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OKCIEpUMEHTATFHO 00HApYKEeHa aHU30TPOIHS TEIUIONPOBOTHOCTH B MaTepuae, IoIydeH-
HOM C HCIOJIb30BaHUEM aJIUTUBHOM METAIONOPOIIKOBOM TexHosoruu. 11o pesynpraTtam sKc-
MEPUMEHTA ONPEIENICHO, YTO KO3 (OUIIHEHT TEIIONPOBOIHOCTH BIIOIb INIOCKOCTEH CILTABICHUS
Ha 25-30% BBIIIE, 4eM nonepex Hux. Mcxoas u3 3Toro copMHUpOBAHO /IBa MIPAKTUUECKUX BBI-
BoJa. Bo-TIepBBIX, IPHU MPOEKTHPOBAHIH TEIUIOHATPYKEHHBIX JeTajiei, H3TOTOBICHHBIX 110 aj-
JUTUBHON TEXHOJOTHH, HEOOXOIMMO YYUTHIBATH HAIMPABICHUE TUIOCKOCTEH CIUIABJICHHSI OTHO-
CHUTEJBHO IPEAIoIaraéMbIX HANPaBICHUH TEIUIOBBIX ITOTOKOB. BO-BTOPHIX, MPH M3TOTOBICHUN
JeTaneil MeToI0M METaJUIOTIOPOIIKOBOH TEXHOJIOTHH MOSBIISIETCSI BO3MOKHOCTE YIIPABICHHS X
TEIUIONPOBOJHOCTHIO B 33/IaHHBIX HAIIPABJICHUSIX.

KaoueBble coBa: MCTAJIJIOIIOPOIIKOBBIC aJAUTHBHBIC TEXHOJIOTHHU, aHU30TPOIIUsA, TCILIIO-

(pm3HUecKue CBOUCTBA, TEIUIONPOBOTHOCTb.

BeepeHue
HpOCKTHBIe peIJ_IeHI/ISI, I/ICHOJ‘IBSyeMHe l'IpI/I
HpOCKTI/IpOBaHI/II/I COBpeMeHHBIX ABUAITMOHHBIX

JIBUTATEIIHHBIX YCTAaHOBOK, OOYCIIaBIMBAlOT HEOO-
XOJUMOCTb IIOMCKAa HOBBIX TEXHOJIOIMYECKUX U
MaTepHUaJOBEIUECKUX  pEIICHUH. Y CIOKHEHHE
KOHCTPYKIUH JIeTajell, MOBbIIIEHUE IKCIUTyaTallu-
OHHBIX TpeOOBaHUI K 3J€MEHTaM JBUTATeNeH U
SHEPTeTHUECKUX YCTAaHOBOK TpeOyeT MOJEpHH3a-
MU KOHCTPYKTOPCKO-TEXHOJIOIMUYECKUX MOAXOI0B
K INPOEKTHPOBAHHUIO U NPOU3BOACTBY. OIHUM U3
BO3MOXXHBIX MHCTPYMEHTOB pEIlIEHUSI TaKOW 3a/a-
Yy SBJSIETCS MPUMEHEHUE aJJAMTHUBHBIX TEXHOJIO-
ruii (AT). Umerouuiicst B HacTosiIiee BpeMsl OIBIT
npuMmeHeHnss AT Mo3BOJSIET TOBOPUTH O TIEPCIIEK-
TUBHOCTH 3TUX TEXHOJIOTUH B JIBUTATEIIECTPOCHHH,
Ha4YMHAS OT MPOTOTHITMPOBAHMS W PEMOHTHBIX pa-

00T W 3aKaH4YMBasi MEJIKOCEPUMHBIM HM3TOTOBJICHH-
eM (yHKIHMOHAJBHBIX JIeTalleil U y3II0B ra3oTyp-
ounnbix asurareneit (I'TH) [1-4].

Haubonpiee pacpoctpaneHne B aBUAITMOHHOM
nu paKCTHO—KOCMH‘leCKOﬁ IMPOMBIIIJICHHOCTH IOJIY-
gua kareropus PBF (Powder Bed Fusion) [5], ko-
TOpasi UCMOJIb3YET METAIIMYECKUE TOPOIIKHU JIJIsi
CO3/]aHUsl TEOMETPUYECKU CIIOXKHBIX AeTaneid. OHa
IIpeHa3HayeHa A CIUIABJICHUS METaUIM4eCKUX
MIOPOILIKOB C HCIIOJIb30BAHUEM Jla3epa BBICOKOU
MomHocTh. Yame Bcero B PBF ncnone3yrores me-
TaJUINYECKUE U JIETHPYIOIUE MaTepUallbl, HAIpH-
Mep, HepXKaBeroulas CTajlb, AJIOMUHUHN, THUTAaH,
crutaBel KobGanbTa u xpoma. Mcmonp3oBanue PBF
MO3BOJIIET IOJIy4aTh JETANM, U3TOTOBJIEHUE KOTO-
pPBIX OYEHb TPYJOEMKO WM IPOCTO HEBO3MOKHO
10 TPaJULIMOHHBIM TEXHOJIOTHSIM POU3BOJICTBA.
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Kareropuss PBF BwiriaauT nHaubosnee mnepcrek-
TUBHOW JUIS M3TOTOBJICHHUS JIOMATOK Ta30TypOHMH-
HBIX JIBUTATENIe BBHUIY OOECICYCHHS XOpOIIeH
TOYHOCTH U3TOTOBJICHHUS.

[lepcrieKTUBHOCTH WCIIOJIB30BAHUS aAAUTUBHBIX
TEXHOJIOTU HE CHUMAeT HEOOXOIMMOCTH BCECTO-
POHHEI0 HCCIEN0BAaHUS CBOICTB MaTEpUANOB IIO-
JlydaeMbIX HU3JeIuil. AKTyaJIbHOCTh TaKUX HCCIIe-
JIOBAaHUM MOJATBEPKAACTCS 3HAUUTEIbHBIM KOJIYe-
CTBOM OJKCIIEPHUMEHTAJBHBIX PAa0OT, CBSI3aHHBIX C
H3Y4YECHHEM CBOMCTB IIOJyYEHHBIX MAaTEpHUAJIOB,
PEXUMOB UX HOpPMalU3alMH, MCCIEIOBAaHUEM HX
MOJIEKYJIIPHON MU aTOMapHON CTPYKTypbl [6-9].
Unrtepecnoit ocobenHocTthio AT siBNsieTCS BBISIB-
JEHHOE B TMpOIEcCe MCCIENOBAaHUM pas3indue
CBOMCTB MOJy4YEeHHOTO Matepuania. Tak, Harpumep,
B [10, 11] moka3aHo, 4YTO MEXaHUYECKHUE CBOMCTBA
aJIMTUBHBIX MAaTEPUAIOB CYILIECTBEHHO 3aBUCAT
OT TEXHOJIOTMYECKUX I[apaMEeTPOB MPOU3BOJCTBA,
YTO HEOOXOJUMO YUUTHIBATH NPH pa3pabOTKe KOH-
cTpykuun uzgenust [12—14]. 3aBucumMocTh Mexa-
HUYECKUX CBOMCTB aJJINTUBHBIX MaTEepUANOB OT
pPEKMMOB TPOU3BOJACTBA, MPOSBICHUS AHU30TPO-
MMM 3TUX CBOWUCTB B TMOJYYEHHBIX U3JEIUIX
[9, 14, 15] BBI3BIBAIOT HEOOXOAUMOCTH HCCIEI0-
BaTh TAaKXKe TEIUIO(U3NUECKUE CBOHCTBA MOTYYEH-
HbIX 10 AT mMarepuanos.

OmHo ®3  BaXHEHIINX  TEIUIOPHU3NUECKUX
CBOMCTB MaTepHalia — ero TeIJIONPOBOAHOCTb. JTO
CBOMCTBO KOHCTPYKLIMOHHBIX MaTepuajioB, MHC-
MOJIb3YEMBIX B ABHUALIMOHHOM M PAaKETHO-KOCMHU-
YEeCKOH TEXHHKE, HEOOXOJWMO YUYUTHIBATh IIPU
MIPOEKTUPOBAHUM M U3TOTOBJIEHUU TEIUIOHATpy-
KEHHBIX y3JI0B U KOHCTPYKIIHH.

TeopeTu4yeckmne nNosnoXxeHus

[Ipu sKCHIEpUMEHTAILHOM OTIPENIEICHUH TEIUIO-
(du3nvecKuX CBOWCTB MaTepuaiia (B TaHHOM CiTydae
€ro TEIUIONPOBOJHOCTH) HEOOXOAMMO OIPEIEIIUTh
PST TPAHUYHBIX YCIIOBHIA, KOTOPBIE MO3BOJIST TTOJTY-
YUTh €€ IOCTOBEPHOE 3HaueHue [15]:

— HCCIeAyeMblii o0pa3el] MMeeT NHUIUHIpHYe-
CKkyto ¢Gopmy (0OCECUMMETPUYHBIA U TOCTOSTHHOTO
cedyeHus);

Ta6auna 1. T'eomeTpuyeckue mapaMerpbl 00pa3ion

Ne| Pacnonoxenue cnoeB | [luamerp, mm| BricoTa, Mm
1 |Bmons ocu nunusapa 28.65 37.25

2 |Bmonb ocu nuanHapa 28.95 38.19

3 |Tlomepek ocH MUIHHIPA 29.95 39.18

4 |Ilonepek ocu HUIUHIpPA 29.95 39.13

— MaTepuayl OJIHOPOJICH B BBIOPAHHOM HArpaB-
JICHUH;

— OJHOMEpHAasd MOCTAaHOBKA 3a/laud, TEIIOBOU
MOTOK PacCIpOCTPAHAETCS BIOJIb OJHOM KOOPAU-
HaTHOM OCH;

— UCCJIEIOBAHUE TPOBOJIUTCA B CTAIMOHAPHOM
peXHuMe, TEMITEPaTypHOE TI0JIE B HCCIIEAYEMOM 00-
pasiie MOCTOSTHHO BO BPEMEHH.

TennonpoBOAHOCTh B TBEPAOM TEJE OMpPEAEs-
etcs 3akoHoM Dypbe. B 001mem Buae BhIpakeHHE
3aMUCBIBACTCS CJICIYIOITIM 00pa3oM:

a’Q=—7vd—T-dF, (1)
dn
rne dQ — 3JIeMEHTapHbIM TEIJIOBOM IMOTOK; A —
TETUIONPOBOAHOCTh; d1/dn — TpaaueHT TeMmIiepa-
TYpBI IO HOPMAJIX /1 K 3JIEMEHTAPHON ITOBEPXHOC-
tn dF.

B pamkax NOCTaBIEHHOHM 3ajauu CTalMOHAp-
HBII pekUM BMecTo ypaBHeHHus (1) mo3BossieT uc-
NO0Jb30BaTh 3akoH Dypbe B cieayrooledl HHTe-
TPaIbHOM 3alKCH:

Q=7v%'F, e

rae O — TEIIOBOM MOTOK Yepe3 paccMaTpUBAEMBbIi
y4acToK; AT — pa3HOCTb TEMIIEpATYp MEXIY pac-
CMaTPHBAEMBIMU CEUEHHSIMH; O — PAacCTOSHUE
MEXKIy CEYEHUSIMHU; [ — MIIOIaAb CEYEHUSI.

Takum 00pa3oM, TEMIONPOBOIHOCTH OOpa3La
MOXKeT OBbITh OIpeiesieHa CICAYIOIIUM BbIpaXke-
HUEM:

Q-9
A=—"—. 3
AT -F )
MaTepumansbli

N dKCNnepumMmeHTaJibHaa yCTaHOBKa

B skcnepumeHTe HMCIONIB30BATUCH YETHIpE IU-
JUHAPUYECKHE 00paslia M3 HEepKaBerolled craiu
Mapku CL 20ES, nmosydeHHbI€ 110 TEXHOJOTHH Ce-
nekTuBHOTO jnasepHoro crutaBnenus (CJIC) [16].
OO6pasie Nel u Ne2 HamewaTaHbl ¢ OpPHECHTAIMEH
CJIOEB BJIOJIb OCH IMWIHHIPA, 00pas3ibl No3 u Nod —
HOTIEPEK.

Bce o06pasiiel mociie meyatu ObITH MTOABEPTHYTHI
TepM0o0oOpaboOTKe: HarpeBy B BaKyyMHOH MEYH C
MOCJEAYIOIUMHI  BBIIEP)KKOH U OXJIAKICHHEM.
[Tocne TepMooOpabOTKH MpOBEACHA TOKAapHasi 00-
paboTka (TIpOTOYKa W TOPIIEBAHHE) HCCIIEITyEeMbIX
o0pa3ioB. B pe3ynbrare 00pa3ipl mpruoOpen reo-
METPHUYECKHE pa3Mephl, pUBEIeHHBIC B Ta0. 1.
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MeTtonnukoil TPOBEAEHNS IKCIIEPUMEHTA TIPEMY-
CMOTPEHO pa3MEIIeHNEe HCCIeAyeMoro obpasia
MEXIy JBYX OTaJOHHBIX MEIHBIX LHJIHHIPOB.
BepxHuii MenHbIi LWIMHAP CONPHUKACAETCs C
HarpeBaTelieM, a HIKHUM — C XOJIOAMJIbHUKOM.
OKCIEpUMEHTAIBHBIA Y4aCTOK IPEACTaBISAET CO-
0oii cOOpKy HcciemyeMoro oopasa ¢ MeTHBIMHU
WIMHAPAMH, TEIUIOM30JMPOBAHHYI0 O OOKOBOI
MOBEpXHOCTU. B sKcnepuMeHTe HCHOIb30BAINUCH
MOKAa3aHUsl LIECTU XPOMEIb-KOMEIEBbIX TepMonap
YCTAHOBJICHHBIX Ha OOKOBOM MOBEPXHOCTU COOPKHU:
2 mT. Ha BHEUIHWX TOPIAX MEIHBIX MWIHHIPOB,
2 mT. MEXIy MEIHBIMH IWIMHIPAMA U 00pa3IioM
u 2 mT. Ha obOpasie. [IpuHnnnuanbHas cxema 3Kc-
MEePUMEHTAIbHOTO yYacTKa MpuBeJeHa Ha puc. 1.

B xozxe skcneprMeHTa M3MeEpsUIMCh J1Ba Mapa-
MeTpa: TemIepaTypa B 3aJaHHBIX TOUYKAaX YCTaHOB-
KM M BpeMs OT Hayaja 3KCIIepUMeHTa. TepMornapbl
ompammBanuch ¢ yactotoil 1c¢'. Paspemarormas
CIOCOOHOCTh KaHajla W3MEpPEHHsS TeMIepaTyphl
KoHTposuiepa coctasisuia 0.25°C.

Pe3ynbTaTbl 3KCNEepuUMeHTa

@ !

%
N
N\

%

|
| XoJIOAUIBLHUK
|

Harpesarenb

BepxHuii 3Ta0HHBIHI
MEIHBIN UUIUHAP

N\

—— OO6pazen

Hyxamii 5TanoHHbIi
MEHbIN IUIAHIIP

Puc. 1. [IpunnunuanbHas cxemMa SKCIEPUMEHTANIbHOTO y4acTKa C
ucciexyemsM oopasnom. Ti—Te — Tepmomnapst

anmpokcuManus rpaduka pacmpeneseHuss TeM-
nepaTtypsl B10Jb ocu oOpasna Nel.

Jlanee mpuBeneH MOPSAOK 00paOOTKH pPe3yib-
TaTOB SKCIIEPUMEHTA Ha TpuMepe obpaszma Nel.

B kadecTBe TpammMeHTa TeMIepaTypel ObLI
OPUHAT TAHTEHC YIJla HAaKJIOHA aIlMpOKCUMHUPY-
omiedr npsimoit. Ilo ¢opmyne (2) paccuutansi
3HAYEHHUs IJIOTHOCTEH TEIUIOBOTO IMOTOKA Yepes

B nmpouecce npoBeneHNs SKCIIEPUMEHTA MIOJTyde-  ATAJOHHBIE MEIHBIE IWIMHAPHL. 3aTeM TI0
Hbl 3HAYEHUS] TEeMIIEPaTypHOTO TIO-
7l B 9KCIIEPUMEHTAIILHOM YYacTKe. 160 o
Jns  cHmwkeHHWs cly4allHOW TIo- 140 !
TPEITHOCTH 3HAYCHUSI TEMIIepaTyphbl 120 T
YCPEOHSUIUCh TI0 TSITH COCEAHMM — Q T,
- < 100
toukaM. Ha rpaduke (puc. 2) pen % T,
CTaBJICH PEKUM IPOTPEBA U BBIXOJ] § 80 =
v 5
Ha CTallMOHAPHBIA PEXUM, HAYaJIO % 60 T
KOTOPOrO TMPHUHATO B MOMEHT 2 40 M s
== ; :
3800 c oT Hauayia FKCIIEPUMEHTA. i CranmonapHsIii
[To rpaHWYHBIM YCIOBUSM IPO- | pexuMm |
BEIICHUS DKCIIEPUMEHTAJIBHOIO HC- 0 . . . — : )
0 1000 2000 3000 4000 5000

CJICAOBAaHUA HU3MEPCHHC 3HAYCHUH
TEMIICPATYpPbl B OKCICPUMCHTAJIb-
HOM Yy4aCTKC JOJIKHO IMPOBOJAUTHCA
INpru YCTAHOBHBHIUXCS 3HAYCHUAX,
T.C. BBIXOAC BKCHepHMeHTaHLHOﬁ

Bpems oT Hagana SKCIEPUMEHTA, C

Puc. 2. I'paduk pacnpeneneHus Temmeparyp B SKCHEPUMEHTAJIBHOM y4acTKe B IIPO-
necce skcnepuMenTa. T1i—Te — crilaXeHHbIe II0OKa3aHUs TepMonap

N 160
YCTAHOBKM Ha CTAIMOHAPHBIA pe- 140 /,mTz *T,
KMM. 3HAuCHWs Temmeparyp B g 150 = T,
KaXXJIOM CEYCHHMHU IKCIIEPUMCH- % 80 T,

& 60 P

TANBHOTO y4acTka Oblm paccuu- £ §01T, T
TaHbl Kak cpeaHee apupmernde- & 20
CKOE 3HAYEHHIl Ha CTAlMOHAPHOM o0 10 - 30 %0 g s 20

pexume B uHTepBase ¢ 3801 mo
4500 cexyHny.

B kadecTBe wmiumtocTpanuu Ha
puc. 3 mpeacTaBieHa JIMHEHHas

BricoTa YCTaHOBKH TE€PMOIIApbl, MM

Puc. 3. Pacnpenenenue temneparypsl BIoib ocH obpasua Nel ¢ 3TaJOHHBIMU MEIHBI-
mu muuHApamu: Ti—Te — Temmeparypsl Ipu CTALHOHAPHOM pEeXHUME; O — o0pasels; ¢ —
STAJIOHHBIC ME/IHBIE LIMIHH/PbI; == — IMHEHHAs alllpPOKCUMAIHs
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Tab6umna 2. CBogHas Ta0IMIa Pe3yIbTAaTOB JKCIEePHMEHTAa

. TermmonpoBoAHOCTH 00pa3na, | CpeaHsst TeIIONPOBOIHOCTE IS JAHHOK
Ne Hanpassenne cioes B1/(MK) opueHTaruu cioes, B1/(M-K)
1 : 24.165
26.676
2 : 29.187
l
3 : 20.204
: 19.777
4 : 19.349

dopmyre (3) ompeneneH ko3 HUITMEHT TETIIONPO-
BOJHOCTH 0Opa3iia. AHAJOTHYHBEIM 00pa3oM TIpo-
M3BEJICHBI PacyeThl Il OCTAIbHBIX 00pasnoB. Pe-
3y/lbTaThl UCHBITAHUM 4YeThIpeX 0Opa3loB HepKa-
Beromei cranu mapku SAE 316L nmpuBeneHsl B
Tabim. 2.

OO6HapyKeHHOE BIMSHUE HAMPaBJICHUS IUIOCKO-
CTe# crutaBieHHUs Ha KO3()PHUIMEHT TEIUIONpOBOI-
HOCTH OOpa3lOB HEpPXKABEIOIIEH CTall MapKu
SAE 316L mo3BosisieT cienaTh BBIBOJ, YTO KO-
(GUIMEHT TemIoNpPOBOJHOCTH aJJUTUBHOTO Mate-
puana SAE 316L, nmonydeHHOro ¢ MCHOJIB30BaHU-
€M METaJUTOTIOPOIIKOBBIX TEXHOJOTHHA 3aBUCUT OT
HampaBJIEHUs] TEIUIOBOTO MOTOKAa B HEM: BJOJIb
IUIOCKOCTEH CIUTaBlieHus] KO3(PPHUIMEHT TEmIonpo-
BOAHOCTH Ha 25—-30% BbIlIE, YEM MONEPEK HUX.

BbiBOAbI

Hcxons u3 pe3ynbTaToB MPOBEACHHOIO HCCIE-
JIOBaHUsI MOXKHO CJeJaTh BbIBOA, 4YTO AHU30TPO-
U0 TEMJIONPOBOAIINX CBOMCTB  aJIUTHBHOTO
MaTepuiia He00X0AUMO YYUTBIBATh KaK MPU MPOEK-
TUPOBaHWH, TaK M TPU MPOU3BOJACTBE JAeTaneil ¢
MPUMEHEHUEM aJJINTUBHBIX TeXHOIorui. Mcmonb-
30BaHUE JAHHOTO SIBJICHMS B MPAKTUYECKUX LIEISIX
BO3MOXHO Tocje GOopMHUPOBaHUs 0a3bl 3HAHU HC-
MOJIb3YyEMBIX MaTEpHUAIIOB, IIOJIy4€HHOH B X0J€ UC-
CJIEZIOBAaHHM B CIIEAYIOIINX HAIIPABICHUAX:

— WCCIIEZIOBAaHNE HIMPOKOTO CIIEKTpa aJIUTUB-
HBIX METAJUIMYECKUX MaTepHajoB, B TOM YHCIE C
HEMETAITMYECKUMH TTPUCATIKAMU;

— HcCIIeZIoBaHUEe O0pa3lioB CO CIOXKHOM TIpo-
CTPAHCTBEHHOM KOH(UTYypaleH CI0eB CIUIaBIeHNUS;

— HCCIIeZIOBAHUE BIIMSHUS MEXaHUYECKOW U
TePMHUYECKON 00pabOTKH aJAUTUBHBIX MaTEPHUAJIOB
Ha aHU30TPOIIHIO TEIUIONPOBOIHOCTH;

— WICCIIEIOBAHUE BIHMSIHUS PEKUMOB CIUIABIICHUS
CJIOEB Ha aHU30TPOIHBIE XaPAKTEPUCTUKH.
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Thus, for example, adaptive technologies application acquired wide proliferation due to
technological manufacturing cycle curtailment and a possibility of obtaining a singular part of
complex configuration. This trend rapid pace development allowed creating a substantial
amount of techniques for the final product obtaining, which gives the possibility to produce
promptly with high quality the parts of complex configuration in limited quantities.

Due to the fact that additive technologies are primarily the object layer-to-layer building-up
and synthesis, the existing technological techniques diversity led to the mechanical properties
anisotropy of additive materials, as well as dependence of these properties on production
modes. In as much as the presence of the mechanical properties anisotropy is associated with
material structure changing as the result of its manufacturing, the authors put forward the sup-
position, which was later substantiated experimentally, on the thermo-physical properties ani-
sotropy presence of additive material obtained by the selective laser alloying technology.
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The study of the difference presence in the thermo-physical properties of the additive mate-
rial from the manufacturing technology was performed on an experimental setup allowing de-
termine heat fluxes and temperatures in the given sections. The article presents the study of the
four samples fabricated from the CL 20EC stainless steel powder by the selective laser techno-
logy on the thermal conductivity anisotropy presence. Two samples were with longitudinal ori-
entation of alloying layers, and the rest with transverse orientation relative to the heat flow di-
rection. The temperature values obtained while the experiment with the sampling increment of
0.25 s7! were being smoothed for the random error reduction. Further, on achieving the statio-
nary mode, average temperature value was being computed for each section with installed ther-
mocouples. Thermal conductivity coefficient was being determined by the known heat flow
value and samples geometry size.

The conducted study revealed that the value of the thermal conductivity coefficient of the
CL 20ES additive steel in the direction parallel to the sintering planes was 25-30% higher than
in the perpendicular one. The noted difference in the properties of the material entails the need
to account for the fact of the anisotropy of heat-conducting properties when designing structural
elements manufactured employing the additive technology of selective laser melting.

Keywords: metal-powder additive technologies, anisotropy, thermophysical properties,

thermal conductivity.

REFERENCES
Selyanskaya E.L., Kas'yanov S.V., Meluzova O.A.

from 316L steel powder] // Chernye metally — Ferrous me-
tallurgy, 2016, vol. 9, pp. 61-65. In Russ.

" ¢ . ) 7.  Sukhov D.I., Bazyleva O.A., Nerush S.V., Arginbae-
Vozmozhnost' primeneniya additivnykh tekhnologiy v tsen- va E.G., Zaytsev D.V. Osobennosti struktury i svoystv ma-
trobezhnykh kompressorakh [The possibility of using addi- teriala  zharoprochnogo intermetallidnogo nikelevogo
tive technologies in centrifugal compressors] // Materialy splava, poluchennogo metodom selektivnogo lazernogo
konferentsii «Aerokosmicheskaya tekhnika, vysokie tekhno- splavleniya [Features of the structure and properties of the
logii i innovatsii» [Proceedings of the conference «Aero- material of a heat-resistant intermetallic nickel alloy ob-
space engineering, high technologies and innovations»], tained by selective laser fusion] // Shornik trudov konfe-
2015, vol. 1, pp. 359-363. In Russ. ) . rentsii «Additivaye tekhnologii: nastoyashchee i budu-
Rogalev A.N., Shevchenko MLI. Primenenie additivnykh shcheey [Proceedings of the conference «Additive Techno-
lazernykh tekhnologiy pri proektirovanii okhlazhdaemykh logies: present and future»], 2018, pp. 321-325. In Russ.
lopatok gazovykh turbin [Additive laser technologies in ¢ Evgenov A.G., Rogalev A.M., Karachevtsev F.N., Maza-
cooled gas turbine blade design] // Vestnik of Ivanovo State lov LS. Vliyanie goryachego izostaticheskogo pressovaniya
Power Engineering University, 2016, vol. 3, pp. 34-39. i termicheskoy obrabotki na svoystva splava ep648, sintezi-
DOI: 10.17588/2072-2672.2016.3.034-039. In Russ. rovannogo metodom selektivnogo lazernogo splavleniya
Magerramova L.A., Nozhnitsky Yu.A., Volkov S.A., Vol- [The effect of hot isostatic pressing and heat treatment on
kov MLE., Chepurnov V.Zh., Belov 8.V., Verbanov LS., the properties of the EP648 alloy synthesized by selective
Zaikin S.V. Perspektivy primeneniya additivnykh tekh- laser fusion] // Tekhnologiya mashinostroeniya — Mechani-
nologiy dlya sozdaniya detaley i uzlov aviatsionnykh cal engineering technology, 2015, no. 9, pp. 11-16. In Russ.
gazoturbinnykh dvigateley i pryamotochnykh vozdushno- 9. Nikolaev I.A., Lesnevskiy L.N., Kozhevnikov G.D., Se-
reaktivnykh dvigateley [Prospects Of Application Of Addi- liverstov S.D. Issledovanie vliyaniya napravleniya vyrash-
tive Technologies To Develop Parts And Components Of chivaniya obraztsov iz stali 12Kh18N10T, poluchennykh
Gas Turbine Engines And Ramjets] // Vestnik of Samara metodom selektivnogo lazernogo splavleniya (SLM), na
University. Aerospace and Mechanical Engineering, 2019, fretting-iznos v usloviyakh polnogo i chastichnogo pros-
vol. 18, iss. 3, pp. 81-98. In Russ. kal'zyvaniya [Investigation of the influence of the growing
Slavutin L.V., Bashkarev A.Ya. Tekhnologiya voss- direction of 12X18H10T steel samples obtained by selective
tanovleniya detaley mashin s primeneniem additivnykh laser fusion (SLM) on fretting wear under conditions of
tekhnologiy [Technology for restoring machine parts using complete and partial slippage] // Tezisy XIX Mezhdunarod-
additive technologies] // Sbornik trudov konferentsii «Nede- noy konferentsii «Aviatsiya i kosmonavtika» [Proceedings of
lya nauki SPbPU» [Proceedings of the conference «SPbPU the XIX International Conference «Aviation and Cosmo-
Science Week»], 2018, pp. 118-122. In Russ. nautics»], 2020, pp. 177-178. In Russ.
ASTM F2792-12a Standard Terminology for Additive  10. Sukhov D.IL, Mazalov P.B., Nerush S.V., Khodyrev N.A.

Manufacturing Technologies (Withdrawn 2015), ASTM In-
ternational, West Conshohocken, PA, 2012, www.astm.org

Smelov V.G., Sotov A.V., Agapovichev A.V. Issledovanie
struktury i mekhanicheskikh svoystv izdeliy, poluchennykh
metodom selektivnogo lazernogo splavleniya iz poroshka
stali 316L [Investigation of the structure and mechanical
properties of products obtained by selective laser fusion

Vliyanie parametrov selektivnogo lazernogo splavleniya na
obrazovanie poristosti v sintezirovannom materiale korrozion-
nostoykoy stali [Influence of the parameters of selective laser
fusion on the formation of porosity in the synthesized material
of corrosion-resistant steel] // Proceedings of All-Russian
Research Institute of Aviation Materials, 2017, no. 8 (56),
pp- 34-44. DOL: 10.18577/2307-6046-2017-0-8-4-4. In Russ.

334

THERMAL PROCESSES IN ENGINEERING



TEMJIOBbIE NMPOLIECCbHI B TEXHUKE. 2021. T. 13. Ne7

11.

12.

13.

14.

Khoroshko E., Filippov A., Shamarin N., Moskvichev E.,
Utyaganova V., Tarasov S., Savchenko N., Kolubaev E.,
Rubtsov V., Lychagin D. Structure and Mechanical Pro-
perties of Cu—Al-Si—Mn System-Based Copper Alloy Ob-
tained by Additive Manufacturing // Russian Physics Jour-
nal, 2021, vol. 64. DOI: 10.1007/s11182-021-02333-2
Evgenov A.G., Gorbovets M.A., Prager S.M. Struktura i
mekhanicheskie svoystva zharoprochnykh splavov VZh159
i EP648, poluchennykh metodom selektivnogo lazernogo
splavleniya [Structure and mechanical properties of heat-
resistant alloys VJ159 and EP648 obtained by selective la-
ser fusion] // Aviatsionnye materialy i tekhnologii — Aviation
materials and technologies, 2016, no. S1, pp. 8-15. DOL:
10.18577/2071-9140-2016-0-S1-8-15. In Russ.

Martynyuk L.A., Bykov L.V., Ezhov A.D., Talalaeva P.IL.,
Afanasiev D.V. Experience in using anisotropic properties
of composites in engineering the compressor impeller of a
small-size gas turbine engine / ICMTMTE 2020 Procee-
dings. DOI: 10.1051/matecconf/202032903029

Sotov A.V., Pronichev N.D., Smelov V.G., Bogdano-
vich V.., Giorbelidze M.G., Agapovichev A.V. Razrabot-
ka metodiki proektirovaniya tekhnologicheskikh protsessov
izgotovleniya detaley GTD metodom selektivnogo la-
zernogo splavleniya poroshka zharoprochnogo splava

15.

17.

VV751P [Development Algorithm Of The Technological
Process of Manufacturing Gas Turbine Parts By Selective
Laser Melting] // Academic Journal «lzvestia of Samara
Scientific Center of the Russian Academy of Sciencesy,
2017, vol. 19, no. 4, pp. 96—-104. In Russ.

Khoroshko E.S., Filippov A.V., Shamarin N.N. Ani-
zotropiya mekhanicheskikh svoystv alyuminievoy bronzy,
poluchennoy metodom elektronno-luchevogo additivnogo
proizvodstva [Anisotropy of mechanical properties of alu-
minum bronze obtained by electron beam additive manufac-
turing] // Proceedings of International Conference «Physi-
cal Mesomechanics. Materials with a multilevel hierarchi-
cally organized structure and intelligent production
technologies», 2020, p. 523. DOI: 10.17223/97859462192
42/324. In Russ.

Grigor'yev V.A., Zorin V.M. Teoreticheskie osnovy tep-
lotekhniki. Teplotekhnicheskiy eksperiment [Theoretical foun-
dations of heat engineering. Thermal engineering experi-
ment.]. Moscow: Energoatomizdat, 1988. 560 p. In Russ.
GOST R 57558-2017. Additivnye tekhnologicheskie
protsessy. Bazovye printsipy. Chast' 1. Terminy i opredele-
niya [Additive technological processes. Basic principles.
Part 1. Terms and definitions]. Moscow: Standartinform,
2018. 16 p. In Russ.

THERMAL PROCESSES IN ENGINEERING

335



