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PERSPECTIVE OF INCREASE IN SYSTEM EFFECTIVENESS OF EARLY WARNING OF
COLLISION OF THE PLANE WITH THE EARTH'S SURFACE

Boiko S.M., Rybchenko D.V.
Kremenchuk Flight College of National Aviation University

According to experts, the pilot's disorientation in space is the reason of a number of plane crashes. Gaining
height in the dark, over the sea, the pilot did not control visually position of the car as did not see ahead of any
reference points and even the horizon. Could disorient crew even stars which at the same time were both from
above, and from below — in the form of reflections on a water surface. At the same time, the overload which arose
at acceleration of the car, could create ascent illusion at the pilot — while actually the plane decreased. As, according
to experts, it really happens quite often — in the conditions of very poor visibility, during night flights and control
of the vessel on devices.

On statistical data, this type of aviation incidents dominates among the factors which led to the heaviest flight
incidents. Therefore, a number of the organizational measures directed to toughening of requirements to the
onboard equipment of civilian airliners and improvement of the corresponding onboard systems is taken.

Now widely used devices signal about dangerous rapprochement of the plane with a surface, being based on
indications of barometric systems of air signals (barometric altimeters), or radio altimeters, signals which will be
transformed to the corresponding sound and visual preventions. Their development goes generally in the direction
of increase in accuracy of measurements and speed of changes of indications of sensors.

From the technical point of view early warning is carried out by a conclusion to the screen of the multipurpose
indicator of data on height of a profile of the area over which the plane flies.

The early warning system of proximity of the earth (SRPBZ) which significantly increases safety of flight of
planes, gives crew full information on the current situation and provides an opportunity to leave from a land
obstacle, without breaking comfort of passengers of the plane.

Providing early warning of proximity of the earth, SRPBZ solves problems of the GPWS, EGPWS,
TAWS/HTAWS systems already today that allows to install them instead of the existing SSOS, SPPZ-1, SPPZ-
85 systems. SRPBZ continuously estimating height, speed, a list, pitch and also, position of the plane of rather
land surface and artificial obstacles, glide paths, ensures safety of operation of planes..

But at the same time, modernization of SRPBZ for the purpose of minimization of a human factor at control
of airplane in critical situations is a relevant scientific and practical task.
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YepHicigcoKuil HAYIOHATbHUL MEXHOI02IYHULL YHIBepcumem

3apa3 icHye 0araro CHJIOBMX HAITIBIIPOBIIHMKOBUX TPHIAIIB, SIKi 3aBISKA BHUCOKHMH XapaKTEPUCTHKAM
JIO3BOJISIFOTH CTBOPUTH HOBE MOKOJIHHS BUCOKOS(DEKTHBHHX IMITYJICHHX TIEPETBOPIOBAYIB EJIEKTPOSHEPTTI.

CrBopenuii mpuctpiii 3abe3meuyro ayxe Bucokuid KKJ[ mepeTBOpeHHs, MOMyCKae PeryIrOBaHHS BHXIiTHOT
HanpyrH i Horo craOiizaliito, CTIHKO Npalroe NpH Bapiallil TOTY>KHOCTI HaBaHTa)KEHHS. 3alpOIIOHOBAHO CTEHI, II0
JIO3BOJISIE TIOPIBHATH MK COOOIO JIEKLIbKA TEPETBOPIOBAYiB Ta 00paTH cepel HUX Kpallui 3a KOHKPETHHX YMOB
(mapameTpiB JuKeperta XKUBJICHHS, HaBaHTaXESHHSI, PEXKUMIB POOOTH TOIIIO)

OnHuM 3 BapiaHTiB BUCOKOS(EKTHBHUX IIEPETBOPIOBAYIB € KBa3ipe30HacHI iMITysbeHI neperBoproBadi (KPIIT).
B HEX y croBoMy KoJi BUKOPUCTOBYeThCsl LC - KOHTYp, SIKHI BU3HAYAE MIBUIKICTH 3MiHH HAaIPYTH 1 CTPyMy depe3
KITF04. Pe30HaHC BUKOPUCTOBYETRCS JIMIIE ITi/T 9ac KOMYTaIlii, TOOTO TIJTFKY KOJH KITI0Y TIepekimodacThes. Came B 11eit
MOMEHT B 3BHYAIHIX IIEPETBOPIOBaYaX BiOyBacThCS OCHOBHA BTpara eHeprii. B KBa3ipe30HAHCHUX IepeTBOPIOBaIaX
3a paxyHOK BUKOPHCTaHH! 10AaTKoBoro LC KOHTYpY BIA€ThCS 3HAYHO 3MEHILIMTH BTPATH €HEPTii I1i/] Yac NepeMUKaHHs
CWJIOBOTO Kioua neperBoproBada. DyHkmionanbHi cxemu KPIIT Ta meperBoproBada 3 IIMPOTHO-IMITYJIECHOIO
monyasiiero (LIIT), a Takox 1x giarpamu poOOTH MOKa3aHi Ha puc. 1.
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Puc. 1. Honuxcyrouun LI (a) ma KPIII (6) ma ix yacosi diazpamu pobomu (uwepeorum xoavopom - LLIII)

PerymoBaru BUXiIHY HaIpyTy KBa3ipe30HAHCHOTO ITEPETBOPIOBAYA MOYKHA 3MIHIOIOUH YACTOTY POOOTH HOTO
CHJIOBOTO KJIIOYa, LIO € 3aBIAHHSIM CHCTEMH YIPaBIIiHHS, KA TIOBHHHA BiJICIIIKOBYBaTH CHTHAIH 3BOPOTHOTO
3B'SI3KY 1 3[1MICHIOBATH KOMYTAIIi0 KITFOYiB B OTPiIOHI MOMEHTH Yacy.

3MeHIIeHHs BTpaT Ha KIF0YaxX JO3BOJISE IIJBHILMTH YacTOTy IIEPETBOPIOBAYA JO AECATKIB Merarepl, IIo
ICTOTHO 3MEHIIIyEe HOro po3MipH i Macy 3aBAsK{ 3MEHIIEHHIO PajiaToOpiB OXOJIO/PKEHHS CHUJIOBHX €JIEMEHTIB,
3MEHIICHHIO PO3MIpIiB PEaKTHBHUX €JIEMEHTIB (KOHIICHCATOPIB Ta KOTYIIOK iHAYKTHBHOCTI) 1 T. iH. I{e mpu3Boauth
JI0 €KOHOMIT He TiIbKU €HEPropecypciB, a TAKOXK 10 3MEHIIIEHHs] BAKOPHCTAHHS MeTaly (aJroMiHiH, Mifb) Ta iHIIOT
cupoBuHH. [I[o0 TOBOPUTH TPO Kpally CEKOJOTIYHICTh KBa3ipe30HAHCHUX IIEPETBOPIOBAYIB, B TMOPIBHSIHHI 3
TpamuIiiHAMHU.

Po3pobrneno mpxepeno KUBJIEHHS, O SKOTO BXOIATH Pi3HI NEpeTBOpIOBaYi, B TOMY YHCIi Moe OyTH i
KBa3ipEe30HAHCHUI IEepeTBOPIOBAY, SIKMH JIO3BOJISIE 3HATH OCHOBHI XapaKTEPHCTHKH PI3HUX IEpPETBOPIOBAUIB,
3poOUTH MTOPIBHSHHS OTPUMAHMX PE3YIBTATIB Ta JAaTH PEKOMEHIAIII] 110 3aMiHi TPaIuIlifHUX ITepeTBOPIOBAYiB Ha
BHCOKOC(EKTHBHI.

CrpyKTypHa cxema J1abopaTOPHOTO JKepela KUBICHHS MoKa3aHa Ha Puc.2 a foro 30BHIMIHIN BHIVISN — Ha
Puc.3. Ile MonudikoBaHuii BapiaHT MPHUCTPOO, 1IO HpencTasieHuid y [1]. BigMiHHOCTI MONSATAIOTh Y AONaBAHHS
1Ie OJHOTO iMImyJbcHOro neperBoproBaua (II13), 3 BuxigHoto Hampyroro 5B, mist sxuBnenHs npucrpois 3 USB
poz’emoM. [lo immynbcHux neperBoproBadis II11 Ta IT12 moxani 3MiHHI pe3UCTOPH, SIKI BCTAHOBJICHI Ha TIEpEIHIN
TaHelNi 1 J03BOJSIFOTh PETYIIoBAaTH BUXiAHY Harpyry. [lepemukau SA3 minkirodae 10 JKUBJICHHS MEPETBOPIOBAY
IT11 a6o neperBoproBau II13. Pesucropu R3 Ta R4 moTpiOHi U1 MOXIMBOCTI BUKOPUCTAHHS JKEpesa KHUBJICHHS
B SIKOCTI 3apsIHOTO TPUCTPOIO LT MOOUTHHUX TeNe(OHIB B PeXXHUMI IIBUAKOTO 3apskaHHs. B TakoMmy BHMaaky
TenedoH miaKmodatoTs 10 Buxony 3 (USB2). [lyist 3BU4aifHOTO pexuMy 3apsi/DKaHHS BUKOPUCTOBYETHCS BUXiH 2
(USB1). Cgitnonion VD1 curnamizye npo momaBaHHs Hanpyrd Ha po3’emu USB, mo 3HaXomsThCs pa3oMm 3
BUMHKaueM Ta CBITIONIOAOM Ha OOKOBIH MOBEPXHIi JUKEpea )KUBJICHHS.

B sxocti IT12 B crenai 3acrocoBanmii momyns KIS-3R33S [2], ¢ipmu Monolithic Power Systems, 3
BOY/JOBAHHM KITIOYOM Ta CHHXPOHHHM BHIPAMIIsTdeM. M10r0 0CHOBHI apameTpu: BXiaHa Hanpyra — 4,75 — 23B;
BuxigHa Hanpyra — 0,925 — 20B; MakcuManbHui BUXigHANA cTpyM — 3A; gactora neperBopeHHs — 340k[;
KK — mo 95%. B sxocrti II11 Ta III3 BUKOpHCTaHI OKpeMi IUIaTH IMIyJIbCHHX IIEpETBOPIOBaYiB Ha 0a3i
mikpocxemu MP2307[3].
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Puc. 2. Cmpyxmypna cxema 1a60pamopHozo 0xcepend Jcusients
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Puc. 3. 306uiwHiti uensio 1a60pamopHoco 0xicepend HCUsienHts

Po3pobnene mxepeno KUBICHHS! MOXKE BUKOPHCTOBYBATHCS B IIKIJIBHUX J1a00OpaTopisix, BomMa abo B iHIINX
MICIISIX, JIe € TIepBUHHE HecTaliIi30BaHe HKepelo MOCTIHHOTO cTpyMy Hampyroro Bifg 5 B mo 23 B. Le moxe Oyt
aKyMyJsTOpHA Oartapes, MepeKeBUI BUIPSMIIIY, COHSYHA MMAHENb, TOMO. JlaHWil MPHCTPi TakoX MOXKHA
BHUKOPHUCTOBYBATH UISI HAYKOBHUX JOCII/KEHB, 30KpeMa 3HIMATH Pi3HOMaHITHI XapaKTEPHUCTHKH TEPETBOPIOBAIB
HaIpyTy 3 METOIO BUSBICHHS HalOUIbII e()eKTUBHUX 3 HUX.
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Hamu Oyso BupinieHo 3poOUTH MiICKITIOBaY KW OM MaB IMPOKY CMYTY MPOIYCKaHHS Ta HU3bKHH PIBEHBb
TapMOHIYHHMX CHOTBOPEHb ISl pOOOTH 3 HaBYIIHUKAMH OITopoM Bif 16 1o 600 Om.

Buxigaunit kacka mapanensHui ,TOOTO MepeaBUXITHAN KacKal MPAIOe B PEKUMI A TI0 CXeMi 31 CIITEHIM
KOJIEKTOPOM 1 HaBaHTaXCHHSM JJIsI HbOTO SBIISETHCS BUXITHHUNA Kackal Mpamoroudnii B pexxumi AB,mi dakropu
CHPUAIOTE JHIMHOCTI cucTeMu. JlaHWid BUXiOHWNA KackaJ TapHO IOKazaB cebe B CHMYISMil y MOpPIBHAHHI 3
TUITAMHU BUXIJHUX KAaCKaJiB € M BUXIJHHUH 1 MepeBUXiqHIA Kackaau mpaioTsk B AB.Y npoMy miacumoBaui
Oyno nocarayto criotBopeHs B 0,0004% Ha HaBanTaxeHHI B 16 OM.Takox miAcuiIroBady Mae 3HAYHMH 3armac 1o
KOe(iIlieHTy Iepeadi CTPyMy BHXITHOTO KacKany,sqiKui ckiagae He MeHme HiK 7000,TaKMM YUHOM TpU
HaBaHTaXXCHHI HaBiTh B 8§ OM piBeHb CHOTBOPEHb CYTTEBO HE 3MIHIOETHCS,Ta CTAOUIBHICTH POOOTH He
MOPYIIYETHCS.

Taxox cyTTeBuii 3amac nojerurye poooty OIl Ha BuXiTHHIN KacKa.
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Puc. 1. Brok-cxema niocunrosaua
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