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B crathe naercs onmucanMe BeTPOIHEPreTHYECKOH YCTAHOBKH € BepTHKAJb-
HOIi OCLI0 BpallleHHs, 0COOEHHOCTH ee KOHCTPYKIIMH, METOIMKa pacyeTa MOIIHO-
cTH, Ilpeacrasiennl 0CHOBHLIE TEXHHYECKHE XapaKTepHCTHKH B3Y m cxema ee

NOAKJIKOYECHHA.

Knroueevie cnoea: 60306HOGNAEMAL IHEPEMUKA, 6EMPOIHEPEMULECKUE YCMA-
HOBKU, 6EMPOKONECO, 6eMPOPOMOP, INEKMPO2EHEPAMOP, MOUHOCMb 8EMPOYCMAHOEKU

The article describes the vertical axis wind turbine, features of its design,
power calculation procedure. The main technical parameters and connection

diagram are represented.

Keywords: renewable energy, wind turbine, wind wheel, wind rotor, electric al-

ternator, wind turbine power.

Hutepec denoBedecTBA K HCIIONB30BAHMIO BO-
300HOBIAEMOI, HITH «3€JICHOW» 3HEprvH B TIOCIEAHEE
BpeMs cTall IpOsBIATECA Bce Oosiee 3aMerHO. Paspa-
6aThIBalOTCA HOBBIE YCTAHOBKYM, MCHOJB3YIOMIHE
TIPUHIMITE fipeoOpa3oBaHusl NPUPONHON SHEprud B
TEIUIOBYIO, 3NIEKTPHIECKYIO U T.X., KOTOpbIE HE HAHO-
cAT ymep6 okpyxaroleii cpeze.

OnHAM W3 BHIAOB TaKUX YCTPOMCTB SABJSIOTCH
BETpO’HEpreTHdeckde ycranopku (BOY), wucmons-
3YIOHIME DHEPrHI0 BeTpa. Berep sBiiAeTCH WCTOMHH-
KOM, CYyHIECTBYIOIEM B OKPYXXAIOINEM IPOCTPAHCTBE
HE3aBHCHMO OT JKENIaHUsA YeNOBEKa U €r0 ACATELHOCTH.

Ha ceroguamHuMii JeHP HMEETCS OrpOMHOE
MHOroo0pasue MallWH, MEXaHHU3MOB U YCTaHOBOK,
KOTOpBI€ «JIOBATY» BETEP H NPEBpallaloT €ro B IO-
JIE3HYI0 ieKTpodHepriio. CaMble pacHpoCTpaHeH-
HBle W3 HHX — BETPOTYPOMHBI C TOpPH3OHTAILHOM
ochio BpameHus (puc. 1). OnHako y 3THX MalldH
€CTh OJVH CyHeCTBEHHbIH HEJOCTATOK — OHY HOJITO
«OYMalT», IpeXkie 4eM pa3BepHYTh CBOM JIONIACTH
«Ha BeTepy», HampaBlleHHE KOTOPOTO MOXKET H3Me-
HUTBHCS KOXKAYIO CEKYHAY.

B 3aBHCHMOCTH OT HalpaBJIeHHs BETpa MEHAETCH
IUTOMIa/ib, OMETaeMasi BETPOKONIECOM, KOTOpas SABJis-
€TCsl OCHOBOM AJIA pacyeTa BBIXONHOW MOIIHOCTH BET-
poaHepreTUdeckoit ycTaHOBKH [1]:

2.3

PBSY = 07 4D% E-!pn.uexnzen » Br (1)

rae D — anaMmeTp BETpOKoOJieca, M; V — CKOPOCTb BeT-
pa, M/c; & — k03 (UIUEHT HCTIONB30BaHMA BETPOBOM

sueprim; p — 0,125 kr ¢*/M* — mWIOTHOCTH BO3MyXa, ;

Myex — KILI. PEOYKTOPA; M, — K.ILX FeHeparopa.

OO6BITHO B TEXHUYECKUX XapaKTEPUCTHKAX YCTa-
HOBOK € FOPU30HTaNbHOM OCHIO IUIOMAAb, OMETaeMast
BETPOKOJIECOM, IPHHHMACTCA PaBHOH IUIOMANH, OX-
BaTBIBaeMOH JIOMACTsIMH BeTPOYCTaHOBKU. OXHAKO M3
puc. 2 BUIHO, YTO OMeraeMas IUIOM@gb 3aBHCHT OT
HamnpaBJIeHHs BeTpa [0 OTHOINEHHUIO K OCH pOTOpa U B
HEKOTOPHIE MOMEHTH MOXeT OHITh 3HAYHTENHHO
MEHpIUE IUIOM@A[H BeTpokoseca. CielnoBarenbHo,
MOIITHOCTh, BhIpabaThiBacMas BETPOYCTaHOBKOMH, Tak-
e Oy/ieT HeHOCTOSHHOM.

Puc. 1. B3Y ¢ ropu3oHTansHoM OCbio BpalleHus
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Puc. 2. Mnomans, omeraeMas BETPOKONECOM

D710 HE OTHOCUTCA K YCTAHOBKAaM C BEPTHKAJIb-
HOM OCHIO BpAIUECHHWS, XOTS B OHM HMEIOT CBOH IIpe-
HAMYMIECTBA ¥ HENOCTATKH.

Ha puc. 3 noka3aHa cxema paboOTBl YCTAHOBKH C
BEPTUKANGHON OCBIO BpaleHWd, paspaboTaHHOH B
00O «I'PII-BepTukams» [2].

Ilpy Hanw4uy BeTpa BETPOPOTOP, COCTOAIIMIA M3
nonacrtei, 3aKpeIUICHHbIX MEXAY KOJbLAMH, Bpamia-
€TCst M PUBOJUT B IBIDKCHHE TE€HEPaTOp, KOTODLIH C
MOMOIIBIO JIEKTPOHHOrO PEryAsSTOpa BhIpadarsiBacT
TIOCTOAHHBIM 2JIEKTpHYECKMH TOK C HAnpsDKEHHMEM
48 B. Jlanee NocTOSHABIA TOK ¢ IOMOMIBIO HHBEPTOPa
npeobpasyercs B HEPEMEHHBIM TOK C HalPSKCHHEM
220 B ¥ HOCTYIIAET HETIOCPEACTBEHHO MOTpebHTEINO.
AKKyMyJIITOpHBIe 6aTapen BKIIO4GEHb! HapalLIeNIbHO C
kabeieM BHIXOJa TeHepaTopa U NOIUTHIBAIOT UHBEp-
TOp B Cliydae OTCYTCTBHi BeTpa. BrIXom mHBEpTOpa
NOMKIHOTAeTCA K KIIEMMaM, 0T KOTOPBIX JOJDKHA MITH
BHYTPEHHAA Pa3BOJKa IO MOMEINECHHIO IOTpeOUTENs.

B3OV crapryer (camopacKpydHBaeTcs) IIpH IIO-

Paryatop

psiBax Berpa 3,5 mM/c (B 3TO BpeMs aHEMOMETP MOKET
oka3sarh bojiee HU3KYIO CKOPOCTB BeTpa). BripaboTka
JHEpruy HaYuHaeTCA Ipy CKOPOCTH BeTpa 4 M/c.

000 «I'PLi-Bepruxans» pa3pabdarsiBaeT BETPO-
3HepreTrueckue ycranopku (BOY) ¢ 1991 roma na
6aze OI'VII «I'ocymapctBennoro Paketroro Llentpa»
(Kb mm. Axagemmka B.I1.Maxeera), r. Muacc Yens-
6uncxoit obmactm u ®I'YIl «Kymeprayckoro Asua-
umonsoro Ipennpuaras», r. Kymepray. 3a 310 BpeMs
6BLIN HCCIIeIOBaHbl pa3IMYHble KOHCTPYKIEKM BOY.

C 2004 roma paspaborkm OO0 «I'PII-
Beprukans» B 005IaCTH BETPOSHEPreTHKH, CO3JaHUS
BETPO-BOJOPOJHBIX KOMILIEKCOB, YCTaHOBOK HO O4YH-
CTKe BOJB M MHoroe japyroe ¢punancupyrorcs Hammo-
nanwsHoi JlaGoparopueit bepxmu (CHIA) nox marpo-
paxeM [lenmapramenra Juepreruxu CIIA, MexnyHa-
pomssix donnor, Ipasurenscrea P® u Poccuiickoro
PaketHO-KOoCMU4E€CKOTO ATEHTCTBA.

B pesynsraTe COBMECTHOM pabOTHl POCCUHUCKHX H
aMEPUKAHCKMX YUEHBIX Oblia NpeIUloKeHa ONTHMAIIhb-

Potop BOY ¢ nonatctamm
Texepatop
AapepmHammecait

ompeturens

Puc. 3. Cxema pa6otbl BeTpoycTaHOBKM KOHCTPYKuun OO0 «PL-Beprukansb»
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Hast (opMa JIONACTH 10 COOTHOINEHMIO XOPABI M IIH-
PHHBI JIOIIACTH, KOTOpas 3aHaTeHTOBaHa B Poccuu u
CHIA [3, 4].

Cxopocts BpameHut B3V no mocrmxenun 180
000pOTOB B CEKyHNy NpH HalbHeHImeM YCHIICHHH
BeTpa CTabHNM3UpYETICH 3a CUET a’pOAMHAMHIECKUX
TopMo30B (puc. 4). biarogapsa sroMy B3V we uper
«Bpa3HOCY.

Puc. 4. AspoauHammnyeckue TopMo3sa

Jna paboTsl B YCIOBHAX HM3KHMX TEMIEpaTyp,
HanpuMep B paioHax Kpaiinero Cesepa, nonactu
BOY KOMIUIEKTYIOTCS CHENMANBHON YIJEIUIacTHKO-
BOIf TUICHKOM, IpeJoTBpamalonieli obneneHeHHe 10~
BEPXHOCTH JIOTIACTEH.

OpurusansHoH HaydHO-TEXHHICCKOH pa3pabot-
KO# sBIIETCS 3aNaTCHTOBAHHBIA BeTpoporop (BETpo-
KOJIECO) BETpOHepreTHdeckoil ycTtaHoBku. K ero
IOCTOMHCTBaM MOMKHO OTHECTH CaMOPacKpyrky NpH
cxopocTH BeTpa 3,5 M/c, TaBHyI0 paboTy 3a cuer
CMEIIEeHNA BEPXHUX JIONACTeH OTHOCHTENBHO HIKHUX

Ha 60°, onTHManbHBEIA yron araku Jionacreit. Oxpum
H3 OCHOBHBIX JOCTOMHCTB POTOpA CUMTAETCH TO, 4YTO
JaHHAad KOHCTPYKIMA (JIOBHT» HOpbHIBbI Berpa. T.e.
OpH 3aMepax AHEMOMETPa CKOPOCTh BETPa MOMKET
COCTaBUTH 3 M/c, a potop BV Oymer xpyTHUTHCH Kak
pu ckopocTi 6 M/c. OpurunansHas gopma poTopa B
COBOKYIIHOCTH C ONTHMalbHBIM NpoduineM nonacrei
natot KIIJT no 43 % npu m060M HanpaBiIeHHUH BETpa.

K ynuxanbHemM paspaboTkaM MOXKHO OTHECTH JBE
TIPHHIMIINAILHO HOBBIE KOHCTPYKIHM FEHEPaTOpPOB:

1. C axkcuanbHBIM 3a30poM, pa3paboTaHHYIO CO-
BMecTHO ¢ Empire Magnetics, Inc. [5, 6].

2. C xoMOMHUpDOBaHHBIM BO30YXIEHHMEM, IIE
cTabunn3alusg HaNpsOKeHWA Ha KJIeMMaX TeHeparopa
[IPY M3MEHEHHH Harpy3KH M 9acTOTHI BpalleHus OCy-
MIECTBIAETCA C TOMOIIBIO H3MEHEHHs TOKa BO30yX-
IeHns reseparopa [7].

Crynuna cofepXuT CIENMaIbHO CKOHCTPYHpO-
BaHHYIO CHCTEMY HONHIMIHMKOB, IIO3BOJIAIOHIYIO
NIPEeEeNIbHO YMEHBIINTH NIOTEPH OT MOMEHTA COIIPO-
THBJICHWA.

B xagectBe akkyMynaTopoB i BOVY npomsson-
ctBa OO0 «I'PLI-BepTukans» HCHOIB3YIOTCSE OOBIM-
Hble aBTOMOOMIBbHBIE akKyMymaTops! (12 B). Mneep-
TOp TAKOKE MOXKET UCIIONB30BAThCA CTAHIAPTHBIN WIH
CHELHAIbHOTO HUCIIOJIHEHNA.

B Bune uHBepTOpa MOXET OBITH HCIONL3OBAH
npaxtaaecku Jroboit npubop, npeodpasyronmii 1o-
CTOSHHBIE TOK ¢ HanpspkeHueM 48 B B mepeMeHHBIH
ToK ¢ HampsxenueMm 220 B. CxeMa NOAKTIOUEHHUA
BETPOYCTAHOBKHM IIOKA3aHa Ha pHC. 5.

PACNIONOMEHG YCTAHOBNEMO
HA VAULIE B NOMEWENM
| BUSENL-TEMEPATOP
§ Bhiveyy ~220V l
{pasepanoe remaNKe) Burop ’__m“:”‘”"’
" ; Broa 2 :
| BUNPAMUTERL
kNS g
T T e
B sl . o
Barsspm Temeaparypit
o™ .

Puc. 5. Cxema noaxrmoyenus BOY moumnoctiio 3 kBT: B3Y — BerpoaHepreTuieckas ycTaHoBKa;
CAN — cucTeMa aBTOMaTH4ECKOrO NycKa An3enb-reHeparopa;
BN - 6nok nuranus (npeobpasoBarenb HanpsikeHus ~220 B +48 B)
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TexHH4YecKasi XapakTepucTuka BOY
MOIIHOCThI0 3 KBT

MoHocTs TeHEpaTOpa

HOMUHAJIbHAA 3 kBt
BrixomHoe HanpsbkeHHE TeHepaTopa
MOCTOSIHHOFO TOKa 48 B
Pabounii quama3os ckopocrei Betpa  4...30 m/c
HoMunannHas CKOpOCTh BETpa 10,4 M/c
Huametp potopa 34mMm
Bricora potopa 4,2m
Yucno aonacteif (CTEKIONNACTHK) 6 mT.
YacToTa BpameHus poTopa 60...180 o6/mMun
BeicoTta MadThI 8,12, 16
wii 20 M
PacaerHas ckopocTh GypeBoro
BETpa zo 60 m/c
Juana3ol remneparyp 3kciryara-  —50...+50°C
14
Cpok ciyx06b1 CHIOBBIX Y3JI0B 20 yet
Cpox MeXIy KalmATaJIbHEIMK
peMoHTaMH 5 ner
Macca B3Y 620 kr

MomnocTth, BHpabaThiBaeMas Takoli BeTpoycTa-
HOBKOH, onpenenserca [2]:
PBSV = LM uexNoenMuns » BT’ (2)
2

m
rne P, = — MOIIHOCTh, MOJydaeMas OT BeTpa

3a 1 ¢, BT; m=v,0, — Macca BO3AyXa, IPOXOIAAIHas
gepe3 oMeTaeMyio IUomans 3a lc, M
0 =0,125 xr-c¢*/m* — mmotHOCTSH BO3IyXa; v — CKOPOCTh
BETPA, M/C; 1,ex — K.ILA. BETPOYCTAHOBKHY; 1, — K.ILJ.
TeHeparopa; Nune KILA, HMHBEpTOpA.

Hna 3-xunosarrHO¥ BOY npm pasmepe omeracMom
iomany 24 M> ¥ HOMHHATLHOM CKOpOCTH Betpa 10,4
M/C pealbHBIH BBIXOX JJIEKTPHIECKOH MOIHOCTH BET-
poycTaHoBkH cocTaBut 3305 BT.

TakuM 06pa3oM, HempephIBHO paboTaromas BeT-
pOyCTaHOBKAa MOXET HMTAaTh Bce OBITOBBIE IPHOOPEL,
MIOJKITIOYEHHEIE B KOTTEmKe, ofuce (ocBemenue, Te-
JIEBU3OD, XOMOAWIGHUK, CHTHAIHW3AIMIO, K T.1.) 3api-
KaTh aKKyMYJSITOPEI, KOTOpBIE MOXKHO HCTIONB30BAaTh
BO BpeMsA IIMKOBBIX HArpy3oK, HapHMeEp, YTpOM H
BEUEpOM, KOr[ja MOINHOCTH BETPOIHEPIeTHIECCKOH
YCTAHOBKHM MOXET OBbITh HEZOCTaTO4YHO, TeM Oojee,
TIPH OTCYTCTBHH BETpA.
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