododwWL Olsd HB ki tsdis’
Csdzd o Odzdz' ' tkEoat®s’ * dzjtekzotsdis’ fdfls
sL dZzZ0yo' , hs OBfMdzs sdzz IstcO' Clsste’ & YoM
fip] desmdese s tokrnk o jterndy , btsySd wes’ s
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1 fsojtendd ksyCcoO CwsoLObddi 6 jod
By 20 BHJjty Olsd, WwWChts LodvwL @lud Bdg'jle~fdas B 5t
Lo' YWSHS B Ezlsd Ui @Y CLopEDE) ¥ ees@) su=u®), wC' ¢ dM
O C ot dsfipdzEds ( SsoL Odedg? yOMsddSd &
dzj o HsBddBd WlkdSy wdad, W' GOsls: BRlJd LG

[ ' odewdzdz" tekzh BPWSRO mi ROGOH YOWE & gz& s to
OBMidy sdse s FitctejipShsde jleiarvyd 2 o j Clktste § tsd € d
mda uvo¢dhd mnddadd 9, 87N i@dsepsjficr dz' SO
sj N tod StoL Odedz ouOdEBEUS [V ‘fus ‘s s j ol w
fslste’ Bdats MYtetsjCy' ¢ o0ldOXEd M Mdmlsj dd ¢

l tjLEzd IsOIs'zdtss pdedp@fipigdaltsdz o JtcOL

1 ) ) fvi
Vi = — |rw/ sinmt + ac(a’cvi’ sinav- g)cosav|- — B:
! N[ daovi 9) AV

uiji = ruw? cosmt - ﬁB;
AV

N="g,
A
Hj A=+Jl+a’fifcodav;
B= [g + ac(rW2 cosavsinut - avizsinav)]. (1)

HyT OB dz' IskH O Tfy®dnjstsdlsd®@ ,( MBOdz' o J dzd yd ded ) ;
u,vidzj L Odzj »delz" fusd3'jdBH tgd ) dHz i oW dstsdz'idz 2 dats’
9 HMIsOdzr oeLHBo Y M OY;
rftcOH " 2f €' dz, s we€dr tkrOsIs: Mw Issycd y
YiCklstso® hoadHC' Mis! B jlsOdzdzy Issytstc §tso

ddMmlsj 3G (1) dzd By J Bzlsd ftts' dzlsj Gtot
fslsedzs tesL o 0wWL ko OId ydmj dz¢ ded dydv(t)dzy=is(ts H © d3d
HOE Is! sy dzd o ' MiIs! SHjtYOId o  Hdzsdzkze Istc©
ftso jterndzs , IstsBlsts IstcO' Clsiste’ ¥ Ctso L Odada” .

ydmJ dz¢ dzd o3d d3d IstsH @ dg Iz Higtso Q dztsB ZlstgO“ C Is 5 e
Y oOmls dqezCfddztfh dfdedizy  jtoj n HdzsSets ftesyj Mk IstcO
e Bdzts, tGOH' EM wWESes B2 o' H (RO,
LA dzd "o dHC BMIs® CtsoL Odzdzy f tsC OL Q9 , h ts
MsOdzts & .

1l Zdzts L dzO2 H j dztste " foCmvOodgipis, tc vuySdz” tsif d iz Is
yomilsddzSd s fazshddz Bk o' Hdzsmdesdzsz telzfm’
g

f .
— (fgsmwt- Jrew' - fzgzcoswt);
u:-rcosm+f—ma(fgcosm+w/rzw“- fzgzsinwt).
' (2)

wL ' eodwdze (2) dwyjred, ot 2O dihH
CsoL O yd s fdzshddg ' mMdzw MlsOB " dz' L Oy"' °’
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° ~2
ro=VuZ v =1 l- ;?28
crw =+ (3)

t OH I, tz®B dzd ¥ G) Is ! Ml tadts LtajngthIZJﬁyiﬁHszSJQtGEISJ\NW "Op
¥ Hftod LtesMisOdds vCisldafe ©®dz "  duis @ o iz

1l Zdzs 9o MlsOdetso dzj dzts, hts Wtted3sO ftso j ton dz
sBd3d NJ 20 yYjtejL § @O tHrpgjc’ LiEsY jte]j y

[ sdz' HYEZzoa Odzd mw Isted odtf OHC J: Ctsdzd H°
Histe' o dgs * , d3j dgh j OB jstc Baf@f' OHisS CL © HrjCde GKHIS. | to
sStcO' SIstste’ W C oL Odedlz? YoOmlsddzéd 5 59 jtenm
CsoLOdzdz? ‘ fpslglsswEy@O Ctcdo O, ftcd y' sk
Yomsddest d ¢fshder " Is! mMw o dOf Y, 3" ,° Budddinls dCdz
Mot Ggdz kM’ HtsdzO* of OHddzd ° GlejBJdzg© (Tt
Bsyjd ©"  HBERZOOIdMWY,wCls @ dzOff ez il Is ogfrpzgzlz . 1 ¢
yomisddzeCd ftcd y! sz L Odzj ydls: o " H Issyscd f

VL 9adfOHSCE, Ctdzd H' OdiRjlste €' dz  j toj dats fdz
i fmdzw UJtGJn‘Hdz,lsGts fjte' sHEZ IstcO' Clstste’ W G
sMmis Odzdz' sd3z o d fO@F Iskts, C€C salzdf jHo j desfdes e s tolz A
fjte' sH, fjtjn Hdd?2 fjtt' sH d&syj Istedeo Ol
s L OdRS dzj dets’ stcO’ Clststc’ ftcd L tesmlsOdzdz
SHOd " sz L tc i@ Psafialz¢ @ O “ fizdgvGs H I tag An O digs' Gl
O3S dzy dz° 2 Ctedo " 2, ftodysdiz yw L Od3$ dzj daC
"HYftse ' Hdets rHCts dzts ®H - 2 ifGs dzd © O dz' . cShts Lo
qdzzmts’ Hd, bts "oddwmlsO e jton dzW dzOB dzd ) C
s9 L Dulzdzy ¢ 5 dzO.
{ swdlalz s’ odf OHCd HismdIs! fsodzs ©' HtSB
o' Hidzsmdegsets kb yOMmMisddld s Soddvims' 2
Hisfdz' H Y j dadzg' dz4 fcCOLOdts offdzdo St jW' y'
Yyofisd dz¢ d, SHdZOSC 2tets L dzOug] dzdztlzO dzf O & @26 g g
CtsoL Odedz? yYyOMmlsddzS d *° BB Yz’ Is' Mw tetsL ¢ dzV¥ ¢

[y j, ftod SCSdzsoadnr SCtsdzdo Odedz" 7 =~ o d cdzw fls

N O s T

fjtojte' Lsds 2 adedzvH' Mmddzemts’ Hd o' HdetsMmdatss
tckrlz dtsyd BEGHG LOBRE dgHabydzd ftotshisstetse
9" ' Hicdo Iz uOfr]lsc[szc[ ' H Yo jternds f BIstc’ B dzs
Wstcdsk f tso j ton dz' sO &' dzj BOIsd ydz f OtcOd3] Is t
sf dmizs Is afr] stsySd §tso | ten dz' sSHfle d M d dzlz MISE
stcO' Clststs E o' HdesMmdeseéts twkrlz YOMmisddzS d &
odf OHSCE YOMlsddzC © kR O Is! Mw o dz2Of oW i3
ofOHdded ' <ctjBde o jternds . v " dhdr od{f
ftesmMbsteso®dEBdEBOE &6 ftosj Sy ¥ Wit BddL
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A [ RYLTRB ([ wlud

stej fiyOdp .} d zhf @C O Fopj.dted ¢
1 q1uv1"1 v€tO ded ¢ "yddem: €d2 Octetsls,
20y 5dz0dz dzgd2 bdz ojwhdlsjls B' Bt Mk o
5l ¢l "N FREFsDEHR CtsdzjHY 1 U011 LS

gWjijtcdyded?2 Jjdz (M BEHE I! MW L O OdzOdtse
o' HiMlsOdzj 2w Cos'H IBtwWGd Jjdz' 1 MO HEB 26 Wt
[MBdde ' Mis¥ MW jtedydsets jd §MO Isj, hts
9 j dzd ydazOGREzlst®o dr. 1 0 tedfMm. 1, O L tsBOy j dafs
WsCkMm ¢ kySQZLY jftsiply dedbirzj ts i) ik tg i ls O O ¢ @ dad 2
BBd tdH' Odz' FE® " o' HfjlacO ds'c B dz0 * HthdsjodZl dz' MW §
odd3 Wisdy( Gzl , B 9 sdr'Cdp'22 dzd ~C t£ ststcH  dzO Is |
ZOL ok hdqteslsd. FCwEMsBHRYSH HdBEMO HE 266
o jdzditsets H' OBy Iste©®O, wslsyj Isj odd3 tos 8 Is! MV
Jd&z'ffm° owWwvolstH fistOoylf z His WC B,'L BOEGlE! fifws Sz & |
Ctcdotsdz dz 2dzedr S tFptcH ¢f dgBlsIsts8 |, FPls @ dets & ds ©ldzas
dzd30 YydeH&LzIsBEBBE! IsySd Jjdz' MmO *° o jdzdyd

o jdC s’ ' jd& MO (tdfm. 1,8).

o

) z

£

|
X
O] B

t dm 1. oW ydz vwaz€£iglstt®@y 'H'ts IYf & Bifzte Usde@ Y jnc
Q) LBBKOYJ dedgw MW J ted ykzEG s Isjsdndadi @z Bu3kzY ts ¢

odedv"H LBBCE

1 5L d2Oyd s " dlets B HENEBBEZ | Odzj ) &z’ fls! &
tcdotsdz dz' 2 ded 3 € stR IO RNz dhgdi Hdz" c
oltstcOdRRd MIlsOlls® SOCO L Odzj ydg MiIs! L dzZO2H J ¢
sCkf L lSON®D Odzd 2 d20 tsfy

a cosg-coy @
e=arct
%iny - cosgsinq@'

E=e N

(1)
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t " eodgwdzdzw (1) o dzzlste’ h dz' d3 tc' o dzV dzdzv O3
CststcH d dg@ Ig @& . [ dzw 256 ts fsBkzHBod M tsted
tc' o dgV dzdgw d3d TR j ted WOH' MO

X = Rsinecosg; Y = Rsinesing; Z = Rcose., (2)

zdiosBO HcotsE L Odzj 3y ded &3 L a3 dzded d3d to' ¢
"HiMsOdetso y® L Odzj ydesfpls® (1) E (2) y' t°
‘dedetso caslsted Y sz e tsded Y dMEzE st kY

' 2 (MmWwjtdyded? Jdz¢fMm). 10 wdhm. 2,C
J d yded 2 RIloz= 4 ByAG Al SL dzOyj dAp | QY MBS0 2
9 OCthiz o d2O0H € &z tde "oodepwdeddzvdzd dzi ff tso j f

f sL dzOy4 dz tc* o dzv dz ftetsf dmded d3d dz' Is§
Odz? hdr HEtsMdz' HY j d2@ dzOd3  Sls teshpiditds L UHESGIS
" MO. rdvw y! et LdzOnssHd B, § OB U d) ' s

Xi =- Rsinesing + Rejcosecosyg;

yi = Rsinecosg + Reicosesing; (3)
Zi=- Rejsine.
10 9 HBRE YisttdRzdst L dZOStsHJ®BS:

#=0&

S

G =t O jsg_ru:g

si=/xiZ + yi’ +zi = RVsin? e+ ef’. (4)
(v ke, N8 jd& §md fjtejBle Odd &

Codzstolj dzlsdzed?2 j a2 §f) § Soj todelz ls@YdzD' i datiefifipizts |
2,8). jletsPdatzt ®OoCtdkts Mj2, "t fEBSRGHW
BOsls! CwlsdlsdMY BjL SSoLOdd SHdd & SHC

B
tdfm. 2. wWjttdud JdO)Y Ot s se | of wals i
j dz' B of: s dzsy j dzdes sju&'sHif'de € sdals OC s s d

Vod CSoyjddz jdz2 ' o ksySoO SsddsOCkE L
Of jeh sets jd MO Isjy Lds deoOlkddsjls: fw.
Wtz dss (1) o L Odzj y desfidsdzj oH iz cSdds Of df' tfo
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ssysd ¢ tsdlsgds pd EMEHO ydr Skils' o 8. ddzO
o' HMd L dzOR5HJ s v& d @i Hdeo sislsO f j 6 ¢
BIOZdz0 Sdgtlsy dz0 L 202 s qUsGHEHH FdEGIEE £ L 0 ¥ ste
HiczesdBEz jdz' § M o HY todiCrdgd® DtststsH dide@ls @ €
d, wWCO o' Hidlg tcH@&'ctsC Fles el MO, dzj 9" HEBSBRBO. W
stsets, hts Ctsyjdgdgw o' HBEZOO' Is! Mw BjLsS Ets50L C
fjtehséts ' Htekzetsets jdz' fM' o dBOwEdkELZEHC
Hieketsets jdz' fMO, kst Bdats RO 2t to°
Ctodzetolz jdalsded?2 jdzt ) Isjy hbkC sdglz GsdkBsE
o' Hf s ' HOIs dfdgid Wzasz L B d B, 2 s EsE & Oy Y Hiadt
(2) fOoEdijestoday dzdz" Htekzets® Ctedots’ LOfdh Lk
x, = Rsin(y - e)coy ;
= Rsin(y - )sin; ; 5)

1
z, =Rcody - e).
1 dz02Hj s a2 Hdz to' 9 dz0cdz'U({3H0)(, 2 )BOE 1
xj = Rleicody - e)cog/ +/ isin(y - &)sin/ |;

yj =- Rleicody - e)sin/ - j isin(y - e)coy |; 6)

zj = Rejsin(y - e).
¢ dZOdzse ' ydets (4) L dz2OntSHdBBS § 5a' Hdzz +
Si= %" +yit + 27 =Rj Fsin’(y - e)+ei” (7)

[ dz' fidd f dztsh ddz2' Mmdzlzy Ols? yj dzlstets™ HOAZd HC

LB yOlsdrn fjtejHOy L daj Stezedzddsd € tsdzj OB,
wisSkfmd Jd M e. wWjttduyd Jdz fMmd odMmbsizy
ftosj Clszo Odgdz" OdzOdztse ' ydedr Ctsdg’ ydedrm ¢ jtod +

[bjtcOlztcO

1.0 dlsoaddz A. [ . 1 jStkzedzr j L EBOI' j O wdfj
1956.i 312 M.

2. 1 jtejLdds 1. W jtoduj MY ¢y zdewdimde §2. W o

BOIsj] BOIsdud MSd2 H WOBAEOdz Z.8o0&B] yddz HEsMisE
http://kvant.mccme.ru/1978/02/sfericheskij ellips.htm

3. Construction of conical axoids on the basis of congruent spherical ellipses /
Kresan, T., Pylypaka, S., Ruzhylo, Z., Rogovskii, I., Trokhaniak, O. // Archives of
Materials Science and Engineeri nig8tihi s
t 4 d 3z Btfp:dx.doi.org/10.5604/01.3001.0015.6967

4steijmMOdz v.¢. [CStejBI2 odfOHBSE CBdetolzj
Flsostej dzdm HEZGOMR dzscOtedwW d&3' ydzts’ My " tOd
Jtdj dzS s, 1. [f. 10BCO [/ 1 tod & dzOHIAEDY .4 J G834
S: S1 VL1 ¢i,g. 210820 .
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Mz yoBtz: 2 s F Ol @cds’ Q OAT .C O sodgjSdezafifls® s te d fls O dz
¢ tsdzflstolz Cdgjflo HakBa | dz o Wiczfn'ts dz' dats ? goth Hiwdz'd B¢ 15
f StcWde® DL M dzkz “Owizf s o i 6 5C 2@ § e ke ts'OR b o ©EzAs o3
h tsf " WwOdRS H § dz¥ 46O dzdizts d3Qdis olgj did-AB tzf ts d3tf dotsic 3DO d3
CteOW b ud B 'jdgty | 1 ks oy ) flzutz) ez" A dzd € OH OYO
fsBzHsSHA @ j ey j ¢ Isdf' o duduopl d i@y § toh §f &zOfdze d
B Hj dz¢ o Gdedz'BEE]E’ © I fds KO dzCRA Bls j lsifypdssy dz2' F
o dzOfls  evthifrplstpfd tegiis y ' diflsQ g d L dzO yeOdsH{dndg dfsdizls Iz te ts o3
tsB 0 ®sH jodz¥ OO @dy] dzs B kls s WStHtfls d ¢ dz@ y deizj Istc°
s O O de'BYe o fift Is b @Y ' o | 16 Pdals didedEs’ & fizg c i jLC Isd o
¢ & dzlz i3t df i Cid@fodf fsEas] 6 Asdgls H § dz® T IS Mmidg? MY gdets,j H
BOCGOIst{ Ot Qs afifiadizsdz &fos®dedeh M8 ks daz inH j
56 d dzOH oy to & dz izl toffj dsedgOdgiiaizy dsded| tc OL B i) i3S G 58
L OH Oizfacts j S sk o O dadz™ .

l smdzte dsligdz’ § B § deOH g ddipls tc & jstsf d§ joasStedflayjdzdztf s dzv y
o ZOMIsd & 8 1la BAERSH | dzt “Ks® B¢ 15 BOUED &3 Is © dz@ deyf 2
L OH ® '8 £ O @H tad@® d d dz0 sCusiiely i} mals § s dzkz bz € ils
f tod ¢ demsiLke dztktizl |5 dzé & O tizgets B IO taQESEdERY'S Hsilz 5z’ W
C tsdzls QGsls e dzO“CusHizk Bl ek’  j BUSEZSE 2 dzf 6©8 ] H | dzls
f Otc OB Is OdzPaiaskE detd v ) Shot@zBES ,H dg' " B ¢ O dif’ tadj e 7 ts dz!
H 6 b ctfisstdsy 61 'Stz to B tf i te\Pdzdszts 2@ y®” s OGO i3 Is to O &
v sdiztsB ZH B 9@Ist] | tc sz OpdEfttc WHdis dz'tf | taBos de dzf dzlz
o "fHf oW 3 ff wadtc O miAghls ), dp@zisH dz §f J to B f 't QdzdBAzIE § H
Blzid tow y ff tzd g | B HsdS f Otc O d3izkzte o YA dzts f tstoctsy dzd ©
¢ f§jtos BdROC G Oc 'Clz] tsMPF@,d 2 &3O UK | Ejrdzls OC Is Iz
By esL ¢ dzv WAsdiffidzLmIs OdzH OBl dzdizO ydztf § § 8B 5dz' Yo
f OtcOB tstztsB E s eLBFB § d MO dgz s o * dzb gets b d Sats ©
2Ot oW dzda¥y s fujste B s dzts & .

tiLbkd i ®sg j H jHdsdfifdz' H Pzt ted Is ds'Ogdes § j Yz
d3tsy dzd o ‘ofyfl€ziz 0 OIdlf tow 3 j dztlz¥ | toB S df QEZBE 5O H O
SH oS 566 dd gise Brds” o ©ddSlas © d i lsSo dzfy OtsE S Is d :
Odze stcdlyfdpds y§ HoiY 6 5 Is jRisdets aits oted deddgts 3OE ds‘dR[ 8 o
HL Oulzlf.5H Odz' h §fdz’ H Y f el & dalzts s dyew AR IS @Y 12
B H | dz § © szfizterk tszyssy kel dzt, dzOWdal(mE s HdF' Isdg'B ts d ) Iz
Ydihse j k@ gac Y Jj SUsE{eteZo] dzdz" -
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AtosAwfruvldr1cIREtAYurt wofwmRso[ Prfu

swf?2Ac 1 [fuv 1 [ Hfwstschdd) wrs [t rReUVOGL L C
slrtrdowl 2171 {9 Heirnird AUTODESK INVENTOR

Jtedh ju2X .5
10Oy 5dz0dz dzgd?2 bkdz o jtemdlsjls B' SjMkeh' o

{SLH' dzj dzd@® L HL P sdgsfivtse ' Istew dzd d3d L J todzts
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ADVANCED TECHNOLOGIC AL SOLUTIONS OF PROBLEMS OF
REACTIVE POWER COMPE NSATION

Tsyvenkova\. M.t, Omarovl. S.2, HolubenkoA. A3
INational University of Life and Environmental Sciences of Ukraine
?Institute of Renewable Energy Mtional Academy of Sciences of Ukraine
3Polissia National University

Currently, thebigger shareof devices in industrial enterprises consuming
reactive electrical power. Reactive power characterizes the electrical &magrgpnot
consumed in the external circuit, but ratttetfluctuates between the external circuit
and the source, i.e. the @mitive and inductive energy that accumulates temporarily
and is returned to the source after accumulationfd produce reactive enerfiyel is
practically not consumed. However, this "exchangé"energy loads electrical
networks, taking away some dfeir capacity and causing additional losses of active
energy.

One of the methods to eliminate this problem is the rational placement of sources
of reactive energy (asynchronous motors, transformers, rectifiers, etc.), which leads to
the unloading of netwés from reactive current and completely eliminates the negative
impact of reactive energyyhich is the goal of compensating for inductive reactive
power.Reactive energy can be easily generated using capacitor banks directly where
it is needed. The prace of producing reactive energy in this way is widely used
worldwide and is known as reactive power compensation.
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Correct compensation of reactive power allows for: reducing overall electricity
costs; reducing the load on distribution network elementsiéfse transformers, and
distribution devices), thereby prolonging their service life; reducing thermal losses of
current; reducing the impact of higher harmonics; suppressing network obstacles,
reducing phase asymmetry; achieving greater reliability arsttedfectiveness of
distribution networks [3, 6, 10]. In addition, in existing electrical networks: eliminating
the generation of reactive energy into the network during hours of minimum load;
reducing costs for repairing and upgrading the fleet of ebat®quipment; increasing
the capacity of the consumer power supply system, which will allow additional loads
to be connected without increasing network costs; providing information on network
parameters and conditions, and in newly created networkslcing the power of
substations and cable liceosssection which will reduce their cost [3, 6, 10].

Compensation of reactive power is one of the most accessible, effective, and
simple ways to reduce electrical energy losses for both consumers and pppher su
companies, as well as to reduce the cost of production for its manufacturers. Reactive
power consumption and therefore active power losses can be reduced using the
following methods: without using compensating devices (CD); with the use of CD; and
those which arallowedasexceptions [7, 10].

To compensate for reactive power in power systems, the following equipment is
used: capacitor equipment (CE); synchronous motors (SM);synchronous
compensators (SCictive power correctors (APC).

Due to the dynaic nature of electrical energy consumption, which can vary
significantly over a relatively short period of time, the ratio of active energy
consumption to total energy consumption, cesUl, will also change accordingly.
Moreover, cosl is lesserthe less is the active load of any inductive consumer
(asynchronous motor, transformer) [8, 9]. This implies that a certain set of equipment
IS necessary for compensating reactive power, which can provide adequditageal
regulation ofcos(i [2, 3].

CE can beeither regulated or unregulated. Unreguladgdipmentis cheaper
and simpler to implement, but due to the change in the power factor depending on the
load,it can cause excessive increasasoisll and voltage on the capacitors. Regulated
equipmentllows the reactive power produced to be regulated in dynamic mode.

This drawback is corrected by forming a capacitor bank (CB) from several
sections connected to the network, each through its own switch and each of which is
controlled by a voltage and/or powegulator, increasing the total capacitance of the
battery. This reduces voltage and increases the total power of the battery. Thus, the
power of the € increases in steps;@+Q,, Q+Q.+Qsz as shown in Fig. 1 for aiE
congsting of threeCB sectionsHigh-voltage (E consiss of singlephase capacitos
connected in series and parallel. Current transformers TA and voltage transformers TV
are connected to the circuit for measuring current and voltage. Theditghge switch
Q is designed to disconnect ttiecuit from the power system (Fig. 1).
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Fig. 1. The schematic diagram of one thpbase section of the capacitor bank
intended for 610 kV networks [7].

Capacito banks have drawbacks such as:

A inability to s moot htheyefore hegolthge ofthe r e a
equipment;

A siffitient electrical strength;

A the power aépentdsagpagdraticalyorthe metwolk goltage;

A short service I|ife.

Among other disadvantagesre: high fire hazard, the presence of residual
dischage and susceptibility to short circuits and overvoltage can be mentioned, as well
as the dependence of the reactive power delivered on the supplied voltage. The
presence of higher harmonics in the network also strongly affects the capacitor unit. In
the pesence of such harmonics, it is necessary to check the likelihood of overloading
the capacitor bank with current at resonances or near such modes, and measures tc
eliminate resonance phenomena should be provided. The main advantage of the
capacitor bank igs simplicity of installation and operation, and low capital costs.

Synchronous motors (SM) produce reactive power when the excitation current
exceeds the nominal value. For thiss@a, they can be used as a melescompensating
reactive power. The madutfference between SM and an asynchronous motor (AM) is
that the magnetic field necessary for the operation of the SM is created mostly by a
separate source of direct current (exciter). Therefore, in the normal operating mode of
the SM (atcos(i=1), thereis practically no consumption of reactive power from the
network, which is needed to create the main magnetic flux, and in the overexcitation
mode, i.e., when the electric machine operates with a leading power factor, the
generation of capacitive poweraugs in the network [3, 5].

The main advantage of synchronous motors used for reactive power
compensation compared to capacitor banks is the ability to smoothly regulate the
generated reactive powerhe disadvantage is that the active losses in generating
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reactive power for synchronous motors are greater than for capacitor banks, due to the
dependence on the square of the power produced by the synchronous motor.

Most often, in power supply systems, the reactive pawdhe main loads
compensated bgB, while synchronous mote are used to reduce lopéaks.

Synchronous compensators (SC) are a type of synchronous motor, but their
application is limited to industrial networks and is very rarely used to improve voltage
quality for highpower electricity cosumers with sudden and variable loads (rolling
mills, arc furnaces, etc.), especially in cases of severe reactive power shortage at the
point of consumer connection, when smooth and fast voltage regulation is needed, as
well as a reserve of reactive poviéy 5].

The disadvantages of SC include:

Aincreased active power lossémge size and vibration, which requires SCs to
be irstalled on massive foundations;

A the need f oolingwthdvatergoslars;or air co

A the need f or onoelpederce dt subs@atomsavithiSGsn p e

A t he i nab)tdinctegse gowen duiing lead gr@&wth [4, 5].

Active Power Factor Correction (APFC) systems are an intermediate link
between the pulse power supply and voltage converter. Their purposeeaditiering
of the pulsating current of the network. APFC reduces the phase shift between the
voltage and current from the source and forms a sinusoidal current consumed from the
network [8, 10].

APFC systems are widely used in singlease power suppk for household and
industrial equipment. However, they are not used in Aphléise industrial installations
as they do not provide energycuperatior5].

Conclusion Currently, there are several ways to compensate for reactive power.
The simplest andmost universal method is the use o&pacitor equipment
Manufacturers offer a wide range of compleg@acitorequipmenthat, when operated
correctly, perform their task. The use of synchronous compensators is justified in rare
cases.
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