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[Ipennoxensl Tpu MeToAa (aMIUTUTYAHBIM, (a30BbId U MEPEMEHHO-YACTOTHBIN)
JUIST U3MEPEHUST MEXaHWYECKUX HAMNpsHKEHUM, BO3HHUKAIONIUX B IMJIMHAPUYECKUX
maenusx. CyTb aMIUIMTYTHOTO U ()a30BOTO METOAOB COCTOUT B TOM, YTO U3MEPSIOT
ammatyny £ wm dazy @  TpaHCPOPMATOPHOTO  AIEKTPOMArHUTHOTO
npeobpazoBarenss (OMII) ¢ mwmHApUYecKUM — u3aenueM. MexaHudecKue
HaIPSHKEHUS Gy, IPU UCIIOJIB30BAaHUU ATUX METOL0B MOXKHO OINPEIETUTh KakK:

x*(K x?
GM:iM( 2( )—IJ, G‘”:iML z(q))—lj, (1)
x, (K) X, (9)
rae 3Haku " + " m " — " COOTBETCTBYIOT pPACTSKEHUIO M CoKaTUIO m3nenus; M —

pa3MmepHbIil k03P duuunent; x(K), x(¢) — 3aBucumoctd x ot moayssa DJC K u ¢ npu
Harpy>xeHHOM wu3nenun; Xxo(K), xo(Qp) — Te ke (QyHKIUU, HO O3 HarpyKeHus;

X = a./l, ., — 0000LIEHHBIN TapaMeTp.

[lepeMeHHO-4YaCTOTHBIM METOJ COCTOMT B TOM, YTO CHadajla B OTCYTCTBHUE
Harpy>keHusl yYCTaHABJIMBAIOT 3HAYEHUE 4YACTOThl f; TIOJs, COOTBETCTBYIOIIEE
MaKCUMaJIbHOW YyBCTBUTEIHLHOCTH. [Ipr 3TOM (prkcupyroT ammutyny E wim dasy ¢
OJC OMII. 3arem mpu KaxIoM (PUKCUPOBAHHOM MEXAaHHYECKOM HArpy>KeHUU
oOpasiia U3MEHSIOT YacCTOTY f, TIOJIA JI0 TeX Top, moka amruntyaa (¢paza) /1C craner
paBHOU mpexHer amruutyae (dasze) IAC mpu orcyrcTBuM ycunus. Dopmyna st
ONPENICIICHUS Gy, IEPEMEHHO-YaCTOTHBIM METOJIOM UMEET BUJL:

2
G, = iM(xz ) _ 1}. 2)
X, (f)

@opmynel (1) - (2) moO3BOMMIM OMNPEACTUTh pa3pelarlire CIoCOOHOCTH
YCTPOWCTB, peanm3ymIMX JaHHble MeToapl. K mpumepy, paspemaromas
criocobHocTs OMII mpu MCHONB30BaHUN aMILIUTYAHOTO, (Da30BOr0 M MEepeMEHHO-
YaCTOTHOTO METONOB COCTaBImOT 6,6 MB/(k[/Mm®); 0,304 rpan/(k[/mMM°) 1
25 Tw/(xI'/Mm”)  cootBercTBeHHO. OTCIONA CIEIyeT, YTO MePeMEHHO-4aCTOTHBIH
METOJI TTO3BOJISICT TMOJYYUTh MAaKCHMAJIbHYIO UYBCTBHUTEIBHOCTh K MEXaHHUECKOMY
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HaIPSKEHMUIO.
3HAUNUTEIBHBIMU MPAKTUYECKUMHU NPHIOKEHUSAMU 3ITHUX METONOB SBIISIOTCS
ONPENEIICHUE PEAIBHBIX U JOIYCTUMBIX 3HAYEHUHN G, W3JEIUN U CO3JaHHE HOBBIX
TUIIOB BECOU3MEPUTENIBHBIX ITOJBECHBIX aBTOMATU3UPOBAHHBIX YCTPOUCTB.
Kntouesvie cnosa: 3AEKTpOMarHUTHBIM  mpeoOpa3oBaTellb, MEXaHUUYECKUE
HaNpPsDKEHUs, aMIUTUTYIHBIN, ()a30BbIil U IEPEMEHHO-YaCTOTHBII METOBI.

UDC 535.317
IMAGE QUALITY THERMOSTABILIZATION
OF THE INFRARED DIOPTRIC LENSES

Muraviov O. V.
National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institutey, Kyiv, Ukraine
E-mail: stals98@ukr.net

Operating requirements for infrared (IR) devices often include provision of the
working temperature range +£50 °C, because the most significant environmental factor
that influences to image quality of IR technique is the temperature field change. This
leads to the emergence of thermal defocusing in the optical system — change of the
back focal length size, and image thermal aberrations. As a result, there is a
significant reduction of the resolution and deterioration of lenses main characteristics.
Consequently thermal stabilization of lens image quality at the environmental
temperature changes is an important and actual problem that needs to be solved at the
design stage of IR device.

The question of thermal stabilization can be solved by applying active, semi-
active and passive methods. Main advantages of passive optical athermalization are
high reliability, absence of any moving parts and need of manual adjustment,
minimization of weight and size properties and simplicity of design. Perspectives of
this direction development are also caused by constant expansion of the optical
materials list for IR spectral range [1].

The synthesis of an athermalized dioptric objective is based on optical materials
combinations with different signs of the thermo-optical constant [2]. During thermal
stabilization it is possible to minimize image aberrations and to choose optimal
material of the supporting structure for lenses at the same time. Proposed method
allows to synthesize athermalized IR objectives, which include two or three lenses,
using only two different optical materials [3].

Temperature fluctuations of the environment during the infrared technique
operation significantly affect to its characteristics, such as quality and
informativeness of the image, so at the design stage of high-precision and sensitive
devices it is expediently to carry out an athermalization of the optical system.

Keywords: athermalization, image quality thermostabilization, dioptric objective,
optical system.
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JIJ1s1 1OCTOBEPHOTO OIpeAeIeHUH (PU3UKO-MEXaHUYECKUX XapakTepucTuk (OMX)
nopomkoBeix  MarepuanoB  (IIM) mo  pe3ynbTataM  yJIbTPa3BYKOBOTO
HEpa3pylIaoIIero KOHTPOJISI HEOOXOAUMO OIEHUTh BIIMSIHUE PA3TUYHBIX (DAKTOPOB
Ha pe3yibTaT U3MEPEHUs MH(POPMAIIMOHHOTO CUTHaia. A TakXke, MO0 BO3MOXHOCTH
MUHUMHU3UPOBATh WM UCKIIOUUTH T€ M3 HUX, KOTOPHIE OKa3bIBAIOT CYIECTBEHHOE
BIUAHUE HA (POPMUPOBAHUE CYMMApPHOU MOTPEITHOCTH U3MEPEHUSI.

Kak nmokasanm uccienoBanus, IpuBEAEHHBIE B InTepatype [ 1, 2], mpu npoBeaeHnn
yIbTPa3BYKOBOM  cTpykTypockonuu [IM  HEOOXOOMMO U3MEpATh HE  TOJBKO
a0COIOTHBIC 3HAUEHUSI CKOPOCTH PACIIPOCTPAHEHHMSI YIIPYTOM BOJIHBI B PA3HBIX TOYKAX
KOHTPOJIMPYEMOTO OOBEKTa, HO M OILIEHWBATh OTHOCUTEIbHBIE W3MEHEHUS OSTOU
CKOPOCTH 1O BceMy o0bemy oOpasma. IIpu sTom miis obecriedeHus JOCTOBEPHOCTH
MOJTyYEHHBIX PE3YJIbTaTOB U3MEPEHUs HEOOXOAMMO YTOOBI TMOTPEITHOCTh U3MEPEHHUS
BJI0JTb 0a3bl MIPOXOXKIACHUS YIBTPA3BYKOBOTO CUTHAJA ObljIa HA MOPSIIOK MEHbIIIE, YeEM
pa30bpoc 3HaUEHUN CKOPOCTH YJIbTPa3ByKa, KOTOPBIA 00YCIIOBIEH pazopocoM (U3UKO-
MEXaHUYECKUX XapaKTePUCTUK MaTeprajia UCCIICIOBaHMUS.

B oOmem cimydae Bce MOTPELIHOCTH MPH YJIBTPa3BYKOBBIX H3MepeHusix OMX
I[IM pensT Ha MeTOAWYECKHE, WHCTPYMEHTaJIbHbIE M CYOBbEKTUBHBIE. B mokmasne
poBeJIeH aHAIU3 (PAaKTOPOB, KOTOPBIE BIUAIOT Ha UX BO3HUKHOBeHUE. [IpoBeneHHbIC
AQHAJIMTUYECKHUE W DKCIEPUMEHTAIbHBIC  MCCJICNOBAHUS  TO3BOJIMJIM  J1aTh
KOJMYECTBCHHYI0O W KA4YeCTBCHHYIO OIICHKY UWX BIUAHUS Ha (opMHUpOBaHUE
CyMMapHOM  TMOTPEIIHOCTH  H3MEpeHUs  WH(POPMAIMOHHBIX  MapaMeTPOB
yIbTPa3BYKOBOM BOJIHBL. B CBOIO ouepedb, 5TO MO3BOJWIO ONPEACNIHTh HX
KPUTUYECKUE COCTABJISIFOIIUE, & TAKKE BBIJCIUTHh T€ (PAKTOPHI, BIUSHUEM KOTOPHIX
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Ha CYMMAapHYI IIOIPEIIHOCTh HM3MEPEHUs MapaMeTPOB YJIbTPA3BYKOBOM BOJIHBI
MOJKHO TpeHEeOpeYb.
Knwouesvle  cnosa: Hepaspymaiomuid  KOHTPOJb,  (DU3UKO-MEXaHUICCKUE
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Bu3HaueHHsT MNHMTOMOI TMOTYKHOCTI yIbTpa3ByKoBuX TojoBok (YI), sxi
BUKOPUCTOBYIOTBCS B MEAMYHHUX Ta KOCMETOJIOTIYHHMX arapaTax, € BaKIIUBOIO
3a7a4ero TpH iX po3poOini Ta excruryatarii [1]. s nmpoBeneHHs TakuX JOCHTIKEHBb
ICHYIOTh CTaHJIapTU30BaHI Mpuiagu [2], aje BOHM HE JO3BOJISIIOTH OJHOYACHO 3
BUMIPIOBAHHSAM TIapaMeTpPiB YJIBTPA3BYKOBOI XBWUJII KOHTPOJIIOBATH TapameTpu
SJIEKTPUYHUX CUTHAJIB, 110 MojatoThes Ha Y. B 3B’s13Ky 3 1ium OyB po3polIieHuit 1
BUTOTOBJICHUWA CTEHJI TECTYBaHHS 1 KaliOpyBaHHA YJIbTPa3BYKOBHX T'OJIOBOK
(CTKVYT), npu3zHaueHuid Juisi BU3HAYEHHS  AKYCTUYHUX 1  EJIEKTPUYHUX
xapakTepucThK Y1, Kl 3aCTOCOBYIOTHCSI B KOCMETOJIOTIUHUX 1 MEIMYHUX anaparax,
a came:

® JIOCTIKEHHS ~ aMIUTITYJHO-4aCTOTHOI ~ 3aJIeKHOCTI  pajialliiHOi  CHIIH
(MOTY>XHOCTI), IO CTBOPIOEThCA Y, a TakoXK CTpyMy, IO MPOTIKAE yepe3 Hel, Bij
XapaKTEPUCTHK 30y/KYI0UO0T HATIPYTH;

® TeCTyBaHHS, KalmiOpyBaHHsS Ta macmoprtusamis YI, a Takox 30epiraHHs
pe3yabpTaTiB BUIPOOYBaHb Yy BUTJISAL clieliadbHUX (ailiiB.

BumiproBanns, mo mnpoBoasatbess Ha CTKVYI, Bianorigatots ctangapty IEC
61161:2013.

Crnpoiena 61ok-cxema CTKYT nokazana Ha Pucynky 1.
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S < Ho VI
Hepcorfzubmm ,| KonTpomep | | HLC[CH.’IIOBa‘.I
KOMII'IOTEp KepPYyBaHHA MOTYKHOCTI
A s
A4 v
ymrpa3ByKOBHH . CHHTe3aTOp
BHMIPIOBA4 ITOTYKHOCTI

Puc. 1. Cnpomena 6ok-cxema CTKYT

B sikocT1 yapTpa3ByKOBOI0 BUMIpIOBada MOTY>KHOCTI 3acTocoBaHo npuiiag UPM-
DT-1PA Bupo6uuinrBa nignpuemctBa Ohmic Instruments Company. ["apantoBanuii
YaCTOTHUM Miama3oH Hporo npuiany ckiagae 0,5...10 MI', moxubka Bumipy +/-
2mBT. [nTepdeiic kepyBanus RS-232.

KoHuTtponep kepyBaHHS, MiJACHIIOBAY MOTYXHOCTI Ta CHHTE3aTOp - BJIACHUX
PO3pOOOK Ta BUTOTOBJICHHS.

CuHre3aTop TeHepye eJeKTpUYHI curHaaum pizHoi Gopmu  (3a7ar0ThCs
KOHTPOJIEPOM KEPYBaHHs) B yacToTHOMY Aianazoni 0,05...50 MI.

[TimcuiroBau MOTYKHOCTI 3abe3rneuye nojayy Ha Y[ miCuiIeHOTro CUTHaTY Bijl
cUHTe3aTopa npu Hanpysl Ha Y1 go +/-27B Tta ctpymi 10 3A.

Kontponep kepyBanns 3a0e3neuye podoty CTKVYI 3a 3aganumM anroputMom.

JlaH1 BUMIpIOBaHb 30€pIraloThCs B MEPCOHATBHOMY KOMII FOTEP1 Ta MOXKYTh OyTH
MIPEACTABIICHI Y BUIJISIAL rpadiKiB.

KoHnTposep 3 nepcoHaabHUM KOMIT I0TEPOM B3a€EMOJII0TH uepe3 inTepdeiic USB.

Hocnimxenns, nposenaeHi Ha CTKVYT, mo3Bonwiu 3HaANTH ONTUMAaIbHI PEKUMU
pobotu po3pobsiennx YI' Ta BU3HAUMTHU MapaMeTpu MiACUIIOBAYIB MOTY>XHOCTI, IO
MOBUHHI 1X 30yJ)KyBaTH.

Knrouosi cnosa: yneTpasByk, TeCTyBaHHsI, KaiOpyBaHHS.
Jlitreparypa

[1] A.M. EmnsxoB, “Merposoruueckuii  KOHTPOJIb  MEIUIIMHCKOTO  YJIBTPa3BYKOBOTO
obopynoBanus”, Mup usmepenuii, 11, 2006. [Enexrponnuii pecypc].

[2] Enextponnmuii pecypc: https://www.ohmicinstruments.com/ultrasound-wattmeters

UDC 620.179
RESEARCH OF MEASUREMENT RESULTS UNCERTAINTY OF THE
SIGNALS PARAMETERS FOR PULSED EDDY CURRENT TESTING METHOD

Kuts Y., Lysenko 1., Dugin O.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
E-mail: j.lysenko@kpi.ua

The results integrity of pulsed eddy current non-destructive testing (ECNDT)
significantly depends on the accuracy of the measurement parameters of the eddy
current transducer signals (ECT). Among these parameters are the frequency and
damping coefficient of attenuating harmonic oscillations, which arise in the
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transducer pulse mode operation under certain conditions. The process of evaluating
these parameters is accompanied by the occurrence of particular error [1, 2].

The aim of the article is to obtain and analyze analytical expressions of standard
uncertainty of the evaluation results of the decrement o and the oscillation frequency
f of ECT signal in pulsed mode for analyzing the conductive materials and products
from these materials. Considering that the error of forming the signal analysis time
AT 1s determined by the stability of the pulse generator and can be reduced to a small
value, and a crude error in determining of the signal phase characteristic is absent (the
step function L[] is determined without error [3, 4]), the standard uncertainties of the
measurement results of the natural oscillations frequency and the ECT signal
attenuation are determined [3] by next:

uf(AT)= “ 1+ 24T , ua(AT): uA V1+e2oaT , (1)

21ATU, ATU,

where u - the uncertainty of the evaluation of the current ECT signal value, U, - the
value of the signal envelope in the initial time of analysis. During the formulas (1)
derivation, it has been taken that the ECT signal and its Hilbert-image in some time
moments are uncorrelated.

An analysis of the transcendental obtained equations (1) showed that functionsu , (A7)
and u, (A7) have minimum for the value of A7, ~1,10889-a~'. In view of this, the
expressions for the minimum values of standard uncertainty have the form:

U m T Q)
ST oAr, Oy "t 24T, 0,

That uncertainty analysis (2) made it possible to estimate the optimal signal
analysis time of the type (1). It can significantly affect the testing results integrity in
the conditions of noise. In addition, the obtained expressions allow to substantiating
the conditions for choosing the analysis time interval of the ECT signals to minimize
error the standard uncertainty of the evaluation results of these signals.

Keywords: eddy current testing, pulse excitation mode, an uncertainty of the results,
frequency, the damping coefficient of attenuating.
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ANALYSIS OF NON-DESTRUCTIVE METHODS FOR THE TESTING OF THE
POWDER MATERIALS PHYSICAL AND MECHANICAL CHARACTERISTICS

Bohdan H. A.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
E-mail: bogdangalya@gmail.com

Today, one of the directions of powder metallurgy development is the creation of
materials with predetermined physical and mechanical characteristics (PMC), as well
as ensuring the stability of these parameters in the manufacture of the material
according to known technology. The formation of PMC powder materials (PM) is
influenced by both the composition of the starting components and the technology of
their manufacture. Therefore, the current task is to develop operational testing systems
that will allow assessing the PMC changes at any stage of material production and
operation of the finished product with high accuracy, as well as assess the effectiveness
of selected technological modes of production [1-3].

Various methods of non-destructive testing (NDT) are used when developing
such systems. However, preference is given to those that allow to measure of a large
amount of powder materials PMC with a less of experimental studies. They are more
economical and simple at technical implementation.

This report analyzes the possibility of developing such testing systems using
various existing NDT methods. Currently, almost all methods of non-destructive
testing have been used to determine the PMC of parts and assemblies made from
powder materials. They are traditionally used in the production, testing and operation
of such products. The advantages and disadvantages of applying these methods to
determining the PMC of PM in the process of products manufacture and operation are
considered. Based on the analysis, it was concluded that for the implementation of
operational testing systems PMC of PM rationally use of ultrasonic methods of non-
destructive testing.

Keywords: non-destructive testing, physical and mechanical characteristics,

powder materials, operational control systems.
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VYK 536.62
KAJIOPUMETPUYHA CUCTEMA JIJIS1 KOHTPOJIIO AKOCTI ITAJIMBA

Cepzienko P. B.
Incmumym mexuiunoi mennoghizsuxu HAH Ykpainu, Kuis, Yxkpaina
E-mail: Serhiienko@nas.gov.ua

B ymoBax roctporo nedinuTy BUKOIMHUX €HEPropecypciB MUTAaHHS BHU3HAYCHHS
SKOCTI TajuBa, M0 BUAOOYBAEThCS Ha TepUTOpli YKpaiHW UM IMIOPTYETHCS, CTA€
nyxe akTyanbHuM. OJUH 13 TOKa3HHUKIB SKOCTI MajuBa — 1€ HOro TEeIioTa 3ropsiHHS,
ajie MpWIaau JJis il BUMIPIOBAHHS MOBHUHHI MaTU PsAJl O0COOJMBOCTEH: €KOHOMIYHO
JIOLIJIbHA B YMOBaX JApPIOHOCEPIMHOr0 BUPOOHUIITBA KOHCTPYKIISI TPUCTPOIO Ta MO0
€JIEMEHTIB, 33JI0BUTbHI METPOJIOTTYHI XapaKTEePUCTUKHU Ta MOXIIUBICTH aBTOMAaTH3AIll1
MPOILIECIB MIATOTOBKU JIO BUMIPIOBAHb 1 BIIACHE MPOIIECY BUMIPIOBAHHS.

Po3po6neni mpuctpoi A BU3HAYEHHS TEIUIOEHEPTeTUYHUX MapaMeTpiB pi3HUX
BUJIB MajJMBa YaCTKOBO 33J0BOJIBHIIOTH NOTPEOM EHEPreTUHYHOIO CEKTOpy, ajie
CydacHI TEHJCHII B MpWIaJo0yJyBaHHI BUMAaralOTb 3HAYHOTO IIIJIBUILECHHS
MIBUAKOAII Ta TOYHOCTI BuUMipioBaHb. 3 1ier0 Meroro B ITT® HAH VYkpainu
CTBOPEHO KBasiau(epeHLiabHuid OOMOOBHI  KaJlOpUMETp i1 BHUMIPIOBAHHS
TEIUIOTHU 3rOpsiHHSA nanuBa (puc. 1).

B nporueci peamizariii KaqopUMETPUYHOI CUCTEMU OOIPYHTOBAHO Ta CTBOPEHO
HOBI METOJIM 1 TEXHIYHI PIIIEHHS BUMIPIOBAHHS TEIUIOTBOPHOI 3[aTHOCTI MajMBa 3
MOKPAIEHUMH EKCITyaTalliiHUMHU Ta METPOJIOTIYHUMH XapaKTEPUCTUKAMHU, a TAKOXK
CTBOPEHO AJTOPUTMH Ta MpOTpaMHe 3a0e3meueHHs i KOHTPOJIIO Ta BUMIPIOBAHHS
KaJIOP1MHOCTI MajauBa, 0 J03BOJISIE ABTOMATU3yBaTH NpoLiec BUMiptoBaHHs. OCHOBHI
nepeBaru KaJopuMeTpa: KOMIAKTHA KOHCTPYKINS 1 3pydHe OOCIyroByBaHHS, HE
noTpedye CreriaJbHUX 30BHINIHIX TEMIEPAaTypPHO-BOJOTICHUX YMOB, IIBHJIKOIIS
MPUCTPOIO Ta METPOJIOTIYHI XapaKTEPUCTUKHU Ha PIBHI KPaIINX CBITOBUX aHAJIOTIB.

Cdepa 3actocyBaHHS 3alpOIIOHOBAHOI
KaJOPUMETPUYHOI CHCTEMHU KOHTPOJIIO
BUMIpIOBaHHs sikocTi manuBa: TEC,
TELl, mnpomwucliOBI Ta ONATIOBAIbHI
KOTE€JIbHI, BHUIPOOYBaJIbHI, HAYKOBO-
JOCIIIHI 1 cepTudikaliiiHi 1abopaTopii.
30KkpeMa  Takhi  KaJIOpUMETp I
BUMIPIOBAHHS TETUIOTH 3TOPSHHS TMalliBa
(masiuBHUX OpHWKETIB) BOPOBAIXKEHO Ha
KIT BMP «BiHHUIIAMICBKTEIIIIOCHEPTOY.

Puc.1. 3oBHinHi Buris 60MOOBOro KalnopumeTpa
Knrouosi cnosa: sikictb 0ionanuBa, TEMJIOTA 3rOpaHHs, BUMIPIOBAHHS TEIJIOBOTO
MOTOKY, KAJIOpUMETPUYHA CHCTEMA.
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UDC 535.8
MODERN LASER RANGEFINDING

Muraviov O. V.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»,Kyiv, Ukraine
E-mail: stals98@ukr.net

The accuracy of distance measurement has always been an important
metrological problem which relates to various spheres of human activity: military
complex, aerospace industry, geodesy, robotics, photo equipment and many others.
Development of laser rangefinding technology has begun in 1964 with the invention
of pulsed solid-state lasers, but in our days higher demands are being placed on
instruments of this class due to the fact that they are using in high-precision
positioning and object detection systems.

Not so long time ago the main characteristics of laser rangefinder were
parameters of optical system (relative aperture, transmission coefficient, focusing
accuracy on the photodetector) and power of included to structure laser. The major
problems of rangefinding were inhomogeneities in the refractive index of the
atmosphere and effect of temperature, pressure, humidity along the route. These
external factors undoubtedly affect to geometric trajectory and duration of the laser
beam. Today the decisive role in solving of these problems is played by mathematical
processing of the signal which received from photodetector and its characteristics
stabilization. For example, modern avalanche photodiodes at certain conditions allow
to get coefficient of multiplication M > 1000, that gives possibility to register the
individual falling photons and, therefore, to simplify laser rangefinder objective
design [1]. Latter will significantly reduce the cost of such device, since optical
materials used in the near-infrared range of spectrum are mostly artificial crystals,
which are requiring considerable financial and time costs for their growth.

Modern laser rangefinders, as a rule, operate in the near-infrared range, which is
primarily due to the absence of compact high-frequency pulsed lasers in the middle
and far ranges of infrared spectrum. Solution of this problem will allow this class of
devices to work in other spectral ranges, where the nomenclature of optical materials
1s much wider and there is also no background solar radiation, whose concentration
on the earth's surface includes wavelengths from 0,29 to 2,5 micrometers [2].

Keywords: laser range finder, distance measurement, signal processing, avalanche
photodiode.
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VK 623.368.4
JOCJIIJDKEHHA 3ACTOCYBAHHA JTUGEPEHIIIAJIBHOI'O
EJIEKTPOEMHICHOI'O IIEPETBOPIOBAYA B PAMKAX 3ATAY
UBUJIBHOI'O POSMIHYBAHHS

Osuapyk C. A., bascenos B. I'.
Hayionanonuu mexniunuu ynigepcumem Yxpainu « Kuigcbkuti nonimexniunutl iLcmumym imMeHi
leopa Cikopcvkozoy, Kuie, Yxpaina
E-mail: sa.ovcharuk@gmail.com

Ha cpboromni roctpo CTOiTh MUTaHHS MIBUJKOTO, OE€3MEYHOT0 Ta €(PEKTUBHOIO
PO3MIHYBaHHsI TEPUTOPIM BIJ HACHIAKIB O0HoBUX 1ii. HallO1IbIn po3MOBCIOIKEHUM
IHCTPYMEHTOM JUJI1 BHUSBIICHHS Ha3eMHUX MIH € Merajomrykad. OaHak Mojeni
0aratb0X MiH BUPOOJICHI 3 MiHIMAJIBHUM 200 HYJbOBUM BUKOPUCTAHHSIM METAITY, 1110
YCKJIaJIHIOE a00 YHEMOXKJIMBJIIOE iX JAETEKTYBaHHS IUM MeToAOM. SIK OCHOBHa
allbTepHATHBA METANOIIyKayaM Yy TaKWX BHUMAJKaX YacTO BHUKOPHUCTOBYETHCS
TEXHOJIOT1S 3 BUKOPUCTAHHAM reopaaapy. Ll TexHomoris Mae psiag HEIOMIKIB, cepen
AKUX 3HAYHUI BIUIMB BOJIOTOCTI Ta CTPYKTypU TIPYHTY Ha €(EKTUBHICTb
BUKOPUCTAaHHS TEXHOJOTIi, M0 OOMeXye ii 3acTOCyBaHHS B IEBHUX yMOBax, Ta
BHCOKA BapTiCTh. TOMY, 3HAXOMKCHHS TONMTOMIKHUX YU AIbTEPHATUBHUX METOJIB JIJIS
i€ 3371241 € aKTyaJlbHUM. AJBTEPHATUBHUM a00 TOMOMDKHHUM JUISl IUX 337a4 MOXKE
OyTH eJeKTPOEMHICHHM METOJl 3 BHUKOPUCTaHHSM IUIaHAPHOTO  (IIJIOCKOTO)
nepeTBoproBavya. THUIOBUI MEPETBOPIOBAY JAHOTO TUITY MA€ BUTJIS PO3TOPHYTOTO
IJIOCKOTO KOHJEHCcaTopa, MK rmiactuHaMu sxoro 3Haxoauthess OK (Puc. 1). 3mina
CyMapHOi JIEJEKTPUYHOI TMPOHUKHOCTI CEPelOBUINA MDK TIIJIACTUHKAMH IIHOTO
KOHJIEHCATOpa 3a PaxXyHOK HAasBHOCTI HEPIBHOMIPHOCTI B 30HI CKaHyBaHHS
CHPUYUHHUTH 3MIHY EJIEKTPUYHOI €MHOCTI KOHJEHCAaTopa, TOMY METOJl Ha3HBaIOTh
EJIEKTPOEMHICHUM (200 MPOCTO EMHICHUM).

Puc. 1. Ilpuxnan 3acTocyBaHHS IJIAHAPHOTO €JIEKTPOEMHICHOTO MTEPETBOPIOBaYa

Ha choromuimnHiii AeHb ICHY€ JeKUJIbKa MPOBEICHUX JTOCTIKEeHb, IO CTOCYIOTHCS
MO>KJIMBOCTEN Ta €(EKTUBHOCTI 3aCTOCYBAHHS JJAHOTO METOJY B paMKax LUBLIHHOIO
PO3MIHYBaHHSI, OJHAK B JKOJHOMY 3 HHUX HE NPHUAUIANIACh yBara NEpCHEeKTHBI
BUKOpUCTAaHHA Ju(epeHIiaJbHOl CXEMU BHUMIPIOBAaHHA Ta €JEKTPOEMHICHOTO
nepeTBoproBaya BIANOBIAHOT KOHCTpyKuii. ToMy B mnpeacTaBieHiii po6oti Oyio
BUKOHAHO PsIi KOMIT FOTEPHUX MOJIEIIOBAHb, CIIPSIMOBAHUX HA BU3HAUYEHHS BIUIMBY
TaKOro MiJIX0/ly Ha pe3yJbTaTH CKaHYBaHHS.
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3rimHo 3 pe3yiabTaTaMd MOJCIIOBaHb, MPH 3aCTOCYBaHHI au(eEpeHITiaTbHOTO
MiaXoay aOCOoNIOTHA BETMYMHA 3MIHHM €MHOCTI MEpPETBOpIOBaya, IO CIPUYMHEHA
HasBHICTIO 00’€kTa (MiHM) B 00JIaCTi CKaHyBaHHS, MPHUOJIU3HO HA MOPSIIOK HUXKYA,
HIXK MPU BUKOPUCTAHHI 3BUYAWHOTO Miaxoay. Tomy 3acTocyBaHHs Au(epeHiiaabHOi
CXeMH BHMIPIOBAHHA E€JEKTPOEMHICHUM TEPETBOPIOBAYEM MAa€ 3MICT MPAKTUYHO
JIMIIIEe B yMOBaX BUCOKOTO PIBHS €JIEKTPOMArHITHUX 3aBa/l.

Knrouoei cnosa: enexTpoeMHICHUHN, €EMHICHUHN, pO3MIHYBaHHS, TU(EPEHIIaTbHUIA.
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VJIK 519.117.3 5
JOCJIJDKEHHS CTPYKTYPU BIBPALIMHUX CUTHAJIIB
CTPVDKHEBUX EJIEMEHTIB MEXAHIUHIUX KOHCTPYKIIIA

]),Zlyeipﬂk A. A., " F0seposuu P. M., 1'3)H60pCbKu1/7 1L M.
D ®@isuro-mexaniunuii incmumym im. I'. B. Kapnenka HAH Ykpainu,
nabopamopis gibpodiacnocmuku, Jlveis, Ykpaina
2)ch;iOHaﬂbHuzZ yuieepcumem “Jlvgiscoka nonimexuixa”, Jlveis, Ykpaina
IT, eXHOJI02IUHO-NPUPOOHUYUL YHIBepcUumem, iHcmumym meaekomyHikayiu, buozow, Ilonvwya
E-mail: andrij.duviriak@gmail.com

Jlns mepexoay Bl MaTeMaTH4YHOI MOJIEl KOJIMBaHb, sIKI BUHMKAIOTh B PI3HHUX
MEXaHIYHUX CHCTEMaxX JI0 aHali3y eJIeMEHTapHHUX JaHUX HEoOX1JHO Hacammepen
OOTpyHTYBaTH METOAXM OOpPOOKHM OCTaHHIX Ta IOKa3aTh iX eQeKkTuBHICTH [1].
Komm’torepue mojentoBaHHs € €(EeKTUBHUM MiAXOAOM O aHalli3y MOMKJIMBOI
MOBE/IIHKA MEXaHIYHUX CHCTEM. 3a JOMOMOTOI0 KOMII IOTEPHOT CUMYJIAIT MOXKHA
MPOBOJIUTU Takl 3MIHM IMMAapaMeTpiB MATEMATHYHOI MOJENI, SKI BaXXKO YU HAaBITh
HEMOXJIMBO  3a0e3MeYyuTH B JTa0OpaTOpHUX yMoBaxX. 1OMy  TIPOBEICHHSI
CUMYJIALIITHUX €KCIEPUMEHTIB € BaXKJIUBOIO 337a4€IO.

JlocnmiKeHHST KOJIMBaHb TOIIKO/DKEHUX CTPYDKHEBUX CIIEMEHTIB MEXaHIUYHUX
KOHCTPYKI[I HaWO1IbII TMOBHO MOXE OYyTH MPOBEACHO HA OCHOBI TPUBUMIPHOI
mozeni. Taka MOJAENb € YHIBEPCATbHOIO Ta Ja€ MOXKIUBOCTI 3 PI3HUX CTOPIH
MPOaHAI3yBaTH HAOMMKEHI JI0 peaTbHUX BJIACTHBOCTI MEXaHIYHOI CHCTEMH.
TouHicTh pO3paxyHKIB, sIKI HEOOXITHO TPOBOJAUTH JIOCSATAETHCS 32 PAXyHOK BEIUKOI
KUIBKOCT1 €KCIEPUMEHTIB Ta 4Yacy, a Tak0oX MOTpeOye BIAMOBITHUX PECYPCIB IS
OOYHCIICHb.

VY Garatbox BHMNaJKax JIS TOTO, OO0 CIPOCTUTH aHAI3 MEePEeXOJsiTh 0 IBO-, a
TaKOX OJHOBHUMIPHUX Mojienei. Take CIpOIeHHS MOXIIMBE, KOJIM JOCIHIKyBaHi
€JIEMEHTH CHCTEeMHM MAalTh BHUMIPM ICTOTHO MeHUI BiA 1HIMX. Po3paxyHoK
CIPOILIEHUX MOJIeNel 3a0e3nedye MIBUIKE OTPUMaHHS pPe3yJIbTaTiB 13 3aJ0BLILHOIO
TOYHICTIO Ta Jla€ MOXJIMBICTH B OCHOBHOMY IIpPOAHATI3yBaTH IOBEIIHKY
JOCITIJIPKYBAHOTO €JIEMEHTY, 1110 € OCHOBHOIO 3aJ]a4€i0 KOMIT FOTEpHOI cumyJisiii. Ha
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CBOTOJHI PO3pPOOJIEHO JOCTaTHRO MAaTEMaTHMYHUX MOJENeH IJs pI3HOTO THUILY
MOIIIKO/KECHb. Take pisHOMAHITTS JO3BOJISIE OXOMUTH IIMPOKY 00JIACTH TOCIIIKCHb.
Hamu 3piiicHIOBanucs: CUMYJIALINHI €KCTIEPUMEHTH 3 JTOCTIKECHHSI BUMYIIICHUX
KOJINBaHb CTPM)KHEBUX EJIEMEHTIB MEXaHIYHUX KOHCTPYKIIH 13 BTOMHOIO TPIIIUHOIO.
Po3pobinieni anropuTMivyHO-IPOTpamMHi 3aCO0M Ha OCHOBI CTaTHCTUYHOTO aHAIi3y
METOZaMHU CTAI[IOHAPHUX 1 HECTAI[IOHAPHUX BHUITAIKOBUX MPOIIECIB AaI0Th MOKJIMBICTD
BUSIBJSITH JI€PEKTH Ha PaHHIX CTadisgX IX PO3BUTKY, BCTAHOBIIOBATH 3B SI30K MIX
CTPYKTYPOIO KOJINBAaHb MOIMIKO/HPKEHOI CUCTEMHU Ta CTYIIEHEM PO3BUTKY ACPEKTY.
Kniouosi cnosea: mareMaTnyHa MOJEINb, CTATUCTUYHUNA aHaii3, AePEKT, BTOMHA
TPILIMHA.
Jlirepatypa
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VK 534.231.2
CTEHA U1 BUMIPIOBAHD ITAPAMETPIB VJIbTPA3ZBYKOBUX I10JIIB
MEJMYHUX I KOCMETOJIOI'TYHUX AITAPATIB

" osorcenro O. IT., " Komoscoxuii B. H., ” Onuxienko FO. O., 2)MaptteHKo O.T.
" Hayionanvnuii mexmiunuii yuieepcumem Ykpainu « Kuiecokuil nonimexniynuii incmumym
imeni lzops Cikopcokoeoy, Kuis, Ykpaina
YTOB «TEXHO-ME]] Yxpainay, Kuis, Ykpaina
E-mail: dovzhenkoa@ukr.net, kotovsk.kpil@gmail.com, razrabotka@ukr.net,
al.marchenko 123@gmail.com

Po3pobka Ta cepiitHe BUPOOHUIITBO YIbTPa3BYKOBUX TonoBOK (YD) s
npodeciiHuX MEAMYHUX 1 KOCMETOJIOTIYHUX amapariB  mnepeadayaroTh  ix
NMacrmopTU3aIliio 13 3a3HAYEHHSM TapameTpiB yibTpa3BykoBoro moss (YII), mro
ctBoptoeThest YI. IlepBUHHMMM AaHUMHU I PO3pPaxyHKy LHMX [apaMeTpiB €
3HAYEHHA aKyCTUYHOro THCKY B pi3HHMX Toukax YII, mo crBoproerbca Y1 [1]. IcHye
aBTOMAaTH30BaHE OOJIaHAHHS, SIKE JO3BOJISIE€ MPOBOJUTU Taki AochikeHHs [2], [3],
ane BI/ITpaTI/I Ha HOoro npua0aHHs CAraloTh JBOXCOT TUCSY €BPO 1 OLIIbIIE.

B 3B’sa3ky 3 muM IS 3MEHIICHHS BUTpAT Ha OONaaHaHHS I jJabopaTopii
KOHTPOJIFO ~ TIapaMeTpiB  PO3pPOOTIOBAHMX Ta  BHUTOTOBJICHUX  MEIWYHUX 1
KOCMETOJIOTIYHUX amnapaTiB OyB CTBOPEHUUN CTEHA JUIsl BUMIPIOBaHb IMMapaMeTpiB
ynbrpa3BykoBux momB (CBIIYII). BumiptoBanHs, 10 TPOBOJSATHCS HAa HBOMY,
BIJIMOBIIat0Th BUMOTaM Mi>kHapoiHoro ctanaapty [EC 62127-1:2007.

Y CBIIVYII Bukopuctani riipo¢oH, monepeiHiA MiACUIIOBaY Ta OJIOK KUBICHHS
— komytatop ¢ipmu Precision Acoustics Ltd. Ilomanmpine miacuieHHs CUTHAITY
3MIMCHIOETHCS TIJACWIIOBAYEM CHUTHATY 31 3MIHHUM KOEQIIIEHTOM TiACHICHHS
BJIaCHOI po3poOku. [ToeqHaHHS NMX CKIAQTO0BUX JO3BOJISIE MPOBOIUTH JOCIIIKEHHS
napamerpiB YI, sixi crBoprorots YII 3 muromoro motyxkuictio 0,01..2 Br/em® B
miama3oni yactoT 1,0...30,0 MI'm.
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B mpomeci exkcniepumenty rigpodon Ta YI, mapamerpu [Koi AOCTIIKYIOTHCS,
PO3MINIYIOTECS. B €MHOCTI 3  IUIGKCUIJIACy, 3alOBHEHOIO  JUCTUIHLOBAHOIO
JeioHI30BaHOI0 Bojot0. Y[ mepemimlyerbcs B TOPU3OHTANbHIM IUIOMIMHI 3
MiHIMagbHUM KpokoMm 0,1 MM 3a IOMOMOrol0 MEXaHI3MiB, CTBOPEHHMX Ha 0asi
BepcTary i«L-Lazer». MexaHi3m nepemilieHHs TiApoQOHy MO BEPTUKAJl CTBOPEHO
Ha OCHOBI1 npuBoay ¢ipmu «Festoy». MiHiManpHUI 1mIar nepemimenHs rigpogony 0,1
MM. AnropuTtm mnepemimienHs Y[ Ta riapodoHy BCTaHOBIIOETHCS 3a JIOMOMOTOIO
CHeLiaJIbHOTO MPOrPaMHOTo 3a0e3MeueHHs BIACHOT pO3pPOOKH.

Takoxx mporpamHe 3a0e3NedeHHs MPOBOJIUTH OOPOOKY JaHMX BHMIPIOBaHb 1
J03BOJIAE X JIOKYMEHTAJIbHO PEECTPYBATH Y BHIJIAJI TPUBUMIPHUX TpadikiB
PO3MOALTY aKyCTUYHOTO TOJIA Ta Jiarpam crpsimoBaHocti Y.

Knrouosi cnosa: ynbTpa3ByKOBe I10JI€, BAMIPIOBAHHS.
Jlireparypa

[1] A.M. EmnsxoB, “Merposoruueckuii  KOHTPOJb  MEIUIIMHCKOTO  YIIBTPa3BYKOBOTO
obopynoBanus”’, Mup uzmepenuti, 11, 2006.

[2] Enexrponnwmii pecypc: https://www.acoustics.co.uk/product/ums-tank-specification/

[3] Enextponnmuiipecypc: http://www.ondacorp.com/products_testingsol scanningsystem.shtml

YIAK 519.117.3 )
_3ACTOCYBAHHA CHIEHIAJIIBOBAHNX ITPUCTPOIB
HEPYWHIBHOI'O KOHTPOJIIO JIJ1S1 BIBPALIIMHOI ITATHOCTUKU

1’2)}O3eqb06uq P. M., ]’3)}]60p0b1<uﬁ I M, ])Bapugoda M. 3., I)Cmeubko LTI, UTpOXMM I P
D ®isuko-mexaniunuii incmumym im. I'. B. Kapnenka HAH Ykpainu,
nabopamopis eiopoodiacnocmuku, JIvsis, Vkpaina
Y Hayionanshuii yuieepcumem “Jlvsiscoka nonimexuixa”, Jlvsis, Ykpaina
IT, eXHON02IYHO-NPUPOOHUYULL YHIgepcumem, IHcmumym menekomynikayiu, buoeow, Ilonvwa
E-mail: roman.yuzefovych(@gmail.com

[Tix wac ekcrutyaTanli MEXaHIYHUX CUCTEM Ha MPOMMCIIOBUX MiIMPUEMCTBAX IS
3a0e3nedyeHHsT Oe3aBapiitHOro (DyHKIIIOHYBaHHS TEXHIYHUX OO0 €KTIB, PO3Mi3HABAHHS
ne(eKTIB By3JIIB MAILWH Ta AETajeil Ha MOYaTKOBUX CTAIsAX iX PO3BUTKY, IJIAHYBAHHS
PEMOHTHHUX POOIT, pO3pOOJISIIOTh CIIELiaNi30BaHl IPUCTPOi KOHTPOJIIO TEXHIYHOIO CTa-
HY MexaHI4HUX cucTeM [ 1]. OCHOBHI NPUHIIUIM i METOAM OTpUMaHHS 1H(OpMALIii PO
CTaH 00’€KTIB KOHTPOJIIO CIPSIMOBAHI Ha OLIIHKY MPale3AaTHOCTI Ta MOLIYK AePEKTIB y
MPOIEC] iX BUTOTOBJIEHHS, MOHTYBAHHSI 1 €KCILTyaTaLlii.

VY cucremax BIOPOAKYCTUYHOI JIarHOCTUKH HOCIEM 1H(OpMaIii Mpo TEXHIYHUIMA
CTaH € BiOparliiiauii curHan (BiOpompuCKOPEHHsI, BIOPOIIBUIKICTh, BIOPOTIEPEMIITICHHS),
[0 YTBOPIOETHCS y PE3YJIbTAaTI MEXaHIYHOT B3aeMo il ieTasielt Mexani3MmiB. Crienindika
00’eKTiB BIOPOAKYCTHYHOI JIarHOCTHKH, PI3HOMAHITHICTh 3a7a4 OOpOOKH BUMIPIO-
BAJIbHUX CHUTHAJIB POOJSATH HEMOXXJIWBUAM ICHYBaHHS YHIBEPCAJIBHOTO METOTY
BU3HAUYEHHS JIarHOCTUYHUX O3HAK, 0 XapaKTePU3YIOTh TEXHIYHUI CTaH AeTajeil i
BY3JIiB MEXaHI3MiB.
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Opnnak Mosxe OyTH BUAUICHUH TIEBHUH KJIac MOJCIIEH, sSIKUH BKITIOYA€E B ce0e BioMi
B JITEpaTypi OKpeMi NPEJACTaBICHHS, SIK JETEPMIHOBaHI, Tak 1 WMOBIPHICHI,
YMOXKIIMBIIOIOYM THUM CaMHM pPO3pOOKY 3arajibHOro MiAXoay A0 ix anamizy. Lle
IMOBIPHICHI MO/l Y BUIVIAII MEPIOJUYHO KOPEThOBAHMUX BHUITAJKOBHUX IPOIECIB 1 iX
y3arajibHeHb [2].

[Tigxin, Mo IPyHTY€EThCA HA TaKUX MOJENSAX, HaMU OyB BIIEpIIIe arpoOOBaHUM MPH
aHaii31l cUrHaiiB BiOpalii mamUmHUKOBUX omop TypooarperariB TEL] 1 mokaszaB cBoio
e(PEKTUBHICTh Y CTBOPEHUX CIICI1ATI30BAHUX MPUCTPOSX HEPYHUHIBHOTO KOHTPOIIO.

BpaxoByroun MOBTOPIOBAHICTh 1 CTOXAaCTUYHICTh BIOPOCUTHAJIB, 1MOBIPHICHI
XapaKTEePUCTUKN BUAUICHUX KJIaciB HECTAI[IOHAPHUX BUIAQJIKOBUX IPOLIECIB, IO €
HoCIsiIMH 1H(OpMaIIi Mpo HE3HaHI JI0Ci iX BJIACTUBOCTI OYJIM IOKJIaJieHI B OCHOBY
pO3poOKKM anroput™MiB (HOpMyBaHHS HOBHUX O3HAK JJIi OMNKHCY CTaHy OO0’ €KTIB.
Bukopucranusi cnemianizoBaHUX TpUJIaliB, SKI BHU3HAYAIOTh TakKi O3HAKA MOXYTh
BUKOPHUCTOBYBATHCS JUI BUSABJICHHA AE(PEKTIB HAa paHHIX CTaJlIsAX iX PO3BUTKY.

Kntouosi cnosa: mepioguyHO KOpENbOBaHI BHUIIQJKOBI MPOIECH, CHEIlali30BaH1
IPUCTPOI, 1ePEKT, HEPYHHIBHUI KOHTPOIb.

Jliteparypa
[1] B.T. Mapuenko, M. B. MeicnoBu4, Bubpoouazcnocmuka noOwunHuKo8ulx V3108 1eKMpuiecKux

mawun. Kuis: HaykoBa nrymka, 1992.

[2] 1. M. SdBopcekuii, €. I1. [ouancekuii, P. A. Bopo6ens, bB.II. Pycun, Texuiuna odiacnocmuxa
mamepianie i KoHcmpykyit: 008i0H. noc. y 8-wu m. / 3a 3ar. pen. 3.T.Hazapuyka. JIbBiB:
[Tpoctip-M, 2018. [Tom 7]: Indopmariitni TexHOJNOrii HEPYHHIBHOIO KOHTpOMtO. JIbBiB:
ITpoctip-M, 2018.

UDC 004.89
THERMAL DEFECTOMETRY OF COMPOSITE MATERIALS USING
ARTIFICIAL NEURAL NETWORKS

Momot A. S.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: drewmomot@gmail.com

In recent years, products from polymer composite materials are increasingly used
in various fields of industry. In this regard, the relevance of quality testing of
composites is constantly increasing. Due to a number of advantages, thermal non-
destructive testing (TNDT) is one of the most promising methods for solving such
tasks.

Active TNDT signals usually contain high levels noise. In addition, characteristic
feature of TNDT 1is complex nonlinear interconnection of all informational
parameters.

Algorithms for processing data based on artificial neural networks (NN) are used
in order to increase the reliability of testing under such conditions [1]. Currently,
TNDT neural network systems are used in the tasks of defects classification and
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thermal tomography [2]. In thermal defectometry, the use of trained NN allow to
determine defects coordinates, depth and thickness. Sequences of thermograms
obtained during the active TNDT may be input data. Flexibility of this approach
allows to build automated systems of complex analysis of thermal fields.

A number of experiments have been carried out to evaluate the effectiveness of
defining defects parameters using NN.

Two-layer backpropagation neural network was trained for defectometry tasks on
multilayer fiberglass samples with 5 mm thickness. Network evaluation was carried
out on the basis of results of testing validation samples, which contained artificial
defects with different types and sizes. Relative errors of determining defects depth
and thickness was 3.2 % and 6.4 % respectively. Obtained data testify to an increase
in the accuracy of thermal defectometry in comparison with existing methods.

Consequently, high adaptability, noise resistance and accuracy of TNDT
intelligent systems have been experimentally confirmed. These benefits can increase
the reliability of testing.

The main direction of further research is optimization of NN architecture and
improvement of the overall system performance.

Keywords: nondestructive testing, neural networks, thermal defectometry.
References

[1] R. M. Galagan and A. S. Momot, "The use of ART-2 neural network for processing
information signals of non-destructive testing," 2017 IEEE First Ukraine Conference on
Electrical and Computer Engineering (UKRCON), Kiev, 2017, pp. 981-985.

[2] R. Galagan and A. Momot, "The Use of Backpropagation Artificial Neural Networks in
Thermal Tomography," 2018 IEEE First International Conference on System Analysis &
Intelligent Computing (SAIC), Kiev, 2018, pp. 1-6.

YAK 620.111.1: 621.795.8: 621.7.01 .
OCOBbJIMBOCTI HEPYMHIBHOI'O KOHTPOJIIO I'PABIPOBAHUNX
CHUMBOIJIIB HA AETAJIAX 3 BJIOT'O BJIOYHOI'O ITOJITAMIAY

ITioonpuzopa 0. A., @panxos O. C., Hecin B. B.
Yxpaincokuii Haykoso-0ocnionuul incmumym cneyianbHoi mexHiku ma cyoosux excnepmu3s Cinyacou
besnexu Vrpainu, Kuis, Ykpaina
E-mail: witnes@ukr.net

HekoHTpacTHa cBiT/Ia MOBEPXHS 01710T0 OIOYHOTO TOJIIaMily € TIEPEIIKOI00 JIJIst
BI3yaJIbHOTO CHPUMHSTTS penbePHOi TOBEpPXHi, CHOPMOBAHOI TPaBIFOBAHHSM.
HepyiiHiBHU KOHTPOJIb SIKOCTI TPaBipOBaHUX CHMBOJIIB Ha JETAJSAX YCKIJIAHCHUN
OpPraHOJENTUYHUMHU OCOOJIMBOCTSIMH MaTepiaty.

OCHOBHMMHU BUSIBJICHUMH BJIACTUBOCTSIMU MaTepiany €: 1) 3a Manoi TOBIIUHHU (Bi]l
0 nmo 0,1 wmimimerpa) — Outmii OnouHuid momiamig Mapku «by» wmalixke mpo3opuit
(mnsaka 0-1 wa Puc. 1.), 2) 30inpmeHa ToBmuHa nomiamigy (Big 0,1 mo 0,3
MUTIMETpa) — COPUMMAETHCS MaJjO0 MPO30POI0 MOJIOYHOrO BIATIHKY (nuisiHka [-11 Ha
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Puc. 1.), 3) nomamin 6:1049HM TOBUIMHOO OUIBIIOO 32 0,3 MiJiMeTpa CripHiiMaeThCs
sk O1uii skoBTyBaToro BinTiHKY (autstaka I1-111 va Puc. 1.)

Puc. 1. Cxema po3noBcrokeHHs1 Bugumoro cpitia (390-760 HaHoMeTpiB) B mofiamigi 6J104HOMY
Ta (hopMyBaHHS HANUCY TpaBifOBaHHAM: | — MOBEpXHS BUPOOY; 2 — BUIMME CBITJIO Ta HOTO
PO3MOBCIOKEHHS; 3 — mepepi3 CUMBOITY B MOIiaMijii; 4 — rpaBilOBalIbHUN pi3elb

BusiBieHi OnNTHYHI BJIACTUBOCTI € MEPEHIKOJI0K 10 MPOBEIEHHS Bi3yalbHO-
ONTHUYHOTO KOHTpONIO. [ TmOuHa TpaBitoBaHHs periameHToBaHa a0 0,3 mizimeTpa.
Mexi cumBomiB (Puc. 2.) He MarOTh KOHTpPAcTy /10 OCHOBHOTO Marepiany 1 He
BUSIBIISIFOTHCA HaBITh 3a JOCTaTHHOrO OCBITIEHHS B 500 mtokciB [1]. Buaumumu
IpaBipOBaHl CHUMBOJIM CTalOTh JIMLIE MICHs BTUpaHHS emami. o Toro perenbHHiA
OIJISA HEIOLIJIHHHUMN.

Puc. 2. 3aranbHuil BUIIIsI TpaBitoBaHHs (JIIBOPYY) Ta CUMBOJY 3 eMaJuTo (IIpaBopyy)

HepyiiHiBHUI KOHTpPOJbh TpaBIpOBAHMX CHMBOJIB 3a IOBHOTOK (opmu Ta
1H()OPMATUBHOCTI MOKIIMBHM JIUIIIE MMICJISI BAKOHAHHS OTIEpaIlii BTUPAHHS €MaTi.

Knwouosi cnosa: rpaBitoBaHHS, Bi3yaJdbHO-ONTUYHUN KOHTPOJIb, KOHTPACT
Marepiaiy.

Jlirepatypa
[1] B.B. Hecin, «HopmyBaHHsI yMOB 3[1IHCHEHHSI OpPraHOJENTHYHOTO KOHTPOJIIO SIKOCTI 00’€KTIB

nigBuIIeHoi Hebesmekw», Ha XIII Mixcnap. wnayk.-npaxm. kou@. «Exonoeis. JloouHa.
Cycninbcmeor, Kuis, 2010, c. 303 - 304.
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VK 621.519
IMIJIBULLEEHHSI BIPOT'IIHOCTI BUSIBJIEHHST CUTHAJIIB JJLS1
BXPOCTPYMOBOI'O HEPYWHIBHOI'O KOHTPOJIIO

Peovka M. O., Kyy B. FO., Mopo3z H. O.
Hayionanonuu mexniunuu yHieepcumem Yxpainu
«Kuiscokuu nonimexwniynuti incmumym imeni leopsa Cikopcvkozoy, Kuis, Yxpaina
E-mail: y.kuts@ukr.net

VY Bumanky peanizaiii BuxpoctpyMoBoi aedekrockormii (BC/) B nunamigHOMY
pexumi curHanmu BCJ momyckaioTh mpejcTaBieHHS MOACIUIIIO Y BUMIISAL aAUTUBHOL
CyMillll paaioIMIYJIbCIB 3 CHHYCOITHUM CHUTHaJIOM-HOCIEM Ta TayCCOBOI'O IIyMY.
Meroro gochipkeHHs OyJI0 TIOCTABJICHO 3aBJIaHHS TEPEBIPKH  MOMJIMBOCTI
M1JBHUIIECHHS BiporiaHOCTI BUsiBiaeHHS curHainiB BCJ] mopiBHSIHO 3 6a30BUM METOIOM.
Horo cyTHicTh monsrae y BH3HAYEHHI 4acCOBOTO TMOJOKEHHS PaIiOiMITyIECiB 3a -
cratuctukoo [1]. OcraHHIO OTPUMYIOTH 3a JOMOMOTOI0 KOB3HOTO BIKOHHOTO
omnpanoBaHHs (a3zoBoi xapaktepuctuku curHany (OXC), sky B CBOI0O uepry
OOYHMCIIOITh Yepe3 AUCKpeTHe nepeTBopeHHA [1npOepra curHainy. BikHO Mae
¢ikcoBany aneptypy M. IIpo HasiBHICTh CUTHAITY AE(PEKTY CYASATh 3a MEPEBULIEHHSIM
7-CTaTUCTUKOIO TIEBHOIO MOPOroBoro piBHi. Henomikom 06a30Boro Metony €
CKJIaJIHICTh BBEJICHHS TAKOT'O PIBHA 3a HU3BKOTO BITHOIICHHS CUTHAJ/IITYM (C/III).

CyTbh 3alpONOHOBAHOTO METOJY IMOJSra€ y MYJbTUBIKOHHOMY OIpaIfoBaHH1
®XC 1 BU3HAUYCHHI YaCOBOTO MOJIOXKEHHS pagioiMnyinbcHux curHaniB BC]] 3a HOBoIO

k . . cen
CTaTUCTUKOIO R =T]r, (/)> A€ r, (j) — F-CTATHCTHKA, obOuucieHa Jijis BIKOHHOT (PyHKITIT

i=1

aneptyporo  M; Edextusnicte wmeroais BCJl mnepeBipsuiack B MOICIBHOMY
EKCIIEPUMEHTI IIUISIXOM OLIHIOBaHHs Koediuienty epexrusnocti K, =r, /7, ne r, —

aMIUNITyIHE 3HAYEHHS 7-CTaTUCTUKHU, 7,,- CEPEIHE

3HAYEHHS 7'-CTATUCTUKH IIIyMY.
JIo OCHOBHMX TapaMeTpiB EKCIIEPUMEHTY BIIHOCSTHCS:
9yacToTa curHany-Hocis F =35 kI, c/m= 2, dacrora
muckperuzaiii F,=640 xl1, obcsar BuOipku N =19000,
anepTypy BIiKOHHUX (QyHKLiH M =[150,200,300]. s
M=200 orprmano K~ 6, a 1711 MyJIBTUBIKOHHOTO PEKHMY
— Ko =90 (puc. 1). MynbTUBIKOHHE OIpPALIOBAHHS
1H(pOpMAIIHHUX CUTHATIB CIIPOIIYE MPOLEAYPY BBEICHHS
MIOPOrOBOr0 PIBHSI Ta 3MEHIIIY€ BIPOTAHICTh BUHUKHEHHS
TIOMUJIKH B MPOIIEC] KOHTPOJIIO.
Knrwouosi cnosa: HepyiHIBHHI KOHTPOJIb, BUXPOCTPYMOBa e(EKTOCKOMIs,
JTUCKpEeTHE miepeTBopeHHs [ 11p0epTa, BIKOHHE ONpAaIFOBaHHS, F~-CTaTHCTHKA.
Jlireparypa
[1] 1O. B. Kynu, JI. M. Illep6ak, Cmamucmuuna ¢azomempis. Teproninb: Bum-Bo TepHormi.
TeXHIYHOTO YH-TY imMeH1 [Bana [Tymros, 2009.

Puc. 1. Cymim curnany 3
rymom(a), 1200(6), R (B)
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VJIK 620.179 5
JJABOPATOPHbIN CTEH/ JIJ1s1 KOMITJIEKCHOI'O U3MEPEHUSI
[TAPAMETPOB VJIbTPA3BYKOBO BOJIHBI

bozcoan I'. A.
Hayuonanvnviii mexnuueckuu ynusepcumem Yxpaunst « Kuesckuti nonumexnuueckuti UHCmumym
umenu Heops Cuxopckozoy, Kues, Yxpauna
E-mail: bogdangalya@gmail.com

VY bpTpa3ByKOBbIE METO/bI HEpPa3pYyLIAIOIIET0 KOHTPOJIS MAaTEPUAIOB U U3JEIHUN
OTHOCSITCSI, KaK M3BECTHO, K KOCBEHHbIM MeTogaM. OHM TO3BOJISIIOT 1O
CYLIECTBYIOIIUM AHAJUTHUUYECKUM WM KOPPEJSLMOHHBIM 3aBUCUMOCTSAM MEXKIY
napaMmerpamMu  yiapTpa3BykoBo  (Y3) BomHBI M (PU3MKO-MEXaHHUYECKUMHU
XapaKTEpUCTUKaMU  Marepuana  OINpENeNsITh  OCHOBHBIE  JKCIUIyaTallMOHHBIC
XapaKTEPUCTUKU UCCIEAYEMBIX OOBEKTOB.

K ocHOBHBIM HH(OpMAITMOHHBIM MTapaMeTpam Y3
BOJIHBI OTHOCAT: KOA((DUIMEHT 3aTyxaHus oy,
CKOpPOCTh pPacHpOCTpaHeHUs MNpoaoiabHbIX C; U
cneuroBeix Cs Y3 BonH. Takum  oOpasowm,
oOecrieueHue TOYHOCTH U JIOCTOBEPHOCTHU
IPOU3BOJMMON OLIEHKM IapaMETPOB M3IEIHS 110
U3MEPEHHBIM HH(OPMALIMOHHBIM MapameTpaMm Y3
BOJIHbI HAaKJaJIbIBa€T IOBBIIIEHHbIE TPEOOBaHUSA K
TOYHOCTH M  JIOCTOBEPHOCTH M3MEPEHUM ITHUX
(bu3HUEeCKUX BEIUYUH.

[IpoBeneHHbIE TEOPETHYECKHE U
SKCIIEPUMEHTAJIBHBIE HCCIIEIOBAHUS BBIIBWIA P
(akToOpoB, KOTOpBIE  OKa3bIBAIOT  HaWOOJbIIEE

. BIIMSIHUE Ha OPMHPOBAHUE CyYMMapHOM

Puc. 3. Buemnnii Bua OJjioka (1) PMHP yMMap

(DHKCAIIHH YJIBTPA3BYKOBEIX MOTPENTHOCTH npu U3MEpPECHUU CKOpPOCTH
npeoGpazosareneii pacnpocTpaHeHust Y3 BOJIHBI. /{711 MUHUMU3AMU WX
Ha noBepxHocTH OK BJIMSIHUSA Ha pe3yJbTaT U3MepeHus: ObL1 pa3paboTaH

7a00paTOPHBIN CTEHJ, KOTOPBIM COCTOUT M3: OJIOKa
dbukcarmmu Y3 mpeoOpazoBaTeneil (BHEIIHWM BUJl MPEACTaBICH Ha puC. 1), TaThl
cOopa uH(pOpPMAITUN U TIEPCOHATHLHOTO KOMIIBIOTEPA.

YMEHbBIIICHHE TIOTPEIIHOCTH Pe3yIbTaTOB HW3MEPEHHS JOCTHTaeTCs 3a CUeT
KOMITJIEKCHOTO MPUMEHEHHUS aBTOMAaTH3AIlMH MPOIECca MOMyUYCHUs] U3MEPUTEIbHON
uH(hOpMaIMU, METOJOB CTATHCTHYECKOW OOpabOTKH JaHHBIX, U COBOKYIMHOCTH
CTPYKTYPHO-TIApAMETPUUECKUX PEIICHUH.

Knwouesvle  cnosa: Hepazpymaroumid  KOHTPOJb,  (DU3UKO-MEXaHUYECKUE
XapaKTEPUCTHKH,  IOPOIIKOBBIE  MaTepHaibl,  YJIBTPa3ByK,  IOTPEHTHOCTD,
JIOCTOBEPHOCT.
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VYK 534.29+534.8
[TOIIMPEHHA ITO3JOBXHIX YJIbTPAZBYKOBUX XBUJIb ¥V HIAPI
JUCHUITATHUBHOI'O AYKCETHUK-CEPE/IJOBUIIA

Mawenko B. A.
Ooecvka Oepocasna akademiss mexHiuHo2o pecynioeants ma skocmi, OQodeca, Ykpaina
E-mail: vololodymyr_mashchenko@ukr.net

Po3rnssHyTO MOJenbh TMOMIMPEHHS HEMEpPepBHUX Ta IMIYJIbCHUX IO3JA0BKHIX
yIbTPa3ByKOBUX XBWJIb 4Y€pe3 JAUCUMATUBHUN IAp ayKCETHK-CEpeOBHILA
PO3MIMIEHOTO MK TBOMA PIIKAMU MIBIPOCTOPAMHU.

AYKCETHK-CEpEIOBHINE  MpEACTaBisie  CcOoOO  MOJIMEPHY  MATPUIIO 3
koedimienTom Ilyaccona piBHUM — 1, HalTIOBHEHY MacUBOM C(HEPUUHUX BKIIOUYEHB, A€
iX eeKTUBHI pajiiycH Ta BIJCTaHI MK HUMHU 32 PO3MIpaMH 3HAYHO MEHII JOBXHHU
MO370BKHBOI XBWJIl. Y TakoMy BHUIIQJKy JHUCUIATUBHUM IIap MOXHA BBaKaTH
MaKpOOJIHOPIIHUM TIO0 BIJHOIIEHHIO JIO TMONIMPEHHS TO3/J0BXKHBOI XBWJI, a
CTPYKTYpHI ~ OCOOJIMBOCTI ~ AyKCETHK-CEpEJOBMILA  OMHcaTh  €(EKTUBHOIO
KOMILJIEKCHOIO TYCTHHOIO [ 1].

[Ipy KpUTHYHOMY HAIOBHEHHI MOJIMEPHOI MAaTPHUIll Peai3yeThCs MPOCTOPOBE
BIIOPS/IKYBaHHS YaCTMHOK HAMOBHIOBaYa, a AayKCETHUK-CEPElOBHUINEC MOXHA
MPEACTABUTH SIK OJJHOMIPHUI CYNEPKPUCTAN 3 MEPIOAOM, IO PIBHUHM BIACTaHI MIX
YaCTMHKaMM HanoBHIOBaya [2]. TeopeTuuHi po3paxyHKH MOKa3aiH, IO NpPU MEBHUX
CHIBBIAHOIIEHHAX TapaMeTPiB XBWI 1 CTPYKTYPHHX Ta aKyCTHUYHUX BJIACTHBOCTEH
ayKCETHK-CEpPEIOBUIIIA TMPOSBISAIOTHCS PE30OHAHCHI €(PEeKTH TpH KOJIMBAHHSIX
BKJIFOUEHb B IIJIOMY SIK OKPEMOT M1ACUCTEMH.

[Toka3zaHo, 110 NpHU MaIHHI IMITYJIbCHOTO CUTHATY Ha MEXY MOJILTYy CepeoBUI] 13
BpaxyBaHHIM JUCIEPCi yIBTPa3ByKy, HOT0 4acTOTHI CKJIaJ0B1 EPETBOPIOIOTHCS HE
0JIHaKOBO. BiAMOBIAHO, CIIEKTpU BIAOUTOTrO M MPOUEHOTO CUTHAIIB 3MIHIOIOTHCS B
3aJIEKHOCTI B YHMCJIa BKJIAJIGHUX [0 IIUPUHI IIapy YETBEPTHUH JIOBXKUH XBHIIb
BHACIIJIOK 1X 1HTEpdepeHIIii.

TeopeTnyHO AOCHITKEHO 3MiHY KOe(DIIIEHTIB BiAOMBAHHS, MPO30POCTI 1 ix a3
BiJl TMapaMeTpa JUCUTIATUBHUX BTPAT ayKCETHK-CEpPEeJOBHINIA Ta OE3pO3MipHOI
(a30BOi TOBUIMHU 1LIAPY.

Kniouosi cnosa: ynpTpa3BykoBa XBWJISA, ayKCETHUK-CEPEAOBHILE, AUCUIIATUBHUI
miap.
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UDC 630.179.14
DEFECTOSCOPE BASED ON MODERN MOBILE DEVICES

Petrik V., Protasov A.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: vafepet@gmail.com

Wireless data transfer technologies are now used in all technical fields, from
mobile phones to automotive vehicles. Wireless network technology is also widely
used in non-destructive testing [1].

In non-destructive testing, the transmission of data over short distances takes
place using wireless networks, usually used by Bluetooth [2,3]. However, there are
exceptions like GSM / HSPA. Sometimes there is a need to combine these
technologies in one device. This problem can be solved by using a separate sensor
with a Bluetooth module and a Smartphone. The sensor implements the collection of
primary information about the object of testing and data transmission over short
distances as separate packets of data collected over a certain period of time, and in
the mode of Real-time. The Smartphone both receives a data packet from the sensor
and processes the monitoring results “on site”, or uses GSM technology transmits
processed data to generate a report or draw up a testing map.

Sometimes, modern Smartphones outperform the computing capabilities of some
computers. In addition, the use of such a mobile platform has advantages that are
more significant. Modern Smartphones allow you to use not only Bluetooth and
GSM, but also Wi-Fi and more advanced and safer HSPA and LTE data transfer
protocols. Also the great advantage of this approach is the possibility of updating the
defectoscope software "by air".

At the moment, the development of the sensor with the Bluetooth module has
already been completed and software development for the Smartphone is underway.
There is plan to implement not only the data transfer between the Smartphone and the
server, but also add the ability to synchronize multiple devices with each other and
interact with cloud storage.

Keywords: eddy-current flaw detector, telemetric communication channel.
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UDC 621
APPLICATION OF 3D COMPUTER SIMULATION FOR
STUDY ON ACTIVE INFRARED TESTING

Protasov A., Syeryy K.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: a.g.protasov@gmail.com

Multi-layer composite materials are widely used in modern aircraft construction.
In aircrafts of the latest generation, more than 30% of the fuselage, wing, keel and
other parts of aircraft are made of honeycomb panels [1]. Bearing structures of the
aircraft are made, as a rule, from aluminum alloys, and aluminum foil is used as
filler. Some panels are made of polymer composite materials with paper filler. The
principal defects of honeycomb sandwiches are the detachment of the cover from the
filler due to the non-glueing or crushing of the cells. These defects can arise both
during the operation or crushing of the honeycombs.

Computer simulation is widely used for investigation of thermal processes in
infrared thermography. Application of computer simulation for the solution of the
direct problem of thermal testing in 2-D was considered in [2,3].

In this paper it is proposed to investigate the possibilities of the thermal method
for honeycomb panel inspection using computer simulation. The application of the
COMSOL Multiphysics package was used for such simulation [4]. A 3-D model of
the honeycomb panel was proposed. As a defect, the detachment of the panel cover
from the filler, as well as the presence of water in the defective cell, was considered.
The implementation of the proposed 3-D model made it possible to investigate effect
of a defect on the thermal field of the panel surface.

The implementation of the proposed 3-D model for computer simulation makes it
possible to investigate the thermal processes that occur inside the object during the
testing, which can not be determined experimentally. This makes it possible to
preliminarily determine the necessary testing parameters, namely, the optimum
monitoring time and the heating temperature for each specific case. This improves
the accuracy of monitoring the honeycomb panels. The results of experimental
studies confirm the adequacy of the proposed model of thermal testing.

Keywords: Computer simulation; Infrared testing; Three-dimensional model.
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UDC 535.317
PASSIVE OPTICAL ATHERMALIZATION OF OBJECTIVE
FOR MEDICAL HEAT VISION

Muraviov O. V.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: stals98@ukr.net

At analyzing thermogram Using of thermal imaging camera is a highly effective
and informative means of patients screening for the detection of inflammatory processes
in the early disease stages. To date, the criteria of thermal imaging diagnostics for more
than two hundred diseases and pathological conditions are developed and this list is
constantly being replenished.

Information and setting the diagnosis, there are certain rules and regularities. For
example, registered temperature difference of 1-2°C on oppositely symmetrical body
parts indicates presence of the organism pathology. In particular, at tumors the
temperature change to greater side indicates malignant degeneration and to lesser side
indicates benign nature of the tumor.

Temperature fluctuations of the environment during the infrared technique
operation significantly affect to its characteristics, such as quality and
informativeness of the thermogram, so at the design stage of such high-precision and
sensitive devices it is expediently to carry out an athermalization of the optical
system [1, 2]. In the process of dioptric objectives synthesizing, which include
several components, it is possible to select materials for the purpose of system self-
athermalization, simultaneously to perform the achromaticization of the optical
system and to minimize those image aberrations, on which highest requirements are
subjected. To perform above tasks, such as thermostabilization and characteristics
improvement of the thermograph objectives, at calculating stage of the optical system
parameters it is advisable to use passive optical athermalization method [3].

Synthesized on base of passive optical athermalization infrared objectives with
thermostabilized value of back focal length of the optical system maintain the
stability of frequency and energy characteristics and keep high image quality in the
operating temperatures range.

Keywords: athermalization, medical thermograph, infrared optical system.
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VIIK 621.3(075)
OCOBJIMBOCTI IIOBYJIOBU CUCTEMU TIATHOCTYBAHHS
TTJIPOATPETATIB HA OCHOBI BUKOPUCTAHHS HOBUX
BUCOKOIHOOPMATHUBHUX O3HAK X TEXHIUHOT'O CTAHY

I'pansx B. @., Kyxapuyk B. B.
Binnuyvkuii Hayionanvruti mexuivHuil ynieepcumem, Binnuys, Yxpaina
E-mail: titanxp2000@ukr.net, bkuch@ukr.net

Cucrema aBTOMATH30BAaHOTO JIarHOCTYBaHHA 1 MPOTHO3YBAaHHS PO3BHTKY
nedextiB rigpoarperariB (CAAII-PAI) [1] 6a3yeTrhcs Ha MoaudikoBaHii YaCTOTHIN
TEXHOJIOTIi BIOPOIIarHOCTYBAaHHSA 1 € amapaTHO-TIPOTPAMHHM KOMIUICKCOM, SKHMA
CKIIQJA€EThCI 3 BUMIPIOBAIBHMX KaHaTIB BiOparlii, MiJCACTEeMH ITOTOYHOTO
MOHITOPUHTY BiOpamii Ta MIJACHUCTEMH JIIaTHOCTYBAaHHS 1 MPOTHO3YBaHHS.
BuwmiproBanbHi  kaHanu BiOpamii Ta mijcHCTeMa IMOTOYHOTO  MOHITOPUHTY
BIIPOBA/DKEHI Yy TIPOMHUCIOBY ekcrutyatarito Ha HwkuaboanictpoBebkii ['EC
(Ykpaina), a miacucTeMa J1arHOCTYBaHHS 1 TIPOTHO3YBaHHS  IOETAIHO
BIIPOBAKYETHCS B JTOCIIIJIHY €KCILTyaTallito.

[HdopMaTUBHUI MOKA3HUK BIPOTIAHOCTI PV,, YAHHHKA, SKUW BIANOBIAAE k -MY

HGprOHy, Ha MOMCHT 4aCy 7 BHU3HAYAETLCA SIK

Vk=1,6Vi=14VjeV¥, LPI@, =ZW d"“’"J, (1)

kij =" kijt

Jie W, — BaroBi KOCQIUI€HTH, AKI BU3HAYAIOTH Ba)KJ'II/IBiCTL ypaxyBaHHSI BEWBIIET-
koedirieHTiB j -1 cmyru yactor AHYC i -ro BiOpocUrHaity B piBHI BipOTiqHOCTI k -TO
HeWpoHa; d,’" — HOPMOBaHI 3HAYCHHs BEUBJIET-KOEQDILIEHTIB j-i CMyrH 4acToTr
AYYC ; -ro BIOpocurHamsy B piBHI BIpOTIIHOCTI k -TO HEWpPOHA HA MOMEHT 4Yacy 7T
VY, — MHOXXHMHa HOMEPIB CMYI' 4acTOT, B SIKHX ICHY€ BIUIMB YMHHHUKA BiOparlii, 110
BINIOBia€e k -My HEHPOHY.

ByJio BCTaHOBJIEHO, 1[0 BaroBi KOE(MIIEHTIB W, MOXYTh OyTH BH3HAYEHI YEpe3
HOBI BHMCOKOIH()OPMATHBHI O3HAaKM TEXHIYHOIO CTaHy, IO SBISIOTH COOOIO
KOE(IIIEHTIB B3a€EMOKOPEJISIIT Mk BIOpOCUTHalaMH y TPOCTOPOBO PO3MOJIIEHX
TOYKaXx TiApoarperary.

JIisi MUCKPETHUX YacOBHX peallizalliii, 3 ypaxyBaHHSM BiJJOMOTO pIBHSHHS
[Tipcona, koedirieHTH B3aEMOKOPEAIT MOKYTh OyTH BU3HaueHl [2]:

* 2LV
K (1) =——= 2)
Zw Zt/fgl

1€ W 4 Ta ¥ p;— i-Tl 3HAYEHHS YaCOBUX pealli3aliii BIOPOCUTHAIIB (1) Ta yp(t).
Knrouoei crnosa: mrydna HelpornoaioHa Mepexa, KoedilieHT Kopeilii, BaroBUi
Koe(iIienT.
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UDC 620.179
APPLICATION OF CIRCULAR STATISTICS DURING ANALYSIS OF THE
EDDY CURRENT TESTING SIGNALS

Kuts Y., Lysenko 1., Kanosa R., Redka M.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
E-mail: y.kuts@ukr.net

Eddy current non-destructive testing (ECNDT) is an extremely informative test
method for conductive materials and products [1]. It is known that eddy currents are
usually generated by sinusoidal signals of one or more frequencies and the major part
of the information about test objects is contained in the fault characteristics of signals
generated by the eddy current. Such characteristics can be defined, for example,
through the Hilbert transform of the signals. But more information becomes available
due to the statistical analysis of the signals phase characteristics, which makes it
possible to determine the estimates of the corresponding numerical characteristics.
These characteristics include the circular average angle, the circular variance, the
length of the resultant vector obtained by the vector sum of the phase measurements
results on the unit circle (r-statistics), and others.

The using of r-statistics for detecting ultrasonic non-destructive testing signals
was analyzed in the article [2]. Similar signals also take place in the eddy current
flaw detection during the scan of the surface, which has some defects, using the
differential type eddy current transducer.

For analyzing the influence of various factors on the magnitude of r-statistics the
model experiments were carried out. As an exploratory model, an additive mixture of
harmonic signal and Gaussian noise is used. The r-statistics were calculated for the
difference of the exploratory model phase characteristics and the sinusoid at some values
range which was covering two signal periods according to the [3] algorithms. The
dependencies of r-statistics on the number of £ discrete sample units over the signal period
and the signal-to-noise ratio (n) are defined and analyzed. The 3D graph of the r(k, n)
function was constructed according to the received dependencies. Averaging r(k, n) based
on the results of 100 experiments was used to reduce the influence of particular error.

It is determined that the noise impact significantly exceeds the impact of the k
parameter for value k > 4. Performed averaging allowed to allocate the trend
component of the r(k, n) function and gave an opportunity to estimate the dispersion
of the obtained values r(k, n) in the range of arguments k=3 ... 20 and n = 0.01 ... 1.
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Using in practice ECNDT r-statistics will be able to detect ECNDT signals with
smaller amplitudes, which will increase the probability of testing, the depth of the
object testing area and the sensitivity to small sizes defects.

Keywords: eddy-current non-destructive testing, discrete Hilbert transform, r-

statistics.
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YK 620.179.14
BUXPOCTPYMOBA CTPYKTYPOCKOIIIA I[TAPA- T JTAMAT'HITHUX
MATEPIAJIIB BATATOYACTOTHUM METOOM

Kanenuuenko FO. O., basxcenos B. I'., Karenuuenxo O. I'., Payebapcokuii C. C.
Hayionanonuu mexniunuu ynieepcumem Yrxpainu
«Kuiscokuu nonimexniunuii incmumym imeni l2opsa Cikopcvkozoy, Kuis, Ykpaina
E-mail: y.kalenychenko@kpi.ua

CTpiMKHMI1 pO3BUTOK BUKOPUCTaHHS MMapa- 1 JiaMarHiTHUX MaTepiajiiB B SIKOCTI
KOHCTPYKUIMHUX MarepianiB, miBdaOpukaTiB 1 JeTanedl MamuH mnoTpedye
3aCTOCYBaHHSI HEPYHHIBHMX METOJ[IB BH3HAUEHHS iX BIACTUBOCTEH Ha pIBHI
aTOMapHO1 a00 MOJIEKYJIIPHOT MIKPOCTPYKTYPH.

[ToTpeba y BM3HAYEHHI BJIACTUBOCTEW MIKPOCTPYKTYpU Mapa- 1 JlaMarHiTHUX
MaTepiaiiB BUsIBJICHA B pe3yJbTaTl CIUIKYBaHHS 3 (PaxiBIIMU a€pOKOCMIYHOI Tally3i,
aHai3y HayKOBHX MyOJikaiiil 3 npobiematuku HepyiHiBHOTO KOHTpoito (HK). ITix
4ac aHaji3y JiTepaTypHUX JHKEpell 3°sICOBaHO, 110 Bapiallii BIaCTUBOCTEN CTPYKTYpH
MaTepiaiiB CyTTEBO BIUIMBAIOTh Ha KOHCTPYKIIIMHI PIIIEHHS MO0 MEBHOTO BUPOOY,
coOiBapTiCTh MPOAYKIT Ta 11 eKCIUTyaTaiiifHi Xxapaktepuctuku. Jlo mnpukiamy,
BIJICYTHICTh JIOCTOBIpHOi 1H(OpMaIli mpo CTaH MarepiaiiB B €JIEMEHTaX Ta By3jax
JTAIBHOTO anapary Mpu3BOAUTH 10 HEOOX1THOCTI 6araropa3oBoOro 3amnacy MiIfHOCTI,
1 SK HACHIJOK — J0 30UIbIIEHHS Bard amapary, MiJBHUINCHHS BUTpAT MaJIbHOTO,
3pOCTaHHs COOIBApPTOCTI MEPEBE3CHb, MIJABUIIEHHS €KOJOTTYHOTO HAaBAaHTAKECHHS Ha
JTOBKI1JLJISL.

EdekTuBHUM METOIOM CTPYKTypockomii € mMeroau Buiux rapmonik (MBI') ta
0araro4acToTHI METO/M, IKI BUKOPUCTOBYIOTh B pi3HuX Buaax HK — marnitHOMmy,
yJIbTPa3BYKOBOMY, BUXPOCTPYMOBOMY. AJie Taki METOU 3/1€OUIBIIIOTO 3aCTOCOBYIOTh
JUTSI KOHTPOJIIO CTPYKTYpHU (pepOMarHiTHUX MaTepiaiiB, a OCHOBHUMH aHATI30BaHUMH
XapaKTEPUCTHKAMU € aMIUTITYTHO-4aCTOTHI 3aJI€)KHOCTI CUTHAJIB.
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B nmomoBimi po3TISHYTO BUKOPHUCTaHHS BHUXPOCTPYMOBOI 0araTo4acTOTHOI
CTPYKTYPOCKOMIi, BIAMIHHICTIO SKOTO € aHami3 (a3oBHX XapaKTEPUCTHUK
MOJIITAPMOHIYHUX CUTHAIIB.

Jlist mpoBeieHNX AOCHiAiB Oyira po3po0sieHa CUcTeEMa, SIKa BKIIIOYana KepOBaHUN
TeHepaTop, OpPUTIHAIBHUNA BUXPOCTPYMOBUH IEpPETBOPIOBAY Ta CHEIiali30BaHUN
a”anizatop crektpiB. JlochimkeHHs OyiM MPOBEAEHI Ha cepii 3pas3KiB 31 CIUIaBY
AA2024, sxi BiIpi3HUITMCH BEJIMYUHOIO TIOTIEPETHBOTO CTATUYHOTO HABAHTAKCHHSI B
mexax Big kN no 20kN. TlposeneHi ekcrieprMeHTalIbHI JOCTIIKEHHS 3aCBiTYMIIN,
mo (a3oBa XapaKTEPUCTUKA € CTIHKOI 1H(QOPMAIIHHOI O03HAKOK, SKa JO03BOJISE
BU3HAYATH HANpPYKEHUM cTaH matepiany. das3a 4acTOTHUX CKJIaJ0BHUX 3MIHIOBAIACh
B 3aJIKHOCTI Bij 371HCHEHOTO HABaHTAXEHHS HAa 3pa3KH, HANPSMKY IMPOKaTy Ta
MEBHOI YaCTHHHM JINCTOBOTO MaTepiaily, 3 IKOr0 BUTOTOBJICHI 3Pa3KH.

[Tomanpiini JOCHIJKEHHS TOIUIBHO CIPSMYBAaTH Ha BUSBICHHS 3aKOHOMIPHOCTI
3MiHU (ha3u YaCTOTHUX CKJIAJIOBUX BiJ CKJIAAHUX JUHAMIYHUX HABAaHTAKCHb.

Knrwouosi  cnosa: CTpyKTOpOCKOINis MarepiaiiB, 0araTo4yacTOTHHN METO/,
HEPYWHIBHUN KOHTPOJIb.
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VIIK 620.179.14
CHUCTEMA ABTOMATHUYHOI'O BUSHAUYEHHS CTPYKTYPU MATEPIAJTY
OB'€EKTA

baowcenos B. I'., Kanenuuenxo FO. O., Payebapcoxuii C. C.
Hayionanvnuii mexuiunuii ynieepcumem Yxpainu « Kuigcokuil noaimexnivHuil iHCmumym
imeni lzops Cikopcokoeoy, Kuis, Ykpaina
E-mail: vgbazhenov@gmail.com

Po3po6iiena cucrema Moke 3HAUTH Jy’Ke MIMPOKE 3aCTOCYBAHHS ISl BUSHAYCHHS
CTPYKTYpH  MaTepiayiiB, M0 JyXE€ Ba}XJIMBO JJIl  JIaTHOCTUKA  BTOMU
METAJIOKOHCTPYKIIIH, sIK1 3HAXOATHCS B €KCIUTyaTallli.

Jitounii MakeT CTPYKTYpOCKOIa JO03BOJISE€ MPOBOJWUTH aHaNI3 KpPUCTAJIIYHOI
rpaTKl  PI3HOMAHITHUX MatepiamiB. Pe3ynbTatd KOHTPOJIO MOXYTh OyTH
IIPE/ICTABIICHI Y BUTJISA/II TaK 3BAHOTO «IIACHOPTa €JIEKTPOHHOI CTPYKTYpH Martepiany
00’€KTa KOHTPOJII0». 3alpONIOHOBAHA TEXHOJOT1S BU3HAYEHHS! CTPYKTYpH Matepiainy
Ta ii peamizailis 3axUIEHI MaTeHTaMU YKpaiHM Ha BUHAXOJW. ABTOPU BUHAXOIY
TaKOX MO/l 3a4BKU HAa OTPUMAHHS MaTeHTIB y Kpainax €C.
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XVII Mixicnapoona naykoeo-mexniuna xondepenuia “IIPUHTA/IObYIYBAHHA: cman i
nepcnexkmueu’”, 15-16 mpaensa 2019 poxy, KIII im. 120psa Cikopcvkozo, Kuie, Ykpaina

Puc. 1. Cucrema KOHTPOITIO CTPYKTYpH MaTepiay

30BHILIHIN BUJ MaKeTa MPUCTPOIO NMpeAcTaBieHui Ha PUcyHKy 1:

e Enextponnuii 6ok (1) — ¢i3uuHmMii cuHTE3 curHaimy 30y/DKeHHS 00’€KkTa
KOHTPOJIA 1 aHaJIoroBe-uuppoBe NepeTBOPEHHS JOCIIIKYBAHUX CUTHAIIB;

e Komm'torep (2) — mMareMaTMYHHMA CHUHTE3 CUTHaIIB 30y UKEHHS 1 00poOka
JOCTIPKyBaHUX CUTHAJIIB 32 TATEHTOBAHUMU aJITOPUTMAMU;

e BuwmiproBansuuii meperBoproBad (3) — 30ymKEeHHS O00’€KTa KOHTPOJS
CreIiaJbHUM CUTHAJIOM.

Knrouosi cnosa: HepyitHIBHHI KOHTPOJIb, aBTOMATH3AITIS, CTPYKTYpa MaTepiany.
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