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OIIEHKA TEXHUYECKOI'O YPOBHSA BETPOJIBUT ATEJIENA

IpencraBieHsl pe3ynbTaThl UCCICAOBAHUSA 110 YCTAHOBICHUIO (DYHKIMOHAIBHON B3aMMOCBS3H MEXLY
JIMaMeTPOM BETPOKOJIECa, CKOPOCTHIO BETpa M JHAMETPOM HadaIbHOW OKPYXKHOCTH IIECTEPHH TSKEINO-
HArpy>eHHO! CTYIEHH MYJbTHUILIMKATOpPa BETPOrEHEPaTOpa, a TAKXKE 110 OLEHKE €ro TeXHUYECKOro
YPOBHSI C HOBBIM KOHCTPYKTHBHBIM PEIICHUEM [TAKETHOTO MYJIbTHILINKATOPA.

KiiodeBble cJ10Ba: BETPOreHEPaTop, MaKETHBIA MyJIbTUILIUKATOP.

AKTyaJqbHOCTDh 3aJa4u. Berep ABIseTCS OOHMM W3 BaXKHBIX, HO IOKa €IIe
MaJiO0 HCIIOJIb3yEeMbIX MCTOYHHKOB JHEPTHH, 3aIachl KOTOPOro HeucTomuMmbl. [lo-
9TOMY palMOHAIbHOE M MOBCEMECTHOE MHCIIOJIb30BAHUE DHEPIMU BETpa JOJIKHO
CTaTh OJIUH U3 OCHOBOIOJATAIOMINX (haKTOPOB SKOHOMHH TOILTHBA.

Berpoarperatsl, npeoOpasylolye HEprui0 BeTpa B MEXaHUYECKYI0 B OCHOB-
HOM COCTOSIT U3 BETPOKOJIECa, EPEAaTOYHOTO MEXaHU3Ma 1 pabodero opraHa. B ka-
YECTBE MEPEIaTOYHOT0 MEXaHM3Ma, KaK ITPaBHJIIO, UCIIONB3yeTCsl KaK PEIyKTOp, Tak U
MYJIBTUILTHKATOP. B BeTpoaBuraTessx paboyuM opraHoM siBiisieTcs renepatop [1, 2].

Ha xadenpe "/leramm mamun" AsepOaiimkanckoro TexHmueckoro YHHBEp-
cUTeTa pPa3pabOTaHbl, M3TOTOBICHBl M WCIBITAHBl NPHHIUIINAIBGHO HOBBIC KOH-
CTPYKTHBHBIC PELICHUs TPEX- U MATHCTYNEHYATHIX OJHO- U JBYXIIOTOYHBIX PEAyK-
TOpOB (MYJIPTHIUIMKAaTOPOB) Ha JBYX BajlaX. B yKa3aHHBIX MEXaHHMYECKHX CHUCTE-
Max MCKJIFOYEHbI U3 COCTaBa MPOMEXKYTOUYHbIE BaJIbl U COOTBETCTBYIOIINE TTOJIIINII-
HHUKH KaueHusi, 3y0uaThle Kojieca U OJIOKH IeCTepeH yCTAHOBIICHBI Ha BEIYIIEM U
BeZIOMOM Banax [3]. YMeHbIIeHHe KOJIMYECTBa KOHCTPYKTHBHBIX 3JIEMEHTOB IIPH
ATOM BJICYET 33 COOO0I NOBBIIIEHHE HAJISKHOCTH CUCTEMBI.

Henn padorsl. [y paruoHanu3anyuy U 00eCIeUeHHsT HAyYHOTO U METOHO0JIO-
THYECKOTO SIMHCTBA BETPOABHUIATENCH CYLIECTBEHHOS 3HAYCHHE MMEET pa3padoTKa
Y IPaBUJIBHBINA BEIOOP MEePEIaTOYHBIX MEXaHU3MOB 110 KPUTEPHAM HX KadecTsa [4].

C nenplo aHaNM3a KAYeCTBEHHBIX MMOKA3aTeNeH M OLCHKH HArpy304HBIX Xapak-
TEPUCTHK OCHOBHBIX 3JIEMEHTOB HOBOTO KOHCTPYKTHBHOTO PEILICHHS BETPOIBUTATEIS
ycTaHOBJIeHa (DYHKIMOHAJIbHAs B3aMMOCBSI3b MEXLy JIHaMeTpoM BeTpokoieca — D,
CKOPOCTBIO BeTpa — V ¥ JMaMeTpOM HayajbHOW OKPYXXHOCTH ILECTEPHU TSDHKEIO-
Harpy>KeHHOM CTYNEeHM MYJIbTUIUIMKATOPA U3 YCJIOBHUS PAaBEHCTBA KWHETHUECKOM
9HEPI'HH, CO3/IAHHOM BETPOKOJIECOM U MOIIHOCTH I['eHepaTopa TaHHO MeXaHHIEeCKON
CHCTEMBI, KOTOpasi UMEET BHJ]

dy, = f(D,V)=CD¥% . 1)
3nech

N 13
3.75pm,V > Uk g (U +1) . C
2 c Ky =[(ZHZEZS)22kHV]1/ ;n =———;
Woalow I'n Ny Mr
Zy — kodbduiuent, yuuTsiBaomuil GopMy CONPsLKEHHBIX IIOBEPXHOCTEH 3yObeB;
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Zg — K03(Q(QUIUCHT, YIUTHIBAIOIINI MEXaHMIECKHE CBOICTBA MAaTEPHAIOB COMPSI-
JKEHHBIX 3y0UaThIX KoJlieC; Z, — KO HULUUEHT, yIUTHIBAIOIUHA CYMMapHyIO JJIMHY
KOHTAKTHBIX MMHAM; Ky, — KOO9(UUMEHT AuHAMUYECKOH Harpysku; Kyg — Ko-
3G QUIMEHT HEPaBHOMEPHOCTH paclpelielieHne Harpy3KH 1o JUInHe 3yObeB; 1y, U —
COOTBETCTBEHHO K.II.JI. 3y0UaToil mepenaud M NepeiaTouHOe OTHOIICHUE TSKEI0-
HArPY>KEHHOI CTYIICHH MYNBTHILINKATOPA; Wpg = b, / d\:,l — K03 puKeHT mHpH-

HbI LIECTEPHH OTHOCHTENBHO ee auamerpa; [oy] — momyckaeMoe KOHTaKTHOE

HanpspKeHHe TPU pacueTe Ha KOHTAKTHYIO BBIHOCIUBOCT; Cp — ko3 duImenT uc-
TIOJIb30BaHUSl SHEPTrUM BeTpa BeTpoaBurateneM; D — namamerp Berpokoieca; V —
HOMMHAJIbHAs! CKOPOCTh BETpa.

Beipakenue (1) maet BO3MOXHOCTh YHH(HUIMPOBATH BCE MapaMeTpbl U CO-
3/1aTh CEMENUCTBO BeTpoaBurarenei. [Ipu 3ToM Bce reoMeTpuuecKue napameTpsl, B
YaCTHOCTH JUIMHA, IIMPHHA M BBICOTA MYJIbTHILIMKATOPA BBIPAXKACTCs depe3 0000-
eHHbII napamerp d,; , 4TO ABIAETCS NPEANOCHUIKON UL OLEHKU TEXHUYECKOTO

YpOBHS BeTpoaBurarens [5].
Ha ocHoBarnmM 00001eHHON QOopMyITHI (1) BEIUICICHBI OCHOBHBIC TTApaMETPHI
HOBOT'O KOHCTPYKTHBHOTO PEIICHHS MYJIbTHIUINKATOpa, Tabmuia 1.

TaﬁJ‘[I/IL[a 1 — OCHOBHBIC HapaMeTpLI HOBOTI'O KOHCTpYKTI/IBHOFO peIJ_IeHI/IH MyJ'ILTI/IHJ'II/IKaTOpa

D diy dy, b a, L B H VA
51,8] 2355 51,8| 143,65| 379,15| 90,65| 2355 0,0081

62,75| 2853 62,75|174,025| 459,32 109,8| 285,3| 0,0144

3

i

5 72,8 331 72,8 2019 532,9 127,4 331| 0,0225
6 82,2| 373,76 82,2| 227,98| 601,74| 143,85| 373,76| 0,0323
7

8

9

91| 413,78 91| 252,39| 666,17| 159,25| 413,78| 0,0439
99,6 452,9 99,6| 276,25| 729,15 174,3 452,9| 0,0575
107,7 489,7 107,7 298,7 788,4| 188,47 489,7| 0,0727
10| 1156| 525,63| 1156 320,6| 846,23| 202,3| 525,63| 0,0900
15| 151,4| 6884 151,4| 419,9| 1108,3| 264,95| 688,4| 0,2021
18 171 7775 171| 474,25|1251,75| 299,25 777,5| 0,2912
20| 183,48| 834,3| 183,48| 508,9| 1343,2 321| 834,3]|0,35972
25 2129 968 2129| 590,45 |1558,45| 372,57 968 | 0,56205
30| 240,43|1093,23| 240,43| 666,83|1760,06| 420,75|1093,23|0,80958
35| 266,45|1211,55| 266,45 739 | 1950,55 466,31211,55|1,10195
40| 291,26|1324,36| 291,26| 807,81|2132,17 509,711324,36 | 1,43927
45 315| 1432,3 315| 873,65|2305,95| 551,25| 1432,3|1,82067
50 338| 1536,9 338| 937,45(2474,35| 591,5| 1536,9 |2,24937
55 360 1637 360| 998,5| 26355 630 1637|2,71801
60| 381,66| 17354| 381,66| 1058,5| 2793,9 668 | 1735,4|3,23882
65| 402,6| 1830,6| 402,6| 1116,6| 2947,2| 704,55| 1830,6|3,80115
70| 422,97| 1923,2| 422,97|1173,08 | 3096,28 740,2| 1923,2|4,40771
75| 442,94 2014 | 442,94| 12285| 32425| 775,14 2014 |5,06197
80 462,3 2102 462,311282,15| 3384,15 809 2102 |5,75481
[Mpumeuanne: k=780MI1a™; p=7800,0kr/m’; n:=0,975; 1/=0,95; n*=0,3516; yne=1; kpp=1,04;
u=4,547; [on]=1244MIla; n"=1800mux "
TexHu4ecKui ypOBEHb BETPOIBUTATENS OICHUBACTCS MyTeM CPaBHEHUS KO-
JIMYECTBECHHOI'O IMapaMeTpa, OTPAXKAMIETO COOTHOMICHUE 3aTPAY€HHBIX CPEACTB U
HOJIY4EHHOTO Pe3ybTaTa.
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"PesynbpraTom" I BETpOABUTATENS SBISIETCSI €r0 HArpy304Hasi CIOCOOHOCTD,
B KaueCTBE XapaKTEPUCTHKN KOTOPOIl IPUHUMAETCsI MOILIIHOCTh TeHEpaTopa,

P, =0481-10°D%?C, . )

OOBEKTUBHOM MEpO 3aTpayeHHBIX CPEACTB SIBJISICTCSI Macca BETPOIBUIATEs,
B KOTOPO# MPaKTHIECKN HHTETPUPOBAH BECH MIPOLIECC €TO MPOESKTHPOBAHMS.

ITockonbKy paccMaTpuBaeTCs BETPOJBHIATENb C HOBBIM KOHCTPYKTHBHBIM
pELICHHEM MEPEeNaTOYHOTO MEXaHW3Ma, NpPEIBapUTEIbHOW MEpOH 3aTpauyeHHBIX
CPEACTB NMPUHUMAETCS Macca MYJIbTHUIDIMKaTopa. [lo3ToMy 3a KpuTepuii TeXHHUe-
CKOTO YPOBHSI MOXKHO MPUHSATH OTHOIIEHHE MAacChl MYJIbTHUILIMKATOPA K MOIHOCTH
reseparopa. JTOT KpUTEepHUil XapakTepusyeT pacxoj MaTepHaloB IJs U3rOTOBIE-
HUS MYJBTHILIMKATOpa Ha TOJIydeHne TpeOyeMoi MOIIHOCTH TeHepaTopa,

Y= P 3
r
rae P, — MOIIHOCTB TeHepaTopa, KBT; M — Macca MyIbTHILIMKATOPA, KT.
ITpu 3TOM Macca MyJIbTHILTHKATOPA OMPEIEIISETCS COTJIACHO BBIPAKEHUS
m=¢-p-L-B-H, @)

rae @ — Ko3(h(GUIUEHT 3aroIHEHUs KopITtyca MYJIBTHILIIKATOPA, B HALICM CIydae
¢=0,32; p — INIOTHOCTh MeTaJJIA, AJISl CTAIN p—78001<r/M L, B, H — cooTBeTcTBEH-
HO JUIMHA, IIUPUHA M BBICOTA MYJIbTUILTUKATOPA.

IIpUMEHATENBHO K HOBOMY KOHCprKTnBHOMy HCTIOTHEHUIO MYJIbTHILIHKATO-
pa L=05(1+3u)d,,; B=1.75y4d,; H =ud,, , crexosarensno

m = 0.875¢py pqu(L+3u)(dsy . ©)

rae u= (u2 )]/k — MepeaTouHOe OTHONICHHE OJJHOW CTYIIEHH MYJIbTHILTHKATOpPa; K
— KOJIMYECTBO CTYNEHEH MyJIbTUIUIMKATOPA.

IIpenBapuTenbHas OLEHKAa TEXHUYECKOTO YPOBHS OCYIUECTBIISIETCA IIyTEM

nonctaHoBku (2) u (5) B cootHomeHue (3). [Ipu 3ToM monydaeM 0OOOIICHHYIO
AHAMTHYECKYIO (DOPMYITY JIUIsl OLIEHKH TEXHHYECKOTO YPOBHS BETPOABUraTeseH,

v :1,8191~103W( dz.f - (6)
P

[purumas B BeipaxeHnn (6) p=7800kr/m>; yp=1; V=13,0m/c; Cy=0,29;

=(ug J® =94Y% 4,547 non 6

- , yuuM OoJiee yNpOLICHHYI (GOpMyNy Ul OLCHKH
TEXHUYECKOTO YPOBHSI BETPOBHUIATEIISI HOBOI'O KOHCTPYKTHBHOTO HCIIOJIHEHHS,

v=47510°D2(d, f %)

OueHKa TEXHHYECKOTO YPOBHS BETPOABUTATENS C HOBBIM KOHCTPYKTHBHBIM
peleHneM MyJIbTHINIMKATOpa IPOU3Be/IeHa B CPABHEHUU C TEXHUYECKHM YPOBHEM
BeTposHepreTuueckoro arperara "Nordex S70-1500" npu creyroimux qaHHbIX [6, 7]:

- MOIHOCTh reHeparopa 1500xBr;

- o01IIee epeIaTOYHOE OTHONICHHE MYJIbTHILTHKATOpa Us=94;

- muameTp BeTpokoseca D=70wm;

- K.1.1. reHeparopa 0,95;
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* _
- yacTOTa BpalleHUs Bana reHeparopa N =1800mMun g

- Macca MyabpTHIIIHKaTOpa 14000KT.
CornacHo 3THX JaHHBIX TEXHHYCCKHH YPOBEHb CYIIECTBYIOIIETO MYJIbTUILIH-
kaTtopa Berpoarperara "Nordex S70-1500"
m 14000
Yo =—=——=9,3333 kr/kBr.
P 1500
IIpu nmamerpe BeTrpokoneca D =70M cormacHo Ttabmume 1, muamerp
HAYaJbHOH OKPYXHOCTH LIECTEPHH TSKEIOHATPYKEHHON CTYIEHH HOBOTO KOH-
CTPYKTHUBHOTO MCTIOJHEHHUS MybTUILIHKaTopa Oy = 0,423 M.
CornacHo BbIpaxeHHIO (7) TEXHHYECKHH YPOBEHb HOBOIO KOHCTPYKTHBHOTO
HCTIONHEHUSI MYJIbTUILTHKATOpa

vy =475-10%.7072.0,423% = 7,337 kr/kBr.

Takum 00pa3oM, pacxoll MaTEpPHANOB IJIs M3TOTOBIICHHS MYJIbTHILIHKATOPA
HOBOTO KOHCTPYKTHBHOTO HCIIONHCHHS Ha MOJy4YeHHE TpeOyeMol MOIIHOCTH Te-
HepaTopa CyIECTBEHHO yMEHBIIaeTCs,

Yo 9,3333

BLIBOZ[])I. Ha ocnoBanuu TMOJYYCHHBIX PE3YJIbTATOB YCTAHOBJICHO, YTO IIpHU-
MCHCHHNEC HOBOI'O KOHCTPYKTUBHOI'O PCHICHUA MYJIbTUIIJIMKATOPOB B BETPOABUTATEC-
JIX TpU OPOYUX PABHBIX YCJIOBHAX MOBBIMIACT HUX HAJACKHOCTH U TEXHUYCCKUM
YPOBCHb U CYHICCTBECHHO CHUIKACT paCcXoJbl MaTcprajia Ha UX U3TOTOBJICHHUC.

-100% = 21,39%.
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TIpencraBneHi pe3yibTaTu JOCTIHKEHHS LIONO BCTAHOBJIECHHA (DYHKI[IOHAJBHOTO B32€MO3B'S3KY
MiX JiaMeTpOM BiTpOKoJIeca, MIBUAKICTIO BITPY i AlaMETPOM MOYaTKOBOTO KOJIa MIECTEPHi Ba)KKOHABaH-
Ta)XEHOTO CTYIEHS MYJbTUILTIKATOPA BITPOr€HEPaTopa a TAKOXK I10 OIIHI[ HOro TEXHIYHOTO PiBHA 3 HO-
BUM KOHCTPYKTHBHHM DIllICHHSIM MaKETHOTO MYJIbTHILTIKATOpA.

Ku1ro4oBi cj10Ba: BiTporeHepaTop, NakeTHUH MyJIbTIIUTUKATOP.

Here is reviewed the results of research to establish of functional correlation between diameter of
wind wheel, wind speed and diameter of pitch circle of heavy loaded gear stage of multiplier of windmill
and also estimation of technical level of windmill with new constructive decision of package multiplier.

Keywords: windmill, package multiplier.
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