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This paper presents a structured analysis of the design principles and
system architecture of loitering munitions. These systems integrate loitering
capability, real-time reconnaissance, and precision strike functions. The main
structural and functional subsystems are systematized, including the airframe,
propulsion system, avionics, communication modules, and payload. A
classification based on operational range is proposed, distinguishing tactical,
operational-tactical, and long-range systems. Key engineering trade-offs
between mass, energy efficiency, and resistance to electronic warfare are
identified.

CydacHU#l pO3BUTOK OE3MIJIOTHUX TEXHOJOTIM IMOKa3ye, mo Oapaxyroui
Ooenmpunacu Tumy JApoHiB-kamikanse (loitering munitions) cranid OgHUM 13
Halle(DEKTUBHINIMX KJIaciB aBlallifHUX CHCTEM OJHOPA30BOTO 3aCTOCYBAHHS.
Bonu noeiHyoTh MOXIMBICT TPUBAJIOro OapakyBaHHsS B pallOH1 ITiT1, PO3BiJI-
Ky B peaJIbHOMY 4Yaci Ta ypa>KeHHs IIUIIXOM CaMO3HHUILEHHS arapara. Taka KOH-
Herniis 3a0e3nedyye BUCOKY THYUYKICTh 3aCTOCYBaHHS, 3MEHIICHHS MOOIYHUX
BTparT 1 ePeKTUBHY pOOOTY B YMOBaX paiioeIeKTPOHHOI mpoTuii [1].

MeToro DOCHIIKEHHS € y3arajlbHEeHHSI KOHCTPYKTUBHUX OCOOIMBOCTEHN Oa-
paXyrounx OO€mpumnaciB, iX Kiaacudikarlis 3a JATBHICTIO Ta NMPU3HAYCHHSIM, a
TaKOX aHa3 cepiiHuX Mojenen [2].

KoucTpykiis qpoHa-kamikaase — 1e 0aiaHc Macu, HTOMITHOCTI, MIIIHOCTI Ta
eHeproeeKTUBHOCTI. DIO3eIsHK BUKOHYIOTh 13 KOMITO3HTIB 1 JIETKUX CIUJIaBiB
JUTsl 3MEHITIICHHST Baru Ta curHarypu. KpumoBa cxema: (ikcoBaHa (IaabHICTB),
po3kiagHa (KoMmmakTHicTh), potopHa (VTOL 1 MmaneBpenicth). CuiioBa ycTaHo-
Bka — BLDC (tuxo, epexktuBHo), JIB3 (TpuBane 6apaxxyBaHHs) a00 peakTHBHA
(mBuakicTh). XKusnenns — Li-Po abo manuBo 3ajie’xHO Bij TalbHOCTI [2].

ABioHIKa 3a0e3nedye CTallIbHICTh, TOYHE HABEICHHS Ta aBTOHOMHICTB:
IMU, GNSS, cra6imizoBanuii EO/IR-rim6a, aproninor 3 Kalman-dinsrpamu ta
HEUPOHHI MEPEeXi JJisl po3MizHaBaHHs 00’ €kTiB. CUCTEeMU 3B’SI3KYy MPAIIOIOTh Y
UHF/L/S-nianazonax 3 FHSS/OFDM, BiiicbkkoBUM mM(PYBaHHSIM 1 aBTOMATH-
YHUM TIEPEXO0JIOM B aBTOHOMHHUW PEXHUM TIpH BTpaTi CUTHATY. MexaHi3Mm
3aIlyCcKy — TpyOHUI (MaKkcuMaibHa MOOUTBHICTE), KaTtamynbTHUu a6o VTOL [3].

3a nanpHICTIO OapaXKyroui OO€NpUIiack MOAIISIOTECA Ha TPU KJIaCcU: TaKTH-
gyaut FPV (1-5 kM, 5-15 xB, maca 0,2—-1,5 kr), omnepaTUBHO-TAKTUYHUM
(20100 xm, 20-60 xB, Maca 2-8 Kr) Ta OIlEpaTUBHO-CTPATETIYHUM
(200-1000 k™M, 10 9 roa, maca 20—40+ kr) [1].
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AHam3 peaJbHUX MoOjeied MATBEepKYye €(EeKTUBHICTh  PIIICHb.
Switchblade 300/600 (CILLIA) BUpi3HSIETBCSA TPYOHHUM 3aIyCKOM, PO3KJIaJHUMU
kpuiamu Ta EO/IR-riM6anom 3 dyHKIIi€0 TOBTOpHOTO 3axoay [3]. Mini Harpy
(I3paine) noeanye antupamiamiine ta EO/IR-HaBeneHHs 3 KOpUCHUM HaBaHTa-
xeHHsM 8 kr [4]. Kargu-2 (Typeuunna) — potopHa miardopma 3 LI, aBToHOM-
HUM pO3IMi3HaBaHHAM 1 swarming-pesxxumom [5]. Shahed-136 (Ipan) JIEMOHCTpYe
MO>KJIMBOCTI MacOBOTO BUPOOHUIITBA: JI€TbTa-KPUIJIO, TTOPITHEBUI JNBUTYH 1 Ja-
apHICTE 0J13bK0 1000 kM 3 40 KT KOPUCHOTO HaBaHTa)KeHHS [6].

TakuMm 4yMHOM, KOHCTPYKTUBHI PIIICHHS 0apaxyrounx OO€MPHUIACIB THUITY
JPOHIB-KaMikaa3e 0a3yloThCs Ha MOEJHAHHI JIETKUX MaTepiajiB, eHeproePeKTu-
BHUX CWJIOBHMX YCTAHOBOK, BHCOKOTOYHOI aBIOHIKH 3 €JIEMEHTaMU IITYYHOTO
IHTEJNEKTY Ta CTIMKOCTI 10 pajioeIeKTpOHHUX mnepeukoa. [lomanpmuii po3Bu-
TOK OYIKYETHCS y HAMPSIMKY M1JIBUIICHHS aBTOHOMHOCTI, HE3aJIe)KHOI HaBiraiiii,
3actocyBaHHA TOpuaHux VTOL-miatdopm 1 3HMKEHHS BapTOCTI 3aBJASIKA BU-
KOPUCTAHHIO [IUBIJIbHUX KOMITOHEHTIB.
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