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BONBIINHCTBO CYIIECTBYIOMINX CIOCOOOB HCCIIEJOBAaHUS XapaKTEPUCTUK (PU3MUECKHX MOJIEIEH BETpOreHe-
paTopoB OPHUEHTHUPOBAHBI HAa UCIIONB30BAHUE CIICNHATN3HPOBAHHOIO 0OOPYIOBAaHMS M a’pPOIMHAMUUYECKOI TpY-
Obl. DTH HCCIEHOBAHUS B HEKOTOPBIX CIIy4asX Ype3MEpHO JAOPOTH I BOOOLIE HEJOCTYIHBI. AJBTEPHATHBOM
TaKHM HCCIIEIOBAaHUSM SIBISETCS TPAHCIIOPTHPOBAHHE MOJIENH BeTpokoieca ¢ Tpebyemoll ckopocthio. llemsio
padOThl SIBISCTCS OINpECICHHE MEXaHUYECKHX XapaKTEPHCTUK (PU3MUECKOH MOJEIN TOPH30HTaIbHO-OCEBOIrO
BETPOKoOJIeca Ha OCHOBAHHH PE3yJIbTaTOB H3MEPEHHI, IPOBEACHHBIX IPH TPAHCIIOPTHPOBAHUU MOJENHU C Tpedye-
MO#i CKOpOCTBIO. B pesynbraTe momyueHbl MEXaHUYECKHE XapaKTCPUCTHKH, MO3BOJAIONINE OLECHUTH (G deKTnB-
HOCTh BETPOKOJIeca, ycIoBus HanOoee 3(h(GeKTHBHON pabOThl B 3aBUCUMOCTH OT CKOPOCTH BETpa, TPeOOBaHUS K
napameTpaM reHepaTopa JEKTPOIHEPTHH Il COBMECTHON PabOThI C BETPOKOIECOM.

CKopocTh BeTpa KaK COCTaBIIION[Asi HAOETAIOMETo Ha JIONACcTh IOTOKA BO3yXa B OTHOCUTEIILHOM JIBIIKE-
HHUHU YYUTBIBAeTCs Kak (akTop, BHI3BIBAIOIIMI BPAICHKE, @ PaHalIbHAs CKOPOCTh JIEMEHTAPHOTO y4acTKa JIoIa-
CTU — CJIEJICTBHE JEHCTBHS CKOPOCTH BeTpa M OKa3bIBaeT NMPOTHBOJEHCTBHE BpaleHno. OnpeneneHsl MOMEHTHI
OTHOCHUTEIIFHO OCH BETPOKOJIECA, KOTOPbIE CO3/[AI0TCS STUMH COCTABIIIONIMMU. Pe3yIbTUpyOIIHii MOMEHT Ha OcH
BETPOKOJIECA OTPEIEIIETC Kak CyMMa MOMEHTOB COCTABIIFOIINX HAOEraroIero MoToKa BO3yXa B OTHOCHTENb-
HOM JIBH)KCHHH.

IpakTHyecky, TPaHCTIOPTHPYS BETPOKOJIECO B YCIOBUSIX O€3BETpHs, H3MepsieM CKOPOCTh HAaOeTralomero mo-
TOKa, YCHJINE, CO3aBacMOE Ha OCH BETPOKOJIECa HOTOKOM BO3/yXa, MAKCHMAIIbHYIO 4acTOTY BPAIllEHUs HEHArpy-
JKeHHOTO BeTpokoiieca. [To pe3ynbrataM H3MepeHHil [oydaeM pealbHble MeXaHHIEeCKHEe XapaKTepPUCTHKH HCClle-
JIyeMOro BETPOKOJIECa.

Binbuicte cH0COo0IB HOCTIMKEHHS XapaKTePUCTHK (i3UYHUX MOJeseil BITPOBHX TeHEpaTopiB Opi€HTOBaHi
Ha BUKOPHCTAHHS CIEIiaTi30BaHOro oOJagHaHHS 1 aepoxuHaMiyHOl TpyOu. Taki HOCIHI/KEHHS B AESKHX BHIIAI-
Kax HaJ3BHYAHO KOIITOBHI 200 B3araii HEMOJXJIMBI 3a BiICYTHOCTI O0JagHAHHS. AJNBTEPHATHBOIO TAKHM IOCIi-
JDKEHHSIM € TPaHCIIOPTYBaHHS MOJEJNI BITPOBOTO Kojleca 3 HeoOXiIHO MIBUAKICTIO. MeToro pobOTH € BU3HAYEH-
HSl MEXaHIYHHX XapaKTePHCTUK (i3UYHOI MOAEIi BiTPOBOIrO KOJ€ca 3 TOPU30HTAJIHLHOIO BICCIO 3a pe3yabTaTaMu
BHMIPIOBaHb, SKi IIPOBOSATECS P TPAHCIIOPTYBAHHI MOJIEN 3 HEOOXITHOIO MIBUAKICTIO. B pe3ynbrari oTpuMano
MeXaHiuHI XapaKTepUCTUKH, LIO JAO3BOJIOTH JAaTH OLIHKY e(heKTHBHOCTI BITPOBOTO KOJeca, YMOBH, 3a SKHX 3a-
Oe3medyeThesl HAHOIIBII e)eKTHBHA POOOTA B 3AICKHOCTI BiJ{ IIBHIKOCTI BiTPY, BUMOTH 10 IapaMeTpiB reHepa-
TOpa eIeKTPOCHEPTi, 10 Oyae BUKOPUCTOBYBATHCS 3 BITPOBHM KOJICCOM.

IIBuaKicTh BIiTPY SIK CKJIaJ0Ba MOTOKY IOBITPs, 110 HAbirae Ha JIoNaTh y BiTHOCHOMY PYCi, BpaXOBY€EThCS
K (aKTop, IO BUKIHKAE OOEPTAHHS, a pajiagbHa IIBHIKICTH €IEMEHTAPHOI MUISHKH JIOMATi — pe3yibTaT Ail
MIBUJIKOCTI BIiTPY i BUKIJIMKA€ MPOTHJIiF0 obepTaHHI0. BU3HAYeHO MOMEHTH CHII BiTHOCHO OCi BiTPOBOTO KoJeca,
SKi BUKJIMKaHI IIMMH CKJIaIOBHMH TTOTOKY. Pe3ynbTyrounii MOMEHT CHII Ha OCi BITPOBOTO KOJIeCa BU3HAYAETHCS K
CyMa MOMEHTIB CKJIaJIOBUX ITOTOKY MOBITpsI, 10 Habirae Ha JIOMacTi y BiJHOCHOMY pyci.

IpakTHyHO, SIKIO TPAHCIIOPTYBATH BITPOBE KOJIECO B YMOBAX BiJICyTHOCTI BITPY, BUMIPIOEThCS HIBUAKICTH
MIOTOKY IIOBITPsI, 3yCHIUII Ha OCi, MaKCHMaJbHa 4acTOTa OOepTaHHS HEHaBaHTAKEHOTO BITPOBOro Kojeca. 3a
pe3yiIbTaTaMi BUMIPIOBaHb OTPUMYEMO MEXaHIYHI XapaKTePUCTUKH JOCIIHKYBaHOTO BITPOBOrO Kojeca.

The majority of the existing techniques for studying the characteristics of physical models of wind genera-
tors are oriented on the use of the specialized equipment and a wind tunnel. In some cases, these investigations
are too expensive or unattainable. Transportation of the wind wheel model with the required velocity is alternative
to such studies. The study objective is to determine the mechanical characteristics of a physical model of a hori-
zontal-axial wind wheel based on the results of measurements during transportation of the model with the required
velocity. The mechanical characteristics to evaluate the wind wheel effectiveness, the most efficient operational
conditions related to the wind velocity, requirements for the electrical generator parameters have been resulted
from studies.

The wind velocity as a component of the incoming airflow near the blades in a relative motion is considered
as a factor resulted in the rotation, and a radial velocity of an elemental blade portion is a consequence of the
effects of the wind velocity and is able to counter the rotation. Torques about the wind wheel axis due to those
components are found. The resulting torque in the wind wheel axis is determined as the sum of torques of the
incoming airflow components in a relative motion.

Practically, while transporting the wind wheel under wind calm conditions, we measure the velocity of the
incoming airflow, the force produced by the airflow in axis of the wind wheel, a maximal rotational speed of an
unloaded wind wheel. From measurements, we derive the real mechanical characteristics of the wind wheel under
consideration.
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Kniouesvle cnosa: eemposnepeemuueckas YCmMano6Kd, MHO20IONACMHOE
6EMPOKONIECO, AIPOOUHAMUKA, MEXAHUHEeCKUEe XAPAKMEPUCTMUKY, IKCNEPUMEH-
manvHoe ucciedosanue, PuauLecKas Mooes.

BBenenune. DKCIIepIMEHTAIBHOE MCCIIEAOBAHNE BETPOIHEPIeTHUECKOH ycTa-
HOBKH — JOCTaTOYHO TPyHOeMKHuil mporecc. Hanbosee ToYHBIE M TOCTOBEpPHEIC
Pe3yNIBTaThl NCCIEOBAHNUHN TOMY4aloT B a3POANHAMUYECKON TPyOe B KOMIUIEKCE C
TOYHBIMH H3MEpHUTENBHBIMH TpuOopamu. He Bcernma y mcciemoBartens €CTbh BO3-
MOXXHOCTh HCIOJIB30BaTh a’pOJMHAMHYECKYI0 TpyOy. B mmreparype noBoibHO
9acTO BCTPEYAIOTCS OMNMCAHMS HCCIEAOBAHUI XapaKTEPUCTHK MOJeNel BeTpo-
YCTaHOBOK ITyT€M MX TPAaHCIIOPTUPOBAHHS aBTOMOOMIIEM B O€3BETPEHHYIO ITOTOTY.
XapaKkTepUCTHKN HCCIIEAYEMBIX BETPOYCTAHOBOK OIPENEINSIOTCS Ha OCHOBAHUH
JTaHHBIX DJIEKTPOTE€HEepaTopa, MOAKIIOUYCHHOTO K Bally BETPOKOJIeca, U HEIpephIB-
HOH, B pe)KUME PEaTbHOTO BPEMEHH, (PMUKCALNH N3MEPEHHbBIX 3HAYCHHH.

Lennto paboTHI sBIIsIETCS pa3paboTKa crocoda, MO3BOJISIONIET0 AKCIIEPUMEH-
TaJIbHO TOJYYUTh MEXaHHYECKHE XapaKTEPHUCTUKH TOPH30HTAIBLHO-OCEBOTO BET-
poKoJieca ImyTeM ero TpancropTupoBanus. OcOOEHHOCTH pa3pabOoTaHHOTO crocoba
— M3MEpeHHe yCWIIUS, KOTOpPOE Pa3BHBAECT OCTAHOBICHHOE BETPOKOJIECO, W U3Me-
pEeHHE MaKCHMAJIbHOI 4acTOTHI BpAIeHUS NPH OTCYTCTBHM Harpy3kd Ha ocu. Ha
OCHOBaHUU PE3YJIBTATOB N3MEPECHUS PACCUUTHIBAIOTCS MEXaHHYECKUE XapaKTepH-
CTHKH BETPOKOJIECA C YYETOM €T0 TE€OMETPHYECKUX OCOOCHHOCTEH.

B craree pacuersl u hopMyIBl IPUBEICHBI B aOCONIOTHBIX BemMduHAX. Mc-
NoJIb3yeMble (POPMYJIBI CIPABEUTUBEI IS UCCIESIOBAaHHUS U PAacUeTOB XapaKTepH-
CTHK BETPOBBIX KOJIEC, JJOMACTH KOTOPBIX HE UMEIOT «KPYTKM» TI0 JUIUHE, APYTUMHU
CIIOBAaMH, JIOTIACTh UMEET ITOCTOSTHHBIN YTOJI 3aKIMHECHHS.

ITocTaHoBKa 3agayM. AHAJIN3 METOAOB MOZEIMPOBAHUS BETPOBBIX TypOWUH
MOKa3bIBAET, YTO PE3yJbTATOM MOJIEIHUPOBAHUS JOJDKHBI ObITH B IIEPBYIO OUEpEdb
3aBUCHUMOCTH, KOTOPBIE ONPEAEISIOT MEXaHUIECKUE XapaKTEPUCTHKHU:

— 3aBHCHUMOCTbH BBIXOJHOW MEXaHHYECKOW MOIIHOCTH Pm OT ckopocTH BeTpa V
1 000pOTOB BeTpoKoJieca N

P, =f(v,n), @)

— 3aBHCHMOCTh MEXaHHMYECKOI0 MOMEHTa M)y, OT Pm nu erIOBOﬁ CKOpPOCTH
BpameHus W

P,
M, = Wm , (2)
— ypaBHeHI/IC JABUKCHUS BeTpOKOJ'Ieca
dw
‘]'E:MM—MQ, 3)

rae J — MOMEHT MHEpIMU BeTpokojeca, Mg — MOMEHT, co3/1aBaeMblii TOJIC3HON
Harpy3Ko# Ha Baiy.

OTH 3aBHCHMOCTH TIPEICTABISIIOT COOOH IMOJHYIO JWHAMHYECKYIO MOJENb
BeTpokoieca [1].

Ha puc. 1 nmokazaHa cxema JeHCTBUSI SKBUBAJICHTHBIX COCPEIOTOUYECHHBIX CHII
Quv, Qur, a Taxoke cuitbl Fy , KOTOpast co31aeT MOMEHT TT0JIC3HOM Harpy3Ku Ha Bary
BeTpokonieca. Ha puc. 1: R — BHenHuit paauyc BeTpokoiieca; g — miedo Ipuiioxke-
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Hust cuiibl Fy ; O — och BeTpokoiieca; ' — Iiedo IPUIOKEHUsI CHITbl Qy ; F1 — Tuiedo
npuiokeHus: CuiIbl Qur. OT™MeTuM, uTo Qv , Qwr — 3TO SKBHBAJICHTHBIC CHIIBI, CO-
3/IaBaeMbIe BCEMHU JIOIACTAMH BETPOKOJIECA.

Lo
<
v

Puc. 1 — Cxema nelcTBUS Ha BETPOKOJIECO PE3YIBTHPYIONINX KBUBAJICHTHBIX CHII

[IponsBenenne 3KBUBAICHTHBIX CHJI Ha MuHY Tuieda Qy I, Quwr i u Fg rg — 310
MOMEHTBI CHJI, IEHCTBYIOIINX HA BETPOKOJIECO OTHOCUTEIHHO €r0 OCH BPAICHUS.

O003HaYUM MOMEHTBHI:

— MOMEHT, CO3/IaBaeMbIil BETPOM CO CKOPOCTHIO V:

M v — Qv -r, (4)
— MOMEHT, CO3/IaBaeMbIii JIOMACTSIMH, BPAIIAIOIIIMUCS C YTIIOBOH CKOPOCTHIO W:
er = Qwr T ®)

— MOMEHT, CO3/1aBa€MbIi MOJIE3HOU HArPY3KOM:
M g = Fg Ty (6)

P63YJILTpr}OH_IHﬁ MEXaHNYECKUI MOMCHT, CO3,I[aBa€MBIﬁ JionacTsMH BETPO-
KoOJIeca:

M, =M,-M, -M,. )

Hawano nBrkeHHs BETPOBOTO KoJieca XapakTepusyercs TeM, 9yTo Myr paBeH
Hymo. [lox neiictBuem MmomeHTa My JIOIIacTH BETPOBOTO KOJIECAa YCKOPSIIOTCS, BO3-
pacTaer yriosasi CKOpocTe W 1 Myr — IPOTHBOICHCTBYIOMINT BPAILICHUIO MOMEHT.
IIpu paBerctBe My=Mwr+Mg yriioBast ckopocTs JIonacTei cradunmsupyercs. Ecimu
BETPOBOE KoJjeco Bparaercs 0e3 Harpysku (Mg=0), Torna B npezene odecneyna-
ercs paBeHCTBO My = My, ipu 3TOM 000pOTHI BeTpoKoJieca OyayT MaKCHUMAJIbHO
BO3MOJKHBIMH (IIPU MTOCTOSTHHOM CKOPOCTH BeTpa V).

Jnist TOCTpOeHHSI MEXaHWYECKOW XapaKTEPUCTHKH BETPOKOJeca HEOOXOIUMO
3HaTh 3HaueHus Mwr 1 My, a 3HaueHne Mg MBI MOXEM OIPENEeNINTh KaK pa3HUILY
Mg=My - Mur, 1 3TO MO3BOJMT PACCUUTATH 3aBUCHUMOCTH MOIIHOCTH P OT 3Have-
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HUS YTJIOBOM ckopocTu W. B panbHelIIeM JOCTaTOYHO MPOCTO OMPEAETUThH ONTH-
MaJIBHBINA PEXXHUM paOOTHI BETPOKOJIECA.

Ha nonactu Betpokomeca NEHCTBYIOT pacrpelelieHHble MO JUTHHE JONacTH
cuibl dQwr 1 dQy. B kaxknom ceuennu onactd dQur 11 dQy SIBASIOTCS QYHKIMAME
SIIEMEHTAPHOM uromanu dS.

B ympomeHHOM BHAE BEKTOpPBI CHUJI U CKOPOCTEH, KOTOpBIE ACHCTBYIOT Ha
SIIEMEHT JIOTIACTH BETPOKOJIECa ITomanso dS, mokasaHsl Ha puc. 2.

Y

v

IlnockocTs Bpalenus
BETPOKOJIECA

Ochb BeTpo-
KoJeca

Puc. 2 — Cxema BCKTOPOB CUIT 1 CKOpOCTeﬁ Ha 3JICMCHTC JIOIIACTHU BETPOKOJIECa

Bpamienne BeTpokoiieca — CIEICTBHE BO3ICHCTBUS HA JIOMACTH BETPA CO CKO-
pOoCThIO V. BEekTop cCKOpOCTH WI' HalIpaBJIeH MPOTHUBOIIOIOXKHO BEKTOPY JTMHEHHOMN
CKOpOCTH BpAIl[eHHs 3JIEMEHTa JIOTacTH BeTpokosieca dS, Wr — 3To Bo3zeiicTBue
BPAIIAIOIIErocs BETPOKOJIECa HA BO3MYIIHBIN MTOTOK.

BcrenctBue eiicTBrs Ha JomacTd V M WI Ha KaKI0M dlieMeHTe jomactu dS
BO3HUKAOT CHIIBL:

dRy — pesymbTHpYOIIAs CHIA, BOSHUKAOIIAS MO/ JCHCTBHEM TIOTOKA BETpa
CO CKOPOCTBIO V Ha DJIEMEHT JIONACTH MIomapio dS;

dRwr — pesyibTHpyIOLmIasi CHIld, BEJIWYMHA KOTOPOW OMPEIENSEeTCs YIriIoBON
CKOPOCTBIO JIONIACTEH BETpOKoieca W W PACCTOSTHHEM OT OCH BETPOKoIIeca JI0 dJie-
MeHTa Jioracty dS;

dPy — mpoekuust dRy  Ha oCh BeTpoKoIIECa;

dQv — mpoekuust ARy Ha IIOCKOCTh BPAILCHHS;

dPwr — mpoekuust dRwr  Ha 0Ch BeTpOKOJIECa;

dQuwr — mpoekuust ARy Ha MIIOCKOCTH BPAIICHHUSI.

Vron MeXIy BEKTOPOM CKOPOCTH V U BEKTOPOM pe3yibTHpyromiei cuibl dRy
3aBHCHT OT yIJIa aTakd, YTO B MPEIOKECHHOH CXeMe COOTBETCTBYET YINIy yCTa-
HOBKH JIOIIACTH. AHAJOTHYHO, YTOJl MEXIy BEKTOPOM WI U BEKTOPOM PE3yJIbTH-
pyromieit cuibl Rw Taroke 3aBUCUT OT yIila YCTAaHOBKHM JIOMACTH. WF — 3TO Cle/-
CTBHE JICHCTBUS CKOPOCTH BeTpa V, U WI JCHCTBYEeT Ha «BEPXHIOK» IIOCKOCTh
a’pOJMHAMUYECKOTO MPO(HUIIS JTOMACTH.
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Bekropsr tpoeknuii cunbl dRwr — dPwr 11 dQwr HampaBiIeHBI B IPOTHBOIIOIOXK-
HYIO CTOPOHY oTHOCHTENbHO APy, dQy.

AHaIU3Upys cocTaBisomue pe3yasTupyommx cuil dRw, dRy, Moxewm cre-
JaTh BBIBOJIBI:

- mpoekiuu dmeMeHTapHbIX ¢l dQw 1 dQy HAXOMSITCS B MJIOCKOCTH Bpallle-
HHSI BETPOKOJIECA U HAMPABJICHBI B IPOTHBOIOIOXKHbBIE CTOPOHbI. I[Ipoekmus dQy
«UHHIUAPYET» BpallleHHe BETpOKoieca, a mpoekitust dQur SABIACTCS CIIEACTBUEM H
OKa3BIBACT COMPOTHBIICHNE BpaIIeHHIO [2];

- mpoekitust dPy — 3To maBieHne MOTOKA BO3IyXa Ha JIOMAcTH BeTpokoseca. Ho
BCJIC/ICTBHE BpAIICHHUS BO3HUKAeT cuia OPwr, KOMIICHCHPYIOIIAs 3TO TaBICHHUE.
UeM BEIIIE YTIIOBasi CKOPOCTH JIOTIACTEH W, TEM MEHbIIIee Pe3yJIbTUPYIOIIEe YCH-
Tvie AeWCTBYET Ha JIONACTH B HAITPABIICHUU OCH BETPOKOJIeca.

Yuciaennasa Meroauka. Tak KaKk B COOTBETCTBHMU C BEKTOPHOW AMarpaMmoit
(puc. 2) BIUSHHE CKOPOCTH BETpa W YIIOBOM CKOPOCTH JIOMACTEW BETPOKOJEeca
paccMaTpuBaeTcs pas3iebHO, MOXEM ONpeAeNnTh 3HaueHne MoMmeHTa Mg, n3me-
puB ycunue Fg, KoTopoe co3mgaercs mpu MOTHOCTEIO OCTaHOBIIEHHOM BETPOKOIIECE

(puc. 3).

Q

Fq

Puc. 3 — Cxema n3mepenus Fg 1t onpenenenust 3nauenus: Mg

[Ipu npoBeneHUM aHaIKM3a PE3yJIbTaTOB M3MEPEHUsI HEOOXOUMO YUUTHIBAThH
TO, YTO 3aBUCUMOCTbh 3Ha4YCHHMsS MOMEHTa My OT CKOPOCTH BeTpa MOXKET OBITh HE-
JIMHEWHOM.

Onpenenurs 3aBUCUMOCTh MOMeEHTa Myr OT YIJI0BOM CKOPOCTH MOXXHO U3 pa-
BeHCcTBa My=Myr, I 4ero HEOOXOIUMO MOJYIHTh 3aBUCUMOCTh MaKCHMAaJIbHON
4aCTOTHI BpaIllEHUs] BETPOKoOJIEca OT CKopocTu BeTpa npu Mg = 0.

UToOb!I MOJYyYUTh aHATUTHUECKUE COOTHOIICHHMS, KOTOPBIC MO3BOJIAT PACcCUH-
TaTh MEXaHHUYECKYIO0 XapaKTEPHUCTUKY BETPOKOJIECa, PACCMOTPUM 3JICMEHTAPHBIN
y4acToK Jiomactu (puc. 4).
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X —»
\ 2
h 2 ¢ r¢ AX
Qv
(Qur) R
X
v
v 2 v

Puc. 4 — Cxema pacueTa cuJ, AeHCTBYIOIIUX HA 3JeMeHT Jonactu dS

3nauenne dQy(x) ompenesnsiercst GOpMyIOi KCIEPUMEHTAIBLHON a’poIuHa-
MUKH

4Q, () = 5 CoupAXIG)V, ®

rae : Axl(X) = dS; Cqv — 6e3pa3smepHBIii a3poJHAMHUYECKUN KOIDDHUIMEHT; O —
IUIOTHOCTB BO3/yXa; V — CKOPOCTh BETPA.

ITpu onpenenennu dQwr(x) HEOOXOIUMO TOMOJHUTENLHO YIUTHIBATE PACCTO-
SIHHE JI0 OCH BETPOKOJIECa

AQu (X =5 Caum PR ©)

B Beipaxenusix (8) u (9) xoabdunuentsr Coy 1 Cowr HEOOXOIUMO paccMaTpu-
BaTh Kak KOO(P(HIMEHTHI, CBA3BIBAIOIIME XAPAKTEPUCTHKU HCIIOIB3YEMOIO MPO-
(GuiIs B CYIIECTBYIONIMX YCIOBHUAX 001yBa C MPOEKIUSAMH COOTBETCTBYIOIIMX CHII
Ha TJIOCKOCTh BPAIEHHUS.

JIist IPOBEJIEHUST PACYETOB HYKHO OIPENETHTh KOJMYECTBO DIEMEHTAPHBIX
YYaCTKOB JIONACTH K, 3a/1aBasCh IUPHHOMN SIIEMEHTAPHOIO ydacTKa AX

h
k=—. 10
. (10)
I[I/IaHaBOH HN3MCHCHHUA TeKyH.IefI KOOpAWHATBI n
X,=Nn-AX, n=0---k. (11)

[neuo X OMpPEACIIACTCA C YUCTOM paJjuyCa BETPOKOJIECa Ru JUIMHBI JIOIIACTHU

X =(R—h)+x,. (12)

Mowment dMvn, co3naBaemblit aneMeHTapHOM cutoi dQy
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1

den:E-CQV-p-Ax-I(xn)-vz-Xn. (13)
MowMmeHT, co3aaBaeMbIi JJONACTHIO
M, =>dM,, . (14)
C yuerom (13)
1
MV:E-CQV-p-VZ-ZASan. (15)

Tak xak B ¢popmyne (16) ncnons3yercs usmepeHHoe 3HaueHne Mg, To MOXXKHO
OTIpENICTTUTh 3HAUCHUE adpoauHaMIdeckoro koddourmenta Coy
M, IN
Car=1— , (16)
5Py D AS X,
n

rae N — Komn4ecTBo JomacTe.

B monyuennsix cootromenusx Mg = f(v), a ZASan XapakTepPU3yeT reo-

n

METpUYECKUE OCOOCHHOCTH JionacTu. B memnoM, adpoauHaMiudeckuii KodQPpHUIUEeHT
Cqv 3aBUCHUT TOJIBKO OT CKOpocTH BeTpa V [3].

[Tpu MOCTOSHHOW CKOPOCTH BETpa YIJOoBasi CKOPOCTh CTAOMIIM3UPYETCS MPH
PaBECHCTBEC MOMCHTOB.

Mowment dMyr, co3aBaeMslii asieMeHTapHoi cuaoi dQur

1

dM, ==-C

W o Qwr'p'AX'I(Xn)'(W'Xn)Z'Xn' (17)

MoMeHT, cO3/1aBaeMbIii JI0IACThIO

M, => dM,, . (18)

C yuerom (17)

er:%-CQwr~p~W2~ZASan3. (19)

Koapopummenr Cowr paccuuThiBaeTCs HMCX0Isd uU3 paBeHcTBa My = My,
W = Wmax.
M, /N
Cow = 1 . (20)
*‘P‘Wz'zAsnxn
n

2

Bripaxkenue (20) mokaspiBaet, 4yTo adpoauHamuyeckuii kodhdunmeHT Cowr
Ipu V = CONSt 3aBUCUT OT YrioBoil ckopoctu W. Ilpu «pa3roHe» BeTpokoJieca yr-
JIOBast CKOPOCTH JIONACTEH M3MEHSETCS OT HYJIs 10 MaKCUMaJIbHOTO 3HadeHus. [Ipu
3TOM HEIPEPHIBHO M3MEHSETCS adpoauHaMudeckuii KodphumueHT Cowr. [To3TOMY
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IPH pacyeTe MEXaHWYECKUX XapaKTEPHCTHK BETPOKOJECAa HEOOXOIMMO arpoK-
CUMHPOBaTh 3aBUCHUMOCTE Cowr = f(W).
MexaHHYECKYIO XapaKTEPUCTHKY MOKHO OCTPOHTH O BBIPAKEHHIO

MM :E.p' CQV'VZ'ZASan _CQWV'WZ'ZASHXE ) (21)

Pe3ysbTaThl 3KCIEPUMEHTANBHOIO HccJel0BaHusA (U3NYECKOH Moaean
BeTpokoJjeca. [IpuBeneM pa3mepsl 1 0OCOOEHHOCTH HCCIIEIyeMON MOJENH BETPO-
KoJeca.

D=0,75m. h=025m. d=0,08 m.

Puc. 5 — OcHoBHbIE pa3Mephl UCCIIEIOBAHHONW MOJIENTH BETpOKoJIeca

A

»
»

h=025m 1=005m L=014m

A

Puc. 6 — Pa3meps! u ¢popma nomactu

Betpokoneco cocrouT u3 cemu jonactei. JlomacTe BBINOJIHEHA MO a3po-
nunamuaeckomy npoduiio P-11 (15,5 %), paspaboran u ucnsitan B 1932r. [4].

Paccunran MmoMeHT nHepimu Betpokoneca J = 0,072 kr-m?. Yron ataku jona-
cTeit oo = 55°. YcraHOBKa JomacTel y3KOW 9acThlO K OCH MpecieaoBaa Ieib HC-
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CJIEJIOBaTh MEXaHMUYECKHE XapaKTEPHCTUKU THXOXOJHOT'O MHOT'OJONACTHOT'O BET-
poKoJieca, ClIoCOOHOTO paboTaTh MPU MaJbIX CKOPOCTSIX BeTpa. BoibIIHMHCTBO U3-
BECTHBIX METOJIMK OPHECHTHPOBAHBI HA MOJICIHPOBAHHE M PAcUeT KOHCTPYKIMH
OBICTPOXOAHBIX BETPOTYPOUH (OOBIYHO BYX- WIIM TPEXJIOMACTHBIX) CO CIOKHBIM
npoduiem yonactd. Ho 3TH METOIUKU He TpeAHa3HAYEHBI JUIs TPOBEJCHUS HC-
CIIeTOBaHMI BETpOKoseca 6e3 adpoaHAMHYECKO TPYOHI [5].

B pesynbrate m3mepenuii (puc. 3) moxy4aeM 3aBHCHMOCTH IMOKa3aHWUW IMHA-
MOMETpa OT CKOpOCTH BeTpa. [Ipy 3TOM mokaszaHusi TUHAMOMETPa OTPAKAIOT pa-
00Ty BCex ceMU JIomacTei BeTpokoieca. i manpHEHUIIX pacyeToB 3TO 3HAYEHHE
HE0OXOAMMO pa3feiuTh Ha ceMb. [lo BeIpaxkeHuto (16) ompenenseM 3aBUCHMOCTh
Cov = f(Vv). Tanee mpon3BOAMM aIIPOKCHMAIIHMIO 3TOM 3aBHCHMOCTH.

[pu onpeneneHHON CKOPOCTH BeTpa H3MepsieM MaKCUMallbHOE 3HaueHHe 000-
POTOB BETpOKOJIECA, MOJIydaeM 3aBUCUMOCTD Wmax = f(V). ITo pe3ympTatam usmepe-
Hull, ucmone3ys Qopmyry (20), ¢ ygerom (15) paccunmThiBaeM 3aBHCHMOCTD
Couwr = f(w).

Koaddumment Cowr — 3KBUBaJIEHT KO3 GUIIMEHTA JIOOOBOTO COMPOTHUBIICHUS.
W3BecTHBIE pe3yibTaThl UCCIENOBaHWN KOA(D(HUIIMEHTOB JTOOOBOTO COMPOTHBIIE-
HUSI 00BEKTOB B JO3BYKOBOM JHAara3oHe CKOpocTel [2] MOKa3pIBaIOT, YTO KO3(h-
(UIMEHT JIOOOBOTO COMPOTHBIICHHS 3aBUCUT OT JIMHEHHON CKOPOCTH UCCIICAYEMO-
ro o0BeKTa.

B otHOmeHun Betpokoseca, Cowr HEOOXOAUMO MPUBECTU K YACTOTE BPAICHHS
W, mpu 3ToM Kod(hdunmeHT OyneT y4UTHIBATh M B3aUMHOE a’pOJIWHAMHYECKOE
BhusHEE Jomactedt [5]. Jns mampHeitmero mcnonb3oBaHus Ko3ddummenta Cowr
IKCTIEPUMEHTAITLHO TIOJTyUYSHHbIC 3HAYEHUS] HEOOXOUMO almpOKCUMHPOBATS.

[To ¢popmyne (21) MOXKHO paccUUTaTh U TOCTPOUTH 3aBHCHMOCTh MOMEHTA,
NPUBEJICHHOTO K Bally BETPOKOJIECa, OT YIIOBOW CKOPOCTH JIOMACTEH WIIH YaCTOTHI
BpameHus N (06/MuH), puc. 7 .

M, , '

a81 ‘ P==6 M/C
v=5m/c
v = 4m/c

v = 3m/c

v = 2mfc

v =1mfc

| S—— " CU T WS TN, VG T TS W—— T ——. W N—

0 ok 123 NS N ot

Puc. 7 — Xapaxrepuctnka MOMEHTOB BETPOKOJIEca IIPH CKOPOCTSIX BeTpa 1 m/c — 6 m/c
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[Mpoun3BeneHre MOMEHTA Ha Bally BETPOKOJEca Ha YIIIOBYIO CKOPOCTh TI03BO-
JIUT ONPEJCITUTh MOIIIHOCTh HA BAIY U YCIOBUS, TIPU KOTOPBIX OHA 00eCIeunBacT-
cs (puc. 8).

MoITHOCTh BETPOBOTO MOTOKA, MPOXOASIIETO Yepe3 ceueHue, IIoMmaab KOTo-
pOro paBHa IJIOMIAJIH, OMETAEMOM JIOMACTIMH BETPOKOJeca

2 2
g _D* _=(D-2n)* o
4 4
[nowazns S = 0,393 M2
MouHOCTh BETPOBOr'0 NOTOKA!
Sv?
2
P
. P =6m/c
72 r=>5 M/C
15 4
v = 4m/c |
v = 3m/c
/ v =2m/c
W19 = 1 Wfe..

<=

( 70 140 210 30 M it

Puc. 8 - MOH_[HOCTB Ha Bally BETpPOKOJIieCa B 3aBUCUMOCTHU OT YaCTOThI BpALICHUS ITPU
PA3JINIHBIX CKOPOCTAX BETPA

OTHomeHne MOIITHOCTH Ha Bally K MOIIHOCTHU BETPOBOI'0 IOTOKA ABJISCTCA
KO3(1)(1)I/II_[I/I€HTOM HCMOJIb30BAHUA MOIIHOCTH BETPOBOI'O IMOTOKA Cp, €ro MakcCu-
MaJIbHOC 3HAYCHUC OIIPCACIIUTCA HanyBKOfI Ha Ball, JTOH Harpy3ke COOTBECTCTBYCT
OIPEACICHHOC 3HAYCHNEC YaCTOThI BpaIlllCHUS BETPOBOI'O KOJIECa (pI/IC 9 )
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0.05/1

—~ FMC v=5m/c

v=6mM/C

[ =]
—

Puc. 9 — 3aBucumocTh k03¢ GHULIHEHTA UCTIONB30BAaHUS MOIITHOCTH BETPOBOT'O MOTOKA
OT YacTOTHI BpaIlleHHs

B Ta6HI/IHC MPUBEACHBI 3HAYCHUA OCHOBHBLIX MCXAaHUYCCKUX IapaMETpOB HC-
CJICAyEMOr'o BETPOKOJIECa.

Ne Cko- MouHOCTb YcnoBue Hanboubei 3 PEeKTUBHOCTH

n/n pocTh BETPOBOTO Yacrora MowmenT Ha | Mousocts | Koaddu-
BeTpa | notoka P,, BT | Bpamienus Bajy Ha Bally et C,
Vv, M/c n, o6/MuH Mw, H- M P, Bt

1 1 0,242 31 0,026 0,039 0,243

2 2 1,934 62 0,0975 0,458 0,237

3 3 6,526 90 0,23 151 0,231

4 4 15,468 121 0,405 3,495 0,226

5 5 30,212 158 0,63 6,667 0,221

6 6 52,206 190 0,9 11,249 0,215

BriBoabI

1. Pa3paboTaHHBII CHOCOO MO3BOJNMI OMPEACTHTh MEXaHHYCCKHUE XapaKTe-

PUCTHKH BeTpokojieca. [Ipu 3agaHHON CKOPOCTH BETpa MaKCHMAalIbHBIN
ko3 dunmeHT npeodpa3oBaHus JHEPTUH BETPA B MEXAHUYECKYIO SHEPTHIO
MOXKHO TMOJYYHTh TOJBKO MPHU OMPEACICHHOM MOMEHTE, CO3/aBacMOM
HArpy3Koil Ha Bay BEeTpOKoyieca. ITO YCIOBHE OMPECNIeT TAKXKE YacTo-
Ty BpAIIICHHUS Bajia BeTpoKoJieca. 3HaueHue kodddunmenta C, HAXOIUTCSI
B nipezenax ot 0,243 no 0,215 B auanaszone ckopocTteii Betpa (1 — 6) M/c.
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2. PacueTbl W WCCIIeZIOBaHHS IMOKA3bIBAIOT, YTO TOYHOCTh HCIIOJIE3YEMOTO
croco6a IKCIEePUMEHTAIBHOTO MCCIEA0BAaHUS MEXaHUIECKUX XapaKTepH-
CTHK BETPOKOJIECA 3aBHCUT OT JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX JaH-
HBIX: U3MEPEHHBIX 3HAYEHWH CKOPOCTH BETpa, YCWIHHA, KOTOPHIE pa3BH-
BalOT HETIOABIDKHBIE JIOMACTH, ¥ MaKCHMAIIbHOM 9acTOTHI BpAIIeHUS He-
Harpy»>K€HHOr0 BETpPOKoJieca. ANIMPOKCUMALUs 3aBUCHMOCTEH 3HAUCHHI
ko3 Purmmentos Coy = f(V) 1 Cowr = f(W) Taxike okaspIBaeT BIHAHKE Ha
JIOCTOBEPHOCTP TOYIEHHBIX MEXaHWYECKUX XapaKTEPUCTHK, HO B TO Ke
BpeMsI TIO3BOJISIET MCKITFOYNTE BIUSHUE HA PE3yNIbTaT PACYETOB MaJbIX OT-
KJIOHEHUH U3MEPSIEMBIX BEIUYMH OT JIEUCTBUTEIbHBIX 3HAUCHU.
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