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11 KOHKpeTHOro 00’ €KTa po3polieHa CTPYKTYpPHA cXxeMa i BUBeJdeHi PIBHAHHS CTaHY
peryjisiTopa CTaTHYHOTO THPHUCTOPHOIrO PeryJsiTopa, ik MiICUCTEeMH KOMIIJIEKCHOI CHCTeMH
KepyBaHHS Pe:KMMOM POOOTH CHCTEMH €JIeKTPONOCTAYAHHS IIAXTHOT0 HABAHTAKEHHS.

Knwuogi cnosa. cucmema enekmponocmauaHHA WAXMHOZ0 HAGAHMAIICEHHA, CHAMUY-
HUIl MUPUCIMOPHUTL KOMREHCAMOp .

A structure diagram for a particular object has been developed and equations of state
has been derived as for subsystem of complex system of operation mode control of electrical
power supply system of mining load.

Key words: eectrical power supply system of mining load, statical thyristor compensator.

IMocTranoBka npo6JieMu Ta ii 3B’ 130K 3 BaXKJIMBHMH HAYKOBHMH 3aBJaHHAMU

OCHOBHMMHU TMOKa3HUKaMHu sikocTi enektpoeHeprii (IISIE) B maxTHHX Mepexax, M0 ICTOTHO
BILIMBAIOTH Ha POOOTY ENEKTPONpHUItMaYiB, € BIIXUICHHS 1 KOJIMBaHHS HATIPYTH.

BigxuiieHHS HanNpyryd Ha IIMHAX MiACTaHI, 1[0 XUBUTH IIAXTHE HaBaHTA)KCHHS, 32 HASBHOCTI Ha
TpaHcdopmaTopax MiJCTaHIlii MPUCTPOIO peryiroBaHHs i HaBaHTaxeHHsM (PTTH), MOXIMBO KOMIICHCY-
BaTH 3MiHOIO KoedirieHTa TpaHcopmalii. OgHaK B yMOBaX JAe(IIHTYy PEaKTHBHOI MOTYXKHOCTI podoTra
PIIH He edexTHBHA 1 Ui peryiroBaHHS Hanpyru 3a nonomoroto PITH motpiOHa ycTaHOBKa MPHCTPOIB
KOMIICHCAIIIi, Y SIKOCTI SIKMX IIMPOKO BUKOPHUCTOBYIOThCS Oatapei crarnunux koHuaencaropis (BCK), uus
MOTYXXHICTh CBOEIO YEPTOI0 3aJeXkUTh Bi pexxumy podoru PITH. [llaxTHe HaBaHTaXKEHHS XapaKTEePU3YETh-
csl JOBONI HEpIBHOMIpPHUM TpadikoM CIIOKMBaHHS TOTY)KHOCTi, a 3 BpaxyBaHHSM TOrO, IO OKpeMi
MaKCUMyMH Tpadika HaBaHTa)XCHHsSI 30iratoThCsl 3 HHU3bKMMH piBHsAMHU Hanpyru B EEC, kommeHcaris
BiZIXWJICHb Hanpyru B cucreMi enektporoctayands (CEII) miaxTHoro HaBaHTaXeHHs 3a moromoror PITH
MOB's3aHa 3 BEIMKOIO KUTBKICTIO TIEpEMHUKaHb aHIand TpaHcgopMaTopiB, M0 3HIKYE HAAIHHICTD EIEKTPO-
MocTavyaHHs.

KomrmeHcarisi konvBaHb HANPYTW Ha IMWHAX IMiJCTAHII, 110 XUBUTH MIaXTHE HABAHTAXKCHHS, MOX-
JIMBE Yepe3 3aCTOCYBaHHS CTaTHYHUX TUpUcTOpHUX KoMreHcatopiB (CTK), BukOHAHUX HA OCHOBI HAsSBHUX
Ha mincranuii bCK.

V pasi BiicyTHOCTI Ha TpaHcdopmaropax miacraniii PITH BcTaHOBIIEH] MOTYKHOCTI €MHICHOT JTAHKH
komnencaropa (BCK) i iioro tupucropHo-peakroproi rpynu (TPI) BHOHparoThCs 32 yMOBaMH CILUIBHOI
KOMITEHCAIlii BiIXMIEHb i KOJHBaHb Hanpyry B Toumi mix exunanns CTK [1, 2].

3a nasBHocti Ha miacranmii BCK, a Ha TpancdopmaTtopax migcranmii npuctporo PITH, mouinbHO Ha
6a3i BCK, 3a 10momMoror J101aTKOBOrO BCTAHOBJICHHS THPUCTOpHO-peakTopHoi rpynH, BukoHatn CTK i
o0'eqnaru #ioro i PITH TpancdopmaTopiB mifcTaHiii B KOMIUIEKCHY CUCTEMY KepyBaHHS PEKUMOM POOOTH
CEII waxTtHoro HaBanTaxkeHHs. [Ipu Takomy 00'€ZJTHaHHI IPUCTPOIB PETYIIOBAHHS Y KOMILIEKCHY CHCTEMY
KEepyBaHHsI JOCATAETHCS 3MEHILICHHSI BCTaHOBIIEHOT TOTykHOCTI TPI', MOpiBHSHO 3 aBTOHOMHOIO POOOTOIO
CTK, 3a paxyHOK 3BYXXCHHs Jiama3oHy perymoBanus (crabGimizarii) mampyru camuMm CTK. Bemnumna
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Jlarma3oHy peryjioBaHHS HAPYTH 1 YCTaBKH 33 YacOM BHOHMPAIOTHCS, BPaXOBYIOUH IMPUITYCTUMY KUIBKIiCTh
nepemukadb PITH 3a 100y, 110 3a DOCBIiIOM €KCIUTyaTallil He TOBHHHE MEpeBHIyBaTH 25 pa3iB Ha 100y. Y
pasi BUXOy HAIpyTH Ha InuHax miacraumii (touka mix eauanmst CTK) 3a mexi miamazony perymosanis CTK,
tuprucropu TPI' CTK mepexonsare B oJMH i3 JBOX KpalHiX CTaHIB "TOBHICTIO BiKpuTi" ab0 "MOBHICTIO
3aKpUTI" 1 3aJIEKHO BiJ IIOro cTaHy Ha Onok kepyBanHs PITH tpanchopmaropiB migcraHiii BiJ cuCcTeMH
perymoBands CTK i3 BUTpUMKOIO Yacy TOJAEThCS CHIHAJ Ha MepEeMHMKaHHsS aHuandg TpaHcdopmaropa "Ha
3MeHIIIeHHs KoediienTa Tpanchopmartii” abo "Ha 30ibIIeHHs KoedirieHTa Tpancdopmartii .

B VkpaiHi cepiliHO BHTOTOBIIOIOTHCS THPUCTOPHI KOMIIEHCATOPH PEAKTUBHOI MOTYXKHOCT1 THITY
TKPM, BoHM mnpH3HAYCHI JUIsi KOMIICHCAIlil KOJMBaHb HANPYTH 1 i CUMETPYBaHHS B CHCTEMI EIIEKTPO-
MocTavyaHHs PI3KO3MIHHOT'O HEIHIMHOT0 HECUMETPHUYHOT0 HaBaHTakeHHsI. [lITaTHa cuctema perysiroBaHHS
TKPM, mo noOymoBaHa 3a pO3IMKHYTUM TIPUHIIMIIOM PETYJIOBaHHs, 3a0e3leuye MOBHY KOMIICHCAIIil0
pEeaKTUBHOI TIOTYXKHOCT1 y (ha3ax By3Jia HABaHTAXKEHHs, aJie Yepe3 BIIICYTHICTh KOHTYPY PEryIIOBaHHS 3a
Hampyrow He eeKTHBHA Mija 4ac crabimizamii Hanpyru B Toumi mia’ eanands CTK, ToMy 1110 He BpaxoBye
BIUIMB 3MIHH PSKUMY 3a HAIPYrow B enekrpoeHeprernyHiii cucremi (EEC) Ha Hampyry miMH MifACTAHIIL.
VY 3B's13Ky 13 IUM aKTyaJbHHM 3aBJIAHHSIM € PO3pOOKa CTPYKTYPHOI CXEMH 1 BHBIJ| PIBHSIHb CTAHy peryiisi-
topa CTK sk migcucTeMn KOMIUIEKCHOI cUcTeMH KepyBaHHs pexumoM poborn CEIl maxTtHOro
HaBaHTa)KEHHS, 1110 3aI0BOJIbHIE BUMOTH CTaOLIi3allil HAIPYTH.

AKTYAJIBHICTh TAa TOUUIBHICTH PO0OTH
[NokpateHHS TOKAa3HUKIB SIKOCT1 ENEKTPOEHEPrii B MIAXTHHX Mepekax Ja€ 3MOTY ITIBUIIUTH
MPONYKTUBHICTD 1 HAJIWHICTD ENEKTPONPHIMAaYiB MIAXTHUX MEPEXK 1 € aKTyallbHUM 3aBJaHHSIM. ABTOp HE
BHUSIBMB B TIEPIOJUYHINA JIiTEpaTypi MOCIIDKEHb, IO IOB’sA3aHi 3 po3podOkoro peryisaropie CTK, ski €
MiJICKCTEMOI0 KOMITJIEKCHOT CUCTeMH KepyBaHHs peskuMoM poooTu CEIT maxTHOro HaBaHTa)KeHHS.

Mera i 3apa4i podoTu
Meror pobOTH € MOKpallleHHs MMOKa3HUKIB SKOCTI IeKTPOSHEPTii B CHCTEMi eJIeKTPONoCTadYaHHs
MIaXTHOTO HAaBaHTAKEHHSI.
3amaueto 1iei poooTH €:
— po3po0Ka CTPYKTYPHOI CXEMHU CHCTEMH eJIEKTPOIIOCTaYaHHs maxTHoro HaBaHTakeHHs 3 CTK;
— BUBEICHHS PIBHAHB CTAHY CHCTEMH eNIeKTpoIiocTayanHs maxTHoro HaBantaxeHHs 3 CTK.

Buxian ocHOBHOT0 MaTepiany
Po3pobka cTpyKTypHOI CXeMH peryisTopa MpOUTIOCTpOBaHA Ha MPUKIA KOHKPETHOTO 00'€KTa —
paitonnoi migcraniii 330/220/110 kB "HoBoBonuHchka" 3axigHol eHeprocucTeMu, A€ A crabimizamil
Hanpyru Ha muHax 35 kB, Bij SKUX KUBHUTHCS IIaXTHE HaBaHTakeHHs, OyB BcraHoBneHnit CTK Ha 6asi
maseHoi Ha mifcraniii BCK 35 kB moryxnuictio 31 MB *A i TKPM-20/6 (20 MB *A, 6 xB). Cxema
mix’ emaansast CTK 1 po3paxyHkoBa cxema Ui yCTaJICHOT0 peKUMY HaBeJleHi Ha puc. 1.

OG'ektoM KkepyBaHHs € cuctema enekrpornocradanns CEIT (mincraHmis 1 eHeprocucrema),
®
napamerpu pexumy [/, sKoi momaroThes Ha BXin (yHKIiiiHOro mneperBoproBada @I perymsropa P

®
(puc. 2). Ha npyruii Bxin ®I1 magxoauth BemuuuHa X  ycTaBku Bin enementa 3E. DyHKIiOHATbHUIT

neperBoproBay OIT Ha cBoeMy Buxoni dopmye Hampyry peryasropa U, mo kepye poGoTOr0 cHCTeMH
immysbcHO-(azoBoro kepyBanus (CIDPK). CIOK dopmye kyr kepyBanus & tupucropiB CTK. Ctpym
CTK ﬁs 3aJIOKUTh Bil @ 1 BIAMOBIIHO BILIMBAE Ha cucreMy eHepromocTadanHs CEIL. B skocti BXigHUX

CHTHAJIIB peryisaropa npuitHsti napamerpu pexxumy CEIT
®
7, =(4,.4), )

Ie l§1 —Hanpyra Il cexuii mmH 35 kB migcTaHii; f‘l — crpym BBoay 35 kB II cekii mmn 35 kB miacraniiii.
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PerymoBaTi nponoHyeThCs 32 MOAYIISIME TTapaMeTpiB |L§1| ,|ﬁ1| , Tomy enemeHT 3E perymnsropa P mae

(bopMyBaTH Ha CBOEMY BUXO/Ii TOYATKOBI (OMOPHI 3HAYCHHS) MOYJIiB MTapaMeTpiB
®
X, = (|L§10| ’|ﬁ10| U PO) , )

ne |L§1| ,|ﬁ1| > 0 — nouartkoBi 3Ha4eHHs (ycTaBKH) 1o Hampysi i ctpymy; Uy < O — mouaTkoBe 3HauCHH

(ycTaBKa) Hampyry peryJsitopa, Mo BU3HAYA€E MOIOKEHHs po00Y0Tl TOYKH ([TOYaTKOBHUI CTPYM peakTopa 3a
BIJICYTHOCTI 30ypIOBaHb 110 MapaMeTpax peryitoBaHHS:).

220 kB

ATALITH-125000/220

110 kB

TAL
TBT-600 O Il cekuis CLU 35 kB
31 MBA " HaBaHTaxeHHs
T2 V1
VAN 3x3HOM-35
TOHM-20000/110/35
| cekuis CLU 6 kB
PKOM- vV l
L2 1200/6Y1
lyoy =1060 A L HaBaHTaxeHHs
Ugom =6 kB \ a
T %5
A
C2 TPr TKPM-20/6
3,4 MBA
a)
L
=
_ | TA,
U, Il cexuis CLL 35 kB
L L T e
3 V1
ORI
Ug | cekuis CLLU 6 kB P
CI®K
|l

a
A4 vV j—
Puc.1l. Cnpowena enexmpuuna cxema niocmanyii 3 CTK (a), pospaxyurosa cxema ons ycmanenozo pexcumy (6):
E — exsisanenmna EPC cucmemu; Zy — ekgisaienmuuil imneoanc cucmemu ma asmompancgopmamopa T1;

Z, — imnedarnc mpancgopmamopa T2; I3 — docepeno cmpymy, wjo 8i0N08I0Ae CyMapHOMy HABAHMANCEHHIO YCIX
npueonans I cexyii CLL 35 kB 3a eunsimxom T i T2; I, — Oxrcepeno cmpymy, wjo 8i0nosioae CymapHomy

Hasanmaxcento ycix npueonans 1 cexyii CL 6 kB 3a eunsamrxom CTK i T2; Ig‘s (a ) — Keposane 0xcepeno Cmpymy,

wo eionogioae nasanmaxcennto CTK, a — kym xepysanus mupucmopamu CTK; L&Wl, Ig‘TAl —Hanpyea

i cmpym emopunHux 0o6sumox mpancgopmamopie TV i TA
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JIist aHami3y 3aMKHYTOI perysboBaHol chucTeMu (puc. 2) HeoOXimHO chOpMyBaTH PIBHSHHS CTPyMY
peakTopa y (YHKIII KyTa KepyBaHHS TUPHCTOPIB, CUCTEMH IMIYJIbCHO-()a30BOro KepyBaHHS i aBTOMa-
THUYHOT'O PEryJsiropa.

OyHKITIOHATFHA 3aJIeXHICTh MepIIoi rapMoHiku cTpyMy peakropa CTK Bu3HauaeThCst sk
U,, 2(p-a)+sinza
I(a):IL:(a)= : ( ) , (3)

w LP HOM p

U _ 6x0°

wlo = 314%7,5%40°3

= 2548 A — xoporkouacuuii s CTK (10 10 cex) MakcuManbHU CTpyM
P nom
— HOMIHaJIbHA

peakTopa mpu a Z%; U  — nominameHa Hanpyra, migsenena no ¢asu CTK; L

HOM P nom

IHIYKTUBHICTH (pa3u peakTopa; & — KyT KepyBaHHS THPHCTOPIB.
Y TKPM-20/6, BHKOPHCTOBYBaHOTO B SKOCTI THpHCTOpHO-peakTopHoi rpymu CTK, 3 merowo

=1000 4

3MEHIICHHS Maco-ra0apUTHUX TOKA3HUKIB PEAKTOPIiB 3a HOMIHAIbHUH CTpyM peaktopa |,

2
NPUIHATHN CTPyM TIpH & = gp [3].

CloK CTK CEnN

A\

Y

3E ol

e —

Puc. 2. Cmpyxmypua cxema cucmemu enexkmponocmavanns 3 CTK

®azu CTK 3'eqHaHi 3a cXeMOI TPUKYTHHKA, TOMY JiHIHHMHA cTpym mopiBHioE | =\/§|L. y

. . . 2 . .
J1ama3oHl KyTIB KEpyBaHHA gp £a £p ¢ynxuis :(a) 3MIHIOE CBO€ 3HAUYCHHA B MeXax

|
Of; (a ) £ Lrow = (0,392, mo 3HauHO GinbIue By 3MiHM Hanpyry, mixseaenoi 1o dpasu CTK, tomy CTK

L
MOXKHA €KBIBAJICHTYBATH KEPOBAHUM JKEPEIIOM CTPYMY

== jlom (). 4
Jnst HaiiOinpn moBHOro BHKOpUcTaHHA MoximBocteli CTK #oro mouaTkoBUH cTpyM TPHUITHSTO
|, =0,5>0,392l,,,, , mo BixnoBixae mouatkoBoMy kyrya, = 0,743p (puc. 3).

Ha puc. 4 naBenena mpoximHa xapakrepuctika CIOK [3]. [lns ¢opmyBaHHsS KyTa KepyBaHHS
tupuctopiB y CIDOK BHKOPHCTOBYETHCS T€HEPATOp IUJIKOMOAIOHOI HAMpyru, e 3ade3rneuye JTHIAHY

3QJIEKHICTh KyTa KepyBaHHS BiJl BXiJHOi HAampyru peryiasropa a =, (U@xw. CItDK) . Y TKPM-20/6
2

MiHIMAJIbHUN KYT KEpYBaHHS OOMEKEHHUI BETMYHHOIO Ep , o BimmoBizae U . ox =Upmax =~ 2,6 B
(puc. 4). BpaxoByroun 11e, mpoxiany xapakrepuctuky CIOK mokHa onucati piBHIHHIM
a =%- KU, (5)

ne Ko =0064p  glLU
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Puc. 3. Ipagix gynxyii f (a )

a, pao
p e
% /6__ a=f (Up)
2o |
0,756p 4o HomiHanbHuii
AianasoH
4 | BUMiptoBaHHA
20/3 [y : | Up |
‘ Upg=-41B|
<<
p /2 ] | i ] ] § ] ] ] i ]

f —
2 -4 6 -8 -0 Up B
UPITBX:-Z’GB Upmn:-SB
Puc. 4. IIpoxiona xapaxmepucmuxa CIOK CTK
PiBHSIHHS POXiTHOT XapaKTEePUCTUKH peryisitopa (puc. 2), 1o 3abe3nedye craTudHe MpoIopiiiiHe
pErylioBaHHS 3a BIIXWJICHHSAM MapaMeTpiB peryiTrOBaHHs |L§1| ,|ﬁ1| BiJl 3aJaHMX 3HAYCHb YCTaBKH

|L§10| ,|§‘10| (moist iHTEHCHBHIIIOT cTA0LTI3aMlil HATIPYTH B PETYJIATOP BBOAUTHCS JONATKOBE PEryJIFOBaHHS 3a

CTPYMOM Ig‘l), MOXKHA 3aIHCaTH IS IPUPOCTIB MMapamMeTpiB PeXKUMY Y BHIIISII

DU, = K,DU, - K,DI,, 6)
Jc
DU, =U, - Up,; (7)
DU, =U, - U )
DI, =1,- 1. ©)

ITouatkoBa (omopHa) Hanpyra U, pospaxoByeTbest 3a mouatkoBuM kKytoM a, CTK, sxuii Bu3Ha-

Ya€TbCA ITOYaTKOBUM 3HAYCHHAM CTPYMY ISO (ao) , IO OJJTHO3HAYHO 3aJa€ThCA ITOYaTKOBHUMHU 3HAYCHHIMU
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ctpymy |, 1 Hanpyrn U, 3a 3agaHux moyaTkoBUX 3Ha4eHb iHmMX mapamerpiB pexxumy CEII i ii ctpyk-

Typu (mapamMeTpu po3paxyHKOBOI CXeMH, HaBaHTaXeHHs, enektpopyiiiai cunu (EPC) Toio).
[MincraBuBmm y (6) cmiBBigHomeHHs (7)—(9), omepKUMO pPIBHSHHS IMPOXITHOT XapaKTEPUCTUKU
peryistopa Juisi aCONMIOTHUX 3HA4YCHb NapaMeTpiB

UP:UP0+KU (Ul'Ulo)' K|(|1' |10)’ (10)
e (UP,U PO) <0 3a puc. 4 KU ,KI - KoeiliEHTH MiACHIICHHS BIAXWICHb BIAMOBIAHO 3a HAIMPYTOKO i

CTPYMOM.
Pigusians (3)—(6), (10) maroTh MOXKIMBICTH MOJICTIOBATH CTATUYHUI THPHUCTOPHUI KOMIICHCATOP Y

BUTJISIII  KEPOBAHOTO JDKEpesia CTPyMy, OOJaJHAHOIO aBTOMATHYHHAM DEryJISTOPOM 1 CHCTEMOIO
IMITYJTECHO-()a30BOTO KEpYyBaHHS.

JIst po3paxyHKy YCTaJCHUX PEKHMIB PO3IIISIHYTOI CUCTEMH €JICKTPOIOCTAYaHHS 3 PEeryibOBaHUM
CTK (puc. 1) HeoOXimHO A0maTKOBO c(OpPMYBAaTH PIBHSHHSI, IO 3B'S3YIOTh IiF04Yi 3HAYeHHs (MOIYIi)

napamerpis pexumy CEIl —U,,l; 3 EPC cucremun xusnenns E, crpymom naBantaxenus II cexuii

cucremu muH 35 kB Ig‘s, CTpyMOM HaBaHTaxxeHH: | cekuii cucremu mmuH 6 kB &4 i crpymom CTK Ig‘s (a )

U, =[4,|= \/(E - V3(Im(f,+ )+ & (@ ))zl)2 +(VBRe(k,+£)z,) (11)
L= |8 = (Re(f + £))" + (im(k + &) + & (@) (12)

V Bupasax (11), (12) npwuiiasro, mo ysBHa gactura |mM> 0 npu inaykruBHOMY cTpymi i ImM<0 —

npu eMHiICHOMY cTpyMi, ctpym CTK Ig‘s (a ) Ma€ IHAYKTHBHUHN XapakTep.

SIKIO HEXTYBATH MOIMEPEYHOI0 CKIIAI0BOro CIIaIKy HAaNpyry B imnenanci Z; = X, , Toxi 0cTaToyHO

MOKHA 3aIHCaTH
U1:|L&1| »E- \/é(lm(&3+&4)+&s(a))xl’ (13)

ne Zl(Xl) — eKBiBaJICHTHHH iMIienanc (peakTanc) cuctemu i aBrorpanchopmaTopa T1 (puc. 1).

BuchHoeku
st paitonnoi migcraniii 330/220/110 kB "HoBoBonuHchKka" 3axigHOT €HEPrOCHCTEMH PO3pOOIIeHA
CTPYKTYpHA CXeMa 1 BUBECHI PIBHSHHS CTaHy PEryJsiTopa CTATHYHOTO THPHCTOPHOTO peryisitopa Ha 6asi
Oarapei craTmuHNX KOHAeHcaTopiB 35 kKB motyxkHicTio 31 MB *A 1 THPHCTOPHOTO KOMITEHCATOpPA PEAKTHB-
Hoi moryxxHocti TKPM-20/6 (20 MB A, 6 kB) sik miacucTeMu KOMIUICKCHOT CHCTEMHU KEpYBaHHS PEKH-
MOM POOOTH CHUCTEMH ENIEKTPOIOCTaYaHHs MIaXTHOTO HAaBaHTAXKEHHS, IO JIA€ 3MOTY MOKPAIIUTH MOKa3-
HUKH SIKOCT1 EIEKTPOCHEPTiT B CUCTEMI eNTEKTPOIIOCTAYaHHS IIAXTHOTO HABAHTAKCHHS.
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