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KombGiHoBaHa BepTuKanbHO-OCbOBA BiTPOYCTAHOBKA MICTUTb BEpPTMKambHY Bicb 0OepTaHHS, Ha Skl
BCTAHOBIIEHO flionaTeBun potop Tuny [ap'e, a BcepeauHi Hboro Ginst oci nonaTteBun poTop TUNy
CaBoHiyca. BHyTpILLHIA pOTOp BMKOHaHWIA FBUHTONOAIOHMM 3 KyTOM noBopoTy 180° npoTu Hanpsamy
obepTaHHs. JlonaTi 30BHiWHLOro potopa Tuny [ap'e BCTaHOBMEHi Ha BigcTaHi, 6inbLin HiX pagiyc
BHYTPILIHLOro potopa Tuny CasoHiyca, MponopLiiHO CMIBBIAHOLLEHHIO iX LUBUOKOXIOHOCTEN.
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KopucHa Mogenb Hanexutb A0 BiTPOEHEepreTuku, 3oKkpema A0 BiTPOYCTaHOBOK 3 BEPTMKANbHOK
BiCCIO, i MOXe BWKOPUCTOBYBATUCb Yy PI3HMX ranys3sx Ans eHepros3abesneyeHHs B CiNbCbKOMY Ta
KOMyHanbHOMY rocrnogapcreax. Bigomi pisHi Tunu BIiTPOYyCTaHOBOK 3 ropu3oHTanbHow abo
BepTMKanbHOW BicCto 0bepTaHHsA, Hanpuknag (Heucuepnaemas sHeprua. KH2 BeTtposHepretuka/B.C.
Kpusuos, A.M. OnenHukoB, A.N. AkoBnes. - YuebHuk. - XapbkoB. 2004. - 519 c.). Bitposi TypbiHu 3
BEPTMKANbHOK BIiCCIO 4epe3 HM3bKi eHepreTUYHi MOKAa3HWKM 3HAYHO MeEHLLE 3acTOCOBYHOTbLCH
NMOPIBHSIHO 3 FTOPU30OHTaNbHO-OCbOBMMMW, OOHAK BUKOPUCTOBYHOTLCHA 3 AaBHiX YaciB. [ONOBHOK MeTO
X yOOCKOHaneHb € NigBULLLEHHA eHepreTUYHUX NOKa3HUKIB.

Bigomnii BiTpoaBUryH 3 BepTukanbHow Biccto (PpaHuis, 3aseka Ne 2452008, BitpoBuin OBWUryH,
ny6n. 21.11. 1980), B skomy ayronoAibHi ionati BCTAHOBIEHI HA BepTMKalbHIN OCi Ta 3akpinneHi o
Hel y BEepXHil Ta HWXKHIA Touui. Takui BITPOOABUryH 3aCTOCOBYETbCA ANs NpuMBoAa reHepartopa Ta
BUPOBNEHHS enekTpUYHOi eHeprii. Mloro nepesaroto € 34aTHICTb BUKOPUCTOBYBATM BITPOBI MOTOKM 3
Pi3HUX HanpsmiB. Takoro Tuny BITPOBI TypOiHM 3a NpuHUMNOM Aii 6nn3bki 4o BiTpoaBuryHa Tuny ap'e,
Bigomoro 3 1931 p. BctaHoBNeHi Ha HbOMY BY3bKi ToNati BUKOHaHI 3 aepoanMHamiyHUM npodinem nig
yac pyxy BUKIUKAKOTb PI3HULIK OUHAMIYHUX TUCKIB i CTBOPIOKOTb CUIOBUN MOMEHT 3a paxyHOK Aii
06TiYHMX NoBITPsAHMX noTokiB. OgHak Taka BiTpoBa TypbiHa AyXe BaXKO 3anyckaeTbes i Ans pobotu
notpebye BiTPY 3 BENWKOIO LUBMUAKICTIO, @ TOMY HE MpaLtoe 3a Manux i cepegHix BiTpiB.

IHWKM BigoMMM TuNom BiTpoBOI TypbiHWM € poTop Tuny CasoHiyca, Hanpuknag (MaTteHT YkpaiHu Ha
BuHaxig UA 114236, FO3D 3/06, 9/30 Potop CasoHiyca. 10.05.2017. Bion. Ne 9), o MiCTUTb NOTKOBI
nonarti, AKi 3akpinneHi Ha Bany 3a JOMNOMOroK CUCTEMW TpaBepcC; NMOTKOBI flonaTi MaTb Ha TOpLAX
neperopoakM And 3aTpuMKU MOBITPSHOMO MOTOKY B OCbOBOMY HamnpsiMi, @ Ha BWUMYKMiN 3BOPOTHIN
NOBEPXHi NTOTKOBMX JlonaTten BUKOHaHI OOTiYHI nNpoddini Ans 3HMXEeHHS aepoAuHaMIYHOro ornopy npwu
pPYyXOBi nonati NpoTKN BiTPOBOrO NOTOKY.

B Takin KOHCTPYKLii 3MeHLeHHs1 NOOOBOro onopy 3BOPOTHOI MOBEPXHI Nonati OiNCHO 403BONSE
NigBULLNTY CUNOBUIA MOMEHT, OAHAaK NnLle B O4HOMY MOMOXEHHI, KONy 06TiYHUI Npodinb CUMETPUYHO
cniBnagae 3 HanpsMoM BIiTPY, a B iHWWX MOMOXEHHAX BiH Oyge Haenaku 36inbLyBaTy
aepoauHamivyHUI onip 3a paxyHok gogaTkosoi nnowi. Kpim uporo Bigomo, Lo BiTpoBa TypbiHa Takoro
TMNY NPUHUMMNOBO HE MOXE MaTWu LIBUOKOXIOHICTb Oinblue OAuHWLI, a TOMY Mnpautoe Ha HU3bKUX
obepTax 3 HU3bKMM KOeqiLiEeHTOM NOTYXXHOCTI.

Hanbinbw ©Onm3bknMm aHanorom 3anpornoHOBaHOi KOMGIHOBaHOI BiTPOYCTAHOBKM € BigoMa
KOHCTpyKUis (MaTeHT YkpaiHnm Ha kopucHy moaenb UA Ne 64838 FO03D 3/02, 5/00. KombiHoBaHa
BiTpOEHepreTU4Ha ycTaHOBKa NiaBuLEeHol eHeproedekTuBHocTi. Mybn. 25.11.2011. Bron. Ne 22), B
AKIN Ha OOHIV BepTUKanbHi OCi BCTaHOBMeHO poTop Tuny fap'e, a BcepeanHi HbOro posTalloBaHi fBa
apycu nonaten potopa Tuny CaBoHiyca. YCTaHOBKa Bifpi3HAETLCA TUM, O OO HWXHBOI YaCTUHW OCi
NPUKpPINNeHi Tpu apycu niBcepuyHNX nonaten Ha BepTUKaNbHOMY PiBHI AKMX po3TalloBaHi Tpu Spycu
KoHdy3opiB. liBcchepunyHi nonati, a pasoM 3 HUMK i KOHGY30pU posTawloBaHi nig kytom 10-20° y
BepTUKanbHIN MMOLWMHI.

B Takin kombiHOBaHI BiTPOEHEpPreTUYHIA yCTaHoBLi 4iNCHO MigBuLieHa edekTMBHICTL poboTu 3a
paxyHOK MoedHaHHs BiTpoBuxX TypbiH, ski mpautooTb 3a npuHuunom poTopis Casodiyca i [dap'e Ta
ofHoyacHoi Aji 6baraTosspyCHMX KOH@Y30piB 3 yawkoBuMmK poTopamu y dopmi niscdep. Kpim upboro
BCTAHOBMEHHA nMiBCPEpUYHUX fonaTen, a pasoMm 3 HUMM i KOHAy3opiB nig kytom 10-20° y
BEPTUKAbHI NOLWMHI 3abe3neyvye CTBOPEHHS NigiiMarnbHOI CUK A4S PO3BaHTaXXEHHSA BaNbHULLEBUX
BY3MiB i 3MEHLUEHHSI raribMiBHOrO MOMEHTY.

OpgHak onucaHe nOeAHAHHA MNPUHLMMNOBO PIi3HUX TWUMiB pPOTOPIB 3 pi3HUMM KoedpiuieHTamun
LWBKAKOXIOHOCTI 6e3 BpaxyBaHHsI pauioHanbHOro ChiBBiOHOLWEHHS iX pagiyciB 6e3nepeqHo BUKIMKaE
X B3aeMHe ranbMyBaHHS Yy MOBITpsAHOMY noToui. KpiM Lboro gogaTkoBe ranbMyBaHHS Ha BEPXHIO
YacTMHY KOMOIHOBaHOT TypOiHM TakoX BUKNMKaOTb NiBchepuyHi onati 3 KoHpy3opamu, pagiyc aknx
3rigHo i3 rpadiyHMM 306paxeHHAM Ginbwni HiX poTopa [dap'e, a WBMAKOXIOHICTE TEOPETUYHO He
nepeBuULLYE OOHIEI OOMHUL.

B ocHoBy kopucHoi mogeni KOMGiHOBaHOiI BepTUKarbHO-OCbOBOI BITPOYCTAHOBKM MOCTaBMEHO
3agavy nigBULLIEHHS i koedilieHTa MOTYXHOCTI 3a paxyHOK BMKOHAHHSA Fonaten rBMHTONOAIOHOI
dopmMu Ta AOTPUMAHHA pauioHanbLHOro CriBBIAHOLWEHHS paianbHMX PO3MipiB rionaTten pisHUX Tunis
TYpOiH.

MocTaBneHa 3agaya BUPILLIYETLCA TUM, LLO B KOMBIHOBAHIN BEPTUKANbHO-OCLOBI BITPOYCTAHOBL,
sIka MICTUTb BepTuKalnbHY BiCb ODepTaHHA, Ha SKii BCTAHOBMEHO nonaTteBuin potop Tuny fap'e, a
BCepeauHi Hboro 6ina oci nonateBun poTop Tuny CaBoHiyca, 3rigHO 3 KOPWCHOK MOAENto,
BHYTPILUHI pOTOP BUKOHAHWI FBUHTOMNOAIOHMM 3 KyToM noBopoTy 180° npoTu Hanpsmy obepTaHHs, a
nonarti 30BHiLWIHLOro potopa Tvny [ap'e BCTAHOBMEHI Ha BiACTaHi, OinbLWin HiXX pagiyc BHYTPILLHLOrO
poTopa Tuny CaBoHiyca, NponopLiHO CRiBBIAHOLLEHH!O TX LLBUAKOXIAHOCTEN.
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3a Takux yOOCKOHaneHb CymMapHui o6epTOBMIA MOMEHT He MICTUTb CKIagoBMX B3aEMHOMO
ranbmyBaHHsi. LLBuakoxigHicTb BiTpoBOI TypOiHM npuHUMNOBO nofibHoi ao poTtopa CaBoHiyca Ac
CTaHOBUTb ONM3bko oauHUUi AcS1, a NpMHUMNOBO noAidHoI Ao poTopa [ap'e 3anexHo Big
aepoauHaMiYHOI SIKOCTI nonaTten, LWBUAKOXIOHICTb Ag MOXe pocaratm 6nmsbko 4-4,5 oguHuupb. 3a
O[HaKOBOI KYTOBOI LUBUAKOCTI 06epTaHHs Ha ChiflbHiA BepTUKanbHIiA OCi pafiyc BCTAHOBIIEHHS KpaiB
nonaten 3 aepoguHamidyHUM npodiinem BiTpoBoOi TypOiHM Tuny [ap'e noBuHeH Oyt OinbwuMm Big
pagiyca kpaiB nonaten TypbiHu Tuny CaBoHiyca Takox y 4-4,5 pasn. binblw TOYHe OAHO3Ha4YHe
CMIiBBIAHOLWIEHHST pafjianbHUX pO3MipiB nonaten OTPMMaeMO B pes3ynbTaTi eKCcnepumeHTanbHoro
BM3HAYEHHS NOKa3HUKIB LUBUAKOXIAHOCTI TakMX ABOX TUNIB BITPOBMX TYpOiH.

Ha «kpecneHHi nokasaHa 3aranbHa CXema KOHCTPYKUiT 3anponoHOBaHOI  KOMOGIHOBaHOI
BEpPTMKaNbHO-OCbOBOI BiTPOYCTaHOBKMU.

Ha cninbHin BepTukaneHi oci 1 3akpinneHi nonati 2, BUKOHaHi rBuHTONoAiGHOI hopmu 3 KyTOM
nosopoTy 180° npoTn Hanpsmy obepTaHHs, SKi 4iloTb 3a NpuHUUNOM potopa CaBoHiyca Ta nonati 3
aepoauHaMiyHO edekTUBHOI hopMK, SKi Oil0Tb 3a MpuHUMNOM TypbGiHM [dap'e. B HWXHIN 4acTuHi
nokasaHo BapiaHT BCTaHOBIIEHHSI poTOpa enekTporeHepatopa 4 i crtatopa 6. BepTukanbHa Bicb
BCTaHOBMeHa Yy BanbHuUUEeBOMY By3ni 5. Ha KpecneHHi nosHayeHo pagiycu KpaiB nonaTten
rBMHTONOAIGHOT hopmMmn Rc Ta nonater poTopa Tuny Jap'e Ry, @ TakoX BKa3aHO HanpsiM obepTaHHA 3
KyTOBOIO LUBUAKICTIO ®.

KombiHOBaHa BepTUKanbHO-OCbOBa YCTAHOBKA, $Ka MOKa3aHa Ha KpecneHHi npaule 3a
HACTYMHUM MPUHLMMIOM: 3a MEBHOI MYCKOBOI LUBWOKOCTI BiTPY MYCKOBMMA MOMEHT CTBOPIOKOTH pPas3oMm
nonari 2 i 3, npuyomy renHTonoAibHI nonaTi 3ab6e3neyvyoTb NYCKOBUA MOMEHT i PIBHOMIPHICTb pyxy 3a
paxyHOK pPiBHOMIpPHOro nepekpmBaHHA 06BiNHOT nnotwi. KytoBa WwBMAKICT 0b6epTaHHa w 3anexuTb Big
LWBKAKOCTI BITPY Ve Ta pagianbHux po3mipis nonaten Rc i Ry. Ockinbku pisHi nonaTtesi potopu Tuny
CasoHiyca i Tuny [lap'e BCTaHOBrEHi Ha OAHIN oci Ta 06epTalnTbCs 3 OAHAKOBOK KYTOBOK LUBMAKICTIO
i NpU UbOMY MalTb MOKA3HMKMW LUBWMOKOXIAHOCTI, BiONOBIOHO, Ac i Aa, TO MOXHa 3anucatv ymoBy ii
PiBHOCTI:

®=Ac VB/RC:?\.[:L VB/R}:L ,(l)

3BigKkM

Ra/Rc=Anl)\c (2)

OTXe, MOXHa CTBEPOXXYBaTK, LLO ONTMMArbHE CMiBBIAHOLEHHST pajianbHUX PO3MipiB nonaTeBmnx
poOTOpPIB  pPI3HMX TWNIB Ha OOHIN BepTUKaNbHIN OCi BM3HAYaETbCA  CNIBBIAHOLIEHHAM  1X
weuakoxigHocten. 3a Takoi ymoBM obuaBa nonaTeBi poTOpuM MpauooTb Hanbinbw edekTnBHO 6e3
B3aEMHOMO ranbMiBHOrO MOMEHTY 3 MaKCUMarbHUM KoedilieHTOM MOTYXHOCTI. Baxnusum €
noegHaHHSA nonaten rBMHTONOAiIOHOT chopmm potopa Tuny CaBoHiyca, BCTAHOBMEHOIO BCepeauHi
potopa Tuny fap'e 3 nonatamu aepognHamiyHOro Npointo.

®OPMYIJIA KOPUCHOI MOLENI

KombiHOBaHa BepTMKanbHO-OCbOBa BiTPOYCTaHOBKA, WO MICTUTb BepTUKanbHY BiCb OBepTaHHs, Ha
AKi BCTAHOBMNEHO nonatesun potop Tuny [ap'e, a BcepeauHi Hboro 6ing oci nonatesuin poTop Tuny
CaBoHiyca, sika Bigpi3HAETbCA TUM, LLO BHYTPILIHIA POTOP BMKOHAHWWA MBUHTOMOAIOHMM 3 KYTOM
nosopoTy 180° npoTn HanpsiMy obepTaHHs, a nonari 30BHILLIHLOro poTopa Tvny [lap'e BCTaHOBMEHI Ha
BiACTaHi, BinbLin, HiX pagiyc BHYTpilWHBOro potopa Tuny CaBoHiyca, NponopuiiHO CNiBBiAHOLLEHHIO
X LUBUAKOXiAHOCTEN.



UA 162595 U

R
Re ! | ®

6.//

= —
=
W

Komn'toTepHa BepcTka A. KpuxaHiBcbkumn

1O "YkpaiHcbkuil HaUioHanbHWIA ogic iIHTENeKTyanbHOI BNacHOCTi Ta iHHoBauin", Byn. AmMutpa NoaseHka, 1, M. Kuis — 42, 01601



