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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHHKAJBIK FBLIBIMAAP CEPHSACHD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTBIK FBUIBIM akaemusicb» PKB (AnMarsl K. ).
Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIHIMOHHASI KOJUIET' ASI:

ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. Relevance. Acoustic emission systems and complexes are currently
considered a sensitive method for detecting forming defects. However, defect
detection in selective laser melting of heat-resistant alloys using acoustic emission
becomes challenging under the influence of noise. The impact of noise significantly
complicates the identification of factors influencing the defect formation process,
and it also makes it much harder to interpret the parameters of acoustic emission
that characterize the state of the object under control. Objective. Study of filtering
methods in case of extraneous influences to improve the reliability of the results
of recording acoustic signals and improve the identification process. Methods.
This article presents the results of the implementation of the developed method
of cascade digital filtering. The method is based on high-frequency digital filters,
approximated by a second-order Butterworth polynomial model. Amplitude, time,
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and frequency fragments of acoustic emission signals, which characterize the
defect formation process during the manufacturing of products, are highlighted. A
relationship between the measurements of the signal’s amplitude parameters, the
laser power of the system, and the nitrogen content in the heat-resistant alloy is
established. The dependence of the laser power and nitrogen content percentage is
approximated using the least squares method and visualized based on a scatter plot.
Results and conclusions. The developed relationship describes and characterizes
the influence of the listed factors on the defect formation process, and its adequacy
is confirmed by calculating the coefficients of determination and significance. It is
shown that the application of the cascade filtering method for signal identification
significantly increases the effectiveness of the acoustic emission method. The
developed cascade filtering method can also be applied when studying the acoustic
properties and stresses caused by the physical fields of various rocks.

Keywords: acoustic emission, defect formation control, additive manufacturing,
direct laser deposition, filtration, laser power, chromium-nickel alloy.
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AHHOTAUMSA. O3exminici. AKYyCTHKO-3MHCCHOHIBI KYHenep MEH KelleHAep
OyTiHri TaHzma maiima OONMaTHIH aKaylmapabl aHBIKTAayJbIH Ce3IMTall ofici peTiHe
KapacThIpbuIapl. JlereHMeH, KbUTyFa TO3IMJII KOPBHITIIAHBI TaHJIAMAaJbl Ja3epiiK
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OaNKBITY Ke3iHJe aKyCTHKAJIBIK AMHCCHS OJ/IiCIMEH aKaylap[sl aHBIKTay Oerme
ocepliepiH BIKMaJbIHAH KypAedeHe Tyceni. berme ocepnepain bIKmamisl aedexT
naiina OomyblHa ocep eTeTiH (haKkTopiapAbl aHBIKTAy[Abl €19yip KWUBIHAATAThIH
Oosica, aKyCTHUKaJbIK OMHCCHSHBI TIpKEy Ke3iHAE OHBIH NapameTpiepiH
WHTEpIpeTALUsIIAY A2 aWTapIbIKTal KUBIHIBIK TYFbI3aabl. Maxcam. AKyCTUKAIBIK
AOMHUCCHS CHTHAJIJAPBIH TIpKEy HOTWKENEPiHIH CEHIMIUIITIH apTThIpy >KOHE
naeHTU(UKAIMS TPOIECiH JKaKcapTy YIIiH Oerme ocepiep KesiHae Cy3ruiey
omicTepiH 3eprrey. Oolicmepi. byl Makanaga KacKaAThIK CaHIBIK CY3Tijiey
ONiCiH iCKe achlpy HOTHXKeJepi KapacThIpbUIFaH. OMICTIH Heri3iHe eKiHmi
perti baTTepBOpCTBHIH TOJMHOMABIK MOJAETIMEH aNnpoOKCHMajaHFaH KOFapFbl
KHUUTIKTEP/IiH CaHIBIK CY3TiIepi ajblHFaH. OHIMIEp ecipy NMPOLECiH cHIaTTalThIH
aKyCTHKAJIBIK AMUCCHS CUTHAJAAPBIHBIH aMIUTUTYIAJIBIK, YaKbITTBIK JKOHE JKHULTIK
¢parmenTTepi OesinreH. CUTHANIBIH aMIUTUTYAAIBIK TapaMeTpIIepiH eJIey MeH
Ja3ep KOHJABIPFBICHIHBIH COYJIENIeHY KyaThl JKOHE JKbLIyFa TO3iIMJi KOPBITIAIarbl
a30T MeJIIepl apachblHOAFbl TOYENAUIIK aHbIKTanFaH. Jlazep coyneneHy KyaTbl
MEH a30TTBhIH TaWbI3IBIK MOIIIEePiHIH TOYeNAUIiri eH a3 KBajaparTap oiCiMeH
anpoOKCUMaJIaHbIN, CKAaTTOrpaMMa HETi3iHAe BU3yalusauusianraH. Homuowcenep
MeH KOpbimbIHObLIAp. JlaMbIFaH TOYeIIUTIK aTanFad (hakTopiap/asH aedekT maiiaa
00Ty TIpOIIeCiHe 9CepiH CHIIATTall, OHBI aHBIKTAWIBI, OHBIH COWKECTIrl aHBIKTaMa
K03(GUIMEHTTEPI MEH MaHBI3BUIBIKTHI €CENTey apKblIbl pacTajiraH. KackaaTbik
CY3TiJIey 9IiCIH CHTHANIApAbl WACHTU(UKAIUIAY YIIiH KOJIaHy aKyCTHKAIBIK
AMUCCHS 9/TICiHIH THIMJIUTITIH alTapIbIKTal apTTHIPAThIHEI KOpceTiireH. JlaMbIran
KacKaJTBIK CY3Tijey oJiCi Typii Tay >KBIHBICTAPBIHBIH (U3MKAIBIK epicTepi
TYFBI3FaH aKyCTUKAJbIK KaCHETTEp MEH KepHEYIepi 3epTTeyAe Je KOJAaHBLIYbI
MYMKiH.

Tyiiin ce3mep: akycTHKaIbIK SMUCCHS, aKayJdapAblH Taina OOJybiH OakbLIay,
QJUTMTUBTI OHJIIpiC, TIKEeNeH a3epiik ecipy, Cy3riiey, Ja3ep Kyarbl, XpOM-HHKEIh
KOPBITIIACHI.
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AuHoTauusl.  AxmyanvHocms.  AKyCTUKO-ODMHUCCHOHHBIE  CHUCTEMBl U
KOMIUICKCHI Ha CETOMHSIIHUN JIGHb CUUTAIOTCS YYBCTBUTEIBHBIM METOJOM
oOHapyxxeHus: (opmupyrommxcs jgedexroB. OpHako oOHapykeHHE Je(EeKTOB
IPH  CEJICKTUBHOM JIa3ePHOM ILJIABJICHUHM KApOMPOYHOTrO CIUIaBa METOJOM
AKyCTUYECKOH SMHUCCHU CTAHOBHUTCSI CJIIOKHBIM TIPU BIUSHUHM TIOMeX. BiusHue
MOMEX CYIIECTBEHHO YCIIOKHSET HJICHTHU(PUKAIMIO (PAKTOPOB, BIHSIOIIUX Ha
mporiecc aedeKToo0pa3oBaHus, a TAKKE IPU PETUCTPAIH aKyCTUICCKON IMUCCUN
CYIICCTBCHHO 3aTPYIHSICT WHTEPIPETAIUI0 €€ MapaMeTPOB, XapaKTePU3YIOIIUX
COCTOSIHME O0BeKTa KOHTpOJisi. [[enrs. W3ydeHue MeTofOB (WIBTpALUU IPU
MMOCTOPOHHUX BO3JCUCTBUSAX JIJISl TIOBBIIICHUS JOCTOBEPHOCTH PE3yJIBTAaTOB
PETUCTPAIUN aKYCTHYECKUX CHTHAJIOB ¥ YIYYIIEHUS MPoIecca UACHTU(DUKAIIIH.
Memoowl. B naHHO# cTaThe pacCMOTPEHBI PE3YJIBTaThI pean3aiuy pa3padoTaHHOTO
METO/Ia KAaCKaJIHOM IH(PpPOBON (QuiIbTpaui. B OCHOBy MeTO/la IOJIOKEHBI
nuppoBbie (PUIBTPHI BEPXHUX YACTOT, ANMPOKCUMUPOBAHHBIC MOJIMHOMHATBHON
MoJienbi0 barrepBopra BTOporo mopsiiika. BeIieaeHbl aMILTUTYHbIE, BpEMEHHbBIC
Y 4aCTOTHBIC ()ParMEHTHI aKyCTUYECKUX CUTHAJIOB AMUCCHU, XapaKTEPU3YIOIINE
mporecc  NehekrooOpa3oBaHuss TPH BBIPAIIMBAHUU WU3JCNIUNA. YCTaHOBJICHA
3aBUCHMOCTh MEXAY HM3MEPEHUSIMH aMIUIMTYJAHBIX MapaMeTpPOB CHUTHAlIa U
MOIIHOCTBIO U3TYYCHUS JIa3epa YCTAHOBKH, U COJIEPIKAHUEM a30Ta B KapOIPOUYHOM
cIuiaBe. 3aBUCUMOCTh MOIITHOCTH M3JIyYCHUS Jla3epa v IPOIICHTHBIM COJICPIKaHUEM
a30Ta anmpoKCUMUPOBAaHA METOJIOM HAUMEHBIIIUX KBaJPaTOB M BU3yallU3UPOBaHA
Ha OCHOBE CKaTporpaMMel. Pezyremamul u 6b1600b1. Pa3zpaboTaHasi 3aBUCMOCTh
OINKCHIBACT M XapaKTEPU3YeT BIMSHHUE TICPEUMCIICHHBIX (PAKTOPOB Ha IMPOIECC
nedexkToo0pa3oBaHus, aJCKBAaTHOCTh KOTOPOW MMOJATBEPXkJ/ICHA BBIYACICHUEM
k03 puLMeHTOB JeTepMHHAIIMU W 3HaYMMOCTH. [loka3zaHO, YTO NPUMCHEHUE
METO/Ia KacCKaJHOW (QHIbTpAly JUIS WICHTU(GUKAIUK CUTHAJIOB CYIISCTBECHHO
MOBBIIIACT PE3YIBTATHBHOCTh METO/Ia aKyCTHUECKOW 3MucCHM. Pa3paboTaHHBIN
METOJI KacKaJHOW (UIIETPAIlUU TaKKE MOXKET ObITh MPUMEHEH MPU H3YYCHUU
AKyCTUYCCKUX CBOHCTB M HANpPsHKCHUH, BBI3BAHHBIX (DU3MUYSCKUMHU TOJSIMU
Pa3IMYHBIX TOPOI.

KuaroueBble cji0Ba: akyCTHYECKasi SMUCCHS, KOHTPOJb JeeKTo00pa3oBaHus,
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aJJUTUBHOE MPOMU3BOCTBO, NPSIMOE JIa3epHOE BhIpAIIMBAaHHUE, (GUIBTPALINS, MOIL-
HOCTb J1a3€pa, XpOM-HUKEJIEBBIN CILIAB.

Introduction. With the development of additive manufacturing (AM), there is an
increasing need to apply control methods for products manufactured using additive
technologies (AT) at all stages of their life cycle (Kovalevich, 2023; Kaplan, 2018).
This is due to the fact that the reliability and operational characteristics depend
on the presence of structural inhomogeneities and imperfections in products made
using AT (Kovalevich, 2023). The main types of defects in metallic products
produced by AT include cracks, porosity, lack of fusion, non-metallic inclusions,
local and general layer displacement, and excessive roughness. For metallic AM
products, cracks and porosity are the most critical since they can lead to product
failure under operational loads. The occurrence of these types of defects is especially
characteristic of direct laser growth (DLG).

DLG is one of the promising methods of AM. Its distinctive feature is the
manufacturing of products and prototypes from various materials (Litunov, 2016).
The essence of the DLG method lies in the layer-by-layer sequential melting of
metal powder using laser radiation (Litunov, 2016). Various spherical metal powders
based on zinc, bronze, steel, titanium, chromium, nickel, etc., are used as cladding
materials (Litunov, 2016; Wei, 2022). It is essential to emphasize that both the
properties of the powder material and the characteristics of the DLG process affect
the product quality and defect formation (Yang, 2022; Popkova, 2015; Smirnov,
2018; Kaplan, 2018): the technological properties of the powder material and the
technological parameters of DLG, primarily laser energy, laser beam scanning
speed, and platform temperature used for DLG.

It has been established that in DLG, the power of laser radiation contributes
significantly to the selective melting of metal powders (Popkova, 2015; Kaplan,
2018). Therefore, the main factors determining the quality of DLG products are
laser radiation power, powder properties, and laser path speed (Kaplan, 2018).
It should also be noted that the laser radiation power at various stages of DLG
directly affects the state of the metal powder melt and the solidification of the
molten metal, which has a significant impact on the type and size of the defects
formed, whose characteristics may also depend on the technological properties
of the metal powders (Yang, 2022; Barat, 2019; Altay, 2022; Absadykov, 2022).
Heat-resistant chrome-nickel alloys, such as EP648, EP74, (Yang, 2022; Chernova,
2017; Rastegaeva, 2018) are the most widely used for manufacturing products.
According to numerous studies (Yang, 2022; Barat, 2019; Altay, 2022; Chernova,
2017; Rastegaeva, 2018), these alloys differ in fractional composition, the mass
fraction of chemical elements, particle morphology, and other characteristics.
Selecting the most suitable metal powder in terms of corrosion resistance, heat
resistance, plasticity, and particle morphology (not exceeding 50 pum (Smirnov,
2018; Chernova, 2017; Rastegaeva, 2022) for AM products using the DLG method
is a non-trivial task. Despite the identified features of AM product manufacturing,
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it is crucial to choose a heat-resistant metal powder for a specific task, and non-
destructive monitoring of defect formation in growing products is a relevant and
important issue that requires a comprehensive approach.

Studies (Kovalevich, 2023; Kaplan, 2018; Smirnov, 2018; Smirnov, 2019) have
proposed acoustic and optical methods to control the defect formation process
in tested products. The most promising method for monitoring internal defects,
namely crack formation and porosity occurring during the layer-by-layer melting
of powder material, is the acoustic emission (AE) method, which is sensitive to
internal structural rearrangements in product materials during manufacturing
(Smirnov, 2018; Smirnov, 2019).

The optical method for monitoring the defect formation process is also considered
promising and especially important for detecting surface and subsurface defects in
manufactured products. Therefore, experimental studies aimed at investigating the
defect formation process in AM products using the AE method are relevant and
promising for ensuring non-destructive testing.

The practical application of the AE method is complicated by the inevitable
influence of noise (Tempelman, 2022) on the informative component of AE
signals (Pandiyan, 2021), which significantly reduces the signal-to-noise ratio and
complicates the search for associations between AE parameters and AE sources
(Rastegaev, 2018). To overcome this challenge, this article justifies the application
of a previously developed polynomial digital filtering method for AE signals based
on a high-pass filter (HPF) (Pandiyan, 2021; Makhutov, 2020), approximated
by a second-degree Butterworth polynomial (n = 2). This method ensures stable
filtering of real AE signals with the required filter quality indicators (transient time,
overshoot, gain coefficient) (Pandiyan, 2021), confirmed by the placement of root
loci (zeros and poles) within the unit circle on the right side of the complex plane.

The choice of this method is justified by the possibility of high-precision
filtering with minimal distortion of the informative component of the AE signal
shape (Rastegaev, 2018), as well as its resistance to noise interference (Pandiyan,
2021; Rastegaev, 2018; Makhutov, 2020) when presenting filtered signals in the
frequency-time domain.

One of the ways to present the results of AE data processing after filtering is
frequency-time signal analysis (Tempelman, 2022). The need for frequency-time
analysis (Frolov, 2015) methods arises from the ability to visualize high-frequency
components of AE signals over time and low-frequency components by frequency.
Fourier, wavelet, and Hilbert-Huang transformations are widely used for frequency-
time processing of AE signals (Frolov, 2015). These methods are analytically
interconnected (Frolov, 2015), but depend on the properties of the analyzed signal.

For example, wavelet transformation allows the analysis of nonlinear and non-
stationary segments of signals (Frolov, 2015) and their representation in the form
of wavelet scalograms, the use of which expands the visualization capabilities of
AE control data (Tempelman, 2022; Frolov, 2015). Therefore, in this study, wavelet
scalograms are used to present AE signal processing results in the frequency-time
domain.
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This study presents the results of AE monitoring of pore and crack formation
processes in products during their DLG using polynomial cascade filtering of
registered noisy AE signals followed by frequency-time analysis. The study also
provides a statistical assessment of the influence of various DLG modes and the
composition of alloy powder on defect formation.

The goal of the research is to improve the effectiveness of processing and
analyzing AE signals in defect formation control through the application of
polynomial digital filtering, as well as to develop a model of the influence of
selected factors on the diagnostic parameter of AE.

A statistical model characterizing the influence of various laser radiation
power modes and the chemical composition of spherical EP648 alloy powder was
developed using regression analysis (Isametova, 2022 a). The choice is due to the
operability and high sensitivity of this method to the analyzed control data (Frolov,
2015), as well as the absence of requirements for special training of samples
obtained during control.

Methods and materials.

Technological properties of powders used in AM. In the production of AM
products operated under high-temperature conditions, heat-resistant chrome-nickel
alloys are widely used (Yang, 2022; Barat, 2019; Rastegaeva, 2022; Frolov, 2015).
Based on the analysis of studies (Frolov, 2015; Isametova, 2022 b), the main
characteristics of the alloys were identified using the methods presented in Fig. 1.

N
| Laser diffraction
) .
Recovery melting
1
Scanning electron microscopy
r
| X-ray diffraction analysis
/7

Fig. 1. Methods for assessing the technological properties of alloys

As a result of the analysis of the technological properties of various heat-
resistant alloys (Yang, 2022; Chernova, 2017; Rastegaeva, 2022; Frolov, 2015), it
was established that the powder samples have a single-phase austenitic structure
with a face-centered cubic crystal lattice due to the presence of alloying elements:
chromium over 18% and nickel — 8%. Due to the content of alloying elements and
low oxygen content, the EP648 powder, unlike EP741, is resistant to corrosion,
plastic deformation, and high temperatures (Chernova, 2017; Rastegaeva, 2022;
Frolov, 2015), which justifies the choice of this particular alloy. The particle size
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(diameter) of this spherical powder does not exceed 50 um (Chernova, 2017), which
contributes to a narrow particle size distribution (Smirnov, 2018) and reduces the
porosity of the manufactured products (Kaplan, 2018). However, the EP648 alloy
powder contains nitrogen in the range of 0.109 to 0.111%, which may contribute
to the formation of cracks in the finished product (Rastegaeva, 2022), a factor that
must also be considered when manufacturing products using the DLG method. The
influence of the composition of spherical alloy powders on manufactured products
was also noted in studies. For the subsequent stages of the research, the choice of
EP648 (due to the nitrogen content) as a predictor affecting the crack formation
process is substantiated. Thus, the analysis of studies (Yang, 2022; Barat, 2019;
Rastegaeva, 202; Frolov, 2015) devoted to the evaluation of chrome-nickel alloys
showed that the most corrosion-resistant, ductile, and heat-resistant material is
EP648, therefore, this study focuses on it for further research.

Registration and analysis of noisy AE signals. For AE monitoring, the SCAD
16.10 acoustic emission system with a set of AE transducers PK 0.1-0.7 was used
as a measuring instrument. DLG was performed using the ILIST-L robotic setup
(Frolov, 2015), which consists of a production chamber, a two-axis rotator, a
cladding head, a robotic manipulator, a powder preparation and feeding system,
and a cladding nozzle. During the layer-by-layer growth of products, AE signals
were recorded directly during laser growth.

As part of the experimental studies, five samples in the form of parallelepipeds
were grown under different laser radiation power modes/values: 800, 1000, 1200,
1400, and 1600 W. Each sample was grown on an aluminum substrate fixed on the
worktable in the production chamber of the ILIST-L robotic setup (Fig. 2) under
the cladding head. AE events were recorded sequentially during the growth of each
sample. A total of 20 real AE signals were registered throughout the sample growth
process.

Fig. 2. External view of the experimental setup
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To isolate the informative component from noise, a signal generated by the
movement of the robotic manipulator of the DLG setup was recorded in advance
(this noise most significantly distorts the informative component). Figure 3 shows
the amplitude-time diagram of the noise during DLG (a; ¢ — samples) and its
frequency spectrum (b).
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Fig. 3. Noise generated during DLG: a) time-domain diagram; b) frequency spectrum

Figure 4 illustrates the characteristics of one of the noisy AE signals during DLG
(a — before filtering; b — frequency spectrum). A joint analysis of the frequency
spectra justified the choice of the filter cutoff frequency for processing and further
analysis of AE signals.
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Fig. 4. AE signal shape during DLG: a) before filtering; b) frequency spectrum

A comparative analysis of the characteristics of the registered signals presented in
Figures 3 and 4 revealed that the frequency component above 1000 kHz corresponds
to noise, while the component ranging from 90 to 250 kHz is informative. The
obtained results of the experimental evaluation of the frequency of the informative
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signal component and noise are consistent with the findings of the study (Frolov,
2015), which noted that the frequency of signals characterizing the crack formation
process can range from 100 to 250 kHz.

According to numerous studies (Tempelman, 2022; Makhutov, 2020; Frolov,
2015), the frequency of AE signals from pore formation is below 100 kHz. This
justifies the selection of the lower (up to 100 kHz) and upper (up to 250 kHz)
boundaries of the frequency range for tuning two HPFs to isolate AE signals of
crack formation, pore formation, and suppress noise at frequencies localized above
250 kHz.

Processing and analysis of AE signals registered during defect formation. AE
signal processing was carried out in two stages. Stage 1 included the calculation
and analysis of HPF transfer functions, the development of a cascade bidirectional
filtering scheme to isolate AE signals from defects, and their visualization in the
frequency-time domain. Stage 2 involved the analysis and evaluation of the AE
diagnostic parameter characterizing the defect formation process.

Stage 1. The calculated transfer functions of continuous Butterworth HPFs and
their bilinear transformation are presented in Table 1.

Table 1. Transfer function of the calculated high-pass filters

Cascade of filters Transfer functions of HPF (where HPF stands for High-Pass Filters)
Continuous, W(s) Discrete, W(z)
HPF atfe =100 kHz s’ 0,9687 2> —1,937 2 + 0,9687
5% +0,06364 s + 0,002025 22 —1,9362 + 0,9384
HPF atfe =250 kHz 52 0,9155 2% —1,831z +0,9155
s* +0,1768 s + 0,01563 z* —1,824z+0,8382

Note: s is the complex variable of the continuous transfer function of the filter; z is the complex
variable of the discrete transfer function of the filter.

The analysis of quality indicators showed that the digital HPFs, tuned to cutoff
frequencies of 100 and 250 kHz, are stable, with a gain coefficient of 0.7 at the cutoff
frequencies. The pole roots and zero roots of the calculated filters are localized at
the pole loci p1,2 =0.968 + 0.0308i for fc = 100 kHz and p1,2 = 0.912 £ 0.080i for
fc = 250 kHz, as well as at the zero loci at z=0.999 = 1. The analysis confirms the
localization of the HPF transfer function roots within the unit circle, specifically
on the right side of the complex z-plane, and the filters are considered stable for
performing cascade filtering of real AE signals.

The cascade bidirectional filtering was implemented in the MatLab software
version R2017b according to the block diagram presented in Fig. 5.
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Fig. 5. Block diagram of processing for extracting AE signals from pore formation and crack
formation.

According to the developed block diagram, during bidirectional filtering, the
input sequence of noisy AE signals i is processed by filters z [q] and z,[q] of the
first and second sequences in the forward direction. Then, using the time inversion
block (TT), the order of samples w, [q] and w_[q] of the filtered signals is reversed.
The resulting AE signal samples i are processed in the reverse direction v [q] and
v,.[q] using W (z) and W ,(z), and the final time inversion at the output of the TI
block reverses the order of the samples again. At the TI block output, the distortions
introduced by the filters mutually compensate, forming the corresponding signals.

The introduction of the «adder-subtractor» block ensures the formation of
defect-specific signals, for example, the signal s [q] characterizes the process
of pore formation, while s, [q] corresponds to crack formation. The signals £[q]
represent only high-frequency noise affecting the AE parameter characteristics.
The separation of AE signals into s [q] and s [q] also allows for a quantitative
assessment of the ratio of these informative signals to the noise £[q], similar to
the signal-to-noise ratio (SNR) described in (Rastegaev, 2018). The calculated
indicators characterize the improvement in signal processing quality at the output
of each cascade filter sequence. The result of the SNR evaluation is shown in Fig. 6
as a Tukey diagram, illustrating the increased effectiveness of AE signal processing.
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Fig. 6. Diagram of the OSP indicator assessment

Discussion of the results.

The results of cascade filtering showed that the average SNR value at the HPF
output increases, confirming the distinguishability of this indicator’s values and the
improvement in signal processing efficiency. At the same time, the distinguishability
of the experimental SNR indicator values at the output of each HPF is confirmed by
T-test statistics (Table 2; M — mathematical expectation, SD — standard deviation,
p — statistical significance coefficient), where AE control data from defects are

presented as groups (first and second sequence).

Table 2. Difference in the OSP indicator values at the output of each sequence in the filter cascade

Sample, Ne First sequence M+STD, dB. | Second sequence M+STD, dB. p - value
1 -4,957+3,779 1,335+1,519 0,034
2 -5,267+3,222 1,298+1,574 0,015
3 -5,093+2,699 1,593+1,058 0,013
4 -3,959+2,396 1,119+1,518 0,007
5 -5,949+3,808 0,938+3,168 0,001
Note:

M — mathematical expectation, STD — standard deviation.
The indicators are statistically significant at p <0.1.

The mean SNR value for each sample, calculated at the output of the first
sequence of cascade filters, is statistically significantly different from the mean SNR
value of the second sequence. It should be noted that the negative SNR indicator at
the output of the first sequence of cascade filters is due to the lower amplitude of

the isolated AE signal compared to the amplitude of the noise.

As noted in (Rastegaev, 2018), a negative or low value of the indicator,
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characterizing noise suppression at the output of the cascade filters for low-
amplitude signals of complex form and structure, is explained by the fact that the
amplitude of the measured AE signals (Makhutov, 2020) is lower than the amplitude
of the noise (Tempelman, 2022). This also confirms the validity of the assessment
of this indicator.

The distinguishability of the maximum amplitude values of AE signals obtained
from pores and cracks is clearly visible in Fig. 7 (a—d — Sample Ne 1; e-k — Ne
5). The analysis results showed that AE signals from pores (Fig. 7, b and f) and
cracks (Fig. 7, ¢ and j) differ in form and characteristics from each other, as well as
from the noisy signal (Fig. 7, a and e). At the same time, the maximum amplitude
of the signals in Sample Ne 5 is significantly higher than in Sample Ne 1. The AE
signal shape for all samples is similar to the form of the discrete acoustic emission
signal, while the shape of the isolated noise signal (Fig. 7, d and k) contains a
mixture of acoustic and continuous noise, which is due to the movement of the
robotic manipulator and the effect of laser radiation power at various DLG stages,
consistent with the results in (Frolov, 2015).

The analysis of the frequency-time characteristics of the signals shown in Fig.
8 (a—d — Sample Ne 1; e—k - Ne 5) demonstrated that at the output of digital filters,
AE signals from pore formation (Fig. 8, ¢ and j) and crack formation (Fig. 8, e and
k) are identified, where their informative component (Fig. 8, a and d) is ‘masked’
by noise.

The wavelet scalogram of informative AE signals from pores and cracks (Fig. 8,
b and £, as well as ¢ and j) differs from the wavelet scalogram of the original signal,
as filtering increases processing efficiency. It is worth noting that the frequency-
time domains in the noise signal diagrams (Fig. 8, a and d, as well as e and k)
coincide. This confirms the correctness of all filtering procedures implemented
within the developed cascade bidirectional filtering scheme.
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a) — d) sample Nel; e) — k) sample NoS5.
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Stage 2. At this stage, it was revealed that an increase in DLG laser power in
the tested samples leads to a rise in the number of pores and cracks, significantly
affecting the AE parameters. This influence is clearly visible in Figures 9 and 10 (a
— before processing; b— AE from pore formation; c — AE from crack formation),
where the maximum AE amplitude for Sample Ne 5 (Fig. 10) is considerably higher
than for Sample Ne 1 (Fig. 9). This also demonstrates the distinguishability of AE

amplitude when compared with the pre-filtering results (Table 3).

Table 3. Amplitude AE characteristics by channels

Sample | Before processing Pore formation Crack formation Interference
M=+STD, mV M=+STD, mV M+STD, mV M=+STD, mV
1 2402,000+1217,335 | 632,068+467,251 418,181+292,325 155,288+695,665
p=0,029* p=0,073* p =0,064* p =0,020*
p=0,019%* p =0,024** p = 0,048**
2 1712,500+706,873 | 467,817+132,935 422,652+93,120 993,767+453,865
p=0,016* p=0,005*% p=0,002% p=0,022%
p =0,024** p=0,026%* p=0,011**
3 2000,750+794,011 | 492,749+216,329 428,969+504,904 106,367+440,299
p=0,015% p=0,019% p=0,013*% p=0,016*
p=0,013%* p=0,015%* p=0,013%*
4 2205,750+995,030 | 600,711£101,621 504,904+116,576 131,2714+586,070
p=0,021% p=0,001%* p=0,003* p =0,020%*
p =0,045%* p =0,046** p =0,022%*
5 2433,500+1492,962 | 872,869+914,056 646,229+688,105 164,222+107,397
p=0,047* p=0,012% p=0,015% p =0,055%
p=0,032%* p=0,036** p=0,032%*
Note.

* - difference in the average amplitude values between channels,
** - difference in amplitude before and after the implementation of the filtering method.
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Fig. 9. Changes in AE amplitude over time. Sample Nel:
a) before processing; b) AE from pore formation.
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Fig. 10. Changes in AE amplitude over time. Sample Ne5:
a) before processing; b) AE from pore formation.

From Table 3, it is evident that the mean value of the measured AE signals for
each channel during the control of each sample statistically significantly differs
from the mean value of signals in other groups. The difference in the mean values of
noisy and filtered signals is due to the high efficiency of the digital filtering method.
Table 3 also shows that the AE amplitude increases from sample to sample, which
is attributed to the restructuring of the internal material structure. Consequently,
the discrete AE signal characterizes the crystallization process of the EP648 alloy
under the influence of laser radiation power at various DLG stages.

It is known (Rastegaev, 2018) that the presence of defects in the crystal lattice
(CL) or the destruction of internal structural bonds in products causes irreversible
displacements of adjacent CL bonds. Moreover, the strength and stability of
structural bonds in the CL largely depend on the nature of the defects (Tempelman,
2022). At the same time, the presence of defects in the CL of products may not be
the sole factor affecting the AE signal characteristics. The amplitude of discrete
AE may also be significantly influenced by the nitrogen impurity content in the
spherical EP648 powder, with a close relationship between these parameters
allowing the identification of defect formation causes in the produced products.

Assessment of DLG factors influencing defect formation. A significant impact on
the quality of manufactured products is exerted by laser radiation power (Fig. 11, b)
and the percentage of nitrogen N in the EP648 powder (Fig. 11, a).
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The nature of the graphical dependencies shown in Fig. 11 and the results of the

correlation-regression analysis presented in Table 4 indicate that the percentage of
nitrogen content and laser radiation power have a statistically significant effect on
the amplitude of discrete AE.

Table 4. Results of correlation-regression analysis

Factor Association Conclusion
Laser power Before processing:
r=0,292, R2=0,085, p=0,632
After processing:
=0,874, R2=0,765, p=0,052 Affects 76%
Nitrogen content Before processing:
percentage r=- 0,579, R2=0,335, p=0,606
After processing:
r=0,995, R2=0,990, p=0,062 Affects 99 %

The results of the correlation-regression analysis (see Table 4) also indicate
that before applying the developed cascade processing scheme, the presence of
noise resulted in a weak and negative statistically insignificant correlation, which
increased two to three times after filtering.

The correlation and statistical significance coefficients between laser radiation
power and discrete AE amplitude were r = 0.874 at p = 0.052, and between the
percentage of nitrogen content and discrete AE amplitude — r=0.995 at p = 0.062.
Comparing these data with the dependencies shown in Fig. 11, it can be concluded
that an increase in nitrogen content in the EP648 powder and laser radiation power
at various DLG stages leads to a rise in the discrete AE amplitude, characterizing
the defect formation process. The correlation coefficient between the predictor and
the dependent variable exceeded 0.8, which, according to Chaddock’s scale, is
considered a very high and non-random relationship, since p <0.1.

In this study, a correlation analysis was also conducted between the amplitude
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of discrete AE caused by pore formation, crack formation, and noise. The results
showed a non-random, high correlation between the AE amplitudes during pore
formation and crack formation, with r = 0.896, R? = 0.804, and p = 0.039. The
presence of this relationship characterizes structural transformations in the sample
material.

It is important to highlight the absence of a clear, statistically insignificant
relationship between the amplitudes of discrete AE caused by defects and the
influence of noise. As noted in (Frolov A.V., 2015), AE transducers in the 250—400
kHz range show resonant frequencies stemming from a dominant frequency of 160
kHz, caused by noise arising from the movement of the robotic manipulator in the
DLG setup. The lack of a strong relationship, with r = 0.211 (for pore formation)
at p =0.435 and r = 0.103 (for crack formation) at p = 0.597 between discrete AE
amplitude and noise, supports the conclusion that the frequency components of
informative discrete AE signals differ from those of noise components, indicating
that the processes are not correlated.

The correlation relationship affecting the amplitude of discrete AE from defects
is described by the linear regression model equations (P — power, N — percentage
of nitrogen content):

- for laser power: U = 0.269P + 161.179 with r = 0.874, R = 0.765, p = 0.052;

- for nitrogen content: U = 5394N + 170.072 with r = 0.995, R? = 0.990, p =
0.062.

The result of the regression analysis suggests that an increase in laser power by
1 W is expected to raise the amplitude by 0.269 mV. Consequently, an increase in
nitrogen content by 1% is projected to increase the discrete AE amplitude by 5.394
V. Metallographic analysis of microsections of the produced samples confirmed the
influence of these factors on the formation of cracks and pores. Figure 12 presents
images obtained from the metallographic analysis of microsections of samples Ne
1 (a) and Ne 5 (b).

a) b)
Fig. 12. Metallographic results: a) sample Nel; b) sample Ne5
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The presence of cracks is clearly visible in the microsection of Sample No.
5, which was grown at P = 1600 W. Furthermore, the presence of voids in the
microsections confirms the formation of pores caused by the particle morphology
(50 pwm) of the spherical EP648 powder. The influence of alloy powder particle size
on pore formation has been confirmed in previous studies (Kaplan, 2018).

Conclusion.

This article presents the results of acoustic emission (AE) monitoring of defect
formation in samples produced using the DLG method. To process AE control data,
a cascade filtering method is proposed. The results of method validation showed
that:

— the signal-to-noise ratio (SNR) value after filtering averages above 1.5 dB,
characterizing the stability of AE signals against noise interference;

— a threefold increase in the correlation coefficient between laser radiation
power and discrete AE amplitude, as well as between nitrogen content and discrete
AE amplitude after filtering, highlights the effectiveness of the processing method;

— laser radiation power and the percentage of nitrogen in the initial powder
material influence the defect formation process.

References

Absadykov B.N., Bazarbay B.B., Isametova M.E., Mashekova A.S. Analysis of a new filament
making mel pressing device. News of the National Academy of Sciences of the Republic of
Kazakhstan, Series of Geology and Technical Sciences, 2022, Vol. 4, No. 454, pp. 6 — 15. https://doi.
org/10.32014/2022.2518-170X.196. (in Eng.).

Altay Y.A., Fedorov A.V.,, Stepanova K.A. Proc. of the 2022 IEEE Conference of Russian Young
Researchers in Electrical and Electronic Engineering, St. Petersburg, 2022, pp. 1320-1326. (in Eng.).

Barat V.A. Razvitiye metoda akusticheskoy emissii za schet avtomatizatsii obrabotki dannykh,
povysheniya pomekhoustoychivosti i dostovernosti obnaruzheniya treshchinopodobnykh defektov
metallokonstruktsiy [Development of the Acoustic Emission Method by Automating Data Processing,
Increasing Noise Immunity and Reliability of Detection of Crack-Like Defects in Metal Structures].
Extended abstract of Doctor’s thesis, Moscow, 2019, 40 p. (in Russ.)

Chernova V.V. Razrabotka metodiki akustiko-emissionnogo kontrolya defektov na ranney stadii
ikh razvitiya v izdeliyakh iz kompozitsionnykh materialov [Development of a Technique for Acoustic
Emission Monitoring of Defects at an Early Stage of Their Development in Products Made of
Composite Materials]. Extended abstract of candidate’s thesis, Tomsk, 2017, 21 p. (in Russ.)

Frolov A.V., Muhina [.Yu., Duyunova V.A., Uridiya Z.P. Proceedings of VIAM, 2015, no. 9, pp.
57-63. (in Russ.)

Isametova, M., Absadykov, B., Bazarbay, B., Smailova, G. (2022). Development of the design
and technology of extrusion of metal-polymer mixtures for the production of feedstocks. Eastern-
European Journal of Enterprise Technologies, 4 (1 (118)), 23-33. doi: https://doi.org/10.15587/1729-
4061.2022.259532 (in Eng.).

Isametova M.E., Martyushev N.V., Karlina Y.I., Kononenko R.V., Skeeba V.Y., Absadykov B.N.
Thermal Pulse Processing of Blanks of Small-Sized Parts Made of Beryllium Bronze and 29 NK
Alloy. Materials, 2022, 15(19), 6682. https://doi.org/10.3390/mal15196682. (in Eng.).

Kaplan M.A., Kirsankin A.A., Smirnov M.A., Kalaida T.A., Sevostyanov M.A. Novyye materialy
i perspektivnyye tekhnologii [New Materials and Advanced Technologies]. Collection of materials
of the 4th Interdisciplinary Scientific Forum with International Participation, 2018, pp. 130—-131. (in
Russ.)

Kaplan M.A., Kirsankin A.A., Smirmov M.A., Sevostyanov M.A. Novyye materialy i

40



ISSN 2224-5278 2.2025

perspektivnyye tekhnologii [New Materials and Advanced Technologies]. Collection of materials of
the 4th Interdisciplinary Scientific Forum with International Participation, 2018, pp. 131-132. (in
Russ.)

Kovalevich A.S., Kinzhagulov I.Yu., Stepanova K.A., Kuzivanov D.O. Journal of Instrument
Engineering, 2023, no. 2(66), pp. 139-147, DOI: 10.17586/0021-3454-2023-66-2-139-147. (in Russ.)

Litunov S.N., Slobodenyuk V.S., Melnikov D.V. Omsk Scientific Bulletin, 2016, no. 1(145), pp.
12—-17. (in Russ.)

Popkova LS. Sbornik XVI mezhdunarodnoy nauchno-tekhnicheskoy Ural’skoy shkoly
metallovedov-molodykh uchenykh [Collection of the X VI International Scientific and Technical Ural
School of Metallurgists and Young Scientists]. Part. 2, Ekaterinburg, 2015, pp. 276-279. (in Russ.)

Rastegaeva LI., Rastegaev I.A., Agletdinov E.A. The comparison of the main time-frequency
transformations of spectral analysis of acoustic emission signals. Frontier Materials and Technologies,
2022, no. 1, pp. 49-60. (in Eng.).

Smirnov M.A., Kaplan M. A., Kirsankin A.A., Kalaida T.A., Sevostyanov M.A. Novyye materialy
i perspektivnyye tekhnologii [New Materials and Advanced Technologies]. Collection of materials
of the 4th Interdisciplinary Scientific Forum with International Participation, 2018, pp. 307-310. (in
Russ.).

Smirnov M.A., Kaplan M.A., Sevostyanov M.A. IOP Conference Series: Materials Science and
Engineering, IOP Publishing, 2018, vol. 347, 012033. (in Eng.).

Smirnov M.A., Kaplan M.A., Kirsankin A.A., Kalaida T.A., Nasakina E.O., Sevostyanov M.A.
IOP Conference Series: Materials Science and Engineering, 2019, vol. 525, 012076. (in Eng.).

Tempelman J. R., Wachtor A.J., Flynn E.B., Depond P.J., Forien J.B., Guss, G.M., Matthews M.J.
Additive Manufacturing, 2022, vol. 55, 102735. (in Eng.).

Pandiyan V., Drissi-Daoudi R., Shevchik S., Masinelli G., Le-Quang T., Loge R., Wasmer K.
Virtual and Physical Prototyping, 2021, vol. 16, pp. 481-497. (in Eng.).

Rastegaev 1.A., Merson D.L., Rastegaeva I.I. Aktual’nyye problemy metoda akusticheskoy
emissii [Actual Problems of the Acoustic Emission Method]. Collection of materials of the All-
Russian Conference, Togliatti, 2018, pp. 103— 104. (in Russ.)

Makhutov N.A., Sokolova A.G., Vasil’ev LE., Chernov D.V., Skvortsov D.F., Bubnov M.A.,
Ivanov V.I. Russian Journal of Nondestructive Testing, 2020, no. 12(56), pp. 960-970. (in Eng.).

Wei Q., Xie Y., Teng Q., Shen M., Sun S., Cai C. Chinese Journal of Mechanical Engineering:
Additive Manufacturing Frontiers, 2022, vol. 1, pp. 100055. (in Eng.).

Yang G., Xie Y., Zhao S., Qin L., Wang X., Wu B. Chinese Journal of Mechanical Engineering:
Additive Manufacturing Frontiers, 2022, pp. 100037. (in Eng.).

41



ISSN 2224-5278 2.2025

CONTENTS

K.M. Akishev, K.Sh. Aryngazin, A.K. Tleulessov, O.V. Vyshar, V.I. Karpov
DIGITAL TRANSFORMATION OF PRODUCTION PROCESSES OF
ENTERPRISES FOR THE PRODUCTION OF CONSTRUCTION

PRODUCGTS ...ttt et s 5

Y.A. Altay, B.B. Bazarbay, B.N. Absadykov, G.K. Berdibaeva,

S.A. Kalmaganbetov

METHOD OF IDENTIFYING FACTORS INFLUENCING DEFECT
FORMATION IN SELECTIVE LASER MELTING OF HEAT-RESISTANT
ALLOY USING ACOUSTIC EMISSION METHOD.........ccccoceniniiiiiininienens 21

N. Amirgaliyev, D. Burlibayeva, A. Musakulkyzy

LONG-TERM DYNAMICS OF TOXIC COMPOUNDS INFLOW OF THE
ZHAIYK RIVER TO TERRITORY OF KAZAKHSTAN AND THEIR
DOWNSTREAM TRANSFORMATION.......ccccciiiiiiiiniiinieiene e 42

A.S. Apatenko, S.I. Nekrasov, N.S. Sevryugina, N.I. Kozhukhova,

E.A. Begimkulova

OPTIMIZATION OF THE PROCESS OF CARGO DELIVERY OF AGRO-
INDUSTRIAL COMPLEX THROUGH THE INTRODUCTION

OF NEURAL NETWORKS.....cooiiiiiiiinttteteneesesete e 58

K.A. Vassin, N.S. Buktukov, N.U. Aldiyarov, K.A. Ozhikenov,

O.N. Tkachenko

JUSTIFICATION FOR CHANGES IN THE DESIGN OF THE ROCK-
BREAKING ELECTROMAGNETIC HAMMER FOR ITS ENHANCED
EFFICIENCY ...ttt ettt et e e et eeaveeenee s 70

O.N. Didmanidze, M.Yu. Karelina, R.V. Klyuev, N.V. Martyusheyv,

D.V. Serdechnyy

APPLICATION OF ARTIFICIAL INTELLIGENCE AND MODERN
TECHNOLOGIES IN GEOMONITORING TO IMPROVE THE EFFICIENCY
OF THE MINING INDUSTRY UTILISING THE EARTH'S

RESOURCES. ...ttt ettt e e e e e e e eaareeas 84

G.Zh. Zholtayev, Z.T. Umarbekova, A.A. Antonenko, M.A. Mashrapova,
G.M. Karatayeva

PROSPECTS FOR EXPANDING GOLD RESERVES IN THE BAKYRCHIK
ORE DISTRICT IN EASTERN KAZAKHSTAN......cocotiiiieeieeie e 97

307



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

V.V. Kazantseva, D.S. Ozhigin, V.N. Dolgonosov, S.B. Ozhigina, P.P. Grossul
ASSESSMENT OF THE ACCURACY OF THE GEOMETRIC SCHEME OF
GCPS WHEN CREATING DSM USING UAV......cociiiiiiiiieieeeeeeeeeeene 110

A.E. Kachaev, T.N. Orekhova, V.V. Strokova, E.A. Shkarpetkin, A.O. Belyaev
IMPROVING THE DESIGN OF A PNEUMATIC MIXER FOR THE
PRODUCTION OF MULTI-COMPONENT MIXTURES........ccoccveiiiienee. 125

K. Kozhakhmet, A.R. Kushakov, F.A Kushakov, M.M. Kurbonova,

M.K. Aripova
STRATIGRAPHIC SUBDIVISION OF THE PALEOGENE DEPOSITS OF THE
KARAKATA DEPRESSION OF KYZYLKUM......cooiiiiiiiinienicnienieneeeeeen 137

O. Kurmanbayeyv, A. Koishygarin, G. Jangulova, G. Madimarova,

Z. Sarsembekova

CONCEPT OF STATIC MEASUREMENT PROCESSING AT THE
FABRICHNY BASE STATION. ..ottt ettt 152

M. Nurpeissova, A. Umirbayeva, N. Tursynbayev, N. Donenbayeva, N. Bakyt
ASSESSMENT OF DEFORMATION AND RADIATION STATE OF
ADJACENT TERRITORIES OF THE DEPOSIT "KARAZHYRA"................. 166

Y. Nugman, A. Mustafa, R. Kaiyrov, M. Sagyntai, Zh. Turgunov
MOBILE 3D PRINTER WITH MECHANICAL PROCESSING FOR
MANUFACTURING MINING EQUIPMENT PARTS.......ccccoovniiiiiininieenne. 180

E.O. Orynbassarova, B. Adebiyet, A. Yerzhankyzy, N. Sydyk, A. Ilyasova
APPLICATION OF REMOTE SENSING METHODS FOR THE
IDENTIFICATION OF IRON OXIDE ZONES AT THE KYZYLKIYA

DEPOSIT ..ottt 197

N.V. Palianova, Alexandr V. Dolzhenko, Andrei E. Naumov, E.N. Tsyganko,
E.V. Komar

POLLUTION OF ABANDONED COAL MINES: ASSESSMENT OF
SCALE AND MONITORING USING MODERN

TECHNOLOGIES ...ttt et aae e enee e 209

M.V. Ponomareva, Ye.V. Ponomareva, Ye.D. Shirokaya, A.T. Tungushbayeva
ANALYSIS OF THE USE OF THE PYTHON PROGRAMMING
LANGUAGE FOR GEOLOGICAL MODELING OF SOLID MINERAL
DEPOSITS ettt et et et ettt et e 225

308



ISSN 2224-5278 2.2025

B.T. Ratov, V.L. Khomenko, M. T. Biletskiy, S.T. Zakenov, Z.Sh. Makhitova
MODERNIZATION OF WATER WELL DRILLING TECHNOLOGY WITH
DRILLING FLUID REVERSE CIRCULATION........ccceteiiieniieeiieeiee e 237

T.K. Salikhov, Y.S. Kabiyev, B.B. Doskenova, H. Onal, Zh.B. Akhmetzhanov
RESEARCH OF THE SOIL COVER ECOSYSTEM IN THE WEST
KAZAKHSTAN REGION ON THE BASIS OF REMOTE SENSING AND
GIS-TECHNOLOGY.....cccteitieiieiieiiesee e ste e et esteesaessesseessaesaessaessnesssesssens 253

G.E. Sakhmetova, B.K. Uralov, R.A. Shinibekova, K. T. Sherov,

M.R. Sikhimbayev

COMPARATIVE ANALYSIS OF AMPLITUDE-MODULATION TYPE
FREQUENCY CONVERTERS......cooiiiiiiieeeeeeee e 277

A.Z. Tairov, M. Leman, A. Tolekova, D.U. Abdibekov, T.E. Sorokina

HYDROCHEMISTRY AND ION FLOW DYNAMICS OF SYR DARYA
TRANSBOUNDARY RIVER WITHIN KAZAKHSTAN.......ccoceniiniiiiieeen. 290

309



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of
Kazakhstan implies that the described work has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To
verify originality, your article may be checked by the Cross Check originality detection
service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
National Academy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[TpaBuiia oopmileHHs CTAThU JUIsl IyOJIMKALIMK B )KypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Jupexrop oraena nzganus HayuHslx xkypHaioB HAH PK 4. bomanxwvizel
Penaxropsr: /.C. Anenos, JK.I1I.O0en
Bepctka Ha xommnstiorepe I /. JKadvipanosa

[Tonmucano B mevats 15.04.2025.
®opmar 70x90'/, . Bymara opcernas. Ileuars — pusorpad.
14,5 n.i1. 3akas3 2.

POO «Hayuonanvnas akademus nayk PK»
050010, Anmamet, yn. Llleguenxo, 28, m. 272-13-19





