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CIUCTEMI TEXHIYHOT'O 30PY I INTYYHOI'O IHTEJIERTY 3 OGPOBKOIO TA PO3IISHABAHHAM 305PAREHD
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CUCTEMA INPUMHATTS PIIIEHD JJI51 BE3NLJIOTHUX JITAKIB
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E-mail: Irina_borshchova@mail.ru

AHoTanis.Onicano miaxia it po3poOKH CHCTEMH HPUHHSTTS PillieHb TS YHUKHEHHS 3ITKHEHHS O€3MIOTHHX
JiTakiB. PO3IIHYTO iCHYIOYI CHCTEMM YHHMKHEHHs 3iTKHEHHs, po3poOieHo (asu pyxy JiTaka B MpPOCTOpI Ta
PO3pOOIIEHO MiAXiJ JUTS OLIHKY PU3UKY JUTS JAHOI CHCTEMH Yepe3 OLIHKY TTOTEHIIHHUX BTpar.

AnnoTtanmst. Onucad moaxon sl pa3pabOTKH CHCTEMbl NPUHSTHS PEIUeHHH sl H30eKaHHs CTOJIKHOBEHHS
OECIHIIOTHBIX CAMOJIETOB. PacCMOTPEHBI CYIIECTBYIOIME CHCTEMbI W30EKAHHUs CTOIKHOBEHHH, pa3paboTaHb
(ha3bl ABMIKEHMS caMoJIeTa B IPOCTPAHCTBE M Pa3pabOTaH MOJXOA [Is OLEHKH PUCKA JUIsl JaHHOM CHCTEMbI Yepe3
OLICHKY ITOTCHIMAIbHBIX OTEPb.

Abstract. Approach for development of ruled-based system for collision avoidance of unmanned airplanes is
described. The existent systems of collission avoidence are considered, the phases of motion of airplane in space
are worked out and approach for the estimation of risk for this system through the estimation of potential losses is
worked out

Ki11040Bi cj10Ba: Ge3MisoTHI JiTaKK,CHCTEMA TIPUAHSTTS PIllIeHb, OLIHKA PU3UKY

Be3mnisoTHI KOMIUIEKCH OCTaHHIMH POKaMH IEPEXMBAIOTH Iepiox OypXJIMBOTO PO3BUTKY. Bunanenus
JIOJMHU 3 OOPTY JIITaNbHOTO arapary 3 METOIO 30€perTH XKUTTA MI0Ta B HEOE3NeUHUX MICiSIX - OCHOBHHUIT CEHC
noniOHux cucreM. KpiM TOro, BiACYTHICTH JIIOAWHHM Ha OOPTYy J03BOJISIE 3A1HCHIOBATH MAaHEBPH 3 BEIMKHMHU
NepEeBaHTAKEHHAMH, HEJIOCTYIHI Ul MUIOTOBaHMX amapariB. Ha 1aHuii MOMEHT B CBIiTi iCHYIOTH COTHI
0e3NMUIOTHUX aBiallifHUX CHCTEM pPI3HMX THIIB 1 KJIaciB - BiJ MIHIaTIOPHUX, PO3MIp SKUX BCHOTO JEKiJIbKa
JIECSATKIB CAHTUMETPIB, /10 0araTOTOHHHUX CTPATEriyHMX anapariB 3 pO3MaxoM Kpuia, K B aBianaiinepa [1].

VYyacTe B IOLIYKOBO-PATYBaJbHUX OIEpalisx, iH(opMaliiiHa MiATPUMKAa B XOJi TaciHHS JIICOBHX
MOXEX - OCh JIMIIe Hebdararo 3 THX 3aBAaHb, SKi MOXYTh 3 YCIIIXOM BHpILIyBaTh O€3MiJOTHI CHUCTEMH.
Hanpuknan, B [naii 6e3niIOTHUKK 3aCTOCOBYBAJIMCS VISl MOIIYKY MOCTPaKAAINX NpH IyHami. J{yke mikaBuid i
MEPCIEKTUBHUIN HaNpsiM Yy BUKOPHCTaHHI OE3MIJIOTHUX CUCTEM NPOINOHYIOTh KOMIIaHIi MaJMBHO-€HEPIeTUYHOTO
KOMIUIEKCY. IM TIOTpiGHO 3ailicHIOBAaTM MOCTifiHMil aBialiitHuii MOHITOPMHT MaricTpanbHEX HadTO- i
ra3onpoBO/liB, BUCOKOBOJIFTHHX JIiHIH eleKTponepeaadi Ta iHIINX TEXHIYHUX 00'eKTIB ramysi [2].

AHAJII3 HONMEPEJHIX JOCJJIIA’KEHDb

Ha croromnimHi# 1eHF ICHYIOTB pi3HI THIIM CHCTEM YHUKHEHHS 3iTKHeHHS. OHrME 3 HUX € cuctemu TCAS
(Traffic alert and Collision Avoidance System). TCAS - me cucrema, po3poOsieHa Uil 3armo0iraHHs 3iTKHEHb B
TIOBITPsIHOMY TipocTopi Mix aBiamieto. TCAS — mie cykymHicTE OOPTOBHX MPHUCTPOIB, SKi HYHKITIOHYIOTh HE3aJICIKHO
BiJI Ha3eMHOI TIOBITPSHOI CHCTEMH YIIPABIIHHSA pPyXOM 1 3a0e3MedyloTh 3aXHCT Ul YHUKHEHHS 3ITKHEHHS I
IHUPOKOTO crieKTpy THIiB aBiartii. IcHytoTs cucremu TCAS nBox Tumis: TCAS 11 TCAS II.

TCAS 1 3abe3nedye BKa3iBKM aBiaTpaHCIOPTY IOMO OJHM3BKOCTI IHIIOTO aBiaTPaHCIOPTY, MO0
JIOTIOMOTTH TIOTOBI y BidyanpHOMY OadeHHi. TCAS | BUKOPHCTOBYEThCS AJs aBiallii, kepoBaHOi TypOiHamH,
rmacaxupcebkoi apiamii, mo mae Oimpm HiXK 10 i menm HiK 31 micime. TCAS 1 TakoX BHUKOPHCTOBYETHCS
3araJIbHOIO aBiallicro.

TCAS 1II 3abe3medye mopaad WIOAO PITYBAIBHHUX MAaHEBPIB y BEPTHKAIFHOMY BHMIpi - abo
30iIpITyBaTH, 200 MIATPIMYBATH ICHYIOUE BEepTHKAIbHE BiTIICHHS MIX aBiamiero. ABiariiiHi aBiamiHii, y TOMYy
ymcyi aBiadiHii perioHanbHOi aBiarii Oinpm Hixk 3 30 Micisamu BukopuctoByoTh TCAS 1.

[HmuM THIIOM cucTeM YHUKHEHHs 3iTKHeHHA € cucteMu ADS-B (Automatic Dependent Surveillance —
Broadcast). ADS-B — me moxopiHHO HOBa TEXHOJOTis, sIKa JO3BOJISIE IMJIOTaM i aBiammcmerdepam "Oaunmt" i
VIPaBIATH aBiamielo 3 OUTBIIOI0 TOYHICTIO, 1 HAJX MAJCKUM OLTBIIMM BiICOTKOM IMOBEPXHI 3€MIIi, HIXK KOJH-
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HeOyap Oyno moxnuBo [4].ADS-B mo3Bonsie BH3HAYaTH TMO3UINI0, BUKOPUCTOBYIOYM TJIOOANBHI HaBiraridHi
CyImyTHHKOBI cucreMu. ADS-B Moke BUKOPHUCTOBYBATH [IeKiJbKa TEXHOJOTIH pPI3HUX KaHAJIB 3B'SI3KiB, Y TOMY
gucim Mode-S Extended Squitter (1090 ES), Universal Access Transceiver (978 MHz UAT), i VHF data link
(VDL Mode 4).

Y €Bpormi B 0cHOBHOMY BUKOpHCTOBYIOThCI Mode-S Extended Squitter, ockinbku BoHH MoOyIoBaHi Ha
TEXHOJIOTil, sIKa BBAaXXAETbCS Kpaimloro, BimmoBigHo mo pekomeHmamid (Federal Aviation Regulations ).
Buposamxenns ADS-B B €Bpomni mouganocs 3 Bukopuctanas ADS-B mist ornmsagy 3emii i Bukopuctanast ADS-B
JUIE OOPTOBOTO HATIIALY.

Aue ipu po3poOIli TaKMX TEXHITHUX 3ac00iB, IK OE3MUIOTHUKH, CHOTOHI iCHYe psx mpobiem. Onmcani
BHIIIE CUCTEMH IOTPEOYIOTh HAATO BHCOKOI TOYHOCTI NMPH YHWKHEHHI mepentkor . [cHytoui anroputMu o0xomy
NePENIKO] Ta YHUKHEHHS 3iITKHEHHs HE JA0Th 3MOTM BHPILINTH NOCTaBJICHY 3a1ady IIPU YMOBI, IO IEpeIIKoaa
TaKOXX PYXA€ThCSI B MEBHOMY HAIPSIMKY Ha3ycTpid 00’€KTy UM CIIBHANPAMIICHO 3 HUM, Ta HE MO3BOJIIIOTH
pealizoByBaTH TakKi alTOPUTMH B TPHOXBHMIPHOMY HPOCTOpPi, a MPAIIOIOThH JIMIIE Y BEPTUKAIBHIN TUTOIIHHI.
Takox iCHyI0Yi CHCTEeMH HE HAafOTh 3MOTH OIIHUTH PU3UK IIPH 3ITKHEHHI 3 1HITNM aBiaTPaHCIOPTOM, OIIHIOIOYN
Taki MOTEHINIMHI BTPATH, SIK caM JITaK, KUIBKICTh MAacaXXHpiB Ha OOPTYy i T.A., OCKIIBKH 30€pEeKEHHS JKUTTA
JIFOIMHU CHOTOMHI € OCHOBHUM 3aBIAaHHSAM OyAb-KOi aBiaTexHiKH. TOMY aKTyalbHOIO € 3a/1a9a pO3pOOKH TaKhX
CHCTEM YHUKHCHHS 3iTKHEHHs OC3MUTOTHHX JTaKiB, SKi O TO3BOJIIIN BUPIIINTH BHUIICHABEACHI IPOOIeMH.

MeTo10 poGOTH € PO3pOOKa MIAXOAy HO CTBOPEHHA S()EKTWBHOI TEXHOJOTII JJISI CHCTEMH TIPHHHATTS
pilIeHb, 0 BUKOPUCTOBYETHCS ISl YHIKHEHHS 3ITKHEHHS MK O€3ILTOTHUMH JIiITAKAMA HA OCHOBI OLIIHKY PH3HKY.

MATEPIAJIN TA PE3YJIBTATH JOCIIIKEHb

AHaJi3 CBITOBUX TEHACHINIH PO3BUTKY OE3MIIOTHOT aBialliifHOT TEXHIKHM CBIIYUTH MPO TOCHUIICHHS BUMOT
II0 3a0e3rneveHHs i1 0e3MeKn He TUIBKH IUISXOM IMOKPAIIeHHS JTHOTHO-TEXHIYHUX XapaKTEPUCTHK OE3MIOTHUX
nmitanpaux amapatiB (BITJIA), a Takox depe3 3abe3medeHHS Ta 3pOCTaHHS MOJBOTHOTO PECypCy IIIIXOM
YIOCKOHAJIEHHS 1HTENEeKTY OOPTOBUX CHCTEM aBToMaTndHOTO ynpasiiaasa (CAY) [5].

Cucrema IpUHHATTA pillleHb [T BUPIMICHHAS JaHOI 3a/1a9i BUKOPHUCTOBYETHCS IS TOTO, MI00 3IHCHUTH
YHUKHEHHS 3iTKHEHHS, MOAIOHO JoAnHI. BOoHa BUKOPHCTOBYBajach B aBiallii 3 Pi3HOI0 METOIO, IPOTE HE IS
ANTOPUTMIB YHUKHEHHS 31TKHEHHS.

Crparerist 3amo0iranHs 3iTKHEHHS CKIAQAA€ThCS 3 TPHOX (pa3 MOIBOTY — TOJIOBHUH KypC, YHUKHEHHS
3ITKHEHHS Ta IOBEPHEHHS JI0 TOJIOBHOTO Kypcy. 'ooBHMI Kype — 11e (asa, B SKilf 3HAXOIUTHCS JITaK TOJ, KOIH
IHIIIOTO aBiaTPaHCIOPTY «HE iCHYe». YHHKHEHHS 3iTKHEHHSA — 1e ¢a3a, B AKii 3HAXOAWTHCS JIITaK, KOJIH iCHY€
PU3HUK 3ITKHEHHS 3 iHIMM 00’€kTOoM. BimXwieHHs BiIl Kypcy, sKe BiIOyBaeThCS depe3 YHUKHEHHS 3iTKHEHHS,
KOPETYEThCSl TAKUM YHHOM, IO JIITAK MOBEPTAETHCS 10 MOYATKOBOTO KypCy — 11e (ha3a MOBEPHEHHSL.

B (asi moBepHEHHS BHPAaXOBYeThCs 3MileHHs B ropusonTtansHiii ( R, ) i Bepruxamshiii (R, )
nnomusax. [oxixni Big R, i R,,, BUKOPHCTOBYIOTBCS SIK 3MIIEHHS BiJl OPHTiHATLHOTO Kypca B 3BHUAHHOMY
JBOMIPHOMY 3aKOHi ympaBiiHHs. [IpoTe 3aMicTh HHX BHKOPHCTOBYETbCS KyTOBa WIBHAKICTH HampsmiB Ay -

JUIS TOPU30HTANBHOT ITomuHn i A ¥ - IS BEPTUKAIBHOI.

Ha pucynky 1 moka3aHo ypaxyBaHHS 3MILIEHHsS BiJl OPHMIIHAJIBHOTO KypCy Ul TOPH30HTAIBHOI
rronHy (puc.l. a) Ta BepTHKaiIbHOT (puc.l. 0) B (a3l moBepHEHHS 10 OPUTiHAIBHOTO KypCy.

F' Y
Vi, (=)
Rus s A =,
L Av=y -y,
R'\'DS
1
, /.
. ! A=y -y,
E o N Y=y -,
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= Vi
(—) (+) v
a) 0)

Puc. 1. Po3paxyHOK BiIXWJICHHS BiJ] OPUTIHAJIHHOTO KypCY B TOPU30OHTANBHIHN Ta BEPTUKATBbHIN TUTONTHHAX

daza yHUKHCHHS 3ITKHCHHS — HaWronoBHima (asa Uil JaHOro migxody. BoHa Mae aBa BapiaHTH —
PO3JIUJICHHS, Ta MaHEBP YHHKHCHHS 3ITKHCHHS. MaHEBp YHUKHCHHS 3ITKHCHHS 0a3yeThCsl HA MATEMaTHYHIN MoJeli
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PYyXy IBOX JITAOYMX arapatiB B MPOCTOPI, KA 1a€ MOXIIMBICTh Ha KOKHOMY KpOIIi aJITOPUTMY BHPAaXOBYBAaTH HOBY
BIJICTaHb MIXK JTITAKAMH.

Crctema TpaBuIL, 3TiTHO 3 SKAMH PUAMAIOTHCS PIIIeHHS, BHKOPHCTOBYETHCS I JAHOTO ITiIXO.Y, o0 3a
JIOTIOMOTOIO HUX BU3HAYWTH, STKU MaHEBP Kpallle 3MiHCHATH — B TOPU30HTAIBHINM Y1 B BEPTHKAJIBHIHN IIOMIUHAX.

l'onoBHOIO TIpOOIEMOTO TPU PO3POOII ANTOPUTMIB YHUKHEHHS 3ITKHEHHS OC3IUIOTHHX JITAKIB € TaKOX
3a0e3meueHHss O€3NeKH IHINMM JITAalouMM 3aco0aM, OCOOJMBO IMJIOTOBAHMM JIITAKaM, a TaKOX JTakaM, SKi
TIEPEBO3ATH ACAXKHPIB. TOMY KIFOUOBHM IMUTAHHAM IPH PO3POOII TAKUX aJTOPUTMIB € OIliHKA PH3HKY.

VHUKHEHHS 3ITKHEHHS — 1€ HE TIILKHA TEXHIYHE 3aBJaHHs, 1€ 3aBJaHHs, SIKE ITOB’s13aHe 3 OE3IIEKOI0 JIFOIEH.
CucreMa YHUKHEHHS 3iTKHEHHS TIOBHHHA JIOITYCKAaTH PH3HK 3ITKHEHHS JIMIIE OIWH BHIA0K Ha Minbapa. s gaHoro
BUIIA/IKy PU3UK BU3HAYAETHCS 32 (POPMYIIOLO:

— %
Ri _Li p(Ll) (1)

ne L, - norenmianeni srpatn, p(L;) - iimosipuicTs 3iTkHeHHS.

[MoreHuianbHi BTpAaTH BUPaxOBYIOTHCS B 3aJIEXKHOCTI BiJ] TOTO, sIKa KUIBKICTh JIIOJIeH Ha OOpTY JliTaka,
sKa Maca JiTaka — To0To OiibIImii JiTak, Giblle nacaxupis HAGOPTY - Oinbuii BTpath. MMOBipHICTS 3iTKHEHS
3aJIeXKHTh BiJl IIBUKOCTI PyXy JiTaka — TOOTO OiJIbIlla IIBU/KICTh, OLIbIA HMOBIPHICTH 3ITKHEHHS.

B 3anexHOCTI BijJ CTyNeHs PU3UKY 3a 3alPOIIOHOBAHUM IIiJIXOJIOM BECh HABKOJMIIHIH MOBITPSHHUN
MIPOCTIp JIiTaKa AUIMTbCS Ha 3 30HM — YEPBOHY, JKOBTY 1 3eJeHy. 3eJieHa 30Ha — OE3MUJIOTHUK TapaHTye, L0
YHUKHEHHS TOTEHI[IaJIbHOTO 3iTKHEHHS MOXJIMBE 0e3 OOMEeXeHb KOHTPOJI0, JXOBTa 30Ha — PEXHUM
BiJIOKpEMJICHHS, YepBOHA 30Ha — NOTPiOEH MaHEBP YHUKHEHHS 31TKHEHHSI.

3anpornoHOBaHUM MiAXiA JUIl TaKoi CUCTEMH IoJIsirae y BaockoHaneHHi cuctemu ADS-B. Bupo6itok
pillleHb 3IIHCHIOETHCS Ha OCHOBI OLIHKM pHU3UKY. lepapxXiyHa CTpyKTypa NpaBmiia «SIKIIO-TOMAI» J03BOJISIE
MoOYAyBaTH MOJIEIb OLIIHKY PU3UKY.

OCHOBOIO JUIs1 OLIIHKH PU3UKY QJITOPUTMIB CHCTEMH €:

1.TuroBi enemMeHTH MoJeIOBaHHsS (Tabnumi KoeillieHTIB BTpaT Juisl MUJIOTOBAaHHMX, OE3MUIOTHUX
JTaKiB, Pi3HUX KJIaciB OE3MIOTHHKIB, 3HAY€Hb HMOBIPHOCTI 3iTKHEHHS B 3aJIE)KHOCTI Bijl IIBUIKOCTI, BiICTaHi,
MacH JIiTaka ).

2.TUIoBi CTPYKTYpH MOJETIOBaHHS (PO3paxyHOK 1 ToOynoBa 30H B 3aJIEKHOCTI BiJl 3HAYCHb
WMOBIPHOCTI 3ITKHCHHS Ta MOTCHIIHUX BTPAT).

3.TunoBi CTPYKTYpH OLIHKU PU3UKY, 1110 BAKOPUCTOBYIOTh HPABHJIO «SIKIIO-TOMI».

Po3noain moBITPSIHOTO MPOCTOPY HAa 30HM 3TIHO 3 3alPOIIOHOBAaHHMM MiZAXOAOM OYyJIO pO3paxoBaHO i
MPEJICTAaBJICHO HA PUCYHKY 2.

Puc. 2. Po3nozin noBiTpsiHOTO MpoCcTOpy Ha 30HU

TakuM YUHOM, 3alpPOIIOHOBAHMU TMiAXiJ JO3BOJSE OIIHUTH PU3MK TPU TOTEHIIHHUX BTpaTax MpH
3ITKHEHHI, 1[0 JO3BOJISE MABUAIIATH HAAIHHICTE CUCTEMH.

BHUCHOBKHA

B nmaniit ctaTTi 3ampoMOHOBAHO MiIXia 1O PO3POOKH HOBOI TEXHOJIOTII MIATPUMKH MPUHHATTS PIillIeHb,
0 BUKOPUCTOBYETHCS MJS YHUKHEHHS 3ITKHEHHS O€3MiIOTHUX JjiTakiB. [lanmit miaxim 3abe3medye aHaui3
MOTEHIIIHNX BTPAT NPHU 3ITKHEHH] 3 1HITNM JIITAIEHAM arapaToM 3a JIOTIOMOTOIO OIiHKK PU3UKY. Takuit miaxin
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OpPIEHTOBAHO HAa BUPINICHHS TOJIOBHOI MPOOJIEMHU TIPH PO3POOIIl AITOPUTMIB YHUKHEHHS 3iTKHEHHS O€3MMIOTHHX
JTaKiB - 3a0€3MeYeHHs OE3MeKH 1HIINM JIITAI0UYNM 3aC00aM.
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