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B cratbe paccMOTpeHBI BOIPOCHI 00pabaTHIBAEMOCTH >KapOIPOYHOM XPOMOHMKEIIEBOW CTalln
10X11H23T3 MP-BJ. [lnst uccnenoBanus oOpabaThIBAEMOCTH KAPONPOYHOr0 MaTepralia UCIOIb30BaJIOCh CO-
BpeMeHHOe (hpe3epHOe 06OpYIOBaHHE C YUCIOBBIM IporpaMMubiM yipasineruem (UITY), muHamomerpudyeckuit
cron Kistler, coBpemeHHbIi MOHOMUTHBIN (hpe3epHbIi HHCTpYMEHT (GupMbl SECO. B Buie ompaBku HCIOIB30-
BaJICSl TEPMO3KHM, 00ECIIEUNBAIOIINI HAHOOJIBIIYIO )KECTKOCTh 3aKkperuieHus. [locTaBneHa cepusi 3KCIeprMeH-
TOB 10 M3MEPEHHIO YCHIINH pe3aHus], BO3HUKAIOIINX B Tporiecce 00paboTku. [{ist sxcriepuMeHTa ObITH BEIOpaHbI
3aroTOBKH B BHE IUTacTHH. [IoBepXHOCTH KaXx10ro o0pasna mpeaBapuTebHO 00padaThiBanach Tak, YTOOBI HC-
XOJIHAs IIIEPOXOBATOCTh Y BCeX 00pa3roB Obuta ongmHakoBas Ra 1,25. Marepuan 3arotoBok - ctamb 1133 B/
(10X11H23T3MP-B/I). B kauectBe pexylnero MHCTPYMEHTa B MOJIEIH HCIOJNb3yercs (pesa ¢upmbr Seco.
ITpoBenens! anamu3 u 00paboOTKa Pe3yIbTaTOB AKCIEpUMEHTa. [1o SKCmepHMEeHTalbHBIM JAHHBIM MOCTPOCHBI
3aBHCHMOCTH YCWJINS PE3aHUsI OT CKOPOCTH, TIIYOMHBI pe3aHusl ¥ TOAa4H. 3aBUCHMOCTH MOJTYYEHBI C HCIIOIb30-
BaHMEM HEWPOCETEBBIX MOJENEH, YBSI3BIBAIOIINX YCHIMS PE3aHUS C TEXHOJIOTMYECKUMH IapaMeTpaMu. Ycra-
HOBJIEHO, 4TO HeWpoceTeBast MOJEIb TaET Oonee TOUHBIIM MPOrHO3 YCHIMK pe3aHus, OCOOEHHO B 00JacTH TOBBI-
IIEHHBIX CKOpOCTeH pe3aHus. CMOJENMPOBaH IPOLECC pe3aHnsl ¢ 3alaHHBIMU SKCIIEPUMEHTAIBHBIMH YCIIOBHUSI-
MU JUIS COTIOCTABJIECHHS JaHHBIX SKCIIEPUMEHTa M MOJIEIMPOBaHMs. VICIIOIh30BaHO BHPTYaJIbHOE MOJEIHPOBA-

HUe mporecca oopadoTku B cpene DEFORM 3D.

Mexanuueckan obpabomxa, IKCnepUMEeHmMAIbHble UCCIE008aHUsL, 00PAOAMBIBAEMOCb, JCAPONPOUHbIE U
Hepoicagerowue Cmani U CHIAGsl, PedCywuil. UHCIPYMEHM, YCULUSL PE3aHUsl, PeNCUMbl pe3anus, Helupocemesasl

Modenb, Modenb npoyecca ghpezeposanus.

B nacrosiiiee Bpemst MHOTHE J€TalH, K
KOTOPBIM TPEABSBISIOT MOBBIIICHHBIE Tpe-
OOBaHUS MO >KapOCTOWKOCTH, W3rOTaBIIMBA-
IOTCSl U3 TPYAHOOOpabaThIBaEMBIX CIUIABOB,
o0aaromux MOBBIIEHHBIMU BS3KOIJIACTHU-
YeCKUMHU CBOMcTBaMHU. MexaHnveckast o0Opa-
00TKa JTaHHBIX JIeTalieil BBI3BIBACT P TPYA-
HOCTEl TMpH Ha3HAYEHHM TEXHOJIOTUYECKUX
peKUMOB 00pabOTKK M MOA00pa reoMeTpun
peXylIel yacTu UHCTPYMEHTA.

Cranp 10X11H23T3MP-B/I otHOCHT-
cs K Kiaccy aycTeHMTHBIX. IIporecc oOGpa-
OOTKM MaTepuajioB JAAHHOIO Kjacca COIpo-
BOKJaeTCs:

1) MOBBIIICHHOW TEMIIEPaTypoil B 30HE
pe3aHus, OOJIBIIUM TPEHHEM 110 KOHTAKTHBIM
MOBEPXHOCTSM, YTO MPUBOJUT K YXYALLICHUIO
00pabaThIBaeMOCTH U U3HOCY MHCTPYMEHTA;

2) MOBBIIICHHON HCTHPAIOIIEH CIIOCO0-
HOCTBIO JKapOIPOUYHBIX MaTEPHUAIOB, YTO BbI-
3bIBAET HEOOXOJUMOCTh MPUMEHATh UHCTPY-
MEHTaJbHbIE MaTepUalibl, UMEIOIUE HAPSLY
¢ OONBLIONH MPOYHOCTBIO U BBICOKYIO H3HO-
COCTOMKOCTb.

OcHOBHBIE OCOOCHHOCTH pE3aHMsl Ka-
PONPOYHBIX M HEPXKABEIOIIMX CTaled |

CIUIaBOB, 3aTPYIHSIOIINE UX MEXaHHUYECKYIO
00paboTKy 3TO BSA3KOIUIACTHYECKOE YIPOU-
HEHME MaTepuajia B mpoliecce aedopmaiuu
pe3aHueM.

Jlis vccnenoBaHus palMOHANIbHBIX 00-
nacteil 00paboTkM pe3aHueM oObIYHO TpeOy-
eTcs 00JbII0N 00BbEM HATYPHBIX MCIIBITAHUH.
Ilenbto naHHOM paboOTHI ABISIETCS HE TOJBKO
orpeeneHue 3Toi 001acTH, HO U METOoIuYe-
cKkoe O0OOCHOBaHHME YMEHbBIIEHUS O00bEMa
HKCIEPUMEHTANbHBIX HccaenoBaHui.  J{s
3TOH 11e7U OBLJIO UCHOJIB30BAHO BUPTYAIbHOE
MOJIelIMpoBaHue npoliecca 00paboTKH B cpe-
ne DEFORM 3D.

ITonmxeHHas BUOpPOYCTONUMBOCTD
JBIDKEHUSI pe3aHusi 00YCIIOBJIEHA BBICOKOM
YIIPOYHSIEMOCTBbIO HEPXKABEIOIUX M Kapo-
IPOYHBIX MaTE€pUaJOB NPU HEPaBHOMEPHO-
CTH NMPOTEKaHUs Mpoliecca UX MIacTUYeCKo-
ro nedopmupoBaHus. Bo3HuKHOBeHHE BUO-
pauuii NPUBOJUT K MEPEMEHHBIM CUJIOBBIM U
TEIUIOBBIM Harpy3kam Ha pabodue HOoBepX-
HOCTU UHCTPYMEHTa M, CII€I0BAaTENIbHO, K
MHUKpPO- U MaKPOBBIKPAIIMBAHUAM PEXKYILUX
kpoMok. ITpu Hamuuum BuOpauuii 0co6eHHO
HeOJIaronpusTHOE BIIMSHUE HAa W3HOC MHCT-
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PYMEHTa OKa3bIBAIOT SIBJICHHUS CXBAaTBHIBAHUS
CTPYXKH C €ro IepeaHel TOBEPXHOCTHIO.

Jlnst uccnenoBaHusi 00pabaTeIBAeMOCTH
’KApPOIPOYHOTO MaTepHuaja HCIOIb30BalIOCh
coBpeMeHHOe (pe3epHOoe 0o0OpyaOBaHUE C
UIly, nunamomerpuueckuii cton Kistler,
COBPEMEHHBI MOHOJHUTHBINA (ppe3epHbIN HUH-
CTpyMeHT GupMbI SEC0. B kauecTBe onpaBku
UCIIOJBb30BAJICS  TEPMO3aXHUM, obecredu-
BAIONIMI HauOOJIBIIYIO XECTKOCTh 3aKpern-
JICHUS.

KannOpoBouHBIi TPOXO BBHITIOIHSICTCS
BCETrJIa Ha OJHUX U TeX K€ PeKHMax pe3aHus
(onuHaKoBas IMojayda, CKOPOCTb pe3aHus,
rnyOuHa pe3aHus W T.1.). KanuOpoBouHBIH
poxoa HeoOxoauM Juisi oOecrieyeHus MpH
MPOBEACHUU  SKCIIEPUMEHTa OJHOTHITHBIX
YCIOBUH, TakuUX KakK IIEpOXOBATOCTbh IO-
BEPXHOCTH, BBUIET 3arOTOBKHU U T.]I.

Jlns sKcriepuMeHTa ObUTH BBHIOpaHbI 3a-
rotoBkd J| x B x ' = 40%24x6 (mm). Ilo-
BEPXHOCTh KaXJ0ro o0pasia mpeaBapuTesb-

0o

HO oOpabarhIBanach Tak, 4YTOOBI HCXOJHAS
IIEPOXOBATOCTh y BCEX 00pa3IoB Oblia OJH-
HakoBa Ra = 1,25. Marepuan 3aroToBOK:
crans DI133 BJ] (10X11H23T3MP-B/I).
[Ipu mpoBeAeHUH HKCMEPUMEHTa CKO-
pocTh pe3aHus u3MeHsuiach oT 45 mo 75
M/MuH, niogada Ha 3y0 0,05 ... 0,2 mMm/3y0,
00K0BOI cBéM e 0,1 ... 0,5 MMm. DrOT MMamna-
30H CKOPOCTEH, IMOJa4 U BEIMYMHA ChEMA
SBIIAIOTCSI HambOoJee MNPUMEHSIEMBIMU TPU
MEXaHUYEeCKOI 00pabOTKH pe3aHueM.
Peructparuss u3MEHEHHUS COCTaBIISIO-
mux ycunus pesanus Fy, Fy, F; B peanbnom
BPEMEHHU PETUCTPUPOBAIUCH TUHAMOMETPOM
Kistler momenn 9257B, ycTaHOBJICHHBIM Ha
croie ctanka ALZMETALL BAZ 15 CNC.
[Ipn wm3MepeHun cun pe3aHus ObUIH
MOJIy4eHbl TpaduyecKkue 3aBUCUMOCTH CO-
crapisitomux Fx, Fy, F; cunel pesanus ot
Bpemenu. Ha puc. 1 mpencraBieHbl JaHHBIC
no 8 KaHanaM M3MEPEeHUs U 3aBUCUMOCTH Fy,
Fy, F; nmna cmmaBa 10x1182313Mmp-BA.

Puc.1. Jaunvie no 8 xananam usmepenus u 3asucumocmu Fy, Fy, F,

IIo sKCnepUMEHTAIBHBIM JTaHHBIM I10-
CTPOEHBI 3aBUCUMOCTH YCWJIHS pe3aHus OT
CKOpOCTH, TNIyOMHBI pe3aHusl U MoJauu. 3a-
BUCUMOCTH IIOJIy4EHBl C HCIOJIb30BAHUEM
HEUPOCETEBBIX  MOJEINIEH,  YBSI3bIBAIOLIHMX
YCWIHS pe3aHusl ¢ TEXHOJIOTMYECKUMU Iapa-
metpamu (puc. 2).

Jns cpaBHeHMs ObUTa ampoOMpoBaHa
pErpecCHOHHAsl MOJENb Ul CWIbl PE3aHUsd
(puc. 3).

Y CTaHOBIEHO, YTO HEHUpOCeTeBas MO-
nenb naér Oosee TOYHBIM MPOTHO3 YCHUIIHMA
pe3aHus, 0cOOEHHO B 00JaCTH MOBBIIICHHBIX
CKOPOCTEH pe3aHusl.

AHaJIM3 TOJYYCHHBIX MOJECJICH CBUjIC-
TENBCTBYET, YTO B JMaNa30HEe CKOPOCTEH pe-
3aHus 45-50 M/MHH HE3aBUCUMO OT TITyOHHBI
pesanus (B npeaenax 0,1...0,55 mm) npu
CHIKeHMH Tonaun Ha 3y0 wmenee 0,14
MM/3y0 HaOIIOAaeTcss YCWJICHHBIM HakIEn
MOBEPXHOCTH U YBEIMUYCHHE KOHTAKTHOTO
Tpenus. C yBeJIMUCHHEM CKOPOCTH Pe3aHus
(6osiee 50 M/MuH) TpU HEOOJBIIMX TOJAYAX
0,03 ... 0,10 mm/3y0 3a cuér pazorpeBa me-
Tajyia B 30HE CTPY)KKOOOpA30BaHHSI MO KOH-
TaKTHBIM TTOBEPXHOCTSIM TPOUCXOINUT Jallb-
Helfiee yBenuueHne Kod(GQPUIMEHTa TPESHUS

BINIOTh 10 MPCACIIbHOIO 3HAYCHUS (,u =
0,577).
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Riripeiiri Surtace: F (5)
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Puc. 2. Iloeepxnocmsb OMKIUKA 308UCUMOCTIU CULbL
pe3anUsi Om CKOPOCMU U 27yOUnbl pe3aHusl.
Heitipocemesas mooens
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Puc. 3. Ilosepxnocms OMKIUKA 308UCUMOCTHU CULbL
Pe3anUs OM CKOPOCHU U 27YOUHbI Pe3AHUSL.
Pezpeccuonnan keadpamuyunas mooens

B oOmactu ckopocreil pesanus 45-55
M/MUH Haubojee panuOHaJIbHBIE PEXKHMbI
pe3aHus ¢ TOYKU 3PEHUS MUHUMH3ALHUU CH-
ab1 pezanus (menee 100H) peanusyrotes npu
nomavax 0,12 ... 0,22 Mmm/3y0.

IIpu nonpauax OGonee 0,12 ¢ poctom
ckopoctu pe3anusi (Oosee 60 m/MuH) Ha-
OJ101aeTCsl MHTEHCUBHBIA POCT YCHIIUS pe-
3aHUA 3a CYET TepMHUuecKoro s¢dexra mia-
CTHYeCKOH aedopmanyu, TpUBOIAIICH K MO-
BBIIICHHUIO BSI3KUX CBOMCTB Marepuajia U yim-
POYHEHHIO 3a CYE€T pocTa WHTEHCUBHOCTH
ckopoctu aedopmaruu. Kak cnexyer u3 puc.
4, o0paboTKa CO CKOPOCTSIMH PE3aHHUS CBBI-
me 60M/MUH BO3MOXXHa TOJBKO B OTpaHU-
YyeHHOM pAuamna3oHe nogau — MeHee 0,08
MM/3Y0.

Response Suface F (51

W - cmopocTe pesanma, wmf s
5-oBopoTs, sy G

F - corm: pe=szsses, H
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Puc. 4. Ilosepxnocmb OMKIUKA 308UCUMOCTHU CULBL
pe3anusl om CKOpoCmu 1 nooayu Ha 3y0.
Heiipocemesas mooens

[TockombKy MpOBEICHHE HATYPHBIX HC-
IBITAHUM CBSI3aHO CO 3HAYMTEIbHBIMH 3aTpa-
TaMHU Ha 3aKyIKy ONBITHOTO MHCTPYMEHTA U
3arOTOBKH, L€J1€CO00pa3HO CMOJAENNPOBATh
IpoIlecC pe3aHus, C 3aJaHHBIMH SKCIIEpHU-
MEHTAJIbHBIMH YCIIOBUSIMH JJIsl COIIOCTaBJIE-
HUS JIaHHBIX SKCIIEPUMEHTa U MOJEIHUPOBa-
Hus. [lng sToro mpeanaraeTcs NPUMEHSATh
CIEIYIOUIYI0 MOJENb Ipolecca (pe3epoBa-
HUs. B kauecTBe pexyllero MHCTpyMEHTa B
MOJIeNIM MCToJIb3yeTcst (pe3a Gpupmbl Seco.

Mopenb HHCTPYMCHTA MPCACTABJICHA HA PHUC.
5.

\”'
Fi
Puc. 5. Tpéxmepnasa modenv ghpesvl

Mogene 3aroToBKM IpeJCTaBlieHa B
YIPOLIEHHOM BUAE, HO SABISETCA MOJHBIM
aHaJOrOM, HCHOJb3yeMbIM B HAaTYpPHOM 3KC-
nepumenTte. Ha 3aroToBke ObUI BBINOJHEH
cpe3 rnyouHoi 0,5 MM, UMUTHUPYIOIIUHN TO-
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BEPXHOCTH MOCje pabOThl MPEIBbIAYILETrO 3y-
6a. JlanHas omepauus Oblja BBITIOJIHEHA C
LIENbI0 COKpAaIEHUs BPEMEHM pacuéra 3a
CuéT ONTUMAIBHOW TeHepaluu CETKU Mpo-
IrPaMMOM.

Crnenyer OTMETUTH, YTO OOJIBIIOE YHC-
JIO BJIEMEHTOB B CETKE MOBBIIIAET TOYHOCTh
pacuéra, HO CHMIKAeT ero ckopocts. Iloato-
My HE00X0IuMO NOA00paTh ONTUMAIBHOE
KOJIMYECTBO 3JIEMEHTOB, YIOBIETBOPSIOMINX
TpeOOBAaHUSAM TOYHOCTH U CKOPOCTH pacyéra.

YroObl MpeACTaBUTh pPEAIbHBIE YCIIO-

Puc. 6. Mooenv npoyecca ¢ppeseposanus

BrIBOaBI

1. TTo pe3ynbraTamMm OOpabOTKH JaHHBIX
HKCIEPUMEHTOB 1O OOKOBOMY (ppesepoBa-
Huto obpaszioB u3 cramu 10X11H23T3MP-
B/l ¢ nuama3oHOM HM3MEHEHHS MapaMeTpoB
pesanus (V= 45-75 m/mun; F = 0,05-0,2
MMm/3y0; @ = 0,1-0,5 mMm) ObuTM MOTyYeHBI
HEepoceTeBble M PErPeCCHOHHBIE MOJEIU
YCUJIMH pE3aHUs.

2. HelipocereBast Mogmens naér Ooiee
TOYHBII PE3yAbTAaT MPOTHO3UPOBAHUS YCH-
it 06paboTKH.

BUSI pe3aHus, ObUIM OmMpeneNeHbl JBa THIA
TPAaHUYHBIX YCIOBHI. MEXaHUYECKHX U TEM-
neparypHeix. Jlns MexaHWyeckod yactu
HIDKHSISI TpaHb 3arOTOBKA 3aKpeIieHa B Ha-
MpaBJIEHUU pPE3aHus, a CKOPOCTb pe3aHus
MPUMEHSETCS KaK JKECTKH WHCTPYMEHT.
HavanbHble TemnoBble T'PaHUYHBIE YCIOBUS
COOTBETCTBYIOT KOMHATHOM TeMIiiepaType.
TemmooOMeH ¢ OKpyXarolei cpeaoil He
YUUTBHIBAETCS.

Hpyrum  Gu3MYECKUM  MapameTpoM,
KOTOPBIA OBLIT paCCMOTPEH, SIBJISECTCS TEMIIe-
patypa pe3anus. Ha puc. 6 mokasana mojienb
nporecca ¢pesepoBanuss 8 DEFORM 3D.
Pacnipenenennie Ttemmeparypsl 1O AJIMHE
KOHTaKTa Mapbl «HHCTPYMEHT — 3arOTOBKa»
MPEJICTaBJICHO Ha pUC. 7.

Temperature ()

200

Pampegenenne
TEMORRaTDe

Puc. 9. Pacnpedenenue memnepamypul 6 30He
xoumaxma: N= 45 m/mun; F = 0,1 mm/3y6;a = 0,5 mm

3. BrisiBeHo, 4TO 007acCTh palMOHAb-
HBIX PEKUMOB 00pabOTKHU JISKUT B UAIa3o-
He 3”Hauenwmii: V= 45-55 m/mun; F = 0,12-
0,22 mMm/3y0; a = 0,1-0,5 mm.

4. Pa3paboTraHa WMHUTAllMOHHAS MOJEIb
nporecca o0paboTKH B cpefie MPOrpaMMHOTO
obecneuenns DEFORM 3D. IlorpemHoctu
MPOTHO3UPOBAHMSI YCHUJIMI PE3aHHs HE Tpe-
BeimaeT 3HadeHus1 20%. /[ Gonee agexBar-
HOTO pe3ylbTaTa TpedyeTcs  yTOUHEHHE
JAHHBIX TI0 PEOJIOTHUECKUM CBOWCTBAM Ma-
Tepuaia B mpoiecce 00paboTKH.
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In article questions the workability of heat-resistant chromium-nickel steel 10X11H23T3MP-B/] are con-
sidered. To investigate the machinability of heat-resistant material used modern milling machines, CNC torque
table Kistler, modern monolithic milling tool company Seco, in the form of the mandrel used termic clamping
provides the highest rigidity fixing. Posed a series of experiments to measure the cutting forces that arise during
processing. For the experiment were selected workpiece in the form of plates. The surface of each sample is pre-
treated so that the initial surface roughness for all samples was the same Ra 1,25. Materials blanks: Steel O1133
BJI (10X11H23T3MP-BJI). As a cutting tool in the model used milling company Seco. The analysis and pro-
cessing of the experimental results are provided. According to experimental data are constructed dependences of
the cutting force on the speed, depth of cut and feed. Depending obtained using neural network models, linking
cutting forces with the technological parameters.It is established that the neural network model provides a more
accurate prediction of cutting forces, especially in the field of higher cutting speeds. Since the full-scale testing
was costly for the purchase of an experienced tool and workpiece, the cutting process was modeled with the giv-
en experimental conditions for comparison of experimental data and modeling. For this purpose, it was used a

virtual simulation of the machining in the environment DEFORM 3D.

Machining, experimental research, machinability, heat-resistant and corrosion-resistant steels and al-
loys, cutting tools, cutting force, cutting conditions, the neural network model, the milling process in the soft-

ware DEFORM 3D.

References

1. Bobrov V.F. Osnovy teorii rezaniya
metallov [Fundamentals of the theory of
metal cutting]. Moscow: Mashinostroenie
Publ., 1975. 343 p.

2. Johnson G.R., Cook W.H. A constitu-
tive model and data for metals subjected to
large strains, high strain rates and high //
Proceedings of the 7th International Sympo-
sium on Ballistics, 1983. P. 541-547.

3. Follansbee P.S., Kocks U.F. A consti-
tutive description of the deformation of cop-
per based on the use of the mechanical
threshold // Acta Metallurgica. 1988. V. 36,
no. 1. P. 81-93.

4. Haimovich A.l., Kuznetsov A.V. Anal-
ysis of the cutting forge of heat resisting al-
loys during high-speed milling // Proceedings

of Symposium "Aircraft. Problems and Pro-
spects." Samara: Artprestizh Publ., 2011. P.
402. (In Russ.)

5. Kondratiev A.l.,, Kuznetsov A.l,
Pronichev N.D. Analysis of the precision pa-
rameters of the turning-milling equipment
varying in operation in the manufacture of
precision parts GTE // Vestnik of the Samara
State Aerospace University. 2012. No. 3(34),
part 3. P. 240-243. (In Russ.)

6. Kondratiev A.l., Pronichev N.D. Ways
of increase of accuracy at creation of modern
technologies of multitool processing //
Izvestiya Samarskogo nauchnogo tsentra
RAN. 2013. V. 15, no. 6-3. P. 718-723. (In
Russ.)

About the authors

Surkov Oleg Stanislavovich, Candi-
date of Science (Engineering), associate pro-
fessor of the Department production of air-
craft engines, Samara State Aerospace Uni-
versity. E — mail: ossvbm@mail.ru. Area of
Research: machining.

Kondratiev  Alexander Igorevich,
Postgraduate Student of the Department pro-

duction of aircraft engines, Samara State
Aerospace  University. E -  mail:
kondalexigor1987@mail.ru. Area of Re-
search: Production technology aeroengine .
Alexeev Vyacheslav Petrovich, Post-
graduate Student of the Department produc-
tion of aircraft engines, Samara State Aero-

space University. E — mail: alexeev_v.p@

111


mailto:ossvbm@mail.ru
mailto:kondalexigor1987@mail.ru

BecmHux Camapcko2o 20cydapcmeeHH020 a3pOoKoCMuUYeckoz2o yHugepcumema No5(47), yacme 3, 2014

mail.ru. Area of Research: machining and of aircraft engines, Samara State Aerospace

production control. University. E — mail: berill_samara@bk.ru.
Haymovich Alexander Isaakovich, Area of Research: Technology and machines

Candidate of Science (Engineering), associ- for pressure treatment.

ate professor of the Department production

112


mailto:berill_samara@bk.ru

