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(Yrpaina, [[ninponemposcok, /[HinponempogceKuii HAYIOHANbHUL YHIBepCcUmMem 3ali3HUYHO20 MpAaHCNOpmda
imeni akaoemixa B.Jlazapana)

TAPMOHIMHUI AHAJII3 IEPBUHHUX HATIPYTHU TA CTPYMY
HOBUX THUIIIB EJIEKTPOBO3IB 3MIHHOT'O CTPYMY

3arajgbpbHOBIIOMO, IO HANBAXKIMBIIINM, BUXOISMUYHN 3 pAdy (akTopiB, € piBeHb TapMOHIHHNX CKJIAIOBUX B
Harpy3i Ta cTpyMi B TOYKaX MpPUETHAHHS €JIEKTPUIHOTO HABAHTAXKEHHS. Y CHUCTEMi eJeKTPHYHOI TATH TaKhM
HaBaHTaXEHHsM € enektpopyxommii ckiman (EPC), 3okpema, enektpoBo3n. ToMy BHKOHAeMO TapMOHiifHWMi
aHaJIi3 JUIs IepBUHHUX (BXiTHUX BigHOCcHO 10 EPC) Hampyrm u(f) i ctpymy i(f) HOBUX eJeKTPOBO3iB 3MiHHOTO

ctpymy: JAC 3 ta 2EJISk.

Bubip s 3a3HadeHMX AOCHIIXKEHb LMX €JIEeKTPOBO3iB OOYMOBJIEHHI He JHIIE iX HOBU3HOIO, aie M
HaCTYITHHM.

3rigHO 3 OyMKOIO aBTOpiB poboth [1], momanpmwmii pO3BUTOK EJICKTPOBO3OOYMyBaHHS YKpaiHM Mae
3[ificCHIOBATHCS HA OCHOBI MpHWHIOMITY "THOKOTO 3kMmnaka”. | e MoxkirBe Ha 0a3i YOTHPHUBICHOTO €IEKTPOBO3a
JC 3. [IprmdaoMy MOXIJIMBO OTPUIMaHHS IBOX MOIU(iKariii TBOCUCTEMHOTO eJIEKTPOBO3a TIOABIHOTO KUBIICHHS
25 B, 50 I'w/3 kB motyxnictio 4800 kBT: BaHTaX0 - MACAXUPCBKOTO HAa OCHOBI ACHHXPOHHUX TATOBHX
nmeuryHiB (AT]]) Ha MakCUMaNTBbHY MBHAKICTH 140 KM/TOX i MacaKUPChKO-IMBUAKICHOTO (Takox Ha ocHOBI AT])
Ha MakcUMallbHy mBHUAKICTb 200 KM/To.

ABTOpH po6OTH [2] TaKOX BBaXKarOTh, 110 €NEKTPOTATOBUI NMPHUBiJ MEPCIEKTUBHUX eNeKTpoBo3iB (Pocis)
TIOBUHEH OynyBaTucs Ha 0a3i Oe3kosekTopHux TaroBux neuryHiB (TE]I), HaiiimoBipHilie, Ha ocHoBi AT/I, pe-
TYJIOBaHHA PE&XUMY POOOTH SKHUX 3MiICHIOETHCS 3a JOMOMOTOI CTaTMYHUX TEPeTBOPIOBAYiB YacTOTH i Killb-
KocTi (a3, sIKi CKIamaroThCA i3 IMIMYJIBCHOTO PeryisTopa Ta YOTUPHKBAAPATHOTO NEPETBOPIOBAYA, Bill AKMX JKH-
BUTHCS ABTOHOMHUI1 iHBEPTOP HANPYTH i3 MIHUPOTHO-IMITYJILCHOIO MOyJsini€ero. KojkeH Takuii TAroBuii mepeTso-
proBay >xuBUThH ABa AT]I. Take cxeMOTexHiuHe pillleHHs i 3aKkaaaeHo skpa3 B eaekTpososi JIC 3.

B enektpoBoszi 2ECSK TsiroBuii npuBija Aewo iHOIMN: KOKHA oro cekiis o0iagHaHO JBOMa THPUCTOPHU-
MU [IEPETBOPIOBAYAMY, KOXKHUHN 3 AKUX JKUBUTb MO IBA KOJEKTOPHI IBUIYHU (IOCTIHHOIO CTpyMY), Ul peryto-
BaHHS Halpyrd Ha SKUX 3acTOCOBaHE 30HHE perymoBaHH:A. Lleili enekTpoBo3 wikaBuii (3 mo3uuii mocraBaeHOl
3aadi) He JIMIe Cy4aCHUM BUKOHAHHSAM, aje i TUM, 110 TUPUCTOPHI NepeTBOPIOBaYi BUKOPUCTOBYIOTb Ha Jil0-
4yuX 37aBHa enekTpoBo3ax BJISOC.

HeoOxinHi 715 BUpimIeHHS MOCTABICHOTO B 1Iiif poOOTi 3aBIaHHS YMCIIOBi €KCIIEPUMEHTANIBHI 1aHi 3aMo31-
4yeHo 3 pobotu [3].

BisyanbHuii anaJji3 ocuujiorpam
Ha puc.l i 2 HaBeneHi ocuuiorpaMu (ABa Tepiofn) BXiZHMX Hampyrd u(f) i cTpyMmiB i(¢) BiomoBimHO

enextpoBosis JIC3 Ta 2EC5K.

Sk BuUTUTMBAE i3 Bi3yallbHOTO aHAJi3y WX PHUCYHKIB, YHACIIIOK TOTO, IO TATOBI MiICTAHIIii, IO KUBJIAThH
(inepHi 30HM i3 3a3HAYEHUMU €JIEKTPOBO3aMHU, € AOCTATHBO MOTYXKHUMU JKEpesaMU eeKTpOoeHeprii, TOMy cu-
HycoimHa (opMa BXigHOI HANpyru He CIOTBOPIOETHCA. [IpuaoMy 1e criocTepiraeTbes s 000X €IeKTPOBO3IB i
NpY pi3HOMY HaBaHTA)XKEHHS: B MeXax Jil040ro 3HaueHHs ctpymy Bin 10 mo 100 A.

[Hma piy, mo icToTHO, BinOyBa€eTHCS 3 (POPMOIO TATOBOTO €JIEKTPOBO3HOIO CTPYMY: BOHA MOMITHO CIOTBO-
PIOETBCS BHACIIIOK TOTO, LIO CUJIOBI KOJIa €JI€KTPOBO3iB MIiCTATh MOTY)KHI HENiHiliHI peakTuBHi eneMeHTH. Tomy
Y TOJaNBIIOMY TPOAHANI3YeEMO TapMOHIWHMN CKJIAJ Ta iHIII BEIMIWHHU JIMIIE TATOBOTO cTpymy. Lle He 30BciM
BignoBinae Hopmam nitodoro B Ykpaini [OCT 13109-97, B sikoMy HOPMYIOTbCS NOKa3HMKH SIKOCTi €JIEKTpOe-
Heprii, Buxomsun i3 ¢GopMu i 3HAUEHb JIMIIE HAMpPYrW, a CTPyMy Leil craHmapT He TopkaeTbcs. OnHak
MDKHApOJHI CTaHAApTH KOCTi enektpoeHeprii (Hanpuknan I[EEE 519-1992) oOmexyroTh He jullle TapMOHiHHUI
CKJIaJl HAINpyTH KMBJIEHHA, ajle il cTpyMy, 110 crniokuBaeThes. [Ipu mboMy, 3TiiHO 3 MDKHApOIHUM CTaHAAPTOM
IEEE 519-1981, ocHOBHIM (haKTOpPOM OLiHKM CTPYMY € iHTETpaibHUii MOKa3HUK TApMOHIMHOTO CKIIaay CTpyMy,
(%), [4], sxuit Bu3HAYa€eTHCA 33 (HOPMYIIOI0:
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Puc. 1. Ocunyiorpamu Hanpyru Ta cTpymy ejektposo3a JIC3 npu aAiro4oMy 3HAYeHHi CTPYMY HABAHTAMKEHHSI:
10 (a), 20 (6), 50 (B) Ta 100 A (1)
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Puc. 2. Ocunsiorpamu Hanpyru Ta ctpymy ejektposo3a 2ECSK npu airouomy 3Ha4YeHHi CTPyMy HABAHTAKEHHSI:
10 (a), 20 (6), 50 (B) Ta 100 A (1)
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Ityp = =—-100%, (1)

ne I(n) R 1(1)— Ilitoui 3HaUeHHs BUIIUX (BKIFOYHO 110 49-1) rapMOHIK i IepIloi TapMOHIKH.
SAx BummBae 3 puc. 1 i 2, 3i 3MEHIIEHHAM TATOBOTO HaBaHTaXeHHA (TsAroBoro ctpymy Big 100 mo 10 A)
CTIOCTEPIraeThest 30iIbIIEHHS CTYNEHA CIOTBOPEHHS CHHYCOIIM MMTTEBOT BeMMUMHU cTpymy; mpu 2 ~100 A

TATOBUI CTpyM enekTpoBosa JIC3 maibke cuHycoimuuii (puc. 1, ), a B enekrporoza 2EC5K — mae micre, xod i
He3Ha4yHWil, ane BigXix Bix cuHycoimu (puc. 2, 2). Tomy npu oJHaKOBOMY HaBaHTa)K€HHI OiJIbLII CIOTBOPEHHS
CTPYMY XapakTepHi IJIs eleKTPOBO3a 3 THPUCTOPHNM TiepeTBoproBaueM (2EC5K).

Kpim Toro, THI €IeKTpOBO3a, CKOpillle cXeMaTHYHe PIilleHHS HOTro eJIeKTPOTSATOBOTO MPHBOIY, a TaKOXK
HaBaHTa)KeHHs (3HAaUeHHs ° ) BIUIMBAIOTH HA KyT 3CyBY (a3 ¢ Mik BxigHmmu u(¢) i i(¢) . Llikaso, mo B enek-
tpoBo3i JIC3 kyT ¢ € Bin’emHuM, ToOTO u(¢f) Bigctae Bim i(f) nHa 18, 12, 12 Ta 15° BigmoBiaHO mpu
2 210;20; 503100 A. B enexrpoosi 2ECSK, nasnaxu, kyT ¢ nopathuii, u(f) Bunepemkae i(f) Ha kyt 42, 18,
18 Ta 27° BiAMOBiAHO 3a3HAUEHNX BMILE BEIUYUH 2 .

JuckpeTHUIl cneKTpajJbHUI aHAJTI3 Ta eHEPreTHYHI MOKA3HUKHU
PesynbraTi SIKICHOTO Bi3yalbHOTO BHICHABEICHOTO AHATI3Y OCHIIOTPAM MiATBEPIKYIOTECS pe3ylbTaTa-
MM YHCJIOBOTO TapMOHiifHOTO aHami3y BXimHux u(f) Ta i(f). Ha puc. 3 300paxeHi TUCKpETHI YaCTOTHI CIIEK-

TPU TATOBOTO CTpyMy efekTpoBo3a JIC3, 1o BinNoBigaTh ocLuiorpaMam Ha puc. 1, a Ha puc. 4 — crekTpu
cTpyMy enekTpoBosa 2ECS5K, 1o oTpuMaHi is ocLMIIOrpaM Ha puc. 2.
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Puc. 3. IuckpeTHi 4acTOTHI cieTKpu cTpymy ejiekTpoBo3a JIC3 npu ailouoMy 3Ha4eHHi CTPYMY HABAHTAKeHHSI:
10 (a), 20 (6), 50 (B) Ta 100 A (1)

Sk BMIUIMBAa€ 3 LMX PHUCYHKIB, OCHOBHMII BHECOK B CIIOTBOPEHHS KPHUBOI CTpyMy 000X €JEeKTpPOBO3iB
poOJsITE HEeMmapHi rapMOHIKKM, OCOOIMBO 3-Ts, aMIUTITYAM SKUX PI3HI U Pi3HUX €JIEKTPOBO3IB i Pi3HOTO enek-
TPOTATOBOTO HABAaHTAXKEHHA. 30KpeMa, cTpyM enekTpoBo3a JIC3 MicTUTE B OCHOBHOMY rapMoHiku 1, 3, 5,719
(puc. 3), 3HaueHHs KoedimieHTa n-1 TAPMOHIKK CKIaIOBOT Kz(k) AKMX, 10 BU3HaudaroThcs (3rimHo 3 [OCT

13109-97) 3a dpopmyoro

.
Eigy =2100%, @)
)

HaBeJleHi B Tabm. 1 mpu pisHux 2.
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Puc. 4. ilnckpetHi 4acToTHI cieKTpH cTpymy esnektposo3a 2ECSK npu nirouoMy 3HadeHHi cTpyMy HAaBaHTaMKeHHS:
10 (a), 20 (6), 50 (B) T2 100 A (1)

Tabauus 1
3HAYEHHSA CTPyMY Koe(l]il.liCHT I<l(k) FapMOHi, %
‘,A 3 5 7 9
10,44 57,07 9,0 5,79 2,86
21,79 26,55 2,79 2,69 1,28
50,7 1428 2,02 117 0,79
100,2 472 0,31 0,48 0,40

Psn ®@yp’e ctpymy enexrpoBo3a 2ECS5K mae noBinbHime 3aracatodi ammutityan (puc.4): 0OCHOBHHUIT BHECOK
B 1I0T0 HECHMHYCOTNHICTh POOUTH OiNbina KinbKicTh, Hixk B JIC3, rapmoHik: 3 1-i mo 13-ty (puc.4). [Tpuiomy ue
XapakTepHO HaBiTh TpH Benukomy HaBaHTaxeHHi (2 ~100A), puc.d, 2, M0 TakoX BHUIJIMBA€E i3 3HAYECHb

koepiuienta Ky (tadu. 2).

Tabauus 2
KoegiuienT Kz(k) rapmoHik, %
3HayeHHs CTPYMY I, A
3 5 7 9 11 13 15
10,1 52,45 6,15 16,5 6,56 7,29 7,41 1,9
21,18 26,2 15,7 5,16 7,49 4,6 3,28 4,03
47,48 19,7 9,85 8,0 6,65 4,7 2,86 2,17
101,78 19,2 9,77 5,68 3,46 2,0 1,13 0,62

3HaueHHs iHTErpajbHOIO MOKa3HUKA ITyp , IO OOYMCITIOETECA 3a (popmyoro (1), 0coONUBO BeNuUKi A
Manux HaBaHTaxeHb (~10 120 A) i HaBeneHi B a0 3.

Tabmuus 1
o 1
Tun e1eKTPoBo3a 3uavenns Ityp, %, npu 1, A
10,1...10,5 21,2...21,8 48...50,7 100...101,8
J1IC3 58,9 27,2 14,2 5,0
2EC5K 58,2 33,1 26,5 22.8

INouaTKOBi 3HAYeHHs MepIX rapMoHik crpymy mpu 2 ~10;20;503100 A BignoBizHo ROpiBHIOIOTE:
47,06; 13,96; 15,451 12,89° B enekrpoBozax JIC3 ta 58,23; 33,1; 25,47 i 22,8° — B enekrpoBo3ax 2ECSK.
MakcumanbHO AOMyCTUMI 3HaYeHHS KoediuieHTa Kz(k) Ta IHTErpaibHOro MoKasHuka Iryp ANA cucTeM i

Mepexk 3 BinHowennam Ig ¢ /115, <20 Binnosinuo [4]:

Kigy: 4% npn k<11°2% npu 11<k <17 (ze k — nHOmMep rapMOHikn);
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— Iyp: 5% npu Binnowenni s ¢ /1;;; =20...50 Binnosiaxo maemo 7, 7 i 8%.

[MopiBHIOIOYHM 1i BiACOTKM 3i 3HaueHHAMM Tabn. 1, 2 Ta 3 MOXHa 3pOOWTH BHCHOBOK, IO MPH HU3BKUX
SJNIEKTPUYHNX HaBaHTAKEHHAX (DaKTWUHI 3HaUeHHS KoedilieHTa Kz(k) i mokasHuka [ppyp CYTTEBO HEpEBU-

LIyIOTh MAaKCUMaJIbHO JOMYCTUMIi 3HaueHHs. Lle BimoOpaxaeThes i B 3HaUeHHAX Koe(illieHTa MOTY>KHOCTi eJekK-
TpoB0o3iB (ocobmuBo 2ECS5K), ski B mexax ?=10..100 A cxmamarote 0,93...0,97 y enmekrpoBozie JIC3 i

0,69...0,86 — 2ECS5K, mo y3romkyeTses 3 TaHUMHA podoTH [5].

BucHoBkH

[epBuHHa (BXifHA) Hampyra, Ha BiIMiHYy BiJl CTpyMy, HOCIi)KEHUX €JEeKTPOBO3iB 3MiHHOTO CTPYMY € CH-
HYCOTIHOIO, @ B OCHOBHOMY y CIIOTBOPEHHS CTPYMY BHOCSThH HEMApHi rapMOHiKH, 0COOIMBO TpPeTH.

KinbkicTh i BeMUYMHA aMILTITY]] BULIMX TApMOHIK B psami Pyp’e cTpyMy CyTTEBO 30iIbLIYEThCS 3i 3MEH-
IICHHSM €JIEKTPOTATrOBOr0 HAaBaHTa)KeHHs eJIEKTPOBO3a.

3naveHHs koediuieHTa k -1 rapMOHIHHOI CKJIaZ0BOI Ta IHTErpalbHOTO MOKa3HMKa TapMOHIMHOTO CKIamy
CTPYMy NpH MaJMX Ta cepeliHiX HABAaHTAKEHHAX MEPEBULLYIOTh X MAKCUMAJIbHO IOMYCTHMi 3HAUEHHH.
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