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Anomauis — poooma npuceauena poszensady npoodremu
nO0ANbUI020 B00CKOHANIEHHA AEPOOUHAMIYHUX XAPAKMEPUCMUK
cyuacHux nimanvhux anapamie. B pobomi 3anpononoeano
noOanbuLe BUGUEHHA MOHCIUBOCH N KOUEHO20 NEPEOKPUTIKA OA
Kepyeannsa RiONOMHOIO CUNOI0 KPUNA HA OCHO8L RPOBEOEHUX
Paniwe 00cnioxicens.

Knrouosi cnosa — konuenuii nepeoKpunox, aepoouHamiyni
XapakmepucmuKu Kpuia, HeCIayionapHa aepoounamixa.

l. Beryn

Boxe naBHO Bimommii edekT 0OqyBaHHS KpWila CTpPyMEHEM
MOBITPSI BiJ TBUHTA. AJie TBHHT MOKE OOIyBaTH JIHMIIC HEBEIUKY
YacTHHY KpHJa, 1 Kpyriia ¢popma mepepisy Horo crpyMmeHs He 3py4dHa
mo0 3acTOCYBAaTH EHEPTil0 CTPYMEHS Uil HPUPOCTY LUPKYILIIT
mBHAKOCTI HaBkono kpwia. Ili nqymku mpusenmu O. 1. Bonnmupesa,
IIPOBECTH EKCIICPHMEHTANIbHI JOCHI/KEHHS BIUIMBY KOJHMBHOTO
MepeKpUIKa Ha 3MiHY aepOIMHAMIYHUX XapaKTEePHUCTHK CHCTEMH
KOJIMBHUH TepeAKpuiIok-kpmio. B 1947 pomi Oyno moOymoBano
OpHTiHAIBHUIA JIiTaK, KU MaB Jy’e HeBENUKI po3mipu [3].

I1. TOCTAHOBKA ITPOBJIEMU

Ha croropHimHiil 1eHh aepoAMHAMIYHI XapaKTEPHCTHKH
TMTaJbHUX amapartiB, MIO JITAIOTh 3a MPHUHIUIAMH CTalliOHAPHOT
aepoAMHAMIKH Ta BHKOPHCTOBYIOTH KJIACHUHI PYLIMJIA, MOCTYIOBO
HAOIDKAIOThCS 0 MeXi JIoCKOHajocTi. BigHocHo 3HawHa
aepoAMHAaMiuYHa eKOHOMis HajuMBa JlTakaMd 3  KJIACHYHOIO
KOHIICTII[I€E}0 B OCHOBHOMY MOXe¢ OYTH MJOCSATHyTa 3aBJSKH
3aCTOCYBAaHHIO KpWia 3 JaMiHApHUM TMpodireMm, sKe Mae psg
Ba)XJIMBHUX HEJIOJIKIB Cepe]] SIKHX:

- PobGora B By3pKkOMYy Jiama3oHi
3aCTOCOBYIOUYHM HEBHMYIIICHE JIAMiHAPHE OOTIKAHHS.

- TpynHOIII KOMIIOHOBKH CHJIOBOT YCTAaHOBKH Ha KPWIIi 32
YMOBH BiZICyTHOCTI 11 IIKiZJIMBOTO BIUIMBY Ha MiCLIEBHH JIaMiHApHUI
MOTIK KPHJIa.

- JlamiHapHHMH NPUMEXKOBHH MIap OiABII CXMJIBHUH 10
Bi/IpUBY Ha BEJTHUKHX KYTaX aTaKH.

OuikyBaHa €KOHOMis TMalMBa Bl  3aCTOCYBaHHS
JaMiHAPHOTO KpHJIa Ha DPEriOHATPHOMY IaCaXHPCBKOMY JITaKy
ominroeTbes y 20 - 30% [1].

OnHuM i3 MOJANBINUX MUIAXiB CTBOPEHHS JITAIbHOTO
amapata 3 BHCOKOI aepoAMHAMIYHOK CKOHOMI€I TMajiBa €

KyTiB  aTaku

3aCTOCYBaHHS B HOro NPHHIMIAX MOJBOTY HECTalioOHapHOT

aepOoIMHaAMIKH.
I1l. OCHOBHA YACTHUHA

Bxoni mposenennx mocmimkens O. 1. BonmupesnM B

nmaboptopii  MOCKOBCBKOTO  aBiaIliIHHOTO  iHCTHTYTYy  OYJoO
BCTaHOBIIEHO [2]:

- 3i 30UIbIICHHSM BiJAHOIICHHS IIBUIKOCTI CTPYMEHS

HOBITPs, IO  BHIUTOBXYETbCS  IEPEIKPUIKOM IO

IIBUJIKOCTI He30ypeHOro MOTOKY 3pOCTae MaKCHMalbHUH
Koe(ilieHT MiIHOMHOI CHIM i KPUTUYHHMN KYT aTakd, Ha
SIKOMY JocsraeTbecst medl  koedimieHT. OKpiM  1BOTO
3pOCTAE MAKCHMAITbHE 3HAYEHHS aePOJMHAMIYHOI SIKOCTI.

- JloGoBwuii omip 31 3MEHIICHHSAM KyTa aTaKH MEepeXOJUTh B
CHUITY TSITH.

- 301iIbLIECHHS MaKCHUMAaJIbHOI'O KyTa BiIXWIEHHSA
MepeIKPUIIKA BiJHOCHO IOYATKOBOIO IOJOXKEHHS CBOET

XOpJIU 3MEHIIYE MaKCUMAaJbHUN Koe(illieHT MiIiHOMHOT
CHIIN.

- Ilpu posMmimeHHI XOpAM KOJHBHOTO MEpPEAKPHIKA Ha
OJIHII BHCOTI 3 XOPJOI0 KpHia 3aJeKHICTh MAaKCHMAaJIbHOT
HOIBUJKOCTI CTPYMEHS TOBITPS, [IO BHINTOBXYETHCS
HNEePEIKPIIKOM IIPH HYJIBOBIH IIBHIKOCTI HE30ypeHOTro
MOTOKY  Bill KITBKOCTI KOJIMBaHb TCPEAKPUIIKA MAa€E
NPSMOJIIHIMHY XapaKTepUCTHKY. 31 3MIIIEHHSIX XOpAU
KOJIMBHOTO IIEPEIKPUIIKY Bropy Ha 3 MM. IS 3aJIeXHICTh
OTIHCYETHCS KPUBOJIHIHHOIO XapaKTEPUCTUKOIO.

- 3i 30iNpIICHHSIM KIUIBKOCTI KOJHMBaHb IEPEIKPHIKOM
3aTpaTd  MOTYKHOCTI ~ Ha  Bajly  IEPEIKpHIKa
30IBIIYIOTECS, K 1 OYIKYBAJIOCH 3a KPHBOJIHIMHUM
3aKOHOM.

ExcriepuMeHTanbHi HOCHIKEHHS TOKa3aly, OI0 IpU
3MiHI TIOJIO)KEHHS TIEPEOKPUIKA 3MIHIOETBCS  3HAYCHHA

MIBUAKOCTI  CTpyMEHS  TOBITPs,  SIK€  BiAKHIA€THCA

MEPEAKPUIIKOM Ta BIATIOBIIHO acpOANHAMIYHI XapaKTEPUCTHKU
CHCTEMH KOJIMBHUH INepenKpuIoK-Kpuwio. HacTymHuM Kpokom
JOCIIJDKEHb BJIACTUBOCTEH KpHJa 3 KOJUBHUM IEPEIKPUIKOM
€ 3HAaxXOJ/UKEHHs HAMBUTIAHIIIOrO MOJIOXKEHHS OCi oOepTaHHS
I[LOTO MEPEAKPIIIKA BiIHOCHO Xopau Kpuia. s mporo Oyme
CTBOPEHO EKCHEPHMEHTAIbHY YCTAaHOBKY B SIKil IOJOXKSHHS
KOJIMBHOTO TIEPEIKPWIKA BIZHOCHO XOpOM Kpuia Oyze
3MIHIOBAaTHCS TIO OCSIM X Ta Y 3B’s3aHOI CHCTEMH KOOpaHHAT. B
XOIi eKCIIePHMEHTY Ma€ BH3HAYHTHCS TaKe ITOJOKEHHS
KOJIMBHOTO TIEPEAKPHIIKA, TIPH SKOMYy Oyae JocsraThcs
HalOLIpIle 3HAYeHHs IIBUJIKOCTI CTPYMEHs IIOBITpS, SKe
BIIKW/IA€TBCS ~ MEPEIKPHIKOM Ta MiHIMalbHE 3HAuYeHHS
J1000BOTO OOPY CHCTEMH KOJIMBHHIN MEPEIKPUIIOK-KPUIIO.
IV. BUCHOBKU

B crarti po3mIsHYTO BCTaHOBIEHI MOJIJIMBOCTI
KOJIMBHOTO TEPEAKPHIKA Ui KepyBaHHS IMiAHOMHOIO CHIIOIO
Kpuia. 3anmponoHoBaHHH HACTYIHUHI HanpsIMOK
eKCIIepIMEHTAIIBHIX JOCITi/IKEHb, TUTSt TIOJJATBIIOTO
BCTAHOBJICHHS BJIACTUBOCTEH pOOOTH CHUCTEMH KOJUBHUI
HEePeIKPHIOK — KPHJIO.
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This article give the results of investigation of the region of the
stabilized flow, namely the kinematic and dynamic characteristics
of the flow with the use of the laser Doppler anemometry method,
analysis of the existing laughter of laser Doppler anemometry, and
the most suitable schemes for this type of research have been
determined.

The use of laser Doppler anemometry (LDA) for solving
the problems of aerohydrodynamics has a great practical
importance. Such researches are devoted to a number of
works among which it is necessary to note the works of
Rinkevecius, Tolkachev and Raskovskaya.

A critical analysis of the existing schemes of Doppler
anemometry was carried out and it was established that the
most suitable is the differential scheme.

In these work, the use of laser technology to determine
the kinematic characteristics of the flow is considered.

At the same time, the study of doubly-connected regions
has not been studied sufficiently, which is connected with
the great complexity of this kind of research. Thus, the task
of conducting such studies is topical. In this work, we study
the kinematic characteristics of a flow in a doubly-
connected region in the region of a stabilized flow.

For the research, an experimental stand was developed
and created, in which the dynamic and kinematic
characteristics of the flow were studied. To study the
kinematic characteristics of the flow, a LDA was used,
operating in a differential scheme.

The created LDA consisted of a single-mode laser, a 26
mW Spectra physics design, a beam splitting unit that
consisted of a beam splitting cube and a prism, focusing
lenses, a photoelectron multiplier with a lens, a diaphragm,
a radiofrequency filter, a processor, a spectrum analyzer, a
milliammeter, laptop.

This scheme worked as follows: the laser emitter
generated single-mode radiation with a wavelength of 0.63
um, which was fed to the beam splitting cube. In the
beamsplitting cube, the laser beam was split into two
roughly equal beam intensities.

One of the rays hit the prism, the rays were fed to the
lens, which focused them to the point of interest being
studied. The radiation scattered by the particles was
captured by the photoelectric multiplier, amplified into
amplifiers. Radiofrequency noise was filtered out in a
radiofrequency filter and the signal was fed to a spectrum
analyzer, where its frequency was determined, which was
recalculated by the formula into the particle velocity on the
laptop.

In the interaction of coherent monochromatic rays, the
laser emitter at the intersection point was observed to
interfere. Observations were carried out using a microscope.
When particles passing through the interference pattern
passed through, scattered reflected laser radiation was
observed. This dispersion, as we known, is proportional to
the velocity of the particle passing through the point of
intersection of the rays.

The existing differential scheme of the laser Doppler
anemometer was supplemented. In this work, the emitter
and receiver of the laser radiation were at an angle to the
axis of the tube in which the flow velocity was measured.

The relative error was no more than 10% and is
associated with laser positioning.

The photomultipliers were supplied with a voltage of
3000 V. The pressure was measured with the help of sensors
from «Motorolax.

The flow past a cylindrical body and the distribution of
local velocities within the boundary layer of a streamlined
body was investigated. The thickness of the boundary layer
in the region of the stabilized flow is established.

The results of the investigation are of great importance
for determining the thickness of displacement of the
boundary layer of a cylindrical body.

To stabilize the flow, an overflow tank was used.
Working fluids were liquids subject to the law of Oswald de
Ville.

The results of the investigations are compared with the
existing particular solution of the Navier-Stokes equation,
which made it possible to conclude that the results of the
experiment and the calculation were convergent.
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Anomayia — B PpoOOTI PO3IVIAHYTO eKCIIePUMEHTAJbHE
JOOCIiIZKeHHST  podiiio B aepoAuHaMiyHiii Tpy0i mnpu
mBuakocrax 20, 25 Ta 30 wm/c. OtpumaHi iHTerpajbHi
aepoAMHAMIYHI XapaKeTPUCTUKH Yy Bapiaunii AJIsi YMTCOro KpuJa
Ta njas kpuiaa 3 npeaxkpuikom Kpiorepa. IlpoBeaena ouinka
epexTuBHOCTI muTKa Kplorepa sik 3aco0y ycyHeHHs (peHOMY
aepoAMHAMIYHOr0  ricTepesucy Ta  cnocody  30LIbILIEHHS
KPUTHYHOIO KyTa aTaKH.

Knwuoei  cnosa  —  aepoounamixa,  aepoounamiuni
xXapakmepucmuku  npoginw,  aepoounamiunuit  zicmepesuc
nepeons mexauizayis, wgumox Kprozepa.

1. Beryn

AXTHBHUI PO3BHTOK O€3MUIOTHUX JITAIBHUX amnapariB
(BIJIA) 3Mmymye [OCHITHWKIB IIYKATH HOBI  IIUIAXHU
BUpIIICHHS NHUTaHb 3a0e3Me4YeHHs] PiBHS OE3MEKU IMOJIbOTIB.
Benmukuii BIUIMB Ha Lel MOKAa3HMK MalOTh aepoOJMHAMIiuHi
XapakeTPUTCUKH  Kpwiaa.  HeomaHopasoBi  JOCHIHKECHHS
BJIACTUBOCTEH KpWJIa [OKA3aJl BHUHUKHEHHS CTaTHYHOTO
ricrepesrcy B  HOro aepoJuHaMIiUHHX XapaKTePHCTHKAaX.
Bnepuie ueit penomen 0yB 3adikcoBanuii me 1983 pomi [1].

He MeHm BaxJIMBHM IapaMeTpoM, IO Mae€ BIUIMB Ha
piBeHb ©Oe3nekW MOJBOTIB Ta BcemorogHicts bBIIJIA €
MaKCUMaJIbHUH KPUTHYHUA KyT aTaku Kpwia. Buxin Ha
3aKpUTHYHI KYTH AaTakd CYHNPOBOJUKYETHCS TII00AIBHUM
BiIpMBOM Ha BepXHilf HOBEPXHi KpHIa.

I'mobGanbHuii BipuB Ha Kpwii JitansHoro amapatry (JIA) -
Ile HeCcTAIWH BHXPOBHH TMOTIK KPYIMHHUX BHXOpiB B
rpajfieHTHOMY HoTomi. B pesynpraTi rnoGambHOTO BiIpUBY
CYTTEBO 3MIHIOIOTHCS ACPOAMHAMIUHI XapaKTEPUCTUKUA KPHIIA.
BigpuB NOTOKYy NPHU3BOAWTH OO BTPaTh KEPOBAHOCTI 1
crifikocti monboTy JIA. 3amobiraHHs Ti100a1bHOTO BiJPUBY
MOTOKY MifBHINye piBeHb Oe3mexkn JIA, 30inpmIye niama3oH
JBOTHUX KYTIB aTaku, CIpPUSE NMApUPyBaHHIO MOPHUBIB BITPY 1
MTOKpAIIlye YMOBH ITOJIbOTY B HECTAIliOHApHiit aTMOchepi.

n. IlocraHoBKa npoo6JieMu

[cHyIOTH pi3HI NpUYUHK HemnependaueHoro Buxony JIA Ha
KPUTHYHI KyTH aTakW, MMOMWJIKA IUIOTIB, BiIMOBa B CHCTEMIi
KepyBaHHS, MeXaHiYHa HECHPaBHICTh OpPraHiB KepyBaHHS,
30ypeHa artMocdepa 3 BEPTHKAIBHUMH IOPUBAMH BITpY,
00JIe IeHIHHAM, OTIaJaMHU.

Hezanexso Big NpUYUHH HeNepea0adyeHOTO BUXOIY
JIA' Ha KpUTHYHMHA KyT aTakd Ha CBHOTOMIHINIHIA JCHb
3aIMIIAIOTECS aKTyalbHUM IMUTaHHS 3axucty JIA Bing mporo
HeratuBHOIo sBuia. OcoONMBO el 3aXKUCT HEOOXITHUM IS
Oe3miyoTHUX JitanpHuX amapariB (brjla) y 3B’s3ky 3 ix
HEBEJIUKOIO Macoro Ta HEIOCKOHAIICTIO CHCTEM
ABTOMATHYHOTO KePYBaHHSI.

He MeHm axTyanbHOIO IIPOOJIEMOIO CHOTOAEHHS €
MOIIYK CTIOc00iB OOPOTHOU 3 TICTEPE3UCOM B acpOJHMHAMIYHIX
XapaKTEePUCTHKAX.

OmHUM i3 BapiaHTIB BHUpIOIEHHS 0UX TIPOOIEeM €
BCTAHOBJIEHHS TIEpEHBOT MeXaHi3allii Kpuia y BUTIISIL IHATKa
Kprorepa 3i miinuaOro. Lli mUTKM BCTAaHOBJIEHI Ha JiTakax
cimeiicTBa Boeing Ta pi3HMX BUHHUIYBaYax.

m. OCHOBHA YacCTHHA

[lepenus MexaHizamis Kpmia y Burisiai mmrka Kprorepa
Oyna BuHaliieHa HIMEUbKUM iH)XKeHepoM  BepHepom
Kprorepom me y 1943 pomi, micist poBeAeHHS BUNPOOYBaHb
B aepojuHaMiyHii TpyOi B I'bormHHTeMi. OHUM 3 IEpHInX
BUKOPHCTaHb B KOMEpIiifHii aBiamii Oyl0 BCTAaHOBICHHSA
mutKka Kprorepa Ha nitak Boeing 367-80, mo Brepiue 31eTiB
1954 poui. B korcTpykuii muTtka Kprorepa moxxnuBi Bapiarii
1 BUDJIAI HABHOCTI 200 BIJICYTHOCTI IMIJIMHU MiXK KPWJIOM Ta
muTkoM. Came BapiaHT KOHCTPYKIi 31 HIUIMHOIO € Oiibin
e(eKTUBHMM, OCKUIBKM Ha BEpXHId IIOBEpXHI Kpuia
YTBOPIOETHCS PO3PIIHKEHHSI, TO TMOTIK 3 HWKHBOI IMOBEPXHIi
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KpHJIa CIIPSIMOBYETHCS B LIUTMHY 1 BUXOIUTD 3 HEl 3 BEIUKOIO
MIBUJIKICTIO, 30yBalOYH IPUKOPAOHHHUIT IIap 1 3aTATYIOUH 3PUB
noToky [2]. Takum dYHHOM, 30LIBLIYIOYM KPUTHYHHU KYT
3BAITIOBAHHL.

JocnimkeHHss OyJio MPOBEICHO B JBOX Bapiallisix: YHCTE
KpHUIIO, TaK Kpmito 31 mutkoM KpOroepa 3 migHHOO.

ExcriepuMeHTH TpOBOIWINCH B aepoJMHaMiYHid TpyOi
YTA-2 HAY, sxa Mae HaCTyNHI 3arajibHi XapaKTepPUCTUKU:
YTAH-2 SIBIISIE coboro aTMocdepHy 3aMKHEHY
aepoAMHAMiuHy TpyOy MalMx MIBHAKOCTEH 3 BIIKPUTOIO
PpOOOYOr0 YaCTHHOIO EJNTUYHOTrO NepeTHHy po3MipaMu 750 X
420 MM i goexkuHOI0 900 MM. 3a audy30pOM pO3TAIIOBaHUN
BEHTWJISITOP, SIKUH TNIPUBOAUTHCS B OOEpTaHHS JBUTYHOM
MOCTIHHOTO CTpyMy MOTYXHICTIO 4 KBT depe3 cucremy
IUIABHOTO PETYJIIOBaHHS 4acTOTH oOepTaHH:, sika 3abe3reuye
HmiATpUMaHHs 'y poOodYiii YacTHHI aepoTpyOH MOBITPSHOIO
MTOTOKY 3 MOCTIHHOIO PeryIbOBaHO0 MBHIKICTIO 3,5 ... 30 m/c.
Konctpykiis TpyOu BuUKOHaHa 3 JepeBa Ta (haHepw,
BHYTPIIIHS MOBEPXHS MIMaKIhOBaHa Ta (papOOBaHa.

[Mapamerpu nocnimxyBanoi mozaeni kpuwia: b = 0,195m —
xopma mozeni kpwia; L = 0,305M — po3max Momemi Kpuia;
S = 0,0594m? — nuoma Mozeni kpuia; Ha koxHOMY 3 GOKiB
MoJieNni BCTaHOBJIEHI macTwHU BHcoToro H=0,15M. Ilepen
MPOBEJICHHIM EKCIEPHMEHTY OyJI0 MPOBEICHO KalliOpyBaHHS
Bar B JAiama3oHi Big 0-2 Kr A TprOX KOMITOHEHTIB. OTpuMaHi
pe3yNbTaTé 1O OAHIN 13 XapaKTepUCTHK, a caMe MigHOMHii
cwii mpu mBuHAKocTi V' = 25M/c mpuBeneni Ha Puc.2. fx
BUJIHO 3 pHC.2 YUCTE KPUJIO Ma€ CTATHYHUHN aepoJuHAMIYHHUNA
ricrepesuc.

[Ticnst mpoBeleHHsT eKCIIEPUMEHTY 3 YHCTHM KPUIJIOM, Ha
MoOJIeNb Kpuita Oyiio BCTaHOBJIEHO mMTOK Kprorepa, sikuit Mmae
HacTymHi Xapaktepuctuku: b = 0,065M - xopja IIUTKa;
r= 0,017M - pagiyc 3a0KpyTJICHHS ITePeTHHOT KPOMKH IINUTKA;
h = 0,004m- Bucora winuan. OTpuMaHi pe3ynbTaTH
M IHOMHOT CHUTH, JUIA Ti€l 5k mBHIKOCTI V = 25M/c TipuBeaeHi
Ha Puc.3. Ha npomMy pHCYHKY 4ITKO BHJHO YCYHEHHS
ricrepesucy B acpoAWHAMIUHIN XapaKeTPUCTHIIL.
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Puc.2 3anexHicTs KoedillieHTa MiIHOMHOT CHIIM Biji KyTa aTaKM JUIsl YHCTOTO
KpHIIa.
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Puc.3 3anexuicte koedilieHTa MIHOMHOI CHIIH Bif KyTa aTakd s
kpwia 3i mutkoM Kprorepa.

IV. BUCHOBKH

ITPOBEJIEHI EKCIIEPHUMEHTH TA OTPHMAHI OCHOBHI
IHTETPAJIHI AEPOJUHAMIYHI XAPAKTEPHCTHKH KPHIIA Y
BAPIAIIIAX JUIA YHCTOIO KPHJIIA TA KPHJIA 31 IJHTKOM
KPIOTEPA ITPH PI3HHUX HIBHJIKOCTAX 20, 25 14 30 M C.

BHKOPHUCTAHHA IIIHTKA KPIOTEPA 31 IUIHHOIO €
E®EKTHBHHM CIIOCOBOM 3BLUIBIIEHHA KPHTHYHOIO KYTA
ATAKH, PE3YIIBTATH JOCIILKEHD ITOKA3AJIH 3BLIBIIEHHA
KPHTHYHOTO KYTA ATAKH BUIBIINE HIDK J0 38°. II[HTOK
KPIOTEPA YCYBAE CTATHYHHH TICTEPE3HC B
AEPOTHHAMIYHHX XAPAKTEPHCTHKAX.
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Anomauyia — B CTaTTi 3anpPoONOHOBAaHO MeTOAO0NOriA
[OCNIAYKEHHA AMHAMIYHUX XapaKTEPUCTUK CUI0BOI YCTaHOBKMU
(CY) BnJ1A. B ocHOBi MeToA0/10rii 3aNPONOHOBAHO BUKOPUCTAHHA
eKCnepMMeHTaIbHUX NepexiAHMX XapaKTepUCTUK napameTpis
CY. [OnAa  OTPpUMAHHA  peanbHUX  EeKCNepUMEeHTaNbHUX
XapaKTepucTuk 6yno po3pobneHo creHp 3 iHdopmauiAHO-
BUMIpIOBa/IbHAM  KOMMJIEKCOM. 3a  [AONOMOrol0  CTeHAy
peanizoByBanoca ¢isuuHe MOAENIOBAaHHA Ta  OTPUMAHO
nepexigHi XapaKTePUCTUKU CUNOBOI ycTaHOBKU. Ha ocHoBi
nepexigHMX XapaKTepucTUK NobyaoBaHO MaTeMaTUUHY MoAesb
Ta OTPMMAHO AUHAMIYHI XapaKTePUCTUKU CUIO0BOIT YCTAHOBKM.

Kntouoei cnosa — cunosa ycmamoeka, OUHAMIYHI
xXapakmepucmuku, amMnainmyono azo-uacmomni
Xapakmepucmuxu

1. Bcryn

HeBin'eMHOI0O 4YacTHHOIO TIPOEKTYBaHHS IUIAaHEpa Ta
CHUCTEM KepyBaHHS Cy4YacHHX OC3MIOTHHUX JITAIbHUX
amapariB € CTBOpEHHA MaTeMaTHYHHX Mojeneil  ix
¢byHkiioHanpHuX cucteM [1]. HeoOxigHicTh BUKOpUCTAHHS
METOJly MOJICNIOBAHHA BH3HAYAETHCS THM, ILIO IMOTPIOHO
CIPOEKTYBaTH  CHUCTeMYy  KepyBaHHI  00’€KToM 3
ypaxyBaHHSIM JWHAMIYHHX  BJIACTHBOCTEHl  OCHOBHHX
(GYHKIIOHAIBHUX ~ CHCTEM. Takuii migxig #o03BOJISIE
JIOCJIZIUTH BIUTUB Pi3HUX (AKTOPiB Ha 00'€KT Ta po3poOuTH
cucTemMy KepyBaHHS, BiAIIOBIIHO 1o 3a]aHUX
xapakrepuctuk [2]. Cy4acHi NpHKIaJHI HaKeTH Hporpam
(3okpema MATLAB) naroTh MOMJIHMBICTE MaKCHMajbHO
peaJbHO TO eKCIICpUMEHTAJIBHUM JaHUM  BiATBOPUTH
BJIACTHUBOCTI Ta OCOOJMBOCTI MOBEMIHKU peanbHuXx BrJIA i
iX cucTeM KepyBaHHS B IIOJILOTI, HANPUKIAA: JAWHAMIKA
BrJIA, e(eKTUBHOCTI OpraHiB KepyBaHHs, TATOBHX
XapaKTEepUCTUK CUIIOBOT YCTAHOBKH 1 i1 iIHEPTHOCTI.

n. IocraHoBKa npoo6seMu

CuioBa YCTaHOBKAa SIBIISIETBCS OIJHHM 13  Ba)IIMBUX
eNeMEHTIB, a 1 JAWHAMIi4HI XapaKTePUCTHKH CYTTEBO
BIUIMBAIOTH HAa TUHAMIYHI XapakrtepucTuku briJIA B mimomy.
Bepyun 3a 0CHOBY BUMOTH [I0: MaHEBPEHOCTi, KEPOBAHOCTI
MaKCHMaJIbHO JIOIYCTUMOI'O MEpPEBAHTAXKEHHS, a TaKOX,
IUHAMIYHUX ~ XapakTePUCTUK  OpraHiB  KepyBaHHA -
3IIMCHIOETBCSI CUHTE3 CUIJIOBOI YCT@HOBKHM. SIK IpaBuWilo, B

BrJIA  3acTOCOBYIOTHP ~ TBHHTOMOTOpHI  pymii 3
BUKOPHCTAHHIM EJIIEKTPUYHOIO Ta OCH3MHOBOTO JBHUIYHIB.
3aCTOCOBYIOUM E€JIEKTPUYHHUHA JBUTYH, B SIKOrO Maia
IHEPTHICTh, MOPIBHAHO 3 OEH3MHOBUMH — JMHAMIuHI
XapaKTepUCTUKU  CHJIOBOI  yCTAQHOBKHM  3alieKaTh  BiJ
MOBITPSHOTO TBUHTAa, a caMe: KUIBKOCTI JIOTIATew,
TEOMETPUYHOI (OopMH JIOMATI Ta [AiaMeTpy TBHHTa. B
3B’A3Ky 3 [HMM, BHHHKAa€ HEOOXIAHICTH B JIOCIiIKEHHI
BIUIMBY T'eOMETpIii TBUHTA HA MUHAMIYHI XapaKTCPUCTUKH
CUJIOBO1 YCTAHOBKHU.

im. OCHOBHA 4YaCcTHHA

OTpuUMaHHS NEPeXiTHUX XapaKTEPUCTHK 3/IHCHIOETHCS
3a JIONIOMOT' 00 1H(OPMaIiiHO-BUMIPIOBAJIBHOTO CTEHLY IS
BU3HAUCHHS ACPOJMHAMIYHUX XapaKTEPUCTHUK MOBITPSHHUX
rBUHTIB (puc. 1.).

Puc. 1. Crenn mns  JOCHIIDKEHHS AepPOAMHAMIYHHX — XapaKTEPHCTHK
HOBITPSHHUX TBHHTIB

Jauuii cTeHm A03BOJIE MomenoBaTH BXimHmit WM
cUrHai Ta QikcyBaTH BUXIJHI CUTHAJM TSATH, PEAKTUBHOTO
MOMEHTY BiJ I'BHHTA Ta HOT0 00epTiB.

Jns excriepumenTy Oyno BuOpano nBa reuntH (APC MR
10x4.5 T1a GWS  8x4), pi3HUX TE€OMETPUYHUX
XapaKTEePUCTHK, SIKI MIMPOKO 3aCTOCOBYIOTH ISl MalUX
BrJIA (puc. 2).
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INM curaanom, peecTpalliss BUMipIOBATBHUX MapaMeTpiB 3
gactotoro 90 I'm Ta  QopmyBaHHS  HPOTOKOIY
CKCIIePHMEHTAJIBHUX JaHHX.
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Ta OTPUMaHHA TMepexXimHuX ¢QYHKOIA. 3a JOIOMOTO0
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Puc. 3. TlepexinHa XapakTepUCTHKA TATH CUIOBOI YyCTAHOBKU . .
Puc. 5. AMmmTynHO-(a304acTOTHI  XapaKTePUCTUKA  TATH  CHJIOBOI

. . YCTaHOBKH
Iepenarouni (yHKIIT peakTHBHOTO MOMEHTY Q CHITOBOI

YCTaHOBKHU 3 TBUHTOM «a» Ta «O»:

Iv. BUCHOBKH

Po3pobneHo MeTOOoMOriF0  TOCTIKEHHS JIAHAMIYHUX
XapaKTepUCTUK CHJIOBUX ycTaHOBOK bmJIA. Ha ocHoBi
CKCIICPUMEHTAJIBHUX JaHUX OTpHUMaHO MaTeMaTU4Hy
MOJEeNh Ta BH3HAYCHO JUHAMIYHI  XapaKTEPUCTUKH.



OTpyMaHi AMHAMIYHI XapaKTEPUCTHKHA CHIIOBOI YCTAaHOBKH
JIO3BOJIAIOTh ~ BUPIIIYBaTH HACTYIHI 3ajgadi: po3poOka
CHUCTEM aBTOMATUYHOro KepyBaHHs bnJIA, y3romxeHHs
XapaKTEepUCTUK CUIIOBOI YCTAaHOBKH Ta IIaHEPa HOCIS.
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Annomayusn - nosvluienue ypoeHs 030NACHOCMU NOEMOG
BIUIA, a maxyce ycmouuusocmu u ynpasisaemocmy sea1emcs
aKmyanvHoil 3adaueil. dmu 3a0auu pewaemcs UCnOIb308AHUEM
GUXPEAKMUBHBIX OP2AHO6 YNPAGIeHUe, d MAKIHCe UCNOJIb308AHUEM
HempPAOUUUOHHBIX GUXPEAKMUGHBIX NOBEPXHOCH €Il

KiaioueBble ci0Ba — BUXPH, IUIACTHHYATBIA TypOy.Jm3arop,
00JILIION yroJ1 aTaKH, HOCOBbIE 00beMHbIe BUXPHOOpPa3oBaTeIH.

1. IlocraHOBKa mpoo6JieMH

AxryanpHasg Tpo0iemMa H3Yy4eHHS a’pOJMHAMHYECKUX
XapaKTepUCTHUK B 3aKPUTHYECKOTO 00JIACTH M3MEHEHHS yIIIOB
aTaKW,HAYMHAE C KPUTUYECKOrO Yyria aTakd BIUIOTH 10
rmo0aJlbHO ~ BHXPEBOTO  OTphIBa  moToka.  HawmbGonee
5G(QEKTUBHO Ha  JIETHO-TEXHMYECKHH  XapaKTEepUCTHKaX
OKa3bIBaeT BIMSHHE HOCOBBIX BHXpeoOpazoBarenen. OHHU
MOTYT WCIIOJB30BaThCS ISl yIydlIeHHs OOTeKaHMs KpbLia
BIVTA u opranoB ympaeineHus. Hamu mocraBieHa 3amadu
ynydiieHusi ynpasiasiemoctd moaenu BIIJIA B wactu
MOBBIIIEHUS] YCTOIUMBOCTE M YIPABJIIEMOCTh C IMOMOIIBIO
BHUXPEaKTHBHOTO KpBUIa, CO3AAIONIer0 OOKOBYIO CHIIy C
NIPWIIOKEHNST OOKOBOW CHIIBI B IIEHTPE TSHKECTH. DTO CO3/AcCT
HOBBIN Kpac yIpaBiIIeMbIX BUXPEAKTUBHBIN IOBEPXHOCTEM.

. OCHOBHad 4YaCTHUHA

B nosete 3a kpbuUIOM Ha OOJBINMX YIJIaX aTaku 0Opa3yroThCs
KpyIHBIE IonepeuHble Buxpu. Ilo Mepe npoaBHKeHUs BIIEpe
KpBUIO 3aKpyunBaeT Bce HoBble Macchl Bo3yxa. B pesymnbrare
pacTeT KHHETHYECKash DSHEprust BCel MacChl BO3IyXa,
3aKpy4EeHHast KPBLUIOM. Kunernueckas DHEPrus
YBEIMUYUBACTCA 3a CYET pabOThl, KOTOpas OCYIIECTBISETCS
CUJIOHN, JIEHCTBYIOIIEH Ha BO3AYX €O CTOpOHBI Kpbuia. Ilpu
3TOM  BO3HHMKAaeT paBHA €if, HO  MPOTHUBOIOJIOKHO

HamnpaBlieHHas CWJIa PEaKlMU BO3AyXa Ha KpbUIO. DTy CHIIY
Ha3bIBaIOT BUXPCBbIM CO]'[pOTI/IBJ'IeHI/ICM.C IIOMOIIBIO
BUXPETCHCPATOPOB Ha nepez[Hef/'I KPOMKHU KpbLIa, Mbl COCAAcM
MIPOAOJIBHBIC BHUXPC , KOTOPBIC YHHUYTAKAIOT IIONCPCYHBIC
BUXPH.

MBI HCCIIeZIOBAIA COBPEMEHHBIE CpelncTBa OOpPBOBI C
MONEePEYHBIMH ~ BHXPSIMH U HOCOBbIE  OOBEMHBIC
00pa3oBaTeIN BUXPEU.

B xone m3yueHust ObUIO pellieHO 100aBUTH MOBOPOTHOE
KPBLIO, Co3/1ato11ee OOKOBYIO CHITY

m. BbBIBO/bI

[IpennoxxeHHass HOBas KOMIIOHOBKA  YIIPABJISIOIIUX
BXPEAaKTUBHBIX MOBEPXHOCTEU I CO3JaHHsI OOKOBOW CHIIBI,
4TO O0ecleYrnBaeT MOBBINICHHE MaHeBpeHHOCTH bBIIJIA B
MPOCTPAHCTBE,UTO OyAeT 3all{IaTh OT CBAIMBAHUSI Ha
3aKPUTHUYECKUX yIJIaX aTaKd U YMEHIATh YroJl PHICKAHUS TIPU
OOKOBOM BeTpe.
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