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MOJIEJUPOBAHUE PEXKUMA BETPOJJIEKTPUUECKOM YCTAHOBKH

MAJIOA MOIIIHOCTH

ITodyoosana moodens gimpoeneKmpuynoi yCmano6Ku Manoi ROMYdHcHOCmi Ha 2enepamopi 3 nocmiunumu mazuimamu. /[na cma-
oinizauii nanpyzu na 30ipHill WUHI 3ACMOCO6AHO DanacmHue HABGAHMANCEHHA | AKyMynamopHy damapero. Bukonano mooento-
6AHHA OUHAMIYHOZ20 PEHCUMY 3 BURAOKOGUM XAPAKMEPOM WEUOKOCHE 6iMPY § 3MIHU HABAHMANCEHHA.

Ilocmpoena moodenv 6empoIneKmpuyecKkoil ycmanoeKu Maaol MOUHOCMU HA 2eHepamope ¢ ROCIMOAHHbIMU Maznumamu. /s
cImaounu3ayuu HanpAadceHus Ha cOOPHOIl WUHe NPUMEHEeHa 0anNacmuan Hazpy3Ka U aKKymynamopuas oamapes. Beinonneno
MoOenuposanue OUHAMUUECKO20 PeNCUMA CO CIYHATHBIM XAPAKMEPOM CKOPOCIU 6emPa U USMEHEHUSA HAZPY3KU.

BBEJAEHHME
Berpoanektpuueckas ycraHoBka (BOY) mpeobpasy-
€T KHHETHUYECKYI0 OSHEpPrui0 BeTpa B HJIEKTPUUECKYIO
SHEpruto. ABTOHOMHBIE BOY TpOU3BOIAT 3JEKTpOIHEP-
THIO JUIsl OBITOBBIX M MPOMBIIUICHHBIX HYX] U B COBpE-
MEHHBIX YCJOBHSX IPEICTABIISIOT albTePHATUBY TPaIH-
[IMOHHOMY 3JIeKTpocHaOkenuo [1]. Bemymum smemeH-
ToM BDOYVY sBisercs BeTpokoieco, XapaKTepH3yIomeecs

KO3 PHUIHEHTOM OBICTPOXOIHOCTH
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rae R, —paxuyc Berpokosneca; {2 — ero yrioBas CKOpOCTb,
V — ckopocTh BeTpa. Bo3MOKXHOCTH MOBBIMICHHUS YaCTOTHI
BpaIlleHUsI BETPOKOJieca OIPAHMYMBAIOT adpOAWHAMUYE-
ckue (pakTopbl; UCIIOIB30BAHHE JUIS ATOMH 1IN PEIyKTOPOB
U JPYTHX MEXaHHYECKHX YCTPOWCTB HeIerIecooOpa3Ho ¢
TOYKH 3pPEHUsI BO3HHKHOBCHHS JOTIOJIHUTEIBHBIX MOTEPh
SHEPIUU M YXYAILICHHUS MAaccorabapHTHBIX ITOKa3aTeNei.
[MToTomy mu1s TOyYeHUsT HAaNPsDKEHUS TIPUEMIIEMOH 4acTo-
TBl HEOOXOAMMO HCIIONIb30BAaTh MHOTOIOJIOCHBIE TeHEpa-
TOpBL. [lepCreKTHBHBIMY JUTS 3TOM LIENH SBJIAIOTCS TeHEepa-
TOPHI Ha MTOCTOSHHBIX MarHUTAX, KOTOPbIE MPOCTHI IO KOH-
CTPYKLIUH, HAIEKHbI, HE TPeOyIOT JOMOJHUTEIHFHOTO ITH-
TaHUS CO CTOPOHBI OOMOTKH BO30YKICHHUS.

OcHoBHOI1 ocobeHHOCTBI0 BOVY siBisiercst Heobxonu-
MOCTh PabOTHl B YCIOBHSIX HM3MEHEHHUS CKOPOCTH BETpa,
OTJIETbHBIE MOPHIBEI KOTOPOTO MOTYT CYIIECTBEHHO Mpe-
BBIIIATh €r0 CPEJHIOI CKOPOCTh, @ B APYTME MOMEHTHI
BPEMEHH CKOPOCTb MOXKET 3HAYHUTEIHHO CHIDKAThCA. JTO
00CTOSITENBECTBO BBIHYXKJAET MCIOJIb30BaTh B BOY ciox-
HBIE MEXaHWYECKUE WM THAPaBINYECKHE YCTPOHCTBa pe-
T'YJIMPOBaHUSL CKOPOCTH, @, CIIENOBATEIBFHO — BBIXOJHOTO
HaNpsDKeHUS TeHepaTopa, 4TO CYIIECTBEHHO YCIIOXKHSIET U
YIOPOXKAeT BCIO KOHCTPYKIIMIO U MaJIONPUTOTHO AJISI aBTO-
HOMHON BOVY HeOombmION MOUTHOCTH. 34eCh NMPEeArodTH-
TEJIbHEE HCIIONB30BaTh YCTAHOBKH C MPOMEKYTOUHBIM
3BEHOM IIOCTOSIHHOTO TOKa W OydepHBIM HaKoOmMTEIeM
SHEPTUH C TOCIEAYIOIUM Tpeodpa3oBaHUeM €€ B Hamps-
JKEHHE W TOK NPOMBIIUICHHOW 4acToThl. B [2] mns stHx
Henel mpeularaeTcs WCIONIb30BaTh T'MOpHUAHBIE BETPO-
COJIHEYHBIE YCTAHOBKH, KOTOPBIE, OJHAKO, M0 OYEBHIHBIM
NpUYMHAM HE CHOCOOCTBYIOT B IIOJHOM Mepe Ipeojolie-
HHIO OTMCUCHHBIX 3aTpyaHeHud. B [3] pekomenayercs Ha
OCHOBAaHHMH COIOCTABJICHHUSI MOIIHOCTHBIX XapaKTEPUCTHK
reHepaTropa M BETPOKOJIeCa PeryIHpoBaTh I'eHepaToOphl 110

Lenu BO30YXIEHHUsI, YTO HENpUEeMIIEMO JUIl N30paHHOU
B3V ¢ reneparopamu Ha NOCTOSHHBIX MAarHUTAX.

Cpenu pa3iMYHBIX THIIOB HAKONHTENEH 3HEpruu
HanboJIee MPHUBJICKATEIBHBIM CPEACTBOM il Oy(epHOro
HAKOMHTEII SHepruu B BOY Maioif MomHoCTH npeacras-
JSIFOTCS. aKKYMYJIATOPBI, KOTOpPbIE IPH JOCTaTOYHOM CKO-
pPOCTH BeTpa MOI3apsDKAIOTCA, a MPHU IMAICHUH CKOPOCTH
BeTpa M Je(hUIUTE MOIIHOCTH OTAAIOT 3HEPTHIO HarpysKe.
JI7st omepaTUBHOTO PEryJIMPOBaHMS IOTOKa MOIIHOCTH OT
reHepaTopa K Harpyske LeJeco00pa3HO TaKkXkKe NMPHMEHSTh
0aTacTHYI0 PE3NCTUBHYIO HAarpy3Ky, BOCIPHHHUMAIOIIYIO
W3JIUIIKH MOIITHOCTH IPH OOJIBIIIMX CKOPOCTSX BETPA.

TakuMm 00pa3oM, B COBpEMEHHOI IUTEpaType A0CTa-
TOYHO pa3paboTaHbl TUIOBBIE cXeMbl BOY OGomnbiioi u
cpenueit momHocTH [1, 3], a TakKe peKUMBI pabOTHI Tre-
HepaTopa C MIEKTPOMArHUTHBIM BO30Y)KICHHEM WM BO3-
Oy)KIEeHHEM OT IOCTOSHHBIX MarHuToB [4]. B ropasmo
MEHBIIECH CTENeHN MCCIIeJOBaHbl HeCTaI[MOHApHBIE THHA-
MuYeckue pexumbl BOY manoil MomHOCTH, XapakTepu-
3yeMbl€ CITy4YallHOM CKOPOCThIO BETpa U CIy4yalHOU BeJU-
YMHON CONPOTHBIICHUSI HATPY3KU TPH YCIOBUH CTAOMIH-
3al[MM HaNpsDKEHHUS 10 MIHOBEHHBIM 3HAYEHHSAM CKOPO-
CTH BETpa U BEIXOIHOTO HAINPSHKEHUs TeHepaTopa.

I[TOCTAHOBKA 3AJJAY1
Henpio crathu sBisieTcs pa3paboTka (pyHKIHOHAIB-
HO#i cxembl BOY Maioif MOIIHOCTH ¢ T€HepaTOpOM Ha T1o-
CTOSIHHBIX MarHuTax, a TakKe MOZEIMPOBAHUE PEXUMA €€
paboTHI B yCIOBUSX CITydaliHON CKOPOCTH BETpa U CITydaii-
HOTO XapaKkTepa U3MEHEHUS CONPOTUBIICHUS HATPY3KU.

OYHKINOHAJIBHASI CXEMA B3OY

VYnporeHHas (yHKIHOHAIbHAas cXeMa Ipejyiarae-
Mol BOVY Manoil MOIIHOCTH Ha TeHepaTope ¢ MOCTOSH-
HBIMH MarHUTaMH H300pakeHa Ha puc. 1. Cxema pabota-
eT ciexyomuM odpazom. Pa3zHoe HaIpsIKEHUE C TeHepa-
topa [ TIM ¢ HOMUHAIBEHOW MOIIHOCTRIO 1,5 KBT monaet-
Cs Ha MOCTOBOM HEYIPaBJISIEMBbIH BBIIPSIMUTENL B U 4ye-
pe3 memnupyomuid GuisTp @ mocTynaer Ha COOPHYIO
mmHy 56 B. Crona xe nojcoenuHseTcs 0ajuiacTHas pe3u-
cTuBHas Harpyska BH wu akkymymaropHas Oatapes AB
yepe3 KOHTpoiuiep 3apsina — paspsina KAS. Co cOopHoi
IIMHBI HAIIPSOHKEHHUE TTOCTYIIAaeT Ha MHBEPTOp /1, ¢ BBIXO/A
KOTOpPOTO Ha Harpy3ky cHuMaercs HampsokeHune 220 B
MPOMBIIIVICHHON YaCTOTHI.
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Puc. 1. OynkuponaneHas cxema BOY

[Ipy n30BITKE MOIIHOCTH T'€HepaTopa, YTO BBIpaXKa-
€Tcs B YBEIWYECHUM HANpPSLKEHMS BCIIEACTBHE YBEIMYEHUS
CKOPOCTH BETpa, IPOBOAUMOCTh OaNIaCTHOM Harpy3KH
YBEITHMYUBACTCS, YTO IMPUBOAUT K OTTOKY M3JIUIIHEH MOII-
HocTH. Kpome Toro, B 3THX YCIIOBHSX HMMEETCS BO3MOXK-
HOCTbH IOJ3apsAa aKKyMyJIATOpHOW Oarapew; ee KOHTpOII-
yiep obecriedrBaeT OrpaHUUCHNE 3apsIHOTO TOKA U TTOJTHOE
€ro INpeKpalieHue NMpH MaKcHMalbHOM 3apsne. Bememcr-
BHE 3TOT0 HalpsDKEHHWEe Ha COOpHOM IIMHE BO3pAcTacT He-
3HaYUTEIHbHO. AHAJOTMYHAs pabOTa MPOUCXOMUT U TIpU
CHIDKCHHH MOIIHOCTH, TOTpeOiseMoll Harpy3kod. I[Ipu
MOJHOM MOTepe MOLIHOCTU HArpy3Kd U IOJHOCTBIO 3aps-
JKEHHOM aKKyMYJIATOpHOI OaTrapee BETPOKOJIECO BBIBOIHT-
Csl OT BEeTpa WJIM TOPMO3MTCS. TakuM oOpazoM, B mpesyia-
raeMoi cucTteMe He MpeayCMaTpUBAeTCs IPSAMOTo Peryiu-
POBaHMS CKOPOCTH BETPOKOJIECA; 3TO MPOUCXOIUT OIOCpe-
JIOBAaHHO ITyTeM PEryJIUPOBaHUS HATPy3KH I'eHepaTopa.

Jeduuut MOUTHOCTH BO3HHMKAeT IPU KpaTKOBpe-
MEHHOM CHIDKCHHHM CKOPOCTH BeTpa WiIM Habpoce Ha-
Ipy3kH Ha wuHBepTOop. [Ipm peduumTe MOIIHOCTH Ha
cOOpHOI IIMHE TNPOBOAMMOCTH OaIaCTHOM HAarpy3ku
CHIDKAETCS A0 HyJIS, a pa3psuKaroIascs akKKyMyJIssTOpHas
Oarapest MOIJEp)KMBACT HANpPsHKEHHE HAa HEN3MEHHOM
ypoBHe. KoHTposiep orpaHuMdYMBaeT paspsaHbIi TOK Oa-
Taper U MPeKpalaeT ero Npu MaKCUMalbHO AOIMYCTUMOM
ee paspsane. M3smeHeHue MpoBOIUMOCTH OajIacTHOM Ha-
Ipy3KH obecIieunBaeTCs MOIKII0YeHUEM K COOPHO IIHHE
HU3KOOMHBIX PE3UCTOPOB HYepe3 YCTPOICTBO MIMPOTHO-
HMITYJIbCHOM MOIYJISIIIMU C 4acTOTOM 4-6 K[ 11

MATEMATHNYECKOE OITMCAHUE CUCTEMBI

MateMaTHdecKoe OMICcaHue PEeKUMOB PabOTHI TeHE-
paTopa ¢ MOCTOSHHBIMH MarHUTaMu NpH YCIOBUU CUHY-
COMJIAaTbHOCTU KPHUBOM BBIXOJHOI'O HANpsDKEHUS U HEHa-
CBHIIIEHHOCTH MAarHUTHOW LIEMM BBINIOJHSETCS B OPTOrO-
HaNbHBIX d,  — KOOPJMHATAX C OMEPEIKAFOIIHUM BPAaIICHH-
€M TIPOJI0JIbHON ocu. B momgoOHBIX reHepaTopax HET cIie-
LUAJBHBIX JIeMII(UPYIOMINX 0OMOTOK Ha POTOPE; UX POJIb
UTPAlOT MAacCHBHBIE YacTH POTOpa WM aJFOMHUHHEBAs
3anmuBka. CoOryacHO pe3ynbTaTaM HcciegoBaHus [4]
JeMI(pUpyIoIie TOKH CPaBHUTEIBHO Majio BIISIOT Ha
PEXUM TaKOTO T€HepaTopa, MO3TOMY Jajiee B MaTeMaTu-
4ecKol Mojenu OoHM OyayT omymieHbl. Kpome Toro, m3-
MEHEHUE MAarHuTHOTO IOTOKAa BCIIEJCTBHE YACTUYHOIO
pa3MarHUYMBaHUs CYIIECTBEHHO MPOSBISETCS JIULIb HpPU
TOKaX, OJM3KUX K KOPOTKOMY 3ambIkaHHO. [losTomy na-
Jiee TojlaraéM, 4YTO MarHUTHBIN OTOK MAarHUTOB OCTAETCS
MOCTOSHHBIM. OTMETHM, YTO TOAOOHOE K€ IOIMYyIICHHE
MPUHATO pa3paboTYMKaMHM MOJEIH MAIIMHBI C IOCTOSH-
HBIMH MarHWTaMH B MaKeTe MMUTALMOHHOTO MOJEIUPO-

Bauuss MATLAB Simulink.

Takum o0pa3zoM, ypaBHEHHS IO MPOIOIBHON U IO-
MepEeYHOM COCTaBIISIIOIIUM TOKOB U HANPSHKEHUM reHepa-
TOpa UMeroT BUp [4]:

15rig +15L4 d(;—;’+1,5Lqtip+ ug =0;
_ di | !
15rig+15L4 E—lSLdlde—lS‘PQp+ Ug =0
rae Ug, ig, Ug Iq — IIPONONBHBIE M TIOIEPEUHBIE COCTAB-
JsroIue (pa3HbIX HANPSDHKEHUH W TOKOB Ha BBIXOJE I'eHE-
patopa; Ly, Ly — mHIyKTHBHOCTH (ha3HON OOMOTKH CTAaTO-
pa reHepaTopa BIOJb COOTBETCTBYIOIIUX OCEH; P — YHUCIIO
nap IMOJIOCOB; I — aKTUBHOE CONpPOTHBICHHE (a3bl 00-
MOTKH crtaTtopa; ¥ — morokocuerieHue MarHuToB BIOJIb
NPOJOJIBLHON OCH FeHepaTopa.

[IpeneOperast  3JIEKTPUYESCKOW  MHEPLHOHHOCTBIO
00MOTOK reHeparopa 1o CpaBHEHHUIO C er0 MEXaHUYECKON
HHEPIMOHHOCTBIO M ToJaras 0000IIEHHOE COMpPOTHBIIE-
HHE Harpy3ku R; MO MpenmyIuecTBy pe3HCTHBHBIM, IIO-
CJIe/IHUE ypaBHEHHMS T10JIy4aeM B BHIIC
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VYpaBHeHHEe AMHAMHKU MeXaHU4eckod dactu BDY

HUMCCT BU YPABHCHHA PABHOBECHUS MOMCHTOB

dQ
Ja+kme+M1‘eH=MBK’ (2)

)
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15r +

rae J — MOMEHT MHEpPLMH BPAlAIOMMXCA Mace; Ky — Ko-
sddunuent tpeHust; My, = 1,5pig[1,5¥+(Lg — Lo)ia —
9JIEKTPOMAarHUTHBI MOMEHT TIeHeparopa; My Bpa-
LA MOMEHT BETPOKOJIECA, 3aBUCALINNA OT CKOPOCTH
€ro BpalleHus U cKopocTH BeTpa [1]:
3 2
Mue =M (@) 222 3
16
rne D — nuamerp BeTpokoseca; p — MIOTHOCTh BO31YyXa,
M(2) — oTHOCUTENTBHBII MOMEHT BETPOKOJIECA, 3aBUCSIINH
oT K03 PunmeHTa OBICTPOXOTHOCTH.

TumnoBo#l rpadyk OTHOCHTEIFHOTO MOMEHTa JUIsi
TPEXJIONIACTHOTO BETPOKOJIECa, H300paKeH Ha puc. 2
CIUIOUIHOM JuHUeH. [Jlnsg nened MoaenupoBaHUsl 3TOT
MOMEHT alllIPOKCUMUPYETCsl HENMHEHHOM 3aBUCUMOCTEBIO;

2
M (2) = kpe *2(Z7%)" 4 koe ™ 2 1 kg sinz—kgZ®, (4)
rae Ky — Kg — koadhUIHeHTHI anmpOKCHMAIIHH.
Ha puc. 2 anmpoxcnMHpoBaHHas 3aBHCHMOCTH (4)

[IOKa3aHa IITPUXOBOHM JMHUEH IIPU 3HAYECHUAX IapaMmer-

pos: k; = 0,09; k; = 0,35; ks = 0,006; ks = 0,03; ks = 0,009;
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ks = 3 107. Kak CIIEAYET U3 PUC. 2, aIPOKCAMAIHUI B I0C-
TATOYHOH CTEHEHU OTPa)KaeT MCXOIHYIO KPHBYIO, OCOOCH-
HO C y4ETOM TOTO, YTO cama UCXojHast Kpusas M(Z) oObra-
HO TPEJICTABIISIETCS B BeCbMa ycpemHeHHOM Buje [1].

BACE), o.e.
0,075 ?/R\
0,05 /
0,025 <
0 ’ 2 4 zi.;. 6 z,0.8.

Puc. 2. TunoBoii rpadguk OTHOCHTEILHOTO MOMEHTA

I'pauk 3aBUCHMOCTH CONPOTHBIECHHUS OallnacTHOU
PE3UCTUBHON HarpysKH [, OT HanpspKeHHUs U Ha cOOpHOH
IIMHE W300pakeH Ha puc. 3, Ha koTopoM Uy 0003HaUEHO
3aganHoe Hampsbkenne Ug = 56 B. Ilpu HanpsokeHuw,
6onpiiem Ug, conpoTHBieHHE I'5, YMEHBIIAeTCA, U Oasia-
CTHasi Harpy3ka NIPUHAMAeT H30BITOK MOIIHOCTH, YTO
cTabunu3upyeT HampspDkeHne Ha cOopHol mmwmHe. [Ipu
neduuTe MOLIHOCTH, Koraa HampspkeHue MeHbine U,
CONPOTHUBIICHHE OANIACTHOW HArpy3KH YBEIHYHBACTCS.
[MpuBenennass Ha puc. 3 3aBUCUMOCTH g, = f(U) mpu
U > U anmpoKcuMHUpyeTcs BRIPaKCHUEM:

u-Ugq+0,002
rae U — TeKylee 3HaueHNe HaIlpsHKeHNS Ha COOpHOH HINHe.

Bo3MmorkHa Takke KycOYHO-TMHEHHAS arpoKCHMAaIs
cootromrenus (5). [Ipu peanusanyy CHCTEMBI 3aKOH BBICO-
KOYaCTOTHOM IIMPOTHO-UMITYJILCHOM MOJYJISIIIMK  KOHCT-
pyupyercst TakuMm 00pa3oM, 4TOOBI 0OECIeUuTh CperHee
3HauCHHE COMPOTHBIICHHS B COOTBETCTBHH C KPHBOii (5).

t Fgg. D1 I I I

l6u

103

100

10

l M
1T 60 70
Puc. 3. ConpoTrBneHne 6aIacTHON HArpy3KH

0,1

T 40 a0 1B

WneanusupoBaHHas BOJIBT-aMIIEpHAsl XapaKTEpUCTU-
ka (BAX) akkymymstoproii Gatapeu | = f(U) uzobpaxena
Ha puc. 4 mTpuxoBoi nmuHuel. [loutn BepTHUKaIBHBIN yya-
cTOK 3TOi KpuBoi mpu | > 0 COOTBETCTBYET PEKUMY 3a-
psiaky, a npu | < 0 — pexumy psa3panku. ['opru3oHTansHbIe
YYaCTKH SIBIISIFOTCS HepaOOuMMH (M HEOOITyCTHUMBI); KOH-

TpOJUIep aKKyMYJIATOPHOM OaTaped MCKIIFOYaeT BBIXOJ Ha
9TU YYacTKH, OTPaHMYMBAsl TOKYU 3apsja U paspsja Io4Td
BEPTUKAIBHOM YaCThIO XapaKTEPUCTUKH.

IMpoBoaumocTts Gatapen Gy = f(U) (puc. 4, crurom-
Hasl JIMHKSA), COOTBETCTBYOIIAs JaHHONH BAX, ammpokcu-
MHUPYETCS BBIpaXKEHUEM

Jas (U) =ﬂ—ie_b2(u_u‘)); u>Ug;
u Uo

. (6)
Gus (U) = L+ L 20-U0), y <y
u U 0
rae by, by — KO3 PHUIHUCHTHI allPOKCUMAIINH.
Abe eg
A
10 T
‘
SEPH,II; :
i_ g&ﬁ E] DM_I
0
e
pazpag !
1
- 10 :
0 40 LT'.;. a0 u, B

Puc. 4. BonbT-aMiiepHas XapakKTepUCTHKA
aKKyMYJIITOPHO# Oatapen

[TepBble ciaraeMble B 3THUX BBIPAKEHUAX OTPaXKAIOT
TOpH30HTAJIbHBIE yyacTkn BAX, a sKCIOHEHUHUalbHbIE —
00ecIeunBaoT IUIABHBIA MEPEeX0] MEXAY ITHMH Y4acT-
KaMH I10 TOYTH BEPTUKAIIBHOI JIMHUH, COOTBETCTBYOLICH
pexumam 3apsima — paspsaa 6arapen. Koadouienr by =
20 ompepensier npenenbHblid TOK 0ataped, KO3pPUIUESHT
b, = 10 — ompenensier creneHb CraXHUBAHUS YIJIOB Xa-
PaKTEpUCTHKU ¥ YPOBEHb HAKJIOHA OT BEPTUKAIIU padoue-
ro y4acTka 3apsiga — paspsga Oarapen (moabupaercs
OMBITHBIM TyTeM). Takum oOpa3zoM, 0600IIEHHOE COMPO-
THUBJICHHE HATPY3KH UMEET BUJI

1 + 1 + 045 (U)
® o)
rae ry(t) — conpoTHBIeHHE MONE3HON HArpy3Ku (BXOAHOE
CONPOTHBIICHUE HHBEPTOPA).
VYrpoleHHoe MaTeMaTHIeCKOe ONMMCaHNUe y3J1a "BbI-
HIPSIMUTENs — QIIBTP" ONpeeNseTCs ypaBHEHUEM
du

TBE+UZR1{IH’ (8)

rre U — HampsDKeHHe Ha cOopHOM muHe; T, — IMOCTOsSHHAS

BpeMeHH QuibTpa; |, = 1[ig +i§ .

3apsin q (KOJIMYECTBO NEKTPHYESCTBA) aKKYMYIISATOPHON
Oaraper 3aBHCHUT OT €€ TOKa 1 ONMCHIBACTCS ypaBHEHUEM:

d
Ta6d_?zu'ga6(u)! )

rae T, — MOCTOSIHHAS, XapaKTepu3yrolas eMKOCTh OaTa-
peu, U clieoBaTeIbHO, CKOPOCTh €€ 3apsiia U paspsija.
IMpaBas yacth ypaBuenust (9) — Tox Garapew, orpa-
HUYMBAEMbIA CBEpPXY U CHHU3Y IpH paspsie U 3apsie u
paBHBIM HYJIO, Korga Oarapest paspsbkeHa u U < U, a

-1

Ry =Ry(t,u)= (1)
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TakXxe Korja 0aTapesi MOJIHOCTRIO 3apsbkeHa u U > Uy,

Takum o6paszom, ypasaenus (1) — (7) onmchIBaroT
MeXaHH4eCKyto quHamuky BOVY; ypaBuenue (8) Bmecre ¢
(D), (5) — (7) omuceiBaeT HampspKeHHe U HA COOPHOM K-
He; ypasuenue (9) Bmecte ¢ (6) xapakTepusyeT TeKymIHit
3apsi 6arapen.

PE3VJIbTATHI UCCJIIEJOBAHUS

Ha puc. 5 npeacraBnensl rpaduki CTalMOHAPHOTO
pexxuma BOVY Ha mHTepBasie mnurensHocThio 70 ¢ mpu
ciyyaiiHoii ckopocTu Betpa V(1) u criyuaifHOM xapaktepe
W3MEHEHHS IEPEMEHHOTO CONPOTUBIICHUS HATPY3KH [ (t).
Pacuer BBINONHEH IO BBIMICH3JIOKCHHOW MaTeMaTHUe-
CKOW MOJIENH CO CJICAYIONIMMHU YNCICHHBIMH 3HAYECHUSIMA
napaMeTpoB, XapakTepHbIMU i1 BOY manoi MoniHocTH
C TEHEepaTopoM Ha MOCTOSHHBIX MAarHUTaX: HHAYKTHBHO-
cTH 1 conporusnenue dasel reneparopa Ly = 0,0032 I'y;
Ly = 0,0027 I's; r = 0,3 Om; umcio map monocos P = 12;
MarHMTHOE MOTOKOCIICIUICHHE MOCTOSIHHBIX MarHUTOB Ha
nomoc ¥ = 0,165 B6; xosddununent tpenns Ky, = 0,01;
IuaMeTp BeTpokojieca D = 4 M; MOMEHT MHEpLUUHU Bpa-
maromuxesd mace J = 11,1 Kr-MZ; MTOCTOSTHHBIC BPEMCHU:
T,=11c; T,s=20c.

Ha puc. 5,2 n300pakeHbl 3aBUCUMOCTH OCHOBHBIX
IapaMeTpoB peXxuMa OT BPEMEHH, Ha pHC. 5,0 — MomIHO-
ctu. J{ns HarmagHOCTH TpadMK CKOPOCTH BETpa NMOKa3aH
YBEJIMYCHHBIM B 5 pa3, a rpauk cOnpoTHBICHHS HAarpys3-
ku Iy (t) — yBemudyenusim B 10 pas. I'paduku NoKka3bIBaIOT,

y10 BOY B 11€510M ycmenHo crpaBisieTcs ¢ 3aaadeit mo-
JIepXKaHUS HalpsDKeHHs U Ha COOpHOM IMHE Ha YpOBHE
56 B. HeGonpline OTKIOHEHUS HAIMpPSIKEHUs 3aMETHBI
JUIIb TP 3HAYUTEIBHBIX MEepenasax COMPOTHUBICHUSI
Harpy3KH U CKOPOCTH BeTpa. Tak, MpoBai HampsKEHUS Ha
cOOpHOI IIMHE Tpou30IIea B nHTepBase ot 12,3 ¢ 1o 14 ¢
BCJIEJICTBHE HEOJIATONPHUATHOTO COYCTAHUS CHIDKCHHS
CKOpPOCTH BETpa W CONPOTUBJICHUS HATPY3KH, YTO MPUBE-
JI0 K OBICTPOMY pa3psay aKKyMYyJIATOPHOU OaTapeu.

I'paduku MmoKa3pIBalOT, YTO H3MCHEHHE CKOPOCTH
BETpa COIPOBOXKIACTCS OpOCKaMH MOMEHTa BETPOKOIECa,
KOTOpBIE OOBACHSIOTCS HHEPIMOHHOCTHIO BPAIIAIOIIAXCS
Macc BOY u TpeOyroT MOBBIIIEHHOTO BHUMAHUS K MPOEK-
TUPOBAHUIO €€ MEXaHUYECKOH YacTu. B nHTepBanax nocro-
SIHCTBA CKOPOCTH BETpa MOMEHT BETPOKOJIeca HE3HAauH-
TEJIFHO IIPEBBIIIaCT MOMEHT TeHepaTopa H3-3a HaJIW4HA
MoOMeHTa TpeHus. CKOpOCTh TeHepaTopa OTCIEKUBAET H3-
MEHEHHE CKOPOCTH BETpa C 3ara3/bIBaHueM, 00BICHIEMBIM
MOMEHTOM HWHEPIMH BPAIIAIOIIIXCS MacC M MaJIO 3aBUCUT
OT 33/1aBa€MBIX 3HAYCHUI COTMPOTHBICHUS HArpy3ku. Tok
TeHepaTopa HCHBITHIBACT 3HAYUTEIBHBIC KOJIeOaHWs, 00b-
SICHSIEMbIE KaK M3MEHEeHHeM compoTHBieHuit y(t) u rgy(t),
TaK U TOKOM aKKyMYJISATOpHOW Oarapen I,; (Ha pHCYyHKe
3aps/IHBIA TOK HPHHST HOJIOKUTENBHBIM, & Pa3psiIHbIA —
OTpPHIIATENILHBIM). 3apsi G6araper B IIEJIOM IO JIEPIKHBAET-
Cs Ha JIOCTATOYHOM YpOBHE, KPOME OTMEUEHHOIO CIIydast
[poBaja HAIIPsLUKEHUS Ha Harpyske, M Ha UHTepBane oT 14 ¢
JI0 23 ¢ U3-32 HU3KOT'O COMPOTHBIICHHUSI HATPY3KH.
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MorsocTth Betpokoieca Py = Q-M,, (puc. 5,0) ume-
eT pe3Kue KoJeOaHusl B COOTBETCTBHU C U3MEHEHHEM CKO-
poctd BeTpa. MOIIHOCTh TI'€HepaTopa CKIIAIbIBACTCS U3
MOIIIHOCTH Harpy3KH, MOIIHOCTH 0aJjJaCTHOrO CONPOTHUB-
JICHHs, MOIITHOCTH aKKyMYJISSTOPHOM OaTaped ¥ MOLIHOCTH
HarpeBa OOMOTOK reHeparopa. B cuily MHEpUHMOHHOCTH
CHCTEMBI MOLIIHOCTb FeHepaTopa Pry, = Q-M,.;, M3MeHseTCs
IUIABHO M KoJieOseTes B mpeaenax ot 2,5 kBt mo 3,7 kBT.
Tak kak HanpspkeHHe Ha COOPHOW IIMHE MPAaKTHYECKH I0-
CTOSIHHO, TpadHK MOIIHOCTH Harpy3ku P, = U2/ r,(t) mpak-
THYECKHA TOYHO MOBTOPSET rpaduk M3MEHEHHS COMPOTHB-
JIeHHs] Harpy3Kd. MOIIHOCTE aKKyMYJSATOpHOH OaTapen
P = uz'gaG BO BpeMs 3apsijia IOJOXKUTEIbHA, & BO BpeMsI
paspsiia — "oTpHuIaTeNnbHa" M IMOMIUTHIBACT HATPY3KY MPH
JneburMTe MOIIHOCTH TeHepatopa. Ha mpenenbHbii pas-
psamabit Tok 20 A Oatapest BBIXOAWT TOJNBKO B MOMEHT
t = 13 c. B 310 BpeMst MomHOCTh ee coctapiser 1,3 kBT.
Ha puc. 5,06 n3o0paxxens! Taxke rpadhUKu MOLTHOCTH Oaji-
nmacTHoi Harpysku Pg, = U / rg,(t) 1 moTepsh B 0GMOTKAxX
renepatopa Pog, = 0%/ R,.

BBIBO/IbI

[Ipemnoxxennas ¢yHKIHOHaNbHAs cxemMa BOY wma-
JIOW MOIITHOCTH C MOCTOSIHHBIMU MarHUTaMu oOecrieunBa-
eT 3aJaHHbI YpPOBEHb HANpsDKEHWS Ha COOpPHOW IIMHE
IIPY 3HAYUTENBHBIX KOJEOaHUSIX CKOPOCTH BETpa M CO-
MPOTUBICHUSA HArpy3Kd, a €€ MareMaThdeckas MOJENb
JIOCTaTOYHO aJ€KBAaTHO OMHCHIBAET CTAl[HOHApPHBIE U IIe-
pexoaHsle pesxxuMbl BOVY. OrcyrctBue TpanchopmaTopa
U peAyKTOpa yIydllaeT MaccorabapUTHBIC IOKa3aTeln
CHCTeMBI, a mpuMeHeHHe OydepHOW aKKyMyJsTOpHOU
Garapen NOCTaTOYHOW EMKOCTH, IOCTOSHHO MOJCOCIH-
HEHHOIl K Harpy3ke, oOecrmeuuBaeT Ooisiee cTaOMIBHOE
HampspkeHne BOVY B ycinoBusAX ciay4alHBIX KoJeOaHMHA
CKOpPOCTH BETpa U MOIIIHOCTH HAarpy3KH.
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M odeling of a low-power wind plant mode.

A moded of a low-power wind plant is built on a permanent
magnet generator. For voltage stabilization on the busbar,
aballast and a storage battery are applied. Modeling of dynamic
mode is executed for random wind speed and |load variations.
Key words —model, wind plant, per manent magnet

gener ator, ballast, storage battery, dynamic mode modeling.
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