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9TAIIbI BHEJAPEHUSI KOHIEINIIWMHU BYOD HA TIPEAITPUATHUAX

CrpemuTeNnbHOE pa3BUTHE MOOWMIBHBIX YCTPOMCTB M WX (DYHKIHOHAIBHBIX
BO3MOXXHOCTEH M3MEHSET NMPHUHIUII B3aUMOJEHCTBHS C PabOINMHU HH(OPMAITOHHBIMH
pecypcaM, Bemb UIi OOMeHa HH(pOpMammed C pecypcaMd M NPHIOKEHHSIMH HeET
HEOOXOMMOCTH HAaXOIUTHCS Ha paboueM MecTe M MMETh JOCTYI K pabodueil CTaHIN.
[Mpuamn  paGoTel ¢ COOCTBEHHBIX YCTPOMCTB ommchiBaeT KoHuemms  BYOD
(BringYourOwnDevice). HWmeHHO OT TOro, HAacKOIBKO ymoOHO paborath
HH(OPMAIIIOHHOMY COTPYAHHKY 9YacTO 3aBHCHT €ro IPOM3BOAUTEIBHOCTH PabOTEHI.
CorpyaHuKkaM mpolne, a 3Ha4WT, ObIcTpee W KOMQOpPTHEE BBIMOIHATE paboTy ¢ TOro
YCTPOIHCTBA W/HITH C TIOMOIIBIO TeX MPUIIOKEHHIH, KOTOPhIE €My 3HAKOMBI.

He crout 3a0p1BaTh 00 0oOecrieueHnN 6€30MacHOCTH MPH TaKOM CTHIIE paboThl. st
MIEPCOHAIBHBIX KOMIIBIOTEPOB 3Ta 33/1aua SIBIISIETCS CKOpee OOBIAEHHOH, Tak Kak
CyIIecTBYeT OONBIIOe YHCIO WHCTPYMEHTOB, MPOrpaMMHBEIX M alllapaTHBIX pPEIIeHUH,
MO3BOJAIOMINX ~ 3AlIUTHTh HMHPOPMANMIO TIPH  HCIOIB30BAHWUHM  TPAJHUIIOHHBIX
KOMIBIOTEpoB. OIHAKO CHUTyalUsl YCIOXKHSETCS TIpH Tepexofe K MOOMIBHBIM
ycTpoiicTBaM, OOJBIIMHCTBO KOTOPBHIX H3HAYaJIbHO HE OBUIM pacCUMTaHbl Ha
HCIIONB30BaHNE B KOPIIOPATHBHOH cpexe. 37ech IOMOraloT KOMOWHAITMH CTaphIX
TIPOBEPEHHBIX METOJIOB M HOBEIX perreHnit MAM n MDM — ynpaBnenne MOOHITEHBIME
TIPMIIOKEHHUSMHE 1 yIIpaBJIeHNEe MOOMIBHBIMU yCTpolcTBaMu. [IpiMeHsIst Bech KOMITIEKC
Mep, BKJIIOYast MOJTUTHKN MH(POPMAMOHHOH 0e30I1acHOCTH B 00ydeHHe Tob30BaTenei,
MOYXKHO JTOOMTECS TpeOyeMoro ypoBHs 3amuiiéHHoctd. Braenapenne BYOD moxeT uaru
pasHbIMH IIyTSAMH. B HEKOTOpBIX KOMIIAHMAX COTPYAHUKH IPUHOCST CBOM JIMYHBIC
yCcTpoiicTBa, B TO BpeMs Kak B JpPYrHX IIpelaraercsd KOMIIEHCAllus 3a TaKoe
HCIIOJIb30BaHUE. ENMMHCTBEHHO MIPAaBUIIBHOTO PEUICHUS HE CYIIECTBYET, HOATOMY HYKHO
IIPOBOAUTH OLICHKY, UCXOJSI U3 KaXIOU KOHKPETHOH! CUTYallUu.

Iportecc BHenpenwmst xoHumenuuu BYOD nus koMmaHHM MOXKHO pPa3lelUTh Ha
CIIEYIOINUE [Iaru:

o [lepBEIM IIaroMm Ha ITyTH BHEAPEHUS (B CBS3M C OTCYTCTBHEM Ha TOT MOMEHT
JYYIIUX TPAaKTHUK) OBUIH OMPOCHI CPEIH COTPYAHHKOB KOMITAHWH C IENBI0 BBISICHEHHS
nX TpeOOBaHMUIT 1 MOXKEIAHHI.

e Ha BTOpOM 3Tame Obuta onpezeneHa CyMMa BO3MEIEHHUS, KOTOPYIO MOJTydai
COTPY[HHK, CTAaHOBSILUICSA yIaCTHUKOM ATOH MPOTrPaMMBI.

e TperpuM mraroM Ha ITyTH BHenxpeHHs noxxoma BYOD, cram mepecmorp n
OOHOBIICHME KOPHOPATHBHBIX IONHTHK, KOTOpbIE Ha CIEAYIOIEM JTare OblIH
TIOCTaBJICHBI B COOTBETCTBHE C KOPIIOPATHBHBIMH TpeOOBaHMSIMHI O€30ITaCHOCTH.

o 11 HaKoHeI], MOCIEeHNM IIaroM OBUIO CO3/IaHKE NPABMII YUaCTHS COTPYIHHKOB
B IIpOrpaMMe.

Hayunwiii pyxogooumens — P.C. Odapuenko, KanO. mexH. HAyK, O0YeHm
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BITPOBAJI’KEHHS 3G B YKPATHI

23 motoro 2015 poky yKpaiHCBKi OmNepaTopu MOOUTBHOTO 3B’S3KY «ACTEIIiTY,
«Kuiscrap» Ta «MTC Ykpaina» orpumanu 3G-ninensii. Ha BpoBamkeHHS TeXHOMOT1H
3G nepkaBoro Oyiio BHIUICHO 4YacToTHI miamazoHu 1920-1935 MI'm, 1950-1980 MI,
2110-2125 MTI't; ta 2140-2170 MI't. Oniepatopu OyayBaTUMYTh MEPEKY, SIKi 0a3YEThCS
Ha texHonorii UMTS. UMTS (Universal Mobile Telecommunications System) — 1ie
CTUTHFHUKOBA CHUCTEMa TPETHOrO TIOKONIHHS, po3poOneHa s mepexxk GSM. [lns
TiABUIICHHS CHEKTPaIbHOI e(eKTHBHOCTI Ta MPOIycKHOI 3maTHOCTI B 3G-Mepekax
BHKOPUCTOBYETBCSI TexHONOrist pamionoctymy W-CDMA (Wideband Code Division
Multiple Access).

Texnomnorii 3G MarTh BETUKY KUIBKICTh IIEpEBar:

e Bucoka mpomyckHa 3matHicTh. CepemHs IIBHIKICTE CTAaHOBHTHME 2-4
MoiT\cek;

e  3MCHINCHHS MOTYXHOCTI a0OHEHTCHKUX Ta 0a30BUX CTaHIA. TakuM YHHOM
3MEHIINUTHCS HEraTUBHUH BIUTMB PaiOXBIJIb Ha 370POB S JIIOANHH;
[Ipocrora yacTOTHOTO IUTAHYBAaHHS;

e [lixBumeHHs SKOCTI nepemadi JaHUX 3a PaXyHOK YCYHEHHS 3aBMHpPaHb IIpU
0araTonpoOMEHEBOMY PO3ITOBCIODKEHHI;

e JloCTYmHHICTH SIKICHOT'O BiJICO3B’SI3KY;

o  IligBuieHHs Oe3MEKH;

e  EdexrnBHEe BUKOPHCTaHHS PaJiio4acCTOTHOTO CHEKTPA.

BrpoBamxenns 3G MaTHMe TIO3UTHBHMI BIUTMB Ha PO3BHTOK €KOHOMIKH KpaiHH, a
TaKOX Ha PO3BUTOK Mepeki HACTYITHOTO TIOKOJIiHHS B MaiiOyTHEOMY.

OCHOBHOIO TIEPEIIKOAOI0 U iHTerpamii CyJacHHX TeXHONOriH B VYKpaiHi €
HEJIOMOBJICHICTb MIXK BJIaJHUIMH CTPYKTYPaMH.

VY nomoBifi 0OroBOPIOETBCS MHTAHHS CIIPOMOXKHOCTI YKpAiHCBKHX OIEepaTopiB
peamizyBatt  3G-mepexi 3a 18 wicsamiB. Takok OOTOBOPIOETHCS MOMKITHBICTH
BIIPOBA/DKEHHS TEXHOJIOTI] YETBEPTOrO IMOKOIIHHS HAHOIIDKINM 9acoM.

Hayxosuii kepisnux — P.C. Odapuenko, Kan0. mexH. HayK, O0YeHm
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METOJJUKA MOHUTOPHUHI'A 3AI'PY3KH BA3OBbIX CTAHIIUIA
N PA3I'PY3KHU JJIAA LTE CETEU UETBEPTOTI'O IIOKOJIEHUSI.

Ecnm 6pats Bo BHIMaHME, YTO y OOJNBIIEH YacTH ITOIb30BaTeIel MOOMITEHOI CBSI3H,
KOMMYHHKATOpPBI WJIM CMapT(OHBI, ¢ BO3MOXHOCTHIO BHIXOa B MHTEPHET W BBIXOJ B
CeTh KOTOPBIX OTPaHWIMBAET TOJBKO ITOCTABIIUKH yCIYr W HepeHTaOelbHbIC IIeHBI Ha
MOOWIIBHBIN HHTEpHET. [IpH BO3MOXKHOCTH HCIIONB30BaHMS MHTEPHETA, 3arpy3ka CeTH,
TIPY pacTyIel MOMyIsIpHOCTH, OyIeT CTPEMUTENEHO HaOHpaTh YNCIIO MONb30BaTeNeH, 1
IpU  BCEH TIPOIYCKHOH CITOCOOHOCTH, CETh B ONPENCNICHHBIX MecTax OymeT
neperpyxatbesi. [leperpyska, Tak xe MOKET IIPOUCXOIUTE B MECTAaX CKOIUICHUS JIFONIEH,
HanpuMep Ha KaKHUX-TO MEPOIPHUSTHS WIN YIeOHBIX 3aBEICHHIA.

Uro0bl m30ekaTh MOAOOHOTO WHIMAEHTa M JaTh BO3MOKHOCTH MOJIB30BAThCS
Ka4eCTBEHHBIM HMHTEPHETOM, OCOOEHHO B MOMEHT HEOOXOAMMOCTH, HYKHO HMETb
CHCTeMY MOHHUTOPHHTA, KOTOpast JaCT BO3MO)KHOCTh KOHKPETHO BUJETh, I/Ie HA KAKOM
MIPOMEKYTKE TIOKPBITHS, KOJIWYECTBO OXKHIAIONIMX ITOAKIIOUSHUH, IPEeBBIIIAIOT
KOJIMIECTBO BO3MOXKHBIX TEXHHYECKH. Tak jke HPHHATH Mephl, P HEOOXOAUMOCTH
BPEMEHHOT'O pacIIMpeHns] a0OHEHTOB M YBEIMYHTH ITOTOK Tpaduka, IZie 3aBTpa Takas
TIPOITYCKHAsI CIOCOOHOCTE YKe He Oyner HyxHa. [Ipn Hanwduy MaHHBEIX MOHMTOPWHTA,
TaKk € MOXXHO ONTHMH3HMPOBAThH IIOJIE3HYIO IUIOMAAb CAMOI0 MOKPBITHS, IMONHSTH
MPOITYCKHYIO CIIOCOOHOCTb, TJ€ 3TO HEOOXOAMMO U HA00OPOT YMEHBILHTb, IlIE PECypc
000pyI0BaHNs HE UCTIONB3YETCs.

Meroanka 3aKIIOY9aeTCsl B TOM, YTOOBI HAa KapTe MOKPHITHSA, OTMEYAINCh TOUKH
6a30Bb1x (BC) n mobmmenbIx cranmuii (MC). Kaxnmas Touka, HanpuMmep, UMena IBET,
KOTOPBI OymeT MEHSTHCS B 3aBUCHMOCTH OT 3arpy)KeHHOCTH, W OIepaTop WK
aBTOMATHKa, TIPHHIMAIN MEpBI, HAIPHMep: YBEIHIESHHUS WM YMEHBIICHUS MOIIHOCTH
cocennux bC, unu nepesoska MC, koTopast He 3arpy’KeHa COBCEM HJIM MEHbIIE BCETO,
9TO OyJeT BHIHO Ha TOH e KapTe MOKPHITHS.

Toukn Ha KapTe MOTYT conep)kaTh, HE TOIBKO MH(opMaImio o0 abOHEHTax, elle
MepeueHb PA3NNYHBIX II0KAa3aHWH, HalpuMep IOKa3aHWs METEOCTAHIMH, YTO JacT
BO3MOXXHOCTb YBHJETH IPUYMHY Ieperpysa NpH OTCYTCTBHH ITHKOBOTO KOJIHYECTBA
TIOAKITIOYEHUH min Mecta KydHocTH BC, ypoBeHb cHrHana, BHAETH NEPUOANIHOCTH
TIOBBIIICHUS U CTIa/1a aKTHBHOCTH.

C 5KOHOMHYECKOH TOYKH 3pEeHWs, IPH BHEIPEHHUE TAaKO CHCTEMBI oneparop Oyaer
HecTH 3aTparsl. [Ipu ucnoms3oBaHnM €€, pecypchl, KOTOpble OyayT 3aJeCTBOBAaHHBI B
pazgaue Tpaduka, Oymayr HCIONB30BaThCs Oolee  palMOHAIBHO. AOGOHEHTHI,
MOYYBCTBOBaB KAYeCTBEHHBIH MOTOK Tpajuka, OYEHb OBICTPO TPHUBBIKHYT K
Ka4eCTBEHHOH YCIyre W MOOWIBHBIH HHTEPHET, HAKOHEN-TO CTaHET HEOTHhEMIIEMON
9acTbl0, YTO JAcT MOTEHIWMAI Ui JAIBHEHIIero W3y4eHHs MW YIy4IIeHHs ero
TIPON3BOANUTEIHHOCTH.

Hayunwiii pyxogooumens — I.@. Kounaxosuu, 0-p mexw. HayK, npogeccop
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HEPEXO/] AHTEPHETA JIFOJEA K UHTEPHETY BEIIEN HA YKPAUHE,
COBPEMEHHOE COCTOSIHUE

C TmosBNECHHEM HOBBIX BBICOKOCKOPOCTHBIX CTaHAAPTOB W TPOTOKOJIOB Tepenadn
JTAHHBIX HAKOTO HE YJIMBUTH PA3HOI'0 POJia PIIIOKEHUSMH U TIPOrPaMMHBIM 00ECIIeUeHIEM,
KOTOpOE TIOMOTaeT PSIOBOMY OOBIBATEIIO B TOMCKE HEOOXOMMUMBIX TOBAPOB M YCIIVT,
OOIIEHNST B CONMATBHBIX CETSX, TMOKYIIKAaM B WHTEPHET Mara3uHax W T.J1. Ho Bce 3To
YIIPABIUIOCH YETOBEKOM. VIMEHHO TONB30BaTeNh MPHUHHMAT PEIICHHE O TOM, YTO €My
HE00XOTMMO MIMEHHO ceifdac (3TO Tak Ha3bIBAEMBIH «WHTEPHET JIFOJICH) IO ONPEIICIICHHOTO
MOMEHTa 3TOr0 OBLIO JIOCTATOYHO, HA CETONHSIIHUK JIeHh OYpPHO pa3BHBAcTCS
POOOTOTEXHIKA, CHCTEMBI WCKYCCTBCHHOTO HWHTEIUICKTa, W TaKkKe TIIOCTCTICHHO HHMIIA
yIpaBiieHusT 00BbEKTaMH 0e3 yJacTHs YeloBeKa 3alloiHsIeTcs Bce Ooibie u Oonbine (310
«/HTEpHET BEIIe»).

B Hacrosiiiee BpeMsi  CyIIeCTBYEeT BO3MOXKHOCTh HJICHTHU(DHUIMPOBATH 00OPYIOBaHHE,
MPEMETHI ObITa W BUPTYaJbHBIE OOBEKTHI (Takue, Kak IM(poBbie GoTorpadumn) TakiuM xKe
00pa3oM, Kak ¥ OTJENBHBIX IONIb30BaTelel B MHTEpHeTe JroAei. TakuM oOpa3zom, Bemw
MOTyT OBITH WHTETPUPOBAHBI B IIMPOKYIO CETh B3aMMOCBS3¢H, B KOTOPOM OHH MOTYT
B3aMMOJICHCTBOBATH JIPYT C JIPYrOM WM C JoabMH. [10 CyTH, BemM B MHpE HHTEpPHETA
BeIIlel HAXONATCS TeTeph Ha OTHOM YPOBHE C JTEFoAbMUA. OOBEKTOM HCCIIETOBAHUS SIBIISFOTCS
yCTpoiicTBa (BEI) W WX B3aMMOJICHCTBHE MEXTy COOOH WM C BHENIHEW CpPEoil.
[IpemveToM WcCIeNOBaHMS CIY)KAT TIPUMEHEHHWE WHTEPHETA BeICH, CTaHIapThl |
TEXHOJIOTMM WHTEpHETa BEIIEi, a Takoke MpoOiIeMbl 3ammThl ceTh. Llenmb wmccmenoBanus -
aHaIM3 COBPEMEHHOTO PHIHKA MHTEPHETA Bellel B YKpauHe IS ONpPEIeNICHHs TIEPCIICKTHB
Pa3BUTHS W BHEJPEHHS JAHHBIX TEXHONMOrWid. ECTh MMpPOKWII 1Mama3oH COBPEMEHHBIX
TEXHOJIOTHH, KOTOPBIE MOYXHO O0BeMHHUTH ¢ ToMomTbio [0T, BKiTrodast mrpux- kompl, NFC,
Bluetooth, Wi-Fi u 4G u 1.1. B cBSI3U ¢ 3TUM MOXHO BBIICITUTH CIICYIOIINE OCHOBHBIC
3a/1a9¥l B Pa3BUTHI WHTEPHET BEIICH: CTAaHIAPTU3ANS 1 YHU(PHUKAIWS CHCTEM U CTaHIAPTOB
KaK CaMHUX «BEMIeit», TaK ¥ KAaHAJIOB TIepeIav JAHHBIX MEXTy Bemamu (M2M), yernoBekomM
Bemamu  (P2M); 3anmimeHHOCTs ceTH (B JIOKAIBHOM M TJI00AIBHOM — CMBICTIE);
ayTeHTU(UKAIWs 00BEKTOB B CETH; MAaCIITaOMPYEMOCTH CETH; Ha/ISKHOCTh CETH; JIETKOCTh B
HACTpPOWKE W OKCIUTyaTallii; MOHHWTOPHHT W YIpaBIICHHE CeThio; cOop, oOpaboTka
xpanenue maHHBIX. [To marmemM C-Format Ha Teppuropnn Ykpanssl B 2014 rogy Obuto
okorto 37 MuH. cMapTdoHOB. Takke ayKIMOH YaCTOTHOTO JHara3oHa Juis BHenpenus 3G
MOKa3aJl TOTOBHOCTH OIEPAaTOPOB CBS3M K KOHKYPEHTHOW OOphOE 3a BBICOKHUE CKOPOCTH
TiepeIavu JAaHHBIX, YTO MOATBEPKIACT MPOrHO3bI O TOTOBHOCTH ITOTPEOHTENEH YKPAHHCKOTO
PBIHKA TIEPEUTH K TIONCKY TIOTpeOuTeNhekoit nHdopMariu yepe3 MHTepHeT Ha MOOMITBHBIX
ycrpoiictBax. Taroke MONb30BaTEN KpOME TOMydeHHsT WHGOPMAIMU XOTSIT UCIOIB30BaTh
CBOHM «YMHEIE» YCTPOWMCTBA TSl XpaHEHUS W 00paOOTKH JAHHBIX (HAPUMEpP JFICKOHTHBIC
KapTOUKH, MyJBT TEJIEBU30pa, NIeUaTh Ha MPUHTEP U T.1.). C y4eTOM 3TOro MOXKHO JIeNiaTh
BBIBOJIBI O TOM, YTO Pa3BUTHE HHTEPHETA Bellell B YKpauHe Oy/ieT B OiKaiiliiee BpeMsl.

Hayunwiii pyxogooumens — O.11. Tkanuu, Kano. mexu. HAyK, OOYeHm
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ANALYSIS OF ADVANTAGES AND NEED OF IMPLEMENTATION
OF VIRTUAL SYSTEMS IN TELECOMMUNICATIONS

One of the main trends in the area of telecommunication systems today is the use of
the virtual capabilities for corporate networks. The term virtualization broadly describes
the separation of a resource or request for a service from the underlying physical
delivery of that service. With virtual memory, for example, computer software gains
access to more memory than is physically installed, via the background swapping of
data to disk storage.

The virtualization has a range of advantages comparing to classic (physical) servers
and working stations:

o The flexibility of managing the system resources (easy and fast modification
of equipment characteristics)

o High-effective use of resource (It is possible to achieve the maximum load of
the system while implementing the virtual systems)

e Advanced backup system ( Dramatically quick backup and recovery
mechanisms)

o The ability of utilization of leased powers

There is ability to reassign the amount of resources for each of systems while
combining two or more virtual systems at a single physical resource. This means
redirection of the power from one less load system to another that is overloaded. This
raises such benefit as efficient resource use. Concerning backup system, there is an
ability of fast system duplication both to single and multiple physical resources,
generally simplifying backup systems. Moreover, it is possible to lease space for virtual
systems at different cloud storage servers such as VMware, VirtualBox and others.

Among the leading business challenges confronting IT managers today are: cost-
effective utilization of IT infrastructure; responsiveness in supporting new business
initiatives; and flexibility in adapting to organizational changes. Driving an additional
sense of urgency is the continued climate of IT budget constraints and more stringent
regulatory requirements. Virtualization is a fundamental technological innovation that
allows skilled IT managers to deploy creative solutions to such business challenges.

Similarly, virtualization techniques can be applied to other IT infrastructure layers -
including networks, storage, laptop or server hardware, operating systems and
applications.

Hayxosuii kepisnux — P.C. Odapuenko, KaH0. mexH. HayK, O0YeHm
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BIPTYAJI3AIII SIK 3ACIB PEAJIIBAIIIT BYOD

Bupryanmzanuss — HaOOp BBIYNCIUTEIBHBIX PECYpPCOB, OTCTPAHEHHBIH OT
anmapaTHOW  peanu3alid, ¥  OOeCrleyWBampmiee  JIOTHYECKYIO  H3OJISAIUIO
BBIYHCITUTEIBHBIX TIPOIIECCOB, BBITIONHSAEMBIX Ha OJHOM (u3MdeckoM pecypce. OHa
CTAHOBUTBLCSl BCE TOMYJSIpHEM M Ha NaHHBIM MOMeHT craia «mozoi» B IT cpene.
Buptyanuzanus geiaurtcs Ha TPH THIA: BUPTYAIH3aIUs NPEACTaBICHAN, TIPUIOKCHUN U
cepBepoB. JlaBaiiTe TOTrOBOPUM O BHPTYAIM3aIlMH TPIIOKEHUH. DTO TaKOW THI
BHPTYaIH3aIUH, IPH KOTOPOM MPOHCXOAUT H3OJISAIUS TPWIOKECHHS OT OMEPAUOHHON
cuctemsl. HazpiBaercst Takoit mogxox BYOD (Bring Your Own Device) — IIpunecu
Cgoé CoocTBeHHOE Y CTPOiCTBO.

CymectByeT Takas mpobieMa: paOOTHHUKH TPHHOCAT Ha padoTy COOCTBEHHBIC
MOOWITBHBIE YCTPOKMCTBA M HE OTICISIOT padodee OT JIMYHOTO, CIIMBasi KOPIIOPATUBHBIC
3BOHKH, TOYTY W TMPHJIOKEHUS B OJWH TMOTOK C MEPCOHANBHBIMU JIAaHHBIMH, C YeM
meITacTCsE OOpPOTHCS HAYaNbCTBO. Tak TOSBIIACE HoOBas (opMa BHUPTYaTU3allWH,
AMEIOIAasi MECTO Ha MOOWJIBHBIX ycTpoiicTBaxXx. Hampumep, moib30BaTeNnb MPUHOCHT
CBOM HOYTOYK M C HETO IMOJKITI0YACTCS K JIOKATHHOM CETH KOMITAHUM U HCIOIb3YeT
BHPTYaJbHBIC JIECKTONBI, MPOTPaMMBl JUIsi BeJCHUs OW3Heca, TIieyaraer Ha
YCTaHOBJICHHBIX B Oprice KOMITAaHHU TIPUHTEPAX | T.J. Mes 3aKiio9aercss B TOM, 9YTOOBI
3aIyCTUTh JIBE OINEPAIIOHHBIC CHCTEMBI HA OJHOM CMapT)OHE — W TaKuM 00pa3om
pa3ienuTh €ro MPOCTPAHCTBO HAa JIMYHOE W KOPIOpAaTHBHOE. BupTyanmm3upoBaHHAs
4acTh 3aIU(pOBaHa, YTO MPEIOTBpAIACT B3aMMOJICHCTBUEC BHEITHUX MPUIOKEHUNA 1
CEpBHUCOB C KOH(PHICHIWAIBHBIMA JaHHBIMH. [lepcoHanbHas dYacTh TIPH OSTOM
MTOJTHOCTHIO OT/ICJICHA OT KOPIIOPATUBHOM, M TIOIH30BATEIh MOXKET B3aUMOJICHCTBOBATH C
Hell Kak 00bIYHO: (ororpadupoBaTh, CKaYMBATh MPUIIOKCHUS, paboTaTh C JIHMYHON
moutoil. Bee Gornbliie ¥ OOJNBINE JIFOJICH UCTIONB3YIOT CBOH COOCTBEHHBIE CMapT(OHBI
Ui paboThI, CO37aBasi JIOMOMHHUTENBHBIC MPOOIEMBI CIYKO O€30macHOCTH U
MEHEDKMEHTa. BupTyanuzaiysi mo3BONSECT aJMHHUCTPATopaM Oe30MacHO W TPOCTO
MTOJIEPXKUBATH UCIIONB30BAaHUE COOCTBEHHBIX YCTPOICTB Il KOPTIOPATHBHOW PabOTHI.
Hcxonss w3 BBINICHATIMCAHHOTO, SI CYUTAN0, YTO TAKOW IOAXON DSKOHOMHYCH U
MIPOTYKTHBEH, ITOCKOIBKY IO3BONSET COTPYIHHKAM KOMIIAHWH WCIIOIh30BAaTh CBOH
nepcoHalbHbIe TeleDOHBl JUIs OW3HEcCa, yMEHbBINas pacXonbl Ha NPHOOPETEHUE W
00CITy)KIIBaHUE HOBBIX YCTPONCTB.

Hayxoeuii kepisnux — B.1. Bausniok, acucmenm



AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 621.396(043.2)

Spemenko €.I1., Motopumii B.M., fIpemenxo B.II.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

CYYACHI METOAU BUBHAYEHHSA MICHE3HAXOAKEHHSI ABOHEHTIB
MOBIJIBHUX MEPEX

B manwmit yac MOOLTBHI OIlepaTOpH CTAN TOCUTH AKTHUBHO PO3BUBATH 1 IIPOIIOHYBATH
HOBI ITOCITYTM Ha OCHOBI BHM3HAUYeHHS MiCI po3TairyBaHHS aboHeHTta. Ha manmit wac
icHytoTh Taki cranmaptu Mepexx: GSM, CDME, LTE. € nexinpka BUIIB cHCTEM
MOOIIBHOIO ITO3UIIIFOBAHHSL.

TeopeTHdHO CHCTEMH BHW3HAUCHHS MiCIE3HAXOMKEHHS J03BOJISTIOTH BHU3HAYHUTH
KOOpJIMHATH a0OHEHTa 3 TOYHICTIO JI0 JIEKITBKOX JECATKIB METPIB 1 € peabHOI
aIBTEPHATHBOIO CUCTEMaM TII00aJIbHOTO (CYITYTHHKOBOTO) IO3HI[IOHYBAHHS, ajie JIHIIe
Ha TepUTOPii 00CITyroByBaHHS MOOITTEHUX MEPEX.

3aBiaHHS TO3WIIIOHYBAaHHS MOOITBHUX TeNe(OHIB Tependavyac aBTOMATHYHE
BH3HAYCHHS IX MICIS PO3TAllyBaHHS B MeXaX CTITBHHKOBHX Mepex. sl BU3HaUeHHS
TIOJIOXKEHHST MOOUTBHOT'O arapara MOKyTh OyTH BHKOPHCTaHI TPU OCHOBHHX IapaMeTpH
paiocHTHaJIB: HAMIPSIMOK ITPHUXO/Y, aMIDTITY/Ia 1 9ac 3aTPUMKH.

AMIUTITyla CHTHAJIB 3/aTHa XapaKTepHU3yBaTH BIJCTAaHb MK IleperaBadeM i
npuitMadem. OfHAaK HA TPAKTHII PIBEHb CHTHANIB MOOITBHOTO TeneoHYy B MicIi
MIPUIOMY 3aJISKUTD BiJl TAKOTO BEIUKOTO YMCIIA MPUYHH, IO B OLIBIIOCT]I BUMAKIB HE
MOXXe 3a0e3NeYlTH HeOOXiJHy TOYHICTh BH3HAYEHHS MICHS | BHKOPHUCTOBYETHCS B
SIKOCT1 JTOTIOM1YKHOT'O TIapameTpa.

HampsiMok mpuxomy cuTHajiB MO)Ke aBTOMAaTHYHO BH3HAYaTHCS, IO BiAMIHHOCTI
(a3 curHaniB Ha €JIEMEHTaX aHTeHH. MOXXHA TaKO)K BUKOPHCTOBYBATH KiJIbKa 0a30BHX
CTaHI}, pO3TANIOBAHMX IO CYCIICTBY. BHKOpPHCTaHHS CEKTOPHHMX aHTEH, 3aMiCTh
BCECHPSIMOBAHHX, J03BOJSIE BU3HAYWTH HANPSIMOK IIPHXOXY CHTHATIB 3 OLIBIION0
TOYHICTIO.

Bib1iicTh iCHYFOUMX CHCTEM BU3HAYEHHS MiCIIE3HAXO/DKEHHS aOOHEHTIB MOOLITEHUX
Mepesx 6a3yeThest Ha TPhOX CYyJacHUX KOHKYPYIOUMX TEXHONOTISX:

e texHonorii gacy mnpubyrrs TOA (Time of Arrival), 3acHoBaHOI Ha
BHUMIPIOBAaHHI 1 TOPIBHSIHHI IHTEpBANIB Yacy IpPOXOKEHHS CHTHAILY Bif
MOOUTEHOTO TenedoHy aboHEHTa JI0 IEKITBKOX 0a30BMX CTaHIIIM;

o texnonorii pizauti yaciB OTD (Observed Time Difference), 3acHoBaHOi Ha
BHUMIPIOBAaHHI 1 NMOpPIBHSAHHI IHTEPBAIIB Yacy MPOXOKEHHS CHUTHAIIB Bif
JIEKITbKOX 0a30BUX CTaHIIIH IO MOOLITEHOTO Tee()oHy aOOHEHTA;

® TEXHOJIOTIi CyMillIeHHs MOOIJIbHUX Tele(OHIB 3 IpHiMadaMH CyITy THHKOBOI
panionasiramii A-GPS (Assisted Global Positioning System), 3acHoBaHOI Ha
BOynoByBaHHI GPS-mpuitmadiB B MOOibHI TenedoHH.

Ha cporomHimHii eHb TOJOBHOK MPOOJIEMOI € Te, IO OUIBIIICTh a0OHCHTIB
XBUITIOIOTBCS 332 CBOIO KOH(IJCHIIIIHICTh, TOOTO BU3HAYEHHS MICIIE3HAXODKCHHS 0e3
IXHBr'O JJO3BOIY.

Hayxoeuii kepisnux — B.1. Brusniox, acucmenm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 621.396.2(043.2)

MMoairensko 0.0.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

METO/IA OITUMI3AIIIIL ITOTOKIB TPA®IKY B MEPEKAX LTE

Texnomoriss LTE crBopeHa criemiabHO IS HAJIAHHS HA JIUISHII OCTaHHBOI M
MOOIUITEHOrO KaHATy JOCTYHMy A0 Mepexi Internet i3 piBHEM IIBHAKOCTI TOPIBHSHHM 3i
CTaIliOHAPHAMH KaHAJTaMH 3B’sBKY. Y caMiid CHCTeMi 3aKIajieH CIociO ITiIBUIICHHS
e(eKTHBHOCTI BHKOPUCTaHHS pECYpCiB Mepexki — moOymoBa Mepexi Ha 3acanax
camoopramizamii. Self Organization Network (SON) nerxo inrerpyerscsi B LTE 3aBmsiku
icHyrounM iHTepdeiicaM, MOIYISIM Ta HPOTOKONAM KEpyBaHHS Mepekelo. ICHyoTh Tpu
OCHOBHI CKJ1a/10Bi yacTHHH KoHuenii SON, sIKi KpUTHYHI I CTBOPEHHS MEpexKi:

- camokoHdirypamis — plug-and-play, aBromMaridHe CTBOpeHHS 0a30BOIO CTAHILIEIO
nepeniky cycimix cranmiii (ANR — Automated Neighbour Relation), aBromaTtmdHe
nprsHadeHsst CelllD Ta HamamTyBaHHS pamionapaMeTpiB: YacTOTH, 10 BUKOPHCTOBYETHCH,
UL KOHTPOITIO iHTepdepeHIIii, MOTY)KHOCTI CHIHATy BHIIPOMIHIOBAHHS Ta KyTa HaXITy
aHTEHH.

- caMOONTUMI3allisi — aBTOMATUYHE BW3HAUCHHS TMapaMeTpiB 0A30BHMX CTaHIIH, sKi
3a0e3MevyroTh HaifBHIIy MOXIINBY SIKICTh OOCITYTOBYBaHHS a0OHEHTIB (3HAXOHKEHHSI HOBHX
CYCIITHIX CTaHIIH Ta BUAAJIEHHS HEAKTHBHUX CYCiJliB, KOOPAMHALIIO PiBHIB MOTYXXHOCTI IS
3MEHIIICHHS 1HTepdepeHIti Mk CyciTHIMI 0a30BIMH CTaHIISIMK, ONTHMI3aIlif0 MPOIIECIB
XeHmoBepy i KoHdirypamii QoS).

- CAMOBITHOBJIEHHSI, SIKE BKJTFOYA€E JIO0 ceOe aBTOMAaTHYHE BU3HAUCHHS BiZIMOB Y POOOTi
o0MaHaHHSA 1 BIMOBIIHY PEKOHQIrypamito Mepexi y pasi BiIMOBH Oymb-skoi 0a3oBoi
CTaHIil.

Came Taka riOpuaHa cxema B3aeMozii Mixk 6a30BUMH CTaHIIISIMM 1 OTpHMAasIa PO3BUTOK B
konriertii LTE-SON. To6to B Mepexi LTE-SON MokHA BHUAUIMTH JIEKUTBKA TOIOBHUX
€JIEMEHTIB: TOJIOBHE SIPO, SIKE KEPYE CETMEHTOM Mepexi, 0a30B1 Ta MOOLTBHI cTaHIlii. Takox
BOKJIMBHMH TIapaMeTpaMH € TPOITyCKHa cpoMokHiCTh BC Ta MpoITycKHa CIPOMOMKHICTD
KaHay, mo norpedye koxkaa MC. 3minenns noryxHocTi BC npru3BoanTs 10 epepo3noairy
MC mix BC 3 ypaxyBaHHSM KpHTepiro piBHOMIpHOCTI 3aBaHTakeHHS (Puc. 1).

7S % ™
. Wic mC

MiC (e e

Mc -t

Puc. 1. Ilepeposnonin abonenTis (morokis) mixk BC B LTE-SON

Hayxosuii kepisnux — P.C. Odapuenko, Kan0. mexH. HayK, O0YeHm

10


http://library.kpi.kharkov.ua/scripts/irbis64r_01/cgiirbis_64.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=5&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=0&S21P03=U=&S21STR=629.735.33%28062%29

AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 621.395 (043.2)

Kopocreawsos B.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

MNPOEKTYBAHHSI HIMPOKOCMYI'OBOI'O JOCTYIIY
3 BAKOPUCTAHHSM TEXHOJIOT'TI PON

P03BHTOK cCydacHHX TeNeKOMYHIKaiHHUX CHCTEM, NN(POBHUX €IeKTPOHHUX CTAaHILIH
1 amapaTypy YIOIUIBHEHHS TOPKHYJIOCS OJHOTO 3 HaHKOHCEPBAaTHBHIIINX eNeMEHTIB
MepeXi eJeKTPO3B'SI3KYy - abOHEHTCHKY JIiHi0. Y KOHIEMIii CTPYKTYpH Mepexi
€JIEKTPO3B'SI3KYy 3'SIBIJIOCS HOBE IOHSATTS - «Mepeka aOOHEHTCHKOrO JIOCTYILY», IIO
o0'eHye SIK JIHIIO 3B'I3KY, TaK 1 yCTaTKyBaHHS, IIO 3a0e3reduye nepenady nugppoBoro
MIOTOKY /10 aDOHEHTa.

HaiiBa)xnMBIIINM 3aBIaHHSIM PO3BUTKY MepeXi TEIeKOMYHIKaIliil € BHpIMIeHHS
mpo0iieM Mepeki a00HEHTCHKOTO JIOCTYIY, IO J03BOJISE 3IHCHUTH HAJaHHS TTOBHOTO
crekTpy nociyr, nounHaroun Bix mocayr To3K, LBIC (mepexi TenedonHa 3araabHOTO
KOPHCTYBaHHS Ta IU(pOBa 3 iHTErparmieo cayx0) 10 CyJacHUX IOCIYT MYJIbTHMENia,
MaKCHMAaJBHO BUKOPHCTOBYIOTH iICHYIOUI MepeXeBi pecypcH, y TOMY 4nCili aDOHEHTCHKI
JHIT MiCIIEBHX TEJIICPOHHUX MEPEK.

VY poO3BUTKY Mepexk a0OHEHTCHKOTO JOCTYIy YMOBHO MOXKHA BHIUINTH YOTHPH
erarmy: Ilepmmii etan - BHUKOpHCTaHHS aOOHEHTCHKOI JIiHIT /11 OOMiHY MOBHOIO Ta
iHImoro iH(popMaliieo B cMy3i kaHary ToHansHO! dactotu (TY); [pyruii eram - mosiBa
By3bkocmyroBoro 1[3IC Ta oOmin iH(opMmarii€ro, s SKOI CMYrH TOHAIBHOI YacTOTH
HeoCTaTHBO; TpeTii eram - BHKopHCcTaHHA mmpokocmyrosoro LI[3IC Tta mixrpuMka
MOXJIHMBOCTeHH OOMiHy BimeoiHpopmamiero; YerBepTuii eTam - BHUKOPHCTaHHS
TEJIEKOMYHIKAI[IfHIX MEPEeX JUIS TeJleMeANIINHH.

Bxe Oarato pokiB B VYkpaiHi, eBpomedcbknx kpainax i1 CIHA mmckyryerses
MIUTaHHS TIPO «IIOBHY 3aMiHy Mijli Ha ONTHKY». AJle pe3ylIbTaT € OUeBHIHAM: TEXHOJIOTI]
xDSL, mo 3a0e3medyroTh Iepenady BHCOKOMBHIKICHHX IM(POBHX MOTOKIB 3a
ICHYIOYNMH CHOTOZIHI KaOeTbHUMHM JIiHISIMH, 3aiMyTh JiJUPYIOUe IONOXKEHHS IpH
OyIiBHMIITBI Mepek aOOHEHTCHKOrO MOCTYIy. ToOTO «Mimb 3akomaHa B 3eMIIIO, aie
JTAJIeKO IIe He MEePTBay, SIK KaxXyTh po3pooHukn XDSL - cucrem.

Opranizanii OIMPOKOCMYTOBOTO a0OHEHTCHKOTO JOCTYINY 3 BHKOPHCTaHHSIM
texHomorii PON mipu mpoBemeHi JaHHHUXJIOCTIDKEHb JIO3BOJISTIOTH Ha  CTafil
MIPOEKTYBAHH, 3 ypaXxyBaHHSAM 3allUTiB KJII€HTIB, MIPaBIIBHO OyIyBaTH Mepexi Ta Iie
Ha paHHIHA cTajii yHHKaTH ITOMIJIOK i OTPUMYBAaTH HaHKpalli MOKa3HWKU MO JaHHUM
rapaMeTpam.

Hayxosuii kepisnux — P.C. O0apueHKkokano. mexm. Hayk, 0oyeHm



XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIIK 621.3 (043.2)

Onapuenko P.C.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

MNONEPEIHSA OINIHKA BAPTOCTI MEPEXKI LTE

P03BHTOK TENEKOMYHIKAIIHHIX Mepex Hapasi € OIHI€I0 3 HaWIpiopiTeTHIINX
3a7a4, OCKIIBKM IIOAHS 301IBIIyeThCS TOTpeda B IIMPOKOCMYrOBOMY JIOCTYIIL.
BrpoBamxyroun Texuonorito LTE, 3a0e3neuyeTsest migBHIIEHHS IPOITYCKHOI 31aTHOCTI,
301IBIICHHS IIBUIKOCTI Ta 3HIKEHHS BapTOCTi nepenadi fannx. KopucryBadi 3MoXyTh
BIIKpUTH I ceOe HOBI MOCTYTH, sIKi paHimme He OyiIM JOCTYIHI NpH MOOITBHOMY
0€3IpOTOBOMY JTOCTYIII.

Ha »xainp, B Ykpaini LTE noci BBakaeThCs TEXHOIOTIERD «HACTYITHOTO» JIHS, X09a
BXXE CBOTOJHI BOHA pealizoBaHa B OararboX KpaiHax cBiTy. MacmrabHICTB,
3aBaJIOCTIHKICTh, MIBUIKICTh MEpeiadi Ta aJalTOBAaHICTh 10 BaKKUX YMOB Iepenadi
CHTHATIB UITKO BIJNIOBiZ]a€ CyJaCHMM BHMOTaM JUIi MYJBTHCEPBICHUX MeEpeX.
BripoBaxeHHs Takoi Mepeki I03BOJMTH OIepaTropaM 3HAYHO 3MEHIINTH KalliTalbHi
3aTpaTH, PO3MIMPHUTH CIIEKTP MOCIYT i TEXHOIOT1H Ta BiTIyTHO ITiABUIIIUTH JJOXOAN.

Meroto maHOi po0oTHM € BHBYEHHS Iii€i TexHomorii Ta po3poOka MpOrpamMHOrO
3abe3nedeHHs Uil BUOOpY o0aHaHHS MIpH MOOYI0BI MepesXi, ITEPBUHHUN PO3PaxyHOK
i BapTOCTI Ta Mepiomy OKYIHOCTI, a/pke NMUTAaHHS BIpoBamkeHHS Mepexi LTE B
VYkpaiHi € HaCbOTOJIHI JIOBOJI aKTyaJIEHIM.

Po3pobene mporpaMHe 3a0e3redeHHsT OBOJII MPOCTe y BHKOPHCTAaHHI i, OKpiM
BHOOpY oOONamHaHHS 1 pPO3paxyHKy BapTOCTi, JOMOMAarae po3paxyBaTH KiIbKiCTh
0a30BHX CTaHIIH.

[Micnst 3amycky mporpamm 3’SIBISIETBCS BIKHO 3 3aIpONOHOBaHMMHU mismu. [Ipm
HaTHCHEHH] Ha aHIMaIlifo BiZIOYBa€THCS nepexizg Ha Be0O-CTOPIHKY
(https://ru.wikipedia.org/wiki/LTE). 3anpornoHoBani Taki Jii: po3paxyHOK HEOOX1JTHOI
KiJIbKOCT1 6a30BHX CTaHIIK a0 mepexis 10 BHOOpy o0ia HaHHS.

B xomi TecToBoro 3amycky nporpamMHOro 3a0e3nedeHHst OyB pO3paxOBaHUI MPOEKT
mobynoBun mepexxki LTE B KwuiBepkiii obmacti. KinbkicTh TOTEHIIHNX aOOHEHTIB
cxmamae 895895 aboHeHTIB, a HEOOXiJHA KUTbKICTh 0a3oBuX craHmiid — 5163. Tlpu
BHOOpI 00NaHAHHS 0YyJI0 00paHO BUPOOHWKA, KU 3apEKOMEHIYBaB ceOe HalKpaIuMm
MOCTAaYAIEHUKOM KOMYTaIliifHoro obiagaanHs B cBiTi — «Cisco Systemsy. BpaxoByroun
BCi KOMITOHEHTH Ta 3aTPaTH Ha BCTAHOBJICHHS Ta HaJAIITYBaHHS 00JIaHAHHS, TOOYI0Ba
MIPOEKTOBAaHOI Mepexi Oyne komTyBatn 2086545784 rpH.

TakuMm 4YWHOM, B PE3yAbTAaTi BHKOHAaHHS POOOTH Oyao po3po0iieHe MporpamHe
3a0e3nedeHHs U MOJNETTIEeHHs eTary MpoekTyBaHHS Mepexi. [Iporpama oGumciroe
HEeOoOXiJHy KiJIbKicTh 0a30BHX CTaHNIH Ta 3arajgbHy CyMy BHTpaT IS MOOYIOBH
Mepexi, a TOMy MoXe OyTH BUKOPHCTaHA OIepaTopaMH CTIIBHUKOBOTO 3B’SI3Ky Ha eTari
TIEpPBUHHOTO Po3paxyHKy Baprocti Mepexi LTE.
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 621.396 (043.2)

Jukas H. B.
Hayuonanvuwiii asuayuonnwiii ynueepcumem, Kues

KOMMYTATOPBI CUCTEMBI CISCO. HEJJECOOBPA3HOCTD UX
HNCITIOJIb30OBAHUS

®upma Cisco — 3T0 mNpU3HAHHBIA JHAep B chepe CeTeBbIX TEXHOJIOTHH.
OO6opyoBaHHe, KOTOPOE OHA BBITYCKACT, TPEAHA3HAYCHO [UISl Pa3pelleHHs IIHPOKOro
Kpyra BOIPOCOB, K MMPUMEPY, TaKHX KaK Mepejiada roJOCOBBIX JAaHHBIX U HH(OpMaIiy,
BUJICON300paXeHUs B MaciuTadax riao0ajbHBIX M JIOKANBHBIX ceTeil. OTIMYUTeNbHOI
0cOOCHHOCTRIO 00OpynoBaHWs Kommanuu CiSco CUUTaeTcsl THOKOCTh B HACTpPOWKE,
TOBBIIICHHAS TPOU3BOUTEIBHOCTD, OE30MaCHOCTh U HAJIEKHOCTh. B OCHOBE KaXKI0ro
yerpoiictB Cisco ectb oneparmonHas cucrema Cisco 10S, oHa u ympaBisieT CeTeBBIM
YCTPOICTBOM.

Tunbl ceteBbIX ycTpoicTB: Mapmpyrusatopsl Cisco; Kommyraropsr Cisco;
AnantuBabie pemenue Cisco B cepe 06e30MacHOCTH.

Kommymamopel, Ha3piBacMbple  €Ill¢  NEPEKIIOYATENsIME, KaK M MOCTBI,
GYHKIMOHUPYIOT Ha KaHAJIBHOM ypoBHE Monenn OSI ¥ NpUMEHSIOTCS Ui pa3OueHus
JIOKJBbHOW CETH Ha CETMEHTBI, a TAKKe OOBEJAMHEHHUS IONYYCHHBIX CETMEHTOB WU
HEOOJIBIINX JIOKAJBHBIX ceTell. KoMMyTaTophl cofepkaT GoIblioe KOIHYECTBO TOPTOB,
HUMEIOT BBICOKYIO IMPOW3BOIUTEIBHOCTh M MOTYT HE TONBKO paslelsTh Ha CETh
CErMEHTBI, HO ¥ Pa3rpaHHYUBaTh HOTOKH COODIICHUH MEXIY PA3IHIHBIMH Y3JIaMH CETH
JPYT ApyTa.

IIpenmymecTBa ucnoap3oBanus kommyraropos CISCO:

* Bricokoe Ka4ecTBO OOCITYy)KUBaHUS KIIMEHTOB

* ITpekpacHoe 00CITy)KHBaHHUE U YPOBHH JIOCTYIIA

* YMeHbIIICHHE 3aTpaT Ha MOTPEOICHHE PECYPCOB U Ha AJICKTPOIHEPTHIO

* Ananranus K m3MeHeHusM ousneca u UT

*Be30macHOCTh 1 COOMIOACHHE HOPMATHBOB

* I[TpeBoCXO/IHAS 3aIlIMTa KATIUTAIOBIOKCHHI

BoiBog

Takum o6pa3oM, kommyTatopsl Cisco NPECTABISAIOT COOOM CIOXKHBIC YCTPOKHCTBA,
U KaKIOC BBHIMONHICT ONpeAesicHHY (GYHKIMI. I[IpaBHIBHO BbIOpaHHBIC U
HACTPOEHHBIE YCTPOWCTBAa CHOCOOHBI paboTaTh romamMu 0e3 cOOeB, MOTOMY JIydIle
JIOBEPUTDH TaKyl0 paboTy 10 BHEAPEHUIO M YCTAHOBKE CMEHAINCTaM, IOTOMY KaK OHa
HAYMHACTCS HETIOCPEICTBEHHO ¢ BhIOOpa Cisco.

Hayunwiii pyxosooumens — B.U. Bnusniok, accucmenm
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Baxrisipos J1.I.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

BUBIP OITUMAJIBHOT'O BUY MOJIYJIALI ITPU ITOBY JOBI
EKCIHHEPUMEHTAJIBHOI MOJEJII 3BAXHIIEHOI'O KAHAJTY
KEPYBAHHS BILJIA

OCHOBHOIO BHMOTOI0 TIpH CTBOPEHHI 3axmiieHoi cmcTeMHu 3B'si3ky 3 BILUIA €
3a0e3nedeHHs] MOXKIMBOCTI Tepefadi JaHWX 13 3aaHOI0 MIBUAKICTIO 1 HMOBIPHICTIO
TIOMWJIKH TIPH BENTUKHX BifcTansax Mixk JIA 1 TIKY.

Eb/o, 40

Puc.1

3 puc. 1 BUmIMBae, MO 3i 30UTBIICHHSAM MO3HIIIHHOCTI MOAYIAIIT HMOBIPHICT
0iToBOoi MOMMIKK 30UTBIIyeThCA. It MIATPUMKM 3aJaHOrO piBHSA 0iTOBOI HMOMMIIKK
HeoOXiqHo 30imbIryBaTy BigHOmeHHs curHan/myMm (BCIL) ma Bxomi mpuitmaua. Tomy
JIOIITBHUM € BUKOPUCTaHHsI 0araToNoO3UITHOT MOYJISIIT TITHKH TPH MAJIUX BiJICTaHIX
mix BIUTA i [IKY mis mepemaui Ginmbmioro obcsry iHdopmamii 6e3 3MiHM IMPUHA
cMyru dactor. Jlns 3a0e3medeHHs MaKCHMAJIBHOI JABHOCTI 3B'SI3KYy HEOOXiJTHO
BHKOPUCTOBYBATH CHEPreTUYHO HAWBWTINHINI BHUIAM MOIYISIIl - Taki sSK JBIHKOBa
¢a3zosa maninyssuis (BPSK) i kBaxpatypra daszosa manimysis (QPSK).

Jnss  GoporeOm 3 0araTOMpOMEHEBICTIO  CHUTHAIIB  ICHYE  TEXHOJOTist
MYJIBTHIUICKCYBAaHHS 3 OPTOTOHAJIBHUM YacTOTHHUM moxinom kaHaniB (OFDM), ska
e(eKTUBHO 3aCTOCOBYETHCS B 0e37poToBHX Mepexax Wifi Ta WiMax.

Bucoka crekrpanpHa edekruBHicte OFDM Monynsiii 3a0e3rmedyeThest JTOCHTH
OJIN3EKAM PO3TAIlyBAaHHAM YacTOT CYCITHIX ITiJJTHECHHX KOJMBAHb, SKi TCHEPYIOTHCS
CITIJIBHO TaK, 00 CHTHAIM BCIX MiTHECHUX OYIHM OpPTOrOHAIBHI.

Sk mpaBwio, MM OuNbIIE YHCIO MiAHECHWX, THM MEHIIE BIUINB 3aBMHPAaHb
CHTHAITy, 00OyMOBJICHUX 0araTonpoMeHEeBHM PO3MOBCIOMKEeHHsM. OHaK Iie TIPH3BOIUTH
JI0 YCKJIAQIHEHHS amapaTypy i1 M0 30UIbIIEHHS CIIOTBOPEHb CHTHANY 3a PaxyHOK
JIOTIepiBCEKOrO eekTy. Y mesKHX BHIAJKax IPH BEJIMKOMY IOIUICPIBCEKOMY 3CYBi
OFDM Brpauae cBoi nepeBaru (B IIbOMY BUIIAJKy KpaIlM BapiaHTOM € BUKOPUCTAHHS
OJTHOYACTOTHOI MOMYIIALIT TS ITepeiadi CHTHaIIY).

OTxe, HEOOXiHO BHOpaTH ONTHMAaJbHY KUTBKICTh IMIJHECHUX MPH 3aCTOCYBaHHI
OFDM st mepenaui nannx Ha BITJIA.

Cnucok BUKOPHUCTAHUX J7KepeJT
1. Richard V.N., Prasad R. OFDM wireless multimedia communication. Artech House
Boston London. 2000. 260 p.
2. Crkasp b. Lludposas cBsi3b. TeopeTnueckne OCHOBBI M MPAKTHYECKOE puMeHeHue, V3. 2-
e, ucrnp.: Ilep. ¢ aurn. / b. Cxisip. — M.: U3natensckuit noM «BuibsiMcy, 2003. 1104 c.

Hayxosuii kepisnux — I1.O. Koznwoxk, 0-p mexu. nayk, npogecop
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 004.7 (043.2)

Monimyxk B.B., Tupcenko A.M.
Hayionanvhuii asiayitinuil ynieepcumem, Kuisg

MOJEJIOBAHHS POBOTH OVERLAY-MEPEXKI SDN

SDN (Software-Defined Networking — mporpamHo-KOH(GIrypoBaHa Mepexa) —
apxiTeKTypa IIEHTpaji30BaHOi ITOOYIOBHM KOMII'IOTEPHHX MeEpeX, 3acHOBaHAa Ha
NepeHeceH i (YHKIIOHATBHOCTI MapIIpyTH3aTOPiB Ta KOMMYTATOpIB J0 MEPEKEeBOrO
KoHTposiepa. LI KoHIemmist Mae psii TepeBar, TaKWX SK IiJABUIICHHS IIBHIKOCTI
mepenadi MpU  BENMKUX 00’eéMax Tpadiky; CIpPOMIEHHS YIPaBIIHHI MEpeKero;
MOXIJIUBICTh BHKOPUCTaHHS JONATKIB JUIS aJMiHICTPpyBaHHs, MEpPEKEBOi OE3IeKH,
HanmamryBaHHs QoS Tta ACL rtomo. Texnomoriss Ha0yBae Bce IIMPIIO HOMYISIPHOCTI
JUTSL peaizalii B 1aTta-IeHTpax, KOPIIOpaTUBHAX Mepekax, Mepexax nposaiinepis ISP.

Ha crorosHinmHIN J€HL ICHYIOTH TaKi OCHOBHI MeToH peamizariii SDN-mepexi:

e  Mepexa Ha ciemianbHuX (3a3Budail Openflow) komyraTopax.
e  Mepexa Ha 0a3i cepBepiB arperaiii Tpadiky.
e  Mepexa Overlay Ha 6a3i BipTyaJJbHUX KOMYTaTOPiB.

IMpn mobynoi Overlay-mepesk BHUKOPHUCTOBYIOTBCS MPOrpamMHI  KOMYTaTOpH
(manpurutax Open vSwitch), mo BcTaHOBIIOIOTECS Ha BipryanbHi Mammau (BM). Ha
MIPOrpaMHUX KOMYTaTOpaxX HAJAITOBYETHCS KOMYTAIlisl MiX BipTyaJbHUMH MOPTaMH i
Bi/IITOBITHICTH BipTYaJIbHUX Ta (i3MYHUX HOPTIB, a BKe (Pi3MIHI TOPTH 3B'I3YIOTHCS MiX
coboro Tyremamu. Cxema Takoi Mepeski 300paxeHa Ha puc. 1.

Finepeizop SDN-koHTpONEp FMnepeizop

dizrdyHa

vSwite

Puc.1 Mognens Overlay-mepexi SDN

B mopiBHAHHI 3 amapaTHOK pEaTi3alli€l0 HEMONIKOM € OlIbllla 3aTpUMKa IPH
nepenadi qanux. Ha mpakrwmi mis peanizarmii Overlay-mepexi B 1[O/lax HeoOXimHi
KJIaCTEePH CepBePIB VIS PO3MIIICHHS BipTyanbHUX MamuH. [Ipote cyTTeBOrO mepeBaroio
TaKOTo MiAXOY € Te, IO il MOJKHA pO3TOpHYTH Ha 0a3i Bxke iCHyrouoi (hi3HIHOI Mepexi.

MonentoBanas pobotn Overlay-mepeki MOKe JOMOMOTTH Ha TMPAKTHUI OMIHUTH
Taki MapaMeTpy Mepexki sK IIBHIKICTh MapIIpyTH3allii Ta SKIiCThb NpiopuUTH3amii
TpadiKy, OMIHUTH CKJIAJHICTh YIPABIIHHA TaKO MEpekero. MOXIJIUBO PO3TOPHYTH
Overlay-mepexxy Ha 0asi icHyrowoi (i3myHOI Mepexi B HaBYANBHOMY 3aKiIafi s
npoBeeHHs ekcriepuMeHTiB 3 SDN, TectyBanusaMm nonatkiB API mist korTponepa. IIpn
nmpoMy poOoTa icHyHo4Ool Mepexi He Oyle TMOopylleHa, apke He MOTpiOHO Oyre
3MIHIOBAaTH HAJAIITYBaHHS allapaTHUX 3aco0iB.

Hayxosuii kepienux — P.C. O0apuenxo, Kauo. mext. HAyK, O0yeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIIK 628.87 (043.2)

AbakymoBa A.O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

OCHOBHI TPUHIMIIN KEPYBAHHS MIKPOKJIIMATOM NPUMILIEHH I

Jlst komopTHOTO NepeOyBaHHs B OyAMHKY BayKJIMBI Taki JpiOHUII SK TeMIepaTypa
1 BOJIOTICTb, CBIXKICTh TIOBITPS 1 OCBITJICHICTh. AJIe TAKOXK YK€ BAXKIIUBY POJIb BIIIrpae
3pYdHICTh KepyBaHHS MIiKpOKIiMaToM B OymuHKY. [lns 3abe3nedeHHS KOM(OPTHOTO
nepeOyBaHHSI B KO)KHOMY  Cy9acHOMY  OyAWHKY  BCTAHOBJICHI  CHCTEMH
KOH/IMITIOHYBaHHS, BEHTWIAIII Ta OMaleHHs. A TapMOHIHHY i 371aro/pkeHy poOOTy BCixX
X CHCTeM 3abe3mnedye aBTOMaTH30BaHa CHCTeMa ympaBiiHHSA. BoHa ympaBisie Bcima
IHKEHEPHIMH KOMYHIKAIlIIMA B 3aJIGKHOCTI BiJ 3aJaHUX MapamMeTpiB i yMOB B
npuminierHi. [Ipy 3MiHI TemMmiepaTypy, BOJIOTOCTi, OCBITIICHOCTI 1 3aJI€)KHO Bifl TOTO UM €
IO B TPHUMINICHHI BiOYyBA€ThCS KOPWUTYBAHHS, PETYNTIOBAaHHSI 1 MiATPUMKa
HEeoOXiJHUX TTapaMeTpiB.

ABTOMaTH30BaHa CHCTeMa YIPABIiHHAM MMOOY0BaHA Ha OCHOBI OZHOTO IOTY)KHOT'O
MIPOrPaMHOT0 KOHTPOJIEpa, KOTPUIl PO3MIIIEHHI B OJHOMY 3 NPHUMIIIEHB i € «MO3KOM)
cucteMu. Jlani KOHTporep 3'eqHy€eThCs 3 TaTIMKaMU 1| BUKOHABYUMH TIPHCTPOSIMU.

[MpuaIMn (yHKIIOHYBaHHS CHCTEMH 3acHOBaHWH Ha 300pi, OIIHINI i MOpiBHSIHHI
rmapaMeTpiB MiKpOKJIIMATy OKPEMHX NPHUMINICHb (TeMIeparypa, BOJOTiCTh, CBIXICTh
MOBITPs). Y TPHUMIINEHHSX, A€ MOTpiOHAa MiATPMMKA IapaaMeTpiB MIKpOKIIMaTy B
3aJJaHIX MEKax, BCTAHOBIIIOIOTHCS 3aCO0M BUMiPIOBAHHS Ta YIPaBIIiHHS.

I'mydake mnporpamHe 3a0e3TledeHHs KEpyUuoro KOHTpOJIepa IO3BOJISIE 3HAYHO
30UTBIINTH  KUTBKICTH MOXIIMBHX PEKHMIB POOOTH aBTOMAaTH30BaHOI CHUCTEMH
yIpaBIiHHA. Y TIporneci poOOTH BIACHUK OYIMHKY MOXKE ONEpaTHBHO KOHTPOIIOBATH
MIKPOKJIIMAT y MPUMIIIEHH i 3MiHIOBaTH HANAINTYBAHHS CHCTEMH YIPaBIIiHHS, HABITH
Ha BEJWMKMX BIJCTAHAX, 3aBIIKH MiAKIIOYEHHX 0 IPOrpaMOBAHOTO KOHTpOIEpa
KOMYHIKaIlifHAX MPHCTPOIB.

Takok aBTOMaTH30BaHA CHCTEMa JO3BOJISIE E€KOHOMHUTH eHepropecypcu. Komn
JIIOIMHA H/le 3 IOMY 1 CHOBIIIA€ CHCTEMY, IO <1 MIIIOB)» BOHA IEPEXOIUTH B PEXKUM
€KOHOMIYHOIO EHEPrOCIIOKHUBAHHS, TUIBKM MIATPUMYIOUH MIiHIMQJIBHO HEOOXiTHi
rapaMeTpH. 3a rmapy TOIHMH JI0 TOTO SIK BIIACHUK MOBEPHETHCS JIOZIOMY aBTOMAaTH30BaHA
cucTeMa BHWiJIe HA HOMIHAIBHI TapaMeTpd 1 JIOBEJE YMOBH MIKPOKIIMATy JIO
HEOOXITHHX.

TakuM dYMHOM, TPH BHKOPHCTAHHI ABTOMAaTH30BAaHOI CHCTEMH YIPABIIHHI €
MOXXJIMBICTh CTBOPHUTH IHJUBIAyaIbHHH MIKPOKIIIMAT O€3MmocepeHbo Uil KOXKHOL
KiMHaTH OynnHKY. BOHa /103BOJISIE €KOHOMHTH €HEProOpeCcypCH 3aBISIKH ONTHMAIEHOMY
BHOOPY CHCTeM U MIATPUMKH TapaMeTpiB MiKpokiimary. Takok € MOXIJIHBICTh
BiJUTAJICHOTO YIPABIIHHA IapaMeTpaMH MiKpPOKJIIMaTy 3a JOMOMOTOI0 Tele(oHy du
iHTepHeTY. Y Oymb-AKHH 3pydHHII Yac MOXKHA 3aiiTH B CHUCTEMY YHpaBIIHHA i
BiJIpETYIIIOBaTH HEOOXimHI mapaMerpu abo dYac BKIIOYCHHS MEBHOI CHCTEMH YH
o0 HaHHS.

Hayxosuii kepisnux — P.C. Odapuenko, Kan0. mexu. HayK, O0YeHm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 004.725.5 (043.2)

®omenko P.€., lextsapenko A.T.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

OIITUMAJIBHI METOJU U1 EGEKTUBHOT'O BUKOPUCTAHHS
WI-FI MEPEXK

Ha croromimHii neHs po3ropHyTH qoManiHio Mepexy Wi-Fi iHo/i BUSBISETECS He
TaK MMPOCTO, SIK I1€ 3AAETHCS Ha MepIInii Moy, Jlaneko He 3aByKIU BAAETHCS 3JIOBUTH
CHTHAJI B KO)KHOMY KyTOYKY OyIuHKY ab0 KBapTHpH. MeTomoM npob i IOMHIOK MU
BH3HAYAEMO 1/1eaIbHe MiCIle ISl TOYKH JJOCTYITy, Ha SIKOMY 3a0e3MeuyeThCs YIIeBHEHUH
TIPUIOM JUTSL KITI€EHTCHKUX TPHCTPOIB.

o6 po3mmpuTH pamiyc MOKpUTTS Mepexi Wi-Fi MoXHa BHKOpHCTaTH JesKi
METOJIH.

3MIHUTH PO3MIIIEHHS MapmpyTu3aropa (a0 TOYKH IOCTYIy), 00 YHHUKHYTH
TIepeIIKox 1 3aBaj, SIKI 3MEHIIYIOTh pamiyc aii obmammanHs Wi-Fi-mepexi. Cepen
TIEPEIIKO/T B KUTIOBUX OyAWHKAX BHCTYNAIOTH CTiHH, MiKPOXBHJIBOBI ITedi i 6e31poToBi
teneponn. Kpim Toro, moxmBo, BapTo 3MiHMTH HoMmep Wi-Fi-kanamy Hamoro
o0JiaHaHHS, 00 YHUKHYTH 3aBajl.

Bukopucratn 30BHImHIO MepexeBy KkapTtky Wi-Fi. He 3aBxmu uwyrnmmBocti
BOyZIOBaHHX MepexkeBHX KapTok Wi-Fi mocTaTtHbo, 00 OpraHi3yBaTH HaJiiHUI 3B’ I30K
3 TOYKOI JOCTyIy (Mapmpyruzatopom). OcoOIMBO I aKTyallbHO Ui HETOYKIiB Ta
TUTAQHIIETIB.

OHoBHTH aHTeHy Mapmpyrusaropa (abo Touknm pnocrymy). Wi-Fi aHTrenn Ha
OimpmocTi 0a30BUX CTaHIH OE3MpOBITHOTO 3B'I3KY MOXKHA 3aMiHHTH Ha OLIBII
epexTuBHI,ab0 JOMATH IMe OXHY TOUKy JocTymy (abo Mapmpyrusarop). Bemmki
MIPUMIIIEHHS, SIK TPAaBUJIO, BUMAraroTh He OibIIe IBOX TOYOK JOCTYITY, B TOH Hac sIK
KOMIaHii MOXYTh BUKOPHCTOBYBAaTH JECATKH TOYOK JOCTYIy. Y OyIWHKY HEOOXimHO
MAKITIOYNTH TIEPBUHHUN O€3ApOTOBHH MapmipyTu3aTop (TOUKY IOCTYITY), SIKHi
3’emHary 3 iHmUMHK Kabenem Ethernet, 60 momamrHi 6e3apoToBi MapmpyTH3aTopu abo
TOYKH JOCTYITY 3a3BHUail He CIIIKYIOTBCS MixK 00010 6e31ocepeHbo.

Jlonatu nBoHanpaBieHui miacumoBad Wi-Fi-curaany st 6e31poTOBUX IIPHUCTPOIB.
Wi-Fi mincunroBau curHamy (signal booster) MiAKITIOYaEeThCS 1O MapIIpyTH3aTOpa,
TOUkH joctymy Ta Wi-Fi-kmieHTiB B Micii mia’ eTHaHHS aHTeHH. J|BOHATIpaBJIeHI aHTEHH
T ICHITIOIOTE CHTHAJ B 000X HamNpsIMKax: mepenadi i mpuiiomy. BoHM moBmHHI MaTH
Juist iepenadi Wi-Fi mBokaHaIBHMIA paIio3B'a30K.

Jomatu Wi-Fi pemnitep. be3nporoBuii moBToproBad (permitep) - Iie aBTOHOMHHH
MIPUCTPIH, SKUH PO3MINIYETHCS B MEXKaX JIOCSHKHOCTI O€37JpOTOBOTO MapHIpyTH3aTopa
(Toukm mocrymy). Pemitepu (Tak 3BaHi, "pO3IIMpIOBadi Jiana3oHy») BHKOHYIOTH POJIb
JIBOCTOPOHHBOT peTpaHCIsImiiHOT cTanmii it Wi-Fi-curHanis. Kiientn, sxi 3aHanTo
JTAJIEKO BiJl TIEPBHHHOTO MAapUIPYTH3aTOPA/TOYKH JOCTYILY, MOXYTh 3aMIiCTh HHX
3’emHaTHcsa 3 WLAN depe3 peTpaHCcisaTop.

3acTocyBaHHSI HaBEJEHHMX METOMIB HajaJio O 3MOry ONTHMAIBHO Ta €(pEKTUBHO
BHKOPHCTOBYBATH Ta 3pOOUTH HOTo CTaOIIbHUM 3B’SI30K, SIKHH Ha CHOTOIMHINIHIHN JICHb €
HEBiJl €MHAM YHHHUKOM JIJIsl 0OMiHY Ta niepenadi indopmariii Ha BijicTaHi.

Hayxosuil kepienux — O. I1. Tkaniy acucmenm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 621.396.2 (043.2)

MMoairensko 0.0.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

NUISIXW NIABAMEHHS EHEPTOE@EKTUBHOCTI NIACUCTEMHU
BA30BUX CTAHIIN MEPEX CTIJIBHUKOBOI'O 3B’SA3KY

CyJacHi TeHICHIIIT HiIBUIICHHS eHeproe(h)eKTUBHOCTI IMiICUCTEMH 0a30BHX CTaHITIH
(bC) BHUOIAIOTHP JBa  OCHOBHI Ta TICHO TIOB’S3aHI, HANPSMKH: 3HWKEHHS
eHepropxuBaHHsI BC Ta BUKOpHUCTaHHS albTepPHATUBHUX DKEPEN >KUBICHH. Buxomsaan
3 BHTPAT TI0B’S3aHUX 3 EKCIUTyaTaliero 0a30BHX CTaHIIIH, IX MOXINBO PO3AUTUTH Ha 3
TpyIH:

- BHTpATH Ha eKcIuTyaTanito obnagnansst bC;
- BHTPATH Ha eKCIUTyaTaIliIo JIiHI} 3B 5I3KY;
- BHTPATH Ha €KCINTyaTaIlil0 aHTE€HHO-MAaYTOBUX CIIOPY/.

[Tomi>k OCHOBHMX BHTpAT IIOB’SI3aHMX 3 OOCIIyTOBYBaHHSM Ha €KCIUTyaTaIlifo OmHiel
6a3oBoi cTaHIli, OLTBIIA ITONOBMHA MOKJIQJIEHa HAa EHEProroCTayaHHs, NPHOIU3HO
TPETHHA €HEeprii BUKOPUCTOBYETHCS JUISl HOMOMIKHIX CHCTEM, a CaMe OXOJO/DKEHHS 1
JKHBJICHHS.

[Ipu po3mimeHHi 0a30BUX CTaHIIA B Mekax Micrax abo TOOJIM3y HacelIeHUX
ITyHKTIiB MPOOJIEM 3 OpTraHi3alielo eHeproXUBICHHS 3a3BHYail He BUHUKA€E CKIIaTHOCTEH,
TaK SIK iICHYE MOXKJIMBICTh TIIKITIOUYCHHS JI0 MICIIEBOI €TIEKTPOMEPEKi. Y BHITQJIKY, SKIIO
MAKITIOYEHHST /10 €JEeKTpOMepeki, 3 Oyab-sKoi NPUYNHH HEMOXJIMBO abo 3aHAATO
BUTpaTHEe, BUKOPHCTOBYIOTH aBTOHOMHI JKepera >KHBICHHS.

EneprocroxuBaHHS KOHKPETHOI 0a30BOi CTAHIIIT 3aICKHUTH BiJ] 0araTh0X YNHHHUKIB.
Hanpuknazn, konuBaHHS TeMIlepaTypy MPU3BOAUTE 10 3MiHH HaBAaHTAXXEHHS Ha CHCTEMY
OXOJIO/KCHHSI. TakoX CIIO)KMBaHA MOTYXHICTh 3aJIC)KUTh B KiJTBKOCTI aKTHBHHX
a0OHEHTIB.

BuainstoTs gekinbka MUISIXiB 3HIKSHHS €HEPTOCTIOKUBAHHS:

- OHOBJICHHS 3aCTapiyioro o0JaIHaHHS;

- CHCTEMH JIHAMIiTHOTO €Hepro30epexeHHs;

- BHMHOCHI paJlio0JIOKH Ta PO3MOMIICHI aHT€HHI CHCTEMH;
- YIOCKOHAJEHHS JOMOMDKHHX CHCTEM;

- BHKOPHCTAHHS aJIbTepPHATHBHUX JPKEPETl dKHUBJICHHSI.

B 3meHmeHHI BHTpaT Ha eHeprocrmoxkuBaHHA bC MpPIOPUTETHHM HANPSIMKOM €
BHUKOPUCTAHHS AIBTEPHATHBHUX JUKEpEN JKUBICHHA. AHAN3 peasbHOi cobiBapToCTi
eHeprii, OTpMMaHOI BiX aJbTEPHATHUBHUX JDKEPENl JKUBICHHSI 1 OI[HKY EKOHOMil
MOXJIMBO pPO3paxyBaTH 3a JOIOMOIOI0 CHEHiaJIbHOi MOJeTi Ta IIPOrpaMHOr0
3abe3neueHHs, sk Hampukial «KHOMER». Bukopucranus naHux Mojesei J03BONUTH
OLIIHUTH COOIBapTICTh ENEeKTPOSHeprii, OTpHMaHOoi BiJ TiOpMIHOI cHUCTeMH, ILiH Ha
€JIEKTPOHOCIT, IO JO3BOMUTH BHOpPAaTH ONTHMajbHE pIIIEHHS IJIsI KOHKPETHOTO
Bunaaky. [ToxiGHI poekTH Bike 3HAXOMATHCS Ha po3podii B kommaHii «MTC-YkpaiHay.

Hayxosuil kepisnux — P.C.O0apuenxo, Kano. mexH. HayK, 00yeHm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

PAJIIOEJEKTPOHHI ITPHCTPOI, CHCTEMH TA KOMIUIEKCH
VIIK 621.3.011.7 (043.2)

Atamanenxo M.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

PO3POBKA JIABOPATOPHOI POBOTH «®LIbTPU» 10 TACITATIITHA
«OCHOBH TEOPII KLJT»

Juctumina “OcHOBH Teopii KT’ CTaBUTH 32 METY:

- HaOyTTs CTy[JCHTaMHM 3HaHb | HABUKIB, HEOOXITHUX ISl BHBYEHHS HACTYIHUX
JUCIUILTIH  PajioeNIeKTpOHHOrO Tpodimro s 3a0e3nedeHHs B MalOyTHBOMY
OITaHyBaHHS HOBOT'O O0JIaJHAHHS B ITPOLEC CAMOCTIHHOI MPaKTHIHOI JiSUTBHOCTI;

- 3aCBOEHHS MAIIMHHO-OPIEHTOBAaHMX METOMIB aHAJi3y eJNeKTPOHHUX CXeM,
MOKJIAJICHNX B OCHOBY CYYacHHX MiJXOMIB JIO JIIarHOCTHKH 1 iIeHTU(IKAI] BUXOTY 3
Jaty paioeNIeKTPOHHOI araparypy.

JIoCATHEHHIO Takoi KOMIUIEKCHOI METH TpHCBsUeHi 1 jaboparopHi poboru. [Ipm
BHUKOHAHHI J1abopaTOpHUX POOIT CTYAEHT 30mpae y cepemoBuii nporpamu Electronics
Workbench cxemy Toro abo iHIIOrO TPHCTPOIO, IIPOBOIUTH BHMipPIOBAHHS
XapaKTepUCTHK CXEMH 3a JIONOMOrOI0 BIPTYaJbHUX KOHTPOJIBHO-BUMIPIOBAJIBHIX
MIPWIIAAIB, KPeCIuTh rpadikd, Mo BigoOpakaloTh pe3yiabTaTH BHMipioBaHb. [loTiM
CTYIEHT TIOBHHEH IIPOBECTH PO3PaxXyHKH OCHOBHHX XapaKTEPHCTHK JOCIIHKYBaHHX
MIPUCTPOIB Ha MIJICTaBl CHPOIIEHUX (OpMyJ, BUBUEHHX Yy Kypci jekuiil. IlopiBHAHHS
pe3yabTaTiB MOJENIOBAHHS, MPOBEICHOTO HAa OCHOBI JOCHTH CKJIAQJHUX MoOJeiel
nporpamu Electronics Workbench, i cipomernx po3paxyHKiB, IPOBEIEHNX Ha OCHOBI
JIOCUTh HECKJIQJHUX MojeJiel, BUBUCHHX y Kypci «OcHOBH Teopii KilL» 03BONSE
CTYZIEHTY HAa09HO OLIIHUTH 3HAYMMICTh OTPHMAHNX 3HaHb.

Ane Takmi MAXig Mae i cyrTeBHH Hemoiik. 3a 6a30BHH KpUTepid NMpHHMAETHCS
TaKOXK Teopis, Xxoua W peamizoBaHa Ha 0a3l CKIATHOI KOMITFOTEPHOI MPOTpPaMHu.
MeroanuHo mpaBimeHO Oyno O TOpPIBHATH 00OHMIOBa TEOPETHYHHMX aHaliza 3
€KCIIEPUMEHTOM.

Tomy metoro pobotn € po3podka MakeTy LC-(hinbTpiB, MpoBeaeHHS BUMiPIOBaHHSI
X aMIUIITYJHO-9aCTOTHHX XapaKkTepUCTHK,  aHANITHIHHA pO3paxyHOK IMX ke
XapaKTepUCTHK Yy paMKax KJIacHYHOI Teopil QUIBTPIB Ta YHCENBHMI PO3pPaxyHOK 3a
nortomoroto iporpamu Electronics Workbench.

Hayxosuii kepisnux — I'.€. Cokon06, Kano. @iz.-mam. HAyK, O0YeHm



XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 621.396.962.3 (043.2)

Ba6ancska H.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

JETEKTYBAHHSI HETAYCOBOCTI SIK METO/] IOKPAIIIEHHSA
XAPAKTEPUCTHUK BUSABJIEHHSA PAJJIOJIOKATOPA

Ha crorojHinmHil JIeHs aBialliifHa Tainy3b JOCATIIa 3HAYHOTO PO3BUTKY, 1 OUEBUIHOIO
€ TEeHJEHIIS MOJEpHi3amii pagioTeXHIYHUX 3ac00iB YNPABIIHHS TOBITPSHIM PYXOM:
3aco0iB 3B’s3Ky, HaBiramii Ta pamionokamii. /{1 oTpuMaHHS SIKICHOI paJTioNoKaIiiHol
inpopmarii, HEOOXiTHO TOCTIiHE TMOKpAIeHHS 0a30BUX  TaKTHKO-TEXHIYHHX
xapakrepuctuk (TTX) pamionokamiiinux cranmiid (PJIC), BIOCKOHAJICHHS iICHYIOUMX Ta
po3poOka HOBHUX METOMIB OOpOOKH CHTHAJIB, IIJIBUIICHHS €(QEKTHBHOCTI Ta
CTa0lTBHOCTI IIMX METOIIB.

3amaga, mocTaBiieHa B poOOTi, MONsTaNa Y TOCHTIPKeHHI HETayCiBCHKOIO XapakTepy
CUTHAJIIB, 1[0 TIOTPAIUISIOTH N0 mpuiiManbHoro TpakTy PJIC. B po6oTi posrisnarorees
JIBa MPUKJIAY CUTHAIIB, III0 MAlOTh TAKUH PO3MOJILI:

- Tepmui — Ie CyMilll KOPUCHOTO CHTHAJY, IO BiIOMBA€THCS BiX I, 1
rayciBCbKOIO IIyMY;
- Jpyrui - iMIyJabCcHaA 3aBajia.

Jlnst eheKTHBHOTO BUKOpHCTAaHHA iH(opMaIlii, oTpuMaHoi B IPONeci JOCIiHKEeHH,
Ba)KJIMBO PO3POOHTH aNTOPUTM, 3aTHHH BUSBUTH Pi3HUIIO BiJl HOPMAJIEHOTO PO3IOALTY
SIKOMOTra TOYHIIIe, 3a0e3ledyloudl TNpH I[bOMY CTaOUTBHICTH iMOBIPHOCTI XHOHOL
TPHUBOT'HL.

ANTOpPHUTM BUSBJIECHHS HETayCOBOCTI, 3alPOIIOHOBAHMI B poOoTi, Ga3yeThes Ha K-
KpuTepii abo JIOKAIFHO—ONTHMAIBHOMY JIBOCTOPOHHBOMY BHPIIITyBaIbHOMY IPaBHIIL
(1), B OCHOBI SIKOTO JIEKHTH PO3PaxXyHOK OIIIHOK KOe(QiIi€HTIB acHMeTpii i ekcuecy
BHOIPKH.

* *

K(xl,xz,...,xn):h+y—. ©)
o . C..
T T2
Taxmit amroputM Moxe OyTH peani3oBaHHH Ha TIPOrpaMOBaHIM JIOTIYHIH
inTerpanbHiit cxemi (IUIIC) i BOymoBanmii y cucreMy mepBHHHOI 00poOkH iHpopmarii
(C110]) PJIC.

Hayxosuil kepisnux — I.I". I[Ipoxonenko, 0-p mexu. Hayk, npogecop
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 621.376.9 (043.2)

IleBuyk B.M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

OUPPOBA OBPOBKA CUTHAJIIB 3A JOITIOMOI'OIO
SOFTWARE-DEFINED RADIO

Software-defined radio (SDR) — cucrema pamio3B'si3Ky, B  sIKiif mporpaMHe
3a0e3NeueHHs] BUKOPUCTOBYETBCSL  SIK  JUIA MOLYIAALil, Tak 1 I JAeMOMYJISILl
pamiocurHaniB. [Ipm BukopucranHi SDR mepcoHanbHHH KOMITIOTEp CTa€  SIIPOM
JIFOOUTENBCHKOI PaioOCTaHIIll, 3aBASKA YOMY NMPAaKTHYHO BECh 00CAT poOIT i3 00poOKH
CHTHATy IepeKIaacTbcsl Ha IporpaMHe 3a0e3ledueHHs, AK€ 3allyCKaeThesl Ha
MEepCOHATBHOMY ~ KOMIT'IoTepi  abo  Kepye  poOOTOI0  NEeSIKMX  KOHKPETHHX
CIIeIliali30BaHNX MiKPOIIPOIECOPHUX IMPUCTPOIB, MPHU3HAUCHUX I OOPOOKH CHUTHAIY.
Mera Takoro MiAXOXy — CTBOPHTH CHCTEMY, SIKa MOXKE NpPUHMATH 1 IHeperaBaTH
MIPAaKTHYHO OYy/b-AKi paJiOCHTHAIN 3a JOMOMOTOI0 IPOrPaMHOT0 3a0e3NeUeHHs], 10 €
THYYKHM 1 IallTHBHUM.

HackRF omun 3 ramkeriB Software Defined Radio 3matHmii no mepemaui abo
npuitomy paniocursanis Bix 10 MI'm mo 6 I'T'. HackRF € mxepenom 3 Bigkpuroro
amaparHoo 1iatdopmoro, Moke Oyrum BukopucTaHumi sk USB mpmmag abo
3amporpamMoOBaHMK TSI  aBTOHOMHOI poOOTHM y SIKOCTI pajiompmiimMada abo
panionepenaBada. bera-Bepcist mmatn Hece Ha cobi CPLD - pekongirypoBanmii 4im i
kepyrounii ARM-koHTponep, Takox peanizye muHy USB mns 38's3ky 3 [IK. Jlns
HaJIaro/DKEHHS Ta aBapiifHOTO IepenporpamyBaHHs nepenbadenuii po3senennit JTAG.
Takok Ha mari po3BefeHi pi3HI iHTepdelcH mIs B3aeMomii 3  JOIOMIXKHOIO
nepudepi€ero, 1Mo T03BOJNIsE CTBOPUTH standalone-mpHCTpiil il KOHKPETHI 3aBJaHHS.
Taxoxx BOymoBaHa aHTeHa JuIs poboTH B miama3oHi ~ 900 Mro, BHKOpHCTOBYBaHa 3a
3aMoBUyBaHHSIM. OCHOBHI XapaKTepUCTHKU NpHiIay: Aiama3od 9actoT 10 MI' - 6 I'ro,
gacrora JTuckpetn3arii: 70 20 Mri, pexxuM podOTH: MOy JYIUIEKC, po3Mip ciioBa: 8 OIT,
inTepdeiic USB: 2,0.

BladeRF  BurimHo Bupi3HseThcs Outemn  mpomyktmBHEM ADC /  DAC,
BHCOKOMBHUIKiCHIUM iHTepdeiicom USB 3.0 i, 3BMuaitHO, MiATPUMKOI TOBHOI[IHHOTO
Full-duplex i MIMO. Xowa B mimomy apxitekrypa cxoxa: FPGA + xkepyroumit
KkoHTposep. OCHOBHI XapaKTepHUCTUKH: miama3oH dactoT 300 Mrx - 3,8 I'ri, Yacrora
muckperm3anii: mo 28 Mro, Pexum poGorn: Full-duplex, Posmip cmosa: 16 6iT,
iaTepdeiic USB: 3.0.

OOpoOKy curHamiB mHporpaMHUX pagionpuiimadiB 3abesnedye  GNU Pamio.
GNU Radio sBiisie coboro Habip mporpam i GiOTIOTEK, sSKi JO3BOJISIIOTH CTBOPIOBATH
JIOBUTBHI PajioCHCTEMH, CXEMH MOIyJsmii, (opMa CHIHAIB B SKAX 33Ta€ThCS
MPOTrpaMHO, a JUIs 3aXOIUICHHS 1 TeHepallil CUTHANIB 3aCTOCOBYIOTHCS HAMIPOCTIiMIi
amapatHi npuctpoi.. Kox Oimpmocti kommonentiB GNU Radio Hamucanmii Ha MOBI
Python, a yacTuHuW, KpUTHYHI 10 MBUAKOMIT 1 9acy 3aTPUMKH, HamucaHi Ha MoBi C++,
10 JT03BOJISIE BUKOPHCTOBYBATH ITTAKeT NPH BHUPIMICHHI 3aBAAHb Y PEXXHUMI PeansHOro
qacy.

Hayxoesuii kepienux — P.B. Ciniyun, Kano. mexH. HAyK, 00yeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 621.391 (043.2)

Cyp H. L., Jlucenko JI. O., SIkymeBcokuii B. B.
Hayionanvnuii asiayivnuii ynieepcumem, Kuis

JIABOPATOPHUI CTEHJ] CTATUCTUYHOI OBPOBKH CUTHAJIIB

B mporeci orpumanHs cydacHOl mpodecii MOIoap mparHe 3aKpillUTH TeOpEeTHUHi
3HaHHS Ha mpakThii. CyTTEBOO TIPOOIEMOI € BIJICYTHICTH Yy40OBHX CTCHIIIB,
MIPU3HAYEHUX TSI CAMOCTIMHUX JOCHIDKeHb BIIACTHBOCTEH Ipouexyp oOpoOKu
CTOXACTHMYHUX MPOIECiB, 10 MpHUTaMaHHI paaiocucTeMaM. Jlana pobora TpHCBsUCHA
MIPOEKTYBAHHIO TaKOTO JIA0OPaTOPHOTO CTEHAY, 3 MOMJIMBICTIO MOAANIBINOI TEXHITHOI
peauizarii, sikuii OyJie KOPHCHUM ITPU TIPOBECHHI HABYAIBEHHUX 3aHATD.

CTeH]| CKITaaeThesl 3 JIBOX MIKPOIPOLECOPHUX MPHIAAiB: TeHEpaTopa CKIIaTIHHUX
CTOXaCTHYHHX TIPOIECIB Ta MiJIKIFOUCHOTO JI0 HBOTO CIEIialli30BaHOr0 O0UMCITIOBAYA.
OOMiH JaHUMU 3JIHCHIOETHCSI Y TOCTIJIOBHOMY CHHXpOHHOMY ¢opmati. OcHOBHI
GyHKIIT TeHeparopa TONATAIOTh: Y (OPMYBaHHI JIETCPMIHOBAHHX CHUTHAIIB —
FapMOHIYHHUX, IMITYJIbCHHX, CIIELiajJbHOI (JOPMHU; TeHepallii BHUIAJKOBUX IPOIECIB 3
PI3HUMH PO3MOIIAMH, 30KpeMa XaOTHYHOI IMITYITbCHOI 3aBaiy; (OPMYBaHHS IXHIX
CYMIIIB 3 MOXITUBICTIO 3aBJaHHS HEOOXiTHMX mapameTpiB. OOUnCIOBaY 3a 0OpaHUM
ITOPUTMOM 3[HCHIOE CTAaTHUCTHYHY OOpoOKy cywmimi. ArmapaTHo oOuzaBa OJIOKH
OJJHAKOBI, aJle MaloTh pi3He TporpamHe 3abe3nmedeHHs. I[HTepdeiic kopucryBaua
CKJTAJIA€ThCS 3 KIIaBiaTypy Ta PiIMHHO-KPUCTATIYHOTO iHIUKatopa. J[ins MoximBocTi
TIepeTJIsTy OCIIOrpadoM 3reHepoBaHOTO IPoIecy Ta rpadidHUX Pe3ynbTaTiB 00poOKH
3a nonomororo [{AIT hopmyroThes crierianbHi aHAIOTOBI CHTHAJIH.

Knonkn reneparopa 3abe3mnedyroTs Taki (yHKmii: 9oTupm — BUOIp THIy mporecy
(cymirm, cHTHAI, IIIyM, 3aBajia); I’ ATa — Iepedip mapamMeTpiB CUTHATIB, IIyMiB Ta 3aBas;
IIe 7Bi — BCTAHOBJICHHS YMCIIOBHX 3HAUEHb IMX MapaMeTpiB; BOCEMa — BCTAHOBJICHHS
pexuMy TeHeparii (ogHOpa30BHH, TpuUBamMii Ta 0GaraTopa3oBWii); OKpeMa KHONKA —
3amyck a0o0 3ymMHKa PEeXUMY TeHepyBaHHs. [HOWKaTtop TeHeparopa po3Mmipom 2x16
CHMBOJIB PO3ALTSETHCS HA YOTHPH OAHAKOBHMX BIKHA: BEPXHE 3J1iBa — 3ar0JIOBOK THITY
Ipoliecy; MpaBOpyd — BHA TPOLECY; HIDKHE 3J1iBa — Ha3Ba ONHOTO 3 IapaMeTpiB
MpoIIecy, MpaBopyd — HOro 4ucioBe 3HadeHHs. L iHpopMartist BimoOpakae MOTOUHUI
CTaH HAJNAIITYBaHHS 3 KJIaBiaTypH.

ITonibHO 10 TeHeparopa OOYMCITIOBAY 3a0e3Medye MOMKJIMBICTH IOMEPEIHBOrO
BHOOpPY Ta IHIWKAIi: peXUMy OOpOOKH — OI[IHIOBAHHS, BUSIBJIICHHs, (hiIBTpaLlii;
KOHKPETHOT'O aJTOPUTMY PO3paxyHKy — mpasiononionocri, MHK, memapamerpudaHoro,
TOIO; Ta BCTAHOBJICHHS IXHIX MapameTpiB. 3a pe3ynbTaraMu oOpOOKH Ha IHAMKATOpi
BiZJOOPaKAIOTHCST PO3PAXOBaHI 3HAUCHHS: CTATUCTHYHMX XapaKTepPHCTHK INyMiB Ta
3aBajl — MaTeMaTHYHE OYIKYBaHHS, JUCIEPCis, KOe(II€HT KOPEINIii, TOIIO; OI[iHOK
rnapamMeTpiB KOPUCHUX CHUTHAJIB; ricrorpama — Ha ocrpiorpadi. TakuM 4UHOM, CTEH]T
JIO3BOJINTH JOCITI/DKYBATH PI3HOMAHITHI adTrOPUTMHU CTaTHCTHIHOI OOPOOKH CHTHAIIIB y
CKJIQIHUX CHUTHAJIBHO-3aBaJ0BUX CHTYAIIIsIX.

Hayxosuii kepienux — I.I1. Omenvuyk, Kano. mexH. HAyK, O0YeHm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 519.233.2:621.391.83(043.2)

Hoguxos B.C., ®enryk H.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

METO/J OITPEJEJEHUS BbIXOAHBIX XAPAKTEPUCTUK CUCTEMBI
KOHTPOJIA

Bynem cuuTarh, YTO IS Lieleld KOHTPOJsS 3aJaHa IOCIeJOBATEIbHOCTh U3 N
npeobpaszoBaTeneii MHPOPMAUMKM C W3BECTHBIMH BBIXOIHBIMH XapaKTEPUCTHKAMHU
Ka)X/IOr0 ¥ 3aKOHOM PAaCIIpe/Ie/ICHHs BXOIHOrO CHrHaa. JIisi HaX0XKICHHS 3aBUCHMOCTH
BBIXOJIHBIX XapaKTEPHCTHK CHCTEMBI KOHTPOJSI OT CBOICTB OOBEKTa KOHTPOIS BECh
[pollecC  KOHTPOJsS MPEJICTaBUM B BHIE  IOCICAOBATEIBHOCTH  OTIEIBHBIX
anemeHTapHbIX onepatii (30). Jlobas k-1 D0 mpu KOHTpONe MapameTpa M3IeNHs
ONHMCHIBACTCS  OE3YCIIOBHBIMH ~ BEPOSTHOCTSAMH ~ COCTOSIHMH  IpeoOpa3oBaHHOTO
mapameTpa Tepes HayalioM ee ACHCTBUS M MaTpHLEH IepeXOIHBIX BEPOSTHOCTEH.
I'pacudeckast k-5 deMeHTapHas OIepalys IPH KOHTPOJIe PabOTOCIIOCOOHOCTH MOXKET
OBITH TIpe/ICTaBIIeHa B BHJE CTOXacTHIecKoro rpagda (puc. 1)
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Puc. 1 I'pag k-t onepanmu KoHTpOIIS Puc. 2 I'pady neproii oneparuu KOHTpOIs Puc. 3 DKBUBaNICHTHBIH Tpa) KOHTPOIIA
O0o3HaunM Yepe3 & KOHTPOIHMPYeMEIi mapametp uepe3 &1, &2, ..., &k, ..., & —
pe3ylbTaThl  €ro MpeoOpa3oBaHHsS OJHOW, JBYMS, ..., K...,n DO KOHTPOI,

BEINTOJTHEHHBIME  TTocTeioBaTenbHo. IlepBass DO mpu KOHTpoOde KOHTPOIHPYEMOTO
TapaMeTpa OIHCHIBACTCS 0€3yCIIOBHBIME BepOSTHOCTMHE uX cocTostHui p0 (1), pl (2) u
MaTpHILEH-CTPOKOH IepeXoHbIX BeposiTHocTel. CrietoBaTensHo, rpad KOHTPOIS HMeeT
BUA, M300paxkeHHBIH Ha puc. 2. Bece n mocnenoBarensHO BhImonHseMble D0 MOXHO
3aMeHUTH oHON DO KOHTPOIIS, ISt KOTOPOH MaTpHIla MEPeXOIHbIX BEPOSTHOCTEH €CTh
MIPON3BE/ICHNE MaTPHUIBI IEPEXOAHBIX BeposTHOCTEH Bcex n D0. DKBHBaJICHTHBIN Tpad
KOHTPOJIT  pabOTOCIIOCOOHOCTH U300pakeH Ha puc.3. CrocoObl  omnpenercHus
IUTOTHOCTEH pacrpeneneHus it yoboit DO KOHTponst MOryT OBITH HaWIeHB W3
W3BECTHBIX 3aKOHOB PACIpENeICHUs TapameTpa W3IeNs W XapaKTepHCTHK CPEeACTB,
PEaNTN3YIONINX ONePaIii KOHTPOIIS.

PaccmoTpeHHass Mozens KOHTPONIS padOTOCIOCOOHOCTH MO3BOJNSET HCCIENOBATh
TpoliecC KOHTPOJSI B 3aBUCHMOCTH OT Pe3yJIbTaTOB BBIMONHEHHS 060 D0 (mmu
TPYIIIBl OIEepanyii), a TakkKe IT03BOJISIET BBISIBUTH CTENCHb BIMSHHS JJIEMEHTapHOH
oIeparyy Ha Pe3yIbTaThl KOHTPOJIS B LIETIOM.

Hayunwiii pyxogooumens — B.C. Hosuxos, 0-p mexh. Hayk, npogheccop
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIIK 519.22/25 (043.2)

Maprbinuyk U.A.
Hayuonanvuwiii asuayuonnwiii ynueepcumem, Kues

OLEHKA D®OEKTUBHOCTHU PAHI'OBOI'O AJITOPUTMA
OBHAPYKEHUSI HA BBIXOJE COI'NTACOBAHHOT O ®UJIbTPA
IO CPABHEHUIO C HEKOTI'EPEHTHBIM HAKOIIUTEJIEM

CTpykTypa BCEX paHTOBBIX HEMapaMeTPUYeCKHX OOHApYKUTEIeH CTPOHUTCS
IBPUCTHUECKH, a aHamu3 A()QPEKTHBHOCTH IPOBOIUTCS METOIOM CTaTUCTHUECKHX
ucreITaHuil. B nmanHOM pabore OBUT HCHONB30BaH MMEHHO TakKoW NOIXo#. OTo
00CTOATENHCTBO TpeOyeT OCOOEHHO TINATEIBHOTO WX WCCIEOBAaHUS B Pa3IMIHBIX
YCIIOBHSIX IO CPAaBHEHHIO C TTAPAMETPHIECKUM OOHAPYKHTENeM, KOTOPIH CTPOUTCS IO
kpurepuro Heiimana-IIupcona.

Jlnst cpaBHeHHST (P(HEKTHBHOCTH HCCIEAYeTCS MTOCTPOSHHBIN PaHTOBEIM aIrOpUTM,
KOTOPBI OCHOBaHHBIH HA SIIEPHBIX OIEHKaX (DYHKIUH paclpeseNieHus moMexn. B stom
ITOPUTME pAHTH TIONYYAIOTCS IOJCTAHOBKOW CHTHAJIBHBIX OTCYETOB B SAEPHYIO
¢yHKIMIO pacrnpeneneHust noMexy. [loToM HakaruMBaeTcs cyMMa MOIyneil pasHocTeit
MEXIy SepHOM (yHKIMell pachpeneneHns] IMOTYJeHHBIX PAaHTOB M PaBHOMEpPHOH
¢GyHKIMEH pacrpeleneHds B TOYKAX CaMHX paHTOB. OJTO BBITEKaeT M3 TOTO
00CTOATENILCTBA, YTO TIPH OTCYTCTBHM CHTHAJa paclpelelieHHe paHroB Oyner
PaBHOMEPHBIM, a ITPH HATMYNN CUTHATA — OTIIMIHBIM OT PAaBHOMEPHOTO.

Jis cpaBHeHHMsI C paccMaTpHBAaEMBIM AJITOPHUTMOM OOHAPY)KEHHSI BBIOMpAETCs
HEKOTePEeHTHBI HaKONUTeNb, Kak HanOoiee HCIONb3YyeMBIH IIOCIe COTJIacOBaHHOMN
¢unpTpari. HekorepeHTHBI HakONWTENb peanu3yeTcss Kak CyMMa KBaJpaToB
CHTHAJIBHOM BBIOOPKM Ha WHTepBate HabOmomenms. Ha puc. 1 m 2 mpencraBineHs!
rpaduKy XapaKTEpUCTHK OOHAPYKEHHS IIPH TPEX PA3IIMIHBIX PACTIPEETCHHUIX TOMEXHU:
HopMasmsHOM (1), paBHOMepHOM (2) M skcroHeHIanbHOM (3). Ilomexa Bo Beex
pacrpeseNieHnsIX IMeeT BBIOOpPOYHOE CpeITHEeKBaapaTHUecKoe OTKJIOHEHHE (MacITad)

*
o =1. Snpo BeIOMpaeTcs TPSIMOYrONbHBEIM. MOJENb IPUCYTCTBUS CHTHaja
IpeJICTaBiIseT coO0i yBelMueHHe MaciuTada pacrpeieIeHus.

Puc.1 HekorepeHTHbIH HaKOIUTENb Puc. 2 Panrosslit anroput™

[Tpu MogenpoBaHUH MOPOTH (PUKCUPOBATUCH UCXOMS U3 HOPMATBHOTO PACTIPEIEIICHUSL.
Kak mokaspIBaroT rpayiki HEKOT€pPEHTHBIN HAKOIMUTENh MPH U3MEHEHUH TOMEXOBOM
00CTaHOBKH HE COXPaHSET BEPOSATHOCTH JIOKHOW TPEBOTH, XOTS TIOKAa3bIBACT OONBITYIO
BEPOSTHOCTh TPABWIIEHOTO OOHapYKEHHs TNpH oamHakoBoMm coortHomreHnn C/II. B
pPaHrOBOM OOHAPYKUTEIIE JIOKHASI TPEBOTa CTAOMIbHAS, HO BEPOSTHOCTH MPABIILHOTO
0o0HapyKEeHUS MEHBIIIE, TpH TeX ke coorHomeHusx C/I11.

Hayunwiii pyxosooumens — U.I". [Ipoxonenko, 0-p mexw. Hayk, npogeccop
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 629.058(043.2)

Hoainmne B.1.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

CYYACHI METO/IX TA 3ACOBH OBPOBKH TH®OPMAIIII B
IHTEIT'POBAHUX HABITAINIMHUX CUCTEMAX JIITAJIBHUX AITAPATIB

CyvacHI HaBiramiiHi CHCTEMH JITaJIFHHX anapaTiB OCTaHHIM YacoM 3a3HAIOTh
3HAYHUX 3MiH Ta Moaudikariil. [le 3yMoBIeHO po3pOOKOI0 HOBUX CHCTEM Ta JATUYHKIB, IO
JTO3BOJISTFOTH OTPHMYBATH OUTBIII TOYHI JIaHHI, 8 TAKOXK HOBUX METOJIIB Ta 3aC00iB 00pOOKH
BHMIPIOBaHUX JIAHUX.

3acrocyBaHHS CydacHHUX IHHOBaMiil Ta po3poOOK B ray3i BUMipIOBaIBHHUX 3aC00IB Ta
HE BUKOPHCTOBYBAHUX PaHiIlle MapaMeTpiB PyXy, IO BIUTUBAIOTh HA TOYHICTh BU3HAUCHHS
KOOpJIMHAT Ta TMapaMeTpiB pPyXy JITATbHUX OO0’ €KTIB, 3a0€3MEUyIOTh OTPUMAHHS
HaBITAIifHUMHU CHCTEMaMH ITapaMeTpiB 3 OUTBII BHCOKOIO TOYHICTIO. JlaHi cHcTeMH
KOMOIHYIOTh CyJacHi TEXHOJIOTIYHI 1 alTOPUTMIYHI pO3pOOKH JUTS iHTerpamnii HaBirariiHol
CHCTEMH JITATBHUX aIlapaTis.

Jlo cydqacHoOro HaBiramiifHoro ooafHaHHS JiTaJbHHUX arapariB BITHOCATH Pi3HI KIIacH
TaKHX CHCTEM:

- IHTeTpOBaHI IHEPIi ATBHO-CYITyTHUKOBI;

- ONTHYHI-HABIraIiiHi CHCTEMH;

- MIKpO-€lIeKTpOMEeXaHivHi TipockomiyHi HasiramiiHi cucremu (MEMC);

- cygacHi BIHC;

- Ta 1HII crermdidHi cucTeMH (acTpoHaBITaliiHI, TeTUIOBI3iiHI 1 T.IL.).

Jlani cnermdivHi iHTErpoBaHi CHCTeMH HaOyBalOTh BCE IIHMPIIOrO PO3IOBCIO/DKEHHS
3aBIIKM MOXJIMBOCTI ITO€IHATH IIepeBard Ta YCYHYTH HEIOMKH KOXKHOI OKpeMoi
HaBIraI(iiiHoOl CHCTEMH.

BaxnmBy posib B TIpoIieci CTBOPEHHS 1 pOOOTH TaKWX CHCTEM BIITPalOTh CyYacHi
METOH, aNrOpPUTMH Ta (QUIBTPH, SKi, oOpoOIsIouN iH(pOpMAIIO0 BiJ PI3HHX HKEpedw,
JIO3BOJISIIOTH OTPUMYBAaTH OUIBII TOUHI BUXifHI mapamerpu. OIHUM i3 IMepCHeKTHBHUX
HaTPSIMKIB € po3po0Ka pi3HUX Mo u(iKalil alrOpUTMiB KOMILUTEKCHOI 0OpOOKH JJAHWX BiJ
BUMIPIOBIGHUX CHCTEM 3 3aCTOCYBAHHSM ONTHMAJbHHX CTOXaCTHYHHX METOiB
¢inprpamnii, a Takok aBToHOMHNX BIHC Ha OCHOBI MiKpO-€JIeKTPOMEXaHI YHUX TyTIIHBUX
€JIeMEeHTax.

B poGoTi mpoBemeHO CHHTE3 CXeMM KOMIUIEKCYBAaHHS IHTETPOBAHOI iHEpIHAIBHO-
CYIIYTHHKOBOI HaBiramiifHOI CHCTEMH 3 KOPEKTOpaMH 1 3 JIOJaTKOBOIO ONTHMAJIFHOIO
(uTsTparieo MOXUOOK, a TAKOK MPOBEICHO aHAJTI3 i€l CUCTEMH, SIKUH MOKa3aB 301TBIICHHS]
TOYHOCT] BU3HAYEHHS TPAEKTOPHUX MTApPaMETPiB.

V 3B’s13Ky i3 aKTHBHUM PO3BHTKOM O€3MiJIOTHOI aBiallii Taki iHTerpoBaHi i riOpumHi
CHCTeMH € JyXe 3aTpeOyBaHMMHM, apke JO3BOJISIOTH OTPHUMYBATH HaBiramiiiHy
iH(opMmariifo BUCOKOI TOYHOCTI MPH MiHIMATHHHX (I3MYHHX pO3Mipax, HU3bKiil BapTOCTI
BHCOKiif eHeproepeKTMBHOCTI Ta Ha/IIITHOCTI.

Hayxoeuii kepienux — B.M. Bacunves, 0-p mexn. Hayk, npogecop
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Heunnopenko 0.0.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

METOIU MOJAEJIOBAHHS PAJIOTEXHIYHOI'O OBJIATHAHHSA
B CEPEJOBHIII LABVIEW

BaxnuBuM = KOMITOHEHTOM HAaBY&JIBHOTO TIIPOIECY B TEXHIYHOMY BY3l €
nabopaTopHuii mpakTHKyM. OfHAaK CTBOPEHHS CyYacHMX HaBYAIBLHHX Jaboparopiit
BHMarae 3Ha4HHUX (DiHAHCOBMX BHUTpPAT Ha MPHIOAHHS OOJIa[HAHHS 1 MIATPUMKY HOro B
mpare3aTHoMy CTaHi. ToMy JIOIIJIBHO BHUKOPHCTOBYBaTH MOBY TpadidHoro
mporpamyBanHs LabVIEW . Jle Bci mii 3BOJSTECS 10 MPOCTOI OOYMIOBH CTPYKTYPHOL
CXeMH B IHTepaKTHBHiH rpadiuniii cucremi 3 HabopoM ycix HeoOXimHUX 0i106mioTeIHIX
o0pa3iB, 3 sSKUX 30uparoTecs 00'ekTH, 3BaHi Bipryansanmu IHcTpymentamu LabVieW
[IMPOKO BHUKOPHCTOBYETHCS B HABYAJBHOMY IIpolleci B 0ararboxX MpOBITHUX
YHIBEepcHTeTax CBiTy (B oOiacTi aBTOMATi3allli eKCIepeMEH-TATbHUX YCTAHOBOK, B
MPaKTUKyMax, UII MOJETIOBAaHHS Ta CTBOPEHHS KOMITIOTEPHHUX JeMOHCTparii). Y
(yHIaMeHTaNbHIH HayIli BOHa BHUKOPHCTOBYETHCS B ITIEPEIOBHX HAYKOBHX IEHTpAX,
nanpukinag CERN, Lawrence Livermore, Oak ridge i 6ararsox immmx. Pazom i3 DAQ
MOZYJIEM SIKMH JT03BOJISIE TPOBOIUTH BIMIPIOBAHHS PEATBHUX CUTHAIIB.

B sxocti npukitagy moOymoBaHO BipTyalnbHHH Npwiiajg Uit jabopaTopHoi poOoTH
Nel 3 muermmoriam “ MeTposoris Ta BUMIproBalibHa TexHika ~ . JlabopaTopHa podora
MIPUCBSYEHA JIOCII/KEHHIO BHIIAKOBMX IMOXMOOK BHMIipIOBaHHS. Tako po3podieHo
OJIOK fmiarpaMy JUIsl TIepeBeIEHHS OAMHHUIG BUMIpPIOBaHb TEMIIEPATYpH Pi3HUX CHCTEM
BHMIpIOBaHb.

Hayxoeuii kepisuuii — FO.B. [lemposa
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Jlomako M.M.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

MOJEJb ®A30BOTI'O JETEKTOPA 3 BUKOPUCTAHHSM KACKAY
PEXEKTOPHUX ®LJIBTPIB

B mami 1Hi, THIOBHM JUTA TakWX OETeKTOpiB Ak amruniTymauii(AN), dazosuid(dD/l)
ta uactotHHI(Y/]), € BUKOpPHCTaHHS CXeMH: BXiJ + HETEKTOp + (QIUIBTp HIDKHIX
gactor(®HY). TunoBoro npobiieMoro Takoi CXeMH € CHJIbHE TPHAYIIEHHS MPOMIKHOI
9acTOTH, IPH cIpodax Mo30yTHCS IIyMy, IO iHOMI {y>Ke CHIIBHO CITOTBOPIOE CHTHAI.

B nonoBizi npencrasisierbest 2 Mozedi (a3oBoOro AeTEKTOpY:

1)Bxin(npsmoxyrauit ®M curnaan) + O /1 + kackas exXeKTOpHUX (iIBTPIB;

2)Bxin(rapmoniuanit  ®M curman + rayciBeekuii mym) + DJ[ + Kackax
pexexropHux ¢insTpiB + GHY.

Takok BaXJIMBOIO OCOOJNUBICTIO € Te, 10 B 000X BHmagkax, B @OJ]
BHUKOPUCTOBYETHCS HE ifjealbHUH reHeparop omnopHux komusaHb(Ol'), a BpaXxoBYyIOThCS
BHIII TAPMOHIYHI CKJIaJIOBI CHTHAITY.

OcobmuBy yBary MNPHIIIEHO APYrOMYy BHINAAKY, B SIKOMY BHKOPHCTOBYETHCS
KOMOiHamisg Kackangy pekektopHux ¢ineTpiB + ®HY. B takomy pasi, peskekTopHi
(UTBTPH HANIAIITOBYIOTHCS HA BUPI3aHHS HECHOI YaCTOTH Ta BUIUX FAPMOHIK KOJIHMBAHb
Or', a ®HY npumymrye mrym. [Ipu BUKOpHCTaHHI Takol CXeMH Ha BUXOI MH OTPUMYEMO
JTy>Ke TapHUH pe3ynbTaT. AJDKe, SKIIO BUKOPHCTOBYBATH JIMIIIE PEXXEKTOPHI (IIBTPH, TO
BOHH TIOTaHO CIPABILIIOTECS 3 OUTMM IIyMOM, TOMY IO HAJAIITOBaHi Ha IEBHY MOJIOCY
9acToT.

Phase moddated s

. o “H W"‘ | ’ ?}‘M‘r‘}q il l\"‘l |

e b
I '

Puc.1. I'paciku curHamy Ha pi3HHX eTanax oOpOOKH.
a)®OM curnan + mym; 6)/eMonynboBanuii curaai; B)/eMoayIb0BaHMIl CHTHAT HPOQiIbTPOBaHHN
JIHIIE OJHUM PeXEKTOpPHUM (inbTpoMm; r)/leMonyiboBaHuil curaai npodinsrpoBanuii mme GHY;
1) JlemonynboBaHuil curHan npodilbTpoBaHMI KOMOIHALIEI KacKamay PeXeKTOpPHHX (iIbTpiB i
OHY.

Hayxosuil kepisnux — I.I". I[Ipoxonenko, 0-p mexu. Hayk, npogecop
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Mireas C.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AKTYAJIbHI ACHEKTH IIPOEKTYBAHHS CYYACHUX
BATATO®YHKIIOHAJBHUX PAJIOJIOKAIIMHUX CUCTEM

OpmHi€ero 3 HaBaXUIMBIIINX CUCTEM CyJacHHX 0araTo(yHKIIOHAIBHHUX Pa/IioNOKaIliiHIX
CTaHIi € cucTeMa nepBHHHOI 00poOky pamionokamiitaux curHamis (ITOC). IIpoekTyBanHs
TaKUX CHCTEM IIOJIITae B PO3pOOLl ONTHMANBHHX Ta CyOONTHMATIBHUX aJITOPUTMIB 0OpPOOKH
(AO) mst pisHEX cHTHATBHO-3aBaioBUX cutyariil (C3C), aHami3i X eeKTHBHOCTI Ta OIiHII
podoru PJIC B crmamaux mpocropoBo-dacoBux C3C. Meromom po3B’s3Ky 1€l 3amadi €
po3podKa iH(pOPMAITIHHOI TEXHONOT1i, IO MOBUHHA MICTHUTH aJTOPUTMH MOJICITFOBAaHHS Ta
00pobxu C3C, anroputmu OIHKK pocTopoBux HapaMeTpiB C3C Ta KiHIEBUX pe3yIIbTaTiB
11 0OpoOKH.

OcuoBanmy Tokasuvkamu edekrusrocti PJIC € iMoBipHiCTE XMOHOI TpeBoru *71¢ Ta
IMOBIPHICTb TIPOITYCKY IIiJTi Brac  Tonosroto yMoBoro epextuBHOro GyHKIionyBanHs PJIC €
3a0€3MeUeHHs JIOCTATHRO-C()EKTHBHOTO BUSIBIICHHS IIiJICH B KOXKHIH TOYITI (%)) 30mm i mii

Q- A pc(X%,¥) € Apc yarc.oon. ; B pac (¥ 1) <B pic arc.oon. (IIC A pic.suaxeoon. _ MaKCHUMAJILHO JIOITYCTHMA

IMOBIpHICTb XHOHOI TpPHBOTH Ta B picaascom. . MaxcumanbHo JIOITyCTHMa  IMOBIPHICTB

nporycky ii; 2 € ), JTani nokasHuKu eeKTHBHOCTI 3a6e3meuyroThes cucteMoro [IOC,
sIKa CKJI/IA€ThCS 3 K alrOpuUTMiB BHsiBIIeHHS miel (ABLI) Ta 3 L anropuTmiB OMiHIOBaHHS
mapametpis (AOIT) C3C.
Edexrnsricrs koxkHoro j -roro ABLI xapakrepusyeTbest OKasHUKAMA ¢, T B, .
B xoxHiii Touri C3C st koxxHoro ABILI naHi MOKa3HUKH MarOTh Pi3HE 3HAYEHHSI, MiCIIIMU
TEPEBHITYIOYi A, . Ta g . J1n1st HamaHHS THYYKOCTI Ta afanTUBHOCTI CHCTEMI
00po0KM 3 MeToro 3a0e3NeveHHs] BUKOHAHHS YMOBH e(ekTuBHOro ¢yHkuioHyBaHus PJIC
ABI BUKOPHCTOBYIOTH B KOMITIEKCI. [Ipy 1IboMy BOHHM MiZOMPAIOTHCS TaKUM YHHOM, II00
npu  Gyme-sikiii C3C, xokuy Touky (3)€Q yoxma Gynmo IepeKpHTH  HaiGLIbLT
edektBHIM (i omHOYAcHO, nocratHho-eekTiBHIM) ABII. IlpaBmisHO cripoekToBaHMi
kaHan [IOC no3Boisie MOCSTHYTH HACTYNHHWX 3HAUeHb MOKA3HUKIB €()eKTHBHOCTI:
L pre(X,) ~ max (oL 7 x (x,),k =1,N) Bpac(x,y) & max(ﬁABu‘k (x,),k=1,N) (x,y)eQ
b b .

PJIC.maxe.0on.

JIyist puHAHATTS. HAHOUTHIT JOCTOBIPHOTO PIMIEHHS MPO HASBHICTP IUTI B KOXKHINA TOYITL
() €Q npy HagxomKeHHi cynepew MBHX maHKX Bin pisamx ABI] — kaman ITOC mae
OLiHIOBATH TTapaMeTpy BHOIPKH, BOJIOMITH iH(pOPMALI€r0 Ipo MOXITHBOCTI pisHHX ABII Ta
JIOBIPSITH TOMY 3 HHX, SKUH BBOKATUMETHCS HAHOUTHII e)EeKTUBHUM Isi 0OpOOKH JaHOL
BuOipkr. MoxximBocri pisanx ABL BH3Ha4aroThest B Tporieci X TECTyBaHHS, a 3HAYCHHS
OITIHOK iX epexTuBHOCTI BOYNOBYIOTECS B IaMm 'sith PJIC. 1ls iHpopMartis, a Takox JaHi BiJ
L AOII C3C nossomstiots kanamy [I0C opienTyBatrch B ymoBax ¢yHKiioHyBaHus PJIC ta
3 MAKCHMAJIBHOFO JTOCTOBIPHICTIO IIPUHMATH OCTATOYHE PIIEHHS PO HAsBHICTD LIiJTi.

Hayxosuil kepisnux — I.I". [Ipoxonenko, 0-p mexu. Hayk, npogecop
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VIIK 621.396.7(075)

Maaneuxkuii U. K., 3axapos 1, M.
Hayuonanvuwiii asuayuoonstii ynueepcumem, Kues

TEXHUYECKOE OBCJIY’KUBAHUE CPEJCTB PAJUOCBSI3U BO BPEMSI
JIETHBIX UCIIBITAHUU BC

Jiis  obcmyxuBanust BozmymmHoro asmkeHus (OBJl) mmpoko mpHMEHSIOTCS
CpeACTBa  PagMoCBs3M  (PaAMOCTAHINM, PagUONepeNaTINKH, PaJHONPHEMHHKN),
KoTOpble B cooTBeTcTBMH ¢ KoHIenmeir CNS/ATM MesxayHapomHOH OpraHH3aIiiy
TPXIAHCKONH aBHAlMKM JOJDKHBI OTBEYATh OMpENeNICHHBIM TpeboBaHmsM [1]. Ot
TpeOOBaHMUS OTHOCATCS KaK K TEXHUYECKHM ITapaMeTpaM yKa3aHHBIX PaJHOCPENCTB, TaK
1 K OCOOCHHOCTSIM MX TIPHMEHEHUSL.

OCHOBHBIMH TEXHHYECKUMH XapaKTePUCTUKaMH J3THX PAaIHOCPENCTB SBISIOTCS:
muama3oH  pabodmx — 9acToT, Imar CeTKH 9acToT, M3JIydaemas MOIIHOCTb,
qyBCTBUTENBHOCTE H  Ap. [2]. K coBpeMeHHBIM aBHAIMOHHBIM PaJANOCTAHIIUSIM
otHOcsATcs Icom-A110 (pume. 1., a) m Vertex VX-2200 (puc. 1, 6). Kpome Toro,
PacCMOTPEHBI TaKKe OCOOCHHOCTH TEXHUIECKOH IKCIUTyaTalllH 3TUX PAJANOCPECTB JUIs

OB/ [3].

0)

Puc. 1. CoBpemMeHHbIE aBHALIMOHHBIE CPEJICTBA PAHOCBSI3H:
a) Icom-A110, 6) Vertex VX-2200
Kak mo6oe asmammonHoe PJO, cpencrBa pammocBssy TpeOYIOT TEXHHYECKOTO
obcmyxuBanus (TO). [Ipuémer TO paccmatpusatorcs B Permamenre TO [4]. Permament
TO COCTOMT W3 TEXHOJIOTMYECKUX KapT, B KOTOPBIX MOKA3aHbI METOJMKH BBITIOJTHEHHUS
OIEpaLHii, yKa3aHbl KOHTPOJIbHO-U3MEPHTEIbHBIC IPHOOPBI, PACXOIHBIC MATEPUAIIBI U T. .

CnucoK uCnoJib30BAHHBIX HCTOYHUKOB

1. IlpaBuiia aBiawiifHOrO €JIEKTPO3B’sI3Ky B LUBLNBHIN aBiamii Ykpainu (II13 IIA — 2003). —
Kuis: MinicTepcTBo TpaHcnopty Ykpainu, 2003. — 131 c.

2. Texuudeckoe onucanue paguoctanuuu Icom A-110.— Osaka: Icom Inc,2000.— 37c.

3. IlpaBuia TeXHIYHOI eKCIUTyaTallii Ha3eMHHX 3acO0IB PaJiOTEXHIYHOrO 3a Oe3-IeUEHHS B
LA (TITE PT3 IIA — 2007). — Kuis: MinicTepcTBO TpaHCIOpTy Ta 3B’ 13Ky Ykpainu, 2007. — 81 c.

4. PernmaMeHT TeXHHYeCKOro oOciyxuBaHus paguocTaniuu Icom A-110. (CocraBineHHBIN
npousBoicTtsoM). — Kues, 2014. — 12 c.
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Ryabko A.V.
National Aviation University, Kyiv

IMAGE AND VIDEO PROCESSING IN ENVIRONMENT
OF LIBRARY OPEN (EMGU) CV

The article presents a novel scale- and rotation-invariant detector and descriptor,
coined SURF (Speeded-Up Robust Features). SURF approximates or even out performs
schemes with respect to repeatability, distinctiveness, and robustness, yet can be
computed and compared much faster.

This is achieved by relying on integral images for image convolutions; by building
on the strengths of the leading existing detectors and descriptors (specically, using a
Hessian matrix-based measure for the detector, and a distribution-based descriptor); and
by simplifying these methods to the essential. This leads to a combination of novel
detection, description, and matching steps.

The task of finding point correspondences between two images of the same scene or
object is part of many computer vision applications. Image registration, camera
calibration, object recognition, and image retrieval are just a few.

The search for discrete image point correspondences can be divided into three main
steps. First, ‘interest points' are selected at distinctive locations in the image, such as
corners, blobs, and T-junctions. The most valuable property of an interest point detector
is its repeatability. The repeatability expresses the reliability of a detector for finding the
same physical interest points under different viewing conditions. Next, the
neighbourhood of every interest point is represented by a feature vector. This descriptor
has to be distinctive and at the same time robust to noise, detection displacements and
geometric and photometric deformations. Finally, the descriptor vectors are matched
between diferent images. The matching is based on a distance between the vectors, e.g.
the Mahalanobis or Euclidean distance. The dimension of the descriptor has a direct
impact on the time this takes, and less dimensions are desirable for fast interest point
matching. However, lower dimensional feature vectors are in general less distinctive
than their high-dimensional counterparts.

It has been our goal to develop both a detector and descriptor that, in comparison to
the state-of-the-art, are fast to compute while not sacrificing performance. In order to
succeed, one has to strike a balance between the above requirements like simplifying the
detection scheme while keeping it accurate, and reducing the descriptor's size while
keeping it suffciently distinctive.

Scientific adviser — .G . Prokopenko, doctor of technical sciences, professor
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MIKPOIPOLIECOPHA T'EHEPATOP CTOXACTUYHHMX CUTI'HAJIIB

Mera po3poOKu reHepaTopa CTOXacCTHIHMX CHTHATIB — II€ CTBOPEHHS HAaBYAIHHOTO
CTEH/y, CKJIQJIOBOIO YAaCTHHOIO SIKOTO BiH €, JUIS JOCII/DKEHHS BUIIAJKOBUX IIPOIECIB,
JIETepMIHOBaHUX CHT'HAJIIB, IMITyIIbCHUX 3aBaj] Ta iX cymimed. besmocepenupo anaiis
XapaKTEPUCTHK IUX MPOIeCiB OyJie 3MIHCHIOBATUCS Y CIIEIialli30BaHOMY OOYMCITIOBAYI,
III0 € HACTYITHUM €TaIloM PO3BHUTKY ITPOEKTY.

I'eneparop peamizoBaHo Ha MBHAKOAIIOYOMY Mikporponecopi ATMegal6A, skwid
CTaHOBHUTH TOJIOBHY YacTHHY cxeMH (puc.l). B Horo ¢yHKmii BXOTUTH BHKOHaHHS
MIPOrpaMHUX oOlepamniii, POAYKTOM SKHX €: ()OPMYBaHHS CTOXaCTHYHHX IIPOILECIB 3
3aJaHIMU TTapaMeTpaMH JUIs Bujadi 1X y 1udpoBiit opMi 3a JOITOMOTOF0 MOCIiTOBHOTO
cuaxporHoro inTepdeiicy (UART) ta y anamoroBomy mpencraeineni yepe3 LIAIL Bin
TaKkoX 3a0e3ledye ONMMUTYBaHHS KJIaBIaTypH, IO CIYXKHUTH Ui BUOOPY BHUAY PEXUMY
reHepamii mporecy Ta WOro TmapaMerpiB, Ta YHPaBIIHHA PiJKOKPUCTAITHUM
IHIMKATOPOM JTS Bi3yalTi3ailii TOTOYHOTO HaJaIlTyBaHHs TeHepaTopa.

CHHXpOHHUI
Knasiatypa > . UART
Mixkpompornecop Hudposuit
ATMEGA 0> o
CHUMBOBHUI b
inaukaTop 16*2 v Al N
LA ) asorosuii
BUXijl

Puc.1. CtpykTypHa cxema reHepaTropa CTOXaCTHYHHX CUTHAITIB

[Iporpamue 3abe3neyeHHs TeHEpPAaTOpa CKIANAETHCS 3 IBOX YACTHH: BBEICHHS JaHIX
Ta reHeparii. BBeneHHs maHuMX peani3yeThes 3a DOMOMOrOIO KiaBiaTypu. B Bumamky
HATHCHYTOI KJIaBilli KOJ ONMUTYBAaHHS KJIABiaTypH PO3MM(POBYETHCS Ta Yy ONEPATHBHY
mam’sITh 3alUCYEThCS OJMH 3 TapaMmeTpiB KoHQirypamii renepartopa. [licis mboro
3IiFICHIOETHCS BiIIOBITHA 3MiHa 1H(pOpMalii Ha CHMBOJIBHOMY iHAUKATOPI.

VY pexunmi reHepanii BiIOyBa€ThCS 3BEPHEHHS IiANpOrpaM 10 KOMIpOK Iam’sTi i3
mapaMeTpamMy KoHpirypamii Ta (GopMyBaHHS Ha iXHIM TiJCTaBi 3aJaHUX CKIIAJIOBHX
cToxacTHYHOro mponecy. OCHOBOI reHeparii CTOXaCTHYHHX IPOIECIB € MporpaMHUH
AaTYMK BHITAJKOBUX YHCEN 3 piBHOMIpHMM posnoxitoM. [{udpoBi wacoBi Bimmiku
TIPOIIECy YTBOPIOIOTHCST TOCITIOBHICTIO 3 ABOX OalT (mMQpoBHM BHXiT), 3 SKHX 3a
noriomororo [TATT ¢hopMyeThes TakoK BUXITHHI aHAIOTOBHI CHUTHAT.

[Iporpama reHepatopa peamizoBaHa B  cepemounii AVR Studio 4 Ha MOBi
nporpamyBaHHs Assembler. TecryBannst mpoBommnocs B cumyisitopi ISIS (Protheus).

Hayxoesuil kepisnux — I.I1. Omenvyyk, Kano. mexu. HayK, OOYyeHm
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COBPEMEHHOE 3APYBEKHOE P20 CBA3U JJI51 OB/ JIA

Jins  obcmyxuBanust BozmymmHoro gasmwkeHus (OBJl) mmpoko mpuHMeEHSIOTCS
CpeACTBa  PagMoCBs3M  (PaAMOCTAHINM, pPagUONepeNaTINKH, PaJHONPHEMHHKN),
KoTopble B cooTBeTcTBMH ¢ KoHIenmeir CNS/ATM MesxayHapomHOH OpraHH3aIiiy
TPaXIAHCKOH aBHAlMKM JOIDKHBI OTBEYATh OMpENIeNICHHBIM TpeboBaHmsM [1]. Ot
TpeOOBaHMUS OTHOCATCS KaK K TEXHUYIECKHM ITapaMeTpaM yKa3aHHBIX PaJHOCPE/CTB, TaK
U K OCOOCHHOCTSM HX TpHMeHeHHs. OCHOBHBIMH TEXHHIECKHMH XapaKTepHCTHKAMH
9THX PpaJUOCPEACTB SBISIOTCS: IHUANa3oH pabodmx dYacToT, IHar CeTKH 4YacToT,
H3JTydaeMasi MOIIHOCTh, YyBCTBUTEIBHOCTE U JAp. [2]. K coBpeMeHHBIM aBHAIIMOHHBIM
PagMOCTaHIMSAM OTHOCSTCS oTedecTBeHHbIe «®Dazany, «Opnan» u 3apybexxusie (puc. 1)
simoHckre Icom-A110 u Vertex VX-2200, a takke T6TR (BemukoOpuranus) u ap. Llar
CeTKH YacTOT B yKa3aHHBIX paguocTaHmusx paseH 8,33 xI'm m 25 xI'm. Kpome Toro,
PacCMOTpPEHBI TaKKe OCOOEHHOCTH TpUMEHEHWs! 3Tux paxuocpencts it OBJL [3].
Jlanee paccMOTpHUM HX OCOOEHHOCTH.

Puc. 1. CoBpeMeHHbIE aBHALMOHHBIC CpeacTBa paguocsssu: a) Icom-A110, 6) Vertex VX-2200, B) T6TR

Pagunocranmmust Icom-A110 (puc. 1. a) paspabGorama s JKECTKHX YCIOBHIA
IKCILUTyaTallli: BHICOKHE W HIBKHE TEeMIepaTypbl, BUOPOYCTOHYUBOCTD, IOBBIIICHHAS
BII&XXHOCTh. BBITIONHEHa B  YHUQUIMPOBAHHOM JIATOM QIFOMHHHEBOM  KOpITyCE,
CITyXalllM OJHOBpeMeHHO paauaropoM. Vertex Standard VX-2200 (puc. 1. 6) — 3to
MOTHOYHKITMOHAIBHAsT FM  pajguocTaHiys, NperHa3HaueHa ISl BHYTPHASPOAPOMHON
cesi3u B muanazoHe OBU. Pammoctanmmst T6TR (puc. 1. B). Ona moxer paborats B
pexnvax AM m UM, a Tawke mpuemMa / Tepemadn IWQPOBBIX CHUTHAIOB. OTH
PaIMOCTAHITIN OTIIMYAIOTCS BEICOKOH HaIEKHOCTRIO (HapaboTka Ha orkas > 20000 gacos).

CHHCOK HCNOJIb30BAHHBIX HCTOYHHKOB
5. IlpaBuia aBianiffHOro e€IeKTPO3B’sI3Ky B LMBUIbHIN aBiamii Ykpainu (I13 LA — 2003). —
Kuis: MinicTepcTBO TpaHcnopty Ykpainu, 2003. — 131 c.
6. Texuuveckoe onucanue paauoctanuuu Icom A-110.— Osaka: Icom Inc,2000.— 37c.
7. TpaBuia TEXHIYHOI eKCIUTyaTallil Ha3eMHHUX 3aCO0iB paJiOTEeXHIYHOrO 3a Oe3-TeUCHHS B
LA (TITE PT3 IIA — 2007). — Kuis: MinicTepcTBO TpaHCopTy Ta 3B’ 13Ky Ykpainu, 2007. — 81 c.
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AHAJII3 CITIOCOBIB BITHOBJIEHHS TH®OPMAIIII B
TEJEKOMYHIKAINIMHUX MEPEXXAX 3 KOMYTANI€IO TAKETIB

VY TenepimHii 9ac HaHBa)XIMBILITY POJIb BIMIrpaloTh TEJIEKOMYHIKamilHI Mepexi 3
KOMYTAIlI€I0 TTaKeTiB, TaK SK BUKOPHCTOBYIOTHCS JUIsI Tepefadi 3Ha4yHOrO 00’eMy
pi3HOMaHiTHOI iH(poOpMamii. PeampHi KaHamm mnepemadi NaHWX ITiUIAIOTHECS BIUIUBY
MEPEIKO Ta WIyMiB, 1€ TPH3BOAUTH JO TOrO, MO YacTHHA ITaKETIB MOXe OyTH
JIOCTaBIIeHA 3 TIOMUJIKOBUMH OiTaMH, a 9YacTHHA — BTpayeHa B Mepexi. B mmx ymoBax
aKTyaJIbHOIO 3aJ[auei0 CTa€ JIOCTaBKa IAKETiB B IUTICHOCTi, IO HAa JaHWH MOMEHT
BHPIIIYETHCS BIAMOBITHIMH MEPEKEBUMH MTPOTOKOIAMH Ta TEXHOJOT1SIMH.

Byno BcraHoBiieHo, mo mporokon UDP He 3abe3neuye HaiifHICTH JTOCTaBKH
MAKETiB 1 HE Ma€ KOJIHUX MEXaHI3MIB MiATBEP/PKEHHS Iepeaadi JaHux. 3 iHIoro 00Ky,
mporokon TCP, 1m0 BUKOPHUCTOBYE METOAM IOBTOPHOI Iepenadi JUis BiJTHOBJICHHS
BTpPayeHUX a00 MOIIKO/KCHUX MAKETIB, BHOCHTE CYTTEBI 3aTPUMKH, OCOOIUBO KPUTHYHI
JUTST MEPEXKEBUX JIOJATKIB peasbHOro dvacy. [loka3aHo, IO OCHOBHUM CIIOCOOOM
0OpOTEOM 3 MEepemKofaMH € 3aBaJIOCTiiiKe KoXyBaHHS. BcraHoBieHO, IO 3rOpTKOBI
KOJIM 3/IaTHI BUTIPABJIATH OKpeMi OITOBI MOMUIIKH, a OJIOKOBI KOIH, B TOMY YHCII KOIH
Pima-ConomoHa, — mmaykul MOMUJIOK B OKPEMO B3STOMY IMakeTi. TaKUM YHHOM, Y BHIIQJIKY
BTPATH IUIOTO TAKETy KIACHYHI 3aBajJlOCTiIHKI KOJW HE 3[aTHI BUPIIIUTH MTOCTABIICHY
3amaqy. OCKiTBKM B SKOCTI 0a30BOi MaTeMaTHYHOI MOJETI JUIsS ONHCY KaHaIy B
TENCKOMYHIKAIlIHHIX MEpekax 3 KOMYTAI€I0 TaKeTiB BHKOPUCTOBYETHCS MOJIEINh
KaHaJIy 31 CTUPAHHSAM OYJIO PO3TILIHYTO 3aBaJOCTiHKiI CTHPa0di KOIH, IO JIO3BOJIOTH
BITHOBUTH I[UIMI makeT. JlaHi KOMU JO3BOJISIOTH 3aKOMYBAaTH BHIXiJHE ITOBIJIOMIICHHS
KIHIIEBOI JIOBKWHH, MIO CKIAQJAEThCS 13 CHMBOMIB (TAKETIB) Oyab-SKOi OJHAKOBOL
JIOBXKMHHU, TIOTCHIIIHHO HEOOMEKEHHM ITOTOKOM KOIOBHX CHUMBOMNIB (makeriB). [lo
JIAHOTO KJIACy KOIB BITHOCATHCS: KOIM 3 (hikcoBaHOK MBHIKICTIO (kox TopHamo) Ta
Komu Oe3 (ikcoBaHOI MBHUIKOCTI (BumaakoBuii ¢ponTannuit xox, LT kox, kox Raptor,
ko Online). Ctuparoui KOAM MarOTh MPOCTI METOIM JCKOMYBaHHS 1 JIO3BOJIAIOTH Ha
MPaKTUI[l ~ OTPUMYBAaTH pE3yJabTaTH, ONW3bKI 10 TPaHUYHUX  MOKJIHBOCTEH
3aBaJOCTiHKOro KomyBaHHS. IlokazaHo, IO Ii KOIM SBISIOTHCS yHIBEpCAIbHUMU,
OCKUTBKH MOXXYTh OyTH BHKOPHCTaHI B Oy[b-KOMY KaHaJTi 31 CTUPAHHSIM, HE3aJIEXKHO
BiJl CTaTHCTHKM CTHpPaHb, NPOTE iCHYE Jeske OoOMeXeHHS e(eKTHMBHOCTI KOIyBaHHS
HEBEJIMKUX 00’€MiB JaHWX. 3 TMPOBEACHOTO aHalidy BUILIMBAE, IO HAHOLIBII
3HAYYIUMHA KojaMu 0e3 dikcoBanoi mBuakocti € LT koxu, 110 3aCHOBaHI B IMOEIHAHHI
«XOPOIIOro» PO3MOALTY HMOBIpHOCTEH 1S HYOPMYBaHHS KOZOBHX CHMBOJIB (IIAKETIB) 3
MIPOCTUM METOJIOM JICKOTyBaHHSI.

OTxe, UIs BUPILIIEHHS IPOOIEMH BTPATH MAaKeTiB B TEIEKOMYHIKAI[IHHIX Mepexax 3
KOMYTAaIIi€F0 TIAKETIB JIOIUIBHO 3aCTOCOBYBATH 3aBaJIOCTilKI cTUparodi komau, a came LT
KOJTH, SIKI MAIOTh PSIJT CYTTEBHX TEPEBar Ta MoTpeOYOTh MOAAIBIION0 PO3BHUTKY.

Hayxosuii kepisnux — M.A. [[Imomnens, Kano. mexu. HayK, OOyeHm
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METO/ ONTUMHA3AIIMA HEPEI YJISIPHBIX KOJAOB C MAJIOA
IVIOTHOCTBIO MPOBEPOK HA YETHOCTb

K coBpeMeHHBIM TeeKOMYHHKAIIMOHHBIM CHCTEMaM BBIIBHTAeTCs psi TpeOOBaHUH,
OJTHUM W3 KOTOPBIX SBIISETCS oOecredeHne TpeOyeMoH JTOCTOBEPHOCTH IIepenadn
nHpopmarm. [ pemeHns TaHHOM 3aJadll B OCHOBHOM MPHMEHSIOTCS Pa3JIMYHbIe
MIOMEXOYCTOHYMBBIE  KOIBI, KOTOpBIE SBISIIOTCS ~ 00S3aTENBbHOM  COCTaBIISIONIEH
OOJNBIIHCTBA TEJICKOMMYHHKAIIMOHHBIX TEXHOJIOrWi. B HacTosmee Bpems IIMpoKoe
pacnpocTpaHue TMOTYIHIN KOIBI C MAJIOH INTOTHOCTEIO TIPOBEPOK Ha YETHOCTH, KOTOPHIE
00s1afaroT BEICOKOH 3(h(heKTHBHOCTHIO BOJIM3M MPOITYCKHOM CITOCOOHOCTH KaHasla CBS3U
W MEHBIIEeH CIIOKHOCTBIO TEXHMYECKOH peann3aliiy KoJeKa MO CPaBHEHWIO C TypOo-
KomaMu. XapaKTepHCTHKH JaHHBIX KOJOB ONpeneNsioTcss BUIoM Trpada TauHepa,
MaTpHlla WHIOUASHTHOCTH KOTOPOTO COOTBETCTBYET IPOBEpOYHOM Martpuie. B
3aBUCHMOCTH OT BHJa rpada TanHepa BBIIEISIIOT PEryISIpHBIE U HEPETYSIPHBIE KOMIBI C
MaJIOH TIOTHOCTBIO ITPOBEPOK Ha YETHOCTD, MIPU ITOM IOCIIETHHE 00JIaafoT JTyUIINMI
XapaKTepUCTHKaMH M Yallle HPHMEHSIOTCS Ha MpakTHke. HekoTopslit HeperymspHbIA
KO C MaJioil IUIOTHOCTHIO NPOBEPOK HA HYETHOCTh MOJHOCTHIO XapaKTepH3yeTcs
pacrpeneNeHnsIMI CTeTIeHeH CHMBOJIBHBIX M IIPOBEPOYHBIX BepHInH rpada TanHepa.
OCHOBHBIM TIOJIXOZIOM K JIEKOJMPOBAHUIO TaHHBIX KOJIOB SIBJISIETCS] HTEPATUBHBIN METON
pacIpoCcTpaHEeHUs IOBEpHs, HCIIOIb30BaHHE KOTOPOrO IPHBOJAWT K BO3HHKHOBEHHIO
a¢dekTa IyMOBOro 1mopora, 9ro TpedyeT ONTUMHU3AINH HEPETryISIPHBIX KOJOB C MAJIOH
TUTOTHOCTBIO IIPOBEPOK HA YETHOCTH JUIS ONPEIeNICHHOM MOJIENTH KaHaja CBS3H.

[Toka3aHo, 9TO CyTh JaHHOH ONTHMH3ALIOHHOM 3a/aud 3aKIIOYaeTcsl B ITOHCKE
pacmpenieNieHnii CTeneHeld CHMBOJBHBIX W TIPOBEPOUYHBIX BepmmH Tpada TanHepa,
o0ecrieqrBaIiX HAMOONBIIYI0 BETHMYMHY IIYMOBOTO ITOPOTra Ui HEKOTOPOH MOIENH
KaHaja cBA3U. POpMaNBbHO MOCTaBJIEHHAs! ONTHMHU3ALIHMOHHAS 3a/Jada ONpesesieHa Kak
HaXOXXJIEHHEe MHHHMYyMa COOTBETCTBYIOIIEH IeTIeBOM (DYHKIMH, OCHOBAaHHOW Ha
BEPOATHOCTH OIIMOKH JEKOAMPOBAHUS, a B KadecTBE MIOMYCTHMOTO MHOXECTBa
pelIeHNi BEICTYIIaeT BEKTOP pPacIpefeNeHnil CTeneHed CHMBOJBHBIX M IPOBEPOYHBIX
BepuvH rpada TaHHepa U1 PUKCHPOBAHHBIX 3HAYEHNH YPOBHS ITOMEX B KaHAJIE CBSI3ML.
IMokazano, 4ro cdopmynupoBaHHas TakuM OOpa3oM ONTHMHU3AIMOHHAS 33jada
SIBISIETCS 3a7adell Oe3yCIOBHOTO HEJMHEHHOro MPOrpaMMHPOBAHNS C HETIPEPHIBHBIMHI
nepeMeHHbIMA. OOOCHOBaHO, YTO JUIsI pEIICHHsS ITaHHOW 3ajJ[addl IIeIecoo0pasHo
MIPUMEHSTh HCI0 TPHPOMHBIX BBIUMCICHHH, JIOXKAIIyl0 B OCHOBE IIPEIOKEHHOTO
MeTO/la ONTHUMH3AIMM HEPETYISIPHBIX KOMOB C MAaJIOH IUIOTHOCTBIO IIPOBEPOK Ha
4geTHOCTh. [l omeHKH 3((EKTHBHOCTH NPEUIOKEHHOIO IOAX0Aa pa3paboTaHbI
BEIYMCIUTENBHBI  aNlOPUTM ¥ COOTBETCTBYIOIIAsl NPOTpaMMHAsi pealn3alys B
CTEIMAIN3UPOBAaHHON  cpexe  MonenupoBaHus. [lomydeHBl  ONTHMH3HPOBAaHHEIE
pacrpesieNieHns cTeTieHel CHMBOJIBHBIX M TIPOBEPOYHBIX BepImnH rpada TaHHepa mis
HEKOTOPBIX MOJIENIeH KaHAJIOB CBSI3H.

34



AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIK 004.451.84 (043.2)

J.A. Kapnos
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AXITEKTYPA ANDROID OS. BUKOPUCTAHHS ANDROID
B CUCTEMAX YITIPABJIIHHA JITAKOM

Po3BuTOK  MOOINBHUX — omepamifHMX CHCTEM JaB  IIOMTOBX  CTBOPEHHIO
PI3HOMAHITHUX €JEeKTPOHHHX IPHCTPOIB, SK IOOYTOBOrO, TaK 1 CHEiaTbHOrO
npu3HadeHHs. OfHa 3 TakMX CHCTEM Mae€ JOCHTh IiKaBy i THY4YKy CTPYKTYpy Ta
PO3IOBCIOKYEThCS O€3KOITOBHO. st omepariiina cucrema Hocuth Ha3By Android OS.

Android— omnepaniiina cuctema 1 mmardopMa IS MOOUTBHMX TesleoHIB Ta
IUTAHIIETHHX KOMITTOTEpiB, CTBOpeHa kommaHiero Google Ha 6a3i sapa Linux.
[Mixrpumyetsest anbstHcoM Open Handset Alliance (OHA). Xoua Android 6a3yerscs Ha
smpi Linux, BiH cTOiTH Jemo ocTopoHb Linux-cmineHOTH Ta Linux-iHppacTpykTypH.
BazoBum ememeHToM i€l omepamiiinoi cucremu € peamizarmis Dalvik BipTyamsHOT
MamuHA Java, i Bce mporpamHe 3a0e3IedeHHs, 1 3aCTOCYBAaHHS CIHPAIOTHCS Ha IO
peadizariro Java.

2003-2005 poku Oynau 03HAMEHOBaHI IiABHINEHOIO yBaroio 1o AJAX momaTkis, 1€
BIUTMHYJIO Ha apXiTekTypy Android: y 6arateox acreKkTax BoHa OJIIDKYE JI0 apXiTeKTypH
tunoBoro AJAX nmomatky, HIXK JI0 3BHYAHWX KOMIT IOTEPHUX GUI npopatkis,
Hanucanux Ha Java, C #, C ++, VB 1 nmoaiOHux.

Android Mae Tpu yke pi3HHX 1 CHIIBHO BiIOKPEMIIEHHX OIMH BiJl OJJHOTO PiBHS:

1.B ocHoBi nexnTH MOMdiKOBaHa i ypizaHa Bepcis Linux.

2.Han piBHeM Linux 3HaXomuTbesl piBeHb 1HQPACTPYKTYpH JOJATKY, IIO
MicTUTh BipTyansHy MammHy Dalvik, BeG-Opayszep, 6a3y manmx SQLite, nesxi
iH(ppacTpyKTypHI Moxyi i Java APL

3.PiBens manmcanux y Google Android-momaTkis. Bzarami kaxxydw, BOHH €
PO3IIMPEHHIM PiBHS iHPPACTPYKTYPH, OCKIITEKH pO3POOHHK MOKE€ BUKOPHCTOBYBATH Ili
mporpamy a0o X 9acTHHM SIK Oy/IiBeNIbHI OJIOKH /TS BIACHUX PO3POOOK.

Bukopucrosyroun moxuBicti Android OS MoxHa nepeobiagHaTi KabiHy MiJIOTiB
JITaNBHUX arapaTiB, BCTAHOBUBIIHM JINIIE iHTEPaKTHBHUI e€KpaH. 3a JOMOMOro0 HbEOT'O
MOYXHa OpPTaHi3yBaTH MaHENb MPUIAJB Ta CHCTEMY YIPABIiHHSA B 3py4HOMY (OpMAaTi.
Iadopmarris 3 mpunaaiB cuCTeMH MOXXE€ BHUBOJWTHCH JIMIIE B pa3i HEOOXiIHOCTi, IO
JIO3BOJIMTH HE BiZBOJIKATH MIJIOTA BiJ] BUKOHAHHS IIEBHOr0 MaHeBpy. [liotn MaTuMyTh
3MOT'y BUOMpATH PO3MIIIEHHS Ta croci0 BigoOpaxkeHHs iH(opMarii 3 mprbopiB, TOOTO
TIePCOHAITI3YBAaTH TIAHEIb ISl BJIACHOTO (DI3MIHOTO 1 IICHXOJIOTTYHOTO KOM(OPTY.

Cnucoxk BUKOPHUCTAHUX J7KepeJT

Reto Meier, Professional Android 4 Application Development, 2012.

Karim Yaghmour, Embedded Android: Porting, Extending, and Customizing, 2011.
Jesse Storimer, Working with UNIX Processes.

Alessandro Rubini, Jonathan Corbet, Linux Device Drivers, 2nd Edition, 2001.
Godfrey Nolan, Decompiling Android, 2012.

BaEalal B
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ITPUMEHEHUE METOJA KOHTYPHBIX KOPPE/SINNOHHBIX IOJIEM
JJIAA JMATHOCTHUKHU CJIOKHBIX CUTYAIIMU B ITIOJIETE

[pemraraercs mnprMEHEHHE MeTON KOHTYPHBIX KOPPEISIMOHHBIX —TONeH Uit
JMarHOCTHKH CJIOXKHBIX CHTYalni B moseTe. /loka3aHO Hay4HO W SKCIIEPUMEHTANIBHO, 9TO
TIPH BO3HUKHOBEHHWH COOEB aBHOHMKHM B CHCTEME YNpPABJICHUS MOJIETOM KOH(HUryparmu
KOHTYPHOT'O TIOJISI, ONPEEIISIONIEr0 KOPPEISIMOHHYIO CBSI3b MEX/Ty TTapaMeTpaMy TEXHHUKH
TIMJIOTUPOBAHMS H3MEHSETCS OT CTOXaCTHIECKOH 110 QYHKIMOHATBEHOH. DOpMBI NPOSIBICHHS
B3aMMOCBsI3ell BeCbMa pasHOOOPa3HBI, B KadeCTBE CAaMbIX OOIIMX HX BHIOB BBIIEILIOT
(YHKIMOHATBHYIO W KOPPEISIIMOHHYIO CBs3U. KoppersimionHast cBs3b MposiBIsieTcs], Koraa
33JaHHBIM  3HAYECHMUSIM 33BUCUMOM IICPEMEHHOM COOTBETCTBYET HEKOTOPBIM sl
BEPOSTHOCTHBIX 3HAUCHHI He3aBUCHMOH repeMeHHON. CBsI3b HA3bIBACTCS] KOPPEISIIMOHHON,
€clIM KaKIOMY 3HAaueHHIO (haKTOPHOTO IpPU3HAKA COOTBETCTBYET BIIOJIHE OINPEIEICHHOE
HecTy4aifHoe 3Ha4YeHWe pe3yNbTaTHBHOrO TpW3HaKa. HarmimHeiM — m300pakeHeM
KOPPEJISIIIMOHHON TaONHIpl CITYXKHT KoppelsuuoHHoe mone. OHO mpencTaBiser coboit
rpad¥K, TJe Ha OCH aOCIICC OTKIIAIBIBAIOTCS 3HAUYCHHS X, IT0 OCH OpJMHAT — Y, @ TOUKaMH
TIOKa3bIBatOTCsl codeTannss X U Y. Io pacrmonokeHHo TOYeK MOXKHO CyAUTh O HAJIMINH
cBs3u. [lokaszaTeny TECHOTHI CBSI3M JAlOT BO3MOXKHOCTH OXapaKTEpH30BaTh 3aBHCHMOCTD
BapHaI|y Pe3yTbTaTHBHOTO MIPH3HAKA OT BapHalliH IpU3HaKa-(hakTopa.

KoppemnsmonHoe nore u KOppersiiMoHHast TabNvIa SBISFOTCS HCXOMHBIMHI JTAHHBIMU
npy aHaym3e. V300paxast MomydeHHbIe pe3ylIbTaThl B BHE TOUEK B JCKAPTOBOH CHCTEME
KOOp/IMHAT, TIOTyIHM KOppeIsoHHOoe Tore. 1o Xapakrepy pacrionoXeHHs TOYeK ITONs
MOYKHO COCTaBHTB IIpEI[BapHTEIBHOE TPEACTaBIeHHE O (hopMe 3aBHCHMOCTH CITydaifHBIX
BENIMYMH (HampuMep, O TOM, YTO OfHA W3 HUX B CPEIHEM BO3pACTAET I YOBIBaeT C
Bo3pactanweM Jpyroi). CHCTeMbI KOOpIWMHAT, TPHMEHSIEMBIE B OOJNACTH JHHAMHKA
JIETaTeNIbHBIX alaparoB, IPEICTABIIOT COOOH IPSIMOYTONBHBIE JEKApTOBBI IpaBbIe
crcreMbl. OCHOBHBIMH CHCTE€MaMH, KOTOPBIE HCHONB3YIOTCS TPH HM3YYeHWH JMHAMUKH
JIeTaTeNIbHBIX aIllfapaToB SBILTIOTCS CKOPOCTHAS, CBSI3aHHAS M 36MHASsL.

[pn anami3e KOHTYPOB KOPPEISIMOHHBIX IToNiel HanOoree MepCreKTHBHBIM SBILISTCS
HCCIIEZIOBAHME B3aHMOCBS3M yIWIa aTakd M yrila KpeHa. YTon aTaku - yrom mexny
TIPOEKIME CKOPOCTH JIETATENBHOTO armapaTa W MPOJONBHONH OCBIO CBSI3aHHOW CHCTEMBI
KOOp/IMHAT JIETATENBHOTO ammapara. YTol KpeHa g-yrol MEXIy IONepedHOH M OCBIO
CMETIIEHHOH B TIOJIOXKEHHE, COOTBETCTBYIOIIEE HYJIEBOMY YIITy phICKaHMS. B maHHOM cirydae
HCCIIeTyeTCsl CBsI3b MapamMeTpoB l(yrom arakw) u g(yron KpeHa) B 3aBHCHMOCTH OT 3TOTO
BHJIa ONpeJieNsieTcsl eCTh cOOH WM HeT. YUHTHIBast TO, YTO MPH CIOXKHBIX cO0sIX OOpTOBOrO
000pyIOBaHUS TMPOHUCXOAUT HAPYIIEHHE OPTOrOHAIBHOCTH BCEX BHIOB AaBHAIMOHHBIX
KOOP/IMHATHBIX CHCTEM (CBSI3aHHOM, 3€MHOH, CKOPOCTHOH) W TP 3TOM KOH(HI'yparus
KOHTYPOB KOPPEJISIIIMOHHBIX TTOeH MEHseTCs, BO3HMKAET BO3MOKHOCTD JUIS JMArHOCTHKH
CIIOKHBIX OTKa30B M cO0EB METOIOM KOHTYPHBIX KoppersioHHbIX nosneit (KKII).

Hayunwiii pyxogooumens — FO. B. I puwyenko, KaHO. mexH. HayK, 0oyerm
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AHAJII3 CYYACHOI'O CTAHY BOPTOBHX 3ACOBIB BUSIBJIEHHS 30H
I'PALY B IOJIBOTI

MeTeopornoridHi yMOBH MalOTh 3HAYHMH BIUIMB Ha poOOTY aBiamii. € feKiIbka IpuauH
BUHUKHEHHS aBiariitHuX karactpod, a came:

- TIOMMWJIKOBI Jiii eKimaxy;

- HECNPaBHICTh TEXHIYHHUX CHCTEM;

- HECHpPUSTIMBI METEOpOJIoriuHi YMOBH (Tpo3a, IIKBAJH, TypOYIEHTHICTB, Tpa, 3CyB
BITpY, OJIIICKaBKa).

Came Ha CKIJIaJiHI METEOpOJIOTiyHI yMOBU TipHmianae 45,3% apiamiiiaux katactpod. Y
JIOTIOBIJIi PO3TIISIIAETHCS OFHE 3 HEOE3MEeYHHX METEOpOJIOTIYHHX SIBHIN — TPajg 1 MeToI!
BUSIBJICHHS 30H rpany. Hacmimku il rpany € myxe HeOe3neuHUMH. B OUIBIIOCTI BHITAIKIB
TIOBITPSTHE CY/THO 3a3Ha€ MEXaHIYHHUX TTOMIKO/DKEHb.

Bimmosinao xorrerntiii [CAO “FreeFlight”nizor mMae npaBo nmpuiiMaTy IUIaH TIONHOTY 1
POOMTH 3MIHM B MapIIpyTi MOIBOTY Oe3 Y3rODKEHHSM 3 aBiaUCIIeTICPOM.

Jlnst peamizarii 1€ KOHIEMIi eximaxk morpedye MeTaTbHOI 1 TOCTOBipHOI iH(popMari
Tpo HeOe3MeKH, sKi MOXKYTh BUHHKHYTH Ha MapmpyTi.OnHak Ha CHOTOAHIINHIN TeHb y
JliTakax HEBCTAHOBJIEH] OOPTOBI 3aCO0M BHSIBIICHHS 30H I'pajy HAa MapUIpyTi, sKi O HajaBamy
JIeTallbHy Ta JIOCTOBIpHY iH(pOpMaIliro. Y maHuid 4ac OOPTOBHIT PajlioOIOKaTop € €JMHAM
3aCO000M CITOCTEPEKEHHSM 332 METEOpPOJIOTIYHOK0 CHTYalliero 3 Oopry JiTaka. Hazemmi
METEOPOJIOTIYHI PATIONIOKATOPH TaKOK HE MOKYTH 3a0€3MEYUTH JOCTATHBOI HAMIMHOCTI 1
TOYHOCTI TIpW BWSIBIICHHS 30H TpaJioBoi HebOesrmekn Ha mapmipyri. OTke, icHye morpeda
JIICTAHITIMHOTO BHSBIICHHS 30H TPajioBOi HEOE3MEKH SIK HA3eMHHMH 3aco0aMH Tak 1
omnepaTHMBHUMH 3aco0amm 3 OOpTy moOBiTpsHOTO cymHa. Ilpore, mpoaHamizyBaBIIM
MOXJTMBOCTI BHSIBJICHHS TPaJly METECOHABITAIIHOIO pajionokamiiiHoro craaiiero (MHPJIC),
MOJKHA 3pOOHTH BUCHOBKH, III0 BOHA € HEJOCTATHRO €(DEeKTHBHOIO, OCKUIEKH BUMIPIOE TITHKH
OIHY BEJIMUMHY — PaJlioNOKAIliiHy BiNOMBaHICTh. TOMY BHHHKIIA TOCTpa HEOOXiTHICTH B
PO3pOOIICHHI HOBHX METOMIB BISIBICHHS 30H TPajoBOi HEOE3MeKH - MOISPUMETPHIHHX
MeToriB. BoHM € 9ymimmBHME O CTPYKTYpH, ()OPMH Ta Opi€HTAIlii pO3CifOBadiB CUTHAIY i
MOXKYTh BH3HAUMTH THII TiJpoMeTeopiB. BusBisaTH rpany y xMapax i omamax MOKHa 3a
pe3yIbTaTaMy OLIHIOBAHHS ITOMSIPHU3AIIHHIX TTapaMeTpiB BiIONTHX CHTHAIIB.

[Nonspw3aniiini  BUMIpIOBaHHA  BHKOHYIOTH TAaKUM YMHOM. Y  JHIHHOMY
MONSIpIBAIHHOMY Oa3Hci 1Mo Yep3i depe3 Mepiof] BUMPOMIHIOIOTh CUTHAIN TOPH3OHTAIBHOL
Ta BepTHKaIbHOI noysprsanii . [lomsprzanist mpuiHATOro CUTHATY MOXKe BIIPI3HSATHCS Bil
TONSIpYBAITii  BHIPOMIHIOBAITBHOTO, B 3aJICKHOCTI  BiJ BIacTHBOCTEH 00 ekra.llpuitHsTuii
CHTHAJI MICTUTh SIK OCHOBY, TaK 1 OpPTOrOHAJIbHY KOMITOHEHTY.OOpoOKa CHrHaJIB
TIOJIIPUMETPIIHOTO PaJIioNIoKaTopa A€ MOXIINBICTh PO3PI3HUTH 30HH TPAJIOBOi HEOE3IEKH
Bi/I TOIIOBUX 30H Oe3 rpaxy. B miteparypi € nekinbka crarteil Ha o TeMy, aje 3amada
crBopenns airouoi MHPJIC 3 pexxumoM BUSIBIICHHS TPaJy i3 33/IaHOKO JTOCTOBIPHICTIO JI0CI
HE BUpIIIeHa.

Hayxosuii kepiguux — @ H. Anoscoruti, 0-p mexu. nayx, npogpecop
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METO/J TOYHOT'O BUBHAYEHHSI BATOMOI'O 3MICTY 3AXOPOHEHHS
I 3BHEIIKO/’KEHHSI PAIIOAKTUBHUX PEHOBHUH
TA 3AXHCT BI] LIKIJJIUBUX 3ABPYJIHEHb

AKTyanpHICT BHPIMIEHHS NPoOJIeM IOCTOBIpHOI KUIBKOCTI MacH PEYOBHHH —
BaroMoro 3MiCTy 3aXOpPOHEHHS, 3HEIIKO/PKEHHS pa/lioaKTHBHIX Ta 3aXO/iB 3aXUCTY Bif
MIK{JIMBUX PEYOBHH U PO3POOJTICHHS 1 BJIOCKOHAJICHHS METOJIB KOHTPOIIIO , TaKOXK
Bimoma. Ha »ayp, axkTyaslpHICTH TPOOIEMH TOYHOTO BH3HAYEHHS MAacH pPEYOBHHH
HOCHUTh HE OJWHHYHHUII XapakTep, a MOBCIOAHO BHHHWKA€ B TEXHOJIOTiI i Ha pi3HMX
yCTaTKyBaHHS, IO Ha , 30KpeMa i y MEJMYHIi HayIll , JJIs TOYHOI OIIHKA MAcCH JIKiB B
poboTi POBI30PIB.

[TocTanoBka mpoOiieMH y 3araJbHOMY BUTJSNI Ta 11 3B’S30K 13 BaKIMBUMH
HAYKOBHMH 3aBJaHHSIMH TIOJNSTaE B TOMY, IMOO po3iOpaTHicss 3 TEOPIE TOYHOTO
BHU3HAYCHHS MacH pEYOBMHM JUIS BH3HAYEHHS BaroMoro 3MICTy 3aXOpOHEHHS,
3HEIIKO/DKEHHS Pa{iOaKTHBHHUX PEYOBHH JUIS PO3POOJICHHS i BIOCKOHAJICHHS METOJIB
KOHTPOIIO B TEXHOJOTi{, a00 B MEAMIMHI 1 3arporoHyBaTH OLTBII TOYHI PO3paxyHKH
OKPEMUX ITapaMeTpiB i XapaKTEPUCTHUK MpoLecy . Y paMKax IPOBEJIEHOTO TOCHKEHHS
TIPOIIOHYETHCS BUKOPUCTAHHS CYJacHOiI MOZENI TPOLeCy JUIi TOYHOIO BH3HAYCHHS
Macu OyIb-KOi PEUOBHHHM B PI3HHMX Taly3siX, IO JO3BOJIHTH peayli3yBaTH METOJ IUIS
OUTBII TOYHUX PO3PAXYHKIB.

Mertor0 OCTiKEHHS € Ofiep>KaHHs HOBOTO METOJY JUISl MPAKTUYHHUX PO3paxyHKiB
BaroMoro 3MiCTy 3aXOpPOHEHHS, 3HEIIKO/PKEHHS pa/lioaKTHBHIX Ta 3aXOiB 3aXUCTY Bif
IIKI[UIMBUX PEYOBMH 0€3 BHUKOPHCTaHHA dWciaa ABorajgpo uis po3poOieHHs i
BJOCKOHQJICHHS METOMIB KOHTPONIO HYepe3 pO3pOOKYy OKPEeMHX acHekTiB i
BIIPOBA/DKEHHS KOHIETIH. [ JMOCATHEHHS METH IPONMOHYETHCS pO3poOKa Teopii
BH3HAYCHHSI MacH 0e3 BUKOPHCTaHHS TEPMiHOJIOT1 MOJIb 1 4ncia ABoraspo.

MeTon  CTOCYIOTBCS ~ €KOJIOTIYHOTrO, MEIMKO-010JIOTIYHOT0 Ta  MOpPAJbHO-
ncuxonorigaoro  3abesmeuenHs B JIMC, ToMy mpu3HadeHi U1 BUKOHAHHS
(yHIaMEeHTAIBHNX, TIPUKIIAIHIX i TONTYKOBUX HAYKOBHUX JOCII/KEHb 32 HAIPSIMKaMH:

— MeJIMYHA TOKTPHHA HACITIJIKIB aBapii, MaTOIOTis 1 MEJIMIINHA KaTacTpod;

— Mequ4He 3a0e3MeueHHs y MUPHUH 1 MeTUIHA TIpal;

— iHopMaTH3aIis i HAYKOBO-TEXHIYHHH CYIPOBiT PO3POOOK B €KOJIOTII.

BucHOBKHM MOJSITraroTh B TOMY, IO BIEpIIE 3aIPOIIOHOBAHO HETPaIWIiHIN Miaxis
JI0 BUpIIIEHH] Ipo0iieM Ha OCHOBI BUKOPUCTAHHS HOBOTO METO/Y 1 €JIeMEHTIB CydacHOL
Teopii A MiABUINEHHS BU3HAUCHHS BaroMoro 3MiCTy 3aXOPOHEHHS, 3HEIIKOKSHHS
pallioaKTUBHUX Ta 3aXOJIiB 3aXHCTY BiJl IIKIUIMBIX PEUOBHUH O€3 BUKOPHCTAHHS YMCIia
ABorasipo Juist po3po0IeHHS 1 BIOCKOHAJICHHSI METOIIB KOHTPOJTIO.

Hayxosuii kepisnux — O.I. Cumnuk, KaHO. mexH. HayK, OOyeHm
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Imenko A.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AHAJII3 CATYAIII ITIPA BTPATI ITIJIOTOM ITPOCTOPOBOT OPIEHTAIII
I AK HACIAOK MPOBJIEMU YITPABJIIHHA IIC ¥ TOJIBOTI

3abe3neueHns OE3MEeKH MOILOTIB Ha CHOIOMHIMIHIA JEHEL 3aiiMae OCOOJIMBE MiCIEe
cepell 3aB/IaHb, sIKi BHPIIIye SK UBIIBHA, TaK 1 BIFICKOBa aBiamis B yCiX KpaiHaxX CBITY.
VYcmimHe BUKOHAHHS MTOJTBOTY 3aJI€KUTh HEe TUIBKH BiJl HATIHHOCTI CHCTEM IOBITPSHOTO
cynHa (IIC), a # Bim TOro, HaCKUIBKM IIBHIKO 1 NPaBHJIBHO IJIOT OPI€HTYETHCS B
MIPOCTOpPi Ha BCIX eTamax MmoiboTy. [list minoTa Ha BayKeni YIPaBIiHHS NPH MUTOTYBaHHI
— 1ne Oe3mepepBHO chOpMOBaHE HMM  ysBJIICHHS (HaOuHWA 00pa3), M0 BKIIIOYAE
YCBiZIOMJIEHHS CTaHy KepoBaHOro ob'ekta — I[IC Ta mpoTikaHHS IpOIecy yIpaBIIiHHS.
«Marepianom» 111 GOPMYBaHHS IIOTO YSIBICHHS CIIYXKHUTH O€3IEepepBHO CHIpHIMAaEMO
npritaioBa (IHCTpyMEHTaIbHA) 1 HeIHCTpyMEeHTalIbHA iH(popMaIis.

Brpara nmpocTopoBoi opieHTamii — 1e Tncuxodi3ionoriyHa cUTyaris, mpuTaMaHHa
MJIOTY, SIK 1HAMBIMY, SKa BiNOYBA€ThCS BHACHTIIOK 1TF031H, BUKIMKAHUX HEaJICKBATHUM
BiZJOOpakKEeHHSIM BIIACTHBOCTEH 00'e€KTa, SIKi CIPHUIMAIOThCS MiJIOTOM(TOOTO SKich 3001 B
po0OTi 30pOBOI CHCTEMH Ta BECTHOYILSIPHOTO arapaTy IijoTa) i sika BinOyBaeThes dyepes
BIJICYTHICTh B KaOiHaX JIiTaKkiB BIJMOBITHOTO, >KATTEBO HEOOXIJHOTO MPHIIAIOBOTO
obmanHanHs.  [IpocropoBa opieHTallis, 1€ Taka K JKUTTEBO HEOOXimHA (YHKIIisS
JIFOZICBKOTO OPTaHi3MYy, SIK 1 JIXaHHS.

Po3p’s30k maHOI TpoGieMH i3 BaKIMBHMH HAYKOBHMH 3aBJaHHAMH TIOJISATAac y
CTBOPEHHI Cy4acHOI Teopii 1 po3poOIll peKOMEHMamiid Ui OIHKK [ TMUTOTIB 3a
JIOTIOMOTOI0 TICHXO0()i310JI0TT9HOr0 OOTPYHTYBAaHHS IPOOIEM TPH IiATOTOBII JHOTHOTO
CKJIaTy Ta iX BIUIMBY Ha Oe3neKky monboTiB. Lle 6a3yeThecst Ha CTBOPEHHI Pi3HUX MOJENeH
iMiTamii MOBEIIHKH il JIBOTHOTO CKJIQAy 4Yepe3 CHPUHHATTS 300paKeHb, a TaKOXK
OILIIHKW BIUIMBY 300pakeHb HABKOJMIIHBOTO CEpElOBHINA Ha JIOAMHY. Y poOOTi
PO3KPUTOMEXAHI3M/IOCITHEHHSI MaKCHMAJIBbHOTO HaOIIKEHHAPO3pOOIEHHX MOJeNeH 10
pearbHUXCUTYalii B onboti. [IpoBeneHo aHami3 TeHeHMi pO3BUTKY TaKOro HayKOBOTO
HanpsIMKy, SIK CTBOPEHHS OinbIl e(eKTHBHHX pilleHb Npo0iieM, IO BHHHUKAIOTH B
TIOJTBOTI.

BucnoBok. V xkabinmax IIC, mo eKcCIUTyaTyrOTBCS CBOTOIHI, IS OpieHTarii B
mpocTopi 1 Oe3MeYHOro YNpaBIliHHS 3aCTOCOBYETHCS I1HIUKAINS,IIO HE Ja€ MiIOTY
MMOBHOI KAPTHHU TPOCTOpOBOi  opieHTarii. ToOTO HEOOXiHOI YMOBOK  JUIS
3a0e3reueH s MOIbOTIB € BCTAHOBJIEHHA y KabiHax cydacHuX [IC NpHHINIIOBO HOBHX
IHIMKATOPIB, AKi ITOCITYCIYr'YIOTh IJIsl OPi€EHTYBAHHS IIOTA B OyAb-SIKHX METEOYMOBAX
TIOJTBOTIB, @ TAKOXK CHCTEM Ta KOMIUIEKCIB, sIKi OyIyTh BPaxoBYBaTH ycCi IICHXO0-(i3NdHI
BIIACTHBOCTI TIJIOTA.

Hayxosuii kepisnux — O.I. Cumnuk, KaHO. mexH. HayK, OOyeHm
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KPUTEPIi OIITHKA ITAPAMETPIB I XAPAKTEPUCTHK PO3POBJIEHUX
KOHTPOJIEPIB UIs1 BUT'OTOBJIEHHSI JOKYMEHTANII ITPHJIANNIB
ABIOHIKHN HA 3ABOJAX HUBIJIBHOI ABIAIIIIL

JIns migioTioueH s IpmwiaiiB Ta o0JamHaHHA 10 GoproBoro komm'iotepa (BITEBM),
a00 10 IHIMMX TPUIAIIB aBIOHIKHM JIiTaka HEOOXiJHI aJanToBaHI MM Ii MOTpeOH
BIJIMTOBITHO PO3PO0JIeHI BUCOKOSKICHI KOHTposiepy. Koy My BUOMpaEMO H I KITF0YaEMO
SIKNI-HeOy/Ib TeXHITHHMI KOMIUIEKC, He0OXiTHO 3BEpHYTH yBary Ha CTaHJapTHI MapamMeTpH
pO3po0IeHOi CHCTeMH CyMICHI 3 KOMITIOTEPHHMH, HamlpHKiIax: QopMar i IMBHIKICTH
00poOKH, MaKCHMAabHA PO3/IUTBHA 3/IaTHICTH BiATBOPIOBATH Pi3HI KOJIBOPH, MOXKIIMBICTD
BOYZOBaHMX OJIOKIB, IPUCTPOIB Ta MOJYJIB, BHKOPHUCTAHHS Iporiecopa rpadiku i T.1.

B namiif po0OOTI TPOMOHYETHCS PO3BIATH IAEATICTHYHY KAPTHUHY BUKOPHCTAHHS
MIPOrpaMHO-aNapaTHUX METOAIB 1 3aco0iB (YHKIIOHYBaHHS CHCTEM Bi3yami3amii B
IUBLTBHIHN aBiamii mig ynpasmiaasM BIIEBM. Ile yepe3 Bennky KinbKicTh mpo0OieM, 1o
BHUHUKAIOTh B TIPOLEC] eKCIUTyaTamii, oOciyroByBaHHsI abo peMoHTy aBioHikn B CALS-
TEXHOJIOTISIX B aBiaOyayBaHHI M CHCTeMax JOKyMEHTYBaHHS iH(opMarii, Bizyasizarii
iHdopmarrii B kabiHi JliTaka Yepe3 BIICYTHICTh €IMHOI KOHIIETIIT B IPHHITAIIAX TTOOYIOBH
KOHTPOJIEPIB JUTS i ABUIIEHHS SKOCTi pOOOTH CHCTEM 1 PiBHS OS3IIEKH TOIBOTIiB. MeToto €
PO3TIISTHYTH B KOMIUIEKCI BIUTMB TPHHIMINB PO3POOKH TTapaMeTpiB 1 XapaKTepHUCTHK
KOHTpOJICPIB Ha CHCTEMY BHTOTOBJICHHS JOKYMEHTAIlli aBiOHIKM a0o s Bizyamizarlii
iHdopmartii B kabiHi JiTaka /Ul IMiABMINEHHS PiBHS O€3MEKM IMOIBOTIB. 3 II€I0 METO0
HEeoOXi/THO ONTHMI3yBaTh X MapamMeTpH 1 XapaKTepPHUCTHKH, 3alpONOHYBaTH INPAKTHUYIHI
PO3paxyHKH OCHOBHHX IH(OpMAIIHHUX KpUTEPiiB IS PO3MHMPEHHS MOXIHBOCTEH
Bizyauti3arii B kaOiHi Jitaka. [IpormoHyeThCsl BAKOPHCTOBYBATH B MOJIEIIi KOHTpOIepa AesiKi
CyJacHI TOMISAM JUIST  OIHKM  Pe3yJdbTaTiB  eKCIePHMEHTIB, HaNpHKIaL, I
XapaKTepUCTHKH e(QEeKTHBHOCTI CHUCTeMH Bi3yaumizarii iHdopmamii Ha OCHOBI HOBHX
TIPUHIAIIB  PO3POOKK KOHTpoONepiB. B mpomeci mopmanbiioro anamisy BHIIIMMO JBa
rmapaMeTpy: YyTIUBICTh MaTepiary (eKpaHy IWCIUIes) Ha TaHenml Bidyamizamii abo Hocis
iH}opmarii 10 majaoYoro BUNMPOMIHIOBAHHS i (DYHKILIO POSMUTTS JIiHII i 9ac IPYyKy
U AETATBHOTO YTOYHEHHS CIIOTBOPEHb, SIKI BHHHKAIOTh IPH JOKYMEHTYBAaHHI IS
BUT'OTOBJICHHS SIKICHOI aBiOHIKM. TakiM YHHOM, 3aCTOCYBAaHHS MAaT€MAaTHYHOTO arapary
JOCTI/DKEHb 0 OTPUMAHMX pPEe3yNbTaTiB  eKCNePHMEHTATbHUX J@aHUX IIpOLecy
MOJIENIIOBaHHST 00pOOKH 300paykeHb J03BOJISIE C(OPMYITIOBATH CHIJBHI BHMOTH IO
rapaMeTpiB Ta IHTEHCHMBHOCTI iH(OpPMAmiHOrO BUNPOMIHIOBAaHHS TIPH PO3poOIi
KOHTPOJIEPIB JUISI BUTOTOBJICHHS aBIOHIKH. lle JO3BONUTE PO3ITISTHYTH BIUIMB HE TUTBKH
BHYTPIIIHIX 1 30BHIIIHIX (PAaKTOpIB Ha NPUHIMIM PO3POOKH KOHTPONEpiB, a W Ha iX
rapaMeTpy 1 XapaKTepUCTHKH, a TaKOK IX B3aEMOJII0 3 CHCTEMOIO BHTOTOBJICHHS
JIOKyMEHTAIlii aBiOHIKM, a00 3 CHCTEMOI0 Bi3yawmizamii iHpopmarii B kabiHi JiTaka it
ITiIBUTIICHHS PiBHS OE3MEKH TOTHOTIB.

Hayxosuii kepisnux — O.I. Cumnuk, KaHO. mexH. HayK, OOyeHm
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Jsimenko B.B., Cuthuk O.I'.
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BJIMSAHUM COJTHEYHOM AKTUBHOCTH HA KAYECTBO
TEXHUYECKOI'O OBCJIY’KUBAHUSI ABUOHUKU CAMOJIETOB
C IEJbIO HEJONTYIIEHUS KATACTPO®

H3zBecTHO, uTO M3 pador A.JI. UmKeBCKOTO MPOCIIEKUBACTCS CBS3b JICATEILHOCTH
ComHIla ¢ BO3JICHCTBHEM Ha TICHXHMKY 4YelOBEKA M Ha OOOpPYJIOBAaHWE YIPABICHUS
BO3IYIIHBIM JBIDKEHHEM B a3pOrNopTy. MHOTOYMCIICHHBIE IyOJMKAMd B MHpPE
CBUJICTEIILCTBYIOT O TOM, UTO MPOCICIKUBACTCS B MUCCICOBAHHUAX Pa3IIMUHBIX aBTOPOB
BO3MO)KHOCTh BITUSIHUSL M3MEHCHHWH COJIHEYHOW AKTHMBHOCTH W T€OMAarHHTHOTO ITOJIS
HakaHyHe M B JIeHb IpoBeleHus pabor mo obcryxusanuio IIC. Bo3Oyxnenue,
BBI3BAHHOE TIOTOKAMH COJIHCYHBIX YaCTHII M TMEPEMCHHBIMH MAarHUTHBIMHU TIOJISIMU,
mopoXAEHHBIMA  CONHIIEM MOXET CBITPaTh POKOBYIO PO, CTaB MPUYMHOU
TpParm4ecKux COOBITHI Kak CIeICTBHE INpoBeleHus pador mo obcmyxusanuio [1C. B
MIPUPOHBIX M TeXHOTeHHBIX Karactpodax [IC ComHIle MOXKET CHIrpaTh pOJb CUTHANA,
BKITFOYAOMIETo (WUIM  BBIKITIOYAIONIETO) CHJIOBBIC W HH(MOPMAIOHHBIC CHUCTEMBI.
Uwkenckuid nrcat: “CoiHIlE — BEJIMKUE MMOKa3aTeNb HENeCO00pa3HOCTH TPOBEICHUS
OTBETCTBEHHBIX pabOT: €ro TOKa3aHWs Oe30MMOO0YHBl M YHHBEpCATbHBI . [loaTomy
PYKOBOJICTBO aBHAKOMITAaHHH W ad3pOIMOPTOB JOJDKHO PAaBHATHCS IO €T0 MECSYHOM,
CyTOYHOH W TIOBCETHEBHOW AKTUBHOCTH W JIOJDKHBI 3HaTh O TOM, YTO JellacTcs
PETYISIPHO Ha COITHIIEC.

Hayxosuii kepisnux — O.I'. Cumnix, KaHO. mexH. HAYK, 00YeHm
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HUMAN FACTORS OF COMPLEX INDICATION SYSTEMS OF NEW
GENERATION AIRCRAFTS

Aviation maintenance human factors research has the overall goal to identify and
optimize the factors that affect human performance in maintenance and inspection.
Automated features of indication systems can improve situational awareness by
reducing crew workload.

Aircraft’s electronics components must be designed so that, for all situations the
flight crew can reasonably be expected to encounter, it will have the data it needs in an
easily recognizable form that facilitates proper decision making. Furthermore, the
avionics systems should be designed to help the flight crew carry out necessary tasks,
especially in emergencies when things are not as expected and safety depends on quick
and correct actions by the flight crew.

Presently, there are observation of submission of new avionics systems that have
sought to overcome the issues associated with limited outside visibility for the pilot.
Except dealing with problem of limited visibility, which still remains the single most
critical factor affecting both safety and capacity in worldwide aviation operations.
According to visibility problem that would allow all aircraft to be flown under the visual
equivalent of visual meteorological conditions or clear daylight operations the
«Synthetic vision» was set. Synthetic vision is a visibility solution to this visibility
problem that would allow all aircraft to be flown under the virtual equivalent of visual
meteorological conditions or clear daylight operations. The process of systems, through
its intuitive display and presentation methods, provide the off-load the pilots from basic
spatial awareness tasking (to avoid terrain, traffic, and obstacles) and increase their
speed of situation recognition. In terms of safety benefits and for help-drive to reduce
many accident precursors, synthetic vision was selected to the several researches human
factors. Issues of the human factors that should be considered when designing such
displays, are categorized into three research areas.

To contributing to the growing knowledge of the human factors of synthetic vision
displays, researchers developed an extensive list of human factors issues and provided a
set of research priority recommendations. The organizational practices, which should be
ascending to make sure designers and developers take into account what we know about
human factors engineering graduated by Corker and Guneratne (2002) into three cellars:

1. Image Quality

2. Information Integration

3. Operational Concepts
Through the analyses proper constituent elements of the human factors specialist able to
translate general guidelines into project. Synthetic vision holds the promise to eliminate
the precursor to many accidents and incidents and substantially improve the safety and
operational efficiency of aviation.

Hayxosuii kepisnux — O.O. Tpusna,cm. sukiaoay
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 629.735.018.7.075/.077 (043.2)

Kiouan A.€., Ba6iu M.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

HOJAPUMETPUYHUM IPUCTPIA /151 BAMIPIOBAHHSI
MIKPOPEJILE®Y TA YXHWJIB 3JIITHO — ITOCAJTKOBOI CMYTH

Besneka 1 edeKTHBHICTH IMONBOTIB CyJacHHX MOBITPSHUX CyJeH Oarato B 9OMY
3aJIeXKUTH BiJ[ SIKOCTI TIPOBEICHHS 3JIITHO-TTOCAIKOBUX omepamniii. OCHOBHHM eJIeMEHTOM
aeporopTy, SIKM BU3HAYAE 1 BIUIMBAE Ha SKIiCTh 3JITHO-TIOCAIKOBUX OMEpAIliif € 3JTHO-
MOCaZKOBa CMYTa, SKa CIYXWTH JUIST BUKOHaHHS 37160Ty Ta mocaaku [IC. Cram 3IIC
BH3HAYAETHCS 32 JOMOMOTOI0 Py MapameTpiB, ki xapakrepusytoTs 3IIC. OcHoBHIM
mapametrpoM 3I1C — € xoedilieHT MeTIeHHsI, OCKUILKU BiH 3a0e3Meuye e)eKTHBHICTH 1
0e3reKy 31 THO-TIOCAIKOBHX Orepariid. J{JIs OmiHKH cTaHy HOKPUTTS 3J1iTHO-TIOCAAKOBOT
CMYTH IIPOBOJIATH OIIHKY HACTYITHUX ITapaMeTpiB: MOB3IOBXKHIX Ta ITONEPEYHHX yXUIIIB,
TEKCTYPH TOBEPXHI, peIbe(y MOBEPXHI, YHCTOTH TOBEPXHI.

Icnye nBa wmHampsMkn B Bm3HadeHHI 34imHux sxocreit 3IIC: GesmocepenHe
BHU3HAYCHHS KOE(IIlieHTy IIeIUIeHHsS Ta BHU3HAYCHHS ITOKa3HHWKIB IIOPCTKOCTI, SIKi
BH3HAYAIOTh Koe(illieHT ImernieHHs. [lepmmii HampsMOK Mae XapakTepHi HEIOJIiKH.
Koedimient mreruieHHs He mae gocroBipHOi iH(opMamii mpo crtanm 3IIC i He mae
MOXXJIMBOCTI BUSIBUTH TIPHYMHHM HU3BKHX 3YIMHUX sKOcTed. Jlpyruit HampsMok He
OTpPUMaB INHPOKOTO MPAKTHIHOTO 3aCTOCYBAHHS, OCKIJIBKM Ie HE BCTAaHOBJIICHO
MaTeMaTH4Hi 3aJIeKHOCTI MK IapamMeTpaMH IIOPCTKOCTI Ta KOe]illieHTOM IIEIUICHHS.
Meron Bu3HaudeHHS KoeQillieHTa IIETUICHHS MNUITXOM BHMIPIOBaHHS ITapaMeTpiB
IIOPCTKOCTI MOBEPXHi € OUTBII MEPCIEKTHBHIM 1 TOUHHM.

Icayrodi mpucTpoi He 3abe3nedyroTh HaJaHHS OAHO3HAYHOI iH(OpMamii Mpo craH
3[IC, sxa 6 wMorma OyTm BHKOpUCTaHA JUIi TPOTHO3YBAaHHA 1 3a0e3nedeHHs
e(heKkTUBHOCTI 1 Oe3meKH 3IITHO-TIOCAIKOBHX orepamiid. Takoxk iCHyrodi MeToau i
3ac00M BHMIpPIOBaHHS XapaKTepH3YIOThCS BHCOKUMH TPYHAOBHTPATaMH 1 HH3BKOIO
IIBHAKICTIO BUKOHAHHS BHMIpPIOBAJIFHOIO MpoLecy. A Iie B ITO€IHAHHI 3 ITiABUIICHHIM
IHTEHCUBHOCTI pyXy TOBITPSHMX CYJACH BHOCHTH OOMEXEHHS B BHKOPHCTAHHS ITHX
METO/IiB i IPHCTPOIB.

Jlnst ominkm Mikpopenbedy Ta yxuniB nosepxHi 3[IC BUKOPHCTOBYIOTECS Ti %k cami
TeOIe3WYHI TPUIIAA Ta METOMH, IO 1 JJIi BU3HAYEHHS penbedy MiCIEBOCTi, a caMe:
TEOOJIITH, HIBETIpH, CBITIONAIEKOMIPH, TAXEOMETPH, JIiJapHa 3HOMKa Ta 1HIII.

[MonspumeTpudHUi TPUCTPiil UIT BUMIPIOBAaHHS MiKpopenbedy Ta YXWIIB 3TiTHO-
MOCAZKOBOI CMYrH 3a0e3ledye 3HAuHE 3MEHIICHHS BHTPAaT 4Yacy Ta 3MEHIICHHS
TPYZOBUTPAT 3aBIIKH HOro MOOITBHOCTI, aBTOHOMHOCTI Ta aBTOMATH3alii Mpomecy
BHUMIpIOBaHHA. A UYyTJIUBICTH 1 TOYHICTH MOJMSPHUMETPHIHOIO METORY BUMipIOBAHHS
3abe3nedye BUCOKY TOUHICTD 1 UyTJIHMBICTh BUMIPIOBAHb.

MaremMaTHIHMI amapaT TepepaxyHKy KyTiB Haxmly IuaTGopMu B KOOPIWHATH
TOYOK JIO3BOJISIE OYAyBaTH MiKpopebed MOBEPXHi.

Hayxosuil kepignux — B.I'. Pomanenxo, KaHo. mexu. HayK, 00yeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 57.087.1(043.2)

Cutnuk O.I'.,bokoBenko K.B., Tepedyc FO.M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

MOHITOPHHT BILIMBY MAJIAX JI03 PAIIAII HA KICTKOBI I M’S130BI
TKAHUHMU JIOAWHU JJIS1 TIPOTHO30BAHUX EKOJIOT'TYHUX YMOB
3BEPEKEHHS 31I0POB'SA JIIOAUHN

AKTYaITBHICTB IOCHI/DKEHHST MEXaHi3My BIUTMBY MaJIMX JI03 pajlialiii Ha yci BUM TKaHUH
PI3HMIA ¥ alrOPUTMH B3a€EMOIT 3 CEPEIOBHILIEM 3aXFCTy 3HAYHO BiJIPI3HSIOTHCS, OCOOIIBO y
TOKCHKOJIOTi TCIST €KOJOrivHOro 3al0pynHeHHs. ToMy BHpIIIeHHsS TpoOieM B3aeMOl,
B3a€MO3AIKHOCTI 1 B3a€MOBIUIMBY MaJWX 03 pajiarii, KICTKOBHX 1 M S30BHX TKAaHWH
JIFOZIMHY Ta 3aco0iB 3aXKCTy JUI1 BUPIIICHHS NPOOJeM Ha MOJNEKYISPHOMY PiBHI € JTyKe
aKTyaIbHOIO 33/1a4€l0, aJIe MaJlo BUBYEHOIO.

AHaJTi3 OCTAHHIX JOCJIKeHb B SIKIX 3alI0YaTKOBAHO PO3B’SI3aHHS JAHOI MPOOIEMH, SIK
BCTAaHOBJICHE, TTOKa3ye, IO SK IIe CHOTrOHI He JMBHUM Yy Haylli, ajle CTPYKTypa KiCTKOBOI
TKaHWHN BBAKAETHCS, HA TEPIIMH IO, BHUBYEHOIO IOCHTH IPYHTOBHO (haxiBISIMI
MemHY 1 Giomorii. Ane, daxiBmi B 00iacTi Kpuctanorpadii KicTKOBI TKAaHHHH HIKOITH HE
po3MIAIN SIK KPHCTAIYHY CTPYKTYPY, a TUIBKM SK aMOpdHY, Oe3CTpYKTYpHY, TBEPIY
PEUYOBHHY, TUIBKH OIlONOTIYHOrO0 TOXOMKeHHS. Jlms moOynoBu Momeni  BiAHOBiIHOL
peabHOMY 00'€KTy PEYOBHHM TPHPOTHOrO 1 OiOJOTiYHOrO IMOXOMKEHHS MAOTh 0ararto
OIHAKOBHX MapaMeTpiB i OJHOTHIHHMX XapaKTEPHCTHK 3 KPHCTAJIYHOIO pedoBuHOIO. Lle
JI03BOJIUTH 3aIPOINIOHYBATH MOJIETh MOHITOPHHIY BIUIMBY pajiamii /Ut po3rJIsiTy 3MiHH THX
TIapaMeTpiB, IO OyTyTh 3araJIbHAMH JUTS METaJTy 1 KICTKOBHX TKaHMH.

Bnepuie po3po6ienuii MeTon ynpapiiHHS TporecoM. J[Ba ckmanoBux momyni FOHra
P;=—7,85335810" Ia i P,=3,871141-10’, Ila mMoxua Ha3zBarty ENIEKTPOTMHAMIYHUMH
KOHCEpBAaTHBHUMH CKJIQJIOBUMH, KOTPI Majlo 3aJe)aTb BiJ| TEMIEpaTypH CHCTeMH. Aie
MexaHiuHa ck1anosa P; =7,8494869-10"°, Ila te € nampyra MBHIKOTO PearyBaHHs Ha 3MiHy
craHy ()OHOBOI CHCTEMH SIKOi HAJIEKHTH BeAyda PONb y JECTPYKIil KPUCTAIIYHOI CHCTEMH
KICTKOBOI TKaHWHH, IMEHOBAHOI IUIABJICHHSIM JIOKAJBHUX JUUISTHOK ITiJI BIUIMBOM paJIiarlii.
PiBHSHHS CcTaHY KiCTKOBOI TKAHWHU B TOYIIl TUTABJICHHS JUISHKHU TMiJT BIUTHBOM MAJTHX J103
pamiamii: P, + P, + P, = 0.

3anporoHoBaHi IUISXH BUPIMICHHS MPo0iIeM. B TodIl MIaBlIeHHS JOKATBHOI JTSTHKH
i-20 CTPYKTYPHOTO €JIeMEHTa KiCTKOBOI TKaHWHH ITiJI BIUTMBOM MAaJIMX JI03 pajiiarlii MOmyib
IOnra npsimye 10 HyIs1, TOOTO BiIOYBA€ETHCS CTPYKTYPHE PYyHHYBaHHSL.

BucHOBKHM 1 TIepCIIeKTHBY NOJANBIINX JOCHTI/DKEHb B HAYKOBOMY HAIPSIMKY 3 METOIO
€KOJIOTYHHUX YMOB 30€peKEHHS 370POB'S JIFOJIMHY, 1110 € CKJIAJJOBOIO YaCTHHOIO €KOJIOTTIHOT
0e3reKy 1 BUKOPHCTaHHS B TOKCHKOJIOTI] MOJISTaloTh B TOMY, IO BIIEpINE 3alpOIIOHOBAHO
HETPaMIIMHIN MiIXiq 10 BHpIMIEHHI NpoOjieM Ha OCHOBI BHKOPHCTAHHS CY4acHOTO
MaTeMaTUIHOro arapary. Po3pobiieHa KOHIIEMITisl TO3BONTE 3a JIOTIOMOTOF0 MOHITOPHHTY
KOHTpOJIFOBaTH PO3BUTOK MATOr€He3y 1 MPOrHO3YBAaTH MPOLEC pyHHYBaHHS KiCTKOBHX 1
M’S130BUM TKaHHMH €KOJOTTYHHX JUIST YMOB 30epeKeHHs 3/[0pOB'sl JIIOIMHH, 10 € CKJIAIOBOO
YaCTHHOIO EKOJIOTIYHOI O€3MeKH, a TaKoXK BHKOPHCTOBYBATH B TOKCHKOJOTII, 0OpOOIISITH
Bi3yaJIbHY 1H(OpMAIlI0O TPH JIarHOCTHI 1 BUPOOJIITH METOIWYHI pPEKOMEHAMil Juist
nikyBaHHS. OTpUMaHi pe3ylbTaTH JIOCHTIHKEHbh XBOPOTO MOYKHA OITIHIOBATH KUTBKICHO, UM
PO3paxoBYBAaTH 3 BUCOKHM CTyNEHEM TOYHOCTI IapaMeTpH CKJIAJIOBHX €JIEMEHTIB IpoIecy
B3a€MOIi1, BUMIPIOBAaTH XapaKTEPHUCTHKH PEAJIbHOTO MPOLECy, IPOrHO3YBAaTH XiJl PO3BUTKY
xBopoOu. OTpuUMaHi pe3ylIbTaTH J03BOJISIOTH ieHTH(IKyBaTH OTPUMaHy iH(popMariro.
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 613.6 93 (043.2)

Maxkcumosuu I'.B.
Hayuonanvuwiii asuayuonmwiii ynugepcumem

BUKOPUCTAHHSA KOCMIYHUX 3HIMKIB ITPX BUPIINEHHI MEJIKO-
BIOJIOT'TYHUX, MOPAJIBHO-IICUXOJIOI'TYHUX I EKOJIOI'O-
II'I€EHIYHUX INTAHb

AKTYyaJIBHICTh AOCTII:KeHHSI TIPOOJIEeM OMIHKHM JIFOJICHKOr0 YHMHHMKA Ta HOro
BIUIUBY Ha IICHXOJIOTiuHYy Oe3nmeky (axiBmiB eKkcTpeMasbHHX Tpodeciii Bimoma
crierjiaicraM, Xo4d SIKHMOCh YMHOM IOB'si3aHMM 3 LIA, ame MOHATTS “TIcHXonoridna
Oe3neka (QaxiBiiB” [4] BIJHOCHE, BOHO TIOYMHAE JIEIIO BU3HAYATH TOII, KOIHU
MIPU3HAYCHUH KPUTEpili BU3HAYAETHCS 3a JOMOMOTOI0 DIllleHb, IO NPUHMArOTHCS B
mporeci po3poOKH, TPOEKTYBaHHS, eKcILTyartarii abo obciyropyBaHHa. Pomb i
aKTyaJIbHICTh BHW3HAYCHHS TMOHATH IICUXOJIOTIYHOI Oe3mekw (axiBIUBINB IMM HE
BHYCPIYETHCA [5], SIK MpaBIWIo, TOMY Ma€ HAYKOBHU 1HTEpeC iX KUTbKICHA OIiHKA, SKY
MIPOIIOHYETHLCS 3aMPOIOHYBATH. SIKIIO MOHATTS TICUXOJIOTTYHOI Oe3neku (axiBIIiB iCHYE
3’ SIBIISIETHCS MOMKJIMBICTE OUTBIN TOYHOI OIiHKN eekTHBHOCTI PpyHKIioHyBaHHSI COMC,
gepe3 e(eKTUBHOCTI MPUHHATTS TOTO, UM IHIIOTO pilleHHS. BH3HAaYeHHS MOXIHMBUX
MOKa3HHWKIB Ta KPUTEpiiB, SKI BUKOPUCTOBYIOTHCSA [UISL OINBII TOYHOI OIIHKK
edexruBHOCTI criaaauX crcteM COMC 3a J0IOMOror TaKUX MOHATH SIK TICHXOJIOTiYHA
Oesreka (axiBIiB iCHye, ajle € pi3Hi MorsaM Ha mio mpobiemy. IlpomonyeThes
TIPUHIIMITOBO iHIIIA KOHIIETIIIISI BipilIeHHs MPpoOJIeMHNX UTaHb B [{A.

Mera pociimkennsi. HeoOXiqHICTE BHU3HAYEHHS METH JIOCIHIKEHHS JI03BOIHUTH
(dopmanizyBaTu 3a1adi [3], siki BUpinIyroThCs B [IA, OCHOBHI (haKTOpH, IO OIiHIOIOTHCS
1 BU3HAUarOTh €()EKTUBHICTD i1 (PYHKIIOHYBaHHS Ta YMOBH, SIKi OOMEXKYIOTh MOKIIMBOCTI
JIOICBKOTO YHMHHMKAa Ta HOro BIUIMBY Ha IICHXOJOTiYHYy Oe3meky (QaxiBIiB
ekcTpeManbHuX Tpodeciit. [loTiM BcraHOBIEHI 3B’s3ku Mik ckiagoBumu COMC i
JIOICBKOTO YHMHHMKA Ta HOro BIUIMBY HA IICHXOJIOTidHY Oe3neky (axiBIliB
excTpeManbHUX Tnpodeciit B 1A 1 ¢opmamizoBaHi Ti IpoIecH 3 HUX, SKi IMiJUIAIOTHCS
¢dopmaizanii B mporteci MoaemroBaHHs. [1icis 11b0ro MpormoHyeThest 00paTH ONTUMATBHI
KpHUTepil OIIHKM JIOACHKOr0 YMHHMKA Ta HOr0 BIUIMBY Ha IICHXOJOTIUHY Oe3mexy
(axiBmiB excrpemanbHuX mpodeciii B LIA. Sk mpaBmio, 1me caMmocTiiiHa 3amada, i THM
ORI CKITAfHA, YMM CKJIa IHIIIe 3arajbHa 3a7ada JOCHiJUKSHHSI.

BucHoBku. Y cremianuctiB LA HakomMueHO JOCTATHS KiJBKICTh METOMOJIOTIYHUX 1
METOJIMYHUX PO3POOOK 1 MPOMO3UINK IS BUPIMICHHS MPOOJIEMH JFOJICHKIX YHHHHKIB
Ta X BIUIMBY Ha IICHXOJIOTiUHy Oe3mneKy (axiBIiB eKkcTpeMandbHUX mpodeciit B [IA. Ha
Hall TIOMJIS HaWOiNbII NPHUAATHOIO 1 IEpeBipEeHOI0 IPAaKTHKOI MOXKHA BBAXKATH
METOJIONIOTII0  iJieHTHdIKaIil aBialllifHUX BUNAJKIB, sKa Tepeadadae  aHami3
€JIEMEHTApHUX Jiii B HOPMAJIBHUX Ta €KCTPEMaIbHUX CHUTYAIlisiX, sika OM He mpHuBeia
10 BUHUKHEHHS PH3UKY 1 3arubeni mozxei i nitaka. Ll 3anpormonoBaHa MeTOmOMIOTIs €
OCHOBOIO JUISI METOJMYHOTO 3a0€3Me4YeHHS OI[HKH pU3UKY 1 IONepeKeHHS
HebOe3neunux noii B [{A.

Hayxosuii kepisnux — O.I. Cumnuk, KaHO. mexH. HayK, OOyeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 629.735.017.1: 658.345 (043.2)

Cwmoinu /I.B., Kipee MLE.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

PO3POBKA INPUJIALY AJISAI BUMIPIOBAHHSA NMO310OBXXHIX
TA HONEPEYHHUX YXWJIIB TA HEPIBHOCTEM
3JITHO-MOCAJKOBUX CMYT

Sxicts HoBO3OymoBaHuX 3I1C mepeBipsieThes MUIIXOM 3aCTOCYBAaHHS TPYIOMICTKIX
TeoIe3MYHNX METOJIIB 3 BUKOPHCTaHHIM TEOJIONiTa, TAXEOMETpa, JaeKoMipa, HiBelipa,
BHMIPIOBAJIGHOI JTIHIKY I BU3HAUEHHS YXWIIIB, a HEPIBHOCTI BUMIpIOIOTH HE MEHII
TPYAOMICTKUM IIUIIXOM — BHUMIPIOBAaHHSM 3a30piB IIiJ{ TPUMETPOBOIO JiHIHKOIO depes
koxHi 10 cm.

Jlana pobora mpucBsYeHa po3poOIli MOOITHPHOTO BUMIpPIOBaYa ITOB3JIOBXKHIX Ta
MOTIEPEYHUX yXWIiB, a Takoxk HepiBHoctel 3IIC, 1m0 03BONIsE TPOBOIUTH
BHMIPIOBAHHS OJHOYACHO 32 JIBOMA KOOPIMHATAMIL

BuzHaueHHsS MOB3IOBXHIX Ta IMONEPEYHMX YXWIIB Y PO3POOIIOBAHOMY IPHCTPOIO
BHUKOHYETBCS 3a JOIOMOTOI0 Mikpo-enekrpo-mMexaHivaux (MEMC) martumkiB —
akceJepoMeTpa Ta AaTdrka KyroBux mBuakocreit (JKII).

BumiproBanpHuii MOIynb SBISiE COOOI0 PyXoMy IDIaTGOpMy, SKy IIepeMilrye
orepatop. JlaTanky po3MillieHi Ha IUIaTi, sika BCTAaHOBJIEHA Ha pyxoMmiif miardopmi. Ha
1i#t TaTtdopMi BCTAaHOBIICHUH 1 MiKpOKOHTpOJIepa, sIKHl BUKOHYE 00poOKy iH(opmarii
BiJ TaTYMKIB Ta BHIA€ Pe3yJAbTAaT BUMIPIOBAHHS HA PiIKOKPHCTATIYHMHN 1HIMKATOp, A€
OJJHOYACHO BimoOpakaeThcsl 1H(OPMAILS PO MOB3OBXKHIM Ta TMOMEPEYHUH yXWIH B
nmianmazoni £90° (xyt. rpamyciB). Llinra monommoro pospsay 0.1° (kyr. rpamgyca) abo 6'
(KyT. MiHYT).

BuximHUMH CHUTHaJIAaMH BHIIE3TaJIaHUX JATYUKIB — akcenepomerpa ta JKII — €
3HAYEHHS HAIPYTH, SIKi MIPOIOPIIiifHI MPHCKOPEHHIO Ta KYTOBil IIBHAKOCTI BiJIITIOBITHO.

Jnst momanemoi oOpoOku iH(GoOpMamii IsI Hampyra TOMA€EThCs Ha aHAIOTOBO-
1 poBHi TepeTBOPIOBaY KM BOYTOBaHIH B MiKPOKOHTPOJIEP.

B po3pobineHoMy mpHCTpOi KOMIUIEKCYBaHHS iH(OpMamii BHKOHYEThCS 32
aITOPUTMOM ONTUMAIBHOTO peKypeHTHoro ¢inerpa Kanmana (HenepeBHO-UCKPETHOTO
posmmpenoro ¢ineTpy Kammana).

[IpoBeneHi eKcCrepUMEHTANBHI  JOCTI/DKCHHS TAaKOXK TIIOKa3all HEOoOXiTHICTh
TIOIANTBIIIOTO Y/IOCKOHAJICHHS] KOHCTPYKIii IPUCTPOIO:

- HakKOIUIeHHS iH(popManii y (iem-nam'saTs;

- po3pobka MpUCTporo st 00MiHY iH(pOpMaIi€io GIem-HoyTOYK;

- po3po0Kka aBTOMAaTHYHOrO IUKJTy BUMIpPIOBAHHS 32 TAKHM aJTOPUTMOM: CTapT —
BHMIPIOBaHHS — YCEPEIHEHHS Pe3yNbTaTiB BUMIPIOBAaHHS — 3amuC 10 (Iemr-mam'saTi
pe3yAbTaTy — CHUTHAJ 3aKiHUSHHS Pe3yNbTaTy BUMIpIOBaHb — CTapT.

Hayxosuil kepisnux — B.M. Kpacnos, kano. mext. Hayk, 0oyernm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 681.7.08: 655.71 (043.2)

Kipees ML.E., Cmoiuu /I.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

MMPUJIA L AJ11 BUMIPIOBAHHSA HIOPCTKOCTI IOBEPXHI
3JITHO-MOCAJKOBHUX CMYT (3IIC)

BasxnmuBicts BumiptoBaHHs mopctkocti 3[IC 3ymoBneHa 1i 3BS3koM 3 KoedillieHToM
3qernreHnst. [Toepxust 3[1C 31 mITYydHMM TTOKPHTTSM IIOBHHHA OyTH IMOOYIOBaHA TaKUM
4yuHOM, 1100 Ha Mokpii 3[1C 3a0e3neuyBanack BICOKa SKiCTh XapaKTEePHCTHK 3UETIICHHSI.

KoedimieHt 3ueruieHHs Mik THeBMATHKOM Jritaka Ta 3[1C 3aexuTh Bl Takux GakTopis
SIK IIBUAKICTH, TEKCTypa MoBepxHi, T 3a0pyaueHHs 3I1C, ToBmpHA miacTy 3a0pyIHeHHS
Tomo. [Tapamerpom, sikwif B HaifOLIbII 3HAYHINA Mipi BU3HAYAE SKICTh 3UETUICHHS Ha MOKpiit
3I1C Ta BiTHOIICHHS 3UCTUICHHSI/ TIIBUIIKICTh, € MiKPO-/MaKpOTEKCTypa IMOBEPXHI.

B nmaniit po0oTi NpezcTaBIseTHCS Ta JOCTIPKYETHCS TPIaHT YIS HI MeTO ] KOHTPOJIIO
rmmoran Texerypr noBepxHi 3[1C. TpiaHrynmsmiiaMii MeTo[ KOHTPOTIO 3aCHOBaHWI Ha
BM3HAYCHHI BiJICTaHi (TIMOMHM) Yepe3 CITiBBITHOIICHHS CTOPIH TPUKYTHUKA 3 BUKOPHCTaHHS
BIIOMHX TapaMeTpiB cHCTeMH. BiH 103BOIIsIe BUMIPIOBATH SIK BiIHOCHY 3MiHY BiJCTaHi Bij
JTaTIHKa JI0 KOHTPOILOBAHOI ITIOBEPXHI, TAK 1 aOCONMIOTHY 1i BENIUMHY.

CxeMa TpIaHTYISIIIHHOIO BHMIpIOBada IPAITIOE TAKMM YHMHOM: BHIIPOMiHIOBAIBHHI
KaHaT (opMye 300pa’KeHHsI CBITJIOBOI UMM Ha KOHTPOJIbOBaHiH moBepxHi. Jami poscisHe
KOHTPOJIbOBAHOIO TTOBEPXHEIO CBITJIO MOMaJac€ B NMpUHMAIGHAA KaHaT TakuM 4YHHOM, B
IUIONMHI (hOTONpHiAMaYda CTBOPIOETHCS 300paykKeHHS OCBITIEHOI YacTWHH ToBepxHi. [Ipn
3CyBI KOHTPOJNBOBAHOI IIOBEpXHI HAa BeNMUMHY 4Z CBITIOBA IUISIMA B  IDIOMIMHI
(oTomnpriiMada 3CyBac€ThCS Ha BeMHUUHY AX. 3aNexHICTh 3MIlIEHHS KOHTPOJIHOBAHOL
TIOBEpXHi 4Z BiJt 3CYBY CBITJIOBOI IUISIMH /X Ma€ TaKUH BUTIISA:
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sm{:: - @l B
-E_R?'I:'rlﬂ.— A_sml E——msl
o4 55mm) ] )
r— BlL[CTaHL Bl[[ KOHTpOJIBOBaHOl HOBerHl o HpoeHIOIO‘IOI‘O 06’€KI'I/IBy l'IpI/II7IM2LHLHOF0

KaHaJIy;

7’ — BIICTaHb BiJl MPOCIFOIOYOr0 00 €KTHBY N0 (hoTonpuiiMaya, BpaxOBYIOUH Te, IO
KOHTPOJIbOBAHA MOBEPXHS 3HAXOAUTHCS B LIEHTPI Jialia30Hy BUMIPFOBAHHS 3MillICHb.

Po3pobnennii mpriax no3Boisie OyayBaTH TPHBHMIpHI 300paKeHHSI MPOCKAHOBAHKX
¢parmenris 3I1C st momansmioro aHamisy iX cTaHy aeponopToBUMH ciryxOamu. Lleit cran
BU3HAYAETHCS TAKUMH IapaMeTpaMH: CEpeiHs IIOPCTKICTh, MKOBA TJIMOMHA TEKCTYPH,
r7OMHa BUPIBHIOBAHHS, cepe/IHs IimonHa Tommo. [Ipunax Oys BumpoOyBaHwii B 1aboparopii
Ha OetorHOMY (parmenti 3IIC posmipamu 30 x 40 cM 3 HAHECEHWMH TIOTJIHOJICHHIMUA
(6opizmkamu) pizHOi TimOWHU (0.5 — 3 Mwm). TouHICT BHU3HAUCHHS TIIMOMHH TEKCTYPH
nioBepxHi cknazae 0.09 Mmm.

Hayxosuii kepisnux — B.M. Kpacnos, kano. mexh. Hayk, 0oyernm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 331.1011:629.735:656.7.071 (043.2)

BacuabeBa C.B.
Hayuonanvnuiii asuayuonnulil ynusepcumem

KOMITOHYBAHHS JTOIIKH ITIJIOTIB 3 MTO3UIIi EPTOHOMIKH
JUIA BABE3INEYEHHSA BE3INEKH IIOJILOTIB

AKTyaJIbHiCTH PO0OTH. AKTYaJIbHICTH BHpiIIeHHs npooneM B LA Vkpainu nomsrae y
CTBOpEHHI CNPHATIMBHX YMOB IS WwieHiB ekinaxy, [1C, nucnerdepiB MoBiTpsiHOTO pyxy i
TIPAIiBHUKIB aBiaKOMIIaHiii Ta aeporopTiB, MIO0 PEai3ylOThCS B TPOMNOZHUIISX IIOO
BIPOBa/DKEHHS €PrOHOMIYHOI THarHOCTHKY (DYHKIFOHAIBHOTO CTaHy EKilaKy CydacHOro
TIOBITPSTHOTO Cy/THA.

OcHoBHOI 3MicT podorn. OCHOBHHM CITOCOOOM TTOJAHHS iH(opMarii eximaxy €
TH/IUKAITIS 32 TIOTIOMOT'OFO PI3HUX MPHIAIB, CATHAII3ATOPIB 1 SNEKTPOHHHUX 1HIMKATOPIB, SIKI
pPO3MIIAIOTh HA TIPUIIAJIOBUX TaHENsSX Yy KaOiHi ekimaxka. He3Bakarounm Ha BEIUKY
PO3MAITICTh JITAIBHHUX aIrapariB iCHYIOTH 3arajibHi MPaBIIIa PO3TAIIYBAHHS IHIMKATOPHHX
MPUCTPOIB HA TPIIIAJIOBHUX JIOIIKAX BiIOBIIHO JIO BUIy TpENCTaBICHOi iH(popmarii. Y
KaOiHi JliTaka 13 IBOMA ITLIOTaMH TIepe] HIMHU PO3MIIIYFOTHCS TPH TPUJIAJIOBHX JTOIITKH.

BucnoBkn. [limBrimeHHst e(eKTHBHOCTI JIiif JIbOTYMKA TpW MUIOTYBaHHI 3

BUKOPHCTAHHSM €JIEKTPOHHHUX IMITOTKHUX 1HIUKATOPIB 3aJICKUTH BiJl HACTYITHHX ()aKTOpiB:

v' TIcHXOnorivyHa omiOHICT iHAMKaIi iH(pOpMaIlii Ha €NEKTPOHHUX iHIMKATOpax Ta
CJIEKTPOMEXaHIYHIX TIPHJIAJIAXx;

v nomiOHICTh OCHOBHHMX €JIEMEHTIB ODOPMIIEHHS HIKAI BMMIPIOBAHMX IAPaMETPIB
€JIEKTPOHHUX Ta eJIEKTPOMEXAHITHIX 1HIMKaTOpIB;

v' TomiOHICTh PO3MIIIEHHS MiNOTaKHO-HaBiraniiiaux mnapamerpis Ha KIII 3aransao
MIPUAHATHIM [IPaBUJIAM.

Hayxosuii kepienux — O.1. Cumnuk, KaHO. mexH. HayK, OOyeHm
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AEPOHABIT AL[IITHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 626.71.06.629.7.08 (043.2)

Jsadyenko A.O., CuBonanenko 10.C.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

HITPUX-KOJOBA CUCTEMA PO3III3HABAHHS BATAXKY

Sk BimoMo, AiSUTBHICTH CIyXO O€3NeKH aepoIopTiB CIpsMOBaHA Ha 3a0e3IeueHHS
aBiamiifHOi Oe3meky, perymspHOCTI Ta e(eKTHBHOCTI POOOTH aeponopTiB IMBITBHOL
aBiaIfii IDIIXOM 3aXOJiB MION0 3aXUCTY BiJl aKTiB HE3aKOHHOTO BTPYYaHHS 3TiTHO 3
YUHHAMH TIPaBWIAMH, PEKOMEHJIOBAaHOIO IPAKTHKOIO Ta TpoIeaypaMu. 3TigHO 3
HopMmamu ICAO Bech Oarax i BCi MacaXWpH, IO MPSIMYIOTh Ha OOpT JliTaka MarTh
TIepeBIpATUCS Ha HAsSBHICTH 3a00pOHEHUX 0 IPOBE3CHHS ITOBITPSHUM TPAHCIIOPTOM
MarepiasiB Ta pedeil. Jng 3miHCHEHHS TIpomeAyp OISy BHKOPHCTOBYIOTHCS
criemiaigbHI TEXHIYHI 3acO0M, J0 SKHX BIJIHOCATH: PEHTICHOTEINEBI3iHHI 1HTPOCKOIH,
CTaIliOHAPHI METATOETEKTOPH, TOPTATHBHI METANIONIyKAadi, Ta30aHaIi3aTOPH TOIIIO.

Cy4yacHMH HOpMaMH OYIIBHHIITBA aepOBOK3aJiB HependadacTses, Mo Bech Oarax
MIPOXOIUTH ABTOMATHYHMI JOTJLSIIOBHH KOHTPONH 3a JOMIOMOIOI0 PEHTI€HIBCHKUX
IHCTIeKIIIHHMX cucTeM. Ha >kanmb, BUCOKAa JIOCTOBIPHICTH BHUSBICHHS HEOE3MEYHUX
mpeaMeTiB  Ta MatepianiB  (iMOBIpHICTH TpaBmwiIbHOrO BHsiBIeHHS Bume 0,99)
CYPOBOKYETHCSI TAKO)K BUCOKHMH PIBHAMH NMOMMJIKOBHX CIPanboBYBaHb. ToMy IS
JIOTJISITy BUKOPHCTOBYETHCS TaK 3BaHA CXeMa I SITHpiBHEBOro kKoHTpomo. KpiM Toro,
JUTs O1ITBII €)eKTHBHOTO KOHTPOJIO Ha BCIH CTPIUIl Y BENUKIH KUIBKOCTI MOXYTh OyTH
PO3MIIIEH] CKaHEepH, SIKi aBTOMATHYHO 3UUTYIOTh iEHTH(IKATOp, KUK TPUKIICIOIOTH 10
Oaraky Ha cTiiini peecrtparii. Y OiIbIIOCTI BUMAAKIB ineHTH(]IKaTOpOM € Hakielka i3
IITPHUX-KOOM. BHKOpHCTaHHS IITPHUX-KOMOBUX 3YMTYBAadiB CYMICHO 3 IHTPOCKOIAMH
OKpIM TOTO JI03BOJISIE CTBOPIOBATH 0a3W JaHMX 300pakeHb 00 €KTIB KOHTPOMIO 3 IX
TIPUB’3KOI0 70 MTAcaKUpa.

[IpoBeneHnit aHami3 THIIB 3YMTYBadiB, a TaKOXK ICHYIOUMX THIIB IITPHX-KOIIiB
JIO3BOJIMB palliOHAIBHO 00paTH CHCTeMy KOAYBaHHS, HA OCHOBI sIKOi OyB po3poOieHuid
MIPOrpaMHUH KOMIDIEKC JUIS JPYKy INTPUX-KOJIB, a TAaKOX IX posmizHaBaHHSA. [Ipukiman
IITPHUX-KOY B 3alIPOITOHOBAHIN CHCTeMi KOAyBaHHS HaBeIeHO Ha puc. 1.

Puc. 1 — ITpuxiax mrpux-kony (ppasa «Dyachenko-Kyiv-Lvivy)

Hayxosuii kepisnux — M.FO. 3anicvkutl, Kano. mexwu. HayK, OOyeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

UDC 626.71.06.629.7.08 (043.2)

Klymenko M.O., Leus A.M., Mukha R.Ya.
National aviation university, Kyiv

RADAR METHODS IN THE VULCANOLOGY

Today, radar systems give a way to measure the activity of the volcano eruption on
the possibility in the near future. Satellite radar maps show, that volcanoes are usually
deformed before the eruption.

According to statistics 46% deformed volcanoes erupted this time, when only 6% of
volcanoes erupted without deformation. These data suggest, that deformation may be an
indicator of the eruption. But while many factors could cause volcanic deformation and
they do not always lead to eruption. Today, satellites capture radar images of volcanoes
several times a year, so they can skip the short eruption cycles, in which deformation
precedes the eruption itself for a few days.

Thus, measurement of deformation from space helps predict, when volcanoes will
erupt. One of the effective methods of measuring deformation of the Earth's surface is
radar method.

Morphological structure of the Earth's surface is reflected in the structure of the
radar image, depending on the angle of radiation probing signal slopes relief. Especially
detect at small angles of observation even small differences can give relief contrast
images, that compare other methods of formation inactivated type slopes. The relief of
the Earth's surface is reflected in the phase structure of the scattered signals, and it
allows using interference processing algorithms to build three-dimensional images and
to construct digital models of different morphological structural entities.

In general, radar systems have the ability to monitor and control the fugitive
processes on Earth. Research in this field on the effective use of microwave techniques
and studying environment are devoted by N. Armand, P. Kronberg, P. Borodin and
others. Unlike optical techniques, radar systems do not depend on the weather. These
data are independent on the degree of illumination, and radar beam has the ability,
depending on the wavelength, get through a Earth surface, including vegetation, ice, etc.

More over, we used radars to identify lava flows on the roughness of the analyzed
area. This characteristic has been used for determining the type of lava flows, and to
determine the relative age of the lava, as an older structure has a smoother surface.

Supervisor — M.Ju. Zaliskyi, PhD, associate prof.
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 681.3.07 (043.2)

I'epacumenxo T.C., Mycienko A.O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

BUKOPUCTAHHA ITYYHUX HEAPOHHUX MEPEX Y CHCTEMAX
EKCILTYATANLI PAIJIOEJIEKTPOHHOI'O OBJIA/THAHHS

[Ipobnemu mporHo3yBaHHS HaJiIHOCTI PagioeNeKTPOHHOro 0OIaqHAHHS aKTyaIbHI
MIPAaKTHYHO JUIST BCIX CyJacHUX TEXHIYHMX cHcTeM. Ham3BHuaifHO BaXkIHMBO SK MOXKHA
TOYHIIIe BH3HAYUTH MOMEHT BiZIMOBH O0JagHAHHS a00 3MiH NOBEIIHKH BH3HAYAIBHIX
rapaMeTpiB. 3aBUacHe 3HATTS 3 eKCIUTyaTallii 00JafHaHHS IPH3BOIUTE 10 eKOHOMITHIX
BTpAT, ajie 1 HeBYaCHO BHSIBJICHA BiIMOBA MOXKE O0EPHYTHCH IIIe OLIBIINMHU BTPATaMHL.

OpHuM 13 3ac001B MPOrHO3YBAHHS IHTEHCHBHOCTI BiJIMOB € BUKOPHCTAHHS IITYYHUX
HelpoHHUX Mepex. LlITydHa HellpoHHa Mepexka — e MareMaTuyHa MOJIEJb, a TaKOX il
MmporpaMHa YW amapaTHa peaii3alis, MoOyJIoBaHa 3a NPUHIUIIOM OpTraHizamii i
(yHKIiOHYBaHHS O10JOTIYHMX HEHPOHHHX MEpeXX — MepeX HEpBOBHX KIITHH XKHBOTO
opranismy. llTydHi HEHpOHHI Mepexki SBISIOTH COOOK CHUCTeMy 3 €IHAHHX 1
B33a€EMOJIIIOUMX MDK COOOI0 TPOCTHX IMpoLecopiB (IITydHHX HelpoHiB). Koken Takwmii
MIPOIIECOP MA€E CIPABY TUILKU 3 CHTHAJIAMH, sIKi TIEPIOIMIHO TpHiiMae, abo MepioanIHO
nepenae iHIMUM TponecopaM. Byaydm moeqHaHMMH B JTOCTaTHBEO BEIMKY MEpPEXy 3
KEpPOBAaHMMH B3a€MOJISMH, TaKi JIOKAIGHO TIPOCTI TPOIECOpW 37aTHI BHPIIIyBaTH
JIOCTAaTHBO CKJIAJHI 3a/1a4i.

3nmaTHICTE HEHPOHHOI MepeXki 0 MPOrHO3YBaHHS O€3MOCEepeHbO BUIUIMBAE 3 11
3[JATHOCTI JI0 y3araJlbHeHHS 1 BUAUICHHS MPUXOBAHUX 3AJISKHOCTEH MK BXITHUMH Ta
BHXITHUMH JaHUMH. [licist HaBuaHHS Meperxa 3[aTHa epeadadnTH MaiOyTHe 3HAUCHHS
SIKOICh TIOCITIIOBHOCTI Ha OCHOBI KUTBKOX TIONEpefHiX 3HaueHb i (abo) SKUXOCh
ICHYIOUHX 3apa3 YUHHHKIB.

[IporHo3yBaHHS IHTEHCHBHOCTI BiIMOB 3a JOIOMOrOI0 HEHPOHHOI Mepexi
3BOJIUTHCS 10 TAKUX OCHOBHHUX KPOKIB:

- 1HII[am3alis 1 BUXiqHl JaHi;

- TIOTepeIHE ONpAIffOBAHHS BXITHUX JaHUX;
- HaJaITyBaHHS HEHMPOHHOI MEpexi;

- HaBYaHHS HEHPOHHOI Mepexi;

- TEeCTOBE NPOTHO3YBAHHS;

- OIIiHKA NOMMJIKU TIPOTHO3YBAaHHSL.

Pe3ynpTaroM BHKOpPHCTaHHS HEHPOHHOI MepeXi MOXe CTaTH IIPOTHO3 Ha
BH3HA4YCHUH rrepion. UnM MeHIIM YacoBUH NMPOMIXOK Ha SIKMHf BUKOHYETHCS TIPOTHO3,
THM TOUHIIMM Oyze pe3ynpTar. TOUHICTh TaKOro MPOTHO3YBAHHS 3aJIEKHUTHh TAKOXK BiJ
BHajoro BuOOpy CTpykTypu HeifponHoi Mepexi.EdekrtuBHO 3acTocoByBath
MIPOTHO3YBAHHS TEXHIYHOTO CTaHy pPamioeleKTPOHHOrO OONamHAHHS [UIS BHPILICHHS
3a1ad  OMIHII #oro 3arampHOi crabimeHOcTi poborw. Cmig 3a3HAYMTH, IO
MIPOTHO3YBAHHS MOXJIMBO TiJIbKM TOJi, KOJW TIOTMEPEIHI 3MiHH JIHCHO B SIKIHCh Mipi
3YMOBIIOIOTH MaiOyTHI.

Hayxoesuii kepisnux — O.B. Conomenyes, 0-p mexH. Hayk, npogecop
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIIK 681.3.07 (043.2)

ITaBaoB B.T'.
Hayuonanvuwiii asuayuonnwiii ynueepcumem, Kues

KOHIENIHWSA UCTIOJb30BAHUSA UHOPAKPACHOI'O U3JTYUYEHUA

TexHomOrMs repeady TaHHBIX Ha OCHOBE HCIIONB30BAaHMS KaHAIOB, PAa0OTAIOIINX B
nrarna3oHe BOH nH(pakpacHoro mmydenus (MK kanan), mpopabaTbiBaiach B TEUSHHUE
MHOTHX JIET W MHTepec K Hel B HacTosIIee BpeMs TOJBKO PACIIMPSIETCS B CBS3H C
BO3pACTAIONIMMH MOTPEOHOCTSIMU B BEICOKOCKOPOCTHBIX OECIPOBOAHBIX KaHATIAX CBSI3H.
C npyroif cTOpOHbI, HHTEpEC K JAHHOMY BHJY KaHAJIOB 00YCIIOBIEH 3arpyK€HHOCTBIO
PaaMoOYaCTOTHOIO pecypca OCOOGHHO B KPYINHBIX ropojax Korja HpoOneMaTHiHO
YIOBJIETBOPUTh MOTPEOHOCTH OOJIBIIOTO 4YMCIAa IIONb30BaTeNed IPU  YCIOBUHU
obecrieyeHnss TpeOyeMOro KauecTBa CBA3H, B ClIydae MHCIIOIB30BAHUA CHCTEM CO
CJIOKHBIM UG POBBIM KOJMPOBAHUEM JTAHHBIX.

K OCHOBHBIM mpenMymiecTBaM KaHaJIOB, padoTaromMX B JWala3oHe BOJH
HUH(]ppaKpacHOro M3ITyISHHUS, MOYKHO OTHECTH:

- BBICOKAsl CTETeHb 3AIIMIIEHHOCTH KaHajga OT HECAaHKIMOHHPOBAHHOTO IOCTYIIA,
CBSI3aHHAs C OCTPOIl HAIIPaBIEHHOCTBIO CBETOBOT'O JIy4a;

- OTCYTCTBHE HEOOXOIMMOCTH B Pa3pelIeHHsIX Ha UCIIONB30BaHHUE PaIHOYacTOTHOTO
pecypca;

- HeOOJIbIIIas CTETIeHb ITOJJBEPIKEHHOCTH BIIMSTHHIO 3JIEKTPHUECKUX TTOMEX;

- BBICOKHE CKOPOCTHBIE XapakTepucTukum cucreM ¢ WK kanamamm, KoTopble
OIPEEISIOTC TEXHWYECKUMH XapaKTepPHCTHKAaMH MOIYIHUPYIOIINX YCTPOHCTB H
YaCTOTHBIMH CBOWCTBaMH (hOTOIMOJIOB.

W3BectHO, 4TO B aTMoc(epe WHTCHCHBHOCTH MH(PAKPACHOTO W3ITy4eHHs OBICTPO
3aTyxaeT B pe3yNbTaTe pPacCeMBaHUs U TorjomeHns. Ecim mpu mepenmade MaHHBIX C
ucrionb3oBanreM MK kaHaIOB HCIOIB30BaTh ClieNMaIbHBIE CBETOBOABI, TO YKa3aHHEIE
MOMEXH  OTCYICTBYIOT. [JIaBHBIM  JJOCTOMHCTBOM YCTPOMCTB M CHCTEM C
ucrionp3oBanreM MK kaHanmoB sBISeTCS WX BBICOKas 3alMINEHHOCTh OT MHOTHX
JIEKTPOMAarHuUTHBIX momex. Ha puc. 1 mpeanokeHa (yHKIMOHANbHAS CXeMa CHCTEMBI
ONTHYECKOH CB3M ¢ wucnoms3oBanneM MK kanama: 010Kk 00pabOTKH NpHHIMAET
CHTHAJIBI OT PA3JIMYHBIX CTAHIAPTHBIX YCTPOMCTB M MpeoOpas3yeT UX B IPHEMIIEMYIO JUIS
nepeadyl  ONTHYECKHMM MeTomoM (opMy; NpeoOpa3oBaHHBIM CHUTHal (opmupyeTcs
JIEKTPOHHO-ONTHYECKUM OJIOKOM B BHAE MH(PPAKPACHOIO HITYICHUS; Ha TPHEMHON
CTOpOHE COOpaHHBII ONTHYECKOH CHCTEMOH CBET IOCTYMaeT Ha (hOTONpHEMHHK, TIe
npeoOpasyeTcst 00paTHO B DIEKTPUYECKHE CUTHAIBI; yCHIEHHBbIE M 00pabOTaHHBIE
NIEKTPUUYECKHE CUTHANBI (WIBTPYIOTCS M TIOCTYHAalOT Ha JEMOAYJIATOp, TIe
BOCCT@HABJIMBAIOTCS B TIEPBOHAYAIEHOM BHJIE

R Herounms CoEAa NEDeasin
Bxog_ | Briok oBpaBoTkn it Bixog
— ™ (MogynATop) HamMEHWA aTonpuasHIk YourmTens DUnETpEI Lessopynatop

Puc 1. ®ynkiuoHaibpHas cXeMa CHCTEMBI OITHYECKOH CBS3U

Hayunwiii pyxosooumens — A.B. Conomenyes, 0-p mexw. Hayk, npogecop

52


http://www.msclub.ce.cctpu.edu.ru/GLOSSARY/Computer/item0122.htm

AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 004.4°236:621.316.31 (043.2)

Magaos B.I'., IcakiB O.10., Jlitsk P.C.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

MO/IEJIFOBAHHS TPUT'EPA IIMITTA HA OIIEPALIHOMY ITIICUJIFOBAYI
B ITPOI'PAMHOMY CEPEJIOBUIII PROTEUS

Komrr'toTepHe Mo/elTtOBaHHS € HEB1IEMHOIO YaCTHHOKO PO3POOKH PaTioelIeKTPOHHOT
amapatypu. OJHHM i3 CepeZIOBHIN MOJCTIOBaHHS € TaKeT mporpam i yrwmt Proteus
Professional. Y momoBimi po3rismaroThCs THTAHHS BHKOPUCTAHHS NPOTPaMH B
HaBYAJIBHOMY TIporeci i 3acrocyBaHHS Proteus Professional mis xomm'rorepHOro
MOJICITIOBAHHSL.

[lepeBaroro MmBOro TPOrPAMHOTO CEPEIOBHINA JOCTIDKEHHS 1 MOJICTIOBAHHS
palliOCTICKTPOHHUX CXEM € BEJIMKa KUTBKICTh KOMITOHEHTIB (SIK aHaJOrOBHX, TaK 1
mudppoBux) B OIOTIOTENi, MOMIIMBICTH MOJIEIIOBATH EJIEKTPOHHI Pi3HOMAaHITHI
TIPUHIUIIOBI CXEMH, IO A€ 3MOTy PO3pOOIIIOBATH HOBI MpHIaIN ad0 yIOCKOHAIIOBATH
ICHYFOUI.

Meroro 1i€i pobory Oyno po3pobieHHs J1abopaTOopHOI poOOTH «MOIETIOBaHHS
Tpurepa IlImiTTa Ha OmepaniiHOMY MiCHITIOBadi B MPOrPaMHOMY CepeIoBHIIi Proteus
Professionaly». Sk Bimomo, Ttpurep IlIMiTTa BUKOPHUCTOBYETHCS JUIS BiJIHOBIICHHS
IU(GPOBOTO CUTHATY, CHIOTBOPEHOTO Yy JIHISIX 3B'SI3KYy, (iTbTpax, sK IBOMO3HIIIHOTO
peryisropa B CHCTEMaxX aBTOMAaTHYHOTO peryimoBaHHs. Lleit Tpurep croith okpemMo B
CIMENCTBI TPUrepiB: BiH Ma€ OJMH aHAJOTOBUI BXiJ 1 oguH BuXia. OCKIJIBLKM CTaTHYHA
xapakrepuctuka tpurepa LlMiTra sBisse co00K0 MPSIMOKYTHY IETIIIO TiCTEpEe3ucy, Ie
JIO3BOJISIE  BUKOPHICTOBYBATH WOrO B SIKOCTI (hopMyBaya MPSIMOKYTHHX IMIYJECIB 3
BXiZJHOTO  Hampyrd. HeoJHO3HAYHICTh  CTAaTUYHOI  XapaKTEPUCTUKH  JIO3BOIISE
CTBepKYBaTH, 110 Tpurep IIIMiTra, sk 1 iHII TPUTepU Ma€ BIACTHUBICTH MaM'sITi — HOTro
CTaH y 30HI HEOIHO3HAYHOCTI BU3HAYAETHCS PAHIIIIE IIFOYMM BX1JTHUM CUTHAJIOM.

CxemMa TMIIKITIOYEHHS Ta JOCTIDKEHHS Xapakrepuctuk Ttpurepa Ilmitra y
nporpamMHOMY cepenoBuili Proteus Professional 300paxxena Ha puc. 1.

.
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Puc 1. Cxema MiAKIIOYEHHS Ta TOCIIPKEHHS XapakTepucTHK Tpurepa IlImMitra y mporpamuomy
cepenosuiii Proteus Professional

Hayxosuii kepisnux — M.FO. 3anicvkutl, Kano. mexwu. HayK, OOyeHm
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Hertapenko A.A., Tpeiimak B.A., [Ipuaunko E.C.
Hayuonanvuwiii asuayuonnwiii ynueepcumem, Kues

CHUCTEMA CXKATHSI ITOIBAKHBIX M30BPAKEHNI1 MPEG-2

Kak m3BecTHO, mpomemypa CXaTHs BHAEO MPEICTABISET TEXHOJOTHIO IM(POBOH
KOMIPECCHH TEJICBH3MOHHOIO CHTHANa, MO3BOJSIIOMIAS COKPATHTh  KOJHMYECTBO
HCIIONB3YEeMBIX JUIS TPECTABICHHS BU/IEO MTOTOKA JAHHBIX JUIT BO3MOKHOCTH TIepeaadn
BHIEO MO KaHajmaM pajguoBemanws. OpHa w3 Hamboiee MOIIHBIX TEXHOJOTHH,
TIO3BOJISAIOMIAS TIOBBICUTH CTETICHD CHKaTHSI, — 3TO KOMITEHCAIHS ABIKEHHS. TeXHOIOr s
KOMIICHCAITNH IBIKEHHS MO3BOISIET HAXOMUTh MOXOXHE YJAaCTKH, HaXe eCIH OHU
CIBHHYTHI OTHOCUTEJBHO MPEIBIAYIIETo Kaapa. IIpu 3ToOM NMpaKkTHYeCKH BCE AT OPUTMBI
CKaTHs BUIEO MCIONB3YIOT JUCKPETHOE KOCHHYCHOE ITpeo0pa3oBaHue.

OmHUM W3 CTaHZApPTOB CKAaTHS ITOABIKHBIX HM300pakKeHMII SIBISETCS CTaHIApT
MPEG. Ilpu stom cranmapr MPEG-1 wucnoms3yercss B OCHOBHOM TNIpH 3aIliCH
BH/ICONIPOTPaMM Ha HocuTenn HH(popmarmy, a cranmapr MPEG-2 npexnasnaueH B
MIEpBYIO O4Yepeb U TEIEeBU3MOHHOro BemaHws. [IpeacraBieHne curaanos B (opme
MPEG-2 mo3BonseT oOpamarbesi ¢ BHIEO W 3BYKOBBIMH IIOTOKAMH KakK C ITOTOKaMH
KOMIBIOTEPHBIX JaHHBIX. [IOTOK BHICOMAHHBIX IPEICTaBIsIET COOOH HepapXHIEeCKyIo
CTPYKTYpPY, OOBEIMHEHHYIO MEXAy cO0OH OmpeNeNeHHBIMI CHHTaKCHUECKUMH U
cemanTtnuecknmu npaBmwiamu. Cranmapr MPEG-2 momyamn pacmpocTtpaHeHne B
udpoBsIx Buaeoanckax DVD, cucTemMax KOMIpeccHH BHIEOM300pakeHHH, TP POBOM
teneBugernn DVB. B ciywae ncrons3oBanust B mudposom TenesuaeHmn MPEG-2
aKTHBHO TIPIMEHSETCS KaK CTaHAApT, OIPEASISIOIMMHA CTPYKTYypYy TpPaHCIOPTHBIX
TIOTOKOB M CIOCOOBI Tiepeaun JaHHBIX. CTaHIApT COIAEPKUT HECKOIBKO MOAPa3JIesioB
(parts). Hampumep, MPEG-2 part 1 ompenmenseT TWI KOHTEWHepa, HAPUMEpP, MOXKET
HCTIONB30BaThCs Transport Stream, KOTOPBIM ITO3BOISET KOPPEKTHPOBATh ONIMOKH
000pyIOBaHUS, MPUHUMAIOMETO CHTHAN. Part 2 — CTpPyKTypy KOMIIPECCHPOBAaHHOTO
n3o0pakenust (amementapuslii motok MPEG-2). Crammapr MPEG-2 namepenHo He
OIIpEeNSeT CIOCOOBI KOMIIPECCHH H300paKeHUs (3ByKa), OH JIMIIL yKa3bIBaeT, Kak
OIDKHO OBITH OohopMIIeHO ckaToe m3o0paskeHme (3Byk). CTaHTapT He OIpenenserT,
KakuM o00pa3oM JOIKeH OBITh peanmn3oBaH koxep wim nexonep MPEG-2, o
OIIpeeNseT TONBKO CTPYKTYpY HaHHbIX. MPEG-2 ucnons3yercst 1uist «o0IIero cxatus
JBIDKYIUXCST M300pakeHU M 3ByKa» W omperessieT (opMaT BHICONOTOKA, KOTOPBIH
MOXKeT OBITH MPE/ICTABIICH KaK TPH THIIA KaJipa — He3aBUCUMO CKaTble Kaapsl (I-kampsr),
KaJIpBl, CKaThIe C UCITOIB30BaHIEM TIPE/ICKa3aHMs IBIDKSHUS B OHOM HanpasieHun (P-
Kaapsl) M Kajpbl, CKaTbleé C HCIOIb30BAHMEM IIPEACKa3aHWs [BIDKCHHS B IBYX
HanpaBieHusIX (B-kxamapsr). CooTBeTCTByIONME I'PYHITEI KaJIpoB OT omHoro I-kampa mo
npyroro oopasytor GOP — Group Of Pictures — rpymmmy kaipoB. OGBIYHO UCTIONB3YIOTCS
morokn B 30 wmm 29,97 xaapoB B cexkyHay. MPEG-2 momnepkuBaer BHICO U B
IIPOrPECCUBHOM, U B YEPECCTPOUHON pa3BEPTKE.

Hayunwiii pyxogooumens — M.FO. 3anucckuii, Kano. mexs. Hayk, 0Oyenm
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CYITYTHUKOBI CUCTEMHW HABIT AITIT

Opranizanist nosiTpstHOro mpocropy (OIIII) - me ckmagamii mpomec HpHu sSKOMY
3IiMiCHIOETECST BHOIp 1 BUKOPHCTaHHS TOBITPSHOTO MpOCTOpPYy. BiH perymoerses
MixkHapoxHoto oprasizamieio ICAO, sika BuIana 3HaYHY KUJIBKICTh JOKYMEHTIB cepern
skux — Doc 4444 ATM/501 (Opramizamis moBiTpstHOTO TpocTopy), Doc 9750
(I'moGanpumii  aeponaBiramiiamii mraH crocoBHOo cucteM CNS/ATM), Doc 9854
(I'mobanpna ekcruryaramiiina konnenmis OIIP). OcaoBaum 3aBmanHsM  OIII e
3a0e3nedeHHs 6e3MeYHOro0 eKOHOMIYHOTO Ta €peKTHBHOTO BUKOPHCTAHHS MOBITPSHOTO
MPOCTOPY MUISXOM BHIUICHHS BiNMOBITHUX TEXHIYHHX 3ac00IB 1HIIUX pecypciB i
0e3mepepBHOrO  OOCIYTOBYBaHHS MOJBOTIB TOBITPSHUX CyaeH. Po3BuTOK aBiarmi i
3pOCTaHHS TOTPeOHM B aBialllfHUX TEPEBE3CHHSIX Ha JAJIbHI BIJICTaHI MPH3BENO JIO
PO3BUTKY HOBUX CIIOCOOIB HaBirarti, a came Jio MOsIBH CYITYTHHKOBOI HaBirarrii.

CynyTHHUKOBa CHCTeMa HaBiraiii - KOMIUIEKCHA OpraHi3alliifHO-TEXHIYHA CHUCTEMa,
IO CKIIAJIAETHCS 13 CYKYIMHOCTI Ha3eMHOT'O 1 KOCMIYHOTO OOJaTHaHHS, 10 MPU3HAYEH]
JUTS BU3HAUEHHS MICISl PO3TAllyBaHHS TPAHCIIOPTHHUX 3aC00iB, KOHTPOIIO MOTOYHOTO
9acy, a TAKOX MapaMeTpiB Pyxy /ISl HA3eMHHX, BOJXHHUX 1 OBITPSIHUX 00'€KTiB.

Ha cporopmimHiii IeHP MMPOKO BHKOpUCTOBYIOThCS cuctemu: GPS (CIIA),
I'JIOHACC (Pocis), INanineo (€spona). Lli cucremn BUKOPHCTOBYIOTH BifnoBimHO 31,
24127 cynmyTHHKIB, pO3MIIIEHNX Ha CBOIX ENINTHYHHX OopOiTax.

Haii6insm crabinpHOIO Ta ommpeHoro € cucrema GPS, ska 103Boiste B Oyap-koMYy
Mmicii 3emuti Maibke 3a Oyab SKAMH TIOTOJHAMH YMOBaMH, BH3HAYaTH MicCIe
pO3TalTyBaHHS 1 MIBUAKICTH 00'EKTIB.

I'onoBri nepesarn cucremun GPS - skicHa pobora HaBiramiifHOi CHCTEMH B yMOBax
ICTOTHOTO 1 AMHAMIYHOTO BIUIMBY 3aBaJl, ONEPATUBHICTH JOCTYITY JO CUTHAJIB (JeKiTbKa
YaCTOK CEKyHZ), BHCOKa TOYHICTh BU3HAUEHHS MICIE3HAXO/MKEHHS 00 €KTY
JIEMMETPOBOTO PiBHA (I'paHNYHA ITOXHOKa He Oubire 30 caHTUMETpiB).

Jlo ocHoBHMX ckianoBux cucreMd GPS MokHa BiHECTH W'SITh IIACHCTEM:
CymyTHHKOBOI Tpmiarepamii. Ilimcncrema mpu3HadeHa Uit BU3HAUCHHS IIOJIOKSHHS
00’€KTIB 3a JIONOMOTOI0 TPHOX CYITYTHHUKIB 3 BiJOMHMH KOOPIMHATaMH; CYITyTHHKOBOI
naneHoMeTpil. [limcucreMa mpu3Ha4YeHa JUIsl BU3HAYCHHS BiJICTaHI BiJ CYIIyTHHKA JIO
00’€ekTy; mijcucTeMa TOYHOI 4acoBoi mpuB's3ku. [lifcmucrema, mo mpU3HAYeHA YIS
CHHXpOHI3aIlil Wacy B mepenaBadi (CyyTHHMKY) Ta B IpuiiMadi (00’€KTi) CHTHay;
MCHCTeMa KOHTPOJIO pO3TAllyBaHHS CyIMyTHHKIB. IlincncremMa mpu3HaueHa Juis
YTpUMaHHS CYIYTHHKIB Ha CBOiX Op0iTax Ta KOpEKIli BHITAJIKOBUX BiJIXHJICHB;
migcucTeMa Kopekiii nommiok. [Ipu3HadeHa Juist yCyHEHHS MTOXUOOK, IO TPATUIIOTHCS
TIi/T 9ac BUMipIOBaHHSI.

Hayroesuii kepisnux — Conomenyes O.B., 0-p mexn. nayx, npogecop
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MIIIXO/I1 JIO PO3B’SI3AHHS OBEPHEHOI 3A JTAYI ITIJT YAC
IMPOEKTYBAHHI CACTEM EKCILITY ATAITIT
PAJIOTEXHIYHHUX 3ACOBIB

[Mix gac mpoexTyBaHHS i MozepHi3amii okpemMux TexHonorigyaux npomnecis (TII) abo
tTexHonmoriuaux omepariii (TXO), a Takok CHCTEM eKCILTyartalii B IJIOMY MOXHA
BUAIIMTH 1Ba THIM 3agad — mpsMy i obepreny. Ilpm Bupimeni mpsiMoi 3amadi
PO3PaxXOBYIOTBCS UHCIIOBI 3HAYECHHS IIOKA3HUKIB E€(QEKTUBHOCTI aIbTepPHATUBHHX
BapiaHTIiB 00’ €KTIB PO3pOOKH TS 3aHaHNX 3HaueHb mapamerpiB TII abo okpemux TXO.
Jlani y BIANOBIZHOCTI 10 3alaHUX KPUTEPiiB BUOMpPAIOTh Haiikpanwii BapianT. [1ix gac
BHpIIIEHHsT 00epHEHOI 3a/1adi IS 3aIaHOTO PiBHS YHCIOBOTO 3HAYEHHS y3arajJbHEHOTO
nokasHrka edekruBHOCTI Behoro TII abo okpemux TXO BM3HAYAIOTH ONTHMATBHI
TIOKa3HHUKH ITapaMeTpiB 00’ €KTY NPOSKTYBaHHS.

VY nmomoBimi pO3TISANAETHCS TPOLEC MOTOYHOro peMoHTy. [lim wac  BupimeHHS
oOepHeHOI 3a/adi MOKHA BHKOPHCTOBYBATH TaKi ITOKA3HHKH €()EKTHBHOCTI MOTOYHOIO
PEMOHTY, K 11y (fyp,) - MATEMATHYHE CIONIBAHHS TPUBAJIOCT] IIOTOYHOrO PEMOHTY Iy 5
Uo(fyp) - AMCIEPCist TPUBALOCTI HOTOYHOTO PEMOHTY Iy, ; IIOPOrOBUH piBeHb BUTPAT
PECYPCiB - fpnops O(fnp) - CEpelHE KBAIPATHYHE BIAXMICHHS TPHBAIOCTI IIOTOYHOIO

pEMOHTY tnp .

HaBeneni noka3Huky e)eKTHBHOCTI MOXKYTh BUKOPHCTOBYBATHCS IIiJT 9ac omepaiit
MOTOYHOTO PEMOHTY 1 3ajJie’KaTH BiJ TaKWX IapaMeTpiB, SIK HMOBIPHOCTI MOMHMJIOK

MepIIoro i JIPyroro pomxy o i B BiAMOBIAHO, TPHBAJOCTI ONEpaIliif 3 OMIHKH
BIJITOBITHOCTI #; , Omepariii 3aMiHM HEBIATIOBITHUX EJIEMEHTIB ?3 Too. Omuu abo

JIeKiIbKa TapaMeTpiB BH3HAUYAIOTHCS, SIK ONTHMi3amiifHi. Bapiantamm kputepiro
e(eKTUBHOCTI MOXYTh OyTH MiHIMyM a00 MaKCHMyM JIESIKOTO TTOKa3HHKa e(heKTHBHOCTI
M 3HAYCHHS, SIKe He MEePEBHIIye 3a31aIerib 3a/1aH0ro PiBH, Y pa3i (iKCOBaHUX iHITHX
rapameTpiB.

Buinomy, OyB pO3risHYTHI y3aralbHEHWH MiAXiJ i OyJaM OTpUMaHI aHATITHYHI
CITiBBiTHOIIIEHHS JUIS TTONTYKY ONTHMAaJbHUX 3HA4€Hb IapaMeTpPiB MOTOYHOTO PEMOHTY
M Yac po3B’si3aHHS OOCPHEHOI 3ajadi, KOJH Il 4ac OIIHIOBAHHS BU3HAYAIEHUX
rapaMeTpiB MOKIIHBI TIOMIIIKH KOHTPOIIO TIEPIIIOTO 1 APYTOro poxy.

Y po6oTi po3rasHYyTHI PHUKIIA]] BUpPIIECHHS 00epHEeHOl 3a1ai A1t BUMAAKY 00’ €KTy
MIOTOYHOTO PEMOHTY, IO CKIATAETHCS 3 YOTUPHOX ITOCTIJOBHO 3’€IHAHUX EJIEMEHTIB.
Kpim Toro, mpumyckaeThes, MO B MPONECi KOHTPOIIO MOXIIMBI MOMIJIKH MEPIIOro Ta
npyroro poxy. OTpuMaHi pe3ynbTaTH MOXYTh OYTHM BHKOPWCTaHI IiJ{ 9ac po3poOmi i
MOJIEpHI3allii CHCTEM eKCIUTyaTarlii 3ac00iB paJlioTEXHIYHOTO 3a0e3CUCHHSI.

Hayxoesuii kepisnux — O.B. Conomenyes, 0-p mext. Hayk, npogecop
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HAJIIAHICTD JIIOJJUHU-OTEPATOPA B AEPOHABIT ALTHIN
EPTATUYHINA CHCTEMI ITPA OBPOBII IAHHX 3
METEOHABITAIIIMHOT' O PA/TIOJIOKATOPA

JIromiHa-onepatop, mo OOCIYroBye pajiOTEXHIYHHMX CHUCTEM 3a0e3IeUYeHHS MONBOTIB
(pamionokariifHi CTaHIii), TPAIFOE B YMOBaX, SKi XapaKTEPHU3YIOTHCS BUHHKHEHHSIM
CKCTpEeMAITbHIX ~PEKUMIB  pOOOTH 3 BIJIMOBOIHO YCTaTKyBaHHS, 31 CKIQJHUMH 1
BI/INOBI TAJTGHIMH 3aBJIAHHSAMH YIPABJIHHS, 13 30BHIMIHIM BTPYJaHHSM B poOOTY, 3MiHAMH
TICHXIYHOrO CTaHy Ta OaraTbMa iHIIMIMH yYMOBaMH, IO CTBOPIOIOTH CTPECOBI CHTYamil B
00MiHI iH(pOpMAII€TO JIFOJIMHY 3 TEXHIKOFO.

Metoto poGoTn € 3BepHeHHsS yBark (axiBIiB B 0oONacTi HamIHHOCTI HAa BUKIAIEHY
mpodJyieMy, BHSIBUTH KUIBKICHI OMIHKH TTOXHOOK 3aCTOCYBaHHS —EKCITOHEHI[IJILHOTO
posmoftiTy B pospaxynkax HajitHocTi. KonekruBom yuermx HamonambHoi Akasemii Hayk
VYkpainn Oyna po3poOrneHa iiMoBipHOCHO-(ismuna (VD) TexHOMoris aociimKeHHS
HafiHHOCTI, 3riJHO 3 SIKOIO0 PO3IOLT HApOOITKY IO BiAMOBH Pi3HUX IO (bi3rdHIN mpHpoi
€JIEMEHTIB 1 CHCTeM IIi/ITOPSIKOBYETHCS ABOMAPAMETPHIHNM3ATICKHOCTSIM I Y3iHHOTO
THITY.

Tak, B WMOBIpHOCHO-()I3MYHIA MOJEN BiIMOB, IO TpPEJCTaBICHA AUPY3iiHOIO
HeMoHOTOHHOKO (JIH) (yHKIIIE0 NIITEHOCTI pO3MOTY HANPAIFOBAHHS t JIO BiZIMOBH:

R B () s
f(t’u’\’)_vm 2m-t P v pet

1 Bi/IMIOBITHOFO yHKIIi€rO O€e3BiIMOBHOCTI (MMOBIpHICTIO O€3BiIMOBHOI pOOOTH) BUITY

n—t 2 n+t
R(t,uv)=0| —— |—exp| — | O| ————|,
Vo1t v Vet
mapamerp macmraly [ posNonily OOCpHEHO TPOIOPINHIN CepeHiil MIBIIKOCTI 3MiHH
BU3HAYAIBHOIO MIApaMeTpa 1 Mae CeHC CEpelHBOr0 HAIpAIOBAHHS /IO BiMOBH, a TapaMeTp
(dbopMu posrionity v 30iraeTbes 3 KoedillieHToM Bapiamii V MBHAKOCTI JerpaiariifHoMy
TIPOILIECY i, OTKe, € KoedilieHToM Bapiariii HapoOiTKy 10 BiamoH (v=V) [1, 2].

IaTencuBHicTh mommtku/{HMozmer Om3bka 10 pealbHIX 3HAUYCHb TIOMUJIOK OTIepaTopa
aepoHaBiramiiiHoi cuctemn.KpiMm Toro, macmrabHi mapamerpm p i v JH Momeni
Y3TOIDKYIOTECS 3 OCOONTMBOCTAMY (DYHKIIOHYBAHHS OIEpaTopa i MOXYTh OyTH BUKOpHCTaHI
JUTS pO3PaxyHKIB BCIX epraTHJHAX CHCTeM [3].

Jlireparypa:

1. I'pibos B.M., Ipuwenko F0.B., Cxpuneys A.B., Cmpenvnikos B.II1. Teopist HafiiHOCTI CHCTEM aBiOHIKH.
Hapuaneuuii mociouuk, 4. I. — K.: HAY, 2006. — 324 c.

2. TIpoGiieMbl HaJIEKHOCTH aBHALMOHHOI TeXHUKH / ITOrM HayKH M TeXHUKH, cepus “Bo3aymnslii Tpancmopr”,
ToM 20. — M.; Tpancnopr, 1990. — 48 c.

3. Cmpenvhuxos B.II., ®edyxun A.B. OueHka M IPOTHO3HPOBAHHEHANIC)KHOCTHAICKTPOHHBIX)IEMEHTOB U
cucreM. — K.: Jloroc, 2002. — 486 c.

Hayrosuil kepisnux — Anogcokuii @.H1.,0-p mexw. Hayk, npogeccop
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EJTEKTPHYHA AKTABHICTh B ATMOC®EPI SIK HEBE3ITEUHE
METEOPOJIOTTYHE SIBUIIE TA METOI! NIJIBUIEHHS SIKOCTI ii
BUSIBJIEHHSL

[lomeoTH B 30HI TI'pO30BHX XMap HeOE3MedHi: TaM CIIOCTEPIraroThCsS MOTYXKHI
BHCXIJTHI Ta HU3XIiJHI TOTOKH MOBITPs 70 20 - 30 M/cek, OLIBIT iIHTCHCUBHE 3JIC/ICHIHHS,
po3psimu  ONMKICKaBKW, Tpaj, CWIBHI 3IMBOBI JOImIi, Morana BuauMmicte [1].I'posa
TIpeCTaBiIsie Hebe3neKy st MonboTiB MoBiTpsiHUX cyneH (I1C), sk B moBiTpi, Tak i mpu
370TI (TIOcaIi), a TakoX Ha 3eMJIi; eKCIUIyaTallii aeporopTiB; poOOTH MpaliBHUKIB
yrpaBiiHHS MOBITpstHAM pyxoM (YIIP).

I'po3u yTBOpIOIOTECS B TpoIleci, 3BaHOMY KOHBEKIisST — aTMoc(epa HarpiBaeThCst
HEPiBHOMIPHO,BiI0YBa€ThCsl NUCOANIAHC, KU BOHU 1 BHIPAaBISIOTH. HaiiBaskiusima
YMOBa JUIsl YTBOPEHHS I'PO3H - HAasBHICTH BOJIOTOT'O 1 TEIUIOrO HECTIMKOro MOBITPS, TPH
IIBHAKOMY TIiJTHOMI SIKOTO Bropy Morjia O yTBOPUTHCS MOTY>KHA IO BUCOTI XMapHiCTb.

MereonasiramiiHapamionokaniiina cranmis (MHPJIC) nos3Bonsie BHSBUTH 30HH
rpo30Boi JisuTbHOCTI 1 00iHTH TX. [Ipn HassBHOCTI XMapHHUXCTPYKTYp Ha BixcraHi 1o 200
kM 3a KypcoMm nonsory MHPJIC curnamisye mpo ne minoram [2].Y 3anmexHOCTi Bix
IIIJIBHOCTI XMap Ha HOTro eKpaHi TPO30BHH 00'€KT BHUCBIUYETHCS PI3HUMH KOJIBOPAMH.
Crnabka XMapHICTb - Jie[b 3€JeHHH KOJip, OUTBII IMUIBHI XMapu - SCKpaBO-3eJICHHUH,
TPO30Bi XMapH - SICKPAaBO-YEPBOHMUIT KOJIip, XMapH, IO MICTSTh Tpax (J1if), - MypIypHO-
YepBOHMUIL. 3pyIIeHHs BiTPY 1 CHIIbHAa OOBTaHKA - TEMHO-BHIITHEBHIA.

3Buyaiini pagapu, xkorepenTHi ([Jommeposcrki) PJIC, Bkimtowyaroun KBa3i-KOrepeHTH,
nonsipu3aniiai 1 nomspusaniiiai PJIC, i, mapemTi, JlomiepiBchKHHA-TIONSIpUMETPUIHIHA
pazmap po3TisIaloThCs SIK OCHOBHI THITH PaIIONOKAIIMHUX CHCTEM JUTS peatisaliil pisHuX
MeToniB BusBieHHs Hebe3neunnx 30H nomsoTy. CTaHAapTHI 9acTOTHI Aiama3oHu - X i
C. Opmmak HOBI  (yHKHIi  CIIOCTEpEXKEHHS  MOXYTbpeali3yBaTH  Hepenady
BMUIIMETPOBOMY Jiala30Hi 3 TapHUM PO3MIMPEHHSM 1 TOYHICTIO BHMipIOBAaHHS
KOOPJIUHAT I[iJTi. MeTOl CTUCHEHHSI IMITYITBCY ITITKOM TIXOMUTH JUIA 1€l MeTH.[3]

Honeywell’s LSZ-860 LightningSensorSystem (LSS)3axumiae mitak Bif BIacTHBHX
HeOesnek OnmckaBkn. HamawHs iHpOpMaIii mpo cTaH ONMCKaBKA Ha JWCILIeHPrimus
440/660/880 3abe3meuye moCTymHMIT Oe3medHM 1 HAWNOTYXHIMMN 1HCTPYMEHT
YHUKHEHHST He0e3MeUHUX 30H IOJIbOTY BXKE€ ChOTOMHI. [4]

Jlireparypa:

1. LightningStrikeData, SafetyNews, AeroSafetyWorld, June 2012

2. A. A. KyuepsseiitBOPTOBBIEMHOOPM AILITMOHHBIE CUCTEMBI

3.Yanovsky F.J., Localization of hazardous meteorological phenomena onboard the aircraft. Kiev. Znanie of
Ukraine, 1991, 28 p. (in Russian).

4.Primus 880 High Power Doppler Turbulence De-tection Weather Radar. Honeywell Inc., A60-0690-000-
00, October 1996, 6 p.

Hayxosuii kepieuux — @ H. Anoscvruil,0-p mexn. ayk, npogecop
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Kopnienko C.I1., Koaranosa 0.0., Kyxeas H.B.,
Hayionanvnuii asiayitinui ynieepcumem, Kuis

PO3PAXYHOK MOXIJTHOT HA OCHOBI Y3ATAJIBHEHOTO METOIY
HAUMMEHIINUX KBAJIPATIB

Teopist «crmigyBaHHS 3a Jizepom» 0a3yeTbCcs HA TiMOTE3l MPO iCHYBaHHSA JIESIKOL
3aKOHOMIPHOCTI B3a€MOJIiT aBTOMOOLTIB, SIKi PYXarOThCS OJMH 3a OJHWAM Ha OJM3BKIN
Bi/ICTaHI..

o6 mocmiauTH MoOmENs pyxXy 3a JHACPOM JUIS pealbHUX 00’ €KTIB TOTPIOHO
00pOOIISITH aHi PO pyX 3B’ s13aHUX 00’ €KTiB. Takoxk MOTPiOHO 3HAXOUTH MEpITy Ta JPYTY
TIOXiJIHI Bi «GalIyMJICHUX» TpadikiB pyxy O0’€KTiB, IO BiATOBIJa€ IIBHAKOCTSIM Ta
TIPHCKOPEHHSIM pyXy aBTOMOOLTIB. ToMy craBHThCA 3amada PO3pPOOKH MaTeMaTHIHOTO
METO/Y OILIIHKH ITapaMeTpiB pyXy, SIKUH JO3BOIMB OM MiHIMI3yBaTH BKa3aHi ITOXHOKH.

Skmo BximHa (YHKINA 3amIymireHa, TOOTO Mae IMOXHOKHW, sIKi PO3MOAIIEHI 3a
HOpPMaJIGHIM 3aKOHOM, TOJi 3aCTOCOBYIOTHh KJIACHUYHHWI MiJIXiJ IO PO3B’sI3aHHS 3aj1avi —
anPOKCHUMAITiF0 KOOPIIUHAT PYXY aBTOMOOLIS, HANPHKIAJ, CIUIAHH-()YHKINEO 32 METOIOM
HalimMeHImX kBajpariB (MHK):

sp=p-(p"-P] - PT-X,

ne P — Marpuris riaHyBaHHS, P’ - MAaTpuIls IUIAHYBaHHS TPAHCIIOHOBaHA, X — BEKTOp-
CTOBIICIIb BXi/THNX 3HA4YCHB (KOOPIMHATH aBTOMOOLIIS).

Jlami st 3HaXOIDKEHHS IIBMKOCTI OfiepKaHa (YHKIIS JUQEPEHINIOEThCS. Ale
yrcenbHe JTU(EPEHIIFOBaHHS YYTIHMBE JO IOMIIOK, BHKIMKAHUX HETOYHICTIO BXIJTHHX
nmaanx. ToOTO HeBeNMKi MOXHOKH y pO3paxyHKY IUIXY TPAHCIOPTHOrO 3ac00y MOXYTbH
MIPU3BECTH JI0 BENTMKUX TIOMIJIOK IPU PO3PAXYHKY IIIBHUIKOCTI.

SIKIO MiTH HIAM OUISXOM, TOOTO CHOYAaTKy 3HAWTH IIBUIKICTH aBTOMOOLIS, SIK
PO3JITICHY PI3HHUITIO MiXk CYCLIHIMHU BiNTIKAMH, TO OJICPYKMMO 3HAYCHHS 3 TTOXHOKaMH, 110
MArOTh KOPEJAINIO 32 BIJIOMHM 3aKOHOM. Y I[bOMY BHIQJIKy MU 3aCTOCOBYEMO CIDIAifH-
ampoKcHMaIlito 3a yzarampHeruM MHK:

sp=p.(P"-M'-P] . PT.M7-X,

e M - MaTpuilsg, OOepHEHa 0 KOPEJBIINHHOI MATpUIll IIYMOBHX CKJIAJIOBUX
JmdepentiioBanoi GyHKIil x(7).
Takwit Tixia 1a€ MOKITUBICTE BpaxyBaTH KOPEJAIIIO TOXHOOK, a BiJITaK, MOOYTyBaTH
CIUTAMH 3 OUTBIIOI0 TOYHICTIO.
Takum 4guHOM, 3acTocyBaHHs y3arambHeHOro MHK 1t dmcenbHOro po3paxyHKyY
MTOXITHOI A€ 3MOT'Y MiHIMI3yBaTH TIOXHOKH, a BiIOBITHO MOOYTYBaTH CIUIAiH 3 OLIBIION
TOYHICTIO B ITOPIBHSHHI 3 KITACHIHIM METOJIOM.

Hayxosuii kepisnux — B.M. [llymko, 0-p mexh. HayK, npogecop
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Augexcees O.M.

Uepoicasiacnyscoa Yrpainu, Kuis

Bouaxoron B.O.

Hayionanvnuii Agiayitinuti Ynisepcumem, Kuig

HIATPUMAHHS PIBHSI BE3IEKH I1IOJIbOTIB HA IIPUMHS THOMY PIBHI

3abe3meuenns Oesnexkn monsoTiB (BII) € mpiopureroM IisuIBHOCTI aBiariiifHOTrO
TPAHCIOPTY 1 HEBI'€EMHOI CKJIQJIOBOKO HAIliOHATBHOI Oe3neku. BimmoBigHo 10
Konsentii npo mixnapoaHy muBineHy asiarifo (Doc 7300/9), sk wiena MixuapomHOT
opranizamii 1mBineHOI aBiamii (IKAO) VYkpaiHa NOBMHHA YITKO JOTPHUMYBAaTHCh
BCTAHOBJICHHX IIi€I0 OpraHi3alielo CTaHIapTiB, 3TiTHO 3 SKUMH KOXKHA Jiep)kaBa — WICH
IKAO 30008B's13aHa po3poOuTH 1 BHKOHATH HamioHanbHY mporpamy BII, a cy0'ektu
aBianiifHOl JisUTBHOCTI - BIPOBAaUTH CHCTeMY yrpaBmiHas bIT.

BaxmmBo Bim3HaumTH, mo B 80-X pOKaXx MHHYIOTO CTONITTS TMOHATTS «Oe3reka
TIOJTBOTIBY» pO3TIIsasacs, SIK BIACTHBICTH aBilamiifHOI TPAaHCHOPTHOI CHCTEMH, IO
norsrae B ii 37aTHOCTI 3AiHCHIOBATH TOBITPSHI MepeBe3eHHS 0€3 3arpo3u IS XKUTTS i
3JIOPOB'ST JTFOZICH.

Ha croromnimmuiit nens Ge3rneka Bce OLTBIIOI MipOIO PO3TILIIAETHECS SK KOHTPOIb
(akropiB pr3uKy. TakuM YMHOM MOXKHA CKa3aTH, IO Oe3reka siBisie COOOK CTaH, MPH
SIKOMY PH3UK 3aIlOfisIHHS IIKOJW 0co0aM a00 HAHEeCEHHs IIKOAW MaifHy 3HIKEHHH 10
MIPUIHATHOTO PIiBHS 1 MiATPUMYETHCS Ha IbOMY a00 HIDKYOMY DiBHI 3a JJOIIOMOTOIO
0e3repepBHOro IPOIECy BHUSBIICHHS JDKEpes HeOe3nek! Ta KOHTPOIIO (paKTOpiB PU3HKY.

I oce Tyr 3'IBnseThCS MOXIIMBICTE HA TACTaBl 3i0paHMX CTATHUCTHYHUX,
MaTeMaTHYHO OOpOONEHHX MaHMX, NMPU OYIKYBAHUX TOTOKHHX HPUYMHAX 1 YMOBax,
CIIPOTHO3YBATH CLEHApii Mmofii, mo0 Ha IeBHOMY pyOexi dacy 3amoOirTH pO3BHTKY
KPUTHYHOI cUTYaIlii. 3armobiranHs KpUTHIHINA CUTYaI[i1 MOKIIMBO METOJIOM BHKITIOUCHHS
a00 KOMIIEHCYBaHHS BaroMHX HECIPHATIMBHX NOAIH abo YMOB, HIX, 3pEIITOIO,
YHUKHYTH KaTacTpo(y Ta CHpsSIMYBATH PO3BHTOK MOAAIBIINX MOAIN MONBOTY IO OLIBII
0€31eYHOr0 MIISIXY.

JloriuHo po3rismaTH MPOrHO30BaHI CIEHapii PO3BUTKY CHTYAIlil HE TUTBKH B IIJIIX
MPOBEJICHHA MPO(UIAKTHYHUX 3aXOJiB B aBialliiHUX MApPO3MiIaX, a i y BHIIQJKax
MIPUIHATTS pIIIEHHS TPH BWIBOTI, 1 HAaBITh 3aCTEPEKEHHS IJIOTa PO MOXKIHMBE
HaCTaHHS KPUTUYHOI CUTYAIi] MiJ{ 9ac MoIboTy. MU MOXKEMO TOJi TOBOPHUTH PO JIESKY
«HTeNeKTyalnbHy» cucreMy «llomepemkeHHs Tpo HeOe3MeKy» Ta aBTOMAaTH30BaHOTO
«[IpniHATTS pilIeHb», IO CTAHOBHTHCS PEATFHHM B yMOBAaxX CYJacHOTO PO3BUTKY
KOMI'IOTEPHHX Ta 3B'I3KOBHX iH(popMamiifHux cucteM Ha 6opty I1K.

Takum umnoMm, Konmenmist PoscmimyBanus All mossirae B ToMy, M00 HE IIyKaTH
TIIBKA TIATBEPKEHHS TNPHIMH KaTacTpodH, a 3HAXOMUTH HAYKOBO OOIPYHTOBaHI
BapiaHTH {1 YHUKHEHHS. MU He TIOBHHHI IMPAIIOBATH Ha «3aru0iioro», MU 3000B's13aH1
nparoBatH Ha «KHBOroy - B oMy i nomsrae cenc KOHIIEITLTIT.
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Bonpapes JI.1.
Hayionanvnuii Asiayitinuti Ynisepcumem, Kuig

CHACTEMHHAMA AHAJII3 I KJIACU®IKALIA I'PYIIOBUX IIOJIHOTIB
BE3IIJIOTHUX JITAJIBHUX AITAPATIB

I'pymoBi momsoTH OaratominpoBuX Oe3minoTHHX JiTanbHEX amaparis  (BIIIA)
3aCTOCOBYIOTH SIK y BICBKOBIH, Tak i B IUBIIBHIN cepax - Ui peTpaHCIsLii 3B'I3Ky Y
THX MICIPIX, JIe HEMOXKIMBO BCTAHOBHTH aHTEHH ITOKPHTTS 4depe3 CKIAIHUH perbed, y
CUTBCBKOMY TOCIOIApCTBi (OONMPHCKYBAaHHS IIOJNIB), TpH aepodoro3iiomMl (TpymoBa
3OMKa BEIHKMX TEPHUTOPiif), MOHITOPHHT JIICOBHX MOXKEX, MAaTPYITIOBAHHS TEPUTOPIi,
nepeMimieHHs BanTaxy. [lopiBHIoroun rpymnosi Ta oguHudHI nonsotH BIUIA oueBnaHo,
0 TPYNOBi TONROTH HabaraTto MOLUTBHINIE Ta e(EeKTHBHIIIE 3acCTOCOBYBAaTH IS
BHUKOHAHHA JesKHX 3amad. Hampuxman, must aepodorosiiomkn rpymosi moasotu BITTA
O1TbII epeKTUBHI, HXK OMHIYHI MTOTBOTH.

EdexruBHICTS BUKOHAHHS I1TL0BOI 3a1adi rpynoto BITJIA 3anexwurs Bix ix Tumy Ta
CTPYKTYpH Mepexi, sKy yrBoproe rpyma BIIJIA. Takox BIUIA, sk 1 mitoroBadi,
OyBalOTh JIITAKOBOTO, & TAaKOXK BEPTOJITHOTO THITY (BEPTOJIBOTH i MYIBTHKONTEPH -
JiTaNbHI amapaTd 3 4OTHMpMa i Oijblle poTopaMu 3 HECYJHMMH I'BHHTAMH), a TaKOX 3
MaxarourM KpuiioM. 3poOiieHo mopiBHsUTbHHN aHami3 TumiB BIITA B 3amexHoCTI Bij iX
[iJTHOBOTO TIPU3HAUCHHS, MIPOBEJICHO CHCTeMaTH3alliio Ta Gopmaizarito Tums 6ILJIA B
3aJIC)KHOCTI BiJ] Bary, IIUTHOBOT'O IIPU3HAYCHHS TOMIO. 3a/1a4i JJIs TPYMOBUX MOJTBHOTIB:

1. Aepodorozitomka

2.  Perpancmsmis 383Ky
3. Cinbecpkorocronapceki podotn
4. TlepemimmeHHs BaHTaXy
5. TomykoBo-psryBanbHi podoru (ITPP) i T.mm.
HinpoBe npmHauenus BITTA Turm BITJTA
Jlitakn MynbsTukonTepu BITJIA 3
MaxarouuM
KPHJIOM
Aepodorositomka + + +
CinbehKe TOCoIapCcTBO + + -
Petpancysimis 3B513Ky + + +
[epemimieHHs! BAHTAXy + + -
I1PP + + +

Hayxosuii kepisnux — T.®. [lImenvosa, 0-p mexw. Hayk, npogecop
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I'ynynsak A.O.
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Hayionanvnoeo asiayiiinozo ynigepcumemy, Kipogoepao

IMITAI.[IFI!—IE I'POBE HABYAHHSI - 5IK 3ACIb ®OPMYBAHHSI
MPOPECIMHUX KOMIIETEHIIN Y MAUBYTHIX CIIIBPOBITHHUKIB I3
3ABE3INEYEHHS ITIOJBOTIB

[ToBHOUIHHE (YHKIIOHYBaHHS TOBITPSHOI TaBaHi IMOYMHAETHCSA, MalyTh, Ie Yy
crinax BH3 — ky3Hi kaapiB, BHIYCKHHKH SIKOi 3rOJIOM CTaHYTh YacCTHHOIO BEJIHKOI
aBiariitHol iHmycTpii. Ta i Toro, moO CTaTH «MAJCHBKOIO JICTAIUTIO» Y «BEIUKOMY
MeXaHi3Mi» MoTpiOHO OYTH MIHCHO XOPOIINM (haxiBIIEM.

[pakTuka — 000B’s13k0Ba yMOBa MpodeciifHoi KoMITeTeHTHOCTI crieniaricra. Le Te,
mo poOuTs Hac MalcTpaMu cBoei cripaBu. Tyt Oyayrs mopeunmmu cioBa XK. JK.Pycco:
«"omrHA pOoOOTH HABUMTH OUTBIIOMY HIXK JI€Hb IOSICHEHB». Y 3B’SI3KY 3 I[MM BHHHUKAE
HEeOoOXiJHICTh y 3aCTOCYBaHHI TaKHX METOJIB HaBYaHHS, SIKi O BIATBOPIOBAIM peajibHi
poboui mpornecy i cpusimn 6 GopmyBaHHIO NPOGECIiHHUX KOMITETEHIIH — CYKYITHOCTI
3HaHb, YMiHb, HABUYOK Ta ()OPM ITOBEIIHKH, 1[0 BH3HAYAIOTH 3[aTHICTH CIIiBPOOITHHKA
HAJIGKHUM YHHOM BHKOHYBAaTH CBOI IOCaNlOBi O0OB’s3kU. PeamidyBatw 1eit 3aaym B
MeXaX HAaBYAIBHOIO 3aKJIaJly MOXKHA IIUITXOM BIPOBA/DKEHHS IMITAIifHMX IrpoBHX
TEXHOJIOT'1#, TAaKHX SK JLIOBI Ta POIBOBI irpH.

IrpoBmii migxix mo oprawizamii 3aHATH Oys0 O JOIMUJIBHO BHKOPHCTOBYBATH JUIS
MOMBOTHUX aucretdepiB. e mo3Bonmino 6 iM OUIBII IUTICHO YSBUTH CBOE MpodeciiiHe
npusHadeHHs. Hampuxnan, minorn i aucnerdepn YIIP 3aiimMaroTeest Ha TpeHaXkepax.
ABianiiiHuil TpeHaxep — Iie ay)e epeKTHBHUHN 3aci6 HaBYaHHA. BiH Takok HaleXHTH
JIO METO/IIB IMITAIlifHOTO MOJICITIOBAHHS 1 Ma€ JAy)Ke BHCOKHI Koe(illieHT MoaiOHOCTI 10
peanbHUX yMOB mparii. Pi3HMIS smme B TOMy, IO KypcaHT pO3yMi€, IO Bce Iie He
HaCIpaB/i i, IO y pa3i MOMWIKOBHX pillleHs HOro ii He MPU3BEIYTH 10 HE3BOPOTHUX
HACJIiJIKIB.

JlinoBi irpu OyIyTh CBOEPITHMM TpEHaKepoM Uit MalHOyTHIX CHiBPOOITHHKIB i3
3a0e3nedeHHs MoIbOTiB. MOXIINBO, OKpeMOo (pYHKILIT 3 IIaHyBaHHS ITOJBOTIB 3/[af0THCS
HE TaKVMH BX€ ¥ CKIIaJHMMH, ale IX OFHOYacHe BHKOHAHHSI MOTpeOye HeaOmsKoi
MaHCTEepHOCT] 1 MPAKTUYHOI MiATOTOBKK. MeTa JiIOBOi TPU — 3MOJICITIOBATH HAHOLIBIIT
THTIOBI Ta eKCTpPEeMalbHI CHTyalii Tak, 100 BOHM OyIM MaKCHMAaJIbGHO HaOJIMDKeHI 10
pobouoro mporiecy ciyx0 13 3a0e3MeueHHs MOIbOTIB. 3a/1a4a KypCaHTiB — YSIBUTH ce0e
KBami(ikoBaHNMH (axiBISIMH 1 BHKOHYBATH CBOI «I10Ca/IOBI 00OB’SI3KM» 3TiTHO 3
OTpPHMaHUM 3aBJaHHSIM. ICHye JyMmKa, IO TAaKHH «TOCBiJ pOOOTH» MOXXE BHSBHTHCE,
HaBiTh, OUTBII KOPHCHMM HDK CHpaBXHIH: Irpy I03BOJSIOTH 30UIBIINTH MacmTad
OXOIUICHHSI JTIMCHOCTi, HAOYHO TMPEJICTABISIOTh HACHIJKH TMPUIHATHX PIlICHb 1 Jaf0Th
MOXXJIMBICTh TIEPEBIPUTH albTepHATHBHI pilmIeHHS 0e3 Oyap-IKoro pH3MKy. 3Binch
BHUHHKA€E HEOOXITHICTh €KCIIEPUMEHTANBHOI ITepeBipKH HaBEICHNX TBEP/KECHb.

Hayxosuii kepisnux — O.B. [36a106, KaHO. MexH. HAYK, CM.8UKIAOAY
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3oueBckuii B.B.
Kuposoepadckas némuas akademus
Hayuonanvroeo asuayuonnoeo ynusepcumema, Kuposozpao

MNPUMEHEHHUE BECCTYIIEHYATOI'O 3AXO/JIA HA ITIOCAJIKY

OKOJIOrMYeCKHe TOCNCACTBUS SIBJISIOTCS BaKHBIM BONPOCOM JUIs  aBuaimi. Ha
CaMOJIETEI B HACTOSIIIEE BPEMS IIPUXOIUTCS TOIBLKO OKOJIO 3% rao0ansHEIX BEIOPOCcoB (13%
BBIOPOCOB YITIEKUCIIONO Tasza OT Bcero TpaHcropra). CrelyaibHbIid OTYeT M0 aBHAIiH U
robanbHO atMocthepe MEKIPaBUTEIECTBEHHON TPYIIBI 3KCIEPTOB O H3MEHCHHIO
KJIMMaTa MPOrHO3UPYET, YTO AMUCCHSI TAPHUKOBBIX Ta30B OT aBHALMOHHBIX TPAHCIIOPTHBIX
CpelcTB Oy/IeT MPOIOHKATh PACTH OBICTPHIMU TEMITAMH, HECMOTPS Ha BCE TEXHOIOIMYECKHE
ycoBepiIeHCTBOBaHHs. [103TOMy, 1O Mepe BO3MOKHOCTH, BCErjia M Be3le HEOOXOIUMO
NPUMEHSATh METO[bI, TO3BOJISIIOLINE OCYIIECTBIATh A()GMEKTHBHBIC, C TOYKU 3PEHUS
MOTPeONeHNsT TOIUMBA (MUHHUMANBbHAS TATa), ONTHMAIIBHBIC CHIDKCHHMS M 3aXOIbl Ha
nocasky. ONHHM W3 TaKMX METONOB SIBISETCS OECCTyNEHUYaThli 3aX0i Ha IOCAIKY
(Continuous Descent Approach - CDA).

Beccrymenuarelii  3axom Ha TOCAIKy — 3aXo, OOECIEYMBAeMBIH CTPYKTYpOit
BO3/YIIHOrO TPOCTPAaHCTBA, KOH(Urypampeil cxembl W mpouenypamu YBJI, B mpouecce
KOTOPOro MPHOBIBAIOIIEE BO3IYIIHOC CYAHO CHIDKACTCS B MAaKCHMAIBbHO BO3MOXKHOI
CTCHICHH TIOCTOSHHO, HCIIONB3Ysl MUHHMAIBHYK TSIy JBUraTeneil, HWaealnbHO B
KOH(UTypaIii HaMMEHBIIIET0 JIO00BOTO COMPOTHBIICHHS, 10 KOHEYHOH KOHTPOIBHOM TOUKH
3axof[a Ha TOCAIKY/TOYKM KOHEYHOro JTama 3axoma Ha mocanky. Onrmmamssbii CDA
HAYMHACTCS B TOYKE HaJala CHIDKCHHS M HCIONB3YeT MPOMIUIM CHIDKEHHS, KOTOpBIC
MO3BOJISIFOT ~ YMEHBIIMTh ~ KOJMYECTBO  YYACTKOB TOPHU3OHTAIBHOTO  IONETa,  LIYM,
notpedJeHne TOIUIMBA, SMHCCHIO M O00BEM CBS3M 'mucrieTdep — IMWIOT" M TIpU STOM
PAaCIMPUTH BO3MOXHOCTH TTHJIOTOB H JIMCIIETYEPOB B IUIAHE [IPOrHO3UPOBAHHUSI TPACKTOPHHI
U TIOBBICUTH CTaOUIIBHOCTb MOJIETA.

TouHOMY IIaHUPOBAHUIO ONTHMAIBHOM TPAGKTOPUM CHIDKEHUS CONCHUCTBYET IMIOT
wwm FMS (Flight Management System), pacrmonararoiye CBEJACHHIMH O PACCTOSHHUU
nonera jio BITIT u yposre Han BIIII, ¢ koroporo nomkeH HaunHaThesi CDA. D10 1o3BONISeT
TOYHO PACCUMTaTh TpacKTopuro cHrkeHus. Hecmotps Ha 1o, 4to CDA onrtumusupyercs ¢
WCTIONTb30BaHUEM CHUCTEM BepTUKAIbHOW HaBuramw (Vertical Navigation - VNAV), sta
THIBI CHCTEM HE SIBIISFOTCS 00513aTe/IbHBIMH.

B cBmu ¢ HeobxommMmocTeio obecriedenns Toro, yrodsl CDA He cHIbKanm ypoBEeHb
6€30I1aCHOCTH MONIETOB M TPOIYCKHYIO CIIOCOOHOCTh, HE BCErZid MMEETCS BO3MOXKHOCTh
MOTHOCTBIO BBIMIONHATE onTuMusupoBanubiii CDA. Kpome Toro, MoxeT morpeboBaThest
MPUOCTAHOBUTH CHIDKCHHE W BBIACPKUBATh TOPH3OHTAJBHBIA MONET I OOCCICYCHHs
SIIETIOHUPOBAHMUS WIIH TIOCIICAOBATENIFHOCTH IBIKCHUS. 1leib JOIDKHA 3aKIFO¥aThesl He
TONBKO B MaKCHMH3HMPOBAHHH, HACKOJIBKO 3TO BO3MOXHO, CDA, HO M B HCKIHOYCHHU
HEONaronpyusATHBIX ~ MOCICACTBHIT JUIsi  OE30MACHOCTH IOJIETOB  W/WIM  MPOITYCKHOMN
CITOCOOHOCTH.

Hayunwiii pyxogooumens — A.H. Hesunuywin, Kano. mext. HAyK, 0oyeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 656.7.022 (043.2)

Lnbuenko 10.0.
Kiposoepadcvka nbomua axademis
Hayionanvnoeo asiayiiinozo ynigepcumemy, Kipogoepao

MO/JEJIOBAHHS KOMIETEHIIN JUCIIETYEPA 13 3ABE3IIEYEHHSI
HOJIbLOTIB

Jlnst 3a0e3neueHHAsT PEryaspHOCTi, €pEeKTHBHOCTI Ta OE3MEKH MONBOTIB IHBIUTBHOL
aBiamii eKimmaxk HOBITPSIHOTO Cy/IHA TOBUHEH OTPHMYBATH acpOHaBITalliiHy iH(popMaIliro
CTOCOBHO MaiOyTHBHOro MONbOTy. JlucreTdep i3 3a0e3medeHHs IONbOTIB TOTyE Ta
00po0JIste TOKYMEHTH 1 TTOBIOMIIEHHS JUIS €KillaKiB, PO3PaxoBYe i IUIAHYE IOJIBOTH,
3MIIHCHIOE TIEPEIONLOTHY MiJITOTOBKY eKimaxiB. Binm skocTi #oro poOOTH 3HAYHOIO
MIpPOIO 3aJIeXKUTH Oe3NeKa KOXXHOIO OKPEMOTro IOJIbOTY. AHAII3 CBITOBOI 1 perioHaIbHOT
CTAaTHCTHKH aBiallifHUX TPHTON TIOKa3ye, MIO TIOMIJIKOBI Jii jJucrnerdepa i3
3a0e3reueH sl MONBOTIB TAKOXK € OHHEIO 3 MPUYMH aBiaIlifHIX MPHUTOJ.

Mertoro naHoi podbOTH € po3podka peKOMEH/IAITIH 010 3MiHU MTPOTPaMH i ITOTOBKU
MaifOyTHIX (axiBIiB Biminy 3abe3medeHHs MONBOTIB aBiakommaHii "Po3a Bitpis" (mai
— a/k "Po3a BiTpiB"), a Takox peKOMEHIAIlI MO0 3MiHH MPOTrPaMU TECTYBaHHS MPU
Bi10Opi KaHIMAATiB Ha poboTy B a/k "Po3a Bitpis". [[ns 1mporo HeoOXiqHO PO3pOOUTH
MOJIeNTh KOMIICTEHIIIH JuceTdepa i3 3a0e31eveHHsI MONbOTIB BKa3aHO! aBlaKOMIIaHil.

AHaIi3 TaHMX 33 OCTaHHI POKHM IOKa3ye, o IpodeciiiHa MisUIBHICTE AHCTIeTdepa i3
3a0e3reueH s MONBOTIB CYTTEBO BIUIMBAE HA SIKIiCTh (DyHKIIOHYBaHHS aBiaTPaHCIIOPTHOL
cuctemu [1]. Tomy Ha ChOromHIIHIM aeHb 3a0e3MedeHHsT SKOCTI MpogeciHHOro
HABYAHHS TaKuX (PaxiBIliB € aKTyaTbHOIO HAYKOBOO 33]1a4elo.

MeTtooM eKCIepTHOTO OIiHIOBaHHs (PaxiBINB BiUIUTY 3a0€3MEeYCHHS MOIBOTIB a/K
"Po3za Bitpi" OymM BH3HaUeHI BHMOTH, IO CTOCYIOTBCS TPOQECIHHOI ITirOTOBKH
JTBOTHUX aucrieTdepiB. Ha OCHOBI OTpHUMaHHWX pe3ynbTaTiB IMMOOyIOBaHA MOJENb
KOMITETESHITI I TUCTIeTYepa i3 3a0e3MeUeHHS TIOJILOTIB.

[TobynoBana Mozens 103BOJNSIE PO3POOUTH PEKOMEHMAIl] IOAO BIOCKOHAICHHS
MporpamMy MIATOTOBKM Ta 3MiHM IpOrpaMH TECTYBaHHS IpW BigOOpi KaHAWAATIB Ha
poboty B a/k "Po3za Birpis".

Cnucok BUKOPHUCTAHUX J7KepeJT

1. K.B. Cypkxosa. Mixmpenverna ocHoBa (opMyBaHHS mpodeciiiHoi HaxiiHOCTI
MaiiOyTHix ¢axismis 3 AH3II / K.B. Cypkosa, T.A. Jlyuanosa // Haykosi 3anucku. - Bumyck 79. -
Cepis: nenaroriuni Hayku.-Kiposorpan: PBB KJITY im.B.Bunaudenka, 2009. - ¢.181-185

Hayxosuil kepignux — B.M. Hedinvko, kano. mexu. Hayk
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 656.7.02 (043.2)

Kpenax /LI
O3epancbka 1. P.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

HOBYAOBA MAPHIPYTIB OITP

Ha cporommimHi#i JeHb 3TiHO 31 CTaTHCTHKOK YTpaBliHHA (PiHAHCOBO-
€KOHOMIYHOr0 perymoBaHHs JlepskaBiaaaMiHicTparlii YKpaiHHM KUIBKICTH NONBOTIB Y
2012 pomui nopiastHO 3 2009 pokom 3pocia Ha 26%. Came TOMY JOIITEHO PO3BUBATH
HOBI Mepeki MapIIpyTH Ta MOKPAIIyBaTH CTapi.

OTxe, MeTol IOOYZOBH MAapIIPYTiB € ONTHMI3alis IPOIYCKHOI 3MaTHOCTI,
30UTBIICHHS €()eKTHBHOCTI MONBOTIB, BUKIIOUCHHS JIBOCTOPOHHBOTO PYXY IO OJHOMY
MapIIpyTy, a TAKOX ITiBUIICHHS Oe3MeKH TIOJIHOTIB.

Ockinekn  Mepexxi MapmpyriB  OIIP  oXommoioTh OUTBIIICTE KOHTHHEHTIB 1
3a0e3redyloTh OCHOBHI ITOTOKH TIOBITPSIHOTO PYXy, TO BOHH MAarloOTh IUIaHYyBaTHCS
Bi/IIIOBI/THO Ha KOHTHHEHTATEHOMY, PEriOHAIBHOMY 1 MiCIIEBOMY PiBHI.

OpHi€ro 3 OCHOBHHX Hinel po3poOku mepesxi mapmpytiB OIIP € posminenHs mux
MapIIpyTiB BiJ] MPOXiTHUX B paiOHAX aepOAPOMIB B HANPSIMKY 3 200 710 aepoIopTy.

Po3pobOka mapmipyriB BriIoyae B cebe Taki eTamW, SIK aHali3 CTPYKTYpH
TIOBITPSTHOTO TIPOCTOPY, AaHaNi3 MOXJIMBOCTEH TapKy TIOBITPSHHUX CYyIEH, aHaili3
IH(pacTpyKTypH HaBiramiifHUX 3aco0iB i aHaJI3 3aMPOMOHOBAHIX MapIIPYTiB.

Jlnst Ginbin epexTrBHOT po3pobku MapmpyTiB OINP moBiTpstHMIT pocTip Moxke OyTH
po3zineHni 1Mo cekTopax. ICHye aBa OCHOBHI TPWHIMIM PO3OUTTS IOBITPSHOIO
MIPOCTOPY: (PYHKIIIOHATBHUH 1 reorpadiaHuii:

- IIPY BUKOPHUCTaHHI (DyHKIIOHAIBHOTO TIPHHIINILY TTOBITPSHUH TIPOCTIp GOPMYETHCS
3 ypaxyBaHHSM €TaIly IOJbOTY IOBITPSHOTO Cy/IHA,/Ie JHUCTIETYEPChKE 00CITyr OBYBAHHS
BHUKOHYETHCS BiATIOBITHO JI0 €TaIy MOJIBOTY;

- reorpagiyHU{ TPHHIWI MOIATa€ B PO3AUIEHHI IOBITPSHOTO MPOCTOPY Ha
TPUBUMIpHI OJIOKH, a OTXKe IcHeTdep 3AiHCHIOE OOCIYroBYBaHHS B MeEXax TaKOro
OJIOKY.

OTrxe, mpaBmwipHa moOymoBa MapmipyriB OIIP € omHiero 3 ymMoB Oe3meku Ta
epexTuBHOCTI MonboTiB. TomMy mpu po3podmi MapmpytiB OITP moTpiGHO BpaxoByBaTH
Taki (HaKTOpH SK MICIEBICTh, HASBHICTH HABIraIiiHUX 3aco0iB, MPHHIUI PO3AUICHHS
TIOBITPSTHOTO TIPOCTOPY Ta MOMKJIMBOCTI ITApKy ITOBITPSIHUX Cy/IEH.

Hayxosuii kepisnux — O. €. Jlynno, npogecop
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIK 65.011.56 (043.2)

JlaBpunenko A.C.
Kuposoepaockas nemuas akademus HAY, Kuposozpao

MOJIEJIb OBYYAEMOTI'O KAK BA3OBI{II71 KOMIIOHEHT
HMHTEJUIEKTYAJIBHOU OBYYAIOIIEN CUCTEMBI

OIHUM W3 HEIOCTATKOB CYIIECTBYIOIIEH CHCTEMBI TPEHAKEPHOH MOIrOTOBKH
aBUAJCIIETICPOB SIBISIETCS HEIOCTaTOYHAs OOBEKTHBHOCTH OIIGHOK pe3ylIbTaToB
00y4eHHUs,, KOTOPBIC OCHOBBIBAIOTCS HA CYOBEKTHBHOM MHEHHH MO0 WHCTPYKTOPA,
00 TPYIIBI MHCTPYKTOPOB W IMJIOTOB-OMEpaTopoB. TakuMm o00pa3oM, OXHOH u3
HanOonee BaXKHBIX 3ajad, KOTOpas MODKHA OBITH pelleHa ISl COBEPIICHCTBOBAHMS
TPEHAXKEPHOH IOJTOTOBKH, SIBIISICTCS ABTOMATH3AIMs IPOIecca KOHTPOJNS 3HAHHIA,
HABBIKOB M YMCHHUI aBHaJucIieTdepa. ABTOMATH3AIMS BO3MOXKHA MPH UCIIOIH30BAHUH
WHTEIUICKTYAILHBIX CHCTEM OOYJEHHUSL.

Ha xadenpe wH(bOpMaIMOHHEIX TeXHONOTHI KupoBorpanackoil JIeTHOH akanemMun
HAY Benmercs pa3paboTka WHTEIUICKTYaldbHOW oOOydJaromield cucreMsl «Jlucmerdep
Tower». Jlnsg Toro droObl cucTeMa Oblla aJalTHBHOW K JEHCTBHAM Ka)KIOro
KOHKPETHOTO ITOJIb30BaTeNs, HE0OX0UMO BHEIPEHNE TAKOr0 KOMIIOHEHTAa KaK MOJIENhb
o0yJaeMoro, KOTopas SBISETCS CBOETO pOJa HOCHTeNeM HH(OPMAaIMd O TEKyIIeM
YPOBHE €ro 3HAHWH, YMEHMH M HaBBIKOB, CIIOCOOHOCTM K OOYYEHHIO, CIIOCOOHOCTH
WCIIOJIF30BATh TONYYCHHYIO WH(POPMAIUIO, JIMYHOCTHBIX XapPaKTEPUCTHKAX W JPYrHX
rmapamMeTpoB. Mozenbs 00yJaeMoro MOJDKHA W3MEHSTBCS B IIPOLECCEe IPOXOXKICHUS
00yJeHHsI OT HEKOTOPOro HA4YaJbHOTO YPOBHS JI0 HEKOTOPOro jgocrarogHoro. OHa ke
OyZmeT ompemeNsiomel mpu  MMoA0Ope COOTBETCTBYIONIETO YPOBHS  CIOXKHOCTH
YIPaKHEHHS, YTO SBJISCTCS OJHOU M3 BAXKHBIX 33714 CHCTEMBI.

B mpororure MHTEMNIEKTyalbHOW 00yYaloIme CHCTeMBI YK€ peann3oBaHa 4acTb
MOJIENTN CTYJCHTA, CofeprKaIias oonryro nHbopMamnuo 00 00ydaeMoM. DTO TO3BOJSET
CHCTeMe MICHTU(HUIINPOBATE 00ydaeMoro, KOTOpBIi HaUWHAeT ceaHc o0ydeHus (ITyTeM
aBTOPW3AIMK TOJIB30BATENS M BKIIOYAeT B ceOs JIOTMH W Mapoib). Takke B MOIENH
(ukcupyeTcss Bca MHGOpMAIUA O X0je y4eOHoro mporecca. JlaHHbIe COXPaHSIOTCS B
0a3y JaHHBIX TIPENoIaBaTeNs.

[MapamnensHo Bemercss paboTa Haa CO3JAHMEM MOJCNM KOHTPOIS 3HAHUH
o0ygaeMoro. JTa MOZIENb JIOJDKHA TECHO B3aHMOJIEHCTBOBATE C MOAENBI0 00ydIaeMoro,
Tak Kak Ha OCHOBE HH(OpMAaIMM O KOHKPETHOM IIOJNB30BaTeNle CHCTeMa Oyner
(dbopMHpOBaTH UIT HETO MEPCOHANBHYIO y4eOHYIO mporpammy. Jpyrumu ciioBamu,
Ka)XXJ0e IOCNIeAYyIoee YIPaXKHEHHE JIOJDKHO T'eHEPUPOBATHCS C YIETOM OMIMOOK,
JIOMTYIIICHHBIX HA TPEBIAYIINX dTanax.

HUccnenoBarensckast pabora HAXOIOWTCS Ha OSTare BBIBICHUS 3aKOHOMEPHOCTEH
JIEATETPHOCTH  JTUCTIETYEpa a3pOIPOMHO-AUCICTUSPCKON BBIIIKA TIPH  BBITIOJTHCHHN
omepanuii  B3NETa-NMOCAAKH, KOTOpBIE  IOCTHY)KaT  OCHOBOH  JUIT  CO3JaHUS
BBIIICTICPEYNCIICHHBIX MOJICIICH.

Hayunwiii pyxosooumens — JILH. [{ocyma, kano. mexu. Hayk

66



AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 629.07 (043.2)

JlicoBcbkuii B.A., Cemenenko B.b.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AHAJII3 ABTOMATHU30BAHOI CUCTEMM "AEPOHABITAIIIIHI 350PH"
JJI51 OBJIIKY ITOBITPAHOI'O PYXY

Jlnst po3paxyHKy aepoHasiramiitaux 300pis (AH3) cTtBopeHa aBTOMaTH30BaHA CHCTEMa
“Aeponagiramiitai 300pu" (AC-AH3). Cucrema mpuiimae, 00po0isie 1 30epirae iHpopMaIiito
npo noBiTpsHniA pyx (I1P), mosBomstie obminroBatmcs manmmu 3 Llentpamsanmm Odicom
MapmpyTHuX 300piB €BpokoHTpomo (CRCO) i Ge3mocepenHbo 3 aBiakommanisMu. Ha
T/ICTaBl HAsBHHUX JIAHUX (DOPMYIOTHCS CTATHICTUYHI 3BITH, IO BiIOOPaKAIOTH CTPYKTYPY
TIOBITPSHOTO PyXy Ta aepoHaBiramiiHux 36opiB. Crcrema moOymoBaHa 3a apXiTEKTYpOIO
"gimieHT-cepBep" 1 3a0e3nedye pesKiuM poOOTH Tt OaraThox KopucTyBaviB. CTOBIICOTKOBHI
pe3epB YCTaTKyBaHHS cepBepa BHKIIOUAE MOXKIIMBICTH BTpaTH iH(popmamii Ta 3abe3nedye
HaiitHe 30epiranas iHpopMallii IPOTATOM CTPOKY HE MEHII 3 POKIB.

B AC-AH3 peanizoBaHi Taki OCHOBHI (hyHKIIi:

e  00poOka TenerpagHIX MOBiIOMIIEHB, III0 HAJXOMIThH 10 MEPEeXi aBialiifHOro
¢ixcoBaroro enexkrpo3s’sKy (AFTN);

e (OopMyBaHHSI PEECTPIB PEHCIB;

e  aBTOMATHYHE MOJAHHS iHPOpMAIlii PO petic;

®  KOHTPONb IUTICHOCTI 0a3W JaHWX; aHali3 JAaHUX (aBTOMATHYHHI aHAI3 Ta
BitoOpakeHHs1 iH(opMarii o MOBITPSIHAHA PyX 3 METOIO BHSIBIICHHS pEFiCiB,
0 MICTATh HETOBHI JlaHI a0 peWciB, 3 HEBIMOBIIHICTIO TUIAHOBOI Ta
¢axTranol iH(OpMArii);

e  oOmiH inpopmariero 3 CRCO Eurocontrol.

He mwmBmsamce Ha mmpokwii  (YHKIIOHAT 1 MOXIIMBOCTI CHCTEMH, TOBHICTIO
aBTOMATH3YBaTH Tporiec po3paxyHky AH3 He MOXMBO, IO TOro XK CHCTeMa Mae MeBHI
Heponiky. Crcrema marpuMye aBTOMaTHIHy 00pOOKY HACTYITHUX THITIB MOBiIOMIJICHb IIIOI0
noBiTpsiHOTO pyXy: Information message (INF), Flight Plan (FPL), Cancel (CNL), Delay
(DLA), Departure (DEP), Arrival (ARR), Change (CHG), arne He minrpumye Taxi tumn: ATC
Flight Plan Change Message (ACH), Repetitive Flight Plan (RPL) Ta ATC Flight Plan
Message (APL) — oOpoOka mroquHOI0 — omeparopoM (JI-O). HaiimeHnme mopyreHHsS
(dopMaTy THIly TIIOBIOMJICHHS, HAaBiTh JIMINHA KOMa, IIPU3BOANTH IO HEOOXiTHOCTI
BrpydanHs JI-O i fioro o6pobkm. s pobdorm 3 AC-AH3 Bix momunuM omeparopa
BHMAraeThcsl HasIBHICTH BEJIMKOTO 00’€My CIenH()iYHMX 3HaHb CTOCOBHO ympaBiiHHS 1P,
aepoHaBIraIlifHOTO 3a0e3MeYeHH s MOIBOTIB Ta B3a€MOJIl MK OpraHaMH OOCITYrOBYBaHHS
[P, ane HaBiTh NpM X HASBHOCTI TEPiojl HABYaHHSA Bix 3 70 5 wmicsmiB. He3Bakaroun Ha
JIOCUTH TIpomyMaHmii rpadiunmii intepdeiic AC-AH3, piBeHb BOJIOMIHHS KOMIT IOTEPOM
TOBMHEH OyTHM BHCOKMM, Bci Ii (pakTOpH € BaKIMBHMU HEJONIKAMH 1 IOTpeOyrOTH
MoJIepHi3zarlii.

Jliis taHyBaHHS TIONMAJIBIIOTO YOCKOHANeHHs 1 MoxepHizamii AC-AH3  mposeneHo
€KCIIepTHE ONMMTYBAHHS MIOJ0 e(eKTHBHOCTI, mepeBar i HemomikiB icHyrodoi AC-AH3 3a
KPUTEPIsSIMH, SIKi PeasTi3yloThCs BHIIE 3a3HAUYEHIMI OCHOBHUMH (DYHKITISIMI.

Hayxosuii kepisnux — T.®. [lImenvosa, 0-p mexw. Hayk, npogecop
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 656.7.022 (043.2)

HeBuninuna K.A.
Kiposoepadcvka nbomua axademis
Hayionanvnoeo asiayitinozo ynieepcumemy, Kipoosoepao

BU3HAYEHHA IPUOPITETHUX METO/IB PILIEHHS HNOTEHUIAHO-
KOH®JIKTHUX CUTYANIN

OCHOBHMM 3aBJIaHHSM IUBIILHOI aBiamii € 3a0e3rmeueHHsT Oe3MeKu MOILOTIB. Xoua
B)KUBAIOTHCSI HEOOXI/THI 3aXOJM, BCE K, aBlalliiiHi MOl Ta MepeyMOBH MPOIOBKYIOTh
MaTH Micie, B ToMy uncii 3 BuHH (axiBiiB YIIP. He3Bakaroun Ha Te, MO OZHUM i3
3aBaaHs opraHiB YIIP € 3amoOiraHHs IHIWAEHTIB y TOBITpi, 3 BHHHU IPAIiBHHUKIB
cIyxOn pyxy BimOyBaeTbcst Oinpmricte HeOesmeunHnx 30mpkeHs. OpHielo 3
HalBXIMBIIINX TNPUYMH  [i€] CHTyamii € BHIIQJKH, KONW JAWCHeTdep HpHiMae
BI/IIOBiJaIbHI PIMIEHHS 3 MPOTHO3YBAaHHA Ta BU3Ha4deHHIO KoH(pikTiB Mixk [IC Ha
OCHOBI HeroBHOI iH(opmaryi. [loripmryeTsest Take MONOKEHHS Ie i THUM, IIO0 PilIeHHS
MIPUIMaEThCS B yMOBax Jedinuty dacy. IIpu 1iboMy IiJIKOM MOYKITHBI TIOMHUJIKHL.

Haii0inpm HeOe3NMeYHOI € TMOMIIKA, KOJMHM JUCIIETYEp IHTYITHBHO BBaXKae, IO
CHUTYAIlisl TOTEHIIHHO HEeKOH(TIKTHA, B TOH Yac, SIK BOHA HACIHPAaBIi SBISIETHCS TaKOIO.
Jucneryep mpuiiMae pilleHHS NP0 HEPEeTHH 3alHATOrO EIIeNOHY i, SIK HACIHiOK,
BifOyBaeThCsl MOPYIIEHHS IHTEpBaMiB. 3pO3yMiNO, IO IHTYITUBHMHM WiAXix 10
BHPIIICHHS] TaKUX BiMOBITaNbHAUX 3aBaaHb B YIIP He mpuiiasataumii. Y mpakrumi YIIP
mo craHgaptaM 1 pexoMmeHmaiisM IKAO 3acrocoByeThes mporenypa BHAadi
JTUCTIETYEPCHKUX JIO3BOJIB, sKa Tependadae i MpOBEICHHS PI3HOTO POAY PO3PaxyHKIB
Uil BU3HaueHHS OeskoHpiikTHOI Tpaekropii pyxy IIC y 3omi YIIP. [{ng mporo
JIUCTICTYEPH TIOBUHHI OyTH BiNMOBITHAM YHHOM IiJOTOBICHI JI0 BUKOHAHHS
HAWIPOCTIMIMX PO3PaXyHKIB TaKWX EJIEMEHTIB IIOJBOTY, SIK PO3PaxXyHKOBHH dac
MIPOJBOTY ITYHKTIB O0OB'SI3KOBUX JJOHECEHB, PO3PaxXyHKOBI BiZicTaHh ab0 iHTEpBall 4acy
Mix IIC y pi3HEX TOYKaX HOBITPSHOTO NPOCTOPY 200 B Pi3HI MOMEHTH Yacy i T.1I.

Bei mi gmcmerdepchki po3paxyHKH HEOOXiTHI It BUKOHAHHS HaHBasKIMBIIIOL
crerivaoi st aucrierdepa (GyHKmIT — MPOrHO3YBaHHS IMOBITPSHOI OOCTAHOBKH.
TouHicTe TpOrHO3a — OJHA 3 HAWBAKIMBINIMX BHUMOT 110 TpoQeciiHOl MiAroTOBKH
JTUCTICTYEPIB.

KiHmeBnM pe3ynbTaToM BHBYEHHS NMOBHHHI OyTH HE TiNBKM NPABWIBHI PIiIICHHS.
[MuraHHs PO Te, IKUM TEXHOJIOTIYHAM CIIOCOOOM IWCIIETIEp MPHE 10 TAKUX PillleHb,
Ma€ BHPIIIyBaTHCS B 3aJISKHOCTI BiJ HOrO iHIVBIMyaJdbHUX 37i0HOCTEH 1O pearizamil
TOro 4y iHmoro crnoco0y. ToMy HaBOAUTBCS PsA COCOOIB MIPOrHO3YBAHHS ITOTEHIIIITHO
koHQuikTHUX curyanid ([IKC), BuGip 3 skux moBuHEH 3poOuTH mucrerdep. Bonm
MalOThb Ha MeTi JOIOMOITH CIENmiaNiCTy 3 VHpaBIiHHA MOBITPIHHAM pPyXOM B
npaBuIbHOMY nporHo3yBanHi [IKC Ta HOCATE peKOMeHAaIiHHIH XapakTep.

Hayxoesuii kepisnux — C.M. Kopinuuii, cmapuwuil 6uxnaoay
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 656.7.022 (043.2)
Huxkyiunna H.K.
Kuposozpaockas nemnas akademus Hayuonanbno2o asuayuoHHo20
YHUgepcumema

ABHUALIMOHHBIE ITPOUCIIECTBUS, CBA3AHHIE C IIOTEPEI
YHOPABJAEMOCTHA BO3AYIIHIM CYJHOM

B coBpemennom mupe BozaymHbie cyaa (BC) sBisttoTest caMbIM OBICTPEIM BHIOM
TpaHCrIopTa. B TeUeHMM TmOCIETHMX TpeX JIeT HaOMIOaeTcsl HENPEephIBHBIA |
YCTOHYMBEII pocT o0bema BozaymHoro asikeHus (BJ]). B coorBercTBHHM ¢ MokimamoM
MEXTyHapomHOH accormamuy Bo3aymHoro TtpaHcnopta (IATA) mpuObuis MHpPOBOI
aBnaotpaciu B 2014romny nocrurna 19 mupa nonnapos, 9o Ha 2,4% BEIIIe TIOKa3aTems
B 2010 romy, kora ObUT YCTAHOBJICH TIOCIICTHIIA PEKOP/IL.

He 3aBucmMo oOT pocra KOJIMYECTBA AaBHAIMOHHBIX IIEPEBO30K, YPOBEHBb
0E30MacHOCTH JIOJDKEH OCTaBaThesl CTAOMIBHO BBICOKMM. B pesymprare anammsa
CTAaTHUCTHUKN aBHAIMOHHBIX npoucirectBuii (All) 3a 2004-2014rr., 6b110 YCTAaHOBIIEHHO,
9YTO OCHOBHBIM WM CONyTCTBYIOmMM (akrtopom B 23% AIl sBisercs noreps
ympasiasteMoctd BC. D10 HarmsgHO JEMOHCTPHpYeT HEOOXOAMMOCTH JETAIBEHOrO
paccemotpenust All, cBs3aHHBIX ¢ oTepel ynpasisiemoctr BC.

JIro6oe BC, xoTopoe MOAHSIIOCH B BO3MYyX, BBIOJNHSET IOJET IUIM 3aXOAWUT Ha
TIOCAJIKY, JOJDKHO OBITH YCTOHYMBEIM, YPAaBHOBEIICHHBIM M XOPOIIO yrpaBisieMbIM. 1oz
YIPaBISIEMOCTRIO  MIPUHATO TOHUMAaTh crocoOHocTs BC  momxHBEIM  0OpazoM
pearupoBaTh Ha OTKJIOHEHHS MIJIOTOM pyiel ynpasieHus. [ coXxpaHEHHUs! TOIDKHOTO
YPOBHSI YIIPABIIEMOCTH HEOOXOIMMO TTOJIEPKUBATH JISTHYIO TonHocTs BC Ha BeIcOKOM
ypoBHe, 4T0 obecrednT 6e3omacHyro skcmryatanuio BC. It sToro coBepiieHCTByeTCs
aBHAIMOHHAS TEXHUKa, 00opynoBanue BC.

CoBepIIeHCTBOBaHHE 000PYAOBAaHMS MPUBOANT K yBENMUCHHIO KommdecTBa All,
TIEpBONPIYMHON KOTOPBIX SIBIISIETCS deloBedecknil ¢axrop. YemoBeweckuit (hakTop
BKJIIOYaeT B ce0s KaK OMMOKM IIIOTHPOBAHMS, TaK W ONIMOKH, KOTOPBIE JOITyCKaeT
JICTIeTYep TPH MOyIeHUH COOOLIEHNS OT IMUIOTa 0 moTepe yrpasisemocti BC.

JetictBus komanmupa BC B cimydae motepu ynpasisiemoctd BC mpemycMoTpeHs!
PYKOBOZACTBOM IO JETHOHM SKCInTyaTtamuu. [Ipm 3TOM B pPyKOBOIMIIMX JOKYMEHTax
VYKpauHBI MOJENM TIOBEACHWS AWCIeTYepa OOCTYKMBAaHHS BO3IYIIHOTO JBIDKCHHS
(OBJ]) B ciyuae morepu ympasisiemoctd BC He yneneHo A0mKHOTO BHUMaHUS. [lpu
BH3yanbHOM HaOmonernu qucrierdep OB/l crocoben ckoppexrupoBath kKype BC Ha
MIPEATIOCaTOYHON MPSMOM, TeM CaMBIM IPEIOTBPATHB CHTYAIMN C BhIKaThiBaHHeM BC
3a TpeJieTIbl B3IeTHO-TI0CAI0YHOH ITOJIOCHI.

B nampHelmeM wHccienoBaHMM IUIAHHPYETCS PAaCCMOTPETh 3aKOHOMEPHOCTh
nesitelbHOCTH onepaTtopa cucteMbl OB/l B ycrmoBmsix morepu ympasmsemoctn BC B
nonéTe, a IMEHHO TIPOCIIEANTDh BapHaHTHl Pa3BUTHSI CHTYalllH, ONPENEIUTh OCHOBHBIE
KPUTEPUH TIPUHATHS PEIIeHHH M PacCMOTPETh abTePHATHBEI Pa3sBUTHUS CHUTYAIlMH B
yCIIoBHSIX noTepH ynpasisiemocté BC.
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 65.011.56 (043.2)

IMuporosa E.B.
Kuposoepadckas nemnas akademusi
Hayuonanvhozco asuayuonnozo ynusepcumema Yxkpaunwt, Kuposozpao

ABTOMATHU3ALNA TEHEPUPOBAHU A YIIPAYKHEHHI B
HUHTEJUIEKTYAJIBHO-OBYYAIOIEU CUCTEME «IUCHHETYEP TOWER»

Mo cratuctrke 80% Bcex aBuakaracTpod CIydaeTcst B IEPUOA IO 3-X MUHYT IIpH
B3JIeTe ¥ 8- MHUHYT JI0 HETIOCPEICTBEHHOT O IPU3EMIICHHS camolieTa. MIHBIMU citoBamu,
B3JIET M TOCaJKa SIBIISIOTCSI CAMBIMH CJIOKHBIMH M ONTACHBIMH CTAAWSIMHU TOJIETa, KOTAa
caMoJIeT HaxXOAWTCs ONM3KO K 3eMyle M y JWCIeTdepa, W y dKHIIaka Malo BPEMEHH W
MIPOCTPAHCTBA U TPHHATHS pelleHHi u MaHeBpa. MMeHHO mo3TOMYy BBIpabOTKa
Mpo(heCCHOHANBHBIX HAaBBIKOB B JIEATEIBHOCTH OINEPaTOPOB M IIOBBINICHHE KadecTBa
npoeCCHOHANbHOM ~ MmoAroToBKM — Oymymmx — cnemmamucroB OB/l B 30He
OTBETCTBEHHOCTH a’pOAPOMHOH IHCIIETUYEPCKOH BBIIIKM HMEET IEepBOCTEIIEHHOE
3HaueHre. B cBsu ¢ 3TuM Ha kadenpe mHpopManmoHHBIX TexHoiormid KJIA HAY
pa3pabaTbIBaeTCs HMHTEINIEKTyalbHO-oOOyJaromas cucrema «Jlucnerdep Towery.
[IpenmerHO# oOMacThiO JUIST M3YYEHWS B MAarucCTEpCKOil paboTe aBTOpa SBISETCS
aBTOMATH3AIMs TeHEPUPOBAHUS YIIPAKHEHNH Kak COCTAaBHOH YacTH pabOTHI PEKUMOB
o0ydeHHsI W KOHTponsi cucTeMbl. OIHMM W3 IIaroB B PEHICHHH 3TOH MPOOIEeMBI
SIBJIICTCS 3ajia4ya ONpeIe/ICHHs YPOBHEH CIIOAKHOCTH yIpaXXHEHUH. ['eHepupoBaTeCst OHU
OyIyT Takke ¢ YUETOM TEKYIIETrOo YpPOBHS ITOJATOTOBKH ITOJB30BATEINS, ONPEIETIeMOro
TIPEABAPUTEIIFHO C IIOMOIIBIO TaK HA3BIBAEMBIX 0a30BBIX YIIPaKHEHUI.

Jlns monbopa u amantanuy HanOoJee MPUEMIIEMOro Moaxona K (OpMHPOBAHUIO
YPOBHEH CIOXKHOCTH YIPaKHEHHWH, T'€HEPHPYEMBIX HHTEIUICKTyAIbHO-00ydaromen
CHCTEMOH, Ha JAHHOM 3Tare B paboTe NCIIONb30BaHbI:

- KOMMYHHKAaTHBHBIC METOABI HM3BJICUECHHS 3HAHWH (@HKETHPOBAHME, WHTEPBBIO,
JIMAJIOT JUTS ONIpEeICHUsI ()aKTOPOB, BIMSIONINX HA CIOKHOCTD CHTYallHH);

- METOl DOKCIIEPTHBIX OLEHOK JUIS TIONy9YeHWsS PEHTHHTOBBIX ONEHOK U
BBEIUHCIICHHS CTETICHN COTJIaCOBAaHHOCTH MHEHHI SKCIIEPTOB MO YKa3aHHBIM (aKkTopam;

- aJUTUTUBHBIH METO]] CBEPKH IS OJTyIeHHST 0000IIEHHOT0 KPUTEPHSI.

Hamu Obuta cocTaBlieHa aHKETa C IENBIO ONpPEAEeNICHHs Hauboiee CyIeCTBEeHHbIX
(aKTOpOB M WX BO3MOXKHBIX COCTOSIHHH, BIIVSIIOIIMX Ha CIIOKHOCTH CHUTYAallMH IPH
BEITTONTHEHNH B3nera-nocanaku BC. [lanHble, momydeHHbIe B pe3yabTaTe aHKSTHPOBAHMS
B a3poONopTy ropona JIbBoB, MpeacTaBIsAIOT MHAUBUIYaTBHBIA OMBIT CEMH IHCIIETIEPOB
B mporiecce (OPMHUPOBAHUS PEIIEHHI 10 00ecrieueHNIo Oe30MacHBIX B3JIeTa-TI0CaIKH
BC u MakcuManbHO BO3MOXKHOM NPOITYCKHOM CIIOCOOHOCTH B3JICTHO-TIOCATOYHOM
nosocsl. PacueTsr mokasanm, 9TO COTIIaCOBAaHHOCTH MHEHHH JKCIIEPTOB B OTHONICHHH
BEIJIETICHHBIX (haKTOPOB BBICOKAsA, Kod(duireHT KoHKopranuu cocrasmwi 0,76. Takum
0o0pa3oM, BBIIEICHHBIE (DAKTOPHI MOXKHO HCIIONB30BATh B KadeCTBE OCHOBBI JUIS
OIIpe/IeIIeHNs] YPOBHEH CIIOKHOCTH YIPasKHEHHUH.

Hayunwiii pyxosooumens — JI.H. [[ocyma, Kano. mexu. Hayk, 0oyenm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 37.013.74:656.7.022 (043.2)

IIpu3 A.A.
Kiposoepadcvka nbomua axademis
Hayionanvnoeo asiayiiinozo ynigepcumemy, Kipogoepao

AHAJII3 JISIVIBHOCTI JUCIIETYEPA YIIP HA AJIB «KKIPOBOI'PA/I»

VYupasniaasa nositpsauM pyxoMm (YIIP) e ckmagauM mpomecoMm i TmoB'si3aHo 3
OTpHUMaHHsM iH(popMmarlii B peaabHOMY Yaci Ta IPUHHSATTSM pillleHb 3 OOKy qucrerdepa
VIIP. [TucnieTuep € omeparopoM, KOTPHIl MPAIIOE 3 ayIiOBi3yallbHO 1H(OPMAIIIE0, IO
MIpeACTaBlIeHa B YHCIOBiHM, TEKCTOBiH, rpadidnii, 3BYKOBiii Ta Bimeo ¢opmi.
Jlucnieryepy NpuitMaloTh PIlIeHHs B TMHAMIYHOMY CePEOBHII, KOTpe BKIIOYae B cede
BEIMKY KUTBKICTh (DaKkTOpiB, TaKWX SK IIOCTiifHO OOHOBIIOBaHA iH(opMaIis Ta
BHpIIIEHHST KOHMIIKTHUX 3a1ad. BoHM wacTo mpuitMaroTh CKIIamHi pillIeHHS B yMOBax
00MEXEHOro d9acy, 3 BHCOKHM pOOOYMM HaBaHTaXeHHsSM. lle 0OyMOBIIOE TOSBY
ornepamiiHIX MOMIJIOK, SIKi MOXKYTh ITPU3BECTH JI0 3HIKEHHS PiBHS O€3IIEKH MOJBOTIB.

CrtBopeHHs Mojeni (akTopiB CKIaJHOCTI Ha pobodomy Micii AepoapoMHOL
Jucneraepcekoi Bumku (AJIB) «KipoBorpam» macte MOXKIHMBICTH OUIBII JETaIbHO
BHUBYUTH TPHUPOAY MOXODKEHHS KOXKHOI'O OKpeMoro (akropa, OmMiHKY HOro cTymeHs
BIUTUBY, SIK KO)KHOTO OKPEMO, TaK 1 B KOMIUIEKCI, JOITOMOXXE BU3HAYUTH ITIPIOPUTETHI
3a7a4i NpH yCyHEHHI HETaTWBHMX BIUIMBIB. JlaHa Momenb (akTopiB CKIAIHOCTI Ha
pobouomy wmicti AJIB «KipoBorpan» Oyme KOpHCHOIO TIpH CTBOPEHHI TpEHAXKEpY
pobouoro micus qucnerdepa YIIP va AJIB, mo monomoxe B MOBHIN Mipi BiATBOPHTH
peanbHy OOCTaHOBKY Ta BiNNpaIfoBaTH BCi BHIM JisuibHOCTI mquicnietdepa YIIP AJIB
«KipoBorpam» B yMOBax, MaKCHMaJIbHO HAOMIKEHHX 0 PEaTbHUX.

Bynn mpoanamizoBaHi HaykoBi poOOTH, KOTpi BXe BHUBYAIM JaHHI (akTopm
CKJIQTHOCTI Ta MpolLiec IPUHHATTS pinieHs aucnerdepom YIIP, Tum He Mennt Hebararo 3
uX poOiT BpaxoBYBaIHM 0COOIMBOCTI podoTH came aucrerdepa AJIB. 3a ocHOBY Oyna
B3iTa HayKoBa poOoTa aMepuKaHChkHX BueHHX: «Complexity in Air Traffic Control
Towers» Anton Koros, Northrop Grumman Information Technology Ta iH.

Jns orpumaHHA 00’ €KTHBHOI KapTHHM OYJO IPOBEAEHE IOCIHIIKEHHS CTOCOBHO
(haKTOpIB CKIIATHOCTI, a TAKOX TPHUPOH TTOXOKEHHS IUX (DAKTOPIB IiJ] Yac MPaKTHKH
Ha ©Oa3i JIeBiBcbkoro PCII. Ha ocHOBI oTpuMaHUX pe3ylbTaTiB Oyllo CKJIAICHO
TIoTIepe IHiH, 3arabHAi crucoK (akTopis. [licis mporo Oymo mpoBeaeHO aHKeTyBaHHS
mucnerdepiB YIIP AJIB «KipoBorpamy, BusBieHo ocobmmBocti YIIP. B pesymprari
I5Oro OYJI0 BU3HAYCHO Ta MPOaHaTi30BaHO 19 dakTopiB, 1m0 6e3MmocepeTHBO BIUTUBAIOTH
Ha TpodeciiiHy aisutpHicTh qucnieTdepis YIIP AJIB «Kiposorpam.

B nonanemomy Oyzne cTBopeHO Mojenb JaHuX ¢akTopis ckiaaHocti YIIP na AJIB
«KipoBorpan», ska BpaxoBy€ CTYIiHb CKJIAQIHICTh Ta YacTOTY IIOSBJIEHHS KOXKHOTO
¢axropy. Lle 6yne xopucanm st TpeHaxepy AJIB «KipoBorpam», sIKHif CTBOPIOETHCS
Ha 6a3i KJIA HAY.

Hayxosuii kepisnux — K.B. Cyproea, kano. neo. Hayk
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 656.71 (043.2)

Cropuak B.C.
Kiposoepaocvrka nvomua axkademiss HAY, Kipogsoepao

PO3POBKA KOMIIVIEKCY BITIPAB 3 BUBOPY 3AITACHOI'O AEPOAPOMY
JJIA EJJEKTPOHHOI'O 3ACOBY HABYUAHHS

3HmwKeHHS piBHA Oe3nekn (DyHKIIOHYBaHHS aBialliifHO-TPAaHCIIOPTHOI CHCTEMH B
OUTBIIOCTI BHMAIKIB BHHHKAE 4Yepe3 HETaTUBHUI BIUIMB JIOACHKOTO YHHHHKA.
[Ipodeciiina migroropka (axiBIliB 3 acpoHABIraIlifHOro 3a0e3MeYeHHs 1 TUIaHyBaHHS
nonsoTiB (AH3IIII) € omHIM 3 YMHHMKIB, IO BIUIMBAIOTH Ha Oe3NeKy MmonboTiB. Tomy
miaroroBka (axismis 3 AH3IIII morpebye momanbioro BIOCKOHAIEHHS. 3ajada 3
BHOOpPY 3aIlacHOTO AePOAPOMY € BAXKIMBOIO 1 BiINOBINAIBHOIO, TOMY METOIO JTAHOTO
JIOCTIKEHHS € CTBOPEHHSI KOMITIEKCY BIIPAB 3 BHOOPY 3aIIaCHOTO aepOAPOMY.

[MuTanHs HaBYaHHS 3a JONIOMOTOK) EJICKTPOHHHX 3ac00iB Oya0 pPO3TISHYTO Y
3HAYHIM KUTBKOCTI HAyKOBUX poOiT, y ToMy uncni y poborax TarripoBa X.E., [linenko
A.B, Apremenxo O.B, Pynenko T.B Ta in.

[1ix yac BUKOHAHHS BIpPaB, IO PO3POOISAIOTECS, KYPCAaHT IIOBHHEH Oyze BUOpaTH 3
JIEKUTPKOX ~QJIBTEPHATHB TaKWHM 3amacHUH aepoiupoM, sKui Oyae MaKCHMalbHO
"amexBaTHUI" 1 "migxoxamuit". MaroTs OyTH BpaxOoBaHMMH Taki (pakTopu:

- TaKAM aepopOMOM MOXKE CTaTH aepoJpoM, Ha SKOMY IJISI TAaHOTO MOBITPSHOTO
cynHa Moxe OyTu 3a0e3nedeHO BHKOHAHHS BHMOT 0 TTOCAJOYHUX XapaKTePHCTHK
(po3MipH THOTHOTO TIOJISA, MIITHICTh HOTO MIOKPUTTS, HASIBHICTH TIEPEIIKO/, Ta 1HIIHX. );

- aepoapoM Mae Oyzie BiAKpHUTHH YIS TOCAIKH, KOJIU B I[bOMY BHHUKHE TIOTpeoa.

- MaroTh OYTH BpaxoBaHi Taki ()aKTOpH, SIK MOMJIUBICTH OOCIyrOBYBaHHS JIiTaka,
TacaXUpIB 1 T.IL.;

- Tpeba BpaxoByBaTH MOMJIMBICTh BHKOPHCTaHHS 3aIlacHOTO aepoapoMy 3a
npaBuwiamMd ETOPS, HeoOXimHO BM3HAYaTH 3 ypaXyBaHHSM BHKOHAHHS 3axOxy Ha
TIOCAJIKY 1 MOCAKH 3 OAHUM JBUTYHOM, IIIO BiZIMOBUB;

- Mae OyTH BpaxoBaHa BiACTaHb /O 3aMacHOTO aepoApoMy. SIKIIO € MeKibKa
I IXOJISIIIIX  a€POIPOMIB, MOXIIMBO 110 €KOHOMIYHO BHUT1JTHO JUTSl aBiakOMITaHii Oyze
BHOpPATH TOMH, /10 SIKOr0 HAHMEHIIIA BiZICTAHb.

- BPaxOBYIOTHCS METEOPOJIOTIYHI JaHHI 3TiJHO METEOPOJIOTIUYHHX 3BEJICHb MOTOH
a0o0 MPOTHO3IB.

- [Ie¥f aepoipoM TIOBHHEH OyTH 3asBJICHHUI B IUIaHi MOIBOTY;

- Ta iHMm QakTopy.

B pe3ynbraTi MH OTpEMaeMO KOMITIEKC BIIPaB 3 BUOOPY 3aITaCHOTO aepoipoOMY JUIS
€JIEKTPOHHOTO 3aco0y HaBYaHHSA, a TAaKOX CHCTEMY OILIHIOBaHHS BHOOpY 3aracHOrO
aepoaPOMY 3TiHO 3 BHINE MepesliueHnMH (haKTopaMu.

Hayxosuil kepignux — B.M. Hedinvko, kano. mexu. Hayk
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 656.7.260 (043.2)

Cypkos K.1O.
Kiposoepadcvka nvomua axkademiss HAY, Kipogsoepao

AJJATITUBHI ITPOLECH B TPEHA’KEPHUX CUCTEMAX
OBCJIYTOBYBAHHS INOBITPAHOTI'O PYXY

HapiiiHicTh po0OOTH aBiaJHCIETYEPIB MA€ BAXKIMBE 3HAYCHHS JUIS 3a0C3TICUCHHS
Oe3reku MonboTiB. B pi3HUX pexnmax poOOTH BOHA Oy/ie 3a1exaTH Biff COOPMOBAHUX Y
nporieci IpodeciiiHoi MiAroTOBKM 3HAaHb, HABUYOK, YMIHb 3 YIPABIIHHS ITOBITPSHHM
pyxoMm. Jlis MiOBUINEHHS SKOCTI IMJATOTOBKH aBiamifHUX (axiBIiB MOTPiOHO
BIIPOBQ/KYBATH IHIWMBIMyaIbHUHA MiOXiJ] J0 HAaBYAHHS KOXHOTO MaWOYTHHOTO
crieriaicra. Halikparie st bOro migXOAWTH afalNTHBHA CHCTEMa, TOOTO CHCTeMa, B
SIKIH OIepaTop OTPUMYE Pi3HI KOHTPONBHI 3aBHaHHS, pPi3HHI 3a o0csroM abo THUIIOM
HABYAJNBHAN MaTepial, B 3aJeXKHOCTI BiI HOro 1HIUBIITyaJIbHUX OCOOIUBOCTEH.
TpenaxepHa cucTeMa, B CBOIO Uepry, TaKOXX MOXKE HA3WBATHCS aJalTUBHOIO, SIKIIO
iH(pOpMaris, OTpUMaHa CHCTEMOIO ITif] Yac poOOTH KOpHCTyBada BIUIMBATHME Ha POOOTY
KOpPHCTYBa4a B CHCTeMi, TOOTO B aJaNTHBHIM CHCTeMi HaBYaHHS pe3yabTaTH il
KOpHCTYBada, 30epexeHi B 0a3i JaHWX, BUKOPHUCTOBYBATHMYTHCS JUIS 3MiHH POOOTH
CHCTEMH.

VY mporeci HaBYaHHS BHIILTIOTH TpH piBHI amamramii. [lepmimM € dopmyBaHHS
IHIUBIyaNlbHOI CTparerii HaB4aHHA aBiagucrerdepiB. OCHOBOIO Uit (pOPMYBaHHS
cTpaterii HaBYAaHHS HA IIbOMY pPIiBHI € pe3yJabTaTH BXiJHOTO KOHTPOIIO MaiOyTHIX
JIICIIeTYEpiB MIO/I0 PIBHSA iX MOYATKOBUX 3HaHb, HABUUOK, yMiHb. Y pe3yabTaTi aHAT3y
JTAaHUX BU3HAYAIOTH IOYAaTKOBY CKJIQJHICTh Ta KUIBKICTH HEOOXimHMX BmpaB. pyrum
piBHEM amanramnii cTpaTerii HaBYaHHS € KOPEryBaHHS CKJIaJHOCTI HACTYITHOI BIIpaBH abo
KiJIBKOCT1 BIIpaB B Kypci HaBYaHHS, 0 OYyJIM BU3HA4YEHI Ha repomMy piBHI. OcHOBOIO
JUIT KOpPET'yBaHHS Ha IbOMY DiBHI CTa€ aHANII3 BHKOHAHHS KypCaHTaMH MOMEPEIHIiX
BIIPaB TNIpM TPeHaKEpHIH miaroToBmi. TpeTiM piBHEM anamrailii € BHECEHHS 3MiH Y
CKJIQ/IHICTB BIIPaBH 0€3MOCEePEIHBO ITiJ] Yac i BUKOHAHHSI.

Merol0 HAamIOro JOCTIKCHHS € TIABUINCHHS e(QEeKTUBHOCTI mpodeciitHol
MiITOTOBKH aBiaJMCIIETIYEPIB 32 PaXyHOK BIPOBAPKEHHS 1HAWBIAYaIBLHOTO MiAXOMY 10
TIpoliecy HaBYaHHS aBiallifHUX KazapiB. IS mbOro aHANI3YIOTBCS TEpIIMi Ta ApYyruit
piBHI amanrarii Ta po3poOJSETHCS amanTHBHA Moxenb (GopMyBaHHS iHpOpMamiiHHIX
MOTOKIB B TpEeHaXepHiH cucTeMi. BrpoBajukeHHS IMX piBHIB amanTalii morpedye
BHPIIICHHS 33/1a4i BiOOpY CKJIQIHOCTI BIIPABH IICNIS BXITHOTO KOHTPOJIO Ta aHATI3y
BUKOHAHHS KypCaHTaMM TONEpeaHiX BIPaB Ha TpeHaxepi, ToOTO pearizamil
iHUBiMyanpHOrO mimxony. Ha maHmii 9ac mpoBOAWTHCS BHSBIEHHS Ta CKJIAQJAHHS
MeperiKy (akTOpiB CKIIAJHOCTI BIIPaBH, OI[IHIOBAaHHS PiBHS BHKOHAHHS KYpPCaHTOM
BIIPABH, Ta BU3HAYCHHSI 1HJIEKCY CKJIaTHOCTI JUISl KO>KHOTO 3 (haKTOPiB.

Hayxosuil kepienux — B.M. Hedinvko, kano. mexu. Hayk
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 656.7.086 (043.2)

Mocrak O.B., Bacuises M.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

METO/J MNEPEXPECHOI'O MOHITOPUHI'Y B CUCTEMI AYJUTY
BE3IIEKHU IMTOJBOTIB LOSA

VYnpapiinas puzukaMy HaOyBae Bce OUTBIIOTO 3HAYEHHS B Cy4acHid opraHizamii.
BrumB moncekoro ¢akropy Ha Oe3neKy MONBOTIB BUBYAETHCS IILIIXOM "3BOpOTHOrO"
aHai3y THX Jii, sSKi NPU3BETH 10 MPUYMH OCcOONHMBOI cHTyamii abo aBiamiifHOTO
iHmupaenTy. IlizcyMkoM po3cigyBaHHS € BHSIBIICHHS NMEPBHHHHX MOMHJIOK, SIKI CTan
MPUYUHOIO iHIMAEHTY. CHOYaTKy eKimak MOBITPSHOro KOopalis BBakae, IO BOHH
BHKOHYIOTH "mipaBmibHi" 1 "anekBatHi" 1ii a00 MOCTIIOBHICTS Jil, TOMI SIK TIPU aHATi31
aBianojii po3cimilyBadaM BXK€ BiJIOMO, SIKi CKO€EHI JIii OyJM HEBIPHUMH - II€ TOJISTAE B
CYTHOCTI JIIOACBKOTO (aKkTopy, Ha sKoMy IpyHTyeThcs mporpama LOSA (Line
Operations Safety Audit).

[lepenbavaerbes, MO pO3YMiHHS BIUTUBY JIFOJICBKOTO (pakTopa Ha YCITiXH i HEB/Iadi B
aBiamii MOXKHa Kpare 3a0e3MeYnTH NUIIXOM MOHITOPHHTY il JIOJUMHN B HOPMAJIBHIX
YMOBaX, HiX IUISXOM PO3CIiTyBaHHS aBiamilHUX TOAIA Ta iHIMAEHTIB. [Iporpama
TepeBipoK Oe3MeKy MOoNBOTIB MK BUPOOHMITBI Nonb0TiB aBiakoMmanismu (LOSA) i e
3acibom, mo 3actocoByeTbesi IKAO s MOHITOpPHHTY [Iiif JIOMMHE B HOPMAabHUX
ymoBax. [Iporpama mepeBipok Oe3MeKH MOIBOTIB 1 € 3ac000M, IO JTO3BOIISE 3a3/1aJIETi b
BH3HAYNTH NMPUYMHHA aBianofii, JUTs 3HIDKEHHS BIUTUBY JIFOJICEKOrO (hakTopy Ha Oe3nexy
nosboTiB. [IpoBenenns mepeBipok Oesmeku moibotiB (LOSA) moOymnoBaHa Ha MOHSTTI,
0 KITFOY JT0 O€3MeYHOI 1 MOKPaIeHol eKCILTyaTalliifHol poOOTH MOoNsrae B MOCTIHHOMY
MOHITOPHHTY HOPMaJIbHOI eKCIUTyaTamii Ta KpUTHYHOI pedrexcii Ha cuuibHI 1 crabki
CTOPOHHM TIOTOYHHX OMepaiii.

Meronmonoris LOSA € iHHOBamiiiHUM mpollecoM aymuTy, SKa CTaHOBHTH IIO-
CIpaBXKHROMY OPTaHI3alIHNN MiIXi 0 OLIHKK TpoAaykTUBHOCTI. [Iporpama LOSA
JIOBEJIA IIHHICTH SK MPETUKTHBUI TPOIECC TOKPAICHHS PiBHS OS3MEKH MPH BUKOHAHHI
MoNBOTIB aBiakoMmaHii. [Iporiec OIiHKM 3aCHOBaHWI Ha NMPHHIMII «crossmonitoringy
(TIepexpecHOro MOHITOPHHTY) B X071 3BUYAHUX OTEepaIlii.

Po3p0o06sieH0 METOJ MOHITOPUHTY, SIKa JIO3BOJIAE TU(PEPEHIIOBATH Ta BU3HAYMTH
TIOTOYHMI €MOIIIHUI CTaH IMJIOTa 3a aMIUITYHOI0 Ta TEMIIOM BiIXWIICHHS €JIepOHIB i
pynst Hanpsimy. OTpuMaHa iHpopMamniss Moke OyTH BHKOPHCTaHa B paMKax IPOTpamMH
LOSA 3 metoro cTBopeHHsI 06a3n JTaHUX il eKilMaXiB B peaslbHUX IoboTax. [lepeBarn
BukopuctaHas LOSA BKIIIOYAaOTH CHCTEMAaTWYHE | HAYKOBE BHSBJICHHS CHJIBHHX 1
CITa0KMX CTOPIH MOBCSAKACHHOI POOOTH, 3HMKEHHS YaCTOTH HeOaKaHWX MO, OIliHKa
SIKOCTI Ta 3pYYHOCTI MPOIEyp, BUSBICHHS HEHAJIC)KHUX METOJIIB, BUSBICHHS ITPOOIeM
MIPOEKTYBaHHS aBTOMATH30BAHUX CHCTEM, NPO SIKi y pe3ylabTaTi CBiAYaTh BHSBIEHI
MTOXHOKH.

Hayxosuii kepisnux — T. @. [[Imenvosa, 0-p mexh. Hayk, npoghecop.
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PO3POBKA PEKOMEH/JAILIIA 3 DPOPMYBAHHSI THIIOMOBHOI1
KOMYHIKATABHOI KOMITETEHIIIi MAMBY THIX JJUCIIETYEPIB
3 3ABE3INEYEHHSA ITOJIBOTIB

BaxxmBuMm mHTaHHAM aBiamiitHOT O€3MeKd € BOJIOJMIHHS 1HO3EMHOK, HacaMIiepe
aHIIIIHCHEKOI0 MOBOIO, (haxiBIFIMKM B aBiamiiHii ramy3i. Ymmamo ¢axiBiiB y ramysi
MOBITPSTHOTO Ta MIXKHAPOHOTO TTOBITPSHOTO TIpaBa BBaXKaIOTh, IO MiATOTOBKA EKIlTaxy
MOBITPSIHOTO Cy[JHA Ta aBialiifHOro TmepcoHasly B YKpaiHi 3IilicHIOEThCS Ha
HEeHaJe)XHOMY piBHI. OCHOBHOIO TIPOOJIEMOIO € HU3BKHMH piBeHb MpodeciiiHoi ocBiTH,
MMOBEPXHEBE BUBYCHHS HEOOX1THOI TEPMIHOJIOT'11, HETOCTATHE BUBYECHHSI IHO3EMHOT MOBH
Y BHIIMX HaBYAIBHHUX 3aKJIa/1ax.

Y mnpodeciitHiii misubHOCTI JUcTieTdepa 3 3a0e3MEUCHHS TONBOTIB ONHUM 3
HaANOIBI BRYKIMBUX KOMIIOHCHTIB € KOMYHIKATHBHA KOMIIETCHTHICTh, OCKIIBKH HOTO
MPaKTHYHA JSUIBHICTE TMOTpeOye pi3HOINIAaHOBOrO CHUIKyBaHHS. CIINIKyBaHHS 4acTo
BiZI0OyBa€ThCs QaHIIIIHCHEKOI0 MOBOIO, TOMY BHHHKA€ HEOOXIHICTh Y HAaBUYAHHI KypCaHTIiB
KOMYHIKaIlii MOBOFO, [0 HE € JIJIsI HUX PiJHOI0.

HaB4aHHS KOMYHIKATUBHUM KOMIICTCHITISIMH y BHBUYCHHI 1HO3EMHOI MOBH JIOCHUTh
TJIMOOKO JTOCTIKeHI B poboTax BUYeHUX, TakuX sk benses b.B., bim LJI. Begens I'.E.,
I'ypeuu I1.B., 3umosa L.A., Ky3osnes B.IL., JleontseB A.A., IlaciB €.1., Cxankin B.JL.,
MaperoBa b.B., Lly6in E LII, ComosoBa €II, Bepoumpka A.Bb. IIpodeciiiny
IHIIIOMOBHY KOMITCTCHIIIFO aBiaTucrieTuepiB gociinkyBas Kmira €.B.

Cki1a70Bi iHIIOMOBHOI KOMYHIKaTHBHOI KOMITETEHIIi AucIieTdepa 3 3a0e3nedeHHs
MOJTBOTIB:

— CYKYIIHICTH 3HaHb, YMiHb i HaBHYOK, SIKi JTAIOTh 3MOry €()eKTHBHO peasli3oByBaTH
KOMYHIKaTHBHHUH MPOIIEC iIHO3EMHOI0 MOBOKO 3aJISKHO BijI podeciifHuX moTpeo;

— BOJIOJIIHHS YOTHPMa BHIAaMH MOBJICHHEBOI JISUTHHOCTI: ayJiFOBaHHSM, TOBOPIHHSIM,
YUTaHHSIM Ta IHCHMOM SIK 3aCO00M CIIJIKYBaHHS 1 37ificHeHHS podeciiHOl MisTbHOCTI
SIK cy0’€KTa aBialiitHOl isUTBHOCTI;

— 3MIATHICTH 1 TOTOBHICTh €()EKTHBHO CITUIKYBATHCS aBialliifHOI aHTTIHCHKOI HA OCHOBI
3HAHHS HOPM, ITPaBIII i GOPMYIT €THUKETY, peaniif HaliOHaJIbHOI KYJIBTYpH.

Po3pobka pekomeHmamiii 3 ¢GopMyBaHHS IHIIOMOBHOI KOMYHIKATHBHOI KOMITCTCHIIT
MaiOyTHIX TUCTIETYEPiB 3 3a0E3MEUCHHS MONBOTIB JIO3BOJIUTH MOKPAIIUTH 1HIIOMOBHI
3HAHHS, YMiHHS, HABUYKH, TPO(DECIiiiHO BaKIHBI SIKOCTI, SIKi JAIOTh 3MOTY YCIIITHO
BHUKOPUCTOBYBATH 1HO3€MHY MOBY y TIpo(eCiliHIH IisUTBHOCTI.

Hayxosuii kepisnux — B.M. Hedinvko, kano. mexu. Hayk
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AN INTELLIGENT LEARNING SYSTEM OF AIR TRAFFIC CONTROL
PROCEDURES

One of the biggest problems facing training of the Air Traffic Control Operators
(ATCO) is absence of the structural base for individual approach of education. There are
a lot of different sources to obtain the desired information but there is no one conceptual
and theoretical base for professional training of Air Traffic Controllers with individual
approach aspect. Of course, preparation of an ATCO depends not only on theoretical
part. Practical training, as a part of preparation, is significantly important. From the
other side, a quality of a practical training depends on theoretical knowledge’s
completeness. To harmonize the process of an ATCO’s preparation parts, to have a
flexible preparation system, as a result, we have to perform the next:

e To develop the conceptual framework and manual for the future procedures
learning system with interactive system components;

e To develop flexible structure of ATCO’s procedures and phraseology, taking
into account a complexity of tasks for different sectors;

e To develop models and algorithms for resolving potentially conflict situations,
emergency situations and air traffic control in difficult meteorological
conditions.

Basing these tasks, foreground issue is a creation and structuring of a data base for
intelligent learning system of air traffic control procedures. It should contain following
Databases:

e  Database of procedures in a relation of radiotelephony phraseology;

e  Operating instructions database;

e  Database of aircrafts;

e Emergency situations database;

e  Meteorological instructions database.

The next issue is regarding to a database system management. It should contain
several modules or tools to fill up existing databases.

Subsequently, intelligent learning system of air traffic control procedures should
have task creation tool with task execution evaluation criteria.

So, future intelligent learning system of air traffic control procedures have to meet
all requirements of ATCO’s preparation. Flexibility and harmonization of the process of
an ATCO’s preparation parts is going to be transferred to the supervisor’s responsibility.
Constantly working on the criteria change, task renovation and fill ups of databases
should guaranty the latest requirements and procedures to be done by learner. An
intelligent learning system of air traffic control procedures will help students to focus on
skills acquisition, to cut off unnecessary knowledge and bad experience.

Supervisor — V.P. Kharchenko, professor
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AUTOMATIZATION OF ATC SECTOR CAPACITY INDICATORS
DETERMINATION PROCESS

One of the biggest challenges facing the aviation industry is the forecast global
increase in air traffic growth. We don’t need to look too far into the future to see the
effects that limited capacity has on air travel.

The safety of air traffic is depend on many factors but primarily on balanced
management to prevent local demand-capacity imbalances by adjusting the flows of
aircraft.

It has become increasingly evident that very significant delays and system
throughput degradations have arisen from en-route airspace problems and limitations.
The problem posed by the en-route sector capacity constraints is persistent and may take
at least one more decade to resolve. Nowadays such problems are resolving by ATFCM.

We modeled the flow of aircraft which was distributed on routes within concrete
sector with defined dimension. The sector has the maximum allowable number of
aircraft which may be in zone simultaneously and under air traffic control. As a result of
the program we showed when number of aircraft that are simultaneously in zone
exceeds the sector capacity and when this value is not exceeded.

Number of aircratt in sector at each minute during 1 hour 60 L3 BTN E R M ) my SEeey

40 HERHOHE P

Number of airctaft in sector
Airctaft number

o 10 20 30 40 50 60 0 10 20 30 40 50 60
Time.min Time, min

Fig.1. Number of aircraft in the sector Fig.2. Track of each aircraft in time
during one hour flying in zone

On the first graph we showed number of aircraft in each minute in the sector during
one hour, that is how they distributed and in what time their number exceeded the given
threshold in the sector. On the second graph we showed the time when each aircraft
enter and exit a zone, and the time of each one presence there.

Supervisor — V.P. Kharchenko, professor
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EXPERT ESTIMATION OF HUMAN FACTOR USING REASON MODEL’S
COMPONENTS

Human Factors (HF) and its effects on safety performance continues to evolve and
develop. Reduce of HF risks in aviation safety it's one of important tasks on today's. We
can influence on an attitudes and behaviors while embedding HF thinking into
everything we do. Reason’s Model can help us in such problem.. The human factor
remains a major cause of accidents. Reason's Model describes faithful approach of
investigation one in detail. The Reason model in a way that assists in understanding the
interplay of organizational and management factors in accident causation. The
organizational accident underlying the Reason model can be best understood through a
building-block approach, consisting of five blocks: organization; latent condition;
defenses; workplace condition; active failures.

Issue of our work are expert estimation of five components of Reason model and
identify the most influential element that causes an aviation crashes. Performance of our
work include following steps: creating matrix of individual and group preferences,
definition of coordination of experts for using coefficient of variation v and Kendal’s
coordination coefficient, significance of calculation by y’-criterion and Student's t -
criterion. The principle of calculation is the same for each blocks and it had done in
Excel program (Table 1). The main idea of our work is the determination of weight
coefficients w; of importance of Reason’s model components.

Table 1.
Weight coefficient of importance Reason model’s blocks
N Blocks Wi
1. Latent conditions 0,133333
2. Workplace conditions 0,266667
3. Active failures 0,066667
4. Organization 0,333333
5. Defenses 0,2

Such results of highest percentage of detection of aviation incidents correspond
organizational processes, also the higher the weight coefficient is the higher coefficient
of workload. That is why, the most attention in the investigation of incidents, we have to
pay organizational process. From the perspective of the organizational accident, safety
endeavors should monitor organizational processes in order to identify latent conditions
and thus reinforce defenses. Safety endeavors should also improve workplace conditions
to contain active failures, because it is the concatenation of all these factors that
produces safety breakdowns.

Scientific supervisor — T.F. Shmelova, doctor of science, professor
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PARTICIPATION IN NEW ESSIP/LSSIP AND AERODROME POST
OPERATIONAL DATA PROJECTS DURING EUROCONTROL
TRAINEESHIP

The Single European Sky needs concrete implementation plans for Europe as a
whole and these have to be based on the European ATM Master Plan. Our Yearly
Deliverablesare clearly linked with the European ATM Master Plan.Once a European
plan has been agreed to, local and regional plans have to be drawn up. They will be used
by air navigation service providers, regulatory authorities, the military, airports, airspace
users, etc.

The ‘European Single Sky Implementation’

(ESSIP) Plan defines the common implementation Level 1 e
actions required to improve the European ATM T
network over a short/medium term. The ESSIP
(ESSIP PlanandESSIP Report) represents the
‘Level 3’ (Fig.1) of the European ATM Master

Plan. It does it in the form of implementation ’
. . . ey . . (Level 3) Depioyment
objectives to be achieved within coordinated time 7 Views

scales, published every year in the ESSIP Plan,
and further monitored in the LSSIP documents
and the ESSIPReport.

The ESSIP target audience includes planning Fig. 1 "ESSIPplace in Master Plan
staff from the various stakeholders participating in the ESSIP, both at European and
national level. ESSIP Objectives bring tangible benefits to the European aviation
community in terms of increased safety, capacity, cost-effectiveness or lesser impact on
the environment. Each ESSIP Objective is considered as one ‘route’ that leads to
meeting the agreed performance targets. All ESSIP Objectives are in the yearly
published ESSIP Plan. The importance of the ESSIP plan within the SESAR
Deployment activities is confirmed and strengthened by the numerous references made
to it in the recently published preliminary Deployment Programmewhich shall be used
as reference for the first implementation projects and serve as basis for the Deployment
Manager to produce the full Deployment Programme by end June 2015, in the context of
the Pilot Common Project (PCP). The PRU is the supporting Unit of thePRCand
thePRB. The PRU is responsible for monitoring and reviewing the performance of the
European ANS System. Based on its analysis, the PRU supports the PRC and the PRB
for performance improvements in the European ANS system. One of the tasks that was
done during traineeship is the collection, processing, analysis and validation of the post
operational information on a monthly basis according to quality requirements. This task
was performed in cooperation with CODA (Central Office of Delay Analysis).

Level 2 PlanningView
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FREQUENCY MODULATED SURFACE MOVEMENT RADAR (FMSMR)

Frequency modulated surface movement radar (FMSMR) is designed for controller
to ensure a clear surface airport situation data display. FMSMR enables better manage
operations in poor weather compared with older conventional pulsed amplitude radars.
Controllers continuously issue instructions for taxing and clearances for aircraft and
vehicles movement, and very often they have to do during the worst weather, such as
rainfall or fog. FMSMR observes a large area, 360° surveillance and tracking across the
whole airport.

There are two primary SMR technologies — pulse amplitude and frequency
modulated continuous wave (FMCW). Pulse amplitude radars define range to a target by
emitting a short pulse and measuring time to the target echo. FMCW radars use much
lower power instantaneous transmission by continuously emitting periodic pulses whose
frequency varies with time. There are some differences between two radar types:

e  pulsed amplitude radars use magnetrons to generate the energy they radiate,
whereas FMCW radars use solid state amplifiers and very low output power
(only 5W) for the same coverage requirements;

e the peak emitted electromagnetic radiation is far lower in an FMCW radar
system;

e  FMCW radar system is more flexible in selecting a mounting location.

FMCW radars operate on the imaging principle; that is, they break up the
background into small segments, or resolution cells, and measure changes in the signal
returned from each cell to detect small targets, such as people walking. Typical
resolutions for long-range FMCW radars are less than 2m in range and less than 0.5° in
azimuth. That also makes the FMCW radar less susceptible to ground clutter. The
smaller the cell, the easier it is to detect and track a target. FMCW radar operation is
independent of the speed or direction of the target, only needing to know its size with
respect to the resolution cell in which it is located. For example, FMCW radars can
detect people moving at near zero speed in any direction with respect to the radar in the
airport area.

So, we can notice that the frequency modulated continuous wave (FMCW) surface
movement radar (SMR) has a lot of advantages. It is designed specifically for surface
surveillance using the optimal technology. FMCW radar observes a higher percentage of
valid targets due its high resolution. It provides higher sensitivity for targets of very
different sizes. FMCW radar has low susceptibility to interference produced by external
systems and produces low susceptibility to interference produced by other radars.

Supervisor — V.P. Kharchenko, professor
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REMOTE TOWER SERVICE SOLUTIONS FOR AIR TRAFFIC CONTROL

Air Navigation Service Providers, airport owners and operators, and related
stakeholders are facing growing pressure to reduce their operating costs for Air Traffic
Services (ATS) while maintaining safety and efficiency.

Remote and virtual tower (RVT) — is a new concept where the air traffic service at
the airport is performed somewhere else than in the local control tower. The Remote
Tower system is an integrated package of subsystems which facilitates the provision of a
range of conventional ATS. High definition images and all relevant airport systems are
transferred via a data network to an integrated controller working position at the Remote
Tower Centre (RTC) that best suits the customer’s business model

Air Navigation Service Providers (ANSPs) worldwide are trying to reduce the cost
of providing ATS without affecting safety or operational availability. Remote Towers
will not only help this happen, but it will also introduce a never before seen level of
flexibility that allows service levels to be enhanced. This may result in smaller airports
remaining open for longer or even keeping some regional airports open that otherwise
would have been forced to close due to high costs. At some locations, it has been shown
that the Remote Tower Regional Airport Solution can enable ANSPs to increase
efficiency by up to 60%.

The RVT concept is aiming at providing:

» Remote tower services at small and medium size airports, by personnel
located at a remote tower centre somewhere else.

» Contingency services at major airports, in the case of fire or other events
which could take place in the control tower building. The contingency facility
should be at safe, nearby, but different physical location.

»  Synthetic augmentation of vision to increase situational awareness at airports
during poor visibility conditions at the local airport control tower facilities.

To meet future needs as well as present requirements, we recommend a Remote
Tower Regional Airport Solution that allows for:

»  Comprehensive and state of the art Controller Working Positions

»  One overall solution for role-based situational awareness

»  Outstanding integration capabilities and complete configurability

»  Air traffic operation that optimizes the flow and safety for multiple airports

The main benefits of RVT is expected to be on cost efficiency.There is also a great
potential to better and more cost efficiently serve flights which either are scheduled
outside the core opening hours of the airport, or by being able to serve non scheduled
traffic (ambulance flights and search-and-rescue helicopters) with an air traffic service
during night time when a smaller airports would normally be closed.

Supervisor — V.P. Kharchenko, professor
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EXPERT ESTIMATION OF FLIGHT PROCEDURE IN DIFFERENT FLIGHT
RULES PERFORMANCE

In modern aviation flight rules are divided on two way instrumental and visual flight
rules. Depended on weather condition and equipment in use, pilot chooses the most
appropriate flight rules.

Visual flight rules (VFR) are a set of regulation under which pilots responsible for
seeing obstacles and landmarks, other aircraft and avoid a collision. But VFR has some
limitation such as pilot cannot perform the flight at night, in bad weather condition and
in unfamiliar territory so instrumental flight rules (IFR) solve it. IFR flight depend upon
flying be reference to instruments in flight deck and navigation is accomplished by
reference to electronic signals.

Result of work are expert estimation of four flight procedure such as take-off,
transit, landing and coordination under instrumental and visual flight rules and identify
the most suitable choice for pilot in which air traffic controller’s workload doesn’t be
high. Performing of four goal divide at several steps: create matrix of individual and
group preference, define of coordination of experts with help of dispersion for each
factors Dj, squared deviations o; , and calculation coefficient of the variation v; and
Kendel’s coordination coefficient. The principle of calculation is the same for each
phases of flight under IFR and VFR and it had done in Excel program (Table 1). The
main idea of our work is the determination of weight coefficient w; of complexity of
flight procedure.

Table 1.
Weight coefficient of flight procedure for IFR and VFR
N Flight procedure R Wi
1. Take-off IFR 2 0.3
2. Transit IFR 4 0.1
3. Landing IFR 1 0.4
4. Coordination IFR 3 0.2
5. Take-off VFR 1 0.4
6. Transit VFR 3 0.2
7. Landing VFR 2 0.3
8 Coordination VFR 4 0.1

From this table we can see that the difficulties procedure for air traffic controller
(ATC) are landing for IFR and for VFR is take-off, also the higher the weight
coefficient is the higher coefficient of workload. So we can say that during different part
of flight the workload coefficient changes it value. Also workload coefficient depends
on instrumental flight rules or visual flight rules are used by pilots. The differences of
expert assessment can be explained by the fact that under different flight rules ATC
controller makes different action for ensuring the safe use of airspace.

Supervisor — T. Shmelova, doctor of science, professor
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STRUCTURAL CONSIDERATIONS AND COGNITIVE COMPLEXITY IN AIR
TRAFFIC CONTROL

Airspace structure is a key factor influencing controller cognitive complexity as it
forms a basis for abstractions simplifying controller mental models of air traffic
situations. In evaluating the feasibility of new concepts of operations, it is important to
consider the effects of changes to the structure of the system and its related impacts on
controller cognitive complexity. Examples of key cognitive complexity considerations
for future ATC systems are identified by examining three opportunities to modify
airspace structure.

Cognitive complexity, or the cognitive difficulty of controlling an air traffic
situation, is a limiting factor on the Air Traffic Control (ATC) system. Future ATC
systems are proposing new techniques and concepts. As a result, the role and task of
human agents (e.g. controllers, pilots) will be changed; however, the cognitive
complexity of controllers is expected to continue to be a major functional limitation on
the capacity of ATC system.

The structure of the ATC system, or the physical and information elements that
organize and arrange the ATC environment, is an important factor in controller
cognitive complexity. Structure encompasses both physical objects, such as radio
beacons, as well as information objects such as standard operating procedures and sector
boundaries.

Structure’s central role in simplifying abstraction makes it important to consider
how improvements to the design of the ATC system, developed to address delays,
inefficiencies, and other performance shortfalls, would affect controller cognitive
complexity. Improvements consistent with the mechanisms of existing abstractions will
reduce cognitive complexity, enabling more flexible, efficient, and higher capacity
operations. However, proposed improvements to the airspace structure can also disrupt
or undermine existing abstractions, and may reveal new limits on system performance.
Changes that are inconsistent with existing abstractions can result in poor decision
making that leads to errors, and thus raises safety concerns. Poorly-designed structure
that would increase cognitive complexity can lead to reduced capacity and/or efficiency
as controllers impose their own limits and constraints in order to regulate and manage
their cognitive complexity.

Supervisor - A. Luppo, associate professor
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FREE ROUTE AIRSPACE DESIGN

A specified airspace within which users may freely plan a route between a defined
entry point and a defined exit point, with the possibility to route via intermediate
(published or unpublished) way points, without reference to the ATS route network,
subject to airspace availability. ASM in Free Route Operations airspace will differ from
that of the fixed Route Network in that AOs will no longer be given information on
which routes are available, but will need to know which airspace is available/not
available. For the transit period of a given flight through Free Route Operations
airspace, the airspace users will need to know the activity of all pertinent airspace
reservations areas to enable the selection of a flight path that will avoid them.

In order to benefit from the best operating conditions, airspace users may be allowed
to use any intermediate Lat/Long points for flight planning. Such possibility shall be
clearly promulgated in national AIS publications. Where such utilization is not possible,
publication of intermediate SLNC points shall be ensured. For the transit period of a
given flight through Free Route Operations airspace, the AO will need to know the
activity of all pertinent airspace reservations areas to enable the selection of a route that
will avoid them, except where none are published and tactical rerouting is provided. The
selection of the route shall be based on the SLNC or lat/long formally published to this
effect.

The use of published entry points with associated exit points might be required in
certain cases to facilitate flight planning in Free Route Operations airspace. This is
especially valid in cases where only limited combinations of entry/exit points are
permitted within Free Route Operations Airspace.

In addition to the normal flight plan validation rules within IFPS, the flight-planned
route through Free Route Operations airspace shall be considered invalid if it:

1. Fails to comply with published entry/exit requirements

2. Infringes an airspace reservation

3. Fails to maintain the prescribed minimum lateral and vertical distances from
an airspace reservation;

4. Fails to maintain the published FLOS.

In proposing alternative routes, IFPS will not be able to consider all the varying AO
criteria for route selection. IFPS will propose routes on the basis of shortest distance
and/or alternative FL above or below airspace reservations.

So, large scale applications of free route airspace or implementation of free route
operations in adjacent ATC units will generate a large variation of trajectories. Real-
time updates of the airspace situation with respect to both sector configurations and
airspace reservations will be required in order to offer the most updated ATFCM
situation at network/local levels.
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COMPARISON OF APPROACH PROCEDURES USING METHOD
OF EXPERTS’ ESTIMATES

Approach is one of the most significant stages during the flight. That’s why it is
important to define, which approach procedure is the most difficult for air traffic
controller.

This problem needs the detailed investigation because of increasing the traffic flow,
as a result the workload of air traffic controller increases too. Determination of the most
difficult procedure during the approach in some degree helps to satisfy three main goals
of aviation: safety, regularity and efficiency.

The method of expert estimation is a structured communication technique, originally
developed as a systematic, interactive forecasting method which relies on a panel of
experts.

This method was used with the purpose to compare such procedures during the
approach:

v" Coordination of information with departure aircraft;
v Coordination of information with arriving aircraft;
v" Coordination of information with transit aircraft;

v Coordination of information with adjustment unit.

Taking into account the thoughts of experts who pointed their opinion about the
most difficult procedure during the approach and using the information receiving from
experts the matrix of group preferences was created. And after this the experts’ group
opinion and the experts’ opinion coordination were calculated. Also using the method of
experts’ estimates it is important to calculate Kendal’s coordination coefficient,
Criterion, Spirman correlation coefficient, Student’s — criterion and weight coefficient.
After all, it was defined that the most difficult procedure for air traffic controller is the
coordination of information with arriving aircraft.

It means that during the coordination of information with the arriving aircraft air
traffic controller must transmit a lot of information and as a result lack of time for
decision making. It can lead to decreasing of safety, misunderstanding between pilot and
air traffic controller and as a result the probability of accident or incident increases.

Taking into account all mentioned above it is clear that the method of experts’
estimates is effective. This help to solve the problems in any field, not only in aviation.

Supervisor — T. F. Shmelova, professor

85



XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

UDC: 656.7.052 (043.2)

Mykytenko O., Bogunenko M.
National aviation university, Kyiv

FREE FLIGHT LIKE DISTRIBUTED CONTROL SYSTEM

Free flightis a developing air traffic control method that uses no centralized
control (e.g. air traffic controllers). Instead, parts of airspace are reserved dynamically
and automatically in a distributed way using computer communication to ensure the
required separation between aircraft.

A distributed control system is a control system for a process or plant, wherein
control elements are distributed throughout the system. This is in contrast to non-
distributed systems, which use a single controller at a central location.

In a distributed control system, a hierarchy of controllers is connected by
communications networks for command and monitoring. In one of the aviation scenario
which uses the distributed control system is a free flight.

Free flight is a new concept being developed to take the place of the current air
traffic management methods through the use of technology. True free flight eliminates
the need for Air Traffic Control operators by giving the responsibility to the pilot in
command. This gives the pilot the ability to change trajectory in mid-flight. With the aid
of computer systems and/or Air Traffic Control, pilots will be able to make more flight
path decisions independently. As in most complex systems, distributed yet cooperative
decision making is believed to be more efficient than the centralized control
characterized by the current mode of air traffic management.

This system trains controllers in the operation of a new generation of air-traffic-
management systems that promises to make flying more efficient by shortening flight
times and reducing delays. Pilots have the freedom to set their own courses instead of
following one another along established flight corridors, as they presently do.

Free routing allows an aircraft to fly more directly to its destination, which for
European journeys alone would knock ten minutes off average flight times, thus saving
fuel and reducing carbon-dioxide emissions.

So, as more aircraft take to the sky, new technology “free flight” will allow pilots
to pick their own direct routes but still avoid one another. Many new technologies and
operational concepts are being examined for the future air traffic control system.

We can make next summary. The units’ systems must meet the next requirements:

Full control automation, high trustworthiness and triple redundancy of control
systems. Foresight of oncoming airplanes maneuver for avoid obstruction in air and on
ground which have to meet all requirements of ATCO’s preparation. High precision
(pinpoint accuracy) determination positions all objects includes on ground.

Making intelligent choices that allow both pilots and controllers to maintain
situation awareness.

Supervisor — V.P. Kharchenko, professor
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A SPATIAL DASHBOARD: ANALYZING VEHICLE GROUND MOVEMENTS
SAFETY PERFORMANCE

Every year aviation association observes stabile growing number of flights. Increase
flights quantity would necessitate stronger solving problems with air traffic control.
Each flight has begun and end on ground. The safety of vehicle ground movements and
the efficiency of airport operations should be managed as a whole; nevertheless it is not
unusual to be performed independently. In case of crisis situations, the decision process
has a limited knowledge of the overall traffic situation, thus leading to ground
movement hazards. Therefore, the safety of vehicles on the movement area is seen as a
major issue.

The AIRNET project contributes to the solution of this problem by developing a
new low-cost and modular platform solution which considers the spatial dimension as an
additional parameter in airport surface movements. In this paper we analyze the
innovative approach of AIRNET Ground System functionalities and present the Spatial
Dashboard, a visualization technique for presenting Safety Performance Indicators
measurements on two dimensional displays. Using a practical example in the field of
airport traffic control, we evaluate the implementation of the Spatial Dashboard module.

The key innovation of AIRNET is to manage efficiently and remotely airport
operations for ground surface movements. It uses a wireless network for data
communication between the ground and the on-board system installed in each vehicle.

The continuous growth of air traffic has lead to an escalating number of accidents
and incidents on airport surface movements. The AIRNET project gives a strong
contribution to improve the safety of airport operations because AIRNET enables the
collection and storage of voluminous vehicle movements, including safety data.
Nevertheless, from our perspective data reduction to simple statistics in itself serves
little useful purpose. Data must be analyzed within the spatial and temporal context in
which safety related events (accidents and incidents) occur.

Develop more up-to-date technology which very accurate detect object on ground,
improve ground operation, and refine regulatory rules for air traffic control are
nowadays requirements for upgrading all systems involving into ground operation.
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87



XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

UDC: 629.7.07 (043.2)

Nguyen Xuan Le Cuong
National Aviation University, Kyiv

ESTIMATION OF LANDING SYSTEMS ACCORDING TO THE INTENSIVE
AIR TRAFFIC

Nowadays, various attention is being paid to the modernization of the approach and
landing systems at airports. One of the pioneering steps in the process of modernization is the
deployment of Instrumental Approach System (both non-precision and precision approach
systems).

The first systems to be mentioned are the non-precision systems, which include
GPS/GNSS — Global Positioning System (with or without vertical navigation capability,
which usually requires extra precision typically afforded by using EGNOS signal correction
systems). VOR and NDB are considered as non-precision ones as well.

In the moment, several well-known satellite systems are being employed for air
navigation and for civil and military objectives, namely GPS, GLONASS, EGNOS,
GALILEO and COMPASS. Among them, The European Geostationary Navigation Overlay
Service (EGNOS) is a satellite based augmentation system (SBAS), which supplements the
GPS, GLONASS and Galileo systems by reporting on the reliability and accuracy of the
positioning data. Another popular system- GPS - is a US space-based Global Navigation
Satellite system, which provides reliable positioning, navigation, and timing services on or
near the Earth.

The latter instrumental systems, which are used simultaneously with non-precision
system, are precision approach systems. They comprise ILS (Instrument Landing System),
MLS (Microwave Landing System) and LPV (Localizer Performance with Vertical guidance
from GNSS).

The most noticeable among precision approach systems above is ILS - a ground-based
instrument approach system which provides precision lateral and vertical guidance to an
aircraft approaching and landing on a runway. By using a combination of radio signals and, in
many cases, high-intensity lighting arrays ILS enables a safe landing with flight operating
under instrument meteorological conditions (IMC). In this article, an estimation is carried out
to compare non-precision approach satellite systems (GPS and GPS/EGNOS) with precision
approach system ILS. The comparison aims to the criterion of accuracy by using Expert
Judgment Method. With the help of individual and group preferences, we obtained a set of
preferences from the experts’ group. We determined the coordination of expert’s opinion:
coefficient of the variation for each approach system v < 33% (which means experts’
opinions are coordinated).

Overall, expert estimation showed advantages of using ILS over satellite systems

LS LS GPS GPS/EGNOS
Weight 0.378 0.267 0.356
coefficient

(GPS/EGNOS). In the future it is planned to evaluate the systems approach on other criteria:
coverage availability, traffic density, aecrodrome equipage, surroundings and others.
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STAFF TRAINING PROCESS BY VISUAL ACQUAINTANCE WITH
THE MAIN STAGES OF MANEUVERING AIRCRAFT

A distinctive feature of modern society is that its scientific, technical and economic
potential, competitiveness on the world stage, quality of life are determined by a new
kind of national resources - intellectual, reproduction and multiplication which provide
educational system.

Many researchers and trends in education indicate that have become apparent
significant changes in the educational process in recent years. These changes are made
to the content of education, which increases information intensity; nowadays expected
results are formulated in terms of competencies; means and methods of training focused
on the use of electronic teaching resources. The changes were made and had an
influence on one of the main subjects of education - student. Student’s orientation on the
perception of visual information, on the one hand, and on the other — it is the way to
increase possibilities to encourage teachers to use computer graphics in the objective
imaging studies, particularly in the preparation of aviation personnel such as Air Traffic
Control Operators (ATCO).

ATC tasks are to serve schedule and claimed flights, while ensuring the safe
execution of flights. Think about what each mark on the screen in front of you - it's a
plane, which is 200-300 people. But at the same time ATCO’s want to, working every
day, to do everything quickly and efficiently as possible.

Controller - the pilot’s sight. It is very important for future staff to realize that the
airplane - is a powerful machine, that performs various piloting maneuvers.
Alternatively encouraged to develop a method of supplied visualization data in class, for
better perception skills and to improve controlling.

There are several methods proposed:

v' Visualization through images or animations.

v' 3D visualization.

v" To understand the sense of piloting by being a pilot (playing out scenario).

Despite the beauty and proximity of the sky, the profession of air traffic controller is
far from romantic. In addition to the absolute health for the successful operation of air
traffic controller must have the innate resistance to stress, good memory, spatial
imagination and be able to quickly determine the air situation. Air traffic controllers
have to simultaneously monitor multiple sites and manage them; to command the air and
simultaneously listen to the negotiations of their colleagues working on related sectors.
In addition, they must follow the radar screen and record on the chart.
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ESTIMATION OF LANDING SYSTEMS ACCORDING TO THE ACCURACY

The future of modern navigation is satellite navigation. Now it is several well-
known satellite systems which are using for navigation for aviation and for civil and
military objectives. They are: GPS, GLONASS, EGNOS, GALILEO and COMPASS.
The European Geostationary Navigation Overlay Service (EGNOS) is a satellite based
augmentation system (SBAS), which supplements the GPS GLONASS and Galileo
systems by reporting on the reliability and accuracy of the positioning data. GPS — is a
US space-based Global Navigation Satellite system which provides reliable positioning,
navigation, and timing services on or near the Earth. /LS - is a ground-based instrument
approach system that provides precision lateral and vertical guidance to an aircraft
approaching and landing on a runway, using a combination of radio signals and, in many
cases, high-intensity lighting arrays to enable a safe landing during instrument
meteorological conditions (IMC).

In our estimation we want to compare inaccurate approach satellite systems (GPS
and GPS/EGNOS) and accurate Instrument Landing System (ILS) to the criteria
(accuracy) for using Expert judgment method. For help matrix of individual and group
preferences we obtained systems of preferences the experts’ group. We determined the
coordination of expert’s opinion: coefficient of the variation for each approach system
(v<33%).

Calculation of weighting coefficients of significance landing systems for one of
criteria (accuracy) and their graphical interpretation on fig.1.
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Fig.1 Graphical representation of the comparing of approach systems according to accuracy

Expert estimation showed advantages of using satellite systems (GPS/EGNOS) and
ILS. In the future it is planned to evaluate the systems approach on other criteria:
coverage availability, traffic density, aerodrome equipage, surroundings and other.
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MONITORING OF AIR TRAFFIC SITUATION ON ATC DISPLAY

Air traffic controllers typically use visual displays to interact with various
automation systems. Automation tools are intended to reduce controller task load, but
they may also create new tasks associated with acquiring, integrating, and utilizing
information from displays. Consequently, the complexity of information displayed may
reduce the efficiency and effectiveness of an automation system. Moreover, complexity
could cause controllers to miss or misinterpret visual data, thereby reducing safety.
Thus, information complexity in air traffic control (ATC) displays represents a potential
bottleneck in ATC systems. To evaluate the cost and benefit of an automation system, it
is important to understand whether the information it provides is too complex for
controllers to process.

The purpose was to answer three basic questions:

1) What constitutes information complexity in automation displays?
2) What level of display complexity is “too complex” for controllers?
3) Can we objectively measure information complexity in ATC displays?

To answer these problems it is necessary to describe it systematically in a
framework. The framework reduces the concept of complexity into three underlying
factors: quantity, variety, and the relations between basic information elements; each
factor is evaluated at three generic stages of human information processing: perception,
cognition, and action. By this definition, we decompose complexity into a 3x3 matrix,
measuring the effects of a complexity factor on information processing at a given stage.

We then take the following steps to develop complexity metrics for ATC displays:

1) Identify task requirements of using the displays in ATC;

2) Determine corresponding brain functions pertinent to the task requirements; and

3) Choose the metric that can measure the effects of the complexity factor on the
brain functions.
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DETERMINISTIC MODELS OF DECISION MAKING AIR TRAFFIC
CONTROLLER IN THE EMERGENCY SITUATION

A deterministic model is model in which each set of variable states is
unambiguously determined by parameters in a model and by sets of previous states of
some variables. Consequently a deterministic model always performs similarly for a
given set of initial conditions.

Deterministic model of human decision making (for example — air traffic controller
or pilot) relative to experimental data could find alternative and optimal option for
solving the problem. As a consequence, this variant is the best way to prevent the risk.

Decision making in an aeronautical environment includes different and various
difficult decisions a pilot must make during the conduct of a flight. It consists of both
preflight go/no-go decisions as well as those made during the flight. In aviation, decision
making is of particular importance because of the safety of flight (all of passengers)
comes first place.

The problem of air traffic of aircraft are worried a lot of us because in nowadays
aircraft (a/c) is fast and convenient vehicle for many of people over long distances.
Deterministic models of decision making air traffic controller in the emergency situation
can be used as an additional system to address threats and risks. This model can predict
possible outcomes of events and solutions of different problems. Thereby simplify the
work of air traffic controller and provide safety in aviation.

For example, the sequentially it is a systems-theoretic construction, analysis, and
evaluation of a deterministic model of human decision making relative to experimental
data. In sequential two-alternative forced choice decision tasks, a human subject is
presented with two choices at every time step, is given finite time to select one of the
choices, and receives a reward after a choice is made. The goal for the human is to
obtain the maximal reward while not knowing the underlying reward assignment
process. So, we present a parameterized deterministic model for human decision making
in this context and analyze optimality and stability using a finite state machine approach.
This model is then evaluated relative to experimental data from human subjects.

So deterministic model can help and propose one variant which is would be better
then other one. It is analysis and evaluation of a deterministic model of human decision
making that we can have in the results of experimental data. In sequential two-
alternative forced choice decision tasks, a human subject is presented with two choices
at every time step, is given finite time to select one of the choices, and receives a reward
after a choice is made. The main idea of deterministic model to provide the best way to
avoid future problems.
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PARTICIPATION IN NAVIGATION INFRASTRUCTURE AND ELECTRONIC
TERRAIN AND OBSTACLE DATA MANUAL PROJECTS DURING
EUROCONTROL TRAINEESHIP

EUROCONTROL, the European Organization for the Safety of Air Navigation, is
an intergovernmental Organization with 41 Member States, committed to building,
together with its partners, a Single European Sky that will deliver the air traffic
management performance required for the twenty-first century and beyond. As one of
the students of Service Air Navigation Systems specialty we were selected to pass the
half year traineeship at this organization.

The SESAR 14.3.2 Project “Realization of Navigation Infrastructure” was one of the
traineeship activities. The Rohde&Schwarz company provided set of data of air
measurements for further processing. It was recorded by their new DME Analyzer. It’s a
device for precise distance and pulse analysis for ground and air measurements. The
next task was the analysis of EDS300 data, the aim of which was the determination of
accuracy measurements with the help of DME/DME. For this purpose was written the
MATLAB program using which were built the corresponding graphs. The received
results were presented on the NSG20/ICAO PBN Task Force meeting in ICAO
headquarters in Paris and obtained positive feedback. The next task was realization and
support of the DEMETER software. It is a Distance Measuring Equipment Tracer, a
software tool, which supports the implementation of Performance Based Navigation and
the rationalization of navigation infrastructure. Before realization of a new version of the
DEMETER, the GMV office in Lisbon was visited and some new features of this
software were discussed.

The next important goal of traineeship was updating of the Electronic Terrain and
Obstacle Data Manual. During the first part of traineeship there were analyzed current
and new ICAO requirements, updated and implemented concepts, rules, requirements
that relates to the provision of electronic terrain and obstacle data. Moreover, there was
performed high quality work relating to the understanding of the requirements and
concepts for users and providers of electronic data. The updated edition of this manual
will be put into the new edition of the ICAO Doc 9881.

After detailed familiarization with this sphere, processing of electronic terrain and
obstacle data was successfully continued. There was done analyze of the level of
implementation of necessary electronic data in the ECAC member states and updated
online map of electronic terrain and obstacle data implementation level. There was
collected new data from electronic aeronautical information publications of member
states that relate to the publications of obstacles and put new publication requirements of
obstacles to manual.
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IVIMB CYITYTHBOT'O CJIIAY HA BE3INEKY NIOJIBOTIB

CyrreBuM (pakTOpoM, IO BIUIMBAE Ha OE3INEKy IMOJBOTIB, € PU3HK HNOTPAIUITHHS Y
CYIYTHIM CIif, MO IHAYKOBAaHWH IHIIMMH TOBITPSHUMH CymAHaMH. [loTparuissHHS
TIOBITPSTHOTO Cy[IHA Yy BUXPOBHH CIiJl MOXKE NPU3BECTH JI0 HEKOHTPOIHOBAHOI KYTOBOI
mBHUIKOCTI 00epTy 3 kperoM 200 rpan/c, Brpatu Brcotd 110 200 M i Gisbiie, 60KOBHX
nepeBanTaxeHb y 0,5-0,9 omuHMmb, 1 HapemTi, 10 BTpaTH KEPyBaHHSA y IOIBOTI.
HeGe3neka Takok MONSTae y BiACYTHOCTI BHAMMOCTI CYITyTHBOTO CNify: IJIOTH Ha
MarOThb MOXJIMBOCTI HOTrO Bi3yaJJbHO CHOCTEpIraTd, Npo IO CBigUaTh  NPUYUHH
aBiakaTtacTpod.

[Macaxupcpkuii mitak Ty Airbus A300 B4-605R amepukaHChKOi aBiakOMIaHii
3i#iCHIOBAB MOBCAKICHHHIT peiic AA 587 3a MapupyroM Hiro-HMopk — Canro-Zomisro,
npore depe3 1 XBuimHYy Ta 48 CeKyHH IiCIs B3/IBOTY BIAB Ha XWIMH paifoH KyiHc y
Heto-Mopky. Peiic AA 587 BuIeTiB uepe3 JeKibKa XBIHIHH MICIs 30Ty HOBITPSHOrO
cyna Boeing 747-400 aBiakommanii SmoHChKMX aBiamiHiii. Yepe3 Te, MO MUHYIO
31 cexyH[Ia micIist 3IBOTY JIITaK IMOTPANUB y CYITYTHIH CIlIig Bif smoHCkKoro Boeing 747.
3armHyno 260 domnoBik. PoscmimyBaHHS 3a3HaueHOro IHIWAGHTY IIPOBOIMIIOCH
HamionamsanMm  koMiTeroM 3 Oe3mekn Ha TpaHcmopti (NTSB). KinneBwmit 3BiT
karactpopu pericaAA 587 Bka3ye, 10 OCHOBHOI MPHYHHOIO € TIOTPAIUISHHS B
CYIIYTHIH CIiJ] BiJ SITTOHCHKOTO JIITaKa.

[porsrom BunpobyBans AH-124 3a mporpamoro Jlep>kaBHEX BHIIPOOYBaHb €KiMax
B cxmani O0.B. Kypmina BukonaB 10 momboTiB B CyIyTHBOMY CHifi Bif iHIIOTO
«Pycmanay. 3ragye HOpiit Bomognmuposnu: «HaiiBaxkae Oyno BUSIBUTH CYITyTHIH CIIij,
Ha Il MM BUTpadaiu HalOuIpmie dacy. Ane He3abapoM Oylo 3amporoOHOBAHO JUIS
Bi3yaui3arii iy BUKOPHCTOBYBAaTH CIIAIIOBAHHS BiANPAIlbOBAaHOTO MAIIMHHOTO Macia
B rapsiioMy CTpyMeHi. Y BaHTaXHil kaOiHi JliTaka BCTAHOBWJIM BOCBMH TOHHUIT Oak, a
TPYOKH BHBEIH 3pi3aMH JI0 BUXJIOIHUX comell. Pe3ynpraTr mepeBepmms crnoxiBaHHS. S
3pOjly HIYOro CXOXKOro He OauymB. BuxpoBa meneHa ONMMHMIIACS TOYHO TAKOIO, SIK B
MAPYYHUKAX aepoAMHAMIKA. CIMHHUM HEIOJIKOM «MAC/ISHOI» CHCTEMH Bi3yasizarlil
Oyo Te, MO HE3ropuli YacTKW 3a0py[aHIOBamM BiTpoBe ckio. Lle yckmamHrOBaJIO
IIOCaIKy, Yepe3 [0 BUCOTY JOBOAMIOCS BU3HAUATH pagioBucoToMipoM. ITix yac omHiel 3
TaKUX I10CAJ0K, Yepe3 HAATONOBUIPH JOKIAIW IITypMaHa IPO MOTOYHY BHCOTY, HaIl
«Pycmany BmapuBcsi KoJlecaMH B TOPENb 3JITHO-TIOCAJKOBOI CMYTH, aje 3aBIsIKA
MIITHOMY IITaci BCe CKIIAJIOCs BIAJION.

BaxmBo BiAMITHTH, IO TPUBANICTH iCHYBaHHA B aTMocdepi CYMYTHBOTO CIiTy
MOK€ CTAHOBHTH XBWJIHMHH, a HOTO NMPOTSDKHICTH — KilomeTpu. [IpobieMa cymyTHBOrO
CIIiy €BONIOLIOHYE Ta TIPOJOBXKYE KOHIIEHTPYBATH yBary BCECBITHBOI aBialliifHOI
CIIJIBHOTH 10 PiIIeHHS 3a7adi BUXpOBOi Oe3meku, KOTpa MOB’s3aHa 3 BBEICHHSIM B
eKCIDTyaTallil0 HOBMX THIB IIMPOKO(IO3EISHKHUX MOBITPsIHUX cyzneH (Airbus A380,
Boeing 787, AuroHoB-124-100, AHTOHOB AH-225).
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AIRSPACE COMPLEXITY INDICATORS IN THE AIR TRAFFIC
MANAGEMENT SYSTEM

The Air Traffic Management (ATM) system provides services for safe and efficient
aircraft operations. The airspace is divided into sectors, and aircraft within each of those
sectors are controlled by Air Traffic Controllers (ATC). Increased demand for the air
transportation system increases the workload on the ATC as well as congestion in the
airspace that causes an existence of a significant airspace complexity.

The term complexity is defined as the collective effect of all factors that contribute
to sector level of air traffic control complexity or difficulty. One of the core elements
involving future concepts such as dynamic airspace configuration and advanced traffic
flow management is the ability to measure and predict complexity. In an operational
setting, changes in traffic flows and airspace will be better managed strategically and
tactically if an accurate measurement and prediction of complexity for a particular
airspace is available as well as higher levels of automation are proposed for future
operations.

An airspace complexity has both dynamic and static components, which can affect
ATC workload and cause the probability of an ATC error. Dynamic complexity includes
factors such as traffic volume, climbing/descending traffic, mix of aircraft types,
military area activity and types of aircraft intersection. Static factors, meanwhile,
encompass airspace structure, proximity of reporting points to sector boundaries and
standing agreements.

It is defined the four high level complexity indicators that express the fact of
presence of several aircrafts in the same area at the same time that generates complexity:

- traffic density (Adjusted Density) that measures the potential number of
interactions between aircratft;

- traffic on evolution (Potential Vertical Interactions) that captures the potential
interactions between climbing, cruising and descending aircraft;

- flow structure (Potential Horizontal Interactions) that provides a measure of
the potential interactions based on aircraft headings (angle between them of 20
degrees or more).

- traffic mix (Potential Speed Interactions) that assesses the potential
interactions based on the aircraft speeds (difference in speeds is greater than 35
knots).

Dynamic density values can range from small to large with different effects on
stability and performance.

Complexity indicators could be used to determine the areas in which airspace design
changes are necessary. Airspace can be examined and assesses in order to ensure that the
complexity of the redesigned airspace is the same or even less than its previous level.

Scientific supervisor — S.V. Pavlova, professor
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DESIGN OF RPAS FLIGHT SIMULATOR FOR PILOT’S TRAINING

RPAS (Remotely Piloted Aircraft Systems) has been widely used in both military
and civilian fields in recent years. With the development of RPAS, high quality training
for the RPAS operators on the ground is necessary and urgent. The fidelity of simulation
training system is very important, the fidelity training system can simulate the flying
environment on the sky, the flying simulation software is the core of the training
simulator system, the fidelity and accuracy of software can ensure of the reliability and
efficiency of flying simulation system.

Known that flight training system has many advantages such as energy conservation,
economy, and security without limitation of field and weather, etc. The system also can
shorten the training periods and improve the training efficiency. We can adopt the
training system instead of the real equipment in the actual training excise; the training
effects are directly determined by the reality of the flight simulation system. Simulation
software is the most important part of the flight simulation training system. Flight
simulation software is composed of mathematical modeling and related programs, e.g.,
flight dynamics modeling, equivalent flight control software (modeling of flight control
computer), modeling of navigation system, establishment and programs of database.

In this paper, we describe our work done on Flight Simulator, where the main
purposes of it are:

1. RPAS external pilot's preparation;

2. Working out of algorithms of RPAS control for all flight modes;

3. Carrying out of practical, laboratory and other kind's employment, preparation of
bachelors on specialization "The operator of land control facilities a RPAS";

4. Work up of new modes and flight exercises;

5. Training of operators to actions in special cases, at equipment failure;

6. Estimation of operator's psycho-physiological abilities.

Our software consists of such components, which have specific functions:

e «Flight Gear» (mathematical model of RPAS flight dynamics, visualization of
flight information);

e «Dedal» (input the flight task, visualization of navigation conditions, fast control
of a flight trajectory);

e «Matlaby» (synthesis of optimum laws of RPAS flight control, synthesis of new
methods and technologies of communication, navigation and control);

e «Flight control system» (algorithms of interaction between onboard avionics
systems, recording of flight information).

Flight simulators experimental complex allows developing and testing of control
laws, stability augmentation system of RPAS, attitude flight control system, guidance
system, algorithm for solving of navigation tasks, protocols of data exchange between
hardware and software, tasks of payload control (camera, etc.).

Scientific supervisor — V.I. Chepizhenko, doctor of science, professor
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MNOPIBHAHHS TOYHICHUX XAPAKTEPUCTUK CUCTEMHU
I'JIOBAJIBHOT'O ITO3UIIIOHYBAHHS GPS TA CUCTEMMU GPS 3
BUKOPUCTAHHSM JOINIOBHEHHS EGNOS

Hapsiy 3 po3BHTKOM HaBiralifHUX TEXHOJOTIH Ta BUKOPHCTAHHS CYITYyTHHKOBOI
HaBiramii ocrae MUTaHHS MPO po3mmpeHHs cdep ii Bukopucranus. Takox mocrae He
MEHII BaXJIMBE IHUTAHHS IPO TOYHICTH Ta IHII XapaKTEPUCTHKHA CHCTEM, IS
TIOKpAaIeHHsT SIKMX Oyna cTBopeHa ciyx0a HaBiramifiHoro mokpurtss EGNOS, sk
JIOTIOBHEHHS JI0 Pi3HUX HaBIraliiHUX cUCTeM, Y ToMy umncii i GPS.

EGNOS € mromoM cminbHOI poboTé €Bporeiickkoi Kkowmicii, €Bponelcrkoro
KOCMIYHOTO areHTCTBa 1 YNpaBIiHHS aBialliifHoi Oe3mekn €BPOKOHTPONb, CHCTEMa
BKJIIOUa€ B cebe OpOiTaIbHUIA CErMEeHT 3 CYNMYTHHKIB i HA3eMHHH CETMEHT 3 Ha3eMHHX
CTaHIIi}, IO JTO3BOJISE KOPHCTYBAadyaM BH3HAYATH CBOE MiCIIE3HAXOKEHHS 3 TOUYHICTIO
10 1.5 m.

VkpaiHa moku He Mae HazeMHux craHmid cucremn EGNOS Tomy curaan
CYIyTHHKIB JI0Ope TpuitMaeThes Ha 3axiHiid YKpaiHi, ajie BiH MPaKTHYHO HEJOCTYITHII
Ha CximHii Ykpaini. Peamizamiss mpoekty EGNOS 103BONHTE MiJBHIIMTH pPiBEHD
Oe3reky (YHKI[IOHYBaHHS TPAHCIOPTY B YKpaiHi, 30KpeMa MOBITPSIHOTO, a TaKOX
CTIPHUATHME JOCSTHEHHIO LTel MaifOyTHhoI Yromu npo CridbHUH aBiallifHUH MpocTip
Mix Ykpainoro ta €C.

Jlnst HaouHoro 300pakeHHs mepeBar BukopuctanHs EGNOS, Oyma mposesncHa
OIliHKa TOYHOCTI BHU3HAYCHHS MICIIE3HAXOKEHHsT 3 BUKopucTaHHsM GPS Ta
GPS+EGNOS. [Ins mporo Ha pobodoMy wmicii, ske 300paxene Ha (puc. 1), Oymm
3amucani eemMepuIy CyImyTHHKIB 3 IpUiMadiB, NOTIM y cepenoBunii MatLab i maHHI
Oyiu 0OpoOIIeHi.

[lix wac mpoBemeHHS IOCTIUKEHHS y CTAaTHYHOMY PEXHMI, PI3HHIL Y TOYHOCTI
Br3HadeHHs koopauHaT Mk GPS ta GPS+EGNOS ne nepebinbiye 1.

AHTEHa

Mpuiimay Komn'iotep
Cnnitrep
Mpwii Komn'totep
Puc. 1

Hayxosuii kepienux — B.B. Konin, 0-p mexu. nayx, npogecop

97


http://library.kpi.kharkov.ua/scripts/irbis64r_01/cgiirbis_64.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=5&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=0&S21P03=U=&S21STR=629.735.33%28062%29

XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 629.735.33 (043.2)

Crpariii A.B.
Hayionanvnuii asiayitinuu ynieepcumem, Kuis

KOHCOJIII[AI_[IH“IH(I)OPMAHII?'IHI/IX MMOTOKIB B CUCTEMAX
AEPOHABITAIIIMHOTI'O OBCJIYTOBYBAHHS

VY Ham vac aBiaiis po3BHBAETHCA CTPIMKMMH Temramu. OIHOYaCHO 3 PO3BUTKOM
TIOJTBOTIB 30LTBIITYEThCsl 1 00°€M iH(pOpManii KU MOTPiOeH A IXHBOTO PEryIIOBAaHHS.
30UTBITYETHCS KUTBKICTh 1H(OpMAITii, KOTpa TIOAEThCS MUIOTaM, JIUCTIeTYepaM Ta THIHM
YYaCHUKaM aepoHaBITaIliifHOro o0cIyroByBaHHs. BuHrkae morpeba B KOHCOMIIamil TaHuX
iHpopmariifHuX TOTOKIB. B OCHOBI TpOrpaMHOrO NPOXYKTY HNPHU3HAUYEHOrO JUIS
KOHCOJIJamii KOJNEKTMBHOTO YNPAaBIiHHSA pYXOM JIGKHTh BHKOPHUCTAHHS CHCTEM
kepyBanHs Oa3oro jmaHux (CKBJl). B cucremax aepoHaBiraiiitHoro oOCIyroByBaHHS
ocHoBHa BuMora 1o CKB/] - e mBuakicTh poOOTH. AJDKe i)l Yac KPUTHIHOI CUTYaIlii B
KOPHCTYBaUiB TaKOi CHCTEMH € 00MaJIb 4acy JUIsl MOMIyKy pirmeHHs. OKpiM MaTeMaTHIHOI
MOZIEJIi Ta aJTOpPUTMY BEJIMKE 3HAUCHHS MOTPIOHO BHIUIMTH IHCTpPYMEHTaM, sKi OYyIyTh
BHKOPHCTOBYBATUCS VTSI POOOTH TAaHOTO MPOIYKTy. HalOUThI BayKIIMBHUH €IEMEHT TaKol
cucremu - 6a3a qanux (bJ). OcraHHIM YacoM peltsIiiHi 6a3u JaHHX HE MOXKYTh BJIOCTANIb
3a0e3MmeuuTH TOTpeON CcydacHUX iH(opMaIiiHux cucteM. Po3poOHHMKam JoBerocs
IIyKaTH iHII TAXOQW A0 opraizamii podotw 3 maHuM. Tak YTBOPHBCS OKpeMHA
HanpssMmok po3BuTKy CKB/I: NoSQL (Not Only SQL), sxi 3aBIsKu HpoCTIMIii cucremi
KOHTpPOJIFO 3a0€3MEUYI0Th BHCOKY IMBUJKICTH OOpOOKM JaHWX. Takok BaKIMBHM
(axTopoM JUTSL CHCTEM aepoHaBiramiifHoro obciayroByBaHHs € HamiiHicTh. NoSQL BJ]
MIPOIIOHYIOTH MIMPOKI MOKIJIMBOCTI JUTS PEIUTiKAIli JaHUX IO Ma€e 3a0e3MEYUTH BUCOKY
HaiiHicTE podotn cuctemu. Came Tomy BukopuctaHHs NoSQL B/l Hamacte HacTymHi
mepeBaru: 3a0e3MeUeHHsT BHWCOKOI IIBHJAKOCTI, HAJHHICTh; JIeTKe TOPH3OHTAJIBHE
MacITaOyBaHHSL.

3anponionoBana bJ[ 3acrocoByeThcss B cHCTeMi MIATPHMKH HPUIHATTS pillleHb
(CIIIIP) omeparopa TpW KONEKTUBHOMY YIPAaBIiHHI TMUJIOTOBAHUMH 1 OE3MUIOTHUMH
JITaJbHUMH aTlapaTaMy B €IMHOMY IOBITPSIHOMY IpocTopi. [obanpHa excrutyaramiifHa
KOHIIENIIIST OpraHi3alii MOBITPSHOrO pyxy, sika BimoOpaxae OaueHns IKAO emuHOl
y3romkeHoi 1 3acHoBaHOi Ha TioOanbHOI B3aemomii cucremm OpIIP, moBnHHA
3a0e3medyBaTi KOHCOJIJIAIII0 KOJIEKTHBHOrO YNpaBiiHHSA pyxoM. CaMe TOMy BHHHKA€e
notpeba y crBopenni CIIIIP, ska Oyme crpykTypyBatn iHdopmamito, 30mparn Ta
KOHCOMIyBaTd B coOl pi3HOpiMHI iH(pOpMAIiiiHi TMOTOKHM, Ha BUXIJ IOJaBaTH TOTOBI
pimeHHst. [l BUpIICHHS TAHOI 3a1a4i HAWO1TBII 1M X OUTH BiKopucTanHs NoSQL B/1.

Cnucok BUKOPHUCTAHUX J7KepeJT

1. Xapuenxo B.I1. IIpuiiHATTS pillleHb ONEPaTOPOM aepoHaBiraiiHol cucTeMu: MoHorpadis /
B.II. Xapuenko, T.®. IlImenroBa, 10.B. Cikipna. — Kipoorpan: KJIA HAY, 2012. -292 ¢

2. Mapmun @aynep. NoSQL: HOBass MeTOOIOrUsI pa3pabOTKH HEPEJSILIMOHHBIX 0a3 JaHHBIX
/ ®aynep Maptus. — M. : Buibsimc, 2013. — 192 c.

Hayxosuil kepisnux— T.®D. LlImenvoga, 0-p mexu. HayK, npogecop
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AHAJII3 IOTOYHOI'O CTAHY OPBITAJIBHOI'O CY3IP’S I'AJIIVIEO

laminieo — mpoeKT CYNMyTHHKOBOI CHCTeMH HaBiramii €Bporeiickkoro Coro3y Ta
€BpOIEiicEKOro KOCMIYHOrO areHTCTBA, SIK ANbTepHATHBAa aMepHKaHChKii cucremi GPS
Ta pociiicekiit [JIOHACC.

3a MIaHOM IIPOEKT CYIMYTHHKOBOI CHCTEMH HaBiramii ['amiysieo mMaB mpamioBaTé B
noBHOMY 00csi3i B 2014 porii, ane uyepe3 psaa (akriB npogosxkeHHs npoekty Galileo
KiJTbKa pa3iB Bijkimananocs. Ha cboroqHimHii JeHs CIIPaBHO MPAIFOIOTH JIHIIE 5 3aMicTh
ouikyBaHux 30 CyIyTHHKIB cuctemu [ armineo.

28 rpymas 2005 mepmmwmii cymyTHHK cucteMu [aminmeo OyB BUBeHeHW Ha
PO3paxyHKOBY OpOiTy BHCOTOIO moHaa 23222 kM. HacTymHi Tpu CymyTHUKH Oyid
YCIITHO JIOCTaBIICHI Ha po3paxyHKoBi opOiTh Brpoaosxk 2008-2012 pokis. [Ipobnemu
BHHUKIIU 13 3aITyCKOM HACTYITHUX JIBOX CYIYTHHKIB.

22 cepmusi 2014 poky pocilickka pakera-Hocili «Coro3-CT» 3 €BpomeicbKUMU
KOCMIYHMMHM arapaTamu Jjisi cucreMu Hasiraii ['amiteo FOC1 ta FOC2 3amyiieHa 3
kocmozpomy Kypy y I'Biancekomy kocmiuHOMy IieHTpi y Ppamniy3skiii ['Biawi,
[liBzenna Ameprka. MeTOI0 BHBEICHHS ITSITOTO Ta IIOCTOTO CYIYTHHKIB CHCTEMH
Tanineo Ha mibOBY OpOITY OYIIO MOKpAIeHHsT TOYHOCT1 HaBiraifii.

[TizHime KoMIaHis-omepaTop KOCMIYHMX ITyCKiB Arianespace IOBiJIOMMIA, IO
cynytHUKH ['amineo He BHHIDIM Ha PO3paxyHKOBY opOiTy. Kowmicis 3 poscimityBaHHS
MIPUYHH aBapii 3asBIIa, M0 PO301XKHICTH MiXK 3aIIAHOBAHOIO Ta JIOCSTHYTOK OpOiTaMu
€ pe3ylnbTaTOM 3aMep3aHHs TiJpa3iHy (PakeTHOro TajiBa) Yy pO3TIHHOMY OJIOIi
«®Dperat».

Iporsrom 17 mHiB, 3podusmm 11 MaHeBpiB, daxiBisaM €Bporneiicskoro KocmiuHoro
ArenrcrBa (€EKA) Bmamocs miIBUIMTH HIWKHIO TOUKy opOitn cymyraHuka FOCI Ha 3,5
THCSY KIJIOMETPIB 1 3p0OUTH OpOITYy MEHII BUTSTHYTOFO.

IT'atuit cymyrauk cucremu Galileo mocsr HOBOi IMiTIkOBOI OpOITH 1 MOYaB CBOIO
poboTy. AHanoriyHe KOpUTyBaHHS OpOiTH (axiBIi IUIAHYIOTH MPOBECTH i 3 IIOCTHM
CYIIYTHUKOM.

Hacrymni nBa cymyrauku FOC3 ta FOC4 mpuOymu o I'BiaHCBKOTO KOCMIYHOTO
LEHTPY IS TiJTOTOBKH JIO 3amycKy, SKWi BimOymetbcs 26 Oepesnst 2015 poky
pociiicbkor0 pakeTor-HocieM «Cor3-CT.

Ouikyertbcest, mo 10 2017 poky cy3ip'd ckiagaTUMeThes 3 27 CYIMyTHHKIB, a TaKOX
IUTAHYETBCS 3aIlyCTUTH TPU CYNYTHUKH JUISI BUKOPHCTaHHS B SKOCTI PE3CPBHHX.
HacrymHi f1Ba myckw 3a m1aHoM BiOyIyThesl y BepecHi Ta B KiHI rpyxas 2015 poky.

Hayxosuii kepisnux — O.C. Ilocypenvckuil, KaHo. mexH. HAyK
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MPOTUAIA EJEKTPOHHUM 3ABAJAM B GNSS

PanioenexkTpoHHI 3aBan — Iie €JIEKTPOMArHiTHI a00 aKyCTHYHI BHUIIPOMiHIOBAaHHS,
SIKi TIOTIPIIYIOTh SKICTh (DYHKIIOHYBaHHS pajioeneKTpoHHUX 3acobiB (PE3), xepyrouoi
30poi, BIHCEKOBOI TEXHIKH Ta cucTeM oOpoOkW iH(popMarllii, B TOMy YHCIHi amaparypu
CYNyTHHKOBOI HaBiramii. IX KITacH(ikyloTh 3a: THIIOM YTPaBIIHHA, CIOCOOOM
(dopmyBanHs, edekroM BIuBY Ha PE3, CHiBBIHOMICHHSAM CIIEKTpa 3aBaj i KOPUCHUX
CHTHANIB, CTPYKTYPOIO  BHUIIPOMIHIOBaHHS, IHTEHCHBHICTIO. ICHYIOTH  TakoX
IHyCTpiajbHI paio3aBaan. 3a OXOKEHHSIM POPI3HSIIOTH MPUPO/HI Ta IITYYHI 3aBajH.

Haii6inpm BpaznuBuMu 10 3aBajy € pamiokanamu GPS (wactorm L1 1 L2),
paniokanamm ['JIOHACC (wacroru L1 i L2), pagiokanan SBAS (wacrora L1 GPS),
panmiokaHan niepenadi kopuryrouoi iHpopmamii GBAS (mianmazon wacror 108 — 117,975
MI'm), pamiokanan mepenadi kopuryrodoi iHdopmarii mMopcekux DGNSS (miamazon
gacror 283 — 325 x['m). HaiiGinemr HeOe3neyHHMMHU 3aBajlaMH € CHHYCOINaNbHI 1
mrymononiOHi  curHanmy. Illrarne ¢ynkmionyBarmasts CPHC mpm Takmx 3aBajax
30epiraerbes, SIKIMO iX iHTEHCHMBHICTE Ha 10 — 12 nb mepeBuinye MiHIMaIbHO
nonyctuMuil piBeHs curHaimy (—160 nbBt). Moxna odikyBaTH, IIO 3 BBEICHHSIM B
ekcrutyatariro  cucreMd GALILEO mnpWHIMIOBHX KIUTBKICHHX —BIJIMIHHOCTEH BiX
HaBEJICHUX BIMOT II[O/I0 3aBa/I03aXUIIEHOCTI Ta 3aBaZOCTIMKOCTI He Oyze.

OCHOBHMMH TIpHUYMHAMH TOpyHIeHHs mraTHoro ¢yHkmionyBaHas CPHC mix
BIUTMBOM JIii 3aBaJl - 3aCTOCYBaHHS Helepe0adeHNX INTaTHUM PEXHUMOM JIOAATKOBHX
paioeNeKTPOHHNX 3ac00iB IIMBIIBHOTO 200 BifICEKOBOIO MPU3HAYECHHS, HEIOTPUMAHHS
HOPM €JIEKTPOMArHITHOI CYMICHOCTI TpW BBEJICHHI B eKCIUTyaTamito HOBUX PE3,
HaBMHCHA ITOCTAHOBKA 3aBaJl 3 MOBITPSL, MOPsT 200 3eMIIi.

3axomy IIOAO 3axHCTy BiJ 3aBaj BWU3HAYAIOTHCS KOHKPETHHM 3aCTOCYBAHHIM
amapatypu GNSS, curHaThHO-32BaI0BOI0 00OCTAHOBKOIO 1 TAKTHKOKO TIPOTHIIT 3aBalaM.
BaxxnmuBum etaroM y 60poTh0i 3 BIDIMBOM 3aBaJi € pO3Mi3HABaHHS 3aBaJ | BU3HAYCHHS
MICIl pPO3TAaIlyBaHHS IOCTAaHOBHWKA. MOXKHa BHIUINTH HANpsIMKU  ITiBHINECHHS
3aBaJIOCTIMKOCTI ISl CYITyTHHKOBOI HaBiramiiHOI amapaTypym pYXOMHX 00'€KTiB:
PETYIIOBaHHS BCHOTO CIIEKTpa 4YacTOT Ha MDKHApOAHIN OCHOBi; TPOBEICHHS
JIONATKOBUX POOIT 13 3a0e3nedeHHs eNeKTPOMArHiTHOI CYMICHOCTi; BHKOPHCTAHHS
30BHIMIHIX a00 BHYTPIIIHIX NPUCTPOIB BUSIBICHHS 3aBa/T; CTBOPEHHS CIIEIIaIbHIX CXeM
npunymeHas 3aBaa  (QimeTpu, poO3B'I3KM, aNTOPUTMH OOpOOKM) B HaBiramiiHHX
MpuiiMadax; 3acTOCYBaHHS aITOPUTMIB 3IJIa/DKYBaHHS KOJOBHX BHMIpIOBaHb 3
BUKOPUCTAHHSIM JIONATKOBMX BHUMIpiB ()a3m Hecydoi UacTOTH; BHKOPUCTAHHS
iH(popManii JooaTKOBMX OOPTOBHX 3aCO0IB IS 3BY)KEHHSI CMYT'Hl IIPOITYCKAaHHS TPAKTiB
criocrepeskeHHs npuitmadiB GNSS; inTerpamis amaparypu GNSS 3 iHmmvu 6opToBIMH
HaBiramiiHUMH 3ac00aMH.

Hayxoesuii kepienux — B.B. Konin, 0-p mexu. nayx, npogecop
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HNCCIEJOBAHHUE AJITOPUTMA CUHTE3A TPAEKTOPUH IBUXEHUSA
MNOJABUKHOI'O OFBEKTA HA OCHOBAHUUN MATHUTHO-
MEXAHUYECKOI'O MAATHUKA

JluHamMuka Tmonera, W3y4aeT 3aKOHBI, OIHCHIBAIONINE JBIDKCHHE Pa3TUYHBIX
JIETATENILHBIX aNlapaToB B Pa3lIUYHBIX YCIOBUSAX. [IOMCK HOBBIX METOJIOB, CPEJICTB H
aJrOPUTMOB YIPABJICHUS TPACKTOPHEW JBWKCHUS SBISCTCS OIHHM W3 Hamboee
3HAYMMBIX W TIEPCIICKTUBHBIX HANpPaBICHUN B aBUAIIMOHHONH M KOCMHUYECKON OTPACIIH.
OpHa U3 aKTyaJlbHBIX MPOOJIEM HABHTAIWH JIETATSIBHBIX allapaToB — HUCIIOIh30BAHUE
W3MEPEHUI (U3MUYECKHX TONEH, TaKMX, KaK TPaBHTAIIMOHHOE WJIM MarHWTHOE, B
KayecTBE aJbTEPHATHBHOTO WJIM JIOMIOJHUTEIHFHOTO WCTOYHHKA HAaBHUTAIIMOHHON
napopmarm. [Ipupona maraernsMa cBoeoOpa3Ha. MarHuThsl, Kak H3BECTHO, 00J1alatoT
CBOMCTBOM MPHUTATHBATh W OTTAJIKUBATH MPEAMETHI, KOTOPBIE MOT'YT CaMOCTOSTEIHHO
OCYINIECTBIISITh JIBIDKEHHE. B CBA3M ¢ OTHM, BBI3BIBACT HWHTEPEC HABHTAIMUSA TIO
MarHUTHOMY TONI0. [IpUCTYMUTh K W3Y4EHUIO CBOICTB M B3aMMOJICHCTBHS MarHUTOB
[IeJIeco00pa3Ho Ha TMPOCTHIX MPHUMEpax, OJIHUM H3 KOTOPBHIX SBJISCTCS MarHWUTHO-
MEXaHWYeCKHi MasTHUK. [IpocToTa W HArNSAHOCTh (PU3MUYECKHUX MPOIECCOB JIEiaeT
MasiTHUK WHTEPECHBIM, KaK JIJIsl UCCIIEIOBATEILCKHX, TaK U JUIs YICOHBIX TeNIeH.

MarHuTHO-MEXaHHIECKUH MAasSTHHK COCTOMT W3 pPaMbl, Ha KOTOpPOH 3aKperuieH
MoJIBEC € TPY30M. B KadecTBe rpy3a UCITONB3YeTCsl HEOOMBIONW KOMBIEBOH (eppUTOBBIN
MarHuT, BOKPYT KOTOPOTO Ha IUIaT(opMe PaCIoNIaratoTCsl DIIEKTPOMArHUTHI, KOTOPHIE
CO3MAI0T COOCTBEHHOE MAarHWTHOE TMOJie NPH IPOXOXKICHHUH 3JIEKTPHIECKOTO TOKA.
[epemerieHre MasiTHIKA OCYIIIECTBIISIETCS B3aUMOJICHCTBUEM KaTYIIKH HHIYKTHBHOCTH
W TIOCTOSHHOTO MarHuTa. lloiokeHHe MasTHUKA OIpeeNsieTcs B3aUMOJCHCTBHEM
CBETO/IMO/A, PACHOJIOKEHHOTO HAa MarHuTe W (QOTOAMOJAaMHU. Y TIPaBISEMBIMU
rmapaMeTpaMi MasTHUKA SIBJSIFOTCS aMIUTUTYJa KojeOaHWHd W yroi OTKIOHCHHS.
JlnHaMuKa CHCTEMBI yIpaBJICHUS MarHUTHO-MEXaHUYECKHM MAasTHUKOM IPEIICTABISACT
c000¥1 BEIHYKJICHHBIC KOJIeOaHHsT MasSTHUKA MO/ ICHCTBUEM MAarHUTHOM CHITBI.

Ha ocHOBaHWMW B3aWMOJICHCTBUS MArHUTHBIX IIOJICH DJIEKTPOMArHUTOB U
MTOCTOSTHHOTO MarHuTa MOXKHO TIOJYYUTh CHHTE3 TPACKTOPHUH, KOTOPBII 3aKITIOYaeTCs B
YIpaBJICHUH MAasTHHUKOM, a TaKXe TOCTPOCHHH TpeOyemMoro ABIDKEHHS. Bemrmumna
MarHUTHOTO TIOJIS, MOXET OBITh MpEJCTaBlIeHA BEKTOPHOH CYMMOW (CyHMEepHO3UITHs
moseid). TlocTpoeHUE TPaeKTOPHU OCYIIECTBISCTCS TPH MOMOIIH METOAA CIOKEHUS
B3aMMHO-TICPIICHANKYJSIPHBIX ~ KoneOanmid.  Peanmmzanmss w300peTeHHs  TO3BOIUT
OCYIIIECTBUTh CHHTE3 TPAacKTOPHH, TOBBICUTh 3((EKTUBHOCTH U YIPOCTHUTH
yIIpaBJICHUE.

Hayunwiii pyxosooumens — B.A. Kouypa, kano.mex.nayx., OoyeHm.
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HCCJIEJOBAHUE AJITOPUTMA IIOCTPOEHUS IBKEHU S OBbEKTA
CPEU NPEIISITCTBUU HA OCHOBE TEXHUYECKOTI'O 3PEHUS

B Hacrosmmee BpeMsi cTana OCOOCHHO aKTyalbHOW HEOOXOIUMOCTH ITOCTOSHHOTO
MOHHTOPUHTA OKPYXXaIOIIeH Cpelpl U3-3a MHOJKECTBA CEPhE3HBIX CTUXUHHBIX OeICTBUH
W DKOJOTMYECKUX KaTacTpod. I pemieHus 3TOH 3amadyl BCe dHalle HCIOIb3YIOTCS
pPOOOTH3MPOBAaHHEIE CHCTEMBI B KadeCTBE OCHOBHBIX HHCTPYMEHTOB COOpa JaHHBIX.
I'maBHast mpoGiieMa BceX CYIMIECTBYIOIIMX MOOMIBHBIX TPAHCHOPTHBIX POOOTOB —
aBTOHOMHOE JBIDKEHHE. UTOOBI YCIIEIIHO OpHMEHTHPOBATHECS B IPOCTPAHCTBE pPOOOT
JIOJDKEH BBITIONHATH MOCTPOEHHE MapIIpyTa, KOHTPOIUPOBATh MapaMeTphl IBIKEHHS,
MIPAaBUJIBHO HMHTEPIPETHPOBATH MHAOOPMAIMIO O MHpE, IMOMYYEHHYI0 OT IAaTYUKOB H
MIOCTOSIHHO CIJISUTH 32 CBOMMH KoopAauHaTaMH. CHCTEMBI TEXHHYECKOTO 3pEHHS BO
MHOTHX CIydasx YK€ pelIaroT 33jJaddl IO JOMOTHEHHIO M JaXKe 3aMeHe 4eJIOBeKa B
00JIacTSIX ISSTENBHOCTH, CBI3aHHBIX CO COOPOM M aHAJIM30M 3pUTENHEHOH MH(POPMAIIHH.

Lenpro naHHOW pPabOTHI SBISETCS HM3YYEHHE AITOPUTMA ITOCTPOCHUS JBHIKEHHS
TIOBI)KHOTO OOBEKTa Cpeiy MpersTCTBHi. [y peanmsanum anropurMa paspaboTaHa
CHCTEeMa, KOTOPast COCTOUT M3 TIEPCOHATIBHOTO KOMITBIOTEPa, PETUCTPUPYIONIEH KaMepEl,
00BbeKTa, B KadyecTBE KOTOPOro OBIT BBIOPAaH IOIBIXKHBIN pobOoT. PaspaboranHHbIH
ITOPUTM TI03BOJNISIET ()OPMHUPOBATH ABIKCHHE B CIIydasix, KOTJa PETHCTPHPYIOIMIas
KaMmepa YCTaHOBJIEHA Ha TIOJ[BIDKHOM Po0OTe, IBIKEHIE OCYIIECTBIIIETCS B PAa3THIHBIX
HAalpaBJIeHUSX U ABIKYIINECS 00BbEKTHI (IIPEeTSTCTBYS) HMEIOT Pa3INnIHBIe Pa3Mephl.

ANTOpPHUTM, PacCMOTPEHHBII B 3TOI paboTe, OCHOBaH Ha IPHHIMIIE ONTHIECKOrO
nmoToka. VI300pa’keHHEe BHAWMOIO JBWDKEHMS TIPETSTCTBHH WM  IOBEPXHOCTEH
cMemraeTcst mepen OOBEKTOM B Ppe3ylbTaTe MEepeMeIleHUsT (BO BpeMs JBIDKCHHS
00BeKTa) KaMepbl OTHOCHTENFHO OKPYXKAIOMMX TpensTcTBuil. [Ipr 3TOM Upe3BbdaiiHo
YIIPOIIAaeTCs pacdeT BO3MOKHOCTH CTOJIKHOBEHHS: YeM OBICTpee MEHSETCS MOJIOKEHHE
MIpeaMEeTa OTHOCUTEIBHO IOJS 3PEHMST KaMephl, TeM HIDKE BEpOSTHOCTH ITepecedeHHs
MIPETSTCTBUSIMU Kypca OOBEKTa, TaK KaK TaKWe INPEISITCTBUS HaxomsaTcs cOoky. Uem
HIDKE CKOPOCTb M3MEHEHHS ITOJIOKSHUS TMPETSITCTBHH, TeM OJFKe OHH K TPaeKTOPHH
JIBIDKCHVSI: HETIOJBIDKHOE TIPEISITCTBHE (camMoe JIalbHee) MOXKET Iaxe CIIYKHTb
opueHTHpoM. [Ipn mpubmmkeHn K HeMy 00beKT OTKIIOHSET Kype TaK, YTOOBI CKOPOCTh
€ro CMEIICHHs OTHOCHTEIIFHO KaMephl CTala MaKCUMAaJIBHOI.

[IpoBen€H BBIOOp CPENCTB peaM3alliid aNTOPUTMA, OOECIICYMBAIONINN 3aJaHHBIN
MoKa3aTenb TOYHOCTH, TPEeNbSBISeMbId K wn3o0pakenmio. IlpoBenén  BrIOOp
IporpaMMHOro  obecriedeHus. Paspaborano mporpammuoe — obecriedyeHwe — JUIs
peann3anuy alropuTMa, IPOBEACHO TECTHPOBAHUE pa3paboTaHHOI IPOrpaMMEL.

Hayunwiii pyxogooumens — K.FO. Jlepeaués, kano.mex.HayK., OOYeHm.
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HCCJEJIOBAHHUE AJITOPUTMOB IIOCTPOEHUSA PAIIMOHAJIBHOM 4D
TPAEKTOPHU IMOJIETA VIS BECIIMJIOTHBIX JIETATEJIBHBIX
AIIITAPATOB

Hacrosimast paboTa TOCBSIIIEHa WCCICIOBAaHUIO QJITOPUTMOB CHHTE3a U
ornrrummsanuu 4D Tpaekropuu aBmxkeHus 6ecrmiotrHoro JIA. Pasaumna mexay 3D u 4D
HaBUTAIMEH 3aKI0YaeTcss B TOM, YTO B OTJIMYHE OT KIACCHYECKOTO IMPEICTABICHUS
TOYKH B TPEXMEPHOM TPOCTPAHCTBE, KOHIeNmus 4D TpaekTopun paccmarpuBaeT JIA
KaK TOYKY W 3alUIAaHUPOBAHHOE BPEMs €ro MPUOBITHS B 33JIaHHYIO ITYTEBYIO TOYKY.
CraTHCTHUECKHE WCCIIEJOBAaHUS TTOKa3bIBalOT, u9To 3¢ (dekTuBHOCTH 4D  KOHTypa
VIOpaBJICHUs, C TOYKH 3PCHUS CHIDKEHHS CTEICHH HEONPEICICHHOCTH BpPEMEHH
MPHUOBITHS, COCTABIsIET MeHbIe +/-8 cekyHO it 95% MoneToB, MPOTHB HECKOIBKUX
MUHYT B ClIydae OTCYTCTBHS KOHTYpa yIpPaBJICHHUS 110 BPEMEHHU.

Konnenmuss 4D HaBWranmu WCIONB3YeTCS B IUIAHHPOBAHHM KOMMEPUECKHX
MMOJIETOB, HO JI0O CHX TIOp HE CYIIECTBYeT CHCTEMAaTHYECKOro TIOAXO0Ja B
MMPOCKTHPOBAHUU TAKHX TPAaCKTOpUN Ha BBIYMCIHTENBHBIX Hadanax. [losTomy Oblna
MPEUIOKEHa METOJIOJNIOTHS MTOCTPOCHUST palloHaNbHOW 4D TpaekTopuu monera s
oecrmumotHbIX JIA. JlaHHas 3ajava, mpHUHAIUIEKAIIas K KIIACCY 3a/1ad ONTHMAIEHOTO
YIpaBJICHUS, PEIIACTCS C TIOMOIIBI0 AaHAJTUTUIECKOTO MOIX0/1a, YHUCICHHBIX METOIOB U
aNropuTMOB. AHAJIMTHUYECKMI TMOAXOJ] OCHOBAaH Ha KOHICNIIMM OOpaTHBIX 3ajad
JIMHAMUKH.

[IpenmyIiecTBOM JAHHOTO METONA SBIISETCS BO3MOXXHOCTH MPSMO CPOPMHUPOBATH
TaKyl0 TpPaeKTOPHIO, KOTOpas VYJOBJICTBOPSCT HAIOKCHBIM OrPaHUYCHHSAM, JUIS
JATBHEHINero aHanmm3a ee ocymecTBUMocTH. [IpobOneMa cuHTE3a W ONTHMHU3AINH
TPACKTOPHUH TIOJIETA JICTATEIHHOTO aIapara Takke MOXET ObITh PEelIeHa C TIOMOIIBI0
YHCIEHHBIX MeTOZI0B. OCOOCHHO 3TO aKTyaldbHO JUISI TaKUX MHCCHH, I KOTOPBIX
MIPOCTPAHCTBEHHAS TPACKTOPHS 3a7aHa B BHJE OOJBIIIOT0 KOJIHIECTBA MMYyTEBBIX TOUCK C
reoIe3MIECKUME KoopMHATaMH. [Ipeyiaraercs penuTh 3aaqy CHHTE3a paioHATEHON
4D TpaeKTOpHH C TIOMOIIBIO AJITOPUTMA, OCHOBAaHHOTO HAa IICEBIIOCHEKTPAIBLHOMN
onrtumm3anuu YeOwimesa. B pesynmprare ObUT pa3paboTaH MaTeMaTHUYECKHI ammapat
st cuHTe3a 4D Tpaekropum monera. CpaBHEHHE pEambHOW W TEOPETUYECKOM
paroHaIEHOM 4D TpaeKTOpuH, MOMYICHHBIX B X0€ MaTEMAaTHIECKOTO YKCIIEPHMEHTA,
MMO3BOJIICT C/IENATh 3aKIIOYCHHE O IUIAHHUPOBAHWH TIOJNIETOB BO3AYIIHBIX CYJICH.
CHW)KEHUE HEOIPEJCICHHOCTH MPUOBITHS O0BEKTa B 33JaHHYIO ITYTEBYKO TOUYKY
MO3BOJISICT BHEJPUTH PACCMOTPEHHBIC AITOPUTMBI B aBTOMATH3HPOBAHHBIC CHCTEMBI
YIpaBJICHUs BO3YITHBIM JBHXCHUAEM JIJISI OCYIIIECTBIICHUS OeCTIIOTHEIME JIA pesxuma
aBTOHOMHOM HaBUTAIIWH.

Hayunwiii pyxogooumens — K.FO. Jlepeaués, kano.mex.HayK., 00yeHm
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DEVELOPMENT OF AIRCRAFT TECHNOLOGY

Active flight control can be used in many ways, ranging from the relatively simple
angle of attack limiting found on airplanes such as the Boeing 727, to maneuver and
gust load control investigated early with L-1011 aircraft, to more recent applications on
the Airbus and 777 aircraft for stability augmentation.

Airfoil design has improved dramatically in the past 40 years, from the transonic
"peaky" sections used on aircraft in the 60's and 70's to the more aggressive supercritical
sections used on today's aircraft.

Subtle manipulation of aircraft aerodynamics, principally the wing and fuselage
boundary layers, can be used to increase performance and provide control. From laminar
flow control, which seeks to reduce drag by maintaining extensive runs of laminar flow,
to vortex flow control (through blowing or small vortex generators), and more recent
concepts using MEMS devices or synthetic jets, the concept of controlling aerodynamic
flows by making small changes in the right way is a major area of aerodynamic research

Structural materials and design concepts are evolving rapidly. At the moment
composite materials are used in empennage primary structure on commercial transports
and on the small ATR-72 outer wing boxes, but it is expected that in the next 10-20
years the airlines and the FAA will be more ready to adopt this technology.

Propulsion is the area in which most evolutionary progress has been made in the last
few decades and which will continue to improve the economics of aircraft. Very high
efficiency, unbelievably large turbines are continuing to evolve, while low cost small
turbine engines may well revolutionize small aircraft design in the next 20 years.
Interest in very clean, low noise engines is growing for aircraft ranging from commuters
and regional jets to supersonic transports.

In addition to advances in disciplinary technologies, improved methods for
integrating discipline-based design into a better system are being developed.

Scientific superviser — E. N. Skipalska, lecturer
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WHY IT’S A TERRIBLE IDEA TO POINT LASERS AT AIRPLANES

It goes without saying that lasers are still so new, and injuries so relatively rare, that
people may not have an accurate perspective about lasers’ relative risk. Furthermore, the
usual 'harmless' laser beam has all the ingredients to cause an airline catastrophe.
Indeed, what are the sufficient consequences of aiming lasers at aircraft?

Even though the laser project is a small, millimeter-sized dot close up, at longer
distances the beam can be many inches across. The stronger the laser — especially green
ones, which can appear 35 times brighter than a red laser of similar power output — the
bigger the danger. When the beam hits the windscreen of a cockpit, or the bubble of a
helicopter, imperfections in and on the glass spread the light out even more. If the
rapidly spreading laser comes in contact with the pilot's eyes which have already
adapted to the darkness, then there is a very real likelihood of the pilot blacking out
momentarily or even having an eye injury. That is why, laser lights have been already
known to cause glares and obstruct view.

It stands to reason that main hazards of lasers for aviation were previously
identified by experts. They are: temporary flashblindness ( the scenario when the pilot is
temporarily unable to see until the afterimage fades); glare and disruption (in case the
glare is bright enough to disrupt normal operations, the pilot cannot see past the light
glare until it stops) and distraction (the pilot is distracted by the steady or flashing laser
light; it is significantly brighter than other nighttime sources such as streetlights, runway
lights, car headlights). Moreover, the laser’s light could be powerful enough to cause
temporary or permanent damage to pilots’ eyes. Eye damage can be caused by visible,
infrared or ultraviolet laser light. To make things even worse, a pilot being targeted may
also be worried about eye damage and eye injuries, and the possibility of the laser being
an aiming device on a weapon. A worried pilot is a distracted pilot -- not a good thing
during critical flight phases such as landings, takeoffs and emergency maneuvers.

In addition to possibly harming the pilot and causing him to lose vision or focus
during landing, potentially leading to a crash, a person can even go to jail. The reason is
that in USA, for instance, laser flashing at airplanes is declared as a felony. The crime
carries a maximum of 20 years in federal prison and a quarter of a million dollars fine.
Furthermore, the FAA can impose a civil penalty of up to $11,000 for each violation. As
for the statistics, studies show that in 2013, there were 3,960 laser illumination incidents
reported by pilots to the U.S. Federal Aviation Administration. This is an average of
10.8 incidents every night.

Eventually, in view of the above, laser incidents need to be reduced as much as
possible. The thing is that it is rather a growing problem which we are just starting to
take seriously. So, the next time flashing the laser in the sky remember that such an
“innocent” activity can intentionally endanger the life of another human.

Scientific supervisor — E.N. Skipalska
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WORLD’S MOST UNUSUAL AND EXTREME AIRPORTS

Typically, when we travel, we use the airport to get to the main attraction. However,
sometimes an airport is so bizarre that it is the main attraction.

Barra Airport, Scotland

A short-runway international airport situated in the wide shallow bay in the island.
The airport is unique, being the only one in the world where scheduled flights use a
beach as the runway. At high tide, these runways are under the sea: flight times vary
with the tide. Emergency flights occasionally operate at night from the airport, with
vehicle lights used to illuminate the runway and reflective strips laid on to the beach.

Amsterdam Airport Schiphol, Netherlands

With an airport like this, a flight layover does not sound so bad. The Rijksmuseum
displays paintings by famous artists and features an always-changing temporary
exhibition. The unusual attractions do not stop there. The airport also features a casino
as well as a mediation centre.

Gisborne Airport, New Zealand

It may be an understatement to say that Gisborne Airport on the North Island of
New Zealand is atypical. This is because the railway line cuts straight across the
airport’s main runway. Air traffic controllers must coordinate take-offs and landings
with train arrivals.

Vancouver International Airport, Canada

Do you have some time to kill while at the Vancouver International Airport? Head
over to one of two aquariums installed in the international terminal wing while you wait
to board. On Level 3, it is hard to miss the main aquarium including eels and sea stars.
Head up to Level 4 and check out the smaller aquarium swimming with moon jellyfish.

Tenzing-Hillary airport, Lukla, Nepal

There is no room for pilot error during take-off and landing at this high-altitude
airport that has recently been re-named in honour of the first men to conquer nearby
Mount Everest.

In conclusion, one more time the world has proven everything we can imagine just
in a fairy tale or in the magic dream is possible in reality. So do not be a coach potatoes,
seize all the possible chances and be plugged into the world of aviation, it is worth it.

Scientific supervisor — E. Skipalska
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THE ORIGIN AND FORMATION OF AVIATION TERMS IN ENGLISH
LANGUAGE

Classification methods of term formation:

1) Using of the word as a term popular language;

2) borrowing foreign words;

3) using of words and word-formation models and elements of Greek and Latin
languages;

4) making specific terminology values from the existing words in the literary
language;

5) borrowing from other terminological systems;

6) word formation with the help of composition, derivation and semantic change.

Among the terms of French origin, based models and elements of Greek and Latin
languages: aeroplane, aerobatics, aileron, avion, biplane, fuselage, hangar, hydroplane,
longeron, monoplane, nacelle, pique, quadriplane, virage. plane, nacelle, pique,
quadriplane, virage.

In modern English aviation terminology can differentiate a considerable amount of
macro.The main methods of aviation terms formation are: lexical-semantic,
morphological, lexical and synthetic. Very often the term is formed by connecting of
several methods.

The main models of aircraft substantive terms are following:

e  NI+N2 (noun + noun) departure controller ,load controller, engine stan;

e (N + Part. I) + N( noun+ present participle) aluminium-smelting;

e (N +Part. IT) + N (noun-past participle)+ noun air-cooled,

e (Adj. + Part. I) + N(adjective + present participle)+ noun single-acting;

e (Adj. + Part. IT) + N (adjective + past participle)+ noun short-landed carg;

e (Num. + Part. II) + N( combination of the numeral and the past
participle)+noun four-sided.

Multicomponent analysis of British aviation terms testified that the most common
are terms formation model N1 + N2.

As any other special language, aviation sub language has its own unique words with
an interesting history of formation. Hearing them for the first time, we can not guess
about their meaning. A striking example of such words is «Cockpit", "Pilot", "Pedal".

The main feature of aviation professional slang is that most of it’s terms are not
invented words, but old one with new meaning. Sometimes they are used as a call signs.

Scientific superviser — E. N. Skipalska
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AIRBUS A380 - THE WORLD’S LARGEST PASSANGER AIRLINER

In 14 February 2006, during the destructive wing strength certification test on
MSN5000, the test wing of the A380 failed at 145% of the limit load, short of the
required 150% level. Airbus announced modifications adding 30 kg to the wing to
provide the required strength.

The A380's wing is sized for a maximum takeoff weight (MTOW) over 650 tonnes
to accommodate these future versions, albeit with some strengthening required. The
optimal wingspan for this weight is about 90 m (300 ft), but airport restrictions limited it
to less than 80 m (260 ft), lowering aspect ratio to 7.8 which reduces fuel efficiency
about 10% and increases operating costs a few percent. The stronger wing (and
structure) would be used on the A380F freighter.

While most of the fuselage is aluminium, composite materials comprise more than
20% of the A380's airframe. Carbon-fibre reinforced plastic, glass-fibre reinforced
plastic and quartz-fibre reinforced plastic are used extensively in wings, fuselage
sections (such as the undercarriage and rear end of fuselage), tail surfaces, and doors.
The A380 is the first commercial airliner to have a central wing box made of carbon
fibre reinforced plastic. It is also the first to have a smoothly contoured wing cross
section.

The A380 employs an integrated modular avionics (IMA) architecture, first used in
advanced military aircraft, such as the Lockheed Martin F-22 Raptor, Lockheed Martin
F-35 Lightning II, and DassaultRafale. The main IMA systems on the A380 were
developed by the Thales Group. Designed and developed by Airbus, Thales and Diehl
Aerospace, the IMA suite was first used on the A380.

There were 139 aircraft in service with 11 operators as of 31 August 2014. The
shortest regular commercial route that the A380 flies is from Dubai International Airport
to Kuwait International Airport (861 km or 535 miles great circle distance) with
Emirates, although Air France briefly operated the A380 on the much shorter Paris-
Charles de Gaulle to London-Heathrow route (344 km or 214 miles) in mid-2010. The
longest A380 route - and longest commercial flight in the world - is Qantas' service from
Sydney International Airport to Dallas-Fort Worth International Airport at 13,804
kilometres (8,577 mi).

Scientific supervisor — E. Skipalska
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DEVELOPMENT OF AVIATION IN INDEPENDENT UKRAINE

In September 1992, Ukraine became a member of ICAO, in May 1993, our country
passed its own Air Code and rapidly established air communications with many
countries.

European integration is a strategic priority for Ukraine. Our country has developed
and adopted a National Programme of Ukraine's integration into the European Union
(EU). The selected path involves many changes in all areas, including civil aviation.

Ukraine has considerable potential development and manufacture of aircraft.

In the aircraft industry, the leader is certainly considered to be the Aeronautical
Scientific and Technical Complex named after Antonov (Antonov ASTC). For many
years, the ASTC projected number of planes AN, for example, the first plane that was
made in independent Ukraine — AN-140, some newer passenger planes — AN-148
(2004), AN-158 (2010), cargo planes — AN-225 ”Mriya”(“Dream”) (2001).

In Ukraine there are two aircraft factories that are mass-producing Antonov ASTC
aircraft. These are:

Kharkiv State Aviation Production Enterprise, it’s building the AN-74 modifications
and AN-140;

Kyiv Aviation Plant "Aviant" which builds aircraft An-32B and An-32P (firefighter
version).

The engines made by the Zaporizhian Engine-builder Design Bureau "Progress"
(ZKDB “Progress”) named after Ivchenko are also widely known both in Ukraine and
abroad, as well as the aircraft engines that are commercially produced by the plant
"Motor Sich" for airplanes and helicopters of various design offices.

In the field of aviation instrument production in Ukraine are 26 design bureaus and
plants, designing and developing different series of board equipment. In Kiev there are a
design bureau and serial factory that design and make aviation weather radars. Scientific
and Production Association (NPO) "Elektronprylad" designs and makes onboard flight
mode registers. In Smila there is a state enterprise "Orizon-Navigation", which designs
and makes satellite navigation systems. In the city of Kharkov in the factory "FED"
various hydraulic and fuel-regulating equipment for aircraft engines are produced.

There are plants that make equipment for wireless communication, navigation and
other electronic on-board equipment.

Ukraine is undoubtedly an aviational state. Putting the issue of the industry must
first clearly present available potential products which are promising (according to
experts) and the situation on the world market connected with these products.
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ATCOS’ RESPONSIBILITIES ACCORDING TO THEIR SEPARATION

Air traffic controllers are organized into various groups, each of which is in charge
of handling a distinct portion of the aircraft's flight. Each group has a designated
airspace that it controls, and aircraft are handed off to the next group of controllers as it
approaches the limits of the prior group's airspace. The airspace controlled by each
group is further divided into sectors that are themselves handled by individual
controllers. The way these groups are organized varies from country to country and
depends on the extent of controlled airspace and number of aircraft handled.

There are different types of ATCO's - Air Traffic Control Tower Controllers,
Terminal Radar Approach Controllers and En Route Center Controllers.

Tower controllers direct the movement of vehicles on runways and taxiways. They
check flight plans, give pilots clearance for takeoff or landing, and direct the movement
of aircraft and other traffic on the runways and other parts of the airport. Most work
from control towers, as they generally must be able to see the traffic they control. They
work in the glassed-in towers you see at airports. They manage traffic from the airport to
a radius of 3 to 30 miles out. They give pilots taxiing and take off instructions, air traffic
clearance, and advice based on their own observations and experience. They provide
separation between landing and departing aircraft, transfer control of aircraft to the en
route center controllers when the aircraft leave their airspace, and receive control of
aircraft on flights coming into their airspace

Approach and departure controllers ensure that aircraft traveling within an airport's
airspace maintain minimum separation for safety. They give clearances to enter
controlled airspace and hand off control of aircraft to en route controllers. They use
radar equipment to monitor flight paths and work in buildings known as Terminal Radar
Approach Control Centers (TRACONS). They also provide information to pilots, such as
weather conditions and other critical notices. They work in radar rooms, using terminal
radar sensors to assist the aircraft until it reaches the edge of the facility's airspace,
usually about 20 to 50 miles from the airport and up to about 17,000 feet, before
handing it off to the En Route Center Controllers.

En route controllers monitor aircraft once they leave an airport's airspace. They
work at air route traffic control centers located throughout the country, which typically
are not located at airports. You will never see them during the course of your flight, but
they will normally direct your aircraft for the bulk of your ride. Controlling traffic
usually at or above 17,000 feet, the typical center has responsibility for more than
100,000 square miles of airspace generally extending over a number of states. These
controllers give aircraft instructions, air traffic clearances and advice using radar or
manual procedures they keep track of the thousands of planes in the sky at any one time.
Due to the radar equipment, they work in semi-darkness and guide aircraft on the scope.
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ATCO-PILOT COMMUNICATION IN EMERGENCY SITUATIONS

The job of the Air Trafic Controller and the pilot is the most complicated and
responsible work. The lives of people depend on the right decisions and its correct
performance by these workers. Let’s review the examples of emergency situations, their
solutions and the communication between ATCO and pilot during them.

So, we have lots of examples of emergency situations. They are divided into groups
and have their own messages.

We have two main emergency situations messages from pilot to ATCO: Mayday,
Mayday, Mayday; Pan, Pan, Pan; and we have some transponder codes like: 7500; 7600;
7700.

‘Mayday’ is the distress message and used in the following situations:

1) Fire (for example: in the cockpit, in the wheel well, in the engine nacelle). In this
case pilot should request from ATCO, for example: priority landing, immediate landing
and emergency landing.

2) Engine failure (for example: port engine failure, left engine is cut off and etc.) In
this case pilot will try to make an airstart, try to restart the engine and then report to
ATCO status.

‘Pan’ is the urgency message and it is used in these cases:

1) If passenger has serious health problems, like heart attack. The pilot must require
medical assistance on landing.

2) If there is a bomb on board. The pilot request priority landing and emergency
services.

3) Fuel emergency. The pilot requests a straight-in approach to the nearest airport.

Transpoder codes are used by pilot to inform the ATCO about some special
emergency situations. For example:

-squawk A 7500( it means that a pilot was hijacked) ;

-squawk 7600 (it means that the communication between pilot and ATCO was
interrupted) ;

-squawk 7700 (it means that a pilot has difficulties with ARFT pressurization or
fire).

Cooperation between pilots and ATCOs is an integral part in the sphere of civil
aviation transportation. Communication must be comprehensible by both sides, because
safety and people’s lives depend on their mutual and correct understanding.
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TCAS, ITS HISTORY OF CREATION AND DEVELOPMENT

A traffic collision avoidance system or traffic alert and collision avoidance system is
an aircraft collision avoidance system designed to reduce the incidence of mid-air
collisions between aircraft. Research about mid-air traffic collisions have begun in mid-
50, after the several collisions with the large number of victims, such as: Grand Canyon
mid-air collision (1956), New York air disaster (1960). After investigation of these
accidents, ICAO and FAA has initiated the creation of the system to prevent mid-air
aircraft collisions. In the 1989 first stable versions of TCAS were adopted (6.02a and
6.04) to be installed in every aircraft with a maximum take-off mass of over 5,700 kg
or authorized to carry more than 19 passengers.

First TCAS generation just gave the information about your vertical speed and
proximity of other aircraft, but it didn’t give any advices to the pilot. So, ICAO initiated
the improvement of existing system. As a result, TCAS II has appeared. Its main
difference from the previous generation was that it gave resolution of the existing
conflict, using graphical indication and voice messages.

The third improvement of TCAS happened when The Uberlingen mid-air collision,
between a Boeing 757 and a Tupolev Tu-154 in 2002, where the Tupolev pilots declined
to follow their TCAS resolution advisory, instead following the directions of the air
traffic controller. By the time the crews of the two planes actually saw each other, it was
too late and the planes collided. So, almost instantly after the accident third generation
of TCAS was adopted. It allowed the change of resolution advisory of one aircraft if
another aircraft ignores the RA of its own TCAS.

TCAS involves communication between all aircraft equipped with an appropriate
transponder. Each TCAS-equipped aircraft interrogates all other aircraft in a determined
range about their, and all other aircraft reply to other interrogation. The TCAS system
builds a three dimensional map of aircraft in the airspace, incorporating their altitude,
and bearing (by the directional antenna from the response). Then, by extrapolating
current range and altitude difference to anticipated future values, it determines if a
potential collision threat exists.
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RADAR SIGNIFICANCE FOR AVIATION SAFETY

Radar is an object-detection system that uses radio waves to determine the range,
altitude, direction, or speed of objects. It can be used to detect aircraft, ships, spacecraft,
guided missiles, motor vehicles, weather formations and terrain.

The radar dish (or antenna) transmits pulses of radio waves or microwaves that
bounce off any object in their path. The object returns a tiny part of the wave's energy to
a dish or antenna that is usually located at the same site as the transmitter.

The term RADAR was coined in 1940 by the United States Navy as an acronym for
RAdio Detection And Ranging. The term radar has since entered English and other
languages as a common noun, losing all capitalization.

Radar types: bistatic radar, continuous-wave radar, Doppler radar, Fm-cw radar,
monopulse radar, passive radar, planar array radar, pulse-doppler, synthetic aperture
radar, synthetically thinned aperture radar, over-the-horizon radar with Chirp
transmitter. Use of radars in aviation is very important.

At the minimum, a radar is a device that can detect the range of the target object (ie.
radar gun used by law enforcement). A more advanced radar can locate the range and
direction of the target object (via the azimuth). For example, the old spinning radar
antenna seen on TV can locate an object based on the detected range and the direction
the antenna is facing at the time. These can still be used to track the weather as clouds
can be tracked. The most highly advanced radar can identify just about everything about
the target object as if it is in front of you. An example of use is tracking space junk.
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THE MOST INPORTANT ASPECTS OF PERSONALITY FOR GENUINE AIR
TRAFFIC CONTROLLER

Air traffic controllers manage aircraft through all stages of their flight with the
priority of safety, followed by other aspects such as ensuring arrivals and deparures are
on time.

ATCOs are people trained to maintain the safe, orderly and expeditious flow of air
traffic in the global air trafiic control system. Controllers apply separation rules to keep
aircraft at a safe distance from each other in their area of responsibility

ATCO are generally individuals who are well organized, are quick with numeric
computations and mathematic, have assertive and firm decision making skills, are able
to maintain “their cool” and composure under pressure, and possess an excellent short-
term memory. So, there are some positive and negative (in some situations even
dangerouos) individual features for ATCOs. The most important aspects of personality
for genuine ATCO are:

- temperament;

- features of attention;

- imagination;

- perception and observation;
- volitional features;

- health;

- proffesionalism.

Temperament includes posstives one: sanguines and phlegmatics, and negative ones
- choleric and melancholics.

Features of attention are concentration, dispensation and designation. “Enemies” of
these one are absence, continuity and hanging.

Imagination and nature also must be developed by ATCO, health is also an integral
part of life of ATCO.

Features of thinking for example fullness, deepness, criticality, eubstance, curiosity,
flexibility and speed are the most influentive on the job of operator.

Volitional qualities is relatively stable, independent of the specific situation of
mental formation that determine the level of self-conscious person's behavior, her/his
power over it.

So, controllers have an incredibly large responsibility while on duty and make
countless split-second decisions on a daily basis, the ATC profession is consistently
regarded around the world as one of the most mentally challenging careers, and can be
notoriously stressful depending on many variables (equipment, configurations, weather,
traffic volume, human factors, etc.).
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GROUND SUPPORT EQUIPMENT IN KYIV INTERNATIONAL AIRPORT

With the development of load traffic of airports around the world we pay attention to
the modernization of the equipment to provide high-rate servicing flights and
comfortable passengers’ accommodation at the airport. An airportis a location with
facilities for taking off and landing of commercial aviation flights. They often have them
to store and maintain aircraft and a control tower. An airport consists of a landing area,
which comprises an aerially accessible open space including at least one operationally
active surface such as a runway for a plane to take off or a helipad, and often includes
adjacent utility buildings such as control towers, hangars and terminals.

Ground Support Equipment (GSE) is the modern technologies at an airport, usually
located on the ramp. This equipment is used to service the aircraft between flights. The
functions are to involve ground power operations, aircraft mobility, and loading
operations (for both cargo and passengers).

Ground handling addresses the many service requirements of a passenger aircraft
between the time it arrives at a terminal gate and the time it departs on its next flight.
Speed, efficiency, and accuracy are important in order to minimize the turnaround time
(the time during which the aircraft remains parked at the gate).

Most ground services are not directly related to the actual flying of the aircraft, and
instead involve other tasks. Cabin services ensure passenger comfort and safety. They
include such tasks as cleaning the passenger cabin and replenishment of on-board
consumables or washable items such as soap, pillows, tissues, blankets, and magazines.
Security checks are also made to make sure no threats have been left on the aircraft.
Airport GSE comprises a diverse range of vehicles and equipment necessary to service
aircraft during passenger and cargo loading and unloading, maintenance, and other
ground-based operations. The wide range of activities associated with aircraft ground
operations lead to an equally wide ranging fleet of GSE.

Kyiv international airport owns all necessary equipment and provides all services on
the highest level. Such as, preparation and handling of departing flights in accordance
with all requirements of the airlines with the use of modern global automated system
SITA, which provides and supports modern methods of working out all electronic ticket
reservation systems working in IATA form and allows performing online check-in,
check-in of transfer passengers and their luggage to the destination point.
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HIGH-TECH AIR RACE

For modern people the use of air transport services has become customary.
Development and production of new passenger aircraft do not attract much interest.
Only air races, where the spirit of competition, victories and extreme attracts people
from all over the world, fascinate us with its high technology.

Red Bull Air Race is an official world championship recognized by the International
Federation of air sports (FAI). The full length of the track is about 6 km, pilots must
pass it at a height of 15 m above the water surface. The time starts from the moment of
crossing the start line and ends with crossing the finish line. At these moments, the
aircraft's position is fixed in three-dimensional space with special laser sensor, and time
is determined with an accuracy of 0.001 s. In addition, using high-precision camera for
photo finish.

The main design of the air gates (pylons) is that they withstand the pressure of the
sea wind, do not bend and sway, but at the same time they can be easily cut by the wings
of airplanes. Each pylon - is an assembly of nine segments having different strength
characteristics. The very top, which is usually cut by wings, made of lightweight (40%
lighter than writing paper) tissue, usually used for the manufacture yacht sails. The
second feature - it is controlled by a computer system to support optimum pressure
inside the enclosure by a fan-blower. Pressure adapts to the environment, gives an
inflatable structure stability, but also allows it to burst easily, even with a light collision
with the wing (wing must remain unharmed).

Complexity of this type of air races define two concepts: "overload (g-force)" and
"immediate response”. In two points of the competition - namely, at the turn after
leaving the gate number 3 and a vertical turn-around - overload reaches 10 g, and this
real torture of physics law have to endure the pilot and the plane. Withstand an overload
helps special suit with a so-called liquid muscles. "Liquid muscles" are tubes with
liquid, which laid inside the suit and at the positive values of overload they "pressed"
the pilot's body, forcing the blood towards the head.

Racing planes are extremely light. A restriction on the race: the total weight of the
aircraft with a pilot on board shall be at least 698 kg. Up to Red Bull Air Race-2014
teams were given a broad space for experiments on the technical equipment racing
planes, but now all parties are obliged to put on their cars the same engines Lycoming
Thunderbolt AEIO-540-XP and standard three-bladed propeller blocks Hartzell 7690.
This was done in order to make results of the competition depended more on the skill of
the pilots and less from engineering solutions. However, work on the aerodynamics of
the airframe is quite acceptable.
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ROBOTIC SYSTEMS FOR AIRCRAFT LANDING

As the statistics of the London newspaper "The Economist" the greatest number of
accidents occur in the landing: 12% of the approach, landing 16% and 25% on landing.
In 1945, British European Airways airline suffered a series of accidents during approach
and landing due to poor visibility. The basic idea came out when they realized that under
such conditions, limited access visual information. Assess weather conditions and
monitor the aircraft instrument at the same time is impossible. This led to the
development of what is now widely understood as the "monitored approach" procedure
whereby one pilot is assigned the task of accurate instrument flying while the other
assesses the visual cues available at decision height , taking control to execute the
landing once satisfied that the aircraft is in fact in the correct place and on a safe
trajectory for a landing. Components of landings same, involving navigation of a point
at height "in transit" to a point where the wheels on the desired runway. This navigation
is performed using the information from either the external, physical, visual cues or
synthetic signals, such as flight instruments. At all times, must be general enough
information to ensure that the position and the trajectory (vertical and horizontal) of the
aircraft is correct.

When planting a lot of factors are taken into account, which provide a safe landing
for passengers and crew. Among them course and glisadny lighthouse and speed. The
possibility of the pilot to follow all the sensors together is impossible. For example, if
you give a little more speed airliner than you need the possibility of landing on the
runway landing is impossible, it just will fly to the desired point.

There are two types of approach - instrumental and visual. Be carrying automatic
landing autopilot for accurate settings (one of the two types of instrument landing).
Accurate landing made at the rate-glide or radiobeacon, the system by localizer and
glide path beacons. Lighthouses form two planar antenna beam - one horizontal,
representing the glide path, the other - vertical, indicating the course of the lane.
Depending on the equipment of the aircraft Instrument landing system allows automatic
landing.

One of the clearest examples of the use of homegrown similar design has AN-148. It
is equipped with a system stope landing.

More involved in the planting of automation and less involved "human factor", the
smaller the values of these parameters. Horizontal visibility distance and height of the
vertical visibility, it is the height of decision-making. And the smaller they are, the
higher the security of both passengers and crew.
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USE OF ENGLISH IN AIR TRAFFIC CONTROL

Currently, air safety depends on the correct voice transmission. Intonation as well is
important. One of the peculiarities of the Ukrainian accent in English is the monotony of
tone. In the native language person can speak clearly, beautifully and expressively, and
in English monotone. The greatest difficulty is caused by those sounds that do not exist
in Russian and Ukrainian languages, for example:

- Th (this) [01nk];

- W (what) [wpt];

In civil aviation knowledge and the correct pronunciation of sounds plays a critical
role. There are special requirements and standards for civil aviation workers developed
ICAO. Given the language habits of Civil Aviation in different countries and their
dialectical properties of their speech ICAO adopted the International Phonetic Alphabet.
It is especially important in the management of traffic when people can be in danger
because of the distorted understanding of the information transmitted. Most of the words
are recognizable by native English speakers, because the English language must
necessarily be used for communication between the aircraft and the control stations
whenever interact with representatives of two different countries, regardless of their
native languages. But this is only necessary at the international level, and on domestic
routes, if both sides are the same country, can be used the phonetic alphabet of the
country. Pronunciation code letters of the alphabet and numbers depends on the
language habits of the speaker. To eliminate differences in pronunciation ICAO has
developed posters illustrating the desired pronunciation. However, there are differences
in pronunciation between versions of [CAO and other organizations, and even published
a controversial ICAO standards. Moreover, although all the codes are English alphabet
words, they are departing from the general rules of English pronunciations.

Phonetic alphabet is used to spell casting the part of a message that contains the
letters and numbers to avoid confusion, because the sounds of many letters similar to
each other, probability of confusion increases if the present noise or other interference.
For example, the message: "Go to the square DH98» will be referred to as "go to the
square Delta-Hotel-Niner-Eight». The use of «Deltay instead of «D» to avoid confusion
between the «BH98» and «DH98». At present, developed and used by a number of other
unofficial phonetic alphabets based on other keywords that are easy to remember,
including names of persons, states or cities. For example, the phonetic alphabet LAPD
(Los-Angeles Police Department) it uses a lot of names of people.
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FEATURES OF ENGLISH LANGUAGE IN AVIATION METEOROLOGY

You probably read or hear the weather forecast almost every day, but what do all
those terms actually mean? How many times have you read or heard on the radio that
there’ll be scattered showers or patchy rain where you live or work? How much does
this information really help you—especially if you’re about to hang out the washing, or
are trying to decide whether to take an umbrella to the office? As the Bureau’s weather
information becomes more detailed and precise, we want the language of our forecasts
to follow suit. People have told us that ambiguous terms such as patchy,isolated,
scattered or widespread often lead to confusion, and that they just want to know how
likely it is to rain, and how heavy the rain will be if it does.

The difference between an average and above average aviation broadcast
meteorologist is often times catchy phrases and weather descriptions. Language can
leave an ordinary, personable, and entertaining forecast.and turn it into a rememberable,
certain and short one to avoid misunderstanding and to provide quick adaptation.

Throughout the centuries, attempts have been made to produce forecasts based on
weather lore and personal observations, especially in aviation weather forecast.
However, a lot of the resources used to forecast weather is wasted because the public
can’t understand what is written or said.

There are a lot of terms. Meteorologists are using such terms as back-door cold
front, condensation, convection, cirrus and others, so people need to understand their
natural language.Also there are a lot of synonyms that make their work easier, for
example, we can say frigid instead of cold, soupy instead of fog, fair weather friend
instead of high pressure and so on.

But the problem is that different meteorologist can use synonyms to certain weather
phenomenon which is excluded in aviation. The one of the main aims of aviation
English for meteorology is to provide the same understanding of each term with a
certain word and meaning. And one more is to avoid information lost in transmitions.

That’s why there are words with restricted meaning such as:

1) “Issue” is used soley in connection with cases where the obligation specifficaly
extends to sending out information to user.

2) “Make available”is used soley in connections with cases where the obligation
ends with making the information accessible to a user.

3) “Supply” is used soley in connection with cases 1 or 2.

References
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RADIO EQUIPMENT IN AIR NAVIGATION

The basic principles of air navigation are identical to general navigation, which
includes the process of planning, recording, and controlling the movement of an aircraft
from one place to another.

Successful air navigation involves piloting an aircraft from one place to another
without getting lost. The techniques used for navigation in the air will depend on
whether the aircraft is flying under visual flight rules (VFR) or instrument flight rules
(IFR). The pilot navigates under IFR using instruments and radio navigation aids such
as beacons, or as directed under radar control by air traffic control.

Among important issues in air traffic is route planning. It means the route by which
the aircraft flying determines probable emergency situations and ways of taking
decisions. No less important is the direction, height and velocity determination of the
plane in the air and radio navigation helps us in this case. Radio equipment, among
other means of navigation, take an important place and finds the widest application.
Skillful use provides reliable and accurate navigation. Aircraft radio equipment is
divided into terrestrial and on-board according to its location. Terrestrial ones are
broadcasting stations, station navigation systems, Radio direction, radio beacons, radars
and radio markers. Planes contain automatic direction finder, airborne radars and radios,
special aircraft navigation systems equipment, measuring instruments for Doppler drift
angle and sensible speed and on-board altimeter. Radio navigation system is often used.

Radio navigation system is a complex of several similar or different types of radio
navigation devices that interact with each other (on radio channels within a single block
diagram) and provides finding the position of moving objects and solving other complex
problems of navigation.

The nature of the parameters being measured, radar systems are divided into the
following:
1)Azimuth;
2)long-range;
3)Azimuth-long-range;

4) difference-long-range (hyperbolic).

Azimuth radio systems are those that allow us to identify direction of the aircraft on
hoses or hoses tickets.

So, radio equipment has many ways of application, including air navigation, and has
many systems and devices which help pilots and controllers to navigate precisely and
successfully.
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ATC’S WORKING CONDITIONS AND THEIR HEALTH

Air traffic controllers are people trained to maintain the safe, orderly and expeditious
flow of air traffic in the global air traffic control system. The position of air traffic
controller is one that requires highly specialized knowledge, skills, and abilities.
Controllers apply separation rules to keep aircraft at a safe distance from each other in
their area of responsibility and move all aircraft safely and efficiently through their
assigned sector of airspace, as well as on the ground. Because controllers have an
incredibly large responsibility while on duty (often in aviation, "on position") and make
count less split-second decisions on a daily basis, the ATC profession is consistently
regarded around the world as one of the most mentally challenging careers, and can be
notoriously stressful depending on many variables (equipment, configurations, weather,
traffic volume, human factors, etc.).

There are currently many changes taking place in the aviation system affecting the
work of air traffic controllers (ATCs), and thus it is important to assess work-related
demands and health among ATCs. Investigation of air traffic control work requirements
and workload is indeed a major issue to improve control procedures and navigation tools
to further ensure safety and security in this field of activity.

Which profession is more stressful — an air traffic control operator or a pilot?

Air traffic controller (ATC) and pilot have different schedules of work and both
involve high level of stress due to the vigilant nature of their work. Both pilots and
ATCs can have an early morning, afternoon and night shift. According to Stoke (1994)
employees have a higher level error rate from 3am to 7am and working this shift
schedule can affect both psychological and physical health over the year. This researcher
indicated that psychology and biochemical variables such as heart rate and temperature
are different. The average heart rate is normal in an afternoon shift and a morning shift
has higher levels of fairly normal circadian rhythm. In addition, stress could be higher
from the morning shift because of higher levels of workload and the fatigue effect on
human systems.

Why is learning about health and safety important?

The health of an organisation's employees is of paramount importance. Having a
healthy workforce can result in numerous benefits, including greater productivity and
fewer lost days through sickness and illness. Not only is it advisable, but organisations
need to learn relevant health and safety legislation, which is in place to ensure safe
working conditions.
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DIFFERENT LANDING SYSTEMS IN MODERN AIRPORTS

There are different landing systems in modern airports. The first system is
Instrument landing system. It is a ground-based instrument approach system that
provides precision lateral and vertical guidance to an aircraft approaching and landing
on a runway, using a combination of radio signals and, in many cases, high-intensity
lighting arrays to enable a safe landing during instrument meteorological conditions,
such as low ceilings or reduced visibility due to fog, rain, or blowing snow.

The second system is Microwave landing system. It’s an all-weather, precision
landing system originally intended to replace or supplement instrument landing systems.
MLS has a number of operational advantages, including a wide selection of channels to
avoid interference with other nearby airports, excellent performance in all weather, a
small "footprint" at the airports, and wide vertical and horizontal "capture" angles that
allowed approaches from wider areas around the airport.

The third system is Transponder landing system. A transponder landing system is an
all-weather, precision landing system that uses existing airborne transponder and
instrument landing system equipment to create a precision approach at a location where
an ILS would normally not be available.

The next system is Transponder landing system. It is an all-weather, precision
landing system that uses existing airborne transponder and instrument landing system
equipment to create a precision approach at a location where an ILS would normally not
be available.

The Local Area Augmentation System (Ground Based Augmentation System) is an
all-weather aircraft landing system based on real-time differential correction of the GPS
signal. Local reference receivers located around the airport send data to a central
location at the airport. This data is used to formulate a correction message, which is then
transmitted to users via a VHF Data Link. A receiver on an aircraft uses this information
to correct GPS signals, which then provides a standard ILS-style display to use while
flying a precision approach. The last, but not least system is Autoland. Autoland
describes a system that fully automates the landing procedure of an aircraft's flight, with
the flight crew only supervising the process. Such systems enable aircraft to land in
weather conditions that would otherwise be dangerous or impossible to operate in.

Landing of aircraft is very important stage of flight. But its landing is very difficult
without the use of different landing systems. Modern airports serve large amount of
flights every day. Landing systems can make landing quicker and safer. It is impossible
to imagine modern airports without landing systems. Without them, landing of aircraft
in modern airports is extremely dangerous or even impossible.
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INTEGRATED TOWER AUTOMATION SUITES AND AIR TRAFFIC
MANAGEMENT

The safety and integrity of air navigation system is a very important consideration in
Air Traffic Management. One of the organizations who provides new technology is
SAAB.

Saab offers a wide range of solutions designed to support air transportation players
in optimizing and securing the different sectors of air transportation covering traffic
management, airport support, security and solutions providing net centric capabilities.

A trio of Air Traffic Management (ATM) service providers has come together to
update Australia’s aging infrastructure as skies crowd over the land down under. Saab
Sensis, Nav Canada and AirServices Australia (ASA), the country’s Air Navigation
Service Provider (ANSP), have announced plans to integrate and deploy air traffic
automation technology at four airports across the country through 2017. This new
contract is in addition to four airports — Broome, Rockhampton, Adelaide and
Melbourne — where the system has already been implemented under the first phase of
the AirServices’ National Towers Technology Program.

The INTAS system was designed to meet the needs of all airport types from very
small airports with Visual Flight Rule traffic, to intermediate airports with mixed and
diversified VFR and Instrument Flight Rule traffic, to large complex airports with heavy
IFR traffic.

The new ATM system organizes the information in one digital suite, information
that was previously displayed on numerous computer screens and paper-based systems
in the control tower

Relieving workload and updating the Air Traffic Control (ATC) system in the face
of rocketing air traffic are likely first steps in the country’s OneSKY Australia initiative,
which, much like NextGen in the United States and the Single European Sky ATM
Research (SESAR) program in Europe, aims to plan, develop and implement a
modernized ATM infrastructure to meet the country’s future needs as well as enhance
industry competitiveness and environmental sustainability.

The technology will be progressively rolled out to the remaining towers as they are
refurbished or rebuilt. The project will also prepare the tower for the fitment of new
state-of-the-art air traffic control systems which will enhance safety and efficiency
across the entire air traffic control network.
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COMPUTER SECURITY IN AVIATION

Most computer operating systems have weak authentication and are relatively easy
to penetrate. Most such systems have weak access controls and tend to be poorly
configured, and are as a result relatively easy to misuse once initial access is attained.
These systems often have monitoring facilities that are ill adapted to determining when
threats are mounting and what damage may have occurred. Consequently, misuse by
outsiders and insiders is potentially easy to achieve and sometimes very difficult to
detect.

System safety typically depends upon adequate system security and adequate system
reliability (as well as many other factors). It can be impaired by hardware and software
problems, as well by human fallibility and non-benevolent operating environments.
Consequently, in many of the cases discussed here, an event that occurred accidentally
could alternatively have been triggered intentionally, with or without malice. A
conclusion from that observation is that a sensible approach to security must encompass
a sensible approach to system safety and overall system reliability.

The consequences of these vulnerabilities and associated threats imply that the risks
can be very considerable. Computer-related misuse may (for example) result in loss of
confidentiality, loss of system integrity when systems are corrupted, loss of data
integrity when data is altered, denials of service that render resources unavailable, or
seemingly innocuous thefts of service. Such misuse may be intentional or accidental. It
may be very difficult to detect as in the case of a latent Trojan horse, or may be blatantly
obvious as in the case of a complete system wipeout - with the usual spectrum of
difficulty in between. More broadly, overall system risks included major air-traffic-
control outages, airport closures, loss of aircraft, deaths of many passengers, and other
major disturbances.

Security, safety and reliability of the aviation infrastructure must be thoroughly
integrated throughout the entire infrastructure, addressing computer systems, computer
networks, public-switched networks, power-transmission and -distribution facilities, the
air-traffic-control infrastructure, and all of the interactions and interdependencies among
them.

The public, our Government, and indeed our entire public infrastructure are vitally
dependent on commercial technological developments for the dependability of the
infrastructure. We are particularly dependent on our computer-communication systems.
The Government must encourage developers to provide better security as a part of their
normal product line, and to address safety and reliability much more consistently.
Operating systems, networking and cryptographic policy all play a role.
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ICAO AND FAA AVIATION TERMINOLOGY DIFFERNCES

Nowadays, aviation becomes one of the most popular and necessary spheres of
human activity. For committing international or intercontinental flights people just buy a
plane ticket. But certainly, none of them has ever thought about thanks to what or whom
their flights are happening successfully and correctly. Of cource, everybody thought
about air traffic control operators or engineers, but there are some more significant
people that observe each aircraft in air.

Global organisations provide all facilities to your flight for being accurate and safe.
There are two of the most well-known international organisations: Federal Aviation
Administration and International Civil Aviation Organisation. As it is known, ICAO is a
specialized agency of the United Nations in the sphere of aviation safety. FAA is the
national aviation authority of the United States. These two “giants” in aviation sphere
control all the airports on their subject territories. But there is one very important thing.
English is the international language. And moreover, in modern world there are two
English languages: British and American. Difference between them is in some words
that are not available in British but they are in American and vice versa. It is not so
critical in social communication. But in some situations this difference can cost you a
life. Referring the aviation differences, cause FAA use American English but ICAO
standards suppose British.

This problem is global if only because America is high developed counry and it’s
little wonder that it takes first place worldwide by passenger flow by air. So, what about
ATCOs and pilots if they don’t understand each other? The answer is nobody knows and
this situation put them in a difficult position. Yes, in some cases they can reach
agreement. For example, dealing with words: “ramp” and “apron”, it is not so difficult to
understand by logic considerations. But if you a novice, something can go wrong. Or
there are also easy samples with “departing” and “Taking off”, “hold” and “stop”, “enter
downwind” and “joining downwind”, and so on. These words may sounds as in
American, as in British. But they are not so necessary. There are really important points
like: “taxi into position and hold” and “line up and hold”. After these commands pilot
may be at loss what to do. Or another sample: “read your five” and “loud and clear”. It
is unpredictable and unclear both for pilots and ATCOs. And these are just some
examples. If it is danger-causing situation on the taxiways or runway, an accident will
not be avoided. All inquiries to FAA about matching a single aviation lexicon with
ICAO have been rejected for unknown reasons.

Even so, pilots and controllers should patch up the situations with misunderstanding
because it could be a root of big accidents and catastrophes. In my opinion, personal
development is always helpful especially for aviation personnel and they have to learn
all “double” terminology to prevent unnecessary death and disasters.
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NON-STANDARD PHRASEOLOGY IN AVIATION ENGLISH

The use of non-standard phraseology by pilots and air traffic controllers is
widespread. The reasons can be regional variations on standard phrases, rapid speech
and use of national languages instead of English. Ambiguous or non-standard
phraseology can be a contributory factor in aircraft accidents and incidents.

In aviation, where pilots and controllers from many different countries come
together, deviating from standard phraseology leaves transactions open to interpretation.
These are some of the most common conditions reported by pilots in which they
identified confusion, especially when frequencies were busy, had a weak signal or static:

1) Mixed languages. International flight crews speaking English with controllers, but
domestic flight crews speaking the country’s language with controllers was the most
frequently mentioned concern. This results in pilots’ situational awareness being
reduced. They have difficulty deciding when to make a radio call without interfering
with another crew-ATC communication. This issue is compounded by frequency
congestion.

2) Lack of standardization in communications. This lack includes use of slang, use
of a local holding area not on the airport diagram, improper usage of the phonetic
alphabet (e.g., “Nectar” instead of “November”), and call signs where ICAO standard
terminology is not used.

3) The use of the words “to” and “‘for” with altitude references. Two? Four? Noted
as a potential contributing factor in altitude errors (e.g., “cleared to seven thousand”
understood as “cleared two seven thousand”).

4) Lack of clarity when using SIDs and STARs regarding the applicability of speed
and altitude restrictions.

5) Lack of call sign standardization. Use of an incomplete or non-standard call sign
by either a pilot or a controller can increase the risk of communication errors and
misunderstandings.

Controllers’ responses indicated that the lack of proper read-back by pilots was
their greatest concern. Incorrect read-back, incomplete read-back, and pilots not using
their call sign are the most mentioned issues.

Standard phraseology helps significantly by reducing any ambiguities of spoken
language, and hence promotes a common understanding among people with different
native languages or people).

International standards of phraseology are laid down in ICAO annex 10, Volume II,
Chapter 5. Many national authorities also publish radiotelephony and in some cases
modify them to suit local conditions.
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AN IMPORTANCE OF AIR TRAFFIC CONTROLLER’S DECISIONS

We know a lot of tragic crashes of aircraft. Unfortunately, they happen several times
a year because of different reasons. Sometimes it is weather conditions or some
mechanical problems, etc. But there was a crash the reason of which was a secret for a
long time. It is the Uberlingen mid-air collision occurred at 21:35 UTC on 1 July 2002
between Bashkirian Airlines Flight 2937 (Tu-154) and DHL Flight 611 (Boeing 757-
23APF) over the towns of Uberlingen and Owingen in southern Germany. All 71 people
on board the two aircraft were killed.

The two aircraft were flying at flight level 360 on a collision course. The only air
traffic controller handling the airspace, Peter Nielsen, was working two workstations at
the same time. Only less than a minute before the accident did he realize the danger and
contacted Flight 2937, instructing the pilot to descend by a thousand feet to avoid
collision with crossing traffic (Flight 611). Seconds after the Russian crew initiated the
descent, however, their traffic collision avoidance system (TCAS) instructed them to
climb, while at about the same time the TCAS on Flight 611 instructed the pilots of that
aircraft to descend. Had both aircraft followed those automated instructions, the
collision would not have occurred.

Flight 611's pilots on the Boeing jet followed the TCAS instructions and initiated a
descent, but could not immediatly inform Nielsen because the controller was dealing
with Flight 2937. Having already commenced his descent, as instructed by the
controller, the pilot on the Tupolev disregarded the TCAS instruction to climb, thus both
planes were now descending.Unaware of the TCAS-issued alerts, Nielsen repeated his
instruction to Flight 2937 to descend, giving the Tupolev crew incorrect information as
to the position of the DHL plane.

Devastated by the loss of his wife and two children aboard flight 2937, Vitaly
Kaloyev held Peter Nielsen responsible for their deaths. He stabbed Nielsen to death at
his home in Kloten, near Ziirich, on 24 February 2004. Police arrested Kaloyev at a local
motel not long after the murder, and he was subsequently convicted of the crime in
2005. He was released on 8 November 2007 because his mental condition was not
sufficiently considered in the initial sentence.

So, as we have seen, wrong air traffic controller’s decision had caused the death of
71 people. If pilots and ATC informed each other, there wouldn’t be such a tragic crash.
That does why it is important to air crew to be responsible and attentive.
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PROBLEMS OF MISCOMMUNICATION BETWEEN PILOT AND ATC FROM
DIFFERENT COUNTRIES

Clear communication between pilots and air traffic controllers is absolutely
necessary for safety. What happens when a flight crew flies to a country that speaks a
different language? Just imagine: an Air China flight crew that speaks Mandarin arrives
in Paris and must converse with French controllers. In order to communicate effectively,
flight crews and controllers must share a common language.

In 1951, when international air travel really started to take off, the International Civil
Aviation Organization (ICAO) recommended that English be the standard language for
aviation communications. Why English? At the time, the US and UK manufactured and
operated the majority of the world’s aircraft. Native Anglophones, consider yourself
lucky!

ICAO publishes a special vocabulary of Aviation English words and phrases that all
international pilots and air traffic controllers must learn. ICAO even stipulates how the
words, letters and numbers should be pronounced! We sometimes call the phrases “The
Script.” The script is designed to cover just about any situation that might arise,
including emergencies.Have you ever heard pilots in movies and TV say things like:
“Trans-Global four-one-seven, Turn left two-niner-zero and fly direct to Charlie-Zulu-
India?” THIS is why!

As you can imagine, even with a common language, communication can still be
challenging due to different accents around the world. When communicating with one
another, flight crews and controllers usually say specific things at certain times. Just like
actors following a script, the participants can anticipate what will be said and when. As
long as everyone stays on the script, things run smoothly.

Air traffic controllers in the Canadian province of Quebec are famous for speaking
both French and English. A friendly, properly accented “Bonjour, Montréal Centre!”
when checking in will let them know you prefer French.

Controllers in China speak Mandarin to Chinese pilots, and English to out-of-
towners. It’s amazing to fly into Beijing or Shanghai at rush hour and hear
the controllers rattling off clearances in both languages; they never miss a beat. I have
an example of a bilingual ATIS from Shanghai’s Pudong International Airport. ATIS
(Automated Terminal Information Service) is a recorded message (usually computer
generated) that is transmitted at large airports. The ATIS reports current weather,
runways in use and other general information that pilots need to know before takeoff or
landing. The first part is in English, then repeated in Mandarin. I’ll show you problems
of such communication.
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WHAT DO WE MEAN WHEN WE SPEAK ABOUT THE ICAO'S ENGLISH?

The International Civil Aviation Organisation (ICAO) has established English
language proficiency requirements (LPRs) for all pilots operating on international
routes, and all air traffic controllers who communicate with foreign pilots. These
standards require pilots and air traffic controllers to be able to communicate proficiently
using both ICAO phraseology and plain English.

Formal evaluation of language proficiency was required as of March 2008, but
ICAOQ effectively extended the deadline to 05 March 2011.

What will happen to me if I do not know English? All Air Traffic Controllers and
Flight Crew Members engaged in or in contact with international flights must be
proficient in the English language as a general spoken medium and not simply have a
proficiency in standard ICAO Radio Telephony Phraseology. Those who do not have
English proficiency must acquire it, or risk removal from international flight routes.

There are general must-have skills of a proper speaker ingaged in aviation.
Profficient speakers shall:

e communicate effectively in voice-only (telephone/radiotelephone) and in face-
to-face situations;

e communicate on common, concrete and work-related topics with accuracy and
clarity;

e use appropriate communicative strategies to exchange messages and to
recognize and resolve misunderstandings (e.g. to check, confirm, or clarify
information) in a general or work-related context;

e use a dialect or accent which is intelligible to the aeronautical community.

ICAO has developed Language Proficiency Scale. Level 1 is Pre-elementary. Level
2 is Elementary. Level 3 is Pre-operational. Level 4 is Operational. Level 5 is Extended.
Level 6 is Expert.

In order to conform with ICAO Language Proficiency requirements, pilots, air
traffic controllers and all others who use English in R/T communication on international
routes must be at ICAO English Language Level 4.

Those who are assessed at ICAO Level 4 (Operational) must be re-tested every three
years. Those who fail may not be licensed to operate on international routes. Six
categories of requirements have to be met in order to assess one of the six ICAO English
levels.
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ENGLISH AS AN INTERMEDIARY IN PROFESSIONAL COMMUNICATION
OF AVIATION SPECIALISTS

"The management activities of aircraft are not as vulnerable as errors and
limitations of performes associated with the transmission of voice messages"
Korchemnyy P.A.

The rapid development of the global aviation industry caused the necessity of an
intermediary language for professional communication of aviation specialists belonging
to different linguistic communities.

The component of safety of flights aircraft is normal professional activities as
members of the aircraft crew and air traffic controllers, because humans' error during the
flight can lead to disaster and the deaths of many people

Air Traffic Management is largely carried out by speech communication and
maintaining radio communication.

For successful implementation of radio the air traffic controller in the first place
should have extensive theoretical knowledge to manage air traffic, able to analyze the
air situation and make appropriate generalizations, to make decisions, have the
necessary professional qualities and emotional resistance for extreme conditions and
after that to conduct verbal exchange with the pilot.

The dialogue of the radio does not involve eye contact between participants in
communication, in accordance with the voice message there are no non-verbal codes,
gestures, movements and facial expressions. In addition, there is also a possibility of
interference, which does not always allow to perceive intonation of speech. Thus, the
meaning completely falls only on text and word as its unit, so the last require special
attention.

In 1947 the International Civil Aviation Organization (ICAO) decided that the
international radiotelephone communication of pilots and air traffic controllers should
be in English

Air traffic controllers of airways for the implementation of secure communications
must first of all know the standard radiotelephone phraselogy in English, to provide
comands in unusual situations should know spoken English.

Air traffic controllers in the linguistic aspect must also understand and be guided in
their own professional activity, including its technical and practical features as their
profession has its own specific features and is the technical world with its own language,
lexical items and concepts which are not understable to most ordinary people.

Possession of a deep theoretical knowledge of air traffic control, the availability of
foreign language competencies, the ability to analyze air situation and to draw revelant
conclusions is only half the success, the ability to apply them in real life - that's one of
the foundations of professional reliability of the air traffic controller reliability.

Scientific supervisor - N.L. Drobysheva PhD
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IMPORTANCE OF PHRASEOLOGY IN AVIATION

Standart phraseology is a set of common words, expressions and commands to be
used in the management of radio communication, speaking during the radio traffic
should not be used because in high noise level in the cabin and the frequent presence of
interference in the air legibility of phrases can be very bad. Phraseology can be divided
into the following items: aviation alphabet, standard phrases and abbreviations,
phraseology technique.

Aviation alphabet is used for pronunciation of letters in the aircraft call sign which
shall be spoken separately, numbers (used in the transmission of altitude, time, cloud
height, visibility and RVR information) which should be transmitted using special
pronunciation. Standard phrases are phrases which make the communication between
ATC and pilot more accurate and efficient. For good operating of radiotelephony
communication it is not enough to know all words and phrases but it is also important to
know the meaning of these words and phrases. One word can replace the long sentence.
For example: acknowledge “Let me know that you have received and understood this
message” or read back “Repeat all, or the specified part, of this message back to me
exactly as received” etc. Not less important item of phraseology is phraseology
technique. Phraseology techniques will assist in ensuring that transmitted speech is clear
and satisfactorily received. It includes some rules for ATC such as: be familiar with
good microphone operating techniques(avoid of head shaking;do not change the
distance from the microphone, distance should be a constant value approx. 3 cm); use a
normal conversational tone, and speak clearly and distinctly;maintain an even rate of
speech not exceeding 100 words per minute etc.

Statistics show that the majority of air crashes are due to the ambiguous meanings of
words and human factors such as a misunderstanding of the pilot and ATC. Take for
example a collision in Tenerife. After the investigation it was said that the main reason
of this accident was misunderstanding that took place between ATC and pilots. At that
time, all disasters are tragic accidents, some benefits can be learned, namely the
experience and knowledge. Causes of accident are studied thoroughly in order to prevent
future tragedies. Ignorance of Standart phraseology can lead to poor results, that is why
pilots and ATC take a cource for training the phraseology. Situation presented in such
courses should be as close as possible to the real aircraft operation and air traffic
services.

Scientific adviser — L.P.Korol
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HEARBACK AND READBACK ERRORS IN AVIATION
RADIOCOMMUNICATION

To enable the transfer of clear and precise information, proper communication methods
are required. In aviation communication is an essential pre-requisite to safety. The problem in
communication between Air Traffic Controllers (ATCOs) and pilots arises when either party
fails to identify an error that occurs during communication during the readback and hearback
process and from therein they are both unable to recover from the situation. An incident may
then occur and consequently lead to a more serious accident after a series of events that were
facilitated by these errors in communication. The ATCO delivers the information in a
manner that is efficient for him, but that is too fast for the pilot to remember or write down.
80% of readback errors that occur when the pilot reads back the instruction incorrectly are
associated with high speed/fast delivery by the ATCO. For the communication loop to be
complete between the ATCO and the pilot, any readback from the pilot requires a ‘hearback’
by the controller. These communication errors can be avoided by clearly understanding the
psychology around hearback errors as well as mutually understanding each other’s operating
environment and the whole communication process. Also, being able to determine measures
that can reduce these errors will lead to better and safer air traffic communications in general.

Read back is held in the short term memory, also referred to as the ‘working memory’.
This working memory only has a capacity of about 7 "items". This means that when the
memory is overloaded with a lot of information at once it takes shortcuts to try and make
sense of the information. For the ATCO to check that the pilots readback is correct they have
to compare the initial information first conveyed to the pilot with the readback received. For
the brain to do this it tries to ‘pattern match’ both the initial and the received message. The
brain considers: the length of the message, pitch contours and meaning as well as the number
of parts in both of the messages. However, in an environment with vast workload such as that
of the air traffic controller when they have to concentrate on numerous tasks at once, the brain
takes shortcuts and accepts more of an approximation of the message. It is at this point that
errors go unnoticed.

For the communication loop to be complete between the ATCO and the pilot, any
readback from the pilot requires a ‘hearback’ by the controller. These communication errors
can be avoided by clearly understanding the psychology around hearback errors as well as
mutually understanding each other’s operating environment and the whole communication
process. In conclusion, we think that advances in technology should address the errors
associated with read back errors. The most significant development has been with CPDLC
(Controller-Pilot data link communication), where the voice element of the ATS and Pilot
exchange is replaced by digital transmission. In our opinion some automatic systems will help
to avoid such communication problems in the nearest future.

Scientific supervisor — L.P. Korol, lecturer
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ENGLISH IN STUDYING INTERNATIONAL TECHNOLOGIES

It is a well-known fact that English is the most spread language in the world. English
was first spoken in early medieval England and is now a global lingua franca. It is an
official language of almost 60 sovereign states and the most commonly spoken language
in sovereign states including the United Kingdom, the United States, Canada, Australia,
Ireland,New Zealand and a number of Caribbean nations. It is the third-most-common
native language in the world, after Mandarin and Spanish. It is widely learned as a
second language and is an official language of the European Union and of the United
Nations, as well as of many world organisations. These facts mean that English is used
everywhere.

We are lucky that engineering is widely spread exactly in those countries, where
English is. Those are France, Germany, Netherlands, USA, Sweden, UK and others,
excepting Japan. Though, as statistics say, in China the number of English-speaking
people is even higher than in USA.All these countries made a great investment in
development of engineering in the world.

The great percent of using English in engineering means that we have the ability to
study international technologies and innovations in this sphere. It is a good opportunity
to learn something new in this sphere and to look at the progress of other countries. Due
to the fact that English is one of the most spread language in the world it is necessary to
learn it, if you want to develop your knowledge in engineering.

With English it's easy to comunicate with foreign partners and share your

experience.
To project and realize large international engineering project such as Large Hadron
Collider or some spacecraft it is necessary to assemble a great team of scientists. All of
them need to speak English to cooperate. Otherwise, there might be many
misunderstandings between scolars from different countries. And they also need it to
defend doctoral degree.

To conclude, we want to say, that language is the most important part in
engineering. It is used in many projects and in creating different types of inventions. So,
undoubtedly, it plays a significant role in our development and helps us to exchange the
informations and ideas through out the world.

Scientific supervisor — L.P. Korol, lecturer
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RUNWAY OCCUPANCY TIME (ROT)

Nowadays, while air traffic continues to grow, aviation society has to find solution
for problems of airspace overflowing and congestion of air traffic on aerodrome
territories The second problem leads to increasing collision incidents, flight delays, fuel
wasting and so on. A big amount of departures and arrivals causes the occupation of
runways. In order to maintain the air traffic flow near the optimal conditions, avoiding
possible overflow in the system, there were applied standard procedures for runway
capacity calculations. These procedures help to follow the changes in demand/capacity
at the airports, to find parameters which support recommendations to the airports of
interest in advance and to keep the overall operation in harmony.

The arrival capacity of a single runway is defined as the maximum number of
landings that can be performed in a given period of time while maintaining all
separation requirements under continuous demand. Runway capacity may vary if there
are departures sequenced in between arrivals, since inter-arrival spacing has to be
increased. Runway throughput is defined as the number of aircraft that use the runway
per unit time. Throughput is usually less than runway capacity due to longer than
necessary inter-arrival spacing, low demand hours, and changing traffic mix during the
day.

The process begins far out from the destination airport. Air traffic controllers start
sequencing arriving flights long before they reach the terminal area. Once aircraft turn
on final approach, the previously introduced wake separation requirements are enforced.
When aircraft land, runway occupancy plays a role in determining when the next
landing can take place. The two major elements limiting capacity of a single runway are
wake vortex separation requirements and runway occupancy. These two elements,
however, are influenced by many other variables. Wake vortex separation requirement
depend on the sequencing of departure and arrival movements and the types of aircraft
operating at the airport. Weather conditions influence both separation requirements and
runway occupancy and runway exits also have an effect on ROT.

Achieving the optimum capacity from each runway is a complex task involving
many factors, both tactical and strategic. In order to effectively manage that task it is
essential to measure the effects of changes and to monitor performance of the users.
ROT will help to reduce separation which will help to absorb arrival peaks. In general it
will help to decrease delays, which are caused by the growing of air traffic, and make air
transportations more effective, regular and economical.

Scientific supervisor — L.P. Korol, lecturer
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NEW “EYES” FOR AIR FORCES

Nowadays English is considered as a universal language. It is official in 70 countries
which are responsible for about 40% of world's total GNP (gross national product). This
language is not only a powerful mean of communication, but also a great opportunity for
people to unite. The collective work of highly-professional engineers from all over the
world made a great contribution into development of UAV, aircrafts and vessel services.
Moreover, the language behavior inherent to such activities is diverse, often requiring
specialized uses of English that is collectively labeled as Aviation English. There have
been a lot of important and crucial developments of special gadgets for the pilots and
aircraft’s crew throughout these years, but the most perspective and relatively new one
is Google Glass.

The purpose of this work is to research the main advantages and peculiarities of
integration of Google Glass in aviation field and emphasize the importance of learning
English.

Honeywell (an American multinational conglomerate company) is peering into the
future of wearable technology with a Google Glass application. This app aims to
connect flight attendants with an aircraft’s cabin systems through Honeywell’s Ovation
Select Cabin Management System. The researches have shown that people are very
interested in having their hands free. Through Google Glass, the app gives flight
attendants a hands-free way to perform routine tasks around the cabin, such as raising or
lowering the shades or dimming the lights. It also provides the pilots with real-time
updates on weather conditions, flight path maps and updated runway approach maps.

Possible Air Force scenarios for the technology use include forward air controllers
working on the ground helping vector fighter and bomber aircraft to their targets, search
and rescue missions, and combat controllers communicating with aircraft flying
overhead and ground troops in combat, supply, and rescue operations.

With Glass, soldiers would be able to access important information faster than ever
before, eliminating the dependence on laptops and other less portable electronics.

Scientific supervisor — L.P. Korol, lecturer
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AVIATION ENGLISH FOR GROUND AIRPORT SERVICES

We would like to start with pointing out that despite all technologies and programs
which have been designed for avoiding of aviation catastrophes human factor is still the
main reason for aviation accidents and incidents. Besides, one of the causes of such
accidents is considered to be the insufficient level of knowledge of English.

So, first of all it’s important to mention that aviation English is confirmed to be
official language of aeronautical telecommunication. One of the requirements for
becoming a pilot, an ATC or just an engineer is a fourth level of English according to
the ICAO documents.

It is important to mention that to ground airport services belong Cabin service,
Catering, Ramp service, Passenger service, Field operation service. These people also
should know English, as they work with different foreign equipment, devices, the
instruction for which is commonly written in English.

Catering. Food for people who suffer any serious disease should differ from
other, as sugar or junk food may cause a diabetic episode, or nuts can provoke an
anaphylactic shock.

Pushback. One more important example is English language proficiency for people
who perform pushback, as they receive information from the pilot and in the case of
misunderstanding can bring an aircraft to the runway in use and in such a way collision
or some other dangerous situation may happen.

Passenger service. The thing is that all services that contact with passengers in any
way should know English. The reason is that in the international airports more than a
half of passengers are foreigners. Needless to say that actually nothing bad will happen
if someone of this people don’t know English, but it can compromise airport’s image.

Besides, as far as we are concerned even freight handlers should know English. The
reason for such a decision is a catastrophe which happened in 1974 near the
Ermenonville. Moroccan freight handler didn’t have an appropriate level of English and
couldn’t read the instructions for the closing of the door, and as a result on the height of
3 km explosive decompression happened, and the plane crashed into the woods on the
outskirts of Ermenonville. All in all 346 people died including passengers and crew
members. For a couple of years this catastrophe was considered to be the deadliest for
the reason of not knowing the language.

To sum everything up we would like to say that even catastrophes can be useful, as
they show disadvantages, and help to improve some standards and laws for further
avoidance of people’s death.

Scientific supervisor — L.P. Korol, lecturer
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PILOT SUICIDE AS A REASON OF EMERGENCY SITUATION ON BOARD

It is quite rare for an accident to be explained by one single cause. Almost every
mishap is the consequence of a chain of events and accident reports usually discriminate
between the main cause and a number of contributing factors.
The main root cause is human error. In order to try and eliminate this as a source of
accidents, crews are requested to follow a strict training routine. Next come aircraft
failures, but these are less likely when it comes to modern aircraft. There are such causes
of aviation accidents concerning human factor:

a) hijacking and/or aircraft theft;

b) interference with a crewmember (e.g., unruly passengers);

¢) flight control interference;

d) ramp/runway/taxiway security;

e) sabotage;

f) suicide; and

g) acts of war.

Let’s concider the problem of pilot suicide as a main cause of air crashes all over the
world. The likelihood of a pilot’s mental illness or suicidal feelings resulting in a crash
is low; mental health of crew is strictly evaluated in frames of
medical certification.No one suffering from psychosis, severe personality disorder,
manic-depressive illness or substance dependence can be issued the medical clearance to
fly an airliner. Captains are required to renew their clearance every six months and first
officers every year. Hundreds of people get refused every year. However, accidents of
this sort still happen around the world.

The most famouse example is SilkAir Flight 185. The SilkAir Boeing 737 was
cruising smoothly over Indonesia at 35,000 feet last Dec. 19. Suddenly the jet nosed
down, diving at supersonic speeds until it smashed into a river, killing all 104 people
aboard. Nowadays, accident investigators are increasingly focusing on a troubling
possibility: that the captain of the plane may have deliberately put the aircraft into a
suicide dive. The cockpit voicebox recorder appeared to have been intentionally
disconnected and the pilot, Tsu Way Ming, did not attempt to reverse the plane's
nosedive. Speculation that Mr Tsu had committed suicide taking his passengers with
him has circulated ever since the crash, but has not been officially voiced in public until
now.

Scientific supervisor — L.P. Korol, lecturer
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PEKOMEHI[AII"Ii 3 ONTHIOBAHHSI THIIOMOBHOI KOMMYHIKATUBHOT
KOMIIETEHIII MAUBYTHIX JUCIIETYEPIB I3 3ABE3IIEUEHHSA
HOJIbLOTIB

VY nam vac muTaHHS O€3MeKH aBiallii BUPINIYIOTBCS B TEPHIy Yepry IUITXOM
aBTOMAaTH3aIlii POoOOTH, THM CaMHM 3MEHIIYIOYH BIUTUB JIOJCHKOTO (akropa. OmHak €
(byHKII1, K HEOOX1THO BUKOHYBATH O€3MOCEpPEIHBO JIFOJIMHI, & HE MEXaHi3My, i BOHH
rparoTh JAJICKO HE OCTAHHIO POJb B aBiamii. Y JaHiil cTarTi MOBa i po 1HIOMOBHE
CIIJIKYBaHHI aBiamiifHOro mepcoHaimy. AKTyalbHICTH TeMH OOYMOBIICHAa HEOOXiIHICTIO
YCYHEHHSI HEBIJMOBITHOCTEH MiXX MOCTIHHO 3pOCTalOUYUMH BUMOTaMH JIO0 1HITOMOBHOI
KOMYHIKATHBHOI KOMTICTEHINi aBiallifHUX (axiBIiB 1 HEIOCTATHRO PO3POOICHUM
TIPOIIecOoM 11 KOHTPOIIO Ta (POPMyBaHHS.

Meroro HaBYaHHS 1HO3EMHHX MOB Yy TIJITOTOBI aBiaIlifHOTO MEPCOHATY €
JIOCSTHEHHS 1HIIOMOBHOI KOMYHIKaTHBHOI KoMIeTeHIii. OBOJOMIHHS 1HIIOMOBHUM
CIIJIKYBaHHSM IIpoliec 0araToaclneKTHUH, a KOMyHIKaTHBHA KOMITETEHIIis, sSIKa BUCTYIA€e
y SKOCTi OakaHOTO pe3ynbTaTy HaBYaHHS, - SBHINE CKIagHe, 0araTOKOMIIOHEHTHE.
[IpaBUIBHO CKIACTH MPOrpaMy HaBUaHHS MO)KHA TUTBKM MAlOYM JaHi PO HEOOXiTHMH
MiJICYMKOBOMY pe3yibTari. HeoOXiIHO WiTKO BUAUTUTH KPUTEpPil OMIHKHA 1HIIOMOBHOL
KOMYHIKaTHBHOI KOMITETEHIII JUTs TOro 00 B mpomeci ii popMyBaHHS IPUIUINTH yBary
aclieKTaM 1HITOMOBHOTO CIIJIKYBaHHS, SKi MOKYTh OyTH NOTEHI[IIfHO Ba>KIMBHMH TIPH
BHUpIIIeHH] TpodeciifHuX 3aBIaHb.

IcHyIOTB pi3HI BapiaHTH OIIIHIOBaHHS PIiBHS BOJIOAIHHS MOBOIO. BinbmiicTs 3 HEX
MaroTh (hOpMy MUCHMOBOTO TECTYBAaHHS, TaK SK Iel crocid mepenbadae OTHO3HAYHHUIA,
Oe3mpuCTpacHUA 1 HEyNMepe/DKCHUH MpoIec OIHKH. AJle BiH Mae€ S HEIONIKiB.
Hampuxmag B maHii ¢opMi HE MOXHA OIIHHUTH BHMOBY, IIBHIKICTB, JIEKCHKO-
rpaMaTHYHy TNPaBWIBHICTG MOBH, KOMYHIKaTHBHY B3aeMopito. be3 ypaxyBaHHS Inx
MMOKAa3HUKIB BOJIOJ[IHHS MOBOIO HEMOXJIMBO IIJrOTYBAaTH aBIiaIlifHOTO CIIEIialicTa.
HeoOxigHO OinbIl TMOBHA CHCTeMa OIIIHIOBAHHS, sKa OyJe MOBHICTIO OXOIUTIOBATH
aCITIeKTH BOJIOIHHS iHO3€MHOIO MOBOIO, CIIMPAIOYMCh HA KPHUTEPIi, SIKi € KIIFOUOBUMH Y
MIPOIIEC] MiITOTOBKU caMe aBialliifHOro TIepCOHATY.

PoGora nmumcmerdepa i3 3a0e3nedyeHHS TIONBOTIB Mae psA  OCOONIMBOCTEH, AKi
HeoOXiJTHO BpaxoByBaTH NpH (JOPMyBaHHI Ta OLIHIOBAHHI iHIIOMOBHOI KOMYHIKaTHBHOI
komrieTeHmii. Hampukian, depe3 BelWKuii oOCST poOOTH 3 JIOKYMEHTAIEHD iCHYE
norpeda npuinuTH Olbine yBaru opgorpadii, B TOH gac sk uIsd MUTOTIB 1 AUcneTdepiB
1Ie He € HeOOXiHIM.

[ToBHa cucTeMa OLHIOBAaHHS iHIIOMOBHO! KOMYHIKaTHBHOI KOMIIETEHIIIT JOIIOMOXe
CKJIACTH BHUEPNHY KapTHHY NpoQecifHOro BOJOMIHHS 1HO3EMHOI MOBH. A TaKox
MOCTY)KUTh OCHOBOIO ISl  (popMyBaHHS cCTpaTerii IIATOTOBKH  CIIEHIaNiCTiB,
BiJIMOBITAFOIIIIX BUIMOT'aM 1HIIIOMOBHOI KOMYHIKaTHBHOI KOMITETEHIIIT aBiarmi.

Hayxosuii kepignux — O.B. I38an08, cm. suxnadau
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METHOD OF THE PLANE TRAJECTORY DEFINITION ACCORDING TO
ACOUSTIC NOISE MEASUREMENTS

The development of science caused the construction of numerous methods of objects
research. Each of these methods can provide a wide spectrum of various information
about it. But the special place is occupied by the location of different types: GPS-
location, radio location, visual observation and many others, depending on the necessary
information, research conditions and so on.

This work is dedicated to special method of determination of object (aircraft)
location, relying on its noise. This method is called passive acoustic location. There are
active location and passive location.

In active location there are two operational elements: transmitter and receiver,
located in a one or different places. The transmitter sends the signal to the object. This
signal is reflected or retransmitted back to the transmitter or to the separate receiver.
Passive acoustic location, which is used in this work, means that there is a receiver,
which records the noise, emitted by all the objects around.

The authors try to explain, that with the help of special signal processing it is
possible to measure speed, coordinates and other parameters of the noise source. The
coordinate’s determination can be used in location. The measurements of the noise level
can be useful for ecologists for environmental protection, or provide basic information
about the nature of the noise source. The information about aircraft speed can be used
for different purposes. Thus, this method is very useful in solution of actual problems in
different spheres of our life. However this particular work considers only aircraft
location, that is, the computation of an array of aircraft coordinates.

Passive acoustic location connects the notion of the noise and the information,
brought by it. This information includes the coordinates of the source. With the help of
spectral analysis and filtering it is possible to detect the location of the object in plane
near the radar in separate time moments.

Use of the ambiguity function instead of a correlation function gives us the
possibility to obtain signal processing algorithm free of the possible velocity of the
aircraft. This gives us the possibility of using antennas with a big base (distance between
microphones) and high distance resolution.

This method has advantages and disadvantages among the other methods. The low
cost of installation makes passive location accessible to users. The simplicity of
coordinate determination algorithm gives the possibility to change the parameters
anyhow and to adapt it for various situations.

Supervisor — F. Yanovsky, Dr. Sci., prof.
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AKYCTUYHUIL METOJI BUMIPIOBAHHSI IHTEHCUBHOCTI JOIIY

Jlucraniiiine 30H1yBaHHS aTMOc(epr 3BYKOBUMH XBHJISIMHU 3aiiMae 0coOJIMBE Miciie
i oOymoBieHa edeKkTaMH CHJIBHOI B3aeMOfii IMX XBWIb 3 armocheporo. Bono
BUSIBIISIETBCSL HA0AraTo CHJIBHINNE, HDK JUIT €JEKTPOMAarHiTHUX XBHWJIb OIJIBIIOCTI
obyacTel cekTpa, i TOMy Ul 30HAYBaHHS MO)Ke OYTH BHKOPHCTaHA BiJHOCHO TPOCTa
amaparypa.

CxeMH copmapiB MaiOTh NPAaKTHIHO Ty XX CTPYKTYpy MOOYAOBH, IO H CXeMH
pamionokaTopiB. BiIMIHHICTH ToONsTae B Jialla30HI BHKOPUCTOBYBAHHX YacCTOT 1
(Gi3MYHAX MPUHIMIAX, TOKIAJEHNX B OCHOBY IIPHCTPOIB BHIIPOMIHIOBAHHS 1 IpHHAOMY
XBWIb. [lepeBarn akyCTHIHMX METOJIB 3aCHOBAaHI Ha BHCOKIH UYTIMBOCTI aKyCTHIHHX
XBWJIb JI0 3MiH ITapaMeTpiB MOBITPSI.

OCHOBHIMH HEIOTIKaMH aKyCTHYHOTO 30HAYBAHHS € HU3BKUH PiBEHb MPHHAHATOTO
CHTHATY 1 HEJOCTaTHIH PO3BHTOK TEOPETHYHHX OCHOB (Di3WKM PO3CISHHS aKyCTHIHHX
XBWIb B HEOTHOPIAHIN PyXOMOMY CepemoBHINI i AWHAMIKM CaMOro CEepeOBHINA,
30KpeMa B OJHOMY 3 HaiOLIBII CKJIQJHUX BHIAJKIB, SKUM € AWHaAMiKa aTMOC(HEpHOro
TIPUKOPIOHHOTO IIapy.

B nawiif poboti OyB po3poOIeHUH eKCIepHMEHTATbHII aKyCTHYHUI JIOKaTop, SK
JIOCTITHUIIBKAN 3pa3ok copmapa. JlommiepiBChKHMil aKyCTHYHMH JIOKaTop TIIPaIioe 3
BHUKOPUCTAHHSIM pealliamii JesSKUX aJTOPUTMIB (OPMYBaHHS CHTHANIB Ta iXHBOI
00poOKHM 3a JIOMMOMOTOK MPOTPaMHOTrO 3a0e3rledyeHHs. Takuil JTOMuUIepiBCHKUMN
aKyCTHYHHH JIOKQTOp B NOJAJBIIOMY JO3BOJIMTH AWUCTAHIIHHO BH3HAYaTH HIBHAKICTH
pyXy Wijed Ta JacTb MOXIIMBICTH NMOOYIYyBaTH 3pi3 IIBHIKOCTEH pyX Kpameiab IOLTY
BIIHOCHO Bij BijcTaHi. BUKOpHCTaHHS NIYMOBOr'O CHTHAIY JTO3BOJHJIO TP 0OpOOITi
30H]IyIOYOTO Ta BiI0OPaKEHOT'O CUTHAIIIB 3/IICHUTH CTUCHEHHS BiJIOMTOTO IMITYIIECY B
THCSYI Pa3iB i THM CaMUM MiBHUIUTH PO3IUILHY 3IAaTHICTH SIK IO JABHOCTI, TaK 1 IO
JIONIUIEPiBCEKOMY 3CYBY, TOOTO 3a IMIBHJIKICTIO.

Jlst mominmmeHHs: po3IiTBHOI 3IATHOCTI TI0 JATFHOCTI Ta MBUAKOCTI B aKyCTHIHOMY
JIOKaTopi BUKOPHCTOBYBAaBCS IIMPOKOCMYIOBHH cHrHai. B poGori OyB BuOpaHmii
ONTHMAJIBHUI 30HYIOUNI CUT'HAIN, KU B MOAAIBIIOMY Oy/ie BUKOPHCTOBYBATHCS UIS
BHU3HAYCHHS IIBHAKOCTI 00’ekTa. JlaHWii curHam sBisie co0O0I0 IMIMPOKOCMYTOBHIA
JICKpeTHHH curHa (0L mrym).

B poGoti OyB mpoBeeHMI eKCIIepUMEHT Ha CTBOPEHOMY MAaKeTi, Ha OCHOBI SIKOT'O
Oynmu moOymoBaHi Tpadikk 3aJIEKHOCTI IMBUAKOCTI Mt Bifg ii mameHOCcTi. B Xo0mi
EKCIIEpUMEHTY TPOBOAMINCS OOYMCICHHS B3aeMHOI (yHKIii HEBH3HAYEHOCTI JUIA
CUTHAJIIB B Jiana3oHi jranpHOCTI Bif 0 MeTpiB 10 200 MeTpiB, a TaKoXkK MBUAKOCTEH Bif 0
10 20 m/c.

B pesynbrati poBeneHOi poboTH OYB po3pobiieHuU epEeKTUBHUI METEOPOJIOTYHI I
JIOKaToOp HU3BKOI BAapPTOCTi, y TIOPIBHAHHI 3 pPajioIOKaTOpaMH, SIKUH JTO3BOJIHUTH
CIIOCTEpITaTH 3a OlaIaMH Ha JIOCTaTHBO BEITUKIH BiJICTaHi.

Hayxoesuii kepienux — P.B. Ciniyun, Kano. mexH. HAyK, 00yeHm
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Girnyak V.
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SYNTHESIS OF PROGRAMMABLE NANOELECTRONIC DEVICES

The contradictions between specialization and versatility can be eliminated through
the development of programmable nanoelectronic devices (FPGA), which algorithms of
work can be changed at the request of the developer of a particular computer equipment,
that is by creating the arithmetic logic circuits with programmable features.

The most promising area of nanoelectronics is creation of multi-functional
subsystems when one module combines a large number of logic elements into a single
functional unit, intended to implement complex logic functions. These subsystems must
satisfy the following basic requirements:

- have a minimum number of external connections;

- have a hardware compatibility;

- use the same type of cells if it is possible;

- have a property extension, that is to have a flexible structure.

To implement systems with variable structure (adaptive system), besides, it needs to
be able to programmatically change the technical parameters of the subsystems during
or before work. In terms of cheapening of nanoelectronic subsystems and improving the
reliability of their work they should be performed on the same type of cells with the
same configuration of connections between cells.

Programmable nanoelectronic device, which consists of three universal majoritarion
elements (UME), duly connected to each other (fig. 1), can be used as such cell to build

majority adaptive systems (MAS). Informational (X,, X,, X,, X,) and control signals
32720 M0

(75,7, F,) are submitted to the inputs of UME.

X3s —J= 5 Q:
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Fig. 1. Block diagram of a universal programmable nanoelectronic device

Scientific supervisor — O. S. Melnyk, Ph.D.
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OPTICAL METHODS FOR ELECTRONIC PROCESSES INVESTIGATION

The modern aim of any technology lies in miniaturizing and as a result locating
more electrical or optical elements within the same electrical or electrooptical integrated
circuits which it turn to increase the efficiency and performance of modern devices. As a
consequence of miniaturization there is a necessity to use electrooptical phenomena in
materials with the size less or in the order of some micrometers. The well-known
chemical methods with the help of which it is possible to observe relative high value of
electrooptical effects by specifically choosing the type of materials, its concentration
and composition at this stage reach its limitations. However, the optical properties of
materials can be altered not only by changing the chemical composition of a material but
with the help of artificially tailoring its geometrical configuration such as modification
of its surface. It should be noted that in this case the characteristic size of geometrical
configuration should be less or equal to the wavelength of the external irradiation. In
the case when the geometrical sizes of modified material are less than wavelength of the
incoming light the optical response of such material can be treated qausi-homogeneous
and can be theoretically described with the help of effective medium theory. It should be
mentioned as well that within the approach of effective medium theory an optical
response of the material either isotropic or anisotropic is described by the tensor of its
dielectric and magnetic permittivity which in turn profoundly depend on the wavelength
of the incoming light beam.

This artificially created materials with the desired engineering optical properties
within specific wavelength or frequency characteristics were given to be called
metamaterials. As a result by specifically engineering the type, structure, shape and size
of elementary unit of metamaterial it is possible to create the resonance response of their
dielectric and magnetic permittivity of within specific wavelength or frequency range of
interest.

However, if size of elementary unit of the metamaterial is in the order of wavelength
of incoming light beam the crucial role in the optical response of such metamaterial will
play not only its shape and size but also the relative arrangements of elementary units
compare to each other.

The nanocrystal consisting of alternating or specifically modified layers of
dielectrics and metals can support the appearance either surface (SPP) or localized
(LSPP) surface plasmon polaritons waves. The significance of SPP or LSPP phenomena
lies in high degree of electromagnetic field localization within some specific area in the
surface between dielectric and metal which in turn lead to the enhancement of
electrooptical phenomena.  The capability of localize high concentration of
electromagnetic field opens the route to combine efficiently the optical elements with
the electronic circuits.
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ABTOMATU30BAHE ITPOEKTYBAHHS APUOMETHYHUX
HAHOITPUCTPOIB

KBaHTOBI KOMIpKOBI aBTOMAaTH — TEXHOJIOTisI, III0 BUHUKIIA JIBA JACCATUIITTS TOMY, B
SIKI¥ 3HAYCHHSM JIOTIYHHUX CTaHIB BIJITOBIIAIOTH MO3MUIIIT OKpEMUX eJIeKTpoHiB. KBaHTOB1
KOMIPKH BHKOPUCTOBYIOTBCS [UISi KOHCTPYIOBAaHHS JIOTIYHHX HAHOGJIEMEHTIB Ta
apu(METHIHNX HAHOMPHUCTPOiB). B poOOTI BHKOHYETHCS MOJENIOBAHHS KBaHTOBHX
HaHOIPHUCTPOIB 3 BUKOPUCTAHHIM CHCTEMH aBTOMaTn3oBaHoro mnpoekryBanus (CAIIP)
QCADesiner.

3a moromororo KA MoxyTs OyTH CKOHCTpYHOBaHI pi3HI €IeMEHTH ISl BUKOHAHHS
JoriYHUX 1 apudMeTmyHHMX omnepariid. ba3oBHUMH JIOTIYHUMH HaHOKOMITIOHCHTAMH B
Teopii KOMIpKOBHX aBTOMATIB € MakopuTapHuii enement ( ME )ra inBeprop .

SIKII0 MPOBITHUK 3 OJHAKOBO INMONSPU30BAHMX KOMIPOK IEpETHHAE IHBEPTYIOUHi
MPOBIIHUK, TIPOBITHWKH HE B3a€EMOJIIOTH MiXK COOOI, TOMY MOXYTh IpAIfOBaTH
HE3aJI©KHO Ha OJHOMY piBHI. JIBopo3psigHmii cymarop peanizye apudMeTHdHe
nonaBaHHs S, S;, Sy TBOPO3PSTHUX OIHAPHUX YUCET XXy Ta Y Vy .

CrpoeKkToBaHa TaKMM YHHOM HaHOCXEMa JIBOPO3PSTHOTO cymaropa 6a3yeThest Ha 98
KBAaHTOBHX KOMIPKOBHX aBTOMarax, po3Mip sikux (18x18) um. Posmip (360x414) HM.
Icaye 11 BXOmiB i TpH BUXOIH, a YOTHPH KOMipKH MaloTh (DikCOBaHY IMOJLIPH3ALIiIO.

[pwn Bukopucranni n’siTuBX070BHX ME MokHA TOOYIyBaTH HAaHOUTBII palliOHATBHY
1 MPOCTy cXeMy  OJHOpO3psmHOro cymaropa. CTpyKTypHa cxemMa OJHOpPO3PSTHOTO
cymaropa moOygoBaHa Ha OfHOMY IT sitBXxomoBomy ME 1 omHOMY TpHBXOHOBOMY
(Puc.1).

Oyrkuii nomaBanHs S Ta nepeHocy C BU3HAYA€ThCS NpaBWIAMH JIOABaHHS B
Ma)kKOpHUTapHOMY Gaswuci :

S =maj(x,,x,, CmE) = E(x] v x, v C) v xx,Cy,

C=xx,vxC,Vvx,C,
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Puc. 8 IIpoekT MoBHOr0 OHOPO3PALHOrO cymMaropa Ha 1’ siTuBxogosomy ME (a) Ta MonenmoBaHHs
HOro 4acoBUX XapaKTEepUCTHK (0)

Hayxosuii kepisnux — O.C. Menvuuk, KanH0. mexH. HayK, 0OyeHm
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MOJIEJTIOBAHHSA MTOCJIIJIOBHOCTHUX HAHOIIPUCTPOIB

KBaHTOBI KOMIpKOBI aBTOMAaTH — HAaHOEJICKTPOHHA TEXHOJIOTIS, IO BWHHKIA
BiIHOCHO HEIIOJABHO, B SIKili 3HAUCHHSM JIOTIYHHX CTaHIB BI/IOBIJAOTH HE PiBHI
HATIPYTH, SK B MIKPOCJICKTPOHIIli, a MMO3HIlii OKPEeMHUX eJIeKTPOHiB. KBaHTOBI KOMipKH
BHKOPUCTOBYIOTBCS JIJII KOHCTPYIOBAHHS IPOBIJIHUKIB Ta YCIX JIOTIYHUX HAHOCXEM.
PoGora mpucBsueHa KOMITIOTEPHOMY MOJETIOBAHHIO pETiCTpiB Ha KBAaHTOBHX
KOMIpKax, 710 CKJIaay SIKMX BXOZSTH BUKIIOUHO Ma)KOPHTApPHI eIeMEeHTH Ta iHBEpPTOpH B
CAITP QCADesigner. B po6oTi BUKOHYEThCS MOJIEIIIOBAHHS KBAaHTOBUX KOMiPKOBHX
aBTOMATIB 3 BUKOPHCTaHH;IM aBTOMaTn30BaHoi cuctemu npoekryBaHas QCADesiner.

Perictp mapanensHoi aii 6e3 maHIoriB 3cyBYy (puc. 1, 6), mpu3HAYeHUH 11 puifoMy
1 30epiraHHs mapajeIbHOro KOy YHCIa 1 sBisie co000 Habip TPHUrepiB 3 pO3IiIBHUMUA
BXOZaMH. MaTpums nepexosiiB TaKHX TPUrepiB MpeJcTaBieHa Ha puc.l, a, e x — e
3HAUEHHS apryMeHTa sike OyJio Ha BHXOJI B MONEpeaHidH MOMEHT Jacy, TOOTO NpH IuX
KoMOiHaIlisIX pericTp 30epirae iHpopmariiro.
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Puc. 1. MaTpuris nepexoniB Tpurepa 3 po3aiJbHEMH BXOJaMH (), HAHOCXeMa perictpa
napanenbHoi 1ii cipoektoBana B CAITP QCADesigner (6)

3arajgpHa KiJBKICTh KBAaHTOBHMX KOMIPKOBHX AaBTOMATiB HAaHOCXEMH pericTpa
cximangae: 129. Po3mipn KBaHTOBHMX KOMIpPKOBHX aBTOMariB: 18%18 mmM. Bixcranp mixk
LIEHTPaMH KBAaHTOBHX KOMIpKOBHX aBTOMaTiB mopiBHIOe 20 HM. JliamMeTpn KBaHTOBHX
OCTPIBIIIB 5 HM.3araJibHi pO3MipH pericTpa mapaienbHoi Jii ckiranatoTs: (340%420) HM.

Hayxosuii kepisnux — Menvuuk O.C., Kan0. mexu. HayK, 0oyeHm
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ABTOMATHU30BAHE NTPOEKTYBAHHSA JIOTTYHO-APUOMETUYHUX
HAHOEJIEMEHTIB

KBanTtoBi xomipkoBi aBromatn (KA) — me oOunciroBanbHa mapagurma, 3TiHO 3
SIKOIO 1H(OpMaIlist IPeCTaBISETHCS MIEBHOIO KOH(ITypariieio enekTpoHiB B KoMipii KA,
III0 CKJIQIAETHCS 3 OZTHIET UM IBOX OKPEMHX MOJIEKYII.

OpieHTanist mapy KBaHTOBHX KOMIPOK Taka, IO iXHE B3a€MOPO3MILIEHHs BH3HAYAE
B3a€MHMUIA BIUTUB. ENeKTpoHEeTaTHBHA B3aEMOJIIS 3apsIJIiB MiJK CYCITHIMU KOMipKaMH J1a€e
3MOry oOpoOnsTH 1 mepenaBatd iHopMarito. Takuit MeTonm € (QyHKIOHATBHO
aHAJIOTIYHUM, ajle CTPYKTYPHO BiIPIi3HSETHCS BiA CIOcoOy, B SIKMHf KOMOIHYIOTHCS
OKpeMi BEeHTWI Y BEIHMKUX IHTErpalbHUX MiKpocxeMax Juisi 3a0e3ledeHHs] BUKOHAHHS
aprU(METHKO-JIOTIYHHUX ONepalliii Ta CTBOPEHHS CXEM 3 ITaM’ SITTIO.

IMpunamn Ha KA ckmamaroTecs 3 HAHOPO3MIPHUX KOMIPOK-/IeNIeKTPHKIB, SIKi MAIOTh
YOTHpPU KBAaHTOBI HAIIBIPOBIAHMKOBI TOYKH, PO3TAIIOBaHI y KyTKax, i /JBa pyxomi
enekTpoHH. [lopsmox iX pO3MIIEHHS 3aleXHTh JIUIIE BiJX CKiHYEHHOro HAO0py
MOXKJIMBUX 3HaueHb B MeXax IeBHOI KoMipku. Okpema Komipka 3abe3retdye TyHeIbHHI
TIepexi/l eeKTPOHIB KPi3b MOTEHIlaNbHI 0ap’epH.

Po3mimyroun KOMIpKH B TIOCHIJOBHOCTI OJHA 3a JPYrol 1 BHUKIMKAIOYM IX
B33a€EMOJIII0 MK CO00I0, MOXJIMBO 3a0e3NednTH Tepepady iHpopmamii Mo Takomy
MPOBITHUKY. TeOpeTHYHO iCHYE JTBA METOMM MOOYOBHU TPOBITHUKIB B 3aJIC)KHOCTI BiJl
45-rpagycnoi uym 90-rpamycHoOi opieHTamil KOMIpOK, ajieé TEXHOJOTIYHO CKJIaJIHO
BHTOTOBUTH HAHOKOMIPKH 3 Pi3HOIO OPiEHTAIII€IO0.

JIBOpO3psHUIL IOMHOXKYBAU peanizye IOMHOKEeHHs Mo, M5, 14}, 4y 1BOpo3psaHux
GiHapHUX 4HCeN Xy Xp Ta Vy Vp, AKe 0a3yeThcs Ha apU(METHIHOMY JOJABaHHI YaCOBUX
JIOOYTKIB PO3PSIIB CITIBMHOKHUKIB.

Jisi KOMITOHYBaHHS HAaHOCXEMH ITIOMHOXKYBada 1 MOJENIOBAaHHSI HOro (QyHKIL-
OHAJIBHUX MOXKJIMBOCTEH BHKOPHCTOBYETHCS CHCTEMA aBTOMAaTH30BAHOTO TIPOEKTYBAHHS
QCADesiner.

JIBOpO3psiTHMIT TTOMHOXYBad4, CIPOEKTOBAaHMI Ha BHINE3TaJaHUX IPUHIUIAX,
CKJIQIAETBCS 3 YOTHPHOX MA)KOPUTApHHX EJIEMEHTIB 3 (hiKCOBAaHMMH BXOHAMH BOX
OJTHOPO3PSIHUX CyMaTopiB.

CuHHXpOHi3amis Biirpae BayKIUBY POJIb B KEPYBaHHI POOOTOI0 KBAHTOBO KOMipKOBOT
norikd. Takuif KOHTPOJIb peai3yeThesl B Pe3yiIbTaTi MPpUEJHAHHS KOMIPOK 10 TAKTOBUX
30H TaKMM YHHOM, IO BOHM 3aMHKAIOTHCS B ITOCHIZOBHICTH U1l Oa’KaHOTO HAIPSIMKY
nepenadi curHary. Konmu moreHmian CHHXPO30HH 3MEHITYETHCS, SNEKTPOHN BTPAYalOTh
CTa0UIBHICTD, B PE3yNbTaTi 4Oro MONPH3aIlisi KOMIPKH HE BH3HAYAETHCSA. 3POCTAHHS
MIOTEHIIaIbHOTO  0ap’epy 3MeHIIye Koe(imieHT TYHENIOBaHHS, B pe3yabTaTi dYoro
€JIEKTPOH MOYMHAE JIOKAJi3yBaTUCH.

Scientific supervisor — O. S. Melnyk, Ph.D.
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MO/JIEJTIOBAHHSI HAHOITPUCTPOI1 3 TIPOTPAMOBAHUMHA
CTPYKTYPAMU

YCyHYTH TpOTHUPIYYS MK CHEIiaTi3amiero i yHIBEpCATbHICTIO MOXHA IILIIXOM
po3pobkn HaHocxeM 3 mporpamoBannMu crpykrypamu (HCIIC), anropurmm pobotn
SIKHX MOXYTh OYyTH 3MiHEHI Ha BHMOTY pPO3POOHMKAa KOHKPETHOI OO0YMCIIFOBAIBHOL
amaparypH, TOOTO IIJISIXOM CTBOPEHHS apU(pMETHKO-JIOTIYHUX CXeM 3 TPOrpaMOBaHUMHU
XapaKTepUCTHKAMIL

Po3poOka muTaHp TEOpii i MPaKTHKA BHUKOPHCTAHHS Ma)XOPUTApHOIO MPHHIIUITY
SBISIETBCSL B TEMepilIHIH  9ac  aKTyalbHOIO  MPOOJIEMOI0,  OCKUIBKH  TIpH
HAHOGJIEKTPOHHOMY BHKOHaHHI OOYMCIIOBaJbHMX CHUCTEM 3 IIPOrPaMOBaHUMH
CTPYKTYpaMH BiOyBa€ThCsl 3HAUHE 3HIDKEHHS 1X BapTOCTI 1 3HAYHO CIPOIIYETHCS eTall
aBTOMATH30BAHOTO  CHCTEMOTEXHIYHOIO  TpoekTyBaHHS. OnxHa  mporpamoBaHa
HaHocxeMa 3aMiHIoe Bix 30 o 150 iHTerpanbHIX CXeM CepeHBOro CTYNEHIO IHTerpartii.

HaiiGinpi mepcreKTHBHAM HANpsIMKOM PO3BUTKY HAHOCJIEKTPOHIKH € CTBOPEHHS
OararoeleMEeHTHUX (PYHKI[IOHATEHUX CYOCHCTEM, KOJIM B OTHOMY MOAYI 00’ €IHY€EThCS
BeJIMKa KUTBKICTh JIOTIYHUX €JIEMEHTIB B €AMHNH (DyHKIIOHATEHUIN BY30I1, IPU3HAYESHIH
JUTSL peaizarii CKJIaHUX JOTi9HIX (QYHKIIHA.

[Mpuknan monemoBanHs. CuHTe3yeMo Hampukian 3a gomomororo CAITP  QCA
Designer noriuny QyHKIIiO:

fr = maj(xyvEs $1%0. f1) |

Jany ¢yHKIiIO pealnidye TMOCHTIOBHICHA CXeMa y CKJIaJi JBOX MOXKOPHTapHUX
eJeMeHTiB 3 po3autbHuMH Bxomamu X3, x2 1 x1, x0. Ilpsmi Buxomm fl1 1 3 mmx
MOXOPHTapHHUX €NEeMEeHTIB € BxomamMu RS-tpurepa, i3 3BOpoTHIM 3B’s3koM 2.
Ha puc. l,a moOymoBaHa I IIOCIIIOBHOCTHA HAaHOCXeMa Ha pabGodoMy Tomi
QCADesigner, a pe3ylnbTaTH MOJCITIOBAHHS ii YaCOBHX XapaKTEPUCTUK HaBeJCHI Ha
puc. 1,6. Bona mae po3mip (350x240) am2 i cknamaernes 3 48 KA.
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Puc. 1. Komn’rotepre npoektyBanHs nociigosHoctHoi HCIIC Ha KA

Hayxosuii kepisnux — Menvuux O.C., KaHO. mexu. HayK, 0OyeHm
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MMPOT'PAMYBAHHS MYJIbTUIIJIEKCOPIB B AKOCTI JIOT'TYHUX
EJIEMEHTIB

B sxocri mpoctmx IIJIIC MOXyTP BHKOPHCTOBYBATHCS MYNBTHIDIEKCOpH. Y
CKJIQIHIIINX BHIIAJIKAaX 3aCTOCOBYIOTH CIIeIiabHO po3pobueni 1 miel mern TUIIC.

Haii6inpm mpocTy peamizamito i€l i7ei BIAEThCS OTPUMATH 3 BHKOPUCTAHHIM
MYJIBTHIUICKCOpA, SIKMH OKpIM MPUCTPOI0 KOMyTamii MO)K€ BHKOPHCTOBYBATHCS 1 SIK
yHiBepcalmbHUI JOTiYHMI eneMeHT. CyThb BHKOPHUCTAHHS MYNBTHIUIEKCOpa B SIKOCTI
YHIBEPCAJIBHOTO JIOTIYHOTO EJIEMEHTY IIONISIrae B TOMY, IO HOro ajpecHi BXOmU
BHUKOPUCTOBYIOTECS SIK iH(opMaIliifHi 1 Ha HHX MNONAIOTHECS APTYMEHTH BiITBOPIOBAHOL
¢yHK1ii, a iHGopMaIiiHi BXOJH BUKOHYIOTH POJIb TPOTrPAMOBAHUX (HACTPOIOBATIBHUX).

[Ipn npoMy Ha TIPOrpaMoOBaHMX BXOAAX MOXYTHh (hopMyBaTHCS CHTHaiIHM abo JIOTi9HHX
KOHCTAHT, a00 JesIKi JOIOMIKHI QYHKIIIT.

Ha mynerumiexcopi (4— 1) MoxJiBe nporpamyBaHHs 16 HaimpocTimmx (QyHKIIH 1BOX
aprymeHTiB. 1S bOTO Ha ajpecHi BXoau A; Ta Ay Cij mogaBaty OiHApHI apTyMEHTH X; Ta
Xy, a inpopmaniiHi Dy,..., Dy - TIporpaMyBaTH JOTiYHIMH KOHCTAHTaMH LIUX apryMEHTIB.

Merox oOMeXyeTbcsl peamizamiero  (QYHKIIH YOTHPBOX 3MiHHHX, OCKIJIBKH
MYJIBTUIUICKCOPH, M0 peallbHO BUITYCKAIOTHCS, MAarOTh He Outbmie 16 iH(popMariiftHux
BxoiB. [Ipu HeoOXiAHOCTI peaizarlii JIOTIYHOI (PYHKIIIT BEIMKOr0 YMCIa BXITHUX 3MIHHUX
MOKHa CKOPHCTAaTUCS CTPYKTYPOIO MYIBTHIUIEKCOPHOro JepeBa. IIpore mpu HeBeIMKOMY
YHUCIIi apryMEHTIB IO 3aJady MO)KHA BHPINIYBAaTH 1 iHIIMM METOIOM, a caMe BHOOpOM
CHTHANIB HaJlalITyBaHHS He 3 MHOXHHH{1,0}, 5K me Oymo 3pobieHo BHIIe, a 3 MHOKHHU
{1,0, x;}, me x; - omMH 3 apryMeHTIiB BiATBOproBaHOi (yHKIii. B mpoMy BHmaiky iHoOi
BIA€THCS HAa MYNBTHIUIEKCOpI 0e3 IOAaTKOBHX arlapaTHUX BUTPAT peaslizyBaTH JIOTIUHY
(YHKIIIT0, YHCIIO apTyMEHTIB SIKOi Ha OAWHHMITIO O1TbINe YHCiIa HOoro aapecHuX BXOIIB.

Jns orpumaHHS an3’IOHKTHBHOI HOpManbHOI (opmu ([JH®D) moriunmx ¢yHKIii
BHUKOPUCTOBYIOTH JTy’KKOBI IT€pETBOPEHHSI, TOOTO HEMOBHI JOOYTKH (TEPMH) TOMHOXKYIOTh
Ha OJITHOYHI CyMH HEJIOCTAIOUMX apryMeHTIB Ta QYHKIII a00 JOJaroTh HYIBOBI JOOYTKH.

Crin 3ayBaXkuTH, IO TaKe CXEMO TeXHIUHe pillleHHs He € exuHnM. Ha agpecHi Bxomn
A4y Ta Ay MOXHa MOJaBaTH JOBUIbHI apryMEHTH, a Ha MporpamoBaHi BXomau LDi,..., Dp —
3aJIMIIKOBI apryMEHTH Y1 HaBiTh (PyHKIIIT.

Le#t meroq MoXHa BHOWMpATH CHTHAIM TPOTPaMyBaHHS 3 IIMPIIOI MHOKHHH, IO
BKJIOYa€ JAeKiTbka apryMeHTiB. [Ipum IboMy Ha MYyJBTHIDIEKCOpI 3 ABOMa aJpeCHHMH
BXOaMH MOJKHA pajli3yBaTH JIOTIYHY (PYHKILIO TPHOX, YOTHPHOX 1 OinblIe 3MiHHHX.
EdexTrBHICTS BUKOPUCTAHHS TAKOTO TEXHIYHOTO PIIICHHS 31 30UTBIIICHHSM YHCIIa BX1THUX
3MIHHHX TaJae.

Hayxoeuii kepisnux — O.C. MenvHuk, KaHoO. mexH. HayK, 00yeHm.
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIK 621.396.67 (043.2)

Kanies A.M.
Hayionanvnuii agiayitinuuti ynisepcumem, Kuis

YACTOTHO-CEJEKTHUBHI IOBEPXHI HA OCHOBI METAMATEPIAJIIB

Ilpn mepemaui curHaimy 1o JiHII 3B'I3KY BiH CIIOTBOPIOETHCS i BiATBOPIOETHCS 3
nesikoro  TToxuOKoto. [IpnumHOI0 TakmX MOXMOOK € CIOTBOPEHHS CHTHANIB B KaHAMT
3B'I3KY 1 TIEPEIIKOM, 10 BIUIMBAIOTH HA CHI'HAI

3aBaziol0 HA3WBAIOTH CTOPOHHE EJIEKTPOCATHITHE KOJNMBAHHSA, IO 3aBa)kae
HOpMaJIBHOMY TNIpHiioMy curHamiB. [IpnauHOIO 1 JuKeperaMu Meperiko] MOXYTh OyTh
pi3Hi axTopH, i MepemKoan MOXyYTh OyTH Kiach]ikoBaHi 3a pi3HIMH O3HaKaMH.

CrioTBOpeHHS YacTo 00yMOBIIEHE BiJOMUMH XapaKTEePUCTUKAMH JiHi{ 3B'I3Ky 1 TOMY
MOXYTh OyTH yCYHEHI IIUITXOM HaJIS)KHOI KOPEKIIii.

[Nepemkony 3a3maneriie HEBiOMi i TOMy HE MOXYTh OyTH MOBHICTIO YCyHEHI
AtMocdepHi Tepenkoay 00yMOBIIeHI eNeKTPHIHIMH SIBUINAMU B aTMocdepi (rposw,
OmuckaBky 1 T.4.). KocMiuHi Tepemkomy CTBOPIOIOTHCS —PailioanTpMiHIOBAHHIM
0323 MHUX JpKepell. BoHH CTBOPIOIOTH 3araibHIH ITyMOBHI ()OH 1 HAHOITBIIOI0 MipOIO
MIPOSIBIISTIOTECS. B YIBTPAKOPOTKOMY Jliarma3oHi XBWIIsSk. [IpoMHCIIOBI mepemkoan
BUHHUKAIOTh 4Yepe3 pi3ki 3MIH CTIpyMy B EIEKTPHYHHX KOJNAX  BCUISKHX
€JICKTPOYCTaHOBOK. llepemrkoy CTOPOHHIX KaHaJiB 3B'I3Ky OOYMOBJIEHI POOOTOXO
CTOPOHHIX paJliOCTaHIIId.

OcHOBHa Maca 3yCHJIb paJiOTeXHIKH HalpaBIeHHA HA YCYHEHHS IEepemkos, abo ix
KOMIEHCAIIO. [ I[bOro MOBIZOMIIEHHST KOAYIOTHCS, MOXYIIOIOTECS, TIEPEHAIOTHCS Y
BY3bKOMY JiaIa30Hi 9acToT, 3 TOJaIbIIOI0 (iTbTpaIiieil BChOro NpUIHATOrO CIIeKTpa, i
BHU/IUIEHHS LIKABUTh JIJISHKHA YacTOT.

[NpuitManeHy (TIepenaBaibHy) aHTEHy MOXKHA PO3TIISAATH SIK IITYYHO CTBOPEHY
CTPYKTYPY i3 3a/laHIMH BIACTHBOCTSIMHU.

AHTeHa - pE30HAHCHUI TPHUCTPIH [UIT NpPUIHOMY EJIEeKTPOMArHITHUX XBWIb Yy
HaJIaIITOBaHOMY Jiama3oHi gactoT. Ilupina mporo miamasoHy, i CTYHiHb IPHIYIICHHS
CHTHAJIB 1032 J[ialla30Hy, 3aJIe)KaTh BiJl KOHCTPYKIIT aHTeHH.

JIy1sl TOKpaIeH s CeJISKTUBHIX BIIACTUBOCTEH aHTEHH 1 CHPOIICHHS 1 KOHCTPYKIIi
MIPOTIOHY€ETECS BUKOPHCTOBYBAaTH IAKJIAIKKH a00 IOKPHTTS 3 MeramarepialiB 3
JaCTOTHO-CEJICKTUBHIMH BIIACTUBOCTSIMH.

TakuMH BIACTHBOCTAMH  BOJIOAIIOTH €-HETAQTWBHI MaTepiali, IO iCTOTHO
301TBIIYIOTE TOOPOTHICTD, MEPEBHUIIYIOYH TEOPETHUHY MEXY ISl €IeKTPHUSCKIX MAJTIX
anTeH. [Ipy 11poMy TOBIIMHA META00OJIOHKN MOXKEe OYTH MEHIIIe COTUX YacCTOK JOBXKHHU
XBWIl y BUIBHOMY TIpOCTOpi, IO HE TMPHUBOAWTH 1O TIOMITHHX 3racaHb
€JIEKTPOMAarHiTHOrO ToJsI. BUKopHCcTaHHS MeTaMaTepialliB JO3BOJISIE 3MEHIIUTH PO3MIp
MIOKPUTTIB 1 30UTBIIUTH SKICTH IPUHOMY CHTHAJIIB.

Hayxosuii kepisnux — O. A. [llepbuna, kano. mexu. HaAyK, 0oyeHm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIIK 620.179.148 (043.2)

Baiipam C. M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

HAJIIIMPOKOCMYTOBI CHCTEMM 3B’AI3KY. iX OCOBJIABOCTI
TA 3ACTOCYBAHHS

3pobieHo  orysAx  HAYKOBMX — POOIT, TPHUCBSMEHUX  HAJUIMPOKOCMYTIOBHM
pamgioNoKaifHIM ~CHUTHaTaM, SIKi JAlOTh MOXJIMBICTH BHMIPIOBAaHHS KOOpPIWHAT
Ha3eMHHUX a00 TOBITPSIHUX INJed 3 MEHIIOI0 IMOXMOKOI0, BHUSABIEHHIO PYXOMHX Ta
HEpYXOMHX 00’€KTiB 32 HEMPO30PHMH CTiHAMH 1 MOAIOHUMH TTepertoHaMH, HaIPHKIIAI,
TIi/T 9ac PATYBaJBHUX POOIT B 3aBajIax.

PornsHyTi muTaHHA OCOOIMBOCTI HAAIIMPOKOCMYTOBHUX CHTHAJIIB y MOPIBHSHHI 3
CUTHAJIAMU 1HIINX THITIB.

[NopiBHIOIOTECS XapaKTEPHUCTUKH Pi3HUX BUJIB CHTHATIB Ta IPHUBOAATHCS HETONIKH
Ta TepeBaru HaIIIMPOKOCMYTOBHX PAaioNOKaliHHUX CHCTEM 3B SI3KY. JlaeThesl OriIsin
EKCIIepUMEHTAIBHUX POOIT 1 IPHUKIAIH MPAKTHIHOTO 3aCTOCYBAHHSI.

PosrasmaroThest mpobiiemu 3a0e3eueHHsT BUSBIICHHS CUTHAITY, 10 BiIOMBAETHCS BiJT
00€EKTIB, pPO3TAIIOBAaHUX Ha TIEBHUX BIJICTaHAX, SKI 3HAXOMATHCS Ha BITKPUTIH
MICIIEeBOCTI 200 3a TIEPETIOHOI0.

3acTocyBaHHS B MEAWIMHI, 30HAYBAaHHSA MiCIEBOCTI Ta TPYHTY, BHUYHCICHHS
KOOpAMHAT 00’ €KTIB Ha MOBEPXHI 3eMJIi.

[TpuBOAATECS MPUKIAIM CHCTEM Ta araparis, SKi 3aCTOCOBYIOTH HAJIIMPOKOCYTOBI
CHUTHAJIU. A TaKOXX PO3TIISTHYTI MOXKIIFBI MEKi 3aCTOCYBAaHHS IIMX HAYKOBHUX PO3POOOK B
pi3HKX chepax HA MPAKTHILL.

Hayxosuii kepiguux — @ H. Anoscoruti, 0-p mexu. nayx, npogpecop
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIIK 577.3 (043.2)

I'acaii I'.O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

IMHEBMOMACAKEP «BIOPEI'YJISATOP»

OpHielo 3 HaHaKTyaJIBHINIMX TPOOIEM CydacHOI MEIWIIHH € OXOPOHA 37I0pOB'S
JIIOMVHY, JUISI BHUPILNIEHHS sIKOi po3poOieHi Ta 3aTBepPKEHi BIATIOBIAHI IpOrpamH.
Po3poOka HOBITHIX [IarHOCTMYHUX 1 KOPUTYIOUHX TEXHOJOTIH, CIpSMOBaHMX Ha
30epekeHHs MPUPOAHUX PpE3epBIB JIIOAWHH, € OCHOBHOIO CTPAaTeri€lo CydacHOl
BiJTHOBHOI MEIWIIMHH, 3a CBOIM CIPSMYBaHHSIM OpI€HTOBAaHOI B MepHIy dYepry Ha
OXOpOHY 3/I0pPOB'SI, a TaKOXK Ha BiHOBJIECHHS PE3epPBHUX MOXIIMBOCTEH OpraHi3My Ha
erami pemicii 3aXBOPIOBaHHS y TAIliEHTIB MpaIe3gaTHOro BIKy. IHIINM HampsMKoM
BiJTHOBHOI MEIMIIMHH € pealiiTaris XBOpUX Ta iHBATIIIB, CIPSIMOBaHA Ha 301IbIICHHS
(YHKIIOHANIBHUX ~ pe3epBiB, KOMIICHCANil0 MOpYMEeHWX (QYHKOiH, BTOPHHHY
NMpo(iTaKTUKy 3axBOPIOBaHb Ta IX YCKIaJHEHb, BiJHOBICHHS IIpaIie3aTHOCTI
TMIPAIFOIOTHX.

[piopuTeTHUM 1 MEPCHEKTHBHUM HANpsSMKOM BiJHOBHOI MEIWIMHH € pPO3poOKa
HOBUX HE MEIWKAaMEHTO3HHX TEXHOJIOTiH, IO MiJBHIIYIOTH (YHKIIOHAJIBHI pe3epBH
3JIOPOBOI 1 XBOPOI JIFOIMHM, IO BAXKIUBO 1 JUIsT MEIUYHOI peadimitamii. s miei metu B
OCTaHHI POKH IIMPOKO 3aCTOCOBYIOTBCS MeTOmH (izioTeparii, crIpsMoBaHi Ha
TOCWICHHS pereHeparifHiuX 1 pemapaTHBHUX IPOMECIB, IO CIPUSIOTH OLIBII
aKTHBHOMY BiJHOBIJIIOBAJILHOMY TNIpOIleCy 3allaJieHNX TKAaHWH, OCOOJMBO B paHHIN
T CIISTOTICpaIi THAH TIepiot.

OpmarM 3 TakuxX (QI3MIHMX METOMIB BIUIMBY Ha opraHisM € «bioperymsrop»
ITHEBMOKOMIIPECIHTOBUH, SIKMH BOJIOJi€ pPEreHepariiifHiMH Ta IMyHOMOJENIOIUNMHU
BrHacTHBOCTAMH. Di3ioNoriyamii  epeKT NHEeBMOKOMIIPECIHTOBOI —Tepamii, sKHi
3aCTOCOBYETHCS TPAIMIIIIHO B MPAKTHYHIN (i3ioTeparnii, 3aCHOBaHHH HA JIOCHTH J0Ope
BHUBYEHHX 010()i3MYHMX BIACTUBOCTSX, OOYMOBJICHHX MEXAHIYHOIO MIi€I0 1 THCKOM
MaHXETH, BUKINKAIOUM CBOEPITHUH KIITHHHUA MIKpOMacaXk 3allalieHHX TKaHWH. [Ipu
IIBOMY 3/IIIICHIOETBCS CTHCK 1 PO3TST Pi3HUX KIITHH OpraHi3My, i IO OCOOIHBO BasKJINBO
KITHHHAX MeMOpaH 3alaJieHuX TKaHWH, B pe3yiabTaTi dYoro  3MIiHIOETHCS
(YHKIIi OHAJTBHUI CTaH, pereHepaTHBHI Ta perapaTHBHI MPOIECH B OpraHax i TKaHMHAX.

EnnorenHe Temio, IO yTBOPIOETBCS y TKaHWHAX, 3@ PAaXyHOK MEXaHIYHOTO
MepeXo/Iy OJHI€T eHeprii B 1HIY, a TAKOXK BHUIIICHHS 010JIOTIYHO aKTUBHHX PSYOBUH ITiJ|
BumBOM  «bioperymsaTopay  ITHEBMOKOMIIPECIHTOBOro  3a0e3medye  aKTHBAIilo
KpPOBOOOIry 1  MIKpOIWMpKYJsmii, pereHeparie€lo TpoQiyHMX TMPOIECiB, IO
CYMPOBOMKYETHCSI MPOTU3AMAIBGHOI0 1 PO3CMOKTYIOUOM0 Jiero. Bee me 3abesmeunio
IIMPOKE 3aCTOCYBAaHHS amapaTy INpH PIi3HOTO pOAYy 3amalbHUX 1 AucTpodidHmx
mporecax.

Hayxosuii kepisnux — H.C. Bionuil, cmapuuii 6uxnaoay
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 681.5.08:621.389 (043.2)

Cumnsik LB.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

OCOBJIMBOCTI BUKOPAUCTAHHS CYYACHOI EJJEMEHTHOI BA3H
B PO3POBIII IHKJIIHOMETPA

YacTo B eNEKTPOHINi BHHHUKA€ HEOOXITHICTh BH3HAYUTH BEJIMUMHY 1 HAIPsIMOK
Haxwiny npuctporo. [lpm mpoMmy maHi OaxaHO OTpUMATH B IM(POBOMY BHIJISAL
JIUCTaHINIHO 3 (iKcaIliero yacy ix BUMIpIOBaHb. [HKITIHOMETp - JIO3BOJSIE BUMIPIOBATH
BEJIMYMHN KyTOBHX II€PEMIIIeHb (BiJHOCHO IpaBiTalliifHOro 1Moy 3eMili) i BU3HA4YaTH iX
HampssIMKH TI0 TPHOM B3Aa€EMHO TEPHEHAMKYISIpHEUM ocsM. Haifgacrime Haxwun
BH3HAYAIOTh 32 JIONOMOTOK CHJIM TpaBitamii 3emisi, TEeOMarHiTHOrO IO,
ripocKomigHoro eekTy ab0 3aCTOCOBYIOTH HETIPSIMi BUMipIOBAHHS.

3ynmuHAMOCS Ha BH3HAYEHHI KyTa HaxXMIy 3a JIOIOMOIOI0 CHJIM TpaBiTamii 3emii.
SIKIIO €IMHOO CHIIOKO, IO JIi€ Ha O0'eKT € Chila TpaBiTaiii, TO B IIbOMY BHIAAKY JUIS
BH3HAYECHHSI CTATHYHOTO KyTa HaXWITy Moke OyTH BuKkopuctanniit MEMS-akcenepomerp
TIpWIIaJL, SIKAA BEMIPIOE TIPOEKIIiI0 MPUCKOPEHHS Ha HOTro YyTJIMBY Bich. 32 BEJIMYHHOIO
BUMIPSTHOI NPOEKIlii BU3HAYA€ThCS KYT HAXWITYy. ICHYIOTH TPH THITH aKCEIepOMETpiB:
IT'€30€JIeKTPUYHI, T'€30pE3UCTHBHI Ta HA 3MIHHUX KOHJICHCATOPAX.

Tpunyunu susnauenns Kyma naxuny 6 axcenepomempi. IneanpHui BUMagok (omgHa
Bich): Bich X 00’€KTa 3aBXKIU 3HAXOAUTHCS B IUIONIMHI Jii rpaBitamii. Po3paxoByemo
MIPOCKIIFO CHJIM TpaBiTallii Ha Bich X. BuXi/THe 3HaUCHHS aKceIepoOMETpy MPOIOpIIiiHe
CHHYCYy KyTa Haxwiy B momi Tpasitamii. Hemomik: 4yTnmBicTh BHUMIpIOBaHHS KyTa
HaxwmiTy Oyze MpsMyBaTH 10 HyJIs 3 HaOJIVDKeHHSIM 3Ha4eHHS KyTa 10 90°.

[To36aBuTHCS BiJ HEMOMIKY JTO3BOJISIE BBEJICHHS JIOMATKOBOI Bici UyTIMBOCTI Y, sKa
opTOoroHasbHa Bici X 1 TaKoK 3HAXOJUTHCS B IDIONIMHI JIiT critH TpaBitarii. Po3paxyHok
MOAiOHMIT 10 TIOTIepeTHBOT 0, JIHIIIE 3HAYEHHS IIPUCKOPEHHS 110 oci Y Oyae mpornopuiiHo
KOCHMHYCy KyTa Haxmiy. [lepeBarm: no3Bomse BuMiproBatu Kyt Bix 0° mo 360°;
MIOCTIHHMI MOPIT YyTIUBOCTI.

BBezneHHsT TpeThO! YyTIMBOI OCi JJO3BOJMTH BUMIPSTH BCI KyTH HaxXWIIy CEHCOPY B
npoctopi. B mowaTkoBiii mo3uIlil MOJOKEHHS MPUCTPOIO Take, IMpH sIKoMy oci X Ta Y
3HAXOMATHCS Y TUIONIMHI TOPU30HTY, a Bich Z opToroHanbHa X Ta Y. B mouarkoBiit
MO3HITIT , KOJM CHJIa TpaBiTalii Ji€ TUTbKU Ha BiCh Z, OTPUMAEMO, IO BCI 3HAYCHHS
kytiB piBHi 0. [TepeBaru: mopir 9yTIMBOCTI MOCTIHHMIA 1 1€ JO3BOJISIE TOYHO BUMIPSTH
3HAYEHHS KYTiB IS BCi€l chepm.

Cwuia rpaBiTallii Ma€e TOCTiIHHY BEIHYHHY OYyJb-sKi TOJATKOBI CHUIH, IO JUIOTH HA
00'eKT, 3MIHATH BUXIiJHI JaHI akcelIepoMeTpa, a OTKE B PO3PaxyHKy KyTa HaxIILy
3'IBUTBCSA TOMMWJIKA. 3aCTOCYBaBINM IIONMEPEIHIO OOpOOKY BHXIJIHOTO CHTHAIY
aKceJIepoMeTpa, MOXKHA 3BECTH BIUTMB IHIIMX CHJI 0 MiHIMyMy, aje Iie¢ IpH3Bene N0
3aTPUMKH BHIA4i 3HAYSHHS KyTa.

BukopucranHs IHKJIIHOMETPY [IO3BOJIMTH i3 3aJaHOI0 TOYHICTIO HaJalITyBaTH
CTIPSIMOBAHICTh AQHTEHHW Ta KOHTPONIOBATH ii TOJMOXKEHHS IIiJ Yac eKCIUTyaTallil, IIo
TIOJIETTITYE CIIOCTEPEKEHHS 32 POOOTO0 MepeIaBaTbHOTO IPHCTPOIO.

Hayxoesuii kepisnux — /I.11. Bonoapenko, acucmenm
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XV MikHapoAHa HAYKOBO-NPAKTHYHA KOH(epeHLis MOI0ANX YYEHHX i CTy/eHTIB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

CUCTEMH YITPABJITHHA
YK 371.26-057.87:004.658.6 (043.2)

Baoiii P.B.
Hayionanvhuii asiayiinuil ynieepcumem, Kuig

INPUKJIAJHA ITPOT'PAMA NIJIPAXYHKY IIPUBYTKIB,
CTPYKTYPOBAHA 3 BUKOPUCTAHHSAM NATEPHIB SINGLETON
TA MODEL - VIEW -CONTROLLER

Binemmicte 3aBmaHb, 3amad Ta TpoONeM, SKi HEOOXiTHO BHUPIIMTH TIPU PO3poOri
PeabHOTrO MPOrPaMHOTrO HPOAYKTY, SIK MPABHIIO, SBISIOTHCS TUIIOBUMH 1 MarOTh CTaHIaPTHI
criocodn BupimeHHs. Taxi pileHHs TpencTapieHi B Ia0ioHax (Iu3aliH — MaTepHax)
MPOCKTYBAHHS 1 BiJIOOPAKAIOTH ONTUMAITBHUN CITOCIO OpraHi3allii mpoekTy. Bukopucranas
1a0JIOHIB CIPOIITYE PO3YMIHHS CTPYKTYpPH MIPOEKTY, TO3BOJISE TIBUKO HOro MOAMQiKyBaTH
Ta YHUKHYTH DSy IOMIJIOK. TOMY BHBUCHHS NIATEPHIB MPOCKTYBAaHHS Ta BUKOPHCTAHHS iX
pU PO3pOOLI BIACHOTO IPOrPaMHOT0 3a0e3MEUCHHS € 33/1a4€H0 aKTYaIBHO.

Pobora mpricBstaeHa po3poOili MporpaMHOro 3a0e3MeUeHHs, M0 32 pe3yIbTaTaMi MaT4iB
PO3paxoBye MPUOYTKH Y BIAMOBITHOCTI 3 Koedirtienramu. [Ipy oMy MOIMQiKallist CIHCKIB
KOPHCTYBa4iB Ta X CTABOK MO)KE 3/IHCHIOBATHCS SIK CaMHMM KOPHUCTYBa4aMHM, TaK i
ajMinicTparopoM. ToMy HEOOXiJHO 3a0€3MEYNTH aKTyaJbHICTh Ta KOPEKTHICTH CITUTHHO
BHKOPHCTOBYBAaHHMX [aHWX. 3 II€I0 METOI0 BHKOPHCTOBYEThCS maTepH Singleton. Bix
JIO3BOJISIE 320€3MEYHTH ICHYBAHHS €MHOTO €K3eMILISApa 00’ €KTa, IO MICTUTH JIaHI, a TAKOK
TII00aBHY TOYKY JIOCTYITY JI0 JIAHUX 3 Oy/Ib-SKOTO MICITS IPOTPaMH.

KpiM KimaciB, 10 ONHCYIOTH JIOTIKY pOOOTH TPOrpaMy, po3poOJICHO Bi3YyaIbHHUIA
intepdeiic. Ilpy 1BOMY CTpPYKTypa BCHOrO MPOEKTY pPO3pOOIEHA 3 BHUKOPHCTAHHIM
apxiTektypHoro mabmony Model-view-controller. /lanwii ma0iaoH 103BONSE 3a0€3MEUUTH
THYYKICTh TpOrpaMHOro 3abesmedeHHs. KpiM IOro € MOXIHMBICTH KOpPETYBaTH OKpeMi
YAaCTUHHU TpOorpamu (HAIpUKIAJ, JIOTiKy pPOOOTH METOJIB YW HaBMAKW — Bi3yaJIbHUMN
iHTepdeiic) He BHOCSIM 3MiHH B iHIII. TakoX BUKOPHCTAaHHS MabIoHy Mozens — BUITIST —
KOHTpOJIep 3a0e3Ieuye BIOPSIKOBaHICTh CTPYKTYPH MPOEKTY Ta 3MEHIITYE HOTO CKIT/IHICTb.

Pe3ynprarom poOOTH € TOTOBE MporpaMHe 3a0e3MeUeHHs, YacTHHA iHTepQeicy SIKOro
TPEJICTABJICHA Ha PHUC.

I T i
[Cnncok A0CTYNHBIX MaTyel:

Hayxkosuii kepienux — T.A. I'anazys, kano. mexu. Hayk, 0oyerHm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 681.5:519.246:519.233.5:517.956.227 (043.2)

Binak H.B., Ckasp O.0.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

AIIPOKCUMATHUBHMI AHAJII3 KOPEJISILIMHO-CIEKTPAJIBHUX
XAPAKTEPUCTHUK YACOBOI'O PALY

[ToOymoBa Moneneit KopesIiiHNX (QYHKIIN 1 CHEeKTPaIbHUX MIUTBHOCTEH TOTYKHOCTI
MOXKYTh OyTH 37iliCHeH] NP CTaTUCTHUHII 0OpoOIi 3 BUKOPUCTAaHHSM arpOKCHMATHBHOTO
migxomy. CyTHICTH SIKOTO TOJSITaE€ y 3HAXOKEHHI BiJMIOBITHOTO AHATITHYHOTO BHpPA3y
®(x(?),ap,ay,_ a,) IMOBIPHICHAX XapaKTEPHCTUK CTALIOHAPHUX CHTHAIIB 3 HEBIJIOMHMH

napamMeTpamMu  ag,d;, d, , WO 3aJ0BONBHSIOTL 3a/AHOMY KPUTEPIl0 ONTHMATBHOCTI Ta

TaKoro IO OIMCYe OTPHMaHi eKCIepHMEHTalTbHI pe3ynsraTH. B pobori Ha OCHOBI
OTPHMaHMX pE3YNIbTaTiB IONepeJHb0i 00pOOKH 4acoBOro psimy Oyio copMOBaHO MacHB
3HaueHb HOPMOBAHOI KOPEJAIIHHOI (DYHKIi CTalliOHApHOTO BUIMAJKOBOrO CUTHAIY P, (T) .
AHaITHYHA MOZIENTh KOpeIsIiiHOi (yHKIIT OTprMaHa Mpy po3B’sI3aHHI 3a/1ati alpoKCUMArii
KOpEJLIIHHOl (QyHKII{ MapaMeTpUdHIMH MOJENISIMA BHKOHAHHSM HACTYITHMX KPOKIB: 3a
anpiopHIMH ~ JIaHUMH Ta  BIACTUBOCTSMH  JIOCTI/DKYBAHOTO  TIPOIIECY  OOpaHO
anpOKCHMATHBHY (ETATIOHHY) MOJIENb KOPENSIiHO QyHKILii p,(T,a;  a,), HAPUKIA,

EKCITOHCHITIATFHO-KOCHHYCHY; HEBIJIOMI TMapaMeTpd Mojelli IIyKaeMo Ha 0a3i MeTomy
HalMEHIMX KBAJPATiB SK Taki IO 3aJOBOJBHAIOTH MIHIMyMY KBaJpaTHYIHOI IOXHOKH

0
anpokcuMarii BUTITY A = I [Px (D) Pa(vay 2, )]2 dt=min ; pO3B’S30K CHUCTEMH

0
PIBHSHB IO peatizye yMOBY MiHIMyMy TOXHOKA A MOXXHa BHKOHATH YHCJIOBUM METOIOM
a0 mpsMEM  MeromoM OaraTOBHMIpPHOI MiHIMI3amii IThOBOI  (yHKINi  BHITIAIY
Jmax
f(a; a,)= Z[px(‘ci)q)a(‘ci,alwan)]z — min ; aHATITHYHA MOJETb CHEKTPATBHOL
i=0
OIUTBHOCTI  CHTHATY OOUpAEThCs 3aBISKA  HASBHOCTI aHANITHYHOrO 3B™SBKY MIiXK
KOPEJMIIHHOI0 (DYHKI[EI0 Ta CHEKTPAIHHOI IIUIBHICTIO ITOTYXKHOCTI, OCHOBOIO SIKOTO €
niepeTBopeHHs Binepa-XiHunHa, BIATOBITHO TNPOLENYPH ANPOKCHMAIil XapaKTEepHUCTHK €
B3a€MO3B’SI3aHUMIL
B pobori HaBOIMTBCS TAaKOK pPE3YIAbTAaT AarpoOKCHMAIil CHEKTPAIBHUX IMIUIGHOCTEH
JIOCN/DKYBAaHOTO CHUTHAJY 3@ METOAOM  y3araJbHEHHWX JIOrapH()MidHHX-9acTOTHHX
XapaKTEPUCTHUK, 110 0a3yeThesl Ha 3aMiHi JUITHOK CIIEKTPATBHOI IIUTBHOCTI ONM3BKAMHE TI0
YaCTOTHUM  XapaKTepUCTHKaM  eJIEMEHTapHUMH JlaHKami. HaBemeHo — pesynmbraTd
TIOPIiBHSUTBHOTO ~ aHATI3y AaNpOKCHMOBAHUX CIEKTPaJbHUX IIJIGHOCTEH NPHBEACHIMH
Meromamu. [liTTBep/PKEHO e(EKTHBHICTh aNpOKCUMATHBHOIO INAXOXy mpH  oOpoOmi
pe3ynbTaTiB  eKcrepuMeHTiB. [IpoBeneHi IOCHIMKEHHS JO3BOMIIM TPOAEMOHCTPYBATH
TIOCITIZIOBHICTh €TalliB aHaJIi3y BHUIAJKOBUX IPOIIECIB, 3aNPOIIOHYBATH TIPOLIEYPY 00pOOKH
BUIIATKOBHX TIPOIIECIB.
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIIK 656.7.073:061.5(477):519.852 (043.2)

Bopucosa 51.C., Boexk M.B.,
Hayionanvnuii Agiayitinuti Ynisepcumem, Kuig

ONTUMIBALIA TPAHCIIOPTHOI 3AJAYI JITHIMHOT'O
MMPOI'PAMYBAHHSI. ABIABAHTAXKOIIEPEBE3EHH 1.

TpaHCIIOpTHA 3a/iaya— 3a7a4a MPO ONTUMANBHUI IUIAH TIEPEBE3CHHS MPOIYKTY i3
[YHKTIiB BIUIPABICHHS /IO IyHKTIB CHOXHBAaHHS. IIpH 1IbOMY BHKOHYETHCS YMOBA, IO
3araJbHII HAsSBHUI 0OCST MPOIYKIi] Y IOCTAUaIbHHKIB JOPIBHIOE 3araJIbHOMY ITOIHTY BCIX
crioxuBadviB. /laHa 3amada BiTHOCHTHCS 0 3aBIAHb JIHIMHOTO IpOrpaMyBaHHS 1 MOXKe OyTH
BHpIIIICHA CHMIUICKCHIM METOJIOM.

Meroro naHOi pOOOTH €, 3aCTOCOBYIOYM ONTHMIi3alliiHi METOIM, BH3HAYUTH IUIAH
TIepeBe3eHb, 3a KOO BCS MPOMYKLis Oyiaa O BHMBE3eHa Bil MOCTAYaJbHUKIB, TTOBHICTIO
3a/I0BOJIEHI MOTPEeOH CIIOKHMBAMIB 1 3arajlbHa BapTiCTh BCIX MepeBe3eHb Oya O MiHIMAIBHOIO.

VY Takiif mocraHoBHi 3amadi e(EeKTHBHICTb IUIAHY II€PEBE3E€Hb BH3HAYAETHCI HOTO
BapTICTIO 1 Taka 3a7ada Mae Ha3By TPAHCIIOPTHOI 3a/1adi 3a KPUTEPieEM BapTOCTi MEpeBe3eHb.
Po3B’s3ok mmi€l 3amadui CKIANA€ThCS 3 TAKUX €TaliB: ITO0yZOBAa MAaTeMaTHYHOI MOJei
TPAHCMOPTHOI 3a1a4i(y HAIIOMY BHIIA/IKy BUKOPHUCTOBYEMO JIAHHI BAHTA)KHHUX NEPEBE3ECHB 32
civenp-motrii 2015 poky  aBiamiffHMM, — 3aNi3HHYHAM ~Ta  TPYOONpPOBIIHIM
[IUISIXOM ), TIPEICTABIICHHS TPa)ivHAM CIIOCOOOM PO3B’S30K MOCTABIICHOI 3a1avi, PO3B’ 30K
TaOIMYIHNIM CHMITIEKC-METOIOM, BUCHOBKH MOBOIO 33,124 JIIHIHHOTO TIPOrpaMyBaHHSL.

SIk 1 B 3BHYAHOMY CHMIDIEKCHOMY METO/1, PO3B'SI3yBaHHS TPAHCIIOPTHOI 3a/1a4i MOJIATae
B IIJIECTIPSIMOBAHOMY Tlepe0opi Ta MepeBipIli Ha ONTHMANIBHICT OMOPHMUX IUIaHiB. [TogaTkom
TaKOro iTepamiifHoro mporecy € Mo0y10Ba MEPIIOro OMOPHOT O IUTAHY.

[ToOymoBy ormopHOro IUIaHy TONAHO Y BUIVIMI TaONWIl, B SKii TOCTa4YaTbHIKA
TIPOMTYKITIT BI/IIOBIIAFOTH PS/IKAM, a CIOKHBAYi-CTOBITIMKAM

ITocrauaneHuk CrioxxuBaa 3amacu
Bl B2 B3 BaHTaXy
Al n n n n
A2 n n n n
A3 n n n n
Iorpeba n n n

HaykoBa HOBHM3HA IAaHOTO TPOEKTY MOJSATaE B TpECTABIECHHI PO3B’S3KY TpadidHnM
Croco0OM B TPHBHMIPHOMY TIPOCTOpi 3 BHKOpHCTaHHAM mporpamu 3-D MAX.
CucreMarizanist ONTUMAJIFHOTO PO3B’SI3KY 3a7adi MapIIpyTH3amii Ta TPaHCIOPTHOI 3a1adi,
a€ 3MOry e(eKTHBHINIE PO3MOMUIMTH 4Yac OOCTYrOBYBAaHHS KITi€HTIB TpPaHCIIOPTHHX
TIIIPHEMCTB, IO B CBOIO 4epry, 30UIBIIYE NOXiX Ta e(eKTUBHICTH pOOOTH IMiAIPHEMCTB
3arajJioM Ta TPaHCIIOPTHOTO BiJUILUTY OKPEMO.

Pesymeratm  mpoekry  MOXyre  OyTM  BHKOpUCTaHi B Takux  cdepax:
MaTeMaTHKa,eKOHOMIKa,MEHEDKMEHT,IOTICTHKA Ta 1H.

Hayxosuii kepisnuk - binax H.B., doyenm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 621.311.69: 621.383.523 (043.2)

JAuBau4 B. M.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

BJAOCKOHAJIEHHS JKEPEJIA ')KUBJIEHHSA TABUHHOTI'O ®OTOAIOJA

Jlapuaamit - oromion (JID/]) mMMPOKO 3aCTOCOBYETHCS B ONTHKO-CIICKTPOHHUX
niprtaax. st cBoei poboty BiH moTpedye HanpyrH 3cyBy B aianasoni 20-100 B. Bemurma
HaNpyryd 3CyBy BH3Haudae KoedimieHT BHyTpimHboro miacwieHas JIO/. IMorpibro Takox
KOHTPOJIIOBaTH pPiBeHb CTpyMy, Mo Tmporikae dgepe3 JIDJ| i 3axucry Bin
TIepEeHaBAHTA)KSHHSL.

B pobori [1] 6yno npencrasieno mxepeno xusieHHst JIO/] va ocHOBI TpaHchopmaTopa
Ta TeHepaTopa CHHYCOIAJbHOrO CHIHATY. Y HBOro OyiIM BHSIBIEHI HACTYITHI HENOIKH:
HAsBHICTH ITyNIbCAIli HANpYTH, 3aJIeXHICTh BHXITHOI HANPYIW BiJl HANPYIHW SKUBICHHS
TeHepaTopa, pPeryJaIOBaHHS HalNpyrH MOXIMBO TUIBKM 32 JIOIIOMOTOI0 TeHeparopa,
BHKOPHCTOBYBABCSl PE3UCTUBHII OOMeXyBad, SIKWH 3MiHIOBaB Harpyry Ha JID]J] 3amexno
Bi/I CTpyMy HaBiTb IPH JOIMYCTUMUX 3HAUESHHSIX CTPYMY.

Jyist moyonaHHs HEJOMIKIB OYITM BHKOHAHI HACTYITHI BJIOCKOHAJICHHS: TIPOBEJICHA 3aMiHa
TeHepaTopa CHHYCOIAJFHOTO CUTHATY Ta TpaHCcopMaropa Ha IMITYIIECHUN CTabiIi3aTop 3
MIJBUINEHHSAM  HAlpyrd, 3acTOCOBAaHWN  KOMITCHCANiMHWI  cTadimizaTop  Hampyry,
PE3VCTHBHUI 00MeXyBad CTPYMY 3aMiHEHHH Ha TPaH3UCTOPHHIL.

IMmynbcHMI crabimizaTop moOyMOBaHMIT HA OCHOBI MiJABHIIYBATEHOI CXEMH 3 PENICHHIM
crabimizaropoM. Bin npamoe Ha acrori 36 kI'11 Ta Mae Ha BuXOfi nocTiiHy Hampyry 115 B.
Ile no3Boisie He BUKOPHCTOBYBATH y JUKEPEITi XKUBJIEHHS TpaHC(OPMATop Ta TeHepaTop Ta
3MEHIIUTH HOro po3MipH.

KomrieHcariifauii  cTabiTi3aTop BUKOPHCTOBYE B SIKOCTI PETYIIOKOYOrO EIEMEHTY
OinorsipHMIA TpaH3uCTOp. JIIs yrpaBiHHS TPAH3UCTOPOM 3aCTOCOBYETHCS KOMITEHCAI[IHHIH
ITiICHITEOBaY, SIKHH TTIKITIOYEHUI JI0 JDKepelia OMOPHOI HANPYTH Ta JIAHITFOTY 3BOPOTHOTO
3B’s3Ky. 3MiHa OTOPHOI HANPYI'H HA KOMITCHCAIIHHOMY TTiJICHITFOBaYi MPH3BOIUTE 0 3MiHH
BUXIZIHOI HAINPYI®W JpKeperna >KUBIeHHS. KoegimieHT MiCHIeHHs 3aIeKUTh Bil BEITHMUMHH
JUIBHUKA HANpyrH y 3BOPOTHOMY 3B’s3Ky. HasBHICTB IpKepena OMOpPHOI HAmlpyru Ta
3aCTOCYBaHHS 3BOPOTHOTO 3B’S3KY JIO3BOJSIE BCTAHOBIIOBATH BHXIIHY HAalpyry Ta
BiIIIBTpyBaTH MyJIbCalii HAPYry HA BUXOAI KOMITEHCAIIHOro cTadimi3aropa.

3aBIIIKE TIPOBEICHUM BJIOCKOHAJICHHSIM OYII0 3MEHIIIEHO BEJIMUHHY ITyJbCAIliid BUXiHOL
HANpyry, TOKpPAIIeHO PErYITIOBAaHHS HANpPYyrH, a BiMOBIAHO 1 PEryIroBaHHS KOSDIIlieHTY
mincunenns JIO/. Brockonaneno 3axucrt JID/] Bin nepeHaBaHTaKEHHS, 3MEHITICHO PO3MipH
JDKepena SKUBIICHHS T TIOKPaIleH] XapaKTepHCTHKH MPFCTPOIO B IIIJIOMY.

Cnucok BUKOPHUCTAHUX J7KepeJT

1. Jusnuy B. M. Po3pobka Jikeperna sKUBISHHS JJIs TJaBUHHOTO (oTosiona / Te3u ponosigein XIV
MDKHapOIHOT HayKOBO-TIPAKTUYHOT KOH(EPeHIIii MOIOJUX YIEHUX 1 CTyAeHTiB, M. KuiB, 2-3 kBiTHs
2014 p., HAY /- K.: HAY,2014. —c. 165.

Hayxoesuii kepisnux — M.I1. JJusnuy, Kano. mext. Hayk, 0OyeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 681.5.015 (043.2)

€pmonaena O., Xonuio K.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

CTPYKTYPHA IIEHTA®IKAIISI MAJIOTABAPUTHOI TTPOBEPTUKAJII
IO JAHUM HAMIBHATYPHOI'O MOJAEJIFOBAHHS

Bracmiiok mocTiifHOro mporpecy B aBiaKOCMIi4HIH Traimy3i, 3pOCTalOTh BUMOTH IO
TOYHOCTI Ta SIKOCTi OOPTOBMX HABITaliffHUX 1 YIIPABIISTIOUNX CHCTEM PYXOMHX 00’ €KTIB..
Tomi MOIIEHO TPOBOMUTH MOJEpHI3aIlo (ONTHMI3AIiI0) Ui CHCTEM YIPaBIIiHHS
ICHYIOUHX 3pa3KiB TEXHIKH 3 METOIO JJOCSTHEHHS BUIUX PYOEKiB SIKOCTI YIIPaBITiHHSL.

MaorabapuTHa TipOBEpTHKa b Oyjia BCTAHOBIICHA HA JWHAMIYHUN OaraToMipHUI
CTEeHA-IMITaToOp PyXiB B 3aJaHOMy KpeicepcbkoMy 30ypeHomy pyci. CurHamw, o
XapaKTepU3yIOTh 30ypeHuid pyx 00'ekTa — I1¢ OaraTOMipHHMIA CTOXaCTUYHUH MPOIEC i3
BIJOMHMH 32 pe3ylbTaTaMH BHIPOOYBaHb IPOTOTHIIB 00'€eKTa JMHAMIYHUMH
XapaKTepUCTHKAaMH, HANPHUKIAJ, MaTPUIAMH CIEKTPATPHAX | B3AEMHUX CIIEKTPAIBHUX
[IUTFHOCTEH BEKTOpa BHXIJMHMX CHTHAIIB CTEHIa-iMiTaropa. 3a pe3yibTaTaMu
EKCIIepUMEHTY 1eHTH(]IKYIOTbCS MOJIENi IWHaMIKM ManorabapHTHOI TipoBEepTHKA,
BKJIIOYAIOYM  MATPHIll  CIEKTPAIbHUX  IIUTBHOCTEH  HEKOHTPOIHOBAHOTO  IIPU
€KCIIepUMEHTI BeKTopa 30ypeHb, IO JIOTh Ha TipOBEPTHKAJb NPH 11 PYHKI[IOHYBaHHI B
JMHAMIYHAX YMOBaX, OJM3BKUX JI0 HATYPHHUX, IO IMITYIOTBCS Ha CTEH.

Heo0xinHo mpoBecTH CTPYKTYpHY ifeHTH(]iKaIifo MasorabapuTHOI TipoBepTHKAII,
10 JAaHWM OTPHMAaHMX I Yac HAIMIBHATYpHOTO MOJETIOBaHHA. Y pe3ynbTari
HaIliBHATYPHOTO MOJENIOBAHHS PYXy PEECTPYIOThCS OCIIIOIPaMH  YIPaBITIOUNX
BIUTMBIB, a TaKOX BUXIJHI peakmii ripoBepTHKaNi Mo KaHaTy KpeHa. Bci 3adikcoBani
CHTHAJIM MAaloTh CTOXAaCTHYHMI Xapakrep BW3HaueHHS CTaTHCTHYHHMX XapaKTEepHCTHK
EKCIIEPUMEHTAIBHUX JaHUX BHKOHYETHCS 32 JIONIOMOTOI0 BiJIOMHX aJTOPHTMIB
BHU3HAYCHHS KOPEIMIIIHUX Ta B3a€EMHHUX KOPELSIMIHHMX (QYHKIIH JOCTimKyBaHUX
CHTHAIB 3 HACTYITHHM IEePEeTBOPEHHAM IUX (QYHKIiH 3a Oyp’e. PesympraTom mporo €
CIIEKTPAIBHI Ta B3a€MHI CIEKTpajbHI IIUTBHOCTI CHTHANIB Yy BHIVIAAI Tpadidamx
3anexsocteil. Ilicns mpoBeneHHS BiAMOBIAHOI ampokcuManii OTpHMaHuX TpadidHIx
3aJ@KHOCTEH CKIIaJeMO MOJENi IWHAMIKM B BUIVIAI CHEKTPAIPHHX 1 B3a€MHA
CIEKTPAITBFHHX IIUTFHOCTEH CHTHAJIIB MaJIOrabapyuTHOI TipOBEPTHKAII.

BukopucToBys BimoMuii anropuT™ igeHTHdIKaIil OTpUMy€EMO:

®aHaJIi3 OTPIMAHNX MOJeTIeH

erepeaTouHy (yHKIis 00’ €kTa

® CIIEKTPAIbHY [IUTBHICTH 30ypEeHHS iF090r0 HA 00’ €KT yIpaBIiHHS
® TUCTIEPCit0 TOXUOKH JHHAMIYHOI CHCTEMHU

®BiTHOCHY JIFICIIEPCIIO TIOXHOKH 00’ €KTY

TakuM 4YHMHOM, TOCTaBleHAa 1 BHpilIeHA 3a7ada CTPYKTYpHOI imeHTH(ikarii
MaJIorabapuTHOI TipOBEPTHUKAI MO TaHUM HaIliBHATYPHOT'O MOJIETIOBAHHS

Cnucok BUKOPHUCTAHUX J7KepeJT

1. bnoxun JILH., bBypuuenko M.FO. CraTucTH4HA JHUHAMIKa CHCTEM YIpaBIiHHS.
HMinpyanuk. xus BH3 Ykpainu. — K:HAY,2003. - 208 c.
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VK 629.735.051 (043.2)

IBannikoBa 1.0., KpuBonocenko L.O., Lipyk I'.B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

INEPBUHHA OBPOBKA PE3YJIbTATIB EKCHEPUMEHTY IIPH
IJEHTU®IKALII BEPTOJIbOTA 3 BAHTAKEM HA IIIABICI

Benuke 3Ha4eHHS JUIs HaiOHAJIBHOTO TOCIIOAPCTBA HAIIOX KPaiHH, OCOOIHMBO MpH
TIPOBEIEHHI Oy/IiBETbHO — MOHTA)XKHHUX POOIT Ma€ 3aCTOCYBaHHS BEepTONBOTiB. OCcTaHHIM
9acoM NpH BUKOHAHHI 0araTboX aBiamiifHUX poOOIT BHCYBAIOTHCS BCe OINBII BHCOKI
BHUMOTH JI0 SIKOCTI cTalimi3armii BepTONBOTY Ha PI3HUX peXuMax Monbory. Jlms
MakcuMi3aiii eeKTUBHOCTI Ta SKOCTI CHCTEMH CTalOuTi3alii BEepTONBOTY HEOOXiJTHO
MIPOEKTYBaTH Ta CTBOPIOBAaTH ONTHMAaJbHI CHCTEMH. 30KpeMa, B MpoIeci KepyBaHHS
BEPTOIILOTOM B PEXXHMi BHUCIHHS IIPY YCTAHOBIII BaHTAXXIB Ha MiJrOTOBJICHY IUIONIA/IKY,
cucTeMa crabimizamii MOBMHHAa OyTH ONTHMaNbHOIO 3a TouHicTio. Ilepemycim, mis
CTBOPEHHS TaKOi ONTHMMAJBHOI CHCTEMH HEOOXiTHO MaTH MOJENb JUHAMIKH CaMOro
BEPTONFOTY 3 BAHTAXKHUM TiJBICOM Ha PEXHMI BUCIHHS Ta OCHOBHHX 30ypIOIOUH
(axTopiB, IIO MIOTH HA BEPTONIT. Taky MOAENb MOXKHA OTPHUMATH 32 pe3ylIbTaTaMu
imeHTHQiKanii Monenel muHAMIKH. [l IBOTO MpOBEAEHI HATypajbHI BUIIPOOYBAHHS
BepToboTy Mi — 8 MTB 3 BanTakeM Ha mizBici B pexkumi BuciHas (Puc. 1).

Puc. 1. KinemaTnuHa cxema €KCIIEpUMEHTY 3 BEPTOIHOTOM 3 BAHTKHHM ITiZIBiCOM

[Ipm mocTaHOBII €KCIIEPUMEHTY MPHUITYCKAIH, [0 MOZIETh AWHAMIKH BEPTOIBOTY 3
BaHTa)keM MOBHHHA ONHCYBAaTH OaraTOBUMipHY ANHAMIYHY CHCTEMY.

Jlami  3a pe3ynmpTaraMH HaTypalbHHX BHIIPOOYBaHb TMOTPIOHO TIPOBECTH
ineHTUdIKaIi0 MOJETI JUHAMIKA BEPTOIBOTY 3 BaHTa)XeM, SIK 00’€kTa crabimizamii Ta
OCHOBHHUX 30yproroun ()akTopiB, IO AIFOTH HAa HOTO.

Pesynpraté CTpyKTypHOI imeHTH}IKamil JUHAMIKM BEPTONBOTY 3 BaHTaXeM Ha
30BHIIIHBOMY TiJBICI € BHUXIZHOIO iH(pOpMAIi€0, HEOOXIMHOI IS CHHTE3Y
ONTHMAJIBHOI CHCTEMH cTabimizallii BepTONBOTY B PeXHUMi BUCIHHA 3 ypaxyBaHHAM il
Ha HBOTO CTOXaCTHYHUX 30ypeHb, OJIM3BKUX JI0 peaTbHUX.

Hayxosuii kepisnux — O.11. Kpueonocenko, Kano. mexu. Hayk, OOyeHm
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VIK 004.942:004.032.2 (043.2)

Kupxoscbkuii O., OBuapenko A.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

OBPOBKA CUTHAJIIB MAJIOT ABOPITHOI TTPOBEPTHKAJIT
3A PE3YJIbTATAMU HAINIBHATYPHOI'O MOJAEJTFOBAHHS

[1ix BrTMBOM MOCTiIHOTO IpOrpecy B aBiaKOCMIUHIH ramy3i, BAMOTH 10 TOYHOCTI Ta
SIKOCTI OOPTOBHX HaBIramiifHMX i YIPaBISAIOYNX CHCTEM PyXOMHX 00’ €KTiB 3pOCTAIOTh..
JIOMiTbHO TIPOBOUTH MOJIEpHi3aliio (ONTHUMI3AIliI0) JUIS CHCTEM YIPaBIIiHHS iCHYIOUNX
3pa3KiB TEXHIKU 3 METOIO JIOCSTHEHHS BUIUX PyOEXiB SKOCTI yIpaBIIiHHS.

[Ipn cTBOpeHHI KOHKYPEHTOCIPOMOXKHHX KOMIDIEKCIB, IO IMITYIOTH HaTypHe abo
HaIliBHaTypHE MOZETIOBAHHS IPE] SBISIOTH OIHY 3 TOJIOBHHX BHUMOT /IO CYJacHHX
IUHAMIYHAX ~CTEHIB—IMITaTOpiB pyXiB, Ile HaWOinpma ONM3BKICTH pYyXiB, AKi
IMITYIOTBCSL 1O THX, IIO IMITYIOTh. [t ympaBiiHHS iMiTaTOpaMH B Cy4acHHX YMOBax
HEeoOXiJHI anropuUTMHU, SIKH 3a0e31evaTh ONTHMaJIbHE YIPaBIIiHHS CTEHJIOM IMIiTaTOpOM,
TOOTO 3a0e3rmeyaTh MaKCUMaIbHy TOYHICT IMITaIlil CTOXaCTHYHHX MPOrPaMHUX PYXiB 3
ypaxyBaHHSIM IEPEeIIKo]] BUMIpiB.

MaorabapuTHa TipOBEpTHKa b Oyja BCTAHOBIICHA HA JWHAMIYHUN OaraToMipHUIA
CTEeHA-IMITaToOp PyXiB B 3aJaHOMy KpeicepcbkoMy 30ypeHomy pyci. CurHamw, o
XapaKTepU3yIOTh 30ypeHuii pyx 00'ekTa — I1¢ OaraTOMipHHMIA CTOXaCTUYHHUI MpOIeC i3
BIJOMHMH 32 pe3ylbTaTaMH BHIPOOYBaHb IPOTOTHIB 00'€eKTa JIHMHAMIYHUMH
XapaKTepUCTHKAaMH, HANPHKIIaJ], MaTPUISIMU CHEKTPAITFHHUX 1 B3AEMHHX CIIEKTPAIBHHX
OIUIFHOCTEH BEKTOpa BHXIMHMX CHTHAIIB CTEHIa-iMiTaropa. 3a pe3yibTaTaMu
EKCIIepUMEHTY 1eHTH(]IKYIOTECS MOIeNi IWHaMIKH ManorabapHTHOI TipoBEepTHKA,
BKJIIOYAIOYM  MATpHIll  CIEKTPAIbHUX  IIUTBHOCTEH  HEKOHTPOIHOBAHOTO  IIPU
EKCIIepUMEHTI BeKTopa 30ypeHb, IO AiIOTh TipOBEpPTHKaIb NpH ii (hyHKIiOHYyBaHHI B
JIMHAMIYHAX YMOBaX, OJM3BKUX JI0 HATYPHHUX, IO IMITYIOTBCS Ha CTEHI].

HeoOxinHo mpoBecTH MepBHHHY O0OpOOKYy MaHMX NPO pyX MaylorabapuTHOL
ripoBepTHKalli, OTPUMAHUX ITiJT 9ac HAMIBHATYPHOI'O €KCIIEPUMEHTY.

VY pesynbTaTi HamiBHATYPHOTO MOJETIOBAHHS PYXy PEECTPYIOTHCS OCIMIOTPAMH
YIPaBJISIOYNX BIUIMBIB, a TAKOXX BUXIJHI peakilii cucremu. Bci 3adikcoBaHi cuTHAMH
MalOTh CTOXAaCTHYHHUH Xapakrep. /[l OMMHKM BIACTHBOCTEH NMX CHTHAIIB Ta
B32€MO3B’S3KiB Mi’)K HUMH HEOOXIJJHO BHKOHATH iX TIEpBHHHY OOpoOKy, a came —
BHU3HAYCHHS MOJENICH TUHAMIKM CHTHATIB y BHIJISAI MATPUIb iX CHEKTPAIBHHX Ta
B3a€MHUX CIIEKTPATBHUX INUIbHOCTEH. [T cKitafaHHs Mojeniel TUHaMIK/ CHTHAIB 32
OTPHUMaHUMH TpadidHIMH 3aJIeKHOCTSIMH HEOOX1THO TX alpOKCUMYBATH 3a JJOIIOMOT0I0
y3araJlbHEHOTO METOJTY JIOTapH(MITHUX XapaKTEPUCTHK.

[Ticnst ampokcuMariii OTpEMyeEMO MaTEeMAaTHIHI MOJIEl y BHTJISII CHEKTPAIbHUX Ta
B3a€MHO CITEKTPaJIbHUX IIUIBHOCTEH BXiMHHUX T4 BUXIJHUX CHTHATIB MajorabapuTHOL
ripoBepTHKAIL.

OTtpuMaHi MOJIeITi MOXKYTh OYTH BHKOPHCTaHI B IIPOIIEC] CTPYKTYPHOI ineHTudikarii
MaJIorabapuTHOI TipOBEPTHUKAMI i CHHTE3Y HOro ONTHMAaJIBHOI CTPYKTYpH.

Hayxosuii kepisnux — O.B. Epmonacea , acucmenm
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

UDK 004.9 (043.2)

Jlinnuk O.C.
Hayionanwniti asiayitinuii ynisepcumem, Kuis

MOXKJIUBOCTI MATLAB VIS POBOTH 3 AY A10-JAHUMU

Komn’toTepHi Haykn cTany Jieap He HaWBKIMBIIINMH TUCHUILTIHAMH BHIIO]
OCBITH.

Ha croromni BoHM BKITIOUAIOTH B ce0e He JIMIIe MOBH IPOrpaMyBaHHs, a i 6araTo i
IHIIIAX CAaMOCTIWHIX, OKPEMHX JTUCITUTLITIH.

BcromucymHicTe KOMIT'IOTEPHUX HAayK BHUKIMKA€E IHTEPEC Ta 3a0XO0UYE PO3TIITHYTH
TeMy «uM(ppPOBOro 3BYKYy». JOro BHKOPHCTAHHA B TAKMX CKJIAJHHX MOBAX
nporpamyBaHHs sk —Pascal, C, C++, Java i TAa. —3aBgaHHS He 3 MPOCTHX 1 MOTpedye
3HaHHS MOBH B 3HAaUHOMY 00cCs3i. ToMy Juis HoBauka y mporpaMyBaHHI podoTa 3 aymio-
JTAHVMH BUKJINYE HEAOUSIKI TPYTHOIII.

Ha cporomnimHii geHs Bce OLIBITY MOMYISPHICTH cepell MpOrpaMicTiB 37100yBae
“marpuaHa saboparopis’ MATLAB, ska € He TUIBKH YyJZOBHM IHCTPYMEHTOM Y
BHPIIICHHI MaTeMaTUIHMX 3a/1a4 Ta Ipo0OJieM, a if B mporpaMyBaHHI B IILIIOMY.

VY maniif poboti s posmoBiM mpo 3ByKoBI MoximBocTi MATLAB sx B mani
BHKJIAIaHHS, TaK i B IUIaHI BUBYEHHS IIPOTPaMyBaHHs B ITPOIEC] PO3POOKH aKyCTHUHHUX 1
my3ugarx MATLAB-miporpam.

HaiinpumMiTiBHIII 3BYKH, sIKi 3HaXOIITHCS B KopeHeBiit mamii MATLAB moxna
BIITBOPUTH KOMaHIOK [oad Ta sound. 11i 3ByKH SBISIFOTE COO0I0 ()parMEHTH BiOMHX
KOMIIO3MIIi#i, 200 3BUYAHNX CUTHAIIIB.

Takoxk MATLAB Mae MOXJIMBICTB 3aIliicy 3BYKY 3 KOMIT'IOTEpa 3a JIOMOMOTOIO
KOMaH[H audioread.

Takox KopucHa KomaHAa audiorecorder. Bimomo, 1o 3Byk Mae Taky (i3nmdHy
XapaKTepUCTHKY, K dacToTa. Jleski 3ByKH, HANpPUKIIAJA, CKPHUITIHHA TajbMa IIif dac
pi3Koi 3YIUHKY, JTy’KE BUCOKI.

[, Hanpukman, 3Byk 6apadana, qy’ke HU3bKI — IX BIIMiHHICTb Y YaCTOTi KOJMBaHb
3BykoBOI XBWIi. 3Byk B MATLAB BinoOpaxaroThcsi y BUIIISAII YUCIOBHX MaTpPHIb,
po3Mip SIKOI 3aJeKHUTh BiJ] TPUBAIOCTI 3BYKYy Ta KUIBKOCTI Horo kaHamiB. Tomy
MATLAB mae moxmBicTs OymyBatu rpadikn (yHKOii Ta 300pa’kyBaTH BEKTOpa Ta
MaTpUIll HAa KOOPJWHATHIN IUIONIMHI, 1 BHSBISIETHCA, MO MH MOXEMO OyayBaTH
«IOPTPET» HAIIOTO 3BYKY.

Bpaxosyroui uuncnenni MoximBocti MATLAB, s 3poduB rTpadiuny mporpamy
Ayoiollnetiep. Xoua BoHa ycrymae mpodeciiiHUM mporpamam, Ta poboTa HaJ HEo
JIO3BOJIMJIAa MEHI Kpaine YCBIIOMUTH (i3WdHI Ta MaTeMaTH4HI acleKTH 3BYKY,
3aCTOCYBaTH Pi3HOMaHITHI 3ac00M NporpaMyBaHHS.

XoueThesl me cepio3Hime 3aiiMaThcs HAayKOI0 Ta 3poOMTH 0araro miKaBUX Ta
KOPHCHHX IIPOTpaM.

Hayxosuil kepisnux — €.0. Taes, 0-p mexu. nayx, npogecop
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XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 629.735.33 (043.2)

JIsipycora C., [Togenxo 0.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

METO/AKA TOBYAOBU CTATUCTHYHOI MOJEJI ITPOIIECTB
OBCJIYTOBYBAHHS NOBITPSIHUX CYJIEH B AEPOIIOPTAX

Craructuade MozeiroBanHs TexHomorigaux nporiecis (TII) € HeBin eMHOIO CKITaI0BOIO
JUISL OIHKH e(eKTHBHOCTI QyHKIIOHYBaHHsI 00 ekTa. [l monemroBanus TII sk cucremu
MacoBOro OOCITYrOBYBaHHS 3apa3 pO3pOOJIEHO Ta BHKOPHCTOBYETHCS II€BHA KUIBKICTH
CTIeTiaJTEHO CTBOPEHHMX ITAKETIB CTAHIAPTHOTO IIPOrPaMHOT 0 3a0€3MEIeHHSI.

Mertoto maHoi poboTH Oya0 NMPOBEACHHS aHAI3y MOXIIMBOCTI BUKOPHCTAHHS OIHOI 3
TIpOrpaM CTATUCTUYHOTO MOJIENIOBAHHS TSl OLIHKH IIPOIECy HA3eMHOTO OOCITYrOBYBaHHS
nioBiTpstUX cyneH (I1C) B aeporopry.

OCHOBHI MOJKITBOCTI 3a3Ha4€HOI IPOrpaMH CTATHCTHYHOTO MOZIEITFOBAHHS MOJISITAI0Th Y
HACTYITHOMY:

—  (opmyBaHHI porpamMHOI CTPYKTYpH 00’ €KTa TOBUTBHOI KOH(ITypartii;

— imitamii (opMyBaHHS BXiZHMX TIOTOKIB JETEPMIHOBAaHOTO Ta BHITAJKOBOTO
XapakTepy i3 3a/JaHIMH iHTEHCHBHOCTSIMA HAIXO/DKEHHST KOMITOHEHT;

—  BBEJCHHA y MOJENb CTATUCTUYHHUX XapaKTEPHCTHK MPOLEAYp OOCIyroByBaHHS
TIOTOKIB KOMITOHEHT Ha KO)KHOMY €JIEMEHTI CTPYKTYPH HPOLIECy;

—  HaKOIMYCHHS Ta 30epiraHHs pe3yJIbTaTiB MOJCTIOBAHHS Y ()OpMAaTi, SIKHI CTBOPIOE
MOMJIMBICTB IX TPSIMOrO €KCIOPTY O OOYMOBICHOTO CTaHAApPTHOrO IAKeTy Iporpam
MaTeMaTUIHOI OOPOOKH CTAaTUCTHYHHX JIAHVIX;

—  CTBOpEHHS 3pyJHOro0 iHTepdeicy

B nporteci MozemoBaHHs 0yi10 PO3pOOIEHO CTPYKTYPHY CXeMy TPOLECy, sIKa LTIOCTpye
niporiec HazeMHoro obcmyroByBanHs I1C. JIyst KOXKHOTO BHAUIEHOrO €JIeMEHTa CTPYKTYPH
3i0paHo Ta OOpOOJICHO CTATHCTHYHY iH(OpMAII0 TPO TPUBATICT BHKOHAHHS KOXKHOI
TEXHOJIOTYHOI orepartii, iIMOBIpHICTh BUHWKHEHHS y HOMY Bi]MOB Ta Yacy BiJHOBJICHHS
1poro enemMenTy. Takox Oyio 3i0paHo iH(oOpMALio PO IMOBIPHICTE BUHMKHEHHS (haKTiB
BiZl OOCTYrOBYBaHHS KOMITOHGHT HAa OKpPEMHX eJIeMEHTaX CTpyKTypu. I[loOymoBaHa
CTpyKTypa TIpOIleCy Majla 3BOPOTHI 3B’s3kW, a came: moBepHeHHS [IC 3i crosHOK 10
TepMiHAJTy, 37T Ta BUXim i3 30HM All. AHami3 npuHOHMNB NOOYIOBH MOZETI y paMKax
BHKOPHCTAQHOTO TIPOTPAMHOTO CEpEeJOBUINA IIOKa3aB, IO BJIACTHBOCTI TpOrpaMH He
CTBOPIOIOTH MOYKJIMBICTB TIOOYJOBH BUPOOHHYHX CTPYKTYP 31 3BOPOTHHMH 3B’ SI3KAMU.

Ile ycwmamaeHHS Oyno YCYHYTO 3a paxyHOK pO3pPHBY BKa3aHHMX BHIIE 3BOPOTHHX
3B’S3KIB Ta JONATKOBOIO BBEJEHHS IO NMPOrPaMHOI CTPYKTYPH TIPOIECY ABOX INTYYHHX
BXiJIHUX TIOTOKIB TpaH3WTHUX Ta mpurmwcHUX [IC, sKi XapaKTepu3ylOTh PyX KOMIIOHEHT.
Pesymeratit poboTH mepeBipkr MoOyI0BaHOI MOZENI MPOLECY HA3eMHOr0 0OCIYTOBYBaHHS
[1C B aeporopTy J0BeNH il aAeKBAaTHICTH Ta MOXJIMBICTh BUKOPHCTAHHS JUTS JIOCII/DKCHHS
TIPOIIECIB MOTIOHOTO XapaKTepy.

Hayxosuii kepisnux — A. A. Kiuiein, Kano. mexu. Hayk, 0oyeHm

160



AEPOHABIT AIIAHI CUCTEMHA
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

YK 371.26-057.87:004.658.6 (043.2)

Manumkin O.B.
Hayionanvhuii asiayitinuil ynieepcumem, Kuig

TECTYBAHHS 3HAHB CTY/IEHTIB 3 BAKOPUCTAHHSIM MOBLILHOTO
JOJATKY

3 METOIO i IBUIIIEHHSI Pe3yNbTATHBHOCTI MPOLIECYy HABYAHHS HEOOXiJHO BUKOHYBaTH
[OTOYHY TEPEBIPKY 3HAHb CTYICHTIB 3 OKPEMHX BHMBYCHHX TEM, HABYAIBHHX MOIYJIB
JMCLUIUTIHK, TO 1110. [TMChMOBa TIepeBipKa 3HaHb SIBISETHCS JAOCHTh EMHICHON 3 TOYKH
30py Hacy, IO BHUTPA4yaeThCS HA HAINMCAHHA MOXYJS Ta morpedye Oararo dacy s
NepeBipki. BHKOPHCTaHHS TECTOBHMX 3aBJaHb JIO3BOJISIE TEPEBIPUTH TOTOYHHH piBEHB
3aCBOEHHS Marepialy, BUKOHATH IIBHIKY OLIHKY PE3yJIbTaTy Ta OOTOBOPHTH TTOMHIIKH.
[Ile Gimpme cHpocTHTH LEW TPOIEC MOXKHA 3a JIOMOMOTrOI0 KOMIT IOTEPHHX IPOrpaMm.
OpHak, Take TecTyBaHHS IOTpeOye cHeriansHO oONagHaHMX aymuTopiil. B 3B’s3ky i3
3aBaHTAKEHICTIO KOMIT IOTEPHUX KJaciB, MepeBipka 3HAHb CTYICHTIB 3 BHKOPHCTAHHSIM
BIJITIOBITHOTO TIPOTPAMHOIO 3a0E3MCUCHHS HE 3aBXKIM MOXJIHMBA. ToMy po3poOka
TIPUKJIAHOT IIPOTpaMy TECTYBAHHS I MOOLTEHUX TeJIe(OHIB € aKTyaIbHOIO.

Meroro pobotu € pPo3poOKa TPOrpaMHOro 3a0e3MeueHHs Ui MPUCTPOIB 3
ornepariiifHoro cucreMoro Android, o 103BOMIsIE BUKOHYBATH TECTYBAaHHS 3HAHD CTY/ICHTIB
Ha BJACHHMX rapkerax. JIns ¢opMyBaHHS TECTiB BHKIAJa4dy MOTPIOHO 3aBaHTAKUTH
[UTAHHS 3 BIOBIIIMU 70 0a3d JaHHX, SKa B TNOJAAIBIIOMY BHKOPHUCTOBYETBCS JUIS
¢bopmyBanHs TectiB. [Ipu HPOBENCHHI TECTYBAaHHS JOCTaTHHO 3aBAHTAXKUTH MPOrPamMy
gyepe3 Bluetooth wn Wi-Fi ma mpuctpiii crymenra. IlimpaxyHok oTpuManHux OaiiB
BHKOHYETHCSI aBTOMAaTHYHO. Po3po0JieHa MpHKIagHa Mporpama € yHiBepCaIbHOIO 1 Jae
MOXITUBICTh TECTYBaTH 3HAHHS CTYJICHTIB 3 OyIb — sIKOI uiciuiniian. Ha nanwii MoMeHT
PO3pobIIeHO MporpamMy TeCTYBaHHS 3HAHB CTYJICHTIB 3 aHTIIIUCHKOI MOBH. € MOXITUBICTh
o0MpaTH TeMy TEeCTyBaHHS. Y pa3i BIAIOBIZI Bifpa3y BijoOpakaeThCsl, UM BipHA BOHA, UM
Hi. Takox 3 KOXKHOT TeMH c)OpPMOBAHO KOPOTKY JOBIIKY.

#® ENTEST 4 ENTEST

ApPTHKAL

Poanouati [fosiaka

TIpUIIMEHHNKA | YaCTKM

Posnouati [fosigka

CKOPOYEHi peueHHs Pezynerat

PosnouaTh Hosinka

npaBiAL HAX BiANoBiged 63 12
3aransha rexcyka

the/a the/the

MNpaeunbHa hopma giecnosa

Poanodatn Dosipka
3asepwmTn
Some, any, no, ever
Poanouatn Dosinka

Mosepuyruce.

Hayxkosuil kepienux — T.A. I'anazys, kano. mexu. Hayk, 0oyeHm

161



XV Mi:kHapoJHa HAYKOBO-NIPAKTHYHA KOH(pepeHIis MOIOANX YUYeHHUX i CTyaeHTiB
«IMOJIIT. CYHACHI NPOBJIEMH HAYKW»

VK 629.735.051-52:681.5.015.23 (043.2)

Mocyaa H., A6pamosuu O.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

HAPAMETPAYHUI CUHTE3 CUCTEM YIIPABJIIHHSI MAJIOT'O
JITAJIBHOI'O AITAPATA.

Jlnst 3a0e3medyeHHss KOHKYPEHTOCITPOMOXKHOCTI Ta e()EKTHBHOCTI BUKOPHUCTAHHS
MajiuX JHTaKiB HEOOXiJHO, 00 BOHM MaJld HEBEJIMKY BapTiCTh Ta BEIUKY Macy
KOPHUCHOI Baru (110 JI03BOJIMTH BCTAHOBIIOBATH amaparypy, HeOOXiHY JUIT BUKOHAHHS
KOHKPETHHX TOCTABJICHUX IIiJIeid). BpaxoByroun BCi Il 0OCOOIMBOCTI, a TAKOXK 3 METOIO
YHUKHEHHS BHUKOPHCTaHHS TMOBUTBHOMIIOYMX JIOPOTUX AJANTHBHUX CHCTEM, BHHUKAE
HEOOXIIHICTh CHHTE3y POOACTHHX CHCTEM YIPAaBIIiHHA, IO JO3BOJISIIOTH 30epirartu
CTIHKICTh Ta yTPUMYBAaTH SKICTh YIPABIIHHA y TPHIYCTUMHX MeXKaxX INpH 3MiHI Y
[IPOKOMY Jliala3oHi mapameTpiB 00’ ekra.

Po3pobiieHi panilie METOAM MapaMeTpU4HOl poOacTHOI onTuMizamii ePEeKTUBHO
BHKOPUCTOBYIOTBCS JIISI aHATITHYHOTO MPOCKTYBaHHS CYYaCHHX HEMEPEPBHUX Ta
JIMCKPETHUX CUCTEM aBTOIJIOTIB, IO CEPIMHO BUITYCKAIOTHCS Y PsAMiI KpaiH i B SKUX
pearizoBaHi BiIoMi 3aKOHU yrpaBiiHHs (3a3Buuaii PID perynstopn).

[MapaMeTpuuHmMii CHHTE3 MOJNsTa€e B OOIPYHTYBaHHI HEOOXITHOI Ta JOCTaTHBOI
KUTBKOCT1 TIOKa3HHKIB, IO JAIOTh 3MOT'Y OI[IHIOBATH OakaHi BIIACTUBOCT1 CHCTEMHU.

XKonna opraHizoBaHa cHCTeMa He MOXe iCHyBaTH 0e3 ynpaBiiHHA. OJJHaK BaXKIIUBO,
B SKMH cHoci® OpraHi3oBaHO YNpaBIIiHHA, SKy YacTKy PECypCiB CHCTEMH BOHO
BiJIBOJTiKa€E Ha cele.

[Tpu mapaMeTpryHOMY CHHTE31 3aBIaHHS 3BOIUTHCS IO BiJIIYKAHHS TapameTpiB
HACTPOIOBAHHS PETYIATOPIB MPH 3aJaHiil CTPYKTYpI, sIKi 3a0e3reuyBaiu O MiHIMI3aI[iio
CKJIAJTHOTO TIOKa3HWKA SIKOCTi. AJITOPHTM BUKOHAHHS MMapaMETPUYHOTO CHUHTE3Y
CHCTEMH YITPaBIIHHS MaJIOTO JIITATFHOTO arapara Imojisrae B HaCTyITHOMY:

-CTBOPEHHSI HOMIHAIBHOI Ta 30ypeHoi moxeni JIA y mpocTopi craHiB, po3poOka
MO PO3IMKHEHOI CHCTEMH YIIPaBIiHHS,

-CTBOPEHHSI HOMIHAJIGHOI Ta MapaMeTpHIHO-30ypeHO] 3aMKHEHOI MOZIETi;

-po3paxyHOK ¢opmyrouoro (imerpa 3a mMozpemto JlpalifeHa Ui HOMiHAJIBHOI Ta
30ypeHoi Mojiernell, BU3HAUCHHS TIOKa3HUKA SIKOCTI;

-BUKOHAHHS TPOIIEypH ONTUMI3alli 3a gomomororo Metoay Hemnepa-Mina;

-BUKOHAHHS TPOT'PaMU OIliHIOBAHHS Pe3yJbTaTiB, OTPUMAHHX il 9YaC BUKOHAHHS
ONITUMI3AIHHOI TIPOLICAYPH;

-BUKOHAHHS IPOT'PaMU MOJICITIOBAHHS 3 YPaxXyBaHHSAM HETiHIHHOCTEH, MPUTaMaHHUX
peabHIM CUCTEMaM YIPaBIIiHHS;

-aHalli3 OTPUMAHMUX PE3YIbTATIB IiJ YaC BHUKOHAHHS MPOLECAYPH ONTUMI3aLIii,
MepeBipKa TOTO, YU 3aJIOBOJBHSIOTH TOKa3HUKH SKOCTI 1 po0OAacTHOCTI JesiKi Hamepe.
3aJlaHi BUMOTH.

TakuMm YUHOM, TMPEICTABJIICHHH AJTOPUTM BHKOHAHHS ITapaMETPHYHOTO CHHTE3Y
CHCTEM YIIPaBIiHHS MAJIUM JITATEHUAM arapaToM.
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AEPOHABIT AI[IAHI CACTEMM
EJIEKTPOHIKA TA AEPOKOCMIYHI CUCTEMMU YIIPABJIIHHSA

VIK 004.424.5:681.5 (043.2)

Mxosn M. M., JIyksaniok JI. B.
Hayionanvnuii asiayitinui ynieepcumem, Kuis

PEAJIIBALIA AJITOPUTMY COPTYBAHHA 3JIMTTSAM 3 BI3YAJIBHUM
BIJOBPAKEHHAM MPOLHECY COPTYBAHHS

AJNTOPUTMH COPTYBAaHHS SIBISIIOTECS OJHMMHU 3 (YHIAMEHTAIBHHUX IPH BHIIICHHI
OaraTeoX 3a/a4, B TOMY YHCIi 1 B obmacti cucreM ympasininasi. Hampukian, npu nonryky
MIHIMyMY 91 MakCUMyMy (QYHKII] SIK IPaBHJIO BUKOHYETHCS MONEPETHE COPTYBAHHS JJAHHUX.
Ipn mpoMy Ha copTyBaHHS BUTpadaeThes Oist 70% Beix obumcieHs koMmir'totepa. OTxe,
BUBUYCHHS €()EKTUBHOCTI OOpPAHOrO ajrOpUTMy COPTYBAaHHS JUII KOHKPETHOI 3ajiadi €
akTyaTbHUM. Hanpuxmax, npw cOpTyBaHHI BHYTPINIHIX JaHUX (JaHi 30epirarotecs y
BHYTpIINHIH TaM’sTi) HEOOXiTHO CKOpOYyBaTH KUIBKICTh MOPIBHSHb Ta BHYTPIIIHIX
onepariiil. SIKIo >k BUKOHYETBCSI COPTYBAHHSI TaHVIX, 10 3HAXOJSITHCS HA 30BHIIIHIX HOCISIX,
BPAxXOBYBATH CIIiJ 1 KUTBKICT OIepariiif BBSICHH/BUBEICHHSI.

Bubip KOHKPETHOr0 aJIrOpUTMY COPTYBAHHS 3aJICKHTH Bif psiTy (haKkTopiB:

- CepeaHsI MIBUIKICTh COPTYBaHHS;
- IIBH/IKICTH COPTYBAHHSI JUTSI KPAIIIOT'o Ta TiPIIIOro BHTIA/IKIB;
- BUKOHAHHSI TIEPECTaHOBKH JIJISI OTHAKOBHX KITIOUIB (CTiHKICTB).

B pobori BHKOHAHO aHaTi3 Ta Bi3yaizamis HAHOULIBII YAacTO BHKOPHCTOBYBAHMX
ITOPUTMIB COPTYBaHHS. Po3po0nieHO mporpamy, IO JIO3BOJSIE BiZJOOPA3UTH IIPOIIEC
COpTYBaHHS JJaHWX. BHKOHAHO aHaIi3 MIBHAKOCTI pOOOTH Pi3HMX aJTOPUTMIB IS KPAILOro,
CepeIHBOr0 Ta HAUTIpIIIOoro BUIAAKIB. Takwii aHami3 Cpoliye BHOIp alnropuTMy COpPTYBaHHS
JUTSI KOHKpETHOI 3amadi. [Iprkman poboTH IpHKIIaaHol porpamMH, o BijoOpakae alropuT™
COPTYBAHHSI 3JTUTTSIM NPEJICTABIICHO HA PHC.

a) TI0YaTKOBI JiaHi 0) mpowec COpTyBaHHsI B) BiJICOpTOBAH JIaHi

[Nporpama o3BOISIE 3/iHCHIOBATH BHOIp THITY JaHHX, IIIO COPTYIOTECS: BHTIAIKOBI JaHi;
JIaHi, BiJICOPTOBaHI B 3BOPOTHOMY IOPSIKY; BiJICOPTOBaHI JMaHi. Takok MOXKHA BH3HAYaTH
PO3MIPHICTH MacHBY Ta OOMEKHTH Yac, 110 BiJIBOJUTECS HA COPTYBAHHSL.

Pe3yneraTom € mopiBHUTEHA TAOMHII IIBUIKOCTI POOOTH Pi3HUX aTOPUTMIB U Pi3HHUX
THUITIB JIaHWX, CKJIAJICHA HA OCHOBI OTPUMAHWX B XOJi MOJIEITFOBaHHS EKCIIEPUMEHTATBHIX
JIQHUX.

Hayxosuii kepisnux — T.A. I'anaeys, kano. mexu. HayK, OOyeHm
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BUKOPUCTAHHS IHOOPMAIIMHUX CUCTEM /151 EGEKTUBHOI'O
YIIPABJIIHHA AEPOIIOPTOM

Buxopucranus iHGOpMaLiHHUX CHCTEM € HEBIAKIAIHOK CKJIaJOBOI YIPAaBIIiHHS
Oyzb SKOTO MiINTPUEMCTBA, YN II€ aepoIopT, UM 3aJII3HMYHMI BOK3al, UM aBTOBOK3aJ.
JlaHa cucrema JacTh MOXJIMBICTH IIBHAKO OOPOOJISTH BEJNMKY KUTBKICTH iH(opmarmi i
MIPUAHSTH BiAMOBITHI PIIIEHHAS BiAMOBITHO IO CHTYAITI.

Meroto naHoro poboTH Oyno MoKa3aTH HEOOXiTHICTh BHKOPHCTAHHS CYJacHHX
iHpOpMaLIfHUX CHCTEM B aepornopTax Ul 301IbIICHHS eEeKTHHOCTI KepyBaHHS HOro
JISUTBHICTIO.

B po06oti po3risHyTi MHTaHHS AOMUTEHOCTI BUKOPHCTAHHS 1HOPMaiHHUX CHCTEM
YIIpaBITiHHSL.

OCKUTBKH piBEHb PO3BUTKY JIEP>KaBU ITEBHOIO MipOIO OIIHIOETHCS PIBHEM PO3BUTKY
TPAHCIIOPTHOI CHUCTEMH, a e(pEeKTMBHA POOOTH CHUCTEMa 3aIeXKUTH BiJl NPaBIIHHO
OpraHi3oBaHOi IHPOPMAIIITHOT CHCTEMH.

Ha nmanmif MOMEHT cydacHi aeporopTH MaloTh BENHUKY KiJIbKiCTh KOPHCTYBadiB SKi
MaroTb cBoi BUMoru. Lle BracHi ciyxOu aeporopty i ciyx0u poOOTH 3 Maca)kupamw,
ocicu aBiakoMITaHiH, Ciry>xOu Ge3nekn, MPUKOPAOHHOTO i METHOT'O KOHTPOITIO.

Ile Takox pi3Hi opraHi3amii 3 HaJaHHS JOMATKOBHX IIOCIYT, TOYMHAIOYH BiJT
MarasuHiB 1 pECTOPaHIB 1 3aKiHUYIOUHN CIy>kKOaMH TIOOYTY.

B aeponopty «bopucmins» 3aBISKH BIPOBaPKEHHIO cydacHO! IT-cucteMn 3HaYHO
MIPUIIBHU/IICHA TIPOIeypa MPOXODKEHHS HICIAMONITHIX (OPMaJIbHOCTEH Y ITyHKTax
TTACIIOPTHOT'O KOHTPOJTIO.

CygacHa cucTeMa THomepenHsoi 00poOkm  iHpopMamii TPo  Iacaxwpis,
o0 MPUOYBAIOTH JI0 aepoIopTy, Oylia po3pobiieHa Ta BIpOBapkeHa Tiaposminamu IT-
TexHoorii aeporopty «bopucnine» Ta OKIII «Kuisy.

Ha rmoBHY MOTYXHICTB Il cCHCTeMa IoJaa MpaloBaTy i 9ac nposeneHHs €BPO-
2012. ITix gac oOCIIyroByBaHHSI YapTepHUX PEUCIB 13 yOOIiBaTbHUKAMU (HYTOOIHHOTO
YEMIIIOHATy 3aBASKH 3aCTOCYBAHHIO IIi€l CHCTEMM ITPOXODKEHHS MiCISIIOMITHAX
(opMasBHOCTEH B aePOIIOPTY TPUBAJIO VIS KOJKHOTO Tacaxxupa 10 10 cexyHn.

B ocnoBi Takux cucrem siexars b MySQL, siki mictsaTs 6e3mid Tabmunb. KoxHa 3
TaOJIUIIb 3aIIOBHEHA BiJIIOBIIHOIO 1H(OpPMAILIi€XO.

VYeci tabmumi 3B’s3aHi MK coboro,i mpuBeneHi 10 6 dopmu Hopmamizamii B/l
Crinkysanns 3 B/] BinOyBaeTsest 3 momomororo 3amutiB SQL.

Hayxosuil kepisnux — B.B. Kupuuenxo., kano. ¢iz.-mam. Hayk, 0oyenm
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CTPYKTYPHA IJEHTU®IKAIUSI CUCTMU YIIPABJIIHHA PYJIBOBOT'O
MEXAHI3MY ABTOHOMHOI'O PYXOMOI'O OB’€EKTA

[Mpobnema onrmmizarii ynpaBimiHHS JITATGHUX amapaTiB Ta HAa3eMHHX PYXOMHX
00’€KTIB BEJIEMH aKTyallbHa Ha CHOTOJHIIIHIN JI€Hb, OCKIJIBKH MOCTIHHO 3POCTAIOTh
BHMOTH JI0 TOYHOCTI PyXy IMX 00’ €KTIB.

Jlis ontumizarii yrpaBiiHHS pyXOMHMH 00’ €KTaMH HEOOXiTHO 3HAHHS CTPYKTYPH
CHCTEMH CcTalOuTi3aIlii, B/l IKOI 3aJIC)KUTH SAKICTh YIPABIIHHS IMMU 00’ €KTaMH, & TaKOXK
peanbHUX <3OYpIOIOUYMX» MOJENeH JMHAMIKM 1 BIUIMBIB Ha O0’€KT B TpoIeci
¢ynkionyBanns. Lo iHpOpMaIito MOXXHa OTPUMATH 32 JIOMIOMOTOK) CTPYKTYPHOL
imeHTHdikamii [1] mocmiykyBaHOrO 00’€KTa Ha OCHOBI pE3yNbTaTiB HATYpHOTO
EKCIIEPUMEHTY.

VY poboti mpencraBieHa MOCTAaHOBKA 1 JesKi pe3ylbTaTH BHUPIIICHHS 3amadi
CTPYKTYpHOI ineHTH(IKaIii cepBONpUBOAY 0araTOBUMIPHOTO PyXOMOro o0'ekta. Y
TIpolieci MPOBEAECHHS HATYPHOTO KCIIEPUMEHTY PEECTPYBAIHCS OCIMIOTPAaMH CHTHANIB
VIpaBIiHHA, IO HAIXOAATh HA BXIiJ CEPBONPHBOIIB, i KYTiB ITIOBOPOTY OpraHiB
YIpaBIiHHSA JOCTIDKyBaHOTO 00'ekTa. HeoOXimHO Takok BpaxoByBaTH, IO Ha
CEPBONPHUBONM TPH EKCIUTyaTalii BIUIMBAIOTh Pi3HI HEKOHTPOJIBOBaHI 30ypIOKOYi
¢daxTopu. Y BiANOBIZHOCTI 3 BiJOMHM [2] aNTOPUTMOM CTPYKTYPHOI imeHTH]ikarii
CIIOYaTKy NMPOBOXUTHCS TEPBHHHA 00pOOKa OTPUMAaHUX CHTHAIIB, IO HPEICTABISIOTH
o000 BHWITAJIKOBI CTaIliOHApHI MPOIECH, 3 METOK BH3HAYCHHS IX CTAaTHCTHYHHX
XapaKTepUCTHK - CIHEKTPATbHUX 1 B3a€EMHHMX CHEKTpalbHHX MIubHOCTeH. Ha
HACTYIIHOMY €Talli OTpHMaHi CTaTUCTHUYHI XapaKTEePUCTHUKH CHUTHAJIB ITiJICTABISIOTH B
aNTOPUTM CTPYKTYpHOI imeHTH(iKamii, B pe3yabTaTi 4Oro BU3HAYAIOThH IepeaBaIbHY
(YHKINIO  JOCHIDKYBAaHOTO ~ CEPBONPHUBOAY, &  TaKOX  MOJNENIb  JHHAMIKH
HEKOHTPOJIHOBAHOTO 30BHIMIHBOIO 30ypeHHs, IO Ji€ Ha CepBONPHBIN B Iporeci
(YHKIIi OHyBaHHSI.

Pesynmeraté pobOTH MOXKYTH OYyTH BHKOPHCTaHI JUIS CTPYKTYpHOI imeHTHpikarmii
OararoBUMipHOro 00’€kTa B IIOMy Ta Ha HACTYTHHX eTalmax CHHTe3a HOoro
ONTHMAJIBHOI CTPYKTYPH.

Cnucok BUKOPHUCTAHUX J7KepeJT

1. Bnoxin JI.M. OntumaneHi cuctemu crabimizanii— K.: “Texnika”, 1982. — 143 c. (pociiicbkor0)
2. Bnoxin JIL.M., Bypuuenxo M.FO. CTaTuCTHYHA AUHAMIKa CHCTEM yHpaBIiHHS: I[linpydHuK Uit
BH3.-K.: HAY, 2003. - 208 c.
Hayxosuii kepisnux — 1.FO. [Ipoxog cea , acucmenm
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OCOBJIMBOCTI IIAXOAY AJA JOCATHEHHSI BACOKUX 'PAHUILD
SIKOCTI TTPOCTABLII3ATOPIB HA ITPUKJIAI MAJTOTABAPATHOT
I'MPOBEPTHUKAJII

Ha nitansanx amaparax (JIA), siki BUKOHYIOTB CKJIA/IHI MAaHEBPH B TIPOCTOPI 3 BEJMKAMUI
KyTOBUMH Ta JIHIHHIMH TIPHCKOPEHHSMH B SIKOCTI BHMIpPIOBadiB, HAIPHKIAJ, KyTOBHX
mapametpiB JIA, 3aCTOCOBYIOTh TipOCKOIIYHI TPUJIa A 1 CHCTEMH, a B OKPEMHX BHIIAJIKaX
ripocTabiTizaTopy, KOTPi B CBOKO YEpPry BOJIOAIIOTH ITiIBUIIICHOIO OIMIPHICTIO IO MOMEHTIB
30ypIOFOYMX CHI 1 OLTBII CTporo 30epiraroTh YyIJIMBI OCi TipOCKOMIB HE3MIHHIMH B
TPOCTOPi.

Ha TounicTh HaBiramiifHUX BUMIpIB iCTOTHHIf HEraTMBHMH BIUIMB POOJIATH TaKOX Pi3HI
HEZOCKOHAIOCTI KOHCTPYKIIH CAaMUX HAaBIrallifHMX MPHCTPOIB, SKIIO BOHM CTBOPIOBAIUCS
0e3 BIMOBITHOrO OOMIKY XapakTepy NMEepeTBOPEHHS BXITHUX CTOXACTHYHHX (aKTOpiB, y
TIPUCTPOSIX BI3HAYAJIBHUX PYX iXHBOI MifcTaBH (TayOM KopalOis, IIMTaHTOYTIiB JiTaka, i
mwiatopMu CTeHIa iMiTaropa i T.IL.), SKIIO OOPTOBI BHMIPHHKH OXOIUTIOIOTBCS 0e3
BIJIMOBIJTHIX OINHOK 1 PO3B'SI30K PpI3HUMH 3BOPOTHIMH 3B'S3KaMH, 3 I1HIIMX TPHYUH.
OueBHIHO, IO 3a3HAYeH] BHINE IUHAMIUHI (aKTOpPH HE MOXYTh Y BH3HAYAIBHIM Mipi He
TIO3HAYMTHCS HA peaii3alii croJaTky nependadyBaHMX (DYHKINH (3aKOHIB) NMepeTBOPEHHS
BXi/THO! iH(hopMartii KOHKPETHIMH HaBiTalliifHUMI TIPUCTPOSIMIL

Tak HanpuKiIaI, MABAIIMTH TOYHICTH TipocTadinizaTopiB (I'C) ocobmuBe Mictie cepen
SIKUX 3aiiMae ManorabapuTHa ripoBeptukainb (MI'B) MoxomBO 32 yMOBH, SIKIIO Bimomi
peasbHi TMHAMIYHI XapaKTEepHCTHKH CHCTEMH BHMIPY BHXITHHX pEakmii i MporpamMHHX
curHamie ['C, a Takoxk 30yproBaHb 1 mepemkox BuMmipiB. [lns 1mporo HeoOXiaHO
EKCIICPHMEHTATPHIM IUBIXOM BH3HAUWTH peajlbHi MEXaHi3MH [Iii BHINE 3a3HAYCHHX
(hakTOpiB HA TOCHIUKYBAaHWH TPUCTPIH, a TAKOXK KUTBKICHO OLIHWTH CHJIM BIUTHBY OCTaHHIX
Ha Xapakrep (DYHKITIOHYBaHHS TIPUCTPOIO. 3 III€I0 METOF0, TIPOBEICHUI €Tall JIMHAMIYHOL
aTecrarlii — BUJ] HAIliBHATYPHOTO MOJIEITFOBAHHSI, KOJI! JIOCITI/DKYBaHU 00'ekT, a came MI'B
MicTuBCS 1 BUTIPOOYBaBCSl HA JMHAMIYHOMY CTEHAI-IMITaTOpi KyTOBHX IIPOCTOPOBHX PYXiB
o0'exra.

Oco0niBO BasKJIMBY Poib B 3a0e3MeUeHHi TOYHOCTI TipocTadini3aTopiB BiAirpaoTs pi3Hi
KOpEKIli MpHiagiB Ta MpaBIWIBHAUI BHOIp CTPYKTYp HIHX KOpEeKMiil. Y 3B’S3Ky 3 IMM €
MOJKJIMBICTB, OOMPATH CTPYKTYPH IIMX KOPETYIOUNX CHCTEM HaiKpaluMH 3a TOYHICTIO Ha
0a3i BIIOMUX METOJIiB CHHTE3y ONTUMAIIBHHX CHCTeM cTabimizaltii. 3asaua BUPINTyEThCS 32
AQHAJIOTIEI0 3 BIIOMHAMH TAXOAAaMH MO0 BHOOPY ONTHUMAIBHMX CTPYKTYp CHCTEMH
KOPEKILii, pO3TaIIoBaHOI B 3BOPOTHEOMY 3B’S3Ky 10 00’€KTy cralimizartii.

TakiM 4YMHOM, CTBOPEHHS KOHKYPEHTHO-CIIPOMOXXHHX ~BHPOOIB  KJacy Mo
JIOCII/DKY€ETBCS, SIKi BOJOJIFOTH TPAaHMYHAMH MEXaMH SIKOCTi (TOYHOCTI) craOimizartii,
MOKJIIBO Ha OCHOBI CyJacHHX HAayKOEMHHX TEXHOJIOTiH CHHTE3y ONTUMAJIBHUX CTPYKTYp
cucreM crabimi3atiii.

Hayxosuii kepisnux — O.M. FOpuenko , acucmenm
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DESIGN OF FLIGHT CONTROL SYSTEM WITH OBSERVED-STATE FEEDBACK

The wide application of small Unmanned Aerial Vehicles (UAVs) are encouraged to
create flight control systems (FCS) that satisfy manifold requirement imposed on the aircraft
during flight envelope. Furthermore, one should care about various problems connected with
law cost design and power consumption in order to be implemented on-board computer with
restricted abilities.

This investigation deals with observer and controller development in terms of linear
matrix inequalities (LMIs) for aircraft control during flight envelope. It is known that the
design procedure of observer deals with selecting desired region poles location. Furthermore,
the observer eigenvalues should be faster up to ten times in comparison to plant eigenvalues.
This condition results in the observer sensitivity to noisy measurement, which is not
desirable. To overcome this difficulty procedure of observer design is proposed basing on
Lyapunov approach.

The main advantage of the proposed approach is that the FCS is designed by applying
LMI technique, where the observer gains and controller structure are defined by solving the
set of LMIs simultaneously.

The system dynamics in terms of plant and observer states takes the following form:

x())| [ A BK x(t)
x(t)| |-LC A+BK+LC|x(1)]’
where x and x are real and approximated states, respectively. Our goal is to control the
motion of the plant basing on the estimated states. Thus, the control law that applies an idea
of state feedback control via estimated states, is given by the following equation
u=Kx, (1)
where K is a constant state feedback gain matrix that assures that the system is

asymptotically stable. It is supposed also that the obtained solution given by (1) minimizes
performance index as

o0 0
J- I(i(z)T Qx(1)+u(n) Ru(z)) ar=[3(0)" (@ +KTRK)x(1)ar,
0 0
where Q and Rare diagonal matrices, weighting each state and control variables,
respectively. The problem is reduced to solving the following set of LMIs:
X, A" +AX,+M"'B" +BM X,Q” M'R"
Q”X, | 0 |<0,X,=X]>0,
R”M 0 . |
ATX,+X,A+C"'Z"+ZC<0,X,=X] >0.
The state feedback gains, K and observer gains, L can be found
asX, =P, M=KP[ ., K=MP,. X, =P, P,L=2Z,L=X;'Z.
Supervisors — M.M. Komnatska, A.M. Klipa
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MATHEMATICAL MODEL AND STABILIZATION SYSTEM
OF QUADROTOR

Flying objects have always exerted a great fascination on man encouraging all kinds
of research and development. The scientific challenge in Unmanned Aerial Vehicles
(UAV) design and control in cluttered environments and the lack of existing solutions
was very motivating for people to start paying attention to this kind of vehicles. On the
other hand, the broad field of applications in both military and civilian markets was
encouraging the funding of UAV related projects. Therefore, the model of UAV under
consideration is given by the quadrotor. The interest comes not only from its dynamics,
which represent an attractive control problem, but also from the design issue. Integrating
the sensors, actuators and intelligence into a lightweight vertically flying system with a
decent operation time is not trivial.

The basic quadrotor design consists of a control unit placed in the center and four
rotors placed symmetrically around that center at a radial distance. Because each rotor
blade is displaced from the center of mass, it produces both thrust and torques with
respect to aircraft’s center of mass. When the rotors net thrust equals the aircraft’s
gravity force the quadrotor hovers in the air. Further increasing the net thrust accelerates
the aircraft up in the air. Translational acceleration is achieved by maintaining a non-
zero pitch or roll angle.

Thus, the purpose of this investigation is to design such a controller which would
stabilize the quadrotor to stay in the hover mode under the wind gust, or at any moment
of the flight.

+
As the quadrotor height control layer is active, the net force of the quadrotor |F | can

K|z
be linearized for hover mode as a constant gain H Because the quadrotor is
symmetric with respect to X and Y position control the same transfer functions applies
to both position control loops.
K=
__A

Woy = Wy = —

=3

The transfer function above is a simple double integrator for which we can write the
following state space representation:

4. 0O NEA [ex O
“‘_[u A.]]’ 5_[0 5]]* C‘[u &l
The performance index for this system is given by the following expression:

1
J=3 Ef.r(ﬂ’@ @)+ u(t) R -u:(t)}.

Supervisor — A.A. Tunik, professor
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WAYS OF DECREASING OF AIRCRAFT NOISE IN CITIES

In this work the influence of the aviation noise in urban area is investigated. Types
of noise and ways or their decreasing were analysed. Main information about ICAQ, its
aim, ways of influence were represented. One of the leaders in technological progress is
aviation. Unfortunately, it is still a source of the most intense noise. This leads to the
deterioration of the ecological environment of man, in which noise plays an important
role. Work on the new plane is a complex problem associated with the adoption of many
compromises. Acoustic performance in this case is very important. Of the four most
important aspects of society only the culture and spiritual life are not directly related to
this factor. The noise that accompanies the operation of aircraft is a source of discomfort
to passengers, crew and people living in the vicinity of airports. High levels of aircraft
noise are one of the causes of fatigue damage of structural elements and the failure of
the equipment. The main reason that the noise problem is of such importance in modern
life, is the physiological effects of noise.

The problem of aircraft noise is a major problem that is regarded by the International
Civil Aviation Organization (ICAO).

Decreasing of aircraft noise in cities is in the following areas: legal; technical;

architectural planning; construction area. The most effective noise reduction is at
the source of its formation.

There are recommendations for reducing the aircraft noise: rational usage of airport
and airspace around it, apply optimal modes of usage of aircrafts, to develop noise
reduction programs.

Some urban solutions that help to reduce noise:

- Increasing of the distance between the source and the protected object;

- The usage of acoustic screens, slopes, walls and building screens;

- Usage of special noise protection strips landscaping, etc.;

- Usage of terrain.

Reduction of aircraft noise is achieved through efficient planning and zoning of
airports and their surroundings. Protective zone should be allocated between the housing
areas and limits of the airport, the size of which depends on the allowable levels of
aircraft noise and on the class of the airport traffic and aircraft types.

During the developing of architectural and planning measures for reducing the noise
in urban development, it is necessary to include in planning projects, construction,
landscaping and beautification at all stages of development of the master plan for the
city. During the district planning it is necessary to decide questions about the
deployment of airports under development master plan for the city — form its plan
structure that will reduce the number of noise sources. At the design stage of residential
areas and neighborhoods - effective usage of noise control characteristics of the urban
environment should have place.

Scientific supervisor — O. V. Dzhuryk
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OPTIMIZATION OF UAV FLIGHT CONTROL SYSTEM USING
LUENBERGER OBSERVER

Nowadays unmanned aerial vehicles (UAVs) are increasingly used in many
applications in which other kinds of transport cannot access to the desired locations due
to the presence of obstacles. Actually, UAVs are equipped with limited number of
navigation sensors that makes the flight control system of small UAVs simple enough
and cheap from the point of view to power consumption. As the result, the number of
measured states of UAV model is restricted [1].

Sometimes, control problem becomes more difficult when turbulent air, wind gust
and other severe atmospheric conditions influence on a vehicle.

Of course, the important aspect in completing UAV’s mission is its necessary
stability, performance and robustness.

In this paper the problem solution of flight control system design for the longitudinal
motion of a small UAV in the presence of external stochastic disturbances is
investigated. Stochastic disturbances (turbulent wind in our case) can be described with
the help of Dryden filter in state space [2].

The goal of the research is to create the stochastic optimization procedure for flight
control systems design in the presence of stochastic disturbances and incomplete
measurements of state variables. In order to receive the desirable location of poles of the
Luenberger observer (which is used to restore unmeasured state variables) and the
weight matrices needed to optimal deterministic controller design the optimization
procedure based on the Nelder-Mead method is proposed.

As the function which should be minimized the performance index H2-norm was
used.

The proposed optimization procedure was applied for the longitudinal motion of a
small UAV with the help of MatLab software and Simulink package which was used to
check the correctness of the stochastic optimization procedure results.

According to the obtained results, the performance H; —norm and robustness

H__ —norm in deterministic case is equal to 0.36 and 1.0404 respectively. The
performance index of the designed flight control system under the influence of
stochastic disturbances is 2.0684.

References

1. Klipa A. Influence of Number of Measured States on Accuracy and Robustness of Flight
Control System / A. Klipa, A. Sydorenko // Methods and Systems of Navigation and Motion
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MATHEMATICAL MODEL AND FLIGHT CONTROL SYSTEM
OF ROTATING UAV

The use of rotating Unmanned Aerial Vehicles (UAVs) is becoming more popular
with its easiness of usage and small amount of sensors and devices on the aircraft
needed for its control. Limited size and weight, single use and short time of flight are the
main features of rotating UAV. At the same time this vehicle should be accurate enough
in order to perform the requirements imposed on such UAV during flight mode.

The dynamics of rotating UAV is considered as the vehicle with rotating symmetry,
namely the UAV rotates around longitudinal axis. Moreover, the number of on-board
control devices is limited and involves only estimation UAV position along y- and z-
axes and roll angle. The signals estimated along the y- and z-axes are shifted in the
space by the angle n/2. The UAV control is possible to utilize via signals Ay and Az.
Therefore, it is necessary to define useful signals, represented in a form of common and
quadrature signals, respectively. They can be derived with the help of expressions given
below

W;ﬂ,a/d (P) _ Wour (P - JQ)ZjWUAV (P + JQ)

s

Wcommon (p) — WUAV (p - ]Q); WUAV (p + JQ)

uayv

It is necessary to admit, that the speed of our object changes during the flight
envelope. Therefore, it is useful to consider the UAV operation for several flight
regimes with different values of flight speed. Thus, the mathematical model of rotating
UAV is derived in a state space for two operating modes, namely nominal and
parametrically models connected with maximum and minimum flight speeds,
respectively.

Taking into account limited number of on-board control devices it considered a
problem of PID-controller design. The main advantage of the developed control law is
its simplicity. The developed controller is used to improve the dynamic and static
characteristics of rotating UAV.

The transfer function of PID-controller takes the following form

K,
u(p):Kp+;‘+de,

where K, is a proportional component of control law; X, is an integral gain and K, is

the differential gain component of the overall control law. Moreover, the gain
coefficients of the designed control law are tuned to increase performance of the closed
—loop system.

Supervisor — A.A. Tunik, professor
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