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L(ARY) — fo(™n-p) -+ AUR(T) = i )
: 12(Aun)} [UiJz}= fi(Port) = ('start)?
5 = : = (*Start)]
bU(T)er [Ujlr = fa(Port) pfi(Core)+
i L= ! =it A0w) — 'ALu T
i f|(A]_[H)}E [Uili = fa(Port) E £ Awga) = 'ALnat

o AU T =J !
fi(n-p™) — (hv) 1 JAUY — f(Demux)
ﬂ(.I[ncx“’?r ->(Ahv)—»f|(l""n -p) !
riz )i fi o(TirPn) — *U'ss1

h(Dnv) (Mom“’) : E Uqﬂ asin(wt)ss' —

fl( Aun)d!dt - AUdMI T

0RY ] : U.;p[ Asin(@t)pux' —
(1Start); =fi(RS) : [&s]1 «Haaamamennx»
} f3(RS)= ('Start).= A
L('Start) =) Ye«Bumnkau» f
w2 «Tpndpasnwii BruvmKaw» | > fo(LuRu)
fa(n-p™) — (hv) =) 1 (1Srart)»—fz(RS) B
f( dAucx® )} —(Ahv?)1 =fy(RS)= (EStart)=} «JToriuna Mepeska»
=) 1(25tart) [ &) =
fo(Dnv) (Mom"’)ﬂ o U g1asin(@t)su’—
f; = fi(Rotor)= f(Gener) =fi(Stator)- : f:(AL[l'[)‘”‘"—» AUY, 1
19ALg? Uprasin(@t)s® — -

fr-12(TirPa) — “Ulst

1
mu‘”‘%. — fy(Demux)



10

15

20

25

30

35

40

45

50

UA 163692 U

KopucHa m™Mopgenb HanexuTb [0 ranysi enekTpoeHepreTuku, 30Kpema [0 KOPUryBaHHS
€HepreTMYHUX napameTpiB Hanpyru reHepartopiB, i Moxe OyTM BUMKOpPUCTaAHa ANA KepyBaHHS
reHepaTtopamMm Pi3HOI NOTYXKHOCTI, SKi NiAKOYEHI 0O 3aranbHOro HaBaHTaXeHHs, Ans 3abe3neyeHHs
PO3MOAiNYy akTUBHOI NOTY>KHOCTiI MK HUMM NPOMOPLINHO TX HOMiHANBHUM MNOTYXXHOCTAM.

Bioomunii npucTpin posnofiny akTUBHOI MNOTYXHOCTI MiX reHepatopamu (BepetenHikos J1.I.
HocnipkeHHs npoueciB y CyOHOBUX €NEKTPOeHepreTUYHMX cuctemax. Teopia Ta metogu. - Jl.:
"CypHobyayBaHHa", 1975. ctop. 120), WO BCTAHOBMOETLCHA Ha KOXHOMY 3 nNapanenbHO NnpauorYmnx
reHepartopis. 3a JOMOMOrol AAaTYMKIB aKTUBHOIO CTPYMY BMMIPIOOTBCS Ta MOPIBHIOWTLCS MK coboto
aKTMBHI CTpymMu reHepatopiB. [lOTiM curHan NOCUMIETLCA | NOOAETLCA Ha CEepBOABUIYHM, SKi
BMMMBAKTb HA MEXaHi3aM 3MiHW YCTaBKM MO 4YacToTi ob6epTaHHs. Pi3Hnua Hanpyrn 3ameHLWyeTbCs 00
MiHiMymy. Tlpyn OyOb-sikidi  HEY3roMKEHOCTIi HaBaHTaXeHHs, sika MNepeBuLLYE MEeXYy YYTIMBOCTI
NPUCTPOID, CEpPBOABUIYHM MOYMHAKOTb 00epTaTUCs, 3MIHIOIYM  MOSIOXKEHHS  XapakTepUCTUK
napanenbHO NpauloYnX reHepaTopiB Tak, Wob nNpy HaBaHTaXKeHHi BOHW 3'€4HanMCcsl B OAHIN Touli,
siKka BignoBigae 4acToTi HanpPyrM Ha WWHax i AaHOT NOTYXXHOCTI HaBaHTaXeHHs. TOYHICTb Moxe ByTu
OoTpuMaHa B Mexax 5 % HOMiHanbHOI NOTYXXHOCTI reHepaTopa, AKLIO CUrHanu ynpasniHHA po3noginy
NOTY>XHOCTI hopmyBaTn 6e3nocepeaHbLO B reHepaTopi.

Bigomui Takox npucTpin po3noAiny akTUBHOI MOTYXKHOCTI MiX reHepatopamu (gms. lMaTeHT Ha
kopucHy mogenb Ne 2829 ig 27 nwunHa 2009 p.), B AKOMy NPWUCTPIA perymnioBaHHA 4acToTu i
HaBaHTaXEHHA CKMagaeTbCs 3  JaTyMka 4YacToTW, [aTyMka akTMBHOIO CTPYMY, MarHiTHUX
nigcunoBadie, SKi NigKAOYaOTLCA OO0 reHepaTopa 4epes3 TUMOBI BMMIipOBanbHi TpaHcdopmaTopu
CTpymMy Ta Hanpyrn. MarniTHuin nigcunioBad 6a3oBoro reHepaTtopa, BMOIp SIKOrO  AOBINbHUA,
NiOKIOYaeTbCa OO AaTyMka 4acToTu. [aTymky akTMBHOrO CTPYyMY BUMIPIOIOTb aKTUBHY CKMNadoBy
HaBaHTaXXeHHHA KOXHOro reHepartopa. Hanpyra Ha BMXodi KOXXHOro Aatyuka nponopuifiHa akTUBHOMY
HaBaHTaXXEHHIO BiONOBIQHOrO reHepaTopa. [lpu HepiBHOMIPHOMY pPO3MOAiINi HaBaHTaXEHHS Ha
BMXOOAX AAaT4YUKIB MepeBaHTaXeHUX reHepaTopiB Hanpyra Gyage BULLOK, HiK Ha BUXOA4axX AaTyukiB
HeJOBaHTaXeHWX reHepaTopiB. Y BXiOHWX MaHutorax MarHiTHUX MmigcunioBadviB BUHUKAOTb 3PIBHAMNbHI
CTPYMU, MONSAPHICTb AKMX BU3HAYAETBCS TUM, UM NEepeBaHTaXeHUn abo HeJoBaHTAXEHUN OaHUN
reHepaTop y NOPIBHAHHI 3 iHWWMW, a BENWYNHA 3PIBHANBHOIO CTPYMY - Pi3HMLEH BiAHOCHWUX 3HaYeHb
HaBaHTaXeHHs reHepaTopiB. B pesynbTaTi cepBoABMIyHU MOYMHaIOTb 06epTaTucs i Tak 3MiHIOTb
yCTaBKM 4acTOTU MEPBMHHUX ABWUIYHIB, LIO LWBWAKICHI XapakTepuUCTUKM reHepaTopiB MNOYMHaTb
nepemiwaTncs Ao TMx nip, NokM He Byae AOCArHYTO MPOMNOPLIAHOIO Po3noainy NOTYXHOCTI. TOYHICTb
Moxe OyTn oTpumaHa B Mmexax 5 % Big HOMIHanbHOI MOTYXHOCTI reHepaTopa, SKWO CcurHamm
ynpaerniHHSA po3noAiny NoTy>XHoCTi bopmyBaTh 6e3nocepeaHbO B reHepatopi. Llen npuctpin obpaHo
AK HaWOMMKXYMIA aHamor, OCKINIbKU 3a KifbKiCTIO 3aranbHUX O3HAK Mae TEXHOJOFYHI MOXIMBOCTI, siKi
nonAralTb Yy TOMY, WO A58 BUPILLEHHSA 3aBAaHHS NPonopLilnHOro po3noAiny akTMBHOI MOTYXXHOCTI Mix
reHepatopamu, ki MawTb pPi3Hi CTaTUYHI XapaKTePUCTUKKU, MOTOYHUMA CUHXPOHI3YOUUM curHan y
KOXXHOMY reHepaTtopi (hbopMyloTb Ha BUXOAi reHepaTopiB, SKi BKNIOYEHI Ha 3aranibHe HaBaHTaXEeHHS,
O YCKMAZHIE MPOLEC BM3HAYEHHHA Ta KOPUryBaHHS 4acToTM OOepTaHHS MNEPBUMHHUX [OBUTYHIB.
Heponikom BigOMOro mpuCTpOl0 € TeXHOMOoriyHa noxvbka, fka BWHMKAE BHACNIQOK nepeposnoginy
aKTMBHOI MOTY)XHOCTI MpX MNiOKNIOYEHHI 0OAATKOBOrO reHepartopa A0 3aranbHOro HaBaHTaXKEHHS.
YCYHEHHsi AaHOi TEeXHOMOriYHOI MOXMBKM A03BONMUTbL 3HU3UTM BTpaTVM MpU Nepepo3noAini akTUBHOI
MOTY)XHOCTi, @ EKOHOMIYHICTb CMUCTEMU MpPU BUKOPUCTAHHI NPUCTPOID MOPIBHAHO 3 HAWOMAVDKYNM
aHanoroMm MigBUWLMTLCA Ha 2-3 % 3a paxyHOK Ynepemkyluoro KepyBaHHS 3HWDKEHHAM aKTUBHOI
NOTY>XXHOCTi NePBMHHOIO reHepaTopa.

B ocHOBY kopuCHOT MOAeni NocTaBrneHa 3afjada yooCKOHaNeHHs NpUCTPOIO LMSXOM BBEAEHHSA 40
Hei gogaTkoBux aHanoro-undposux nepetsoptoBadis fi(ALIM) i f2(ALM).

lMocTaBneHa 3agayva BUPILLYETLCSA TUM, LLO

NPUCTPIN ONA KOHTPOMIO i KOPUTYBaHHA €HepreTUYHUX napamMeTpiB Hampyru reHepaTtopiB npu ix
NigKITIOYEHHI 00 3aranbHOr0 HaBaHTAXEHHS, WO MICTUTb Y BIOMOBIAHOCTI 0O MaTemMaTU4HOI Mogeni
BUrNSAY

loAL,! fr(Stator) AU — f(Demux)
. (FePH)e o — U671
fi(Driv) ___—(;{ Mom®):= fi(Rotor); fi(Gener) f(LBp1) — “Upisin(wt)ss —] {fi-e(Tir’n)
- © (Fe®ihyr ; f>(LBy2) — “Ugisin(wt)ss — — Uyt
) I I‘j([.“]i{‘_‘ — !l]q‘w!}iin(l‘tll )u'i ‘_’ 5:_"[(¢‘\]_I‘[.T]dulL — All.hltml-r
i lJ l'if‘ — I.i ':.[»“ pl ) T‘( [ -“.li\l - : Um:iin ﬂ}l)mn .
l . q f ’ (

fi(Cont®'-%) fi(LBg2)
I'U'% — | ifi(LBp3)

f3(LBp2) — *Ugasin(ot)aux = «Pe3ynbTyrodi apryMeHTH»
= f3(LBy3) — “Ugasin(ot)oux :

AKY B MiHiMi3oBaHin (popMi 3anvcy MoOXXHa NpeacTaBUTU aHaniTUMHUM BUPa3oM Y BUMMAAI
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LAUYE — £ (Demux)

X -l
IOAL,! _ f1.6(TirPn) — *U's?
Lo 0y §"Uqu.;sin(mt)-m'q--.;
fi(Driv ){'_i{'Mom"‘}iﬂﬂ (Rotor)=f|(Gener)=f(Stator) - {| (ALY — AUYY 1

EU=P| 3SIN( 1) i ]

lo 1
reHepatopa fi(Gener), ge Abn™ Kepyloumn napameTp 3MiHn obepTiB "w1" npusoga fi(Driv), npu

ubomy Ha potop fr(Rotor) reHepaTopa nogaHo napameTp (Mom®) momeHTy o6epTaHHa "wi" 3 NpMBoAa

(Fecm)p
f1(Driv), npu ubomy cdepomarHiTHe 3aniso portopa

iHAYKTMBHOCTEN fl(LB"’l), fl(LB“’Z) Ta fl(LB‘P3)

N 1N 2
Ts ®%e "I ¥

MiCTUTb BNOPSAKOBAHY MOCHIAOBHICTb

, L0 aKTMBI3YylOTb EHEpPreTUYHi napameTpy MarHiTHoro

N »3
i s Ok TpeOX a3 "@1", "@2" i "@3
+ L
€HepreTM4YHOro napameTpy Hanpyrn 36ymKeHHs ViU YMOBHO Bif'EMHOT0O apryMeHTy Hanpyru

U fl(Cont*M)

nonsa 3a Oonomorow AoaaTtHboro

1
36 | ki NOCTynatTh 3 KOHTAKTHOT CTPYKTYpU

(Femw)p
depomarHiTHoMy 3anisi portopa
N 2

$S o? Fe

30yKEHHS , NO3ULINHO po3TalloBaHOIl Ha

3 MOXIMBICTIO CnifibHOro obepTaHHsa "wi", Npu UbOMY

o Nig ot Nig @3 , , ,
MarHITHI MOTOKWM S Fe, S Fe ¢ BXigHMMW napameTpamu iHOYKTUBHOCTEW

B B B
f3 ('— (pl) f3 ('— @2) fs ('— @3) . , i )
, i , SIKi aKTWBI3YIOTb PE3ynbTylodi eHepreTUyHi napameTpu

iU(pz Sin(c\)'[)BMX i iU‘Pl Sin((’)t)smx (iU(plfS Sin((’)t)swxl)
B B
2 (L%2) i 2 (L2s)

i “Ugysin(at) ( *Ugy_ 5 Sin((ot)361)

*Ug, sin(ot)

BUX
’

o . . fz(LB 1)
, | BXiHMMK napameTpamu iHAYKTUBHOCTEIA )

+ . + :
. . . ~Uep, sin(wt “Ugp, sin( ot
, SIKi aKTUBI3YIOTb EHepreTUYHi NnapameTpun 30yaKeHHS 1 ( )36 , ?2 ( )36

, SIKi € BXiOHUMUW curHanamum aHanoro-umdpoBoro neperTsoptoBaya

f, (ALY . .
1 3 npouenypot noriyHoro audepeHuitoBaHHa "d/dt" gna  opmyBaHHA  Kepytouoro

d/dt
. AU . . .
napameTpy JnoOri4YHOro aHarnoroBoro curHany o1l Ona  nogaBaHHA WMOro Ha BXig

aemynbtunnekcopa f(Demux), a TakoX eHepreTuyHi napameTpu 30ymKeHHs, ki € BXigHUMU
napameTpamu yHKLiOHaNbHUX TUPUCTOPHUX CTPYKTYP

fi.3(Tir)?  — fi_3(p-n¢-n) ™

i — fi6(Tir)Pa
f7.12(Tir)" — fia(p-ng-n) |
Ut

ANs akTuBi3auii 404AaTHBOTO €HEepreTUYHOro napamMmeTpy Hanpyru 36ymKeHHS 36 | yMOBHO

-1
Big'EMHOrO napameTpy Hanpyr 36YyOoKeHHs VU

f, (Cont‘”l’3 )

, SKi € BXigHUMW napameTpamu KOHTaKTHOT

; @aHanoriyHy CTPYKTypy Y BignoBigHOCTI 40 MaTtemaTuU4HOI Moaeni Burnsay
LAUY,, — f(Demux)
o | Lo
*ALy" £7.12(TirPa) — "U%61
l e, 2 :U*I‘l-.‘Hi”{.('-’”lﬁ: b
|'_J(D|’i\»'}i_";(Ml]lli"'){_i'.—:\l“.(RU[U]") = {3(Gener) = f(Stator) ‘ ';_1_'_:(/\! DYt — AUYdL 1
2 ) E.-I l_](:-,i-,lhbin[(_i]l)uu\-

CTPYKTYpU

Tw
Mae i reHepatop f2(Gener), ge Alnp Kepyuun napameTp 3miHu 06epTiB "w2" npueoga f2(Driv),

npu ubomy reHepatop fi(Gener) MiCTUTb y BiANOBIQHOCTI 4O MaTemMaTUYHOI MOAENI BUrNaay
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W]
fi(n-p™) — (hv) —

U

fi(Disk™) —> (Ahv) —f;(*"n-p) — AUL(T))

fi(Driv) = (Mom"®) i=

LA

fy (Disk”) .

anck 3 nasamu, SKUA BUKOHAHO 3 MOXN
(Mom“’) )

obepTaHHs npueoga fi(Driv), npy LbOMy HaBnp

f(n_ Thv)
ONTMYHUIN BUMPOMIHIOBaY i ONTUYHWMI NpuMa

ONTUYHOrO BUNPOMIHIOBaHHS (Ahv) B iHbopMaUinHMiA na
nepiogy "T" obepTaHHs poTopa reHepaTopa fi(Gener)
MaTemaTU4HOI Moaeni Burnaay

w2

fo(n-p'™) — (hv) —

uBicTi0O 0GepTaHHa "wi" nig Aiel0 MOMEHTY
OTW OAHOro 3 NasiB NO3uULiNHO PO3TalLOBaHO
fl(J/hVn_p) )
Y ONs NepeTBOPEHHSI NapaMeTpiB
AUL®(Ty)

pameTp Hanpyru 1, akui Bignosinae
; aHanoriyHa CTpyKTypa Y BignoBigHOCTI Ao

f(Disk®) i (Ahv) —f(""n-p) — AUn®(T))2

f>(Driv) = (Mom") =A

mae anck f2(Ouck®) i potop reHepartopa f2(Gener), n

10 €HepreTMYHUX NapameTpiB Hanpyrv y BiaNoBiAHOCTI 4O M

(= (!

=0

fi(Port) |
fy(Port) p fi(Core)~;
[Ujlr = fz(Port)

pU LbOMY MPUCTPIA KOHTPOMIO i KOPUTryBaHHSA
aTeMaTU4HOI Moaeni Burnagy

Start)?

Start)?

E ri{iAU]um] — 1m&l-vnllr

: r.'-‘{IAUJnm) — EmﬂLHIT

MicTuTb npouecop fi(Core) 3 BUXiOHMMMK 3B'A3KaMy AN KEpyBaHHS KPOKOBUMMW [OBUryHaMu

fl(iAmm) i fz(iAmm)

II('l)2
15

(1Start) T (ZStart) T

BUXiOQHI curHanun

, SIKi aKTVBI3YyIOTb Kepylodi napameTpu
npusogig fi(Driv) i f2(Driv) BignosigHo, npu usomy nopt fs(Port) npouecopa fi(Core) npunmae
BXiAHY iH(popMaUinHy CTpYKTypy napameTpiB Hanpyr [Uj]r, gki BignosigatoTb nepiogy "T", i dopmye

T To
Al T i Al T 3MiHu obepTiB "wi1" i

NiOKMIOYEHHS Pe3ynbTyoUNX eHEPreTUYHMX NapameTpiB Hanpyr

reHepatopis fi(Gener) i f2(Gener) i3 HaBaHTaxeHHsAM fn(LH, RH), i Le BMKOHYIOTbL Y BignoBigHOCTI A0

MaTeMaTu4HOI Moaeni Burnagy

ImAL”I

I ol i
£ ( Driv){f’\(Mo:ll"’){i’\ﬂ-(Rotor) = f1(Gener) = l}(Slumr)--i

(|Start); =f1(RS)=
&
|('Start) =

&>
L(®Start) =

(| Start), = f2(RS) :}

}mALnl
Lo W2 .
t‘:(Driv_)iii(Mom"‘){E;\l}(R()mr) = fa(Gener) = fi(Stator) -

1}.\7 f3(RS)=(
«BuMukau»

«Tpudasznuit BUMHKau» |

LAUY, — fi(Demux)
ol
fi.6(TirPa) — *U's61
“Upiasin(@t)ss' —-
ALY — AUt

“Up138in(@t)gux'—
' [&3]1.
'Start) = |}

I

\
«HaBaHTaXCHHS»
A

t L (1 R )
= fa(RS) = (°Start) =
[&3]2"
1:U‘lﬂ-T‘Sin(ml)nu\'2 —*
I‘I(Alln)dadl S AU(I (“lan

«JToriuna Mepesxkar

. 2 3
F Ugr-asin(@t)sg™— =

: f7.12(TirPn) — *Ust
' 7
LAUYY — f5(Demux)
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nonepeaHboro "Bumwukava" fi(&)-1 i f2(&)-1, BXigHMMy napameTpamu curHanis 3anycky

N (ZStart)

(¢ S‘[art)1 (¢ Start)

1, a Takox Ans akTueisauii BMXigHWX napameTpiB

J (1Start) i

, i BxigHoto noriyHoto nam'atTio fi(RS) i fiy(RS) i3 30BHiWHIMKM BXigHUMK NapameTpamm

(1Start) i (ZStart)

i BXigHWX

napameTpiB TpudasHoro Bumukada fi[&s]-1 i f2[&s]-] BXigHi pe3ynbTylodi eHepreTudHi napameTpu

*Ugy_3 sin(ot)

Bux  nBox reHepatopiB fi(Gener) i f2(Gener) aktuBisytoTbea B Jlorivnin mepexi fi(})-ABO

Ana nepepaBaHHs iX y HaBaHTaxeHHs fo(Ln, RH). 3anponoHoBaHa kopucHa Moaenb Mae ChifbHi
O3HaKu 3 HaNBbNMXYMM aHarnorom, a came HasiBHICTb JATUYMKIB aKTMBHOrO CTPyMy, SKi 3abesnedvyoTb
BMMIPIOBaHHS aKTUBHOTO HAaBaHTAXEHHS KOXHOro reHepartopa, CUCTEMY pPerynioBaHHA 4acToTu

obepTaHHs reHepaTopiB, sika MICTUTb MeXaHi3mu
BanaHcyBaHHSA MNOTYXHOCTi, (PYHKUiOHanNbHi 3B'
y3rofxxeHoi poboTu npu NiAKMYEHHI A0 CNifbHOT

BMNSIMBY HA YCTaBKW NEPBUHHUX ABUIYHIB 3 METOIO
A3KM MK reHepatopamu Ans 3abesneveHHs ix
0 HaBaHTaXXEHHS, CEPBOABUTYHU, siki 3abe3nedyoTb

KOPEKLito LWBUAKICHUX XapaKTepUCTUK reHepaTopiB BiAMNOBIAHO 4O CUrHaniB ynpasniHHSA, Npyu LbOMY B
NPUCTPIN ONs KOHTPOSIO i KOPUTyBaHHSA €HEepreTMYHMX napameTpiB Hanpyru reHepaTtopiB npu ix
NigKMNIOYEHHI OO0 3aranbHOro HaBaHTaXeHHs BBEAEHi A04aTKOBi aHanoro-uMdgpoBi nepeTtBoptoBadi
fa(AUIM) i f2(ALIMT), a dpyHKUiOHaNbHI 3B'A3kM B NPUCTPOI A51S1 KOHTPOSIO | KOPUryBaHHSA eHepreTU4HuX
napamMmeTpiB Hanpyrn reHepatopiB Npw iX MiQKMOYEeHHI OO0 3arafnbHOro HaBaHTaXEHHA BWMKOHAHO Yy

BiANOBIAHOCTI 4O MaTeMaTMYHOT MoAeni Burnagy

L(AWY?) — £(*"™n-p) +» AUR*(T1)2 =

| R(ALI) p=

Bty

| (AL p=
(OTH AUmm{mrl}l =

fi(n-p™) — (hv) =] = 1
fi(nek®)pi—>(Ahv)—fi(*"'n-p)

fi( Driv)%{ Mom‘")--;_ Lﬂm
1 ' —A fi(Rotor) = fi(Gener) = f;
"“‘A[ ‘”l :

(lStart); =fi1(RS) =

L('Start) =

w2
(|Start)2=f2(R

t.}(n_p:'llu-) — (h‘p) — \
= (Ahv)1

fo(uck™)

- | (*Star
i Dl‘iv}{i(
1

[HAL”:‘.

Mom"

w2
' f{(Rotor)= fa(Gener) =fi{(

B pesynbTaTi gogaTkoBi aHanoro-umdgposi

nepeTBOPEHHS BXiAHUX iHpOpMAaUINHMX NapamMeT

[Ui]z: = fi(Port) (= ('Start)

: = (*Start)?
Ujlr i= fa(Port) pfi(Core) <

l = fi(*Aoxs) = 'ALni1
Uil = fa(Port) . = f1(*Awxa) = ‘ALt

LAUYY — fi(Demux)
. |
. Hf1.6(TirPn) — “U's61
FUql 3sin(@t)ys' —
(Stator)- Sfi(ALUT Y — AUYy 1
“Ugp138in(0t)aux’! —
: [&3]1 ¢ =\«HaBauTtakeHHs»
=f3(RS)= ('Start).= A
Ve Bumnkauy : {
«Tpuasunii Bmmxifu» I

&
>’<: I‘n{_[-vl.ll,IRu)
= fi(RS) = (*Start) =

& «JToriuna Mepexa»
)=, [ &:]>° =
:qul-_lsil'l(ml}rilr\:"‘" J
Stator)- [H(ALIIT Y — AUYY, 1

: U:;u.)ﬁil][(s]l };ﬁl —
) | fr.12(TirPa) — *Ust

nepetoptoBadi fi(ALM) i f2(ALUM) peanisytoTb

AU® (Tt)2 i AU, (Ty)

piB Hanpyru 1 3 ypaxyBaHHsIM

eTanoHHol Hanpyrn U(T)er B iHpopmauinHy cTpykTypy [Uilz i [Ui]1, SiKka Bignosigae noto4yHomy nepiogy
Pe3ynbTYUUX EHEPreTUYHUX MapMeTpiB Hampyr B reHepaTopax, Lo MoJalTbCs Ha BXigHi nopTtu
fi(Port) i f2(Port) npouecopa fi(Core) ans npoBegeHHs aHani3dy y BiAnoBiAHOCTI 3 BBEAEHOK B HbOrO

nporpamMoto.

3anponoHoBaHW NPUCTPIA ANS KOHTPOMO | KOPUryBaHHA €HepreTUYHUX napameTpiB Hampyru

reHepartopiB npwu ixX MNigKIHOYEHHi 00 3aranbHOro

HaBaHTaXEHHS, SKUA € BOOCKOHANEHHAM BigOMMUX
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CUCTEM Ta EBOJIIOLIEI0 ICHYHUMX TEXHOIOTiA, MOXe OyTW pearni3oBaHWi i3 3aCTOCYBaHHAM BiZOMUX
KOMMOHEHTIB  Cy4YaCHOI €eneKkTpOeHepreTukn, 30Kpema, aHanoro-uudpoBux NepeTBOpPHOBaYIB,
BUMIpOBanNbHMUX TpaHCOPMAaTOPiB CTPYMY i Hanpyry, MarHiTHUX niacunioBadie i cepBoaBuryHiB. Lli
enemeHTM 3abe3nedvyloTb BUCOKY TOYHICTb BUMIPIOBAHHA Ta perynioBaHHS MapamMeTpiB CUCTEMM.
DYHKLIOHYBaHHSA CUCTEMW 30OINCHIOETLCH LUMSIXOM BUMIPIOBaAHHS akTMBHUX CTPYMIB reHepaTopiB 3a
AOMNOMOro0 AaTyumKiB i nepegadi curHanis Ha aHanoro-undposi nepeTeoptoBadi. MNMogansLlia obpobka
curHaniB  [0O3BONSE BMKOHYBATW CUHXPOHI3aLil0 Ta KOPUryBaHHA 4acToTu obepTaHHA poTopiB
reHeparopis, 3abe3neuvyroun NPONOpLINHUIA PO3NOAIN NOTYKHOCTI MiXK HUMM.

BukopucTaHHs 3anponoHOBAHOrO MPUCTPOKD AONS KOHTPOSIO | KOPWUryBaHHA EHepreTMYHmX
napamMmeTpiB Hamnpyrm reHepaTtopiB Mpu IX NiOKNHOYEHHI 40 3aranbHOro HaBaHTaXEeHHA [acTb
MOXIMBICTb  BUKIIOYMTU  TEXHOMOTYHY MOXMOKY i [03BONUTL  MNIABULLMTA  €KOHOMIYHICTb
€neKTpoeHepreTUYHOI cuctemn Ha 2-3 %.

®OPMYNA KOPUCHOI MOLEN!I
MpucTpin ona KOHTPOMIO | KOPUryBaHHS €HepreTUYHMX napameTpiB Hanpyru reHepartopiB npu ix

NiAKMIOYEHHI 00 3aranbHOr0 HaBaHTAXXEHHS, WO BKMAKYAE BigMoOBiAHO OO0 MaTeMaTuMyHOI Moaeni
BUrnaQy

I0AL,! f(Stator) AUY -5 fiDemux)
- O (Fe®hY | — "U's?
ﬂ{Driv)':'_I%;'\{'I\/[unl"’)iijI',-( I{nlnr}é f]((jg;ncr) f2(LBy1) — *Ugpisin(ot)ss — ;’i}.ﬁ(Tir“n)
) T (Fe®ilyi 4 f5(LB,2) — *Upisin(ot)ss — 5 — "U'ss1

i 5 o f2(LB)y3 — *Ugisin(wt)ss s fﬂ(/\]_llﬂd"‘" — AU 1
l ‘l.]ljl:-\ — [{[ L“qﬂ) rl.[l .“)m: — lUmISin(m[)lun -

fi(Cont®' ) - fi(LBy,) = i= (LBg2) — *Ugasin(@t)suy '~ «Pe3ysibTyI0qi apryMeHTH»
IUY% — fi(LBp3) § AN s @ pi= f3(LBy3) — *Upasin(@t)anx |

SIKY B MiHIMi30BaHi (popmi 3anmncy MoXxHa NpeacTaBUTU aHaniTUYHUM BUPa3oM y BUrNA4I

|AUYY,) — fi(Demux)
Lo
I“'Alan‘ ny-f‘{'rirllﬂ} 2 .lUlI'““T
Lo ) F“Ugr3sin(ot)ss'— -

fi(Driv (Mom® ‘.{"!‘-{ Rotor)=f|(Gener)=f,(Stator) _I](AI_[TI']“’"“ — AUY, 1

: Urp ! -.‘-f"in(“-‘l Yaux

reHepatop fi(Gener), goe $“’ALnl - Kepytouuin napameTp 3miHu obepTiB "wi" npusoga fi(Driv), npu
uboMy Ha potop fr(Rotor) reHepaTopa nogaHo napameTp (Mom®) MomeHTy obepTaHHa "w1" 3 npuBoaa

. . . p . .
f1(Driv), npn ubomy hepomarHiTHe 3ani3o potopa (Fe‘”“) BKITOMA€E BropsAKoBaHy MOCNiAOBHICTb

. 9 B B B . . .
IHOYKTUBHOCTEN fl(L (pl)' fl(L (pz) Ta fl(L (p3), WO aKTUBI3YOTb €HepreTu4Hi napameTpmn MarHITHOro

nonst Npg o, Nigo®%, i NPg @3, Tpbox das "i", "@2" i "@3" 3a 4ONOMOrow A0AATHOro
eHepreTMYHOro napameTpy Hanpyru 36ymxeHHs " UlLg i yMOBHO Big'eMHOro aprymeHTy Harpyru
fi (Cont“’l*3 )

36ymkeHHa |~ Ul , Ak HaaXoaaTb 3 KOHTAKTHOI CTPYKTYpU , MO3MLIMHO PO3TalIOBaHOI Ha

. .. p . .
depoMarHiTHoMy 3anisi potopa (Fe‘b”) 3 MOXIMBICTIO cninbHOro obepTaHHa "w1i", Mpu UbOMY

marHiTHi notokn Npg @, Npg @92, i Nig ®®,, € BXigHMMM napameTpamu iHOYKTUBHOCTEN

ol 3 02 . '3 »3 . . . . + .
, | , AKI aKTUBI3YOTb PE3YIibTYHO4l eHepreTudHl napamMeTpu U(pISIn((x)t)

BuX ’
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*u, sin(ot i *U, sin(ot *u, sin(ot). ), iBxi ' ~f2("Bﬂ°1)
o, SIN(® Jame |~ Yo, Sin(wt),,. v s sin(ot),,, | | BXIGHAMM napameTpamy iHAYKTUBHOCTEN ,

2 (L%2) if2 (Lys)

. . 1 . .
iU(pISIn((Dt)SG(iU(DHSIn((Dt)SG), AKi € BXIOHUMWM CWUrHanamu aHanoro-uudpoBoro nepeTsoproBava

, SIKi aKTMBI3YyIOTb eHepreTuyHi napameTpu 36ymKeHHS iU‘pl sin(cot)36, iU‘pz sin(m‘r)36 [

f, (ALY . .
1 3 npouenypoto noriyHoro audepeHuitoBaHHa "d/dt" ana  opmyBaHHA Kepyruyoro

napameTpy IOrYHOro aHanoroBoro curHany Aud/dﬂplT i ANa nodaBaHHsA WOro Ha BXig

aemynbTunnekcopa f(Demux), a TakoX eHepreTudHi napameTpu 30YyoKeHHS, sKi € BXigHUMK
napameTpamu yHKLiOHANBHUX TUPUCTOPHUX CTPYKTYP

fi.3(Tir)p — f) 3(p-no-n)
i —> f).6(Tir)Pn
f7.12(Tir)® — fi3(p-ng-n)

ANA aKkTVBisauii [0AaTHOrO eHepreTMYHOro napameTpy Hanpyru 36ymkeHHs " ULg i ymoBHO

Big'eMHOro napameTpy Hanpyrnm 36ymkeHHs ~ Ulg, ski € BXigHMMW napameTpamy KOHTaKTHOI

¢1-3
CTPYKTYpK fl(Cont ) ; @aHanoriyHy CTpyKTypy BignoBigHO A0 MaTeMaTU4HOI Mogeni Burnagy
AU — f(Demux)
ALy, ) if7.12(TirPn) — “U%61
[ ®2 FUp1-38In(@t)s> —-
1"3[Driv)-:f_‘l':;{Monl"’)flE;\[](Romr) = f3(Gener) = l}(Slulm'_}---é 5__{_"3(!\[11'I)d’“‘ — AU 1

U 381 I'I{t_l'}‘?.']nux1

To
mae i reHepaTop f2(Gener), ge Alnz Kepyroumin napameTp 3MiHu 06epTiB "w2" npusoaa f2(Driv), npu
uboMy reHepaTop fi(Gener) Bkntovae BignNoOBiAHO 4O MaTeMaTU4YHOI Moaeni BUrnaay

(O]

fi(n-p™) — (hv) =) s
fi(Disk®) ti— (Ahv) —fi(Mn-p) — AURO(T)s

[—‘I{l)ri\"') = (\-’1 0“]"1) :A P

JVCK fl(Disk“’) 3 nasamu, SIKUA BMKOHAHO 3 MOXIUBICTIO o0bepTaHHa "wi" nig Aiel0 MOMEHTY

obepTaHHs (Mom‘”) npueoga fi(Driv), npy LbOMYy HaBMPOTU OAHOrO 3 MasiB MO3ULINHO PO3TaLlOBaHO

Jhv

ONTMYHUIN BUMPOMIHIOBaY fl(n—pThv) i ONTUYHWIA NpUAMad fl( n—p) ONs NepeTBOPEHHS NapaMeTpiB

ONTUYHOrO BUMNPOMIHIOBaHHS (Ahv) B iHpopMaLinHWiA napamMeTp Hanpyrm AUm“’(Tt)l, KW BignoBigae

nepiogy "T" obepTaHHA poTopa reHepatopa fi(Gener); aHanoriyHa CTpykTypa BIigNOBIOHO [0
MaTemMaTuU4HOI Moaeni Burnaay

w2
Thu] — (h\v] — &
f(Disk?) i (Ahv) —f(*"n-p) — AUn®(T))2

f>(Driv) = (Mom®) =

f2(n-p
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mae auck f2(dunck®) i potop reHepatopa f2(Gener), Npu UbOMY MPUCTPINA KOHTPOIIO i KOPUryBaHHS
€eHepreTMYHMX NnapameTpiB Hanpyry BignNoOBIAHO O MaTeMaTMYHOT MOAenNi BUrnaay

= ('Start)?

fi(Port) = (*Start)t
f2(Port) > fi(Core)-
IU_i.l r = fy(Port) = fi :lﬁ(l}ltl;l) — :IHAI-JMT

— I.'.!(IAU]UU{) - I“‘&L“:T

Bkrtovae npouecop fi(Core) 3 BUXigHUMK 3B'I3kaMK A1 KEPYBaHHS KPOKOBMMU ABUrYHaMM fl(iAa)m)

i fz(j:Aoom), ki aKkTuBIsylOTb Kepytoui napametpn ‘°AL, T i T°AL, 1 3miun obeptie "wi" i "w?"
npusogis fi(Driv) i f2(Driv), BignosigHo, npn usomy nopt f3(Port) npouecopa fi(Core) npunmae BxigHy
iHdopMauiiHy cTpykTypy napameTpis Hanpyr [Ujlr, Ski BignosigatoTb nepiogy "T", i popmye BMXigHI
10  curHanm (1Start)1‘ i (ZStart)T NiOKMIOYEHHST Pe3ynbTYUMX EHepreTMYHMX MapaMeTpiB Hanpyr

reHepatopiB fi(Gener) i f2(Gener) i3 HaBaHTaxeHHsAM fn(LHRH), i Ue BMKOHYKOTb BIgNOBIOHO [0
MaTemaTUYHOI Moaeni Burnaay

LAUY ) — fi(Demux)
o
ALy, [f1-6(TirPn) — *U's61
| o1 {"'Uo|._~.si|1(ml)-u'»' —
i'J{I_)ri\-'):’,l_'z"'\(Mum"’];ﬂil".[Rntor) = fi(Gener) = f'.-(St;nnr)-.f (ALY — AU 1
’ " FUprasin(@) g — |

(|Start); = fi(RS) = b [&3]1 = |«HaBanTaxeHHs»
&.}._; f3(RS)=('Start) = [} +
|('Start) =/ «Bumunkau» &
«Tpudasuuii BUMHKaU» | = fo(LuRu)
(1Start);=f5(RS) = »
&> } f4(RS) = (*Start) T:__:‘ «JToriuna mepexa»
WAL 2 L(Start) =) [&3])2"
[ @2 U p1asin(@)u” —
i'z(Driv){_z;({\’lonl“')i_}—:\ fr(Rotor) = f2(Gener) = fi(Stator) - DALY — AU 11

- MU 3sin(0t)sg>—
; Ff72(TirPy) — U2 671
_ 1
1AUYY ) — f(Demux)

15
nonepegHboro "Bumukava" fi(&)-1 i f2(&)-1, BXigHMMM napameTpamu curHanis 3anycky ¢(1Start) [
J,(ZStart), i BxigHoto noriyHoto nam'aTtTio fi(RS) i fi(RS) i3 30BHiWHIMKM BXigHMMK napameTpamu
(¢ Start)1 i (i Start)l i, @ TakoX ANA aKTuBisauii BUXiOHUX napameTpis (1Start) [ (ZStart) i BXigHWX
napameTpiB TpudasHoro BumMukaya fi[&s]-l i f2[&s]-] BxigHi pe3ynbTyoudi eHepreTudHi napameTpu
20 U sin(at),,, nBox reHepatopis fi(Gener) i f2(Gener) akTuBi3yloTbCst B MoriuHinn mepexi fi(})-ABO

ONnsa nepefaBaHHs ix y HaBaHTaxeHHs! fa(LH, Rh).

Komn'totepHa BepcTka J1. Bypnak

1O "YkpaiHcbkuil HaUioHanbHWUIA odic iIHTENeKTyanbHoI BNacHoCTi Ta iHHoBauin", Byn. AmMutpa NoaseHka, 1, M. Kuis — 42, 01601



