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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

PAJTIOEJIEKTPOHHI ITPHCTPOI, CHCTEMH TA KOMILTEKCH

VK 629.7.058.54 (043.2)
Boek B.1O.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

BUSIBJIEHHSI TA ®LIbTPALISA TAPAMETPIB TPAEKTOPIA PYXOMMX
HIJIEX HA ®OHI PEJIEIBCBKOI 3ABAJIN

CyuyacHi aJITOPUTMH CTEKEHHS Ta OLIHKHM TPAEKTOPIH PyXOMHX pajioioKamifHuX
1isiedt (Taki sik track-before-detect, TBD) 3a3Bu4aii 6a3yr0ThCs Ha MOCIITOBHOMY aHai3i
OTPUMYBAaHUX PpAJiONIOKALIHHUX 300pakeHb (B 3araJbHOMY BHINAAKY Y BHUIVIAIL
rinepkyOy BifCTaHb - JOMIUICPIBCHKHUN 3CYB — a3UMYT - KyT MicIist). Llinme BBakaeThCs
TOYKOBOIO 1 TaKOI, sIKa B 3aJIEKHOCTI BiJ MOJeNi ceHcopa (pajmionokartopa) dhopmye
MOOJMHOKY BIIMITKY a00 MEBHY PO3MHUTY «IUIIMY» Ha BHXoXi npuiimMada. Hemomikom
6inpiocti MetoniB TBD € 3HauH1 00YMCIIOBAIBHI BUMOTH Ta BUTPATH MaM ATi, a OTKe 1
mBUAKOAis. B maHiif poGOTI NMPOMOHYEThCS aJbTEPHATHBHHUII METOI BHSBICHHS Ta
¢unpTpanii mapaMeTpiB TpaeKTOpii pyXOMHUX Hineil Ha (oHI peneiBchKoi 3aBaIH.

ANTOpUTM BUSIBICHHS Ta (UIBTpALl CKIaTaeThesl 3 HAaCTYymHUX eramiB. Crioyatky
JOCIIDKyBaHe paJioyioKalliiiHe 300pa)KeHHsS PO30MBAETHCSA HA 30HM, PO3MIPH SKUX
00uparOThCS BUXOAAYHM 3 JOIMYCTUMHUX OOMEXKEHb Ha TUHAMi4HI XapaKTepPUCTHUKHU 1el. B
yCiX TaKMX 30HaX Ha OCHOBI METOJy HaWMEHIIMX KBaJAPaTiB IPOBOJMTHCS JIOKAIbHA
OLlIHKAa TIapaMeTpiB TPAEeKTOpil, Ta BHABICHHS JIOKAJbHUX TPEKIB ITOPIBHSHHAM
HAaKONMUYEHO! B3JOBXK OLIHEHOI TpPAcKTOpii MOTYXXHOCTI BiAOWTOrO CHrHaMy i3
aJanTUBHUM (171 3a0e3MmedeHHs cTanoi HMOBIpHOCTI XUOHOI TpuBoru) moporom. [lai,
3a JIONOMOTOK KJIaCHYHOI MPOLEAYpPH «IiJTBEPKCHHS/CKaCyBaHHS» IPOBOJIUTHCS
BiZIKMIAHHSI XUOHHUX TPA€KTOPii Ta 3aB’I3Ka HOBHX.

3a HU3BKOTO BIIHOIIGHHS CHTHAIYy JO 3aBaJu JIOKaJbHA OLIHKAa IIapaMeTpiB
TPAEKTOpPil 3a METONOM HaWMEHIIMX KBaJpaTiB MOXXE JaBaTH 3HA4YHy NOXUOKy. Jlns
3MEHIIEHHA MOXHOKM TPONOHYEThCS BUKOPUCTOBYBATH (UIBTpAIlilo MapaMeTpiB
TpaekTOpii 3a JormomMororo ¢inbra Kammana Ha OCHOBI TUHAMIYHOT MOJIENI IIiTi, SIKa MiX
IBOMA IIOCTIJOBHAMH OIJSIJaMH  pPajiojloKaTopa OIKCYETBCS 32  JOIOMOTOIO
JMCKPETHOTO PIBHSHHS CTaHy Ta IPUXOBAHMX XapKiBCBKUX MOJEIICH:

S = Fis +w,,
IIe S, — BEKTOP CTaHy LiJi B MOMEHT k (Ha k-My OTJIAIl), IO CKITAAaeThes 3 KOOPIHHAT
1y, KOMIIOHEHTIB BEKTOPY WIBHAKOCTI, Ta NPUIHATOI moTyxHocTi I, ; Fy — Marpuis
Mepexoay; W, — BEKTOp 30ypeHb, sKWi sBiIsg€ cO00I0 Oinuil rayciBChbKHid mporec i3
PIBHUM HYJTIO TIEPIIAM ITOYATKOBUM MOMEHTOM Ta KOBapiamiiHO MaTpHLero Q.

CHuCcOK BUKOPHCTAHUX JIAKepest

1. Davey S.J., Rutten M. G., Cheung B. A comparison of detection performance for several
Track-Before-Detect algorithms // Information Fusion, 2008 11th Int. Conf— Germany,
Cologne.— 2008.— P.1-8.
Hayrosuil kepienux — I.I'. [Ipoxonenko, 0-p mexu. Hayk, npogecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

Y]IK 004.94:621.396 (043.2)

I'epacumenko T.C., 'apkaBka C.O., Icakis O.10.
Hayionanvnuii asiayitinuil ynisepcumem, Kuis

MOJEJIOBAHHS IMTEPEJABAYA IIU®POBOI CUCTEMM 3BS3KY

Hudposi cuctemMu 3B'SI3Ky € OCHOBOIO CYYaCHUX CHUCTEM 3B'S3KY H PyXOMHX CHCTEM
3B'S3Ky (CHCTEM MOOLIBHOTO 3B'13KY), TECOPETUYHOMY i MPAKTHYHOMY BHUBUYCHHIO SKHX 1
NpHUCBsYEeHa JaHa poOora. PosrismaeTses 3aada MOJENIOBAHHS LU(POBOI CUCTEMH
3B’s13Ky. Y BHIIQJKY, SIKIIO JUKepeso iHpopManii GopMye naHi B aHAIOTOBOMY BUIJIS],
curHan  (QinbTpyeThest W OoMU(POBYEThCS 32 JIONMOMOIOI0  aHAJIOTO-IHU(pPOBOTO
MepeTBOPIOBaya. 32 HEOOXIIHICTIO CHTHAJN JTOJATKOBO OOPOOISIE€ThCA W YIIIIBHIOETHCS.
Hudposi mani s mepedadi HaAXOAATh HAa KaHATBHHK KoAep U IiABHINECHHS
3aBa/IOCTIMKOCTI cucTeMu 3B'sI3Ky i 3abe3medeHHs] IMOBIPHOCTI GITOBOT MOMUIIKH TIpU
NpUHOMI CHTHAJy Ha 3afaHoMy piBHI. 3a JIOMOMOror LU(POBOro MOIyJIsATOpa
(hOpMyeThCSI KOMITIEKCHA 00BiZIHA CHTHAITY, IO HAAXOAUTH HA (hopMyrodi QiIbTpH, SIKi
oOMeXyIoTh ~ CHEeKTp  BHXigHoro curHamy. [IloasifiHmii  mupo-aHamOroBHHA
[IePETBOPIOBaY JI03BOJISIE MEPEHTH BiJl CUCTEMH 3 JUCKPETHHM YacoM JI0 aHaJOroBOi
cucteMd OOpOOKHM CHUTHalmy. AHAQJIOTOBUH KBaApaTypHHH MOIYJIATOpP IEPEHOCUTH
CIICKTp CHTHAJIy Ha 3aJaHy Hecydyy a00 MPOMDKHY 4YacTOTy, IICJIsl YOro CHTHAJ
MiJICKIIOETECS ¥ TOJAEThCsT Ha aHTEHHO-GQinepHHMH mnpuCTpi. MopenroBaHHS
nepesiaBaya BUKOHY€eThesl B cepenoBuini Simulink. Burimssn mMoneni npexcraBienuit Ha
puc.
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Pucynok — Mopens nepeaBada nudpoBoi CHCTEMH 3B’ SI3Ky

Jns  OWiHKM  pe3ynbTaTiB  MOJETIOBaHHA BHMKOPUCTOBYIOThCS — ocrmiiorpad,
aHaJi3aTop CreKkTpa Ta OJOKH BiJOOpaKeHHS MAHUX MPO CHUTHAIL. 3a JOMOMOTOK IHX
JaHUX MOXKHA OL[HHTH LIMPHHY CIIEKTPY CHUTHAILy, KPYTICThb CKaTiB, piBEHb IepLIOL
0iuHOT memtocTkH. Mopenp mepegaBada HUPPOBOI CHCTEMH 3B SI3KYy PEKOMEHIYETHCS
BHKOPUCTOBYBATH B SIKOCTI J1abopaTopHOi poOoTH 3 aucuuiniiad «TexHomorii Mepex
goctymy Ha 06a3i  pamioeneKTpoHHHX 3aco0iB», cmemianbHocTi 7(8). 05090102
«Amnaparypa paaio3B’s3Ky, paJiOMOBJICHHS 1 Teae0aueHHs.

Hayrosuii kepisnux — O.B. Conomenyes, 0-p mexu. Hayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 681.325.5 (043.2)

Komapenko C.B., JlaBpyxin I1.B., Hopnooaii O.A.
Hayionanvnuii asiayivinuii yniseepcumem, Kuis

«[TPOIEJEPHA» JUHAMIYHA IHAWKAIISA HA MIKPOKOHTPOJIEPI

VY TenepimHiii Wac pPO3BUTKY TEXHOJOTIH 3HAYHYy pPOJIb B pealizamii Cyd4acHHX
SJIEKTPOHHUX IIPUCTPOIB Bifirpae MikpompomecopHa ckmanosa. Lle oGymoBieHO
BIZTHOCHO MaJIOI0 BapTiCTIO, MPOCTOTOIO peaizallii Ta BeMKUMH MOXJIMBOCTIMH. Came
TOMY B IIbOMY MPOCKTi JJIsI BIATBOPCHHS MUHAMIYHOI iHIWKAalii OyB BUKOPHCTaHUMN
MIiKPOKOHTPOJLIEP.

Takoxx B pe3ynbraTi po3poOKu MpHUCTpoio Oyna BupilleHa npobiema AediluTy
KiJIBKOCTI BHUBOJIB 3 BUKOPHCTaHHIM THHAMIiYHOI iHauKaii. [IpuHumn Takol iHAnKamii
TIOJISITA€ B OPTraHi30BaHOMY KEpyBaHHI CBITIIONIOAMH 3 METOIO BiITBOPEHHS CKIaTHOTO
300pakeHHs, 0a3ylo4Hnch Ha I1HEPUIHHOCTI JIOACHKOTO 30py. Ale UId AETaabHOTO
BiZJoOpakeHHsI MOTPiOHA BelMKa KUTBKICTh ONTHYHHUX BHIIPOMiHIOBaduiB. Ll mpoGiema
BHUPIIIY€ETHCS. 32 JONOMOTOIO TIPHUBEICHHS B OOEpTANBHUII pyX, MOAIOHO Mpormenepy,
iICTOTHO MEHIIOI KIJILKOCTI CBITIOMIOIIB.

3anponoOHOBaHMH NPHUCTPIH CKIATAETHCS 3 JIBOX OCHOBHHUX YAacTHH: PyXOMoi Ta
HepyxoMmoi. Jlo ckmagy HepyxoMoOi YacTHMHH BXOAWTH [IBUTYH, SIKUM >KUBUTBCSA Bif
JoKepena mocTiiHol Hanpyru 24 B. HIBuakicts obepTaHHs BiCi JBUTYHA PEryIO€THCS
MTOTEHIIIOMETPOM.

Jo cxiagy pyxoMoi BXOIUTH MiKPOKOHTPOJUIED, SIKHI KUBHUTHCS Bill aBTOHOMHOTO
JpKepena mocTiiiHoi Hanpyru 4.5 B, Ta obepTanbHa KOHTCTPYKIis Y CKJIaJli CBITJIONIOAIB
3 (PIKCYIOUOIO PaMKOIO.

J1nst CTBOPEHHS IIbOTO IPUCTPOIO OYJI0 BUPINMIEHO TPH OCHOBHI 3a1adi:

1. Po3paxyHOK TMHaAMiYHUX XapaKTEePHCTHK Ta MapaMeTpiB KOHCTPYKILT.

2. Po3po6ka mporpaMHoro 3a0e3neyeHHs i1 MiKpOKOHTpOJUIEpa.

3. KoHCTpyroBaHHS MPOIYKTY.

OCHOBHMMH JMHAMIYHUMH XapaKTEPUCTUKAMH € YacToTa OOEpTaHHS pPyXoMoi
YaCTHHH, & TAKOX XapaKTePUCTHKH, SIKi BIUIMBAIOTh Ha MIIHICTh Ta KOMIUIEKCHY
CTaOLTBHICTB (Maca, IEHTp Mac, OOTIYHICTh, THIT MATEPiaTy TOIIO).

IIporpama Bukonana B cepefoBumi AVR Studio 4 Ha MOBI mporpamyBaHHS
Assembler. Indopmarieto BimoOpakeHHs Oyno obpano morounuil vac. Ilpu npomy
OylyTh BUKOPUCTaHI YCi HasiBHI TaliMepH MiKpOKOHTpOJLIEpa.

KoHcTpyroBaHHS MPUCTPOIO BKIIIOYAE B ceOC CICKTPUUHY I MEXaHIUHY CKJIAIOBI, SKi
MOB’sI3aHi 3 MpollecaMy BUTPABJICHHS IUIATH, MOHTa)XYy PaTiOKOMIIOHEHTIB, CTBOPEHHS
Jeralneil Ta KOMIUIEKCHOT IPaKTUYHOT peanizallii MPoeKTy.

Hayxosuii kepisnux — O.B. Conomenyes, 0-p mexw. Hayk, npogecop



XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 681.325.5 (043.2)
Jlomako M.M., Cumonenko A.O.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

KOMIT'FOTEPHA MOJIEJIb 1JIA JOCIIIXKEHHS AMILJIITYJHOI'O I
®A30BOI'O JETEKTOPIB

AmrnritynHuA 1 (a30BHH AETEKTOPH € ONHMMH 3 OCHOBHHX BY3IIB amaparypu
0o0poOKHM cHTHAIIB B pPamiOTEXHIYHMX CHCTEMaxX pIi3HOTO MpU3HAYEHHS: CHCTeMax
3B’S3Ky, paIiOHaBIralifHUX CHCTEMaX, PaTiOJOKAI[IfHUX CHCTEMaxX CIIOCTEPEKEHHS
tomo. Lli By3nu BUKOHYIOTH (YHKILIO BUIIICHHS iHGOpMaIiiiHOro mapaMerpa 3 cyMili
pamiocurnany i 3aBajg. Ha erami mNpoeKTyBaHHS PagiOTEXHIYHHX CHCTEM [0 HHX
BUCYBAIOTbCS BHCOKI BHMOTH. HaiOinplml MOBHO IIi BUMOTM MOXKHA 3aJOBOJIBHUTH
BUKOPHCTOBYIOYH KOMIT FOTEPHY MO/IEIb.

B momoBimi mpencTaBIeHO KOMITIOTEPHY MOJENh aMILTITYAHOTO JIE€TeKTopa
IMITyJIbCHOTO ~ PafiOCHUTHATy, SKHH CKIAZaeTbCs 3 HENIHIHHOTO elleMeHTa -
JIBOXHAIIBIEPIOHOTO BUIIPIMIISYA, PEXKEKTOPHOTO GUILTPa i pinbTpa HIDKHIX 9acToT, a
TaKoX MOJeNb (Pa30BOro JETEKTOpa, SKUH CKIIANAEThCs 3 HENHIMHOTO elieMeHTa -
MepeMHOXKyBaya MOYJILOBAHOTO i OMOPHOTO CUTHANIB 1 (GiIbTpa HIKHIX yacToT [1].

Mozenioloua nporpaMa I03BOJSE T€HEPYBaTH CyMilll CHTHAY 1 HOPMalbHOTO
LIyMy, MOJIETIOBATH OOPOOKY CyMillli, OOYHCITIOBATH KPUTEPil SIKOCTi JETEKTyBaHHS i
3HAXO/UTH ONTHMANbHI ITApaMETPH JETEKTOPIB.

I'enepatop L\ Heniniitanit L @inkTp OOGunciroBay
cyMirpi curHamis [} nepersoproBay [ :'\l/ Kpme‘pi}o‘“
13aBaj ONTUMI3AII]
T'eneparop OO6uncnoBad
OIIOPHOTO ONTHUMAIIBHOTO
CHUTHATY napametpa QGineTpy

Puc. 1. CtpykTypHa cxema MOAEIIOY0i NporpaMu
[Iporpamy pospobiaeno B cepenosuini MATLAB [2].
CHuCcOK BUKOPHCTAHUX JIAKepest

1. Ipoxonenko L.I'. CtatuctndHa 06poOka curnamis: HaBd. noci6. — K.: HAY, 2011. — 220c.
2. Anygpues U. E.,Cmupnos A.B., Cuupnosa E.H. MATLAB-7. — CII6.: BXB-IlerepOypr,
2005.—1104 c.: ni.

Hayxosuii kepisnux — I.I". IIlpokonenko, 0-p mexu. Hayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 656.71.06:629.7.08 (043.2)

JlynsoB B.B., Jlennosa M.A.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

MNEPETBOPEHHSA XA®A B PAJIOTEXHIII

3aBmaHHS aBTOMAaTH30BaHOI OOpOOKH aHUX CTOSUIO Tepej JIOJCTBOM INe 3 daciB
MOSIBH CaMUX JaHWX. Alle TUNBKH 3 TMOsBOIO NUGPOBHX (opMmariB 30epexeHHs e
mpoiiec 3HauHO TpocyHyBcs Briepes. Llle B 60-x pokax XX cromitrsa Xad 3anpornonyBas
MIePETBOPEHHS, 10 J03BOJISIE MEPEBOJUTH KOOPIAWHATH TOYOK JIBOMIPHOTO HMPOCTOPY B
JIaHi aKyMYJISITOPHOTO MAacCHBY 3 TOAAJBIINM 3aCTOCYBAHHSM MPOLEAYPH TOJIOCYBAHHS.
I xoua B ToO#t wac mdppoBuit Gpopmar 30epiranHs OyB He 0COOIMBO MOMMPEHHH, IPOTE,
JaHe TEpPEeTBOPEHHS Iy’)Ke 3alliKaBHJIO HAYKOBE CIIBTOBAPUCTBO. Y MOAAIBIIOMY
pi3HUMH BYEHHMH OyJIM 3alpONOHOBAHI BapiaHTH I[LOTO aJTOPUTMY ISl 3HAXOIKCHHS
Ha 300pakeHHI He TUTBKY JIiHi1, aje i KiJl, eNNCiB i HaBiTh 00 €KTIB JOBLTBHOI (POPMH.

3 "YacoM pO3MOBCIODKEHHS HUPpPOBHX (opMmartiB 300pakeHb Haio Ime OLTbIImi
MIOIITOBX JI0 OCBOEHHS 001aCTi aBTOMAaTHYHOI 00poOKH 300pakeHb. | 10 mepeTBOpeHHs
Xaga cramm 3BepraTHCs Bce dyactime. BuHukimo Oe3miu Horo moambikamii, ski
MPUCKOPIOBAIM  JITOPUTM 1 pOOMIM #oro mocuTh MmBUAKAM. Lle 1o3BoIsIIO
3aCTOCOBYBAaTUH MOTO B peajlbHUX CHCTEMax BUSBIICHHA OO €KTIB i HaBiTh B CHCTEMax
peansHOrO 4acy. Tak caMO MO3UTHBHUM MOMEHTOM Y PO3BUTKY IIbOTO HAmpsMy CTaB
rpatu TOM (akT, M0 3 KOXKHHUM POKOM OOYHCIIOBalibHA MOTYXKHICTh cydacHux EOM
3pocTae, M0 TaKk caMO [OIOMAara€ MPUCKOPHTH MpolLec IOIIyKy OO0’€KTiB Ha
300pakenHi. Byke 3apa3 meperBopenHst Xada MOKe 3aCTOCOBYBAaTHCS B 0OaraTbox
chepax. BukopucToByeThcss B aHami3i 300pakeHb, HU(pOBiiH 00poOIi 300pakeHsb,
KOMII'FOTEPHOMY OayeHHi.

B maiinmpocrimoMy BHUIAAKy, IepeTBOpPeHHs Xada, Opencrasise co0or0 JiHiliHe
MePEeTBOPEHHS Il BUSIBIICHHI psMuX. [Ipsima Moke OyTH 3afaHa PiBHSIHHAM y=mx+b i
Moxe OyTH po3paxoBaHa IO JESKUX Mapax TOYOK Ha 300paxkeHHi (x, y). ['onoBHa ines
nepeTBOpeHHs1 Xada — BpaxyBaTH XapaKTEePHCTHKHU MPSIMOi He SIK PiBHSAHHS MO0y 0BaHe
10 Tapi TOYOK 300pakeHHs, a B TEPMiHax ii mapaMeTrpiB, TOOTO m — KOe(DIili€HT HAXUITY
Ta b — TOYKH MEPETUHY 3 BICCIO OpJUHAT. BUX0As4N 3 1[bOTO IpsiMa, 33/1aHa PiBHAHHIM
y=mx+b Moxxe OyTH NpeIcTaBleHa Y BUIIISAI TOUYKH 3 KoopAnHaTaMu (b, m) B mpocTopi
napameTpiB.

Anroput™m mepeTBopeHHs Xada BHKOPHUCTOBYE IIEBHHI MacHB — aKyMYyJSTOP.
Po3MipHICTh akyMyJIsTOpa piBHAa KUIBKOCTI HEBIIOMHX MapaMeTpiB mpocTopy Xada.
Hanpuxman, mis miHidHOT TpaHcdopmarii moTpiOHO BHKOPUCTOBYBATH JIBOMIpHUIL
MAaCHB, TaK SIK 3MIHIOETBCSI /IBA HEBIIOMUX TIapaMeTpu: m Ta b.

EdextuBHiCT, anroput™My B OULTBIIOCTI OOYMOBJIEHA KUIBKICTIO BXITHHX IaHHX:
MeX1 Ha eTarli MepBUHHOI OOpOOKHM MOBHMHHI OyTH YiTKO BH3HaAuYeHi. BHKOpHCTaHHS
mepeTBOpeHHs Xada Ha 3amyMIICHHX 300paXEHHSX YCKiamaHeHe. (s 3amryMileHHX
300pakeHb HEOOXITHUI eTal JOJAaTKOBOi OOpoOKH 3 MU0 3HIKeHHs mrymy. L1006
MPUCKOPUTH POOOTY aNropuTMy JJs 3HAXOIDKEHHS eININCiB 1 KT, HEoOXiZHO
ONTUMI3yBaTH AITOPUTM JUIS KOXKHOTO OKPEMOT'O BHITAJIKY Ta IIOCTABIEHOT 3a/1a4i.

Hayxoeuii kepisnux — M.IO. 3anicokuil, kano. mexu. HayK, Ooyenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 621.396 (043.2)

Mireas C.B., Ilpokonenko K.I.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

CUCTEMA 1JIA JOCIAKEHHS TIAPAMETPIB 3BYKOBOI'O CUT'HAJTY

Po3pobrieHo maker mporpam i aHawily Ta OOpoOKHM 3BYKOBHX CHTHAIIB, SKi
MOCTYNAKOTh BiJ HPHCTPOIB Ta JaT4yMKiB Ha Komir'toTep. OCHOBHI 3aBHaHHS, SKi
BHUPILIYIOTHCS TAHUM ITAKETOM IPOrpam — Ii¢ BUSBJICHHS CHUTHAIIB, 110 HECYTh B 001
iHdopmariiro, IX po3mizHaBaHHs, PO3Mi3HABaHHI JPKepelia 3ByKY 3a 3BYKOBHUM CHI'HAJIOM.
KoM’ roTepHi mporpamu, 1o BXOAATh [0 JaHOTO MAKeTy MpOorpam, MpalkoiTh B peXKAMi
peanbHOro 4acy i MOXyTh OyTH BUKOPUCTaHi AJIs aHaTi3y 3BYKOBOTO CHUTHATy Pi3HHX
YaCTOTHUX Jliana3oHiB. Pe3ynbrat poOoTH Mporpamu nokasaHo Ha puc. 1.

Shlrgloclniosie | Pasmabn Urgpinckosige | Sdngleclowops | Pesdek
= a0
1 ]
» ]
i e L
LY Afad f o
2 1 .
¢ Sl AR AAA NS =
s 0
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-
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Pucynoxk 1 — Ocumtorpama (J1iBopyd) Ta CiekTp (IpaBopyd) 3ByKy “a

Jns  moOynoBM ocumiorpaMd Ta CIEKTPY 3BYKOBOTO CHTHAly IIporpama
BHKOPHCTOBYE JaHi, OTpUMaHi BiZl 3ByKOBOI KapTu KoM totepa. HactoTa Auckpern3anii
3ByKoBOro curHamy Skln. CurHam OTpUMaHO 3 BHXOAY 8-pO3PSTHOTO aHAJOro-
IuppOBOTO MEpeTBOpIOBava. 300pakeHHA Ha OCIHJIOTpaMi OXOIUTIOE MPOMIKOK 4acy,
piBHuit 0,125c. 300paxeHHsT HA CHEKTpi OXOILTIOE Aiama3oH 4dacToT Bixm 0 mo 4xI1 3
kpokoM 10I'm. [lns moOynoBH CIEKTPY BHKOPHCTOBYBAaBCS AITOPUTM PEKypEHTHOTO

nepeTBopeHHs Pyp’e, 10 Ma€ BUI:
27k

. . = -
X (k)=(X, (k)+3(m—N)—x(m)e ¥ ,k=0,N/2-1,
me: N — posmip mmaparouoro Bikma; M — iHgekc moTouroro Bimmiky; kK — immexc
crekrpanbHoi ckimagosoi; x(m),x(m—1),...,x(m— N +1) — Bignixu B miaBarodomy

BikHi. J[J1s puKIIaay, HokasaHoMy Ha puc. | po3mip maBatodoro BikHa N =800.
Hayxosuil kepienux — I.I'. [Ipoxonenko, 0-p mexu. Hayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 621.396 (043.2)
IIpokonenxo K.I., Mireas C.B.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

MMPOI'PAMHA TEXHOJIOI'TA AOCIAKEHHS AJITOPUTMIB
PO3MI3HABAHHS I'OJIOCOBUX KOMAH/

OcTaHHIMH POKaMH 3pOCTa€ aKTyaJbHICTh PO3POOKM TOJOCOBHX iHTepdeiiciB y
pi3HMX TEXHIYHMX CHCTEMaX, 30KpeMa, Ha TPAaHCIOPTi, B pPOOOTOTEXHINi, B
TEIEKOMYHIKalifHUX CHCTeMaX, B CHCTEMax IITYYHOI'O iHTENeKTy Tomo. IcHyroui Ha
cporofHi TexHouorii posmizHaBaHHS (Google Voice (Google), ISpeech (Apple), HTK
(BimkpuTe mporpaMHe 3a0e3ledeHHs)), Ha OyMKY AaBTOpiB, MAlOTh pAI CYTTEBUX
HeloNiKiB. 30Kpema, NesKki 3 HUX € KOMEpPUiHHMMH CHCTeMaMH Ta 3aKpuTi Bif
nocmimpkeHHs Ta Moaudikamii. [HmI cucteMu posmi3HaBaHHSA HE MalOTh 3pYyYHOTO
iHTepdelCy, MO YCKIaTHIOE AOCTYN OO IX MOMJIMBOCTEH Ta BHKOPUCTAHHS iX Yy
HaBYAJIBHOMY TIpOLeci. Y IOMOBiAiI JEMOHCTPYETHCS HpPOrpaMHa TEXHOJOTifA, sfKa Ha
BIAMiHY BiJ ICHYIOYMX CBHOTOJHI KOMEPLIHHHX TEXHOJOTIH, HaJae MOXIUBICTh
CTBOpIOBAaTH Ta MOAM(IKyBaTH BIIACHI aJrOPUTMH aHAJi3y Ta PO3Mi3HABAHHS T'OJOCOBHX
KOMaHJ Ta JAOCII/PKYBaTH iX e()eKTHBHICTb.

[TporpamMHe 3a0e3Ne4eHHs CKIAJAETbCA 3 MOXYNS peecTpallii 3BYKOBHX 3alUCiB
(komMaHx), MOAYJsl CTAaTHCTHYHOrO aHamily (CHeKTpaipHUil aHaji3, mnoOymoBa
ricrorpamu), MoayJisi nepBuHHOI 00poOku (Hopmamizauis, MFCC, mo36aBieHHs Bix
mymiB, Freq/Time - aHami3), MOAynis CerMeHTamii 3BYKOBOTO MOTOKY Ha OKpeMi
CKJIaJIOBi, MOJYJIsl YIIPABJIiHHS CIIOBHUKOM KOMAaHJI, MOJYJIsl PO3ITi3HABaHHs KOMaH]I.

i i BHUK
CTaTHCT]/f'-[H]/[]/[ PosniznaBanHs - Cno
aHaji3 ¢ KOMaH]{
Mikpodon 4
A 4 |
ITepBunHa Freq/T{me > CermeHraris
06pobka I aHaii3

Puc. 1. ®yHKUiOHAIBHA CTPYKTypa NPOrPAMHOTO KOMILIEKCY

Pe3yJbTaTH TecTyBaHHSI CHCTEMH. 32 JOTIOMOTOI0 3alPONOHOBAHOI CHCTEMH Ta
peani3oBaHMX Yy Hii anroputmiB OysiO0 MNPOBEAEHO [IOCHIIKEHHsS e(PEeKTHBHOCTI
po3Ii3HaBaHHSI KOMaHJ i3 CIIOBHMKa 3 KIIbKOX KOMaHA. Takox OyJjo NpoBEIeHO
CTaTUCTUYHE JOCII/DKCHHS TOJIOCOBHX TOBIJIOMIICHD POCIIICEKOI0 MOBOIO (K OIHI€ET i3
MoB ICAO) ta moOynoBaHO MaTPHUINIO IMOBIPHOCTEH IEPEXO0IiB MK (POHEMaMHUL.

3amponoHoBaHe MporpaMHe 3a0e3medeHHsl peanizoBaHe y cepemoBumii Borland
Delphi B onepauiiiniii cucremi Microsoft Windows, mae 3pyunuii rpadiunuii intepdeiic
Ta MOKe OyTH BUKOPHCTaHE JUIsl HAyKOBUX JIOCII/KEHb Ta y HaBYaJIbHOMY HPOLIECi.

Cnucok BUKOPHUCTAHHUX JZKepeJT

1. K. I Prokopenko. Information flow recognition in radio communication channel between
air traffic dispatcher and aircraft crew. Kyiv, ISSN 1990-5548. Electronics and Control Systems,
2013. N 3(37): 4-5, pp. 16-20.

Hayxosuil kepienux — I.I'. [Ipoxonenko, 0-p mexu. Hayk, npogecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 621.396.6 (043.2)

Psi0oko A.B.
Hayionanvuuii agiayitinuil ynieepcumem, Kuis

PO3POEKA JJABOPATOPHOI POBOTH «BUBUEHHS
IHAPAMETPUYHOTI'O PE3OHAHCY»

B nanmif yac sk CHCTEMOTEXHiKa TaK 1 CXeMOTEXHiKa PalioeNeKTPOHHUX CUCTEM (Y
TOMY YHCII 1 HaBiramiffHHX ) Bce Oinbine 0a3yloThCs Ha KOMITIOTEPHUX MOJEISX
npoekTyBaHHs. HalOinbIr iCTOTHOIO Ta aKTyalbHOIO IIPOrPaMoOI0 CXEMOTEXHIYHOTO
mpoektryBanHs € Electronic Workbench 1 ii monepHizamnii . Po3BHUTOK MeTOIUKH
3aCTOCYBaHHs L€l MporpamMy A0 aHali3y MapaMeTPUYHOT0 PE30HAHCY MPUCBSYEHA LS
poborta.

[TpenmeToM aHai3y SIBISIOTHCS PE30HAHCHI KOJTa Ha OCHOBI HEJiHIHHOT EMHOCTI p-n
Mepexoay HaIiBIPOBITHUKOBOTO Mioa, B SKUX ICHY€ SBHIIEC IapaMETPHIHOTO
pe3oHaHcy. ITapaMeTpuYHUM PE30HAHCOM HA3MBAETHCA SBUILE MOPYIICHHS KOJIMBAaHb 32
paxyHOK TIIepiogMYHOI 3MIHH EHEProeEMHOTO IIapamMerpa KOJHMBAIBHOI CHCTEMH.
Haiinerme sBume mnapaMeTpHYHOTO pPE3OHAHCY CHOCTEPITaeThCs, KOIH YacToTa

30BHIIIHBOI CHIIH p OJIM3bKa JI0 TIOJIBOEHOI BIACHO1 YaCTOTH 2(1)0 pe30HaHCHO-f CUCTEMH,

T06TO0 KON P =~ 2(®). CaMe el BUMAIOK JOCTIKY€EThCS TIPU BUKOHAHHI aHOT pOGOTH
(Puc. 1).

T

&
\

Pucynok | — Pe30HaHCTHE KOJIO 3 HENHIHHOK EMHICTIO P-N IIEPEXO0Iy

SIKm0 B KOHTYpi 3 HeNiHIHHMM KOHAEHCAaTOpOM BifOYyBAalOThCS BHMYIIEHI
KOJIMBAaHHSA, TO MiJ iX BIUIMBOM MOJYJIOEThCS €MHICTh HEINIHIIHOrO KOHIEHCaTopa.
Yacrota 1 aMmIUliTyJa MOXYJIALil €MHOCTI BH3HAYaIOThCS YaCTOTOK 1 aMILTITYIOIO

BUMYIIEHUX KOJMBaHb. [lapamMeTpudne 30y/KeHHs KOMMBAHD BUHUKAE, SKIIO P = 2Mp i
rIMOMHA MOIYJALIl €MHOCTI Mae€ JOCUTh BeluKy BenmuuHy. OcTaHHS yMoBa
BUKOHYETHCS JIMIIE NPH JOCHTh BEIHKIH aMIUNTYAI BHMYIICHMX KOJIHMBaHb 3
4acTOTOIO p.

YucenbHI JIOCIIPKEHHSI OKa3aJli , 110 SBUILE NMapaMEeTPUYHOrO PE3OHAHCY iCHYye
IpH TIEBHUX CIIBBIIHOLIGHHAX IapameTpiB naHiora. Pesymbraté poGotu OynyTh
BIIPOBA/KCHI B HABYAIBHUI MPOIIEC Y paMKa JUCHUILTIHA « OCHOBH TEOPIi Kij».

Hayxosuii kepisnux — I".€. Cokon08, KaHo. Qi3.-mam. HAYK, OOYeHm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 656.71.06:629.7.08 (043.2)

Cyp H.L, I'noBanbka B.IL.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

CUCTEMA PO3III3BHABAHHA HOMEPHUX 3HAKIB ABTOMOBLJIA

BrpoBamxenns iHGopMaIiiHUX TEXHOJOTIH CHOTOHI BiOYBa€eTHCS B yCiX cdepax
cydacHOTo XUTTA. lle crpusie BBaxkaTH cucTeMy OOpOOKH 300pa)keHb 3 KaMmep Bifeo
CIIOCTEPEIKEHHS 3 MOJAJIBIINM PO3IMi3HABAHHAM Oyb-SIKHX HOTO YacTHH, HANpUKIAL,
HOMEPHOTO 3HaKy aBTOMOOLTA, HEBiI €MHHM pecypcoM iH(OpMamifHOI CHCTEMH.
ABTOMaTHYHE PO3Mi3HABaHHS HOMEPIB IIMPOKO 3aCTOCOBYETHCS Ha IINPUEMCTBAX, SIKi
00MEeXyIOTh MPOT3]1 Ha CBOIO TEPUTOpir0. Y 0araTbox KpaiHax CHUCTEMY PO3Mi3HaBaHHS
ABTOMOOUIPHUX HOMEpPIB BHUKOPHCTOBYIOTHCS AJISI KOHTPOJIO aBTOMOOIIBHOTO PYXY.
ITepecyBaHHs KOXKHOTO TPAHCIIOPTHOT'O 3ac00y PEeCTPY€EThCS B LICHTPANBHIi 6a3i TaHUX
1 J03BOJSIE JIETKO 3HAXOAWTH BHUKPAJCHI MAIIMHW, a B TOIMHY-IIK JIONOMAarae
pEeTyIIOBaTH PyX Ha 3aBaHTAKEHUX MiCBKHX MaricTpasx.

VY 3aranbHOMY BHWIIQJKy TMPOIEC PO3MI3HABAHHS HOMEPHUX 3HAKiB aBTOMOOINSA
3BOAMTBECS A0 MpPOLENyp BHUAUIEHHS TEKCTy Ha 300paKeHHI 3 MNOJaibIIMM Ioro
po3mizHaBaHHAM. IIpu 1BOMy Iefl Ipolec y 3arajJbHOMY BHIIAJKY CKIQNAETBCI 3
HAaCTYIHHX METOJIB!

— TonepenHs 00pooKa;

— CEerMEHTALlis;

— ¢inpTparis;

— pO3Mi3HaBaHHS.

CpOrojHi BIiIOMO TpH MiAXOAM JIO PO3Mi3HABAHHSI CHUMBOJIB — INAOJOHHHUH,
CTPYKTYpHHH i 03HAKOBHH.

[TabnoHHI METOAM MEPETBOPIOIOTH 300pa’KeHHS OKPEMOTo CHMBOJIY B PacTpOBE,
MOPIBHIOIOTH #0r0o 3 yciMa malioHaMH, HasBHUMH B 0a3i i BHOMparoTh IAOJIOH 3
HAMEHIIOK KUTHKICTIO TOYOK, BiIMIHHUX BiJI BXiTHOTO 300paKeHHSI.

V CTpYKTYpHUX MeTOIaX 00’€KT OMUCYETHCS SIK rpad, By3JIaMH SKOTO € SJIeMEHTH
BXITHOTO 00’€KTa, a AyraMHd — MPOCTOPOBI BIJHOCHMHH MDK HHUMH. MeTonw, IO
pealizyroTh NOAIOHHH MiaXif, 3a3BUYail MPALIOIOTh 3 BEKTOPHUMH 300pasKCHHSIMHU.

Y  03HaKOBHX  METOJAaX YycepeqHeHe 300pakeHHS  KOXXKHOTO  CHMBOJY
TIPEICTABISETHCA SIK 00’ €KT B 7-BUMIPHOMY IIPOCTOPI O3HAK.

Takox ICHYIOTb iHIIII METOIH, B OCHOBI SIKMX JIC)KUTh TIOETHAHHS TPHOX MMiIXO/IB.

Cepen HaWMOUIMPEHIMHKX, [00pe BHBYEHHMX 1 YacTO 3aCTOCOBHHX Ha IPaKTHUII
METOJIB PO3Mi3HABAHHS CHMBOJIIB €:

— pO3mi3HaBaHHS CKEJIETHUX 00pasiB;

— (poHTaHHE IEPETBOPEHHS;

— HEHPOHHI MEpexi.

VY cBiTi BKe iCHYIOTh TOTOBi pO3POOKH PO3Mi3HABAHHSA aBTOMOOUTEHHX HOMEPHUX
3HaKiB. /[lesiki 3 HuUX — me cucreMa «Asro-lncmektopy, AIIK «ABroyparany,
«SL-Traffic», cucrema «HomepOK» Torio.

Hayxoeuii kepisnux — M.IO. 3anicokuil, kano. mexH. HayK, Ooyenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 621.396.962.3 (043.2)

Yupxka 10./1.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

OIJIAJl CACTEM CUHXPOHI3ALII YACTOTH

Inest BUKOpHCTaHHSI CHCTEMH (a30BOTO aBTOMATHYHOTO IIiJUIAINTYBAHHS YacTOTH
(PAIMY) mnst cHHXPOHHOrO NpHHOMY pamiocurHaiiB Oyna Brepiie oOIyOJiKoBaHa
Ennronom B 1923 pomni Ta benemize B 1932 pomi. 3rogom cuctemun DAITY mouanu
LIMPOKO BUKOPHCTOBATH B PI3HUX I'aly3sX IIPOMHCIIOBOCTI, TAKUX 5K CHCTEMH 3B'S3KY,
CHCTEM YNpaBIiHHA JBUTYHAMH, IHAYKUIHHUX Ta OE3KOHTAKTHHMX JKEepenax >KUBICHHS.
OcraHHIM YacoM iX TakoX IOYaJk 3aCTOCOBYBATH ISl CHHXPOHI3aMii MiAKIIOYEHUX 10
MepesKi JKUBIICHHs IneperBoproBauiB. Ineanmsna OAITY moxke 3a0e3neduTH MBHAKY 1
TOYHY iH(pOpMAIlI0 CHHXPOHI3aIlil 3 BUCOKHM CTYHNEHEM HEUyTIMBOCTI JI0 MEPEeIIKOT ,
TapMOHiK, po30anaHc, MPOCiTaHb/HAPOCTaHb Ta IHIINX BUIIB CIIOTBOPEHb Y BXITHOMY
curHani. MM [pPEACTaBIAEMO KOMIUIGKCHHH OIS PIi3HUX METOOMK  (ha3oBoi
CHUHXpOHi3aril.

Haii6inbl mupoKo MNOMMPEHHM pIilIeHHSM CHHXpOHI3auii 3 3MIHHHX B 4aci
CHUTHAJIIB € TIPOCTa CTPYKTypa y BUIJISII 3aMKHEHOTO KOHTYPY, 1€ PI3HUISI MK (ha3aMu
BXIIHOTO Ta BHUXIZHOTO CHTHAJIB BHMIPIO€ThcA (a3oBuM auckpuminatopom (D) i
mpoxoauTh 4yepe3 KoHTypHH ¢GinbTp (K®). Buxinuuii curnan KO npuBoauTs B A0
reneparop, kepoBauuii Hanpyrowo (KI'), sikuii renepye Buxiguuii curnan. Ille oxHum
MIX0IOM € 1MoOya0oBa CHCTEMH Ha OCHOBI CHHXPOHHOI CHCTEMH KoopauHar. Takuid
X1, 30KpeMa, IUPOKO BUKOPHCTOBYETHCS B TPH(a3HUX CHCTEMax, € MHUTTEBA (aza
BIJICITIIKOBY€ThCA MUIIXOM CHHXPOHi3amii moBopoTHOI cuctemu koopamaat OAITY mo
BekTopa BXimHOi MepexeBoi Hanpyru. Ilokpamena ®@AIIY nobymosana 3
BUKODHUCTAHHSIM  HENIHIHHOrO YacTOTHO-aJaNTHBHOrO Migxoay. Ii  rosoBHUM
YIOCKOHAJICHHSAM Yy TOpiBHsAHHI 3 3BuYaiiHo0 DAY € moaudikaris mexanismy D/,
sika 3a0e3redye OUIBIITY THYUKICTh Ta TOUHINIY iH(OpPMAIilo Mpo aMIUITyxy Ta ¢asy
CHUTHAIY.

SnoHcekuii Buenmit llliHHaKa HEUNIOZABHO 3alpOIOHYBAB CTPYKTYPY CTiHKOL
onnodaznoi YAITY. Bona ckimamaetbess 3 ABO(A3HOrO TreHepaTopa CUTHAMIB,
BEKTOPHOIO IIOBepTaya, (iabTpa HIKHIX YacToT, ()a30BOro CHHXpOHi3aTOpa i
pi3HOTeMmoOBOoro TpmMada 3paskiB. Ha Bigminy Bijg iHmmx ogmnHodasaux OAIITY
CHHXpOHI3aTOop (¢a3um mNoOymoBaHMI Ha  «y3aralbHeHOMY Merodi  (a3oBoro
ABTOIIICTPOIOBAHHS IHTETPAIIEHOTO THITY»

HaiinpocTinmm BapiaHTOM CHHXPOHI3aLlii € METO/ BUSIBJICHHS [IEPETUHY HYJIHOBOTO
piBHs. BiH Moxe OyTH BMKOPHCTaHHMH TUIBKH, KOJNW BXiJHUI CHT'HAJ € CTaOUIBHUM i
CHHYCOIaJIbHUNM, OCKUIBKM € HaJ3BHYalHO UYYTJIMBHM JO MEPEXiTHHUX MpOLECiB i
BILUTUBY LIyMy.

Cnucox BHKOPHCTAHUX JKepes

1. Xiao-Qiang Guo, Wei-Yang Wu, He-Rong Gu, “Phase locked loop and synchronization
methods for gridinterfaced converters: a review,” PRZEGL AD ELEKTROTECHNICZNY
(Electrical Review), ISSN 0033-2097, R. 87 NR 4/2011, 2011, pp. 182-187.

Hayxosuii kepisnux — I.I". IIlpokonenko, 0-p mexu. Hayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 621.396.962.3 (043.2)

Sxymescbkuii B.B.
Hayionanvuuii agiayitinuil yniseepcumem, Kuis

YACOBHUI CUHXPOHI3ZATOP HA MIKPOKOHTPOJIEPI

BaxnuBuM (akTopoM ISl CBOEYACHOTO Ta SIKICHOTO BHKOHAHHS OOCIYrOBYIOYHM
MIEPCOHAIIOM POOIT B yMOBax OOMEKEHOTO 4Yacy € periiaMeHTallis IOCHTiIOBHOCTI Ta
TPUBAJIOCTI BCTAHOBJICHUX TEXHOJOTIYHMX omepaniil. Po3pobienuii cuHXpoHiZaTOp
Z03BOJIsIE 3a0e3neunTd iHPOpMALiiHY MIATPUMKY BOTO MPOLECY HUIIXOM (OPMYyBaHHSI
y MOTPiOHI MOMEHTH 4acCy JMPEKTHBHHX CHUTHAIIB — TEKCTOBHX, CBITJIOBHUX, 3BYKOBHX
abo enekTpuyHuxX. HaBenmena (QyHKI[IOHATBHA CXeMa BiJOOpaKye B3aEMOIII0 HOTo
OCHOBHHX IPOTPaMHHUX Ta alapaTHUX MOMYJIB, IIO YTBOPIOIOTh  CIIEIiami30BaHHN
MIKPOKOHTpOJIEp Ha Mikpornpotecopi Tany ATtiny.

CUMBOJIBHHH | Mozys PN HporpaM“?‘ OO0min
PKI < MpOrpaMHOro [€—»  amapatHuii (€ JAHIMH
YIpaBIiHHA iHTepdeiic
Marpuyna / f (\)\)
KJIaBiaTypa N
Monyms Taitmep )
reHepanii > MIOTOYHOTO > Cekynuomip
yacy
Bubip pexumy KoperyBanus
CHHXpOHI3aIl qacy
Bcranosnenns EneMentH
Xﬁ;;:;ggl > cUrHai3anii

PucyHok — DyHKIIOHATBHA CXEMa YaCOBOTO CHHXPOHI3aTopa

“CepueM” MPUCTPOIO € KBAapLIOBAHUM MOIyNb TeHepalii, AKuil 3A1HCHIOE 3arajabHy
YacOBY CHHXPOHI3allil0 (OPMyBaHHS IMPEKTHB, MIATPUMKY PEXKHUMIB TOIUHHHKA Ta
CeKyHJOMipa. Moyib NpPOrpaMHOro YHpaBliHHA — e “Mo30K”, wmio 3abe3meuye
Y3ro/DKeHYy pOOOTY BCiX IHIIMX MOIYJIB BIAMOBIIHO JO BCTAHOBJICHUX PEKHMIB.
Pinnuno-kpucraniuamuii  ingukatop (PKI) Ta knaBiarypa cTBOpIOIOTE iHTepdeiic
KOpHCTyBaua, a JUIsi aBTOMAaTHYHOTO OOMIHY JaHMMH i3 30BHINIHIMH iHpOpMaLiitHUMI
CHCTEMaMH CIIyXHTb IIporpaMHO-amapaTHuii iHTepdetfic. lle Hamae MOXIHBICTH
3a37ajerigb IMporpaMyBaTH HEOOXIMHI pEeXMMH Ta 3[IMCHIOBAaTH OIEpaTUBHE
YIpaBIIiHHS POOOTOIO MIPHUCTPOIO.

Cnucok BHKOPHUCTAHHUX J7Kepet

1. Beno A. B. Co3znmaem ycrpolictBa Ha MukpokoHTpoiuiepax. — CII6.: Hayka n TexHuka,

2007.—304 c.

Hayrosuii kepisnux — I.I1. Omenvuyk, Kano. mexu. HayK, OoyeHm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 656.7.052 (043.2)
Byanuk U.C., Cuzoniok B.O., ®emyk H.C.
Hayuonanenuuii asuayuonnwiii ynugepcumem, Kueg

JAJBHEMIIEE PA3BUTUE TEJIEBUJAEHUS B YKPAUHE

Kommepueckoe TeneBuaenne B YKpaumHe Hadano 3apoxzaarbes ¢ 1989r. IlepBeim
HE3aBUCHMBIMH BEIIATEIbHBIMHA KOMIAHUAME ObLTH CcTyaust «CaTypH» u3 nrt byda B 15
kM. or KmeBa m xommanus «Tonme» m3 ropoma Hukomaesa. B komme 1995 roma
tesiekomnanus «Hapt» nomyuduna nunensuto Bemanus Ha 25 TBK Kuesa. B 3to Bpems
«Tonucy nenwi cBoi a¢up ¢ Tenekommnanuei «Hapry.

15 umrons 1992 roga Havan csoro ucropuro tenekaHan ICTV — B 3ToT neHbp OH
cTapToBajl B YKpauHckoM s¢upe. [IpaBo Ha KpyriaocyTouHbll 3¢up 3aaexinapupoBaHO
10 30 okTst6ps 2011 roma. C 2001 roga ICTV Bentaer co crytanka «Cupuyc SE».

B 1992 roxy mosBuics tenekanan YT-2 (cerogns-1+1), KoTopslii Hayan BEITECHATH
u3 kuesckoro >¢upa nporpammsl PTP. Co Bpemenem, korer; 1992 nagano 1993 roga,
nmosiBwiics YT-3, kotopenid genmun vactoty ¢ YT-2, momHocThio BeITecHHB PTP w3
KHEBCKOTO 3pupa.

Hauunas ¢ 1997 roga B ykpauHCKOM T€JIE€BU3UOHHOM IIPOCTPAHCTBE OAMH 32 OJHUM
TIOSIBJISTIOTCS CITyTHUKOBEIE KaHaubl. [lepBeiM ykpanackuM kaHaioM crain CTh. On Obut
KOHLIENTYaJIbHO HOBBIM M IIPOIPECCUBHBIM A 3puTenieil Toro BpemeHu. 30 ampens
1999 rona Ha cIyTHUK AMOC NOJHSUICS BTOPO# yKkpanHckuit Tenekanan — OTV.

Hasemnoe ungposoe Bemanue B ctanaapre DVB-T Hayaaoch B TECTOBOM PEXUME
1 anpens 2009 rona B Kuese, XXuromupckoii, Kuesckoit u Onecckoii o6mactsx.

24 wions 2010 roma Ha TeppuTopuu YKpawHHl B T. Oecce MpOBeAEH TECTOBBIN
ceaHc Bemanus B crangapte DVB-T2.

VYKpauHCKOe TeNeBHCHHE MPONUIO Psix npeobpa3oBanuid. HaunHas ¢ KOBOEHHOTO
IepUoJa CBOEr0 CyIIECTBOBAaHUSA, OHO IIPOLUIO MHOIOCTYHNEHYAThli IyTb IO
CaMOCOBEPIIEHCTBOBAHUIO.

Takum  ob6pa3oM, A pasBUTHS  HOPMAaTHBHOM  0a3sl  COBPEMEHHOTrO
TeNnepaguoBeIlaHnsl HEOOXOIUMO MPHHATHE MEp TOCYIapCTBEHHOTO PETYINPOBAHMS:
HOPMAaTHUBHOE YHOPSAOYEHUs TEPMUHOIOTHYECKOH 0a3bl OTpaciu Ha JOCTATOUYHO
BBEICOKOM HOPMAaTHBHOM YypOBHE — B 3aKOHE, IOCTAHOBJICHHH IIPABUTENBCTBA WIIN
TEepMHHOJIOTHIECKOM peTJIaMeHTe; NMpUHATHE 3aKkoHa «O TENeBH3MOHHOM BEIIAaHUH U
panvioBeIIaHUW»; 3aBepIieHHe (OPMHUPOBAHHUS HAIMOHAIBHBIX CTAaHJApTOB HA
nudpoBoe mepeaaroliee u npueMHoe obopyaoBanne DVB.

CnmcoK ucnoJib30BAHHBIX HCTOYHHKOB

1. XKypuan «Broadcasting. TeneBunenue u paguosemmanue» Ne3, 2008 r.
2. Cemenos 5.FO. lludposeie pagronpueMusie cucteMbl. Paguo u cBsasp, 2007. 208c.

Hayunwii pyxosooumens — UK. Maneyxuii, doyenm
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HUCCIEJOBAHUE CUCTEMBI PE3EPBHOI'O SJIEKTPOIIMTAHUSA
ABHAIIMOHHOTI'O P30

PaccmarpuBaeTcss KOMIBIOTEPHOE MOJAEIUPOBAHHE YCTPOMCTB JIEKTPOIHUTAHHS
aBHMAIOHHOTO pagHo3JIeKTpoHHOro obopynosanus (PD0). MonenupoBanue 0CHOBa-HO
Ha IpUMEHEeHHH nporpamMMsl Multisim.

U3BectHo [1], 4TO mpoIecCH MOGIUPOBAHNUS 3aHUMAIOT 3HAUUTEIILHOE MECTO IIPH
pa3paboTke W JKCIUTyaTanud coBpemeHHOro P3DO. OHHM TO3BOJSAIOT HATISIHO
NPECTABUTh PE3YJIbTaThl MOJEIMPOBAHUS, HE HCIIONB3YS CIOXKHBIX YCTaHOBOK, a
TOJIBKO HCTIOJIB3YsI TiepcoHanbHbIH kKommbioTep (I1K).

Kpome paccMmoTpeHHBIX paHee moxeneil aBuaruoHHoro POO [1] B maHHOI pabore
CO3/1aHBl MOJIENM MCTOYHHUKOB OecmepeboiiHoro smektpormtanus (MBI1) mns ciydas
npornaianus HanpspkeHus cetu. VIBIT BEIaeT HampspKeHHe Ha BPeMsl BOCCTAHOBIICHHMS
OCHOBHOM ceTH [2], a TakXKe IpH HEOOXOANMOCTH Ha BpeMsI 00eCIIedeHHsI TT0JIETOB.

PaspaboranHbie ¢ MOMOIIBIO TporpamMmbl  Multisim  Mojaenu  MO3BOJNSIOT
HCCIIE/IOBaTh CIIEAYIOLINe MPOLEAYpHl: TeHepUpoBaHue ¥ (HOPMUPOBAHHE HANPSDKEHUS
PE3epBHOI AIIEKTPOCETH, EPEeX0/l Ha PE3epPBHOE AIEKTPONUTaHue U oOpaTtHO U ap. Ilo
HOJYYeHHbIM MOJENAM JeNaeTcss BbIBOJ O (YHKIMOHMpoBaHWHM peanbHoro MBI n
CTpOATCS HEOOXOJUMBIE TpaduKH.

CHHCOK MCIO0JIb30BAHHBIX HCTOYHHKOB

1. Maneyxuii 4. K., Kamunckuil E. A., 3axapoe /. M., MoaenupoBaHHie MPOLECCOB Nepeaadn
mMH(POBAHHBIX  [JAaHHBIX B COBPEMCHHBIX aBHAIMOHHBIX  PAJAHOTEXHMYECKMX  CHCTEMax
crenuanbHoil cBsa3u // 3axuct indopmanii, 2011, Nel (50). — C. 63 — 69.

2. bykpees C. C., Ionosaykuii B. A. n pap. VCTOYHUKM BTOPUYHOIO SIEKTPONUTAHUSA. —
M.: Paguo u cBs3b, 1983. — 280 c.
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OBHAPYXWUTEJIb PAIUOJIOKAIIMOHHBIX CUT'HAJIOB C
MOCTOSIHHOM BEPOATHOCTHIO JIOKHOW TPEBOT'H

VcxomHBIME TaHHBIMH AT OOHAPYKHUTETS SIBIISIOTCS:

— pabouyas (curHaybHas) BBIOOpPKa X C HEKOTOPOrO KOJbLIA JadbHOCTH B NX
NepuoJax 30HAUPOBAHUS;

— oOyyaromias (IIOMeXOBasi) MaTpHLa y, ¢ HEKOTOPOro KOJbIla JaJbHOCTH B NX
Neprosiax 30HIUPOBAHUS, KaXkIas CTpPOKa KOTOPOH 3TO BhIOOpka momexu u3 Ny
MIPUJIETAIOLIHX KOJel JAJIbHOCTH.

Xo Yo.0 Yo, Yoa o Yom
X Yo Y Y2 o Vil
X=| X, y=| Yo Y2y Yozt Vaw

Xx-1 Yve1,0 Vae-1n Va1 777 Ve, w1
To ectb KaXxXJI0My Nn-My OTCHETY pa60qel71 BBI60pKI/I OTBEYACT COOTBETCTBYIOIIAS N-s1
CTpOKa 06yqa}ome171 MaTpHUIbl. AJ'[FOpI/ITM 06Hapy)KeHI/IH NpeacCTaBJieH B BHJAC
cleyromei CXeMbl:
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OO0o03HaueHUsI Ha CXeMe CIIeyIOIIne: 3aTCHEeHHbIE MPSMOYTOJbHUKH 3TO OJIOKH
NaMsATH JUIl XPAaHEHHUsT MacCCHBOB M YHCEJ; Z - TIOMeXO0Basi BBIOOpKA B N-OM MEPHOJE
soHaupoBanus; [0; 1] - HopMupoBIIHK BBIOOpKM K MHTepBany [0; 1]; F, — sxepHas
OIIEHKA pAaCHpeJeNIeHNs] BEPOSTHOCTH C ONTHMAIbHBIM IApaMeTpoM CIIIaKHBAHHS
hyp s ibeta — HemonHast Geta GyHKUMS ¢ npousBoAHOH fH 1"; N0 u N1 — mapamerps
CETKH Ha KOTOPOH NPOM3BOAMTCS ONTMMM3ALMA napamerpo Qopmbl s0,, u sl,,

METOOM IPSAMOro Tepedopa.

Hayunwiii pyxosooumens — U.I'. [Ipokonenxo, 0-p mexH. Hayk, npogecop
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UDC 629.7.058.55 (043.2)

Baturenko T.V., Nemyrovets Y.V.
National Aviation University, Kyiv

DISTANCE MEASURING EQUIPMENT (DME). ANALYSIS
AND WAYS OF IMPROVEMENT

Modern development of aviation sets the task of high-precision determination of
aircraft location in difficult conditions of a fast-changing air and land situation for radio
navigation.

The widely adopted radio means of short-range navigation, such as the international
distance measuring radio engineering system DME, provide solution only for
determination of aircraft location of rather stationary land transponders (radio beacons)
which coordinates are in advance known onboard the aircraft.

Knowledge of the aircraft’s position is a basic requirement for air navigation and
one means of satisfying this requirement is to present the pilot with bearing and distance
information. Such information can be received from DME (Fig.1).

Reliability of DMEs has come a long way in the past twenty years. All new digital
DME:s are extremely reliable and seldom require service. Older analog DMEs are far
more troublesome and can be very expensive to repair. The older units also used lots of
power and needed lots of cooling.

Airbome Equipment
The Alrcralt Imerrogator tranamits s
smsddirecipral infarmerraten
The Inberropation trmels —
.
o the speed of gk *

Damuncs = Tmal mocsd iems 1

Ground Equipment [“’ The Raply travels

o the speed of Bkt

Interral
dale
PO

Figure 1 — DME’s principle of operation

However, DME has some disadvantages, which ways of solution would be
considered and offered. The examples of such drawbacks can be some errors and
abnormal indications like speed and time calculation, slant range error, ground system
saturation, system errors and etc.

Thus, nowadays the problem of DME disadvantages elimination is open. That’s why
it's proposed some ways to improve its work.

Scientific supervisor — Zuiev O.V., PhD, associate professor
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Sych Y.V.
National Aviation University, Kyiv

THE VERY HIGH FREQUENCY OMNIDIRECTIONAL RANGE (VOR)
SYSTEMS ANALYSIS AND WAYS OF RELIABILITY INCREASING

The Very High Frequency Omni-directional Range system is a type of air navigation
system. A VOR system is made up of a ground component and aircraft receiver
component. The VOR ground station is aligned with magnetic north, and it emits two
signals - a 360-degree sweeping variable signal and an Omni-directional reference
signal. The signals are compared by the aircraft's receiver, and a phase difference
between them is measured. After tuning in a VOR facility's frequency and identifying
that the Morse code is correct, the pilot will be able to determine which radial to or from
the VOR station the aircraft is located. VOR system recommended and standardized by
ICAO as an international system for civil aviation and is usually used in conjunction
with distance-measuring system DME.

Azimuth measurement error in the standard VOR approximately equal 4.89°(max).
However, test data indicate that 99.94% of the time a VOR system has less than £0.35°
of error. The main cause of this error is AM signal phase distortion on board which
inserts by clutter signals. To improve the accuracy instead of the standard VOR beacons
are used more difficult which reduce the impact of multipath signals by averaging fast-
paced changes in the parasitic phase on the AC board. They are called Doppler VOR
(DVOR) and information about navigation parameter puts in phase of FM oscillation;
error of measurements is equal to 0.5°.

For modern VOR is an urgent problem of increasing the operational reliability of
these systems. There are main reliability indexes such as survival probability, failure
rate, failure frequency and mean operating time. The five main parameters monitored
are the bearing accuracy, the reference and variable signal modulation indices, the signal
level, and the presence of notches (caused by individual antenna failures). The main
ways of their solution is the use of highly reliable components base, high redundancy of
information transfer equipment and search for failures to the level of structural elements
also ground systems require constant maintenance, and they are commonly out of order
for short periods of time while maintenance is performed.

Scientific supervisor — Zuiev O.V, PhD, associate professor
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CHCTEMH AEPOHABITAIITHHOI O OBCJIYT OBYBAHHA
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Auexcees O.M.
Hepocasna asiayitina cnyscoa Yrpainu, Kuis
I’sinoB O.L.
Hayionanvnuu asiayitinui ynieepcumem, Kuis

BU3HAYEHHSA JE®EKTY 3AXOMIB 3 NPO®ITAKTUKHU
ABIAINIMHUX NMOAINA

[MpoakTuBHI 3axoau 3 npo(dIAKTHKK aBialliifHUX MPUroJ Ta IHUUICHTIB B
JUSIBHOCTI IMBLNBHOT aBianii MOB’si3aHi 3 NMPUHHATTAM PI3HOMAHITHUX PIllIeHb, SIKHUM
HE3IeXKHO BiJ TX KiaacudikaliiHUX O3HAK, 3aBXKAW NPUTAMAHHHUN IEBHUH PU3UK
CTOXACTHYHOT'O UM HECTOXAaCTUYHOTo Xapakrepy. Lli pimeHHS 3a cBOiMH HaciigKaMu
MOIISIIOTECS HA TaKi, IO JAOTh NMO3UTHBHUHN pe3ynbTaT (IpHOYTOK, — e()eKT) Ta TaKi,
IO TIPU3BOJATH N0 HETATHBHHUX pe3yNbTaTiB (30UTKIB, — nedexT). 3amporoHoBaHA
MOJIeTb OIiHIOBAaHH: BilMOBiAHOTO edeKTy / AedeKkTy IMX pillleHb, SKa CIIUPAEThCA HA
KkmacuyHud  kpurepii Banmpma. [i  emmipmuna peamizamii B yMOBaxX IOBHOI
HEBU3HAYCHOCTI JJO3BOJIMJIa OTPUMATH MPAKTHYHO MPUHHATHI pe3y IbTaTH.

30epiracthCcsi TEHACHIS MO PO3MIAAY IHTErpalbHUX UYWMHHHUKIB pPHU3HUKIB 0e3
ypaxyBaHHsI 1X BIUIMBY Ha iHII PU3MKH. 3 1HIIOTO OOKY, st AOCITIJHUKIB HE I[LTKOM
OOIPYHTOBAaHO HAMararoThCs IEPEHECTH BIUIMB HATUBHUX PU3MKOBU3HAYAIbHHX
YMHHMKIB KOHKPETHHX PH3UKIB Ha LI rpynd pusukiB. KpiM Toro, mpakTW4HO He
PO3IISIIAETHECS. MOJJIMBICTh JIIAJISKTUYHOTO IIEPEXOAy CaMOro PH3UKY B KaTeropilo
PHU3NKOBU3HAYAIEHUX YHHHHUKIB.

IIpu oMy 3po3yMiNo, M0 KOMIDIEKCHUH MiJXiJ IO JOCHTIPKEHHS PHU3HKIB, TOOTO
ypaxyBaHHs BIUIMBY Ha PU3UKU SK PU3MKOBHU3HAYAJIbHMX UYMHHHUKIB IEPIIOTO PiBHS
(HaTUBHHX 1 IHTETpalbHUX), TaK 1 YMHHUKIB JPYroro piBHS, JO3BOJHUTH ITiABHIIUTH
e(EeKTHBHICTD YIPaBIiHHS PU3UKAMH.

Crhixn TakoX KOHCTaTyBaTH (PaKT BiICYTHOCTI MoOpened, KPHUTEpiiB OIiHIOBaHHSI
eeKkTHBHOCTI 3axofiB-pimieHp 3 npodinakTuku Al OcobiauBO crin 3ayBakUTH Ha
BIICYTHICTh MiAXOMIB IO OI[HIOBaHHS LWX pilleHb 3 HO3uLid edekty / medpexry ix
pusukoBaHocTi. [Ipu pOMy, BpaxoBYIOUH, 1110 BiAMOBIIHI 3aX0IH BIJHOCATHCS 10 32124
TIOBITPSTHOTO PyXy 3 BEKTOPHHM MOKa3HMKOM e(eKTUBHOCTI, TO HACIIKU BUOOPY CIIij
000B’SI3KOBO TIOB’SI3yBaTH 3 YHMHHUKAMH, IO BIUIMBAIOTH HAa BiJIOBIJHI IPOIECH.
HaBenene BiikpuBae NEpCHEKTHBH JUIi MOJCIIOBAaHHS 1 PO3B’SI3aHHS BiITOBITHUX
MIPOOJIEMHHX CUTYaIliif 32 JOIIOMOT0I0 MAaTPHIIh PIillIeHb i, IK HACTITOK, - 32 IOIIOMOTOI0
KJIACHYHHX KPHUTEPIiiB MOBITPSHOTO PyXy.

TloBiTpstHmii pyx B aBiamiiHii TpaHCIOPTHIM CHCTeMi IpH TNEpMAHEHTHIH HAsBHOCTI
PU3KKY € CKJIIHO Tporeayporo. JlomyrieHHs Hexall HaBiTh Majioi WMOBIpHOCTI (p € P)
MPUAHATTS TIOMUJIKOBOTO DIIICHHS KEPIBHUKOM HE BHKIIIOYAE€ MOXIIMBOCTI PUBHKY 1, fK
HACITJIOK, TIOTIPIICHHS CTaHy OE3IEKH MOTBOTIB, HAaBITh 13 ypaXyBaHHSIM OOUHCIICHHS I0OBIPYMX

Qaxropie emmipuaroro ¥y, (P), NporHocTMuHOro V(D(P), EMITiPHKO-TIPOrHOCTUYHOTO

VS) (P) . Ilpu poMy 3a3HaYMMO, 1II0 IOBHE YCYHEHHSI pH3UKY Tipr [1P mpakTnyHO HaBiITh 1 He

MoTpiOHO. BijbI TOro, TIEBHA CTYIHD PU3KUKY BBOIMUTHCS CBiIoMO, ToMy 1o 1P 6e3 pmsuky,
HANPHKIIa], i3 TPAHWMYHO MIECHMICTIYIHO] TTO3HIIii, SIK PABIIIO, HEBUTITHO.

Hayxosuii kepisnux — Xapuenxo B.I1., 0-p mexu. nayk, npogecop
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Cikipna 10.B.
Kiposoepadcvra nvomna axkademia HAY, Kiposoepao

JEKOMIIO3ULIA ®AKTOPIB CEPEJOBUIIA MEHEJT)KMEHTY
ABIATIIAIIPUEMCTBA

BBaxkaeThbes, 110 aBiallist € caMuM O€3MEYHUM BUIOM MACOBHUX I€PEBE3CHb 1 O/IHIEI0
i3 caMux Oe3MeuHHX COLIOTEXHIYHUX BUPOOHUUYMX CUCTEM B iCTOpIT Jr0CTBa. YCHOTO 32
cTOpivYs aBialis nMpoliuIa HUIIX y cdepi Oe3neKu MoJbOTIB Bil HECTaOlIbHOI cUCTEMU
JI0 TIEPIIOi «yJIBTPaOe3NeyHo» CHCTEMH B iCTOpii TpaHCHOPTY, TOOTO TaKOI CHCTEMH, Y
SIKIH KUTBKICTh KaTacTpo(iYHUX BiIMOB y cdepi Oe3NeKH MONBOTIB CKIAaZae MEHII
OJIHOTO Ha MIJILIOH BUPOOHUYHX IHKIIIB.

ICAO mocriitHO po3po0iisie Ta yJAOCKOHAIIOE OLTBIN MPOAKTHBHI, 3aCHOBaHI Ha
OIIHII PU3HMKIB METOMH, CIPSIMOBAHI Ha TMOAAIBIIC 3MCHIICHHS KiIbKOCTI aBialliiHUX
momiii y cBiti. B manmii 4yac y CBITOBIfi TpaKkTHI CKIANAETHCS HOBUHM MiaXing 10
3abe3neyeHHs Oe3nekd 1moiboTiB. CIOKOHBIYHO MOBA HIIUIA IPO CHCTEMY YIpPaBIIiHHS
6e3nexoro monbotiB (CYHBII), i e Bu3HaYeHHS NPHCYTHE B HUHI AIIOYNX JOKyMEHTaX.
ICAO BBena iHIlle BU3BHAYECHHS — «MEHEKMEHT O€3IMeKH aBialiiHol AisuIbHOCTI». JlaHe
(opMyITIOBaHHS Mae€ Ha yBasi 3B'SI3yBaHHSI B OIHE LI, y €IUHY CHCTEMY DI3HHX
00'eKTiIB 1 Cy0'e€KTIB aBialliifHOT isSUTEHOCTI.

Bynp-sike aBiamianmpueMcTBO TmepedyBae IiJ MOCTIHHMM THCKOM OKPEMHUX JIAHOK
30BHIIIHBOTO Ta  BHYTpIIHBOro  cepemoBuma. CepefoBUIE  MEHEIKMEHTY
aBiaminpreMcTBa HpeJCTaBisie COOOI0 CYKYIHICTH NEBHHUX OOCTaBHH 1 (hakTopiB y
CepeHI 1 HaBKOJIO HBOTO, 1[0 BIUIMBAIOTH HA MPUIHATTS PIllICHb.

OCHOBHHMH 3MiHHIMH BHYTPIITHBOTO cepenoBHIIa MEHEPKMEHTY
aBiamiIIpUEMCTBA € HOro LM, 3amadi, CTPYKTYypH, TEXHOJOTIi Ta JroAu (aBialliifHUI
nepcoHan). BHyTpimHi 3MiHHI 3BHYallHO HA3UBAIOTH COLIOTEXHIYHUMH ITiACHCTEMaMH,
TOMY IO BOHH MalOTh COLIaTbHUA KOMITOHEHT (JIFO/eH) i TEeXHIYHUI KOMIOHEHT (iHIIi
BHYTpimHI 3MiHHi). JI0 €JeMEHTIB 30BHINIHBOTO CEPEOOBUINA MEHEHKMEHTY
aBiamiIIpUEMCTBAa MPAMOTO BIUIMBY HAJIEKaTh CIIOKMBAYl aBialoCIyr, KOHKYpPEHTH,
MapTHEPH, 3aKOHM 1 Jep)kaBHI ycTaHOBH. MakTopw 30BHIIIHBOTO CEPEAOBHINA
MCHE/KMEHTY aBialliJIIIPUEMCTBA OIOCEPEIKOBAHOTO BIUIMBY — L€ CTaH CKOHOMIKH,
HAyKOBO-TEXHIUHHH IpOrpec, MOJITHYHI Ta COLIOKYJNBTYpHI (akTopH, MiXHApPOIHI
nofii. OCHOBHUMH XapaKTepHCTHKAMH 30BHIIIHBOTO CEPEIOBHIIA aBialliAMpHEMCTBA €
B3a€EMO3B’ 130K 1HOro (hakTopiB, CKIAJHICTh, PyXJIHBICTh Ta HEBU3HAYEHICT.

Bukonano nekoMnosumito (akTopiB BHYTPINIHEOTO Ta 30BHIIIHBOTO CEpPEIOBHUIIA
MCHE/DKMEHTY  aBialliIPUEMCTBA, IPOBEINCHO CTPYKTYpHUH aHami3 CepeoBHIIA
MCHE/DKMEHTY aBialiANpUEMCTBA Ta BU3HAYEHO BIUIMB (DAaKTOpPIB BHYTPINIHBOTO Ta
30BHIIIHBOTO CEPEIOBHINA MEHE/PKMEHTY aBialliApHEMCTBA Ha piBEHb Oe3nekn
aBianiitaoi nisutbHOCTI. JlOCTiUKEHHST BHYTPIIIHBOTO i 30BHIIIHBOTO CEPEOBUINA AACTh
3MOTY aBialliAMPUEMCTBY 3MCHIINTH HETaTUBHUW BIUIMB iX EJIIEMEHTIB Ha piBEHb
0e3reKy, a TAKOXK 30UTBIIUTH CBOT MOXKIIMBOCTI 3 IiABUILCHHS PiBHS OC3MEKH.

Hayxosuii kepisnuk — llvenvosa T.®., 0-p mexu. Hayk, doyerm
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BIIPOBA/UKEHHSI TA 3ACTOCYBAHHSI BE3NILIOTHOI ABIALIL B
AEPOHABITALIHINA CUCTEMI YKPATHU

MixHaposHe CHiBpOOITHHLTBO Ta KOOPJAHMHALIS 3 PEryJIIOBaHHS Oe3MUIOTHHX
nitaneHux amapatiB (BITJIA) € omHMM i3 cTpaTeriyHMX HamNpsIMKIB BHKOPHCTAHHS
BITJTA. JlocnijkeHHs: HOpMaTHBHO-IIPABOBOI 0a3H, MKHAPOIHOTO CHiBPOOITHULTBA Ta
koopauHarii y perymosanHi BIIJIA € BaximBuM m1s YKpaiHu, sSK KpaiHH, sIKa Mae
3HaYHI BUPOOHMYI MOTY>KHOCTI Ta ekciuryaTamii BuacHux BITJIA i excropryBarm ix 3a
KOPJIOH.

B Vkpaini BukopucranHs BIIJIA € mnepcrieKTHBHHM HAIpsSIMKOM PO3BUTKY
IUBLIBHOI aBianii. ToMy IpW BIPOBaPKEHHI, MOTPIOHO PO3POOHTH HOPMATHBHY 0a3y,
sika Oyne perymioBaTh: 3aranbHi mpouenypu it B3aemonii BIUIA i obciyroByBaHHS
nioBitpsiHoro pyxy (OINIP); wmacmdikanito BIIJIA; moiaboTé y KOHTPOJIBOBAaHOMY Ta
HEKOHTPOJIbOBAHOMY TIIOBITPSHHX IIPOCTOpAx; MONIT HaJ[ IEpeBaHTAXEHUMH abo
HACEJICHUMH 30HaMH; MpPOLEAYypU NpH IHIWACHTI YU aBapii; aepoApOMHO-OmepamiiiHi
NPOLIEAYPH; KOMIUIEKT OONamHaHHS JUIsi YKpaiHH; OCHAILECHHS 3JTHO-NOCAJKOBHMH
micipsivu st BIUTA; ceprudikanii BIIJIA; Bumoru o onepatopis BITJIA Ta iHmi.

3acrocyBanHs BIIJIA B nuBinbHINA cdepi BeIHUye3HE: BiA CLIBCHKOTO TOCMOAApCTBA
Ta OyIiBHULTBA, B HAQTOra30BOMY CEKTOpi Ta ceKTopsl Oe3meku. BITJIA moxyTs OyTn
BHUKOPHUCTaHI B pOOOTI aBapiifHO-PATYBaIbHUX CIYXO (TOkekHa Oe3reKka Ta KOHTPOJIb),
Mimimii  (maTpyniIOBaHHS —~— TEPUTOPiH);  CUTBCHKOTOCHOAAPCHKUAX  MMiIIPHEMCTB
(crocTepesxeHHs] Ta OONPHUCKYBaHHS KyJBTYp), JiCOBOMY TOCIIOJAapCTBi i puOaibCcTBi
(J1icoBOT OXOPOHHM Ta KOHTPOJIIO 32 PUOHOIO JIOBNEIO), B rajiy3i reozesii (kaprorpadii),
MOHITOpHHTY HapTH i razy, B poOOTi OyAiBeNbHUX MiIIPHEMCTB (0OCTEKEHHS
OyIiBeNbHUX MPOCKTIB), Y pa3i aepohOoTO3HOMKH i BiIe03HOMKH Ta IS IHIIUX [ITBOBUX
npusHaueHb. Po3pobneHo iHTepakTuBHy Kinacugikanito BITIJIA s eneKTpoHHOTO

nocibuuka (puc. 1).

D eracedion
sanyiny

=
= om o

Puc.1 Knacugixanis BITIIA

Hayxosuii kepisnux — [LImenvosa T.D., 0-p mexw. Hayk, ooyenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 656.7.052.001.57(043.2)
Bouaxoron B.O.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

I'PAJIEHTHA MOJEJIb BIPTYAJIBHOI'O BUMIPIOBAYA HITYYHOI'O
CHJIOBOI'O IOJIA

I'pamieHT — 1e BEKTOp, CBOIM HANpPSIMKOM BKa3y€ Ha HANpPsSMOK HAMIIBUAIIOTO
3pPOCTaHHS JIESKOi BEJIMYHUHU (), 3HAUCHHS SIKOI 3MIHIOEThCS BiJl OJIHIET TOUKH HPOCTOPY
IO iHIIOi (CKaNSAPHOTO MOJA), a O BENWYMHI (MOIYJIO) PIBHUH IIBUAKOCTI POCTY Mi€l
BEJIMYMHH B IIbOMY HAIIPSIMKY.

I'pajiieHT BBOJMTHCS, SK BEKTOPHA XapaKTEPHCTHKA CKAJSIPHOTO MOJsS - TOOTO
oOnacTi, KOXHIM TodIl $KOI BiJNOBiJa€ 3HAYEHHS TICBHOrO CcKajspa. [ pamieHT
XapaKTepH3ye, HACKIIbKH HIBUIKO 3MIHIOETHCS CKAJISIPHA BEJIMYHHA B TOMY YH iHIIOMY
MicIli BOTO MOJIS.

[HIIMMK CTIOBAaMH MOXKHA CKa3aTH, L0 IPAIi€HT - Ie IMBHAKICTh 3MiHKU (i3ndHOT
BEJIMYHMHHU, aJie 3MIHU HE B Yaci, a B IPOCTOPOBOMY HAIPSIMKY.

Jlinii rpagieHTa MOXKHA PO3YMITH, SIK CHJIOBI JIiHii, SKi XapaKTepU3yIOTh PO3MOILIT
e”eprii B cucteMi. JIiHil MOKa3yOTh, K PO3rOPTAaTUMYThCS MOfii. BoHH BUOYAOBYIOTH
noxii (IIOCTiOBHICTD CTaHIB), SIKi OyIyTh peaji3oBaHi B KOHKPETHOMY BHIQJKy, KOJIH
3a1aHo I10JIe CTaHiB (II0JIe IMOTEHIiaNiB), i € IOYaTKOBHH CTaH (IIOYaTKOBE ITOJIOXKEHHS
00'€KTY B IMOJII).

Po3riisiHeMO pyxoMe TiJIo, B SIKOMY MH MOXKEMO IIPOaHaji3yBaTH PO3MOILI eHepril.
V sKOCTi «HOCisl» eHeprii MoXe BHCTYNaTH Bce, L0 3aBFOJHO: Maca, TeMIeparypa,
THUCK, €JIEKTPOMArHiTHi abo rpaBiTariiiHi nomus - Oy b-siKa eHepris .

B koxHi#l TOUYIll HAmIOro Tijla IOCTABUMO BIAMOBIOHO CBO€ 3HAYEHHS EHEPTii, i
HeXall eHepris pO3MONUIAETbCS HEpiBHOMIpHO. TakuM YHMHOM, MU Ma€eMO CKaJisIpHE
rmoJie, 1 B KOXHi HOro TOYIl MOKEMO 3HAWTH JIOKAJIbHE 3HAYCHHS IPaJi€HTa CHEprii.
Tenep mpoiHTerpipyeM TpalieHTH €Heprii 1Mo BChOMY TiTy, TOOTO 3HAaWAEMO IMOBHHI
rpaJieHT eHeprii B JaHOMY TiJi.

I My MOXeMO T0OaumTH, 1110 HALl BEKTOP TIOBHOTO IPaJIi€HTa EHeprii € He, M0 iHIIe,
SIK BEKTOP CHJIH, 110 Ji€ Ha Hau obcsir. A6o F =AW .

TakuM 4MHOM, SKLIO SHEpris B Tl PO3MOJiieHa HEPIBHOMIPHO, i € HEHYJIbOBHI
BEKTOp TMOBHOTO T'paji€eHTa €Heprii B oMy 0OCs3i, TO Ha HAll BUIUICHUH E€NEMEHT
peansHOCTI OyzAe AisATh cruia (BHYTPIIIHS), piBHA 32 BEJIMYMHOIO 1 HAIPSMKOM TPAIIEHTY
eHeprii.

To6to, Oyap-siKa cuiia, MPUKJIaACHA 10 JESKOTO CIEMEHTY PEeallbHOCTi, HEPO3PUBHO
TIOB's13aHA 3 HAsIBHICTIO I'PaJlieHTa SHEeprii B I[boMy 00Cs3i.

BukopucToByrour rpaji€HTHI METO/AM, MOXKHA 3HAMTH, pilieHHs OyIb-sKOi 3amadi
HEJHIHOrO TNporpamMyBaHHs. 3acCTOCYBaHHS IUX METOJIB y 3araJlbHOMY BHIIAJIKYy
JO3BOJIIE  3HAWTH TOYKY JIOKAIBHOTO eKkcTpemyMmy. Tomy Oifbll  AOLINBEHO
BUKOPHCTOBYBATH 1X JUISl 3HAXOPKEHHS PIlICHHS 3a]a4 OIyKJIOTO IIPOrpaMyBaHHSI.

Hayxosuii kepisnux — Yenigxwcenxo B.1., 0-p mexn. nayx
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 656.7.052.002.5(043.2)
3anopo:xns A.O.
Hayionanvnuii asiayitinuiil ynieepcumem, Kuis

METOAM TONEPE/JUKEHHSA 3ITKHEHb HNOBITPAHUX CYJIEH IIPH
OBCJIYIT'OBYBAHHI HOBITPAHOI'O PYXY

Ha cyuacHuii MOMEHT OCHOBHMM 3aBIAaHHSM aBialii € 3a0e3MeueHHs] HAICKHOTO
piBHSI O€3MeKH MOJBOTIB, 0, Y CBOIO Yepry, MOB’s3aHe 3 IHTCHCHBHICTIO ITOBITPSHOTO
pyXy. 3 KOXXHHM POKOM IHTCHCHBHICTH IOJBOTIB y CBITI 3HAYHO MiJABUILYETHCS. Y
3B’SI3Ky 13 30UJIBLICHHSM IHTEHCHUBHOCTI IOBITPSHOTO PyXy 30UIBLIYETHCS ILIUIBHICTH
MOBITPSHOIO TNPOCTOPY, IO CTaBUTh MiJ 3arpo3y JOTPUMAHHS OCOOJHMBHX 30H
MOBITPSIHOTO MPOCTOPY i/l YaC BUKOHAHHS MOJILOTIB: 3a00POHEHHX, HEOE3MEUHUX 30H,
30H OOMEKEHHA NOJBOTIB TOMIO, HIO MiABHILYE PH3UK BUHUKHEHHS KOH(IIKTHHX
cuTyamniii Mk smitakamu. Lle 3yMOBIIO€ HEOOXIAHICTh PECTPYKTYpH3allii Ta ONTUMI3alii
TIOBITPSIHOTO IIPOCTOPY, 3aCTOCYBAaHHS HOBHUX METOJIB HaBiramii, a Takox po3poOKy
HOBUX KOHIIENIIH OpraHi3amii MOBITPSHOTO pyXy, OUIBIIICTE 3 SIKMM IIepefdavac 30HN
BUIBHHX TOJIBOTIB.

OxHMM i3 OCHOBHHX METOIB 3MEHIICHHS PH3MKY 3ITKHEHHS IOBITPSHHX CyJCH €
BUKOPHCTaHHs CIELiaJIbHOTO 00J1aJIHAHHS Ta CUCTEM, TAKHX SK CUCTEMa IONEPe/UKEHHS
3iTkHeHb mHOBITpsHUX cyzaeH y mnositpi (TCAS), cucrema mnomnepepkeHHs 3iTKHEHb
MOBITPSIHUX CYJICH TACUBHA, B3a€EMO/IIF0Ya, HA3EMHA TOIIO.

[le omauM MeTOIOM 3amoOiraHHs 3ITKHEHHS MOBITPSHUX CyJCH € BHUKOHAHHSI
BKa3IBOK Ta JI03BOJIIB aBia (HICIIeTIePa, [0 CTOCYIOTHCS MOPS/KY BUKOHAHHS MOJIBOTIB.

EdexrtuBauM MerogoMm Juist  3amo0iraHHs  3iTKHEHb TIOBITPSHHX CyJIEH €
CTPYKTYpH3aLlisi MOBITPSIHOTO TPOCTOPY: 3aCTOCYBaHHS T'OPU30HTAJIBHOTO, OIYHOrO Ta
MOB3/IOBKHBOIO ellesioHyBaHHs. KpiM TOro, npu BHKOHAHHI IOJBOTIB B yMOBax
koHuenuii BinbHuX MapuipyTiB (Free Route) asist 3abe3nedeHHs BHCOKOro piBHs Oe3nekn
MOJIbOTIB JIOLIIBHO 3aCTOCOBYBATH 3aXMCHI 30HH MOBITpsiHUX cyeH (Protected Airspace
Zone — PAZ), mo npeAcTaBisioTh cOO00 BH3HAYECHY YACTHHY TOBITPSHOTO MPOCTOPY
HABKOJIO TIOBITPSHOTO Cy/AHA, PO3MIPH SKOi HE MOXKYTh OyTH TOpPYIICHI KOIHUM
mitaneHuM anaparoM (puc. 1). PAZ Bu3nauae HaliMeHII JOMyCTHUMI BifcTaHi JUIs
30JIMDKEHHSI JIITaKiB TPOTATOM IIOJBOTY Ta 3HAYHO 3MEHIIYE pHU3UK BHHUKHEHHS
KOH(TIKTHOT CUTYaIi{ y TOJIBOTI.

[’“_:z,c_mn@f— ~ | pAZ
S— —

Puc.1. 3axucHa 30Ha JriTaka

BripoBapkeHHs 3aXMCHUX 30H JIITAKiB CIPHATHME 3HAYHOMY ITiJIBHIICHHIO DPiBHS
0e3MeKH IOJIbOTIB, 3HIDKCHHIO BHUTPAT MaluBa IOBITPSIHHUMH CyJAHaMH, IO, y CBOIO
4epry, 3yMOBHTb 3MEHIIICHHS eMiciii B aTMOchepy.

Haykosuii kepignux — Ilagrosa C.B., 0-p mexu. Hayk, npoghecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 656.7.022.8(043.2)
3aneBcbkmii MLA.
Kiposoepaocvra nvomna axkademia HAY, Kipoeoepad

®I3NYHI 3AKOHHU PYXY TA KJIACHU TPAHCIIOPTHUX CUCTEM

OCHOBHOIO CKJIAIHICTIO 3HAXOJDKEHHS MIpH pyXy TpPaHCHOPTHHUX 3aco0iB €
ICHyBaHHS IBOX KJIacCiB TPAHCIIOPTHUX CUCTEM, KOKHHH 3 SIKHX Ma€ CBiH 3aKOH pyXy.

BpaxoByroun Te, 1110 Ha 3eMJIi MM MaeMO CIIpaBy 3 MOJIEM TSDKIHHS, SIKe HAIPABJICHO
BEPTUKAIBHO, aJIc HE MA€ CKIIAI0BOI 0 TOPU3OHTANT], BIIMOBIHO BHIUIAETHCA TEPIINI
KJIaC TPAHCHOPTHHX CHUCTEM Ha OCHOBI MEXaHIKM BEPTHKAIBHOTO PyXy (MeXaHiKu
Herorona). [lpyruil Kjac TpPaHCIIOPTHUX CHCTEM BHUIUIIETBCS Ha OCHOBI MEXaHIKH
TOPU30HTANBHOTO PyXy (MexaHiku bepryui).

Mexanika HproToHa BKa3ye, II0 TOPU3OHTANBHUN pyX 00’€KTy 3IifiCHIOETBCs 0e3
BHUKOHAHHS POOOTH, OCKUIBKH BIiH € PyXOM IO eKBINOTEHI[IHHIH moBepxHi. B mMexanimi
Bepuymii, To6TO mpu mepeMimieHHi 00’€KTiB TPAHCIIOPTYBAHHS IO TOPU30HTAI, Mae
Micue iHmMI 3akoH pyxy. Po0OoTa TrOpWU3OHTANBEHOTO IEpEeMIlleHHS MOXe OyTH
BU3HAUCHA JIMIIE B MeXaHiui BepHyim, 1e /uisi TOPH30HTAaJIbHOTO PyXy MH MaeMo
COpaBy 3 CWIOK MNpPOTHAIl oMy, MpPOMOPILiiHIA KBagpaTy LIBHAKOCTI PYXOMOTO
00’exTy. YcraneHunii pyx 00’€KTy IO TOpH30HTaNI (PyX IO TOPHU3OHTANI 3 ITOCTIHHOIO
LIBHAKICTIO) CIHOCTEPIraeThCsl TUIBKM TOMAI, KOJM CHJIAa HOTO TATH JOPIiBHIOE Ta
MPOTHUIISIKHA 338 3HAKOM CHJIi ONOPY CepeIOBHIIA IEPEMIIIEHHsI TPAHCIIOPTHOTO 3ac00y.

Kapnunaneaa BigmiHHiCT MexaHiku HploToHa Ta  MexaHiku beprymmi
CIOCTEPITAETHCS Ta MPOSBIAETHCS 110 BiHOMIEHHIO 10 TiNa y CTaHi CIIOKOIO Ta Tijia, 1o
PYXa€eTbCs 3 TOCTIIHOIO IIBHJKICTIO IO HpsiMii. Sk mepire, Tak i Apyre B MexXaHili
HeroToHa He 3HaXomsaThes i jgiero cuid. B mexanini BepHymi e crocyeTbes TUTBKU
Tina y craHi crokoro. Ile o3Hauae, 110 i pealbHUX TPAHCIOPTHHUX 3ac00iB MU MaeMO
CIpaBy 3 pyXOM, SKHMil BHMara€ TNPHUKIAQJICHHA CHIM TPH DPYXOBi 3 MOCTIHHOIO
MIBHJIKICTIO.

Bume Mu po3gimsiin 3arajgbHy MeEXaHIKy pyXy Ha MeXaHIKy BEpTHKaIBHOTO Ta
TOPU30HTANBHOrO pyxiB. [IpoTe, mpakTHUHO Oyab-sIKHMil TpAaHCHOPTHUIT 3acib 3xilicHIOE
JIBa pyXHU OZHOYACHO: 110 BEPTUKAII Ta 110 Topu30HTai. OOHIBa Ui PyXHU 3AIHCHIOIOTHCS
32 pPaXyHOK MOTY)KHOCTI OJJHOTO ¥ TOTO X JIBUI'YHA, TOOTO NOBHa HOTO IOTYXHICTBH
BUTPAYa€ThCs Ha J[Ba PYXU 3a Pi3HUMH 3aKoHamMu. TyT MaeMo BaXJIMBY HayKOBO-
MIPAaKTHYHY HPOOJIEeMy ONTHMI3alil pyXy TPaHCIOPTHUX 3aco0iB MPU TPaHCIIOPTYBaHHI
BaHTAXY MPHU TiH XKe BiICTaHI MiXK TyHKTOM BiAPABJICHHS Ta ITyHKTOM MPU3HAYCHHSI.

Hacamkinenp, ane He B OCTaHHIO Yepry, peajbHHH PyX TPaHCIOPTHUX 3aco0iB,
TOOTO CHJIa OIOpY CEpefOBHINA, B SKOMY BOHH IIEPEMIIIYIOTHCS, 3aJEXHTH BiX HOro
T'YCTHHH Ta aepOAMHAMIUYHHUX XapaKTepPUCTUK TPAHCIOPTHUX 3acO0iB.

Tak, y ckmaaHiii B3aemofil [BOX (i3MYHMX 3aKOHIB: BEPTUKAJIBHOIO Ta
TOPU30HTANBHOTO PYXy MiJ Oi€l0 ABOX CWI: CHJIM TSDKIHHS Ta cuiu bepHymn mpu
HAsBHOCTI BILUTMBY aepOJMHAMIYHHUX XapaKTEPUCTHK TPAHCIIOPTHUX 3ac00iB Ta I'YCTHHH
cepelloBHIIa IX PyXy 1 € TOJOBHA CKIAIHICTh NP 3HAXO/KEHHI MIipH PyXy B pealbHUX
TPaHCIOPTHHUX CHCTEMaX.

Hayxosuii kepisnuk — 3anescokuii A.B., KaHO. mexH. HayK, OOYyeHm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

V]IK 656.7.086(043.2)
Koanenko /1.10.
Hayionanvnuii agiayitinui ynieepcumem, Kuis
HImeasos O.A.
Kiposoepadcvra nvomna axkademia HAY, Kiposoepao

CUCTEMA JIATHOCTHKHU EMOIIHHOI'O CTAHY NIJIOTA
B IIO3AIITATHUX CUTYANIAX

3rigHo 3 JOKyMEHTaMH, II0 PETIaMEeHTYIOTh JIbOTHY EKCIUTyaTalliio i yIMpaBIiHHS
TOBITPSIHUM PYXOM, OCTATOYHE PIillIEHHS y pa3i BUHUKHEHHS MO3AIUTATHUX CHTYaIlii
npuiiMae koMa"aup noBiTpstHOro Kopabms (I1K). Ane B 3B’S3Ky 3 BENHKOIO YacTKOIO
nmpuiHATTA ekinmaxkeM [1K HeamekBaTHUX pimreHs, mo ckiaagae 90% npuduH aBiamiifHIX
mofiit y cBiti aus Beix tunis 1K, BiAmoBigampHICT 32 CBO€YACH] i BipHI peKOMeHaarii
B IO3AIITaTHUX CHUTyallisIX IIOKJIaAeHO Ha asiajgucrerdepa. [Iosd LOTO BaXKIMBO
JMCTIETUepyY BOJIOMITH OINEPATHBHOK iH(GOPMAIiE€I0 HIONO PO3BHUTKY I0O3ALITATHOI
CHUTYyalil; HOTOYHOro eMoliifHoro crany moauHu-oneparopa (JI-O), mo kepye IIK;
KIUJIBKICHOT OI[IHKK TPOTHO3Yy IIO/I0 PO3BUTKY IMO3AIITATHOI CHUTYyauii 3 ypaxyBaHHIM
eMoriiiHoro crany JI-O, 1o jie€ B eKcTpeManbHHX yMoBaX. HaiOijbln MOMIMpEeHUMHU
3ac00aMH OIIHKM CTaHy pOOOTH MiloTa € MapaMeTpy MUIOTYBaHHS (BIAXMICHHS
SJICPOHIB, PyJisl HAIpsIMy TOLIO) Ta MEPEeroBopH B KabiHi ekimaxy, ToOTO, paxiooOMiH
MDK TTOTOM Ta AWCIIETYEPOM. BijbIn JOCTYNHMUMH € MapaMeTpH MiTOTYBaHHS, SIKi
PEECTPYIOTECSI CydacHHMMH 3acobamu. TeMn i amImiTyga pyxiB IiJIoTa y Ipomeci
kepyBanHs [IK, siki 3MiHIOIOTBCSI 3 POCTOM EMOIL[NHOI HANpPYyTH, € MOKa3HHKOM HOro
EMOIIIITHOTO CTaHy.

Po3pobiieHo cucTeMy iarHOCTHKM EMOIIHOrO CTaHy MUIOTa B MO3AIITATHUX
CUTYyaIisIX, sIKa JO3BOJISAE 3AilCHIOBaTH MOHiTopuHr niid JI-O (minora), miarHoctyBaTtu
MIBUILCHHS SMOLIHHOI HANPYrd y pa3i BUHUKHCHHS MMO3AIITATHOI CHTYalil IUISIXOM
BH3HAYCHHS JeopMalliii eMOIIHHOTO TOCBiAY MiJIoTa, TOOTO, IEPEXOay A0 MOTCHIIITHO
HeGe3MeTHNX BU/IIB ICUXIYHOI misTbHOCTI (puc.1).

Briyaman { | SUCTIET
aacod —-» " uEp

Hosimpand
ropaden

Ensouyiinaih cran JI-0
mTEre
ey

Puc.1 Cucrema fiarHOCTHKH eMOLIMHOTO CTaHy IiJIOTa B MO3AIITATHUX CHTYALsIX
Iepenaua maHuX 3AIMCHIOETHCS 3@ JAOTOMOTOIO TEIEMETPHIHHX CHCTEM 3acCO00aMH
cymyTHHUKOBOI Hapiramii. OTpuMaHa iH(opMamis Moxke OyTH BHKOpHCTaHa B paMKax
nporpaMu ayauTiB Oesneku nmonboTiB LOSA «Line operations Safety Audit» 3 metoro
CTBOPEHHS 0a3M JaHWX Ail eKilMaxiB B pealbHUX MMOJBOTaX.

Hayxosuii kepisnux — [LImenvosa T.®D., 0-p mexu. Hayk, ooyenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 621.396.933(043.2)
Jlapuenko C.O.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

IHTEI'PALLIST AEPOHABIT ALIMHUX JAHUX J1JI1 BUPILIEHHS 3AJIAY
HABIT'ALIII TA KEPYBAHHS ITOBITPAHUM PYXOM

BpaxoByioun HasiBHHI IPOTHO3 ITOCTIHHOTO 30UTHIIEHHS TOBITPSIHUX IIEPEBE3CHb, 3
METOIO TiJBUIIEHHS iX eKOHOMIYHOCTI, IPOBAIATHCS JOCITI/PKEHHS IOAO0 YAOCKOHAICHHS
oprasizaiii MOBITPSHOrO pPyXy, CIPSIMOBAaHOI Ha MiJBMINEHHS IPOMYCKHOI 37aTHOCTI
CHCTEMH HOBITpsiHOrO pyxy. OJHMM 3 HamIpsSMKIB YJOCKOHAJICHHS € IHTerpaiis
aepoHaBIralliiHUX CUCTEM 1 JaHUX JUIS BHUPIIICHHS 3aJay HaBiramil Ta KepyBaHHS
noBitpstauM pyxom (KIIP).

30inbIIeHHs] BUKOPUCTAaHHSI aepOHABITAIliIHAX JaHUX Oyze BiAOyBaTHCS TOJIOBHUM
YUHOM JUI YCYHCHHS HEBM3HAUCHOCTI MailOyTHHOrO Kypcy MOJBOTY 1 MOJIOKCHHS
JiTaka, TOOTO IUTAHOBAaHUX HAMIpIB y AisX eKimaxka.

Cucrema KIIP Oyzme maTu JOCTYI 0 JAHUX MApUIPYTy IOJBOTY, IO MICTATBHCS B
OopToBHX cucTeMax KepyBaHH: noipoToM Jitaka (Flight Management Systems (FMS)),
JUISL TOTO, 11100 BUKOHYBATH MEPEBIPKY Ha BIANIOBIAHICTH IUIAHY MOJIBOTY.

JlonaTkoBO JILOTHHH eKinaxk OyJe MaTH MOXJIMBICTh 3 MiHIMAJILHUM 30UTHIICHHAM
pobouoro HaBaHTaXKEHHsI IIOCTAYaTH JAUCIETYEpiB iH(OpMalielo mpo IXHid BHOIp
KpAIIoro nMpodijro MoIbOTY Ta 00MEKEHHSX, 10 MAIOTh MiCLIe.

HoBi MoxmuBOCTI U(POBUX CHCTEM TMepeaadi AaHUX, CUCTeM OOpoOKM MaHWX i
HOBI (yHKUii BimOOpaXCHHS BIIKPHBAIOTh LUIAX OO CIUIBHOTO BUKOPHCTAHHS 1
ynpaBimiHHA iHQopMmamiclo B Macmrabi Beiei cucremm KIIP, mo 3a0e3neunts
aBTOMAaTH30BaHy IIATPUMKY B pillIeHHI 3a]a4 HaBiramii i KepyBaHHs HOBITPSIHUM PyXOM
Ha SIKICHO HOBOMY PiBHI.

B poboti po3risaaeTbes iHTErpallisi acpOHABITAIIHHAX TaHUX, KOJIM P HAsIBHOCTI
uudporoi ninii 38's13ky "nucnerdep-minor” (CPDLC) indopmarist po peanbHUi pesKuM
MOJNBOTY, CrocoOM HaBiramii i 3aKOHH KepyBaHHs, L0 BHKOPHCTOBYIOTHCS, MOXKE
HAJXOAUTH Oe3mocepenHbo 3 0a3M AaHUX KOMITIOTepa OOPTOBOI CHCTEMHU KEpyBaHHS
monsoToM. [lpm BigcyTHocTi miHii 3B'i3ky BuOip 3a3HadeHOi iH(popMamii Moxke
MIPOBAJNTHCS 3 HA3eMHOI YacTHHU 0a3W JaHWX, HANPHUKIIAJ, HA MiJICTaBi IOBIIOMIICHb
eKimaxa.

Jns peanizanii HalBHIIOrO PiBHS aBTOMATH3aLil IPOIECY KOHTPOIIO i KepyBaHHS
MOJIBOTOM IepedadacThes epeada 3a JOIoMOororo HudpoBol JiHil 3B'I3Ky Ha O0pT y
CHCTEMY KEpPYBaHHS IOJBOTOM CHMTHAJIB KEPyBaHHs Ul YCYHEHHS BiIXWICHb JliTaka
BiJl 3a/laHUX IApaMeTPiB TPAEKTOPIl MOJIBOTY, @ TAKOXK KEPyBaHHs 110 TPAEKTOPIl, 110
(dhopmyeTtbes B komm'iotepi HazeMHO1 cuctemu KIIP. Lle 103BOMUTE Takok 3a0e3MeunTH
KEepyBaHHS JIITAKOM Y KPUTUYHHUX CHUTYAIlisIX MPH HEMOXKJIMBOCTI 3[IMCHIOBATH IITaTHE
KepyBaHHS Ha OOpTi (HampHKiaj, dyepe3 HelaCHUH BHUIAIOK 3 eKillakeM IIpH aBapii, au
IIPY HECAHKIIOHOBAaHOMY BTPYYaHHI B [ii eKimmaxa i T.1.).

Hayxosuii kepisnuk — Bacunves B.M., 0-p mexn. nayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 656.7.052.002.5(043.2)
JlykisHuyk P.E.
Hayionanvnuii asiayitinuiil ynieepcumem, Kuis

AHAJII3 ICHYIOUYMUX METOAIB JOCIIJKEHHA CYITYTHbBOI'O CJIILAY

VY nmanuii yac mepen aBiallifHUMH (axiBISIMH OaraTboX PO3BHHEHHX KpaiH CTOITh
Iy’ke aKkTyalbHa HpobieMa: sK 3a0e3NeYuTH B MalOyTHHOMY HEOOXITHY IPOITYyCKHY
CIIPOMOJKHICTh aepoIOPTiB INPU MPOTHO30BAHOMY 30UIBIICHHI 00CATY HOBITPSHUX
MePEBE3CHB JIiTaKaMK IUBIIBHOT aBiamii 10 2015 p. B 2,5-3 pa3u i 0JHOYACHO 3HU3UTH
aBapifHICTb MOBITPSHOTO TPAHCHIOPTY HE MEHII, HiX y 3 pasu.

OpnHa 3 rojoBHUX mpobiieM peaiizaiii MomiOHUX IUIaHIB € 3abe3rneucHHs Oe3nekn
MOJIbOTIB BPaxoByIO4H HebOe3neuyHuid cynyTHii cnig. CyTh mpobiieMu mojsirae B TOMY,
mo OyIb-fKWil JiTak 3ainumae B arMocepi MOBrOTPUBAIMKA CYHyTHIH CHil, IO
mpeacTaBige HeOe3meky A iHmmX JiTakiB. [lomagaHHS iHMMX JTakiB, 0COOIHBO
JIETKUX, B CYNYTHIH CIIJ BaXKKOTO JiTaka MOXeE IPU3BECTH [0 KaTacTPo(idHMX
HacmigkiB. [IpoTSDKHICTH Takoro HeOE3MEYHOro CIify Il MariCTpajbHHX JITaKiB
3aJeKHO Bif crany arMocgepu jgocsrae 10-12 kM, a inomi 1 15 km. CynyTHid ciifg
3aJIeXKUTh BiJl KOMIIOHYBaHHS JIiTaka, OJbOTHOI MacH, MOJILOTHOI KOH}Iirypaii, cTany
aTMocdepH, BUCOTH 1 IIBUIKOCTI HOJIBOTY.

Jnst MOZeNIOBaHHST Ta BUBYEHHS CYMYyTHIX CIiJiB BUKOPUCTOBYIOTH Pi3HOMAHITHI
METOM TEOPETHYHHX JOCITI/DKEHb: MPsIME YHCENbHE MOJCTIOBAHHSA TYpOYJICHTHOTO
pyxy DNS (DirectNumericalSimulation) Ha 6a3i piBHsab HaB'e -CTokca, MoJenOBaHHS
Benukux BuxopiB LES (LargeEddySimulation) 3 Bukopucranssm piBHsHb Has'e-Croxca
1 TOACITOYHMX MoOAeNneil TypOyJNeHTHOCTI, a TaKOX WYHCENbHE pIlIeHHS pIBHIHb
Peiinonbaca RANS (Reynolds-averaged Navier—Stokes), 3aMKHYTHX 3a JOTOMOTOHO
mudepennianpHoi Moneni TypOynentHocti. Y poborax C.M. binouepkicskoro 0yio
3alPONIOHOBAHO BUKOPHCTOBYBAaTH METOJ AWUCKPETHHX BHUXOPIB Ui MOJEIIOBaHHS
BHXPOBOTO Cltify jitaka. HaiiOinbi inpopmaTuBHEME 3 epepaxoBanux € Mmeroan DNS
i LES, siKi 103BOJISIIOTH BUBYATH OJIVDKHIH 1 TAJIEKUIl CYIyTHIHN CITiT HA BETMKHUX 1 MaUX
BigcTaHsax Bim 3emumi. [laHi MeTOOM MO3BOJAIOTH JOCIHIIKYBaTH BIUTUB aTMocdepHoi
TypOyJIeHTHOCTI, cTpaTudikarii aTMochepH, 3cyB BITPY, a TAKOXK B3a€EMOJIIO CYITyTHIX
CIIiIB 1 peakTHBHHUX CTpyMeHIiB IBUryHiB. Metomu RANS edexruBHI npu BupimeHi
3a71a4 Npo B3aEMOMII0 JIBOX BHUXPOBHUX JDKTYTIB HPOTHIEKHOro obepranHs . lLle
JIO3BOJISIE MOJICJTIOBATH €(EKTH B3AEMO/IIT CYIyTHBOTO CITIY JIITAKa 3 TIOBEPXHEIO 3eMJTi.

ExcriepyMeHTanbHe BUBUCHHS CYIYTHBOTO CIIijly JIITaKiB BUKOHYETHCSI HA MOJIEIISIX
B aepoaMHAMIYHUX TpyOax abo MNpH JBOTHUX JOCHIIKCHHSX 3 BHKOPHCTAHHSIM
JIa3epHUX METO/IB.

TakuM YHMHOM, OOCHIIPKEHHS CYMYTHBOTO CHiTy HOBITPSHOTO Cy/AHA € OIHUM 3
HAWBaXJIMBIINX HANPSAMKIB Ui 3a0€3ME€UCHHS HAJIEKHOTO PiBHSA OE3MEKH MONBOTIB,
0cO0JIMBO B YMOBAaX 30UTbIICHHS IHTCHCHBHOCTI MOBITPSIHOTO PYXY.

Hayxosuii kepignux — Yeniscenxo B.1., 0-p mexn. nayx
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 656.7.052:629.7.067(043.2)
MManamapuyk B.C.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

AHAJII3 PU3UKIB B AEPOHABIT AH!ﬂHHX CHUCTEMAX TA iX
MIHIMI3ALIA B YMOBAX BUCOKOI IHTEHCUBHOCTI TOJIBOTIB

KepyBanns ¢akropamn pu3uMKy — Iie BHJI OCHOBHOI JISUTBHOCTI, IO 3abe3nedye
KepyBaHHs 0€3IeKOI0 TOJILOTIB 1 CHpHse 3/IICHEHHIO IHIIMX OpraHi3aliifHUX IPOIECB.

Tepmin «kepyBaHHs (pakTOpamMu PH3MKY JUisi OE3MEKH MOJNBOTIB» Ha BIIMIHY Bij
3arajJbHINIOr0 TEPMiHY «KepyBaHHS (AaKTOpaMH PHU3HKY» O3Ha4ae, II0 KepyBaHHS
0e3IeKOI0 TIONbOTIB HE CIPAMOBaHE O€3MOCepPEeHbO HA KEPyBaHHS UYHHHUKAMU
(iHaHCOBOrO, MPABOBOI0, EKOHOMIYHOTO PH3MKY TOLIO, a B HEpPIIy Yepry CTOCYEThCS
TUTBKH KEPyBaHHS YNHHUKAMHU PU3UKY 111 O€3MEKH MOIBOTIB.

Jlo ocHOBHUX (paKTOpiB, SKi MPU3BOIATH A0 aBapiii MOKHA BiTHECTH:

1) HenpaBWIBHICTH CHPUHHSATTS CUTYAIii;

2) TOMMWJIKY IIPYU NPUHHATTI PilICHHS;

3) He BUKOHaHHS BKa3iBok aucrerdepis OI1P;

4) Henopo3yMiHHs MiX nisotoM Ta aucrerdepom OIIP;

5) BTOMa Ta mepeBTOMa;

6) HesiKiCHa 70 MiATOTOBKA €KiMaKy 10 BUKOHAHHS MOJIbOTY;

7) HesKicHe BUKOHaHHS obciyroByBanHs [1K;

8) HecnpUATINBI MOTOIHI YMOBH;

9) HU3BKHH PIBEHB MiATOTOBKH aBiallifHOTO IIEPCOHAITY;

10) BinCyTHICTB IOCBity Ta iHIII.

st miHiMi3anii pU3HKiB MOYKHa BUKOPHCTOBYBAaTH HACTYIIHI METOMIH:

- 3ampoBajKECHHS OLIBII TOYHMX HABIralliiHUX CHCTEM;

- 3ampoBaKCHHS MiHIMAJIbHHX OE3MEYHUX IHTEPBAJIB Ta HOPM CILEeIOHYBaHHS,

- 3BEJCHHS J0 MiHIMyMy OOMEXKEHHS BUKOPHCTAHHS MOBITPSHOTO MPOCTOPY;

- TpaKkTHYHAa MIArOTOBKA aBlallifHOrO TEpPCOHady B  yMOBaX  BHCOKOI

IHTEHCHBHOCTI,

- BHKOPHCTAHHS 9aCOBOT'O PO3IOIIY NPWIBOTY Ta BUIIBOTY;

- po3poOka Ta BIPOBA/UKEHHSI HOBUX MapLIPYTiB IOJIBOTY;

- BJIOCKOHAJICHHS iCHYIOYHX Ta po3poOka HoBux MapupyTis SID ta STAR;

- MOHITOPUHI CE30HHMX 30UIBIIEHb KUIBKOCTI MOJBOTIB Ta MiATPHUMAaHHS IX

KIJIBKOCTI B YMOBaX MaKCHMAJIBHOT JIOIYCTUMOT IPOIYCKHOT CIIPOMO>KHOCTI.

Cnucox BHKOPHCTAHUX JZKepeI

1. bBesomacHOCTH moneToB: OT obecreueHus k ympasinenuio / B.B. Kosmos. — M.: Aspodior,
2010.—270c.

2. PykoBOACTBO IO ynpaBieHUIO O€30MacHOCTHIO oneToB. — Monpeans, UKAO, 2009. — 308c.

3. Ounuxinonenus 6e3omacHocty apuanun / M.C. Kymuk, B.IL. Xapuenko u np. — K.: Texnuxa,
2008. 1000 c.

Haykosuii kepienux — Xapuenxo B.I1., 0-p mexu. nayx, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 621.396.6(043.2)
Tepemenko /I.I., ByiinoBebkuii C.A.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

ONTUMAJIbHUIA MATEPIAJI JIEJIEKTPUKA BOPTOBOI ABIAIIIHHOT
MIKPOIIOJIOCKOBOI AHTEHH CYITYTHUKOBOTI'O 3B’SI3KY

HaykoBo-TexHiuHMI Iporpec HEBMHUHHO TiJiiiMae IIAHKy TEXHOJOTIH, 1110, B CBOIO
4yepry, CTaBUTh HOBiI W HOBI 3amaui mo ix peamizauii. Tak, MiKHapoaHa Koproparis
Iridium Communications, koTpa 3a0e3nedye MOOUTPHHN CYITyTHUKOBHUH 3B’ S30K IO BCiit
TepHUTOpii IIaHeTH, 3asBIiIa, MO mounHao4un 3 2015 poky OymyTh MpOBEAEHI 3aITyCKH
HOBUX mITy4HHX cymyTHHKiB 3emuti Iridium NEXT, Ha sxux Oyzme BCTaHOBIECHO
NpuifoMo-TiepeaaBadi pexumy S.

BpaxoByroun BuIle HaBeJeHe, NOLIIBHUM € TepeBeneHHs ciyxbu ADS-B na
BHUKOPHUCTaHHS CYIMYTHHKOBOTO KaHany Iridium, Tak sik me 3a0e3meynTs OesiKi mepeBaru
BIZTHOCHO HHHINIHBOTO MapLIPYTy CHTHAILY «OOpT — 3eMis». OnHI€I0 3 HAlBaXKIMBIIINX
3 TaKMX IepeBar € — riobajbHA JOCTYNHICTH CiyxOu crmocrepexxenHs ADS-B, na
BiZIMiHY BiJl HUHIIIHBOI cUTYyaIlii (6€3 BUKOPUCTAHHS CYITyTHUKOBOTO KaHAJYy).

BUKOpHCTaHHS HOBOTO MapLIPYTy Iepejadi CUTHaIy, CTaBUThb 3aJady CTBOPCHHS
HOBOI O0pTOBOI aBiariifHoi anTeHHOi cuctemu. s nepenadi curaary ADS-B 3 Gopry
JiTaka Ha Ha3eMHy CTaHINIO 3apa3 BUKOPHCTOBYIOTHCS IITHUPOBI, abo mrabienomiOHi
anteHu. J[ns HOBOI 3amaui BOHM HE MiAXOIATh, 0O MalOTh HEBIAMOBIAHY MOTPEOi
niarpamy cnpsmoBatnocti (JIC). [lns 3abe3neuenns: Ge3nepebiiiHOro 3B’s3Ky JiTaka 3
CHCTEMOIO CYMYTHHKOBOTO 3B’s3Ky Iridium, HeoOximHa antena 3 mmpuHOr [IC mo
¢®=360° 1 mo 6 = + 80°. BpaxoByro4H, TakoX, BUMOTY aepOAMHAMIYHOTO OOTIKaHHSI,
HaAHOLTBII BIATUM THIIOM aHTCHH JJIS TAKOT 3371a4i € — MiKpOITOJIOCKOBA aHTEHA.

KOHCTpYKTHBHO, MiKpPOIIOJIOCKOBA aHTEHA CKJIAIAEThCS 3 TPHOX LIAPIB: MPOBIJHOTO
BHUINIPOMIHIOIOUOTO IIapy, MIapy dieJIeKTpUKa 1 MPOBIAHOTO EKPAaHYKUYOro MIapy.
VY3ropkeHiCTh  MIKPOIOJIOCKOBOI AHTEHM 3alIeXHTh BiJl T€OMETPHYHUX PpO3MIpIiB
BUIIPOMIHIOBaYa, TOYKH IiJ €IHAHHSA (igepy, TOBIIMHH MiCJIEKTPHKA 1 AiCNCKTPUIHOT
MPOHHUKHOCTI € JieNeKTpuKa. Bci 1 mapameTpu B3aeMO3ajIekHi, a OTXKE, NPH 3MiHi
Marepiaity JieieKTpuKa, Oy IyTh 3MiHIOBATUCH PO3MIPH aHTEHH.

s xpamoro aepoJuHaMIYHOTO OOTiKaHHS i OLTBIIOT MIIHOCTI, aHTEHa MOBHHHA
MaTh moHaWMeHm rabaput. [lns 3HaXOMKEHHS ONTHMAJBHOTO — Marepiairy
JieJIeKTpUKa aBTopamMH OyJio MpOBeAEHE MOJIEITIOBAHHS B MPOrpaMHOMY 3a0e3ledeHH|
Antenna Magus. MojenoBanach aHTeHa 3 BHUIIPOMIHIOBaYeM Yy BHJII JHCKY, 3
HACTYIIHUMH BUAAMH JieJIeKTpuKa: BakyyM (¢ = 1), mumaBnenuii kBapu (¢ = 3,78),
ameTais (g = 3,8), ckiIoBHIHA Kepamika (g = 7,2).

B pesynbrari MonemoBaHHS OyJo 3’SCOBaHO, UMM OUIBINY Ji€NEKTPHUHY
MIPOHUKHICTh Mae€ JieJISKTPHK, TUM MEHII rabaputu oTpuMmyBaHoi aHTeHH. [Ipore, 3i
30iMBIICHHSIM €, MAaeMO 3HA4YHE 3MEHIICHHS MiACWICHHS aHTeHu. Takox Oyio
3’COBaHO, 010 30UIBLICHHS TOBIIMHU [ieNIEKTPUKA MPU3BOAUTH A0 HE3HAYHOTO
30iTBIICHHS MifcWIeHHs, ane 10 3MeHmeHHs mmpuan JIC. Otxe, BuOip Marepiamy
JlieJIeKTPUKa JOLUIEHO BUKOHYBATH Miji KOXKHUH KOHKPETHHH JIITAaK OKPEMO.

Hayxosuii kepisnux — Bapabarnog FO.M., kano. mexH. Hayk, O0yeHm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 621.396.98:621.37(043.2)

Bouasinen 10.B.

Hayuonanvnvuii asuayuonnwiii ynigepcumem, Kues

Juuxuit U.B.

Xapvkosckuil HAYUOHATLHYII YHUBEPCUMEN PAOUOIIEKMPOHUKU, XaPbKOS

AIIIMTAPATHO-IIPOT PAMMHBIN MOJYJIb OLIEHKH S®EMEPH/T
HABUT'AIMOHHBIX CTYTHUKOB

Iens paboTbl: co3naHue ammapaTHO-TporpaMMmHoro monayist (AIIM) must oneHku
TOYHOCTH d(heMeprT HABUTAIIMOHHBIX CITyTHHKOB.

Odemepuibl HABUTALMOHHBIX CIYTHUKOB SBIISIOTCS OCHOBHBIMU COCTABIJISIOLIMMHU
MIPU TIPUBEICHUH ONPEIETICHUH C TTOMOIIBIO CITyTHUKOBBIX CHCTEM HaBUTalMU. [laHHbIE
ademMepu] nepesaloTcs ¢ HABUTAIMOHHBIX CITyTHHKOB, a TOYHBIE 3(eMepruabl MOXKHO
puHATH ¢ psina IGS-cranuuii.

Crpykrypa AIIM m306paxena Ha puc. 1.

Puc.1. Ctpykrypa AIIM: 1-3¢peMepu/ibl HABUTALIMOHHBIX CITyTHUKOB; 2-HaBUI'ALIMOHHBIN
MPUEMHUK; 3-niporpamma pacuerta s¢emepun B cpeae MatLab; 4-apemepunst IGS-cranumii; S-
nporpamMa npeodpasosanust sdemepun IGS-cranmmii; 6-porpamma cpaBHEHHS d(heMepu 1
rpaduyeckoro orobpaxeHus B cpeae MatLab.

Hexotopsie pesynsrats padotst AIIM m300pakeHs! Ha puc. 2 u puc. 3.

chenf no X

Hoopawsara 7 (ECE

A

ECEF)

< 10" 1] ] A 1 .HII 1000 [ETT) 140
Koopanwatay (ECEF) ' E Koapaameta x (ECEF) ’
Puic. 2 . OpGuTer ciyTauKoB 9 1 19, Puc. 3. Pasnocts ademupun mo ocsm X, Y, Z,
ACCUNTAHHBIX HABUTAI[MOH- HBIM IPHEMHUKOM
paccYUTaHHBIC IO TOYHBIM d(eMepuIam pace 1HO pHe 0

u nporpammoii MatLab

Takum o6Opazom, mpemnoxeHHbld AIIM MokeT pemiate 3aJaHHBIC 3a7addl TPH
MIPOCKTUPOBAHUU U UCCICJOBAaHUU 3JIEMEHTOB CUCTEMBI CIIyTHUKOBOM HaBUralluu.

Hayunvie pykosooumenu — Konun B.B., 0-p mexn. nayx, Kanuno A.A., kano. mexu. Hayk
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EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

UDC 629.735.33(043.2)
Kramnik S.I., Kuzminsky O.V., Ratushniy D.A.
National Aviation University, Kyiv

WORLDWIDE AVIATION INCIDENTS AND ACCIDENTS
ANALYSIS OF 2013

Over last years, aviation industry has achieved the rapid development, which
resulted in using of airspace and aircraft as one of the primiry and important worldwide
passenger vehicle. Because of fast grow of avia industry, as a result of technical
progress and increasing in population of the world, nowaday using of aviation by civil
people for transports needs is increases too. Such business of aviation (more than 10
million of airliners make flights for a year) stresses question about in-flight safety.

Old reference to statistical data shows that amount of aviation incidents and
accidents are decreasing from year to year (for newest data for 1 million of flights only
0.62 accidents occure), but still this small percent of incident is present. To neglect even
this percent it is important to analize mistakes done in previous year, reasons of
accidents and incidents, stages at which occasion occure, types of aircraft most involved
in occurances, etc. The main task of research is to:

1. Collect all necessary data about accidents and incidents for 2013 year.

2. Process of recieving data and structuring important criterias.

3. Analyze aviation accidents and incidents for 2013 using essential characteristics.

4. Excerption of main regions of disasters, dangerous seasons, amount of victims.

In the course, different critical criterias was compared, builded statistical charts and
graphs, which show regularities in appearance of occurances. Example of charts is
shown below (relation between data and fatalities during flight):
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Eventually structurized information about aviation accidents and incidents can help
not only to maintain safety of flight through analyzing dangerous patterns but also to
provide common people with accessible information concerning flight safety.

Scientific supervisor — Polishuk S.T., associate professor

31


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�

XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

UDC 629.735.33(043.2)
Kuzminsky O.V., Kramnik S.I.
National Aviation University, Kyiv

DEVELOPMENT OF STRUCTURED ELECTRONIC GUIDANCE OF
AIRCRAFT’S CLASSIFICATION

Nowadays because of globalization and growth of aeronautical industry, aviation
market is fastly fulfilling with new types of airplanes. This rapid upgrowth in aviation
development has caused needs in structurized database of short classification of aircraft
for facilitation of educational processes, searching of aeronautical characteristics of
airplanes, analysys of given information, derivation of statistics. In addition, such
database could be used for comparing diferent types of aircraft and finding of analogue
foreighn manufacturers in Commonwealth of Independent States.

Firstly, the main idea of this research in assembling of primary airplanes’s
characteristics according to International Civil Aviation Organization criteria of airport
engeneering. Designing of guidance is executed according to International Civil
Aviation Organization literature (Document 8643 Aircarft Type Designators).
Classification mostly contains those aircraft that are commonly provided with the Air
Traffic Services. Example of general classifications has been represented in fig. 1

Given Aircarft Type

Geometric Design
Classification

SN G R G . G-

[ Short-range ] [ Medium-range ] [ Long-range ] [Ultralong—range]

Wake Vortex

Classification
[ Small ] [ Large ] [ Heavy ]
Fig.1. Example of general classifications

Such electronic guidance should be easy-used, compact and time-efficient for works
connected with classification and regarding different types of aircraft. Using of such
advanced guidance can help in different aspects of aviation: help aircraft manufacturers
to structurize and analize popularity and advantages of regarded airplanes or facilitate
process of students’ education.

Scientific supervisor — Shmelova T.F., professor
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

UDC 629.735.05(043.2)
Moiseienko V.Yu.
National Aviation University, Kyiv

MODELING OF MULTILATERATION SYSTEM USAGE
IN BORYSPIL AIRPORT

The limitations of traditional surveillance radar systems, which are used in ATC,
constrain the capabilities of existing and development of future Air Traffic Management
environment.

The using of multilateration surveillance system (MLAT) allows raise the ATC
awareness about the locations of aircrafts in the terminal area and aerodromes. This
system has a lot of benefits and provides great accuracy up to 3 m. That leads to
continuous spreading MLAT all around the world.

Multilateration, also known as hyperbolic positioning, is the process of positioning
the object in terms if exact calculation of the time difference of arrival of the signal sent
by an object to three or more receivers. The accuracy of positioning very depends of
relative location of ground based receivers and aircraft. Multilateration method also has
a nonlinear problem that affects on the accuracy of aircraft position determination.

Nowadays in Ukraine the multilateration surveillance system is operated in Boryspil
and Kyiv (Zhuliany) airports. Boryspil international airport is the main air gateway of
Ukraine located near Kyiv, with ridership 8 million people and 100 thousand flights per
year. In 2012 in Boryspil was installed and put into operation MLAT surveillance
system in the approach area (CTR) and control system ground movements. Also 4
stations was installed in Zhuliany one of them has receiver-transmitter.

In the performed research the methods of aircraft location in the MLAT system that
lie in the solution of the non linear equations were defined. These equations establish a
connection between the time difference of arrival of a signal from the aircraft and the
coordinates of the location of the aircraft. The numerical method of problem solution
that lies in the linearization of system of equations and analytical method of problem
solution was considered. The comparison characteristic of the accuracy estimation of
aircraft location was made using the computer modeling.

The purpose of this research with using of mathematical modeling and statistical
analysis, to make sure that the stations of MLAT system located in Boryspil the most
advantageous way. And ensures that the highest accuracy and fault tolerance in system
is available at navigating through the airfield and fly pass existing SIDs and STARs. Or
find a more suitable place for the stations providing better functionality of the system as
a whole, as in the area of Boryspil airport and aerodrome Zhuliany.

Some investigation and modeling were made with MLAT system data to increase
the estimation accuracy of aircraft position using optimal stochastic methods.
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INVESTIGATION OF MAGNETIC FIELD

Earth's magnetic field — is a field around our planet, where there are magnetic forces.
Magnetic field is characterized by intensity vector. Intensity vector “T” is the sum of the
vectors strengths of several fields: The main magnetic field (dipole uniform) is formed by
electric currents in the earth's core, the magnetization of the upper layers of the earth
creates a so-called continental field, ferromagnetic ore unevenly located in the earth's
surface create local anomalous, magnetic fields that distort the main field of the Earth.

Typically, the vector T is estimated from its projections, on the NED coordinate
system (Mx, My, Mz components). Also important two angles: declination and
inclination, which indicated position of intensity vector in space, horizontal H and
vertical Z components indicate intensity of T.

Declination is positive for an eastward deviation of the field relative to true north. It
can be estimated by comparing the magnetic north/south heading on a compass with the
direction of a celestial pole.

The inclination is given by an angle that can assume values between -90° (up) to 90°
(down). In the northern hemisphere, the field points downwards. It is straight down at
the North Magnetic Pole and rotates upwards as the latitude decreases until it is
horizontal (0°) at the magnetic equator.

Nowadays we have mathematical model of magnetic field of the Earth, which allows
to model magnetic field intensity vector. It is possible to use two models: World
Magnetic Model and IERF Model. These models represent a set of coefficients for
systems of equations, the solution of which allows us to estimate Mx, My, Mz. In our
work we used mobile phone Samsung Galaxy 19300, and application "Data Recording"
for magnetic data colecting.

At first we launched a program, and began the measuring. With help of GPS
receiver we measured: Height - A scalar value, in meters; Lat - A scalar geodetic
latitude, in degrees, where north latitude is positive, and south latitude is negative; Lon -
A scalar geodetic longitude, in degrees, where east longitude is positive, and west
longitude is negative. Wiht the help of Magnetic Field sensors — xyz - Magnetic field
vector in nanotesla (nT). With the help of Gyroscope — gyros data.

As a result we have got text files with measured data. But our phone measured all
data in body coordinat system, its origin and axes are given by the following: The origin
is located at the center of gravity (CG) of the device. The X-axis points forward, lying in
the symmetric plane of the device. The Y-axis is starboard (the right side of the device).
The Z-axis points downward to comply with the right-hand rule. So, we should
transform our data to NED coordinate system, is also known as a navigation or ground
coordinate system. It is a coordinate frame fixed to the earth’s surface. Based on the
WGS 84 ellipsoid model.

In summary a special software for magnetic fiel measurements has been developed.
The input data has been processed and get appropriate graphs and results.
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34



AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

UDC 621.396.933(043.2)
Nychak M.V., Zaporozhets V.I., Ostroumov L.V.
National Aviation University, Kyiv

REAL TIME SENSORS DATA PROCESSING

Sensor it is the most powerful part of any system. Aviation industry is the plase
where milions of sensors is be used for difetrent purpuses [1]. Othe wery important task
of avionics equipment is data transfer between sensors to processing equipment.

Why it is so important to transmit data online into MatLab? Nowadays rapidly are
developing unmanned aerial vehicles. If we can transmit data from UAV sensors into
MatLab, then we can process it and get the desired information about UAV. Of course
we have to use the most chipiest way to data transfer.

Today everyone in the world has mobile phone. Many of them has different sensors,
such as: pressure sensor, temperature sensor, gravity sensor, gyroscope, rotation vector
sensor, proximity sensor, light sensor, orientation sensor, magnetic field sensor,
accelerometer, GPS receiver and so on. It will be cool if we can use real time data from
cell phone sensors for some navigation tasks. In our work we use mobile phone
Samsung Galaxy SIII with all sensors which are listed above except temperature sensor.
There are existing many programs for reading and displaying data from sensors, such as:
“Sensor Kinetics”, “Sensors”, “Data Recording”, “Android Sensors Viewer”. We used
“Data Recording”.

For the purpose of transmitting data from cell phone there are following methods:

- GPRS (Mobile internet);

- Bluetooth;

- USB cable;

- Wi-Fi.

After comparing this methods we analyzed that GPRS is uncomfortable for us
because we should pay for it, Bluetooth has small coverage, USB cable has not such
portability as others methods. So we decided that Wi-Fi is optimal method on
transmitting data for our goal.

To create Wi-Fi connection between computer and mobile phone we use program
“Connectify Hot Spot”, and for sharing files from android devise to computer we used
“ES Explorer” that allow to share any directory on the device which we want.

Data can be processed with the help of MatLab. For this purpose we used function
url() with help of which we can read data from remote file.

As a result we can work in MatLab with data from sensors in real time using
following programs:

- “Connectify Hot Spot” on the computer

- “Data Recording” and “ES I[IpoBogauk” on the android device.

References
1. Asionika: HaBu. noci6. / B.I1. Xapuenko, I.B. Octpoymos — K.: HAY, 2012 — 281c.

Scientific supervisor — Chynchenko Yu.V., associate professor

35



XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

UDC 621.717.042.3(043.2)
Skyrda LI.
National Aviation University, Kyiv

DME SIGNAL-IN-SPACE DATA ACQUISITION AND ANALYSIS

The French flight inspection department is planning to execute an overall inspection
at national level for the VORs and they agreed to record DME data during the flights
using the R&S DME receiver EDS300. The campaign will include 8 or 9 flights (over
50 flight hours). We will provide support in this project and from our side we have done:

- Validated DEMETER coverage prediction (based on DTED 1 terrain elevation
model and Line of Sight propagation) and estimate the associated uncertainty.

- Validated the IF77 propagation model (for unobstructed propagation paths).

In other words the task was to identify the DMEs to be recorded on each flight
segment so that we get useful data, i.e. data recorded at the limit of the line of sight or
the limit of the link budget. Process the recorded data will be used in order to compare
to DME prediction (validate the prediction and estimate the uncertainty areas close to
LoS limit) and to determine if the recorded field strength matches the IF77 propagation
model, or rather the Free Space Loss model.

VHF Omni Directional Radio Range (VOR) is a type of short-range radio navigation
system for aircraft, enabling aircraft with a receiving unit to determine their position and
stay on course by receiving radio signals transmitted by a network of fixed ground radio
beacons. Distance measuring equipment (DME) is a transponder-based radio navigation
technology that measures slant range distance by timing the propagation delay of VHF
or UHF radio signals. DTED1 is the basic medium resolution elevation data source for
all military activities and systems that require landform, slope, elevation and/or terrain
roughness in a digital format. DTEDI is a uniform matrix of terrain elevation values
with post spacing every 3 arc seconds (approximately 100 meters). DEMETER
(Distance Measuring Equipment Tracer) is a software tool which supports the
implementation of Performance Based Navigation (PBN) and the rationalization of
navigation infrastructure. It allows service providers to determine the minimum
navigation infrastructure needed to support B-RNAV (or RNAV-5, by looking at
VOR/DME) and P-RNAYV (or RNAV-1, by looking at DME/DME navigation service).
DEMETER uses a terrain database to determine facility coverage and processes the
results by evaluating RNAV criteria according to the ICAO PBN Manual. Digital
Terrain Elevation Data Levels 0, 1 and 2 can be processed. The IF-77 propagation
model is applicable to air/ground, air/air, ground/satellite, and air/satellite paths. It can
also be used for ground/ground paths that are line-of-sight or smooth earth. Model
applications are restricted to telecommunication systems operating at radio frequencies
from about 0.1 to 20 GHz with antenna heights greater than 0.5 m.

Scientific supervisors — G. Berz, V. Vitan (EUROCONTROL, Brussels),
A.M. Grekhov, professor (NAU)
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COMPLEX APPLICATION FOR DECODING OF METEOROLOGICAL
CODES AND OTHER INFORMATION GIVEN IN CODE FORM

Significant part of information in aviation is given in short, code form, with the
purpose of economy of time, definite and clear perception of it. Thus the knowledge and
practical skills of decoding of the aviation codes are important for major part of
participants in air traffic management (ATM).

Study of meteorological codes (METAR, TAF, GAMET, etc), Flight plan and
NOTAM is part of training course of ATM participants. Student should have at least
basic knowledge about these codes and be able to perform correct decode of they. The
using of modern technologies can simplify the learning process and improve the quality
of knowledge in this sphere.

Analyzing the means, which can be useful for student, was discovered that no one
has complex form and include more than 2 codes. Thus was decided to develop the
application that provides the student with correct decryption of aviation codes.

For this task was chosen two programming language: C++ and Java EE. C++ is
convenient in the processing of text files and strings in them. Java is useful for creating
of program shell and network application. Nowadays the developed application can
process METAR, TAF, Flight plan and NOTAM and can be use on such operating
systems as Linux and Windows. The principle of its work:

— to recognize the input code (from text file or enter by hand),

— decode it using DLL-libraries connected in Java using Java Native Interface (JNI)

and

— output the result on screen using the means of Java.

In future the expand of the application include the development of libraries for other
meteorological codes (GAMET, SIGMET, AIRMET) by means of programming
language C++, create the possibility to receipt the meteorological codes and NOTAM
from Internet for certain airport and decode it, create the mobile application for mobile
devices on operating system Android, which increase portability of this application.

The using of modern technologies is inalienable in today’s education, therefore
creating such application can increase the general level of quality of knowledge and to
speed up the process of study.

Scientific supervisor — Kharchenko V.P., professor
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DETERMINE THE SIGNIFICANCE OF THE FLIGHT PARAMETERS

One of the first steps toward creating a global CNS/ATM systems is development
and supporting RNP. Required navigation performance (RNP) is a type of performance-
based navigation (PBN) that allows an aircraft to fly a specific path between two 3D-
defined points in space. RNAV and RNP systems are fundamentally similar. The key
difference between them is the requirement for on-board performance monitoring and
alerting. A navigation specification that includes a requirement for on-board navigation
performance monitoring and alerting is referred to as an RNP specification [1]. It is
important to know about the significance of navigation performance depending on main
phase of flight of aircraft (take-off, climb, en-route, descent and landing).

Developed the method of determine the significance of flight parameters using
method of expert estimates:

1. Questionary for experts — determine matrix of individual preferences.

2. Matrix of group preferences.

3. Determine the experts’ group opinion (average).

4. Determine the coordination of experts’ opinion.

4.1. Dispersion for each parameter.

4.2. Determine square average deviation (Squared deviations) for each parameter.

4.3. Determine coefficient of the variation for each parameter. If coefficient of a

variation is vj< 33 % - opinion of the experts coordinated. If coefficient of a
variation is vj > 33 % - opinion of the experts don’t coordinated.

5. For evaluation of coordination on all parameters it is necessary to use Kendal’s
coordination coefficient W or to provide interrogation of the experts again.

6. The significance of the calculations W - criterion - .

7. Compare opinion of the group of experts and expert Nel by helping of rating
correlation coefficient R ; .

8. The significance of the calculations R, Student's t — criterion.
This calculation of expert estimates is performed using mathematical environment
MS Excel and MATLAB.

References
1. PykoBoACTBO IO HAaBUTAI[MH, OCHOBaHHOH Ha xapakrepuctukax (PBN) / Doc. ICAO 9613-
AN/937. — Kanana, Monpeains: ICAO, 2006. — 304 c.
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COMPUTER SYSTEMS IN AIRPORTS

Modern airports are now highly reliant on computerized systems that provide the
facilities for safe and efficient access to air travel, as well as making the airport a
pleasant environment for passengers.This case study explores some of the areas that
make use of such systems.

Computer systems have now been developed that integrate all areas of a modern
airport. These areas (or modules) are linked via a network to powerful servers .

Failure to secure the network from either accidental or deliberate errors could have a
dramatic effect on the functioning of the network. If the different systems are integrated
into one network, then care must be taken that a failure in one section does not have
similar effects in other parts of the network.Airport networks must also be protected
from potential dangers from the Internet, to which it will be connected through a
gateway.Airport security can be separated into three areas: securing the perimeter of the
airport; security for the airport itself; the security of each plane.

Air traffic controllers work in centres that control a certain area of air space. They
deal with aircraft that enter that space by monitoring the position of the aircraft using
radar, and maintaining contact with the pilots by radio. Whenever an aircraft enters their
air space, a computer prints off a strip of paper which contains details of that aircraft
(type, departure/arrival airports, flight number, ID number, etc.) and their flight plans
(speed, course, altitude, etc.).

The main function of a baggage handling system is to transport bags quickly from a
baggage entry point (e.g. a check-in desk) to a pre-determined output point (e.g. into a
container for loading onto the aircraft).

Between the bag entering the system and arriving at its destination within the
airport, several processes could be applied to the bags. These include bags being:
automatically identified by their bag label; screened for explosives ; stored in an early
bag store; manually encoded; sorted to fl ight allocated loading positions; fast tracked ;
manually handled; reconciled.

When a customer makes a flight reservation a unique “passenger name record”
(PNR) is created, which contains flight information and personal details of the person
flying. If a car is hired or a hotel is booked at the same time, this information will also
be stored on the PNR.

Information is transmitted to passengers either via screens (flight information
display systems) or by means of public announcements.

The system is being linked to the flight information display system at the airport, so
that announcements can be made dynamically in real time. The system was introduced
in two phases. The first dealt with general passenger announcements in the different
terminals. The second phase was introduced at the different boarding gates, and allowed
individual PCs to generate local announcements.

Scientific supervisor — E.N. Skipalska
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THE MAIN PARTS OF THE AIRPORT AND THEIR PURPOSE.

The role of airports as elements of the air transport system in the country is
continuously increasing. The modern airport is a set of complex and expensive facilities
and technological equipment, which provides a high degree of reliability required levels
of safety and regularity of aircraft operations and passenger service.

Civil aviation airports are part of the air transport system. From this perspective, the
airport is a company that regularly send and receive passengers, baggage, cargo and
mail, organization and maintenance of aircraft operations. To perform these functions,
modern airport has a large number of complex and expensive structures. He is full of
automated devices, a variety of mechanization and extensive network utilities. The
whole complex of buildings and equipment should provide a high degree of reliability
and regularity of flight safety of aircraft, to allow fast , with great amenities and comfort
to serve passengers and recycle large flow of goods. From the engineering point of view
the airport is a complex engineering structures and equipment used to carry out
processes of service for passengers , cargo and mail transportation, and maintenance of
aircraft operations.

The airport locations can be divided into two parts (systems):

1) Air-terminal complex (passenger terminal) - include the actual terminal, designed
for passenger service. In the terminal building based service, serving passengers from
the moment of the entrance to the airport before departure and the date of the ladder to
the aircraft before leaving the airport:
representation of airlines;
service of passenger traffic;
security;
baggage service;
border services, immigration and customs control;
different organizations and companies that provide recreation, food, leisure
passengers, etc.: restaurants and cafes, terms of trade souvenirs, shops, etc.
2)Cargo terminal -takes time, draw, processes, loads aboard aircraft cargo and mail.
Equipped with an indoor heated storage, delivery vehicles and mechanical handling,
cargo handling agents "in invasions " and in containers.

Further development of aviation technology, the growth of transportation by
air, continued air travel concentration in some major airports of the country, increasing
the cost of construction and equipment of airports - all together necessitated
improvements and more accurate approach to the planning of airports and their rational
distribution.

Scientific supervisor — E.N. Skipalska
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AIR TRAFFIC CONTROLLERS

It is no secret that many people have a fear of flying. Among the causes of fear, the
possibility of collision with another aircraft airliner, the probability of being in poor
weather conditions, turbulence, the risk of breakdowns, etc.

Air Traffic Controller is specialist implementing air traffic control. Air traffic
controllers are providing information on flight crew, fuel reserve, make decisions under
tight time limit, planning flight program. Theirs primary function is providing safe,
regular and orderly movement of aircraft within the areas of its responsibility.

Air traffic controller monitors aircraft throughout the flight period: from starting
engines and taxiing from the parking lot and ending with the arrival of the aircraft

The duties of an air traffic controller also include:

- Maintaining constant communication with the flight crew,

- Surveillance of aircraft

- Providing the necessary information to pilots about weather conditions and other
data

- Communication of aircraft dispatchers at other airports,

- Control of terrestrial services, the situation at the airfield, over the state of the band
and much more.

Personal qualities:

« physical and emotional stamina

* care

* responsibility

« confidence

* communicative

In addition, controller must be able to react quickly to changing conditions and
instantly make the right decisions. Unfortunately, such qualities as concentration, cold
mind, high concentration and development of spatial thinking-volume hold at all

There is a small part or everyday controller's routine in Domodedovo airport:

Seven forty five am

First checkup - doctors have to make sure that the controller fit for duty, not sick or
drunk.

Eight o'clock in the morning

In Domodedovo are 2 runvays.When they opened both, the one usually used for the
landing and take-off on the other. Several times a day, each strip is closed - for what
road services check the quality of its coverage (because the band has to withstand the
pressure of multi-ton aircraft), scraped off the asphalt rubber from aircraft tires or carry
out some other work. When one lane is closed, the second starts at the same time to take
off and landing. Now just such a situation five o'clock in the evening. This is the busiest
hours. Four hours phones, airplanes, negotiations and constant attention on the radar
screen. can not be distracted even for a second.

Scientific supervisor — O.M.Skipalska
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AVIATION METEOROLOGY

Terms of aircraft flights are dependent on many factors, among which _ one of the
major is weather. Weather for aviation was, is and will be a very complex problem that
impedes or prevents execution of flights.

According to ICAO approximately 40% of aircraft accidents, followed by human
casualties caused by weather conditions. Of the total number of accidents related to the
weather conditions, 62% due to poor visibility, 11% - of thunderstorms, 11% - strong
turbulence, 7% - icing, 9% - other causes.

Analysis of accident investigations shows that some of them occur due to lack of or
insufficient meteorological information due to improper assessment of meteorological
conditions aeronautical meteorology, flight crews, employees and other ATC
responsible for organizing of flights. In other cases, biased evaluation of possibilities for
human and aircraft, bringing the crew is in critical conditions and can not handle the
piloting technique.

Effective use of meteorological information, an appreciation in the weather
conditions, make informed decisions when dealing with various meteorological
phenomena and weather conditions require flight crews and workers ATC solid
knowledge in the field of aeronautical meteorology.

Aviation meteorology - the science that studies the influence of meteorological
variables and phenomena on aviation activities, developing the theoretical foundations
and practical methods of meteorological support flights.

To meteorological phenomena include: precipitation, fog, blizzards, thunderstorms,
squalls, dust storms, tornadoes, icing, turbulence, and other phenomena.

Significant place in the course of aeronautical meteorology is given to the study of
materials synoptic meteorological codes, information and documentation used in the
meteorological service for international air navigation and meteorological support
operations organization.

Origin, formation and development of aeronautical meteorology caused the practical
needs of air transport. Flourishing aviation accompanied by a corresponding
development of acronautical meteorology.

Meteorological Service of aviation across the globe made on the basis of broad
international cooperation in the framework of the World Meteorological Organization
(WMO) - World meteorological organization (WMO) and the International Civil
Aviation Organization (ICAO) - International civil aviation organization (ICAO), which
are specialized agencies organization of the United Nations (UN). These organizations
work on the basis of working arrangements, which are based on the principle of
separation of spheres of activity and influence in the field of aeronautical meteorology.

Scientific supervisor — O.M.Skipalska,assistant
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ENGLISH AS THE BEGINNING OF BEGINNINGS

You've probably heard that the ability to speak, understand and write English is
mandatory if you wish to fly internationally. But do you know why?

English is an inseparable part of any employee in the aviation industry, and
especially it is crucial for the career of pilot and air traffic controller.

English is the international language of aviation, and the International Civil Aviation
Organization requires all pilots and air traffic controllers to be competent in English.

Safety of life of many passengers in flight depends on employees’ proficiency in

Aviation English.

Aviation English is based on oral activities, listening and speaking skills and self-
expression. Pilots, air traffic controllers and aeronautical station operators should
demonstrate the ability to speak and understand the language used for radiotelephony
communications to the level specified in the Appendix. Besides, the Aviation English
requires six descriptors: Pronunciation, Structure, Vocabulary, Fluency, Comprehension
and Interaction, which meets at any given Level 4 proficiency. Those who are assessed
at ICAO Level 4 must be re-tested every three years. Those who fail may not be licensed
to operate on international routes.

The English that is spoken in communication between pilots and air traffic control is
quite restricted, and is referred to as standard phraseology. A largely fixed set of words
and phrases is used to cover most operating procedures and eventualities. Both air traffic
controllers and pilots must have sufficient language proficiency to be able to manage the
complex tasks they have to undertake if they are going to do them with safety. One of
the most frequent problems is caused by pronunciation when speaking over poor radio
connections, but grammatical and lexical problems are not unusual either. In emergency
situations misunderstandings can become complicated by intercultural communication
problems and lack of flexibility in language use.

Scientific supervisor —E.N. Skipalska
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ADVANTAGES AND DISADVANTAGES OF INTERNET

Today, the Internet has become a powerful tool for humanity all over the world .
Perhaps Internet is the most outstanding innovation of communication in the history of
mankind . However, as some innovation, the Internet has its own advantages and
disadvantages.

Advantages:

With the Internet, we can communicate with someone from another part of the world
in a split second. I must admit that there are no limits of communications services by
email. There are a variety of services through which you can easily establish a friendship
with someone and exchange your thoughts.

Information is probably the biggest advantage that the Internet offers. Network has
become a virtual treasure trove of information.Search engines like Google, Yahoo and
Yandex provide their services to network users. With theirs help you can find different
kind of information and get the answer almost any question.

The Internet has become a very successful tool in the field of entertainment. There
are many games that can be downloaded from the net for free. Online games industry is
experiencing tremendous growth, attracting millions of players. When people turn to
Internet search, they can find anything. Music, games, news and much more, everything
is in the network.

Today many services moved to the network. Among them : the payment of housing
services , job search , buy tickets for your favorite movies, manual range of issues that
cover all aspects of life , hotel bookings, in the end.

In other hand we can see some disadvantages of using Internet:

If you use the internet on a regular basis, you should know that there is always the
likelihood of theft of personal information such as address, credit card number, name,
and much more. All this can be accessed by criminals network facility, which causes
some concern.Spam is the sending of unsolicited messages to email addresses. This kind
of illegal activity may cause some problems for the user , not just ignore a mass mailing
, you should make an effort to stop spam , so that the use of the network has become
safer and more convenient. Computers connected to the Internet, it is much more
susceptible to virus attacks, which ultimately can disrupt the hard disk than bring a lot of
problems to the user.

Using Internet on different gadgets may spoil vision and posture, because we do not
follow the rules of safe using of our technology.Recently, people are increasingly using
the internet to simplify their lifes (paying bills, ordering food) because of such trifles as
they become very lazy.Internet has addictive nature as for children as for grown-up. So
you must understand that you must control your using Internet, and understand that there
is real life besides web pages.
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THE ROLE OF MEDIA IN BUSINESS AND EVERYDAY ACTIVITIES

Mankind has always had a mad desire to communicate. In ancient times this could
be verbally or in some form of writing. In our time, the most convenient form of
communication at a distance it internet correspondence when letters come to electronic
mail. This replaces our postman and long days of waiting. Email has become an integral
part of daily communication. Correspondence to friend or business, that formerly took
weeks to arrive at the place to take some information. Now took some seconds.

So we can say that emails are easy to use. You can organize your daily
correspondence, send and receive electronic messages and save them on computers. The
language used in emails is simple and informal. Emails do not use paper. They are
environmental and save a lot of trees from being cut down. Emails can also have
pictures in them. You can send birthday cards or newsletters as emails.

Besides everyday amenities, email is also an assistant in the business. Email in
business can be used for intra-company communications, marketing purposes and
coordinating with business partners, suppliers and customers. The products can be
advertised with emails. Companies can reach a lot of people and inform them in a short
time. Email software is available for every size business, allowing for customized
business and employee interactions. Via e-mail providers can for a few seconds to
answer customer questions and to consider the proposals.

Email every day becomes more accessible to every person and every company in the
world.
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COMPUTER AS A SOURCE OF EDUCATION, ENTERTAINMENT
AND BUSINESS

We live in the fascinating and challenging world of science. It is a world that more
and more over the ages, and especially in the 20th century has come to affect so much of
our lives. We are on-lookers of great scientific achievements such as television and a
computer. We can’t imagine our life withought a notebook or a radio. I’d like to speak
in details about computers.

What is a computer?

A computer is an electronic device that stores information and allows changes in it
through the use of instructions. A modern computer gives a lot of advantages to a user.
The list of the advantages is rather long: computers give us access to the Internet- an
international computer network. You can spread a lot of your free time surfing the
Internet and get all sorts of information from it. You can enter the chat room with other
Internet users and debate urgent problems on line. If you are connectable by e-mail, you
can correspond with your own web page and place there information about yourself.

Today computers help people to do many things. Bankers use them to keep track of
money. Telephone operators use them to put calls through. Without computers, weather
forecasters would make more mistakes. Computers also help scientists to solve their
problems. More than that computers help police to keep order in shops. But computers
have some disadvantages. Computers can make people lazy. People waste their time
when they play different games on a computer. People forget to go to the libraries, they
often find information on the Internet. Wicked games can make people, especially
children aggressive and stupid.

But in my view they have more advantages, than disadvantages. It’s an open secret
that the computer is a source of education, entertainment and communication. And in
my life the computer plays a very important role. It helps me to find information and
relax. Though scientists have archived so much, scientific minds are still working at
some urgent problems. I’d like to focus on the problem how to make our life longer and
happier. It’s a well-known fact that nowadays people have a lot of artificial parts or
implants inside them. There are some people who have problems with their health,
especially with their hearts. And surgeons operate them on and put on implant inside
them. Surgeons think that within 50 years one person in ten will have at least one
artificial part inside.

Because science will be around us even more in the future, I think we-tomorrows
adults must start learning today to be ready to take our places in this computerized,
nuclear and supersonic age!
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SECURITY OF THE GSM

The theme of my report is GMS (Global System for Mobile Communications). It is
the most popular mobile phone system in the world. GSM was designed with a moderate
level of service security. The system was designed to authenticate the subscriber using a
pre-shared key and challenge-response.

GSM uses radio communications for its mobile subscribers' this makes it a sensitive
service for the persons who are unauthorized users and are accessing through the
different mobile stations. These unauthorized users pretend that they are usual
subscribers' and listen to the private conversations which are being exchanged on the
radio paths.

Hence, there are mainly two security purposes which are kept in mind when it is
concerned of the GSM network:

First of all, to protect the Accessibility to the mobile services and secondly to
prevent disclosure of any crucial information/data at the radio path to achieve the
privacy regarding that particular data.

There are several features of the GSM service for the security of its customers.

Authentication is being provided to the registered customers only.

The process of encryption is being used for secure data transfer.

The identity of customer is being verified.

The cellular phones are useless without a SIM card.

A secret key Ki is being used to achieve authentication.

Advantage of GSM Services:

First of all the GSM network is fully developed which means that it contains
stability with proper features and services. Hence it has over 450 million subscribers
worldwide.

The other advantage of GSM network is that it contains better voice quality and low-
cost .alternatives to make calls, such as Short message service (SMS) . In the case of
GSM network the quality of voice is fine inside the buildings.

Another advantage of this service is that the equipment's are easily available from
the vendors who execute the following service.

GSM services provide the roaming facility to its customers so that they can use the
service anywhere in the world.

GSM networks provide higher talk time due to its pulse nature of transmission and
its ability to use routers.GSM provides the facility of International Roaming which is
highly beneficial in context to its customers.Although the GSM network was designed to
be a secure mobile system and it did provide strong subscriber authentication and over-
the-air transmission encryption, it is now vulnerable to someattacks targeted at different
parts of an operator' s network.

However, GMS is important as 30 years ago as now.
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AIR NAVIGATION SYSTEMS

The basic principles of air navigation include the process of planning, recording, and
controlling the movement of an aircraft from one place to another.

Why is so important to determine where is aircraft being at the moment?

Aircraft travel at relatively high speeds, leaving less time to calculate their position
on route. Aircraft normally cannot stop in mid-air to ascertain their position in the air.
Aircraft are safety-limited by the amount of fuel they can carry. So it is very important
to determine the position of the aircraft.

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). In the latter case,
the pilot will navigate exclusively using instruments and radio navigation aids such as
beacons, or as directed under radar control by air traffic control (ATC).

In the air navigation uses many different systems. There are Non-Directional
Beacons (NDB), Very High Frequency Omnidirectional Range (VOR), Distance
Measuring Equipment (DME), Instrument Landing System (ILS), Global Positioning
System (GPS), Inertial Navigation System (INS).

A Non-Directional (radio) Beacon (NDB) is a radio transmitter at a known location,
used as an aviation navigational aid. NDBs use to drive a display which shows the
direction of the beacon from the aircraft.

VOR is a type of short-range radio navigation system for aircraft, which helps
aircraft to determine their position and stay on course by receiving radio signals
transmitted by a network of fixed ground radio beacons. In this system, a beacon emits a
specially modulated signal which consists of two sine waves which are out of phase.
Many VOR stations also have additional equipment called DME (Distance Measuring
Equipment) which will allow a suitable receiver to determine the exact distance from the
station. Together with the bearing, this allows an exact position to be determined from a
single beacon alone.

An Instrument Landing System (ILS) is a radio beam transmitter that provides a
direction for approaching aircraft. Mostly it uses in poor weather, when pilots cannot see
the ground or runway.

An Inertial Navigation System (INS) is a navigation aid that uses a computer,
motion sensors (accelerometers) and rotation sensors (gyroscopes) to continuously
calculate via dead reckoning the position, orientation, and velocity (direction and speed
of movement) of a moving object without the need for external references.

The Global Positioning System (GPS) is a space-based satellite navigation system
that provides location and time information in all weather conditions, anywhere on or
near the Earth where there is an unobstructed line of sight to four or more GPS satellites.
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THE LINGUISTIC IMPACT OF INTERNET ON LANGUAGE USAGE

Nowadays the Internet is the medium with more significant impact on language
usage as well as change than the telegraph, telephone, radio, cinema, and TV all
combined. The Internet’s revolution has changed the world, collapsed its distances, and
given new powers to individuals, peoples, and nations. This revolution has given a voice
to many and offered platforms for new genres to evolve, affecting everything that is
societal including language. However, just as any past invention, the Internet's impact
on society in general and on language in particular has raised opposing standpoints.

From the opposing camp, there are some who think that the Internet threatens
language on several levels. First, they argue that the Internet has caused considerable
damage in terms of language usage and written proficiency. Second, they contend that
the Internet threatens national borders through manifest foreign influence and
hegemony. Third, on the level of language oppression, they allege that the Internet
threatens the existence of linguistic minorities and threatens the existence of linguistic
minorities.

The proponents think that the Internet as a flat space promotes learning, democracy,
and cultural understanding. They argue that language change is inevitable and cannot be
stopped because languages are open systems. The proponents assert that the Internet
promotes efficient communication and bridges the gap between cultures and nations.

Most language experts think of the Internet as having a monumental negative effect
on written English. For instance, "punctuation tends to be minimalist in most situations,
and completely absent in some e-mails and chat exchanges". Chatting and texting have
promoted new methods of community communications that manipulate language itself.
The nature of these communication systems requires speed and simplification. The new
generations and particularly teenage users are the ones who have “introduced several
deviant spellings”, such as [kool = cool], [fone =phone], and [B4 = before].

For most people, using the Internet in its first stages meant learning its language,
English. Cyberspace overcame distance and forced cultures to open to each other,
sometimes bridging the gap and other times widening it. The introduction of computers
in high schools is helping student to learn a second language. In some high schools,
teachers used CMC (Computer mediated communication) to pair up their students who
are learning a second language such as French or Spanish with native speakers from
other schools abroad. Compared to other students who were exposed in a traditional way
to a second language, students using CMC were more proficient in learning a second
language and spoke it using native sounds.

The general consensus is that the Internet will accelerate ongoing changes in
languages and affect the cultural attitudes, norms, and values of internet users. However,
the debate over whether or not this change is positive is an unending one because it
touches social issues that deal with our inability to face changes and our intolerance to
anything different from our prescriptive mentality.
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UNMANNED AIRCRAFT SYSTEM

An unmanned aircraft system (UAS) includes ground stations and other elements
besides the actual aircraft. The term was first officially used by the FAA in early 2005
and subsequently adopted by DoD that same year in their Unmanned Aircraft System
Roadmap 2005-2030. Many people have mistakenly used the term Unmanned Aerial
System or Unmanned Air Vehicle System, as these designations were in provisional use
at one time or another. The inclusion of the term aircraft emphasizes that regardless of
the location of the pilot and flightcrew, the operations must comply with the same
regulations and procedures as do those aircraft with the pilot and flightcrew on board.
The official acronym UAS is also used by the International Civil Aviation Organization
(ICAO) and other government aviation regulatory organizations.

An unmanned aerial vehicle (UAV), commonly known as drone, is an aircraft
without a human pilot aboard. Its flight is controlled either autonomously by on-board
computers or by the remote control of a pilot on the ground or in another vehicle. The
typical launch and recovery method of an unmanned aircraft is by the function of an
automatic system or an external operator on the ground.

There are a wide variety of UAV shapes, sizes, configurations, and characteristics.
Historically, UAVs were simple remotely piloted aircraft, but autonomous control is
increasingly being employed.

They are usually deployed for military and special operation applications, but also
used in a small but growing number of civil applications, such as policing and fire
fighting, and non-military security work, such as surveillance of pipelines. UAVs are
often preferred for missions that are too "dull, dirty or dangerous" for manned aircraft.

The military role of unmanned aircraft systems is growing at unprecedented rates. In
2005, tactical- and theater-level unmanned aircraft alone had flown over 100,000 flight
hours in support of Operation Enduring Freedom and Operation Iraqi Freedom, in which
they are organized under Task Force Liberty in Afghanistan and Task Force ODIN in
Iraq. Rapid advances in technology are enabling more and more capability to be placed
on smaller airframes, which is spurring a large increase in the number of Small
Unmanned Aircraft Systems (SUAS) being deployed on the battlefield. As the
capabilities grow for all types of UAS, nations continue to subsidize their research and
development, leading to further advances and enabling them to perform a multitude of
missions. UAS no longer only perform intelligence, surveillance, and reconnaissance
missions, although this still remains their predominant type. Their roles have expanded
to areas including electronic attack, strike missions, suppression and/or destruction of
enemy air defense, network node or communications relay, combat search and rescue,
and derivations of these themes. These UAS cost in range from a few thousand dollars
to tens of millions of dollars.
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COMMUNICATION PROBLEMS BETWEEN ATC AND PILOTS

English is the international language of aviation. But even when pilots and
controllers both speak English fluently, there are pitfalls in the nature of language and
the ways that language is heard. Pilots and controllers must be aware of, and avoid,
common types of linguistic misunderstandings.

The communication problems can be divided into four distinct types. The first one is
an absence of a pilot readback. In most of the instances, the pilot merely acknowledged
the clearance that he/she misunderstood. The second type is the well-known in aviation
readback/hearback error, where a pilot reads back a clearance incorrectly and the
controller fails to catch the readback error. The third one is a new classification of
communication errors called Hearback Type II Errors. In this type of error the pilot
correctly repeats the clearance that was issued, but the controller fails to notice that the
clearance issued was not the intended one. Also there can be some call sign problems.

A pilot readback presents the most efficient opportunity to catch
miscommunications. It tells the controller "this is what the pilot heard" to help ensure
that that's what the controller said, and that's what the controller wanted to say. When a
clearance is acknowledged without a readback, this safety net of communications is
taken away. While there are some frequencies that are occasionally congested to
accommodate full readbacks, they should never be sacrificed to pilot complacency.
Acknowledging a controller transmission with only a flight number gives the controller
no useful information and removes any possibility that an error will be caught at the
readback stage.

A readback error is defined as an important discrepancy between the clearance that
the controller issued and what the pilot read back. When the controller fails to correct
this discrepancy, this is a "hearback" error.

Hearback Type II Errors are controller errors in which the pilot correctly repeats the
clearance that was issued, but the controller fails to notice that the clearance issued was
not the clearance that he/she intended to issue. This type of error also included the few
instances in which the pilot made a statement of action or intent that the controller
should have noticed was problematic.

Most pilots and controllers are aware of the confusion that similar sounding call
signs can cause. Call signs can sound similar because they have: the same flight number
(such as AAL 123 and UAL 123), numbers that sound similar (such as "two" and "ten"),
or the same numbers in different positions (such as "four thirty-two" and "three forty-
two"). The problem is compounded when the flights with similar sounding numbers also
have the same airline name. Similar call signs are inevitable, particularly at airline hubs,
where many aircraft can have the same company name.
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KANSAI INTERNATIONAL AIRPORT - A PLACE WHERE THE HUMAN
OVERCAME NATURE

Modern aviation has grown dramatically in recent years. Because of free space
absence new approach is needed in a subject of aerodrome design. Kansai International
Airport is an example of such approach. Osaka with the population of 2.6 million people
became the commercial and industrial center of Western Japan. In order to compete with
Tokyo Osaka needed to find a way to bring in more people for big business. In the
1960s planners proposed a new airport near Kobe and Osaka. Osaka International
Airport, located in the densely populated suburbs of Itami and Toyonaka, was
surrounded by buildings; it could not be expanded, and many of its neighbors had filed
complaints because of noise pollution problems.

Kansai was built 5 kilometers from shore and contains 530 hectares of landfield
making a massive rectangle more than 4 kilometers long and 1200 meters wide.
Connected to the mainland by the world’s longest two-tiered bridge, Kansai welcomes
55.000 planes a year.

The sea wall was finished in 1989. In 1990, a three kilometer bridge was completed
to connect the island to the mainland at Rinku Town, at a cost of $1 billion. The island
had been predicted to sink 5.7 m by the most optimistic estimate as the weight of the
material used for construction compressed the seabed silts. However, by this time, the
island had sunk 8.2 m.

In 1991, the terminal construction commenced. To compensate for the sinking of the
island, adjustable columns were designed to support the terminal building. These are
extended by inserting thick metal plates at their bases. Government officials proposed
reducing the length of the terminal to cut costs, but architect Renzo Piano insisted on
keeping the terminal at its full planned length. The airport opened in 1994.

On 17 January 1995, Japan was struck by the Kobe earthquake, whose epicenter was
about 20 km away from KIX and killed 6,434 people on Japan's main island of Honshd.
Due to its earthquake engineering, the airport emerged unscathed, mostly due to the use
of sliding joints. Even the glass in the windows remained intact. In 1998, the airport
survived a typhoon with wind speeds of up to 200 km/h.

On 19 April 2001, the airport was one of ten structures given the "Civil Engineering
Monument of the Millennium" award by the American Society of Civil Engineers.

Kansai International Airport is now one of Japan’s busiest air hubs handling more
than 300.000 passengers a week, opened 24 hours a day. It is one of the most incredible
engineering marvels of 20th century recognized by the world. With the increase of air
traffic density the society meets problems with the deficiency of fully equiped airhubs.
Kansai International Airport is one of the first steps on our way to provide safety and
convenience of air movement at any point on the globe. Only the fact of this airhub
existence means that we entered the era with no limitations where to build the next
aerodrome.
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MAINRULESOF RADIOTELEPHONY AND THEIR IMPORTANCE FOR
ATCS AND PILOTS

RadiocommunicationsareacriticallinkinATCsystem.The most important thing in
communication between pilots and ATC is understanding. It is essential, therefore, that
pilots acknowledge each radio communication with ATC by using the appropriate
aircraft call sign. Brevity is important, and contacts should be kept as brief as possible,
but the controller must know what he wants to do before giving some reccomendations
to the pilot. And, the pilot must know exactly what he should do and what to say to
ATC. Since concise phraseology may not always be adequate.

All pilots find the Pilot/Controller Glossary very helpful in learning what certain
words or phrases mean. Good phraseology enhances safety and is the mark of a
professional pilot. Jargon, chatter and slang have no place in ATC communications.

If a pilot or ATClisten inattentively, it may case misunderstanding between them
and even accident and, of cource, if a pilot or ATC does not think what to say before
transmitting, it will lead to misunderstanding too.

Both, ATC and pilots must know ICAQO’s alphabet. The International Civil Aviation
Organization (ICAO) phonetic alphabet is used by FAA personnel when
communications conditions are such that the information cannot be readily received
without their use. ATC facilities may also request pilots to use phonetic letter
equivalents when aircraft with similar sounding identifications are receiving
communications on the same frequency. Pilots should use the phonetic alphabet when
identifying their aircraft during initial contact with air traffic control facilities.

Pilots and ATC have the same necessary frequency for communicating. If a pilot or
ATCselect the new frequency without an acknowledgment, the controller's workload is
increased because he has no way of knowing whether pilot received the instruction or
have had radio communications failure.

Communication between pilots and ATC is very important for keeping passengers
safety.
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ICAO PHONETIC ALPHABET

The NATO phonetic alphabet, more accurately known as the International
Radiotelephony Spelling Alphabet and also called the ICAO phonetic is the most
widely used spelling alphabet in aviation. Although often called "phonetic alphabets",
spelling alphabets are unassociated with such phonetic transcription systems as the
International Phonetic Alphabet; instead, the International Civil Aviation Organization
(ICAO) alphabet so assigned code words acrophonically (Acrophony is the naming of
letters of an alphabetic writing system so that a letter's name begins with the letter itself.
For example, Greek letter names are acrophonic: the names of the letters o, B, vy, 6, are
spelled with the respective letters: adea (alpha), pita (beta), ydupo (gamma), déhta
(delta)) to the letters of the English alphabet that critical combinations of letters and
numbers can be pronounced and understood despite language barriers or transmission
static.

The 26 code words in the NATO phonetic alphabet are assigned to the 26 letters of
the English alphabet in alphabetical order as follows: Alfa, Bravo, Charlie, Delta, Echo,
Foxtrot, Golf, Hotel, India, Juliett, Kilo, Lima, Mike, November, Oscar, Papa, Quebec,
Romeo, Sierra, Tango, Uniform, Victor, Whiskey, X-ray, Yankee, Zulu

After the phonetic alphabet was developed by the International Civil Aviation
Organization (ICAO) (see history below) it was adopted by many other international and
national organizations.

Several important short words and responses have set equivalents designed to make
them more reliably intelligible, and are used in the same situations as the NATO
alphabet. For "yes" and "no", radio operators say “affirmative” and “negative”, though
to avoid possible confusion “affirm” is sometimes used for “affirmative”.

A spelling alphabet is used to spell parts of a message containing letters and
numbers to avoid confusion, because many letters sound similar, for instance "n" and
"m" or "b" and "d"; the potential for confusion increases if static or other interference is
present. For instance the message "proceed to map grid DH98" could be transmitted as
"proceed to map grid Delta-Hotel-Niner-Ait". Using "Delta" instead of "D" avoids
confusion between "BH98" and "DH98". The unusual pronunciation of certain numbers
was designed to reduce confusion. In aviation "Delta" is replaced by "Data", "Dixie" or
"David" at airports that have a majority of Delta Air Lines flights in order to avoid
confusion because "Delta" is also Delta's callsign.

In conclusion we want to say, that aviation is a very complicated mechanism which
consists of many details and all of them must work without any halting. ICAO phonetic
alphabet is a very important part of this mechanism, because without it could be
confusion between ATC controllers and pilots which can cause the most terrible thing in
the world — the death of human being.

Scientific supervisor — L.P.Korol
54



AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YIK347.55:656.7:061.5:378.4(477)(043.2)

Konushij George
National Aviation University, Kyiv

USEFUL CONTRACTS BRING US DOUBLE SUCESESS

We live in 21 century in age of technologies, when English Language is
international and every educated person should know it. However, we don’t take into
account workers that are working in technical sphereand build our future. So we
understand that in sphere of education it will be good if we have some projects that will
improve skills of new generation of workers. We would like to emphasize that «English
project» in National Aviation University gives an opportunity to study technical English.
It is very useful, but it should be sponsored by government. Or we can go by the way of
less resistance. In next paragraphs it would be described.

As you know Ukraine is fatherland of aviation. Today a lot of Ukrainian mechanics
and engineers in general don’t know technical English, that’s why we cannot develop
our aviation in world scale. It will give us opportunity to see different ways of updating
our old aircraft or try to see new way of constructing our planes. Of course the most
important question is financial side. We always need to pay for information and
opportunities. Solution of this problem is really easy. For example, let’s take a closer
look at National Aviation University. We suggest concluding the contracts with aviation
companies about giving financial support for «English project», then our university
gives them well-educated specialist, who know technical English, modern airplanes, and
recent trends of aviation. In fact this idea can satisfy two sides,because there are good
high-level education and employment after graduation from university. This is the way
of independent development without government intervention.

We can suggest that our state will not resist this program of exchange, they will be
only happy. But we should further investigate some issues in this idea. Nowadays old
generation of specialist in aviation can’t give us their knowledge in English, because
little amount of people, who worked in the USSR, know technical English well,
although they are very proficient engineers. After 22 years of independence Ukraine has
not got enough young and experienced specialists to teach new generation. We need to
break the system and create new specialists, who will combine the experience of old
generation with good English skills.

To summarize this small but important question, we need to understand that only
correct direction brings us success. We need bold ideas, that in future will drastically
change our life
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COMPONENTS OF THE VIRTUAL AIR TRAFFIC CONTROL SIMULATOR

Today the important problem is developing of methods and systems which will
provide rapid development of new generation of Air Traffic Controllers.

This training device, about which we'll talk, is composed of three simulators:
control tower, procedures and monitoring, all of which can be operated independently or
integrated.

First of them: 3D Control Tower Simulation Room. Consists of one panoramic
visual system in 3D with which it is possible to see airfield, airdrome and the
surrounding environment that includes buildings, doors, ramps, taxiways, runways and
all types of vehicles and aircraft. It is also possible to simulate all types of weather
conditions, including cloudy, rainy, snowy, stormy and windy environments.

The second: Pseudo-Pilots Room In Control Tower. This is the tool used to perform
aircraft and vehicle movements, controlling the complexity of the exercise. This unit
contains the following: one supervisory position that allows the instructor to make any
dynamic changes while running the exercise; therefore changing the weather and the
progress of flights by either adding or removing aircraft, if needed.

Other than: Radar Surveillance Control Simulation Room. There are three
surveillance control positions, each one consisting of two positions as well as: an
“executive,, controller position and another “planner,, controller position with their
respective communications and traffic display screens for the applicable area or sector
and flight plans. These positions have all the necessary capabilities to perform doth
approach control in the terminal area and surveillance control of the area, according to
any training needs.

Quite important of them: Simulation Control Room By Procedures. This simulator is
unique and allows operators to be prepared to turn over control in those areas without
radar coverage, or to be prepared to deal with a monitoring system failure. The system
also offers an app that can design any needed format and also has a strip printer.

Another one: Database Management. This application allows modifying, creating
and copying databases determining all the characteristics of the scenario to be simulated
such as: restricted area control sectors; airways; area navigation; control positions;
aircraft performance; etc.

Eventually, we want to add that The Air Traffic Control Simulator System provides
a unique opportunity to meet urgent training needs for a new generation of air traffic
controllers in accordance with the standards set out by the International Civil Aviation
Organization. That is very important in our rapidly growing society.
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UNMANNED AIRCRAFT

With the development of aviation engineers thinking is it possible to create a plane
that is controlled remotely, but the tasks it will perform will be comparable with piloting
Professional Pilot. First drones were conceived as bombs. The plan was that to bomb the
enemyor to conduct reconnaissance territory. Developing drones engaged many
countries, but the most important role in the development belongs to America. Since jolt
to the development of unmanned aircraft owned by Nikolai Tesla. Wide need drone was
just during World War II. But at the end of the war drones get more civil direction.

Civilian drones scope is vast: from agriculture and construction to the oil and gas
sector and the security sector. Drones civil purposes can be used in the service by:
emergency service; agricultural enterprises, forestry and fishing; companies engaged in
surveying, Institute of Geography and geology of the energy sector; construction
enterprises; media. According to the open access documents of the European Union
institutions, the distribution of consumer demand for civilian drones in the period from
2015 to 2020. as follows: 45% - government agencies, 25% - firefighters, 13% -
agriculture and forestry, 10% - energy, 6% - earth observation, 1% - communications
and broadcasting.

Also, drones transport medicines and vaccines and retrieve medical samples into
and out of remote or otherwise inaccessible regions. Unnamed aircraft can help in
disaster relief by gathering information from across an affected area. Drones can also
help by building a picture of the situation and giving recommendations for how people
should direct their resources to mitigate damage and save lives. So they can be used to
explore particularly contaminated sites for more information about the degree of
contamination of the medium. Creating special drones that can fly into hurricanes to
appreciate the extent of his danger. Drones are actively involved in search and rescue
operation, such drones are equipped with special sensors that are connected with the
Internet photos drone database missing.

In this regard, there are three groups of factors forming modern trends in the
development of unmanned aircraft:

- functional factors - the needs of the customer, which wants to have the UAVs that
meet their today and tomorrow's practical needs;

- technological factors - the development of new and improvement of existing
technology development, creation and production of UAVs for various purposes,
including options for payload;

- material and financial factors - reasonable cost of the development, production and
operation of serial samples UAV.

Eventually drones become an integral part of the future and have the leading
branches in the Worlds Aviation.

Scientific supervisor — L.P.Korol
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DEVELOPMENT OF THE CORRECTION MODEL OF RADIO
COMMUNICATION KNOWLEDGE OF ATC

In the modern world air transportations are the most rapid type of transport. There is
a continuous and steady growth of volume of air motion in the flow of the last three
years. But level of flights safety must remain stably high and it is important not to
eliminate possibility of origin of emergency situation.

The analysis of statistical data of origin of aviation incadents showed that poor
knowledge of language of international communication had become a basic or
concomitant factor incase of occurring of aviation events. Requariments to knowledge
of phraseologyand aviation English are enough strict — it is required by practice of
professional activity of ATC.

To increase the level of knowledge in this sphere of professional activity the
correction model of radio communication knowledge of ATC is developed. In the
process of development of the correction model the questionnaries of operating ATC
officers were conducted. The results of the verbal and writing questioning showed 7
basic groups of the errors, which are assumed during radio communication.

They are: correctunderstanding ofsituation and application of phraseology;
deviation from the rules of phraseology; = mispronunciation of words;  use of out-of-
date phraseology; delivery of superfluous information to the pilot; errors of translation;
not sufficient vocabulary.

Similarly, the levels, which taught person can get with use of the correction model,
were certain (questioning, criteria of evaluation of practical skills is in training center).
They are:

- low — poor knowledge of aviation English and phraseology of radio
communication; poor observance of rule of radio communication; absence of
operationabillity or not correct decision making;

- middle — weak knowledge of aviation English and phraseology of radio
communication;partial observance of rules ofradio contact; middle of
operationabillity or not correct decision making;

- base — base level of knowledge of aviation English and phraseology of radio
communication; not exact observance of rules ofradio contact; base of
operationabillity or partly correct decision making;

- high — high level of knowledge of aviation English and phraseology of radio
communication;observance of rules ofradio contact; high operationabillity and
correct decision making,.

On the basis of 7 groups of errors and levels of success in educating it is planned to

create complex of exercises and include them to the
certificate information storage andretrieval system, which is exist.
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GENERALIZED ANALYSIS OF NORMS OF FLIGHT SUITABILITY BY THE
MINIMAL VELOCITIES RANGE

Take into account that flight safety is ensured by air transport system (ATS), part of
which is aircraft. Correspondence of aircraft type with Norms suggests that its design
and characteristics to satisfy the requirements of flight safety. Consequently, the
airworthiness of the aircraft is determined by its ability to perform a safe flight
throughout the range of operating conditions (provided that the other ATS components
are functioning normally). Fulfillment of the requirements NLGS is necessarily in the
design, manufacture, testing, certification, admission to the operation, repair, import and
export of civil aircrafts, also the development of government and industry standards,
technical requirements and assignments.

The NLGS defined minimum and maximum speed of the aircraft, also the datum
speed, which is guided the pilot during flying. On airplanes various instruments that
measure different types of speed are used (true, instrument, indicator, equivalent, etc.).

However, when it is considered the signalizer of the velocity type and when the pilot
in difficult conditions is not enough to focus on instrument risks (on combination
airspeed indicator), in this case, safety should be divided into two kinds of speed:
horizontal and vertical .

Signaling of vertical speed limiters structurally designed and constructed to prevent
aircraft collisions with the ground, to prevent rough landings, etc. The development of
such signalizers currently is an independent design area onboard safety systems.

Historically, the movement in the design went this way: first created variometers
and it was determined restrictions during takeoff and landing, and then to reduce the
number of accidents during takeoff and landing, especially due to the collision with the
earth obstacles were created alarm system type: GPWS - system of a ground proximity
warning, then EGPWS — earth ground proximity warning system.

To reduce the accidents during takeoff and landing these systems are used. They are
represents a hand signalizers that use voice informants transfer information to the pilot
about dangerous speed. Considered disadvantages of these systems, later were
established beforetime warning system, but not the first, not the second-generation
detectors were not designed for signaling of the minimum speed during landing.
Confirmation that such signaling is needed is an accident in Donetsk, AN- 24.
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ELECTROMAGNETIC VARIATOR

The invention relates to a systems of electrosupply of moving objects. A common
feature of the prototype and the object of the invention is the use of conical variator in
which by moving of the transfer roller, changed the radius of the intersection of the cone
and the surface of the roller.

The disadvantages of the prototype:

- availability efforts compressive cone and roller;
- inconstancy transmission ratio due to slippage;
- wear of pulleys.

Operation of the friction transmission based on the use forces of friction that occur
at the site of contact between two bodies of revolution by the forces pressing Fp. This
should be: Ft <F, where:

- Ft - the district force;
- F =-BFp friction between the pulleys;
- - coefficient of friction.

Breach of this condition leads to rapid wear and slippage pulleys. Glide is also the
cause inconstancy transmission ratio, which varies within certain limits depending on
the load. These deficiencies are found in smaller variator pulley with adjustable
pressing, but it is complicated by design.

With large capacity hard pressed to provide the necessary power of pulleys.
This force and the corresponding load on the shafts and supports are very large, the
design of the variator and pressing unit is complex.

The disadvantages of the prototype are also high demands on precision
manufacturing and stiffness variator to provide even pressure distribution along the
contact surface.

The aim of the invention is to obtain electromagnetic variator where excluded
slippage pulleys when changing the load off mechanical force pressing regulator pulleys
and demotion high demands on accuracy of manufacturing and stiffness variator.. This
goal is achieved by using of direct current winding located on the bearing shield that
covers the drive shaft and creates an electromagnetic force pressing pulleys that
eliminates slippage pulleys when changing the load excludes mechanical regulators
clamping force pulleys and reduces high demands on precision manufacturing and
stiffness variator.
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ANALYSIS OF VOLTAGE REGULATING SYSTEM

Creation of airplanes with an all-electric equipment (AAEE) requires the new
powerful systems of power supply on a few MV-A. For this purpose machines with
permanent magnets can be used. The main disadvantage of generators with permanent
magnets is absence of direct method of voltage regulation as a result of difficulty of
change of permanent magnet flux. There are some different methods of voltage
regulation in generators and in this article the voltage regulation at the expence of
mechanical displacement of parts of magnet core towards each other will be considered.

The regulated synchronous generator with permanent magnets with saturation of
armature back, offered by A. I. Bertinov and worked out to the industrial prototypes
jointly with V. Andrejev and S. Mizjurin, has for this purpose an additional toroidal
winding of magnetic bias, located in overhead part of stator slot and back which
embraces it.A calculation of regulating performance of generator and choice of
parameters of bias winding is a difficult task, interfaced with account of nonlinear
characteristics of bias areas of generator core, that are under the simultaneous action of
permanent magnet MMF of generator rotor and MMF of immobile bias winding.

It is already known AC generator with permanent magnets with voltage regulating at
the expense of axial rotor moving relative to stator. Essence of voltage regulating in this
generator consists in pulling-out of rotor from the air gap or pull-in, if frequency of
rotation accordingly increases or diminishes. However presence of movable parts in a
regulator does this system in the dynamic mode by very inertia, that is its considerable

disadvantage. The controling system is structurally difficult and unreliable.
It was found the next invention (fig. 1)
: 8 I | 1 —active shaft;2 — spring; 3 —
_— centrifugal regulator; 4 —
; IEI_-.- —r diamagnetic bearing unit; 5
: i 7 —armature; 6 — permanent
2 0 s magnet; 7 — ferromagnetic
-\\ shunt; 8 — valve; 9 — winding
4~ ———-—-—-=-4- of inductor.
Fig. 1 — The general view of magnetoelectric generator
Direct method of voltage regulating, linearity of function of B = f (H) at the
change of load and speed of drivemotor, eliminated regulator influence on exactness of
voltage stabilizing, diminished inductance of excitation winding, depth of flux change in
an air gap is increased, and voltage regulating is carried out by the common action of
centrifugal regulator of magnetic flux value and direct-current of excitation.
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BUILT-IN-TEST FEATURES IN ON-BOARD INTEGRATED COMPLEXES

The constant improvement the safety requirements led to the fact that modern
avionics systems arefail-operational device with multiple redundancy.In their
construction, various forms of redundancy: structural, informational, functional, which
are controlled by a variety of means of built-in-testing and diagnostics. All this provided
a significant reduction in the importance of failure, because it doesn’t only single, but
often multiple failures basic devices don’t cause catastrophic consequences.

At the same time, the total flow rate increases in proportion to the volume of failure
of installed equipment, both basic and is in hot standby. Failures when they occur are
fixed by means of built-in control that requires, in accordance with existing operating
instructions, to eliminate them, including through the replacement and repair of the
corresponding block. The result is significantly increased operational costs, which
include costs associated with flight delays, as well as emergency landing .

Specificity of integrated complexes only aggravates the situation because the
individual functional units aren’t manufactured as independent structural units, and
implemented in the form of circuit boards in a large computing unit. This complicates
the procedure of fault localization and degrades the maintainability of equipment.

Moreover, often the device fixed built-in control output parameters for certain fixed
limits only in the all associated equipment and don’t support troubles in individual
testing were removed from the block. Another specific feature of integrated computer
systems is the constant increasing number of failures of software that dismissive after
restarting programs in repair and maintenance units.

Conclusion. One of the possible concepts maintenance provides for the separation
of failures into two groups: failures affecting flight safety and failures associated with
the loss of redundant equipment functions. Failures of the first group aren’t allowed. At
the same time there is no need to interrupt the flight of the aircraft or put out of
operation when there are failures of the second group. This scheme not only allows more
efficient use of the fleet , but also offers greater reliability of flight schedules. However,
the practical application of the conception requires a revision of existing design
principles embedded control devices . Along devices must evaluate the possible
consequences of failure and predict the further development of the situation. The
implementation of these functions associated with the need to develop subject-oriented
expert systems with artificial intelligence.
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STRUCTURAL ANALYSIS OF RADAR DATA WHEN AIRCRAFT ENTERS
DANGEROUS ZONES DURING FLIGHT

Radar data can be used for monitoring and control of air traffic in the outside
terminal area in regional air traffic control centers.Airborne weather radar (AWR) is
necessary equipment of any civil airplane.Nowadays, the development of AWR is
mainly associated with growing functionalities on detection of different dangerous
weather phenomena. And this class of functions gave modern name of the AWR.
Nevertheless, second important assignment of weather radar is providing pilots with
navigation information that is got at earth surface mapping[1].

Meteorological phenomena in aviation are observable weather events which
illuminate, and are explained by the science of meteorology. Those events are bound by
the variables that exist in Earth's atmosphere; temperature, air pressure, water vapor, and
the gradients and interactions of each variable, and how they change in time.

Aircraft operations without weather information are impossible. This rule applies to
all, without exception, aircraft and helicopters around the world, regardless of the length
of the routes. All flights of civil aircraft may be made only when the flight crews
knowledge of meteorological conditions in the area of flight, landing point and alternate
aerodromes. Therefore it is necessary that each pilot had mastered the required
meteorological knowledge understand the physical nature of weather phenomena and
their relation to the development of synoptic processes and local physiographic
conditions, that is the key to safety[2].

A zone of dangerous meteorological phenomena (DMP) was defined as a region,
where the parameter describing the DMP exceeds some specified level. To choose these
parameters we must be sure that they characterize the intensity of DMP and can be
measured.The identification of separate sources of danger, such as turbulence, hail,
lightning, etc. has become a reality. The further knowledge refining and data
specification can result in improving accuracy of weather information.

Professional career of specialists of operator profileis characterized by the
appearance extreme modes related to equipment failure, human error of the operator,
complex and demanding tasks of management, external interference in the work, altered
mental status, operator and many other factors that create stress conditions for
information exchange man with appliances. So, we can say that pilots are overloaded
with the information and it’s required indicating only limited advisable information on
the monitors, displays, etc.

The proposed classification in a concise and accessible form sets out the concept of
the basic meteorological terms, the phenomena in their relation to the impact on aviation
operations. Considered meteorological conditions and provides practical guidance on the
most appropriate action in aircrew complex meteorological conditions.
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HUMAN FACTOR IN AIRCRAFT VISUAL INSPECTION AND IT’S
RELIABILITY

Visual Inspection is the single most frequently-used aircraft inspection technique,
but is still error-prone.

Inspection in aviation is mainly visual, comprising 80% of all inspection by some
estimates, and accounting for over 60% of aviationnoticesin a 2000 studies. It is usually
more rapid than other nondestructive inspection techniques, and has considerable
flexibility. Although it is usually defined with reference to the eyes and visible
spectrum, in fact Visual Inspection includes most other non-machine-enhanced methods,
such as feel or even sound. It is perhaps best characterized as using the inspectors’
senses with only simple job aids such as magnifying loupes or mirrors. As such, Visual
Inspection forms a vital part of many other nondestructive inspection techniques where
the inspector must visually assess an image of the area inspected.

Visual inspection is the oldest inspection technique, in use from the pioneer days of
aviation, and it can be argued that all other nondestructive inspection techniques are
enhancements of visual inspection.

As used in aviation, visual inspection goes beyond “visual,” i.e. beyond the electro-
magnetic spectrum of visible wavelengths. In a sense, it is the default inspection
technique: if an inspection is not one of the specific nondestructive inspection
techniques (eddy current, X-ray, thermography, etc.) then it is usually classified as
visual inspection.

An important characteristic of Visual Inspection is its flexibility, for example in
being able to inspect at different intensities from walk-around to detailed inspection.
From a variety of industries, including aviation, we know that when the reliability of
visual inspection is measured, it is less than perfect. Visual inspectors, like other
nondestructive inspection inspectors, make errors of both missing a defect and calling a
non-defect (misses and false alarms respectively).

Visual inspection is of the greatest importance to aviation reliability, for airframes,
power plants and systems. It can indeed detect a variety of defects, from cracks and
corrosion to loose fasteners, ill-fitting doors, wear and stretching in control runs and
missing components.

There are two bodies of scientific knowledge that must be brought together in this
project: quantitative nondestructive inspection reliability and human factors in
inspection. These are reviewed in turn for their applicability to visual inspection.
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PROBLEMS OF PILOTS LOSS OF CONTROL DURING FLIGHT

The existing information shows, that loss of control during flight is one of the main
danger, which lie in wait for flight crew. Airplane upset unnecessarily is the result of
deviation from controlled flight (stalling or corkscrew movement), but includes the
condition of abnormal altitude and maximally heightened or reduced speed. Airplane
upset can be caused by lot of factors, acting separately or together.

The development of airplane upset determines how fast or powerful should be
control impact of a pilot, which is necessary for leading out the airplane from upset
position. Anyway the pilot’s reaction should be acceptable for prevention the
aggravation of situation and leading out from airplane upset. Any training in the field of
airplane upset should perform in accordance to practical exercises provided by airplanes
manufacturers subject to three stages of appearing of airplane upset: warning, detection,
outlet from the upset position.

Loss of control during flight became the reason of the most aircraft crashes, that
leads to human and airplanes loss. Such situation conditions the necessity of revision of
requirements for pilot’s training.

Loss of control occurs because in stalling situation aircraft exceeds flight limits and
its normal flight disturbed. During training these impacts acts in sequence, and in real
situation — simultaneously, and pilots were not taught correlate and cope with irritants in
right way.

International Committee for Aviation Training in Extended Envelopes (ICATEE)
says that most of 230 thousands of professional pilots have not enough training for
recognition, warning and outlet from stalling.

It is necessary integrated approach during ground, flight and workout training,
which should teach pilots right methods for aircraft outlet from stalling i.e. reducing
angle of attack at the first sign of flow separation. Modern systems of flight imitation
reproduce almost 100% of normal maintenance conditions, but produce adequate
training for the prevention stalling and outlet from upset position cannot be concluded at
any simulator.

Theoretical training, ensuring common skills for outlet from stalling at piloting
aircrafts and working off action algorithms for concrete type of aircraft at full-piloting
simulator that is set of measures which will allow pilot to form mental model of
situation and will teach to respond appropriately to unexpected events.

Developers should pay paramount attention to the modeling of the stall process,
buffeting simulation efficiency, the importance of motion signals.
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HEAD-UP-DISPALYS IN MODERN AIRLINERS

The pilot has extremely high informational load. Interaction between the pilot and
indication system is formed of two main processes: process of information acquisition
about current values and dynamics of flight parameters, technical system and control
process state, during which the pilot brings the values of flight parameters into necessary
state correspondingly to the current problem. Instrument image data formation occurs as
the result of pilot's information acquisition and processing during visual scanning of
indication system — accidental, random process of pilot's look movement along
indication system elements. The importance of instrument information for adequate
flight situation image forming is obvious: the indication system should have maximal
ergonomic efficiency. And nowadays it really has. The years of experience in designing
avionics displays have resulted in the level of technical expertise and innovation
required in avionics applications. So, the subject of the following work is Head-Up-
Displays.

A head-up display or heads-up display—also known as a HUD—is any transparent
display that presents data without requiring users to look away from their usual
viewpoints. The origin of the name stems from a pilot being able to view information
with the head positioned "up" and looking forward, instead of angled down looking at
lower instruments. Starting from military aviation, this device got wide applying in civil
one.

A head-up display or heads-up display—also known as a HUD—is any
transparent display that presents data without requiring users to look away from their
usual viewpoints. The origin of the name stems from a pilot being able to view
information with the head positioned "up" and looking forward, instead of angled down
looking at lower instruments.

Use of HUDs then expanded beyond military aircraft. In the 1970s, the HUD was
introduced to commercial aviation. HUDs are split into four generations reflecting the
technology used to generate the images.Fourth Generation, the last one, —Use a
scanning laser to display images and even video imagery on a clear transparent medium.
The Embraer 190, Saab 2000, Boeing 727, Boeing 737-300, 400, 500 and Boeing
737 New Generation Aircraft (737-600,700,800, and 900 series) were the only
commercial passenger aircraft available with HUDs. However, the technology is
becoming more common with aircraft such as the Airbus A318 and several business jets
featuring the displays. HUDs have become standard equipment on
the Boeing 787. Furthermore, the Airbus A320, A330, A340 and A380 families are
currently undergoing the certification process for a HUD.

Literature:

1. The avionics handbook By Cary R. Spitzer, section 4-7 Books.google.com. Retrieved 2012-07-
14.
2. "Airbus A318 approved for Head Up Display". Airbus.com. 2007-12-03. Archived from the
original on December 7, 2007. Retrieved 2009-10-02.
Supervisor — Hryshchenko Y. V.
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FEATURES OF WARNING SYSTEM OF STALL

At the present time the loss of control during the flight is the most common cause of
the aviation accidents. The most frequently the aircraft control loss arises from the
stall.Pilots are well trained, aircrafts are equipped with the systems of protection from
the stall, and it's still happening. At the control column of the aircraft there are
established the mechanisms of the control column shake, which provide pilots with a
tactile and audible warning about the approaching to stall.

The system consists of two independent computers with information sensors. One
computer issues a command to switch the mechanism of shaking the command pilot’s
control column, and the second - the second pilot’s control column.

The system is activated when the sensor AIR - GROUND on the right stand will
show that the aircraft is in the air, or the speed of the aircraft will be more than 160
knots (Fig. 1).
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When calculating the moment of switching the mechanism of shaking there are used
four algorithms:

- normal stall warning (comparison of a the current and a switching the mechanism
of shaking)

- asymmetry stall warning (correction to the position of the leading edge flap)

- high thrust stall warning (correction for thrust of engines)

- speed floor stall warning (switching the shaking independently of the angle of

attack with speed drops).
It is recommended the development of new tools and methodological instructions to

prevent entering the aircraft in nonstandard situations.
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ELECTROMAGNETIC GENERATOR UNITS

For generation of alternative current of fixed frequency with wide changeable
rotation speed the gearless generator units may be used.

The generator unite consists of the double rotation synchronous generator and
excitatory machine and pole switchable asynchronous machine which is connected with
the net through the automatically control chokee.

During any load current the double rotation synchronous generator may operate:

- in the generator mode giving active power into the net;

- in the electromagnetic slip coupling mode transferring part of
mechanical power on the shaft of asynchronous machine with the pole
switchable winding on stator.

Advantages of gearless generator units:

- simple in construction and production;

- high efficiency;

- simple control, cooling and lubrication systems.

Disadvantages:

- the contact rings and brushes presence in the armature chain of the
double rotation synchronous generator.

The differential generator unit of electrical scheme consists of synchronous
generator and synchronous machine with rectifier and automatically control resistance in
three phase rotor winding circuit.

Depending on contacts position the asynchronous machine may operate in the
following modes:

- the synchronous generator powered engine;

- the electrodynamics brake which is excited by the external source
direct current;

- asynchronous generator which is parallel connected with
synchronous generator.

The main disadvantages of generator unit are the contact rings and brushes presence
in the rotor chain asynchronous machine. This disadvantage may be excluded with the
help of the noncontact cascade asynchronous machine.

Cascade unit with regular voltage and frequency may be installed in aircraft engine
and has the same terms of maintenance works. The contact groups of poles number
switchers of auxiliary asynchronous machine works episodically. Also the brushes are
calculated on approximately 0.03% from the cascade unite, which haven’t cause
complications in exploitation.

Supervisor — V.S. Martyniuk, Associate Professor
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AIRCRAFT WITH ALL-ELECTRIC EQUIPMENT

Nowadays in the aircraft are used three secondary energy’s systems: electrical
system, hydraulic system, pneumatic system.

Such a construction of board power supply system for advanced aircraft is not
optimal, because of expensives of operation and it causes significant difficulties in
integrating avionics.

One of the perspectives of creating a competitive domestic aircraft is to move
towards the concept of an aircraft with all-electric equipment.

Under the "all-electric aircraft" means aircraft with a single and centralized power
supply system with providing all the energy, which needs in the aircraft.

Implementation of this concept would eliminate (minimize) the centralized
hydraulic system of the aircraft and eliminate air system with air bleed from the aircraft
engine.

In our country also conducted extensive research related with the development of
"all-electric aircraft."

On the basis of these studies, it was determined that the substitution of all types of
energy on board of the aircraft only by an electric energy must provide improved
aerodynamic characteristics of an aircraft, increasing the flight distance, reducing the
weight of aircraft and aircraft engines, improved propulsion modes, a reduction in fuel
consumption etc.

The transition to all-electric aircraft with equipment fundamentally affects the
principles of construction and operation of the main features of systems and components
of the aircraft.

After a long break the work on the problem of "the all-electric aircraft" is resumed
in Russia.

Implementation of the concept of all-electric aircraft(AEA) involves a significant
change appearance aircraft propulsion due to the elimination of bleed air for air
conditioning and anti-icing system, eliminating hydraulic drive, integrating source of
electrical energy to the aircraft engine, widely used in electric control systems.

Supervisor — V.S. Martyniuk, Associate Professor
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PEIIEHUE MMPOBJIEM JOCPOYHOI'O MPEKPAIIEHUA TOATI'OTOBKH
MNUJIOTOB I'PAYXKAAHCKOI'O CAMOJIETA

Beryn.OnmHomy 13 mepBeIXx pycckux aBuatopoB C.M. YTOukuHY HOpHUHAIICKHUT
MIPHOPUTET MOCTAHOBKH NPOOJIEMBI «HAIPSHKEHHOCTH B TOJETE». ABTOP 3HAMEHHTOMH
«vepTtBoi mernm» Jsetynk [1.LH. HectepoB mpm oO0ydeHMH MOJOIBIX MHIOTOB
MIPOTUBOIIOCTABIII HJi€ WHCTHHKTHBHOTO BBITIOJNHEHHS I0JleTa IPHHIMI OOYy4eHHS
YIPaBICHHIO HAa OCHOBE CO3HATENBFHOTO AaHanm3a JEUCTBUS pyNell W 3BOIIONUH
caMoJera.

PynueBsiM B 1915 1. Obuia BBICKa3aHa MBICHb, CTaBIIas (QyHIAMEHTAJIbHON IS
BCET0 HMH)KEHEPHO-TICHXOJIOTHYECKOTO HANpPaBIe€HUS B aBHALMOHHOW IICHXOJIOTHH, O
HeoOXomuMocTH  yHU(UKamuu  o0opynoBaHMs KaOMH BCeX  HMMEIOLIMXCS U
MIPOEKTHPYEMBIX JIETATeIBHBIX allapaToB. B KadecTBe caMOCTOSTENEHOTO MOXKHO
BBIJIETIUTH OJJHO HAIPaBJICHHE aBUAMOHHON NCHXOIOTHH — ICHXOJIOTHUECKUI aHANu3
0COOEHHOCTEH JIETHOTO TPy/Ja, U3yUeHHE TICUXOIOTHUECKUX MEXaHU3MOB.

OcHOBHasl 4acTb.YUUTHIBass MaKCHMalIbHYI0 HACBIIIEHHOCTh aBHAaHABUTAIlMOHHBIM
000pyIOBaHNSI COBPEMEHHBIX aBHAJaHEPOB, KOTOpas TpeOyeT OT MUJIOTa HE TOJBKO
JIETHOTO MacTepcTBa HO M MaKCHMAaJbHON KOHIIEHTPAIIMM BHUMAHHUS JUIS CIUTHIBAHHS
MOKa3aHuil MPUOOPOB U MPUHSTHUS PELICHHs, aKTyaTbHOCTh 3TON MPOOIEMBI BO3PACTAET
B HACTOSIIIIEE BPEMS .

BoimonHeHne COBMEIIEHHBIX —AEHCTBUM, SBISIOIIEECS CTOMb — XapaKTepHOH
0COOCHHOCTBIO JIETHOTO TpyZAa, TpeOyeT OT JIeTYHKa CIIOCOOHOCTH K OBICTpOMY
(OPMHUPOBAaHUIO W JIETKOH TIEPEeCTpOWKE HABHIKOB M CHOCOOHOCTH K IIHPOKOMY
pacrpeneneHuo U OBICTPOMY IEPEKITIOYEHHIO BHUMAHHS.

3a cueT yBeIWYEHMS KOJIMYECTBA CHCTEM OOOpYHOBAHHS CaMOJIeTa YBEIHIHIOCH
YUCIIO MapaMeTpoB, KOHTPOIMPYEMBIX JETUHKOM B MojeTe. YHCIO Tak Ha3bIBaeMbIX
TOYEK OOpalleHHs, T.. TeX JJIEMEHTOB 000PYJOBaHUs, K KOTOPBIM JIETYHKY C TOW MM
HWHOM NepHONYHOCTBIO TIPUXOIUTCSI 00pammarhbes, 3a nociueqane 30 JeT yBeInduioch
npumepHo B 10 pa3. B coBpeMeHHOM camolyieTe YHCIO TOYEK OOpAIeHUS MOXKET
nocturath 300. YBenuyeHne gucia 3JeMEHTOB 000py10BaHUs KaOMHBI caMoJIeTa TaKKe
NPUBOIUT K YBEIUUCHUIO 3arpy’KEHHOCTH BHHMMAaHHUs JIETUHKA, CHIDKEHUIO €ro
Pe3€pBHBIX BO3MOXKHOCTEH.

Ilpn wcnonp30BaHMM KOMIUIEKCHBIX IPHOOPOB MOTYT HAOIIONATBCS MPOIYCKH
3HAUUMBIX TTOKa3aHUH APYTUX MPHUOOPOB U3-3a MOBBHIMICHHONW KOHIICHTPAUY BHUMAHHS
JIeTYMKA Ha KOMIUIEKCHBIX IprOopax. Vcronp30BaHIe TUPEKTOPHBIX IPHOOPOB, CHIKAS
YyBCTBO HEMOCPEJCTBEHHOTO y4yacTHs JIeTYMKAa B IOJNETe, MOXKET IIOPOXKIATh
NICUXOJIOTHYECKUH 3D (EKT OTHYKICHHS JIETUNKA OT YIPABISAEMOH UM MAaIIUHBI.

W3BectHO, 4rOo MHOrMe 3a0o0JeBaHMsl OpraHu3Ma OepyT CBOe Hadalo Ha
TICUXOJIOTHYECKOM YpOBHE. B riryGokolf IpeBHOCTH TOBOPHIIM, YTO HEPEAKO OOJIC3HH
Tesa MPOMCTEKAIOT OT MBICIEH M WX COAEp)KaHMs, WHAdYe TOBOPS, COCTOSHHE Tela H
TICUXWKHU B3aNMOCBs3aHbL. [Icuxudeckoe 30poBbE paccMaTpHUBaeTCs Kak oOpa3oBaHUE,
UMEIOIIEE CII0KHOE, MHOTOYPOBHEBOE 3/I0POBBE.

Hayxosuii kepienux — O.1". Cumnuk, Kano. mexu. HayK, OOyeHm
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PEKOMEHJIAIIII I ITIPOIIO3MIIII II[OJ0 BIIPOBAKEHHS KPUTEPIiB
SAKOCTIICUXIYHOTI'O 3/I0POB'SI EKIITAXKY

Beryn.dopmyBaHHS Teopii Ta NMPaKTUKW MIOJO BIPOBAKCHHS KPHUTEPIiB SKOCTI
MICUXIYHOTO 3[0POB'S JHOTHOTO €KiMaxy - 00 €KTUBHHUII NpoOIeC Ta 3aKOHOMipHHI
pe3yJbTaT PO3BUTKY. AKTYaNbHICTHIX HAYKOBOrO BHBUYCHHS Ta BIPOBAIKCHHS Y
MIPAaKTHYHE BHKOPHCTaHHS OOYMOBJIEHa HEOOXITHICTIO MAaKCHMAJBHO ITiJBHIIUTH
Oe3neKy MONBOTIB 1 3HU3UTH BIJICOTOK aBialiifHUX KaTacTpoQ y 3B’SA3KYy 3 JIOJICHKAM
(dakxTopom.

OcHOBHa wyacTMHA. ABiaUiiiHa AiUTBHICTE € crnenuiuHiM BHAOM MPAKTHKH 1
BUMarae BiJ aBiallifHOro0 mepcoHay creuuivHOi MCHUXOJIOTIYHOI IirOTOBKU
BIJIMIOBIZIHOTO  pIiBHS; TOTOBHOCTI JIO BHHHUKHCHHS TO3AIITATHUX CUTyalid i
HeTlepe10aTyBaHIX OOCTaBHH ITiJ 9aC BUKOHAHHS CBOIX OOOB'A3KiB, SIKi BUMaraTuMyTh
HECTaHJApTHUX [Jill Big ychoro 0coOOBOTO CKJagy aBiamiiiHMX  (haxiBLiB;
ONMEPAaTUBHOrO YIPaBIiHHSA 1 KOHTPOJIOTOWO. TakuM YHHOM, OCOOIMBOCTI
aBialiiffHOi JISUTBHOCTI BHUMararoTh Bl aBiamidHUX (axiBLiB TOTOBHOCTI 110
npodeciiHuX i, 30KkpeMa, B yMOBaX pi3Kol 3MiHH OOCTaHOBKH, Iiif B MO3aIITATHHX
CHTyalisiX, BUKOHAHHS, B JCSKHX BHUMAIKaX, HE BJIACTHBUX Ui HHUX (YyHKIIH,
MPUAHATTS HECTAHAAPTHUX PIlOIEHb TOIIO. ['OTOBHICTH aBialifHOTO MEPCOHATY A0
BUKOHAHHS 3aBAaHb nOpodeciiiHOl  HisTIBHOCTI  BH3HAYAETHCA  IICHXOJOTTYHOIO
JI€37IaTHICTIO aBialliifHOrO TepcoHaly, MPaBHJIBHUM PO3YMIHHSIM HHM IIOCTaBJICHUX
mijiel# 1 3aBgaHb, CBOEYACHOIO IICHXOJIOTIYHOK IMANOTOBKOK 1 MOXIIUBICTIO
repeadavaTH MOXKITUBI 3MiHA B 00CTaHOBII. [3 po3BuTKOM cydacHuX aBiamidanx CALS-
TEXHOJIOTIH JIFOJMHA-OIIepaTop OTPUMY€ Bce Oinblle pi3HOMaHiTHOI iH(opMamii 3a
onuHUIIO Yacy. PoboTa omeparopa Iuisi ynpaBiiHHS MOBITPIHUM PYXOM CTa€ Habarato
CKJIA/IHIIIIOIO B CEHCI MPUITHATTS HAYKOBO OOIPYHTOBAHHX pilieHb. To0TO, i3 pO3BUTKOM
aBialiifHOl TEXHIKW aBTOMATHWYHI CHCTEMH YINPABIiHHS CTAlOTh OUIBII aBTOHOMHHUMU,
aJle BUpIIIANBHI pillleHHs NpuiiMae omepaTtop. Bizomo, mo 3ip Boyozie HaHOIIBIION
iH(pOpMAIIIfHOIO €MHICTIO Ta MPOIYCKHOIO CIIPOMOKHICTIO Yy TIOPIBHSHHI 3 IHIIMMH
OpraHaMu BiT4yTTiB JroAuHH. JIfonuHa-onepaTop yepe3 30pOBH aHANI3ATOP CIPHIMAE
oina 90% Bciel indopmanii. HeoOxiqHo 3ayBakMTH, IO aHANI3aTOPH JIIOIMHH (0ui)
(GYHKIIOHYIOTh SIK €IMHA CKJIaJHA CHCTeMa, L0 PEECTPY€e BidyalbHy iH(pOpMaLiio
HaBKOJIMITHBOTO CEPEJOBHINA, a MO30K IPOBOJMTH OLIHKY BCIiX curyauiif. Tomy min
30pOBUM KaHAJIOM omepartopa OyJeMO pO3yMITH KaHal CHPHHHATTS iH(popMamii, o
pearye Ha TOApa3sHEHHS 1 BU3HAYA€ IICUXIYHUH CTaH eKimaxy. TakuM YHHOM,
CBITIIOUWYTNIMBAa (YHKLIS SK CHCTeMHa (YHKIsS AaHOI MiJACHCTEMH OKa IOJsirae B
MePETBOPEHHI CBITJIa B 30pPOBE 300paKeHHI.

3ampornoHoBaHa B poOOTi MOCTAHOBKA 3a/1a4i JOCHIPKEHb MA€ CYTTEBO ITiABHIIUTH
e(eKTUBHICTh BHKOPHUCTAHHS ICHXIYHOTO CTaHy OIepaTopa 3 METOH IOJIIILICHHS
SIKOCTI CHCTEM YTpPAaBIiHHA MOBITPIHUM pyxoM. [l BupimleHHS 3aJadi BHHUKIIA
notpeda y moOyaoBi MaTeMaTHYHOT MOZIETI MPOLECIB IICUXOJIOTIYHOTO CTaHy EKImaxy 3
METOIO BiIOOpY OMepaTopiB 3 ONTHMAIBHOI aKOMOJIALIIEIO OKa.

Hayxosuii kepisnux — Cumnuk O.I., Kano. mexu. Hayx, 0oyenm
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OKPEMI KPUTEPIT OLIHKH BILIMBY LIIO31i CHPUAHSTTS
MOJIbOTHOI IHOOPMAIIIT I HABKOJIMIIHHOT'O CEPEJIOBUIIIA HA
EKUIAJK JJIs1 BABE3NEYEHHSI BE3NEKH TIOJIbOTIB

Beryn.I'oBopsiTh, 1106 MOBIpUTH ITOCTOBIPHOCTI Bi3yalbHOI MOMBOTHOI iH(OpMarii,
Tpeba ONTHUMAIFHO 1 KOM(MOPTHO IS JIIOAWHY i1 mobdauntu. He 3aBxau... Y BUMAAKy i3
30POBMMH LITIO3ISIMH «1100AUUTH» — 1€ Malke HaleBHO 0OMaHyThCs. B ekcrpeManbHUX
CHUTYAIliSIX TIPH OIIHII eKHIaXeM I0JIbOTHOI BizyanbHOI iH(popMaIii iHOII TparIseThest
Te, IO MapajenbHi IpsMi TOB3yTh KPUBO W HABCKiC, Bif BUPIB cHipalie, sIKi 30BCiM He
cripaii, HaBKpPyTH HJe rojioBa, Iepe] 04aMH MHUTOTSATh (DAaHTOMHI IUISIMH, a HEpYXOMi
KOJIa HECTPUMHO 00epTaroThes. Yomy? 3poOMBIIM BiAIOBIAHI TOCTIHKEHHS Ta aHAJI3H
MH JIHIDIM 10 BHCHOBKH 1 TEPCIEKTHBH MOJAJBLINX JOCTIDKCHb B HAayKOBOMY
MiTHANIPSIMKY OOpOOKH 300pa)KeHb IIOJSITaloTh B TOMY, IO BIIEpINE 3alPOIIOHOBAHO
HETPAIUIIHHIA MIXi K BHPIMICHHIO NMPOOJEM BH3HAYCHHS SKOCTI 300pa)KCHb IMif
BIUTUBOM 11031 4epe3 CTBOpEHHS CyYacHHUX eleMeHTIiB Teopii. Lle mosBomse podutn
OUTBII TOYHI PO3PaXyHKH JJIS MiABUIICHHS SKOCTI Bi3yasIbHOI MOJBOTHOI iH(pOpMAaLii.
3anporoHOBaHM €JIEMEHTH HOBOI Teopii MiAKPIIUIIOITECS — (QYyHIAMEHTATbHUMU
JOCIIUKEHHSIMH 1 pO3paXyHKOBUMH JaHHUMHM, IO OyJIHM BHKOPHCTaHI B pOOOTi, IS
MATBEP/DKEHHST OTPUMaHHX Pe3yNbTATIB y mporeci MojenroBaHHs. OfHaK CKIIQIHICTB i
0araTorpaHHICTh (YHKIIH, 3HAYMMICTh Ta BAaroMICThb KOXKHOI TPyNM KBaTIMETPUIHHX
MMOKA3HUKIB 3MIHIOETHCS 3 IUTMHOM Yacy, BiJ 4Oro mpoOiieMa CTae He MEepexXiHoo, a
MOCTIHO 3arOCTPIOETHCS, OCOOIMBO KOJMHM KPUTEPil SKOCTI BCTYMAIOTh y MPOTHPIYYs 3
BHMOTaMHU KOPHCTYBauiB-3aMOBHHUKIB. Yci 6a4ath mo-pisHoMy. Kpuiranuk i porosuis
MAaroTh pi3Hy KPHBU3HY, KOJOOYKH I MaTMYKH MO-Pi3HOMY pearyloTh Ha CBITJIO, y Hac
PIi3HUIA TOCBIJ, 1 TaK HECKIHUCHHO.

HayxoBuii pesynprar, mo OTpHMaHM{ Ha MiACTaBi 3aCTOCYBaHHSA Teopil mNpu
HyJTbOBOMY 3HadeHHI ()akTopa, SKWil BIUTMBa€ Ha omneparopa (HAOpUKIAL, TEMITY
HAJXO/KCHHS 70 omeparopa iH(GOpMaliiHUX CHTHAIiB), ICHYyE aeska MiHiManbHa
ncuxo(dizionoriuia HampyKeHicTh omneparopa H,,, O BiAMOBiae ehEKTUBHOCTI
NISUIBHOCTI, fKa JIOPIBHIOE Hymio. 3i 3pOCTaHHSIM BEIMYMHH  S3MIHIOETHCS
ncuxodizioyoriyHa  HalpyXKEHICTh  OlepaTopa, BHACHIZOK YOro 3MIHIOETBCSA 1
e(eKTUBHICTh HOTO IiSUTEHOCTI.

BHCHOBKM 1 TEPCHEKTHBH MOJANBIINX JOCTI/DKCHb B IiIHANPIMKY OOpOOKH
300pakeHb TOJIATAI0Th B TOMY, IO BIEPIIC 3aMpPOIMOHOBAHO HETPAMUIIAHIN MiIXia K
BUPIIICHHIO NpoOIeM dYepe3 CTBOPEHHsS CydacHOi Teopii. 3axonw, 3arulaHOBaHI JUIs
TIOJIIIIICHHS PeXHUMY TIpali ¥ BiIIMOYMHKY, IOBHHHI OyTH CIIPSMOBaHI Ha CKOPOYEHHS
yacy BXOKGHHS B poOOTy, MIATPUMKY TpHBaJOi H BHCOKOi Mpame3gaTHOCTI 1
rmornepe/pkeHHss BTOMH. TICHXiuHi CTaHHM 3aBXIU MPUYHHHO OOYMOBIICHI 1 € OHOM, Ha
SKOMY NpOTIKa€ JisUIBHICTH JIIOAWMHU. B mpomeci BuBUeHHS Martepialy HEoOXiTHO
YCBIIOMHTH TPUYHHH BHUHHKHEHHS LHX [CHXIYHHX CTaHiB, IX BIUIMB SK Ha
C(EeKTHBHICTh JISUTbHOCTI TUIOTIB. BakiMBO TakoX 3HATH, SKAMH METOJaMH I
3aco0amMu MOKHA OIIIHWUTH Lli CTaHH, SIKi ICHYIOTh IIUISIXH i 3ac00M GOPOTHOH 3 HUMHU.
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NPUHIUIA NOBY1OBU CUCTEM TEXHIYHOT'O I IITYYHOT'O 30PY B
OBJIAJHAHHI JIASEPHOI HIVIEBKA3IBKH JIJIA TOYHOI'O 3AXO1Y HA
AEPOJIPOM TIPF ABTOMATHYHOI ITOCAJIKH IIMBLJIHAX JIITAKIB

Beryn. AKTyansHICTBpO3B’ I3aHHS TPOOJIEM MPHUHIMIIB PO3POOKH i BUKOPHCTaHHS
cucreM texHigHOrO (CT3) Ta mryunoro 3opy (CIL3) B aBTOHOMHHUX 3ac00ax Ja3epHOT
LIJIEBKA3iBKU 3 METOI0 yTOYHOrO 3aXO0Jy Ha aepoApOM Ta B TEXHOJIOTi] aBTOMaTHYHOI
MOCAJKK NUBUIFHUX JIITAKIB, @ TAKOXK 3 METOIO MOAANbIIIINA Bi3yauizanil iHdopmartii, s
eKiMaxiB 1 JUCIeTdepiB MOBITPSIHOTO pyXy. Jpyra akryansHa mpobiema Iie peasizamis
cuctem Il Ha MoNeKyJISIpHMX HOCIIX TaKOX JUIL 3amucy 1 OOpOOKH Bi3yanbHOI
iH(pOpMAIIii 32 JOMOMOTOI0 JIa3epiB.

OcHoBHa 4acTuHa. [IpoOiema y 3aralpHOMY BUIISAAL Ta ii 3B’S30K i3 Ba)KJIMBUMHU
HAYKOBUMH 3aBJaHHAMH TIOJNATae B TOMY, 00 po3idpartucs 3 teopiero CT3 i CII3 i
3aIpOIOHYBAaTH OUTBII TOYHI PO3PAaXyHKHM OKPEMHX IapaMeTpiB IPOIECY CHPUHHATTS,
00poOKH 1 BIPOBaKEHHS 300pakeHh B aBTOHOMHHUX 3ac00ax JIa3epHOI IUJICBKA3iBKH 3
METOK YTOYHOTO 3aXOAy Ha aepojpoOM Ta B TEXHOJOTIl aBTOMAaTHYHOI MOCAJIKH
LUBUIBHUX JiTakiB. HeoOXiqHICTh po3po0KH METO/Ia YIPABIiHHSI MPOLECOM CIIPUNHATTS
TIOJTBOTHOI Bi3yasbHOI iH(opMarii iCHye i BU3HAYA€ThCs BIIICYTHICTIO CydacHOI Teopii,
sKa BIJNOBIJa€ BHMOTaM BHCYHYTOI IIPaKTHYHOI eKcIutyaramii  jitakiB LA,
KOMILIICKCOM MPOOIIEM.

OpieHTOBaHA Ha JIOAWHY aBTOMAaTHKa MOBHHHA OyTW rHyd4koro. TepmiH "rHyuka"
XapaKTepu3ye aBTOMATHYHY CHUCTEMY, SIKa JIETKO aJaNTyeThesl 40 POOOTH B PI3HHUX i
MIHJIMBHX YMOBaxX eKCIUTyaTauil i 3 pi3HuMH omneparopamu. [loBunHa OyTu mependa-
YeHa MOXKJIUBICTh BHOOpPY aBTOMATHUHHMX 3aCO0iB 3 SOy BapiaHTIB, MO JO3BOJISE
THYYKO KCIUTyaTyBaTH iX pI3HHMH OIEpaTOpaMH, JOCBiJ SKHX KOJHMBA€EThCS Y
MIMPOKOMY Aiana3oHi. OpieHTOBaHA Ha JIOIUHY aBTOMATHKA MOBUHHA OYTH HAAIHHOIO i
iHpopMaTHBHOIO. bynp-ika aBTOMAaTHYHA CHCTEMa NOBHHHA HAIIHHO BUKOHYBAaTH
TIIBKH Te, 10 MPU3HAYEHO, 1 HIKOJIM HE POOMTH Hi4oro 3aiiBoro, a fi jii He MOBMHHI
noripuryBatu cutyanito. Oco0IuBO BaXIJIMBY PONb Ma€ XapaKTepPUCTHKA HaXiHHOCTI B
cUcTeMax CHTHaji3amii Ta momepemkeHHs. [lns Toro, mo6 mroxuHa-oreparop Oyma
AKTHUBHOIO JIAHKOIO B epraTHYHiil CHCTEMi, BOHA MOBHHHA OTPUMYBATH HEOOXIIHY VIS
uporo iHopmarir. [loctae mutanHs, KUt 0OcAT iHPOPMAIIT CITiT BBaKATH JOCTATHIM?
Slka kinbKicTh iHpopManil HaaMipHa? OnepaTop nparse OTPUMYBaTH BCO iH(pOpMaILito,
IIpOTe, BiH HE 3MOXKE 3aCBOITH HAJTO BEJIMKHUH o0cAar iH(opMarllii i Bakko ckasaTu, sIKy
caMe JacTHHy iH(popMamnii BiH IPOmycTUTh. JONUIFHO PO3BaHTAXyBAaTH H CIPOIIyBaTH
qucrei, 3MiHIOBaTH (OpMATH JaHUX, TOOTO 3a0e3ledyBaTd akTHUBHE, a HE IaCHBHE
peryioBaHHS MOTOKY iH(pOpMAaIii Ta mepeadavyuTH MOXKJIHMBICTh HaJaHHS OIEPAaTOPY
JOIIOMOTH B TpOLECi BH3HAUCHHS TMPIOPUTETHHX 3aBAaHb 3 THM, LI00 HaHOLIbII
Ba)KJIMBI 3 HUX BUKOHYBAJIVCS B IEPIIY Yepry.

BucHoBok.Buxonsun 3 aHamizy OakaHMX pe3yJIbTaTiB Ta METH JIOCITiIKCHHS
MPOTIOHYETHCSL PO3poOKa KPUTEPIiB 3ac00iB, IO pealli3yr0Th 3alPOIIOHOBAHUI METO 1
0a3yI0ThCS Ha ONTHUKO-EJIEKTPOHHO-MOJICKYJISIPHUX OOUHCIIIOBAIIBHUX CHCTEMaX.

Hayxosuii kepienux — O.I. Cumnuk, KaHo. mexH. HayK, OOYeHm
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I'pumenxoC.B.
Hayionanvuuii agiayitinuil ynieepcumem,Kuig

NEPCHEKTHUBHBIE CUCTEMbI 3AITY CKA ABUALITMOHHBIX
JABHUI'ATEJIEU I'PAXKJTAHCBKUX CAMOJIETOB

Berymenue. DnekTpryecKre CUCTEMBI 3a)KMI'aHMs SIBISIIOTCS OJHOW M3 Haubouiee
OTBETCTBEHHBIX 4YacTeil KOMIUIEKCA JJIEKTPOOOOPYHOBAHHS JBUraTeliei JieTaTelbHBIX
annaparos. OHU HMCHOJB3YIOTCS Ul BOCIUIAMEHEHHS TOIUIMBOBO3IYLIHOI cMecH NpH
3alMycKe Ta30TypOMHHBIX MABHTaTeled, Kak Ha 3eMJle, TaK W B BO3IyXe, W OT
3¢ (eKTHBHOTO NEHCTBUS CHCTEMBI 3QKHTaHWSI BO MHOTOM 3aBHCHT HaJEXHOCTh
3amycka W paboTsl aurateneil. Hapsmy ¢ cymecTBYIONMMH €MKOCTHBIMH CHCTEMaMH
3aXHTaHMs, B TIOCIEJHEC BpeMsl BEIyTCS pa3pabdOTKM IUIa3MEHHBIX CHCTEM,
[IPEANOJIATalOUX HUCIOAb30BAHUE CIICLUAIBHBIX MOIIHBIX HCTOYHHKOB IIMTaHMUS.
Hayunblif ¥ npakTHYecKMii MHTEpeC MpPEJCTaBIsIeT CO3JaHUE HOBBIX HMITYJIbCHO-
IUIA3MEHHBIX CHCTEM 3aXHIaHMs, COYETAIONINX B cede NMPEeHMYIIeCTBAa HMMITYJIbCHBIX
E€MKOCTHBIX M HEIpEpBIBHBIX IIa3MEHHbIX cucreM. IIpoBeneHue uccnenoBaHui,
HaNpaBIE€HHBIX Ha pa3pabOTKy HOBBIX CHCTEM 3@KHTaHHsS, OCHOBAHHBIX Ha
HEHCTIONb3YeMbIX ~ BO3MOXHOCTSX  HOBBIIEHUS — 3(¢deKTHBHOCTH,  BHEApEHHE
MH()OPMAIIMOHHBIX TEXHOJNOTHH B Ipouecc pa3pabOTKH U HCCIEJOBAHUS CHCTEM
3aKHTaHUS W CO3JaHHE JOCTOBEPHBIX METOMUK OLEHKM UX 3(QEKTHBHOCTH, B
HACTOsIIEe BPEMsI IPOIOKAET OCTABATHCS aKTyalIbHBIM.

OcHoBHas 4acTh. ba3zoBas cxema mpeaymaraeMoro Kjacca MMITYJIbCHO-TIIIa3MEHHBIX
CHCTEM 3aKHTaHusA, OyIeT 3aIlUIeHa yCOBEPIICHCTBOBAHHBIM ITATEHTOM, Ha pHC. 1.

vo1 ~FV ¥D2 VD3
L 3 H
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Puc.1. — ba3oBasi cxema UMITyJIbCHO-TJIA3MEHHOM CUCTEMBI 3)KUTaHUS

BriBosb1.Co31anue HOBOTO KJlacca CHCTEM 3a)KUTaHUs SBJISIETCS] pa3BUTHEM HJIEH 110
COBEpUICHCTBOBAHUIO TPAAULUOHHBIX €MKOCTHBIX CHUCTEM, 3aKJIIOYaIOLIUXCSI B
HCIIOJIb30BAaHUM  COYETAHUS Pa3psAIOB pPa3HOW MOIIHOCTM U JUIMTENbHOCTH, B
UCIIOJIb30BaHUN IIPEUMYIIECTB anepuoan4YeCcKOro paspsna. Ha OCHOBE
MaTEeMaTHYECKOTO MOJICTTMPOBAHKS MOTYT OBITh MOJYYCHBI PACUCTHBIC BBIPAKCHHS JIJISI
OnpeJieNieHNs] OCHOBHBIX MapaMeTpoB pa3psaoB. VIMUTAIMOHHBIE MOJENU YUYUTHIBAIOT
HEJIMHEWHBIC CBOMCTBA cBeveH 3akuranust. OCHOBOW METOIUKH OLECHKIA()(DEKTHBHOCTH
SIBIISTIOTCS:  pa3paOOTaHHBIE MOJENU  Pa3psSOHBIX IPOIECCOB, BBIPAXKCHUS  JUIS
MapaMeTpoB pa3psOB U HMHTETPAIBHBIX IMOKa3aTeeidPHEKTUBHOCTH HCKPOBBIX
pa3psi0B U CUCTEM 3a)KUTaHUs B LEJIOM.

Hayunwiii pyxogooumens — Cumnux O.1., Kano. mexw. HayK, ooyenm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 004.891:006.83.003.12:629.735.017.1(043.2)

Imenko A.C.
Hayionanvuuii agiayitinuil ynieepcumem,Kuig

EKCHEPTHI IIPOLEYPH JIJIS1 OUITHKH SIKOCTI I HAJIAHOCTI
ABIOHIKH NOBITPAHUX CYJEH

VYkpaina — 1i¢ AepkaBa, 10 Ma€ MOTYXHUI aBiamidiHWiA OyJXIBHUYUI TOTCHIIIA,
PO3BHTOK SIKOrO B OCTaHHI POKM OTpPHMaB HOBHH immysbc. Ha chOroiHilIHIN JIeHb
npoOiieMa OIHKU SIKOCTI 3ac00iB aBiOHIKM 3a JOMOMOTOK CKCIIEPTHHX MPOIEIYP
BIZIHOCUTBCS JI0 OZTHOTO 3 IPHOPITETHUX ITUTaHb y aBiauiidHid npomuciioBocti. OCHOBHI
HayKOBI JOCIHI/DKEHHST B Wil cdepi 3AIMCHIOIOTHCS CHeliagicTaMid Ta eKclepraMu 3
aBIOHIKM B paMKax [OLIYKYy HOBHMX KOHIIEIMLIM, 110 CHOpPsSMOBaHi Ha BIOCKOHAJICHHS
CTPYKTYpHOI Oprasizaiiii 00pTOBHX CHCTEM.

HaiinmpocTime # HalnakoHIYHINIE MOSCHEHHA IMOKA3HWKIB OI[IHIOBAHHS SIKOCTI i
HaJIIfHOCT] aBIOHIKM — IIe Mipa SIKOCTI pIIIEHHs CHCTEMOIO ImpoOiieM, SIKi repen Helo
nocTaioTh. [Ipomec cucremu miarpuMmkn i npuitHaTTs pimens (CIIIIP) now’s3axuit 3
pillIeHHSM psiy 3aBllaHb, 3aCHOBAaHMX Ha BHOOPI ONTHMAIILHOTO PIillIEHHS 3 0e3JIiY4io
AIBTCPHATHB BUPILIYEThCS PI3HUMH CIIOCOOaMH. AJIBTEPHATHBH, SIKi PO3IIISIIAIOTHCS B
MpoLeci NPUHHSAHHS PillleHb, MOXYTh MaTH BHIJIA] eleMeHTiB Oe3iniui() abo Touok
HpOCTOpY, 10 (OPMAIBLHO OMUCYeThesl MiAMHOXkHKHOWO TouoK (E). VY mpakrnunnx
3apmanHax g CIIIIP motpiOHa po3poOka METONIB pillIeHHS HACTYNHHX 3aBIaHB!
moOynoBr Oe3miyi MOKIMBUX 1 TNPHUITYCTUMHX ANbTepHATHUB, (HOpMyBaHHA HaOOpPiB
aCTIeKTiB, HEOOXIJIHUX JUIA OIIHKK AQJBTEPHATIB  KPUTEPIAIbHOTO  MPOCTOPY,
YIOPsiAKYBaHHS aJbTEPHATHB I10 aCIeKTaX, OJCPKaHH OL[IHOK 32 KPUTEPisIMH.

st 3a6e3reyeHHs] BUPINICHHS [aHUX MpOOJeM BBOAATH TaK 3BaHMIl MOKAa3HHK
e(eKTHBHOCTI OLIHKM aBioHiKH. KpiM TOro, aHami3 iCHyIOUMX eKCIepTH3 MOKa3ye, U0 B
mpotieci iXHbOI MOOYA0BH MOXKHA BUAUIUTU JSSIKY KOHKPETHY HOCHinoBHicTh iif. Ilo-
nepiie, 3HaX0AATh Oe31i4 IPUITYCTUMHX OLIHOK, 1€ i 3HaXOAUTHCS LIyKaHa ouiHka. [1o-
QPyTe,BU3HAYAETECS O€31id NPUIyCTUMHX OIIHOK(L2,), 3 SIKHX 3HIHCHIOIOTH BHOIp
excneptu. Ilo-Tpere, KOXHHI €KCHepT BHOHMpAaE CBOIO OIHKY a, TOOTO BHUpINIyE

3aBIaHHs BHOOpPY HalKpamoi omiHKY 3 2, eKCIePTH MOXYTh B3aEMOJISTH MK CO00I0.
Io-ueTBepTe, MO 3a3dajierigb pPo3poOIEHOMY aNropuTMi((OpMyTi) HPOBOAUTHCS
00poOKa OTpUMaHOI Bijl eKcrepTiB iHpopMaii i 3HaXOATh Pe3yNbTYIOUY OLIHKY, IO €
pIlICHHSIM BHUXIZHOTO 3aBHaHHs OLiHIOBaHHA. I, mo-m’siTe, B pasi, SKIIO OTpUMaHEe
pIlICHHSHE BIIAIITOBYE EKCIEPTaM HAJalOTh JOJATKOBY i1H(OpMAIiO(OpraHi3yoTh
3BOPOTHUII 3B'SI30K) MiCJIA YOTO BOHU 3HOBY BUPIIIYIOTH BiATIOBiIHI 3aBIaHHS BUOODY.
BucnoBku. 3a pmomomororo po3poOiieHoi Teopii 1 CyYacHHX JIOCIHIKEHb
0OYMOBITIOIOTECS BUPILIEHHS] TaKUX IPOOJIEM SIK: BUSBJIEHHS ITOKAa3HHUKIB e()eKTUBHOCTI
(YHKIIOHYBaHHSI CKJIAJHUX CHCTEM aBIOHIKHM, EKCIEepPTHHX NpOLEyp, 3aBAaHb sKi
PO3B’SA3YIOThCS B TEOPil MPUAHSATTS PillICHb Ta 0COOIMBOCTI KPUTEPIIB TX OIIHKH.

Hayxosuii kepisnux — O.I". Cumnuxk, ooyenm
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Kazannesa M.C.
Hayionanvuuii agiayitinuil ynieepcumem,Kuig

OUIHKA EKCIIEPTAMHU KPUTEPIiB SIKOCTI TEXHIYHOI
JOKYMEHTAIII JJIS1 IPOEKTYBAHHSA I BUPOBHULITBA ABIOHIKH
CYYACHHUX JIITAKIB

AXTyanbHICTH TIpO0OJeM, IIOB'S3aHUX 3 SIKICTIO BHIOTOBICHHS  TEXHIYHOL
JNOKYMEHTalil Il NPOEKTyBaHHsS a00 BHPOOHMITBA NPWIAJIB aBiOHIKH, BHMarae
PO3pOOKHM HAYKOBHX OCHOB KOHTPOJIIO Ta ONTUMi3allil MOKa3HUKIB Ta KPUTEPIiB OLIHKH,
YIOCKOHAJICHHS. MEXaHi3MiB KepyBaHHsS SKICTIO dYepe3 BIIPOBA/PKEHHS HOBITHIX
TeXHOJIOTH y 1uBinbHIN aBianil (L[A) Ta migBHIIEHHSM pONi €KCIEPTH3U NPOAYKIii B
mexxax CALS-texHomorii. Apke JOKYMEHTAIlis, JOCTOBIPHICTh i 3MICT SIKOT BU3HAYAE
YMOBH 11 (yHKI[IOHYBaHHS i BUKOPUCTAHHS, 3aJIMIIAETHCS 00’ €KTOM JIOCHIIKEHHS, 10
Mae TIeBHY BapTiCTh i 3aTPaTH Ha BUTOTOBJICHHSL.

AHaii3 OCTaHHIX IOCIH/UKEHb, B SKHX 3all0YaTKOBAHO PO3B’S3aHHS IIPOOIEMH
SIKOCTI TPOEKTYBaHHS 1 BHPOOHMIITBA CKJIAJHUX CHCTEM aBIOHIKM Ta OCOOIHBOCTI
KpHTepiiB iX OLIHKM BilOMi 3 TEXHIYHO JiTEpaTypH i MOIATAETH B TOMY, IO 3/1A€ThCS
HEMOJJIMBHM BHPILIEHHS MPOOJIEMH ONTUMAIBHOCTI 3MICTY 3aBIAHHS, K€ CKJIQJA€ThCs
B 3ICTaBJICHHI Pi3HMX KpHUTEpiiB. 3alpONIOHOBAHA METOAWKA IMPOBEACHHS EKCIEPTH3H,
sIKa TIepe0avae OLiHIOBAHHS SIKOCTI JIOKyMEHTAIIl TAKIMH KPUTEPIsIMU:

* JIOBIOBIYHICTh Yepe3 BENUYUHY (DI3SMYHOTO 3HOMICHHS 1 MIBHIKICTH CTapiHHSI
iHpOpMarii;

* 3IATHICTH 70 30epiraHHs JOKYMEHTAIli] B Pi3HUX YMOBaX;

* HaJifHICTh JOKYMEHTAIlil: TEXHOJIOT1YHa, TapaHTiliHa, METPOJIOTiYHA 1 CTAHAAPTHA,
eKCIUTyaTaliifHa Ta iHpopMaliiiHa;

* KOHAWIIHHICTh JOKyMEHTaLi] (BIAMOBIAHICTh TEXHIYHUM HOpMaM, CTaHAApTaM);

* BUMOTH JIOKYMEHTAlii: eproHOMiYHUMH, €CTETHYHUMH, NMATCHTHO-IIPABOBUMHU Ta
€KOHOMIYHHUMH.

HaykoBwuii pe3ynpTar, 1110 OTpUMaHUIl Ha MiACTaBi 3aCTOCYBaHHS TEOpii i HAYKOBO-
METOJMYHOIO anapary MOCIIDKSHHs IMOJIArae€ B PO3KPUTTI MEXaHi3My OLIHKH SKOCTI
TEXHIYHOI JOKYMEHTALil B MEXaX KOXKHOTO 3 KJIaciB, TOMy MO)KHA BU3HAYHTH BEJIUKY
KIJIBKICTh KPUTEPIiB, sIKi PO3PI3HSIIOTHCS B 3aJIEKHOCTI BiJ MpPU3HAYEHHS 1 3a1a4
JOCIi/KeHHsl. Bu3HaueHHsT KPUTEPIiiB CHOKHUBYMX BIIACTUBOCTEH 1 SKOCTI TEXHIYHOI
JOKyMeHTalil 3Mii{CHIOIOTh B TPH €Tallu.

BHCHOBKM 1 NEpCHEeKTHBH MOJATBLINX [OCTIHKEHb B HAyKOBOMY ITiJHAMPSMKY
00poOKH 300pakeHb MOJISTal0Th B TOMY, IO 3alPOIIOHOBAHO HETPAAMINIHHINA MiaXid 10
BUPIIICHHS TpPOOJIeM BU3HAUYCHHS SKOCTI TEXHIYHOI TOKYMEHTAIlli 3a JOMOMOTOK
cy4dacHob Teopii. Ile no3Boise poOuTh OULIBII TOYHI PO3PAXyHKH JUIS ITiJBHILICHHS
SKOCTI ~ TEXHIYHOI  JOKyMEHTamii. 3alporoHOBaHi  €JIEMEHTH HOBOi  Teopii
TIKPITUTIOIOTHCS (DyHJaMEHTAJBHUMU JOCITIPKEHHSIMH 1 pO3paxyHKOBHMHY JJAaHUMH, IO
OyJIM BUKOPHCTaHI B poOOTi, ISl MiATBEP/PKEHHSI OTPUMAHMX pPe3yJbTaTiB y Hpoleci
MOJICITIOBaHHSI.

Hayxosuii kepienux — O.I". Cumnuk, KaHo. mexH. HayK, OOyeHm
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KammmenkoK. M.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

B3AEMO3BSA30K OCOBUCTICHOI'O TUITY PEAT'YBAHHSI HA XBOPOBY
3 TAXKKICTIO II TIPOTIKAHHSA Y XBOPUX HA IIIEMIIO CEPLSA

VY cydacHHX yMOBaX JKHUTTS 30UIBIIYETHCS HAaBaHTaKEHHA Ha eMOLiiiHy cdepy
JIIOIMHY, TiJBHMIIYIOTBCS BHMOTH 10 HOro amanTamiiHux Moxinpocteil. CepleBo-
CYAVMHHI pO37aJqH, BHKJIHMKaHI CHCTEMaTHYHHMH EMOLIHHUMH IepeBaHTAXKEHHSIMH,
HaOyBaloTh Bce OLIBIIOrO IONIMPEHHS B YKpaiHi. Pe3ynbTraTd MOKa3HUKIB, sKi Oyin
OTpHMaHi 3a JIONOMOTOIO0 MCHXOIarHOCTHYHOTO iHCTPYMEHTApil0 AJIS JOCIIJUKEHHS
0COOUCTICHUX THIIIB pearyBaHHs Ha XBOPOOY 3 TSDKKICTIO 11 MPOTIKaHHS y MALlIEHTIB IPH
ilemii ceplis, BUXO/SIUM 3 iHAUBIAyaJbHUX XapaKTEPHCTHK OCOOUCTOCTI, Oy OCHOBaHi
Ha BIAMOBIISIX PECIOHICHTIB BiJIOBIJHO J0 METOAMK 3 3a3HAueHOl MPoOIeMaTHKH, a
caMe XBOpPHMX Ha ilIeMidyHy XBOpoOy cepIlsi, sSKi 3HaXOJWINCS Ha aMOylIaTOpHOMY
nikyBaHHI Ha 0a3i KuiBcbkoi micekoi momikiiniku llleBuenkiBcpkoro paiiony m. Knesa
Ta iH.. KuiBchkux Michkux momikiiHik M. Kuesa. Bubipky mocmimkyBanux ckimamu 50
pecnionentiB xBopux Ha I[XC. Ilomo craTeBoro CHiBBiIHOIICHHS Uil 3arajbHOl
BUOIpKH € mokazHuk 1:2. Bik mocnimkyBaHUX KOJUBAETHCS B jiamna3oHi 26 — 62 poku.
Mo yBarum Takok OpaBcsi CT@X 3aXBOPIOBAHHS, KUIBKICHMM HPOSBOM SIKOrO Oyin
MOKA3HUKM Bif 5 MicsmiB 10 9 pokiB, Ta iHBamimHicTs — 1, 2, 3 Tpymu.Y xoxi naHoi
poboTH Uit JOCATHEHHS  HayKoBol MeTH  OyJlo  BHMKOHAaHO  HACTYIHHMit
MICUXOIarHOCTHYHUH  iHCTpyMmeHTapiii: Meromuka «Tunm ocobmerocti  «A» 1
«B»»;OnuryBaabHUK Iacturyra M. Bexrtepena «JIOBI»; «Metonuka
OararodakropHoro jgociimkeHHs ocobucrocti P. Kerrema 16-PF: BusnayeHHs
IH/IMBIAyaIbHO-TUTIOJIOTIYHUX OCOOJIMBOCTEH OCOOMCTOCTI XBoporo;«MeTomuka s
JIarHOCTHKN MEeXaHi3MiB HCHXOJOTiYHOTO 3axucTy [lmyrdmka - Kemepmana» (Immexc
XKurresoro Ctuns — LSI);«Meroauka Ajst iarHOCTUKH AOMIHYIOUHX KOMIHT-CTpaTerii
ocobucrocti J[. AmipxaHoBay (aJanToBaHa A0 HAUIMX KyJbTYPHO OOYMOBICHHX
ocobnuBocteit cepenoruma H. A. Cupororo, B. M. SINTOHCHKHM);aBTOPChKA aHKETa:
JUISL YTOYHEHHSI ISSIKMX OCOOJMBOCTEH MPOTiKaHHS 3aXBOPIOBAHHS y XBOPHUX 3 iLIEMicl0
cepusi Ta BHM3HAYGHHS CTyHeHS TKKocTi. OTke, MiACYMOBYIOUM pe3yJbTaTh
IOCHIDKEHHS, CIIiJ] CKa3aTH MpO HAcTylHe, KopelsiiiHuii anami3 3a [lipcoHoM
JIO3BOJIMB BCTAQHOBHUB (32 BiICYTHOCTI HOPMAJILHOTO PO3MOJiIY MOKAa3HHUKIB), [0 METa,
JAHOTO HAyKOBOTO JIOCHI/UKCHHS, Ha pPaxyHOK BCTAHOBJEHHS B3a€EMO3B’A3KY
OCOOMCTICHOTO THITy pearyBaHHS Ha XBOpPOOy 3 TSDKKICTIO 11 NPOTIKaHHS y Mali€HTIB
Ipy imeMii ceprid - MATBEpAWIach Ha piBHI cTaTHCTHYHOI 3HawymocTi (p) 0, 01. Ile
CBIIYUTH MPO Te, IO 3HAWAECHWHA B MpOLECI IOCTiKEHHS B3a€MO3B’SI30K MK THIA
ocobucTicHOro pearyBaHHs («A», «B») Ta TSKKICTIO 3aXBOpIOBaHHS (CTemiHb 2 B
nepioni «Ay», creminp 2 B mepiomi «B») miATBepmKye HasBHICTH OCHOBHOI Ta
KOHTPOJIBHOI TpyIIL. J[JIst XBOPUX 3 TSHKKICTIO B CTENEH] 2 nepiogy «A» XapaKTepHUH THIT
MOBeMiHKN «B», BHUXOQSMM 3 BHPaXEHOCTI IIOKAa3HUKIB IO THUIAM OCOOHMCTOCTI:
«TPUBOKHHUI», «HEBPACTCHIYHUI, «ITapaHOIBHUI, «ETOLCHTPUYHHUH, HA BIIMIHY BifJ
MOTIEPEHIX PECTIOHICHTIB, - Ui XBOPUX 3 TSOKKICTIO B CTemeHi 2 mepiogy «B»
XapakTepHUil ~ MOBEOIHKOBHH  THI ~ «A»  «mapasyibHUI»,  «epPromaTUyuHii»,
«HEBPACTHHIUYHHI, «eidopraHnit.
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 159.9:629.735(043.2)

Kot B.I1O.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

LIFO31i MPOCTOPOBOI'O MOJIOKEHHA JbOTUYHKA B ITOJIBOTI I
IXHINI BIIIAB HA MMPALE3ATHICTD I TIPOCTOPOBE OPIEHTYBAHHS

Beryn. Tcuxiynuii cTad mijoTa 3aBx/I# 00YMOBICHHUI TEBHOIO MPHUYMHOIO 1 € THM
(hoHOM, Ha SIKOMY MPOTIKA€ JisUTbHICTh JFOJUHU B IMBUIbHIN aBialrii. [le - 30ymkeHHs 1
raJbMyBaHHS, Nepeapo0ounii i poOOUMi CTaHH, BTOMa, MOHOTOHHICTB, HATIPYKEHICTb,
po3ry0IeHicTh TOImO.

OcHOoBHHI{ ~ MaTepian. AHaNmi3 OCTaHHIX JMJOCHIKEHb B SKHX 3all0YaTKOBAHO
PO3B’si3aHHS MPOOJIeM, BiIIJICHHsS HEBUPIICHUX paHillle YaCcTHUH 3aralibHOI mpobieMu,
0a3yeThesi 3 OIVIAAY TOJOBHHM YMHOM HA IMPAKTHYHY KOPHCHICTH pe3yJbTaTiB poOiT,
TOMY IH)KGHEPHY IICHXOJIOTIIO IIIKABUTh BTOMa SIK OCOONHBHM, INCHXIYHHH CTaH.
OCHOBHUMH HOT0 KOMIOHEHTAMH €:

- mouyTTs cinabkocTi. JItoauHa BiMdyBae 3HWKEHHS Mpale3NaTHOCTI, HaBITh KOJIU
MPOAYKTHBHICTB Tpalli [ie He 3HIKYEThCs. JIIoaMHa BiquyBae, o HE MOXKE HaICKHHM
YUHOM IIPOJIOBKYBATH POOOTY;

- posnaj yBaru. JIroquHa JIETKO BiIBEPTA€THCS, CTAE MIISBOIO, MAIIOPYXOMOKO abo,
HAaBIAKH, - XAOTHYHO PYXOMOIO, HECTIHKOIO;

- TIOpYIICHHA B CEHCOPHIH cdepi: y omepaTopa MOYHMHAIOTH "MIaBaTH'" MOKAa3aHHSI
npunanis. [lorpeba y cHi Mpu CHJIBHIH BTOMI Taka, LIO JIFOAWHA MOXE 3aCHYTH y OyIb-
SIKOMY TOJIO)KEHHI, HAIIPUKIIA], CUIISIYM 1 HABITH CTOSTYH.

INocraHoBKa mpOOJIEMH B 3aralbHOMY BHIJIAII Ta 11 3B’S30K i3 BaXKJIMBUMH
HAayKOBUMH 3aBJaHHSAMH IIOJIATa€ HE B TOMY, MOXKHAa YM HE MOXKHAa BHKOPHUCTOBYBATH
nuisixd OOpoThOM 3 MOHOTOHHICTIO Ha BHPOOHHUITBI M TpPaHCIOPTi, a BUPIMIMTH LE
nutanHs. JJisIbHICTE HIIOTIB CyNPOBOKYETHCS NCHXO(]i3i0I0TIYHO HAMPYIKEHICTIO.
B imKeHepHill IICHXO0IIOTiT PO3Pi3HSIOTh TPU CTYIEHs HAIPYXKEHOCTI MiJIOTIiB: TOMIipHY,
MiJIBUIICHY Ta CTaH CTPECY.

YuMm ckmamHimuMii momit abo WOro OKpeMi eJIEMEHTH, THM BUINUH pPiBEHb
ncuxo(i3i0NOriYHNX peakmiif. [HKOMM MiOT YCHIIHO CHPaBISETHCS 3 AyKE BaKKUM
3aBJIaHHAM, siKe O 37aJI0Cs HOMY HEMOCHJIBHMM B 3BHYAHHHMX yMOBaX, i MOMUJISETHCS
pY  BHKOHAHHI MPOCTHX omepauiif. B [isiIbHOCTI minoTa BHHUKHEHHS CTaHy
IiIBUIEHO] HAINPYXXEHOCTI € HalOunbIl HMOBIPHUM 3a YMOBH BIUIMBY JIEKIJIBKOX
HECTPUATINBUX 00cTaBuH. Tak, MiBHIICHA HAMPYKEHICTh MOXKE BUHUKHYTH Y BUIAJKY
BIJIMOBH TEXHIKM Ha THX €Talax IOJNbOTY, Ha SKHX OOMEKCHHH 3amac BHCOTH W dYacy
IUTS JIiKBifamii aBapiifHoi cuTyanii abo mpu HEOOXiAHOCTI MIBHIKO CYMICTHTH ACKIJIbKa
TiH.

HaykoBuit pe3ysnbTar, 0 OTPHMaHHH Ha TiJCTaBi 3aCTOCYBaHHS TeOpii MpH
HyJIBOBOMY 3Ha4eHHI (akropa, sSKHHl BIUIMBAaE Ha oreparopa (HANPHKIAA, TEMITY
HaJIXO/DKEHHS JI0 oreparopa iH(QOpMaliffHUX CHTHAIIB), ICHye jaesika MiHIMaJbHA
ncuxogizionoriyHa HampyKeHiCTh omeparopa Hmin, mo BiamoBigae eQeKTHBHOCTI
TISUTGHOCTI, SIKa JOPIBHIOE HYJIO. 31 3pOCTaHHAM BEJIMYMHH S  3MIHIOETHCS
nicuxodizioyoriyHa HanpyKeHiCTb OIepaTopa.

Hayxosuii kepienux — O.1". Cumnuk, Kano. mexu. HayK, OOyeHm

78



AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 159.9:629.735 (045)
Kpasnosa T.M.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

TEOPETUYECKOE OBOCHOBAHME KOJIMYECTBEHHOM OLIEHKA
ONEPAHMOHHOI'O PUCKA NAHUEHTOB C CEPAEYHO-
COCYIUCTBIMU 3ABOJIEBAHUSAMU

B nacrosimee Bpemst uccienoBaHus M pa3pabOTKH B Pa3IMIHBIX O00JIACTIX HAYKH H
TexHUKH B LIA npenmnonaraiot o0padboTky 60abIIMX 00beMOB HH(OPMAIIMH CBSI3aHHOI C
ONMCAaHUEM COCTOSIHUSI M TOBEJICHUSI MCCIEIyeMbIX OOBEKTOB. DTO IpeAIoiaraer
MPUMEHEHHE Pa3JIMYHbIX METOJIOB, TAKKE MOUCK M CO31aHHE MATEMAaTHYECKUX MOJeNeH
ee 00paboTku. BmecTe ¢ HEOOXOAMMOCTBIO IPUMEHEHUSI MATEMAaTHYECKUX MOJENeH Juls
ONHCAHUS COCTOSHUI W MOBEICHUS OOBEKTOB PacTyT U TpeOoBaHUS K 3 (HEKTHBHOCTH
9TUX MOJENCH. DTH BOMPOCHI SBISIOTCS OCOOCHHO aKTyalbHBIMU B TaKMX 00JACTAX Kak
00paboTka M MONydYeHHE JOCTOBEPHBIX MEIMKO-OMONOrHdeckux IaHHbIX.OmHOH u3
Hanbosiee BakHBIX HpoOieM B LA M coBpeMeHHON MeIUIUHE SIBISCTCS CIOXHOCTH
TIOJTyYEeHUs! JIOCTOBEPHOH U KOJIMYECTBEHHOW OLIEHKH OINEPallMOHHOTO PHCKA CepIeYHO-
coCyIMCTHIX 3abosieBaHnid. OILEHKA ONEPAlMOHHOIO pPHCKa CEPIEYHO-COCYIUCTBIX
3a00J1€BaHUI TOJ]Pa3yMeBaeT MHTErPAIbHYI0 OLEHKY TSDKECTH IIPEJONepalliOHHOTO
COCTOSIHMS IAallMEHTa IPU YIpo3e JICTAJIBHOIO HCXOJa. B curyamusx c¢ Tsxeno
YCTaHABJIMBACMbIM MWJIM HESCHBIM JMArHO30M YacTO OYEHb BaKHO TOYHO OLCHHTH
TSDKECTh 3a00JIeBaHUs, B TO BpeMsi KaK YHHBEPCAJIbHBIX KOJMYECTBEHHBIX OIICHOK
TSDKECTH HE CYIIECTBYET, a H3BECTHBIE MOJENNM HE IIPUMEHSIOTCS H3-32 Pas3HBIX
BO3MOXHOCTEH MemyupeskaeHnil. CII0KHOCTb OLIEHKH TSHXKECTH COCTOSTHHS 00yCIIOBIICHA
OOJIBIIMM KOJIMYECTBOM CHMIITOMOB, PA3IMYHBIX JJIsI KQXKI0ro 3a00JIeBaHus M OOJIBIIOIN
Na0HIIBHOCTBIO KIIMHUYECKHX IPOsIBIICHUH 3a00eBanys. Ha pakThke CTENeHb TSHKECTH
COCTOSTHUSI MALIMEHTa CePJICYHO-COCYIUCTBIX 3a00JIeBaHNH ONpeaesseTcss KauecTBEHHO.
ITpu 3TOM Mcnoab3yeTcst HeOoIbIIOW HaOOp Hanbosee 3HAYUMBIX, 110 MHEHHIO Bpaya,
CHMIITOMOB, B TO BpeMs Kak MEHee 3HauMMble CUMITOMBI HE y4uThiBaroTcs. [loaToMy
AKTyaJIbHBIM HAIIPABJICHUEM IIOBBIIICHHUS JIOCTOBEPHOCTH M 3()(HEKTHBHOCTH OLECHKH
OICPAllMOHHOTO PHCKA SBISIETCS NPUMEHEHHE MAaTeMaTHYECKMX METOJ0OB aHanm3a
MEIMKO-OHOJIOTHYECKHUX JTaHHBIX, pa3paboTka IMpoOIeMHO-OpHCHTHPOBAHHBIX MOJIEIeH
U cucTeM o00paboTku uHpopManuu. Bo BBeJICHHHOOOCHOBaHA aKTYalbHOCTh
HCCIIE0BAHUSCEPICUHO-COCYIMCTEIX  3a00NeBaHNuil , ONpeleieHbl LelH, 3aJadd,
00BEKT, IPeIMET, METO/IBI UCCIIEA0BaHMs. PacKphITHl HayyHasi HOBU3HA, TEOPETHYECKas
U IPaKTHYeCcKast LEHHOCTb, CYOPMYIIMPOBAHbI MOJIOXKEHHS, BHIHOCUMBIE Ha 3aILUTY.

Hayunwii pyxosooumens — A.I'. Cumnux, Kano. mexu. Hayx, OOyeHm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 159.9.62:616-071(043.2)

Kpupomunk H.II.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

OCOBJIMBOCTI NEPEBIT'Y BHYTPIIIHBbOI KAPTUHU XBOPOBHU IPHU
IINEMII CEPLIAA Y OIIEPATOPIB 3 JIEIIPECUBHUMMU ITPOABAMHU

Ha cphoropHi € akTyaJbHMM HEyXHJbHE 3POCTAHHSIM 3a OCTAHHE JECSATHPIYYs
3aXBOPIOBAHOCTI Ta CMEPTHOCTI HaceleHHs1 YKpaiHu BiJ XBOPOO KapAiOJOTi4HOI IPYIIH.
Takum unHOM, B YKpaiHi XBOpoOH cucTteMu KpoBoobiry y 2007 pomi 3ymosuiu 63,0%
ycix cmepreit (y mictax — 61,4%, 30kpema). [Ipu npomy maiike 40 — 50 % marieHTiB
MIOMHPAIOTh TIPOTSATOM MICAI TMCHs CKIamgHoi QopMmu imeMiuHOI XBOpoOM cepIi.
Axryamizanis mpobieMaTuku ocobmuBocteil mepebiry BKX mpm imemii cepus y
TMali€HTIB 3 JCMPECUBHUMH MPOsSBaMHU 3/IHCHIOBATIACS B MpalsiX TAKUX 3apyODKHUX Ta
BITUM3HSHUX aBTOPIB sk, A. P. JIypis (1977), M. 5. Myapos (1990), B. H. Msicuiues,
1. J1. Jlakocina (1984), I'. K Ymakos (1978), B. M. Cmipuos (2000), T. H. Pe3nikoBa
(1985) ra in.

B 3B’s13Ky 3 MM MeTa AiCHOTO JOCIIIKEHHS TOJIATIa Y BUSBICHHI OCOOIMBOCTEH
nepebiry Ta xapakTepy B3aemo3B’s3ky BKX 3 nenpecuBHHMU MposiBaMH Y MALi€HTIB 3
itremiero cepipst. J{nst mocsirHeHHs HayKoBoi MeTrHa 6a3i LleHTpanbHOT pailoHHOT JTiKapHi
M. BpoBapu 3xilicHeHe emmipuaHe nociikeHHs: 50 pecroH/eHTIB (3arainbHa BHOIpKa,
cepen skux st 70 % akTyanbHHUM OyJio KOHCepBaTHBHE JiKyBaHHS, 30 % wmamm
ONepaTUBHE BTPYYaHHs) — MALI€HTIB 3 JIarHOCTOBAHOIO IMIEMI€I0 CEpIs, CepemHiM
BikoM 49 pokiB 3 moMiHyBaHHAM 0ci0 xiHOYoi ctaTi — 30 oci6, II (40 %) Ta III (60 %)
IpyIH iHBaJiqHOCTI. Y X0i AaHOT poOOTH BUKOHAHO HACTYITHI 3aB/IaHHS 32 JOIIOMOTOIO
BiJIITOBIJTHOTO TICUXO/[IarHOCTUYHOTO IHCTPYMEHTapil0: BU3HAUYCHO (JOPMHU JEIPECUBHUX
nposBiB («Meroauka nudepeHiiiiHoi AiarHOCTUKHN AENpecMBHUX CTaHiB» B. 3yHra B
amantanii T. . bamamoBoi); BUABICHO JNeNpecuBHI TeHAeHMIl, BiamoBigqHo 10 MKbB-10
3a «MeTtoaukoro audepeHniitHol AIarHOCTHKH JenpecuBHUX cTaHiB» B. A. XKmypoBsa;
3’sicoBaHo ocobnuBocTi mepebiry BKX: cTpyKTypHi KOMIIOHEHTH: OCOOHCTICHI puch
(«Metonuka GaraTodakTopHOro JIocHimKkeHHs ocodouctocti» P. Kerrena 16-PF); tumm
pearyBaHHsI ocobucrocti Ha XBopoOy (OCOOHCTICHMI ONUTYBAIBHHUK IHCTHTYTY iM.
B. M. bextepea JIOBI); ninnocti (Meroanka «L{inHicHi opienTtanii» M. Pokiua);

Ha ocHOBI 371iiicHEHOTO eMIipUYHOTO AOCTIKEeHHS Oyso BUsBIEHO, mo npu IXC,
aKTyaJbHI HACTYIHI AENPECUBHI TCH/CHIIIT B OCHOBHIN Iy PECIIOHICHTIB: ceper aemnpecii
HEBPOTHYHOTO TeHE3MCY AOMIHAHTHE 3HAYCHHS Ma€ JISTKHI CTYIIiHb 13 TPOSIBOM HEraTHBHOIO
Hactporo, anuHamil (20 %), MackoBana nenpecist Biactisa 28 %. [Ipu 1iboMy BH3HAYEHO, 1110
JIOMIHYIOUMMH TIpH JICTIPECHBHHIX IIPOSIBAX € HEBPACTCHIYHMH, MapaHosubHMH (1o 20 %,
BIJINOBIHO), epromatianmii (16 %) Tvru pearyBaHHsS 0COOUCTOCTI Ha XBOPoOy. 3’5ICOBAHO, III0
KOHCTHTYIIIHHI PHCH 3a iHTENeKTyaJbHHM OJIOKOM B 000X BHOIpKaX PECHOHICHTIB CBil4aTh
mpo chOpMOBAHICT BUCOKOTO PiBHS iHTENEKTYalIbHUX 3i0HOCTE Ha (OHI JOMIHYBaHHS B
eMOLIHHIN Ta IiHHICHIN cepax BHYTPILIHBOI HAIIPY)KEHOCTI, TPUBOXKHOCTI, TIHOTHMIT, ayTil 3a
HasBHOCTI MaJOr0 CTYICHIO CAMOKPUTHYHOCTI, 3aMilICHHS MPArHeHHS JO pPO3BHTKY
YCTAaHOBKOIO Ha MarepianbHO-3a0e3leyeHe JKUTTS. BCTaHOBIEGHO IO3UTHBHI KOPEILALIHHI
3B’s13kH (3a MetozoM [lipcona, piBeHs 3HauymocTi 0,01) MiXk TATIOM BeIEHHS TePaneBTHIHOTO
npolecy — piBHEM KOMYHIKaOEIbHOCTI, CHIIOI0 COLUabHOI B3a€MOJIl Mali€HTa, IPYHOI0
IHBAJIIJTHOCTI Ta CTYNCHEM JENPECUBHUX IPOSIBIB.
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 159.9:62(043.2)

Kym 51.B.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

BUMOTI'H JIO TOKA3HUKIB EPEKTUBHOCTI ®YHKIIOHYBAHHS
CKJIAJITHUX CUCTEM ABIOHUKI TA OCOBJIMBOCTI KPUTEPIIB iX
OIITHKH

Beryn. OpgHuM 3 TOJIOBHHMX —HAmpsMKiB PO3BUTKY LMBUIBHOI —aBiamii €
YIIOCKOHAJICHHSI CHCTEM aBiOHIKI 4epe3 BUBUCHHS BUMOT JI0 MOKa3HHKIB e(eKTHBHOCTI
X (YHKLIOHYBaHHS JUIsl BUKOPUCTaHHS CKJIAQJHHUX CHUCTEM Bisyawizauii iHpopmarmii Ta
0COOJIMBOCTI KpUTEPIiiB IX OI[IHKM, TOMY IPONOHYETHCSA II€ POOHTH 3a JOIIOMOTOIO
BHUKOPHUCTaHHS MPOTPaMHO-allapaTHUX METOJIIB Ta 3aC00iB 00p0OKH 300pakeHb.

AKXTYyanbHICTh 1 POJIb BH3HAUYCHHs MOKA3HHKIB SKOCTI IIMM HE BUYEPITYyETHCS, SK
MpaBHJIO, Ma€ HAYKOBHIl iHTepec iX KibKiCHA OIiHKA, SIKY HPOMOHYEThCS 3pOOUTH 3a
JIOTIOMOT OO Bizyaimizailii indopmaiii. SIKI1o BoHa iCHY€ 3’ SIBISETHCS MOXKIHBICTh O1IBIIT
TOYHO{ OIIHKK e(eKTUBHOCTI (YHKIIOHYBAaHHS CHCTEM aBiOHIKi, depe3 epeKTHBHOCTI
MPUNAHATTS TOTO, YHM IHIOIOTO pimeHHS. Bu3HaueHHS MOXIIMBUX TIOKa3HHUKIB Ta
KpUTEpiiB, sIKi BUKOPUCTOBYIOTHCS JUTs OLIBII TOYHOI OLIHKH €(EKTUBHOCTI CKIAIHUX
CHCTEM aBiOHIKI iCHYE, ajie € Pi3Hi MOTJIIIH Ha 110 IPodieMy.

AHaii3 OCTaHHIX JOCH/UKEHb, B SKHX 3all0YaTKOBAHO PO3B’S3aHHS IPOOIEeMH
BIUTUBY TIOKa3HUKIB €(eKTHBHOCTI (YHKIIOHYBAaHHS CKJIaJHUX CHCTEM aBiOHHKI Ta
0COOIMBOCTI KPUTEPIiB IX OLIHKH Ha OE3MEKy MOJIBOTIB MOJATAIOTH B TOMY, IIO 31a€THCS
HEMOXXJIIBUM  BHpIIICHHA  OpoOJEeMH  ONTUMAJIbHOCTI  TPOLECIB  PO3pPOOKH,
MPOEKTYBaHHsI, eKCILUTyaraii, 00CIyroByBaHHs JIITakiB Ta oONaJHAHHS 33 JOMOMOIOI0
X MporpamMHo-anapaTHHX 3aco0iB i cydacHoi Teopii Bizyauizauii iHpopmarii.

OCHOBHHI MaTepiaOCTiPKEHHAIPOOIEM OIIIHKH SIKOCTI CUCTEM aBiOHIKH BiIOMHUI
criemianictaM, X04 SIKHIMOCh YHHOM TIOB'S3aHMM 3 NUBLTBHOI aBiamiero (L[A), ame
MOHATTSA “Kpamiuii” B aBiOHINI BiZHOCHE, BOHO MOYHMHAE ICUIO BH3HAYATH TOMi, KOJIU
MPU3HAYCHHUH TIOKa3HUK a00 KPHUTEpiil SKOCTI BU3HAYAETHCS 32 JOMOMOTOIO PIllIeHb, 110
MIPUIMAIOTECST B TIpOILECi pO3poOKH, MPOEKTYBaHHS, €KCIUTyaraiii, 00CIyroByBaHHS
JiTakiB Ta obajHaHHA. BBaxaemo, 110 cydyacHa OlliHKa ¢()eKTHUBHOCTI CUCTEM aBiOHIKI
MOXJIMBA, SKIIO OUIBII TOYHO BH3HAYEHI KpHUTepii Ta MOKa3HUKH ii eeKTHBHOCTI.
AJleKBaTHI TOKa3HUKH JO3BOJIIIOTH OIIHIOBATH €()EeKTHBHICTH CHCTEM aBiOHIKI IO
CTYIEHIO JTOCSDKHOCTI HEI0 OCHOBHOI (a He JIPYropsiiHoi) MeTH. 3MiCTOBHI MOKa3HUKU
JTO3BOJISIIOTH  AOCTITUTH e(QEeKTHBHICTh CHCTeM aBiOHIKI 0e3 3ajaydeHHs iHIINX il
xapakTepucTuk. IIOKasHMKM TOBHHHI OyTH UYyTJIIMBUMH JO 3MiH OCHOBHHX
XapaKTePHCTHK TIPOIECIB B 3aco0ax aBiOHIKI depe3 Bizyamizamiro Ta 0O0poOKy
300paKeHBIIONBOTHOI iH(OpMaIii, BIUIUB (aKTOPiB 30BHIIIHHOTO CEPEIOBHUINA i 3aC001B
peaizarii cucTeM aBiOHIKi, sIKi BUIIMBAIOTh Ha ii e)eKTUBHICTH Ta OE3MEKy MONBOTIB.
ToMy, BUXOJS4H 3 BHIIEBHUKIAICHOTO, TOKa3HUK €EKTUBHOCTI, CyBOPO KaXy4H, Tpeba
BH3HAYATH SIK Mipy PO30DKHOCTEH B pe3yJIbTaTi 3aCTOCYBaHHS CUCTEMHU.

BHCHOBKH. 3aKIIOYHUM €TarlOM € IPUAHATTS PilICHHS 1010 e(EKTUBHOCTI CHCTEM
aBioHiki. Ha 1ipoMy eTari mpoBOIUTHCS aHANi3 pe3yJbTATIB JOCITIHKEHHS, OLIHIOETHCS
CTYIiHb PEaNi3yeEMOCTI MOXIIMBUX PIlIeHb 1, HAPEIlTi, 3aTBEPIKCHHS NPHUHATOTO
piteHHs 3 000B’s13K0BOIO (hiKCAIli€l0 BUTPALILy i BTPAT B pe3y/bTaTi HOro peanizariii.
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 621.3

JIsmenko b.B.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

HETPAJIMIIIAHI MEPCIEKTUBHI JUKEPEJIA )KUBJIEHHS 151
OBJIAJHAHHSA AEPOITIOPTIB TA CITOCOBH NIIJIBULLIEHHA
E®EKTUBHOCTI iX ®YHKIIIOHYBAHHA

Beryn. Jlo TOHOBIIOBaHMX JDKEpENl €HEprii BiMHOCATh EHEPrilo  COHSYHOTO
BUIIPOMIHIOBAHHSI, BITPY, PiYKOBHX ITOTOKIB, MOPCHKHX XBHJIb, €HEPTil0, aKyMyJIbOBaHY
B HOBKiUTi Ta Oiomaci. CroaM K HAJICKHTh TaKOX CHEpris MpPUILUIMBIB Ta
TEIIOrMMOMHHUX IIapiB 3emMili — reoTepMaibHa eHepris. AHanii3 KJIiMaTHYHHX YMOB i
pecypciB MOHOBIIOBAaHUX JDKepesl eHeprii B 6aratboX KpaiHax CBITY, a TAKOXK Cy4acHHU
JOCBil iX BHKOPHUCTaHHS B IEPENOBHX KpaiHaX CBiTY JO3BOJISE BU3HAYHTH
MEPCHeKTUBHUMU Ui MojepHizamii cBitoBoro [IEK (mammBHO-eHepreTHYHOTO
KOMIUIEKCY) 1 TPOMHUCIIOBE BUKOPUCTAHHS TAKHX €HEPrOTEXHOJIOTIH:

OcHoBHa 4actiHa. CymapHa HOTY>KHICTH BHPOOJEHHX 3a piK (DOTOCNEKTPHIHUX
IIepeTBOPrOBayiB CTaHOBUTH 01m3bko 65 MBT y CIIIA Ta fnosii, 20 % —y €Bpori.
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Puc.1. Criocobu BIOBITIOBaHHS Ta BAKOPUCTAHHS COHSYHOT eHepril

Mertoro MO€Tl HayKOBOi poOoTH € cripoba MaKCUMi3yBaTH PiBEHb OTPUMAHOI eHepril
Ta 3pOOMTH i TEXHOJOTII OUIBII MOMyJISAPHUMH. A TaKOXX 3aCTOCYBaTH IaHWUH BHI
TEXHOJIOT1H B CHCTEMaX OCBITJIICHHS, SIK IPUKJIA] — IIe OCBITJICHHS aepornopTiB. BapTticTh
1 xBt.ron enexrpuuHOi eHeprii oTpuMaHOi 3a JOIOMOTrOI0 eHeprii BiTpy B YkpaiHi
CTaHOBUTH OJIM3BKO 7 TPHBEHb. 30KpeMa PO3IISIHYTO NMUTAHHSA OUTBII e(EeKTUBHOTO
BHUKOPHCTaHHS aJbTepPHATHBHUX NOHOBIIIOBAHUX JpKepen eHepril muust LIA Ykpainu.

BicHoBku.IliBHUIIEHHS BHKOPHCTAHHS TeJIIOYCTAHOBOK — OAWH 3 HAaIPSIMKIiB
BHUPIIICHHS MPOOIeMH OTPHUMaHHS €Hepril 3 anbTepHATUBHUX HE TPAJULIHHUX JDKepeln
eHeprii. 3ampornoHoBaHui Croci® BiACIiIKOBYBaHHS MOJIOKCHHS TEIUIOKOJIEKTOpa — €
a[3BUYaiiHO e(EeKTUBHMM 1 [EIIeBUM Y TOPIBHAHHI 3 THMH CHCTEMaMH, SIKi
MIPOTIOHYIOTHCS BIIOMUMH PO3POOHHKAaMH. 32 TAKUMHU CHCTEMaMH MallOyTHE.
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VIK 331.101.1:629.735(043.2)

Maxkcumosuul.B.

Hayionanvuuii agiayitinuil ynieepcumem,Kuig

BITPOBA/KEHHSA CYYACHUX METOAIB EPITOHOMIKH 3AKOPJIOHHUX
BYEHUX JJISA IOKPAIIEHHA CTAHY EKIITAXKY

V wMipy BIOCKOHAJEHHS aBTOMATH30BAHMX CHCTEM YIPABIIHHS MO3HAYMIACS
3arajbHa TCHACHIIIS 3POCTaHHs YaCTKH JIFOJICHKUX OMMIIOK IIPY BUHUKHEHHI aBapiitHUX
CHUTYAIIiH.

Bcranosneno, mo B 1960 pomi omiHKa BHECKY JIIOACHKHX IIOMHJIOK B PO3BUTKY
aBapiffiHUX cuTyaniii ckimagama B cepemHboMy Omm3pko 20%. Y 1990 pomi wactka
JIFOJICBKHX TIOMUJIOK 3pocia B 4 pasu i ckiana 80%.

3a JaHUMHU Mi3HIUX AOCHiIpKeHb [4], moachki moMuiku BrivHynu Ha 70-80%
MOPYIICHb 1 aBapiii, MOAIN B LMBLIBHIMN 1 BIHCbKOBIH aBiartii.

Ha 56-my MixkHapomgHOMy ceMiHapi ycecBiTHBOrO (oHmy Oe3neku moybotiB (10-
13.11.2003 poxy y Bammmnrroni, CIIIA), nonoBinaui 3 Bemukobpuranii KoHCTaTyBaH,
o B JaHUH dac B 85% aBiaifHUX MOAIN NPUCYTHIH €TeMEHT "TI0JChKOI ITOMIIIKH", 1
IO 11 YaCTKa HE MA€ TEHJCHLIT JO CKOPOYCHHS.

3arayibHa TEHAEHLUS 3POCTAHHSA YacTKM JIIOJCBKOTO YMHHUKA Yy BHHUKHCHHI
MO3aIUTATHAX CUTYyalliil NpH YNpPaBIiHHI CKIAJHAMH TEXHOJOTIYHUMHU MpOLECcaMH
3MyCHJIa 3BePHYTH yBary (axiBIiB 3 iH)KCHEPHOI IICHXOJIOTI] i eproHOMIKH Ha IIpooiemMy
OIIHKHY 1 KOHTPOJIIO TICHXIYHUX HABAaHTAXKCHb, SIKi BIUTUBAIOTH HAa (PYHKIIOHATIBHUI CTaH
JIIOAWHU-OTIEpAaTOpPa B IMpOIECi MAisUIBHOCTI, 1, THM CaMHM, BIUIMBAalOTH Ha HOTO
HAiHHICTb.

Hamaratounce BupimmTa 10 mpoGiiemy, MikHapoaHa oprasisamis 1o
cranpapTu3anii omyonikysana B 1991 pouni cranmapr [9] ("Epronomiuni npuHnmny, siki
CTOCYIOTBCSI HaBaHTAXXEHHS HPU PO3YMOBIH MisUIBHOCTI: HPHUHIMIN, TEPMiHH Ta IX
BH3HAUEHHA"), ¥ SIKOMY B paMKax MPUYMHHO-HACHIIAKOBOI Mojeni Oyiu BUILIEHI IBa
OCHOBHI MOHATTA : "mcuxiuHui cTpec” 1 "mcuxiyna Hampyra'.

JuHaMiky (yHKIIOHATEHHX CTaHIB JIIOAWHHM B IPOLECI TPYIOBOi IisIIBHOCTI Ie:
YHMHHUKH MICIIS iCHYBaHHS - "(i3UUHE OTOYCHHS"; YNHHHUKU COIIAIbHOTO CEPEIOBHUIIA -
"comianpHe OTOUYCHHS'", UYMHHUKYM IHAWBIAyalnbHHX OCOONHMBOCTEH cCyO'ekta —
"IHAWBiAyallbHI XapaKTEPUCTUKU omepatopa"; (akTopd TEXHIYHOTO OCHAIICHHS
TpyZOBOro mpouecy - "pobode oOnagHaHHA"; YHHHHKA TPYAOBOTO TPOLECY -
"3aBraHHs".

Ilpencrasneni B CTaHAapTi OCHOBHI BHAM TMCHXIYHOI HANpPYrd B MIJIOMY
CHIBIAJAIOTh 3 BHAAMH (YHKIIOHAJBHUX CTAaHIB ONEpaTopiB, SK BOHHM BH3HAUYCHI y
BiTYM3HAHIHN Jitepatypi [8]. OOunBa moHATTA (TCUXi4HA Hampyra i (QyHKIiOHATBHUI
CTaH) BHUKOPHCTOBYIOTHCS JUIS TMOSICHEHHS OTHOTO i TOro X ()eHOMEHa — 3aTHOCTI
JIFOIMHYU e(DeKTUBHO i HaJiHHO BUKOHATH MOCTABIICHE MEPe/l HUM 3aBJIaHHSL.

PoGoTa aBiamifiHUX cHemiaigicTiB Mae, B OCHOBHOMY, KOJISKTHBHHI XapakTep: B
eKimaxxax, 3MiHax, rpymax, Opuragax ir.n. EdexTuBHICT Takoi IpymoBOi AisIBHOCTI
BU3HAYAETHCS HE TUIBKH JUIOBHMH, NTpOoQeciiHUMHU BIACTHBOCTSMH IHIWBIIA, a
BJIACTHBOCTSIMH OCOOMCTOCTI.

Hayxosuii kepienux — O.I. Cumnuk, KaHo. mexH. HayK, OOYeHm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 629.7:629.735.083(043.2)

Meabnuk I.B.
Hayionanvuuii agiayitinuil ynieepcumem,Kuig

AHAJII3 CTAHY I PO3BUTKY CUCTEMH TEXHIYHOI'O )
OBCJYI'OBYBAHHSA NMOBITPAHUX CYJEH HUBIJIBHOI ABIALII

EdexTuBHICT MpoLiecy TEXHIYHOTO 00CIyTrOByBaHHS, a, BIAMIOBITHO 1 HOTO SIKICTB,
3akau OyJo TICHO MOB’s3aHO 3 HaJilHICTIO 3a0e3nedyeHHs Oe3BiAMOBHOI poOOTH SIK
MOBITPSIHOTO CYJIHA, TaK i HOrO CHCTEM B IIJIOMY, i 3a3BHUYall BU3HAYAJIOCh OCOOIMBUMHU
JISIMH CTpATETii TEXHIYHOTO 00CITyrOByBaHHS.

CyuacHa aBialfiiHa TexHiKa, SBISIETbCSI 0€3yMOBHO HayKOMICTKOIO ITPOIYKIII€I0, Ma€e
TpuUBami TepMiHH ekcruryaTamii. Ilpm mpomy 3arpaté, HEOOXigHi IS MiATPUMAHHSI
3aaHUX XapaKTePHCTUK HaAiiHOCTI, FOTOBHOCTI Ta 6e3neku noBiTpsHux cyaeH(IIC) B
MpoIieCi eKCILTyaTallii, MOKYTh 3HAYHO TIEPEBHUIIYBATH BUTPATH Ha iX mpuabanHsa. Tomy
Ha CBITOBOMY DPHHKY HEOAMIHHOK YMOBOIO — € BHKOHAHHS BHMOI MiKHapOIHHX
craHmapriB 1o iHrerposaHii JsoriuHii migTpuMmmi(IJIIT). OcHOBHMM KpHTepieM
MIPUAHATTS PILICHHS NPU NOKYTII MOBITPSIHOTO CyIHA SIBISETHCS BApPTICTH KUTTEBOTO
LUKITY, BKJIIOYal04Y 3aTPpaTH Ha MPUAOGAHHS 1 eKCILTyaTalliko.

EdexruBhicts cuctemu IJII1  xapakTepusyeThCsl IHTETPAIbHUM  MMOKa3HUKOM
TATPUMaHHSI IPOLIECy eKCILTyaTallii :

LCC=o(S)

Came Taki mapamMeTpH SK CEpelHE HANpALOBaHHSA 0 BiIMOBH, CEpEIHE
HalpaifoBaHHs Ha BiJMOBY 1 Cepe/iHii Jac BiTHOBJICHHS € HAHOLIBII BAKIMBUMH.

Tak sk 3 3arajbHO TEXHIUYHMX MO3MLIH MpobiieMa 3HIKSHHs BUTPAT, 110 MOB’sI3aHi 3
MITPUMAHHSIM — TOBITPSIHOTO CyJHA B IpAlE3JaTHOMY CTaHi, 3BOAMTHCS 10 TAaKHX
3arajlbHUX CKIQIOBUX, SK: palioOHaJIbHE IIOCTAYaHHS CKCIUTyaTaHTa 3allaCHUMH
KOMIIOHCHTaMH, 0praHi3aL[i51 TEXHIYHOTO OOCITyTOBYBaHHS 1 PEMOHT JITaKa, 0 J03BOJIIE
3MEHIITYBaTH BUTPATH Ha iX TPOBE/CHHS, A TAKOK 360py, 00poGLi i aHami3y JaHUX PO
(bakTHYHI MOKA3HMKM BiIMOBO CTiMKOCTi , NOBrOBIYHOCTI, PEMOHTO-NPHMIiZHOCTI i
eKCIUTyaTaliiiHOI TEXHOJOTIYHOCTI JliTaka. Bci 1i MoKa3HUKH, 3a0€3MeUy0Th KUTTEBUIH
mukn I1C.

BescymuiBy, mami mpo HagiHHICTP KOMIIOHEHTIB MOBITPSHMX CYACH — Taki SK
EMITIpUYHI, II0 OTPUMYEMO B TPOIIEC] EKCIUTyaTarlii, TaK i MPOEKTHO-KOHCTPYKTOPCEKOMY
— TMOBHHHI BHCYBAaTHCSl BHMOTHM BHCOKOi maocToBipHOCTi. OIHaK B Haml dYac MpH
po3paxyHKax HaIiiHOCTI  BHUKOPHCTOBYIOTHCS ~METOIHMKH, [0 3acHOBaHI  Ha
SKCIIOHEHI[IAIbHOMY O30T HMOBIPHMX BIIMOBHHX CHTYaIlil, Y SIKHX € Cepio3Hi
pobJIeMH 3 aJIeKBAaTHICTIO OTPUMaHHUX OLIHOK. I ToMy 3actocyBanHs EXP-posmoziny B
pO3paxyHKax, Bele OO BEIHKHX IIOXHOOK, OCOONMBO TIPH OILHKaX CEpeIHbOrO
HAIpPALOBaHHs JI0 BiIMOBH 1 CEpEIHBOTO HAMPAIIOBAHHS HA BIIMOBY €IEMEHTIB i CHCTEM.
Bupinienns nanoi mpoGiemu Oysio OTpUMaHO Ha OCHOBI HMOBIpHICHOrO-(hi3u4HOro
MIPOTHO3YBAHHSI.

Bukopucranas HMOBiIpHICHOTO-(Di3HMYHOTO METOAY IacTh MOMKJIMBICTH 3MEHIIUTH
MOXWOKM 1 JacTh aJeKBaTHY OIIHKY pe3yJabTaTy JOCTiLKEHb HANiHOCTI IpU
JOBIOTPUBAJIN EKCILTyaTallil i CTBOPSATH MEPEIyMOBH Ui 3a0e3MeueHHs SK Oe3mexu
MOJIBOTIB, TaK i €()EKTHBHOTO TEXHIYHOIO 00CIIyrOBYBaHHSI .

Haykosuii kepienux — B.M.I pi6os, kano. mexu. Hayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

V]IK 629.735.07(043.2)
Pomaniok M.T'.
Hayionanvnuii agiayitinuil ynisepcumem, Kuig

CTPYKTYPHA MOJIEJIb TEXHIYHOI EKCIIJIYATALII I1C

Exkcrutyaramis IIC  peanmizyeThCsi TOCHIIOBHOI 3MIHOK —OpraHi3alliifHUX —Ta
TEXHIYHHMX CTaHIB HPOIECY eKCIUIyaTalii, JOCTIPKCHHS Ta aHali3 SKOTO BUKOHYETBCS
CTaTUCTHYHHMH MeTogamu. Ilpomec ekciulyaraiii Bkitoyae TexHiuni crtanu IIC,
3B’s13aHi 3 00’ €KTUBHIMH 3aKOHOMIPHOCTSIMHU 3MIHHU TeXHIUHHX sikocTeif [IC sk 06’ ekxTa
eKCIUTyaTalii, Ta OpraHi3aliiHi CTaHW, IO BH3HAYAIOTH CYOEKTUBHUI IIpoIec
opranizamii Ta maHyBaHHs BuKopucTaHHS IIC. OOeKTHBHHI TIpoIeC TEXHIYHOI
eKcIuTyaTamnii peanizyetbcss B cucteMi TOIP, mo He He BKIIIOYAE OpraHi3amilo Ta
[UIAHYBaHHS eKCIUTyaralii, Ta MpPEeJICTaBJIse CYKYNHICTh B3a€MO3B’S3aHHX CJIEMCHTIB:
IIC, 3aco6iB TOiP, BuKOHABIiB Ta Ta BCTAaHOBIIOIOYOI INpaBHJIA IX B3a€EMO3B’SI3KY
JMOKyMEHTamii JUIsi WIATPUMKA HaaidHOCTI Ta ToToBHOCTI [IC 10 TONBOTIB.
EdextuBnicts cucremn TOIP Bu3HAaYaeThcs 3aTpaTamMu Tpali, 4yacy Ta 3aco0iB
HeoOXimHuX ais 3a0e3nedeHHss HEOOXimHMX piBHIB HamiiHOCTI Ta roroBHocTi IIC B
OUiKyBaHMX yMOBax ekciutyaramii. Takum umHOM, Mg aHamizy cuctemu TOiP
HEOOXiZIHO 3 TpoIeCy eKCIUTyaTalii BHAUMTH 00 ekTHBHUI mporec TO mapameTpu
SIKOTO 1 BU3HAYAIOTh e(eKTUBHICTH cuctemu TOIP.

B cucremi TOiP peani3ytoTbcs ABa IPOLIECH:

e [Ipouec 3miHu TexHiyHoro crany AT Ha MOCTIZOBHUX eTamax
sxurTeBoro nukiay I1C 3 moyaTky excriiyaramnii i 1o CIIMCaHHS;

o [Ipoec moOCHiIOBHOI 3MiHK opramizaniiaux cranis [IC B
eKCInTyaTanil

TexHIYHIM CTaHOM IOBITPSHOrO Cy/HA B MpOLECi eKCIUTyaTanii MOKHa yIpaBJIsaTH
HACTYITHUMH CIIOCO0aMHU:

- 3MiHa YMOB eKCILTyaTallii;
- 3MiHa KOHCTPYKLiH cucteM, BUpOOiB Ta 00JIaTHAHHS;
- 3wmina pexxumiB TOiP.

3mina peanpHuX yMmMoB ekcrutyatamii [IC Ta, BiImoBigHO, iX cHcTeM, BHPOOIB Ta
oOnmagHaHHS 3B’A3aHO 3 BBEICHHSAM CKCIUTyaTallifHUX OOMEXEHb, IO 3BYXKYE
eKCIUTyaTaliiHi Jomyckd Ta obOnacth 3actocyBaHHS [IC 3a mpusnadeHHsMm. Takuit
HamnpsM 10 KepiBHUUTBY TeXHiYHUM cTaHoM [IC mpuiiMaeThcsi B BUHATKOBUX YMOBAX,
SIK THMYacoBa, BHEIUIAHOBA Mipa Ha Mepioj AOCIiPKEHHs 0OCTaBUH Ta YMOB IIOSIBU B
eKCIUTyaTalil He PO3paxyHKOBHX 3MiH TEXHIYHOrO CTaHy BHpPOOIB, IO TPHBEIU 10
HECTaHJaPTHUM YMOBaM I1OJIbOTIB.

3MiHa KOHCTPYKLii mpoBomuthes 3 wuunmo axanrtauii [IC mo peanbHUX yMOB
eKCIUTyaTalil TAKUM YMHOM, 1100 po3LMpHTH 001aTh 3acTocyBanHs [1C.

B cucremi TOiP ynpaBniHHS TEXHIYHHM CTAHOM PEai3y€eThCsl HIIIXOM BUKOHAHHS
po6it TOIP B i-X cTaHaX TEXHIYHOT EKCILTyaTallii.

Hayrosuii kepisnux — B.M.I pi6os, kano. mexu. Hayk, npoghecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 159.9:62(043.2)

XuikyeHko A.P.
Hayionanvuuii agiayitinuil ynieepcumem,Kuig

MOJIEJIOBAHHSI TPOLIECY JIABEPHOI'O BHMIIPOMIHIOBAHHSA 15
JNOCJHIIKEHHSIIIAPAMETPIB 1 XAPAKTEPUCTHK ®OPMYBAHHS
IJIIOCTPATUBHOI I TEKCTOBOI IH®OPMAILITI

Ha choroaHimiHiii JeHb € MOCHUThAKTYaJbHUM PO3B’S3aHHS MPOOJIEM JIa3ePHOTO
BUIIPOMIHIOBAHHS 4epe3 CTBOPEHHsI Cy4YacHOI Teopii 3 METOI0 3aCTOCOBYBAHHS JUIS
BUPIIICHHS HAHPI3HOMAHITHIIINX 3aBJaHb. JIOCHTh Ba)KJIMBO OTPHUMYBAaTH BUCOKOSIKICHI
JOKYMEHTH Y BHIVISL: MOBIJIOMIICHB, HaKa3iB, MOBIOK, KapT. e CTOCYeThCS Takoxk
aepokocMiuHux Qororpadiii: 3 TekcTiB 1 imocrpauid, rpadiyHux, 4YOpHO-OLIHX,
KOJIbOPOBHX, HAIiBTOHOBUX 300pakeHb, sIKi OOpOOJISIOTHCS JIa3epHUM IMPOMEHEM 3
METOI0 CTBOPEHHSI Ha TBIPJOTIJIOBUX HOCISIX BUCOKOSIKICHUX PETPOYKIIiIH.

IloctanoBKOIO TpoONeMH B 3araJibHOMy BHUINIIALI Ta ii 3B’S30K i3 BaXKIMBHMH
HayKOBUMH 3aBIAHHSAMH IIOJSITa€ B TOMY, IO CHOTOAHI BIACYTHS cydacHa Teopis
na3epHoro BunpoMiHioBaHHs. B ckmani CALS-TexHONOTiHf BUKOPUCTOBYETHCS JIa3E€PHO-
xomm'forepHa TexHouoris (JIKT), oxgnak icHyroua Teopis He MOBHOIO MIpOIO ITOSICHIOE
mpo0JieMy, TPaHWYHI MOJJIMBOCTI 1 TPOIECH KEePyBaHHS JIa3epHUM IPOMEHEM JUIs
TIOJIIIIICHHS IKOCTI 300pa’keHb, KPUTEPISIM KOM(OPTHOCTI CIPUIHATTS OKOM JFOJJHH.

AHati3 1a3epHOro BUNPOMIHIOBAHHS HAa OCHOBI IT0JIOXKEHD TilIepUacTOTHOI MEXaHIKH
B CyyacHiil (i3uii HOCTIKEHb B SKHX 3all0YaTKOBAaHO PO3B’sA3aHHA MpoOieM azep-
HOTO BHITPOMIHIOBAaHHS, BiJUIIJICHHS HEBHPIMICHUXK paHille YacTHH 3arajbHOI mpoOieMu
SIK BCTaHOBIICHE, 0a3yeTbCsl 3 OIISLY TOJOBHHM YHHOM Ha HPAKTHYHY KOPHMCHICTh
Ppe3ybTaTiB pooiT i3 3aCTOCYBaHHAM Ja3epiB Wit 00poOky iHdopmarii.

JocmipkeHHS ~ TpOIleCYy — BHUIIPOMIHIOBAaHHS ~ NPOBONWIUCS ~ HAa  MOJENi
JIOKyMEHTYBaHHA iH(poOpMalii Ipu BUKOpPHUCTaHHI BumpomiHioBaHHI CO, mnasepu B
CKJanmi JasepHoro rpasipyBambHOTO apromaty (JIA), Ha sKOMy NpPOBOIMIUCS
eKCIEPUMEHTH.

MeTtor0 OCHiIKEHHS € OTPHMaHHS SIKICHHX 300pakeHb 4yepe3 po3poOKy Mmeroaa i
MaTeMaTHYHUX TmepeTBopens mapamerpiB CO, nasepa, mo0 gaTu OLTbII TOBHY, 5K
J03BOJIIE 00CST poOOTH 1 po3pobiieHa MoOJesb, 00'€KTUBHY 1 peajibHy KapTHHY HOro
BUIPOMIHIOBaHHS, 110 Gopmye Ha TBipHoTinoBomy Hocii B JIT'A penpoayxkiiito.

Hogwuii miaxiz juis BUpinieHHs Ipo6JieM BUKIaACHHH B TiIIOTE31 sKa MOJIArae B TOMY,
11100 eNEKTPUYHUN CTPYM NEPETBOPUTH B Ja3ePHE BUIIPOMIHIOBAHHS.

BHCHOBKM 1 MEpPCHEKTHBH MOJANBLIMX JOCII/KEHb B HAYKOBOMY ITiJHAMPSIMKY
00poOKH 300paXkeHb MOJITAIOTH B TOMY, IO BIEpIIE 3alpOITOHOBAHO HETpaIULidHIN
MiAXiT K BHUPIMICHHIO TPOOJIeM dYepe3 CTBOPEHHS CY4YacHOi Teopil Ja3epHOro
BUNpOMiHIOBaHH. Lle mo3Bosie poOHTH OLTBII TOYHI PO3PaXyHKH IPH KOHCTPYIOBAaHHI
CHCTEM 1 KOMIUIEKCIB, a TaKOXX NP BUKOPHCTAaHHI TPAaHWYHUX MOXKIIMBOCTEH Ja3epiB y
mporeci EIIP3, mis minBuiieHHs SKOCTI 0OpoOkH iH(popMmalii. 3anpornoHoBaHa HOBa
TEOopis TMiJKPIIUIIOEThCS  (yHIAMEHTAIBHIUMH JOCII/UKEHHIMH 1 pO3paxyHKOBHMH
JAHUMH 13 Cy4acHOi (i3WKH, 110 OyJd BHUKOPUCTaHI B POOOTI, /Ui MiATBEPIKCHHSI
OTPUMaHHX Pe3yJbTaTiB y IIPOLECi MOACITIOBAHHSL.
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 629.735.072.4:351.814.343.1(043.2)

Lnoyabcbkuii 1.B.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

PE3YJIbTATH EKCIHEPUMEHTAJIBHOI OLIIHKU TOTOBHOCTI
MAMUBYTHIX IIJIOTIB TA ®AXIBHIB 1O POBOTH B CYYACHOMY
PUHKOBOMY CEPEJOBHIII

TpaHcopMmalliss Cy4acHMX pPHUHKOBHX BIIHOCHH B KpaiHax IIOCTPaASHCHKOTO
MPOCTOPY BHOCUTH 3HAYHI 3MIHM B [iSUTBHICTH OO0 €KTIB aBialliifHOI TpaHCIIOPTHOI
cucrteMd. BpaxoByroun Toii (axrt, 110 B CBITOBiM LHMBiJBHIM aBauii crocrepiraeTbes
TEHJICHILisl 301IbIICHHS MTONNUTY Ha aBiallepeBe3eHHs, JUIS aBiaKOMITaHil, IPaIOI0YNX B
KOHKYPCHTHOMY CEpEIOBHI, XapaKTEepHHIl MOLIYK albTCPHATUBHUX MUIAXIB IS
30epiraHHs Ta yCHUJICHHS KOHKYPEHTHHUX ITO3HIIH. AKTYaJIbHICTD PO3B’sI3aHHS IIPoOIIeM i
MIPUHIMIIB PO3POOKKM Ta BUKOPHCTAHHS peE3yNbTaTiB I[€ YMIHHA YTpPUMYBaTH Ta
301IBIIIYBaTH JIOJI0 PUHKA aBiallOCIyT B OCHOBHOMY 3aJIS)KHTh BiJl YMiHHS KEPYIOUOr0O
CKJIQZy 1 MEepcOoHaNy aBiaKOMIaHifi THyYKO pearyBaTH Ha 3MIHH B pPHHKOBOMY
CEepeOBHIII, TPUIMAIOUH CBOEYACHI Ta EKOHOMIYHO OOTPYHTOBAHI KepPyIoUi pillIeHHS.

IlocraHoBKa mpoOIeMH y 3aradbHOMY BHIJIIAlI Ta i 3B’S30K i3 BaXKIIMBHMH
HAyKOBHMH 3aBJAaHHAMH IOJISTa€ B TOMY, IIOO po3iOpaTHcs 3 TEOpi€r i MOIIyKOM
HULIXiB €()eKTHBHOTO YINpPaBIiHHA TPYJOBHMH pecypcaMH B LUBUIBHIM aBiamii. Ha
Cy4acHOMY eTarli PO3BUTKY JIIOJICTBA Iie¢ HANPaBJICHHs € HAHOUIBII aKTyaJbHUM, TaK SIK
BiJl IHTEJICKTYyaJbHOTO KaIliTaly B IIMBUIBHINA aBiallil 3aJIc)KUTh HE TIJIbKM CKOHOMIYHA
e(eKTHBHICTh POOOTH aBiaKOMITaHiH, ae 1 )KUTTS JTFOICH.

AHai3 OCTaHHIX JOCTIKEHb B SIKUX 3alI0YaTKOBAHO PO3B’sA3aHHA JaHOI MPOOIEMH,
BiJJIICHHs] HEBHUPINICHUX paHIlle YacTHH 3arajibHol MNpOOJeMHUIIOKa3ye, IO B
TEXHOJIOTT 1 B Tpoleci BUBYCHHS OC3MEKH MOJbOTIB K €KOHOMIYHOI KaTeropii, 0yio
BCTaHOBJICHO, 1[0 30UTKH BiJl MEPEAYACHOT CMEPTI JIFOMUHUISA HAI[IOHALHOT CKOHOMIKH
B 3aJIGXKHOCTI BiJI Biky fnocsraroTh 290 Tuc. mon. CLIA .

CrpaxoBble BO3MEILCHHUS 110 24 An- 13T4y_ TY-154
Katactpodawm, aBapusM,
MOJIOMKaM, ABUANPOUCIIECTBUAM, 870 18777
MPEANOChUIKAM K aBUAIIPOMCILECTBUSM, 0.07 53 41096,4
CIIOKHBIM CHUTYaIusIM, KaTacTpo- ’ ’
(hUUEeCKUM CHTYalusM, B T.U.
- IIaccaxupam, 3613 12267 25147
- YJICHAM DKHMIIaxka. 767 1226 1533

[Jani tabnuui 3acBiTYyIOTh PO T, 110 HAKOIIBII 324y MM €IEMEHTOM B CTPYKTYpi
TPYIOBUX pECypCiB aBiakOMIIaHid, € eKilmax, Big poOOTH sSKOro B OB Mipi
3aNekuTh Oesneka 1moapoTy. HalOiibln 3Ha4YyIuM eJIeMEHTOM B CTPYKTYpPi TPYIOBHX
pecypciB  aBiakOMIaHil, € eKiMaX, BiJ SKOro 3aJIe)KUTh Oe3MeKa TIONBOTIB U
e(eKTUBHICTh MisVIBHOCTI aBiakoMmadidl. [3-3a 1poro aeiakommasii mpamio4i B
crenudivHOMY MPAaBOBOMY IOJI i B YMOBaX PUHKOBHX BiJJHOCHH, BUCYBalOTh YMOBH [0
C€KOHOMIYHOT MiZITOTOBKH JIbOTHOTO CKIIATy.
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 629.735(043.2)

Mxpsana U.0.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

HOTI'TPIHEHHSA IICUXOJIOTTYHOI'O CTAHY EKIITA’KY B HOPMAJIBHUX
TA CKIIAJHUX CUTYALISIX IOJIBOTY

IIpoBeneHo uccnenoBanue, KOTOpOE MPECIEIOBATIO LENb BBIIBUTh XapaKTEPUCTUKU
YeJIOBEYECKOTO MOTEHIIMANIA MOJIOBIX JETYUKOB. Bo3pact obcnenyemsix — 20 set. [Ipu
pelIeHNN TOCTaBJICHHBIX 3a7jau OMNpPEAESUINCh IIEHHOCTHBIE OPHEHTAIlMM MOJIOJABIX
JICTYUKOB, MTPHOPHUTETHl JUYHOCTHOTO pPAa3BUTHUS, NPO(ECCHOHANbHAS MOTHBAIUS,
YPOBEHb CaMOOLIEHKHM U CaMOpEalM3alliid, TpeICTaBIeHUs 00 o0pa3oBaHHH |
00pa30BaHHOCTH, OTHOLICHHE K CBOEMY 3[0POBBIO, OLICHKH MaTEepUaIbHOTO ITOJI0KEHHUS
CEMBH.

PeliTuHT IeHHOCTEH-11e)Ie MOJIO/IBIX JIETYUKOB M PEUTUHT (PaKTOPOB JTHIYHOCTHOTO
CaMOCO3HAHHUS MOJIOJIBIX JICTYMKOB MPEICTaBICHHbII Ha (puc.1)
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Puc.1. PefiTUHT (pakTOPOB TMYHOCTHOTO CAMOCO3HAHHUS MOJIOABIX JICTYHKOB

MupoBasi CTaTHCTHKA MOKA3bIBAET, YTO OKOJIO 45% aBHAIMOHHBIX HMPOHCHIECTBUH
CBSI3aHO ¢ OIIMOOYHBIMH JEHCTBHUSIMU JIETUMKA. boJiee neTanbHBIil aHATH3 TUX JaHHBIX
MoKa3ajl - II0JOBMHA ABUALMOHHBIX MPOUCIIECTBHH O0yCIOBICHA HEHAIEKHOCTHIO
YyeJIoBEeKa, KaK 3JEMEHTa CJIOKHOH CHUCTeMbl aBHALIMOHHOIO KoMIulekca. B mepByro
ouepesb 3TO CBSI3aHO € TEM, YTO HKUIIAX IIPHUHUMAs PELICHUE, BEIHYKACH UCIOIb30BaTh
WHPOPMAIIMIO OT 3HAYUTEIBHOTO KOJIMYECTBA CHCTEM: MIJIOTaKHOH, HABHUTAIIMOHHOM,
MIPULIETBFHOM, paJnOIOKAIIMOHHOM, CPEICTB CBA3U U TOCYIAPCTBEHHOTO OMO3HABAHUS, U
T.J.

IIpoBeneHHble HUCClEOBaHUS  JAlOT OCHOBaHUSA  CUUTATh, UTO  4YeEJOBEK
OpUCHTUPOBAH HAa TO, YErO €My KpallHe HE XBaTaeT, 4ero HET B OKpPY>Kalolled ero
JCUCTBUTENBHOCTH. HeT CHOKOHCTBUS M YBEPEHHOCTH B  3aBTpalllHEM JHE.
CrnenoBatenbHO, HET ONTHMH3MA, XOPOILIET0 HACTPOSHHSA, OYIIEBHOTO PABHOBECHS H
MPOCTO cyacThs. [locie OKOHYaHMS NPO(PECCHOHATBHOrO Y4eOHOro 3aBejieHHs He
OXXHIaeTCs JOCTOMHBINA MpodeccroHana 3apaboTok. B 3Toi CBSI3M BO3HUKAIOT TaKUE
LIEHHOCTHBIE OPHEHTALMH, KaK XOpOIIasi CeMbsl, o0ecledeHHasi CTapocTh (yxke ceifuac
MOJIO/IBIE JIFOH 33ayMbIBAIOTCS HAJ 9THM), BO3ZMOXKHOCTH 00€CIIeUnTh ceOe 30pOBEIH
o0pa3 xm3HU. Takum 00pa3zom, xoporas MpoecCHOHANbHAsT MOATOTOBKA HE pelIaeT
MHOTHE BONPOCHI XM3HH MpOoQeccHoHaa, He 00ecreYrBaeT MyIIeBHBIH KOMGOPT U
TICUXOJIOTHYECKYI0 YCTOWYMBOCTb.

000 /4
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

OPTAHI3ALIA IMTOBITPSIHHOTO PYXY
VIK: 656.7.052 (043.2)

Jlynmo O.€., I'apoy3 E.B.
Hayionanvuuii asiayitinuil ynisepcumem, Kuis

CPABHUTEJIbHAS XAPAKTEPUCTHKA BECITMJIOTHBIX
JUCTAHIOUOHHO-ITUJIOTHPYEMBI AIIITAPATOB U
ABTOMATHUYECKHUX BECIINJIOTHBIX JIETATEJIBHBIX AIIITAPATOB

becnunoTHple aBHALMOHHBIE CHCTEMBI INPEACTaBIAOT COOOH HOBBIH KOMIIOHEHT
o011eii aBUallMOHHON CHUCTEMBI, U B HACTOALIEE BPEMs TOCYapcTBa, a3pOKOCMUYECKast
otpaciab 1 UKAO mnpoBoaar paboTbl, CBA3aHHbIE C MX HM3Y4YE€HHEM, ONpEAeICHHEM U
HHTErpanuei.

becrunoraeie  nerarensHple  ammapatel  (BITJIA)  kimaccngumupoBaHbl  TaKuM
o0Opa3oM: OecHHJIOTHBIE HEylpaBisieMble, OCCIWJIOTHBIE aBTOMATHUECKHE U
OecrMIIOTHBIEC AMCTaHIIMOHHO-TTMIIOTHPYEeMBIe JieTaTesbHble armapaTsl (JI1IA).

Ha ceropnsmHuil neHp CyIECTBYeT MHOIO PACCyXJICHMH, KacarolUXCcs Haluduid
pazaMuMsl  MEXIy IUCTAaHIMOHHO-IIMJIOTHPYEMBIMH U JPYIMMH  OECIHIOTHBIMU
JICTaTeJIbHBIMU allapaTaMH.

JIITA - GecnMitOTHBIH JeTaTeNbHBIN anmnapar, HepephIBHOE YIPaBIeHHE KOTOPBIM
OCYIIECTBISIETCS TEM JIM HHBIM CIIOCOOOM C HETIOJBIKHOTO WM MOJBIKHOTO MYHKTa
ynpaBieHHs (KOpIoBasi MOJENb CaMOJIeTa, JIeTaloas MOJENb caMolieTa ¢
pagroyIpaBiIeHUEM U T.IL.).

BITAJIA - OecnwIOTHBIM  JICTATEeNBHBIA  amIapar, peaTusyIoIuid  CBOe
(DYHKIIMOHAIBHOE TIpeJHA3HAYeHHE B ABTOMATHYECKOM pPEXHME B COOTBETCTBHH C
3JI0’)KCHHBIMHA B HETO QJITOPHUTMOM WU IIpOrpaMMaMy (yHKIHOHHPOBAHHS (KpBUIATHIC
paKeTsl, CaMOJIETHI-Pa3BEAUNKH U T.I1.).

OpHako cyniecTByIOT npuMepbl komriekcoB JAI1JIA, koTopsie He comepkaT B CBOEM
COCTaBe HHM «KOPJAOBBIX MoOAenel camon€ra», HU «Mojened camonéra C
panuoynpasneruem». Takum oOpazom, nmomydaercs, uto JAIIJIA HudeM He OTIaMYArOTCS
OT TPOCTO OECTTMIIOTHOTO CaMONETa.

CymectBenHoe paszmmune  Mexay BIUIA wu JAIUIA 3akmrouaercss He B HX
BEZIOMCTBEHHOM IIPOMCXOXKACHHH, HE B pa3Mepax JETaTeNbHBIX amlapaToB W HE B
nmanpHOCTAX aAeicTBus. Tompko Bo B3ammopeiictBum JIIJIA ¢ Ha3eMHBIM IyHKTOM
YNpaBIe€HHUs U €T0 LEHTPAIbHBIM 3JIEMEHTOM — YeJIOBEKOM-OIEPaTOpPOM peann3yercs
riaBHast ocobeHHocTh JIITJIA — uHTepakTUBHOE yImpaBiieHHE (3TO UM €CTh OCHOBHOE
otmuuue JITJIA ot BITUJIA). Taxke HIIJIA — 3TO0 ¥ aBTOMaTHYECKUH JIeTaTEIbHBIN
anmnapart, CriocoOHbIH BBINOJIHATH MOJNET MO 3aJaHHOMY MapIIPYTy M HOJAAEPKHBATH
CBOIO OPHEHTALIMIO B IIPOCTPAHCTBE 0€3 BMELIATENILCTBA YEIOBEKa, HO, B TO JKE€ BpEMs,
TOTOBBI HEMEJUIEHHO pearupoBaTh Ha YIPABISAIOMIME BO3JACHCTBUS UENOBEKa-
oneparopa. To ects,rpanb paznuuust mexay AIIJIA u BITAJIA o4yeHp TOHKa, HO OHa
CYIIECTBYET.

Hayrosuii kepisnux — Xapuenxo B.I1., 0-p mexn. nayk, npogeccop

89



XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VJK: 656.7.022

I'opanonok B.C., Boiiko U.I'.
Kiposoepaocvra nvomna akademis
Hayionanvnoeo asiayitinoeo ynieepcumemy, Kipogoepao

MOJEJIMPOBAHUE PUCKOB OITACHOTI'O CBJIMKEHUSA U
CTOJIKHOBEHUMSA BO3AYIIHBIX CYJ1OB

Cormacio Doc 4444 [OpraHm3amust BO3IYNIHOTO JIBUKEHHsI| HEOOXOIHMMO
MPOBOJNTL OICHKY acrhekToB Oe3omacHoctu mosietoB (BII) B cBsA3u ¢ sr00bIMEH
MIPE/UIOKEHUSIMUA O PEOPraHU3aliK BO3JYIIHOTO MPOCTPAHCTBA, U3MEHEHHH NOTOKOB
BO3JYIIHOTO [BWXXEHMS, BHEIPEHUH HOBBIX CPEJCTB, OOOpPYJOBaHUs. Y4YHTHIBas
MIPOTHO3MPYEMOE YBEIMYEHHE HHTEHCUBHOCTH BO3JIYIIHBIX MOTOKOB B OnecckoM
peruoHansHOM cTpykTypHOM moxpasznenennu (PCIT) B 2015 romy mpu mpoBeneHHn
BTOPOTO 3Tana urp yemnuonara EBpomsl mo 6ackerdony «EBpobacker-2015» Bo3HHKaeT
HEO0OXOIMMOCTh aHAJIN3a BO3MOXHOCTH 00€eCIIeueHus prueMiieMoro yposHs BIL.

JletanbHBIN aHAMM3 yBEIMYEHHS WHTCHCHBHOCTH BO3IYIIHOTO IBIDKEHHS OyneT
MIPOBOJUTHLCS C TIOMOLIBIO MOJICTMPOBAHUS TAKOW CHUTYalliM B CEKTOPaX BO3IYLIHOTO
npoctpancTBa control area (CTA) u terminal control area (TMA) Onecckoro PCII na
yxe cymectBytomeM B KupoBorpaackoit netHod akagemun —HarmumoHambHOTO
aBHAI[MOHHOTO YHMBEPCHTETa MOJEIHPYIOIIEM KOMIUIeKce. B ocHOoBe MoaennpoBaHus
JISKAT METOA aHann3a 0e30IacCHOCTH IOJETOB Yepe3 PHCKH OMACHOTO COMMKEHHS H
CTOJIKHOBEHUS BO3AyIIHBIX cya0B (BC).

Jlns omucaHMsl PECKOB ONAcHOTO cOMmkeHHst U croikHoBeHHs: BC mcmomnb3yercs
Mozenb Peiixa, koropas odunmanbHO mpH3HaHa MeXIyHapoJHOH oOpraHu3anuel
rpaxnanckoii apuaru (ICAO) moaxomsiieit aast 000CHOBaHHS HOPM OOKOBOTO U
BEPTHKAIBEHOTO JIICTOHUPOBAHHSI.

VYpaBHeHue Peiixa MoxkeT BbIpaxkaTbcs depe3 yacTtory mposeroB BC - oxumaemoe
YHCIIO TIPOJIOJIBHBIX MEPeKPBITHI (Hanoxenus) 30H 6e3omacuoct BC 3a 1 yac mosera.
B 3aBucHMOCTH OT CTPYKTYpHI BO3LYIIHOTO IPOCTPAHCTBA U TPEOOBAHUH PyKOBOASIINX
JIOKyMEHTOB BBIOMpaeTcsi 30Ha OE€30MacHOCTH OMpPEAETICHHOTO pasMepa. 30Ha
MIPEACTABISICT CO0OH IMIMHApP, IIEHTOM Kotoporo sBisiercss BC, pamgmyc paseH
MHHUMaNbHOMY Oe3omacHoMmy OokoBoMy mHTepBany (B pamkax CTA — 18,5 kM (10
NM), TMA -9,3 km (5 NM)). CTOIKHOBEHHE IBYX BO3IYIIHBIX CYJOB COOTBETCTBYET
NIePECEUSHNIO COOTBETCTBYIOIINX OOBEMOB.

Viep0d npu OIEHKE PHCKOB, CBSI3aHHBIX C OpraHHM3alMeil BO3IYLIHOTO JBHXKCHUS,
IUIAHUPYETCS U3MEPATh, YUUTHIBAas KAaK BEPOSITHOCTb OMACHOTO Ciyvas, TaKk U CTENEHb
CEphE3HOCTH MOCHEJACTBHUs, 4YTO OyJeT BBIPAXKAThCS KOJNUUECTBOM BO3MOXKHBIX
MOTHOIINX B PE3yJIbTaTEe CAMOTO CEPhE3HOTO U3 BO3MOXKHBIX COOBITHH.

Hayxosuii kepisnux — Heodinvxo B. H., kano. mexw. Hayk, doyenm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VIK: 629.7.07

Hixripenko FO.M., I'punuyk M.B.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

MOJEJIOBAHHS IPUMHSATTS PILIEHD ABIAJITMUCIIETYEPA Y PA3I
BUHUKHEHHSA OCOBJIMBOI'O BUITAJIKY B INOJIBOTI

Tpodeciiina nisuTbHICTD aBiagucHeTYepa CTPOrO PEriiaMEHTOBaHA JIOKyMEHTaMHU Y
chepi MOBITpSHOro TpaHCHOPTY. Y TakUX JOKyMeHTax 3a(iKCOBaHO MpaBHIIa,
BIJIMOBIIHO IO SKUX aBiaJucrieTyep Ta MINIOT MOBHHHI JiATH 3@ THX YM iHIINX YMOB.
JUAIbHICT aBiallifHUX CHEIIalliCTiB B HOPMAJIBHUX YMOBAaX IONBOTY MOXKHA BBa)KaTH
ITOPUTMIYHOI0, TOOTO aBiafuCIIeTdep UITKO MOBMHEH BHUKOHYBAaTH OJHY [0 3a
IHIIOI0O B TIEBHOMY IIOPSIAKY, T€ CaMe CTOCYeTbCs 1 pafiooOMiHy. Y BHIIAAKy
BUHUKHEHHS OCOOJHMBOTO BUIAJKY B TOJNBOTI MisUIBHICTH aBialiiHOTO (axiBIs Tipiie
MiATAETBCS  aNTOPUTMI3aIlii 3a pPaxXyHOK TIPUCYTHOCTI HeBU3HaueHocTi. J{is
MOJICTTIOBAHHS JisUIBHOCTI aBiaJucrieTdepa i MijoTa y pa3i BHHHKHEHHS OCOOJIMBOTO
BUNAIKY B IOJBOTI JOIJIBHO 3aCTOCOBYBaTM METOIM MNpPUIHATTS pillleHb B yMOBax
BH3HA4YEHOCTI, pHU3KKY 1 HeBH3HaueHocTi. Ha nmpukiani oco6auBoro BUNaaKy B MOJNBOTI -
oOMep3aHHs, AJIsI MOJENIOBAHHS MPOIECY MPUUAHATTS PIlIeHHs aBiafucneTdepoM Oyiu
BHpIIICHI HACTYIHI 3a1a4i:

1.  AHami3 [ifounx KepiBHHX JOKYMEHTIB, SIKi PETJIAMEHTYIOTh Jii Jucrerdepa
MpY BUHWKaHHI 00Mep3aHHs Ha OOPTy MOBITPSHOTO CY/AHA.

2. IlpoBeaeHa cTaTHCTHKa 1 aHami3 aBiallifHUX TMOXIH, SIKi BUHUKIH dYepe3
oOMep3aHHS.

3. Pospo0bieHo Ta mpoaHai30BaHO ANTOPUTM il AUCHETYEPCHKOTO CKIaxy HpH
BUHUKHEHHI 0OMep3aHHsI.

4. TloOynoBaHo JeTepMiHOBaHY MOJEIb IMPUIHATTS pillleHb aBiagucreTyepa
(minora) mpu BHHHUKHEHHI OCOOJMBOrO BHUIMAAKY B IMOJBOTI (0OMEp3aHHS) METOI0M
MEpEKEBOT0 [UIAHYBAaHHS y BUIVISl CTPYKTYPHO-4acOBOi TaOJIHIL.

bynoBa MepexxeBoro rpadiky 1 po3paxyHOK Yacy BHKOHAHHS IMPOLEIYP
aBiagucrneryepoM (IJIOTOM) NpPH BHHUKHEHHI OCOOJMBOTO BHINAAKYy B MOJBOTI
(oOmep3anHst) 3aiiicHeHO 3a JonoMorolo Maremarinynoro nakery MATLAB (puc.1)

Puc.1 Mepexesuii rpadik moOymoBanwuii 3a gronomoror nakery MATLAB
Po3pobieni mMozpeni BXoaaTh 0 0a3u Monenel 1 0a3u 3HaHb CHCTEMH ITiJTPUMKH

TIPUIHSATTS pillIeHHS aBiaaucrieTyepa.
Hayxosuii kepienux — [LImenvosa T.®D., 0-p mexw. Hayk, npogecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VJK: 656.7.022

Jo6ponor A.1O.
Kiposoepaocvra nvomna akademis
Hayionanvnoeo asiayitinoeo ynieepcumemy, Kipogoepao

BAPUYECKASA CUCTEMA JIOXKBMHA

B Bunmy yBenudeHus MHTEHCUBHOCTH BO3JYIIHOTO JIBHJKEHMS, UL HOBBIIICHUS
0€30MacHOCTH TIIOJIETOB, IOSBWJIACH HEOOXOAMMOCTH B pa3paboTke Oojee HOBBIX
YCOBEPIIEHCTBOBAHHBIX TPEHWKEPOB JUI JUCIETYEPOB YIPABICHHUS BO3IYLIHOIO
nswxenus. ITostomy, nmpobGiema GezomacHocTH MONETOB TpeOyeT HOBBIX IMOAXOJOB,
¢dopm 1 MeTonoB. [ToAroTOBKA aBUALMOHHBIX AUCHETYEPOB COCTOUT U3 TEOPETHYECKON
W TpaKTUUecKoi mnoaroToBku. HaumOospliee BHHUMaHHe yaessercs Bropoil. Ha
CeTONHSIIHUN JEHb IPOBOAUTCS HWHTCHCWBHAs peanu3anusl TMporpamMMm  ydéra
METEOPOJIOTUYECKHX SBICHNI B MOJACIUPYIOIMEM KOMIUIEKCE YIPABIECHHSI BO3MYIIHOTO
JBIDKCHUS, IIOBBIIIACTCS PEAIMCTHUYHOCTb, U YPOBEHb MOJCIMPOBAHUS PAa3IUYHBIX
CUTyallUil B IOJIETE.

Kak moka3plBaeT CTaTUCTHKA, OYEHb OONBINOH IPOLEHT aBHANPOMIICCTBUH
MIPOUCXOANT H3-3a psiJa NPUYMH TaKMX KaK: TEXHHYECKHE HEIOJIQJKH, OLINOKU
ITMJIOTOB, OMIMOKM aBHAJMCIIET4epoB, TeppopusM. Hemaimyro nomo aBuakatacTpod
CllyyaeTcs Tak kK€ MO MOTOJHBIM NPHYMHAM, B YAaCTHOCTH, IUIOXHE METEOYCIOBHS.
ITosToMy, mnst moBbIIeHHs O€30MACHOCTH B aBHAIMH, IIPEATAraeTcsi B IIpoIecce
MOATOTOBKM ABHAIIMOHHBIX OWCIIETYEPOB HAa TPEHakKEPaxX U MOACIUPYIOMINX
KOMIUTEKCAX MPUOIN3UTE YCIOBUS K PEaJbHBIM, ¢ YIETOM JUHAMUYHOCTH BO3ITYLIHOW
00CTaHOBKH U BIIMSIHUSI METEOYCIIOBUH Ha ITOJIET.

OnHuM U3 croco0oOB SBISIETCS OTOOPAXKEHHWE HAa MOJENHMPYIOLIEM KOMILIEKCEe
0GapUYecKHX CUCTEM, YACTHOCTH JIOKOWHBI, C ITOCIIEAYIOLINM BIUSHHEM Ha BBINOJIHEHHE
TIOJIETOB.

Kak wu3BecTHO, 50XKOMHA XapakTepu3yercs Kak Yy3Kas BBITAHyTas I0JIOCA
TIOHIDKEHHOTO JIABIICHUS, @ OCh JIOKOHMHBI SBIIAETCS 00JACTBIO CXOJUMOCTH MPU3EMHBIX
BETPOB, MOITOMY TIOTO/]a B JIOXKOWHE, KaK MpaBHiIO, OONavHas ¢ 0CaJAKaMH U CHIBHBIMU
BeTpaMu. [yt MOmenmpoBaHMS IBIKEHHS M SBONIOIHUU 30HBI OapHYecKOH CHCTEMBI
HCTIONB3YIOTCSl IAHHBIC B3STHIE U3 PEAbHOM CHHONTHYECKOH oOcraHoBKU. [lo sTHM
JNaHHBIM MOJEIUPYETCS HAXOXKACHHE M METCOYCJIOBUSI JIOXKOHMHBI, KOTOpBIE OyayT
BJIMSITH Ha BBIIOJHEHHE MOJIETa. DTO MOMOXKET ¢ OOJbIIel TOYHOCTBIO PACCYHMTHIBATH
TPAeKTOPHUIO JBIDKCHUS BO3AYLIHOIO CyIHa M €ro INOJOXEHUE OTHOCUTEIBHO IPYTUX
BO3JIyIHBIX CYJIOB.

Hayxosuii kepisnux — Copoxa M.IO., cm. suknaoay
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YIK: 629.7.07.073

Kenauoba J1.U.
Kiposoepaocvra nvomna akademis
Hayionanvnoeo asiayitinoeo ynieepcumemy, Kipogoepao

PA3PABOTKA HUHTEP®ENCA MPOTOTUIA OBYYAIOLIEN CUCTEMBI
"TUCIIETYEP TOWER"

C yBelIMYEHHWEM WHTCHCHBHOCTH IIOJIETOB M KOJHMYECTBA OJKCIUTYyaTHPYEMbBIX
BO3JYIIHBIX CYZOB BO3pPAcTaeT M 3arpy’KEHHOCTb JHUCIETYEPCKHX 30H, B 0COOCHHOCTH
30HBI B3JIeTa U NOCAJKU. B pesynbraTe 3TOr0 aBuaaucnerdepy, a MMEHHO AUCIETYEPY
Tower, NpUXOANTCS OINEPATUBHO aHAJIM3UPOBATh HM3MEHSIONIYIOCS OOCTAHOBKY, YTO
BJIEYET 3a COOOI PUCK BO3HMKHOBEHHS BHEIITATHBIX CUTYallid B paloHe a’dpojpoma U
Hajy HuUM. OmHUM W3 3TanoB NpodeccHOHANbHOW IOJArOTOBKM JHcrerdepa Tower
SBJISETCS. TpPEHa)kKepHas IOJrOTOBKA, B IIPOIECCE KOTOPOM YCIOBHS OOYy4eHHMs
MaKCHMAJBHO MPUONIKAIOT K YCIOBUSIM PETbHON NEeATeIBHOCTH aBHAANCIIeTIepa Ipr
BBITIOJTHEHNH B3JIETHO-IIOCATOYHBIX oneparuii. TpeHakepHas MoAr0TOBKA ITPOBOIUTCS C
nenpio  (OPMUPOBAHMS M HOAJCPXKAHUS HEOOXOMUMBIX ISl NpodeccHoHaIbHON
JIeSITeTBHOCTH YMEHHH ¥ HaBBIKOB, HO, HECMOTpS Ha YK€ JOBOJIBHO Pa3BHTYIO CHCTEMY
TpeHaXXePHOH MOATOTOBKH JUcHEeT4epoB Tower, BCe JK€ OCTAIOTCSA aKTyaJbHBIMH
BONIPOCHI, CBSI3aHHBIE C HEOOXOAWMOCTBIO COBEpIICHCTBOBAHUS CYIIECTBYIOMINX
MOAX0J0B K 00ydyeHuio aucrerdyepa Tower. OIHHM M3 CPEACTB, CIOCOOCTBYIOIIHX
TIOBBIIICHUIO KAauyecTBa IOATOTOBKM yYalIMXCS M (OPMHPOBAHHIO COOTBETCTBYIOMICH
00pa3oBaTeNbHON CPEAbl, SBISIOTCS HOBbIE MH()OPMAIMOHHBIE TEXHOJIOTUN OOydYeHHUs,
Gasupyromuecss Ha IPIMEHEHHH OOYYaIOIIUX CHCTEM C 3JIEMEHTAaMH HCKYCCTBEHHOTO
vHTE/IeKTa. Ha  nmaHHBIA  MOMEHT  pa3paboTaH  TIPOTOTHN  MpeIaracMoit
HMHTEIUIEKTyaldlbHOH OOydJaromed CHUCTeMbl, B KOTOPOM pEaln30BaH MOHHUTOP
METEOPOJIOTUYECKUX JAaHHBIX, JEMOHCTPAIMs 3TalloB IPOLEcca IPHHITUS pelIeHHH
mucrieTdepoM Tower pu BeIade pa3pelIeHid Ha B3JIET-MIOCAAKY U BBIBOJ COOOIIECHHUN-
nozckasok. (Ilpu kaxmom 3ammycke MPOTOTUIIA METEOPOIOTHYECKUE AAHHBIE MEHSIOTCS
B COOTBETCTBMU C 3aJaHHBIM BEPOSTHOCTHBIM 3aKOHOM. B 3aBucHMOCTH OT 3THX
U3MCHEHUH  aBTOMAaTHYECKHM  BBIBOAATCA  COOOLIEGHMS,  KOTOPBIE  COAEpXKar
COOTBETCTBYIOIIME  CUTyallMd yKa3aHWs M  PEKOMEHJIAIMM  aBHAJAUCIIETYepa.
[NapamnenbHO € BBIBOJOM COOOIICHHI MPOUCXOMUT IOCICIOBATENbHBINA MEpexo] OT
OJIHOTO COCTOSIHMSA (dTana NPUHATHUS PEIICHHUs aBUaAMCIEeTYepoM) K apyromy. Pabora
MPOTOTHIA 3aBEPIIACTCS BXOAOM B KOHEUHOE COCTOSIHUE. B MPOTOTHIIE KOHLIENTYyalbHO
3aJ10’k€Ha BO3MOXKHOCTh BBOJa OOYUAIOLIUMCS CaMOCTOSITENIbHO MPHUHATHIX PEHICHUI 1
MIPOBEpKa MX HPABUIEHOCTH. )

Benercs pabora no:

e MoaepHHM3aIMHM HHTepdelica CO3MaHHOTO MPOTOTHIIA IIyTeM BBEICHUS
3JIEMEHTOB MICKYCCTBEHHOTI'O HHTEIIIEKTA;

e pa3paboTKe aHKETHl A cOOpa MaHHBIX, KACAIOUIMXCS OLIMOOK, KOTOPHIE
JIOMYCKAIOT KypCaHThI IpH 00yueHnu Ha TpeHaxxepe KJIA HAY;

Hayxosuii kepisnux — J{oicyma JI.H., kano. mexu. Hayk, 0oyenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YIK: 629.7.07.073

Kanamnux ML.A.
Kiposoepaocvra nvomna akademis
Hayionanvnoeo asiayitinoeo ynieepcumemy, Kipogoepao

SJIEKTPOHHBINA CIIPABOYHMK 10 TOKYMEHTAM
A9POHABUTAIMOHHOU HH®OPMALIMHN

B nacrosimee Bpems cymiecTByeT orpoMHasi HH(pOpManuoHHas 0a3a HOPMATHBHOM
JOKYMEHTAI[MM IO a’pPOHABHHAIIMOHHOMY OOECIICUeHMIO ¥ IIIAHHPOBAHHUIO IIOJIETOB
(AHOMWIIII). HeynopsnoueHHOCTE, 60JIBIIOE KOTUYECTBO ABUAILIMOHHBIX JOKYMEHTOB, a
TaKkKe TIIOCTOSIHHOE pACIIMpeHHe M W3MEHEHHE TAaKUX JOKYMEHTOB B CBS3H C
TpeOoBaHMEM aJaNTaIy HAMOHAIBHBIX JOKYMEHTOB B COOTBETCTBHY CO CTaHJApPTaMU
u pekomeHmamusmu  ICAO, EUROCONTROL, IATA, ECAC wu gpyrux
MEKIyHAPOIHBIX PETHOHANBHBIX aBHAIIMOHHBIX OPTaHU3alldi, CO3aeT ONpeJelcHHbIe
TPYAHOCTH B YCBOGHHMH IpU 00y4eHHUH U 3POEKTHBHOM NPUMEHEHHH CICLUAINCTAMU
AHOMWIIII.

Jns  ymopsgodeHust Takoro poxa HMHpopManuM ObUIO  TPOM3BEICHO
CTPYKTypHpOBaHHE  HH(MOPMAIIMOHHOTO  MAacCHBA, MPHMEHSAS  HEPapXHUIECKyIo
CTPYKTYpY, KOTOpas SBISIETCS OAHHM W3 BHIOB CTPYKTYPHPOBaHMS HH(OpPMAIMH B
MIPOrpaMMHBIX cpeacTBax. Mepapxuueckas cTpykTypa JokymeHToB o AHOuUIIII crana
OCHOBOH ISl CO3JaHWsl DJEKTpOHHOro cmpaBouHuka (OC) 1o JOKyMeHTaM
a’pOHABUTAIMOHHOW HH(pOPMALIUH.

3C obecneunBaer yno06cTBO padoThl ¢ gokyMeHTamu. OH IO3BOJSIET XPAHHUTh
OTPOMHBIE MAaCCHBBI JOKYMEHTAJIbHOH HH(pOpMaIH, IeIaTh BBIOOPKH HEOOXOIMMBIX
JOKYMEHTOB, JI00aBIISITh HOBbIE M OOHOBIATH YK€ MMEIOLINECS BEPCUH, OCYIIECTBIATH
COPTUPOBKY B JI00OM IMOpPS/IKE, a TJaBHOE, OBICTPO M IPPEKTUBHO HAUTH TpeOyeMblid
JOKYMEHT

OC mno OOKyMEHTaM adpOHABHTALIOHHON WH(GOpPMAanUM OpPHEHTHPOBAaH Ha
CaMOCTOSITENIFHOE HM3YyYeHHE KyPCaHTaMH JOKyMEHTOB, PErTaMEHTHPYIOUIMX paboTy
COTpYJHUKA IO a’POHABUTAIMOHHOMY OOECIIEUeHMIO U IUIAHMPOBAHMIO IIOJETOB H
JpYTHX HOPMATHUBHBIX JOKYMEHTOB TIpakAaHCKoOW aBHaiuu. OH COCTOMT M3 TaKuX
paznenoB: «JloKyMEeHTHI a3pOHAaBHTallMOHHON HH(OpMAaIMny» - TOKyMEHTHI, U3y4acMble
B Kypce mucuuiuiHsl «Jlokymentsl AHI»; « CAN» - TOKyMEHTHI, periaaMeHTHPYIOIIHe
paboty cimyx0b1 asponaBuranuonHoil mHpopmarun (CAM), maHHBIN pa3men Takxke
JETUTCs Ha monapasfensl mo kaxaomy otnery CAU u pabouemy mecty Ha Opudunre;
«Knaccupukauuss 1o BHAAM aBHALMOHHBIX JIOKYMEHTOB» -  Kiaccudukaius
TIpe/ICTaBlIeHa B BUJe cXeMbl; «[lone3Hble cChUTKH (BEO-CalThI)» - CONEPIKUT IepeueHb
ABHAIIMOHHBIX CAHTOB, IJl€ MOXXHO HAWTH COOTBETCTBYIOIINE a’dpPOHABHIALIOHHBIC
nokyMeHTsl pasnmusbelx opranmsamuit (ICAO, IATA. EUROCONTROL u t1.1.),
«TepMUHBI, TTOHATHS M COKPALICHHUS» - CIMCOK ABHAIMOHHBIX TEPMHHOB, MOHSATUH U
COKpAILeHUH, UCTIoNB3yeMbIX B DC.

OC 1o MOKyMEHTaM a’3pOHABHTAIMOHHON WH(OpMAIMU — HAAEKHOE U yIoOHOE
CPeACTBO CHCTEMATH3allH, OOpa0OTKM, XpaHEHWs M WHTEHCUBHOTO YCBOCHHMS
JIOKYMEHTOB.

Hayxosuii kepienux — Cypkosa E.B., kano. ned. nayk, ooyenm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VJIK: 656.7.022

KBama A.B.
Kiposoepaocvra nvomna akademis
Hayionansnoeo asiayitinoeo ynieepcumemy, Kiposocpao

MOJEJIb BAPUYECKOI CUCTEMbI TPEBEHb

HeyknoHHBI pOCT KonMYecTBa MOJNETOB, a, CIEAOBATENbHO, M YBEIUYCHHUE
WHTEHCHUBHOCTH BO3JYIIHOTO JBIDKCHUs, MOBJIEKIO 3a c000il HeoOXOAMMOCTh
TIOAIep>KaHuUs JOCTUTHYTOTO YPOBHS 0€301aCHOCTH TIOJIETOB.

YuuThiBass CTaTUCTUKY MEXAyHapOAHOW OpraHu3alMM TIpaxJaHCKOH aBUALUU
(ICAO), Ha ceromHsmIHUNA JNeHb, MPUYUHONH Oosiee 80 MPOIICHTOB TSAXKEIBIX JICTHBIX
MIPOUCIIECTBUI  SIBIISIETCSI  YENIOBEYECKUH  (akTop, IOITOMY, JUIi IOBBIIICHHUS
6€30MaCHOCTH TOJIETOB, OJHUM M3 PE3yJbTATUBHBIX CHOCOOOB, SIBIISIETCS MOBBILICHUE
YPOBHSI NOJATOTOBKH aBUALMOHHOTO IEPCOHAJa, B YACTHOCTH JUCHETYEpa YIpaBICHHS
BO3JIYIIHBIM JABIDKCHHEM. OJTOMy CIIOCOOCTBYET TEOpeTHYecKass W MpaKTHYecKas
MOATOTOBKA, TIO3BOJISTIONIAs (hOPMHUPOBATh IPO(ECCHOHATBHO BaXKHBIE KadecTBa
Jqucreryepa.

HauGonbmas >¢QeKkTHBHOCTE MOATOTOBKH JOCTHTAeTCs TIPH HPHOIVDKCHUH
TPEHaXXEPHBIX 3aJaHUN K PEabHBIM YCIOBHUSM. DTOMY CIOCOOCTBYET MPOXOXKICHHE
MPAKTHYECKOH MMOJrOTOBKY Ha MOJICIMPYIOLIEM KOMIUIEKCE, C Oosiee BEICOKUM yPOBHEM
peanuctuuHoCcTU. B Xone oOyueHust mMofenupyercs H OToOpaxkaeTcs JUHAMHUYecKas
BO3/IylLlIHass 0OCTAaHOBKA, a TAKXKe Pa3BUTHE PA3IMYHBIX METCOPOJIOTHYECKHUX SIBICHHUH.
OmgHuM U3 cHOcO0OB MOJICIIUPOBAHUS METEOPOIOTHIECKOW OOCTAHOBKH, SBISETCS
CO3J]aHHE METEOPOJIOTHIECKOr0 TIONIMITOHA Ha MofenupyomeM Komiuiekce. O
M03BOJISIET MOJIENIMPOBATh M OTOOPaXKaTh IBOJIOLHIO METEOPOJIOTHIECKHUX YCIOBHH Ha
3aJaHHOW TEeppUTOPHU (TPO3BI, CABUTH BETpa, CTPYHHBIE TEUEHHs, aTMOC(EpHBIC
(pOoHTBHI, OapHyYeCcKUe CUCTEMBI), B YaCTHOCTH U OapoMeTpuuecKuil rpeOeHb.

I'pebens — 3TO y3Kas BBITSHYTAs 0JIOCA HOBBIMIEHHOTO JIaBJICHUS, PACIIOIOKEHHAs
Ha nepudepur aHTHUIMKIOHA WIM MEXAy NByMs LUKIOHaMU. Ock rpeOHs SABISETCS
0o0NIacTBI0  pacXOAMMOCTH  TPU3EMHBIX  BETpPoB.  bapomerpuueckuii  rpeGeHb
o0ycnaBnuBaeTcsl SCHOW HIM MaloOOJauyHOH IOTONOW, HEYyCTOWYHMBOW BO3MYIIHOH
Maccoi JIeTOM U yCTOWYMBOM 3UMOM. Bece 3TH ycinoBus BIMSAIOT Ha adpOAMHAMUYECKUE
XapaKTepUCTHKU caMoJjIeTa, N3MEHEHHE TeMIIepaTypsl U INIOTHOCTH BO3/yXa BIIMSCT Ha
CHUIIy TSTH TypOOpEaKTHBHBIX ABUTATENEH W pacxo]] TOIUINBA, HANIPABJICHHE M CKOPOCTh
BETpa BIMAIOT Ha IyTEBYKD CKOPOCTb, YrOJ CHOCAa U JAJbHOCTh IOJeTa. Y4YeT Bcex
NapaMeTpoB BIIMSIOMINX HA BHIOJHEHHUE IOJIETA, II03BOJIUT 00Jiee TOYHO PACCUUTHIBATH
IUIAHOBYI0 ~ MHQOpMalMIo, a Takke INPEAOTBpPallaTh PHCK  BO3HUKHOBEHUS
MOTEHLHAILHO KOH(INKTHOW CUTYallUM OTHOCUTEJILHO IPYTHX BO3AYIIHBIX CYJOB.

Hayxosuii kepisnux — Copoxa M.IO., cm. suknaday
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YIK: 629.7.07.073

Kupkau E. A.
Kiposoepaocvra nvomna akademis
Hayionanvnoeo asiayitinoeo ynieepcumemy, Kipogoepao

MO/IEJIMPOBAHUE IPOLECCA IPUHSTHS PEIIEHUI
JACHETYEPOM TOWER ITPH BBIJAUE PA3PELIEHHI B3JIET-
MOCAJKA

Ha ceronnsiamii 1eHb akTyaJIbHOM IPOOIEMOH SBIISIETCS TPEHAXKEePHast MOATOTOBKA
mucneruepoB  Tower. Tak  kak UHTEHCUBHOCTh IIOJIETOB U  KOJIMYECTBO
9KCIUTyaTHPYEMBIX ~ BO3JYIIHBIX CyJOB BO3PacTaeT, B pe3yJbTaTe BO3pacTaeT M
3arpyKEHHOCTh JJUCIIETYEPCKUX 30H, B OCOOCHHOCTH 30HBI B3JIeTa M IMocajgku. B
pe3ynpTaTe JUCHETYepy MPUXOAWUTCS ONEPaTHBHO AHAIM3MPOBATH HM3MEHSIONLYIOCS
00CTaHOBKY, HCXO/SI U3 3TOT0, PAacTeT PHUCK BOSHHUKHOBEHHS BHEIITAaTHBIX CHUTYyaIWi B
paifoHe a3poipoMa M HaJl HUM.

TpenaxepHass HMOATOTOBKA AaBHAIOHHBIX CIHEHHAINCTOB TpeOyeT IOCTOSHHOTO
YCOBEPLICHCTBOBAHMUS, BHEIPEHHs HOBBIX HH(OPMALMOHHBIX TEXHOJOTHH, KOTOpBIE
OKa3bIBAIOT BIIMSHUE HAa BCEX ATaIax Mpolecca NPUHATUS PEIICHUS.

HecmoTpss Ha JOBONBHO Pa3BUTYI0 CUCTEMY TPEHAXKEPHOW MOATOTOBKH
nucreruepoB Tower, MO-MPEKHEMY OCTAIOTCS aKTyalbHBIMU BOIIPOCHI, CBSI3aHHBIE C €€
MOJIEpPHU3AINEH, TOCKOJIBKY MPOAODKAIOT IMETh MECTO aBHAlMOHHBIE TIPOHCIIECTBHS,
MIPUYHHON KOTOPBIX SBIIAETCS YETOBEUECKUH (HaKTOP.

XapakTepHOil 4epTol TpeHaXXepoB, ABISETCS TOT (PAKT, YTO OHU HANpPaBIEHBI Ha
IpesicTaBIeHne pabodero mMecra pucnerdepa Tower, MAKCHMaJIBHO NMPUOIMKEHHOTO K
peanbHOMy, HO OHH HE OTOOpaKaloT caM [pPOLECC MPUHATHS  pelIeHHH
aBHaaucrieTyepoM. FIMEHHO 5TOMy BOIpOCY IOCBSIIACTCS JaHHas paboTa, MOCKOJIBbKY
00yuuB nucneruepa Tower Kak NMpaBHIBHO NPUHUMAThH yIpaBiIeHYECKHE pemeHus (¢
TOYKM 3pEHHs IIOCJIEAOBaTeNbHOCTH aHanu3a nocrynaiomieil uHdopmamum u
3aBUCHMOCTH MPHHUMAEMBIX PEIICHUH OT JaHHOW HMH(OpMAIUH) MOXHO COKpPAaTHUTb
BpeMs, TpebyeMoe Ha TPEHAKEPHYIO MOATOTOBKY, a TaKKE HMOBBICUTH 3((PEKTHBHOCTH
paboTHI 3a CUET yJIydIIeHHs KauecTBa IPHHUMACMBIX PEIICHUI.

Ha cerogusamaunit nenp KJIAHAY mnpousBogut pa3paboTKy MHOTOLIEIECBOTO
yueOHO-TpeHaXKepHOTro KoMIntekca Juisi crneruanuctoB OBJI, koTopbiid Obl mO3BOMIMI
OCYILLECTBIATh IOATOTOBKY, IEPEHNOATrOTOBKY M AaTTECTallMI0 JUCIETYEPOB Ha
TpEHaXXepax.

Ha xadenpe nHGOpMaLMOHHBIX TEXHOJIOTHH pa3pabaThIBaeTCs cUcTEMa, KOTopas,
MaKCHMaJbHO OTOOpa)caeT caM IPOLECC NMPHHATHS PEIICHHH aBHAIUCIIETYCPOM IPH
BBIJJa4Y€ pa3pelIeHuil «B3JIET-M0cagKa». JTa CHCTeMa IOMOXET aucnerdepy Tower B
MPEeATPEHAXKEPHOU MOITOTOBKE.

Hayxosuii kepignux — oicyma JI.H., kano. neo. nayk, ooyenm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YIK: 656.7.052 (043.2)

Jynno O.€., Kotya A.A.
Hayionanvuuii agiayitinuil ynieepcumem,Kuig

MNPUHLUIIBI IOCTPOEHUS CXEM ITPOLELYPBI
HENIPEPBIBHOI'O CHUKEHUA

IIponenypa HnenpepreiBHOrO cHmKeHuss (CDO-Continue Descent Operation)
NpeJICTaBIAeT cOOOH METOZA MWIOTHPOBAHUS BO3JYIIHOIO CYAHA, MOAIEPKUBACMBIH
COOTBETCTBYIOIIEH CTPYKTYpOH BO3IYIIHOTO IIPOCTPAHCTBA U KOH(UTyparel cXeMbl, a
TaKKe COOTBETCTBYIOIIMMH paspemenusMu YB/I. [Iporenypa mo3BoisieT BBIACPKUBATH
npodmis ToNeTa, ONTUMU3HUPOBAHHBIN C YUETOM AKCILTyaTallHOHHBIX BO3MOXKHOCTEH
BO3IYLIHOTO CyIHA, B pEXKHME IOHIKCHHOIl TArM JBUrareneil W, Mo Mepe
BO3MOKHOCTH, B KOH(UIypaIlM¥ HAUMEHBIIEro JI0O0BOr0 CONPOTUBIICHHS, TEM CaMbIM
YMEHbIIIash MOTPeOIeHNE TOIUIMBA M OMHCCHIO B Iporiecce CHIKeHHs. ONTHMaIbHBIH
BEPTHKAIBHBIA NPoHiIb NprobdpeTaeT (GopMy TPACKTOPHU MOCTOSIHHOTO CHIDKEHHUS C
MHHUMYMOM TOPU3OHTANBHBIX YyYacTKOB TOJIETa, HEOOXOAWMBIX TONBKO  JUIS
YMEHBIIEHHS! CKOPOCTH M yCTaHOBJIECHHS KOH(UIypaluu BO3IAYLIHOTO Cy[JHA WM JUIs
BBIXOJIa Ha KypC, 3aJaBaeMblif CHCTEMOH yIpaBieHHs nocaakoi (Hampumep, ILS).

st nocTikeHust npenenbHol 3¢ GEKTUBHOCTH NPUOBITHI U BBUICTOB CIIEAYET

HaWTH OanaHC MEXIy YCKOPEHHEM JBIDKCHHsSI C YYeTOM IIPOIyCKHOW CIIOCOOHOCTH
a’poIiopTa, ¢ OIHON CTOPOHBI, M COKPAIlCHHEM BPEMEHH U INPOTSHKEHHOCTH IIOJIETa,
MOTpeOJIeHUsT TOIUTMBA, SMUCCHM M LIyMa, C JPYrod CTOPOHBI, B paMKax OOLIEro
TpeOOBaHMs K OE30ITIaCHOCTH MOJIETOB. DKOJIOTHYECKHE MOCIIEACTBHS SBISIOTCS BaXKHBIM
BOIPOCOM JUISl aBUALlMM B LEJIOM M JO/DKHBl YYHUTHIBATBCS IIPU IUIAHMPOBAHUH
BO3JIyLIIHOTO NPOCTPAHCTBA M MOCTPOCHUH CXEM IIOJIETOB MO mpubopaM. B wactHoCTH,
CJIe[yeT M0 Mepe BO3MOXHOCTH BCET/ia M Be3/l¢ IPHMEHSTh METOJBI, MO3BOJIIONINE
OCYIIECTBIATh d(P(PEKTHBHBIC, C TOUYKU 3PEHUS NOTPEOJICHUS TOIUTMBA (MHHUMAIIBHAS
Tsra), ONTHMAaJIbHbIC CHIKCHHMS W 3aXO0fbl Ha mocaiaky. CyMMapHbIH SHEpreTHYecKHit
3amac BO3/YILIHOTO Cy/HA Ha OOJBIIMX aOCOJIOTHBIX BBICOTAX MOXKET HCHOJIb30BATHCS
Haubosiee OS(QQEKTHBHO IPU CHIKCHUH C MHHUMAIBHBIMH TATOH M JIOOOBBIM
conporuBieHreM. OHAKO MWIOT JOIDKEH pacroliaraTb MakCHMalbHOW THOKOCTBIO B
YIpaBIeHHN CKOPOCTHIO MOJIeTa BO3AYIITHOTO Cy/IHA ¥ CKOPOCTHIO CHIDKCHUSL.
B Buay TOro, uro VYKpauHa SBISCTCS YacTbl0 MEXIYHApOJHOTO aBHAIIMOHHOTO
coo0liecTBa, MPUMEHEHHE MPOLENYp OECCTyNEeHYaTOro CHWKEHHS B YKpauHe HMeeT
TaKoe k€ Ba)XHOE 3HAYCHHE KaK M B JIIOOOW Jpyroi crpane . B mepByro ouepens s
coOmozieHnss  TpeOyeMOoro ypoBHA O€30IIaCHOCTH W PETyJSApHOCTH  HOJICTOB.
[Ipumenenne mnpomexyp Taroke oOierdaer paboTy aucnerdepa YBJl motomy, dro
MPOM3BE/IS pacyeThl M JaB paspelleHHe NMUIOTY Ha BblMogHEHHe mpouenypst CDO vy
HEro ocTaHeTcs OOJbIIe BPEMEHH JUIsl PELICHUS JPYTUX, BAYKHBIX ONEPAlMOHHbBIX 33124
B CBOCH 30HE OTBETCTBEHHOCTH. OJTO JaeT BO3MOXKHOCTH YBEJIMYUTH HPOITYCKHYIO
crocoOHOCTh cucTeMbl YBJI, 4To sSBiSeTCS aKTyaJlbHBIM BBHIY YBEIMYHBAIOIIEHCH, C
KaXXJBIM TOJOM, HHTCHCHBHOCTH BO3JyIIHOTO ABIKeHUs. Vcmonb3oBanue cxem CDO
OyJeT MOJOXKUTENBHO BIMATH Ha SKOJOTHIO OKPY)KAIOIIeH Cpelbl, 4TO BHIPA3UTCS B
CHW)KEHHH 3MHCCHU OTPabOTaHHBIX Ia30B B arMocepy M YMEHbBIICHHH LIyMOBOTO
a¢dekTa B HeOe YKpauHbl.

Haykosuil kepignux — Xapuenxo B.I1., 0-p mexn. nayx, npogeccop
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AHAJII3 IOMWJIOK B TEJIETPA®HUX ITOBITOMJIEHHSIX ITPHA
AEPOHABITAIIMHOMY 3ABE3IIEYEHHIO IOJIBOTIB

Mepexa aBiauiiiHoro ¢ikcoBanoro eiektpo3s'sisky AOTH (AFTN - Aeronautical
Fixed Telecommunication Network) - iHpopmaliiiiHa Mepexka NUBUIBHOI aBiarlii.
Mepexa ADTH Bxoauts no Komruiekcy ympasiinHs noBitpsHuM pyxom (YIIP) i
BHKOPHCTOBYETBCS aBialliIIPUEMCTBAMH (aepONOpTaMy, aBiaKOMMAHIsIMH, areHIisIMA
MIOBITPSIHNX CIIOTYYeHb, METEOPOJIOTIYHIMH CITy>KOAMH TOINO) i OpraHaMy yIIPaBIIiHHS
IUBIIBHOIO aBialli€lo IS MpHHOMY 1 Hepenadi aepoHAaBIraIifHOI i MEeTeopOIOTiYHOI
iHdopmariii, mIaHiB MOJBOTIB, ONEPATHBHOI iHPOpPMALil PO PyX MOBITPSHUX CyAeH
(IIC) Ta ixmoi Bupobun4oi iHdopmaii. Mepexxa AOTH opranizoBaHa sik Tenerpadna
Mepeka 3 IEHTpaMH KOMYyTallil IOBITOMJIEHb 1 a0OHEHTaMHM MepeXi Ha OCHOBI
BU/UIEHHUX TelerpadHuX KaHAIIB i SBJIS€ COOOI0 CKIIaQHY IOJIiepraTudHy CTPYKTYPY,
OCHOBHHUMH eJIeMEHTaMH skoi € moamHa-omepatop (JI-O) i TexuiuHe oOiagHAHHS.
Cucrema ADPTH oxommoe Garato cimyx0 1 migpo3aimiB, siKi ii BHKOPHUCTOBYIOTH,
BIpOTiIHICTP MOMIJIOK JOCTaTHBO BHCOKA, TOMy OYyB NpPOBEICHHWII aHalli3 OMHIIOK B
TenerpadHUX MOBIJOMIICHHSX TPH aepoHaBiramiiHoMy 3a0e3Me4YeHHIO MOJIBOTIB, a caMe
JeTaIbHUI aHami3 TOMHJIOK, SKi BHHHKAIOTH NPH KOPHUCTYBaHHI aBTOMATH30BaHOIO
cucreMoro “Aeponasirauiitaux 36opis” (AC AH3).

YMOBHO TOMHJIKM MOXKHa PO3AUIATA HA [Ba THIH: TEXHIYHI — BTpara abo
BUKPHBJICHHS JaHWX B MOBIJOMIICHHAX MNpHU nepemadi yepe3 kaHamu 3B’ s3ky ADTH i
noMuiku JI-O — He DOTpUMaHHSA BCTAQHOBJIEHOro (opMary abo IOMyLIEHHS MOMHIKH
mpu HaboOpi MOBiAOMJCHHS. TexHiYHI TMOMHJKH HaifuacTilie TPaIuITIOTBCS B
noBigomieHHsx tumy INF (Information message): moBizoMiIeHHs 0A0 iHpOpMALiTHUX
nanux npo pyx IIC, momsraroTh BOHM B 4YacTKOBiH BifcyTHocCTi iH(popmanii abo ii
BUKPUBIICHHI, 10 MPU3BOJNUTH 110 MopyueHHs Gopmaty mnosimomnenns INF. Takox no
TUIy TEXHIYHI TIOMWJIKM MOXXHAa BITHECTH HACTYIHI THNU moBimomienb: APL -
noBizomieHHs mozo wiany nonsoty YIIP - ATC Flight Plan Message (APL); ACH -
MOBiTOMJICHHSI MO0 3MiHK Tiany moipoTy YIIP - ATC Flight Plan Change Message
(ACH); RPL - mnortoproBanmii ruan moiboty Repetitive Flight Plan (RPL). Taki
TIOBIZIOMJIEHHSI HE TPOXOJATh aBTOMaTH4Hy o0poOky AC AH3 i 3aBxam moTpeOyroTh
KOpETYBaHHsI, HaBiTh SIKIIO BOHK HE MICTSTh B cOOi TIOMMJIOK 1 BiJTOBIAIOTh MTPaBHIaM
¢dopmary Takux TuniB nosimomiieHb. [lomunku JI-O BimHOCATH 1O HE IOTPUMaHHS
npaBua i ¢popmariB B nosigomieHusix tumy FPL (Flight Plan): moBinomnenHs mono
nozjasoro rwiany nonsory FPL, momo amymoBanus ruiany nonsory CNL (Cancel) i
3minn CHG (Change) i o npuuuHi He BiJNPaBKU LUX THUIIIB IOBIIOMIICHb JIIOJUHOO-
oneparopoM. Takum uuHOM, Oyab siKi mommiku B cucteMi AC AH3 e HeGesmeuHumH 1
He OaXKaHNUMH, TOMY IO BOHH MOXYThb CYTT€BO YCKIAQAHHTH POOOTYy THX UM IHIINX
opranis o0ciyroByBaHHs HOBiTpsiHOTO pyXy (OIIP), 110 B CBOIO Uepry Moxe IpH3BECTH
JI0 3HIDKCHHS piBHS Oe3IIeKH aBialii B IiJIOMy.

Hayxosuii kepisnux — T.D.[LImenvosa, 0-p mexw. HayK, npogecop
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HAIIPSIMKH BJJOCKOHAJIEHHSI EBPONEMCBKOI CUCTEMU ATM

3 nIMHOM 4Yacy, paHillle BCTAaHOBJIEHHI HOPMU Ta TIPaBUIIa B €BPOINCHCHKIN cuctemi
ATM cTaloTh HE aKTyalbHUMH. 3’SBISETHCS pPI3HOMaHITHA KUIBKICTh HOBOTO
obJyiaHaHHA, Ta B 3araJbHOMY PO3YMIHHI, IPUHIMUIIB MiXOAY O PO3BUTKY 3arajbHOI
cucremu ATM. basylounce Ha 3amaHMX IOKYMEHTaX, CEepeJl MOXKIMBHX HAIPSMKiB
BJIOCKOHAJICHHS caMe €BPOIIEHCHKOi CHCTEMH MOXKHA BHIUTHTH:

e  BukoHaHHS MONBOTIB 3 BUKOPUCTaHHIMA4—D TpaekTopii;

e  BcraHOBIEGHHS HOBHX HOPM Ta NPaBWJI CILIEJIOHYBAaHHs NpY BTPHMaHHI BiACTaHI
MiX JiBOMa JiTakamu B pexkumi FreeFlight;

e PO3BUTOK CHCTEMHU YIIpaBIIiHHS KOH(IIKTaMH Tail JOIIOMIXHUX MIPUJIaJIiB;

e  BpockoHanieHHs PiBHs O€3EKH MOJIBOTIB;

Bukopucranuss 4-D  tpaekrtopii: Ilpu ynpaeninxi 4-D TpaekTopieo Oyne
BukopucroByBatucsi SWIM (SystemWidelnformationManagement), a Takox cucreMa
3aganoro 4dacy (TargetTimeOver/TargetTimeofArrival) B3amin CTOT (CalculatedTake-
OffTime) 3 wiyUTI0 ONTHMI3ALIT TPOMYCKHOI CPOMOYKHOCTI MOBITPSIHOTO MPOCTOPY Ta
MiHiMi3anii HEOOXiAHOCTI BCTAHOBJCHHsS OOMEXEHb Ul IHAMBIIYalbHUX MOJBOTIB.
Jannit miaxin nepeadadae CHHXPOHI3AIIO 3 CHCTEMOK MPOTHO3YBaHHS TPAEKTOPIl, IO
3HAYHO TMOKpAIly€ TOYHICTh Ta HAMIAHICTh OTPUMAHUX  JAaHUX, HEOOXIMHHUX IS
NPOKJIATaHHs MapIIpyTy.

B ymoBax BUIBHOTO TOJILOTY, BHKOHAHHS BCTAHOBJICHHX HOBHX HOPM
eIIeTIOHyBaHHs OyZe MOKIaJaTHCs Ha eKilaXk MOBITPSHOIO CyAHA SIKMH KOPHUCTYETHCS
ASAS (AirborneSeparationAssuranceSystems), [0 CIPUSITAME TMepeaayi TOBHOBAXEHD
BUKOHAHHS CLIENOHYBaHHs Bin oprany YIIP OesmocepenHbo 10 ekimaxy, 3 L0
MaHEBPYBaHHS 3 OUIBII CKJIQIHIMH TPAEKTOPISIM MOIBOTIB .

IIponec ympaBmiHHS KOH(IIKTaMH MOXKe OyTH 3aCTOCOBAaHHH B KOJKHOMY ITyHKTI
[UIaHYBaHHS II0JIOTY, IOYHHAIOYM 3 paHHBOI (pasu IuIaHyBaHHS PeKOMEHIOBaHOL
Biznec/LlinmboBoi Tpaektopii, 70 (a3 1 BUKOHAHHSA B peajbHOMY dYaci. Jlomomixkue
obyasHaHHS yNpaBIiHHA KoH(IikTaMu Oynae 31aTHe Iepen0aunTH KOHQUIIKTH C
JOCTAaTHBOIO TOYHICTIO Ta JaTH IONEepeqHid dYac IucIerdepy Ais e(QEeKTUBHOIO Ta
0e31eYHOr0 YIpaBIIiHHS MOBITPSIHUM PyXOM.

[TixBumenHs piBHSA OE3MEKH IMONBOTIB NPOIOHYETHCS 3 JOMOMOTOIO TTOKpAICHHS
ACAS (Airborne Collision Avoidance System), a Takok 3arajJbHOI Ha3eMHOI CHCTEMHU
Oesnexkn BukopucToByloun maHHi ADS-B (Automatic Dependents Surveillance -
Broadcast).

B minomy, nopmanenie BIOCKOHATIEHHsS €Bpomelichkoi cuctemu ATM 3abe3nedynTtsh
epeKTHBHY Ta O€3le4yHy OpraHi3amlil0 MOBITPSHOTO PYXy BIANOBIZHO IO CYyYacCHUX
BHUMOT Ta moTpebasiarii.

Haykosuii kepienux — Xapuenxo B.I1. 0-p mexu. nayk, npogecop
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KOPEJISINIMHO-PETPECIMHUIM AHAJII3 TIOKA3HHUKIB
PO3BUTKY CYCHLIBCTBA

B ocHOBI ynpaBniHHS 0€3MEKO0 JIEKHUTh CUCTEMHHUN MiIXiJ 1O BUSABICHHS JKEpel
HeOe3MeKH i KOHTPOITIO (paKTOpiB PH3HKY B iHTEpecax 3BEACHH 0 MiHIMyMY JIOACBKHX
JKEPTB, MaTepiallbHUX 30UTKIB, a TaKoX (HPIHAHCOBUX, CKOJOTIUYHMX Ta COIIABHUX
yrpart. 3rigHo 3 goxymentamu ICAO, Ge3nexa sBisie co00I0 CTaH, IMPU SKOMY PH3HK
3alOMisIHHS IIKOAM 3BEJICHHH [0 MNpUHHATHOro piBHA. JDkepena 3arposu, w10
CTBOPIOIOTH PU3UK, CTAIOTh OYEBUIHMUMH MICIS BHIIAJKIB SBHOTO 30010 B 3a0e3meveHH1
Oe3nekH, TakWxX, SIK MOHis abo IiHIMAEHT, ab0 BOHM MOXYTb OYyTH BUSBJICHI
HPOAKTUBHUM METOAOM uepe3 (opMmanbHi mnporpamu 3abe3nedeHHs Oesneku 1o
(baktyHOrO0 HacTaHHs Takol mofii [1]. AKTyanbHHM € MpPOTHO3YBaHHS HE TUIBKA
aBialifHUX PU3UKIB, a H OLIHIOBAHHS i IPOTHO3YBaHHS OE3IEKU AepXkKaBH B IiIoMy. 3a
MMOKAa3HUKaMH 1HIEKCY MPOLBITaHHS KpaiH CBITY 3pOOJIEHO KOpENALiiHO-pErpeCHBHUI
ananiz (KPA) Ge3nexu neprxkaBu B 3aJISKHOCTI Bii EKOHOMIYHOTO i MONITHYHOTO PiBHIB
PO3BUTKY CYCIiJIbCTBA.

Innexkc mpousitaHHs kpaiH cBiTy [HctutyTy Legatum (The Legatum Prosperity
Index) - e xomMOiHOBaHMI MOKA3HUK , SIKMf BUMIPIOE JOCATHEHHS KPaiH CBITY 3 TOUKH
30py ix Omaromomywds i1 mpomBitaHHA. Bumyckaerscs 3 2006 poky OpHUTaHCEKAM
aHaMTHYHUM LeHTpoM Legatum Institute (mizpo3aina MiKHapOAHOT IHBECTUIIIHOL TPYITH
Legatum). Meta focifpkeHHs - BUBYCHHS CYCIIIBHOTO 0JIaronoyyusi i Horo po3BUTOK
B rio0anpHOMYy Macmtadi [2]. [Hmekc ckiamaeThcss Ha OCHOBI Pi3HHX 79 MOKa3HHUKIB,
00'eJHAaHUX y BOCBMH KaTEeTOPisX, SIKi BiIOOpa)KaloTh Pi3HI aCIEKTH XKHUTTS CYCIIIbCTBA
1 mapaMeTpu cycmigpHOro mH00poOyTy. 3a momomororo KPA Bm3HaueHi koedimieHTH
KOpeJALii Mi>k O€3MEKOI0 1 IHIIUMH KaTeTOPisIMH.

Exono Mignpuem VYmpas OcsiTa OxopoHa Ocobucri CouianpHuit
MiKa. HHIITBO JIHHS . 310pOB'st cBOOOIU Karirai
0,61 0,84 0,79 0,81 0,84 0,64 0,58

3a 3HauCHHSIMH KOe(iLieHTIB Kopessiuii MO)KHa BHU3HAYMUTH, HAaHOUIBIINHA 3B'SI30K
MK O€3MeKor0 i piBHEM OXOPOHH 3[0pPOB’s, PO3BUTKY IiANPUEMHHLTBA 1 OCBITH.
PerpecuBHHI aHali3 MOKA3HHKIB Jla€ MOXJIMBICTH MPOTHO3YBATH MOJAJIBIIHN PiBEHb
0€3MeKH B CYCIIIbCTBI.

Cnucok BHKOPHCTAHMUX JKepest

1. PykoBoxctBo mo ympasieHHto Oe3omacHoctd monetoB / Doc. 9859. — Kanana, Monpeains:
ICAO, 2006. - 364 c.

2. lleHTp ryMaHHUTapHBIX TexXHOJOrHi [DiexTpoHHbIH pecypc] / Muctutyt Legatum// Peiftiar
CTpaH MHpAa 110 YPOBHIO MIPOIBETaHHA — HHPOpManus 00 HcclefoBaHuK . — Pexum gocryma:
PefiTHHr CcTpaH MHpa IO YpOBHIO IIpOLBeTaHHs — HH(pOpManus 00 HccrenoBaHHU.htm. —
TTocnennnii nocryn: 2014. — Ha3Banue c skpaHa.

Hayxosuii kepisnuk — llImenvosa T.®@. 0-p mexn. nayk, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YJIK: 656.7

Cypxos K.10.
Kiposoepaocvra nvomna akademis
Hayionanvnoeo asiayitinoeo ynieepcumemy, Kipogoepao

AHAJIN3 ®AKTOPOB CJIO)KHOCTH YIIPABJIEHUSA
BO31YIIHBIM ABM)KEHUEM

B macTtosiee BpeMst OZHUM W3 TJIABHBIX BOIIPOCOM B HCCIIEOBAHUH YHPaBICHUS
BO31yIIHBIM JBIKeHHeM (YB/I) sBnsercs 3arpyeHHOCTh BO3AYIIHOTO IIPOCTPAHCTBA
(BII) m3-3a mocTOSHHOrO pocra OOBEMOB BO3IYIIHBIX MEPEBO30K. Y CIIOKHEHUE
ycnoBuit uig YBJ| B onqHOM cektope BII MoXeT MOBIMATH Ha CUTyalMIO B CMEXKHBIX
CEKTOpax, 4YTO, B CBOIO OYepedb, MOXET HETraTUBHO CKa3aThCid Ha IPOIYCKHOM
CIOCOOHOCTH BCETO PaOHHOT'O ANUCTIETYEPCKOrO IEHTPA.

B cooTBeTcTBHMH €O CTaTUCTHYECKMM aHAIM30M AaBHAlMOHHBIX IIPOHCIIECTBHH,
NPEJOCTABICHHOTO PANOM 0a3 JaHHBIX MO 0E30MacHOCTH MOJETOB, HAMOOJbIIAS YACTh
aBUAIMOHHBIX MPOUCIIECTBHUI MPUXOAUTCS HA TANBI PyJIEHHS, B3JI€Ta U HOCAIKH — 3TO
68% ot Bcex ciyqaes (12%, 20% u 36% cooTBeTCTBEHHO). 25% W3 HUX MPUXOIUTCS Ha
KaTacTpo(bl Ha STaIe 3aX0/a.

CymiecTByeT HECKOJIBKO METONOB oOImpeneneHus (akTopoB ciaoxHoctH YBIJI.
IIpoBeneH cpaBHUTENBHBIM aHAIW3 HECKOJNBKUX TakWX MeTofoB. OAHMM M3 HHUX
SBJISETCSl IUIAaHUPOBAaHWE HA pPAHHEM OJTame, NPH KOTOPOM YUYHUTHIBAIOTCS (AKTOPEI,
CYIIECTBEHHO BIIMSIOMINE HA CIOXHOCTE YBJI: m3MeHeHUs KOH(UTypaIuy CEeKTOpPOB
YB/I, 1oarocpoyHo 3aIlaHupOBaHHAs AEATENBHOCTD ¢ ucnons3oBanueM BII (aBuarmoy,
BO3JIYLIHBIX [1ApaJIOB, BOCHHBIX YUSHUH | T.X.) [Ipyroil MeTo]| OL[EHUBAET MPOITyCKHYIO
CIIOCOOHOCTh CEKTOpa, OMHUpasCh HA MCCIEJOBAaHME II0KA3aTeNs 3arpyKeHHOCTH
mucrnerdepa YBJI. YuuteiBatorcsi Takue (axkTopbl, Kak 00beIUHEHHE PabOYMX MECT,
cMeHa KoHpurypanuu cexktopa OBJl, Hamuune ClI0KHBIX METeOyclIoBUi H T.1. Tpetunit
METOJl — BBIIBJIICHHE (DaKTOPOB, BIMSIONIMX HA CIOXHOCTE YBJ[ M moctpoenme mx
pelTHHra SMIUPHYECKUM IMyTEM. Pe3ynbTaToM NpHMEHEHHUs AaHHOTO MeToja ObLIo
OIIpEe/IeJICHNEe OCHOBHBIX TpymIl (akTopoB: ¢usmyeckue (axTopsl (OrpaHHYSHUS HA
B31€THO-NIocanounbie moiockl (BIIII) u pynéxnsie mopoxkn (P/I), xondurypamms
BIIT/PA, nanauadT/mpensTCTBUsL U T.J.); MOToJHbIE (GaKTOphl (HATHYHE CIO0XKHBIX
MmeteoycnoBuit (CMY), orpanndeHHast BUIUMOCTD U T.1.); hakTopsl Tpaduka (BICOKas
WHTEHCHUBHOCTh [JBIDKCHHS, 4YpE3BBIYAalHBIE OIEpanud, TypOyJICHTHOCTh B CIeEJE,
cneuuaneHpie  peiicel, o0nér BC); ¢axropsl 000pyJoBaHUS (HEHCIPABHOCTU
000py10BaHus, 3aHATOCTh PAJANOYACTOTHI U T.1I.); YeloBedeckre (HakTopsl (ITOCEeTUTENN
Ha pabodeM MecTe, MIJIOTHI CO CIa0BIM BIACHHEM AHTJIMHCKUM SI3BIKOM, CTa)KHPOBKA
Ha paboueM MecTe, yCTaloCTh qucreTyepa u T.4.)

AHanm3 BceX METO/OB ITO3BOJISET U3YUUTh, a TAK)KE BBIICIUTE OCHOBHBIE (DaKTOPEI,
KOTOpBIE MOTYT BJIMATH Ha CIOXHOCTh YBJ] KOHKpPETHOro CeKTopa, B HAIlIEM Cllydae —
TOWER. Pa3pabotka mnepeuns (akTopoB, BIMSIONMX Ha cilokHOCTh YBJI cekropa
TOWER, mO3BOIHT CO3[aTh pPEATNCTHYHYI0O MOZENb BO3AYIIHOH OOCTAaHOBKH,
KOMIUIEKC 3amad s paspabaTeiBaeMoro TpeHaxkepHoro cpenctBa TOWER,
MOJATOTOBUTh OYIyIIero clienuaaucTa K paboTe B HECTaHIApTHBIX cHTyamusx. Kak
BO3MOJKHBIH pe3yNbTaT — IOMHATHE IUIAHKH IPOIYCKHON CIIOCOOHOCTH CEKTOpPOB
TOWER BcrieacTBie Ka4eCTBEHHO HOBOTO YPOBHS IMMOATOTOBKH JHCIIETYEPOB.

Hayxosuii kepisnux — H3eanos A.B., cm.euxnaoau
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OPTAHI3ALIA MOBITPAHOI'O ITPOCTOPY
3A KOHIENUIECIO «BIIBHUX MAPILIPYTIB»

VYV noBITpsIHOMY IpOCTOpi iCHY€ MOCTiHHAa morpeda y MiABHINCHHI HPOIMYCKHOT
3JIaTHOCTI Ta B HAsBHOCTI OUIbII mpsMux MapupytiB. 3rigHo 3 Eurocontrol, meroro
KOHILETIIT «BUIBHUX MapIIpPyTiB» € YCyHEHHS OOMEXEHb IOB'SI3aHHX 3 (PIKCOBAHOIO
CTPYKTYpOIO MapIIpyTiB HYepe3 ONTHMI30BaHE BHKOPHCTAHHS BCHOTO IOBITPSHOTO
TIPOCTOPY.

— e IositpsHuit TIPOCTIp
«BUTBHHX MapIIpyTiB» €
< = > crenupiaHIM MOBITPSIHUM

MPOCTOPOM, B MeXax SKOTO
KOpHUCTyBadi MOXYTh 6e3
OoOMeXeHb  IUIaHyBaTH  CBOI
MapHIPyTH MK TOYKOI BXOXy i
TOYKOI BHUXOAY 0€3 MOCHIIAHHS
Ha Mepexy MapmpytiB OITP. Ha
MicIi (hikcoBaHOT Mepexi

MapuIpyTiB BIIPOBA/IKYETHCS
OlIbIIA KIJIBKICTH "BUITAAKOBHUX'"
MPOIYCKHUX MyHKTIB,

MOB'SI3aHUX 3 1HAWBIAyalbHUMH
npoiIAMH OJIBOTY.

Puc. 1. [IpuHImn opraHizarii MOBITPSIHOTO MPOCTOPY 3a KOHLETIEI «BIUTBHUX
MapIIpyTiB»

B3aeMofiist i3 cyMDKHHM TOBITPSHUM MPOCTOPOM 3iICHIOETBCS 4Yepe3 (ikcoBaHy
MEpeXKy MapIIpyTiB, B paMKax sKOI CTaHIApTH 1 MPOLEAypH iCHYI04Ol 30HAJIBHOI
HaBiranii BHKOPHCTOBYIOTBCSI JUI BpaxyBaHHS BIJICYTHOCTI TpacoBOi CTPYyKTypH. B
paMKax KOHILEMIT «BUTBHUX MapuIpyTiB» He iCHy€ HisIKMX OOMEXeHb Ha IUIaHYBaHHS i
BUKOPHUCTAHHS TpPsMOro Bix Toukn npo Ttoukn Mapmpyta (DCT). 3a BimcyTHOCTI
BCTAHOBJICHOT MapmIpyTHOI MepexXi, BUHUKHEHHs KOH(IIKTHUX CHUTyauid Oyae MaTu
OiJBII BHITAJKOBUI XapakTep Ta BiIPI3ZHATUMETHCS B XapaKTEPHUCTHUIl 1 Oyne MeHII
nependadyBaHUM.

3ampornoHoBani 3MiHd y OIIP migBumarh CKIAAHICTH MOBITPSHOTO PYXY, IO
BIUIMHEC Ha 3a0C3MCUCHHS BiJIOBIIHOTO PIBHS OC3MEKH MOJbOTIB. BUKOHAHA OIliHKA
PpiBHSI O€3IEeKH MONBOTIB 32 YMOB BIIPOBAPKEHHSI «BUIBHUX MApUIPYTIB» Y HOBITPSIHOMY
mpocTopi YKpainu.

Hayxosuii kepisnux — B.I1. Xapuenxo, 0-p mexu. Hayk, npogecop
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Tirosa JI.O.
Hayionanenuu asiayitinui ynigepcumem, Kuis

JUCTAHIUMHUN JUCHETYEPCHKUMN IYHKT AEPOJIPOMY

JlucraHuifHuil qUCIIeTYepChKUIl MyHKT BUIIKH — II€ AUCTICTYEPCHKUN ITyHKT, SKUH
Hasla€ 00CIIyroBYBaHHS IOBITPSHOTO PyXy 3 00 €KTa, 10 HEe 3HaXOJUTHCS HA TEPHUTOPIi
camoro aepojpomy (iB).

JlucraHuiiiHe yNpaBJIiHHSA AepPOAPOMHHM  JHCIIETYEPCHKUM ITYHKTOM MOXKE
3aCTOCOBYBATHCH JUIS:

- okpemoro aepojpomy ( abo oprany VYIIP, abo AFIS), micuenit
JHCIETYCPCHbKUI MyHKT BHIIKM MOXe OyTH 3aMiHGHHH  BiggajeHHM
001aJHAHHSIM;

- aepoJpOMiB, JIe MICHEBHH AUCHETYEPCHKUIl MYHKT BHIIKH MOXE
OyTH 3aMiHEHUI BiJJaICHUM OOJaIHAHHIM, a TAKOX

- BEJIMKMX OKPEMHX aepoJIpOMIB, HA SKUX MOBHHHE OyTH 00JagHaHHS
JUISL TOTO, 11100 BUKOPUCTOBYBATH HOTO B HA/I3BUUAHHHIX CUTYaIlisIX.

Merol0  MCHETYEPCHKOTO  JIMCTAHI[IMHOTO  OOCIYrOBYBaHHS — aepojipoMy €
3abe3neyeHHss 0E3MeYHOro Ta PeHTabeIbHOrO OOCIYrOBYBaHHs IOBITPSHOTO PyXy 3
BifijajeHoro 00 €kTta MooOiau3y OAHOro abo JASKUIBKOX aepoIpOoMiB, Jie CrewianbHi
MICIIEB] CHCTEMHU OOCITyTOBYBaHHS MOBITPSIHOTO PyXy BHUYEPHAIH CBOI MOXIIUBOCTI ab0
HE SBIIIOTBCS PEHTaOCNBPHUMH, aje Jc aBiallis 3a0e3ledye OTPHUMAaHHS MiCIHEBHX
SeKOHOMIYHMX Ta COIIaJbHUX BUroJ. TakoXk JUCIETYEPChKE AUCTaHIliifHE
00CITyroByBaHHSI BHKOPHCTOBYETHCSI IPH BHHHMKHEHHI Hellepef0adeHHX CHTyamii i
3aJCKUTh Bi (DaKTOpPY CHUTyalilHOI O0O0iI3HAHOCTI JMCTAHIIHOTO KOHTPOJIHOBAHOTO
aepoapomy.

Mucranuiiianit mucnerdyepchkuil nyHKT Buiukd (ASBU moayns B 1-81) mo3Bossie
30UTBIIMTH PiBeHb OOCIYTrOBYBaHHS, 3HU3UTH BHUTPATH Ta MOKPAIIUTH PiBEHb Oe3neKu
MOJIOTIB Ha aepoApoMax 3a JIOMOMOTOK BHKOPHCTAHHS HOBMX TEXHOJOTIH 1 OiibII
eeKTHBHOTO BUKOPHUCTAHHS CUCTEM IOTIEPEPKEHHSI.

Po3poOka Ta 3aTBepIXKCHHS B JI0 JaHOI KOHIICMIIIi JUCTAHIIHOTO YIIPaBIiHHS Ha
CHOTOJHIIIHIIM JICHb 3HAXOJWTHCS B 3aBEpLIANBHINA cTajil, MPOXOANUTH EKCIUTyaTaIiiHi
MEepeBIpKM  Ta BUKOHYEThCS IUIAHYBaHHS paHHBOrO po3BepTaHHs. KoHuemnmis
BUKOHYEThCsSI Ha ocHOBI mporpamMu SESAR. Bona He cTaBuTh COOi 32 MeTy 3MIHUTH
NpoLeaypH OOCIYroByBaHHS HOBITPSHOIO pyXy, IO HaJalOThCd KOPUCTyBadam
MOBITPSIHOTO MPOCTOPY, 00 3MIHUTH PiBEHb TAKHX MOCIYT. 3aMiCTh [[LOTO BOHA 3MIHIOE
cnoci® HalaHHA TAaKUX MOCIYT OOCIYTOBYBAaHHS IOBITPSHOTO PyXy IUISIXOM BBEACHHS
HOBHX TEXHOJIOTi1/ Ta METOJiB pOOOTH.

Hayxosuii kepienux — I.@. Apaynos, doyenm

103



XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YIK: 656.7.022 (043.2)

Tpeiitak O.C.
Hayionanvuuii asiayivnii ynisepcumem, Kuig

YHPABJIIHCBKA AIAJBHICTD KEPIBHUKA MTOJIBOTIB

KepiBHUK NONBOTIB € BaXKJIMBOIO OpraHisyrouolo Jankoro y cucremi YIIP. Came
KEpiBHUK IIOJBOTIB OpraHidye Oe3rmocepesHe YNpaBIiHHS IOBITPSHUM PYXOM 4epe3
mignermx Homy nmucnerdepiB YIIP, KOHTpoJrOe i KOpeKTye meil mpoiiec. 3HAYHOK
Mipolo 0e3reka IIONBOTIB 3aJ€KUTh BiJ KEpiBHUKA IOJBOTIB, BiH 3MiHCHIOE
6e3nocepe/iHe KePIBHULITBO POOOTOIO MiAJIErJIOro JUCIETYSPCHKOro CKIIAAy Ta CIIyko,
10 3a0e3MeuyoTh MoaboTH. OJHOYACHO BiH € HACTABHUKOM TPYJOBOTO KOJEKTUBY —
po6odoi 3MiHU.

KepiBHuKy mNONBOTIB MOBWHHI OYTH BIIACTHBI TakKi SIKOCTi, SK ONEPaTHBHICTH Y
po6oTi, GE3MOMUIKOBICTE YXBaJICHHS DIIICHHS, NMPABWIBHICTh OLIHKM OOCTaHOBKH i
nepeOaueHHs i 3MiHM, YMIHHS IpamioBaTH B yMOBax CKJIAgHOi OOCTaHOBKH, IIpU
BUHHMKHCHHI HECTIOIIBAHUX CUTYAIlil.

TonoBHUMY 3aBIAaHHSMHU B YIIPaBIIiHHI 3MIHOIO €:

- mocTiiiHe BJOCKOHANEHHs MpodeciiHoi marotoBku (axiBIiB 3 ypaxyBaHHIM
BUMOT aBiallifHOT HAyKH 1 MEPCIEKTUB T PO3BUTKY;

- BIOCKOHAIIIOBaHHS METOJIB 1 3aX0/iB HaBUaHHA Aucneryepis YIIP;

- HAYKOBHH MiXiJ P aHaJi3i MPUYMH aBiallifHUX MOAIN 1 iXHIX HepeIyMOB 3
BuHN (axiBriB OIIP i cBoeuacHe poBeIeHHs NPOMUIAKTHIHIX 3aX0IiB;

- Ooprasizamist MOCTIHHOTO i IiI0YOr0 KOHTPOJIIO 32 BUKOHAHHSIM BCTAHOBJICHUX
npasuwi YIIP 0oco60BUM CKiaoM 3MiHH.

OKpiM IIMX TOJIOBHUX 3aBaHb, €(EKTUBHICTD YIPABIIHCHKOI AisUIBHOCTI KepiBHHUKA
MOJIBOTIB 3aJIEXKUTh TAKOXK Bill TAKUX (aKTOPIB, SK:

- CTHIb JIiIepCTBa, KU BiH BUKOPUCTOBYE JUISl YIPABIIHHS ANUCIETYEPCHKOIO
3MIHOIO;

- e}eKTHBHICTh KOMYyHiKaliil Mix qucnerdepamu Y IIP B pobouiit 3miHi;

- oprasizanist KOMaHHOI poOOTH B 3MiHi;

- edeKTHBHA Ta IPABUIIbHA MOTUBALLIS ITiJUTETIINX.

PosrnsiHyBIM 1i (akTOpU, MOXKHA CKa3zaTH, IO OKpiM 3HaHb B ramy3i YIIP,
KEpiBHUK IOJIbOTIB TAKOXK MIOBUHEH 3HATH JESKI aCHEKTH IICHXOJIOTI], 3aB/ISKHU SIKUM BiH
3MOe e(pEeKTHBHO YIPAaBJIATH MiUIETIIO0 HOMY JIHCIETYEPChKOI0 3MiHOIO.

Omxe MOXHA MOOAYMTH, IO IO AISUIBHOCTI KePiBHHKA IOJIBOTIB BXOJUTH 0araro
000B’s13kiB. OkpiM 3abe3nedeHHsT Oe3MeKH MOJIBOTIB Ta OE3MO0CEPEAHBOT0 YIPABIiHHSI
MOBITPSHUM PYXOM, BiH TNOBHHEH MaTH HAJC)KHUHA pPiBEHb 3HAaHb LIOJO0 TOJOBHHX
aCIIeKTIB YIIPABIIHCHKOI JISUTBHOCTI, Ta BHKOHYBaTH BCi IIOCTaBJICHI BHMOTH [0
OpraHi3aliifHo-MeTOTUYHOI pOOOTH.

Hayxosuii kepisnux — Jlynno O.€., kano. neo. Hayk, ooyenm
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YIK: 629.7.07
Sxynina LJI.
Kiposoepaocvka ibomna axademis
Hayionanvnoeo asiayitinozo ynieepcumemy, Kipogoepao

CETEBOE IINTAHUPOBAHMUE B CJIYYAE BEPOSITHOCTHOI'O BPEMEHHA
BBIITIOJIHEHUSA MTPOUEAYP ABUALTMOHHBIM CIHELHUAJIMCTOM

ITockonpKy aBHAIMOHHOE TPOMCHIECTBUE IOJBEPKEHO BIMSHHIO MHOMKECTBA
Pa3HOIUIAHOBBIX  (PAaKTOPOB  (METEOYCIOBHS, HCHXO(DU3HOIOIHIECKOE COCTOSHHUE
aBUACIEIMANINCTA, €ro YPOBHA MNPO(ECCHOHANPHOW IOATOTOBKH M T.L), TO
JUTUTENIBHOCTh ~ BBIIIOJIHEHUS ~ BCETO  KOMIUIGKCA  ONEPAllMOHHBIX  HPOLENyp,
HaIpaBJIEHHBIX HAa MApUPOBAaHUE 0COOOTrO ClIyyas B IOJETe, ECTh BEJIMYMHA CllydaifHas.
[MpusATO CuMTaTh, YTO CIydYalHBIE BEIUYUHBEI IMPOJOJDKUTEIBHOCTH ONEPAI[HOHHBIX
MpoLexyp NOAYMHSIOTCS HEKOTOPOMY 3aKOHY paclpelieNieHus], ONMHAKOBOMY JUIS BCEX
ormepanni. B cersix tuma PERT HeoOxomuMo 3agaHume Tpex NapaMeTpOB: HIDKHHUH
npenen (MUHAMAIbHOE BpPEMs 1) , BEpXHUH mpeaen (MakCUMalbHOE BPEMS 1) U
MoJa pacmpezneneHusi (Hambosiee BeposTHOe Bpems). IIpocTHIM pacmpeneneHueM,
KOTOPBIM MO>KHO OINHCATh BPEMsI BBIMOJIHEHUs ONEpaLUM, KaK CIydaiiHylo BEITMUYHMHY
siBIsIeTc 3 - pacrpenenenne . O6mmit Bux 3 - pacripeneneHus XapakTepu3yeTcst , KpoMe
HaJIM4Ksl OOJBIIOr0 KOJIMYECTBA CIy4alHbIX (AKTOPOB , KaKABIH M3 KOTOPHIX B
OTIENBHOCTH MMEET HECYNIECTBEHHOE BIMSHHE , HAINYHEM HECKOJBKHX CITydalHBIX
(bakTOpOB, KOTOpbIE CYLIECTBEHHO BIMAIOT Ha KOHEYHBIH pe3ynbraT. B pesynbpraTe
BIMSHHS CYIIECTBEHHBIX (DAaKTOpOB paclpeiesieHne BepoSTHOCTeH OylneT HMeTb
ACHMMETPHYHYIO (opMy.

Jlns  ompeneneHHss BEpOSTHOCTH CBOEBPEMEHHOTO BBIIOJIHEHUS aBHAIOHHBIM
CIELMATUCTOM HEOOXOIMMOro KOMIUICKCA ONEPALMOHHBIX MpoLeayp OyleM CUuTath,
YTO CYIIECTBYET JHIIb HE3HAUHMTEIbHAs BEPOSTHOCTb TOTO, YTO OXKHAAEMOE BpEeMs
BBITIOJTHEHUS JIEUCTBUH #55,p ; OyAET BHIXOMUTE 32 MPEAETBl 3HAYCHUH fyyiy jj U Ly jj » U
COOTHOIIICHNE TOKa3aTelied BHYTPU psiia 3aBHCUT OT [} - pacmpeneneHHs, INIOTHOCTh

KOTOPOro UMEET BUJ ( ): kU (l 7tmuw )Z (lmaw *l) npu l‘mmU <t< tmaw >
i

0 mput>t, .,
raet— pCajibHOC BPEMSI BBIITOJIHCHUS NEUCTBUS; kii — KOHCTaHTa, KOTOpasi onpeAcIa€TCs

[—
U3 yCIIOBUS J‘ f (t)dt -1

1,

Pacuet c€TEBOro rpaduka ¢ BEPOATHOCTHBIM BPEMEHH BBITIOHEHHUS OMEPAIMOHHBIX
MPOLENYP aBUACTIENMATICTOM MPEIAraeM BBINOIHAT M0 CIEAYIONIEMY alTrOpPUTMY:

1. paccunTaTh OKHIAEMOE BPEMS BBIOJIHEHHUS ONEPAMOHHON TPOUERYPHI Loyeuo ij B
JUCTIEPCHIO 0 j7;

2. paccudTaTh CaMbli pPAHHWH BO3MOXHBIH CpPOK 3aBEpIICHHS IOCIEAHEH
ONEPAMOHHON NMPOLERYPBI Ty,

ONPEAENNTh apryMeHT HOPMalbHON (YHKIUH pacHpefeleHHs BepOSTHOCTEH

20

y

4 -0  OonpeAeNeHHOMY apryMEHTy OINpENeNIUTb BEPOSITHOCTb BBIOJIHEHUS
MOCJIEIHEN ONepallMOHHON MPOoLEAYPhl B 3apaHee 3aAaHHbIA CPoK 7).

Hayrosuii kepisnux — T.®. IlImenvosa, 0-p mexu. Hayk, npoghecop
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UDC: 656.7.052 (043.2)

Olena Babiy
National Aviation University, Kyiv

DETERMINISTIC MODEL OF AN ATCO DECISION-MAKING IN
HYDRAULIC PROBLEM

Problems with hydraulics may affect various parts of aircraft resulting in complete
or partial failure of flaps, ailerons, elevators, rudder, lift and roll spoilers, brakes and
nose wheels steering. Any of all may lead to control difficulties. In this case the model
of behavioural activity of human operator in emergency flight situations is developed.

The deterministic model was obtained in accordance with the adopted technologies
of controller’s work in the flight emergencies in accordance with “ASSIST”. For the
deterministic model construction the following algorithm was applied:

1) decomposition of complex work in given flight emergency on individual

operations;
2) determination of the time #; for each operations using the method of expert
estimates;

Ne Operation Description Operation
time, t,
sec

1. a, Obtain information about hydraulic - 5
problem from the captain

2. a, Acknowledge the hydraulics problem a 5

3. as Ask for the crews’ intentions when the a, a, 20
situation permits

4. ay Ask whether the crew is able to control the a3 15
aircraft

5. as Separate the aircraft from other traffic ay 15

. ag Report supervisor about the problem a3 10

7. az Priorities the aircraft for landing (allow a3 10
long final if requested)

8. ag Inform the airport emergency services and a3 15
all concerned parties according to local
procedures

9. ag Support the flight experiencing hydraulics az 30
problems with any information requested

3)  structural-timing table preparation;

4) building a network graph;

5) determination of the critical time of complex work - Ter;

6) determination of the critical path of complex work performance.

These steps are based on network planning method. As a result we obtained the
critical time (Tery,;;=60sec) of taken actions by a human-operator . The obtained
deterministic model was developed for air traffic controller decision-making support
system in special conditions.

Supervisor — T.F. Shmelova, professor
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UDC: 629.7.07

Anastasia Bil’ko
National Aviation University, Kyiv

ESTIMATION OF AIR TRAFFIC CONTROL ZONE

The most important part of practical course is Air Traffic Control trainer. The
process of preparing aviation professionals from air traffic service consists of theoretical
and practical parts. And the practical part of the training includes training on simulators.
One of the types of practical training is pre-simulation training. For re-simulation
training actually have automated estimation of skills [1]. For objective estimation
necessary to find quantitative estimate of students actions. Quantitative evaluation
depends on complexity of the task (overload, conflict situations etc.).

In order to give a comprehensive assessment of the exercises on Air Traffic Control
trainer should be considered such as airspace classes (or procedures). States shall select
those airspace classes appropriate to their needs. Every class has restrictions according
to altitude.

As a result of the expert interrogation received preference model in estimating the
complexity of managing in different part of the airspace. Obtained weight coefficient of
zone’s importance (table 1, fig.1).

Tablel
The results of obtaining weight coefficient of zone’s importance

Zones R C; W Total
load

CTR 3 0,5 0,2 0,1

TMA 1 1 0,4 0,4
CTA 2 0,75 0,3 0,225
FIR 4 0,25 0,1 0,025

Fig.1 Weight coefficient of zone’s importance
Automating estimation on pre-simulation phase increases the efficiency of air traffic
controller training simulator using objective evaluation of student tasks.

Reference

1. EATM Training Progression and Concepts. — European Organisation For The Safety Of
Air Navigation, 2004. — 56 p.

Supervisor — T.F. Shmelova, professor
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Mariya Garkusha
National Aviation University, Kyiv

IMPLEMENTATION OF MISSION TRAJECTORY CONCEPT

The SESAR Mission trajectory concept is collaborative approach enabling mission
planning and the implementation of an harmonized “operational air traffic” transit
service across Europe

The aim of Mission Trajectory is twofold enable military operations and special
operations in an increasingly complex environment and increases the overall network
performance and the mission effectiveness for military and State aircraft operators.

This SESAR programme is split in time-based operations (step 1), trajectory-based
operations (step 2) and finally performance-based operations (step 3).

Step 1 is general deployment of ground-based trajectory prediction tools supporting
conflict detection, conformance monitoring and queue management, using Flight Plan
Data, aircraft performance tables, meteorological forecasts and additional trajectory and
performance data from the AOC/WOC.

Step 2 is addition of data from aircraft (down-linked aircraft parameters: DAP) using
ADS-B and real-time weather measurements. Further lateral and longitudinal
uncertainty reduction thanks to clearances based on 2D-RNP (Required Navigation
performance) and/or single time constraints (as RTA: Required Time of Arrival). This
represents ground system capability aligned with ATM-2 capability aircraft.

The goal of Step 2 is a trajectory based ATM system where all partners optimise
business and mission trajectories through common 4D trajectory information and
through user defined priorities.

Step 3 is addition of down-linked trajectory data and application of Trajectory
Management Requirements (TMR). Further vertical, lateral and longitudinal uncertainty
reduction thanks to clearances based on 3D profiles/3D aircraft navigation and flight
control capability and multiple time constraints.

Usage of these steps needs a lot of changes, as:

- moving from airspace to 4D trajectory management;

- network collaborative management and Dynamic/Capacity Balancing;

- traffic synchronization;

- conflict management and automation;

- airport integration and throughput.

Operational benefits of concept implementation:

a) Variable Profile areas and crossborder management of theairspace offering
segregatedairspace adapted to militarymissions;

b) Improved and harmonised OATsupporting En route ATC servicesbetter tailored
to military specifics;

¢) New surveillance andcommunication means providingaccess to more information
onFlight intentions and trajectory;

f) Safe operations all over Europe.

Scientific supervisor — O.E. Luppo, associated professor.
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Dmytro Dolhov, Vitalii Lazorenko
National Aviation University, Kyiv

DEVELOPMENT OF SUMY AIRPORT

After analyzing a large amount of information (demographical, geographical)
becomes obvious that Sumy airport should develop. Sumy region is an area between
European market and Russia. Sumy region has border with Bryansk, Belgorod and
Kursk regions of Russia and Chernihiv, Poltava and Kharkiv regions or Ukraine. The
approximately population of city is 270 thousands peoples and region is 1 million 150
thousands peoples. Through the Sumy region pass the highway Kyiv — Moskow and
railway track Dnipropetrovsk — Saint-Petersburg. Cargo and passenger flows through the
region: more than 1 billion dollars is annual trade turnover of region, 20 millions tons of
cargo transported through the region, 180 thousand people is passenger flow to Kyiv,
Lviv and Simferopol. The nearest International airport from Sumy is: Kharkiv (190 km)
and Boryspil (320 km). Sumy should have a small International airport because it will be
popular among the region populations.

Background of successful project:

- long-term contracts for the supply of cargo aircraft provide cargo
traffic through the airport;

- there is an international checkpoint;

- growing public demand for foreign travel, which necessitated the
formation of charter flights to Turkey, Egypt and other countries;

- provision of air traffic services for business delegations.

The following directions will be profitable: Domestic: Sumy-Kyiv, Sumy-Odesa,
Sumy-Simferopol(for summer period), Sumy-Lviv and International: Sumy-Moskow,
Sumy-Antalia(for summer period),Sumy-Warsaw, Sumy-Batumi(for summer period).
After careful analysis of air traffic in the Sumy region will possible accurately determine
regularity of flights in all directions. Taking into account demographic situation in the
region understood that flights will not be frequent and used for these flights need a small
aircrafts like an Embraer (ERJ 135, ERJ 140, ERJ 145).

Plan for the reconstruction of the airport complex:

- the reconstruction of the runway to receive heavy aircraft, and
construction of additional 500 m;

- reconstruction of the terminal building;

- construction of the terminal facilities for the provision of logistics
services.

According to the governor of the region, since 2008 the airport Sumy is the most
attractive place for foreign investors in Sumy region.

Supervisor — V.P. Kharchenko, professor
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Kim I.M, Chynchenko Yu.V.
National Aviation University, Kyiv

THREATS AND RISK FACTORS ASSESSMENT IN OPERATION
OF AIR TRAFFIC CONTROLLERS OF TERMINAL CONTROL AREA

Approach control service is provided for Air Traffic Control Service for arriving or
departing flights, prevention of collision between aircraft and expedition and support of
ordered air traffic. The Approach Control Unit handles arriving IFR aircrafts near the
Initial Approach Fix (IAF) towards the final IFR approach, VFR transit aircraft and
airborne aircraft after they are handed by the Tower until they can be transferred to the
next ATC position. The approach unit hands off transit or departing aircraft to an
adjacent Area Controller or nearby Approach Controller when leaving the TMA area,
arriving aircraft to the Tower Controller after they are established on final IFR approach
and missed approach or taking-off aircraft from Tower Controller.

Regarding complicated processes of ATC especially in TMA, the problem of
identification and analysis of threats and risk factors is very important process. Threats
are defined as events or errors that occur beyond the influence of the ATCO, increase
operational complexity and must be managed to maintain the margins of safety. Threats
in ATC divided into such categories as internal, external, airborne and environmental.
During ATC operation in TMA air traffic controllers have to take into account various
complexities in order to manage traffic such as variable flight profile, insufficient
horizontal size of area for maneuvers especially when traffic density is high, dealing
with adverse meteorological conditions, missed approach aircraft, inadequate work of
equipment, pilots that may be unfamiliar with airspace, errors of adjacent ATCOs. Such
complexities are considered as threats because they all have the potential to negatively
affect ATC operations by reducing margins of safety. Risks for safety of flights are
determined as assessment of consequences of threats that are expressed as predicted
probability or severity.

So the determination and analysis of threats and risk factors in air traffic control
operation in TMA in terms of safety is extremely important task of Safety Management
System (SMS). The methodology of SMS include identification of threat, risk
assessment, using qualitative-quantitative method, to ensure that remedial actions
necessary to maintain an acceptable level of safety is implemented, to provide
continuous monitoring and regular assessment of safety level achieved and making
continuous improvement to the overall level of safety. Management of risk factors is the
main activity that provides safety of flight control and promotes adequate operation
other organizational processes.

In my work I aim to apply the existing methodologies and algorithms to perform the
threats and risk factors assessment in operation of ATCOs in TMA. The main purpose is
to determine and reveal the most dangerous and significant threats and risks by means of
prioritization; visually represent results with help of graphs and matrixes and to propose
necessary recommendations for enhancement of ATCOs performance in TMAs and
safety in a whole.

Supervisor — V.P. Kharchenko, professor
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Anastasia Kupaieva, Yurii Chynchenko
National Aviation University, Kyiv

OPTIMAL AIR TRAFFIC FLOW MANAGEMENT AT A TERMINAL
CONTROL AREA DURING DISTURBANCES

An increasing problem that air traffic controllers have to face nowadays is the grows
of traffic demand while the availability of new airport resources is very limited. In order
to maximize the use of all resources available the ATFM service should be planned,
developed and implemented in stages.

ATFM execution consists of three phases: Strategic, Pre-tactical, and Tactical. These
phases should not be considered as discrete steps, but rather as a continuous plan, act
and review cycle that is fully integrated with the ATM planning and post operations
processes.

During the ATFM tactical phase, measures are adopted on the day of the operation.
Tactical management of traffic flows and capacity involves considering, in real time,
those events that affect the plan and making the necessary modifications to it.

An important objective of traffic controllers is the minimization of delay
propagation, which may reduce the aircraft travel times and their fuel consumption.

Air Traffic Control (ATC) decisions in a Terminal Control Area (TMA) can be
broadly divided into: Routing decisions, where an origin-destination route for each
aircraft has to be chosen regarding air segments and runways; Timing decisions, where
routes are fixed under traffic regulation constraints and aircraft passing timing have to
be determined in each air segment, runway and (eventually) holding circle. In practice,
routing and timing decisions in a TMA are taken simultaneously and a given
performance index is optimized. The main objective of routing decisions is typically to
balance the use of critical resources while the whole process is to limit aircraft delays
and energy consumption.

We consider the inclusion of rerouting decisions in the TMA to dynamically search
for alternative air segments and to balance the load of each runway. The objective
function is the minimization of delay propagation and the decision variables are the
aircraft timing and routing decisions.

This problem can be viewed as a job shop scheduling problem with additional real-
world constraints. We study different models for this problem, with increasing level of
detail, by using alternative graphs. We investigate the effectiveness of several
neighborhood structures for aircraft rerouting, incorporated in a state-of-the-art tabu
search scheme based on a generalized critical path method.

Disturbances regarding the entrance time of aircraft in the TMA are simulated for
assessing the optimization models and procedures under congested traffic conditions.
The computational results also demonstrate the effectiveness of the tabu search
algorithm to reduce delays and travel times when compared with the heuristic and exact
aircraft scheduling solutions.
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DEVELOPMENT OF STRUCTURED ELECTRONIC GUIDANCE OF
AIRCRAFT’S CLASSIFICATION

Nowadays because of globalization and growth of aeronautical industry, aviation
market is fastly fulfilling with new types of airplanes. This rapid upgrowth in aviation
development has caused needs in structurized database of short classification of aircraft
for facilitation of educational processes, searching of aeronautical characteristics of
airplanes, analysys of given information, derivation of statistics. In addition, such
database could be used for comparing diferent types of aircraft and finding of analogue
foreighn manufacturers in Commonwealth of Independent States.

Firstly, the main idea of this research in assembling of primary airplanes’s
characteristics according to International Civil Aviation Organization criteria of airport
engeneering. Designing of guidance is executed according to International Civil
Aviation Organization literature (Document 8643 Aircarft Type Designators).
Classification mostly contains those aircraft that are commonly provided with the Air
Traffic Services. Example of general classifications has been represented in fig. 1

Given Aircarft Type
Geometric Design
Classification
'
C» Jees JCe ) J & ]
Intended use
classification
r ' 1

[ Short-range ] [ Medium-range ] [ Long-range ] [Ultralong—range]

Classification
Srrllall ] [ La.rge ] [ He;vy ]

Fig.1 Example of general classifications

Such electronic guidance should be easy-used, compact and time-efficient for works
connected with classification and regarding different types of aircraft. Using of such
advanced guidance can help in different aspects of aviation: help aircraft manufacturers
to structurize and analize popularity and advantages of regarded airplanes or facilitate
process of students’ education.
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BLOCK DIAGRAMS OF ATCO’S PROCEDURES
TO ENSURE DECISION MAKING PROCESS

Activity of an air traffic controller is under the strict order of air traffic control
procedures. This order is prescribed in operating manuals of appropriate area of
responsibility. Thus, if we have a strict order of procedures, we may create a visual
structure of all procedures to simplify the process of decision making.

For better effect we have to create block diagrams which reflect all procedures of
one air traffic control operator (ATCO). For every ATCO there will be his own unique
block diagram. It means that according to the portion of flight we are dividing
procedures according to the area of ATCO’s responsibilities. Some elements of each
different block diagrams, logically, will be similar such as: delivery of responsibility of
control, the process of identification, all kinds of actions taken to prevent collisions and
emergency traffic service.

A rough division of ATCO’s procedures looks like: Tower control service,
Approach control service, En-route control service, Approach-to-land control service.

The idea of how to ensure decision making process is an issue of how to help
ATCOs to be ready for all stages of ATC service. Following the diagram, ATCO is
protected to make errors, performing the right order of appropriate procedure. Linked
pop-ups to each element of procedures are helping ATCO be sure of correct phraseology
to be used in a given segment of operation (pic I).

Picture 1. A fragment of block diagram with an example of pop-up window

In an example it is shown that pop-up window contains brief description of
procedure and phraseology (both options of phraseology) to be used within this
procedure. One of the most suitable tool that we have applied to solve our issue is an
Adobe InDesign tool, which serves to perform publishing of applications.
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4D TRAJECTORY MANAGEMENT

The main goal of 4D Trajectory Management - the possibility for Airspace Users to
fly preferred route without reference to the ATS route network. For accuracy and
consistency between land and air trajectories applies sharing board trajectory to improve
ground facilities.

At the framework of achieving the 4D Trajectory Management are such concepts as:
flexibility, which is in the form of agreed trajectories provides the safe and efficient
creation, amendment and distribution of trajectory data; cost effectiveness, which
provides an optimal trajectory of flight.

Using free routing leads directly to:

1)  improved flight efficiency in both fuel efficiency and business/mission
effectiveness;

2) flexibility which offers the airspace users the possibility to plan their flight
trajectories with lots of options;

3) the effectiveness of the environment or fuel efficiency, allowing to fly with the
preferred trajectories and reducing the distance flown, with reducing flight emissions
and fuel burnt.

For measuring progress in the implementation of Business and Mission 4D
trajectories provided more detailed information on the intended profile of the aircraft
and allows more optimized use of airspace, reducing its routing distance.

That is why, the current validities prove that more optimized flight trajectories leads
to improved cost effectiveness. As for the cruise climb, increasing flight efficiency
reduces environmental impact. When interacting with air and ground data sharing is
carried out improved predictability of flight, as well as provided flight safety based on
data sharing (e.g. hazardous weather conditions).
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COMPARATIVE CHARACTERISTICS OF ATC EDUCATION AND WORK
PROCEDURES IN THE PHILIPPINES AND UKRAINE

The aim of my visit the Philippines was to investigate and compare the differences
and similarities of education process and work procedures in the field of air navigation
between South-Eastern Asia and Eastern Europe, considering the Philippines and
Ukraine as an example.

Having visited the Civil Aviation Training Center of the Philippines, I become
acquainted with a supervisor of the air traffic control course in Manila, Philippines, Mr.
Apocastro, who provided us the general information about education for ATCOs in his
country. Requirements to enter this course are:

1. Age limit — not more than 28 years old on the day of enter examination.

2. Physical condition — good health, good moral character, free from any physical
defects. Successful applicants must undergo medical examination.

3. Minimum education requirement — holder of a Baccalaureate degree
(preferably engineering graduate), good command of oral and written English, computer
literacy.

Theoretical and practical course there lasted for 6 months, but near a year ago a
decision to increase the term to 10 months was made, while studying in our country
takes four-five years. The whole studying consisted of 4 phases which include such
disciplines like Air Navigation, Air Traffic Management, Air Traffic Flow Management,
Air Traffic Services, Aerodromes, Meteorology, Planning Abilities, Radar and English.
Each class concludes the results of studying by passing certain examination. As
Ukrainians do, they have to get the fourth Operational Level of English according to
ICAO scale. Having passing all the steps of preparation successfully, the students will
be licensed as an Air Traffic Controller or a specialist of related professions.

Requirements, rules and methods of air traffic control in the Philippines are different
to Ukrainian ones because of obedience to Directorate or Civil Aviation of the Asia-
Pacific Region, while Ukraine complies the EUROCONTROL unit. For example, being
visited the Air Traffic Control in Manila, I found out that only native Philippines
citizens can be employed in their country, but foreigners get some relative job such as
Dispatcher or become a member of Safety Management staff. However, both Ukraine
and the Philippines are members of ICAO, so we have loads of similarities in the air
control work performance. Correlating the sizes of the countries regarded, I can say that
the Philippines sky is much busier. Even being not a very developed country, the
amount of domestic flights per day there exceeds the Ukrainian ones in times. One of
the reasons of such a sky capacity is that airplane is the most expeditious, safe and
convenient transport for communication between the islands.

To sum up, I would like to highlight that a job of Air Traffic Controller in Ukraine
looks like more prestigious, respected and well-paid. The work conditions are more
convenient both because of the development level of the country and its climate.
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IMPLEMENTATION OF PERFORMANCE BASED
NAVIGATION IN UKRAINE

The following development of air navigation system, application of satellite
navigation and modern requirements of using the airspace made all the users pass to
zonal navigation. Conventional navigation used the term RNP-X for establishing the
necessary accuracy of piloting. In new conditions this term does not fully meet the
requirements, so it became necessary to pass to PBN conception, where RNP within
RNAV is a specification of the air navigation system. The PBN concept specifies that
aircraft RNAV system performance requirements be defined in terms of the accuracy,
integrity, availability, continuity and functionality, which are needed for the proposed
operations in the context of a particular airspace concept. The PBN concept represents a
shift from sensor-based to performance-based navigation. The navigation specifications
are defined at a sufficient level of detail to facilitate global harmonization by providing
specific implementation guidance for States and operators. At the 37th Session of the
Assembly of ICAO held in 2010, Ukraine agreed to ICAO resolution A37-11, which
urges all States to implement PBN. States are therefore requested to produce a PBN
implementation plan and implement Approach Procedures with Vertical guidance
(APV) by 2016. From 19" to 30™ of November, 2012 the Twelfth Air Navigation
Conference was held in Montreal, Canada and was devoted to Performance-based
Navigation. During the Conference the issue of PBN in different countries was raised. In
this research I suggest to consider the problem on the example of United Arab Emirates.
In 2011, the United Arab Emirates (UAE) developed its performance-based navigation
(PBN) implementation plan. This sought to provide guidance on the on-going
enhancement of aviation in order to ensure that developments of the UAE airspace
match the requirements of ICAO and those of the international aviation community.
This information paper provides a report in achieving near term implementation strategy
tasks. The Ukraine AIS has published an Aeronautical Information Circular, which
provides information concerning the introduction of PBN in Terminal Airspace of
Ukraine prescribed by the 2010-2014 State Development Program for the Use of
Ukrainian Airspace. The framework has been established at Regulator level and an
appropriate working group was created at UKSATSE to implement RNAV 1 (P-RNAV)
specification for PBN operations in a number of TMA’s.

To sum up, here is a comparison of RNP and PBN systems. The RNP system is a
system of RNAV, which provides the functionality of control on board for the rest time
of performance and warnings about their non-compliance. Area Navigation with PBN is
a performance-based operation, which clearly indicated the navigation performance of
the aircraft, and the problems related to the initial criteria for RNAV and RNP can be
solved. In the descriptions of the performance-based operations, there are problem
solutions related to the different aircraft characteristics, which caused changes of flight
trajectories, and a greater repeatability, reliability and predictability of the flight
trajectory are provided.
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THE RESEARCH ON THE INFLUENCE OF WORKLOAD ON DIFFERENT
TYPES OF AIR TRAFFIC CONTROLLERS’ ERRORS OCCURRENCE

Errors are defined as actions or inactions by the air traffic controller that lead to
deviations from organizational or air traffic controller intentions or expectations.
Unmanaged and/or mismanaged errors frequently lead to undesired states. Errors in the
operational context thus tend to reduce the margins of safety and increase the probability
of an undesirable event. Undesired states are defined as operational conditions where an
unintended traffic situation results in a reduction in margins of safety. Often considered
the last stage before an incident or accident, undesired states must be managed by air
traffic controllers. That is why it is necessary to investigate the main reasons of errors
occurrence and to define which exactly types of them can occur due to each of the
reason.

In our research we have chosen one of the main factors that can cause controllers’
errors occurrence and are going to investigate it more deeply.

So, the workload is considered to be one of the most contributing factors to
undesired states and errors appearing during the shift. That is why we have decided to
create a special questionnaire that can be fulfilled by air traffic controllers or students
who are training to become ones in order to collect the data regarding their professional
opinion.

The first part of the questionnaire is to put the priorities to the offered factors that
are most probable to cause high workload conditions. By analyzing this we will be able
to define the most probable reason of increase of the workload relying on the
professional knowledge and experience of the controllers.

The next stage is to define, which density of flights is considered as high workload
conditions and which number of aircraft leads to the breakdown of controller’s activity.
This results will be necessary to count average value of amount of aircraft in a zone and,
as well, to define the safety margin regarding this factor.

And the third part of our research will be defining which exactly types of errors can
occur because of high workload of the controller. The experts will just tick off the errors
from the list (where there are mentioned errors according to the ICAO classification,
such as equipment handling errors, procedural errors and communication errors and all
their components) which for their opinion can occur due to increased workload
condition.

After performing all three stages we will be able to build necessary graphs and
provide some statistics regarding the topic. Also the results will help us to define some
protection measures by using information about the types of errors that can occur. And
as threat managers, air traffic controllers are among the last line of defense for
minimizing the impact of threats on ATC operations. So, the research will be useful for
providing new countermeasures that will help to decrease or even to remove some of the
reasons that caused high workload conditions and, as a result, will help to avoid the
errors and improve the safety of the flights.
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DECODING OF MAVLINK MESSAGES AND VISUALIZATION
OF UAV FLIGHT PARAMETERS

Unmanned aerial vehicles are of the great importance for aviation, because
provide surveillance, reconnaissance, and precision strike capability. To control and
monitor these aircraft the sophisticated UAV ground control stations are established, and
sometimes they are thousands of miles away from where the aircraft is flying.

A ground control station (GCS) is a land- or sea-based control center that provides
the facilities for human control of unmanned vehicles in the air or in space. A GCS even
could be used to control unmanned aerial vehicles or rockets within or above
the atmosphere. During the planning and execution of UAV missions the GCS of UAV
is the main center of activity. This system includes a lot of technologies and elements,
such as communication, computer hardware, software, system engineering and human
factor engineering. Each of these technologies plays a great role in achieving of the
overall success in the process of GCS development and operation.

Any wireless device that provides a serial link can be used for telemetry and
telecontrol (Datalink). To get some information about the UAV status to aid an operator,
control mission progress, and provide some payload data telemetry part of the link (from
aircraft to ground) is used. The datalink or telecontrol part of the link (from ground to
aircraft) is used to transmit commands to the aircraft and interact with a payload. For
example: telemetry provides the current position of the aircraft which can be shawn on
the GCS map in real time, while with the help of datalink a user can move a waypoint on
the ground to change the trajectory the aircraft will fly in real time.

To transmit data various types of protocols are used. In the process of task
performance we worked with MAVLink protocol. MAVLink or Micro Air Vehicle Link
is a protocol for data transmition to/from the small unmanned vehicle. Usually it is used
for communication between a Ground Control Station (GCS)and UAV, and of the
vehicle subsystem inner communication. It is used to transmit the vehicle orientation, its
GPS location and speed. The payloads from the packets are MAVLink messages. Every
message is identifiable by the ID field on the packet, and the payload contains the data
from the message.

As a result of our work, we choose specified messages and decoded them. After
decoding the desired messages we can display the data in graphs of parameters
depending on time. Additionally it is possible to display the trajectory of UAV flight in
the three-dimensional view, using Google Earth satellite mapping. When you run the
flight data analysis tool the recorded data file is processed; the file of gridded map,
cartographic representation and the output parameters should be pre-selected. These
results we can use as visualization tool of UAV flight parameters.
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METHODOLOGY OF WORKLOAD ESTIMATION OF CONTROL ZONE

In these latter days aviation traffic has expanded a lot, because this is the fastest way
if you want to get from one point to another. Air Traffic Control is an integral and very
important part of each flight. That is why it is essential to pay attention to workload
estimation.

The Methodology of Workload Estimation of Control Zone was developed:

1. To define Control Unit A4;.

2. To define Air Traffic Controllers’ procedures for 4;.

For example, transit (R;), take off (R,), en route (R3) and landing (Ry):

{R],' Rz,’ R\g,‘ R4} S Ai'

3. To define the system of group preferences according to procedures which are
carried out by Air Traffic Controller based on Algorithm of Method of Expert Estimation
[1, p.66]:

S, =R,>R;>R,,R,

4. Determine weight coefficient of importance w;.

5. Graphical interpretation of weight coefficients, depending on character of carrying
out procedure [2].

6. The intensity of air traffic A during time interval T .

7. To define the workload of control zone according to [1, p.66]:

4
F = Zwlﬂjr,
1=1

At the end, we want to notice that present methodologies disregard the intensity of
flights and complexity of procedures which are conducted by Air Traffic Controller.
Methodology which we have introduced takes into account as intensity of flights so
complexity of procedures. Obtained methodology may be used in simulators, during
ATCO training, in order to improve the training process. This methodology also may be applied
to any stage of flight. Air Traffic Controllers encounter with different procedures during their
shifts, and workload estimation will lead to effective work and safety of flights.
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METHODS OF TERMINAL CONTROL AREA STRUCTURE MANAGEMENT

A terminal control area (TMA) is a control area normally established at the
confluence of ATS routes in the vicinity of one or more major acrodromes. Its structure
consists of designated arrival and departure routes (such as Standard Arrival/Departure
routes) and holding areas. The airspace of high-density TMAs is usually divided into
several sectors, where a separate air traffic controller (ATCO) is responsible for the
traffic.

The problem of TMA management is highly important and hard to solve. First of all,
TMAs are much smaller than Flight Information Regions (FIRs) or Control Areas
(CTAs). This results in higher traffic density and smaller separation minima used.
Secondly, aircraft in TMAs are changing their flight profile (climbing or descending),
which imposes additional workload on the ATCO. Finally, the construction of terminal
airspace must take into account obstacles in the vicinity of the aerodrome. As a result,
the airspace of TMAs is much less flexible and requires constant improvements of flight
accuracy to provide required safety level under condition of traffic growth.

Techniques used for TMA management can be divided into 2 major types: sectors
reconfiguration and re-structuring of routes. Modern sectorization methods are mostly
based on complicated mathematical algorithms or graph analysis techniques. Re-
sectorization is aimed at the balancing of controller’s workload among the sectors in the
most optimal and safe way. Changing of route structure is mostly influenced by
appearance and implementation of new techniques and concepts that can increase flight
efficiency and decrease environmental impact while maintaining or improving safety.
Among the latest implemented programs are Continuous Descent Operations (CDO),
Continuous Climb Operations (CCO), Precision Area Navigation (P-RNAV) etc.

In Ukraine strategic airspace management is conducted by State Aviation
Administration. For today its operations are mostly dedicated to the organization of
TMA airspace use, but not to its re-organization or improvement of its structure. As a
result, Ukrainian TMA routes have become outdated and showed their inefficiency for
growing number of traffic. But recently the concept of PBN implementation for TMA
was elaborated, which will bring lots of advantages. One of the most prominent concepts
that are going to be developed is P-RNAYV, implementation of which is supposed to be
completed in 2016.

While P-RNAYV itself brings lots of benefits, it would be better to utilize its features
for further improvements. The concept that can make as much use as possible from the
P-RNAV structure is Point Merge — a newly developed method for merging of arrival
flows. In addition to P-RNAYV, it will also help to utilize some other modern concepts,
such as CDO and airborne separation.

Considering the information mentioned above it is proposed to develop Point Merge
system for one of Ukrainian major airports and assess its advantages in terms of fuel
consumption and controllers workload. On the basis of this work the conclusion as to
appropriateness of utilization of such airspace structure in Ukraine will be made.
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THE MODEL OF TMA AIR TRAFFIC FLOW INDICES DEFINING

Air traffic is a large, dynamic, complex hierarchic system. Traffic control processes
are of discrete nature. This control is carried out by ATC services. The main problem
they encounter during realization of their tasks is excessive congestion of aircraft in the
airspace. This congestion is especially well visible in terminal areas. One of the main
indices that characterize the TMA is the airport capacity, and for its computing the
mathematical model of air space surrounding airport was elaborated. It is multi-phase,
multiline, queuing model. Because the processes of reporting and services occurring in
this area make it impossible to determine analytically the characteristics of the system, a
simulating computer model has been created.

The proposed method of solution of the problem of airport capacity consists of the
following stages:

- determination of model of studied space;

- recording the model with the use of special language of description;

- execution of series of simulating experiments;

- analysis of received statistical sample and determining the capacity.

All these stages are performed in accordance to the known air traffic flow indices in
the defined airspace (TMA) such as air traffic demand, average intensity, ATC workload
and regularity (including delays).

The method of calculation the capacity of airport enables to determine the capacity
of any zone. To do that, on the basis of the worked out methodology one should perform
complete identification of phenomena in the studied system. These are, amongst others:

. the character of stream of reports to the TMA area: the distribution of
probability of reports, number of aircrafts of individual weight categories;

. the number and configuration of the airways in the TMA region: the distance
from the border of TMA to the border of CTR, class and technical equipment of these
airways;

. the configuration of runways;

. usual weather in the region, particularly visibility;

. the strength and direction of wind: it determines then possibility of using
some runways; it has also influence on the way the stream of aircrafts going out from
the TMA space;

. the limitation connected with legal regulations concerning noise: they have
influence on possibility of using some areas of space of the region of airport by some
types of aircrafts for some purposes;

. the operational strategy of controlling applied by the controllers: for example
using some runways only for landings or only for take-offs.
. the equipment of services of air traffic control with navigational devices of

type ILS, VOR, DME and radar devices.
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HEBII'€EMHOI0  YaCTHHOIO KOMIUIEKCY 3aXO[iB 1o  3abe3meueHHIo — Oe3neku
KOHTPOJIbOBAaHHUX MPUMIIIIEHb 3TiHO 3 J[iF0U0I0 6a3010 HOPMATUBHUX JIOKYMEHTIB.

IIpn BukoHaHHI mocmipkeHHs 00’ekTy Ha mpenmer [IEMB HeoOXximHO mpoBecTH
3amipn moteHuiiiHo iHdopmatuBHMX I[IEMB, TOOTO Takux BHIIPOMIHIOBaHb Bl
JIOCHIDKYBAaHUX TEXHIYHHX 3aco0iB, MO MICTITh iH(OpPMAILi0, sSKa OOPOOIIOIOTHCS
JTAaHUMH 3aCO0aMH.

Meroayka IpOBEIEHHS CIENiali30oBaHUX JOCITI/DKEHb JIAHOTO KaHAly BHTOKY
indopmanii nependavae TPyAOEMHHUH Ta JOBrOTPUBAINIL IIpoOLieC, 3HAYHA YaCTHHA SIKOTO
BUKOHYETbCS IH)XXCHEPOM B pPYyYHOMY pPEXHMi (HalalITyBaHHS YyCTAaTKyBaHHS,
peectpaniss [TEMB, 3anecenHst nmanumx g0 TaOmwmi. [IpM BHKOHAHHI JOCIIIKCHHS
HEOOXiTHO BHIUILATH JINIIE HE3HAYHY YaCTHHY CHEKTPY BHIIPOMIHIOBAHHS TEXHIYHOTO
3aco0y, 00 miuIirae mepeBipi.

B ocTaHHI POKM Ha PUHKY IOYaIH 3’SIBIATHCS aBTOMAaTH30BaHI KOMIUICKCH IS
BumiproBanas [IEMB koHTpoibpoBaHOI TepuTOpii, IO JO3BOJIUIM JEMIO NPUCKOPUTH
nponec. OpHak, Ha TENEPINIHIH dYac, CHOCTEpIraloThCS 3HAYHI PO3XOPKCHHS SIK B
pe3yibTarax BHMIpiB, OTPMMAHHX BiJIOMHMH aBTOMAaTH30BaHHMHU KOMIUIEKCAMH, TaK i
MK  pe3yibTaTaMd, OTPHMMAaHMMH 3a JIOIOMOIOK aBTOMATHU30BAHMX CHCTEM i
KBaJTi(piKOBaHNM 1HXKEHEPOM B PYYHOMY pexuMi. 3 iHmoro 0oky BumiptoBanus [IEMB
BHUMAara€ 4MMaldX KOIITIB, CIEI[iali30BaHOl arecTallii Ta JO3BOJIB I BHKOHAHHS
TaKOTro BUIY POOIT.

Bepyun no yBarm ckiaaHICTh Ta BapTicTh podiT mo gocmimkenato [IEMB, mocrae
HEOOXiZHICTh B PO3pOOII MOJENi Ui MAaTeMAaTUYHO MOJICNIOBAHHS JAHOTO KaHAITY
BHUTOKY iH(opMmarii.

Ha cporoxmHimHiii neHp iCHy€ BeJHMKa KUIBKICTH MAaTeMaTHYHUX MOJENeH Uis
MIPOTHO3YBaHHs PO3MOBCIOMKCHHS EeEKTPOMATHITHUX BHIPOMiHIOBaHb. JlaHi Mogpeni
BHUKOPHCTOBYIOTBCS y PI3HHX cepax TeleKOMYHIKal[iiHOI ramy3i Ha MepeArnpOeKTHUX
eTarnax Juisi yTOYHCHHs 30HH PO3MOBCIO/KEHHS CUTHAITY JUIsl IIeBHOI MicrieBocTi. OnHak
OiJIblIIa YacTHHA MOJIeIIeH Po3po0IsuTiCs Ha 0a3i eMITIpUYHHUX JaHUX JUTS MOJCITIOBAHHS
PO3IOBCIO/PKEHHS CUTHAILY IEBHOTO YCTaTKyBaHHS.

VYTouHeHHsT MOJEJi PO3MOBCIO/DKEHHS ENEKTPOMArHiTHUX BHUIIPOMIHIOBAaHb IS
3anau BumiproBanusi [IEMB Ta po3po6ka nporpaMHOro KOMIUIEKCY 10 JOCIIDKEHHIO Ta
MIPOEKTYBAaHHIO MOJXKE CTaTH IIEPEJIOMHHM MOMEHTOM Yy Tally3i CHeliali30BaHuX
BHMIpIOBaHb Ta JOMOMOITH 3HAYHO MPUCKOPUTH, 3/ICIICBUTH Ta yTOYHHUTH TPOLIEC.

Hayxosuii kepisnux — Konaxosuu I'.®@., 0-p mexH. Hayk, npoghecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 621.395 (043)

AnrtonoBa K.B., CaBuenko A.l.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

AHAJII3 METOJIB OIHKH PO3BIPJIMBOCTI MOBH

KoxxuHuit Tpakt MOBHOI KOMYHiKamii moTpeOye OLIHKM NpaBWIbHOI Iepenadi
cmucioBoi iH(opmarii, ykiajeHoi B MOBHOMY curHaimi. Lle - omiHka po30ipiuBOCTI
MOBU — HAWBa)KJIMBIMIHI KPUTEPIH SKOCTI TPAKTY.

BignosigHo g0 MiKHapogHuUX craHmaptiB, 3okpema ISO / TR 4870, mnin
PO30IpIIMBICTIO PO3YMI€TBCSl «CTEIiHb, B SKi MOBa MoXxe OyTH po3mmdppoBaHa
ciryxadaMu», TOOTO B sKill ciiyxadi MOXYTh iieHTU(]iKyBaTH (pas3u, ClioBa, CKIAmH i
(doHeMu (3pO3yMiTH iX CEHC).

VYci BimoMi Ha 1eif 9ac METOH OLIHKU PO30ipIUBOCTI MOBH MOXYTh OyTH pO3aiieHi
Ha 7Bl BeNWKI Tpymu: CyO'€KTHUBHI eKcrmepTHI Mmeromu 1 o0'ektwBHI Metoau. Jlo
Cy0’€KTUBHHX BiJHOCATH TaKi METOJH, B SKHX CKJIAJOBOI0 YACTHHOIO BHMIpIOBAIBHOI
CHCTEMH € MOBJICHHEBUH Ta CIlyXOBHH arapaTy JIFOJMHH, a 10 00’ €KTUBHHAX — METOJH, B
SKNX BECh MPOLEC BUMIPIOBAaHHS 3/[IHCHIOETHCS MPUIIJaMK 0e3 ydacTi OpraHiB 4yTTs
JIFOJTHY.

Haiibinbin noctoBipHMMHU € Cy0’€KTHBHI METOAM, aje Uil iX peanizauii Mae OyTu
HasiBHA OpHraja eKCIepTiB, TAKOX Ha Taki BUMIPIOBaHHS BUTPAava€eThCs Oarato yacy Ta
3yCHJIb.

ToMy ocTaHHIM YacoM BelWKa yBara Oyia NpHIUICHA CTBOPEHHIO 00’€KTUBHHX
METOJIiB OLiHKH po306ipimBocTi. [lepeBarn 06’ €KTHBHUX METOJIB MOJIATAIOTH Y TOMY, IO
HE Mae 10TpedH B OpHraji AMKTOPIB, 3HAYHO 3MCHIIYETHCS Yac BUMIpIOBaHb, HE Mae
noTpeOu B apTUKYJISALIHHAX TaOMUIX. AJie JUTs peaisailii X METOIB 301IbIIYOThCS
BHMOTH JI0 TEXHIYHOT OCBIYEHOCTI IepCOHaNy, SIKMil BUKOHY€E BUMiproBaHHs. HaiiOuibim
nommpeHi 3 Hux - 11e RASTI, STI it %-Alcons.

STI (speech transmission index).— 1e 3HauYeHHs, sIKe BU3HAYA€ BIUIUB TPAKTy Ha
po30ipauBicTs MOBH. BOHO TiCHO MOB’S3aHE 3 TAaKOI XapaKTEPUCTHKOIO KaHAJy, 5K
¢yukuis nepenadi moayisinii MTF (modulation transfer function). MTF — mipa Toro,
HaCKIJIBKH JOOpe 30epiracThcs aMILTITYJHA MOMIYJISIIIS CUTHATY B KOHKPETHOMY TPaKTi
IpY HOTO Iepe/iadi BiJi BXOY JI0 BUXOLY.

RASTI (rapid STI) — cnporuena Bepcist merony STI, B sikiii BpaxoByeThCsl BKIAJ B
nepeady MOJIYJIALIT TUIBKY IBOX OKTaBHUX CMYT 3 LeHTpainbHUMHU dactotamu 500 'y n
2 xI'm.

% ALcons — TNpOLEHT apTHKYJLIHHMX BTpAaT HPUrOJOCHUX (percentage
Articulation Loss of Consonants).

Takox OOTOBOPIOEThCS TMHTAHHS OIIHKH pPO30IPIMBOCTI MOBH 3a JIOIIOMOTOIO
BHUMIiPIOBaHHSI KOPEIIIIHUX XapaKTEPUCTHK CUTHAIIB.

Hayxosuii kepisnux — J{asnem sny O.1., 0-p mexn. Hayk, npogecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 621.396 (043)
Bapunosa I'.B., ®eniok K.B.
Hayuonanvnutii asuayuonnwiii ynusepcumem, Kuee

OLIEHKA HEJIOCTATKOB COBPEMEHHBIX COTOBBIX CETEM
YETBEPTOI'O IIOKOJIEHUA

B Hame BpemMss BO BCeM MHupE HAYMHAIOT BHEAPATh TEXHOJIOTMH YETBEPTOrO
nokoseHus, k kortopbiM oTtHocsaTcss LTE m WiMax. DTH TEXHONOTHMH MO3BOJISIOT
OCYLIECTBIIATh IepeAavy MAaHHBIX Ha 3HAYUTENBHO 0oJiee BBICOKHX CKOPOCTSIX C
TIOBBIIIEHHBIM YPOBHEM KadecTBa OOCITyKHBaHHs aOOHEHTOB, HO B OOJBIIMHCTBE
ClIydaeB NpeAbsIBICHHbIE TPEOOBAHMUS K CETSIM YETBEPTOTrO MOKOJEHHS HE JTOCTHIaeTCs
HU B OJJHOH M3 CYIIECTBYIOMUX ceTeil. DTO CBI3aHHO C HECOBEPIICHCTBOM TEXHOJIOTHI
Ha dTaIe ee BHEAPEHHS U CYIECTBYIOIIMH HEIOCTaTKAMH.

IToBcemectHoe wucmonb3oBanue 4G w3MeHHT Hamry >ku3Hb. OH  IOBIHSET
Ha Om3Hec, oOpa3oBaHue, MPOJAXH U Jpyrue cdepbl oOmecTBeHHOH xu3HU. OmHAKO
6BI00p CTpATErny pa3BePTHIBAHUS BHEPSEMBIX COT TPeOyeT OT ONepaTopoB MOOMIBHON
CBSI3M TIPEOJIOJNIEHHST OOJIBIIOTO YMciia MpensTcTBruil. Cpenyu HUX: BBEICOKAsk CTOMMOCTB
0o0Opy/IOBaHMS, CHJIbHAS 3aBHCHMOCTb MalbIX CTAaHOMH OT  PACIOJIOKEHHS
MarvucTpalbHBIX CeTEH CBA3M, MpobiIeMa HHTETPAuy ¢ ACUCTBYOUME ceTaMu Wi-Fi.

B nmannoit pabore paccMaTpuBaIOTCS OCHOBHBIE HeAOCTaTKH TexHojoruun 4G u
TIPEUTOKEHUS IJISl MX PEIIeHHS.

Lenb paGoTsr:

. AHaM3UPOBATh AKTYaJIbHOCTD YCIIyTH COTOBBIX CETEl;

. HccnenoBaTs HEAOCTATKU U IPEUMYIIECTBA;

. PaccmoTpets petiierns mpobiieM OCHOBHBIX HEJIOCTATKOB;

Jnst pocTrxeHus nenu:

. bbita obpaborana nuTepaTypa U Ipyrie UCTOYHUKH 10 JaHHOH TeMe, 4To Obl
000CHOBAHO MOKa3aTh €€ aKTyalbHOCTh, HEJJOCTATKU U IPEUMYILECTBA;

. [MpuBeneHb! pelieHns: OCHOBHBIX MPOOJIEM YeTBEPTON TEXHOJIOTHH;

. Criennanbl BBIBOIKI.

4G —rnepcrneKTHBHOE (ueTBEpTOE) MIOKOJICHHE MOOWIIBHOM CBSI3H,

XapaKTepPU3YIOMIeeCss BBICOKOW CKOPOCTBIO Iepelayd JaHHBIX W [TOBBIIIEHHBIM
Ka4eCTBOM TOJIOCOBOM ¢Bsisu. K 4eTBEPTOMY IMOKOJEHHIO MPUHATO OTHOCHUTH
MEPCIIEKTUBHBIE TEXHOJIOTHH, TIO3BOJIAIOIIME OCYIIECTBISTh Iepenadyy IaHHBIX CO
CKOPOCTHI0, peBbimaromniei 100 Mout/c.

B pabote GbUTH paCCMOTPEHBI TAKKHE HEJIOCTATKH KaK:

1. BoabIMHCTBO YCTPOHCTB HE MOT'YT UCHIOJIB30BATh ceTh 4G;
2. HecoBMmecTHMBIN POYMUHT;
3. Ecimu mpogaxku cMapThOHOB W IUIAHIICTOB YBEIUYATCS, 3TO MOXKET

IIpUBECTH K OOJBIION HAaTrpy3Ke Ha CETh;
4.  HenocraTok ammapaTtoB, COCOOHBIX paboTaTh ¢ ceTsiMu 4G, 3aKI0oUacTcs B
HX BBICOKOM 9HEPTrONOTPEOICHIH, U IPyTHE.

Hayunwiii pyxosooumens — Ooapuenxo P.C. kano. mexu. Hayk, Ooyerm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 629.735.33 (043.2)
Baxrisipos JI.1.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

GPS SPOOFING SIK 3ACIBb IEPEXOIVIEHHA KEPYBAHHS
BE3IMIJIOTHUM JIITAJIbHUM AITAPATOM

He tak pgaBHO OyJi0 CTBOPEHO MIPHUCTPIM, SIKH J03BOJISIE IE€PEXOILIIOBATH
yIpaBJIiHHS OE3MIOTHUMHM JIiTalbHUMU arapataMu. [Ipuctpiii oxepkaB Ha3By « GPS
Spoofer » (3 aHrmiicbkoi spoof - 06ayprOBaHHS) - BOHO JIO3BOJISIE BTPYYaTUCS B pOOOTY
cucreMm GPS -naBiranii i abo nmepeHanpasisTH arapat Ha HOBHH MapLIpyT MOJBOTY, a0o
MIPOBOKYBATH HOTO BTPATY.

Cuydidr 3acHOBaHHMI Ha IEKUIBKOX 0COOIMBOCTSX cucreMH. Ilo-mepiie, cCuraamu i
iH(opMaIlis TPO ACTPOHOMIYHHUN PYX - BIAKPHTI, TOMY, BAKOPUCTOBYIOYH MpHUiiMad, 1110
3HAXOJIUTHCS B OKPEMil TOYI 3eMITi, MOXKHA TOYHO OOYHMCIUTH CUTHAIBHY OOCTaHOBKY
GPS B Oynab-sikuii 1HIIMK TOYI[ B 3aJaHHi MOMEHT 4yacy. OOUYHCIIUTH 110 0OCTAHOBKY
MOXKHA 3 TOIMEpeKEHHIM 3a 4yacoM. [lo-apyre, yepe3 Te, IO CHUTHAIM BIAKPUTI Ta
HE3aXHUIIEHi, a J0 TOro  CJa0Ki, [0 BHMararTh HAKOIMHYCHHS IS IETEKTyBaHHS
HaBiramiiHoi indopmailii, MOHa 3reHepyBatu miapoonenuii curunan GPS, skuii Oyae
OnM3BKME 10 peansHOro. IlepemaBad 1[bOr0 CHUTHAIY MOJKE IepeOyBaTh Ha 3eMill, IeCh
HEMOJANK BiJ TOro mpuiiMada, skuii "crmydiasaTe" - 3aJaBUTH PCAlbHMM CHTHAI II0
MOTYKHOCTI  HeCKIaaHo. Ilo-TpeTe, aKTWBHA IIEPEIIKOAa IIOBHHHA 3MiHIOBATHCS,
IMITYIO4M pyX aTakyeTbCsl TpuiiMava. BignoBigHi mapaMeTpu — HEpemKonu
00YHCITIOIOTRLCS a00 3a37aleriap , 800 B PEXKUMI OHIIAMH.

Tlomanpmmii PO3BHTOK CHTyamii, AyMaio, OCOOJHMBHX IIOSICHEHb HE BHMArae:
npuiiMay Mepesac B CUCTEMY YIIPaBIiHHSA HOBI KOOPAMHATH, 110 3MIiHIOIOTHCS, CUCTEMA
yIOpaBiliHHA HamaraeTbcsi kommencysatu "apeid" - i BITJIA, sikuii maB BuciTH Ha
OHOMY MICIIi, IOYMHAC 3HIKYBATUCA 1, IAJac.

Temnep npuIycTUMO, 110 HaBiramiiHa CUCTEMa BUKOPUCTOBYE KiJIbKa "30BHIIIHIX"
JoKepell Hasirauiiinoi indopmanii. Hanpuxnazn, GPS + I'JIOHACC. 3 ogHoro 60Ky, Taka
CHCTEMA MOXE BUSIBUTH PO30IKHICTh MK IOKa3aHHAMH, ko GPS migminmmm. Alle He
SICHO, 110 B TaKOMY BMIAAKy Wil cucreMi pooutu? BoHa He MOXe BU3HAYUTH, YU
BiOyBaeThest migmina GPS curnany a6o, nasmaku, ['JIOHACC. Slkmio BigkiarodaTd
HaBiraiiro Mpv KOKHOMY PO3XOJ/UKEHHI IMOKa3aHb, TO BHHHMKAIOTh HOBI BHUMOTH JIO
CHHXPOHHOCTI JTBOX HE3aJCKHHUX HaBiramiiaux pkepen. ToOTO, MOMATKOBUI pHU3HK
BinmMoBH 6e3 migminu GPS curnany.

V rpyani 2011 poxky B Ipani OyB mepexomieHnii aMEPUKAHCLKHUM PO3BiayBaIbHUM
BITJTA RQ-170 Sentinel. Ipancbka cTOpoHa Orojocuia, IO IEPEXOILICHHS amapary
3/1IHCHEHO 3a paXyHOK BUBEJIEHHS 3 JiaJly HOro cucreMu yrpasiinas. Ha ganuii MoMeHT
[I¢ HE BUPINICHO MUTAHHS MEPEXOIUICHHS Ta miaMiHu curHamiB GPS, mpore 3amisHi
MeToau mrdpyBaHHs curHaniB GPS, 1110 4acTKOBO BHpIITy€ MPpooOIeMy.

Cnucok BHUKOPHUCTAHUX JZKepeJI

1. http://dxdt.ru/2012/07/16/5003/
2. http://www.pravda.ru/news/world/27-06-2012/1120553-spoofer-0/

Hayxosuii kepienux — Kosniok 1.O., 0-p mexn. nayk, npogecop
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

YK 004.056.53

Be:xenap 1O0.B.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

BUBIP METOJA MOAY.ISALI U151 SAXMILEHO] MEPEJAYI MOBHOTO
TPA®IKA YEPE3 CTAHJAPTHUI1 ABIAIIITHUI PATIOKAHA (APK)

Ha manmit MoMmeHT TexHoJOril meperaBaHHs MOBHOI iHdopmarii uyepe3 APK He
MOXYTb 33/I0BOJIBHUTH BIMOT II[OJI0 3aXHCTY IIePeroBopis “‘mucnerdep — mnitor”. OTxe,
cyuacHuit mMoBHMH APK He 3axuileHHil Bill aTak 3JIOBMHCHHKIB, METOI SKHUX €
TOPYIIEHHS JOCTYIHOCTI.

IcHye BuiMKa KiJIbKICTh METOJIB 3aXHCTy aHaJIOroBoi iH(opmarii, oHaK B aBiamii
BOHHM NPAaKTUYHO HE BUKOPUCTOBYIOThCS 4epe3 iX HU3bKY €(heKTHBHICTD.

Jns 3a0e3nedenHs HeoOximHOTro piBHA 3axucTy B APK moTpiOHO mepexomuTu Bin
AHAJIOTOBO TPE/CTaBICHHS CHrHala B 1upoBuil. OJHAK MOBHUH TPaKT CTaHAAPTHOTO
APK e By3pkocMmyroBuM, mupuHO0 3.1 kI'm. ToMy exnmHmM nuisixom 3a0e3redeHHsS
edekTHBHOTO 3axucTy MOBHOI iH(popmamii y cramgaprHomy APK e Buxopucranxs
HU3BKOIIBUIKICHUX BOKOZEPIB Ta CTIHKUX KpUNTOrpadiuHUX CUCTEM pa3oM i3
BY3bKOCMYT'OBHMH MOJIEMaMH aHaJIOTOBHUX JUCKPETHUX CUrHaiiB. Tomy ofHi€ro i3
aKTyaJbHHX 33/a4 € BUOIp MeToa MOMIYJILii Ul 3aXWINeHOl Mepeaadi MOBHOTO
tpadiky uepes crannapruuii APK.

HeBin’eMHUM €JeMEHTOM KOTEPEHTHHX CHCTEM 3B 53Ky € HpucTpii azoBoi
CHHXPOHI3aIlil, AKUil y pealbHUX YMOBaxX HE 3[aTHHH 3a0e3MeUnTH HeoOXiTHUI piBEHb
cTablIbHOCTI 3B’S3Ky. BHacmifok BIUIMBY pI3HOTO pOAy 3aBaj CIIOCTEPIraloThCs
BIZITHOCHO dYacTi 3pHBH (pa30BOi CHHXpPOHI3aIlil, [0 € HEraTUBHUM (aKTOpPOM, SIKHI
o0MeXye BHKOPHCTAaHHS Cy4YaCHHX CHCTEM 3axXHCTy MOBHOI iH(popmauii B pexuMi
iHTeHCUBHOrO MOBHOro mianory uepe3 APK. Omxe, BUHHKae HEOOXiTHICTh CTBOPEHHS
TEXHOJIOTIl TepefaBaHHS 3axMIIEHOr0 MoOBHOro Tpadika, mo OazyeTbess Ha
BUKOPUCTaHHI HEKOTePEHTHHX METOMIB MpuioMy/mepenadi  MoBHOI iH(opmamil y
crangaptHoMy APK i He moTpeOye 3acTocyBaHHs MPUCTPOIB (ha30BOI CHHXPOHI3ALIIT.

HeMmOXnmuBICTP BCTaHOBICHHS OJHO3HAYHO! BIAMIOBITHOCTI MiX TEpeIarouylMu
CHMBOJIAaMH 1 BapiaHTaMM CHT'HAIy HA BXOJl JEMOJIYJIATOpa HpH aOCONIOTHIH (ha3oBiit
MonyJsiii  crano (GyHIaMEHTANBEHOIO MPUYMHOIO MEepexomy A0 BimHOCHOI (a3o0Boi abo
(azopizHueBoi Moxyssnii. Bonoxiroun nepeBaramu kinacuuHoi (a3oBoi MoAyIsLii B
YaCTHHI JOCSATHEHHs BUCOKMX LIBHAKOCTEH 1 BipHOCTeH nepenaudi indopmarii, ®PM sk
Ppi3HUIIEBA MOYJISIIIISL TO3BOJISE AOCSTTH 1HBAPIaHTHOCTI CUCTEMH Tepenadi iHhopmarii
no 3miH  Qasm 1 vacrorm curHaima. OCTaHHBOIO BIIACTHBICTIO BOJOXiE 1
yacToTHOpi3HMIEeBa Moxyiwist (UPM), omHak mpu iHmmx piBHuXx ymoBax OPM
3abe3mneuye OUTBII BUCOKY MTUTOMY IIBHIKICTH Nepenadi iHpopMmarii i 3aBaoCTiiKICTb.

ToMy, 3BakalouM Ha IepeBarM 3a3HAUYCHOTO BUAY MOAYJALii Ta OOMEKEHHs
3ymoBieHi crangaptHuM APK, B sikocTi omycTumoro Bumy MoJyIisiii, Mo>kHa oOpatn
(ha3opi3HHUIIEBY MOIYJISIIIIO.

Hayrosuii kepisnux — I'.@. Konaxosuu, 0-p mexh. Hayk, npoghecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 621.395 (043)

Bynenox M.T'., Jlesommny M.C.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

OHIHKA MIEPEBAI' MEPEXK SON LTE

Po3BuTOK Mepek MOOLIBHOTO 3B’SI3KY B HAI Yac 3/IHCHIOETHCS] JOCHTh BUCOKHMH
TeMIaMu. 3pocTae MPOMyCKHA 3[JaTHICTh KaHAIIB, PO3LIMPIOETHCS Hadip CepBiciB, IO
MPOTIOHYIOTECS, 3’ ABJISIOTHCS. HOBI KOHIIETIT 3aCTOCYBaHHS MOOUTBHUX MEPEX 3B’ 3Ky .

Texnonoriss LTE € onniero 3 HalOUIbII MEPCIIEKTHBHUX TEXHOJOTiH MOOLIBHOTO
3B’S13Ky, IO BIAHOCATH 1O TEXHOJIOTIH YETBEPTOrO IOKOJIHHS MOOLTEHHX MEpex.
OnmHak TpU PpO3rOpTaHHI Mepexki UYEeTBEPTOro MOKONIHHS Yy TENepilllHIX yMoBax
BHUHMKAIOTH Jieski TpyaHomi. Ilepm 3a Bce, HEOOXiMHO BHAIIMTH JOCUTH IIMPOKHN
BUTBHMI 9acTOTHUH Aiana3oH. Kpim Toro, 3poctanHs Tpadiky JaHUX MPHU3BEIE 10 TOTO,
mo a0 KokHOi 0a30Boi cTaHmii Tpeba MiOBOAWTH LIMPOKWH KaHalI TPaHCIOPTHOI
Mepexi. BcTaHOBIEHHS HOBOTO OOJagHAHHS Ta WOTO Y3TOMKEHHS 3 ICHYIOYOIO
1HPPACTPYKTYPOIO MOTpeOyBaTHME 3HAYHUX BUTPAT.

OpHuM i3 3aco0iB IOCTYIIOBOTO TEPEXOAy Ha HOBY TEXHOJIOTIIO MOOUTBHOTO
3B’S3Ky, SKHA JIO3BOJIIE DAIliOHATbHO BHUKOPHCTOBYBATH HAasBHI PECypCH, €
3actocyBaHHs koHuenmii SON (Mepexi, sIKi caMOOPraHi3ylThCs), IO IAaCTh 3MOTY
MiHIMi3yBaTH BUTpaTH orepaTopa npu posropranHi mepexi LTE.

Konrenist Mepex, mo camoopraHizytorscst (SON), mpusHaueHa Uit ONTHUMI3alii
BCiX po0OYHMX MPOIIECiB omepaTopa MoOiLIbHOTO 3B’s13Ky. CaMoopraHizallis € JOTi4HIM
Pe3yNIbTaTOM yCKIIaIHEHHS MEPEeX 3B’ 3Ky. 3a paXyHOK TOT0, 1110 00csr iHdopmariii mpo
rapaMeTpy Mepexi CTaB HaJ3BHYaiHO BEIMKUM, OyB 3[ifiCHEHHI TIepexi/ BiJ KiTbKOCTI
JI0 SIKOCTi: Mepexa CTajla JAOCTaTHbO IHTENCKTYalIbHOI0, 11100 YIPaBIIiHHS HEIO MOXKHA
OyJ10 3p0OHUTH MOBHICTIO QBTOMaTHYHKM.

Tonosuoto Meroro SON e 3menmenHs: OPEX - omepariiiHux BUTpar orepaTopa.
Jlns 1poro HEOoOXiMHO 3MEHINUTH KUTBKICTh POOOYMX MPOIECiB, HEOOXIMHHX IS
o0ciyroByBaHHsI Mepexi. OCHOBY Julsi CKOPOYEHHS ONepaliiHAX BUTpAT CKJIAJAe TOM
¢axr, mo npu BukoprctanHi SON 3MEHIIYEThCS KiIBKICTh Olepaliil 3 HaJallTyBaHHS
pobotu 06a3oBHMX CTaHLiM, sKi NOTPeOYIOTh Oe3HmocepeaHbOl ydacTi TEeXHIYHOrO
nepcoHanry. ToMy MO)KHA 3MCHIIUTH 1 KUIBKICTh MPAI[iBHUKIB, M0 HAIATOMXKYIOTh
6a3oBi craniii. B ninomy OPEX 3Mmeniyrothest mpubausao Ha 30%.

Tproma ocHoBHMMH mnpuHuMOamMu koHuennii SON e camokoHGirypauis,
CaMOBIZTHOBJIEHHS Ta CaMOOINTHMi3amis. Bci mi Tpu NpHHIMIM NOKJIMKaHI 3MEHIINTH
orepaniifHi BUTpaTH orepaTopa Ha YTPUMAHHS MEPEKi.

Meroro koumemnmii SON € onrTumizamis poOOTH Mepexi MOOLIBLHOrO 3B’SI3KY.
OueBuiHO, 110 TIpU aHaii3i podotu Mepexi LTE/SON ciin BU3HAYMTH KPHUTEpPiH, 3a
SKUM Oyne 3iiCHIOBAaTHCS oOIiHKa il edekTuBHOCTI. JIOCHIIKYyBaHMM KpPHUTEPIEM €
MaKcHMi3allisi NpuOyTKy omeparopa. Jlias JOCSTHEHHS I[bOrO CJiJ  HAaOJIM3HUTH
IIBHAKICTH, IO HagaHa abOHEHTaM, JI0 MIBUAKOCTI, SIKY BOHH HOTPeOyIoTh. IIpu npomy
BPaxOBYETHCS, IO 3aJECKHICTh NPUOYTKY 3 abOHEHTa BiJ IIBUAKOCTI, fKa HOMY
HaJa€ThCs, HEMHINHA.

Hayxosuii kepisnuk - Odapuenxo P.C., kano. mexu. Hayk, O0yeHm
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I'op6ansb I'.A., Onnmenxo 51.1O.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

CTATUCTHYHE MOJEJIOBAHHS CUCTEM OBPOBKH
I IEPEJAYI CUT'HAJIIB

CTaTHCTHYHE MOJICTIOBAHHSA — 1€ YMCEIbHUI METOJ BHPIIICHHS MAaTEMaTHYHHX
3aBgaHb. [lpy 1bOMY IIyKaHi BEMMYMHH  TPEACTABIAIOTH  IMOBIPHICHUMH
XapaKTepHCTHKAMH SKOT0-HEOY/Ib BUITAJKOBOTO siBHIIA. Lle sBHIIIEe MOACITIOETHCS, MiCIs
4Oro MOTPiOHI XapaKTEePHCTHKH MPHOJIN3HO BU3HAYAIOTHCS MLUISXOM CTaTHCTHYHOL
00POOKH «CITIOCTEPEIKEHB» MOJETII.

CurHanu, B OUTBLIOCTI BHMANKIB, I[IKABIATh HAC SIK BHIAAKOBI SBHUINA, TOMY
NOCHI/KEHHsS. CUCTeM OOpoOKM 1 Tepejadi CHUTHATiB METOAOM CTaTUCTHYHOTO
MO/ICITIOBaHHS € €(DEeKTUBHHM.

Inest MeToly Haa3BHYAHO MMPOCTA 1 MOJISrae BOHA B HACTYITHOMY. 3aMiCTh TOTO 11100
ONUCYBATH MpOIEC 3a IOIOMOTOI0 AHATITHYHOro amapary (mudepeHmiarbHuX abo
anreOpaiyHUX PIiBHAHB), MPOBOAMUTHCS PO3Irpall BHMAJKOBOTO SBHINA 32 JOTOMOTOIO
CrHewLiajJbHO OpraHi3oBaHOI MPOLEAYpH, IO BKIIOYaE B ceOe BHUIAIKOBICTH 1 Jae
BUMAAKOBUH pe3ynbTaT. HacmpaBni KOHKpeTHe 3IiiCHeHHs (peastizallisi) BHIIAJKOBOTO
IIpoLiecy CKIIAJAETHCS IMOpa3y IMO-IHIIOMY; TaK CaMoO i B pe3yJbTaTi CTATUCTHYHOIO
MOJIETIOBAaHHS (PO3irpamry) MH OTPUMYEMO KOXHOTO pa3y, HOBY, BIIMiHHY BiJ| iHIINX
peatizaliro JOCHiPKyBaHOTO TPOLECY .

TlepeBara CTaTUCTUYHOTO METOJY IOJISITa€ B HEBENMKI CKIAIHOCTI MaTeMaTHYHHUX
PO3paxyHKiB, a HEJONIK - B HEOOXiJHOCTI BEIMKOI KiIbKOCTI BUXIJHHX NaHUX, YUM
OiJIbIIIe MACHB CTaTUCTUYHHX JAHUX, TUM JOCTOBIPHIIIE OI[IHKA PH3UKY.

CTaTHCTHYHE MOJEIIOBaHHS HE BUMAarae rpyOHX CIpPOIIEHb i JOMyLIeHb. BOHO
JI03BOJISIE  BPAaxOBYBaTH BEJIUKY KUIBKICTh YHHHUKIB. Pa3oM 3 TuUM, pe3yJbTaTH
CTaTUCTHYHOTO MOJICIIOBAaHHA BaKu€ MiIJAIOTBCS aHANi3y, HDK OTpUMaHi Ha
AHAJIITHYHUX MOJICIISX.

MeTo[ CTaTHCTHYHHUX BHUIPOOYBaHb 3aCTOCOBYETHCS [UISl MOJICIIOBAHHS CKIIAJIHHX
CHCTEM, B SKMX HE MOXIIMBO ab0 He JONITBHO OTPHMATH aHAJITHYHI MOJEeNi, M0
OIMCYIOTh MPOLECH SIKi HPOTiKaroTh. JlaHWA METOJ TaKOXX BHKOPHCTOBYETHCS B
BUIAJKaX, KOJH pealbHi BUNPOOYBaHHS CHCTEMH BHSBIAIOTBCS JOPOrHMH abo iX He
MO>KJIMBO POBOJHUTH 3 THX YH IHIINX MPUYHH.

Jnst oTpuMaHHsT BHITQJIKOBUX YHCEJ MOXKHAa BUKOPHUCTOBYBATH pi3Hi crocodOu. Yci
METO/IM TeHEpYBaHHs BUITJKOBUX YHCEN MOXKHA PO3AUIMTH Ha amapaTHi i mporpamHi.
IpucTpoi 4M aJrOPUTMH OTPUMAHHS BHUIAKOBHX YHCEN HA3UBAIOTh TCHEPATOPaMH
Bunankoux gucen ('CY) un maTdunkamMu BHMAJKOBHX YHCEN 1 caMe BOHH PEali3ylOTh
MOXUIUBICTh BMKOPUCTaHHS CTaTHCTUYHOIO METOJY MOJEINIIOBAaHHS BHUIAJIKOBHX
CHTHAJIIB.

BumnaikoBi mpoliecH, sSKi BUKOPHUCTOBYIOTBCS ISl MOJICITIOBAHHS JICSKOI BHITIKOBOT
CHCTEMH MAIOTh 3aJ0BOJIbHSATH JCSIKAM BHMOTaM, 30KpeMa, i3 JOCTATHHOK TOYHICTIO
BiITBOPIOBATH MOBEIIHKY MOJEIHEOBAHOI BUTIAAKOBOT BEJIMYMHH 13 3aJaHUM PO3IIOALIIOM

Hayxosuil kepisnux — O.1. /lagnem 'sny, 0-p mexH. Hayk, npoghecop
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YK 654.16
Jaxosa JI.B.
eporcasnuil ynigepcumem ingpopmayitino- komyHikayitinux mexnonoeit, Kuie

NIJBUIIEHHS 3ABAJJOCTIKOCTI EPEAYI IU®POBOI
THOOPMAIIi B PAJIIOJITHISIX 3BSI3KY

Ha pammit dwac cTpiMKMMH TeMIaMH BiIOYBA€TbCS PO3BUTOK CYYaCHHX
TENEeKOMYHIKaI[ifHUX Mepex. Lle o0coOIMBO MOMITHO 1O aKTUBHHM Mpolecam
MIXKHapOJHOI CTaHIapTH3allii, BAPOOHUITBA Ta PO3TOPTAHHS OE3MPOBOJOBUX MEPEIK.
Cepen HHMX BCe OLIBIIOrO NMONIMPEHHS HAOYBAlOTh, HANPHKIAA, TaKi TEXHOJOTIl SK
nepconaneHi Mepexi IEEE 802.15 (Bluetooth), moxansni mepexi IEEE 802.11 (Wi-Fi),
cTaHgapT yHiBepcampHHX Micbkux Mepexk IEEE  802.16 (WIMAX), B skux
0€3MpOBOJOBUII  IMIMPOKOCMYTOBUH  JIOCTYIl BHUKOPHCTOBYETBCS JyX€ LIMPOKHM
CIEKTPOM JIOJATKiB - Bil TpaAMLiHHOI mepeiadi MOBH 10 Cy4aCHHUX MYJIbTHMEIiHHMX
JonatkiB.  3HAYHMH  iHTEpeC  CTAHOBISTH  JIOCHI[UKCHHS  [EHTPali30BaHHX
TEJICKOMYHIKallifHUX CHCTEM, B SIKMX € LCHTpalbHa CTaHILIs, SKa KOOPIAMHYE PobOTY
aboHeHTChKHX cTaHliid. CaMe Taka Mepe)keBa apXiTEKTypa € OCHOBHOIO B CTaHIApTi
IEEE 802.16. BigmiHHHMH OCOOJIHMBOCTSIMH LLOTO CTAaHIAPTy € BHUCOKA CKIIAJHICTh
MPOTOKOJY MiIPiBHS YNpPaBIiHHS JOCTYIIOM JI0 CEPElOBHUINA, sIKA BiAMOBiAaE, 30KpeMa,
3a OpraHi3allifo J0CTyIy aOOHEHTIB JIO0 3arallbHOrO KaHaJy 3B'S3Ky, a TAaKOX HASBHICTh
BENMKOTO 4ncila HeBnm3HadeHHX (vendor-dependent) 4acTwH, B SKHMX CTaHAApTH30BaHI
JMIIe esKi MexaHi3Mu MepeskeBoi B3aemomii. Lli ocobmuBocti Texnonorii WIMAX, a
TakoX i HOBW3HA, MPU3BOMATH 0 HEOOXITHOCTI PO3POOKH METOMIB IiABHIICHHS
CJICKTPOMATHITHOI CYMICHOCTI Ta pO3pOOKH peKOMEHIAliid [OA0 MiABUIICHHS
3aBaIOCTIHKOCTI IPH MHOKHHHOMY PaioOCTyIIi aOOHEHTIB.

Mertoro JOCIIDKEHHS € TiJIBUIICHHS 3aBaJ0CTIHKOCTI mepenadi 1udpoBoi iHdopmarrii
10 pafmioNiHISIX 3B’S3Ky Ta 3a0e3MCUeHHs eJIeKTPOMArHiTHOI CyMICHOCTI Ha piBHI
pamionoctymy cucrem WIMAX. Jlnst nocsTHEHHS 1i€l METH BHPpIILICH] Taki 3a/1a4i:

- aHaJIi3 3aBa/IOCTIHKOCTI pamioenekTpoHHuX 3acobiB WIMAX;

- po3poOKa MeTOMy OIliHIOBaHHS MaTpuili kanany MIMO-cucremu;

IIpoBeneHuii anamiz Texuosorii WIMAX mokaszaB, 10 Ha MPAKTHIl MOBCKOIHO
BHHHUKAIOTh YMOBH JUIsl ICHYBaHHS Iepeliko/]. BHkoprucToByBaHi caMo [UIsl MiIBUILCHHS
3aBaJOCTIMKOCTI pafioNiHii MeTomu 0a3yroThcs B OCHOBHOMY Ha YacTOTHO-YACOBHX,
KOJIOBUX 1 €HEPreTHYHMX BiIMIHHOCTSAX CHUTHANIB i mepemkoj. [IpoBenenuii anaii3
3aBagoctiikocTi cuctemu WIMAX moxkaszaB, Io0 I JaHUX CUCTEM HEOOXIiIHO
HasIBHICTh KaHAIIB 3 JIOCUTh BUCOKMM 3HaueHHSM BigHomeHHs curHai / mym (OCIILI)
mopsnky 10 nb 1 Oinbplne, o0 Ha TMPaKTHIN HE 3aBXIH JOCSHKHO. IS OIiHIOBaHHS
MaTpHIll KaHalTy 3alpolloHOBaHa mpoueaypa Kammana-b’roci, mo A03BOJHTE Ha
MOPSIIOK MiJIBUIIMTH TOYHICTh BUMiptoBaHb. OIliHKa MaTpHUIll KaHAJy 3alporOHOBaHA
onTHMalibHa B rayCiBChKOMY i JIiHIHHOMY HaOImkeHHsX npouenypa Kammana-b’roci. 3a
JOIIOMOTOI0  MAaTeMaTHYHOTO  MOJENIIOBAHHS IIPOBEJCHO aHadi3  edeKTHBHOCTI
nporeaypH owiHkH. [IpoBeneHi JociipKeHHs ToKa3aiy, 10 3allpolIOHOBaHa IpoLeaypa
OIIIHKA MAaTpHli KaHaldy 3a Jxomomorown mpouenypu Kammana-B’roci mo3Bonsie Ha
TMOPS/IOK 3MEHIIUTH IIOMHUJIKY OLIIHIOBaHHSI.

Hayxosuii kepisnux — B.I'. Caiixo, 0-p mexH. HayK, 0oyeHm
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YK 621.391

Ko6en B.B., JlaBpunenko A.1O., Maptsinenko J1.I'.
Hayuonanvnutii asuayuonnwiii ynusepcumem, Kuee

MCIOJIb30OBAHUE BBICTPOI'O BEMBJIET-IIPEOGPA3OBAHUSA U151
CIKATHUA U OYUCTKHU CUTHAJIOB OT IIYMA B CPEJE MATLAB

,HJ'ISI peuIeHus 3aJa4 CxaTugd U O4YUCTKU CHUI'HAJIOB OT MIyMa TpaaAullMOHHO

NMPUMCHACTCA W3BECTHBIN U3 MPaKTHUKN (1)I/UII)TpaHI/II/I MCTOJ  IIOAAaBJICHUS
BbBICOKOYaCTOTHBIX COCTaBJISIIOIIUX CIICKTpa. KpOMe TOro, € HCIOJb30BaHUEM
BEHBJICTOB €CTh €le OAWuH METOH — OIpPaHUYCHUE YPOBHA JACTAIUZHUPYIOLIUX

kodduienToB. 3agaB  OmpeneNeHHBI MOPOr JUIL HMX YPOBHS M «OTCEKas»
K03 UIMEHTBI HYDKE 3TOr0 MOpPOra, MOXKHO 3HAYMTENBHO CHU3UTH YPOBEHb IIyMa
n ckate curHai. [Ipm 3TOM ycTaHaBNIMBAIOTCS pa3iIMYHBIC NIpaBHIIAa BEIOOpA IOpora:
aJIaNTUBHBIN [TOPOT, IBPUCTUUECKUI, MUHUMAaKCHBIN U 1p. Ho camoe riaBHOe cocTOMT
B TOM, YTO IIOPOTOBBIH ypPOBEHb MOXKHO YCTAQHABIMBATH JUIS KOKAOTO Kod(duimenrta
OTZENBHO. JTO TO3BOJISIET CTPOUTH aJaNTHBHBIE K HW3MEHEHHSM CHUTHaja CIIOCOObBI
OYHCTKH OT IIyMa U KOMITPECCHH.

OcHoBormojararomas MoJelib  3allyMJICHHOTO CHI'Hala B OCHOBHOM HMeEET
cnenyromuit Bux: s(n) = f(n)+k-e(n) ¢ paBHOMEPHBIM pachpesesiecHHeM 110 BPEMEHH n,
rae f(n) — monesnast nHpOpPMAIOHHAs COCTaBIIOIIAs curHaia s(n), e(n) — MIyMOBOW
CHTHAN, Hampumep, Oemnblii mym ['aycca omnpeneneHHOro ypoBHS IIymMa k co cpegHnm
HyJleBbIM 3HaueHreM. OCHOBHAs 3a/lada OYHIIECHUSI CUTHAJA OT IIyMa COCTOHT B TOM,
9YTOOBI MOAABUTH HIYMOBYIO COCTABIIIOUIYIO CHTHaja S(I) U BOCCTAHOBHUTH IOJIC3HBIH
cursai f(n).

IMpouenypa ynaneHus IIyma JIMOO CXKATHS CUTHAJIOB BBINOJHIETCS C IIOMOIIBIO
OPTOTOHAJBHBIX BEHBJICTOB U BKJIIOYAET B ce0sl CICAYIOLIHE ONEPaIUK:

- Beitignem-pasnoowcenue. Ha 3TOM 3Tame NpOMCXOIOUT Pa3OXKEHUE CHIHaia s(n),
MIPU KOTOPOM 3aJaeTcsl yPOBEHb AEKOMIO3MIMK curHana N U Tun BelBieTra 'wname'.
3nayeHne ypoBHSI N  OmpemessieTcsi YacTOTHBIM CIIEKTPOM TMOJie3HOH dwacT f(n)
curHana. Tum u mopAmoK BeifBieTa MOXKET CYIIECTBEHHO BIMATH HA KAY€CTBO OYHUCTKU
CHTHaJa OT IIyMa B 3aBUCHMOCTH KakK OT (pOpPMBI MOJIE3HBIX curHaioB f(n), Tak u oT
KOPPEJISIIIMOHHBIX XapaKTePHCTHK IITyMOB.

- 3aoanue nopozosozo ypoens. Ilpn 3TOM BBIOMpaeTCS THII U ONPEIEICHHbBIA
MIOPOTOBBIA  YPOBEHb OYMCTKH (CKaTHs) JUI JACTAIM3ZUPYIOMUX KOI(PUIMEHTOB.
[oporoBele ypoBHH OBIBalOT THOKMMH (B 3aBHCHMOCTH OT HOMepa yPOBHSI Pa3I0KCHUS)
WJIH KECTKUMU (TJ100aIbHBIMH).

- Beiignem-pexoncmpyxyus. BoccraHoBieHue CHT'Hala  Ha OCHOBE
ko3 durrieHToB anmpoOKCUMAallMd W MOTU(PHUIUPOBAHHBIX  KOI(PPUINEHTOB
JeTaTn3alii, KOTOpble OBUTH MOAMGHIMPOBAHEI B COOTBETCTBHH C YCTAHOBJICHHBIMU
YCIOBHSIMH OYHCTKH (CXKAaTHS).

Hayunwiii pyxosooumenv — A.U. Jlagnemuvsny, 0-p mexu. Hayk, npoghecop
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CTBOPEHHS 3AXUIIEHOI'O KAHAJIY ABIAIIIHHOI'O PAIIO3B’SI3KY

AKXTyanbHICTE JaHOI TIpoOieMH MONsArae B TOMY, IO ICHYIOYI TEXHOJIOTI{
nepelaBaHHs KPUTHYHO BayKJIMBOI MOBHOI iH(opMmarii depe3 cTaHmapTHUN aBiariiiHuit
paniokaHan He 3JaTHi 3aJ0BOJIBHUTH HOPMH IIOJNO KPUTEpIiB 3axucry iHdopmarii Ta
po30ipaMBOCTI NPHUHHATHX MOBHHX IIOBIJOMJICHb 3a YMOB, KOJHM BHCYBAalOThCS
MiIBAIIEHI BUMOTH IIOJI0 3a0€3CUCHHS CTa0IIbHOCTI 3B’ SI3KY.

Ha cporomHimHii JeHb €IMHUM IUIIXOM 3a0e3NedeHHS e(QEeKTHBHOTO 3aXHUCTY
MOBHOI iH(OopMamnii y cTaHAapPTHOMY pafioKaHalll € BUKOPHUCTAHHS HU3BKOIIBHIKICHUX
BOKOJIEPiB Ta CTIMKUX KPUNTOrpadiuHIX CHCTEM Pa3oM i3 By3bKOCMYTOBUMH MOJIEMaMH
AHAJIOTOBUX JAUCKPETHUX CHTHAJIB.

3 MeTO MiABUIIEHHA SKOCTI KOJCKIB C JIHIHHHM mepenOadeHHsAM Uil Tepenadi
MOBHUX CHTHANiB Ha ImBHAKOCTAX 4-16 (k0it/c) Mixnapogaum Coro3om
Enexrpos3p’ssxky (ITU) Tta iHmmMMH oprafizamissMu po3poOisIFOTECS  KOAEpH, SIKi
BITHOCATBCS A0 KJIacy aJanTHBHUX KOJAEPIB i3 JNIHIHHMM mepen0adeHHSIM Ha OCHOBI
anami3y uepes cunres (JIIIAC) (linear prediction analysis-by-synthesis (LPAS) coders).
Hanuii MeTos 06poOKH y Kozepi Mo mapamerpax J0JBIOTPHBAIOTO i KOPOTKOTPHBAIOTO
¢inbTpiB-niepenbadyBayiB TreHEepye CHHTE3 MOBHOIO CHUTHAly, I[OPIBHIOE #HOro 3
BUXIZIHIM MOBHHMM CHTHAJIOM Ta MiHIMi3y€ PIi3HHILIO MDK HUMH Mi00POM CTPYKTYpH
CUTHAJIy TOJIOCOBOrO 30y/pKeHHs (inbTpa-nependadyBada. OCHOBHOIO BIACTHBICTIO
BKa3aHMX METOMIB KOJyBaHHS MOBH € IITYy4YHA 3aMiHa CUTHAITY NOXHOKH nependaueHHs
iMITyJIbCHUM CHUTHAJIOM 30yIKeHHs QiabTpa-nependadyBaya.

Sk mpu MpOBEICHHI CeaHCIB 3B SI3KY «3eMIIsl — 3eMIIs», TaK 1 Ui 3a0e3meueHHs
(GyHKIIOHAIBHOT CyMICHOCTI NP MPOBEICHHI CEaHCIB 3B’SI3KY «IIOBITPS — 3eMIISDY
JOLIJIBHO BHUKOPHUCTOBYBAaTH TexHouorito, B skiii By3mu ATN/IPS miarpumyrots
apxitektypy Oe3mneku [Psec ta mporokon ESP. ApxitekTypa BiANoOBigae MOJOXKCHHSIM
cnenudikanii RFC 4301, a ESP — Bumoram RFC 4385. Onnak, 3amicte TOro, moo
BHUKOPHCTOBYBATH Bci Kpunrorpadiuni anroputMu, siki ineHtudikoBani y RFC 4385,
BKAa3yIOThCs CIELiabHI aJrOPUTMHU 32 3aMOBUYYBAHHSM JUISl aBTEHTHQIKALil, a TaKox
JUIsl KomyBaHHs Ta aBTeHTH¢iKkanii. [le poduThbes 3 ypaxyBaHHIM OOMEXEHOI NIMPUHU
CMyTH KaHaJiB 3B’SI3KY «IOBITPSI — 3eMJIsI», @ TaKOX JUIs 3aro0iraHHs BUHHUKHEHHIO
HEBHKOPHCTAHHUX KOJIIB Ha IUIaT()OPMIi aBiOHIKH.

HekorepentHni momemu i3 0araTomo3WIiiHOW YacCTOTHO-()a30BOI0 MOJIYJISIIIEI0
Kpallle 3a IHIUX MiIXOAATh Ui CyMiCHOI poOOTH i3 HHU3BKOIIBUAKICHUMH BOKOJEPaMHU
y CKIagli MOBHOTO TpaKTy aBialifHMX KaHaTiB pajio3B’s3ky. Takuii MomeMm 3
ONTHMAJIBHUMH (32 KPHUTEpPiEM MAaKCUMyMy IIMTOMOI HPOMYCKHOI 3HaTHOCTI)
rapaMeTpamMy, 10 BUKOPUCTOBYETHCS Pa3OM i3 HU3BKOIIBUJIKICHUM BOKOJIEPOM Ta
epeKTUBHUM 3aco00M  KpHNTOrpaiyHOro 3axucTy IiH(OpMaIil, MOXe SBISTH
KOMIIPOMICHE TEeXHiUHe pilleHHs, o 3ale3neuye HEOOXigHMK IS aBialliiHHX
3aCTOCYBaHb PiBEHb 3aXUCTY MOBHOTO TpadiKy 0e3 BTpaTH SKOCTI 3B’ SI3KY.

Haykosuii kepienux — Konaxosuu I.@., 0-p mexn. nayx, npogecop
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OCOBJIMBOCTI KEPYBAHHSA SDN MEPEKAMUA

Tpamuniitanit crex nmportokoniB TCP/IP, sxuii NpUHATHIA SK CTaHAAPT y CepeanHi
80-x poOKiB, TpeACTaBIsIe€ COOOI0 TPOMI3IKY Ta HETHYYKYy CHCTEMY KepyBaHHS
KOMIT'IOTEpHOI0 Mepexero. [Ipobiema mnonsrae B TOMy, IO I CUCTEMA 1 «IyMmae», i
«pOOUTPHY: CIOYATKy BHUpIlIye 3aBJaHHSA NOOYIOBM MapumipyTy, a IOTIM cama M
npoknanae ned Mapumpyt. OyHKIil KepyBaHHS AaHMMH Ta iX Iepeiadi MOexHaHi, 110
YCKJIQJIHIOE YIPABIIiHHS CHCTEMOIO.

OO0’ €KTOM JOCTIPKEHHSI € MpolLiec KepyBaHHs Mepexero SDN.

IIpenmeromM mocmimkeHHS € cucTeMa KepyBaHHs Mepexxero SDN.

Mertoro poboTu € Bu3HaueHHs ocobOnmBocTeil kepyBaHHS SDN Mepexero Ta ix
TIOPIBHSHHS 13 IPHHIMIIAMH KepyBaHHs 3 [P Mepesxkero.

TonoBHOIO ineero mporpamuo-KoHQirypoBanux Mepexx (SDN) e meHTpamizaris
KepyBaHHS B paMKax OJIHOTO elieMeHTa (KOHTpoJiepa), sIKMi 3abe3redye KepyBaHHS
MEpEeKero 3 OJIHieT TOUKHM Ta BU3HAYEHHS MapIIPyTy BCIX ITaKeTiB Yepe3 yci MpHUCTpol B
paMKax OJIHOro 3’€AHaHHA. 3BUYAilHO KOHTposep Oepe 1O yBard NOTOYHMH CTaH
KaHaJiB 3B’S3Ky 1 3aBaHTaxeHicTh oOmaxnaHHs (sk i B [P-mepexi), ase He Moxe
OTIEpPaTUBHO MPUHAMATH PILICHHS MPO 3MiHy MapIIpyTiB, OCOOIUBO SKIIO IIe HEOOXiTHO
3pOOHTH MiXK KOHTPOJIEPOM Ta KEPOBAaHUM HUM OOJIaTHAHHSM.

®opmyBaHHIM MapIIpyTy 3aiiMaeThCsl HE OKPEMO KOXKHUM IPHUCTPIi, a creriaabHo
BUAUIEHHH JUIi IOTO MEPEKEBHH KOHTpOJEp, SKHH 3a JOIMOMOTOI0 IPOTOKOIY
OpenFlow nepenae koMmyTaTopam pe3yJibTaT O0UYHUCICHHS MapIIPyTy, 1O SKOMY BOHH i
Hajajui IMOCWIAIOTh YCI IaKeTH Mg JaHoro oxaepxkysada. Lle nosBomse 3HsATH 3
KOMyTaTopa JI0JaTKOBE HABAaHTaKCHHs, IIOB’si3aHE 13 OOYMCICHHSIM MapLIPYTiB,
3pOOMBILH HOTo OiJIbLI IPOCTUM Ta HPOAYKTUBHUM.

Buxomsun 3 Ha3eu, mpotokon OpenFlow mpu imeHTHdikamii Tpadika omepye 3
MOHATTSIM «MOTOKY». OCHOBHHIA €IEMEHT KOMyTaropa, sikuii miarpumye OpenFlow, e
— rtabmuns morokiB (Flow Table). Bxigni makern mnepeBipsioThCs Ha BIANIOBITHOCTI
napaMeTpam, siki Bkazai B Tabmuni (MAC- Ta IP-agpecu BinnpaBHHKa Ta ofepxyBaya,
HoMepu mpoTokodabHuX mopTiB TCP Ta UDP, Ta in.). SIKII0O BiAMOBIAHICTH BUSBIICHO,
TOJI y BIIHOIICHHI IO MAKETiB BUKOHYETHCS Ta JIisl, KA BKa3aHa B HACTYITHOMY CTOBOII
Tabmuii. Tumosa Jist — nepecusIanHs MaKeTa Ha OUH a0 JCKiIbKa BUXIIHUX MOPTiB. Y
BUMAAKY, KOJM BIiJMOBIIHOCTI HE BHABICHO, TOJI MNaKeT BIAKWAAETbCS abo
HAIPaBJIAETHCS HAa3a/1 10 KOHTPOJIEPa, IKUI Mae BUSHAUHUTH, K Mae 00pOOIATHCS AaHUH
MOTIK Ta [JOAATH BIANOBIAHI 3amWcH B TaONHIO. BHKOPUCTOBYIOUM MPOTOKOI
OpenFlow, xoHTponep noaae, MOIUQiKye Ta BUIAISE 3aMIUCH B TaOIHIII TOTOKIB.

B nmomanemmx 1ociimKeHHIX IUIAHy€ThCsl BU3HAYUTH iCHYIOU1 HEIOTIKH B CHCTEMaxX
KkepyBaHHS Mepexero SDN.
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NEPCHEKTHUBbI BHEAPEHU ITIPOT'PAMMHO
KOH®UT'YPUPYEMBIX CETEN

I'nmaBHas uaes SDN 3akirouaercss B OTACICHUM (QYHKIMIA mepenadn Tpaduka OT
¢yHKumit  ynpaeieHusi (BKJIIOYas KOHTPOJIL Kak camoro Tpaduka, Tak U
OCYILLECTBISIIOLIUX €ro mepenady YCTPOWCTB). B TpaauuuoHHBIX KOMMyTaTtopax H
MapIIpyTU3aTOPaxX STH MPOLECCH HEOTEIUMBI IPYT OT JpyTra W pealn30BaHbI B OJHON
«KOpOOKe»: CHeIHaTbHbIe MUKPOCXEMBI 00ECIIeUNBAIOT IIEPEChUIKY MaKeTOB C OJHOTO
mopra Ha JApyrod, a Beimenexamee [1O ompexenser mpaBmia TAaKOW ITEPECHUIKH,
BEITIOJTHSAET HEOOXOUMBII aHaJ M3 MaKeTOB, IIPOM3BOIUT U3MEHEHHUE cojepiKamieiics B
HUX CITy)keOHOW mHpopmaruu u T. 4. IS ompepeneHHs MaplipyTa Hepeiadd WiIn
HEJIONMYIIEHNS 3alMKINBaHUs TpaduKa YCTPOWCTBA, KOHEYHO, «OOIMIAIOTCS MEXIy
co00¥», I 4ero pa3pabOTaHO MHOXKECTBO MPOTOKOJOB, Taknx kak OSPF, BGP u
Spanning Tree, HO mpu 3TOM Kakaoe (QYHKIMOHUPYET IOCTATOYHO aBTOHOMHO.
CormacHo xonuenuuu SDN, Bcsl JoTHKa yHpaBlieHHS BBIHOCHUTCS B TaK Ha3bIBaeMbIE
KOHTPOJIIEPHI, KOTOPBIE CIIOCOOHBI OTCIICKUBATH paboTy Beelt ceTi. COTaacHO 3aMBICITY
pa3pabotunkoB, SDN mO3BONMT NpPOrpaMMHPOBATh CETh Kak €JUHHOE IeNoe, a
aJIMUHHCTPATOpPaM HE TPHUAETCS 3aHUMAThCS OTIACIBHBIMH YCTPOWCTBAMHU. [ JIaBHBIM
CTaHOBHTCS KOHTPOJUIEP: OH BCE BHIWT, BCE 3HACT M Pa3NacT CETEBBIM yCTPOHCTBAM
WHCTPYKIMH 10 o00pabotke Tpadmka. CamuMm ycrpoiicTBam Oonblie HE HAIO
pa3bupateCsi B COTHSAX 3aMBICIOBATHIX MPOTOKOIOB — JOCTaTOYHO CIIEA0OBAThH
HHCTPYKLHUSM KOHTPOJUIEPa, @ 3HAYHUT, OHH MOTYT OBITh HPOCTHIMH U JICIIIEBBIMH.

Peanuzanus xoxuenmu SDN Ha npakTHKe MO3BOJIUT NPEANPUATHIM U OllepaTopam
CBS3U MOJYYUTh BEHIOPOHE3aBUCHMBIH KOHTPOJIb Hal BCCH CEThIO M3 €JUHOTO MECTa,
YTO 3HAUUTENbHO YIPOCTUT €€ OKCIUlyaTanuio. YTo He MeHee BaxKHO,
KOHQ)UTYpHUPOBaHHE CETH CHIBHO YIPOCTHTCS M aIMHUHUCTPATOpaM He MPUACTCS
BBOJUTH COTHM CTPOYEK KOAA OTHEJBHO JUIi pa3HbIX KOMMYTAaTOpOB  HIIH
MapLIpyTH3aTOPOB. XapaKTEPUCTUKH CETH MOXXHO OyIeT ONepaTHBHO H3MEHSTH B
peXHUMe PeabHOTO BPEMEHH, COOTBETCTBEHHO, CPOKM BHEJIPEHHSI HOBBIX MPUIIOKESHHN
W CEPBUCOB 3HAYUTEIILHO COKPATATCS.

IIpeumymiectBa, koropsie Aaer SDN, o4eBHIHBI, IpUYEM HE TOJBKO JUIS CETeH B
LeHTpax 00paboTKM IaHHBIX, HO M IS APYTUX THIIOB CETEBBIX HHQPACTPYKTY.
LenTpanu3oBaHHOE yIpaBiIeHHE MyJIbTHBEHIOPHOH CPeaoii, 3HAYUTEIbHOE YIIPOLIEHHE
00CITy>KUBaHUSI U MOJICPHU3ALINH, COKPAILICHUE BPEMEHN Ha OOHOBJICHUE NPOrPAMMHBIX
KOJIOB KOMMYTAaTOPOB/MapIIPyTU3aTOPOB ¥ BHEAPEHHE HOBBIX CEPBHCOB — BCE
MEePEUYHCIICHHOE BA)KHO KakK JUIsl KOPIOPAaTUBHBIX CEeTeH, Tak W Al MHQPACTPYKTyp
orepatopoB cBs3H. OJHAKO 5TO HE IIOBOJA Pa3oM OTKA3bIBAaTHCS OT IPEHMYILIECTB
pa3sBHBAEMOTr0O JAECSTHICTHSIMH TPAIUIIMOHHOTO IIOJXOJa, KOTJa KaKI0€ CEeTeBOe
YCTPOHCTBO  HANENSAETCS  HUHTEIUIEKTOM»,  JOCTATOYHBIM IS aBTOHOMHOTO
(YHKIIMOHHPOBAHUS.

Hayunwiii pyxosooumens — Tkaniu O.I1., kano. mexu. Hayk, 0oyexm
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HEJIOJIIKU TA HEPEBATM TEXHOJIOI'Ti CDMA

CDMA (Code Division Multiple Access) - mmdpoBa O6e3npoBigHA TEXHOJOTIS.
CDMA «koHBepTye MOBY B LU(POBY iH(OpMAIiIO, SKAa IMOTIM IEPECHIIAETCS SIK
pamiocurHan 1o Oe3npoBigHIE Mepeki. BHKOPHUCTOBYIOUM YHIKQIBHHNA KO IS
po3pi3HEeHHsT KOXKHOI okpemoi coth, CDMA nae MOXJIMBICTH Oe€3iui KOPHUCTYBadiB
onHodacHo "mimmtH" edip - 6e3 atMochepHHMX Tepemkon, "mepeTHHY" po3MoOB abo
iHTepdepeHIii.

Bigminnocti cranmapry CDMA Big iHIINX HHGPOBHX TEXHOJIOTIH: BUCOKA SKICTh
3B'SI3KY, €KOJIOTIUHICTH - Oe3meka Ui 3I0POB'S JIOJWHM, BUCOKA HIBHIKICTH mepenadi
JIAaHUX,KOH(1ACHIIHHICTD, 3aBaJI0OCTIHKICTh, EKOHOMIUHICTb.

Texnonoris CDMA (Ta iHIII CHCTEMH 3 PO3IIUPCHHAM CIEKTpa) JOBII POKHA HE
MpUAMAITHCS JI0 YBark B PyXOMHX CHCTeMaXx 0E3pOTOBOIO 3B'S3KY 4epe3 HasABHICTh Tak
3BaHOI MPOOJEMH OJIMKHBOI-MadbHBOI 30HH. BidHI MEMOCTKM CHTHAYy 3TOPTKH Bif
0JIN3bKO PO3MIIICHOr0 MOOUIBHOTO TEPMIHATY MOXYTh BHSBUTHCS IOPIBHIHHUMH I10
aMIUTITYli 3 OCHOBHHM BIITYKOM CHTHAIy 3TOPTKH BiJl HaHOLIBII BiJAIICHOTO
TepmiHany. ToMy iHIIWI HakiBaXknuBimuii MomeHT B TexHosorii CDMA: Bci pyxomi
TepMiHaJIK IOBUHHI CTBOpIOBAaTH MOONU3y aHTeHH 0a30BOi cCTaHLil MpuUOIN3HO
OJIHAKOBY HAIPYKCHICTh MOJ.

38130k y 30HI mokpuTts CDMA, sk mpaBmio, OUThII CTIMKHH, HDK y I1HIIHX
crauaapTiB. [10sSCHIOETBCS 1€ BIIACTUBOCTAMU 3B's3Ky B cranaapti CDMA. Tlo-niepiie,
LI BEJMKa TEPEIIKO03aXUIICHICTh, Ky CUTHAI HaOyBa€ BHACIIMOK JyXe IIUPOKOTO
cnekrpy curdany (1,25 MI'r). TakoMy cUTHaITy HE CTPaIHi MEPEIIKOAN TPOMHUCIOBOTO
MOXO/KEHHsI (HAITpUKJIIaZ aBTOMOOLI), TaK K X CIIEKTp Habarato BY>KYHH 1 HE3AaTHUH
nepekputu curHar CDMA. Tlo-apyre, Biii aOOHEHTa, IO PO3MOBIISE 1O Tele(OHY
crangapry CDMA, curHai npuiiMaeTbesi HE OJHIEI0 0a30BOI0 CTAHINEIO, SIK B 1HIIMX
CTaHIapTax, a JBOMa 4YM HaBiTh TpbOMa HailOmmwkunmu 10 Heoro. e mae psia mepesar:
Mepiie: MpH MEpeMIlIeHHI 3 COTH B CTUIBHHMKY BiZIOyBa€Thcs IIaBHA ecTaderHa
nepegavya abOHEHTa BiJl OJIHI€T 0a30BOI CTAHIIT JI0 1HIIOT, TAKMM YHHOM BHKJIFOUAIOTHCS
TepepBy 3B'S3Ky mpH pyci. Jpyre: miITpUMyrOUYd 3B'S30K OJHOYACHO 3 JIBOMAa-TPhOMa
0a30BUMH CTaHIISIMH, BUOMPAETHCS] HAHKPAIINI CHUTHAI.

Cnucok BHUKOPHCTAHUX JZKepeJI

1. http://it-tehnolog.com/statti/riznitsya-cdma-gsmy/.
2. ITpoBax po3Butky 3B’s13ky WiMax B YkpaiHi [Enexrponnnii pecypc] / Pexxum nocrymy:
http://podrobnosti.ua/internet/2010/07/26/703636.html.

3. MobGinsauit ¢popym [Enexrponnmit pecypc] / LTE (Long Term Evolution). Pexum
nocrymy: http://www.mforum.ru/t4/forum/fmps68

Hayxosuii kepisnux — Tapanenxo A.I. kaHO. mexH. HAyK, doyeHm
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Meabauuyk J1.B.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

KJIIACUDIKALST IHQOPMAL[IFII—{PIX PECYPCIB B CYUACHHX
IH®OPMAINIMHO-KOMYHIKAIOIMHUX CUCTEMAX

3rigHO 3aKOHOAaBCBa iH(GOPMAIIHUN pecypc BHU3HAYAETHCS SK ‘CyKYIHICTH
JOKYMeHTIB B iH(opMaliiHuX cuctemax (0ibmioTekax, apxiBax, 6aHKaxX JaHHX TOIIO)”.
[ opmariiiauii pecypc sSBISETHCS HEBIJ €EMHOIO CKJIAIOBOIO BCECBITHBOTO TIPOCTOPY i3
0o0OMiHy, HAKOTTMYEHHS, 3MiHH iH(opMarii.

Indopmaniiini pecypcu BiNIrpaloTh BEIMKY pOJIb MHPAKTUYHO B ycix cdepax
KUTTEMISUTBHOCTI HAmIoi JAepkaBW 1 cycminbeTBa. be3 iHGopMmanitHUX pecypcis
HEMOJKJIUBE ICHYBaHHS HE TIIbKM HayK, ajiie W (yHKIIOHYBaHHS CHCTEMH OCBITH.
Tomy Ha aHM MOMEHT CTOITh BKpail Ba)JIMBE 3aBJaHHs — YyIOCKOHAJIEHHs NpOLeCy
BHUKOPUCTaHHS HAsBHUX 1 BHPOOHHIITBA HOBHX iH(OpMaNiiHUX pecypciB, po3podka
Ii€BMX METONWK YHpaBIiHHSA IHQOpMamiiHEMH pecypcamMu 1 3abe3nedeHHS
iH(pOopMaLiitHOT Oe3MeKH.

Ha cooroaHimHii JeHb BBaXAETHCSl AOLUIBHUM BIJHOCHTH [0  CKIany
iHopMaLiiiHiX pecypciB cydacHi iHpOpMaLiiiHi CHCTEMH Ta TEXHOJIOTIi, TOMY caMe L0
Kkiacudikariro noTpioHo OpaTH 3a OCHOBY JUIS TOCTIPKCHHSL:

®  TIPUHAIEKHICTH PECYpCY 0 MEBHOI OpraHi3aliifHO-TEXHOIOTIYHOI CHCTEMH;
cnoci0d BUIICHHS 00’ €KTIB O0JIIKY;
NpHU3HAYEHHS pecypey;
3MiCT pecypcy (TeMaTu4Huit, 00’ eKTHBHUH, (OYHKIIIOHATBHUIA);
BUJOBHH CKJIaJl PECypCy;
JoKepeno iHdopmartii;
MIPaBOBUH CTATyC pecypcy;
CTPYKTYPHHI THII pecypcy;
BIJIKPUTICTB pecypcy;
CTYIIiHb CTPYKTYPOBaHOCTI iH(pOpMarii;
cnocid po3NOBCIOKEHHS 1 HOCIH, MOBa pecypcey.

Ha ™ot nymky, skimo posrisigatd indopmauiiiHi pecypcd B iHpOpMamiiiHo-
KOMYHIKaIlitHUX CHCTeMax JaHa Kiacugikamis motpeOye 3MiH Ta JONOBHEHb. TakuM
YMHOM 3aliBUMH € Taki O3HAaKW: Kepesno iHpopmauii, crocid po3MOBCIOMKEHHS,
MPUHANCKHICTE pecypcy [0 TIEBHOI OpraHi3allifHO-TEXHOJOriYHOi cucTeMu. [ s
BBaXKAr0, 10 JOLUTEHIM OyJI0 O BBECTH TaKy O3HAKy, SIK BapTiCTh iHO(ppMaIii, TOOTO He
TIJIKU BapTICTIO BUKOPUCTAHUX TPH ii CTBOPEHHI MPOrpaMHUX i MaTepialbHHUX 3ac00iB,
a came Bapricio iHdopmarlii, ska B Hei 3akigageHa. [IpoTe 3amporoOHOBaHI MHOIO
BJIOCKOHAJICHHSI HE € OCTaTOYHHMH Ta MOTPEOYIOTh OUIBII PETENBEHOTO ONpPAIfOBAHHS,
1o i Oy/ie METOK MOIX MOJABIINX JTOCHTIKECHb.

Cnucok BHKOPHCTAHUX JiKepel

1.  Cimkosa I TudopmariiiHo-aHaNITHYHI JOCHIIKEHHS B CTPYKTypi iH(popmauiitHux
pecypciB [Tekcr] / I'.Cinxosa // BicH. Ku. nanatun.— 2005.— No2.— C.14-18.

Hayxosuii kepienux — Traniu O.I1., kano. mexu. nayx, ooyenm
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Herpimnuii O.10.
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3AKPUTTS BY3bKOCMYTI'OBOI'O KAHAJIY 3B’SI3KY B ABIALIIMHUX
CUCTEMAX PAJIIO3B’SA3KY

IIpoGiema momnsirae B TOMy, IO iCHYIOYI TEXHOJIOTIi HepenaBaHHs KOH(iAeHIIITHOT
MOBHOI iH(poOpMalii 4epe3 cTaHAApTHHI By3bKO CMYTOBHH aBialliifHUH pajiokaHan He
3[1aTHI 3aJOBOJIGHUTH B KOMIUIEKCI ICHYIOWi HOPMH MO0 KPHUTEpiiB 3axHCTy
iHpopMaril, po30ipaMBOCTI NPUHHATHX MOBHUX MOBIIOMJIEHb Ta 3a0e3Me4eHHs
CTablUIBHOCTI 3B’ 53Ky .

Ha cporonuiniHiit JeHb €AMHUM HUIIXOM 3a0€3MEUeHHST MOMXIIMBOCTI €(heKTHBHOTO
3aXHCTy MOBHOI iH(poOpMalii B BY3bKOCMYTrOBOMY aBiaIliIfHOMY CTaHIAPTHOMY
pazmiokaHai, € BHKOPHCTaHHS KPUNTOTpaiyHUX CHCTEM y KOMILICKCI 13 BOKOAEPaMH.

Boxopepu — 11e mpUCTpoi CHHTE3y MOBH Ha OCHOBI JIOBITBHOTO CUTHAJY 3 IIUPOKUM
CHEKTPOM. 3aMiCTh BJIaCHE MOBHOTO CHUTHAJy IIEPENalOThCS TUIBKM 3HAUCHHS HOTO
MEBHUX IapaMeTpiB, SIKI HA NMPUAMANBHIH CTOPOHI KepyIOTh CHHTE3aTOpOM MOBH. B
OCHOBY CHHTE3aTOpPa MOBH BXOJSATh: T€HEPAaTOP TOHAIBHOIO CUTHATY JUIsi (hOPMYBaHHS
FOJIOCHMX 3BYKIB, TIeHeparop uIyMy Juisi (OpMyBaHHS IIPUTOJIOCHHX Ta CHCTEMa
(dbopmaHTHHX BIIBTPIB IS BiATBOPSHHSI IHIUBIIyalIbHUX OCOOIUBOCTEH roJoCy.

Boxkonep npenctapmnsie co60r0 MPUCTpiii 3 TBOMA BXOJAMH 1 OTHUM BUXOJIOM:

. Carrier — curHaJ 110 33a€ OCHOBHHI TOH a00 rapMOHIYHY CKJIaIOBY
BHUXIIHOTO CHTHaITy, TOOTO Hecy4a
. Formant — MOBHHI curHam KU TOTPIGHO 0OPOOHTH.

Boxkopepu 3abe3rneuyioTh BHCOKHE CTyMiHb CTHCHEHHs iH(poOpMamii, a TaKox
XOpOIly Y3TO/KEHICTh 3 CHCTEMaMd KaHAJIBHOTO KOAYBaHHA 1 INU(pPyBaHHS, B
pe3yabTaTi 4Y0T0 MOPIBHSHO JIETKO 3a0€3MEUYUTH BHUCOKY 3aXWIIECHICTH CHUCTEM 3B’SI3KY
BiJ| 3aBaJl Ta BUTOKY iH(opMarii.

Jns  BupimeHHs 3amadi KOAyBaHHA 1 IMUQPYBaHHS HAWONTHMAIBHIIINM €
BUKOPHUCTaHHSI cTeKy mnporokoniB I[Psec. IPsec — me Habip mnpoTokoniB 1o
BHUKOPHUCTOBYEThCS ISl 3a0e3NeUeHHs] CepBiCiB NpuBaTHOCTI Ta ayTeHTHgikamil. Ili
MPOTOKOJIM MOXKHA PO3JIJIMTH Ha JiBa KJIACH — IPOTOKOJIM 3aXHCTY BHXIJHHX JAQHUX Ta
MIPOTOKOJIM OOMIHY KITFOUaMH.

IPsec BUKOPUCTOBYE 1B MPOTOKOIH AJIs 3a0e3MeYeHHS Oe3neKn Tpadiky:

. Authentication Header (AH) 3abe3neuye wuidicHicTh 3’€IHaHHS Ta
ayTeHTH(DIKaLiI0 BUXITHUX JaHUX;

. Encapsulating Security Payload (ESP) 3abe3neuye
KoH(iAeHUiiHICTD (undpyBanHs) Tpadiky.

IKE (Internet Key Exchange) — mpoTtokon oOMiHy Kimodyamu 1o 3a0esmedye
3axHIICHE Y3TOKEHHS 1 JOCTABKY 1ICHTU(IKOBAaHUX TaHHX.

Hayxosuii kepisnux — Konaxosuu I'.@., 0-p mexH. HayK, npoghecop
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IJIAH KOHBEPCIi PAJIOYACTOTHOI'O CIIEKTPY YKPAIHHU JIJI51
BITPOBA/IKEHHSA CYYACHHUX CTVIBHUKOBHUX MEPEX

Jist 3a0e3nieueHHss OLIBII BHCOKHX IIBHJKOCTCH TEpENaBaHHS JNaHUX 1 OUIBII
HU3BKOI BapTocTi Tpadika, B HopiBHAHHI 3 TexHosorisMa GSM, CDMA Ta inmi. Byno
pPO3pOOJIEHHO NPHUHIMIIOBO HOBI TEXHOJOTIT 3B’SI3Ky TPETHOrO Ta YETBEPTOrO
nokoninasg, 3G Tta 4G. Ha pgaHuii MOMEHT MOXJIMBICTH iX PO3MOBCHOKECHHS
posrisinaroTecs B YKpaiHi. AJie B Cy4aCHMX yMOBaX BHHMKAIOTH Pi3HI mpoOiieMu y
BIIPOBA/KEHHI IIUX TEXHOJIOTIH.

Merta poGotu. [leTanpHe 03HAHOMIICHHS 3 TEXHOJOTISIMA TPETHOTO Ta YETBEPTOTO
nokomiHHA. OcBiTineHHs npoOiem 3ampoBamkenHs 3G Ta 4G B VYkpaini. Oninka
CY4YacHOT0 CTaHy paJio4acTOTHOTO CIEKTPY YKpaiHu. MoximBocTi nepedopMyBaHHS
pamioyacToTHOrO pecypcy sl e(eKTHBHIMIOro BHUKOpUCTaHHS. Po3poOka miany
KOHBepCil pafioyacTOTHOTO pecypcy.

Ha panwii MOMEHT iCHYIOTh JIBi OCHOBHI MpOOJeMH JJs BIPOBAIKCHHS
HaWCYYacCHIIINX TEXHOJOTIH B YKpaiHi:

1.  Omeparopu MOOUTFHOI Mepexi HE MalOTh JINCH3II0 Ha 3aCTOCYBaHHS
texHoorii 3G Ta 4G.

2. HeoOXxigHicTe BHOIICHHS YacTOTHOTO [liala3oHa, SIKMA 3apa3 YacTKOBO
BHUKOPHCTOBYETHCS OLIBII CTAPHMH TEXHOJIOTISIMH.

3. Ilepermsan pspa monoxeHb HamionambHO! TaOmMI{ po3MOAUTY CMYT YacTOT
VYkpalHu B 4aCTHHI CMYT 3arajJbHOrO Ta CIENiaIbHOrO0 KOPUCTYBAHHSI.

TIpono3utiii:

1. MakcuManbHO MOXJIMBE 3BUIBHEHHS PajiodacToT A BIPOBAHKEHHS HOBHX
TEXHOJIOTH.

2.  BmpoamkeHHs cTaHAapTiB TpeTboro nokoninag 3G ta LTE, nepeobnannanns
0a30BUX CTaHIIIH, aTapaTHOTO i MPOTPAMHOTO 3a0e3MeUeHHS.

3. OsnaifoMuTn HaceNeHHsS YKpaiHM 3 MOXIIMBOCTSIMH HOBHX TEXHOJIOTIH
3B’5I3KY, PO3Ka3aTy IIpo iX IMepeBary i IepeKoHaTH y IX He0OXiTHOCTI y Cy4acHOMY CBITI.

Hayrosuii kepisnux — Ooapuenko P.C., kanO. mexH. HayK, OOyeHm
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YK 519.688

Momurensko 0.0.
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NECHEKTUBHBIE APUXUTEKTYPBI OITOPHbBIX CETEM U151 CACTEM
MOBUWJIBHOU CBA3HU 4G

OnHa U3 mpenunuanbHeIX ocobeHHocTed apxurektypsl cereit LTE 1 WiIMAX —
BO3MOXKHOCTh OpPraHHU3alld KaHAJOB CBS3M HEIOCPEACTBEHHO MEXIy O0a30BBIMU
CTaHIMSIMU. B 9TOM HX CyIIeCTBEHHOE OTIMYHE OT apXUTEKTYpHI CETEH COTOBOM CBS3U
3G, KOTOpBIE CTPOSTCS IO 3BE31000pPa3HON TOMOJOTMH C HITI030M-KOMMYTAaTOPOM B
nentpe. Cronb 3HaYMMOE OTIAMYME MEHSEeT M apXUTEKTYpy, W IPHUHIBIIBI
MapuIpyTH3aluy Tpaduka BHyTpU Takoi cetu. Taxoke, KOpEHHBIM 00pa30M U3MEHSIOTCS
TpeOOBaHHS K KaHAT000pa3youlel anmapaType Takoi OOpHOI CeTH.

IIpexxne Bcero, omopHas CeThb CTAHOBHTCS T€TEPOTEHHOH, ITOCKOIBKY Oa30BbIE
CTaHIIMU U IIUTIO3BI MOTYT COEIUHSTHCS MOCPEICTBOM, KaK IPOBOAHBIX KAHAJIOB, TaK M
OecrpoBOAHBIX. B KkadecTBe MOCIEIHEr0 MOXET HCIIOIB30BAThCA paguopesieiHoe
000pyI0BaHNE «TOYKA - TOYKA» MUKPOBOJIHOBOTO JIMAIIa30Ha.

CraThsl OTKpBIBAE€T CEpUI0 HOBHX IyOJIMKalMii O HaOWparomeM HOMyJISIPHOCTh B
Halle BpeMs Crocode OpraHM3aly OMOPHBIX CeTeH Ul cucTeM MOOHMIIBHOH CBSI3M B
MWIMMETPOBOM JWana3oHe. B jaHHONW pabore OyneT OTpakeH B3IJIAA Ha OTy
mpobjeMaTuky ¢ yderoM HaHHBIX kommanum Siklu (www.siklu.com) — ObicTpo
Pa3BHUBAIONIETOCS IPOU3BOIUTENS 000PYOBAHUS «TOUKA - TOUKA» JUII MHOMMETPOBOTO
JIMAaTIa30Ha BOJIH.

B mpezncraBieHHOM JOKITane pacCMOTPEHO COBPEMEHHOE COCTOSHHE apXHUTEKTYPEI
OMOPHBIX CeTeil s cucTeM MOOWIBHON cBsizu 4G, TaKkKe MOIPOOHO PACCMOTPEHO
amapatypa komnanuu Siklu, cuTyammst ¢ pagMOYacTOTHBIM CIIEKTPOM B JIaHHOM
JMara3oHe B YKpanHe, pacCMOTPEHbI MPUMEPBI peann3alui MPOEeKTOB

Haykosuii kepienux — I.@. Konaxoeuu, 0-p mexu. nayx, npogecop
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

YK 004.057

Mouimyk B.B.
Hayionanvnuii asiayitinuil ynieepcumem, Kuis

AHAJII3 HEJOJIIKIB ITPOTOKOJIIB YIIPABJIIHHSA MEPEKEIO

Mepexxa 3B'SI3Ky sBIg€ cOOOK CYKYNHICTh BY3JiB 1 JiHIH MiK HHMH, BOHA
MIpU3HaYeHa JyIsl epeadi MOBiJOMICHb Y BUTTIA/I €IeKTPUYHUX CUTHAJIB BiJ JKepena
MOBIZIOMJIEHb 10 ojepKyBada. Jmst peasnizamii mociayr 3B'S3Ky HEOOXiTHO HE TIIBKH
MaTH ONTHMAaJbHO MNOOYMOBaHI Mepexi 3B'AI3Ky Ta BIANOBiAHE OONangHaHHA, a W
CTBOPUTH JIOTIOMIXKHI CITy’)KOM, CHUCTEMH, HAJAOYIOBH HaJ MEpPEXKEI 3B'S3KY, SIKi
3abesneunan O ii crilike (yHKIIOHyBaHHA. Y CBOIfi poOOTI CHCTEMH YIpPABITiHHS
CIMPAIOTHCSI HAa CTaHIAPTU30BaHI MPOTOKOJIM YIPABIiHHS, HAWOUIBII BXKHUBaHHUMH
ceorogui € SNMP i CMIP .

Jis apMiHICTpYBaHHS MEpeXi 3B'3Ky MOTPiOHO 3HATH CNAaOKi MiCIA HMPOTOKOIIB,
[0 YIPABJIAIOTH MEPEKEI0, TOMY HEOOXITHO MpoBecTH aHaui3 Henoikie SNMP i CMIP.

SNMP (Simple Network Management Protocol) - cranmapTHUii iHTEpPHET-TIPOTOKOI
JUIsL ynpaBiiHHA npucTposimu B IP- mepexxax Ha ocHosi apxitektyp UDP/TCP. 3a
noriomoroto  mporokoiay SNMP, mnporpamHe 3a0e3nedyeHHs Uil yNPaBIiHHS
MEPEKEBUMH TPUCTPOSMH MOKE OTPUMYBATH JAOCTYII J0 iH(pOpPMAILii, sika 30epiraeThest
Ha KEPOBaHMX NPHUCTPOSX (MapLIpyTHU3aTOpax, KOMyTaTopax, cepBepax, NPHHTEpax i
iHIMX) 1, B JesIKUX BHMAaAKax, 3MiHioBaTH ii. SNMP 306epirae indopmamnito mpo
MPUCTPi, Ha SKOMY BiH MpaIoe, B 0a3i maHux. Ha mpakTwili, BUKOPUCTOBYIOTH TaKi
Bepcii nporokoimy: SNMPv1, SNMPv2 i SNMPv3. IN'onosanmu zHeponikamu SNMP e :

1. Pobora uepe3 Henaniitauii npotokosn UDP, mo npu3BoAnTS 10 BTpaT aBapiiHKUX
TMIOBiZIOMJIEHb BiJl areHTIB 0 MEHE/KEPIB 1 MOXKE MPU3BECTH 10 HESIKICHOTO YIIPABIIiHHS.

2. CkiaJiHi npaBuiia KOJyBaHHSI.

3. Cwmyra nmpomycKaHHsS KaHaimy mnpu BukopuctanHi SNMP  Hepimko
BUKOPHUCTOBYETHCSI HEe()EKTUBHO Y 3B'SI3KYy 3 IEpeiaucio B KOXKHOMY IIOBiIOMIICHHI
HenoTpiOHOi iHpopMalii (HanmpukiIa:, Bepcii IpOTOKOIIY ).

4. [laHi HEOOCTAaTHHO IOKJIAIHI 1 OTaHO opraHi3oBaHi ( BumpasieHo B SNMPv2c ) .

5. BincyTHicTh 3ac00iB B3aeMHOI ayTeHTH(IKamii areHTiB i MEHePKepiB, Yepe3 10
3JIOBMHCHAKH MOXYThb OTPHMAaTH JIOCTYyNI na0 iHdopMmarii B Mepexi (JacTKOBO
BunpariicHo B SNMPv2c, B SNMPv3 BukopuctoByeThest MeTon mudpysanus DES ) .

CMIP (Common Management Information Protocol) - mpoTokon ynpapmiHHS,
pekomennoBanuii ISO B sikocTi 6a3oBoro. CMIP 103BoJIsIE HE TUTHKHM TIEPETIIAAATH AaHi
Mepexi, ane i MoaudikyBaTH KepoBaHi 00'€KTH Ta BUKOHYBATH [ii 3 HUMH.

Haii6inpuiiM HeqoNmikoM € Te, 10 MPOTOKOJ BHMAra€ B JCCATKH pa3iB Oinblie
cUCTeMHHX pecypciB, Hbk SNMP, ToMy nanmexo He KOKHa Mepeka MOXKE TO3BOIHUTH
co0i ioro ¢yHkmionyBanHs. llle onmHiero mpoOIEMOI0 MOXKHA Ha3BaTH CKIAIHICTH
nporpamyBaHas CMIP, Tinpkn HalikBanmiikoBaHIII NPOTPaMiCTH MOXYTh PO3KPUTH
MIOBHUH MOTEHIIia] JAHOTO MPOTOKOIY.

Haykosuii kepisnuk — P.C.Ooapuenko, Kano. mexH. HayK, O0YeHm
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Pubansuenxo €.B.
Hayionanvnuii asiayitinuil yniseepcumem, Kuis

PO3POEKA TEXHOJIOI'Ti IPOTHO3YBAHHSA MYJIbCALIA TPA®IKA HA
OCHOBI IIOKA3HHUKIB AKOCTI TIPOTHO3YBAHHSI.

3ajgaua TNPOTHO3YBaHHS IIyJbCallii ITOTOKIB MAaKeTiB 3BOJUTBCS MO0 3aaadi
NPOTHO3YBaHHS «IIOBEAIHKI» JAUCKPETHOTO YacOBOTO Psy. 3 MOMIIsAY 3arajbHoi Teopil
NPOTHO3YBaHHS YAaCOBHH PsiJi, II0 MOJEIIOE MEPEXKHUH Tpadik, MOXKHA MIPEACTABUTH Y
Burmani x(k)=y(k)+e(k), ne y(k) — HeBUITaIKOBUH KOMITOHEHT (IO BKIIOYaE B cebe
B 3araJbHOMY BHUIQJKy TPEHJ, IUKIIYHI H CEe30HHI KONMBaHHSA), &€(k) — BHIIAJKOBI
(HeperyJspHi) KOIMBaHHSA. [3 IUX MO3MIIIH MPOrHO3 /1-TO 3HAYEHHS THMYAcOBOTO DSy
x(k) cxmamaerbcs 13 TPOTHOCTHMYHOI OIIHKH BHUIAOKOBOTO W HEBUIAIKOBOTO
KOMIIOHEHTIB: X(n) =y (n)+ &(n), ToMy sKicTb nporHosy psay x(k) Tum BuIe, HDK
SIKICHIII ONIHKY OCTaHHIX.

OCHOBHI ITOKa3HUKH JJIsI OLIHIOBAHHS ITUPHHYU CMYT MOPTIiB BY3JI0BOTO 00JIaJHAHHS
(BO) 3a mpOrHO3HUMH 3HAYCHHSMH, SIKi CHOPSIMOBaHI Ha MIJBUMICHHS €(QEKTUBHOCTI
(YHKIIOHYBaHHS MEXaHI3MIB KepyBaHHS CMyTI'aMH IIUX HOPTIB Ie:

1) Ilapamemp nomunxku npoenosy: E, = [ke,m, / k]~100%, ge k — 3arambHa

KUTBKICTh TOYOK MPOTHO3Y, kerror — KUIBKICTh TOYOK, B SIKAX MPOTHO30BaHA MIMPHUHA
CMyTH TIOpTy OyJia HeOCTaTHBOIO. E, BimoOpaskae JOJI0 MOMHJIOK, IO BHHUKAIOTH MiJl

Yac 3aCTOCYBaHHS TOTO YH iHIIIOTO allTOPUTMY MIPOTHO3YBAHHS.
2) [lokasnux eKoHOMII WUpUHU CcMye HOpMI8  8Y3108020 OONAOHAHHA:

n . .
E. =| sum W, =Wp;) [ sum W; |-100% e k — KIIBKICTH TOYOK nporuoszy, n —
0<i<k

¢ O<i<k 4
i=0

3arajibHa KiJIbKiCTb HOPTIiB, W; — BCTaHOBIEHA IIMPUHA [-T'0 NOPTYy, Wp; — IIMPUHA i-TO

HOPTYy 3a IporHoszoM. FE,. BinoOpaxae CTymiHb MiABHIIEHHS 3aBaHTaxkeHocTi BO

3aBISKH 3aCTOCYBAaHHIO MEXaHI3My Mepepo3IOIUTy IPOITyCKHOI 3[aTHOCTI 00IaHAHHS,
10 32CHOBAHUI1 HA OTHOMY i3 METO/IiB IPOTHO3YBaHHS, BITHOCHO PIBHS 3aBAaHTA)XEHOCT1
B YMOBaxX BIJICYyTHOCTI TaKOTO MEXaHI3My Iepepo3oiny. BBakaeTscs, MO 3aBISKH
BUKOPHCTAHHIO TAKOTO MEXaHi3My «CKOHOMHThCS» cMyra mnpomyckanus BO. Came 3a
MM HOKa3HHKAMHU OLIHIOETHCS SIKICTh OOpPAaHOT0 aIrOPHTMY HMPOTHO3YBaHHS. 3ajada
MPOTHO3YBAaHHS MEPEKHOrO Tpadika po3riIsaacTbesl K CKIaJ0Ba 3a/1adi JUHAMIYHOTO
KEepyBaHHS MEPEKHUMH pecypcamu. A BHIIE3a3HAYCHUH IMiXiJ] JO3BOJSE HE TUTBKH
3pOOHTH BHCHOBKH MIONO MPOTHOCTHYHOCTI MepekHOoro Tpadika, ame W OJHOYACHO
OLIIHUTH BUTpAII BiJl 3aCTOCYBAaHHS aJalTHBHOTO aJrOPUTMY JMHAMIYHOTO KepyBaHHS
CMyraMH IOpTiB KOMYyTaTopa y IOpIBHSAHHI i3 KIaCHYHOI CXEMOI0 CTaTHYHOIO
posmnominy pecypciB. Lle BaXJIMBO 3 TOYKH 30py OLUHKH OLIIBHOCTI 3aCTOCYBaHHS
Ha3BaHOT'O METO/lY KepyBaHHS Ha MPaKTHLL.

Hayxosuii kepisnux — Yynpun B.M., 0-p mexn. nayk, npoghecop
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Coxkin .M.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

AHAJII3 BE3JIPOTOBOI TEXHOJIOI'Ii ULTRA WIDEBAND

UWB, a6o Ultra Wideband, (TexHosoris HaJIIMPOKOCMYTOBOTO 3B'SI3Ky) - CIIOCIO
nepenadi iHpopmalii, 1110 BUKOPHCTOBYE BUCOKOYACTOTHI IMITYJIbCH 3 MaJIOIO EHEpri€lo.

V texnomorii UWB Multi Band OFDM nepen6a4a€eTscsi BUAKOPUCTAHHSI HE BCHOTO
CHEKTPaJILHOTO Jiana3oHy, a TUTbKH 9acToT Bif 3168 mo 4752 MI'm.

Texnoxoriss OFDM 3HaxoQuTh IIMPOKE 3aCTOCYBAHHS B MPOTOKOJIAX O€31pOTOBOrO
3B's3Ky, Hanpukiag B crapaaprax IEEE 802.11a, 802.11g i 802.16. OcHoBHa nepeBara
JIAHOI TEXHOJIOTII MoJIsirae B TOMY, L0 BOHA JI03BOJISIE peali3yBaTh BHCOKY IIBHJKICThH
nepefadi JaHUX, Ma€ BUCOKY CIIEKTPAIbHOI €(EKTUBHICTIO 1 CTBOPIOE MEPEIyMOBH IS
e(eKTUBHOTO TPHIYIICHHS TAKOrO IIapa3sUTHOTO sBHINA, SK OaraTompomeHeBa
iHTep(epeHIlis CUTHANiB, IO BHHUKAE€ B pe3yjibTaTi 0araTopa3oBHX BiIOOpa)KeHb
CHUTHaJIa BiJl IPUPOITHHUX MEPELIKO/I, BHACIIIOK YOT0 OJIMH i TOH e CHIHAJI IIOTPAIUIsic B
npuiiMay pisHuMH nuigxamu. OTKe, B TOYLI HPUAOMY pPe3yJIbTYIOUHI CHTHAI SIBIISIE
co0oro cyneprnosutiro (iHTepdepeHIio) 6araTb0X CUTHAJIB, 10 MAIOTh Pi3HI AMILTITY 1
1 3MIOIEHUX OJWH BIJHOCHO OJHOTO 3a YacoM, IO IPHU3BOJHUTH 0 CHOTBOPEHHS
HpUiHITOr0 cUrHany. baratonpomeHeBa iHTep(epeHIsl BiacTHBa OyAb-IKOMY THUITY
CHTHAJIB, aJie 0COOJIMBO HEraTUBHO BOHA [03HAYAETHCS HA IMPOKOCMYTOBUX CHUTHAJIAX.

Jns peamizanii meronry OFDM B mepenaBajdbHUX NPHUCTPOSX BHKOPUCTOBYETHCS
3BopoTHe mBHKe neperBopenHs Oyp'e (IFFT).

Trmoro oco6muBictio Texuosorii UWB MultiBand OFDM € TuMuacoBe 4epryBaHHS
OFDM-cumBoniB 3a TpboMa uactorHuMmu kaHanamu (TFI-OFDM). Takwmit minxin
JO3BOJIIE PIBHOMIPDHO 3allOBHUTH BECh YaCTOTHHI Jiama3oH 1 3HU3UTH BIUIUB
OararomnpomeneBoi iHTepdepeH il Ha coTBOpeHHs curHany. Kpim Toro, ams 60poTeou
3 OararormpoMeneBoto iHTepgepermieio B TexHosorii OFDM BHKOPHCTOBYIOTBCS
oxoponnui inTepBai (Guard Interval, GI) i unkniunuii npegikc (Cycling Prefix).

Ha ¢isnunomy piBui B TexHonorii UWB MultiBand OFDM npu nepenaui gaHux
BUKOPHCTOBYIOTBCS TPaJMIiiiHE CKPeMOJIIOBaHHS, 3TOPTKOBE KOJYBAaHHS, YepryBaHHSI
oiriB (Bit Interliving) i ¢a3zoBa wmomymsmiss QPSK. Bukopucranns Ttexnoorii
yepryBanHs OitiB B Mexax OFDM-cumBomy i B mexax Tpeox OFDM-cumBoinis
JIO3BOJIIE CTBOPUTH DPIBHOMIPHHMH CIEKTp CHTHAJy B MeEXaX BCbOTO YacTOTHOTO
nianasoHy sIK B KOXXHOMY YaCTOTHOMY KaHalli, TaK i B yChbOMY YacTOTHOMY [iara3oHi,
oo MiHIMI3y€e WMOBIpHICTP BHHHKHEHHS MDKKAHAIBHOI IHTEpQEpeHmii i MOMHIOK
repeaadi.

Takum uunom, y TexHosorii UWB e 3HauHi mepcrnekTHBH B pi3HHX chepax
3aCTOCYyBaHHsS CHCTeM meperadi iHpopmanii Ta pamioyokalii, 3aBISKH CBOIM
MOJKJIMBOCTSIM TIepeadi 3HauHOTro o0csry iHdopmarii Ta iHImIMX 0coOnMMBoCTeH. Ane Ha
JAHOMY eTarli pO3BUTKY TEXHOJIOTiH € psj mpoOieM, IO 3aBaKaloTh BIPOBA/LKEHHIO
UWB 3B's13Ky.

Hayxosuii kepisnux — baxmiapos /1., acucmenm
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Crynak M.O.
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®OPMYBAHHS BUITAJKOBUX IIOCJII,ZIOBHOCTEFI B CUCTEMAX
3AXUCTY AKYCTUYHHUX KAHAJIIB IHOOPMALII

IcHYIOTD aKTHBHI Ta NACHBHI METOAM 3aXHCTy iH(OpPMAII] BiZl BUTOKY aKyCTHYHHM
kaHasioM. [IJ1st 3SMEHIICHHS CITiBBIJHONIECHHS CUTHAJ / IIyM Ha IPaHUIli KOHTPOJIbOBAHOI
30HHU U1l YHEMOXKJIMBIICHHS] BUJIIEHHSI aKyCTHYHUX CUTHAJIB CTBOPIOOTHCS MAacKyIOUi
aKyCTW4Hi, BiOpauiiiHi 3aBamy (PU 3aCTOCYBaHHI aKTUBHUX MeTofiB). [lacuBHI MeTonn
MAalTh Ha METi MOCTabICHHS aKyCTUUHHX CHTHAIIIB HAa MEXi KOHTPOJIOBAHOI 30HH 10
piBHSI, P SIKOMY HEMOXIIMBE 1X BHIUICHHS 3aco0amMM po3BiAKM Ha (OHI HPHPOAHIX
IIyMiB.

3amyMIIeHHS-OIMH 13 TOIIMPEHUX AKTUBHHUX METONIB 3axucTy iH(opmamii. Bin
TMIOJIATAE y 3aCTOCYBAaHHI MAaCKYIOUNX (IIyMOBHX) CHTHAIIIB.

Jns  cmpomieHHS KaHAJiB Ilepefadi MAacKylodyoro CHTHaNIy O Miclob Horo
BiZITBOPEHHS IPONOHYETHCS BHKOPHCTOBYBATH IIMPOTHO- IMIIYJIBCHY MOMYJISLIIO
(ILIIM), ToOTO TMepemaBaTUCh Oyne MOCHITOBHICTH IMITYJIbCIB, TPUBAJICTh SKHUX Oyne
BUMAIKOBOIO BEIMYMHOK 13 3aJaHMMH  Xapakrtepuctukamu. [{o6 30inbmmTn
HOTY)XHICTh IIyMOBOro curHamy npu 3amanomy Buai IIIIM 3amicte mopororo
MJICHIIIOBaYa MOXKHA BHKOPHCTOBYBAaTH €JIEMEHTapHy KIIOYOBY CXEMy, KEpOBaHY
(hOpMOBaHUMHU KOMITIOTEPOM IMITYJIbCHHMH CHTHalaMu. B naHomy Bumajaky BoHa Oyne
BHUKOHYBATH POJIb MiJCHITIOBaYa.

TloriM mimcwiaeHWit cHUTHAN TIOCTYHAa€ Ha HU3BKOYACTOTHHH (LNBTp, SKUHA
HEOOXIMHUH /I OOMEXEHHS CMYTM MAacKyluoro CHUTHaly. [HKOMM 3acTOCOBYIOTh
JeKiJbKa OJIOKIB BINTBOPEHHS MAacKyHO4Oro CHUTHANy JUIsi 3axucTy iHdopmarii Bix
BUTOKY aKyCTHYHHM Ta BiOPOaKyCTHYHHMM KaHajmaMu (B 3aJlIe)KHOCTI Bif pO3MIipiB
BU/IIICHOTO NPHMIIIEHHS), TPU BUKOPHUCTAHHI JIMIIIE OJJHOTO KOMITIOTepa — (opmyBada
BHMAIKOBOI  IMITyJIbCHOI ~ TIOCHYJOBHOCTI  (OOMH  TakWid  KOMIDIEKC  MOXKe
BHKOPUCTOBYBATHCH IS 3aXUCTY NEKITBKOX BHIUICHUX MPUMIIICHB).

3anpornoHoBaHM MeTon (DOPMyBaHHS MACKYIOUMX CHTHAJIIB MOXKHA BBAaXKaTH
MepPCIICKTUBHAM,TaK SK BIiH Ma€ IIMPOKHH [iarna3oH pPeryJIOBaHHSI XapaKTePHCTHK
MaCKyIOYHMX CHTHAIIB 1 J03BOJISIE 3HAYHO 3MEHLINTH BUTPATH Ha 3aXHCT iHQopmariii.
IIpore BiH moTpeOye MOAAJBIIMX AOCTIIDKEHb IMOBS3aHHMX 3 IHIIMMH Te€HepaTopamu
IIyMOBUX CUTHAJIB.

Haykosuii kepienux — /lagiem sany O.1, 0-p mexn. nayk, npogecop
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TepentneBa U.E.
Hayuonanvnuuii asuayuonnwiii ynusepcumem, Kuee

IMOKA3ATEJIM BBIBOPA OIITUMAJIBHOI'O BAPUAHTA
PE3EPBUPOBAHMUS TEJEKOMMYHHUKAIIMOHHBIX CUCTEM
HIMPOKOINIOJOCHOI'O PAANOJOCTYIIA

[Inpokoe pacmpocTpaHeHne WHGOKOMMYHHUKAIMOHHBIX CHCTEM BO CBCeX cdepax
JIEeATeIbHOCTH oOmecTBa 00yClaBIMBacT HEOOXOAWMOCTh BBICOKOTO — KadecTBa
npenocTaBisieMbix ycuyr. OT HaJeXHOCTH (DYyHKIMOHHMPOBAHHS TEIEKOMMYHHKa-
moHHbx cucreM (TKC) B 3HaunTenbHOM Mepe 3aBHCUT pabOTOCIIOCOOHOCTH
MIPAaKTHIECKH BCEX MPEINPHATHI W opraHmu3anii crpassl. [loaToMy B Hacrosimee BpeMs
oco0ble TpeOOBaHUS HPENBIBIAIOTCS K YpOBHIO noctymHoctH (rotoBHoctH) TKC.
YpoBerb kod(ddunmeHTa TOTOBHOCTH JojbkeH OviTe He Hmwke 0,99999. DOto
COOTBETCTBYET CyMMAapHOMY BPEMEHHU IPOCTOSI CUCTEMBI (OTCYTCTBHUIO JOCTYIHOCTH 10
MH()OKOMMYHHKAIIMOHHBIX YCIIYT) He Ooyiee 5 MHUYT B TeueHHe rojga. Takum oOpasom,
3aaya 0OeCIeUYeHUsT 3aJaHHOro ypoBHs rotoBHoctd TKC sBiseTcss NOCTaTOYHO
Ba)XHOH WM aKTyaJbHOH. AKTyaJdbHOCTH 3TOH 3a/adi 00yCIIaBIMBACTCS TAKKE TEM, UTO
KogecTBO moJb3oBaTeneid TKC HEeYKIIOHHO pacTeT, yBennduBaeTcs o0beM Tpaduka u
MPUJIOKEHHH, KOTOpbIe MpeiaraloTcsi abOHEHTaM, BCe 3TO BIedeT 3a coOoit
yBEJIMYEHHE KOJIMYECTBAa OOOpPYJOBAHUS M €ro YCJIOKHEHHE, YTO COOTBETCTBYIOIHM
00pa3oM cka3bIBaeTCs Ha HAJAEKHOCTH U KadecTBe GpyHKkumonnposanus TKC.

Oco0y poms B coBpeMeHHBIX TKC Wrparor IIMPOKOIIOIOCHBIE CHCTEMBI
a00HEHTCKOTO PaJNOJOCTYIa, MOCKOIBKY KOJIUYECTBO MOOHMIBHBIX aOOHEHTOB TaKKe
cTpeMutensHo pacteT. IlosToMy B TOKName paccMaTpHBArOTCSl BOIPOCH 0OeCTeUeHHs
3aJaHHOTO  YPOBHS ~ KOTOBHOCTH  CHCTEM  HIMPOKOMOJOCHOTO  PaaHoAO0CTyTa
UMTS/WCDMA. Kax nokaspiBaeT aHanu3 nporecca skciuryaranun TKC, obecrieuuts
TaKol BBICOKHH ypOBEHb 'OTOBHOCTH CHCTEM MOKHO TOJIBKO 3a CHET amapaTypHOro
pe3epBHpOBaHUS O0OpPYJOBaHUS W TIPOTPAMMHOTO OOECIeUeHWs, B UYacTHOCTH,
pe3epBupoBaHUs 0a30BBIX CTAHIMK, KOHTPOJUIEPOB U LUTIO30B. BBeneHne cTpyKTypHOU
N30BITOYHOCTH MO3BOJISIET CYIIECTBEHHO MOBBICHTH KOA()GHIIMEHT TOTOBHOCTH, OJHAKO
OpY O5TOM BO3HMKAeT IpobieMa (UHAHCOBBIX HMHBECTHLMH B IOMNOJHUTEIEHOE
o0opyoBaHUE, KOTOpOe ABISETCs JoporocrosmuM. Heo6xoanmo HalTH onTUManbHOE
COOTHOIIEHNE MEXIy 3aJaHHBIM ypPOBHEM TOTOBHOCTH M (PMHAHCOBBIMH 3aTpaTaMHy,
HEOOXOJUMBIMU IS 00ECTIEYEHHSI TOTO YPOBHSI.

B kauectBe KpuTepus BBHIOOpa ONTHMAJIBHOTO BapUaHTa  Mpelaraercs
HCIIOJIb30BaTh MHUHUMYM CPEJHUX OSKCIUIyaTallMOHHBIX 3aTpaT NpH OrpaHHYeHHH Ha
3HaueHne kodddumunenrta roroHoctn TKC. [IpoBenena knaccupukarys cCoBpeMEHHBIX
TKC umpoxomonocHoro mocryna UMTS/WCDMA. BeineneHbl OCHOBHBIC BHIBI U
CTPYKTYPBI PE3ePBUPOBAHUS ITUX CHCTEM. I Pa3sNMYHBIX CTPYKTYP Pe3epBUPOBAHHUS
OIpe/ieNeHbl OCHOBHBIE TEXHMYECKHE M SKOHOMHYECKHE ToKa3aTenu. s UX OLEHKU
MpeyIoKeHa MaTeMaTHdeckas MOJeNb Mpolecca TexHuuecko skcrutyaranuun TKC,
OCHOBaHHAas Ha CBOMCTBAax CIIy4ailHBIX PEreHUPUPYIOIIUX MPOLECCOB, YTO MO3BOJIHIO
BEINIOJIHUTE MaTeMaTHYeCKoe MOJeNNpoBaHue mporecca skcmryarammn TKC mpm
Pa3IHYHBIX CTPYKTypax pe3epBUPOBAHMSI.

Hayuynwiii pyxosooumens — B.B. Yaanckuil, 0-p mexw. Hayk, npogecop
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BITPOBAJUKEHHSI HOBUX METOAIB HABUAHHS 1JI51 CTYIEHTIB
HATIPAMY «TEJIEKOMYHIKAIIMHI CUCTEMMU TA MEPEXI»

B cy4yacHOMY CBITi CTPIMKO pPO3BHBAIOTHCS TEXHOJOTII 1 MOCTIHHO 3'SBIISETHCS HOBA
iH(opMmariis, Ky MoTpiOHO MIBUIKO 3aCBOIOBATH 1 BMITH 3aCTOCOBYBATH. TOMY BasKIIHBO
3alpoBa/LKyBaTH HOBI METOIU HAaBYaHHS Ha 0a3i Pi3HOMAHITHHX TEXHIYHHX 3aCO0iB i
IporpamMHOro 3a0e3redeHHs, sKi O jormomarany Jieriie i NIBUALIE 3amaM’sTOBYBaTH
iHdopMmalliro, a TAKOK PO3BUBATH MPAKTUYHI HABUKH Y CTYICHTIB.

Icnye Oarato TexHIYHMX 3aco0iB, sKi MOXXHa BHKOPHUCTOBYBaTH IiJ dYac
HABYAIBHOTO Tpolecy Hanpsamy «TenexomyHikamii». Cepen HIX MOXXHA BUIUTATH:

1.  CepBep HaBYaILHOTO 3aKJIa1y.

MoOinpHAI KOMIT IOTEpHUH KITac.

[HTEepaKTHBHA JOLIKA, IHTEPAKTUBHHUM CTiJI.
MybTUMEIIHAHN JeKIIIHHUA KOMITIEKC, TIPOSKTOP.
JlinradonHnit kabiHer.

. «3D-gucruei»

Benuke 3HaueHHS AN OCBITHBOIO MPOLECY MAalOTh 1 HPOTpaMHi  3acoOH.
3abe3neueHHs] TEXHIYHUMH 3ac00aMH HE 3aBXIH MOJKIMBE, a 332 JOIMOMOTOI0 IPOrpam
MOXXHa MOJIENFOBATH, POOUTH PO3PaxyHKH i MPOBOJUTH eKCHepUMEHTH. IlepeBaroro €
Te, 110 6araTo MporpaMHMX 3ac00iB — OE3KOIITOBHI:

1.  phpMyAdmin — Be6G-107aTOK 3 BiIKpUTHM KOJIOM, HanucaHuii Ha MoBi PHP.
Ipencrasnsie coboro BeO-inTepdeiic s aqMiHICTPyBaHHS MEPEX.

2. Networx — 3py4Ha nporpama, 1o JJ03BOJISI€ KOHTPOJIIOBATH iHTepHET-Tpadik i
MIBUIKICTH IHTEPHET-3 €THAHHS.

3. Wireshark — mporpama s anamizy Tpadiky KOMITIOTEPHHX MeEpPEex
(Ethernet, FDDI, PPP, Token-Ring Ta iHImumX).

4.  LogMeln Hamachi — mporpama, nmpusHaueHa 11t T0OyI0BH BIACHOT MEpexi
VPN (Virtual Private Network).

5. QEMU — mporpama, 1o J03Bojsie eMyiroBatd Ha Windows OiIbmIicTh 13
ICHYIOUHX TIATPOPM.

Tako iCHye MOXJIMBICTh PO3BMBATH IIPAKTHYHI HABUKU B CTBOPEHHI IPOrPaMHOTO
3a0e3rneyeHHs, sIKi MO)KHa BUKOPHCTOBYBATH B TEJICKOMYHIKalliHHUX CHCTEMaX:

oUW

Haykosuii kepienux — Odapuenko P.C., kano. mexu. nayk, ooyenm
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ONTUMM3ALIUA XAPAKTEPUCTUK AHAJIOI'O-LIU®POBOI'O
IMPEOBPA3OBATEJIA B YCJOBHUAX AITIPUOPHOHU
HEOITPEJAEJEHHOCTH

Amnanoro-mupossie npeodpazoBarenu (ALIIT), BbITyckaeMble MPOMBIIIIEHHOCTEIO,
OOBIYHO O00ECTICUNBAIOT MOCTOSHHBIM IIar KBAaHTOBAaHHWSA BO BCEM AWHAMHUYECKOM
JIuamnasoHe mpeobpasyemoro curHana. Ilpm 3ToM He y4YHTHIBAIOTCS XapaKTEpHbIE
0COOEHHOCTH CHTHAJNA, OTPaKEHHBIE B €r0 IUIOTHOCTH pacnpezeneHus. OueBHIHO, YTO
CUTHAJIBI C paclpeeleHueM, OTINYAONIUMCS OT PABHOMEPHOTO, TOJKHBI KBAHTOBATHCS
IIpU HEPAaBHOMEPHOH PacCTaHOBKE IOPOrOB KBAaHTOBAHUS WM IIOCIIE IIPEIBAPUTEILHOTO
HEITMHEHHOTo MpeoOpa3oBaHms CUTHAJIA, SKBUBAJICHTHOTO 3TOH PacCTaHOBKE.

OCHOBHOII NIPUHIUT MPEIOKEHHUST COCTOUT B crexyromeM. [Ipu 3aganHoM umcie
ypOBHEH KBaHTOBaHHUS (T.€. 3aJaHHOMH pa3psaHocTr ALIIT) nHTEpBaNBI MEXIy MOporamMu
KBAaHTOBaHMs JOJDKHBI OBITh MHHUMAIBGHBIMA B O0JACTH 3HAYCHWH CHUTHaNa, JUIs
KOTOPBIX IUIOTHOCTh BEPOSTHOCTH MMEET MAaKCUMyM. BIM3KMMU IO CyTH SIBISIOTCA,
IIMPOKO HWCIIONb3yeMble TpH NU(POBOM TPEACTaBICHHM pEYeBOTO CHTHANA,
HeJMHeWHbIe Tpeo0pa3oBaHus, Ha3bIBaeMbIe B TUTEpPaType A- M |l — 3aKOHAMHU.

IpennoxxeHa u  TeopeTHYECKH OOOCHOBaHA METOJMKAa IIOMCKA HEIMHEHHOro
npeoOpa3oBaHus, 00ECIeYNBAIONIEr0 MUHUMAJBHBII YPOBEHb IIyMa KBAaHTOBAHWS JUIS
CUTHAJIA C IPOU3BOJIHOM MJIOTHOCTBIO PACIIPEIEIICHHS.

[IpencraBnena Taxke aganTUBHAS MOAU(HKAINS IPHBEACHHON METOINKHU, KOTOpas
MO3BOJISIET TIPEOJONETh AMPHOPHYIO HEONPEAENEHHOCTh 3aKOHA pacIpeieseHUs
ucxojHoro curnana. Kpome toro, nannas MoaupuKauus yuyuTHIBAET M3MEHEHHE 3aKOHA
pacmpeneneHuss BO BpPEMEHH: HMCXOOHBIM CHTHAJ pa3OuBaeTcs Ha BPEMEHHBIC
HMHTEPBAJIBL, JUIS KQKIOTO U3 KOTOPHIX ()OPMHUPYETCS] HHANBHAyaIbHAsI XapaKTePHCTHKA
KBAaHTOBAaHWS B 3aBUCHMOCTM OT 3aKOHAa paclpe/eNieHHs] CHTHajla Ha JIOKaJbHOM
ydJacTKe, a Takke CIyKeOHOe CII0BO, CIyXallee Uil Iepefadd HHGOpPManuH o
XapaKTepHCTHKE KBAHTOBAHNS HA IPUEMHYIO CTOPOHY.

Bobmrpeim 0T npuMeHeHus NpPeAsIoAKEHHONH METOAMKU OLIEHUBAJCS IO BEIUYHHE
CHIDKCHMSI  CpPEIHEKBAJpPAaTUYECKOr0  OTKIOHEHHMs IIyMa KBaHTOBaHUA  IIOCIE
MOJIEPHU3HPOBAHHOTO  AHAJIOTO-IU(POBOro Ipeodpa3oBaTeNst IO CPaBHEHUIO C
TpanuuoHHeIM ALIIT npu mocTOSHHOM I1are KBaHTOBAHUS.

Pe3ynbTaTel CTaTHCTHYECKOTO MOJEIMPOBAHHSA IIOKa3adM, 4YTO BBIUTPHIII B
CHIDKEHHH YPOBHS LIyMa IpH NpeoOpa3oBaHUM I'ayCcCOBOTO Mpolecca (MaT. OXHUAaHHe
M =0.5, neBnanust 6 = 1/6) mst 12-tu paszpsiqaoro AL cocrasmsier okoino 27%, a ais
CHI'Halla C SKCIIOHEHLMAIBHBIM pacrpeseneHueM (¢ mapamerpom J1=4) — 29% mo
CPaBHEHHIO C PABHOMEPHBIM KBAHTOBAHUEM.

IIpennoxxeHHBI MOAXOA K ONTUMHU3ALMHM AHAIOTO-IU(POBOrO Mpeodpa3oBaHHs
MO3BOJISIET TPOCTEHIIMMH CpEJCTBAMH CHU3UTH YPOBEHb IIyMa KBaHTOBaHUS 0e3
yBenuueHus paspsaaoctu AIII.

Hayunwiii pyxosooumenv — [aenemovsany A.H., 0-p mexu. nayk, npoghecop
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MOKJIMBOCTI CYMICHOI'O BUKOPUCTAHHSA LTE TA WI-FI

O06csr Tpadiky, SKHUid TepeaaeTbes Yepe3 Mepexi CTUTBHUKOBOTO 3B 3Ky 3 KOXKHUM
pokoM cTpiMKo 30ubIIyeThes. Llel pakT Hece 3a cOO0K PO3BUTOK HOBHX TEXHOJOTIMH.
Ha cyJacHomy erami, HaiOUTBIIOTO pO3BUTKY Yy CBIiTI Halyjla TexXHOJOTris 4-ro
nokonigas LTE-Advanced. Came 1g TeXHONOrS Ja€ MOXIIMBICTL 3aJ0BIILHUTH
nmoTpeOM CydacHOro CBiTy Ui Hepeladi 3HauHMX 00’eMiB iH(opmanii uepe3
cTinbHUKOBI Mepexxi . Hesaxaroum Ha Bci mepeBarw, y LTE icHye mneBHuid psin
po0JieM, HAaPHUKJIa, IEPEeBAaHTAKEHICTh MEPEXKi.

Texnomoriss «Hotspot 2.0» € sKpa3 OZHMM i3 KpalmlMX MOXIMBHX BapiaHTIB
BHPIIICHHS MPOOJIEMH TIEPEBAHTAKEHHS MEPEXkKi CTUTFHUKOBOTO 3B 53Ky HA CyYaCHOMY
eTami.

Jlana TexHOOrIs jae HaM MOXJIMBICTH cymicHoro BukopucTaHHsi LTE i Wi-Fi.
Texunonoris «Hotspot 2.0» 30cepemkeHa Ha HaJaHHI MOOITBHOMY TMPHCTPOIO
AQBTOMATUYHO BHSBISITH TOYKH JOCTYIy, SKi MAlOTh MOXJIMBICTE POYMIHTY IIO
JOMOBJICHOCTI 3 JOMAlIHbOIO MEPEXEI0 KOPUCTYBaua. 3aBASKH I[bOMY KOPHUCTYBad
3moxe mepemigkmodaruch 3 LTE y Wi-fi Ta HaBmaku aBTOMaTHYHO, a TaKOXK 3MOXKeE
nepemimaTucs mo Mepexi Wi-Fi mpaktudHo y Oyab-sSKoMy MicIli Oe3MepenKoaHO.

Haii6inemoro nommpenss «Hotspot 2.0» HaOyne B rpoManchKuX MicLsX, € caMe i
BUHHKAE IpoOJeMa MNEepPeBaHTAKEHOCTI MOOUIBHHX MeEpeK, TaKUX SIK aepoIOpTH,
CTaJi0HH, TOTEI, JTiKapHi, KOHpEPEeHI-IIEHTPH 1 T.1.

Takox, TexHouoris «Hotspot 2.0» 3abe3nedye BUCOKHI piBeHb 3aXHUCTy iH(popMarii
3aBISKH HOBOMY OesneuHomy metoay ayrteHTudikauii ( EAP ) i mmdpysanns, sxuii
MiATPUMY€THCS TPOTOKOIOM Oe3rekn Oe3aporoBux Mepexk WPA2 — Enterprise.

Omxe, 3aBIsiku cyMmicHOMYy Bukopuctanuio texHosorii LTE i Wi-Fi Mu moxemo
PO3BaHTaXKUTH MOOLTBHI MEpeXi 3B 3Ky y HAMOUIBII 3aBaHTAKEHUX UITHKAX MEPEXi.
Lo MoxmuBicTh nae Ham TexHonoris «Hotspot 2.0».

Cnucok BHKOPHCTAHUX JiiKepeI

—_

http://www.ruckuswireless.com/technology/hotspot2
2. http://www.wlan-consulting.com/enterprise-wireless/hotspot20
3. http://www.wireless.ua/888-v-centre-vnimaniya-rouming-mezhdu-mobilnymi

Hayrosuii kepisnux — Ooapuenko P.C., kan0. mexH. HayK, OOyeHm

146



AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 621.396 (043)

Xopynxa B.1O., Uepnosa A.O.
Hayionanvuuii asiayitinuii ynisepcumem, Kuis

AHAJII3 I XAPAKTEPUCTHUKA CTAHAAPTY IEEE 802.11ac

3a OCTaHHIMH JaHUMH OJU3BKO IIOJOBHHH KOHTEHTY, IO IEPEeIaeThes 10
JOMaIIHIM Mepexawm, - Ie Bijieo, IKe BUMarae BHCOKOI IPOITyCKHOI 31aTHOCTI Mepexi.
OcCKiJIbKM YacTille 3a BCe JOMAIIHI Mepeki OyIyIOThCsl 3 BUKOPHCTAHHSIM TEXHOJOTIT
Wi-Fi, To HeoOXiqHHUii PO3BUTOK i BIIPOBAKCHHS HOBHX CTAHAAPTIB IIi€l TEXHOJOTII.
Pospoo6nenwnii cranmapt IEEE 802.11ac nependavae 301IbIeHHS MPOIMYCKHOI 3aTHOCTI
Wi-Fi - 3'emnanns go 1.5 T'6it/c, mo BTpuui Oijblre, HiX nepeadadaHo CTaHAAPTOM
802.11n.

WLAN 802.11ac BHKOPHUCTOBY€ LUTHH psAI HOBHX METOMIB IS IOCSATHEHHS
BEJIMKOTO MPUPOCTY MPOTYKTUBHOCTI Ta 3a0€3MeYeHH BUCOKOI MPOIYCKHOI 31aTHOCTI,
takux sk: SITI cMmyra; BHCOKa IIUIBHICTE MoAyismii 10 256 QAM; Oijbm IMUPOKI
cMyrH nporryckanas — 80 MI'm muist 1Box kaHaiis, abo 160MI'I U1t ogHOTO KaHAILY; 10
BockMH Multiple Input Multiple Output mpocTOpoBHX MOTOKIB.

MakcumaneHa TeopernyHa mnpomyckHa 3natHicte B IEEE 802.11ac craHoBuTH
6933,3 Mb6it/c i 3abe3neuyerbes mpu mwuprHi kKaHaay 160 MI'1[ i yMOBH BUKOPUCTaHHS
8 aHTeH, 0 TMpaIiolTh y PEXHUMI I[POCTOPOBOTO MYJIbTUIIIEKCYBAHHS, IO
€KBIBaJICHTHO PO3JIUICHHIO MOTOKY JaHUX Ha KiJIbKa MPOCTOPOBUX MOTOKIB 1 Imepemadi ix
OJTHOYACHO 3a JOTIOMOTOI0 JEKIJIBKOX aHTEH.

Binpmr BHCOKI 3HaYeHHS MPOITYCKHOI 3MaTHOCTI Ta IIBHIKOCTI Mepenadi NaHHX B
IEEE 802.11ac 3acTocoByroThCs sl 3a0e31eUeHHsT poOOTH JUTS sy MOJATKIB, TAKHX
SK: 0e3qpOTOBI JAWCIUIE]; TONMIMPEHHS KOHTEHTY (HANpHKIaJ, Tele0adeHHsS BUCOKOI
YiTKOCTI) B JOMAaIlHOMY CEPEIOBHINi; IIBHAKMA OOMIH JaHMMH 3 CEPBEpOM
(ckauyBaHHs / 3aBaHTaXEHHsI BeNUKUX (ailiB); TpaH3UTHA Mepenaya AaHUX (Mepexka ,
TOYKAa- TOYKA 1 T.I.); Pi3HI JOAATKH B ayJUTOPIAX Ta YHIBEPCHTETCHKHX MiCTEUKaX;
aBTOMATH3aIlisl HA BUPOOHUUIH IUTSAHII .

Xou cranmapt IEEE 802.1lac moku mo He I03BOJICHHWH A BUKOPHCTAHHS B
VYkpaiHi, B OHJAlH-MaraspHax BXK€ MOXKHAa NPHI0ATH MapuIpyTH3aTOpH, IO
MATPUMYIOTh LIe CTaHIapT.

Iepmi BunpoOyBaHHs omHoro 3 noctymHuX Mapupytusatopie IEEE 802.11ac
mokaszanu, 1o, aHamoriuno 3 oOmagaandsMm IEEE 802.11n, peanbHa MIBHIKICTH
MPUONN3HO JIOPIiBHIOE MOJIOBHHI BiJl, 3a3Ha4€HOI B XapaKTEPHCTHKAX, MAaKCHMAaJIbHOI.
AJle TOCHTh MOMITHI MOKPAIICHHS B OPIBHAHHI 3 TIONEPEIHIM CTaHIAPTOM.

Skmio B ganuit yac pianason 2,4 I'T ocuTh WITBHO 3alHITHI KOpUCTyBadaMu Wi-
Fi, To miamazon 5 I'T'q mokw me OOCUTH BUTbHHNA. BaXITMBUMH yMOBaMH € 3BOPOTHA
CYMICHICTh OOJNIaZHAHHA HOBOI Ta MOIEPEAHIX BEpCii cTaHmapTy, MIATpUMKA 000X
Jiara3oHiB 9acToT i poboTa B TOMY 3 HHX, JJISI IKOTO YMOBH CepeJOBHIIA mepenadi i
XapaKTePUCTHKHU MIPUCTPOIB OLTBII ONTUMAIIBHI.

Hayxoeuii kepienux — baxmisapos /[.1., acucmenm
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AHAJII3 3AXUCTY TEJEKOMYHIKALIIMHUX MEPEK HACTYITHOI'O
MMOKOJIIHHA IMS/NGN

3axuCT BiJl Pi3HUX BHIIB aTaK - 1€ OJHA 3 BUMOT IO CUCTEMH OE3ICKH, BiJICYTHIX B
crangapTax apxitekrypu IMS mepex HactymHoro nmokominas NGN. He3Bakarouu Ha Te
mo B IMS icHye MexaHi3Mm ayTeHTH(iKawuii aboHeHTiB 3a nonomoroto [PSec i SIP Digest,
a TaKOoX aBTOpHM3alis JocTymy aboHeHTiB mo mociyr depe3 HSS (Home Subscriber
Server), i JeriTuMHi a0OHEHTH MAalOThb MOXJIMBICTh TEHEpyBaTH arTaku Ha
iHppacTpykTypy IMS.

V IMS mapmpyTuzanis i Tapudikaris 6arateox mociyr 3ailicHioeTscs yepe3 CSCF
(Call Session Conrol Function). BpaxoByroun, mo cepBepH IOCIyT HIKOJIM HE MalOTh
JecsTH - abo HaBiTh M'ITHKPATHOTO 3aracy IPOIECOPHOI IMOTYXKHOCTI, HEOOXiTHOT ISt
BHUKOHAHHS JIOTIKM MOCIYT, JUIs OpraHi3anii, Hanpukian, DDoS - ataky 370BMHCHUKOBI
HEOOXiJJHO OTPUMATH JOCTYI YChOTO IO KiJIbKOX KIIIEHTCHKUM aKayHTiB.

Ockinpkn ycmimHa DDoS- aTaka Moke MPHU3BECTH J0 TOBHOTO INEPEBAaHTAKEHHS
cepBepie CSCF, MexaHi3M 3aXUCTy IOLLUIBHO pPEai30ByBaTH B CIICIialli30BaHOMY
npucTpoi.O4eBUIHIIA BUXI] - aKIIEHTYBAaTH YBary Ha 3aXHCTI MIPUKOPIOHHHUX €JIEMEHTIB
IMS, Taxux sk P-CSCF (mocepennuk B3aemMopmii 3 a0OHEHTCHKUMH TepMiHATaMH) i A-
BGF (mocepenHuk mocTyry), OI0 pO3MIMIYIOTECS Ha KOPIOHI MEpexi JOCTYIy MiX
a0OHEHTCHKHMH TEPMiHATaMH Ta IIpOM Mepexi , a Takox [-BCF (koHTpons B3aemomii)
i [-BGF (mocepennmk B3aeMomii), IO 3HAXOISATHCS Ha KOPAOHI SApa Mepexi 3
MepekaMH iHIINX MOCTa4aIbHHUKIB OCIYT.

OnuH i3 3axoxiB Oe3neku B IP- Mepexax - nornubiena nepesipka naketis (DPI) ,
MiJ SIKOI0 MA€ThCsl HA yBa3i MOHITOPHHT Ta KOHTPOJIb MAKeTiB HA PIBHAX 3 APYroro o
ceomuit moneni ISO/OSLIIpu iHCIEKIisIX Ha PiBHAX 3 YETBEPTOrO MO ChOMHUI 3a3BUYAM
BHUKOHYETHCS «00poOKa KOHTEHTY». CaMe TyT BUSBIAIOThCA Oarato BuAiB 3arpo3 IMS:
HOBIiTHI MeToau DDoS- aTak, cam, (immHr i HeGakaHui KOHTEHT.

OmHuM 3 HaWpO3MOBCIO/KCHIIINX BHUIIB IIaxpaiicTBa Ta HEMPaBOMIPHOTO
BUKOPHUCTaHHS JaHMX € (poxa. besmocepenHbMy 3IiHICHEHHIO MPAKTHYHO OYyIb-IKOTO
Buay ¢pony nepenye DoS- aTaka, cipsiMmoBaHa Ha BiIMOBY ofHiel 3 QyHKIiH peanizamii
JIoTiKU mociyrd. ToMy Aist pe3yabTaTHBHOT 60pOTHOM 3 (HpoIOM HEOOXITHUHN CIUTBHUN
aHaJIi3 JIOTIB BiJl JIOKATbHUX CHCTEM BHSIBICHHS Ta MoONepe/pKeHHsS BTOprHeHb(IPDS),
3anmciB rpo cecii IPDR, a Takox npo CTpyKTypy CHOXKHBaHOTO Tpadiky.

Hesixi ypaznuBocti Mepex IMS MoxyTh OyTH HIBeNTbOBaHI NPU IPOSKTYBaHHI
Mepexi, OJJHAK Ul JOCSTHEHHs HaWKpalloro pesysibraTy Oes3leka NMOBHHHA OyTH Ha
BCiX piBHAX apXiTekTypu IMS crenianizoBanumu cucteMamu. OCHOBHI BUMOTH IO ITHX
CHCTEM TaKi: NEHTpami3alliss KOHTPOJNIO Ta 30ip JIOTIB BiA JIOKAIBHHX CHCTEM,
MOXJIMBICTB 3icTaBieHHs iH(OpMalii M0 pi3HUX THIIAX JaHUX i MPOTOKOJIAX, KOHTPOIb
KOHTEHTY, HasBHICTh BOYZOBaHMX IIAOJIOHIB 1 THYUKICTh HaNaIITyBaHHI (pox -
KpHTEpiiB.

Hayxosuii kepisnux — Mauanin 1.O., 0-p mexH. Hayk, npoghecop
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3AXUIIEHUA KAHAJI KEPYBAHHS BE3INIJIOTHUX JITAJIBHUX
AITAPATIB HA OCHOBI WIFI

3apa3 3 pO3BUTKOM OC3MUIOTHUX JITAIPHUX AamapariB  CTa€ 3pyYHHM
BUKOPHCTOBYBATH I YIPABIIiHHS HUMHU HIMPOKOCMYTOBI MEPEXi JOCTYIy HaIlpHUKIaz
Taki Ak WiFi ski JO3BOJNSAIOTH YHpaBIsATH OE3MUTOTHUK NPAKTUYHO OYAb-SKUMH
MOOUIBHUMHU TpUcTposiMu  ocHaimenumu WiFi amantepom i 3 ycraHoBienoir OC
cimetictBa Linux , Hanmpukiiaz sk 3Haloma BciM Android.

CucremMa CrIO4aTKy Opi€HTOBaHA Ha yNPaBIiHHA CTATHYHO HECTIHKUMH 00'€KTamu 3
XapaKTePHUMH 4YacOM PO3BHTKY HECTaOIIbHOCTI MOPSAKY [I0Jb CEKyHIHM 1 BHMarae
MPUALTATH 0COOIUBY yBary 3a0e3redeHHs HaliitHOCTI 3'€THaHHSI.

Min ynpaeninasmM WiFi posrisiHeMo Aekinbka HPOTOKONIB INU(PyBaHHS s
BHOOPY ONTHUMAIIBHOTO :

IIpotokon mm¢ppysanns WEP, BukoprucTOBY€e TOCHTh HecTilikuii anroputv RC4 Ha
CTaTHYHOMY Kitroui. 3acTocoByeThest 64, 128, 256 1 512 - OitoBe mmdpysanus. Yum
Oijpure OIT BHUKOPHCTOBYEThCS /Ul 30epiraHHs KIIOYa, TUM OUIbLIE MOXIMBHX
KOMOIHAII{ KITFOYiB, a BiIMOBIIHO OUIBII BUCOKA CTIHKICTh Mepexki 10 3moMy. YacTrHa
WEP - wmoua € cratnanoro (40 6it y Bumanky 64 - 6itHoro mudpysaHHs ) , a iHIIA
yactuHa (24 6ita) - AMHAMiIYHA BOHO 3MIHIOETBCS B Tpolieci pobotn Mepexi . OcHOBHa
ypaznuBicTs potokory WEP B ToMy , 110 BekTOpa iHiiami3amii HOBTOPIOIOTECS Yepe3
JIesKdil MPOMDKOK dYacy, 1 3J7OMIIMK MOTPiOHO muiie OOpoOHTH Wi MOBTOPH i
po3paxyBaTH 3a HUM CTaTH4YHy dYacTHHy Kimoda. 1[0 &ae MOXIMBICTE NOCHTH He
CKJIQJIHIM IILUIIXOM OTPHMATH JOCTYHI 10 KaHaimy ympasiinas BIIIA , Tomy ioro
i3crionp3oBanie  HeporinbHO IIpoTokon mmdpyBanas WPA, crifikimmii nmpoTokon
mmdpyBaHHs nocsAraeThes 3a paxyHok mporokomiB TKIP 1 MIC, mix WEP, xoua i
BHUKOPHUCTOBYE TOH ke anroputm RC4 .

IIpotoxon WPA2 - mnokpamenuii npotokon WPA. Ha Biaminy Bim WPA,
BHUKOPHCTOBYE OB CTiiikuii anroputm mmdpysanns AES.

AJrOopuTM 3acHOBaHHMI Ha JEKUIBKOX 3aMiHax, TWIJICTAHOBKaxX Ta JIHIHHI
MIEPETBOPEHHS, KOJKHE 3 SIKUX BUKOHYEThCS OJIOKaMH 10 16 GaiiT, TOMY BiH Ha3WBA€THCS
610koBUM Mmudpom. Omneparlii TOBTOPIOIOTHCS KiJIbKA Pa3iB , KOXKEH 3 SKUX Ha3UBAETHCS
«payH1». [IpoTAroM KOXXHOrO payHjay, Ha OCHOBI Kiro4a IIH(pPYBaHHA OOYHUCIIOETHCS
YHIKaJIBbHHUI KJII0Y payHAy i BOYJIOBYye€TbCS B OOUMCICHHS. 3aBISKU MOiOHIN 010KOBOT
ctpykrypi AES , 3miHa HaBiTh OfHOTO 0iTa 200 B KIIOYi , a00 B TEKCTOBOMY OJIOIIi
MPU3BOAUTH IO TOBHOI 3MiHH BCHOTO INMUQPYy - sSBHA MepeBara MO0 TPaIHUIiHHHUX
notokoBux wudpiB. Pisuuus mixk AES- 128, AES- 192 i AES- 256 nomsirae Tinbku B
JnoBxuHI Kimoda: 128 , 192 abo 256 6it - pagrkaibHe MOJIMIICHHS B MOPIBHAHHI 3 56-
6itoBuM kirouem DES. Jlns npukinany: minbip 126 - GitHoro AES- kirowya cydacHum
KOMITTOTEpOM 3aifHsAB O Oimblne 4acy , HiX mHepenbadyBanmii Bik Beecity .Takum
YIHOM Ha JaHUH MOMEHT OyJio - 6 MOLIEHO BUKOPUCTOBYBATH ITPOTOKON IU(PPyBaHHSI
WPA2.

Hayxosuii kepisnux — I". @.Konaxosuy, 0-p mexw. Hayx, npogecop
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YU CJEHHBIN METOJI PACYETA 3HAM‘1EHI/II71
TPUTOHOMETPUUYECKHUX ®YHKLUNA

Anroputm CORDIC mpencraBiser co00i HUTEpalMOHHYIO TPOLEAYDY IS
BBITIOJIHCHUST OTEpallMy MOBOPOTA BEKTOPAa HAa IUIOCKOCTH HA TPOU3BOJIBHBIN YIroJI,
HCTIONB3Ysl TOJBKO OIEpallMyd CIBUTa M CIOXKCHUSA. B 00IieM BHIEC OIHOPA30BBII
TIOBOPOT BEKTOPA (Y, ,y,) Ha YroJl ¢ OMPENEIACTCA CICAYIOMMMHI COOTHOIICHHAMM:

X=X, CoSa — y,sIna, 1)
y=x,sina+ y,cosa.
CootHomenus (1), MOXXKHO niepenucarsb B BUJE:

sina

x:cosa-(xo—yo ]:cosa-(xo—yotana), )

cosa

sina

y:cosa(x(] +y0j:cosa~(xotana+y0).

cOQry

Ecniu (¢ npumer Takue 3HaveHHs, YTO tanq =2 ', TO YMHOKEHHE Ha tang B
BBIpAKEHHUAX (2), MOKET OBITH BBHIIOIHEHO C IIOMOILBIO CIBMIa BIIPABO HA | PaspsoB B
JIBOMYHOU CHCTEME CUUCIICHUS, I/Ie i=0,12,..,n-1. Takum 00pa3oM, IpeacTaBUB

IPOM3BOJILHBIA YIOI ¢ Yepes CyMy YIIOB ¢ = o - arctan(2 ™) » BbIPAKEHHs (2) MOXHO
1 1
IIPEJICTABUTH B UTEPATUBHOM BHUJIE:
x,, =cos(o, - a,)-(x, — y,tan(o, - @) ); 3)
Vi =cos(o; - a;) (xi tan(o;, - ;) + yi)’

e o, e {-1,+1} 0003HaYaeT 3HaK, ¢ KOTOPbIM yToJ ¢, BXOJIUT B CyMy YTIIOB,
I TONYYCHHS IPOU3BOIBHOIO YINIA ¢. YUMTBHIBAas, YTO BEJIMYHUHA MHOMXKHUTEILT
cos(-a,)=cos(a,)=K, ¥ tan(—a)=—tan(ar), TO BEIPAKCHHI (3) moxHO
HEePEnucaTh B CIEIyIOIEM BUIE:

- -i).
xi+1_Ki'(xi_o-i'yi'2 )s “
—i
V=K, '(O-i X2 +yi)'
ITocKONMbKY YTIJIBI (y, OJHO3HAYHO ONpENENEHHBI, TO K= SBISETCS KOHCTAHTOH B
1 1
HE3aBUCHMOCTH OT IPOU3BOJIBHOTO YIJIa ¢:

— - —
K, =cos(arctan(2™)) = 7\/—’2’
1+2
Y HOCHT Ha3BaHue KoddduipenTa qeopMaini BeKTopa MpHu MOBOPOTE HA YTOl ¢y .
1
Hayunwiii pyxosooumens — LlInunvka A.A. kano. mexu. Hayk
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UDC 629.735.051:681.513.1 (043.2)
N. Miuller, A. Klipa
National Aviation University, Kyiv

PROCEDURE OF AIRCRAFT STABILIZATION SYSTEM DESIGN

The purpose of this work is the design of stabilization system for a small aircraft.
Small airplanes and Unmanned Aerial Vehicles are widely used lately. So the problem
of stabilization of such moving objects is real actual one. The stabilization system for
small aircraft motions is presented with the help of PID-controllers. For solving this
problem a controlled object is described by linearized state space equations.

The methodological fundamentals are based on the methods of synthesis, analysis
and flight control system simulation. For the most aircraft problem solution it is
convenient to choose the output (measured) variables as the state variables. Thus, we
obtain the description of the plant in the state space form with unit diagonal observation
matrix and with zero matrix of direct transfer of control from input to output.

At first, the results of flight simulation without any control systems or autopilots
were obtained. As a second step, stabilization system was created in SIMULINK of
MATLARB software on the basis of block diagram shown in fig.1.

Controller |——>> Plant _|

Fig. 1
To determine the parameters of PID-controllers by software tuning method the
optimization procedure is used. In order to receive better result during a small time
instant (less number of iterations) it is necessary to start the optimization procedure from
the initial values of PID-controller parameters which are closed to the optimal ones. To
find them the Ziegler-Nichols method can be applied. The first step of this method is
performed by setting the integral (K;) and derivative (K,) gains to zero. The

proportional gain K, is being increased from zero until it reaches the ultimate gain X, ,
at which the system has self-oscillations. The gain K, and the period of self-oscillations
T, are used to determine the parameters of PID-controller by formulas:

K 1
K,=06K,, K =2-2, K =cK[T,

The values of these parameters are used as inputs for software tuning method.

The proposed procedure of the stabilization system design was applied to the small
airplane DHC-2 “Beaver”. The results of it were the PID-controllers for Altitude Hold
Mode and Heading Hold Mode.

The results obtained in this investigation satisfy all flight requirements and the
proposed procedure can be applied to other small aircraft.
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PERFORMANCE AND ROBUSTNESS ESTIMATION OF UAV FLIGHT
CONTROL SYSTEMS USING DIFFERENT METHODS OF FLIGHT
PARAMETERS MEASUREMENTS

The use of Unmanned Aerial Vehicle (UAV), a specific kind of aircraft, is becoming
increasingly wide in military and civil applications with its rapid development. Existing
UAVs can execute a wide variety of functions, namely remote control, scientific
research, search and rescue, etc. In fact the manipulation of such UAVs requires
necessary stability, performance and robustness. One of the great importances for UAV
is the minimum number of on-board sensors that provides its low cost design, weight
reduction, lower volume and energy consumption, and relatively simple usage. It is
known, the limited number of sensors restricts the number of measured states.

This paper presents the synthesis of the optimal deterministic controller [1] for
longitudinal channel of UAV control system by means classical and robust control
theory. The main feature is to reduce the number of sensors to minimum while the
system operates accurately and correctly. Solving the control problem two cases are
investigated. In the first case three state variables, such as true airspeed, pitch rate and
altitude, are available for measuring. In the second one, only two of these state variables,
namely, pitch rate and altitude, can be measured. In order to apply the procedure of
optimal deterministic controller synthesis the information about all state variables
should be known. In our two cases we have information about some states only. To
estimate the unmeasured state variables (reconstruct them) the usage of Luenberger filter
[1] is proposed. This filter ensures the system to be completely observable and
controllable. After the restoration of the full state vector a linear quadratic technique for
optimal deterministic controller synthesis could be applied. The quality of synthesized
system is estimated with the help of H,- and H_ -norm. It is well known that H, -

norm defines the performance of the mathematical model of the system, as well as, A, -

norm determines robustness of it.

The designed procedure was applied for longitudinal channel of small UAV with the
help of MatLab software. According to the obtained results, the difference between
performance indices, determined in two cases, is 0.06 that is a very small value; and the
difference between robustness indices is 0.11 that is a small value too. Thereby, instead
of three sensors we can use two only for optimal deterministic controller design with the
help of which the system will operates accurately and correctly.

References

1. Kwakernaak H. Linear Optimal Control Systems / H.Kwakernaak, R. Sivan. —John
Wiley & Sons, Inc., 1972. - 575 p.
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METOAU BUBHAYEHHSA CTPYKTYPHU OB’€EKTA

B ocramHi  fecATHpidus  BenlMKa ~ yBara  HOPUAUIIETBCS — HMHTaHHAM
eKCIIepUMEHTAILHOTO BHM3HadeHHs (igeHTH(ikamii) Mopenedl AWHAMIYHHX CHCTEM
YIPaBITiHHA Ta X JJAHOK TOMY, IO, SIK ITPABHJIO, alpiopHa iH(pOpMaIis Ipo BIACTUBOCTI
CHCTEM, IO JOCTIDKYIOTBCS, Ta peajibHi YMOBH IX pOOOTH € HENOBHOIO abo B3araii
BIZICyTHBOIO. Y 3B’A3Ky 3 IIMM CTBOPEHHS ONTHMAJIBHHX 32 TOYHICTIO CHCTEM
YIPaBITiHHS CIPSDKEHE 3 BEMKUMH TECOPETUYHHMH Ta MPAaKTUYHHMH TPyJHOmAMH. STk
HACITIZIOK, BUHHUKIIA HEOOXiTHICTh ONMUCY MUHAMIKH CHCTEM 1 JIAHOK 3a JAaHHMH «BXIiJI-
BHXI1Il», SIKi BITHOCHO JIETKO OTPUMATH ITiJI 9Yac BHIIPOOYBaHb.

B nanwit wac igeHTHdikamii Moaenel AWHAMIKA PyXOMHX OO0’ €KTIB NPHIUIAETHCS
migBuIieHa yBara. Lle moB’s3aHOo 3 TUM, IO pe3ynbTaTd igeHTHdikamii HeoOXimHI Ayt
BHPIIICHHS TaKWX 3a/1a4, SK ONTHMi3allis YIpaBIiHHA MOJBOTOM, CTBOPCHHS CHCTEM
ONEPAaTUBHOTO IMHAMIYHOTO KOHTPONIO SKOCTI YTPaBIiHHA IIOJEOTOM, CTBOPEHHS
PYXOMHX IMITaTOpiB TOJBOTY 1 TpEHaXKepiB, MIO 3a0e3MMedyI0Th HaWKpally TOYHICTh
imiTanii mompoTy, cepTudikais xapakrepucTuk JIA Ta HOro OCHOBHUX YaCTHH, OLIHKH
JisTBHOCTI minoTa npu kepyBanHi JIA Ta iH. V HaloMy BUMaAKy MU BUKOPHUCTOBYBAJIH
METOJ CTPYKTYypHOI ifeHTH(]IKalil, TOMy IO HaM HEOOXiAHO BH3HAYUTH CTPYKTYpY
00’€eKTa i MaTeMaTHIHY MOJEINb 30ypeHb, 110 IiF0Th HA HBOTO.

Jnst mpoBeneHHsl eTamy CTPYKTypHOI imeHTudikanii o06’ekra, #oro yacTuH 3
ypaxyBaHHSIM LIEHTPOBAaHUX BHUITQJKOBHUX CUTHAJIB «BXiI-BUXiI» HEOOXIIHO: MO-mepIe,
3apeecTpyBaTH 3a3HAu€Hi CHTHAJIHM; HO-Ipyre, 3pOOMTH MEpBHHHY OOpPOOKY
3apeeCTPOBAHUX CUTHANIIB M CKJIACTU CHEKTPaJbHI 1 B3a€EMHO CHEKTpalbHI IITBHOCTI;
MO-TPETE, AMPOKCHMYBATH OTPHMaHI BHIIE rpadidHi 3aJeKHOCTI.

BukopucTOBYSs BitoMuii aropuT™ ineHTUdIKaLii OTpuMyeMo:

®  aHaII3 OTPUMAHUX MoJeiel
repeiaToYHy (yHKIis JUHAMIYHOTO 00’ €KTa
CHEKTpalibHy LIUTBHICTH 30ypEeHHS AiI0Y0T0 Ha 00’ €KT yIpaBIiHHS
JHCIEPCII0 MOXUOKK TUHAMIYHOT CHCTEMH
BIJIHOCHY JIMCIIEPCIIO MOXNOKU TMHAMIYHOTO 00’ €KTY

TakuM 9WHOM, 3a/la4a, IO CTaBWJIACS, BHpIlIEHA. Y MpoIeci pillieHHsS HEOOXiJTHO
BPAaxOBYBAaTH TakKi BaxJmBi oOcTaBWHH. [lo-mepmie, OCKLNBKM 3aBajyl BUMIPIOBaHb €
HEKOPEJIbOBAaHUMH, MOXKJIMBO BB&KaTH, IO MaTpPUIi B3aEMHHUX CIIEKTPaIbHUX
IIITBHOCTEH SBIISIOTH COOOIO OLIHKH JUHAMIYHUX XapaKTePHCTHK TOYHO BHMIPIOBaHUX
curHamiB. [lo-gpyre, eKcriepMMeHTalbHI OLIHKA MATpPHIb CIEKTPAIbHUX MIUTbHOCTEH
MOKHA ITOJIITIINTH, KOJIM BiZIOMi OIIHKY CIEKTPAIbHUX IUIBHOCTEH 3aBaj] BUMiPIOBAHb.
O4eBUIHO TaKOX, IO TPH BIICYTHOCTI 3aBajJ BUMIPIOBaHb 1 MOXKJIMBOCTI TOYHOL
anmpoKCHMAIlii OLIHOK JTWHAMIYHHUX XapaKTEePUCTUK CHUTHANIB JAPOOOBO-paIlioHATBHUMH
(YHKIISIME OTPEMY€EMO TOYHY OLIIHKY MOJENel AMHAMIKH 00’ €KTa.

Hayxosuii kepisnux — O.B. €Epmonaesa, acucmenm
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AJITOPUTMIMHE 3ABE3IIEYEHHA ABTOMATHYHOI'O BUXOLY
JITAKA TPAHCIIOPTHOI KATEI'OPII HA IPYTE KOJIO

CyuacHi cHCTEMH aBTOMAaTMYHOTO YIPABIiHHS JITakOM Ha Jpyre KoJo
3aCTOCOBYIOTh IIPOrpaMHe KepyBaHHS KyTOM TaHTaXa 3aJIeXKHO BiJ TIISHKH TPaeKTOPii
Habopy Bucotu. Takuii miaxXix yCKIIaHIOE KepyBaHHS JIITAKOM.

ITin wac mociipKkeHHS POOOTH PEeXHMMY aBTOMATHYHOTO BHXOAY JliTaka Ha Jpyre
KOJIO BPaXxOBYIOTh KOH(Iryparito jiTaka(leHTpiBKa, Maca JiTaka Ta iH.), a TAKOX YMOBHU
HaBKOJIMIIIHBOTO CepeoBHUILa(TeMIIepaTypa, BUCOTa, BiTep Ta iH.).

HeoOxigHo copMyBaTH aaropuTM aBTOMATHYHOTO KEPYyBaHHS KEPMOM BHUCOTH Ha
erami BHXOAY Ha Jpyre KoOJO, SIKHH BpaxOBY€ CHEPreTHYHY CKJIaJOBY LIBHUAKOCTI
JiTaka, 3 ypaxyBaHHSIM OOMEXEHHsS HasBHOI TATH JIiTaKa BiJl PEKUMY IIOJILOTY (BHCOTH
Ta MBUIKOCTI).

HeoOxingHo 3a0e3me4nTy MOBHUM TPafieHT MOCTIHHOrO HabOpy BHCOTH MPH BUXOJI
Ha Jpyre KOJO y BCiX O4YiKyBaHHMX yMOBaxX eKCIUTyaTamil MOBITPSHOTO CyJHA, a TaKOX
3a0e3neynTd BIiAMOBIOHICTH IIBHAKOCTI BUXOJY JiTaka HAa Jpyre KOJIO Mpu
aBTOMATHYHOMY YTIPaBJIiHHI IIBHUAKOCTI, SKa PEKOMEH/IOBaHa ISl PyYHOTO BHUXOJLY Ha
JpyTe KOJIO.

Y mporeci aBTOMaTHYHOTO BUXOJY JIiTaka Ha Jpyre KOJO IIBUAKICTH IMOIBOTY Mae
BIJITOBIZIATH IIBHAKOCTI, IO PEasi3yeThCsl NPH BUKOHAHHI BHUXOXY BpyuHy. [loBHmit
TpaJlieHT CTaJoro Habopy BHUCOTH IIPH BUXOJI Ha Jpyre KOJO MOBHHEH OYTH HE MEHIIE,
HiK 3,2% 13 BciMa MpalOIOYMMK JBUTYHAMH 1 TPU BiIMOBI OJHOTO 3 IBHMIYHIB —
cTaHoOBUTH Bifg 2,1 10 2,7 %.

TIpomoHyeThest yHIBepCaTbHUI MiAXiM At GOPMYBaHHs PO3IOILTY HAassBHOI eHeprii
LIBAAKICHOTO MifHoMy JiTaka. Hampukian, mpu HeBenuKild Maci JliTaka i JocTaTHii
MOTY>KHOCT1 ABHTYHIB OiNTbIlIa YaCTHHA HASBHOI C€HEPTil HANpPaBIsAETHCSA B HAOIp JiTaKa,
MEHIIIA - TIEPEPO3NOIIAETHCS Ha PO3TiH.

Kepyroui nii 1 Tpaektopii NHONBOTY TOBHHHI OyIu CXOXi 3 THMH, SKi
BHUKOPHCTOBYIOTHCSI IIPH BUXOI JIiTaKa HA IPyTe KOJO B PyYHOMY PEKHUMI.

Otxe, chopMOBaHHi YHIBEPCAIBHUM AITOPHUTM aBTOMATHYHOTO KEPYBaHHS KEPMOM
BHCOTH HA €Talli BUXOAY Ha JIpyre KOJIo, SIKHH BpPaxOBY€ €HEPreTUYHy CKIaIO0BY, TOOTO
HasBHY TATY JIiTaKa 3aJ€KHO BiJ 30BHIIIHIX YMOB, 3aJaHHi TEMIT PO3TOHY 1 HabOpy
BUCOTH Ta OOMEKEHHS 1110J10 BEPTUKATBHOT IIBHKOCTI.

Haykosuii kepienux — A. M. Bopouin, 0-p mexn.. nayx, npogecop
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IBannixoBa LIO., I'anarys T.A.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

BU3HAYEHHS IIOBHOI'O ®A30BOI'O BEKTOPY BILJIA 3
BUKOPUCTAHHSM CIIOCTEPII'AYA JIIOEHBEPI'EPA

"YMOBOIO CHHTE3y ONTHMATIEHOTO IeTepMiHOBaHOT0 peryisropa junst BIUIA un 6yas-sikoro
HIIOro 00’€KTY € BUMIPIOBaHHS IIOBHOT'O BEKTOpa cTaHy. Ha mpakTwii, Sk mpaBiio, JOCTYIHI
BUMIPIOBaHHS HE BCIX MApaMeTpiB, a MapaMeTpH, IO BUMIPIOIOTECS MICTATh ITyM. BimHoBuTH
MOBHHI1 BEKTOp CTaHy CHCTEMH MO)KHA 3 BHKOPHUCTaHHSAM ONTHUMAJIBHOTO CTOXaCTHYHOTO
crioctepirada (¢pinstpa Kamvana). [Ipu 1isoMy po3MipHICTb CHCTeMH 30UTbIITy€eThCs BBiYi. Lle
YCKIIaIHIOE (Pi3MYHY peali3oBaHICTh CHHTE30BAHOTO 3aKOHY YHPAaBJIHHS. AJIBTEPHATHBOIO €
BUKOPHCTAHHSI CIIOCTEpiraya MoHIKEHOT0 MOpsIAKY (criocTepirada JIroeHOeprepa).

Cunre3 croctepirada JlroeHOeprepa mepembadae mimdip #oro BimacHHX wwcen. Jlis
HETIEPEPBHUX CHUCTEMH YMOBOIO CTIiMIKOCTI € PO3TAlllyBaHHS BCIX BJIACHHX YMCEN B JIBIi
miBmionwHi. [e cmporrye mpoueaypy y MOpIiBHSAHHI 3 MiZOOPOM BIACHUX YHCEN B KO
OIMHUYHOTO paziyca it LU(pPOBUX cucteM. Tomy crodarky Oyso 3iiicHEHO CHHTE3
HETIePEPBHOIO  CIIOCTEpiraya MOHIKEHOro TMOpSAKY, a MOTIM MepeBeNeHHs Horo Jo
JIMCKPETHOTO BUTJIALY.

PosrisiHyTo perxumM crabiizanii BiucotH i KyTta Tanraxxy BIIJIA. Monenb noB3IoBKHBOTO
PYXy MPEACTABIICHO CUCTEMOIO IU(epeHIiaTbHUX PiBHSIHD

X = Ax+ Bu,
y=Cx

Je X — BEKTOp CTaHy CHCTEMH, 10 Ma€ po3MipHicTh (nx 1), MaTpuus A po3mipom
(nxn) BU3HAYAE CTaH CUCTEMH, U — BEKTOpP YNpaBIiHHA Mae po3MmipHicth (mx1),
MaTpuisl ympaBniHHs B - mae po3mip (nxm), y — Bekrop BuMipioBanb (/x1),
marpuist BumipoBaib C Mae po3mip (/xn). OCKUIbKH KUTBKICTh BHMIpIOBaHb [
MEHIIIa 332 KUTBbKICTh (Pa30BUX KOOPAWHAT 7 , HEOOXIMTHO BU3HAYUTH TaKWH OIepaTop
K, mo MiHimMi3ye HOpMy MOXHOKH € =X —X . Bubepemo 3MiHHY p y BiaNoBimHOCTI i3
3MIHHHMH, WO He BHMIpIotoThes: p(¢) =C'x(r) . Toxmi BimHOBIECHHE BeKTOp CTaHy

CHUCTEMH ONUCYETHCA BUPA3OM:
C -1
&) 30}
C') \p@®

C
Hexait (C’] =(L,, L)), q@=p(#)—-Ky(). Toum Bexrop BixHOBIEHHX

KOOpAMHAT cucTteMu onmcyerhbes Gopmynoro x(1) =L,q(t)+ (L, +L,K)y(?) .

Ha nactymHOMy erami CHHTE30BaHO ONTHMAJIGHUN JIeTepMIHOBaHMI peryisirop. SIKicTb Ta
POOACTHICT CHCTEMH OLIHIOBAJIACS MO po3paxoBaHuM /, - Ta H - Hopmam. st iepeBipku
OTPUMAHMX pE3YNHTATIB MPOBEICHO MOJCTIOBAHHS CHCTEMH 3 YypaxyBaHHAM BCIX
HEJTiHIIHOCTEH, MPUTAMaHHIX peaTbHOMY 00’ €KTY Ta TypOyJIeHTHOCTI aTMochepH.

155



XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 621.375.029(043.2)

Bbanoscbknii O.C., ®exocor C.0O., Boexk M.B.
Hayionanenuii agiayitinuii ynieepcumem , Kuis

HNIACHJIIOBAY ITOTYKHOCTI 3BBYKOBUX YACTOT

B nanwmii yac B TEeXHIlll NIMPOKO BHKOPHUCTOBYIOTHCS PI3HOMAHITHI IMiJACHITIOBATBHI
npuctpoi. Kyan mu He moguBnMocs, MiACHIIOBaYi BCIOAM OTOUYIOTh HAac. B koxHOMY
panionpuiiMadi, B KOXKHOMY TeleBi3opi, B koMmm'torepi. Lli mpuctpoi € rpanmio3HUM
BHUHAXOJIOM JIIOJICTBA . 3QJISKHO BiJl THIy MiJCHIIOIOYOrO MapaMeTpy, MiACHIIOBaJIbHI
HPUCTPOI AUTATHCS HA MiJACHIIOBAYi CTPyMy, HAIIPYTH Ta MOTYKHOCTI.

[TincuroBadi MOTYXKHOCTI , K TPABUIIO , CKJIAIAIOTHCS 3 IEKITBKOX KacKa/liB:
HOMEPEAHBOr0 , TPOMDKHOTO 1 KiHIIEBOTO MiACHUIICHHS . Pi3HUIIS JTHIIIe B TOMY , IO
BXI1/IHI 1 MPOMIXKHI TiACHITIOBATIBHI KaCKaI! MPALIOIOTh B PEXKUMi BEITHMKOTO ITiCHICHHS
o CTpyMy abo Hampy3i , a BUXiJHI KacKaJau Npu KoedilieHTax MiICHICHHS .

Mera: onrtuMizanis BHOOpY CKIQJOBHX KOMIIOHEHTIB IIOJISITAE Yy TOMY , IO IIPH
MIPOEKTYBaHHI MiJICHITIOBaYa CJiJi BAKOPHCTOBYBATH TaKi eIeMEHTH , o0 iX mapaMmerpu
3a0e3neyyBaii MaKCUMAJIbHY e(eKTHBHICTh MPUCTPOIO 3 3aJaHUM XapaKTEPUCTHKAM , a
TAaKOX HOro eKOHOMIYHICTh 3 MOMJISLYy BUTPAT €Heprii CIOoXMBaHHSA 1 coOiBapTOCTi
KOMIIOHCHTIB.

BupilleHHsi: y HamoMmy INPOEKTI BHpIIIYeTbCA 3aBJaHHA [POCKTYBaHHS
MiICHITIOBaYa MOTY>KHOCTI Ha OCHOBI ONEpamiifHOTro MiICHIIIOBada. Y 3aBJaHHS BXOAUTH
BHOIp THUIy E€IEKTPOHHMX KOMIIOHEHTIB, IO BXOIATH JO CKJIaJ TPUCTPOro. Bubip
aKTHBHHMX 1 IACHBHUX €JIEMEHTIB € BaKJIMBHM €TaloM B 3a0e3NedYeHHI BHCOKIi
HAQIIHHOCTI 1 CTIHKOCTI pOOOTH CXEMHU.

Ham npucrtpiii cknamaerbest 3 11 eneMeHTiB: 1Ba AMHAMiKa 3 HOMiHAJIBHOKO
notyskHicTio 25W, 3 konneHcatopu 3 emuictio 0,1 mF, oguH KOHIEHCATOP 3 €MHICTIO
2200 mF, ta omuH koHIeHcaTop 3 eMHIicTIO 47mF, pesucrop 3 omopom Ha 10 kOm,
peryasTop 3ByKy, Jukepeno Ha 12V Ta cama mata TDA 1557.

BukopucTtaHHs: [daHIi mICWIIOBadY PO3POOISABCI 1 BHUKOPHCTOBYETHCS SIK
TMiACHITIOBAY 3BYKY IJISl €JEKTPOTiTapH.

Hayxosuii kepisnux — Mapmuntox B.C., ooyenm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VIK 681.11.033.1:62-523.8(043.2)

Bopucosa 51.C., Kupuiaok 0.0.
Hayionanvuuii asiayitinuii ynieepcumem, Kuis

PO3POBKA T'OAWHHUKA-IIPOITIEJIEPA
I3 3ACTOCYBAHHSAM POV-E®EKTA

TopuHHNK-nIpomneNep-1ie yHIKAIBHUN NPHUCTPii, 3aCHOBaHMI Ha Tak 3BaHOMYPOV
(Persistence Of Vision) - edekri abo edekTi NepCUCTCHI,KOIN ITIONEpeHE SBUIIE
BIUIMBA€ HAa HACTYIIHE B TIIPOLECi pOCTY (pakTanmpHOro arperata B 3aMKHEHIH
cucreMi.Eext 3acHOBaHMIT Ha MOXKJIMBOCTI HAIIOro MO3KY i oueil 3'€qHYBaTH B OJHE
300pa)keHHs UIBUAKO MiHJIMBI KAPTHHKH.

[Januii mpoext onucye npoiec ctBopernss POV-npucrporo.

MeTol10 1aHOI POOOTH € CTBOPEHHS TOAMHHUKA-TIPOMENEPa, 0 BUKOPUCTOBYE OANH
Kouip i3 3acTocyBaHHAM POV- eexTa 11 CTBOPEHHS ONTUYHOT 1TFO311.

IIpunan moBuHeH BimoOpaskaTh 300pa’keHHs, a caMe WOro YacTHHY B BH3HA4CHIH
TOYILI 110 BchoMy okody Bix 0 1o 360 rpaxycis i3 TounicTio B 1 rpaxyc. [Y-nepenaBau y
napi 3 [U-npuiiMayeM yTBOPIOIOTH HYJILOBY TOUKY ISl BIZICTEKEHHS MiCLETIOI0KEHHS
mpornesnepa.

YV namomy POV - mpunani BUKOPUCTOBYETHCS [1Ba JDKEpea >KUBIEHHS : OAUH
3HAXOJUTHCS HA IUIATI Mpomenepa , APYTHH YIpPaBiisie MOTOPYMKOM , SKHH oOepTae
mporenep.

MpuHUUn podoTH.

POV 0Oyne HacTymHMI: cTapT 3 HyJbOBOI TOYKH , IOTIM KOJKeH 1 © cBITIOmiOnH
Oy Iy Th 3aTOPSITUCS 3aJIEKHO B MICI pO3TaIIyBaHHS Iporesiepa B ko 360 °.

Bukopucrani pagioeseMenTH.

OCHOBHHI €JIEMEHT HAILIOrO IPHCTPOIO - MIKPOKOHTPOJIEP, PEriCTp, KOMIT'IOTePHHUN
BEHTWIIATOP (MU BHOMpaNd BEHTHIATOP 3 BOYJOBaHMM KOHTPOJEPOM IIBHAKOCTI i
CIIO’)KUBaHHS).

TadpavepBonnii cBiTiaomion i GoToTpaH3UCTOp (Mapa HUX EIEMEHTIB MpU3HAYCHA
IUISL BIZICTEXKEHHS HYJNBOBOI TOUKH), IEPETBOPIOBAY, KOHAECHCATOP, KBapI[,PE3HUCTOPH,
LED,JY- gmiom,goro TpaH3WMCTOp,MakeTHa IUIaTa,CHONy4YHi ApoTH,9B  Tpmmau
6arapetixu, PICkit2 nmporpamarop.

3acTrocyBaHHS.

Januii npucTpiii MOXKHAQ BHKOPHCTOBYBAaTH B IIOBCSKICHHOMY JKHTTI,B SIKOCTI
JICKOpPY 1HTep’€py OYIb-IKOTO MPUMIIIICHHS.

Hayxosuii kepisnux — Mapmuniox B.C., ooyenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 681.5.015(043.2)
ABep’sinoBa B.O.
Hayionanvuuii asiayitinuii ynieepcumem, Kuis

IEPBUHHA OBPOBKA CTOXACTUYHOI IHOOPMAIIII
BATATOBUMIPHOI'O JUHAMIYHOI'O CTEHJIA-IMITATOPA KYTOBUX
PYXIB 10 KAHAJITY KPEHA

BHacnmimok mocTiiiHOro Tporpecy B aBiakOCMiuHIH Tany3i Bce  Oinblie
YCKJIaJIHIOIOTBCSI TEXHOJIOTI], 32 SKUMU CTBOPIOIOTHCS PYXOMi 00’€KTH, 30LIBIIYIOTHCS
TOYHOCTHI BUMOTH JIO MPOIIECIB cTabimi3amii 06’ eKTiB pi3HOr0 MpU3HAYCHHS. SIK BiTOMO,
TOYHICTIO JJI1 PyXOMHUX 00’€KTIiB € TOYHICTB cTabini3amii Ha TpaeKkTopii.

TIoHATTS SAKOCTI CKIAQAHUX AWHAMIYHHMX CHCTEM PIi3HOTO NpPHU3HAYECHHS — OJHE 3
BU3HAYAIBHUX B iH)KeHepHil npaktuii. [To Mipi 3pocTaHHs BUMOT 10 SKOCTi BUKOHAHHS
3aBlaHb, MOKJIAJCHUX Ha JOCTIKYyBaHi 00’€KTH, BCE OIMBINOI yBard HaaaeThes iX
cUcTeMaM YIIpaBJIiHHSA. BU3HAUMBINM MOHATTS SIKOCTI KOHKPETHOI CKJIAIHOI CHCTEMH,
MOXKHA CTaBHTH i BUPIITYBaTH 33/1a4i KUTBKICHUX 3MiH 1 TUHAMIYHHX XapaKTEpUCTHK, a
TaKOX Pe3yJIbTaTIB EPETBOPEHHS AMHAMIYHOIO CHCTEMOIO YCIX III0UNX Ha Hei BXiJHHX
BIUTHBIB Ta 30ypEHb.

Amnpiopi peasbHI MOAeNi AWHAMIKH PyXOMOTro o00’e€kTa Mix Ii€lo 30yprOroUHX
(axTopiB He 3aBXAU BifoMi. B Takux Bumamkax HOTpiOHUM € IMPOBEAEHHS CTPYKTYpPHOI
izeHTH(}IKANI] — BU3HAYCHHS AWHAMIYHMX XapaKTEPHUCTHUK 00’€KTa 3a pe3yibTaTaMu
HATYPHOTO eKcTiepuMenTy. [lepmmii eTamn ineHTudikamii — mepBUHHA 00pOOKa JaHUX.

3a [IOTMOMOTOI0 CHEUiaIbHO 3MOZETHOBAHOTO MOCHIJOBHOTO 0OaraTOBUMipHOTO
¢inbTpa, sKuid (opMye BEKTOpP MPOTPAMHUX CHTHATIB CTEHAY O€3MOCEepeaHbO 3
KOMIT FOTEpHOTO TICEBI0 O1I0T0 myMy, GOPMYIOThCS BXiZHI CHTHAIH B CTEHA-IMITATOP.

VY pe3ynbraTi HaiBHATYPHOTO MOJCTIOBAHHS PyXy 0araTOBUMIpHOTO THHAMIYHOTO
CTEHIa-IMITaTOpa PEECTPYIOTHCS OCIIIIOTPAMH YTIPABJISIOUNX BIUIUBIB, a TAKOXK BHX1THI
peakmii cucremu. Bci 3adikcoBaHi CHTHaNM MaroOTh CTOXAcTHYHHH Xapakrtep. Jlis
OLIIHKM BJIACTUBOCTEN IIUX CUTHAJIB Ta B3a€MO3B’A3KIB MI)K HUMHA HEOOXiqHO BUKOHATH
iX mepBHHHY 0OpOOKy, a camMe — BH3HA4YCHHs Mojejell AMHAMIKH CHUTHAIB Y BUIISAAL
MaTpHIb iX CHEKTPaIbHUX Ta B3AEMHUX CIIEKTPAIBHUX IIIBHOCTEH.

BuU3HAueHHS CTATMYHHMX XapaKTEPUCTHK EKCIICPHMEHTAIBHUX NIaHUX BUKOHYETHCS
3a JONOMOrOK BiJOMHUX airOPUTMIB BH3HAYECHHS KOPEJLIHMX Ta B3a€MHHX
KOpeAUiiHUX (QyHKIIH TOCHiIKYBaHHX CHTHATIB 3 HACTYHHHUM IEPETBOPEHHAM IHX
¢ynkuiii 3a @yp’e. Pesynpratom mneperBopenHs Dyp’e € crnekTpanbHi Ta B3a€MHI
CIEKTpalbHI LIIJIBHOCTI CUTHANIB y BHUIJIAAl rpadiuHHUX 3aJe)KHOCTeHW aMILTTYIW Ta
(a3u Bz 4acCTOTH.

3a JOMOMOTOI0 3alpONOHOBAHOI METOAMKM OOpOOKM cToxXacTH4HOI iH(popMmanii y
mpoleci MoJepHi3amii 0araToBUMIpHOTO CTeHJa-iMiTaTopa pyxXiB, OTpHMaHoi B
pe3yJbTaTi HalliBHATYPHOT'O €KCHEPUMEHTY, CKIIAICHO MOJEI JOCIIKYBaHUX CUTHAIB
y BUIIIAI MaTPHLb CHEKTPAIBHUAX Ta B3aEMHUX CHEKTPAIBHUX IIUIbHOCTeH. OTpuMaHi
MOJIEJTi MOXYTb OyTH BUKOPHCTaHi y Mpoleci CTPYKTYpHOI iieHTU]IKalil THHAMIYHOTO
CTeH/a-iMiTaTopa pyXiB B IIJIOMY.

Hayxosuii kepisnux — O.B.€pmonaesa, acucmenm
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AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA

VK 681.5.015(043.2)

Hikamaox P. B.
Hayionanvuuii asiayitinuii ynieepcumem, Kuis

METOJIMKA OBPOBKA CTOXACTHYHOI IH®OPMAIIII
BATATOBUMIPHOI'O IMHAMIYHOI'O CTEHJA-IMITATOPA

BusHauMBIIM TOHATTS SIKOCTI KOHKPETHOI CKJIQJHOI CHCTEMH, MOXKHA CTaBUTH i
BUpIIIyBaTH 3a/adi KUIBKICHUX 3MiH 11 JWHAMIYHHX XapaKTepHCTHK, a TaKOoX
pe3yabTaTiB TMEPETBOPCHHS JWHAMIYHOK CHCTEMOI0 YCiX MIOYMX Ha Hel BXiTHHX
BIUIMBIB Ta 30ypeHb.OIHUM 3 TOJOBHHUX BHMOT, SIKi Npea sIBISIIOTBCS /IO CYYacHUX
JUHAMIYHUX CTEHIB—IMITaTOPIiB PyXiB, € HaiOiMbIIA GIU3BKICTh PYXIB, SKI IMITYIOTHCS
10 THX, IO iMiTYI0Tb. Take 3aBJjaHHS BUHUKAE IIPH CTBOPEHHI KOHKYPEHTOCIIPOMOKHHX
KOMIUIEKCIB, IO IMITYIOTh HAaTypHOro a00 HamiBHATYPHOTO MOJENOBaHHA. [l
YIpaBIiHHA IMITaTOpaMH B CyYacHHX yMOBaX HEOOXiJHI aJrOPUTMH, SKi 3a0e3rnedaTh
ONTHMaJbHE YIPABIIHHA CTEHJOM IMITaTopoM, TOOTO 3a0e3medaTh MaKCHMAIIBHY
TOYHICTB IMiTalil CTOXaCTUYHHX IIPOTPaMHHX PYXiB 3 ypaXyBaHHSIM IEPEIIKO BUMIpiB.
ToMy Taki iMiTaTOpu HEOOXiMHO PO3IIAAATH SK CKJIQJHI OaraTOMipHi JUHAMIiYHI
CHCTEMH IIPU CTOXACTUYHMX BIUIMBAX.

3a3Buyail peajpHi MOAeNi JUHAMIKM PyXOMOTo 00’€kTa i Ai€0 30yprorodmx
(axTopiB He 3aBKAM BimoMi. B Takux Bumagkax HOTPiOHUM € MPOBEACHHS CTPYKTYPHOT
ineHTH(diKamii — BU3HAYCHHS AWHAMIYHHUX XapaKTEPHCTHK 00’ €KTa 3a Pe3ysIbTaTaMH
excrniepuMenTy. [lepmoro cramiero etamy ineHTH}iKaLii € mepBHHHA 00pOOKa JaHUX.

BximHi curHamum (GopMyBalMCsS  CHEMIalbHO MOJCIIOBATEHUM  ITOCIIIOBHUM
OaraToBUMipHUM (ITTPOM OE3MOCepeJHEO 3 KOMIT IOTEPHOrO TCEBAO OUIOro IIymy.
Bci 3adikcoBaHi cuTHaIM MarOTh CTOXAaCTHYHUX XapakTep. s OLiHKM BIacTHBOCTEH
[MX CUTHAJIB 1 B3a€MO3B’SI3KiB M’k HUMH HEOOXIIHO 3pOOUTH iXHIO IEPBUHHY 00POOKY.

B pesynbraTi MOIENIOBaHHA PyXy OUHAMIYHOrO 00’€kTa OyaM 3apeecTpoBaHi
OCIIMJIOTPAMH YIIPABJISIOUMX BIUIMBIB, @ TAKOXK BHXiJHUX peaKiiii CHCTEMH.

Bu3HaueHHS  CTATHCTUYHMX  XapaKTEPHCTUK  EKCHEPUMCHTAIBHHX  JaHHUX
BHUKOHYETHCSI 3a JOIMOMOTOI0 BiJOMHX alTOPUTMIB BH3HAYCHHS KOPEIALIMHHX Ta
B3a€EMHHMX KOpENSMIHHMX (QYHKOIH  JOCH/UKYBaHMX CHUTHATIB 3  HACTYIHHM
NIepeTBOPEHHIM IMX (QyHKUii 3a @yp’e. PesynbraToM mbOTo € CIEKTpaibHI Ta B3a€MHI
CIEKTpaJIbHI MIUTBHOCTI CUTHANIB y BUTJISI rpadiuHuX 3a1eXHOCTeH aMIuTiTyIu i (asu
Bifg yactotu. /[y ckmamaHHsA Mojened NWHAMIKM CHTHATIB 1O OTPUMAaHUX TrpadiuyHux
3aJIEKHOCTAX HEOOXiTHO iX aIpOKCHMMYBaTH 3a JOIOMOIOI0 Y3araJbHEHOI0 METO.IY
norapu(MiYHUX XapaKTEPUCTUK. B pe3ynbTaTi BHUKOHAHHS BCiX BHIIEBKA3aHUX
MpoLeayp OTPUMaHi MOJEN AWHAMIKH CHTHANIB IHHAMIYHOTO 00’€KTa B BHIVISLII
CIEKTPATBHAUX 1 B3a€EMHUX CIIEKTPAIGHHUX MIUIBHOCTEH CHTHAMIB yrpaBiiHHSA. OTprMaHi
MOJIeIi MOXKYTh OyTH BHKOPHCTaHI B TPOIECi CTPYKTYpHOI iieHTH(DiIKAIl AMHAMIYHOTO
00’€eKTa if CHHTE3y HOTO ONTHMAaJBHOI CTPYKTYpPH.

Hayxosuii kepisnux — O.B.€pmonaesa, acucmenm
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XIV MixkHapoJHa HAYKOBO-IPAKTHYHA KOH(epeHLisi MOJIOAMX YYeHHX i CTYy/IeHTIB
«I1OJIT. CYHACHI NPOBJIEMUA HAYKH»

VK 656.7.072:061.5(100):338.27(043.2)
Mopenko 10.0., Jsaaycosa C.M.
Hayionanvuuii asiayitinuii ynieepcumem, Kuis

3ACTOCYBAHHSI METO/IIB YMOBHOI ONITHUMI3AIIII O PO3B’SI3KY
3AJIAY YIIPABJITHHS

HeoOxiguicTh po3B’s3Ky 3agad ONTHMi3amii 3aBXIW BUHUKA€E IIPU YIPABIiHHS
CKJIQJIHIMH CHCTEMaMU.

Iix 3amauero onTuMi3amii B Teopii yHpaBIiHHS pPO3YMIIOTH 3ajady peaizarii
JNEeSKNX ONTUMAaNbHHUX (32 3aJlaHAM KPHUTEpieM) BHXIJHUX TPAEKTOpiil (cuUrHaiiB)
CHCTEMH.

Cepen MHOKMHM MOXJIMBHX TPA€KTOpiH OOMpAaeThesl BapiaHT IO € HafKpalum
(onTHMaNBEHUM) 3 TOYKH 30pY IMOCTABICHOI METH ONTHMI3allii Ta BpaxOBy€e BCTAHOBJICHI
TpaHMIli MOXJIMBHX 3MiH MapaMeTpiB onrtumizamii ToOTO oOmexenHsa. Jobip
ONITHMAJIBHOI TpPaeKTOpii 00’€KTy yNpaBIiHHS BinOyBaeThCs HPH BHKOHAHHI YMOBH
HaliMeHIIoro abo HaHOLTBIIOro 3HA4YeHb MiMcHOI (yHKIIT mapameTpiB omTHUMI3alii,
ninboBOi (QYHKIII, sKa BHpaXka€ KUIBKICHY Mipy JOCSTHEHHS METH ONTHMi3amii
JIOCITIPKYBAHOTO 00’ €KTY.

V  Bumagky HasgBHOCTI €QWHOI WiMboBOI (QYHKIII pO3rJsgaeTbes  3amada
MaTeMaTHYHOTO IPOrpaMyBaHHS.

OnrumizamiiiHa 3a7a4a TpH TPOCKTYBaHHI CHCTEM MOKe OyTH TOB’sS3aHa 3
PO3paxyHKOM 3HaueHb MapaMeTpiB CHCTEMH NIpH 3aJaHidl CTPYKTYpi HOCIHiIKYBaHOTO
00’€KTy — Ile € ImapaMeTpHdHa ONTHMi3alis, abo 3 J0OOPOM ONTUMAIBHOI CTPYKTYpH
CHCTEMH — II€ € CTPYKTYpHA ONTHUMIi3allis.

B poGoTi BuKOHAHMI TOPIBHAJIBHUI aHaNi3 MBOX METOMIB HEIiHIHHOI YMOBHOI
onTuMizanii (MeTon MHOXHHUKIB Jlarpamwka Ta Merox JorapupMiyHuX ImTpadHUX

¢byHKIiN) Ha TpUKIal po3B’s3Ky GyHKii f(X,y)= Eal 3a1aHIMH OOMEKCHHIMHU
y BUIIIsAAI HepiBHOCTel gl=x>0, g2=y>0, g3=x+y-5>0.

Ilicns BUKOHAHHA MaTeMAaTHYHUX i Ta TEepeTBOpeHb, MOAMGIKAIii MiTbOBOT
GyHKIIT MU IIAIUA IO €TUHOTO Pe3yibTaTy, MPOaHaIi3yBalld MIBUAKOIIIO KOXHOTO 3
METOIiB.

BucnoBku:

-OCKIIBKH METOJl MHOXKHUKIB JlarpaHka € aHaJiTHYHHM METOJOM, TO IJIS JQHOi
(GyHKILIT, sIKa € MaTeMaTUYHO MIPOCTOIO, BiH € OUIBII TOYHHM i 32CTOCOBHHM;

-METO/I MHOXXHHKIB Jlarpamwka Mae MpOCTINIMH anropuT™, a, OTXKe, 1 Kpamyy
HIBUKOIIIO;

-MeTo JorapupmiuHux mTpapHUx (QYHKIIH € YHCIOBO-aHAIITHYHUM, TOMY
moTpedye MiACTAaHOBKM INTpapHUX MapaMeTpiB 1 Ja€ MOXJIMBICTh aHANi3y pIi3HHUX
3Ha4YeHb (QPYHKIIH Ta 3HAXOHKEHHsI ONITUMAIBHOTO TIApaMeTpy i3 3aJaHOK TOUYHICTIO;

-MeTox Jlorapu(MidHNX mWTpadHUX QYHKIIH Mae OLIBII CKIIQIHUN aJTOPUTHTM Ta €
3pYUHIMIIM JUTS CKITaTHUX (QyHKIIH

Haykosuii kepisnuk — H.B. Binax, kano. mexs. HayK, O0yeHm
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CUHTE3 CUCTEMHU CTABLII3ALII BACOTH PETTOHAJIBHOT'O
MMACAXKHUPCBKOI'O JIITAKA

3acTocyBaHHs JiTaTBHYX arapartis (JIA) y cdepi cycrniTbHOro KHTTS TOPOIMIIO PsifL 3314,
IOB’SI3aHUX 13 CMHTE30M CHCTeM YIpaBiiHHs Uil Takux JIA. Posrispaersest 3a/iaua CHHTE3Y
CHCTEMH YIPaBJiHHS MOJNBOTOM, IO 3a0e3nedye CTaOuTi3allii0 BHUCOTH PETiOHATBHOIO
IACaKMPCHKOTO JITAKa MOJIEITb, SIKOTO MPEJICTABIICHO CHCTEMOKO T(ePCHIIHIX PIBHSIHD BULY

X=A;x+B;u
, (M
y=Cx

xe R" - Bexrop crany cucremu, ue R™ - Bekrop ynpapiinus, yeR" - Bektop
BUXIHUX 3MIHHHX O00’€KTa YIpaBIIiHHS, CTPYKTypa HEBH3HAUCHOCTEH Moeli
YIIPaBIIiHHS TIpeJCTaBlIeHa MaTPULSIMHI <Ai,Bi> , SIKI € eJIeMEHTaMH JIeSKOTO IIOJITOITy,
YTBOPIOIOYH TIPH [bOMY OIyKJIMH OaraTOrpaHHHK, [UII KOTO BHKOHYETHCS yMOBA!
[4 BleCo {[Al B],....[ Ay BN]},izl,...,N R CO 03Ha4a€ OIyKIy MHOXHHY, N —
MHOKHHA MOJIeJIeH, SIKi pO3IIIIAOThCS OTHOYACHO. Y MeKaxX Hamloi 3a/1adi eJIeMEeHTH
HOJIITOIY MPEICTaBISIOTH COOO0I0 CYKYIHICTh HOMIHAIBHOI Ta MapaMeTpUYHO 30ypeHol
mogeieit JIA. 3aKoH ynpaBiiHHS Ma€ BUTIIA;
u=Kx,

ne K - MaTpuis KoedillieHTiB MiJCHIAHHS y JIaHII 3BOPOTHOTO 3B’s3Ky. 3HaljeHe
cTabii3yloue pinleHHs MiHIMIi3ye (YyHKIIOHAI SKOCTI BUIY

J:T[x' u'][Q 0}[X:|dt’ 0=0'20, R=R'>0,
3 0 Rjlu

me 0>0 ta R>0 - AiaroHaIBHI BaroBi MaTpHIli 32 CTAHOM Ta YNPABIIHHSAM, BiATIOBITHO.

3aaya CHHTE3y CTATUYHOTO 3BOPOTHOTO 3B’SI3KY 32 CTAHOM BHPIIIYETHCS Y TePMiHAX JIHIMHAX
Matpudaanx HepiBHocTed (JIMH). Peamizamiss Takoro 3akoHy YHpaBiliHHS —Iiependadac
cTalUTi3alil0 MHOXXMHM HOMIHABHOI Ta TapaMeTpUdHO 30ypeHHMX Mojeneil 00’ ekTy
yrpasiias (1) Ta 3BOmMTBCS [0 MOLIYKY IBOX B3a€EMHO oOepHEeHMX Matpuis X,V , mo

3a10BoJIbHAIOTH JIMH BHy:
X'4 +4,X+Y'B/+BY X0 yRV
X=X'>0 0"x -1 0 [<0
Ry 0 -1

Marpuns koedilieHTIB MiACHICHHS BU3Ha4aeTbcs 3a Qopmynono K =YX -1
HocnipkeHHss  edekTUBHOCTI  (DYHKIIOHYBaHHS —CHHTEC30BAaHOI CHCTEMH  YIIPaBIIiHHS
JIEMOHCTPY€EThCS Ha TIPUKJIAJI YIPABIHHS MO3J0BKHIM PyXOM PETiOHATIEHOTO MaCaKUPCHKOTO
JTTaKa.
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FLIGHT CONTROL SYSTEM DESIGN FOR SMALL UAV UNDER
EXTERNAL DISTURBANCES

Recently, the usage of unmanned aerial vehicles (UAVs) has gained a great attention
from the control system society, since these vehicles are able to perform different tasks
starting from civil missions as agriculture, ecological and metrological, to military
operations. Mostly, the UAVs are used in dangerous and inaccessible region in order to
avoid physical injuries in case of manned vehicles utilization. Therefore, the remaining
challenge in this area is to design a control system with law cost and less power
consumption without compromising the flight mission.

Moreover, the small unmanned aerial vehicles during flight in turbulence
atmosphere possess with a weak possibility to attenuate external stochastic disturbances.
It is explained by the fact that their mass and speed are pretty small as opposed to
piloted aerial vehicles. Therefore, the investigation of external disturbances influence on
the efficiency and accuracy of aircraft stabilization has a primary importance for their
further successful application.

In recent years, many methods of designing have been developed in the area, starting
from simple structures to more complicated and using advanced control techniques [1,
2]. This paper considers the problem of flight control system design for small UAV
Aerosonde in altitude hold mode. The structure of flight control system represents by
itself a multilevel control loop. According to this structure the flight control system
involves the outer loop of altitude hold and an inner control loop of pitch control. To
improve the self damping oscillations of the aircraft a pitch damper is also used in the
pitch control loop. The paper investigates the influence of external turbulence
disturbances on the accuracy of UAV altitude hold mode [3]. The power spectral
densities of external disturbances are approximated via Dryden models [3].

The case study and simulation results devoted to the stabilization of the longitudinal
motion (altitude hold mode) of Aerosonde UAV have proven an efficiency of the design
flight control system. Moreover, it is considered an analytical estimation of mean square
value deviation of specified parameters from reference (initial) values.

References

1. Tunik A. A., Galaguz T. A. Robust Stabilization and Nominal Performance of the Flight
Control System for Small UAV // Applied and Computational Mathematics, Vol. 3, Nel, 2004, pp.
34 -45.

2. Komnatska M. M. Robust stabilization and optimization of flight control system with state
feedback and fuzzy logics / M.M. Komnatska, A.A. Tunik // Bicauk HAY. — 2009. — Ne4. — C. 33-
41.

3. McLean D. Automatic Flight Control Systems / D. McLean. Prentice Hall Inc., Englewood
Cliffs. — 1990. — 593 p.

Supervisor — A.A. Tunik, professor
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ROBUST FLIGHT CONTROL SYSTEM DESIGN FOR LIGHT MANNED
AERIAL VEHICLE IN CRUISE FLIGHT

For recent years, the problems connected with aircraft control system design became vital
for a wide range of airplanes. Moreover, the aircrafts are subjected to the external random (or
stochastic) disturbances during the flight envelope. Therefore, it is very important to have the
model of turbulence. Thus, the model of external disturbances is approximated via Dryden
filter model. This paper deals with methods of Linear Matrix Inequalities (LMIs) theory. It is
based on fundamentals of stability theory after A. Lyapunov. The main advantage of LMIs
approach usage is that it gives an opportunity to synthesize the optimal control law for a set of
linear models. The paper considers a problem of robust flight control system design for light
manned aerial vehicle in terms of LMIs. The model of controlled plant is described by the

following set of linear models [4;, B;]:
{x =A;x+Bju

y=Cx ’ )

where xe R" is the state space vector, ue R™ is the control vector, yeR” is a vector of
observations. The matrices of the state space model of the controlled plant dynamics have the

following dimensions 4 € R™", B e R"™",C € R™" . The control law is represented in the
following way:

u=Kx. 2)

The problem is to find state feedback with gain matrix K for the set of linear models given

by eq. (1) that provides stabilization of controlled plant and assures minimum to the following
performance index

J= T(XT(t)Qx(t)+uT(t)Ru(t))dt - TxT(t)(Q + KT RK)x(t)dt - ©)

where Q and R in eq. (3) are positive definite. This problem can be solved by designing K and
finding a Lyapunov function P that gives a guaranteed performance bound (3). Thus, to find
the stabilized solution it is necessary to solve the following LMI:
XA +ax+MT BT +BM xT QY2 MTRV?
x o2 -1 0 |[<o
MRV 0 -1

where P'=X; KP'=M and K=MP. The performance of the designed flight control

system is proved via simulation. The results of simulation confirm the efficiency of the designed
flight control system. The angles deflections as well as their angular rates for such aircraft are
respected within the accepted intervals.

s

Supervisor — A.A. Tunik, professor
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HENPO-HEUETKHIA PETYJISITOP 1)1
VIIPABJIEHMSI IBUKEHUEM TBE/IPOT'O TEJIA

CoBpeMeHHBII MIePHOJT Pa3BUTHS TEOPHH aBTOMATHIECKOTO YIIPABICHIS XapaKTePH3yeTCst
TIOCTAHOBKOM U peIIeHHeM 3ajiad, YUWTHIBAIONMX HETOYHOCTh 3HAHWIT 00 o0OBeKTax
yIIpaBJIeHHs! U JACUCTBYIOMNX Ha HUX Bo3MymueHuit. [loner Bpamraromerocs BITJIA o0braHO
CBSI3aH C BO3/IEHCTBMEM Ha HETO LIEJIOT0 PsiJia HECTPYKTYPUPOBAHHBIX BO3MYILIEHHI. [Tpn 3TOM
y TaKuX JIeTaTebHBIX aIllapaToB JOCTyMHA c1abas MH(OopMAaIwst Ipo CUCTEMY, YTO MPHBOIUT
K HEOOXO/IMMOCTH CHHTE3a CHCTEMBI C TMHAMITIECKOI 00paTHOH CBSI3BI0, a TAKKE JJIEMEHTaMH
amanraimpy [1]. OmHako, y4WTBIBas OCOOCHHOCTH OOBEKTAa YIIPABICHUS, K PETYISTOPY
TIPEIBSBISIIOTCS TPeOOBAHMUS MO MPOCTOTE €ro0 PEATH3ALMH, YTO HE MO3BOJISET MCIONIB30BaTh
camooOydarolyecss HEHpPOHHBIE CeTH, OOECNEeUMBAIOIIME BBICOKHE  aJaNTalMOHHbIC
XapakTepuCTHKH peryisitopa. Heo-(a3sm HelipoH oOrnagaeT cBOWCTBaMH, KOTOpBIE JaroT
GOJIBIIIOE MPEHMYIIIECTBO TIPH MOJICITMPOBAHUHN CIIOKHBIX CHCTEM Orarozapst MpoCToTe CBOSH
CTPYKTYpBI, COCTOSIIEH W3 OHOTO HeHpoHa. ApXWTEeKTypa Heo-(a33u HelpoHa ObLIa
npemioxkena T. SImMakaBoil ¥ ero coaBropamu [2], KOTOpBIE OTMEYAlOT, YTO OCHOBHBIMU
HPEUMYILECTBAMHI 3TOr0 HEHpOHa SBJISIOTCS BBICOKASI CKOPOCTh OOYYEHHMsI, BBIYMCITHTEIbHAS
HPOCTOTa, BO3MOXKHOCTb HAXOXJIEHHS IVIOOAIBHOrO MHHHMyMa KpUTEpHst OOYdYeHHS B
pEaTbHOM pEKHMME BPEMEHH, a TakkKe BO3MOXKHOCTH OINHCAHMS (DYHKIMOHMPOBAHUS 3TOTO
JNleMeHTa HabOpOM JIMHTBHCTHUECKHX «€CIHM-TO» NpaBwil. Heo-¢azsm melipon — 310
MHOTOBXO/I0Basl HEJIMHEHHAS CHCTEMa C OJTHUM BBIXOZIOM, PEaIM3yHollias 0TOOpaKeHHE BHA:

LGEDIWACTEDIPIWHEAC)IZACES)
i=1 i=1 k=1
rae QyHKIMA f,(x,(k)) OIICBHIBAET BBHIXOHOM CHTHAN i-TO HENMHEHHOTO CHHAICA B TEKYILMi

k-TBIli MOMEHT BpEMEHH:

n m
f, (‘xi (k) = Z Z Hin (‘xi(k))a)ih (k-1
i=l h=1
M, — h-s1 GyHKIWST IPHHAUISKHOCTH -TO BXOJa, @, — h-i HAaCTpauBaeMbIi CHHAITTHICCKUH
BECOBOM KOI((UIMEHT -r0 HENMHEHHOro CHHANca B NpPEABIIYIIMA MOMEHT BPEMEHH,
f,(x,(k)) — pe3yJbTaT HEYETKOrO BBIBOJA, MOTYYaeMOro HpH MOMOLIM Jedas3upuKaiiy no

METOJIy IIEHTPA TKECTH.

Taxnm oOpasoM, mpu rozade Ha BXOJ Heo-(ha33u HeHpoHa BEKTOPHOTO CHTHAJIA, €r0
BBIXOJ Ompenensercss (QYHKIMSIMHA TPUHAUIGKHOCTH M HACTPAHBAEMbIMU  BECOBBIMH
kod(rImeHTamMy, MOMyYeHHBIMU B MPEIBITYIII MOMEHT BpeMeHH. [Ipu 3ToM Heo-(haz3u-
HEWpOH CONEPXKUT n-m BECOB, TOMIEXKAIIMX onpeneneHuo. HacTpoiika BecoBbIX
K03(pUIMEHTOB B PeabHOM BPEMEHH MOKET OBITh OCYIECTBIICHA, HAIIPUMEP, C MOMOIIBIO
TPaAWLIIOHHOTO AJITOPUTMA IPAJUEHTHOTO CITyCKA.

Crnmcok BUKOPHCTAHHX JUKePeT
1 Bacanen O.I1. MozenipoBanne mpoliecca HaBeIGHHs 110 Jydy BpallAoIerocs: TBEpIOro Teia /
O.I1. Bacarer, A.A. Tynuk // Enextponika Ta cuctemu ynpasiisast. — 2010. — Ne 4. — C.148-155.
2. T. Yamakawa, E. Uchino, T. Miki, and H. Kusanagi. A neo fuzzy neuron and its applications to
system identification and prediction of the system behavior. In Proc. 2-dn Int. Conf. on Fuzzy Logic and
Neural Networks - “IIZUKA-92”, p.477-483, lizuka, Japan, 1992.
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PO3POBKA JKEPEJIA )KUBJIEHHS 1J151 JABUHHOI'O ®OTOJAIOJA

B cywacHux nmasepHux nonmiepiBchkux anemomerpax (JIA) mupoke 3acTocyBaHHS
B SKOCTI (poTonpuiiMadiB 3HaWNDM naBUHHI Qotoniogn (JIOM). JIO]/] Ha BigMiHy Bix
(OTOCNEKTPOHHUX MMOMHOXKYBadiB MalOTh MEHIII rabapuTHI po3Mipu Ta MOTPeOyIOTh
MEHIIOi Hampyru >kuBiieHHA. Y mopiBHSHHI 3 PIN doromiomamu JIDJ[ maroTh
BHYTPIIITHE TiICHIICHHS, [0 MOXKE JIOCATATH JECATKIB THCSAY 3aIeKHO Bijg Moneni JID/].

Ha naBuHHMI doTomion momaeThcs Hampyra 3BOPOTHOTO 3CYBY, sIKa ONHM3bKa JI0
Hampyrd npo0or0 Ta 3a paxyHOK YAapHOi ioHi3amil BigOyBaeTbCs MiJCHIICHHS
¢doroctpymy. s podotu JID/] Tpeba BUKOPUCTOBYBATH JKEPETO KHUBJICHHS, HAIPYTY
SIKOTO MOJKHA TOYHO PETyJIIOBATH.

Po3pobieHo mxeperno sKUBICHHS IS TaBUHHOTO (hoTomiona. [IpuHmum fioro poboTtu
HacTynHuil. B mporpamoBaniii soriunii iHTerpansHii cxemi (IUVIIC) moGymosanwmii
U(pPOBHI TEHEPaTOp CHHYCOINAJIBHOTO CHTHAly, aMIUITyJa SKOTO PEeryJO€ThCs.
Buxin reneparopa CHHYCOIZAJIbHOTO CHUTHAIY MiAKIIOUEHHH 10 HH(PO-aHATIOTOBOTO
nepetBoproBada (L{AIl) Ha Buxoni sikoro GopMyeTbesl CHHycoinambHa Hampyra. Ilicms
LIAIT BcTaHOBNEHMII TOBTOpIOBaY HAINPYTH 3a JOIMOMOTOI0 SIKOTO MOXKHAa OTPHMAaTh
CTPYM IOCTaTHiil uisi TOro o6 TpaHchopMaTop MpaiioBaB B HOMIHAJBHOMY PEXHMI.
Buxinna Hanpyra TpaHchopMaTopa BUNpSAMIIETECS Ta QinbTpyeThes. [lepeBaroro Takoi
moOyoBU JKEpeNa SKUBJICHHS € 3aCTOCYBaHHS TreHepartopa cunycoimu Ta L[AII, mo
JI03BOJIS€ CTa0lIi3yBaTh HANPYTy HA HOTo BUXOI.

CrBopeHnit nabopaTopHUil MakeT jpKepena JKUBJICHHS. BuximHa Hampyra Moxe
perymoBatuch B Mexax Bix 5 B mo 140 B. B maxkeri mxepena Bukopuctani. I[TJIIC
Cyclone IV EP4CE6E22CS. I'enepaTop CHHYCOiZaqbHOTO CHTHAIY, IO MOOYIOBaHUI
Ha OCHOBI IHU(POBOro OOYMCIIOBAIBHOTO cHHTe3aTopa. Lludpo-aHamorosuii
NIepEeTBOPIOBAaY Mae JieNibTa-cirMa apxiTekTypy. B Horo ckiaj BXOAWTH AenbTa-cirma
moaynstop noOymoBanuit 'y IIUUIIC BuXigHMI CHTHANl TMPEACTaBIsE COOOI0 KOZOBY
MOCTIIOBHICTH iMIynbCiB. B crpykrypy LIAII iHTerparop y Burnsai RC-nanmora , mo
TIePETBOPIOE KOIOBY IOCIIOBHICTh Y BiJIIOBiIHE 3HAYCHHS CHHYCOINAaIbHOI HANPYTH.
[NoBTOproBaY HampyTH peanizoBaHMil Ha onepaniiHoMy mixcwmosadi Ty TCA037DP1
CTPYM Ha HOro BHXOJi MOXKe Jocsiratu 3HadeHHs 10 1 A. TpaHchopmarop Hanpyru, oo
Mae koedinieHT TpaHchopmarii 73. Bunpsmisia Hanpyru tuny DB107 ta mogsoroBay
HapyTH Mo0y/I0BaHHUH Ha KOHJICHCATOPaX.

IIpoBeneHO nOCTIKEHHS 3MIHA KOS(IIi€HTY MiICHICHHS JaBHHHOTO (HOTOMIONY
turry ADS500-8 Bix Hanpyru sxuBieHHs. BcraHoBieno, mo JI®D/[ mepexoauTs y craH
npoboro npu Hampy3i 96 B.

Cnucok BHKOPHCTAHUX JiKepel

1. http://www.xilinx.com/support/documentation/application_notes/xapp154.pdf
XAPP154 Synthesizable Delta-Sigma DAC

Hayxosuil kepignux — JJuenuy M.I1., kano. mexu. nayx, ooyenm
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SOUND PROCESSING IN MATLAB

MATLAB is a high-level language and interactive environment for numerical
computation, visualization, and programming. Since sound signals are represented as
vectors in MATLAB, you can do any mathematical operation on the sound signals that
you could do on elements in a vector. In other words, you can create your own sounds
with MATLAB scripts and functions. You will get to make a sound composition by
modifying, mixing and stringing sounds together. Using MATLAB, you can analyze
data, develop algorithms, and create models and applications. Matlab is widely used
environment for signal processing and analysis. Some key Matlab concepts and
functions are useful for music and audio.

e  Matlab can be used to create and manipulate discrete-time signals.

e Individual expressions can be typed directly inside the Matlab interpreter.
Collections of commands can be saved in text-files or scripts (with .m
extensions) and then run from the command line. Users can also write Matlab
functions.

e  Matlab operations are optimized for matrix algebra. Loops tend to execute

more slowly.

Matlab is not free and its pricing structure is very complex.

An open-source alternative to Matlab called Octave is available.
Useful functions: size, abs, sum, plot, axis, stem, fft, ifft, grid.

One can get help for any function by typing help and a function name at the
command-line prompt

Matlab provides a few built-in functions that allow one to import and export audio

files. Audio files formatted with the Microsoft WAV format can be read and

written to/from Matlab using the built-in wavread and wavwrite functions. Signal

can be played out the computer audio hardware in most versions of Matlab via

the sound (unnormalized) or soundsc (normalized) functions.

Computing Audio Spectra in Matlab

The fft function computes the FFT of a specified signal. In general, we will want to
view either the magnitude or phase values of the FFT coefficients, which in Matlab can
be determined using the abs and angle functions. A variety of windows can be applied to
a signal before the computation of  the FFT using the
functions hann, hamming, blackman. For a complete list, see the window function help.
Time-domain windows can help minimize spectral artifacts related to signal truncation.
The spectrogram function computes a time-frequency plot of a signal where color
represents spectral magnitude amplitude.

Scientific advisor — Y.O. Gayev , professor
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AOCJUKEHHS JIOKAJIBHOI KOMIT'FOTEPHOI MEPEKI METOJAMU
TEOPII MACOBOTI'O OBCJIYT'OBYBAHHA

[lIBuaxe Ta sKiCHE BHpILIEHHS PsTy BUPOOHWYMX Ta poOOUMX 3a/ad, NOB’I3aHHX 3
pO3paxyHKaMH, CIJIBHIM BHKOPHCTAHHSAM IH(OpPMAIHHUX pecypciB Ta IHIINM Ha
CHOTOJIHI TICHO ITOB’SI3aHE 3 PO3BUTKOM JIOKAIBHUX Mepex (JIM). [lns ix 3maromxeHol
poOoTH HEOOXiHO 3AIMCHUTH aHaji3 Ta CIpoOyBaTH CIIPOTHO3YBATH MOKA3HUKH SIKOCTI
(GyHKIIOHYBaHHSI 1€ [0 BCTAHOBJICHHS Takoi Mepexi. Takok MO)Ke BHHUKHYTH
HEOOXIJHICTh TOKpAIIeHHs. poOOTH ICHYrO4YOl Mepexi abo ii po3MMpeHHs, L0 TEeX
noTpedye aHawi3y.

Jlns BUpIlICHHS 3aJa4 TAaKOro Kiacy BHKOPHCTOBYEThCS MAaTEeMaTHYHHH amapar
Teopii MacOBOT0 0OCITyrOBYyBaHHS Ta iMiTAIIiHE MOEIIOBAHHS.

Ha ocHOBI CTaTHCTHYHHX JaHUX BXXE ICHYIOUMX MEpeX CKIAmaroThest Mogemi JIM,
0 MaloTb OyTH CTBOpEHi, abo MoTpeOyloTh YAOCKOHaleHHs. BoHM MOXyTh OyTH
aHaJITUYHMMM Y4 IMITALIHHUMH.

V nawiit poGOTi Ha OCHOBI Teopii MacoBOro OOCIYrOBYBaHHS IOCIIIKYIOTHCS
HACTYIIHI XapaKTEPUCTUKH SKOCTI 0OCITyrOBYBaHHs: YaCOBi IHTEPBaIM MiXK BXiJHUMH Ta
BHUXITHIMHU TaKeTaMH iH(pOpMaIlii; MakCUMajbHA JOBKHHA YEPTH, CEPeIHS KUIbKICTh
TaKeTiB B 4ep3i Ha 0OCIYrOBYBaHHS Ta CepelHill dac mepeOyBaHHS MAaKeTiB B 4ep3i Ta
cHCTEMI.

OO6’€KTOM IOCTI/PKEHHS € JIOKaJbHA Mepeka 3 ONHHM MapmpyTu3aropoM. Ha Bxin
MapuIpyTH3aTOpa HAIXOJATh MAKETH 3 IHTEHCHBHICTIO, IIO0 3QJISKUTh BiJl KiIBKOCTI
KOMIT TOTEpiB B Mepexi. SIKIIo KoMyTaTop 3aiiHATHII 00pOOKOIO 3amuTy, TO HOPMYETHCS
yepra HeoOMexeHOI noBkuHHM. Taka cuctema 3a Hotaniero Kenpmama moxe Oytu
knacudikosana sik M/M/1 cucrema.

Pospaxynkn Ta MozmemroBaHHsS Oyl TPOBEAEHI Al CHCTEM 3 I1HTEHCHUBHICTIO
BximHoro motoky | maker/c, 1,5 makerw/c Ta 2 makeru/c. Pe3ynmpraTé po3paxyHKiB
3aHeceHi B Tall.

A Knb. K3. Toq. TCMO

1 n/c 0.76 0.24 0.2667 0.6667
1.5 /c 0.24 0.76 0.9 1.3
2 m/c 0.16 0.84 3.2 3.6

OtpuMaHi pe3ynbTaTH PO3pPaxyHKIB Ta MOJCIIOBAHHS IMiATBEPIXKYIOTh, LIO IMpU
301TbIIEHH] IHTCHCHBHOCTI HAIXOKEHHS MaKeTiB IO CHCTEMH dYac mepeOyBaHHS
BHMOTH B CHCTEMi, TOBKHHA YeprH, 4ac nepeOyBaHHS BUMOT B 4ep3i 30LIbIIyIOThCs. A
IIPY IHTEHCHUBHOCTI ITOTOKY 2,5 Ta OLIbIIe BiTOyBaeThCS «BHOYX Uepri».

Hayxosuil kepienux — I'anazys T.A., kano. mexu. nayx, ooyenm
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JEAKI IIJIAXHW MIABAINEHHA AKOCTI ®YHKIIOHYBAHHSA
BOJIOKOHHO- OIITHYHOI'O I'TPOCKOIIA (BOT')

TlepcriekTHBa BUKOPHCTAHHS JICLICBOTO ONTHUYHOIO JaT4Mka OOCpTaHHs, KU
3MaTHUM mpamioBaTH  0e3 TIpOMEXaHIYHHX IIOMIJIOK Y IHEpIianbHIH cHcTeMi
YIPaBIIiHHS, € OIHOIO 3 TOJIOBHUX NPHYHMH ocobnuBoro inrepecy 10 BOT.

3anaucro mpencTaBicHoi pobotu € aHamiz pobotu BOI, BH3HAYCHHS Kepes Ta
MPUYUH BUHUKHEHHs MOXUOOK Ta HecTabiapHOCTEH y poboti BOI, a takox BHOIp
LUTSIXIB Ta 3aC00IB MiABUILEHHS TOYHOCHUX XapaKTEPUCTHUK MIPUCTPOIO.

Jlns Bu3HAUCHHS JKepesia BAHUKHEHHS IIyMiB Ta HecTabinsHocTel BOI', OyB
MpOBEeICHUI BINNOBIAHWI aHai3 BCIX €JIEMEHTIB Wi€l cHcTeMH. XapaKTepHCTHKA
MPUPOJIH TaKHX IIYMiB IIPE/CTaBICHa Ha cliaii 3.

B poGorti akieHToBaHO yBary JukepenaMm IIyMiB eiekTpoHHoi wactuam BOI, a
TAKOX LUIsIXaM iX koMmeHcauil. 3 exekrponHoi yactuau BOT, sk pkepena nrymis 0yiio
PO3IISIHYTO (POTONETEKTOPH Ta HOTEPEAHIH KacKa MiJICHICHHS eJIeKTPUYHOTO CHTHAITY.

Hdnst dortomeTekTopiB Oyino BH3HAUCHO 3HAYCHHS YYTJIMBOCTI 1 chOpMyiboBaHi
BHMOTH JI0 IIUX €JIEMEHTIB.

Hajikpame muM BuMOraMm BigNOBialOTh MIBHAKOIIOYi (OTO AiOAM HA OCHOBI
CIUTABiB rais i apceHis.

[TpoaHaii3yBaBIIM XapaKTEPUCTHKY LIyMiB MiJCHJIIOYOr0 Kackamy Oylo
obumcineHo rpannuHy dyrTiamBicte BOIT ska popiaioe (10 (-4) rpam/ rom.). s
KOMIIEHCallil NIyMiB KacKaxy IiJCWIeHHs, OyJo MpoaHai30BaHi iCHYIOUi CHOCOOM
KOMIICHCAIlIi TAKHX [TyMiB.

Jnst 3MEHIICHHS LUX IIyMiB a 3HAYMTh 1 MiABHINEHHS To4yHOCTI poborn BOI
po3poliieHi cxemH BHpILIEHHsS KoMIeHcauii Apeilidy HyJs , KOMIEHcalii BIaCHHX
IIyMiB MiJCHIIOBaYa, a TAKOXK YaCTOTHOI KOPEKIii HOro poOoTH.

SIk BUCHOBOK MOKHa CKa3aTH, IO 3allPONOHOBAaHI NUIIXH KOMIICHCAIIi IIyMiB Ta
HecrabutpHOCTEH y pobori BOI, Ta 3anpomoHoBana ejgeMeHTHa ©0asa 1MOOYyZOBH
enekTpoHHoi yactiHH BOI', MOXe CyTT€BO HiIBHIINTH TOYHICTH TAaKUX IIPUCTPOIB, IO
HEOJIMiHHO OyZie BIUIMBATH Ha SKICTh (TOYHICTh) (D)YHKLIOHYBAHHS iHEPLiAIbHUX CHCTEM
HaBirarii, ynpasJiHHs Ta cTabimizarii.
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CHUHTE3 CUCTEMH YIIPABJIIHHA ITIPUBOIOM
MAHIITYJAOIMHOI'O MIPOMUCJIOBOI'O POBOTA

ABTOMaTH3aIlisl Ta POOOTOTEXHIKA € OJHHUM 13 TPIOPUTETHUX HANPSIMKIB PO3BHTKY
TIPOMUCIIOBOCTI B yCiX PO3BHMHEHUX KpaiHax. OCHOBHHMH TEOPETHYHUMH Pe3yIbTaTaMU
JaHOi poOOTH € CTBOPEHHS HAayKOBO-OOTPYHTOBAaHHMX METOJIWK Ta aJTOPUTMIYHOTO i
MPOrPaMHOro 3a0e3MeUeHHs MapaMeTpUYHOl ONTHMi3alii pobacTHOi HemepepBHOL
CHCTeMH YIPaBIiHHS MAaHIMYIITOPOM IIPOMHCIOBOTO po0OTa, SIKi MOXYTh OyTH
3aCTOCOBaHi Il MPOCKTYBaHHS CHCTEMH YHPABIiHHS MaHIMyJISTOPOM MPOMHCIIOBOTO
poboTa, 10 B CBOIO 4Yepry IUIAaHY€ThCS BIPOBADKYBATH Ha aBiamigmpueMcrBax i
3aBOjlaX. BIpOBa/PKEHHS IMPOMUCIOBHX  pOOOTIB CIPUSATUME  Ti/IBHIICHHIO
MIPOAYKTHBHOCTI Ipami i 3MEHITyBaTHMe HaBaHTaKCHHS Ha KBaJIi(piKOBaHMIA MepcoHA i
JI03BOJIMTH PalliOHaIbHO BUKOPUCTOBYBATH TPYIOBI pecypcu. BHacnizok 1poro 6araro
CKJIATHUX 1 TPYJOEMHHX BUPOOHMYMX OIEPALlii, [0 0 IIHOr0 BUKOHYBAIUCS JIIOABMH,
BHKOHYBaTUMYThCSI poOoTamMu. OCKITBKH JOCHIDKEHHA B 00JacTi poOOTOTEXHIKH, a
caMe JIOCII/DKCHHSI CHCTEM YINpPAaBJiHHS € aKTyaJbHHMM, [OCTa€ MUTAHHS IPOBEICHHS
MmapaMeTpUyHOl ONTUMI3alii A7 BHU3HAYEHHS MOKAa3HWKA SIKOCTI Ta pPoOAacTHOCTI.
Binomo, 1o 36insuytoun Hy-HopMmy, 3meHinyethest Il ,-HopMa, i HaBnaku. HeoOxinHo
JOCSTTH KOMIIPOMICY MK MOKa3HMKaMH SIKOCTi Ta MOKa3HWKaMu pobacTHOCTi. Tomy
CKJIQJIHMH KPHUTEPii SKOCTI CKIIAJa€ThCs 3 TAKUX KOMITOHEHTIB!

1)  H,-HOpMa /ISt KOXKHOI MO/ CHCTEMH:

I, — [FeoBE Q- Xut uT-R-uf W

ne: &k — BexTop crany, 11— BXiguuii BexTop ynpasiinns, # R — parosi Marpui.
2) H,-HopMma OyHKIii KOMIUIEMEHTapHO! YyTJIMBOCTI CHCTEMH JUII KOXHOL
MOJIeIi:

"T(](D)”OO =Ssup G|T(j0))| , 0fo<w )

ne: O - cuHryJsipHe uucno marpuui T, G - MakCMManbHE CHHTYJISPHE YHCIO Ha

3aJaHili 4acToTi. Il . Mipoto pobacTHOCTI. SIk BimoMo, KpuTepieM poOacTHOCTI
sBisieTbest H,-HOpMa QyHKIIT KOMILTEMEHTAPHOI Ty TIIMBOCTI 3aMKHEHOT cuctemu. Taka
YyTIHUBICTH € TEpelaBaIbHOI0 (QYHKIIEI (IUIs1 OHOBHMIPHHX CHCTeM) abo MaTpuIielo
nepeaaBanbHuX (QYHKIIN (i1 6araTOBUMIPHHUX CHCTEM) 3aMKHEHOI CHCTEMH, B SIKiil
peryysTop Ta 00’€KT 3HAXOIATHCS Yy NPSIMOMY 3B’SI3Ky Ta Mae Micle OJMHUYHHN
3BOPOTHIH 3B’5130K. BUMOTM 10 TOYHOCTI Ta SIKOCTi yNpaBNiHHS 3 OJHI€] CTOPOHM Ta
pO0ACTHOCTI 3 IHIIOT CTOPOHU € B3aEMHO CYNEPEWIMBHMH, a 3a]ada CHHTE3y CUCTEMHU
YIPaBITiHHS MOJSTa€e y BiAIIyKaHHI KOMIPOMICY MiX SIKICTIO 1 pOOACTHICTIO CHCTEMH.
Ils mera npocsraeTbess 00’e€mMHAHHAM 000X IOKAa3HUKIB B OJHOMY KOMIUICKCHOMY
KpuTepil i3 BaroBUMH KoegillieHTaMH. 3MiHIOIOUYH I1i KOS]IllieHTH MiJ Jac MpoLexypH
onTUMi3allii MOXHa JIOCATTH 0a)KaHOTO KOMITPOMICY.
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CHUHTE3 CUCTEMBI YIIPABJIEHHUS IEPEBEPHYTBIM MASITHUKOM

Lenbto manHON pabOTHI SIBISETCS CHHTE3 AITOPUTMOB YIPABISIOMIETO YCTPOUCTBA,
MIPeHAa3HAUYCHHOTO U1 CTA0WIN3alMM MEXaHHYeCKOro 00BeKTa — IepeBepHYTOro
MasTHHKa Ha TOJBIDKHOM KapeTKe, a Takke OCBOGHHE METOIOB aHajlH3a, CHHTE3a U
KOMITBIOTEPHOH HMMHTAlMM HENPEpbIBHBIX W AWCKPETHBIX IMHAMHYECKUX CHCTEM
yIpaBJICHHUSI.

JU1s TOCTHIKEHMS eI paboThl PELIEHBI CIEAYIOIIHE 3a1auH:

1. CocraBrieHa HEMHEHHYI0O MaTeMAaTHYECKYI0 MOJENb OOBEKTa M BepH(UIHUPOBAHO
€€ IMyTeM KOMITBIOTEPHON UMHUTAIUHU.

2. IlpoBeneH aHanM3 yCTOWYMBOCTH, YIPaBISIEMOCTH M HaOIIOIaeMOCTH OOBEKTa II0

JIMHEapU30BaHHON MOJIEIIH.

CHHTE3UPOBa PETyJISITOP COCTOSHHS.

CuHTE3UpOBaH HAOIIOAATENb COCTOSHUN M TMHAMUYECKHH PETYIISATOP.

5. TlpousBeneHa OLEHKa pa3MepOB OOJACTH NPUTSIKCHUs IOJOKEHUS DPaBHOBECHs
cUCTeMbl, 00pa30BaHHON HEJTMHEHHBIM OOBEKTOM M JTMHEHHBIM PEryJIsiTOPOM.

6. IlocTpouH AMCKPETHBIN PEryJsATOp MO HEMPEPHIBHOMY MPOTOTHIY U MPOBEICHEHO
aHaNmM3 CHCTEMBI, OOpa30BaHHOW HENPEPHIBHBIM HEIUHEHHBIM OOBEKTOM N
JMHEWHBIM AUCKPETHBIM PETyIISITOPOM.

7. CuHTe3MpOBaH ANCKPETHBIM peryisTop Ha 0a3ze NMHEHHOW AMCKPETHOH Mopmenn
00BEKTa W TIPOBECTH aHAJIN3 3aMKHYTOW cHcTeMbl. CHHTE3 CHCTEM YIPaBICHHS
MPOBOJUTBCS METO/IOM IPOCTPAHCTBA COCTOSTHUM.

B pesynbrare Ha 0aze HenuHeHHOW Moxenu o0bekTa B (OpPME CHUCTEMBI
I depeHnanbHbIX ypaBHEHHIT 4eTBEPTOro MOpsAAKA IOJTy4YeHa JIMHeApU30BAHHAS
MoJieb 00BEKTa, KOTOpas MO3BOJIHJIA IIPOBECTU AHAIU3 YCTOMYMBOCTH ITOJIOXKEHMS
paBHOBECHs, AaHAIN3 yIpaBIsieMocTH H HabmomaemoctHn. ChemaH BBIBOJ O
HEOOXOIUMOCTH CHHTE3a PEryJsTOpa, CTAOMIH3HPYIONIETO HEYCTOWYHBOE IOJIOKEHHE
MasITHHKa Ha KapeTke. 1o jmHeHON HenpepbIBHON MOAENN 00BEKTa, HOIydeHHOH IS
MaJIBIX OTKJIOHEHUH OT IIOJIOKEHHSI PaBHOBECHsS, C IIOMOILIBI0O METOAA pPa3MEIICHHs
COOCTBEHHBIX 3HAYEHHH CHHTE3HMPOBAH pEryjsaTop cocTosHus. g  peanuzanun
JMHAMUYECKOTO PETyisiTopa ObUI TaK)Ke CHHTE3UpPOBAH HAOJIIOJATENh COCTOSHHMH. B
pesyibrate Obula IIOMyYeHa  CHCTEMa, COCTOsINAs M3 HEIUHEHHOro o0ObeKTra U
peryJsropa, He MO3BOJISIOLIETO CTAOWIIM3UPOBATh CUCTEMY AQXKE IPHU HEOONBLINX ee
OTKJIOHEHHSIX OT MOJIOKEHHUS PABHOBECHS.

JIns peanu3aryy AUCKPETHOTO PETyJIATOpa OBLIO HCIOMB30BAHO J[Ba CIIOCO0A:
JUCKPETH3allMsl HETPEphIBHOTO DETysITOpa M CHUHTE3 IUCKPETHOTO PEryisaTopa Ha
OCHOBE JWCKPETHOH JMHeapu30BaHHON Moxenun oObekTa. Ha ocHoBe aHammsa
Ppe3yJIbTaToB ObUIa MOATBEPIKAEHA SKBUBAJICHTHOCTD 3TUX CIIOCOOOB.

bl

Hayxosuii kepisnux — Abpamosuy O.0., KaHO. mexH. HayK, O0YeHm
170



AEPOHABIT AIIITHI CUCTEMHA
EJJEKTPOHIKA TA AEPOKOCMIYHI CUCTEMH YIIPABJIIHHA
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H.V. Tsiruk
National Aviation University, Kyiv

BIAS COMPENSATION IN VIBRATORY GYROSCOPE

Coriolis vibratory gyro (CVG) accuracy and its manufacturing cost are mainly
determined by manufacturing quality of its sensor. Basic sensor parameters determining
its quality are resonator Q-factor, Q-factor mismatch and resonant frequency mismatch.
After sensor manufacture it is usually carried out mass balance procedure to reduce
manufacturing imperfections expressed in Q-factor and resonant frequencies
mismatches. Mass balance by mechanically removing of small masses from the
resonator is sufficiently complex, time consuming and low producible procedure. This
procedure results in reduction of batch production and CVG cost increasing.

Differential CVG proposes to locate standing wave in the middle between two
electrodes, under equal angle #=22.5° to both of them. Doing this frequency mismatch
can be reduced to 10™* Hz by applying corresponding control signals on the electrodes
and in addition it can be realized differential mode of angle rate measurement.

Possibility to measure angle rate using differential mode of operation and to keep
frequency mismatch at low level in wide temperature range were firstly demonstrated in
[1]. Different and almost always unknown in practice, variable in time and temperature
electrode transformation coefficients of mechanical deformation into voltage and vise
versa have not been taken into account in [1].

Differential CVG dynamic equations analysis taking into account different by values
electrode transformation coefficients is given in this work. Condition which has to meet
excitation control signals to compensate for frequency mismatch is derived. Angle &
under which standing wave should be aligned in order to compensate for cross damping
as a bias component is determined.

Bias components calculation procedure allowing one to estimate these components
for short time after switching on the gyro and thus to provide high bias repeatability of
differential CVG from switch on to switch on is given and analyzed. Numerical
experiment based on linearized CVG model [2] is also given.

References:

1. V.V. Chikovani, E.O. Umakhanov, P.I. Marusyk “The compensated differential CVG”.-
Gyro Technology: Symposium, 16-17 September 2008.- Germany: Karlsruhe university.- pp.3.1-
3.8.

2. V.V. Chikovani “Secondary wave control system of the Coriolis vibratory gyroscope
resonator””.-Enextponika Ta cucremu ynpasininus, Nel (35), 2013 p., crop.58-61.

Supervisor — V.V. Chikovani, professor
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JETEPMIHOBAHA ®LIbTPAIISI CUTHAJIB MAJIOT ABAPUTHOI
I'TPOBEPTHUKAJII TUITY MI'B-1 3A JAHUMHU HAINIBHATYPHOI'O
BHUITPOBYBAHHS

Skicte QyHKIIOHYBaHHS OOPTOBHX BHMIDIOBAJBHUX CHCTEM Ta KOMIDIEKCIB
BU3HAYAEThCS XapakTepoM o0poOku (dinbTpauii) oTpUMyBaHOI 3 IXHBOIO JOIIOMOTOI0
croxactuyHoi iHpopMmanii. bBararto mitepatypum mnpucBsiueHO MerogaM OOpOOKH
BUMAJKOBHX CProJMYHUX CHrHANiB. AJlie BHMipIOBaHa iH(OpMAIlsi PO MapaMeTpu
MOJIbOTY TOBITPSHOTO Cy/AHA MOXKE MICTHTH TaKOX JETEPMiHOBaHY KOPHCHY CKIIAIOBY,
sKa, SK MPaBIJIO, He Hiarae oOpoOIli 3 NPUYMHH BiICYTHOCTI BiATIOBITHUX MPOLEIYD.
B naniit po0OTi po3risgaeThes NpoLeaypa Ta alrOPUTM ONTHMAIBHOI AeTepMiHOBaHOT
¢inpTpanii BuMipioBaHOi iH(OpMarii, mo Oa3yeTbcs Ha BiomMoMmy Meroxai Binepa-
Kommoroposa [1], ane MonepHi3oBaHMI 3 OISy Ha AETEPMIHOBaHI CHTHANM, Ha
npuKIiaai Mmanoradaputoi riposeprukaii (MI'B).

CxeMy 00’ekTa QinbTpallii npencraBieHo Ha puc. 1.

-
r K i G? X E
=y =Dh
Puc.1. CrpykrypHa cxema 00’exrta QinpTparii.

Ha Bxix MI'B, matpurst nepenaBansHux (QyHKIIN kol mo3HaveHa sk K, momaerbes
BEKTOpP MPOTrpaMHMX CUTHANIB #,. Ha BUX0zi ripoBepTHKalli COCTEPIracThest BEKTOP Y
peakiiil cucTeMH Ha BXiIHI CHTHAJH, IO OKPiM KOPUCHOI iH(opMallii MiCTHTH BEKTOD
3aBajl BUMIipIOBaHb ¢ . Merolo ¢unbTpanii € BH3HAYCHHS MAaTpHI IepeaaBabHUX
¢yHKUil onTuManbHOTO QinbTpa G , KM T03BOJSIE MiHIMI3yBaTH (DYHKIIOHAN SKOCT1
BUJTY:

Jo

! = 1
1= ﬁj-iw tr(a‘a‘*R)ds, )]

Ie & - NOMWIKAa BUMIpIOBaHHs, &, - Il €pMITOBO CHpsDKEHHI BHpa3, a R - Barosa

MO3UTHBHO BU3HAYCHA MATPHIIA.

3 mpUBOIY TOTO, IO PO3MIPHOCTI MPOTPAaMHOTO CHTHAJY Ta 3aBaJH Y BUMAAKY, LIO0
PO3IIIAAAETHCS, CIIBIAJAI0Th, MO)KEMO BU3HAYUTH IOTPIOHY CTPYKTYpPY ONTHMAIIBHOTO
¢GinbTpa, MPUPIBHIOIOYN BHUpa3 JUIs IIOMUJIKH BUMIPIOBAaHHS & 10 Hyns. [lincraBmstoun
BU3HAYCHY TAaKMM YHHOM MaTPHILIO MepeaBaibHuX QYHKILH onTuMaibpHoro QineTpa 10
¢ynkuionany sikocti (1), MOXeMO BIEBHHTHCh y €(QEKTHBHOCTI MPEICTaBICHOTO
ITOPUTMY — BXITHUI CUTHAI IPAKTHYHO 1/1eaJIbHO BUMIPIOETHCS CHCTEMOIO.

Cnucok BHUKOPHUCTAHUX JZKepeJI

1. Bnoxun JI.H. OntuMansablie cucTeMbl ctadbunumsauu. — K.; Texuika, 1982. — 143 c.
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ESTIMATION OF INFORMATION RELIABILITY OF AIRBORNE
FACILITIES DESIGNED FOR DETECTING DANGEROUS ZONES DURING
FLIGHT

Information reliability characterizes the correct flow of information processes in a
given time interval under the given external conditions (including the impact of clutters),
assuming good working equipment. Development of Airborne Weather Radar (AWR) is
mainly associated with growing functionalities on detecting various dangerous
meteorological phenomena (DMP). A major aspect of the operational efficiency of
AWR is the reliability DMP detection [1]. On this basis the technique of reliability
estimation at dangerous turbulence zone (DTZ) detection was developed, and the first
quantitative estimates of DTZ localization on RR were obtained [2]. It is worth to
mention dual-wavelength technique that was developed for hail detection by ground-
based radar that is not suitable for AWR. The detection of hail zones at en-route flight is
possible by using polarization techniques in AWR. Other important point is the
development of passive devices for thunderstorm activity detection, which can be
combined with AWR.Conventional radar, coherent (Doppler) radar including quasi-
coherence, polarization and polarimetric radars, and finally Doppler-polarimetric radar
are considered as basic types of radar systems for implementation of different
techniques of DMP detection. Evolution of Airborne WX DMP detection resulted in the
contradiction. On the one hand, more detailed information improves weather service of
aviation; on the other hand, the pilots (operators of aero navigation system (ANS))
become overloaded by details. They require indicating only limited advisable
information. Therefore, we have come again to the integrated estimation of dander, but
on the new, much higher level. Integration of dangerous meteorological phenomena as
hail and icing detection together with turbulence and wind shear detection in one system
should be done with help of AWR.Recorded in the reporting documentation share of
failures due to the activities of the operator is from 20 to 95 percent. Therefore, the
reliability of the operator of ANS is not absolute, and this should be considered in the
evaluation of its performance. Otherwise reliability assessment of ANS will be grossly
erroneous and exaggerated. And if the decline in the level of reliability hardware
associated with the emergence of failures, then the reliability of estimates of ANS
operator should speak of errors occur in its activities. By operator error ANS will
misunderstand performance or nonperformance of their prescribed actions [3].

References:

1. Yanovsky F.J. Airborne Weather Radar as Instrument for Remote Sensing of the
Atmosphere, Proc. European Radar Conference, EuUMA, IEEE, Manchester, 2006, pp. 162-165.

2. Yanovsky, F.J. Belkin, V.V., Characteristics of turbulent zones detection by measuring
of reflectivity factor of clouds. Theory and Engineering of Radar, Radio-navigation and
Telecommunications, Riga, 1977, Issue 2, pp.41-44 (in Russian).

3. Reference book on engineering psychology / ed. by B.F. Lomov. -M.: Mechanical
Engineering. -1982. — 368p.
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AKYCTUYHUI JIOKATOP JJI1 30HIYBAHHS
METEOPOJIOI'TYHUX OB’€EKTIB

B poboti npoBeneHi MOCTIHKEHHS JONIUIEPIBCHKOTO aKyCTHYHOTO JIOKaTtopa IJist
30HyBaHHS METEOPOJIOTIYHHX O0’€KTiB, B SKOCTI SKHX B3ATO LIyM Kparenb JOILY.
IpencraBneHa METO/AMKA BHUMIPIOBaHHS LIBUJIKOCTI MaJiHHS Kparejb JOLly 3a
JIOTIOMOTOI0 YCT@HOBKH 3 JIBOX MiKpO(OHIB, I'yYHOMOBIISI, JOIYBAJIBHOI YCTAHOBKU Ta
KOMIT F0Tepa 31 3ByKoBOIO KapToro (Puc.1).

Otpumani pesynbraTi 3BipsieMo 3 Mmoxemwto Crokca Ha 30ir IIBHIKOCTEH.
[IBHAKICTP BHUMIPIOETBCS Mif NESIKUM KYTOM, 0O HpH BEPTHKAJIbHOMY BHMipIOBaHHI
Boja OyJie MOTPAILUIATH B caM MIiKpO(OH, 110 MOXE MOIMIKOAUTH anaparypy Ta He AaTH
MOTpiOHMUX pe3yIbTATIB IMiJ] YaC BUMIpIOBaHHS. SIKIIO BiIOMUI KYT HaXWIy 30HIyBaHHS,
TO MOXXHa BHU3HAQUUTH 1 MIBHAKICTH Kpamenb. 3acTocoByeMo 3akoH Crokca s
BIZITHOCHOTO IepeMilleHHs ApiOHMX Kpamenb B cepefnoBumii [1]. 3a muMm 3akoHOM
MIBUIKICTh MAJIHHS KPAILIi € MOCTIHHOO 1 3aJICKUTh Bif ii po3Mipy, IO Ja€ MOKJIMBICTh
BUMIpPIOBaTH LIBUJIKICTB 3a Joriomororo edekry Jommiepa. MoxHa 3poOUTH BHCHOBOK,
110 YMM KpaIUIMHA Ba)kya, TUM OLJIBLIOO € MIBUAKICTD 11 HaJiHHI

p v
EEZ?:_Zragﬁw—p:: (1}
3w ] U- ! F
Je p- JMHaMiuHa B’SI3KICTh NOBITPS, 7a(El- pajiyc Kparul, pyy- IIUIBHICTE BOJM, p'-
IIITBHICTE OBITPS[2].

=
2
s
Pucynok 1 — CxeMa ekcriepuMeHTaIbHOI YCTaHOBKU
IMepenbauaeTbest, MO 3a JOMOMOTOI0 IIEOTO METOAY MOXKHa Oyle BH3HAUMTH
po3Mip Kparmenb [JOILy, a TaKoX IEpeBIpUTH [OaHHI BIAMOBIAHO 3 MaTEMAaTHYHOIO
MOZCIIIO. 3 Ii€l0 METOW po3pobiieHO TmporpamHe 3a0e3nedeHHs 1 CTBOpeHa

CKCIICPUMCHTAJIbHA YCTAaHOBKA.
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SPACE POWER PLANTS. THEIRS PECULARITIES AND DESIGN ABILITIES

Growth of the Earth popularity, exhausting of the natural energy sources and at the
same time increasing of its consumption lead not only to energy crisis, but also to
ecological catastrophe. That’s why the limitation of carbon and hydrocarbon fuel and
designing of non-traditional energy sources become actual.

The essential contribution in solution of this task can be carried in by the Solar
Space Power Plants (SSPP)(Fig.1). Such plants can help to solve the ecological
problems and allow decreasing the combustion products vapors in the atmosphere and
reducing the thermal loading in the Earth.

e

Pranary Nemor Pramary Mo
Secotdary Mamon

e

Fig.1 SSPP’s structure and principle of operation.

The space energy completely can provide 30-40% of the whole energy consumption
of the Earth. Simultaneously, the transformation of the solar energy to the electric one in
conditions of space and delivering of it on the Earth need to consider such problems:

e Efficiency of SSPP work, main numerical indicators.

e Designing of SSPP solar transformers.

e Designing of the HF transmitter which would transform energy on the Earth.

e Designing of the Earth receiver and transformation of the HF energy into the direct
current with its further transformation into the industrial current.

Influence of the HF SSPP radiation on the live organisms.

Influence of the HF SSPP radiation on the onboard computers, electronic and
navigation devices’ work.

e Operation of SSPP designing.

e Economic efficiency.

Thus, nowadays the problem of solar energy transformation in HF radiation and its
transformation on the Earth is open. That’s why it’s proposed some ways to design
SSPP.

Supervisor- O.D Lyubimov, professor, ph.d.
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Pemuraiiso ILT.
Hayionanvnuii agiayitinuil yniseepcumem, Kuis

MATEMATHYHE MOJEJIOBAHHS KOAKCIAJIBHOT'O TPIMHUKA 3A
JOIMOMOTI'OIO ITPOI'PAMM HFSS ANSOFT

B nmpuctposix HBY mmpoko BUKOPHCTOBYIOTHCS BY3JH, B SIKHX 3WICHOBYIOTHCS TPH
a60 YOTUpH JTiHii Mepeiayi. X HA3UBAIOTHL TPUIIEUMMH, YOTHPHUILIEYUMU TIPUCTPOSMH,
a0o mrecTu 4M BocbMumomocHukamu [1]. OTxe, 10 6araTorieynx NpucTpoiB BiTHECEHO
Taki NPHUCTPOi, Y SKUX KUIBKICTH IUled Oinblia HDK JBa Iuleda. BoHM ciyxarth Juis
BiJIrajly’)kK€HHs1 MOTYXXHOCTI, CKJIQJaHHS 1 MOJiMy CHIHANIB, BUMIpIOBaHb, KOMYyTaii
XBUJICBOJIHUX TPAKTIB 1 SIK €JIEMEHTH CKJIaJHHUX JBOIICYUX MPHCTPOIB.

B nmaniit poboti mpencraBieHe MOAETIOBaHHS TPiHHHMKA (TPUILICUYHHHA MPHUCTPIH, B
SIKOMY 34JICHOBYIOTBHCSI TPH JIiHII mepeaadi) Ha KoakciadbHUX JiHisX B mporpami HFSS
Ansoft [2]. Lle 3po6ieHo 3 MeTor0 Bi3yasi3amii IpoIieciB, sKi BitOyBalOTbCS B TPIHHUKY.
A TakoX U pO3yMiHHS (I3MYHOTO 3MICTY €JIEMEHTIB MAaTpHIll pPO3CISTHHS

[ Field[¥_per_n

. 1, 592544004 f_' !

0 1w 20 (mm})
Puc. 1. Bizyamizanis noJist BceperHi KOAKCialbHOro TpiffHHKa

OcCHOBHI KpOKH, siKi Oyno 3po0JIeHO NpU MOJEIIOBaHHI POOOTH KOAaKCIabHOTO
TpiliHHMKa: 1 KPOK — CTBOPEHHSI SKBiBaJIEGHTHOI MOJeNi TpifHHMKA; 2 KPOK — 3aJaHHs
MOPTIB JKUBIICHHS TPIMHKUKA; 3 KPOK — 3afaHHs Jiana3oHy poOOYMX YacTOT TPIMHHKA;
4 KpOK — BH3HAYCHHS LIJTHOBHUX ITapaMeTpiB (MaTPHUIII PO3CiIOBaHHS, Tpadiku eNeMEHTIB
MAaTpHIIi, Bi3yaii3amii HomiB); 5 KpOK — pO3paxyHOK i OTpUMAaHHS pe3yibTaTiB (puc. 1).

Hayrosuil kepisnux — O.A. [l]epbuna,, kano. mexu. HayK, 0oy
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MATHEMATICAL ALGORITHM FOR DETERMINING THE TRAJECTORY
OF AN OBJECT USING ITS ACOUSTIC NOISE

The purpose of this work is the development of algorithm for determining the object
trajectory, using the data of the noise produced by the object.

This algorithm consists of four main parts:

1. Measuring the noise made by the object.

There are a number of passive radars (microphones), which fix the noise made by
the object near it. To determine the exact location of the object it is minimum three
radars are needed. The microphones receive the signal in pairs. As a result the pairs of
random signals are got.

2. It is necessary to “find” in the given mixture of noises the signal made by the
object we need. To do it, we investigate each pair of signals. We can’t compare the
whole signals of radars between each other, because they are not correlated. So, the
signals are divided into the frames. It simplifies the calculation process and makes them
more accurate, as the separate frames are more correlated. To find the position of the
object we calculated the correlation function for each pair of the radars [1].

Ry td = f S CFYe 570

So, it is necessary to choose short frames, such that the signal won’t change seriously,
but not shorter, than the signals arrival difference. Calculating the correlation function
between each pair of the frame brings the information about the position of the objects
near these microphones.

3. The accuracy of correlation function determination depends on the set of factors
and not always is satisfactory. So, it’s necessary to apply the filters to “clean” the
picture.

4. At last, it is necessary to locate the measurements of correlation function on the
coordinate system. All the calculations are executed and represented in Mathcad
software.

Conclusion. We have developed the algorithm, which allows to determine the
trajectory of the object, using the recorded acoustic noise. This algorithm contains the
noise measurement, processing of the obtained signal, searching the signal made by the
object we need to identify among the mixture of all received noises, filtering of the
signal and determination of character of object motion.
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