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ACOLIALIA «OKO» —
JIIAEP BITYM3HAHOI IEGEKTOCKOIII]

B 2021 p. na Il xondepenuii «HepyliHiBHMIT KOH-
TpOJIb T2 MOHITOPHHT TEXHIUHOTO cTany» B Oxeci
Tersstna MuxaiiniBHa JlyneHko B cBOEMY BHCTYII
3a3Ha4ywWIa, 1o nignpuemcta Acorriarii «OKOy mo-
CTaBHJIM MPOJYKIIIF0 BIACHOTO BHPOOHHUITBA B 69
KpaiH CBITY.

Let daxr 3amikaBuB Oaratbox (axisiiie. He 3amm-
ITUBCSI BiH TI0 32 yBarow pemaKilii >kypHaiy, sika 3a-
nporonyBaia TeTsHi MuXaiiTiBHI BiAIOBICTH Ha P
3aruTaHb Mpo podoTy KoJekTuBiB Acorriamii «OKO»,
PO3KPHUTH OCOOIUBOCTI POOOTH «HA EKCIIOPTY, TiKa-
3aTh yKpaTHCHhKUM BHPOOHWKAM IUISIXY HAPOITyBaH-
HsI BUPOOHHMIITBA Ta BUXOAY HAa MIXKHAPOIHI PUHKH.

Acoyiayis «OKO» — idoma ma asmopumemua
KOMNAMisi ceped YKPAiHCObKUX I C8IMOGUX CHOMCUBAYIE
0011a0HANHS HEePYIHIBHO20 KOHMPOTIo. K 3 a6unacs
idest cmeopenusi Acoyiayii?

B nanexomy 1993 p. 3’sBusach ymMKa Ipo CTBO-
pennst Acomianii «OKOy», meToro sikoi Oyia momy-
JIIpU3allis HEPYHHIBHOTO KOHTPOJIFO B YKpaiHi Ta
kpaimax CHI. Ii pisnpHicTs mouamack 3 BHIYCKY
KypHany «Hepaspymarommii KOHTPOIIbY», a 3roJIoM
BOHA CTaJIa OPTaHi3aTOPOM MPOBEICHHS MIKHAPOI-
HHX BHCTaBOK Ta KoH(pepeHmii. Ta Timpku B 2000-H1
poku Acortiamis «OKO» ropugudHo 00’ enHaNa TpU

Jlyuenko T.M. ta Jlynenko I'.I".

W' porie

{3

ACOUIALIA «OKD»»
z YCINXY

IHTepB 10 3 TeHePATBHIM AUPEKTOPOM
Acouianii «OKO» T.M. Jlyuenko

KHUIBCHhKI KoMITaHi1 YiusrpakoH-Cepsic, [Ipommpruran
ta YxkpHIIHK.

Bu nav’amaeme nepwiuti eunyck sgcypuany 3 me-
PpyiiHieHo20 Koumponio? Ak enaunye scypran na po-
SYMIHHA 8AANCIUBOCNT HEPYUHIBHO20 KOHMPOTIO?

3BiCHO, MU MaM’SITAEMO TIEP-
mui Bunyck. JKypHai BUaaBaB-
cs1 3 1999 p. y Bursaai indopma-
HIAHO-PEKIAMHOTO OHJIETCHIO
Ta MaB Ha3By «Hepaspymaroniuit
KOHTPOIb». B HEOMY Oymnu Hampy-
KOBaHI HaIll Mepir MPOeKTH Ta
CTaTTi PO PO3POOKHU TBEPAOMIpIB
1 ToBmHOMIpiB. JKypHaT po3mo-
BCIO/IKYBaBcs 0€3KOIITOBHO. Mu
OTPUMYBAJIM IIUTAHHS Ta BIATYKH
3a HaIMMH PO3pOOKaMH Ta TAKUM
YUHOM MaJld BEJIMKHH 3BOPOT-
Hill 3B’5130K 31 CBOEIO ay[HTOPIETO.
Creniaiicti 3 HEpYHHIBHOTO KOHTPOJIIO OTPUMYBAJIH
3 )KypHally, SIKMi BUJIaBaBcs 4 pa3u Ha PiK, aKTyaJbHY
iH(popMarito npo HOBI BiTUM3HsIHI npuiaau s HK.

Konu nposoounucey nepuii 6ucmasku ma AKumu
6oHU Oyu?

VY kBityuyomy tpaBui 1992 p. 3amouarkyBaiu
npoBeneHHs Tpaauliinux BuctaBok 3 HK. ITepuri
BHCTaBKH NMPOBOAMINCEH B KHiBChKOMY TIOTITEXHIY-
HOMY IHCTHUTYTI, aji B [HCTHTYTI ipoOiieM MIIHOCTI
iM. I.C. [lucapenka, a mOTIiM JOBTHIA 9ac TPATUIIIHHO
B IHCTHTYTI enmekTpo3BaproBanus iM. €.0. [1aTona. 3
gacoM KoH(epeHIIii Ta BUCTaBKH ITOYAJIA TPOBOIUTH
y BUCTaBKOBOMY IIeHTpi Acomiamii «OKO».

[lepmwuit BuUDycCk
xypHaiy «Hepaspy-
LIAIOIIHUH KOHTPOJIbY

_ N
[lepmmii BITYM3HAHUK ynbTpa3BykoBuil nedexrockon Y/12-70
Poskascims, 6y0b nacka, npo nionpuemcmaea, 5Ki
6x00smb 00 ck1ady Acoyiayii « OKO».
HB® «Yabrpakon-CepBic» € mepuiorw Kom-

naHi€ro B YKpaiHi, sSika 3amodaTkyBayia po3poOKy Ta
BupoOHHITBO o0nanHanus HK. [TianpuemctBo Bupo-

ISSN 0235-3474. TexH. giarHOCTMKa Ta HEPYWHIBHUM KOHTpOnb, 2021, Ne3 3



IHOOPMAUIA

OJIsTe TIOPTATUBHI MTPHIIAIA Ta AaBTOMAaTU30BaHI CHUCTe-
mu HK, Taki, sax:

— ynbrpa3BykoBi nedekrockorm Y13-71 1 Y/14-76;

—rtoBumHOMipu TY3-1, TY3-2, TY3-5, UTG-8;

—T1BepaoMipu TDM-1 i TDM-2;

— YCTaHOBKHM aBTOMAaTH30BaHOTO KOHTPOJIIO
YMIIK-39, YMIIK-Ocp-38, YMIIK-2, CAY3K VYuu-
ckaH-JIlyqa OCb-4;

— petikoBi Bizku YJIC2-77, YAC2-73, ETS-77;

Ta 1HIII PO3pOOKH, JIESAKI 3 SIKHX HE MAalOTh aHAJIOTIB
y CBITI.

JloOpe po3yMitouu, 110 00JIaJHAHHS € JIMIIE 1H-
CTPYMEHTOM B pyKaXx JIFOJUHU, KCPIBHUIITBO KOM-
maHii JOKJIaJ0 3HAYHUX 3YCHUIIb JJIS TOTO, OO
BUKOPUCTAHHS [IHOTO 1HCTPYMEHTY CTall0 MaKCH-
MaJbHO e(peKTUBHUM. bynb-sika MoOMuUIIKa B Takid
BiMOBiaNbHINA cTIpaBi MOXe MPHU3BECTH IO Tpa-
renii. Tomy, po3ymitoun BCIO Mipy BiJlITOBiJaIBHOCTI
SIK 32 Pe3yJIbTaTH BUKOPUCTAHHS CBOTO BIACHOTO 00-
JaJHaHHS, TakK 1 3a MPOBEJCHHS HEPYHHIBHOTO KOH-
TPOJIIO B LIJIOMY, L€ B MEPioJl CBOTO CTAHOBJICHHS
MiAMTPUEMCTBO IPUHHSIO PILICHHS PO CTBOPECHHS
BJIACHOTO Y'4OOBOTO IIEHTPY 3 MiJITOTOBKH CIICIIAIICTIB
3 HK. 3rigno 3 ninensiero MiHicTepcTBa OCBITH 1
Hayku Ykpainu 3 2001 p. Ha 6a3i HB® «VYnbrpa-
koH-CepBicy (yHKIIOHye Y4UOOBHIA LIEHTP, KUl Ha-
Buae creniaiictiB HK 3a nacrynaumu merogamu HK:

— YIBTPa3BYKOBUIA;

— BUXPOCTPYMOBUH;

— aKyCTHKO-EMICIHHIIA;

— MarHiTOIIOPOIITKOBHIA;

— Bi3yaJIbHHUI.

HB® «IIpomMmnpuian» € BUpOOHUKOM yIbTpa3-
BYKOBHX 1 BUXPOCTPYMOBHUX J€(EKTOCKOIIB, SIK pPyU-
HUX, TaK 1 MexaHi3oBaHuX. Lle, HampukIam:

— BUXpocTpyMoBi gedexrockonu B/3-71 HK-
IVY, BJI-131 HJ1, BA-132-K-III'Y-OKO- 01 i B/ 3-81,
Eddycon C, Eddycon CL;

— ynbrpa3BykoBi jgedexrockonn SONOCON B,
SONOCON BL.

[Tpu HB® «IIpommpunan» Oyna ctBopeHa 6asa 3
PEMOHTY Ta CEPBICHOMY 00CIyroByBaHHIO 3aC00iB

Jlaboparopri BUnpoOyBaHHs iMepciitHIM crtocoboM

KoHcTpykTOpChKHUI BT 32 POOOTOO HAJl HOBHM MPOEKTOM

HK, BuTrOTOBIEGHUX migmpueMcTBaMu Acoiliiamnii
«OKO».

HpAT «YkpHAITHK» (YkpaiHcbKuii HayKOBO-J0-
CIIAHUHI IHCTUTYT HEPYHHIBHOTO KOHTPOJIO) 3aii-
Ma€ETHCSI PO3POOKOIO TEXHOIOT1H 3a 3ac00iB HEpyH-
HIBHOTO KOHTPOJIIO, 3 1X iHTErpali€o B TEXHOIOT1YHI
npouecu BUpOOHUITBA. [HCTUTYT Oyllo CTBOPEHO B
2004 p. 3a neii yac BiH MepPeTBOPUBCS B LICHTP Hay-
KOBHX JIOCJII/KEHb, 00’ €IHAHHS KOJCKTUBY BUYCHUX 1
CHEIIATICTIB, KU MPAIIOE HAJl PO3POOKOIO Ta BIO-
CKOHAJIEHHSIM METOMIB 1 TeXHOoIoT1# 3aco0iB HK. Me-

CucTemMa aBTOMAaTH30BAaHOTO HIBUJIKICHOTO KOHTPOJIO PEHOK
OKOSCAN 73 HS

YcTaHOBKa aBTOMATH30BAHOTO KOHTPOJIIO aBialliifHUX KoIric
SmartScan

4 ISSN 0235-3474. TexH. giarHOCTMKa Ta HEPYWUHIBHUIA KOHTPONb, 2021, Ne3
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Jlac-Berac, CILIA, ygacTs B HarioHanbHii koH(pepeHtii 1 Bictasii HK

XaHI30BaHI Ta aBTOMaTHU30BaHi CUCTEMH, sIKi pPO3pO-
omsie YkpH/IIHK, 3acTOCOBYIOTBCS B Pi3HHX ramy3sx
(MammHOOYyBaHHS, aBialis, TpyOHa Ta HadTOra30-
Ba MPOMHKCIIOBOCTI, EHEPreTHKa, METaIypris) Ta J0-
3BOJIIIOTH KOHTPOJIIOBATH 3aJli3HUYHI PEHKH, KOJICHI
napu, Bici, aBialliifHi koseca, TpyOu, 3BapHi IIBH
Tom0. KOHTpOJIb TIPOBOUTHCS SIK IPH BUTOTOBJICHHI,
TakK 1 B mpolieci excrutyarariii. Hanpukian:

— BHCOKOIIIBUIKICHA CHUCTEMa KOHTPOIIO PEHOK
OKOSCAN HS 73;

— yCTaHOBKa KOHTPOJIO aBialliiHUX KOJIEC
Smartscan FA;

— KOMITJIEKC J1e(PeKTOCKOITIYHUH aKyCTHKO-eMiCiii-
aui TAJIC-1;

—crucrema Bibpomiarnoctuku Peizop-KII1.

Takox Ha 6a3i [IpAT «YkpH/AIHK» nie «Opran i3
ceprudikauii nepconany B cepi HepyHHIBHOTO KOH-
TPOJIO TEXHIYHUX 00’ €KTiBY», akpeauToBanuii Harmio-
HaJbHUM areHTCTBOM 3 akpenutanii Ykpaiau. Opran
3abesneuye ceprudikaito daxismis I, II Ta I1I piHiB
y BianoBigHocTi 10 ctanpapris ISO/IES 17024:2012,
ISO 9712:2012, EN 4179:2009. Cporoasi ek cep-
tudikar € gificaum B 40 KpaiHax CBITY.

Konu Bu 3posyminu, wo Acoyiayis « OKO» 6yoe
nepcneKmueHor?

[Imanm 3 po3BUTKY HiSIBHOCTI Oyiau BEIUKi, aye
MH HE JyMaJjH, 10 BOHW HACTUTBKH 3MiHCHATHCS. Ha
Toii MomeHT HB® «VYnprpakon-Cepic» Bike Oyma
(marmanom HK B Ypaini, HBO® «IIpommprmamy min
kepiBHunTBOM [.I'. JlylieHka 3aiiHsiia MillHY MTO3UIIII0
y BupoonuuTsi, [IpAT «YkpHIHK» ycniurHo mpo-
CyBajoch B po3podkax 3aco6iB HK. Hacras vac, komu
iM cTano CKIagHO 3aiiMaTUCs MEHEIKMEHTOM 1 Map-
KETHHTOM, B TOMY YHCJIi 1 HA MDXXKHApOJHOMY PiBHI.
i ¢bynkmii B3su1a Ha cede Acorriamis «OKOy, mo mo-
3UTUBHO BIUIMHYJIO Ha BUPILICHHS BEJINKOI KIJIBKOCTI
HaraJbHUX 3aBJIaHb.

Yum Bawa xomnanisn 8iopizuscmocs 6i0 iHUUX
Komnauiu-eupoonuxie npuradie HK ¢ Yrpaini? Hxu-
Mu € 8i0minHI pucu ma nepesacu Bawoi xomnanii?

Hama xoMmaHis MpoeKTye Ta BUPOOIIsiE pydHi,
MEXaHi30BaHI Ta aBTOMaTH30BaHi 3aco0U 3 OCHOB-
Hux metoziB HK 3 ypaxyBanHsaM ocobmuBocTei Ta
cnenudikn iX 3acTOCyBaHHSA, cepTU(]IKY€e Ta aTecTye
CreniajicTiB, 6epe y4acTh y BCiX BCECBITHIX, €BPO-
MEeHCHKUX 1 pETioHATHHUX KOH(PEPEHIIIIX Ta BUCTaB-
kax, B Tomy unciai Beecituporo (ICNDT) ta €8-
porneiicbkoro ToBapuCTB HEPYHHIBHOTO KOHTPOJIIO
(EFNDT), Amepukancekoro ToBaprcTBa HEpyHHIBHOTO
koHTpoito (ASNT), Asiarceko-Tuxookeancskoro Tosa-
puctBa (APCNDT) Ta inmmx. Hama crparerist copsimMo-
BaHa Ha TOJAJBIINN PO3BUTOK 1 pillIeHHS MpodieM He-
py#HIBHOTO KOHTpOI0. CaMe TOMy HAIlIM TacjioM CTaB
Bupas: « Texnonorist HK i kimrou».

Crinoxu kpain 8dice cmanu 3amMosHuKamu Bawoeo
obnaonamnna?

Ha momenT mamoro iaTeps’to Acormiaris «OKO»
€ TOPrOBOIO MapKoOI0, IPUJIAZN Ta CUCTEMH SKOI Bi-
noMi B 69 kpaiHax cBity, Takux, sk Cinramyp, CLLIA,
Benuxobpuranis, Himeuunna, [liBnenna Kopes,
SAnownis, Kuraii, Iranis, Typeuunna, kpainu CHI,
Banrii Ta iHmi.
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IHOOPMAUIA

YeraHOBKa MOKPOTO MarHiTOMOPOIIKOBOIO KOHTPOJIO 3a1i3HNY-
Hux oceit YMIIK-Ocp-38

Hke obnadnanusa yacmiwie 3a 6ce Yikagums Cno-
arcusayis 3 oanexozo sapyoixcocs? Ax Bu cnpasnse-
mecb 3 KOHKYDEHYIEI HA PUHKY 0eheKmMOCKONIuHO20
obnaonanna?

3aKOpIOHHHUI CHOXHMBAaY «PO3IMELICHUI» Pi3HO-
MaHITTsIM npmiafaiB i cucreM HK B ycix ramyssax. Tomy
Ha CHOTOJHIIIHIN JeHbh NOTPiOHI HOBI MiXOAM Ta Pi-
IIeHHS, SKI peali3oBaHO B CyYaCHHUX PO3pPOOKax MpH-
nanis HK. BasknuBy podib rpae, 3BiCHO, CIiBBiIHOILICH-
HA IIHA-IKICTh. Y OLIBIIIOCTI BUIIAAKIB CHOKUBAYiB
LIKaBIATH 3aCO0M KOHTPOIIO, 1[0 3aCTOCOBYIOTHCS B
aBiarliifHiN Tamy3i, Ha 3aTI3HAYHOMY TPAHCITOPTI Ta iH.
[HIIMME cTOBamMK, HA PUHKY 0aratro pojayKilii OpeH 10-
BHUX BHpOOHUKIB. OctanHi 10 pokiB MU TPaITIOEMO Hall
MiABUIICHHSM PiBHS TEXHIYHUX PO3POOOK Ta SIKICTIO
TIPUITA/IIB.

Arxa cmpameeia pozeumxy xomnaniu Acoyiayii

«OKO»?

Ha crorogHimHii eHb HAIIUM JOCATHEHHSIM €
56 mpuCcTpoiB HEPYHHIBHOTO KOHTPOJIIO — BiJI MOpTa-
TUBHHX J()EKTOCKOIIIB 1 TOBIIMHOMIPIB J0 aBTOMa-
THU30BaHUX CHUCTEM KOHTPOJt0. Po3pobieHo Ta BIpo-
BaPKCHO y BUPOOHUITBO K010 4000 pi3HUX THUIIIB
[IEPETBOPIOBAYIB, OUTBIIICTh 3 HUX — BY3bKOCIIEIiaTi-
30BaHi pimenHa. Haxxanp, Mu crioctepiraeMo 3Had-
HUW cIlaJl MPOMHUCIOBOTO BUPOOHMITBA B YKpaiHi

Konextus Acomiamii «OKO»

YeraHOBKa aBTOMaTH30BAHOTO YIIBTPA3BYKOBOIO i BUXPOCTPYMO-
BOro KOHTpoJII0 npokarHux Bankie PHK B-35 (L)

Ta, BIIMOBIHO, HEOOXITHOCTI 3aCTOCYyBaHHS 3ac00iB
HK. Mu crioniBaeMoch Ha TiAHOM, PO3BUTOK HAIINX
MIPOMHUCIIOBUX MiAMPUEMCTB 1 Taixy3eH, aKi MU 3MO-
KEeMO 3a0e3TeYnTH HAlIMMU TIpHIiaiaMu. BpaxoByto-
YM TOTEHINAJI HAIIIMX BUCHUX, IHKEHEPIB, TEXHIYHUX
CIIEIiaiCTIiB, M MA€MO BEIHKI CIOAIBAaHHS Ha Te€,
10 Hama KpaiHa OyJ/ie pO3BUBATHUCh SIK 1HAYCTpiaib-
Ha. A MH, B CBOIO 4epry, OyzmeMo i Jam 3a0e3rnedyBa-
TH HalIOTO BITYM3HSHOTO BUPOOHUKA SIKICHOIO IPO-
JOYKLIEIO B TICHOMY KOHTaKTi 3 HUIMH.

Y Bac oyarce senuxa xinvkicms po3podox i npo-
Oykyii. Ak Bam edanocs 3a yi poku 3pooumu cminoku
npucmpois ma peanizysamu ix Ha UpOOHUYMBI?

Lle Bce 3aBasikM HAIIOMY KOJEKTHBY, JSKYIOUH
npodecioHaizMy Ta 3rypTOBaHOCTI PO3POOHUKIB,
TEXHOJIOTiB, KOHCTPYKTOPiB, MPOTPaMiCTiB, MEHE]I-
JKepiB 1 poOITHHUKIB BUPOOHHIITBA Ta TOMOMIKHUX
BB, Ha choromuimHii aeup gipma Hamiuye 130
CHiBPOOITHHUKIB.

Penaxuis xypnany nskye T.M. Jlynenko 3a mikaBe
Ta 3MICTOBHE i1HTEpPB [0, IKe OE3yMOBHO Oyje Kopu-
cauM ais crienianictis 3 HK ta nmst Beix uuradis Ha-
LIOTO XKYpHAITY.

Posmosy nposenu
Onexcanodp 3envrivenxo ma FOpii Ilocunaiixo
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LASER-EXCITED ACOUSTICS FOR CONTACT-FREE
INSPECTION OF AEROSPACE COMPOSITES

AKYCTHKA 3 JIABEPHUM 3bYJDKYBAHHAM JJIA
BE3KOHTAKTHOI'O KOHTPOJIHO AEPOKOCMIYHMX KOMIIO3UTIB

by Matthias Brauns, Fabian Liicking, Balthasar Fischer, Clint Thomson, and Igor Ivakhnenko

Ultrasonic testing (UT) is widely used for the nondestructive testing (NDT) of composite materials in the aerospace industry.
Liquid- coupled piezoelectric ultrasonic transducers are the most common technology used in this field; however, liquid
coupling agents are not always practical, economical, or compatible with materials that cannot get wet. Alternative couplant-
free technologies such as air-coupled ultrasound or laser ultrasound (LUS) are available, but either lack the required sensitivity
and resolution, or are very costly, large, and sensitive to surface condition and properties. In this paper, we introduce a new
couplant-free approach using laser excitation and a commercially available optical microphone. This technique is termed laser-
excited acoustics (LEA) NDT, which combines the advantages of a contact-free ultrasound technology with the potential for
improved sensitivity and resolution required for NDT in industrial environments. We will demonstrate the capabilities of LEA
on aerospace composite parts made of carbon and glass fiber—reinforced polymer (CFRP/GFRP) under realistic conditions.

VibrpasBykoBuii koHTpoub (UT) mmMpoko BUKOPUCTOBYETHCS Juisl HepyiHiBHOTO KoHTpoito (NDT) kommo3uTHHX Marepiaii
B aepPOKOCMiYHIil TpomucioBocTi. [1°€30e1ekTpuuHi yinbTpa3ByKOBi IIEPETBOPIOBAU] 3 PIIMHHUM 3B’SI3KOM € HaUOLIBII PO3IIO-
BCIO/DKEHOIO TEXHOJIOTI€EI0, III0 BUKOPHCTOBYETHCS B Iiit oOnacti. [IpoTe piaki 3B’43yroui He 3aBXK/I1 MPAKTHYHI, EKOHOMIYHI
a0o cyMicCHI 3 MaTepiajlaMu, SIKUM He MO)KHa HaMOKaTH. JIOCTyIHI alnbTepHaTHBHI TEXHOJIOTIT O3 3B s13y10401 peHOBHHH, TaKi,
SIK yJIBTPa3ByKOBHI KOHTPOJIb 3 MOBITPSHUM 3B’s13KOM a00 J1a3epHuii ynerpassyk (LUS), ane BoHr abo He MaroTh HEOOXiTHY
YyTIMBICT i PO3JUIBHY 3/1aTHICTB, 200 € JyXKe JOPOrMMH, 3aBEIMKHMH Ta YyTJIMBHMH JI0 CTaHy Ta BIACTUBOCTEH ITOBEPXHI.
B wiif cTarTi Mu HaJjaeMo HOBMH MiXijx 0e3 3B’s13yI0401 pEYOBHHH 3 BUKOPUCTAHHSM JIa3ePHOTO 30Y/PKYBaHHS Ta ONTHYHOTO
MikpodoHa, 1m0 € y nponaxy. Lleil MeTo Ha3MBarOTh HEPYITHIBHUM KOHTPOJIEM 3 BUKOPHUCTAHHSIM aKyCTHKH 3 JIA3epHUM 30y/1-
sxyBaHHsM (LEA), skuii noeanye B cobi epeBars 0€3KOHTaKTHOT YJIBTPa3ByKOBOI TEXHOJIOTIT 3 MOMKIIUBICTIO IiJBUILCHHS TyT-
JIUBOCTI Ta PO3/LIBHOI 3IaTHOCTI, 110 HEOOXIHI Ul HEPYHHIBHOTO KOHTPOITIO B IPOMHKCIIOBUX YMOBax. MU MPOJEMOHCTPYBAJIH
moxiuBocTi LEA Ha aepOKOCMIYHUX KOMIIO3UTHHX JETAJSIX 3 BYIJICIICBOTO Ta apMOBAHOTO CKJIOBOJIOKHOM mojtiMepy (CFRP/

GFRP) B peanbHux ymMoBax.

Before we discuss the working principle of LEA,
we will briefly review the basis of conventional ul-
trasonic NDT. In general, a pulser or emitter gener-
ates an ultrasound wave that travels through the sam-
ple and interacts with the features and interfaces of
the material. After passing through the material, a re-
ceiver detects the transmitted or reflected ultrasound
waves. The differences in the various techniques lie
in how the ultrasound is generated and detected and
in the arrangement of the sender and receiver.

Ultrasonic Testing with Piezoelectric Transducers.

In conventional liquid-coupled ultrasound, piezo-
electric transducers are widely used as emitters and
receivers with a liquid coupling agent, such as wa-
ter, between the transducer and the sample as shown
in Figure 1b. The liquid facilitates the transfer of the
ultrasonic wave energy. In cases where liquid can-
not be used, the alternative has traditionally been
air-coupled ultrasound. However, due to the large
acoustic impedance mismatch between solids and
air, even a small air gap between the transducers and
sample strongly attenuates the transferred wave at
each solid-to-air interface, and only a very weak sig-
nal arrives at the receiver, as shown in Figure 1a. This
significantly limits the sensitivity of air-coupled ul-
trasound (Gaal et al. 2019). In some cases, the del-
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eterious effects of poor impedance matching with
air-coupled ultrasound can be lessened by resonant
transducer designs, but these transducers are often
very narrowband. In addition to impedance mismatch
issues, the use of air-coupled ultrasound transducers
for single-sided pulse-echo measurements is severely
limited due to poor temporal performance and reso-
nant ringing. This creates a front-wall “blind zone”
where discontinuities close to the surface cannot be
detected. Therefore, liquid-coupled ultrasound is
preferred in the vast majority of industrial applica-
tions, even though this can introduce additional costs
to automated scanning systems in the form of water
squirters and immersion baths, and can present ad-
ditional challenges regarding the testing of materials
that are sensitive to liquids such as water (Vanderhei-
den et al. 2018). In order to achieve the same sensi-
tivity with a contact-free ultrasonic NDT technology,
it is crucial to reduce the number of solid-air interfac-
es for the ultrasound wave between the emitter, sam-
ple, and receiver.

In practical applications, measurement sensitiv-
ity for both liquid-coupled and air-coupled ultra-
sound is not the only performance-limiting factor.
For automated robotic scanning systems, data quali-
ty also strongly depends on robustness against mis-
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@ Sample

(b) Sample

Figure 1. Schematic depiction of the attenuation of the ultrasound wave on its way from the emitter to the receiver: (a) air-coupled UT;

(b) liquid-coupled UT.

Puc 1. CxemaruuHe 300pakeHHs 3aracanHs yIbTPa3ByKOBOT XBUJII Ha UIAXY BiJ BUIpoOMiHIOBaua a0 mpuiimada: (a) Y3K (UT) 3

noBiTpsianM 3B’s13k0M; (b) V3K (UT) 3 pisnHHUM 3B’ 13KOM

alignments (angle and standoff) between sensor and
sample. Both air- and liquid-coupled ultrasound are
sensitive to angular misalignment with respect to the
surface, leading to signal degradation even for mis-
alignments of only a few degrees. While this is less
relevant for simple flat sample geometries, sensitivi-
ty to misalignment becomes increasingly relevant for
the ever-growing share of composite parts possessing
large complex geometries of varying thickness that
exhibit part-to-part variations. Here, significant costs
can accrue in the form of precision robotics and tool-
ing as well as sophisticated laser surface mapping and
motion-control software.

Laser Ultrasound as a Contact-Free Alterna-
tive Some problems associated with air-coupled ul-
tra-sound, such as impedance mismatch and tempo-
ral ringing, can be solved by LUS (Scruby and Drain
1990). Here, the ultrasound is both excited and de-
tected by a laser. The excitation laser emits a short
laser pulse onto the surface of the sample, where it is
absorbed. The material locally heats up and expands
on a timescale far below that of the thermal conduc-
tivity rate, which sends a broadband ultrasonic wave
through the material. The ultrasound is generated di-
rectly inside the sample near the surface, which elim-
inates two of the four solid-air interfaces that would
otherwise attenuate the signal. The laser-generated ul-
trasound waveform is very different from those emit-
ted by piezoelectric transducers: since the laser pulse
is very short (on the order of 10 ns), the excited ultra-
sound consists of a single, impulse-like peak. Histori-
cally, commercially available LUS systems have used
powerful and expensive carbon dioxide lasers with
complex laser-beam optical delivery systems to the
scanning head. This makes them very difficult and
costly to integrate into robotic scanning systems be-
cause optical fiber coupling is not possible at the op-
erating wavelength of around 10 pum (Cuevas Agua-
do et al. 2015). More recently, experimental work has
shown that laser excitation is also possible with sol-
id-state fiber-coupled lasers at visible and near-infra-
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red operating wavelengths (532 to 1064 nm), which
allow for much smaller probe heads (Vandenrijt et al.
2018).

In traditional LUS, a second laser beam is directed
at the sample surface for ultrasound detection. Part of
the laser light is reflected back from the surface into
the detector head, where the signal (the surface vi-
bration of the sample due to the ultrasound wave) is
measured by means of interferometry. This often re-

Optical microphone
_— —m

M\

Excitation laser

\ ¥

@) Sample

Excitation laser

L = J

\
\ 7

(b) s (@ Optical microphone

Sample

Figure 2. Laser-excited acoustics (LEA) setup with excitation la-
ser and optical microphone: (a) on the same side of the sample
(single-sided pitch-catch); (b) on opposite sides of the sample
(through-transmission).

Puc. 2. AkyctudHa yctaHOBKa 3 Ja3epHAM 30ymKyBaHHsM (LEA)
31 30y/KYIOYMM J1a3€poM i ONTHYHAM MiKpo(hOoHOM: (a) Ha OfI-
Hilf 1 Til &Ke CTOPOHi 3pa3ka (OIXHOCTOPOHHE BHIIPOMIHIOBaH-
HA-TipuiiManH); (b) Ha MPOTHIICKHIX CTOPOHAX 3pa3Ka (HacKpi3-
HE TIPOIYCKaHHs)

ISSN 0235-3474. TexH. giarHOCTMKa Ta HEPYWUHIBHUIA KOHTPONb, 2021, Ne3



HAYKOBO-TEXHIYHUM PO30IN

quires complex optics as well as high-intensity laser
light illuminating the surface to achieve an acceptable
signal-to-noise ratio (SNR). Measuring the ultrasound
directly on the sample surface enables a very large
bandwidth up to 100 MHz. However, LUS can be
sensitive to surface materials and condition (such as
coatings, roughness, and reflectivity) and sometimes
to standoff distance. Together with the high costs,
these features have prevented the wider use of LUS
in industry as a contact-free alternative to traditional
ultrasonics over the past 40 years.

In summary, air-coupled ultrasound is limited in
sensitivity and frequency bandwidth, and exhibits a
blind zone for single-sided pulse-echo measurements.
Liquid-coupled ultrasound needs an immersion flu-
id, which can add cost, and is not compatible with all
materials. Finally, conventional LUS is a contact-free
alternative with large bandwidth and high sensitivity,
but presents high costs, is sensitive to surface condi-
tions, and requires complex optics, making it imprac-
tical for most industrial applications.

Laser-Excited Acoustics: The Best of Both Worlds.

Here, we introduce our novel LEA technology
approach, which solves many of the issues associat-
ed with the conventional techniques discussed in the
previous section. In LEA, the setup is as follows: an
excitation laser serves as the pulser and generates the
ultrasound signal, while an optical microphone acts
as the receiver (Fischer 2016; Fischer et al. 2019).
LEA can operate in both standard arrangements for
ultrasonic NDT: through-transmission testing with
excitation laser and optical microphone on opposite
sides of the sample and single-sided testing, where
both sender and receiver are on the same side of the
sample in a pitch-catch configuration, as illustrated in
Figures 2a and 2b.

In contrast to most commercial systems availa-
ble for conventional LUS, in LEA the visible or near-
infrared excitation laser is fiber coupled, which en-
ables a very compact sensor-head design for both
single-sided pitch-catch and through-transmission
setups.

Upon laser excitation, the ultrasound wave travels
through the material, where it scatters off of the struc-
tural features. The ultrasound then propagates from
the sample into the air, where the optical microphone
(Figure 3a) detects the signal.

The detection principle of the optical micro-
phone, as shown in Figure 3b, is based on laser in-
terferometry. Inside the sensor head, measuring only
a few millimeters, there is a small air cavity formed
by two semitransparent mirrors. From a glass fib-
er, a laser beam couples through one of the mirrors
into the cavity, where it is reflected back and forth.
The length of the cavity can host a multiple of the la-
ser’s wavelength, so that the laser light constructive-
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Sound
Mirror 11 Mirror
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(b) Detector

Figure 3. The optical microphone: (a) compact sensor head; (b)
working principle.

Puc. 3. OnTrunmii Mikpo¢oH: (a) KOMITaKTHAa CEHCOPHA T'OJIOBKA;
(b) mpuHIET pobOTH

ly interferes. The light partly couples back into the
glass fiber, and a photodetector converts its bright-
ness into a voltage signal that is easily measurable.
Sound and ultrasound alter the refractive index of the
air, which affects the laser’s wavelength in the cavi-
ty. This in turn changes the amount of light coupling
back into the fiber, so that the photodiode detects a
change in brightness. The output voltage of the pho-
todiode therefore linearly changes over a wide range
of acoustic pressures and over a frequency range ex-
tending from 10 Hz all the way up to 2 MHz. Over
this large bandwidth, the frequency response is flat
due to the detection principle, which does not involve
any mechanical movement. In many instances, this
reduces the effective blind zone associated with pie-
zoelectric transducers.

Within the sensor head, the ultrasound pressure
is measured directly in the air using laser detection;
the ultrasound does not need to couple into a sol-
id like it does for a piezoelectric receiver. From the
four solid-air interfaces shown for air-coupled ultra-
sound in Figure 1a, only one interface (from the sam-
ple to air) remains. This greatly enhances the SNR
associated with the measurement setup. At the same
time, the ultrasound detection process is not affected
by the optical quality of the sample surface (such as
roughness), which enables its application for a wide
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range of materials and geometries where previously
contact-free LUS techniques could not be employed.
Furthermore, both the excitation laser and the optical
microphone are still operational even with an off-nor-
mal misalignment of +£5°. These features, combined

panels that are representative of structural materials
widely used in aerospace applications. These pan-
els consisted of a GFRP skinned panel and a CFRP
skinned panel shown in Figures 4a and 4b. Both
panels measured approximately 620 mm long x 230

mm wide % 13 mm thick and include various reference
defects manufactured from polytetrafluoroethylene
(PTFE) tape, graphite sheet, polyethylene backing ma-
terial (“poly”), 1.3 mm deep core trenches, and release
agent treated areas of various sizes (see the defect map
in Figure 4c). While these reference defects were artifi-
cially placed in the sample structure, they realistically
mimic various disbonds and foreign object debris that
can occur at different stages of the composite production
process. The standard NDT method used in industry for
such parts is water- coupled through-transmission UT
operating at a frequency of 0.5 to 1 MHz.

The experimental setup shown in Figure 5 was
used to perform contact-free, through-transmission
LEA ultrasound measurements on the samples. The
excitation laser and the optical microphone were

with the compactness of the all-fiber-coupled probe
head (measuring approximately 35 x 17 x 50 mm?),
make LEA a viable contact-free alternative for NDT
of parts with complex geometries and composition.
LEA of Sandwich Structures: Experimental Setup.
To assess the capabilities of LEA, measurements
were performed on two honeycomb-core sandwich

(b)

Release
agent

PTFE

r

|

: B3 0O m

I

: [m] ] [

| o o !

I B = =,

] Aottt e SR i i -

Adhesive
L Topsheet 1]
Z I — —
[ | [ ] = 0 =
0.5 in. thick core
A

@] Bottom sheet \\ |
[CJ 1in. poly between adhesive and core Adhesive

O 0.5 in. poly between adhesive and core
O 0.25 in. poly between adhesive and core

O 1in. poly between skin and adhesive
O 0.5 in. poly between skin and adhesive
8 (.25 in. poly between skin and adhesive

B 1 in. graphite sheet between skin and adhesive
0.5 in. graphite sheet between skin and adhesive
0.25 in. graphite sheet between skin and adhesive

0.5 in. PTFE between adhesive and core
0.5 in. PTFE between skin and adhesive
0.25 in. PTFE between skin and adhesive

@D @

Figure 4. The experimental samples: (a) GFRP; (b) CFRP; (c) top-
view map of reference defects; (d) side-view map of reference de-
fects. The scanned area on each sample is marked by red dashed lines.
Puc. 4. ExcriepiMeHTambHI 3pa3ku: (a) ckioriacTuk; (b) Bymerna-
CTHK; (C) Mara eTaJoHHHX JedeKTiB, BHI 3BepXy; (d) Mama eTanoH-
HUX AedeKTiB, BU 300Ky. BinckanoBaHy 00nmacTs Ha KOXKHOMY 3pa3-
Ky TTO3Ha4€HO YePBOHUMH ITyHKTUPHUMH JiHISIMA
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Excitation laser

Optical microphone

Figure 5. Measurement setup for the through-transmission meas-
urements. The fiber-coupled excitation laser (purple) and the op-
tical microphone were mounted on an X-Y scanning table. The
sample stays in a fixed position between the laser and microphone.
Puc. 5. BumiproBaibHa yCTaHOBKa JUIsl BAMIPIOBaHb PH HACKPI3-
HOMY mporyckaHHi. Jlazep 30ymKyBaHHS 3 BOJOKOHHUM 3B’ 513-
KOM 1 ONTHYHUH MiKpO(OH OyJI0 BCTAHOBJIEHO HA CKaHYBAJIbHO-
My croii 1o X-Y. 3pa3ok 3aiumaeThes B (PiKCOBAHOMY MOJIOKSHHI
MDXK JTa3epoM 1 MiKpopOoHOM
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mounted to the probe fixture of an automated X-Y
scanning table. With the sample fixed in position, we
scanned the probe head across the sample area indi-
cated by the red dashed lines in Figure 4. We set the
step size to 0.5 mm in both the X- and Y-direction, far
below the size of any defined defect and smaller than
the honeycomb pitch of 3 mm. This ensured the scan
resolution was limited by the resolution of the LEA
setup itself, not by the scanning step size.

However, the scan step size can be deliberately
set to other values such as 1 mm or 2 mm. For the
laser excitation, we used a fiber-coupled pulsed laser
with a wavelength of 532 nm. Every laser pulse cor-
responded to one measurement point on the sample
with no waveform signal averaging. Hence, the pulse
repetition rate, together with the step size, defined the
scan speed. Different fiber-coupled excitation laser
configurations were tested, with pulse repetition rates
between 20 and 10 000 Hz. Using a 10 kHz laser set-
up, robotic scanning speeds of 1 to 2 m/s are achiev-
able, on par with state-of-the-art liquid-coupled ultra-
sound scanner setups, and faster by approximately a
factor of 10 when compared to air-coupled ultrasound
setups. Furthermore, the optical microphone was
tested in an eight-channel array configuration with a
2 mm pitch. In the array setup, the excitation laser
beam profile is shaped to a line profile using a cy-
lindrical lens, so that one laser excitation shot deliv-
ers eight autonomous detector signals simultaneously
(see Figure 6). This allows for an additional eight-
fold increase in scan speed.

For the single-element receiver setup, the software
controlling the scanner triggered the excitation laser
pulse, and the ultrasound pressure amplitude was re-
corded using a sampling rate of 25 MHz. The result-
ing A-scan was saved for each measurement point.
After the measurement, we determined the wave-
form peak maximum for each A-scan over a gated
time window synchronized with the arrival of the ini-
tial signal. This maximum amplitude is plotted in the
C-scans shown in Figures 7a and 7b, a 2D ultrasonic
picture of the sample.

Results and Discussion

The C-scans of both samples reveal a number of
different subsurface features not visible to the naked
eye on the optically smooth sample. We observed
well-defined areas of different sizes with a signifi-
cantly attenuated signal amplitude, which we iden-
tified as the reference defects. While most defects
were easily distinguishable, this was not true for the
release agent and poly defects (blue, orange, and yel-
low in the Figure 4 defect map) in both samples. In-
terestingly, the only such defect visible at all was the
smallest poly defect (marked by the white arrow in
Figure 7a). The position of the invisible defects cor-
relates with the large oval region of decreased signal
amplitude extending over the right half of each sam-
ple, which is not referenced in the defect map. Here,
the top sheets were unintentionally unbonded from
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the honeycomb core, perhaps due to the accidental
spread of the release agent. Since these large unbond-
ed areas coincided with the defect position between

Figure 6. Eight-channel array detector head. If combined with an
excitation laser with a line-shaped beam profile, it increases the
scanning speed by a factor of 8.

Puc. 6. BocbMukananbHa MaTpUyHa JETEKTOPHA rojloBKa. B
MOEHAHHI 31 30y/IKYBaJIbHIM JIa3epOM 3 JIIHIHUM NpoduiemM
MIPOMEHSI, BiH 301IIbIITy€ MIBUIKICTH CKAaHyBaHHS y 8 pa3iB

apnyduse jeaup)

00 00 300 (1] 500
(e X (mm)

Figure 7. Ultrasonic C-scan images: (a) the GFRP sample shown
in Figure 4a; (b) the CFRP sample shown in Figure 4b; (c) the
same GFRP measurement data as in Figure 7a, but with a 1150 to
1200 kHz bandpass filter applied to each A-scan.

Puc. 7. YnerpasBykoBi 300paxenns Bin C-ckaHy: (a) 3pa3ok
CKJIOIUIACTHKY, 300pakeHu Ha puc. 4a; (b) 3pa3ok ByIJIeIIIacTH-
Ky, 300paskeHmi Ha puc. 4b; () Ti )k 1aHi BUMipIOBaHb B CKJIO-
IUTACTHKY, IO 1 Ha pHC. 7a, aye 31 cMyroBuM ¢insrpom Big 1150
1o 1200 kI'm, 3acTOCOBaHUM 710 KOKHOTO A-CKaHy
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apnmydwe 1eaur
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Figure 8. An enlargement of the area around the smallest refer-
ence defect shown in Figure 7a. The regular hexagonal pattern
shows the internal honeycomb structure of the sample. The larger
dark blue area is caused by the 6 mm inlay that was placed there
as a reference defect.

Puc. 8. 36inpmmenHs o6acTi HABKOJIO HAHMEHIIIOTO €TAJIOHHOTO
nedexTy, 300pakeHoro Ha puc. 7a. [IpaBuIbHUI MIeCTUKY THAN
BH3EPYHOK BKa3y€ Ha BHYTPIIIHIO CTUIBHUKOBY CTPYKTYpY 3pa3-
ka. Benmka TemHa 001acTh 3’ IBUIIACH 3-32 6-MM BKJIAJIHIILY, SKHN
TIOMICTHJIM TYAH B SIKOCTI €TaJIOHHOTO Ae(eKTy

the top sheet and core, they masked the underlying
defects in the C-scans.

For Figures 7a and 7b, a standard unfiltered data
analysis was performed. However, since we have the
whole frequency range from 50 kHz up to 2 MHz at
our disposal, we can also analyze the data with more
advanced frequency postprocessing methods, which
are not possible with narrowband, air-coupled trans-
ducers. After applying a 1.15 to 1.20 MHz bandpass
filter to every A-scan in Figure 7a for the GFRP pan-
el, we again determined the peak amplitude at each
position and plotted the results in the C-scan shown
in Figure 7c. After applying the bandpass filter, we
recognized the same reference defects that are visible
in Figure 7a, but additionally, the release agent and
poly defects, not apparent in Figure 7a, became visi-
ble as well. This demonstrates a strong advantage of
the large bandwidth of LEA in comparison to piezo-
electric-based ultrasound. Even though these defects
are strongly obscured by another sample feature (the
large disbond), the reference defects become visible
by simple postprocessing of the existing data with-
out the need for time-consuming and costly addition-
al measurements at different transducer frequencies.

In order to demonstrate the measurement resolu-
tion of LEA, we zoomed in on one of the smallest
defects present in the sample, a 0.25 x 0.25 in. (6.35
x 6.35 mm) PTFE insert between the GFRP top sheet
and the adhesive film, as indicated by the dashed-line
square in Figure 7a. Here, we performed a high-res-
olution scan with a step size of 0.2 mm, which is de-
picted in Figure 8. In addition to the clearly visible
defect, we also observed the honeycomb structure as
a very regular hexagonal pattern.

Again, we applied a bandpass filter to the data used
in Figure 8 as shown in the C-scans in Figure 9. This
allowed us to selectively investigate different aspects
of the sample structure as well as different ultrasonic
wave propagation modes through the sample structure.

Although ultrasonic modeling is required to fully
explain the C-scan data shown in Figure 9, we spec-
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ulate the following. For frequencies between 200
and 250 kHz, the transmitted signal was dominated
by guided wave modes propagating through the hon-
eycomb cell walls (Figure 9a). The signal amplitude
and C-scan color scheme inverts for frequencies be-
tween 400 and 450 kHz, where the ultrasound passed
almost exclusively through the air columns in the
holes of the honeycomb structure (Figure 9b).

In Figure 9c, a bandpass filter between 750 and
800 kHz was applied. Here, both the honeycomb
walls and the air columns exhibited high signal trans-
mission, which leads to a more uniform C-scan with
low contrast between the honeycomb wall and air
columns. The only region with a significantly lower
signal amplitude is the PTFE reference defect. This
filtering scheme provides a clearer contrast between
the defect and the rest of the honeycomb structure.

On the other hand, for the unfiltered data plotted
in Figure 9d, there is less contrast between the defect
and the cavities of the honeycomb structure; both ex-
hibited the same dampened signal amplitude.

These examples demonstrate that the postprocess-
ing of the LEA broadband data provides enhanced
opportunities to selectively inspect the honeycomb
walls, cell cavities, and any structural discontinuities.
With conventional liquid-coupled or air-coupled ul-
trasound, this type of expanded analysis would not be
possible without performing multiple measurements
at different frequencies.

T
E
=

ED 0 # s a0 00

opmpdue ywipeso]

G oﬁ'fronluﬁ
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@ o l;(m] 1] @

Figure 9. The measurement data from Figure 8 with a bandpass
frequency filter applied with cutoff frequencies of: (a) 200 to 250
kHz, where the walls of the honeycomb core contribute the most
to the signal; (b) 400 to 450 kHz, where the air columns in the
honeycomb structure are revealed; (c) 750 to 800 kHz, where both
features contribute to the signal, making the honeycomb structure less
visible and highlighting the defect instead; and (d) the unfiltered data
with the same logarithmic color scale used in Figures 9a through 9c.
The signal amplitudes in each plot are normalized for clarity.
Puc. 9. Jlani BumiproBaHb 3 puc. § 31 CMyroBHM 4aCTOTHUM (Hib-
TPOM, 3aCTOCOBaHKMM 3 YacToTamu 3pi3y: (a) Bix 200 mo 250 k[,
JI¢ CTIHKU CTUTBHUKOBOTO CEpACYHHKA BHOCSATH HAWOUIBIINN
Bkiaja B curnain; (b) Big 400 no 450 kI'u, e BUAHO MOBITPsiHI
CTOBIIM B CTUIBHIKOBIl cTpykTypi; (¢) Bix 750 mo 800 xI'u, ne
001/1Ba €JIEMEHTH JIA0Th BHECOK B CUTHAI, POOJISYH CTUIBHUKOBY
CTPYKTYPY MEHIII TOMITHOIO 1 3aMiCTh [[bOTO BHIIISIFOUN JIe(eKT;
(d) HedinbTpOBaHi MaHi 3 TIEH X CaMOO Jorapu(MIYHOKO IIIKa-
JI010, siKa BUKOPHCTOBYETHCS Ha PUC. 9a-C. AMIUTITYAU CUTHAJIIB
Ha KOKHOMY Tpad)iKy HOpMaIli30BaHO IJIsl HAOYHOCTI

8 [mm)
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Conclusion

In conclusion, LEA is a novel ultrasonic inspec-
tion technology that combines the advantages of
standard liquid-coupled UT and contact-free inspec-
tion techniques. This is demonstrated by measure-
ments of the CFRP and GFRP honeycomb sandwich
panels used in our experiments, where high-resolu-
tion data were obtained using LEA as a fast, non-
contact ultrasound scanning technique. These results
show advantages in both resolution and sensitivi-
ty compared to state-of-the-art liquid-coupled and
air-coupled ultrasound on structures such as hon-
eycomb core sandwich materials (Thomson et al.
2015). Furthermore, the broadband ultrasound emis-
sion and detection achieved by the laser excitation
and optical microphone setup allows for expanded
frequency postprocessing, enabling the operator to
inspect different aspects of the sample from a sin-
gle measurement data set. This improves inspection
reliability by increasing the likelihood for finding
discontinuities that would otherwise be obscured us-
ing more narrowband piezoelectric-based ultrasonic
technology. Apart from the technological advantage
of an improved inspection, LEA also reduces over-
head costs by rendering water management and dis-
posal unnecessary.

The combination of these properties makes LEA
a compact and affordable couplant-free alternative
to traditional liquid-coupled and air-coupled ultra-
sound for NDT of a variety of aerospace composite
materials.
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I HAYKOBO-ITPAKTUYHA KOH®EPEHILISI
«HEPYMHIBHUU KOHTPOJIb TA MOHITOPUHT
TEXHIYHOI'O CTAHY»

6-10 Bepecus 2021 p. B Oxeci B roTeni «Apka-
nisi» BimOymace Il HaykoBa-mpakTHyHa KOH(eE-
pentis «HepyitHiBHHI KOHTPOJIb Ta MOHITOPHHT TEX-
HIYHOTO CTaHy», sika Oyna opraHizoBaHa [HCTUTYTOM
enektposBaproBanHs iM. €.0. [latona, YkpaiHCbKUM
TOBapHCTBOM HEPYHHIBHOTO KOHTPOJIO 1 TEXHIYHOT
JniarHOCTUKU Ta MixHapoaHOoto Acoriamiero «3Ba-
proBaHHs». [HQOpMaLiiHy TiATPUMKY KOH(epeHL i
Ha/ajdu KypHall «ABTOMAaTUYHE 3BapIOBaHHI» Ta
«TexHiyHa A1arHOCTHKA Ta HEPYHHIBHUI KOHTPOIbY.

KondepeHuiro BiAKpUB BiTaILHUM CIOBOM aKa-
nemik HAH VYkpainu, mupextop IE3 im. €.0. [Tatona
akaq. Kpieiys 1.B. Bin Biji3HauuB 3HauHy POJib HE-
PYWHIBHOTO KOHTPOJIIO T2 MOHITOPUHTY TEXHIYHOTO
CTaHy B IIPOMHCIIOBOCTI, OYIIBHUIITBI Ta Ha TPaHC-
TIOPTi B CyYacHii YkpaiHi.

Buctyn akazgemika [.B. KpiBuyHa npu BigkpuTTi KOHpEpeHIii

KondepeHttis XBUIMHOIO MOBYaHHS Bijy1aja IIaHy
KoOJleraMm, IIO IIIILIN 3 KUTTS B OCTaHHIN pik — Tka-
yeHKy A.A., mupekropy «INTROSKOP NDT SRL»,
M. Kummunis; npe3naenTy MosiaBcbKoro ToBaprcTBa
HKT/, lNopkynosy E.C., akagemiky PAH, npe3nznen-
Ty Pociiicexoro ToBapuctsa HKT/I B 2014-17 pp.;
Mitko MixoBcbku, mpe3uaenty bonrapcekoro Tosa-
pucta HK; SIxy6oBuuy L.I1., mpoBinHoMy (haxiBIiio
HB® «/liarHoCTHYHI TIpUIaIny.

B nnenapHuX 3acigaHHSIX KOHQpEpEHIIT B3sIU
y4acTh Oijbiie 50 yueHHX Ta CHEMiaIicTiB 3 YKpaiHu,
Himewunnan ta Ectonii. Ha Hux Oymo 3aciayxano 27
monioBimei. [lle 10 cTeHaOBHX AOTOBIiMEH Oyi10 TIpe-
CTaBJICHO aBTOPaMH, SIKi 3 PI3HUX MPUIUH HE 3MOTIH
npuixaru B Oxecy. B ninomy Ha koH(]pepeHIiro moaa-
JIU JTOTIOBiIi a00 Opaiu ydacTh B poOoTi 06e3 JommoBimi
npenctaBHUKH 30 MiIMPUEMCTB Ta oprasizamin 3 17
MmicT. Te3u nomowineii, mo Oynu monaHi Ha KOH(pe-
PeHILi0, BUIAHO OKpeMoIo 36ipkoro. Ii criBaBTopamu
cramu 108 daxiBuis.
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OnHouacHO TparoBaia BUCTaBKa 3ac00iB Ta Mare-
piajiB HEpYHHIBHOTO KOHTPOJIIO Ta TEXHIYHOI JiiarHoc-
TUKH, Ha SIKil 6 TPOBITHHUX MiANPHEMCTB YKpaiHu je-
MOHCTPYBAaJIM CBOi HAMKpaIlli pO3pOOKH OCTAHHIX POKIB
Ta TPOTIOHYBAJIM TEPEAOBI TEXHOJIOTIT 1 00JIaJHAHHS
BiJI CBOTX 3aKOp/IOHHHX TIAPTHEPIB 3 YCHOT'O CBITY.

[Neprie ruteHapHe 3aciaHHs PO3MOYAIOCH 3 JIOMO-
Bijel nmpencraBHUKIB Di3UKO-MEXaHITHOTO 1HCTUTY-
1y im. [.B. Kapnieaxka HAH VYkpainu (JIbBiB).

J.1.H. Yuanin B.M. B momoBini «Hortarku mpo
MPUAICIIHIO PEBOIONII0 Y HEPYHHIBHOMY KOHTPO-
Ji», po3moyaB JUCKyciro po Maitdytae HK Ta Mmox-
JIMBY POJIb HayKOBLIB YKkpainu. TyT BaXJIMBO BU3HA-
YUTH OCHOBHI HampsSIMKH PO3BUTKY TexHojorid HK
Ha OCHOBI BJIACHOTO OaueHHs, OKa3aTH Ta IOIy-
JSPU3yBaTH MEPCHEKTUBHI YKPAiHCBhKI MPOEKTH SIK
MoxJuBi 3apoaku texnosorii NDE 4.0. [Tpukna-
II¥ YKpaTHCHKUX HampalioBaHb y WX HANpSIMKax Ha
npukiazi Buxpocrpymonoro merony HK: aBroma-
Th3anisg 1 podorusauis (cucrema BK «Kpady), inrte-
nekryamizamis 3aco6iB HK ta peanizamist npuHIu-
miB aganTuBHOCTI (cucrema BK xoHTpOmio Bupo6iB
31 CKJIaTHOIO0 TEOMETPI€I0, B IKUX CKaHyBaHHS 3MilC-
HIOETHCS 32 JIOTIOMOTOI0 Po0OTa), TPUBUMIpHA Bizya-
mizamis pesynerariB HK meTtogamu oGuuciroBaibHOL
tomorpadii. B npyriit nomosini «BuxpocTpymoBwHii
aBTOTEeHEPaTOpPHUIl 1ePEeKTOCKON 3 aBTOMATHYHUM
HaJJAITYBaHHSIM Ha 3aJaHUi PiBEHb YyTJIIMBOCTI»
VYyanin B.M. nokasas, oo 1yl BUSABJICHHS [TOBEPX-
HEBHX Je(EKTiB yCHilIHO BIPOBAIKEHO aBTOTEHE-
paTopHi BUXpocTpyMoBi Aedekrockonu (BJl) Tumy
JIEOTECT (BA 3.01H; B/ 3.2H i B 3.03H), siki
MPOMIITN Jep>KaBHI BUMTPOOYyBaHHS 1 BKIIFOYEHI B per-
JAMEHT 3 TeXHIYHOTO 00ciyroByBanHs JiTakis JI1
«AHTOHOBY»Y i geurynis Il «IBUEHKO-ITPO-
I'PEC» i [TAT «MOTOP-CIY». Po3pobienuti BJ] 3a-
Oe3reyye MOXKINBICTH TOYHOTO BIATBOPEHHS PiBHS

e e
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YYTIMBOCTI, AKHUH MTPOMTUCAHO B METOIHUIII KOHTPOITIO,
He3aJIeKHO BiJl KBami(ikarii oreparopa. B Tperiit mo-
TIOBi/Ii TOTIOBija4 PO3IMOBIB PO HOBI BUXPOCTPYMOBI
neperBoproBayi MaruiTHoi anizorpomnii (BCIIMA) 3
(hepuTOBUMH OCEPASIMH, SKi JO3BOJISIOTH PO3ILUPUTH
Jiarna3oH yacTor 1oHaimMenue ;1o 50 kI 1.

H.1.1. I03edoBuy P.M. B nonosixai «Iligxomu mo
MoOyI0BU CHCTEM BiOPOAIarHOCTUKIY OOTPYHTOBAHO
MoKa3as, 10 ¢(PEKTUBHUMH Cy4YaCHHUMH 3aco0aMu
BiOpoaiarHOCTHKY € iH(OpMaLiifHO-BUMIipIOBaJIbHI
KOMIUICKCH, SIKI MOEHYIOTh y c001 HaOip pizHOMA-
HITHUX TIEPBUHHUX MEPETBOPIOBAYiB, 00IaIHAHUX
0e31poTOBUMH KaHaJaMH Tepenadi iHpopmarii 3
MOXJTUBICTIO TTOE€THAHHS B JIOKAJbHY ITU(PPOBY Me-
pexy repenadi gaHuX. Taki KOMIUIEKCH BUKOPHCTO-
BYIOTh QYHKIII{ 30epiraHHs 3apeecTpoBaHUX BiOpa-
MiHHAX CUTHAJIB, Ta CHCTEMY OararokaHallbHOTO
300py iH(opMaIii 3 MOXKITHMBOCTSAMH anapaTHoOi Mo-
nepeaHboi 0OPOOKHM BXiIHMX CUTHAIIB Ta KOMI 10-
TEPHUM MPOrPAMHUM 3a0€3MEeUeHHSIM MOBHOLIHHOT
CUTHaJIbHOI 00pOOKH 17151 GOPMYBaHHIM JAiarHoc-
TUYHHUX BUCHOBKIB. B npyriéi monosini «Cucre-
Ma Bi100py BiOpaliiHUX CUTHAJIB JUJIS JIarHOCTUKU
obeproBux MexaHi3miB» KO3edornu P.M. npeacraBus
OararokaHajbHY IIOPTaTUBHY CUCTEMY JUIsl BiiOOPY
Ta 00pOOKM BiOpaIiiHUX CUTHAJIB 3 METOK BHSIB-
JIEHHS 1 TIOTIEpePKeHHS aBapiiiHUX CUTYyaliii Ha Me-
XaHi3Max 3 00epTOBHM a00 00epTOBO-TIOCTYHAIBHUM
pyxoMm. JlaBauamu BiOpaIiiHOTO CHTHAIY € I’ €30Ke-
paMidHi aKCeIePOMETPH MPOMHUCIOBOTO THITY.

CrinpHy nonoBink Bigx OechbKOTO MPUTIOPTOBOTO
3aBoay Ta IE3 im. €.0. Ilarona npepcraBuB Hadab-
HUK Bininy texaigHoro Harsiny OI13 O6onoBchkuit
B.M. — «BnpoBakeHHsI TEXHOIOTii aKyCTHKO-eMi-
ciftnoro MoHitopunry Ha OIl3», B sikili pO3MOBIB PO
JOCBiJ] BAKOPUCTAHHS CUCTEMHU iHTETPaIbHOTO MOHi-
TOPHHTY TEXHIYHOTO CTaHy HEOE3ICUHUX BUPOOHM-
9iX 00’€KTIB 3 3aCTOCYBAaHHSIM METONY aKyCTHUHOI
emicii (AE). HaBeneHo pe3ynbTaTi 3aCTOCYBaHHS Me-
toxy AE Ha npuKkIaai MOHITOPUHTY 1 KOHTPOIIO CXO-
Bumy amiaky ST-1... ST-4 y nexy nepeBaHTaXKCHHS
amiaky, OKpEeMHX JIiHIl Ta arperariB y 11exy BUPOOHU-
IITBa aMiaKy, a TAKOX 00’ €KTIBCTaHIIIi pO3IMOIITY TIO-
BITPSA 1IEXy BOIOOOPOOKH. AHAJI3 pe3yabTaTiB TEPMO-
rpadigaoro KOHTPOITI0 Ta AE MOHITOPHHTY T03BOJTUB

3

Jomnogias b.M. O6010BCHKOTO

50

3pOOUTH BUCHOBOK II0/I0 HASIBHUXIIPOOJIEM 3 TeMIIe-
paTypHHM CTaHOM Ta i30JISIIi€I0 KOPIYCY aMiaKocXo-
Buma ST-4. ABromarusoBani cucremu EMA, po3po-
oneni B [E3 im. €.0. [larona HAH Ykpainu crijbHO 3
YropchbKUMH (axiBISIMU, BU3HAYAIOTh CTYITIiHb HeOe3-
MK CTaHy 00’ €KTIB 3 JIOKaJi3alli€l0 MiCIlb MOYKJIUBO-
rO pyHHYBaHHS, MPOTHO3YIOThH PYyIHIBHE HABAHTAKCH-
Hs TIPU [TIOTOYHUX YMOBAX EKCILTyaTallii, OIHIOIOTh
3aJTUIIKOBUN pecypc KOHCTPYKIIIH.

Jpyre muieHapHe 3acigaHHs MEepIIoro JTHS O0yiIo
BI/ITaHO JOTIOBIASM CIIOHCOPIB KOH(epeHTIrii Ta ydac-
HHKaM BHCTaBKH 3aC00iB TEXHITHOTO KOHTPOJTIO.

[IpencraBHUK reHEpaIbHOIO CIOHCOPA, AUPEKTOP
Acomiarnii «OKO» Jlynenko T.M. B cBoiit gomoBii
«IlepciexkTuBHM 1 PO3BUTOK KOMIIaHi# Acormianii
«OKO» B HOBHX YMOBaX Cy4acHOTO CBiTy» PO3IOBiIa
PO 3HAYHUN HAYKOBUH Ta BUPOOHUYMH MOTEHIiaT
YrkpH/IIHK, 1110 103B0JISIE pO3pO0OISTH CydacHi 3aco-
Ou HEepYHHIBHOTO KOHTPOJIIO, @ TICHO CHIiBIPAIIOI0YH
3 BUPOOHUYMMH TiANPHEMCTBAMH « YIbTpakoH-Cep-
Bic» Ta «IIpomripuiiany, 1110 TAKOXK BXOIATh B Acollia-
ito «OKO», 111 po3poOKH yCHINTHO BITPOBAKYFOTHCSI
B PI3HUX rally3sX TIPOMHCIIOBOCTI: MallIMHOOY/TyBaHHI,
EHepreTulli, MeTanyprii, HaQTora3oBiii ramysi, 3aji3-
HAYHOMY Ta aBiariifHoMy TpaHcmopTi. Ha ceorommir-
Hill JCHD TIPUJIATH Ta CUCTEMH, PO3poOIeHI Acolialti-
€10 «OKO», BUKOPUCTOBYIOTBCSI MAlKE Y CEMUIECATH
KpaiHax cBity, Takux, sk: CIIA, Himeaunna, Typeu-
yuHa, Kuraii, Snonis, Kanana, ®panmis, Cinramyp,
Innonesis, Itanis, kpainn CHJI, banrii Ta iHmmi.

Jonosigs T.M. Jlynenko

VY nomnoBiai nposigHoro crenianicta YkpH/IIHK
Beprorina M.B. «CuctemMu BUXpOCTPYMOBOTO KOHTPO-
Jito asiamifiaux kouic cepii SMARTSCAN) BucBiTIeHa
TeMa BUKOHAHHS HEPYHHIBHOTO KOHTPOJIO KOJIC Cydac-
HOTO aBialliiHoro napky. Po3msmatorscst meroau HK,
SIKI Ha CHOTO/IHIIIIHIN I€Hb € aKTyaJbHUMH 1 3aCTOCOBY-
FOTHCS B aBIapEMOHTHHX TianpueMcTBax. [lokazyeTbes
Ba)KJIMBICTH MPOBECHHS BUXPOCTPYMOBOTO KOHTPOITIO
1 BapiaHTH HOTO peatizallii Ha aBiapeMOHTHHUX ITiIIpH-
eMcTBaxX. Po3msnaroThcsl pyqHUH i aBTOMaTH30BaHUH
BapiaHTH peaizallii BUXpOCTPYMOBOTO KOHTPOIIO, Tie-
peBaru 1 HEAOMIKK KOXKHOTO 3 HUX. Y JpyTii Horo J10-
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Ipencrasuunku Acoriaii «OKO»

moBiai «Ileprma BiTYM3HSIHA CHCTEMa IIBHIKICHOTO
rxoHTpomo 3aiizauaHoi koitii OKOSCAN 73HS» moBa
HInIa mpo po3poOKy i BIPOBaHKEHHS Ha 3ami3HUM Ty-
peuunnan (TCDD) mBuakicHOT cucTeMu HepyHHIBHOTO
KOHTPOIIO (YABTPa3ByKOBUH 1 BUXPOCTPYMOBHI) PEHOK
OKOSCAN 73HS, sixa po3po0ieHa BiIOBIIHO 10 BH-
MOT €BPOIEHCHKUX CTAaHAAPTIB 1 3a0e31euye KOHTPOIIb
periok Ha mBUAKOCTI 10 40 KM/Tox (3 MOXKITUBICTIO
30UTBIICHHSI IIBUJIKOCTI KOHTPOITEO 710 60 KM/TON).
[IpencraBHuk ogiiiHOrO CrIOHCOpPA, TUPEKTOP
HB® «/liarnoctrnyni npunaau» [lasmiii O.B. B qormo-
Biai «HaykoBo-BupoOHHUYa (ipma «/liarHocTuuHi
npuiIagu» — 25 POKiB MOMIYKY Ta JIOCBILY» PO3IOBIB
PO eTaIy CTaHOBJICHHS (DipMH Ta MPEJICTABUB 3apy-
ODKHUX MapTHEpIB, yui TexHonorii ta 3acoou HK mo-
CTaBIAIOTHCSA (PipMOIO Ha MIAMPUEMCTBA YKpaiHH.
OcoOnuBHii iHTEpEC BUKITUKAJIA IpyTa MomoBias [1a-
nig O.B. — «Papnianiiini Mmetonn HepyiHIBHOTO KOH-
TPOJISI: Cy4aCHMH CTaH 1 MEPCIEKTUBH PO3BUTKY», B
SIKi}i BIH PO3ITOBIB MPO HUISXHA PO3BUTKY JDKEPET 10Hi-
3YKUOT0 BHUIIPOMIHIOBaHHS: 3MEHIIEHHS PO3MipiB
(OKyCHOT MISIMU Ta Maco-radapUTHUX MOKa3HUKIB,
MOKPAIIeHHs XapaKTePUCTUK MOTYXHOCTI JKeped.
Takoxx BiH pO3MOBIB PO CTaH pO3pOOOK, IIepeBaru Ta
HENIOJIKH AETEKTOpPiB, pocdaTHUX MIaCTHH Ta TPaau-
LHIMHUX PEHTIeHIBCHKUX IUIIBOK Ta ITiJIKPECIIHB, 110
MPaBUIBLHUN BUOIP JHKEpEN Ta JCTEKTOPIB I0HI3yH0YOT0
BUIMPOMIHIOBAHHS J03BOJISIE 3a0€3MEUUTH BUCOKY
SKICTh pOOIT 3 PEHTIeHIBCHKOTO KOHTPOJIIO, 3 MiHi-
MaJIbHIMH JI03aMH BHITPOMIHIOBAHHS Ta BUCOKOIO JI0-
CTOBIPHICTIO PEHTTCHIBCHKHX 300paKCHb.

Jomnogiap O.B. Ilasmis
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[poBignuit paxisenr HB® «/liarHoctuyni npu-
nmagm» Koszig O.M. B momosini «OmniScan X3 Bin
OLYMPUS 3aBoiioBye J0Bipy Y CIIOKHBaYiB» PO3MOBIB
nipo Te, o HaBecHi 2020 p. minep V3K 3 BukopucTaHHs
¢azoBanux pemritok Olympus BumyctuB OmniScan X3
— BIOCKOHAJICHUH CydacHUH JIe)eKTOCKOIT Ha (Da30BaHMX
peritkax. [ToTykHi IHCTpYMEHTH, TaKi, SIK METO]I 3arajTh-
Horo (okycyBanns (TFM) Ta mokparrieHi 3aco0u Bizyati-
3aI1ii, T03BOJIAIOTH i3 BIIEBHEHICTIO BUKOHATH KOHTPOJIb.
JloroBigay JeTanbHO 3yNMHUBCS HAa TEXHIYHNUX XapaKTe-
PHCTHKAX HOBOTO JIe(heKTOCKOTI, SIKMi CTaHe B HATOJI Bi-
TYUZHSHOMY CIIOXKHBAUY.

[IpencraBuuk cnoncopa Kozapuyk JI.B. B nomo-
Bizi «KoMIuteKkcHi pileHHs Aisl ramy3eBux jgabopa-
TOpiH Bix kommaHii «XimMi1aboppeakTUBy» PO3MOBIB
po HarpsiMKu poootu kommanii. XJIP npononye pi-
IIEHHS JJIsl KOHTPOJIIO SIKOCTI Ha BCIX CTaJisIX TeX-
HOJIOTIYHOTO MpOoIEecy: BiJl BUAOOYTKY CUPOBUHH
710 BUPOOHUIITBA KiHIIEBOTO MPOAYKTY, BiJl KOHTPO-
JIF0 TEXHIYHUX TTapaMeTpiB MPOIYKTY 10 IMapamMeTpiB
yMOB Tiparti. /{7 BUpIiMIeHHS TOCTABICHUX 3aBIaHb
B aKTHBI KOMITaHii 3HaYHa MarepiaabHa 0asza Ta TiCHI
MMapTHEPCHKI BITHOCUHU 3 KPAITUMH CBITOBUMHU BH-
pooHMKaMHu JraboparopHoro odmamgHanas. KpiM 1mpo-
ro, XJIP mpononye 3aranpHoiabopaTopHe o0mas-
HaHH, 00JaJHAaHHS AJI1 KOHTPOJIIO HABKOJIUIIHBOTO
CepeaoBUIla Ta OXOPOHH Ipali, JadoparopHi Mebi,
MOCYy/ 1 peakTHBHU, CTAaHAAPTHI 3pa3KH 1 €TajioHH, 00-
nanHaHHs a7s nadoparopiit [IMM.

Hupexrop HB® «Ynerpakon» I[lasniii I.B. pos-
MOBIB PO HOBI po3poOku ¢ipmu. Crij 3a3HAYUTH,
mo HB® «VYnbTpakoH» NporoHye Ha pUHKY 3aco0u
TEXHIYHOTO KOHTPOJIIO BIACHOI pO3pOOKH 1 BUPOOHU-
urBa. Lle ynpTpa3ByKoBi Ta BUXpOCTPYMOBI Jie(heKTo-
CKOITH 1 TOBIIMHOMIPH, TBEPJIOMIPH Ta 1H.

Brmepime y BucTaBii 3aco6iB TEXHIYHOTO KOHTPO-
a0 B3su10 yuacTh TOB «ETtamon-IIpmmam» 3 Xapkosa.
Moro npexncraBunku Boxiar M.B. i Koprienko O.C.
MpeACTaBUIN A0MOBiAb «CydacHi Ipuiiagd Hepy-
HIBHOTO KOHTPOITIO ipMu «Starmans electronicsy.

Kepisauk Bigniny Y/IBII «I3otom» Kopoms O.M.
pO3TOBILIA PO OOJIAHAHHS Ta MaTepial, 10 ITOCTaB-
JISIFOTHCST HA MIANPUEMCTBA TAa B MEIUYHI yCTAHOBU
YKpaiHu mi€ro opraizamiero 3 6araTopigyHuM AOCBI-
1oM. 30KpeMa, BOHA MIPUJIUIIIIA yBary raMma-edeKxTo-
CKOTIaM Ta iHIIMM 3aco0aM HepyHHIBHOTO KOHTPOITIO.

He mMenm HacuuennMu Oynu TUICHAPHI 3aciiaHHS
HACTYITHOTO JIHA. Big3HaumMo HaWIMOMITHIII TOTOBi-
Il IPYTOTO TTHSI.

3aBigyBau Bigginy IE3 im. €.0. IlaTona, a.T.H.
Maxuenko O.B. B gonosini «Po3paxyHkoBa omiHKa
HECydY0i 3JaTHOCTI TOJOBHUX MPOTOHOBHUX 0aNOK
Mocty im. €.0. [larona uepe3 p. Auinpo y m. Kuesi
3a pe3ynbTaTaMu HEpYHHIBHOTO KOHTPOJIIO», PO3IIO-
BiB mpo mpoBeneHuit B 2020 p. HepyHHIBHHI KOH-
TPOJIb TOJIOBHUX IPOTOHOBHUX OAJIOK MOCTY, IIPH SIKO-
My Oynu BUSBJIEHI NOCHTH 3HAUYHI KOpO3iiHI
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MOILKO/KCHHSI B 30H1 3’€JHAHHS CTIHKH 3 IOJIKOIO.
Pesynbraru yncensHoro BusHaueHHs HJIC nporono-
BOI OaJIKU TIOKa3ajIH, [0 HAsSBHICTE JIOKAJTLHUX KOPO-
3iHUX MeeKTiB B pi3HUX XapaKTepHUX 30HAX OaTKH
B 30Hi 3’€IHAHHS CTIHKH 3 TIOJIKOIO HE BUKJIMKAE CyT-
TEBOTO IiABUIICHHS MOB3A0BXKHIX HAPY>KEHb B LIUX
30Hax Ta 3BapHA KOHCTPYKLisl TOJJIOBHUX IPOTOHOBHUX
6anok mocty iMm. €.0. [laToHa Mae TOCUTH 3HAYHUH
Koe(]iieHT 3amacy CTaTUYHOI MIIHOCTI CTOCOBHO
HOPMAaTUBHOTO PO3IMOIIJICHOT0 HaBaHTaXeHH:. byio
MpEeACTaBIEHO JBi JOTOBIII, sIKi TOPKAJIUCH JAaBHOL
npobieMn aTOMHUX cTaHIii — «HoBi acmekTu mo-
LIKO/IKYBAHOCTI METajly By3Ja 3BapHOTO 3’ € JHAHHS
Kosektopa 3 marpyokxom Jly1200 maporeneparopa
[IT'B-1000», «Bu3HaueHHsI 3aJUIIKOBUX HANPYXEHb
B BY3JIi IPHUBapIOBaHHS KOJIEKTOPY 1O marpyOka
Hy1200 maporeneparopis [1I'B-1000 micis mokanb-
HOT TepMi4HOT 00POOKM».

Jomnogias O.B. MaxHeHKO

B nomogini «®pakranpHa mapaMeTpusalis, K
TMOTOMIXXKHHH 3aci® pU MOHITOPUHTY TEXHIYHO-
ro CTaHy 3BapHHUX KOHCTPYKIii» mpod. YcoB B.B.
3 OHY im. YmmaCchkoro (Omeca) A0MOBIB PO pe-
3yibTaTu cyMicHOTO mociimkenHs 3 [E3 im. €.0.
[Tarona Ta HTYY «KIII im. I. Cikopcbkoro» mpo
BUKOPUCTAHHS METOAY (PpakTajJbHOIO aHali3y SK
EKCIPeC METONy HepyHHIBHOTO KOHTpouto. st Bu-
BUYCHHS €KCIUTyaTalliiHOTO CTaHy KOHCTPYKLiil 3a-
MIPOTIOHOBAHO KOMIUIEKCHUU MiIXiJ, Opi€HTOBAaHUU
Ha MONIYK KOPEJAMIMHNX 3aIeKHOCTEH MK Qpak-
TaJbHUMH IapaMeTPaMy CTPYKTYPH Ta OKa3HUKaMH
(hi3uKO-MeXaHIYHUX BIIACTHBOCTEH MaTepiajiB, 30-
KpeMa TEeKCTypHOi 00CTaHOBKH, KOEPLUUTUBHOI CHIIH,
MEXaHIYHUX XapaKTePUCTHK MaTepiais.

JBi nomnosini 3poouB Yuauin B.M.: «Marsi-
TONPY>KHI aBavi 1yisi O€3KOHTAKTHOTO BU3HAYCHHS
MEXaHIYHHUX HaIMpyKeHb 1 KPyTHOTO MOMEHTY 00ep-
TaJbHUX BY3JiB» Ta «KoHTponb mapysarux ¢epo-
MAarHiTHHX MarepiajiiB KOEPLIUTUMETPAMH 3 IPHCTaB-
HUMHM JaBadyaMm».

Iicre 13 Himeuunnu Prof. Dr.-Ing. habil. Gerhard
Mook i3 Otto von Guericke University Magdeburg
PO310BiB PO «METOIUKH LIIKaBOro HaBYaHHs BUXPO-
CTPYMOBOMY KOHTPOJIIO.
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JHomogias Prof. Gerhard Mook

Ile psin momowinel Oyno npencrasieHo 1E3 im.
€.0. IlaroHa:

«OcHoBHi Hanpsmku pooiT B IE3 im. €.0. Ila-
TOHA 3 PO3BUTKY TEXHOIIOT1i HEPYWHIBHOI'O KOHTPO-
mo», Ilocunaiiko FO.M.

* «JlucraHiiliHe 1iarHOCTYBaHHS TEXHIYHOTO CTa-
HY TIPOMHCJIOBHUX JUMOBUX TPYO NACHBHHUM TEILIOBI-
31iHUM MeTooM», I myxoBebkuii B.1O.

* «PiBHI AKOCTI 3BapHUX 3’ €AHAHD MJI1 CUCTEMH
ABTOMAaTHU30BaHOTO Bi3yallbHOTO KOHTPOIIOY, JIUTBH-
HeHKo B.A.

* «Illuporpadiyna cuctema sl HEPYHHIBHOTO
KOHTPOJIIO SKOCTI €JIEMEHTIB CTUIbHUKOBHX TaHe-
JIel 3 BUKOPUCTAHHSIM BaKyyMHOTO HaBaHTKEHHS,
[yTtkeBuu O.I1.

* «[Ipo poboty YkpaiHCHKOTO TOBapHUCTBa HEPYH-
HIBHOTO KOHTPOJIIO Ta TEXHIYHOT AiarHOCTUKW», [10-
cumnaiiko 10.M.

V4acHUKH BUCTaBKH
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ITix yac 3acigaHHb

BiamoBinanbHumii cexpetap TexXHIYHOTO KOMITETY
crangapru3arii Ne78 «TexHiuna miarHOCTHKa Ta He-
py#HiBHUN KOHTpOdby, lynak C.O y cBoili momo-
Bimi «Cranmapru3anis i ceprudikariis B cepi Hepyii-
HIBHOTO KOHTPOJIIO B YKpaiHi» pO3IOBiJIa PO HOBUHU
cTaHAapTH3aii i ceprudikamii, Ipo CTPyKTypy, Ha-
TIPSIMKHU TiSTTBHOCTI Ta oCHOBHI pocsrHeHHs TK 78.
Sycmmsmu TK-78 B Ykpaini BBeneHo B firo 6inst 200
CTaHJIAPTIB y Tally31 HEPYHHIBHOTO KOHTPOJIO. TaKkoxk
TK 78 poOuth 6araro KpokxiB, CIIpSIMOBaHUX Ha TO-
CTYTIOBE 3a0e3MeUeHHs BiMOBITHOCTI BITYM3HIHUX
CTaHNIapTiB TEXHIYHUM pernameHTam €C, yCcyHeH-
HsI pO30DKHOCTEH MiXK CHCTEMaMH CTaHIapTH3aIlil
Ta OIiHKH BignoBigHOCTI. KopucTytouncs xopomum
inTepreroM B 3ami, [llymak C.O. mponemoHcTpyBana
Ha)XUBO, SIK KOPUCTYBAaTHCh 0a3aMu JTaHUX CTaHIAp-
tiB ISO, EN ta JICTYV.

YYACHUKU BUCTABKU MTPUIIAIB, Ob-
JIAIHAHHS TA MATEIAJIIB JJ1s1 HEPYUHIB-
HOT'O KOHTPOJIIO: YkpH/IHK, «YnprpakoH-cep-
Bicy, «IIpommpunany, «JliarHocTUYHI TIpUIaIN»,

m

VYyacuuku koHpepenmiit HKMTC-2021 ta LTWMP-2021
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«XIMJIABOPPEAKTHUBY, «OHIKO», «YasTpakon»,
«Eranon-IIpunany.

[Tapanensro mpoxogmna X MixkHapoaHa KoH(pe-
pentis «IIpomMeHeBi TexXHOOTIT B 3BapioBaHHI Ta 00-
poobmi matepiamis» (LTWMP-2021), sxa Takox Oyia
opranizoBana [E3 im. €.0. [1atona Ta Mi>kHapoTHOIO
Acoriariero «3BaproBaHHD.

OprxomiTeT KOH(pEPEHIIi] BATIYHUI CITIOHCOpaM —
YxpHAIHK, HB® «/liarmocTnuni npunaan», TOB
«XimM1aboppeaKkTuBy, YUaCHUKAM BUCTaBKH, aBTO-
paM JOTOBifel Ta BCiM, XTO IpHUiXaB Ha KOH(pEpeH-
uiro B Ognecy. baxkaemo BciM mpodeciifHuX ycmixiB
Ta ocobucToro macts. Mu crojiBaEMoOCh, IO KOH-
(hepeHis, BUCTaBKa Ta 4ac, npoBenaeHuid B Oxeci,
Oy xopucHi st Bac. I Mu mie He pa3 3ycTpiHeMoch 3
Bamu B npomy uynoBomy micti! A HactymHoro, 2022
POKy, KoH(epeH1is 3araHoBaHa Ha 12 — 16 BepecHsl.

Opiii Iocunarixo, Ipuna Povianosa

53



HAYKOBO-TEXHIYHWUW PO3IN

VII MDKHAPOIHA KOH®EPEHIIA HIGHMATTECH-2021

3 5 mo 7 xosras 2021 p. y Kuesi B HanionansHOMY
TEeXHIYHOMY yHiBepcuTeTi Ykpainu «KuiBcekuit mosmi-
TeXHIYHUI IHCTUTYT iMeHi [ropst Cikopcbkoroy BinOyrna-
cs VII MixnaponHa kondepenttiss HighMatTech-2021.
Kondepentist mpoBomwiack y odiaifH Ta OHIANH pexKH-
Max, MOBa KOH(EpEHITii aHTITiHChKA.

Opranizatopamu KoHGEPEHIIii BUCTYTIIIIN YKpaiH-
ChbKE MaTepiajo3HaBue TOBapuCTBO iM. . M. dpamnrre-
Bu4a, [HCTHTYT TpobniemM MarepiaiozHaBcTBa iM. .M.
Opannesnya HAH Yxkpainu, HamionanbHuid TeXHIY-
HU yHiBepcuTeT YKpainu « KUIBChKHIA MO TeXHIYHUH
iHeTuTyT iM. [. Cikopebkoro», MOH VYkpainu Ta Mixk-
HapOAHMIA HAYKOBHI KOMITET, [0 CKJIay SKOTrO yBIHIII-
mu Andrey Ragulya, Yury Solonin, Petro Loboda,
Maryna Storozhenko, Gennadiy Bagliuk, Yuriy
Bogomol, Andriy Buketov, Sergiy Firstov, Tetyana
Konstantinova, Yevstakhiy Kryzhanivkyy, Tetyana
Prikhna, Viktor Rud, Anatoliy Sanin, Volodymyr
Turkevych, Thor Zavaliy, Roman Yavetskiy, Oleksandr
Vasiliev, Petro Smertenko (Ukraine); Levan
Chkhartishvili (Georgia); Yury Gogotsi, Richard
Haber (USA); Mathias Herrmann (Germany); Viktor
Mironov (Latvia); Lech Pawlowski (France); Maksim
Antonov (Estonia); Virupaxi Auradi (India).

YpouucTo BiAKpUB KOH(EPEHIIiF0 T'0JI0Ba OPIKOMi-
teTy K.T.H. Onekcannp Bacuibe (IHcTUTYT npoOiiem
Matepiano3HascTBa iM. [.M. ®pannesunua, Ykpai-
Ha). [InenapHi qOTMOBIAI MPEACTABWIM BioMI Bue-
Hi: mpo¢. Andrey Ragulya (President of Frantsevich
Ukrainian Materials Research Society, Kyiv,
Ukraine); Prof. Gogotsi Yury (Drexel University
Materials Science & Engineering, Philadelphia,
USA); Dr. Franke Ralf (International Sales Manager
Eastern Europe); Prof. Prichna Tatiana (Institute
for Superhard Materials of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine); Antonov
Maksim (Tallinn Technical University, Estonia);
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Bilan Iryna (Frantsevich Institute for Problems of
Materials Science National Academy of Sciences
of Ukraine, Kyiv, Ukraine); Prof. Igor Lukyanchuk
(University of Picardy, France Laboratory of Cond.
Mat. Physics, Amiens, France).

KonepeHiis Oyna npucBsdeHa MaTepiao3HaBIMM
MMUTaHHAM Bil yHIAMEHTAILHUX OCHOB CY4acHOTO Ma-
TepiaJo3HaBCTBA IO PO3POOJICHHS CydyacHUX Marepia-
JIiB Ta 1X MPAKTUIHOTO BUKOPUCTAHHS, BUBYCHHIO iX (i-
3UKO-XIMIYHHX T4 MEXAHIYHUX BJIACTUBOCTEH, a TAKOXK
HOBHUM TexHoJIoTisM. PoGoTa koH(epeHTIii mpoxoamia
Y BUIVISAI TUIEHAPHUX JIOTIOBIIEH, TEMaTHIHUX CHMIIO-
31yMiB Ta CTEH/IOBHX Mpe3eHTAIlii. Ychoro OyIo mpe-
craBieHo 110 poOiT, 3 sxux 48 momoBineit HAXKUBO. Y
KOH(epeHIii mpuitmMany ygacTth (haxiBIli, SKi TPAIFOIOTh
y PI3HUX TaJy3sX 3HaHb, BKJIFOYAr0UH (Di3HKY, XiMifO,
METUIIMHY, 010JI0Ti10, METAIIO3HABCTBO TOIIO. AKTYaJlh-
HUMH HanpsiMKaMH y poOoTi kKoH]epeHIii Oyir: KoMITo-
3WIIIHHI Marepialy, ilKeHepis TOBEPXHi Ta 3aXUCHI I10-
KPUTTSI, METAJIN Ta CIUIaBH, HAHOMAaTEepiaiy, Kepamika.

Bin xonexTHBIiB aBTOpIB, CIIBPOOITHUKIB [HCTHTY-
Ty enekrpo3BapioBanus iM. €.0. [Tarona HAH Ykpai-
HU Oy/Y MPEACTaBIICHI JIOMOBI/Ii, MPUCBIYCHI TEPCIEK-
THUBHHUM TEXHOJIOTISIM OTPUMAHHSI 3BapHUX 3’ €IHaHb ITPU
ITIJBOZTHOMY Ta JIa3epHOMY 3BapIOBaHHI, & TAKOXK BUBYCH-
HIO CTPYKTYPHO-(ha30BUX OCOOIMBOCTEH LIUX 3’ €/IHAHb:

«Use of mathematical modelling to optimize the
external influence on the processes in the dislocation
structure during underwater welding», Berdnikova
Olena, Maksimov Sergey, Prilipko Olena;,

«Laser spot welding in different spatial positionsy,
Bernatskyi Artemii, Berdnikova Olena, Kushnarova
Olha, Klochkov Illia, Motrunich Sviatoslav.

Takox nociaigHUKaMU [HCTUTYTY €JIeKTpO3Bapio-
BanHs imM. €.0. [Tarona HAH Ykpaiuu y criBaBTop-
CTBI 13 criBpoOiTHUKaMu 3 [HCTUTYTY pobiIeM mare-
pianosznaBctBa iM. [.M. ®pannesnya HAH Ykpainu
OyJIu IpeJICTaBJICH] JTOTOBIII:

«High Young’s modulus magnesium alloy
strengthening by icosahedral quasicrystals»,
Maksymchuk Thor, Khrypliviy Anatoliy, Frizel Viktor,
Khokhlova Julia, Khohlov Maxim,

«Magnetic, electric and thermoelectric properties
of Co/Al20,, Co/Si0, and Co/TiO, ferromagnetic
nanocomposites», Baibara Oleksii, Radchenko M.V,
Bykov O.1., Stelmakh Y A., Krushinskaya L.A.,
levtushenko A.1

Homnosini koadepenmii HighMatTech-2021 omy6mi-
KOBaHI B €JIEKTPOHHOMY BUIVISI, 3 HUIMH MOYKHA O3Ha-
WOMUTHCS Ha CalTi IHCTUTYTY [HCTHTYTY Tpobnem ma-
Tepiano3HaBcTBa iM. .M. @panuesnua HAH Ykpainu.

Onena Beponixoea
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3D-IPYK KOCMIUHUX PAKET

(um BimOyeThbCs pyHHYBaHHS TPAAUIIHHOI KOCMIYHOI POMHUCIIOBOCTI?)

Kommanis «Relativity Space» (CILIA) po3pobu-
J1a TEXHOJIOTII0 Ta obnagHanus i 3D-apyKy Kopimy-
Cy Ta maJauBHUX OakiB KOCMiUHHX pakeT. Pakera Buco-
Toro 30 M apykyeThes 3a 60 nHIB. BUKOpUCTOBY€EThCS
ribpuaHa 3BaproBalibHa TEXHOJIOTIS «Iyra + jaszepy,

HMIBUIIKICT APYKY 25,4 cMm/c, MaTepian s ApyKy —
anmoMiHid. Bei po3mipu nipu apyni BUTPUMYIOTECS 3
TOYHICTIO 3a Bojocuny Jroauau (no 0,1 mm). Ilop-
CTKICTh 301IbIIYyE Macy Ha 5...10 %, ajic BOHA HE BIUIU-
Ba€ Ha aepOJMHAMIYHI BJaCTUBOCTI KOPITYCY PaKeTH.

https://m.youtube.com/watch?v=6d-RhiSkRyw&feature=youtu.be
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rIBPUGHUA ONTUKO-LIN®OPOBUMN NMPUCTPIN 41151 BUSIBJIEHHS
rigrioBEPXHEBUX JE®PEKTIB

lNpusHayeHHs1: BUSIBNEHHA TEXHOMOrYHUX Ta eKkcniyaTauinHuX MianoBepxHEBUX AeeKTiB y LapyBaTUX KOMMO3UTHUX i
METarno-KOMMO3UTHUX €erNeMeHTax KOHCTPYKUIN Ta 3'€OHaHHAX «KOMMO3UT—KOMMO3UT» | «METan—Komno3uT» 3 METOH
OLiHIOBaHHSA X HaAiMHOCTI Ta pecypcy.

Obracmb 3acmocysaHHS: NiTanbHi anapaTty aBiakOCMIYHOI TEXHiKM, KOMMO3UTHI Ta METano-KOMMO3WUTHI eNleMeHTn Ta
3'eAHaHHA MawwrHOOyAiBHMX Ta ByaiBEeNbHUX KOHCTPYKLIN.

OCHOBHI TexHi4YHi xapakTepucTuku Ta nepesaru: Pobota ribpugHoro ontuko-uMdpoBOro NpucTpoto 6asyeTbcs Ha
BUSIBNEHHI MNignoBepxHeBUX AedeKTiB 3a AMHAMIYHMMU CMEeKn-300paKeHHAMY MOBEPXHi LuapyBaTMX KOMMO3UTHUX i
METarno-KOMMO3UTHUX ENEMEHTIB KOHCTPYKLIN Mig Yac ix ynsTpasByKoBOro 30y4KEHHS.

. . p

S RLILeRE Lo lbE Ocobnusocmi chyHKUIOHY8aHHS:

Mone 3opy 60x45 Mm - MPOCTOTa KOHCTPYKLi, BiACYTHICTb iHTEPEpPOMETPA;
: - Habarato MeHwWa 4YyTnuBICTb A0 Bibpauii Ta iHWWX 3aBaf,

Hac 3miHu nons 3opy 1.3¢ Ginblua NoLLa 3axonneHHs AiNsSHKN NOBEPXHI;

ToBLiMHa foCimKyBaHOro 3paska £0 10 Mmm - MOXIMBICTb BUSIBNATU AeheKT BinbLIMX po3MipiB;
- 3[aTHICTb NpautoBaTN B HAaTYpPHUX YMOBAX;

BusiBneHHs fedektis poamipamu A0 40 Mm - MOXIMBICTb CKaHyBaTW MOBEPXHIO 3paska poamipamu 30x30 cm

FnBuHE 3ansraHHs 56 I (ckaHyBaHHS BiNbLUOT NOLL 3 4OAATKOBUM yCTaTKyBaHHSIM).

MakKeT onTuKo-LMbpoBoro
NPUCTPOIO Ta NPUKAAAMU
BUABJIEHHA [TYXOro
0TBOpPY MMBUHO 3 MM

Yy KOMMNO3UTHI NaHeni
TOBLLMHOW 4 MM 33 pi3HOI
4YacCTOTW YNbTPa3BYKOBOrO
36yaKeHHA

BuABNeHHA ryxoro oTBOpPY BuABNEHHSA ryxoro oTBopy
Ha 4vacToTi 35,5 Ky Ha YacTtoTi 12,5 Ky,

CmaH po3pobku.: BUrOTOBMNEHO Ta BUNPOBYBaHO MakeTHUIN 3pasok.

lanysi 3actocyBaHHs: Po3pobrneHa Ha OCHOBI NPUCTPOK METOAMKA BUSIBNEHHS BHYTPILLHIX OeMEKTIB Y KOMMO3UTHUX i

METano-KOMMO3UTHUX CTPYKTypax moxe 3Hantu 3actocyBaHHsa y AN «KB «lliBgeHHe»», AN «<AHTOHOB» , TOB «Cika

YkpaiHa» Ta iHWuX nignpuemcTBax aBiakoCMiYHOI Ta ByaiBenbsHOT ranysen.

diznko-mexaHiyHumM iHCTUTYT iM. [.B.Kapnernka HAH Ykpainu,
e-mail: kuts@ipm.lviv.ua

IHTEJIEKTYAJIbHI QATYUKW BIBPOIMNEPEMILYEHHS TA BIBPOLLBUAKOCTI

Mpu3HayeHHs:: oLiHKa BibpaLinHoro cTaHy 06epToByX Ta He0OepTOBMX YacTUH MexaHiamis TEC, TELL i iHLL1X MpoMMUCNIOBMX 06'eKTiB.
Ob6riacmb 3acmocysaHHsA: NiANPUEMCTBA eHepreTukn, HapToBOI, BYrifbHOI Ta ra3oBOi MPOMUCIOBOCTI.
OCHOBHI TeXHiYHi XxapakTepucTUKN Ta nepeBaru:

— [ianasoH BUMipIOBaHHA po3maxy Bibponepe-
miweHHs Big 20 go 1000 MKM 3 ANCKPETHICTIO
1 MKM Ta BigHOCHOro nepemilleHHs Big 20 MkM
0o 4 mwm;

— Aiana3oH 4acToT BUMIPIOBaHHS po3maxy Bi-
6ponepewmieHHs Big 0,05 go 500 IMy;

— pianasoHu BuMiptoBaHHs CK3 BibpoLlusuao-
cTi Big 0,5 no 50 mm/c;

— [iana3oH 4acToT BUMIPIOBaHHs BibpoLuBua-
kocTi Big 0,5 no 200 Ny Ta Big 5 go 1000 M.
Ocobrnusocmi GhyHKUIOHY8aHHS:

[atunkn GesnepepBHO BU3HAYaKTb MOTOYHI
3HayeHHs BibponepemilleHHs, BibpOLLBUAKO-
CTi Ta CneKTpanbHi XapakTepucTukn; Gopmy- ] ) ]
I0Tb aHanorosi i LI,VI(prBi curHanu, npm,anHi |HTe}18KTyal'|bHIp,aT‘-iMKl/l BI6p0I‘IepeMIIJ.I,EHHF| BCTE_!HOBneHHﬂ
Ans nepenadi Ta 06po6ku B 30BHiLLIHIX iHOP- AaTHVKIB Ha LWITKOBO-
MaLiHO-BMMIpIOBarbHUX CUCTEMAX aHani3y 1 BibpoAiarHOCTUKN 3 aBTOMAaTUYHOK KOMMNEHcaLien KOHTTangg'rm;?;fapaﬂ
BNAMBY TemnepaTtypu Ta HENHIMHOCTI aMNNiTyAHO-4aCTOTHOI XapakTepPUCTUKM NEPBUHHOIO nepe- vp P
TBOPIOBaYa 3 aBTOMATUYHOI NEPEBIPKOID (PYHKLIOHYBaHHS.

CmaH po3pobku: iHTenekTyanbHi AaT4nKn CTBOPEHO, BUNPOBYBaHO Ta BUKOPUCTOBYIOTLCS Ha MiANPUEMCTBAX EHEPreTUKN.

IHcTUTYT Npobnem mawmnHobyaysaHHa HAH Ykpainu im. A.M. MNigropHoro,
e-mail: shulzhenko@ipmach.kharkov.ua
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Mornsp B icTOpito HAYKW i TEXHIKK
/py6puky Bege KO.M. Mocunaiko/

OATW, noAll, ®AKTU 3 ICTOPII TEXHIYHOIO KOHTPOIJIO

(2 nunHA 1929 p. amepuKkaHcbknin BUHaxigHuK i 6isnecmen Easapg bapa (1870-1946) otpu-
MaB NaTeHT Ha TEXHOSOri0 3BaploOBaHHS B aBTONPOMMUCIIOBOCTI. BiH ByB nioHepom mMacoBoro
BMPOOHULITBA CyLinNbHOMETaneBnx aBToMobinbHNX Ky3oBiB. 3acHoBaHa HUM chipma «Enapz
Bann MeHbtodekytopiHr KomnaHi» BUroToBnana cranesi Ky3oBa Ansi NErkoBUxX aBTomo0inis,
BrepLUe 3acTOCOBYIOYM TOYKOBE 3BaptoBaHHs. [lonepeaHbo cnevianictu dipmu BUKOHaNu
BENUKMIA 00CsAr pobiT 3 MexaHi4YHNX BUMPoOyBaHb TOYKOBUX 3BapHUX 3'€4HaHb Ta paMHUX
KOHCTPYKLi Ky30BiB B LiriomMy

(2 nunHa 1862 p. Hapoauscs Binbam Mexpi bperr (nomep 12.03.1942 p.) — GpuTaHcbkuii
i3nK, OCHOBOMOMOXHMK PEHTIEHOCTPYKTYPHOTO aHaniay, naypeat Hobeniscbkoi npemii 3 di-
3ukn 1915 p. Mpodecop Agenaingcbkoro (ABcTpanis, 3 1886 p.), Jligcekoro (3 1909 p.) i
JToHpoHcbkoro (3 1915 p.) yHiBepcuTeTiB. YneH (3 1906 p.) i npeanaeHT (1935 — 1940 pp.).
JIoHAOHCBKOro KOpomiBCbKOro ToBapucTea. Bigomuii HaykoBuMM npausamMu 3i CTPYKTYPHOTO
aHanisy. P oro HaykoBO-NonynsipHyWX npalb NepeknageHo ykpaiHCbKko MOBOHO («Y CBITi
aTtomiB i monekyn». X., 1932; «Bctyn go aHanidy kpucranis». M. —J1., 1930, Ta iH.)

(4 nunHA 1981 p. B bapeHueBe mope Ha BUNpobyBaHHSA BUMLLOB HAMbINbLLIMIA B CBiTi aTOM-
HUM NiABOAHMIN YOBEH — BaXKWU paKeTHUN Kpencep cTpaTeriyHoro npuaHadeHHs «Akynay
(npoekT 941) posxuHo 172,8 M | BogoTOHHaxHicTo 48 000 T. MoaibHuii nigBoaHUI YOBEH B
Ler xe vac cteoptoBanacs i B CLLUA. 3rogom BiH oTpumana Ha3sy «Oranox». MiuHui kopnyc
Oyrno 3BapeHo 3 cekLuiin (0614anok) LMMiHAPUYHOI, KOHIYHOT i eninTu4HOT hopMK 3 TOBLLM-
HOI CTiHOK 75 MM. Taka TOBLUMHA 3BapHUX 3’€4HaHb BUMarana CTBOPEHHS MOTYXXHUX PEHT-
reHiBCbKMX anapaTiB Ha OCHOBI 6eTaTpoHIB

(4 nunHAa 2012 p. y CERN (EBponeiickkiin opraHisadii 3 saepHUX gocniaXeHb) nosigoMu-
Ny Npo BigkpuTTa Ha Benukomy agpoHHomy konanaepi 6o03oHa Xirrca. CERN — mixkHapoa-
HWIA JOCNIOHWLBKUIA LEHTP EBPOMNENCHKOT CMiNbHOTK, HanbinbLlua y cBiTi nabopatopis gi3nku
BUCOKNX eHeprin. laes 3acHyBaHHA CERN Hanexutb dpaHuysbkomy disuky Jlyi ae bpon-
o, onpuniogHeHa HUM B 1949 p. Ha €Bponencbkinn KoHdepeHLuil B JlosaHHi. BiH 3anpono-
HyBaB CTBOPUTU MiXXHAPOOHY OpraHisaLilo Ans 34iNCHEHHST HayKOBUX AocnimxkeHb. Odiuin-
HUM gHeM HapomxeHHs CERN BBaxatoTb 29 BepecHs 1954 p., konu 12 kpaiH-y4acHuULb
patudpikyBanu yrogy npo ii 3acHyBaHHs. CERN mae B cBOEMY pOo3nopsaKeHHi Liny HU3Ky
npuckoptoBaYiB 3apsaaKeHUX YacTUHOK, HaMBinbLnA 3 Skux, Benukuin agpoHHMI Konangep,
OyB 3anyeHux Bnpogosx 2008 — 2010 pp.

(10 nunHsa 1856 p. Hapoauecs Hikona Técna (nomep 7.01.1943 p.) — cepbebkuii Ta ame-
pUKaHCbKMIA BUHaXiOHUK i disnk. Moxoams i3 cepbebkoi ciM’i, 3rogoM cTtaB rpomMagsiHUHOM
CLWA. MpautoBaB B komnaHisax EgicoHa Ta BecTiHrayseHa, npryomy OCTaHHIN BUKYMNUB Y HbO-
ro 40 nateHTiB. Tecna HanbinbL Bi4OMUIA CBOIMW BUHAXo4aMu y ranysi enekTpuku, marHe-
TU3MY Ta enekTPoTexHiku. 3okpema, BiH BiAKPUB siBULLLEe 0OepTanbHOro MarHiTHoro nors,
NOMY HamnexaTb BMHAxXogu 3MiHHOro CTpymy, nonida3oBoi CUCTEMU Ta €NeKTPOABUryHa
3MiHHOrO CTPYMY, eneKkTporeHepaTopa HaaBUCOKOI YacToTu. byB KntoyoBoto dirypoto npu no-
OynoBi nepLuoi rigpoenekTpocTaHuii Ha Hiarapcbkomy Bogocnagi. OanHuusa BUMIpOBaHHS
MarHiTHoOI iHayKuii B cuctemi S| HazBaHa Ha YeCTb JOCHiAHMKA

(11 nmnHA 1979 p. 3 op6iTu 3inwna, 3aBepumnBLLN CBOKO poboTy, «Ckanneb» — nepwa i
e€dVHa HalioHanbHa aMmepukaHcbka opbitanbHa ctaHuis. IMig yac nonboTy 6ynu npoBeaeHi
€eKCNepUMEHTU 3 eNEeKTPOHHO-NPOMEHEBOI0 3BapPOBAHHSA AN BCTAHOBIEHHS BMNIMBY He-
BaromMocCTi Ha sIKICTb 3BapHOro 3’efHaHHs i MikpocTpykTypy. Ha ctaHuii «Ckanneb» 6ys 06-
nagHaHuin MaTepianbHUn NepepobHNIA KOMMIEKC, SIKUIA BKNoYaB b6aratouinboBi enekTpuYHi
neyi, kamepu i enekTpoHHo-NpomeHeBy rapmaty. Cepen ekcnepMMeHTiB 6yno AocniaKeHHs
06po0bkK po3nnaBneHoro MeTany; BUBYEHHSI POCTY KpucTanis; o6pobku cnnasis; nanku He-
pxagitoyoi ctani. OTpumaHi B pe3ynsrati eKCNepyMEHTIB 3pasku cTanu 06’ eKTOM TEXHIYHOTO
[iarHOCTyBaHHS Ta pi3HOro BuAy AOCHigKeHb

Pepakuis x)xypHany 6yae BasiiHa yntadam 3a JOMOBHEHHS 0 AaT, noAin Ta dakTiB 3 HK
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(13 nunHA 2006 p. Biabynock odilinHe ypouncTe BigkpuTTs HadTonposogy baky - T6inici
- [IxeWxaH Ansa TpaHCNOPTYBaHHS Kacnincbkoi HadTh Ao TypeLbKoro nopty [xenxaH, posTa-
woBaHoro Ha 6epesi CepeasemHoro mops. Moro gosxuHa 1760 kM, a MponyckHa CrpoMOX-
HicTb 50 MiNbROHIB TOH HadTV Ha pik. Takuii Tpy6onNpoBIg € CKagHO TEXHIYHOK CMOPYAOHO.
Mpw 1oro ByRiBHULITBI BUKOPUCTOBYBaNMCh Halcy4acHiLli 3acobu HepyMHIBHOrO KOHTPOItO, a
HagiHiCTb pobOTH NIATPUMYETHCS NOCTIMHUM MOHITOPUHIOM MOTO TEXHIYHOTO CTaHy

(14 nUNHA 1969 p. po3noyas 3aHypeHHs Mig BoAy NepLUMI NiABOLAHWI anapar, NpU3HavYeHun
Ansa gocnigxeHHa cepegHix rmubuH (go 1000 m), me3sockad «OrtocT lNMikap», CKOHCTPYNO-
BaHwuii XKakom lMikapom B 1964 p. Ans weenuapcbkoi BUCTaBku. HazBaHuii Ha YecTb 6aTbka
KOHCTPYKTOpa, BMAaTHOro LBeilapcbkoro B4eHoro OrtocTa lMikapa. Ocobnvea yBara npu-
Ainanacsa MiLHOCTI Ta repMEeTUYHOCTI 3BapHMX 3'€4HaHb, MIOKIB Ta intoMiHaTopis. bBynu npo-
BeEeHi YNCNEHHI NepeBipk/ Ta ekcnepTuan, nepLl Hixk Oyno [403BONEHO BUKOPUCTOBYBATU
anapar. 3aranbHa KinbKiCTb NacaXupiB-TypuCTiB, O 3aHyptoBanucs nig Bogy B Mesockadi
NPOTSroM Kiflbkox pokiB, nepesuwuna 33 000 4yonosik

(16 nunHA 1965 p. ypoumncTo Biakpuecs MoHONaHCbkuiA aBTOMOBINBHUIA TyHenNb, Npoknage-
HWI nig ropoto MoH6naH mixx LLlamoHi-MoH-bnan (PpaHuist) Ta Kypmariopom (ITanist). JoexuHa
TyHento — 11611 m, wmpuHa — 8,6 M, Bucota — 4,35 M. TyHenb CknagaeTbCsa 3 OAHIEl raneper,
pyX 30INCHIOETLCA MO OOHIN CMY3i LWMPUHOKO 3,5 M B KOXHY CTOpOHY. Mae npodink y Burnsai
HecumeTpu4HoI Byksu /A Ans nonerweHHs 3nvBy Boau. Brucota noptany Ha dpaHLuy3bkiln cTo-
poHi 1274 M Hapg piBHeM Mops 6inga nigHixoks NbogoBuka Bossons, Ha iTaniickkin — 1381 m
0inga nigHixoks nbogoBuka Brenva. Mpu npoknagaHHi TYHemnto BUKOPUCTOBYBanMCh 3acobu KOH-
TPOSO 3BapHUX 3'€QHaHb apMaTypu Ta KOHTPOK MILHOCTI GETOHY i ripCbkunx nopig

(18 nunHA 1898 p. Mep i Mapisa Kiopi npegctasunu B Mapusbky Akagemito 4onosigb npo 1e
LLIO, OKPIM ypaHy, iCHytOTb i iHLWI pagioakTuBHI enemeHTU. 3rogom nogpyxoksa Kiopi oronocuno
Npo BiAKPUTTS ABOX HOBUX ENEMEHTIB, siki Oynn Ha3BaHi HUMK NonoHiem (Ha YecTb lMonbLui —
GatbkiBMHM Mapii) i pagiem. BoHn ekcTparyBaTu jBa HOBi €N1EMEHTU 3 YpaHOBOI CMOMSAHOT
obmaHku. LLlo6 ekcTparyBaTy iX y BUMIPHUMX KiNbKOCTSX, AOCNigHMKaM HeobxiaHo Gyno nepe-
pobuTtu Benu4esHi kinbkocTi pyan. ¥ 1903 p. 3a gocnimkeHHs sBuLy, pagiauii Mapis i [Tep Kiopi
pa3om AHpi Bekkepenem, skuii nepunM BiaKpvB Le sBuLle, oTpumany Hobeniscbky npemito 3
disvkm. Lli BigKpUTTA Ta HACTYMHi AOCNPKEHHS CTany B OCHOBY raMMa-gedekTockonil

(19 nunHAa 1900 p. Binbynocs BigkpuTTsa Mapusbkoro metpononiteHy. Biogkputta 6yno npu-
ypo4deHo Ao novatky BeecBiTHboI BucTaBku 1900 p. MNapm3bkuini METPOMONITEH — OAMH 3 Hali-
CTapiluMx MeTponosiTeHiB B €Bponi (TpeTi nicnst NOHAOHCLKOro Ta byganeLwTcekoro). Hene-
peBEpLLEHi B TOM Yac MOXITMBOCTI TEPMITHOTO 3BaptoBaHHA Oynn HAOYHO MPOAEMOHCTPOBAHI
nig, Yac NpokragaHHsa pernkoBux LWNaXiB Maprnsbkoro MeTpononiTeHy, a A0 Moro BUnpodyBaH-
HS Bynu 3anyyeHi NpoBigHi cnewjianictn €sponu

(20 NUNHSA 1966 p. komaHamp exinaxy Hin ApmctpoHr i ninot EasiH OnapiH ameprkaHCbKoro
KOCMiYHOro kopabnsi «AnnonoH-11» nocagunu MicauHuii Moaynb Ha Micsub. BUKOHaHHS LibOro
NPOEKTYy He MOrro ByTn AocArHyTO 6e3 3acToCyBaHHSA CyqaCHVX TEXHOSOTI 3BapIOBaHHS Ta Tex-
HIYHOrO KOHTPOI0. 3acnyroBye Ha yBary Tow ¢akT, Lo ABUIYHU pakeTu-Hocis «CaTypH-5» manu
TMCAYI 3BapHWX LUBIB, BUKOHAHWNX BPYYHY. PO3po6HUKM pakeTy npeaMeTom ropAoCcTi BBaXanm
came 3BapHi poboTK Ta pobOTY 3 TEXHIYHMX BUMPODBYBaHb, HA3MBAK4M IX KBUTBOPOM MUCTELITBA»

(21 nunHA 2007 p. xmapo4yoc BucoToto 829,8 m «bypax-Xanicda» B npoueci OyaiBHMLUTBa
CTaB HamBMLLIOO Oy0OBOO B CBIiTi. YpouncTa LepemMoHis BigkputTa Biabynacs 4 ciunsa 2010 p.
B Hanbinbwomy micti O6’egHaHnx Apabcebkux EmipaTie — [lybai. 3BaptoBanbHi Ta BUNpooy-
BarnbHi TexHonorii 6ynn ocobnveo 3aTpebyBaHi nig yac byaiBHULTBA, MOYMHAYM Bif YH-
OaMEHTY i 3aKiHYYyUYM CamMol0 BEPXHBOK TOYKOK KOJOH, e BCe Kpinunoca abo 6ontamu,
abo enekTpoAyroBMM 3BaplOBaHHAM. XMapo4oC € OOHWUM i3 3BaproBarbHUX PEKOPAIB i Ae-
MOHCTpPYE, SKMX PO3MIipiB MOXYTb AOCSAraTty Cropyam 3a AONOMOrow 3saptoBaHHs. Lnunb
«Bypmx-Xanicda» — ue cknagHa ctanesa KOHCTPYKUIA 3 6e3niv4to KOMOoH i 3BapHUX BGanok.
ByniBHMUTBO XMapoyoca CcynpoBoaXyBana BernuKkum KinbkicTb 4edeKkTOCKoNICTiB

(25 nunHA 1984 p. y BigkpuTOoMy KOCMOCI, 3a 6opToM opbiTanbHOI cTaHuii «CantoT-7», Bynu
npoBefeHi eKCNnepMMEHTU 3 eNeKTPOHHO-NPOMEHEBOIO 3BaplOBaHHS 3a 4OMOMOIO 3Bapio-
BanbHoro anapaty YPI (yHiBepcanbHWUM py4Huin iHCTPyMeHT). Llen anapat 4o3BonsB 34iicHio-
BaTW 3BaplOBaHHS, pidaHHA, naviky MeTany, HaHeceHHsi NokpuTTiB. KocMoHasTn Bonognmup
[xaHibekos i CeiTnaHa CaBuLbKka BUALLNKW Y BIOKPUTUA KOCMOC ANS 3BaplOBaHHSA B KOCMOCI.
MpOTSIroM TPbOX 3 NOMOBUHOK FOAWH KOCMOHAaBTM NPOBENW BECb KOMMIEKC 3annaHoBaHNX
pobiT. Bci nocTaBneHi 3aBaaHHst ekcnepumeHTy 6ynu ycnilHO BUKOHaHI. B noganbLiomy oT-
pvMaHi 3paskn 3BapHUX Ta NasiHUX 3'€4HaHb, HanNMaBoK Ta HanuneHb Oynu BcebiyHo gocnia-
XeHi B nabopatopisax IE3 im. €.0. MNMaToHa i NpoBigHMX MeTano3HaB4Mx iIHCTUTYTax KpaiHu
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(29 nunHa 1957 p. 3acHoBaHa MixHapoaHa areHuist 3 atomHoi eHeprii (MAFATE), nposia-
Ha CBiTOBa MiXHapOOHa OpraHisauis 3 HayKOBO-TEXHIYHOT cniBnpaLi B 06nacti MMpHOTo BU-
KopucTaHHs ssgepHoi TexHonorii. CTaHOM Ha cborogHi Ao cknagy AreHTcTBa BxoasaTb 6ins
170 kpaiH-uneriB. MAFATE BxoguTb 40 3aranbHOi cucTeMu MidkHapoaHux opranisadin OOH
i BCTAHOBIMIOE CTaHAAPTW SAepHOI 6e3neku i 3axncTy JOBKINMSA, Ha4ae KpaiHam-4reHam Tex-
Hi4YHY JOMOMOrY, @ TakoX 3a0X04ye OOMiH HAyYKOBOIO i TEXHIYHO iHdOpMaLieto LWoao saep-
HOI eHeprii. FONoBHa Linb UUX Nporpam — CrpusaTh Nepegadi HAaBUYOK i 3HaHb A1 Toro, Wwob
KpaiHu MOrnu 34iCHIOBaTX aTOMHI Nporpamu edekTuBHille i 6e3neyHiwe. AreHTCTBO Npono-
Hy€e pafHWKIB 1 06nagHaHHS, HaBYae creuianicTiB, KOOPAMHYE POBOTH 3 TEXHIYHOIO KOHTPO-
M0 HA aTOMHUX eNEeKTPOCTaHLisX

(2 cepnHA 1930 p. Hapoausca Ceprin IBaHoBUY Kyuyk-AueHko (momep 22 6epesHs 2021 p.)
— BYEHWUI B ranysi 3BaploBaHHSA MeTariB TUCKOM, 3aCTyMHWK aupektopa 3 Hayku IE3 im. €.0.
MaToHa. 3arimaBcsa BUBYEHHAM LUBUOKONINHHUX NPOLECIB HArpiBy i pyMHYyBaHHS KOHTAKTIB
npy BUCOKMX KOHLEHTpaUiax eHeprii. PyHaamMeHTanbHUMKU OCNIAXEHHSAMU BYEHOIO € po-
3p0oOKM HOBKX CMOCOGIB KOHTAKTHOrO 3BaptoBaHHS MOCTINHWUM, IMIAYNbCHUM i MyfbCYOYUM
ONnaBfiEHHSIM, 3anaTeHTOBaHNMKM B NPOBIAHMX kpaiHax cBiTy. Ha ix ocHoBi C.l. Kyyykom-A-
LEHKOM 3 KOJIEKTUBOM CrMiBPOBITHMKIB po3pobrieHa TEXHOOrIS 3BaptoBaHHS Pi3HUX BUPOOGIB,
cMcTeMu ynpaeniHHSA | HOBI 3pasku 3BaploBanibHOro obnagHaHHs, WO He MakoTb aHasnorie y
CBIiTOBIV NpakTuui. Lli BUAM KOHTaKTHOro 3BapioBaHHS NOCTaBUNN HOBi 3aBAAHHSA nepen po3-
POBHVKaMM METO/AIB TEXHIYHOTO KOHTPOIHO

(4 ceprnH4A 2009 p. GpuTaHCbKU eHTy3iacT i imkeHep AnaH Pon XeHani BUpILLMB NOBEpHY-
TMCSA [O CTBOPEHHS MeTaneBoro anpwkabns. Cein npoekT BiH Ha3Bas Varialift. AnaH Bupi-
LUMB CTBOPUTHU FiBpuaHy cuctemy, 3gatHy ob’egHaTi B cobi nepesaru nitaka, Bepronsorta 1a
Anpwxkabnsa. PoasvHka NpoekTy — aBTOPCbKe pilleHHsA npobrnemu 6anaHcyBaHHS i nignomy
nosiTpsiHoro cygHa. Lo ineto XeHani 3anateHTyBaB B €BpOnenicbkoMy naTeHTHOMY Gopo.
Mepwwun anapat cepii Varialift - ARH-50 A XeHgni nosuuioHye sik anpuxabnb ons TpaHc-
nopTyBaHHS BaHTaxiB Baroto 50-55 1. Y 2011 p. 6yB ycniluHO NpoTEeCTOBaHWIA NPOTOTMMN OB-
xuHoto 150 m. OBonoHka anapary 3BaptoBanacs 3 antoMiHiEBUX NUCTIB, WO yTPUMYE ra3 —
renii. Ocobnuea yBara NpyAINAeTbCA repMeTUYHOCTI 0O0NMOHKM

(12 cepnHA 1908 p. 3iALWoB 3 KOHBEEPa MepLUNiA ek3emnnap aBToMobinsa «Ford Model T», Ta-
KOX Bimommn sik «XKepcTsiHa J1i33i» — aBTomobinsb, Lwo Bunyckascs «Ford Motor Company» 3 1908
no 1927 pp. 3a3Buyan, BiH PO3rnaaaeTbCa K NepLUniA JOCTYMNHUIA aBTOMOGINb, L0 BUPOGsBCA
MiNbVOHaMM eK3eMMNNSpIB, SK1A «nocaamB AMepurKy Ha kornecay. Lie ctano Moxnvemm, y Tomy
uncni, 3aBasikv HoBOBBeAeHHAM Popaa, TakmM, SIK 3aCTOCYBaHHS CKNaganbHOI MiHii 3aMiCTb iH-
AviBigyanbHOI py4HOI 36ipkn, a TakoX KOHLEeNUi BUnNnaTty npauiBH1KamM 3apobiTHOI nnaTu npornop-
LiiHO BapTOCTi aBTOMOGINs. Beboro 6yrno sunyteHo 16 500 000 asTomobinis «Ford Model T»

(30 cepnHAa 1871 p. Hapoguecst EpHecT Pesepdopa (nomep 19.10.1937 p.) — 6putaHch-
KM pisuk, naypeat Hobeniscbkoi npemii 3 xiMii 1908 p. «3a npoBeeHi HUM LOCHiIKEHHS
B obnacTi po3nagy enemeHTIiB B XiMil pagioakTMBHUX pevyoBuH». Pesepdopa BigoMui, ne-
penyciMm, ekcnepnuMeHTaMmn 3 po3citoBaHHS anbda-yacTuHok (PesepdopaiBcbke po3citoBaH-
Hs1), 3aBASIKM SKOMY BiH BCTAHOBMB CTPYKTYpYy atoma sik CUCTEMM, L0 CKNafaeTbCs i3 Marnoro
3a po3mipamMu NO3UTMBHO 3apsaKeHoro sapa i enektpoHi. Y 1898 p. Pesepdopn Bigkpus
anbga- i 6eTa-NpomeHi, 3roqoM BYBYaB raMMa-npoMeHi, A4OCNiAXyBaB HEAABHO BigKpuTe
SBYLLE pafioakTMBHOCTI ypaHy i Topito. Pedepdopa BiQHOCUTLCS A0 TiEl rpynu BYEHNUX, Ymni
po60Tu NexaTb B OCHOBI PEHTIEHIBCbKOI Ta raMMaaedeKkTocKonii

(31 cepnHsa 1995 p. 3anyleHnii nepwnii ykpaiHcbkunii kocMivHuiA anapat Ciy-1, Ba-
roto 1920 kr, npM3Ha4YeHnn AN CnocTepexeHHs NoBepxHi 3emni B iHTepecax rocnogap-
CbKOI iANbHOCTI Ta NPOoBEeAEHHS HayKOBMX eKCNepMEHTIB 3 AOoChiMKeHHs ioHocdepn Ta
marHiToccepu. Po3pobHuk: [lep>xaBHe KOHCTpykTopcbke Otopo «[lliBaeHHe» im. M. K. AH-
rensi. Bupo6Huk: depxaBHe nianpnemMcTBo «BupobHuye o6’eaHaHHs «lliBAEHHUIA MaLu-
HoByaiBHUI 3aBog iM. O.M. Makaposa». CynyTHVK 3anyLLeHWIn 3a JONOMOro PaKeTU-HOCIS
«Uumknon-3» i npautoBaB oo 2001 p. Y CTBOPEHHS CynyTHWUKA 3HAYHUW BKNag BHECHN
cneuianictv Big4iny HepyMHIBHOrO KOHTPOIIO, SKUM B Ti POKM kepyBaB Biktop Tuxumn

(9 BepecHs 2013 p. y CLUA BigkpuTo atpakuioH nig Ha3sow «Las Vegas High Roller», wo
mae BucoTty 168 m. Koneco ornagy € baHTacTUYHMM BTINIEHHSIM JOCATHEHb MalUMHOOYAy-
BaHHS | AM3aliHy, a TakoX PeKopACMEHOM B CBITi 3@ BUCOTO. Y HOBOMY aTpakuioHi obnaga-
HaHo 28 kabiHOK AiaMeTpPOM LUICTb METPIB, B KOXHIN 3 SIKUX MOXYTb po3micTutmcsa no 40 yo-
nosik. 30BHiLWHIM 06ig koneca ByB 3BapeHuUii 3 ABOX TpybyacTux ctanesnx 6anok AoMMOBOT
TOBLUMHK, NOTIM BOHW Bynu 3’eHaHi B rpynu no 4otupu 6anku 3 yTBOPEHHsIM cekLii oboaa.
OnopHi KOHCTPYKLii Bynu cnpoekToBaHi i NoGyA0BaHi TaknM e YMHOM, o6 HeCTn Bennyes-
He HaBaHTaXxxeHHs koneca. LLlopoky Bci 3BapHi 3'eQHaHHSA METarnoKOHCTPYKLiN Koneca ornsaay
nignsratoTe 06CTEXEHHI0 Ta AedbekTockonil
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(11 BepecHs 1816 p. Hapoauecs Kapn ®pigpix Lleiic (nomep 3.12.1888 p.) — BCeCBiTHLO
BifJOMNIN HIMELBbKUI iHXeHep i BUPOOHWMK ONTUKN, 3aCHOBHMK pabpuKkn ONTUYHUX CUCTEM
«Llenc» B €Hi (3 1846 p.). Lleiic 3pobumB iCTOTHWIA BHECOK Y PO3BUTOK TEXHOIOTiT BUrOTOBMNEH-
Hs NiH3. Vloro JOCsiTHEHHS! B Uil ranysi BUKOPUCTOBYHOTbCS 11 foci. 3acHoBaHW HUM y 1840
p. y Benmapi (HimeyunHa) 3aBoz 3roqom cTaB OOHMM i3 HAWBIOOMILLMX | HAWKPYMHILLWX BU-
pobHukiB onTukun. Ha cpabpuui B €Hi Lieric po3pobuB niH3u, Ak NArmyM B OCHOBY NOMYNSApHOI
onTukmn Zeiss. CnoyaTtky nNpoaykLis 3aBoA4y BUKOPUCTOBYBanacsi y BUPOOHULTBI MiIKpOCKOMIB,
a nicnst BUHaxogy otokamepu komnaHisa «Llenc» nodyana BUpoonaTv i 3HaMeHUTi BUCOKOSI-
KicHi 06’ekTBUN. CTBOPEHi Liencom o6’exTBN Manu gyXe BENuKy anepTypy, Lo AaBano 3Mo-
ry oTpMmyBaTu SKicHiLli 306paxeHHs. K. Lieic, 6e3ymOBHO, € MIOHEPOM OMTUYHOIO KOHTPOSO

(12 — 15 BepecHs1 1994 p. Binbynacs Mepiua YkpaiHcbka koHgepeHLis «HepyiHiBHUI KOH-
TPOIb | TEXHIYHA AiarHOCTMKay. YYacHVKM KOHAEepeHLii 3 NPOoBIOHMX HAyKOBUX Ta BUPOBHWUYMX
opraHisauin Ykpainu sibpanuck Ha 6asi BignoumHky KB «[liBaeHHe» 6ina m. [Hinpo Ha 6epesi
p. Camapa. B nporpami koHdbepeHLii 6yno npeacrasneHo 93 ponosigi. HactynHi, 2-ra i 3-1s1 koH-
depeHLii B 1997 Tta 2000 pp. Binbynunck Tex Ha p. Camapa. 3roqomM HauioHarnbHi KoHepeHLii 3
HEePYMHIBHOMO KOHTPOSO Ta TEXHIYHOI AiarHOCTUKX NPOBOAMMNCE B IHCTUTYTI eNeKTpo3BaptoBaHHS
im. €.0. MatoHa i MixkHapogHOMY BUCTaBKOBOMY LIEHTpi Ha BpoBapcbkomy npocnexTi B M. Kuesi

(14 BepecHA 1939 p. y CWA ypogxeHeub Knea aBiakoHcTpykTop Irop Cikopcbkuid nia-
HAB y NoBITps cBin nepwumnn Beptonit VS-300. Homep 300 3adikcyBaB TpeTii nobynosa-
Hun CikOpCbKMM BEPTONIT, 3 ypaxyBaHHAM ABOX, NobyaoBaHux y Knuesi. Ha noyatky 1941 p.
AianbHicTb kKomnaHii Cikopcbkoro ouiHuno kepieHuuTBo BIMNC CLUA, i BUCOKI apMiChKi YnHM
nigTpymanu po3pobKy BepTonboTa i BUAINUAW KOWTK Ha po3pobky npoekTy VS-316 (S-47),
AKUIA OTPUMaB apmincbke nosHaveHHss XR-4, i 6yaiBHuuTBO 3paska. Y xoBTHI 1943 p. VS-300
nepeganv B my3en l'eHpi Popaa B AipbopHi, wrat MiuuraH. BiH MicTUTbCA Tam JOHWMHI, 3a
BUHATKOM Nodopoxi Ha3aa Ha 3aBof Sikorsky Aircraft ans BigHoBneHHs y 1985 p.

(15 BepecHs 1830 p. Bigkpunacsk nepLua B CBITi 3aniaHuua Big Jlisepnynto oo Manvectepa ans
nepeBe3eHHs1 CMPOBWHU | FOTOBOI NPOAYKLT M MOpCbkum noptom B JliBepnyni i MaHuecTepom,
Ae byna Benvka kinbkictb pabpuk. JosxuHa goporu cknana 56 km. Tara noisgis Ha Joposi 3
camoro noyartky 3aiicHioBanacs napososamu. IHxeHepHe 3abe3neveHHst goporu byno nepeno-
BMM Ansi Toro Yacy. byno nobyaoBaHo 64 MOCTIB i BiagykiB, @ TakoX TyHENb LOBXMHOK 2 KM.
Bucora Biagyka Hag ponvHoto Sankey Brook carana 21,3 metpa. MNoTarm KypcyBanu 3i Wema-
KicTio 27 km/r. 3a nepLwi Tpu micaui ekcrinyatauii 6yno nepeseseHo 71950 nacaxvpis, 2630 T
Byrinns, 1432 T iHWKX TOBapiB. YCNix L€l 4OPOrY BUSHAYMB MOYATOK «3ari3HUYHOI JIMXOMaHKN»
i B HacTynHe gecatunitra 6ynv nobyaoBaHi TUCAYI KINOMETPIB 3ani3HuLb

(20 BepecHsA 1842 p. Hapoauscst Oxerimc Obtodp (nomep 27.03.1923 p.) — LWIOTNaHACHKMA
i3mk i ximik. Kono noro HaykoBux iHTepecis 6yno ayxe wmpoke. HanbinbLw sigome im’a [bto-
apa y 3B’s13Ky 3 M1oro pobOoTO Haf, 3pigKyBaHHSIM rasiB i 4ocCnioKeHHsIMK Temnepatyp, 6nmab-
KMX 0O abCOMTHOrO Hyns. Woro inTepec Ao uiei ranysi gisuku Ta Ximii npunagae Ha novaTok
1870-x p. B Koponiscbkomy iHCTUTYTi [Ibtoap BrnepLue NpoAeMOHCTpyBaB Ha nybniui gocnig
3pigKeHHs KucHto | noBiTps. B 1880-x p. B KoponiBcbkomy iHCTUTYTi Bynu cnpoekToBaHi i no-
OyaoBaHi MalnMHW, siKi BUTOTOBASIN PiOKAA KUCEHb B MPOMUCIIOBUX KiflbKOCTAX. Bnmnabko
1892 p. Otoapy npuiuna iges BUKOPUCTaAHHS MOCYOUH 3 BaKyyMHOK OOONOHKO Ans 36epi-
raHHs pPigKvX rasis, WO NPU3BENo A0 CTBOPEHHS nocyavHn [bloapa — Noro HambinbLu BigoMOo-
ro BuHaxogy. MNocyanHa Optoapy BXoanTb A0 CKriagy Mac-CneKTPOMETPUYHUX TEYOLLYKaYiB

(22 BepecHsA 1791 p. Hapoauscs Marikn ®apagen (nomep 25.08.1867 p.) — aHMIACHKMIA (I3UK i
XiMiK, OCHOBOMOIMOXHWK BYEHHSI MPO eNeKTpoMarHiTHe nore, YreH JIOHAOHCHKOro KOPOmiBCLKOMO To-
BapucTea (1824 p.) i 6e3nivi iHWMX HayKOBUX OpraHisaLin. 3anmatoumncb SOCTIKEHHAM 3B's13KY MK
€nekTPUYHMMM | MarHiTHUMK sisuLLamMn, Papagen y 1831 p. BigKpVBaE SBLLIE ENEKTPOMArHiTHOI iH-
AyKuii, BUBIB il OCHOBHWI 3aKOH, 3'siCyBaB 3aneXHiCTb iHAYKUIMHOMO CTPYMYy Bi MarHiTH/X BracTu-
BOCTEN CepeaoByLLa, OOCTIAVB SBMLLE CaMOIHOYKLT Ta eKCTPacTpyMu 3aMUKaHHSA Ta PO3MUKaHHS,
3aKraBLLM TM CaMMM MOYaTOK OCHOB €NEKTPOTEXHIKK. Y 1845 p. ®apagen Biokpue aBuLe napa-
MarHeT“3My Ta diamarHeTnamy, 0bepTaHHs NIoLMHM NoNsipu3aLlii Ceitna B MarHiTHoMy noni (edoekt
dapapes). Lle 6yno neplLue cnoctepexeHHst 3B’a3Ky MK MarHiTHAMM 1 ONTUYHUMM siBULLaMn. Dak-
TnyHO Papageli € OCHOBOMOMOXHMKOM EMEKTPOMArHiTHUX METOLIB HEPYMHIBHOTO KOHTPOIHO

(24 BepecHs 1975 p. Ha nereHoapHOMy Mitaky «AH-2» nepeBe3eHnin 250-MirnbAOHHMIA Macaxnp. «AH-2»
BiIHOCUTLCS [0 fiTakiB 3 KOPOTKMM 3MeTOM i Mocaakoto. Jlitak «AH-2» No npaBy Ha3vBaOTb Kpura-
TUMK TpyAiBHUKaMW. BiH Mae psap sikocTew, ki | 3pobynu oro NonynsipHUM — Lie NpOCToTa, Hafin-
HICTb, MOXIMBICTb eKcrinyaTaLii Ha HEBENMUKMX 3MITHO-NOCaAKOBUX NOrocax. 3 METOK CrPOLLEHHS
PEMOHTY fiTaka B NMonbOoBUX YMOBaX KOHCTPYKLSt doro3ersiky BUKOHyBanacs 3i cranesux Tpyb, 3'ea-
HaHMX MK COBO0 3BaptOBaHHsIM, @ OOLLMBKY 3p0OUMN MOMOTHSIHOK. «AH-2» BUPOONSBCS HE TiMbKu
B CPCP, ai B MNonbLwi Ta KHP. Bewboro 6yno nobyaosaHo GinbLue 18 Tvc. malumH. BiH 3aHecennin oo
Knurn pekoppis lNHHecca, Sk eAVHWI B CBITI NiTak, KW BUMycKaBcs cepiHo GinbLue 60 pokis
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