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JOCBIA POBOTUTYPTKA «POBOTOTEXHIKA TA
ABTOMATHU3ALIS» HA KA®EJPI ITPUJIAAIB I CHCTEM
HEPYHWHIBHOI'O KOHTPOJIIO

P.M. I'anacan
Hayionanonuu mexuivnuii ynieepcumem Yxpainu « Kuiscoxuu nonimexniuHut
incmumym imeni leops Cikopcvkozon, m. Kuis, Ykpaina

CyuacHuil pPO3BUTOK NPOMHUCIOBOCTI CTaBUThb HOBI BUMOIM Iepel clelialicTaMu
npuiano0yaiBHOi ramysi. IIpiopuTeTHUM HANpPsIMKOM PO3BUTKY Hapasi € aBTOMAaTH3allis Ta
poboTHu3arisi BCIX BUPOOHWYHUX MpPOIlECiB. 3riHO 3 mporHo3amu MixHapoaHoi deneparii
pobororexniku (International Federation of Robotics, IFR) mo 2019 poky nonax 1,4
M1JIbIIOHa HOBHX MPOMHCIOBHX POOOTIB OyAyTh BCTAaHOBJIEHI Ha 3aBOJaX IO BCbOMY CBITY
[1]. I me#t mpornec Oyie TITBKU MPUCKOPIOBATHUCH.

3acobu HepyHHIBHOTO KOHTPOJIO 1 JIarHOCTUKKM 3 OJHOTO OOKYy € CKIIaJ0BUMU
npuiIao0yIiBHOTO HAmpsMy, a 3 1HIIOTO — 3 IXHBOIO JIOTIOMOTOI0 3a0e3MedyeThesi AKICTh
iHIoi mpoAykmii (B T.4. HOBHUX pO3pOONIOBAaHMX MPHIAIiB) Ta aBTOMATH3Allisl MPOLECY
BUpOOHHUIITBA. CHOTOIHI BaXKO YSBUTH COOl SKYCh Taldy3b CBITOBOi €KOHOMIKH, sika O He
BUKOPUCTOBYBAJIa Cy4acHI METO/IM Ta NMPUJIaJAN HEPYHHIBHOTO KOHTPOJI0. PO3BUTOK npuiaiB
1 cHCcTeM HEepYHHIBHOTO KOHTPOJIIO TAKOXK MOB'SI3aHUN 13 aBTOMATH3AIII€I0 Ta pOOOTU3ALIIETO.

BaxnuBoro 3amadero € (QoOpMyBaHHS BXKE CBOTOJAHI y MalOyTHbOro daxiBus 3
HEpYWHIBHOTO KOHTPOJIIO 1 IarHOCTUKU NpoQeciiiHol KOMITETeHIlii, TOB’S3aHO0i 13 po3p0oOKOI0
pOOOTOTEXHIYHUX 3aco0iB Ta cucteM apTromaTu3anii. TomMy B pamkax BHKJIaJanbKol
1HILIaTUBY Ha Kadeapi npunaais 1 cucreM HepyiHiBHOro konTpoito (IICHK) KIII im. Irops
Cikopebkoro 3 2018 poky fie HaykoBHi IypToK «PoboToTexHika Ta aBToMaru3anis» (puc. 1).
MeToro CTBOPEHHSI TYPTKa € MIABUIIEHHS SIKOCTI MIJTOTOBKH Ta PIBHS TEXHIYHOI 0013HAHOCTI
OakayaBpiB Ta MaricTpis.

Puc. 1. Pobota rypTka: a) TeopeTUdHEe 3aHATTsI, 0) BOPKIIOI 13 MasHHS

Cepen OCHOBHHX 3aBJjaHb T'YPTKa MOKHA BUIUTHTH HACTYITHE:

e CTBOPEHHS CIPHUATIMBHUX YMOB JUIsl €PEKTUBHOI Ta HAYKOBO-TTI3HABAIBHOI JiSTTHHOCTI
CTYJICHTIB;

e cucTeMaTH3allisl Ha0yTUX CTYyJEHTaMU TEOPETHMYHUX 3HaHb y rajly3l aBToMaTH3ailii,
POOOTOTEXHIKH, MIKPOIIPOILIECOPHOT TEXHIKH, MPOrpaMyBaHHS Ta BUKOPUCTAHHS iX y
HayKOBO-TI3HABAIBHIN AISUTBHOCTI,

e y3arallbHEHHs, aHaJi3 Ta MPE3CHTallisl Pe3yJabTaTiB BJIACHOI HAYKOBO-IOCIHIIHUIKOI
TISIIBHOCTI CTYACHTIB y XOJI MIATOTOBKM IyOJIKaIliid, TOMOBIAEH HAa HAYKOBUX
KOH(EpeHIIisIX Ta ceMiHapax;
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e aKTHWBI3aIllsl TBOPUYMX 3MI0HOCTEH CTYACHTIB TMPH HAMKUCAHHI HAyKOBUX POOIT, IO
BU3HA4Ya€ TOTOBHICTh JI0 CTBOPEHHS TNPHUHIMIIOBO HOBUX iaeld Ha 0a3i sKiCHOI
TEXHIYHOI OCBITH;

e HAKONMHWYCHHSA CTYIACHTAMH 3HAHb TEXHIYHMX, (DI3MUHMX Ta MaTEMAaTUYHHUX HaYK,
OesrepepBHE MIIBUIECHHS iX IHTEJICKTYAIBHOTO PIBHS IIISIXOM CAMOOCBITH;

e 3a0e3meueHHs CIPHUATIMBUX YMOB JJISl PO3BUTKY Ta OpraHizamii JO3BULIS CTYJACHTIB,
iX IHTENEeKTYyalbHOIO Ta KyJbTYPHOI'O PO3BUTKY B CTyAeHTChbKOMY cepenoBuuii KIII
im. Irops CikopcbKoro;

e TIJATrOTOBKA CTYACHTCHKOI MOJIOJII O CAMOCTIHHOT HAyKOBOT MIsUTHHOCTI.

B ocnoBi ¢dopmyBanHa npodeciiHuX KOMIIETEHTHOCTEH, sAKi 3ale3nedye TypTOK,
JeXKaTh MAXO0IU Ta METOUKH, 3alIPOITOHOBaHI1 criBpooiTHUKaMmu Kadenpu [ICHK [2,3].

BinBigyroun rypToK, CTYJJ€HTH MalOTh MOXKJIMBICTb Ha TIOYAaTKaX PO3POOIATH, CKIalaTH
1 mporpamyBaTH MPOCTUX POOOTIB 3 BHUKOPUCTaHHSM MiaaTdopmu Arduino: poboTu-
aBTOMOOLT, POOOTHU-MAHINMYISATOPH, IIOJUHONOAIOHI POOOTH TOMO. 3 YacoM 3aBIaHHS
YCKIIQJHIOIOThCS 3 ypaxyBaHHAM crenudikn HaBuaHHs Ha kadenpi [ICHK. Takum umHOM
CTYACHTH OBOJIOAIBAIOTh HABHYKAMH, SIKi B MalOyTHHOMY JIO3BOJISITH iM CaMOCTIIHO

IPOEKTYBAaTH Cy4yacHi CKJIaJHI poOOTH30BaH1 IpUCTPoOi (puc. 2).
LLlo BMBYalOTbL LLlo MmOXyTb po3pobaatn B manbyTHbOMy

odometer

Puc. 2. [Ipuxmnaau po60TH30BaHUX 3ac00iB, SIKI BUBYAIOTHCS i1 Yac BiJBiAyBaHHS I'ypTKa
(JTiBH# CTOBMYHMK) Ta SIK1 MOXKYTh OyTH CIIPOEKTOBAHI 3aB/sSKH OTPUMAHUM HaBHYKaM (TIpaBHil
CTOBITYHK)
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JocBig poboTH TypTKa TMOKa3aB, LIO0 CTYASHTH OXO0Y€ BiABIIYIOTH TYpPTOK Yy
Mo3aHaBYAJIBHUI Yac, OCKUIbKM 1M LIKaBUH caMm HampsMOK poboTorexHiku. HaBpsin um Taka
BiJBiAyBaHicTh Oyna O, HampUKIaA, SIKOM TypTOK OYyB NPHUCBSIUEHHH SKOMYCh 13 METOIIB
HEpPYWHIBHOTO KOHTPONIO. 3 1HIIOrO OOKYy CEHCOpH, SIKIi BHUKOPHUCTOBYIOTHCA Y
pOOOTOTEXHIYHMX  3aco0ax, B3aeMOIIIOTH 13  (Pi3UUHUMH  TONAMH  (HANPHUKIA,
yIbTPa3BYKOBUMH, ONITUYHUMH, MarHiTHUMH), 10 PO3TJISAAIOTHCS MPU BUBYEHH] TUCIUILIIH,
OB ’SI3aHUX 13 PI3HUMHU METOJaMHU HEpYWHIBHOTO KOHTPOINIIO. TakMM YMHOM CTYAEHT Kparie
OPIEHTYETHCS B IUX AUCIMILTIHAX 1 pO3yMi€ IX MPUKIIAIHE 3aCTOCYBaHHS.

PoboToTexHika HEpPO3pPUBHO MOB’s3aHa 13 mporpaMmyBaHHAM. Lle me oguH daxTop, sSKuii
BIUIMBA€ Ha 3aIliKaBJICHICTh CTYACHTIB. BigBimyloun TYpTOK, BOHHM HaBYAIOTHCSA
pOorpaMyBaTH Ta CTBOPIOBATH Pi3HI CKJIA/IHI aITOPUTMU I KepyBaHHS poboTamu. Ille oqun
HANpsSIMOK, KU OXOIUTIOE TYPTOK, — II€ po3poOKa EeIeKTPOHHUX BY3JIB pOOOTIB Ta
OpoTrpaMyBaHHS ~ MIKPOKOHTPOJEpiB, SK 0a30Boro eineMeHty ympasimiHHA. OpHak
poOoTH30BaHa CUCTEMa — II€ HE TUIbKM ENEeKTPOHIKa 1 MpOorpaMHa YacTHHA; 1€ TaKOXK 1
MeXaHI4HI BY31H. TOMYy CTYA€HTH OTPHMYIOTh HAaBHYKM PO3POOKHM MEXaHIYHUX BY3JIB
pobotuzoBanux cucrem 3 BukopuctaHHsiM CAIIP SolidWorks. binemie Ttoro, cryaentu
MaIOTh MOXKJIUBICTh HE TUTLKH CTBOPHUTH 3D MOJEIb SIKOTOCh By371a, a i HAJPYKyBaTH HOTO 3a
nonomororo 3D mpunTepa, o € Ha kadeapi [ICHK.

TakuM YMHOM, TYPTOK aKyMYJTIO€ B cOO1 3HAHHS 3 PI3HUX AUCIUILIIH, SIKi € BAKJIHBHUMHU
st popmyBaHHA TpodeciiHUX KOMIETEHILIH MailOyTHHOro cremiansicra i3 HepyHHIBHOTO
KOHTPOJIIO. 3aBISIKM IIbOMY CTYICHT LIJIICHO CrpuiiMae cucteMy npodeciiiHo HeoOXiTHUX
3HaHb, KOO MallOyTHHOMY (haxiBIEBi CIiJi OBOJIOIITH HA JOCTAaTHRO BUCOKOMY PiBHI IiJ] Yac
HaBYaHHS Y BUILIOMY 3aKJIaJli OCBITH [4].

[TinbuBaroun MiACYMKH, MOXKHA 3a3HAUYUTHU MMO3UTUBHUI BIUIMB T'YpTKA Ha CTYJEHTIB Ta
iX 3alliKaBJIEHICTh OCBITHIM IpoliecoM. PoOoTa rypTka IpyHTYeTbCS Ha HOBHX MIIXO0Jax Ta
TEXHOJIOTIIX HaBYaHHA, 3ampornoHoBaHux Bukiagadyamu kadenpu [ICHK, mo nossosmse
nepelTn Ha OUIbII SIKICHMM pIBEHb MIATOTOBKM CHEIaNICTIB 3 TBOPYMM MHCJICHHSIM Ta
MiBUIIUTU PiBEHb iX ()aXOBOi KOMIETEHTHOCTI.

1. World Robotics Report 2016 [Enexkmponnuii pecypc] — Pescum oocmyny 0o pecypcy:
https://ifr.org/ifr-press-releases/news/world-robotics-report-2016.

2. Jlawxo O.B. Jlo numane mpancgopmayii cucmemu suwoi mexuiunoi oceimu. /losipa
¥y npoyeci (popmy8anHs exo102iuH020 0c8imubo20 npocmopy // OHosnenns 3micmy, ¢opm ma
Memo0ie Ha8UaHHA 1 GUXOBAHHA 6 3aK1a0ax oceimu: 30. HayK. npayb Koug., 18-19 mpasns
2017 p., sunyck 16 (59), Pisnencvkuii 0epacasHuil cymanimapHruil yHieepcumem. - Pisne,
2017.

3. Ilpomacos A.I'. Ocobausocmi npogpecitinoi niocomosku ¢haxieyie 3 HepyUHIGHO20
KOHMPOA0 Ma MEXHIYHOI OIaeHOCMUKU Y BUUWOMY HABYANIbHOMY 3aKkaadi // Ilpobnemu
iHotceHepHo-nedazoeiunoi oceimu (Xapkis). - 2006. - Nel3. — C. 96-99.

4. Ilpomacoe A.I'. Illnaxu nioguwjeHHs KOHKYPEHMOCHPOMONCHOCMI HAYIOHANbHUX
Gaxisyie 3 HepyUHIBHO20 KOHMPOTIIO HA MIJCHAPOOHOMY PUHKY npayi // 30ipHux donosioeti 1-
Woi’ HAYKOBO-MeXHIYHOI KoH@eperyii 3 MIdCHApOoOHO yyacmio «HepyliHigHull KOHMPOL 8
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Jlobnin, Honvwa: YT HKT/], 2017 — 91 c.
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OCHOBHBIE TEHAEHIIUW, ITIPOBJIEMbI U IIEPCIIEKTHUBbI
PA3BUTUA JMCINIEMHOU HAHOJJIEKTPOHUKHA

A. B. Mypasvég
Hayuonanvhoit mexnuueckuu ynusepcumem Ykpaunwvl « Kueeckuti noiumexnuyeckuu
uncmumym umenu Meops Cukopckoeo», Kues, Yxkpauna

HanotexHonoruu SBISIOTCA MEXAUCHUIIMHAPHON 00MacThi0 (QyHIAMEHTAIBHON H
MPUKIATHON HAYKM U TEXHUKH, KOTOpask MMEET JIeJI0 C COBOKYIMHOCTBIO TEOPETHUUECKOIrO
000CHOBaHHUS MPAKTUYECKUX METOJIOB UCCIICJIOBAHMS, aHaJIN3a U CHUHTE3a, a TAaKKEe METOJIOB
IIPOM3BOJCTBA U IIPUMEHEHHUs MPOAYKTOB C 3aJaHHOM aTOMAapHOM CTPYKTYpPOM IIyTeM
KOHTPOJIMPYEMOT'0 MaHUITYIMPOBAHUS OTJCIBHBIMU aTOMaMu U MoJiekynamu. [Ipaktudeckuit
aCMeKT HAHOTEXHOJIOTMH COJEPKUT TMPOU3BOJACTBO YCTPOMCTB WM WX KOMIIOHEHTOB,
HEOOXOMUMBIX [UIsl CO37aHus, OOpabOTKM ¥ MaHUNYISIUU aTOMaMH, MOJIEKyJlIaMU U
HAHOYACTHUIIAMH, a TAKXKE MPUMEHEHHUE TaKUX YCTPOWCTB Ha MpaKTHKe. MeHbIINe pa3Mepsl
MUKpPOCXEM U HeOoJblIasg moTpediseMas MOIIHOCTH OO0YCIaBIMBAIOT Oosiee OBICTPYIO
00paboTKy nHpOpMaIHH, a TAKKE OOJIBITYI0 BRIYUCIUTEIBHYIO MOITHOCTD.

B mocneagnue necsaTHieTUs 3HAYUTENbHBIE JOCTHKEHHS B 0O0JIACTH (PU3UUYECKOTrO
MaTepHuayioBeIeHUus U (U3UKU TBEPIOTO Teja ObLIN CBA3AHBI C CO3AHUEM U UCIIOJIH30BAHUEM
HaHocucteM. [lo mporHo3am, psI MHOTOOOCHIAOINIMUX OTpacied Uil MpPUMEHEHUS
HAHOMATEPHAJIOB BKIIOYACT B CE0s a’dpPOKOCMHYECKYI0 cepy, XUMHUYECKYI0 U TMHUIICBYIO
MPOMBINIICHHOCTh, TPAHCIOPTHPOBKY TOBapoB, mpubopocTpoeHue. HaHoTexHomoruu B
MEepBYI0  Ouepelb  HAXOoNAT TMPUMEHEHHE B  CHCTeMax 3amucu  uHGOpMaIuH,
TPAHCIUIAHTOJIOTUM, MPHU CO3JAAHUU 3AIMUTHBIX MOKPBITHUI BBICOKOW MPOYHOCTH U HUBKOHU
creneHn okucieHus. K cokajleHuio, COBpPEMEHHBIM YpOBEHb TIMOHMMAHHS OCHOBHBIX
bu3NYECKUX SBIEHUIN TaKUX CHCTEM OCTAeTCsl HEAOCTATOYHBIM JJIsi OJJHO3HAUHBIX OTBETOB U
MPUKJIATHOTO TTPUMEHEHHUSI.

OgHuM U3 caMbIX M3BECTHBIX HANpaBlICHUH NPUMEHEHUS HaHOMATepHAIOB B
MOCJICTHUE TOJMBI SIBJIACTCS MCIOJIB30BaHUE CEPEeOPSHBIX HAHOIMPOBOJOB JUIsI M3TOTOBIICHUS
ANEKTPONPOBOSIIETO CIIOSI CEHCOPHBIX TUCILJIEEB, YTO MO3BOJISIET 3HAUMTEIBHO YBEIMYUTH
THOKOCTh M MPO3PAYHOCTh TAaKUX AJIEMEHTOB, TEM CaMbIM, YBEIHYMBAs KOHTPACTHOCTH U
CeNIaB BO3MOXHBIM CO3JaHUE 3aKPYIJICHHBIX AUCIUIEEB WM AK€ TaKUX, KOTOPbIE MOTYT
cBopauuBaThCcsi B pysaoH [1]. Takoil mMpoBOIHUK TpEACTABISIET COOOW HAHOMPOBOJIOKY C
MpakTH4ecKu 0e3/1eeKTHON KPUCTANTNYECKO PEIIeTKOM, UTO 00YyCIIaBIMBaeT 3HAUUTEIBHOE
YBEJIUYCHUE TPOYHOCTH M TPAKTUYECKHU TOJTHOE OTCYTCTBUE IIJIACTUYECKOM aedopmariiu
CTPYKTYpBI. DTa TEXHOJIOTHUS CTajla OCHOBOH TaK Ha3bIBa€MOM «THOKOI» INEeKTpOHUKU. B
KaueCcTBE AJIbTEPHATUBHOW OCHOBBI ISl TIOJTYYEHHS MOHOKPHUCTAJUTMYECKUX HAHOMPOBOOB
UCIIOJIB3YIOTCS YaCTHUIbl AIIOMUHHUA. TEXHOJIOTHs, Y MCTOKOB KOTOPOM CTOSIT YYEHBIE W3
nHcTuTyTa Makca [lnanka, B HegaieKoi MepCreKTUBE TMO3BOJIUT MHHUMH3UPOBATH Pa3MeEphI
MHUKPOYHUIIOB U CYIIECTBEHHO MOBBICUTh KAYECTBO MHUKPORJIEKTPOHUKH 33 CUET MPUMEHEHUs
KPEMHHEBBIX HAHOIIPOBOJOB IUAMETPOM OKO0JIO 40 HAHOMETPOB.

He meHee 3HaunTenbHBIM cTano BHeApeHHe B mpombiinuieHHocTh OLED (mucruien Ha
OPTaHWYECKUX W DJICKTPOIIOMHUHECIICHTHBIX TNO/AaX), KOTOpas KOHCTPYKTUBHO HAIIOMHHAET
KBAaHTOBBIEC JUCIUIEH, COCTOSIINE U3 TOHKUX OPraHUYECKHUX IUIEHOK, PACHOJ0KEHHBIX MEXKIY
TOHKOIIJICHOYHBIMU TIpOoBOAHUKaMH [2]. Pa3paboTka ocHOBaHa Ha CIIOCOOHOCTH HEKOTOPBIX
OpraHUYECKUX MATEPUAJIOB M3y4aTh CBET MOJI JEHCTBUEM DJIEKTPUUECKOr0 TOKA U MOJIy4HIIa
IUPOKOE TMPUMEHEHHE OJlarogapss BBICOKOM TEXHOJOTHYHOCTH TIPOM3BOJCTBA, a,
cleIoBaTeNbHO, 00Jiee HU3KOM CTOMMOCTH IO CpaBHEHHIO ¢ TexHomorueit LCD.
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B cBsi3u ¢ mporpeccoM a3epHBIX M CBETOAMOMHBIX TEXHOJOTMH [3] B mocienHee
JIeCATUIIETUE TIOTYYMIIN KauecTBeHHBIN ckadok B pazsutun HUD (Head-Up display) nucnnen
- CHCTEMBI, [TO3BOJISIFOIINE BHIBOAUTH MH(POpPMAIIMIO HA MPO3pavyHbIe OBEPXHOCTH, KOTOPHIE
HaxoaATcsi B (pOKyce IO 3pEHHs YelOBeKa Iepell OKPYKAIOIMIMMU OOBEKTaMH, B BHUJE
JOTIOTHUTEILHOTO BUPTYaJIbHOTO M300pakeHus. BriepBble mpuMeHEHHbIE B cepe BOCHHOM
aBUallMM TaKWe YCTPOMCTBA C KaXIbIM JHEM IOJIy4yaloT Bce Oosiee IIMPOKOE
pacrnpocTpaHeHHEe B IMOBCETHEBHOM >KM3HM Oiaronapsi OCHOBHOMY HX MPEUMYIIECTBY -
MUHHMH3ALUU OTBIIEKaoNMX (pakropoB. Kinaccupukamus Takux AMCIUIEEB MPOUCXOIMT TIO
TUITy UCHOJIb3yeMOr0 MCTOYHHKA MU3JIyUYEHHUs, B KayecTBe KOTOPOro Moryt BeicTynaTh DJIT
(97EKTpOHHO-Ty4YeBble TpPYOKM - TEXHOJNOTWsA, MONy4yHBIIas Havaio B 1940 rom;ax),
COBpEMEHHbIE cBeToAMOAbl M Jjasepbl [4]. IlocinenHue HCHONB3YIOTCS B YCTPOMCTBAx,
KOTOPBIE OTHOCAT K KaTeTOPUH MPOCKIIMOHHBIX MM TOJIOTPaQUUECKUX CUCTEM, U MO3BOJISIOT
peain30BaTh BU3YyalbHbIN BBIBOJ HHGOPMAIIUU HETIOCPEICTBEHHO HA CETYATKY IJ1a3a C LEeNbIo
JIOTIOJTHEHHUS CBEICHUI 00 OKpYyXkaroiiei 00CTaHOBKE.

Pacipenue HOMEHKIATypbl HMCKYCCTBEHHBIX YIJIEPOJHBIX HAHOMATEPHAIOB U HX
QUIOTPONHBIX MOAU(PHUKAIUN TMO3BOJMWIO KAYECTBEHHO YIYULIUTh «TBEPAOTEIIbHYIO»
MUKPO3JIEKTPOHUKY BHEJJPEHUEM 3JIEMEHTOB, KOTOpBIE HUMEIOT BBICOKYIO
AJIEKTPONPOBOJHOCTh U MYyl MacCy, TaKMX KaK TPaH3UCTOPHI, JOTMYECKHE BEHTUIU U
HaHomnpoBoja. [IpuMeHeHne yriiepoJHbIX HAHOTPYOOK B ITUCIUIESIX C AJIEKTPOHHON SMHUCCUEH
BBIBE/IET UX HA IPUHLMUIINAIBLHO HOBBIA YPOBEHb 3BOJIIOLUH.

Ha opmansblii  MoMeHT Haumbojee BaKHBIM  SIBISIETCS  pa3BUTHE  TEXHOJOTHUI
CaMOOPraHU3YIOUIMXCS  CUCTEM WM  HCKYCCTBEHHO  OpraHM30BaHHBIX  IPOILIECCOB,
MPOUCXOSAIINX Ha aTOMHO-MOJIEKYJISIPHOM YPOBHE, KOTOpPBIE OTKPOIOT JIOCTYI K CHHTE3Y
HOBBIX HAaHOCTPYKTYP M IOJIyUYEHUIO OOBEKTOB HAHOTEXHOJOIMHM B MPOMBIIIJICHHBIX, a HE
eAMHUYHBIX MacmTabax. OJIHAKO OTCYTCTBUE HEOOXOAUMOW HU3MEPHUTENbHON TEXHHUKHU
3HAUUTENBHO 3aMeJIIEeT TEMIIbl BHEAPEHUS B IPOU3BOCTBO TAKUX WHHOBAIUH.

JanpHeiieMy pa3BUTHIO HAHOTEXHOJIOTHH CIIOCOOCTBYET TMHAMUYECKHM aHanu3 cdep
U TEpPCHEeKTHUB WX MPUMEHEHHS, a TaKKe OOEeCleueHHEe COBPEMEHHOW METPOJIOTHYECKOM,
U3MEPUTENIbHOM W HMHCTpyMeHTanbHOM Oa3zamu. CoOnoJeHue 3THX YCIOBHH co3mact
rapaHTUU CYIIECTBOBAaHUS YCTONYMBOIO PhIHKA HAHOTEXHOJIOTUH.

Mexay TeM okas3bIBaeTCs, 4TO Yyxke Oojee JecATKa JIeT YelIOBEYEeCTBO UIMPOKO
UCIIOJIb3YET BIIOJIHE pEalibHble JOCTHXKEHUS HAHOTEXHOJIOTMH, MPUCYTCTBYIOUIME B chepe
IPOM3BOJICTBA MOJYHNPOBOJHUKOBBIX TNPHOOPOB M MHUKPORIEKTPOHMKH. JlanbHeimas
KOHIEHTpAllMsl HAay4HbIX MCCIEJAOBAaHUN B HANpPaBIEHUSX PA3BUTUS MEPCIEKTUBHBIX
HaHOMAaTepHaJiOB, TAKMX KaK YIJepoJIHble HAHOTPYOKHM M cepeOpsiHash HaHOIPOBOJIOKA,
BCKOpPE TMO3BOJINT BBIBECTH TEXHOJOTHIO TMPOM3BOACTBA JAMCIJIEEB Ha  YPOBEHb
HAHORJIEKTPOHUKH U NOJIYYUTh HOBbIE IPUHLUIIBI (JOPMHUPOBAHUS N300paXKEHHUS.

1. Agponckuii A. A. dnekmpornHvie usmepeHus 8 HAHOMEXHON02UAX U 8 MUKPOIIEKMPOHUKE /
A. A. Agponckuii, B. I1 [{vaxonos. — M.: JIMK Ilpecc. — 2011. — C. 58-61.

2. Capelli R. et al. Organic light-emitting transistors with an efficiency that outperforms the
equivalent light-emitting diodes // Nature Materials. — 2010. — M2 9. — C. 496-503.

3. Moposzos M. A. Cospemennas nazepras oanrvHomempus / M. A. Mopo3zos, A. B. Mypasvés
// Hosvle nanpasnenus pazeumust npubopocmpoenus: mamepuanst - MesicoyHapooHoll
HAY4YHO-MeXHU4ecKou KoHghepeHyuu MON00bIX YueHblXx u cmydenmos, 20-22 anpens. —
Munck, benapycw. —2016. — 38 c.

4. Tyagur V. M. Passive optical athermalization of an IR three-lens achromat / V. M. Tyagur,
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HOBMI CITIOCIE OTPUMAHHSA MIPU MEXAHIYHUX
HAIIPYKEHb

B.M. Vyanin :, C.M. Minakos?
L@izuxo-mexaniunut incmumym im. 1'.B. Kapnenka HAH Yxpainu, m. Jlveis
*HTY «Kuiscwvkuti nonimexuivnuu incmumym im. 1. Cikopcokozo», m. Kuis

BumiproBanHs MeXaHIYHUX HAMPY)KCHb BYKIMBE VIS OI[IHIOBAaHHS TEXHIYHOTO CTaHY 1
MPOTHO3YBAaHHS JIOBIOBIYHOCTI KOHCTPYKIiH. Ile o0coOmmMBO BaJMBO IS 3BapHUX
KOHCTPYKIIIA dYepe3 XapaKTepHI 3aJMIIKOBI HANMPYKECHHS, BUKIWKAHI YCaaKOI METaly i
dazoBumMu 3MiHamMu Tix 4ac ¢opmyBaHHs 3BapHoro mmBa [l, 2]. Icuyroui Mertoam
BUMIPIOBAHHS HANpy>K€Hb B €JIEMEHTaX KOHCTPYKIIA MOXKHA NOMUIMNTH Ha PYHHIBHI i
HepyiHiBHI MeTonu. Jlo HaWNOMyNISPHIIIMX BiIHOCATHCS MEXaHIUuHI METOIHU, MOoOyIoBaHi
BUMIpIOBaHHA JAedopmaiiii miag dYac BIAOKpEMJICHHS YacTKH MaTepialy KOHCTPYKIIII,
HANPUKIA] METOJ OTBOPY 3 TEH30METPUYHHMHU BUMIPIOBAHHSMH MOBEPXHEBUX JePOpMaIlii.
3aragom, KpiM IIbOTO, BiIoMO 0OaraTo iHIMMX (PI3MYHUX METOJIB, Cepell SAKMX Ha IMPaKTHII
HaifyacTime BUKOPHCTOBYIOTh PEHTICHIBCHKHM, yIbTPa3BYKOBUH, TEH30METPHUYHHMA, ONTHYHI
(rosorpadiyHuil 1 METO €JIIEKTPOHHOI CIeKJI-iHTephepoMeTpii) 1 MarHiTHI METOIH, KOKHHUMA
13 IKMX Mae€ CBOI repeBaru i ooMexeHHs [3].

3HaYHOTO TOLIMPEHHSA JJs BHU3HAUEHHS HANPYXKEHOTO0 CTaHy Ha0ylu MarHiTHI
METOJM, IMOOyJAOBaHI Ha TMepeOyJoBI MAarHiTHHX JIOMCHIB IIiJl €0 3BOPOTHOTO
MarsitocTpukiiiinoro edekry (Bimnapi edexr) [4-6]. Lli meToau, 3a3Buyaii, moOyJqoBaHO Ha
3aJISKHOCTI PI3HUX MapaMeTpiB MeTi rictepe3ncy adbo mrymiB bapkrays3eHa BiJ HamnpyXeHb.
MarniTonpyxHiif 1 MarHitoanizoTponauii (MA) cnocoOu BH3HA4YE€HHS HAINPYKEHOTO CTaHy
TaK0X BUKOPHUCTOBYIOTh 3BOPOTHHUI MarHiTocTpukuiiHuii edpekrt [6-10]. OcranHi poku, HaMu
PO3BUBAETHCS MAarHITOAHI30TPOIHUN METO, TOOYIOBaHUI HAa BU3HAYCHHI 3MIHHM aHI30TpOMil
MarHiTHUX BJIACTUBOCTEW KOHTPOJIbOBAHOTO Marepiayly MiJ Ji1€l0 MEXaHIYHUX HalpyXeHb
[11-14]. B pobGorax [12-14] mu posrisgaemo MA MeToj BapiaHTOM BHXPOCTPYMOBOIO
METO/y, 3Ba)KalOUM Ha BHKOPHCTAaHHS 3MIHHOTO EJEKTPOMArHiTHOTO TOJs, IO JO3BOJISIE
3aCTOCYBaTH TPAJUIMHI MIJXOAM, 30KpeMa TOB’S3aHI 3 MPE3CHTALlEl0  CHUTHAIY
BuxpoctpymoBoro meperBoproBaua (BCII). B mmux pobGoTtax mociipKeHO, 30KpemMa, 3MIHU
curHany crnenianizoBaHoro BCII mix fgi€lo MeXaHIYHMX HamnpyXeHb pO3TATY 1 CTHCKY,
MOKa3aHO ICHYBaHHS MarHiTHO-MEXaHIYHOTO TICTepe3Hcy, a TAaKOX 3alpONOHOBAHO HOBI
OpUTiHaNbHI 3aCTOCYBaHHA MA MeTomy.

Benmukoro mnpo0nemMoro, 10 CTpUMYE PO3BUTOK HEPYHHIBHHUX METOIB BUMIPIOBAHHS
MEeXaHIYHUX HaNpY>KeHb, € BIICYTHICTh CTaHIapTHUX 3pa3kiB (C3), siki MOXHA BUKOPUCTOBYBATH B
AKOCTI MIpU MEXaHIYHUX HalpyKeHb Uil HalallITyBaHHS BIANOBAHUX npwianis. bes
nepeOUTbIIeHh MOXKHA CKa3aTH, 1[0 MOBa HJe MpO CTBOPEHHsS NPHHIMIIOBO HOBOI METOMOJIOTII
METPOJIOTTYHOTO 3a0e3MeueHHsl MPUIaiB BUMIPIOBAHHS MEXaHIYHUX HampyXeHb. be3 1poro,
edexTBHE BHIpOBamKeHHS MA MeTony /UId BHpILICHHS AaKTyaJbHUX 3a7ad TEXHIYHOro
JIIarHOCTYBaHHSI BIAMOBLAAILHUX 00’€KTIB MPOMUCIIOBOCTI HEMOXKIIMBO. B pe3ynbTari nocrasieHa
3aj1a4ya CTBOPUTH TEXHOJIOTIi BUroToBieHHs C3, ska Moria 01 3a0e3neuyBaTH:

- BUT'OTOBJICHHS 3pa3KiB 13 MaTepiany 00’ €KTy A1arHOCTYBaHHS;

- (hopMyBaHHSI MEXaHIYHUX HANpyXKeHb PI3HOTO 3HaKY (po3TAry abo CTUCKY) 1 pi3HOL
BEJIMYNHH;

- MOJIMBICTb BUMIPIOBaHHS DPIBEHb MEXaHIYHHUX HAIPY)KE€Hb B 3pa3Kax HpPSIMUMH
METOaMH JIJIs iX METPOJIOTIYHOTO OIIHIOBAHHS 1 aTecTaIlii.

Jlnist CTBOpEHHS TEXHOJIOTIH OTpUMaHHS Mip MEXaHIYHUX HalpyXeHb 3alPONOHOBAHO
BUKOPUCTAaTH METOJl MOJICIIOBAHHS 3BApIOBAJLHUX IMPOLIECIB HArpiBaHHSM JIOKAJIbHUX
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JISHOK TUIACTHH 13 TPOpi3aMH 10 TEeMIEpaTypH MEpexoay MaTepialy y IJIaCTUYHHN CTaH
[15]. Ha puc. 1 300paxeHO 3aroToBKY JUIS CTBOPEHHS MIpH MEXaHIYHHMX HAINpYXEHb 13
JIUCTOBOI cTaji, 1e | — 3aroroBKa JOBXKKHOIO L 1 mmpuHoto B; 2 — HacKpi3HUiA mipopis; 3 1 4
MIOJIOBUHU 3arOTOBKM MDK IPOPI30M 1 Kpaem; 5 — 3aTUCKadi; 6 — MPHUKIJIAZeHa CHJIa PO3TATY.
3arotoBky | momepeaHbO BIAMATIOIOTH JJIS HAaJaHHS i OJHOPIAHOCTI 32 CTPYKTYPHHMH 1
MarHiTHUMH ~BJIACTUBOCTSIMH, a TaKOXX 3MEHIICHHS PIBHS MOXJIMBUX 3aJUIIKOBUX
HarpykeHb. Jlanmi 3a HeoOX1THOCTI MPOBOAATH XIMIKO-TepMIYHY OOpOOKY 3aroTOBKH 3TiJTHO
IITATHOI TEXHOJIOTii BUTOTOBJIEHHS KOHTPOJILOBAHOTO 00’€KTy. B cepenHiil 30HI 3arOTOBKU
BUKOHYIOTh HACKPI3HWUH Mpopi3 2 NIMPUHOK HANPUKIAL 2 MM, SKHH yYMOBHO TMOJIISE
3aroToBKy Ha 2 yactunu (3 14 Ha puc. 1).

Puc. 1. 3aroToBka Juist BATOTOBJIEHHS MipH MEXaHIYHHUX HaNpy>K€Hb

B naBenenomy npuknazni (puc. 1) yacTMHM 3arOTOBKM BHKOHAHI OfHAaKOBUMM. [lami ofHy
YAaCTUHY 3arOoTOBKH (Hanpukiaa 3 Ha puc. 1) MK Ipopi3oM 2 1 KpaeM 3aroTOBKHM HArpiBatoOTh 10
TeMIIepaTypy Iepexo/y MaTepiaily B IiIacTUYHUI cTaH. s craii Taka Temreparypa ckianae 6000
C. HarpiB yactunu 3 3arotoBkH 1 13 mpopizoM 2 MO>KHA [IPOBOJIUTH 3 OJIHIET CTOPOHU 3arOTOBKH 32
JIOMIOMOTOI0  TA30BOT0 MalbHUKA. MO)XHa BBaXaTH, IO 3a YMOBH KOPOTKOTO 4Yacy HarpiBy
TeMIleparypa IHIIOI YaCTWHH 4 3aroTOBKH 3aJMIIAETHCS HE3MIHHOKO 3aBASUYIOUM 1CHYBAHHIO
Hpopi3y 2, AKKHA MEpeIKokKae PO3NOBCIOLKEHHIO Terta. KoHTpobs TeMreparypy HarpiBy 3py4HO
3MIIIICHIOBATH 3a JIONMOMOror IwdpoBoro mipomerpy (Hanpukian Raytec PM Plus). Ilix wac
HarpiBy YacTMHM 3arOTOBKM Marepiall B Hiif HE MO)Ke PO3LIMPIOBATUCH Yepe3 XOJO/HI YaCTUHU
3arOTOBKM, SIKI TEPeHIKOKAITh 11 JedopMyBaHHIO. sl /10OJAaTKOBOTO  IEPEIIKOHKaHHS
nehOpMyBaHHIO 3arOTOBKM IIiJ] Yac MICIEBOrO HArpiBy Kpai 3aroTOBKH, IO HEPIEHAMKYISPHI
Npopi3y, MOXKHA 3aKPINUTH, HAMPUKIIAJ, B 3aTUCKa4aX 5 MAllMHU Ui MEXaHIYHUX BUIPOOYBaHb
(ma puc. 1 mokazaHo cxemarHyHo). Yepe3 HEMOXIMBICTH JeOpPMYBaHHS B YacTHHI, IO
HarpiBaeThesl, (POPMYIOTHCS HAPYXKEHHsI CTHCKY. BHYTpIIIHI 3ycHIUIs, M0 3’SBISIIOTHCS MM Yac
HarpiBy y 4acTHHi 3 3aroToBKH, Oy1yTh ()OpMyBaTH y XOJO/AHINA YacTHHI 4 3arOTOBKU PEaKTHBHI
Hallpy’>KeHHS1 po3TsAry. Taki HampyKeHHS BHHUKAIOTh Yepe3 HEPIBHOMIPHMN pPO3MOJUT
TeMIIEpaTypH, IKOMY CIIpUsi€ HAsIBHICTh HAacKpi3Horo mpopizy 2. Ilix yac oxonomxenns Big 600° C
(YMOBHa TemIiepaTypa nepexoly B INTACTHYHHUIA CTaH) MaTepiall B YaCTUHI 3 3aTrOTOBKH MEPEXOIUTh
y IPY>KHUH cTaH. BiTbHOMY YKOpOY€HH1 4aCTHHH 3 3arOTOBKH IPH il MOJAIBIIOMY OXOJIO/DKEHH1
MepELIKOKae YacTUHA 4 3ar0TOBKH, SIKa He Miyisirana HarpiBy. Lle npusBoauTs 10 popMyBaHHS B
YacTHHI 3 3arOTOBKY 3JIMIIKOBUX HAMpPYKEHb PO3TATY, SIKi Oy/1y 3pOCTaTH B MPOLEC] MOAAIBILIOTO
oxosomkeHHs. [lim dac oxonomkeHHs OyayTh 3MIHIOBATUCH TAKOXK HANPYKEHHS B XOJOIHIN
YaCTHHI 4 3arOTOBKH, B SIKiil OyyTh ()OpMYBATHCS 3IUILIKOBI HAMIPYXEeHHs CTUCKY. [Iporiec 3MiHM
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MEXaHIYHUX HaNpyXXeHb G B PI3HUX YaCTHHAX 3pa3Ka Il Yac IMKIY HarpiBaHHS-OXOJIOKCHHS
NOKa3aHo Ha TepMoMexaHiuHi miarpami (puc. 2). Tyr: 0AB.DF — nuxit 3minu Harpy»eHb B TIpaBiii
3 yactuHi C3; 0A'B.D'F' — BignoBimamii nuki aj1t yactunu 4 C3.

VF o
] D
, N\ C
& 4 ANS
y |

10 __ﬂ:_]?i___}___ BL-—Bz A

1 : : 6000——-
o F : — IDI
© N i

‘ l

oA A

Puc. 2. TepmomexaHiuHa Jiarpama 3MiHH HaIllpy>KeHb G IiJl 4ac LUKy HArpiBaHHI-0XOJIOIKEHHS.

3anuIIKOBI HANPYXEHHS PI3HOTO 3HAKy, MO CHOPMYBAIMCA y PI3HUX YaCTHHAX
3aroTOBKHM BHACIIJIOK HArpiBy TUTBKH OJIHI€T YyacTHHM, OynyTh 30epiratucs B Hiil 32 YMOBU
BIZICYTHOCT] 30BHIIIHIX cmiI. CXeMaTHYHO PO3IMOIUT 3aJIMIIKOBHX HAINPYKEHb 10 IIUPUHI
3pazka mojgaHo Ha puc. 3. Lli 3aJMIIKOBI HaMpyXeHHS MOXYThb OYTH 3HATI TUIBKH a0o
TEpMOOOPOOKOI0 200 PO3PI3aHHIM 3arOTOBKH HA OKPEMi YACTHHH.

Puc. 3. CrnporieHa emopa po3noaily MeXaHIYHUX HapyKeHb ¢ 1o mupuHi C3.

Jns GopMyBaHHS 3aJMIIKOBUX HANpYXXEHb 3 PI3HUMHU 3HAUEHHSIMU 3aroTOBKY 3
pO3pi3oM Tiepes] HarpiBaHHSIM JO TEMIepaTypd Tepexoay Marepially B TUIACTHYHHHA CTaH
MOTIEPETHHO MOXKHA PO3TATHYTH a00 CTHCHYTH Yy HamnpsMKY B3I0BX IMpopi3y. PosrimsHemo
BUIIAJI0K, KOJIM JI0 3arOTOBKH M1/l Yyac HarpiBy OJHIE] YaCTUHU B HAIPSIMKY B3JIOBXK PO3pi3y
Oyna nmpuxiagena cuwia P (6 Ha puc. 1). I1ix yac HarpiBy nonepegHb0 po3TATHYTOI 3arOTOBKH
3aJIUIIKOBl HANpyXeHHS y ii yacTMHAaX OyAyTh MICHS OXOJOKEHHS MEHIIMMH, HIK Yy
3aroTOBKH, YacTHWHA SKOi Oynu Harpita 6e3 momnepenHboro po3rary. | HaBmaku, npu Harpisi
MONEpPEAHbO CTUCHYTOT 3arOTOBKH 3aJIMIIIKOBI HAIIPYKEHHs y 11 YaCTMHAX OyayTh OUIBLINMH,
HI)XK y 3arOTOBKH, YaCTHUHA SKOi OyJIM Harpita 6e3 nonepeHboro CTUCKY.

JlokanbHi MeXaHIYH1 Hallpy»XeHHs B KpaiHix nmosoBuHax C3 MoXHa BU3HAYaTH MICIS
HarpiBy OJHI€i TOJIOBMHM A0 TEMIIepaTypu Iepexojly marepialy B IUIACTUYHUN CTaH 1
HACTYITHOTO OXOJIOJUKEHHSI IUISXOM BHMIpPIOBAaHHS JIOKAaJbHHUX Jedopmarliii marepiany
MOBEPXHI 3pa3ka METOJIOM CBEpJUIeHHS O0TBOpiB. OTpuMaHe 3HaUY€HHS HANPYKECHHS PO3TATY
pUCBOIOIOTH yacTuHi C3, 110 mijuidrana HarpiBy, a OTpUMaHe 3HauY€HHs HallPY>KeHHS CTUCKY
MIPUCBOIOIOTH YaCTHHI 3arOTOBKH, 1110 HE MiJiArajia HarpiBy.
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BucnoBok. Ilomanmii crocid OTpUMaHHS MIpH MEXaHIYHUX HAIMPYKEHb J03BOJISIE
BIITBOPIOBATH Pi3HUI PIBEHb MEXaHIYHUX 3ATUIIKOBHX HANPYKEHb PO3TATY 1 CTUCKAHHA B PI3HUX
yactuHax C3, ski MOXYyTh OyTH BHKOPHCTaHI B SIKOCTI MIpH MEXaHIYHMX HaIPYKEHb JUIS
METPOJIOTIYHOrO 3a0€3MeUeHHs NPUIaiB Ul BUMIPIOBAHHS PIBHS NPHUKIAACHUX 1 3aTMIIKOBHX
MEXaHIYHUX HamnpyXeHb. BiamoBijHi Npuiagd MOXYTh OyAyBaTUCh Ha PI3HUX (I3UUHHX
NpPUHIMIAX, 30KpeMa Uil IX CTBOPEHHS MOXKHA BHKOPHUCTOBYBATH BHXPOCTPYMOBHH a0o0
MAarHiTHUH (30KpeMa, MarHiTONpYKHii a00 MarHiToanizoTporHuii) metoan HK.
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MOTEHIIMHI MOXKXJIUBOCTI 3ACTOCYBAHHA
EJEKTPOEMHICHOI'O METOAY HEPYUHIBHOI'O KOHTPOJIIO B
COEPI IUBIJIBHOT'O POSMIHYBAHHA

Osuapyx C.A., baxcenosg B.1,
Hayionanonuu mexuiunuii ynigepcumem Yrkpainu « Kuigcokui nonimexuiunui
incmumym im. leops Cikopcokozo», m. Kuig

AHoTauig. Y cTaTTi po3rIsIHYTO Cy4YaCHUN CTaH MpoOJieMH po3MiHyBaHHS BUOYXOBHX
3apsANiB Ta TPHUCTPOIB 3 MIHIMAJIbHUM a00 BIJICYTHIM BMICTOM METaJTiB, MPOAaHAII30BaHO
MOYJIMBICTh Ta TEPCIEKTUBA BUKOPUCTAHHSA EJIEKTPOEMHICHOTO METOAY HEpYHHIBHOTO
KOHTPOJIIO SIK OKpPeMOro ado JOMOMIKHOTO METOAY JUIsl 33aJa4 PO3MiHYBaHHS, MPOBEACHO
AQHATITUYHUI OTJISII TMPOBEJCHUX Ta BH3HAYCHO MPOOJIEMATHKY HACTYIHUX JOCHIHKEHb Y
[bOMY HampsMKY.

Beryn. Ha choroHi rocTpo CTOITh MUTAHHS MIBHAKOTO, 0€31eYHOro Ta e(heKTHBHOTO
pPO3MiIHYBaHHS TepUTOpId BiA HacHiAKiB OoioBux nid. HalOinbm poO3MOBCIOIKEHUM
IHCTPYMEHTOM IS BHSIBJICHHSI Ha36MHHX MiH € Meraiomykad. OmgHak Mojen 0ararbox MiH
BUPOOJIEHI 3 MiHIMAIbHUM a00 HYJIHOBUM BHUKOPHUCTAaHHSM MeTaly, IO YCKIAAHIOE abo
YHEMOJJIMBITIOE iX JIETEKTYBaHHS MM METOJIOM. SIK ajbTepHAaTHBA METAIONIyKadyaM y TaKHX
BUIIAJIKaX 4aCTO BUKOPHCTOBYETHCS TEXHOJIOTiSA 3 BUKOPUCTaHHIM reopanapy (anria. GPR -
Ground Penetrating Radar). L{s TexHOMOrIs MOJSIrae y BUMPOMIHIOBAaHHI €JIEKTPOMArHiTHIX
XBUJIb BUCOKOT YacTOTH (OJMHUII Tirarepi) Ta peectpaiii Bigoutoro curHany. Jlanuii Metos
JI03BOJISIE OTPUMATH pE3yJIbTaTH CKAaHYBAaHHS BIJHOCHO BHMCOKOi TOYHOCTI, OJHAK HOTO
HENIOJIIKaMU € CKJIQJHICTh 1HTeprpeTalii OTPUMAaHUX pe3yJbTaTiB, OCOOJIMBO PE3YNIbTATIB
CKaHyBaHHS TPHUIIOBEPXHEBOTO MIapy Oe3 IMmomepeaHboi MiATOTOBKM TIPYHTY, Ta 3HAYHHUN
BIUIMB BOJIOTOCTI Ta CTPYKTYPH I'PYHTY Ha e(eKTUBHICTh BUKOpUCTaHHA TexHoorii [1], [2].

Haii6i1b11 epekTHBHUME 3ac00aMU PO3MIHYBAaHHS BBa)KalOThCsl KOMOIHOBaH1 CUCTEMU
10 MPAIIOI0Th 3 BUKOPUCTAHHIM 000X TeXHOIOTiH - Metanonerekropa Ta GPR [1], [2]. Taki
CHUCTEMHU 37aTHI CKaHyBaTH TIPYHT 3a JOTMOMOTOI0 IUX JBOX METOJIB SK OJHOYACHO TaK i
okpemMo. OHak Ti 0OMeXeHHs, 1110 HaKJIalalThesl Ha BUKopucTtanHd GPR i 3Haxo/KeHHs
BUOYXOBHUX IPHUCTPOIB 3 BIJICYTHIM Ta MajuM BMICTOM METaliB, 3HUKYIOTh JIOCTOBIPHICTh
CKaHYBaHHS Ta MiJBUINYIOTh PU3UKH, MOB’S3aHI 13 3/0pOB’SIM Ta >KUTTAM JIIOJCH, TOMY
3HAXOJ/PKEHHS JIONOMDKHUX YU QJIbTEPHATUBHMX METOJIB Ui L€l 3ajadl € aKTyaJbHUM.
AnbrepHaTuUBHUM a0o0 nomoMiKHMM 1o TexHosorii GPR nmns mux 3amau Moxe cratu
€JICKTPOEMHICHUI METO/I.

Cyth enexkTpoemHicHOro Mmeroay. CyTb €IEKTPOEMHICHOTO METONY IHOJSIrae y
peecTpallii 3MiHU TPOCTOPOBOTO PO3MOLTY €IEKTPUUHOTO TMOJIs, 0 MPOXOIUTh KPi3b 00’ €KT
koHTpoito (OK). Lli 3MiHM BU3HAYAIOTHCS UIIXOM BUMIPIOBAHHS €IEKTPUYHOTO 3apsy, 110
IHIYKYETbCS LMM TIOJIEM Ha BUMIPIOBAJbHOMY €JIEKTpOAl mepeTBoproBaua. HasBHICTH
HepiBHOMIpHOCTI B Matepiani OK y Burisani meBHoro o0’emy (Tina) 3 JieNeKTPUYHOIO
MIPOHUKHICTIO, 110 BIAPI3HAETHCS BiJ A1€JIEKTPUUYHOI MPOHUKHOCTI MaTepiany OK, BUKINYYThH
3MIHM B TIPOCTOPOBOMY PO3IMOALIY MOJs, IO B CBOIO YEpry CHPUYMHUTH 3MiHY BEIMYMHU
IHAYKOBaHOTO 3apsay Ha €JIEKTPOAl TepeTBOproBada. Tak sSK 4YacTOTa 3MiHHM IO Mala
(3a3BMYail 10 OAMHUIL Merarepil), MarHiTHOIO CKJIQJOBOIO IOJII MOXHA 3HEXTYBAaTH, TOMY
TaKe MoJie HA3MBAIOTh KBA31-€JIEKTPOCTATUIHUM [3].

EnexTpoeMHICHUI TepeTBOpIOBaY Uil OJAHOCTOPOHHBOI'O CKAaHYBAaHHS Ma€ BHIVISAL
PO3TOPHYTOTO TUIOCKOTO KOHJIEHCATOpa, MK IIacTHHaMU sikoro 3Haxomutbes OK (puc. 1).
3MiHa CyMapHOI Ji€JIeKTPUYHOI TMPOHUKHOCTI CEepelOBUINAa MK IJJACTUHKAMHU IbOT'O
KOHJIEHCATOpa 3a PaxyHOK HAsBHOCTI HEPIBHOMIPHOCTI B 30HI CKaHYBaHHS MOXE TaKOX
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po3risaaTHcs SK 3MiHa EJIeKTPHUYHOI €MHOCTI KOHJAEHCATOpa, TOMY METO]] Ha3HBalOTh
€JIEKTPOEMHICHHUH (200 POCTO EMHICHUM).

’ Bxigmint cCHrHaT HanpyTH

Bioumaint curHan sapany

] ( ) = MeTaneEn1 eneKTpOxa

\ /
Q:// /I Ciu10B1 /iHI eTeKTPIHOTO MOJA

Jdedexr
OK

&1

Puc. 1. Cxemaruune 300paskeHHs MPOLIECY BUMIPIOBAHHS €IEKTPOEMHICHUM METOA0M

TakuMm 4MHOM, BUMIPIOIOYM BEJIMYHY 3MIHHM 1HJYKOBAHOT'O €JEKTPUYHOIO 3apsiy Ha
BUMIPIOBAJIbHIM OOKJIa/Il TAKOTO MEpPETBOpIOBaYa MOXIIMBO aociimkyBarn OK Ha HasBHICTH
HepiBHOMIpHOCTeH (nedeKTiB) y HOro CTPYKTypl, OJHAK JIMIIE SKIIO IIi PIBHOMIPHOCTI
XapaKTepU3YIOThCA JIIeIEKTPUYHOIO POHUKHICTIO, BimMiHHOIO Bix Matepiany OK. [lns 3amau
pO3MiHyBaHHS 00’€KTOM KOHTPOJIO € IPYHT, a AedeKkTaMu (HepiBHOMIPHOCTSIMH) € BUOYXOBI1
npucTpoi (MiHH).

Orasin crany npo0jeMH Ta J0CHIIKeHb [JaHOI0 HANPSAMKY. Bnepuie meron
OJTHOCTOPOHHBOTO CKaHYBaHHS €JIEKTPOEMHICHHM TEPETBOPIOBAYEM B paMKaxX HEpYHHIBHOTO
KOHTPOJIIO Oyno po3risiHyTo B po6oTi [3]. B wmiif poGoTi Oynu onucani MpUHIUON TiAXOAY,
NPOBE/ICHI TepIIi EKCIIEPUMEHTH 31 CKaHyBaHHS EJIEKTPOIPOBITHUX Ta JiCIEKTPHYHUX
3pa3KiB Ha HAsBHICTH Ae(EKTiB, 3p0OJEHO BUCHOBKH OO0 MOXJIHMBHX cep 3acTOCYBaHHS
naHoro Metoxy. OpHaK 3acTOCYBaHHS JaHOTO METOJY JUIS 3aJad pPO3MIHYBaHHS HE
PO3TIIAIANIOCS.

B nmocmimxenni [4] npoBOAMTHCA INUPIIMNA PO3IJIL] 3aCTOCYBAaHHS IJIOCKHX
€JIEKTPOEMHICHUX MEepeTBOPIOBauiB Pi3HOI (GopMU Ta KOHCTpYyKLii /s ckaHyBaHHS OK,
BUTOTOBJIEHUX 3 JIEKUIBKOX JIEJIEKTPUUHUX MaTepialiB, BKIIOYAIOUW KOMIIO3UTH Ta OETOHHI
KOHCTPYKIi, Ta JEKUIbKOX €JEeKTPONPOBIIHUX MaTepialiB — aJllOMiHI€BA 1 CTaJlbHA TUIACTHHU
Ta crajgbHa TpyOa. Takox B 11 poOOTI aHaANI3yeThCs BIUIMB HA PE3yJIbTaTH BUMIPIOBAHHS
nedexTiB pizHOT GopMH Ta BIUIMB (JOPMHU Ta I'€OMETPUYHUX PO3MIpiB MEpEeTBOpIOBaYa 1
YacTOTH CHUTHAIy Ha TJIUOWHY BHSABICHHA JeexTy. Jlochi/DKeHHS TpOBOAMINCH SIK
€KCHEPUMEHTAIbHO TaK 1 31 3aCTOCYBAHHSAM KOMII FOTEPHOIO MOJEIIOBAHHS Ul PO3PaxXyHKY
po3noniny enektpoctatuuHoro mnonss B OK B 3amexHocTi Bif THUIy MEpeTBOprOBaya.
Pe3ynpraTi MoKa3yoTh, 110 TIMOWHA BUSABIECHHS 1e(EKTy HE 3aJI€KHUTh BiJl YACTOTH CUTHAIY,
a JMIIe BiJ po3MipiB JedeKTy, KOHCTPYKIIIi MepeTBOproBaya Ta AieeKTPUYHUX BIACTUBOCTEM
marepiany OK. LlikaBuM Takox B JaHild poOOTI € EKCIEPUMEHTH 3 JIOCIIIPKEHHSI MOXKIMBOCTI
KOMOIHYBAaTH €JEKTPOEMHICHHM TEpeTBOPIOBAaY 3 BHUXPOCTPYMOBHUM 3  PO3JILTIBHUMH
KOTYIIKAM{, BHUMIPIOIOYM €MHICTb MDK MMM KOTyIIKamMH. JlaHe HOCHipKeHHS Mae
O3HAMOMYHMH XapakTep 3 MOXKIMBOCTSIMH BHUKOPHUCTAHHS TEXHIKM €MHICHOTO CKaHyBaHHS
(capacitive imaging) OK, ommcyroTh OCHOBHI TPaKTHKH Ui OTPHMaHHS HaIIINIINX
pe3ynbTaTiB CKaHyBaHHS Ta OOIPYHTOBYIOTh OCHOBHI TPOOJIEMH JT@HOTO METOIY.
Metononorii  HiABMIEHHS TOYHOCTI  PE3YNbTaTiB  BHUMIPIOBAaHHsS, CHCTEMaTH3allis
XapaKTepUCTUK BIUIMBY Je(EeKTiB pI3HOrO THUIY Ha pe3yJbTaTH BHUMIPIOBaHHSI Ta
JOCIIJIKEHHSI MOXJIMBOCTI BUKOPUCTAHHS JTAaHOT'O METOY JJIsi IIMBUIBHOTO pO3MiHYBaHHS HE
€ YaCTWHOIO JTAaHWX JIOCIIPKEHb Ta TMPOTIOHYIOTHCS SIK TEMaTHKA [Tt HACTYITHHX POOIT.

CxoxHM Ha TIONEpeIHE € JOCHiKeHHS [5], B sKoMy OyJl0 BHUKOPHUCTaHO
nepeTBOproBadi Ti€i k& ¢hopmu, 1m0 1 B [4], ane 3 101aTKOBUM eKpaHyBaHHSIM. CKaHyBaHHS TYyT
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MPOBOAWIIOCH Ui QJIIOMIHIEBOI IUIACTUHU C TOBEPXHEBUMHM INITYYHUMHU JedeKkramMu Ta
IUIACTHHUA 3 BYIJICLIEBOTO BOJOKHA 3 OTBOpaMH. Jl0aTKOBO IPOBOAMIOCH CKaHYBaHHS
MeTaJIeBOl TPYOH 3 KOpPO3i€I0 3 METOI BUBYEHHS BIUIMBY HAasSBHOCTI KOPO3il Ha pe3yiabTaTH
CKaHyBaHHS. Y JaHOMY JOCTIPKEHHI TaKk caMo SIK 1 y TOMEpeIHbOMY, HE PO3TIISIAIOCs
MUTAHHS 3aCTOCYBaHHS METOAY JJIsl PO3MiHYBaHHS.

B nocnimxenni [6] Oyno po3risiHYTO 3araibHi MpoOieMu po3poOKH KOHCTPYKINi Ta
pO3paxyHKy e(EeKTHBHOCTI €JIEKTPOEMHICHOTO MEPETBOPIOBAYA, BUIUICHO 3 OCHOBHI PEKUMH
po0oTH TepeTBOpIOBaYa: PEXHUM Tepeadi, PeKUM IIYHTa 1 OJHOCICKTPOTHUN pekum. J[ist
Ne(heKTOCKOMIi BUKOPHUCTOBYIOTHCA PEXHMH Tepenadi (MpUHAWMHI 2 €IeKTPOId - OJUH
BUNIPOMiHIOE, npyruii Bumiptoe, OK He 3a3emienuii) Ta myHTa (pekuM mepeaadi, aie 3
3azemiieHuM OK). Takox B JoCHiKEHHI OyJu PO3TJIAHYTI IIEPETBOPIOBaYi pi3HOI opMH Ta
BUKOHAHO TOPIBHSHHS X YYTJIMBOCTI IUISXOM MOJCITIOBAHHS PO3IMOALTY €IEKTPHUIHOTO TIOJIS.
OauH 13 eKCIepUMEHTIB MPOBOJUBCA 3 METOI BHU3HAUEHHS HANOUIBII YYTIUBOTO PEKUMY
po0OTH TepeTBOpIOBayua MpHU BHUBICHHI eJIeKTporpoBinHoro Tina y marepiani OK. ¥V mpomy
eKCIIEpUMEHTI 00’€KTOM NEeTeKTyBaHHs CIyryBajla MijJHa IUTACTHHKA, 3aHypeHa Yy KIEeHKY
Macy, CKaHyBaHHS BifOyBajocsi 3 BHUKOPHUCTaHHSIM II€PETBOpIOBaYa 3 EIIEKTPOAAMHU
npsIMOKYTHOI ¢opmu. 3rifHO 3 pe3yiabTaTaMH, HaWBUINA YYTJIHUBICTh JIOCSTAETHCSA 3
BUKOPUCTAHHSAM DPEXUMY IIyHTa. BUKOpHUCTaHHS METONy Ui PO3MIHYBaHHS TaKOX HeE
PO3TIAAATOCH.

HoBwmii minxim 10 CTBOpPEHHS KOHCTPYKIIi eJIeKTPOEMHICHOTO TIepeTBOPIOBaYa
posrasiHyro B poboTi [7]. B gaHoMy mocnmipkeHHI po3poOIEHO 1 3ampolOHOBAHO
MIEPETBOPIOBAY Y BUTJISAI MATPHUIll €IEKTPOIIB, MO aHAJIOTIi 3 METOJUKOI E€IEKTPOEMHICHOT
tomorpadii (EET), ana nobynosu 3D-300pakenns npunoepxHeBoi ctpykrypu OK. Taxuit
MiJXiJ, 3TIAHO 3 pe3yibTaTaMU JOCIIIHKCHHS, TO3BOJISAE MiJBUIINTH TOYHICTH Ta TIIHOWHY
CKaHyBaHHS LUISIXOM IPOBEJICHHS PSAY MOYEProBHX BHUMIpPIB B OJHIN TOYIl CKaHyBaHHS,
3MIHIOIOYM KOMOIHAIIIO Map CKaHylouux eiaekTpoAiB. [Ipore Takuil miaxia Takox 30UIbIIYE 1
4ac MPOBEJICHHS O/IHOTO CKaHYBaHHS.

Hacrynne nocnimkenns [8] OasyeTbcss Ha momepeansomy [7] 1 posrisigae
BUKOPUCTAHHS MEPETBOPIOBAUIB TAKOI0 K MATPUYHOIO TUITY aJjie I’SATH IHIIMX KOHCTPYKIIH.
MeTtoro IbOT0 AOCTIHKEHHS € MiIBUIIEHHS YyTJIMBOCTI €JIEKTPOEMHICHOTO METOTY IS 3a]1a4
po3MiHyBaHHs. SIK 1 y JdOCHifpKeHHI [7], MiABHILEHHS TOYHOCTI PE3yNbTaTiB CKaHyBaHHS
JOCATAETHCSl  3aBJASIKM TPOBEICHHIO BUMIPIOBAHHSA 3a pPI3HMX KOMOIHAIIAX €JIeKTPOIIB
NepeTBOpOBaYa B OAHIA Toulll cKaHyBaHHSA. OfHak y AaHid poOOTI HE PO3MIISAIAETHCS
MUTAHHS PO3PI3HEHHS! KOHKPETHOTO TUITY BUSIBIEHOTO 00’ €KTa B 3aJIeKHOCTI BiJ oro ¢popMmu,
TTUOWHU 3alsTaHHS Ta ENeKTPUYHOI MPOBIIHOCTI, a JHUIIEe JOCHIKYEThCS HANHOUIbIIT
e(eKTUBHA B IUIaHI YYTJIMBOCTI KOHCTPYKISl MEpeTBOproBayda. TakoX y JOCHIKEHHI He
IPOBOJIMIINCH €KCIIEPUMEHTH, JIMILE MaTEMAaTUYHI MOJICJIIOBAHHS.

Hocaimxenns [9] € npoIoBKEeHHIM MOoNepeHbO1 poOOTH. Y IIbOMY JIOCIHIIKEHH] OyIu
NPOBE/IEHI EKCHEPUMEHTH 3 PO3POOJIEHMM aBTOpaMH KOMOIHOBAaHMM I€PETBOPIOBAYEM.
3rifHo 3 pe3yibTaTaMH eKCIIEPUMEHTIB, 3aBISKHA [IbOMY MEPETBOPIOBAYY aBTOpPaM BAAJIOCS
BUSIBUTH IUIALIKY 3 BOJOIO, 3aKomaHy B micky Ha rmmbuai 50 mm. Po3mipu camoro
IepeTBOpIOBaYa, 10 BUKOPUCTOBYBaBCI B Mi poboTi, ckiagatoth 100 x 100 mm.
ExcniepumMeHTH 3 TNpeaMeTraMu, 3aKOIaHUMHU B IPYHTI B paMKax IbOTO JOCITIDKCHHS HE
MPOBOJTUIINCS.

BucnoBku. OTxe, pO3IISIHYBIIM ICHYIOYlI HayKOBI poOOTH 3a JaHUM HAIPSIMKOM,
MO>KHA BUJIUIMTH 3aBJIaHHS Il HACTYITHUX JOCIIIKEHb, K1 e He OYyJIM BUPIIIEHI:

1) nmocimipkeHHsT METOMIB  MiHIMI3amii  OOMEXeHb, IO HaKJIAJalThCs Ha
€JIEKTPOEMHICHUI METOJT BIIACTUBOCTSAMH IPYHTY (BOJIOTICTh, HEPIBHICTh MOBEPXHI, 1 T.11.);

2) OLIHKAa TOYHOCTI PO3Pi3HEHHS KOHKPETHOTO THUIy BHUSBJICHOTO 00’€kTa (MiHH) B
3aJISKHOCTI BiJl HOro OpMH, pO3MipiB, JiENEKTPUYHUX XapPAKTEPUCTUK MaTepiaiiB 00’€KTa,
Horo opieHTalii Ta ITMOWHY 3aJIATaHHS,
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3) JmOCHIMKEHHS BHKOPHUCTAHHS JU(EpEHIllaTbHOI CXEMH BHUMIPDIOBaHHS Ta
BIJIMIOBITHOTO aJTrOPUTMYy IMOOYIOBH 300pakeHHS pe3yJbTaTiB CKaHyBaHHS, BIUIMB TaKOTO
MiX0Ty Ha YyTJIUBICTh METONY;

4) excrnepUMEHTalbHI JOCIIPKEHHS BIUIMBY POCIMHHOTO TOKPOBY, BOJIOTOCTI Ta
CTPYKTYPH IPYHTY Ha Pe3yJIbTaTH CKaHyBaHHS EJIEKTPOEMHICHUM METO/IOM;

5) mociimKeHHs 0OMeKeHb BUKOPUCTaHHS €JIEKTPOEMHICHOTO METOAY y KOMOiHaIil 3
reopagapom (GPR).
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POSSIBLE WAY TO INCREASE THE EDDY CURRENT INSPECTION
PRODUCTIVITY

V. Uchanin !, G. Nardoni
! Karpenko Physico-Mechanical Institute of National Academy of Sciences, Lviv
21&T Nardoni Institute, Folzano, Brescia, Italy

Eddy current (EC) method is widely applied for inspection of semi-finished
components (like forgings) for the purpose of the surface defect detection. The manual
inspection of large forgings by EC method is time consuming due small size of probe needed
for sensitive crack detection. In this case the EC probes with elongated sensitivity area are
applied to increase the inspection productivity. But such probes don’t secure the sensitivity
requirements assurance due low performance characteristic. Best productivity can be achieved
by application of the multiplexing inspection systems based on array type probes. But such
systems are expensive enough and difficult in recalibration for different size forgings.

Special EDDYLINE type EC probe was developed to increase EC inspection productivity.
EDDYLINE type EC One-Channel Array probe consists of 5 separate EC probes connected by
specially developed matching unit to summarize the signal responses of each separate EC probe for
operation with one channel flaw detector [1]. All separate EC probes are realized by double
differential scheme for better noise suppression [2]. Each of these probes is installed inside the 12
mm diameter cylindrical aluminum case. Due such connection high sensitivity length (near 60 mm)
was created. At the same time high spatial resolution was provided because each of EC probes is
operated separately with the same sensitivity as before connection.

Fig. 1. The scheme of EC inspection with EDDYLINE type EC probe.
1 - EDDYLINE type EC probe; 2-6 — double differential type EC probes; 7 — matching unit;
8 — connecting cable; 9 — flaw detector; 10 — inspected specimen; 11 — flaw.

The investigations were carried out with the application of the special reference standard
specimen fabricated from ferrous steel 45 with smooth (A — Ra 1.25 pm) and rough (B — Rz 160
um) surfaces (fig. 2). Surface roughness on the surface B is simulated in the form of the sawcut grid
with sawcut pitch, thickness and depth 1.0; 0.5 and 0.16 mm respectively. The artificial electrical-
discharge-machined slots were 0.1 mm wide 30 mm long with depth 0.1; 0.2; 0.5; 1.0 and 2.0 mm
on the smooth surface A and 0.6; 1.5 and 3.0 mm on the rough surface B.
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Fig. 2. Specimen for EDDYLINE type EC probe investigations.

All defects on both (A and B) surfaces in presented specimen were successfully
detected with high signal to noise ratio. Let us consider the specificity of EDDYLINE type
EC probe by the example of signals from shallowest 0.1 and 0.2 mm depth slots.
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Fig. 3. EDDYLINE type EC probe signals in complex plane (a*,b*,c') and in time base mode
(a®,b? c?) for one (a), two (b) and three (c) probes scanning across
the shallowest 0.1 and 0.2 mm depth slots.
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Fig. 3a show the signals of EDDYLINE type EC probe from shallowest 0.1 and 0.2 mm
depth slots in situation when only one double differential type EC probe was scanned across the
flaw area. At this time other 4 probes were situated out of specimen (in the air). Next picture (Fig.
3b) show the signals of the same slots when two double differential type EC probes were scanned
across the flaw area simultaneously. And last picture (Fig. 3c) show the signals of the same slots
when three double differential type EC probes were scanned across the flaw area at the same time.
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So, each of additional probes scanned across the long crack increase the signal
amplitude proportionally to the number of probes transferred across the flaw.
Fig. 4 shows the lift-off signal of EDDYLINE type EC probe in complex plane and in time-
base mode for comparison. You can see the opposite direction of lift-off signal (Fig. 4) in
comparison with signals from the flaws (Fig. 3)

90-2000

Fig. 4. Lift-off signals of EDDYLINE type probe in complex plane (left) and in time-base mode (right).

Special ferromagnetic and stainless steel specimens with 0.2; 0.3; 0.5; 1.0 and 2.0 mm
depths electrodischarge slots were produced for calibration of the EDDY LINE type EC probe
before inspection. Fig. 5 show the signals of EDDYLINE type EC probe from 0.2 and 0.5 mm
depth slots in ferromagnetic steel specimen on the screen of ELOTEST B 300 flaw detector
on operational frequency 200 kHz.

Fig. 5. Signals in complex plane obtained for 0.2 mm (a) and 0.5 mm (b) depths
slots in ferromagnetic steel specimen (upward) and lift-off signal (downward).

Fig. 5 show the differentiation of flaw signals and lift-off by the hodograph direction. Such
feature permits to improve the inspection reliability. EDDYLINE type EC probes were successfully
applied for inspection of forgings in connection with ELOTEST B 300 flaw detector. Similar results
were obtained with the signals of EDDYLINE type EC probe with 0.2 and 0.5 mm depth slots in
stainless steel (nonferromagnetic) specimen on the operational frequency 610 kHz.

Conclusions. New EDDYLINE type EC one-channel array type probe was developed
to increase the EC inspection productivity. Developed EC probes were successfully applied
for detection of cracks in ferromagnetic and stainless steel tube forgings. Application of
EDDYLINE type EC probes facilitates the increase in inspection productivity 4...5 times.

1. Uchanin V., Nardoni G., Nardoni P. et all. New eddy current one-channel array
probe for efficient inspection of tube forgings // Proc. of 14+ Int. Conf. “Application of
Contemporary Non-Destructive Testing in Engineering”, Sept. 4-6, 2017, Bernardin,
Slovenia. — P. 213-217.

2. Uchanin V. Surface double differential type eddy current probes, Lviv: Spolom. —
2013. — 268 p. (in Ukrainian).
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HEMPOMEPEXEBA CUCTEMA TEILIOBOI JTE®EKTOMETPII

A.C. Momom, Hayionanvnuii mexuiunuil ynieepcumem Ykpainu “Kuiscokuti
nonimexuiynuu incmumym imeni leopsa Cikopcbkoeo ”, m. Kuis

Ha cygacHoMy erami po3BHTKY TeIIOBOro HepyiHiBHOrO KoHTpoo (HK) BaxmuBum
HaIpsIMOM JIOCITI/IKEHB € TIONIYK ab0 po3poOka MeTo1iB IuppoBoi 00poOku Tepmorpam. Taka
HEOOXIJTHICTh MOSICHIOETHCS THM, 110 OTpUMaHi iH(ppayepBoHi 300paKeHHS 3a3BUYAl MiCTATh
BHCOKI PiBHI ITyMiB. 3aBaJli MOXYTh OyTH BUKJIHMKaHI HEPIBHOMIPHICTIO HArpiBy, CKJIaIHOIO
BHYTPIIIHBOIO CTPYKTYpoio 00’ekTy KoHTpodto (OK), HemoCKOHAJICTIO BHUMIpIOBAIBHOI
arapaTypu Ta iHIMMH ¢daktopamu. lle mpu3BOAUTH 10 CIIOTBOPEHHS TEIJIOBHX BIJOWTKIB
nedeKTiB, M0 YCKIAaTHIOE BH3HAYCHHS MOJOXEHHA Ta (OpMHU BHSBICHHX aHOMaliil. B
0araThbOX BHIAJKaX HEOOXITHO OTpUMATH iH(OPMAII0 HE JUIIe MPO PO3TALIYBAHHS Ta
norepeyHi po3Mipu Ae]eKTiB, a i BU3HAYUTH MIMOMHY iX 3asiTraHHs, TOBLIMHY, TOOYIyBaTH
TEIUIOBI ToMorpamu. B ymoBax BHCOKOi 3allyMJIEHOCTI BXIJHUX JaHHX Ta BIUIMBY Ha
pe3yabTaT AIarHOCTHKH BEJHKOI KUTBKOCTI B3a€MOIIOB’S3aHHUX IapaMEeTpPiB aKTyaJbHUM
3aBJaHHAM € po3poOka aBToMaru3oBaHMX cucrteM TemoBoro HK, sxi 3abe3neuyBanu ©
BUCOKY 1H()OPMATUBHICTH Ta TOCTOBIPHICTH KOHTPOJIIO.

BusHauenHst mmOuHM 3aisraHHA Je(eKTIB MOXJIMBE 3a pe3ysbTaTaMd IPOBEICHHS
AKTHBHOTO TEIUIOBOTO KOHTpoiro. Jlis amamizy muHamiuHoro Tteruioporo monsi OK mig bac
HPOLIEAYPH KOHTPOJIO 3 MEBHOK KaJIPOBOIO YACTOTOIO 3aIUCYIOThCS HOCIIOBHOCTI TEPMOIpaM.
TemmeparypHi podisti B TOUKax TepMorpaMu OyIyTh BiIPI3HATUCS 11 1eeKTHOI 1 6e3nedekTHOT
TUISTHOK. AHamizytoun (opmy, yacoBi Ta (ha3oBi XapaKTEPUCTUKUA TEMIIEPATypHUX MPOQiiB,
pOOJIATH BUCHOBKHM IOAO TVMOMHH 3aJsiTaHHSA Ta po3MipiB JedekTiB. OCKUIbKU TeMIepaTypHi
npodii € OJHOMIPHUMH BEKTOpaMH, IO MICTSATh IMIKCENbHI 3HAUEHHs TeMIeparyp B TOYKax
noBepxHi OK, ast iX omparfoBaHHSI 3aCTOCOBYIOTbCS METOIM LUPPOBOi 00poOKH curHaiis. B
poOoTi [1] mpoBeneHM MOPIBHUIBHUI aHANI3 ICHYIOUMX METOMIB 00poOku Tepmorpam. B xomi
JIOCII/DKEHHST aBTOpaMH BCTAHOBIICHO TIEPEBAard Ta HEJONIKH METOIy BEWBIIET-TIEPETBOPEHHS 1
METO/ly aHaIi3y TFOJIOBHMX KOMIIOHEHT, JMHAMIUHOI TEerioBoi ToMorpadii Ta HEHPOHHUX Mepex
(HM). B pe3ynbraTi BCTaHOBJEHO, IO aJrOPUTMH Ha 0a3l HEMPOHHUX MEpPEeX € HaWOLIbII
ONTUMAIBHUMM JJIsI 3aCTOCYBAaHHS B CKJIaJl aBTOMATH30BAaHUX CHUCTEM AKTHUBHOTO TEIJIOBOIO
koHTpoimo. Lle mosicHIoeThest BUcOkoro amanTuBHICTIO HM, iX 37aTHICTIO mpariioBaTi B yMOBax
BUCOKUX DIBHIB 3aBaj Ta €(EeKTHUBHO BHpILIYBaTH OaraTornapaMeTpoBi HemiHiiHI 3amadi [2]. B
TEIJIOBOMY KOHTPOJII HEHPOHHI MEpeski MOJKYTh OyTH BUKOPUCTaHI JJIsl Kitacudikariii Ta no0y1oBu
KapT 1e(eKTiB, a TAKOXK B 33/1a4ax TEIUIOBOi JedeKToMeTpii Ta ToMorpadii.

OcHOBHY 1H(pOpMaIil0 NpPO MapaMeTpu Ta XapaKTEpPUCTUKU Je(EKTIB HECYyTb He
TEpMOrpaMH, II0 € JBOBUMIPHUMH IU(POBUMH 300pa’KEHHSIMH, a OAHOBUMIpHI TeMIIEpaTypHi
npodini. 3BaXkaroul Ha MPOCTOTY (HOPMH BXITHHX JTAHUX, B aKTUBHOMY TEIUIOBOMY KOHTPOJI
JIOLIJIBHO BUKOPUCTOBYBATH HEHPOHHI MEPEsKi 3BOPOTHOTO MOIIMPEHHS MOXUOKH. JI71si HaBuaHHS
Mepexi Ha 11 BXOJIM MOAAI0THCS 3pa3Ky TEIUIOBUX MPoduTiB 1epeKTHUX Ta 6e31ePEeKTHUX TOUOK,
y BIIMOBIIHICTh SIKUM CTaBUTHCS TEBHA XapaKTEPUCTUKA Ae(PeKTy. XapaKTEPUCTUKOIO MOXKe
Oyt Tunm abo kiac aedekry, rauOWHA MOTrO 3asTaHHs, TOBIIMHA a00 OYyAb-IKWNA I1HIIWAN
napamerp. ['HydkicTh Ta BUCOKa ajganTuBHICT HM 103BOJSIIOTH BHpINIyBaTH 33jadi, sIKi Ha
CBOTOJHIIIHIN JIEHh HEMOKJIMBO PO3B’SI3aTH TPAAUIIIMHAMU CTATUCTUYHUMH 200 aHAIITHIHUMH
meronamu. Hanpuknan, ToBimmHy (po3kpuB) aedekrtiB B TerioBomy HK MoxHa ominuty nuie
BimHOocHO [3]. Jns 1poro TOPIBHIOIOTH BEIMYMHY MAaKCUMAIBHOTO — JU(EPEHIIIHHOTO
TEMIIEPaTypHOTO CUTHATY s Ae(eKTiB, 10 3a/sAraloTh Ha OJHAKOBIM TIMOWHI Ta MalTh
OJTHAaKOBY IUIONIYy. [HIIN METOAM BHM3HAYEHHS TOBIIMHU Oa3ylOThCS HAa CXOXKHX TPHHIIHIIAX.
BukopucTanHs HEHPOHHUX MEPEX J03BOJISE OTPUMATH KOHKPETHI YHMCIIOBI 3HAUEHHS TOBIIMHH
JeEKTIB 3 TOUHICTIO /IO OJIMHUIT BiJICOTKIB.
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3acobamu nporpamuoro nakety NI LabVIEW 06yno peanizoBano anroputMu cucteMu
teroBoi Aedexromerpii. Ilepennss maHenp BIpTyalbHOTO TNpHIAAY IOKa3aHa Ha pwuc.l.
Snpom cucteMu € Tpu HepoMepekeBuX Moy Ti. KoxeH i3 MOAyImiB BUpPIIITYe OKpeMy 3ajady
— BH3HAUYCHHS THIY Je(QeKTy, BHU3HAYCHHA TJIUMOWHU 3aisraHHs JeeKTy, BH3HAYCHHS
TOBIIUHKU Je(PeKTy. 3a3HAYMMO, HI0 ICHYE MOXKIUBICTh BHKOpHCTaHHS ojaHiei HM s
BUPINICHHS BCIX MEpeNideHnX 3anad ogHouyacHo. OJHaK, TakuW MiAXiJ € HEBUIPABIAHUM,
OCKIUIbKH TPU3BOJUTH 10 3HAYHOTO 3POCTAHHS CKIAJHOCTI CTPYKTYPH MEPEXi i MOMITHOTO
301IbIIEHHS TOXMOKM Ta OOYHCIIOBAIBHUX BUTpaT. B yciX TphOoX MOIYJsIX
BUKOPHCTOBYBAJIaCsl HEHPOHHAa Mepeka 3BOPOTHOTO TONIMPEHHS TMOXHOKH, MoOyJoBaHA
3acobamu Habopy iHcTpyMeHTiB NNtool nmporpamuoro naketry MATLAB.

B sikocTi BXiIHMX JJaHUX CHCTEMa BUKOPUCTOBYE MACHBH ITIKCEIILHUX 3HAUCHB TEMIIEPATYD,
SKI CKJIJalOThCsl 3 HAOOPIB TeMIepaTypHUX Mpo@uIiB y KOXKHIM TodIlll Tepmorpamu. B manomy
BHUIAJIKy, HA0Ip BXiHUX JaHUX OTPUMAHO 3a JIONIOMOI'OK) KOMIT FOTEPHOTO MOJICITFOBAHHS
AKTUBHOTO TEIUIOBOIO KOHTPOIIIO amOMiHi€BOI tacTiHU po3mipoM 100 x 100 MM Ta TOBIIMHOIO
10 mm. B cepenyi miacTiHE po3MIIIEH] IITY4YHI MOJIeNi Ae(EKTIB Pi3HOTO pO3MIpY, 1110 3AJISTaI0Th
Ha pi3Hii rmouHi. [InacTuHa HarpiBagacs TEIUIOBUM MOTOKOM 3 TYCTHHOIO MOTYKHOCTI 10 kBT,
SKUA OyJIO TPHKIIAJICHO JO JMIbOBOI rpaHi twiactHu npotsrom 0,3 cekyHn. B pesymbrarti
3aIKCaHo MOCTIIOBHICT 3 50 TepMorpam po3autsHoro 3aarHicTio 400 x 400 mikceniB. BimmosiaHo,
KOXKEH TeMmIieparypHuid mpodiis ckiamaerbes i3 50 enemenTiB. MojielltoBaHHS BUKOHYBAJIOCH B
nporpamaomMy nakeri COMSOL Multiphysics.
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Puc. 1. Ilepenns maHenb BipTyaJbHOTO NPHJIay CUCTEMH TEIIOBOI AeeKTOMEeTpii

[lepenuss maHenb po3pobieHOi cucTeMu MICTUTh 4 TpadiyHUX BiKHA, SIKI MICTATH
300paxxeHHs] KapTh Je(eKTiB, MOYaTKOBUX TEpMOrpaM Ta TEIJIOBI TOMOIpaMH.
BukopucToByloUM BIAMOBIAHI IHCTPYMEHTH M POOOTH 3 KapTolo JAe(dekTiB, icHye
MO>KJIMBICTh BUMIPSITU MOMEPEYHI PO3MIpHU Ta IJIoUly AePEKTiB, BUBHAYUTH iX THUII, IITHOUHY
3aJTaHHS Ta TOBIIMHY. Y BIKHI, IO MICTUTh TOYAaTKOBI TepMOrpaMu, IepeadayeHa
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MO>KJIUBICTh BHUMIPSTH HAQJIMIIKOBY TeMIIEpaTypy B 3ajaHiil Tourll. TermioBa ToMorpama
MICTUTh 300pa’keHHsI BIIOWTKIB JeeKTiB Ha BIANOBIMHINA TMHOMHI 3aisraHHs. 3HAIOUU
TOBIIMHY J1e(DEeKTIB, MOXKHA BIATBOPUTH iX (popMy B cepelrHi 00’€KTy KOHTporo. Ha sxanb,
NI LabVIEW He Haznae 3aco0iB 1s1 CTBOPEHHS MOBHOLIHHOTO 3D 300pakeHHs! BHYTPIIIHBOT
cTpykTypu 00’€kTy. ToMy 300pa’keHHSIMH Ie(PEeKTIB BUCTYIAIOTh HAIIBIIPO30Pi BEPIIUHH
CTOBITYMKIB Ha TEIUIOBil ToMorpami. HasBHUX iHCTpyMEHTIB Ta 3ac00iB J0OCTAaTHBO, 100 B
MOBHIM Mipi BUPINIYBaTH 33J1a4i TEIUIOBOI Je(heKTOMETPIii.

Ha pucynky 2 moka3zaHo OJNOK-fiarpaMy OJIHOTO 13 HEHPOMEpEeKEBUX MOIYIIIB.
CuHanTU4HI Barv, 3HAYCHHS 3MIIICHb HEHPOHIB Ta IHIN MMapaMeTpHd MEPEXi IMIIOPTYIOThCS 3
TEKCTOBOTO (haiiiry. AJITOPUTM pOOOTH MEPEXi peai3oBaHO y BUIIISII POrPAMHOTO KOIY MOBOIO
MATLAB. [lnsa inrerpamii komy B cepemopuiiie NI LabVIEW BHKOpHUCTOBYETHCS MOIYJIh
MathScriptRT. Takwii miaxig 103BOJISE 3HAYHO 30UIBIIATH IIBUIKOIIO BCIET CUCTEMHU, OCKUTHKH
rpa(bqua MoBa mporpamyBaHHsa G, mo BukoprcTtoByeThcsi B NI LabVIEW, € mMoBoro BHCOKOTO
piBus. Ii 3amiHa Ginbin HU3BKOPIBHEBOIO MOBO HakeTy MATLAB mpu3BomuTh 10 TIOMITHOIO
MPUILIBHUIIIEHHS. pOOOTH 3a BEJIMKUX 00CATIB PO3PAXYHKIB.

Pobota cuctemMyn MOYMHAETHCS 3 IMIIOPTY Ta 3aBaHTaKEHHS TEPMOTPaM, HEHPOHHHX
Mepex Ta ix mapamerpiB. Hactymuum kpokom 3amyckaerbes po6ora HM nnst BusHaueHHsS
tuny nedekriB. Ha ocHOBI pe3ynbrariB ii pobotn Oymyerbes kapta aedekriB. Ha nanomy
eTami aHami3yloThCs BCl TOUkH Tepmorpamu. [licns Bu3HadeHHS JePEKTHUX TOUOK, B
HACTYITHI MOJYJIi CHCTEMH TE€PENalOThCs JIUIIE BiAMOBIAHI BEKTOPU TEIUIOBUX MPOLTiB, 1m0
MO3UTUBHO BIUIMBAa€ Ha MIBUAKOMI0. I BUSABICHUX AEPEKTHUX TOUYOK JPYTHM MOAYJIEM
BU3HAYAEThCS TAMOWHA 3amsraHHs aedekry. 3a OTPUMAHMMHU pe3ylIbTaTaMH OyIyeThCs
TerioBa Tomorpama. OCTaHHIM 3amycKaeTbcsi B POOOTY MOAYJIb BU3HAYEHHS TOBIIWHU
nedexTiB Ta mo0yaoBu 300pakeHHs BHYTPIHBOI cTpykTypH OK.
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Puc. 2. Briok-niarpama Moaynro st podotu 3 HM
[Ticna 3aBepmenns pobotu HM, Bci HelipomepexkeBl MOyl CTalOTh HEAKTHUBHHUMHU.
Ha mpoMy erami omeparop Mae 3MOTY OIpamOBaTH OTpUMaHi pe3ynbraTtd. Po3pobieHa
cucTeMa JI03BOJISiE OTPUMATH HAMOLIBII JOCTOBIPHI PE3yNbTAaTH BHUMIPIOBAHHS TIIMOMHU
3aJsiTaHHs] Ta TOBUIMHM Je(EeKTIB y MOPIBHSAHHI 3 ICHYIOUMMH MeTojgamu [4]. 3HaueHHS
CepeIHbOKBAAPATHYHOI MOXMOKM BHU3HAUCHHS XapaKTEPUCTUK Je(PEKTiB HaBEJCHI B TaOJIHUII
1. TToxubka wmacudikamii aedekriB ckmamae 31,2%. lle mosicHIOETBCS THUM, IO 3HAYHA
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KUIBKICTh TIKCENB OynM BU3HA4YEHI K Ne(PeKTHI 4Yepe3 BIUIMB BUCOKOTO PIBHS TEIJIOBOI
mudysii. 3a HaBeneHUX yMOB KOHTpouto Ta mapamerpiB OK i1 gedexTiB yHUKHYTH BHCOKHX
CIIOTBOPEHb (POPMHU TEIUIOBHX BIJIOMTKIB HEMOXJIWBO. ToMy MoxmOKa BHU3HAYECHHS ILIOII
TAaKOXX Ma€ BHCOKHH piBeHb. 3HaueHHS KpUTepito TaHIMOTO A JAHOTO JOCHITY CKJIajo

68,2%, 1110 € HETIOTaHUM PE3YJIBTATOM CEpe]l aHATIOTTYHUX JOCITiIKEHb [5].
Tabmmms 1. [loxuOku BUMipIOBaHHS mapaMeTpiB AedeKTiB

[TapameTp: [Tnoma | 'mubuna 3ansranns | ToBmmHa

CepennbokBaaparnyna noxudka (MSE), % | 46,6 0,1 0,49

Otrxe, po3poOieHa cucTeMa J03BOJIIE TPOBOJUTH TEIUIOBY JE(PEKTOCKOMiI0 Ta
Ne(QEeKTOMETPII0 3 BHCOKOIO TOYHICTIO. 3aCTOCYBAaHHS HEHPOHHHUX MEPEX B SKOCTI 3aco0y
00poOKM  TepMorpamM  MPHU3BOJAWUTH 10  MIABUINEHHS  JIOCTOBIPHOCTI  KOHTPOJIIO.
PexkomeHTyeThCsl BUKOPHCTOBYBATH JaHy CUCTEMY JUIsl KOHTPOJIIO OJHOTUIIHHX BHPOOIB, 110
noTpedyBaTUMe JIMIIE OJHOKPAaTHOTO HaBYaHHS Mepex. KOoHTpomb ciig mpoBoauTH B
7a00paTOpHUX yMOBaxX 3 METOK 3MEHIICHHS BIUIMBY CTOPOHHIX (aKTOpiB Ha HOTO
pe3ynbTaTi. B iHIIOMY BUNIaAKy iCHyBaTUME HEOOX1AHICTh (hOpMyBaHHS 3HAYHOI 32 00CITOM
0a3y HaBYAIBHUX JAaHUX Ta YCKIATHEHHS apXiTEKTypH MEpexX, M0 HETaTHBHUM YHHOM
BIUIMHE Ha iXx edekTuBHICTb. HenomikoMm cHcTeMH € 3HA4YHA 3aJE€KHICTh TOYHOCTI
BUMIPIOBaHb BiJ TapaMeTpiB TEIUIOBi3iiHOI amapaTypu. HalOimbml TepCHeKTHBHUM €
3acTocyBaHHs cucteM Ha 0a3i HM s koHTpoiro OararomapoBHX Ta KOMITO3HIIHHHX
MarepiasiB y 3B’s3Ky 31 CKJIQIHICTIO iX BHYTPIIIHBOI OyJOBM Ta HAsSBHOCTI BUCOKUX PiBHIB
3aBajl. BUkopuCTaHHS 1HTENEKTYaIIbHUX CHUCTEM OOpOOKM AaHUX JO3BOJISE 3MEHIINTH POJIb
orepaTopa B HPUUHATTI PillleHb, IO TMO3WUTHBHO BIUIUBAE HA JIOCTOBIPHICTH pPE3y/IbTATIB
KOHTpOJII0. OCHOBHUM 3aBJaHHSM JUIS MOJATBIINX JOCII/DKCHB € MOUTYK IIISXiB ONTHMIi3arii
CUCTEMH 3 METOIO TiABUIICHHS ii IIBUAKO/IIT Ta MOYXJIMBOCTEH pOOOTH y peaibHOMY Yaci.
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3ACTOCYBAHHSA CYYACHUX METOAIB
MCUXOJOTO-MIEJATOTI'TYHOI'O CYIIPOBOJY B OPTAHI3AIIIL
HABUYAJIbHUX 3AHATH J1JISI MAWMBYTHIX IH)KEHEPIB
3 IMTIPUJIAAIB I CUCTEM KOHTPOJIIO TA JIATHOCTHUKH

O.B. Jlawko, Hayionanonut mexniunuti yHisepcumem Ykpainu
«Kuiscokuui nonimexniynuti incmumym imeni leopsa Cikopcvkozo», m. Kuis

Jlnist cy4acHOi CHUCTEMH BHIOi OCBITH XapaKTEpPHUH Mepexi] BiJ TUPEKTUBHUX (HopMm
oprasizarlii nearoriayioi B3aemMoii 10 ¢Gopm cIiBIparli, 1iajory, mapTHEPCTBa. 3 MCUXO0JIO0T0-
NEeIaroriyHoi TOYKH 30py HEAMPEKTHBHE YIPABIiHHS HAaBYAJBHUM HIPOIIECOM MOXE OyTH
peasli3oBaHe 4Yepe3 EKOJOTIYHHI TMCHXOJIOTO-NEearoriuyHuii CympoBid, a0o eKOJOTiYHY
MICUXOJIOTO-TICIAroTiYHy (aCWIIITAlIF0 THUX, XTO HABYAEThCA. EKOJIOTIYHA IICHXOJIOTiYHA
dacumitamis (maxi — ekodacuiiTallis) B Iporeci oprasizamii BUIoi npodeciiiHoi OCBiTH
nependadae n0aiyiMBe CTABICHHS 10 BHYTPIIIHBOT MICHXIYHOI OpraHi3amii 0COOMCTOCTI TOTO,
XTO HaBYA€THCS, TOOTO CTYyJIEHTA, Ta Pealli3yeThCs Yepe3 MCUXO0JIOr0-TearoriuHuii CynpoBig
OCTaHHBOTO B HMOT0 BJIACHOMY MpoIleci camooprasizaiii, camoperymsnii Ta mnpodeciiiHoro
3pOCTaHHs 3 METOI0 3400YTTS BUIIOI MpodeciiHOT OCBITH.

[Ipotsirom octannix 20-TH pOKIB eKo(achiiTallis YCHIIIHO 3aCTOCOBYETBHCS IS
opranizariii mpoeciifHOI MiArOTOBKH Ta ITIABUIICHHS KBaTi(hiKaIlii ICUXO0JI0riB, eAaroriB Ta
MPEJICTAaBHUKIB 1HIINX JomoMoratouux mpodeciii [1], [2].

Y [3], [4], [5] po3rasgaroThCs MOKIMBOCTI BIPOBAIKEHHS MPUHIUIIB CYYacHOI
MIPaKTUYHOI TICUXOJIOTiI, a caMe €KOIICHXOJIoTiuHOo1 (acwiitaii, B oprasisaiii HaB4aJIbHOTO
IpoLecy Yy TEXHIYHOMY 3aKkjajal BHUIIOI OCBITH. 30KpeMa, c(OpMYyJIbOBaHI O3HAKU
€KOJIOTIYHOTO OCBITHBOTO MPOCTOPY, B SKOMY CTYJEHT SIK Cy0’€KT BJIACHOTO MpodeciitHoro
PO3BUTKY Ma€ CIpUSATIMBI YMOBH Il HaBYaHHS Ta onaHyBaHHs mpodecii. Jlami, po3mupeHo
y TOpIBHSAHHI 3 TMoNepenHIMH poOOTaMH, HaBeleHO IIi O3HakU. OTxe, EKOJOTIYHOMY
OCBITHBOMY MPOCTOPY BJIACTUBE DPO3YMIHHS TOro, Imo: 1) OCOOMCTICTH CTyaeHTa — e
BIJIKpUTA JAMHAMIYHA CHUCTEMa, IO MOCTIHO PO3BUBAETHCS 1 B3AEMOIE 3 PECYpCaMH 1HIIHUX
CHCTEM; 3aJIy4eHHS BHKJIaJadya — YaCTHHA BJIIACHOI MPOTpaMH CTYACHTA 3 CAMOPO3BUTKY IS
3100yTTs BHUIIOI TpodeciiHol OCBITH; 2) y MeNaroriyHiii B3aeMOfii CTYOEHT BHUCTYIAE
cy0’ekToM: mpodeciiiHa MisUIBHICTh BHKJIaJaua 3IHCHIOEThCS y TpsAMIA B3aemomii 13
CTYJIEHTOM; 3) CTYACHT BOJIOAIE BCIMa HEOOXIMHUMH MOMJIHMBOCTAMHU ISl €(PEeKTUBHOTO
HaBYaHHS 1 3pOCTaHHsA (YCBIIOMIIEHHS NpPO(MIUUTY MOXKIUBOCTEW CTYJEHTa); CTYIEHTY
IpUTaMaHHE Cy0’€KTHBHE YSBJIEHHS MpO BIACHY TPA€EKTOPi0 Y4OOBOI [isSUIBHOCTI, MIO
BHU3HAYAETHCS 1HAMBIyaJIbHUMU CTPATErisIMH CaMOPO3BUTKY; IIi YSBJIEHHS BPaXOBYIOTHCS
IHIIMMHU y4YaCHMKAMU OCBITHBOTO Tpolecy; 4) «BUKIANauy-CTyJIEHT» — €IuHa BiJAKpUTa
JUHAMIYHAa CHCTeMa; BOHM 00 ’€JHaHI 3arajbHOI0 METOI0, sIKa TOJSrae y pPO3BUTKY
npodeciiHUX KOMITETEHI[l OJMH OJHOTO; Y CIIJbHIN MeJaroriuHid AisIbHOCTI BUKIAdad i
CTYACHT YMHSATh B3a€MHHI BIUIMB, III0 BU3HAYA€ YMOBH B3a€EMHOTO 3POCTaHHS; 5) BUKIagad
aKTUBHO MparHe J0 B3a€MOPO3YMIHHS 13 CTYJIEHTOM: KOK€H 3 HHMX BUIbHUI KOpPHUTYBaTH 1
MOTO/[KYBATH OJIMH 3 OJTHUM CBOIO TO3HIIIIO; Y TIEJaroriyHii B3aEMO/IIT € MiCIIe JIJIsT B3AaEMHHUX
KOHCTPYKTUBHUX 3ayBa)K€Hb; TEIaroriyHa B3aeMoOjis 0a3yeTbcs Ha B3ae€MHINH MOBa3i,
TOJIEPAHTHOCTI, JIOBipi; 6) MOBipa 10 cebe Ta A0 IHIIOTO SK YACTUH CUCTEMHU € HEBiJ €MHOIO
YMOBOIO €KOJIOTIYHOI B3a€MOJI{; BUKJanau JOBipse€ cobi K mpodecioHaly Ta CTYAEHTY SK
cyO’€eKTy BJIaCHOI CTpaTerii HaBYaHHs, 1 HABIAKU: CTYACHT JIOBipsie cO01 K Cy0’€KTy BJIaCHOI
CTpaTerii HaBuaHHs Ta BUKJIaJauy K MpogecioHay.

O3HayeHi MOJIOKEHHS CIUPAIOTHCS Ha 3MICT MPUHIUITY IICUXOJOTIYHOI €KOJIOT1YHOCTI
y HenediuuTapHiil joriui, onucaHuii aBTopoM MeTony ekodacummitanii npodecopom IL.B.
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Jlymanm [6]. MOXIMBOCTI X NMPAKTUYHOTO 3aCTOCYBAaHHSA y TEXHIYHOMY 3aKjiaji BUIIOT
ocBitu (nani — 3BO) mociimkyBanucs NpoTAroM OCTAaHHBOTO HABYAJIBHOTO POKY Ha Kadenapi
npuiaaiB i cucreM HepyiHiBHOTO KoHTpOoro KIII imeni Iropst Cikopebkoro. Ha Hamry nymKy,
Opi€HTallisl Ha BKa3aHi BUIIE O3HAKU NMPH OpraHizamii MiArOTOBKM iHXKEHEpIB 3 MpUJIaliB 1
CHCTEM KOHTpPOJIIO Ta JIarHOCTUKM MOBMHHA NPU3BECTH O CTBOPEHHS CIPUSATIMBHUX YMOB
s npodeciiHOro  po3BUTKY — MaiOyTHix  ¢axiBmiB.  JloTpuMaHHS  NPUHLHMIIB
MDKOCOOMCTICHOI  B3a€MOIl y CHCTEMI «BHUKJIAQIa4y-CTyICHT», IO BHUTIKAIOTh 13
3arpONOHOBAHOTO TIAXOAY, MOKJIMKAaHI CIHPHUATH TyMaHi3alii CHUCTEMH BHINOI TEXHIYHOI
OCBITH, SIKa TPUBA€ B OCTaHHI POKM Ta Ma€ Ha METi 3MIIICHHS MPIOPUTETIB B OCBITI y OIK
PO3BHUTKY TBOPUYOi 0COOMCTOCTI Ta ii TyMaHHOTO cBiTOTIIALY [7].

Otxe, Hamu Oyna 3poOieHa copobOa JOTPUMYBATHCS O3HAUEHUX MPUHLUIIB B
opraizauii KOMIT'IOTEpHUX TPaKTUKyMIB ISl CTyAEHTIB chemiamizamii «Komr otepHo-
IHTErpOBaH1 TEXHOJIOTIT 1 CHCTEMH HEPYWHIBHOTO KOHTPOJIIO Ta JIarHOCTHKW». Ha mepiomy
eTami JaHWW TMiAXiJ 3acCTOCOBYBAaBCS B oOpradizamii ¢akynpTatuBy 3 Kypcy «OCHOBH
OporpaMyBaHHs» sl CTYJIEHTIB MEpIIOro Kypcy HaByaHHA. Jlpyrum eramom crajio
BIIPOBA/KEHHS MIJIXOy B OpPTaHi3allil0 KOMIT IOTePHUX MPAKTUKYMIB 3 KPEAUTHOTO MOYIO
«CrnenianbHi po3ainM mareMaTuku. UucenbHI MeTOAW» I CTYAEHTIB JAPYroro Kypcy.
3aHATTS TpoBOgWIHCH Y GopMmi TPymoBOi ekodacwimiTamii 3 JAOTPUMAHHAM OCHOBHHX
NPUHLIMIIB PoOOTH Tcuxosora-ekodacuiitaropa. Iligx yac 3aHATH CTYJEHTH CaMOCTIHHO
o0upanu TeMmy, 3aBJIaHHS Ta METOOW iX ompaiioBaHHsA. Poip BHKIagaya Mpu LOMY
3BOAMJIACS [0 HEAMPEKTHUBHOIO IICHXOJOrO-IeJaroriyHoro CympoBOJLy 3 JAOTPUMAaHHAM
NPUHIUITIB €KOJIOTi3allil MeJaroriyHoi B3aeMofii; (PaKTUYHO BHUKIAJad CTaBaB YaCTHHOIO
CIUIBHOTO IPOIECY B3a€MOIi1, IPOOIEMHOI IPYNH 3 BUPIILIEHHS TOCTABICHUX 3a/1ay.

SIk pe3ynbTar, mif Yac 3aHATh CTYISHTH TNPOSBIBUIM 3HAYHWN pIBEHb AKTHBHOCTI 1
caMocTiiHOCTI. BinBimyBaHicTh 3aHATH Oyjia CTaOUILHO BHUCOKA, HE JAMBIISIYMCH HA BIICYTHICTH
KOHTpOJIIO 3 OOKy BHKIanaya. CTyIeHTH MpOSBISUIM BiANOBIIATIBHICTH MPU BUOOpPI TEM IS
BUBUEHHS Ta CHOCO0IB iX omaHyBaHHSA. TakuM YMHOM, MOXKHA MPUITYCTUTH, IO JaHUM MiaXin
JIO3BOJISIE PO3MOJUIATH BIANOBIJAIBHICTE MIXK BUKJIaJaueM 1 CTYyJEHTaMM 3a IPOLEC 3400yTTs
npogeciitHOT OCBITH, CIPHUSIOUM PO3BUTKY Y CTYAEHTIB OPraHi30BaHOCTI 3 ONlaHyBaHHs Mpodecii.

KpiMm Toro, mix yac mpoBeJeHHS NPAKTHUKYMIB CIOCTEPIranocs MOCHIIEHHS IMpPOSBIB
edeKTiB caMmoopraHizaiii BCepeAMHI IpyNU, CKOPOYEHHS AKTUBHOI ydyacTi BMKJIaJaya B
mporieci po3B’s3aHHS 3a/1av: BUKIAJa4 BUCTYMAB EKCIIEPTOM JIUIIE 3 THX TNPOOJIEMHHUX
NUTaHb, BIJMOBIJI Ha sIKI HE BJalocs 3HAWTU BCepeluHl rpynu. B pesymnbraTi po3ropTaHHs
JUHAMIYHUX TPYHOBMX IPOILECIB, SIK 3 MEAAroriyHoi, Tak 1 3 ICHUXOJOTIYHOI TOYKH 30pY,
IpyIi BIABAIOCS 3HAYHO PO3LIMPHUTH BAPIaTUBHICTh CIIOCOOIB PO3B’SA3KY 3a]a4 Y HOPIBHIHHI
3 TpymamH, B SKHX 3aHATTS T[POBOAATHCS TPAOUIIMHAUMU MeTofamMu. B yMmoBax
€KOJIOT130BaHOi B3a€MOJIl BCEpEeIUHI TpynH, J€ BUKJIAJa4 BUKOHYBaB pOJIb €JIEMEHTa
CHUCTEMHM, IO EKOJIOTI3y€ B3a€EMOJII0 YYaCHHUKIB, KJIIMAT y TpyMi CIpUAMAaBcs K OUIbLI
0e3MmeyHHmid, 1110, y CBOIO Yepry, COpUsIO CAMOPO3KPUTTIO YYACHUKIB Ta BKIIOUEHHIO OUIBIIOT
KUIBKOCTI CTYJEHTIB 10 OOroBOpeHHs MpoOJeMHOI 3aaayl. TakuM YHMHOM, CTyJIE€HTaMH
NPOMNOHYBAJIMCA Pi3HI MIXOAU 10 BUPIIIEHHS OAHIET 1 Ti€l x 3axaui. L{i BapiaHTH pO3B’s3KY
Tako’k (QikcyBaB BuUKIanau: ¢ikcalis TMoidraga y 30CepePKeHHI YyBaru Tpynu Ha
3aMpONMOHOBAHOMY BapiaHTI PO3B’S3KY, MICIS YOTO CTYACHTaM IMPOTOHYBAJIOCS CaMOCTIHHO
BUOpaTH cHoci0 po3B’s3Ky 3a/adi 1 HOPIBHATH OTPUMAHI pe3yabTaTu 3 pe3yabTaTaMH 1HIIUX
yuacHUKiB. OTXe, pojb BHUKJIaJaya y MpoOIeci 3BOJUTHCA A0 IMCHXOJIOTO-TIeIaroriyHoro
CYIpPOBOJly, SIKOMY IpUTaMaHHE €KOJIOTIYHEe CTaBJIEHHS [0 BHYTPIIIHBOI MCUXIYHOT
oprasi3zanii KO>KHOr0 y4YacHUKa I'pyIH Ta IUHaMIYHUX FPYNOBUX MPOIECIB caMOOpraHi3aiii.

Crnin 3a3Ha4yMTH, MO, 3a pe3yJbTaTaMU CIIOCTEPEXKEHb, IpPHU TaKOMYy CIIOCO0i
oprasizanii 3aHsATh HEPIJKO BUHHKAIM CUTYallli «JIyXOro KyTa», siki OyJM HEBiJI €MHOIO
YAaCTHUHOIO B3a€MOJIii YYaHUKIB 3 BUPILICHHS NMPOOJEMHOrO MUTAHHSA Ta CHPUYMHSIM HOBI
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BUTKHU TPYIOBOI aKTUBHOCTI. TakuM 4MHOM, O€3MEPCIEKTHBHI HA MEPIIUN MOTJISA CUTYaIlil
CTaBaJIM JKEPEJIOM BUHUKHEHHS Y CTYJICHTIB HOBHX /1€l 1 coco0iB po3B’A3aHHA 3ajay.

CrpaBesTBO 3ayBaXKUTH, IO MOPSIIT 3 TiepeBaraMu OyJI0 BUSBICHO HU3KY TPOOJIEM 111010
3aCTOCYBaHHS MiIXOIB eKoacuIiTallii B OpraHi3anii HaBYaIbHUX 3aHATH. TaK, Ha HAIly AYMKY,
4yepe3 3MEHIICHHS BTPY4YaHHs BHKJIaJa4ya B TIPOIEC PO3B’SI3aHHS 3a/lad HA MPAKTUKyMax y
CTYJCHTIB MOXe (hopMyBaTHCsl XHMOHE YSBICHHS 100 00I3HAHOCTI BMKJIAJayda 3 mpeamery. Ha
Taki BUCHOBKM HAC HAIITOBXHYJIM pe3ylbTaTd aHKeTyBaHHs, npoBeneHoro KIII im. Irops
Cikopcbkoro. Il{opiuHe aHOHIMHE aHKETyBaHHS JIEMOHCTPYE OLIHKH CTYICHTIB IO0 MEBHUX
aCIeKTIB TMeAaroriyHoi AisuTbHOCTI KoxkHOro BHKiIagada 3BO. Cepen HUX — piBEHb BOJIOMIHHS
npenMeToM BUKIagaHHA. O3HAHOMHUBIIKCH 3 Pe3yJbTaTaMM OL[IHIOBAHHS BHKJIagada, 1o Opas
y4acTh B EKCIIEPUMEHTI, y TIOPIBHSAHHI 3 pe3yJbTaTaMd ONHUTYBaHb IOMEPEIHIX POKIB, MU
BUSIBIUTM 3HAYHE MAQIIHHS PIBHS OIIHOK 32 I[i€l0 MO3WIIEI0, OTPHUMAHUX BiJ CTYICHTIB
eKCIIEpUMEHTAIBHOT Tpynu. TakuM 4YHHOM, MH IPUITYCKaEMO, IO, HAJalo4Yd TIepeBary
CaMOOpTaHi3allii TpymHu, BUKJIa1a4 MOXKE 3ITKHYTHCS 3 TIOIOHOI0 TIPOOIIEMOIO.

KpiM Toro, BHUHHMKIM MEBHI TPYAHOIII Yy TMO€THAHHI eKO(aCHIITaTUBHOI poi
BUKJIaJadya Ta (PyHKIIH BUKIaJa4a MIOJ0 KOHTPOJIO 3HAHB CTYIACHTIB. 3alporiOHOBaHHMA
miaxia nepeadavyae MOKIAJAaHHS Ha BIACHI MPOILIECH CAaMOOpraHizaiii CTYAEHTIB Ta iX
BiJIMOBIJAJIGHICTH 3 ONMaHyBaHHs (axy, Mo mnependadae abo MOBHY BiACYTHICTH KOHTPOJIO 3
0OKy IHIIMX YYacHUKIB OCBITHBOrO Tmporecy, abo BupoOsieHHs crenudiyHux ¢opm
KOHTpoJto. OCKUIBKM CydacHa CHCTEMa BHINOi OCBITH Iependadae pEeHTHHTOBY CHCTEMY
OI[IHIOBAaHHSl YCIIIIHOCTI CTYJAEHTIB, TO TmpobiieMa iHTerpamii ¢GopMU EKOJIOT1YHOTO
MICHXOJIOTO-TIEIarOT1YHOTO CYIPOBOJY Y MEJaroriYHUi MPOIeC MPU MiATOTOBII 1HKEHEPIB B
cyuyacHomy 3BO 3anmumiaerbcs HeBupimieHa. [lopsa 3 TUM, MM BBa)KaeMO BIIPOBAKEHHS
3alpONOHOBAHUX NPUHIMINB (OPMYBAHHS EKOJOTIYHOTO OCBITHBOIO MPOCTOPY NpHU
MIJTOTOBII 1HXEHEPIB 3 MPUJIAAIB 1 CUCTEM KOHTPOIIO Ta JIarHOCTUKH IMEPCHEKTUBHUM 1
BapTHM IMOJAIBIINX JOCITIKEHb.
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USING OF PARAMETRIC TRANSDUCERS IN PULSED EDDY
CURRENT TESTING

Y. Kuts, S. Maievskyi, A. Protasov, I. Lysenko, O. Dugin
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine

Introduction. Eddy current nondestructive testing (ECNDT) is one of the most common
types of NDT, characterized by the simple interaction way of the testing object (TO) with the
eddy current transducer (ECT), relatively low price, high efficiency, and reliability of the
results. The current ECNDT development is focused on solving the tasks of improving the
ECT, methods of excited eddy currents in the TO, developing new methods for processing
information signals of the transducer, etc. [1, 2].

In the case of harmonic ECT excitation, the electrophysical characteristics of the
materials and the geometric parameters of the TO are determined by the parameters of the
ECT signals as amplitude, frequency and phase shift. The analysis of the ECT signals and the
interpretation of the testing results are complicated by the action of a number of interfering
factors, among which the most dangerous are the gap between the ECT and the TO, the
variation of the material electromagnetic properties, the curvature and roughness of the TO
surface, external and hardware noise and other. [1, 3].

Specialists from ECNDT periodically give attention to the idea of using ECT pulsed
excitation, which has several advantages: increased depth of testing; additional informative
parameters; the possibility of simultaneous analysis of the signal at several frequencies; the
possibility of analyzing the ECT signal in the time domain [4, 5, 6].

In the practice of pulsed ECNDT, the following informative signals parameters are most
often used: the variation of the time offset of crossing by signal of a certain level, the time slot
certain nodal points, the peak values of amplitude and the surpassing the certain threshold
values by the amplitude and times moments of these surpassing [7, 8, 9]. The disadvantage of
such pulsed ECNDT implementations is the use of nodal points of the ECT signal. As result,
there are the incomplete usage of signal information capabilities and difficulties in the
exposure of the mentioned nodal points from the effects of noises. In this regard, the issues of
increasing the informativity and accuracy of the ECNDT, based on the in-depth study of
pulsed ECNDT, the search for new informational parameters and characteristics of ECT
signals and the improvement of their analysis methods in ECNDT are very important.

The purpose of this paper is to analyze the informational parameters of the parametric ECT
signals in the pulsed excitation mode in a case of testing the defects such as surface cracks.

The Structure of the Experimental Model. Fig. 1 shows the structure of the developed
ECNDT system, which consists of the laid-on parametric ECT, generator (G), digital
oscilloscope (DO), the digital interface (DI), personal computer (PC) with original
algorithmic software (Soft). The algorithm of the software has provided the receiving ECT
signals, obtaining the discrete amplitude and phase characteristics of the signals (ACS and
PCS) by applying a discrete Hilbert transform (DHT) and analysis of obtained characteristics
[10]. The usage of the DHT allows obtaining a large volume of data in a small time interval.

The pulse signal from the generator was transmitted to a parametric ECT (U=5V, pulse
interval T=5us, pulse duration z=2us. ECT was connected to the measuring scheme, the
output of which was formed the information signal of voltage. This signal has been
considered as the reaction of the ECT to the front of the excitation pulse.
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Fig. 1. Structure of the experimental setup

For experimental researches there were used the samples with a thickness of 5 mm, a length
of 100 mm, a width of 30 mm. The sample S-1 is made of steel of St.20 (u>1), and S-2 is
made of aluminum alloy D16 (u=1). There are three artificial defects imitating surface cracks,
0.2 mm in width and h = {0.2, 0.5, 1.0} mm in depth on one of the samples surfaces.

Technique of Experimental Data Processing. The task was solved by experiments
based on:

— researching the parametric laid-on ECT with pulsed excitation mode and the
subsequent analysis of it signals in the time domain[11];

— detection and analysis of informational parameters of ECT signals such damping
decrement and oscillations frequency;

— the determination of the functional dependence of the ECT signal parameters on the
TO characteristics.

The ECT signal model could be represented by an additive mixture of dumping
harmonic oscillations and Gaussian noise:

Uger (t, 1) = A, () e~ cos(2nf () ) +u, (t), te (t,.t,), 1)
where An(h) — the amplitude value of the information component of the ECT signal, a(h) —
damping decrement, f(h) — frequency of the signal oscillations, t — current time, (t3, t;) — time

interval for analysis of the ECT signal, u,(t) — the noise component of the signal, which was
considered as the realization of a Gaussian random process with zero mathematical
expectation and dispersion 2.

The procedure for processing and analyzing the characteristics of the ECT signal
obtained in pulsed excitation mode included the following steps:

— determination of the Hilbert-image of the sample capture Ue]j, h]:

Uy [j’h]: H[uect[Lh]]’ 2
where j — the number of the ECT signal in the digital representation, H — Hilbert-transform
operator;

— determination of discrete ACS and PCS of ECT:
. Uglj,h . .
CI>[J,h]=<':1rctgi.]+L(uH [i.h}uece[ish]), ©)
uect[Ja h]
U[i,h]=uly[i.h]+uA[ih], (4)

where L — the determination operator of PCS existing outside the unicity interval of the arctan
function.

— smoothing of function (3) using the method of obtaining the linear regression of
Bartlett-Kenosis [12] and determining the oscillations frequency of ECT signals by the linear
trend of obtained function:

f(h)=AD | (AT, h)/(2rAT), (5)
where A®| (AT, h) — the phase of the ECT signal accumulated in time interval AT=t,-t; and
obtained by the function of linear regression;

— application of exponential approximation to function (4) to increase the accuracy of
determining the damping decrement of the ECT signal and to determine it using equation:

(@) = i LW (6)
AT U(t,',w)
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where U(t,", W), U(t,",w) — the value of approximation curves at time moment t, and t;,
AT:tzl-tll;

— analysis of the obtained results by comparison with the calibration characteristic
of the dependence of the measurable parameter TO from the informative parameter of the
ECT signal,

— visualization of obtained results.

Results and discussions. The results of the analysis of the signal dumping in pulsed
excitation mode of the ECT for the two samples are shown in Fig. 6 (curve 1 — is for S-1
sample; curve 2 — for S-2 sample). There is close to the linear the character of the received
function dependence of the dumping of the ECT signal from the crack depth in TO. It has
different values depending on the physical and mechanical characteristics of the TO material
(including conductivity and magnetic permeability).

Comparative analysis of curves on Fig. 6 shows that such informative parameter like
damping decrement can be used to testing and evaluate the crack depth in the TO. In the
conducted experiments, the relative error of the determining the crack depth has not exceeded
+0.5%, and the average sensitivity for S-1 and S-2 was S, 5;=0.2 us™/mm, S, 5,=0.1 us™/mm
respectively, that is higher for non-magnetic material.

The results of determining the change in the ECT signal frequency in pulsed excitation
mode as functions of the crack depth in the specimen S-1 and S-2 is shown in Fig. 7a and Fig.
7b, respectively. The obtained curves of the dependence f(h) are linear, and the values of the
ECT signal frequency decrease with increasing the crack depth in both samples.

a, ps’! fx 10" Hz . fx 106, Hz
. _ J : a) : b)
3.7 . Sy 4.26 f { 4.49 : ]
3,65 TR f f
H] \ <1 A24b N A ABS E A
3,6 T~ | :
\ 422 ; { 448
3,55 . : _
.
3.45 /\ 4.18 1 4.47 / i
’ 1 N N
3,35 * 414 5 446 5
0 0,5 h, mm 0 ﬁ,smm ! 0 I?,Smm !
Fig. 2. ECT signal dumping variation Fig.3. ECT signal frequency variation

(curve 1 —for S-1; curve 2 — for S-2)

Detailed analysis of the curves from Fig. 7 showed that in this case the relative error of
determining the crack depth h does not exceed +2%, and the sensitivity to the crack depth h for
S-1 with p>1 (S 51=0.12 MHz/mm) is much higher than for the S-2 with p=1 (St s,=0.03
MHz/mm).

The conducted researches have shown that in the case of using the parametric ECT in
pulsed excitation mode for evaluation the crack depth in products made of magnetic materials,
it is advisable to use as an informative parameter the signal frequency, and for products made
of non-magnetic materials, the dumping of ECT signals.

Conclusions. It has been established that the signals of the parametric ECT that are
obtained in pulsed excitation mode and have the form of damped harmonic oscillations can be
used in the eddy current testing for estimating the depth of surface cracks. Also, it is
established that in the pulsed mode of ECT excitation, the type of dependence of the dumping
decrement and the oscillations frequency of this signal, from the change in the crack depth in
the TO, is close to the linear one.
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The provided experiments show that the change in the crack depth from 0 to 1 mm led to a
relative change in the oscillations frequency of the transducer signal by ~3% and ~0.7% (for
samples made of steel and aluminum, respectively) and the relative change in the dumping
decrement - in 3.3% and 6.6% (for samples made of aluminum and steel, respectively). The error
of determining the crack depth for mentioned samples did not exceed = 2%.

The dependences of the damping decrement and the oscillations frequency of the signal
from the crack depth indicated for the parametric laid-on ECT can be used for further
researchers of this ECT type in order to evaluate the crack parameters in the surface and
subsurface layer of the TO material with a dielectric coating.

The usage of the parametric type of the ECT in conjunction with the digital processing
of information signals expands the capabilities of pulsed ECNDT. In particular, it allows
realizing specific mode for estimating of surface cracks depth.
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PORTABLE ULTRASOUND FLAW DETECTOR

Povshenko O., Petryk V., Protasov A.
National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute™,
Kyiv, Ukraine

The task of creating a portable device is solved in this paper. This device uses an
ultrasonic method for defect detection and has a convenient and more efficient system for
transmitting and processing information in comparison with the previously developed one.

A cable is commonly used when communicating between converter units and data
processing. In cases where there is no direct access between them, it is a need for wireless data
transmission. Such a method of transmission allows for the automation of the system and frees us
from the physical connection of two or more parts of the device. The use of wireless communication
for technical diagnostics with known methods of NDT is considered in the paper [1].

You can get acquainted with results of the use of wireless technology in the tasks of
NDT for data transmission at short distances in papers [2, 3, 4]. The generated model of the
eddy current flaw detector uses Bluetooth [2, 3] and Wi-Fi technology [4]. The application of
GSM technology is considered in [5]. It considerably increases the transmission distance of
the data obtained.

Mobile devices (smartphones, tablets, etc.) with powerful computing capabilities and touch
screens have become widespread in our time. It was set the task of developing a defectoscope using
a mobile device as a block of processing the results of control in this work.

Let's consider the structural scheme of the created ultrasonic flaw detector with wireless
data transmission (Fig. 1). The converter unit can be divided into two parts: analog (1) and
digital (2). An analog incorporates a shock excitation generator, represents as a piezoelectric
converter (PCT), which is fed through the key (K) by the reference voltage (RV). The
frequency of generator is set by a short pulse supplied from the control unit (CU). The
generated impulse propagates in the object of testing (10). It is reflected and re-enters the
PEC after reaching the bottom surface or defect. The resulting echo pulse has a small
amplitude, so before digitizing it must be amplify (A). The main task of the digital part (2) is
to convert an analog signal to a digital (ADC) and, to transmit it to the information processing
unit (DR) through the information transfer unit (DT).

| l (1) RVTr DT @ DR
= | I TR S
) PCT+K——{CU| @)
| i
| —BOpADL) |
Figure 1. Structural diagram of ultrasonic defectoscope
IO - Investigated object, RV - reference voltage, K - key, PCT — Piezo ceramic

transducer, A - amplifier, ADC - analog-digital converter, CU control unit, DT — Data
transmitter, DR — Data receiver

A model of a mobile ultrasonic flaw detector was created based on this scheme. It is
able to use ultrasonic sensors with different frequency of resonance (1/1.25/2.5/5 MHz)
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due to the use of high frequency sampling ADCs. It is possible to install software with a more
advanced and optimized code due to work flexibility with microcontrollers.

At the heart of the device is a microcontroller of STM Company, namely chip
STM32F4 series with 32-bit ARM Cortex-M4 core. This architecture makes it possible to use
several auxiliary modules at once.

The following components were chosen as the circuit of the acoustic oscillator pulse
actuator (Figure 2): two complementary pairs of MOSFET transistors TC8220K6-G,
Microchip Technology driver circuit chip M1822 and two pairs of two protective diodes
MMBD3004BRM-7-F. This circuit can work with a wide range of output voltages (= 100V).
The M1822 driver chip gives a chance to operate transistor switches using a wide range of
standard voltages (1.8V-5V) for controllers, and diodes are used to protect transistor pairs
from high voltage levels acting on the transducer.
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U1 Cl1 |
K 100 s ouTA -2 H G P
e INB ouTB P T—|—100V
e iNC ouTC 1= 100F : )
IND ouTD o L
7 2 |GP1
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DN? {_out >

VoD VH = 1 10nF
vss VH {+10v c3 ﬂj i
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GND TERMP l—— 5
SN2 | 4 MMBD3004BRI-7-F

MD1822K6-G DP2| 7
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GND GND o |
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+5V

CRE ) N TR 1 N T )
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Figure 2. Scheme of pulse exciter of acoustic oscillations with electric damping

We have the opportunity to connect two independent sensors, or connect one sensor and
make it an electric damping channel (as shown in Figure 2) due to the presence of two pairs of
complementary transistors in the circuit.

During the market research, it was decided to use ADC08060CIMT / NOPB ADCs from
Analog Devices. This 8-bit ADC has a sampling rate of 20 - 60 MSPS (Million Signals Per
Second), which allows you to work with any sensors, which frequency does not exceed 30 MHz.

It was decided to use Bluetooth wireless technology in the information transfer block.
For its implementation, the module BK8000L was used, which is made according to the
Bluetooth 3.0 specification. The advantages of such a module include two built-in radio
systems: the first provides data transfer speeds of 3 Mbps (standard for Bluetooth 2.0); The
second is compatible with the 802.11 standard and provides the ability to transfer data at up to
24 Mbps, and its power consumption is once lower than its competitors and is 32mA.

There is full-speed USB OTG (Universal Serial Bus On-The-Go) as an optional
physical data transfer port provided by the capabilities of the microcontroller.

This transmission protocol is compliant with the standards of USB 2.0, as well as OTG
1.0, runs at speeds up to 12 Mbps. This communication channel is more auxiliary than the
main one, because it serves as the port for software recording and Li-pol battery charge.

The processing of the received signal can be realized on various devices, the
characteristics of which depends on the speed of data processing. At the moment, a mobile
application has been developed that allows to visualize the received signal in the form of A-
scan, that is a two-dimensional reflection of the amplitude variation at the input of the
defectoscope in the passage of time. To construct the image of B, C and other openings, it is
necessary to use a flaw detector in conjunction with path sensors.
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Conclusions. The portable ultrasonic flaw detector discussed in this article has several
advantages over existing devices and for now. The investigation is based on an ultrasonic
method for defect detection, which makes the control process not only safe, but also
sufficiently precise for unambiguously establishing the state of the research object. Thanks to
the analysis of modern electronic elements, energy consumption was minimized, which in
turn increased the device's operating time, with the same power source parameters. Taking
into account of a power source, it is worth noting that Li-pol batteries are used, which at small
sizes can store large volumes of charge. The use of wireless data transfer technology makes it
possible to use the device in automated systems to inspect the welds of sheet material, gluing,
soldering, etc. for the presence of various defects. The possibility of using the radio waves of
information transmission allows the use of more advanced data processing systems at
considerable distances from the 10.
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PROBLEMS OF TRAINING NDT SPECIALISTS IN UKRAINE

Protasov A.
National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute™,
Kyiv, Ukraine

Introduction. The Non-Destructive Testing (NDT) specialists provide a quality exam
for various kinds of products, conduct inspection of potential accident industrial objects, and
provide their safe exploitation. Such branches of industry as aviation, ground transportation,
nuclear power stations, and civil engineering can’t even exist without NDT specialists. All
people need high quality products, to be protected from terrorism and technogeneous
catastrophes. Thus, NDT specialists are desired in any society.

The features of professional activity. The professional activity of the NDT engineers
has distinctive features as compared with common engineers. The fulfillment of complicated
tasks with high level responsibility is expected from them not only high standard of
knowledge in their field, but certain abilities and personal merits which are professionally
required. This is the reason to emphasize some features of such profession which have to be
taken into consideration at specialist preparation.

First of all, NDT engineers have to be able not only use the procedure and devices for
discovering defects in an object, but have enough competence to take decision about
availability of this object for further exploitation. The wrong decision can lead to human
sacrifices. So, NDT engineers must have higher responsibility for a mistake the value of
which can be very high. Thus, in this case the main advantages of a specialist are abilities to
take decision in specific situation, to be responsible for this decision, and not only knowledge
and profession skills.

The second, NDT engineers have to demand the stopping of object exploitation if they
discover something wrong in it. So, specialists must have objectivity, persistence, adherence
to principles, and so on.

Considering the requirements to the NDT specialists we can specify their abilities: high
level of competence included knowledge and skills; understand the particulars of complicated
situations and find the optimal solution; high professional and social responsibility. Question
is: How is it possible to form necessary abilities for future specialists?

The problems of professional training. NDT is a complex specialty. Specialists have
to acquire knowledge from different directions of engineering. Students study from physics of
surface, electromagnetic field, optics, acoustics, and thermal physics to nucleus physics.
Moreover, they have to know how to use electronics (microprocessors, microcontrollers),
programming, and signal processing technique for designing automatic system of NDT. So,
the process of forming student’s competence becomes complicated by some reasons. First of
all, differentiation of the teaching content and extend student’s knowledge in one subject may
lead to loss the logic connection with others. Sometimes student can’t perceive the system of
knowledge as a whole system. Besides, the loss of subjects logic connection complicates
forming and development of student system-logical thinking. As a result, future specialists
don’t have system perception of their specialty, its professional and social aspects.

The second is a contradiction between knowledge extension and time limitation for
teaching. It is obvious that the traditional informative method when the instructor tries to
deliver large information content becomes ineffective. In any case, this information content
won’t be enough to provide students for high level of competence during their professional
career because engineering knowledge becomes old very soon. Therefore, it makes sense to
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stimulate and develop the cognitive interest of students, forming the skills to get and use
necessary information independently.

The third is a contradiction between the principles of knowledge unity and divided it
into fundamental and special ones. This problem is directly connected with forming
professional competence of the future specialists. On the one hand, students have to know
fundamental subjects perfectly in order to become proficient in special ones. On the other
hand, deepening into fundamental knowledge shifts the accent of student preparation and
reduces time for studying special subjects which are the basis of professional competence and
skills [1].

What is the professional competence? Now day European Union countries introduce a
new system of education. This system of student preparation is directed at forming not only
knowledge and skills but special competences also. The traditional system of education is
based on tow ways of the educational process organization. The main feature of the first way
is content of student training, i.e. what exactly instructor deliver is at the centre of attention.
The second way is based on the process of training, i.e. the main feature is how the instructor
delivers the course.

New system of education is based on the competence method approach which has result of
education different from the traditional one. The result of education for new system is not amount of
learned information only. It is also specialists’ ability to apply this information to different
complicated situations and get missing information independently. In other words, the result of
student education is presence or absence necessary competences after their graduation.

The problem of competence-oriented education was considered in the papers of
European authors - E. Short, Sim Shaw, A. Shelton, W. Hutmacher, T. G. Roos, and others.
According to E. Short, competence is combination of knowledge, skills and operation [2].
Simon Shaw gave definition of the eight groups of base skills which were useful for
professional activity and daily needs as well [3]. A. Shelton proposed the five groups of key
competences which depend on professional activity of a person. The first one depends on
psychophysical abilities of a person. These are abilities to attract attention, reaction time,
coordination, and others. The second competence group is connected to professional abilities
and skills. The third one determines cognition abilities, such as creative thinking and others.
The fourth reflects individual abilities - self-reliance, responsibility, and aim at success. The
fifth is social abilities — ability to cooperate and connectivity [4]. The description of the term
“key competences” was given on European Council symposium in 1996. The report of
European experts “Key Competences for Europe” was devoted to definition of five main
groups of key competences which were very impotent for student preparation. There are
political, social and cultural, communicative, social and informational, and personal
competences among them.

The German scientist Roos T.G. considers that present-day worker has chance to find job if
he possesses of a “‘competences portfolio”. He mast solve a problem instead of fulfill a task.

The issue of education modernization is widely discussed in Ukraine also. According to
Ukrainian law, quality of higher education is “total abilities of a graduated person which
demonstrate professional competence, value direction, social orientation, and satisfy the
personal and public requirements”. One of the directions for education modernization is
application competence-oriented approach more widely. It means forming activity skills in
specific situations, in other words forming professional competence.

In general the specialists’ professional competence we can represent as a combination
of functional competences in common to the scientific, professional, individual —
psychological, and social relations areas. Competence in common to the scientific area is a
base of the given profession. It consists of common, subject, and academical competences.
This conception is characterized by professional knowledge, intellectual activity, ability for
analytic thinking, constructively discharge their obligations, and ability for extend their
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knowledge. Competence in professional area can be form by professional, academical, key,
personal, and others competences. It is characterized by ability for acting on the high level in
specific professional area, realizing the program, and foreknown the results of this acting.
Competence in individual — psychological area is based on personal competences which
stimulate development of a personality in the context of a chosen profession, form the
motivation for development of competence and tendency to check and evaluate of specialists’
activity. The conception of competence in individual — psychological area is characterized by
specialists’ ability to study without assistance, to take decisions, and to account for
specialists’ activity. Competence in social relations area is based on social, personal, and key
competences which provide for specialists’ ability for working in a team, having social
responsibility for the results of their professional activity, knowing and keeping to traditions,
and managing of information and communication technology. Thus, acquired student
knowledge and skills is a base of the future specialists’ professional competence.

Professional competence of NDT specialists. Accordingly to Bologna Declaration,
Ukrainian system of higher education has two levels of specialist preparation: bachelor and
master's degree.

Present Ukrainian classification of professional activity in the technical field is divided
on: performing, operating, producible- servicing, and researching levels. The specialist model
has to describe the set of competences, professional duties, and the level of preparedness to
accomplish specific functions.

Taking into consideration mentioned classification and professional activity features of
NDT specialists; let’s propose the structure of professional competence for specialists with
bachelor and master's degree. The typical bachelor’s professional activities in the NDT field
are: experimental- research, manufacturing- servicing, calculation-design, and administration
activities [5].

Competence in experimental- research activity provides a bachelor with abilities to:

- carry out the research of testing object models using present-day standard software and
methods of mathematical simulation;
- realize experiments and result analysis using given procedure;
- study scientific and technical information
Competence in manufacturing- servicing activity is proposed bachelor’s skills:
- touse NDT devices for inspection of products;
- to use monitoring systems for technologic forecasting of the object condition;
- totune up, install, and activate software and hardware of NDT devices;
- to specify technical conditions of devices using monitoring devices.
Competence in calculation-design activity provides a bachelor with abilities to:
- calculation and design components of NDT devices;
- check capability of the projects and technical documentations to technical requirements;
- engineering design of technical documentations
Competence in administration activity provides a bachelor with abilities to:
- certification and standardization of NDT devices;
- organization marketing and selling of NDT devices;
- using economic and administrative methods of management

Analyzing bachelor’s professional activities, we can consider that experimental-
research activity belongs to common to the scientific area, manufacturing- servicing and
calculation- design activities belong to professional area, and administration activity relates to
individual — psychological and social relations areas.

It is obviously that specialist must be intellectual developed. Therefore, the footing of
the bachelor’s professional competence forming must develop students’ creative abilities,
namely: creative thinking and creative activity.
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The master’s training program is based on the bachelor’s one. So, we consider that a future
master is ready to fulfill the work that a bachelor can. The masters are preparing for following
professional activities in the NDT field: research, design, and management activities [6].

Competence in research activity provides a master with abilities to:

- create of the mathematical and physical models of NDT devices;
- design procedure of the experiments and test operation
Competence in design activity is proposed master’s skills:
- to analyze advanced direction of NDT devices development;
- to design technical documents for manufacturing of NDT devices
Competence in management activity provides a master with abilities to:
- organize management for improvement and modernization of NDT devices;
- search the optimal solution for making of NDT devices taking into account quality,
reliability, and value requirements.

Let’s refer research activity to common to the scientific area, design activity to professional
area, and management activity to individual — psychological and social relations areas.

Professional competence of the master has to provide with implementation of an
innovation cycle: scientific investigation work — research design work — manufacturing new
product. In this case, the master’s creative ability displays itself in master’s research and
innovation activities.

Conclusion. Present-day reality needs new well founded models for engineering education
which take into account features of student’s personality and requirements of industry. Forming of
specialists’ professional competence is one of the important problems of future engineer
preparation. The specialist’s professional competence is a complicated factor which includes prime
competences based on acquired knowledge and skills. The footing of the specialists’ professional
competence forming is development of students’ creative abilities.
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OIIBIT BHEJAPEHUMSA U DKCIIVIYATAIIUA
CUCTEM KOMIIBIOTEPHOH PAJIUOTPA®UMU (RTC)

H.II. Kazennos, A.B. Ilagnui, M.B. FOpves
HII®D «/Juaenocmuueckue npudopury, 2. Kueg

Hama xomnanms yxe Oomee 10 jer mocTaBisieT Ha pPHIHOK YKpauHBI CHUCTEMBI
KOMIIBIOTEpHOH U 1U@poBoil paguorpaduu. Jlrobas cxema paaualuOHHOTO KOHTPOJIS
IperoiaraeT HaJuuue MCTOYHMKA MOHU3HUPYIOIIETO M3JIy4eHUs, UCCIEAYeMOro o0beKTa u
HOCHUTEIIS nHpopmaruu (peHTreHOBCKas TJICHKA, dbochopubIe TIJIACTUHBI,
MOJIYIIPOBOTHUKOBBIE MHMKATOPHbIE MAHENH, U T.1.). B Hacrosiee BpeMsi CyIIeCTBYET TpU
OCHOBHBIX BUJIa PaJUAIIMIOHHOTO KOHTPOJISI, MCIOIB3YEMbIX AJI Hepa3pyILIaloniero KOHTPOJIs
¥ TEXHHUYECKOW JIMAarHOCTUKH B TIPOMBIIIJICHHOCTH:

1) RTF — mueHoYHas TEXHOJOTHS,(AHATIOTOBBI CHUTHAN), KIACCHYECKHH  METO.I,
WCIIOJIB3YIOUIUN DKCIIO3HUIMI0 HAa PEHTTCHOBCKYIO IUIEHKY C MOCIEAYIOUIEHM XMMHYECKOU
00paboTKOI peakTHBaMU HAXOSAIIUMHUCA B KUAKOU (ase;

2) RTC — xomnbroTepHas paguorpadus, UCIONIB3YONMas B KAYECTBE MPOMEKYTOUHOTO
HOCHUTEJISl AaHAJIOTOBOTO CHTHajga MHoropaszoBblie ¢ocdopuble mnactunbl. [lomydyenue
U(PPOBOTO CHUTHAJIA OCYIIECTBISIETCS Ha BBIXO/IE CIEIMATBHOTO CKAaHUPYIOIIETO YCTPOICTBA;

3) RTD — uudposas paguorpadus, mpu KOTOpod HUGPOBON CHUTHAT (BOPMHUPYETCS
HETIOCPEACTBEHHO Ha JIETEKTOPHOM MaHelu.

I[IEPBOE IIOKOJIEHME RTC - cucrema tuma «DOCOOMATHUK-21y,
aJalITUPOBaHHAsT ~ KOMITBIOTEpHAs  cucreMa 1upoBoi  paamorpaduu, H3HAYAIBHO
npuMeHsiemas B Meauuune karactpod. Hanpumep, OREX (6apabannas 3arpyska, KpenjieHue
dbochopHOl TUTACTHHBI B CKaHEpPE Ha JIFOBEpcax, OoJibllias BUOpAIUsi, MOCTOSHHBIN H3THO
dochopHoit mnactuHel. MakcuManbHblid pasmep ¢ochoproii miactunsl  Flex —HR (GP)
200 x 297 mM. IIporpammHOe obecriedeHre ¢ NpOoCTEUIUMU GUIbTPaMHU.

Puc. 1 - KomnbrotepHas cuctema undpoBoii paguorpapuu

BTOPOE IIOKOJIEHUE RTC - cucrema KODAK ACR 2000i. BeprtukanbHas
3arpy3ka M TOpPHU3OHTalbHas  BbITpy3ka  (¢ocdopHoil  miaactuHsl.  OTCyTCTBHE
HEMOJIPECCOPEHHBIX Bpallaloumxcs yacteid. MakcuMmanbpHblil  pazMep (pochopHOI MIacTHUHbI
tuna GP,HR, XL BLUE 300x400 mm. MoHuTOp BBICOKOTO pazpemienus. Hamuume
MEJIUIIMHCKOTO aHaJlora CKaHepa. JIFIOMUHECIIEHTHBIE JIaMITbl dpaiizepa.
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Puc. 2 - Cucrema KODAK ACR 2000i

TPETBE IIOKOJIEHUE RTC — cucrema NDT CARESTREAMHEALTH HPX-1.
['opr3oHTanbHast 3arpy3ka W JBMJKEHUE ILUIACTUHBI B OJHOM IIOCKOCTH. B03MOMXKHOCTB
UCIIOJIb30BAaHUA JKECTKMX KacceT U JIONOJHUTEIIBHOIO KacCeTHOro Hocutensl. HoBas Bepcust
nporpammuoro odecriedenus Tuma INDUSTREX Bepcus 5.2. 'anoreHoBbIe TaMIibl dpaiizepa.

Puc. 3 - Cucrema ‘NDT CARESTREAMHEALTH HPX-1

B koHCTpyKIMM 3TOr0 THMA Y4TE€Hbl HEKOTOPBIE HEAOCTATKU MPEIBIIYIIUX MOIEINEH.
[Ipenycmotpens! 1Ba Buaa 3arpy3ku GochOpPHBIX MIIACTHH:

- pyuHas 3arpy3Ka IJIacTUHBI, IPEABAPUTENBHO U3BJICUEHHOMN U3 KACCETHI;

- aBTOMaTHYeCKasi 3arpy3ka IUIACTHH W3  CHCHHUAIBHOM  JKECTKOM  KacCeTHl,
NPUCOETUHIEMO K CKaHepy OIepaTopoM.

B 3TOM ciydae KOHTakT IUIACTHUHBI C OKPYXAIOWIEH CPEeAOd CBOAUTCSI K MHUHHUMYMY.
['epMeTHUYHBII KOpPIyC CKaHepa OCHAIIeH BEHTHJIATOPOM MPUHYAUTEIHLHOTO HarHEeTaHWs
BO3/1yXa, KOTOPBIN CO3/1aeT M30BITOYHOE JaBJIIEHUE BHYTPH H MPETATCTBYET IMOTAAAHUIO TIBUTH
U 3arps3HeHu0 u3  Bo3Ayxa. Cruparomee u300pakeHHe YCTPOWCTBO  (dpaiizep),
KOHCTPYKTUBHO HAXOJSIIMHCA B €IUHOM KOpPIyCE CO CKaHepOM, COCTOMT U3 OJioKa
TaJIOTEHOBBIX JIaMMI MOIIHOCThIO 25 BT kaxmas. CBeTOoBOW MOTOK CTHPAaeT CKPBHITOE
n300pakeHre KOHTPOJIMPYEMOH JETadl W TOTOBUT (HOCPOPHYIO IUIACTHHY K MOBTOPHOMY
UCIIONBb30BaHuI0. [IpM WMHTEHCUBHOW OJKCIUTyaTallMM CKaHepa B TPH CMEHBI CTUpaHHUE
N300paKeHMsI TIPUBOJIUT K IOBBIIICHHOMY HAarpeBy Y3J0B CKaHepa M CaMOH IIIaCTHHBHI,
HAXOJSAIIUN B HETIOCPEJCTBEHHON OJM30CTU OT TaJIOT€HOBBIX JIaMIl. Takol HarpeB BHI3BIBAET
KopoOJieHne W Jake YaCTUYHOE OIUIABJICHHE KPOMOK TUIACTUHBI. B Kapkuil JETHUH JCHb
[ITaTHas CHUCTEMa OXJIAXACHUS He crnocoOHa 3¢ddexTuBHO oxnaxaate (HochopHBIA O0I0K
JamI 3paii3epa v BHyTpeHHUE OJIOKU CKaHepa.

YUETBEPTOE IMTOKOJIEHUE RTC — cucrema NDT CARESTREAMHEALTH HPX-
PRO cnenmanbHO TSt KOHTPOJISI CBAPHBIX IIBOB B MOJIEBBIX yCIOBUAX. [1oBEIIEHHAss BUOPO
U TEpPMOYCTOYMBOCTH CKaHepa. Bec — 16kr, 6e3 crenuanbHbIX TpeOOBaHUI K HCTOUYHHUKY
nutanus. CneuuanbHble ¢ocdopHsle miactuHel Flex HR-PRO ¢ pononmHuTenbHbIM
MOBEPXHOCTHBIM JTAMUHHPOBAHUEM.
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Puc. 4 - Cuctema NDT CARESTREAMHEALTH HPX-PRO

[IATOE INOKOJIEHUE RTC — mpumep, miardpopma IUDUSTREX NDT. CormacHo
naHHbIM MAT'ATO no cocrostauio Ha 2015 rox [1] konauuectBo cepruduuupoBanusix UTP,
NPOIIEAIINX TTOJHBIA Kypc 00y4eHHs KOMITBIOTEPHOU paauorpaduu B ['epMaHuy IPEBBICHIIO
1200 genosexk.

[Mnarpopma INDUSTREX NDT mno3BoiisieT KOH(PUTYpUPOBATH BCE COCTABIISIONIUE
AJIEMEHTHI NIl PELIEHUS KOHKPETHOM HMHKEHEPHOW 3aJaud HEepa3pylLarolero KOHTPOJS U
TEeXHUYeCKOoH aumarHoctuku. IIporpamma paGoTaer co BceMHu ycTpoilcTBamMu U He TpeOyer
JIOTTOJTHUTEIIbHOM HACTPOMKH WU CIIEHHAIBHBIX PaiBEPOB.

QunbTp
obpaboriu

ApXUBMPOBaHWE
MXpaHeHue

orpamma Indust

Kypc o6yqeHna %

Puc. 5 - PerpocniexktrBa pazButus MeTo1a
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Bpawatoweeca
3epkano
DOTO3NEKTPOHHII
YMHOXUTENb
~
/
/-
SneKTpudecknin
curHan

MHoropazoBas
3aN0MUHALAA DOCHOpHasA

AHaNoro-undpoeoin
npeoBpaszoeatent

H Ynpasnaowni
l / KOMNBIOTED

Puc. 6 - Cxema KOMIIBIOTEPHOTO CKAaHUPOBAHUS ((DOTOCTUMYIMPOBAHHAS JTFOMUHECIICHIIUS,
MOHOXPOMaTHYECKUHA UCTOYHUK — KpacHBIN Jaszep, M= 470_ 570umM,
BO30yX1aeMoe u3inydeHue cuaero npera, M= 390_ 400uM)

XumMuyeckoe NokpbiTHe
nonuBUHUN (METUNMETaKpUNaT)

M3TUNEHOBBII

©3UBHBIN CNOIt
MonumepHas

nneHka

BEhopHan maTpuya

Puc. 7 - Ctpykrypa 3anmTHOT0 MOKPBITHS (DPOoCchOpHBIi Ci10i — TIOMUHODOP
bropbpomitoau 6Gapus, aAKTHBUPOBAHHBIN IBYXBalIeHTHBIM eBportieM, (BaFBr)/I:Eu?*)

Io couM (u3uKo-xummdeckuM ceoiicteam ®top (F), Bpom (Br), u Hox (I) otHOCATCS
k VII rpynme (ramoreHbl) NEPHOIWYECKON TaOIUIBI AJIEMEHTOB W B COBOKYITHOCTH C
anementoMm Il rpymnmer Bapuem (Ba) 00pa3yloT KpHCTaNIMYecKyld MaTpUIly B KOTOPYIO B
KadecTBe MoaupuKaTopa CBOWCTB BBOAAT noOaBku EBporus (Eu- nmantanowp, smeMeHT
PEAKO3EMENBHON TPYIBI). ITH XUMUYECKUE COSAMHEHUS SBISIOTCA KpucTamochopamu u
00JTaJaf0T CBOMCTBOM «3aIllOMHHATE)» PE3YIbTAT BO3JEHCTBHS HOHU3UPYIOMIETO H3ITyUYeHHs B
BUJIE «CKPBITOTO H300pakeHUs». B cHenmuanbHO CO3/1aBaeMbIX YCIOBHSX HMEETCS
BO3MOXXHOCTh YBHJIETh 3TO U300pakeHHUE, a TAKIKE CTEPETH €To.

Henocratok ¢ropbpombopuaa OGapust - TUTPOCKOMHYHOCTH (BOCHPUUMYHBOCTH K
Bnare). [log Bo3nelicTBUeM BOIBI (B JKHIKOM WJIM Ta3000pa3HOM COCTOSHHUU) JTFOMHUHOGDOD
paznaraercs. [Ipu 3TOM BBICBOOOXKIAETCS MOJ, KOTOPBIM MOXXET HAKaIIMBATHCS MEXKIY
dochopHBIM ¥ 3aIIUTHBIM CIIOSIMH TUIACTHHBI. XapaKTepHBIM IPU3HAKOM TAaKOTO Tporiecca
SIBIISIETCSL  JKEJNTO-KOPUYHEBBIE TISITHA, TMOSABISIONIMECS Ha Topre IieHkd. [lostomy Ha
MOBEPXHOCTh TUIACTHHBI HAHECEHO 3allIATHOE MOKPBHITUE M3 BIATOCTOHKOTO TMOJIMMEPHOTO
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Marepuana. OIHAKO ATO TOKPHITHE, YTOOBI HE HMCKaXaTh PE3YJIbTaThl CUMTHIBAHUS, UMEET
OYEHb MAJICHbKYIO TONIMIMHY. CIeICTBUEM TaKOro KOMIIPOMHUCCA SIBJIETCS OrpaHUYCHHAs
COMPOTHUBIIAEMOCTb (HOCHOPHBIX MHOTOPA30BHIX INIACTUH MEXaHUYECKOMY BO3IACHCTBHIO.

OnektpoHHas ku3Hb (ochopHbix MmnacTuH (GP) B 1a0opaTOpPHBIX  YCIOBHUSAX
3asBigemMasl npousBoguteneM...10 8000 skcno3unuid. OJHAKO B pPealbHBIX YCIOBUSIX CPOK
skcmutyataiuu He  npeBbimaer  3000-4000 sKCmoO3UIME  BCIEACTBHE MEXAaHUYECKUX
MOBPEXICHHH ( B MIEPBYIO O4Yepe/b pacCiIauBaHUE YIJIOB U MOSBICHUE TPEUTMH Ha 0OpaTHOM
ctopone (ochopHOi TUIACTUHBI (pacTpecKuBaHWE 4YepHOro cios). [IpakTudecKuil OmbIT
MOKAa3bIBACT, YTO U3 IJIACTHHBI C TPEIIMHAMU MOKHO BBIPE3aTh HETIOBPEKICHHBIC YIaCTKU H
UCIIONIb30BaTh WX JJII KOHTPOJS OOBEKTOB MEHbIIEro padmepa. [Ipu 3TOM HYKHO yIEITHUTH
BHHUMaHHE TEPMETH3AlMM IOBEPXHOCTH pe3a, 4YTOObl H30ekKaTh IONAJaHUE BIIard Ha
dbocdopHBI CIIOI U PENATCTBOBATH MOSBICHUIO KOPUYHEBBIX MATEH . JJIsT 3TOr0 MOIXOIUT
0001 HUTPOJIAK, JaKe MAHUKIOPHBIN OCCIIBETHBIN JIaK.

Tabmuna 1. CpaBHenne napamerpon skcniozunuud RTF — RTC

[TAPAMETPHI PEXXMIMA, RTE RTC
MIPH SKCIIO3ULIUU CTHIKOBOTO COSAMHEHHUS PEHTCEHIUIEHKA | ®OCHOPHA S
TpyObI TMaMeTpoM 325 MM Ha JIUTUIIC, Yepe3 KODAK TACTUHA

nBe creHku (paguaruonHas RTF — RTC,

TomumHa 16+16 +2+2 Mm) HS800 +SMP-308 tumna Flex-HR

HAIIPSDKEHUE PEHTTEHOBCKOM

TPYBKU, kB 200 200
TOK PEHTTEHOBCKOI TPYBKH, MA 5 5

®OKYCHOE PACCTOSIHUE, Mm 700 700
BPEMSI DKCITO3ULIUY, ¢ 84 14

KODAK HS800 - BbICOKOUYBCTBUTENbHAs, BBICOKOKOHTPACTHAsI, CpeAHE3epHHCTas,
YHUBEpCaJbHass PEHTICHOBCKAs IUICHKA JJISl MPOMBIIUICHHOTO PaJWallMOHHOTO KOHTPOJIS
(300x400Mm).

KYOKKO SMP-308 meTtamio-(roopuCIIeHTHBIC YCHITUBAIONIUE dKPAHBI TAPAHTHPYIOT
OBICTPBIH TEMIT MCCIEJOBAHUS, COKpAIlleHUs BpPEMEHM OSKCIO3UIMH, Malloe 3€pHO U
YCWJICHHYIO PE3KOCTh U300paKEeHUS.

Pentrenosckuii anmapatr AOLONG XXG-2005 (mpousBoactBo Kurait):

- COKpalieHo BpeMs paauorpaguveckoro KOHTpouss (B 4-8 pa3) 3a cueT MCKIIOYCHUS
npoiiecca Gororpaduiyeckoit 00pabOTKH PEHTTEHOBCKUX IICHOK;

- YMEHBIIEHO BpeMsI TPOCBEYMBAHUS KOHTPOIUPYEMBIX JeTaiei (paauamroHHas
tomuuHa 10-44 mM) B 2-3 pasza, MOBBIIIEH pecypc pabOThl T€HEPATOPOB PEHTIE€HOBCKOTO
U3ITy4eHUS);

- CHIXKEHO pabouee HalpspDKEHUE Ha peHTTeHOBCKOM TpyOke Ha 10-15%;

- CHIDKCHA paaualMoOHHAas Harpy3ka Ha IMepcoHall KaTeTOPHH A

- YIPOIIEH NpOIecC apXUBUPOBAHUS paAUOTpaPUUECKUX N300paKEHUH , UX TIOUCK U
oOparnieHue.
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Ta6mumma 2. OnbIT 1a00paTOPHON IKCIUTyaTaIlMH KOMITJIEKCa
komnbioTepHoi paguorpagun KODAK ACR 20001

[MPEJITPUSTHUE 1 [MPEJITPUSTHUE 1
[TOKA3ATEJIb (JTHMK) (L13J1)
Bpews skerutyarau, 2009 — 2012 (4 roza) 2010-HacTosmEe Bpewms
(rommr)
KolM1ecTEo GP-20mT, HR-10mT,
T OIHOBPEMEHHO MCTIOIB3YIOTCS GP-4mr, HR-1 mt

ocOpHBIX IIJIACTUH
(bocdop 10-20 mactun

WHcnekuus 1 peMOHT
3 cMeHBI 110 7 4acoB B CYyTKH,

Pexum paboTs TEXHOJIOTUYECKOI0
KOMILJIEKCa Obmas Hapaborka oxomo 00opyaoBaHUs U
100 000 skcrio3unu Py
IPOTYKTOIIPOBOJIOB
(Marepuan BEICOKOIETHPOBAHHBIE CTATN H
BricokonerupoBaHHbIC CTAIH,
KOHTPOJIHPYEMBIX CIUIaBbl, HU3KOYTJIEPOIUCTAs
o KOHCTPYKIITMOHHASI CTAJTh
JieTaneil) CTaJIb
CpenHee KOIM4eCcTBO
LUKIIOB
CKAHUPOBAHUE-
CTUPAHNE 100-150 B cmMeny 20-30 B mecs11
CKPBITOI'O
N30BPAXEHUA
BriBoabI

1) Cucrembr kommbroTepHOit paguorpadun  (RTC) Moryr ObITh TEXHOJOTHYECKH
BCTPOEHBI B JTH00YIO CYIIECTBYIOIIYIO TPAJIULIUOHHYIO CUCTEMY PEHTT€HOBCKOTO KOHTPOJIS.

2) Ham Gonee vem 10 nertHuit ompit ucnonb3oBanus RTC mokaszan, 4ro 3TOT MyTh
ABIIAETCS ~ Hambojee SKOHOMUYECKM J(PQPEKTUBHBIM IPU MEpexoie OT aHAJIOroBOM K
G poBoi paguorpauu.

3) RTC — «mopraTHBHBIA CIMOCO0» ¥ MOXKET OBITh HCIOJB30BaH Kak B
71a00paTOPHBIX(IMPOU3BOJCTBEHHBIX ) YCIOBUAX, TAK M HA MOHTaXe (B MOJIE).

4) dochopHbIe JETEKTOPHBIC TUIACTUHBI B MEPy THOKHE U TOCTATOYHO MPOYHBIE.

5) 3aMeHa peHTreHOBCKOM IMJICHKH, OTKa3 OT PEaKTHBOB Ul XUMHYECKOH 00paboOTKH,
CHIKAeT o0LIMe TPy103aTpaThl.

6) Bonbuioit MUHAMHYECKHI [Mama3oH HU300paxkeHUss Ha (GOocHOPHBIX IITACTHHAX
MO3BOJIIET HA OJTHOM CHUMKE BHJIETh U 3(P(PEKTUBHO KOHTPOJIUPOBATH OOBEKTHI Pa3IMuHOM
pazualvoOHHON TOJIIIUHBIL.

7) RTC mo3BosisseT  CHIKATh PEKUMBI OKCIIO3UIMH, YMEHBIIATh PaJHAllHOHHYIO
Harpy3Ky Ha MepcoHal, YKOHOMHUTh pecypc paboThl pEHTT€HOBCKHX arlapaTosB.

[1] Guidelines on training, examination and Certification in digital industrial
Radiology Testing (RD-T).TRAINING COURSE SERIES No. 60. INTERNATIONAL ATOMIC
ENERGY AGENCY VIENNA, 2015.
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METOJU HOKPAINEHHS TOYHOCTI HEWPOMEPEXEBUX
METAMOAEJIEN HAKJIAJHUX BUXPOCTPYMOBHUX
IHEPETBOPIOBAYIB VIS CYPOI'ATHOI'O CUHTE3Y

P.B. Tpemboseyvra, B.A. ['anvuenko, B.B. Tuuxos,
Yepracvkuil 0epaicasruil mexHol02iuHuLl YHigepcumem
M. Yepkacu

CyporaTHuii CHHTE3 [O03BOJISIE OTPUMATH HaKJIaJHI BHUXPOCTPYMOBI IEpPETBOPIOBaui
(HBCII) 3 ognopimHoro uyytiuBicTio [1]. B miii poGoTi mpoimtocTpoBaHO MOOYIOBY
meTtamojeni HBCII i3 BUKOpUCTaHHSIM O00YHCITIOBATIBHOI TEXHOJOTIT [2], Ie B IKOCTI CUCTEMU
30ymxeHHss BCII BUKOpUCTOBYETHCS KpyroBa KOTYIIKa 3 MPSIMOKYTHUM mepeTuHoM. [lpu
IbOMY TI00Y/I0Ba METaMO/IeJli BUKOHYBAJIAcs NP Bapiaiii Tiibku JBOX 3MiHHKX J=f(X, V), sKi
€ MPOCTOPOBUMHU KOOPAMHATAMM, Ta BUIAJKY, KOJIHU J.,J=0. Iz cTBOpeHUx Mmaiike 360
onuHapHuX RBF-HEHpoHHMX Mepex-TMpeTeHIeHTIB Ui IUIaHy 3 YHCIOM TO4YoK N=255 Ta
KUTBKICTIO MpUXoBaHUX HelpoHiB Big 90 mo 170, BimiOpaHo 7 HaWKpamux 3a YUCEILHUMHU
noKa3HUKaMK Koedimienty nmerepminaiii Rz S.D.ratio, cepeanboi BiAHOCHOI BETHMYMHU
moenpHOI moxubku MAPE,%. Otpumani MeTaMo/ieri MaloTh CePEIHIO BEIMIMHY MOICTHHOL
noxuOKu Ha etani HaB4aHHS Bif 3,59 o 5,63 %. Ha erarmi BiATBOpeHHs MOBEPXHI BIATYKY Ha
3HAYHO OUTBIIIN KUIBKOCTI TOYOK piBHIM N=1681 mana moxuOka ckmanae 4,45-7 %. PiBenn
NOoXMWOOK Ha eTari HaBYaHHs Ta BIATBOPEHHS IMOBEPXHI BIATYKY € JOBOJI MPUHHATHHUM, aje
MOKE OYTH 3HUKCHHM.

MeTogamMu  TIABUIIEHHS TOYHOCTI MeETaMoJieleld € BHUKOPUCTAHHS MHOKHHHUX
HEHPOHHUX MEpEeXk, 30KpeMa iX KOMITETIB Ta iX KOMIO3UTHOI no0ynoBu [3-5]. OcHoBHa iaes
noOy/I0BM KOMIIO3UTHOI HEWPOHHOT Mepexi moisrae B HacTymHoMy. OTpumaHa mepiia
HEHpOHHA Mepeka BHKOPUCTOBYETHCS I HABUaHHS JPyroi, J¢ Ha eTami HaBYaHHS
3aCTOCOBYETHCS a0CONIOTHA MOXMOKa alpoKCHMAIllii, fika € pe3ylbTaToM MOOYAOBU MEpIIOi
HeWpoHHOI Mepexi. JlaHa mporeaypa MOBTOPIOETHCS MOJaBAaHHAM HEOOXITHOI KUIBKOCTI
HEHpPOHHUX Mepex N0 TUX IMip, MOKKM HE OTpUMaHO 3ajloBuibHe 3HaueHHI MAPE. Taka
noOy10Ba HEHPOHHUX MEPEX /A€ MOCTYNOBE 3MEHIICHHS TOXUOKHU alpoKcUMallii Bil MEpexi
no mepexi. ToOTO KOXKHa HAcTyNMHA JOJaHAa HEMpPOHHA Mepexa ampoOKCHUMYE IMOBEPXHIO
NOoXMOKHU. 3arajibHUM BIATYK MOBEpPXH1 J; OTPUMYETHCS 1OAABAHHSM BIATYKIB BiJ KOKHOTO
Buxony (J.J, ... J,) HEHPOHHHUX MEPEK.

Tak, B3sBIIM 32 OCHOBY OTpHMaHy oaMHapHy metamojnenb RBF-2-135-1(130) [1], mo
mae S.D.ratio=0,0742, MAPE=4,78 %, MS,=0,000575 i 3actocyBaBIId KOMIIO3UTHY
moOyZ0By HEHPOHHHUX MEPEeX, BJIAJIOCs MOKPAIIUTH TOYHICTh OTPUMAHOI METaMoJIes K Ha
eTari HaBYaHHs, TaK 1 Ha eTami BiATBOpeHHs (Tabmn.1).

Tabnuus 1. YucenbHi MOKa3HUKY SIKOCTI KOMITIO3UTHOT HEHPOHHOI Mepexi

KommnosutHa MeTamogneni, o € MAPE,% MS.
HelpoMepeka CKJIQIOBUMU . .
HABYAHHSA | 6I0MBOPEHHS | HABUAHHA | IOMBOPEHHS
KOMITO3UTY
J. RBF-2-135-1(130) 4,78 5,79 0,000575 0,000552
J, RBF-2-147-1(73) 2,65 3,81 0,000114 0,000158
Js RBF-2-156-1(8) 1,75 3,09 0,0000511 0,000099
J=1Js RBF-2-180-1(23) 0,96 2,64 0,0000444 0,000094

Ha 3aBepmanpHOMy erTami BUKOHYyBajlacsl IepeBipKa aJeKBaTHOCTI BiJITBOPIOBAHOCTI
MOBEPXHI BIATYKY 3a JOIMOMOTOI OTPMMAaHMX MaTEeMaTHUYHUX MOJeNed y BCi o0miacTi
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MOJICITIOBAaHHS 13 3acTOoCyBaHHAM (opmy, siki onucyioTh Buxin RBF-neiiponnoi mepexi, a
TaKOX MPOBOAMIIACS iX OLIHKA HA a/JleKBAaTHICTh Ta iH(OPMATUBHICTh. AHAII3 Pe3yNbTaTiB,
HaBeJleHUX B TaOnmii 1 mokasye, IO 3aCTOCYBAaBIIM YOTHPU KAacKaad HEHMPOHHUX MEPEK
CEpeIHIO MOMUIIKY alpOKCUMAIIil 3MEHIIIEHO Maike B 5 pa3iB Ha eTari HaBYaHHS Ta B 2 pa3u
Ha eTami BITBOPEHHS, IO BIJMOBIIHO IMOKa3ye €(EKTHUBHICTh BUKOPUCTAHOI TEXHOJIOTii
1no0yJI0BH METaMO/IEIIi.

Hns Bumanky moOymoBu metamogeni Hepyxomoro HBCII i3 BapiroBaHHSM TphOX
napametpiB J=f(X,y, r), me r — pamiyc KoTymkd 30ymKeHHs, B Mexax X =0...30 mm;
y=0...30 mm; r = 1...15 MM ctBOpeHo maiixke 320 onunapuux RBF-HeiipoHHnX Mepex mis
rany 3 yucioMm Touok N = 2048 Ta kinbKicTIO prxoBaHuX HelipoHiB Big 280 mo 350, 3 skux
BiiOpaHi HaKpall 3a BUIE BKa3aHWMMH IMOKa3HWKamMH. OTpuUMaHI HaWKpall MeTaMojeni
MalOTh CEPEIHI0 BEIWYMHY MOAEIbHOT MoxuOku Bim 22 % mo 29 %. B upomy BuMagky
MIBUINEHHS TOYHOCTI alpPOKCUMAIIHOI 3a7a4i OyJIO TOCATHYTO 1HIITUM METOJIOM MOOYI0BH
METaMOJIeNi 3a JOMOMOTOI0 KOMITETY i3 IIecTH HelpoHHuX mepex [4]. IIpore oTpumaru
CYTTEBOTO 3MEHINCHHS IMMOXMOKM arnpoKCHMAIlii i3 3aCTOCYBaHHSIM KOMITETY HEWPOHHHX
MepeX He BIAJIOCS, TaK Ha eTarli HaB4aHHS HelipoHHOoi Mepexi orpumano MAPE= 18.08 %, a
Ha erami BiaTBOpeHHS 19.8 % BimnmoBigHo. Tomy sK BapiaHT MiABHUILEHHS TOYHOCTI
METaMOJIeNII TaKOXK 3aCTOCOBAHO TEXHOJIOTIIO MOOYIOBH KOMIIO3UTHOI HEHPOHHOI MEpexi.
Jis oabIIoro yAOCKOHAJICHHS METaMoOJIelli 32 OCHOBY B3siTa HelipoHHa Mepexa RBF-3-
282-1(156), sixa € mepmIor B KOMITO3UIliT Mepex. JIss KOMITO3UTHOT Mepexi, sika Mae BiciM
KacKa/liB, OTPUMAHO HACTYITHI MOKA3HUKH SIKOCTI HA €Talli HaBYaHHS Ta BiITBOpEeHHS (Tabi.2).

Tabmums 2. YncenpHI MOKa3HUKH SIKOCT1 KOMIIO3UTHOT HEHPOHHOT MEpexXi

Kommo3urtHa Meramogneni, 110 € MAPE,% MS,
HEHpoMepexa CKJIaJJOBUMU HABYAHHS | 810MEOPEHHS. .
KOMIIO3HTY N=2048 N=7166 HABYAHHSA | 8I0MEOPEHHSL

J; RBF-3-282-1(156) 22,6 31 0,00057 0,000558

J, RBF-3-280-1(31) 21,52 28,76 0,000274 0,000279

J; RBF-3-308-1(39) 18,22 24,35 0,000186 0.000204

J, RBF-3-278-1(14) 17,13 22,06 0,000154 0,000168

Js RBF-3-292-1(24) 14,95 19.98 0,000123 0.000144

Js RBF-3-301-1(25) 13,49 17,85 0,0001 0,000121

J; RBF-3-305-1(10) 12,21 16,79 0,0000844 | 0,000104

Ji=Js RBF-3-301-1(4) 10,12 15,93 0,0000709 | 0,0000923

TakuM 4MHOM, 3aCTOCYBABIIM KOMIIO3UTHY MOOYJOBY 13 IIECTH KacKaJiB HEHPOHHHUX
MEpeX, OTPUMAHO PEe3ydbTaTH CEepPeAHHOT TMOXMOKHM ampoKCHMallli, sKi CHIBBUMIPHI 13
pe3yibTaMu TpPU BHUKOPHCTAaHHI KOMITeTy HEHpoHHHMX Mepex. IIpore 31 30UTbIIEHHAM
KUIBKOCT1 KacKaJiB TOYHICTh METaMOJeNl MiABUIYEThCs. ToOTO moOyaoBa MeTraMmozenm 3a
JIOTIOMOTOI0 KOMITETY HEMpPOHHUX MepeX Ta KOMIIO3UTHHUX MEpeX [aroTh IOKpPAIICHHS
CepeIHbOI BEIMYMHHI MOJEIBHOI MOXUOKH Yy MOPIBHSAHHI 13 OIMHOYHUMHU MEpPEKaMHu.

1. I'anvuenxo B. A. Heiipomepedicesa memamooens YUTIHOPUYHO2O HAKIAOHO20
BUXPOCPYMOBO2O NEPEeMBOPIosaud 5K CKIA008ad CYPO2AMHO20 ONMUMALLHO2O CUHME3Y
[Texcm] / B. A. I'anvuenxo, P. B. Tpemboseyvra, B. B. Tuuxoe // Bichux Xepconcvrozo
HayioHanbHo20 mexuiunozo ynisepcumemy. — 2018. —Ne 3 (66). — T. 1. — C. 32-38.

2. I'anvuenko B. . 3acmocysammna wuevipokomn’romunea na emani no6yoosu
Memamooenel 8 npoyeci ONMUMAIbHO20 Cypocamuo2o cunmesy anmen / B. A. I'arvuenxo, P.
B. Tpemboseyvka, B. B. Tuuxos // Bichux HTYY «KIIly. Cepis Padiomexhixa.
Paoioanapamobyoysanus. — 2018. — Ne 74. — C. 60-72.
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3. Kosanesckuti C. B. Annpoxcumayus @ynkyuti ¢ nomowpto  KACKAOHBIX
Hetiponodobnvix cemeut [Texcm] / C. B. Kosanesckuii, B. b. ['umuc // LLImyynuti inmenexkm. —
2008. - Ned. — C. 589-593.

4. Neural Network Based Response Surface. Methods — a Comparative Study / [W.
Beyer, M. Liebscher, M. Beer et al] // LS-DYNA Anwenderforum, Ulm. — 2006. — P.29-37.

5. Xauxun Caimon. Hetiponnvle cemu: noamsiii Kypce, 2-e uzo.: llep. ¢ anen. — Mockea:
Hzoamenvckuti oom «Bunvsamcey, 2006. — 1104 c.
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MOBYJIOBA MATEMATHYHOI MOJEJII IIPSIMOI 3AJIAYI B
IMPOBJIEMI PEKOHCTPYKIII EJEKTPO®I3SUUYHUX TAPAMETPIB
MAJITHIPUYHUX OB’€EKTIB KOHTPO.JIIO BUXPOCTPYMOBUM
METOJI0M

A. B. Cmopuax, B. B Tuuxos, P. B. Tpemboseyvka, B. A. [ anvuenxo
Yepracvkuil 0epacasHuli mexHoN02IUHUL YHIgepcumem
m. Yepracu

HepyiiHiBHUI KOHTPOJb BHUXPOCTPYMOBUM METOJOM YacTO 3aCTOCOBYETHCS B
MPOMHUCIIOBOCTI 1 Mae psn Oe33amepeyHux TIepeBar, cepel SKUX BHCOKA IIBUAKICTh
CKaHyBaHHS, O€3KOHTAKTHICTh, CTIMKICTh /IO BIUIMBIB 30BHIIIHBOTO CEPEIOBUINA, EICKTPUYHA
NpUpoJia CHUTHAy, ajieé TOJOBHOIO HOro OCOONHUBICTIO € OararomapaMeTpoBICTh CHTHAIY.
Hepigko o6’ekramu koHTpomto (OK) BUCTymarOTh IHJIIHAPHYHI BUPOOH, Taki SIK BalH Ta
TpyOH, 110 MPOXOASITH TEPMOOOPOOKY UM HACHUEHHS MOBEPXHEBOrO IIApy PEYOBUHAMH, B
HACIIIIOK YOTO 3MIHIOIOTHCS eIeKTpo(di3uuHi mapaMeTpu MaTepiaiy Hux BUpoOiB.

B naniit poOoTi MpOmOHYeThCS BUPIMICHHS 33adl PEKOHCTPYKIIi eNeKTPOodi3uuHUX
napamerpiB OK, B skux enekrponpoBignicte (EIl) Ta marmitHa nponukHicTs (MII)
Mmarepialy 3MiHIOIOTbCA B370BXK paniycy. OK € Mar"iTHi Ta HEMarHiTHI CTPyMONPOBIiJHI
IUTIHAPUYHI  BUPOOHM, 11O TECTYIOTHCS 3OBHIMIHIM TPOXIJHAM BHXPOCTPYMOBHUM
neperBoproBauem (BCII). AktyanpHOw € 3amaya Bu3HaueHHs napametpiB EIT ta MII sk
¢byHKIii Bim pamiycy mo pesyinbratam kKoHTpoiato BCII. Ils 3BopoTrHa 3amada B
ONTHUMI3alliifHili MOCTaHOBII MOTpedye OaraTOKpaTHOrO BUPILICHHS MPSAMOT 3a/1a4i.

Jnist BUpimeHHs i€l 3a1a4i MPOIOHYEThCS BUKOPUCTOBYBATH MYJIbTHYACTOTHHIA METOJI.
A came, B AKOCTI BUXIIHUX JaHUX JJIs ii pO3B’S3KY 3aCTOCOBYBAaTH 3HAYEHHS 1HIYKOBaHOI
EPC 3 pizHoto vactororo crpymy 30ymkerHss BCII, no BrmBae Ha rMOWHY TPOHUKHEHHS
BUXPOBUX CTpyMiB. /I crpomieHHs wi€l 3aaa4i JOUIIbHO 3aCTOCYBAaTH KYCKOBO-IOCTIHHY
arpokcuMariro OK, ToO0TO yMOBHO MOJIIUTH mepepi3 00’ €KTy Ha IIapy, MPUITYCKAIOYH IO
EIIl ta MII € koHCTaHTamMH B KOXKHOMY 1api. Lle 103BosIsie CpOCTUTH pillIeHHs NpsAMOT 3a1aui
JI0 3HAXOJDKEHHS KOMIUIEKCHUX 3HadyeHb 1HAyKoBaHOoi EPC B 3amexHOCTI BiJ KUIBKOCTI
yMOBHO okpemMux mapiB OK.

[Tpunyckaemo, 10 OTHOBUTKOBA KOTYIIKA (pHC.1) 3 paaiycoM ¥, 3HaXOAUTHCS HABKOJIO

6araromapoBoro OK npu ymoBi 1 = 7. Bick koTymiku Ta Bick OK crniBmagaroTs.

RIHI (/’lnilyo-lﬁl)

R.(u,0,)

iRy (,uor: 0, 0y :0)

Puc.1 — OnHOBHTKOBA KOTYIIIKa HABKOJIO OararomapoBoro 00’ ekra
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Amnanmitauni GOpMyIH IS pillIeHHs MPSAMOI 3aaadi HaBeaeHo B [1], ToOTO po3B’sI30K
IPsIMOi 3a/1a4i He CIPUYUHSATUME YCKIIaTHCHb.

HenynpoBHil KOMIOHEHT BEKTOPHOT'O MOTEHI1aTy B 00JIaCTI BUMIPIOBAJIbHOI KOTYILKH
MOYKHA 3HAWTHU K

==

f B,K,(Ar)

— o

Bomol

51[37"&]
— ¢

jd ':z—zD} da
Ky(dr)

Ard(r,z) =
e [y — MarHiTHa ctana, 4m - 1077 Tu/u;
Ty — pallyc KOTYIIKH 30y I)KESHHS;
| — cTpym™m B KOTYIIIIi 30yIKEHHS;
- _ 27 pL(grf) (D, — 2r,ADy) + 2uT'qli(q73) Dy

B, = —Li(An );
= = (i)

[t,, — BIIHOCHA MarHiTHA NPOHUKIMBICTH mapy mMarepiany OK, i, = u(r);
I,(s) — moaudikoBana dyHkitist beccenst mepuoro poay V mopsaKys;

Ky(S) — momudikoBana ¢yskiiist beccens apyroro poay V mopsaxy;

D = ull(gr,)D (D, — 2r;AD,) + 2uT ql (gr; ) D D, —

—2n AL (qry ) Ky (Any) (D3 — 21,AD,) — 4ry uT"Aq 1y (qry ) Ky (A7) Dy;

Dy = I,(Ary)K,(Ary) — I, (Ary ) K, (Ary );
D, = I,(Ary)K,(Ary) — I, (Ary ) K, (Ary );
D, =1,(Ar K, (Ary) — I, (Ary K, (Ary);
D, = I, (Ary ) K (Ary ) — I, (Ary JK (Ary );
Dy = 2uT AK; (Ary) + Ky (Any);

|1
v= |=+pZ;
| i
N 4
|
p; = Nljlmﬂuﬂ;ﬂﬂgm:
f
q =NIF'£+1 + 4%;
i=12, ..,1;

I'n — 30BHiIIHIN paaiyc mapy OK;
o,, — TATOMA eJIEKTPUYHA MPOBiAHICTh mapy matepiany OK, o, = o(r).

Bpaxkatoun korymky 30BHIIIHbOr0 BCII HeckiHU€HHO TOHKOIO Ta BHUKOPHUCTOBYIOUHU
3HaYeHHsS BEKTOPHOTO NOTeHIiamy MokHa 3HaiTH EPC iHaykoBaHy B BHMipIOBalbHIN
kotym BCIT

— : ind
£ = —jlmoww,w,th 45,

Jie W1, Wy — KITTBKICTh BUTKIB KOTYIIIKH 30y/PKEHHS Ta BUMIPIOBAJIBLHOT KOTYIIIKH.

1. Koliskina V. Analytical and quasi-analytical solutions of direct problems in eddy
current testing: doctoral thesis In Partial Fulfilment of the Requirements of the Doctor
Degree in Mathematics [Subdiscipline of Mathematical modelling] / Koliskina Valentina. —
Riga: Riga Technical university, 2013. — 193 p.
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