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PaccmaTpuBaeTcs anropuTM aBTOMATHYECKOTO OOHApyXEHUS CHUTHAJIOB
aKycTHyeckoi smuccuu (AD) Ha (oHE UHTCHCUBHBIX ITOMEX, OPHEHTHPOBAHHBIN
Ha NPUMEHEHHE B CHCTEMaX MOHHUTOPHHra JUHAMHYECKH HArpy>KeHHBIX OOBEK-
TOB. B KauecTBe 00BeKTa KOHTPOJIS PacCMATPHBACTCS IIATAIONIMI JKCKaBaTOP
BOl1-24.95, HecyuMe METaUIOKOHCTPYKIMHA KOTOPOTO 00OpPYIOBaHbI CHCTEMOMU
AD. Ilpu paboTe mararomero 3KkckaBaTopa HabII0JaeTCsl BHICOKHH YPOBEHb aKy-
CTUYECKUX MIOMEX, CO3/1aBaEMbIX JBIKEHHEM TATOBOTO M MOJEMHOI0 KaHATOB U
BUOpanueld cnabo 3aKperuIeHHBIX 3JIEMEHTOB KOHCTPYKIMH. OCOOEHHOCTh ajro-
pUTMa BBISBICHHS UMITYJILCOB AD Ha (DOHE HENpephIBHO AEHCTBYIONIMX MOMEX
3aKJII0YAeTCsl B TOM, YTO 00pabOTKa JaHHBIX MPOUCXOAMT MOITAITHO, HA HaYallb-
HBIX 3Tamax MPHUMEHSIOTCS METOJbl ¢ HEOOJIBIION BBIYMCIUTEIHHOW CIIOXKHO-
CTBIO, (DWIIBTpalMs IO JIOKAMM M TapaMeTpuyeckas (QuibTpanus ¢ BBICOKOH
CKOPOCTBI0 00pabOTKH JTaHHBIX, HA (PMHAITBEHOM JTaIe HCIOJIb3YETCsl CBEpTOYHAsS
HEHpOHHASI CETh, MO3BOJIIOMAS OOHAPYKWBATh HUMITYJIECHI AD Ha OCHOBaHHU
aHaJIN3a BPEMIYaCTOTHOT'O paclpeieNIeHUs DHEPTUH CUTHAJIA.

Kniouesvle cnoea: axycTudeckas SMHCCHS, CBEPTOYHBIE HEHPOHHBIE CETH,
CHCTEMa aKyCTHKO-3MHUCCHOHHOTO MOHHTOPHHTA, MIAraloIIHi IKCKaBaTop.

S. V. Ushanov', V. A. Barat"?, V. D. Kacharskyl’z, S. V. Elizarov',

L. A. Lukashev"?, A. S. Aleksandrov'?

"“Interunis-IT” LLC, Moscow, Russia

*National Research University “Moscow Power Engineering Institute”,
Moscow, Russia

USING CONVOLUTIONAL NEURAL NETWORKS
TO DETECT ACOUSTIC EMISSION SIGNALS
IN A NOISE BACKGROUND

Algorithm for automatic detection of acoustic emission (AE) signals against
a background of intensive noise, designed for use in monitoring systems for dynamically
loaded objects, is being investigated. The monitored object is a walking dragline excavator
ESh-24.95, supporting metal structures of which are equipped with an AE system. During
operation of the walking dragline excavator high level of acoustic noise is being observed,
generated by the movement of the traction and hoisting ropes and the vibration of loosely
fixed structural elements. A distinctive feature of the algorithm for detection of
AE impulses against a background of continuous noise is that data processing is realised in
stages. In the initial stage methods with low computational complexity, such as location-
based filtering and parametric filtering with high data processing speed, are used.
In the final stage a convolutional neural network is used for AE impulses detection based
on an analysis of the time-frequency distribution of signal energy.

Keywords: acoustic emission, convolutional neural networks, structure health moni-
toring system, dragline.
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B HCKOTOPLBIX ClIydasax HGO6X0,I[I/IMO BOCCTaHOBJIC-

BBeneHune

[TpoBeseHBl MMHUTAIMOHHBIE HWCCIICIOBAHUS 10 BBISBICHUIO 3aKOHOMEPHO-
CTEll B3aMMOCBSI3M YacTOTHI JTUCKPETH3AIMH TapMOHHUYECKOTO W TOJHTapMOHUYE-
CKOT'O TIPOLIECCOB M MX YHCIIOBBIX M (PYHKIMOHAIBHBIX XapakTepucTHk. /s cpas-
HEHWs CUTHAIOB OBLIH BEIOpaHBI KOd(pPuImeHT koppensuu [Iupcona, koaddumm-
SHTBI TADMOHMYECKHAX M HENMHEHHBIX MCKaKCHHIA, OTPEIIHOCTh BOCCTAHOBJICHHUS
CIIEKTPANIbHBIX COCTABJIIOMIMX B CIIEKTpe curHana. [IyTeM comocTapieHus Xapak-
TEPUCTHK 3TAJIOHHOTO M HUCCIIENYEMOTO CHTHAJIOB YCTAHOBJICHO, YTO IUIA oOecrie-
YeHHMs [IOTPEIIHOCTH BOCCTAHOBIICHHS CIEKTPAIBHBIX COCTABIISIONINX BO BCEM Yac-
TOTHOM Juarna3oHe MeHee 1 % 4acToTy AMCKPETH3alUK HEOOXOIUMO BHIOUPATh HE
MeHee yeM B 30 pa3 Bblllle MAaKCHMalIbHOW 4acTOThI B CIEKTpe curHaia. [lomyden-
HbIC JIAHHBIE aKTyalbHbI MPU HU(PPOBOM M aHAIOTO-IIM(YPOBOM MPeoOpazoBaHHUIX
u 1udpoBoll 00pabOTKE aKyCTHYECKHX, BHOpPOAKYCTHUECKHX, aKyCTHKO-
SMHCCHOHHBIX CHT'HAJIOB, & TaK)Ke HEKOTOPBIX JPYIUX, HAIPUMEP KapIuoTpaMM.

Knrwowuegvie cnosa: nuckpernzanys, Teopema KoTenbHuKoBa, TeopeMa
OTCYETOB, aKyCTHYECCKHH, AaKyCTHKO-dIMHCCHOHHBIH, BHOPOaKyCTHYCCKHUH,
MOTPEIIHOCTh BOCCTAHOBJIEHHS, KBaapaT ko3 dumenra koppensuuu [Tupcona.

A. P. Naumenko', I. S. Kudryavtseva'*

'Federal State Autonomous Educational Institution of Higher Education
Omsk State Technical University, Omsk, Russia

VS Engineering LLC, Omsk, Russia

ABOUT RECOVERY OF SAMPLED ACOUSTIC
SIGNALS

Simulation studies have been conducted to identify patterns in the relationship
between the sampling rates of harmonic and polyharmonic processes and their numerical
and functional characteristics. To compare the signals, the Pearson correlation coefficient,
harmonic and nonlinear distortion coefficients, and the error in restoring spectral
components in the signal spectrum were selected. By comparing the characteristics of
the reference and studied signals, it was found that in order to ensure an error in restoring
spectral components in the entire frequency range of less than 1 %, the sampling frequency
must be selected at least 30 times higher than the maximum frequency in the signal
spectrum. The obtained data are relevant for analog-to-digital conversion and digital
processing of acoustic, vibroacoustic, acoustic emission signals, as well as some other
signals, such as cardiograms.

Keywords: discretization, Kotelnikov theorem, sampling theorem, acoustic, acoustic-
emission, vibroacoustic, reconstruction error, square of Pearson correlation coefficient.
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MHpOpMaIMI0 O TmepegaBaeMoM coobOmenun [1, 2].
BoccranoBieHne (GpopMbl KapAuOrpaMMbl UMEET KITIO-
YeBOE 3HAYCHHE, M HEBAXKHO MOJYYCH JIM CUTHAJ C T10-

HHAE (POPMBI CHTHAJA, KOTOPBIA OBUT TUCKPETU3MPOBAH
U TMPEJCTaBiICH B 1u(poBoM Buie. [Ipexae Bcero ato
KacaeTcsl aKyCTHYECKUX CUTHAJIOB, K KOTOPBIM CIIEAYET
OTHECTH ubpoaxycmuueckue (BA), akycmuko-amuccu-
onnvie (AD), ay TMOCUTHAIIBI, TIOTYYEHHBIC C IIOMOIIBIO
MUKPO(OHOB UJIM aKyCTHYCCKUX JIATYUKOB,

BaxHo, 4TO BO BCEX 3THX CHUTHAJIAX, HApPUMEP
B ayJIMOCHTHAJax, (hopMa CiIydaifHOTo mpoiiecca HeceT

MOIIBI0 aKyCTUYECKHX AaTYNKOB WM WHBIMH CITOCO-
bamu [3]. B TexHudeckod AMArHOCTHKE, HaIpHUMep,
dbopma ormbaromeli BHOPOAKYCTHYECKOTO CHTHAIA
C JaTyvKa BHUOpaIlMH, YCTAaHOBJCHHOI'O Ha KJamaHe
MOPIIIHEBOI'O KOMIIPECCopa, SIBJISCTCS PUHIUITHAIIb-
HBIM U OIPEIENSIOIUM (HaKTOPOM JOCTOBEPHOCTH JIU-
arHoctupoBanus [4 — 7]. B akyctudeckoil amuccuu

14 KoHTponb. inarHocTtuka, 2026, Tom 29, Ne 5
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Paccmotpen croco0 omnpezaeneHus NeeKTOB KOMIO3UTHBIX KOHCTPYKIUI
Ha OCHOBE MHBAPHAHTOB aKyCTUYECKON SMHUCCHUH, T€ B KaUeCTBE KpUTEpHs 00pa-
30BaHUSl MaKpPOTPEIIMH UCIIOIb3yeTCsl (PaKT OTKIOHEHHs MapaMeTpoB paciperie-
JICHUH YHuClla MMITYJIbCOB AKYCTHUECKOW 3MUCCHM OT IyaCCOHOBCKOIO BHJA.
[IprBeneHs! pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCIeI0BaHUNA 00pa3lioB U3 opra-
HUYECKOT0 CTEKJIa, MCHOIb3yEMOro MPHU HM3TOTOBIEHUH OCTEKJICHUS T€pMETHd-
HBIX KaOWH BO3AYIIHBIX CY/O0B.

Kniouesvle cnoea: BO3OyIIHOE CyIHO, OCTEKJIEHHE KAaOWH, OpraHUYECcKoe
CTEKJIO, MAKPOTPEIMHA, pa3pyIICHUE.

A. V. Popovl, V. Yu. Voloshina', M. S. Lebedinskyl, D. S. Krivoshein®
'Military Educational and Scientific Center of the Air Force

N. E. Zhukovsky and Y. A. Gagarin Air Force Academy, Voronezh, Russia
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DEVELOPMENT OF AUTOMATED SYSTEMS FOR
DIAGNOSTIC ASSESSMENT OF COMPLEX

TECHNICAL STRUCTURES BASED ON
INVARIANTS

The article discusses a method for identifying defects in composite structures based
on acoustic emission invariants, using the deviation of acoustic emission pulse number
distribution parameters from a Poisson shape as a criterion for macrocrack formation.
The results of experimental studies of samples making from organic glass used in
the manufacture of pressurized aircraft cabin glazing are presented.

Keywords: aircraft, cabin glazing, organic glass, macrocrack, fracture.
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OnwmcaHbl 9eThIpe 3MN30/1a MPOBEACHHS aKyCTHKO-3MHUCCHOHHOTO KOHTPOJIS
TIPA COTIPOBOK/IEHUN ITHEBMATHUECKHX HCIIBITAHWH Ha KPYMHBIX TEXHOJIOTHYE-
CKUX YCTAHOBKaX, YHUKIFHOCTHh KOTOPBIX 3aKJIFOUAeTCsl B 00beMe OHOBPEMEH-
HO KOHTPOJIUPYEMBIX OOBEKTOB U OOJIBIIOM KOJIMUECTBE UCIIOIb3YEMbIX U3MEPH-
TENIPHBIX KaHAJIOB. PaccMOTpeHBl CoBpeMeHHas HOpMaTuBHas 0a3a, OCHOBHBIC
NPEeUMYIIECTBA M HEJOCTATKH METOJIa, a Takke 0003HAaueHbI POOIeMBbl, CBSI3aH-
HBIE ¢ KOHTPOJIEM NPOTSHKCHHBIX KOHTYpOB. IIpHBeneHB XapakTepHble 0COOCH-
HOCTH YCTaHOBOK M IIpOrpaMMa HMCHBITaHWi KOHTYpoB. [IpoBeneH ananmus moiy-
YEeHHBIX JaHHBIX M OTMEUYCHBI CIa0ble CTOPOHBI KaXKIOTO KOHTYpa, 3aKIII0Yaro-
myecst B crienn(UUecKUX TUIIaX OOHAPyKeHHBIX Je(eKTOB. Y CTaHOBICHA KOppe-
JSIOUST MEXIy WH(QOPMATHBHBIMH IapaMeTpaMH aKyCTHKO-SMHCCHOHHOTO HM-
ImyJibca ¥ 0OHapyXEHHBIMH B IIpoliecce Bepudukanuu yreukamu. OneHeHbI Tep-
CIEKTUBBI MaclITaOUPOBAaHUsI aKyCTHKO-dDMHUCCHOHHOTO METOJa KOHTPOJS TeX-
HHYECKOTO COCTOSHMS M TIPE/IIOKEHBI ITyTH €ro JAIbHEHIIIEro pa3BUTHSL.

Kniouesvie cnosa: akyCTUKO-OMUCCUOHHBIA METOJT KOHTPOJISI TEXHUYECKOTO
COCTOSIHUSI, TTHEBMATHUYCCKUE HCIBITAHHSI, KOHTYD BBICOKOTO JIABJICHUS,
napaMeTphl UMITYJIbCA aKYCTHUCCKOW IMHUCCHH, He(pTera3oBasi 0Tpacib.

A.A. Safyanikl, K. V. Kharebov', D. M. Zhivonosovskayal,
V. S. Mishunin', A. V. Suslov’

'Scientific and Technical Center “Aegis”, Samara, Russia
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FEATURES OF ACOUSTIC EMISSION CONTROL
DURING PNEUMATIC TESTING OF LONG
HIGH-PRESSURE CIRCUITS

The article describes four episodes of acoustic emission control accompanied by
pneumatic tests at large technological installations, the uniqueness of which lies in
the volume of simultaneously monitored objects and a large number of measuring channels
used. The modern regulatory framework, the main advantages and disadvantages of
the method are considered, as well as the problems associated with the control of extended
contours. The characteristic features of the installations and the contour test program are
given. The analysis of the data obtained was carried out and the weaknesses of each
contour, consisting in specific types of defects detected, were noted. A correlation has
been established between the informative parameters of the acoustic emission pulse and
the leaks detected during the verification process. The prospects of scaling the acoustic
emission method of technical condition control are assessed and ways of its further
development are proposed.

Keywords: acoustic emission control method of technical condition, pneumatic tests,
high pressure circuit, acoustic emission pulse parameters, oil and gas industry.
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MeTo10M CpaBHEHUS UCCIEAYIOTCS BU3YyallbHbIE H aKyCTUYECKHE NPU3HAKH
TEXHOJIOTHYECKUX CTaJuil IIa3MEHHO-IIEKTPOJIUTHYECKOTO OKCHIUPOBAHUSA
(IT120), npuromuple Il WX HACHTU(QHKAMH B PEXHME PEaJbHOTO BPEMEHH
(in situ), a Tak’Ke BO3MOXKHOCTb MX PAacIllO3HABaHMS C TPUMEHEHHEM ONTHYECKOTO
W aKyCTHKO-DMHUCCHOHHOTO (AD) MetonoB. MccnenoBanus mpoBeIeHBI Ha IKCIIe-
PUMEHTANIBHBIX JAHHBIX, MOJTYYEHHBIX NMPHU OKCHAMUPOBAHUM AEHOPMUPYEMOTO
Al-Mg-cmaBa B mIenoYHO-CHINKATHO-(hocdaTHOM 3mekTpoiute npu 125 Bapu-
a"Tax (pexxumax) I190, KoTopble NPaKTUUECKH MOJHOCTHIO IEPEKPHIBAIOT BCE
THIIOBBIE TEXHOJIOTHYECKHE PEXUMBI O0O0pabOTKH AIIOMUHMEBBIX CILUIaBOB
MO MJIOTHOCTSAM TOKa, COOTHOIIEHHIO KaTOJHOTO M aHOJHOTO TOKOB B IOJyIIe-
pHoAax M JUIMTEIBHOCTH BO3/ICHCTBUS. YCTaHOBIICHO, YTO MO BU3YAJILHBIM IPHU-
3HaKaM, a 3HaYUT ¥ ONTHYECKUMH METO/AaMH (OCHOBHBIMH, HCIOJIB3YIOLUIMMUCS
B JIMTEPATYPHBIX UCTOYHUKAX cerofHs), craauu 190 ycraHaBIMBaIOTCS C MEHb-
meld TOYHOCThIO 1O cpaBHeHHIO ¢ AD-npusHakamu. [loka3aHo, 9TO NPHYHHBI
CHIDKCHUSI YyBCTBHUTEJIIFHOCTH ONTHYECKOTO METO/a HE BIUAIOT HA 3()(eKTHB-
HocTh MeToza AD. TloaTBepkKaeHO, UTO NPEUIOKEHHBI HOBBIH B Merone AD
TTOIX0]] MapaILIETFHOTO aHAIN3a (POPMBI M TIOJOKCHUS CUTHATOB AD B aHOJHOM
¥ KaTOJHOM MOJyIEpPHOJaX BO3ICHCTBHS MO3BOIAET Ooee 00OCHOBAaHHO M TOY-
HO YCTaHaBIHMBAaTh CTaJAMIHOCTH M BpeMeHHble MeTKH ctaauii 190 mo cpaBHe-
HHUIO C MHTETPaJbHBIMU aMIUTUTYIHBIMU aKyCTHUECKHMH MPU3HAKAMH, HCIOJb-
3yromMucs ceronus B Metone AD. C mOMOIIBI0 HOBOTO TOAX0/1a apaIeIbHO-
ro aHanu3a AD B aHOJHOM U KaTOJHOM IOIYNEPHOAaX YCTAHOBIEHO, YTO K CY-
IIECTBEHHOMY COKpalIeHHIO JuinTenbHocTH cranuii [190, ocodeHHo ctanuu aHo-
JIMPOBAHMS U TIEPEXOAHON CTaJ MU, IPUBOIUT YBEIMUEHNE TUNIOTHOCTH TOKA U €T0
COOTHOIIECHHS B aHOJTHOM U KaTOJJHOM IOJIyHepHoaax (pOpMOBOYHOTO HMITYJIbCA.

Knwueevie cnoea:  TNNa3sMEHHO-IJIEKTPOJIUTHYECKOE  OKCUAMPOBAHHE,
ATIOMHHUEBBI  CIIaB, AaKyCTHYECKas JMUCCHS, MHKPOIYTOBBIC DPa3psiibl,
MOHHUTOPUHT.

I. A. Rastegaev, E. G. Akimov, M. R. Shafeev, I. I. Rastegaeva,
A. V. Polunin, D. L. Merson, M. M. Krishtal
(Togliatti State University, Togliatti, Russia)

THE RELATIONSHIP BETWEEN

THE CHARACTERISTICS OF ACOUSTIC EMIS-
SION IN THE ANODIC AND CATHODIC HALF-
PERIODS AND THE TREATMENT MODE UNDER
PLASMA-ELECTROLYTIC OXIDATION

This paper is devoted to study of visual and acoustic signs of plasma electrolytic
oxidation (PEO) process stages suitable for their in situ identification, as well as
the feasibility of their detecting using optical and acoustic emission (AE) methods.
The study was performed using experimental data obtained under PEO of a deformable Al-
Mg alloy in an alkaline-silicate-phosphate electrolyte under 125 treatment modes, which
corresponds to all typical treatment modes of aluminum alloy in terms of current density,
cathodic and anodic current ratios in half-periods, and treatment time. It was found
that visual signs, and therefore optical methods (the main ones used in present time),
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identify PEO stages with less accuracy than AE signs. It is shown that the reasons that
reduced sensitivity of the optical method do not affect the effectiveness of the AE method.
It has been found that the proposed new approach to the AE method, using parallel
analysis of the shape and position of AE signals in the anodic and cathodic half-periods of
forming pulse, allows for a more substantiated and accurate identification of the stages and
time stamps of PEO stages compared to the AE integrated amplitude currently used in
the AE method. Using this new approach for simultaneous analysis of AE in the anodic
and cathodic half-periods, it has been demonstrated, that a significant reduction in
the duration of the anodization and the transition stages is achieved by increasing
the current density and its ratio in the anodic and cathodic half-periods of the forming
pulse.

Keywords: plasma-clectrolytic oxidation, aluminum alloy, acoustic emission,
microarc discharges, in situ monitoring.
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BBeneHne

Texnomorus N1a3MeHHO-21eKMPOTUNULECKO20
oxcuouposanusi (I130) crraBoB BEHTHJIEHBIX MeETal-
noB (Al, Mg u 1p.) HaxoauT Bce OoJbIee MPUMEHEHNE
B Pa3IMYHBIX OTpacisiX HpoMblnuieHHOCTH. [lomoxwu-
TenbHBIA  3dext [ID0-TexHomornu 3akiroyaeTcs
B BO3MOXHOCTH ()OPMHPOBAHMsSI Ha TIOBEPXHOCTAX Me-
TAUTMYECKUX HM3ACIHN CIOXKHOU (HOpMBI MHOTO(YHK-
[UOHALHOTO KEePaMUYEeCKOTO TOKPBITHS (OKCHIHOTO
CJIOST), MO3BOJISAIOLIETO IOBBICUTH M3HOCOCTOMKOCTH U
KOPPO3HOHHYIO CTOMKOCTb M3AEIHMH, 00ecneyuTh
yIpaBIisieMyl0 TeIuonepesady, KOHTpOJIUPyeMyto Ono-
pe3opbuuio  (camMopacTBOpeHHE), CO31aThb 30HHYIO
AIEKTPUUECKYI0 m3oisnuio u 1p. [1]. B cBoto ouepens
cBoiictBa [190 mokpeITHii (aAr€3MOHHAS MPOYHOCTH,
TBEPIOCTb, M3HOCOCTOMKOCTh M ApP.) OHNPEAEIIOTCA:
CTPYKTYpOH (TOJILMHOHN, HOPUCTOCTHIO, OCTATOUHBIMHU
MUKPOHAIPSDKEHUSIMU U JIp.), (a30BBIM cocTaBoM (Ka-
YECTBEHHBIM W KOJHMYECTBEHHBIM), Mopdonoruen ca-
Moro cios u ero nedekrHoctero [2]. Ilpu aTom 060-
3HA4YEHHBIC CBOWCTBA W MX OJHOPOJHOCTH IO TOJIIMHE
(moacmosiM) OKCHIHOTO CIIOSI OTIPEEIISIIOTCS MapaMeT-
pamu miporiecca I190 u 3aBUCAT OT MHOTHX (aKTOPOB,
B YAaCTHOCTH: IIOTHOCTH TOKA; YacTOTHI M BUAa (op-
MOBOYHBIX HMITYJIbCOB; HaJW4Msl KaTOOHOM COCTaB-
JAOUIe TOKa M €€ MOIIHOCTHOTO COOTHOIIEHHUS C
AQHOJHOHM COCTaBIISIIOLICH; COCTaBa M KadecTBa JJIEK-
Tponuta u Ap. [losToMy, HapsALy C TEXHOIOTHYECKUM
coBepIiIeHCTBOBaHHEM pexxumoB [190, oganM 13 Bax-
HEHIIMX BONPOCOB €0 Pa3BUTHSL SBIAETCS HalSKHBIN
KoHTposb mpomecca [190 Ha Bcex ero sTamax, KOTO-
pBIi B HMOealie JOJDKEH OCYLICCTBISITBCA B PEalbHOM
BpeMeHH (in situ) ¢ MPUMEHEHNEM COBPEMEHHBIX BHICO-
KOCKOPOCTHBIX M BBICOKOPA3PEIIAIONINX CUCTEM MOHH-
TopuHra [3].

[Tockombky mporecc hopmupoBanust [190-mokpsI-
TUM [OMCCUNIATHUBHBIM, TO MHOTHE €ro MOANPOLECCHI
COMPOBOXIAIOTCA AKyCTUYECKUM H3IydeHUueM (Hiu
AD) B 3ByKOBOM U YJIBTPa3BYKOBOM juamazoHax. Kak
CJIEICTBUE, B HACTOAIIEE BPEMs YK€ IPENIOKEHO U
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anmpoOMpPOBaHO HECKOJIBKO METOAMK MOHUTOPHHTA
nporecca [190 mo AD. Ilpu >TOM 3BYKOBOW Auana3zoH
UCIIOJB3YeTCAd PENKO IO CPABHEHUIO C YIBTPa3BYKO-
BBIM, TaK Kak oOJaJaeT CYyIIECTBEHHO Oojiee HHU3KOI
MTOMEXO3AMUIIEHHOCTRIO [4], TIOPTOMY B HaCTOSIIEH
pabore paccmatpuBaeTrcss AD TOJNBKO B YJIBTPa3BYKO-
BOM Juarna3oHe. B paborax mo uccienoBannto AD mpu
I[120 ynamock yCcTaHOBUTH HEKOTOPYIO KOPPEIISITHIO
MapaMeTpoB MpoIecca OKCHAMPOBAHHUSA C WHTErpalib-
HBIMH XapaKTEPUCTHKAMH aKyCTHYECKOI'O M3JIy4EHHUS.
B paborax [5, 6] oOcyxmaercs CBSI3b aKyCTHYECKOTO
n3nyuyeHus ¢ pexxumamu [190 B kareropusax «yBenu-
YEHUSD» M «CHWDXKEHHS» €ro YpPOBHs, HO 06e3 yTOYHEeHUs
napameTpoB OLIeHKU curHanoB AD. B cratee [7] ¢ mo-
MOIIBI0 TTOPOTOBOrO0 MeTona AD Oblla ycTaHOBIIEHA
KOppEJNSIUs CUTHAIOB AD ¢ 3TarnoMm pa3BuUTUsi POpPMO-
BOYHBIX Pa3psnoB (maccWBanyeld M HaYaIbHBIM aHOJI-
HBIM HCKPEHHEM, MUKPOAYTOBBIMH M AYTOBBIMH Pa3psi-
Jamu), a B paboTe [8] — Koppensius TpeHI0B HaKOIUIe-
Hus cdyeta AD M KMHETUKH pOCTa OKCHIHBIX CIIOEB
Ha cruiaBe [[16. B ctatbe [9] ycTaHOBIEHO, YTO € poOC-
TOM TOJIIIMHBI OKCHIHOTO CJIOSl HaOJIIOaeTCsl cMelle-
HHE aKyCTHUYECKOTO CUTHaNa B 0osiee HU3KOYACTOTHYIO
M BBICOKOAMIUIUTYIHYIO O0JacTh, 4YTO, 1O MHEHHIO
aBTOPOB, CBUJETEIHCTBYET O JIOKAJIHM3AIMH W TIOBBIIIIE-
HUU MOIIIHOCTH €JMHUYHOTO MUKPOYTOBOTO paspsja.
B pa6ote [10] mpomeMOHCTpHPOBAHO, YTO CIIEHKE-
HUE 33 aMIITUTYJ0H AD NO3BOJISAET MOBBICUTH KAYECTBO
OKCHJIHBIX CJIOEB M MX BOCIIPOM3BOJUMOCTH Ha CILJIaBe
H16AT. B cratbe [11] Ha ¢doHE OTCIEKUBAHUS TPCH-
JIOB U3MEHEHUS dHEpruu AD cienaHa IMOMBITKA pasjie-
JICHHsI aKyCTUYECKUX CHUTHAJIOB HA UMITYJIbCHBIN U He-
MIPEPBIBHBIN (PE30HAHCHBIN) BHUIBI C MOCIEAYIOIIUM
OIMCAaHUEM UX IapaMeTpaMUu: aMIUIUTYAOH, SHEprueH,
BpEeMEHEM HapacTaHHI M YacTOTOU IpH muke. B pado-
Tax [12, 13] mpeacraBieHbl OpeaBapUTEIbHBIC PE3YIIb-
TaThl 3alUCU cUrHaNoB AD, monmydeHHbIXx npu 1150
Al-Mg-06pa3noB, 1, B 4YaCTHOCTH, YCTaHOBIICHA CHH-
XPOHHOCTh PETHCTPAIIMU CUTHAJIOB AD C LIMKJIOM BO3-
NIEHCTBHSI, a TaK)Ke MMOKa3aHa KOPPENALHUsS UX BPEMEH-
HOT'O TIOJOKEHUSI C BU3YaJbHBIMH HAOJIOACHUSIMHU W
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Cmamusa nocmynuna 6 pedakyuio 03.11.2025
Cmamus npunsima k nyonuxayuu 12.01.2026

BBeneHune

Muxkponyrosoe okcuaupoBanue (MJIO) mmpoko npuMeHsieTcs ISl ToBepX-
HOCTHOM MOIU(]UKAINK [BETHBIX METAJUIOB, OAHAKO ONTUMHU3ALMS €r0O IapamerT-
POB TpeOyeT 3HAYUTEIBHBIX HKCIIEPUMEHTAIBHBIX 3aTpaT. MeToI0M aKyCTHYeCKOH
smuccun (AD) BBITOIHEH MOHUTOPHHT Tporiecca MJIO Ha aqfOMHHHEBOM CILIaBE
J16AT B cunukatHOM 35eKTpoauTe. AHaIU3 AD-CUTHAIOB O3BOJIMI YETKO BBIE-
JMTH CTAAWH Mpoliecca, 0cOOEHHO Ha HadanbHOM 3Tarte. Kitaccudukanust curaanos
TIPY PA3IMYHBIX TUIOTHOCTSIX TOKA YCTAHOBIJIA CBSI3b MKy MEXaHW3MaMH pa3psi-
Ia, THMAMA AD-CHTHAIOB M CTaaisIMH (OPMHPOBAHUS IUICHKA. 1[0 9acTOTHBIM
XapaKTEPUCTUKAM OIIPE/ICNICHBI TOUKH Mepexosa Mexay craausiMu. [lokazano, 4ro
AD sBrusercss 5pPEeKTUBHBIM UHCTPYMEHTOM JUIsi OTNEPATHBHOTO KOHTPOJIS, TPO-
THO3MPOBAHUS U ONITUMU3AINY CBOHCTB MJIO-TIOKpBITHIA.

Kniouesvie cnosa: MUKpoIyroBoe OKCUIUPOBAHUE, aKyCTHUUECKas dYMHUCCHS,
aJTIOMUHHUEBBIN crutaB, J[16, okcuanbii cinoii, t-SNE.

F. Baol, 0. V. Bashkov?,
'Harbin University of Science and Technology, Harbin, China
’Komsomolsk-na-Amure State University, Komsomolsk-on-Amur, Russia

ACOUSTIC EMISSION: A NEW APPROACH TO
THE ANALYSIS OF DISCHARGE MECHANISMS
IN MICROARC OXIDATION

Microarc oxidation (MAO) is widely used for surface modification of non-ferrous
metals; however, optimization of its parameters requires significant experimental effort.
In this study, the MAO process on D16AT aluminum alloy in a silicate electrolyte was
monitored using acoustic emission (AE). Analysis of AE signals allowed for clear
identification of the process stages, particularly the initial phase. Classification of signals
at different current densities established a relationship between discharge mechanisms,
AE signal types, and film formation stages. Transition points between stages were
determined using frequency characteristics. It is demonstrated that AE is an effective tool
for operational monitoring, prediction, and optimization of MAO coating properties.

Keywords: microarc oxidation, acoustic emission, aluminum alloy, D16, oxide layer,
t-SNE.

Received 03.11.2025
Accepted for publication 12.01.2026

MHOXECCTBA TEXHOJIOTMYCCKUX IapaMETpPOB, a TaKXKE
C y4€TOM CJIOXKHOCTU W JUHAMHWYHOCTU MCEXAHU3MOB

Muxpoodyeosoe oxcuouposanue (MJ10), wiu nias-
Menno-aexmponumuyeckoe okucnenue (I190), mo3Bo-
nsieT GOpMUPOBATh HA MMOBEPXHOCTH IIBETHBIX METAIIOB
U UX CIUIABOB BBICOKONPOYHBIE, KOPPO3UOHHO-CTOMKHE
KEpaMHUUYECKUE IUIEHKHM C BBICOKOW JIMANEKTPUUECKOU
povYHOCTRI0. B mocienamne roast MJIO Hamwio mmpo-
KO€ TIPUMEHEHHE B adPOKOCMHUECKOM, aBTOMOOMIILHOM,
3NEKTPOHHOM U apyrux otpacisix [1, 2]. CoBpeMeHHbIE
HCCTICIOBAHMSI HAMPABICHB HA TOYHOCTH KOHTPOJIS
CTPYKTYpPBI W CBOMCTB IUICHKH TIPH B3aUMOJCHCTBHUH

¢dopmupoBanus [3, 4].

Jnst aHanu3a mpoueccoB (GOPMHPOBAHHS TIJICHKU
MPUMEHSIOTCS PAa3INYHbIE (PU3UKO-XUMHUECKHE METO-
nel. B pabote [5] BBISIBJICHBI aHOMAJIUH BBIICTICHHS Ta-
30B C aHOJIa, a aBTOPHI paboTHI [6] cBsA3aIM UX C TUAPO-
JIU30M BOJIBI B Pa3psIIHBIX KaHalaxX. Mi3MepeHHas aBTo-
pamu paboTsl [7] TemmepaTypa wiasMbel mpu MJ1O co-
cramiia okosio 3500 K. fo JI. mokazan BIUsSIHUE 4acTO-
Thl UMITYJILCOB Ha 3HEPro3(pPeKTUBHOCTh U UHTCHCUB-
HOCTH BO30YXKICHUS TUIa3MHI [8].
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ONPEOENEHUE NAPAMETPOB
NbE3ONPEOBPA3OBATENIEA C UCMNOJNIb30OBAHUEM

UX COBCTBEHHbIX TEMIOBbLIX LLYMOB
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B. 1. UeaHoOB,

[O-p TEXH. HaykK, npod.,

AO «HTL «MpombliwneHHas
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PaccMoTpeHBl METOAMKHM HM3MEPEHHS 3IEKTPHUECKUX IMapaMeTpoB IMbe30-
JNIEKTPUYECKHX npeobpazoBareneil. [lokazaHbl OCHOBHBIC OTPaHUYCHUST METOHK,
KOTOpBIE 3aTPYyJHSIOT HCIOJIb30BaHUE HMX JUISI U3MEPEHHs] MapaMeTpoB Ibe30-
JJIEKTPUYECKUX Tpeodpa3oBateneid. [IpenymoxeH HOBBIM CIOCOO KalMOPOBKH,
B KOTOPOM HCIIONB3YIOTCS COOCTBEHHBIE TEIUIOBBIE IIYMBI NpeoOpa3zoBaTelnei.
JlaHHBII METOA MO3BOJISIET CYHIECTBEHHO YIIPOCTUTD NPOLEcC KaTnOPOBKU U yBe-
JWYUTh TOYHOCTh HM3MEPEHMs 3JIEKTPUYECKUX IapaMeTpoB Ibe30IpeoOpa3oBa-
Tenei.

Knroueevte cnosa: Tbe303JCKTPUUCCKUN IpeoOpa3oBareb, KaluOpPOBKa,
MeTos 1yMoBoit kannoposku (LLIK).

V. L. Shelobkov', V. V. Musatov', A. A. Sazonovl, V. L. Ivanov?
'GIAP-DIST center Closed Joint Stock Company, Moscow, Russia
2JSC “STC “Industrial Safety” Moscow, Russia

DETERMINING THE PARAMETERS OF
PIEZOTRANSDUCERS USING THEIR OWN
THERMAL NOISE

Various methods for measuring the electrical parameters of piezoelectric transducers
are considered. The main disadvantages of the limitations of standardized well-known
techniques are shown, which hinder their adequate use and make it difficult to measure
the parameters of piezoelectric converters used in industry for the diagnosis of technical
devices. A new calibration method is proposed, which uses the intrinsic thermal noise of
the transducers to calibrate them. This method makes it possible to significantly simplify
the calibration process and increase the accuracy of measuring the electrical parameters of
piezoelectric transducers.

Keywords: piezoelectric transducer, transducer calibration, Noise Calibration method
(NO).

Cmamusa nocmynuna 6 pedakyuio 15.11.2025
Cmamus npunsima k nyonuxayuu 15.01.2026

BBeneHune

B mbe3oanekTpudeckux MarepualiaX CoOCyIIeCT-
BYIOT JIB€ HE3aBUCHUMBIE 00IacTH (U3NUECKUX MPOLeCc-
COB, KOTOpBIE IIPOCTBIM O0pa3oM  COYETAIOTCS
Ha MHUKPOYpPOBHE. DTO O0JIACTH aKyCTUYECKHX U DJIEK-
TPUYECKHX IIPOLIECCOB, KOTOPHIE OMHCHIBAIOTCS COBME-
CTHBIMU YPaBHEHHMSIMU AaKyCTHUKH U 3JIEKTPHUYECTBA.
[epBbiMU TyONMUKAUSIMH 110 THE30PE30HATOPAM U
nvezoanekmpuieckum npeoopazosamensim (I1911) Obi-
mu tpyasl H. H. Angpeesa, V. Komu [1, 2]. Cravana

Received 15.11.2025
Accepted for publication 15.01.2026

MbE30PE30HATOPHI MCIIONH30BAIUCH B PAIHOIIEKTPOH-
HOHW ammapaType AJsl MOBBIICHHUSI CTaOMJIBHOCTH Yac-
TOTHI TEHEPATOPOB U B KAY€CTBE YaCTOTHBIX (PUIIBTPOB.
[I2I1 HanuM mNpUMEHEHWE BO MHOTHX Hay4HBIX
HaIPaBICHUSIX W OTPACISIX MPOMBIIUIEHHOCTH, BKITIO-
yas rugpoakyctuky. [anee IIOII momyuwnm mmpo-
yaifimee WCMONB30BaHNE B HEpa3pyLIArOIIEM )ibmpad-
38ykoeom koumpose (Y3K) u TeXHUYeCKOW THarHOCTH-
Ke (BUOpOJMArHOCTHKE M aKyCTUKO-dDMHUCCHOHHOM OH-
arHOCTHKE).
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UCCINEAOBAHMUE BO3MOXHOCTEW METOQOA
AKYCTUHECKOU SMUCCUU OanAd AMArHOCTUPOBAHUA
M’MMBKUX NOJIMMEPHbIX APMUPOBAHHBIX TPYB

HECBA3HOMN KOHCTPYKLUUWU
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IIpuBeneHo uccIeqOBaHUE BO3MOXKHOCTEH METOJa aKyCTHYECKOH dMHCCHU
JUISL pELICHUs 3a7a4i JTUarHOCTUPOBAHUS TMOKHX MOJIMMEPHBIX apMHPOBAHHBIX
Tpy0 (I'TIAT) HecBA3HOW KOHCTPYKIHMH. PaccMOTpeHBI OCHOBHBIE THIIBI KOHCT-
pykumit u Mexaun3MoB paspyuienust [ TIAT. 3arporyTa TeMa HOPMaTHBHOM 0a3bl
" pernamenta koHTpons npu peBm3ud [TIAT B HedTerazoBol MpOMBIIUIEHHO-
CTH, a TaKXK€ BBIABIICHBI IIPEUMYILECTBA M HEAOCTATKH JUArHOCTHPOBAHMS aKy-
CTHKO-3MHCCHOHHBIM MeTOJ0M. Pa3paboTana METONOIOTHS 3KCIIEPUMEHTAIBHO-
IO MCCIEJOBAHN, BKJIIOYAOLIAs 3Tallbl IIOJrOTOBKY, EPBUYHOIO (Ha oOpasmax
0e3 HaHEeCeHHBIX JIe)EKTOB) U MIOBTOPHOTO (Ha 00pa3liax ¢ HAaHECCHHBIMU Jedek-
TaMH) AD-KOHTpPOJS TpU MPOBEACHHH THUAPABIMYCCKUX  HCHBITAHWUH,
a TaKXKe JTall aHaIM3a MOJyYCHHBIX JIaHHBIX. BhIsABIeHBI HanOoee HPOPMATHB-
HBbIE ITapaMeTphl IS ONPEAENICHUS IPEANIOCHUIOK K Pa3pyLICHUIO, a TakXKe pa3pa-
00TaHBI pEKOMEHJALINH IS TATbHEHILIETO Pa3BUTHS TEMBI.

Knroueevie cnosa: tmOkume monmMepHble apMupoBaHHble TpyObl, ['TIAT,
THPABINYECKHE MCIBITAHNUS, HEpa3pyIIaonuii KOHTPOIb, METOA aKyCTHIECKOH
SMHCCHH, IIEKTPOXHUMUIECKast KOPPO3HSL.

A. N. Miseiko', K. V. Kharebov', V. S. Mishunin',

D. M. Zhivosnovskayal, K. A. Perovz, M. V. Bogatov“, S. A. Kovalev*
'Scientific and Technical Center “Aegis”, Samara, Russia

2000 “NITs “Nemetall”, Samara, Russia

3Samara State Technical University, Samara, Russia

*000 “SIBUR PolyLab”, Moscow, Russia

INVESTIGATION OF THE POSSIBILITIES OF
THE ACOUSTIC EMISSION METHOD FOR
THE DIAGNOSIS OF FLEXIBLE POLYMER
REINFORCED PIPES OF INCOHERENT CON-
STRUCTION

The article presents an investigation of the acoustic emission method possibilities for
solving the problem of diagnosing flexible polymer reinforced pipes (GPAT) of
an incoherent structure. The main types of structures and mechanisms of destruction of
GPAT are considered. The regulatory framework and inspection procedures for FPRP in
the oil and gas industry are discussed, and the advantages and disadvantages of APRP
diagnostics are identified. An experimental research methodology has been developed,
including the stages of preparation, initial (on samples without introduced defects) and
repeat (on samples with introduced defects) AE testing during hydraulic testing, as well as
a data analysis stage. The most informative parameters for determining the prerequisites
for destruction have been identified, and recommendations have been developed for
further development of the topic.

Keywords: flexible polymer reinforced pipes, GPAT, hydraulic testing, non-
destructive testing, acoustic emission method, electrochemical corrosion.
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OCHOBHBIMU OOBEKTAMHM KOHTPOJIS JJISI METOAAa aKyCTUYCCKOW 3IMUCCHH
(AD) sABNAIOTCS TOHKOCTCHHBIE 0OBEKTHI — TPYOOIPOBOJIBI, COCYIBI U pe3epBya-
pel. OcHOBHOW THI BOJIH AD, pactpoCTPaHSIONIMXCS B TOHKOCTCHHBIX OOBEK-
Tax, — 3TO BOJHBI JIsm0a. BenencTeue AUCIEPCHOHHOTO PACpPOCTPAHEHHs BOJIH
JI>mba 1 9acTOTHO-3aBUCUMOTO 3aTyXaHUS (opMa U CIIEKTp CUTHaima AD cytie-
CTBEHHO 3aBHCAT OT PACCTOSHHUS, MPOMIEHHOIO CHIHAJIOM [0 BOJHOBOJIY, YTO
OCJIOXKHSIET HHTEPITPETALUIO IaHHBIX AD, TaK KaK BIMSHHE aKyCTHYECKOTO TPaK-
Ta MacKUpyeT BIHUSHUE (YHKIMHA UCTOYHHKA U 3aTPYAHSCT HICHTH(UKAIMIO Xa-
pakTepa MoBpekAeHHs 00beKTa KOHTpOIs. [IpoBe/ieHO Mccie0BaHUe COBMECT-
HOTO BJIMAHHA MapaMCTpPOB HWCTOYHHUKA W MApaMETPOB AKYCTHYCCKOI'O TpaKTa
Ha (opmy curnanoB AD. MccrnenoBaHue BBINOJHEHO C MOMOIIBIO MPOLEAYPHI
MOJyaHAIUTHYECKOTO MOJICIMPOBAHUS CUTHATIOB AD ¢ pa3IMuHbIMH ITapaMeTpa-
MU HCTOYHHKA U aKyCTUYECKOTO TPAKTA.

Knrwuesvie cnosa: JIbm0a,

CHUT'HAJIbL, KOPPEIIALUL.

AKyCTHYCCKad OMHUCCHsS, BOJIHbBL JaJIbHUC

E. A. Lepsheevl’z, V. A. Baratl’z, S. V. Elizarov'
"“Interunis-IT” LLC, Moscow, Russia
*National Research University “MPEI”, Moscow, Russia

INVESTIGATION OF ACOUSTIC EMISSION SIG-
NALS PROPAGATION FEATURES BY
THE LAYERWISE METHOD

The primary inspection objects for the acoustic emission (AE) method are thin-walled
structures such as pipelines, pressure vessels, and storage tanks. The dominant type of AE
waves propagating in thin-walled structures are Lamb waves. Owing to the characteristics
of Lamb wave propagation, including dispersive behavior and frequency-dependent
attenuation, the waveform and spectral content of AE signals strongly depend on
the propagation distance along the waveguide. This significantly complicates
the interpretation of AE data, since the influence of the acoustic transmission path masks
the effect of the source function and hinders reliable identification of the damage
mechanism in the inspected structure. In this work, the combined influence of source
parameters and acoustic transmission path parameters on the AE signal waveform
is investigated. The study is carried out using a semi-analytical modeling procedure for
AE signals with various source and waveguide parameters.

Keywords: acoustic emission, Lamb waves, far-field signals, correlation.

Cmamus nocmynuna 6 pedakyuio 10.12.2025
Cmamuws npunsma x nyoauxayuu 17.01.2026

BBeneHune

CoBpeMeHHbIN YpOBEHb TEXHOJIOTHYECKOro pa3BU-
THSI IPEIBABISIET Bee OoJiee CTporue TpeOOBaHuUs K KOH-
CTPYKIHMSIM M MeXaHM3MaM. KpHTH4ecKkne KOMITOHEHTHI
MEXAHM3MOB MOTYT XapaKTepU30BaThCs JUIMTEIbHBIM
CPOKOM CIyXOBl M TOIBEPraloTCs 3HAUYUTEIBHBIM
(YHKIMOHANBHBIM U NPUPOAHBIM Harpys3kam. Crenosa-
TEJIbHO, MOHUTOPUHI KPUTHYECKUX MEXAHU3MOB U KOH-
CTPYKUMI CTaHOBHUTCS HeoOXoauMbiM. OIHUM M3 OC-

Received 10.12.2025
Accepted for publication 17.01.2026

HOBHBIX BHJIOB HEpa3pyLIAOIIEro KOHTPOJIS, IpUMe-
HSIOIMXCSI B CUCTEMax JUarHOCTHYECKOTO0 MOHUTOPHUH-
ra, SBIISETCS METO akycmuyeckoul amuccuu (AD).

K mpeumymectBam meroma AD OTHOCHUTCS €ro
YyBCTBUTEIBHOCTh K TPEUIMHAM MAJIBIX pasMepoB H
CTPYKTYpPHBIM HW3MEHEHUSM BHYTPH MaTepuanga, 4To
NPUBOJIUT K U3MeHeHUIo (¢opmbl curHana AD. Boib-
II0€ YUCIIO pabOT HANpPaBJICHO HA YCTAaHOBIICHUE B3au-
MOCBSI3M TMapaMeTpOB JIHAarHOCTHYECKOI'O CHUTHana
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TeXHONOrni», «KOHTpOnb. [JuarHocTuka», «CTekno 1 kepamuka», «GnpaBoyHnK. IHXeHepHbIN XypHan», «Tepputopus NDT».

E>xxeMecsiqHble XypHanbl; «BECTHUK KOMMbIOTEPHbIX 1 MHDOPMALMOHHBIX TEXHONOMNA», «KOHTPONb. narHoctnka», «GTeKno 1 Kepammkar,
«CnpaBoYHUK. VIHXXEHEPHBI XYpHa» — BKIHOYEHbI B epeyeHb peLeH3npyembix U3AaHWA U XYPHANOB BbICLIeN aTTeCTaLMOHHON KOMUCCUY
(BAK), B KOTOPbIX BO/MKHbI 6bITb OMY6IMKOBAHbI OCHOBHbIE PE3YNbTaThbl AUCCEPTALMIA HA COMCKAHME Y4eHOI CTEMeH KaHAMAATA N JOKTOPA HayK.
1130aH1s BXOASAT B HALMOHANBHYIO MHAOPMALMOHHO-aHATIUTUYECKYIO CUCTEMY — POCCUIACKMIA UHAEKC Hay4HOro uutuposanus (PUHL).

JKypHan «KoHTponb. narHocTuka» BxoauT B 6a3y AaHHbIx Russian Science Citation Index (RSCI).

JKypHan «CTekno 1 kepammka» nepeBoanTCs Ha aHrnuincknii a3bik (“Glass and Ceramics”) n nsgaercs B GLUA «SPRINGER SCGIENCE +
BUSINESS MEDIA, INC».

JKypHarnbl pacnpocTpaHAoTCA Mo NOLNMUCKE U NpeSCTaBNeHbl B NOAMNUCHbIX Katarnorax «[pecca Poccuu» 1 B 311eKTPOHHOM Katanore «[lo4ra
Poccun», a Takxe B MOANNCHBIX KaTanorax anbTepHaTUBHbIX MOANUCHbLIX areHTCcTB: «KHura-Cepsuc», «Pycnpecca», «Ypan-lpecc» BO BCex
pernoHax Poccuiickon ®efepavum.

ExxekBapranbHblil XypHan «Tepputopus NDT» pacnpoctpaHsieTcs 6ecnnatHo Yepe3 u3fatensCrso, HaXo4uTCs B CBOOOAHOM LOCTYMe
Ha canTe 1 ABNAETCA 6ECNATHLIM AN YuTaTenel.

Moapo6HY0 MHGOPMALMIO 0 XKYpHAaX U KHUrax N3aaTesibCTBa MOXHO HalTW Ha canTe U3haTeNibCTea Www.idspektr.ru.

BECTHMK KOMMbHOTEPHbIX 1 MUHOOPMALIMOHHbBIX TEXHONOI WA

ISSN 1810-7206. Bbixoaut ¢ 2004 roga. O6bem — 48...64 cTpaHuup!.

Cant xypHana: hitp://www.vkit.ru. TenecooH pepakuun: 8 (495) 589-56-41. E-mail: vkit@idspektr.ru.
JKypHan ny6nukyeT cTaTbit 0 KOMMbIOTEPHBIX 1 MHAOPMALMOHHBIX TEXHONOTUSAX B MPOMbILLAEHHOCTY,
06pa30BaHnm, 3KOHOMUKE W T.4. — OMbIT Pa3paboTKK, BHEAPEHUS W UCMOb30BAHNS.

MoanucHble uupekcbl: 39244 — no katanory «[pecca Poccun»;

13645 — no anekTpoHHOMY KaTanory «Mo4ta Poccum».

BECTHMK KOMNbHTEPHBIX
W KHOOPMALIWOHHBIX TEXHOROTHA

a3 3

KOHTPOJIb. ANATHOCTUKA

ISSN 0201-7032. Bbixoaut ¢ 1998 roga. 06bem — 56...64 cTpaHuLb!.

Caiit »xypHana: hitp://www.td-j.ru. TenecpoH pegakumm: 8 (495) 514-76-50. E-mail: td@idspektr.ru.

JKypHan ny6nukyeT Hay4Hble W MeTOAWYeCKWe CTaTbi O MeTofax, npuéopax U TEeXHONOTUSX KOHTPONS U
QNarHoCTKMN, X BHEAPEHWUW, Pa3BUTUM U NPUMEHEHMN.

MopnucHble uHpekebl: 29075 — no katanory «[pecca Poccuu»;

13652 — no anekTpoHHOMY KaTanory «[lo4yta Poccun».

CNPABOYHUK. UHXXEHEPHBIA XYPHAN

ISSN 0203-347X. Bbixogut ¢ 1997 roga. 06bem — 56...64 cTpaHuubl, npunoxexus — 16...32 cTpaHuubl.

Cant xypHana: http://www.handbook-j.ru. Tenecbon pegakunn: 8 (495) 589-56-81. E-mail: hb@idspektr.ru.
JKypHan ny6AankyeT CTaTbi CMPaBO4HO-MH(OPMALMOHHOrO XapakTepa, NpeAHa3HaYeHHble ANS NOBbILIEHNS
KBanuuKaLmm NHXEeHepoB BCEX OTPACNel TeXHUKU: KOHCTPYKTOPOB, TEXHOMOr0B, 3KCNEPTOB, Pa3paboT4nKoB
HOBOV TEXHUKMN, NPOEKTUPOBLLMKOB, MaTepKUanoBeaoB, a TakxKe s NpenofiaBateneil ! CTYAeHTOB BTY30B.
Mopnucxble napekesbl: 41299 — no karanory «[pecca Poccun»;

13653 — no anekTpoHHOMY KaTanory «fo4ta Poccum».

CTEKNO U KEPAMUKA

ISSN 0131-9582. Bbixoaut ¢ 1925 roga. 06bem — 40...56 cTpaHu,.

Caiit xypHana: http://www.glass-ceramics.ru. TenechoH pegakuuu: 8 (499) 391-87-06.

E-mail: stiker1925@gmail.com.

Hay4Hble nccneaoBaHns, TexHUKa, TexHonorus. NMpou3BOACTBO BCEX BWAOB: CTEKNa, KePaMuKM, CUTANNOB W
CTEKNOKEepaMnKKM, CTEKNONNACTUKOB, AMaeil U rnasypei, KAMEHHOT0 INTbS U MUHEPANbHOIA BaTbl.

MopnucHoit unpekc: 70881 — no karanory «lpecca Poccun»; N3654 — no 3nekTpoHHOMY KaTanory «lo4ta Poccum».

TEPPUTOPUA NDT

ISSN 2225-5427. Bbixogut ¢ 2012 roga. 06bem — 56...72 cTpaHuLbl.

Caiit xypHana: http://tndtidspektr.ru. TenedoH pegakumm: 8 (499) 393-30-25. E-mail: tndt@idspektr.ru.

Hogelilume pa3paboTkn 1 1ccnesoBaHns B 061acTi HepaspyLLatOLLero KOHTPONS 1 TEXHNYECKOR AUarHOCTUKY.
/Hchbopmaums o BbiCTaBKax, CeMuHapax, KOHQEepeHUNsX. AHOHCbI MePONPUSTUIA, NOAPOBHbIE 1 KpaTKNe OTHETh.
JKypHan pacnpocTpaHsieTcs 4yepe3 HalMoHanbHble 06LLECTBA N0 HePa3pyLLAOLLEMY KOHTPOSI, Ha BbICTaBKax,
CeMMHapax, KOHGEPEHLNSX, B Y4EOHbIX LIEHTPAX 1 Yepe3 peaakLmio.

061LeCcTBO C OrpaHMYEHHON O0TBETCTBEHHOCTLIO "3patenbckuii fom "CMEKTP"

[MoyToBbii agpec: 119048, r. Mocksa, yn. Ycayesa, a. 35, ¢tp. 1, 000 "Vi3patenbckuin gom "CIMEKTP"
Ten. 8 (495) 514-76-50, e-mail: info@idspektr.ru, http://www.idspektr.ru

OTgen noanuckn u peanusauuu: Ten. 8 (495) 514-26-34, e-mail: zakaz@idspektr.ru
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