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PO3POBKA CUCTEMHU EHEPI'O3ABE3IIEYEHHSA
JOMOTI'OCIHHOZAPCTB HA OCHOBI MAJIOIIOTY KHOI'O
BITPOEJIEKTPOI'EHEPATOPA

Anomayin. B crarti po3poOsieHa (QyHKIIOHAJIbHA CXeMa CHUCTEMU
€HEpro3ade3NeyueHHs JIOMOTOCIIOIApCTB HAa OCHOBI  BITPOCIICKTPHYHOT
YCTaHOBKH MaJIOi TIOTY>KHOCTI 3 €JIEKTPHYHUM T€HEPaTOpOM 31 30y HKESHHIM
BiJl MOCTIMHUX HEOAMMOBHUX MATHITIB Ta 3JBOEHHUM POTOPOM CITPOIICHOI
KOHCTPYKIIii, 1[0 3a0e3mnedye 3aqaHuil piBeHh HANIPYTH y CIIOXHBa4a TPH
HeCTalliOHaApHUX CTOXaCTHYHUX JTUHAMITHAX peXUMax, K1
XapaKTEepPU3yIOThCSI  BHUIMAJKOBOIO IIBUAKICTIO BITPY 1 BEIHYHHOIO
HaBaHTa)XKeHHs. HaBegeHo mpuHIMI ii BiTpoelneKkTporeHeparopa 3i
3IBOEHHM POTOPOM CIIPOIIEHOT KOHCTPYKIIII Ta 3alPOIIOHOBAHO METOIMKY
BHU3HAYCHHS MOT0 PO3paxyHKOBOI MOTYKHICTb NMPU OyAb SKIM IIBHIKOCTI
BITpPY 1 CTpyMi HaBaHTaX€HHs. BUKOHaHe MaTeMaTHWYHE MOJCIIOBAHHS
pPEXKUMIB pOOOTH 1 OTpUMaHa aJieKBaTHA MaTEMaTHUYHA MOJECIb, 110 OIUCYE
CTaIllOHApHI Ta MepexiaHI MPOIECH y 3alPOIIOHOBAHIM CHUCTEMI.

Knrwouosi cnoea: BIAHOBIIOBaHI JKEpela €HEprii, eHepris BiTpYy,
BITpOCHEPreTHKA, TIEPETBOPEHHS  €HEPrii,  BITPOEIEKTPOTECHEPATOP,
aKyMYJIATOP, KOHTPOJIb HAMIPYTH.

Ilocmanoska npobnemu. EHepria BITPY € OJMHUM 3 HaWMOTYXXHIITUX
BimHOBMIOBaIbHUX kepen eHeprii (BJIE), mo cTpiMKo po3BUBaE€ThCS, B
MPOJIOBK OCTAHHBOTO JECIATHPIuYs, 3a0e3nedyroun 0m3bk0 3% CBITOBOTO
CTHIOXKUBaHHS eJlekTpoeneprii [1-3].

Crnemmdika Mammx JIOMOTOCHONAPCTB  OOYyMOBJIGHA  BiJHOCHO
HEBEJTMKHUM CIIOKMBAHHSM €JICKTPOSHEPT1l 1 BUMarae mupoKoMacIiTabHOTO
PO3BUTKY Majoi BITPOCHEPTreTUKH, TEXHIKA JIS SIKO1, BUXOASIYM 3 TEXHIUHUX
YMOB, 00MeKyeThest TOTYXHICTIO y 10 kBT. [4] MapkeTHHTOB1 TOCITIKEHHS
PUHKY BITPOEHEPreTUYHOrO OOJIaIHAHHS CBIIYATh MPO TE, 110 HEBEIMUKI

© C. B. I'anbko, I. M. Tpynosa, O. O. MipomHuk
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CHOXKMBadl MalOTh HaMmip BHKOPHUCTOBYBAaTH BITPOYCTAHOBKH s
3a0e3MeueHHs] CBOiX MOTpeO (HampuKiIaa, B SIKOCTI JIKEPEN >KUBJICHHS
BUPOOHHYOTO0 1 1OOyTOBOro  O0OJIalHAHHSA, OCBITJIEHHSA, 3apsAIKd
ABTOTPAKTOPHUX aKyMYJISTOPIB Ta iHII.) [5].

Bitpoenektpuuna ycranoBka (BEY) neperBoproe KiHETUUHY €HEPTiIO
BITpY B enieKTpuuHy. ABTOHOMHI BEY BUPOOISAIOTH €eKTpOoeHeprito s
noOyTOBUX 1 MPOMHCIOBUX MOTpeO 1 B CY4aCHUX YMOBAaX SIBISIIOTH
IbTEPHATUBY TPATUIIITHOMY €EKTPOIIOCTauYaHHIO.

JlocmipkeHHsT B Taly3l Maioi BITPOCHEPreTHKH MOKa3yIOTh, IO
CBITOBMM PHUHOK IIi€i ramay3l 3HaXOAUThCA HAa TMOYATKOBOMY eTaml I,
BIJIMOBIIHO JTOCHIKEHHSIM BCecBITHBOT BITPOCHEPreTUYHOI acolliallii,
IOPUPICT CBITOBOI'O CEKTOPY Majoi BiTpoeHepreTuku 3 2015 poky ckiagae
125 MBrT y pik. BBEA nporuosye, mo g0 2030 p. 3aragbHa BCTaHOBJIEHA
notyxHicTh Manux BEY y cBiTi gocarue 5 I'Bt, a puHOK HOBUX HEBEJIIUKUX
BEY - 6im3eko 1 I'Br [6].

BupoOuuiku obnagHaHHs JUIsi Maioi BITPOCHEPTETUKH 30CEPEKEH] Y
n’stu kpainax (Kanana, Kuraii, Himeuunna, Aurmis ta CIIIA) 1 3aiiMaroTh
outbire 50% cBiToBOrO pUHKY. B OLIBIIIOCTI pO3BUHEHUX KpaiH 3aIUIAaHOBAHO
y nepurii mosoBuHl XXI cT. moBectu wactky BJIE B 3arampHOMY
eneprobananci 110 20...50% [4].

HocsrHenHs >k Ykpainm y BrpoBamxkeHHi BJIE Baxko HazBatu
CYTTEBUMH, TOMY Mependavaerbes 30utbieHHs yactku B/IE y 3aransHomy
OaytaHci BcTaHOBIIEHUX MOTYkHOCTEH 10 20%. OKpiM pO3BUTKY KOMEPIIIHHOT
BIJIHOBJIIOBAHOI €HEPreTUKH, B YKpaiHi € HEOoOXIIHICTh pPO3BUBATH
HEeKoMepIiHy (“cUtbchKy”, “depMepchbky”, “mis nBopy”). Taki caMoCTiiHI
HEBEJIMKI  CHCTEMH  CIIyXKaThb  JICIICHTpami3allii  eHepromocTadyaHHs,
TO3BOJISIIOTh ~ AUBEepcU(iKyBaTH JpKepesa eHeprii, 3poOuTH  OLIbII
CHEeProHe3aIe)KHOI0 YKpaiHy, i pepmepi 30kpema [7-10].

Bupimenns 1iei mpobieMu HEMOXKIMBO 0€3 pillleHHs HayKOBO-
TEXHIYHOI 3aj/layi, sIKka MOJIATae B po3poOlli, JOCTIKEHHI, OOTpyHTYBaHHI
napameTpiB Ta peKUMIB QYHKI[IOHYBAHHS BITPOCICKTPOMEXaHIYHUX CUCTEM
JUTSE TIEPETBOPEHHST eHeprii BITpy B iHIII BuAW eHeprii. OmHUM 3 eTamiB
BHUpIIICHHS IIi€l 3a7a4i € po3poOKa, €KCIEePUMEHTANbHI TOCTIIHKCHHS 1
noOyaoBa MaTEeMaTHYHUX MOJENEH OJHOTO 3 TOJOBHHX KOHCTPYKTHBHUX
enemeHTiB Oynp sikoi BEY — enekTpuduHOro resepartopa, mo IiBHIIUTH
HamiiHICTH 1 3aranpHuil KK BEY.

Ananiz ocmanuix oocnioxcens. l'onoBuuMm enementoM BEY €
BiTpokoisieco (BK), mo xapakrepu3yerbcsi Koedili€HTOM IIBUIKOXITHOCTI.
MoxnuBocTi  miABUIIEHHA 4actotu oOepranHs BK  oOMexyroTh
aeponuHamiyHi pakTopu. BUkopucTaHHS 1715 1I€T METU PEAYKTOPIB 1 IHIINX
MEXaHIYHHUX MPUCTPOIB HEMOILIHLHO 3 TOUKH 30pYy TOSIBU JOJIATKOBUX BTPAT
eHeprii 1 MOripuieHHs MacorabapuTHUX MOKa3HUKIB. B ManonoTyxHuX
YCTaHOBKAaX HaOUIbIII MOIIUPEH1 OAraTonoIOCHI TeHEPATOPU Ha MOCTIMHUX
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maruitax [11,12]. [lepcniekTMBHUMH i Ii€i METH € TEHepaTopH Ha
MOCTIMHUX MarHiTax, ki MpocTi 3a KOHCTPYKUIEI0, HA1iiH1, HE MOTPeOYIOTh
JIOIATKOBOTO YKUBJICHHS 00OMOTKH 30y kxeHHs [12,13].

OcHoBHOtO ocoOmuBicTiI0O BEY € HeoOXxinHicTh poOOTH B yMmoOBax
3MIHHOi IIBUAKOCTI BITPY, OKpEeMl IOPUBU SIKOTO MOXYTb ICTOTHO
MEepPeBUIIYBaTH MHOro CEepellHI0 MIBUAKICTh, a B IHIII MOMEHTH Yacy
MIBUJAKICTH MOXE 3HAYHO 3HWXKyBathca. Llg oOcraBuHa 3mytrye
BukopuctoByBaTd B BEVY ckiagni mexaHiuHi abo TiipaBiiyHl MpUCTPOT
PETYIIOBAHHS IIBUIKOCTI, a BIIMOBIIHO - BUXIAHOT HAIIPYTH TeHepaTopa, 1o
ICTOTHO YCKJIATHIOE 1 3I0pPOKY€E BCIO KOHCTPYKIIIO 1 HENPUWHSATHO IS
aBToHOMHOI BEY HeBenukoi noryxuocti [14-16]. Kparie BukopucroByBatu
YCTAHOBKM 3 MPOMDKHOIO JIAHKOIO IMOCTIHHOTO CcTpymMy 1 OydepHum
HAKOITUYYyBaueM EHEpPTil 3 MOJaIbIIUM NIEPETBOPEHHSM ii B HAIIPYTY 1 CTPYM
npomucioBoi uactotu [17-19]. B [20] pekomenmyeThcsi Ha mifcTaBi
3iCTAaBJICHUX XapaKTEPUCTUK TIOTY>KHOCTEH TeHepaTopa 1 BiTpokoieca
BUKOHYBATH PETYIIOBaHHS TOTYKHOCTI YCTAaHOBKH TIO KONy 30Yy/KCHHS
reHepaTopa, IO HEMPUUHATHO IS PO3pPOOJICHHX W 3alaTeHTOBAaHUX
0e3penykTopHUX BiTpoenekTporeneparopiB (BEI') Ha mocTiiHMX MarHitax
[12,13].

Cepen pi3HHX THITIB HaKOMMMYYyBadiB eHEprii HaWOLIbIT TPUBAOIUBUM
3acoboM 11t OydepHoro HakonmayBada eHeprii B BEY manoi moryxHocTi €
akymyastopu  [21,22], sgki mpM  JOCTaTHI  IIBHAKOCTI  BITPY
M1A3apsKAI0THCS, a MPY NaiHHI MBUAKOCT1 BITPY 1 A€(IIIUTI TOTY>KHOCTI
BIIAIOTh CHEPril0 HaBaHTaXEHHIO. J[Js OmepaTUBHOTO pEryJIlOBaHHS
MOTY)KHOCTI BiJl TeHEpaTopa /10 HaBaHTa)XEHHS IOILILHO 3aCTOCOBYBATHU
pe3ucTUBHE OanacTHe HABAaHTAXEHHS, SKE€ CHOpUMae  HAIJIUIIKH
HOTYKHOCTI ITPH BEJIMKKMX IIBHAKOCTAX BITpY [23,29].

B cyuachiif mitepaTypi HOCTaTHRO po3poOJieHi TumoBi cxemu BEY
BEJIMKOI 1 CepeHbO1 MOTYKHOCTI, @ TAKOX PEXUMH POOOTH TeHepaTopa 3
€JICKTPOMArHITHUM 30Y/DKCHHSIM 4Yd 30YyJKCHHSIM Bl TMOCTIMHUX MAarHiTiB
[4]. YV MeHmiii Mipi TOCHiIKEHI HECTallioHapHi nuHaMiuHi pexxumu BEY
MaJjioi MOTY>KHOCTI, 110 XapaKTEPU3YIOThCS BUIMAIKOBOIO IMBUIKICTIO BITPY 1
BUIIAJIKOBOIO BEJIMYMHOIO OTOPY HABAaHTAXEHHS 3a YMOBHU cTabumizarii
HAIMpyTd 32 MUTTEBUM 3HAYEHHSM IMBHUIKOCTI BITPY 1 BHXITHOT Hampyru
re’epaTopa.

@opmysanns yinet cmammi. Po3poOka GyHKIIOHATBHOI CXEMHU
cucteMu eHeproszabesneueHdss Ha ocHOBi BEY wamoi moTyxHOCTI 3
EJIEKTPOTeHEPATOPOM Ha TMOCTIMHUX MarHiTax Ta MOJEIIOBAHHS PEXUMY il
poOOTH B yMOBaX BHUIMAJKOBOI IIBUJKOCTI BITPY 1 BUNIAJKOBOTO XapaKTepy
3MIHM OTIOPY HAaBaHTAKEHHSI.

Ocnoena uacmuna. OyHKIIOHATbHA CXeMa MPOIOHOBAHOI CUCTEMH
eHeprozabesneueHdss 3 BEY manoi moTyXHOCTI Ha elleKTporeHepaTopi 3
MOCTIMHUMHU HEOJIMMOBUMHU MarHitramu 300pakeHa Ha pucyHky 1. Cxema
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npaioe B Takuil croci6. ®dazHa Hampyra 3 reHepatopa G mojaeTbcs Ha
MocToBHIl HekepoBaHuil Bunpsmisia VD 1 uepe3 gemndytouuit puibtp F
noctynae Ha 30ipHy muny [/l. Ciogu X MIAKIIOYAETHCS PE3UCTUBHE
OaslacTHe HaBaHTaxxeHHs1 HH 1 akyMynsiTopHa O6aTtapes A5 yepe3 KOHTpoJiep
K apsany-po3psany» 6arapei. 31 30ipHoi muHu [/ Hanpyra HaAXOAUTh Ha
1HBepTOp /, 3 BUXOly SIKOI'O Ha HaBaHTakeHH1 H 3HIMaeTbes Hanpyra 220 B
IIPOMHUCIIOBO1 YACTOTH.

A

L, Up

| |
BH | | K
|

v Ab

Pucynok 1. dyHKI1IOHATBHA CXeMa CUCTEMH eHepro3ade3rneueHHsT Ha
ocHoBl BEY

[lpy Ha;MIIKYy TOTYXHOCTI TeHepaTropa, W0 BUPAXKAETbCA V
30UTBIICHH] ~ HANpPyTW, BHACIIAOK 30UIBIIEHHS  MIBUJIKOCTI  BITpY,
IIPOBIAHICTh OAACTHOTO HaBaHTaXXCHHS HH 30UIbIIY€ETHCS, 110 MPUBOIUTH
70 BimOOpy 3aiBoi MOTykHOCTI. KpiM TOTO, B IIMX YMOBaX € MOXJIMBICTh
miA3apsaaku  akyMyssiTopHoi Oarapei A4b; i koHTponep K 3abesmneuye
OOMEXEHHSI 3apsAJIHOTO0 CTPyMy 1 TIOBHE WOro TIPUIIMHCHHS TIPH
MaKCUMaJIbHOMY 3apsiai. BHacmimok mporo Hampyra Ha 30ipHid mwuni 111
3pocTae He CyTTeBO. AHajoriyHa po0OoTa BITOYBA€ThCA 1 MPH 3HUKEHHI
MOTY)KHOCT1, CIIO)XKMBaHOT HaBaHTaXeHHsAM FH. Ilpu moBHIM BTpari
MOTY)KHOCTI HaBaHTaAXEHHS [ 1 TMOBHICTIO 3apsKeHi Oartapei A
BITPOKOJIECO BIJBOAUTHCS Bil BITpYy ab0 TaJIbMYEThCS, HAMPHUKIA,
cuctemMamu, 1o HaBefeHi y [24]. Takum 4rMHOM, y MPOTIOHOBaHIM cHCTEMI
HE mepe0aYaeTbCcs MEXaHIYHOTO PETYITIOBAHHS IMIBUIKOCTI BITPOKOJIECA; 11€
BiIOYBA€ETHCS MUIIXOM PETYTIOBaHHS HaBaHTaXEeHHs reHeparopa G.

JedimuT MOTY>KHOCTI BHHHKA€ TMPU KOPOTKOYACHOMY 3HIDKEHHI
IIBUIKOCTI BITPY 200 Haku/1 HaBaHTakeHHs H Ha iuBepTop /. [1pu nedinuti
MOTYXHOCT1 Ha 30ipHii mwHi [/l poBinHICTh HH 3HUXKYETHCS O HYJA, a
aKymyIaTopHa Oatapes Ab, MO po3psSIKaEThCSA, MITPUMYE HANPYTy Ha
He3MmiHHOMY piBHI. Kontpomep K  oOMexye pO3pAIHHA  CTPyM
akymynaTtopHoi Oatapei Ab 1 mNpunuHAE WOro TPH MaKCUMAaIbHO
JOMYCTUMOMY ii po3psal. 3MiHa MPOBIAHOCTI 0alaCTHOTO HaBaHTAXCHHS
bH 3abe3nedyeThcs MIIKIIOYEHHAM A0 30ipHOiI mMHU [/] HU3BKOOMHHX
PE3UCTOPIB Uepe3 MPUCTPIA MUPOTHO-IMITYIBCHOT MOAYJISALIT 3 HACTOTOIO 4-
6 k1.

Ha ocHoBi BukoHaHoro ananizy icuyrounx BEI" manoi notyxHoCT1 AJist
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BEY nomorocnongapcts, po3po0eHo 1 3aaTeHTOBaHO MasionoTyxHuit BEI'
31 3IBOEHUM POTOPOM CITPOIICHOT KOHCTPYKIIi [25], OymoBa sikoro HaBeeHa
Ha PUCYHKY 2.

a) oynosa BEI'; 0) ctaTop; B) 16-T nmoitocHU# poTOp 3 HEOJAUMOBHUMU
MarHiTamu

Pucynok 2. Manonotyxuuii BEI' 31 31Bo€HIM pOTOpPOM CIIPOIIEHOT
KOHCTpPYKIIii, mat. 116122

Manonotyxxuuii BEI' 31 31BO€HUM pOTOPOM CHPOIIEHOT KOHCTPYKITii
CKIIQJAEThCS 3 KOopIycy 1, Bamy 2, BCTAHOBJIICHOTO Ha MAMIUAIHAKAX 3, M0
3aKpuTi 3 000X cTOpPiH Kpuikamu 4. Ha Bay 2 po3ramoBaHuii JBOANCKOBUN
potop 5, 6. JIuck 6 BuKoHaHUI cTaibHUM. Ha nmucky 5 piBHOMIpHO MO KOTy
3akpiruieHi 16 HeoAMMOBUX MArHITIB 7 3 dYepryBaHHSIM IIOJIOCIB,
3aKpIMVICHUMH PIBHOMIPHO MO KONy Ha mepudepii AUCKa, 1Mo yTBOPIOIOTH
0araTomnotoCHU TUCKOBHH poTop (puc. 1, B). Mk pOoTOpHUMHU JUCKAMH 5
1 6 3 3a30pOM pO3TAllIOBAHUM HEPYXOMHH MIaCTMAcOBUN (OaKeTITOBUIA)
CTaTop 8 3 MJIOCKUMHM SKIPHUMH KOTyIIKaMu 9 TpaneuieBuaHoi popmu 6e3
ocepas (puc. 1, 6). SxipHi KoTymiku 9 3’enHaH1 3riAHO TTOCH1A0BHO. CTaTop
8 po3TamoBaHuii NEPICHIANKYISIPHO OCI BUXITHOTO Bay 2, 1 3AIMTUN pa3oM
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3 KoTynikamu kommnayHaoM. Kinii o0MoTok 9 BUBe/IeH1 Ha KIIEMHY KOPOOKY
10. [Imunepkamu 11 nnactmMacoBuil ctatop 8 >KOPCTKO 3aKpiIUIEHWH B
kopnyci 1. Ban 2 BEI' 3’eqnanuii 3 BuxifiHuM BasioM 12 BiTpokojeca (He
MTOKa3aHo).

1. llpunyun oii’ BEI'. Buxinnuii Ban 12 BiTpokoseca, 10 TPUBOJUTHCS Y
PYX BITPOM, Iepeaae 00epTOBUI MOMEHT Yyepe3 KIHEMaTHYHHM 3B'A30K Baly
2, SIKUM, y CBOIO 4epry, ooeprae 3akpiljieHl Ha HbOMY POTOPHMM TUCK 5 3
HEOJIMMOBUMM MarHitaMu / 1 guck 6. Tak sk mMar"itu 7/ po3TaiioBaHi
piBHOMIpHO Ha mnepudepii pOTOPHOTO JHUCKY O, TO BOHH CTBOPIOIOTH
NOTYXHUN MarHiTHUM NOTIK @4, AKUM MPOHU3YE TIIOCKI SIKIPH1 KOTYIIKA 9 1
3aMHMKAETHCS Yepe3 CTajdbH1 pOTOPHI 1UCKH S 1 6. [Tpu obepTanHi TUCKIB 5 16
MarHiTHUM NOTIK @, MOCTIHHUX MArHITIB MO Yep31 MPOHU3YE SIKIPH1 KOTYLIKU
9 1 inaykye B HUX 3MiHHY EPC e,. Jlns 30u1bmenns Buxinnoi EPC sxopio ey
KOTYIIKU 9 3’ €HaH1 3T1HO MOCTITOBHO B OOMOTKH, KIHII1 SKUX BUBEJICHI Ha
KJIeMHy kopoOky 10.

[TepeBaru pospobsienoro BEI' Taki: He moTpebye MyibTUILIIKATOpA,
TaK Sk 0araTonoI0CHE BUKOHAHHS pOTOpa 3abe3nedye 30 IbIIeHHS YaCTOTH
renepoBanoi EPC; piBHOMIpHE 3aKpiIlJIeHHS 110 KOy Ha niepudepii mepiioro
POTOPHOTO JWCKY HEOJWMOBHMX TMOCTIMHUX MarHiTiB 3a0esrneuye HaJiliHe
30y/KEHHSIT MarHiTHOTO TOJIA 1 cTaOUIbHICTh YyacToTu renepoBanoi EPC B
AKIPHUX OOMOTKaX; BUKOHAHHS JPYTOro JMCKa pOTOpa y BUIIISIAL CTAIBHOT
IUTACTUHU 3a0e3neuye CIPOIIEHHS KOHCTPYKINi, 3MEHIIeHHS KIIbKOCTI
MAarHiTiB, rabapuTiB 1 BAPTOCTI KOHCTPYKIIil; BAKOHAHHS CTATOPHOTO JUCKY
IUIACTMACOBUM, YCyBa€ BTpaTH Ha HArpiB JHUCKYy, 3MEHIIYE MOMEHT
3pyIICHHS, 1[0 PO3MIMPIOE  Aiama3oH poOo4yoi MIBHAKOCTI  BITPY;
po3TalryBaHHs OOMOTOK Ha HEPYXOMOMY CTaToOpl JO03BOJISIE YHUKHYTH
PYXOMHX KOHTakTiB, a omke miaBumutd KKJ[ 1 HamiliHICTh TeHepaTopa;
BUKOHAHHS CTAaTOPHUX KOTYIIOK 0€3 ocep/is 1 CTAIBbHOTr0 MarHiTOIPOBOIY
3a0e3neyye 3MEHIIEHHS MOMEHTY 3pYILEHHS TIeHepaTropa, a OTKe HOro
3alyCK TpU HE3HAYHIH MIBUAKOCTI BITPY; BUTOTOBIEHHS CTaTOPHHUX
KOTYIIOK TUIOCKUMHU TpamneneiganbHoi (GopMH TMOKpaIlye KOMIAKTHICTb
cTatopa, 30UTbITye KOedillieHT BHUKOPHUCTaHHS 00'eMy cTaTopa, a OTXe
CHpusie 3MEHUICHHIO radapuTy 1 Macu I€HepaTopa; 3'€lHaHHS CTATOPHUX
KOTYIIOK 3TiTHO MOCTiAOBHO 3abe3neuye 30umbmieHHss EPC B oOmoTkax
reHepaTopa; BHUKOPHUCTAHHA TMIOTY)KHUX HEOJMMOBUX MATHITIB CHpHUSE
3MEHIIICHHIO TabapuTy 1 Macu TeHepaTopa.

Lleti remeparop Moxke Oytu omgHOoda3zHUM (BCi OOMOTKHM 3’€IHaHI
MocTiIoBHO) abo TpudazHnuMm (Tpu Tpynu oO6morok). OcTaHHINA BapiaHT
Kpallliii, OCKIJIbKM B TaKOMY pa3i OyJie OUIbII BUCOKA YaCcTOTa CTPyMY MpH
OJTHAKOBIM 4acTOT1 00epTaHHS pOTOpAa.

2. Pospaxynox BEI. ]Jlns pospaxynky BEI, sxuii sBise co0oro
cunxponnuii rereparop (CI') 3 MOCTIHHMMHM MarHiTamu 3 ypaxyBaHHSM
BTpPAT y MArHITONPOBO/ ICHYIOTh METOJIUKHU, HEJOIIKAMU SKUX €:

SBTSATU. 13.2. 36
352


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HayKkosuit BicHuk TOATY Bun. 13, Tom 2

3533

CKJIQJHICTh PO3pPaxyHKIB, T€HEPATOP 3 CTATOPHUM MArHITOIPOBOJOM Oyze
MaTd 3HAayHE 3ajJUIaHHSA POTOpPa, a BUKOHAHHA Ma3iB MiJ KyTOM, IS
3MEHILIEHHS 3aJUIIaHHs, 30UIbLIY€E BTPATH B CAMOMY I'€HEpaTOpi; BUKOHAHHS
OOMOTOK 3 YKOPOYEHUM KPOKOM, HPU3BOJAUTH JI0 3OUIBILIEHHS Maco-
rabapuTHUX po3MipiB reHeparopa. OTke, NMPUBEACHI HEIOJIKU METOIUK
po3paxyHky CI' 3 MOCTIMHMMHU MarHiTaMu HE NPUUHSATHI JJI1 pO3paxyHKY
BET', y sikux BIICYTHIH MarHiTonpoBij Ha ctatopi. ToMmy uist po3po06sieHOro
BEI" Ha HEoTMMOBUX MarHiTax MpPOMOHYETHCS 1HILA METOJUKA PO3PAXyHKY.

Hnst po3paxyHky po3pobieHoro BEIT HeoOXigHO 3HATH cepeaHe
3HAYEHHs 00EPTIB MPU CEPEIHBOPIUYHIN MBUAKOCTI BITPY B JAHOMY PETIOHI.
[Tpu BUOOP1 KUIBKOCTI MarHiTiB TpeGa OpIEHTYBATUCS HA CEPEIHE 3HAUCHHS
4acToTd OOepTaHHA 1 Ha (PIHAHCOBI MOXJIMBOCTi, MAarHiTU 3 JOCTaTHIM
Mar”HiTHUM MOTOKOM HejemieBi. [IoTyXHICTh BiTpoKojeca BU3HAYAEMO 3a
piBHsIHHM [26]:

3

V
P =Cyinep g (1)

6K

1e C,— Koe(ILIEHT MOTYKHOCT1 BITPOKOJIECA;
p — WIIBHICTB OBiTps, Kr/M3, (p = 1,2 xr/M°);
Vo — MIBUJIKICTH BITPY, M/C;
D — niameTtp BiTpoKoOJeca, M.
V mBuakoxigHuX no6pe cnpoekroBanux BEY C, nocsrae 0,4 [27].
JliameTp BiTpoKoJieca paxyeMo 3a (opMyJIoro:

(2)

OnTumanbHa MBUAKOXITHICTH BITPOKOJIECA TOPIBHIOE:
Z,= 4n/n, 3

JI€ N — KUIBKICTBH JIOTIATEN.

Jli1st nBoJIOaTeBOro BiTpokoeca Z, = 4n/2 = 6; mis 4-x JIonaTeBoro -
Z, = 4rnl4 = 3; nya 3-x nomareBoro - Z, = 4x/3 = 4 [28].

HaiiOinpm exonomiuni BEY wmarote mo 2 jomarti, ajge 3 METOIO
3HIDKCHHS JIMHAMIYHUX HABAaHTAXKECHb PCEKOMCHIYETHCS BHUTOTOBIISITH
mBuakoxigai BEY 3 3 nmomatsamu.

YactoTy 00epTaHHS BITPOKOJIECA TOPIBHIOE:

60V, Z,
n= .

D
®a3nHy Hanpyry xoJsioctoro xoay CI' po3paxoByemo 3a BUpa3om:

(4)
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U =2n-m-N-W, -B-S, (5)

b.x.x.

Jie N —9acToTa 00epTaHHA POTOPa 3 MarHiTam, C2;
M — YUCJIO MarHITHUX IIOJIIOCIB;
N — KUIBKICTh KOTYHIOK Y (a3i, a Ajig 0AHO(A3HOTO - YHCIO KOTYIIOK Y
cTaTopi;
W — KUTBKICTh BUTKIB B OJIHIM KOTYIIII CTaTOPA;
B — maruiTHa iHayKIIis B 3a30pi, 111,
S — moma NoBEPXHi OHOTO MArHiTy, M2,
3 (5) 3HaxX0MMO MOTPiIOHY KUIBKICTh BUTKIB KOTYIIIKH:

)
Wk: ¢.x. x. ) (6)
2n-m-N-B-S

3HaueHHs Mar”iTHOI IHAYKIII B 3a30p1 BU3HAYAEMO 3 3aJIEKHOCTI, SIKa
npuBenicHa y [27]. ChoiBBigHOIICHHS KITBKOCTI IOJIIOCIB MArHITIB [0
SKIPHUX KOTYIIOK MOBUHHO OyTH 4:3 [27]. B Hamomy BUIAaNKy KUIbKICTh
noJirociB po3mipom 40x20x10 MM Ha HEOIMMOBHUX Mar”iTax CTaHOBUTh M =
16, a KITBKICTB SKIPHUX KOTYIIOK - 12, 110 4 Ha KOXKHY ¢da3Hy 0OMOTKY, N =
4. ITpu noBiTpsiHOMY 3a30pi 0 = 1 MM, MaruiTHa iHAYyKIiS B 11 maraity N35
nopisutoe 0,5 T [30].

BukopucroByroun 3anponoHoBaHy METOAUKY po3paxyHKy BEI' Mmoxna
BU3HAYUTH PO3PAXYHKOBY MOTYXKHICTh TIPU OYIb SKIM MIBHAKOCTI BITPY 1
CTpyMi HaBaHTaxeHHs. Hamm BukoHaHi pospaxyHku BEDI' mnpwu
HOMIHAJILHOMY CTPyM1 HaBaHTaKeHHs [, = 25 A, ski HaBeJeH1 y Tabnuii 1.
Ha pucynkax 3 1 4 300pakeHi po3paxyHKOB1 XapaKTepUCTUKU I 16-Tu
nontocHoro BET'.

Tabnuysa 1

PozpaxynkoBa notyxHicts BEI' mpu mBuakocTi Bitpy 12 M/c 1 cTpymi
HaBaHTaXeHHA 25 A
KinpKicTh MarHiTHUX IMOJIIOCIB, M 4 8 12 16 20
[Totyxuicts BET, Bt 220 | 440 | 660 | 880 | 1100
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Pucynok 3. 3oBHimHs xapakrepuctuka BED
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Pucynok 4. 3anexHicts notyxxknocti BEI' Bin mBuakocTi BiTpy npu
CTpyMi HaBaHTXKECHHS 25 A

Pezynomamu ma o6eo6openns. MaTeMaTUUIHHA OMTUC PEKUMIB POOOTH
reHeparopa 3 TMOCTIHHMMH MarHiTaMu 3a YMOBH CHHYCOITAJIbHOI KPHBOT
BUXIHOT HANpPyrW 1 HEHACHYEHOTO0 MATHITHOTO KOJa BUKOHYETHCS B
opToroHaidbHUX d, ( - KOOpPAMHATaX 3 BHUIIEPEIKAIOYNM OOCPTAHHIM
MO3JOBXHBKOI OCl. Y TOMIOHWX TeHeparopax HEMae CHeliaIbHUX
nemndyrounx oOMOTOK Ha poTopi. 3a pesynbpratamu AochikeHHs [12],
nemnyodi CTpyMH TOPIBHSHO MaJl0 BIUIMBAIOTh HA PEXHM TaKOTO
reHepaTropa, TOMY Jalli B MaTeMaTU4YHIA MOJieJli BOHH HE BPaxOBYIOTHCS.
Kpim Toro, 3miHa MarHiTHOro TIOTOKY BHACIIJOK YacCTKOBOTO
pO3MarHidyBaHHsI ICTOTHO MPOSBISETHCS JIUIIE MMPU CTPyMaX, OJTU3BKUX 10
KOPOTKOTO 3aMUKaHHs. ToMy faji BBaKaeMo, 1110 MarHiTHUM MOTIK MarHiTiB
3QJIMIIAETHCS MOCTIMHUM. BigzHaunmo, 1110 no1i0He AOMYIIEHHS TPUHHATO
pPO3pOOHUKAMH MOJEIl MAaIIMHU 3 TMOCTIMHMMHM MarHiTamMyd B IaKeTI
imitaniaoro monemrosanass MATLAB Simulink.
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TakuM yMHOM, pIBHSHHS 110 MO3JOBXHIN 1 MONEPEeYHIN CKIIa0BIN
CTPYMIB 1 HaIllpyT TeHepaTopa MaroTh BUrIA [16]:

1,5ri, +1,5L, di —++1,5Li,Qp+u, =0;
| )
1,5 +15L " -15Li1iQp-15YQp+u =0,

L q “ dt dd q

e lg, Ug, Ig, Ug — IOB3JIOBXKHI 1 TIONIEpEYHi CKJIa10B1 (Da3HUX HAMPYT 1 CTPYMiB
Ha BUXOJI1 TEHEPATOpa;
L4, Lg — iHAYKTUBHOCTI (pa3HOI OOMOTKH CTaTOpa reHepaTopa y3a0BxK
BIJTTOBIJTHUX OCEH;
P — YKCIIO0 Map MOJIIOCIB;
I' — akTUBHMI o11ip a3 OOMOTKHU CTaTOpa;
¥ — NOTOKO3YEIUJICHHS! MarHiTiB B3/I0BXK MO3I0BXHBOI OC1 T€HEpaTopa.

HexTyroun enekTpuyHOIO 1HEpLINHICTIO OOMOTOK TeHepaTtopa B
MOPIBHSAHHI 3 HOr0 MEXaHIYHOI 1HEPIINHICTIO 1 BBAXKAIOUU y3arajlbHEHUM
ommip HaBaHTaXeHHS R, MEepEeBaXKHO PE3UCTHUBHUM, OTPUMYEMO OCTaHHE
PIBHSIHHS Y BUTJISITI

. . 1.
1,5r, +1,5L1.Qp+—=R]I, =0;
d a°q p \@ i (8)
|1,5ri -1,5Li Qp-15¥Qp+  Ri =0,
L q dd \/g nq

3BIIKHA
1, 5‘1’ka1 5r +i R ] 1,5%YQpL L
i V3 ) ¢ a. ©)
L L(lSQp) +|15r+ IR 15r+ 1R
‘” NI V3

PiBHsHHS nuHAMIKM MexaHIuHOT yacTHHU BEY Mae Burism piBHSHHS
piBHOBaru MOMEHTIB

dQ

+ k
dt o2+ M., =M_; (10)

MzeH _1’5piq [1’5\11 + (Ld - Lq)id ]’

ne J — MOMEHT 1HepIlii 00epTOBUX Mac;
Kinp — KOCDILIIEHT TEPTS;
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M.e,, — €IEKTPOMArHITHUM MOMEHT T€HEPATOpa;
Mg, — 06epTOBHIT MOMEHT BITPOKOJIECA, IO 3aJEKUTh BiJl MIBUIAKOCTI
fioro o0epTaHHs 1 MIBUJKOCTI BITpY [29]:

D’pnV?
MEK:M(Z)i (1)
16
ne M(z) — BIZTHOCHMH MOMEHT BITPOKOJECa, M0 3aJCKUTh BiJ

IIBUAKOX1IHOCTI Z.

TunoBuii rpadix BIAHOCHOTO MOMEHTY JUIsl  TPHUJIOMNATEBOTO
BITPOKOJIECa, 300paKeHUI HA PUCYHKY 5 CyIUIbHOO JiHiewo 1 [26].

M(7), B.0.

b4
Y, -~ N 1
0,075 /\//—

1

0,05

0,025

0 2 4 7z 6 Z, B.O.

0

1 — TunoBwii; 2 — anpokcumoBanuii 3a (12)
Pucynok 5. 3anexHocTi BiTHOCHOr0 MOMeHTY M(Z) Bif IIBUIKOXITHOCTI Z.

Jlns mijeld MOJeNIIOBaHHS 11ed MOMEHT alpOKCHMYEThCS HEHINHOIO
3aJIEXKHICTIO

M(2)=kie k@) + kse™** +kgsinz —kez®, (12)
ne K,...Kg - xoedinmienTn anpokcumarii.

Ha pucynky 5 anpokcumoBaHa 3aiiexHicTh (12) mokazaHa mTpUXoBOIO
JiHIEIO 2 PY 3HAYEHHSAX TTapaMeTpPiB:

k1 =0,09; k2 =0,35; ks =0,006; ks =0,03; ks =0,009; ke = 3-107".

Sk BUIIIMBa€E 3 PUCYHKY D, amnpOKCUMallis JIOCTaTHBOIO MIPOIO
BiloOpakae BHUXIJIHY KPHUBY, OCOOJMBO 3 ypaxyBaHHSM TOTO, IO cama
BUXiJHa KpruBa M(Z) 3a3BHUaii IPEICTABISIETECS Y BEJIBMHU YCEPEIHEHOMY
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BUTIIAI [26].

I'padik 3amexxHOCTI onopy 6aIacTHOTO PE3UCTUBHOIO HAaBAHTAXKCHHS
I's, Big Hanipyru U Ha 30ipH1# muHi /1] 300pakeHnii Ha pUCYHKY 6, Ha IKOMY
nmo3HaueHo 3aaany Hanpyry Ug = 56 B. [Ipu nanpysi 6utsmiiit Ug, omip s,
3MEHILYEThCS, 1 0aJaCTOBE HABAHTAXKEHHS MPHUIIMae HAJIUILIOK MOTYKHOCTI,
o cTabiunizye Hanpyry Ha 30ipHid mmH1 /1. Tlpu aediuuTi NOTYKHOCTI,
KOJIM Hampyra 3MEHIINYETbCS, OMmip 0alacTHOrO HaBaHTAXKEHHS [g
30uIBIIYyEeThCs. [IprBeieHa Ha PUCYHKY 6 3alIeKHICTh g, = f(U) mpu U > Ug
anpPOKCUMYETHCS BUPA30M

o 2
” " u-U,+0,002

7€ U — MOTOYHE 3HAUYEHHS Hallpyry Ha 301pHIN MIMHI.

(13)

Mo>kiMBa TakoX 4acTKOBO-JIiHIMHA anmpokcumarlis Bupasy (13). Ilpu
peamizaiii CHCTEMH 3aKOH BHCOKOYACTOTHOI IIUPOTHO-IMITYJIBCHOI
MOJYJSIIT KOHCTPYIOETbCS TaKUM YMHOM, MI00 3a0e3MeUuTH CepelHE
3HAYCHHS OIOpPY I, BIAMOBITHO 10 KpHBOi (13).

r..,Om

OH?

3

10°

100

10

\\_

0,1 i
40 50 U, 60 70 u, B

Pucynok 6. Omip 6aiacTHOTO HaBaHTaXEHHS I,

IneanizoBana BombT-aMriepHa xapakrepuctuka (BAX) akymymnstopHOi
Oarapei / = f(U) 300paxkeHa Ha pUCYHKY 7 IITPUXOBOIO JiHi€r0. Maibke
BEepPTUKAJIbHA MUISHKA Ii€] KpuBoi nipu / > 0 BIANOBIAAE PEKUMY 3apSIKH, A
mpu [ < 0 - pexumy po3psanku. ['Opu3oHTaNbHI JUISTHKA € HEPOOOUNMH 1
HEMPUITYCTUMI; KOHTPOJIEP aKyMYJSITOPHOI OaTapei BHKJIIOYAE BUXIJ HA IIi
TUISTHKA, OOMEXYIOUH CTPYMH 3apsiay 1 po3psly Maiike BEpPTUKAIbHOIO
JACTHHOO XapaKTePUCTHKH.

[MpoBigHicTe Oatapei g, = f(U) (Ha pucyHKy 7 - CyliIbHA JIiHISN),
BiAmoBiaHa naHii BAX, anpoKCUMY€eThCS BUPa3OM
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f _b b
g (=" e Uy >U
fo g U (14)
9,6 (u)=_1 - et Udycu,,
u Y
ae bi, by — koediieHTH ampokcUMalii.
LA
LA
10/
3apa 8. 0N

//

po3psiL

20 40 U, 60 T uB

Pucynok 7. BonpT-amnepHa xapakTepUCTHKa aKyMyJISITOpHOI Oatapei

[Teprni mogaHku B ITUX BUpa3ax BiioOpakaroTh TOPU30HTAIBHI TUITHKA
BAX, a ekcnoHeHTHI — 3a0e3meuyloTh IUIABHUN TMepexiy MDK LHUMHU
TUITHKAMU 110 Maibke BepTUKaNbHIA JIiHII, IO BIANOBIIAE PEKUMAM
“sapsay-po3psay‘ 6arapei. Koedimient by = 20 Bu3Havae rpanudnuii ctpym
Oarapei; koedimienr b, = 10 Bu3Hawae cTymiHb 3r7IaIKyBaHHS KYTiB
XapaKTEPUCTUKH 1 PIBEHb HAXUJTY BiJl BEPTUKAI pOoO0YOi TUISHKHU ‘“3apsIy-
po3psany Oatapei (migOWpaeThcss AOCIIIHUM IUIIXOM). TaKuM YHHOM,

y3araJIbHeHHUM OIlip HaBaHTaKEHHS (BH3Ha‘{a€TBCH PIBHSHHSIM:
1 1

+ N
= = o | ]
RH RH (t, U) \UH—(Q JZ(U) + 0, (U)} (15)

7€ I, — OIip KOPUCHOTO HaBaHTAXKEHHS (BX1THUHI OMIp IHBEPTOPA).
CrporieHnii MaTeMaTHYHAN OMHC By3ia "BUOPIMIISY — PiTbTp" Mae
BUTJISI:
du
T +u=R1 (16)
F E H H

ne Tr — nocTiiiHa yacy QuibTpa;
— [2 2 .
I, =.)if +1 ;- CTPYM HaBaHTAKCHH.

3apsia  akyMyJIsITOPHOT OaTapei 3aJIeKUTh BiJ i CTPyMY 1 OTUCYEThCS
PIBHSIHHSIM
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du
T =ug, (u). )

ne T, — mocTiifHa yacy, 1110 XapaKTepu3ye €MHICTh Oartapei, a oTxke,
MIBUJKICTS ii 3apsiay 1 po3psiay.

[IpaBa yactuna piBHsAHHSA (15) - cTpyMm Oartapei, oOMeKyBaHUM 3BEPXY
1 3HM3Y TIPU PO3PsAi 1 3aps/l, 1 pIBHUM HYJIO: KO OaTapes po3pskeHa U
< Up; a xonu GaTapest MOBHICTIO 3apsikena, 1 U > Uo.

Takum yuHOM, piBHsAHHA (7) - (15) ONUCYIOTH MEXaHIYHY AMHAMIKY
BEY; piBasinusg (16) pazom 3 (7), (13) - (15) onucye Hanpyry U Ha 301pHiii
i, piBHsHAS (17) pasom 3 (14) xapakTepu3ye MOTOYHUE 3apsi OaTapei.

Ha pucynky 8 npencrapneni rpadiku cramionapHoro pexumy BEY Ha
iHTepBaii TpuBaticTio 70 ¢ pu BUNAIKOBIi mBUAKOCTI BiTpy V(1), BenmnunHa
aKoro 3MiHioBajnacs Bix 8,4 no 13,5 m/c, 1 BUNIAJKOBOMY XapakTepl 3MiHU
3MIHHOTO omopy HaBaHTaxkeHHs I,(t) Bix 1,0 1o 2,2 Owm, 110 BiANOBiga€
KOJIMBAHHIO MOTYXHOCTI HaBaHTaxeHHs P, Big 1,8 no 3,0 kBt. Po3paxyHok
BUKOHAaHUM 3a BHUILE ONMCAHOK MAaTEeMaTU4YHOW Moneiuno, 11 BEY 3
reHepaTopoM Ha MOCTIHHUX HEOJMMOBHUX MArHITax, KOHCTPYKIIS SIKOTO
3araTeHTOBaHa aBTopaMu poOoTH [25], 3 HOMIHATBHOO MOTYXKHICTIO P,y ) =
4 kBT, 3 HACTYTHUMU YHCETbHUMU 3HAUYEHHSAMHU [apaMeTpiB: IHAYKTUBHICTb
1 omip a3u reneparopa Lq = 0,0032 I'n, Lq = 0,0027 I'n, r = 0,3 Om; uncio
nap TMoJfociB p = 16; MarHiTHe MOTOKO3YEIUICHHS MOCTIMHUX MarHiTiB Ha
nomoc ¥ = 0,165 B6; koediuient tepts K., = 0,01; niamerp BiTpokoaeca D =
4,6 M; MOMEHT iHeplii o0eproBux mMac J = 11,1 kr-m?; moctiitni wacy: Typ =
1,1c, T.s=20c.

Ha pucynky 8,a 300paxeHo 3a71eXHICTh OCHOBHHX ITapaMeTPiB PEKUMY
BiJl 4acy, a Ha pUCYHKY 8,0 - moTy>kHOCTi. [{7151 Hao4HOCTI rpadik MBUIKOCTI
BITpY ITOKa3aHMH 30UIbIICHIM B 5 pa3iB, a rpadik onopy HaBaHTaKeHHS (1) -
30umpmeHuM B 10 pasis. ['padiku mokazyiots, mo BEY B ninomy ycmimHo
CIIPABIISETHCS 13 3aBJAHHSAM MIATPUMKH HaNpyry U Ha 301pHIi IITMHI HA PiBHI
56 B. HeBenuki BiAXuaeHHs HAIPYTH MTOMITHI JIMIIIE TIPU 3HAYHHX Mepernagax
OTIOPYy HaBaHTAXCHHS 1 MIBUJIKOCTI BITPY. Tak, mpoBaj HANpyry Ha 301pHIi
IIMHI cTaBcs B iHTepBatti Bix 12,3 ¢ 10 14 ¢ BHACIIOK HECTIPUSTIMBOTO BIUTHBY
3HIDKCHHS TIBUAKOCTI BITPY 1 OMOPY HaBaHTaXEHHS, IO IMPHU3BEIO [0
IIBUJIKOTO PO3PsAly aKyMYJIITOPHOI OaTaper.

I'padikm MOKa3yrOTh, MO 3MiHA IIBUIKOCTI BITPY CYNMPOBOIKYETHCS
KHJIKAMH MOMEHTY BITPOKOJEca, SKi TIOSCHIOIOTBCS  IHEPIHHICTIO
o0eproBux Mac BEY 1 BUMararoTh miIBUIICHOI YBaru /10 MPOEKTYBaHHS ii
MEXaHIYHOi 4YacTMHU. B 1HTepBasax CTajaoOCTl MIBUIAKOCTI BITPY MOMEHT
BITpOKOJIECa HE3HAYHO IEPEBUINYE MOMEHT T€HEepaTopa 4depe3 HasBHICTH
MoMeHTy TepTs. LIIBuakicTh reHepaTopa BIACTEXKYE 3MIHY IIBUIKOCTI BITPY
3 3alI3HEHHSM, MOSICHIOETHCSI MOMEHTOM 1HEpIii 00epTOBUX Mac, 1 Majio
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3aJIEKUTh BIJ T[OCTaBJICHUX 3HA4YEHb ONOpPY HaBaHTaxeHHsI. CTpyMm
reHepaTopa BiJlUyBa€ 3HAYHI KOJIMBAHHSA, IO MOSCHIOETHCA SK 3MIHOIO
oropis I,(t) 1 rg(t), Tak i CTpyMOM aKyMyJISITOPHOI OaTapei iy (Ha pUCYHKY
8,a 3apsAIHUN CTPYM NPUUHATHI MO3UTUBHUM, & PO3PSIAHUNA - HETAaTUBHUM).
3apsan Oatapei B LUIOMY MIATPUMYETHbCS Ha JOCTATHBOMY PIBHI, KpIM
3a3HAYEHOI0 BUIAJIKY MTPOBAJly HAIPyTrd HAa HAaBaHTAXEHHI, 1 B IHTepBaJi Bil
14 ¢ 1o 23 ¢ uepe3 HU3bKUH OIip HABAHTAKEHHS.

3613

100

80

60 i

40

20

0 10 20 30 40 50 60 Lc

. . 6) . .
Pucynok 8. CramioHapHuUN peXHUM BITPOCHEPreTUYHOI YCTAHOBKHU

[TotyxHicTh BiTpokoneca Ppx = Q- Mpx (puc. 8,0) Mae pi3Ki KOJIUBaHHS
BUIMOBIIHO JO 3MIHM MBHUAKOCTI BITpy. IloTykHICTH TeHepaTopa
CKJIQJIa€ThCS 3 MOTY>KHOCT1 HABAHTAXKEHHSI, TOTY>KHOCT1 0aJacTHOTO OMOpY,
MOTYKHOCT1 aKyMYJSITOpHOT Oarapei 1 MOTYXHOCTI HarpiBy OOMOTOK
reHepaTopa. B cuty 1HEepIIHHOCTI CUCTEMH MOTYKHICTh reHeparopa P, =
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Q- M..,, SMIHIOETECS IUTIABHO 1 KOJIMBAETHCSA B Mexkax BiJ 2,5 kBt 1o 3,7 kBT.
Tax sik Hanpyra Ha 301pHINA IMHI TPAKTUYHO HE3MIHHA, I'padik NOTYXKHOCTI
HaBaHtaxenus P, = u?/r, (t) npakTuuHO TOYHO TMOBTOPIOE rpadik 3MiHU
oropy HaBaHTaxeHHs I,(t). [loTyxHicTe akymynstopHoi Oatapei P, =
U2+ Qs ITiJ1 Yac 3apsay Mae MO3MTUBHUIM 3HAK, a ITiJ Yac PO3psAay — HEraTHBHA,
1 MDKUBIIIOE HaBAaHTAKEHHS Mpu AedIilMTI MOTYKHOCTI reHeparopa. Ha
rpaHuyHuM po3panuuid ctpyM 20 A Gatapest BUXOAUTH TUIBKH B MOMEHT t =
13 c. ¥ wneii yac noryxHicTh ii ctaHoBUTH 1,3 kBT. Ha puc. 5,6 300paxeHni
TakoX rpadiky IMOTYKHOCTI GanacTHOro HaBaHTaxeHHs Pg, = U?/rg, (1) i
BTpaT B 0OMOTKax reneparopa P,s, = r-u?/r,.

Bucnosku.

1. 3anpornoHoBaHa (pyHKIIOHATbHA CXEMa CUCTEMH €Hepro3ade3neyeHHs
Ha ocHOBI BEY Mmaioi moTyXHOCTI 3 TeHEpaTopoM Ha MOCTIHHUX MarHirax
3a0e3nedye 3aJaHUil pIBEHb HANpPyrd Ha 301pHIA MIMHI, a 3HAYUTH 1 Ha
3aTUCKaYaX HaBaHTAKCHHS, ITPY 3HAYHUX KOJIMBAHHSX IIIBUIKOCTI BITpY Bix 8,4
no 13,5 m/c (Ha 62%) 1 BUNAAKOBOMY XapakTepl 3MIHH 3MIHHOTO OIOpPY
HaBaHTaxeHHS Bia 1,0 no 2,2 Om (y 2,2 pasu), 110 BiJINIOBIIa€ KOJUBAHHIO
MOTY>KHOCT1 HaBaHTaxkeHHs Bix 1,8 1o 3,0 kBT.

2. OTpuMaHi MaTeMaTUYH1 MOJIeJl aJleKBaTHO OMHUCYIOTh CTaIllOHApHI1
Ta nepexiaHi pexxumu BEY.

3. Buxopuctanus Oe3peayktopuunx BEI' 3HauHOo mokparmrye
MacorabapuTHI MOKa3HUKH CUCTEMH 1 PUBOIUTH /IO ii 3/1€TIEBICHHS.

4. 3actocyBaHHA OydepHOi aKyMyJIsTOpHOi Oartapei T0CTaTHBOI
€MHOCTI, TIOCTIMHO TPUEIHAHOI 1O HABAaHTAKCHHs, 3a0e3rnedye OUThII
ctabinbHy Hanpyry BEY B ymMoBax BUIagKoBUX KOJUBAHB MIBUAKOCTI BITPY
1 TOTY>KHOCT1 HaBaHTa)KEHHS.
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DEVELOPMENT OF AN ENERGY SUPPLY SYSTEM FOR HOUSEHOLDS
BASED ON A LOW-POWER WIND GENERATOR

Summary

The article develops a functional scheme of the household energy supply system
based on a low-power wind turbine with an electric generator with excitation from
permanent neodymium magnets and a dual rotor of a simplified design that provides a
given voltage level for the consumer under non-stationary stochastic dynamic modes,
which are characterized by random wind speed and load.

The principle of operation of a wind turbine with a dual rotor of a simplified design
is given and a method for determining its calculated power at any wind speed and load
current is proposed.

A mathematical description of the operating modes of a generator with permanent
magnets under the condition of a sinusoidal curve of the output voltage and an unsaturated
magnetic circuit is made in orthogonal d, g - coordinates with a leading rotation of the
longitudinal axis.

Mathematical modeling of operating modes is performed and an adequate
mathematical model describing stationary and transient processes in the proposed system
is obtained. Graphical dependencies of the stationary wind turbine mode at a time interval
from 0 to 70 s at a random wind speed, the value of which varied from 8.4 to 13.5 m/s
(by 62%) and the random nature of the change in variable load resistance from 1.0 to 2.2
ohms (2.2 times), which corresponds to a fluctuation in load power from 1.8 to 3.0 kW,
were obtained. The power of the wind wheel has sharp fluctuations in accordance with
changes in wind speed. Generator power consists of load power, ballast resistance power,
battery power and heating power of the generator windings. Due to the inertia of the
system, the generator power changes smoothly and ranges from 2.5 kW to 3.7 kW.

The obtained mathematical models adequately describe the stationary and transient
modes of the wind power plant. The use of gearless wind turbines significantly improves
the weight and size indicators of the system and leads to its cheapening. The use of a
buffer battery of sufficient capacity, permanently connected to the load, provides a more
stable voltage of the wind power plant in conditions of random fluctuations in wind speed
and load power.

Key words: renewable energy, wind energy, wind energy, energy conversion, wind
turbine, battery, voltage control.
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