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VIK 621.548

P.K. Manariaen, A.K. Tvaendeprenos, E.E. Canambaen, H.b. Kanracon,
C. A. bepranmesa, J1.C. Orercuon
Karavexun Haywonansses vausepeumen wa. Ars-Papodu, & Aovamem, Kazexcman

HCCIETOBAHHE HECTAIIHOHAPHBIX JHHAMHYECKHX XAPAKTEPHCTHE

BETPOTYPEHHLI JAPLE

Annoranua. BeTep - 3KOOOIHHSCKM  4HCTEED HCTO4HME Heprun! Bo  Boex
INOHOMMHSCKH PAIEHTEIX CTPAHAX MHPE BETCp, KIK MCTOMHWE JHCPIHN, HEMMHABST HIPATh
TAMETHYHD PONE B X JHCPICTHHECKDM Ganance. Henpepesso paciiprReTcs NpOHIB0JICTED W
npockTaposasne  fiexmuessx perpoyctanosok  [1-6).  Teppuroprs  PecoyDamsm
Kazaxcran MMeeT OIPOMHEI  BETPOIHEPrEeTHHECKHI  MOTEHIMAN, 9T0, ECTECTEEHHD,
npeanonaracT Gonsmos OYAymes ANA NPHMCHCHHA BCTPOOSHCPIETHHNCCKHX anmaparos B
HAIEH CTpaHe.

JEDHOMHMHOCTE  COBPCMCHHEIX  BCTPOTYPOMH — ONPCACISCTCA  BENHSHHON
RO(HUNEHT  MCTIONEIOBAHAMA IHCPIHHM BETPA OT COMHNMHON TUIIAAN  OMCTECMON
MOBEPXHOCTH  BETPOKONECa B BOGAymHOM notoke.  [looTosy Hux  KOHCTpYMpOBEIHWE
OTHOCHTCA K PAIPAIY HARDOIoe HEYKOCMEDTD MPOMIEOICTEL.

B pafore paccMATPHBACTCH MATCMATHHCCKAR MOJCTE HOCTANMOHAPHOE paboTh
BOPTHEANEHO-OCCEOH  BeTpoTypbusn  Jlapee, woTOpan BpammeTcs 3 cHeT  JCACTENR
NOTLEMHON CHIM HA EPRIOBOE npodune paboucit nonactn. B crathe npeecicHs
paspafoTaHHEY MATCMATHGCCKAA NOCTAHOBER 3a744H B MCTOAHER PacteTa  YIZOBOH
CKOpOCTH  BeTpo3HepreTwscckoro  yerpoiictsa  [lapee npm pozaciicrEMmn Ha Hero
HAGETANNIETD MOTOKA, TAKKE NONYHCHHEIE PEIVIRTATEL =HcneHHore  pacdera. [lo
NPOBCICHHEM PBCECTAM, HMME pazpabOTAHHON MCTOIHKON, NOTYHCHE I0CTOBCPHEIC
PCcIVARTATH, EOTOPHRC —XOPOIIO  ONECHEANOT — GHINEY SAGcHEA.  Pazpadoranmas
MATCMATHHECKAN MOETL, ©F SMHCHCHHAN PCANMIANNA W NOIYHCHHEIC PEIYIBTATE MOCYT
OEITE MOMEIHEDMN ATH JAMEHSHIEND VCORSPIDSHCTBORAHNA MATEMATHHECKOTD ONBCAHWR

MpofaeME! # TPH TPOSKTHPOBAHHN KOHCTPYKLME BCPTHRANEHO-0CCESIX BCTPOTYPOHH.
Kawuessle ©cO0BS! BEPTHEANEHO-OCEBAR BeTpoTypOmma Jlapee, CTalMOHAPHEID
TOTOK, THTEEMHAR CHIA, CHIE AIPOIHHAMHNECKOND CONPOTHEICHHA

Brenenne
Hanboneimiee npHMeHedne W palBnTHE
OOAYYHIH — COBPEMEHHLIE  BETPOATPETATEL,

pabOTAOMHE 33 CY4eT OOJREMHOH CHILI
Epuina. OHH HMET CPABHHTENRHO BEICOKHH
K0apHIHERT HCNONBIOBAHKA YHEPTHH BETpa
Emax=045 Hx nensT Ha [Ba THOA 00
PACTIONOKEHHK  BPAMAKIIHECE  BANOE ©
pafourx nonacTeii: a) ropHIOHTANEHO-0CEREE
(Tin  nponennepusii); §)  BepTHEANEHO-
ocersle (“Japse”).

(cHOBHBIE NpeHMyLLECTEa
BEPTHEANEHO-0CEBRIX BETPOATPET ATOR
OTHOCHTENEHD — TOPHIOHTANEHO-OCEBRIN:  4)
HANpARNEHHE BETPA HE HMEST IHadeHHR; G)
WEKTPOTEHEPATOP, H  JAPYIHE  CNABHEE
KOMMOHEHTEl arperara  pacnoioeHsl  Ha
YPOBHE 38MIH, Y9T0 CHHEAST TpeDOBAHHA,
npereaBnAemele K Damme, H o obnerdaer
TEXHHYECKDE ODCIYAHBAHNE H PEMOHT.

Aea

@«

Lensiy JAHHOTO HCCEI0BaAHHA
HBNIAETCA paccMOTpeHHe Teoperwueckoro 2D
MOJETHPOBAHHA  padoTel  BETPOTYPOHHE
KapyCeNkHOTO THIA, YT0 B HOCHEICTRHE JacT
BOOMOKHOCTE  OOPEJENHTE  ONTHMANEHELE
mapamerpsl TYphuEsl (cv. Pac. 1 m 2). s
IO PACCMOTPHM MATEMATHYECKVID MO0k
s HCCHEM0BAHHA BEHMOEHCTRHA
BETPOTYPOHHE KapycensHOre THoa “dapee”
CO CTALHOHAPHEM BOANYINHEIM NOTOROM [3-
7]

Buin IT TI.
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Pucynor 1. - Cxesarnueckdil obmmi
BH/1 BIAHMOefCTRHA.

DROHOMHYHOCTE COBPEMEHHEIX
BETPOTYPOHH  ONpPEeJeASeTed BeNHYHHON
koa(pHLIHERTa HCOONEIOBAHHA — SHEPIHH
BETPA OT eOHHHYHOH nacWwamH oMeTacMod
NOBEPXHOCTH  BeTPOKOMECA B BORIYIIHOM
noroke.  [looToMyY HX  KOHCTPYVHPOBAHHE
OTHOCHTCH K PaIpaly HAHOOISE HAVKOEMEOTO
OpOHIBOICTES, OMHPAKMETOCA Ha
COBpEMEHHEE THAHNHA APOIHHAMHKH, TEOPHH
MAIIHH, MATEPHANORETEHHA W 1P,

LRITN T BETPOSHEPTETHYHOE
yerpoiictee  (B3Y)  [lapee, wsobperensoe
(ppanuyIckny  HEwedepos  Japee B 1904
roIy. COCTONT W3 AONAcTell THNA caMONeTHEIX
KEPbUIBEE C CHMMETPHYHBIM OTHOCHTENEHO
KOpaEl npoduines (MaXos), CBAILIBARMEHM
BEPTHEANBHEI BAN BpaleHHs © pabOdHMH
KEpBLUIBAME ( TAKKE CHMMETPHYHOTD NpOdHIA),
pacnonoHeHHEME napannenbHo OCH
ppanieHnd.  [IIOCKOCTE  KPEUILER  paIMaxa
(MAXA) OPHIOHTAIRHA H NEEHT B ILIOCKOCTH
HX epameHnd. (JCHOBHOE OTIHYHTENBHOES
caofictee BOY Jlapee — 3To cnocodHOCT

padoTaTE, HE PEArHPYA  HAa  HIMEHEHHE
HANPARIEHHE BETPA.

Mocranopska Ianaun

[Ipn  pgeficTBHH  NOTOKA BETpa  HA

NOMACTH MOABMAKTCA NOThHEMHAH CHIA H
CHEL  A3POIHHAMHYECKOTD  CONMPOTHEIEHHA.
Mogwemuas cuna AeficTBYeT HA NOOACTH
NOAKGKHTENRHD, PACKPY4HBa® poTop. A cuna
COMPOTHRNEHHA — OTpHLATeNEHO. [0 paboTe
arperata wWppekTHEHLE IHAYEHHA YTHX CHI

L™

[ILETLD

Pucynok 2. — Cxema mmapMofeficTens
TYPOHHE CO CTAIHOHAPHEIM TOTOKOM.
Mapaserp DBICTPOXOIHOCTH
BETPOKDECA  ONpefendeTcd  ChelyRMiHM
obpalom:
W,

L=—

u
= (1L
rae u"ﬂ -

W, =or,
- NHHeiiHAR CEOPOCTE TONACcTH,
@

- VINORAS CROPOCTE BPALICHHS POTOPL,

MOTOKA,

CKOPOCTE

I
0 pamaye, paccrosmme or uewtpa
BPALIEHHS BATA 0 TONMCTH.

CxeMa BOIIEfcTEHA

Pucynok 3. -
AIPOIHHAMHIECKHX CHI HA NPOQHIE TONACTH.

B kauecTEe adpOJHHAMHYECKHX CHI
CONPOTHENEHHA BETPOBOMY NOTOKY OepyTca
MpOEKIHE GCPEIHERHEX CHIT COMPOTHRICHHA
H NoIkeMHOH cHARl Nonactd (B oOpaTHOM

IMUHCAT OT Dapmucipe 7, HRLIBACMOTO wanparnenus) ma oce Ox w Oy s sape
#LICTPOXOENCTESD arpeTaTa, COCPENOTOYEHHEY HeTOUHHKOR Ry, Ry #
BXOAST B OPaBYH)  YacTe  ypaBHeHHi
JIBHEHHA
Jins onpefeneHHs ITHX MACCOBLIX CHIT
CHAYANA ONPEIensercd Yrol aTakdH o M
Bun A7 T 2015 100
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JAnd npopeJeHHs PACYETOR HAMH HA
DCHOBAHHH apOIHHAMHHECKHX

NOTBEMHON CHIBl W CHI  CONPOTHRASHHA
P XAPAKTEPHCTHE KPRUIoBoro npoduns MASA-

IARHCHT TOIRKD OT Y04 artaky (cM. Pae. 2)L
. - ——02] Gmna nopoBegeHa oOpaboTka H
r\k'|= \F{usmﬁ—vmsﬂ]z +(p@m+ucosd+ vsinB)

CHOPOCTE  ATakH ﬁ'r, a Ko TE

MCTYYEHEL IMIHPHYECKHE ropayIEL
_ usinB-veosB TABHCHMOCTH  KOMHUHEHTOR  NOTBEMHOH
T pw+ucosf+vsing cHnel (CL) v cHaml conpotuenends (CDY) ot
(2 yroa arakd. PeayneTare 0DpaloTEH JaHHEIX
Beoga NOKANLHOE gucne  koaddrmmentor noreesmuodl canel (CL) w
ro CHAEL conpoTHeneHss (CD) ans kpsUosoro
= npoprng NASA-00Z]1  npaBefeHsl Ha

ORICTPONOIHOCTH U o TOUTYSHM, pHcyHke 4.
B[ usinfl—veos ] Ha pucyaxe 7 CONOWHEE —THAEHH

a =arct

Z+ucosl+ vsind 3) NOCTPOEHEl 10 NPHOIHEEHHENM  OpMyIan,

KOTOPBIE HMERT BH:

Jl'lll ONpeJeneHHd  ap0IHHAMHYSCEKHY Cl= — 0.00011-a3 + ﬂ_m23112 "

CHO  BBE&AEM COHHHYHEIE BEKTOPEL, KAk

0,0633a (7)
NOKATAHO HA PHCYHEE 3: f — enmHEMEBG
BEKTOP  CONPOTHRNCHHA,  HANpABNCHHL CD=  0,0005-¢2-0.002-c + 0,0129
B BEKTOPA OTHOCHTRNBHON CKOPOCTH W ()
€~ emmmanii BEKTOP NOTLEMHON CHIEL PoumD, kpampat — SKCHEpHMEHTAIRHEIE
HANPARNEHHE NepIeHTHEYISPHO My, AanHele, BIETEE W3 [6,7] Ans  npodumna
IMeMeHTApHLLE coctamnmonme  NVASA-0021.
AIPOIHHAMHYECKIX. CHI: Kak  mimmo, ®3  phicynka 7
a) nomLeMuas cuna npoduna: IKCIEPHMEHTANEHEE NAHHKIE NASA
B w2 AOCTATOMHO XOPOILD COTIAcYeTCa opMyaMu
R, =C, (ajp—hg, (Thu(8)
2 Beinn npoBeeHEL pacueTEl
(). pacnpeneneHis HHIVETHEHOH CKOpOCTH Ha
rie Cl(a) — kodupuuient DONeMHOR  poperpenuoli  cropose  TypOHHEL  3aTen
CiLIsL, b = LimHA XOpL npouLs, PACCHMTAHO — MOOE  CKOPOCTH  mepel
0) cuna canpom:uenm pranMojelicTRIeM  BOLTYIIHOTO NOTOKA ©
o= {a}}ihE TypOuHoil B nogeerpensoll cropone. s
B w (5). ITOT0  PACCHMTAHEL NOAE CKOPOCTH [OCHE

rie CD(a) - wxoopdumpent cuma "POXOMICHH  HameTpeHuoll  cropodm

cOnpoTHRNEHHA. JaTem praucaATed Ry, Ry TypOuHLL Henomeays STH JaHHLE GLNO
PACCHMTAHO  pacOpelefeHHe HHIYKTHBHOI

R, =1, (R, )+ p, (R, CKOPOCTH Ha NOABETPEHHOI CTOPOHE.

R, = nF"nrliRL}"' np‘l:u(Rn} (6)

Koohuupenta  Cl{a), CD{o) xax AT
dhopayIIE yraa ATAKH, ABIRKTCA - A ]
pelyneTaTaMH  OPOOVBOK — HCHONEIYEMOID
npoifias 108 HaYeHHd o B HeTepeane 00 - 4
3600. B pabore [6] AR onpelelcHHA ITHX 4 III||
koaipdHIHEHTOR NPEANArasTCd HCNONEIOBATE N F
pelyNbTATEl IKCHEPHMEHTI, NPOBEISHHOND B - h
nabopatopn  LMAL-NACA (CIHIA) ans ) Y P L
TPpeX CHMMETPHYHEX npodinedi, koTopeie ¥ ==y )
npisenedsl B Tabname 1 npanokesns 1 !
(NACA-D006, NACA-0012, NACA-0021).
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Pucymox 4. -  Koosdupuomenta
norkesHol cimbl CL # cHibl CONPOTHRASHAA
CD anx cHmserpiyHoro npodmns NASA-
0021.

Jna onpejeneHHs  Yrnosol  CKOPOCTH
ppaleHdA potopa Japke, OpH BoageHcTBHH
BETPOROID MOTOKR NPHMEHAEM Teopemy of
HIMEHEHHH KHHETHHECKOTO MOMEHTA
MEXAHHYEeCKOd cHeTeMel [6]. DTa BRpakeHHd
B KOHEeYHOH (popae HMET BHY

dL
=M+ M
dt ypié Z v {9],

rne Lz - KHHETHYECKHA MOMEHT
BETPOTYPOHHEL, COCTORIIMI B AHHOM Coy4ae
H1 Bama, wmaxa o paboweli  nonactH
OTHOCHTENRHD OcH 2. MTypd - pamarensHbii
MOMEHT, CO3JaBaeMElil paboYHMH NONACTAMH
TYpOHHE, KOTOPEEl ONPelenaics BO BTOPOM
paigene mamHoli paborel, Mi - soMmeHT
PAUTHYHEN CHII CONPOTHRISHEE.

Jna ryplsnae JTapee ¢ Qaysvs Opassive

JIOMECTAMHE HMESM:

]=£rjmi +17m, +rm,
3 (o),

rae r) - PACCTOAHHE OT OCH BPAIIEHHA
no nonacteii (0HO NPAKTHYECKH PABHO JIHHE
MAXOB), B - PANHYC BANA, NEPEIAKILErD
BpAlllcHHE FeHepaTopy WIEKTPHYECKOro TOKA,
ITM, [, B - COOTBETCTREHHO MACCH MAXOR,
nonactei, Bana BpANIEHHA.

Pasoleem  padouyiy  AONACTe  Ha
AEMeHTApHbIE TIOMIATEH dx,
COOTBETCTREHHO, Yron dif noa KoTOpsIM BHIHA
ITO IOMATKS, 09eBHIHO, BvIET paBHa

dx

£, sin B

dx = r, sin Bd6; (1),

roe df = 910 ANeMeHTApHRID  yron
nosopoTa Bokpyr oci OF, DOKphIBAEMELH
NOMACTER NPH NepeMelleHHl B NpOMeRyTRE
OT X a0 (x-+dx)

Jons BpeMeHi, IATPAHHBAEMAN HA OJIHH
0DOpOT OpH NpOXCEIEHHH anesenTa dxdz
paBHa

rd0 = Vdr =2 ¢ dr do=2%
T°* . T
do db
T 2z (12)

Bun I 7 TH 2015

Pucynok 5. — Cxematuuecknii Baj

MPOXOAIEHIA TpYOKH  TOKZ  uepel
AMEMEHTAPHYK  NIOWAAKY,  OMeTasMoii

MOBEPXHOCTH TYPOHHLL

PatHOCTE BpesMeHH BEIPATHM
2n db
= —=—
T di (13},
rae dfh — coDTRETCTEYET YIIY MOBOPOTA
paboueii nONAacTH OTHOCHTENRHO OCH Z I
npoMesyTOE BpeseHd di; T — sarpaseHHos
BPEMA HA OTHH 0DOPOT TYPOMHEL
Oreria cnenyer:

dt = ldﬂ = ! db
2n ©
B dopuyny (9)
MOTYHHM
di,
w——=M +5¥ M.
o OPTETg
Yrnopas CEOPOCTE BPALIEHHA TYPOHHEL
npH BO3AeficTEHH MHAKOCTH NOCTYnawmed
W1  THOPOHACOCA W MeHsomedca B

(14)

nogcrasae  (14)

TABHCHMOCTH OT paloTsl ApoCcoens
din
ln—=M +3¥ M,
da  ©P8 Y6

MomyueHnsle PeIVILETATE YHCASHHOND
pacyeTa
Dopuyny (16) annmeM B paIHOCTHOM
BiE
l,_L,'n-l-l —@"

roe

Mwﬁ=l:R|_ sina—R  cosar,

(17)




n+l

. (R sina—R,cosal, + ) M,
+
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3 Mei-Kao Liu, Mark A Yocke, and

el = i
few®
& [ﬂln] —-ﬂ. ]
roe ikl oW — COOTBETCTREHHO,
YrAOBEIE CEOPOCTH Ty]ﬁ“HH B MOMEHT

BpeMeHH nd] |in.

Takum obpazoM, oNpeieneHne YrIosok
CEOPOCTH @ OyAeT NpOIoGKATECA, MOKd HE
MOCTHTHET CROET0 EIHHCTREHHOID THAYEHHA.

PeayleTarel 3THX PACHeTOR NPHBELCHE]
Ha pucyHkax 6-8 npunosenna 1 (o I=0.5).
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Tatnmua 1. 3uwavenne woadpnunentor Co(oe), Cplo), DoOy4YeHHRE B XOOE OPOBEJEHHOID
sxcnepisenta B nmadopatopud LMAL-NACA (CHIA) mna Tpex cHMMETpHYHEIX npoduinei

(NACA-0006, NACA-0012, NACA-0021).

Kpbino ¢ npodunes NACA- Kprino ¢ npodines NACA- Kpbine ¢ npodunes NACA-
0006 0012 0021
o C, C, '’ C, C, o Cy C,
-2 0,15 0,007 -8 0,60 0,033 -2 0,15 0,012
0 0,00 00064 -4 0,30 0,015 0 0,00 0,010
2 0,16 0,007 -2 0,15 0,009 2 0,15 0,012
4 032 0,014 0 0,00 0,007 4 0,30 0,019
6 047 0,021 2 0,15 0,009 6 042 0,024
] 0,61 0,038 4 0,30 00155 . 0,58 0,032
10 0,72 0,070 6 0,445 0,0205 10 0,70 0,042
12 0,81 0,140 B 0,60 0,033 12 0,86 0,068
14 0,86 0,2 10 0,745 0,041 14 0,96 0,072
16 086 0,250 12 0,90 0.059 16 1,12 0,092
18 087 0,295 14 1.045 0,075 18 1,24 0,110
20 0,86 0,350 16 L2 0,06 20 1,37 0,140
22 0,835 0,360 18 1,32 0,119 222 1,38 0,192
24 0,83 0,396 20 146 0,142 222 1,31 0,210
26 0,825 - 22,1 L35 0,173 24 1,29 0,240
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28 0,822 22,1 1.20 0,262 26 1,22 0,290

30 D818 24 1.09 0,322 28 1.12 0,330
26 0,92 0,410 30 1.02 0372
30 0,89 0,430

Peay b TaThl 3THX PacyeTon NPHBEIeHE] HAa pacyHKax 6-8 (s =0 5).
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Pucyuok 6. — [padiiik 3aBHCHMOCTH VTI0BOH CROPOCTH OT NONOHEHHA TRiEyinelica pabowedi
NOMACTH NPH OTHOCHTENRHG MAN0H BennynHe [=0.5 1 Ge1 yyeTa cONpPOTHANEHHA Ha TYPOHHY.
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Pucynok 7. — [padHk 3aBHCHMOCTH YTI0E0H CEOPOCTH OT NONO#EHHA JEHE Vet pabowei

monacTd npe [=0.5 1 ¢ y9erom conpoTHENeHH Ha TYpOHEY 0,5%.
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Pucyuok 8. — Ipadiiik 3aBHCHMOCTH VII0BOH CROPOCTH OT NONOMEHHA RiEyinelica pabowedi
NOMacTH mpH =05 1 ¢ yeeToM CONpOTHRNEHRE Ha TYpOHHY 3%,

P.K. Manariaen, A.K. Tvaendeprenos, E.E. Canambaen, H.b. Kanracon,
C. A. bepranmesa, J1.C. Orerenon
Kasaxcknii HauponansHedi yHHBepeHTeT MM, Ank-Papabn, r. Anvate, Kasaxcras

HCCAIETOBAHHE HECTAIIHOHAPHBIX JHHAMHYECKHX XAPAKTEPHCTHE
BETPOTYPEHHLI JAPLE

Annoraund. Berep - sx0norH49eck YHCTRI HCTOUHHE 3Hepran! Bo Brex SK0HOMHYECKH
PAIBHTEIX CTPAHAX MHPA BETEP, KAK HCTOMHHE JHEPIHH, HAYMHHACT HIPITE JAMETHYI0 PONL B HX
aHepreTHdeckom Danance. HenpepeleHo paciiHpseTca NPOHIBOOCTEO W OPOEKTHPOBAHHE
pperTHBHLY BeTpoycTaHosok [1-6]. Tepputopis Pecnivimikn Kaaxcran HMeeT OrposHbili
BETPOIHEPTETHYECKHI NOTEHLHAN, 4T0, ecTECTREHHO, npeinoiaraer Gonkmoe Oyoymee s
NpHMEHEHHA BETPOIHEPTETHYECKHX ANNAPATOR B HAedl cTpade.

IROHOMHYHOCTE COBPEMEHHEIX BETPOTYPOHH ONpelenserTcs BennuHHol kospduipnenTa
HCMONEIOBAHKA JHEPIHH BETPA OT eNHHNYIHOH MNOMATH OMETAEMO MOBEPNHOCTH BETPOKONIECE
B BoIgyWiHOM notoxe. [lodTomMy HX KOHCTPYVHPOBAHME OTHOCHTCH K paapaly Hanbonee
HAYEOEMEOID NPOHIBOICTED.

B pabore paccMaTpHBASTCA MATEMATHYECKAS MOASNL HECTAUHOHApHOH paboTel
BEPTHELIEHO-0CeB0H BeTpoTYpOHHEL [Japse, KOTOPAA BPAAETCH 34 CYHET NeiicTBHE NOTEesMHOH
CHIOBl Ha EpeUoBOH npodmns pabodeii nonactw. B cratee npueeleHsl patpafoTasHad
MATEMATHYECKAY [OCTAHOBKZ 347848 M METOAMKA  pacyeTa Yool cropocTH
BETPOIHEPTETHHECKOTD YeTpoiicTea Japee npH BoafelicTRHH HAa Hero Haberainero noToka,
TAKE NOTYYeHHEIE PEIVILTATEL YHCAeHHOro pacyeta. [lo OpoBEJeHHLIM PACYETAM, HHHE
paspatoTaHHoll  METOOHEGH, DOOYVYEHEl JOCTOBEPHRE PEIVIETATHEL, KOTOPEIE  XOPOLIO
omiceBaeT gennky  Aenedds.  PaspaboTaHnas  MaTEMATHYECKAd MOJeNk, ¢ 4HCAeHHAR
pEATHIANAA W MOTYYEHHEE PEIVALTATEL MOTYT ObTe MONEIHEIMH 08 JATEHElMEro
YCOBEPIIEHCTROBAHKA MATEMATHYECKOTD ONHCAHHE OpodNeMel @ [OpH  OPOSKTHPOBAHAH
KOHCTPYEIMH BEPTHEATLHO-0CEREIX BETPOTYPGHH.

Kawuennle caoBa: BepTHkaibHO-0cepads peTpoTypiina [Japee, cTauHoHAPHEID NOTOK,
NOTBLEMHAR CHITL, CHIA AYPOTHHAMHYECKOID COMPOTHRNEHIA
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R.K. Manathayev, A.K. Tulepbergenov,Y.Y. Sandybavev, N.B. Kalassov, 5.A. Bergaliveva,

D.S. Otegenov
Al-Farabi Kazakh National University, Almaty, Kazakhstan

sandybaev 19906 mail.m

STUDY THE NONSTATIONARY DYNAMIC CHARACTERISTICS OF A ROTATING
WIND TURBINE DARRIEUS

Abstract: Wind - an environmental friendly source of energy! In all developed countries
of the world the wind, as an energy source, begins to play a significant role in their energy
balance. Production and design of efficient wind turbines is expanding continuously. The
territory of the Republic of Kazakhstan has a huge wind energy potential, it suggests a great
future for the use of wind machines in our country.

Cost-effectiveness of modern wind turbines is determined by the utilization of wind energy
by swept unit area in air flow. Therefore, their design refers to the category of the most high-tech
industry.

A mathematical model of vertical axis wind turbine Darricus non-stationary operation,
which rotates by the lifi action on the airfoil blades, is viewed in the paper. The mathematical
formulation of the problem and the Darrieus wind turbine angular velocity calculation method
during oncoming flow are developed. The results of numerical calculation are obtained. Reliable
results were obtained according to the calculations by the developed technique, which well
describe the physics of the phenomenon. The developed mathematical model, its numerical
implementation and the obfained results may be useful for the further improvement of the
problem’s mathematical description and vertical-axis wind turbines design.

Keywords: Darrieus vertical-axis wind turbine, steady flow, the lift force, air resistance
force

Manardaes P.K., Tvaendeprenos A.K., Cannwbaes E.E., Kanacos H.b., bepraanesa C.A.,
Orerenon [1.C.
an-Mapabi aTeiiars Kasag Yormek YVauseponTeri, Amatel, Kasakeran
sandvbaev 1990@ mail.ru

AHHAJBIN T¥PFAH JAPBE KEJ TYPEHHACKIHBIH OPHBIKChI3
JHHAMHEKAIBIK KACHETTEPIH 3EPTTEY

Awnmoranna. Hen — JKoNOrHANsE Taz sHepris kos! Hen dHeprus kel peTinie ANeMHIH
NAMBIFAH eniepidiy GapnuFRHLE Jepiik, ONapIsH SHepreTHEANLE SaNaHcEHA OPACaH 0P acep
eTyne. JHEProTHIMAL #el KOHIRPFEUIAPEIH ®o0anay Med sacay yIdikcis gasmyna. Kasakcra
Pecy0NHKACKIHEE TEpPHTOPHACKIHEH, Hel-3HEPreTHEANLE, NOTeHIHATE 30D, COHILIKTAH 13
EMiMIIIE Hen KOHABIPFEUIAPLIH NaiSananyIkH G0NAMEFel #apkeiH GOIMAK.

Kanipri #en KoHIBPFEUTAPEIHEY SHEPrOTHIMIIN aya AFRHBHID Hel KOHIREPFRICRHBIH
OpAFRITATHH OeTiHIM Diplik ayJAHRHAH K1 SHEPrHACEH Nafifanany  koa(HIHEHTIMEH
aHsiKTAna . Con cefenTi ne onapus sobanay kenl Felibivi eHber CiHIpyIl KaskeTCIHeTiH cana
o Tabk NIk

byn makanaga EYMBICIHIE KANTAKIIACKHEIH KAHATIUA OpodHIiHE 2CEp eTETIH KeTepyil
Ky ecebined afHANATEH BEpPTHEANR-OCT] Jlapse #en TYPOHHACKIHEIE CTAUHOHAD eMec
EYMBICKIHEIH MATEMATHRANRIE, MOIEN] KapacTuipeinrad. Hen arwnel acep eTked keateri Japoe
#el KOHIBPFRICEHLN OYPLIITLIE HBULIAMIBFEH SCENTEY AMICTEMEC] MACATRIHEI, CAHTILIE
CCENTEY HITHHENED] ANkiHALL TeMmeHle BacankHFaH aicTese GofkHINA HACANFAH SCENTEVIED
KOMErMeH KYORNBCTEH (HIHKACKIH HAKCHE CHOATTANTRIH HOTHMEISp ANHHILL JKacankHFaH
MATEMATHEANKE MOJENb, OHEH CAHILEK PEATHIANHACK MEH ANIHFAH HITHXenep KyDHNECTE
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MATEMATHEANLE —CHOATTAYILI OS3H 2pi  HeTUIIpYMEH KaTap, BEepPTHEANL-OCTI  #en
TYPOHHACKIHEIH KOHCTPYRIHACKIH HODANAYIA 18 THIMI HOMYEI MyMKIH.

MankI3Akl cOIep: BEPTHELIL - ocTi Japee #en TypOHHACK, CTALHOHAD AFLIH, KOTEpYILI
KYII, a3p0IHHAMHKATEIE KEIepri KyIITep
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