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BAJTAHCYBAHHSA TPAHCITIOPTHOI'O BECIIIJIOTHOI'O
JIUTAJIBHOI'O AITAPATY B ITPOLIECI IECAHTYBAHHS

BAHTAXY

The study is devoted to determining the characteristics of stability and control-
lability of the UAV, depending on the position of the center of gravity, on the
mode of engines operation and on the use of Gurnier shield. The parameters of
changes of the momentum dependence on the lift coefficient at different positions
of the center of gravity along two axes have been investigated.

The calculation model was investigated and calculated by means of Pansym
software. Origin and Excel were used to plot the graphs. Factors such as the repo-
sitioning of the center of gravity on different axes, the operation of the engines
themselves were taken into account, so a specific calculation model for the Pan-
sym program was created for each calculation. Having the calculation model, the
calculations of stability and balancing were performed using the software men-
tioned above.

The main result of the studies assumes that on the coordinates of the center of
gravity (X = 0,889) the indicator of the lift coefficient will be greater, so the UAV
will be balanced better. The UAV with the Gurnier flap is more stable, so the lift
coefficient relative to the momentum is relatively bigger. Due to the influence of
engine performance, at large stages the ratio of rotational speed in the screw disk
to the flow rate of the incoming flow is unstable. It can be assumed that the study
and this technique can be used to evaluate the stability and balancing of UAVS in
normal flight, as well as in the process of paradrop.

B crarne IIpoaHaJIM3UPOBAHbI HCKOTOPHBIC aCIICKTHI pacdyeTa a’pOoaArMHaAMH4cC-
CKHUX XApPaKTCPHUCTUK JICTATCIIbHOT'O allllapaTa B MOMCHT ACCAHTHUPOBAHHA C U3MC-
HCHHUCM IIOJIOKCHHUA LICHTPA TAXKCCTU CaAMOJICTA. HpI/IBCI[CHbI Fpa(i)I/I‘leCKI/Ie 3aBH-
CUMOCTHU U3MCHCHUSA A9POANMHAMUYCCKUX XAPAKTCPUCTHUK B 3aBUCUMOCTU OT pa6o—
ThI JBUTATEICH C M3BMEHEHHEM KOOpAUHAT LCHTPA TAXKCCTH. CI[CJ'IaHHBIe HeoOXx0-
JUMBIC BbBIBObI.

Beryn

Ha croronHimiHii JeHb PO3BUTOK TPAHCIIOPTHUX OE3MUIOTHUX JIITATbHUX

anapariB (BITJIA) € gocutb ctpimkum. BITJIA MOXyTh BUKOPHCTOBYBATHCS Yy
[IUPOKOMY CIIEKTP1 poOIT, MOYMHAOYH 13 arpapHUX 1 3aKIHIYIOYH PATYBATbHU-
MU OIepalisiMH Ta JECAaHTYBAaHHIM BaHTAXKY.

L KII im. leopa Cixopcokoeo
2 KII im. leopa Cixopcokozo
$ KII im. leopa Cixopcokozo
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Poszoin 2. M e x auHiKkKa

VY tpancnoprtHiit chepi BIIJIA maroTh Aesiki epeBaru HaJ| MJIOTOBAHUMU
JITaKaMH y MeXax, KOJIM HEOOX1THO JTOCTABUTH HEBEIMKUN BaHTax ad0 MpoBe-
CTH pATYBaJIbHY omnepauito. Hanpuknan, 11e cTocyeTbesi JOCTaBKH JIIKIB Ta HEOO-
XIIHUX TIpernapaTiB y BiajalieHi MicTedka dYepe3 reorpadiuHy oOcoOJMBICTH
MEBHOI KpalHH, OCKUTPKH OCTABIISATH MpemapaT Ha3eMHUM TPAHCIOPTOM € J0-
CUTh PHM3MKOBaHUM BapiaHTOM. 30Kpema, kommadis «Zipline» BHKOpHCTOBYE
CBO1 JIPOHM JUIsl IOCTAaBKHM TaKUX MpenapariB y BIAAJICHI MICTEUKa, IIPU LILOMY
BIUTA Takox necanTye BaHTax. Y KpaiHax €Bporneiicbkoro Coro3y ApOHHU J0-
ctaBisioTh nediopunsatopu (Iomanais, Kanana). Jleski kpaiHu BUKOPHUCTOBY-
10T BITJIA sk xyp’epiB mo6 moctaBut ToBap (CILHA, ABctpamis Tomo). [1],
[2], [3]- Y uboMy € cBOi nepeBaru HaJl HaJI3eMHUM TPAHCIIOPTOM 1 MIJIOTOBAHU-
MU JIITaKaMu, 30Kpema:

— 3amyck BIIJIA MoxHa npoBecTH y Oynb-sIKUil yac 100M 1 4ac MiATOTOBKY Ha
00CITyroByBaHHS 3HAYHO MEHIIIE HI)K TOTYBaTH MioToBaHUH JIA;

— BUTpayeHHU#l yac Ta 3arpaTu Ha BurotomieHHs BIIJIA 1 miaroroBky omepa-
TOPIB 3HAYHO MEHIIII;

— U1 I[bOTO HeMae moTpedbu maTH 31iTHY cmyry, BIIJIA Mmoxe, He mpu3eM-
JSIFOYHCh, ICCAHTYBATH HEOOXITHHUI BaHTaX B 3aJlaHy TOUKY.

BITJTA Ha chOro/HI € OJHUM 13 HAUTIEPCIIEKTUBHIMINX HANPSIMKIB PO3BHUT-
Ky aBialiiHoi mpomucioBocTi. 3aaTHicTh BIIJIA 3milicHIOBaTH JeCcaHTYBaHHS
BaHTaXy Y 3a/JlaHUX KOOpJWHATaX € HaJA3BUYaliHO MPUBAOIMBOIO BJIACTUBICTIO
JiTaka K KomepiiiiHoro mpoaykty. IIporte peamizariis eheKTUBHOrO TpaHC-
noptHoro BITJIA nmoTpeOye mpoBeaeHHs OCHTIKEHD 1100 BIJIUBY IMapaMeTpiB
KOMITOHYBaHHS JTITAJILHOTO arapara Ha aepoJWHaMivHI Ta JIbOTHO-TEXHIYHI Xa-
paktepucTuku. [lomyk epekTUBHUX KOHCTPYKIIMHUX PIIICHbh BU3HAYAIOTh aK-
TYyaJIbHICTh TEMH ITI€T CTATTI.

IIpobnemu: Tipu fAecaHTyBaHHI BaHTaXXy MOJIOKEHHS LIEHTpa Mac 3HA4YHO
3MIHIOETHCS, TAKOXK 3MIHIOETHCS OajaHCyBaHHSI CTIHKICTh 1 KepoBaHicTh BITJIA.

ITocranoBka 3amaui

MeToro Ta TOJIOBHOIO 33/1a4Y€l0 JaHOi CTATTi € JOCHIKEHHS XapakTepu-
CTHK CTIiKOCTI Ta KepoBaHocTi BITJIA y 3anexHocCT! Bif:
— TIOJIOKEHHS IIEHTpa Mac;
— pexumy poOOTH JBUTYHIB;
— 3acTocyBaHHS muTKa ['ypHbeE.

Po3paxynkoBi moaei

I'eomeTpuuna mozaens Oyna crpoekroBana y nporpami KOMITAC, micns
yoro Oyna IMIOPTOBaHAa Ta po3paxoBaHa y mporpami Pansym. JlocimigxeHHS
BIUIMBY MapaMeTpIiB KOMIIOHYBaHHS BHUKOHYBAJIUCh Yy mporpamax Pansym,
Origin, Excel [5].
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OcHoBHa po3paxyHkoBa Mojeib crpoekroBaHoro BITJIA 300paxkena Ha
puc. 1.
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Puc. 1. OcHoBHa po3paxyHKOBa MOJENb HocaimkyBaHoro bITJIA

Maroun naHy po3paxyHKOBY MOJIENb, 32 JIOTIOMOTOI BKa3aHOTO BUIIEC
MIPOTPaMHOT0 3a0€3IMeUeHHsI, MPOBOIAMINCH PO3PAXYHKH Ta JOCTIIKEHHS CTiH-
KOCTi Ta OanaHCyBaHHsA, TaKi fK 3aJ€KHICTh MOMEHTy 1o oci Z (M) Bix

KoedirieHTa MaHoOMHOT CHIIN (CY) 3a pI3HUX TOKa3HUKaX IeHTpa mac. JlaHi

KOOPJIMHATH 3MIHIOIOTHCS 13 MOMEHTY JIECAHTYBaHHS BaHTaxy, 00 13 JecaHTy-
BaHHSM 3MIHIOETHCSI LIEHTP Baru i cama Maca BITJIA, ToMy BpaxyBaHHSI 3MIHU
UX KoopauHat Ta BenuuuHu M, Bin Cy € 000B’SI3KOBUM €TaroM po3paxyHKiB.

Takoxx MOCHIIKYIOTBCS I 3aJ€XKHOCTI yIs muTKa ['ypHBE, OepyThCs 10 yBaru
PEXUMHU POOOTH JIBMIYHIB, a CaMe, 3ale)KHICTh MOMEHTY 1o oci Z (M) Bix

KoedilieHTa MIHOMHOI CHIIH (CY) Ha PI3HMX eTamnax BiJHOIICHb IIBHUIKOCTI
00epTaHHs y IMCKY FBUHTA BiJl LIBUAKOCTI HOTOKY, O Habirae (Ver ) [4].

VYce 11e € J0CUTh BILIMBOBUM 1 ITOTPEOY€E pEeTEILHOTO JTOCIIIKEHHS, 0CO0-
JIUBO KOJIM HEOOXITHO OIIHUTH 5Ky CcTiKicTh BIIJIA Oyme matu mim dac 3BU-
YaifHOTO MOJILOTY Ta Ti/I Yac IeCAaHTyBaHHI BaHTaXy. 3a3HaueHI pe3yabTaTH O-
narTbes naini. Po3paxyHkoBa MoJienb 13 peKUMOM POOOTH JBUT'YHIB 300pa)eHa
Ha puc. 2.
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Puc. 2. OcHoBHa po3paxyHKOBa Mojeib naociimkyBaHoro BIIJIA i3
pPEKUMOM pOOOTH ABUTYHIB

Pe3yabTaTu 10CTiTKEHHS

BiamoBigHo 10 momepenHhOro BUKIAIEHOTO MaTepialy Oyiau IpoBeAcHI
JOCJTIJPKEHHSI 3aJIEKHOCTI MOMEHTY 110 oci Z (M Z) BiJl KoediIieHTa MmiaioMHOT

cuin Cy , a came:

—  3aJCKHICTD IUX MMOKA3HUKIB BiJ PI3HUX KOOPAHHAT I[eHTpa Baru (puc. 3);
—  3aJCKHICTh THX CAaMHUX IMOKA3HHUKIB 13 muTKOoM ['ypHbBE (pHC. 4);
—  3aJCKHICTD I[UX MMOKA3HUKIB BijJ BIUIMBA poOOTH ABUTYHIB (puc. 5).

Kpusi 6amancyBauus (puc. 3), 11t KoopauHatu mneHntpa Baru (X=0,889),
JOBOJISIT, IO TIOKa3HUK KoedimieHTa MiTHOMHOI cuind Oyae OUThbIIMM, TOOTO
BIUIA 6yne kpare 30a1aHCOBaHHIMA.

AHalmi3yroun pe3ysbTaTd CTIHKOCTI Ta OamancyBaHHS (puc. 4), Gaummo,
0 MOKAa3HUK KOedilli€eHTa MiIHOMHOI CHIIH 31 MUTKOM ['ypHBE Oyze Kpammm,
ToMy Ha nmodatkoBux eranax bIIJIA Oyne Oinbin 30amaHCOBaHUM.

Pesynpratu crifikocTi Ta OanancyBaHHsS (pHC. 5), MPUBOIATH JO BHCHOB-
KiB, mo mokazHuku M, Bim Cy y 3amexHOCTI Bim mokazHHUKa Vjer CYTTEBO
3MIHIOIOTBCS Ha PI3HUX PEKUMax poOOTH ABUTYHIB. UnM OUTBIINN MOKa3HUK
VeT, THM TOKa3HMKA MOMEHTY Ta Koe(illi€eHTa ITiJIHOMHOI CHIIH 3MIHIOIOTHCS
O1bI HECTAOUTBHO.
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Puc. 3. JlocmipkeHHST 3aJIe)KHOCTI MOMEHTY 1o oci Z (Mz) Bil

KoedinicHTa maioMuoi cunu (Cy )
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Puc. 4. JlocmipKeHHsI 3a71eKHOCTI MOMEHTY 110 oci Z (M 7 ) BIJI
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KoedirieHTa maioMHOT CHIIU (CY ) 31 muTkoM I'ypHBe.
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Puc. 5. JlocmimkeHHs 3a1€KHOCTI MOMEHTY 1o oci M, Bin koedimienta

Cy 3a pi3HHX pexuMax poOOTH JBUTYHIB
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HaBeneni 3anmexHoCTi y BUIUIAAI TpadikiB JalOTh MOXIIMBICTH IPO-
aHaJi3yBaTU MOMEHTU Ta BU3HAUYUTH HACKUIbKM 30aJlaHCOBaHUU Ta CTIUKUU €
CIIPOCKTOBAHUM JTITAK.

BucnoBkn

VY Xonai BUKOHaHHS JOCIIIXKEHb, 3a JOMOMOIOI0 MPOTrpaMHOro 3abesre-
4yeHHs OyJ0 ompaiboBaHo OanaHcyBaHHS Ta cTidMkicTh BIIJIA mig yac moiasoty
Ta JICCAHTYBAaHHS BaHTAXY.

31 mutkoM ['ypHbe Ha moyaTkoBux eranax nonboty BIUIA € O6uibir cTii-
KUM, aJie 1Ie¢ HEraTUBHO BIUIMBAE HA MOAAJBIII €Taly MOJbOTY. Y MPOTUIEKHO-
My BHUIAQJKy Ha MOJAJNBUIMX €Tamax MOoJIbOTY (31 30UIBIICHHSIM IIBHJIKOCTI)
BITIA, naBnaku, Oyie OUTBII CTINKUM.

CTOCOBHO BIUTMBY POOOTH JBUTYHIB OyJIO MOKa3aHO, IO MPH OUTBIINX
BIJTHOIIICHHAX IIBUIKOCTI 00€pTaHHS JUCKY I'BUHTA JO MIBUJKOCTI MOTOKY, 11O
Halirae, TOCTIHKyBaH1 MOKa3HUKU HECTA01IbHO 3MIHIOIOTHCS;

BukoHaHH1 JOCHKEHHS Ta MOJAHY METOJMKY MOXHa 3aCTOCOBYBATH
JUIsl OLIIHKH CTiMKocTi Ta 6anancyBanHsi BIIJIA y 3BUyaiiHOMY MOJBOTI Ta MpH
JICCaHTYBaHH1 BAaHTAXKY.
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