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Heat images of the body surface allow to analyze deviation from the norm and
pathological situation in the organism. In particular, medical thermography is used
for cancer diagnosis, traumas, inflammatory processes [1, 2]. The informativeness of
thermogram analysis 1s primarily based on contrast and quality of the image obtained,
which in turn depend from ambient temperature during diagnosis. Separately, the
infrared lenses of thermography system is significantly affected by the temperature,
whose image characteristics can be significantly impaired by temperature change,
which will result in a loss of resolution. On this basis, one of the important tasks in
lenses design of infrared devices is preservation of their basic characteristics during
temperature fluctuations inside the system.

Medical heat vision is a contactless, rapid and non-invasive means of diagnosis
for many known diseases. The method allows to observe in dynamic and control the
effectiveness of treatment, healing of wounds at different stages of morphogenesis
and also prevent the possible development of complications [3]. Thermograph using
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.

At analyzing thermogram 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 [4].

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 [5]. 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 achromatization of the optical system
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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 of the infrared device it is advisable to use passive optical athermalization
method. The method algorithm involves the using at the lenses design several
infrared materials with different magnitudes and signs of thermo-optical constants in
combination with certain material of supporting structure [6].

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.

Medical thermal vision most successfully combines effective pathology search
and absolute non-invasiveness for patient and medical staff. Diagnosis reliability is
based on stability of thermal imaging symptoms, main parameter of which is the
consistency and predictability of changes in relative temperatures. This allows
successful using of thermography cameras as a method of objective control over the
pathological processes in the body for various fields of medical practice.

Actual problem of modern medical thermography is change of system image
quality under the influence of environmental factors. The most significant to the
temperature effects are the characteristics of germanium lenses, which are the most
widespread nowadays. Change of image quality under the action of temperature
fields is due to high temperature dependence of optical and mechanical properties of
the material.

Improvements of thermal imaging technology must be focus on image quality
increasing of thermograms and developing algorithms for automatic diagnosis of
diseases and pathologies. Further scientific researches should be carried out in
direction of determining the radiation spectra of different parts and tissues of human
body in order to detect wavelengths of maximum and minimum of their spectral
intensity. This will enable the implementation of multilayer thermographic
diagnostics, which in turn will allow to obtain a clear infrared image of human
organism areas that will be of direct interest to the doctor or researcher.

Keywords: athermalization, image quality, medical thermography camera,

thermal stabilization, infrared lenses.
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Ha nmanuii dac edexkTMBHUMHU METOJAaMH JUIsl BHPIMICHHS 3a1ad TEXHIYHOI
JIarHOCTUKA € METOAM CTATUCTUYHOTO aHali3y 3apeecTPOBAHMX CHUTHAMIB, IO
TPYHTYIOTBCS SIK Ha Teopii Ta METoJax NEPIOJUYHO KOPEThOBAaHMUX BHUIAJIKOBHX
nporteciB (ITKBII) [1], Tak 1 Ha ix B3aemHOMY aHami3i [2]. OgHi€O 3 TaKUX 3a7a4 €
OIIHIOBAHHS KOHTPOJIO POOOTH €JEMEHTIB CKJIAJIHUX MEXaHIYHUX CHCTEM,
BU3HAYCHHA AE(EKTIB, SKI 3apOUKYIOTHCS, 1 pearyloTh Ha HE3Ha4yHl BiIXHJICHHS
napaMeTpiB TEXHIYHOTO CTaHy BiJl HOPMHU.

VY ®izuko-mexaniunomy iHCTUTYTI M. I'. B. Kapnenka HAH VYkpaiau y Bimmini
MeTOAIB 1 3aco0iB BiI0OpY Ta OOpPOOKM JIIarHOCTUYHMX CHUTHAJIB PO3pOOJIEHO 1
CTBOpeHO nopTatuBHy BiOpoaiarHocTuuHy cuctemy KOMITAKT-BIBPO nns Bin6opy
Ta 00pOOKM BIOpAIITHUX CUTHAJIIB B IIMPOKOMY Jl1ara30H1 YacTOT 3 LIJUTFO BUSBICHHS
1 MONEepeKeHHsI aBapiiHUX CUTyaIlli Ha MeXaHi3Max 3 00epToBMM ab0 00epTOBO-
NOCTyHaJIbHUM  pyxoM. Jlo  ckimamy  BXOAATH:  IT'€30KEpaMiyHUN  JaBad
BIOpONPUCKOPEHHS, NEpETBOPIOBAY 3apsmy, KEepOBaHUI T ICHITIOBAY,
aHTUETAW3UHIOBUN (QUIBTP, KEPOBAHUN (QUIBTP HUKHIX YaCTOT, IHTETPATOpP, FEHEPATOP
CUTHAJIIB YIIPABIiHH, aHaJoro-Iudposoro nepersoproBad, DC-DC neperBoproBau Ta
3’€IHyBaJIbHI Kabeni. Y CTBOpEHiM MOpTaTHBHIM BiOPOMIarHOCTUYHIN cHUCTEMI, Ha
BIAMIHY Bia momnepeanix [3], /uid pO3MIMPEHHS EeKCIUTyaTalliiHUX MOXJIMBOCTEH 3a
JOTIOMOTOI0 ~ €JICKTPOHHOTO  1HTErpaTopa OTPUMAHO CHTHAT BiOPOIIBUIKOCTI,
aMIUTITYTHO-4aCTOTHA XapaKTePUCTUKA SKOro JiHiMHA B mianazoHi Big 1 mo 500 I'm.
JKuBneHHst npucTporo 311icHI0eThes Bl mHU USB nepcoHanbHOro KoM totepa 4u
IUTAHIIETA.

Knrwouosi cnosa: mnepioguuHO KOPEIHOBAHO BHUIIAJKOBI MPOLIECH, J1arHOCTHKA,
MOpPTAaTUBHA CUCTEMA.
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Ha cerognsiminuii genb, pe3epByapsl Uit HepTU U HEPTEHPOAYKTOB OCTAIOTCS
OJIHUMU W3 CaMbIX [OTEHLIHMAJIBHO OINacHbIX 00bekToB. Kak moka3biBaoT
UCCIIEIOBaHMSI, C KaXIbIM TOJOM KOJHYECTBO aBapuil Ha JMJaHHBIX OOBEKTaX
YBEJIIMYUBACTCS B CBSI3U C TE€M, UYTO OOJBIION MPOIEHT PEe3ePBYapoB yKe BbIpaboTas
CBOM MpOEKTHBIM pecypc. M3HOC BKCIUIyaTUPYEMBIX BEPTUKAIBHBIX CTAJIBHBIX
pesepByapoB (PBC) na tepputopun VYkpaussl cocraBisier 60 — 80 %. Taxum
o0pa3omM, BONpoc OOecrneueHusl HaJIeKHOCTU pPE3epBYapHbIX KOHCTPYKLUH Kak IpH
MOHTaX€ U UCIBITaHUAX, TaK U B IPOLECCE UX IKCILTyaTALMU OCTACTCS aKTyaJlbHOU
3amadeil. OCOOEHHOCTBIO JaHHBIX M3JEIMA  SBISETCS TO 4YTO BCE OHHU
W3TOTaBIMBAIOTCS IIyTEM HCIOJIB30BAHUE CBAPHBIX COCIMHEHUH, KOTOpBIE W
SBJIAIOTCA MOTEHLIMAJIbHO BO3MOKHBIM MECTOM BO3HUKHOBEHUS 1€(PEKTOB.

OCHOBHBIM TpeOOBaHMEM K HAJEKHOCTH CBAPHBIX COEAVMHEHUN pE3EPBYapOB
ABIIAETCS paHHEE BBIIBICHHE B HUX Je(peKTOB. [JTaBHBIM HHCTPYMEHTOM, IpHU
pELIEHUH 3TOM 3aJaudd, SBISETCA HCIOJIb30BAaHUE HEPA3PYLIAOIMX METOOB
KOHTposisi. Bo BpeMsi AMAarHOCTUKH COCTOSIHUSL KPYNMHOTa0apUTHBIX OOBEKTOB
IIMPOKOE PACIPOCTPAHEHHUE MOJTYYWIM TaKHE€ METOJbl HEpa3pyILUAKOIIEro KOHTPOJI
(HK):  BuzyanbHO-U3MEpUTENbHBIA, pPEHTTeHOrpaUUecKuid,  yIbTPa3BYKOBOM,
KAWL PHBIA, MarHUTOIIOPOILKOBBIN U aKyCcTH4ecKas smuccus [ 1, 2].

Ha ocHOBe npoBeIEHHOTO aHAIN3a JIUTEPATYPHBIX HCTOYHUKOB OIPEACIICHO, YTO
HaubOosee MNOAXOASIIMNH B TNPOU3BOACTBEHHBIX YCIOBUAX U 0O€30MacHbId JJis
IIEPCOHAJIA METOJ, KOTOPBIM CIIEAyeT IPUMEHATH IIPU JAUATHOCTUKE CBAapPHBIX
COCIMHEHUM PE3EpPBYyapoOB - 3TO YJIbTPa3BYKOBOM Merox KoHTpoisa. Cpenn
CYILECTBYIOIINX YJIBTPa3ByKOBBIX METOJI0B HK TUIS pa3paboTKu
aBTOMAaTU3UPOBAHHOM CHCTEMBI KOHTPOJS CBapHbBIX COCIMHEHHUH pPE3epByapoB
Hanbosee MEepCHeKTUBHBIM SBISETCS YIBTPA3BYKOBOH AU(PPAKIIMOHHO-BPEMEHHOM
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Meron TOFD. [lanublii MeTon 00J1alaeT BBICOKOW YYBCTBUTEIBHOCTHIO KO BCEM
TUTIaM Je(hEKTOB CBApHBIX COCIWHEHWN, TMO3BOJSET OMPENENSITh HX pa3Mephbl H
pPaCIlOJIOKEHUE C BBICOKOW TOYHOCTBIO, HMMEET BBICOKYIO pabO4yyr0 CKOpPOCTb,
MO3BOJISIET MMPOBOUTH KOHTPOJIIO BCEro 00OBheMa IIBa 32 OJIUH MPOXO/J] TATYNKOB, UYTO
CYILIECTBEHHO TMOBBIIIAET TPOU3BOJUTEILHOCTh CUCTEMbI KOHTPOJIA. J[aHHBIM MeTOx
MO3BOJISIET JOKYMEHTUPOBATH PE3yibTaThl KOHTpods B Bujge A, B ckaHoB, c
MOCJEAYIOIIUM HUX aHAJTU30M.

B ocHoBy mnpunmnuna pa6orsl TOFD Merona mMOJ0KEHO B3aMMOJICHCTBUE
yJIBTPa3BYKOBBIX BOJH € KpasMmu Je(deKToB (siBlieHHe qupakiun), KOTOPbIE B CBOIO
ouepelb CTAHOBSITCSI BTOPUYHBIM UCTOUYHUKOM AU(GPAKIIMOHHBIX C(HEPUUECKUX BOJIH.
BrlsiBlieHHE 3TUX BOJIH TO3BOJISIET YCTAHOBUTD HajuuKe Jedexra.

Jlnst peuieHusi MOCTaBICHHOW 3aqayM Oblia pa3paboTaHa aBTOMATU3UPOBAHHAs
CUCTEMA JIJI1 KOHTPOJISl MPOJIOIBHBIX CBAPHBIX IIBOB pe3epByapoB [3]. OHa BKIIIOYAET
B ceOs: OJIOK KpEIUIeHUS YJIbTPAa3BYKOBBIX JATUYMKOB, CKaHEp ISl TIEPEMEIICHUS
JTATYNKOB BJOJIb CBApHOTO miBa (puc. 1), 610Kk 00pabOTKH MOIYICHHBIX CUTHAJIOB,
070K 17151 0TOOpakeHust UH(HOpMaLIHH.

Puc. 1. Moaenb KOHCTPYKIIMU CKaHepa JUIsl IepeMeIlleHns] JaTYNKOB BJI0JIb CBAPHOTO I11Ba
pe3epByapa

Pa3zpaboranHas cucremMa uMeeT CIeAYIOIUe JOCTOUHCTBA:

o BBICOKAs YyBCTBUTEIBHOCTH K JIePEKTaM OTHOCHTEILHO MaJIbIX Pa3MEPOB;
®  TOYHOCTbH OIpPEACNICHUs pa3MepoB Ae(EeKTOB, KaK MpaBuio, = 1 Mwm;
o BBISIBJIEHUE J€(PEKTOB HE3aBUCUMO OT MX OpHUEHTAllMd U YIriia 00paboTKu
KPOMKH CBApHOTO 11BA;
o BBICOKAss YyBCTBUTEIHLHOCTh KO BCEM THNAM Je(EKTOB CBapHBIX IITBOB W
OJIHOBPEMEHHBIN KOHTPOJIb OKOJIOIIOBHOW 30HBI;
o BO3MOKHOCTb IPOBENCHUS MHOTOKPATHBIX N3MEPEHHIA;
o UCIIOJIb30BAaHUE CTATHCTHMUYECKMX METOJ0B TMpU OO0pabOTKHM TMOJYYEHHBIX
CHUTHAJIOB,
o BBICOKAsi CKOPOCTh MPOBEACHUS KOHTPOJIA.

Kniouegvie cnosa: Hepazpymawonmid kKoHTpodb, TOFD wmeron, yiabTpasByk,

MNOTrpCIIHOCTL, AOCTOBCPHOCTD.
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Recent tendencies of our country towards European integration and the need to
ensure the competitiveness of domestic specialists in the world, make specialists be
able to use technically advanced equipment, use the latest technological
advancements for organizing lessons.

The essence of the professional competence of university teachers is the
professional and pedagogical knowledge and skills. It includes both substantive
(knowledge) and procedural (ability) components and it has the main essential
features: mobility of knowledge, flexibility of methods of professional activity and
critical thinking. The high professional competence of the teacher is conditioned by
the high quality of vocational training and determines the high level of the teacher's
professional mobility, his competitiveness in the labor market. The priority of
educational development is the introduction of innovative training technologies that
ensure the improvement of the educational process, the accessibility and effectiveness
of education, the formation of a sustainable interest in the profession.

Gamification is a technology that increases students' motivation to learn, is
becoming more common and popular in education. The use of this technology
contributes to the interest and effectiveness of learning. Gamification means the use
of game elements in non-game situations. The leading methods of gamification can
be considered like an educational game and game techniques for educational
purposes [1].

It is necessary to overcome several stages in sequence: formulation of tasks and
appropriate selection of already existing or creation of new information methods,
experimental approbation by introduction into pedagogical process, analysis of the
first results, correction of gamification, stable implementation, analysis of results,
determining the value of gamification in the educational process.

In order to study the effectiveness of the use of gamification in the educational
process, we conducted an experiment in which 43 students of the second year of the
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instrumental faculty of the National Technical University of Ukraine "Kyiv
Polytechnic Institute of Igor Sikorsky" were participated. The students were divided
into a control group (21 students) who studied the traditional program and an
experimental group (22 students) who were taught through the Kahoot platform at
ESP classes. The main methods of experimental work were:

- testing the students' language skills before and after using the Kahoot platform;

- observation that helped to gather information;

- questionnaire that included open-ended questions that students should answer.

The experiment consisted of two steps. First phase, which was designed to
experimentally test the effectiveness of Kahoot, a diagnosis was made of the level of
formation of certain language skills in the control and experimental groups before
and after using this technology. In the experimental group, Kahoot was used to study
lexical and grammatical topics. The control group used traditional methods that were
not based on the Kahoot platform when studying the same topics. To test students'
level of relevant lexical and grammatical skills, the same testing was performed
before and after learning the above topics in the control and experimental groups. The
second phase, aimed at determining students' attitudes toward using Kahoot platform,
included student surveys. They had to answer two questions in written form:

1. What did you particularly like about using the Kahoot platform in ESP classes?

2. What were your difficulties in learning using this technology?

The data obtained from the test results showed that at the beginning of the
experiment the levels of formation of the corresponding lexicon-grammatical skills in
the control and experimental groups were almost the same. After the students of the
experimental group completed the task using the Kahoot platform, their level of
formation of these skills increased significantly compared to the students of the
control group. Thus, the results of the experiment showed a better dynamics of
development of relevant lexical and grammatical skills in the experimental group
than in the control group, which, in our opinion, shows the efficiency and feasibility
of using the Kahoot platform in ESP training for students of a technical university.

The second phase of the experiment showed that when answering the question
"What did you enjoy about using the Kahoot platform in ESP classes?" All the
respondents found some positives about this technology. Most (15) students indicated
that they had a very good relationship with the teacher during the coursework. Some
of them (9) enjoyed the spirit of competition, the music that was heard when they
answered questions. Four students responded that learning to play was very
enjoyable. The two students liked it because they could use the gadgets. One student
noted that the interface was very good and the tasks were easily perceived visually
since each shape had its own color. One student also noted that this type of activity
made it possible to think in English. Students were also asked to prepare assignments
independently on the Kahoot platform. Responding to questions about difficulties
encountered in using Kahoot, seven students indicated that they were unable to
complete some tasks because the time constraints were too short. Four students
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indicated that they were sometimes nervous about completing tasks because they
were afraid of losing the competition. Five students reported having problems with
their internet connection, which distracted them from work and sometimes prevented
them from completing tasks. Two students responded that the tasks were not diverse
enough. One student said he was sometimes confused by the photos on the monitor
because they thought they did not answer the questions properly. It should also be
noted that unexpectedly, the best results in Kahoot assignments have always been
achieved by students who rarely showed initiative and did not have the highest
performance scores during the lesson. In our view, this demonstrates the significant
motivational impact of this technology and its effectiveness in actively engaging
students in learning activities.

We can assume, based on our own experience that the successful implementation
of gamification by the teacher is due to his personal and professional development,
and socio-scientific motives for professional self-realization. Plasticity of thinking,
creativity, development of new forms of interaction contribute to successful self-
realization in the implementation of gamification. However, only an adequate
purpose to motivate the activities to implement the new can ensure its harmonious
implementation.

If the teacher wants to improve the performance of his work through the
introduction of innovation, it will facilitate successful implementation. However, if a
teacher 1s generally focused on improving learning performance, he does not accept
the innovation, even though his motivation is to improve learning performance,
implementation will be slow and not produce the desired results. The main
component in the implementation of gamification is the creative component. We
believe that the teacher's creativity consists on his “panoramic” vision of the
situation, the development of logical and abstract thinking, the ability to quickly
perceive new information, not stereotypical thinking, the ability to work in a team,
the willingness to create and implement new in pedagogical. The introduction of
gamification in higher education requires the creation of an electronic database, the
organization of research and experimental work, the study of theoretical and practical
experience of other innovators, as well as the dissemination of their own experience
through the organization of conferences, seminars, etc.

Keywords: gamification, Higher education.
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OBIPYHTYBAHHS PO3PAXYHKY BUTPAT MATEPIAJIIB V ITPOLIECI
IMPAKTUYHOI IIJITOTOBKU ®AXIBLIIB 3 BI3Y AJIbHO-OIITUYHOI'O
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[IpakTruHa miAroToBka (haxiBIiB 3 KOHTPOJIO SIKOCTI MOXE 3/IIMCHIOBATUCSA K B
MeXax mpodeciiHOro HaBYaHHSA TaK 1 B MPOIECI CIeMiabHOI MATOTOBKH JI0
atectamii. /{1 npoBeneHHs HaBUaHHS 3a MporpaMaMM IiJATOTOBKHM (axiBIIB 3
BI3yaJIbHO-ONITUYHOTO KOHTPOJII0O BUKOPHUCTOBYIOTHCS MaTepiajid: Kpeija, mamip Ta
onanku popmary A4, iHIIKNN BUAATKOBHI MaTepial.

B mporeci HaBuaHHS 3aCTOCOBYIOTBCS 3pa3ku: 1) CTHKOBI 3BapHI 3’€IHAHHS
IUIACTUH, TOBIIMHOIO O=[1 ... 25] mMMm; 2) KyTOBi 3BapHi 3 €JIHAHHA IUIACTHH,
ToBITMHOIO 0=[1 ... 20] MMm; 3) TaBpOBi 3BapHi 3’€AHAHHS IUIACTHUH, TOBIIUHOIO O=[2

12] mMm; 4) ctukoBi 3BapHi 3’emHaHHS TpyO miamerpom OI[48 ... 520] wmwm,
ToBIIMHOIO O =[3 ... 20] MM; 5) KyTOBi 3BapHi 3’eaHaHHsA TPYO miamerpom O[50 ...
325] MM, ToBIMHOIO CTiHKU 0=[3 ... 7] mM. OnpaiboByIOThCS Bifl 1 10 JEKUIBKOX
3pa3KiB KO)KHOTO BU]LY.

Cxema KOHTpOJIO BiJOOpa)kaeTbCsi B HaBYAJIbHUX OINEpaIllMHUX KapTax 1
IPOTOKOJAaX KOHTPOJIO. BHBYEHHS HOPMATUBHUX JOKYMEHTIB — B (opmax
CaMOCTIMHOT miAroToBKU. OOrpyHTYBaHHS BUCHOBKIB PO JOMYCTUMICTh BIIXUJIEHDb —
B HABYAJIBHHUX AaKTaX. 3aCTOCOBYIOTHCS JUJISi LIbOIO pO3poOJieH! marnepoBi OJaHKU
dopmary A4. Ha 3pa3kax ciyxaul KpeiJi0l0 MO3HA4ar0Th TOYKY MOYATKY OTJIALNY,
HANPSMOK OTJIATY, MEXI MMOAUTY Ha AOCTIKYBaH1 AUISHKH, 11IeHTU(IKOBaH1 fedeKTH
Ta IX CKyITYCHHS.

Buxoasun 3 mpuBeneHHX MOCHWIAHb Ta PO3PAXYHKIB, MPUHHATO 32 HOPMATHBHI
[1] mist Mikrany3eBoro yuboBo-atecrauiinoro nentpy 1E3 im. E. O. Ilatrona HAH
VYkpainu HacTymHi BUTpaTu MmatepianiB: 1) kpeitna — 0.0208333 r Ha 3pa3zok abo
ronguHy pobotw; 2) mamip A4 - 4 apkymi Ha 1 3pa3ok. 3aJie)KHO BiJl HACHYEHOCTI
JOCIIKYBaHUX 3pa3kiB Aedekramu, gomnyckaerbest 30% 30UIbLIEHHS BUTpaT
MaTtepialiiB 32 HEOOX1JHOCTI.

Busnaueni B po0OTi KIJIBKOCTI MaTepiajiB Ta HaBYaJIbHI 3pa3Kd MOXKYTh OYTH
3aCTOCOBaHI /10 PI3HOTO POJY PO3PAXYHKIB MOB’SI3aHUX 3 HABYAIBHUM IIPOLECOM.
3okpema: 1) KIIbKOCTI MarepialiB, MOTPiOHOI Ha MIATOTOBKY OJHOTO CilyXadya;
2) OOrpyHTYBaHHS BapTOCT1 MPAKTUYHOI M1JTOTOBKHU U T. 1H.

Knrouoei cnosa: BizyanbHO-ONTUYHUN KOHTPOJIb, HABYAHHS, BATPATH MaTepiaiB.
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The pace of development of information-measuring technologies and digital signal
processing methods creates conditions for improvement of processing information signals
methods for non-destructive testing. This general tendency is also observed in eddy
current testing (ECT). Among the most important tasks for ECT are raising the level of
information and implementing multi-parameter testing mode [1, 2]. One of the essential
methods of solving these problems is related to the use of a pulsed excitation mode of
eddy currents [3, 4]. It is based on the influence through the eddy current probe (ECP)
pulsed signal to the testing object (TO), the formation of the ECP - TO system response
presented in the form of damping harmonic oscillation. The further estimation of the TO
parameters and the characteristics of its material is based on such informative parameters
of the ECP signal as the decrement of the oscillatory signal and the frequency of natural
oscillations. Application of the ECP signal processing method based on the Hilbert
discrete transform makes it possible to obtain the amplitude and phase characteristics of
this signal (ACS and PCS), which greatly simplifies the further evaluation of their
informative parameters. The process of estimating the ECP signals parameters due to the
peculiarities of computational effects and to the effects of noise and interference of various
nature is accompanied by an error. The procedure error is determined by the peculiarities
of the used digital signal processing methods and receiving data modes [5].

Recent studies [6] show that the material conductivity can change due to changes
in its microstructure and mechanical characteristics that occur as a result of operating
the TO from this material. Besides, previous experimental studies [4] have found that
a change in the electrical conductivity of TO material influences the signal value of
the ECP in a pulsed excitation mode. Thus, improving the determination accuracy of
the decrement of the ECT signals, represented by damping harmonic oscillations, by
choosing the optimal time interval for the analysis of this signal is an open and
pressing question. The purpose of this research is to study the influence of the
analysis time of signals obtained in pulsed ECT and presented in the damping
harmonic oscillations form on the error of determination of decrement of that signals.

This goal is achieved by representation the model for ECP signal by an additive
mixture of damping harmonic oscillation and Gaussian noise:

U (1) =U - -cos(2-7- f-t)+uy,(t), te(t.t,) (1)
where U — the amplitude value of the ECP signal, & — signal decrement, f — natural
oscillation frequency, ¢ — current time, (#,¢,) — the time ECP signal analysis interval,
u, (¢) —anoise component of a signal that was considered as a Gaussian random process
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with zero mathematical expectation and variance o. In the research, determining the
decrement o of the ECP signal has been performed using the methods of regression
analysis [7], and the accuracy of its determination was evaluated [8].

Analysis of the results showed that it is advisable to select for analysis the middle
part of this signal, that has the smallest variance value, in order to minimize the error
in determining the ECP signal decrement.

According to the results of a series of model experiments in the amount of 100, It
has been obtained that the deviation in the decrement value of the probe signal,
calculated by the lines of ACS regression, from the initial one at modeling is not
more than 2.5%. In the case of decrement determination by taking into account the
optimal time of analysis, the error has not exceeded 1.5%.

The results of a study of the influence of the time duration for analysis of the attenuating
harmonic signal on the error of determining the decrement of this signal have been given in
this presentation The simulation results show that it is advisable to select the signal analysis
time equal to or close to the optimum time [8, 9] and in the average part of the attenuating
probe signal. This approach minimizes the error in the determination of the ECP signal
decrement, and the error has not exceeded 1.5% according to simulation results.

The obtained results confirm the possibility of using the proposed method of
improving the accuracy of determining the ECT signal decrement based on using the
nonlinear trend of ACS. Given that signal decrement values are very sensitive to
noise, the proposed method of improving the determination accuracy of ECT signal
decrement can be applied to signals with a low signal to noise ratio.

Keywords: eddy current testing, pulse excitation mode, signal analysis time,

frequency, decrement, signal attenuation.
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B3aeMHMi1 crieKTpalbHUN aHai3 CHUTHATIB, BIAIOpaHUX Yy PI3HUX TOYKAX
MEXaHIYHOI CHCTEMH, J03BOJIAE€ TOCIIKYBAaTH 3aJIe)KHOCTI MK TapMOHIYHUMU
CKJIaJIOBUMHU BiOpamiii 1 3aBAsSKM I[bOMY OUIBII YCIIIIHO PO3B’SI3yBaTH 3ajadi
Jokajizanii Ta tTumi3aiii aedexTis [1].

OrmiHrOBaHHS B3aEMOCIEKTPATBHUX XapaKTEPUCTHK 3a EKCIepUMEHTATbHIUMU
JAHUMU 3JIACHIOIOTH SIK 3 TIEPiO0OTPaMHHM, TaK 1 KOpeIorpaMHUM MeToaami [2]. 3a
OCTaHHIM OIIIHKA B3a€EMOCHEKTPAIbHUX XapaKTEPUCTHK 3HAXOASATHCS Ha OCHOBI
IHTETpaTbHUX TepeTBOpeHh Dyp’e 3rIIAHKEHUX OIHOK B3a€EMOCHEKTPATLHUX
XapaKTePUCTHK. J[71s1 O1liHKH B3aeMocneKTpaano'1' T'YCTUHU MAa€EMO:

fo (@,1) j ke (u)e ™ du (1)
ne k(u) — (¢yHKIIS BiKHA: k(—u) = k(u) , k(O) =1, k(u) =0, npu ‘u‘ >u
TOYKa yClueHHs Kopenorpamu. s ominku (1) aucnepcis BU3HadaeThest GOPMYJIIOH0:

D|:]}§77 (a)’t)] =

me Ry (tuu,)= Eb, (t,u,)b,, (t,u,)~ Eb,, (t,u,) Eb, (t,u,).

Bcranosneno, 1o npu 3aaHii TOBXKUHI BiApi3ka peamizaiii 6 aucrepcis OIiHKH
cnektpanbHoi TyctuHu (1) Oyzme 3MeHmIyBaTtucss 31 3MEHIICHHSAM IIWPUHU
KopeJsiliiiHoro BikHa. BuOip mapamerpiB u, 1 6 ciiJ OPOBOAWTH, BUXOASYU 3

u,—

m?

io(uy—uy)
5 (t,u,,u,)e du,du,,

—u,, —u

KOHKPETHOI METH CIIEKTPAIbHOTO aHai3y.
Kntouogi cnosa: mnepiogMdyHO KOPEIbOBAaHI BHUIIAJKOBI CHUTHAJM, B3a€EMHHUI
CIIEKTPAJILHUN aHai3, JOBXKHUHA peaizallii, KopessiiiHe BIKHO.
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THERMOGRAPHIC DIAGNOSTICS AND ANALYSIS OF THERMAL IMAGES
IN MEDICAL PRACTICE
Muraviov O. V.
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E-mail: stals98@ukr.net

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. Nowadays criteria of thermal imaging diagnostics for more than two hundred
diseases and pathological conditions are developed and this list is constantly being
replenished.

It is known, that various parts of human body have an individual normal average
temperature, due to the existence of features in the degree of their blood supply and
innervations. However, surface temperature of symmetrical sections for the same
areas does not significantly differ normally. Consequently, opposite symmetrical
region of the body should be used as a control site for identifying pathologies.

Medical thermography is becoming more widely used every day in multi-
disciplinary medical institutions. The work of thermographer during screening
diagnostics takes place, as a rule, in unstable environmental conditions. This
determines requirements for medical worker to have a high qualification and special
abilities to take into account the influence of external factors, as well as, incomplete
thermal adaptation of patients in the diagnostic process [1]. Therefore, one of the
pressing issues remains the increase in the information content and the
correspondence of the taken indicators to the real temperature of the surface area of
the object under observation. Therefore, one of the pressing issues remains the
increase in information content and correspondence of taken indicators to real
temperature of surface area at observation object. It is worth noting, that diagnosis
adequacy also depends on correct interpretation of thermograms, which, in turn, is
possible only when a clear image with high quality is obtained. The above parameters
largely depend on the operating conditions and influence of environmental factors to
thermography camera design.

Today, thermography diagnostics is used in various areas of medicine: oncology,
mammalogy, otorhinolaryngology, cardiac surgery, forensic examination and others.
One of the most important problems at cardiac surgical interventions is ischemic
myocardial damage, since normal coronary perfusion is absent due to aorta clamping.
For complete control over the temperature distribution using of infrared cameras is
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promising and innovative, that allows to get a highly informative image of

temperature distribution on entire heart surface [2, 3].

Temperature fluctuations on myocardium surface in study area are clearly defined
during hypothermia and hyperthermia under conditions of cardiopulmonary bypass.
Exact temperature control of cooling and heating for brain and heart tissues
minimizes cardiopulmonary bypass time and provides maximum protection of
myocardium during surgery manipulation.

Temperature lowering of the heart and brain from +36 °C to +18 °C is the main
factor in protecting against brain hypoxic damage when these organs are turned off
from blood circulation during open heart surgery. During warming at the initial stage
temperature difference between heat transfer agent and human body should not
exceed 5 °C. At other stages of patient warming until 36 °C, the temperature gradient
should not exceed 8 °C and heat transfer agent temperature should be strictly
maintained in range of 39,0-39,5 °C [4]. Consequently, during such operations high-
precision temperature control is necessary, both for the heat carrier and patient.

Thermal imaging cameras use two wavelength ranges of the optical spectrum that
correspond to atmospheric transparency windows: 3-5 micrometers or 8-14
micrometers. However, in the case of medical thermography choice of spectral range
is not solely due to requirements of atmosphere transparency, since measurement
object (human) is situated close to the camera and level of infrared radiation
absorption by air is significant less [5]. At the same time, it was found that
thermography cameras operating in spectral range of 3-5 um are more sensitive to
reflexes of skin reradiation from thermal radiation external sources. Considering that
the maximum spectral intensity of human body radiation with temperature of 37 °C is
approximately at 9.3 um [6] and the influence of spurious backgrounds is less
significant in range of 8-14 um, it is advisable focusing at photodetector nodes design
for medical thermal imagers of this spectral range.

Keywords: infrared imaging camera, medical heat vision, open heart surgery,
thermography diagnostics, thermogram analysis.
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E-mail: vgbazhenov@gmail.com

Koxna mrognHa moxe crokuBatu Oinst 2-x JiTpiB Boau 3a no0y. Llina Boau
3aJeXUTh B ii SIKOCTI 1 Big BUpOOHWKA. TOMY KOHTpPOJb SIKOCTI BOJOH € JIyKe
aKTyaJbHOIO 33/a4ero. BioMi MeTou ekcnpec-aHalizy, ajie BOHU BEAYTh KOHTPOJIb
TIIBKU TIO €JIEKTPONPOBIAHOCTI, TAKOXK B1IOMI METOIU XIMIYHOTO MOBHOIO aHaJi3y,
aJie BOHM 3aTPATHI MO Yacy 1 He KOHTPOJIIOIOTh CTPYKTYpPY BOAH (BiJOMa >KHMBa BOJA,
MepTBa BOJIa, CBSAYEHA BOJA 1.T.J. XIMIYHUM CKJIQJl SKUX MOXE HE BIIPI3HIATHUCSH).
CTpyKTypy BOJM MOXHA KOHTPOJIIOBATH 32 JOMOMOTOI0 CYy4aCHUX MIKPOCKOIIB, ajie
JUIs IbOTO Tpeba 3poOUTH 3aMOpOXKEHI 11 3pa3Kd, a MOTIM aHali3yBaTH OTpPUMaHI

birypu, ajie TaKui METOJ] TAKOXK MOTpeOye OaraTo yacy 1 piHaHCOBHX 3aTpart.
Ha «kadenpt IICHK KIII

M. Irops CikopchKOro
po3po0JIeHO  aBTOMATHUYHY
1 poBy CUCTEMY
«CTpYKTYpOCKOII» 3a

JIONOMOTI'0I0, SIKOI MOXKHa

BU3HAYATH HE TUIBKU 3MIHU

CTPYKTYPHOI1 PEeIITKH

METAaJiB, ajie i BOJAX SIKIIO 11

MIOTIEPETHBO 3aMOPO3UTH 32

Puc.1. Inrepdeliic BUMiIpIOBaILHOI CHCTEMH JIOTIOMOT'O0  PIZIKOTO a30Ty.

B SIKOCTI ceHcopa

BUKOPHUCTOBYETHCSA CHEIiaTbHUIA BUXPOCTPYMOBHM TEpEeTBOpIOBaY 3 (PepuUTOBUM

ocepasMm. Jlirounii MakeT TPEACTaBIsiE COOOK  TOBHICTIO ~ aBTOMATHUYHY

KOMIT F0Tepi3oBany HUGpoBy iHDOpMaIiTHO-BUMIPIOBAJIBHY CHUCTEMY sIKa J03BOJISE

MOBHICTIO aBTOMATH3YBAaTH SIK CaMe€ EKCIEpPUMEHTaJIbHE JOCIHIIKEHHS MaTepialis,

Tak 1 0()OPMJICHHS MPOTOKOJIB JOCTIIKEHHS Yy BUIJISII1 3a/1aHOTO CiMeiicTBa rpadikis

BiJl TapaMeTpiB BXIJIHOTO CHUTHalIy, LHU(PPOBUX MapameTpiB pPoOOTH CHUCTEMH,
BUX1THOTO (1H(POPMAIIMHOTO) CUTHATY, IaTH 1 4acy MPOBEIACHHS J1arHOCTUKH.
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Pobora cuctemu BHUMIpIOBaHHS BKIIOYa€E B ceO€ CHHTE3 CHHYCOiNajIbHOTO
CUTHATy 3 3aJaHUMHU TapaMeTpaMH- YacToTa, aMIUNTyJa, Imar i MeXi 3MiHH
aMIUTITYIU 1 YaCTOTH, JOBKHHA BUMIPIOBAIBHOTO MACHBY JAaHUX, AUCKPETU3ALIIO 1
1upoBy 00pOOKY OTPUMAHUX CUTHAJIB 1 B IU(PPOBOMY BUTIISII BUSHAYAHHS TAKUX

Puc. 2. TlopiBHroBanbHi rpadiku 3minu (a3 7-i rapMOHIKH
BiJl aMILTITYIU 30y/DKYIOUOTO CUTHAITY

napaMeTpu IUX CUTHAJIB, K 3MiHHUHN (1010MI') ctpyMm 1 Hampyra 30yKyr04oro
cUTHay aMIuiityau 1 ¢asu Bix 1-i, 10 9-1 rapMOHIK OTPUMAHOTO BHUMIPHOBAJIBHOTO
curHany (Puc. 1). Uac BumiptoBaHHsI B OJHIN ToUIll He mepeBulye 2 ¢. Hanpuknan:
Axmio cimeiicTBo 13 10 rpadikiB Mae 30 TOUOK TO Yac BUMIPIOBaHHS CKiiajae 1 XB.

Ha Puc. 2 B AK0CTI NpUKIIaia NMpeacTaBiIeHl MOPiBHIOBAIBHI Ipadiku 3MiHU (a3
7-1 rapMOHIKM CHUTHaJIB MPOO BOAM 3 5 PI3HUX JDKEPEN BiJ 3MIHM aMILIITYAH
30yKYIOUOTO TIOJISl CEHCOPHOI KOTYIIKH.

3 HaBeJeHUX rpadikiB MOXKHA 3pOOMTH BHCHOBOK, 1[0 BHMIpPIOBaJIbHA CHCTEMa
Ma€ Ty’Ke€ BEJIMKY YyTIUBICTH MO 3MiHI (pa3u BUMIPIOBAIBHOIO CUTHANY (B JESKUX
BUITA/KAX I 3MiHa 3HaxoauThes Oimst 100°) Bix piBHs 36ymKyrouoro curnamy. Sk
MoKa3ajl eKCIIEPUMEHTaJIbHI JOCHIPKeHHS po3po0JeHa BUMIpIOBajbHA CHCTEMA
TaKOX JAy)X€ YyTJIMBa 10 3MIH KPHUCTAJIIYHOI PELIITKA BOAU 1 MPH OJHAKOBOMY ii
XIMIYHOMY CKJIa/Il.

Knrouosi cnosa: Bopma, KpuCTalliuHa peUIITKA, aBTOMAaTHYHA BUMIpPIOBAJIbHA
cucrema, 3MiHa a3z, rpadiku.

Jlirepatypa
[1] V. Bazhenov, A. Protasov, K. Gloinik, «Increasing of operation speed of digital eddy current

defectoscopes based on frequency synthesizer», IEEE Microwaves, Radar and Remote Sensing

Symposium (MRRS), 2017. doi: 10.1109/mrrs.2017.8075051
[2] V.H. Bazhenov, K. A. Hloinik, «Design features of eddy current flaw detectors on the

microcontrollersy, in Scientific proceedings NDT days 2016 XXXI International Conference
«Defectoscopia 16». Sozopol, Bulgaria, 2016.
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YK 534.231.2
AJITOPUTM BU3HAYEHHS KOHTAKTY YJIbTPA3BYKOBOI 'OJIOBKU
KOCMETOJIOI'TYHHOI'O AITAPATY 3 TIJIOM JIIOAVHN

j)ﬂOGOiceHKO O.11, Z)ﬂoe.?fceﬂko 0. 0., "Komoscoxuii B. H., ” Onuxienxo 1O. O.
D Hayionanvmnuii mexniunuii VHigepcumem Yxpainu
«Kuiscokuu nonimexniunuii incmumym imeni leopsa Cikopcbkozoy, Kuis, Ykpaina
ITOB « TEXHO-MEJ Vpainay, Kuis, Ykpaina
E-mail: dovzhenkoa@ukr.net, glook33(@gmail.com, kotovsk.kpi@gmail.com, razrabotka@ukr.net

VY KocMeToJIoTii MHUPOKO BUKOPUCTOBYIOTHCS YJIbTpa3BykoBi amapatu (YA), siki
JO3BOJIAIOTh ~ MPOBECTH  TaKl MOPOLEAYpHU, SAK OUYHUIICHHSA, OMOJIOJKCHHS,
O3JIOPOBJICHHS IIKIpW, BIPOBAKEHHS MpemnapariB Ta Oarato iHmmxX [1]. Pobounm
opranoMm YA € ynbpTpa3BykoBa TroioBka (YI'), sika CTBOpIOE YIbTPa3BYKOBI
KOJIMBAaHHS 1 Mepeae X Ha MOBEpXHIO IKipu namieHTa. CkianoBoro yactuHow Y,
sKa BJacHE 1 MEPETBOPIOE E€JIEKTPUYHUI CUTHAN B YJIBTPA3BYKOBUH, € 11" €30€JIEMEHT
(IT€). B 3anexxHOCTI BiJl MPU3HAYEHHS KOHKPETHOI MPOLEIYPH BUKOPUCTOBYHOTHCS
VT pi3HUX KOHCTPYKIIiH, SIKI CTBOPIOIOTH YJTPA3BYKOBI KOJIMBAaHHS 3 HEOOX1THUMU
XapaKTepuCTUKaMu. AJjie He3alekHO BiA KOHCTpykuii YI' Ta Buay mnpoienypu,
JIOCUTh BaXKJIMBUM € KOHTPOJIb Yacy BIUIMBY YJIbTPa3BYKy Ha LIKipy maiieHta. Came
ToMy TmpodeciiiHi YA, 10 BHUKOPUCTOBYIOTBCS B KOCMETOJIOTIi, TOBUHHI
3a0e3meuyBaTy KOHTPOJIb 4acy KOHTakTy YI' 31 MIKiporo Malli€eHTa IijJ 4ac CeaHcy.
[cHyrOTH pi3HI METOAM TaKOro amapaTHOTo KoHTpoito. Cepenq HUX JOCHTH
PO3MOBCIO/IKEHUM € aHali3 BEJIWYMHHU enekTpuuHoro crpymy II€ VI Ha neBHiit
pe30HaHCHIN 4acToTi [2]. 3HaYeHHsI [IbOTO CTPYMY 3aJI€KUTh BiJ TOTO, KOHTaKkTye YT
31 MIKipO¥O TAIIEHTA UM Hi, 0 BIJIMBAE HA MeXaHIuHE HaBaHTaXeHHS Y 1 3MiHIOE ii
noOpoTHICTh. Asie Tpeba 3a3HauuTH, 1O MO0OpOTHICT, Y[, a TakoX 3HAYEHHS Tl
PE30HAHCHUX YacTOT 3aJieKaTh BiJ TEMIEpPaTypu, a TAKOX 3MIHIOIOTHCS 3 YacOM.
Came TOMY BHMKOpHUCTaHHS (IKCOBAaHUX 3HaueHb cTpyMiB [I€ nns BU3HAYEHH:
KOHTakTy Y[ 3 TiJIOM naiieHTa MOXKe MPUBECTU IO TOMUIIKOBUX PIllIEHb.

JInsi BUKITIOUEHHS BHILE3a3HAYEHUX IMOMUJIOK aBTOpaMH OyB pO3pOOJIeHUI 1
BUMPOOYBAaHUM MakKeTHUM 3pa30oKk YA, crhporieHa OJOK-cXeMa BUXIJTHOI YaCTHUHU
SKOT0 mpejicraBieHa Ha Puc. 1.

Hxepemno JaTIHE IMincumopaa | A0 YT
> — L —
JKHBIIEHHA CTPYMY IOTYAHOCTI
-~ [ Y
L 4
Kontponep » I'eHepatop

Puc. 1. Crpomena 6;10k-cxeMa BUX1IHOT YacTHHU Y A

B sxocTi migcuimroBaya TOTYXKHOCTI  Oyjia  3acTOCOBaHa  CIieliaiizoBaHa
Mmikpocxema ISL55110IRZ ¢ipmu Intersil Americas Inc. Koedimient xopucHoi aii
MiJICUIII0OBaYa TMOTYXKHOCTI TIpu poboTi Ha guckoBuit I1€ giamerpom 15 MM 1
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TOBIIUHOIO 1,5 MM ckiaB Oinbine, HIX 97 %, 1m0 Ja0 MOXJIMBICTH Ha BIAMIHY BiJ
TPaIULIAHUX CXeM YA KOHTPOJIOBATU CTPYM, SIKMH CHOKMUBAETHCS MiJICHITIOBAYEM
NOTY)KHOCTI BiJl CTaOUII30BaHOTO JDKepeia JKUBJIEHHS, a HE BUXIIHUNA CTPyM
HiCUIIOBaYa MOTYXHOCTI. Lle 103BONNIIO CIIPOCTUTH BUMIPIOBAIBHY CXEMY, a KPIM
[bOTO, 3MEHIIUTH BIUIUB BUMIPIOBAJIBHHUX KIJ1 Ha (GopMy Ta aMmIUIITyy CUTHAIY,
SIKUY TToAaeThes Ha Y1 3 mijcuimoBavya MOTY>KHOCTI, IO TYKe BAXKIMBO MPU POOOIHX
4acToTax y JIECATKU Merarepii 1 BUIIE.

Byno BUKOpUCTaHO HACTYNMHHM alrOpUTM BU3HAYEHHS KOHTaKTy Y[ 31 HIKipOIO
nanieHta. Konrtponep 3 nepiogoM B 1 cekyHay aHali3ye BUXIHE 3HAUEHHS JaTyMKa
CTpyMy 1 TIOpiBHIOE HOro He 3 (PIKCOBAaHMMM BEJIIMUMHAMH, SIKI 3aal0ThCS TIPU
py4uHoMmy ab0 aBTOMaTH30BaHOMY KajaiOpyBaHHI YA, a 3 momnepeaHiM 3HaueHHsIM. B
bOMY BHMAJKy 3MiHa 3Ha4Y€Hb JaTdyhKa CTpyMy Mpu KOHTakTi YI' 31 mikiporo
naiieHTa, adbo X BIACYTHICTIO Horo, Oyna He MeHiie 10 MA, a 3MiHa TOTO K CTPyMy
3a PaXyHOK BIUIMBY TeMIlepaTypu abo CTapiHHs ckianana He outbiie 10 MkA, TOOTO
B 1000 pasiB meHIIIE.

BunpoOyBanHsi wmakeTHOoro 3pa3ka YA, B sKkoMy Oylo peasli30BaHO
BUIIEBKA3aHUN aJITOPUTM, MIATBEPAMIN OE3MOMUIIKOBICTh BUSHAYEHHS! KOHTAKTy Y
31 HIKIPOIO TMalli€HTa B MPoIieci poOOTH.

Kniouosi cnosa: ynbTpa3ByK, roJ0BKa, KOHTAKT, IT"€30€JIEMEHT.
Jlireparypa

[1] A.H. benoson, C.I'. Tkauenko, E.I'. Taryssn, @uszuomepanus 6 xocmemonozuu: yuebHoe
nocobue no snekmueHomy Kypcy. XapbkoB, Ykpauna: XHMY, 2015.

[2] M. ®. Tepemenko, I'.C. Tumumk, M. B. Uyxpae, A.I. KpaBuenko, Yrsmpazeykosi
Qiziomepaneemuuni anapamu ma npucmpoi: monoepaghia. Kuis,Ykpaina: KIII im. Irops
Cikopcpkoro, 2018.

YIK 536.62
KAJIOPUMETP KOHTPOJIIO AKOCTI PI3BHUX BHUAIB ITAJIVIB

Cepeienko P. B.
Tnemumym mexuiunoi mennogizuxu HAH Yxpainu, Kuis, Ykpaina
E-mail: Serhiienko@nas.gov.ua

Jl7iss MakCUMalIbHO €()eKTUBHOTO BUKOPUCTAHHSI TIAJIMBA BU3HAYCHHS OTO SIKOCTI
€ Iy)Xe aKkTyaJbHUM 3aBHaHHsM. OJWH 13 TMOKa3HWKIB SKOCTI MaJWBa — TEIUIOTA
3TOPSIHHS (KaJOPIMHICTB).

MeToro IOCHIUKEHHS CTaji0 IMABUINEHHS TOYHOCTI 1 MIBUAKOMII BU3HAYECHHS
KaJopiHOCTI manuBa. J[7s JOCATHEHHS METH TOCTaBIICHO 3aBIaHHS TPOBEIACHHS
MOPIBHSUIPHOTO aHaJi3y BHJIB ICHYIOUMX KaJOPUMETPUUHHMX CHUCTEM Ta METOJIB
00p00ICHHST BUMIPIOBAJIbHOI 1H(OpMAIIii /Il BABHAYCHHS TEIUIOTH 3rOPSIHHS MMaJIMBa
1 BU3HAYEHHS palliOHAJIBHUX MapaMeTpiB TEIJIOBOI YaCTHHH NPHIIATy Ta BTOPUHHOL
pPETyJIOIU0l  amapaTypd — NUIIXOM — MaTEeMaTHYHOTO  MOJICTIOBaHHS — Ta
EKCIIEPUMEHTATTLHUX JTOCITIIKEHb.
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3 mieto meroro B ITT® HAH Vkpainu crBopeHo kBazigudepeHuiaabHui
OOMOOBMIA KaJOpUMETp [UIsi BUMIPDIOBAaHHS TEIJIOTH 3TOPSIHHSA TanuBa. Y
KBa3lAu(epeHIiaJbHOMYy KaJopuMeTpl 3a 0a30BUM OOpaHO IHTErpalbHUM CHOCIO
BUMIPIOBAHHS TEIUIOTH 3TOPSIHHSL.

TermoBuil GJI0K Ma€ 4YyTIMBY TEIJIOMETPUUHY
000JOHKY 6, HaMOTaHy Ha KaJOPUMETPUUHY
KOMIPKY 5, sIKy MOMIIIEHO B TEIJIOPO3CIIOBATILHUM
Koprnyc 7. Y KOMIPKY MOMIIIEHO CTakaH 3 3
KpuIllkoro 1 1 ymuibHeHHAM 2. B HWXKHIM YacTuHI
CITIBBICHO 3MOHTOBAaHO KOMIIEHCAIIIHY KOMIipKy 10,
OTOYEHY BJIACHOIO KaJIOPUMETPUYHOIO 0O0JIOHKOIO 9,
sIKa Ma€ TOM e JiaMeTp, KOHCTPYKIIIIO Ta HIIJIbHICTh
TepMOEJIEMEHTIB, 10 ¥ ocHoBHA. KomrmeHcaliiina
KOMIpKa CKJIQJa€ThCsl 3 iMiTatopy Komipku 12, 13,
14 1 peakuiiHOi MOCYIMHH Ta Ma€ MHUTOMY
TEIUIOEMHICTh Ha OJIMHUII0 IUIOII  TMOBEPXHI
OOOJIOHKM 1IEHTUYHY OCHOBHIM. Mk cTakaHoM 1
KOMIPKOIO € MOBITpsiHI 3a30pu 4 1 11, a cam kopityc
OTOYEHO TOPIIEBOIO TEILIO130JIAIIEO 8.

Po3paxyHOK TemjaoBHX MOTOKIB 1 TEMIIEpATyp B poOOYOMY peKUMI BUKOHAHO 3a
€JIEKTPOTEIIJIOBOI0 CXEMOIO 3aMILEHHS METOJOM KOHTYPHHUX CTPYMIB. 3arajioM
aHaJll3 pPe3yJbTaTiB KAJIOPUMETPUYHUX JOCIIIKEHb MiATBEPAMB, 1110 32 OCHOBHUMHU
MOKAa3HUKAMHU SIKOCTI OpPUKETH 1 MeJeTH YKPaiHChKOro BHPOOHMIITBA BIANOBIIAIOTH
€BPONENCHKUM CTaHAapTaM.

Kniouoei cnosa: xanopumerpis, KICTb AJIMBA, TEMJIOTA 3TOPAHHS, BUMIPIOBAHHS
TEIUIOBOTO TIOTOKY.

V]IK 622.692.4
TEXHOJIOI'TYHE TA BUMIPIOBAJIBHO-AHAJIITUYHE
3ABE3ITEUEHHA ITPOBEJAEHHA JIATHOCTUKI TA PEMOHTY
OINOPHUX BY3JIIB HAJISEMHUX AIJIAHOK MAT'ICTPAJIBHUX
TPYBOIIPOBO/IB
Kuuma A. O., IIpeoxo P. A.

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuixay, Jlveis, Yxpaina
E-mail: akychma@gmail.com, predko.rostuslavi@gmail.com

3HauHa yYacTUHA TepUTOPIi YKpaiHM Mae CyTTE€BI BHCOTHI Mepenaau, Ha AKid
IPOJISITalOTh YMCJICHHI PIKM Ta BOJHI 1 TEXHOTCHHI MEPENIKOAU, Ha AKii po3TalioBaHi
MarictpanbHi TpyoomnpoBoau (MT), siki Bke eKCIUTyaTyroThCsl moHana 25...35 pokis.
Tomy mins MT TpuBanoi ekcrulyarailii HEOOXiJHO TEPIOJAMYHO KOHTPOJIOBATH iX
TEXHIYHUI CTaH 1 MPU HEOOX1AHOCTI MPOBOJUTH PEMOHTHO-BIJHOBIIOBAIbHI POOOTH
OTNIOPHMX BY3JI1B HaJ3eMHUX nepexoaiB MT. OctaHHIM YyacoM IiJ1 yac 3/11HCHEHHS
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TEXHIYHOI JIIarHOCTUKHU 1 IPOBEJCHHS PEMOHTIB OonopHuX By3NiB MT Ha Hag3zeMHuX
NEepexo/1ax 3aCTOCOBYIOTh MOOLIBHI MiIHMaIbHI MPUCTPOI, y AKUX €IEMEHTaMHU, 110
CTBOPIOIOTHh MiJIMajbHy CWIy € THeBMomonaymku (pipmu «Vetter» [1] Ta 1Hmm.
Henonmikom  Takux — migiiMaabHUX ~ OPUCTPOIB €  BIIHOCHO  HEBEJIMKA
BaHTaXomiAIManbHICT (250...300 kH) 1 HE0OXiIHICTh YCTAHOBKH CUMETPUYHO [0
ocl TpyOOIpOBOAY JABOX ITHEBMOIOMIYIIOK, IO 3HAYHO OOMEXY€e OIepaTHUBHHIMA
JOCTYT JI0 IOBEPXOHb OMOPHUX By3J1iB MT.

Buxoasun 3 1bOro HaMM 3alpoOINOHOBaHAa  KOHCTPYKIlSE  MOOUIBHOIO
MiIMMaTBbHOTO TMPUCTPOIO, SKa BKJIIOYAE JiBa TIAPOLIHAPUA 3 IMIAPHIPHUMU
omopamMH,  MeTalleBy  MAKIAAKy,  TATOBMM  JaHIOr 1 TIAPOHACOC.
BanTaxonigiiManbHICT, 3alpoONOHOBaHOrO Tmpuctporo ckiamgae 500 xkH. Bara
OKpPEMHUX CKJIAJOBUX TaKOIro MPUCTPOI0 HE MepeBullye 27 Kr, 1O J03BOJISIE
MPOBOJAUTH MOHTAX 1 PEMOHTHI pOOOTH OMOPHHUX BY3JIIB HaJ3eMHUX TepexoaiB MT
0e3 3acToCyBaHHS MiAIMMaIbHUX KPaHiB.

Hampyxeno-agedopmoBanunii ctan MT y mporeci JIarHOCTUYHUX 1 PEMOHTHHUX
poOIT BHU3HAUAEMO 3a JOMOMOTOI) METOJY CKIHYEHHHMX €JIeMEHTIB. Y BHUNAAKY
BUSIBJICHHS! KOPO31MHUX 1 TPIIIMHOMOAIOHUX E(EKTIB il XOMyTaMH OIOPHUX BY3IIiB
OLIHKY iX 3aJMIIKOBOi MIITHOCTI MPOBOJUMO Ha OCHOBI KPHUTEPII0 CTATUYHOI
MIITHOCTI, M0 0a3yeThCs HA JBOKPUTEPIATLHOMY MIIXOJ1 1 OIIHIOE JBa TPAHUIHUX
CTaHH: KPUXKOTO 1 B'A3KOr0 pPyHHYBaHHS.

3anpornoHOBaHUN KOMIUIEKC TEXHIYHUX 3aC001B 1 TporpaMHe 3a0e3nedueHHs Oyu
BUKOPHUCTAHl MiJ dYac TMPOBEACHHsS JIarHOCTUKM 1 PEMOHTY OIOPHUX BY3JIIB
MarictpaibHux razonpoBojiiB (MI') «Topxkok-omuna» [y 1400 mm, yepes p. Ciyd 1
MI" «IBaneBuui-/lonunay I1 Hutka Iy 1200 MM, uepes p. Ciuva.

Knrouoei cnosa: TexHiuHaA N1arHOCTHKA, MariCTpajbHUM TPYyOONPOBia, OMOPHUI
BY30J1, KOPO31iHi 1 TPIIIMHOMNO110H1 1ePEKTH.

JlirepaTypa .

[1] C.®. CaByna, FO. B. banaxesuu, U. JI. 3youk, A.O. Kuuma, S. M. Hosinpkuii, “Crocio

PEMOHTY AUISHOK TPYyOOTPOBOJIB PO3TAIIOBAHMX HA KOJOHAX OankoBux mepexonis”, IlareHT
Ha KopucHy Mozenb Ne 21540 Ykpaina. Omy6:. 15.03.2007, brom. Ne 7.

YK 373
ACTUALITY OF NEUROLLING PROGRAMMING USING IN FOREIGN
LANGUAGE

Kriukova Y. S., Ameridze O. S.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey, Kyiv, Ukraine
E-mail: ameridze@ukr.net

Analysis of scientific research shows that there are a number of contradictions
between the tasks of professional activity and the nature of the educational and
cognitive processes. The teacher should exhibit non-standard, creative thinking,
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flexible imagination and the ability to perceive and develop innovations, to use the
latest achievements of technology to organize their work.

One of the innovative methods i1s neurolinguistic programming, which you can
use to achieve positive results in learning a foreign language.

Neurolinguistic programming originated in the early 1970s and resulted from the
collaboration of J. Grinder, an assistant professor of linguistics at the University of
California, Santa Cruz, and R. Bandler [1].

Recently, both national and foreign scholars (J. Grinder, D. Seymour, V. Walker,
etc.) have been paying attention to neurolinguistic programming.

Walker noted that neurolinguistic programming is "at the same time a system of
theoretical models that help to understand the structure of human experience and
activity, as well as a group of practical methods that lead to constructive change and
development" [2].

There are scientists who supports a natural approach of learning foreign
languages. The general approach applies to children of pre-school age, as well as to
pupils at the stage of initial mastery of a foreign language. However, in higher
education, this strategy is not appropriate, since the graduate student must be able to
not only read, understand and conduct the conversation, but also be able to translate
the text in their specialty.

In recent years, the focus has been taken on personality-oriented pedagogy.
Nevertheless, it should be noted that in the conditions of classroom practical group
lessons this method is not realistic. Therefore, it is considered appropriate to attempt
to provide tasks that will cover all channels of presentation and processing of
information at the same time. The teacher is obliged to understand the possible
differences in the perception of information and the ability to apply and, if necessary,
change the tactics of teaching.

The results of the study of neurolinguistic programming have shown that its
techniques are used in every human interaction, as well as in the interactive methods
that are present in foreign language lessons. Creating a welcoming atmosphere
between the teacher and the student is one of the conditions for successful conduct of
the class. Good communication is defined in neurolinguistic programming as a
“report” that is characterized by such traits as harmony, respect, and trust. Reporting
1s a human relation, at both the verbal and physiological levels.

In the course of the theoretical study, we identified the key concepts of
neurolinguistic programming: representative systems (modalities), rapport, eye scan
patterns, speech predicates, visualization. It was also revealed the influence of
structural features of the nervous system and the student’s brain on his academic
performance.

So, we have selected the main techniques of neurolinguistic programming that
contribute to the implementation of multisensory training in practice. That is, their
use can increase the quality of knowledge and performance of students, as well as
optimize the relationship between teacher and students. The following techniques
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used in the lessons in the complex are of great practical importance, which has been
proved by many teachers and practitioners.

The development of students' visual ability. J.Grinder defines the concept of
“visualization” as the ability to see words through the eyes of the brain [3]. To do
this, when introducing new material, students should, firstly, listen and record
(translation of external audio information into an internal visual form), secondly,
read, make notes and reproduce material according to the records (translation of
external visual information into an internal visual form), thirdly, listen and reproduce
material without recording (translation of external visual information into internal
visual).

Using metaphors. J. Grinder claims that the metaphor is “a parallel representation
of the content; the idea presented as a whole» The metaphor does not require
explanation from the teacher, otherwise the context narrows. Along with metaphors,
teachers successfully apply relaxation exercises, which also help to activate mental
processes and contribute to the removal of educational stress and relaxation.

Anchoring. An anchor is any irritant that includes a number of internal reactions
and actions. Anchors can be visual, auditory, kinesthetic and olfactory. The audio
anchors include various readers for memorizing vocabulary and grammatical
structures. We have summarized the existing neurolinguistic programming techniques
used in training. Firstly, it takes into account the characteristics of each student
(modality and the leading hemisphere). Secondly, the possibility of developing visual
abilities of lagging students. Thirdly, the implementation of multisensory training in
order to present information on all three modalities.

Thus, despite the fact that neurolinguistic programming appeared relatively
recently, scientists have developed methods for introducing techniques of this branch
of psychology into the educational process. After the theoretical study, we have
outlined the prospect of conducting experimental work aimed at studying the
characteristics of students and the implementation of training taking into account
these features.

Therefore, neurolinguistic programming is increasingly used in various fields of
activity related to the ability to influence the mental state of individuals and groups,
their consciousness, and the psychology of behavior. As one of the modern
technologies, neurolinguistic programming allows to stimulate students' awareness
and behavior to certain activities, which can improve the learning of a foreign
language.

Keywords: Neurolinguistic programming, report, communication, foreign
language, anchoring.
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BOITPOCBHI TEOPUU 1 METOAMKU ITPOEKTUPOBAHIS YCTAHOBOK
JUISI HATYPHBIX YCTAJIOCTHBIX U JUHAMUYECKNX UCTIBITAHUN
KPBUJILEB CAMOJIETA

Komapos B. A.
LlenmpanoHwlti HAYYHO-UCCIEO08AMENbCKUL UHCTUMY I 800PYHCEHUS U OEHHOU MEXHUKU
Boopyascennvix Cun Yxpaunul, Kues, Ykpauna
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[Ipu pemennn 3amayud  OOECHEYCHHS HAJAS)KHOCTH ¥ OSKOHOMHUYHOCTH
COBPEMEHHOTO CaMoOJieTa Ba)KHasi POJIb OTBOJUTCS JKCIIEPUMEHTAIBHBIM METO/aM
UCCJICIOBaHMSI YCTAJIOCTHON JIOJITOBEYHOCTH CAMOJIETHBIX KOHCTPYKIIMH, B TIEPBYIO
ouepellb TaKUM, YTO BOCIPUHUMAIOT TIEPEMEHHBIC HArpy3KH, B MEPBYIO OYepelb -
kppuia. [loaTOMy K HHUM TpPEIbSABISIOTCS BBICOKME TpPeOOBaHHS B OTHOILICHHUH
MOJIHOTBI ¥ JOCTOBEPHOCTH BOCIIPOM3BENEHUSI SKCIUTyaTAallMOHHBIX HAarpy3oK H
MOJTyY€HUs BBIXOJHOM MH(POpMAIIHIH.

VYka3aHHOE MOXHO OCYHIECTBUTH C MOMOIIBIO YCTAHOBOK JJIsi YCTAJIOCTHBIX U
YaCTOTHBIX HUCIBITAHUN KpbLJIa caMojieTa, KOTOPhIE pPa3padaThIBAIOTCSI Ha OCHOBE
0030pa pa3BUTHS METOJOB HATYPHBIX YCTAJOCTHBIX U YACTOTHBIX HCIIBITAHHM, KaK MO
UCTOYHUKAM HAayYHOH HH(OpMAIMHM, TaK M IO MaTEHTHbIM 0a3aM [aHHBIX, TJIe
MO>KHO BBISIBUTH KaK BapUaHThl KOHCTPYKTUBHOTO BBITIOJTHEHHS SKCTIEPUMEHTATBHBIX
YCTaHOBOK, TaK ¥ METO/IbI CHJIOBO30YKICHHSI.

[Torick HOBBIX TEXHUYECKHX PEIICHWA NpeIaracTcsi BECTH Ha OCHOBE JBYX
OCHOBHBIX METOZOB HATYPHBIX HCIBITAHUH — TOBTOPHO-CTATUCTHUECKOTO H
BUOpallMOHHOTO (4acTOTHOTO). [IOBTOPHO-CTATHCTUYECKUH METOJ Mpearoiaract
[IUKIINYECKOE Harpy)XeHHE C MOCTOSIHHON aMIUIMTYAOW W MaJloi CKOPOCTHIO CMEHBI
[UKJIOB, MCKJIIOYAIOIEH BO3HMKHOBEHHE IUHAMHUYECKUX Cwil. B 3TOM Meronme s
CO3/IaHUSl CHUJI HArpy>KE€HUS MOXHO HCIIOJIb30BaTh CHJIOBBIE THUAPOIMIMHIPHI.
JIOCTOMHCTBOM MOBTOPHO-CTATUCTUYECKOTO METOJA SIBISETCS MPOCTOTA MOTYUYCHHUS
YCUJIMH Harpy>XeHHsi U BO3MOXHOCTh MX BAapbUPOBAHHS OT MHHHUMAJIBHOM, [0
paszpymatomiei. [Ipu BuOparmoHHOM (Y4acTOTHOM — C BO30YXKIEHHUEM KoJieOaHUi
KOHCTPYKIMU C COOCTBEHHOM 4YacTOTOM) METOAE Harpy»XeHUs UUKINYECKOe
W3MEHEHHE BHYTPEHHUX YCHIIMIA KPhUTAa CO3JACTCs CHJIaMU WHEPIIMA OCHOBHOTO TOHA
W3TUOHBIX (WM KPYTWIBHBIX)  KOJeOaHWW ¢  COOCTBEHHOM  4acTOTOM.
BuOpannoHHOMYy METOQy TMpHUCYIIa BBICOKAs MPOU3BOIUTEIBHOCTh TPU MAaJbIX
3aTpaTax BPEMEHH Ha ITUKJI UCCIIEIOBAHUS.

Takum 06pa3zom, UCTIONB3YsI TEOPETHUECKUE OCHOBBI BBIIIIEU3JIOKEHHBIX METOIOB
U PE3yNbTaThl MATEHTHOTO IOWCKA, MOXXHO CIPOCKTHPOBATh PEATbHYIO CHCTEMY
CWJIOBO30YXKICHHsI, KOTOpash TO3BOJUT OOECNEYHTh MPOBEICHUE CTATUKO-
JUHAMHYECKUX YCTAJIOCTHBIX MWCIBITAHUA U TOJXYYUTh B3aUMOCBSI3b MEXIY
4acTOTaMHU COOCTBEHHBIX KOJICOaHUN U (PaKTUIECKOM MPOYHOCTHIO KOHCTPYKIIHH.
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YIAK 378
YMHHHWKU PO3BUTKY JOBIPHU Y TEXHIYHOMY VHIBEPCUTETI

Jlawrxo O. B.
Hayionanonuu mexniunuu ynigepcumem Yxpainu
«Kuiscokuu nonimexniynuii incmumym imeni leopsa Cikopcvkozoy, Kuis, Ykpaina
E-mail: e.lawko@kpi.ua

JloBipa — pyHIaMEHT MIKOCOOMCTICHUX BIJIHOCHUH, IO BU3HAYa€ €(PEKTUBHICTH
OyIb-IKO1 B3a€EMO/Iii, Y TOMY YMCIII Tlelaroriuioi. Poib 1oBipu Ta okpemi i acCleKTH
y KOHTEKCTI TyMaHi3allii BUIIOT TEXHIYHOI OCBITH po3risaanucs y [1]. 3 Touku 30py
PO3BUTKY 1JIe¥ ryMaHi3allii Ta ekoJjori3aiii [2] oCBITHROTO cepeoBHUIIa TEXHIYHOTO
YHIBEPCUTETY JOBIpa HaOyBa€e 0COOJIMBOTO 3MICTY: Bl TPAKTyBaHHS TOBIpH

SK BIEBHEHOCTI y YHiH-HEOY b CyMIIIHHOCTI, ITUPOCTI, B IPaBUIBHOCTI

yoro-ueOyap [3] — A0 mmpmioro po3yMmiHHS poJdl AOBipH y (opMyBaHHI
HACTaBHUIILKOTO 00pa3y BHKIagada B Tpoleci MpodeciiiHOro CTaHOBJICHHS
CTYZCHTIB.

OTxe, 3HAUYLIICTh JOBIPM MDK CTYACHTaMU 1 BUKJIAJadyaMH MiAKPITUIIOETHCS
HEOOXITHICTIO CTBOPEHHS TAaKOTO OCBITHBOTO CEPEIOBHUINA, B SKOMY CTYJICHT
cnpuiiMae BUKIIaaada K HaCTaBHUKA, MPEICTaBHUKA MPOQECiifHOT CIIITBHOTH, a TOMY
JOBIpsi€ BUKJIAMa4deBl y TpodecifHMX MUTaHHAX — OPraHIYHO CHpPUHMAaE HOBY
HaBYAJIbHY 1HQOpMAaIlil0, BiIYyBa€ MOXKJIUBICTh 33JlaTU YTOUYHIOBAJIbHI 3alUTaHHS 1
OTpHUMAaTH J0JIaTKOBI KOHCYJbTAIlIl 3 MpeaMeTy BUBUCHHS. B opranizaiiii OCBITHHOTO
IpoIeCy Ui TaKoi MOJENi TepeBaKae MapTHEPChKa B3a€MOJIi MK CTYISHTaMH i
BUKJIaJauaMi: BHUKJIa[a4d BiIKPUTUH JUIA Y3TOJKEHHS 1HIWBITyalbHUX TPAEKTOPIH
npo¢eciiHOrO CTAaHOBJIEHHS CTYJEHTIB (oprasizamis Ta (opmMa MpOBEACHHS 3aHSTh,
TEMU Ta MIAXOAW 1O BHUKOHAHHS I1HAWBIAYyaJIbHUX 3aBJaHb TOIO), MPOSBISE
opraHizaimiiiHy THYYKICTh Ta BIJIMOBIISETHCS BiJl TO3WIII €KCIepTa 3 opraHizaiii
HABUYaHHS — BUKJIaJIad BUCTYNA€ KOHCYJIBTAHTOM, SKHH HaJa€ TOYKOBUU CYIPOBIN
CTYIEHTy B HOTO BIIACHOMY Tpolieci mpo¢eCiiHOTO CTAHOBJIECHHS, CTAaBUTHCS 3
JIOBIPOIO O MOKIIMBOCTEN CTY/ICHTA.

TeopeTnuHuit aHagi3z npoodsemMu JAOBIpU [4] HaB MOXKIMBICTb BHIAUIMTH HHU3KY
YUHHUKIB PO3BUTKY JIOBIPH CTYJACHTIB JIO0 BUKJaJaya y TEXHIYHOMY YHIBEPCHUTETI,
cepell SKMX YMOBHO MOXHA BWJIUIMTH 30BHINIHI Ta BHYTPIIIHHO OCOOUCTICHI
YHHHUKH.

Tak, A0 30BHINIHIX YWHHUKIB PO3BUTKY MOBIpH CTYICHTa [0 BUKIagada y
TEXHIYHOMY YHIBEPCUTETI BITHOCATHCS:

- CYCIIUIbHI HACTAaHOBU WIOJAO JOBIpH (MPECTHKHICTh JOBIPH B CYYaCHOMY
CYCIIJIBCTBI);
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- TONITHUKAa YHIBEPCUTETY (3HAUYUIICTh T'YMaHICTUYHMX LIHHOCTEH Yy

KOPIIOPATUBHIN KYJIbTYp1 YHIBEPCUTETY);

- mpodecioHami3M BUKIagada (KOMIIETEHTHICTh Ta TMI€NaroriyHi acleKTH
npodecionanizmy);

- aBTOPUTETHICTh BUKJIa/Ia4ya (CIIpUAMAaHHS MOTO CTYICHTOM SIK HACTaBHUKA);

- KOMYHIKQTUBHUN CTUJIh BUKJIAaqa.

BHyTpimiHbO 0COOMCTICHI YMHHHMKH PO3BUTKY JOBIPM MAalOTh BIAHOIICHHS [0
0COOHMCTOCTI CTYJIEHTa Ta BKJIIOYAIOTh:

- JIOBIPY CTYACHTIB J0 ceOe (CXUIBHICTh JOBIPATU COO1 y pi3HUX cepax >KUTTH 1

JSITBHOCTI);

- ColllaJIbHY JIOBIpY, 200 JIOBIPY A0 1HIIMX (CXUIBHICTH JIOBIPSITH 1HIIUM JIFO/ISIM);
- JIOKYC KOHTPOJIIO (CXWJIBHICTh MPUMKUCYBATH BJIACHI yCHiXW a00 HEBaaul JIUIIIE

BHYTPIIIHIM YMHHUKAM — IHTEPHAJILHUM THUI, 00 JIUIIIE€ 30BHIIIHIM — €KCTEPHAIbHUI

THMN);

- CcaMOCTaBIIeHHA (CTaBJIeHHS CTYACHTIB JO caMux cebe, sKe BKIIIOYa€E

CaMOBIIEBHEHICTh, CAMOIIIHHICTh, CAMOTIPUIHSATTS Ta 1H.);

- aBTOHOMHICTB (BOJIOAIHHS CO0010, 0COOHMCTICHA HE3aICKHICTh, CAMOCTIMHICTD);
- KOH(OPMHICTH (MIAATAUBICTH TUCKY TPYIU Ta OB’ sA3aHa 3 HUM 3MiHA PIIIEHb 1

TIOBEIIHKH);

- CXWJIBHICTH JI0 CAMOPO3KPUTTS (CXUJIBHICTh PO3KpPUBATU 1H(POpMAILit0 Mpo cede

B p13HUX chepax KUTTH);

- HACTAaHOBH CTYJCHTIB IIOA0 3HAYYIIOCTI JOBIpH (y mpodeciiiHii TisITbHOCTI Ta

B YHIBEPCHUTETI);

- MIOTIEPEIHIM TOCB1J OCBITHBOI B3a€MO/II.
Takum YMHOM, OJTHA 3 OCHOBHHX 3a/1a4 OCBITHBOT'O CEPEIOBUILA TEXHIYHOTO
YHIBEPCUTETY — CTaTH IUIATPOPMOIO [IJIi PO3BUTKY JOBIpU CTYACHTIB [0

BUKJIaJa4ya, B paMKax fKOi peai3yeTbCcsi MapTHEPChbKAa OCBITHS B3a€MOAIS,

npodeciiHe CTaHOBJICHHSI CTYJEHTIB 3IMCHIOETbCS dYepe3 1AeHTH(IKaLiio 3

MPEACTaBHUKOM TIPO(dECiiHOl CIITBHOTH, a BUKJIa/lad BUKOHYE POJIb (hacuiiTaropa

y400BOi TisIIBHOCTI CTYJCHTIB.

Knrouosi cnosa: cTyneHT, BUKiIanay, 10Bipa, YNHHKK, BUIIA TEXHIYHA OCBITa
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VJIK 620
METO/I OITPEIEJIEHUA ®A30BOI'O CIIBUT'A 3AITYMJIEHHBIX
BBICOKOYACTOTHBIX PAJJMOUMITYJIbCHBIX CUT'HAJIOB

bozoan I'. A., Baswcernos B. I
Hayuonanvnolii mexnuueckuil ynusepcumem YKkpaurl
«Kuesckuii nonumexnuyecxkuit uncmumym umenu Meops Cuxopcrkozor, Kues, Yxpauna
E-mail: bogdangalya@gmail.com

Ha ceromHsmHuid J€Hb B pa3MYHBIX 00JIACTAX MNPOMBINIUIEHHOCTH HAIUIH
HIMPOKOE MPUMEHEHHE TTOPOIIKOBbIE KOHCTPYKIIMOHHBIE MaTepralibl. O4eBUAHO, YTO
Ui oOecriedeHus] HaJeKHOM padoThl y3J0B U JAETajeil, M3rOTOBJICHHBIX M3 3TUX
MaTepualioB,  NEPBOCTENEHHOW  3ajaded  sBIseTcd  pa3pabdoTKa  CHCTEM
HEpa3pyILIAIIEr0 KOHTPOJIS, KOTOPbIE MO3BOJISIIOT OUEHUTh MX 3KCIUTyaTallOHHBIE
XapaKTEPUCTUKH, KaK Ha CTaJMU M3TOTOBJIECHHUS, TaK U B Ipolecce paboThl U3ENNs
AHanu3 CyHIeCTBYIOIIMX METOA0B IO3BOJIAET CAENaTh BBIBOJ, YTO HaumboJjee
3(p(EKTUBHO HCIIOJIB30BATh CHCTEMBI, HCHOJB3YIOIIME aKyCTHUYECKUH METOA
KoHTposst [1]. OmHMM U3 OCHOBHBIX HMH(OPMALIMOHHBIX IApaMETPOB SBISETCA
CKOPOCTb PaCIpOCTPAaHEHUS aKyCTUYECKON BOJIHBI.

ITpu 3TOM, HEOOXOAUMO YUUTHIBATh, YTO aKyCTUYECKUE U3MEPEHUSI OTHOCATCS K
KOCBEHHBIM U ITO3BOJISIIOT HENOCPEACTBEHHO U3MEPSTh TOJIBKO BpEMs MPOXOXKICHHUS
aKycTU4eckoil BoiHbI B 00bekTe KoHTpods (OK), a BbIUMCIEHHE CKOPOCTHU
pacnpoCTpaHEHUsl aKyCTUYECKOM BOJIHBI MMPOUCXOAUT 10 U3BECTHBIM 3aBUCUMOCTSIM.
Taxum oOpazom, 11t o6ecrieueHusl TOUHOCTH U IOCTOBEPHOCTHU MOJIYUYECHHBIX JaHHbBIX
HEOOXOMMO CYHIECTBEHHO MOBBIIIATh TOYHOCTh U3MEPEHUSI BPEMEHH MPOXOKICHHUS
akyctuueckoil BosiHbl B OK. IIpon3BoauTh M3MepEeHUss BPEMEHHOI'O MHTEpBajia C
3aJJaHHOW TOYHOCTBIO MO3BOJISIIOT (ha30BbI€ METObI, IPH 3TOM CUTHAJBI ¢ (Pa30BOi
uH(popMaluel B TAKMX CUCTEMax JI0JKHbI 00padaThIBaThCsl C BBICOKOH CKOPOCTBIO U
TOYHOCTBIO B IIIMPOKOM JMHAMUYECKOM M YaCTOTHOM JIMAIIa30HE.

B maHHOM JOKJIage paccMOTpeHa IIOMEXOYCTOMYMBas  HM3MEPUTENIbHAS
aKyCTHYECKas CHCTEMa, IIO3BOJAIOIIAs OIPENENATh BpeMs paclpOCTPaHEHUs
YJIBTPa3ByKOBOM BOJH C BBICOKOM TOYHOCTBIO. [ peanu3anuy JaHHOW LEH
IpeJIaraeTcsi UCCIEN0BaTh BO3MOKHOCTD IPUMEHEHUS (Pa30BOT0 METOJA U3MEPEHMUS
BPEMEHHOT'0 MHTEPBAJIA, & UMEHHO JUCKPETHOIO OPTOTOHAIIBHOIO METOAA.

CyTp paccMaTpuBaeMOro JHUCKPETHOIO OPTOTOHAJIBHOTO METOJAa M IpPHUMEP
YaCTUYHOW peanu3anuu omnucaH B pabortax [2, 3]. B mwacrosmeit pabote
paccMaTpHUBAETCs €ro JajlbHEMIllee pa3BUTHE M BO3MOKHOCTH IMPUMEHEHUS IpHU
paboTe ¢ BBICOKOYACTOTHBIMHU 3alllyMJIEHHBIMH PAJIAOUMITYJIbCHBIMA CHIHAJaAMHU.
M3BecTHO, 4YTO OpPTOTOHAIBHBIE METOJbl HM3MEPEHUA O0JaJal0T MaKCHUMAaJbHOM
MIOMEXOYCTOMYUBOCTBIO U TMO3BOJISIIOT OOHAPYKUBATh CUTHAIIBI IMPU COOTHOIICHUU
cur/mym Mesbiue 1. s orieHku paboToCIOCOOHOCTH IUCKPETHOTO OPTOrOHAIBHOIO
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MeToJa ompeaeneHuss (Ha3oBOro CABUTa MPH HAIUYUM AJJUTHBHBIX IIIYMOBBIX
COCTABJSIIOUIMX B HM3MEPUTENBbHBIX CUTHAJAX ObUIO MPOBEACHO MOEIUPOBAHUE B
cucreme Matlab. B kadecTBe Moaenu MOMEXH HCIOJIB30BAJICS TayCCOBCKHMA IIyM C
HYJIEBHIM MAaTEeMATHUECCKMM OXHIAHMEM M JucIepcuell o . MozenupoBanue
MPOBOAWIOCH JJI1 CUTHAJIOB yactoTod 5 MI'h, vacrora nuckperusaruu ALIT 100
MTI 1, a ero paspsaHocts 12. KonndecTBo BEIOOPOK HA MEPUO]T BHIOMPATIOCh KPATHOM
yactote auckpermzanuu ALlIl. [Ins MOOBBIMIEHUST TOYHOCTH U JIOCTOBEPHOCTHU
MOJIYYEHHBIX PE3yJIbTaTOB MPOBOJAUIIACH CTaTUCTUYECKas 00padoTka 50 u3mMepeHwuil.
COOTHOIIIEHUE CUTHAJI-IIOMEXA BapbUPOBAIIOCH OT 1 110 20 ¢ marom 3.

[Tonmy4yeHHbIE pPe3yNbTAaThl MOJCIMPOBAHUS ISl KpaWHUX 3Ha4YeHH (a3oBoro
caeura (10° m 90°), a HMMEHHO 3aBUCHUMOCTh OTHOCUTEIBLHON IOTPEITHOCTH
u3MepeHuss (GazoBOrO0 BPEMEHU PACHPOCTPAHEHHS CHUTHajla OT  BEJIMYUHBI
COOTHOIIICHMS] CUTHAI/IIYM, MOKa3alH, YTO 3 JUCKPETHBII OPTOrOHaJbHBIM METO.]
n3MepeHnss @C BBICOKOYACTOTHBIX CHUTHAJIOB I103BOJISIET IPOU3BOJUTH HW3MEPEHHE
¢$a30BOro BpEMEHHM pPacCHpOCTpaHEHUs CUTHAJa C TOTPEITHOCThI0O MeHee 1 % mpwu
COOTHONICHWH CHUTHaJ/iyM paBHOM 10 0e3 WCMONh30BaHUS — CIICIHATBHBIX
aJITOPUTMOB 00PAOOTKH MOJYYEHHBIX CUTHAJIOB.

JUIsi TpOBEpKM aJE€KBATHOCTH HCIIOIB3YEMOM MOJAEIH NIpPH KOMIBIOTEPHOM
MOJIEJIMPOBAHUU OBLIN MPOBEACHBI SKCIEPUMEHTAIBHBIE NCCIIEA0BAHM. 3a/1a4a ITUX
UCCIIEOBAHUIM COCTOSIZIa B ONPEACICHUMM TOYHOCTh u3MepeHuss DOC mexay
BBICOKOYACTOTHBIMU ~ PAJUOUMITYJIbCHBIMA ~CUTHAJIAMM IIPU  HAJW4YUU  [IOMEX.
Curnansl Juisi  HWcclieoBaHUN (HOPMUPOBAIMCH € TOMOINBIO JIBYXKAHAJIBHOIO
reHepaTopa curHajioB npsimoro nudposoro cuntesa (DDS) MHS-5200A. I'eneparop
dbopmHpoBal 1Ba CUTHAJIa OJIMHAKOBOM YaCTOTHI: OJMH CUTHAJT HE UMEN MOMEX, a KO
BTOPOMY CHUTHAJy HMCKYCCTBEHHO 100aBisilach MOMEXa aJJAUTUBHOTO XapakTepa.
CooTHomieHue curHai/mym usMeHsuiocb oT 1 g0 20. da3oBbIid CABUT MEXKITY
curHajgamu BapbupoBaics ot 10° mo 170°. OOpaboTka MOITY4YEHHBIX PE3YJIbTATOB
npousBoawiack B [IK. M3MepeHus nmpoBOAMIMCH € MCIOJIB30BAHUEM JIUCKPETHOTO
OpPTOTOHAILHOTO METOJIa omnpesenenus gazosoro casura ¢ 12-tu paspsansim AL ¢
yactorod auckpernsauuun 100 MIm. OxcrepuMeHTanbHbIE — UCCIEIOBAHUS
NOATBEPININ PE3YJIbTaThl MOJAEIUPOBAHHUS.

Knrouesvie cnosa: Hepazpymaronmii KOHTPOIb, (a30BbIN CABUT, MOJCITUPOBAHNE.
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Momot A. S.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: drewmomot@gmail.com

Active thermal nondestructive testing (ATNDT) methods are widely used in
various industries due to the high speed and clarity of results. However, existing
classic methods of digital thermogram processing place high demands on the
parameters of thermal imaging equipment. As it known, the results of thermograms
sequences processing using Fourier analysis or Dynamic Thermal Tomography are
highly dependent on the number of thermograms.

These methods require hundreds of thermograms recorded at high frame rates [1].
Unlike classical methods, the use of neural networks (NN) can significantly improve
the efficiency of thermograms sequence digital processing without the use of high-
cost equipment [2].

A computer simulation of the multilayer CFRP plate active thermal testing
process was conducted to investigate the performance of a neural network data
analysis system in a different number of recorded thermograms. Four sequences
containing 20, 50, 80 and 100 thermograms was obtained in the result of simulation.
The duration of thermograms recording remained unchanged. Further testing of the
feedforward backpropagation NN in tasks of defect detection, classification and
determination of their parameters was carried out. Qualitative and quantitative results
were obtained and analyzed.

Changes in the number of thermograms in the initial sequence were found to have
no significant effect on NN performance in the ATNDT. Classification of
temperature profiles error increases with the increase in number of thermograms and
is ranged from 11.41 % to 10.23 %, the value of the Tanimoto criterion changes from
88.37 % to 89.81 %, the error in defects depth estimation falling from 9.17 % to
7.97 %. NN learning time increases for higher number of thermograms in sequence.

The obtained results made it possible to substantiate the criteria for parameters of
thermal imaging equipment selection during the ATNC using intelligent data
processing systems. An important task for further research is to evaluate the impact
of other parameters on NN performance.

Keywords: nondestructive testing, neural networks, thermal defectometry.
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DEVICE FOR TESTING OF AIRCRAFT CONSTRUCTION STRUCTURES

Protasov A. G.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine

E-mail: psnk@kpi.ua

Currently, the quality of the aircraft structures joints is evaluated in a destructive
way by the distribution size of holes in the technological sample. Therefore, the
development of automated non-destructive testing (NDT) tools for the quality of
aircraft structures joints after assembly makes this task very relevant [1, 2].

In NDT systems, scanning devices are an integral part that provides the process of
monitoring large objects with a complex configuration [3, 4]. A large number of
diverse scanners are used in practice. The most versatile scanners can have 5 or more
degrees of freedom. However, please note that each degree of mobility complicates
the design and significantly increases the cost of equipment.

Among the companies that develop scanning devices for NDT, one can mention
the company from Great Britain, “Silverwing”, which offers a family of scanning
devices such as Scorpion. These devices can move along the vertical walls of
ferromagnetic tanks and large-diameter pipes up to a distance of 50 m. They are used
for ultrasonic scanning of walls in order to identify damaged areas [5].

The Danish company “Force Technology” offers an automated track scanner
ATS-1, which is a multi-purpose XY - rack-and-pinion scanner that moves on special
straight or curved guides to test bulky items: bent pipelines, propeller wings or wind
generators, where it is mounted on suction cups in any spatial position [6].

The scanner of the company “Sonomatic Ltd” MAXIM carries out linear
movements along 3 axes, and can also perform rotational movements around a given
axis. In this case, both continuous and discrete scanning can be performed [7].

The proposed scanning device is used to deliver the primary transducer to the
place of testing, which may be located on the wing of the aircraft or other hard-to-
reach parts. The device circuit is developed on the Arduino platform (Arduino UNOR
3), which is built on the basis of two microcontrollers from Atmel corporation
(ATMega 328) and is used to receive signals from analog and digital sensors and
control various actuators and exchange information with a computer using various
interfaces [8].

The Arduino platform simplifies the process of working with microcontrollers
and has several advantages over other devices. The first is low cost. Secondly, the
software for this platform runs on all the most common operating systems: Windows,
Macintosh OS X, and Linux. Thirdly, a simple and understandable programming
environment [9].

The proposed device contains a dual shield of stepper motors, which i1s made on
two control boards L293D. In addition, it has on its board a shift register
SN74HC565N, which ensures stable operation of the drive wheel sets. The
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microcontroller provides the reception of signals via the Bluetooth system processes

and feeds them into the shift register SN74HC565N. The shift register organizes the

distribution of signals between the two L293D control boards, which provide power
to the stepper motors. The proposed device has a high speed. The execution time of
all operations is 0.2 seconds.

For experimental verification of the health of the proposed device efficiency, a
layout was created and a temperature control system diagram was implemented. The
DS18B20 digital thermometer was used as a temperature sensor, which provides
temperature measurement with 12-bit resolution. The measured temperature range is
from -5 °C to + 125 °C with an accuracy of £ 0.5 °C in the range from -20 °C to
+ 65 °C. The system voltage was monitored with a DSN-DVM-368 voltmeter.

The speed of the scanner depends on the task. When moving up an inclined
surface, the voltage of the motors increases, and when moving in the opposite
direction, i.e. down - the voltage decreases. Thus, the following speed range is
programmed: upward movement - the speed corresponds to 255 conventional units,
when moving downward - 115 units, when moving along a horizontal surface the
speed is 185 units.

The proposed device can be used in NDT systems for rivets and bolts of aircraft
structures. It is characterized by increased maneuverability, the ability to reach
inaccessible places and overcome obstacles such as bends of the structure. The
developed program for implementing the testing procedure algorithm controls the
movement of the scanner, organizes a survey of sensors, provides digital output of
information to the operator’s display, as well as to a remote PC.

Keywords: non-destructive testing, scanning systems, control algorithms.
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Beryn

[THeBMOHISI € HEOEe3MeYHUM TOCTpUM I1H(EKIIMHUM 3amajieHHSIM  JICTCHb.
[IprunHOI0 THEBMOHIT MOXYTh OyTH BIpyCH, OakTepii, MIKOIUIa3MH, TpUOU TOIIIO.
Haii0isp111 BayKKy aTUIIOBY ITHEBMOHIIO BUKIMKae KopoHaBipyc SARS ta COVID-19.
VY cknaHEeHHS BiJl THEBMOHII MOXKYTh PU3BECTH JI0 JIETAIIBHUX BHUITA/IKIB.

Jlis niarHOCTyBaHHS TMTHEBMOHIT BHUKOHYIOTH DPsii JIaOOPATOPHHUX JTOCIIKEHb:
OloXIMIUHMNA aHasi3, OaKTepIOCKOMisl, BU3HAUEHHS AHTUTLI 1O AHTUIEHIB PI3HUX
30yaHUKIB TOMO. OKPIM IIOTO BAXKIIUBY POJIb JJI BCTAHOBJICHHS JIarHO3Y BiJlirpae
IHCTpyMEHTAJIbHA J11arHOCTUKA: PEHTreHorpadisi jJereHp, KOMIT I0TepHa ToMorpadis
Ta TPaHCTOpaKajbHa yIbTPa3ByKOBa IHTPOCKOMIS.

Pentrenorpadiss opraHiB TpyaHOI KIITHHHM — 1€ KJACHYHE IIPOEKIIIHE
peHtreHorpadgiyHe  JOCTI/DKEHHsS, 1[0  3aCTOCOBYEThCA  JUISl  JIIaTHOCTHKHU
MaTOJIOTIYHUX 3MIH TPYJIHOI KJIITHHH, OPraHiB TPYJIHOI MOPOKHUHHU 1 MPHUIIETIINX
aHATOMIYHUX CTpyKTyp. Haityactime penTreHorpadiss 3acTOCOBYEThCS IS
JI1arHOCTYBaHHSI ITHEBMOHII.

AHaJli3 PEHTTCHIBCBKUX 3HIMKIB Ta BCTAHOBJICHHS JlarHO3y BHUKOHYETHCS
JiKapeM Ha OCHOBI BI3yaJlbHOTO aHaji3y 3HIMKY. TakumM 4YWMHOM, Ha pe3yjbTar
JIarHOCTYBAaHHS 3HAYHUM YHHOM BIUIMBA€ JIOACHKUHN (hakTOp. 3MEHIIUTH HOTO
BIUIMB IPOMOHYETHCS 32 PaXyHOK BUKOPHUCTAHHS HEHPOMEPEKEBUX TEXHOJIOTIH, 110
JI03BOJIUTH MPULIBUALINTH OCTAHOBKY J1arHO3Y Ta MiJBULIUTH BIPOTiTHICTb.

AHaJIi3 pEHTreHiBCbKHUX 3HIMKIB 32 J0MOMOI0K) HEHPOHHUX Mepex

OTpumaHHST  PEHTICHIBCBKOTO 300paKEeHHs  3aCHOBaHE Ha  ocjabJiieHHI
PEHTTeHIBCHKOTO BUITPOMIHIOBAHHS MPU MO0 MPOXOHKEHHI Yepe3 pi3HI TKaHWHU 3
MOJANBIIIOK PEECTPAIIIEI0 HA PEHTTCHOUYTIIMBINA TUTIBIL. BHaACTiO0K Takoi B3aemMomil
Ha 3HIMKY OTPUMYIOTh PO3MOJAUI PI3HOI 1HTEHCHMBHOCTI: Ha MICII KICTOK — O11l
JUJISIHKY, M'SKI TKAHWUHU MaroTh Cipl TOHH, a Tam, A€ MOBITPs, JIJISHKH 3HIMKY €
yopHuMHU. ToMy 3710pOBiI JIeT€Hi, IO 3allOBHEHI MOBITPSM, 3a3BUYail Ha 3HIMKY
BUTJISIAAIOTE YOPHUMHU. J[UIIHKA JiereHb, 110 Ma€ 3alajJeHHs] BHACHIJIOK MHEBMOHII,
MOe OyTH 3allOBHEHA P1AMHOI0 a00 THOEM, TOMY 3a3BHUYal € O1JIbII CBITJIOKO.

ABTOMaTH3aIlisl MPOIIECY aHai3y Ta PO3Mi3HABaHHA 300pakeHb Ha 3HIMKaX (K
PEHTICHIBCHKHUX, TaK 1 yJIBTPA3BYKOBUX, TEIIOBUX TOIIO) € BAXJIMBOKO 3aJa4€IO,
BUPIIINTY SIKY MOKHA 3aBJSIKM BUKOPUCTaHHIO HeipoHHUX Mepex (HM) [1].
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VY miii poboti must peamizauii HM Oyna BukopucTana MoBa IpOrpaMyBaHHS
Python Ta 6i6mioTtexkun Keras 1 TensorFlow. ¥V 6i0mioreni Keras ans moOynosu
6araromrapoBoi HM Oymna o6pana nocmigoBHa monens (sequential, KNF monens).

HaBuanns ta tecryBannss HM notpebye 3HauHOi KinbkocTi nanux (dataset). Ha
Xaslb, B YKpaiHi BiICyTHI Oyib-ski LudpoBi 0a3u JaHUX PEHTI€HIBCHKUX 3HIMKIB 13
MapKOBaHUMH JaHWUMH. TOMy JUisi HaBYaHHA Ta TECTYBaHHS Mojeli Oyia
BUKOpHCTaHa HAacTymHa Oa3a manmx [2]. HaBuamHs momeni morpebyBano 8§ emox,
OCKUIBKU Ticas 8-1 eMOXu TOYHICTh MPUMNHUHsIA 3017IbITyBaTUCh, a (DYHKIlS BTpaT
criagatu. [licns HaBYaHHS ISl TIEPEBIPKH Ipale3AaTHOCTI Ta OI[IHKH BIPOT1AHOCTI
npaBWIbHOI Kiacu@ikamii Ha BXia Mojenl OynM MojJaHl TecToBl JaHi. Y Taou. 1
HaBEJICH1 pe3yJIbTaTH OLIHKU BIPOTITHOCTI 3a 4 METpUKaMHM, III0 OTPUMAaHI IiJl 4ac
00pOOKH TECTOBUX JIAHUX, SIK1 JIO I[OTO MOJIEJ1 Oy HEeB1OMI.

Tabnuis 1. 3HaueHHsI METPHUK

Mempuxka 3Hauenns
Accuracy 91,03 %
Precision 89,76 %

Recall 96,67 %
F1-score 93,09 %

BucHoBku

Buxopuctanass HM 1o03Bonsie aBTOMaTtu3yBaTW IMPOLIEC JIarHOCTYBAaHHS Ta
HiABUIILY€E BIPOTITHICTh NPUIHATTS MpaBUIbHOTO pimneHHs. Hapasi 3apano roBopurtu
npo Te, 1o 3acrocyBaHHs HM MoXe TMOBHICTIO BHUTICHUTH HEOOXIIHICTH
BCTAQHOBJICHHSI  J1arHO3y JIIKapeM, OCKUIbKM MAIIWHHI METOOU He JaloTh
CTOBIJICOTKOBOTO pe3yjbTaTy, a B JIEIKUX BHIAJKaX MOXYTh 1 HE pO3II3HATH HOBI
TUMK XBOPOO, SIKIIO JO TOrO BOHM HE OynauM HaBueHl iX po3pizHaTtu. Ckopilie
CHOTOJIHI 1I€ MOKE€ CTaTH KOPUCHUM JI0JaTKOBUM 1HCTPYMEHTOM, IKUH MaTUME JIiKap.

[Ipore Merox [iarHOCTYBaHHS 13 BUKOpucTaHHSAM HM Mae MOXIUBICTD
MaciiTadyBaHHS 32 YMOBHM HasBHOCTI HEOOXiIHMX 0a3 maHuX jyuisi HaB4aHHs HM.
ToMmy BaXJIMBUM 3aBJlaHHSIM € (GoOpMyBaHHS B YKpaiHi BiacHOi 0a3u IUGPOBUX
MEAUYHUX AaHUX (y TOMY YUCII ¥ ou(ppPOBaHUX PEHTTEHIBCHKUX 3HIMKIB, JJIS SIKUX
BCTAHOBJICHI TOYHI JIarHO3M), IO BXKE JJABHO MPAKTUKYETHCS y PO3BUHEHUX KpaiHax.
Ile A03BONUTH Pi3HUM JAOCITIIHMKAM TECTyBaTH BJIACHI MOJEN OOpOOKH NaHUX Ta
3HAaXOJUTH HAUO1IbII ONTUMAJIBHI AJITOPUTMH.

Knrouosi cnosa: peHTreH, HEMpOHHA MEPEKa, THEBMOHIS.
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THERMAL IMAGING DEVICES

Muraviov O. V.
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E-mail: stals98@ukr.net

The infrared (IR) equipment gets wide application in metrology, military
enginery, scientific researches. IR devices are often used in difficult environmental
conditions. A number of scientific publications are devoted to the design of thermally
independent lenses. For example, in [1] methods of opto-mechanical passive
athermalization of optical systems are considered. However, far too little attention
has been paid to the passive optical athermalization algorithm. The analysis of such
publications shows that the greatest attention is paid to opto-mechanical methods of
athermalization, while passive optical athermalization is nowadays increasingly used
due to a number of advantages: simplicity of construction, high accuracy and
reliability, reduction of mass and dimensional characteristics. In particular, the
significant advantage of optical methods is when the contribution of mechanical
structural members to thermal defocusing can be minimized by applying materials
with negligible temperature coefficient of linear expansion for mechanical parts of
optical devices. Currently, there are only general recommendations that can be used
in design of athermalized lenses, while the question of mathematical algorithms for
passive optical athermalization remains open.

At lenses design process for IR equipment, developers widely use three-
component optical systems. These systems allow to get good image quality without
using aspherical surfaces. At the same time, the task of maintaining image quality
over a wide temperature range in most of these compositions remains unresolved.
This paper material is devoted to development of mathematical apparatus that allows
to design athermalized and achromatic IR triplets with possibility of minimization of
necessary image aberrations for the case of uniform temperature distribution in
optical system [2].

Operating requirements for such equipment 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 [3].
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
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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 [4].

The synthesis of an athermalized dioptric objective is based on optical materials
combinations with different signs of the thermo-optical constant. 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 [5].

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.
Athermalization and achromatization of IR triplets can be carried out by selection of
optical materials compositions. During athermalization the main aberrations of IR
dioptric lenses image are also minimized.

Synthesized in accordance with developed technique IR triplet with 50 mm focal
length, 1:1 relative aperture, field of view angle 12° is characterized in the
temperature range from -20°C to + 60°C by 4 um changing of back focal length, that
is 1-2 orders less than for non-athermalized lenses with similar operational
parameters [6].

Further work in this direction should aim to improve design techniques of
achromatic and athermalized infrared optical systems in order to get an algorithm that
will allow to obtain a complete design parameters set for optical system without
requirement of additional optimization; to minimize optical system aberrations; to
design optical systems consisting of more than three components.

Keywords: passive optical athermalization, image quality thermostabilization,
dioptric objective, optical system.
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YK 621.190
SYSTEM FOR DEFINITION OF DEFECT’S COORDINATE
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National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey, Kyiv, Ukraine
E-mail: psnk@kpi.ua

The problem of coordinate recording of testing results during manual scanning is
not new for modern flaw detection [1, 2]. Some foreign companies offer their own
designs to solve the mentioned problems. One of the simplest designs that is used in
scanning devices is a mechanical system for determining the coordinates of the
transducer, proposed by “Olympics”, USA.

The composition of such a system includes two roulette-type length meters,
which are fixed on the surface of flat objects using pneumatic or magnetic devices.
These devices have reversible readers, which according to the number of marks on
the measuring tapes of these roulettes determine their length. The coordinates of the
transducer in this system are determined from the compiled system of equations,
which figure the distances between the transducer and each reader, as well as the size
of the measurement base.

The disadvantage of such mechanical coordination systems is the low accuracy of
determining the coordinates relative to this reference frame. In this case, a reduction
in the measurement error is achieved by linking the coordinates of the measurement
base to the real coordinates of the testing object.

With the development of modern electronics, it has become possible to use
wireless technologies in non-destructive testing [3]. One of the methods for
determining the coordinates of the measuring transducer, excluding the mechanical
elements of the system, is based on the use of electromagnetic waves of super high
frequencies. The system is built on a principle allows you to transmit the received
information remotely.

The disadvantage of this coordinates determining method is the lack of accuracy
and the results reliability. Since, the radiation of electromagnetic waves of ultrahigh
frequencies even of low power can cause reverberation of signals reflected from the
surface of the testing object and other objects, which leads to a distortion of the signal
phase at the inputs of phase shift meters.

Today, the most commonly used in defectoscopy systems for determining the
coordinates of transducers use the properties of ultrasonic fluctuations [4]. However,
it should be noted that this method of determining coordinates has a significant
disadvantage, which is expressed in the dependence of the speed of propagation of
ultrasound on the movement of air.
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The article proposes to consider a system for determining coordinates of a flaw
detector measuring transducer in the process of manual scanning of the surface of a
test object. This system should record these coordinates and eliminate the subjectivity
of the test results. The proposed system is based on the use of optical systems with
photodetectors in the form of two-dimensional charge-coupled matrices [5].

To solve this problem, a system is proposed that contains two optical cameras
with CCD arrays that are placed in the focal planes of the lenses at an angle of 90° at
a distance of 1 m from one another. The measurement base B = 1m corresponds to the
distance between the centers of the lenses of the optical cameras. A point light source
(LED with a wide radiation pattern) is installed on the converter housing. The spatial
position of the converter can be determined using digital video cameras.

As already noted, in the proposed system, optical cameras with CCD arrays are
located at the angle of 90° relative to each other, they are fixed on a length bar B
(sides of a rectangular frame). At the same time, these optical cameras should be
located at the angle of 45° relative to the measurement base. This arrangement allows
us to scan the surface of the test object without restrictions within the visibility range
of cameras with an area B°.

To confirm the theoretical part of this proposal, a working model of a system for
determining the position coordinates of a flaw detector transmitter was developed.
Experimental studies have made it possible to establish the actual accuracy of
determining the coordinates of the centers of the optical projections of the light spot
from the LED at its various coordinate positions. In this case, the accuracy of the
system alignment was taken into account, and the accuracy of determining the
gradients of illumination (the boundaries of the blurred optical projection of the LED
light) was approximately +4 mm. Increasing the brightness of the LED by 50 %
reduces the error by 1 mm.

The results of experimental studies conducted on a prototype system also showed
the possibility of automating the process of determining the coordinates of the
measuring transducer position during a manual scan of the object. It solves the
problem of automatic coordinate recording of information in the memory of a
portable computer about the performed control.

Keywords: non-destructive testing, scanning systems, photo receiver.
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VIK 620.179.14
BUMIPIOBAJIbHA CUCTEMA KOHTPOJIIO BTOMUN MATEPIAJIIB

baoicenos B. I, Kanenuuenxo FO. O., Payebapcoxuii C. C., Kosanv B. B.
Hayionanenuu mexniunuu ynigepcumem Yxpainu
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[TokazaHa MOJIMBICTh BU3HAYCHHSI BTOMH MaTepiaity 3a JOMOMOTOI CTPYKTYPO
ckora po3po6ieHoro Ha kadeapi [ICHK «KIII im. Irops Cikopcbkoro»

Jlnst teMOHCTpallil TaKuX MOXKJIUBOCTEH OyJM CHeliaibHO MiATOTOBJIEHI 3pa3Ku 3
mucroBoro Matepiany AA2024-T4 rosmmuoro 3mm (gus. Puc. 1, a), SIki motim Ha
cremianbHoMy cteHai BiSS-02-112 orpumanu pi3He IUMKIIYHE 3HAKOMOCTIHE
MyJIbCYIOYe HaBaHTAXECHHS 3 yacToToro 311,

a) 0)
Puc.1. 30BHIimHIN BUTIIAI TECTOBOTO 3pa3Ka, Jie
a) 10 MPOBEJICHHS EKCIIEPUMEHTATBLHUX JOCIIIKEHB; 0) Micis MPOBEACHHS eKCIIEPUMEHTATEHUX
IOCIIKEHD

Onmun 3pa3ok orpuMmaB HaBaHTakeHHs 10000 1ukiIiB, Apyruil 3pa3ok Mpu
HaBaHTaxxeHH1 24989 nukiiB OyB 3pyitHOBaHui# (1uB. Puc. 1, 0).

[Ipn gocnipkeHHI OTPUMAHMX 3pa3KiB  3a JIOMIOMOTOI0  CTPYKTYpPOCKOIIa
pospoosieHoro Ha kadenpi [ICHK «KIII im. Iropss CikOpCbKOTO» CIIOCTEPITaEThCS
0CO0JIMBO BHpakeHa peakiis (a30BUX XapaKTEPUCTUK TapMOHIK BHUMIPIOBaJIHLHOTO
CUTHAJTy Ha 3MIHy MEXaHIYHOTO HANpyXeHHs BHACIIOK JWHAMIYHOTO
HaBaHTa)XEHHA. (Hampukiaa: guB. Puc.2 Tta Puc.3 mnopiBHIOBalbHUX TpadikiB
BIJIOBIAHO JIs1 APYTO1 1 TPEThOI rapMOHIK 1H(HOPMALIIHUX CUTHATIB).

Tyt mo oci X — mpuBeieHa aMIUTITyia CUTHATY 30yKEHHS , IO OCl Y — BUMIpSHI
3Ha4YEHHs MOYaTKOBHX (a3 X-i TapMOHIKH B rpaaycax.

3 HaBEACHOrO MOXKHA 3pOOMTH BHCHOBOK, IO pO3poOJieHa aBTOpaMu
iH(opMaltiitHO-BUMIpIOBalibHa cucTeMa «CTPYKTYpPOCKOID» MOXKE OyTH BUKOPHCTaHA
1 JIs1 BAMIPIOBaHHS BTOMU HE (pepOMarHiTHUX MaTepiajiB.
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Puc. 2 AmominieBnii cruiaB AA2024-T4. 3minn nodaTkoBoi ¢a3u curHaiiB BiAryky H2,
HaBaHTakeHHs 10 000 mukoniB (cunHii komip) u 25 000 nukiTiB (YepBOHUHN KOTIp 3TiBa).

Puc.3. AmominieBnii cruiaB AA2024-T4. 3minu nodaTkoBoi ¢a3u curHaiis Biaryky H3,
HaBaHTakeHHs 10 000 nukoniB (cunHid komip) u 25 000 nuktiB (YepBOHUHN KOTIp 37TiBa).

Knrouosi cnosa: BumipioBannsa Bromu MatepianiB, AA2024-T4, cTpykTypo ckor,

¢ha30Bi XapaKTePUCTUKH, IUKITIYHE HABAHTAKCHHSI.
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YIK 620.179.14 . .
PO3BUTOK TEXHOJIOI'TY HEPYHHIBHOI'O KOHTPOJIIO

Ilempux B. @., I[Ipomacoe A. I
Hayionanenuu mexniunuu ynigepcumem Yxpainu
«Kuiscokuu nonimexniunuii incmumym imeni leopsa Cikopcbkozoy, Kuis, Ykpaina

E-mail: psnk@kpi.ua

B nmanuwii uyac BenMYE3HUMH TEMIIAMH 3pOCTAa€ CTYIIHb aBTOMATH3aIlli
BUPOOHMIITBA 3aBJASIKM BIPOBAHKEHHIO BCE OUIBII CKIIAJHUX, B3a€MOIOB'S3aHUX
JAHUMHU TPOMUCIOBUX CHCTEM, TaKoX Biomux sk «lHmpyctpis 4.0». Pyunitaumu
CHJIaMU 111€1 TEHAEHIU]I €:

- 3pocTaroua JOCTYIMHICTh MIHIATIOPHUX 0€3IPOTOBUX JaTYHKIB;

- IOBCIOJTHICTH 1X B3a€MO3B'sI3Ky uepe3 [HTepHeT;

- HalKOPOTIII BUTPATH HAa XMapHe 30epiraHHs / 00poOKy naHUX;

- IIBUJIKO MOJIMIIYIOTHCS MOKIIMBOCTI aHaNI3y 1 peKOMEHAAIll, 10 3aCHOBaH1 Ha
JaHUX, OTPUMAHMUX 3a JIOMIOMOTOI0 BCE OLIBII JOCTYMHHX 1 €(EKTUBHUX CIEHApIiB
BUKOPUCTAHHS IMTYYHOTO 1HTEJIEKTY.

VY 3B'I3Ky 3 MM MOXHa TOBOPUTH IPO BHUPIIIAIBHUNA 1 3pOCTarouuii 301r 1iiei
Ingyctpii 4.0 1 "HepyiiniBHoro koHTpodto (HK). HK o3nauae migBUIEHHS SIKOCTI,
MPOJYKTUBHOCTI, OC3IMEKH 1 - B KIHIIEBOMY MIJICYMKY - CTIMKOCTI. OTxe, MailOyTHE
HEPYWHIBHOTO KOHTPOJIIO TICHO TMOB'Si3aHE 3 MpOIECaMU, IO XapaKTepPU3YIOThCS
OLJIBIII BHCOKOKO TOYHICTIO, MEHIIOI KUIBKICTIO IIOMWJIOK 1, OT)KE, ITIJBHILEHOIO
WMOBIPHICTIO BUSIBJICHHS JCHEKTIB, a TaKOX JACTATbHUMU I[IHHUMH JaHUMH, SIK1
JOCTYMHI B OyAb-SKHI yac 3 OyJb-1K01 TOYKH CBITYy. TecTyBaHHs Oyje MPOBOAUTHUCS
rpynamu Jrojied, a He OKPEMUMH JIIOJIbMHU, 3 O1IbII BUCOKOIO AUCIEPCIEI0 HABUYOK.
[TpoayKTUBHICTH 1 MIBUAKICTH OyAyTh BiAIrpaBaTH BCE OLIbIIY posib. TakuM 4UHOM,
MoskHa nependauntu, mo HK, opienTtoBanuii Ha mMaiiOyTHe, 3a0€3MEYUTh EKOHOMIIO
KOIITIB MPHU OJTHOYACHOMY IOJIMIIEHH] pe3yJbTaTiB, B 3HAUHIA Mipl JTOMOMarar4u
KOpHCTyBayaM CKOPOTUTHU a00 HABITh MOBHICTIO YHUKHYTH NiepepoOok [1].

OcHOBHI 00JIbOBI TOYKHU B 1HAYCTPii HEPYHHIBHOTO KOHTPOJIIO:

- cKJiaaH1 iHTepdeiicu;

Hee(dexTuBHI poO0Ui MPoIIECH;

CKJIaJIHA IHTEpIpEeTaIlisl JaHUX;

HEMOBHA METPOJIOTIYHA MPOCTEKYBAHICTD;
CKJIaJTHUHA OOMIH JaHUMHU.

Jlis BupileHHsS TepepaxoBaHMX mpodiem B gAeskux mnpmwiagax HK Bxke
BUKOPHCTOBYIOTHCS POOOTH30BaHI CKaHepu MpH MPOBEACHHI YIbTPA3BYKOBOTO 1
ONTUYHOTO KOHTPOJIO 3BAPHUX WIBIB, TEOMETPUUYHHUX MapaMeTpiB METaJIONPOKATy.
CrnioctepiraeTbcsi TEHJEHIIISI A0 BIAXOAY BiJ CTBOPEHHS MOPTATHUBHUX MPUJIAIIB 1 iX
MiHiaTropuzaiii. CTiikuM TpeHAoM cTae BuUpoOHuITBO mpwiaaiB HK, mo marmTh
KaHaJIM Tepeaadi BUMIPIOBAIBbHOI 1HPOpMAaIlii 1 MOXKIUBICTh 11 JOKYMEHTYBaHHS [2].
Ile 0OymMOBIIIOE BiAXiA BiJl OKPEMUX BHMIPIOBAaHb 1 OOPOOKH pe3yiabTaTiB KOHTPOJIIO
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Oe3mocepeHbO Ha MICII MpoBeneHHs poOiT. 30ip iHpopMalii BiAg PI3HUX THUIIIB
NEPBUHHUX IEPETBOPIOBAYIB (JaTUMKIB) 1 i 0OpoOKa 3 METOI0 OTPUMAHHS TOTO UM
IHIIOTO TOKAa3HMKAa (HANpUKIAJ, BEIWYHMHH KOpO3ii, CTPYKTYpPHOrO Mapamerpa -
Marepiary Ta 1H.) OyAayTh 3OiIMCHIOBATHCS IeHTpami3oBaHo. Jlani OynyTh
HAKOMUYYBATHUCS 1 TIEPEMIIIATUCS B CXOBHWINE JJISl BUSBJICHHS HOBHX 3aJICKHOCTEH
MK BHUMIPIOBAHMMHU TapaMeTpaMyd 1 CTaHOM OO0'€KTy KOHTpOJIIO Ha OCHOBI
aJITOPUTMIB OOPOOKHM BEIUKUX 00’ €MIB JaHUX 1 XMapHUX OOYUCIICHb.

VY 3B'a3Kky 3 MM BUHHMKAEe HeoOXiAHICTh po3risiHyTH B HK HOBI 1Hpopmariiiini
TEXHOJIOT11, 3aCHOBaH1 Ha 1HTEJEKTYyaJIbHOMY CIIPUMHSATTI, TEXHOJIOT1i pO3Ii3HaBaHHS,
BCUISIKUX OOYHCIICHHSIX, TTIOBCIOJHOT MEPEKEBOI IHTETpallii Ta BiJIOMI SIK TPETS XBUJIS
PO3BUTKY 1H(MOpMaIiHOT 1HAYCTpli B CBITI TICIS KOMIT'IOT€pa Ta IHTEPHETY -
Iarepuery Peueint .

Kntouogi cnosa: nepyiiHiBHHI KOHTPOJIb, [HIyCTpist 4.0, [HTepHET Peueii.
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