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Peghepam— Y po60Ti NpoBeeHO TOCTIIZKEHHSI CHCTEM MYCKY MOTY:KHUX CHHXPOHHUX €JIEKTPOJBUTYHIB Ta BUBHAYEHO
ixHi ocHOBHi Heq0J1iKkH. OTHUM i3 FOJT0BHUX HETOJTIKIB CHCTEM € MYCKOBi MiKOBi CTPyMH, 110 cATalOTH S — 10-KpaTHHX 3HA-
yeHb. HaMu 3an1ponoHoBaHo cnocié po3aijibHOI0 KepyBaHHS HANPYIo00 T YACTOTOI0 IIPH MYCKY NOTY’KHOI'0 CHHXPOHHOIO
€JIeKTPONPHBOAY, L0 103BOJUTH YHUKHYTH BETHKHX MYCKOBHX CTPYMIB IpH ()OPMYBaHHI eJIEKTPHYHUX MapaMeTpiB ;KUB-
JICHHS] CHHXPOHHOTI0 eJIEKTPOABUIYHA. Y JaHOMY cioco0i 31ilicHIOEThCsl cTyniHYaTHIi Nepexia Misk HAIPYT 010 Ta YaCTOTOIO,
110 103BOJIMTh 3MEHIIMTH IIyCKOBi CTPYMH NMOTYKHHX NepeTBOPIOBAaYiB Ta CHHXPOHHHUX ABMIyHiB Ha 3090 Ta oTpuMaTH

(opMHu KPUBHX CTPYMY i HAIIPYTH HA BUXOAi 3 MEHIIOI0 FaMOI0 TAPMOHIYHUX CKJIA/I0BHX.

Bioa. 10, puc. 2, Tad.. 1.

Kniouogi cnoea — cunxponuuii eneKxmponpueoo; 6e3nocepeons020 nepemeoplosaia uacmomu; YUKI0Koineepmop.

I. BcTv

OCHOBHI HaNpsIMKH ITiIBUIICHHS €lIEeKTPOe()hEKTHBHO-
cTi BHIOOYTKY KOPHUCHHX KOMAJIMH MIMPOKO BiTOMI.
OjiHaK BOHH, SIK IPaBHUJIO, CTOCYIOThCSI 32aHOBO MPOEKTO-
BaHMX abo0 mepeodiaJHaHUX TiPHUYMX MiANPUEMCTB —
i TOo, B OlIpmIiil CBOIM 4YacTWHI, BYTUTBHOBHIOOYBHUX
BUPOOHHMLTB. Y po3pi3i peanizamii HarpsMKaMH ITiJBH-
IICHHS EJIEKTPOS(PEKTHBHOCTI III0UMX 3ali30pyAHUX
IaXT € MOJICpHi3allisl 3acTapiloro 3a BCiMa IOKa3HH-
KaMu 00JaTHaHHSA, MOJICPHI3aMlis YCTAHOBOK 3 €JIEKTPOTI-
PHBOJIOM 3 METOIO 3MEHIIEHHSI CIIOYKMBAHHS €JIEKTPUIHOT
eHeprii, MOJEpHi3amii CHCTeM EJEeKTPOIIOCTaYaHHs
1 ONTHMI3alisl TpPOILECiB eIeKTPOSHEProCIOKUBaHHS
3 MOJKJIMBICTIO aJalTUBHOTO YIPAaBIiHHA I[MMH IIPOILIe-
camu [1].

SIKIIO po3TIsIIaTH CHOXKHUBAUIB €NEKTPUIHOI SHepril
B IPOMHCIIOBOCTI, a 30KpeMa y 3alli30pyAHHUX IIaxTax
(puc. 1), To TyT JOMIHYIOTB ENEKTPUYHI TBUTYHH TE€XHO-
JIOTIYHOTO OOJIaIHAHHS, BOHHM CIIO)KMBAIOTh B CEpel-
HbOMY 10 94% Bciei EE. Y cBoto 4epry, cepen enekTpu-
YHHX JIBUTYHIB BUIUISIOTHCS CHHXPOHHI, SIKi CTAHOBJIATH
noHaz 40% Bix yCchOro 00CATY BCTAHOBJICHUX IOTY)KHO-
CTel BCIX BUJIIB EJIEKTPOJBHUTYHIB 1 CIIOKHBAIOTh Maike
60% Bij 3araILHOTO 00CATY CHEPTii, CIIOKUBAHOI €JICKT-
POJBUTYHAMH Pi3HHUX THIIIB 1 BUIIB [1].

Puc. 1 - Jliarpama CHiBBiJJHOLICHb BCTAHOBJICHHX IOTY>KHOCTEH 3a
BUJIAMH €JIEKTPUYHUX JBHUIYHIB 10 mmaxTam KpuBopisbkoro 3aiizopy-
nHoTro Oaceiiny (2010 - 2016 poku).

Memorw oOanoi cmami € BHU3HAYECHHS HEOOIIKIB
(a came BenMKI MyCKOBI CTPYMH) CUCTEM ITyCKY Ta peai-
3amis HOBOTO MiAXOAy IO KePyBaHHS PO3IUTHHOIO 3Mi-
HOIO BEJIMYMH HAIPYTH Ta YaCTOTH JUIS YHUKHEHHS BEJIH-
KUX ITyCKOBUX CTPYMIB B IIOTY)KHUX CHHXPOHHHX JBHTY-
Hax.

Il.  MATEPIAJI TA PE3YJIbTATU JOCIKEHD

CHHXPOHHI €JIeKTPOIBUTYHH, SIK TIPABIIIO, BUKOPHC-
TOBYIOTBCSl JJIsl TPHUBOAY MEXaHI3MiB, B KOTpPHUX HE
€ OOOB’S3KOBHUM PETYJIIOBAHHS IIBHIKOCTI: TaKuX, 5K
MOTYXHI HaCOCH, KOMIIPECOPH, BEHTHJISITOPH TOJIOBHOTO
MPOBITPIOBAHHS, CKIMOBI MiAHOMHI YCTaHOBKH TOIIO.
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BukopucTaHHS CHHXPOHHOTO €JIEKTPOIPUBOLY K MPH-
BOJIHOTO Jy’K€ 3aMaHJINBO B 0araTbox MexaHi3Max.

OpHak psia HENOJIKIB CTPUMYE 3aCTOCYBAHHSI CHHX-
POHHOTO eNeKTponpuBoay. OIHI€I0 3 TOJIOBHHX MPoOIIeM
€ TMYCK 1 BTATYBaHHS B CI/IHXpOHISM asuryna [2]-[4].
BuxopucroByBaHi B TenepiliHiili yac crocodu mycky, —
NPSIMUHA, PEaKTOPHUH, TpaHC(HOPMATOPHUIL, — CYIIPOBO-
JUKYIOTBCS 5 - 10-KpaTHHMHU TiKaMu CTPYMiB CTaTopa
1 poTOpa ABUTYHa, 3aTATYBaHHIM MIPOLIECY IYCKY, CKIIaz-
HOILAMH TIPH BXOJUKCHHI B CHHXPOHI3M JBUTYHA, TIPOCi-
JaHHAM HAIPyTd BHCOKOBOJBTHOI MEpexi JKUBIICHHS,
neperpiBoM i 3HAYHUMHU EJCKTPOJIMHAMIYHUMH HAIpy-
ramu 06MoTOK [5].

Po3risiHy Ti BUMOTH IO CHCTEMH ITYCKY [6]—[8] i 36y-
JUKEHHS CHHXPOHHOTO IIeKTPONPHBOLLY, IPOAHAITI30BaHi
BIZIOMi CHCTEMH 1 CHOCOOM YNpaBIiHHS HHUMH, TaKOX
OIMCaHi TIepeBary i HeIOJIKH X cucTeM B Tabm. 1. [2],
(31, [6].

Jifnumm BUCHOBKY, [0 CHHXPOHHUH MPHUBOJ HA 3aITi-
30pyIHHX ITiJIPHEMCTBAX BUMArae y10CKOHaJICHHS CXeM
IYCKY IPOMUCIIOBHX YCTaHOBOK.

Po3risHyTO TpaaMIiiiHI CXeMH YaCTOTHUX HEPETBO-
pIOBadiB IS €IEKTPONPUBOIIB, SAKi 3Ae01IBIIOTOno0y-
JIOBaHI 3a CXeMOIO 3 JIAHKOIO MOCTiHHOro cTpyMy. Takox
JiesiKe TIOIIMPEeHHS Ha0yin Oe3rmocepe/iHi epeTBOpIoBayi
yactot (uukinokoinBepTopu) [9]. Ocranus cxema Mmae
BUCOKHUI KoedilieHT KOPUCHO] A1ii, € MOXKIINBICTD peai-
3aIil peKkynepaiii; Tako)X BOHA Ma€ HU3bKY PEaKTHBHY
MOTYXHICTh Yepe3 BIICYTHICTh QUIBTPYIOUNX €JIEMEHTIB.

IIpote OGe3mocepeHi MEPETBOPIOBAYI MAarOTh PSII
HEJONIKIB: BHUXiJHa 4YacToTa IEpEeTBOpIOBaYa Oyze
MEHIIIe YaCTOTH MEPEKi )KUBJICHHS, HEMOXJIMBO IIABHE
pEryNIIOBaHHS YacTOTH, MEPETBOPEHA Hampyra Mae

HU3bKY SIKICTh, € NIEPEBUILEHHS TOIyCTUMOI0 3HaYEHHS
CTPYMY HIPH ITyCKY €JIEKTPOBHUTYHA.

Cxema HUKIOKOiHBEepTOpa (O€3mocepenHporo mnepe-
TBOproBaua vacrotd BITY) HaBenena Ha puc. 2 [10].
[uksokoinBepTop (GOpMye BUXIAHY HANpYyry Ha MiBX-
BWJII BXI/IHOi HAamNpyTH, BiH pealizye€ 3aKOH YaCTOTHOTO

peryIoBaHHs Ug/fg =const

JaCTOTH BHUXIAHOI HANpPYTH.
f, = fS/n,,ue n=1 2, 3..

CTYIIHYACTOIO 3MiHOIO
@ikcoBaHI YaCTOTH

Hp06neMa nojsara€ B TOMY, MLIO Hi,HBI/IIIIeHHSI

Us/fg =const
Halpyru Ta 4aCTOTH 3a 3dKOHOM CYyIipo-
BO/KYETHCSI BEIMKAM CTPHOKOM CTPyMy, a caMme MpH

3miHi wactotn 3 0,5fg Ha 10fs ta Hanpyru 3 0,5U ¢ Ha

1,0U ¢ 3HaueHHS CTpyMy IIpU CHIPOLIEHOMY PO3PaxyHKy

Oy/e TOpIBHIOBATH:

T

max nom
0,

=200 o 1.

3 po3paxyHky (1) BHIHO, 10 IpOTOpLiiHE 3pOCTAHHS

Hampyru 1 9acTOTH Ha OCTaHHBOMY plBHlO 5-10
CYIIPOBOIKYETHCS HETIPHUITY CTUMOO BEJIMYNHOIO
215l h0m

CTpyMY, AKHHA JOPiBHIOE
Jns BupinieHHs AaHoi IpoOsieMu, a caMe 3HIKSHHS
BEJIMYMHH CTPYMY, IPOIIOHYETHCS PO3ALIEHE KepyBaHHS
BennunHaMu fg Tta Ug, a caMe BUKOHYBaTH CTyHiHYa-
THHN nepexm cnoanKy HII[Bl/ILlIyBaTI/I Hanpyry 1o HpOMl—
kHOTO piBHst U A, MICIIs 4Or0 Mi/IBULLYBATH YaCTOTY 10
HACTYITHOTO JOITyCTHMOTO 3HAa4YeHHS, 3 JOCATHEHHIM
SIKOTO HAINpyTa MiABHIIYETHCA 3 TMPOMIKHOTO PIBHA JI0
3HayeHHs U g BiIMOBiTHO BCTaHOBJIEHiH gactoTi fg .

TABJIMLA 1. [IOPIBHAHHA XAPAKTEPUCTUKH CUCTEM ITOJIETIIIEHOIO ITYCKY

Cnocodu nycky

IlepeBaru

Henouikn

3 crienianpHoi posmiemienoi O3 [4]

3HAYHO MiABUIIEHO eJICKTPOMArHITHHH MOMEHT

He YCYBA€ETHCs HETATUBHE SABULIC ITPHU IIYCKY

3 HakormmayBaueMm eneprii B O3 [4]

3HAYHO MiJBULIEHO €JIEKTPOMAarHiTHHH MOMEHT

He ycyBaeThcst HeraTHBHE SIBUIIE IIPU ITYCKY

PeakropHuii [4]

IpocroTa peanizamii i mycKy

Mauio ycyBaloThCsl HETaTHBHI SIBHIIA IPH IIyCKY

«CI - All» [4]

TOIO PETYIIOBAJIBHOI'O PE3UCTOPA

EMIIY 3a cxemoro Mara noTy»HICTh PO3TIHHOTO IBHT'YHA CxiagHicTs ynpasiiHHs myckoM. [lorani maco-
«AIl-Cll» [4] rabapuTHi OKa3HUKH

EMI'TY 3a cxemoto IIpocroTa nporecy mycky He ycyBaeTbcst HeratipHe siBu1le npu rnycky. ITo-
«CI - All» [4] radi MacorabapuTHi NOKa3HUKU

EMI'TY 3a cxemoto MoO>KIHBICTh BKIIOUEHHS B MepexKy 3a gornoMmo- | ITorpiOHi BamooGepToBHMiA NPHUCTPIiil i HOTYXKHHUH

perynoBanbHuii peoctart. [Torani macorabaputHi
MTOKa3HUKH

Yacrorawuii [4]

ITyck i Touna cuHXpOHi3amis. Xopomi Macorada-
PHTHI OKa3HUKH

IToTpiOHI NaTYNKK IOIOKEHHS POTOpA 1 IPHUCT-
piif TOYHOT CHHXpOHi3aLii

3BUYalHUH ITycK 3a gonomoroio AJl 3
¢azuum poropom [4]

ITyck i TOYHa CHHXPOHI3ALlis 3 MEPEKEI0

[oTpiOHI MOTYKHMI peryiIoBalbHI peocTaTH i
IPUCTPil TOYHOI CHHXpPOHi3aI]

Kackauuit myck 3a gonomororo A/l 3
¢aszuum poropom [4]

Iyck i Touna cuHxpoHizauis. IIpucTpiit TouHOi
CHHXPOHI3allii He MOTPiOHEH

IMoTpiGHI mOTYXHi peryioBaibHi peoctatu. [1o-
raHi MacorabapyuTHI MOKa3HUKH

Po3rin 3a gonomoroto JIIC B cucremi
3 PBY [4]

Ipocrora npouecy mycky. obipHi macoradapu-
THi IOKa3HUKH

He ycyBaloTbCsl HeraTHBHI SIBHILA B KiHIII ITyCKy

Posrin 3a moomororo ATIC B cuctemi
TIT[4]

ITyck i Touna cuaxpownizamist. JJo6ipHi Macorada-
PHTHI IOKa3HUKH

Heo0Oxinuuii npuctpiil TouHoi cCHHXpOHi3amil

YactoTHO-iMmynbCHUI [4]

To4Ha CHHXPOHI3AlliA 3 MEPEKEIO BiIOyBAETHCS
npuponHo. JIo6ipHi MacorabapuTHI HOKa3HUKU

He ycyBaloThcsl HETaTHBHI SIBUINA Ha IMOYATKY
IyCKy

0
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Puc. 2 Cxema nukinokoinBepropa (6e3mnocepeHp0ro nepersoproada yactotu bITY).

[Ipu crymiHuatomy Iepexoji Ha OCTAaHHBOMY DiBHI
BiZOyeThest nepexin 3 wacroru 0,5 B.o. Ha 1,0 B.o.
Ya_ L0y, —Jo5x10=0707.
05 Ua
CtpyM npu nboMy
lnax (A" —1,0)=1,0/0,707x 1 1oy, =1,414 1,5, ()
3 po3paxyHKy (2) BUIHO, 110 TIPH CTYIIHIATOMY 3pO-
CTaHHI HampyTd 1 4YacTOTH Ha OCTAaHHBOMY piBHI
05—10

CTPyMy.

OTXe, IPH BUKOPHUCTAHHI CTYIIHYATOTO KEpyBaHHS
MH MOXEMO 3HM3HTH IIyCKOBi cTpyMH Ha 30 % B mopiB-
HSHI 3 IPOTIOPLIHHOIO CHCTEMOIO.

CYIIPOBOIXKYETHCSI JOMYCTUMHUM 3HAYCHHIM

BUCHOBKU

1. ChopmoBaHO cTparerito Ta TaKTUKY YCYHEHHS rOJIOB-
HOT'O HEJOJIKYy MEePEBHIICHHS 3HAYEeHb MYCKOBUX CTPY-
MIB, III0 B IMOJAIBIIOMY MTPU3BE/E 10 PO3POOKH HOBITHIX
CHUCTEM ITyCKY ISl IOTYXKHUX CHHXPOHHUX CIICKTPOTIPH-
BOJIIB.

2. 3amporoHOBaHO PIlIEHHS JUIS YHUKHEHHS BEJIMKHX
MMyCKOBUX CTPYMiB OCHOBAaHOTO Ha 3aKOHI YaCTOTHOTO

Usg/fg =const :
peryiItoBaHHsA B SKOMY peali3oBaHa

CTyIiHYACTa MOYEepProBa 3MiHA BHUXIJHOI YacTOTH Ta
HAIpPYTH 10 NPU3BEJIe 10 3HWKEHHST MKOBUX ITyCKOBUX
ctpymiB Ha 30%.
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Peghepam— B padoTe npoBeieHO HCCIeI0BAHHE CUCTEM MYyCKA MOUIHBIX CHHXPOHHBIX 3JIeKTPOJABHIaTe/ell 1 onpe/e-
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5 - 10-kpartHble 3HaueHusi. Hamu npeJioskeH cnocod pa3ejbHOr0 ynpapjieHus: HANPsSIzKeHUeM M YacTOTOi MPH MycKe MOLI-
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HANPSIZKEeHHEM U YaCcTOTOM, YTO MO3BOJIUT YMEHBIIUTDH MyCKOBbIE TOKH MOIIHBIX Mpeodpa3oBaTeieii 1 CHHXPOHHBIX IBUTa-
Teneii Ha 30% U MoayYuTH GOpPMBI KPUBBIX TOKA U HANIPSIZKEHHUSI HA BBHIX0/le ¢ MeHbIIeH raMMoOii rapMOHHYECKUX COCTAB-
JISTIOIIHX.
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42 EnexTpoHHi cucTeMH Ta CUTHAJIH

Abstract — Synchronous motor is usually used in a high-power electric drive, especially for mining and metallurgical
enterprises, where the synchronous electric drive capacity is 40%, it consumes of electrical energy and creates production
problems at the time of the start-up of powerful synchronous electric drives. There are basic directions for improving
the energy efficiency of mining and metallurgical enterprises. However, as a rule, they relate to newly designed or re-equip-
ment of enterprises and then, in the most part, the mining and metallurgical complex. In the long run, modernization of
outdated equipment for all indicators, modernization of electric-powered units in order to reduce electric power consump-
tion, modernization of power supply systems and optimization of power consumption processes with the possibility of adap-
tive management of these processes are the real directions for increasing the efficiency of existing enterprises. The approach
and implementation of a new system for starting and driving a synchronous electric drive is proposed, known systems and
methods for controlling them are analyzed, and the advantages and disadvantages of these systems are described. During
the analysis, it was established that when using a direct frequency converter in the starting system of a synchronous motor,
starting currents exceeding the permissible values may occur at the time of starting. A method for separately varying
the value of the output voltage and the modulation frequency of a cycloinverter during a transition from a low fixed fre-
quency to a higher one when forming electric power parameters of a synchronous motor is proposed. This method allows
a transition to a higher frequency with a smaller current of the converter, which will allow us to obtain the shape of
the current and voltage curves at the converter output with a smaller gamut of harmonic components.

Ref. 10, fig. 2, tabl.1.
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