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MOJAENI rPYNOBUX NOJNbOTIB BE3MNJTOTHUX NITAJNIbBHUX ANAPATIB
3 BUKOPUCTAHHAM TEOPII TPA®IB

Y emammi nposedeno ananis, cucmemamuszayiro i K00y8aHHs Munié Oe3NILIOMHUX JIMATbHUX Anapamis 3a ic-
HylouuMuy Kracugixayisimu. Beedeno NOKA3HUKU epeKmusHocmi 2pynogozo noabomy y ueisdi 4acy, niowi ma
wineHocmi nokpumms. Bukonanuil nopiensaivHutli ananis egekmueHocmi 3acCmocCy8ants JMAlbHUX anapamis 3da
yinbosum npusnayenHsm. Ilobyoosano mampuyi cymisicnocmi, iHyudenyit, giocmanell 0isi NOBHO38 A3HOI CIPYKNy-
pU epynu AimanvHux anapamie. Busnaueno 0oyinbricme 3acmocy8ants Cy4acHuxX Mepexcesux mexHoao2iil 0 ana-

i3y MONON02ii 2pynu Iimakis.

Knrouosi cnosa: 6esninomuuil iimanvhuil anapam, Kiacu@ikayis, yilbose npusHaueHHs, meopis spaqhie, mam-

puyi cymiscHocmi, inyuoeHyill, 6iocmaneti, monoao2is.

BecTtyn

IMocranoBka npo6iaemu. OCTaHHIM YacoM CTPiM-
KOTO0 PO3BHUTKY OTpuUMye Oe3misoTHa aBiamisi. Po3po0-
neHHs1 0e3ninoTHUX aBianiitHux komiuiekciB (BAK) Ha
OCHOBI Oe3mioTHHX JiTanbHuX amapatis (BITJIA) mpo-
BOIUTHCS B Il yac (pakTWYHO BCiMa 1HIYCTpiaTbHO
pO3BUHEHUMHM KpaiHamu cBiTy. Jlonenapua BILJIA manu
BiliCbKOBE TpH3HA4YEHHs, Hapasi 3acrocyBaHHsi BAK
e(EeKTUBHO SIK y BIMCHKOBHX 3aBJaHHSX, TaK 1 3aBJaH-
HSX [MBUIBHOTO IIPU3HAYEHHS, HANPHKIAN, 1pu Oopo-
THOI 3 HACIIIKAaMH HaJ3BUYaHHHUX CHUTYali, CTUXiHHHU-
MH JINXaMH, CLIbCHKOTOCIIONApCHKOrO 3aCTOCYBaHHS,
JUTsE po3Biaku i aepodorosiiomku [1].

BesminorHa aBialist Mae psiji mepeBar, a came: HH-
3bKa BapTICTh eKCILTyaTalii, 1o0pe NpPHUXOBYBaHHS,
CTIHKICTh 1 THYYKICTh, POCTOTA 1 JOCTYITHICTh TEXHO-
JIOTi1 B MOPIBHSAHHI 3 IMiJOTOBAHUMH IMOBITPSHHMHU CY-
namu, Takok BITJIA Moke BHKOPUCTOBYBATHUCS B THX
BUIIaJIKaX, KOJM BHKOPHCTaHHS IJIOTOBAHOI aBiallil €
HEMpaKkTUYHUM, JOpOruM abo pusukoBanum [1; 2].
OueBumHO, 0O €(EeKTUBHICTH TPYNOBUX MOJHOTIB
BIUJIA mpu MOHITOPHHTY JIICOBHX TOXEX, MOLUIYKOBO-
PATYBaJbHUX OIEpallisiX, Y CUIBCBKOMY T'OCIIONApCTBi
pu 00poOIIi CITBCHKOTOCIIONAPCHKUX KYJIBTYp, PETpaH-
CIIALS 3B'S13KY Ta MEPEMIIIEHHsI BaHTa)y 3HAYHO BUIIIE,
HIiX TPH ONUHUYHKX TTONb0Tax BITJTA.

Jlo HemomikiB OE3MMiIOTHOI aBialii MOXHA BiIHECTH
00MEeXeHI MOXKIIMBOCTI 32 paXyHOK HEBEJIMKUX PO3MIipiB
BILJIA, mo Moke OyTH CKOMIIEHCOBaHE BUKOPUCTAHHIM
rpynoBux nojipoTiB [2]. KpiM Toro, y rpynu HeBenuKux
i nerkux BITJIA, mo edexTHBHO B3a€MOAIIOTH MOSIBIIS-
I0ThCSI TOJJATKOB1 KOPHCHI SIKOCTi: IIBHIKICTh BUKOHAH-
HS 3aBJaHHS, 30UTBIIEHHS IIIJIBHOCTI TUIOLI HOKPUTTS
MpU OOTNIPUCKYBaHHI CLIIBCHKOTOCIIONAPCHKUX KYIBTYD,
TOWIO.

Jus ynpasninnas rpymnoto BIUJIA mouinsHO 3acrto-
COBYBAaTH TEOpito rpadiB, K MAaTEMaTUYHHUN amapar Juis

MOJICJTFOBAHHS 1 ONTHMIi3allii CHCTEM CKJIATHOI CTPYKTY-
pH: B MaTeMatuili Jisi pO3B’si3aHHs CKJIQJHUX PiBHSHB;
y izuwi s moOynoBH €NEeKTPUYHUX CXeM; y OymiBHU-
UTBI JUI  HAHOUIBII  pAI[iOHAJLHOTO  PO3MIIICHHS
00’exTIB 1 TpOKIaAaHHA Jopir; y Oiomorii mis
PO3B’s13aHHS 3324 [C€HETUKH; B EKOHOMIII - ISl TIOITY-
Ky pillleHb MiHIMaJIbHOI BapTocTi; B iH(OpMaLiiHUX
TEXHOJIOTISIX - IPH BU3HAUEHHI e()EeKTUBHOCTI TOIOJIO-
rii JIOKaJIbHUX Ta INI00ATBLHUX OOYUCIIOBAILHUX MEPEXK
Ta iHOI cepu 3aCTOCYBaHHS.

PosrmsinemMo  3amady 3acTocyBaHHS TPYIIOBOTO
nonsoty BITJIA Ha mpukiami aepodorosiiomku. IIpo-
MOHY€eThC MOOymyBaTH cucreMy i3 n BIUIA, mimsamu
SIKOT € MaKCHMAaJIbHE TEPEeKPHUTTS TEPUTOpil sl OTpHU-
MaHHs1 Kaprorpadignoi iHpopmariii.

AHaJti3 ocTaHHIX JocaigxkeHb i myOsaikamii. Jle-
TANBHOMY aHalizy, Kiacugikalii, IJIbOBOMY IMpH3HA-
YEHHIO, SK y BIiiCbKOBOMY, TaK 1 I[UBIILHOMY CETMEHTI,
Cy4acHUM pOo3poOKaM, Iu3aiiHy, EBOJIOIIT Oe3MMiIOTHUX
asianiiianx cucreM (BAC) mpucssiueno mpamio [1]. Y
crarTi [3] HaBeneHO MiXKHAPOAHY Kitacudikariito BITIIA,
npoBeaeHo anamiz BIIJIA iHo3emMHOro BUpPOOHHMIITBA
(Unmanned Aerial Vehicles, UAV), 30kpema mpu 3a-
CTOCYBaHHI B JIICOBOMY CEKTOPI.

OcHoBHo0 niepeBaroro 3acrocyBanHs BIUIA e Bu-
KOHAHHS 3aBJIaHb, 110 MOB’sS3aHi 3 PUIUKOM IS JIFO/IU-
HU Ta e(eKTUBHICTh NMPU BUPIIIEHHI HAPOHOTOCIIOAAP-
CBKMX 3aBJaHb. B IIbOMy CEHCi 3aCTOCYBaHHS TPYIH
BIUTA € mie OibIn JOIIBHUAM: IS PETPAHCIIALIT 3B'S13-
Ky Y THX MiCIsIX — JI¢ HEMOXKJIMBO BCTAHOBUTH aHTEHH
MTOKPUTTS Yepe3 CKIaIHUi penbed), y CLIBCHKOMY ToOC-
noaapcTBi (TpyMoBi OOIPUCKYBAHHS IONIB), PU aepo-
¢oroziiomili (TpyrnoBa 3iOMKa BEIHKUX TEPUTOPIH, MO-
HITOPUHT JIICOBUX TIIOXKEXK, HATPYJIIOBAHHS TEPUTOPIH
TOWIO), MEepeMillleHHs] BaHTaxy. BodeBuap € 3acrocy-
BanHs rpynu BITJIA y BifiCbKOBUX IIJISIX.

AMepukaHCchkui ekcriepT, J»koH YopaeH mpopo-
kye, mo a0 2025 poky Ommzbko 90% miTakiB OyayTh
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0e3mioTHUMH, 1 TiIbKU 10% - MiIOTOBAaHUMH, a IiJIOTH
OynyTh "3070TUM 3amacoM" IJisl HAWOUIBII BaXKIMBHX 1
Ba)XKHMX 3aBjaHb [20]. AHajorigHa curyarmist criocrepi-
raeThbes 1 B 3B's13Ky 3 po3BUTKOM BAC 151 BUKOpHCTaH-
HS Y UMBLIBHEX IUIAX. [{e 1OB'sI3aHO 3 HU3KOI BaXIIU-
BuX mepesar. [lepmr 3a Bce, BiICYTHICTh €KilaxKy Ha
6opty nositpsiHoro cyana (IIC), i, TakuM 4HHOM ycy-
BalOYM PU3HMK CMepTi. MOKIMBICTh BUKOHYBAaTH MaHEB-
PH 3 BEJUKMMU NEPEBAHTAKEHHAMH MepeBHUITYeE (i3ud-
Hi MOXKJIMBOCTI IIJIOTA, BEJUKY JMOBXUHY 1 Jiama3oH y
BiJICYTHOCTI ekinaxy (akrop Bromu. I, HapemTi, BiTHO-
CHO HEBEJIMKa BapTiCTh OE3IIJIOTHUX JIITANBHHUX arapa-
1iB (BIIJIA), siKi MOXYTb MaTu HEBEJIHMKI PO3MIpH 1 HHU-
3bKa BapTICTh eKcILIyaTaiii. [20].

Binburicte po0iT, y SIKMX BHBYAIOTHCS TPYIOBI il
BIUTA, opieHTYIOThCS Ha OCHOBHY MOHOrpadiro [4], y
SIKIi 3 BUKOPHCTaHHSIM IiIXOJIB KJIACHYHOI Teopii Ke-
pPYBaHHSI PO3IIISAAIOTHCS [TUTAHHS KEPyBaHHs TPYIOIO,
OpraHi30BaHOI y BUIIISI «CTPOIOY, IO MPHITYCKAE PO3-
JITbHE OJaHHsI PyXY OKPEMOro 00'eKTa IrpyIy MaTeMa-
TUYHOIO MOJEJUTIO sl OIYHOr0 ¥ MO3IIOBXKHBOIO PYXY
ueHTpy mac. [Ipu npoMy BUHHMKAaEe 3aBOaHHS PO3POOKH
JIEIKOT0 ~ «ONTHMAJIBHOTO» ~ MapIIpyTy Uit TPYIH
BIUTA. Psim nocnmigHUIBKAX POOIT MPUCBAYYETHCS pi-
LIEHHIO 3aBJaHHS IUIaHYBaHHS MapIIPYyTy SIK OIHOTO
BIUIA, tax i Bciei rpynu BITJIA [5; 6].

Bim3HaueHO TOMAaTKOBI KOPHCHI BIIACTHUBOCTI, SKHU-
Mmu Bonozie rpymna BITJIA B nopiBHSIHHI 3 BUKOPHUCTOBY-
BaHHsM oaHoro BITJIA [2].

VY poborax [7-10], mOCHIIKYETHCS HEOIHOPITHA
rpyma, mo ckiagaerses i3 BIIJIA BepTomiTHOroO i Jtita-
KOBOT'O THIIIB, IO Ma€ CKJIATHUNA Xapakrep iH(opma-
LiifHOro OOMiHY 32 PaXyHOK 3aCTOCYBAaHHS KaHANiB Ke-
pYBaHHS IOJIHOTOM, OINEPATOPCHKOrO KaHaly, a TaKoXK
B3a€MO/Iii aBTOHOMHHUX €JIEMEHTIB CUCTEMH MiXK COOOIO.
[lpn upoMy Big3HAauyaeThCA CKIAMHICTH 3a7ad y pasi
yrpasiiaas rpynoto BIUIA, sika momsirae y HeIOLiTb-
HOCTI 3aCTOCYBaHHs KJIacH4HOi Teopii kepyBanHs [11-
13].

Jis MozpentoBaHHS TPyN OO'€KTIB LIMPOKO BUKO-
pHUcTOBYEThCsl Teopis rpadiB y iHGOpMaLIHUX TEXHO-
JOTiAX (HANpPHKIA[, MiAKIIOYEHHS KOMITIOTEPIB y Me-
peXKy), 3a JIONMOMOIOI0 pi3HMX BHAIB Tomosorid. Jlms
MOJICTTIOBaHHS 30iNbIIeHHsT e(EeKTUBHOCTI TPYIOBUX
MOJNBOTIB OE3IMUIOTHUX JITAJbHUX anapatiB IMPOIOHY-
€THCSl BAKOPHCTOBYBATH TEOPit0 Tpadis.

MeTol0 CTATTI € MOJENIOBaHHSI TPYIOBOIO
noiboty BITJIA ams aepodoTO3HOMKH 3a JOIIOMOTOO
teopii rpadiB. BukonanHs mMetn morpe0Oye BUpILIEHHS
TAaKUX 3aBJaHb. TOPIBHUIBHUM aHaii3 e(eKTHBHOCTI
3aCTOCYBaHHA IpymoBux monboTiB BITJIA 3a minboBUM
NPU3HAYEHHSIM; cUcTeMaTu3allisi Ta xoxyBanHs BITJIA
3a ICHYIOUMMH KJIacH(iKaI[isIMHU; MOJEIIOBAHHS TPYIIO-
Boro nonboTy BITJIA mns aepodoTo3ioMKH 3a TOOMO-
roro Teopii rpadiB Ta BU3HAYEHHS TOIOJIOTII CHCTEMH
3B’ s13aHuX BILJIA.

OcHoBHUM MmaTepian

[NopiBHsIBHUI ~ aHAJi3 3aCTOCYBaHHS TPYIIOBHX
nonpotiB BITJIA 3a uinboBuM npusHaueHHsM. J{iist BU3Ha-
YeHHs1 ¢(DeKTUBHOCTI BUKOHAHHS IIUTHOBOI 3a/1adi TPYIIO
BIUJIA Oyno mpoBeieHO MOPIBHAILHHN aHATI3 3aCTOCY-
BaHHA TpynoBuX MonboTiB BIIJIA 3a IiIb0BUM Mpu3Ha-
YeHHsAM. Be3mioTHI JIiTanbHI amapartH, SK 1 IJIOTOBaHi,
OyBarOTh JIITAKOBOTO, & TAKOXK BEPTOIITHOIO (MYIIBTHKOII-
TEPHOr'0) TUITY (BEPTONBOTH i MYJIBTHUKOITEPH - JIITAJIbHI
arapary 3 4OTHpMa i OLIbIIIe POTOpaMH 3 HECYYHMH I'BUH-
TaMH), a TAKOXK 3 MaXarouuM KprioM [22].

Ha npaxrumi BITJIA mitakoBoro Tuiry, siK IMpaBH-
JI0, 3aCTOCOBYIOThCS IS aepo()OTO3HOMKH Baroro 0
10— 15 ximorpamiB (mikpo-, Mmini- BIIJIA 1 xerki
BILJTA), 1o moB's13aHO 3 THM, IO 3i 301IBIICHHAM 3JTiT-
Hoi Baru BITJIA 3pocrae ckiamHicTh HOro po3poOkxw i,
BIJIMOBITHO, BApTICTh, aj¢ 3HWKYETHCS HAIIMHICTD 1
OesmneunicTh ekcruryaTanii [20]. Yum Oinbire maca arma-
paTy, TUM Oinblle HOro mocajakoBa IIBHIKICTh, TOOTO
€Hepris, ska BUIUIIETbC mpu mocanui BIUUIA nyxe
LIBHIKO POCTE i3 3pOCTaHHSIM Macu amapary i Moxe
nomkoautu cam BITJTA.

[epeBaroro G€3MIIOTHOTO BEPTONITY 1 MYJIBTIKOII-
TEPY € 3[aTHICTh 3MIMCHUTH MMOCAIKY 3 MAJIOKO IIBHIKI-
ctr0. OHaK Oe3MIOTHI BEPTOIBOTH 3aHAATO JOpOTi, a
MYJIBTHKONTEPH TTOKH HE 3/IaTHI JIITATH Ha BEJIHKI Bifc-
TaHi, 1 32aCTOCOBYIOTHCS TUTBKH JUISl 3HOMKH JIOKQJIbHUX
00'exTiB (0Kpemux OyaiBens i ciopyn) [22].

BeaminorHuii nmiTanbHUI anapat 3 MaxalouuM KpH-
noM nioeinye B co0i BITJIA miTakoBoro ta MyJabTHKOII-
TEPHOTO THUILY, a CaMe: 3aTHICTh 3IMCHIOBATH MOJIT Y
MPSMOIHIWHIA TUIONUHI, Ta MPU3YIUHATH TOJIT HAJ
MIEBHUM 00'€KTOM, KpIM TOTO IepeBaraMi TaKoi CXEMH
MONBOTY € HeBenuki po3mipu amnapaty [20]. OcHOBHIM
HenoiikoM BITJIA 3 MaxaioumMm KpHIOM BBa)KAETHCS:
KOpOTKa TPUBAIICTh HOJBOTY, Maja IUIOMA JOCIIIKY-
BaHOI MOBEpPXHI (IKIIO MOBa iine mpo aepodhoTo3iiom-
KY), HEMOXXJIMBICTD NEPEMIIIEHHS] BaHTaXYy, Ta BUKOPH-
CTaHHs y ClIbCbKOMY rocnoaapctsi [20].

3acrocyBannsaM rpynu BIIJIA moxHa MiHIMiZyBa-
T BWIICNEpPepaxoBaHi Hemoiiku. B Tabn. 1 HamaHuid
MOPIBHSUIBHUN aHalli3 eEeKTUBHOCTI 3aCTOCYBaHHsI Pi3-
nux TuniB BITJIA B rpynoBomMy MmonboTi IpH BUKOHAHHI
TaKUX 33/1a4:

AepodorositoMka.
Perpancrsinis 3B's13Ky.
CilTbCHKOTOCTIOAAPCHKI pOOOTH.
[epeminieHHs BaHTaxXy.

. TlomryxoBo-psTyBanbHi poOOTH.

Takum 4mHOM, aepoOTO3HOMKY, TOIIYKOBO-
PATYBabHI pOOOTH MOXKYTh 3IiHCHIOBATHCS BCiMa THU-
namu BIUIA, ane s MOUIYKOBO-pSTYBaJbHUX POOIT
repeBary MaTHMYTh Ti, IO 3MOXYTh 3aJHIIATHCS HA
OJTHMM MICIIEM TPOTSITrOM TPUBAJIOIO Yacy, TOOTO MYJIb-
THUKONTEPH.

M
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Tabmuus 1
[opiBusinphuii anani3 TuniB BITJIA 3a minb0BUM NpHU3HAYEHHSIM
. Tunu BIJIA 3a nmpu3HaueHHIM
IMinsose npusnauenns bITJIA -
Jlitaku MybTUKONTEPH BIUTA 3 MaxarouuM KpujioMm

Aepodorosiiomka + + +
CinbCcbKe rocroiapcTBo + + -
Perpancisist 38's13Ky + + +
[NepeminieHHs BaHTaXy + + -
[MourykoBo-psATYBaNBHI podOTH + + +

[Ipu nepemimieHHi BaHTa)Xy HAHOUTBII e(heKTUBHU-
mu € BITJIA nitakoBoro Tumy, Tak camo SIK i IpH CLTbCh-
KOTOCIOAAPChKUX po0oTax i perpaHcismii 383Ky [5].
Jlns mpoBeneHHs poOIT 3 acpohOTO3HOMKH IIEPEBATOI0
BIUJTA mepen mijIOTOBaHMMH TOBITPIHUMHU CYIHAMH €
HacaMIlepell, BapTiCTh, 3HAYHE 3MCHIICHHS KiIbKOCTI
periiaMeHTHHX OIepalliii, a BiICYTHICTh JIFOAWHH Ha OOp-
Ty JliTaka 3HAYHO CHPOIIye miarorosdi 3axoau [20].

AmnaJi3, cucrematusauis i konyBanus BIIJIA 3a
kiaacudikamisimu. IcHyrots Taki xnacugikamii BITJIA
[20]:

— 3@ [JIbOBUM NPU3HAYCHHSIM;

— 10 3ITiTHIH Maci;

— IO IAJIBHOCTI MOJNBOTY;

— TI0 BUCOTI TIOJIBOTY;

—  3a TPUBAJIICTIO MOJIBOTY;

— 32 TUIOM KOHCTPYKIIT i CHJIOBOI YCTaHOBKH Ta
1HIII.

3a tumom koHcTpykilii BITJIA momiisroTbes Ha
amapary, 110 BUKOHaHi 3 j1iTakoBoi (fixed - wing) i Bep-
TOJITHUM (rotary - wing) cxemam, a TakoX amaparyu 3
MaxarounuM kpuiioM [22]. 3a tunom 3neoty BILUIA moni-
JITIOTHCS Ha amapaTH 31 3JIbOTOM i3 3JTITHO-ITOCAIKOBOT
CMYTH Ta i3 BEPTHKaJIBHUM 3JILOTOM(SIK TPaBHIO BHKO-
PHUCTOBYIOTHCS B 3QJISKHOCTI BiJ IILOBOTO IpH3HA-
yenHs) [20]. be3minorHi mitanbHi anapatd Kiacudiky-
I0Th 33 CIIOCOOOM 3JIbOTY 1 IOCAIKH: aepOJPOMHOrO i
0e3aepoAPOMHOro, TOOTO 3T 3 3JITHO-IIOCAIKOBOI
cmyru (3I1C) abo 3a JOMOMOror KaTaryinbTH; [10CaIKa
Ha 3[1C abo Ha maparnryTi 4u 3a Joromoror TeHet [20].

3a mimpoBuM npu3HadeHHsM, BIIJIA kmacugiky-
I0Th SIK CIJIbCBKOT'OCIIO/IAPCHKi, CIIOCTEPEKEHHSI, MONIY-
KOBO-PSTYBaJIbHI, BAaHT)XHI Ta PETPAHCIATOPU 3B'S3KY.
OcTaHHIM dYacoM cdepa 3acTOCYBaHHs OC3IIIOTHUX
amapariB 3HaYHO TMOIIMPIOETHCS: TOPTiBEJIbHI Orepanii,
JICIBHUITBO Ta PUOOJIOBIS, Ta iHII. 3a KUIBKICTIO 3a-
CTOCYBaHb KJIaCH(iKYIOTh SIK: OIHOPa30BOro Ta daraTto-
pa3oBoro 3acrocyBaHHs. SIk mpaBwio Taki BITJIA 3a-
CTOCOBYIOThCSI TIPM MOHITOPHUHTY JIICOBHX MOXEX, Ta
MOIITYKOBO-PSITYBAJILHUX PO0OTaxX, Nie iCHYE BEJUKA Bi-
POTiIHICTh BTPATH JiTaJIbHOTO amapaty [22]. 3a TpuBa-
mictio nonboty BITJIA knacugikytoTh: Ha JiTanbHI ana-
paTH KOPOTKOCTPOKOBOI'O MOJIBOTY (mo 1 romuuwm), ce-
PEeIHBOCTPOKOBOTO MONBOTY (Bix 1 m0 6 roauH), HOCT-

pokoBoro monbory (Bim 6 romun) [20]. BpaxoByrouu
nocuTh Benuke pisHoMaHiTTs BITJIA ix Takox knmacudi-
KYIOTh 32 Baroo.

MIKpO 110 1KT.,

mam 1 — 100 kr.,

nerki 100 — 500 kr.,

cepemni 500 — 5000kr.,

Baxkki 5000 — 15000 xr.,

HazBaxkki 15000 kr i Oiybiie.

VYci Bumenaspani tunu BIJIA 3a Baroro kmacudi-
KYIOTBCS B 3aJIEXKHOCTI BiJl JAIBHOCTI TIOJILOTY Ta Mak-
cuMaibHOI 31iTHOT Macu [20]. B Tabnumi 2 npuseaeHo
aHaJi3, cucreMaTH3alio i kogyBanHs TumiB BITJIA 3a
ICHYFOUMMH KJIacU]iKalisMu.

MopnentoBanHsa rpynoBoro mnoiboty BIUIA s
aepodorosziiomku. Hexaii maemo k amapariB (knacy A,
B, C, D, E, F, G — Tabm. 2), 110 OCHAIIIEHI arapaTyporo
Uil TipoBefieHHs aepodoroziiomku. YMoBamu (HOTO3-
HOMKH € KOOpJIMHATH MOJIBOTY JriTaka: h - Bucora ta v -
HIBHIKICTH PyXy. Amaparypa Bineo/(oTO3HOMKH Mae
Taki MOKa3HUKU: Ao — MOB3IOBKHBOTO, Ta AP — more-
PEYHOr0 TOJIB 30DYy.

EneMenrtapHa iNsgHKA S TUIONMHA S TIPH MUTTE-
BOMY Ieperisii

s = h’AaAB. (1)

[ependavatoun MpsMOKYTHY (popMy TUIOLIMHH S
Ta B KOXXHUH PO3MIp MPSMOKYTHHKA ITOBHICTIO BKJIaJIa-
I0ThCS M Ta N TOBHUX ITOB3/IOBXKHIX ACl Ta TOMEPEKO-
BUX AP moInei 30py MO)KHa OTpUMAaTH MOB3IA0BKHHUN A
Ta ronepexoBuii B po3mipu minomuan S

A = mhAa, B =nhAB. 2)

3 Meroro mpoBeieHHs! (POTO3MOMKH IUIOIIUHOI S
OMHOKHH JIITAK BUMYLICHUH PYXaTHCS 110 TPAEKTOPIi
Uy «3Milika». Tomi pyxu JiTaka po3KiIagaroThCs Ha
JIUISTHKA TIPSIMOJTIHIHOTO Ta KPHBOJIHIMHOTO NUIXIB,
OCTaHHI¥M BUKOHYETHCS IS OpraHi3allii po3BopoTy. 3a-
rajJlbHO BUTpPAuEHUH Yac CKIaJaeThcsl 3 ABOX THIIB 4a-
Cy, SKi BUTPAYa€eThCA HA JOJAHHA M MPSIMOJIHIHHUX Ta
N KPUBONIHIHHUX JIJISTHOK

T=’T1+T2 =mt]+nt2, (3)

ne t; Ta t, — 4ac, M0 BUTPAYA€EThCS HA OJHY IPSIMOJIi-
HilHY Ta KPUBOJIIHIMHY AIJSIHKA BiMOBIAHO.
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Tab6mums 2
Knacudixkarist tumis BITJIA
Ne | Kiac Knacuoikaris [Minxnac KonyBanus
1 |A Knacuoikanis BITJITA BIUIA nmns aepo / porosiiomMkn A,
34 TIpU3HAYCHHAM Cinbcerorocnonapcski BITJIA A,
BIUIA perpaHcisTopu 3B'sI3KY A;
Ay
2 |B Knacuoikanis BITJITA Koporkoctpokoi BITJIA (Menmie 1 ronunn) B,
33 TPHBAJICTIO NONBOTY Cepennboctpokosi BITJIA (1 — 6 roaun) B,
Josrocrpokosi BITJIA (Ginble 6 roauH) B;
B,
3 |C Knacuoikanis BITJITA Mixkpo BITJIA (7o 1 xr) C
3a BAarOBUMH KaTeropisiMu Maui BITJIA (1 — 100 kr) C,
Jlerxi BITJIA (100 — 500 xr) GC;
Cepemni BITJIA (500 — 5000 kr) Cy
Baxxki BITJIA (5000 — 15000 kr) Cs
Hansaxki BITJIA (6inbmre 15000 kr) Cs
Gy
4 |D Knacuoikanis BITJITA BILJIA nitakoBoro Tumy D,
3a THIIOM JIITaJILHOTO anapaTy BIUIA renikorrepu D,
BIUTA 3 MaxarouuM Kpuiom D;
D,
5 |E BILJTA 3a ciocoboM 3amycky BITJIA aepoapoMHOro 3amycKy E,
BITJTA 6e3aepoapOMHOTo 3amycKy E,
3a JIOIIOMOTOI0 KaTaIlyJIbTH
BITJTA Ge3aepoapOMHOro 3aImycKy 3 pyK E;
E,
7 |F BIUJTA 3a cioco6oM mocaaku BITJIA aepoapoMHOi mocaaku F,
BITJIA Ge3aepoapOMHOI MOCaIKK 32 IOTIOMOTOI0 F,
naparyTy
BITJIA Ge3aepoapOMHOI MOCaIKK 32 IOTIOMOTOI0 F;
TEHEeT
Fy
8 | G BIUJTA 3a KiJBKiCTIO BITJTA onmHOpa30BOro 3acTOCYBaHHS G,
3acTocyBaHb BITJIA 6araTopa3oBoro 3acToCyBaHH G,
Gn

3menmmty 4yac (3) B k pa3iB MoxkHa, SIKIIO 3acTO-
cyBaTH K niTambHUX amapaTiB OfHOYacHo. PosrisHemo
k mitTanpHMX anaparis, 110 BUKOHYIOTh IPSIMOJIHIHHUIA
pyx 3 inTepBaioM | mpu aepodorosiiomit, ae i — HO-
Mep amapaTy. MaTtemaTu4Ha MOJENb, O OIHUCYE JHHA-
MIKy IIbOr'O HOJBOTY B Oe3mepepBHOMY 4Yaci [6] cucre-
MOI0 audepeHIliabHIX PIBHIHB

Iy = v[or =B — (42 —B2)]
)
I 1k = V[0t = Brot — (0 —B)]

Iie ¢, B — KyTH pUCKaHHS Ta KOB3aHHSI.

s 3a0e3nedeHHs] TapajelibHOCTI pyXy HeoO-
XilHA CHUCTeMa KepyBaHHsA, IO 3a0e3medye 3aaaHi
IUCTaHMII.

Kinemarnyna cucrema piBHAHb (4) HE 3MiHIO-
€TBhCS, SIKIIO 3aMiCTh IOBITPSHOI BUOpPAaTH MYTHOBY
HIBUJIKICTb.

IIpu pimenni piBHsHb (4) Oynemo mepenbayarty,
110 3HOC YCIX JIITaKiB BiIOYBAETHCSA B OJHAKOBO.

Tononoris rpymu JiTaJbHAX aapaTis.

Posrisinemo 1Ba BapiaHTH BUITYKYBaHHS TPYIIH.

[Nepmmii BapiaHT: 3BUYANHUI TOJIT MO MPSMOJTi-
HiliHIH TpaekTopii 3 BHIIYKYBaHHSIM B OIWH DSJIOK
(puc. 1).
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N
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B
Puc. 1. ITonit rpynu BITJIA o npsimiit TpaexTopii
VY koxHoro BITJIA B rpymi icHye cBiif kyT 3axor- n
JIeHHA KapTHHKH Ipu aepodorosiiomui. Tomy y Hamo- Zt <T (5)
My BUnaixky B rpymi yci BIIJIA Oyayte 3HaxoauTucs i=l
OJIVH BiJl O/IHOTO Ha MEBHIH BIJICTaHI 3aJI€XKHO BiJ KyTa PosrmsinemMo apyruii BapiaHT: Ta caMa KUIBKICTh
3axomneHHs o. OTke, 3a7aya MiATPUMKY AucTaHlii Mixk  BITJIA ane BummkyBana y m psiaiB. Cxema rpymoBux
BIUTA Oyne BukoHyBaTucs 3a yac T: noboTiB BITJIA 11 HBOTO MOKa3aHa HII puc. 2.

- - - 5
Us ; Y :
._.f;iﬁ'._ - ,.H**L'.. U6 _1.%'._ U 7
N4
< e
T~ -~
b

Puc. 2. Cxema rpynoBux noipotiB BITJIA npu aepodoTosiiomiri ¢pparMeHTy MiceBOCTi

72



Pozeumox, botiose 3acmocysanns ma 036poeHHs asiayii

IMpu taxomy mmkyBanHio rpynu BITJIA OynyTs
TIOBHICTIO TTOKPUBATH IUIONLY S 32 MEHIIWH Yac t, OCKi-
JIBKM B TIEPLIOMY BapiaHTi HE BpaxoByBajlach MOXHOKa
MPOITYCKY MEBHHUX JUISHOK TEPUTOPIl MIXK eJeMEeHTaMH
Ipymy, sK MOKa3aHO Ha puc .2.

Yac BuxoHanHs 3a1a4i (T) Ta mibHICTh TOKPUTTS
f npu piBHuX ymoBax (kinbkicTh sitakiB (k), ruromia
nokputTs (S)) anst cxem (puc. 1, 2) pizni. st neprroro
BapiaHTy IOKPUTTS LIUIBHICTH Oyle BU3HAYATUCS IIO-
JIeM 30pYy TUIBKH JIBOX amlaparis, a JUisl JpYyroro BapiaH-
Ty TphOMa arapaTamu:

>, (6)
ze
fi=SNS, £=SNS,NS,, (7)
ne  f— IIbHICT OKPUTT,

S; — more 30py i-ro amapary, i = 1,2,3.

JIisl KUTBKICHOTO OLIHIOBaHHS €(eKTUBHOCTI BH-
KOHaHHA TpynoBoro monsoty BITJIA 3a 1insoBuM npu-
3HAYEHHSIM JIOLIBHO 3aCTOCYBaTH MaTeMaTUYHHI ara-
pat dopmamizamii MepekeBUX CTPYKTYp, TOOTO 3a JO-

nomororo Teopii rpadiB [21]. MepexeBa cTpyKTypa
MOX€E MaTu pi3Hy KOH(Irypaiiro, ToOTO po3TalryBaHHs
1 3B’S3KM MDK BY3JIaMH Mepexi, HAWOLIbII ITOMIUPEHH-
MU 3 SKUX €:

— IOBHO3B'sI3HA,

— 3ipkonoiOHa,

— KIJIBIIEBA,

— nepeBonoaiOHa,

— 3 3araJibHOIO HIMHOIO,

— 3MilllaHa,

— YapyHKOBA.

Bin Tomosorii Mepexi, 3a SIKOI0 BHKOHYETHCS I0-
JIT TPYIHU JITAKIB 3aJICKHUTh ¢()EKTUBHICTh BUKOHAHHS
3aaui.

s BukoHaHHS aepoOTO3HOMKH (parMeHTy Mi-
creBocri rpynoto BITJIA mpeactaBuMo cxemy rpyrnoBo-
ro nonsoty BIUJIA y BUIAAi HeopieHTOBaHOrO Tpada
G(n; m), 10 Mae n By3JiB, Ta m JyrT.

Ha npukiazi moBHO3B’SI3HOT TOIOJIOTIT TPOBEEMO
aHayi3 e(EeKTUBHOCTI BHKOHAHHS 3aBJAaHHS T'PYIOO
BIUIA (puc. 3).

a:

-

Puc. 3. Mogens po3tamysanns BITJIA y surisini rpada G(n; m), skmon =7, m= 17

[ToBHO3B'sI3HA TOMOJIOTIS BIAMOBiTaE€ Mepexi, B
SIKIFl KO)KEH BY30J1 O€3MOCepeIHhO TOB'S3aHMUN 3 yciMa
iHImMMu By3namu [17; 18].

[TobynoBani MaTpui:

— cymixkHOCTI R = [1j],

— IHIUAEHIIH S = [s;]

— Biacrani D = [di],
3a JIOMOMOT'OI0 SIKUX TIPOITOHYETHCSI BU3HAYAaTH KilbKic-
Hi NMOKa3HUKH BUKOHAHHS TPYIOI0 OE3MIOTHHUX JIiTab-
HUX afnapariB 3aBJaHb 3a LIILOBUMH IPU3HAYEHHSIMHU
(Tabn. 1) BiANOBIAHO J0 ICHYFOUMX MEPEKEBHUX TOIIOJIO-
riii [19].

BucHoBKMu

TakuM 4MHOM, aHaJi3 3aCTOCYBaHHs rpyn 0Oe3-
MIJIOTHUX JITATBHUX amapaTiB JIA 3a MiJIbOBUM ITpU3-
HAYEHHSM JIaB MOXKJIUBICTh c(hOpMYBaTH BXiJqHI JaHi
IUIsl po3po0JieHHsT TomoJorii 3B’s3H01 rpynu BITJITA
(Tabum. 1, 2).

s BukoHaHHS aepo(OTO3HOMKH (hparMeHTy Mi-
cieBocTi rpymnoro BITJIA HaiOinemn eheKTUBHOWO BHU-
SIBUJIACS TIOBHO3B'sI3HA TOITOJIOT 151,

[MomanpImi JOCTIHKEHHS CJIiJ HaNpaBUTH Ha PO3-
B'A30K TPaKTHMYHUX 3aBlaHb peajizalii TIpyHoBOro
yrpaBiiHHs npu kepyBaHHi BITJIA, mo npu3Boguts 1o
migBUIeHHs edekTuBHOCTI BHKOpucTaHHi BILJIA, a
came:

MOXIIUBICTh KOPHT'YBaHHS IUIaHY Ta ONTHMi3alii
MapuipyTy MOJIbOTY, IPYHTYIOUHCh Ha BXKE OTPUMaHHX
nanux 3 inmmx BITJIA,;

301IBIIEHHST BIPOTiMHOCTI YCHIITHOCTI BHKOHAHHS
3a7a4i;

3HAYHUI BUTpall y yaci;

MOXIIUBICTh OJTHOYACHOTO OOCTEXKEHHS TepHTOpil
Ta 301IBIICHHS TUIOLII OJHOYACHOTO MOHITOPHUHTY;

MOXITUBICTh TIOCTAHOBKHM Pi3HMX 3aBIaHb JJisi Oa-
raTOKOMITIOHEHTHHX ydacHWKIiB rpymu BIUJIA 3 ypaxy-
BaHHAM ¢()EKTUBHOCTI TOMOJIOTIT IPYII.
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MOAENN rPYNNOBbIX NMNONMETOB BECMUNOTHBIX JIETATEJIbHbIX AMMAPATOB
C UCNOJIb3OBAHMUEM TEOPUU TPA®OB

J.I. bonnapes, /I.I1. Kyuepos, T.®. IlImensoBa

B cmambve nposeden ananus, cucmemamuzayusi U KOOUPOBAHUs MUN06 GeCNUIOMHbIX 1eMAMeNbHbIX ANNAPAmos no cyuje-
cmeyowum Kraccuguxayuim. Beedeno noxazamenu sghpexmusnocmu epynnogozo nonema 6 guoe 8pemenu, niowaou u niom-
HOCHU NOKpbIMus. Buinonnennvlii cpagnumenshblil anaius 2(p@exmueHocmu npuMeHens 1emamenbHulX annapamosg no yeneso-
My naznauenuio. ITocmpoeno mampuybl CMeXHCHOCIU, UHYUOCHYUL, PACCMOSHUIL 0711 NOTHOCBAZHOU CIMPYKMYPbl 2PYNNbl 1ema-
menvHbIX annapamos. Onpedenena yenecooopasHocmy NPUMEHEHUs COBDEMEHHBIX CeMmesbiX MeXHON02ull Ol AHAU3A MONOL0-
2UU 2PYNNbl CAMONEMO8.

Kniouegvie cnosa: 6ecnunommvlii iemamensubvlil annapam, Kiaccugurayus, yenesoe HazHaveHue, meopus epagos, mam-
PUYbL CMEICHOCU, UHYUOEHYULL, PACCIOSHUL, MONOIO2USL.

MODELS OF GROUP FLIGHTS OF UNMANNED AERIAL VEHICLES
USING GRAPH THEORY

D.I. Bondarev, D.P. Kucherov, T.F. Shmelova

The article analyzes, classification and coding types of unmanned aerial vehicles to existing classifications. Permission
group flight performance indicators in terms of time, space and the density of the coating. Completion of a comparative analysis
of the effectiveness of aircrafis for its intended purpose. Built adjacency matrix, incidence, distance to a full mesh structure of the
group of aircraft. Determine whether the use of modern network technology for the analysis of the topology of the aircraft.

Keywords: unmanned aerial vehicles, classification, purpose, graph theory, the adjacency matrix, incidence, distances, to-

pology.
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