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BBEJEHHE

CoBpeMeHHas BETPOIHEPTETHKA BO MHOIHX PA3BHTEIX CTPaHAX MH-
pa SBJIETCH YaCThIO SHEPIeTHYECKHMX CHCTEM, a B PAJIE CTPAH — OHOMR
H3 JaBHBIX COCTABJLHOLIMX ANbTEPHATHBHONW SHEPreTHKA HA BO300-
HOBIIIEMBIX MCTOYHHKAX HeprHH. K coxaneHuio, B HacTosIiee BpeMs
RO HETPAAHLHMOHHBIX M BO300HOBNSEMBIX HCTOYHHUKOB OSHEPIHH
(BKOYas ¥ BETPOSHEPTeTHKY) COCTaBisieT B SHEprobajance Hameit
crpadbpl qume 1,5 %. Onnako B PoccHH MMEIOTCS OOBEKTHBHBIE pe-
CYPCHBIC, COLHATIPHO-3KOHOMHYECKHE ¥ KOJIOTHICCKHE TPEATIOCHLIKH

it mnpoxomacnrraGHoro HCIIOJIb30BaHNs KaK BETPOJIHCPreTHKH, TaK

U IPYTHX BO30OHOB/IAEMBIX HCTOYHHKOB SHEPIHH.

CyMMapHas MOIHOCTE BETPOYCTAHOBOK B Pa3iM4HBIX CTPAHAX MH-
pa gocturiaa B 2005 r. 59 teic. MBT. Ilo oneHkaM MeXIyHapOAHBIX
BETPOHEPTeTHYECKMX OPraHM3allMi, IPOTHO3 Pa3BUTHA BETPOIHEPTe-
Tukd Ha 2020 r. — 310 jocTikenne 10 % momu BeTpoBOH dHEpruu B
MHPOBOM IPOHM3BOJICTBE 3NIEKTPO3HEpruH. K coxanenuio, 1ons BETpo-
sHepreTuku Poccuu ceropns cocraBnseT okosio 15 MBT, 4yro o6bacHs-
€TCs SIBHBIM HEBHHMAHUEM COOTBETCTBYIOIMX CTPYKTYP K Pa3BUTHIO
9TOH 3KOJIOTHYECKH YHCTOH OTpaciM SHEPreTHKH M OTCYTCTBHEM Ha
CEroiHs JMHAHCOBBIX BOMOXKHOCTel NpHOOpETEHHs U SKCILTYaTalUH
BETPOYCTAHOBOK KaK OpraHM3alMsAMH, TaK U HacenenueM. HecMoTps na
TaKoe ToJIoXeHue, Kak u panee B CoperckoM Corose, Tak M ceifyac B
Poccuu B OTE4ECTBEHHBIX HAyYHO-HCCIENOBATENBCKAX OPTraHU3ALMAX
¥ By3aX, Ha pAJie 3aBOJIOB NNOCTOAHHO BEJIMCh H BEAYTCS paGoTsl B 06-
NaCTH BETPOSHEPIE€THYECKHX YCTAHOBOK, pa3pabaTeiBaeTCsi MX TEOpH,
CO3JJAI0TCA OTAENbHbIC [IPOMBINUICHHBIE 00pa3isl. Ha ceroans B Poc-
CHH MMEETCSI HECKOJIbKO JECATKOB OPraHM3alui, 3aHMMAIOIUXCS pas-
BHTHEM BETPOYCTAHOBOK M MOTYIIMX NPOH3BOJUTH HX BO BCEM JHAMNA-
30HE€ MOIHOCTEH OT MaJIOro 0 MEraBaTTHOTO YPOBHA.

Hannoe yuebHoe nocobue npeacrasmsier coboit HCXOAHBIH MaTepHa,
HeoOXO/MMBIH CTYJEHTY NPH M3YYEHHH OTHENbHBIX Pa3NeNoB KypCoB,
CBSA3aHHBIX C BETPOIHEPreTHKOH. B mocoGHu paccMOTpeHbI MPHHIMIIGI
paboTEI B yCTPOHCTBO BETPOYCTAHOBOK Pa3/IMYHOrO THITA, KAK COBPEMEH-
HBIX, TaK H IIEPCICKTUBHBIX, 2 TAKKE OCOOEHHOCTH MX PeryTNpOBaHHs.

VYuebHoe nocofue HANHCAHO HA OCHOBE MATEPHANIOB OTEYECTBEH-
HBIX MoHorpaduit u yuyebnukoB I'.X. Cabuumna, E.M. ®areesa,
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K.II. Bamxesruia, B.A. Asapunanosa, SLU. Illegrepa, ILIL beapyxnx
¥ Jgp. Hapsagy ¢ ycTosBIIMMECS NOAXOAAMM K QHAIA3Y HCIIO/B30BAHHL
COBpEMEHHEBIE OTEYECTBEHHBIE M 3apyOexHbie XypHanbHbIEe ITyOIHKa-
[AH, MaTEpHAIBl Pa3IHYHBIX KOH(epeHMii, HaTeHTHEIE ¥ PeKIaMHbIe
marepuaisl, 'OCTs Poccun. : 7

Marepunan yue6HOrO ocoOma ABsETCS OCHOBOH Ui JanbHeHIIEro
H3yUYCHHS CTYACHTAMHM pacueTa W IPOEKTHPOBaHHSA BETPOArperaToB
pa3iEYHOro THIIA.

- 1. BETPOJOHEPTETHUYECKASA YCTAHOBKA,
BETPOAI'PEI'AT H BETPOJABUTI'ATEJIb

Berposneprernyeckas ycranoBka (BJY) mpexacraBnser coboit
KOMILIEKC B3aHMOCBA3aHHOTO OOOpYAOBaHUSA H COOPY)KEHHIA, TIpeHa-
3Ha4YCHHBIN JUI IpeoOpa3oBaHUs SHEPTUH BETPA B JpyTHE BHIHL SHEP-
FHH (ANIEKTPHYECKYIO, MEXaHHYECKYIO, TEIUIOBYIO H T. IL.).

Bertpoarperar, sBassch 0CHOBHOH dacThio B3Y, cocTOMT U3 BETpO-
JBHTATelis, CHCTEMBI IIEPEIadn BETPOBOH MOLIHOCTH Ha HArpysKy (mo-
TpeOuTe0) B cCaMoro noTpebUTeNs BETPOBOH 3HEepruu (Kakoro-immbo
ycTpo#CTBa: 3NEKTPOMANIMHHOIO reHeparopa, BOJSHOIO Hacoca, Ha-
rpeBaTend u T. IL.). ~

Betpoapurarens sBisercs yCTpoHCTBOM st TpeoOpa3oBaHus KUHe-
THYECKOH SHEPTHH BETPa B MEXaHHYECKYIO SHEPruIO pabouero ABWKEHHS
BerpojBurarens. Paboure nBIKEHHH, KOTOPBIE COBEPIIaeT BETPOABHIA-
Tenb, MOryT ObITh pasHbIMH. Ha CyImecTBYIONMX CEeroHs BETPOABHIaTE-
ISX B KayecTBe pabodero ABWKEHHS HCHONB3yETCsl KPYIOBOE Bpalna-
TENbHOE JBIDKEHHEe. BMecTe C TeM H3BECTHHI MHOTOYHCIEHHBIC
npeIoxeHns (MHOTA JaXe PeaM30BaHHbIE) IO UCTIONB30BAHHMIO JIPY-
FHX BHAOB pabotero ABMKEHNs, HaIpuMep KonebdarensHoro.

B mnocobum paccMarpuBalOTCSL BETPOABHIaTelM, COBEpMIAIOLIHE
TOJIGKO KPYTOBOE BpallarensHoe pabouee JBIKeHHE (BETPOTYpPOHHDI).
Y Ttaxux BeTpojBHrareneil yCTpOHCTBOM, KOTOpPO€ HENOCPEACTBEHHO
BOCIIPUHHMAET a3POAHHAMHYECKAC HATPY3KH OT BETPOBOIO IOTOKA W
npeobpasyeT 3HEPryiO BETpa B MEXaHHIECKYIO SHEPraio paboyero Kpy-
TOBOTO BpamaTellbHOTO NBIDKEHMS, SBISETCS JIONACTHAd CHCTEMa, Ha-
3BIBAEMas BETPOKOIECOM.

JlomactHas cucTeMa BETPOJBHIraTels (BETPOKOJIECO) MOXKET MMETh
pasnHYHOe KOHCTPYKTHBHOE HCIOJIHEHHE. Y COBPEMEHHBIX BETPOIBH-
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ratejieif JonacTHas CHCTEMa BHITIOJHEHA B BHJE JXKECTKHX JionacTei ¢
KPBUIOBBIM TIPO(HIIEM B [IONEPEYHOM CEIEHUH (MHOTIA B 3TOM CIIyHdae
UCTIOIb3YIOT TEPMHHBL «KPBLIBYATEIE», HITH NPONEIUIEPHBIE, BETPOBH-
ratemm). M3BecTHBI yCliemHO paGoTaromue JONacTHbIE CHCTEMEI, B KO-
TOPBIX BMECTO IIONMAcCTed HCHONBL3YIOTCS BpaIAlONecs HITHHAPHE
(ucnons3osanue dddexra Marnyca). UMeroTcs IpenoKeHHs 10 co3-
JIaHUIO JIONACTHOH CHCTEMBI HA OCHOBE Pa3lMYHOrO THUMA JIOHACTEH ¢
THOKMMH MOBEPXHOCTAMH (mapyca). TakuM oGpa3oM, JomacTe — 3T0
COCTaBHAA YaCTh BETPOKOJIECA, CO3AAI0MAN KPYTALIMH MOMEHT.

JlonacTHas cHCTeMa BETPOABHTaTeNs ¢ paGOYHM KpPyTOBEIM BpaIa-
TENLHBIM JABHXCHAEM MOXET MMETh FOPH3OHTANBHYIO HIIH BEPTHKAIIL-
Hyr0 ocH BpamieHus. CooTseTcTBeHHO, cornacHo I'OCT [1], ropuson-
TabHO-OCEBHIM BETPOABHIaTENEM HA3hIBACTCA BETPOABUraTellb, Y
KOTOpPOTO OCh BpalieHHUs BETPOKOJIECA pacioiIokeHa Hapaieibao Ui
MOYTH HapalieibHO BEKTOpPY ckopoctd BeTpa (puc. 1). Betponeura-
Tellb, Y KOTOPOTO OCh BPALICHHS PacTOIOKeHa MEPIEHIHKYISIPHO Kak
BEKTOPY CKOPOCTH BETpa, Tak M 3eMiie, Ha3blBaeTCH BEPTHKAIHLHO-
OCEBBIM (pHc. 2). )
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Puc. 1. KoncTpykTHBHAs CXeMa FOPH3OHTAIEHO-0CEBOTO BETpOarperara;
I — perpogasurareis; 2 — rounona; 3 — MyAETHILIAKATOD;
4 — narpy3ka (3nexTporeneparop); 5 — Gawns; 6 — gyngamenT



Prc. 2. KoHCTpYKTHBHAS CXeMa BEPTUKAIBHO-OCEBOTO BETPOArperara:
I — BerpopBHTaTEND; 2 — CUIOBHIC JICMCHTEL, 3 — BEpXHHI peRyKTOp; 4 — Gamns;
5 — cHnoBas OTTAKKE; 6 — Ban; 7 — HIDKHUA PEIyKTOP; 8 — 3NEKTPOreHEparop;
9 — dpyHaaMent

ITpunsTHIE B OTEYECTBEHHON BETPOIHEPTETHKE TEPMHUHBI M OTIpEAe-
NeHHs, a Takoke knaccudukanns BOY usnoxenst B 'OCT P 51237-98
u P 519902002 {1, 2]. Tpebopanus 3THX CTAHAAPTOB OTIPEAETAIOT B
3HAYMTENLHON) CTENEHH HCIONB3YeMYIO allee TEPMHHOTIOTHIO.

Ilpu pacdere W TPOEKTHPOBaHHM KOHKPETHOTO BETPOABHraTeisd
NOMMMO BETPOBBIX yCIOBHii €ro paboThl HeoOX0MUM ydeT Kak ocobeH-
HOCTEH BeTpoarperara, tak u Beeit BOVY. B cBazm ¢ stum BOY knaccn-
(UIMPYIOT TIO CIEAYIOIMM TIpU3HaKaM: BUXY BhIpabaTeiBaeMoil dHep-
THH, YPOBHIO MOIIHOCTH, HA43HAYeHHIO, OONacTIM TIpHMEHEHHUS,
TIpH3HAaKy paboTHI ¢ HOCTOSHHOM HJTH TIEpeMEHHOM YacTOTOM BpaleHAS
BETPOKOJIECA, CIIOCO0aM yNpaBieHus, TUIlY CHCTEMBI [IEPEAadH BETPO-
BOH MOILHOCTH NOTpeOUTEMO. ’

B 3aBucumocTu OT BHAA BeIpabarsiBaeMoil sHeprun BOY noapaszze-
JSIOT Ha BETPO3EKTPHIECKUE M BETPOMEXAHMYECKUE. OJIEKTPHIECKHE
B3Y, B cBOO 0OYepesn, NOApa3NeNsMOTCS Ha BETPOYCTAHOBKH, BhIpaba-
THIBAIOINUE SIEKTPOIHEPTHIO MOCTOAHHOIO NHOO NEPEMEHHOTO TOKAa.
Mexannueckue BOY cayxar jis npuBo/ia paboviux MalliiH.

Tlo yporaro mMomuocTH B3OY mozpa3felslioT HA 4eThipe TPyNIbL
OYEeHb Manoif MOIMHOCTH, MeHee 5 KBT; Manoil MOIIHOCTH, OT 5 jo
99 xBrT; cpeaneit MouqHocTH, ot 100 mo 1 000 xBT; Gonbmoii MonIHo-
cTd, ceelie 1| MBT. BerpoycTaHOBKH KaxAOH TPYNNEl OTIHYAIOTCSH
ApyT OT Apyra OpexJe BCEro KOHCTPYKTHBHBIM BBIIOJHEHHEM, THIIOM
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(yHmaMenTa, cnoco6oM yCTAHOBKA BETPOArperaTa Ha BETEp, CHCTEMOM
PEryIMpOBaHHS, CHCTEMOM mepeJad BETPOBOM MOILHOCTH, CIOCO60M
MOHT&Xa H CIOCOO0M 00CITyKUBaHMS.

B 3aBucuMOCTH OT HasHa4eHHs 3jekTpuyeckue BOY nocrosunoro
TOKa MOJPA3ACIIOT HA BETPO3aps/IHbIE, TapaHTHPOBAHHOIO 3IEKTPO-
CHaOxeHMs NOTpeOHTeNs, HerapaHTHPOBAHHOIO 37IEKTPOCHA0XKEeHU.
Onexrpudeckne BOY mepeMeHHOro Toka NOApas/eIOT Ha ABTOHOM-
Hble, THOpU/IHbIE, paboTaloLIie NapaUIebHO C SHEPrOCHCTEMOMN COH3-
MEPHMOH MOLIHOCTH (HaIpUMep, C AH3ENbHOM YCTaHOBKOH), CETEBbIE,
paboTarommye napajiebHO ¢ MOIHOH SHEPTOCHCTEMON.

Mexannyeckue BOY no HasHadeHdio NojpasaenisioT Ha BETPOHA-
COCHBIE 11 IPHBOJIA BOJSHBIX HACOCOB H BETPOCHJIOBBIE JIJIsi paGOTHI C
MPOMBIHLIEHHBIMHE H OBITOBBIME MEXAHU3MAMH.

Kiaccugukanus BOY no o6acTam npuMeHeH s onpeensieTcs nx
HasHaveHueM. Ilpu pacyere M mpOEKTHPOBAHMH BETPOJBHIATENSd U BBI-
Gope €ro HOMMHAIBHBIX [1APAMETPOB HEOOXOAWM yueT THIa Harpysk#
(sn1eKTpOreHEpaTOp, BOAAHON HACOC H T.IL.), THIA CHCTEMB! TIepeAaun
BETPOBOH MOLIHOCTH K MOTPeGHTENMO, THIIA CHCTEMBI T€HEPHUPOBAHHS U
aKKyMYJIHPOBaHHS 3NIeKTpo3Hepruy. CHCTeMa Iiepeiadu BeTpOBOH Mol -
HOCTH IIPE/ICTaBAseT cOO0H onpeneNneHHbIH KOMILIEKC PasMIHBIX YCT-
POHCTB [/is Nepeiaun MOILIHOCTH OT Bajla BETPOKONECA K BaJly COOTBET-
CTBYIOILICH MalllMHBI BeTpoarperara (HOTpeOUTENs) C NOBHILICHAEM HIH
Ge3 IOBBIMIEHNS YaCTOTHI BPALICHHS BaJia 3Toil MamHHEL B coBpeMenHo#
BETPOJHEPTETHKE Yallle BCEro UCIOIb3yI0T MEXaHIIECKuH crocob nepe-
Ja9i MOIHOCTH. M3BeCTHBI Taroke ruapaBlHYeCcKuil, THEBMATHYECCKHH 1
a3pOAMHAMHYECKHE CIOCOOBI Nepeiaiun BETPOBOH MOLIHOCTH IOTpebH-
Temo. CACTeMa reHepHUPOBaHHS EKTPOIHEPTHH IIPECTABRIAET COGOi
3MIEKTPOMAINNHHEIA TeHepaTop M KOMILIEKC YCTpPOMCTB (ycTpoiicTBa
YOPABICHUS, CHIOBOH 3IEKTPOHHKH, aKKyMyISTOD M T.JI.) Ui IOA-
KIIOYCHHS K MOTPEOUTENO CO CTaHAAaPTHBIMH [IapaMETPaMH 3JIEKTPO-
SHEprHyu.

2. IAPAMETPbBI, XAPAKTEPU3YIOILHME PABOTY
BETPO/IBUI'ATEJISI U BETPOYCTAHOBKH -

Ha HexOTOpOM pacCTOsSHMM nepe]| BETpoarperaTom, rie Haberawo-
U aTMOCEPHBIH NOTOK paBHOMEPEH, KUHEeTHYECKas sHeprus E Mac-
CBI 7 BO3JYIIHOTO IOTOKA BRIPAXKAETCS BEJIMIHHON:
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Bemmuuna m=pV A B CeUeHUH TEpeA BETPOArPETaToM SBIISETCA
MACCOBBIM Pacxo/I0OM BO3/yXa, KOTOPhIH Mor Obl mpolTH uepe3 oMe-
TaeMyl0 ILIOINAAb BeTpokolieca A 3a eXuHMIy BpEMEHHW, UMes MIOT-
gocth p. OMeTaeMas IUIOLIa[b BETPOKOJECA — 3TO IeoMETpHIECKas
ApOEKIUs TUIOMAH BETPOKOJieca Ha INIOCKOCTh, NEPIEHIUKYIISPHYIO
BEKTOPY CKOpOCTH Berpa V,. B ciyuae nepneHIHKYISIPHOCTH BEKTOpa
CKOpOCTH BeTpa V k oMeraemoll muomand 4 BeauHHMHA A=7|:Df /4

JUIS TOPHM30HTAIBHO-0CEBOTO BeTpoasuraressi (cM. puc. 1) n 4 = DM,
JUIS BEPTHKAIBHO-OCEBOTO BeTpoABHTENs (CM. pHC. 2). 34eCh AuaMeTp
BeTpokoneca D, — 310 IuaMeTp OKpY)KHOCTH, ONIHChiBacMoi Haubosee
YIaJCHHBIMHA OT OCH BpallleHHs BETPOKOiECca 9acTsAMH JIONIACTEH.
Pacmonaraemasi MOIHOCTS BO3IYIIHOTO MOTOKA Nperpo, HATEKAIOLIE-
rO Ha BETPOABHrarTenk (T. €. IOJHad KHHETHYECKas Heprus naberaro-
el BO3IYHIHOM CTPYHM CO CKOPOCTBIO Vj M IUTOMIAJBIO HONEPECIHOIO
CeYeHHsl, PABHOM ILIOMA/H, OMETaeMOH €ro JIONacTHOH cHCTeMOl):

LA

BeTpo 2

A.

Betpojeurarenb M3BIEKAET M3 BETPOBOTO NOTOKA TONBKO YacTh
9TOi MOIIHOCTH M NEPEAacT €€ 3aTeM NOTpebuTenio, HaupuMep dJeK-
Tporeneparopy. O003Ha4#M MOILHOCTH, Pa3BHBAaEMYIO BETPOJBHIaTe-
neM, kak Ny;. OTHoIIeHHe MOIHOCTH BETPOABHTraTeld Ny, (Mexanude-
CKOM OSHEprud, pasBHBaeMOH BETPOKOJECOM) K pacloiaracMou
MOMNIHOCTH BETPOBOTO NOTOKA Nyemo (MONHOH 3HEPruH, Hpoxoisiei
Yyepe3s OMeTaeMyIo ILIOIIa/Ab BETPOKOJeca)

N,

BETPO

Ha3bIBAIOT KOS(b(i)HIIHeHTOM HCIIOJIb30BAHHA SHEPIrHH BETpA.
Taxum 06pa30M, MeEXaHuIEeCKast MOLIIHOCTE BETPOABHIATCIIA!

Py

N,=C,E04

Ilpu psze ynpomarompx RONYIIEHHH OTHOCHTEIBHO CTPYKTYPH
TedeHus BozpymHoro motoxa H.E. XKykorckuit n A. Berny mokasanm,
4T0 KOI(QUIHEHT HCHONB30BAHUS HEPruu BeTpa Cp HE MOXET IIpe-
BEICHTE 3HaucHuA 16/27.

OtHowenyne OKpyXHOM CKOPOCTH KOHIA JIOTACTH Ha NepHdepHu
Uk k CKOPOCTH HEBO3MYILEHHOTO TIOTOKa BeTpa Vy

x=Yr SR,
A7

Ha3bIBAOT KO3(POUIMEHTOM OGBICTPOXOAHOCTH BETPONBHraTeNs (UMC-
noM Mofyieit). 3xech £ — YroBas CKOPOCTb BpalleHHs BETPOJBATATE-
nst. Jins Texymiero pajuyca r HONB3YHOTCS NOHSATHEM MECTHOIO KO3(-
(puIMeHTa GBICTPOXOAHOCTH

U _ Qr

X=—=—

v Vo

Kospdummenrom xpytsmero Momenta M,,, pasBUBaEMOro BETpo-
JBHraTeneM, Ha3bIBalOT BEJIHIHHY

Bemrunnst Cp, Cyy, X cBSA32HBI MEXAY cOBOM 3aBACHMOCTHIO
C P= C MX .

Ha Berpokxoneco aeifcTByeT cuna ocesoro (1060BOro) HapieHus,
ABJISIOIIAACS CyMMapHOH a’poRMHaAMHYEeCKON Harpy3Koif Ha MmoBepX-
HOCTH JIONACTEH BETpOKoJieca, 00pasyromasics B pe3yibTaTe 0CEBOTO
CONMPOTUBIIEHUsS MPOQHIA JONACTH BETPOBOMY MOTOKY. OTHOIIEHHE
oceBoil cuiisl P (el 1060BOTO faBjieHHs), HEHCTBYIOINEN Ha JIONACT-
HYI0O CHCTEMY BETPOIBHraTelld, K CKOPDOCTHOMY MAaBi€HHIO (Hamopy)

2
PV,
—2—A Ha OMETAaEMYH JIOMACTAMH IOBEPXHOCTh Ha3bIBAIOT KO3(§H-

IHEHTOM OCEBOTO (J1I000BOTO) NaBIECHHS
P

B=——
PV 4
2



MomBocTHOH (3HEpreTHIecKoii) XapakTepuCTUKOH BeTpoarperara
Ha3LIBAETCS Pa3MepHas 3aBHCHMOCTL MOMIHOCTH Ny, pa3suBaeMoil Ha
Baly BETPOIBHIATed, OT CKOPOCTA Berpa Vy He3aToOpMOXKEHHOro IO-
TOKa Tiepe]] HUM (puc. 3). BeTpoasurarens moj xelficTBHEM CHIIBI BETPa
HayMHaeT CBOe BpalieHue 03 Harpy3Kd ¢ HEKOTOPOTro MEHMMAJIBHOTO
3HaYEHHsA CKOPOCTH BeTPa Vi, (CKOPOCTH CTparmBaHHA C MecTa).
O6b1uH0 3Ta CKOpOCTh cocTaBiseT 2,5...5 mM/c. Ilpu AocTHXKEHMH CKO-
POCTH NOTOKA, PaBHOMH pacueTHOH CKOPOCTH BETPa ¥Vpace, BETPOIBHTA-
TeNb pa3BUBACT HOMUHANBHYIO MOIHOCT Ny 0. HoMMHANBHAL MOIL-
HOCTh — 5TO MAaKCHMaJbHOE 3HAYCHHE BHIXOAHOH MOIMHOCTH, HA
KOTOPYI0 PacCHUMTaH BETpoarperar B JJNUTENBHOM peXUME DabOTHL
OO651aHO B AHATIA30HE CKOPOCTEH BETPA OT Vpyin 0 Viypoe PETYIMPOBAHUS
BETPOABHTATEIS, KPOME MOMEHTa MycKa, He MPOUCXOANT, HO 3aTeM B
JMana3oHe CKOpOCTe# OT pacueTHOH CKOPOCTH Vpaq 1O MAKCHMANIBHOM
Vimax BCTyHAeT B JielicTBME cHCTEMAa peryiMpoBaHHMsi. MakchuManbHas
pabouast ckopocTh BeTpa Vi, — 3TO CKOPOCTh BETPA, IPH KOTOPOH pac-
4eTHas NPOYHOCTH BETpoarperara no3pojteT eMy paborars (IpOH3BO-
JATH 3NeKTpo3HEpruio) 6e3 nospexacuuil. Eciu perynupoBanue ocy-
IecTBAAETCS TOBOPOTOM JIONACTH, TO MOXHO yIAepKHUBaTh MONIHOCTH
BETPOABHIATENll B 3TOM JAMana3oHe BeTpa, Omm3koff kK MOCTOSHHOMN
(xpuBas 2, puc. 3). Ilpu mocTHxkeHNH MakcHMalbHOU pabouei ckopo-
CTH BeTpa Vi (06b1uno0 25...30 M/c) BeTpoABHTaTENL OCTAHABIMBAIOT
| BBIBOJIAT M3-TIOJ] BETPa, CTaBs €ro JIONACTH BO (IIOTEpHOE MOJOoXKe-
HHE.

Wy
il |
Nodnase s
' i
I §
/4 t
il ;
/4 ) t
iq ! ]
A/ AR — Ly
B Vonia Vo Vawar Vi sy

Puc. 3. 3aBHCHMOCTE MOIIHOCTH BETPOABUTATENA OT CKOPOCTH BETpa:
1 — N;erpo — MOIIHOCTE BETPOBOTO NIOTOKA; 2 — Ny, — MOIIHOCTh BETPOABUIATENS,
PETYHPYEMOTO TIOBOPOTOM JIONACTH; 3 — N,; — MOIITHOCTE BETPOABUTATEILA,
PETYHAPYEMOTO 32 CHET CPhIBA ITOTOKA C JIOMACTH
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3HauMTENbHAA 4YACTh BHITYCKAEMBIX CETOAHS T'OPH3OHTAIBHO-
OCEBBIX BETPOArperaroB MOLIHOCTHIO N,,> 500 kBT nMeeT Henosopa-
YHBAIOIIHECS JIOMACTH, 9TO O6JIer4aeT MX KOHCTPYKTHBHOE BBHINOJNHE-
HHe. B 3TOM ciiyuae peryiMpoBaHHe MOLIHOCTH BETPOABHIATENS C POC-
TOM CKOPOCTH BETPa OCYIUECTBIACTCH 33 CUET BBINOIHEHHS TpOGHIsL
ToNacTH M3MEHSIOMMMCS BIOJb panMyca CHelHaTbHbIM ofpasoMm. B
pesyJbTaTe, HayHHas C HEKOTOPOM CKOPOCTH BeTpa, Ha nepuiepHH JIo-
NacTH BO3HHMKAET CPbIB IOTOKA, OXBATHIBAIOIIMN C POCTOM CKOPOCTH
BeTpa Bce Gonbliee pacCTOSHME, HAYMHASA OT NMEpHQEpHH JONACTH B
HaNpaBJICHAHN K ee BTyJ04HOH wacTd. Hanumuue cpriBa ymeHbimaeT pas-
BHBAaEMYIO BETPO/IBUTATENIEM MOIHOCTh, M MOLIHOCTHAS XapaKTepH-
CTHKA NPHHAMAET BHJI KPHBOH 3 (cM. puc. 3).

Texunko-5KOHOMHYECKOE COBEPIIEHCTBO BETPOYCTAHOBKH Xapak-
TEPHU3YeTCs PSJIOM NapaMeTpOB, OHUM M3 KOTOPhIX SBISAETCH KO3 G-
uueHT Kyor MCIONb30BAHHS YCTAHOBIEHHON MOIIHOCTH BETPOYCTAHOB-
ku. OH npeacTaBisier co00i OTHOLICHHUE ZICHCTBHTEILHON BEIpaGoTKH
SIEKTPOIHEPTUH 34 KaKOH-THOO NepHOJ BpPEeMEHH, HAIPHMED 3a TOX
(Wron), K MakCHUMambHO BO3MOXHOM BEIPAGOTKE (Wipmx= 8760 Ny,
SHEPrHH B ClyHae, eciu Obl BETPOYCTaHOBKA paboTana Bech 3TOT HEpH-
O BpeMeHH Ha HOMHHAIBHOH (T. €. 100 %) MomHoCTH N,y

Tox

K CT inlempas—
T 8760 N,

HOM

Benuunna xoagdurpenta K, yCTaHOBIEHHONH MOIHOCTH 3aBHCHT
oT paboTocnocoGHOCTH (HaJeKHOCTH), rpaduka HArpy3KH, BpPEMEHH
PEMOHTOB BeTpOycTaHOBKH. Kpome Toro, K,; CylIeCTBEHHO 3aBHCHT OT
MECTHBIX YCJOBHH: HalM4Ws BeTpa M ero ckopoctu. O6kiuHo BDY,
HONKJHOYECHHBIE K JSHEProcHcTeMeE, paboraloT ¢  KO3()PHUHEHTOM
Ky:=0,2...0,35 (MakcumansHo 10 0,5).

JApyraM HMHTErpanbHbIM HapaMeTPOM TEXHHKO-3KOHOMHYECKOTO
COBCPIIECHCTBA BETPOINEKTPHYECKOH yCTAHOBKH SIBISIETCSA CPEJHETO-
NOBas yZenbHas BeIpabOTKA 3IEKTPOSHEPTHH Ha | M° oMeTaeMoi
IJIOINALH JIonacTHOH cucTemsl. lng nmydmux BOY momHoCTREIO 60-

nee 100 kBt s1a Benmuuna cocrasnger 1250...1500 xBt-u/M?, ya-
e BCEro CpenHssd rOA0Bas yJeNlbHas BbIpabOTKA HAXOAUTCS B JHa-
nasoHe 700...850 kBt-w/M’ npum GuaronmpusTHOM BETPOBOH
o0CTaHOBKE.



B tabnuiie npuBeseHbl B KayeCTBe NpEMepa HEKOTOPHIE TEXHHYE-
CKHe JaHHbIE BhInycKaeMblx BOY pazmmunoii momuoct. Criefyer oT1-
METUTH CYIHECTBEHHYIO 3aBHCHMOCTh OT PacUeTHOH CKOPOCTH BETpa
BEeJIMGHHE! y/ENbHOM MOIIHOCTH BETPOYCTAHOBKY, IOMydaeMol ¢ 1 M
oMeTaeMoi miomany (mocaeJusaa KOJIOHKA).

OcHOBHbIE TEXHHYECKHE JAHHBIC BETPOArPEraTos

= =
Dupma, Crpana | Momusocts § g Pacuetnas | 2 “5’ Vnennhas
Mozens BOY HOMHHAIIBHAA, ] S’ | CKOpOCTB, = S | MOIIHOCTS,
KBt 28| we |7 & B
_ T opu3soHTATEHO-0CEBEIE BETPOYCTAHOBKH
REpower, 5M | I'epmanns | 5000 126 13,0 3 0,40
NORDEX Hanus 2500 80 14,0 3 0,50
Ne80/2500
I'MKB Pocens 1000 48 13,6 3 0,55
«Pagyra» P-1
Usw Vkpauna 100,7 17 13 3 0,44
56-100
I'MKb Poccus 8,0 10 7,8 3 0,10
«Papyra»
P-008
BepTHKANEHO-OCEBEIE BETPOYCTAHOBKH

HIIO Yxpauna 1250 27 20 33 1,71
«dOxno0e»,
BTO 12506
OI'YT «Kb Pocens | - 30 11 4...30 3 0,27
B.I1. MaxeeBa»,
B3V30

Kommepueckne mokasatenn BOY B HacTosIee BpeMst HMEIOT TEH-
JEHIHAIO K COMDKEHUIO ¢ UX 3HAYCHHUEM IS TPAOHIUOHHBIX YCTaHO-
Bok. C 1981 mo 2000 r. cpenHee 3Ha4eHHE YACIBHON CTOMMOCTH yCTa-
HOBJICHHOM MOIMHOCTH paboTalomyx Ha 3JEKTPHYECKYIO CeTh
sapy6Gexusix BOY cuusunock ¢ 4 000 no 950 pnomn/xBt. Cpeanee
3HAYEHWE CTOMMOCTH 3JEKTPOSHEPIHH, IPOH3BOJAMMOH Ha KpPYNHBIX
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BOY 3a stor ke nepuox BpeMeHH, cHU3WIOCH ¢ 30 0 IPHMEPHO
4 nenr / xBT npu GNIArONPHSTHEIX BETPOBBIX YCIOBHSX.

Ynanocsk Tatoke pemuth NpoblieMy UIyMa ¥ HA3KOY9aCTOTHOTO IHy-
MOBOTO CIEKTpa, HAYHIETO OT JONAcTHOH cHCTEMEL B pesynsTare npu
pacionoxeHun Kpynmaelx B3V Ha paccrosuuy we 6amxke 250 M 0T KH-
JBIX JHOMOB ypPOBEHb IIyMa He NPeBHINaeT OOBIYHBIX OHITOBBIX JEIH-
6emn.

3. KIACCUDHKAIIHMSA BETPOBUT ATEJIE
(BETPOTYPEHH)

Knaccuuxamus serpogsurateneli BO3MOXHA 10 Py Pa3IdYHbIX
TIPH3HAKOB, KaK OCHOBHEIX, TAK U BTOPOCTENEeHHEIX. OJHAM M3 OCHOB-
HBIX TIPH3HAKOB KIACCH(HKALMM SBISETCS OPHEHTAUUs BeKTOpa &
YTIIOBOM CKOPOCTH BpameHHMs POTOpa BETPOABHIATENS OTHOCHTEILHO
BeKTOpa ¥, CKOPOCTH BeTpa B CBOGOIHOM atMocdeprHoM motoke. 1o
3TOMY TIPH3HAKYy BETPOJABHIATENH HOJAPA3/ENAOT Ha KOIUTMHEAPHbIE U
OPTOTOHAJIBHEIE.

KonyuneapreiM Ha3bIBalOT BETPOABATATENS, I KOTOPOrO BEKTO-
pel ¥V, © Q TapannenbHBl WM AHTHUAPAIUICTBHBL TakuM sBiseTcs
FOPU30OHTANILHO-0CEBOI BETPOABUTATEND.

OpToronansHpIM B 00LIEM Cllydae HA3LIBAIOT BETPOJBUIaTEb, IS
KOTOPOTO BEKTOPH! ¥, n Q TiepieHuKyiapHsl. Bo3MOXHBI /B2 9acT-
HBIX CJTy4as BADHAHTOB UX COYCTaHMA:

1) BexTOp BpamieHus Q NepNEHTHKYIAPEH TOBEPXHOCTH 3eMIIM;
TaKUM BETPOABHUTATENIEM SBJIACTCS BEPTHKAJIBHO-OCEBOM BETpO/BHUra-
TEJlb, Ha3BIBAEMEIH MHOrA POTOPHBIM, HIIM KapyCeabHbIM;

2) BeKTOp BpaiieHHs  TapasielleH MOBEPXHOCTH 3¢MIHM; TaKOM
BETPOJIBHTaTellbL Ha3bIBAETCS HHOT/1A GapabaHHBIM.

Bo3smoxen BeTpoiBHTaTENb, Y KOTOPOrO yroi MeXIy BEKTOpaMU
170 ¥ Q octpsiit (Mexay 0 u 90°). Takoi BETPOJBHUIraTel b MOXHO Ha-
3BaTh HAKIOHHO-OCEBBIM. [IpuMepoM peanm3auun 3To# CXeMEBI ABJISET-
sl ITHEKOBhIH BETPOABUTATEb.

Io ApyroMy OCHOBHOMY HPH3HAKY, TIO TIPHHLKILY CHIOBOTO aspo-
AUHAMHYECKOTO B3aMMOJECHCTBHS JONACTHOH CHCTEMBI BETPOABHIaTe-
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JI1 ¢ HOTOKOM Haberaroniero Ha Hero BO3yXa, BeTPOABUTATEN MOKHO
MOApa3eIATh Ha ABA THIIA: .

1) BeTpopBHraTeny, KOTOpPHIE HCIIOAB3YIOT BO BpeMs ABH)KEHHUS JIO-
MacTHOH CHCTEMB NOXBEMHYIO CHIY, BOSHMKAMOUIYIO HA pabouux 3ie-
MEHTaX JIONACTHON CHCTEMBI (KECTKUX JIONMACTAX, BpaIaonIUXCs M-
JWMHAPAX) U CO3JAIOLIYIO KDY TALIWI MOMEHT;

2) BEeTPOABUTaTENH, KOTOPHIE HCTIONB3YIOT BO BPeMs JBHXEHHA JIO-
NIACTHOH CHCTEMEI Pa3fimyue B a3pOJAMHAMHYECKUX CHIIAX, BO3HUKAIO-
LHX Ha Pa3siIHYHbIX 3JIEMEHTAX JIOTIACTHOM CUCTEMBI {KPBIIOBBIX JIOMa-
CTAX WM KaKuX-THOO APYTHX MOBEPXHOCTAX), B MOMEHTHI JABHKEHUA
3THX NOBEPXHOCTEH IO HaNpaBICHWIO BETPa M NPOTHB HAMpaBICHUS
BETpa, T. €. pasAYHe B a’pOJAHHAMHYECKOM COTNPOTHBICHHH, BO3HH-
KaioIIEM Ha JIEMEHTAX JIONACTHOH CACTEMBI.

K sBeTpopBurarensM NepBOTO THHA OTHOCATCA BETPONBHTATEIH,
u3o6pakenHble Ha pHc. 1. IlpuMepom BeTpoABHTaTENA BTOPOTO THHA
MOXET CIIyKHUTh YalICuHbIi aHEMOMETP, 3aMepSIOLIHi CKOPOCTh BETPA.

Bo3moxnas knaccudukauns BeTpoaBurarteneii (BeTpoTypOuH) C
MEXaHHYEeCKOH mepeaadyell Ha OCHOBE MX PasiHA4Us TI0 KOHCTPYKTHB-
HBIM NTpU3HAKaM JlaHa Ha puc. 4, 5. Ha puc. 68 upuseeHs IpUMEpH
KOHCTPYKTHBHBIX CXEM TAKHX JABUTATENEiH.

;I{olmnneapuu.e BETPOIBHTATEAR {BeTRUTYPOHEN] ¢ MeXaERUSChoT HepeTanef]
i

[ Topmyomtam Ho-ocepkiz]

Henomaywmae
ROZbEMEYI0 CHITY

C Bpamax I aMBCS

Tponennepapie
4 i3 BOAREIPANT
.
OIHOKOACHER Muorokoazcable
Mana- OaRovCHbIE Potop
HOTACTHBIZ AR DazTREpA

MuoTo-

FOMACTHR, Muorogcgsre

Pue. 4. Knaccuduxanms kolumEeapHbIX BETpoABAraTeNcH (BeTpoTypOu)
¢ MEXaHWIeCkoH niepegade

§ UpTSFeuARL LR BoT B RITIeng TESIE0 I VPRHHM ¢ MRXIRBT SR e |

- S BERILB G- GLvEIe,
g ook
Henemoywnse Hepemsyomsge Honemseomite Hanemoywonns
Robeeayie ey | 1 RV IPOOMBRIERGRAIE . 1 ponpeneye Gy CEAY RApOERMTCENTS
COMPETHAISNNY 3 ) CORPSIBENBTY
: : - i Parop
. Porep . Powg i Perop - UABCIURSHENE ©
Amphe Capesyen Aadorsy IEpame
. Poreg i Borp _Folop ¢ aosupaiinimy
Herans U neworkmi FOBAC LR
Foysp Pitap . Patop
" Macrpyes " gamerueth " Cassmaves
Forap
| Forep | i e o
& g AR

Prc. 5. Knaccudmkanus 0pToroHanbHBIX BETPO/BATATENEH (BETPOTYPOHH) ¢ MCXau-
9€CKoi Hepenavei

Puc. 6. KonnuneapHsie ropu30HTATEHO-0CEBHIE BETPO IBHTATE/H:
@ — OJTHOKOJICCHBIA MAIOJIONACTHEI; 6 — OJJHOKONECHEH MHOTONONACTHEIA; 8 — MHOTO-
KOJECHBIH O/IHOOCHEIH; 2 — MHOTOKOJIECHBIA MHOT0OCHRIH; & — poTop ®reTHepa

Kommueaprie ropH3oHTAIBHO-OCEBBIE BETPOABHIaTENH MOTYT
HCTIONB30BaTh KaK INOXBEMHYIO CHIY, BO3HHKINYIO IPH OGTeKaHHH
KPBLIOBOTO poduisi (pHC. 6, a—2), TaAK K HOTBEMHYIO CHILY, BO3HH-
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KaIOIIYI0 Ha OoCHOBE 3 ¢exTa Marayca npy o0TeKaHHH BpalHaoIIero-
cs numsApa (puc. 6, 0).

Pac. 7. OpToroHansHbie BEPTHKAIBHO-OCEBBIE BETPOIBHIATEIL:
a — potop Jlapse; 6 — porop H-Tana; ¢ — porop Macrpoyga (B IOXyCII0OKEHHOM
IOJIOKEHHH) C H3MEHASMBIM TIOJI0KEHHEM JIONACTEH; 2 — POTOD (GKHPOMIILLY (840
c68epxy) ¢ H3MCHSEMBIM YFIOM YCTaHOBKH Jionactelf; o — potop Caponmyca (guo
ceepxy); e — poTOp HallieUHBIA (AHEMOMETP, 8U0 C8ePXY); HC — POTOP LIHEKOBBIH;
32— pOTOp ITACTHHYATHIA C 3KPAHOM, KapyCcenbHbli (610 ceepxy); 1 — nonacrs,
2 — MEXAHW3M YHPABICHIS IOJOXEHEA Jonactel; 3 — dumorep

Pnc. 8. OproroHasbHBIE FOPA30HTANBHO-0CEBRIE BETPOABAIATCIIH:
a — potop JlajoHza; 6 — poTop NaCTHHEIATEIA ¢ JKpaHoM (6apabaHHEL);
& — POTOp C HOBOPOTHBLIMH JIONIACTAMH; 2 — poTop CaBoHmyca
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B opTOroHaIBHBIX BEPTHKANEHO-OCEBBIX BETPOJBUIATENSX UCHOIb-
3y€TCs IOABEMHAS CHNIA, KOTOPasl BO3HUKAET IIPH OOTEKaHMH KPBLIOBO-
ro npounst (puc. 7, a —2), M Cria a3pOJHHAMHAYECKOTO CONPOTHBIE-
uu (puc. 8, 0 —3).

B OpTOroHANbHBIX TOPH3OHTANBHO-OCEBHIX BETPOJBHraTENsX HC-
HOIB3yeTCs NoqbeMHas cuia (pHc. 8, a) U CHa adspOJHHAMHYECKOro
conporuBieHus (puc. 8, 6 — 2).

4. PA3JIMYHBIE CTIOCOBBI IIEPETAYH BETPOBOM
MOIHOCTH IOTPEBUTEJIO

4.1. Mexannyeckas nepenaya

Mexanuyeckas nepeziaya MOIIHOCTH OT BETPOJBATATE IS HOTPeGHTe-
mo (puc. 9) sBnsercs Haubonee PaCHPOCTPAHEHHOM, OCKONBKY 4OCTA-
TOYHO IIPOCTa B KOHCTPYKTABHOM OTHOLICHUH H O0JIa/iaeT Cped APyrux
€noco6oB nepeAaun MoIHOCTH Han6osbmmM KITJT, pasusiM 0,85...0,95.
Henocrarkom Takoii nepenaun sBiisieTcss Hanudue NOBBIIIAIOMIErO pe-
AyKropa (MyJbTHILIHKATOpa). B cilyyae, ecim Harpyskoii ABIseTCS n€K-
TPOTEHEepaTop, BENWYMHA IICPEJATOYHOTO YKMCJIA MOXET HAaXOIUTHCH B
Auanasone 40...70. Jpyroi#f HeOCTATOK COCTOMT B TOM, UTO KONEGaHMS
CKOPOCTH BETPOBOTO HOTOKA, HECMOTPSA HA CIVIQXXHBAIOMIYIO MHEPIMOH-
HOCTB BETPOKOJIECA, IEPEAAIOTCS HA Bl HOTPeOHTEs.

] &

Puc. 9. Cxempl MEXaHATECKOH HEpeIas:
a — JIEKTPOTEHEPATOP B TOHAOME; 6 — HICKTPOICHEPATOP Ha 3EMIIE;
1 — BeTpojBHYaTens; 2 — rouzoNa; 3 — MyNETHILIHKATOP; 4 — JEKTPOTeHEPATOp;
5 — Gammst; 6 — BEpTEKANBHEH BAl
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Ecma smekrporenepatop Haxomurtcs B ronzone (puc.9,d), To
MYIBTHILIMKATOP PACIONaracTcs TaM e, MeXIY HUM H BETPOJABHIraTe-
neM. Eciu sneKTporeHepaTop MM Kakod-muGo Apyroil motpeOuTens
HaAXOJATCA Ha 3eMile (puc. 9, 6), HCNIONB3YIOTCA BA PENYKTOPA: OJHH C
KOHMYECKHMH IIECTEPHSIMH B TOHZOJNE, APYroii — Ha 3emiie. Mexay
HHMH HaXOJWUTCS BEPTHKAILHEIH BaJl.

4.2. I'nppaBinyeckasn nepenada

CxeMa TMApaBIMYECKON Mepefayd HOMYCKAET KOMIIOHOBKY BETPO-
IBHrarejis W 3NeKTporeHeparopa kak B rougone (puc. 10, @), Tak u pas-
- JeNIbHO, € paclojioXkeHHMEM 3jIeKTporeHeparopa Ha 3emne (puc. 10, 6).
I'maponepesaua MOXET HMETh pa3iM4HbIe KOHCTPYKTHBHbBIE MOAM(H-
Kalli¥, Yamie BCEro 3T0 COCAMHEHHE MEXAHWYECKOH mepeiayd ¢ He-
GONBIINM TEpeaTOYHEIM OTHOIIEHHEM | THAPOIIEPEadHy.

i 2 3

i

o

Puc. 10. CxeMmpl TApaBIRIecKoi iepenaun:
a — HepasfieicHAas FHApOIICpPENada, SNEKTPOTCHEPATOP B TOH/ONE;
6 — pasjiencHHasd THAPoNEpeaata, MEKTPOICHEPATOp Ha 3EMIIE;
1 — peTpornBATaTENS:; 2 — MeXaHRHCCKast TiepeAiaa; 3 — FHApOHacoc; 4 — THAPOMArkCTpans;
5 — rospona; 6 — 3IEKTPOreHEpaTop, 7 — THAPOMOTOP; 8 — arHs

HMsBecTHEI 1B THNA THApoONEpeadM: THAPOAUHAMUYECKAsS M THAPO-
cratudeckas (oObemHuas). I'mapomwHaMuueckas Tepedasa He Haunia
OPHMEHEHAS B BETPOJHEPTETHKE, TaK KakK €€ 3MMeMEHTHI (LIEHTPOOEKHbIH
HacoC ¥ pajManbHO-0ceBas THAPOTYypOUHa) NODKHEI paboTaTh MpH 3Ha-
uMTENbHBIX 9acToTaX Bpamenus. Kpome Toro, npu W3MeHEHUH 9acTOTHI
spanienns KIIJI taxo#i rufponepenaun 3HaIMTENbHO CHIbkaercs. Bonee
npueMiieMa cxeMa ¢ 00beMHO# ruApaBIrHYecKoil nepeavei, cocrosuieit
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3 THAPOHACOCA B THAPOMOTOpa (BHHTOBOIO WM IOPIIHEBOTO THIIA). 3a
cHeT U3MeHeHus pabovero o6beMa THAPOMOTOPa I'Hporepeaya Ioyc-
KaeT W3MCHEHWE YacCTOTHl BpamcHWA. ['miaponepenada nossonser obec-
TIEYUTh TOPMOXKECHHE BETPOKOJIECA 3a CYET APOCCENMpOBaHus paGoueii
KHUJIKOCTH € COOTBETCTBYIOIIMM BBIJENICHHEM TETUIOTHI, 8 TAKKE Orpa-

HHYHTDL Pa3sBUBACMYIO HA BBIXOJHOM BaJly MOHIHOCTEH IIpA BO3pacTaHHH

CKOPOCTH BETPA BEIIIIE PACYECTHOM.
KIIJI HepasnenenHo# rHApoNIepeAadld HAXOAUTCS B ARANA30HE 3Ha-
genui 0,85...0,95; a1 paznenenHoli on MeHsIe u paseH 0,75...0,85.

4.3. IlneBMaTHYeCcKas nepegada

IneBMaTnyecknii cnocob mepera s BETPOBOH MONIHOCTH K HOTpe-
GuTeN0 OCHOBAaH Ha NPHHIMIE PabOTHI pa3aeneHHOM ruaponepeayH,
TpH 3TOM KHHETHYECKasA SHEPrUs BETPOBOTO IOTOKAa mpeobpasyercs
BETPOJABHUTATENIEM B INOTEHHHANBHYIO BHEPTHI0 TNEpenaia AaBIeHUS
BO3/[yXa B THEBMOMAruCTpaH.

Puc. 11. CxeMbl THEBMaTHIECKO# Iepeadn:
~ € KOMIIPECCOPOM B TOHJIOIIE; 6 — ¢ BETPOABHIATECM, HMEIOIIAM HOTHIE JIONACTH;
1 — BeTpoaBHATaTENb; 2 — MYJIBTHILTHKATOP; 3 — KOMIIPeccop; 4 — roHjoNa;
5 — nHeBMOMarucTpans; 6 — GaurHs; 7 — BO3MymHas TypOuHa; 8 — 3MeKTporeHeparop;
9 — NONONHUTENLHEIA BBOT BO3AYXA

Bo3MokHbBI paznuunbic KOHCTPYKTHBHBIE CXEMbI ITHEBMOIIEpENATH,
ABE W3 HUX TPHUBEACHH Ha pHc. 11, a # 6. AtmMocdepa sBiseTCS B
[HEBMOIIEpe/iade «BO3BpaMalomei’» Maructpansio. IIpeHMyIecTBO
TAKHX CXEM 3aKII0YaeTcs B TOM, 4TO 3NIEKTpPOMEXaHHUeckoe o6opyao-
BaHHUE pacriojiaracTcs Ha 3eMie. 3TO OTKPHIBAET IMMPOKUE BO3MOKHO-
CTH 10 CO3/1aHUIO HOBbIX, HETPAAHIHOHHBIX, KOMOMHHUPOBAHHEIX JHEP-
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royctaHoBok. KpoMe T0oro, mHeBMOMarucTpaiib racuT MyJbCallud BO3-
JYIIHOTO IIOTOKA.

B cxemMe nHeBMonepeaaud o puc. 11, a koMnpeccop, HaxoJAIuii-
€51 B TOHJ0JIe, HAarHeTaeT No NHEBMOMATHCTPAJIH CXATHIH BO3AYX B Ha-
3EMHYIO BO3AYIIHYIO TypOHHY, KOTOpas BpallaeT 3JeKTPOreHeparop.
OpnHEM H3 OPEUMYINECTB 5TOH CXEMBI SBIAETCS BO3ZMOXHOCTE ITOJQYH
CKaToro BO3AyXa B KOHTYD TEIUIOBOH MaIlMHBI, HAIPUMEP ra3oTyp-
OHHHOTrO JBHIaTe/s, B pe3yJbTaTe 4ero MOXHO B TEPMOJHHAMHIECKOM
LMKJI€e ra30TypOMHHOH YCTaHOBKHM HCKJIIOYHTH 3aTPAaThl MOINHOCTH Ha
CXKaTHe BO3YXa.

B cxeme nHeBmomnepesaan Ha puc. 11, 6 (cxema X.3. Auzpo) Bet-
poABHIraTenh MMEET MOJble JIONACTH, JONACTHAS CHCTEMa BETPO/BHIa-
TeJs BHIIONHSAET (yHKUHIO KOMIpEccopa, IPOKaunBas yepes cebs ar-
MocdepHEIH BO3lyX. B HHeBMOMAarucTpanid CO34aercs paspexeHue,
YTO JAeT BO3MOXHOCTE paboTaTh HA3eMHOH BO3AYUIHOH TypOuHe.
IlpermymiecTBaMu CXeMbl AHIPO SABSHOTCS: OTCYTCTBHE MYJILTHILIH-
KaTopa; BO3MOXHOCTE 60Jiee JIErKoro 3amycka CBOGOAHO Bpalaroule-
roCs Kojieca; perylMpoBaHHE BETPOJBHraTelisi MOBOPOTOM COILIOBOIO
anmnapara BO3JAyLIHOH TypOHMHBI HIIM NONONHHTENLHBIM BBOJIOM BO3MY-
Xa B THEBMOMAT#CTpaJb 3a TYPOHHOM.

HeraruBapiM ¢axTopoM, NpensaTCTBYIOLINM HIMPOKOMY BHEIPEHHIO
NHEBMOOEPE/IauH, ABjsieTcs NoHwkeHHoe 3HayeHus ee KI1J] — okomo
0,50...0,55. Ucmonb3oBaHue THEBMOIIEPEau B PA3IHYHEIX KOMOHHH-
poBansbix BOY mossossier ocnabuth BimsiHue 3toro dakropa. Haubo-
Jjiee 3HAYMTENLHOR moTeped B cxeMe AHIPO SABIAETCA NMOTEPH € KHHE-
THYECKOH HEPrue CTpyH, BBIXOASINHX U3 IEPUPEPUIAHBIX yCTPOHCTB
NoMbIX jonacTell. YTHUIM3HPOBATh 3TY HOTEPI0 MOXKHO DPA3THYHBIMH
cnocobamu, HaIpUMep, UCHOJB3YA aTMocdepHbiit Auddy30p.

4.4. AspoannaMuadeckasi nepeaada

AspoauHamudeckoll nepefadeli B OTCUECTBEHHOM NUTEPAType Hashi-
BaIOT CXeMy, IPEVIOKEeHHYIO pycckuM uccrnenobatenem Al Ydumie-
BeIM. B TakoM Betpoarperare (puc. 12) Ha KOHIaX Jionacreid OCHOBHOIO
BETPOKOJIECA HAXOAATCS BTOPHYHBIE BETPOArperaTsl (BETPOABHIaTENb U
anekTporesepartop). BeTpoasurarens BTOPHUHBIX BETpOarperaToB o0-
TEKal0TCs HaberaomuM IOTOKOM BO3yXa, HMEIONIUM CKOPOCTh CYIIE-
CTBEHHO 0OJIBHIYIO, Y€M CKOPOCTh aTMOC(EpPHOro BeTpa. B pesyisrare
BTOPHYHBIE BETPOArperaThl MOTYT HMETh YBETHYEHHYIO YaCTOTy Bpa-
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INIEHHS, 9TO NO3BOIAET HE UCHONB30BaTh MyIbTUILIHKaTOp. Ha puc. 12
H3006paxeHsl ABYXKOJECHbBIC BTOPHYHBIE BETPOJBHUIaTE M.

CA: -
s

. ‘.

Puc. 12. Cxema arponHaMAIecKol nepegay:
1 — anexrporeHeparop; 2 — BTOPHYHEIE BETPOABUIATEH;
3 — OCHOBHO# BeTpOJBHIraTeib; 4 — FOHACHA; 5 — GaniHs

HecMmoTps Ha OTCYTCTBHE JIEKTPOMEXaHHIECKOTO 000py/10BaHHs B
FOHJOJIE, 3HAYMTENLHOE KOHCTPYKTHBHOE YCIOXHEHHE BETPOKOJECA
TOPMO3HT HCIOJB30BaHHE 3TOH CXeMbI MTepeayHn.

5. OCHOBHBIE OCOBEHHOCTH BETPO/IBUT ATEJIEMH
PA3/IMYHBIX TUIIOB

Hecmorps na MHOroo6pasue TeOpeTHIeCKH BOZMOXHBIX Y XIPAKTH-
4eCKH peanu3oBaHHX cxeM BOY, coBpeMenHbie BeTpoarperarhl Hesa-
BHCHMO OT YPOBHS MOIIHOCTH SBASIOTCS MO0 IPONENepPHBIME TOPH-
30HTaPHO-OCEBBIMH, NUOO OPTOrOHAIbHBIMH BEPTHKAIBHO-OCEBBIMH
BETPOJBHraTeAMH (KCIOJNBL3YIONMMY NOXBEMHYIO CHIIy HA JIONACTSX),
IOCKONBKY HMEHHO 3TH JIBa THINa BETPOBUTaTels 001anar0T Hanbomee
BBICOKHMH TEXHUKO-DKOHOMHYECKHAMH NI0KA3aTEeISIMH.

e
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I'opu3oHTaNBHO-OCEBBIE BETPOJBHTATENN MO CPABHEHHMIO C BEPTH-
KaJbHO-OCEBBIMH HMEIOT CIeYIOIHe IPEeHMYLIeCTBa:

BO3MOXXHOCTh CAaMOCTOSATCIbHOTO Iycka 0e3 BCIIOMOTATeJIBEHOTO
NMpPUBOAA 32 CUET H3MEHEHHSE YIla YCTAHOBKH JIOTIacTeif;

fonbiee 3HadeHAe KOIPPUIHEHTA HCIOIB30BAHUS SHEPTUH BETPA;

Oonbmee 3HadeHne Koddduumenta OBICTpoXonHOCTH X H, Kak
CIeACTBHE 5TOro, OONEBIIYIO YacTOTy BpallleHHs BETPOABHraTelld, UTO
TIO3BOJIIET YMEHBINMTh MaccorabapuTHBIE NMOKA3aTelld 3JeKTpoMexa-
HU9eCKOro o6opyIoBaHus,

HCKIIOYEeHHE HeOOXOAMMOCTH B YTJIOBOH Nepeaue KpyTAIEro Mo-
MEHTa.

K ocnoBrOMy HejmocTaTKy NpONE/ICpHBIX TOPH30HTAILHO-0CERBBIX
JBUTarenell crneayeT OTHECTH HeoOXOIUMOCTh B YCTPOHCTBE OpPHEHTa-
[[AY HA HanpaBlicHHE BETPA.

OpToronansHbie BEPTHKAJIBHO-OCEBbIE JABUTATENH 110 CPABHEHHIO C
TIPOTICIJIEPHBIMH TOPH30HTAIBHO-OCEBBIMM 00HafaloT CHAEHYIOIMMHE
NPEUMYLIECTBAMH:

HE3aBHCHMOCTBIO ()yHKIIHOHAPOBaHUS OT HaNpaBlieHHS BETPOBOIO
TIOTOKA, YTO YCTPaHAET HeOOXOAUMOCTh OPHEHTHPOBAHUS BETPOJIBHTA-
TeJId Ha 3TO HAaNPaBJIcHHE,

BEPTUKANBHBIM BAJIOM, TIO3BONAIONIAM Pa3MeIaTh 3NeKTPOMEXaHH -
yeckoe 000pyl0BaHHE Y ocHOBaHUSA BOY, 4T0o cHMXKaeT TpeGOBaHMsA K
TIPOYHOCTH M KECTKOCTH ONOPHI, HE OrPaHHYUBAET MAacCOTabGapuTHEIE
MokasaTeny o6opyjoBaHNs, YIPOIHAET TEXHHYECKOe OOCTYy)KHBaHHE H
PEMOHT;

BO3MOXHOCTBIO KPEIUIEHHS Jionacteif K pOTopy B HECKOJIBKUX Mec-
TaX, YTO CHIDKaeT TpeDOBaHuUs IO IPOYHOCTH M KECTKOCTH JIONACTH;

MEHBIIUM 3Ha9eHAEM OKPYXHOH CKODOCTH JIONACTH H3-3a MeHb-
MMX 3Ha4YeHu# kordunuenTa OpICTpOoXOAHOCTH X,

OTHOCHTEIILHON POCTOTOM M3rOTOBJICHHUS JIONACTeH.

K gBcIy HeZIOCTaTKOB BEPTHKAIBHO-OCEBBIX BETPOABHUTraTesNiei cie-
JAYET OTHECTH:

MEHbIIHH Koati)qmunem HCIIONb30BaHAA 3HCpI‘HH BETpa;

MEHBIIYIO OBICTPOXOAHOCTD.

OTMeTHM, 4TO BETPOYCTAHOBKH, MCHONB3YIOMHE HOABEMHYIO CH-
JIy, HMEIOT OKPYXHYIO CKOPOCTb KOHHOB JiomacTel OOnbllie CKOPOCTH
Betpa (ko3dumuenT GHICTPOXOAHOCTH X NEXHUT B JHAMa30He 3Hauye-
wuit 2...10). BerpoycranoBkH, HCHONB3YIOIIHME CHIY a’3pOAMHAMHHUE-
CKOro COIPOTHBICHHS, BPAINAIOTCA C JMHEHHOH CKOPOCTHIO KOHI[OB
JIONACTHOW CHCTEMBI, MEHbIIEH CKOPOCTH BETPA.
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Obmee mpejcTaBieHHEe O COOTHOCHTEIBHEIX 3HAYEHHUAX K03(du-
[UEHTa UCTIONB30BaHUS S3HEPIHA BeTpa Cp IS pa3sNHIHBIX BETPOYCTa-
HOBOK fgaer puc. 13.
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" Puc. 13. 3aBHcHMOCTS K03WpAIHEHTa HCHONE30BaEUA HCPTHH BeTpa Cp
ot xo3dpuuenTa GeiCTPOXOAHOCTH X )

1 — xpuarepuii JKykosckoro—berna; 2 - HacansHsii serpoasurarens [nayspra;
3 — ABYXIONACTHOE T'OPH3OHTATLHO-O0CEBOE BETPOKOIIECO; 4 — TPEXIIONACTHOE;
3 — MHOTOIONACTHOE; 6 — BEPTHKAIBEHO-OCEBOE BETPOKOJCco Jlaphe;

7 — porop CaBoHMYca

Pac. 14. 3aBucamocTs k0addrimenta kpyTamero MoMenta Cy
oT ko3§HImenTa GLICTPOXORHOCTH X:
1 — BYXIONIACTHOE TOPA30HTATRHO-0CEBOE BETPOKOICCO; 2 — TPEXIONACTHOE;
3 —muorononactaoe; 4 — potop CaBonmyca

BaxHol XapakTepuCTHKOH BeTpojBHrarens sBASCTCA pa3BuBae-
MBI UM KpyTammi MoMeHT. U3 puc. 14 BuaHO, yTO HauGoNbImil Kpy-
TAMUA MOMEHT CO3HAIOT MHOTONONACTHBIE TOPH3OHTANLHO-OCEBHIE
BeTpojBsuraTeNy (¢ uhcnoM gonactei 12...36) u porop CaBonnyca. 310
CYHIECTBEHHO B ClIy4ac IPHBOAA MOPHIHEBHIX HACOCOB, TPeOYIOMMX
YBEIWYEHHBIH IyckoBOH MOMEHT. MaononacTHble TOPU30HTAIBHO-
OCEBBIE BETPOJABHUTATEM MMEIOT HaHMEHbIee 3HAUYCHUE OTHOCHTENb-
HOTO MOMEHTA, HO OHHM OBICTPOXOAHBI, M NO3TOMY TPeOYyIOT MYIbLTH-
HJIMKATOP C MEHBIIAM NIEPEAATOYHBIM YHCIOM.
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6. ClIOCOBbI YBEJIUMYEHUS ASPOAMHAMHAYECKOI'O
B3AUMOJAEUCTBUS BETPOABUT ATEJISA
C ATMOC®EPHBIM BO3IYHIHBIM IOTOKOM

6.1. Mcnoan30BaAHe KOHNEHTPATOPOB BO3AyIIHOI0 HOTOKA

3TOT cnoco6 OOBMHO MpeAnaraeTcs MPUMEHATH A FOPH3OHTANL-
HO-OCEBLIX BeTpojBHrarenieli. M3BecTHO, 9T0 B MAEAIBHOM Ciydae B
cB0o601HOM aTMOC(EPHOM TIOTOKE BETPOABHIaTENh MOXKET peobpaso-
BaTh B MEXaHMYECKYI0 MOIONHOCT: He Ooyiee 16/27 KuHeTHdeCcKOU
9Hepruy Haberarommneil BO3AYNIHON CTPYH, KOTOpas HMEET Tepej] BET-
poABUraTene€M IUIOMAjh IOHEPEYHOro CEYCHHS, PaBHYIO ILIOILAJH,
OMETAEMOMU €ro JIONacTHOH CHCTEMOI.

Pa3nuyHbIMM KOHCTPYKTHBHBIMH YCTPONRCTBAMH MOXXHO YBEIHIHTE
23pOIHHAMHYECKOE B3aUMOJICHCTBHE BETPOIBHUIATENS C aTMOCHEPHBIM
BO3IYIIHBIM IOTOKOM, €CIIA NIPAMO WA OTOCPEACTBEHHO 3aCTARBHUTH
B3aMMOJECHCTBOBATE € JIONACTHOH CHCTEMOM BeTpokojieca MOIONHH-
TENBHO MacCy BO3ZAYINHOTO IOTOKAa, OKPYXAIOMIETO CTPYIO, HPOXOAs-
IIyl0 Yepe3 BETPOABHraTelb. 1eM caMbIM B 3HEPreTHIECKOE B3aMMO-
IEHWCTBHE € BETPOKOJECOM TIPUBIEKACTCH KHHETHYECKAs 3JHEPrus
BO3J{yIHOrO NIOTOKA, OKPYKAIOWIETO BETPOABHTATE .

®u3nYeckd yCHUIICHHE a3pOAMHAMHYECKOr0 B3aUMOAEHCTBHS IMpPO-
HCXONHUT KakK 3a CYET YBEIMUEHHs KOJMYECTBA BO3MYyXa, IPOXOAALIETO
4epes BETPOKOJIECO, TAK U 3@ CYET YBENHUEHHUS Niepenajia CTATHIECKOTO
JABIICHUS Ha BETPOKOJECE.

B xauecTBe KOHLIEHTPaTOPOB BO3AYIHHOTO MOTOKA BO3MOXHO HC-
TIOJIb30BaHUE PA3NHYHBIX BO3JYXOBOIHBIX YCTPOUCTB: BO3ZyXOOTBO-
Jsunux (atMocdeprsnii auddyzop), puc. 15 a, 6; BO3LYXONOABOAAIIMX
(Bo3tyxonpreMHsbIit KoH(Y30p), pHc. 15, 6; KOMOUHUPOBAHHBIX BO3IY-
XOBOJHBIX, pHC. 15, 2.

IlpakTHyeckoe MpUMeHEHHE HALLIH BETPOYCTAHOBKH ¢ HCIONB30-
BaHueM aTMocgepHBIX auddy3opos. Ha puc. 15, 2 nokaszana cxema
arddy3opa TPaTMIMOHHOTO THNA C WIENEBBIM BAYBOM HapyXHOTO
aTMoc(epHOTO BO3AyXa Ha BHYTPEHHIOI CTEeHKY auddyszopa s
NPENOTBPAIIEHHs] BO3HUKAIONIETO OTPHIBA NMOTOKa. Tako#f BAYB mo-
3BOJISET YBEJIHYHTH YO PACKPHITHA AUdPy30pa, T. €. COKpATUTH €ro

JUTHHY.
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Pue. 15. CxeMBl rOpH30OHTAIBHO-0CEBHIX BETPOABATATENEH
C BO3JYXOBOJHRIMH YCTPOHCTBaMH:
a — ¢ armocepabM auddy30poM ¢ mieneBbM BAYBOM; 6 — ¢ AuGQy30pHEM
KOXKYXOM 3 KPEUIOBOTO TPOQHIIS; 6 — C BO3yXOIO/BOLAIMM KOH(Y30pOM;
2 — ¢ KOMOHHHPOBAHHEIM RO3IYXOBOJHEIM YCTPOHCTBOM;
1 — maddysop; 2 — Berpoxoeco; 3 — rounoa; 4 — CHIOBbIE CTOHKH;
5 — meneroii Bys; 6 — onopHoe yCTpoHcIBO; 7 — Tpy6a Benrypn; 8 — kondysop

AtmocdeprsIi 103ByKoBOi HddY30p XxapakTepeH TeM, 4TO CTa-
THYECKOE JaBJIEHHE MPH BBIXOJE M3 HETO HE MOXET MPEBBICHTh ATMO-
ceproe nasnenne. OnHAKO CO37jaBaeMOe UM paspeXeHHe 3a BETPOKO-
1ecoM NPUBOANT K POCTY CKOPOCTH OT ¥y B CEYECHHH JaJieKO IEPEn
Auddy3opoM O CKOPOCTH Vi B CedeHHH Iepej] BETPOKOIECOM. JTO
yBEJIHYCHHE CKOPOCTH B 3aBHCHMOCTH OT TM/PaBIHYECKHX IOTEPH B
auddysope MoxeT JocTHrath 3Havenmii 1,5...1,8. B pesymsrare yBe-
JIMYMBAETCS PACXOJ] BO3AYyXa 4Yepe3 BETPOABHUIATENb M HEPENaj JAaBlie-
HUS Ha BETPOKOJIECE, a KOS(PHUMEHT MCHONB30BAHUA DHEPTHH BETpa
Cp mMoxer mocTrath 3Hadesns 1,0..1,5, 9ro npesbimaer kpurepuii
XKyxosckoro-berna ans Berpoasurarens 6es quddysopa B 2-3 pasa.

Jpyrim THIOM aTMocepHoro auddysopa sABAIETCS HAPYKHBIA
KOXYX ¢ KPBUIOBEIM IIPOo(HIEM NONEPeIHOro ceyenus (cM. puc. 15, 6).
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D¢ dpeXTHBHOCTb TAKOrO YCTPOHCTBA MEHBIIE, 9€M HPEABIAYIIETO, HO
KOHCTPYKTHBHBIE IPOOIIEMBI PELIAOTCS 3HAYUTEILHO NPOIIE.

OueBnjiHBEIE NPEHMYINECTa HCHONB30BaHHMA Jupdysopa — 3T0
yMeHBIIEHHE AHAMeTpa BETPOKONECA H BO3MOXKHOCTH MCIOJIb30BaHHS
BOYV B peruoHax ¢ NOHWKEHHBIMH CPEIHETONOBBIMH CKOPOCTSMM BET-
pa. KpoMe Toro, Hainune KOXyXa BOKPYT BETPOKOJIECA yBEIHIHBAET
ero KIIJI 3a cueT MCHYe3HOBEHHS KOHLEBBIX HOTEPh OT CXOMOIHX C
KOHIIOB JIONIACTEH BUXPEBBIX IIIHYPOB.

Hepocrarkn armocdepHoro auddys3opa: BOBHHKHOBEHHE B HEM OT-
peiBa NMoToKa (CHYDKeHHe 3QQEeKTHBHOCTH) NPH: YBEJIHYEHUH YIJia Ha-
TeKaHWs NOTOKa Bo3ayxa Ha mauddysop ceeie 10...15; yBemmuenue
oceBoro ycunus Ha 6aiHio; ycnoxHenne BOY.

Ha puc. 15, ¢ noka3aHa cxemMa FOpU30OHTaJIbHO-OCEBOI0 BETPO/BH-
ratells ¢ BO3AYXOMOABOAAIINAM KOH(Y30poM. B 3TOM Cilydae IIPOHCXO-
JHT 3aXBaT BETPOKOJIECOM AONOIHHUTEIBHOM MaCCHl BO3JyXa B pe3ylib-
TaTe BO3JEHCTBHA HAa BETPOABHTaTeNb Iiepenaja [aBJICHUS OT
CKOPOCTHOTO Hafopa Haberaromero moToka.

Ha puc. 15, 2 n306pakera cxema ropH30HTATLHO-OCEBOTO BETPOJIBU-
rateis ¢ KOMOHHHPOBAHHBIM BO3XYXOBOJHBIM YCTPOHCTBOM € MCIIOJb-
30BaHHEM JABYX KoakcHanbHbIX TpyO BeHTypu. B MuHHManpHOM ceve-
HHM Takoi TpyObl BO3HMKAaeT MaKCHMalbHOE paspexenue. Bo
BHyTpeHHeii TpyGe BeHTYpH B MecTe MakCHMAbHOIO pa3speXeHus pac-
HOJIaraeTCsi BETPOKOJECo, a BO BHEIIHEH Tpybe BeHTypH B MHHHMAIIb-
HOM CeYCHH¥M HAaXOJHTCH BHIXOJHOE CeueHne BHyTpeHHel TpyOsl. Takam
00pa3oM, HOSBISAETCA BO3MOXHOCTh YBEIMYHTH MOLIHOCTh BETPOBHIa-
Telld, HCTIOb3yA JOTIONHUTEbHBIH nepenaj JAaBJICHHs Ha BETPOKOIece.

6.2. Hcnoan3oBanHe BHXPEBLIX CTPYKTYP

Jlna yBenudeHns B3aMMOJICHCTBUs BETPOABUIATENs M BO3LYLIHOTO
[IOTOKA BO3MOHO HCIIONF30BAHHE BHXPEBBIX CTPYKTYP, CO3NABAEMBIX
KaK B cBOGOZHON aTMmocdepe, TAK H B CNENUAILHBIX KaHanax. Taxue
reHepaTopbl 3aKpy4eHHOTO IIOTOKa MOJOOHBI IO CBOHM CBOWCTBAaM
IPHPOJHOMY cMepuy, 06JIajalolIeMy 3HAYHMTENIbHBIM 3a11aCOM KWHETH-
4eCKol IHEpTHH.

OpnHoli M3 HauGoinee paspaboTaHHBIX KOHCTpyknud BOY ¢ BHXpe-
BBLIMH CTPYKTyPaMH, OTPaHHYEHHBIMH CTCHKAMH, SBISETCS BEPTHKAIb-
HO-OCEBOH MPONEeUICPHbIH BETPOJBHUIaTE b, Ha/l KOTOPEIM PaCHOIOXKe-
Ha TopHago-GamHs (puc. 16). [ToTok BO3myxa, 3aKPy4HBasCh, BXOJUT
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BHYTpPh 6aliHM depe3 peryIupyeMble HalpapIsIOMWAE JONATKH. B npH-
OCEBOM 30HE BUXPS BO3HHKAKOT 3HAYATENBHOE pa3pekeHue u Golbuine
YIJIOBBEIE CKOPOCTH, YTO BBHI3BIBAET MOACOC JOHOJIHHUTEIBHBIX MAcc BO3-
Jyxa 3 okpyxatomieil cpensl. B pesynbTaTre cKopocTs Iiepes BETPOKO-
JIECOM 3HaYMTENBHO IPEBBIAET CKOPOCTh aTMOC(EPHOTO IIOTOKA, & 3a
CaMHM BETPOKOJIECOM CO3AAETCs 3HAYMTEIbHOE pa3pekKeHHE.

Puec. 16. CxeMa BepTHRKAMLHO-OCEBOTO BETPOABATATENS C TOPHARO-GANIHEH:
1 — perymapyronue BEpTHKAITLHEBIE OTKPHITHIE KAI03H; 2 — 32KPHITEIC KAIFO3H;
3 —perpoTypbuHa; 4 — BepTHKanbHad 6amHs; 5 — HOABOAAIIEE OHOPHOE YCTPOKCTBO;
6 — 37EKTpOTeHEPATOp )

CriocoOHOCTE BUXPEBBIX CTPYKTYp KOHIIGHTPHPOBATH B CBOEH oce-
BO 4acTH PHEPrHIO M3 OKPYXKAIOINEro IPOCTPAHCTBA [1O3BONAET HC-
nonb3oBarh Takde BOY B pernonax ¢ HA3KAMH CKOpPOCTSMH BeTpa. B
paccMoTperHO# cxeMe BDYVY ornagaer Takke HE0oOXOAMMOCTh B ycTa-
HOBKE BETPOJBHraTesis Ha HANpaBJcHHE BETPA.

7. CIIOCOBbBI PEI'YJIUPOBAHMS (YIIPABJTEHUS)
BETPOJABHUT'ATEJIEN

7.1. Ocobennocrn ynpaBienas padoToil BeTpoABHraTeeH |

Jnst moObIX MOIHOCTEH, TMIIOB M KOHCTPYKUMH BETPOYCTAHOBOK
Tpedyercd UX QyHKIMOHUPOBaHWE HA CIECHYIOIIHX peXUMax paboThi:
NYCK, TeHepHpOBaHAE MOLIHOCTH, TOPMOXEHHE (KaK LITATHOE, TaK M
aBapuiiHOe), OCTaHOB. B ToM MM MHOM BHJE 3TO 0OecIeUnBaeTCs CHC-
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TEMOM - YIIPARIEHH, PETYIMPOBAHNUSA, KOHTPOJS W 3a[IUTHI MEXaHWJe-
CKHX M 3MIEKTPHYESCKUX MapaMeTpoB BETPOYCTaHOBKH. B 3aBucuMocTH
OT MOIIHOCTH W THIIA BETPOYCTAHOBKH 3Ta CHCTEMa MOXeET OBITH BECh-
Ma CJIOXKHOH HIH Ype3BbYaifHO MpOCTOi, aBTOMAaTH3UPOBAHHON W
HeT. CTPYKTypa CHCTEMBI ONpefeNsercs, B YaCTHOCTH, CIOCOOOM, 3a-
KOHOM ¥ TIporpaMMoil peryJiMpoBaHHs BETPOYCTAHOBKH.

Yipasnenne ropu3oHTalbHO-OCEBEIM IBUTATENIEM BKIIIOYAET B ce0s
NpOLECC OPHEHTAIMA OCH POTOpAa BETPOABHUTATEINsl Ha HANpPaBJIECHHE
BeTpa ¥ COOCTBEHHO IPOLECC PEryIHpOBaHHs HapaMeTpOB BETPOJBH-
rarenis (4aCTOTa BPAINEHHAs, MOIHOCT).

VipaBnenne BepTHKabHO-OCEBEIM BETPOIBUTATENieM HE TpedyeT
OpPHMEHTAUMHU HA HalpaBIICHUE BETPA, a TpeGyeT TONBKO PEryIUpOBaHMsL
NapaMeTpOB BETPOJBUTATEIA.

Cnoco6nl perytupoBaHHs (YIpaBieHNs) TAKAMYA apaMeTpaMu, Kax
Y4acTOTA BpAIl[eH!s ¥ MOIHOCTh BETPOABUTATENS, CBOAATCS K CIEAYIO-
UM OCHOBHEIM CXEeMaM: IOBOPOT JonacTd (MM €€ 4YacTH) BOKDYT
BEPTHKAJBHOH OCH; IIPONYCK BETPOBOIO NOTOKA MAMO BETpPOJABHUIaTe-
JISI; BBEJCHHE JOMONHUTENBHOTO a’pPOAHHAMHYECKOTO MITH MEXaHWye-
CKOI'0 COTPOTHUBIICHNS Ha BETPOABHTATENE.

Crnenyer OTMETHTH eIe pa3, 9TO Ha y94acTKe SHEPreTHUeCKo# xa-
PaKTEPHCTHKMA (CM. PHC. 3) OT MOMEHTa HaJdalla TeHEpPHPOBAHUA MOIII-
HOCTH [0 MOMEHTa JOCTHXCHHUS PacdeTHOH CKOPOCTH BETpa, PeryiiH-
poBaHHe BETPOIBHTaTENd, KaK IpaBuio, He ocyiectiderca. [Ipoinecc
pEryIdpoBanysd, T. €. OrpaHHYcHAE MOLIHOCTH BETPOJBAraTeNns Ha HO-
MHHAILHOM YPOBHE C POCTOM CKOPOCTH Be€Tpa, IPOHCXOIMT, Kak Mpa-
BHJIO, B AWANA30HE CKOPOCTEi BETPa OT pacUeTHOM KO MaKCHMAaNLHOM.

7.2. OpreATaNHSE TOPM30HTAJILHO-0CEBOT0 BEeTPOABUIaTE IS
HAa HanpagBJIeHHE BeTpa

OcobennocTn H TpeGoBaHHS K CHCTEME OpHEHTANNAA. Paziyyaior
JlBa THIIA CUCTEMBI OPHEHTAUHH POTOPA TOPH3OHTANBHO-OCEBBIX BETPO-
JBHrarejell Ha HanpaBleHHE BeTpa: aKTHBHYIO CAMOOpPHEHTAuuio (3a
CYET B3aMMOJICHCTBHS 3JIEMEHTOB BETPOYCTAHOBKH C BETPOBBLIM MOTO-
KOM), IPUMEHAEMYIO Ha BETPOYCTaHOBKAX MAlloOil M WHOTAA cpenHei
MOIIHOCTH; MaCCUBHYIO (3a CHET BHEIIHETO NMPHBOJHOTO YCTPOHCTBA),
NPYMEHSEMYIO Ha BETPOYCTAHOBKAX CpeJHEH H GO0 MOUTHOCTH.

OcHoBHbIe TpeOOBaHUA K CHCTEME OPHEHTALMH BETPOYCTAHOBOK
Ha HalnpaBJIeHHE BeTpa CIeAYIOLIHE.

28

TounocTs oprenTanuy Jo/mKHA ObITE Ha MeHee 4...5°, u6o npu oT-
KJICHEHHH B 5° noTeps MOIHOCTH MOXKET OBITh 1o 10 %.

CKOpOCTE 1OBOPOTa FOHAONL! (TOJIOBKH) HE AOIDKHA MPEBBIIATH
0,2...0,3 06/MuH, 4TOOHI HEe BBI3BIBATH YPE3MEPHOTO TMPOCKOIMYECKO-
TO MOMEHTa

My, = JQo,
rae J — MOMEHT MHEPIMH POTOPa; £2 ¥ () — YIJIOBBIE CKOPOCTH Bpaule-
HHSA BETPOABUIATEISI U IOBOPOTA FOHIOJEL v

Ilpu Bcex pexxumax padOTHI NOJDKH2 COOMONAThCA YCTORYMBOCTD
MOJIOXKEHUs TOHJOMEI B TOTOKE, T. €. OPHEHTANUS JOJKHA BHITOJHATE-
€A TONBKO MpPY CYIIECTBEHHOM ¥ OTHOCHTEJBHO JOJITOBPEMEHHOM H3-
MCHCHHH HANpAaB/ICHHs BETPA, 4 HE IIPH CIYHAHHBIX €10 MyJIhCAIHIX.

AKTHBHAasI CHCTeMa ODHEHTAIMH. AKTHBHAs CHCTEMa OPHEHTA-
LMK OCYHIECTBISETCS CIEAYIOIUMH CIOCO6aMH: XBOCTOBBIM ONEPEHH-
eM (puc. 17, a); BUHApO3aMH (IOBOPOTHBHIMH BETPAYKaMH, puc. 17, 6);
pacnonoxeHHeM BeTpoABUraTel 3a Oamueii (puc. 17, 6).

P
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Pac. 17. CxeMB1 yCTpO¥HCTE OPUEHTANNHY F'OPH30HTANEHO-OCEBBIX BETPOIBUTATENECH
Ha HanpaBJICHUE BETpa (euo ceepxy):
a — NIp¥ NOMOIIIH-XBOCTOBOTO OIICPCHUS; & — IPH NOMOIINH BUHAPO3;
6 — pacnoJIoKeHHeM 3a HaniHe; 2 — Py NOMOIIHA ACKTPOMEXAHMIECKOTO IPUBOJA;
1 - nonacts; 2 — roHaona; 3 — XROCT; 4 — BUHAPO34d; 5 — 4ePBAYHOE 3aLCIUICHHE;
6 — MECTEPHS 3NEKTPOMEXAHHICCKOIO IPHBOJA
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OpuenTanus npy noMomy ¢unorepa («XBoCTa») OTIHYaeTCH 60JIb-
IIOH TOYHOCTHIO, IPOCTOTOH KOHCTPYKIMH, HO MMEET MOBBIECHHYIO
CKOpPOCTh IIOBOPAYMBAHMSI IOJIOBKH, YBEJIHYUBAET €€ BEC, YCIOXKHSET
YPABHOBELIHBAHHE.

OpuenTanus IpH NOMOIM BHHAPO3 OCHOBAHA HA TOM, YTO MOKA
HalpaBJicHHE CKOPOCTH BETPa NapauleNbHO IUIOCKOCTH MX BpaIlleHHs
(ocu BerponBHMraTeins), BHHAPO3H! HENOABIOKHBL OHH IIPECTABMSIOT
co6oii HeGoMbIIKE BETPOKOJIECA, PACTIONIOKEHHbIE IIEPIEHIUKYIAPHO K
IUIOCKOCTH BpalleHHs OCHOBHOTO BeTpoKoseca. [Ipu HanpasieHuH
BETpa MO/l YIIOM K OCH BETPOJBHUTATeEJIsl, HA JIONACTSX BHHAPO3 BO3HH-
KaeT KPyTAIMA MOMEHT, W OHH HAa4YMHAIOT Bpalarhcs. Yepes Mmexa-
HH3M KOHHYECKUX MIECTEPEH H YEPBAIHOM Iappl BpalleHue NepeaaeTcs
Ha CHCTEMY IOBOPOTA I'OJOBKH BETPOABHIATENS, IIOKA OHA HE BCTAHET
HapajUIelbHO BETpPY, HOCJE YEro BpamleHHe BHHAPO3 MpeKpallaeTcs.
OTy CHCTEMY OpHEHTAIMH XapaKTEPH3yeT KOMIAKTHOCTb, HeGOMbIIME
CKOpPOCTH MOBOPOTA TOJIOBKH, BBICOKas YYBCTBHTEIBHOCTb, HO KOHCT-
PYKIHs BETPOYCTAHOBKH YCIIOXKHSETCA.

OpuenTanns npy NOMOINM PACIONOXEHHSI BETPOABUIaTENs 33 Bep-
THKATHHOH OCHIO €r0 MOBOPOTA OCHOBAHA HA TOM, YTO BpaIAIOIIEecs
BETPOKOJIECO MIPaeT KaK Okl poJib ¢rrorepa, W TPH 3TOM CICHHAIbHbIH
MEXaHH3M OPHEHTALMH OTCYTCTBYET. ITa CX€Ma OPHEHTALMA XapaKTe-
pH3YeTcs MOBBIULIEHHOH CKOPOCTBIO IOBOPOTA I'OJIOBKH, T. €. YBEIHYE-
HHEM FMPOCKOIMHYECKOTO MOMEHTA, HEYCTOMYHBOCTEIO €€ IIOJI0)KEHHS B
HOTOKE, BO3ECHCTBHEM a3pOAMHAMHIECKOro clena oT GaniHH Ha Jona-
CTH HpH UX BpAlLieHHH.

IlaccuBHas cucTema opHeHTaunH. [IpuBonnas (naccuBHas) cuc-
TEMa OPHEHTALMH TOHJOJILI BETPOABHrarTells Ha HalpaBIECHHE BeTpa
HCIIOJIB3YETCA Ha BCEX COBPEMCHHBIX BETPOYCTAHOBKAX MOIIHOCTHIO
6onee 100 kBt (puc. 17, 2). O6BMHO HCTIONB3YeTCs CABOCHHBIH 3JEK-
TPOMEXAHMYECKHHA NPHBOJ M3 ABYX SIICKTPOJBHraTeled, COeJHHEH-
HBIX C IIeCTepeHYaThiMU peAykropamu. CABoeHHbIH UpHBOJ obecme-
4uBaeT GONBINYIO XKECTKOCTh MEXIY 3yObsIMH LIECTEPEHYATOrO Koyeca
Ha onope (bamHe) ¥ HAa TOHZONE, YTO HEOOXOAMMO /UL YMEHBIICHHS
BuOpanun. Eme 6osbOIylo KOHTAKTHYIO JKECTKOCTH obecnednBaeT
rugponpueo. CHruan Ha Ha4Yajlo H OKOHYaHHE BPALIEHHS IOCTYIaeT
OT CNELMANBHBIX YCTPOKCTB, M3MEPSIONIMX HANpPaBICHHE W CKOPOCTh
BCTPa M PAaCHOJIOXEHHBIX HABEPXy IOHJOJbBI, Ha ee IOJBETPEeHHOM
CTOPOHE.
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7.3. Pery;iApoBaHHe rOPH30HTAILHO-0CEBOT0 BETPOABHTATEISA

" PerynnpoBanne ropH30HTAJILHO-0CEBOI0 BETPOABHIATES LO-
BOpoToM JionacTH. [loBopoT nonactu (unm ee nepudepuiinoil yacTh)
Kak Crnocod perynupoBaHus BETPOABHMIATENA ABIACTCH OXHMM W3 Hau-
Gonee ymoTpeOHTENBHEIX ANS BETPOABMraTeneil Manod U cpedHei
MomHOCTH. ONHAKO AN BETPOArperaTtoB MEraBaTTHOTO YPOBHS MOII-
HOCTH MEXaHHW3M NOBOPOTAa CTaHOBUTCS CIIOKHBIM M TPOMO3AKHM. Pe-
TyJIHpOBaHHE BETPOArperaToB GONBIIOH MOMHOCTH damle BCETO OCY-
MIECTBISETCA TMOCPEJICTBOM IPEJyCMOTPEHHOTO PpacueToM CphiBa
II0TOKa C HEIOBOPOTHOH JIONACTH.

VY BeTpopBHraTenielf cpeIHHX MOLIHOCTEN NOBOPOT JomacTell Bbi-
TOIHACTCA MEXaHWU3MAMH C SICKTPHYECKHM HIH THAPABIMYECKAM
NPHUBOJIOM, pa3MeniaeMbiMu B Ganine. CHrHaIOM AJis TAKOTO IOBOPOTA
CITyXHUT HHPOpMalus 06 H3IMEHESHUH CKOPOCTH BETPa, YaCTOTHI Bpalie-
HH$, KPYTAIIErO MOMEHTA.

V BerpojBHratesel MagbIX MOIIHOCTEH OBOPOT JIOMACTH OCYIIe-
CTBIETCA 3a CHET BO3ACHCTBUA BETPOBOrO IIOTOKA Ha JIOMACTh (adpo-
AMHAMAYECKHE CHCTEMbI PEryIHPOBAHHMS Pa3THIHLIX MOTU(HUKALMiL) U
BO3JICHCTBHA LEHTPOOESKHBIX CHJ KaK CaMoOM JIONacTH, TaK M CIEHH-
aNpHBIX TPY30B, YCTaHABIMBaeMBIX nub0 Ha caMoif aonacty, ;b0 Ha
TJIABHOM Bally BEeTPOABUraTens (LEHTPOOEKHEIE CHCTEMEL perymposa-
HHS pasNMIHBIX MOTH(UKALHIA).

HonomHuTensHo Ha Bary BETPOABUTATEINS MOXKET HAXOMUTBLCS TIPY-
XHHA, KOTOpas 4Yepe3 CHCTEMY PbIYAroB BO3JEHCTBYET Ha MOJIOKEHHUE
JIOTIACTH. '

IIp# cOBMECTHOM HCTIONB30BAHAY CHJI BETPOBOIO H LIEHTPOOEKHO-
TO BO3JCACTBHA 00pasyroTcs NeHTPoGeKHO-a3pOAUHAMHYECKHE CUCTE-
MBI PEryIMpPOBaHHUS.

Ha pruc. 18 cxemaTHuecku M300paeHb! CHAB M MOMEHTHI, Jeii-
CTBYIOIIHE HA JIOMACTh OTHOCHTENLHO €€ NPOAONIBHONU OCH Bpallle-
HHA, npoxoasamed depes Touky 0. LleHTpobexHbie CUIbI, AEHCTBYIO-
WHe Ha BPAMAIOMYIOCS JIONACTh, HMEIOT COCTABIIOMYI Fyy,
KOTOpas co31aeT MOMEHT My, IeHTPOOEKHBIX CHII IONACTH, CTPEMS-
IMeficst MOBEPHYTh JIONACTh B MIIOCKOCTH T BPAIEHHS BETPOKONECA.
AaponHHaanecxax cuna L, NpHIOXEHHas B UEHTPE JaBICHAS IPO-

¢uns 4 u nepneHnHKyﬂpoax OTHOCHTEJILHOH CKOpOCTH moToka W,
HaTeKaloIero Ha JIOMacTh, CO3J3eT MOMEHT M, aspoIHHAMHUYECKUX
can. MoMmeHT M, a3poAMHAMHYECKUX CHJI CTPEMHTCS IIOBEPHYTD JIO-
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NacThk BO (IIOrepHOE MOJOXEHHE, B IUIOCKOCTh OCH BpAMICHHS BET-
poKoieca n.
n

L Ocs dpawyerma
sy

Pac. 18. Cxemarideckoe H300pakeHHe MOMEHTOB CHIL,
ACHCTBYIOMIAX Ha BPaUIatoHIyIocs JIOIACTH BETPOABHIATENA:
I — nporis onacTy; 2 — KOMICHCHPYIOUME TPY3LL; 3 — OpyXUHA

HomonuutensHO Ha XecTKoi CBs3H OB C 0CBIO NOBOPOTA JIONACTH
MOT'YT pacronarathcs KOMIEHCHPYIOIHE Ipy3bl B. Bosnukaromas npu
BpaIlICHUH JIONAaCTH LEHTpoOexHas cuna Fy, 3TUX rPy30B CO3/AET MO-
MEHT My, OT KOTOPOTO KOMIECHCUPYIOIIHIi TPy3 CTPEMHTCS BCTaTh B
MIIOCKOCTb T BpaUleHHs BETPOKOJeca. TeM caMbIM KOMITEHCHpyeTcs
(WM epeKOMIEHCHpPYETCS) AefiCTBAE MOMEHTA LEHTPOOGEKHBIX CHI
JIOTacTH. ,

B 3aBuCHMOCTH OT COBMECTHOTO BO3AEHCTBUS Ha JONACTH MOMEH-
TOB M,, My, Mys u ipyxuHbI (Ha puc. 18 cucteMa ee peiMaroB He To-
Ka3aHa) MOXeT ObITh pa3paboTaHa Ta MIM MHAs CHCTEMA PETYIHPOBa-
HHS.

B anrnosspranoil TEpMUHONOTHA peryiupoBaHUe TIOBOPOTOM JIOIIa-
CTH MMeHyeTcs «pitch regulationy.

PerynupoBanue ropH3oHTaJILHO-0CEBOTO BETPOABATATE/IA BBe-
JeHHeM NONONHHTENLHOI0 COUPOTHRICHUS Ha porope. CoBpeMeH-
HBIC BETPOYCTAHOBKH. GONBINOH MOIIHOCTH PEryJHPYIOTCA METOA0M
3apaHee PaCCYMTaHHOroO (IPH YBEIWYCHHH CKOPOCTH BETpa W COOTBET-
CTBEHHO IIPH yBEJIWYEHWH YIia aTakd ¢) CPhiBa NIOTOKA C OMpEeieH-
HBIX Y4aCTKOB JIOIIACTH, KECTKO 3aKPEILUIEHHOM Ha potope. B oTeuect-
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BEHHOH JIMTepaType paHee HCHOB30BAICA TEPMHH <«@3POAMHAMUYe-
CKO€ CaMODETyNHPOBAaHHE), B COBPEMEHHON AHTTIOA3BIYHON TEPMHHO-
noruy 3o «stall regulationy..

st peanmsanmy 3TOro MeTOAa peryanpoBaHHUs HEOOXOMHM CrEIH-
anbHELA NPOGUIE JONACTH, KOTOPHIH AO/DKEH 06MNafaTh CieIyIOmuM
CBOHCTBOM: IIPH YBENHYIEHHH CKOPOCTH BeTPa CPHIB IOTOKA € NPOdHIL
TIONacTH [NOJDKEH HAYHHATHECS C KOPMbI Npoduis, a 3aTreM o6nacThb
CpBIBA IOJKHA MOHOTOHHO YBENHYMBATLCSA H IPOIBUIATBCH K IEPE-
Hel yactu npoguns. B pesynpTare 3aBHCHMOCTE KO(QHIHEHTa IOXB-
emHO#i cuibl Cp OT yrma araku o OyAeT MMeTh BHJ KpHBOH / Ha
puc. 19. Ilpexpamienne pocra kospdunuenra C; ¢ pocToM yria ara-
KH 0. OTPaHUYHBACT POCT MOLIHOCTH BETPOJABUTATENS H COXPAHSET €T0
3H2YCHUE HAa NOCTATOYHO NOCTONHHOM YpOBHE (CM. pHC. 3, a, KpH-
Bas 3). Y TpaIuIMOHHBIX KPBUIOBBIX mpomueii 3apucumocts C;, 0T a
no0GHa KpHBOH 2 Ha puc. 19, 9TO NPHBOIUT K CHIDKEHHIO MOLIHOCTH
C POCTOM CKOPOCTH BETpa B CIlyHae MX HCIIONB30BAHHS Ml a3POuHa-
MHYECKOT0 CaMOpEeryNnHpOBaHNn.

G

ol
G

Puc. 19. 3asucumocTs ko>dairenta nogsemMuoi cunbi C; OT YITIa aTakH o
1 — mpodnus, ACHONB3YeMBbI TS PETYIMPOBARASL CPHIBOM IIOTOKA,
2 — TpajMuMOHHBIH XPEUIOBOH Npoduie

Cuetyer OTMETHTB, YTO PEryIHPOBAHME CPHIBOM IIOTOKA C JIOTIACTH
npuMeHsiercs Ha BOY Gonbmioli MOIHOCTH ¢ aCHHXPOHHEIM I'€HEPATO-
pom. YacToTa BpalieHus 3IeKTPOreHePaTopa ONpeesieTCs] 3aBUCUMO-
CTBIO KPYTALIETO MOMEHTA 3EKTPOTeHepaTopa 0T 0GOPOTOB.

Ha peurarensx Manod MOIIHOCTH MOXHO BCTPETHTb PeryIHpOBa-
Hy€ IpH NOMOINM YCTAHOBKM HA KOHIIE TIOMACTH HECKOJLKMX HEOOJb-
HIMX TOPMO3HBIX IIOBEPXHOCTEH (OTKPBUIKOB), a9pOJAHHAMHYECKH TOD-
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MO3SIUX BETPOABHraTelb 33 CYET MX IOBOPOTA OT JEHCTBHSL LEHTPO-
6exxHOrO MeXxaHu3Ma, pa3MEIleHHOTO BHYTPH JIONACTH.

Perynuposanne ropa3oHTa/1bHO-0CEBOT0 BETPOIBHIaTe sl NpPo-
HYyCKOM BE€TPOBOrO HOTOKA MHMO BeTpoKoJjeca. JTOT cocol pery-
JMpoBanus Gnarofaps cBoel NpocToTe Hallesl IPHMEHEHHE B BETPOYC-
TaHOBKaX MaJOH MOIHOCTH € MHOTOJIONACTHBIMH BETPOKOJECAMH.
Ilpu BHIBOZE BeTpOKOZNECA M3-IOJ BETPa, T. €. NPH Kocoil o0ayske (B
aHTTION3HYHOH TEPMHMHOJIOTHH — «yaw control») yepes Hero npoxXoauT
MeHbIIee KOIM4YeCTBO Bo3Ayxa. Kpome Ttoro, u3-3a m3MeHeHMs yria
4TaK¥ Ha JOMACTH yMEHbIIAETCS NOABEMHAS CHIIA.

ABTOMAaTHUYECKHH BBIBOJ| BETPOKOJIECA H3-110]] BETPa OCYIHECTBIIs-
eTcs AByMsl cnocobaMu: Bo-epBbIX (puc. 20, a), ¢ TOMOIIEI0 GOKOBOMH
IIOBEPXHOCTH («IONAThl») 4, PAacHONOXEHHOH HEMOCPEACTBEHHO 33
BETPOKOJIECOM Ha CHENHANBHOM KPOHINTEHHE, KECTKO 3aKpPEIUIEHHOM
H& TONOBKE BETPOABHIATeNs; BO-BTOPHIX (pHC. 20, 6), CMEIICHHEM OCH

Bpalll€HHA BETPOKOJIECa Ha HEKOTOPOE MANOC pacCTOSHHUE € OT BEPTH-

KaJbHO# ocHn HOBOPOTA I'OJIOBKH.

‘ '. :_P'nc. 20. Cxema peryTupoBaHus VBeT'poanraTem BBIBOZOM M3-TIOJ BETpa:
a — 1IpH HOMOIIHE GOKOBO# IOBEPXHOCTY; 6 — 33 CUET SKCIEHTPACHTETA;
1 — Betpoxorneco; 2 — npyxwHa; 3 — dumorep; 4 — GOKOBas HOBEPXHOCTE

- B neprom cirydae (cM. prc. 20, g) npu yBenuueHH: CKOPOCTH BeTpa
BBIIE PACYETHOH BO3ZHHKAIONIEE HA «IONAaTe» YCHIHE IOBOPAYHBAET
BETPOKOJIECO HA HEKOTOPEIH yroi Y . Bo Bropom ciyuae (cum. puc. 20, 6)

IIOBOPOT BETPOKOJIECA NPOUCXOOUT OT JEHCTBHS HA HEI'O OCEBOTO AaB-
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neHus. B oboux ciayuasx «xBocT» 3 moA AelicTBAEM BETPOBOTO MOTOKA
HaXOAMTCA B MOJOXXCHHH, NTapaluleIbHOM HAIPABICHHIO BETPA, a TIpy-
XHHA 2 pacTarusaetcs, obecriedHBas paBHOBECHOE MONIOXKEHUE BETPO-
Kolleca. _ ,

Hpyroii cnoco6 yMeHbIIEHHS MaccHl BO3JyXa , HAyLIEH yepes BeT-
POKOJIECO, COCTOUT B TOM, YUTO JIOTIACTH 3aKpeIUIeHLl Ha Bpalaouieiics
BTYJKE IIAPHUPHO ¥ HMEIOT BO3MOKHOCTH IIOBOPAYHBATECS MOJ] Jei-
CTBHEM CICIHANBHOTO MEXaHH3Ma HaBCTpedy BeTpy, 3aHUMas HoJo-
XKEHHE a—¢ Ha puc. 1. B pesynbTaTe yMeHbUIaeTCs MIONIadb, OMETae-
Mas 10TIaCTHOM CHCTEMOM, H MOIJIONIaeMas BETPOJBHTaTeIEM BETPORAS
MOIHOCTD.

7.4. PerynupoBanse BepTHKAILHO-0CEBOT0 BETPOABATATE/IS

Jlnst perynMpoBaHHS BEPTHKANBHO-OCEBOTO BETPOABHIATENS C
H-poropom Jlapse (cM. puc. 7, 6) HauGoliee 9acTO HCIONB3YETCS TIOBO-
POT JIONACTH BOKDYT €€ BEpPTHKAIBHOH OCH. MeXaHn3M moBOpoTa MO-
KET YNPABIATECA LEHTPOOEKHBIM PETYIATOPOM, PACIONOKEHHBIM Ha
OCHOBHOM BEPTHKAILHOM Bally, HITH 3JEKTPOTHAPONPUBOIOM.

Cnocob perynupoBaHus NPOMYCKOM BETPOBOIO IIOTOKA MHMO JIO-
NacTHOH CHCTEMBI BETPOABUIraTels Pealli30BaH B CXEME C POTOPOM
Macrpoysa (cM. puc. 7, 6). B stoM ciryuae xaxias napa noiyJjonacreit
M3 BEPTUKANLHOTO MOIO0XEHHS MOXET CIIOXKHTHCA B FOPHIOHTAILHOE
TI0JIOXKEHHUE.

BeejicHue JTONONHUTEIBHOTO CONPOTHUBIECHHS Ha BETPOIBHTaTEINE
MOXeT OBITh OCYNIECTBJICHO IPH TTOMOIIN Pa3MYHOTO BHAA TOPMO3-
HEIX 3aKPBUIOK, B TOM 9HCJIE ¥ IOBOPOTOM BCel 3amHei 9acTh poduist
TONaCTH.

Jlpyro#i MeToz a3poiHHaMHYIECKOr0 TOPMOKEHHS HCTIONb3YET He-
CHUMMETPHYHOEC KpeMJIeHHe KaxJO# JIONMAacTH ¢ POTOPOM B LEHTPAIIb-
HOM €€ YacTd NIPH TOMOINH FOPH30HTANBHOTO TOPCUOHA (CM. PHC. 7, 6).
B ciyyae yBenM4eHMS HacTOTH BPAILEHHS Bbillleé HOMUHAILHOM JIO-
nacTe MOA JeHCTBHEM IEHTPOOEXKHBIX CHI MOBOPAaYMBAETCS BOKPYT
TOPU3OHTAIBHON OCH TOPCHOHA W 3aKpy4WBAET TOPCHOH, OTKIOHSACH
OT CBOET0 BEPTHKANBHOTO MOJOXeHus. HaklnoHHOe ToNoXKeHHE JIona-
CTH (OTKJIOHEHHE OT BEPTHKAIHHOTO MOJIOXKEHHS) BHI3HIBAET yBEMUe-
HHE €€ a9POANHAMHIECKOTO COMPOTHBIICHUA.
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