Abstract — Modern industrial production uses digital and computer technology in all aspects of its
work. Almost all processes, from direct control and management of the technological process to
business planning and document flow, are currently carried out using digital data and digital
infrastructure. In this work, modules have been designed for the digitalization of the document
flow system of the quality control department, non-destructive testing department, and central
plant laboratory for operational control. The implementation of these modules for Atommash was
carried out in the SAP ERP software system.

Keywords: automation, document flow, SAP ERP software, conformity assessment, digital
transformation.
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PA3BUTUE METOJA YACTOTHO-BPEMEHHOI'O
HPEJACTABJIEHUSA CUT'HAJIOB JIEKTPHYECKOI'O KOHTPOJIA

3.C. Boaxosa, M.b. UBanmnii, B.. Cypun, A.A. lllep6akos

Hayuonanvnoiil uccreoogamenvckuii soepuwitl ynugepcumem « MUDHy, Mocxkasa, Poccus

B pabore mnpuBoanTCS ONMHCAaHWE METOAMKA KM MPOrpaMMbl U1 YacTOTHO-BPEMEHHOTO
NpPEJCTAaBICHUS  CHUTHAJIOB  JJIEKTPUYECKOTO  Hepa3pyllalomero  KoHTpois.  Meronuka
IpeArnosaraeT UCIoib30BaHue Npeodpa3zoBanus Burnepa-Buiuis u okonHO# ¢yHKiK biskMana.
Taxxke ONMUCHIBAIOTCS MMPOBEACHHBIC JId MNPOBCPKU METOJUKU ISKCICPUMEHTEI. O}II/IH U3 HHUX
HalpaBJICH HAa W3Y4YCHHE Pa3BUTUS CTPYKTYPHBIX IIOBPEXICHUH B YacTOTHO-BPEMEHHOM
MpeACTaBICHUN A ynpouHeHHoro cruiaBa ITOC-76, MCHBITAHHOTO B IPOIECCE MON3YYECTH.
[IpuBoaATCS W3MEHCHHE OTHOCHTEIBHOM Tekylied naedopmanuu o0Opa3nma B MPOICHTAX H
COOTBETCTBYIOIIIEE H3MEHEHHE CKOPOCTH IOJI3Yy4eCTH OT BpPEMEHH, a TakkKe BpEeMEHHas
3aBUCHMOCTh aMIUINTY/ABl CHT'Hana KOHTPOJII Ha (JOHE CHEKTPOrpaMMBbl HacTOTHO-BPEMEHHOTO
npesacTaBiaeHus.  [lomydeHHbIE  pe3ysibTaThl  COOTHOCATCS ¢ TeM  (paktomM, dYTO B
MOJMMKPUCTAUIMIECKUX ~ MaTepuajax NpH CpeiHed cremeHW JeopManmud B YCIOBHSX
MHOECTBEHHOI'O CKOJIBKEHHSI OCHOBHBIM KOHTPOIMPYIOIUM MOI3y4YeCTh MEXAaHU3MOM SBISETCA
MEXaHU3M TeHEepaluu TIOJIOC CKOJbXKEHHs. BTOpoil SKCIEepUMEHT ONHUCHIBAET INPUMEHEHHE
METOAMKH K pe3yJapTaTy OOHapyKEHUS 3apOABIINIEBOM MUKPOTPEIIMHBI MPH PACTSKEHUU CTaIH
DOU847.

Kniouesvie  cnoea:  dneKTpUYeCKWd  HepaspyIAIOIIMKA  KOHTPOIb, YaCTOTHO-BPEMEHHOE
NPEICTaBICHNE CHUTHAJIOB, YAcCTOTHBIE XapaKTepHUCTHKH, TpeoOpazoBanne Burnepa-Bums,
¢ynkus  biadskmana, cTpyKTypHble  JeeKTBl, IpoIecc MOJ3y4ecTH, AedOopMaIlMOHHOE
YIpPOUYHEHUE, TeHepalts IOJI0C CKOIbKEHHSI, MUKPOTPELUHBI.

3amaua MPUMEHEHHUS METOJI0OB YaCTOTHO-BPEMEHHOTO TPEACTABJIICHHUS K pe3yibTaTaMm
ANEKTPUUYECKOTO HEpa3pyILIAIOIIET0 KOHTPOJS SBISETCS aKTyaJbHOW, TOCKOJBKY 3TO
MO3BOJISIET HE TOJBKO d(DPEKTUBHO BBISBIATH Pa3IUYHBIC THUIHI Me()EKTOB CTPYKTYPHI, HO U
OTpeeNATh WX YaCTOTHBIE XapaKTepUCTHKHU. VI3BecTHO, 4TO mpeoOpazoBanue Burnepa-
Bunnst jokanm3yeT 4acTOTHO-BPEMEHHYIO CTPYKTYphl cuTHama. Ecnmm sHeprust curHana
CKOHIIEHTPUPOBaHa BO BPEMEHU OKOJIO TOUKH ty M IO 4acToTe BO3JIE TOYKU Lo, TO U SHEPIUs
npeoOpazoBanus Burnepa-Bumis sToro curnana OyneT CKOHIIEHTPHUPOBAaHA B OKPECTHOCTH
TOYKH (1p,00) C TPOTHKEHHOCTHIO, PABHOW YaCTOTHOW M BPEMEHHOU MPOTSHKEHHOCTH CHTHAJIA.
OnHUM CYIIECTBEHHBIM HEOCTATKOM Mpeobpa3zoBaHus Burnepa-Buiis sBIsieTCS CHIDKEHUE
paspemaronieii CrnocoOHOCTM METOAAa B pe3ysibTaTeé BO3HHUKAIOUIMX HHTEphEpeHLUH,
00yCJIOBJICHHBIX KBaJpaTHYHBIMU CBOMCTBaMU IpeoOpa3oBanus [1].

[To ompenencuuto, s auckpeTHoro curnana f nmpeodpasosanue Burnepa-Bumns WW
[n,k] 3anuceiBaeTcs B Bue psaa:

126



N-1 —iz:rkp)

WW[n,k]=Z }"[n+g]f" [n—g]exp( I

p=—N

Ha pucynke 1 nokasan npumep UaeHTH(QUKALUN Pa3BUTHSI CTPYKTYPHBIX MOBPEXKICHHUH
B YaCTOTHO-BPEMEHHOM IIPEACTABICHUM J1s yripouHeHHoro criaBa [I0C-76, nucnplTanHOTO B
nporecce nossydectd. Ob6mas nepopmanus obpasla mepes NPOBEIEHHUEM AKCIEPUMEHTA
COCTaBJIsJIa HECKOJIBKO MPOLIEHTOB. 1 noaep kaHusl Ipouecca Moja3y4ecTH, I0Cie BbIX01a
Ha PEKUM HCIIBITAHUM, ITIOCTEIICHHO CTPABJIMBAIN HArpy3Ky OT IE€PBOHAYAJIBHOIO 3HAYCHMS
280 MlIla go 220 MIla — k KOHIly 3KCIIEpUMEHTA.

CneBa Ha pHCYHKE II0Ka3aHO H3MEHEHHME OTHOCUTEIbHOM TeKylled nedopmanun
oOpa3la B IPOLEHTAaX U COOTBETCTBYIOIIEE U3MEHEHUE CKOPOCTH IOJI3Y4ECTH OT BPEMEHHU.
Ha pucynke 1 cnpaBa, Ha (oHE CHEKTporpaMMbl YacTOTHO-BPEMEHHOI'O IPEACTaBICHUS
(UBII) nmpuBeneHa BpeMEHHas 3aBUCHUMOCTb AMILIUTYIbl CHUTHaja KOHTpPOJS (KpacHOTro
1BeTa). 3HAYEHUs MOIYJsl CHEKTPalbHOM (YHKLUMU IPHUBEIEHBI B YCIOBHBIX EJUHMIIAX.
[Hupuny oxHa BeIOuMpanu paBHOM 60-TM oTcuetam. [l yMEHBUIEHMS] BIUSHUS
UHTEPPEPEHIIMOHHBIX TOMEX UCIOJIb30BATIN OKOHHYIO (pyHKIMIO briskmana [1].
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Pucynox 1 — YacToTHO-BpeMeHHOE MpeICTaBIEeHHE M0JI3y4ecTH yrnpouHeHHoro ciutaBa [I0C-76: a — kpuBbie
non3ydectd (1) 1 ckopocTH monzydecTH (2); 6 — U3MEHEHHE CUT'HAJIa KOHTPOJIS BO BpeMeHH (KPacHBIH IIBET) U
MIOCTPOEHHAS 110 ’TOMY CHUTHAITy CIIEKTpOrpamMma

MakcuManbHbIA CABUT (QYHKIIMH, CTOSAIIEH MO 3HAKOM CYMMBI, 32 TPAaHULEH IIUPHUHBI
OKHA OTPEAETSUIH LIEeTbIM 3HAUY€HUEM JIUTENBHOCTH dKcrepuMeHTa B yacax (Nmax= 4). [Ipu
CYMMHPOBAHHH OCTaBJSUIM TOJIBKO YJIEHBI, UMEIOIINE MOJIOKUTEIbHbIE 3HAUE€HUSI NHIEKCOB.
MakcuManbHOE 3HAU€HUE YacTOThl Ha pUCYyHKE 1 6 paBHO 20 YCIOBHBIM EIUHHIIAM.
[Ipennonaraemelii mpolecc, JOKanu3oBaHHbIM B maHHOM YBII, cBs3aH ¢ akTuBaruen
ne(OpPMALMOHHOTO  YIPOYHEHHUsI TMOC]e CTaJuu HEYCTAaHOBUBIIEHCS TON3Yy4eCTH, CO
BpEMEHEM Hauaja Ipolecca — OKOJIO OJHOro 4aca. B cooTBeTcTBUU € pe3ynbTaTaMu pabOThI
M.A. Hrpemens [2], B NOJUKPUCTANIMYECKUX MaTepuanax IMpU CpeaHEH CTENeHU
nedopMauu B YCIOBHUSIX MHOKECTBEHHOTO CKOJIBKEHUSI OCHOBHBIM KOHTPOJUPYIOLIUM
MI0JI3y4E€CTh MEXAHU3MOM SIBJIIETCS MEXAaHU3M I'€HEepaliu M0JIoC CKoNbkeHus. Hauano storo
npouecca xapakrepusyercs nossieHueM MIBH B mmpokom nHTEpBane 4acToT, © MAaKCUMyM
npoliecca MPUXOAUTCS Ha BpEMEHHOM MHTepBai 2,5-3,5 yaca ¢ MaKCUMaIbHBIMU 3HAUEHUSIMHU
CIIEKTPaTbHON (YHKIMM B HHU3KOYACTOTHOM amamna3zoHe (puc. 1 6). BugHo HekoTopoe
YMEHBUIEHUE aMIUIUTY/Abl CUTHaja KOHTPOJIA B 3TOM BPEMEHHOM HHTEpBaje, KOTOPOE B
cootBercTBUU ¢ KJIA wMoxxer OBITh CBSI3aHO C YMEHBIICHHEM KOJMWYECTBA IATEH
00pa3yIOIIMXCSI MUKPOKOHTAKTOB.

PacueTHyro Meroauky U nOporpamMmy Uil [IOCTPOEHHSI 4YaCTOTHO-BPEMEHHBIX
CIEKTPOrpaMM MPUMEHHIIN K Pe3yJabTaTy OOHAPYKEHUsS 3apOJIbIIIEBON MUKPOTPEIIUHBI IPU
pactsbkenun cranu DU847 ([3], puc. 2). B xauecTBe (pyHKIIUU, CTOSIIEH MO 3HAKOM CYMMBI,
ucnonb3oBain ABoiiHOe BII® curnama KOHTpPONSA, TMOJYYEHHOTO Ha YpPOBHE (HKCALUU
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SLS=4,086. B ornuume OT mNpenplaymiero ciydasi, A MUKPOTPEUIMHBI CHEKTpalbHas
GyHKIMS HMMEeT JOCTaTOYHO IIMPOKMH (KOHEYHBIH) JHMana3oH 4YacToT. PacderHbie
NOTPEIIHOCTH BPEMEHHOTO HMHTEpBajia JIOKAIM3AalMU Mpolecca CBA3aHbl C  MaJon
AKCTIEPUMEHTAIBHON BBIOOPKOM (27 OTCUETOB) M y3KOH IIMPUHON OKHA (4 oTCYeTa).

TacroTa, yci1.ed.

i} 5 1 1 20
B[l €MA, OTCHEThL

Pucynok 2 — YacTOTHO-BpEeMEHHOE TIPEACTABICHUE 3apOIbIIa TPEIIHHEI B cTainu D847 Ha ypoBHE pukcanmn
SLS=4,086

Pabora monmnepxana rpantom Poccuiickoro QoHAa (QyHZAMEHTANBHBIX HCCIECJOBAHUN I1O
norosopy Nel19-08-00266/19 ot 10.01.2019.
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Control Signals
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Abstract — The paper describes a methodology and program for the time-frequency representation
of electrical non-destructive testing signals. The technique involves the use of the Wigner-Ville
transform and the Blackman window function. The experiments carried out to verify the
methodology are also described. One of them is aimed at studying the development of structural
defect in the time-frequency representation for the hardened POS-76 alloy tested in the creep
process. The change in the relative current deformation of the sample in percent and the
corresponding change in the creep rate with time, as well as the time dependence of the amplitude
of the control signal against the background of the spectrogram of the time-frequency
representation are given. The results obtained are consistent with the fact that in polycrystalline
materials with an average degree of deformation under multiple slip conditions, the main
mechanism controlling creep is the mechanism of generation of slip bands. The second experiment
describes the application of the technique to the result of detecting an embryonic microcrack
during tension in EI847 steel.

Keywords: electrical non-destructive testing, time-frequency representation of signals, frequency

characteristics, Wigner-Ville transform, Blackman function, structural defects, creep process,
strain hardening, generation of slip bands, microcracks.
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