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Kpwurepiii panionanbHoro BuOOpy napameTpis 0e3MiJI0OTHOTO JIITATbHOTO
anapary Ha COHAYHil eHepril

En None of the existing characteristics of the aircraft does not give an
unambiguous answer to the question of the perfection of an unmanned aerial
vehicle on solar energy. For this reason, there is a real need for a generalized
evaluation criterion for aircraft of this type.

In the work the author proposed a criterion for rational choice of parameters of
an unmanned aerial vehicle on solar energy. The criterion allows a sufficiently
close analysis of existing and design variants of aircraft of this type, to choose the
most successful. The criterion combines a number of key parameters that have a
greater impact on the effectiveness of an unmanned aerial vehicle on solar energy:
the aerodynamic perfomance, the load on the wing, the speed of flight, the required
capacity for the flight.

On the basis of the analysis of the characteristics of existing aircraft with an
electric power plant and solar cells, quantitative values of the proposed criterion of
perfection were obtained.

Dependences of energy characteristics and geometric parameters of the wing of
the aircraft affecting the values of the criterion of perfection are obtained.

A comparison of the characteristics of a pilot-type pilotless aircraft on solar
energy (flying laboratory) has been compared with the most advanced and
advanced aircraft in this direction.

Ru [TpennoskeH  KpuTepuil Ui palMOHAJIBHOTO BBIOOpa HapaMeTpoB
OECHWIOTHOTO JIETATEIBHOIO aNlapara Ha COJHEYHOW YHEPIUH, YTO MO3BOJISET B
JOCTAaTOYHOM TNPHUOIMKEHUH aHAJIU3UPOBATh CYIIECTBYIOLUIME M MPOEKTHBIE
BapHaHTHI JIETAaTEJIbHBIX allapaToB JAHHOIO THIA, BBIOMpATh HanboJiee yJauHbIe.
[losydeHbl 3aBUCHUMOCTHM MEXAY DJHEPIeTUYECKMMH XapaKTEPUCTUKAMU W
reoMeTpUYeCKMMH TapaMeTpaMH Kpblla JieTaTesnbHOro anmapata. [IpoBeneHo
CpPaBHEHHME XapaKTEPUCTHUK OINBITHOrO oOpa3la OeCHUIOTHOIO JIETaTelIbHOTO
anrapara Ha COJIHEYHOM SHEpPruM ¢ HauOoJiee COBEPIIEHHBIMH U MEPEeJOBBIMU
JIeTaTeNIbHBIMU aniapaTaMy JaHHOTO HalpaBJICHUs..

Beryn

besninorauii mitansauil anapat (brniJIA) Ha constuniit eneprii (CE) siBnsie
co00I0 CKJIaJIHY TEXHIYHY CHUCTEMY MOOYI0BaHy Ha MPUHILUIAX TAPMOHIYHOTO
MOEIHAHHS 3HA4YHOTO MacuBy mapamerpiB [1, 2]. Koxen i3 mapamerpis
HEOJIMIHHO Ma€ BIUTUB HA PEIITY XapaKTEPUCTUK MACUBY, IPOTE CTYMiHb I[LOTO
BIUTUBY pi3HUM. KpiM 1bOro Ha OUTBIIICTh XapaKTEPUCTHK JITAIHHOIO amapary
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HAKJIaal0ThCsl OOMEXEHHsI 3 OOKYy TEXHIYHOTO 3aBJaHHS, ICHYIOUOTO PiBHS
TEXHOJIOT1H, crienu(iku eKcIuTyaraitii, (i3MIHAX MOXKIIUBOCTEH [3, 4].

VY 3B’513Ky 3 IpoOIEMOI0 MaJIOl HAsIBHOT €HEPTii JiTaka maHoro tuimy [3-5],
HEOOX1MHO 3a Oyap sKy LIHY 3HWXKYBAaTH MOTPIOHY MOTYXHicTh. HailOinmprm
JIIOYMil BapiaHT 1€ 3HIDKEHHS JTUHAMIYHUX XapaKTEepPHCTHUK, 30KpeMa —
MIBUAKOCTI MOJBOTY. Y CBOIO Uepry i JAOCATHEHHSI €HEPreTHYHOTO OanaHcy
[6] HEOOX1MHO JIITATH HE JUIIES 3a MaJUMH IIBUIKOCTSIMH, a W 3a MiHIMaJIbHO-
MO>KJIMBUM HaBAaHTAXXECHHSM Ha KpuJio [3].

OCKUIbKY KO/IHA 3 ICHYIOUMX XapaKTePUCTUK JITAIBHOTO anapaTy He Jae
OJIHO3HAYHOT BIJAMOBIAI HA MUTAaHHSA IIOJ0 JOCKOHAJIOCTI 3allpONOHOBAHOIO
Bapianty briJIA na CE, icHye moTpe0a B KOHKPETHOMY KPUTEPIi OLIIHKH.

ITocTanoBka 3agaui

Meroto naHoi poOOTH € BU3HAYEHHSI KPUTEPIIO palioHAIBHOTO BUOOPY
napameTpiB O€3MIJIOTHOIO JITAIBHOTO alapaTy Ha COHSYHINA €Heprii.

Pe3yabTaTH O0CaigKeHHs

He3Baxarouu Ha 3Ha4Hy 3J1THY Macy neBHHUX npeacTtaBHUKIB JIA Ha CE
(Solar Impulse 2 m, =2000xe, p = 7,5kec | M%), ix HaBaHTaXKEHHA HA KPHUIO HA
HOPSIOK HIDKYE HIXK y Tpanuiiiaux brJIA (puc. 1).
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Puc. 1. 3anexHicTh HaBaHTAXKEHHS HAa KPHWJIO BiJ 3JITHOI Macu IJs
brnJIA na CE ta tpaguniitaux briJIA
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[Tompu TexHIYHI CKJIAIHOCTI, OB’ 3aH1 13 peaizali€lo HACTUIbKU MalluX
3HaUYeHb HaBaHTaKEeHHs Ha Kpwio, brJIA na CE MaroTh 4iTKy mepeBary nepen
TPaIUIIHHUMHU €NEeKTPUUYHUMU JIITaJIbHUMH amapaTtaMu, MOB’S3aHy 31 3HAYHO
NEPEeBaXKaI0YOI0 TPUBATICTIO MOJIBOTY.

[lepeBary Bin Buxopuctanas brniJIA na CE mo)xHa OTpUMAaTH JHILIE IS
3a]a4 TOB’SA3aHUX 13 TPUBAJIUM TepeOyBaHHSAM y MOBITPi. Y IHIIUX BUMAAKaX
briJIA wa CE jns pilleHHs aHaJOTi4HOI 3ajJayi, y TOpPIBHAHHI 13
TpaguiiiauMu JIA, Oyne MaTy OUIbIII T€OMETPUYHI PO3MIPH Ta 1HII ITpoOIeMu
OB’ s3aH1 13 TabapuTamu.

Buxomsiun 13 ocoonmuBocteii briJIA na CE MoykHa BUAUIMTH HalBaroMiiil
napaMeTpu, Takl sK: 3/iTHA Maca m,, aepoJUHAMIYHAa JOCKOHANICTh K,

IBUJIKICTh MOJBOTY V , IOTOYHE CIIOKUBAHHS €IEKTPOCHepTii P, , IUIola Kpria
S, xoedimieHT KOPUCHOI Aii €HEProcucTeMH T, KoedillieHT MacoBOi Biigadyi
k
chopMyeEMO psIl  KIOUOBHX KPUTEPIiB B BUIMOBIAHOCTI JI0 HAIpPSMKIB
JTOCKOHAJIOCTI:

— 13 OOKy aepoJIMHaMIYHUX XapaKTEPUCTHUK — KOE(DIIIEHT aepoauHAMIYHOI

nockoHaioctl K ;
— 13 OOKy MacoBO-T€OMETPUYHHUX XapaKTepucTuk JIA — HaBaHTaK€HHA Ha

JUist aHamizy B3a€MOBIUIMBY Ta MOIIYKY KPHUTEPIHO JOcKoHajocTi JIA,

Mm.6.°

mO
KpUiao P =——;
S
— 31 CTOPOHM JUHAMIYHUX XapaKTEPUCTHK — MIBUIKICTh MOJLOTY V ;
— 31 CTOPOHM C€HEPreTUYHUX XapaKTEPUCTHK — MHUTOMA MOTY>KHICTb
cnokuBanHs enekrpoeneprii — W =—"_ 1e W — HeoOXiaHa IOTYXHICTb

0
JUISL 311CHEHHS TIOJIbOTY.

AepoauHaMiyHa JOCKOHAJIICTh € BIIACTHBICTIO, IO BHU3HAYAETHCS B
OCHOBHOMY T€OMETPUYHHMH TapaMeTpaMu, 301TIbIIICHHS 11 TO3UTUBHO BILJIUBAE
Ha XapaKTepUCTUKU OyAb-IKOTO JITAJbHOrO anapary. HaBaHTaxeHHs Ha KpHUIIO
HanpsMy TOB’S3aHEe 31 IIBUIKICTIO MOJBOTY Ta CIIOXUBAHHIM €JIEKTPOEHEPTIi.
3poCTaHHA MIBUAKOCTI MOJBOTY 3 OJHOrO OOKy 301IblIye e(EeKTHUBHICT
eKCIUTyaTallii, 03BOJIAE€ JOJIaTU 3HA4H1 BIACTaHI, BIANPAllbOBYBaTH OLIbIII
IO, a 3 IHIIOrO CHpHUSiE POCTYy eHeproBuTpar. [luToMa mMOTYXHICTH
CIIOKMBAHHS EJIEKTPOCHEPrii BKa3ye HAa EHEPreTUYHY JOCKOHANICTh JIITaKa,
MacoBy €(EeKTHUBHICTb HOro IuiaHepy Ta e(QEKTUBHICTh BHUKOPUCTAHHS
aepoJMHaAMIYHUX MOBEPXOHb 7151 po3mitieHHs CE.

Ockinbku ocobnuBocti JIA Ha CE 1e Hu3bKe HaBaHTAKEHHS HA KPUJIO —
10 10 kre/mM%, 3Ha4HA aepoOAMHAMIYHA JOCKOHATICTH — 10 40 OXMHHIb, HHU3bKA
UTOMa TOTYXKHICTh eHeprocnokuBaHHs — 7,5-30 BT/kr, HU3BKI MIBUAKOCTI
NOJILOTY, TO 3araJbHui KpuTepid aockoHanocti JIA wa CE wmoxe Oytu
cOopMOBaHU y HACTYITHOMY BHTJISAII (pHC. 2.)
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[IpoananizyBaBIIM XapaKTEPUCTUKU ICHYIOUMX JITAJbHUX amapaTiB i3
CJIEKTPUYHOIO CUJIOBOIO YCTAHOBKOIO Ta COHAYHUMH €JIeMEHTaMu OyJIl OTpuMa-
Hi KiIbKiCHi 3HA4Y€HHS 3aIIPOIIOHOBAHOTO KPUTEPiIo lockonanocTi K, .(puc. 3.)

Jnsa mopiBasHHg Ha psany 13 JIA wa CE Oynu Bu3HaueH! 3HAYCHHS
KpuTepito s cepiinux bnJIA 13 eneKTpUYHOI0 CHIIOBOIO YCTaHOBKOIO, IIO HE
MmaroTh CE.

SIx MOkHA OMITHTH i3 pHC. 3, 3HaueHHs K ms JIA na CE 3HaxomuThes y

Mexax 12-30 oauHUIb, NMPUYOMY HAWMEHINl 3HAYEHHS JaHOTO KpPUTEPIIo
HaJie)KaTh HAWOLIBII JOCKOHAIMM Ta TMEPeOBUM JIITAJIbHUM amnapaTram JIaHOTO
Hanpsamky (Solar Impulse 2 Bapricte npoekty 170 muH. moi.; Titan Aerospace
«Solara» Bapricte npoekTy 60 MuH. gou.;«Zephyr 7» Airbus Bapricts briJIA
5,6MJIH. 71011).
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Puc. 2. Cxema ¢popmyBanns kpurepito nockonanocti JIA na CE
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B cBoro uepry 3nauenns kpurepito K s JIA 6e3 CE nounHaioTbes Bif

110 omunuups, mo cyrreBo BiapizHsgerbes Bin JIA wa CE. Omxe
3aIPONIOHOBAHUM KPUTEPI JTOCKOHAJIOCTI € JOCTaTHhO OO0’ €EKTUBHUM 1 MOXKE
OyTH BUKOPWCTAHHI IiJl Yac OLIHIOBAHHS Ta BUOOPY MPOEKTHHUX MapaMeETpiB.
Minimizanis K 3a ymoBH 3a0e3MedeHHs BUMOT TEXHIYHOTO 3aBJaHHS € YMOBOIO

OTpUMaHHS €(EKTUBHOIO JITATBHOTO armapary.

Benuuuna norpeOHOi MOTYKHOCTI IOBUHHA HE MIEPEBUILYBATH BEJIUYUHY
HassBHOI TMOTYXXHOCTI (YMOBa eHepreTuyHoro Oanancy) [6]. JlaHa BenuunHa
3aJIeKUTh BlJI XapaKTEPUCTUK COHSYHOI €HEproyCTaHOBKHM Ta BijJ MapameTpiB
OopTOBOrO akymyssiTopa (3a oro HasBHOCTI). [licis koediieHTy KOpUCHOT Jii
COHSIYHOI €HEProyCTaHOBKH i1 TUIONIA € JPYTOI0 MO BAKIUBOCTI BEIMYUHOIO. Y
nepimoMy  HaOMIKEHHI  MOYKHAa  MPUHAHATHA, IO  IUIOMA  COHSYHOI
€HEProyCTaHOBKU MIPSIMO MPONOpLIiHA i MOTYXHOCTI. OCKIIBKU apXITEKTypa
COHSIYHOI EHEPrOyCTAaHOBKM 0a3yeTbcs 13 ypaxyBaHHSAM TE€OMETPUYHHX
XapaKTepUCTUK MPOMUCIOBOTO COHSIYHOTO €JIEMEHTa, BapiaHTH 1i pO3MILIECHHS
MalTh OyTH BpaxoBaHl IiJI 4Yac IPOEKTYBaHHS Kpuja, OCOOJMBO Yy pasi
dbopMyBaHHS BEJIMYHUH PO3Maxy, BUIOBKEHHS, XOP.

Jist  skicHOi Ta KUIBKICHOI OLIHKH B3a€MOBIUIMBY €HEPreTHUHUX
XapaKTEePUCTUK Ta TE€OMETPUYHHUX XapaKTEPUCTHK MapameTpiB kpuia JIA, 1o
OMOCe-PEIKOBAaHO  BIUIMBAIOTH HA  3HAYEHHS  KPUTEPIIO  JIOCKOHAJOCTI
o0y/I0BaHO BiJIMOBIIHI 3a1€KHOCTI (pHC. 4).
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Puc. 4. 3anexnicte motpionoi W Ta HasgBHOI moTyxHOCTI W

n
BiJ TUIONN Kpuiaa S JUIsl Pi3HUX WOro KoHQirypariit (pi3Hux
HOJOBKEHHSX A )

Toukun neperuny xpuBux W (S) Ta W, (S) BU3HAYaIOTh palliOHAIbHI

3HAYEHHS] EHEPreTHYHUX MapameTpiB ans Bapianty bmJIA 13 Bu3HaueHOIO
BEJIMYMHOIO BHJIOBXKEHHS Kpwia. I3 puc.4 3po3yminio, mo 30inbLICHHS
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BUJIOBKEHHSI KpHJIa TO3UTUBHO BIJOOPAa3UThCS Ha EHEPreTMYHUX BHUMOTAX
JITAILHOTO amapaTa. Y pas3i BUAOBXKEHHI Kpuia MeHiie 10 oauHULb OTpUMATH
e(eKTUBHUN JITaTbHUN amapaT Ha COHSAYHIN eHeprii crae mpoOIeMaTHYHO.
PeanizyBatn  BumoBxkeHHs Ounpmie 20  OOMHUIL — MOpOOJIEMATHYHO 13
TEXHOJOTIYHOT TOUKH 30py Ta 31 CTOPOHM 3a0€3MEUYEHHS KOPCTKOCTI/MIITHOCTI
KOHCTPYKIIli, Xoua B OyIb SKOMY BHIIaJKy BapTO OOUPATH MAaKCHUMAIIbHO
MOJKJIMBE 3HAYECHHS JAHOTO MTapaMeTpy.

Amnanizyroun xapaktepuctuku icHyrodoro bnJIA wa CE (puc.5.),
OTPUMAHO 3HAYEHHSI KPUTEPIIO, BEIMUMHOIO OnM3bKO 45 oguHuib. O4eBUIHO,
110 JaHa BEJIMYMHA NEPEBUILY€E 3HAUEHHS KPUTEPIIO I NEPETOBUX JITATBHUX
amapariB, nmpoTe HabaraTto HWkK4Ya 3a ioro 3HaueHHs mis JIA 6e3 CE. [lanuit
(aKT NOSICHIOETHCSI HACTYITHUMU (DaKTOpaMm:

[

k. —
. ]
K=10
K V,km/200
Ky ka’
k,=45
9
W=20
W=Bm/m.xe. P=K2/M.KG.
Koedhiyienm Haesanmasicenna Ha Kpuio
aepoOUHAMIYHOT AKOCHII K2
K~10 g o BR8_g
Kpurepiii 1ockonaocTi
npororuny bnJIA na CE
Bm
k, ~45
M-C
KM w Ry - Bm
V=20 W =20
200 Ke
I Isuoxicms nonvonry Hompeduna nomvocuicnin

Puc. 5. BiiuB  ocHoBHuX mnapamerpiB mnpototuny bmnJIA na CE
Ha KpUTEPiil TOCKOHATIOCTI
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[lo mepmie, TexHOJOTIi BHKOPUCTAHI S BHUTOTOBJICHHS MPOTOTHUILY
JajeKi J0 TEepeloBUX Ta CydacHHX. MarepiaibHa Ta TexHIYHa 0asa
dbopmyBanacs Ha TPUHIUIAX JOCTYMHOCTI (y TOMY YHCII €KOHOMIYHOi) Ta
TEXHOJIOTIYHOT MPOCTOTH. 332 JAHUX YMOB SKICTh a€pOJUHAMIUYHUX MOBEPXOHBb
Ta eexTuBHICTh cucteM bnJIA 3HAYHO MOCTYMA€eThCS HAUOUIBII TOCKOHAIUM
Ta TePEJOBUM JIITAILHUM araparaM JaHOTO HaMpsMKY.

[lo npyre, TexHiYHE 3aBAaHHA Ha MPOTOTUI BHUMArajio OTPUMATH
TpPaHCTIOPTAOENbHY, PECypCHY, TEXHOJOTIYHO TIPOCTYy Ta MaJorabapuTHy
KOHCTPYKIIit0, OCKUIBKH TIPOTOTHUIT MMOBUHEH OyB BUKOPHCTOBYBATHCS y SIKOCTI
JOCTITHOT JiiTaro4oi jJadoparopii. s )KUBYUOCTI TUTAHEPY JIITAIBHOTO amapary
Oynu 3aBUIIeH] KOe(DIl[iEHTH 3araciB MIIIHOCTI1 Ha MEBHI €JIEMEHTH KOHCTPYKIIIT,
10 3HU3UJIO MacOBY €(heKTUBHICTh KOHCTPYKIIIi.

BucHoBkn

3a pe3yJpTaTaMH MPOBEIECHUX POOIT BU3HAUEHI KPUTEPIi, IO y OLIbIIIN
Mipi BITMBalOTh Ha epextruBHICTh briJIA Ha CE.

CdopmoBaHo KpuUTEpidl AJid palioHaJIbHOTO BUOOPY mMapaMeTpiB Oe3Iii-
JIOTHOTO JIITAIBHOTO anapary Ha COHSIYHIN €Heprii, 0 J03BOJIAE Y TOCTaTHbOMY
HAOJMKEHI aHal3yBaTH ICHYIOUYl Ta MPOEKTHI BaplaHTU JITAIbHUX arapaTiB
JAHOTO THUIy, OOupaTH HaAMOUIBII BIall Ta BHU3HAYATH  HAMNPSIMKU
BJIOCKOHAJICHHSI.

OTpuMaHO 3aJIeKHOCTI €HEPreTUYHUX XapaKTEPUCTUK Ta T€OMETPUUYHUX
napaMmeTpiB kpuia JIA, 110 ornocepeKoBaHO BIUIMBAIOTh HAa 3HAUEHHS KPUTEPIIO
JIOCKOHAJIOCTI.

[IpoBeneno anamiz mnapametpiB icHytodoro bmJIA na CE (mitaroua
nabopaTtopis) Ta iX TOPIBHSHHA 13 HAWOUIBII JOCKOHAIUM Ta TMEpPEIOBUM
JITaJIbHUM anaparam JaHoro HamlpsMKY.
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