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Anomauia — podoOTa NpPUCBAYEHA PO3IVIALY HPodIeMH
CTBOPEHHSI “pO3YyMHOro Koay” 31aTHOr0 BUIPABJSTH NOOAMHOKY
MOMUJIKY B OiHapHOMY Koji . B po6oTi 3anponoHoBaHo npukJan
CTBOPEHOT0 MHOIO KOy Ha OCHOBI Biomoro paniure kony bO10.
Takox B po0oTi po3IVIsAHYTI CTAHAAPTHI BJIACTHBOCTI OiHapHMX
KOIIB Ta cI0co0M iX 3aCTOCYBAHHSA 3211 KOAYBaHHs iHpopManii
Ta cN0CO0U JeKOAYBAHHSI OTPUMAHOIO NOBiAOMJICHHS, IO 0YyJ10

NMpONyIIeHO0  4Yepe3  cepeloBHINe 3  IIyMaMH,  MHOIO
3aNpONOHOBAaHA MATLAB  mporpama, ska  peajidye
3aNpONOHOBAHUI METO/.

Kntouoei cnosa — oinapui xoou bOJ]0, Kodysannus,

oexoodysanns, npozpamyseannn 6 MATLAB, cepedosuwe 3 uiymom.

l. BcTyn

Ille 31aBHA JIFOOM CTABWIIM TEpel COOOI0 3aBIaHHS 3MIHUTH
iH(pOpMAIlif0 TaKMM YMHOM, OO i MOIJIM MPOYUTATH TINBKU
BiZIMpaBHUK 1 oTpuMyBay. [leprioro, BiZOMOIO HaMm, BIAJIOKO
crpo6oro cTBOpeHHs Takoro koay 0ys mudp Lesaps[1]. 3apa3
e 3 PO3BUTKOM KOMII'IOTEPHHUX TEXHOJIOTIH MOCTAaIOTh OLIbII
ckiaaHi  3amaui  3axucry iHdopmauii. B wmoiit  poborti
3aIPOIIOHOBAaHMI caMe TaKUi anropuTM KOIYBaHHS], IIO
3JaTHUI BUIPABIATH IOOJMHOKY IMOMHMJIKY, 3T€HEpPOBaHY B
CepelIoBHUIII 3 IMIYMOM, B OiHapHOMY Kofi. Takok MHOIO OyB
peanizoBaHMil  JaHMHA ~ aNrOpUTM  MOJENIOBaHHA B
nporpamaomy cepenosunti MATLAB.

1. TIOCTAHOBKA ITPOBJIEMHU

Posrsnyra  MHOIO  mpoOiiema  akTyasibHa 1 Ha
choroAHImHIA neHb. C KOXXHUM DPOKOM CTBOPIOIOTHCS BCE
OibII CKJIAHI AJTOPUTMH MHM(PYBaHHS [aHHUX, 1 T'OCTPO
CTOiTh Tpo0JeMa B CTBOPEHHI ‘“‘pO3YMHHX KOMIB” 3ais
Oe3reyHoro OoOMiHy ITOBIJIOMJIEHHSAMH B MHUpPHHMH 4ac, 4d B
yMoBax BifHH. OCKIJIBKH 3aIIPOIIOHOBAHI MHOIO aJITOPUTMH HE
€ JyXe CKIagHUMH, BOHH MOXYTb OyTH  JIETKO
3amporpaMoBaHi CTYJACHTAMH I/ Yac HaBYAJIHHOTO TPOIIECY.
Jlist Garatbox 1e Oyzne XOpOLIMM MOIITOBXOM Y HOTHOIEHe
BHUBYCHHS TPEAIMETIB Ta TAPHOIO HAroJ0I0 CTBOPUTH BIACHUH
ITOPUTM KOJYBaHHS 1 IeKOAyBaHHS iH(pOpMaIlii.

I1l.  OCHOBHA YACTHHA
Tak sx Maibke Bci TeHiampHI BYeHI 1  HAYKOBII
3ITOBXYBAIMCSA 31  CKIAQIHOIIAMH  MiJ Yac  iXHBOI

JOCIITHUIBKOT JSTIBHOCTI, TO Ll mpoOsieMa He OMHHYJa 1
MmeHe. CTBOpIOIOYM BIIACHUHM KOJA s mepenpoOyBaB 0Oe3iiu
pisaux  amropurmiB.[2][3][4][5] OGwupatoun  anroput™m
KOJIyBaHHS 1 JIGKOJYBaHHS UIsl TOPIBHSHHS, s 3y[UHUB CBill
BubOip Ha xomi BOJO[2][3]. I BusiBuiOCS, IO 328 IOTIOMOTOO
JJAHOTO aJrOPUTMY KOAYBAaHHS CHpaB/di MOXXHAa CTBOPUTH
“po3ymHuit kox” Ta Bianosigny Matlab nporpamy mist mporo,
mo0 3AiICHUTH MOAENIOBaHHS BCHOTO MPOIECY BiA MOYATKY,
TOOTO TIOKa3aTH CTOPOHY BIANpPaBHHKA TaK 1 BiATBOPHUTH
MIPOLIEC OTPUMAHHS TIOBiJIOMJIEHHSA 31 CTOPOHH OTPHMYBada.
CnovaTtky, 3 JONOMOTOI0 MOTO HayKOBOTO KEepiBHHKa, Oyna
CTBOpPEHA BIJINOBIJHA Mporpama, MO0 3JaTHAa IEPEBOJAUTH
3BHYAWHUN aHTIIOMOBHHII TEKCT TUmy String B BiamosimHi 5-
3HayHuid OiHapHuii mnortok. Hacrymuoro 3amauecio Oyiio
3MOJICNIIOBATH  CEPElOBHIIE 3 IIYMOM 3a JIOIIOMOTOI)
pekypcuBHux umkinis tumy: for-else-end, for-end, while-end,
if-else-end. CtBopeHa MHOIO Tporpama 3amrymyse N-3Ha4YHi
OiHapHI KOAW IO pPSAAOYKY Ta cToBmYMKOBi. [lim wac ii
HAITUCAHHS 51 KOPUCTYBaBCsA KOMaHAOK rand, mo BUIae 4UCiIo
Bim 0 1o 1 3a 3akoHOM piBHOMIipHOTO po3mozimy. Hanpuknan
MaeMo S-3HauHWil OimapHuit kojy 00011 1 cTBOprOEMO
BiJIMIOBiTHUIA TIyM 3a mpaBuiioM: | 3mMiHIOeMO Ha 0 1 HaBIaKH,
mo6 crano, Hampukian, 00111. Ilicns 1mporo s CTBOpUB
nporpaMy, IO BiTBOPIOE BCI MOJIMBI MOOJWHOKI TOMUJIKH,
SIKI MOTJIM BHHHMKHYTH Ii{9acC BiJIPaBJICHHS MOBIJOMJICHHS 1
BIIHOBIIIOE TTOYATKOBHUM TEKCT 3 BUBEIAEHHIM HOro MOTIM HOTO
B GUI. S Takox BUpINIMB HAa LOMY HE 3YNUHATHCH, 1
3po3ymiBiiH, 1m0 kKox bomo[2] smatamit Ha Taki MaHimyssmil
HalycaB BJIaCHUH aJrOPUTM KOIYBaHHS ITOBIJIOMIICHHS, SIKHA
nojsraB B MM(QPYBaHHI KOXHOI JHTEpH OUIBII CKIIAJIHUM
anroputMoM. CyTh MOTO METOJy MoJjsiraja B KOMIIOHYBaHHI
JIBOX Pi3HUX YaCTHH 5-3HAYHOTO OIHAPHOTO KOJXy i CTBOPEHHI
10-31a4HOTO, OLTBII CKJIAJHOTO B peaisalii i BUKOPUCTAHHI.
51 6paB yxe Bigomuii noci kox bomo[2] i nogaBaB 10 HBOTO
MIEPEBEPHYTY BEPCIIO I[HOTO CaMOTro KOy, TAKHM YHHOM, 1100
OykBa A acomiroBamacs 3 Z. Ilicms 1poro s BHUPINIUB
crpoOyBaTH Miil KO/ B Jii 1 BUKOHAB BCi HEOOX1IHI JIJISl IIbOTO
omepartii. BusiBuiocs, 1mo miil GiibI CKIagHANA KO ,HaXKab,
He OyB Iyxe e(QEeKTUBHUM 1 HE MIl BHIPABISATH HaBITh
MTOOJAWHOKI TIOMIJIKH, HE TOBOPSTYHM BKe Mpo 2 Ta Oinmbire. I TyT
3HOBY Mocraja mnpoOiema, sika JaBHO TypOyBaja BUCHHX 1
HAyKOBLIB, B TOIIYKy OuUIbIl e(pEeKTUBHUX METOIB
KOJ{yBaHHS.
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IV. BUCHOBKU

B crarTi 3anponoHoBaHuii METOA CTBOPEHHS “‘PO3yMHOTO
koxy”’ BuacHOpyd. IIpoanamizoBani wmeromm Ta 3acodu
CTBOPEHHSI KOJIB, IO MOXYTh BHIpaBiIiATH | Ta Oinblie
MOMIWIOK B KOXHIM TOpPIii KOXIy, TPOMYyIICHOTO depe3
cepenoBuIle 3 IIymMaMu.  3poOjieHa  TOpIBHSUIbHA
XapaKTEePUCTUKAa BUKOPUCTAHHS MPSMOTO KOXy, IIPOITYLIEHOTO
yepe3 ImIyMmM, Ta ‘po3yMHOro koay”’. 3poOieHi cmpodu
CTBOPEHHS BIACHOTO Koxy. [laHa cTaTTsi MOXe OyTH KOpHCHA
JUISl CTYJICHTIB IpH Oib1I noraubneHoMy BUBYEHHI Teopii

iHpopmaniiaux npouecis, IlporpamyBanHs, Ta TpHU
CTBOPCHHI MH(PYBaTbHUX AITOPUTMIB 33Ul BIIPOBAKEHHS
ix B cdepi mmppyBanHs iHdopmanii Ha Oe3MUIOTHHX
JITaNbHUX arapaTax.

CrucoK sukopucmaHux 0xcepen

[1] https://uk.wikipedia.org/wiki/Indp Ilesaps

[2] http://uk.wikipedia.org/wiki/Kox_bomo

[3] https://sites.google.com/site/anisimovkhv/learning/kripto/lecture/tema20
[4] https://habrahabr.ru/post/140611/

[5] http://window.edu.ru/catalog/pdf2txt/839/44839/21617?p_page=12
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Anomauia — B 11iit po6OTi MU ITpEACTaBIIIN MPUHITHIT pOOOTH Ta
OCHOBHI MpoOJeMH TPH BHMIPIOBaHHI BHCOTH 3a JOIOMOTOIO
JIa3epHOT0 IMIYJIbCHOTO METOJY.

Kntouoei cnosa — imnynvc, nazep, eucmomip, 6apomemp,
cuznan

BCTVII

CydacHi JiTanmpHI amapaTH HE MOXYTh o00iiftucs 0e3
TOYHHUX 3aCO0IB BHMIPIOBAHHS BUCOTH. AJDKE BiJl TOYHOCTI
BUMIPIOBaHHS BHCOTH 3alie)KUTh Oe3leka TMOJbOTYy. IcHye
Oarato BUIIB BHUCOTOMIpiB: OapOMETPHUYHUI BHCOTOMID,
MeXaHIYHUH OapOMETPUYHHUN BUCOTOMIp, €IEKTPOMEXaHIYHUI
BHUCOTOMIp, PaJiOBHCOTOMIP, PajiOBHCOTOMIP MaJlMX BHCOT,
panioBUCOTOMIp BEJIMKHMX BHCOT Ta JIa3epHI  BHCOTOMIpH.
KokeH 3 HHMX Ma€ CBO€ TPH3HAUEHHS Ta BIAPI3HIETHCS
TOYHICTIO BUMIPIOBaHHS BUCOTH.

TEOPETUYHI BIJOMOCTI

Bucoromip, agpTUMeTp - nmpuiai Ui BUMIPIOBAaHHS BUCOTH
NOJBOTY. PO3pI3HAIOTH palioOBUCOTOMIpH, MIO BHUMIPIOIOTH
BUCOTY HaJ| NOBEpXHEI0, 1 OapOMEeTpUYHi, LI0 BUMIPIOIOTH
BUCOTY HaJl YMOBHHM DIiBHEM, L0 XapaKTePH3YETHCS 3alaHUM
3HAYEHHSIM aTMOC(EPHOTO THUCKY.

[puHumn aii 6apoMeTpUYHUX BHCOTOMIPIB 3aCHOBaHAa Ha
TOM, 10 aOCOJIOTHUH THCK TOBITPS 3 IiJABHUIIEHHSIM BHCOTH
3MEHIIYETHCS BHACIIIOK CKOPOYEHHS BUCOTH
cToBna moBiTps. [Ipn BHUMIpIOBaHHI BHCOTH pO3PI3HSIOTH
reOMETPUYHY Ta IeONOoTeHIialbHy BHCOTY. B 000X Bhumamgkax
3a T0YaTOK BIUIIKY NPUIMaIOTh piBeHb MOpS 3 NapamMeTpamu
CTaHAApTHOI aTMocdepH ITix reoMeTpH4YHOIO BHCOTOIO
pO3YMIIOTh ICTHMHHY BHCOTYy BHMIPIOBAaHHS HaJ CEpeaHIM
PiBHEM MOpS, Ti/I T€OMOTEHITIATbHOO BUCOTOIO — BiTHOIIIEHHS
TeONOTeHIlia)la BUMIPIOBaHHS O MPHCKOPEHHS BUIBHOTO
magiaHsg . Ilig reomoreHImiasoM po3yMilOTh HOTEHIIATbHY
€Hepril0 YaCTHHOK aTMoc(epH, BiTHECEHY 10 OJIMHHIIb
MAacH, BITHOCHO PiBHS BIJIJIKY.

OCHOBHA YACTHHA
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Puc. 1. Cxema iMIIyJIbCHOTO JIa3€pHOT0 BUCOTOMIpA.

Mpunimn i 7a3epHUX  IMIOyJIBCHHUX BHCOTOMIpiB  [1]
3aCHOBaHMI Ha BUMIPIOBaHHI IHTEpBAYy 4acy MiXX MOMEHTOM
BUIIPOMIHIOBaHHS 30HJYIOUOr0 JIa3epPHOI0 MOHOIMITYJIbCa
(cTapT-iMmynbc) 1 MOMEHTOM MPUIOMY BHIPOMIHIOBAaHHS,
BimOuroro Bim o00’ekta  (crom-immyibc).  Ixepenom
BUIIPOMIHIOBaHHS B TakuX Opmiagax (puc.l) € iMmynbcHHi
nazep (3a3BUyail TBEpAOTUILHMH ab0 IMOJYNPOBOAHIKOBHIA),
BUIPOMIHIOBAHHS  SIKOTO  KOJUTIMYETBCSI 32  JIOTIOMOTOIO
ontnyHoi opmyrouoi cucremu. I[lpu popmyBanHi J1a3epHOTO
IMITyJIbCY YacTHHA JIa3epHOTO BHIIPOMIHIOBaHHS BiJIBOIUTHCS
(Hampukiag, 3a  JIOIOMOTOI0  CBITJIOPO3MOALIIOBAYa) Ha
doronpuiimarounii tipuctpiii (PIII11). Bigbure Big 06’ekra
BHIIPOMIHIOBaHHA NOTpPAIUIs€ B NPUAMAIbHANA KaHaJ, IO
CKIIQIa€ThCs 3 MpuiiManpHOro 00’ekTHBa, PIII2 (TMpuiiMaya
BHUIIPOMIHIOBaHHA) 1 MiACHIIOBa4a CHUTHATYy. BuMiproBau
gacoBux iHTepBamiB (BUI) moumHae pobory B MOMEHT
BUIPOMIHIOBAaHHS JIa3epHOTO iMIysbcy 1o curHaimy OIIIII i
3aBepurye il B MOMEHT IPHUHOMY BiZIOMTOrO BHITPOMIHIOBAHHS
no curHainy PIII2, Buparoun 1udpoBUi KO OTPUMAHOTO
pesynbrary. bBiok cumHXpoHi3amii i ynpaBimiHHS 3IiHCHIOE



IHTepOpETAIiF0 1  MiJBUINCHHS  TOYHOCTI  OTPUMAHHX
pe3ynbTariB, (OpPMye CHTHalI Ha IHAMKATOpi, a TaKOX
mpuiiMae KOMaHAW OpraHiB ympaBmiHHA. [lpm mocTiiHIN
IIBUIKOCTI MOITMPEHHS €JIeKTPOMAarHiTHOTO BUIIPOMIHIOBAHHS
B mapi cepenoBuma (armocdepi, KOCMOCi, BOMi) BHCOTY
HOJILOTY MOKHA BH3HAYMTH 32 JOINOMOTOK0 BHMIPIOBaHHI
4acy PO3MOBCIOMKEHHS JAa3epHOTO IMIYNIbCY BIT JiTaka I0
3eMuli Ta Ha3aj.

Jdns  3MeHHmIeHHS  HOXMOKM  BHMIpIOBaHHS  BUCOTH
HEOOXIIHO 3a0e3neynTu [OCTINHICTH IIBUIKOCTI
PO3IIOBCIO/KEHHSI BUIIPOMIHIOBaHHS B Iapi arMocdepu i
Horo mpsModiHiiHicTh. 1li yMOBHM He 3aBXAW 3JAiHCHEHHI:
HanpuKiag, HeoOXiJHO BPaxOBYBaTH sIBHIIE pedpakiii, o
NPUBOIMTH JI0 BHKPHUBJICHHS ONTHYHOIO HUISXY JIa3€PHOTO
BumpoMiHIOBaHHA. [Ipm mazepHii Jokamii B TypOylIeHTHHX
CepelIOBHIAX ONTHYHHMN LUISX JIA3ePHOTO BHIPOMIHIOBaHHSI
TaKOXX CIOTBOPIOETHCA (BIIPI3HAETHCS BiA MPSAMOIIHIHHOTO).
OCHOBHHI BHECOK B IOXHOKY BHMIpPIOBaHHS INAJIBHOCTI 1O
00’€KTYy BHOCSITH TIOXHOKH, II0 BUHUKAIOTh MIPH BUMIPIOBaHHI
YacOBOTO IHTEpBAly MiXX MOMEHTaMH MOCHIKH 1 mpuifomy
BUIIPOMIHIOBAHHSI 30HyI0UOTO IMITYJIBCY.

Cepen HUX MOXXHA BHIIITUTH:

- CHUCTEMaTH4YHYy NOXHOKYy, sika O0OyMOBJIEHAa PI3HHUM 4YacoM
3aTPUMKHM CHTHAy B KaHanax (ikcauii BHIPOMIHIOBAHOTO
(ctapt-) i IpUiHATOTO (CTOI-) IMITYJIBCIB;

- TOoxHuOKy, sKka OOyMOBJCHa KIHIICBOIO JHCKPETHICTIO
BHAMIiprOBada iHTEPBAJIiB Jacy;

- moxumbka BHU3HAaYeHHS dYacy (ikcamii  iMITyTBCIB
BUIIPOMiHIOBaHHSI.

CucrtematnuHy MOXHOKy, sKa OOyMOBJICHA pPI3HHM YacoM
3aTPUMKH CHTHANy B KaHamaxX (hikcarii BHIIPOMIHIOBAHOTO
(crapT-) 1 npwmiiHATOr0 (CTON-) IMIIYJIBCIB, MOXHA abo
MiHIMI3yBaTH, 00, BHACIIIOK CHCTEMAaTHYHOCTI 11 Xapakrepy,
BpaxyBaTh TpU  BUMIPIOBAaHHI ~ 4acoBOTO  IHTepBaly.
Minimizamist gaHOi MOXHOKH MOXIMBA MPU  CXEMHIN
KOMIIEHCcalil, a mpu cxemi 3MilieHoro crapry. B mpomy
BUIIAJKy KOJIM CTapT- 1 CTOI- IMITyJIbCH MOJAIOThCSI HA OJIMH
npuiiMad BHIPOMIHIOBaHHS, TO NOXHOKa  KOMIIEHCYETHCS
nmoBHIicTIO. Y cucremax 0e3 TMO€AHaHHA CTapTy IO
CHCTEeMaTH4YHy MOXHOKY MOXXHA BpaxyBaTH 3a JOIIOMOTOIO
0araTopazoBOr0 BUMIpIOBaHHS KalliOpOBaHOT MUCTAHIIII.
BrmB mucKpeTHOCTI BUMipIOBada YaCOBUX IHTEPBATIB IIPH HE
CHHXPOHHOCTI HOT0 BHYTPIIIHBOI TaKTOBOI YacTOTH 3
MOMEHTaMH BUIIPOMIHIOBaHHS 30HYIOYOTO IMIYJIbCY MOXHA
OI[IHUTH IO TUCTIEPCii MOB'A3aHOT 3 HEIO TOXUOKH:

D Ad®

[

ne: Ad? - MCKpeTHICTL BUMIpIOBaHHS iHTEPBAIIIB Yacy.

Ilpn  BUKOpWCTaHHI  TAakTOBOrO  TreHeparopa Uil
BUMIipIOBaya 4acoBHX iHTepBalliB 3 yacToToro 150 .. .300 MI'
moxuOKa, BHUKIMKaHa IUCKpeTHicTio, ckiaxe 0,1 .0,2 M.
IMoxubka  BuMiproBaHHs  dyacy  ¢ikcamii  iMITyJIbCiB
BHUIIPOMIHIOBAaHHS B OCHOBHOMY TIOB'i3aHa 3 MPHAOMOM
BiIOMTOTrO BiJ 00'€KTa JA3€pPHOTO IMITYJIBCY - TOTYXKHICTB
curHany. BoHa Moke 3MIiHIOBaTHCS Ha KuUTbKa TIOPSAKIB
3aJIeKHO Bil BHCOTH IONBOTY Ta KoedimieHTa BiIOUTTS
MTOBEPXHI 3€MJIi, CTaHy IIapy CEPEIOBHINA PO3MOBCIOIKECHHS
JIa3epHOTO  BUNPOMiHIOBaHHA. KpiM TOro, Ha cHTrHai
HAKJIQAIOThCSl INYMH 1 3aBajy NPUHMalIbHOTO KaHaly 1

KaHaJIy pPO3MOBCIO/DKCHHS NMPOMEHs. Bce e mpu3BOAMTE 0
CUIILHUX CIIOTBOPEHb (JOPMH CHUTHANY, IO TPUIMAETHCS 1, SIK
HACIIIZIOK, O MOXUOKH (ikcarii MOMEHTY NPHXOAY IaHOTO
immysecy (puc.2).

-
[

Puc. 2. ®ikcarris iMIybCy 3a piBHEM Y daci:
ty, t2 - MomenTn ikcanii Bindutnx iMmynscis; Upep
HOPIT CIIPallbOBYBaHHS KOMIIAPATOpa.

BHUCHOBOK

B Harmriii po0oTi IpOBEICHHIA OTJISIT METO/IB BUMIPIOBaHHS
BUCOTH TIOJILOTY JliTaka. PO3IIIIHYTHH Ja3epHUid IMITyJIbCHUI
METOJlT BHMIPIOBaHHS BHUCOTH NOJbOTYy. IIpoaHanizoBaHO
MIPUYMHA BUHHUKHEHHS IIOXHOOK JIa3epHOTO BHCOTOMIipa.
[Toxubxka nma3epHOro IMITYJILCHOTO BUCOTOMIipa CKJIAJaeThes 3
CHCTEMaTHYHOTO TIOXWOKH Yacy 3aTPUMKH CHUTHAITY, TOXHOKH
JTUCKPETHICTIO BHMIPIOBAaHHS IHTEpBAIy 4Yacy Ta MOXHOKH
BH3HAYCHHS Yacy (ikcarlil iMITyIIsCy.

Cnucok BUKOPUCTaHHX JKEPET

[1] Immynbenblit na3epHslit ransHOMep [Enextponnuit pecypce]: Pesxnm
noctymy:http://www. Laser-portal/ru
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Abstract: this work is devoted to the problem of
accurate approaching the glide path by the aircraft.
Different variants of deviation from the glide path
point are considered and the ways of their
minimization are suggested.
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I.INTRODUCTION

The final stage of the flight depends largely on the
accuracy of approach to the glide path. In the work [2] the
formula was developed and the schedule of the entrance
to the glide path under the influence of the human factor
was formed.

Also, in the article [1] particular variations of the
entrance to the glide path point in the vertical and
horizontal planes were considered. Using the Mathcad
tool, graphs were obtained.

Il. EASE OF USE

Human Factors in its widest definition describe all the
many aspects of human performance which interact with
their aviation environment to influence the outcome of
events. Both physiological or psychological aspects of
human capability are considered, moreover they have a
direct affect the way in which the human operator
performs in different circumstances

I"i. MAIN PART
We considered other variants of deviation during
entering the glide path point
Consider the trajectory of the flight of an aircraft when
it leaves the glide path (figure 1), defined by the
expression

Z
ENOESEEE:

(6)
where £ — height of the flight when approaching the

glide path, L - lateral deviation from the specified point of
the glide path.

Runway

We will consider particular cases of deviation from
the assigned glide path
Zp=i-iflty—-0 @)
where [ - deviation amount

Then the correlation and autocorrelation functions are
equal

8.1)
(8.2)

(8.3)
In future we denotel(— 0
We substitute the values (8.1, 8.2, 8.3) in the formula
(3) and find the integral difference between
two trajectories

9)

(9.1) Formula (9) is written
in the following form:
A= z%2 L K/l T2

(10)

From the formula (8) it is seen that with increasing [
from0to L 3 the value of A increases.

The trajectory of the advance flight on the glide path
is
Zv+ 0 =Z2-ZfL(v+ (0
(11)

A=LZ'2/3-2L2'2/(3)-h"2 (+(Z"2L)/3-Z/L (2 + "2
At



Dividing the range
(0.L—

u (0L + O . Outrunning function on the site
[L = CL) isequal to zero Z(r+ () = 0 _ Therefore, the

advance correlation function is determined by integration

(0.2 —

only in the gap

(12)
Comparing following expressions (8.2) u (12)

We can make a conclusion
(="CI)=W0 =

The autocorrelation function of the advance path is

(BEE"CY=1/L 0 Lz -Z/Lx+"C )] T2dy =

(13)
(="CI-(+"CI=0 45 the condition

( that means at the unreal condition).

At the condition L * (| the autocorrelation
function of the advance path is

(14)

into two parts

Substituting  values "

to the equation (3), we will get ( figure
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entrarice line to
the glide path, the possibility of not falling to the
threshold level of the runway increases, and consequently
the probability of the precondition for the occurrence of
an accident is increased.
V. CONCLUSIONS
The study allows us to work on automatic
systems reliability methods through uniting of all three
investigated situations of deviation and constructing the
graph in tree-dimensional coordinate system.

REFERENCES
[1] Y. V. Hryshchenko, V. G. Romanenko,Y. Y.
Hryshchenko, “Suggestions of the improvement of the
quality of  flight during landing and missed
approach/ground maneuver”
[2] Y. V. Hryshchenko, D.M. Pipa, S.0. Tkachuk, V. G.
Romanenko, “The problem of aircraft’s defection from
the glide path entrance point”
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Anomauyia — B nami aui po3Burox BIIJIA npu3siB 10
BeJIUKOro ix pisHomanirTsi. Lle mpu3Besno 10 mpodJemMu ix
BuOOpy. 3 wi€l0 3aaader0 MoKe BIOPATHCH METOX AaHATIZY
iepapxiii (MAI).

Knwuoei cnosa — ananiz, memoou, euébip, BILUIA -
be3ninomuuii AimanvHuil anapam, npiopumem.

. Bcryn

Cyvacuuili eran po3BUTKY JIA Xapakrepu3yeTbes
NPOrpecoM TEXHIKM Ta 3pOCTaHHIM KOHKypeHIii, 1o
BiNOBiTHO MPU3BOAUTH 0 Pi3KOTO MiIBUIICHHS BUMOT IO
PiBHS O€3IIeKH Ta EKOHOMIYHOCTI MOJIbOTY.

Ha cporopni, mani BITJIA ycIimmHO BHKOPHCTOBYIOTHCS
JUIl BUPIIIEHHS IIMPOKOTO CIIEKTPY 3ajad IMBLIBHOTO
3HAQUEHHS TakUX SK [aTPYIIOBaHHA  BEIMKHX  3a
MPOTSDKHICTIO a00 IUIOmICI0 O00'e€KTiB, pO3BiAKa paiioHIB
JMiCOBUX Ta TOpPQ'SHUX TOXKEXK, M  3POLIYyBaHHSA
MiHepaJbHUMH J00puBaMH Ta 3aco0iB 0OopoThOM 13
WIKITHUKaMH ~ POCIMH  Ha  BEJIMKHX 32  IUIOLICIO
CLIBCHKOTOCTIONIAPCHKHUX YT1JISAX, METEOPO3BiKa, PO3BiKa
BEJIMKUX TEXHOT€HHHUX katactpod, €KOJIOTIYHU it
MOHITODUHI Ta MOHITOPUHI' akBaTopii Mops, s
3MIACHEHHS  TOIIYKOBHX Ta  PATYBaIbHUX  POOIT,
NaTpyIOBaHHS Ha(TO- Ta ra30NpOBOJIB, CIIOCTEPEKEHHS 32
00'eKTaMM Ta OXOPOHOIO, MTATPYIIOBAHHS I'PAHUIb KPaiHH i
T.JI.

ToMy Ha CHOTOIHIIIHIN eHP aKTyaJdbHa TeMa BHOOPY
HaMKpamoro, JUis BUpINICHHS NeBHOI 3amadi BITJIA, skwuit
OU miXOMB MO BCIM MOTPiIOHMM ITapaMeTpam.

1.  OI'JAICHYIOUMX METOAIB BUBOPY BITJIA

Haii6inpm mupokoro MOMUPEeHHS 3100yIM Taki METOIN
AK:
- METOJ IPOCTOro 3BayKyBaHHS,
- METOJ iIeaJIbHOT TOYKH;
- wmeron «Emexrpay;
- Meroj aHali3y iepapxiit MAIL
Haii0inmpmr  mpocTMM 3 HHX € METOJ IPOCTOTO
3BaKyBaHHs. BiH mepeabadye HOpMYBaHHS MAaTpPHIb, IO
XapaKTepU3yITh Jiesiki BnacTuBocTi JIA, mo 1 i BU3HaYCHHS
WX BJIACTUBOCTEH ApoOoM B pamkax Bixg 0 g0 1.

Merton ineanbHOT TOUKH 0a3y€ThCS HA MPUIYIICHHI, 10
Kpallle pimeHHs Oyie 3HaXOAUTUCh Ha HAWMEHIIIN BiICTaHi
JI0 TIO3UTHUBHOT'O i[I€abHOIO pillleHHs 1 Ha HalOLIbIIOMY —
JIO HEraTHBHOTO.

Merton  «Enextpa» mnoOymoBaHuii Ha 1moOyHoBi
MOXIIMBHX JIbTEPHATHB 1 X BiJHOIICHb.

Asie HaAWMOINBII MIMPOKE PO3MOBCIO/DKCHHS OTPHMAaB
Metoq MAW. Bin BimHOCHTBCS 1O OaraTokpuTepialbHUX
METO/IIB MPHUIMHATTA PillleHHs. MIoro OCHOBHOIO TEPEBaroo €
parioHambHE MOEJHAHHS CY0 €KTHBHHX OI[IHOK CICIiajiCTiB
Ta 00’€KTHBHHX (pO3paxyHKOBHX) IIapaMeTpiB 3pa3KiB
TEXHIKH IO OI[IHIOETHCS.

Tomy BupilleHHs 3ajayi, a came, BHOIp Kpamlioro
0E3MJIOTHOrO JITANBHOrO amapary Kpaiie 3IiHCHEHHTH
came MetogoM MAL.

I1l.  3ACTOCYBAHHA METOY MAI

Jlana 3amaua Mae 4 piBHi iepapxii. s HarasaHOTO
NpPEACTaBICHH 11 MOJXKHa TOSCHUTH 3a JOIOMOTOKO
CTpYKTYpHOI cxemu(puc. 1).

Uinb Bu6ip BMNA
IHTerpansbHi
NOKa3HUKN JNbOTHI AaHi MpoayKTMBHICTL Baprictb ‘ OnepaTusHicTb
AKocTi
MapameTpum ni n2 n3 ‘ﬂlO nii Mn28
U i =l —
AnbTepHaTMBKU BMNAL BMA2 BMNA3 BMNA4

Puc. 1 - cmpykmypna cxema subopy BIIJIA memooom MAI
CxeMy Ha pUCYHKY | MOXKHa MOSICHUTH B TOPSIKY
CIiZIyBaHHS 3HU3Y BBEPX:
1. Bubip 00’exTiB
2. BusHaueHHst Habopy mapameTpiB
3. BuGip inrerpansHux noxasuukis sikocti (11151)



0,35
0,3
0,25
0,2
0,15
0,1
0,05

JUin  npuknany  TpPUBENEMO  pe3yibTaT  OLIHKH

nokansHUX npiopurteTiB BITJIA mo ITTA 1(puc. 2):

S

Puc. 2 - noxanvui npiopumemu

TakuM YMHOM CKJIaJaEMO MaTpHLi 1 AJsL BCIX IHIIMX
napMerpiB. B kiHIeBOMY pe3ysbTaTi MaTHMEMO MaTpPULIO
JIOKAJILHUX TPIOPUTETIB.

OOenHaBIIM  JIOKAJBHI NPIOPUTETH Y TJI00anbHI
OTpUMaEMO TJI00anbHI mpioputeTH 1o KoxkHOMY 3 BITJIA.
Pesymeratn poGoTH mo mOmIyKy TIIOOANBHUX MPiIOPUTETIB
HaBEJIEHO Ha PUCYHKY 3.

Puc. 3 — enobanvui npiopumemu
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-
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< 0,217
-
4 )
-"zf
>
-l'"'-'
/
-~
-‘_-l'
/‘fz
_/z
/z/
f/
I I

NA1

0,221

NA2 NA3 NA4

3 OoTpUMaHMX pe3yJbTaTiB BHJHO, 110 HaiOUIbIIE
3HAYCHHS I[HOTO ITOKAa3HWKAa HANCKHTh JIA3, mpakTHaHO
OIHAKOBI HaiiHWk4l BeauuuHd MawTh JIA1 1 JIA4, a
HaiiHk4ue JIA2 TpUMAETHCS CEPEIHM.

IV. PEAJIIBALISI METOJY MAI B IOJATKY

[Iporpama mpencrasisie co0010 YHIBEpCabHUN JOAATOK,
IO peali3oBaHUil Ha OCHOBI MeTONy aHaumi3dy iepapxiit

(MAI), BoHa nm03BOJNSE€ TpHUHMATH pIlIEHHS B YMOBAax
GaraToKpHUTEpiadbHOCTI, MPH IHOMY IOCII/KCHHS HAaBiTh
Iy’)Ke CKIagHUX TPOOIeM 3BOAUTHCA 10 MOCIHiTOBHOCTI
TIOTIAPHUX TOPIiBHAHB NMEBHUX YHHHUKIB. CHCTEMa J03BOJISE
o0y IyBaTH i€epapxiro AJs BUPIOICHHS MPOOIeMH, IPOBECTH
HEoOXiHI MOPIBHSIHHS 1 po3paxyHKH, 30epiratu B Qaimi i
3aBaHTaXXyBaTH 3 (airy moOymoBaHi iepapxii.

Po3pobunu cxeMy Ta BBEIEMO JdaHI B IpoOrpamy,
HATHCKOM OeKilbKOX KHONOK MAeMo pesyrbmam(puc. 4):

Enna3 BnA2 ) Bnad
snnat

Puc. 4 — pospaxynok npiopumemie BIL/IA y 0ooamxky
«Ananuz uepapxuiiy

3 pucyHky 2.16 Ta giarpamu 2.17 BUIHO, O K 1 Y
aHATITHIHOMY PO3pPaxyHKY, TaK 1y po3paxyHKY B HOJATKY,
nepesary HagaHo JIA3, HaiiMeHIIHIA IPIOPUTET TAKOXK Y
JIA4. Lle cBimuuTh NPO NPABUIIBHICTH PO3PAXYHKIB Y
JIOZIATKY Ta aHAJTITUYHUM YHHOM.

V. BHUCHOBOK

byno posrisiHyro MeTox aHamily iepapxid Ta iHoro
3aCTOCYBaHHS Uil BHOOPY HAWKpaIoro OC3MiIOTHOrO
JITAIBHOTO anapary.

HaBeneny 3amauy Oyno
akTyanbsHicTio BUOOpY BITJIA.

Bymno posrmsayto 4 BIIJIA Ta 00paHO aHATITHYHHM

obpaHo B 3B’S3Ky 3

crocoboM Ta 3a JIONOMOTOI0 JOAaTKy  oauMH. Bwubip
0OIPYHTOBAHO.

B sIKOCTI MIPakTUYHOTO 3aCTOCYBaHHS PE3yJbTATIB
MOXHa 3a3HAYUTH MOXIIUBICTh BHUKOPHCTaHHS

PO3pOOIEHOT0 ITOPUTMY Y SIKOCTI IHCTPYMEHTY IUISt
BuOopy He ymme BITJTA, a i Garatbox iHmHUX HOXiOHUX
peuei, 3 3anydeHHAM KBami(DikOBAHMX EKCIEPTIB Ta
MIPABUJIBHO MiIIOpaHKUX MapaMeTpiB
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Abstract — the work is devoted to the problem of electrostatic
effects on Electrostatic Sensitive Devices (ESD). Different
protection methods are proposed in this work, which allow to
significantly improve the work of electronics and increase the
reliability of operation.
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I. INTRODUCTION

Electrostatic ~ Sensitive Devices (ESD) are electronic
components and other parts that are prone to damage from stray
electric charge. Extensive (and permanent) damage to static
sensitive devices can result from mishandling and inappropriate
methods of storage and transportation.

When two dissimilar, initially uncharged non-conducting
materials are rubbed together, the friction is responsible in
transferring charge from one material to another. The process of
electron transfer known as ‘triboelectric charging’. The amount of
charge depends on factors like the rate of separation, humidity etc.

The following materials give up electrons and become positive
when charged when rubbed against other materials: air (most
positive), dry human skin, leather, glass, human hair, nylon, wool,
lead, cat fur, Silk Aluminium, paper (least positive). The following
materials tend to attract electrons when rubbed against other
materials and become negative when charged: wood (least
negative), rubber, Nickel, copper, brass & silver, gold and
platinum,  polyester,  polystyrene,  saran,  polyurethane,
polyethylene, polypropylene, polyvinylchloride (PVC), Silicon,
Teflon (most negative).

Common electrostatic-sensitive devices include:
MOSFET transistors, used to make integrated circuits (ICs),
CMOS ICs (chips), integrated circuits built with MOSFETS.
Examples are computer CPUs, graphics ICs, Computer cards,
TTL chips, Laser diodes, Blue light-emitting diodes (LEDs), High
precision resistors.

Actions causing ESD are the following: electrostatic discharge
from a human body, charged material to the ESDS device,
electrostatic discharge from the device, field induced discharges.

Il. STATEMENT OF THE PROBLEM

As electronic parts like computer central processing units
(CPUs) become packed more and more densely with transistors.
Since the size of the device has been reduced, the sensitivity of
transistors has increased to the influence of static electricity. The
distance between the components decreases and the electrostatic
discharge makes it easier to break through a more precise isolation,
resulting in damage or destruction of the device. That is, the
smaller the elements of electronic components, the greater the risk
of damage to the device electrostatic discharge.

Statistics of losses from static electricity in accordance with
Moore's law, derived in 1965 on the basis of empirical
observations, the number of transistors on the crystal doubles every
18-24 months.

Thus, there is a need to improve the existing or develop a new
method of protection against electrostatic discharge [1].
I1l. MAIN PART

The way to safe guard quality in the operation in the long term
is to take professional handling of electronic devices seriously.
There are such methods to prevent ESD when working with
electronic equipment: to avoid touching connections or pins;
ground all test equipment; use Antistatic mat: Made a low
resistance material (10KQ to 100MQ) that is grounded, it allows
slow discharging; use Antistatic Agent: a compound used that
makes the surface of a material conductive, thus reducing or
preventing ESD, usually absorbs moisture from the air, they are
often added to jet fuels.

In prevention ESD are used such materials: Conductive
Materials: materials with resistance between 1KQ & 1MQ/m2,
Dissipative Materials: materials with resistance between 1MQ /m2
& 1TQ /m2, Shielding Materials: materials that attenuate current
and electric fields.

Various types of ESDS devices identifiers symbols that can be
found in the aircraft LRUs (line-replaceable unit).

The ESD printed circuit boards are identified with astatic
sensitive placard. Contaminated or unwanted material should be
kept clear of the sensitive devices. One more method is to connect
the wrist strap into the Electrostatic Ground. Ir should recognised
aircraft ESD ground point. LRU or circuit boards are to be placed
in the correct conductive bag or container which must display an
ESD label.

Compliance with the following rules in transporting ESD
equipment will result in safe operation: use of wrist straps which
must be worn when handling ESD, use a heel strap, use of static
dissipative floor and bench mats, avoidance of very dry
environments, availability of ground jacks, use of low-voltage
soldering equipment and anti-static soldering stations, use of anti-
static insertion and removal tools for integrated circuits, avoidance
of nearby high-voltage sources, use of anti-static packaging [2].

IV. CONCLUSIONS

Improved flight safety, including the reliability of electronics,
is possible by increasing the quality of electrostatic discharge
protection. Comprehensive use of these methods will completely
eliminate the influence of static electrification on staff and
equipment.
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I.  INTRODUCTION

The global problems that faced the peoples of different countries
arose in various areas of human life. Among all the current global
problems, the problem of terrorism is particularly acute. [3]
Unfortunately, the security system of airports and aircrafts with all the
efforts, which made to prevent terrorist attacks, and we knows that big
efforts are attached, remains not ideal and vulnerable, and it is
connected not with that someone does not carry out the duties, but this
is directly related to the human factor and the fact that most of the
security systems are known to us, and anyone can find information
about these systems on the Internet. We should not forget that any
security system can be circumvented and in this work We want to
consider the International airport Borispol and it is security system
using a mix of systems that already using in that airport, with my
ideas.

Il. FORMULATION OF THE PROBLEM

Terrorism is a socially dangerous activity consisting in
deliberate, purposeful use of violence by taking hostages,
killing, intimidating the population or committing other attacks
on the life or health of innocent people. [3]

It is very difficult to organize airport security for several
reasons:

- of the large area of the site;

- of the large number of airport employees;

- of the constant movement, and also because the
thousands of brand new people appear on the object every day.
[1]

There is a theory with which we agree that the TSA of the
airport will not save us from terrorists, there is little evidence,
that this system is stops the terrorists. The terrorism is
prevented, by the special services (Security Service of Ukraine,
every country have their own security service), air marshals,
watchful passengers and directly on the plane, these are
armored doors of the cockpit of pilots. The full screening of
passengers are uses for calm the passengers than to prevent a
terroristic attack, in other words, this concept is called the
illusion of security (Theater of Security). [4] But the main
problem is that terrorists see the security system and they can
come up with ways to get around it.

1. MAINPART

For each airport in any country in the world, the
requirements for security systems are very high. [1] The
Borispol International Airport, in particular, the territory of
Borispol, is guarded around the clock by aviation security units
in conjunction with representatives of other security agencies,

Kozhokhina O.V.
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Ukraine, Kyiv
e-mail: kozhokhina@gmail.com

as well as video surveillance of the external perimeter, air
terminals, station areas, airfield and other infrastructures
facilities and uses full passenger screening. [2] No doubt,
Borispol takes it is security seriously, but we also need to
remember that nothing in our life is perfect, and it is always
possible to find miscalculations and faults. Therefore, we
should always investigate and analyzed systems, even ideal
ones, and introduce something new. We suggest to simplify the
screening of passengers and their things to the maximum since
we believe that a full screening does not prevent the act of
terrorism, but only takes a lot of time and worsens the
passengers comfort. And conversely, more closely cooperate
with special services and to hire in airport security service not
only specialized security, but also professional psychologists,
which are well versed in the non-verbal behavior of a person,
because gestures, clothes, human behavior, can tell a lot of
information. It is necessary not to screening people in the
airport, but read them non-verbally, non-verbal behavior of the
person in most cases shows what a person intends to do or the
fact that he is hiding something. At the entrance to the
terminal, most European airports have already installed
systems of reading the barcode from the ticket, so that only
passengers are in the terminal, we hope that soon this system
will appear in Borispol, and we suggest that these system will
include sensors for reading heart rate and pressure of
passengers for a better understanding of the internal state of a
person. All tracking systems are installed directly at the airport
and on the territory belonging to this airport, may be necessary
to begin to monitor passengers earlier, before they enter on the
territory of airport, so to speak, start to lead them for another 3
to 5 km to the airport. For a better understanding and analysis
of events.

CONCLUSION

To draw the conclusion, one can say that all security measures are
known to terrorists and they can get around them. Security systems
should be dynamic, to this systems more difficult to adapt. We should
understand that the attack can be prevented only by joint efforts of
security services, vigilant passengers, security services of airport and
air marshals. Most importantly, that the new methods that are
introduced to protect the safety of passengers are classified, and these
classified files were only known to specialists who have a secret
admission. And in the end | want to say that any efforts that are being
made to protect and prevent terrorism never will not superfluous.
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Anomauyia — PpodoTa TNPpPHCBAYEHA PO3rJasily MnpodaemMu
peecTpanii Bi3yaqbHOI NOJAbOTHOI iHdopmanii mnporsrom
BCHOI0 4Yacy MOJbOTY Ha JiTakax cepii AH 3 BUKOPHCTAHHIM
cneniajgizoBaHuX Bigeokamep, Tak fIK 10 LbOr0 4acy Ha
0OpPTOBHMX CAMOMHCIAX PeECTPyBaIaCh TIIBKM NapaMeTpU4YHA
indopmauis

Knrouoei cnoea — o6opmosuii camonuceunv, 6izyanbHa
iHghopmauisn, sioeo kanan, uac noavomy

. BCTVII

3rizHo 31 craHmapramu jgonarka 6 «Excmyararis
NoBITpsiHUX cyaeH» Ao kKouBeHuii ICAO, sikuil cToCyeThCs
OOPTOBHX CaMOIIHCIIIB, CIi/:

«Yoapocmiiiki 6opmosi camonucyi cxraoaromecs 3
OOHI€l abo OeKiTbKOX HACMYNHUX CUCIeM. CAMONUCY
nomwomuux oanux (FDR), 6opmosozo moenozo camonucys
(CVR), 6opmosozo peccmpamopa 6i3yanvhoi 0bcmanoeku
(AIR) i / abo peccmpamopa ninii nepedaui danux (DLR).

Tlonecweni bopmosi peccmpamopu ckaiadaiomvcs 3 00Hicl

abo OeKinbKoX HACMYRHUX cucmem: OOpmMoeoi cucmemu

peecmpayii oanux (ADRS), cucmemu peecmpayii’ 36ykoeoi

obcmanoexu 6 kaoini exinascy (CARS), 6opmosoi cucmemu
peecmpayii izyanvroi o6cmanosku (AIRS) i | abo cucmemu
peecmpayii ainii nepedaui oanux (DLRS).»

Knmacu 4.1.1 AIR a6o AIRS kmacy A peectpyroTh
3aralipHy Bi3yalbHY OOCTAaHOBKY B KaOiHI eKimaxy uis
OTPUMaHHS  JaHUX, SKi JOIOBHIOIOTH  PEECTPOBaHI
3BUYaifHIMHU OOPTOBHMH CaMOIIMCISIMHU NTapaMeTpH.

Ipumimxka 1. 3 MeTol0 mOBarM HEAOTOPKAHHOCTI
0COOHCTOTO JKUTTS YWICHIB JILOTHOTO €KiMaXKy OrJisia KabiHu
eKimaxy MOXe, HACKIIbKM I1€ MPAKTUYHO MOXIHUBO,
(hopMyBaTHCS TAKUM YUHOM, 100 He OyJI0 BUIHO TOJIOBH i
IUIeYe WIEHIB JIbOTHOTO €Kimaxy, KOJM BOHH CHISTH B
HOpMAaJILHOMY ITOJIOKEHHI Ha CBOIX POO0OYHX MICI[SIX.

Ilpumimka 2. Y 1upOMY JOKYMEHTI HEMA€ IIOJIO0XKEHb
mono AIR abo AIRS kiacy A.

412 AIR abo AIRS «wmacy B peecrpyorh
MOBIIOMJICHHS, $IKi BiTOOpa)KaroThbCS Ha MUCIDICSX JIiHIT
nepeadi JaHuX.

413 AIR a6o AIRS xmacy C peectpye npaHi, sxi
BiZIOOpaXalOThCSI Ha MPWIAAAX, 1 TIOJOXKEHHS MYJbTIB
YIPaBITiHHSL.

Ipumimrka. AIR a6o AIRS kmacy C MOXYTh CITy>KUTH
3aco00M peecTpalii MOJbOTHHX [NaHHX B THUX BHIAIKaX,
KOJI HEJIOLJILHO a00 3aHaATO JOPOr0 PEECTPYBATH I AaHi
Ha FDR abo ADRS, a6o sxmo He moTpiOHO BCTaHOBIIOBATH
FDR.

II. IOCTAHOBKA ITPOBJIEMH

Jliraku xnacy Aun (Au-148 i An-158) He MatoTh
MOXIIMBOCTI PEECTpyBaTH BidyanbHy iH(MOpMalilo, Xoua
npu 3sICyBaHHI JIBOTHUX HpUro] JaHa iHdopmauis mae
BOXJIMBE 3HAYCHHS, TOMY IO JO3BOJSIE CYAUTH IIPO
curyauii B KkaOiHi MIIOTIB, B MacaKMPCbKOMY CaJIOHI 1 B
OarakHUX BIACIKAX MPOTATOM BCHOTO Yacy IOJILOTY.
[MpoGnema peecrpauii monboTHOT  Bifeoindopmauii €
Ba)XIMBUM AaCIEKTOM Oe3rekd MojipoTiB. Ha mitakax cepii
AH 110 [BOTO Yacy BHKOPHCTOBYIOTHCS IPOBiJIHUKOBI
JOKTYTH Y BUIJIl €KPaHOBAHMX BHUTHX Tap AJsI peecTparii
TUIBKM TapaMeTpuyHOi iHpopMmamii, Mo, IMOo-Iepie:
0o0OMeXXye  3aBaJOCTIHKICTP Ta IIBHIOKICTH IIepenadi
iHpopmMmarii, a, mo-xpyre, napamerpuyHa iHpopmaiis He gae
MOBHOI KapTHHH HOJIBOTHOI iH(opMaii B Aisx exinaxy, oo
oOCTaBMHaX y MacaKMPChKUX CallOHAX Ta y BaHTaXHUX
BifCiKax IiJ 4yac HEIITATHUX OOCTaBUH.

[II. OCHOBHA YACTHUHA

AmHaii3 mareHTHOT iH(OpMaIlii mokasye, 110 B OCTaHHI
POKH Ha NEpCIEKTHBHUX JIITAKaX 3a KOPAOHOM IHMTaHHIO
peecTpanii Bi3yanbHOi iHpOpMAaIii NPUAIISIETbCS BENIUKA
yeara [1, 2, 3].

Bimoma cucrema BimoOpaskeHHS 1 3ammCy IOJBOTHOT
iHdopmariii [1], 1o BKIFOYa€E AATYUKH 15 300pY AAHHUX [IPO
CTaH JliTaKka, BCTaHOBJICHY B KaOiHI Bigeokamepy Ui
OTpUMaHHS  Bi3yambHOi iHQopMmamii, mpHCTPIA I
30epiraHHs JaHWX BiJ JaTYUKIB 1 Bi€OKaMepH i MPHUCTPii
KepyBaHHs, OCOOJIUBICTIO SKOI € aBTOMAaTHYHA IHHAMiYHA
HACTpoWKa JO3BOJy 1 4YacTOTH 3amucy JaHUX Bif
BiJleoKaMepH 1 JaTYMKIB B 3aJIeKHOCTI BiJ IIBHIKOCTI i
MacmTadlB 3MiHU IHUX JaHHX.

Bimoma iHTerpoBana cucremMa 300py, KOHTPOIIIO,
00pobku Ta peectpauii monpoTHOI iH(opMamil [2], ska
MICTUTH 3aXMILEHI OOPTOBI HAaKONMYyBayi MapaMeTpUYHOI,


mailto:krasnov41@meta.ua

3BYKOBOI Ta Bi3yasibHOI iH(opMalii, po3MimieHi B KkabiHi
MiJIOTIB MiKpOo(OHHU 1 30HANBHI BiJleOKaMepH, KOMYTOBaHY
00pTOBY Mepexy »3B'I3Ky, KOMOiHOBaHWH OIOK 300py
MOJILOTHUX JaHUX, 3a0e3NeYeHUH BXITHUMH HOPTaMH IS
OTPUMAaHHS JaHUX Bil HaOOpy MATYMKIB, BCTAHOBJICHUX B
JIITAKOBUX CHCTEMAax 1 B OOJagHaHHI JiTaka, 1 BUXITHAMU
MOpTaMH I TepefaBaHHS JaHUX B 3axHIleHi OopTOBi
HAKOMMYyBadi 1 B TeJIEMETPUYHUN TPHUCTPid, MpU3HAUCHUN
JUTS Tiepeiadi aHuX 3 JliTaka Ha HA3eMHI TEXHIYHI 3ac00u.
ITatenT [3]. BigHOCHUTBCS 10 00acTi aBialliiHOT TEXHIKH
1 mpu3HaueHWH A peanizanii Ha Oopry JjiTaka (QyHKIIN
ayJio- i BiZIEOCIIOCTEPEKECHHS, aBTOMaTHYHOTO 300py JaHUX
1 peecTpamii NUIIXOM 3amuCy MOBHOI, 3BYKOBOi, Bifeo- i
mapaMeTpudHoOi iHpopMamii B 3aXHIICHHX OOPTOBUX
HaKoNmuyyBayax. TeXHIYHHUM pe3yJbTaTOM € IIiJABUIICHHS
HaxgiHOCTI. IHTerpoBaHa cmcTema 300py, KOHTPOIIO,
00poOKM Ta peecTpamii MONBOTHOI iH(OpPMAII MiCTUTH
3axHIIeH] OOPTOBI HAKOMIYYBaUi MapaMeTPUIHOI, 3BYKOBOL
Ta Bi3yasbHOI iH(pOpMAIii, po3MilieHI B KaOiHI IMJIOTIB
MIKpOQOHH 1 npuHaiiMHi OOHY 30HAILHY GideoKamepy,
KOMYTOBaHYy OOpPTOBY MEpEXY 3B'sI3Ky, KOMOIHOBaHHiA OJI0K
300py MOJBOTHUX JAHUX, 3a0€3MCUCHHUN BXITHUMH TOPTaMU
JUIsl OTPUMAaHHS JaHUX BijJ HAO0OpY NaT4YMKiB, BCTAHOBJICHUX
B JITAaKOBHX CHCTEMax 1 B oOJagHaHHI JiTaka, i BUXITHUMHU
mopTaMH JUIL Tepefadi JaHUX B 3axHIIeHi OopToBi
HAaKOMUYYyBadi i B TEJIEMETPUYHI MPUCTPOT, IPU3HAUCHE IS
nepenavi JaHuX 3 JiTaka, IMyJbT KepyBaHHA 1 3B'A3KY.

IV. BUCHOBKU

1. B po3rmmsgHyTIH iHTETpOBaHill cHcTeMi A0 CKIaxy
JIITAKOBOTO OOJIaHAHHA JOJATKOBO BBENEHI: KOMOIHOBAHMIA
0110k 300py TOJILOTHUX JAHUX, MYJIbT KEPYBaHHS, 30HAIBHI
MikpooHM 1 pi3HI KaHaUM  mepejadl  JaHWX i
iHpopManiiHoro oOMiHy, fKi BiANOBiZalOTH NOTpebaM B
MBUAKOCTI 1 00cs3i iHdopmanii, onepxyBaHoi 3 KaOiHM
MIJIOTIB, BiJ TITAKOBMX CHUCTEM 1 JIITAKOBOrO 004 JHAHHS.

2. Y naHiii cucteMi BIiACYTHS BifgcoiHpopMaris 3
MACAKUPCHKUX CAJIOHIB i Oara)kHUX BiICIKiB.

3. Bigeoindpopmamis peecTpyeTbCs TINBKA TPOTATOM
OCTaHHIX JBOX T'OJIVIH IIOJIBOTY.

4. Bincyras indopmaris mpo BigeokamepH, 3AaTHHX
HaKONIMIYyBaTH Bi/leOiH(POpPMAII0O 32 BECh HYac MOIBOTY
npoTAroM Oinbie 8 roanH.

5. BincytHs iHdopmauis mpo BijeokamepH, 110
npamoioTh B pekumi Wi-fi.
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OI111HKa BIUIMBY CTPYKTYPOBAaHUX Ta HECTPYKTYPOBAHUX
napamMeTpUIHUX 30ypEeHb HA CTIMKICTh CUCTEMU YIIPABIIIHHS
0e3MI0THOrO JIITadbHOTO anapara M6 «KaiiBip»

Jleonuyk FO.M.
Abpamosnd O.0.
HHIAET HAY
Kuis, Ykpaina
leo.yulia.iam@ukr.net

Y  pgaHii  poOOTI  TPOBEIEHO  OLIHKY  BIUIMBY
CTPYKTYpPOBaHHX Ta HECTPYKTYPOBaHHX IapaMeTPHYHHUX
30ypeHb Ha CTIMKICTh CHCTEMH YHPAaBIIHHS IMO3IOBXKHIM
pyxoM Oe3MiIOTHOTO JiTajdpHOTO amapaty M6 «KaiiBip» 3a
IOTIOMOTOI0  Teopil momiHoMmiB XapuToHoBa. OTpuMaHi
MOKa3HUKHM CTIHKOCTI 3HAXOAATHCS B JOIYCTHMHX MeEXax,
10 CBITYHUTH PO BUCOKY SIKICTh Ta pOOACTHICTH CHCTEMH.

Knwwuoei cnoea - o6e3ninomnuii nimanvhuii annapam;
cucmemu ynpaeninna; CHMPYKMypoeani ma HecmpyKmypoeawi
30ypennsa; noninomu Xapumouosa; cmilKicms cucmemu
YHpaeniHHA.

[Ipm3HayeHHss OE3MUIOTHOTO JITATBHOTO amapary
(BILJIA) M-6  «KaiiBip»  momsrae B  00poOmi
CUIBCHKOTOCTIONAPCHKUX ~ KyJIBTYp 32  JOIOMOTIOIO
OiompenapaTiB, a TakOX Y MOHITOPHHTY MOIIKOKEHb
mociBiB  xBopoOamu, Oyp’sHaMH Ta IIKiTHUKamMH. Moxke
ciayryBatd  anas  kaprorpadii,  aepodoTo3OMKH i
BiZICOCIIOCTEPEIKEHHS B PEIbHOMY 4aci.

B sxocti mogeni pyxy BIIJIA Buxopucraemo
MOJIeIIb PYXY Y HO3JI0BXKHBOMY KaHali, [0 Ma€ BUTJISL

—0.2654  32.0432  —9.81 0
—0.0552 —3.8660 —0.2872  0.9668
dn=| 0O 0 0 1.0000
0.7612 —153.1514 0.8060 —13.6526
0 ~33.9910 33.9910 0
F0.0027 —1.2320
—0.0001 —0.6547
B,=| o0 0
0.0556 —349.2542
0 0

Jns BUKOpUCTaHHA TeopeMH XapUTOHOBAa CHCTEMaA
3aMHKA€EThCS 3BOPOTHIM BiJl'€MHUM 3B'I3KOM (puc.1).

»(X) »  ob'exT > perynsitop

HECTPpyKTyp. [
30ypeHHn |-

Puc.1 3amkHeHa cuctema, Ha SIKy JiFOTh
HECTPYKTYpOBaHi 30ypeHHs

oo I e [ s I s Y

€pina T.C.
Aobpamosuy O.0.
HHIAET, HAY
KuiB, Ykpaina

Erina@ukr.net

3aMKHEHa CHCTeMa, 3aJjaHa B YacTOTHIH oOmacti, Mae
nepenaBajbHy (QYHKIIIO:
W) =,
Q(s)
@
MOJIFOCH SIKOT PO3MIIIIYFOTBCS B JIiBii MIBILUTONIUHI.
CriouaTKy HaBEJEMO [CKiIbKa OCHOBHHX acCIEKTiB 3
Teopii mosiHOMiB XaputoHOoBa. Hexait 6(S) — milicHuit

MMOJIHOM. MU MOEMO BU3HAYUTHU MOTr0 ma i (S)
. pHY Ta

SHEI'IEFI (S)

HEMapHy YaCTHHU. 3alUIIeMO:

8(s) = ( 8o+ 6,57 + 8%+ ) + ( 8,5+ 635° + Oes® + )
6"3?'(5) 6Henép(sj
@)

Buznaunmo
IHTEpBaJIAMH:

8(8) =8y + 015+ 6,82 + o+ 8, 8"t + 8",
(3)

CiIMEHCTBO TMONIHOMIB 3  pealbHUMHU

e 8o ¢ [xo-}’o], 81 ¢ [xivj’il, 6y ¢ [0 Yl
YoTUpH TIONHOMH XAapHUTOHOBA, fKi BXOIATH B L€
CIMEHCTBO, BU3HAYAIOTHCS TAKUM YHHOM:

K'(s) =Xo + X8 + Y252 + y35% + X48% + Xg8° + -
K?(8) =Xo + V18 + Y252 + X38% + X48% + ygs® + -
K3(5) = Yo + %15 + X857 + ¥35° +y,5% + x55° + -+
K*(s) =¥o +¥1S + X582 + X353 + y, 8% + ygs® + -

(4) Takum YMHOM, PO3TIITHEMO CiIMEHCTBO MOJIHOMIB ISt
00’€eKTa 3 IepelaBaJIbHOI0 (DYHKIIEIO:
n(s)

g(s) = s’
(5)

e n(s) . HAJIC)KHUTH CIMEHUCTBY moJiHOMIB N |

d(s) . HaJIeKUTh CiMeHCTBY moisiHoMiB D, ski
BU3HAYAIOTHCS SIK:

n(s) =ng +nys + - +n,sP. nen; € [ay, f;], V1=0....p
d(s) =dy+d;s+-+dys9, ned; ey, 6]. v j=0...p
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i i ] i )

Hexaii Kn(S)  iz1234 i Kb(s), i=1234

BU3HAYAIOTHCS MOTIHOMamMu XapUTOHOBA, OB’ s3aHux 3 N i
D BigmosigHo. Jlami Mu MOKEMO BU3HAUYHUTH 16 00’ €KTIB:

Ky (s)
5(s)

g(s)=
(6)

[pumycrtumo, 1mo AP _ HECTPYKTYpPOBaHI IMapaMeTpUIHi
30ypeHHs, SKi JiI0Th Ha CHCTEMY.

Teopema 1: Sxmo 9(s) _ CTilika mepenaBajibHa
¢GyHKIiL, TO 3aMKHEeHa cucrteMa (puc.l) 3amuiaeTbes
CTifiKOI0O IS BCiX HECTPYKTYpOBaHHX 30ypeHb, SKi

IAP]|., ¢ & Km0 i TIABKK AKIIO
lgi(s)ll =1/a
(")
Teopema 2: 3avkHeHa cucteMma (puc.l) 3anumaeTbes
CTIMKOIO Ul BCIX HECTPYKTypOBaHHMX 30ypeHb, sKi

IAP]l. (&

MiAXOATh YMOBI

MiAXOIATh YMOBI , SIKILO 1 TIIBKHU SAKIIIO

o < l/max||g;(s)ll, i=1....n
(8)
ne i (s) _ nepenaBaibHa QYHKIA 00’ €KTa, MpeCcTaBIcHA
Y BUIIIAI TIOTiIHOMIB XapUTOHOBA, N — KUTBKICTH ITOJIIHOMIB
XapuToHOBA.
3a pomomoroto makery mporpamu MATLAB 3Haxoaumo
koedirienT o Bignmosiauo 10 (7)1 (8):

a=1/197.7691

3rinno 3 Bupasamu (7) 1 (8) 3amkHeHa cucrema
3IANIAETECA CTIHKOIO TpH il Ha Hel HEeCTPYKTYypOBAHHX

mapaMeTpUIHUX 30yPeHb, SKII0 H., -HOpMa ux 30ypeHb He
nepesuinye o < 0.0051.

H @o-HOpMa 0€3 HECTPYKTYpOBaHHMX IapaMeTpUYHHX
30ypeHb JTOpIBHIOE IHollo = 0.9721.
H

©0-HOpMa 3 YpaxyBaHHSAM  HECTPYKTYpPOBaHHUX

mapaMeTpUIHUX 30ypeHb JOPiBHIOE IH.6ll = 0.9724

llAll. = IHsslles — [[Holl.. = 0.0003,

mo He nepesumtye o = 0.0051, oTxe cucreMa 3aUIIAETHCS
CTIMKOIO.
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[HosstpuMeTprYH1 TEXHOJIOT1T BUMIPIOBAHHS
MOB3/I0BKHIX YXHWIIB IITYYHOI'O ITIOKPUTTS JIOPIT Ta
acpoJIpOMIB
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@DakynpTeT TPAHCIIOPTHUX Ta 1H(OOPMAIIITHAX TEXHOJIOTIH,
HamionansHuil TpaHCTIOPTHUH YHIBEPCHUTET,
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Anomauyia — PoGora mnpucBsiYeHA MNHUTAHHIO PO3POOKH
MOJIAPHMETPUYHOI0 METOAY BUMIPIOBAHHS MOB3IO0BKHIX YXHJIiB
INTYYHOT0 HOKPHTTH JAopir i aepoapoMiB. 3anpomoHOBaHUid
METOA /JO03BOJIMTh MNMOTEHUIiWHO MiABMIIMTH TOYHICTL i
IBHUAKOAII0 BUMipIOBaHHsl. Y CTarTi HaBeJeHa cXeMa
MOJIAPUMETPUYHOI0 METOAY BHMIpPIOBAHHS pejibedy NMOBEpXHi i
dbopmyan s BU3HAYeHHSI KOOPAMHAT MOTOYHHX TOYOK
BHMIpIOBAaHOI moOBepxHi. 3a KOOpAMHATAMM NOTOYHHMX TOYOK
Oyayerbest MoJedb BHMIPIOBaHOI IOBepXHi, a mnogajablia
KOMI'IOTepHAa 00poOKHM [aHOi MoJeai [103BOJISI€ BH3HAYMTH
3HAYEHHSl MapaMeTpiB, fIKi XapakTepu3ylThb CTaH IITYYHOIO
NOKPHUTTS AOPIr i aepoapoMis.

Kniouogi cnosa — penved, mamemamuune Mooento6anns,
RONAPUMEMPUYUTL MEM OO BUMIPIOBARHA, NOB3006ICHIIL YXUIL.

l. BcTyn

Ha cporomHimHINA IeHb CIOCTEPIraeThCs TEHACHINS 1O
MiABUIIEHHA BIUIMBY TPAHCIOPTHOI cdepu Ha TIi1oOanbHUN
€KOHOMIYHHH CTaH 3a paxyHOK TpoIecy TioOaizaii,
MABUIIEHHS MOO1IBLHOCTI HaceJICHHS, PO3BUTKY
HAIIOHAFHOTO 1 MDDKHAPOHOTO TYPU3MY, 3pPOCTaHHS JiJIOBOT
AKTUBHOCTI MIiJANPUEMCTB B HAIIOHAJHLHOMY 1 MIKHApOJIHOMY
cexktopi. B ocTaHHI pOKH cHOCTEpira€Tbes TUHAMITHHNA
PO3BHUTOK Tajy3i aBiallifHUX 1 aBTOMOOUILHUX MEPEBE3CHb Ta
30UTBIICHHST OOCSTIB TepeBe3eHh UMK BUAAMHU TPAHCIIOPTY.

IMpu upoMy, aBiaumidHU{ TpaHCHOPT 3aiiMae JAUpPYIOUY
MO3UI[I0 B  TPAaHCKOHTHHEHTAJbHUX IIEPEBE3CHHAX, a
aBTOMOOITBHMH  TPaHCHOPT - B  KOHTHHEHTAJIBHUX.

Hanpuknan, 3a 2016 rox, 3riguo 3 manumu IKAO [1],
CHOCTEpiraBcsi MPUPICT OOCSTY aBiallifHUX TACAKUPCHKUX
nepeBe3eHs Ha 7,4% 1 mpupicT 00CcATY BaHTaXHUX MEPEBE3E€Hb
Ha 3,8%.

Po3BUTOK HaykM 1 TEXHIKH, CTBOPEHHS HOBHX THIIIB
TPaHCIOPTHUX 3acO0iB IMiJBUIICHOI BaHTAXKOIITHOMHOCTI Ta
3pOCTaHHs 00CATY TPAHCIIOPTHUX MEpeBe3eHb MPU3BOJIUTH /10
TIOSIBU JIOJJATKOBUX HaBaHTaKEHb HA IITYYHE IIOKPUTTS JOPIT 1
aepoPOMiB, IO MOXKE TPH3BECTH IO MEPEIIaCHOTO 3HOCY
MOKPHUTTS 1 Jerayeidl TpaHcrmopTHOro 3acoOy. [loriprmieHHs
CTaHy JIOPOXKHIX TOKPHUTTIB Ta INTyYHUX IIOKPHUTTIB
aepoJpOMiB TNPHU3BOAUTH JIO 3HIDKEHHS Oe3leKky pyx 1
30iMBIICHHS ~ KIIBKOCTI  aBapii 1 karactpod  Ha

Bacinses /1. I1.

HaykoBHH KepiBHUK: benstunchkuii A. O.
HarmionansHuit aBianiitHuid yHIBEpCHTET,
HapuanpHO-HayKOBHH IHCTUTYT a€pOMOPTIB,
Kadenpa pexoHCTpyKIIii aepOMOPTIB Ta aBTOILIIXIB
Kuis, Ykpaina
e-mail: freimaster.af@gmail.com

aBTOMOOUTEHOMY Ta aBiamiiHOMY TpaHcmopTi. Tak aHami3
CTaTHCTHKH aBlallifHUX KaTacTpod [2] mokasye, 1m0 HaWOLIbII
KPUTHYHHMHU €TallaMH TMoJboTy moBiTpsiHoro cymna (IIC) e
eTanu 37p0Ty 1 mocaaku. Ha eram 3mpoty mpunanae o 13%
aBiakaTacTpo i aBiamifHUX IHIWICHTIB, a HAa €TAIl MOCAIKH -
no 49%. KpuruuHicTh LUX eTamiB INOJsrae B Ipoleci
mepexony Bix pyxy IIC 1o mOBepxHi 3JIITHO-IIOCATKOBOI
cmyr (3I1C) 1o moapoTYy - AJIs €Tamy 371b0TY, 1 B IEPEXO/Ii Bi
monsoty [IC mo ioro pyxy mo mosepxHi 3[IC - mis eramy
nocanku. [lepexomu Takoro xapaktepy € TEXHOJOTIYHO
CKIaJHIMH, a IX SKICTh 1 C(QEKTHBHICTh 3aJCKUTHh BiJ
Oaratbox aktopi. [Ipu 11boMy OJHUM 3 TOJIOBHUX (AKTOPIB,
SIKI BIUIMBAIOTh HA SAKICTh IIMX TEPEXOMIB € CTaH MOKPHUTTS
aepopoMy.

I1. TIOCTAHOBKA ITPOBJIEMU

CrpiMKHif PO3BUTOK TEXHOJIOTIH BHPOOHHWIITBA HOBOI
TEXHIKH, MABUIIIEHHS MIBUIKOCTI1 pyxy i
BAHTAKOI JHOMHOCTI JIITaKiB 1 aBTOMOOLIIB, ITiBHUIECHHS
BUMOT JI0 INTYYHOI'O TOKPHUTTS JOpIr 1 aepoApoMmiB 3
OTHOYACHUM TIOTIipPIIEHHSIM iXHBOTO CTaHy MPHU3BOIATH IO
HOSIBU TIOTPeOH B NMEPIOJUYHOMY MOHITOPUHTY HOro CTaHy i
BHCOKOTOYHOI OINHII HMOro sKOCTI Ha BCiX eramax MHoro
JKUTTEBOTO  [ukiIy. OJIHOYAacCHO 3 UM, IiJABHIIEHHS
IHTEHCUBHOCTI PYyXy TPaHCIOPTHUX 3acO0IB MPHU3BOIUTH IO
CKOpOYEHHs1 4acy MOHiTopuHry. lle mpu3BomuTh 10 MOSIBU
JIBOX CYNEpEWINBUX TEHJCHILIN B MPOIECi BU3HAUYEHHS CTaHY
IITYYHOTO TOKPHUTTS: IiIBHUIIEHHS TOYHOCTI BUMIpPIOBAaHHS Ta
CKOpPOYEHHs 4acy BHUMIpIOBaHHs. TakuM 4YHHOM, BHHHKAe
noTpeba B BIOCKOHAJIEHHI iCHyrouux abo po3poOIili HOBOTO
METO/y BHM3HAYEHHsS CTaHy LITYYHOTO HOKPHUTTS, SKHHA OH
JIO3BOJIMB 3HAYHO IiJBUIIMTH TOYHICTH 1 CKOPOTHUTH dYac
BUMIpIOBaHHSI.

I1l.  OCHOBHA YACTUHA

OnrtnyHi METOH BHUMIpIOBaHHS LIUPOKO
BUKOPHCTOBYIOTHCS B PI3HUX OOJACTSIX HAYKH 1 TEXHIKH. A 3a
OCTaHHI POKH CIIOCTEpIrae€ThCsi PO3MMUPEHHS cdepu ix
BUKOpHCTaHHS. [loNspUMeTpUYHUI METOX BUMIPIOBaHHS €
OJIHUM 3 HaWOUTBIl YYTIWBHUX 1 TOYHUX ONTUIHUX METOIB
BUMipIOBaHb. B jaHMii uWac moyamu  po3poOisTHCA
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MOJIAPUMETPUYHI TEXHOJIOTI] BUMIPIOBAHHS YXWIIIB MITYYHOTO
TTOKPUTTA JOPir i aepoapomis [3].

[lin nONIPUMETPUYHUMHU  TEXHOJIOTIIMH
CYKYITHICTb TIpoIleciB  300py, HaKONMYECHHA, OOpOOKH,
nepenaui, 30epiraHHs 1 BigoOpakeHHs iH(poOpMaii, sKi
BHKOPUCTOBYIOTh HOJSIPUMETPHYHI METOOM 1 MpHCTPOl
OTpPHMMaHHS MEepPBUHHOI 1H(pOpMALil PO 00 €KT JOCIHIIKEHHS.
Jlo OCHOBHHX HENONIKIB ICHYIOYMX HOJSIPUMETPHIHUX
METOJIiB BUMIPIOBaHHS YXMJIIB IITYYHOTO IOKPHUTTS IOPIr Ta
aepoApoMiB  MOKHA  BIIHECTH  HACTYIHI:  HasBHICTBH
cepeloBHIIA TOIIUPEHHS OISIPU30BAHOTO BUIIPOMIHIOBAHHSI,
sSKa 3MIHIOE€ IUIONIMHY TIOJSPH3allii BHUIIPOMIHIOBAaHHA i
BIUIMBA€ HAa TOYHICTh BHMIPIOBAaHb, HEOOXIMHICTh MiJrOTOBKU
IOUITHKY IITYYHOTO IIOKPHUTTS JOPOTH a00 aepoapoMy Iepern
MOYAaTKOM BHMIpIOBaHb: BCTAHOBJICHHS Ta HaJIAIITYBaHHS
0JIOKY BUIPOMIHIOBAaHHS; 3aJIC)KHICTh TOYHOCTI BUMIPIOBAHHS

PO3yMIIOTh

Bil METEOpOJIOTIYHHX YMOB; HEOOXiTHICTh BiICYTHOCTI
00'eKTIB Ha JUISHII LITYYHOTO TIOKPUTTS, SIKI MOXYTb
NOPYLIUTA  ONTHYHMH  KaHA 3B'SI3Ky MK  OJOKOM

BUIIPOMIHIOBAaHHSI 1 0JIOKOM BHMipIOBaHHS.

3a3HaueHUX HEIOJIKIB MOXKHA YHUKHYTH, SKIIO MOEIHATH
OJIOK BHUIPOMIHIOBaHHS 1 OJIOK BHUMIPIOBAaHHS B OJIUH
TexHiYHHA Omok. Jlmsg 1poro OJOK BUIPOMIHIOBAHHS
MIPOIIOHYETHCS PO3MIIIYBaTH Ha Bajly 00EpTaHHS HEBEIyd4Oro
Koyeca, a OJIOK BHMIpIOBaHHA Ha HeOOepTalbHI YacTHHU
MIAMUITHAKA HEBEIy4oro Kojsieca. biok-cxeMa ONTHYHOIO
KaHally Takol CHCTEMHU HaBe/IeHa Ha PUCYHKY 1.

o4

Pucynox 1.biok-cxema onTHYHOTO KaHaTy BUMIpIOBaHHS

OnTuYHUi  KaHajd BHUMIPIOBaHHS MICTUTh  HACTYITHI
eneMeHTH. JXKepeno BHUIIPOMIHIOBAaHHA | mpu3Ha4yeHe s
BUIIPOMIHIOBAHHSI  HEINOJISIPU30BAHOTO  BUIIPOMIHIOBAaHHS.
[onspuzatop 2 MIpU3HAYCHUN JUTSL ToJIsIpr3arii
BumnpomiHioBanHs. 1li 1Ba OJ0KM MOXyTh OyTH 3aMiHEHI Ha
Jma3ep  BIONOBIAHOI JOBXWHH  XBWIi. Mogymarop 3
[IPU3HAYCHUN TSt MOy ST MOJISIPU30BAHOIO
BHINIPOMIHIOBAaHHA B 3MIHHOMY MATHITHOMY TIONi IS
MiBUINCHHS YYTJIMBOCTI BHUMIpIOBaHHsA. Amnamizatop 4
NpU3HAYeHWH I8 BHM3HAYEHHA  a3uMyTa  IUIOIIUHU
nmoJysipu3anii npomeHto. QorompuiiMad 5 mpU3HAYCHUH IS
MIEpETBOPEHHS IHTEHCHBHOCTI MaJIal0Y0r0 BUIIPOMIHIOBAHHS B
eNeKTpHuHui curHain. OTpuMaHWi eIeKTPUYHUI CHTHA
HaJIXOMUTh B OOYHMCIIOBAJIBHUM OJIOK 6 IS TOJAJIBIINX
004HNCIICHb.

Ha pucyHky 2 npuBeneHa 3arajibHa cXemMa IpOIIOHOBAHOTO
MOJISIPUMETPHUIHOTO METOAY BUMIPIOBaHHS penbedy MOBEPXHi.
Jlisl TIOsICHEHHST Tpoliecy BHMIpIOBaHHS 3pOOMMO HacTyITHI
no3HadeHHs: d — MOBXKMHA KoJa Koijeca, t — gac OJHOTO
o0opoTy Kojeca, V - HBHAKICT pyxy miatdopmu, N —
KiJIbKICTh BUMIpIOBaHb 3a OAMH 00epT Koiseca. [Ipu mpomy
OyayTts matu Micue Taki s3anexnocti: Al =d/N - Bigcrans
Ky TPOXOJUTH KOJECO MK TIIOCHiJOBHUMH BHMipaMH,
Ap=27IN - KyT TIOBOPOTY a3MMyTa TUIOIIMHH TIOJISPH3AIlil

MPOMEHI0O MK TMOCHiIOBHUMHU BuMipamu. I[lpm pyci mo
TOPU3OHTAJIbHIH MOBEpXHI OTPUMAEMO HACTYIHI 3aJIEKHOCTI
IUIL BH3HA4YEHHSA [-TO 3HAYEHHS INPOMICHOr0 NUIAXY BiX

MOYaTKy BUMiproBaHHs |; i a3uMyra ruommHy nojspusanii ¢;
pu PIBHOMIPHOMY pyci pPyXOMOi OCHOBH II0 TIOBEpXHI

penbedy:

_ 1)
O =@ig+Ap =@y +n-Ag;

ne |0 - 3HaueHHsI IPOHWICHOro NUIAXY Bifl MOYATKY KOOPAUHAT
JI0 TOYKH TI0YaTKy BUMIipIOBaHs, i, i1 - 3HaYeHHS TpoiineHoro
UUIAXY JJIsl TOYKHA MOTOYHOTO i MOMEPeIHbOTO BUMIPIOBAHHS,
N - KUTBKICTh TIPOBEICHUX BUMIPIOBAaHb, (g - a3UMYT IUIOIIUHI
MOJISIpU3allii B TOYL NOYATKy BUMIPIOBaHb, @i, @i- 1 - a3UMYTH
IUIOIIMHA TOJIAPU3aLil B TOYKaxX HOTOYHOTO i MOMEPETHBOIO
BUMIpY.

[Ipu pyci MO HEropu3OHTAIBHOTO MOBEPXHI OTPUMAEMO
HACTYIIHI 3aJI€)KHOCTI JUIS BH3HAUCHHS i-T0 3Ha4eHHs l; i ¢;
Opy  PIBHOMIPDHOMY pYyCi pyXoMoi OCHOBM IO HOBEpPXHI

penbedy:
=l +Al=1;+n-Al

2
Q=i +tAp+a=¢y+n-Ap+a, (2)

Je o - KyT Haxwiy JIOTHYHOI a0 penbedy B TOYII
BUMIpIOBaHHs. 3HAUCHHS KyTa 0 € JIOKaJbHUM KyTOM Haxuily
JOTUYHOI 10 perbedy MOBEPXHi.

AL X
AXip AXia Xi

Pucynok. 2. 3aranpHa cxema MOJIPUMETPUIHOTO METOIY
BHMIPIOBaHHS pelbe(dy MOBEPXHI

TakuM YMHOM PEECTPYIOUH 3MIHY KyTa HaXHIIy JOTHIHOT
IO permbedy B TOUI BUMIPIOBAHHS BHU3HAYAIOTHCS KYTH
Haxwiay pyxomoi ocHoBU. [licnsi 3akiH4YeHHs Ipolecy
BUMIPIOBaHHS  IPOBOJAWTBCS ~ aHaNi3 1  MOJEIIOBaHHS
BUMIPSIHOTO pelibed) 3a JI0MOMOrO0 KOMITIOTEPHOT TEXHIKH.
Ha ocHoBi 00poOKM MJaHWX BH3HAYAIOTHCA 3HAYCHHS
napameTpiB, 10 XapaKTePU3yIOTh Pelbed Ta CTaH INTYYHOTO
TTOKPUTTSL.

1IV. BHCHOBOK

B poboti 3ampomoHOBaHO MOJMSPUMETPUYHUN METOX
BUMIpIOBaHHS penbedy TIOBEPXHI. Buxopucranns
3aMpPOTIOHOBAHOT'0 METOAY JO3BOJIUThH MOTESHIIMHO TiABUIIUTH
TOYHICTh 1 IIBWAKOMIIO BHUMIPIOBaHHS penbedy MITyYHHX
MOKPUTTIB JIOPIT Ta aepojpoMiB, a TaKOX JI03BOJIUTh
3a0e3neunT iX MOBHY aBTOMaTH3alito. OTHUM 3 HEIONIKiB
3alpONOHOBAHOTO METOJY € MOXKJIMBICTh BH3HAUEHHS JIHIIE
MO3J0BXKHIX HAXHUIIIB.
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Anomauia — npoBesieHe AOCJiUKeHHS NPHCBAYeHe MPodaemi
MPOXOMKeHHs] TMHAMIYHO-HECTAOLILHUX MeTeOpOJIOriYHUX 30H
noJLoTy. BUsiBIeHO OCHOBHI PH3HKH MiJIOTYBaHHS B 3a3HAYEHHX
30Hax. 3aNpONOHOBAHO e()eKTHBHI CIOCOOM NMiABMIIEHHS PiBHS
0e3neKkH NOJbOTIB HLIAXOM ONTUMIi3aumii NPUIfHATTA pilleHb
MiJIOTAMH MOBITPSHUX CyJeH B YCKJIAAHEHHX NMOJIbOTHHX YMOBAaX.

Knwwuoei cnosa — memeoponoziuni Oounamiuni gopmayii,
NI0OUHA-0nepamop, HebeneuHi memeoponoziuti Asuuya, 0coonusea
cumyayia 6 nonbomi, NoGimMpaAHuil KOHGIIKm, aeponasizayiiina
cucmema.

. Bcryn
Bei  mibkHapoani  opraHizamii  4M  yCTaHOBH, SIKi
GyHKIIOHYIOTh y cdepl LUBUIBHOT aBialii, perJaMeHTyrTh
Maibke OJIHAKOBI pPEKOMEHJAIii IOJ0 YHPAaBIIHHS IIi dYac
BUHUKHCHHS HEOE3IMEYHHX METEOPOJIOTIYHIX SBUII B ITOJIBOTI.
[omani B KepiBHHUIITBI BKa3iBKH HECYTh COOOIO P 0OMEKEHb
oof0  NPOKITAJaHHA  MapumpyTy Oils 9 HaBKOJO
KOHBEKTHBHOI aKTHBHOCTI aTMOc(epd 3 METOI0 3MCHIICHHS
KUTBKOCTI Ta CTYIEHIO BAaXKKOCTI KOH(MIIKTHHX cuTyaliil. B
YCKJIQIHEHUX  yMOBaX, KOJH  JMHAMIYHO-HECTaOlIbHA
aTMocdepa IUPKO PO3MOBCIOKEHA, BKIMBICTD HNPUHHATTS
pitrenHs: eximaxem nositpsaoro cymHa (IIC) rpyHTyeThes
Oiplie Ha IHTYiHil, HDXX Ha NpaBWIaxX KepiBHUITBA 3
eKcIuTyartarii. A TOMy TpaBWIbHI Ta O€3me4Hi pilIeHHs
minoTiB xo4a 6 ogHoro [1C 3MeHIIyI0Th HMOBIPHICTh PH3HKIB

JUTSA BCI€T aepOHABITaI[iifHOT CHCTEMH.

Il.  TIOCTAHOBKA 3AJIAUI
Mertoto faHo1 poOOTH € aHai3 NPaBHII MOJBOTY, HASBHUX
CleHapiiB yXWIEHHS YH OOXO/DKEHHS HeOe3NeuHNX 30H,
JIOCII/DKEHHST MPOLIECY MPUHHATTS pillleHb 3 ypaxyBaHHIM

MOTOYHOI ~ MeTeoposoriyHoi  iHdopmamii.  ITmanyBaHHS
MOJIMBHX PHU3WKIB Ta TOAAJBIINA KOHTPOJIb YIPaBITiHHA
MiHIMi3ye BTpaTH, 3HWXKY€ WMOBIPHICTH BHHHKHEHHS

KOH(JTIKTY Ta MiJBUIIYE PiBEHb O€3MEKH MOJIbOTIB.

I1l.  OCHOBHA YACTHHA
IMpn anamizi mositpstHoi oOcranoBkM ekinax IIC wmae
NPUIHATH P YIPaBIiHCBKUX pillleHb, HE 3BaKaroud Ha
peKOMeHaLil CUCTEM aBTOMATHYHOTO YNPABIIHHS JIiTaka Ta

BKa3iBKM  gucrerdepa. KoHuenmii  poO3BHTKY  CHCTEMH
VIpaBIIiHHS TOBITPSHAM PYyXOM, IO 3a3Ha4yeHi y cratTi [1], B
Till 9M iHIIIA Mipi BIUIMBaIOTh HA MPOIEC MPUHHATTS PIlIeHb
JFOTMHOIO-0TIEPAaTOPOM aepOHAaBiraniifHOi CHCTEMH, Ta KOXKHA
OKpEMO IMIPUXOBYE «CBOD» (DAaKTOPU PUBMKY.

KoHBEeKTHBHI ~ 30HM  TIOJNILOTY  XapaKTepPH3YIOTHCS
KOHBEKIII€I0 — MEepeMillleHHIM OKpeMuX 00’€MiB MOBITps 3
OJTHUX DIBHIB Ha iHII, 3yMOBJICHI CHJIOI ApXiMezaa: Teruriie
MOBITPST 1, OTXKE, MEHII IIUIbHE, HIK HABKOJHUIIHE
CepelOBUINE, MEPEMIIIYEThCS Bropy, a TOBITpsA OLTBII
XOJOAHE i OUThIN IiMpHUN — BHE3. [Ipu cmabkoMy pO3BHTKY
KOHBEKIis Mae Oe3nagHui, TypOyJIEHTHHH XapakTep. A mpH
PO3BHHEHOMY — HaJ OKPEMHMHM JUITHKAMH 3€MHOI ITOBEPXHI
BUHUKAIOTh  BUCXIOHI Ta HHU3XiJHI TOTOKH TOBITPS, SKi
MIPOHM3YIOTh arMocdepy 10 BHCOT crparocdepu. Lle Tak
3BaHA MPOHHUKAKOYa KOHBEKINS, 3 KOO MOB'SI3aHE YTBOPEHHS
Kym4acTUX 1 Kym4acTo-AOMIOBUX (TPO30BUX) XMap. 3
OCTaHHIMH 3a3BHYai MOB'A3aHi HANOIIBII IHTEHCUBHI ONAaX i
nepeBakHa OUIBIIICTh HeOe3NneuyHUX aTMOC(EpHUX SBUIIL
(mkBamy, rpo3u, cMmepui). LluM BOHM CTAHOBIATH BENHKY
HeOe3MeKy sl JITaIbHUX anapaTiB.

B mMeteoponorivaux quHaMidHAX Qopmaniid (MID),
SICKpPaBUM TIPUKJIAJIOM SIKHX € TPO30BI XMapH, MOLIIBHO
po3mIsiAaTH 3 JABOX TOYOK 30pY, IO XapaKTepH3yloTh: 1)
00'€eKTHBHI CTaTUCTWUYHI AaHI Hpo Oe3meKy 1 perysspHicTh
MOJBOTIB; 2) CYO'€KTMBHY OIIHKY IJOTaMH HeOe3leKkn
METEOpOJIOTIYHUX  SBUII, IO  JO3BOJSIE  BpaxyBaTH
TICUXOJIOTIYHHAN acniekT mpoosemu [2].

Biamosinui craructuuni mani (puc.l Ta puc.2) MOXHA
orpumard 3 gokymenry [3][4]. [logana indopmaliist cBiAIMTL
mpo HactymHe: mpobmema MJI® BimHOcHTECS m0 Loss of
Control In-flight (LOC-I — BTpata KepyBaHHS B TIOJBOTI)
ocHOBHOI 3 Kareropiit aBapii ICAO i morpedye riambokoro
aHaJi3y 1 BUBUCHHIO aBiallilHUX MOJiif Ta OCHOBHHX YNHHHKIB
BUHHUKHEHHS aBapiil Ta katacTpod.

posigni  ¢axiBui  opranizamii EUROCONTROL,
MPOBIBIIM  Psii  JOCIHI/KEHb, BBaXalOTh OCHOBHOIO
MPOOJIEMOI0 BIOCKOHAJICHHS aBialiifHOI TeXHIKH. ABXKEX, IIe
0e3CyMHIBHO ITOKPAIYE MOXKIINBICTh MOJILOTIB IPH Oy Ib-TKHX
METEOPOJIOTIYHUX YMOBAX, ajie YCKIIaHIOE IPOLEC IPUIHATTS
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piwens exinaxxem IIC 1 miaBuiye HMOBIPHICTh BUHHUKHEHHS
KOH(JIIKTHUX CHUTYyalid Ta aBialliifHUX (aKTopiB pHU3HKY.

YacToTa aBianmiiiHEX mogii

w

1.93

Kimbkicts agapift | Minkiion BiinpaeneHs

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Crir

Puc. 1. BigHotueHHst KiTbKOCTI aBapiii Ha MiIbI{OH BifmpasieHs 3a 10
pokiB. Cratuctuka ICAO.

3oHimHI ¢pakTOpPH PHIAKY

MeTeoponoriuHi YHHHHKH 36%
Tlorase BizyanbHe OpPI€HTYBaHHA 22%
I'pozu 14%
Birep/ 3cye eiTpy/ TlopHBUACTHIT BiTED 14%
HemoctaTHst BUIMMICTE 14%

Puc.2. [Tigxareropis «3oBHiHI dhaktopu pusuky» LOC-I: nani aBapiii B
nonsoTi. Cratuctuka IATA.

IcropyyHO  CKJIAJIOCh, 1[0  HAWMOMYJSPHINI  IUIAXH
3amo0iraHHs  BUHUKHEHHIO 3ITKHEHb 3  JMHAMIYHUMU
nepenKojaMu 0a3yBallich Ha PEryJOBaHHI IIBHIKOCTI, 3MiHI
MapuUIpyTy OJHHMM areHToM (JIIOJJMHOI0-OTIEpaToOpOM), 3MiHi
MapHIpyTy JBOMa areHTaMH abo CyMapHili IIBHAKOCTI Ta
KOPHUTYBaHHI MapmpyTy. AJle pO3BUTOK aBiamiifHOI ramysi B
XXI cromiTTi BKIIIOYAae YUMay HU3KY METOMIB PO3B’SI3aHHS
KOH(IIIKTHUX CUTYaIlill B MOBITPi, TOJOBHI 3 SKUX: METOIU Ha
OCHOBI TPaBWJI, TEOPETUKO-IrPOBi, MONBOBI, T€OMETPUYHI,

YUCEIbHO-ONTUMI3aLliHI, OaraToareHTHI Ta KOMOIHOBaHI
METO/IH.
VYmupaBninHg (akTopamMu PpUBMKY — 1€ 1€ OJUH BUJ

OCHOBHOI1 [isSTTLHOCTI, siKa 3a0e3mneuye yrnpaBIiHHSI O0e3MeK0I0
MOJILOTIB Ta CTIPHsIE 3MIHCHEHHIO THINUX MOOIYHO MOB'SI3aHUX 3
UM  OpraHizamifHuX mporeciB. Tepmin "ympaBmiHHS
(akTopamMu pU3MKY ISl OE3MEKH MOJBOTIB" Ha BiAMIHY Bif
OipII 3arajbHOTO TepMiHa "ynpaBiiHHS (akTOpaMu pU3HKY"
03HaYae, M0 YNPaBIiHH OE3IEKOI0 MOJBOTIB HE CIPSIMOBaHE
OesrocepelHbO Ha yNpaBIiHHA (akTopaMu (QiHAHCOBOTO
PH3HKY, IPAaBOBOTO PU3UKY, €EKOHOMIYHOTO PU3HKY i T. 1., a B
Nepiry 4epry 3aiMaeThCsl JIMIIE YNPaBIiHHAM (aKTopamu
pU3HKY JUTst GE3MeKH TOIBOTIB [5].

[IpaBuna BizyamsHux monsoTiB (IIBII) Ta mpaBuma
monsoTiB 3a mpwiagamu (IIIIIT) maroTe cBoi mepeBarm Ta
HEJIOJIKK 3aCTOCYBaHHSI 3riHO IOKyMeHTy [6]. B peanbHOCTI
Bce BimOyBaeThCs TaKUM YWMHOM: [MBUIbHA  aBialfis

BukopuctoBye Jume [IIIII, BiXHOBIAHO «320X0UYIOUN»
CBOIMH JiSIMH PO3BHTOK JIESIKMX (PAKTOPIB PU3MKY, TAKUX SIK:
HECTIPaBHICTh aBiamiiHOiI TexXHiKW, iH(opMamiiiHi macTKH,
JFOCHKAN (akTOp, KOH(IIKTHI CHTYyaIlil Ta iHIIi.

Mogeni TUpUHAHATTA pIOICHP MUIOTAMH  BPaxOBYIOTH
(haxTOpH pU3NKY, BILTMB 30BHIITHHOTO CEPEIOBHUINA, a TAKOXK 1
BB 00’ekTy KepyBauHs (IIK), ame 1mporo HeZOCTAaTHBO.
ToMy HEOOXiTHO NMPOBOJUTH MOJCTIOBAHHS, BKIIOYAIOUH ILE
0E3MOMMIIKOBICT 1 CBO€YACHICTh [iil eKilaxy 1 pH3HK
BUHHUKHEHHs HeOa)XaHUX HACIIJIKIB y pe3ynbTari peajizamii
oreparopoM meBHOro pimeHHs. Crnocid KUTbKICHOI OLIHKH
PHU3HKY 3aJEXHTh BiJ SKOCTI JaHWX, 10 BUKOPHCTOBYIOTHCS
JUISL OTIMCY CHUTYAIlil, B AKi IPUHMA€EThCS PillICHHS.

MopenioBaHHS PO3BHTKY MOJNBOTHHUX CHUTYyalid, IO

XapaKTepU3yIOThCSI  BHCOKMM  piBHEM  HENOBHOTH 1
HEBM3HAUCHOCTI  HasgBHOI  iHQopMarii, MOXIHBe 3a
jgonomororo  mMertomiB I[P B yMOBax HEBH3HAYECHOCTI.

[IpoBeneHHs KINBKICHUX Ta AKICHUX OIIHOK iH(OpMAaIiitHIX
cucteM I1C no3Bosie mpOrHO3yBaTH HMOBIPHICTh BUKOHAHHS
TOTO YH iHIIOTO 3aBIaHHS a00 WMOBIPHOCTI MTOMIJIKOBHX Miif.
Takox HEOOXiJHO OIIIHIOBAaTH CTYMiHb 3aBAaHTAXEHOCTI K
CHCTEMH TaK 1 caMmoi JIIOAMHHU-ONEpaTopa, W0 J03BOJHTH
OLIHUTH BIUIMB JIIOJACBKOIO YMHHUKA Ta HaJalli IPOBECTH
HeoOximHi mii 3 omrTumizarii. Binemr Toro, Mo)xHa CMIJIMBO
CTBEp/UKYBATH, IO BIACYTHICTb OIIHKM BIUIUBY IbOTO
MMOKa3HUKAa TIPH TPOBEOCHHS poOIT 3 aHali3y HaIiiftHOCTI,
e(peKTHBHOCTi, MITICHOCTI  CHCTEM, 3HIXKYE TOYHICTh
OTPUMAHOTO Pe3yJIbTAaTy Ta HPOLEC MOJICIIOBAHHS CTaHE He
SIKICHHM.

IV. BHCHOBKU

[IpoBeneHe NOCHIPKEHHSI BHUCBITIIIOE TOJIOBHI HpOOJieMU
HPOXO/KEHHSI KOHBEKTHBHUX 30H IOJBbOTY, IPYHTYIOUUCH Ha
OCHOBHHMX NPUHIMIAX NPUHHATTA pimeHb exinaxem [IC.
3anponoHOBaHO IUISIXA €PrOHOMIYHOI ONTHMI3alli B3aeMoIii
IiJIoTa Ta JIiTaka NpU YCKJIaJAHEHUX YMOBaxX MoJbOTy. Takox
MPOAHAI30BaHO OCHOBHI (DaKTOpPH PHU3HKY. 3ampOIOHOBaHI
MiIX0OM Ta MOJET PEeKOMEHIYEThCS BHKOPHUCTOBYBATH HPH
NPOEKTYBaHHI TPEHAXEPiB, CHUMYJSITOPIB Ta NPOrPAMHOIO
3a0e3neueHHs Ul TPEHYBaHHS KillaxiB MOBITPSHUX CYACH.
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Anomauia — po0d0Ta NMPUCBSIYEHA PO3IJISIAY MOKIMBOCTI
3acTOCYBaHHA iH(PauepBOHOI0 BUIPOMiHIOBAHHS B CHCTeMax
0e3nexkH, BUMipIOBaHHsI NapaMeTpiB, nepenadi indgopmauii Ta
CUTHAJIIB KePYBAHHS Cy4aCHOro JiTaka

Knwuoei cnosa — inghpauepeone eunpomintosanns,
mennoee GURPOMIHIOBAHHA, RIpOMemp, NACUBHA AGHIOHOMHA
cucmemanonepeoyceHns 3imKHeNb, nodcexcruil
inghpauepeonuit oamuux .

I. BCTYI

[adpayepBoHE BUITPOMiHIOBaHHS SBIIsIE COOOIO €IEKTPO-
MarfiTHi XBuil noBxuHOI0 Big 0,74 mxm 1o 1000 MM, 110
MICTUTBCS MDK BHAAMHM CBITIIOM 1 MIKPOXBHJIICBHM
Jiara3oHOM PaiOXBHIIb.

3a CBOIMH BJIACTHUBOCTSIMHU iHppauepBOHE
BUIIPOMIHIOBAHHSI YaCTKOBO CX0’K€ Ha BHIMME CBITIIO TOMY
i QokycyBaHHs  iH(payepBoHOi  eHeprii  MoOkHa
BUKOPHCTOBYBaTH IapalOoJiiuHi J3epkaina 1 JIiH3M, 3a
IHIIMMHU  BJIACTHBOCTSIMM BOHO OJIM3bKE JI0 Ppa/liOXBHIIb,
TOOTO MOXKE MPOHHUKATH Yepe3 MaTepiaid, sSKi HEMPOHHUKHI
JUISL BUTUMOTO CcBiTIIa [1].

[ndpayepBoHe  BHIIPOMIHIOBaHHS  NPOSBIAETHCS B
pe3ynbTaTi TEIUIOBOTO PYXY MOJIEKYN ycepeanHi 00’ekrta
CrOCTEepeXXeHHA. TakuM YHHOM, OyAb-SKHH TNpenMer,
TeMIIepaTypa sIKoro Buiie adconrotHoro Hyis (-273°C), npu
SKOMY TIPUIIUHSAETBCS MOJISKYJIIDHUN  TEIJIOBUH  PYX,
BUIIPOMIHIOE iH(QpauepBOHY €Heprito. Y TOM ke 4ac He CIlif
3MiNIyBaTH iH(QpavyepBOHE BUIPOMIHIOBAHHS 3 TEIUIOBHMH
XBIJISIMH — TOOTO Iepefadero TEIUIOBOi eHeprii IIIIXoM
koHBekIii. KoHBekIisi BuMarae HasSBHOCTI (Di3UYHOTO
CepeNlOBHINA, Yepe3 SIKe MepelaeThCst TerIo (MoBITpsl, Tasy,
pinuHy, TOWIO). IndpayepBona eHepris KpiM
IepepaxoBaHOr0 MOXKE TaKOX IOLIMPIOBATUCS dYepe3
BakyyM. TakuM YMHOM, SIKIIO ICHY€ PI3HMII TEMIIEpaTyp
MDK ~ HaBKOJIMIIHIM  CEpPEJOBHIIEM Ta 00 €KTOM
CHOCTEPEKEHHS, fioro MOJKHA 3a(ikcyBaTH
iHppadepBOHNMHU JaTYNKaM{ BiJNOBITHOTO JiamnazoHy
XBHJIb.

Il. TIOCTAHOBKA ITPOBJIEMU

Ha choromuimHiii AeHb 3aCTOCYBaHHs 1HPpPaYCPBOHOTO
BUIIPOMIHIOBAaHHS B aBiallii JOCUTh OOMEXEHe 1 mosisrae y

BUSBJICHHI MOBITPSHUX 00’ €KTIB HA3eMHHMH Ta OOPTOBHMU
TEIUIOTICJICHTaTOpaMHU 3acO0iB TPOTUIOBITPSIHOI OOOPOHH.
A Takox iH(pavyepBOHE BHUIPOMIHIOBAaHHS TOBITPSIHUX
IiIeld BUKOPUCTOBYETHCS B aBiallifHUX KepOBaHUX 3acobax
Ypa)KeHHs i3 TEIUIOBUMH CHCTEMaMH HAaBEICHHS.

OcTaHHI [JIOCSATHEHHS y TPOEKTYBaHHI Ta CTBOPEHHI
iH(ppauepBOHUX CUCTEM JIO3BOJISIIOTH PO3IIMPHUTH CHEKTP iX
3aCTOCYBaHHS Ha OOPTY Cy4acHHX IMOBITPSHHUX CYJICH.

J1o TakuX CHCTEM BiTHOCSTHCS:

—  TacHBHI CHCTEMHU BUSIBJICHHS
MOBITPSTHUX CYJICH;

— WCTaHNIWHI JNAaTYUKA BHUMIpPIOBAaHHS TEMIIEPaTypH
piauH Ta ra3is;

— JaTYMKH CHCTEM BHSBJICHHS TIEPETPiBY 1 TOXKEKi
IIBUTYHIB Ta (IO3EIIKY;

— cucreMH Tepenaui iHpopmamii  iHppadYepBOHUMHU
JHISIMH 3B’SI3KY;

— 3aco0M  JUCTAaHLIHHOTO KepyBaHHI  OOPTOBUMHU
CHCTEMaMH JIiTaKa.

3acrocyBaHHs 1H(GPAYCPBOHOTO BHUIIPOMIHIOBAHHS B
nepeniuyeHoMy OOJIaHaHHI Ta CHCTEMax TO3BOJHTH OLIBII
THYYKO KepyBaTH IX pOOOTOI 13 MOXIIHMBICTIO 3MiHH
HaJIAIITYBaHHS BIATIOBITHO IO YMOB poOOTH 00JIaTHAHHS.

HeOe3MeYHnx

I1l. OCHOBHA YACTHUHA

Pyx Oyap-1KOTO Cy4acHOro TMOBITPSHOIO CyJIHA
HEMOXJIUBUH 0€3 3aCTOCYBaHHS JBUTYHA SKUH SIBIITE COO0I0
TEIUIOBY  MAIIMHY, a OTKe  BHUIPOMIHIOE  XBHWII
iHppagepBororo (1Y) pmiama3zoHy, sKi MOXyTb OyTH
3a(ikCcOBaHi JaTYMKAMU CHUCTEMH TEXHIYHOTrOo 30py. Kpim
JIBUTYHIB, XBwii [Y niama3oHy BHIIPOMIHIOIOTH TaKOX
HarpiTi 4acTWHW (IO3eNsDKy, TOMY HaHOLIBII JIOLLIBHO
3acTocyBaTd B  iH(pauyepBoHi aaTuuku (amrn. Infrared
SEeNsor) B NAaCHMBHHX aBTOHOMHUX CHCTEMax BHSBICHHS
HeOe3eYHNX HOBITPSIHUX CYAEH.

[TacuBHI iH(QpadepBOHi CUCTEMU OXOPOHH BUSBISIIOTH
o0'ektr,  (QiKCylOUM  Temjae  BUIPOMIHIOBAaHHS  BiJ
MOPYIIHHUKIB 1 pearyroun Ha iX pyx. Po30urrs miH3010
Openenst monst 30py JaTYMKa HAa CErMEHTH JIO3BOJISIE
BU3HAYHUTH BIAMIHHICTD MK HEPYXOMHMH 1 PYXOMHMH
o0'ekTamMu, 1 BimpearyBaTH Ha TIOSABY B 30HI BUSBIICHHS


https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80

nopylrHukiB. HamamTyBaHHsS nacuBHHMX 1H(padepBOHUX
CHUCTEM OXOPOHHM JIO3BOJIIOTH BPaxOBYBAaTH TEMIIEPATypy
HaBKOJIMIIHBOTO CEPEAOBHILA.

[HdpavepBoHi maTamkm Temmeparypu  (MipOMETpH)
BAMIPIOIOTb  TEMIIEpaTypy TMOBEpPXHI Ha  BiJACTaHi.
[HTEeHCHBHICTH BUIIPOMIiHIOBaHHS O€3MOCEpPEeIHBO TOB'sI3aHA
3 TEMIIepaTyporo Harpitoro o0'ekra. [liama3oH BHMiproBaHb
Temneparyp OC3KOHTAaKTHHIMH IaTYMKaMH CKJIaja€ Bif -
45°C nmo +3000°C. IlpuuoMy B Jjiama3oHi BHCOKHX
TeMIIepaTyp iHppauepBOHUM JJaTIYMKaM HeMae KOHKYpEHII.
Jlns  BUMIpIOBaHHS B Ppi3HHMX Jiama3oHax TeMIepaTyp
BUKOPHCTOBYIOTBCS Pi3Hi AULITHKH iHPpauepBOHOTO CIIEKTpa

(puc.2).

a0
a8
acs
Qo7
Q05
Qo5
Qo4
ad3
0024
oo
o0

IHTEHCMBHICTb BUNPOMIHIOBaHHS

0 2 4 6 8 10 12 K 16 1820
[oBxXnHa XBuii, MKM

Puc. 2. 3anexHicts inTeHcuBHOCTI Y BUNIpOMiHIOBaHHS
BiJI TOBXXHMHH XBHJIi Ta TEMIIEPATypH.

Tak mpuM HHU3BKHX TeMIeparypax ILe 3a3BHYail jiama3oH
JTOBXKUH XBWJIb €JIEKTPOMAarHiTHOTO BUMPOMiHIOBaHHS 7 - 14 MKM.
VY niama3oHi cepeqHix TemrepaTtyp e Moxe Oyt 3 - 5 miwm. [Ipu
BHCOKHX TEMIIEpaTypax BUKOPUCTOBYEThCS TUISHKY Mpo paifoHi 1-
3 MkM. Ane KoXHa cucteMa Mae cBoi ocobmmBocti. Tak mis
BUMIDIOBaHHS  TEMIIEPaTypH TOHKHX TIIOJNIMEPHHX  IUIiBOK
BHUKOPUCTOBYIOTBCS IaTYMKH, IO TPALIOIOTH HA JIOBXKUHAX XBUIIb
3,43 abo 7,9 MKM, a Uil BHUMIpPIOBaHHS TEMIIEpaTypH CKJa
BHUKOPUCTOBYIOTh JATYMKH, 110 TPALIOIOTH B Jiana3oHi 5 MkM. [lis
MPaBWJIBHOTO  BUMIPIOBAaHHS  TeMIepaTypu HEOOXiTHO  psiX
oaTKOBUX (akTopis. [lepi 3a Bce e BUPOMIHIOIOYA 37JaTHICTb.
Bona nos's3aHa 3 koeii€eHTOM BiIOHTTS MPOCTOIO (POPMYITOI0:

E=1-R,
ne E - BunpoMiHioroua 31aTHiCTh, R - KoedimieHT BiAOHTTS.

VY abCoMOTHO YOPHOTO Tija BUIPOMIHIOIOYA 3/aTHICTH PiBHA
1. YV Oinpmocti MertaniB, OCOONMBO MONIPOBAHMX HHU3bKA
BUMpoMiHioroua 3mataicts 0,1 - 0,2, Jlng npaBHIbHOTO
BUMIPIOBaHHS TEeMIIEpaTypyd HEOOXiTHO BH3HAYHUTH i BCTAHOBUTH
BUTNIPOMIHIOIOWY  3[aTHICTh BUMIipIoBaHOTO o0'ekta.  SIkmo
3Ha4YeHHs OymyTh OOpaHI HENpaBWIHHO, TO TeMIeparypa Oyne
BUMIPIOBAaTHCS HEBIpHO. 3a3BUUall CBiUEHHS 3aHIDKYIOThCS. Tak,
SKIIO MeTaJl Mae BHUIIPOMiHIOIOYY 31atHicTh 0,2 a Ha JAaTYUKY
BCTaHOBICHUH koediuient 0,95, TO mnpu aUCTaHUIHHOMY
BuMiproBanHi Harpitoro g0 100°C wmeraneBoro 00'€ekTa AaT4HK
Oyme moxazyBatu Temmeparypy Omusbko 25°C. Kopwurysaru
BUIIPOMIHIOIOYY 3[aTHICTH MOXKHA BH3HAYMBIIM 1i JUI Pi3HHX
MaTepiamiB 3a JOBiIHUKOM, a00 BHMIPIOIOYH TeMIEpaTypy
MOBEPXHI  aJbTEPHATHBHUM CIOCOOOM. JIpyrorw  BaXXJIHBOIO
XapaKTePUCTUKOK  iH(QpAa4YepBOHOrO  JaT4MKa €  ONTHYHE
BIJIHOIIICHHS - 1€ BiIHOIICHHS BiICTaHi 10 00'€KTa BUMIPIOBAHb 10
po3Mmipy obusacti 3 sikoi i BUMIipIOBaHHsS BeayThcs. Hampuknan

onrtuyuHe BigHomeHHs 10: 1 o3Hauae, mo Ha Biactani 10 mMerpiB

po3Mip Mo, 3 KO BEAETHCS BUMIP TEMIIepaTypH CTaHOBHUTH 1

Mmerp. CyuacHi iH(ppauepBOHI IATINKH TEMIIEPATypH MalOTh

ontuuHe BimHomieHHs pocsraioTh 300:1. OcHOBHI mepeBaru

iH(ppaYepBOHUX JaTYHKIB TEMIIEPATypHU:

—  BHCOKa HIBUIKOIIS;

—  MOXJIMBICTH BHUMIpIOBaHHS TEMIIEPAaTYpH PYXOMHX 00'€KTiB;

—  BUMIpIOBaHHA  TeMIEpaTypd B  BOKKOJZOCTYIHHX 1
HeOE3MeYHUX MICIIX;

—  BCIIUKUI Jiara30H BUMIipPIOBaHE;.

—  BincyTHIH Oe3nocepenHiii KOHTaKT 3 00'€KTOM i BiANOBIXHO
HE BiIOyBa€eThcs HOTo 3a0py/AHEHHS.

BucokouyrnuBuii  oroenemenT moxkexHoro [Y-mardmka
MePETBOPIOE €IEKTPOMArHiTHe iH(padepBOHE BHIIPOMIHIOBAaHHS B
CJICKTPUYHUH CUTHAI. BUSBHMBIIN O3HAKW 3aropsiHHS, ONTHYHHI
[aT4dK MOJTyM'st ikCye Mepiri BOTHEBi CIUIECKH 1 MOJA€ CHUTHAI
tpuBory. Taki [Y naTunku knacu@ikyrOThCS 38 MPUHIMIIOM Jii:

—  [JaTuMKM, YYTAMBI [0 MepexTiHHA BOrH  (nynbcauis
nonym's);
—  [aT4YMKM B AKMX PiKCYETbCA NOCTIMHA CKNaLoBa NoAym's;
—  [JaTuMKkM, WO  GiKCyloTb  BUMPOMIHIOBAHHA B TPbOX
Aiana3soHax iHppayepBOHOro cnekTpa.
lonoBHOIO mepeBaror0 mokexxHux [Y pmatymkiB € ix
MIBUAKOJIS, IO CKIAa€ dYac TMICIs BUHUKHEHHS BiIKPHTOTO
moayM’s, 1o 0,1 cexyHau.

OnrtuyHuil MeTox Tepenadi 3a3BHYail BUKOPUCTOBYETHCS IS
3B'I3Ky KOMI'IOTEpiB 3 mepudepiiHuMu npuctposmu (iHTepdeiic
IrDA) Ha BiaMmiHy Bix pagiokaHady iH(ppadepBOHHMI KaHAJ
HEUYTJIMBUH 10 ENeKTPOMArHiTHUX 3aBaj, 1 L€ JO3BOJISIE
BUKOPDUCTOBYBaTH  Horo B  BHUpOOHWMYMX  yMmoBax. Ilpm
BUKOPHUCTaHHI iHQPaYepBOHMX JIa3epiB Ta ONTOBOJOKOHHUX JiHiH
MOXKHa JIOCSTTH BHCOKHX MIBHAKOCTEH Ta 00’eMy mepeaaBaHOl
iH(popMmarii.

IV. BUCHOBKU

Taxum YUHOM, 3aCTOCYBaHHS iH(ppaYepBOHOTO
BUIIPOMIHIOBaHHS JJO3BOJIUTH IIiJBUIUTH ABTOHOMHICTH CHCTEM
MOMEPE/DKCHHST 3ITKHEHb Ta OE3MeKy TOJbOTIB, 30UIBIINTH
Jiama3oH TEMIEPATYPHUX BUMIPIOBaHb Ta IIBUAKOMII0 CHUCTEM
CUTHAITI3aIl] PO MOXKEXKY, a TAKOX MIABUIIUTH 3aBaJ0CTIHKICTh
OOopTOBMX cHcTeM IHepenadi iHpopmanii Ta JAUCTaHIIHHOTO
KepYBaHHI.
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l. INTRODUCTION

A forward-swept wing is an aircraft wing configuration
in which the quarter-chord line of the wing has a forward
sweep. Typically, the leading edge also sweeps forward.

The concept was actually first proposed by the Germans
during WWII (1936). The first prototype was created and
flown in 1944. The designation was the Junkers JU-287,
which was basically created by scraps from other JU planes.
This design was to be a turbo-jet Bomber. The main reason
for the forward-swept wings was to provide extra lift during
low speeds, and provide extra wingtip stability at transonic
speeds (Mach 0.8 - 1.2). An improved second prototype was
being created, but the Junkers factory was sacked by the
Soviet Union. After the war, The Soviets continued working
on the JU-287, and ended up creating the "OKB-1 EF 140".
This design transformed into a scout design rather than a
bomber. After the first prototype was created, the entire
project was canceled. At roughly the same time (1946), Bell
Aircrafts attempted to attach forward-swept wings onto the
Bell X-1 supersonic project plane, but found the wingtips
twisted too much. Technology at the time could not provide
sufficient structural integrity without greatly increasing size
and weight of the plane. During the 1970s, the birth of
composite materials and computer assisted flight controls
(fly-by-wire) technologies opened the doors once again to
forward-swept wing experiments. This was done by the
Grumman X-29 prototype. Two test planes were created; the
first flew in 1984. The X-29 performed excellent until 45-
degrees AOA (angle of attack), but was able to achieve a
maximum of 67-degrees AOA. Such high numbers are
pretty close to the maximum AOA of military fighters
today. The only other military fighter jet to incorporate
forward-swept wing designs is the Russian Sukhoi SU-47
"Berkut”". This plane first flew in 1997 at the Paris Air
Show. The principles and design are pretty similar to the
Grumman X-29, but with greater agility and speed. This
fighter is entirely created with composite materials (unlike
the X-29 which used them only around the wings).
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the department of avionics.

Educational and Research Institute of Air Navigation,
Electronics and Telecommunications
Department of Avionics
National Aviation University
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However, this fighter has yet to be in production, and is
rumored it will not enter production. [1]

Il.  FORWARD SWEPT WING: PROS AND CONS

Advantages:

-Aircraft  with  forward-swept wings are highly
maneuverable at transonic speeds.

- the sweep effect is based on the angle at quarter chord,
therefore the aerodynamic sweep is greater than the
geometric (structural) one for a tapered wing, making the
wing lighter for a given desired sweep.

- the virtual spanwise flow moves inboards, turning the
fuselage into a 'free’ endplate effect without needing winglet
- on an aircraft of modest dimensions, the main spar of the
wing could pass through the fuselage behind the rear
bulkhead, allowing the wing to be mounted centrally
relative to the fuselage diameter;

- centrally mounted wings are aerodynamically more
efficient than low mounted ones, where a large fairing is
required to smoother out the link between wing and fuselage

Disadvantages:

-the wing may be too far back by the fuselage to house the
main landing gear

- when bending upward because of aerodynamic loads, a
forward swept wing will tend to have the tip twist to a
greater angle of attack than the root

- successful tip first stall in the extreme case, with the loss
of aileron control

- limitation the undesirable spanwise twist requires a very
rigid structure that would be heavier. [2]

Ill.  FORWARD SWEPT WING VS A REARWARD SWEPT
WING.

There have only been a few aircraft built with forward-
swept wings. Most notably was the X-29. Russia/lUSSR
built one more recently in 1997, the Sukhoi Su-47. One of
the biggest claims as to the superiority or an advantage of a
forward-swept wing was increased maneuverability.
However, in the case of the X-29, as noted in the Flying
Qualities Evaluation of the X-29A Research Aircraft,



The high pitch instability of the airframe led to wide
predictions of extreme maneuverability. This perception has
held up in the years following the end of flight tests. Air
Force tests did not support this expectation. For the flight
control system to keep the whole system stable, the ability
to initiate a maneuver easily needed to be moderated. This
was programmed into the flight control system to preserve
the ability to stop the pitching rotation and keep the aircraft
from departing out of control. As a result, the whole system
as flown (with the flight control system in the loop as well)
could not be characterized as having any special increased
agility. It was concluded that the X-29 could have had
increased agility if it had faster control surface actuators
and/or larger control surfaces. The Su-47 was indeed a
highly maneuverable aircraft, capable of pulling 9 Gs,
however, its immediate predecessor, the Sukhoi Su-37, was
capable of pulling 10 Gs. So it is not clear whether a
forward swept wing has any real positive impact on
maneuverability.

However, stall characteristics are very different. Air
tends to travel towards the rearmost end of the wing. On a
standard configuration (Rear-swept wing), this of course
moves from the wing root to the wingtip. On a forward-
swept wing, however, this moves from the wingtip to the
wing root.

As a result, the dangerous tip stall condition of a
backwards-swept design becomes a safer and more
controllable root stall on a forward swept design. This
allows full aileron control despite loss of lift, and also
means that drag-inducing leading edge slots or other devices
are not required. With the air flowing inwards, wingtip
vortices and the accompanying drag are reduced, instead the
fuselage acts as a very large wing fence and, since wings are
generally larger at the root, this improves lift allowing a
smaller wing. As a result, maneuverability is improved,
especially at high angles of attack. At transonic speeds,

shockwaves build up first at the root rather than the tip,
again helping to ensure effective aileron control.

Because of the capability of the X-29 to have the tips of
its wings bend down when at high angles of attack, the X-29
remained controllable at an angle of attack of 67 degrees.
However, thanks to modern advances in thrust vectoring,
the F-22 Raptor is capable of sustaining an angle of attack
over 60 degrees.

With inherent instability and problems with extra
stresses on the airplane for only moderate or supposed but
not observed gains in instability, it is unlikely we will see
combat aircraft with forward swept wings any time in the
near future. Other technologies have enabled similar or
enhanced performance without the need for novel concepts.

IV.  CONCLUSIONS

Forward-swept wing was researched, it is advantages
and disadvantages and compared it is characteristics with
the rearward swept wing. It was discovered that the problem
of this type of wings is that it is not completely tested and
manufactors did not want to pay additional cost for
unpredictable technology. This type of wing is perspective
development and have some significant advantages such as
high maneurability, it is lighter and has better characteristics
at lower speeds. And at high angles of attack has better
stability. But nowadays companies prefer to modernize
existing technologies which has been proved by time.
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I.  INTRODUCTION

According to the data of Global fund of safety flight on
January-March 2018 year had been happened 17 air crash with
total number of victims equal to 207. And 15 air crash (AC)
are related to air crash (AC) of helicopters. To compare in the
final 5 years this rate were equal to 2 air crash with total
number of victims equal to 24.

Works on the prevention of aviation accidents (AA) were
conducted from the very beginning of aviation, but until this
time they are not entirely systemic.

The methods of warning the AA do not fully substitute the
replacement of existing administrative and regulatory rules
and regulations, which are independent methods and aimed at
eliminating already known hazards.

ICAO has developed a manual to prevent the AA, which is
not a complete document, but only presents the general
provisions, basic principles and methods of preventing AAs by
administrative bodies, operators, manufacturers and the
principles of the organizations conducting the investigation

[1].

Il. PROBLEM STATEMENT

Helicopter aviation accident prevention activities include
the search, identification and assessment of potential hazards
of such factors and phenomena that have not been studied
sufficiently or have not been investigated at all. Therefore, it is
necessary to develop new recommendations and methods
complementing the existing safety regulations. Annex
Convention 19 provides a simplified, for ease-of-use,

definition of the term "flight safety" in which the risks
associated with aviation activities related to the operation of
aircraft or directly provide such operation, are reduced to an
acceptable level and controlled [2].

In general, activities for the prevention of aviation
incidents include the following stages:

- Detection of emergency factors;
- Assessment of emergency factors;

- Preparation of proposals aimed at eliminating and
avoiding emergency factors;

- Control of the appropriate measures;
- Evaluation of results.

It is clear that the various organizational levels reduced
content of each of the stages is not the same -the state level or
even ICAO is one thing, but on the flight crew - another.

I1l. THE MAIN PART

Modern flight training and training techniques divide flight
activities into actions, operations and movements. At the same
time, it is believed that skill is a familiar, error-free operation
(a set of operations), which is automated as a result of
repeated presentation, and usually occurs unconsciously. The
process technique considers opposite reflexes - actions and
counteractions. The reflexes of the action ensure the normal
operation of the pilot without affecting the accidents and
surprises. Reflex responses have a completely different
mechanism and provide error-free operation in emergency
situations, under the influence of the factor overlay.

Theoretical and practical questions, as well as detailed
methodologies, built on the process approach, were first
developed by analyst-researcher Ye.M. Hochlov.[3]

It was found that small deviation of flight parameters does
not significantly affect the safety of flights, and large ones can
lead to AA. In order to evaluate the deviation of any
parameter, a normal distribution law is used.[4]
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Pic.1. Normal distribution law for different conditions
have resulted in measurement changing of the probable

deviation (PD).

The developed method of prevention of the AA includes:

- data collection for each work cycle or training;

- build a data list for all work cycles;

- data ranging according to time intervals;

- tabs statistics for plotting;

- construction of coordinate diagrams and productivity

curves;

- assessment of the initial level of efficiency and

training.

Prevention of aviation

accidents and incidents

System of prevention
of accidents and
incidents in civil
aviation. Analysis of
the functionig
effectivness:
-Principle directions
and content of the
activities;

-System of control
flight safety;
-Analysis ofthe
feedbackin the system
of control flight
safety.

Classification of
adverse events.
Causal
connections:

-Incidents;
-Emergency:
-Complex situation;

-Catastrophic
situation.

uncepts L pre\'enuun
of aviation accidents
and incidents:

-Ratio between the
human fault and the
machine fault;
-Concepts of fault and
responsibility according
to ICAQ;

-Normative and =
additional approaches
to prevention of
aviation accidents and
mcidents;

-Human behaviour;
-Controlling;

-Concepts of regulation

Activities to

prevent aviation
accidents and
incidents:

-Government
actions: actions of
State Department,
operator'scertificatio
n and inspection, the
rental of aircrafts;

-Activities at the
operator's level:
process approach,
forecasts of
dangerous.

Pic.2. Generalized scheme of prevention of AA on helicopters

On the basis of this method, a methodology for the
prevention of an AP is developed, which is presented in a
generalized scheme (pic.2).

IV. CONCLUSIONS

The developed method avoids the occurrence of an AA, a
method for evaluating flight parameters, including flight data
analysis, professional accreditation of staff, operational
response to aviation event by introducing a set of measures
implemented at different levels of management with a view to
the operational elimination and minimization of potentially
dangerous events.
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Anomauia — 'y Mmarepiajax Te3 PO3IVIIHYTO Ta
00rpyHTOBAaHO HeoOXigHicTh aHaJi3y iHdopManii moxo crany
00’exkTy Ta mpodjemu o0podxu uiei indgopmauii B cucremi
ekciuryaTanii. BusHaueHi MoJeni OCHOBHHX  ejleMeHTIB
CHCTEMH, 10 A€ MONJIMBICTH NiABMIIUTH e(eKTUBHICTH
Kepylo4HX BIUIMBIB CHCTEMHU Ta NIPHIAHATTS pillleHb.

Knrouoei cnosa — paodioenekmponne 001a0nanns; cucmema
excnayamauii;

l. BcTyn

Panioenekrponne obnannanus (PEO) e HeBin’emHOO
CKJIaJIOBOIO 0araThbOX CHCTEM y BCiX cepax MPOMHUCIOBOCTI
Ta Ha TpaHcmopTi. [y miATpUMKH 3a7aHoi e(EeKTHBHOCTI
pobotu PEO 3a mpu3HadyeHHSIM BHKOPHUCTOBYIOTH CHCTEMY
excruryaratii (CE).

B ymoBax pxii pi3HOpiIHHMX JerpajauiiHUX IPOLECIB,
3MiH B ymoBax ekcioryatanii PEO ta cxmamoBux CE ms
cucrema popmye Ta peasizye KOMIUIEKC KEPYIOUMX BIUTUBIB
i B mepmy dyepry mo BigHomeHHI0O 1o PEO s
3abe3neueHHs gocsrHeHHsS MetH pobotu CE. 3 HaykoBoi
Touky 30py CE MoxHa BBa)XaTH 00’€KTOM IPOCKTYBaHHS Ta
MOCTIHHOT MOIepHi3aIlil.

Il. TIOCTAHOBKA 3AJAUI

[Muranns npoexTyBanHs Ta MozepHizauii CE TexHidHnX
CHUCTEM pO3IIIAOTECA B BITYM3HSHAX Ta 3apyOiKHUX
HaykoBux mpansx [1] OCHOBHI HampsMKH JIOCHIKEHD
MOBS3YIOTh 3 ONTHMI3ALIE€I0 PecypciB Ha EKCIUTyaTallifo
PEO i BignosigHo CE BNpoIoBk BCHOTO YKUTTEBOTO IHKITY
o0JIaHAHHS, KIAbKICHOT OINHI[I HACIIAKIB MOKIHUBHX
pusukiB miguac excruryatanii PEO, ynockoHaneHHSI METOIIB
ananizy edexrusrocti CE To1I0.

Cucrema ekciuryatanii PEO ¢dopmye kepyrodi BIIIHBH
Ha OCHOBI PE3YJIbTaTiB OOpPOOKM EKCIIyaTallifHUX JaHHX.
AmHamiz JiTepaTypu TOKa3ye, IO AacleKT o0poOKH
eKCIITyaTalliiHUX JaHHUX B YaCTHHI BU3HAUCHHS MoJelel
ckinagosux CE HemoctatHRO po3rimstHyTHH. Lleit Hemomik
MOXe Tpu3BecTH a0 3HWKeHHs edektuBHOocTi CE Ta
JIOJIATKOBUX  BUTpar. ToMy pO3IISIIAEThCs aKTyajbHE
METOIMYHE IMTaHHS OCOONMBOCTI TOOYMOBH MoOJelNei
ckianosux CE.
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I1l. OCHOBHA YACTUHA

Ha pucyHnky mokaszaHa y3arajibHEHa CTPyKTypHa cxema
CE B sxiii peamni3yeTbcsi OCHOBHHUI IpOIeC BUKOPUCTAHHS
PEO 3a mpu3HaueHHsAM Ta ps JONOMIKHHMX IPOLECIB, IO
CHpsIMOBaHI Ha MIATPUMKY HaniiiHOI poOoTH OOJsagHaHHS.
Ha pwuc. BimoOpaxeno, mo ocHoBHuM eiemeHTOM CE €

BJIACHE CYKYIHICTB PEO, K1 HaIpUKJIIaLL
BHUKOPHUCTYBOIOTHCS i qac aepOHAaBIraIifHOTO
00CITyrOBYBaHHS MOJILOTIB.
——
»|PagioenekTpoHe
obnagHaHHa |l
A
TexHono- 3acobu Incdbopma-
[ riYHi HAokymeHTu| MNepconan | ekcnnya- UinHi
npouecu Tauii pecypcu

Migcuctema ynpaeniHisa  [«—

Puc. Y3aranpHeHa CTyKTypHa cXeMa CHCTEMH eKCILTyaTarlii.

OcnHoBHuMmH ckianoBuMu CE Takox €:

1. TexHOMOTIYHI TIPOTIECH;

2. JIoKyMeHTalIlis;

3. Ilepconau;

4. 3acobm ekcmuyaranii (cmopyau, poboui wicts,
KOHTPOJIbHO-BUMIpIOBaJIbHA ~ amaparypa, CTEH/H,
IHCTPYMEHTH TOIIIO);

5. Indopmarniiini pecypcu;

6. YMOBH eKcInTyaTarii.

HaBeneHi ckianoBi GopMyIOTh Ta peanizyloTb Kepyrodi
BIUTUBW Il 3a0e3nedyeHHs HafniiHoi pobotu PEO. B
npoueci  ekcruryarawii  PEO  moxyre Matm  Micne
Jerpajaimiiiai mpomecu B O0O0NaJAHAHHI, KpIM TOTO CTaH
cknanoBux CE Takox Moke 3MIHIOBATHCS 3 IUIMHOM Hacy.
Tomy mma miaTpuMku edexktuBHOCTI QyHKIioHYBaHHI CE
HEeoOXi/THO BUKOHYBAaTH MOHITOPHMHT cTaHy He Tiinbku PEO,
a TakoX 1 craHy craHy iHmmx ckiagosux CE. [lami
BU3HAYAIOTh BIJXWJICHHS IapameTpiB craHy enemeHTiB CE
BiJl HOPMATHBHOTO 0a3uCy Ta (HOPMYIOTh KepYIOYi BILTUBU
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mOJ0 YCYHEHHs HeBigmoBigHocted. Ili  ¢yHkmii Ha
CTPYKTYpHIH CXeMi peamidye TMiACHUCTeMa YIpaBIiHHS
etpexruHocTi CE.

s cuHTEy Ta aHamizy Tpouenyp oOpoOKu
eKCIUTyaTalliiHuX JaHUX HEOOXIMHO 3HATH MATEMAaTUYHI
MoJeIni onrcy 3MiH craHiB enemenTiB CE.

[Min 4yac ¢opmyBanns wmoxenelr enementiB CE
HEOOXiJTHO BpaXxOBYBAaTH HACTYIIHE!

1) Xapaxkrep Tpouecy
JIeTepMiHOBaHHIA);

(BumaakoBuii 171

2) HeMepepBHICTh Y Yaci mporecy;
3) crarioHapHiCcTh POIIECY;

4) HasBHICTH ampiopHOi iH(opMaIlii M040 mapameTpis
MaTeMaTHYHUX MOJIEIEH,

5) cTyrneHb KOHTPOJIENPUAATHOCTI MPOIIECY.

HaiiGinpm BaXkKIMBUMH Ta CKJIAIHUMHU SBISIOTHCS
Mozel nmoB’sA3aHi 31 cranom PEO

Mogpeni onrcy PEO yMOBHO MOXKHa PO3IUTMTH HAa TPHU
Ipynu: MOJAENI  BH3HAYaJbHUX IApaMeTpiB, MOJeNi
MTOKA3HUKIB HAJIITHOCTI Ta MOJIENI CTaHiB B LIIIOMY.

Mopgemni BHU3HAYAJIbHUX napameTpiB 3a3BUUait
OIMCYIOTBCS 32 JOIOMOIOK HECTalliOHAPHUX BHIAJKOBHX
npoueciB. Y IIbOMY BHIIQIKy MOXYTb OyTH BHKOpPHUCTaHi
eNeMEeHTH  Teopil  HMOBIpHOCTEH, MapKiBCBKHUX  Ta
HamiBMapKiBCRKHUX TporeciB. KpiM TOro, Ha mpakTHIli
MOXIIMBI ~ pI3HI BapiaHTH HE CTaliOHApHOCTi, IO
NOB’A3yIOTh 13 3MiHaMH MAaTeMaTHYHOIO  CIIOJiBaHHS
JUCTIePCil, KOPENAiHHUX (PYHKIIIH TOIIIO.

Mogpeni craniB PEO 3a3BH4aii onucyroTh B paMKaX IBYX
Ta TpbOXaJbTepPHATHBHOI kinacudikanii (mpane3paTHUi
CTaH, PEABIIMOBHHH CTaH, HENpale3JaTHHH CTaH).

Mogeni NoKa3HUKIB HaAIHMHOCTI y 3arajJbHOMY BHIAIKy
MOXYTh OyTH ONMCaHi 32 JOIOMOTOI0 HECTalliOHAPHHX
BUIaKOBUX nporeciB. Cepesl MOKa3HUKIB HaIHOCTI yBara
NPUIUIIEThCA:  CEpeIHROMY dYacy MDK  BiIMOBaMH,
koeillieHTy  TOTOBHOCTI,  KoeQillieHTy  OmnepaTuBHOI
TOTOBHOCTI, KOS(IIIEHTY TEXHIYHOTO BUKOPHUCTAHHS TOIIO.

Ciin 3a3Ha4YMTH, IO B CYYacHI HayKOBO-TEXHIUHIH
JiTepaTypi NpUAUIAETHCS 3HAYHA yBara HECTAl[lOHAPHUM
BHIIaJIKOBUM IIPOLIECAM 3 PO3JIAAKO0 [2-6].

Texuonoriuni npornecu (TII) € BaxXITMBIMHE CKIIaTOBUMH
YaCTUHAMHU CHCTEMH eKCIUTyaTarlii. Y MHUPOKOMY PO3yMiHHI
TII siBnste cO00I0 KOMIUIEKC TEXHOJOTIYHUX MPOLEAYp, sIKi
BH3HAUYAIOTh TOPSAOK i, TEpMiH I1X BHKOHAHHS,
BUKOHABIIIB, MeTpoJoriuHi npuctpoi i T. a. OcHoBHuit TII B
CE- ne mpomec BuUKOpuCTaHHS 3a mnpusHadeHHsM PEO..
[Hmm npouecu CHpsIMOBaHi Ha 3abe3neueHHs
mpane3gatHocTi Ta pemoHtonpupatHocti PEO. s
KUTBKICHOTO ~ OMIHKH  TPOIECIB  BHKOPUCTOBYIOTHCS
MTOKAa3HUKH Pe3yJIbTaTUBHOCTI, €(peKTHBHOCTI Ta SKOCTi. Y
3araJbHOMY BHNAJIKy KUIBKICHI XapaKTEpUCTUKH TPOIIECIB €
BHUIIaJIKOBUMH BEJIMUNHAMH.

BinnoBigHO 70 TEXHOJOTIYHOrO IMiIXOAy, Y KOXKHOTO
TII e BXim, BHXiA, pecypcu g HOTO BHKOHAaHHS Ta
KOHTPOJIbHI BIUTHBH.

[Tixg wac MOHITOPHUHTY TIpOIECiB (BXiTHMX Ta BHUXITHUX
CHUTHAJIB) HEeoOXiTHO BPaxOBYBaTH MOXITUBICTh
BUHUKHEHHS HECTAI[IOHAPHOCTI.

JlokyMeHTallis Biirpae Ba)XJIMBY posib Yy 3a0e3ledeHHi
epextnBHOI ekciuryaranii PEO 3a mpmsnauenasm. UYitke
BUKOHAHHS BUMOT JOKyMEHTAI[ll 3MEHIIYe PU3UKH TIiJ] 4ac
aepoHaBIramifHoOro 3a0e3MeueHHs MOJIBOTIB.

Mopenb OnHCY 3MIHU CTaHiB JIOKYMEHTAITi
XapaKTepU3y€eThCS KIHIIEBUM YHUCIOM MOXIIMBHX CTaHIB (B
paMKax AByX abo TphOXalbTepHATUBHOI Kiacudikarii).

Bepyun mo yBarm poip JOKyMEHTalii, HEOOXigHO
CBO€YAaCHO BUABJIITH MOMCHTH 3MiHI/I CTaHy.

[TepcoHan XapaKTepH3YETHCS KIIBKICHHM ITOKa3HHKOM
Horo  uyucenmpHOCTi, mpodeciiiHol  npumaTHOCTI  Ta
e(eKTHBHICTIO TPAKTUYHUX MiH I Yac BHUKOHAHHS
TEXHOJIOTIYHUX mpoleciB. L{i MOKa3HUKHM MOXYTb OyTH
JETePMiHICTHIHUME (KUTBKICTh Ta KBali(iKaIiiiHi BUMOTH)
Ta BUMAJIKOBUMHU (€PEKTUBHICTB).

YMoBH  ekcrutyaTamii  BKJIIOYAIOTH 1 [OKAa3HUKHU
HaBKOJIMIIHBOTO CepeloBHIIIa, €JIEKTPOMarHiTHOT
CYMICHOCTI, CTaOUIBHOCTI JpKepen >KUBJICHHsA Tomro. Ili
MOKA3HUKH € BUIAJKOBUMH, & B [ESIKHX BUIAJKaX MaiOTh
HEKOHTPOJIbOBaHI TeHJICHLII.

1V. BUCHOBKU

3amadi  OPOEKTYBaHHS Ta MOJEPHI3allii  CHCTEMH
eKCILTyaTanii PanioeNeKTPOHHOTO oOJaTHaHHSA €
aKTyaJbHUMH.  ACIHEKT TOB’s3aHHE 3  PO3POOKOIO
NTOPUTMIB OOPOOKH SKCIUTyaTAIlifHUX JaHUX € BaXKIIHMBUM
Juist 3a0e3neuenns edexkruBHocti CE ta HapgiitHoi pobotn
PEO. [Ipu npoMy e(heKTHBHICTh TaKHX aJTOPUTMIB B CBOIO
4Yepry 3aJIe)KUTh BiJl NMPaBUIBHOCTI BU3HAYEHHS MOJeleit
€JIEMEHTIB CHCTEMH eKCIUTyaTallii, ToMy iM Oyia mpuaiicHa
0co0JIMBa yBara B MPeICTABICHIH JOMOBII.

OTpuMaHi pe3yNbTaTH MOXYTh OYTH BUKOPHCTaHI ITiJ
4ac MPOEKTYBaHHS Ta BJOCKOHAJICHHSI CUCTEM eKCILTyaTaril
PEO.
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I.  INTRODUCTION

One of the main components is electronics in aircraft after
fuselage. Kilometers of wires and hundreds of electric
equipment may be found at almost any aircraft nowadays and
they must fit in comparably small fuselage. Failure of
equipment and systems can be caused by severe
electromagnetic disturbance if the equipment is not effectively
screened from electromagnetic interference (EMI).

Il.  MAINPART

Electromagnetic interference may arise from:

1) Lightning strikes — where large pulses of high field
strength and wide range of radiation frequencies can be
provided.

2) Over-flying high power radio/radar transmitters — some
flight control systems with analogue electronics have been
affected due to inadequate electromagnetic screening. The
later digital flight control systems are designed to a much
higher Electromagnetic Compatibility (EMC) so are less
prone.

3) Failures in the electromagnetic screening system — this
can result from breaks in the screening or high resistance in
the earth connection to the aircraft structure and the electrical
bonding of the structure due to corrosion or poor quality of
installation.[1]

All aircrafts are screened from the effects of
electromagnetic radiation as well as systems that might
produce electromagnetic radiation are themselves screened.
The example we shall consider Boeing 777 protection system.

The requirements for lightning protection are given in
EASA and include the following:

1) All airframe should be electrically bonded.

2) All moving linkages should be primary bonded.

3) All external non-metalic parts should have lightning
diverters fitted.

To protect from High Intensity Radiated Fields (HIRF)
aluminum coated honeycomb structure may be used to ensure
that whole areas are encased in a metal box. Electric
windscreen  heater film elements on the flight deck
windscreens are used as part of the protection system.
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Fig.1 Metal protected areas — B777

To protect cables from HIRF on the B777 metal braid is
used. Single-layer screening inside the fuselage and two-layer
screening with the outer layer terminated at the fuselage
bulkhead. The braid is tinned copper. To help reduce HIRF,
twisted pairs and triples are used wherever possible.

Fig.2 Typical bundled wire construction — B777.
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To provide the regulatory requirements with regards to
HIRF/lightning protection the Line Replacement Units (LRU)
are fitted with electromagnetic filters, these attenuate any EMI
induced transient voltages before the circuits are affected
inside the LRU. These filters are housed within a screened
enclosure around the connector to the LRU. The integrity of
the screening of the cables coming into the LRU must be high.

I11. CONCLUSSIONS

The article proposes a method for screening the whole
areas from HIRF. A method for protecting wires is also

proposed. This method gives different types of braid for
outside and inside the fuselage. The last method mentioned in
this article proposes to put electromagnetic filters on every
input connector for LRU. This method provides extra
screening for equipment from electromagnetic interference.
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l. INTRODUCTION

Avionics are the electronic systems used on aircraft,
artificial satellites, and spacecraft. Avionic systems include
communications, navigation, the display and management of
multiple systems, and the hundreds of systems that are fitted to
aircraft to perform individual functions. These can be as
simple as a searchlight for a police helicopter or as
complicated as the tactical system for an airborne early
warning platform. The term avionics is a portmanteau of the
words aviation and electronics. [1]

The term "avionics" appeared in the West in the early
1970s. By this time, electronic technology has reached such a
level of development, when it became possible to use
electronic devices in airborne systems, and thereby
significantly improve the quality of aviation applications. At
the same time, the first onboard electronic computers
appeared, as well as essentially new automated and automatic
control and monitoring systems.

Initially, the main customer and consumer of aviation
electronics were the military. The logic of the development of
military aviation quickly led to a situation where military
aircraft can not only carry out combat missions without the
use of electronic technical means, but even simply fly on the
required modes of flight. Now the cost of avionics systems is a
large part of the total cost of the aircraft. [3]

Il.  HISTORY OF AVIONICS SYSTEMS

ERGONOMICS: A KEY FACTOR IN COCKPIT
EVOLUTION

As the vital interface between an aircraft and its crew, the
cockpit of a modern aircraft must provide — instantaneously
and in a convenient manner — all the information the crew
needs to assess the aircraft’s status and take appropriate
action, regardless of the circumstances. As a result, the cockpit
is a key arena for improvements in human-machine interface
(HMI) technology. It is the HMI that enables the pilot to use

his senses, brain and movements to control an extraordinarily
complex machine in an environment to which human beings
are not naturally accustomed.

Cockpit ergonomics naturally make a key contribution to
crew comfort and performance. The Society for Automotive
Engineers (SAE) issues Aerospace Recommended Practices
(ARPs) for cockpit design, layout, installation and operation,
which contain minimum requirements for the pilot’s position
in relation to the following aspects:
the ability to reach the controls without effort from a reference
position (seatbelt attached, shoulder harness unlocked, pilot’s
eyes in reference position);
visibility of flight instruments without undue effort;
minimum visibility outside the cockpit;
easy oral communication inside the cockpit.

The accessibility of the primary flight controls is, naturally,
very important.

THE SWITCH FROM ANALOGUE TO DIGITAL

Until the 1970s, the walls of civil airliner cockpits — in fact
every surface that was within the pilots’ reach — were studded
with indicators, instruments and electromechanical controls.
The controls, with their arrays of complicated dials, were
generally designed for a three-man crew: two pilots and an
engineer. A typical trans-port aircraft from this period had
more than 100 instruments and controls, the most important of
which were packed with bars, needles and symbols. All of
these displays jostled for space on the various instrument
panels, and competed for the pilot’s attention. Research aimed
at finding a solution to this problem, conducted in particular
by NASA in the United States, led to the development of
display devices capable of processing flight data, and the raw
information provided by aircraft systems, and integrating it
into an easily understandable synthetic image.

This development was only possible be-cause of a
fundamental change in the type of information processed by
onboard systems. Earlier instruments, based on analogue
information, provided indications that were directly linked to
the associated physical phenomena (for example air pressure,
airspeed, or the position of a gyroscope). Digital information,
on the other hand, results from the conversion of a physical
measurement into binary code by means of an analogue-digital
converter.

The digitization of the physical data required for flight
control and navigation, as well as for more general operational
and informational purposes, led to a profound change in



aircraft cockpits from the 1970s onwards. Thanks to
improvements in electronics and computer technology, data
could now be converted from analogue to digital format,
processed by computers, and displayed on computer-type
screens in the cockpit.

THE REVOLUTION OF THE “GLASS COCKPIT”

In fact, this profound change in the appearance and layout
of cockpits was driven by two key technical improvements:
the availability of sufficiently capable and reliable electronic
systems for digitizing and processing information; and the
development of cathode-ray tubes (CRTS), like those used in
computer monitors, but capable of adapting to the extremely
variable ambient light conditions in aircraft cockpits.

These two innovations led to the replacement of the main
electromechanical flight instruments with computer-type
displays, and consequently to a change in the way information
on the status of onboard systems and alarm signals was
presented. The combination of these technological
developments led to the emergence of the first generation of
what are now dubbed “glass cockpits” In the early 1980s, this
new cockpit concept was adopted for the Airbus A310 and the
Boeing 757 and 767. Combined with other innovations such as
the flight management system (FMS), the introduction of the
glass cockpit made it possible for these large aircraft to be
flown by a flight crew of two. The A310 was equipped with an
electronic flight instrument system (EFIS) comprising six
shadow maskl color CRT screens, three computers, and
associated control stations providing the pilot and co-pilot
with essential flight control and navigation information, as
well as synthetic data on the status of aircraft systems and
alarms. The human-machine interface was thus significantly
improved, with new functionalities becoming available, such
as display of simple graphic charts and simplified diagrams of
onboard systems. Each screen had a useful area of 5 x 5 inches

(12.5 x 12.5 cm), which seems small today, but was nothing
short of a revolution at the time. With this new technology, the
instrument panel of the A310 could be significantly simpler
than the analogue cockpits of previous generations of aircraft
(although the engine data indicators in the central area
continued to use electromechanical technology).

TOWARDS THE FUTURE OF AVIATION AND
FLIGHT

The 21st century takes hold of the cockpit. LCD
technology becomes the norm, generating weight savings and
multiplying display capacity. Touchscreen technologies also
enter the cockpit, providing the pilot with new ways of
interacting with the aircraft system. These new capabilities
have huge potential for the future. We are now able to
integrate  the means of interaction which, through
smartphones, have become part of our everyday lives, thus
increasing the capacity and user-friendliness of future
cockpits. [2]

I1l.  CONCLUSIONS

In this article, the history of development of avionics
systems was considered. We saw how avionics systems has
evolved from analogue to digital. Various options of avionics
systems were considered. Were considered such types of
avionics systems as: original, classical”, glass cockpit”.
Development options of avionics systems were proposed.
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Abstract — this paper is about the areas of the correlation
fields before the failure, during and after the failure change
qualitatively, which indicates a violation of the orthogonality
(speed, coupled and coordinate systems of the aircraft). The
problem of recognition of complex aircraft avionics failures using
contour correlation fields allows creating new type of fault
analyzers that allow the pilot to recognize a complex flight
situation and make the correct decision to ensure flight safety.

Keywords— correlation, control system, failure.

l. INTRODUCTION

Correlation relations differ in form, direction and degree
(strength).

In form, the correlation can be rectilinear or curvilinear.
Straight lines can be, for example, the relationship between the
number of trainings on the simulator and the number of
correctly solved tasks in the control session. Curvilinear can
be, for example, the relationship between the level of
motivation and the effectiveness of the task. With increasing
motivation, the efficiency of the task is first increased, then
the optimal level of motivation is attained, to which the
maximum efficiency of the assignment corresponds; further
increase in motivation is accompanied by a decrease in
efficiency.

Il.  FORMULATION OF THE PROBLEM

When performing complex flight missions, the pilot needs
operational information on the quality of the automation in the
aircraft control system. On light aircraft, the quality of piloting
depends entirely on the pilot. On aircraft having automatic
control systems, even in the steering mode, uncoordinated
evolution should not be permitted. But, sometimes this system
fails. As a result, the system misinforms the pilot. One of the
reasons is the distorted information received from individual
sensors. Other, glitches that occur in electronics, mainly
associated with Pn junctions (n-negative-negative, electronic,
p-positive-positive, hole, or electron-hole junction-the region
of space at the junction of two p- and n-type semiconductors ,
in which there is a transition from one type of conductivity to
another) in electronic elements.

Fig.1 Deformation of distribution of errors with increasing of dependability of
the element base.

Latsapnov V.

Scientific director: Hryshchenko Y.
Institute of Aeronavigation, Electronics and
Telecommunications
National Aviation University
Kyiv, Ukraine

. MAIN

(hl]

In form, the correlation can be rectilinear or curvilinear.
Straight lines can be, for example, the relationship between the
number of trainings on the simulator and the number of
correctly solved tasks in the control session. Curvilinear can
be, for example, the relationship between the level of
motivation and the effectiveness of the task. With increasing
motivation, the efficiency of the task is first increased, then
the optimal level of motivation is attained, to which the
maximum efficiency of the assignment corresponds; further
increase in motivation is accompanied by a decrease in
efficiency.

Correlation is studied on the basis of experimental data
representing the measured values (Xi, Yi) of two features. If
there are few experimental data, then the two-dimensional
empirical distribution is represented as a double series of
values Xi, Yi. In this case, the correlation dependence between
the signs can be described in various ways. The
correspondence between the argument and the function can be
specified by a table, formula, graph, etc.

Fig.3 Circuit of process of degradation of parameters Y;
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If p=1orp=-1, then between the random variables X and
Y there exists a linear functional dependence (Y = ¢ + dX). In
this case one speaks of a complete correlation. For p = 1, the
values of xi, yi determine points lying on a straight line that
has a positive slope (with increasing xi, the value of yi also
increases), for p = -1 the line has a negative slope. In the
intermediate cases (- 1 <p <1), the points corresponding to the
values of xi, yi fall into the region bounded by some ellipse,
and for p> 0 there is a positive correlation (with increasing Xi
the value of yi tends to increase), with p <0 the correlation is
negative. The closer p, the narrower the ellipse, and the more
closely the experimental values are grouped around a straight
line. Here we should pay attention to the fact that the line
along which points are grouped can be not only direct, but
have any other form: parabola, hyperbola, etc. In these cases,
we would consider the so-called nonlinear (or curvilinear)
correlation.

Thus, the visual analysis of the correlation field helps to
detect not only the presence of a statistical dependence (linear
or nonlinear) between the traits under study, but also its
tightness and shape.

Krp.

o Instrument speed

1 Angle of attack
Ka

Fig.4 Assessment of of the areas of the contours of correlation fields by the
coefficients of the parameters of the instrument speed and the angle of attack.

IV. CONCLUSION

During failures, that are not related to the transition to the
ground path sections, there are the effects of compression and
reduction of contour shapes (contours) area of the correlation
fields. A method for determining the piloting quality
according the correlation fields contours (contour shapes) of
flight parameters during avionics failures and on-board
equipment, the sufficient efficacy to create the failure first
signs analyzers is shown. During the phase of the aircraft
operation, the quantile method with use of probabilistic-
physical failures model is an effective tool for obtaining the
adequate estimations for operated avionics components
reliability.
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Anomauyia — Y po0OTi mnpeacTaBjieHO MNpoUelypy Ta
pe3yJIbTATH CHHTe3Y ONTHMAJIBLHOI CTPYKTYPH peryisitopa B
KaHaJi Kypcy 0araToBHMipHOIO AaBTOHOMHOIO IHHAMIYHOIO
00’€KTa, MO 103BOJSIE AOCATTH MiHIMyMYy QyHKUioOHANy SKOCTI
Po0OTH KaHAJIy B YMOBAaX, 0JM3bKHX 10 PeaTbHHUX .

Kniouogi cnosa — nepeunna o0podka cucnanie, cmpykmypha
idenmudpixayis, cunmes ORMUMATLHOT CMPYKIMYPU.

l. Bceryn

Sk cuHTe3 3a3Buuail MalOTh Ha YyBa3l BHM3HAUCHHS 1
pearmizamifo OakaHUX JUHAMIYHHX XapaKTEPUCTHK CHCTEMH
aBTOMAaTUYHOTO KEPyBaHHS LULIXOM ONTMIi3alii CTPYKTypu
cuctemu. Ilpy 1bOMYy HEOOXiTHO BpaxOBYBAaTH peasbHi
30ypeHHs, IO BIUIMBAIOTh Ha CUCTeMy B Tpoueci ii
¢yHKIiOHYBaHHA. Taki naHi MOXYTh OyTH OTpuUMaHi 3a
JIOTIOMOTOK0 HaTYPHOTO EKCIEPUMEHTY ab0 MaTeMaTHYHOTO
MOJICITIOBaHHS.

KpurepieM sKoCTi B TEXHIYHHX CHCTEMaX, SIK MPABUIIO, €
TOYHICTh BHKOHAHHS CHCTEMOI0 IOCTABJICHUX Mepel HEo
3a7a4. ToMy 3 METOI CHHTE3yBaTH ONTHUMAaJbHY CTPYKTYpY
perynstopa AMHAMiYHOI CHCTEMH, INO 3HAXOIUTBCA IMiJ
BIUIMBOM 30ypIot0unX (hakTopiB, JOLIIBHO BUKOPUCTOBYBATH
npoueaypy Binepa-Koamoroposa [1, 2].

Il.  TIOCTAHOBKA IIPOBJIEMU

IMutanHs cuHTE3y Mopeled  IWHAMIYHHX  CHUCTEM
YIpaBIIiHHSA Ta iX JJAHOK € OJJHUM 3 OCHOBHHX, TaK SIK OCHOBHA
iH(pOpMaIlis PO BIACTHBOCTI CHUCTEM, LIO JOCIIIKYIOThCS, Ta
peampHi yMOBH iX poOOTHM € HenoBHUMH a0o B3araii
BIJICYTHIMH.

VY naniif poOOTI PO3rIANAETHCS 3a/ladya CHHTE3Y OJHOTO 3
KaHaTiB aBTOHOMHOTO pPYXOMOTO 00’€KTa 3  METOI0
BU3HAYCHHS MOJENI JUHAMIKH ONTHMAalbHOI  CTPYKTYpH
peryusropa.

I1l.  OCHOBHA YACTHHA

OCHOBHOIO 331a4el0 poOOTH OyB CHHTE3 ONTHMAIBEHOTO
peryisaropa B KaHaui  Kypcy — pakeru-toprend.  Jls
MiABUINCHHS SKOCTI poOOTH IaHOTO KaHajly HaM IOTPiOHO
3HATH MepeIaBalibHy QYHKIN0 (200 MaTPHIIO TIepeaBaTbHIX
GyHKIIH y BUNAnKy, SKIIO 00’€KTH OaraToMipHi) Hamoro
KaHally Kypcy. AJie AaHi BiJIOMOCTi y HAac BiJICYTHI.

Juis BH3HA4YeHHSA MOIeNi IUHAMIKH KaHalIy MOTpiOHO
BUKOHATU CTPYKTYpHY ileHTH(}iKalil0 KaHaJly Ha OCHOBI
pe3y/bTaTiB HATYPHOTO EKCIIEPUMEHTY abo 3a JO0MOMOTO0
noOy/I0BH MaTeMaTHYHOT MOJIEIT.

[epmmv eramoMm imeHTH(iKamii € mepBHHHA 00poOKa
eKCIIEPUMEHTAJIbHUX JTAHUX, JJIsl OTPUMAaHHS MOJIeNi CUTHAIIIB
Ha BXOJIi Ta BUXO/1 KaHAIY.

Jis  BupilleHHsT TIOCTAaBJICHOI 3amavi  MaKCHMIi3aii
TOYHOCTI  (PYHKIIOHYBaHHA  JOCNTI[UKYBaHOTO  00’€KTa
NOTPIOHO BHKOPHCTATH MOJEII MUHAMIKM KaHAy Kypcy Ta
HEKOHTPOJIBOBAHOTO 30ypeHHs, IO [i€ Ha HbOro, Y
BUOpPaHOMY QIITOPUTMI CHHTE3Y ONTHMAIBHOI CTPYKTYpH
o0’ekta. IloTpiOHY [Is CHHTE3y CTPYKTYpH KaHAIy
iHpopMmanito Oyll0o OTpUMaHO B pe3yJbTaTi IPOBEICHHS
CTPYKTYpPHOL imeHTudikarmii Mozeei TMHAMIKHA
JOCHTIKYBAHOI ~ CHCTEMH, SKI MalOTh TaKUuid  BHIJISLI
nepenaBasbHa  (QyHKUiS KaHanmy augepeHta aBTOHOMHOTO
pyxomoro o0’ekra:

1.9(2.55+1)0.325% +2-0.7-0.35 +1)~0.175 +1)
(1.75+1)s? +2-0.4-5+1)0.07s +1)

a TaKoX CIEKTpalbHa IIUIBHICTh HEKOHTPOJIHLOBAHOI'O
30ypeHHS, 110 i€ Ha 00 €KT Yy MPOIIECi HOTO PyXYy:

PIM =

024 | (0.175+1)(1.965 +1)(0.095” +0.425+1) i
Y m|(L258 +5+1)(0.255 +0.45-+1)(0.001” +0.0013s +1)|

Takoxx y Tpoueci ONTUMAIBHOTO CHHTE3y Oyne
BUKOPHCTOBYBATHCS ~ CIEKTpajbHAa  MIUIBHICTH  BXIJHOTO
CUT'HAJTy KaHally, [0 HaJXOJUTh Ha JUCK-KaBITaTOP:

2

g 025 \ (1.7s+1)0.07s +1)
“ 7z |(0.55%s% +2-0.4-0.555+1)0.035%s% + 2-0.1-0.0355 + 1)

HiILCTaBJ’IﬂIO‘II/I BKa3aHi MOIleJ'Ii B aJITOPUTM OIITUMAJIBHOI'O
CHUHTE3Y OTpUMYEMO MOICIIb JII/IHaMiKI/I OIITUMAJIBHOT'O
peryiaropa:

(-0.26+1)(s* +2-0.4-15+1)(0.085°s* —2-0.16-0.0855 +1)
(0.085+1)(2.325+1)(0.6°s* +2-0.64-0.65+1)

G=0.52

JlorapudmiyHa dYacTOTHa XapaKTEPUCTHKA PETYIATOpa
npejacTaBieHa Ha puc. 1.



Jani Oyno OIiHEHO SIKICTBh JOCIIJPKyBaHOI cucteMu 0e3
perymsitopa Ta 3 HHM 1iui  (IKCOBaHMX  3HAYCHB
eKCIUTyaTallifHNX yMOB (BiJHOIIEHHS «IIyM-CHTHAI») Ta
00Me)KeHb 10 yIpaBIiHHIO (IHUB.Ta0MI. 1).

TABJIMLA 1.
Cuctema Jucnepcist IOMUIKK CUCTEMHU
bes perynsropa 2,1614
3 peryistopoM 0,7005

Bode Diagram
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Puc.1. Jlorapudmiuna amuriTyaHO-(a3oBa

XapaKTepPUCTUKA PEryJIATopa.

HYaCTOTHa

IV. BHUCHOBKU

Byno po3risHyTO ajIroOpuTM ONTHMAJIBHOTO CHHTE3Y
OUHAMIYHOI CHCTEMH, SKHHA IUIAHYETHCS 3aCTOCYBAaTH IO
KaHAIy Kypcy JHociikyBaHoro of'ekta. Ctpykrypa
perynsaTopa, IO CHHTE3YETbCA IIOBHHHA 3a0BOJBHATH
MiHIMYM (YHKIIOHAJTy SIKOCTi CHCTEMHU.

3a JONMOMOTOK AITOPUTMY ONTHMAQJIBHOIO CHHTE3Y
peryiiropa, 1o ©OasyeTtbcs Ha mpouenypi  Binepa-
Konmoroposa, Oyi0 BH3HaYCHO ONTHMAIBHY CTPYKTYPY
peryisropa Uil KaHaly Kypcy aBTOHOMHOTO pyXOMOTO
o0’ekta. BBenmenHs QinpTpa B CHCTEMY TO3BOJMIO CYTTEBO
3MEHIINTH DPIBEHb IMOMWIIKH CUCTEMH SIK IpU (pikcoBaHMX
3HAYCHHAX EKCIUTyaTalifiHUX HapaMeTpiB Ta OOMEXEHb II0
YIPAaBJIIHHIO, TaK 1 IPU 3MiHIOBaHHUX.
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Po3rasinyTa MeToaMKa TEePBHHHOI O00pPOOKM BXiIHHX Ta
BUXiTHMX CHTHAJIB JAMHAMIYHOro O0araTOBHMipHOI0 CTeH]a-
imiTaTopa KyTOBHX IO/IOKE€Hb MO JAaHUM HANMIBHATYPHOIO
eKCIepuMeHTY.
cnosa 63aemna
Mmemoo

Knrwuoei —cnekmpanvHa  WwinbHICMDb,
CHeKmpanvHa  WinbHicms, Kopenauina  QynKuis,
y3azanvHenux 102apuhmMiuHux XapaKkmepucmux .

l. BcTyn

OpHa 3 TOJOBHHX BHMOT, SKa TIPel SBISIETbCA 0
Cy4acHMX JMHAMIYHHMX CTEHAIB-IMITaTOpiB pyXiB - 1€
HaiiOLIpIa OMM3BKICTh PYXiB, SAKi IMITYIOTBCA, A0 THX, PyXiB
mo iMiTyroTh. Take 3aBJaHHS BUHHUKAE IIPU CTBOPEHHI
KOHKYPEHTOCIPOMOKHHX KOMIIIEKCIB, IO IMITYIOTh HAaTypHE
abo  HamiBHaTypHe  MopemoBaHHA. [l ympaBiiHHS
iMiTaTopamMu y TENEpilIHiX yMOBaX HeoOXinHi anroputMmu [1],
ski  3abe3neyaTh  ONTUMAJbHE  YIPABIIHHA  CTEHAOM-
imiTaropom, TOOTO 3abe3medaTh MAaKCHMANbHY TOYHICTh
iMiTamii CTOXAaCTHYHUX MNPOrPaMHHUX PYXIB 3 ypaxyBaHHSAM
3aBa] BHMipIOBaHb. ToOMy Taki iMiTaTOpu HEOOXiTHO
PO3IIIsIaTH SIK CKJIaJHI OaraToMipHi JUHAMIYHI CHCTEMH ITPH
JTMHAMIYHHUX BIUTMBaX

Il.  TIOCTAHOBKA 3AJAYN

OpHa 3 TOJIOBHUX MPOoOJeM — Iie HeJOCTaTHICTh 3HAHb
PO MOZEN IWHAMIKH PYXy pPEalTbHUX PYXJIHBHX 00’ €KTIB.
HasiBHI nocuTh MOBHI BimoMocTi npo xedopmarii miaByqoro
KOMaH/IHOTO KOMIUIEKCY y PI3HHX peXuMax, sKi JaroTh
MiJICTaBU JOCTATHHO OJIM3LKO OILIHATH MOJEN JIHHAMIKA
KyTOBOTO ,,XHUTaHHs CyJHa.
OCKIJIbKM CKJIaJJ0Ba MOPCBKOTO XUTaHHS IPUOJIM3HO
0.1 T'm, a 9acTOTHI CMYr'HW NPOIYCKaHHS KaHAJIB CTeHJa-
iMiTaTOpa Ha MOPSIIOK BHIIE, TO 32 JOTIOMOTOIO CIEIialbHO
3MO/IETEOBAHOTO TOCHIIOBHOTO OararoBUMipHOTO (iNbTpa,
Akl (opMye BEKTOp NPOTPAMHUX CHTHANIB CTEHAY
6e3mocepelHbO0 3 KOMIT IOTEPHOTO TIICEBIO O1IOTO IIyMy,
(opMyYIOThCS BXiHI CHTHAJIN B CTEHA-IMITaTOP.
Ha npakTumi 3 ycix CHrHaJIIB, IO JIiIOTh B CHCTEMI i 9ac
HaliBHATypHOTO BUIPOOYBaHHS, MOXKHA 3apEECTPYBATH JIMIIIE
BXiJHI ¥ BUXIJHI; B JESKUX BHUIMAIKaX KOHTPOJIHOBAHOIO MOXKE
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Oyt # uactmHa 30ypeHb. OCKUTBKH 3apeecTpoBaHi maHi
MalTh CTOXaCTUYHHUH XapakTep, TOMYy oO0poOisaTH iX
HEOOXIHO 3a TOIMOMOIOI0 CTATUCTHYHHUX METOIIB [2].

I1l.  OCHOBHUI1 MATEPIAJI

Y pesynbTaTi HamiBHATYPHOTO MOJENIOBAHHA PYXY
0araToBUMIipHOTO JTUHAMIYHOTO CTeHIa-iMiTaTopa
PEECTPYIOTBCS OCIMIOTPAMH YIPABIAIOYNX BIUIMBIB, @ TAKOX
BHUXimHI peakmii cuctemu. Bcei 3adikcoBaHi cHUTHaNMM MawTh
CTOXacTHYHHHA XapakTtep. s OLIHKM BIACTHBOCTEH IHX
CHTHAJIIB Ta B3a€MO3B’SA3KIB MK HUMH HEOOXiJHO BUKOHATH
iX mepBHHHY OOpOOKy, a camMe — BH3HA4YCHHS Mojeneil
JMHAMIKM CHTHANIB Y BHIJISII MATPUIb IX CHEKTPAJIbHUX Ta
B3a€EMHUX  CIEKTPaJIbHUX HIIbHOCTEH.  BusHaueHHs
CTaTUYHHMX  XApPaKTEPUCTHK  EKCHEPHUMEHTAIbHUX  JaHHX
BUKOHYETbCS 32 JIOMOMOTOI0 BiJIOMUX alTOpUTMiB [3]
BU3HAYCHHS KOPEJAI[MHAX Ta B3aEMHHX KOPEIAIIHHUX
GYHKIOIA ~ JOCTIDKYBAaHMX ~ CHUTHAJIIB 3 HACTYITHUM
mepeTBOpeHHAM nux ¢yHKOid 3a @Dyp’e. PesympraTom
nieperBopeHHs1 Dyp’e € creKTpaibHI Ta B3a€MHI CHEKTPaJIbHI
OITBHOCTI CHTHANIB Y BHUJLIAI TpadidHuX 3aexHOCTEH
amMIUnTyau Ta Qasu Bix yactoTH. Ui cKIamaHHSA Mozenen
JUHAMIKM ~ CUTHAJIIB 32  OTPUMaHMMH  TpadivHUMHU
3aJIOKHOCTSIMA HEOOXI/IHO X arnpoKCHMMYBaTH 3a JOIMOMOTOI)
METOAY y3araJbHEeHUX JOrapH(pMiuHIX XapaKTEPUCTHK.

BukoHaBmIM BCi BHIECKa3aHi MPOUEIYPH, OTPUMAEMO
MOJIeNi NUHAMIKM CHTHAJIB 0araTOBUMIpHOTO JWHAMIYHOTO
CTeHIa-iMiTaTopa PyXiB y BHIVIAAI MaTPHUIb CIEKTPAIBHHUX
[ITEHOCTEH CUTHAIB YIPABIIIHHS CTCHIOM.

Cnucok sukopucmaHux oxcepesn

[1] JILM. Bmoxin, M. 0. bypuuenko. Crarnyna qUHAMIKa CHCTEM
ynpasniass: inpyanuk s BH3. — K.: HAY, 2003. — 208 c.

[2] k. Beumar, A. Iupco. [IpukiagHol aHAH3 CIIy9aiHBIX JAHHBIX. M.:
MammHoctpoenue. — 1989. — 486 c.

[3] B.C. banakupes, E. I'. lynaukos, A. M. Llupima. DkcriepuMeHTaIbHOE
onpeieNneHNe  AMHAMMYECKHX  XapAaKTEPHCTHK  HPOMBIIIICHHBIX
00BEKTOB yrpaBienus. — M.: «OHerpusi», 1967. — 232 c.
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O0OpoOka curHany Jaa3epHOro JOMNIIEPIBCbKOTO
aHeMOMeTpa METOJ0M (pa30BOr0 aBTOIIACTPOIOBAHHS
4acTOTHU

JvBHuu B. M.

HayKOBHH KepiBHUK: A3apckoB B. M.

Kadenpa aepokocMiuHIX CHCTEM YIIpaBITiHHSA
HaBuansHO-HayKOBHIA iHCTHTYT aepOHABIrallii, eIEKTPOHIKH Ta TeJICKOMYHIKaIil
HarionansHnit aBianiiitHuid yHIiBEpCUTET
KuiB, Ykpaina
divnvm@gmail.com

Anomauia — B podOTi PoO3rJAIA€THCA MeTO BHMipIOBAaHHSA
YacTOTH JIONILIEPIBCHKOr0 CHTHAIY 3a J0NOMOroi ¢asosoro
aBTOMIACTPOIOBAHHS.

Knrwuoei cnoea — naszep, anemomemp, 0onnnepiecoKuii

l. BcTyn

B aBiauiiiHiii, cyaHOOYZiBHIH, KOCMIYHIN Ta IHIIMX
ray3sX HayKW i TeXHIKH U JTOCIHiIKCHHS MMOTOKIB ra3iB Ta
piAMH 3HAaWIUIM  3aCTOCYBaHHS JIa3epHi  JONILUIEPIBCHKI
anemomerpu (JIJA), sKi TOpIBHIHO 13 TpaaWUIiHHUMUA
3ac00aMH BUMIPIOBAJIBHOT TEXHIKM MAIOTh BHIIY TOYHICTH,
IIBUIKICTh Aii Ta 9yTiuBicTh. JIJIA 3acTOCOBYIOTBCS ISt
BUMIPIOBaHHS  IIBUIKOCTI JO3BYKOBHX Ta HaI3BYKOBHX
aepoJAMHAMIYHUX MOTOKIB TiJ 9ac JOCHIPKEHHS HOBUX THUIIB
JITAJBHUX anapariB Ta €JIeMEHTIB 1XHbOI KOHCTPYKIII, Ist
JIOCHI/DKEHHST  XapaKTepUCTUK Ta30BUX TypOiH, yaapHHX
XBWJIb, XapakTepy Tedii piJUHM Yy MPUCTiIHHIN 0o6nacTi Ta B
1HIIUX cdepax.

Il.  TIOCTAHOBKA IIPOBJIEMU

JlazepHi JOMIUIEPIBCHKI aHEMOMETPH 3HAXOMSATh IIUPOKE
3aCTOCYBaHHS IIiJi Yac MJOCHIIPKEHHS MOJeNell ITakiB y
aepoJArHAMIYHUX TPyOax Ta JOCHIHKEHb TiAPaBIiYHUX CUCTEM
JITaKiB. BumiproBaHHs YacTOTH CUTHAITY JIJA
YCKJIaJHIOETECS THUM, IO BiH TpPeACTaBiIsie CO0OI0 TrayciB
IMITYJIBC, SIKMH MOJYJIbOBAaHWH 3MIHHOIO CKiIanoBoro. Kpim
TOTO, Yac HaJXOJPKEHHS CUTHAITYy — BUIIAJIKOBA BEJIMYHHA.

JonmiepiBcbka yactora B cydacHux JIJJA Bu3HauaThCs
METOJaMH  CIEKTPAJbHOTO  aHawli3y, (OTOH-KOpPEJii,
CHIAKYIOUNMH  (UIBTpaMHU-IEMOAYISATOPaMH,  JIYHIBHO-
IMIIyJTbCHUMH CHUCTEMaMH Ta iH.. I BH3HA4YEHHS YacTOTH
JIOTIIIEPIBCHKOTO CHTHATY BHKOPHUCTOBYETHCS TAKOXX METO]
¢azoBoro aBTomiacTporoBanHsg yacTtotu (PAIIY).

I1l.  OCHOBHA YACTHHA

BumiproBau Ha ocnHoBi Meroma DAIIY cknmanmaerscs 3
(dazoBoro nerexTopa, GimbTPy Ta reHepaTopa, M0 KEPYETHCS
nanpyroto (I'KH). ®azoBuii nerexTop BH3Ha4ae pi3HULIO (a3

MiX BXigHUM curHajoM Ta curHamoMm ['KH. Buxin ¢azosoro
JIeTEeKTOpa MiIKII0YeHU 10 GinkTpy, sikuii 3abe3neuye ['KH
CUTHAJIOM, IIO TMPOMOPIIHHMA dacToTi. DimbTp MOXe OyTH
noOy/loBaHWH  SIK  NPONMOPUIHHMKA a0  MpPOMOpIiHHO-
iaTerpanpHuit perymsrop. [KH dopmye Ha cBOoemMy BuxXOmi
CUHYCOIZAJIbHUI CUTHAIL.

[ependavaetncst, mio mouaTkosa yacrora ' KH nmpubmuzHO
JIOPIiBHIOE 4YacTOTi BXifgHoro curHanmy. Skmo d¢aza I'KH
3aIi3HIOETHCS BITHOCHO (ha3W BXINHOTO CHTHANYy, (a30BHI
JETEKTOp 3MIHIOE KEpylouy Hampyry TreHepaTopa, Mo
MIPUBOJWTH IO MPUCKOPEHOI 3MiHU (ha3W CHTHAIY, a OT XK€ 1
gacrtotu 'KH.

SAxmio B skoCTi (DUIBTPa BUKOPHCTOBYETHCS TPOTIOPIIi HHITHA
peryimsitop DPAIIY moxe cuuxpoHizyBatu curHan ['KH i3
BXIJIHAM CHTHAJIOM JTHIIe 32 (pa30i0 MpH OJHAKOBIH 4acToTi 3
JIESIKOI0 CTaTHYHOIO TOXHMOKOI0. Y BHUIMAJIKy HPOMOPIiifHO-
IHTETpaIbHOTO peryssTopa OAITY Mae 3MOT'y
cunxpoHizyBatu curHan ['KH 3 poBinpHOIO uacTtoTOO Ta
(a3010 BXiZIHOTO CHUTHANy Ta Mae€ JIMIIE aCTaTHIHY MOXHOKY

[1].

[IpomonyeThes U1 BU3HAYEHHS JOMIUIEPIBCHKOI YacTOTH
3a  gponomoroto DAITY BUKOPHUCTOBYBATH CHTHAN, IO
YTBOPIOETHCS HAa BUXOMI QUIBTpa. AMILTIITYAa IFOTO CUTHATY
NpOIOPIIHHA  YacTOTi  JIONIJIEPIBCHKOTO  CHTHAdy, LIO
nonaerbesa GAITY.

IV. BHCHOBKU

Byno  posrisHyTO < MeTOA ~ BUMIPIOBAaHHS  YacTOTH
JIONIIJIEPIBCBKOTO ~ CHUTHally 32  JIoNoMororo  (azoBoro
aBTOIIIICTPOIOBaHHS YacTOTH. Llel MeToa mMae OibIl BUCOKY
pPO3IUIBHY 3[aTHICTH B MOPIBHSHHI 3 IHIIUMH METOAaMH
BHMIPIOBaHHS 9aCTOTH JIOMIUIEPiBCHKOTO CHUTHAITY.

Cnucok euKkopucmarux 0xcepen

[1] Floyd M. Gardner. Phaselock Techniques: 3rd edition: John Wiley &
Sons 2005..



CTPYKTYPHHNI CUHTE3 MAJIOT ABAPUTHOT
['TPOBEPTUKAIJII (KAHAJI KPEHY)

Mapuunrok O. f.

€pmonaena O. B.
HaBuanpHO-HayKOBHIA iHCTHTYT acpOHABITalii EIEKTPOHIKH
1 TeTIeKOMyHiKamii
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Pozznsnyma npouedypa CHPYKmMYpHO20 cunmesy
OnMUMAIbHOI cucmemu npu HEKOHMPONbOGAHUX 30ypennsax. B
pesyiemami  po3paxyHkie  0yn0  OMPUMAHO  CHMPYKmypy i
pecynamop, wio MiHimizye YyHKYioHan AKOCMI cucmemu.

Knrouosi cnosa — cmpykmypHuii cunmes; anzopumm cunmesy
Binepa-Konmozoposa;  yukuyionan  akocmi;  onmumanvHuii
pecynamop; noxudka cucmemu; Kpumepiii epexmugrocni.

l. Bceryn

B 3B’A3Ky 31 3pOCTaHHSIM TOYHOCTHHX BHUMOT O SIKOCTI
OOpTOBMX HAaBIralliiHUX 1 KEPYIOUYHX CHUCTEM PYXOMHX
00’€KTiB B TEMEPIIIHIA Yac HEOOXiTHO IIPOBOANTH TaK Ha3BaHI
eTany IX AWHAMIYHOI arecramii. 3MicT Takoi arecrtamii B
HacTymHoMy. BumpoOyBanuii BupiO BCTaHOBIIOETHCS Ha
IUHAMIYHUNA ~OaraTOBUMIpHHHA CTEHA-IMITATOpP HATYPHUX
pyxiB pyxoMoro o6’ekTa B 3aJaHOMY KpeHCepChKOMY
30ypeHOMY pyci. Cucremu-imiTaropu PYXy
BUKOPHCTOBYIOTHCS BCIMa BEAYYUMH CBITOBUMH KOMIIAHISIMHU,
o0 MpPAMIITE B aePOKOCMIYHIM, MOpCBHKiA, OOOpOHHIN i
aBTOMOOLIBbHIN MPOMHCIIOBOCTI, O10TEXHilli, METPOJIOTIi.

Il.  CTPYKTYPHUI CMHTE3
[Micns mpoBeneHHs mpoueAypH imeHTH(IKALIi CHCTEMH
iMiTamii KaHaJy KpeHa Majora0apuTHOI TipoBepTHKAII
BUHUKJIA HEOOXINHICTP NI MPOBEACHHS  MPOIEIypH

CTPYKTYPHOT'O CHHTE3y CHCTEMH YIPABIIHHS MaJlorabapuTHOI
ripoBepTHKAIii.

CuHTE3 ONTUMAIBHOI CTPYKTYpH CHUCTEMH TMIOJSIrae y
BIZIIYKaHHI CTPYKTYPH 1 MapaMeTpiB PErysTopa Ta BBEACHHS
HOT0 B KOHTYp KEpyBaHHS.

BiamoBinHO 10 CTPYKTYpHOI CXEMH CHCTEMH YIPaBIiHHS
(puc. 1.) mpoBemeMo mpoIEaypy CHUHTE3y peryjsaTopa 3a
anropuTMoM cuHTe3y Binepa-Koimoroposa.

< -i=0r
1
i

it

Puc. 1. CtpykTypHa cXeMa HE3aMKHEHOI CHCTEMH KepyBaHHs, 110
CHHTE3YEThCS

3agaya cuHTe3y cTpykTypu G peryisitopa pyxiB po3iMKHEHOI
CHCTEMH 31 CTIHKMM OO0’€KTOM 1 pIBHSAHHAM HOTO pyXiB
Burisay (1)

€pmonaena O. B.
HaBuansHO-HAayKOBHI IHCTUTYT aepoHaBIralil eJeKTPOHIKH
1 TeJIeKOMyHiKaii
HarionansHuit aBianiitHuid yHIBEpCUTET
KuiB, Ykpaina
olgermol@ukr.net

Px=Mu+y, 1)

mo6 BubOopoMm crpykTtypu G mOCTaBIATH — MIHIMYM
¢yHkiionana (2) 3 ypaxyBaHHAM (i3UYHOI peasi3oBaHOCTI
¢yskmii G. @yHKIIOHAT SIKOCTI CHCTEMH M€ BHTIISL

A :
e== [trRoS,, +Csy, fis @)
,jw
BuxopucroByroun anroput™ cuHTE3y Binepa-Komamoroposa
[1] otpumyemo niepenaBanbHy GYHKIIO PETYIATOpA:

0.1397(0.357s2 + 1.007s + 1)
(01652 + 0.765 + 1)

G=T YT, +T,)D'=

BaxnuBum kputepieM eeKTUBHOCTI BUKOHAHOTO CHHTE3Y
€  JOCIKEHHd  3MIHM  IOMUJIKH  ONTHUMAaJbHOI 1
HEONTUMAJILHOT CUCTEM 3 MepebiroM yacy Iij| yac HapOCTaHHS
mapameTrpa y BiIHOIICHHS IIyMy 10 CHrHaiy. IIpoBememo
PO3paxyHOK 3HA4€Hb MMOMHJIOK CHCTEMH B 3aJIeXKHOCTI Bif
3MiHK mapametpy y (Tabumuis 1)

TABJINLA 1.

y a, e €opt
0.0010 | 0.0025 | 0.2094 | 0.0555
0.0032 | 0.0079 | 0.2094 | 0.0555
0.0100 | 0.2500 | 0.2100 | 0.0556

0.0316 | 0.7910 | 0.3264 | 0.0571

0.1000 | 0.2500 | 0.3809 | 0.0717
03162 | 0.7910 | 0.4211 | 0.2180

1.0000 | 2.5000 | 0.5164 | 0.3775

[IpoananizyBaBmM pe3ysnbTaTd BiJA3HAYMMO, IO SIKICTh
CHCTEMH MOKpaIiach Ha mopsaok. Ilocrasiena i BupimeHa
3a1ada CTPYKTYPHOTO CUHTE3y MaJioradapuTHOI
TipoBepTHKaJi AJs BiITBOPEHHS BUMAIKOBHX KYTOBHX PYyXiB
CyJHa MO KaHAIly KpEeHY

Cnucok sukopucmaHux oxcepen

[1] Bmoxun JLH., Bypuuenko M.IO. CraricTuyHa IMHAMiKa CHCTEM
ynpasiinas. [igpyynuk. ans BH3 Ykpainu. — K.::HAY,2003. — 208 c.

[2] B.C. banakupes, E. I'. Jyauukos, A. M. Lupmua. DKCriepuMeHTAIBHOE
ompeneNieHHe  JUHAMUYECKUX  XapaKTEePUCTUK  IPOMBIILICHHBIX
00BEKTOB ynpasieHus. — M.: «QHerpus», 1967. — 232 c.



[Insxu m1ABUILECHHS SIKOCT1 (DYHKI[IOHYBaHHS OJIOKIB
HaBITallliHOI CUCTEMHU JIITAJIbHUX arnapariB
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Kadenpa cucrem ympaBimiHHS JTiTAIFHUX allaparis,
HamionansHuii aBianiitHuid yHIBEpCUTET
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Anomauyia — podoTa NpPHUCBSIYEHA PO3LJAAY NpodiaemMu
MiABMILEHHS SIKOCTi KOHTPOII0 (PYHKIiOHYBAHHS HaBirauiiinoi
CHCTEMH JITAJTbHOr0 amapata. Y po0oTi 3amponoHOBaHO
aJITOPUTM aBTOMATHU30BAHOI NepeBipKH 3HAYeHb NMapaMeTpiB
00YNCII0BAYIB MOB3J0BKHHOT0 Ta DOKOBOr0 KaHAIIB, TAKOK,
Ha JHoro 0a3i npoBegeHuii BHOip ejeMeHTiB NoOya0BaHOL
¢yHKIioHAIBLHOI cXeMH AaBTOMATU30BAHOI CHCTEMH KOHTPOJIIO
i ynpaBiHHs.

Knrouoei cnosa — nagizayiiini napamempu, nagicayiina
cucmema, 00MUCTIO6aY, CUCIEMA KOHMPOJIIO | YRPAGIIHHA.

I. BcTyn

besmepectanHuii  picT  CKJIAAHOCTI  TEXHIUYHHUX
MIPUCTPOIB — € 00’€KTHBHOIO TEH/CHIII0 PO3BUTKY TEXHIKH,
B MEBHIH Mipi XapakTepHOIO 1 Iy aBiamiidHol ramysi. 3
POCTOM CKJIIAIHOCTI TEXHIYHUX IMPHUCTPOIB 30UTBIIYETBCS i
KOJIO pO3B’SI3yBaHMX 3a/1a4, SIKi B CBOIO 4Uepry HOB’s3aHi 3
MiABUICHHSAM BUMOT  (DYHKIIIOHYBaHHS. Y CKJIaTHCHHS
cxeMHOT TOOymoBM 1  (YHKIIOHAJIbHHUX 3B’SI3KIB Yy
aBiallifHMX ~ cucTeMax  JiTameHUX  amapariB  (JIA)
CYNPOBO/IKYETHCS 30UIBIICHHSIM KIJIBKOCTI €JIEMEHTIB, IO
BXOJIATh /10 CKJIQ[y cHUCTeMH npuctpois. Lle, B cBoro uepry,
MPU3BOJHUTH JI0 PsAy NMpoOiieM, TOB’I3aHUX 3 OpraHi3aliero
KOHTPOJIO 1 3a0e3le4eHHs BHCOKOI  e(EeKTHBHOCTI
¢byHKIIOHYBaHHS TexHiKH. [IpsmMuii BIJIMB Ha 1 npoOiieMu
Mae po3BUTOK OoproBoro obOmagHaHHs JIA. Ockineku
3aTpaTd Ha OOCIYrOBYBaHHS 3aJieKaTh BIiJ CKIIAJHOCTI
TEXHIYHHX TIPUCTPOIiB IIOBHA pealizallis MOTCHIIIHHNX
MOJKJIMBOCTEH 0OMEXeHa.

[NepioueprouM pilmeHHSIM 3a3HA4E€HOi MPOOJIEMH €
YAOCKOHAJICHHS aBTOMATH3allii BCiX MPOIECIB BiJHOBICHHS
crany OoproBoro obmaguanus JIA. 3 ormagy Ha e,
MUTaHHSA YIOCKOHAJICHHA CHCTEMH KOHTpPOJIIO 00’€KTa
HaOyBalOTh BAXIIMBOIO 1 TPAKTUYHOIO 3HAYCHHS U
00’€KTHBHO CTalOTh OILTBII aKTyaJbHHUMH B PO3BUTKY
TexHikd. ToMy, moTpiOHa JlaHKa CHCTEMH KOHTPOJIIO, KOTpa
Oyne 3abesmeuyBatu 30ip iHpoOpMaIi MPo MOTOYHWHA CTaH
00’ekTa Ta CHHTE3yBaTHME€ pIillleHHS NpPO HEOOXigHICTh
Kopekii crany 06’ekra. OTpuMaHi JjaHi KOHTPOJIIO CTAaHYTh
iH(pOpMaLiifHOI0 OCHOBOIO, Ha 0a3i K01 Oy/1e BUKOHYBATHCH
epexTuBHe (yHKIIOHYBaHHS. Ll 0a3a BH3HAaYae BHCOKI
BHMOTH JI0 OpraHizaiii Ta SKOCTI MpOBEIEHHsS oreparii
KOHTPOJTIO.

Il.  TIOCTAHOBKA ITPOBJIEMU

HeoOxigHicTs peanmizamii  yIOCKOHAJICHOTO TPOIECY
aBTOMAaTH3allii KOHTPOJIIO NOBUHHA OyTH BUpIIIEHA 110 Py
NPUYHH, 30KpeMa JUIl BCEMIPHOI'O CKOPOYCHHsS BHTpPAT Ha
KOHTPOJIb OJIOKIB Ta cCHCTeM OopTOBOro obnamgHaHHs JIA. Y
camiif 3amavi aBTOMAaTH3aIlil KOHTPOIIO MOKHA BUAUIHTH
PsI aCHEKTIB, 10 MAalOTh BAXIIMBY POJib, & CaMe: BUBYCHHS
CHCTeM sK O00’€¢kTa KOHTPOJIO, BIPIOICHHA IHUTaHb
KOHCTPYKTUBHO-CXEMHOTO  XapakTepy, MOB’s3aHUX 3
PO3po0OKOI0 aBTOMAaTHYHHX 3ac00iB KOHTpOIIO. B ocranHi
POKH BUPIILICHHS MUTaHb YIOCKOHAIECHHS aBTOMAaTH30BaHUX
3ac00iB  KOHTPOJIO BIiAIrpalOTh BAXIMBY pPONb  JUIA
MEPEBIPKU  OOJIAJHAHHS  PAMiONOKAI[IfHAX  KOMIUICKCIB,
aBTOMaTH30BaHUX cucTeM ympasniHHS (ACY) mitakiB i
pakeT, kopaOmiB (IOTYy ¥ IHIIUX CKJIAJHUX TEXHIYHUX
cucrem [1].

Takok, MOXHAa  3a3HA4UTH, [0  aBTOMAaTHYHE
CIIOCTEPEIKEHHS 3a 3MIHOIO 3Ha4YeHb IapameTpiB OOPTOBOro
obmamHanHa JIA, 1m0 BXOIUTH [0 CKJIALy CHUCTEMHU
YIOpaBIiHHA Yy 4Yaci JIO3BOJISE IONEPEKYBATH PO3BHTOK
BIZIMOB.

I1l.  OCHOBHA YACTHUHA

ABTOMAaTH30BaHI 3acO0M KOHTPOJI  MAalOTh IOCHUTh
MIUPOKUHA  CHEKTp TisNTBHOCTI B Talmy3i IEpeBipKd
obnajiHaHHs aBTOMaTH30BaHUX cucteM ynpasiinasa (ACY)
JITaKiB 1 paKeT, Ta IHIIUX CKJIAJHUX TEXHIYHUX CUCTEM.

Oco0sMBiCTh POOOTH aBTOMATUYHOI CUCTEMHU KEPYBaHHS
(ACK) momsirae B TOMy, HI0 Ha ii BXiJ] HAAXOIUTh
iHpopMmanis Y, mo MIiCTUTh B 001 HaaMIpHICTb, BUKIUKAHY
BHIIAIKOBUMH 3aBaJlaMH y KOpHCHOMY curHaii. Hacmigkom
€ Te, IO KOHTPOJHbOBaHI INapaMeTpu 00’€KTa KOHTPOIIIO
MOJKHA XapaKTePU3yBaTH SIK BUMAIKOBI BETHMYHHH.

Muoxuna ¥y KOHTpOIFOEMHX TTapaMeTpiB CTaHy 06’ e€KTa
HAIXOMATh Yy IJCUCTEMY aBTOMAaTH30BAHOTO KOHTPOIIIO.
Hacrynui ¢ynkuii migcucremu ACK BuKOHYIOTBCS Y
6momi 2.

brok  OLIHKM  NOTOYHOrO  CTaHy,  OJAEPKYIOUH
inopmariro Bumipis ¥, a TakoK BUKOPHCTOBYIOUM MOJIENb
00’€KTa KOHTPOJIIO y BHII 3HAYEHb #Horo mapamerpis ¥y Ta
anpiopry iHpopmariro My, (po 3HaYeHHs HOTO MapaMeTpis
OPOTSATOM  MHHYJIOTO TEepMiHy eKcIDIyaTamii), BHAA€
pe3ynbTaTH 00pOOKH B MiACHCTEMY YIPaBIIiHHA 00’ €KTA.
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IigcucTema ynpasmamng
piEHeMHANIIHOCT] 00EKTa

Puc 1. Cxema asmomamu3zo8aHoi cucmemu KOHMpPOJo i
ynpasninus(ACKY)

s migcucremMa Ha OCHOBI omepaTuBHOI iHpOpMaii Ipo
Pe3yJIbTaTH OLIIHKK TEXHIYHOTO CTaHy 00’ €KTa KOHTPOJIIO Ta
CIpOTHO30BaHI 3HAYCHHS NOKAa3HHKIB HAMIHHOCTI 00’€KTa

B nopmaTuBHi mokasHuKE HamiiHocTi 06’ekta B, a Takox
JTaHl PO YMOBH EKCIUTyaTallii JaHOTro 00’€KTa KOHTPOIIO
M, BusHavae cTyminb po3bikHOCTI AE 3HAYEHD TTOKA3HHUKIB
SIKOCT1 00’€KTa MO0 HOPMATHBHUX, (POPMYE YIIPABIITIOUIHA
BIULIMB fl; HA 00’€KT y BHIJIAMI CIUIAHOBAHOTO OOCATY
PEMOHTHHX POOIT Ta NMPOBOAUTH (HOPMYBAHHS TEXHOJOTIT
PEMOHTHHX pOOIT i3 METOI0 BiTHOBJIEHHS HEOOXiTHOTO
piBHS HaJiiHOCTI 00’ €KTa.

V. BHCHOBKHU

ParionanbHuii BUOIp Mopeneil KOHTPOIIO € OCHOBHUM
npu cTBopeHi BucokoepektuBHIX ACKY. 3 ormsany Ha e,
Oyna mpoBeneHa poOOTa U JOCATHEHHS IIOCTaBJICHOTO
3aBIaHHA, a caMe PO3pOOKa EIEMEHTIB CHCTEMHU KOHTPOIO
HABITallifHOTO KOMIUICKCY JITAJBFHOrO amapaty. SIk 00’ekT
KOHTpOII0 Oyno B3ATO oOumciroBadi  OivyHOTO Ta
MOB3/I0BKHBOTO KaHaJIB 0230BOT0 MIIOTAXKHOTO KOMILICKCY
JTanbHOTO alapary.

[MpunymenHs woOAO0 NiABUINEHHS pIiBHA Oe3neku Ta
PEryISIpHOCTI  TOJBOTIB  TOBITPSHOTO  TPAaHCIOPTY
MIATBEPXKYETHCS PE3yJIbTaATAMH BKAa3aHUMH BUILE.

Cnucok sukopucmaHux 0xepen
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«Texnuka », 1997.- 296 c.



HoBa 3agauya moaepHizanii MajgoradapuMTHOI ripoBepTHKAJII 3a
pe3yJbTaTaMHU il AMHAMIYHOI aTecTamil

Ckopuii €.0
HayKkoBuil kepiBHuK: FOpuenko O.M.
Kagenpa cucremu ynpapiiHHs JIITaJIbHUMH arapaTaMu,
HarionaneHuii aBialiiiHuii yHIBEPCHUTET,
KuiB, Yxpaina
jeniaskoriy@gmail.com

Anomauin-Pozenanymi ocoonueocmi nioxody
00cAZHenNA Halleuwux pybdescie akocmi (mounocmi) 6opmosux
eumiprogauis (2ipocmadinizamopis). Ak npuxnao,

3ANPONOHOBAHUII  eman  HANIGHAMYPHOZO — MOOENIOGAHHSA
pe3ybmamom  AK020 € nepedasanvna  QyHKyia ma
CHeKmpanbHa  WNbHICML  HEKOHMPObOGAHUX  30YpPeHb
00CNidXHCysanozo Kanany manozadapumuoi  ziposepmurxani
(MT'B).

KirouoBi cioBa Hapirauniiini npucrpoi, auHaMivHi
XapaKTepUCTHKH, IepBUHHA 00po0Ka, ripocradinizaTop.

. Beryn

Junamiuna atectaris [1] OOPTOBMX HaBiramiiHUX
MpWIaNiB, CHCTEM 1 KOMIUIEKCIB - BHJA HaIiBHATYPHOTO
MOJICTIIOBAHHS, OCHOBA SIKOTO CKJIQJAEThCS B IMiTamii 3a
JIOTIOMOTOI0 CIEHiaTbHUX CTEHIIIB-TEHEPaTOPiB AMHAMITHOL
00CTaHOBKM MiCIlb yCTaHOBKH 3acO0iB HaBiramii Ha OopTy
IpU peaJibHUX EKCIUTyaTalliiHUX TPOCTOPOBHX pyXax
aBTOHOMHHX 00'ekTiB. Came B JWHAMIYHHX yMOBaX
peasbHOTO pyXy o00'ekTa B OOpPTOBHX HAaBIraIliiftHUX
NPUCTPOSIX BUHUKAIOTH TaKi CWJIM 1 MOMEHTH, IO
NPUBOJSITE 1O TOSBU JOAATKOBUX IEPEXPECHUX 3B'S3KIB
MDK ~ KOOpJMHaTaMH  BEKTOpa  BHXIJHOTO  CTaHy
JIOCHIPKYBaHUX  TPHUCTPOiB, a TakoX  I1HTEHCHUBHHUX
MEepelIKo/]] BUMIpIB, HE3HaHHS XapaKTEPHUCTHK i
HEBpaxyBaHHA SKHX, SK MPaBWJIO, HE [O3BOJIIE TOYHO
BU3HAYaTH nmapaMeTpu  pyxy oO'ekTa HaBiTh Yy
KpEeHCEepChKUX pPexKUMax.

Il. TlocranoBka mpobieMu

Ha TouHiCTP HaBiramidHUX BHUMIpIB ICTOTHHIA
HETaTUBHUH BIUIMB  pOOJNATH  Pi3HI  HEIOCKOHAIIOCTI
KOHCTPYKIII CaMHX HaBiralilHUX NPUCTPOIB, SKIIO BOHH
CTBOpIOBaJIMCS 0€3  BIAMOBIAHOTO OOJIIKY XapakTepy
MEPEeTBOPEHHA  BXiAHWX CTOXaCTHYHHX (akTopiB, Y
MPUCTPOSIX BHU3HAYAIBHUX pyX iXHBOI migcTaBu (mamyoun
KOpaOJyis, INMAHTOYTiB JIiTaka, 1 IUIaTGOPMH CTEHAA
iMiTaTopa i T.I.), SKIIO OOPTOBI BUMIPHUKH OXOILIOIOTHCS
0e3 BIANOBIJHMUX OLIHOK 1 PO3B'A30K PI3HHMMH 3BOPOTHIMH
3B'A3KaMH, 3 IHIMKX MpuunH. OYEeBHIIHO, IO 3a3HAueHi
BUILE JMHAMIYHI ()aKTOPH HE MOXKYTh Y BU3HAYAJIBHIA Mipi
HE IO3HAYMTHCS HA peaji3auii croyaTtky nepeadadyBaHHX
¢GyHKIiH (3aKOHIB) NEpeTBOPeHHS BXigHOI iH(opMamii
KOHKPETHHUMH HaBiTalitHUMH IPHUCTPOSIMH.

I1l.  OcHoBHa yacTHHa
VY Oimpmocti, Big TOYHOCTI pPOOOTH Cy4YacHHX

HaBiTallifHUX 1 KepylUYuX CHCTEM pYyXJIHWBHX OO'€KTiB
0arato B YOMY 3alIe)KUTh TOYHICTH (SAKICTh) OOPTOBHX
BHMIipHUKIB (inepuianpHi HaBirariii CHUCTEMH,

acTpoOpieHTHPH, TipocTabimizaTopu i T.i.). Tak HampukIam:,
MiABUIOINTA TOYHICTH TipocrtadimizatopiB (I'C), ocobmmse
MICIle cepen SIKMX 3aiiMae ManorabdaphTHAa TipOBEpTHKAIb
(MI'B) ™MoxiIMBO 3a YMOBH, SKIIO BiIOMi peaibHi
MUHAMIYHI XapakTePUCTHKH CHCTEMH BUMIPY BHXIiIHUX
peaxiif i mporpamaux curaaiiB ['C , a Takox 30yproBaHb i
MePeKos BUMIIB. st LOTO HEOOXiTHO
EKCIIEPUMEHTAIbHUM ~ [UIIXOM  BU3HAYUTH  pealibHi
MeXaHi3Md  [ii  BHWINE  3a3HAaYeHUX  (akTOpiB  Ha
JTOCTIIKYBaHUH MPUCTPIi, a TAKOXK KIbKICHO OI[IHUTH CHJIH
BIUIMBY OCTaHHIX Ha XapakTep (YHKI[IOHYBaHHS HPUCTPOIO.
3 mi€ro MEeTO0, MPOBEACHUH eTal AUHAMIYHOI aTecTarii [2]
- BUJ HaIliBHATYpHOTO MO/JICTIFOBAHHS, KON
mocHimkyBaHUH o00'ekt, a came MIB wictuBcs i
BUTIPOOYBaBCS HA TUHAMIYHOMY CTEHMi-iMITaTOPi KYTOBHX
MPOCTOPOBUX  pyXiB oO0'ekta. Ha mpukimanmi eramy
TIPOBEICHHS TIePBUHHOT 00poOKHI OaratomipHOI
HaBiramiiHoi iHdopmarlii, 1m0 AOIUILHO MPOBOAUTH IS
MOJAJIBIIOT CTPYKTYPHOI ineHTH(dIKaIil Moeneit TuHAMIKK
JIOCHIZPKYBAaHOTO ~ IIPUCTPOIO,  TMOKa3aHI  METOAMKa 1
MOXITMBHH BHJ| BiZJOOpa)XCHHS pe3yNbTaTiB Takoi 00poOKH.
OCKIUIbKM B TipPOCKOIIIi 3aCTOCOBYIOThCS HAMOUIBII HPOCTI
CHCTEMH 3  JKOCTKMMH  3BOPOTHIMH  3B'S3KaMu,
NPE/ICTABISIETBCA  MOXKJIMBUM  3[IMCHIOBATH  KOPEKIIfO
JIOCIHIIPKYBAaHUX MPUCTPOIB HUIIXOM BHOOPY ONTHMAaIBHUX
CTPYKTYp MO CHEUiaJbHUX aJlropuTMax [3] 3 HACTYIHOIO
peamizamiefo ¥ yCTaHOBKOKW (IIBTPIB CIIOCTEpiradiB Ha
BUXOJIi KOPETYEMOTO HaBITaIlifHOTO MPHUCTPOIO, a TaKOX
3aMiHOKO 3BOPOTHIX 3B'A3KIB y CaMOMy MPHCTPOI
CHHTE30BaHUMH ONTUMAaJIbHUMHU PETyJISITOPAMU.
IVV. BucnHoBok

TakuM  YMHOM, 3alpOINOHOBaHI  BHIIE  LUIIXH
MiABUIICHHS TOYHOCTI iICHYIOUMX HaBIralifHUX MPHCTPOIB
JIO3BOJISIIOTh ~ HaJajli CTBOPIOBATH  KOHKYPEHTHO3JATHI
BUPOOH JOCHIJKYBAHOTO Kilacy Ha 0a3i BiIOMHX METOIiB
CHUHTE3Y ONTHMAaJIBHUX CUCTEM CTa0LIi3aIii.
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[1] Bnoxin JI.H. JlunamidHe NpoeKTyBaHHs ONTHMAILHHX MUMOBUIBHHX
CTPYKTYp KOMIUIGKCIB cTa0imi3amii pyxy @pHU CTOXaCTHYHHX
eKCIUTyaTalifHUX BIUIMBaX (HAa NPHKIAJax aBialliiHOI TEXHIKH) —
aBTOpedepar aucepTalii Ha 3MaraHHS YYEHOTO CTYNEHsS JOKTOpa
TeXHIYHHX Hayk, - k.: KII 1, 1985.- ¢. 34 (ACII)..

[2] Bnoxim JLH. Omnrtumansusie cucteMbl crabmmmsarun. Kues,
Texnuka,1982r.-144c.


mailto:jeniaskoriy@gmail.com

[3] Bmoxir JLM., Bypiuenko M.IO. CraructidHa AuHaMika CHCTEM ympasininas — [ligpyunux s BH3. — no : HAY , 2003. — ¢.208.
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Anomayia — B Hami AHI PO3BHUTOK HOBITHIX TexXHOJIOrii
Npu3BiB 10 JIerko AOCTYNHOCTI Oyab-sikoi iHdopmanii. Onnax
BeJIMKI MacHBH JaHUX s MOAANBIIOIO JIerKOoro 34HTYBaHHS
CKJIAAHO PO3MICTUTH O0Me:keHil miowi mpeamery (TOBapu 4u
npuaany). OqHak 3 UM 3aBAaHHS Moke Bopatuch QR-kon.

Knwuosi cnoea — QR-x00; wiugpysannsn; inopmauvin;
be3nexa.

l. BcTyn

IIBuaxuit goctyn mo iHpopmamii Ta XaHUX — OOHA 3
TOJIOBHUX BHMOT Cy4acHOTro >KUTTs. OJTHaK He 3aBXKIU BEJUKI
MacuBH [JaHUX MOXXHAa ITOMICTUTH Ha HEBEJHKI [IUISHKH.
OjiHaK SIKIIO BCS BayKJIMBa iH(OpMaLlisi 3HAXOAUTh HA CAMOMY
00’€KTi, IIe 3HAYHO crpourye po6oTy 3 HuM. Hampukian, mo
SKOM Bcs iH(pOpMALsl PO MpPWIIAJ, THCTPYKIIS 3 TEXHIYHOI
eKCIUTyaTalil 3HaXOMIach Ha caMoMy npuiazi. Lle Mmoo,
3aKOJyBaBIIM BCIO HEOOXigHO 1H(GOPMAII0 Yy HEBEIHKHN
rpa¢iunanii enemeHT — QR-ko.

QR-koau BiTHOCSATHCS 1O BIIKPUTHX TEXHOJIOTiH, TOOTO
JIOCTYTIHI KOXXHOMY. 3HAYHUMH TiepeBaraMi B TOPIBHSHHI 3i
3BUYAHUMH HITPUX-KOJAMHU € OiIbIl BHUCOKA iH(pOpMaIliiiHa
€MHICTB 1 CTIMKICTh JO MONIKOIKEHbD.

Ha nanwit MoMeHT B CBITI Hamiuyethecst 1,76 mipa
KopucTyBadiB cMapTdoHiB. Y 2018 meii moka3HHK MOBHHEH
30impmuTHC 10 2,73 wupa. Lle MacoBe mONIMPEHHS
MOOLTBHUX TPHUCTPOiB (i OTKE, MOTEHIIHHNX ckaHepiB QR-
KOJIiB) BMMarae OinbIiol yBaru a0 texHosorii QR-komyBaHHS.

[1]
1. QR-KOJ

A. Icmopis eunukHenHs

QR-kon 3'iBuBcst B 1994 poui B Snonii. CrtBopeHmid
nocaigaukamu Denso-Wave (mogipas xomnanis Toyota), meit
JIBOBUMIpHHIA, a00 MATPUYHHUH, MITPUX-KOJ 3aCTOCOBYBABCS
crovaTky Uil igeHTHdikalii aBTO3amyacTHH Ha 3aBOJAx
KOpIIOpaIlii, aje MBUIKO 3HANIIOB MOMYJISIPHICTH 32 MEXaMHU
BHpoOHMUMX JiHIH. A6pesiarypa QR o3mauae Quick
Response, T00TO «mBHIKHH BiAryk». OCOONUBICTE TAHOTO
TUIY KOMIiB B TOMY, IO BOHH JIETKO PO3IMHUQPPOBYIOTHCS HE
TUIBKA 32 JIOTIOMOTOIO CIELIiaJbHOTO CKaHepa, aje 1 3a
JIOTIOMOT OO0 Oyab-SKOTO cMapTdoHa, OCHAII[EHOTO
(oTokameporo i JIOCUTD MPOCTHM MPOTPaMHHUM
3a0e3neueHHsIM, [0 BiIKPUBA€ INHUPOKI MEPCIIEKTUBU HOTO
3aCTOCYBaHHS B IIOBCSIKACHHOMY JXKUTTi. Xoua TepMiH QR-kox
Joci € 3apeecTpoBaHMM ToBapHHUM 3HakoM DENSO

Corporation, BHKOPUCTaHHS KOJIIB HE OOKJIAa€ThCS KOTHUMHU
TMIEeH3IMHUME BipaXyBaHHAMH, a caMi BOHH ONHMCaHi i
omy0ikoBaHi B sikocTi crangaptis 1SO.

B omromy QR-koxi mokHa 3ammmdpyBaTu:
e 7089 mudp;
e 4296 cuMBOIIIB (BKJIIOYAIOYH KUPUIHIO);
e 2953 GaiiT B 10BIYHUM (opMmari;
e 1817 iepormidis.

3aBAsKH 3aCTOCYBAHHIO CHCTEMH KODEKIIi MOMHJIOK Ha
0asi xoxiB Pima-ComoMoHa HaHI MiIUIATalOTh BiIHOBJICHHIO
npH monkokeHHi 10 30% 306paxkenss. [2]

B. Moowcnusocmi sacmocysanus QR-kody

Slkuo roBoputH mpo cdepy BHPOOHHMIITBA abO TOPTiBIIi,
To, Hampukiax, B SmoHii QR-KogM BHUKOPHUCTOBYIOTHCS
noBCIOAHO. Binmbrmicts TOBapiB B KpaiHi BHCXiIHOTO COHIIS
MapKyIOTBCS TIOPSI 31 CTAaHAAPTHUM OJHOBUMIPHHAM IITPHX-
KOJIOM 1I€ 1 MaTpUYHHX, IO JO3BOJISIE TIOMICTUTH Ha HHOMY
JIOCUTh OaraTo pomatkoBoi iHpopmarii. QR-xox MoxHa
po3TIIsIIaTH HAaBITh SK Hexoporuil amprepHatuBH RFID-
mitkamu (Radio Frequency IDentification — pamiouacrorHa
ineHTudikauis). Bouu, 3BHYallHO, He MIATPUMYIOTh
JUCTAaHIIMHOrO 0E3IpOTOBOTO 3YMTYBaHHS, 3aTe Maixe
HIYOrO HE BapTi, HE BHMMAraroTh JDKepesa J>KUBJICHHS 1 He
JTaMaroThCsL.

Hocute mmpoke 3actocyBaHHS QR-koam 3Halnum B
pexiaMi, SK OKypHaJbHOi, Tak 1 30BHImHBOI. [likaBo
3actocyBanHsi QR-kozmiB B cdepi Typusmy 1 mporpamax
JonoBHeHoi peasmbHOocTi. Tak, B cromumi [ amuumHn
ob'ennanns  «Typucrtuunuii  Pyx JIpBoBa»  po3mMicTHIIO
3aKofoBaHi 300pakeHHs Oinpmr HiK Ha 80 eKcKypciHHHX

o0'exkrax. lle mosermye iHAMBIAYyaJbHUM MaHAPIBHUKAM
Opi€HTAIlif0 B MICTi, HaBITh SKIIO BOHH HE 3HAIOTh
yKpaiHChKOi, - MITKH MicTaTh Omm3bko 180 cumBoOINiB

iHpopmanii Ha JeKiTbKOX MOBax. BoHM HaHeceHi Ha maM'ATKU
apXiTeKTypH, LEpKBH, My3ei, pPO3MillleHi B aepomopTy, Ha
BOK3aJIi, TpaMBalHUX 3yMHUHKaX, Kade. Cxoke Mpu3HAUCHHS Y
npoekty  Semapedia,  Horo = aBTOpM  TPONOHYIOTH
npukpimunoBati QR-KkoJ 3 mocIaHHAMY Ha BiATIOBiAHI CTATTI
B «Bikineaii» Ha pi3Hi 00'€KTH peanbHOro CBity. [2]



C. Enemenmu QR-xo0y

o6 ckamep posmizHaB QR-kop,

300pakeHHS KOAY

000B'SI3KOBO Mae OyTH KBaApaTHUM. be3mid J0IaTKOBUX
eNeMeHTIB 3a0e3Meuy0Th NIpaBUIbHE 3UUTyBaHHA Koxry.[3]

[ITabm0HM MO3UITIOHYBaHHS —
BKa3yIOTh, y IKOMY
HaIpsIMKy HaJpyKOBaHUU
KOZI.

Cmyru cuHXpOHi3auii — 3a
JOIIOMOTOIO IIUX JiHiH
CKaHep BU3HAYAE BETHUMHY
MaTpHLi JaHUX

Mokaxuuk Gopmary gaHux —
MICTHTB 1H(POPMAIIIIO TIPO
piBeHB KOPEKIIii i KOJIi MacKu
1 MOJIeTIIy€e CKaHyBaHHS
KOJLy.

[ITab0HN HATIPSIMKH — SIKIIIO
QR-xox € BeIMKUM, IaH1
€JIEMEHTH JOIOMAararTh
CKaHepa Opi€HTYBaTHCS.

[Mokaxunk koxy Bepcii — 1s
YacTHHA KOy MICTUTH HOMEP
BUKOPHCTOBYBaHOI Bepcii
QR-koxy.

IHpopmaris Ta Ko KOpeKIii
MOMUIIOK — [EH Bi3epyHOK
MICTUTH OCHOBHI J1aHi
3amuQpoBaHi B KOIi.

Bine none — BiACTYN HABKOJIO KOy BRXKIIMBUH [UISt TOTO, 100
MIPUCTPIM, 10 3UUTYE MOTJIO BiPi3HUTH KOJ BiJ|
HaBKOJIMIIHBOTO iH(pOpMAILii.

1.  ANDROID-IOJIATOK

A. 3azanvHuii onuc npoepamu

[Iporpama mm¢ppye Oynp-sKy TekcToBy iHdopmanito y
Burisig QR-koxy. Ha Puc.1 306paskeHo iHTepdeiic mporpamu.

1§ QRCode

Some text

Puc 1 Inarepdetic mporpamu

B. Texwonoeii, wo suxopucmosysanucs

s reHepamii KOAy BHKOPUCTOBYBajacs 0i0iioTeka
ZXing — ue open source 6ibmioTeka st 00pooku pizHux 1D /
2D wTpux-KouiB, sika, KpiM Java, Mae MOpPTH Ha iHIII MOBH.
OcobOmuBicTio 1i€i 0i0mioTekH € Te, MO BOHA po30WTa Ha
MO/l 1 TONIMPIOETHCSA Y BUXITHHX KOZAAxX, SKi HEOOXITHO
KOMIILTIOBATH.

s pobotu 3 rpadikoro Oyid BHKOPHCTaHI CTaHAAPTHI
Kiacu 3 makera java.awt (JavaSE).

IV. BHCHOBOK

Texnomnoris QR-koayBaHHSI ayKe TOMYJSPHA, OCKUIbKH
BITHOCATHCS N0 BIAKPUTHX TEXHOJOTIH, TOOTO moCTymHa
kokHoMy. IlepcrexkTuBu BHKOpHucTaHHs QR-kojiB mpocto
BpaXaloTh, a/Ke JO3BOJIIOTH 3aKOJYBaTH BEIMKHH 00’eM
iHpopmamii Ha ManeHpKid TUTOomi. MacoBe WOMHPEHHS
MOOUIbHUX TPUCTPOIB (I OTXKe, MOTEHIIHHUX ckaHepiB QR-
KOJIB) TMpPHM3BOAWTH MO MOMYJIAPH3aLii BUKOPUCTAHHSA
texuosorii QR-kozy, a oTke BHMMarae OUIBIIOT yBaru a0 Iiel
TEXHOJIOTI.
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Nonorthogonal Measuring Unit Based on MEMS-sensors
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Abstract — Features of non-orthogonal redundant measuring
instruments based on inertial sensors are considered. Approaches
to assessment procedure both for measuring instruments based
on single inertial sensors and triaxial inertial units are
represented. The matrices of directional cosines of non-
orthogonal measuring units are given. The proposed research can
be useful for navigation information sensors operated on
unmanned aerial vehicles.

Keywords—inertial ~ sensor;  nonorthogonal = measuring
instrument; redundant data; directional cosines.
l. INTRODUCTION

Development of modern navigation systems is

accompanied with rising requirements to accuracy and
reliability of navigation information measurements. One of the
ways to solve such a problem is using of the nonorthogonal
redundant measuring instruments based on inertial sensors [1].

It is known that increase of reliability can be provided by
means of redundancy. Creation of the nonorthogonal
redundant measuring instruments foresees location of inertial
sensors along axes of some geometrical figure (a
nonorthogonal measuring reference frame). This provides the
most redundancy of a measured navigation parameter (the
angular rate, the acceleration) projections onto axes of the
orthogonal navigation reference frame.

The nonorthogonal redundant measuring instruments are
the most important for application in navigation systems
operating on the unmanned aerial vehicles (UAVs). Nowadays
achievements in MEMS-technologies provide the wide
application of these sensors in the nonorthogonal redundant
measuring instruments.

In general, the nonorthogonal redundant navigation
measuring instruments based on rate gyroscopes have the
following advantages.

First of all, such measuring instruments provide decreasing
bias of inertial sensors, which improves accuracy of
navigation information measurements. Second of all,
reliability of navigation information increases efficiently.
Thirdly, such measuring instruments allow using bigger
quantity of sensors in the same dimensions of the constructive
unit.

Sushko O.A.

Scientific Adviser Sushchenko O.A.
National Aviation University
Kyiv, Ukraine
asushko0@gmail.com

Il.  FEATURES OF DATA PROCESSING

To obtain navigation information using the nonorthogonal
redundant measuring instruments, it is necessary to determine
mutual location between the navigation reference frame and
appropriate reference frames of inertial measuring units.

Axes of the navigation references frame, along which
projections of the vehicle angular rate are determined, are
chosen as follows. The axis Oy is up-directed along the
pyramid symmetry axes. Axes Ox, Oz of the navigation
reference frames coincide with appropriate axes of the inertial
measuring unit located at the pyramid base (triangular or
rectangular). Directions of axes are opposite to increase
reliability of navigation information.

To determine matrices of directional cosines it is possible
using two ways. The first way lies in obtaining projections of
the unit vector using geometrical transformations. The second
way is determination of directional cosines between
navigation reference frame and reference frames of inertial
measuring units. This process can be implemented by
successive turns on definite angles.

The first approach can be implemented by less
transformations and calculations respectively. Advantage of
the second way is clearness. Additional complication of
calculations can be compensated by the possibility to automate
all necessary calculations by means of Matlab.

Directional cosines of the nonorthogonal configuration
based on the triangular pyramid look like [2]

D1:Ax;
Dy =AL A A, o
Dy=A,AA,;
Dy=ApAA,,

here D;,D,,D5;,D, are matrices of directional cosines
between axes of the navigational reference frame and the
reference frame of the inertial measuring unit. The matrix A,
defines axes of the inertial measuring unit located at the base
of the triangular pyramid. Matrices Ay;, Ayy, Ays define
location of axes of inertial measuring units relative to previous
axes. The matrix Ay is defined by axes of inertial measuring



units located on the side faces along their medians (equal to
120°). For the triangular pyramid the angle between the base
and side face is equal to 70.5°. Matrices in (1) look like

1 0 0 cosy, 0 —siny,
A,=|0 cosy siny|,A,=| 0 1 0 :
0 -siny cosy siny, 0 cosy,
cosy; 0 —siny; cosS —sind$ 0 @
A,=| 0 1 0 |,A,=|sind cos3 O,
siny, 0 cosy, 0 0 1
here 1=1,23; y=180°; vy, =120; v, =0° vy, = 120°

yy = 240° 9=70.5° vy is defined for pyramid base; w;
defines turns of lateral faces; \, defines turns relative to
normal axis of the face; 9 is the angle of the face slope.

Substituting matrices (2) in (1) it is possible to determine
mutual location of navigation and measuring reference frames.

Directional cosines of the nonorthogonal redundant inertial
measuring instruments based on the tetragonal pyramid can be
determined in the similar way taking into consideration a slope
between the base and the side face, which is equal to 54.74°.
The appropriate matrices of directional cosines can be
obtained in the following way

D,=A,; D,=A,AA ; D;=A,AA;
D,=AAA,; D,=A AA,.

It should be noted that expressions for these direction
cosines determination are simpler of similar than expressions
for the directional cosines of measuring instrument based on
the triangular pyramid.

IIl.  EXPERIMENTAL RESEARCH

Digital triaxial MEMS-units MPU-6050 can be used as
inertial measuring units of the primary navigation information
(the vehicle angular rate) [3]. MPU-6050 is the integrated 6-
axis motion tracking device that combines a 3-axis gyroscope,
a 3-axis accelerometer, and a digital motion processor (DMP)
united in a small package.

To carry out experimental researches of different
nonorthogonal redundant measuring units based on the triaxial
inertial units, the three-degree-of-freedom dynamic bench of
angular motions has been used. Such a bench provides the
possibility of simulation of angular motion in three directions,
which correspond to axes of the navigation reference frame.

Errors of angular rate determination for the nonorthogonal
inertial measuring units based on such mounting surfaces as
faces of triangular pyramid are represented in Fig. 1.
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Fig. 1. Errors of angular rate determination for measuring
instruments based on the triangular pyramid

The inertial measuring unit before test starting was keeping
in the immovable state during (15...20) min. This was carried
out for temperature stabilization of MEMS-sensors and
levelling of the zero drift. Angular motions of the three-
degree-of-freedom bench were given during 5 min after
temperature stabilization.

Results represented in Fig. 1 are averaged readings of
angular rates, which have been measured in the nonorthogonal
instruments based on such constructive units as the triangular
and tetragonal pyramids respectively. Obtained results of
measurements have been converted in projections of the
angular rates onto axes of navigation reference frame using
matrices of the directional cosines.

IV. CONCLUSION

The nonorthogonal inertial measuring units based on the
triaxial MEMS-sensors and such construction units as the
triangular and tetragonal pyramids were described in details.

The study of the nonorthogonal measuring instruments of
single inertial sensors and inertial measuring triaxial units
confirms the possibility of using them for the implementation
of high-precision and reliable measurements. Nowadays such
approaches can be useful for implementation of measurements
on the board of UAVS, where the reliability of the measured
information is of great importance.
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Abstract— In order to simplify mathematical formation of
a program control law for the atmosphere spatial flight of an
unmanned aerial vehicle (UAV) the conception of the
coordinated turn which allows to get analytical solutions of
differential equations of the spatial motion expressed by the
integral sine and cosine is presented. The results are used
during solution of the terminal homing problems with various
structures of the control law.
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. INTRODUCTION

One of the basic tasks of using UAVs for military
purposes consists of directing it to a ground or air,
stationary or moving target located on both sides of the
vertical plane of the initial UAV flight. In this case, for
aiming it is necessary to form a program that will calculate
the trajectory of UAV by means of the corresponding
control law, whose structure is determined by the magnitude
and duration of the action of the angle of roll at specified
value of aerodynamic quality.

Il.  PROBLEM TASK

To simplify the process of forming the law of program
management, the concept of coordinated turn of the velocity
vector is introduced, with the help of which the action of the
lift force is directed perpendicularly to the velocity vector
and parallel to the Earth's surface at the height at which the
target is located. Coordinated turn is performed in
assumption of a flat surface, short duration, a small value of
the ballistic parameter and a sufficient amount of
aerodynamic quality.

Il.  MAIN PART

Due to the coordinated turn, we obtain such differential
equations of motion for which it is possible to obtain
analytical solutions, expressed not only through elementary
functions, but also through integral sines and cosines. Since
the latter functions are sufficiently well studied, their
application is not complicates the formation of UAVs path
programming, since elementary functions in the memory.

At a high flight speed, for example, when UAV descent
from a near-earth orbit, we will consider, that the
components of aerodynamic acceleration predominate over
the components of the gravitational acceleration. We come
to the following system of differential equations of motion
for an analytic study of a coordinated return:

I":—cpl’z;

y =—KopVsiny/cosO ;

h= Jsin® ;

D=V cosOcos ;
z=-VcosOsiny , (1)

where V — velocity; 6 — angle of trajectory slope; y —
track angle; h — altitude; D - longitudinal horizontal flight
distance; z - lateral deflection; p — atmosphere density; g —
freefall acceleration; y - air path bank angle; K=Cy/Cx—
aerodynamic quality; Cx — drag force coefficient; Cy (o) —
lift force coefficient; o — angle of attack; c=C«S/(2m) —
balistic parametr; m — mass; S — midsection area [2] .

System of equations (1) can be solved with the help of
initial conditions:

t=ty; V(tg)=Vy: 0(t5) =0 w(tg) =vy;
h[fo)= ho; D(IO) = DD ., _'(fn] =ZIp-

@

A coordinated turn takes place when air path bank angle
is in one of two possible constant values of v = +n/ 2
depending on the direction: to the right y=n/ 2 and w <0 or
left y = —n/ 2 and y > 0. Aerodynamic quality is assumed to
be large enough to consider the duration of the turn
sufficiently small, angle of inclination of the trajectory can
be considered as unchanged 6 = const 6, during the turn [1].



Fig. 1 — Kinematical scheme of coordinated turn

Figure 1 shows the coordinate system ODz, origin of
which is located at the point "O", the parameters of the
motion of which is determined by the initial conditions of
integration. The OD axis passes through The tangent to the
circle, defined by the radius, going from the center of the
Earth to the point "O". Oz axis passes along a tangent to the
specified circle, rotated by an angle © / 2 so as to obtain the
right coordinate system ODz. To hit the end point "k", the
UAV makes a right coordinated turn y = w/ 2 along the
descending trajectory to the point “1", in which the velocity
vector coincides with the direction to the point "k", i.e. track
angle equal:

Dy — D,
:k —."| '
After reaching the "1" point, further control of the UAV

flight is completed depending on the terminal task with the
final coordinates:

W = —aretg

t=ty: V)=V 0(t) =0, witp) =wy
h(fk]:h'k; D[f;‘):Dkl :({k)z:k .
Conclusion

The article presents the results of the analytical studies
of UAV space turns when hovering in a point target,

located below at the surface or at the top in the atmosphere.
The concept of a coordinated turn is introducedm when the
lifting force is applied perpendicular to the velocity vector
and is parallel to the surface. The introduction of a
coordinated turn allows obtain analytic solutions for the
differential turn equations, expressed in terms of integral
functions of the sine and cosine. Use of coordinated turns
allows significantly simplify the formation of programming
trajectories of turns for solving various terminal tasks of
homing the UAV to the target, including the tasks of
intercepting mobile land air and air targets.

Errors introduced by replacing real space turns, that are
formed by approximated numerical methods, turns, for
certain assumptions (great aerodynamic quality, small
ballistic parameter, a short duration), in reality, flights have
external and parametric perturbations and together with
them are worked out by the system of stabilization. The cost
of design method effectiveness law of programmed spatial
management movement through the use of coordinated
reversal is determined by a small additional fuel
consumption by steering bodies and insignificant
deterioration of quality transient processes in stabilized
angular movements.
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l. INTRODUCTION

Recent students are all funs of computers. However, up-to-
day teachers rather seldom account for such their feature. As a
rule, advances in Computer Science serve for students in
information science and technical once [1]. Most of textbook
authors bypass studying qualitative sciences in programming,
but it is possible! As a rule, qualitative sciences explore
various Data Base like SQL. They are a very complex
computer programs created in high level languages as C++. In
my study, we learnt how to create main Data Base elements in
MATLAB [1]. | decided so to apply this knowledge to such
qualitative science as Geography. Some main steps and results
have been explained here.

Il. PROGRAM DEVELOPMENT

Appearance of the program is very important for drawing
attention and the interest of users. Computer Science invented
doing GUI (graphical user interfaces) for this. MATLAB
suggests a very easy way for making GUI by issuing a
command “guide” [2]. Figure 1 displays how my program
GeographicalDatabase looks out along with some its GUI-
elements.

The program represent information about countries and
capitals of Europe. In initial form, the program demonstrates
colored political map of the Europe with two columns of
PressButtons on the left side. The letter are such GUI-element
that simulates reaction to pressing it and, what is important, a
certain sequence of actions may be programmed as reaction to
pressing.

Separate PressButton is labeled as “Help”. As a result of
pressing it, the graphical windows 1 appears. It contains short
description of this program and how to work with it. This is

realized by  programming  corresponded  function
HelpButton_Callback within the program
GeographicalDatabase.m text. Calling on this function loads
the following internal MATLAB-command helpdlg in the
following format [3]
function HelpButton_Callback(hObject, eventdata, handles)
help=helpdlg({'This is The Geographical Database!";
"You can click on the everyone capital in the list "The capitals" and
than you will see interesting information and facts about this
capital.’;

Similar functionality and format have PressButtons in the
left columns that wvariously colored and labeled as
“Amsterdam”, “Berlin”, etc. till “Tallin”. Pressing them
causes appearance of information windows like 3 that contain
three most famous facts about the corresponded city (Berlin in
the Fig. 1).

Right columns of PressButtons call on the commands like

image(imread("Amsterl.jpg"))
that display pictures stored in jpg-files. By pressing the button
Pic.1,Nel, the help command will be called. To facilitate
exchange of information between functions within the
program GeographicalDatabase, reference to global zones of
computer memory is used.

I1l.  CONCLUSION

As the result, we created a nice MATLAB program that
deals with geographical database. Of course, it is much
simpler than those that can be found in Internet. It is, however,
made by single student in a short time. Such type of
programming we call “Easy Programming”. This way of
programming can be very convenient for students. It may be
applied to any qualitative science not only for Geography. I
guess MATLAB is most suitable environment for creation of
educational programs in the course of our study.
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B GeographicalDatabase

countries and capitals of the Europe

. About this topic:

1. Berlin - the capital of Germany 3
2. In Berlin the most numerous Turkish diaspora.
3. The biggest museum of chocolate of the world

“Schokoladenhaus Fassbender&Rausch' is located in the Berlin.

HELP

The capitals

Berlin 3%
GERMANY

Biscoy

ITALY

Corsnagy VATIEAN
e 'Y 3 Rome

njoy please! = El'»@‘un
w ‘
Created by student of IAN-202 This is The Geographical D atabase! e vallotta T =
Melnikova Victoria 102 You can click on the everyone capital in the list "The capitals” and than MALTA h:,m | L]
you will see interesting information and facts about this capital. Mediterranean Sea  wi | CYPRUS
The capital picked the same color as the country at the map.

Near of this capital [right side of name) you can see button “Image".
Click here and you will see image of this city.

Fig. 1. How the author’s program GeograhicalDatabase appears on the computer screen; Help-window 1, information
window 3 and windows 2 with photo appear after pressing corresponded buttons as explained in text.






