B nuccepTaliOHHbLH COBET Iv.e
Caunkr-ITetepOyprexuit
FOPHEIN yHUBEPCUTET UMIIEPATPHLIbI

Exarepuns! 11

OT3BIB
Ha JHCCEPTAUOHHYIO PaboTy
Epmaxosa Ceprest boprcosuda
Ha TeMy «Pa3paboTKa TeXHOJOTHH K o6opynoBaHus IIA3MEHHOI0 PaciblIeHHA
TOPOIIKOB J7Ist aIHTHBHBIX MALIMHY, IPEACTABICHHYIO Ha COMCKaHye yu4eHoH
cTeleHy KaHIUAaTa TEXHIIECKHK HayK 110 CTICIHAIbHOCTH

2.6.17. MarepualloBeJIcCHHIE

AxmyanoHocmb

TexHONOrHY aIIATHBHOTO TTpou3BoicTBa (AM) (Taxke M3BECTHBIE KaK 3D-
meyaTh) MpeMIaraioT Psf NPEMMYMIECTs Mo CPaBHEHHIO C TpaJuliHOHHBIMA
IPOW3BOJACTBEHHEIMH  [POLECCAMH,  KOTOPHI® paHee  HCIONB30BANMCH B
MEJ[MIMHCKONA, JHEepPreTHIECKOH, a9POKOCMUYECKOH, oGOpoHHON ¥ JAPYTHX
OTpaciaX POMBIIUIEHHOCTH. MHOroYHCICHHbIE WCCJIEIOBaHUA OLEHHUNIK POJb
TIOPOIIIKOBOH METAJUTyPIit B IPOLECCE A HTHBHOTO TIpon3BozcTBa. [IopomikoBoe
CHIPbE MOXHO OXapaKTeph30BaTh C TOHUKH 3peHdsi cOcTaBa CIllaBa dacTull,
MOP(QOJIOTHH ¥ MHUKPOCTPYKTYPDI. XyMHUecKdif COCTaB IOPOLIKa, OYCBHIHO,
OBNUSET Ha COCTaB KoHeurno# cbopku. KpoMe TOro, XuMuteckasd SucTota CBIPbA
BIHSeT Ha [UIABJEHHe ¥ 3aTBepIeBaHNe BaHHBI paciiiasa, a Halddne nprmMecei
A 3arPSI3HEHUH MOPOLIKa MOXKET crocobcTBOBATE 00Pa3OBaHUI0 HexenaTeNnbHON
MUKPOCTPYKTYPBl CIUIaBa, TakoH Kak pHTepMeTaIIHIecKue  (Hassl. Jhioboi
BBICOKOTEMIEPATYPHEIH TIPOLECC [TOABEPIKEH HIMEHEHUIO cocTaBa MarepHala, B
IIepBYIO OYEpPe[b 3@ CHET obnerdenys peakiyiii OKHCIEeHHS WIA YleTydUBaHHA
BBIOPAHHBIX DJIEMEHTOB.

Tlnazmennas  006paboTka  a30BO-aTOMU3MPOBAHHEIX qacTHIl  MOXET
J(OTIOTHUTENBHO YIIYUIIMT DAacHpejeieHue pasMepon [IOpoLiKa, YTO MOMKET

YIYHIIUTE TEKYYECTh U YNAKOBKY . IInasMenHEIH IpoLece yCTpaHseT BHYTPEeHHNE
07T 2HE
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[IOTOCTH W TPEIHUHB] B UCXOXHBIX YACTHUAX ¥ YIyHIIaeT yIIOTHEHHE - On TaKKe
CII@XUBaeT TOBEPXHOCTHM HaCTHI, YMEHbINAZ 3arpsasHeHue BO - BPeMiA
TPAHCIIOPTHPOBKH. DTOT TPOLECC TAKKE MOBBIIACT HCTOTY TOPOIIKa 3d CYET
DeaKTHBHOTO MCIIAPEHHs IpuMeced ¥ UMEET NMPUMEHCHHE JUA MPOJJICHHS CPOKa
ci1y OB TepepaboTaHHBIX [TOPOIKOB 3& CUET YCTPAHEHH: TakHX 3arpASHSIOLIMX
BEIIIECTB, KaK KUCIOPOL

Cooepaicanue pabombt

JluccepTalidsl COCTOMT W3 BBEJCHMA, TATH IWIaB, SAKIIOUCHUA, CITHCKA
JTUTEPaTypPhl ¥ ABYX TPHIOKCHHH. OGmuit 06heM IHCCepTalyyl cOCTaBmseT 163
CTpaHMI(bl, BKIodas 32 TabiHibl U 55 prcyrkoB. CIIHCOK JTHTEPATyphi CONCPHKAT
181 ucTOUHUK.

Bo BBeJEHHH TIpelncTaBieHa ofllas XapakTepheTKa paboTsl. B yacTHOCTH,
3jiech 06O3HAYEHA CTENEHb Pa3spalbOTaHHOCTH W aKTyanbHOCTh BEIOPAHHOK TEMEI
JccNeIOBaHIH, OCHOBAHHOM Ha M3YUEHUH npobieMsl TIa3MEHHOTO PacTIblICHHA
ITOPOIIIKOB [y &JAMTUBHBEIX MAIIHH. Onvcana MpakTHIecKas W TEOPETHHeCKad
3HAYAMOCTH PaboThl, HAyYHAS HOBHU3HA.

Haydsas HOBU3HA pabOTBI ONPEACIALTCS CHENYIOLMMY  pe3yJibTaTaMu
TIPOBEICHHBIX HCCIEIOBaHAH:

1. TeoperTwueck OOOCHOBAHBl M 3KCTIEPUMEHTATBHO JOKa3aHbl HOBBIS
[IPHHIAIE] PACIBUIEHHS IPOBONOK H3 XPOMOHHKEIICHBIX cTasnel, peany30BaHHbIC
Ha MaKeTHOH yCTaHOBKe JUIA ITa3MEHHOH aTOMU3alH.

2. BRINONHEHO KOMIIBIOTEPHOE MOJECNUPOBAHHC H pazpaboTana Lu(pposas
MOJIEJIb IPOILIECCa PACTIBIIEHHS METaIAIECKIX IIPOBOIOK 1 TEPMOJVHAMUYECKIX
IIPOIIECCOB, NPOUCXOSUIMX B KOJOHHE PaclibUIeHHA IJIa3MEHHOTO aToMaifsepa
[1pH OHOBpEMEHHOH PaboTe OIHOrO A TPEX TeHepaTopos I1a3MBL.

3 Ha oCHOBaHWM KOMIIBIOTEDHOIO —MOIETHPOBaHMSI M pacideTHO-
TEOPETUYECKOTo aHalld3a IPOLEecCoB 06pa3oBaHKs Kallld PacTIaBIeHHOTO
MeTalia, yCHOBHE ee JMCIEpru3alyy, KpUCTAM3aldn A OXJTXK ICHHS
onpeneNeHsl KOHCTPYKTHBHBIE U TEXHOJIOTHHECKHE IapaMeTpsl IIPOMBIILICHHOH
YCTAHOBKHU IUIa3MEeHHOH aTOMU3ALMA METAJITHYECKUX IIOPOLIKOB,

obecreunBaroye TpeOyeMbId yPOBEHD KadecTBa TOPOUIKOBOH MPOIYKLHH.



4, WccnemoBaHkl W OKCOEPHMEHTAIBHO [IOJTBEPKIEHBl OIITHMAaNbHEIE
[apaMeTpsl PACHBUICHHS METANIMYECKHX [IOPOIIKOB B 3aBUCMMOCTH  OT
XHAMHYECKOTO COCTaBa, JHAMETPOB U CKOPOCTEH II0Jaut PACIBLUIIEMBIX IIPOBOJIOK.

5. Tloxasama  B3aWMOCBS3b  MEKAy  [COMETpHYecKoH  (HOpMoi,
rPaHyJIOMETPUUECKUM, XHMHYECKUMM COCTABaMM  DAacHbIIAEMBIX  MOPOLIKOB,
TEXHOJOTHUECKAMH PEXUMAMU PacTbUICHHS MeTalIMYeCKOd TIPOBOJIOKH H
MeXaAHWYECKUMH CBOMCTRAMH H3JIETTHH, TONyYEeHHBIX ¥3 PACTIBUICHHBIX IIOPOIIKOB.

3axmouenue codepoicum Kpamxkue — pesyibmanivt uccnedosanl
duccepmayuoHHol pabompl 1 COCMOUM U3 CeMU NYHKINOE!

1. Paspaborana ¥ Hay4Ho 00OCHOBAHA NPHHLIHMNINAILHAS CXEMA NIIa3MEHHOT0
aToMaiizepa, ONpEIENEeHBl SHEPrOCHJIOBBIE PEKHMBl PACHBUICHUS IPOBOJOK
METAIIOB M CIUTABOB, IONYYEHB! MeTalHdeckue Iopowmky crasos Fe, Ti, Ni,
Co, Cu ¢ 3a3JaHHBIMH YIOKa3aTelsAMM COEpPUUHOCTH, TPaHyJOMETPHUECKOro H
XUMWYECKOr0  COCTABOB  4YacTWI. Paspa0oTaH M peaju3oBaH  NpPOEKT
TIPOMBIIIITEHHOr0 aToMaiizepa. Ha pa3spafoTaHHOe YCTPOWCTBO TOJYYEH TATEHT
P® Ne204335.

2. TlpopemeH aHau3 BIMAHMS SHEPrOCHIOBEIX NapaMETPOB paCIbUICHHA,
COCTABOB PACIBIIIEMBIX TPOBOJIOK M KaueCTBa TU1a3M000pazyoIero raza Ha
GopMy, XUMHYECKUil M IpaHyJOMETPHIECKHH COCTaB NOPOLIKOB. IMoayueHHBIE
IaHHBle TTO3BONMWIN PACCUNTATH OCHOBHBIE 3JIEMEHTHI [IOTHOPa3sMEPHOro MakeTa 1
TIPOMBIIIIEHHOTO aToMan3epa.

3. BLINONHEHO MIPOEKTHPOBAHME H H3TOTOBICH MaKeT IOIHOPasMEpHOTO
[UIa3MeHHOTo aToMmaizepa. PazpaboTaHa TEXHOMOIMS W OIPENENICHBI OCHOBHEIC
TeXHOTOTHYECKHe i SHEpProCHIOBbIEe TiapaMeTps! pacmbulenus Cr-Ni craneidt md
[TONYYeHHA BHIXOJa ToBapHBIX ¢paximit (40--140 MKM) Ha ypoBHE 60 %, co
chepuuHOCTRIO HacTH >95% M MHHHMAIBHBIM KOJIWYECTBOM BHEIIHMX ©
BHYTPEHHHX Je(eKToB, 00najaroT HMACHTHYHBIM C HCXOAHBIMH IPOBOJIOKaMH
COCTaBOM.

4. TloxasaHOo, 4TO MEXaHHYECKHWE CROWCTBA 00pasiloB, W3TOTOBIEHHBIX M3
pacnpuieHHsX rnopomkoB Cr-Ni crane#t MeTojamyl aiIUTHBHOIO NMPOMSBOJCTEA
TIOJTHOCTRIO COOTBETCTBYIOT TpeGoBaHUAM HOPMAaTHBHO-TEXHMUECKOH

JOKYMEHTAallKH K OJaHHBEIM MapKaM CTaﬂeﬁ, yTQ [JOKAa3BIBAST BO3MOJKHOCTE



MCTIOb30BAHMS PACHIBUICHHBIX TIOPOLIKOB B KAYECTBE MATCPHAIIOB 3D-medatH mpu
H3TOTOBJIEHIH AeTalell ¥ u3eluil OTBeTCTBEHHOTO Ha3HATCHHU.

5. BpigpieHo, 4TO aBTOMATHUHECKHH IepEeHOC PE3YJHTATOB nabopaTOPHEIX
paspaboTOK ATOMH3alH Ha POMBILIEHHOE TIPOU3BOACTBO HEBOSMOMKCH, TaK Kax
yBeJMUCHUE BPEMEHH pacmblieHus Oonee 60 MEHYT TIPUBOJUT K CHIDKCHUE
FONHOFO ¥ YBENMUEHWIO CPEIHEro pasMepa pacTBUICHHBIX HACTHIL (d50).
TpuupHofl cHixeHNs 00beMa BBIXOJ@ TOIHOTO ABIAETCA obpazoBaHue BHYTPH
KOJIOHHE! PACTbUTEHHS 38MKHYTBIX FA30BBIX BUXPEH, IPUBONAIIMX K 06paz0BaHUIO
OTJIOKEHMIt YACTHII TTIOPOLIKOB Ha CTEHKAaX KOJIOHHBI.

6. BbLINONHEHO MATEMAaTHUECKOE MOIETHPOBAHHe MPOLEcca PacIbUICHHA
(GUICTOKOB B IPOU3BOACTBEHHBIX YCIOBHAX. [MocTpoena wuH(ppoOBas MOIENb
mpoliecca  PACTBUIEHHs B TIPOMBIIUICHHOM atomaiizepe.  OnpezieneHsl
TeXHOJNOrMYecKHe [apaMeTphl  mpoilecca  paclblIeHHd, o6ecreurBaoIe
CTAGHIEHOCTD BBIXONA TOBapHEIX (paxumit mopormka Cr-Ni crajed B XOJe
IJIATENHLHOTO PACIIBUICHU.

7. Onpejienenbl MapaMeTphl IKCHIyaTalMd TPOMBIILIECHHOTO aTomalizepa,
HeoOXOIUMBIE NS MONyYeHHs KayeCTBEHHBIX NOPOUIKOB CILIABOB Fe, Ti, Ni, Co,
Cu B cIpye IUIA3Mbl YCTaHOBJICHBI 6a30BbIe OSHEPrOCHIIOBBIE apaMeTphl
PACTIELICHMNS! IIPOBOJIOK, O0ECIIeUHBAROIINE peHTaGenbHOCTh [ONY4eHHs TOBAPHBIX
[apTHIt OPOLIKOB IS A/UIUTHBHOIO IPOU3BOACTBA.

[losyueHHBle B  JHCCEPTALHOHHOM paboTe  pesyNbTATHl  MOXHO
KBATMQUUHAPOBAT, KaK peleHue  IPOOIeMBl paspalOTKd  TEXHOJNOTHH U
06Oy (OBAHHS! TNTA3MEHHOT0 PACHBUTIEHHS TIOPOIIKOB AN af/IATHBHAIX MalHHH.

Cimeneny docmosepHocmu u anpobayus pabonivl

TlocTOBEpPHOCTH HaY9IHBIX pPe3yNBTaTOB obecrieynBaeTCs
BOCIIPOM3BOAMMOCTBIO M COITACOBAHHOCTBIO  HOMyHEHHBIX pe3yNbTaToB,
mofTBepyKaeTcs  GONpIIMM  0OBEeMOM  OKCIICPHMEHTANBHBIX HCCIeI0BaHu,
[IPOBENEHHBIX JUTA TONTBEPXKACHMS OCHOBHBIX TCOPETHUECKUX TIOJIOKEHHH,
IpUMEHeHHEeM  COBPEMEHHOr0 cepTUdHUIUPOBAHHOIO  HCCIIEI0BATENBCKOTO
0GOpyIOBaHUs ¥ JIMIEH3WOHHBIX TPOTPAMMHBIX — CPEACTE st 06paboTKu
uH(OPMAIHH, KOPPEKTHOCTBIO [IOCTAHOBKY 3a7iat HCC/eL0BAHMA U KOMITIEKCHBIM

TIOAXOJOM,



OCHOBHBIE pE3yJILTATH HCCIENOBAaHUM IIPEACTaBNEHBl B 13  IIEYaTHRIX
paboTax, B TOM 4YHclie B 2 CTaThiX - B U3LAHUIX M3 IEpedHs PEUEeH3NPYEMBIX
Hay4HbIX W3JaHuH, B KOTOPBIX JOJKHBEI OBITH OIyONUMKOBAHB! OCHOBHEIE HayuHbIC
pPe3yAbTaThl JMCCEPTAIlMA Ha COMCKaHME YYEeHOH CTelleHM KaHAupiaTa Hayk,
yueHoM cremenu moxropa Hayk (mamee — Ilepeyens BAK), B 7 craTbix - B
W3AHUAK, BXOMAMX B MEKAYHAPOAHYIO 0a3y AaHHBIX M CHCTEMY LHTHPOBaHUS
Scopus. ITonyuen 1 maTent. Pe3ynpTaThl McClefOBaHKHM OpUIM TIPEICTABICHBl H
O6CY)XeHbl HA DErHOHANBHBIX W MEKAYHAPOAHBIX KOHQEPEHIHSK, HTO
IT0J4EPKHBAET KX 3HATUMOCTD U aKTyallBHOCTE B Hay4HOM coobuecTse.

Bmecme ¢ mem, HECMOMPS HA  BbIUENepeyUClennsle  OOCMOUHCMEA
GLINONHEHHOTE paBomel, NO A8MOpephepanty UMeIomea Clredyrouue 3aMeHanus.;

1.B 3amadax MHCCHENOBAHUSA CTOUT IOAY4YeHHS IIOPOLIKOB C 3aJaHHBIM
ypoBHEM C(EPHYHOCTH, HO B InaBe 2, 3 HeT TpeboBanuil X Qopme 4HacTHll, HE
OITHCAH METOJ OLEHKU YPOBHs CHeprYHOCTH dacTyll. KaK COUCKaTeNb Onpeaens,
uTo 3Ta (PopMa MOpolKa - cepa, a 3TO YACTHYHO cepa, a ITOT MOPOIJOK He
chepudeckuit?

2.He coBceM TOHSTO, 3a4eM [OTOJHHTENEHO OIpeAeHaTh XKUMHYECKUH
cocraB B OOKOBBIX BETBAX JCHJAPUOHOTO KpHCTamna W MEKICHIPUIHOM
TPOCTPEHCTBE, €CITM eCTh OOIMH XMMHYeCKWH aHaluM3 COCTaBa MOpOIKa B
o6béme? Foimu 3TO Hamo Aenarb, TO, YTO HaM HaeT 3Ta HHQOpMAIHSI ¢ TOUKH
3peHHsl OLEHKYM KauecTBa [OPOIIKA NPH MPOU3BOACTBE M B IOCIEAYHOIIEM HE
TIOCPECTBEHHO IPH HCIIONb30BAHHY B YCIAOBUSX aIIUTHBHOIO IIPOU3BOLCTBA?

3arknouernue

3aMeuaHys, YKA3aHHBIE B OT3bIBE, He BIUAIOT Ha OOLIYIO MONOXHUTENBHYHO
OLEHKY TEOPETHYECKMX | IPaKTHYeCKUX pe3yNbTaToB Juccepramwi. Bee
pe3yabTaTBl M BBIBOJBI, IIOAydEHHBIE ABTOPOM, IIPEICTABIEHBI B TEKCTE
AUccepTalliM M apTopedepare, KOTOpHIM OTpaXkaeT KIOYEBBIC —ACTICKThI
HCCIEIOBaHUs.

Iuccepramust ««Pa3paboTka TeXHONMOTHH ¥ OOOPYHOBaHMSA TIA3MEHHOIO
pACTILUTCHMsS. TIOPOLIKOB JUIA  aJUIMTHBHBIX ~MAallMH», [PENCTABICHHAT Ha
COUCKaHMe YUYEHOW CTEeMeHH KaHZUIAaTa TEXHUYECKHX HayK IO CIEIHaBHOCTH
2.6.17 MatepuanoBeieHde IIOJHOCTBIO OTBEYACT tpeCoBaHusIM pasfena 2

«[Tonokenyst O  DPMCY)XKIEHMM  YUEHBIX  CTereHed»  denepalbHOro



rOCYJAPCTBEHHOr0 OIOMKETHOT0 00pa30BaTENbHOTO YUYPEXKACHHS  BBICILIErO
obpazopanus «CaHkT-IleTepOyprckuil  TrOpHBIH  YHUBEPCHTET UMIIEPATPHUIIB]
Exatepunsr II», yrBepxuensoro mnpukasoM pektopa Carxt-IletepSyprexoro
ropHoro yuusepcurera Exartepuusl II ot 20.05.2021 Ne 9353 amM, a ee astop
Epmaxos Cepreil boprcoBnd 3acimyHMBaeT IPHCYXISHHS YIGHOH cTeneHH

KAHIMIATA TEXHHYECKUK HayK TI0 crielHanbHocT 2.6.17 Matepuanoseesue.

3aBeyromui kadenpoi

MarepuanoBeeHus,

Esresrnensuu
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CBAPOYHBIX M aAJUTHBHEIX
texuonorui, MPHUTY

TTommuces A.E. BananoBckoro 3aBeépsiio’.

(epepansHOe TOCYAAPCTBEHHOE OI0MKETHOE 00pa30BaTENbHOE YUPEKIEHHE BBICIIETO
obpasopanns "VIpryTckuil HAHOHANBHBIH HCCIENOBATEIBCKUM TEXHRUECKUH YHHBEPCHTET"
(UPHUTY)

664074, r. Upkytck, yir. JlepmonToBa 83,

ten/daxe 8 (3952) 405-100, 405-009,

e-mail: info@istu.edu



