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OCOBJINBOCTI CUCTEMMU PEI'YJIIOBAHHA HAITPYI'U 3 BOJIbTOJAOJATKOBUM
TPAHC®OPMATOPOM, KOMYTOBAHUM BEHTWIAMUAU

The article considers the operating conditions of the valve commutated booster transformer intended for high-speed
stepless three-phase voltage control. It is shown that in the case of the uncoordinated supply of control pulses deter-
mining the exact moments at which the valves come into action the appearance of unallowable voltage or current

values is possible.
Beryn

KonuBaHHS HaBaHTaXEHHS B €JIEKTPUYHMX
PO3MOJIIBHUX Mepexkax, a TaKoX iHIII MPUYKUHU,
MOB’sI3aHi 3 mapaMeTpaMM 1 peXUMaMM Mepex,
MOPU3BOASATL OO BiIXWICHHS HAIPyTd KIiHIEBUX
CNOXWBayviB Bi, HOMiHaJibHOro 3HaueHHs. Lle He-
TraTUBHO BIUIMBA€E Ha iX MPOAYKTUBHICTh i €KOHO-
MIYHICTh BUKOpUCTaHHsS. [JIs1 migTpuMMaHHS Ha-
NPy CIOXKBaYa B MeXax HOPMOBAaHUX BiIXu-
JIEHb 3aCTOCOBYIOTb CHEliaJibHi CXeMU >XUBJIEHHS,
dKi 3a0€e3MeuyloTh MOXJIMBICTb JUCKPETHOIO YU
HeTIepepBHOIO peryaoBaHHS Hanpyru. OKpeMi Tex-
HOJIOTIYHi TIpolieCH, HaINpUKIIal, eaeKkTporpadirta-
11is, BUPOILIYBaHHS MOHOKPUCTaJiB HaIliBIIPOBi/-
HUKOBHUX MaTepiajliB, 30HHE IUIaBJI€HHS TOIIO,
MNOTpeOYIOTh PETYJIOBAaHHS Hamnpyru 3a TMEBHUM
3akOHOM. IlepcneKTMBHUM HAIpPSIMOM PO3BUTKY
CUCTEM PETYJIOBaHHSI 3MiHHOI HAIlpyry € 3acTOCy-
BaHHS CXEMOTEXHIYHMX pillleHb CUJIOBOI HamiB-
MPOBITHUKOBOI MEPETBOPIOBAJIBHOI TEXHIKU, Cepel
SIKUX Bimomi perynsitopu 3miHHOI Hampyru (P3H)
Ha OCHOBi: TpaHC(OPMATOPHO-KIIOYOBUX BUKO-
HaBYMX CTPYKTyp [1]; BEHTUIBLHO-APOCENBHUX OJ0-
KiB [2]; BEHTWJIBHUX KEPOBAHUX MOCTIB, KOJIO IOC-
TIMHOTO CTPYyMY SKUX MICTUTh IPOCEIb 3 JUCKPET-
HO 3MiHIOBAaHOIO KiJIbKiCTIO BUTKIB [3]; cuctem 3
BUCOKOYACTOTHOIO IIMPOTHO-IMITYJILCHOIO MOJY-
Jsuiero [4]; cucteM 3 TOABIAHUM TEPETBOPEHHIM
eHeprii (BUIpsIMIeHHsSI—iHBepTyBaHHs) [5]. Kox-
HUI 3 MepesiueHuX TUIIB Ma€ CBOI IepeBaru u
HEMOJIIKU, ajie XOIEeH 3 HUX IMOBHICTIO HE BUPIILIYE
npobJjieMy CTBOPEHHSI HaliiHOTO Ta €KOHOMIYHOTO
P3H, saxkuit 6u 3abe3rnevyyBaB IUIABHICTb PETYIIO-
BaHHSI BUXIIHOI HAIpyryd y MOEIHAHHI 3 JO0OpUMU
JIUHAMIYHUMM MOKa3HUWKAMU i €JEKTPOMAarHiTHOIO
CYMICHICTIO 3 MEPEXKEIO XXUBJIEHHS.

ITocTanoBka 3amaui

MerTa crarti — DOCHiAUTU OCOOJIUBOCTI pobO-
TH BOJIbTOIOAATKOBMX TpaHcdopmaropiB (BAT),
MepBMHHA OOMOTKA SIKUX KOMYTYEThCS KepOBaHU-

MM BEHTWISIMU, Y OBOX PeXUMax — JOJATHOTO Ta
BiIl’€MHOTO BOJIBTOIOAATKA, a TaKOX CHOPMYJIIO-
BaTU BUMOIHU, SIKi Ma€ 3alOBOJILHSTU CUCTEMa Ke-
PYBaHHSI BEHTWISIMU [IJIS 3a0e3MeUYeHHs] HaaiiHOTO
peryiioBaHHsI piBHA (ha3HUX HAMpyr abo iX cUMeT-
pYBaHHSI y BUIIAAKy HECHUMETPUYHOIO HaBaHTa-
SKEHHSI.

Marepian i pe3yabTaT A0CTITKEHDb

PerynioBaHHSI 3MiHHOI Hampyru 3a JOIOMO-
rOI0 BOJBTOAONATKOBUX TpaHCHOPMATOpiB, Mep-
BUHHA OOMOTKA $SIKMX KOMYTYETHLCS HAaIliBIPOBiI-
HUKOBUMHU KEpPOBAaHMMM BEHTWISMU (TUPUCTOpA-
mu, cumicropamu, IGBT-Tpansucropamu), Mae
P mepeBar Hal iHIIMMU CIIOCO0aMU peryatoBaH-
Hs1. 30KpeMa, TIOpiBHIHO 3 (pa3oBuM Oe3TpaHCcdop-
MaTOPHUM PETYJIIOBAaHHSM CHUCTEMM PETYJIIOBAHHS
3 BJIT BuMaraloThb MEHILIOI BCTAHOBJIEHOI IOTYX-
HOCTi BEHTWIIB 1 XapaKTepHU3YyIOThCs OuIbII BUCO-
KUM KOedilliEHTOM MOTYKHOCTi, OCKiIbKH (ha3o-
BUI 3CYB BIUIMBA€ JIMIIE Ha BiTHOCHO HEBEJIMUKY
yacTUHY BXimHoro ctpymy. Lli mepeBaru TUM CyT-
TEBIlli, YUM OLTBIINI KoedillieHT TpaHcdopmarlil
BAT, To6TO YMM MEHILMWIA Aiana3oH PETYJIIOBaHHS
(mo 15—-20 %).

Ha puc. 1 nokazaHo cUCTeMY peTyJIOBaHHS
3MiHHOI HAIlpyru, IoOyJoBaHy Ha KEpPOBAaHUX TU-
puctopamu BJ/IT, sgka nae MOXJIMBICTb HE TiIbKHU
IUIABHO 3MiHIOBaTUM 3HAYeHHs (hasHUX Hampyr
Tpuda3HOro CHoxupBaya, a i CUMETpyBaTH Li Ha-
npyru. Taka cucremMa Moxe OyTM BUKOpHCTaHa
IS cTabinizauii mapaMeTpiB SIKOCTiI €J1eKTpOEHEp-
rii B TpudasHUX pO3NOALILHUX Mepexkax 3 HecHu-
METPUYHUM HaBaHTaXKEHHSIM.

HeszanexHe peryatoBaHHS Hampyrd B KOXHil
dazi peamizyeTbcs 3a pPaxXyHOK BMKOPMCTAHHS
TpboxX omHopaszHux BT y cucremi 3 HyJIbOBUM
NPOBOAOM. AJITOPUTM KEpPYyBaHHS BEHTWISIMU Ta
BBIMKHEHHSI 0o0MoTOK BJIT BHM3HAualOTh pexXuM
ioro podoTH — Bin’eMHUIT ab0 MOXATHUI BOJBLTO-
JIOIATOK.
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Ao KiHUi omHiel 3 oOMoO-
ToKk BJIT momiHsaTu MicusgMu (Ha
puc. 1 B ayxXkKax MOKa3aHO Iiepe-
MUWKAaHHSI TIEpPBUHHOI OOMOTKH), TO
BT Oynme 3abe3medyyBaTul IIiIBU-
LIEHHS HAMPyTyM Ha HaBaHTaXeHHI,
TOOTO INOAATHUI BOJIBTONOJATOK.

Uyp . .
- ITopiBHAHO 3 PEXMMOM Bill'€M-
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VSs Vs,

IgxC
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HOTO BOJIbTOIOAATKA MpPU Takiil ca-
Mili TIOJIIPHOCTI BXiIHOI HAIpyru i
TaKOMy X HaMpsIMKy CTpyMy BTO-
punHOI ooMoTKM B/IT 3MiHIOETBCS
HampsiMOK CTpyMy i/, 4epe3 Iep-

TuB

BUHHY OOMOTKY (Ha puc. 1 Ha-
NPSMOK [; 300paXXe€HO B IYXKKaXx).

VS, VS,

U, u,u
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Puc. 1. Cucrema perymoBaHHs 3MiHHOI Hanpyru 3 BT, kepoBaHMMU TUPUCTOpaMU

Y BUMAnKy Bill’€MHOTO BOJIETOMOAATKA MOCITi-
JIOBHI (HemapHi) TUPUCTOPU BiIKpUBAIOTHCI B MO-
MEHT TIPOXOIKEHHsI (Ha3HUX HAMpPYr MEpexi u

yepe3 HyJb, MiAKIOYAIOUM MEPBUHHY OOMOTKY
BinnosinHoro BJIT no mepexi. B iHTepBaii mposin-
HOCTI HeNapHMX TUPUCTOPIB IIPU 3aKPUTHUX Iap-
HUX HAIlpyT'u Ha MEePBUHHUX i BTOPUHHUX OOMOT-
kax BAT craHoBnATh: u, =u, i u, =u, /n Biano-

BinHO (n — kxoediuieHT TpaHchopmauii BAT), a

. 1
Harpyra Ha HaBaHTaXeHHi Oyme u, = [1 - —j u, -
n

Yepe3 nmeBHUI MPOMIXKOK 4Yacy, BiIIOBIIHMIA KyTy
PETYJIOBaHHS o, TOJAEThCS BiIKPUBAIOUMIA iM-
MyJIbC Ha TIADHUW TUPUCTOP, SIKUW IIYHTYE TIEep-
BUHHY oomorky BT, i Hanmpyru HaOyBarOTh 3HA-
yeHHd u; =0, u, =0, u, =u, . Ll 3HaucHHs 30e-

piraroTbcsi, TIOKM Hampyra u,, HE 3MEHLIUTHCS 110
Hyns. B MOMeHT, KoM u,, NOpPIBHIOE HYIIO, Bil-

KPUBAETbCS NPYTUH HEMApHUI TUPUCTOP Tiel XK
¢asu i mpolec NOBTOPIOEThCA. TakM YMHOM, 3Mi-
HIOIOUM KYTU peryjJioBaHHS MapHUX THUPUCTOPIB
Big 0 o 180°, MoXHa 3MiHIOBaTU CITiBBiIHOILIEHHS
MiX YaCTHHOIO TIepiofy, KOMM u, =u, , i 4acTu-

. 1
HOIO TIepiofy, KO U, = [1 - —j u,.
n

O

: VY 3B’43Ky 3 LIMM HEOOXiIHO
| 3MIHIOBATH QJITOPUTM KepyBaHHSI
| TUPUCTOpAMU: TIApHi TUPUCTOPU
: MOBUHHI BIAKPUBATUCS B MOMEHT
I MPOXOMXEHHs (ha3HUX HAIpyT Me-
: pexi u, 4Yepe3 Hyjb, a KYyTU pery-
4 JIIOBaHHS o HEMapHUX TUPHUCTOPIB
MOXYTb HaOyBaTu 3HaueHHs Bif 0
mo 180°. Ilpu 1LBOMY 3MIiHIOETHCS
CHIBBIIHOIIIEHHSI MiX YacCTMHOIO Mepioay, KOJMU

. . 1 .
Harpyra Ha HaBaHTaXXeHHi ITOPiBHIOE [1 +—lu,, i
n

YaCTUHOIO Mepiofy, Komu u, =u,, . PerymoBaabHi

XapakKTepUCTUKM TaKOi CUCTeMU B 000X pexXumax
pobotu mist BAT 3 KoedilienToM TpaHcdopmartii
n = 6 nomaHi Ha puc. 2. Po3paxyHOK XapakTepuc-
TUK BUKOHYBAaBCA 3a (hOopMyJIaMU:

IUISL PEXXKMMY Bill’€MHOTO BOJIbTOIONATKA (KpU-
Ba /):

— — 2 =
u, = n!;quS—
U [ 2 h
_ Y I[l_lj sin” 9d9 + [sin’ 949 | =
Y 0 n o
2 .
=UM 1_ 1_[1_1) [E_MJ’
n P 2n

JUTSL pEXXVMY JOIaTHOTO BOJIBTOAOAATKA (KpU-
Ba 2)
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Puc. 2. PerymoBalibHi XapaKTepUCTUKU CUCTEMU

Ha puc. 2 TakoX mnoka3aHO BiJHOCHE 3Ha-
YeHHsI Hamnpyrd Ha HaBaHTaXXeHHi Mpu (a3oBoMy
perymnioBaHHi (KpuBa J).

JI11 HamiiiHOI poOOTH CHUCTEMM, 300pakeHOol Ha
puc. 1, HeoOXxigHe Yy3romxeHe KepyBaHHS TUPUCTO-
paMu — TUPHUCTOP, y SIKOTO KyT perymoBaHHsI o =0,
Ma€ BIIKpUBATUCI B MOMEHT BUXOOY 3 POOOTU TH-
pucTopa, 110 IpaLloe i3 3agaHuM KyToM o > 0.

Ao TUpUCTOP 3 KYTOM KepyBaHHS o = 0
(HemapHUi1 y peXuMi Bil’€MHOrO i MapHU y pe-
XKMMi TOJATHOTO BOJIBTONOAATKA) BCTYIIA€E B pobO-
Ty IPU BIIKPUTOMY TUPUCTOPi, Y IKOro o > 0, TO
YTBOPIOETBCSI KOPOTKO3aMKHEHUI KOHTYp 3i CTpy-
MOM, OOMEXEHWM TiIbKM OIOPOM MEPEXi >XUB-
JIeHHS  (TOJJOBHMM  UYMHOM  iHAYKTMBHMM) i
3’€IHYBaJIbHUX MPOBITHUKIB. SIKIIO X TUPUCTOD, Y
SIKOTO o > 0, BiIKpUBAE€ThCS Ii3HillE, HiXK BUXO-
IIUTh i3 pOOOTU THUPUCTOP 3 KYTOM DETYJIOBaHHS
o >0, To mMpOTSAroM BiANOBIAHOTO MPOMIXKY 4Yacy
nepBruHHa obmoTka BJIT BUSBIsSETbCS pPO3IMKHE-
HOIO, BHACJIIOK YOTrO iHIYKTUBHUI OIlip BTOPUH-
HOI OOMOTKM pi3KO 3pocTa€e. IIpakTudHO BCs Ha-
npyra Mepexi NMpukKiIaaeHa A0 BTOPUHHOI OOMOT-
KM, a MUTTEBE 3HAUYEHHSI HAIPYI'M Ha TEPBUHHIil
obomotui BJIT nepeBuillye 3Ha4YeHHSI MUTTEBOI Ha-
Ipyrd Mepexi B n pasiB, 10 MOXe CIOPUIMHUTU
OpoOKWBaHHS TUPUCTOPIB.

IlepeHanpyrn MOXYTh BUHUKATU TaKOX IMPU
pO30IXKHOCTI KYyTiB pPETyJIIOBaHHS TUpPUCTOpiB. B
IHTEpBAJIi MPOBIIHOCTI TUPUCTOpPA, IO TPALIOE 3
MEHIIIMM KYTOM 0., BiIOYBAa€THCS 3pOCTaHHS CTPY-
My HaMarHidyyBaHHS i, , BHACIIIOK 4OT0 B PEXMMi
Bil’EMHOTO BOJIETOAONATKA THUPUCTOP BUXOAUTH 3
po0OTH paHillle, a B peXXrMi JOOATHOTO — IIi3HillIe
MOMEHTY TIpOXOIKEHHSI 4epe3 HyJb (pa3HOI Ha-
nopyra mMepexi. I B mepimomMy, i B ApyroMy BMIIa[-
Kax nepBuHHa oomotka BJIT BusIBISIETBCA PO3IMK-
HEHOIO.

Oco0MBOCTI pe;KUMY Bill’€MHOTO BOJIBTOIOIATKA

Ha puc. 3 mokaszaHo, SIK 3MiHIOIOThCSI TIOTO-
KO3UeIUIEHHsI, Hamnpyru i CTpyMM B OIHil i3 ¢pa3
(dazi A) B pexkrMi Bil’é€MHOTO BOJbTOAOMATKA IS
BUINAIKY o, >a,. ['pagiku momaHi y BiIHOCHMX
OAMHMIAX. 32 0a3UCHI BEJIUYUMHU TMOKJIANCHO: aM-
TUNITYIHI 3HAYCHHSI TIOTOKO3YETUIEHHS v, 1 CTpY-

My HaMar”iyyBaHHs [, Y CUMETPUYHOMY DEXU-
Mi; amrutityny asHoi Hanpyru mepexi U, ; omip
rs=U,,./1,> CTAaTUYHY iHAYKTMBHICTb KOHTYpY
HamarHiuyBaHHss BJIT npu amrmiitymHOMy 3Ha-
YeHHi MOTOKO3YeIJIEHHSI B CUMETPUYHOMY PEXUMi
Li,=vy, /1, . Ocepns BAT BurorosneHe 3 Jc-
TOBOI XosiogHoKaTaHoi craii E-330, ToBlnHa auc-
TiB craHoBUTH 0,35 MM.

Y posmigHyTOMy BMIAaKy (o, >o,) iHTEp-
BaJl MPOBIAHOCTI TUpUCTOpa VS, OiulblIMl 3a iH-
TepBaJ MPOBITHOCTI VS;; TOMY TPUBAIICTh BILUIUBY
Ha nepBuHHY oObmoTky BJIT momatHoi miBxBuWJIi
BXiZHOI Hampyru u  Oigblia, HDX BimemHoi. ITin
yac pobotu TUpHUcTopa VS, CTpyM HaMarHiuyBaH-
HSl [, [0CATae CBOrO MAaKCHMAJIbHOIO 3HAYEHHS,
K€ 3TiIHO 3 3aKOHOM €JIEKTPOMATHITHOI IHAYKIIii
3AJIMIIAETHCS HE3MIHHUM B IHTEpPBaJIi MPOBIAHOCTI
TUpUcTopa VS,, SIKWii IIIYHTYE TIEPBUHHY OOMOTKY
(aKTUBHUM OITOPOM Ta iHAYKTUBHICTIO PO3CilOBaH-

Hs1 HexTyemo). OCKiIbKM B peXuMi Bia’€MHOIO
BOJIbTOIOIATKA B IOJATHUIA MiBNEPIOA CTPyMHU i,

Ta I, CIPSAMOBAHI 3yCTPIYHO, TO CTPYM THPHUCTOpPa
VS, iye =i, =i +li cnaje A0 HyJas HabaraTo
2 0vs, Th T

paHillie, HiX MpOiae yepe3 HyJb BXiAHAa HaIpyra
u,. IleppunHa obmorka BJIT nepebysatime B

PO3iIMKHEHOMY CTaHi OO0 BCTYymy B pPOOOTYy 4epro-
Boro Tupucropa VS;. Ha BimMiHy Big Tupucropa
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Puc. 3. I'padiku MuTTeBUX Hampyr i ctpyMiB a3 BAT y pexxumi Bix’€éMHOTO BOJIb-

TOmOmATKA

VS,, Akuil BUXOOUTH 3 pOOOTU paHillle, HiX Ha-
npyra u, Jocsrae Hyjs, pobora Tupucropa VS,

NpU MajJuX KyTaX o MOXE MPOJOBXWUTUCH, OCKILIb-
KA B iHTepBajli MOTO MPOBIZHOCTI CTPyM HaMarHi-
yyBaHHS 30epeke Bil’€éMHe 3HAUEHHS.

ITpn BenMKUX 3HAYEHHSAX KyTa PETYJTIOBaHHS
0., MOXJIMBE TI€PEMArHiYeHHsI OCepIs, CTPyM Ha-

MarHidyyBaHHSI i, 3MiHUTb 3HaK, i TUpucTop VS,

0
Tak camo, K i VS,, Buiine 3 pobotu paite. On-
Hak B 000X BUMAIKax CTpyM HaMarHiuyBaHHSI Ma-
JIUi, TOMY BBaXXaTMMEMO, 1110 TUpUCTOp VS, BU-
XOIUTh 3 POOOTM B MOMEHT IPOXOIKEHHSI 4epe3
HYJIb HAaIpyr¥ Mepexi u ,. Takum 4MHOM, Ha Tie-
piofli Hampyru >KWUBJEHHS JOLIJIbHO BUAUIMTH
’aTh iHTepBadiB: iHTepBaiu 0—1 i 3—4 BimmoBi-
Jal0Th CTaHy TPOBITHOCTI TUPUCTOPIB VS, i VS;,
Koau mnepBuHHa obmoTrka BT migkiioueHa 1o
Mepexi; iHTepBain 1—2 i 4—0 BignoBigaloTh CTaHy
MPOBINHOCTI TUpUCTOPiB VS, i VS,, Konu nepBUH-
Ha oOMOTKa 3alllyHTOBaHa; iHTepBaa 2—3, B SIKOMY
MepBUHHA OOMOTKA pO3iMKHEHA. 3a paxyHOK edex-
Ty 3BOPOTHOI TpaHcdopMallii B po3iMKHEHill Tep-
BUHHII OOMOTILII BMHMKA€E HAIIpyra, sika HaOyBae
HaMOUIBIIOTO 3HAYEHHSI B MOMEHT BCTyNy B po0o-
Ty uyeproBoro tupuctopa VS;. Po3paxyHku Hecu-
METPUYHMX PEXHUMIB pOOOTHM y BHIIAJKaX 3MiHU
HOMiHaJIbHUX 3HauYeHb iHmykuii B, Bix 0,3 10

1,7 Tn i xyra o, Bix 30 mo 180° mokasanu, 10
BeJIMUMHA TIepeHAaIpyry iCTOTHO 3aJIeXXUTh Bill OMIOPY

0,1 I L

1%
225 37

05 1 1,5

Puc. 4. I'paiku mepeHanpyr Ha pPO3iMK-
HeHili TepBUHHIA oomoTi BT
y peXuMi JI0[aTHOTO BOJIBTONO-
JaTtka

HaBaHTaXXEHHsI, MPUYOMY OIIp, SKMI BiIIOBiIae
MaKCUMyMY HAallpyru, pi3HU IJs1 pi3HUX 3HA4YE€Hb
KoediuieHTa TpaHchopMalii (TuB. puc. 4).

Oco01HMBOCTI pe;KUMY JOIATHOTO BOJIbTOHOIATKA

Ha puc. 5 nokazaHo rpagiku MHOTOKO3YeIl-
JIGHHSI, HATpyr i cTpyMmiB y ¢a3i A B pexxumi 1o-
JaTHOTO BOJIBTOMOAATKA TP o, > a.,. Po3paxyHOK

BUKOHAHUM Y BiITHOCHMX OOWHMIISIX; Oa3MCHi Be-
JIMYMHU 3aJUIIWINCh TaKUMU CaMMMHU, SK IS
Bin’eMHOro BosibTomoaarka. OCKiJIbKU KyT pery-
JIIOBaHHSI TUpUCTOpa VS, SIKWI MiAKIIOYaE mep-
BUHHY 00MOTKY B/IT mo mepexi, MEHIIMA o, TO

B iHTEpBaJi MOro MpOBIIHOCTI MOXJIMBE CUJIbHE
HaMarHigyyBaHHs TpaHcgopmaTopa, HaBiThb OO Ha-
CUYEHHS, 1 pi3Ke 3pOCTaHHS CTpPyMy HaMarHi-

YyBaHHS [, B AKOMY 3’ABJISIETHCA iCTOTHA JO-

JlaTHa cTaja ckiuamoBa. B pesynabTaTi 30LIbLIEHHS
I, CTPyM TMPALIOIYOro TUPUCTOPA VS, iVS3 =

A -
=i, +;zH MPOXOAUTh 4Yepe3 HyJb 3HAYHO Mi3Hi-

1lIe, HixX BXilHA Hampyra, 110 CIPUYUHSIE TTPOIOB-
>KeHHSI 1oro poboTU B 00J1aCThb Bil’€MHUX 3HAUYE€Hb
MNpUKJIaaeHoi Hanpyru. ToMy 3a abCOJIOTHOIO Be-
JIMYMHOIO Hampyra Ha HaBaHTaXEHHI MEPEBUIILYE
BXiZIHy Hampyry u,. B MoMeHT Buxomy 3 poboTu

TMpucTopa VS; CTpyM i, i, BIINOBIAHO, Hampyra
u, HE MOXYTb 3MIHIOBATUCh CTPUOKOMOMIOHO,
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BiIMiHY BiI IILOIO pexXUMY, Oe
B iHTepBani 2—3 Hampyra Ha
PO3IMKHEHIi MNEpBUHHINA 00-
MOTLI 3pocTtae Big 0 1o Mak-
CUMYMYy, B peXuMi J0AaTHO-
ro BOJIBTONOIATKA Harpyra Ha
PO3IMKHEHili OOMOTLI IIBU/I-
KO 3MEHIIYEThCS Bill CBOTO
MaKCUMaJIbHOTO  3HAaueHHS
u,=U,, siny; Ha TOYaTKy

Iy IHTEpPBAJy [0 HYJS B KiHII
IHTEpBaJly, OCKiJbKMA B pasi
PO3MUKAHHSI IIE€PBUHHOL 00-
MOTKU CTpPyM i Hampyra Ha-
BaHTAaXKEHHSI 3MEHIIYIOThCS, a
BXiJiHa Harpyra i, 3pOCTa€.

TpuBasicTh iHTEpBaLY

WEA FA uFA Tex
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Puc. 5. I'papiku MmuTreBUX Harpyr i crpymiB da3u BT y pexkumi 10IaTHOTO BOJIBTOIOAATKA

TOMYy HesSIKMI 4Yac Harpyra Ha HaBaHTaXEHHi 3a-
JIMIIAETHCS OUIBIION0, HiK BXimHA, 3a aOCOJIIOTHOIO
BEJIMUMHOIO.

Ho BropuHHOi oOmotku BJ/IT npuknaneHa
Bil’eMHa Hampyra, sika TpaHC(OPMYETbCS B Mep-
BUHHY 0OMOTKy. Ha uyeproBuii tupucrop VS, nie
3BOpPOTHA Hampyra u, = n(u, —u,), i BiH B po0OTy
He BCTyla€, MOKW Hampyra Ha HbOMY He CTaHe
PIBHOIO HYJ/IO (32 yMOBHU, 1O TUpUCTOp VS, Oyme
BiIKPUTHI MO KEPYIOUOMY eJIeKTpody). Takum 4u-
HOM, MPOTITOM MEBHOIO iHTEpBaIy 4Yacy, SKWAU
BiIMOBiga€e KyTy B Ha puc. 5, nmepBUHHA OOMOTKa
BT € po3iMKHEHOIO.

Tupuctop VS, Moxe BUXOAUTU 3 pOOOTU [iE-
10 paHillle i AellO ITi3Hillle MOMEHTY IIPOXOIXKEeH-
HS 4epe3 Hy/ldb HaIlpyru U, 3aJ€XHO Bil TOro, 4u
3MiHIOE 3HaK CTPyM HamarHiyyBaHHS B iHTepBaJi
MHpPOBITHOCTI LbOro THUpuUcTOopa. B 000X BHMITamkax
IepBMHHA OOMOTKA AESIKWII Jac po3iMKHeHa. by-
JIEMO BBaXKaTH, 10 B KiHLi IHTEPBaJy MPOBIAHOCTI
TUPUCTOpa VS, CTPyMOM HaMarHiuyBaHHS MOXHa

3HEXTYBaTU, OCKIUJIbKM BiH Manuii. Toai crpym

~ =i

TpaLiolyoro Tupucropa VS, iyq ~—i  TNPOXO-
1 n

JIUTh YEpe3 HYJIb OJHOYACHO 3 BXIIHOIO HAIPYrolo
u,. B 11eit >)xe MOMEHT BCTyIa€ B poOOTY 4eproBUiA
Tupuctop VS,, a oTXe, iHTepBajJ, B SIKOMY Mep-
BMHHA OOMOTKA pO3iMKHEHa, Oyde MpaKTUYHO Bil-
cyTHiil. TakuM 4MHOM, Ha MepioAi BXiAHOI Hampy-
M U, MOXHA BUIUIMTU TaKi caMi I’SITb iIHTEPBaJIiB,
K i JUIS pexXuMy BiZ’€MHOTO BoJibTomomatka. Ha

2—3 MOXHa BU3HAUUTU, TIPU-
PIBHIOIOUM HAIIPYTM Ha BXOI
Ta HABAaHTAXEHHI B KiHLI iH-
TepBasly. 3a3BUyail Lied iH-
TepBaJl ayXke Majuii, 0COOJMBO MPU BEJIUMKUX 3HA-
YeHHsX KoedillieHTa #. B pexumi 101aTHOro BOJIb-
TOAOAATKA JIJISi TUPUCTOPIB HEOE3MEUHa HE CTiUIbKU
Harpyra Ha KOpPOTKOYaCHO PO3iMKHEHill IepBUH-
Hii oomoTtui BJIT, 9K 30iablIEeHHS CTpyMy Hamar-
HiuyBaHHS, 10 MOXE TMPMU3BECTH 1O IepeBaHTa-
>KEHHSI CTPYMOM IIOCJIiIOBHOTO TUPHUCTOpPA, KU
Mpaloe 3 MEHIUM KyToM o. OCKiIbKM BHHUK-
HEeHHs1 iHTepBajly 2—3 MOB’s3aHE 3 acUMETPIEl0
KyTiB PETYJIOBAaHHS, TO PIBHAHHS, $IKi OINUCYIOTb
MNpoOLECU B LIbOMY iHTepBajii, Oyaud BUKOPHUCTaHI
IIJIT pO3paxyHKy CTPyMiB HaMarHiyyBaHHSI B He-
CUMETPUYHUX pexuMmax. PospaxyHKku BHMKOHYBa-
JIUCh 3 JOMOMOTIOI0 BeOepaMIIepHOI XapaKTepUCTHU-
ku BJT, ampokcumoBaHOI TpbOMa BiIpi3zKaMu
NpSIMUX I TaKUX pexXumiB: 1 — mist poboyoro,
3 — [ HAaCUYeHHsI, 2 — JJIs1 IMPOMIKHOTO MixX
Humu. [loyatok iHTepBany (Touka 2 Ha puc. 5)
BiMOBiNae BUXOAY 3 poOOTU TUpUCTOpa VS;, Y
sKoro a; > 0, a KiHeup (Touka 3) — BCTymy B poO-
ooty tupucropa VS, 3 KytoM o, = 0. B iHTepBani

2—3 mnepBMHHa OOMOTKa pO3iMKHEHa i

OyIb-SIKUA MOMEHT

+i,=0, TOoMy B qacy

. 1,
iy =——1i,. B MOMEHT 3aKpuTTSI VS; CTpYyM Hamar-

n
Hi‘IYBaHHH CTaHOBUTDb

1 IR/
iy =——10 ,=|1+—|—MLginy.,,
02 2 [ nj nr, T3

3BIIKU
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2.
Ml (1)
(n+1U,,

3MiHa CTpyMy HaMarHiuyyBaHHS i, B iHTepBaIi
2—3 OIUCYETHCSI BUPA3OM

iO :_li - nUMm

' e + (o)’

. ol -y
xsin| 9 +y, —arctg—— |+ de &, 2
r

H

Y, = arcsin

X

e

nry,

U
A =[1+lj ML Sin y —
n

U .
__um_gin y3—arctg®—,L , 3)

JE)? + (L)’ g

r. — OHip HABAHTAXXCHHS, 3BCACHUU IO IICPBUH-

H
Hoi obmorku BJ/T; L — pguHamMmiyHa IHZYKTUB-
HICTb, SIKa BiAIoBizae HacuyeHoMy cTaHy BJ/IT.

Y xiHUi iHTepBasy, KOJM BCTYMAa€E B pOOOTY
YeproBuil TUpPUCTOp VS,, CTpyM HaMarHiuyyBaHHSI
BU3HAYAETHCS PiBHSHHSIM

U
Iy = Msm[ﬁ +7; —arctgm—,L +
(r)? + (ol)? g

]

rH

+ Ae oL” (4)

a IMMOTOKO3YCIIJICHHS
V= Wnep + L'i03 >

e Wnep — 3HAYEHHS IIOTOKO3YEIUIEHHS B TOYLIi

MHeperruHy anpoKCMMOBaHOI BebepaMIepHOl Xapak-
tepuctuku B/T.

EnextpuuHuii Kyr B, SAKUNA XapaKTepusye
TPUBAIICTh iHTepBady 2—3, MOXHA BHU3HAUMTH,
MNPUPIBHSIBIIM Hanpyrd Ha BXOMi Ta Ha HaBaHTa-
JKE€HHi B KiHILII LIbOTO iHTEPBAJIY:

2

U
%Sin B+vyy— arctgm—L, +
(r,)” +(ol) r,
Mg .
+nr,Ae L =U  sin(B+y,). 4)

3MiHa TOTOKO3YEIUICHHSI BinOyBa€ThCsl B iH-
TepBajax TMPOBITHOCTI HEMApHUX TUPUCTOPIB, SKIi
ninkimoyvarotb ooMoTky BT no mepexi. B iHTep-
BajiaX MPOBIAHOCTI MapHUX TUPUCTOPIB LI OOMOT-

Ka 3allyHTOBaHa, TOMY IIOTOKO3YEIUIEHHS 3a-
JIUIIAEThC He3MiHHUM. Tupucrop VS; 3 KyTom
PEryJaioBaHHS o, BiIKpuTHiA B iHTepBami 4—0
(0 <8 <m—a,). BiznoBinHuii BUpa3 MOTOKO3YEI-
JICHHSI Ma€ TaKUil BUIJISIA;

t 9
1 .
V=, +IuMdt =, +6J‘—UMms1n(9+oc1)dt =
0 0

=y, + vy, [cos(a, +98)-cosa,].

[Mpunyckatoun, 1o Tupucrop VS, 3akpuBa-
€TbCSI B MOMEHT IIPOXOIKeHHsSI (ha3HOI HaIpyru
MEpeXi 4Yepe3 HyJib, IMOTOKO3YEIUJIEHHS B KiHIII
LbOTO iHTEpBAy MOXHA BHM3HAYMTH SIK ) =
=vy;-vy,(l+cosa;). Tupucrop VS; 3 Kyrom
1-2
(0<9<m—oay+7v;). 3MiHA MOTOKO3YEIUIEHHS B

PErylioBaHHS o, BIIKPUTHIA B IHTEpBai

LIbOMY IHTEPBaJIi OMMUCYETHCS PIBHIHHAM
t 1 9
V=Y, + IuMdt =V, +—IUMm sin(8 + a;)d9 =
(O]
0 0

=y, -V, [cos(ay + 8) —cosa,].

B kiHUi iHTepBasy, TOOTO B MOMEHT PO3MUKAHHS
MNEPBUHHOI OOMOTKH, OTPUMAEMO

WV, =y, +y,(Cosy, +Cosasy) =
=y, +y,(Cosy, +cosa,—cosa, - 1).

Hns mardiTHOI iHnykuii ocepast BT e piBHAHHS
MOXHa 3aIliCaTH TaK:

B, =B, + B, (cosy; +coso, —cosa, —1). (6)

3amarouu 3HaueHHs1 B,, B,, r,, KoedilieHT
TpaHcdopMallil # i KyT peryjaroBaHHS OJHOTO TH-
pucTtopa o,, MOXHa 3 DiBHAHHA (1) BU3HAYMTH
KYT ¥, ; 3 piBHAHb (3) i (5) — TpUBaiCTh iHTEpBa-
a1y 2—3; 3 piBHSIHHS (4) — CTpyM HamarHidyyBaHHS
B KiHLi iHTepBaJly i BIOMOBIIHY MarHiTHy iHOyK-
uilo B;; 3 piBHAHHA (6) — KyT PEryJIOBaHHA o, i
MOTIM  PO3OLKHICTh KYyTIB Aot =, —o ;. Makcu-
MaJibHe 3HAYEHHs MarHiTHOI iHOyKuii B = B, +
+ B, (1-cosy,) cnocrepiraerbest B iHTepBaii 1—2
npu 9 =mn-o,. Hag 3HaveHb B, i B, 3a Kpu-
BOIO HamarHiuyBaHHs ctaii E-330 moxkHa 3HaiiTH
BianoBinHi 3HaueHHs H,,, Ta H, i Ha miacTasi

3aKOHY IOBHOTO CTPYMY pO3paxyBaTH BiTHOILIECHHS
H

i
% = % OnucaHuM BUILE CIIOCOOOM OYJI0

m 0Om
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BUKOHAHO PO3PaXyHOK CTPYMiB HaMarHiuyBaHHS Y
BUMAAKY AaKTUBHOTO HaBaHTaXeHHS r, = 1OM.
MaruitHa iHoykuis B, 3miHooBanacs Big 0,3 1o
1,7 Tn, moyaTKoBi 3HAYeHHS iHMYyKLii B, BUOUpa-
quca Bim 1,1 no 1,72 Tn, Kyr perymoBaHHsd o,
BapitoBaBcsl B Mexax Big 30 mo 180°.

Ha puc. 6 momaHO pe3yJlbTaTH pO3paxyHKIB
s B, = 1,3 T

iOmax/IOm
10
20 oy F 90°
80 120°
70 b
50 00\\\\ /
40 HH ] /
30 I / /
N2V
10 _—

T

0 2 4 6 8 10 12 14 16 Aay,°

Puc. 6. I'padiku BimHOCHMX 3HAYEHb CTPYMIB HaMarHiuyBaHHS
¢aszu BT y pexxuMi 1omaTHOrO BOJILTONOJATKA

BcTraHoBeHO, 1110 acCUMETpist KYTiB PEryJto-
BaHHS Ac, > 5° IPU3BOIMTH IO 30UIBIIEHHS CTPY-
My HaMarHiuyBaHHSI B JECITKU pa3iB, IPUUOMY
HalOLIbIIE HOro 3pOCTaHHS BiIOYBAa€TbCA B [iara-
30Hi KyTiB perymoBaHHs 30° < o <150° i mpu 3Ha-
yeHHsix B, < 1,5 Tn.

KpiM Toro, mo y BHUIIagKy acHMeETpil KyTiB
PETYJIIOBAaHHS o CTPYM HaMarHiyyBaHHS MOX€E Ha-
OyBaTM 3Ha4YyeHb, HEOE3IEYHUX JISI THUPUCTOPIB,
oro pizke 3poCTaHHS CIOPUYMHSE TaKe caMme 3pO-
CTaHHS BXiJJHOTO CTPYyMY, OCKUIBKU B PEXUMi J0-
JIATHOTO BOJIBTOMONATKA BXiZHUI CTPYM IOPiBHIOE
cymi ctpymiB ooMotok BJIT. ¥V pesynbraTi (aza
MepexXi Oye ImepeBaHTaXXeHOIO i MOXe BUHUKHYTU
craja Harpyru, SIKMil HeraTMBHO BIUIMHE Ha pobo-
Ty 9K CaMOi CUCTEMHU PETYJIOBaHHS, TaK i iHIIMUX
CNOXWBAYiB, 1110 XUBISATHCS Bifl LII€ET MEPEXI.

Oco0mmBocTi cucreMu 0e3 HYJIbOBOTO MPOBOY

IIpu BimCyTHOCTI HYJIBOBOTO TPOBOAY iICHYE
B3a€EMHMI BIUIMB (a3, BHACJINOK 4YOro BigOyBa-
€ThCSl JOJATKOBE CIOTBOPEHHSI HAMpYTr i CTPYMiB.
Po3paxyHOK Takoi cUCTEMU 3BOAUTHLCS A0 po3pa-
XYHKY TpM(pa3HOro KoJja, B SIKOMY [il0Tb HeCUMe-

TpuuHi dasHi Hanpyrv u',, u', U, OCKIIbKM B

Oyab-sIKMIi MOMEHT 4Yacy abo B OmHiil 3 a3, abo
OIHOYACHO B JBOX (pazax mpossisieTbes mis BAT.
3a miBmepion HAMpPYru >XMBJIEHHS MOXHA BUIiIM-
TH y pa3i CUMETPUYHOIO HAaBaHTAKEHHS IBI i-
JISHKM, Y BUIAAKY HECMMETPUYHOIO — IUICTh Ii-
JITHOK, KOXHA 3 SIKUX XapaKTepU3YETHCSI MEBHOIO
CYKYIHICTIO 3HaueHb u,, Up, U, 3aIEXHO Bil

TOro, B fKil i3 a3 npossaseTses aig BAT. Crpy-
MU 1 Halpyr¥d KOXHOI OUTSHKW BU3HAYarOThCS Bi-
JTOMUMH MeTOAaMU PO3PaxXyHKy HECUMETPUYHOIO
TpudasHoro koya. Ha puc. 7 300paxkeHo rpadiku
Hampyr i cTpyMiB y da3i A, po3paxoBaHi mjis pe-
>KUMY Bill’€MHOIO BOJIKTOAONATKA Y BUIIAAKY 7 = 6,
o = 90° i HECMMETPUYHOTO AKTMBHOIO HaBaHTa-
xeHHs ry= 1,5rp= 1,5r. Po3paxyHku nokaszaiu,
1o ¢a3Hi HalpyrM Ha HaBaHTaXXEHHi, K MpaBU-
JIO, 3CYHYTi B 4Yaci BiTHOCHO (ba3HUX Hampyr me-
pexi. Llei 3cyB NMpoSBISETbCS, 30KpEMa, ITiA yac
MPOXOKEHHsI (Da3HUX HANpyr 4yepe3 Hyjb. Y3roj-
>KE€HE KepyBaHHSI TUPUCTOpAMU IacThb MOXJIMBICTb
3ano0IrTA MOSIBI KOPOTKO3aMKHEHUX KOHTYpIB 4e-
pe3 OOHOYACHO IIpallOIoyvi MapHi Ta HeIapHi TH-
puctopu ab0 BUHUKHEHHIO IEpeHAnpyru Ha po-
3IMKHEHili nepBUHHIiA oomoTLi B/IT.

daza A u, = uV52,4
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Puc. 7. I'padiku MuTTeBUX HampyT i ctpyMiB dasu BAT npu
BiZICYyTHOCTi HYJIbOBOTO MPOBONY (U — KEPYIOUUit imM-
MYJIbC)
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BucHoBku

ITpoBeneHuit aHaniza ocobauBOCTEl pOOOTHU
B/T, nepuHHa 0OMOTKA SIKMX KOMYTYEThCSI BEH-
TWISIMM, AaB 3MOry c¢OpMYJIIOBaTU BMMOTU 10
CUCTEMU KEpYyBaHHS BEHTWIIB IS 3a0€3IMEUYEHHS
HafaiiHol pobdotn BJIT: BeHTWNi, KyT KepyBaHHS
gKkux o = 0, MaIOTb BCTYIIaTU B pOOOTY OJHOYACHO
i3 3aKpUTTSIM BEHTWJIIB, MPALIOIOUMX 3 KyToM o > 0;
IUIST BEHTUJIIB, 1110 MPalOOTh 3 KYTOM KEepYBaHHS
o> 0, He NMpUMyCTUMa acCUMETPisl KyTiB Aa., OibIa
3a 3—5°.

1. Jlunxoseckuii K.A. TpaHchopMaTOpHO-KITIOUEBbIE MCITON-
HUTEJIbHBIE CTPYKTYpbI MpeoOpa3oBatesieii mepeMeHHOTO
Hanpsokenusi. — K.: Hayk. mymka, 1983. — 214 c.

2. Takeymu T. Teopusi U IpUMEHEHUE BEHTWJIbHBIX IIETICH
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Pexomennosana Pamoro
(haKyIbTETy €JIEKTPOECHEPTOTEXHIKI
Ta apromatnku HTYY “KIII”

PerynioBaHHS Iil04Oro 3HAYE€HHS HaMpyru
CYIPOBOIXKYETHCA MEBHUMU CIHOTBOPEHHSIMU CHU-
HYCOIDHMX CTpPyMiB i Hampyr. 1 BH3Ha4YeHHS
MepPCHeKTUB i cpep 3aCTOCYBaHHSI CUCTEM PETYJIIO-
BaHHsg 3 BJ/IT, kepoBaHUX BEHTWISIMU, B MOJAJb-
LIUX TOCHIIKEHHSIX HEOOXiTHO OTpUMATH KiJbKiC-
Hi OLIHKW TOKa3HUWKIB €JIEKTPOMArHiTHOI CyMic-
HOCTi CUCTEMM 3 MEPEXEI0 >KMBJIEHHS i HaBaHTa-
SKEHHSIM.

4. Makapenko M.II. HamiBnpoBiTHWUKOBI TEepeTBOPIOBAYi
MOIYJISIIIAHOTO TUITy (CUCTEMHE MOIETIOBaHHS, aHalli3
I-pa
texH. Hayk: 05.09.12; In-t enektpommHamiku HAH
VYkpainu. — K., 2003. — 37 c.

5. Kysneyose B.I. YcTpolicTBa TOBBIIIEHMSI KayecTBa 3JI€K-

€JIeKTPOMAarHiTHUX TmpoiieciB) // ABtoped. muc. ...
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