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Pesiome

Uenb uccnedoeaHusi. Cmambs nocesiujeHa mMemarinozspaghuyecKkoMy uccrie0o8aHU0 CMPYyKMypbl XapakmepHbIX
30H 06pasy08, nosy4eHHbIX MemMoOOM OC/I0UHO20 MOCMPOEHUSs ariekmpu4veckoll Oyeol 8 cpede 3auUmHo20 2a3a.
Obpasuyb! dns uccriedosaHUs MUKPOCMPYKMYypPbI Bbiu rosy4deHb! ¢ npuMeHeHuem nabopamopHo20 cmeHda, codep-
XKaleao MexampoHHYH0 CUCMEMY C YUCI08bIM NPo2paMMHbIM yripasrieHueM, obecrequsarouyto no3uyUoHUpPo8aHue
ycmpolicmea 0nsi noda4qu rpucadoyHo20 Mamepuarna 8 sude rMpPo8OSIOKU OMHOCcUMesibHO paboye2o cmosia o mpem
ynpasssiembiM KOOpOUHamHbIM ocsM. @opMmuposaHue o0bpa3yo8 oCywecmernsnoch Ha NPUeMHYH No8epxHOCmb U3
cmanu 3, mamepuarn 0111 MOCA0UHO20 NOCMPOEHUsT — fieauposarHHasi cmarsb Ce-092C, ucmoyYyHUK numaHusi 31ekm-
puyeckol Oyau — ceapoyHbIl arnmnapam uHeepmopHoz2o muna Kedp MIG-160GDM, 3awuweHHass ammocghepa —
cpeda 3aWumHo20 2a3a (apaoH+yenekucrnbil 2a3). locrnoliHoe hopmupogaHue 3KcriepumMeHmarsbHbIX 06pa3yos
661710 peanu3oBaHo C rnPUMeHeHUeM CriedyruwUx cXeMm: 8 20pU30oHmMasibHoU MI0CKOCMU NPUEMHOU ogepxHocmu; 8
eepmukaribHOU rnrocKkocmu ripuemHouU rnogepxHocmu. [lodzomoeka Kk Mmemarsinozspaghudeckomy uccriedo8aHuro ocy-
wecmensnace 8 coomgemcmeuu ¢ FOCT 5639-82 «Cmanu u crnnassl. MemoOb! ebisigrieHusi u ornpedesieHusi
senuyuHbl 3epHa», FTOCT P 57180-2016 «CoeduHeHusi ceapHbie. Memodbi onpedenieHusi MexaHU4ecKuUx ceolicms,
MaKpoCcmpyKmypbi, MUKPOCMPYKmMYypbi». B pe3ynbmame nposedeHHbIx uccriedosaHull 8bISIB/IEHO Hanu4ue nycmom
u Heripogapos mex0y coceOHUMU €OUHUYHBbIMU CII0AMU 8 20PpU30HMaribHOU MIocKocmu; Mamepuar npuemMHouU
108ePXHOCMU 8 30HE KOPHEB020 rpoxoda U 30He MepMUYECKO20 B/IUSIHUSI UMeem CMPYKmMypy, Xxapakmepusyemyto
boriee HU3KUMU (bUBUKO-MEeXaHUYEeCKUMU ceolicmeamu, a mak xe bosiee HU3KOU KOPPO3UOHHOU CMOUKOCMbHO MO
CpaBHEeHUI0O ¢ Mamepuasiom fpuemHol nogepxHocmu. Mamepuan obpa3yos, chopmupo8aHHbIX 8 8epmuKasibHOU
rnsiocKkocmu, uMeem CmpyKmypy, CXOXYH 0 pas3Mepy 3epeH C MamepuasoM rpueMHoU Mo8epxHocmu, Mmame-
puasiom rnocmpoeHus.

MemoOos1. B npoyecce ebinomnHeHusi pabom 6biriu npuMeHeHbl MemoOb! Ucc1ed08aHUsI MUKPOCMPYKMYpbI.
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Pe3ynbmamsl. B pe3ynbmame 8binonHeHuUs pabom rno Hacmosiwemy uccrnedo8aHuro 8bisi8/IeHo, Ymo rnpu ¢hopmu-
posaHuUU eOUHUYHbIX C/10€8 Ha MPUeMHOU Mo8epxXHOCMU 8 20pU30HMarbHOU M/10CKOCMmu umeem mecmo obpa3so-
g8aHuUe Kpumudeckux 0egbekmoe — Mmycmom U «Hernpoeapos». 30Ha MepMUYECKO20 8JIUSIHUS], 30Ha KOPHEe8020 po-
xoda codepxum MUKPOCMPYKmypy Memarsna, obnadarouwyro boriee HU3KUMU 10 CpasHeHUd ¢ mamepuasiom
rnpuemMHoU rno8epxHocmu, husuKo-MexaHU4YeCKUMU Xxapakmepucmukamu U KOPPO3UOHHOU CmMOUKOCMbIO.
3aknroqeHue. lNpu hopmuposaHuu uzdenuli Memodom MoCIOUHO20 NOCMPOeHUsT anekmpuyveckoli dyeol 8 3aujuéHHoU
ammMocgpepe HeobxoduMo y4yumbigeams Criedyrouue mexHoroaudeckue ocobeHHocmu rpouecca: ¢ uernbio rnpedoms-
pauwieHus obpasosaHusi Kpumu4eckux 0eghekmos rnpu rnocsioliHOM MOCMPOEHUU CII0e8 8 20pU30HMaribHOU MIIocKocmu,
HEeobxoduMo ycmaHo8umb Quara3oH 3HadyeHUl KoaghgbuyueHma nepekpbImusi croes; ¢ Uernbto obecrieqyeHusi co30aHusi
0OHOPOOHbLIX CMPYKMYypP Memariia 8 30He CriasieHus MpuUeMHoOU ro8epxHoOCmMuU U Mamepuaria rocmpoeHUs], a mak xe
MUHUMU3aUUU pa3mMepos 30HbI MepMUYECKO20 8/IUSIHUST U 30Hbl KOPHE8020 rMpoxoda, HeobXxo0UMO MoCMpPOeHUE Cr10es
rpou38odumb C UCOb308aHUEM MPUEMHOU M0BEPXHOCMU U3 Mamepuasos, MakcuMasibHO COOmeemcmayowux rno
XUMUYECKOMY cocmasy Mamepuarsy MocmpOeHUs.

Knrodeenie cnoea: adOumusHble MexHOI02UU; MUKpoCcmpykmypa; adoumueHoe rMnocmpoeHue.

KoHgpriukm unmepecoe: Asmopbi deKkiiapupyrom omcymcmeue Si8HbIX U MomeHyuanbHbIX KOHQIUKMo8 uHmepe-
€08, c8s3aHHbIX € nybnukayuel Hacmoswel cmambu.

Onsa untuposanus: Mpuropos W. FO., MpedyxuH A. H., YepHbiwes W.A. ViccnepoBaHne MUKPOCTPYKTYpbl 06pasLoBs,
NoslydeHHbIX METOAOM MOCIONHOIO NMOCTPOEHUST ANEKTPUYECKOM Ayron B 3alméHHon atmocdepe // N3secTtus HOro-
3anagHoro rocyaapcTBeHHOro yHuepceuteta. 2023; 27(2): 8-23. https://doi.org/10.21869/2223-1560-2023-27-2-8-23.
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Abstract

Purpose of research. The article is devoted to the metallographic study of the structure, as well as the elemental
composition of the characteristic zones of samples obtained by the method of layer-by-layer construction of an
electric arc in a protected atmosphere. The samples for the study were obtained using a mechatronic system with
numerical control, which provides positioning of the device for feeding the filler material in the form of a wire along
three coordinate axes. The samples were formed on a receiving surface made of steel 3, the material for layer-by-
layer construction was alloy steel Sv—09G2S, the electric arc power source was an inverter-type welding machine
Cedar MIG-160GDM, the protected atmosphere was a protective gas environment. The layered formation of
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experimental samples was implemented using the following schemes: in the horizontal plane; in the vertical plane.
Preparation for metallographic examination was carried out in accordance with GOST 5639-82 "Steels and alloys.
Methods of detection and determination of grain size", GOST R 57180-2016 "Welded joints. Methods for determining
mechanical properties, macrostructure, microstructure”. The elemental composition of the obtained samples was
carried out by X-ray fluorescence analysis using the X-MET 5100 analyzer. As a result of the conducted studies, the
presence of voids between single layers in the horizontal plane was revealed; the material of the receiving surface in
the root passage zone and the zone of thermal influence have a structure with lower physical and mechanical
properties, as well as lower corrosion resistance compared to the material of the receiving surface. The material of
the samples formed in the vertical plane has a structure similar in grain size to the material of the receiving surface
Methods. In the course of the work, methods of microstructure research, as well as elemental analysis were applied
Results. As a result of the work performed on this study, it was revealed that during the formation of single layers on
the receiving surface in the horizontal plane, the formation of critical defects - voids and "non-vapors" takes place.
The zone of thermal influence, the zone of the root passage contains a metal microstructure that has lower physical
and mechanical characteristics and corrosion resistance compared to the material of the receiving surface
Conclusion. When forming products by the method of layer-by-layer construction of an electric arc in a protected
atmosphere, the following technological features of the process must be taken into account: in order to prevent the
formation of critical defects during layer-by-layer construction of layers in a horizontal plane, it is necessary to
establish a range of values of the overlap coefficient of layers; in order to ensure the creation of homogeneous metal
structures in the fusion zone of the receiving surface and the construction material, as well as to minimize the size of
the zone of thermal influence and the root passage zone, it is necessary to build layers using the receiving surface of
materials that maximally correspond in chemical composition to the construction material.

Keywords: additive; technologies; protective atmosphere; microstructure.

Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

For citation: Grigorov I. Yu., Grechukhin A. N., Chernyshev |. A. Investigation of the Microstructure and Elemental
Composition of Samples Obtained by the Method of Layer-by-Layer Construction by an Electric Arc in a Protected
Atmosphere. Izvestiya Yugo-Zapadnogo gosudarstvennogo universiteta = Proceedings of the Southwest State University.
2023; 27(2): 8-23 (In Russ.). https://doi.org/10.21869/2223-1560-2023-27-2-8-23.

Received 11.04.2023 Accepted 27.06.2023 Published 02.08.2023

*kk

0aze Ja3epHBIX M DBICKTPOHHO-TYUYEBBIX

BBepgeHue
HWCTOYHUKOB JHEPIUU, NIPUMEHEHUE KOTO-

AJUTHTHBHBIE TEXHOMOTHH HAXOMST BCE PBIX ITO3BOJISIET C BBICOKOW IPOU3BOAM-

OoJyiee MMPOKOE NMPHUMEHEHHE B PEUICHUU TENBHOCTBIO  (JOPMHUPOBATH  TEOMETPUUC-

pa3IMYHBIX 3aJa4 MPOMBINUIEHHOCTU. B oT- CKHiT IPO(HITH M3/EIHii U3 METAILIOB U HX

JIMYME OT TPAJULHUOHHBIX TEXHOJIOTHH M3- crutaBos [1-9].

TOTOBJICHUSI METOJIOM BBIYMTAHHsI Marepua- Takne KOMIIEKChI HE MOJTYYMIIH IIH-

JIa Y3 3aroTOBKH, HCIIOJIE30BaHUE aqUTHB- POKOTO NPHUMCHCHHUS, B NCPBYIO OYCPCIb,

HBbIX TEXHOJIOIMH ITO3BOJIIET BBIPALLMBATH 110 IIPHYHUHC BBICOKOH LICHBI TCXHONOTHMYC-

OOBEKTHI TyTeM J00aBJICHUS CJIOS 3a CIIOEM ckoro obopynosanus. Ilostomy, Hapany ¢

10 TIOJIY4Y€HHUA TOTOBOI'O U3 ICTIHAA. AJJUTHUBHBIMU TCXHOJIOTUAMHW Ha OCHOBEC

OrpaHn4yeHHOE MPUMEHEHUE MOJIy4u-
JIM KOMITJIEKCHI TEXHOJIOTHYECKOTro 000py-

JNOBaHUSA IS aAIUTUBHOTO MMOCTPOEHHUS HA

UCIIOJIb30BaHHS KOHIIEHTPHPOBAHHBIX HC-
TOYHUKOB JHEPIuu, Bce Ooyiee HIMPOKOE

MPUMCHCHHEC IIOJYYalOT TCXHOJOIMH, HC-
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MOJIB3YIOIINE JIEKTPUYECKYI0, TNOO0 Ia3-
MEHHYIO JIyTd — TaKhu€ HUCTOYHHKU DHEp-
THH SIBIISIIOTCS Haubosiee JEHmIeBBHIMH B
MIPUMEHEHHUH, & B COUETAHUHU C MEXaTPOH-
HOM CUCTEMOM C YMCIIOBBIM IPOTrPAMMHBIM
YIPABJIEHUEM, IO3BOJISIIOT MPOU3BOAUTH
IIOCJIOMHOE ITOCTPOEHUE M3IEIUN U3 IPO-
BOJIOKM METAJUIOB U UX CIIJIaBOB C BBICO-
KOU IIPOMU3BOJAUTENBHOCTBIO. Takon crmo-
co0 aIJUTUBHOTO MOCTPOCHUS PEaTU3yIOT
B 3aIIMIICHHOI aTMocdepe, K MpuMepy B
BaKyyMHOW Kamepe, JIM00 B Cpejie 3alluT-
Horo raza [10-15].

OpnHako HE IOCTAaTOYHO M3YyYEHHBIMHU
OCTalOTCSI BOIIPOCH (JOPMHUPOBAHUS BHYT-
PEHHEN CTPYKTYpbI U3JEINA U3 METAJIOB
U UX CIUIaBOB, U3TOTOBJIEHHBIX CIIOCOOOM
aJIUTUBHOTO (hOPMOOOPa30BaHUS AIEKTPU-
4eCKOW ITyrod B 3alllMIICHHOW aTMocdepe.
Jlyist ycTaHOBIJIGHHS! 3aKOHOMEpHOCTEH (hop-
MHUPOBaHUSI BHYTPEHHEW CTPYKTYpbl H3Je-
JMid U3 craneil ObUTM IMPOBEICHBI HACTOS-

e uccnenaoanus [ 15-20].

MaTepMan bl U MeTOAbI

Llenpro wuccneaoBaHUS SIBIISIETCS  Me-
Tayuiorpaguyeckoe MCCiIeJOBaHHE CTPYKTY-
pBl 00pa3IoB, MOJYYEHHBIX CHOCOOOM aj-
JUTUBHOTO (hOpMOOOpa30BaHUS ANEKTpUYE-
CKOM JIyrOM B CpeJie 3alUTHOTO rasa.

JIns1 M3roTOBIIEHUS SKCIEPUMEHTAIIb-
HBIX 00pa3oB ObLT pa3paboTaH M MOCTPO-
eH 7a00paTOpHBIN CTEHJ, pean3yIOINn
Croco0 aaIUTHBHOTO TOCTPOEHUST OOBEK-
TOB DJIEKTpUYECKOM nyrou. B cocras
CTEHJa BXOJWJIa MEXaTPOHHAs CUCTEMa C

YHUCJIOBBIM IIPOIPAMMHBIM YIPABJICHUEM,

pean3ymoas NepeMEelIEHUE yCTpOiCTBa
MOCTPOEHUS] OTHOCUTENIBHO Pabovero cro-
Ja 1Mo 3 ymOpaBiIseMbIM KOOPIWHATHBIM
ocsaM. Ilomaua marepuana HOCTpOCHHS B
BH/IE IIPOBOJIOKH OCYLIECTBIISIIACH IIOCPE-
CTBOM DPa3pabOTaHHOI0 MeXaHH3Ma I0ja-
9¥, BKJIFOYAIOIIETO MPKUMHEIE POJIUKUA U
maroBbI ABUrarTeinh. Ilomada 3almuTHOTO
ra3a IpPOU3BOAMIIACH IOCPEACTBOM 3JIEK-
TPOMAarHUTHOIO KJlarnaHa. YpaBJieHUue Me-
XaTPOHHOM CHCTEMOM, MEXaHU3MOM ITOJa-
Yy MaTepualla MOCTPOCHHUS, KJIallaHOM I10-
Jla4d 3alIUTHOIO ra3a peaju30BaHO C IIO-
MOIIBIO CHEIMATU3UPOBAHHOIO MPOrpaMm-
MHOTO 00ecrieueHHsl.

dopmupoBaHue 00pasLoB A MPOBeE-
JCHHSI METAJIOrpaduecKoro ucciaeaoBa-
HUS U CTPYKTYPHOTO aHaJIM3a MPOU3BOIH-
JOCh TyTEeM TIOCJIONHOrO HaIulaBICHUS
npoBosioku u3 cranu Cs. 0912C nHa npu-
E€MHYI0 NOBepXHOCTb u3 ctanmu 3. Ciou
HAIUTaBJSUTMCh B TOPU3OHTAILHOM U B BEp-
THUKQJIBHOW IUUIOCKOCTAX. B ropusoHTaib-
HOW IUIOCKOCTH CJIOM HaIUIABIISJIUCh C KO-
spdunmentom nepekpeitus 0,3. B kage-
CTBE HMCTOYHHMKA SHEPTUU DIIEKTPUICCKON
Oyrd ObUT MPUMEHEH CBApOYHBIN IMOJTyaB-
TOMAaT WHBepTOpHOro Tuma monenu Kemap
MIG-160GDM. Cxema ¢dopmupoBaHus
CJIOEB MpEJICTaBJIEHa Ha puc. 1.

Hcxonnple naHHbIE I TTOCTPOSHUS
00pa3IoB i METaUIorpauueckoro uc-
CJIeZIOBaHUS MpeACTaBJICHbI B Ta0. 1.

Bremrnuii Bua 1abopaTopHOTO CTEHIa
IIPEICTaBIIEH HA puC. 2.

Buennuii BUJ noy4yeHHbIX 00pa31ioB

MOKa3aH Ha puc. 3.
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a) 6)

Puc. 1. Cxema dhopmnpoBaHusi crioeB o6pasLioB: @ — B FOPM30OHTarIbHOM NIOCKOCTY;
6 — B BepTMKanbHOM NIIOCKOCTH

Fig. 1. The scheme of formation of layers: a — in the horizontal plane; 6 — in the vertical plane

Tabnuua 1. VicxogHble AaHHbIE A58 NOCTPOEHUS CIOEB

Table 1. Source data for building layers
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Puc. 2. JlabopaTopHbIn CTEH

Fig. 2. Laboratory stand

a) 6)

Puc. 3. OkcnepumeHTanbHble 06pasubl, 0Opa3oBaHHbIe MyTEM HannaBneHust cnoes: a — obpasew 1,
6 — obpasey 2

Fig. 3. Experimental samples formed by melting layers: a— sample 1; 6 — sample 2
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Jlnst mpoBenieHnsT MeTauTorpaduaecko-
r0 HCCIeI0BaHNs U ObLIM BBIIOJIHEHBI Cpe-
3bl HAIUIABJICHHBIX CJIOEB B HAIPABJIICHUM,
NEPIEHIUKYIISIPHOM K uX ocu. Iloarorosie-
HBI NGB OJJHOMMEHHBIX ceueHuid. Tpas-
JICHHE TMPOU3BOJMIOCH XMUMHYECKH B 4%-
HOM pactBope a30THOi kuciotel HNOs B
CIHPTE.

HccnenoBanne MUKPOCTPYKTYpBI IIPO-
BOJWJIOCH HAa CBETOBOM MeTajulorpaduye-
ckoM Mukpockorne 4XC-HXV.

OneHka MHKPOCTPYKTYpPbl IIPOU3BO-
muitack o I'OCT 5639 «Cranu U CcIuiaBblL.
MeToapl BBIABICHHS M OIpPENEICHHS Be-
nnuunbl 3epHa» u ['OCT P 57180-2016
«CoenuHenus cBapHble. MeToasl onpene-
JEHUS MEXAHMYECKHUX CBOMICTB, MaKpo-

CTPYKTYPbl © MUKPOCTPYKTYPBI».

PesynbTaTtbl U ux obcyxaeHue

B pesynbraTe mpoOBEIEHHOTO MeTa-

norpaduuecKoro uccienoBaHus ObUTA BbI-

/

vOﬁnacn, KOPHEBOI0 Npoxoaa (2)

OCHOBHOM MeTa/LT (1)

a)

SIBJICHBI CJIEIyIOIMe Pe3yJbTaThl: Ha IO-
BEPXHOCTH NUTM(HOB Kak oOpazmna 1, Tak u
oOpa3ia 2 HaONIOAAOTCS TPU YETKO pas3-
JMYUMBIE 30HBI: 30Ha Marepuaia MpueM-
HOW TOBEPXHOCTH, 30HAa KOPHEBOI'O IPO-
X073, 30Ha MOCJIOMHOT0 NOCTpOoeHUs, HOTO
00pa3IoB MpeaCTaBIeHBl Ha puc. 4. Y 00-
pasua 2 He HabmOgaeTcs HapyLIeHHs CO-
OCHOCTU MEXJIy €IWHUYHBIMHU CIIOSIMH, B
TO e Bpemsl oOpaszer; 1 mMmeer SPKO BBI-
pakeHHbIE 30HBI HECIUIABJICHMS, MPEUMY-
IIECTBEHHO B CTBIKaX MEXIY COCEIHUMHU
CIIOSIMHM, TE€OMETpPHUYECKUE pa3Mephbl Jie-
(eKTOB HE MPEBBIIAIOT 10 | MM B JIHHY
u 10 0,5 mm B mmpuny. Ha o6pasue 2 aHa-
JIOTUYHBIA JePEKT BBIPAKEH B MEHBIICH
CTETEHHU, IIyCTOThl MEXAY CIIOSMH IIO-
CTPOEHUS PACIIOIOKEHBI TOJIBKO 110 00eHM
CTOpOHaM, TaK >K€ HabmoJaercs cylle-
CTBEHHOE pa3jMyde B LIMPUHE CJIOEB IO-
CTPOEHHUSI N0 MEpPE 3alOJIHEHUS CIOEB OT

IIEPBOIO CJI0S K IIECTOMY.

b .mam
AILTABKH (£)]

O0aCTH KOPHEBOT0 MPOX0Aa (2)

_OcHOBHOH MeTamwLt (1)

6)

Puc. 4. MukpocTpykTypa 06pasuoB (yBenuyeHune x40): a — obpaseu 1; 6 — obpasel, 2

Fig. 4. Microstructure of samples (magnification x40): a — sample 1; 6 — sample 2
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Ha pucynkax 4 — 9 mnpencraBiieHbl
MUKpodoTorpadur  UCCIEAyeMBIX 00pa3-
1oB. CTpyKTypa MeTajuia MO I0KKH 00pas-
1oB 1, 2 COCTOUT U3 CBETIIBIX 3epeH (eppu-
Ta C pachpeielIeHHbIM 10 KpasiM 3€peH Iuia-
CTUHYATHIM MEPIUTOM, OOBEeMHasl J0Js KO-
TOPOTO B OCHOBHOM METaJlIe HE MPEBBIIIACT

10% — puc. 5 a. B obnactu nepexona me-
TaJUla MPUEMHONW OBEPXHOCTH B 30HY Tep-
MHYECKOTO BIIMSHHSA 3epHa (heppuTa UMEIOT
BEITAHYTYIO (hopMy puc. 5 6.

B obmacti kopHEBOTO Mpoxoaa oOpas-
oB 1, 2 wHabmromaercs BbineneHue chepu-
4ecKkuX yacTuil (kapouoB) (puc. 6 a,0).

a)

6)

Puc. 5. CTpykTypa meTanna npMemHon noBepxHocTu (ysenmdeHue x400)

Fig. 5. Metal structure of the receiving surface (magnification x400)

a)

6)

Puc. 6. 3oHa kopHeBoro npoxoga: a — ysenunyenue x400; 6 — yBenuyernne x100

Fig. 6. Root passage zone: a — x400 magnification; 6 — x100 magnification

[Iepexon oT maTepuana NpUEMHOM I0-
BEPXHOCTH K 30HE TEPMUYECKOrO BIIMSHUS
uMeeT yeTkue rpanuipl. s oopasmos 1, 2
B 30HE TEPMUYECKOTO BJIMSHHS HAOMIOAAeT-
csl BbIzenieHne OeiiHuTa B ()eppUTHON MaT-
pute (puc. 7,a). B HampaBieHnn ynaneHus

OT MeTajula MOJIOKKU OSHHUT pacriojiara-
eTcsi B TpefeNax OIOSCAHHBIX (hepPUTHOM
ceTKoi 3epeH (puc. 7 6). B 30He Tepmmye-
CKOTO BJIMSHHS BBIIEIEHHS C(HEepUIecKux

YacTHI He HAOIroMaeTcs.
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a)

6)

Puc. 7. MukpocTpyKkTypa 30HbI TEPMUYECKOro BNUsSHKUA 06pas3LoB 1, 2 (yBennyeHune x400)

Fig. 7. Microstructure of the zone of thermal influence of samples 1, 2 (magnification x400)

OO6nacTp MOCTPOEHUS MMEET MHUKpO-
CTPYKTYPY C BBICOKHUM OOBEMHBIM COJIEp-
KaHWeM BHIMaHIITETTOBOW CTPYKTYpBHI,
OTCYTCTBHUEM C(EepUYEeCKHX BbIIEICHUH,
IIPU yIaJ€HUHU OT 30Hbl KOPHEBOI'O MPOXO-
Jla B MUKPOCTPYKType HalOiroJaercs mpo-
SBJICHE DPAaBHOOCHBIX (DEPPUTHBIX 3€peH

(puc. 8 a). B obpaszue 1 Ommke K Kparo

HaHECEHHUs CJIOEB HAOJII0JAa0TCs 00JIacTH,
cocrosimme U3 GEeppuTHBIX 3epeH (puc. 8
0), a B oOpasie 2 00JacTH, pacIoioKeH-
HbIC Ha PACCTOSHHU CBBINIE 8 MM OT 00Ja-
CTH KOPHEBOT'O MIPOX0/1a, UIMEIOT CTPYKTYPY,
AHAJIOTUYHYIO CTPYKTYpe MeTajlula IMpUeM-

HOU moBepxHoCcTH (puc. 9 a).

a)

Puc. 8. MukpocTpykTypa o6nacTtu noctpoeHus (ysenuyeHune x400)

Fig. 8. Microstructure of the construction area (magnification x400)

[Io xpasim meTayla NpUEMHOM TTOBEPX-
HOCTH U CJIOEB [TOCTPOEHHS He HabroaaeTcs

SABHBIX IIPU3HAKOB Me)KKpHCTaHHHTHOfI

KOPPO3HH, KPOME CJIa00T0 BBHIKpPAILIUBAHUS
Ha IIyOMHY MeHee 3 MKM B OTJENbHBIX

00JacTax.

M3sectna FOro-3anagHoro rocyaapcteeHHoro yrueepcuteTa / Proceedings of the Southwest State University. 2023; 27(2): 8-23



"puropos W. 1O, MNpedyxuH A. H., YepHbiwes UN.A.

WccnepnosaHne MUKPOCTPYKTYpbI 06pasLoB... |7

Puc. 9. MukpocTpykTypa 06pasLoB (yBenuueHne x400): a — maTepuman NnocTpoeHns B yaaneHmm
OT 06nacTn KOPHEBOro Npoxoda: 6 — maTepuran NOCTPOEHUS Ha Kpato Wwnuda

Fig. 9. Microstructure of samples (magnification x400): a — the construction material at a distance
from the root passage area: 6 — the construction material at the edge of the slot

Ob6nactu y Kpast OTHOPOJIHBI U HE OT-
JMYAIOTCS MHKPOCTPYKTYPOH OT COOTBET-
CTBYIOIIIMX MM O0JIaCTe B IEHTPAIbHBIX

gactsx nutuda (puc. 9 6).

BbiBogbl

B pesynbrate mpoBeIeHHOTO METAILIO-
rpaduuecKoro Mcciae10BaHus 00pasIoB, Mmo-
JIYYCHHBIX B PE3YJbTATE AJICKTPOIYTOBOTO
MOCJIOWHOTO TIOCTPOCHUS B CPEJIC 3AIIUTHO-
TO ra3a, ObUIM BBISBJICHBI CIICIYIOIINE OCO-
OEHHOCTH:

— 00pa3mpl eIMHUYHBIX CJIOEB, TIO-
CTPOCHHE KOTOPBIX MPOU3BOAMIOCH B TO-
PHU30OHTAIBHOMN IJIOCKOCTH, UMEIOT IyCTO-
ThI BJIOJIb TPAHUI] COCEIHUX CcioeB. [1osB-
JeHHe JeQEeKTOB TaKOro poja SBISICTCS
CIICZICTBHEM HE BEPHO 3aJIaHHOTO KO-
(bUIMEeHTa IEPEKPBITHS, [IOITOMY, C IEITbIO
MpeIOTBpaIleHIs] 00pa30oBaHUs KPHUTHYEC-
CKUX Je(EKTOB MPHU MOCIOHHOM MOCTpOe-
HUM CJIOEB B TOPU30HTAIBHOU TUIOCKOCTH
CIIOCOOOM DIIEKTPOYTOBOTO TOCIOHHOTO

MMOCTPpOCHUA B CpC€AC 3alllUTHOIO Tasa,

HEOOXOJMMO YCTaHOBHUTH JWANa30H 3Ha-
yeHU! K03 (ULIMeHTa NePEKPBITUS CIIOEB,
pHu COONIOACHUH KOTOPOTrO, 00pa3oBaHUe
neekToB B BUAE MYCTOT OyIeT MUHH-
MaJIbHBIM;

— 30Ha Ha [IPUEMHOI TOBEPXHOCTH, 30HA
TEPMUUYECKOTO BIIMSHUS, a TaK jk€ 30Ha KOp-
HEBOTO ITPOX0/1a, COJCPKaT B 3HAUUTEIILHOM
KOJIMYeCTBE BUIMAHINTETTOBY CTPYKTYpY,
YTO MOXKET CIIOCOOCTBOBATH CHUKEHHIO (PU-
3MKO-MEXaHUYECKHX CBOICTB, CHWKEHHIO
KOPPO3WOHHOW CTOWKOCTH B O0O3HAYEH-
HBIX BbIIIE obOnactsax. [loaTomy HeoOxo-
IMMO TIOCTPOEHHE CJIOEB HEOOXOIMMO
NPOHM3BOJHUTE C HCIOJIB30BAHHEM IPUEM-
HOU TIOBEPXHOCTH M3 MaTepUallOB, MaKCHU-
MaJIbHO COOTBETCTBYIOIIUX [0 XHMHYe-
CKOMY COCTaBY MaTepualry OCTPOCHUS;

— MpHU aHanu3e oOpas3loB C MOCTpoe-
HUEM CIIOEB B BEPTUKAIBHOW IUIOCKOCTH
YCTaHOBJIEHO, YTO METAJIJI B 30HE MOCIIOMN-
HOTO TIOCTPOCHHS MMEET CTPYKTYpY, OJ-
HOPOJHYIO CTPYKTYpe MeTaJlla MPHEeMHON

MOBEPXHOCTH, CXOXKYIO TI0 pa3Mepam 3epeH
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W pacrnpeeneHuto (heppura co CTPyKTYpOi HBIX 00pa3sIoB CIIOCOOOM AJIEKTPOIYTOBOTO
Marepuala IoCTPOSHHS, TOITOMY ITpUMEHe- TIOCJIOWHOTO TIOCTPOCHHS, SIBIIICTCS PaIHO-
HHE PESKUMOB (POPMHUPOBAHHS CIIOCB, pea- HAJIBHBIM, O0CCIICYMBAIOIIAM PAI[HOHAb-
JIM30BAHHBIX JUISI H3TOTOBJICHHS JIabopaTop- HBII TEMIIEPaTyPHBII PEXKUM TIpoIiecca.
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