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Anomayis—IIpeacraBiena kiaacugikanis IpoHiB — K BiliCbKOBUX TaK i HUBUILHHUX 32 BiINOBiTHMMHM KpHUTEPisiMH.
Iloxa3aHi 0,10K-cXeMH THIIOBOr0 0€3MiJIOTHOIO JIITAJILHOTO anaparty Ta iioro cuioBoi cucremu. [IpoanasizoBano siBuie
BUHHUKHEHHsI 00MiHHOI OTYKHOCTi B CCTeMaX *KMBJICHHSI €J1eKTPOTPAHCIOPTY Bil A:Kkepes1 MOCTiiiHOro cTpymy i KOHKpe-
THO B cCHCTeMIi ’KMBJIeHHs 0e3Mi10THOro JiTajbHOro anapary. IIpeacrasiieHa cripoleHa NPMHIUIIOBA CXeMa CHCTeMH JKMB-
JIEHHs1 IBUTYHA MOCTiiiHOro cTpymMy. BuBeeHo cniBBiqHOMIEHHS 1J151 BU3HAYEHHS BeJIMYMHU OOMiHHOI MOTYKHOCTi B CHC-

TeMi JKHBJICHHS.

Knrwouogi cnoea — opon; dezninomuuil 1imansHuil anapam; 00MiHHA ROMYHCHICHIb; eSIeKMPOMPAHCROpm.

I. Bcrvn

3a3Buuail, cHcTeMa JKHBIEHHS JApPOHY KaTeropii
«MIKPO», «MiHI» 9M «OJMH3BKOI BiICTaHI», 3T1iTHO KIIACH-
¢dikamii UVS international [1], sBmsie coboro Habip
3 DC/DC nepetBopioBauiB 3 MiKpOIIPOLIECOPHOIO CHCTE-
MO0 KepyBaHHs. J[>Kepenom »KUBJICHHS /sl TAKUX JIiTa-
JMBHUX arapariB, SK IMPaBUIIO € aKyMyJIaTOpHa OaTapes,
piame — manuBHI exemeHTH [2, 3]. B mpomeci momsoty
HIBUJKICTh OOCpPTaHHS IBWTYHIB € HEIMOCTIHHOM0, a ii
3MiHa 3aJIS)KUTh HE TUTBKU Bill 3MiHH IIBUAKOCTI OJIBOTY
YM HaNpsIMKY, a 1 BiJl IOTOJHUX YMOB, HAalIPUKJIaJl BITPY,
OCKITBKHM cHcTeMa cTabimi3amii IMMOCTIHHO BHPIBHIOE
npoH. Lle npu3BOaUTE 10 TOTO, IO CHCTEMA JKUBIICHHS
TAKOro anapary (pakTU4HO CYTTEBY YaCTHHY 4acy mepe-
OyBae B epexinnomy pexxkumi. [{e mpu3BoanuTh 10 MOSBU
3HAYHOTO BMICTy KOMITOHEHTY OOMIHHOI e€Heprii B cIo-
KHTIH 3 akyMyJsiTopa, sika B CBOIO 4epry, IiJBHIIyBa-
TUME BTPaTH, a 3HAYUTh 3HIDKYBATHME JAIbHICTh XOIY
6e3nizoTHOTO JiTansHoro amnapary (BIIJIA).

Buxopsuu 3 Bullle CKa3aHOIo, 3a7a4er0 JaHOI CTaTTl
€ aHaJi3 OOMIHHOI eHeprii B CHCTeMi YKHUBJICHHS IPOHY,
a TakoX (popMyBaHHS 3aXOMiB MO0 11 MiHIMI3aIIii.

II.  AHAII3 CUCTEMHU XXUBJIEHHSI

B nitepaTypi icCHy€ Jiesike HETOPO3yMiHHS MK TOHSIT-
TAMHU «IPOH» Ta «OE3MUIOTHUH JITANIFHUHA amapaTy, 1o
BUKJTUKAE MTUTAHHS, SIKE MMOHATTS BCE % HEOOXITHO BUKO-
pucroByBatu. Tepmin «J{poH» BHKOPHCTOBYETHCS JUIS
OUIBII IIMPOKOTO Kiacy OE3MUIOTHUX TPaHCIIOPTHUX
3aco0iB, sIKi 3alporpaMoBaHi Ha BHUKOHAHHS KOHKpET-
HOTO 3aBJaHHs B HOBITPi, Ha cymii abo mig Bogoto. Toxi
K «Oe3minoTHui mitaneHui anapar» (BI1JIA) Bu3zHaua-
€ThCS  SIK OE3MUJIOTHUN JIiTaIbHWM amapar, sSIKUd

BiIJAJICHO 1 MOBHICTIO KOHTPOIIOETHCS 3 1HIIOTO MICIIS
(3emus, 1HIIMH JiTak, KOCMOC) abo 3arporpamMoBaHHi
1 IIOBHICTIO aBTOHOMHMIA.

IcHyroTe pi3Hi Kputepil kiacudikanii IpoHIB Ta
BIUTA. 3a «cepenoBuIleM HPOKUBAHH» IX MOIUISIOTH
Ha:

e  JIiTaroui,

e  Ha3eMHi,

e  HAJBOJHI,

e  [MABOJHI,

e  |HIII.

Icuye Takox kiacudikamis BiicbkoBux BIJIA,

npuiiHaTa KpaiHamu-coro3aukamu HATO (Tabmums 1),
sKa B IEpIIy Yepry KaTeropu3ye amapaTd 3a po3MipoM

[4].

3a aHaJOTIYHUM KPHUTEPIEM PO3PI3HAIOTHCS TAKOXK
0e3miIoTHI JiTaNBHI anapaTH MUBLUIEHOTO TPU3HAYCHHS.
Haii0inbi BiqoMoro € kiacudikailisi Bke 3rajiaHoi opra-
Hizanii UVS international (Ta6muus 2) [1].

besminoTHa moBiTpsiHA cucTeMa, OJIOK-cXeMa SKOi
300paxxeHa Ha Puc. 1, ckiamaersest 3 TpOX 4acTHH [S]:

®  TIOBITpsIHA YacTWHA, BiacHe caM BITJIA,

° Ha3€MHa CTaHHiSI KEpyBaHHs, $SIKa MOXKC 6yTI/I
aBTOHOMHO0 200 KEPOBaHOIO JIIOANHOIO,

° CUCTEMa KCpyBaHHA, AKa 336631’[6‘{}76 3B'SI30K Ta
nepeaaqy JaHux.
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Kamezopin

TABIMLA 1 KIIACU®IKALLA BITJIA 3r1iiHo HATO

Tunose suxopuc-
manua

Tunoea éucoma no-
nvomy

Tunosuii padiyc
0ii (botiosuii pa-
oiyc)

ITionopaoxy-
sanun

Kimac IT

Bucotni  moBrorpu- HeoOMeKeHui I'enepanbuuii

BaJIi Crpateriuni / Ha- | no 65000 ¢yriB ey mrab (Koman- | Global

(High-Altitude LiOHAIBHI (19 812 m) . mup Tearpy 6o- | Hawk
JIAMOCT!I) o o

Long-Endurance) HOBHX Ailf)

CepeIHbOBUCOTHI . . O06'enHana ome-

. . mo 45000 ¢yriB | Heobmexenuit

JIOBTOTPHBAJI OmneparusHi / Te- (013 716 1) i, e | (e oeom patuBHa Tpyma | oo

(Medium-Altitude aTp OOHOBHX it oM MoDs AP ) (Joint Task

Long-Endurance) P il ? Force)

o — TakTUYHE yrpyImo- ?50 4861 SN?)OZa d)y;l: 200 kM (y 30HL Bonrana Hermes

BaHHSA HeM semi AP BHUMOCTI, paral 450

et i lerrL T e ) deenie 01 || e 45w (7 aoeh | Rom,  mhwm
po3nin  (py4Huit . . . Skylark
(< 150 xr) (<15 kr) e M) HaJ{ piBHEM 3eMJIi | BHAMMOCTI) JIEHHSI, B3BOJT
Mikpo** Tg:TiI;quz q:; 10 200 dyrie (61 M) | mo 5 kM (y 30Hi | Binginenus, Black
(<66 ) Eangcx) Py HaJ piBHEM 3eMITi BUIMOCTI) B3BOJ, Widow

*TIpumiTka: ¥ BUNAJKY, K110 Oe3iI0THA JTiTanbHa CHCTEMA 3HAXOJMThCA Ha 030POEHHI, EKCITyaTaHT OBUHEH BiNoBiaaTh kBamidikaism O6’eHanoi Micii, HaBenenum y ATP-3.3.7
(STANAG 4670), a cucteMa MOBHHHA Bi/IMOBIATH CTaHAAPTaM JIbOTHOI MPU/IATHOCTI, IPaBHIaM, MOJITHIL, I0TOBOPAaM Ta MPABOBMM HOPMaM.

**[Ipumitka: besninoTHi niTanbHi cUCTEMHU, AKi MAIOTh CTAH MAKCUMAIILHOI €Heprii MeHuuii 66 JIK, He MOXKYTh 3aBJIaTH 3HAYHOT LIKO/IM XKUTTIO 4H MaiiHy, i X He OTPiOHO K1ach(pikyBaTH Ta
PEeryJoBaTH 32 JIbOTHOIO IPHIATHICTIO, [IZATOTOBKOIO TOLIO, SKIIO BOHU HE 3/aTHI IEPEHOCUTH HebereyHe KOpUCHEe HaBaHTaKeHHs (BUOYXOBI PeYOBUHH, TOKCHHH, XiMiuHi/Gionoriuni

TABINLA 2 KTACU®DIKALLA BITJIA 3r11HO UVS INTERNATIONAL

Haspa ka- Manvnicme, Bucoma no- Tpusanicms
Maca, k2 nonvomy,
Teropu Km Jbomy, m
200UH
Mikpo <5 <10 <250 1
Mini <25/30/150 <10 150/250/300 <2
Bauspiof na- 25-150 10-30 3000 2-4
JIBHOCT1
Cepenpof 50 -250 30-70 3000 3-6
JaJIbHOCT1
Brcorui no- >250 >70 > 3000 >6
BrO-TpUBAII

Sk nmokaszaHo Ha Puc. 1, moBiTpsHA YacTHHA BKIIFOYAE
OOpTOBY CHCTEMY KepyBaHHS MOJBOTOM, OJIOKH SKOI
BUKOHYIOTh TaKi Ba)KJIMBI 3aBJaHHS, SK HaBIramis, ajaro-
PUTMU KepyBaHHs, 301p 1 aHaJI3 JaHKUX Y MOJIBOTI, 3B'SI30K
13 HA3eMHOIO CTAHI€I0 Ta iH. [HIIA BaXTMBa YacTHHA Lie
CHJIOBA CUCTEMA, L0 BKIIIOYAE JUKEpelia )KUBIICHHS, Pery-
JSITOp IIBHUJIKOCTI, Pi3HI NepeTBOpIOBadi, JBUTYH 1 ITpo-
nenep. Takox B cucTeMi NPUCYTHI HEOOXIIHI JaTUUKU
JUTSL IATPUMKH ABTOHOMHOTO MOJIbOTY Ta KOPUCHE HaBa-
HTa)XEHHs: O0OJIaJHaHH], HEOOXimHE Ui BHKOHAHHS
3aBJIaHb, TaKe SIK IPUBOIH, KAMEPH Ta paapH.

AreHTH TOIIO).

Binmemry wactuny xopmycy BITJIA 3aiimae cmiosa
CHCTeMa, BOHA )X € HaWOLIBLIMM CIIOXXMBa4e€M EHeprii.
Came BOHa NPHUBOAMTH amapar A0 pyxy 1 3abesmeuye
JKUBIIEHHS BCi€l OopToBoi TexHiku. Tunosa Giiok-cxema
CHJIOBOi YaCTHHHU TpeficTaBieHa Ha Puc. 2.

B sikocTi jKepena JKUBIEHHS! TaKOT CUCTEMH 3a3BH-
Yaii BHKOPUCTOBYETHCS aKyMYJISATOP, 0 SIKOTO i’ €THA-
Huil 1o DC-DC neperBopioBaya, KM B CBOIO Ue€pry
3abe3rnedye MocTiiiHe 3HaYeHHsI HaIlpyTH Ha BXO/1 iHBEp-
TOpA.

YacTo B sIKOCTI pyIIiiHOT CHuM I JPOHIB BUKOPHUC-
TOBYIOTH O€3LIITKOBI IBUTYHH MOCTIIHOTO CcTpyMy [6, 7]
1 JUIsl )KMBJICHHS] TAKOTO B CUCTEMI NPUCYTHIN iHBEpPTOD,
SIKMW Ha OCHOBI JIAHUX 3 IATYMKIB KOHTPOIIIOE IIBUJIKICTD
oOepraHHS.

B ny6unikanisx [8-10] onucano, o B elIEKTPOTPaHC-
MOPTi, IO JKUBUTHCS NMOCTIHHUM CTPYMOM, iCHY€ IpO-
OsiemMa HasIBHOCTI OOMIHHHX MPOLIECIB MIXK JDKEPEIOM Ta
HaBaHTaXeHHsM. Take sBHINE CIPUYUHIOE JOJATKOBI
BTpPaTH B CHJIOBUX KOJIAX CUCTEM >KUBJICHHSL.
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ILnardopma BILIA
/ BopToBa cHcTeMa KepyBaHHSI IOJIbOTOM

IIpouecopHmii 610K
opicHTOBAHHH Ha
BHKOHAHHSA Micii

IIponecopHnii 610K
KepyBaHHS
HOJBLOTOM

IpucTpiit
4l 30epexenna
AaHAX

Mopny.ri 3B'13Ky

Ha3zemna cTtannis
KepyBaHHS

epeio JKHBJICHHA

Komn'rorepn nis
MOHITOPHHTY Ta
KOHTPO.TIO

IIpucrpiit
30epemeHHs
JIAHAX

Besnpotosmii

3B'SI30K

Monyani 38'si3Ky

Puc. 1 Bnok-cxema tunosoro BITJIA

Inra

ocTiiftHoro

Haxepena | |TIeperBopropaui|

JKHUBJICHHA ' ] CTpyMy

= W 3

CucteMa KepyBaHHs
€HEProCIOKHBAHHAM

Puc. 2 Brok-cxema cusioBoi yactuau TrrnoBoro BITJIA

Ha Puc. 3 npointocTpoBaHi 4yacoBi giarpamu CTpymy,
HAaIlpyT'", aKTUBHOI 1 HEAKTHBHOT CKIIaJOBUX ITOTYXHOCTI,
II0 CIIOYKUBAKOTHCS 3 MEPEXKi ISl )KUBIICHHS €JIEKTPOBO3a
JE1. BuaHo, mo npu pi3kid 3MiHI peXuUMIB poOOTH
TSATOBUX YCTAHOBOK MPUCYTHS CYTTEBA CKJIaJ0Ba OOMiH-
HOi TOTYXXHOCTI B CHCTEMI EJIEKTPOJBUIYH-MEpexKa.
IToniOHi mporecu XapaxkTepHi NPaKTHYHO ISt OyIb-
SIKOTO €JIEKTPOTPAHCIIOPTY 1 MOB’3aHi 3 HAasBHICTIO 3Ha-
YHO KiJIbKOCTi PEaKTHBHHX €JIEMEHTIB B CHCTEMaX KUB-
JICHHSI, @ TAKOX YaCTOK 3MIHOI0 NapaMeTpiB HaBaHTa-
JKCHHS.

3a3HaueHi Bulle (HakToOpu 0COOIUBO MOMITHI B CHCTE-
Max >kuBieHHs BIIJIA. SIKmo po3risHYTH KIACHUYHY
KOHCTPYKIIiIO KBaJJPOKONTEPa, TO TAKUI JiTAIIbHUN ara-
paT MOCTIHHO MiJIAIITOBYETCS [T 3a0€3MCUeHHS CTii-
KOT'0 TIOJIOKEHHS 110 TPHOM KOOPAMHATAM, LI0 peaizy-
€TBCS 32 JOTIOMOTOI0 3MIHM IIBHJKOCTI 00EpTiB mporme-
JepiB, a BIONOBIZHO 1 HBUTYHIB. Takuil HpUHIUI

Iugepton |1 BLPC _’jr
PTOP 1 — JBurys |: vV
r s E
PerymroBaHHS .
MIBHIKOCTL

sy CUTHAITH KEPYBAHHS

=s=sup 36ip HaHHX
s [JoTiK eHEpTii

MPU3BOJUTS JI0 TOTO, IO 3HAYHY KUIBKICTB Yacy crucreMa
JKUBJICHHSI 3HAXOJIUTHCS B IEPEXiHOMY DPEXHMI, IO
JIOJIATKOBO 30UIBIIy€e TepeTiKaHHsS OOMIHHOI MOTYXHO-
CTi.

III. OBMIHHA EHEPI'IS B CUCTEMI JKMBJIEHHS JJPOHY

Jlist npukitagy aHanisy OOMiHHHUX ITPOLIECIB B CHCTEMI
skuBnienHs: BITJIA oOpanwuii nmepeTBoproBay Ha 6a3i MOHU-
xytogoro LTI, HaBaHTaXeHUH ABUI'YHOM IOCTiHHOTO
ctpymy. Cxema 3amimieHHs Takoro mkepena (Puc. 4)
MicTuTh B €001 akymyisitop GBI ta Horo BHyTpimHiN
omip R1, a Takox cxemy 3aMillleHHsI IBUTYHA, sIka CKJIa-
JIAa€ThCS 3 IHIYKTUBHOCTI SIKOPSI, OTO OIopy Ta jpKepesa
3BOPOTHOI HAIIPYT'H.

3HavyeHHs aKTHBHOI MOTYXHOCTI, SIKa CIIOKUBAETHCS
JBHT'YHOM MO>ke OyTH pO3paxoBaHa BUXOAAYH 3 CEPEIHIX
3HAYEHb HAIPYTH 1 CTPYMY aKyMyJIsITOpa:
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Puc. 3 EnexTpoTpaHCIOpT: 4acoBi AiarpamMu

R1 L1 La Ra

GB1 c1 =]
= A VD1

1|

Puc. 4 Cnpoiena cxema xuBieHHs aBuryHa BITJIA
P=E,,,
ne la — cepenHe 3Ha4YeHHsS CIOXHMBAHOIO CTPYMY
1.
1, = Fla (¢)dt . B noganpimumx po3paxyHKax MPUITYIICHO,

1110 HaNpyra aKkyMyJIaTopa He3MiHHa.

3HayeHHs OOMIHHOI TOTYXXHOCTI BHpPaXaeThCs, SK
PI3HHMIIS TOBHOT 1 aKTUBHOI ITIOTY>KHOCTI:

q(t):Eaia(t)_Eala' 1

3 aHaNi3y cxeMH Ha puc. 6 BHBE/IEHA YacoBa 3aJex-
HICTb CTPyMy aKyMyJIsiTOpA:

i (t)_ Eat L;zl;z(t) lﬂ(t)lz}lt Eﬂt R (2)
a
R1t+Ll

ne I, — ctpyM sikops IBUTYHA.
3BijcH, 3HaYCHHS OOMIHHOI MTOTYKHOCTI B JaHIN CHC-
TeMi:
E t—L,i,(t)—i,(t)R,t—E t
R, t+ 1

TakuMm dYnHOM, 3HAYeHHS OOMIHHOI MOTY>KHOCTI
B JIaHIN{ cUCTEMI:

‘I(t)zEa _Ea]a' (3)

Et—L,i,(t)—i, ()Rt —Et
R, t+1,

q(t)=E, —E,.(4)

SIk BKe 3a3HavaNOCA paHille, CHCTEMa 3a3HA€E ITOCTiH-
HHUX 3MIH CTPyMY HaBaHTaKCHHS, TOMY IIPU BpaxyBaHHI
LbOTO SBUILA!

E it =Ly (iy()+AlL)

RgHt+L1
q@) = Ea . -
O+ ARyt | . (5)
Rng-FLl
“E,I.

TakuM YMHOM, OUYEBHAHA TNPHCYTHICTH ITOIATKOBOI
0OMIHHOT MOTY>KHOCTI, OB’ s13aHOT 31 3MiHOIO TapaMeTpiB
HaBaHTa)KCHHS.

BUCHOBKU

OTpuMaHi pe3ynbTaTH HAOYHO LIIOCTPYIOTH HPO-
GyleMy HasBHOCTI OOMIHHOT eHeprii B CUCTEMIi )KUBJICHHS
0Ee3MiJIOTHOTO JNITAIBHOTO anapary, o B MiACYMKY IpH-
3BOJUTS JI0 3MEHIIECHHS TPUBAJIOCTI ONIBOTY. {1 3MeH-
IICHHS BIUIMBY HaBEJCHOTO SBUINA HEOOXiTHO MOIH]i-
KyBaTH CHUCTEMY €JIEKTPO)KUBIICHHS [UIIXOM JOJaBaHHS
JIAHOK KOMITIEHCAIil HeaKTHBHOI CKJIa/I0BOT IOTYKHOCTI.
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Analysis of Exchange Power
in the Power System of Drone
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Abstract—The classification of drones - both military and civilian according to the relevant criteria - is presented. Block
diagrams of a typical unmanned aerial vehicle and its power system are shown. Typically, a drone power system of
the "micro", "mini" or "short range" category, according to the UVS international classification, is a set of DC / DC con-
verters with a microprocessor control system. The power source for such aircraft is usually a battery, less often - fuel cells.
During the flight, the engine speed is variable, and its change depends not only on changes in flight speed or direction, but
also on weather conditions, such as wind, as the stabilization system constantly aligns the drone. This leads to the fact that
the power supply system of such a device is actually a significant part of the time in transition condition. This leads to
a significant content of the component of exchange energy that battery consumed which in turn will increase losses, and thus
reduces the range of the unmanned aerial vehicle. The phenomenon of the occurrence of exchange power in the power supply
systems of electric vehicles which powered from DC sources and specifically in the power supply system of an unmanned
aerial vehicle is analyzed. The time diagrams of current, voltage, active and inactive components of power consumed from
the mains power supply network of electric locomotive DE1 are illustrated. It can be seen that with a sharp change in
the modes of operation of traction units there is a significant component of exchange power in the motor-network system.
Such processes are typical for almost any electric vehicle and are associated with the presence of a significant number of
reactive elements in the power supply systems, as well as frequent changes in load parameters. A block diagram of a typical
unmanned aerial vehicle is presented. The unmanned aerial vehicle system consists of three parts: the air part,
the unmanned aerial vehicle itself, the ground control station, which can be autonomous or manned, the control system,
which provides communication and data transmission. The block diagram of the power system of a typical unmanned aerial
vehicle is presented A simplified schematic diagram of the DC motor power supply system is presented. The relations for
determining the amount of exchange power in the power supply system of an unmanned aerial vehicle are derived. It is
concluded that to reduce the impact of this phenomenon, it is necessary to modify the power supply system by adding com-
pensation units of inactive power component.
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