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PACYHETHAS OLUEHKA ASPOAMHAMMYECKUX XAPAKTEPUCTUK BIJTA
C BEPTUKAIJIbHbIM B3JIETOM

Paccmompenvt xapaxmepnvie ocobennocmu onpeoenenust aspoOUHAMULECKUX XapaKkmepucmuk 6ecnuilomHo2o
JIA ¢ sepmuranvHbiM 831€MOM. KpblIoM napauilomnozo muna. IIpednodcena memoouxa onpedeienus Kod@huyu-
eHmoe8 nodveMHou cuivl u conpomueienusi bIIJIA ¢ kKonvbyesbim KpbLIOM HA OCHOBAHULU NAHETLHO-BUXPEBO2O METO-
0a. Beinonnen ananu3 nusHUs NApamempos8 KOMNOHOBKU HA pACYemHble A9POOUHAMUYECKUE XAPAKMEPUCTIUKU.

Knioueevie cnosa: becnurommublii iemamenvhsiil annapam, aapoduHaMuttecxue xapakmepucmuku, Kojabyeeoe

Kpblllo, KOMNOHO6BKA, naHeJleo—euxpeeozl Memoo.

BeBepeHue

BITJTA c BepTHKaNbHBIM B3JIETOM — JIETATENbHBII
anmapar, KOTOphlii UMEeT CIIOCOOHOCTh B3JIETaTh M Ca-
IIUTHCST 0€3 B3JIETHO-ITOCAI0YHOM MOJIOCHI, IIPAKTUYECKH
BEPTUKAIIBHO.

CylIecTBEHHOE YBEIUYEHHUE HKCIUTyaTallMOHHBIX
BO3MOYKHOCTEH JIeTaTEIBHOIO ammapara JOCTUTaeTcs
IIPU peaju3alid BO3MOXHOCTH BEPTHUKAJIBHOTO B3JETA.
CoXHOCTh pellleHHs IOCTaBICHHOM 3ajayu MoATBep-
KJaeTcs TeM, YTO CaMOJIEThl C BEPTHUKAJIBHBIM B3JIETOM
CYIIECTBYIOT B €IMHUYHBIX SK3EMIULIPaxX, UX MOJIe3Hast
Harpyska CylieCTBEHHO HM)KE OOBIYHBIX CAMOJIETOB.

B03MO)XHOCTD BEPTHUKAJILHOTO B3JIETa MOXKET OBITh
peanr30BaHa TOJNBKO C IIOMOIIBIO OCOOCHHOCTEH al’po-
JMHAMHYECKOW KOMITOHOBKH, ITO3BOJISIFOLIMX JOOHUTHCS
CYIIECTBEHHOI'0 YBEIWYEHUS HECYIUX CBOWCTB, U 3TO
TpeOyeT NMpPOBEICHUS CEPbE3HBIX PACUETHBIX HCCIENO-
BaHUI 0COOCHHOCTEH a’pOIUHAMHYCCKON KOMIIOHOBKH
HecyIel CXeMBI.

B HameMm ucciemoBaHuM ObUTH M3Y4EHBI 0COOCH-
HOCTH ad’pOJMHAMHKH KPBUIbEB MAJIOTO y/THHEHHS
pa3nu4HBIX (OPM, BBIOJIHEHO PACUETHOE MOJIEITHPOBa-
HUE BIMSHUSA IapaMeTpoB Hecylledl cXeMbl — yIIMHe-
HUS, TONIIUHBI PO, GOpMBI Kpblia B IUIaHE Ha
a’POIMHAMUYECKUE XAPAKTEPUCTUKU HECYIIeH CXEMBI,
B TOM YHCIIE U C Y4€TOM CTpyH paboTaromero BHHTA.
[pennoxxeHa cxema onepeHusi, MO3BOJIONMIAs obecrie-
YUTh YCTOMUYMBOCTBH U yIpaBisgeMocTs JIA B MIHPOKOM
JMarna3oHe CKOpPOCTeH IoJeTa, yriloB aTaKd U CKOJIBbXKe-
HUSl, C TIOMOIIBIO NAHEIbHO-BUXPEBOI'0 METO/A BBIIOJ-
HEHa OIleHKa ero 3 ()EKTUBHOCTH.

Ha ocHoBanuu aHamm3a pe3ynbTaTOB MOJEIUPO-
BaHUS Pa3JIMYHbIX BAPHAHTOB KOMIIOHOBKH MPEIIOKEHA
kommoHoBka BIIJIA ¢ BepTHUKalbHBIM B3JIETOM, MO3BO-
nsromas peanusoBaTh ctapT BIUIA mpaktudecku ¢ Me-
cTa 0e3 NMPUMEHEHHUs! CIOXHBIX CHUCTEM YIIPABICHUS C
COXPAaHEHHEM BBICOKOI'O YpPOBHS JIETHO-TEXHHUYECKUX
XapaKTEepUCTUK — a3pOAMHAMHUYECKOro KauecTBa, Mak-
CHUMaJbHOTO K0d3(p(puIreHTa NOABEMHON CHIIBL.

[IpakTHyeckasi 3HAUMMOCTh BBIITOJTHEHHBIX HCCIIe-
JIOBAaHHUH 3aKIF0oYaeTcsi B C(OPMUPOBAHHBIX METOANYE-
CKHX PEKOMCHIANUAX I0 pa3paboTke OECHUIOTHOrO
JIA ¢ BepTUKaIbHBIM B3JIETOM.

AXTyaJbHOCTh MOE# paboThI omnpenenseTcs Heoo-
XOIMMOCTBIO PAaCIIMpPEHUs] JKCIUTYaTal[HOHHBIX BO3-
MoxkHocTet BIIJIA myTtem peanmu3aiuu BO3MOXKHOCTH
BEPTUKAJILHOTO B3JIETa IPH YCIOBHH OOCCIICUCHUH BbI-
COKOTO0 YPOBHSI a3pOJMHAMHUUECKOH 3()(HEeKTHBHOCTH
KOMITOHOBKH Ha peXHMaXx KpeicepcKoro mosera.

I'Ipo6neMb| mccnenoBaHMsA

1. HemocraTouHo MH(pOpPMAIMH O METOIAX pacue-
Ta a’pOAMHAMMYECKHUX XapakTepucTuk JLLA., yuuThiBa-
IONIMX BIHMSHUE paOOTaIOIIEeH CHIOBOW YCTAHOBKH.

2. HenocraTouno nH(GOpMaluu O BIUSHUUA CTPYH
paboraromiero BUHTa Ha a’poIUHAMUYECKHE XapakTe-
puctuku JI.A. ¢ KppUIOM MajIOro yAJHHEHUS.

Lens padorhl. Pa3zpaboTka METOAUKH B KOMIIO-
HoBKkHU BITJIA ¢ BepTHUKaIbHBIM B3JIETOM, C YYE€TOM BJIH-
SIHUS TTapaMeTpOB Ha €ro a’dpoJHHaMHUYECKUe XapakrTe-
PHUCTHKH.

Hayuynasi HoBu3Ha. Hayynas HoBH3Ha paOOTHI
orpeiessieTcss He0OX0AUMOCTBIO YCOBEPIICHCTBOBAHUS
CYIIECTBYIOIIETO HAyYHO-METOJUUYECKOro ammapara,
MIpeJHa3HAYeHHOr0 JUIsl pacueTa a’poJUHAMUYECKUX
xapaxrepuctuk BITJIA ¢ yuerom paboTaroUIMX BUHTOB.

3agaun. Co3qaTh pacyeTHbIE MOJEIH AJIS OLEHKU
BIIUSIHUS TapaMEeTPOB KOMIIOHOBKU C HCIOJIb30BAHUEM
BBIOPaHHOT'O METO/[a BEIYMCIIUTEIBHONW a3pOINHAMUKH.

BbImonHUTE pacder a’poAMHAMUYECKHUX XapakrTe-
PHUCTHK DPa3iIuuHbIX KOMIOHOBOK BIUJIA ¢ BepTukanb-
HBIM B3JIETOM, OIPEIENUTh Haubojiee IMPHEMIIEMBIH
BAapUAHT KOMIIOHOBKHU.

U3no)xeHMe OCHOBHOIO
MaTepuMana Mccne fOBaHMM

B kauecTBe HayaIbHON KOMIIOHOBKH U1 IpOBEIC-
HU TIPOCKTHOI'O IMOMCKa TMPUHATHI IapaMETpPhI I[I/ICKOOG-
Pa3HOro KpbUla MCIBITAHHBIE B XO/C I/ICCJ'ICL[OBaHI/Iﬁ

© Paxmaru 'acabex Axman, /I.H. 3unuenko, P.H. Yurpun
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MAMW Ha mnanepax «J{uckoran» u «Jluckomnan-2» [1],
MIOKa3aHHOM Hmke Ha puc. 1. [{ng onepaTUBHOMN OLIEHKU
KOMIIOHOBOYHBIX ~PEIICHHH HCIOJb30BaH TaHENbHO-
BUXpEBOM MeTo [2].

Puc. 1. DxcniepuMenTanbHbIN M1aHep «Juckorany

Pe3ysnbraThl TPYyOHBIX MCHBITAHHM, BHIIOJHEHHbBIE
JUId KpbulbeB Manbix yanuHeHudt B IIAI'M u npencras-
JIEHHbIE HIXKE€ Ha pPUC. 2 HAIJLIIHO JAEMOHCTPUPYIOT
O4YEeHb XapaKTEpHYI0 OCOOEHHOCTb KpblIa MaJioro
YIUIMHEHHSI — COXPaHEHUE MPAKTUYEeCKH 0E30TPHIBHOTO
00TeKaHUs A0 YIJIOB OONBIINX aTaKH.
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Puc. 2. Pe3ynbTaThl TpyOHBIX UCITBITAHUHN KPBUIHEB
MaJioro yAJIHHEHHUs OAMHAKOBOIO pa3Maxa

Ipu 3TOM Kpyrias ¢popma KpbUla OKa3bIBAeT CaMble
JIy4IlIie Pe3ysbTaThl U 00JIaaeT HAanOOJBIINM 3HAYEHHEM
MakcumanbHoro kadecrsa — KMAX = 4,6 en.

Jnst pelieHus TOCTABICHHOW 3ajaudl ObUT TPHHST
CIIEYFOUIMI TTOJXOJ — CHadaJla BBINOTHSACTCS pacyeTHast
OLIEHKA OCHOBHOW 4acTu Hecylled koMmrmoHoBKH BILJIA,
KpbUIa TUCKOOOpa3HOi (OpMBI C MaKCHUMAJIBbHON XOpIOH
paBHOW pa3Maxy M KpPyroBbIM 3aKOHOM pacIpeiesieHHs
Xop[ 1o pa3Mmaxy. Jlanee wccienoBaaock BIMSHHE TIOTIe-
peuHoro V Ha a’poqvHaMHYECKUe XapaKTEPUCTHUKH VIS
(opM KpbUia B IUIaHE, COOTBETCTBYIOLIUM HYJIEBOU CTpe-
noBuaHOCTH 10 oc X = 0, 0.25b, 0.75b. BHemmmnmii By
pacueTHBIX MOJIENIeH TTOKa3aH HIDKE Ha pHC. 3:

Puc. 3. PacuerHnle MOZECIN KPbUIBEB MAJIOI'0 YUVIMHCHUA OJMHAKOBOI'O pazMaxa

BHeninmii BU pacueTHBIX MOJIENIEH, CO3TAHHBIX st
OLICHKH TTOKa3aH HrkKe Ha puc. 4. [Ipu 3ToM npruHUMAIIOCh,
410 (hopMa KpbUIa B IUIaHE SBISIETCS JIMOO KPYT, OO 3JI-
JIUITIC € PA3IMYHBIMEA COOTHOIICHUSIMU CTOPOH:

Puc. 4. PacueTHple MOIEIH IS OLIEHKH
BIIMSIHUS TIOTIEPEUHOT0 V

B xozme mMarucTepckux McCieoBaHUN C TIOMOLIBIO
MaHENIFHO-BUXPEBOr0 METOJ]a TaKKe Oblila BBIIIOJHEHA
OLICHKU BJIMSHHS TOJIIMHBI TPOQHIed Ha a’poJuHAMU-
YeCKHe XapaKTEPUCTUKU KPBUILEB MAJIOr0 yIJIHMHEHUs. B
pacyeTHbIX MOJENSIX MNPUHUMAJIOCH IapadoInyecKoe
W3MEHEHHE TOJMIMHBI NpoQWiIs MO pa3Maxy, MpHU 3TOM
KOHIICBOH TPOQHIb MMEN OJMHAKOBYIO HYJEBYIO TOII-
IIMHY. 3HAY€HHs TOJIIMH B KOPHEBOM CEUYEHWH NPUHHU-
Mauch oT 9% 10 28 % xopasl. [Ipu 3ToM mony4deHo cy-
LIECTBEHHOE YBEJIHYEHHE JJ000BOTO cornpoTuBieHus. s
JIATTbHEHIIINX WCCIIEIOBAaHUN TIPHHSITO TMOCTOSHHOE 3Ha-
YeHue TOMIUHbI poduist — 12%., T.k. nanbHeiee yBe-
JIMYEHUE TOJIIUHBI KOPHEBOTO CEYEHMsI BBI3BIBAET CY-
IIECTBEHHOE CHIDKEHHE HECYIIMX CBOMCTB KpbUlia. B ka-
4yecTBe NMpoQWIsl HEHTPAILHOTO CEYESHHs KpbUIa MPUHST
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S-o0pa3ueiii podmie K-3, s 3aKOHIIOBOK KphbIla —
NACA4406.

ITo pe3ynapTataM pacueTHOW OIICHKH OmpeseicHa
KOMIIOHOBKa, HAWOOJice ONTUMAJIbHO COCIMHSIONICH
MIPEUMYIIECTBA KphlIa MaJlor0 Y/UIMHEHHS W BIIUSHHE
CTpyH paboTaroIIero BUHTa, — KOMIIOHOBKA C KPYT'OBOM
¢dbopMoii mepenHed KPOMKHA. BHEHIHHMI BUA pacyeTHOM
MOJIEJTH KOMITOHOBKH TIOKa3aH Ha pHUC. 5:

Puc. 5. Ucxoanas pacueTHas Moeib
U U1 OIICHKH BJIMSIHUS BO3IYITHOI'O BUHTA

Jnst Gonmee onTUMaibHOW pabOTHl BO3IYIIHOTO
BUHTA B PAacyUETHYIO MOJENb J00aBICHO KOJbLEBOE CO-

mass X=1,1

ga

mass X=1,3

€IUHEHWEe, OJHOBPEMEHHO BBINOJHSIIOMIEE CHJIOBYIO
¢yHkmoo. BHemHui BuA pacueTHOM MOJENH KOMIIO-
HOBKM TTOKa3aH Ha puc. 6.

Puc. 6. Ucxoanas pacueTHas MOieib
C a3POJMHAMHUYECKUM KOJIBIIOM

B nanpHeWmmx MccieaoBaHUAX BBHIIIOIHEHA OlCH-
KM BJIMSHUS paOoTaromel CTpyH, MacmTabHOro Kod3d-
¢unmenTa Mo ocu X. BHeNIHWI BHI pacuyeTHBIX Moje-
JIell KOMITIOHOBKHU IOKa3aH Ha puc. 7. Ilo pe3ynasratam
pacyeTHO# OILEHKU NMPUHAT MaclITaOHbIH KoddduireHT
OJIETU TI0 OCHU X, paBHBIM 1,2.

mass X=1,5

I

Puc. 7. PacueTHpie Mozenu Jist HCCIIeI0BaHMS BIMSHUS MaciTabHoro koadduimenra

Ha CJICAYIOHNIEM OTaIll€ BbINIOJHCHA pacy€THasd
OIICHKA BJIMSHUSA (1)}03enﬂ>1<a B Pa3JIMYHBIX IOJIOKCHHUAX,

LentpanpHoe Temo.
Macmura6 1

LentpanpHoe Temno.
Macmura6 0.5

MOKa3aHHas Ha puc. §:

WnTterpansHas
KOMITOHOBKA

Puc. 8. PacuerHble Momenu 1 UCCIACIOBAHUS BIMSAHUS (QrO3eisKa

JIs manpHEeHIMX UCCIe0BaHui ObUla TIPHHATA HH-
TerpajibHasi KOMIOHOBKA HECYILEro KOJbIa U (ro3ersnKa.

OOmmit BUA pe3yJIbTUPYIONICH a’pOINHAMHYESCKONH KOM-
nioHoBKH Mogenu BITJIA 6e3 I'O nokasan Ha puc. 9.
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Puc. 9. Pesynprupyromas kommnonoska 6e3 'O

B paGore Takxe Oblia BBHINOJIHEHA OLEHKA BO3-
MoxkHOCTH OanancupoBku BITJIA.
Jns aToro ObUIO CPOPMHUPOBAHO OIMEPCHHE B

BHJIC JIByX HE3aBHCHMBIX XBOCTOBBIX OAJIOK 3 KpeCTo-
00pa3HBIMH CTAOMIIM3UPYIONIUMHU ITOBEPXHOCTAMH,
nokaszanHoe Ha puc. 10.

Puc. 10. Pesynprupytomas komnoHoBka ¢ 'O

Pe3ynbrathbl

Bnusinue momnepeynoro V Ha a’spoJuHaAMHUYECKHE
XapaKTEePUCTHKU U1 (OpM KpbUla B IUIAHE C COOTBET-
CTBYIOIIUM TIOJIO)KEHUEM HYJEBOH CTPEIOBUIHOCTH IO

Cy(a) K(Cy)

—o—mogens Che_D2.C , =8%

c —e— woaEns Che_08, G

—o— woaenu Che_D2, G, <9%

ocu x = 0, 0.25b, 0,75b. moka3ansl HHXkE Ha puc. 11:
Pe3ysbTaThl HCCIEI0BaHMS BIMAHUS OOIYBKH HA a’3po-
JTUHAMHYECKHE XapAKTEPUCTUKA KOMIIOHOBKH TIPH IIO-
noxenuu ctpyu Ha X j= 0,75 b — 0,85 b — 0,95 b noka-
3aHO HIDKE Ha puc. 12:

sz(cyv)

o —¢— moaens Che_D2,C,, =9%;
moaens Che_|

wopent Che._|
—s— wopent Che_|

M —=— uopens Che_|

—*— moaens Che_|

—2— moaens Che_|

008

Puc. 11. Binsiaue opmbl KpbLia.
Pe3ynpraT naHenpHO-BUXPEBOIO METOA
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mogens  step_S_VJAR.IN

(ock ZNo 144 X0pALI, NPOERYUA YOZ - MOAND . KPYT (NOA BHHT) )

B=0;V =1.0: ——

B=021;V =11 ——X_ =075, —a—X_ -085; —X_ -085;
B-044;V =12 —s—X_ =075, —=—X_ -085;—=X_ -085;
B-068;V =13 ——X_ =075, ——X_ -085;——X_ -085;

Pe3ynbTaThl HCCIEIOBAaHMS BIMSHHSA Macmrtaba
KoJblia 1o ocu X (mass-X) U 00yBKH Ha a3pOIMHAMH-
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mopens step_5_WVIAR.IN

{ock z no 1/4 xopasl, npoekuna y0z - Mmognd . Kpyr (Nog BHHT) )

V=100 -
V=11

—t Xyp7 = 075 —— Xp = 0.85;

Wy=12: — X)p7=075; - X;p7 = 0.85;
Wy=13: —k X)p7 = 075 ; =% X)p7 = 0.85;

.05

.10

415

4.0

£0.25

.30

.35

Q.40

.45

.50

.55

.60

.65

42 00 02 04 0F 0B 10 12 14 16 15 20 22 24 26 23 30 32

Puc. 12. Biusinue ctpyn paboraroiero BUHTa. Pe3ynbraT naHeiapHO-BUXPEBOI'O METOIa

—+—mass_X =1.0;
—<+— mass_X =1.1;
—+— mass_X=12;
—=—mass_X =13 ;
—=—mass_X =14 ;
—— mass_X =15 ;
Cy
2
|
]
LA L
[T} o—epot
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o
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Pe3yJ'ILTaTLI HUCCIICA0BAaHUEC BIUAHUA ITOJTOXKCHUSA U
pasMepoB (1)1036.]'[5[)1(8, Ha aspOAMHAMHUYCCKHUE XapaKTe-

oL

YA

YECKHE XapaKTECPUCTUKU KOMIIOHOBKHU ITOKa3aHO HMKE

Ha pHUC.

13:

—o—mass_X
—s+— mass_X
—+— mass_X
—— mass_X
—=— mass_X
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Puc. 13. Biusinue MaciTaba KoJblia 1o ocu X. Pe3ynbTaT naHeabHO-BUXPEBOI'O METOIa

Cy

PUCTHUKH KOMITOHOBKH ITOKa3aHO HUXKE Ha pHUC. 14.
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PeByJ'IBTaTI)I pacueTa aSpOANHAMHUYCCKUX XapaKTe-
PUCTHUK MOAECIH C COIPSIKEHHBIM (1)IO3CJ'I)DKCM JUISL KpbI-
JIbEB C pa3jINuHbIM MacImTaboM 1o OCH X, MOJIOXKCHUEM

Puc. 14. BnusiHue nonoxxeHus U pa3MepoB ¢ro3ernsbka. Pe3yabraT naHeIbHO-BUXPEBOrO METOA

LIEHTpa MacC, ¥ KOHCOJBHBIMU KpPBUIbSIMH I10Ka3aHbI
HwKke Ha puc. 15. Onenka sddexTuBHOCTH OmEepeHus
IoKa3aHa Ha puc. 16:
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moaens Circus.in; Kpuino-anc;

—o—moaens ramxi.in; Ucxoanoe konewo;i =1.26
——wmoaens S_7_3_.in; Draensx srnay konwua; i = 1.26

——MoAens S_B_1_in; QK3IENAK MHTETPNDOBEH B KONLo (M, = 1);% = 1.26
—i—woaens S_8_2_in; Daens HHTErpUPOBAH B KONk (m, = 1.2); % = 0.94

=121 —— monens Circusin; Kpuno-auck n=127
—s—mopens ramed in; cxopHoe konbLo; 7 = 1.26
——wmopens S_7_3_in; Giosensx sunzy konbug; = 1.26

—s—Moaens §_&_1_n; ®loaenmx MHT erpHpOBaH & Konsuo (m = 1) 7. = 126
—i—Moen. §_8_2_in; GI03ensX WHTerpUpOsaH B KoMbo (m, = 1.2); = 0.04

—+—woaens S_8_3_.in; Monvan

(& ). =372 —s—mofiens $_8_3_in; Y_ =0 ; MoHas KOMNOHOBKa () 03BNMH+KOMLLO+KOHCONM); 7. = 3.72

—+—wmonens SC_8_3_inY_ =-R; MoAHaR KOMNOHOBKa (§103eNAk+KONLLIO+KOHCONM), 7. = 3.72

Puc. 15. BnusiHue KOMIIOHOBOUHBIX pellieHui. Pe3ynpTaT maHeaIpHO-BUXPEBOI0 METOIa
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Puc. 16. 6anancupoBka BIIJIA mMHTErpanbHO# CXEMBI.
Pe3ynbpTaT 6maHenbHO-BUXPEBOTO METOIA.

BeiBOAbI

Pacuemmnwiii oman STEP 1:

1. Boustaue V(z) mias monenei a, c, f, e. Yenuuu-
BaeT Ky,x, Ho AK=+10 u Hecymuii cBoiicTBa Kphlia npu
3TOM BCE MOJEIHM HEYCTOHYMBHEI U TPEOYIOT CTaOMIN3a-

C
LU T.K. (mzy > O) .

Pacuemnwiti sman STEP 2: (BMUsIHUE OTHOCHUTEIb-
HOU TOJIIIIUHEI)
1. YBenuueHne cMax CYIIECTBEHHO CHIDKAeT Kaue-

1
c1tBO K,ax MOTETH IS XA =0 (momemu Che D-2...D-8),

n sty k=0 (Monemu Ell D-2...D-8), Ho npu ¢,,,=12%
9TO CHW)KEHHE HE3HAYHTENILHO, YTO MOXKHO HCIIONB30BATh
TpH pacuéra NPOYHOCTH KOHCTPYKIIMH.

Pacuemneiti sman STEP 3: (BnusHue (opmbl
KpbUIa TIPH BUJIE CLIEPEIIH)

1. ®opmupoBaHue HeCylled MoJenu C HYJIEBOH
CTPEIOBUAHOCTBIO 110 OCH 4 XOpJ CYLIECTBEHHO yBe-
JIMYMBAET HECYIIHE CBONCTBA KOMIIOHOBKH B CPAaBHEHUH
C TUCKOOOPa3HBIM KPBLUIOM.

2. HanGonee BHITOJHBIM SIBISIETCS KOMIIOHOBKA C
HYJIEBOH CTPENOBUAHOCTBIO TI0 OCH % xopA u (op-
Moii kpyra npu Buue cuepenu (S 3 1) — ato obecre-
YUBAET TPUPOCT MAKCHMAaJbHOW MOJBEMHOW CHIIBI
B CpaBHEHHH C JUCKOOOpa3HBIM KpbUIOM Ooliee uem

B 2 pa3a. [Ipaktuyecku 0Ge3 moreps a’poAMHaAMHUYeE-
CKOTO KauecTBa.

3. Haubonee texnonorn4Hou siBusiercst hopma He-
cylied nmoBepxHocTtd Moaenu S 3 6, ¢ npsAMoil 3agHei
KPOMKOH, TTapaboinniyeckoi mpsiMoii KpOMKOH, chopMu-
poBaHHOM TO 3aKOHY Kpyra B 1uiockoctd YO0Z. Ilpu
5TOM HM3MEHEHHE a’POJMHAMHUYECKUX XapaKTEPUCTHK B
CpaBHEHMM C pe3yabTaTamMu Mmonenu S 3 1 He3Hauu-
TENFHOE, YTO MO3BOJISIET B JajbHEHIIeM (OpMHpPOBATH
KOMITOHOBKY BOKpPYT JTUCKa BO3/IYLIIHOI'O BUHTA.

4. Bce monenu ¢ yrioM crpenoBugHocty 0 mo ocu

. ¢
%4 XOpJl YCTONYHUBSHI T.K. (mzy < 0).

Pacuemnwiti sman STEP 4: (BnusiHue 0OJyBKH Ha
a9PONMHAMHMYCCKHAE XapaKTEPUCTUKH KpbLIa C HYJICBOH
CTPEJIOBUIHOCTRIO IO Y4 XOpIBI, C MOJIOKCHUEM CTPYH
BHHTA Ha Y4 XOpabI).

1. PacrionokxeHrne CTpyd BO3JYLIHOTO BHUHTA Ha
MIOJIOKEHUU Y4 XOpJIbl TIPU COOTBETCTBYIOIIEH HYJIEBOH
CTpPENIOBUAHOCTH U (opMe Kpyra B Bujae coepenu (Mo-
nenb bN600) HerenecooOpa3HoO, T.K. BIMSHHE 00TYBKU
Ha a’pOJMHAMHUYCCKHE XapaKTEPUCTUKH KOMIIOHOBKH
HETaTUBHOE — MPAKTHYCCKU HE U3MEHSETCS MOIbEMHAS

CHJIa, YBEJIMYHMBAETCS CONPOTUBIICHWE W HEYCTOHYH-
BOCTb HECYIILIEH MOBEPXHOCTH.

Pacuemnwiti sman STEP 5: (BnusiHue 0OJyBKH Ha
a’pOJIMHAMHMYECKHE XapaKTEePUCTHKH Kpblia ¢ (HOpMOii
B IUIaHE, COOTBETCTBYIONIEH Mojenu S 3 6, ¢ pazaud-
HBIM IOJIOKEHUEM CTpyH BuHTa 1o xopae — 0.75, 0.85,
0.95 xopmpl).

1. Hanbonee BBHITOMHBIM SIBISIETCS PACIIONIOKEHHUE
BHHTA B 3aJHEl 9acTH KpbUla KOMIIOHOBKU S 3 6. Ilpu
9TOM 4eM OJIM)KE pacIlONOKeH BHHT K 3alHEH KpOMKe
KpbuIa, TeM 3(dexTrBHEE BIUSIET CTPYSI BUHTA HA a’po-
JTUHAMHYECKUE XapPaKTEPUCTUKU KOMITOHOBKH, KaK 3TO
MOKa3aHo Ha puc. 12.

2. MakcumanbHOEe ~— 3HaueHWe  Kod¢duuueHrta
MOABEMHOW CHJIBI TIpU OOJyBKE KOMIIOHOBKH S 3 6
MOXeET ObITh Ooyiee 3-X EOUHUI], YTO COOTBETCTBYET
3Ha4eHUIO Cy yax U181 TPaHCIIOpPTHOTO camoneTa Mn-76 ¢
pa3BUTON 3-X mIeNeBON MexaHu3alued Kpblia B Ioca-
JIOYHOU KOH(HUTYPALHH.

)



Jlimanvui anapamu.: aepoounamixa, Cuiogi ycmarHosKku, 001a0HaHHs ma 030pocHHs

3. Bo Bcex pacdeTHBIX CIydasx pacyeTHas MOJEb
ycToifumBa.

Pacuemnwiti sman STEP 6. (MccnenoBanue Bius-
HUS MaciiTtada koibla mo ocu X (mass -X) ¥ 00 yBKH
Ha a’pOJMHAMHYECKUE XapPaKTEPUCTUKU KOMIIOHOBKH
MOJIOXKCHHE CTPYH BUHTA 110 Xopae — 0,75 Xopsr).

1. YBenudyenue Macirtada MOJCTH 1O OCH X TPH-
BOJIMT C YMEHBILIEHUIO €€ HECYIIMX CBOWCTB M YMEHb-
LIEHUIO YCTOHYMBOCTH, NPU STOM «PACTSATUBAHUE» I'e0-
METPHH 110 XOopAe B 1.5 pa3a SKBHBaJEHTHO CHUYKEHHIO
MaKCHMAaJIBHOTO KO3 QHIMEHTa MOAbEMHON CHIIBI Ha —
0,45 en.

2.1Ipn 3TOM H3MEHEHHE HECYIIUX CBOMCTB [0
my = 1,2 HE3HAYUTETHHO, YTO MOXKET OBITh HCIOIB30-
BaHO Juisi (hopMHpOBaHus oOIIeil Hecyleld KOMITOHOB-
KU, T.K. «pacTSATUBAHUE» TEOMETPHU 110 XOpIe TO3BOJIS-

€T TIOJTyYHTh JIOMOJHUTEIBHYIO IUIOMA/lh KPbLa.

Pacuemnwiti sman STEP 7: (MccnenoBanue BiUs-
HUS TIOJIOKEHUSI U pa3MepoB (hro3ensbka Ha adpojIuHa-
MHUYECKHE XapaKTEepUCTHKA KOMITOHOBKH. llomokeHue
cTpyu BuHTA 110 Xopzae — 0,75 xopapl. Macmirad mo ocu
X=1).

1. Haubomnee onTuMajbHOW C TOYKH 3PEHHS CO-
XpaHCHUS MaKCUMAJbHBIX HECYIUX CBOWCTB U MaKCHU-
MaJBHOTO  a’pOAMHAMUYECKOTO KayecTBa  SIBISIETCS
KOMITOHOBKA C (DIO3EJISDKEM, WHTErpajbHO CONPSHKEH-
HBIM C HIDKHEH ToBepXHOCThIO Kpbuia (S _7 3). Ilpum
5TOM B CPAaBHEHUH C UCXOJHOH KOMIIOHOBKOM HECYIIETO
konbiia (Mogenb RAmx1VJ=1) nogseMHas cuia mpax-
THUYECKH HE MEHSETCS, a MoTepsi MaKCUMaJIbHOTO 3Have-
HUS a9POIMHAMUYECKOT0 Ka4eCcTBa B CPAaBHEHHH C JIPY-
rumMu Bapuantamu (Mogenu S 7 1 m S 7 2) MuHU-
MaJIbHO BO3MOYKHASI.

2. Pacrionoxxenne ¢rozenspka Mo ocu Koibla (Mo-
nenmu S 7 1u S 7 2) ¢ aspoarHAMHYECKOW TOYKH 3pe-
HUS Hellesiecoo0pa3Ho, T.K. 3TO B 2 pa3a CHHXKAET Mak-
CHMaJIbHOE KauyeCTBO KOMIIOHOBKH.

3. Jlns pabouero mpoeKTHPOBAHUS 11EIeCO00pa3HO
BBITIOJTHUTh PacyeTHBIE UCCIEIOBAHUS MOJEIH C ONTHU-
MU3HPOBAHHBIM TOJIOKEHHEM (DI03EIIHKa OTHOCUTEIIBHO
Kpbllla, HaJMYMeM KOHCOJEW KpBhUIbEB U JBUTATENs B
KaHaJje KoJblia.

Pacuemnwrii _ oman  STEP 8:
BHerrHero Buna bITJIA).

1. IlpumeHeHne B adpOJUHAMHYECKOH KOMITOHOB-
Ke (ro3esbKa, OPUECHTHPOBAHHOIO OTHOCUTEIBHO JIU-
Hel TOKa U COMPSHKEHHOT'0 C HUM KpbLjia KOJbIIa MO3BO-
JISeT pean30BaTh CYLIECTBEHHON MPUPOCT MOABEMHOMN
CUIIBI Jake Oe3 BIWSHHSA CTPyW BUHTA. [IpupaiieHue

(DopmupoBanue

Ac =1,75 1O CpaBHEHHIO C MCXOJHONH KOMIIOHOB-

ymax
KOW JcKooOpa3Horo Kpbuia. CaMblil BBICOKHIA Pe3yiib-
TaT TMOKAa3bIBa€T BapHaHT C JOMOJIHUTEIBHBIMUA HECY-
MU noBepxHoct. S 8 3.IN.

2. Mogmens S 8 3.IN taxxke obecrieunBaeT MaKCH-
MaJIbHBIN YPOBEHb a3pOJMHAMHYECKOr0 KauecTBa Ooee
B 2 pa3a Oonbuie 3HaueHne K,.x U IUCKOOOpa3HOro
KpbUIa.

3. [IpuMeHeHre KOHIIEBBIX KPBUIbEB Uil HECYILEro
KOJbIIa JeNlaeT MOJEIb YCTOHYMBOM, TO3BOJISIIOIIEE TPH-
MEHHUTB HEOOJIBIIIOE TI0 Pa3MepaM M Maccoi OTepeHHeE.
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PO3PAXYHKOBA OLLIHKA AEPOAMHAMIYHHUX XAPAKTEPUCTUK BIJTA
3 BEPTUKAJIbHUM 3JIbOTOM

Paxwmari 'acabex Axman, JI.M. 3inuenko, P.M. Ywnrpun

Poszensnymi xapakmepui ocobrusocmi eusnauents aepoouHamivnux xapakxmepucmux Oesninommnoeo JIA 3 eéepmuxanvhum
31bOMY. MA KPULOM RAPAULYMHO20 Muny. 3anponoHosana Memoouxa eusnadents koegiyicumie niouomnoi cunu i onopy bIIVIA 3
KibyegUM KpUioM Ha NiOCmasi naneibHo-uxposo2o Memody. Bukonanuil ananiz 6niuey napamempise KOMIOHOBKU HA PO3PAX)-

HKO08I AepOOUHAMIYHI XAPAKMEPUCUKU.

Knrouogi cnosa: besninommnuii nimanvuuii anapam, aepoounamivii XapaKxmepucmuxu, Kilbyese Kpuio, KOMHOHOBKA, nave-

JIbHO-BUXPOBULL MEMOO.

ESTIMATED ASSESSMENT AERODYNAMIC CHARACTERISTIC UNMANNED AIRCRAFT
WITH VERTICAL TAKEOFF

Rachmati Gasabech Achmad, D.N. Zinchenko, R.N. Chigrin

The characteristic features of determining the aerodynamic characteristics of an unmanned aircraft capable of vertical
take-off, wing parachute type. The technique of determining the coefficients of lifi and drag with the ring-wing U based on panel-
vortex method. The analysis of the effect of the layout on the calculated aerodynamic characteristics.

Keywords: unmanned aerial vehicle, aerodynamic characteristics, circular wing assembly, panel-vortex method.
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