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[lepeBaxkHa OUIBLIICT, METOAIB Ta 3acO0IB BUXPOCTPYMOBOIO KOHTPOJIIO
OpI€EHTOBAaHA HA BUKOPUCTAHHS NMEPBUHHUX MEPETBOPIOBAUIB y BUTIISII €ICKTPUUHUX
KOTYIIIOK HaMOTYBaHHA (TOBITPSHUX a00 13 MAarHiTHUM OCEPIsM), SIKI MalOTh PsT
HEJOJIKIB Ta OOMEXEeHb Ha 3aCTOCYBaHHS. 30KpeMa BOHM MAalOTh Maly THYYKICTb,
sKa HE Ja€ MOXJIMBOCTI BUSIBISATH Je(DEKTH Ha 00'€KTax 13 CKJIATHOIO T'€OMETPIEI0
MOBEpPXHI, YyTJIMBI JI0 3MIHM BJACTUBOCTEH Marepially, MalOTh HHU3BKY
TEPMOCTA0LIbHICTh Ta TOBTOPIOBAHICTh XapaKTEPUCTHK MPH CEPIHHOMY BUITYCKY.

Jlns 3a0e3nedeHHss BUMOT MPOMUCIOBOCTI JJIsI KOHTPOJIS 00'€KTIB 31 CKJIAIHOIO
TrE€OMETPIEI0 TMOBEPXHI 3/IIHCHIOBAJIUCH CIPOOM BUTOTOBJICHHS Ta BUKOPHUCTAHHS
IUIOUIMHHUX BUXpOCTpyMoOBUX mnepeTBoproBauiB (BCII) Ha ocHOBI ApyKOBaHUX IjIat
Ha THY4Ykii ocHOBi [1]. Taki KoMmakTHI ApPyKOBaHI KOTYIIKH 3a0€3MeYylOTh
amanranito B neBHux mexax BCII go ¢dopmu moBepxHi 00'ekTta KOHTposto. B
JIOTIOBIl MpOaHaIi30BaHO TeHIeHIT po3BUTKy miomuHHNX BCII Ta ocobnuBocTeit
iX KOHCTPYKTHUBHUX peati3alliil.

[110UIMHAI KOTYMIKM Ha OCHOBI JAPYKOBAaHUX IJIaT BUTOTOBJSIOTH JBOX PI3HUX
TUMIB: a) cuMeTpuuHi, 0) cmipanbHi [2]. IlepeTrBoproBaui o6ox tumiB — 1e BCII
TpaHc(HOPMATOPHOTO TUIY 3 BUMIPIOBAIBHOIO Ta 30y/KYIOUOI0 KOTYyIIKamu. B3arani,
epeTBOpIOBayi TpaHC(HOPMATOPHOTO TUITY MAIOTh MEepeBary nepesl napaMeTpuaHuMHU
NepeTBOPIOBaYaMU — MAalOTh OUIbII BHCOKY TEMIIEpATypHY CTaOlIbHICTh Ta
3a0€3Meuy0Th OTPUMaHHS OUIBIIIOrO BIAHOIICHHS CUTHAJ/IIyM. B 1ijloMy TIOIMHH1
BCII marors HacTymH1 INepeBarv: Maji po3Mipu (3a0e3MeuyioTh BUCOKY PO3ILIbHY
3MaTHICTh), BHCOKHW TOKa3HUK TEPMOCTAOUIBHOCTI, HHU3bKAa COOIBapTICTH,
MOKJIUBICTh ~ BUTOTOBIICHHSI TEPETBOPIOBAYiB Ha THYYKIH OCHOBI, BHCOKa
MOBTOPIOBAHICTh XapaKTEPUCTUK OKpeMux enemenTiB Takux BCII.

[Tnoumnani Matpuuni BCII po3mmpsiors pamku 3actocyBanHs BCK 3a paxyHok
3meHieHHs: cobiBaptocti BCII, aBromarmzaiii mporecy KOHTPOJIO, MiJBULICHHS
IIBUIKOCTI Ta TOYHOCT1 KOHTPOJTIO.

Knwouosi  cnosa: BUXPOCTPYMOBUH KOHTPOJb, MAaTPUYHI BHXPOCTPYMOBI
NepEeTBOPIOBAY1, aBTOMATHU3AITIS.
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IMMERSIVE TECHNOLOGIES FOR EDUCATION
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E-mail: ameridze@ukr.net

Since the advent of innovative technologies, which are advancing very rapidly in
all aspects of our lives, there are significant changes when new technologies appear.
Teaching English requires constantly offering students new opportunities for
improvement and integrates various immersive learning technologies. The
introduction of immersive technologies allows increasing the motivation of the
student, his confidence, improving the mastery of the material, and makes it
interesting to learn English language. The combination of immersive technologies
with traditional technologies significantly improves student performance.

Nowadays, there are current problems of information and communication
technologies in education — the use of immersive technologies in higher education.
There are multimedia technologies that are implemented into education, using two
communication channels (visual and audio) from the five human sense, limiting the
potential effectiveness of learning. The study provides an overview of existing
technical capabilities for the development of an immersive learning environment.
Immersive technologies — including virtual reality and augmented reality — have the
potential to revolutionize the way we learn, allowing students to access spaces and
interact with experiences that might otherwise be inaccessible to them. The
immersive learning allows us to create a realistic environment that reproduces real
life as much as possible and train specifically and in details. In this way, we are able
to destroy the boundary between theory and practice and, as a result, the required
skills become more productive and skills are acquired faster and better. Immersive
technologies can be implemented in a variety of standard learning formats. The main
goal is to create the closest to reality environment, which will have real working tools
with which the student will solve certain cases.

In particular, the essence of such concepts as immersive technologies, virtual
reality is revealed. The main attention is focused on the introduction of immersive
technologies in higher education. During the study, on the basis of the Technical
English language on Instrument making Faculty of the National Technical University
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of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" a survey was conducted. The
results led to the following conclusions that the use of immersive technologies
increases the effectiveness of learning. Students and teachers of higher education
have a positive attitude to the trends of modern technologies. Students have a positive
attitude to the use of information resources and emphasize the great potential of
information technology.

The inclusion of new technologies in the educational process does not mean that
you need to change all teaching methods. Nevertheless, the approaches used can be
improved through the introduction of immersive technologies such as virtual reality.

For example, Google Expeditions, a free mobile application designed to work
with Google cardboard headsets, helps the teacher take students on exciting virtual
journeys. To do this, each student must have a headset to join the virtual tour. Google
Expeditions uses exciting 360-degree images to create every situation. The teacher,
using a tablet instead of a headset, can see all the students while controlling the
digital simulation space.

Thus, the processes of implementation of virtual and augmented reality
technologies in higher education are quite active.

Virtual excursions are great for learning English. They give students the
opportunity to be in an environment where they can learn the language, practicing
communication in an unconventionally exciting, memorable, multisensory way.

The positive consequences of the use of immersive technologies in the
educational process are analyzed. Installed means of virtual reality form a new
interactive way of learning new material and increases the efficiency of learning
English.

Thus, the relevance of the introduction of immersive technologies as an
additional catalyst during English learning is unconditional. This type of activity is a
factor which are able to increase the level of knowledge in any subject discipline of
higher education.

Keywords. immersive technologies, innovative technologies, virtual reality.
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MarematuuHa MOJETIb KOJUBAaHb y BHUIVISIII BY3bKOCMYTOBOTO MOJYJIHOBAHOTO
BUIIQJIKOBOTO TIPOIIECY IIMPOKO BHKOPHCTOBYETHCS B PI3HUX Tally3siX OOpoOKH
curHamiB [1]. Jlns Bu3HAUeHHS mapaMeTpiB MOAYJSLII BUKOPHUCTOBYETHCS
neperBopenHs ['1nb0epra

() =wle(} =1 [ ar 0

K€ HE 3MIHIOE aMILTITYly TAPMOHIYHUX CKJIaJ0BUX BXIJIHOT'O CUTHANy & (t) a JIMIIE
3cyBae ix (azu Ha —77/2. Ha ocHOBi (1) BBEIEHO MOHATTS AHATITHYHOTO CUTHAILY

¢(t)=¢(t) +in® = pve’®,

ormHarouoi L(t) = [fz(t) +I72(t)]1/2, MUTTEBOT a3 Y(t) =ar Ctg%, a TaKoX
MUTTEBOI KyTOBOI 4actotu i) = ) = <O7® ~&OIO . Ha ocHoBi

dt M (1)
XapaKTEPUCTUK BBEACHMX BUIAJKOBUX NPOLECIB MOXKE OyTHM O3HAaueHa LIMPHUHA
4acToTHOI cMyru curHany Aw=J.,+Ef’(t), ne E — omepaTop MaTreMaTHYHOIO

. . . . 2 2 .
croxmiBanHs, [ (t) —moXimHa ormHarOYofi, 52)(t): E[a)(t)] —[Ea)(t)] — Iucnepcls
MUTTEBOT YacToTu. Benmuwmna Ef/°(t) BU3HAYAE TOTYKHICTh MIBHJKOCTI 3MiHM

orunarouoi. Curnan &(t) posnILIaroTh K By3bKOCMYTOBHIA, SIKIO B Ac/[Ect)]” <1,

IHIMUX BUMAIKAX — K MUPOKocMmyroBuil. Ciij 3ayBaKUTH, IO TEPETBOPCHHS
['inpOepTa 3acTOCOBYETHCS ISl aHaMi3y OOOX THIIB CUTHAJIB, OJHAK TOHSTTS
OTHHAI0U01 Ma€ (PI3UYHUM 3MICT TUIBKHU JJIs1 BY3bKOCMYTOBUX [2].
Kntouogi cnosa. mepioguvyHO HECTAIIOHAPHI BUIAJKOBI CUTHAIM, MEPETBOPEHHS
['ip0OepTa, aHAITUYHUN CUTHAJI, OTHHAIOYA.
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JliarHOoCTHUYHI ~ OOCTEXEHHS cTajeBuX mig3eMHux TpybompoBoais (IIT)
TpaI[I/IHII/IHO NPOBOJIATL KOHTAKTHUMH €IEKTPOMETPUIHUMH METOJIAMH, OCHOBHUMH
HEJOJIKaMU  SIKUX € pr,[[OMlCTKlCTB 1 HENOCTaTHI  OMEpPaTUBHICTh Ta
iHpopMaTuBHICTh. LI HEZOMIKM yCYBalOTHCSI BUKOPUCTAHHSA METOAY O€3KOHTaKTHUX
BuMipioBanb ctpyMiB (BBC) [1].

Ha ocHoBi po3BuHyTHX TeopeTnuHuX ocHOB MeToay BBC, po3pobneno 6asy nms
OPOEKTYBaHHS  CHUCTEM  BXIOHUX  meperBoproBauiB  amaparypu.  Cepen
mudepenianbiux BBC BuiauieHO Kiacu TpaleHTHUX 1 HapaJlaKCHUX METO/IB,
POaHai30BaHO 1 3ICTaBlieHO iX 1H(OPMATUBHI, METPOJOTiYHI, TEXHOJIOT1YHI
BJIACTUBOCTI. 3anpomnoHoBaHo HOBI Metoau BBC 3 azumyranbHOIO 1 paaiaibHOIO
OpI€HTAIlIIMM 0a3M TOUYOK CIOCTEPEKEHHS, 3 JOBUILHUM PO3MIIICHHSIM 0a3u y
nonepeuHidt 1T miomnuui (Puc. 1) 3 KOMIOHEHTHUMHU 1 MOAYJILHUMH TEPBUHHUMHU
nepeTBoproBayamMu [2].

¢
o o =,

Puc. 1. Cnocobu BBC: a — iHBapiaHTHU#; 6 — a3uMyTaJdbHHHA (TApalakCHUN); 6 — paaiaJbHHUN
(rpamieHTHUI)

3anpornoHoBaHo HU3KY HoBHMX TnpuctpoiB bBC. 3okpema, 4YOTHpPH KOPCTKO
MOB’s13aHI MDK COOOK OJHOKOMIIOHEHTHI MarHeronpuiiMaui (puc. 1,a) naroTh
MOJKJIUBICTh O€3KOHTAKTHO BHUMIPIOBATH CTpyM Oe3 opieHraiii BigHocHo IIT. 3a
peanizaii€lo I1LOro Crnocod0y B EKCIIepUMEHTAbHUX 3paskax amaparypu bIT-3 (3
OIPALIIOBAaHHSM CHTHAJIB Ha MIKPOKAIBKYISATOpl) Oyno Broepiie Oe3KOHTAaKTHO
BUMIPSHO PO3MOAUIM KOMIIOHEHTH CTPyMy YCTaHOBKH KaTogHoro 3axucty (YK3)
B3JIOBK MariCTpaJbHUX Ta30TPOBO/IIB.

s oneparuBHuX obOctexxeHb IIT 3 meroro 3amoOiraHHs iX MOLIKOMKEHb OyJ0
po3pobrneno amaparypy bBIT-K, sika mMae onuH BUMIpIOBAILHUN MarHeTocpuiiMad
(puc. 1,6) 1 nBa AomaTkoBi: i 1HAWKAIii opieHTamii anteHn BimHocHO [IT 1 mms
KOpEKIIii 3MiH BijacTaHi (rmubunu 3aysranss [1T). CtBopena anapatypa BIT-KBII [1, 2]
(puc. 2,a) na€e MOXJIMBOCTI BHU3HA4YaTH MicClle, HampsM 1 TJMOMHY 3ajIsiTaHHS
TpyOONpPOBOIIB 1 CTPYMOIIPOBIIHUX KOMYHIKAIlIi Ta BUMIPIOBATH CHIIY CTPyMy 3
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KOpeKIi€o penbepHoi moxubku Oe3 MIAKIIOYEHHS A0 TpyOOmpoBOAY 1 3€Mili;
JOJIATKOBO CITOPS/DKEHA BOJBTMETPOM JUISl TPATUIIIMHUX KOHTAKTHUX BHMIPIOBAHb 1
CJICKTPOHHOIO TaM’SITTIO. Pe3ynbraTu BUMIpIOBaHb depe3 1HTepdeiic 3a crieriaabHO
pOTPaMOI0  TEPEBOMAATHCSI Y TIEPCOHAIBHUA KOMITIOTEp Ui aBTOMATUYHOTO
OTpaIltOBaHHS 1 JOKYMEHTYBaHHS [1].

a 0
Puc. 2. Kommekt anaparypu BIT-KBII nnst 6e3koHTaKkTHUX BUMiptoBaHb cTpymy 1T
3 KOPEKIII€I0 BiJICTaH1, 3 BOJIBTMETPOM 1 €IEKTPOHHOIO MaM ATTIO (a) Ta
OC3KOHTAKTHUI BUMIiproBay cTpyMiB 1 rimubunau 3aisarands [IT BBC (0).

Cepito mpunaaiB tuny bIT-K, BIT-KB, BIT-KBII 06yno BurotomieHo Ha
Hocnignomy 3aBoai ®MI 1 niepenano 3a 10roBopamu Jjisi 00CTEKEHb MaricTpaabHUX
TpyOOnpoBOAiB raszy, HadTH, amiaky, €TWJEHY, BOJAM Ta IHIIMX I1JI3EMHUX
KOMYHIKaIliil B YKpaiHi Ta 32 KOPJIOHOM.

Po3pobrmeno HoBy amapatypy bBC (puc.?2,6) 3a pamgiaabHUM CHOCOOOM
(puc. 1, ) 3 moOMIMIIIEHUMH €KCILTyaTalliiHUMU XapaKkTepucTukamu [2, 3].

be3koHTakTHI  BUMIpIOBadl  CTpyMiB  Jal0Th  MOXJIHMBOCTI  ONEPAaTUBHO

KOHTPOJIIOBAaTH CTaH MACHUBHOTO (130JIs11is1) 1 aKTUBHOTO (KAaTOJHA TOJISIPU3AIIis)

3aXUCTY BiJ KOpO3il miA3eMHUX (IMiIBOAHUX) CTAJIEBUX TPYOOIPOBOMAIB 1 MOB’SI3aHUX

3 HUMU MeTalieBux crnopya. EdexkruBHicth Ta iHbopmaTuBHicTs BBC miaTBepkxeHa

pe3yJibTaTaMu IMPOBEACHUX HAYKOBUX JOCIIKEHb, HATYPHUMH BUIIPOOYBAaHHSIMHU Ta

pealbHUMHU BUKOPHUCTAaHHSMHM Ha Tpacax Mmia3eMHuX TpyoornpoBoais [1] - [3].
Kntouosi cnosa: BumiproBadi cTpyMy O€3KOHTaKTHI, TPyOOIPOBOIM IIiJ3EMHI,

MPOTUKOPO31MHUI 3aXUCT, KOHTPOJIb, JIarHOCTUKA, IPUJIAIH.
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THERMAL IMAGING DIAGNOSTIC IN MEDICAL APPLICATIONS
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Thermal imaging is used for a wide range of applications today. From security
and surveillance to monitoring critical infrastructure, the ability to see beyond the
visible spectrum of light to detect heat sources has been highly valuable in numerous
ways. One of the latest adopters of thermal imaging is the medical industry,
specifically for diagnoses and monitoring of chronic conditions.

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
promising and innovative, that allows to get a highly informative image of tempera-
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ture 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
1s 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 [6]. Considering
that the maximum spectral intensity of human body radiation with temperature of 37
°C is approximately at 9.3 um [7] 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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JloBipa — ocHOBa OyAb-sIKOI B3a€MOAIl, Yy TOMYy YHCII ¥ OCBITHBOI, sKa
TIYMAYUTHCS SIK MIP)KOCOOMCTICHA B3a€EMOJIisl YIaCHUKIB OCBITHBOTO mportiecy. JloBipa
€ 3aco0oM peaizallii MapTHEPCHKOi, CyO €KT-CyO €KTHOI B3a€MOIi BUKIIAIAYiB 1
cTyAeHTiB. [luTaHHs nOBIpM B OCBITHIM B3aeMOAii y TEXHIYHOMY YHIBEPCHUTETI
JIOBTMA 4Yac 3aJMIIAIOCS BIIKPUTHM JUIsl yKpaiHCbKoi Hayku. Pazom 3 THM,
TOCIIIKEHHSI 0COOJIMBOCTEH MPOSBY, ASTEPMIHAIT Ta PO3BUTKY JOBIPH CTYIEHTIB JI0
BUKJIagaya y TexHiyHOMY 3BO akTyanbHe y KOHTEKCTI Cy4YacHUX IMIPOIIECIB
ryMaHi3allii BUIIOi TEXHIYHOI OCBITH.

Pe3ynbpTat TEOpETUKO-EeMMIIPUYHOTO JOCIIDKEHHS pOJIl JOBIpU B OCBITHIN
B3a€MO/Iil, 0COOJMBOCTEH MpPOSIBY MOBipM Ta ii merepmiHaiii y mporeci (haxoBoi
MITOTOBKY MaiiOyTHIX 1HXEHEPIB BUCBITIICHI y Hammx podoTax [1], [2], [3] Ta in. Ha
MiJICTaBl OTPUMAHMX PE3yJibTaTiB OyJI0 po3poOieHo W ampoOOBaHO Mporpamy
PO3BUTKY JOBIpHM CTYAEHTIB JO0 BHUKJIaJadya y TEXHIYHOMY YHiBepcuteTi [4].
JloBeneHHsT e(QEeKTUBHOCTI PO3pOOJIEHOI MporpaMu J03BOJUIO CHOPMYITIOBATH
peKoOMeHaIli /Il BUKJIaJa4yiB TEXHIYHOTO YHIBEPCUTETY 111010 OpraHi3allii OCBITHbOI
B3a€EMOJII 3 METOK PO3BUTKY JOBIpH Yy cTyAeHTiB. Lli pexoMeHmaiii MICTAThH
NeJaroriyHui Ta MCUXOJOTTYHUI BEKTOPU OpraHizailii OCBITHbOI B3aEMOIII.

lleoazozciuni acnekmu PO3BUTKY JIOBIPU JO BUKJIAJada y CTYJCHTIB TEXHIYHOTO
YHIBEPCHUTETY BKJIIOYAIOTH TaKl MO3HIIIi:

1) oprani3zarisi BCTyIHOI YaCTUHU:

- TMepIy 3yCTpiy 13 CTyJ€HTAaMH PEKOMEHIY€EThCSl PO3MOYaTH 13 3HAHOMCTBA:
PO3KpUTTS BHKJIanadeMm ¢opManbHOi 1 HedopmanbHoi 1HGOpMalii mpo cebe Ta
3aMpoIIeHHS] 10 JIalory CTBOPIOE aTtMocdepy IT0OpO3UUWIMBOCTI, MIAIPYHTS IS
dbopmyBaHHS T0BIpH;

- i yac opraHizaiiiHoi 3ycTpidi peKOMEHAY€EThCS BUCBITIIMTH TEPEIiK TEM
1 CTPYKTYpY Kypcy, 30pi€HTYBaTH CTYACHTIB Yy METOAMYHUX 1 AUJAKTHYHUX
MaTepiajax J0 BUBYCHHS KypCy, €JICKTPOHHUX JDKEpes, KOHTAKTIB IJIs OpraHizarii
JMCTaHIIIHOT B3aEMO/I1 13 BUKJIaJaueM Yy pa3i moTpedu TOoIIo;

- PEKOMEHAYETHCS Y3TOJUTH 13 CTYJEHTAMH «IPaBHJIa» B3a€MOIii, TOPSIOK
NPOBEICHHS 3aHATh, CHCTEMY OI[IHIOBaHHS TOIIIO;
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2) pimieHHss m1po BUOIp TEeMH A1 BUBYCHHS HA MOTOYHOMY 3aHSATTI
PEKOMEHYEThCS MPUUMATH CHIIBHO 13 CTYASHTAMM: PO3IOIiI BIAMOBIIAIBLHOCTI 32
NpOIleC BHUBYEHHS TEMU aKTHUBI3Y€ aBTOHOMHICTH CTYJICHTIB, W0 IIIJIBUIIYE
MOTHBAIIIIO 10 HABYAHHS;

3) po3Moia BIAMOBIAAILHOCTI BIJIMBAE€ HA BiABIIYBaHICTh 3aHATh; BIJACYTHICTb
YKOPCTKOTO KOHTPOJIIO 3a BIABIAYBaHICTIO 3 OOKY BHKJIajlaua CTBOPIOE CHUTYAIIilO
JOBIPY JIO CTYJICHTIB, MIJBUIIYE YCBIIOMJIEHICTh Ta BIJMOBIIAJIbHICT CTY/ICHTIB;

4) eK1IiH1 3aHATTS PEKOMEHIYEThCS MPOBOJUTH Y (POpMI J1aJIOTy, CIOHYKAIOUH
CTYICHTIB 10 AUCKYCIH;

5) mpakTU4HI 3aHATTA, KOMITIOTEPHI MPaKTUKyMH, JabopaTtopHi poOoTH
PEKOMEHY€EThCS POBOAUTH Y (hOPMi CYIIPOBOTY, TIPHU IIOMY:

- OpraHi30BYBaTH HABYAHHS 4Yepe3 3aHYPECHHS Yy MPAKTUKY PO3B’SI3yBaHHS
HaBYaJbLHUX 3aBJIaHb;

- BIJIMOBJISTHCS BiJl CHCTEMH <«BHKJIMKY JIO JOIIKW», HAJAlOUU CTYyJCHTaM
MOXJIMBICTh CaMOCTIMHO BHSBIATH OakaHHs NyOJIIYHO pO3B’SI3yBaTH 3aBJIaHHS,
JIOTIOBiJaTH TOIIIO;

- KOMEHTYBATH JIii CTyACHTa IiJl Yyac MyOJIYHOTO PO3B’sI3yBaHHS 3aBlIaHHS,
BiJICTIIKOBYIOYM JIOTiIKy TpPYHOBOIO TPOIECY; 3amUTaHHIMH 3alydaTH [0
00TOBOPEHHS 1HIIMX YYaCHUKIB IPYIIH;

- 3aiiMaTM  TO3WIIII0  CIOCTepirada, TMOKIANAOYUCh HA  TPOIECH
caMoopraizaiii y rpyii;

6) KOHTPOJIbHI 3aX0JI1 PEKOMEHIYETHCS MPOBOJAUTH 3 TIOTIEPETHIM y3TOKEHHSIM
13 cTyIeHTaMu (OpM Ta MOPSJIKY IPOBEICHHS;

7)cucteMy Ta TPUHIIMIN OI[IHIOBAHHS TOBHUHHI CTOCYBaTHUCS HE OCOOHMCTOCTI
CTyJIEHTa, a WOTr0 YCIINIHOCTI; PEKOMEHIYEThCSI MPOTATOM BCHOTO HYacy B3aeMOii
HaragyBaTH CTYyACHTaM KpHUTepii OI[IHIOBaHHS, OOTPYHTOBYBATH M Y3rOJKyBaTH 13
CTyJICHTaMH PEUTUHTOBI OIIHKH;

Icuxonoeciuni acnekmu poO3BUTKY JOBIPH 10 BUKJIa/a4ya y CTYACHTIB TEXHIYHOTO
YHIBEPCUTETY BKJIFOUAIOTh TaKl MO3MIII:

1) 3aranpbHUN peKOMEHAOBAaHUH IMIJIX1]] JO OpraHizailii OCBITHHOI B3a€EMO/IIi:

- JOTpUMaHHS TPHHIMWIIB, BU3HAYCHHX SAK TMEPEIyMOBH €KOJIOTi3allil
OCBITHBOT'O CEpeIOBUINA [S]; Iepexi Bii KPUTUIHOTO MUCIICHHS JI0 €KOJIOTT9HOTO;

- mepexia BiJ JIUPEKTUBHOIO YIPABIIHHSA HaBYaHHAM JO0 CYNPOBOAY 1
HACTABHHUIITBA;

2) mpoBeIeHHS OpraHi3alliitHOl 3yCTpiui:

- TepIly 3YCTpid PEKOMEHIY€EThCS PO3MOYMHATH 13 3HAHOMCTBA, B MPOIIECi
SIKOTO PEKOMEHAYETHCS IEMOHCTPYBATH KOHTPYEHTHICTh, CAMOPO3KPHUTTS, IOBIPY;

- 1] 9ac MepIIoi 3yCTpidl peKOMEHIYE€TbCA BCTAHOBUTU «POOOUYUI COIO3» 13
TPYMOI0, CIIPUSITH CTBOPEHHIO y TPYyIIl aTMocdepu Oe3neKu Ta piBHOT B3a€MO/IIT;

- 1] 4ac YCTaHOBYOi 3yCTpiul peKOMEHAYETHCS 00’ €THATHCS 13 CTyJ€HTaMHU
710 TIPOOJIEMHO-OPIEHTOBAHOI TPYITH JJIsl BUPIIICHHS 3aB/IaHb BUBUEHHS JUCIUTLIIHHY;

3) akTUBI3yBaTH MOTHBAIlIIO CTYACHTIB 10 HaBYAHHS PEKOMEHAYETHCS ILITXOM
PO3MOITY BIAMOBIIAIBHOCTI MiX BUKJIaJa4eM 1 TPYIOI0 3a TOCTAaHOBKY U BUPIIIECHHS
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HaBUYAJbHUX 3aBJaHb, IUISIXOM CIIOHYKAaHHS CTYACHTIB 10 aBTOHOMHOCTI Ha TUIAXY
npo¢eCIfHOr0 CTaHOBJICHHS,

4)Bubip TemHu IS BHUBUYEHHS HAa TMOTOYHOMY 3aHATTI PEKOMEHAYETHCS
3MIIACHIOBATH, BUXOASYM 3 KOTHITUBHUX OCOOJIMBOCTEH Mpoliecy Mi3HAHHS TPYMH B
[iJIOMy Ta KOXXHOTO CTYyJEHTa 30KpeMa; IIiJl Yac MPOBEACHHS TPYMOBUX 3aHSThH
PEKOMEHY€EThCS MIATPUMYBATH BCEPEIMHI IPYIH KOTHITUBHY €MIaTilo;

5) KOMYHIKaTUBHY B3a€EMOJIIIO 13 CTy/IEHTAaMH PEKOMEHAYETHCS OPraHi30BYBaTH,
BUXOJSTYM 13 TO3UIlii MapTHEPCTBA, B3a€EMHOI TOBAarv, BpaxyBaHHS Ta y3TOKCHHS
MO3UIII KOXXHOTO; yTPUMYBATHCS BIJl €KCHEPTHOI MO3MIli, HAJarouu IepeBary
caMOpETyJIAIl Ta camMoOpradizaiii Tpymu; 3 METO AaKTHBi3aIlli Cy0’€KTHOCTI
aBTOHOMHOCTI CTY/CHTIB PEKOMEHIY€EThCS YTBOPIOBATH MPOOJIEMHO-OpPIEHTOBAHI
Ipynu i3 BUPINIEHHS HABYAIBHUX 3aBAaHb IiJ 9ac KOXXHOTO 3aHATTS; MPHU IbOMY
BHUKJIaJIad TOCTA€ HE EKCIEePTOM, a YAaCTUHOK TPYMOBOTO MPOIECY, a CTYACHTH
3a]y4yaroThCs A0 MPOLECY 3a BIAaCHUMU Oa)KaHHSIM Ta TOTOBHICTIO;

6)y Tmpolieci TPOBEAEHHS 3aHATh PEKOMEHIYEThCS CHpUATH (HOPMYBaHHIO
MICUXOJIOTIYHO O€3MEeYHOTO CepeloBHINa, JIe MaHye aTMocdepa MPUUHSITTS, € MicCIe
JUISL TIPOSIBY €MOIlI, eMOIiiHOT eMrartii, SK CTyJeHTaMHu, TakK 1 BHUKJIaJaueM;
MO>KJIBICTh TIPOSIBIISITH KOHTPYCHTHICTD CIIPHSIE PO3BUTKY JTOBIPH;

7) KOHTpOJIBHI ~ 3axoau B armocdepl  BUIPaABIAHOI  BUMOIJIUBOCTI,
JTOOPO3UUIUBOCTI, 3 TIOMEPEIHIM y3T0DKEHHSIM 13 CTyJA€HTaMHU YMOB 1 (POpM iXHBOTO
NIPOBEJICHHS Ta OI[IHIOBAHHS PE3YJIbTaTiB; PEKOMEHIYEThCS JOTPUMYBATHUCS MPaBUIIa
0€301IHOYHHUX CYJKEHb MO BIJHOIIEHHIO O OCOOMCTOCTI CTYJEHTa Ta OLIHIOBATU
HOro ycHixu y HaBYaHHI;

8) BUSIB BUKJIQZa4€M JIOBIPH JI0 CTYACHTIB CIIPUSE PO3BUTKY JIOBIPH Yy BiIMIOBIIb,
a OTXKE BHKIaJadaM pPEKOMEHIOBAHO HaJaBaTH CTYACHTaAM <«KPEIUT» IOBIpH,
KepyBaTHucs MpodiUTapHUM MiAXO0AO0OM MO BIJHOLIEHHIO 10 CTYHIEHTIB, A0 cede Ta
camoi cuTyarii B3aeMoii.

Hapeneni pekomeHalii MOXyTh CTaTH Y Haro/il y mpolieci opraxizaiiii OCBITHbO1
B3a€EMO/II1 3 METOIO 1i rapMOHI3allii Ta PO3BUTKY Y CTYJEHTIB JIOBIpH JO0 BHKJIajgadya y
TEXHIYHOMY YHIBEPCUTETI.

Kniouosi cnosa. nosipa, CTYIEHT, BUKJAJad, TEXHIYHUM YHIBEPCUTET, OCBITHS

B3a€EMO/IisI, PO3BUTOK JIOBIpPH.
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['oOBHUM HEOJIIKOM MACHBHOTO METOJY TEIUIOBOTO HEPYHHIBHOTO KOHTPOJIIO
H1JIIUITHUKIB € TPUBAIICTh Yacy BUXOAY 00’ €KTY KOHTPOJIIO B PEXKUM KOHTpPOJIO [1].

Meton BU3HAUCHHS IIBUJKOCTI HArpiBy MIIIIUITHUKIB KOYEHHS Ta MOPIBHSHHS
OTPUMAHMX 3HAYE€Hb 13 J1aMa30HOM JOMYCTUMUX 3HaueHb kputepio «bII» no3Bosse
CKOPOTUTH 4ac BUIPOOYBaHHS MiAMIMITHUKOBOTO BYy3Jia 1 JaTH OIIIHKY TEXHIYHOTO
CTaHy MIAIIMITHUKIB KOYEHHS Ha MOYATKY €KCIUTyaTallii yCTaTKyBaHHS 3a MIBUAKICTIO
HarpiBy. lle mae 3MOry 3MEHIIUTH CIOXUBAHHS €JIEKTPOCHEPTrii uepe3 MOKIUBICTh
pPaHHBOTO BIJKIIOYCHHS EHEPrOCHOXKUBAIOUOTO YCTATKYBaHHS Yy pasl JePeKTy
MiIMUITHAKOBOTO  By3ia [2]. HemomikoM 1,0T0  METOQy €  HEOOXIJTHICTH
pO3paxoByBaTH IIBUAKICTh HArpiBaHHS BIAMOBITHO [0 OTPUMAHUX 3HAYCHD
TEMIEPATypy HArpiBaHHA MIJIIUITHUAKA.

Po3pobnena mpuknaana mporpama «Bearing», sfika nae 3Mory aBTOMaTHYHO
po3paxyBaTd IIBUAKICTb HarpiBy 3a OTPUMAHUMH 3HAYCHHSIMHU TeMIEpaTypu
HarpiBy, OI[IHUTH TEXHIYHWW CTaH MiANIMITHAKA KOYCHHS 332 KPUTEPIEM IIBUIKOCTI
HarpiBy «bIl», mopiBHATH 3HaYeHHS TeMmmepaTypud 13 HOPMOBAHUMHU 1 3pOOUTH
BHCHOBOK PO TEXHIYHUHN CTaH MiAIIUITHUKA KOYEHHSI.

[Tporpamy «Bearing» cTBOpeHO 3 BUKOPHCTAHHSM MOBH NporpamyBaHHs Python
3.8.32 1 mpuzHaueHo i1 OOpOOKM Ta aHami3y JaHUX NPO TeMIepaTypy HarpiBy
MIITAITHAKIB KOYEHHSI Ha OCHOB1 OyJb-siKOi ormepariiiHoi cuctemu s [IK abo
MOOUTEHOTO TpHUCTporo. s rpadidnHoi Bizyauizalii nmporpamu Oyjia BUKOpHCTaHa
610mioteka tkinterlibrary. /Ins 06poOku gaHux Oyja BUKOpUCTaHA maHaa-610110TeKa.
Kox mporpamm Bkasanui Ha puCyHKYy 1. IIporpama mpucrocoBaHa 1yl BBEIECHHS
3HAUEHb TEMIIEpaTypyu MIOXBWJIMHUA. 3HAYCHHsS TEMIIEpATypH HArpiBy BHOCSATH B
eJIEKTPOHHY KHUTY y BUIIISLAL (aiimy dopmaty xlsx, xls, CTBOPEHOT0 3a TOMOMOTOI0
nporpamHoro komiuiekcy Microsoft Office Excel (pucyHok 2).

VY BxigHOMY (ailyii — eNneKTpoHHIM XISX-KHM31, KUIBKICTh JeTaliell peryiroeThes
KUIBKICTIO JIUCTIB B caMiil KHU31 (TIporpaMa MPOBOAUTH PO3PAXYHKH IO KOKHOMY
aucTy). OniHKa TEXHIYHOTO CTaHy MiIIMITHUKIB KOYEHHSI BUKOHYETHCS TPOrPaMOI0
JUTSL KOSKHOTO MMiJIIIMITHUKA, SKOMY BIJIMIOB1/Ia€ OJMH JTUCT XISX-KHUTH.

30BHIIIHIA BUIJISAA A1aJlOTOBOTO BIKHA JUIsl BBEJEHHS IHTEpBaIy 4acy
PEryJsipHOTO  pEXUMY  HArpiBy  MIAIIMIHMKA, HOPMOBAHOI  MaKCHMaJbHOT
TeMIEepaTypH 1 MIBUAKOCTI HArpiBY MiIIMITHUKA BKa3aHUN HA PUCYHKY 3.
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Puc. 1. Kog nporpamu «Bearing» Puc. 2. Bun BxinHoro ¢aitny

Puc. 3. lianorose BikHO nporpamu «Bearing»

B xoni BUKOHAaHHS MporpamMu 3 PO3paxyHKY IIBHAKOCTI HarpiBy MiJIIMITHUKIB
KOYEHHSI Ta MOPIBHSAHHS OTPUMAaHUX TaHUX TeMIepaTypd 1 MIBHUAKOCTI HArpiBy 3
HOPMOBAHUMH (HOPMY€ETHCS /IBa 3BITH: CKOPOUECHUHN — y BUTIISAI TEKCTOBOTO (ailny B
dopmari txt (pucyHOK 4) 1 AeTadbHUI — y BUIIISI €JIEKTPOHHOI Tabnuii B Gopmarti
xlsx a6o xlIs (pucyHox 5).

Puc. 4. Cxopouenuii 3BiT Puc. 5. Posropuytuii 3BiT

[Tpu ¢dopmyBaHHI CKOPOYEHOrO 3BITY Yy BHUIJISAI TEKCTOBOTO (aitny «Hazpa
BxigHoro ¢ainy-REPORT» B opmarti txt, TeXHIYHMI CTaH MiAIIMITHUKA BU3HAETHCS
K «IpUIATHUI» ab0 «HENpHUIATHUI» 10 MOJAIBIIOT0 BUKOPUCTAHHS. BHCHOBOK
(bopMy€eThCS MIITXOM MOPIBHIHHS OTPUMAHUX 3HAYEHb KOHTPOJIHOBAHUX MMapaMeTpiB
3 BBEJACHUMH BPYYHY HOPMOBAHMMH 3HAYCHHSMH IIBHIKOCTI HarpiBy 3a KpuUTEpieM
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«BbIl» 1 MakcUManbHOIO JOMYCTUMOIO TemmepaTyporo HarpiBy. llpu ¢opmysanHi
pPO3rOpHYTOro 3BITY y BHIJISAI TeKcToBOro dainy «Hassa BxigHoro Qaitny-
REPORT» B dopmari xIsx a6o xIs BuzHaeTbes gk «MctruHa» a00 «JI0&Kb».

KoHTpons mBUAKOCTI HarpiBy MIAMIMIHUKIB — 3A1MCHIOETBCS Ha  CTajii
PeryJIIpHOTO HAarpiBy, K€ € 1HIUBIAYaJIbHUM JIs1 KOXKHOTO MMiAMUITHUKA. B mporpami
«Bearing» mnepenbayeHa (QyHKISI BCTAHOBJICHHS 1HTEpBaly 4dYacy, B SKOMY

PO3pPaxOBYETHCS MBUAKICTh HATPIBY MiAMIUITHUKA 32 HOPMYJIOHO:

AT,
ﬁHH - ?' (D

ne AT,, - abCOMOTHUN JaHIIOTOBUM MPHUPICT KOHTPOJBHHUX BHUMIPIB TeMIepaTypH,
°C; At - iHTepBaJ Yacy MiX KOHTPOJIbHIMH BUMIPIOBAHHSIMH TEMIIEPATYPH, XB.

VY pexumi HEBMOPSAIKOBAHOTO 1 CTa01II30BAaHOIO PEXKUMY HArpiBy po3paxyHOK
IIBUIKOCTI HArpiBy HE MPOBOJUTHCS, Y 3B SI3KY 3 TUM, 110 PEKUM HEBIOPSIKOBAHOTO
HarpiBy HE MPUIATHUN JJIA JIarHOCTUKH, a B CTAOUTI30BAaHOMY PEKUMI MIBUIKICTH
HarpiBy HaOJIM>KEeHA A0 HYJIS.

TpuBanicTh KOHTPOJIO TEMIIEpaTypH HArpiBy 3aje€KUTh BiJl HOPMOBAHOTO 4acy
ctabumizanii HarpiBy MiJIIMITHUKA. TpUBaNiCTh MOHITOPUHTY HapaMeTpy HIBHUAKOCTI
HarpiBy 3aJIKUTh B 1HTEPBALy PETYISIPHOTO PEKUMY HArpiBy MiIIMIHUK, SKUN
nepeaye pexxumy cradimizamii HarpiBy. [lpu omiHII mapaMeTpy HIBUJIKOCTI HarpiBy,
MOKHa CKOPOTHTH 4Yac KOHTPOJIO, YBIBIIM JaHI TEMIEpaTypu JIMIIE MiJ 4ac
PETYJISIPHOTO PEXUMY HarpiBy.

SIK1o nporpamMa BUKOPUCTOBY€ETHCS B PEKHUMI PYUYHOTO BBEICHHS JITaHUX, 3pYYHO
BBOJIUTH OTPHUMAaHI 3HAYECHHS TEMIIEpaTypu HarpiBy B ocoOUCTOMY cMapTdoHi, B
KU 1HTETpyeThCsl mporpama «Bearing». 3a pe3ynbTaTaMu pO3paxyHKY IIBUIKOCTI
HarpiBy, SIKI BiIOOpa)xaroThCS Ha €KpaHi TenedoHy, Oomeparop Mae 3MOry poOoHUTH
OMEpaTHUBHY OLIHKY TEXHIYHOTO CTaHy HIANIMIHUKAa KO4YeHHS. KMo MmOTpiOHO
CTBOpUTH 0a3y MAaHMX TEXHIYHOTO CTaHy MIAIIMIHUKIB, MOJajbllla Iepeaada
iH(popmaii B popmi daitny 3BiTy «Hazpa Bxignoro ¢aitmy-REPORT» nepenaerncs 31
cmaptdoHa A0 apxiBy LEHTpalbHOro Komm'torepa. [lepemaua 3aificHIOETBCS depes
npotoBuii abo 6e3apoTosuit Wi-Fi i3 miarpumkoro IEEE 802.11 mpuctpois.

Ha BupoOHMIITBI BHHHKAae 3MOra BUKOPHUCTOBYBaTH mporpamy «Bearing»
IHTErpyBaBIlU ii B aBTOMAaTU30BaHYy CHUCTEMY MOHITOPHUHTY 32 (DAKTUYHHUM CTaHOM
oOy1aHaHHS.

Takum uyMHOM BOpPOBaJKEHHA Tnporpamu  «Bearing» 11 KOHTpPOJIIO
Ipale31aTHOCT] MiJAUIMIIHUKIB JO03BOJIAE YCYHYTH BIUIMB JIIOJUHU Ha pPe3yibTaTH
KOHTPOJIIO Ta 3JIHCHUTU ONEpPAaTUBHY OLIHKY TEXHIYHOIO CTaHy MIJIIUITHUAKA
KOYEHHS.

Knrouosi crosa: HepyiiHIBHUI KOHTPOJIb, TACUBHUIN METO]] TETJIOBOTO KOHTPOJIIO,
HIAMUATHAK KOYEHHs, aBTOMaTH3aIlisl.
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YK 37.013.3
KEY CHALLENGES IN INTRODUCING INNOVATIVE TECHNOLOGIES INTO
THE EDUCATIONAL PROCESS

Kriukova VY. S, Ameridze O. S
National Technical University of Ukraine «lgor Skorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: ameridze@ukr.net

Before considering the current situation in the higher education system, it is
necessary to determine what is the basis of innovation and what is their relevance.
The term "innovation" translated from Latin means "renewal, innovation or change."
Innovations exist in various spheres of human activity, but in educational activities is
the use of new knowledge, techniques, approaches, technologies for obtaining results
in the form of educational services due to social and market demands.

Innovative learning technologies include: interactive learning and computer
technologies. Innovative learning technologies that reflect the essence of the future
profession, form the professional qualities of a specialist, are a kind of training
ground where students are able to practice professional skills in conditions close to
real [1]. Modern innovative technologies has been introduced into the system of
higher education elements due to problematic issues of the scientific research. Many
authors distinguish the following innovative learning technologies such as contextual,
simulation, problem, modular, full acquisition of knowledge, distance learning.

Students can form innovative thinking, firstly because of active motivation in
learning, implements the requirements of self-management, individual self-
government to achieve ambitious (in the good sense of the word) life goals, secondly,
if the educational process reflects the full life cycle of professional activity with its
innovations and contradictions. Modern processes taking place in our country no
longer speak of possible transitions to innovative technologies in education, but of a
sustainable development of the entire education system, which is inconceivable
without innovation, as it is dictated by the socio-economic conditions of society.

Analysis of scientific and pedagogical literature shows that innovative learning
models are based on the concept of developmental learning. Approximate generalized
model of innovative learning involves: active participation of students in the learning
process; opportunities for applied use of knowledge in real conditions; approach to
learning as a collective rather than individual activity; emphasis on the learning
process, not on memorizing information.

Considering all participants in the educational process (teacher and student) it is
necessary to understand that innovation is primarily associated with the teacher's
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awareness of the need for change, innovation. E. Rogers identified four options for
the perception of innovation by the individual: 1) the perception of innovation with
its subsequent use; 2) complete rejection of innovation; 3) perception with a refusal to
innovate; 4) rejection of innovation with subsequent perception [2].

Since the main task of psychological and pedagogical support of the learning
process is self-learning and self-education, the current situation of student readiness
for self-regulation of their own learning process and self-control of their actions
remains a high bar, the dream of every teacher.

The most common innovations: information and communication technologies,
personality-oriented learning, design and research activities, gamification
technologies.

However, it turns out that using their experience is not so simple for a number of
reasons. The main problems can be formulated as follows:

insufficient methodical elaboration of innovations, necessity of retraining and
motivation of personnel, low motivation of students, lack of necessary material and
technical equipment of educational institutions, insufficient methodical elaboration of
innovations, constructive novelty is created by teachers-innovators.

Speaking of innovations in higher education, we must not underestimate the
psychological barriers that arise when a person encounters something new and
unknown, always causes people anxiety and fear.

Keywords: innovative learning technologies, innovation, innovative learning

models.
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PosrnsmaeThcst 3amaya CTBOpEHHS aHaji3aTopa KOPO3iWHUX MIKPOYIIKOKEHb
MOBEPXOHb KOHCTPYKIIiM HAa OCHOBI qudy3HOTO BimOuBanHs cBiTia (JIBC).

CTBOpeHHS Takoro aHamizatopa nOTpeOye poO3B’s3aHHS TEXHIYHUX Ta
TEOPETUYHUX 3a]ad 1 TMOJOJIaHHS MOB’sI3aHUX 3 HUMHU mpotupid. OnHe 3 Takux
OPOTUPIY TOJSATA€ y TMOENHAHHI HAAIMHOCTI KOHCTPYKIIT CEHCOpa, BaXKIMBOI IS
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po0OTH B MOJILOBUX YMOBAX, 3 MPOCTOTOIO HOTO peaii3allii Ta 00CIyroByBaHHS, 110
BIUIMBA€ Ha BapTICTh NpPWIALy 1 HOro BUKOpHUCTAaHHS. [HIIE mpoTUpIYYS — MIiX
IPOCTOTOIO 1HTEPIPETAIli OTPUMAHOIO ONTUYHOIO CUTHAITY Ta PENpe3eHTATUBHICTIO
OTPUMAHHUX OILIIHOK XapaKTePUCTUK KOPOZIMHUX MIKPOYIIKOIKEHb.

Jnst  4acTKOBOTO  pO3B’s3aHHS  BKa3aHUX  NPOTUPIY  TPOMOHYETHCS
BUKOPHUCTOBYBaTH  po3poOsieHuit  mpusmatuuHuii  cencop JIBC, ontuyna
KoH(piryparis skoro mokazaHa y mpami [1]. Tam e omucaHa ONTHKO-MEXaHIYHA
cxema ceHcopa JIBC 1 G10K €JIeKTpOHIKH, SKUN CKJIAa€ThCad 3 TeHepaTopa CTpyMy
CBITJIOZI0/1, 10 KEPYETHCS T€HEPAaTOPOM IMIYJbCIB, 15-KaHanbHOI cxeMu 00pOOKHU
curnainy, AL, pinkokpuctaniyHoro uudpoBoro iHIUKaTOpa, CXeMU BUOOPY KaHAJIIB
3 HU(POBUM 1HIUKATOPOM KaHATIB Ta OJIOKY >KUBJICHHS.

st ynockonanenus cencopa JIBC, 3amicTh 3ampomoHoBaHoi B [1] cxemwm
dbopMyBaHHS 1 00pOOKM CHUTHANY, TYT IPOMOHYEMO BCl KOMIOHEHTH CXeMH (KpiM
reHepaTopa IMIyJIbCIB CTPyMy JUIs CBITJIOAIOJA Ta NEPBHUHHUX IiJCHIIIOBAYiB
curHajiiB (oToAI0AHOT JIHIMKK) cuHTe3yBaTH 3a gonomoroo UDB-marpumi [TKBM-
mikpokoHTpoJiepa PSoC5 Bixg Cypress Semiconductor (puc. 1). IlepeBaramu Takoro
OiaxXoay €  Oulbllla THYYKICTh  IMPOEKTYBAaHHS, MOXIIMBICTH  IMPOTPAMHOTO
BUPIBHIOBAHHS KaHaJiB OOpOOKH CHUTHAJIIB, MOXJIMBICTh iX MOMEpeaHboi HMUppPOBOi
00pOOKHM 3 BUBEJICHHIM JaHUX Ha MAaTPUYHUM PIAKOKPUCTATIYHUHN 1HAUKATOP abo0 ix
nepenadi B [1K 3a 1omomMororo mociiiIoBHOr0 aCHHXPOHHOTO 1HTEp(dECy.

+5B

TOMEPE[HIN
NIFCUIOBAY PSoC5

4

AU
KaMyTATOP
AHATIB

TOMNEPEAHIA
TIACUIOBAY
IVOEPEHLIAHWA
MICUMIOBAY

'3

MOMNEPEAHIA
MIACUNIOBAY
(ONOPHMW)

PIIKOKPUCTANI I4HAT
LIMOPOBAN IHOUKATOP

—
BIOK
JKUBNEHHA

'3

2
TEHEPATOP -
CTPYMY

Puc. 1. brok-cxema ¢opmyBaHHs 1 00poOKM CUTHAITy ceHcopa AU(Y3HOTO BiIOMBaHHS CBITJIA

JIpyroro Ba)XIMBOIO 3a/1a4ueio 31 CTBOPEHHS aHaIi3aTopa € po3podka eeKTUBHOTO
QITOPUTMY  BIATBOPEHHS  XapaKTePUCTHK  KOPO3IMHUX  MIKPOYIIKOKECHb
(KOHIIEHTpallii Ta cepeAHBOr0 PO3MIpPY 3€pEH KOPO3ii) 32 CUTHAJIAaMU CEHCOpa.

VY [2] onucaHo anroputM, 10 0a3yeThcs Ha 3BOPOTHOMY MeToj1 MonTe-Kapio
MOJICJTFOBaHHSI TTOBEPXHEBOi KOHQIryparii MIKpOYIIKOJKeHb 13 MpsMor MoHTe-
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Kapno cumymsiiero GpopmyBaHHs cUTHay ceHcopa Mu(y3HOTO BiOWBAaHHS CBITIA
TS Tako1 KoHGirypartii. Takuii miaxia € 10Bojl rpoMi3IKui 1 moTpedye 6arato yacy
Ha BIJITBOPEHHS XapaKTEPUCTUK MIKPOYIIKOPKEHb Ta BUKOpUCTaHHS noTyxHoro [TK.

JIns miaBuiieHHsS €()EKTUBHOCTI BIATBOPEHHS XapaKTEPUCTHUK MIKPOYIIKOJKECHb
IPOMOHYETHCSI BUKOPUCTAHHS aJITOPUTMIB, 0a30BaHMX HA HEHUPOHHUX Mepexkax, 3
BUKOPUCTAHHAM JJisl iX TpeHYBaHHS HAaOOpIB CUTHAJIIB CEHCOpa BiJl CUHTE30BaHUX
IMITaTOpIB MIKPOYIIKOKEHb. BoJHOYac, BUKOPHUCTaHHSA 3aMICTh aMILIITYIHUX
3HAQYEHb CUTHAJIB 1X CHEIU(IYHUX XapaKTEPUCTUK (HAMPUKIIAM, TJaIKICTh 0OBIIHOT
YU TOJIOKEHHS MIKIiB [2]) Ma€ MOXIMBICTh CyTTEBO 3MEHIIUTH PO3MIp BXIAHOTO Ta
OpUXOBaHMX  IapiB  HelpoHHoi Mepexi. lLle  mo3Bonse  po3paxoByBaTu
XapaKTepUCTUKU MIKpOYyIIKOpkeHb Ha camoMy [IKBM-mikpokontponepi. [lpu
IIOMY 3aMiCTh MiKpoKOHTpojepa PSoC5 nominbao BukopuctoByBatd PS0C6, sikwmii
Ma€ 3HaA4HO OUTBIINIA 00cAT (ie-nam’ ATi.

Takum dYHWHOM, BHUKOPWUCTAHHS MIKPOKOHTPOJEpAa J1a€ 3MOTY CTBOPHTH
NOPTATUBHUI MPUIIAJl 32 PAXYHOK CIPOLIEHHS €JIEKTPOHHOTO OJOKY 3 OJJHOYaCHUM
NIJBUIIEHHSAM HAAIMHOCTI Ta PO3pPaXyHKY XapaKTePUCTUK MIKPOYIIKOIKEHb Y
MPUCTPOI 3 BUKOPUCTAHHSIM HATPEHOBAHOI HEUPOMEPEKI.

Knrouosi cnosa. xopo3iliHI MIKpOYIIKO)KEHHS IMOBEPXHI, aHalli3aTop, CEHCOp,

nudy3He BinOuBanHs cBiTia, [IKBM-MikpokoHTpoJiep, HEHpOHHA MepexKa.
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E-mail: roman.yuzefovych@gmail.com

Opranizaiis Ta MIATPUMKAa CY4aCHOTO BHCOKOTEXHOJIOTIYHOTO BHUPOOHHUIITBA
noTpedye 3a0e3MeueHHs] 3aJlaHUX BUMOT JI0 HaJIMHOCTI Ta O€3MeKH eKcIuTyaTarlii
CKJIQJTHUX 1 JJOPOTUX 1HKEHEPHUX CIOPY/I, & TAKOK PO3POOKH CUCTEM KOHTPOJIIO, sIKi O
JIO3BOJIMJIA  TIPOBOJIUTH TOBHE OOCTE)KEHHS TEXHIYHOTO CTaHy OOJIaJHaHHS.
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HexTyBaHHs Ta €KOHOMISl Ha BH3HAUY€HHI TEXHIYHOTO CTaHy OOJaJHAHHS MOXKE MaTH
(daranbHl HACTIIKA Ta MPHU3BECTH JO BEJIMKUX BUPOOHWYMX aBapiil Ta €KOJIOTTYHHUX
karactpod, 30UTKM B SKUX MOXYTh OyTH AyXe€ BEIUKAMU. ToMy MpOBIIHI
BUPOOHMKHU y TEPEOBUX JEprKaBaX CBITY BKJIAJAIOTh 3HAYHI KOIITH y PO3POOKY 1
BCTaHOBJICHHsI 00JIaIHAHHSA UIS aHali3y TEXHIYHOI'O CTaHy BapTICTh SKOIO CKIIAJa€ B
cepenboMy 1-3% BiJl BAPTOCTI OCHOBHOT'O TEXHOJIOTIYHOTO OOJIaTHAHHS.

Ha cphoronHimiHii 1eHb BIiIOMO, IO JJII KOHTPOJIKO TEXHIYHOTO CTaHy O0JIaIHAHHS
e(eKTUBHUMH € 3aCTOCYBaHHS METOIB HEPYWHIBHOIO KOHTPOJIIO, OCKUIbKM BOHH
rapaHTylOTh BIJICYTHICTh OyAb-SKMX TMOpPYIICHb (YHKI[IOHYBaHHS OOJaJHAHHS B
MpoIeci Ta MICTS 3aBEPIICHHS KOHTPOJIO, a TAKOXK HAmpaBieHl HA IMIIBUIICHHS
HAJIMHOCTI Ta JOBTOBIYHOCTI, 3a0e3MeueHHs] BHUCOKOI EKCIUTyaTalliifHOi HaJiMHOCTI,
3MEHIICHHS 3aTpaT Ha TEXHIYHE OOCIYrOoBYBaHHsS Ta IOMEPEIKEHHsS aBapiiHUX
CUTYyAIlIll UM He3aIlJIaHOBAHUX MPOCTOiB [1].

VY Biaain MeToiB 1 3ac00iB BiIOOPY Ta 0OPOOKHM A1arHOCTHUHUX cUTHAMIB Pi3UKO-
MmexaHiyHoMmoro iHcTuTyTy 1Mm. ['. B. Kapnenka HAH VYkpainu po3poGiaeHo psif
BIOPO/11arHOCTUYHUX CUCTEM JIJIs BiAOOPY Ta 0OpoOKH BiOpaIliiHUX CUTHATIB 3 METOIO
BUSIBJICHHS 1 TIOTIEPE/KEHHS aBapiHMX CUTYyallli Ha MeXaHi3Max 3 00epToBUM abo
00epTOBO-TIOCTYNAILHUM PyXoM. Po3po0iieHi cucTteMu 3a0e3neuyroTh MepioudHui
KOHTPOJIb 00JIa[IHaHHS, BU3HAYAIOTh B PEKUMI PEaTbHOIO Yacy CEpeIHE KBAJPATUUHE
3HAYCHHsI BIOPONPHUCKOPEHHSI Ta BIOPOIIBUJKOCTI, CIEKTPU Ta OTMHAIOYl CHUTHAIB,
TEeHEPYIOTh BIAMOBIAHI 3BITH Ta apXiBYKOTh iX IS TMOJAJIBIIOTO aHaIi3y 3 METOIO
NPUAHATTS PIIIeHb MO BCTAHOBJIEHHIO TEXHIYHOTO CTaHy OOJIaJHAHHS.

Knouosi cnosa. TexHIYHMH cCTaH, BIOpOAIarHOCTMYHA CHUCTeMa, BlOpalliitHui
CUTHAJL.

Jlirepatypa
[1] I M. SBopcekuit, Mamemamuuni mooeni ma ananiz cmoxacmuynux koaueéans, JIbpiB: GMI

HAH Vxkpainun, 2013.

VJIK 620
ABTOMATHU3MPOBAHHBLIN IETEKTOP JIbIMA

bozcoan I'. A., I'nywenxo M. O.
Hayuonanvnoiii mexnuueckuil ynugepcumem Yxpaumvl
«Kuesckuii nonumexnuyeckuii uncmumym umenu HMeops Cuxkopckoco», Kues, Ykpauna
E-mail: bogdangalya@gmail.com

Pa3zBuTne COBpEMEHHON HAayKM M TEXHUKH, C OJHOM CTOPOHBI CYLIECTBEHHO
YIPOILAET KU3Hb YEJIOBEKA, C APYIrOM — CTAHOBMUTCS NPUYMHOM PA3IMYHOIO POJa
aBapuii, KaracTpod, KOTOpbIE OYE€Hb YacTO 3aKaHYMBAIOTCS TUOENbI0 JIOACH,
pa3pylICeHHEM MaTEPUAIBHBIX LIECHHOCTEH, BOSHUKHOBEHUEM CEPBE3HBIX HapyLICHUN
skosorud U T. A. Cpeau Takux KaracTpod OAHOW M3 CaMbIX ONACHBIX M YacTo
BO3ZHUKAIOIUX SIBJISIETCS TIOXKAP.
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Jlis  CBOEBPEMEHHOTO OOHApYKEHHsI OYaroB 3aJbIMJICHHS U BO3TOpaHUS,
OTOBEIIEeHHs 00 IBAKyalluH JIIO/IeH, a TaKk)Ke aBTOMATUYECKOTO BKIIFOUEHHUSI CUCTEMBI
MOXKAPOTYILIEHUsI, B HACTOSIIEe BpEMsS, MCIHOJIb3YIOT CHUCTEMBbl TOKapHOU
CUTHAJIM3AIMU, KOTOPBIE COCTOSAT M3 TEXHUYECKHUX CPEJACTB BBISBICHUS MPU3HAKOB
nokapa (JIaT4MKH), TEXHUYECKUX CpPEeACTB cOopa U 00paboTku HHpoOpMaIuu
(MpUEeMHO-KOHTPOJbHBIE MPUOOPHI) U TEXHUYECKUX CPEACTB OMOBELIECHUS (CBETOBBIC
U 3BYKOBBIE onoBelarenan). OQHUM U3 OCHOBHBIX 3JIEMEHTOB JIFOOOW TaKOl CUCTEMBI
SBJIAIOTCSL TaTYUMKHU JbIMa, OCHOBHAs 3a7aya KOTOPBIX COCTOUT B CBOEBPEMEHHOM
oOHapyxeHHUH ouaroB BosropaHus. CylIecTBYIOIUIME TEXHUUYECKUE PpEIICHUS
OTpEAEIIAIOT OYar BO3rOpaHUs MO MOSBICHUIO YACTHII JbIMa B BO3ayxe. Uem BhIlIe
YyBCTBUTEIHHOCTh JAaTYUKOB K KOHIIGHTPAIMM TaKUX YacTHUIl, TeM OOJbIIe
BEPOATHOCTh CBOEBPEMEHHOI'O0 OOHAPY)KEHUsSI OYara BO3TOPaHUsl U MPEJOTBPAIICHUS
MOKapoB.

CymecTByeT MmUpOKas HOMEHKIATypa JaTYMKOB JbIMa C Pa3IUYHBIMH
TEXHUYECKUMHU XapaKTEPUCTHUKAMU, B OCHOBY paOOThl KOTOPBIX IOJOXKEHBI
pa3iIMyHble METO/bl HEPA3PYIIAIOUIET0 KOHTPOJISl, KOTOPbIE MO3BOJISAIOT 3P (HEKTUBHO
pelaTh 3a7a4y CBOEBPEMEHHOTO paclo3HaBaHMs 4YacTHUIl JbiMa B Bo3ayxe [1-4]. B
TOXKE€ BpeMsl CYHIECTBYET psiJi CACPKUBAOIIMX (HAKTOPOB IJisi UX Oo0Jiee MIUPOKOTro
PUMEHEHUS:

- OmumbovHOe cpabaTblBaHUE CUCTEMbI ITPU HAIMYKHU B BO3AYXE YACTUIl BOJISIHOTO
napa, nbUIM WM TA0a4HOTO JIbIMa OT CUTapeT WJIU APYTUX CPENICTB JJIsl KypEeHHUS.

- CJOXHOCTh YCTAHOBJICHUS TPOBOJHBIX CHCTEM JETCKTUPOBAHHS JbIMa B
MOMEIEHUSX, TPU MPOESKTUPOBAHUH KOTOPBIX 3TO HE ObLIO MPEAYCMOTPEHO.

- IHep1IMOHHOCTH CUCTEM IETEKTUPOBAHMUS IbIMA

- OTcyTCcTBHE BO3MOXHOCTH OTCJICKHUBAHUSA COCTOSIHUSL JETEKTOPOB JbIMa B
pealbHOM BpPEMEHHU.

Jlyist perieHust MOCTaBJICHHON 3a/1auv OBLIO pa3pabOTaHO KOMITAKTHOE HAJICKHOE
aBTOMATU3UPOBAHHOE YCTPOWMCTBO JUIsl JIETEKTHUPOBAHUS U OLEHKHU KOHIIEHTpAllUU
JbIMa B JKWJIBIX M MPOMBIIIIEHHBIX MOMEIIEHUSIX C BO3MOXHOCTBIO CHHXPOHHOTO
OTIOBEIIICHMSI TI0JIb30BaTels U OTIPABKU CUTHAJIA HA MYJIbT MOXKapHOM oxpaHbl. Ero
IJIABHBIM MIPEUMYIIECTBOM SIBJISIETCS CIIOCOOHOCTh aHAM3UPOBATH COCTAB BO3/1yXa B
NOMEIICHUH Ha HAJIW4YUe Pa3UYHbIX TUIOB YaCTHUIl JbIMa, TO3BOJISIET
Npeaynpexaarh JIOKHbIE CpadaThbIBaHUA YCTPOWCTBA M ONPEAENsATh MaTepual
ropeHus Jyisi oBbIeHus 3G (HEKTUBHOCTH JIMKBUAIIMN odara mosxapa (puc. 1).

- JlaHHOE€ yCTpPOWCTBO, CHPOECKTHPOBAHO

i N Ha ocHOBe TexHomoruu Dual Optical

Detecto. Peanms3oBaHHass  JBYXBOJHOBAs

KOHIIETIIUST PaboOThl JEeTEeKTOpa JbhiMa B

COYETaHUU C IPABWIBHOW KOHCTPYKIMEHN

KaMepbl JaTuydKa I[O3BOJISIET O00ECIeYuTh

HaJIe)KHOE oOHapyKeHHe obnacreit

BO3TOpPAaHMUS HA  OCHOBE  3aBUCUMOCTH
Puc. 1. Beenauii BuI gaTuuka apiMa HHTCHCHUBHOCTH PACCCAHUS PA3JIUIHBIX
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JUIMH BOJIH CBETa OT pa3Mmepa 4dacTull ApiMa. [Ilutanue gatumka npiMa aBTOHOMHOE,
YTO MO3BOJIAET UCIIOIB30BATh €r0 B MOMEIICHUSX, [IPU MPOEKTUPOBAHUN KOTOPBIX HE
OBLIIO MPEAYCMOTPEHO MPOBEACHUE CUCTEM MPEYIPEKICHUS MOKAPOB.

Hcnonb30BaHne COBPEMEHHOU AJIEMEHTHOM 0a3bl U OECIPOBOJHBIX TEXHOJIOTHMA
nepeavyu JaHHbIX MO3BOJISET CYIIECTBEHHO YMEHBIINTh HHEPLUUOHHOCTDh CUCTEMBI U
OTCJIE)KMBATh €r0 COCTOSIHUE B pPeallbHOM BpeMeHH. JlaHHas cucTeMa MpUroaHa IJis
UCIIONb30BaHUs, Kak B JKWIbIX IIOMEUIEHUAX, TaK W Ha IPOMBIILIICHHBIX
OPEANPUATHUAX.

AHaJIN3 COBPEMEHHOI'O COCTOSIHUS PbIHKA JETEKTOPOB JIbIMa TOKa3al psif
MPEUMYIIECTB HALLIETO PELIEHUS.

Kntouesvie cnoea: HepaspylIAlOIIMN KOHTPOJb, AETEKTOP AbIMA, ONTHYECKHE

Metojbl, Dual Optical Detecto, cucteMbl OXKapHOW CUTHATU3ALINH.
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VJIK 536.62
METO/I CKOPOYEHHA YACY ITPOLIECY BUMIPIOBAHHA I KOHTPOJIIO
SIKOCTI ITAJIUBA

Cepeicnko P. B.
Inemumym mexuiunoi menaogisuxu HAH Ykpainu, Kuis, Ykpaina
E-mail: Serhiienko@nas.gov.ua

51 epeKTHBHOTO BHKOPHCTAHHS TMaIMBa aKTyaJIbHUM 3aBIAHHSM € BU3HAYCHHS
HOT0 SIKOCTI — TEIUIOTH 3rOpsAHHS (KanopiiHocTi). B IHCTUTYTI TeXHIUHOT TermIodi3uKu
po3po0JIeHO HOBMI KOHAYKTUBHUHN Kanmopumetp 3ropsiHHs KTC-4, sxuil peamizyroun
KBa31qu(EpeHIliaibHy CXeMy BHUMIPIOBAaHb IHTETPATBHUM CIOCOOOM, 3a CBOIMH
METPOJIOTIYHUMH Ta YaCOBUMU TIOKA3HUKAMHU HE TMOCTYMAETHCS IMIMTOPTHUM aHAJIOTaM.

Mera mOCHIKEHHS] — MABUIIECHHS TOYHOCTI 1 MIBHAKO/II BU3HAYCHHS TETUIOTH
3rOpstHHST maymBa. JIjisi TOCATHEHHS METH TIIOCTaBJIEHO 3aBIaHHS IPOBEICHHS
MOPIBHSUIBHOTO aHaN3y METOAIB OOpOoOJeHHS BUMIPIOBAJIbHOI 1H(pOpMAIi 1is
BU3HAUCHHS KaJOPIHHOCTI TalMBa Ta BHU3HAYCHHs pAIliOHATBHHUX [apameTpiB
BTOPUHHOI PETYNIOI0Y0i amaparypd MUIAXOM MaTEMaTHYHOTO MOJIEIIOBAaHHS Ta
EKCIIEPUMEHTAIbHUX JOCTIKEHb.

[IpoBeaeHO MOJICITFOBAaHHS CUCTEMH MPHU BIIMIHHOCTI ITapaMeTpiB KOMITEHCAIIMHOT
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KOMipkn Ta imitatopa Ha * 10% Bix
HOMIHAJIBHUX Ta  JOCTI/DKEHO  BEIUYHHY
NOXUOKM  BU3HAUEHHS  €Heprii. 3HaueHHS
NOXUOKH  3aJIeKUTh SK  BIJ  MapaMeTpiB
KOHCTPYKIIIi KaJIOpUMETPUYHOI CHCTEMH, TaK i
BIJl aMIUTITYd, mepiofay 1 ¢a3u KOJuBaHb. 3a
CTaJOi  aMIUTITyIM  KOJIMBaHb  HaWMEHIII
MOXHOKH CIIOCTEPITarOThCs Y BUITAKY, KOJIH Yac
IHTETpYBaHHs € KpaTHUM I[UIOMY YHUCIY
MepioJiB  KOJIMBaHb, a HaAWOUIbIIA MOXHOKA
CIOCTEPIratoThCs, SIKIIO Yac IHTETPyBaHHA CKJIa/Ia€ YBEPTh MEP101y KOIUBAHb.
BnpoBamkeHHs po3po0JIEHOTO METOAY 3 BHUKOPUCTAHHSM aBTOMAaTHU30BaHOI
CHUCTEMH BHMMIPIOBaHHS, KOHTPOJIO 1 YNpPaBIIHHS KaJOpUMETpa 3HAYHO CKOPOUYE
TPYAOMICTKICTh MPOBEACHHS KaJOPUMETPUUYHOTO JOCHIAY 1 BUKIIOYAE CYO'€KTHBHI
MOMMJIKH, 3MEHITYIOUN Yac MPOIeCy BUMipIOBaHHA. PO3BUHYTO METOJ TMHAMIYHOTO
BUMIPIOBaHHS IMITYJIbCHOTO TETUIOBUIIICHHS, IO a0 MOJJIMBICTh 3MEHIIUTH Yac
OTIPAIIOBAHHS PE3yJbTaTiB BUMIPIOBAHHS TETUIOTBOPHOI 3/IaTHOCTI MajuBa. 3arajioM
13 BIIOCKOHAJIEHHSM KOHCTPYKIIi TEIIOMETPHYHOI YyTIUBOI OOOJIOHKU IIBUIKOIIS
OJIEp’KaHHS PEe3yNbTATIB KaJIOPUMETPUYHOTO EKCIIEPUMEHTY 3pOCTa€ BJBIYi, IO B
YMOBaxX CTPIMKOTO PO3BHUTKY OiOCHEPTETHKHU 33JOBOJILHSE BUMOTAM JI0 KOHTPOJIO
SKOCTI MMaJIiBa.
Knouosi cnosa: xanopumerpis, SKICTh ANKBA, TEIJIOTA 3rOPaHHs, BUMIPIOBAHHS
TEIIOBOTO TIOTOKY.

UDK 535.317
LENS THERMAL STABILIZATION FOR MEDICAL THERMOGRAPHY

Muraviov O. V., Mamchur N. D.
National Technical University of Ukraine «lgor Skorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: stals98@ukr.net, nm1515497@gmail.com

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 is 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
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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
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 [7].

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
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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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VYK 534.231.2
KOCMETOJIOI'TYHUH YJIbTPA3BYKOBUI AIINIIKATOP 3 KEPYBAHHSIM
110 PAJJIOKAHAJTY

Jlosorcenko O. I1., Onuxienko 0. O.
Hayionanonuu mexniunuu ynisepcumem Yxpainu
«Kuiscokuti nonimexniunui incmumym imeni l2ops Cikopcbkozo», Kuig, Ykpaina
E-mail: dovzhenkoa@ukr.net, razrabotka@ukr.net

3a3BuYail KOCMETOJIOTIYHI YJIhTPA3BYKOBI MPHJIAIH CKIATAIOTHCS 3 0a30BOTO
0JIOKy, 110 BMIIIye B c001 BCl HEOOXIJHI €JIEKTPOHHI CKJIQJIOBl 1 YJIbTPa3BYKOBOI
rosioBkH (YTI'), sika 3’€qHYy€eThCS 3 6a30BUM OJIOKOM 3a JIOMTOMOTO0 THYYKOTO Ka0eo.
Lle He 3aBkau 3pYYHO MPHU POOOTI, a TAKOXK 3 YpaxyBaHHIM Mapa3sUTHHUX MapaMeTpiB
Kabeyll0 HakiIajlae OOMEXKEHHs Ha Jiana30oH poO0OYMX YacTOT MpUIaay 1 SKICTh
CHUTHAaJy, 110 MOJaeThes HAa Y.

ABTropamu OyB po3poOJieHHMH 1 TepeBIpeHUil arulkaTop 3 AaBTOHOMHUM
KUBJICHHSIM B BOYJOBAaHOTO aKyMmyjsTopa. YTpPaBiIiHHSI POOOUMMH pEeXKHUMAMU
aruikatopa BiIOyBae€ThbCsA MO pajioOKaHaTy 3a JOMOMOTOI MOOUIBHOTO TenedoHa,

152 Cexuyia 7. HEPYUHIBHUY KOHTPOJIb,
TEXHIYHA TA MEJUYHA JIATHOCTHKA, ITIAT OTOBKA ®AXIBIJIB I'AJTY3I



XX Mixcnapoona naykoeo-mexuiuna kongepenuia " IIPHIA/IOBY/IYBAHHA:
cman i nepcnekmueu’ , 18-19 mpaens 2021 poxy, KIII im. I2opa Cikopcvkozo, Kuie, Ykpaina

SKUW BUKOPHCTOBYETHCS TAaKOX 1 B SAKOCTI 1HAMKaTopa iHdopmarii mpo
KOCMETOJIOTIYHHIA CeaHC.
brok-cxema po3po0IeHoro armikaTopa npeacTaBieHa Ha PUCYHKY.

AgymymaTop DC-DC
1 MEPETBOPIOBAT

}

CrabimzaTop
g IlincHmoBaYd
TIOTYAKHOCTI

KorTpomep ,—T ‘ l
VIBIpa3ByKOBA
s rOIOBKa
—| B0k pagiokaHATy v
CinTesarop

t

Pucynok. brok cxema arutikaropa

PobGorotro ammikaTopa Kepye KOHTPOJIEp, SIKUA OOMIHIOETHCS JaHUMHU 3 OJIOKOM
paniokaHany, B AKOCTI SIKOro Oylo BHKOpUCTaHO cTaHmapTHuil Bluetooth-momynb
HC-05. KounTponep ympasisie CUHTE3aTOpPOM, 110 (OpMye CHUrHal yJIbTPa3BYyKOBOI
4acTOTH, SIKMU TogaeThbcsa Ha mifcuimoBad moTykHocTi (IIIT). Curnanm micns TIIT
NOJIa€Thcsd Ha yIbTpa3BykoBy ToJoBKY (YI'). OkpiM LBOro KOHTPOJEP BUMIPIOE
CTpyM crnoxkuBaHHs Y, 0 103BOJIsI€ BUBHAYATH KOHTAKT-HEKOHTAKT Y 31 MIKIpOIO
natieHTa. Takox koHTposep kepye pobotoro [T Ta DC-DC nepeTBoptoBava, sSKHii
dbopmye HeoOxiHy Hanpyry kuBieHHs [1I1. )Kusnenus koutposiepa, CHHTE3aTOpa Ta
O5moKa paJioKaHaNy 3IMCHIOEThCS BiA cTaliii3aTopa 3 MaluM BHYTPIIIHIM
CTHIOYKUBAHHSM €Heprii.

Taka moOymoBa amiikatopa J03BOJIMJIA MIHIMI3YBaTH IOBXKHHY KaOelo Bif
MIJCUIIOBaYa TMOTYKHOCTI 10 Y[, mO0 Jamo MOXIHMBICT, 3HU3BUTH 3aTyXaHHS
BHCOKOYAaCTOTHUX CUTHAJIB, a TAKOX 3a0e3meunia eneKTpoO0e3neyHICTh Ta 3pYUHICTh
Yy BUKOPUCTaHHI.

Knrouosi cnosa: ynbTpa3BykK, rojloBKa, ariikaTop.
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VJIK 37.013.3
OVERVIEW OF INTERACTIVE EDUCATION PLATFORMS WHILE
DISTANCE-LEARNING ACTIVITIES

Kriukova Y. S, Ameridze O. S
National Technical University of Ukraine «lgor Skorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: ameridze@ukr.net

Due to the epidemiological situation in the country, the teacher of higher
education is faced with new urgent which create the technical prerequisites for the
introduction and widespread use of distance learning in educational institutions, the
combination of traditional and informative technologies. The requirements for higher
education teachers are changing. They must not only have a theoretical basis, but also
show non-standard, creative thinking, flexible imagination, ability to perceive and
develop innovations, have skills in working with information technology, use
technically advanced equipment, use new platforms for organization their work.

Nowadays, there are many platforms for professional distance learning [1, 2].
Here is an example of distance learning platforms.

The Moodle (Modular Object-Oriented Dynamic Learning Environment)
platform is one of the most popular systems in the world. It was created by Australian
developer Martin Dugiamas and is used in more than 100 countries. The platform
allows the teacher to create qualified distance learning courses, in addition, it can be
adapted to the needs of a particular training project and supplemented with new
services. The Moodle platform makes possible to use a wide range of tools for
educational interaction between teachers and students. Moodle is designed with
taking into account the achievements of modern pedagogy. The main emphasis is on
interaction between students and the widespread use of discussion. In particular, it
provides an opportunity to:

» present educational material in various formats (text, presentation, video, web
page);

 test and interview students using multiple choice questions of correct answer
and comparison;

» perform tasks by students with the ability to send relevant files [3].

Learning.ua platform - contains online tests, interactive tasks in academic
subjects. Stepik Platform is a free educational platform for designing the open online
courses and practical classes. The Learningapps platform allows the teacher to create
different types of exercises on different topics or use ready-made ones.

The Padlet platform is designed to create tasks. The platform allows the teacher to
write instructions, add links, photos, videos, files, pictures, voice messages.

The virtual interactive whiteboard can be used for "brainstorming” with students
as a part of on-line lesson for generalization and systematization of knowledge, for
reflection; for placing educational information and practical tasks; for organizing on-
line task; for posting the project ideas and discuss them online.

154 Cexuyia 7. HEPYUHIBHUY KOHTPOJIb,
TEXHIYHA TA MEJUYHA JIATHOCTHKA, ITIAT OTOBKA ®AXIBIJIB I'AJTY3I



XX Mixcnapoona naykoeo-mexuiuna kongepenuia " IIPHIA/IOBY/IYBAHHA:
cman i nepcnekmueu’ , 18-19 mpaens 2021 poxy, KIII im. I2opa Cikopcvkozo, Kuie, Ykpaina

Prezzi is a platform for creating educational presentations, where the teacher can
choose a single background to present the explanation of a new material.

The LearningApps.org platform is an online service that allows the teacher to
develop interactive exercises and provides distance learning to each student.

The Mentimeter platform can be used to create and conduct surveys. The teacher
uploads a few questions to the site and then gives the students a link with an access
code. This can be, for example, a test with several possible answers. The platform
helps to track the dynamics of students' learning, as the results of each survey are
stored.

Thus, the use of interactive platforms creates many opportunities for increasing
students' interest in the learning process and contribution to the deepening of
knowledge. Interactive distance learning platforms helps to record the process of
understanding, mastering and creative application of knowledge when writing
practical tasks. Efficiency is ensured by the fact that students are more actively
involved in the learning process of not only maintenance, but also because of the
integrated tasks.

Keywords:. interactive education, interactive platforms, distance learning.
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3ACTOCYBAHHS KOPEJIALIIHOIO AHAJI3Y BIBPALIIMHUX CUTHAJIIB
JUTSL IOCJIDKEHHS TPUBOKOPO3IT

1’2)H60p0b1<m? 1. M., Caenxo P. T, 1’3)IO3eqboeul¢ P. M., YJluuax O. B.
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8i000py ma 06pobKu diacHOCMUYHUX cueHaie, Jlveis, Yrpaiua, 2T eXHON02IYHO-NPUPOOHUYUL

VHigepcumem, iHcmumym menekomyHikayitl, buoeow, Ilonvwa, & Hayionanvnuu ynisepcumem
“ JIvgiscora nonimexuixa’ , kageopa npukiadnoi mamemamuxu, Jlveis, Yxpaina
E-mail: roman.yuzefovych@gmail.com

[IpencraBieHO pe3ynbTaTH €KCIIEPUMEHTAIBHUX JOCTIKEHb 10 BCTaHOBJICHHIO
3B’A3KIB MK IMapameTpaMu TpUOOKOpo3ii Ta CTPYKTYpOrO BiOpalliii HaBaHTaXECHHS
KOHTpTLNA 3a PppukiiiiHOil B3aemoii. OpukiiiiiHa B3aeMOIisl PI3KO aKTUBYE KOPO3iiiHi
MPOLIECH BHACTIAOK HaBEJACHHS HANpPYXKeHb y OBEPXHEBUX IlIapax, TpaHcopMariii i
MEXaHIYHOTO BHJIAJICHHS 3aXMCHUX MAaCHUBHUX IUTIBOK, IO BIUITMBAE HAa KOPEIAIIHHI
napamMeTpu BiOpaiii HaBaHTaXeHHS KOHTpTUIa [1-2]. Meroto mochimkeHpb Oyio
OOTpyHTYBaHHsI METOMIB OOpOOKM peami3alliii BIOpalifHUX CHUTHAJIIB Ta BHUOIP
BIJIMOBIAHOT MaTEMAaTUYHOI MOJIENI, 110 BPaXOBY€E BAXKJIMBI ACIEKTH B3aEMOJIT MIXK
TEPTAM 1 BIOpaIisIMU — HEJIIHIHHOCTI Ta CTOXaCTUYHOCTI, IPH [IbOMY OCTaHHIHN BJlac-
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TUBHI HECTAIIOHAPHUHN XapaKTep.

Tpubokopo3siiiHi mociimkeHnas nmpooawin B 3 % poszunni  NaCl Ha ycranoBii
TEePTA 3a CXEMOK0 KyJbKa-TUIONIMHA. 3pa3ku i JociimkeHsb 31 cram 08X18HI10T
po3mipom 50x40x5 MM, mosipoBaHi o mopctkocTi R, =2,5 mxM. KonTpTino —

KepaMiuHa KyJIbKa (AIZOS) JiaMeTpoM 9 MM, MPUKIIAJeHE HOPMaJIbHE HABAHTAKECHHSI

P — 10 H, noBxxruHa DOpi>KKW TepTs — 16 MM, IIBUIKICTh NEPEMIIICHHS 1HACHTOpA —
0,003 m/c. Ha ocHOBI TiepioAMYHO HECTaIllOHApHOI Mojenl BiOpamiii  OyJo
npoaHaiizoBaHo  BIMB  ¢pukiiiiHoi  B3aemoxii  cram  08X18HIOT Ha
XapaKTePUCTUKHN BiOPOCHUTHAIIIB 3a MPUKIAJAaHHS 30BHINIHBOI KATOTHOI Ta aHOIHOI
noJsipu3ailii. BcTaHOBIIEHO 1110, YYTIWUBHMHU 10 3MiH CTPYKTYpH TIOBEpXHI Ta
pPO3BUTKY Je(deKTiB Ha TIOBEpXHI YHACHIJOK TpPUOOKOPO3ii € IMOBIpHICHI
XapaKTepUCTUKU TEPIIOr0 i JApPYyroro MOPSAAKIB MEPIOAUYHO HECTAl[lOHAPHUX
BUIIAJIKOBUX TMpOIIeCiB. JIJIsi MIarHOCTUKM CTaHy KOHTAKTYHOYHMX IIOBEPXOHb IIi
XapaKTePUCTHUKU MOXYTh OyTH OCHOBOIO UIsi ()OpMYBaHHS HOBUX J1arHOCTHYHUX
O3HaK, 1110 1al0Th MOXKJIMBICTh BUSBIISATH A€(PEKTH HA PAHHIX CTaisIX PO3BUTKY.

Knrouosi cnosa: BiOpauiiHuil curHai, TpuOOKopo3id, 1e(eKT.
JlirepaTypa
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UDK 535.317
PASSIVE OPTICAL ATHERMALIZATION TECHNIQUE
FOR INFRARED DIOPTRIC LENSES

Muraviov O. V., Nyzhnyk Y. M.
National Technical University of Ukraine «lgor Skorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: stals98@ukr.net, yukaangel 324@gmail.com

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
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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
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 1its 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 [6].

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
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is 1-2 orders less than for non-athermalized lenses with similar operational
parameters [7].

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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MIKPOTPIIINH ¥ METAJIEBUX KOHCTPYKIIAX EHEPI OKOMIUIEKCY
YKPAIHU ITPU PEAJIIBALIIL BATATOITAPAMETPUYHOI'O KOHTPOJIIO
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JIns miaBUINEHHS HAIIMHOCTI Ta TOYHOCTI KOHTPOJIO CTaHy BUPOOIB JOIIIBHO
3MIMCHIOBAaTU  KOHTPOJb  3a  JeKiIbkoMa 1HOOPMAaTUBHUMU  MapaMeTpamu,
BPaxOBYIOUH MPUPOY iX BUHUKHEHHS Ta KOPEJIALIiHI 3B’ 13kH MK HUMH. Lle MoxHa
JOCATHYTH HUIAXOM 3aCTOCYyBaHHSI OaraTornapaMeTpUYHOrO KOHTPOJIO BUPOOY MpH
PI3HUX HAaBAaHTAXKEHHSIX Ta HA PI3HUX CTAIsX €KCIUTyaTalii 3a JOMOMOT 00 IEKUTbKOX
METO/IIB 1 3aCO0IB.

JU7is BUpIIIEHHA 3a/1a41 KOHTPOJIIO CTaHy MaTepiajiiB MIMPOKE 3aCTOCYBaHHS OJEp-
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Kalld aKyCcTW4H1 (YJbTPa3BYKOBi1) CHCTEMH pPI3HOTO THUITy 4Yepe3 IX HaIIHHICTh 1
BUCOKY iH(opMaTtuBHICTh. Cepell akTyaJlbHUX HAIPSMKIB PO3BUTKY aKyCTHYHOTO
METOAYy CJiJ BIAMITUTH TaKy 3arajbHy TEHJCHI[II0O TiABUIICHHS TOYHOCTI
(IMOBIPHOCT1) BUSIBJIEHHSI MIKpOAe(EKTiB, sIKa MOBUHHA OYTH MOB'S3aHa 3 TJTUOOKUM
BUBYECHHSM 3MiH MPOCTOPOBO-YACOBOi CTPYKTYpPH aKyCTHYHHUX IIOJIB 1 CUTHAJIB,
BUKJIMKAHUX TE€TEPOTCHHICTIO cepeaoBuia. J[is 1poro HEoOXiTHO 3HANTH CHOCIO
MIJBUIICHHS YYTJIMBOCTI 10 Je(PEKTIB MaJIMX PO3MIpiB, 3a0€3MeYUTH OLIBII BUCOKY

JIOKAJIbHICTH BUMIPIOBaHb MOPiBHSIHO 3 TpaIUIIHHUMU METOIUKAMU

YIBTPA3BYKOBOTO KOHTPOJIIO, YAOCKOHAIUTA METOAW OOpPOOKH  aKyCTHYHOI

iHpopMmarii. BukopucranHs cGOKYyCOBaHUX TMPYKHUX XBWJIb BHCOKOI YacTOTH

J03BOJIUTH Bi3yalli3yBaTu MiKpoJedeKTd B Marepianl Ha PI3HUX IIHOWHAX, B TOMY

YUCIT 1 B ONITUYHO HETPO30PHUX CEPETOBUIIAX.

Ha oCHOBI BCTaHOBIIGHMX TEMIEPATYPHO-YACOBUX 3aJICKHOCTEH BHSIBIECHOTO
TETIJIOBOTO PO3MOUTY Ha IPOTUIICKHUX MOBEPXHIX 00 €KTa TOCIHIIKEHb 3aJICKHO BiJ
MIMOWHU 3aJIsiTaHHS JDKepesla €HEPreTMYHMX 3MIH CTa€ MOXKJIMBUM MIAIATH 110
peanizaiii OaraTokaHaJbHOI 1H()OPMAaLIMHO-BUMIPIOBAILHOI CHUCTEMHU KOHTPOJIIO
nepeaedeKTHOTO CTaHy €JIEMEHTIB METAJIeBUX KOHCTPYKITIH.

3anpomnoHOBaHUW  MiAXIA — peamizamii  OaraTokaHaibHOI  1H(OpMaIIiitHO-
BUMIPIOBILHOT CUCTEMH KOHTPOJIIO TIepeaeeKTHOTO CTaHy €JIEMEHTIB METaJIeBUX
KOHCTPYKIIiH 3, IK MIHIMYM, JJBOMa KaHaJIaMHU: KaHAJIOM KOHTPOJIIO TeMIIEpaTypHOTO
PO3MOITY 1 aKyCTUYHUM KaHAJIOM 3 JIBOMA JaTYMKaMH, pO3TAllIOBAHUMHU TaK CaMO Ha
MPOTWIICKHUX TOBEPXHIX 3pa3ka, YMOXKIIHUBIIOE KOHTPOJIb 30HU HMOBIPHOTO
PO3BUTKY TPIIIMHM Ta MIABHUILYE BIPOTITHICTh MIarHOCTUKU TEXHIYHOTO CTaHy
METaJIeBUX KOHCTPYKIIIH.

Knrouosi co6a. OaraTomapamMeTpUYHHI KOHTPO!JIb, BIPOT1HICTb,
€HEPrOKOMILIEKC.
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3ACTOCYBAHHA HEMPOHHNX MEPEX JUUIL BUPIIIEHHA OBEPHEHUX
3ATAY VIIBTPA3BYKOBOI'O HEPYMHIBHOI'O KOHTPOJIIO

T'anazan P. M.
Hayionanvnuii mexuiunui ynisepcumem Ykpainu
«Kuigcokuu nonimexniunuu incmumym imeni leops Cikopcvkozo», Kuis, Yxpaina
E-mail: rgalagan@ukr.net

Beryn

3a3Buyail pilleHHd Tpo cTaH 00’e€kTa (30Kpema, HasBHICTh ab0 BIACYTHICTb
nedekTiB) B yIbTPa3ByKOBOMY HEPYWHIBHOMY KOHTPOJI NpPUMMAEThCS 3a
pe3yiapTaTaMH aHali3y XapakTepUCTUK (TaKUX SIK: aMIUliTynAa, (pasa, 4acTtoTa TOIIO)
IMITyJIbCY, OTPHUMAHOTO TMiClii HOro B3a€EMOJIi 13 HEOAHOPIAHICTIO B 00 €KTI
KOHTPOJIO (MPUUOMY Il IMITYyJIbCH € CIIOTBOPEHUMH Ta HEMOBHUMH). 3aBJaHHS
NO1IOHOTO TUTTY Ha3WBAIOTHCS «OOCPHEHUMH 3a1a4aMu» .

OO6epHeHi 3a7a41l MarOTh HEMPUEMHI 3 MaTEMaTUYHOT TOYKH 30py 0cobmBoCTI [1]:

1. Taki 3agayi, sIK MPaBUIIO, € HETIHIMHUMU.

2. Ix PO3B’ 30K 3a3BUYAM € HE €JUHUM.

3. 3a cBO€IO NPUPO/IOI0 BOHU € HEKOPEKTHHUMHU.

[le Hakiamae TEBHI BHUMOTH, SIK Ha OpraHi3alil0 Mpolecy IPOBEICHHS
yJIBTPa3BYKOBOTO KOHTPOJIIO, TaK 1 HA METOU 00pOOKHU OTpUMaHOI 1H(pOopMaIrii.

Ockinpku BXiAHOIO 1H(OpMali€l0 B 0OEpHEHUX 3aJadax € EeKCIepHUMEHTaNbHI
JaHl, SIKI BU3HAYAIOTHCS 3 JICSIKOI0 MOXUOKOIO, SIKY HE 3aBXKIM MOKHA OIIIHUTH, TO
pO3B’s30K 00OepHEHOT 3amadl 13 «3IMCOBAaHMMH» a00 HEKOPEKTHUMH BX1THUMH
JaHUMH MOX€ CHUJIBHO BIIPI3HATHCS BiJ TOYHOIO pillleHHSA. Y I cuTyamii BKpaii
BOXUJIUBUM € BHOIp MpPaBUIBHUX METOMIB MaTeMaTHU4yHOi OOpOOKH BX1JHOI
1H(pop™marii.

Onucani BWIE HIOAHCH TIPU3BOASATHL 1O TOTO, IO OOEpHEHI 3adavl B
HEPYWHIBHOMY KOHTPOJII YaCTO 3aJUIIAI0THCA HEBUPIIIEHUMH 3 MAaTEMAaTUYHOT TOUKH
30py. IIpoTe, MOXIJIMBO, HAMAaraHHsg BUPIMIMTH 111 3a/1a4l 3a JOMOMOI'OI0 BHUBEICHHS
JeAKOT MaTeMaTH4YHOI 3aJie)KHOCTI 1 HE MOTPiOHI, OCKIIBKH Pe3yJbTaT MOXKHa
OTPUMATHU 3 BUKOPUCTAHHAM THIIUX IT1JIXOIIB.

TexHos10Til HEHPOHHUX Mepex y PO3B’ sI3KY 00epHEeHHX 3a1a4

SIKI10 TOBOPUTH MPO YIBTPA3BYKOBUN HEPYWHIBHHM KOHTPOJIb, TO BaXKJIUBOIO
o0epHEHOI0 3a7auel0 € BH3HAUeHHA GopMu JAeeKTy 3a XapaKTepUCTUKAMU
BIJI3E€PKAJICHOTO Bl HHOTO YJIBTPa3BYKOBOTO IMITYJbCy. Taka 3ajadya MOKH IO € HE
BUPIIICHOIO, CaM€ TOMY 3a3BH4Yail B YJIbTPa3BYKOBOMY HEPYHHIBHOMY KOHTPOJI SIK
yHI(pIKOBaHY OJMHUIIO BHMIPIOBAaHHS BHKOPUCTOBYIOTH €KBIBAJICHTHY IIJIOLLY
nedexTy (eKBIBAJICHTHUH [iaMeTp) 1 HIYOrO HE TOBOPATH MPO peabHy (opmy.
ExBiBasieHTHY Moty AedeKTy BUMIPIOIOTH IUIOMICIO JTHA IUIOCKOJOHHOTO OTBOPY,
pPO3TAIlIOBAHOTO Ha TiHM K€ TIIMOMWHI, 0 1 peadbHUN Ae(dEKT, KU Jae Ty X caMmy
aMILIITYAy CUTHAITY, 1110 1 peaabHui nedekt [2].

OOGepHeHi 3aaa4i, 1110 OB’ s3aH1 13 BU3HAYEHHSIM Gopmu AeheKTy (reoMeTprudHi
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oOepHEeHi 33/1a4l) IPU3BOIATH IO MOCITIIOBHOTO PO3B'sI3yBaHHs CUCTEM 1HTETPAaTbHUX
piBHSHB 1-0r0 poxay, ab0 10 BHPIMICHHS JESIKOTO HEIHIMHOTO audepeHIliaabHOro
PIBHSIHHS.

Sk 3a3HaYaNOCh y BCTYIIl, BUPIIIUTH MaTeMaTUYHO TaKy 3a7ady BKpail CKIAIHO.
SIKIIO TOBOPUTH TPO OTPUMAHHS PE3yNbTaTy, TO HEOOXIAHO BHU3HAYHTH (HOPMY
nepeKTy Ha  OCHOBI  ©KCIIEpUMEHTAILHUX  BHUMIPIOBaHb  XapaKTEPUCTHUK
yIbTPa3ByKOBUX IMIYJbCIB, 3B’SI3aBIIM 1€ MaTeMaTHYHUMHU BHUpazamu. OHaK
Cy4acHi TEXHOJIOTIi JO3BOJISIOTh BUPIIIMTH 1€ 3aBJIaHHS, 3CTOCOBYIOUH JEIIO 1HIIHN
MiaXia — HeWpoHHI Mepexi (puc. 1), siKi € MaTeMaTUYHUMHU MOJIEISIMHU 010710TI9HOT
CTPYKTYpH MO3Ky Ta Horo GyHKIIH COpuUdHATTS, 0OpoOKH, 30epiraHHs Ta
npoAyKyBaHHA 1Hpopmalii. HelipoHH1 Mepexi — 11e TOTYKHHI METO MOJIEITIOBaHHS,
[0 JI03BOJISIE BIATBOPIOBATH HAJ3BUYANHO CKIamgHI 3ayekHOCTI [3]. OcoOnamBicTO
HEHPOHHUX MEPEeX € Te, 10 BOHU HENIHIIHI 32 CBOEIO MPUPOIOI0, a 1€ BaXIJIUBO IS
BUPIIICHHA 00€PHEHHX 33]a4 B YJIbTPa3ByKOBOMY HEPYHHIBHOMY KOHTPOJII.

Y rtpamuuiiiHomy migxomail (puc. 1,a) HaM HEOOXIIHO 10 pe3yibTaTy
BUMIPIOBaHHS (HOBI JlaH1) 3aCTOCYBaTH MareMmaTH4Hy (opMyny (o3Haku (Gopmu
nedexTy), miciisa 4oro OTpuMaTy pe3ysbTaT (BUCHOBKH Tpo hopmy nedekty). Iiaxin
13 BUKOPHUCTAHHSIM HEMPOHHUX MEPEXK MOTPEeOYe 1HINOI MOCTIIOBHOCTI 11 (puc. 1, 6):
CTIOYaTKy MM IMOBUHHI MaTH Pe3y/IbTaTH BUMIPIOBAHHS 13 BIJOMUMH BHCHOBKAMH TIPO
dbopmy nedexTy, Kl MOJAIThCA Ha BX1J HEHPOHHOI Mepexi Jiid ii HaBuaHHS. [Ipu
IIbOMY HEMpOHHA Mepeka aBTOMATHYHO CHHTE3Y€ BHCOKOPIBHEBI 1H(GOpPMATHBHI
O3HaKH, K1 JO3BOJISIIOTH KiIacu(iKyBaTH AepeKkTu 3a popmoro. Tenep, sIKIIO HA BXiJ
HABYEHOI MOJIeTII HEWPOHHOI Mepexi MOoJaTH HOBI pe3yibTaTH BHUMIPIOBAHHSA (HOBI
JlaH1), TO BOHA MOBUHHA BITHECTH iX /10 MEBHOTO Kiacy (hopmu aedexTy).

Hosi nani BHCHOBKH TIpO Hami Osnaxu GopMu gedexTy
(pOPMy HE(bEKTy I:> KOHTpOJ]B i3 (BarOBi KOe(piHiGHTH HM)

Tpauiitemmi
KOHTPOIIb ::> BIKOPHICTAHESAM
|:> |:: ) TexHonorii HM

Osnaxu gopmu gedexry BucroBkH 11po
(MaTeMaTHIHa (opMyTIa) dopmy medekty Hogi gani

U

Bucnosku npo
thopmy nedexty

a 6

Puc. 1. Ilinxoau 10 BUpILICHHS 3aBIaHHS BU3HAUYEHHS (GopMH eeKTy: a — TpaauliiHui miaxiy i3
BUKOPHCTaHHSAM MaTeMaTHYHHX 3aJIKHOCTEH, O — i3 BUKOPHCTAHHAM TEXHOJIOT1H HEWPOHHUX
Mepex

Buxopucranus HEWpOHHHUX Mepex N103BOJiA€ €(EeKTUBHO BUPILIYBaTH OOEpHEHI
3a/1aul yJIbTPa3ByKOBOTO HEPYHHIBHOTO KOHTpOIO. HelipoHHa Mepeka He CTBOPUTH
MaTeMaTH4HOI (HOpMyIIH, fKa 3B'SDKE XapaKTEPUCTHUKU CUTHAITy Ta ¢opMmu JedeKTy,
MpoT€ BOHA JAaCTh PE3yJbTaT 13 [EAKOK BIPOTIAHICTIO: Hallp TaKUX-TO
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XapaKTEPUCTHK CUTHAIY XapakTepHUU miisi Takoi-to dhopmu nedexrty. A came 1e i

IIKaBUTh 1€(HEKTOCKOIICTA.

BucHoBku

PosrnaHyTto miaxig 10 BUpIIIEHHS OOEpHEHUX 3a7ayd  YJIbTPa3BYKOBOTO
HEPYHHIBHOTO KOHTPOJIIO 13 BUKOPUCTAHHSIM HEUPOHHUX MEPEXK, SIKI JIOCUTh SIKICHO
MOJIETIOIOTh 1€papXiuHi a0CTpakilli B pealbHUX JaHUX, 0 POOUTH iX e€(heKTUBHUMU
aBTOMAaTHYHHMU PO3B’A3yBayaMu, Y TOMY YUCIII i OOEpHEHHUX 3a/1ay.

Jlns  3acTocyBaHHS B YJIBTPA3BYKOBOMY HEPYWHIBHOMY KOHTPOJI OUIBII
rMOOKOro aHaizy moTpedye MHUTaHHA BHOOPY apXiTEKTypH HEHpPOHHOI Mepexi,
METO/I1B HaBYaHHS Ta MIATOTOBKA JaHUX IS HaBYaHHA [4].

Knwouosi cnosa: HEelipoHHa Mepeka, yIbTPa3BYKOBUM HEPYHHIBHUN KOHTPOJIb,
dopma nedexry.
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B nanwmii yac sckpaBum npukiaaoMm IaTepHety Peueit (IP) € MoHITOpUHT cTaHy
koHcTpykii (MCK) (Structural Health Monitoring), sikuif cTaB 3araJbHONPUHHITUM
rajiy3eBUM CTaHAApTOM JUIS PO3MIIICHHS JAaTUYMKIB IJI1 MOHITOPHUHTY TMpare3aaTHOCTI
JESIKUX BEJMKUX CHOPYH 3 THM, 1100 MOXHa Oyn0 3aBYaCHO BXKUTH 3aXOJIB, IO
nonepekaTh Gopc-maxopHi cutyarii. Ogaak MCK pigko BHKOPHCTOBYETHCS B
HEBEJIHMKHUX CIOpYJax uyepe3 BUCOKY BapTICTh peatizaiii 1 0aratbox iHIUX (aKTOPIB.
ToMy cTae akTyanbHUM 1 HEBIAKJIAJHUM 3aBIAHHS 3HAXOIKEHHS KOMIIPOMICY, KU
OU 03BOJMB 3pOOUTH TaKy CHCTEMY IMOMYJSPHOIO B HEBEIMKUX 00'€KTax, 1, OTKeE,
OpaTH y4acTh y MOBCAKACHHOMY KUTTI Jtofeil. Po3sutok IP, 6e31poToBoi ceHCOpHOT
MepexX1 1 TEXHOJIOT1T MOOLIILHOTO 3B'sI3KYy 3a0e3Ieuye XOpolly TeXHIUHY 1aTgopmy i
3aco0u JiJ1s BUPIIIEHHS BUIeBKazaHuXx npoosem MCK.
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CyuacHi cMapT(OHH - 1€ BUCOKO 1HTETPOBaHI MPUCTPOT, 1110 BOJIOAIIOTH 3HAYHOIO
00UYHCITIOBATILHOIO TIOTY)KHICTIO, BEJIMKUMH PeCypcaMH NaM'sTi 1 OCHAIEH] PI3HUMH
natuukamu. I{e poOuTh iX npuBabJIUBUMU JJIsl AOJIATKIB B 00JACTI MOHITOPUHTY, €
JaHl  TOBHWHHI sanncyBaTHc;I 00poOnsaTUCs, 30epiratucs, mepeaaBaTucs 1
Bi3yanizyBatucs. Y 3B'SI3KY 3 UM cMapTGOHM 3 JaTYMKaMHU 1 BUKOHABUHMMU
MEXaHI3MaMH MO’KHa IIMPOKO BUKOPUCTOBYBATH B CBITI [P Takux sk BigjajeHe
MeIuYHe  OOCIyroByBaHHs, MoOUIbHa  0i0jioTeka,  BigJgajgeHa  JOMAIIHS
aBTOMAaTH3alllsl Ta MOHITOPUHT OE€3MEKU, YMPaBIIHHA CaAMOCTIMHOI pealuTiTaIi€ero 1
TaK Jai.

[lepcriekTHBH 3aCTOCYBaHHS O€3APOTOBOTO 3B'A3KY JJI TEXHIYHOI J1arHOCTHUKH 3
BIIOMHUMH MeTojgamMu HepyhHiBHOro koHtponio (HK) posrmsanyro B [1-2]. V
MPOMHKCIIOBOCTI TaKWi 3B'A30K 3HAXOAWTH O€3J14 3aCTOCyBaHb, HAIMPUKIA],
MOTOYHHI KOHTPOJb BUPOOIB B Mpolieci iX BUTOTOBIIEHHS [3], cucTeMa BUSBICHHS 1
BU3HAUEHHS  MICLUs  pO3TAalllyBaHHS  MOIIKO/UKEHHS  130JALii  CHJIOBOTO
Tpancdopmaropa [4].

B pobGoti [5] mpeacrtaBieHa MoOUIbHA cHCTEMa OOpPOOKU YIBTPa3BYKOBHUX
CUTHAJIIB 3 BHUKOPUCTaHHSIM cMapTPoHAa JUIsl BIAJAJIEHOTO YJIbTPa3BYKOBOIO
TeCTyBaHHS 1 OOpoOKM 300paxeHb. BHKOpPUCTOBYIOUM Taki HampallfoBaHHS, B
pobotax [6-7] Oynu mpoBeAeH] JOCTIKEHHSI BAKOHaHUX Ha 6a31 cMapTdOHIB CUCTEM
MOHITOPUHTY TEXHIYHOTO CTaHy KOHCTPYKIIiil. Y poboTtax [8-9] HaBeneH1 pe3ynbTaTu
BUIMPOOYBAaHHS CUCTEM, II0 BUKOPHUCTOBYIOTh CMapT(hOHH, fAKI MpPU3HAYEH] IS
MOHITOPUHTY TIEPEMIIEHHS, 3MIIIEHHS, HaxXuiay OyaiBelbHUX KOHCTPYKIIA B
auHamimi. Ilig gac cTuxiiHUX JUX cMapTHOHM MOXKYTh OYTH BHKOPUCTAHI IS
MOHiTopHHry BHYTPIIIHBOTO 3MIIICHHS KOHCTPYKIIN mia uac 3emuerpycy [10].
Oco0nuBwHit 1HTepec npe/icTaBIse pobora 3 BUKOPUCTAHHAM cMapTdoHa B TEXHill
arperyBaHHsl 1 Bi3yamizarii s Oe3MepepBHOTO MOHITOPUHTY TpchnopTH01
1HOpaCTPYKTYpU 3 BUKOPHCTaHHSIM Kpayacopcunry [11]. V memummni cmaptdoH
BUKOPHUCTOBYETHCS B CTPYKTYPHHUX CUCTEMAaX JA1arHOCTUKH 3aXBOPIOBaHb [6].

I3 3acTocyBanHsM 6e3apoToBUX TexHONOrH B 3aga4ax HK moxHa o3HailomuTHcs
3a pe3yJibTaTaMu JOCIIKEeHb, K1 BUKJIaIeH1 aBTopamMu B pobortax [12, 13].

Takum ymHOM, HOBI 1H(OPMAIIiHI TEXHOJIOT1i, 3aCHOBaHI Ha IHTEJICKTyaIbHOMY
CIIPUUHSTTI, TEXHOJIOT1I PO3IMI3HABAHHS, BCUIIKUX OOYMCICHHSIX, TOBCIOIHIN
MepeXeBiil 1HTerparlii Ta BiOMI1 sIK TPETS XBUJISA PO3BUTKY 1H(POPMAIIHHOT 1HIYCTPil
B CBITI micid KOMIO'IOTepa Ta iHTepHeTy - IHTepHeTy Peueil, yxe MNOBCIOJHO
BUKOpHUCTOBYIOTHCS B HK 1 BU3HAUa10Th HOB1 HANPSMKU HOTO PO3BUTKY.

Knrouosi cnosa: nepyiHiBHUN KOHTpOIb, [HaycTpis 4.0, Intepuer Peueii.
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Thermal imaging cameras have firmly taken their place among the means of
computer vision. They perfectly solve tasks assigned to them and allow to create
technically and cost-effective systems. Infrared cameras have come a long way from
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very expensive devices to a wide-range product with high reliability and affordable
price, and they continue to improve every year. Currently, the main areas of
application of thermal imaging systems are wide: service and repair of printed circuit
boards, household and energy sectors, nondestructive testing of composite materials,
technical security equipment, medicine, hunting and military industry, driving.

The feasibility of using thermal imagers is determined by the peculiarities of
technical means itself. In security systems, infrared cameras are surveillance devices
that are more effective at recognizing objects than traditional video cameras. The
recognition quality with a thermal imager does not depend on the time of day. This
makes it possible to create systems for round-the-clock monitoring of the protected
object. Systems designed for security control are applicable to protect the perimeter
of airports, railways, borders, home, farm and other facilities. Analysis of the
recorded information can be automated using artificial intelligence technologies [1].

Thermal imaging equipment now provides complete and accurate behavior
analysis based on deep learning algorithms. This includes detection of events such as
line crossing, intrusion, zone entry, zone exit etc. Intelligent human / vehicle
detection can reduce false alarms caused by animals, vibration, falling leaves and
other irrelevant events or objects, greatly increasing alarm accuracy [2].

An actual and important task is to determine the architecture of a deep network,
which will allow object detection with greatest accuracy. Since modern infrared
cameras do not have a high frame rate, calculation speed of deep learning model
fades into background. However, for real-time monitoring, the data processing
frequency should not be lower than 20-25 Hz. This fact must be taken into account
when choosing a suitable model for object recognition. In addition, the task of object
detection in infrared images is complicated by the low detail of thermal imprints of
these objects, which is associated with physical features of the nature of infrared
radiation. Therefore, a deep learning model must be broadly generalizable.

To assess the quality of object detection models, the mAP - mean Average
Precision metric is used. This metric calculates the average precision for recall in the
range of O to 1 for all object classes recognized by the model. For each single class,
Average Precision is defined as the area under precision-recall curve. The higher the
value of this metric, the less erroneous recognitions model produces on test data.

One of the first models successfully applied in object detection tasks in images
was the R-CNN (Regions with CNNs) network [3]. Not the entire image was fed to
the network input, but the regions previously selected using the Selective Search
algorithm, which presumably contained some objects. A convolutional network used
to classify objects depicted in the regions. Nowadays, Faster R-CNN architecture
provides mAP value up to 35% at a data processing rate of about 15 frames per
second on MS COCO dataset [4]. Such characteristics are a relatively poor indicator
for use in thermographic systems. There is also a known modification Mask-RCNN,
which allows not only to detect objects, but also to solve the task of image semantic
segmentation.
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YOLO (You Only Look Once) network architecture has a much higher
performance [5]. Main feature: distinguishing objects in one data pass. There are no
explicit loops in the YOLO architecture, which makes the network fast. YOLO uses a
grid of predefined windows - regions in which objects are classified. On the MS
COCO dataset, modern YOLO modifications show up to 44% mAP at a data
processing rate of up to 70 frames per second [6]. Networks of this architecture are
among the fastest in the task of detecting objects. In this regard, it is recommended to
use YOLO models as part of real-time thermographic systems. Fig. 1 shows an
example of the application of the YOLOV3 network for human and dog detection in
infrared images provided by Flir company.

Fig. 1. Person and do detection on infrared image using YOLOv3 model

EfficientNet is also promising class of new models that resulted from the study of
scaling models and balancing the depth and width (number of channels) of network,
as well as the resolution of images [7]. The authors of article propose a new
compound scaling method that scales the depth / width / resolution evenly with fixed
proportions between them. From an existing method called "Neural Architecture
Search" for automatically generating new networks and their own scaling method, the
authors derive a new class of models called EfficientNets [8]. The latest modification,
called EfficientDet, consists of EfficientNet as a base, to which a feature pyramid
layer called BiFPN is added, followed by a "standard" class / frame computation
network. This network shows mAP up to 46% at a data processing rate of about 35
frames per second on the MS COCO set [6].

Given the rapid development of deep learning, these models are relevant only at
the time of this writing. However, considered classes of deep network models have
been leaders in the field of object detection for a long time. Therefore, these models
are recommended for consideration as algorithms for infrared images processing.
Since in most of considered areas of application of thermographic systems,
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recognition accuracy is higher priority, rather than speed, EfficientDet models are of
particular interest. It should be noted that comparison of the efficiency of these
networks was carried out on a set of images of the visible light spectrum. Therefore,
the main task for further research is to compare the mentioned architectures on a set
of infrared images to obtain quantitative estimates of their work quality.

Keywords: deep learning, object detection, infrared images.
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CTPYKTYPU MATEPIAJITY METOZOM BUIIMX '’”APMOHIK

baosicenos B. I'., Karenuuenko IO. O., Payebapcoxuii C. C.
Hayionanonuu mexniunuu ynisepcumem Yxpainu
«Kuiscokuti nonimexniunuii incmumym imeni l2ops Cikopcbkoeo», Kuis, Ykpaina
E-mail: vgbazhenov@gmail.com

KoHTpoas CTpykTypu MaTepialiB € akTyalbHOI 3aaadero, 00 3MiHa iX
CTPYKTYPH, HAPUKJIIA 1] A1€0 BTOMH MaTepiaiy, i 1€ BUCOKOTEMIIEpaTypHOTO
a00 MEXaHIYHOIO BIUIMBY Ha JESKHX JIOKAJbHUX JUISHKAX MOXE MPU3BECTH 0
MOIANBIIOT MOSBY 1e(DEKTIB 3 O3HAKAMU PYWHYBAaHHS BUPOOY.

Ha xadenpi IICHK «KIII im. Iropss Cikopcbkoro» aBropamu Oyso po3poOiieHo
poOoTu30BaHy U(GPOBY CUCTEMY aBTOMATHYHOTO KOHTPOJIIO CTPYKTYpPH MaTepiaiiB
METOJIOM BUIIMX rapMmoHik. Jlo ckmamy cuctemu BXOAATh: |-nmdpoBwuii
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BUMIPIOBAJIbHUI OJIOK Ha 06a31 CydyacHUX MPOrpamMoOBaHUX JoriuHux mikpocxem IJIIC
(BUKOHY€ peai3allil0 TMEBHUX aJIrOPUTMIB, 3alaTEHTOBAHUM CIOCOOOM, Ha
po3pobueHiit apxiTekTypi) 1 14 pospsaauux mBuakoairounx AL 1 ITAIT; kommiekra
MIKpPOCEHCOpIB; OararoyHkIiioHalbHOrO poboTra-pyku «Rotrics DexArm» 3
JoTHUpMa CTyHeHsSMU cB0oOoau, 3 moBTroproBaHicTio 0.05 Mmm (muB. Puc. 1.) Ta
NEPCOHAILHOTO KOMIT I0Tepa.

Puc.1 baratodynkiionansauii podoT-pyka «Rotrics Dex Arm»

Po3pobnene, na kadenpi IICHK, mnporpamHe 3a0e3nedeHHs J03BOJISIE
BUKOHYBaTH CHHXPOHHE JHUCTaHIiiiHE (32 paxyHOK BHUKOPUCTAHHS KaHAJy
«Ethernet») kepyBanHs poOOTOM Ta BUMIipIOBaibHUM OnokoMm. Kpim Toro cucrema
BUKOHY€E 00pOOKYy, 30epiranHs, Bi3yati3alilo OTPUMaHUX JaHUX Y BUIIISII rpadikiB
abo miarpam (nuB. Puc. 2).

Puc. 2. Mamna rpazi€eHTiB 3MiHM MOYaTKOBOi (ha3u NMpHU HAIpyKeHOCTI mouss 30ymkeHHs 450A/M.
[Ipeacrarneni Manu rpai€HTIB aMILTITY] 1 TOYaTKOBUX (pa3, sSIki MaTeMaTUYHO BIATBOPEHI 3a
pe3yabTaTaMi BUMIPIOBaHb CEHCOPOM 3 faiameTpoM ocepas 4 mm B 100 toukax (10X10 Touyok)
Ha 3pa3Ky 3 KpokoMm 15 mm

Sk mokasanu MOCHIHKEHHS, 1110 MPOBOJMIUCH HA CTATHHOMY 3pa3Ky, HaOUIbIIT
iHQOpMAaTUBHUM MMapaMeTpOM € 3MiHa MOo4YaTkoBOi ¢a3u (3711Ba), a HE AMIUIITYAH
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(cripaBa), KpiM TOro 3MmiHM mapameTpiB (a3u 1-i rapMOHIKH, € TaKOX Malo-
1H(pOPMATHUBHUM MapaMETPOM.
Po3pobiieHa cuctema J103BoJIsie B JIOKAJIbHUX (KPUTUYHHUX) 30HAX B1ITBOPIOBATH
KOHTPOJIb MIKPOCTPYTYPH MaTepialy 3 BACOKOI PO3A1IBHOIO 3/IaTHICTIO.
Kntouosi cnosa. poOOTH30BaHO CHUCTEMa, aBTOMAaTH4YHA CHCTEMa, KOHTPOJIb,
CTPYKTYpH MaTepiaiy, 3MiHa MOYaTKOBOI a3y, BUCOKA PO3JIJIbHA 3JaTHICTb.
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ABTOMATU3ALA ITPOLIECIB OIIPAIIIOBAHHS CUT'HAJIIB
BUXPOCTPYMOBOI'O KOHTPOJIIO KOHCTPYKUIMHNX MATEPIAJIIB

Kyy 1O. B., Jlucenxo 1O. IO.
Hayionanonuu mexniunuu ynisepcumem Yxpainu
«Kuigcorkuu nonimexniunuu incmumym imeni I2ops Cikopcokoco», Kuis, Ykpaina
E-mail: j.lysenko@kpi.ua

JliTanmpHi amapaTd Ta X OKpeMi BY3/M 1 arperaTd NMOBHHHI 3a0€3Me4yBaTé BHUCOKY
MIITHICTb Ta HaJIIWHICTb, 30epiraTy MexaHi4Hi, (pi3udHI, TEXHOJIOTTYHI Ta €KCILTyaTalliiH1
BJIACTUBOCTI BIPOJIOBX BCHOIO TEPMIHY eKcIUTyaTarii. Pi3HI eneMeHTH KOHCTPYKIIIH
JIiTaka MPALOTh 32 PI3HUX TUIIIB MEXaHIYHUX HaBaHTaKEHb, B IIMPOKOMY Jllara3oHI
TEMIIEpaTyp, 3a PI3HOTO CTEMeHsl BIUIMBY arpecuBHUX cepenoBuil. lle Bumarae
BUKOPUCTAHHS B aBlallliHUX KOHCTPYKIIISIX PI3HMX 3a XapaKTEPUCTHKAMHM MaTepiayliB —
CIUIaBIB (AJIFOMIHIEBUX, TATAHOBHUX, MarHIEBUX, MIJTHUX), CTaJIeH (BYTJICIICBHX, JIESTOBAHUX
KOHCprKuiﬁHHx KAPOMILIHUX),  KOMITO3UIIIIHUX MaTepiaJIiB (noniMepHHx
METAJIOMOTIMEPHUAX, METATYHMX) 1 T.I. ABiaIiiHi KOHCprKlIlI/IHl Marepiaii MaroTh
3HAQUHUWA PO3KHJ 3HAYCHb napaMeTplB Ta XapaKTePUCTHK, 1 BHMararmTh sl iX
JOCIIKEHHSI 3aCTOCYBaHHsI PI3HUX (PI3UYHUX BUIIIB 1 METOIB KOHTpoIIo [1, 2].

Pe3ynbTaty KOHTPOIIO 3a/IeKaTh HE TUIBKH Bl (DI3MYHOTO METOIY KOHTPOJIIO, HOro
armapaTypHOi peaii3aiii, ajge ¥ BiI aNropuTMy OMNpAallOBaHHS CHUTHANIB, BHOOPY
CYKYITHOCTI HalOLIb1I 1HPOPMAIIHHIX MapaMETPIB 1 XapaKTEPUCTHK CUTHAIB.

JIiis psity MeToiB HepyiHiBHOTO KoHTpomto (HK), 1110 akTHBHO BUKOPHUCTOBYIOTHCS B
KOHTPOJII ~ aBlalllfHUX MaTepiaiB, 30KpeMa BHXPOCTPYMOBHX, YJIbTPa3BYKOBHX,
aKyCTUYHUX, BAKOPUCTOBYIOTHCSI CUTHAJIM, K1 JIOMYCKAIOTh 1X MPEACTABICHHS MOJIEILTIO
BY3bKOCMYTOBHUX IpPOILIECIB. BUIBIIICTD BIJOMUX CITOCOOIB 1X OINpaIfOBaHHS OPIEHTOBaHA
Ha BHM3HAQYEHHS Ta aHAI3 aMIUNTYAHUX XapaKTEpPUCTUK CUTHAIIB, HATOMICTh
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iHQOpMaLIfHUN pecypc CHUTHANIB, KU MICTUTBCS B iX (ha30BUX XapaKTEPUCTHUKAX
JIMIIAETHCS HE JI0 KIHII BUKOPUCTAaHUM [3 — 5.

B nomoBiai 3arporioHoBaHa METOJIOJIOTISl OINPAIFOBAaHHSI CUTHAIIB 1 BU3HAYEHHS iX
Ga30BUX XapaKTEPUCTUK B YacOBIM 001acTi, SKa TIPYHTYEThCS Ha TOEIHAHHI
MOXJTMBOCTE JuckpeTHoro neperBopenHs ['impbepra (AIIY) curnamiB ta MeTomiB
JIETEpMIHOBAaHOI Ta cTaTHCTHYHOI (azomerpii. BuxpoctpymoBuit HK 3 immynscHUM
30y/UKEHHSIM B TO€JHAHHI 3 HU(POBOIO 00poOKor0 1HGOPMAIIHHUX CUTHANIB HA
ocuoBi JIIII' Moke 1CTOTHO MOMOBHHUTH BIJIOMI METOAM 32 PaXyHOK MOKJIMBOCTI
aHaTI3y TaKUX MapaMeTPIB CUTHAJIB K YaCTOTa BIACHUX KOJINBAHb, MMIKOBE 3HAUCHHS
aMIUTITYAH, JACKPEMEHT CHUTHady 1 THMYacOBE TMOJOXKEHHS XapaKTEepPHUX TOUYOK
curHainy [6, 7].

BukopucranHss ~ 3aneXHOCTI  aMIUNTYJd  CUTHAJIIB  BHUXPOCTPYMOBOIO
neperBoproBaya (BCII) Bigx mmOuHM TpiliuHU  po3mupsie  (PyHKIIIOHATBHI
MOXJIMBOCTI Je(DEKTOCKOITIT 32 paXyHOK OI[IHIOBAHHSI TJIMOWHU TPIIIKH.

B nomnosiai npuBeaeHi pe3yinbTaTH €KCIIEPUMEHTAIBHOTO JOCTIKEHHS MIJIaCTUHH
3 amominieBoro cruiaBy AJ[31T5 3 nedekramu Tumy TpilyMHA: TIHOWHA 3asTaHHS
Bix 0.1 MM 10 3 MM, po3kputTTsa 10 1 MMm. CkaHyBaHHS TIJIACTUHU 31HCHIOBAJIOCH 3
KpokoM | MM 3 BHKOpUCTaHHSIM audepeHmiansHoro HakmagHoro BCII [7, 8].
MareMaTtnyHa MOJIEb iHcpopMauiﬁﬂoro curaity BCII mae Buris:

alh)
u. (th)=U gl Sin[272CF (h)@+v]+u (1), t O (4.t,),
ne U, — ammnityase 3HadeHHs curdany BCII, a(h) — JIIEKPEMEHT CUTHaiy, f (h) -

4acTOTa BJIACHHUX KOJIMBaHb, { — MOTOYHMI dHac, (tl,tz) — IHTEepBaJl Yacy aHalizy
curary BCIIL, u,(t) — mymoBa cknagoBa curhamy, V — modatkosa (asa,

v=arctg(a/ ).

ABromaTtu3oBaHe  ompamioBanHs — curHaniB  BCII  BukoHyBasmoch  3a
3allpOIIOHOBAHOI0 MeToAuKoro [9]. [lns aHamizy BIUIMBY XapaKTepUCTHK 00’ €KTa
koHTpomo Ha curHan BCII, B sikocTi iHGOpMaTUBHUX MapaMeTpiB OLIHIOBAIAChH
yacrota f(h) mux curnaiis. 3a (a30BOK XapaKTEPUCTHKOIO CHIHAIY BH3HAYajlach

cepenns yacrota curaiis BCII [10].

[ToeqHaHHS MOMKJIMBOCTEH NHUCKPETHOTO MEPETBOPEHHS Flnb6epTa CUTHAMIB 1 3
METOJaMU JETEPMIHOBAaHUX 1 CTATUCTHUYHUX (I)asoBI/IX BI/IMlpIOBaHB Jlae  3mory
CTBOpIOBaTH IMporpaMmHo-amapaTHi 3acobu HK apiamiiiHMX KOHCTPYKIIHHUX
MaTepialiB, K1 JO3BOJISAIOTH MIJBUIIUTH BIPOT1THICTh BUSBICHHS J€(EKTIB.

Kntouosi cnosa: BUXPOCTPYMOBHI HEPYWHIBHUN KOHTPOJb, IMITYJbCHHUM PEXUM

30y/PKEHHSI, Yac aHaJTi3y CHUTHAITY, YaCTOTa, JICKPEMEHT, 3araCaHHs CUTHAITY.
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