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HAYKA Ons BAPOBHULTBA

CIIINIbBHA HABYAJIbHO-HAYKOBA JIABOPATOPIA
3BAPIOBAHHA TA CITOPIJHEHUX ITPOLECIB

CyuacHi yMOBH PO3BUTKY POIPECUBHUX TEXHO-
JIOTi# MOTPeOyIOTh IHTerpaii NeBHUX MPOIECIB IS
oJlep>KaHHs HOBOI sKOCTI nmpoaykuii. bazoBoro ymo-
BOIO TaKWX IHTErpaliiHuX MPOIECiB € MOETHAHHS
HayKOBOTO JIOCBily OOCIIiJHHUKIB, SIKI IPaLIOOTh B
Pi3HUX HAYKOBHUX IMiJpO3AiJax Haja OJIM3bKUMU 3a7a-
yamu. Takuil miaxia qo3Bodisie OLIbII TOBHO aHAIi3Y-
BaTH Ta PO3B’sA3yBaTH NpoOJieMH, IO MOCTAIOTh
nepea A0CHIiTHAKaMU Yepe3 HEeBITUHHUH IIJTHH HAyKO-
BO-TEXHIYHOTO MPOrpPecy.

HeoOxigHicTh MOETHAHHS 3yCHIIb HAYKOBIIIB TIPH
BHUPIIICHHI 33/1a4 [1Ia3MOBOT0 1 TIOPHIHOTO 3BaPIOBAH-
Hsl Ta aJUTHBHUX JIyTOBHX TEXHOJIOTIH MocTasia BKe
IOCHUTH AaBHO. KinbKka mecAaTupiub ToMy s HeoOXia-
HICTh TIpHU3BeJa J0 iIHTEHCUBHOTO PO3BUTKY i po3ra-
JYKEHHIO IiSUIbHOCTI [HCTUTYTY eneKTpo3BaprOBaHHS
im. €.0. IaTona. [IpoTe cyuacHi peanii moTpeOyrOTH
MONIYKY HOBUX MigxoxdiB. ¥ 2017 p. ocHoBa s iX
CTBOpeHHS Oyra 3HaiineHa. 3a iHiriaTrBoro HarioHams-
HOT'O TEXHIYHOTO yHiBepcuTeTy YKpainu «KuiBcbkuit
MOMITEXHIYHUM 1HCTUTYT iMeHi Iropst Cikopcbkoro» ta
npu miarpumii akagemika b.€. [larona n’ate Hayko-
BO-TEXHIYHHMX OpraHizaliil B3sUT y4acTb Y CTBOPEHHI
CMIbHOT HaBYAILHO-HAYKOBOI JTabopaTopii 3BaproBaH-
Hs Ta CIIOPITHEHUX MpotieciB. [lo ckiajy 3aCHOBHHKIB
YBIHIILTH:

— IHctutyT enextpo3BaproBanus im. €.0. [Tarona
HAH VYxkpainn;

— 30BHINIHBO-EKOHOMIUHE MPEICTaBHUITBO Ku-
TalChbKO-yKPAaiHCHKOI'O 1HCTUTYTY 3BaprOBaHHS
M. €.0. IlaToHa;

— HamionanpHu TeXHIYHUHN yHIBEpCUTET YKpai-
HU «KUIBCHKUH TOTITEXHIYHAN IHCTUTYT iMeHi [rops
CikopchKOroy;

— TOB «HaykxoBo-BupoOHuuuit LleHTp
«ITJTA3EP»;

— Koprnopanis «YxkpcneurexHomaorii.

CTBOpeHHS CNUJIBHOI HaBYaJbHO-HAYKOBOI Ja-
Ooparopii, npu miaTpumni akagemika b.€. Ilarona,
OyJ10 IOpUINYHO O(OPMIICHO YIOJI00 MPO CIIBPOOIT-
HuuTeo Ne2500/17-0 Bix 13.06.2019.

Mera cTBOpeHHs Jlaboparopii — moOyaoBa Hay-
KOBO-TEXHOJIOT1YHOI €KCIIEpUMEHTAIBHOI 0a3u KO-
JIEKTUBHOTO KOPUCTYBAHHS 13 3aTy4YeHHSIM HAHOITBIIT
[epeaoBoro o0IaAHaHHs AJ NPOBEIACHHS HAayKO-
BO-JIOCITITHUX POOIT B Tay3sX TUIa3MOBHX, JTA3€PHUAX
1 TIOpUIHUX TEXHOJOTiH 3BapIOBAHHS Ta CIOPiIHE-
HUX TPOIIECIB, aJUTUBHUX TEXHOJOTIH, 1u(y3iHHOTO
3BapIOBaHHS Ta MastHHS.

Jnist foCsITHeHHS L€l METH TIAaHYEThCS BUPIILLIECH-
HSl HACTYITHHX 3aBJaHb:

1. CTBOpeHHSI HOBUX (OPM HAyKOBO-TEXHIYHOT
Koorepauii nsixoM 00’ €IHaHHS CTBOPEHHS HAyKO-
BO1 EKCIIEPUMEHTAJIbHOI 0a3u KOJEKTUBHOT'O KOPHU-
CTYBaHHS i3 3aJly4€HHAM CYy4acHOTO 0OJIaHaHHS ISt
MPOBEJICHHST HAYKOBO-JOCIITHUX POOIT B ramys3six re-
PEAOBHX TEXHOJIOT1H 3BaplOBaHHS Ta CIIOPIAHEHHUX
MPOIIECIB 13 BUKOPUCTAHHSIM MaTepiabHO-TEXHIYHOT
0a3u HAyKOBO-JIOCIIiTHUX, YIOOBHX Ta HAyKOBO-BU-
POOHHMYMX OpraHizaiiil.

2. 3aiydeHHs IHBECTHUIIIH, B TOMY YHCII BiJ 1HO-
36MHHX MTapTHEPIB.
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Tonouuit koprryc HTY'VY KIII imeni Iropst Cikopcebkoro
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TonoBHwMit kopryc [HCTHTYTY enekTpo3BaproBanHs iM. €.0. [TaTona
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HAYKA ons BUPOBHULTBA

3. Po3mmpeHHs MiXXHApOAHOTO HAYKOBO-TEXHIU-
HOTO CITIBpOOITHHIITBA Ta CHiBPOOITHUIITBA MK Ha-
YKOBO-AOCIIIHUMH YCTAaHOBAMH 1 MPOMHUCIOBUMHU
MiJOpPUEMCTBAMU B YKpaiHi, 3aJly4eHHs NPOBIIHUX
YKpPaiHCHKHUX Ta MKHAPOJHUX BUCHHUX 1 CHIELIANICTIB
JI0 y4acTi B HAYyKOBO-TEXHIUHUX PO3pOOKax.

4. BuxoBaHHS HayKOBHX KaJpiB, 3aJy4eHHS CTy-
JICHTIB 3aKJIaJ[iB BUILIOI OCBITH YKpaiHu OaKaIaBpChKOIo,
Marictepcbkoro Ta Ph-D piBHIB HaB4aHHS JI0 y4acTi B pe-
ATBHUX HAYKOBO-TEXHIYHMX Ta BUPOOHUYMX ITPOCKTaX.

B nmanwmii yac crpykrypa chinpHOi JadopaTopii
BKJIIOYAE Bl EKCTIEPUMEHTAIBHO-TEXHOJIOTIYHI TIJIO0-
manaku: «IlmazmoBoro i ribpuaHOTO 3BaprOBaHHA Ta
aAUTUBHUX AYToBUX TexHoujorii» (HaBuanbHO-Ha-
YKOBHUH 1HCTUTYT MaTepiaJo3HABCTBA Ta 3BapIOBaH-
Ha iM. €.0. ITatona KIII imeni Irops Cikopcbkoro)
Ta «JleMoHCTpaIifHO-TeXHOJIOTIYHA TITFHUIS TI1a3-

MOBHX, FOpPHIHUX Ta QJIUTUBHUX TeXHONOTii» (IH-
CTUTYT eJIeKTpo3BaproBaHHs iM. €.0. [latona HAH
Vxpaiau, TOB «HaykoBo-upoOuuunit LleHTp
«ITJTAZEP», 30BHINTHBbO-EKOHOMIYHE TTPEIACTABHHU-
1TBo Knraiichko-yKpaiHChKOTO IHCTUTYTY 3BaprOBaH-
Ha iM. €.0. [larona). HaykoBuii KepiBHUK CHiTHHOL
nmaboparopii — wi.-kop. HamionanpHOT akajgemii Hayk
VYkpainu, a-p TexH. Hayk npodecop B.M. Kopxuk.

B pamkax Yrox mpo cniBpoOITHHITBO, yKJa-
JCHHUX 13 [HCTUTYTOM eNeKTpO3BaprOBaHHS
iM. €.0. [latona HAH VYkpainu, Bka3aHa crminbHa
nabopatopist € 6a3010 11 MI’>KHapOJIHOTO HayKO-
BO-TEXHIYHOTO CHiBpoOiTHUIITBA 13 HaykoBo-jo0-
CJITHMM IHCTUTYTOM 3BaplOBAIbHUX TEXHOJOTIH B
nposiniii Wkenzsn (KHP) ta UxenzsHcpkuM Hay-
KOBO-JIOCJIITHUM [HCTHTYTOM crieniaasHOro 00Ia-
Hauusa (KHP).

Puc.1. 3oBHIiMmHIH BN BaKyyMHOT KaMepH (@) Ta IIa3MOTPOHY (MOJelTh (6) 1 BUTOTOBIICHUH 3a HEIO 3pa3oK (6)) JUIsT 3BapIOBaHHS

ILIa3MOBO-EMICIITHUM PO3PSIIOM y BaKyyMi

Puc.2. TonoBka (@) 3 INTaBKUM €JIEKTPOIOM JUTS aIUTHBHOTO BUPOIIYBAaHHS JeTajlel i3 BHYTPIIHIME pedpamu )KOPCTKOCTI (0, 8)
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Nnaamosux, riGpUAHMX Ta AANTUBHUX TEXHONOTIH

OemoncTpayifiHo-TexHonorivHa ginoHuyn

IncTuryT enexrpolsapionansn imeni €.0. Narona
Hauionansnoi axagemii Hayx Yxpainu

30BHIWMBOCKOHOMINHE NPEACTIBHMUCTBO

Haulonanbuui TexHiuuia yuloepeurer Yepainu

Kopnopauin «Ykpcneyrexuonoriis

GEXZIED  Hayxoso-0upobumamii uentp «NNAEPs

-
e

KHTaRCoRO-yRPATHCLROTO INCTUTYTY 3BapIoBannA im, €,0. Narona

sKuisconnit nonivexuiummni iIncruryT imeni lropa Cikopcororos

Puc. 3. MakeT TUTYJIBHOI JOIIKH JIeMOHCTpPALIHHO-TEXHOJIOTYHOT NUTBHUL Ta 1i BIAKPHTTS MDKHAPOIHIM HayKOBO-JIOCIITHIM KOJICKTHBOM

B JlabopaTopii m1a3MoBoro i riOpuaHOro 3Bapro-
BaHHS Ta aJIMTUBHUX JYTOBUX TEXHOJIOTIH MPOBO-
IATHCS JOCTIHKEHHSI 0 PO3pOOIIi Ta TMOAAIBIIIOMY
PO3BHUTKY TAaKUX MPOTPECUBHUX MPOIIECIB, SIK:

— 3BapIOBaHHS IUIA3MOBO-EMICIHHUM pPO3PAIOM
MOCTIHUM CTPYMOM TIPSIMOT TTOJIIPHOCTI TTOPOYKHUH-
HUM KaTOJIOM Y BaKyyMi,;

— nudy3iliHe 3BaprOBaHHS Y BaKyyMi;

— MasHHSI y BaKyyMi;

— aJMTUBHE BUPOILIYBaHHS JeTajleH 3a JOMOMO-
TOI0 TIAaBKOTO €JIEKTPOJA.

Jist BUKOHAaHHS TOCHIIKEHb CTBOPEHO KOMILIEK-
CH BIJIIIOBITHOTO BaKyyMHOI'0 oOJjiagHaHHs (puc.l).
JocnipkeHHs 11a3MOBO-eMiCiHHOTO po3psiay (Iuias-

B

o=

MO-JYT'OBOTO PO3pPSIly 3 HOPOKHUHHUM KaTOJIOM) Y
BaKyyMi JIOBEJIM MOXKITUBICTh HOTO yCIINIHOTO BHKO-
pPUCTaHHS MPH 3BaprOBAaHHI TUTAHOBUX CILIABIB TOB-
UHOIO 10 16 MM 6e3 po3poOku kpaiok. [Ipu mpomy
oJiep KaHi IIIBY 3a SKICTIO 1 MPOIyKTUBHICTIO BUKOHAH-
HS HaOJMIDKAIOTHCS 10 PE3yJIbTaTiB, OTPUMAHUX CIICK-
TPOHHO-TIPOMEHEBHUM 3BAPIOBAHHSAM IPH 3HAYHO MEH-
M1t co0iBapTOCTI.

Takox B maHoMy MiApo31iai cuinbHOI abopa-
TOPIT TOCTIKYETHCS aINTUBHE BUPOIIYBAaHHS JIeTa-
JIel 3a JOTIOMOTO¥0 IJIABKOTO eNeKTpoa. 30Kpema,
PO3pOOIIOIOTECS TEXHOJIOT1i BUTOTOBJICHHS METale-
BUX JeTaliell CKJIaAHOI MPocTOpoBoi (hopMH 13 BHY-
TPIIIHIMU peOpaMu KOPCTKOCTI (puc.2).

s

Puc. 4. OmHe 3 mabopaTopHUX MPUMIIIEHb JeMOHCTPAIITHO-TEXHOIOTIYHOT JITHHHUII
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Puc. 5. YHiBepcanbHUI TEXHOJIOTIYHUIT KOMIUIEKC IJIa3MOBO-[yTOBHUX Ta FOPUIHNUX TEXHOJIOTIH, aBTOMAaTHYHOIO KOMOIHOBAHOTO i
riGpUIHOTO 3BapIOBAaHHS «IlIa3Ma + Jyra IUIaBKOTO eJIEKTPOIa»: a — MAHIIYISITOP JUIsl 3BapIOBaHHS B PI3HUX IIPOCTOPOBUX IOJIOKEH-
HSIX; 6 — 3BaploBaJIbHE 00JaHAHHS; 6 — MOHOOJIOK KoMOiHOBaHOTrO Plasma+MIG/MAG 3BaproBaHHS; ¢ — INIa3MOTPOH IS TIOPHIHOTO
Plasma-MIG/MAG 3BaproBaHHS; 0 - 03HAHOMIJICHHS 3 00JIaTHAHHIM Ta TEXHOJIOTIEI0 IHO3EMHHX MapTHEPIB B paMKax MIXHAPOIHOTO
HayKOBO-TEXHIYHOTO CIIBPOOITHHIITBA

Ha [lemoHcTpamiiHO-TEXHOJIOTIUHIA JIIIbHH-
IIi TUTa3MOBHX, TIOPUIHAX Ta aMUTUBHUX TEXHOJOTIN
(puc.3) BUKOHYETHCS PO3pOoOKa TaKMX TEXHOJIOTIH, SK:

— poboTH30BaHE MMOBHE 1 TOYKOBE TIA3MOBE 3Ba-
prOBaHHS MOCTIMHUM CTPYMOM MPSIMOI MOJSPHOCTI;

— po0oTH30BaHE IIOBHE 1 TOUKOBE IIa3MOBE 3Ba-
pIOBaHHS Pi3HOMOISPHUM ACHMETPUYHUM CTPYMOM
aJIOMIHIEBHMX Ta MarHi€BHX CIUIABIB;

— poboTu3oBaHe (aBTOMAaTH30BaHE) MJIa3MOBO-TIO-
POILIKOBE HAIUIABJICHHSI MOCTIHHUM CTPYMOM THPSMOI
TTOJSIPHOCTI Ta Pi3HOMOISPHAM aCUMETPUIHUM CTPY-
MOM (JUTs QMIOMiHIEBHX Ta MAarHi€BUX CIUIABIB);

— poboTH30BaHe (aBTOMAaTH30BAHE) 3BAPIOBAHHS B
peXUMI «M’sIKa T1a3May TOCTIHHUM CTPYMOM IMPSIMOT
MIOJIIPHOCTI Ta PI3HOMOJISIPHUM aCUMETPUYHUM CTPY-
MOM (JIJTs1 QTFOMIiHIEBHX Ta MarHi€BHX CIUIaBIB);

— poboTH30BaHe (aBTOMaTU30BaHE) 3BAPIOBAHHS
Ta HaIUIaBJICHHS 32 JOMOMOTO0 TPOIIECY 3BapIOBaH-
Hsl IJIABKUM €JICKTPOJIOM 13 KOPOTKUMH 3aMHUKaHHSI-
mu (CMT - Cold Metal Transfer);

— poboTu3oBaHe (aBTOMaTH30BaHE) aprOHOAYTO-
B€ 3BapIOBAHHA IMOCTIHHUM CTPYMOM TPSIMOi TTOJISIP-

HOCT1 Ta Pi3HOMOJSPHUM aCUMETPUUHUM CTPYMOM
(U1 QITIOMiHIEBHX Ta MarHi€BUX CIUIABiB);

— JIa3epHe 3BapIOBaHHS B KOHTPOJIBbOBaHii aTMoc-
¢epi Ta B IMHAMIYHOMY BaKyyMi;

— poOoTn3oBaHe (aBTOMaTH30BaHE) Ja3epHE pi-
3aHHS 1 3BapIOBAHHS;

— ri0puaHi nporecu 3BaproBanHs (Turazma-MIG/
MAG, nna3ma-TIG, nazep-nnaszma, nazep-MIG/
MAG, nazep-TIG);

— 1i0pH/IHE JIa3ePHO-TIA3MOBE Pi3aHHS;

— IJIa3MOBE Pi3aHHS Ha 3BOPOTHIN TOJIIPHOCTI Me-
TaJIEeBUX JINCTIB HIJBUIICHUX TOBIIUH;

— IUTa3MOBE pi3aHHSA i3 PI3HUMH THIIAMH TIIa3MO-
YTBOPIOIOYHX Ta3iB i 3 10OaBKOIO BOAM;

— HAJ[3BYKOBE IJIa3MOBE MOPOILKOBE HAMMIIIOBAH-
HSI TIOKPUTTIB;

— BHCOKOMIBHJIKICHE TIa3MOBO-1yTrOBe HAIMIIIO-
BaHHSI TOKPUTTIB CTPYMOIIPOBITHUMH JIPOTAMHU;

— BHCOKOIIBHJIKICHE €JIEKTPOIyTOBE JBOXJPOTOBE
HaIWIIOBAHHS ITOKPUTTIB 13 aKTUBALIIEIO BYTJIEBOIHE-
BUMH ra3aMu;

6
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— riOpuIHE HaI3BYKOBE EIEKTPOIYTOBE-Ta30I0ITy-
MEHEBEe JIBOXIPOTOBE HAIMITIOBAHHS IIOKPUTTIB;

— Ha/[3BYKOBE T'a30II0JyMEHEBE HAITMIIIOBAHHS I10-
KpUTTiB nopoiukamu ta gporamu (HVOF);

— IJIa3MOBI TEXHOJIOTIT cepoan3aii HOPOILKiB;

— BUPOILYBAaHHSI TPUBUMIPHUX BUPOOiIB aUTUB-
HUM MOLIApPOBUM MiKPOIIJIa3MOBHM, IJIa3MOBHM Ta
JyrOBUM HaruiaBieHHsIM (3D-npyk).

Jnst nociimKeHHs 3a3HaYeHUX TEXHOJIOTIH Ha-
SBHI BiANOBiAHI Ja00paTOpHi NPUMILIEHHS 13 He-
00XiTHUM TEXHOJIOTIYHUM OOJagHaHHsAM (puc. 4).
Takox nepenbaueHo odicHi MpUMILIEHHS, cydac-

Puc. 7. MakpoctpykTypu 3’€1HaHb TOBIIMHOIO 6 MM (@) 1 10 MM (0), onepika-
HHX JIa3epHO-IIA3MOBHM 3BAPIOBAHHSM 3a OJIMH i JIBa MIPOXO/IH, Bi/IIOBITHO,
Ta 30BHIIIHIA BUIIISA CTHKOBUX 3’€HaHb ToBIIMHOK 10 MM (6). Matepian —
HepkaBitoda ctanp AISI304

HUW KOH(]epeHI-3a] 3 MOXKJIMBICTIO MPOBEACHHS
OH-JIaliH KOH(EpeHLUiHl, AUISHKA MeXaHiyHoi 00po0-
KM 3 (Gpe3epHUM 1 TOKAPHUM BepcTaTaMH, oOyTOBi
Ta CKJIAJCHKI MPUMIIICHHS TOIIO. 30Kpema, JeMOH-
CTPAIiTHO-TEXHOJIOT1YHA JITBHUIL T1a3MOBO-1yT0-
BUX Ta TiOpHIHUX TEXHOJOriH Oyna cepTudikoBaHa
CepTudikaToM Ha CUCTEMY MEHEIKMEHTY SIKOCTI
ISO 9001:2015.

OkpeMo CaiJl BIIMITUTH 1HHOBAIiHHI T1OpUIHI
TEXHOJIOTI1, 110 PO3POOJISIIOTECS HA JSMOHCTpAIliii-
HO-TEXHOJIOTIUHIH ainbHUL. Tak, po3podiieHi 00-
JIaJHAHHS 1 TEXHOJIOTIi aBTOMAaTHYHOTO Ta POOOTH-

7
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Puc. 8. VHiBepcasbHUii TEXHOIOTTYHNI KOMIUIEKC JIA3ePHOTO Ta FiOPUIHOIO JIa3epHO-IIa3MOBOTO Pi3aHHs

Puc. 9. Komruteke [u1s 1a3epHOT0, MiKpOTIIa3MOBOTO 1 JIA3€PHO-MIKPOIIIIa3MOBOTO 3BapIOBaHHS B KOHTPOJILOBaHiH arMocdepi Ta B IH-
HaMiYHOMY BaKyyMi

8
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Puc. 10. 3oBHINHII BUIISL ycTaHOBKH (@) 1 Tporiecy (6) MikporiazMoBoro 3D-1pyKy IOpOIIKOBIMH MaTtepiaaaMu

3oBaHoro koMm6inoaHoro (Plasma+MIG/MAG) i
riopunHoro (Plasma-MIG/MAG) 3BaproBaHHS CTHC-
HEHOIO JIYTOI HEIUIaBKOTO eJEeKTPoJa i3 Jyroro
IUIABKOTO €JICKTPO/a TO3BOJIAIOTH 3’ €IHYBAaTH JHCTH
QJIIOMIHIEBUX CIUIABIB TOBLIMHOIO 10 16 MM 3a OJUH
MIPOXiJl, MiHIMi3yBaTH CXIJIBHICTH IO yTBOPEHHS BHY-
TPINIHIX TIOp B IIBaX, IMiIBUIIYBATH MTPOTYKTHUBHICTh
3BapIOBaHHS 32 PaXyHOK YCYHEHHS oreparii po3po0-
KU KpaioK, MiIBUIITyBaTH MIBUIKICT 3BapPIOBAHHS JI0
2 pa3siB nopiBHsHO 13 Tpaguuiitnum MIG/MAG-3Ba-
pIOBaHHAM (pHC. 5).

CrtBopeHe B cHinbHiNi nabopatopii obnanHaH-
Hsl 1 TEXHOJIOTIi Ja3epHOro Ta TiOpUIHOrO Jiazep-

——

——

HO-IIJIa3MOBOT'0 3BAapIOBaHHS JO03BOJSIOTH OJEp-
JKyBaTH 3’ €HaHHS CTallei 1 CIIaBiB 3 BUCOKOIO
TEPMIYHOK JIOKAJIBHICTIO 1 MBUAKICTIO 3BaprO-
BaHHS. SICKpaBUM MPUKIAJOM JOCSITHEHB B Taiy3i
Ja3epHO-TJIa3MOBOTO 3BapIOBAHHS € OJICpPIKAH-
HsI OJTHO- 1 BOTIPOXITHUX CTUKOBHUX 3’ €THAHBL HE-
pxkasitogoi ctani AISI304 Ttomuuoio 6 1 10 MM,
BIATIOBiHO, 31 MBHAKICTIO 60 M/TOA. IpU BHKOPH-
CTaHHI MOTYXHOCTI BUIIPOMIHIOBaHHS BOJIOKOHHO-
ro mazepa 1,8 kBt (puc. 6, 7).

Jlo mepcneKTUBHUX TEXHOJOTTYHUX PO3POOOK,
CTBOpPEHUX Ha 0a3i cmiipHOI JabopaTopii, MOX-
Ha BIIHECTH yHiBEpCaJbHUHM TEXHOJOTIYHUN KOM-

Puc. 11. O6nagHaHHs 1 pearizamii m1a3MoBO-IyTOBHX TEXHOJIOT1H HAHECEHHS MMOKPUTTIB Ta 0OPOOKH MaTepiaiiB: a — yHIBEpCab-
HUI TEXHOJIOTTYHHI KOMIUIEKC ITa3MOBO-AyTOBOTO HANIMJIIOBAHHS Ta Pi3aHHs; 6 — TOCTITHA YCTAaHOBKA IS TTa3MOBO-IYTOBOI chepo-
IU3arii APOTOBUX MaTepialliB Ta MPYTKiB 1 MOPOIIKIB HEMPaBHILHOT (hopmu

9
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Puc. 12. Oznaitomnenns aupekropa IE3 im. €.0. [Tatona akanemika HAHY [.B. KpiBityHa 3 MOXIIHBOCTSIMU CHUTBHOT 1abopatopil

TJIEKC JIa3epHOTO 1 TIOPUIHOTO Ja3epHO-TUIa3MOBO-
ro pi3zagfs (puc. 8), Ja3epHOTO, MIKPOILIa3MOBOTO
1 J1a3epHO-MIKPOIJIa3MOBOTO 3BapIOBaHHS B KOHTPO-
JNbOBaHiN atMocdepi Ta B TUHAMIYHOMY BaKyyMi
(puc. 9), ycranoBky (3D-nipunTtep) s 3D-apyky
MOPOMIKOBUM MiKPOIIJIa3MOBHUM IMOIIAPOBUM Ha-
maBieHHsM (puc. 10).

Hapa3i akTUBHO NpPOJOBKYIOTHCS POOOTH IO
po3po0iii Ta iHxycTpianizanii mia3mMoBo-AyrOBUX
TEXHOJIOT1H HAMUIIIOBaHHS MOKPHUTTIB Ta 00pOoOKH
MaTepiaiiB, OTpUMaHHs CeprUUHUX MOPOLIKIB TIa3-
MOBO-/IyTOBHM PO3MUIIOBAHHSAM JIPOTIiB Ta MPYTKIB,
MJ1a3MOBO-/IyTOBa cepoaun3allis MOpOIIKiB Hempa-
BHIIbHOI (popmH. 3 IIi€EF0 METOIO0 CTBOPEHO HEOOXiaHE
obnmagHaHHA 1 TexHONOTiUHA 6a3a (puc. 11).

[Ticns BigkpuTTs cminbHOI JabopaTopii ii me-
MOHCTpPaLifHO-TEXHOJOTIYHYy MIIBHUIIO BiJBiga-
nu npoBinHi cniBpodiTHukn HAH Ykpainm, 30kpe-
Mma, akagemiku HAHY [.B. Kpisuy# i JI.M. JlobaHoB
(puc. 12). Humu Oyno cXBaJIeHO TEXHIYHE OCHa-
LICHHS JIabopaTopii Ta HaJaHO BUCOKY OLIIHKY Hay-
KOBO-TEXHIYHUM PO3poOKaM, 110 B JaHUH 4yac mpo-
BOASTHCA i1 cmiBpoOiTHMKaMu. B mopanemomy
IJIAHYIOTHCS BiJIBIJITaHHS CIUIBHOT J1abopaTopii aerne-
raifisiMi 3aKOpJIOHHUX HayKOBIIIB 1 MEHE/KEPIB, K1

MalOTh 3aliKaBJIEHICTh Y HAYKOBOMY CIIIBPOOITHH-
IITBI Ta TPOMHUCIIOBOMY BIIPOBAJXKEHHI pO3p0O0IIFOBa-
HUX TEXHOJIOTIH.

KepiBHUIITBO CITIIBHOT J1a00paTOpii IPOIOHYE 3a-
CTOCYBaHHS OIHMCAHOTO MEePEI0BOTO iIHHOBAIIHHOTO
obmamHaHHs yciMa 0akarouuMU HAYKOBUMH JTOCITIJI-
HHUKaMH, CTyJACHTaMH 1 acmipanTamu. JlocimimKeHHs
MOXYTh MPOBOJUTHUCS K B MEXaX CIUIBHUX MPO-
eKTiB, TaK 1 3a OKpeMUMH JoroBopamMu. OKpeMuM
3aBJ/IaHHSIM € HaBUaHHS CTYACHTIB Ta acmipaHTiB. Jla-
OopaTopist palo BiTYUHSE BEPi HE JINIIE BITUN3HS-
HUM YYHSIM, aJie i 3aKOpJOHHUM — YCIM Oakarouum
MiJBUIIUTH BJIACHY KBalipikaliro B paMKax BUKO-
HaHHS CHUIBHUX NPOEKTIB Ta mporpam. s nuporo
MOXYTh OyTH 3aJlisHi SIK clieniaiicTi Jaboparopii,
TaK 1 cTOpoHHi crenianictu. OcTaHHI MOXKYTh 3aJIy-
YaTUCsI HA OKPEMO BCTaHOBIICHUX 3acajax. B mizomy,
CIIJIbHA HABUYaJIbHO-HAYKOBA Jiabopatopis moody10-
BaHa K HAyKOBO-TEXHOJIOTIYHA €KCIIEPUMEHTAIIbHA
0a3a KOJIEKTMBHOTO KOpHUCTyBaHHA. Hakonmnuenwmii
Tepe0BUI JOCBIT 1 HasIBHE 1HHOBAIliHE 00JIaTHAH-
HS CTIPSMOBAHI JJT 3aTyYeHHS B TIPOBEICHHI HAYKO-
BO-JIOCIITHAX POOIT B TaITy34X MEPeIOBUX TEXHOIIO-
Tili 3BaprOBaHHs Ta CIIOPITHEHUX MPOIIECIB.

B.M. Kopxuk!, B.B. Kacuunekuii'2, B.}O. Xackin!
THeTuTyT enekrpo3BaproBanHs iM. €.0. [latona HAH Vkpainu,
HTYYV «KIII im. Iropst CikopchKOroy.
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AERIAL ROBOTS FOR CONTACT-BASED ULTRASONIC
THICKNESS MEASUREMENTS FOR FIELD INSPECTIONS

JITAKOYI POBOTHU30OBAHI KOHTAKTHI YVJIBTPA3BYKOBI
TOBIIMHOMIPH JUUIA TEXHIYHUX ObCTEXEHD
B I[TIOJILOBUX YMOBAX

by Robert (Bob) Dahlstrom

Aerial robotic systems, also referred to as drones, enable the collection of data on a scale and scope heretofore unimaginable.
Field inspections at industrial sites using an aerial robotic inspection system that makes physical contact with a structure or asset
as part of a nondestructive testing (NDT) or nondestructive evaluation (NDE) routine is safer than placing humans at elevation
and enables more data to be gathered in less time. These aerial robotic systems are highly extensible and agile enabling safer,
faster, and better inspections. Robotic inspection systems are forecast to grow exponentially this decade and beyond, as asset
owners and service providers realize their economic value creation, increased data collection, and safety contributions. One
early use case of these aerial robotic systems measures wall thickness (in other words, the thickness of a substrate) with a hand-
held electronic ultrasonic testing (UT) measurement device (see Figure 1). Selected and implemented properly, these systems
positively impact safety, time, analytics, access, and cost. Companies looking to keep personnel out of danger at height or in
potentially hazardous locations can adopt aerial robotic systems. What is measured is known and we can make predictions based
on these measurements. These UT thickness measuring aerial robotic systems enable companies to improve the UT thickness
measurement process and gather data that didn’t exist before, thus adding to the body of knowledge. The systems can also bring
massive efficiencies to the job, including a full auditable data record and information for digital implementation plans, allowing
focus on the overall picture to plan and budget accordingly. Further, they help achieve substantial cost savings, particularly
when they prevent an asset from being taken out of service or enabling an asset to be returned to service sooner. Finally, they
are an elegant safety solution, moving workers from harm’s way and potentially saving lives.

Jlitatoui poOOTH30BaHI CHCTEMH, TAKOXK BiIOMI SIK JIPOHH, 3a0€3MEeUyI0Th MOMKIINBICTE 300py JaHUX ISl KOJIa 3aCTOCYBaHb 1
o0csriB, sIKi 1oci Oy HEeMOXKIMBIMU. BUKOHAHHS TOTBOBHX 0OCTEKEHB IPOMHUCIOBHX 00’ €KTIB 3 BUKOPUCTAHHSM JIITAIOUO]
Ppo6OTH30BaHOI CHCTEMH KOHTPOJIIO, 3/[aTHOT 3a0e3NeunTH (Di3HIHUN KOHTAKT 3 KOHCTPYKII€I0 a00 00’ €KTOM ITijl 9ac BUKOHAHHS
npornenyp HepyitHiBHOTO KoHTpoio (NDT) a6o obcresxens Texniunoro crany (NDT), € 6e3meunimmmM, HiXK po3MilIeHHS
nrozielt Ha BUCOTI, 1 Jo3BouIsie 310paTyn Oinble JaHKuX 3a MeHIINH dac. Lli moBiTpsiHI poOOTH30BaHI CHCTEMH € YHIBEpPCAIEHUM,
PO3IINPIOBAHUMHE Ta THYYKHMH, III0 Ja€ 3MOTY 341 CHIOBAaTH O€3IMeduHINIi, IBUAMNI Ta AKICHINI BUMIpIOBaHHS. Y IbOMY
JECATHPIYYL 1 B MOAANIBIIOMY OUIKYETBCS €CIIOHEHITIabHE 3pOCTAHHS POOOTH30BAHUX CHCTEM KOHTPOIIO, OCKIIBKH BIACHUKI
aKTHBIB 1 TOCTAYAILHUKY ITOCIYT YCBITOMIIIOIOTE iX €KOHOMIUHY PeHTAOCNBHICT, BKIA Ay B PO3MINPEHHs iH(QOpMAaIitHIX
pecypciB, a TakoX y HiABHIIEHHS Oe3nekn. ONUH 3 MepIIMX BUIIAJKIB BUKOPHCTAHHS IIUX ITOBITPSIHUX POOOTOTEXHIYHIX
CHCTEM JIO3BOJISIB BUMIPIOBATH TOBIMHY CTIHKH (TOYHIIIIE, TOBIIHHY ITiIKJIa/IKH) 3a JOIIOMOT'0I0 TIOPTATUBHOTO €IEKTPOHHOTO
YABTPa3ByKoOBOTO BHMiproBaigsHOro npuctporo (UT). Bubpani Ta BipoBakeHi HaJlIe)KHIM YHHOM, IIi CHCTEMHU O3UTHBHO
BIITMBAIOTH Ha O€3IIeKy, 4ac, aHAIIITHKY, JOCTYII Ta BapTicTh. BUMiproBaHHS HAJAIOTh BiJOMOCTI, SIKi € OCHOBOIO HAIINX
nporHo3is. Li moBiTpsHI poOoTH30BaHI cHcTeMH JUTsd BUMiproBaHHS TOBIUHN UT 103BOJISIOTH KOMIAHISM yIOCKOHAIIOBAaTH
nporec BuMiproBanHs ToBuHN UT i 30upatyn naHi, IKUX paHille He iCHyBaso, TAKMM YHHOM JOIIOBHIOIOUH 3HAaHHS. CHCTEeMHU
TAKOX 3/1aTHI MiABUIINTH €(EKTUBHICTE POOOTH, BKIIOYAIOYH ITOBHICTIO KOHTPOJILOBAHI IIPOTOKOJIM Ta iH(GOpMAILIIo s
nudposizanii MIaHiB BIPOBAIIKSHHS, TO3BOJISIIOUN 30CEPEIUTUCS HA 3arajbHil KapTHHI JJIS IIaHyBaHHS Ta BiJIIOBIIHOTO
oromxety. KpiM Toro, BOHM 101IOMararoTh JIOCATTH 3HaYHOT €KOHOMIT BUTpAT, 0COOIMBO KOJIM BOHH 3aI00iraloTh BUBEICHHIO
aKTHUBY 3 €KCILTyaTamii abo CHpPUSIOTH CKOPIIIOMY MOBEPHEHHIO aKTHUBY B eKCIUTyaTalito. Hapemti, BOHH € eJleraHTHIM
pimeHHsM 1mo/10 O6e31eKn, siKe 3aXHUIae MPAIiBHUKIB BiJ HEOE3MEKH Ta IIOTEHIIHHO PATY€ JKUTTA.

Introduction

For corrosion or other engineers to take UT thick-
ness measurements at height they may need to uti-
lize a lift, scaffolding, ladders, inspection trucks with
elevated baskets, rope work, catwalks, or other solu-
tions. Companies looking to keep personnel out of
danger at height or in potentially hazardous locations
can adopt aerial robotic systems. However, as with
many things, choosing the right system for the job is
essential for optimal results.

While NDT field inspection programs can dramat-
ically increase the safety and integrity of assets, ac-
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cess requirements in performing these inspections in
elevated areas introduces risk. Working at height is
dangerous, due to the possibility of falls, as well as
being time-consuming due to access setup. In certain
instances, it may also require taking an asset, such
as a flare stack, offline so it can be accessed to take
measurement readings. Utilizing an aerial robotic
system for UT thickness measurements can mitigate
these risks and potentially eliminate asset downtime.

Drones are commonly used for visual inspections,
but it is rare to find them used for contact-based in-
spections. Researchers have investigated using drones

. TexH. giarHocTUKa Ta HepyMHiIBHUIM KOHTponb, 2022, Ne1
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for contact-based NDT (Skaga 2017; Mattar 2018), yet
these studies tend to be theoretical and conceptual. The
contact-based UT thickness measurement drone system
presented in this paper is in commercial use and differs
from those in the literature in its computer-controlled
precision flight while making contact with a structure
(using no human pilot/operator), and in that it utilizes
the same handheld UT electronic measurement devices
that a corrosion or other engineer uses in the field inte-
grated onboard the aircraft with the data streamed live to
the engineer or observer on the ground.

Further, because these systems are «flying com-
puter» and data-gathering machines, they collect a
large amount of data for NDT/NDE. This data can
feed NDE 4.0, which is a force multiplier for in-
specting, testing, and evaluating industrial assets
for their safety, operational effectiveness, and effica-
cy. NDE 4.0 uses the tools of Industry 4.0-machine
learning, artificial intelligence (Al), the Internet of
Things (IoT), big data, and so on—to expand and gen-
erate knowledge, insights, and understandings that
turn data gathered from industrial field inspections,
into actionable information to enhance and extend
knowledge-based information-driven decision mak-
ing. These aerial robotic systems help with both the
increasing importance of digitalization of assets and
data and the use of NDE 4.0 by making it easier to
collect information.

Aerial Robotic Measurement Collection
Methodology

Having a computer-controlled heavy-lift multiro-
tor drone outfitted with various sensors and functions

Photo credit: DeFelsko Corp.

Figure 1. An example of a handheld electronic UT measurement
device with a single-element 5 MHz contact transducer.

Puc. 1. [Ipuknan nopTaTHBHOTO €NEKTPOHHOTO BUMipIOBAaJIBHOTO
npuctpoio UT 3 oqHOEIeMEHTHIM KOHTaKTHIM II€PETBOPIOBAYEM
5MI'g
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to allow precisely controlled flight close to structures
is critical in taking contact-based UT thickness meas-
urements (see Figure 2). Manual control of such sys-
tems is unable to accomplish the precise flying and
maneuvers required; thus, software-controlled flight is
crucial. The aerial robotic system in this paper utiliz-
es existing UT electronics and digital probes to gather
measurements. The handheld electronic UT thickness
measurement device onboard the aircraft streams all
the data (not just what is displayed on the LED view
screen) to the computer onboard the aircraft and the pi-
lot and corrosion engineer on the ground.

The system works as follows:

The tethered (for power and data transfer) or un-
tethered (battery power and wireless data) aerial ro-
botic system is located close to the structure where
UT thickness measurements are to be taken.

The corrosion engineer, using a computer tablet,
opens the software interface to begin the test and en-
ters the job information (operator, job name, upper
and lower limits for measurements, etc.) and stand-
ardizes the handheld UT thickness measurement de-
vice that is mounted onboard the aircraft, as per the
definition of standardization provided by ASTM 1316
(ASTM 2021).

b
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Figure 2. Ultrasonic thickness measurement system in action: (a)
on an in-service aboveground storage tank; (b) on an in-service
active flare stack.

Puc. 2. Pobota ynerpa3ByKoBOi CHCTEMH TOBIIHOMETPIi Ha if0-
4yoMy oOnagHaHHi: (a) Ha3eMHUi pe3epyap; (b) akTuBHA (haKeTb-
Ha TpyOa
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The pilot engages the aerial robotic system’s software
and the system takes off vertically to approximately 2 m
(6.5 ft) in height, hovers, and completes self-checks.

The pilot then uses a standard handheld radio fre-
quency transmitter to manually fly the system close
to the where the UT thickness measurement is to be
taken (the «gate» or «window»). (The radio transmit-
ter is the standard operations control for the aircraft.
Its sole use in this case is for positioning the aircraft
close to the area where the thickness measurements
are to be taken. It is also on standby in case manual
operational flight controls are needed; for example, in
case of a failure of the software).

Once the aerial robotic system is within the «gate»
(~2 m [6.5 ft] from the target part of the structure),
the pilot selects «start» on the software interface.

The system then operates under full computer con-
trol (no manual input). It flies in (while dispensing
couplant gel onto the probe), touches the surface, and
takes a UT thickness measurement reading, typically
taking 1 to 4 s. The aircraft then backs away, and the
pilot repositions the system at the next location and re-
peats the process for additional measurements at differ-
ent corrosion monitoring locations (CMLs).

The corrosion engineer sees the data on their com-
puter tablet in real time.

After landing, the operator has the option to
download the full data record which includes all the
UT thickness readings, high-definition (HD) video,
and additional information such as locational coordi-
nates and weather and environmental data (see Fig-
ure 3). The data is also made available in a secure
data repository accessible via the Internet. The sys-
tem is agile and motile, enabling it to take a lot of
readings in a short amount of time. Depending on the
condition and geometric complexity of the asset be-
ing measured as well as environmental and weather
conditions, the system can take measurements at up
to a few hundred contact locations per hour.

Aerial Robotic System UT Thickness Measure-
ment Technology

UT thickness measurements require the application
of a couplant gel to the measurement probe tip prior to
taking a reading. Thus, the end effector at the termi-
nus of the robotic arm has a mechanism to dispense the
couplant prior to each contact with a structure (see Fig-
ure 4). There is a reservoir of couplant gel on the air-
craft with a pump and motor connected to a small-di-
ameter tube that runs the length of the robotic arm and
attaches to the end effector. The onboard computer,
via the embedded software programming, signals the
pump to push the couplant to the couplant injection
point at a short time interval prior to making contact
with a structure to take a UT thickness measurement.

Onboard the aircraft is also the handheld electron-
ic UT thickness measurement device with a single-
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or dual-element contact transducer capable of tak-
ing echo-to-echo ultrasonic thickness measurements.
The device is plugged into the onboard computer for
power and data transfer. The full data record is trans-
mitted during its use, not just what is set to display
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Figure 3. An example of the screen views that are streamed live
to the computer tablets held by the pilot/system operator and
observer (corrosion engineer or NDT technician): (a) live video
stream; (b) data report.

Puc. 3. Ilpukian CkpiHIIOTIB 3 Bije0 B peanbHOMY 4aci Ha
KOMIT'FOTEPHHX IUIAHIIETax MMij0Ta/0neparopa CHCTEMH Ta CIo-
ctepirada (imxeHep-koposionict abo texuik HK): (a) Bigeo B pe-
*uMi oHaitH; (b) MPOTOKOJI BUMIPIOBaHb
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Figure 4. The robotic end effector that disperses the couplant gel.
Puc. 4. Kinnesa nacaaka po6oTa Juist 110a4i KOHTAKTHOTO TeJIi0
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on the device LED screen. The system uses a Wi-Fi
router to connect with the onboard computer which,
among other things, allows the aircraft to communi-
cate with the pilot and the corrosion engineer on the
ground, enabling it to display data in real time. The
aircraft also has an onboard HD camera and may in-
clude a «gas sniffer», which records concentrations
of various gas levels and notifies the system opera-
tors if certain thresholds of gas are detected. All the
data from the onboard computer is saved to a memo-
ry card/USB flash drive. The data is also made availa-
ble in a secure cloud-based repository with the ability
to create charts, graphs, download data, and so on.

Example Use Case

Recently the aerial robotic system described in this
paper was utilized at an in-service gas refinery in the
southwestern United States. The NDT engineering
company provided guidance as to the areas of concern
where UT thickness measurements were required on
behalf of the asset owner. These CMLs were point-
ed out to the aircraft system pilot by the NDT engi-
neering company personnel. Representatives of the as-
set owner were onsite during the flights. The job was
completed without tethered ground power to the air-
craft. The total time from initial takeoff to final land-
ing, including landings to change batteries, was un-
der 90 min and multiple readings were obtained from
more than 100 separate content monitoring locations.
Weather on the date of testing was partly cloudy with
winds ranging from 5 to 15 mph, generally from the
east/northeast. The system is not recommended for
use in winds over 20 mph (15 knots). The ambient
temperature ranged from 80 to 90 °F (26 to 32 °C)
over the course of the morning. The UT thickness
measurements would have been postponed had there
been weather conditions such as high winds or rain.

A total of 104 CMLs were successfully sam-
pled from 112 attempts. In eight of the 112 instanc-
es, no valid data was obtained, typically because of a
wind gust or other disruption to the flight. In almost
all the successful locations, multiple measurements
were obtained. From the total of 535 measurements
at 104 locations, the minimum (lowest) recorded wall
thickness measurement is reported for the individ-
ual location. Data is stored in the onboard computer
and relayed in real time to the computer tablet of the
engineers on the ground. A separate simplified data
stream is presented to the aircraft pilot. Location data
is tracked using cameras located on the ground and on
the aircraft. During flight, an HD video was recorded
for post-flight analysis and use. Referring to Figure 5
showing an annotated photo of one side of the flare
stack, you will notice there is a cluster of readings in
a section approximately twothirds of the way up and
to the left. This section was an area of concern to the
asset owner and engineering NDT company. It was
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theorized the metal thickness in this area might have
been thinner than the other areas of the stack, indicat-
ing it was corroding more quickly than the asset in
general. Multiple UT thickness readings were taken at
this area. Due to privacy issues, the thickness readings
cannot be shared or published. That said, thickness
measurement data was consistent with previously ob-
tained measurements taken by engineers using hand-
held electronic measurement devices utilizing lifts
while the asset was out of service (Dahlstrom 2020).

The flare is approximately 68 ft (20.7 m) tall with
a catwalk at about 55 ft (16.8 m). Sections from ap-
proximately 8 ft (2.4 m) above the ground to approx-
imately 4 ft (1.2 m) below the catwalk were tested. A
ladder obstructed the ability to take measurements on
the southwest and west side of the stack, and a verti-
cal pipe rack obstructed measurements on the north-
east corner of the stack. During the course of the
flights, the engineers had access to the user interface
that streamed the UT thickness reading measurements
in real time.

S
=
5
=)
(&)
o
Q
©
s
b=
3
(o)
Yt
o
o

T
Woee e @6 S E = 3

Figure 5. An example of the data obtained from a section
of an in-service flare stack (note all numbers and values are
illustrative).

Puc. 5. llpuknazn Bizyamizamii HaHUX, OTPUMAHHUX Ha CEKIIii
nirodoi akTHBHOI (hakenbHOI TpyOH (MpUMITKA: BCl YHCIa Ta
3HAUCHHS € UTFOCTPAaTHBHUMH)
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Additional Data

In addition to the UT thickness data collected dur-
ing the flight of the aerial robotic UT system, HD
video was recorded, as were still photos of the UT
probe tip in contact with the flare stack as the UT
thickness reading was being collected (see Figure 6).

In addition to the snapshot photos taken for each
measurement location from onboard the aircraft and
the snapshot of the aerial robotic system making
contact with the flare stack from the camera on the
ground, a full HD video from onboard the aircraft
was recorded. This video is provided to the client for
their use; for example, to review it for visual areas
of corrosion or to look for surface areas of concern.
Localization data is included; however, as GPS sig-
nals are not accurate, especially when flying close to
structures, it is not precise enough for use to match
CMLs on the physical geometry of the structure.

Data gathered from HD cameras can include visual,
multispectral, and other imaging data. Further, addition-
al information can be collected from sensors and devic-
es placed in physical contact with surfaces. As NDE 4.0
is data driven, industrial inspection robotic systems are
perfect for enabling it and affording its benefits.

Capabilities that these aerial robotic systems make
available for NDE 4.0 include aerographic services
that utilize 3D and other computer vision; various Al,
machine vision, computational geometry, simultane-
ous localization and mapping (SLAM); live 3D point
clouds; stereoscopic real-time video photogrammetry;
and other technology innovations. This would include
mature and emerging technologies such as the use of
Al, machine learning, machine vision, deep learning,
big data and smart data processing and visualization,
cloud computing, augmented/virtual/mixed reality,
blockchains, 5G, quantum computers, special data
formats and data storage, and more (Vrana 2020).

kT-6/CML] ]

These aerial robotic systems excel at gathering the
data needed to unlock the potential of NDE 4.0.

Visual inspection can also enable a look at the air
density and detect gas leakage using optical gas im-
agery camera-based systems. Similar «bolt on» tech-
nologies to robotic systems can enhance the data col-
lection component of NDE 4.0, thereby augmenting
the UT thickness data collected. Outfitting a drone
with an array of multimodal sensory devices collect-
ing a plethora of data and information will enable the
best success and use of NDE 4.0 as these systems
provide more and better data for analysis.

Drawbacks of Industrial Robotic UT Thickness
Measurements and Inspections

The aerial robotic system described in this paper
is not always the ideal solution. In many situations,
the existing inspection regime and methods can be
completed relatively inexpensively and safely. They
provide the requisite data and information for good
operations and knowledge of the current and project-
ed future state of the asset. Aerial robots can require a
relatively high upfront investment (Global Electronic
Services 2021), although on a per-inspection cost ba-
sis, the robotic inspections may cost less.

These systems are aircraft with electronics on-
board and are thus subject to limited operations due
to weather. For example, you could not operate one
in the rain unless it is specifically designed to be wa-
terproof. Wind is also a limiting factor as gusts, the
venturi effect, crosswinds, and low-velocity eddies on
structures all can impact their flight and performance.

As these systems collect huge amounts of data,
they provide a fantastic opportunity to add to or cre-
ate a digital record of industrial field assets.

Additionally, robots do not respond well to many
unexpected situations. Robots are not as versatile as
people and while they may exceed at certain specif-
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Figure 6. An example of flight details: (a) a sample UT thickness measurement reading (UT-6) at condition monitoring location 9
(CML-9) showing the lowest measurement reading out of three readings (N-3); (b) photo of the aerial robotic system making contact
with the flare stack from the post-flight report (note all numbers and values are illustrative).

Puc. 6. [lpuxnan ¢parMeHTiB MPOTOKOTY MONBOTY: (a) pesynpTatu Y3 ToBmMHOMETPII (mmpoTokon UT-6) y toumi 9 (CML-9)
MOHITOPHHTY TEXHIYHOTO CTaHy — MiHIMaJbHE 3HAUCHHS TOBIIMHH 3a TphoMa BuMipaMu (N-3); (b) CKpiHIIOT MPOTOKOIY TOIBO-
Ty — €Tall BCTAHOBJICHHS KOHTAKTy MOBITPSHOT pOOOTH30BaHOI CUCTEMH 3 (haKeIIbHOI TPyOOIo (TIPUMITKA: BCi YKCTIa Ta 3HAYCHHS €
UTFOCTPaTHBHUMH)
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ic tasks—especially repeated programmatic tasks—they
might not be able to adapt in unexpected or unantici-
pated situations. Since the aerial robotic systems are
not human inspectors, they may not discover some
issues that an experienced human inspector might.
Due to this limitation, companies supplement robot-
ic-powered inspections and examinations with ones
completed by people.

When properly selected and utilized, aerial robot-
ic inspection systems can assist with creating safer
workplaces, provide better data to manage assets, and
unlock cost savings. While industrial robotic inspec-
tion systems can be highly effective when properly
used, they do have limitations and, in some cases,
they are the incorrect tool.

Organizational Benefits of Faster, Safer Robot-
ic UT Thickness Measurements

Planned preventative maintenance has long been
practiced as a strategy for keeping industrial field as-
sets operating safely and efficiently. This has led to
the development of standards to help asset owners
maintain the integrity and fabric of their facilities and
to ensure that they remain operationally safe and ef-
fective for their entire life cycle. Transformative tech-
nology such as aerial robotic UT thickness measure-
ment and visual asset assessment systems, such as
those discussed in this paper, allow customers to take
a fresh look at the opportunity for conducting inspec-
tions and data-gathering operations that can help re-
define a planned maintenance regime.

As these systems collect huge amounts of data,
they provide a fantastic opportunity to add to or cre-
ate a digital record of industrial field assets. Invest-
ment in a powerful data-collection system via an
aerial robotic system is fairly simple and can be easi-
ly made purely on a financial footing. Utilizing these
systems makes other visual or data inspections redun-
dant, as the aerial robot collects UT thickness meas-
urement data as well as HD video that can be used
for visual inspection. The benefits have been clearly
shown from the early adopters of this technology.

Conclusion

Given the enormous potential industrial aerial ro-
botic field inspection systems enable, one can easily
envision a future with robotic systems having more
automation, functionality, and capability. This would
enable more inspections as an increased number of
inspection robots are placed in service and as func-
tionality increases.

The systems presented in this paper improve effi-
ciency due to reduced inspection times and increase
efficacy by faster reporting and decision making,
which adds value and creates even more value when
coupled with NDE 4.0 processes. Further, they help
achieve substantial cost savings, particularly when

ISSN 0235-3474. TexH. giarHOCTUKa Ta HEPYWHIBHUWN KOHTponb, 2022, Ne1

they prevent an industrial asset from being taken out
of service or enabling the asset to be returned to ser-
vice faster. And, finally, they are an elegant safety
solution moving workers out of harm’s way and po-
tentially saving lives.

As we move toward a more automated future with
robotic inspection tools becoming more advanced, af-
fordable, and utilized, we will continue to utilize au-
tomation tools that free human inspectors from the
dirty, dull, and dangerous tasks of collecting inspec-
tion data. This will enable them to spend more time
on the higher value components of industrial asset
operation and maintenance.
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3.T. HA3BAPUVYKY - 70

Penxonerist Ta penakiis
xypHaiy «TexHiuHa Jia-
THOCTHKA Ta HepyHHIBHHUI
KOHTPOJIBY» LIUPO BiTAIOTh
YJIeHa PeKOErii )KypHaTy
IoKTOopa (¢i3uKo-mMaTeMa-
THYHUX HayK, mpodecopa,
3aCITy’KEHOTO Jlis9a HayKH
Ta TEXHIKW YKpaiHH, akaje-
mika HAH Ykpainn, mupek-
topa ®MI im. I'B. Kaprnen-
ka HAH VYkpainu, unena
[pesunii HAH VYkpainn
Haszapuyxka 3inoBist TeonopoBuya 3 toBineem!

3.T. Hazapuyk HapoauBcs 12 kBitHa 1952 p. y
JIpBoBi. Y 1974 p. 3 Big3HaAKOIO 3aKiHYUB (i3HUHUHA
¢dakynbrer JIbBIBCHKOTO AEP’KaBHOTO YHIBEPCHTE-
Ty imM. IBana ®panka. HaykoBy nisuibHICTH po3royaB
cTapumM imkeHepoM y Dizuko-MexaHIYHOMY 1HCTH-
tyTi AH YPCP. ¥V 1982 p. 3aXuCTHUB KaHIUIATCHKY, a
B 1990 p. moxTopchKy mucepTariito Ha Temy «Hucennb-
HE PO3B’sSI3aHHS MTBOBUMIPHHUX 3a1ad AUGPaKIlii Me-
TOZIOM CHHTYJISIPHUX 1HTETpaJbHHUX PIBHIHB». 3 1991
p. 3inoBiit TeomopoBud odoiroe Biamin izuko-ma-
TEMAaTHYHUX OCHOB HEPYHHIBHOIO KOHTPOJIIO Ta Jia-
rHoctuku ®@MI im. ['B. Kaprenka i BogHO4ac crae
MepIINM 3aCTYITHUKOM JUpPEKTopa, a 3 2015 p. — nu-
PEKTOPOM i1HCTUTYTY.

3 1995 p. 3.T. Hazapuyk — wi.-xkop. HAH VYkpai-
HU Binginenus ¢i3uko-TexHIYHUX MpoOiieM Marepi-
aJI03HABCTBA, 3 1998 p. — mpodecop, 3 2006 p. — aka-
nemik HAH VYkpainn.

Hayxogi npaui 3.T. Hazapuyka npucBsdeHo Teopii
Tudpakiii XBuib, (i3MIHAM OCHOBaM J1e(heKTOCKO-
mii Ta MIITHOCTI MarepiajiB, 30KpeMa HepyHHIBHOMY
KOHTPOI0. BiH CTBOPUB TEOPif0 B3a€MOIT 30HIYIO-
901 XBHJII 13 CHCTEMOIO JOBUTHHUX TPIMTAHOTIOAIOHUX
Makpojie(heKTiB KOHCTPYKIIIITHOTO Marepiary, po3BH-
HYB METOJM aHali3y TOHKOI CTPYKTypHU Ta BJIACTHU-
BOCTeH AuQparoBaHUX IOJIiB, MOTIHOUB 1 PO3MIUPUB
(i3uuHi OcHOBH JIe(DeKTOMETPii Ta CTPYKTYPOCKOITIi.
PoGoru 3.T. Hazapuyka BusiBuiIncs ocoOnnBo egex-
TUBHUMHU IS CTBOPEHHS METOJIUK KOHTPOJIIO KOPO-
31HHUX TPILIMH 1 JaMaHUX TOHKUX BKIIIOUEHb; 1AI0Th
3MOTY 3aMiHUTH JIOpOTe HAaTypHEe BUMIPOOYBaHHS eJie-
MEHTIB Cy4acHOI Je(peKTOCKOMIYHOI amapaTypH ix
KOMII'FOTEPHUM MOJICTIOBAHHSIM, 3aKJIaJal0Th peallb-
HY MOXITUBICTh NACTIOPTH3aLlii HAWBaXJIMBIIIUX I1a-
paMeTpiB BIAMOBITHUX BY3JIiB; BUPIIIYIOTH MPOOIEMHU
PagioXBIIIBOBOTO KOHTPOJTIO HEMIUTEHOCTEH y 6araro-
LIAPOBUX JI€JIEKTPUYHUX KOMIIO3ULISAX Ta BUSBIICH-
HS1 KOPO31MHUX MOIIKOMKEHb Mif] IOKPUTTSIMHU; AAIOTh
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MOJKJIMBOCTI JUISl PO3POOKH SKCIIEPUMEHTAIbHUX ME-
TOJUK BU3HAUCHHS aJre3ii MOKPUTTIB.

CtBOpeHi Ha OCHOBI HayKOBHWX HAIpaIlOBaHb
3.T. Hazapuyka 3aco0u Ta CHCTEMHU HEpYHWHIBHOTO
KOHTPOJTIO BiI3HAYAIOTLCS 3aBaIOCTIHKICTIO, Uy TIIH-
BICTIO 1 IEPEBEPIITYIOTH CBITOBI TOCATHEHHS.

HayxoBwuii BHecok Ta cymiinHa npams 3.T. Haza-
puyKa BiI3Ha4eHi Aep>KaBHUMH HAaropogamu — opze-
Hamu «3a 3acayrm» I, Il Ta Il crynenis, [epxaBHoro
npemiero Ykpainu B rairy3i HayKH 1 TEXHIKH, BiH € Jia-
ypearom nipemiii im. O.1. JlefimyHcbkoro, im. €.0. [1a-
ToHa, iM. K.J[. CHHENIbHUKOBA, HOCUTh 3BaHHS «3a-
CITy’KCHUH iS4 HAyKH 1 TEXHIKH YKpaiHu».

3.T. Hazapuyk € unenom HaykoBoro ToBapucTBO
imeHi [lleBuenka, ro10BOK0 3aXiJHOTO HAYKOBOTO
uentpy HAH VYkpainn ta MOH VYkpainu, aienom
[pe3unii HAH VYkpainu, 4ieHoM npaBiiHHS YKpaiH-
ChKOTO MiKHapomaHoTo pamiocor3y (URSI) ta Ykpa-
T{HCHKOTO TOBApPWICTBA 3 HEPYHHIBHOTO KOHTPOJIIO i
texHigHoi miarnoctuku (Y THKT/L), wienom MixHa-
pomHOTO IHCTUTYTY imXKeHepiB-paniodizukiB (IEEE),
€BpONEICHKOTO TOBAPHUCTBA 3 MIJIICHOCTI KOHCTPYK-
uii (ESIS), HanlionaneHOTO KOMiTETY YKpaiHH 3 Te-
OPETHYHOI 1 MPUKIATHOI MEXaHIKH Ta YKPaiHCHKOTO
TOBapHCTBA 3 MEXaHIKH PyHHYBaHHSI.

3inoBiit TeonopoBuy € aBropom Oinbil sk 150 Ha-
YKOBHX TIpallb, 30KpeMa TphoX MoHorpadiii. Horo
kaura «Singular integral equations in diffraction
theory» (JIpBiB, 1994) Binoma ¢axiBusiM Oararbox
KpaiH. UnMano yBaru BYCHHI TPUILISE TiATOTOBIII
HAyKOBHUX KaJIpiB, BiH € uieHoM Kowmicii mo po6ori 3
HaykoBot Mojiomao HAH Vkpainu. 3 1991 p. 3iHo-
Biif TeomopoBHY OYOIIMB HOBHI HAYKOBHH HAIPsM,
SIKAH 3aKJ1aB OCHOBH HAyKOBOI MIKoNN «Di3udHi Oc-
HOBH, METOJH Ta 3acO0W JiarHOCTHKH MaTepiaiB i
CEepeIOBHIL.

3.T. Hazapuyxk € 4iieH peakmiifHuX KOJIeTii TaKnux
HayKOBUX XypHaliB, Sk «Di3uko-xiMiyHa MexaHika
MmatepianiB» (JIbBiB), « TexHiuHa iarHOCTHKA Ta He-
pyliHiBHUI KOoHTposbY» (KuiB), «Pagiodisuxka i panui-
oactpoHoMis» (Xapki). 3 1996 p. BiH ouomntoe pen-
KOJIET1r0 MiXkBifgoM4oro 30ipHuKa «Binbip i 00podka
iHpOpMAaIii».

3inoBiit TeomopoBuu Hazapuyk Bce CBO€ KUT-
TS MPUCBSITUB HAYKOBIW AiISUTBHOCTI, HOTO Tpams —
Oe31[IHHMI1 BHECOK y PO3BHTOK HayKH 1 TEXHIKH Ha-
1oi Kkpaiau!

Lupo basicaemo 108inapy miyHo2o 300pos s,
yenixie i orazononyyus!
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Mornsp B icTOpito HAYKW i TEXHIKK
/py6puky Bege KO.M. Mocunaiko/

OATWU, noAail, ®AKTU 3 ICTOPII TEXHIYHOIO KOHTPOIIIO

(4 civyHa 2010 p. odiuiriHo BiakpuTo Bypak Xanida — HaiBULLMIA XMapo4ocC Y CBITi, po3mi-
weHun B M. ly6an, O6’egHani Apabebki Emipatn. Ha cborogHi BiH € HaiBULLOKO CMOPYAOHD
nnaHeTn. Xmapoyoc csrae Bucotu 828 m i cknagaetbca 3i 163 nosepxis. BapTicTb cnopy-
keHHs — 1,5 mnpa. gonapie CLUA. Y xmapodoci 57 nidTiB HaWLWBWALLOT Y CBIiTi CUMCTEMMU,
kabiHkM pyxatoTbcs 3i wBuakicTio 18 m/c. Takox TyT € aBTOHOMHA CUCTEMa eNekTponocTa-
YaHHA — 60-meTpoBa BiTpoBa TypOiHa Ta BenuyesHi COHsYHI 6aTapei. Xmapoyoc 3soaunm
wicTtb pokis. Mig yac 6yaiBHuuTBa BUKopucTaHi 31400 m® 6eToHy Ta 330000 T cTtanesoi
apmatypu, a hacag BUroTOBMEHO 3 HEPXKaBiOYOT cTani, antoMiHito Ta ckna. byaiBHMUTBO
XMapoyocy CTarno nomniroHOM 3aCTOCYBaHHSA Cy4aCHUX TEXHOIOriN Ta 3acobiB TEXHIYHOTO
KOHTPOTO.

(12 ciyHa 1907 p. B M. XXutomupi Hapoavecsi Cepriit Maenoeuy Koponbos (1907-1966, po-
noBe npissue Koponie) — ykpaiHCbKMA paastHCbKMIA BYEHWUI B ranysi paketobyayBaHHA Ta
KOCMOHaBTMKM, KOHCTPYKTOP, OCHOBOMOJTOXHMK NMPaKTUYHOI KOCMOHABTUKN. Y KiHUi 1920-x p.
KoponboB 3axonvBCs KOHCTPYOBaHHSM nnaHepi, a y 1930-x p. 6paB y4acTb y CTBOPEHHI Ta
BMNpoOyBaHHI NepLumx pagaHcbkmx paket. Y 1946 p. KoponboBa npuaHayatoTb rofIOBHUM KOH-
CTPYKTOPOM BanicTnyHux paker. ig Moro KepiBHULTBOM NOCHIAOBHO CTBOPHOKOTLCA NepLUi pa-
OsIHCbKi BanicTuyHi pakeTn, npudomy P-5M cTana nepLuoto B CBiTi pakeTol-HOCIEM SAepPHOro
B6oeKoMMNeKTy. HalBaxnuBiLLMM KOHCTPYKTOPCbKMM AocarHeHHsam Koponbosa Gyna neplua
B CBITi MDXKKOHTMHEHTanbHa G6anictuyHa paketa P-7, neplumii Bganun 3anyck akoi BigbyBscs
27 cepnHs 1957 p. BoHa cTana ocHOBO JOCArHEHb Y ranysi 6e3ninoTHOI Ta ninoToBaHoi Koc-
MOHaBTUKN. 4 x0BTHS 1957 p. 6yno BMBeaeHO Ha OpOiTy NepLLIOro B iCTOPIi LUTYYHOrO CynyTHU-
ka 3emni. 12 kBiTHS 1961 p. 3aiCHEHO NepLUMIn KOCMIYHWIA NONIT Ha kopabni «BocTok» FOpis
larapiHa. 12 xoBTHA 1964 p. BMBeAeHO Ha opbiTy nepLunii 6aratomicHuin kKopabernb cepii «Bo-
cxof» 3 eKinaxem Ha 6opTy.

(21 ciuHA 1934 p. BBeaeHo B ekcnnyaTauito Xapkiscbkuii Typ6oreHepaTopHuii 3asog. by-
AiBHMLTBO 3aBogy noyanock y 1929 p. Ha cborogHi « TypboaTtom» — npoBigHe yKpaiHCbke
TypbiHOGYyAiBHE NiANPUMEMCTBO, OOHE 3 HAWOINbLUMX Y CBITI, IKe cneuiani3yeTbcs Ha BUPOO-
HUUTBI NapoBux TypOiH ANs TEMMOBMX | aTOMHWX €NeKTPOoCTaHLi, rigpaBniyHux TypbiH ans
rigpOenekTPOCTaHLiN Ta rigpoakyMyrio4mX eneKTpoCcTaHLin, ra3oBmx TypOiH AnA TeNnoBmX
€IeKTPOCTaHLIN, 34iNCHI0E MOBHUIA LK BUPOOHMLTBA: NPOEKTYBAHHS, BUTOTOBMEHHS, NO-
CTayaHHs, HanaromKeHHs Ta dipmoBe 06CcnyroByBaHHS TypOiHHOrO ycTaTKyBaHHSA NS BCiX
TUNiB enekTpocTaHuii. LieHTpanbHa 3aBoacbka nabopartopis, 40 YHKLIN SKOi BXOOUTb TeX-
HIYHWIA KOHTPOIb, € OAHIE 3 HaNbiNbLUMX B YKpaiHi.

(21 ciyHA 1954 p. B8 CLUA cnywieHuii Ha Bogdy nepLumnii NigBOAHUIA YOBEH 3 SAEPHUM peak-
Topom «HayTinyc». Moro BogoTtoHHaxHicTs 3500 T, NOTYKHICTL siaepHoro peaktopa 15 000
K.C., goBxuHa 98,7 M. [iameTtp yoBHa (8,5 M) 3abe3nedyBaB BeNMKMUA NPOCTIp BCepeauHi, 3
TpbOMa noBepxamu B BinbLLii YaCTUHKU Kopnycy. Y HOCi YoBHa OyB TOpneaHWn BIACIK 3 LWiCTb-
Ma TopregHuMu anapatamu i 26-ma Topnegamu. TecTu YoBHa nokasanu nepesarn SaepHux
CUNOBUX YCTAHOBOK ANA NiABOAHUX YOBHIB — «HayTinycy» mir ayxe weugko 36nusntucs 3
CyNpPOTUBHUKOM abo Bio4anUTMUCS Big HbOr0, MaKUU Aye XOpoLly MaHeBPOBICTb. Y 1958 p.
Lier YoBeH BrepLUe B CBiTi BUKOHaB noxig Ha lNiBHivyHWMIA nontoc. 3 6epesHa 1980 p. «HayTi-
nyc» 6yno BuseneHo 3 conoty BM® i nepenaHo B mysen.

(21 ciuHa 1976 p. craptyBanu nnaHosi peiicy nitakis «KoHkopa» asiakomnaHii British
Airways 3a mapwpyTtamu JloHgoH — baxpenH Ta Mapwx — Pio-ge->XaHeripo. Mepwwnin B
CBITi HaA3BYKOBMI Macaxupcbkuii nitak «KoHkopa» O6yB CTBOpEHMI B pesynbTati 3nnTTa
B 1962 p. ABOX HauioHaNbHUX nporpam po3pobkn Haa3ByKOBOro asiaTpaHcnopTy ®dpaHuii
(Sud Aviation) Ta Benukoi bputaHii (BAC), ABUryHu nitaka — cninbHOI pO3p06KM aHrMinceKoi
Rolls-Royce Ta dppaHuy3sbkoi SNECMA. Beboro 6yno BurotosneHo 20 nitakiB. 3a 27 pokis
perynsipHuX i YyapTepHux pencis 6yno nepeseseHo Ginblue 3 MiNbNOHIB Nacaxupis. Yepes
HaA3BMYaHO BEMUKI BUTpaTy KomepLiHa ekcnnyaTauis «KoHkopgie» 6yna B Linomy 36uT-
KOBOIO, B pe3ynbsTaTi nitakn 6ynu 3HATI 3 ekcnnyaTtauii y 2003 p.

Pepakuis x)xypHany 6yae BasiiHa yntadam 3a JOMOBHEHHS 0 AaT, noAin Ta dakTiB 3 HK
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27 civuHa 1983 p. sakiHYeHO NPOXOAKY HalAoBLIOro nigBoaHoro TyHento CelikaH, Wwo 3'el-
HY€E ANOHCBLKI OCTPOBM XOHCH | Xokkango. OctaTtoyHa AOBXUHA LibOro 3ani3HUYHOIO TYHEro
cknana 53,9 km, B TOMy uncni nigBogHa vyactuHa — 23,3 kM. TyHenb onyckaetbes Ha 100 m
HWXYe PiBHS MOPCBLKOroO AHa. Pelikn He matoTb 60NTOBUX 3’€AHaHb CTWKIB, BOHWN 3BapeHi B
e€auHy 54-kinometpoBy konito. MabyTb, Le HangoBLe 3BapHe 3ani3HUYHEe NOMOTHO B CBITI.
Mig yac 6yniBHMUTBA Ta LWOAHS Nig Yac eKkcnnyaTtauii BUKOHYETLCS YNbTPa3BYKOBUIA Ta Mar-
HITHMI KOHTPOSb PENOK 3a JOMOMOrOK BaroHiB-A4eeKkToCKOoNIB.

(1 niotoro 1958 p. sanyweHnit nepLmnii ameprKaHCbKUIA LWTYYHUIA CynyTHUK 3emni «Ekc-
nnopep-1». BiH po3pobnsiBca Ta cTBOptoBaBcs B Jlabopatopii peakTnBHoro pyxy Kanicgpop-
HINCBKOrO TEXHOMOTIYHOrO IHCTUTYTY Mif KePIBHULTBOM AokTopa Binbsima [MikepiHra. MNoBHa
mMaca cynyTHuka ctaHosuna 13,97 «kr, 3 Hux 8,3 kr npunagis. CynyTHUK BUABMB pagiaiiHi
nosicu Haeskoro 3emni (nosicu Ban AnneHa) — ogHe 3 BaXNUBUX BiAKPUTTIB MDXXKHApPOAHOIo
reogianyHoro poky. Nepegaya gaHmx npunuHunack 23 TpasHsa 1958 p., Konu 3akiHUMBCA 3a-
psig 6atapeit. MNicna yboro anapat nepebyBaB y kocMoci NoHas 12 pokiB i 3ilLWOB 3 op6iTK
Hag Tuxum okeaHoM 31 6epesHs 1970 p., 3gincHuBLUNM NoHaA 58 TucaYy obepTiB.

(2 ntotoro 1845 p. B micTeuky Mpumaiinie YopkiBCcbkoro panioHy Hapoamscs IBaH MNaeno-
BuY Mynton (1845-1918) — ykpaiHCbkuin hi3nK Ta enekTpPOoTEXHIK, BUHaXiQHWK, opraHizaTop
Hayku, nyéniynct, nepeknagay bibnii ykpaiHCbKO MOBOI, rpomMaacbkuii disgy. BctaHoBuB
byHAaMeHTarnbHi BNacTUBOCTI Ta NPUPOAY KaTOAHWX NPOMEHIB, OAMH i3 NepLUOBiAKpVBaYiB
X-npomMeHiB 3a geskuin Yac o B. PeHTrena. MNMpodecop i pektop HiMeLbKoi BULLOT TEXHIUYHOT
wkonw B lNMpasi, gepXaBHUIN pagHuUK 3 enekTpoTexHikn Koponisctea boremisi i Mapkrpad-
ctBa Mopasis. [liicHnin yneH Haykosoro ToBapucTtBa iMeHi LLleB4yeHka, novyecHui yuneH Bi-
AEHCBKOro eneKkTPOTEXHIYHOrO TOBapuUCTBa.

(6 ntotoro 1883 p. B Kuesi Hapoauecsa OmuTtpo Maenosudy Mpuropoeuy (1883-1938) —
YKpaiHCbKUI aBiakOHCTPYKTOP, TBOPELb NepLloro rigponnany. Hae4aecsa B KuiBcbkomy noni-
TEXHIYHOMY IHCTUTYTI. Mepwwnii cBi nerkui 6innaH M 3 ABUryHOM «AH3aHi» NOTYXHICTIO 25
K. C. puroposuy Bunpodyeas 10 ciuHa 1910 p. 3 1912 p. pUropoBmY — TEXHIYHUI ANPEKTOP
3aBopy 1-ro Pocincbkoro ToBapuctea nosiTponnaBaHHs. Y 1913 p. CKOHCTpytoBaB CBili nep-
Wwni niTansHun YoBeH M-1. 3a poku lMNepLloi CBITOBOI BillHN KOHCTPYKTOPCbke Gtopo puro-
poBuya ctBopuno noHag 10 Tunie rigponitakie. Y 1922 p. MpuropoBurya 6yno npruaHavyeHo
TEXHIYHUM AupekTopoM i HayanbHukoM KB [JeprxaBHoro aBiauinHoro 3aBogy Ne1 y Mocksi,
3a 0ro y4acTHo CMPOEKTOBAHO NepLUi pagsHCbki BUHMULYBaYi I-1 ta 1-2. Y 1928 p. puropo-
BMY OyB 3aapeLuToBaHWM i Kiflbka pokiB OyB yB'A3HeHuI y cuctemi MYJIAT.

(7 ntotoro 1906 p. Hapoausca Oner KocTAHTUHOBUY AHTOHOB (1906—1984) — ykpaiHCbKuit
pafsiHCbKWIA aBiakKoOHCTPYKTOP, A.T.H., akagemik AH YPCP. Y 1930-x pokax O.K. AHTOHOB 0y-
[AyBaB NnaHepw, sKi 3irpanu BuaaTHy porb y CTaHOBMEHHI NnaHepuamy. 3roaoM BiH npaito-
BaB B [1Kb Akosnesa, a 3 1946 p. — ronoBHUM KOHCTpykTOpOoM asiauinHoro KB B HoBocu-
Bipcbky, sike B 1952 p. 6yno nepeegeHo B Kui. Mig kepiBHULTBOM AHTOHOBa po3po6rneHo
TpaHcnopTHI nitakn AH-8, AH-12, AH-22, AH-26, AH-32, AH-72, AH-124, nacaXmpcbki niTakm
AH-10, AH-24, cyuinbHOMeTanesi NnaHepu, CUCTeMY aBTOMAaTM30BaHOIO NPOEKTYBaHHA fiTa-
KiB, 3anpOBaMKEHO KIee3BapHi 3’'€fHaHHA Ta KOMMNO3ULiNHI MaTepianu ToLo.

(10 ntotoro 1906 p. cnyleHo Ha Boay GpUTaHCHKMIA MIHKOP «peHoyT», poaoHavanbHUK Ho-
BOrO Kracy kopabniB i peBontoLii y BilicbkOBO-MOPChKil cnpasi. «peaHoyT» CTaB NepLUMM KO-
pabnem, npu GyaiBHMUTBI sikoro ByB peanisoBaHUiA Tak 3BaHW NpuHLUMN «all-big-guny («yci rap-
MaTu BENUKI»). Moro BogoToHHaxHiCTb 21 845 T, noBxwuHa 160,7 M, WnpuHa 25 M, ocagka 9,4 M.
MoTyxHiCTb YoTMPLOX NapoBux TypbiH 24 700 k.c., weuakictb 21 By3nis. Kopnyc kopabns Buro-
TOBMNEHO 3 MOBEPXHEBO 3MiLIHEHOT BPOHI 3 XpOMOHiKeneBoi ctani ToBLUMHOW Ao 200 mm. O36po-
eHHs: gecatb 305-mm rapmat Mark X, aBagusite cim 76-MM rapmart, 5 ToprneaHux anaparis.

(11 nitotoro 1847 p. Hapoaueca Tomac EgicoH (1847—1931) — amepukaHCbKui HayKoBeLb
i BUHaXigHWK, aBTOp BMHaxo[iB, Ha ki BugaHo 1093 nateHtn CLUA ta 1239 naTteHTiB iHWNX
KpaiH. binbLuicTb cBOIX BUHaxoAiB 3pobus y nabopatopii B MeHno-lMapk y wrati Heto-[xep-
ci, npotarom 1876—1887 pp., BKNOYa4M CTBOPEHHSA namnu poaxaptoBaHHs. Y 1879 p.
CTBOpMB CMCTEMY PO3MOAiNYy enekTpoeHeprii cnoxveadyam, TenedoH, oHorpad, ByrifbHUN
MikpodhoH Towo. Y 1878 p. EpicoH 3acHyBaB komnaHito «Edison Electric Light», wo sroqom
neperBopunack B npomucnosoro riraHta — General Electric. OguH 3 HanpsamkiB iT AisinbHOCTI
CbOrofiHi — pO3pO6KM B ranysi HepyNHIBHOrO KOHTPOIO.
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(12 ntotoro 1933 p. Hapoavecs Jles IBaHoBUY ByaapiH (1933—1995) — y4eHU-XiMiK, Yr-Kop.
HAH Ykpainu. OcBiTy BiH ogepxaB y TalukeHTcbkoMy yHiBepcuTeTi (1956 p.), a 3 1963 p. npa-
utoBaB B YKpaiHi, B [HCTUTYTi 3aranbHOI Ta HeopraHivHoi Ximii Ta 3 1970 p. — B [HCTUTYTI dpisnyHoi
ximii. Cepep caxiBuiB HEPYNHIBHOrO KOHTPOIIO BiH CTaB BiJOMMM 3a po3pobKy Ta TeopeTnyHe
06r'pyHTYBaHHS1 HOBOTO METOAY KOHTPOSIH — XiMIYHOIO KaTaniMeTpyu4YHOro MeToay KOHTPOMHO rep-
METWUYHOCTI, CyTb SKOrO MOJIsirae y BUKOPUCTaHHI Ans fokanisauii Tedi XiMiYHUX KaTaniTu4Hnx pe-
aKuin, nepebir SKMx CynpoBOMXKYETLCS YTBOPEHHAM 3abapereHvx npoaykTis. J1. ByaapiH Ta rnoro
BigAin 6panu yyacTtb B npoekTi IE3 im. €.0. MatoHa «baratoluaposi Tpyou BENUKOro AiameTpy».

(12 ntoToro 1960 p. y kuiBcbkoMy [HCTUTYTI (hiavKK 3anyLLeHo NepLUnii yKpaiHCbKkuiA saep-
HuI peakTop BBP-M. MNisHiwe, B 1970 p., Ha noro 6asi 6yno cTBOPeHO IHCTUTYT SaepHMX O0-
cnigxeHb. BBP-M — BogHO-BOASHWUI MOAEPHI30BaHuI peakTop 6aceriHoro tvny. Y 1954 p. 3
iHiLiaTvBK |.B. KypyaToBa Ypsg npuiHAB NOCTaHOBY NP0 CTBOPEHHS SAEpHUX LEHTPIB y psai
MICT i OyAiBHULITBO B HUX AOCHIAHULBKMX SAepHUX peakTopiB. Peaktop BBP-M noTyxxHicTio 10
MeraBart, Npu3Ha4YaeTbCca Anst BUpoOHMLTBA i30TOMIB BUCOKOI aKTUBHOCTI, MPOBEAEHHS eKcre-
PUMEHTIB y ranysi disnkn HeUTPOHIB | JocnigXeHb NpoLeciB ONpoMiHeHHs MaTepianis. Peak-
TOP MPOWLLIOB MOAEPHI3aLito | NPOJOBXYE NpaLoBaTu.

(15 noToro 1946 p. ogiuiiHo BBEAEeHMIN OO Nnagy NepLunin y CBIiTi NporpamoBaHuii
komm'totep ENIAC (anrn. Electronic Numerical Integrator and Computer). Komn'totep po3mi-
LyBaBcs B IHCTUTYTi eneKkTpoHikn MNeHCcnnbBaHCbLKOro yHiBepcuTeTy i 3amMaB nnowy 167 m2.
Moro maca cknagana 30 T, a cnoxusaHHs enektpoeHeprii — 150 kBT. ENIAC cTaB nepLumm
€NeKTPOHHUM LMGpPOBMM KOMM'IOTEPOM, SKMI MOXHa Oyno nepenporpamysaTtu Ans BUPi-
LUEHHS pi3HMX 3aBAaHb. MNobyaoBaHuii Ha 3amoBneHHs apmii CLUA ans o6paxyHky 6anictuny-
HVX Tabnuub, BUPOGHMLTBA SAepHOI 306poi, NPOrHO3yBaHHSA NOroAu, NPOEKTyBaHHA aepoan-
HaMi4HKX Tpy6, AOCNimKEHb KOCMIYHOTO BUNMPOMIHIOBAHHSA TOLLO.

(26 ntotoro 1934 p. BigkpuTo Neplnii 3aBof 3 BUMYCKY «HAPOOHOrO» aBTOMOGINs
«PonbkeBareH». MNeplunm Bunyckascs BigoMuin asTomobinb VW «Xyk». Lie Haimacosiwmi
aBTOMOGInb B icTopii, Wo BUpobnsascs 6e3 nepernsay 6a3oBoi KOHCTPYKLi. Bcboro 6yno Bu-
rotoBreHo 21529464 asTomo6iniB. Po3pobkoto 3anmascsa ®epauHarg MNoplue (B noganbLuo-
My TBOpELb OIHOIO 3 BapiaHTiB TaHKa « Turpy» Ta aBTomobinis «lopLuey»), skuin NiaTpyMmyBas
38’930k 3 POPAOM i aKTMBHO BMPOBaAMB HOBI TEXHOMOTIT Ha 3aBopi. 3BaptoBaHHs 3abesnevy-
Baso LWBKAKy 36ipky aBTOMODLiNst Ha KOHBEEPI, @ BEMWKMIA 06’€M KOHTPOMNbHMX onepadiii — oro
HagiNHICTb.

(27 ntotoro 1965 p. agificHMB nepLmnii NoniT nitak AH-22 «AHTEN» — YKpaTHCbKWIA pafsiH-
CbKU TYpOOrBMHTOBMI LUMPOKOIOIENSKHUIA TPAHCNOPTHUIA NiTak, cTBopeHuii B Kuesi ABia-
LiHUM HayKOBO-TEXHIYHUM kommnekcom im. O.K. AHToHoBa. lMeplia nybniyHa gemMoHCcTpaLis
nitaka Bigbynacsa 15 4yepBHs 1965 p. Ha aBiacanoHi B Jle bypxe. Jlitak BctaHOBMB 41 cBiTO-
BMI aBiauiviHun pekopA. BupobHnuTeo nitaka Tpusano Ao ciyHa 1976 p. i 6yno sunyweHo
66 «AHTEIBY.

(4 6epe3Ha 1904 p. 8 Ogeci Hapoamecs eopriii FamoB (1904-1968) — ykpaiHcbkuii pa-
OSHCBKUI Ta aMepUKaHCbKU (oi3NK-TEOPETUK, kocmMoror. Po3pobus Teopito anbda-pos-
nagy Yyepes TyHemnoBaHHSA, NpautoBaB Yy ranysi pagioakTMBHOIO po3nagy aTOMHUX siAep,
S[EPHOro CMHTe3y B Hagpax 3ipok, Teopieto Benukoro Bnbyxy, NOXOAXEHHS eNeMeHTIB,
npobnem reHetukn. 3anuwms CPCP y 1934 p. CsiToBe BU3HAHHSA OTpMMaB 3a po3pobKy
Teopii Benukoro Bnbyxy, TO6To noxoaxeHHA BcecBiTy, po3paxyHOK reHeTUYHOro Koay, Bif-
KpuTTS cnocobiB nepenadi cnagkoBoi iHpopmauii. Ak gismk BuBiB hopmyny, Lo 3anoyat-
KyBana TeopeTuyHe obr'pyHTyBaHHs anbda-po3nagy atomHoro sapa. . FlamoB € aBTopom
Teopii YTBOPEHHS XiMiYHMX €MEMEHTIB, 3riAHO 3 KO BCSA PEYOBUHA MEPBICHO cknaganacs
3 HENTPOHIB.

(6 6epe3HAa 1665 p. nouas BuaasaTucs B JIOHOOHI HANCTaPILLIWIA @HIMOMOBHUIA HayKo-
BWI XypHan cBiTy — Philosophical Transactions of the Royal Society (ykp. ®inocodchbki
npaui Koponiscbkoro ToBapuctea). 3 1887 p. nogineHui Ha aBa xypHanu: Philosophical
Transactions of the Royal Society A: Physical, Mathematical and Engineering Sciences ny-
6nikye cTaTTi 3 hi3nyHMX, MaTeMaTUYHKX Ta iHXeHepHNUX Hayk. TepMmiH «Philosophical» Tpe-
6a po3yMiTn gK «HaTypdinocoCcekniny.

IHOOPMAUIA

idagarrcaL
TRANSACTIONS
i 1am s amn
ACCOMPT
B i, et
o
INGENIOUS

63

ISSN 0235-3474. TexH. giarHOCTUKa Ta HEPYWHIBHUWN KOHTponb, 2022, Ne1



IHOOPMAUIA

P.

J&MMH :

NEEES
ISR
y

64

(7 6epe3Ha 1957 p. 3aiicHWB NepLUnii NomiT cepeaHbOMAaricTparnbHUM NacaXxnpCbKU fiTak
AH-10, cTBOopeHui nig, 6e3nocepenHim kepiBHmuTBoM O.K. AHTOHOBa. Po3pobka HOBOro YoTu-
PbOXABUIYHHOTO NMaCaXXMPCLKOTO fiTaka «Y» («YkpaiHay), MpU3HayeHoro s ekcnnyatauii Ha
asianiniax gosxuHoto Big 500 go 2000 km, novanaca B AHTK im. O.K. AHTOHOBa HanpuKiHLi
1955 p. 3aBpaHHsM nepenbayanocs 3actocyBaHHs AsuryHis HK-4 a6o TB-20. Y TpasHi 1956 p.
BiOYBCS1 3aXMCT ECKI3HOro NPOEKTY. YKe Yepe3 M'ATb MicsLiB OyB 3aTBEpKEHWI MaKeT fniTaka.
Jlitak BUpo6nsBecs 3 1957 no 1960 pp. (BupobneHo 108 nariHepis). Y 1973 p. yxBaneHo pilleHHs
Npo NPUNMHEHHS ekcrnyaTadii Ha MiHisx AepodnoTy ycboro napky nitakis AH-10.

(8 6epe3Ha 1979 p. dipma Philips npogeMoHcTpyBana npoToTun ONTUYHOMO LUEPOBOrO
AVCKy Ans 36epexeHHs iHdopmalii (4aHux) y uudpposomy surnagi. Lien dpopmar 6yno cno-
YaTky po3pobreHo Ans 3anncyBaHHs Ta BiGTBOPEHHS NMuLLE 3ByKO3anuCiB, ane nisHie noro
Oyno npuctocoBaHo Ans 306epiraHHs pi3HOMaHITHUX AaHuX. Aydiogucky Ta aygionporpasadi
KOMMaKT-AMCKIB CTanu KOMepLUinHO AOCTYMHUMM NOYMHaKYn 3 XoBTHS 1982 p. Moganswmnm
PO3BUTKOM KOMMakT-guckiB ctanu DVD i Blu-ray. B YkpaiHi BApOOHMLTBO KOMNaKT-ANCKIB
noyano poaroptatuca y cepeauHi 1990-x p. komnaHismu, ski Bxogunu go cknagy AK «Po-
cTok». lMiaknagkor NeBoBOi YaCTKM YCiX Cy4acHMX HOCIiB iHopmaLii cnyrye nonikapboHar.
Lle nnactmaca 3 TemnepaTtypoto nnasrneHHs, Wwo Tpoxu nepesulye 200 °C i mae TepmiH
36epiraHHs o 15 pokis.

(12 6epesHs 1863 p. Hapoauscs Bonoanmup |saHoBuy BepHaacbkuin (1863—-1945) —
YKpaiHCbKUIA Ta POCINCBKUIA BYEHUIA, 3aCHOBHUK reoximii, Gioreoximii, pagioreonorii, TBopeLb
BYEHHS Npo Giocdepy, 0avH i3 3aCHOBHMKIB YKpaiHCbKOI akageMii Hayk Ta ii nepLuii romno-
Ba-npe3ngeHT 3 1 ciuna 1919 p. go 31 rpygHs 1921 p. 3acHoBHWK HauioHanbHoi 6ibniotekn
YkpaiHcbkoi gepxasu B Kuesi (HMHI — HauioHanbHa 6ibnioteka Ykpainu imeHi B.l. BepHag-
cbkoro). OpraHisatop Ta gupektop Pagiesoro iHcTuTyTy (1922—1939), BioximiyHoi nabopa-
Topii (3 1929 p.; 3apa3 I[HCTUTYT reoximii 1 aHaniTMYHOT ximii imeHi B.l. BepHaacekoro PAH).

(13 6epesHAa 1892 p. TosapucTso im. LLlesueHka y [bBOBI peopraHisoBaHe y Haykose To-
BapuCTBO iM. LLleB4eHKa — BCECBITHIO YKpaiHCbKy akafieMidyHy opraHidadito, 6aratonpodinbHy
aKageMmito HayK YKpaiHCbKOro Hapoay, pyLiviHy cuny doopMyBaHHS Ta PO3BUTKY YKPaiHCbKOI
Haykm KiHua XIX — nepwoi nonosBuHn XX cT. YTBOpeHe 23 rpyaHs 1873 p. y lbBoBi 3a i-
HaHCyBaHHA MeueHaTiB 3 HagaHinpsaHWwuHY sk JitepatypHe ToBapucTBo iMeHi T. LesyeH-
ka. Ocobnueoro po3kBiTy Aocsarmno B nepiog ronosyBaHHA Muxarina pywescbkoro (1897—
1916). Y 1939 p. nikBigoBaHe pagsHCbKOKW Bnagoto, BigHoBneHe y 1947 p. B 3axigHin
€sponi Ta CLUA. 3 1989 p. opraHisauis 3HOBy Aie Ha TepuTopii YkpaiHu.

(15 6epe3Ha 1927 p. noyanocs GyaiBHMUTBO [Hinporecy B 3anopixki. Mepunit rigpoa-
rperat Beenu B ekcnnyatauito 10 xoBTHs 1932 p., a Bxe 1939 p. ctanu go naay Bci 9 rig-
poarperaTiB CTaHUii 3aranbHo NOTYXHicTio 560 Tuc. kBT. TypGiHM 6yno noctaBneHo ame-
puKaHcbKo komnaHieto «HbtonopT Hbtocy. MeHepaTopu 6yno nocTaBneHo ameprKaHCbKO
komnaHieto «General Electricy Ta 3aBogom «Enektpocuna». TeXHIYHUI Harnsg 3a BEAEHHAM
OyniBHMLTBA 3aiMicHIOBaB MONKoOBHYK ['to JliHkonbH Kynep ixeHepHoro kopnycy CLUA. BiH
OyB rofoBHUM iHXEHEPOM-KOHCYBETAaHTOM MPOEKTY Ha 3anpoLLEHHS ypaay.

(19 6epe3Ha 1935 p. Irop Cikopcbkuii (1889—1972), BUaaTHWUI aBiakOHCTPYKTOP YKpaiH-
CbKOro noxomxkeHHs, otpuman y CLUA naTeHT Ha «niTanbHWUIA anapat nNpsiMoro nignomMy».
Mpotsarom 1908—1912 pp. Irop Cikopcbkuii nobyaysas y Kuesi 6 mogenei nitakis Ta 2 moze-
ni BeptonboTtiB. Y 1918 p. BiH emirpyBas go CLUA, ge B 1923 p. 3acHyBaB komnaHito Sikorsky
Aircraft. 14 BepecHsa 1939 p. y CLLUA Irop Cikopcbkuii NigHAB y NOBITPS BNACHWUIA NEPLUNIA re-
nikontep VS-300, npuaatHUin Anst NPakTUYHUX NOSbOTIB.

(23 6epe3Hsa 1908 p. Ha BorycnaewmHi B KuiBebkin 06n. Hapoaueca Apxun Muxaiinosmy
Tlonbka (1908-1984), akageMik, KOHCTPYKTOP asiauiiHux ABuryHiB. Y 1931 p. 3akiHumBe Kuis-
CbKUIA NOMITEXHIYHUIA IHCTUTYT. [Npautotoumn B XapkiBCbKoMy aBiaLiiHOMy [HCTUTYTi, po3pobus
KOHCTPYKLIit0 MepLIoro B CBITi ABOKOHTYPHOroO TypbopeakTnBHoro aAsuryHa (1939 — 1941 pp).
ByB nioHepom po3pobkun TypbopeakTVBHUX ABUTYHIB ANS HaA3BYKOBOI aBiaulii, 3pobmsLum nep-
Wi KpoKM y uboMy HanpsiMmi we B ganeki 1930-i poku. Iig oro kepiBHULTBOM CTBOPEHO Cre-
uianbHe KB, HuHi HBO «CaTypH», sike HOCUTB 1ioro iM’s. Moro asurykmn Tuny AJl pisHnx Moau-
(hikauin BctaHoBNeHi Ha 6araTbox nitakax, po3pobnerHnx B Kb Cyxoro, InntoLwmHa Ta iHwmX.
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