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PED®EPAT
Otuer 204 c., 35 puc., 6 Tabm., 36 UICTOYHUKOB, 6 TIPHII.

KnroueBrie cioBa:

TUJPOTEPMAJIBHOE OKWUCJIEHME, OKCHJ] AJIIOMHWHUS BbICOKOM
YUCTOTHI, HAHOCTPYKTYPHUPOBAHHBIN OKCH/JT AJIIOMWHNS,
MMKPOITOPUCTBIN OKCH]T AJIFOMWHMS, JIEMKOCATI®NP,
SHEPI'OTEXHOJIOTMYECKUI KOMITJIEKC, BOJIOPOJI, BEMUT

[lenpro paboThI ABISIOTCSA:

1. Pa3paboTka Hay4YHO-TEXHHUYECKHX OCHOB TEXHOJOTUM TIOTYYEHHUS O-OKCHIA
aJIIOMMHHMSA C 4YHUCTOTOM He MeHee 99,994 % wmacc. ¢ HCIOJL30BAaHUEM METOa
TUIPOTEPMATLHOTO OKHCIICHUS TFOMUHUS (OKHCICHUS TIOMUHUS B BOJE WJIW BOJSHOM
nape npu temmeparype Bbimie 100 0C), OTJIMYAIOIIEICS SKOJIOTUYECKON 0€30MacCHOCThIO U
BBICOKOM 9HEProdHPeKTUBHOCTHIO.

2. HapaboTka »5SKCIEepUMEHTAIBHBIX OOpa3lloB 0-OKCHJA aJIIOMHUHUA Ha OCHOBE
pa3pabOTaHHBIX TEXHOJIOTMYECKUX PEIICHUNA C IeNbl0 Mepelayd €ro Ha HCHbITaHUs
MOTCHIIMAIBHBIM TTOTPEOUTENSIM, B TOM YHCJIEC JUI TPOW3BOJICTBA MOHOKPHUCTAJIOB

nerikocandupa.

B xone nepBoro sTana paboT 1o JaHHOMY IPOEKTY ObLI BHIMOJIHEH aHATUTUYECKUM
0030p CIHEUHAIBHOM JUTEpaTypbl, 3aTparuBarolleid HCCIECIYEeMYIO TEeMy, MPOBEICHbI
natentHsie ucciaeaoBanug o 'OCT 15.011-96 (m1s1 BbINOTHEHUH AaHHBIX paOOT ObLIN
MPOBEJEHBI TMOUCK, OTOOp W aHaIW3 JAHHBIX W3 TAKUX HMCTOYHHUKOB, KaK HHTEPHET-
pecypchl TAaTEHTHBIX 0a3 JaHHBIX, HWH()OPMAIMOHHBIE HMHTEPHET-PECYPCHI, a TaKXKe
crieluanbHas JUTepaTypa); KpoMe TOro, MPOBOAMIUCH TEOPETUUECKUE UCCIEAOBAHUS IS
pa3pabOTKN METOJIOB OMHUCaHUs mporeccoB auddy3un mpuMeceit, pacyera CBOOOIHBIX
AHEPTUH B MPUMECAX, & TAKKE UCCICAOBAHUS MOTYUEHUS IKCIIEPUMEHTATBHBIX 00pa3I0B

O-OKCHaa aJIJIOMHUHUA BBICOKOM YUCTOTHI, TAKXXC C IIOMOIIBIO ﬂeﬁCTByIOHleﬁ YCTaHOBKHU



TUAPOTEPMATILHOT'O OKHCJICHUS ObUIM HapaboTaHbl 00pa3libl OemuTa, pa3zpaboTaH H
M3rOTOBJIEH OJIOK TEepMHUYECKOW 00pabOoTKM OeMuTa, yiIydllleHa CHCTeMa pPAaCTbUICHUS
MOPOIITKA aTFOMUHHUS B yCTaHOBKE; OBLTN MPOBEEHBI SKCIIEPUMEHTABHBIC UCCIEA0OBAHHMS
[0 TOBBIIICHUIO KA4yecTBa TMOPOINKA, HCHOJIb3YEMOr0 TMpPH TMOJYYEHUU O-OKCHJA
QIIOMMHHSA BBICOKOM YHMCTOTBI, B YAaCTHOCTM B YCTaHOBKY MOJABAJIMCh IOPOIIKU C

pastquﬁ JUCIICPCHOCTBIO, MCXAHNYCCKHN dKTHUBHUPOBAHHBIC PA3JIMYHBIMUA ITPUMCCAMMU.

Pe3ynbpTaThl paboT, MPOBENCHHBIX B pAMKaX MEPBOro dTara, NepeurcIeHbl HIXKE:

1.1 BpbimogHeH aHATUTHYECKUNA 0030p COBPEMEHHOM HayYHO-TEXHUYECKOM,
HOPMATUBHOM, METOJUYECKON JIUTEPATYyphl, 3aTparuBarolleil HayYHO-TEXHUYECKYIO
npoOieMy, uccieayemyro B pamkax [THU.

1.2 TIpoBenens! mateHTHbIC UccaeaoBanus o ['OCT 15.011-96.

1.3 Pa3paboTaHnbl U Hcciaeq0BaHbl BApUAHThl BO3MOXKHBIX pemieHui 3aaad [THU u
BBIOpaH ONTUMAaJIbHbBIN BapUAHT.

1.4 Pazpaboran merom pacuera auddy3um TpuUMeEced B pEIICTKE 0-OKCHUIa
ATFOMHUHUS (HATPHUH, KelIe30, XpOM, KpPEMHHH, TUTaH)

1.5 Pa3paboran meToj pacuera CBOOOIHBIX JPHEpPruil mpumeceil B oObeMe U B
MIPUTIOBEPXHOCTHOM CJIO€.

1.6 TIpoBeneHbl TEOPETUYECKHE HCCIIEAOBAHUS TMOJYUYCHHUS SKCIEPUMEHTAbHBIX
00pa31oB 0-OKCUa AJIFOMUHUS BEICOKON YUCTOTHI.

1.7. HapabGoTaHbl 3KCIIEpUMEHTAJIbHBIE 00pa3Iibl OeMUTA.

1.8 Pa3zpabotan 1 U3rotoBiieH OJIOK TEPMUUECKON 00pabOTKH OemMuTa.

1.9 Pa3paborana MoaepHH3UPOBAHHAS CUCTEMA MYIbBEPU3AINH ATFOMUHUS.

1.10 IIpoBeaeHBl SKCHEPUMEHTAJILHBIE HWCCIEIOBAHUS TIOBBIIICHUS KadyecTBa
MOPOIIKA, UCTIOJIB3YEMOTO MPHU MOJTYYEHUH 0.-OKCUA ATFOMUHUS BBICOKOW YHUCTOTHI.

1.11 Iony4yeH moOpoONIOK aTFOMUHHUS JJIS TPOBECHUS SKCIIEPUMEHTOB U HapaOOTKHU
AKCIIEPUMEHTAIBHBIX O0pa3loB (-OKCHJA aJTIOMUHUS BBICOKOM YHCTOTHI Ha OCHOBE

T'uApOTCPMAJIBHOI'O OKUCIICHUA aJIFOMUHUA.



OCHOBHBIC TEXHOJIOTHUECKHE M OKCIUTyaTal[MOHHBIC ITOKa3aTelIh. BBICOKAs
SHEeprodPPeKTUBHOCTL  Mpolecca  TUAPOTEPMAIIBHOTO  OKUCICHUS  aIFOMUHMS,
BO3MOXXHOCTh HETPEPHIBHOW HapabOTKu OemMHuTa, DJKOJOrMdecKas Oe30macHOCTh

nporecca.

O6nacTh TPUMEHEHHUS: TEXHOJIOTHS TIONYYCHHs (-OKCHJIa aTIOMHHHS BBICOKOU
YUCTOTHI UCHOJB3YeTCs JJIsi MPOM3BOACTBA JeHKocandupoB, UMEIOIMUX MIUPOKUA KPYT

IMPUMCHCHUA.

OkoHoMHuYeckas 3(P(PEeKTUBHOCT, M 3HAYUMOCTh pPabOTHI: B HACTOSIIEEe BpeMs
CTOMMOCTH TIPOM3BOJCTBA O-OKCHJA aTIOMUHUS BBICOKOW YHCTOTHI TOBOJHHO BBICOKA, C
Y4E€TOM HBIHEIIHUX KYpPCOB BaIOT mpoOjemMa 3aMeHIeHHS HMIOPTHOW MPOIYKIUH
CTAaHOBUTCS Bce ©Oonee u Oojee aKTyaJdbHOH; pa3pabaTbiBaeMasi TEXHOJIOTUS
MPOU3BOJICTBA (i-OKCHJA AJIIOMHHHS BBICOKOM YHMCTOTHI MO3BOJIUT CHU3WUTH 3aTpaThl HA

CBIPBbE IS BBIPAIIMBAHUS JICHKOCan(hUPOB.

[TporHo3Hbple NPEaNOIOKEHUS O JaJbHEHIIEeM pa3BUTUHM OOBEKTa HUCCIEIOBAHUS:
CTPEMUTENLHOE PA3BUTHE BHICOKOTEXHOJOTUYHBIX OTpAciield BeIeT K MOBBIIICHUIO CIpoca
Ha JiedKocan@upel, KOTOpbIE LIMPOKO HCHONB3YIOTCS MPU MPOU3BOACTBE JIA3€pOB,
ONTUYECKUX CHCTEM, COBPEMEHHBIX HWHTETPAIBHBIX CXEM, CBETOJUOJOB, 3aIIMTHBIX
CTEKOJI, OTHEYITOPHBIX U3JIEIHM, KaTaIu3aTOPOB, COPOEHTOB U T.J., CIEI0BATEIbHO, CIIPOC
Ha ChIpbE ISl TTPOU3BOJICTBA JieHKocandupoB (0-OKCUAA aTFOMUHUS BBICOKOW YHCTOTHI)
Oyzer BO3pacTarh, a MCCIENOBaHHUS B 00JacTH MOBBIIICHHUS 3((HEKTHBHOCTH METOAOB

HapabOTKH JAHHOTO CHIPHS MPUOOPETATh BCE OOMBITYI0 aKTYaIbHOCTb.
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BBEJAEHUE

OtcyrcTBUEe P(PGHEKTUBHBIX U DKOJOTUYECKU YHUCTBIX TEXHOJIOTHUU TOJTYYEHHUS O.-
OKCHJIa aTIOMHUHUSI (KOPYHZIa) BBICOKOM YHCTOTHI B ONPEACICHHON Mepe CIepKUBAECT
pPa3BUTHE TaKUX HAIMPABICHUM TEXHOJOTHMYECKOrO pPAa3BUTHs HAIIEW CTPAaHbI, Kak
ONTHWYECKass W MOJYNPOBOJHUKOBAsA IPOMBIILUICHHOCTHA, KBAaHTOBAas JJIEKTPOHUKA,
sHEpreTuka, mnpudopoctpoeHue u 1ap. KopyHA BBICOKOW YHCTOTHI HMCIOIB3YyeTCH,
HarpuMep, I TOJyYEHUs  BBICOKOKAYECTBEHHOW  ONTHYECKOW  KEpPaMHKH,
MOHOKPHUCTAJUIMYECKOT0 aJIOMO-UTTPUEBOr0 rpaHarta U Jyeikocandupa. [locnennuii B
CBOIO oOuepelb HMMEET WIMPOKYI0 00JIacThb MPUMEHEHHUS, HalpuMep, TMPOU3BOICTBO
CBETOAMO/OB, MOJJ0KEK MHUKPOCXEM, JIA3€PHBIX AUOJIOB, UMIUIAHTOB M MCKYCCTBEHHBIX
CyCTaBOB, MUKPOCKAJIbIIENEH, 3alUTHBIX CTEKOJ, IOBEIUPHBIX u3aenuid u nap. KopyHn
BBICOKOM UYHMCTOTHl HCHOJIB3YE€TCS MPU  M3FOTOBJICHHM OTHEYNOPHBIX  U3JACIHH,
MIPUMEHSIEMBIX B MPOU3BOJICTBE OCOOOUUCTHIX MaTepuanoB. [lopucTeie U BHICOKOUUCTHIC
MaTepualbl HA OCHOBE OKCHOB aJIIOMHHUSI HAXOASIT NPUMEHEHUE B TAKUX O0JACTAX, KaK
MPOU3BOJICTBO KATAIM3aTOPOB U COpOEHTOB. Marepuanbl, CO3MIaHHBIC Ha OCHOBE
BBICOKOUHCTOTO KOPYH/IA, OTJIMYAIOTCS TEPMOCTOMKOCTHIO, a0pa3uBHOM YCTOWYUBOCTHIO,
00J1a/1af0T BBICOKMMHU TIOKa3aTensiMu cBeTonponyckanus B Y®- u MK-obnactu crektpa,
YTO JieJlaeéT MX HE3aMEHUMBIMU [JI1 HCMOOJb30BAaHUS B TBEPIOTEIBHBIX Ja3epax U
ONTHUYECKUX MPUOOpax.

OcoObIii MHTEpEeC B MOCIEIHEE BpeMsl HampaBieH Ha MPOU3BOACTBO M3 KOPYHIA
BBICOKOW YHCTOTHI MCKYCCTBEHHBIX Can@UpOB CIYXKAIIMX ChIPhEM JJIsI MPOU3BOJICTBA
CBETOJMOJHBIX UCTOUHUKOB CBETA. B yCIOBUSIX )KECTKOI0 OTPAaHUYEHHUS 110 MOTPEOICHUIO
SHEPrMd HE TOJBKO B MPOMBIIUIEHHOCTA, HO W TOBCEIHEBHOW JXU3HU, BO MHOIOM
OOYCJIOBIGHHOTO  TPOJOJDKAIOIIMMCS  SKOHOMUYECKUM  KPU3HCOM, BCe Ooblee
pacnpoOCTPAHEHHUE MOIYYAOT CBETOAMOAHBIC HCTOYHUKHU CBETA. BBICOKAs HAJIEKHOCTD,
OOJBIION CPOK CIYKOBI W Malloe JHEPromnoTpediieHre MAeNaloT UX JUACPOM Cpeau
MEPCIIEKTUBHBIX HMCTOYHUKOB cBeTa. [[1s BoO3pacTaromiero mpou3BOJICTBA CBETOIHUOIOB
TpeOyercss Bce Oonblnre OObEMBbI BBIMYCKA BBICOKOYMCTOT'O KOPYHJa C 3aJaHHBIMU

(1)PI3HLI€CKI/IMI/I CBOMCTBaMHM.
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CRoiicTBa BBICOKOYMCTOTO KOPYHJIa OMPEACISIOT KauyeCTBEHHBIE XapaKTEPUCTUKU
BBIPAIICHHBIX M3 HEro MOHOKPHUCTAUIOB Jielikocandupa. Pa3Butue mnpous3BOACTBA
nelikocanupoB  HANpPABIECHO CErOAHS HAa CO3JaHUE BBICOKOMPOU3BOIUTEIBHBIX
anmnaparos, MO3BOJISIIONIUX  MOJy4YaTh KpynHOrabapuTHbIE MOHOKPHUCTAJLIIBI.
BelpamuBanue KpymHBIX KpPUCTAUIOB JieHKocamndupa MOPOU3BOJUTCS TUTEIHHBIMU
METOJaMU TOPU30HTAIBHO WM BEPTUKAIBHO HAIMPaBICHHOW KpUCTAILIU3aluU (MEeToAaMu
barnacapoBa, MycaroBa — Kwupomynoca, Yoxpanasckoro). OOmass 0COOEHHOCTh BCEX
METOJIOB - BBICOKHE TPEOOBaHUSI K YMCTOTE (COJlepKaHME OCHOBHOTO BEIIECTBA, OKCHIA
amomMuHus, Bbie 99,996%) u HaceimHOM 1IoTHOCTH (Bhimie 2,0 r/cm3) mmxtel. B
KAauecTBE MCXOJHOI0 MaTepuaja HUCIOJIb3yeTcs, HalpuMep, KpoIlllKa, MOJyYeHHas Mpu
OpoOJIeHNH MOHOKPHUCTAJUIOB cardupa, BbIpAlIEHHBIX MO MeTrony Bepneins (“Ooi
Bepueiis™) ¢ no6aBieHreM HEKOTOPOTO KOJIUYECTBA 0COOO YMCTOro OKCHUA aTFOMUHMUS.
AJbTEpHATUBHBIN CHIPHEBOM MaTepuan - MOJIUKPUCTALNIMYECKUN candup, MoixydyaeMblil
METOJIOM TapHUCCAXKHOM TJIaBKU OKcHa amroMuHusa. Ce0ecTOMMOCTh BhIpaluBaHus 1 Kr
KpUCTAIIOB candupa cocrapisier okoino $250, w3 Hero MoxxkHo mony4duth 100 miacTuH
BeCOM 5 T W CcTOMMOCTBIO $12 kaxmas. EMKOCTh MHpPOBOTO pBIHKA CHHTE3MPOBAHHBIX
KpucTaJioB TipeBbimaer $11 mupna. Beicokas meHa W OrpaHUYCHHBIH O0BEM IOCTaBOK
CBIPbS CIIEP’KUBAIOT PA3BUTHE MPOU3BOJICTBA CUHTETUYECKUX MOHOKPHUCTAILIOB candupa.
Takum o0pa3oM, oOecreueHre OTEYECTBEHHBIX IMPOU3ZBOJCTB, CHHTE3UPYIOIIUX
MOHOKPHUCTAJIJIBI candupa, BHICOKOKAYECTBEHHBIM CHIPhEM B JOCTATOYHOM KOJIMYECTBE
SIBIIIETCS BECbMA aKTYaJIbHOU 3a/1a4€EH.

B mHacrosimee BpeMsi TPOU3BOJCTBO KOPYHJAa BBICOKOM dYHCTOTHI B Poccun
MPaKTUYECKU OTCYTCTBYET. OteuecTBEHHBIE NpeAnpUsTUS, BBIITYCKAIOLIUE
nelikocanupbl, TOKPHIBAIOT CBOU MOTPEOHOCTU B ChIPhE MMIIOPTOM M3 JIPYTUX CTPaH.
Oxkono 40 % mMupoBoro o0beMa BBIITYCKAEMOT'0 KOPYH/Ia BBICOKOW YHUCTOTHI MPUXOAUTCS
Ha OJIHY STIOHCKYIO KOMIIaHWI0 — Sumitomo, emie 52 % obecrneuynBaroT BOCEMb KOMIaHUN
u3 Kwuras. bonbliasgs dYacTh MOMYy4aeMOro POCCHICKON MPOMBIIUIEHHOCTBIO OKCHAA
QTIOMUHUSL OTHOCHUTCS K METaJUIyprMYECKUM COpPTaM U HUCHOJb3YyeTCs IS TMOIyYeHUS

AJIIOMHWHHA.
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B xone nanmnoit ITHW npennaraercs pa3paboTka Hay4HO-TEXHHUUYECKUX OCHOB
TEXHOJIOTUM  TIOJYyYEHUS BBICOKOYHUCTOTO O-OKCHAA AJIIOMUHHUS YEpe3  CTaAulo
TUAPOTEPMATIBHOTO OKHUCIIEHUS QIIOMUHUA. B oTiiM4ume OT BBIIENEPEUYHCIEHHBIX
CIIOCOOOB B MpoOliecCe THAPOTEPMATILHOIO OKHUCIICHHUS aJIOMHUHHUS B KaueCTBE PEarceHTOB
WCIOJIB3YIOTCSI TOJIBKO aTIOMHHUN TEeXHUYECKONW YUCTOTHI (99.8% u MeHbiie) u Boma 06e3
JOTIOJTHUTEIIBHBIX PACTBOPSIOMNX J00ABOK WM PEAKTHBOB. DTO ITO3BOJISIET IOBBICHUTH
MIPOU3BOJIUTEIILHOCTh, CHU3UTh CTOMMOCTh M TIOBBICUTH JKOJOTHMUECKYIO 0€30MacHOCTh
IIPOM3BOJICTBA BBICOKOUUCTOIO OKCHIA. [l TOny4eHuss yiapTpa YHUCTOTO O-OKCHJA
ATIOMUHUS (C CyMMapHBIM cojiepkaHueM npumecedr 70 30 ppm ¥ MEHEe) MPOAYKTHI
TUJIPOTEPMAJIBHOTO OKHCJIEHUS AJTIOMHUHUS TNPEIJIaracTcsa MPOKAIMBATh B BAKYYME WU
atMocepe HMHEPTHOrO Ta3a TMpU TOBBIIMICHHBIX TeMmrepaTypax. Takum o00pa3om,
COUETaHUE CTAJUN TUPOTEPMAIHLHOTO OKUCIICHUS aTFOMUHUSA U1 TEPMHUUECKO 00pabOoTKU
MO3BOJIUT TOBBICUTH JKOJIOTHYECKYIO UHCTOTY, IHEProd(PPeKTUBHOCTHL U BO3MOXKHOCTH

MOJIYICHUA SKCTPCMAJIbHO YUCTOI'O MPOAYKTA ITPU IPOU3BOJACTBEC O-OKCHAA AJIFOMHUHHA.

Hannoe IIHUW BeImonHSETCS B paMKax peadusanuu  ¢eaepatbHON  I1eJIeBOM
nporpammbl «MccnenoBanus U pazpadOTKH MO MPUOPUTETHHIM HAIPABICHUSM Pa3BUTHUS
Hay4yHO-TeXHoJormyeckoro komiuiekca Poccum Ha 2014 - 2020 roasl» COBMECTHO C
OOG1iecTBOM ¢ orpaHudeHHON O0TBETCTBEHHOCTHIO «CY AJI-IIM» mo norosopy Ne 01-14a o
JadbHENIIeM MCTIOJIb30BAHUM PE3YJIbTATOB MPHUKIIAJHBIX HAYYHBIX MCCIIEIOBAHUN OT «1»
okTs10pst 2014 1.

LenssmMu HacTOsIILIEH pabOTHI ABISAIOTCS:

1 Pa3paboTka Hay4YHO-TEXHUYECKUX OCHOB TE€XHOJIOTMU TOJYYEHUS 0O-OKCH]IA
AIIOMHHHUSA C YHCTOTOM He MeHee 99,994 % wmacc. ¢ HCHONB30BAaHHEM METOAA
TUAPOTEPMATILHOT'O OKUCIICHHS aliOMUHUS (OKUCICHUS aJIOMUHUSA B BOJAE WU BOASTHOM
nape npu temieparype Bbimie 100 0C), OTIUYAIOMICICS SKOIOTUYECKON 0€30MacHOCTHIO U
BBICOKOM dHEPTrod(PPEeKTUBHOCTHIO.

2 HapaOoTka SKCHEpUMEHTAJIbHBIX O0pa3loB 0-OKCHJA aIOMHHHUS Ha OCHOBE

pa3pa6OTaHHI>IX TCXHOJIOTHYCCKHUX pGIHCHI/Iﬁ C OCIbIO IMepcaadn €ro Ha HCIbITAHUA
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MOTEHIIUAJIBHBIM TMOTPEOUTENSIM, B TOM YHCIIE€ [JIi MPOU3BOJCTBA MOHOKPHCTAJIOB
nelikocandupa.

B xone BbIMOIHEHUs NEpPBOro 3tamna padoT, HANPABIEHHOIO Ha OOOCHOBaHUE U
BbIOOp HampaBieHHMS HCCIEAOBAaHUN, pPa3pabOTKy SKCIEpUMEHTANIbHOTO oOpasia
YCTAaHOBKU TIOJYYEHUS O-OKCHJA aTIOMUHUS BBICOKOW YHCTOTHI, OBUIA BBITTOJHEHBI
CIeIYIONHe paboTHI:

1. BbimonHeH aHATUTHYECKUH 0030p COBPEMEHHOW HAYYHO-TEXHUYECKOM,
HOPMATHUBHOW, METOJUYECKON JUTEpaTyphl, 3aTParvBarolIel HAYYHO-TEXHUYECKYIO
npoOiemMy, uccieayemyro B pamkax [THU.

2. [IpoBenensl natenTHbie uccnenoanus mo 'OCT 15.011-96.

3. Pa3paboranbl U uccie0BaHbl BapUaHThl BO3MOXHBIX pemieHud 3anad [THU u
BBIOpaH ONTUMAaJIbHbBIN BapUAHT.

4. Pazpaboran wmeron pacuera aud@y3uud mnpumeceli B pelIeTKE 0-OKCHaa
AMIOMUHUSA (HATPHIA, )Kene30, XpOM, KPEMHHU, TUTaH)

5. Pa3pabGoran Merom pacuera CBOOOTHBIX JHEPTrUW TpUMeEce B oObeMe U B
MIPUIIOBEPXHOCTHOM CJIOE.

6. IIpoBeneHbl TEOpETUUECKHE HCCIENOBAHUS TOTYYEHHUSI SKCIEPUMEHTAIBHBIX
00pa310B 0-OKCHa ATFOMUHUS BEICOKOM YUCTOTHI.

7. HapabGoTaHbl 3KcTIepUMEHTaIbHbIE 00pa3Ibl OeMHUTA.

8. PazpaboTaH u U3roToByicH 0JIOK TEpMHUUECKONH 00pabOTKH OeMuTa.

9. PazpaboTtana MoiepHU3UPOBAHHAS CHUCTEMA MYJIbBEPU3AINY ATFOMUHMUS.

10.ITpoBeneHsl  DKCIIEPUMEHTAIbHBIC  WCCJICAOBAHMS  IOBBIIMICHHWS  KadecTBa
MOPOIIKA, UCTIOJIB3YEMOTO MPHU MOJTYYECHUH 0.-OKCUA ATFOMUHUS BBICOKOW YHUCTOTHI.

11. IlomydeH MOPOIIOK ATIOMUHUS JJIsi TIPOBEICHHS YKCIIEPUMEHTOB M HapaOOTKU
AKCHEPUMEHTAJILHBIX 00pa3lloB 0-OKCHJA AQJIIOMUHMS BBICOKOM YHCTOTHI HAa OCHOBE
TUAPOTEPMATILHOIO OKUCIIEHUS alTFOMUHUS.

[IpoBeneHHOEe TATEHTHOE UCCIENOBAHHE B JOCTATOYHOM O0BEME OTPa3UIO
TEKYIUIYI0 CUTYallMI0 C MPAaBOM HHTEIJIEKTyaIbHOW COOCTBEHHOCTH Ha MCCIEIOBaHUS U
pa3pabOTKH, CBsSI3aHHBIE C METOJaMHU IIPOM3BOJCTBA OKCHUIOB AaFOMUHUS BBICOKOU

YHUCTOTHI. AHaIN3 npoucayp, HMCIOJIbB3YCMbIX JI IIPOU3BOACTBA OKCHUAOB aJTFOMHHUIA
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BBICOKOW YHCTOTBI, IIO3BOJIUJI BBISIBUTh OCHOBHBIE TEPCIEKTUBHBIE HaIpPaBICHUS
M300peTaTeIbCKON U UCCIIEI0BATEIBLCKON JEATeIbHOCTH.

Pe3ynbTaThl, moaydeHHbIE HA JAHHOM ATalle UCCIEI0OBaHMM, YKa3bIBa€T HA TO, YTO
Ha CErOJHSIIHUK JeHb IOUCK Hamboiee SKOHOMUYHOTO H 3h(PEKTHBHOrO crocobda
MOJIYYEHHUSI KOPYH/Ia BBICOKOM YHCTOTHI MPEACTABIIAECT COOOM aKTyaJbHYIO 337a4y.

[Inanupyercsi, uro paspaboranHas B xoxe [IHW TexHomoruss mO3BOIHT
YAOBJIETBOPUTH IMOTPEOHOCTH OTEYECTBEHHOW ITPOMBINIJICHHOCTH B OKCHAC ATIOMHHUS
BBICOKOW YHCTOTBI M OTKPBITh KOHKYPEHTOCHOCOOHBIM HKCHOPT JAHHOTO MPOAYKTA.
[ToTeHUIMAIBHBIMM ~ TOTPEOUTEISIMU ~ PE3YJIbTATOB  KMCCJICOBAHUS  JOJDKHBI  CTaTh
NPEANPUITUS ONTUYECKOM M  TMOJYNPOBOJHUKOBOM IMPOMBIIIJIEHHOCTH, KBAaHTOBOM

ANEKTPOHUKH, METAJUTYPIUH, MAIIMHOCTPOEHHUSI, SHEPT€TUKHU U IPUOOPOCTPOEHUSI.
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1. AnanuTn4yeckuii 0030p COBpeMEeHHON HAYYHO-TeXHHYeCKOil, HOPMATHBHOM,
METOAUYECKON JIMTEepaTypbl, 3aTpardBamoliell HAYYHO-TEXHHYECKYI Ipod.iemy,

nccjieayeMyio B paMKax MpoeKTa

Pa3BuTHE BBICOKOTEXHOJIOTUYHBIX OTpAciel MPUBOJUT K 3HAYUTEILHOMY POCTY
CIIpoca Ha MOHOKPHUCTAJUIbl HA OCHOBE OKCHJA AJIOMHUHHS BBICOKOW YUCTOTHI, KOTOPHIC
SABJISIIOTCSI MAaT€pUANIOM JIJIsi U3TOTOBJICHUS] ONTUYECKUX CUCTEM, CBETOAMOJIOB BBICOKOMU
SPKOCTH, JIa3€pOB, COIHEUHBIX OaTapeil, MoaI0KeK MUKPOCXEM U OTHEYTIOPHBIX U3/IEITH.

OcHOBHOI TTP0O0GIEMO MPU MOTYUYEHUHU UCKYCCTBEHHBIX MOHOKPUCTAJJIOB SIBISIETCS
CTOMMOCTb CBHIPbA JJISl UX MPOU3BOJICTBA (OKCHJ AJIFOMUHHUA BBICOKOW yucTOTOM 99,99-
99,999%), a Takke CIOXHOCTb CYIIECTBYIOIIMX TEXHOJOTUM, MpeayCMaTpPUBAIOIINX
MHOT'OUYUCIICHHBIE CTAJIMM €r0 XMMUYECKOW OUMCTKU. B HacTosiiee BpeMs Mpou3BOACTBO
KOpYH/Ja BBICOKOM dYHCTOTHI B Poccum mnpaktudyecku OTCYTCTBYeT. OTeueCTBEHHBIC
NPEANPUATUS, BBIMYCKAIOIINE JIEHKOcanpupsbl, MOKPHIBAIOT CBOM MOTPEOHOCTH B CHIPHE
uMIoptToM u3 Apyrux crpad. Okono 40 % MHpPOBOro o0beMa BBITYCKAaEMOro KOpyHIa
BBICOKOUW YUCTOTHI MPUXOJUTCS HA OJIHY STIOHCKYIO KOMMaHWio0 — Sumitomo, emie 52 %
obOecrieunBaloT BoceMb Kkommanuii u3 Kwurtas [1]. bompimas dYacTe momydaeMoro
POCCUICKON TPOMBIIIJIEHHOCThIO OKCHAA AJIOMUHUS OTHOCHUTCS K METAJLTyprUYeCKUM
COpTaM U UCHOJb3YyeTCs JIJIsl TOTyYEeHUS aTFOMUHUSI.

[IpoBenén aHanuTUYeCKU 0030p JHUTEpPaTypbl, B KOTOPOM HCCIEIOBAaHbBI
CYILIECTBYIOIIME CIOCOOBI TMOJYYCHHMs] OKCHJa QJIIOMUHHUS BBICOKOM YHCTOTHI U

BBIpAIIUBaHUS KPUCTAIIIOB JieKkocarndupa Ha ero OCHOBE.

1.1. AnKOroJsiTHasi TEXHOJIOTHS MOJYyYeHHS] KOPYH/IAa BbICOKOI YHCTOTHI

OCHOBHBIM Ha JJAaHHBIA MOMEHT CHOCOOOM MOJYYEHUS! BBICOKOUHCTOTO ChIPbS IS
MPOU3BOJCTBO  JieHKocamdupa sBISETCS  ajdKoroisTHeid. [IpomsBoimcTBO  okcmua
ATIOMUHUSL 1O QJKOTOJATHOW TEXHOJIOTMH, IMpPU KOTOPOM HCXOAHBIM aTOMUHUN
pacTBOpsieTCsl B M3ONPONWIOBOM  CHUPTE W IPEBpAllaeTCa Ipd  ITOM B
METAJJTIOOPTaHMYECKOe COeIMHEHHE - u3omnponwuiar amomunus (1,2). M3onponwiar

AITIOMUHUA TOPOXOAUT HECKOJIbKO CTa,Z[I/Iﬁ OYHUCTKH C ILIOCJIIBIO CHHKCHHS KOJIHYCCTBA
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npuMeceid. OYUIIEHHBIN NM30NPONMIUIAT AJOMUHUS THMAPOIU3YETCS JEMOHU3UPOBAHHON
Bojou. Ilpm »TOM 0Opasyercs OEMHT C BBIJCICHUEM HW30NPOIMUIOBOTO CIHUPTA.
N30mponuiioBelil ciupT NepefaeTcs Ha YYaCTOK PaCTBOPEHHUSI AIFOMUHUSA, @ BHICYIIIEHHBIN
O6eMuT Ha ydacTok mpokanku. [Ipu mpokanke 6emura oOpa3yercs OKCUA aTlOMUHUS (Y-
¢daza unu o-¢aza B 3aBUCUIMOCTH OT TeMIIepaTyphl IpoKajku). B mporecce mponssoacTa
CBEPXYMCTOr0 OKCHJA AJIIOMHHMS HE 00pa3yeTcss TOKCUYHBIX OTXOJ0B. YCJIOBHAs cxema

MOJTYYCHHS OKCH/IA aJTIOMUHMS ITpHBeIeHa Ha pucyHke 1. [2]

Pearanr

\L Nincrunnsumns
Pnamum pacTmopenuns p”-m@ummm
Twaponna
; . Al(OH},
3 - 5 AIO{OH)
Paxranr TR NpomeseTonsei z
npoayir ety : .
€ &
< '
g2
i o
c

Bogocumera

= n

WV
Y

Ynakoona Naboparopua Nporanka Cyuxa

‘ B n-ho’ - n

Pucynok 1 — YcnoBHast cxema MosydeHus: OKCUa allOMUHUS.

Cxema npou3BOJICTBa, MpEACTaBIeHHas Ha pucyHke 1, peasm3oBana B 2010 rogy B
r. CapoB (Hmxeropoackas o6macts), OOO «HanoKopyua». Comepikanue npumecei B
MOJIYYCHHOM TIOPOIIKE OMPEAEsiId METOJIOM aTOMHO-dYMUCCUOHHOM CIEKTPOCKOIHUU C
WHIYKTUBHO CBsI3aHHOM ia3moi Ha criektpomerpe ICAP 6300 MFC Duo npousBoacTBa
Thermo scientific (CIIA — BenukoOputanus). Pe3ynbTaThl JaHHOTO HCCIIEIOBaHMS

MpUBEJIeHBI B TabuIe 1.
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Tabnuua 1- Pe3ynbTaThl HCCIEqOBaHUS MPOAYKTA TOJYYEHHOI'O AJIKOTOJIATHBIM

METO/10M

DJeMEeHT ppm macc DJIeMEHT ppm macc DneMeHT ppm macc

Li 0,01 P 0,33 Fe 0,18

B 0,36 K 0,02 Co 0,06
OCHOBA |Ca 0,08 Ni 0,02

Na 0,06 Ti 0,07 Cu 0,11

Mg 0,12 V 0,22 Zn 0,07

Al OCHOBA | Cr 0,05 Ga 0,28

Si 0,76 Mn 0,03 Cd H/J

O030p uccaen0BaHMH O CIIOCO0AM MOJYYCHUS BbICOKOYHUCTHIX MOPOIIKOB

KOpPpYHAA U3 aJJIOMUHOOPIraHHYECCKHUX COCIII/IHeHI/Iﬁ

1.1.1. T'uapou3 u30NponujiaTa aTIOMUHUSA BOASIHBIM MAPOM

[Tpomecc hazoobpazoBaHus MPU THAPOIN3E MOXKET OBITH MPEACTABIICH CICMYIOMICH

CXEMOU:

< 100°C 130°C 350°C 950°C >1200°C
AI(OR)g +H20—> AI(OH)3 — 0 —AlO(OH) —Y —A|203—> 0— A|203 — o - A|203 (11)

[Teperperpliii BOASHON Tap, MOJYYCHHBIM W3 JUCTUUIMPOBAHHOW BOJIbI, ITOJABaJIN B

. 5 16
30Hy peakuuu ¢ Temmeparypoil mopsaka 10°-10° °C. Ilo 3aBepuieHuu Tmporiecca
MOJIyYeHHBIA MPOAYKT, MPEACTABISIONINI COO0M CMECh THAPOOKUCH AIFOMUHUS U OeMHUTa

AlO(OH), nanpaBiisii Ha TEPMOOOPAOOTKY JIJIsl TTOJTYYEHHUSI TTOPOIIIKA OKCHIa AJTFOMUHMSL.
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1.1.2. "aKuakoda3Hblii THAPOIH3 U30NPONIIATA AJTIOMHUHUSA

OKkcnepuMeHTbl 1Mo kuakopasHomy rugponuszy HWIIA Obuin mpoBeneHBI Ha
YCTAaHOBKE, COCTOSIIIE M3 CTEKJISHHOIO anmnapara, CHa0KEHHOI0 MeEXaHUYECKOM
MEIIIAJIKOM U CUCTEMOM 00orpeBa.

[Iporecc npoBoMIM CASTYIOIIMMHE IBYMS CLIOCOOaMHU:

1. NITIA 3arpyxaim B peakTop W pa3orpeBaiu ero ao temmeparypbl 100-
1100 °C. 3aTem mpu MHTEHCUBHOM I€pEMEIIMBAHUM CMECH J00aBJISIIN K HEMY pPacTBOP
UTIC B Hy0 ;. ¢ KoHIIEHTpanuen 50% (Macc.). BeinenuBuryrocst TBepayto a3y cymuiu
npu 130 °C u npokanuBaiu B KBapieBbix KioBeTax npu 600 °C.

2. B pactBop UIIC B H,0 . ¢ KOHIIEHTpaLIEH 50% (Macc.) mpy HHTEHCUBHOM
nepeMelMBaHun cMecu Ao0aBisuin paciviaBiieHHbld WITA. Beinenusiiyrocsi TBEpAyrO
¢dazy cymmnu pu 130 °C u npokanusaiu npu 600 °C.

Pesynpratel muddepennmansaoro tepmudeckoro aHammsza (/[TA) momydeHHBIX
MPOIYKTOB THUIPOIW3a JBYMS METOJaMU TOKa3alid, 9TO B OOOMX Clydasx oOpasyercs
OJIUH U TOT € MPOJYKT.

Pentrenorpaduyeckuii aHanu3 NpoJyKTOB MOKa3all, YTO B pe3yibTaTe MapoBOTro U
KUAKOPA3HOTO THUAPOIU3a Ha TMEpBOM CTaguu oOpa3yeTcsi B OCHOBHOM OEMWT.
Ouporepmuueckuit 3pdekr ¢ MunumymoM npu T=500 °C coorBercTBYeT (pazoBomMy
npespaiieanto 0emuta B y-Al,Os. IToteps maccel npu stom mepexone (14,8%) noutu

CTPOrO COOTBETCTBYET YPABHEHUIO PEAKLINH:

2 ’Y-zAIO()I‘I_> y-AI203 + Hzo
120 o 102 o 18'om (1.2)

[ToTepst Macchl pekpaiaercs mpu remieparype, omskoit k 600 °C, npu KOTOpoH B
oOpa3iie  MPUCYTCTBYET MpaKTHYeCKH dHMCThIii  y-Al,O3, dYTO moATBEpKIACTCS
peHTTeHorpaMuecKuM aHATH30M.

AHanu3 TOMYYEHHBIX PE3YJbTATOB IMO3BOJSET 3aKIIOUYUTh, YTO MPE0OIIa atoniuMu

KpUCTa/NTHYeCKUMHU (azaMu B TBEpbIX oOpasiax sABsioTcs y-Al,O3 (MpOKajIeHHBIH MPH

19



600 °C) u OGemur (mponykt mocie ruaponusa mpu 130 °C) cooTBeTCTBEHHO. bemur,
00pa3yIonuics B BHIICYKa3aHHBIX YCIOBUSX, SBIACTCS PEHTIEHOAMOP(HHON CTPYKTYpOH

¢ pa3mepamu yactull MeHble 900 anrcrpem.

1.1.3. IloayuyeHHe OKcCHAA AJIOMHHHSI TEPMHYECKHM  Pa3jioKeHUEM

AJIKOroJdaToB aJIOMMHHUA

Tepmogunamuyeckue pacyersl  jaByxdazoBoi cucrembl Al— O —C—H
POBOWIM /i1 MHEPTHOM (0€3 BBOJa MHEPTHOrO Tra3a B CUCTEMY) M BOJIOPOJHOM Cpel.
M3-3a OTCYTCTBHUS JaHHBIX 0 TepMmoauHamuueckuM cBoiicTBaM Al(OR); (R=i-C3H;—s-
C4Hg) ucxomnsiii coctaB omnpenensan HabopoMm ocHOBHBIX annemeHTOB (Al, C, O, H) B
COOTHOIICHHSIX, COOTBETCTBYIOIINX MX COJEP’KAHUIO B CMECH (Ta3-HOCUTENb U aJIKOKCHU]
amtomunus). [Ipu aHanuze ocoboe BHUMaHUE ObUIO OOPAIllEHO HAa pacHpeesieHue OKCUa
ATIOMUHUS ¥ YTIIepoJia MEXIYy MPOIyKTaMu MHUpoin3a, Tak Kak Al,O3 siBisieTcs meneBbiM
MIPOYKTOM, a YIJIEPOJl — MPUMECHIO, OMPEACIIAIONICH Ka4eCTBO OKCH/Ia aTFOMUHHS.

Kaptuna paBHOBECHOr0 pacmlpeneneHuss aTlOMUHHICOAEPKAIIUX TPOITYKTOB
HE3HAYNTEIHHO MEHSIETCS C YBEIMUYEHUEM paJIMKaia aJIkoroJisiTa aJlOMUHHUS.

CpaBHUTEIBHOE paCIpeleIeHue OCHOBHBIX YTIEPOJCOACPKAIIMX MPOIYKTOB B
nuanaszone temmeparyp 673—1500 K moka3esiBaeT, 4TO B MHEPTHOM Cpejie pa3iioKeHUe
Al(OR); uaer npeumMyIIecCTBEHHO ¢ 0oOpa3oBaHHEM TBepjoro yriepojaa (oxomno 60% ot
Coow ipu T=673 K), 1 ¢ noBbIlIeHHEM TeMIiepaTypsl conepxkanue C,, yBeTUUYUBAETCA.

HccnenoBanne MpoueccoB TEPMUUECKOTO PA3I0KEHHs MPOBOIWIN Ha yCTAaHOBKE,

NpEeCTAaBICHHON Ha pUCyHKe 2. [3]
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Pucynok 2 — Cxema yCTaHOBKH JJIsl U3YUEHUSI TEPMUUYECKOTO PA3II0KEHHUS ATKOTOJISTOB AIFOMUHHUS .
1,6, 7, 8 — BeHTHIH; 2 — pOTAMETPHI; 3 — EMKOCTh ¢ 0apOoTepoM; 4 — HarpeBaTellb; 5 — IBYX30HHBIN
peakrop; 9 — xonmoawibHuK; 10 — cOopHuk; 11, 12 — mpubops! 11 u3MepeHus TeMieparypsl; 13, 14 —

OJIOK JUTS PETYITMPOBAHUS TEMIIEPATYPHI.

B BomopomHO# cpeae mpu pacraje alKorojsTOB altoMuHUsA coaepxkanue Cog
yMeHbIaetrcsi B obnactu temmneparyp 673—973 K, a yriaepo B OCHOBHOM MPUCYTCTBYET
B BHUJIC COSAMHECHMUI METaHa, MOHO- M AWOKcHaa yriaepoaa. C MOBBIIEHUEM TEMIIEPATYPHhI
YBEIIMYUBALCTCS KOMIECTBO 00pa3oBaBmierocs C,.

W3 mpuBenAeHHBIX pE3yNbTAaTOB CIEAYeT, YTO NpPH YBEIMUYEHUH YHCIAa aTOMOB
yriaepoaa B pajukane yBenuuuBaercs cojnepkaHue C,,, HO MOXHO H30eXaTh 3TOro,
YBEJIIMYUB COJEpKaHue BOJOposa B cucteme. B unrepsane temneparyp 673—973 K npu
MosibHOM cooTHomennu Hy: Al (OR); =10 n (N — yuciio aToMoB yriepoja B paJaHKae)
CoJiep)KaHHE DIIEMEHTAPHOTO YIJIEpoaa CTPEMHTCS K HYI0, a MPH TEeMIIepaType BBIIIE
973 K conepxanue C,, pe3ko yBenwmuuBaeTcs. Pe3ynbrarbl pacueTa pPaBHOBECHOTO
pacmpeneneHus yriepoa Mpu TEPMOPA3IOKCHUN aJTKOTOJISITOB aTFOMUHUS PUBEICHBI Ha

pHUCYHKE 3.
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Pucynok 3 — Pe3ynbTathl pacueTa paBHOBECHOT'O paclpeeeHHs yriiepoa Mpu TepMOopa3ioKeHu!

AJIKOTOJISITOB aIFOMUHHMS TP MoJibHOM cootHomennu Hy @ Al (OR)3 = 10, R: 1-iC3H7 , 2 — s C4Hg

1.2. Tepmuyeckoe pa3jio:keHHe 0000 YUCTOr0 HUTPATA ATIOMHUHHUS

Jlnst ompeneneHuss BO3MOXHOCTH TIONYYEHHMsS] OKCHIA aJTIOMUHUS W3 HHUTpara
QTIOMUHUSL OBUIM TMPOBEICHBI OMBITHI MO €ro paslIoKEHUI0 B IIMPOKOM HHTEpBale
TeMIeparyp.

TepMuueckoMy pa3ioKEHHIO ObUIM TOABEPTHYTHI 0Opaslbl HUTpPATa aTFOMHHHS
JUTUTENBHOTO XpaHeHus (5 ner) — (oOpaser - [) u ceexenpurorosiienHoro (odpazer - 1) B
UJCHTUYHBIX YCIOBUSX.

Ha nepuBatorpamme (oOpasua [) - HuTpaTa amOMUHUSA TSTWIETHETO CpOKa
XpaHeHHusT HaONIOaeTCs KapTWHA, aHAJOTUYHAs PE3ybTaTaM CBEXEMPHUTOTOBICHHOTO

obopasua II, B cooTBeTcTBUU ¢ PUCYHKOM 4. DTO MOXET SIBISTHCS OCHOBAaHUEM IS
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YTBEP)KJACHUS O TOM, YTO TPH JUIUTEIHBHOM XPaHCHWH B TE€PMETHYHBIX YCIOBUSAX HE
MPOUCXOANT U3MEHEHHE COCTaBa BEIIECTBA.

O6o6mast pesynbratel JTA aByx o0O0Opa3ioB HUTpaTa allOMUHUS MOXHO
MIPEATOI0KUTh, YTO PA3IOKEHUE HUTPATA ATIOMUHUS MPOUCXOIUT B HECKOJIBKO JTarnoB. B
temriepaTypHoM  uHTepBasie  64-240 °C  riybokme sHmorepMuueckue A PEKTHI
COOTBETCTBYIOT yJIaJICHUIO MEXaHUYECKU CBSI3aHHOW M KPUCTAJUIM3AIMOHHOW BOJBI, MPHU

temneparype 70-90 °C ununuupyercs nepexon Al(NO3); 9H,0 B AI(NO3); 6H,0,

040 —

003 HMT{AT Ao buemd 11

apo
HETPET A MITHITT
ops 4

-00 4

-015 H

020

T T T T T T T T T
a 200 4m g0 E=100] 1000

TeNITE A TYDa, Tpan.

Pucynoxk 4 — JlepuBaTorpaMmma cpaBHEHUSI TEpMUUECKOro pazioxeHus (oopazen I) u (oopazer II)

ACBATUBOAHOI'O HUTpATAa AJIIOMUHUS.

nanee npu temneparype 150-170 °C  HaumHaeTcsl pas3ioKEHHE HUTpaTa aJIOMUHUS C
BeiieeHreM NO,, O, u H,O. ITpu 500-550 °C npoucxoaut xpuctammmsarus y-Al,Os. [4-
7]
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1.3. 3JICKTpOXI/IMI/I‘leCKaH TEXHOJOTHA IMOJYYECHHSA OKCHIa AJIOMUHHSA

BBICOKOW YHUCTOTBI

TexHonorus Mpou3BOICTBA KOPYHAA JJIEKTPOXUMHUYECKUM CUHTE30M BKJIIOYAET JBA
ANEKTPOIN3epa, COOPHYID €MKOCTh, HACOC W KOHTYP IHUPKYJSAIHMHA SJIEKTPOJINTA.

[TpuHIMTIHATBHAS cXeMa JISKTPOJIU3HON YCTAaHOBKH ITOKa3aHa Ha pucyHke 5. [8]

0GOPOTHEII 3TEKTPOTHT

|_-P’
-

Y !

DNEKTPOIH3EP DIEKTPOTH3ED

Y

HCIIAapCHHAA BJIara SJICKTPOIHT HCITApCHHAA BiIara

COopHad eMKOCTE

Y Y

THAPOKCHI aTFHOMHHHA OCBETIICHHEI JNICKTPOIHT

Pucynok 5 — [IpuHnumnuanbHast cxema 3J1eKTPOJIM3HON YCTAaHOBKH.

IIpyHIMIT AEWCTBUS YCTAaHOBKM 3aKJIIOYAETCS B OCYLUECTBICHUM LUPKYISALUU
AJIEKTPOJIUTA BO BHEUIHEM OTHOCUTENIBHO JIEKTPOJINU3EPOB KOHTYPE M OTIEICHUU OCaJKa
TUIPOKCUIA AIFOMUHUS B COOPHON €MKOCTH.

IIponyKTOM 3JIEKTpONIM3a SBISIETCS THUAPOKCHI AIIOMHHHUSA, HO €ro OCaXKICHHUE
3aTPYAHEHO B HAYaJIbHBIN MEPUOJ M3-3a HU3KOW IUIOTHOCTH M MAJIOM KPYIHOCTH YacCTHLI.

I[J'DI YBCIIMYCHUA MPOU3BOAUTCIIBHOCTU W MPCAOTBPAIICHHA 3aCOPCHHA JJICKTPOJMU3HBIX
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BaHH MEJIKOJIUCTIEPCHBIM THUIPOKCUJIOM HEOOXOAUMO HWHTEHCUBHOE IEpEeMEIIMBaHNE
AJIEKTPOJIUTA U HEMPEPHIBHBIN 0TOOp ruapokcuaa. Hamuume cOOpHOM €MKOCTH MO3BOJISIET
MPEOA0JIETh yKa3aHHbIE TPYAHOCTH M OOECHEYUTh OOpa3oBaHUE M YIUIOTHEHUE OCAJKa
THAPOKCHIA aIOMUHHUS B  HENPEPHIBHOM peXuMe, a Takke CchopMHpOBaThH
TEXHOJIOTMYECKUM 3ar1ac.

Hcnonb3oBanne OOOPOTHOTO JJICKTPOJIHTA, TMOCTYMAOMIEr0 C (QWIbTpAUd U
MIPOMBIBKH THAPOKCHU/IA, TO3BOJISIET BOCIIONHATH TOTEPU BOABI U MUHHUMU3UPOBATh MOTEPU
comu. Jlns oOecrneueHuss ynoOCTBa TEXHUYECKOTO OOCIYXMBAaHHUSA W PEMOHTA,
NOJJIEPKAHUS HEMPEPHIBHOCTH IPOLIECCA U CHUKEHMS 3aTpaT yCTAaHOBKA BKIIFOYAET JIBa
ANEKTPOIN3€epa Ha OJHY COOPHYIO €MKOCTb.

DIIEKTPONM3Ep  NpEeAHA3HAYeH ISl TOJYyYEeHUs  THUAPOKCHUJIA  aJTIOMUHUS
AJEKTPOXUMUYECKUM  OKHUCIICHMEM  METAJUIMYECKOrO0  AIIOMHHUA.  JJEKTPOJIU3
ocyuiecTBisierca npu Ttemreparype A0 90 °C B BOAHOM COJE€BOM WIH UIETOYHOM
pacTtBope.

Baxuenmmm bakTopom, JIMMUTHUPYIOLIUM IOBBILLICHUE YAEIBHOU
MIPOU3BOJIUTENILHOCTH BAaHH, SIBISETCS UUPKYJSALMS 3JeKTpoauTa. [Ipu mioTHOCTAX Toka
nopsnka 0,04—0,05 A/cM2 u BbIlie OOBIYHAST OpraHU3AIMUS IUPKYISIIUN YK€ HE MOXKET
o0ecreyuTh HYKHOE KadecTBO ocajka. [lodToMy mNpuxoauTcs HUATH Ha HU3MEHEHHUE
KOHCTPYKIIMU BaHHBI M CO3/IaHUE TPUHYAUTEIIBHOM MHTEHCUBHOM MOAa4YH pacTBOpPA BIOJIb
MMOBEPXHOCTH 3J1EKTPoA0B. OJIHUM W3 BapUAHTOB TaKOro 0OpMIICHHS Mpollecca SBISETCS
KOHCTPYKIIMSI BaHHBI C BCTPOCHHOM CHCTEMOM IMOAa4M SJEKTPOJIUTA TMOJ HAIOpOM B
MEXKAJIEKTPOAHOE MPOCTPAHCTBO M BBIBOJIOM €r0 4YEpe3 CIMBHOE OTBEpPCTHE BaHHBIL. [Ipum
BBICOKOW CKOPOCTH JIBUKEHHS PACTBOpPA OCAJOK BBIHOCUTCS U3 BAaHHBI U OTIENSAETCS OT
ANEKTPOJIUTA B COOPHOM PacCIIMPUTENBHON EMKOCTH.

DIEKTPOIU3EP COCTOUT U3 BaHHBI, M3TOTOBICHHON U3 MOJIMATUIICHA U 3aKIOYEHHON
B CTAJIbHOW KapKac, KPEMEKHbIX 3JIEMEHTOB, MO3BOJISIONIMX YCTAaHABIMBATH 3JIEKTPOJbI B
BUJI€ YalleK B BAaHHY M PETYJIUPOBATh MEXKIIEKTPOJHOE PACCTOSHHE U IOJI0KECHUE
AJIEKTPOJIOB MO BHICOTE, U CUCTEMBbI CUJIOBBIX JIMHUM U TOKOIOJIBOJOB, 00ECIeUrBaIOIIeH

ImoaABOA TOKA OT UCTOYHHUKA ITUTAHHUA K 3JICKTPOIaM.
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DIEKTPONU3EP MOAKIIOYAETCS K PEBEPCUBHOMY HCTOYHHMKY IOCTOSIHHOTO TOKA,
MO3BOJIIIOIIEMY PETYIUMPOBATh CHJYy TOKAa HAa BaHHE M YCTAHABIMBATH MHTEPBAJ CMEHBI
ITOJISIPHOCTH BBIXOJHOT'O TOKA.

JInst  OCyIIECTBIEHUS  MHTEHCHBHOTO  INPHUHYJIWUTEIBHOIO  II€PEMEIINBAHUSA
JNEKTPOJINTA B BAHHY YCTAHABIMBACTCS TMAPABIMYECKHA KOHTYP C OTBEPCTHSMH, B
KOTOPBIN IMOJT JaBJICHUEM T0JIaeTCsl OOOPOTHBINM PacTBOP.

COopHas pacumupurenabHas eMKOCTh CIYKMT JUIsl OTIENEHHUs OCajKa THAPOKCHIA
QTIOMUHUSL OT IIOTOKAa CYCIIEH3MH, TOCTYMAKOUIEd OT JIBYX DJIEKTPOJIM3EPOB, B
COOTBETCTBHH C PUCYHKOM S, U BO3BpATa OCBETICHHOI'O 3JIEKTPOJIUTA B AJIEKTPOIU3EPHI.

[Ipuniun pasjaeneHus OTOMpaeMOW M3 AJIEKTPOJIU3epa CMECH Ha TBEPAYIO U
KUIAKYIO COCTaBILIIONIME 3aKJIIOYAeTCs B TPABUTALMOHHOM OCAXICHHHM YacTHUIL
TUAPOKCUA AJIFOMUHHUS B BOCXOAIIEM ITOTOKE AJIEKTPOSIUTA. [I0CKOIBKY OCaoK COCTOUT
W3 YaCTHUIl Pa3HOW KPYNHOCTH, U OHH UMEIOT Pa3HyI0 CKOPOCTb OCAXKJIEHMS, TO 3a CYET
pEryIMpOBaHUA CKOPOCTH BOCXOJAIIET0 IOTOKA BJIEKTPOJIUTA MOXHO O0ECHeuuTh
OCaXJICHWE KpPYIHBIX 4YacTHI, a Oojiee MEJIKHE YacTUIbl OyAyT BO3BpaIIaThCS B
ANIEKTPONIU3Ephl, rAe OyAeT MPOMCXOIUTh WX POCT U ariomepauus. B pesynbrate, B
COOpHOM €MKOCTH OYIyT OTACNISITHCS TOJIBKO T€ YACTHUIIBI, pa3Mep KOTOPBIX OyJeT OOJbIIe
KPUTHYECKOTO.

N3BecTHO, YTO MpoLECC AaHOIHOIO OKHMCJIECHHS AIIOMUHMS B BOJHBIX PacTBOpax
MPOMCXOIUT C OOPa3OBAHHEM HE TONBKO TPEXBANCHTHBIX HMoHOB Al’", HO Takke u
OJJHOBANIEHTHBIX MOHOB Al, UTO NMPUBOAMT K CHUIKEHHIO CPEIHEH BAJEHTHOCTH HOHOB
AMIOMHUHMSA. B aHOTHOW MOJSIPU3aLIMOHHON KPUBOM pacCTBOPEHMS AIFOMUHHUS U1 OJTHO-
U TPEXBaJCHTHBIX HOHOB, IPEICTABICHHOW Ha pHUCYHKE O, CBHUIETENBCTBYET 00
M3MEHEHHUH XapaKTepa MpOLECCOB, MPOTEKAIOINX HA aHOAE B 3aBUCUMOCTH OT IUIOTHOCTHU

TOKa.
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Pucynok 6 — AHOIHASI TONSIPU3AaIMOHHAS KpUBas.

IIpu MIOTHOCTH TOKa i, 40 0,008 A/cm® (yuactok I KpHBOI, B COOTBETCTBUH C
pUCYHKOM 6) TMOTEHIMAl aHoma (¢, Bo3pactaeT. [lOCKONbKY IUIOTHOCTh TOKa W,
COOTBETCTBEHHO, CKOPOCTh MpoIlecca Ha y4dacTKe | Mambl, TO THUAPOKCUA ATFOMHHHS
oOpa3yeTcsi B BUJI€ KOJUIOMIHOTO pacTBopa (30Ji1) U BU3yaJIbHO OOHAPYKUBAETCS B BHUJIE
c1aboro MOMYTHEHHSI pacTBOpa, a Ha IMOBEPXHOCTH aHoAa HaOJrofaeTcs 0oOpa3oBaHUE
ra3oBBIX ITy3BIPHKOB. OJEKTPOXMMHYECKOE PACTBOPEHHE AJTIOMUHUS TMPOHCXOIUT C
oGpasoBanmeM noHoB Al** 1 Al”, HemocTaOAs CTENCHD OKHCICHHS KOMIICHCHDPYETCS 3a
CUeT BOCCTaHOBJIEHHUS Bojaopoaa u3 BoAsl. OOpa3oBaHME BOJOPOJA CBHUIETEIBCTBYET O

3 .
I°" + H,?. PaccumranHOoe O aHHOM

pasnoxkeHun BoAbl mo peakmuu: AlT+2H" = A
peakiuu  yAeIbHOE  KOJMYECTBO  BBIACISAIONIETOCS  BOJAOpOAA K  KOJUYECTBY
00pa30BaBIIErocsi TMAPOKCHAA COCTABISICT HpuMepHO 125 cm’/r. Bomopon 6iokupyer
94acTh TMOBEPXHOCTH METaJUIa, YTO TPUBOAMT K MACCUBAIMU aHOJA W YBEIHUYCHHUIO €r0

moJrApru3a 3a CUHCT TOPMOKCHUA IIponecCa paCTBOPCHUS aJTFOMUHUAL. HpI/I OTOM H3-3a
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yMEHbIIEHUs] paboyell IO 3JIEKTpoAa NEHCTBUTEIbHAS aHOJHAsA IUIOTHOCTh TOKa
CTAHOBHUTCSI BBIIIE PACUETHOM.

Ilpu nnornoctu Toka i, ot 0,008 Alem® 10 0,015 Alem’ (yuactok II xpuBoi, B
COOTBETCTBHHM C PUCYHKOM 6) OOHaApy>KUBAEeTCA KOAryJysilius KOJUIOMJHOI'O pacTBopa M
azcopOIusl BOAOpOAa Ha oOpasylolmemMcsi B pPacTBOpPE MPOAYKTE, UYTO MPUBOIUT K
YAQJIEHUIO BOAOPOAA C MOBEPXHOCTH aHOAA. Pa3sBUTHE 3TUX IPOLIECCOB IPUBOJIUT K TOMY,
YTO B TOUYKE B aHOI MOJHOCTBIO 1€TIaCCUBUPOBAH, a ACHCTBUTENbHAS aHOAHAS IJIOTHOCTh
TOKA COOTBETCTBYET PACUETHOM.

[Ipu mmotHOCTH TOKA 1, BBIIIE 0,015 Alem? (yuactok III kxpuBO#, B COOTBETCTBHH C
pHCYHKOM 6) coBMecTHOe oOpasoBamme moHOB Al*" m Al" mpomomkaercs. AKTHBHOE
oOpa3oBaHHE€ THUJPOKCUIA ATIIOMUHHUS B PAaCTBOpPE MPUBOAUT K TOMY, YTO BOAOPOJ HE
3aKpbIBACT NOBEPXHOCTh AHOJA, U IIPH IUIOTHOCTU TOKa Bbiuie 0,020 Alem® BU3YaJbHO HE
oOHapy>KMBAeTCsl Ha MMOBEPXHOCTH aHoAa. HaumHas ¢ 3Toro MOMeHTa U Jajiee, B pacTBope
MOYHO 3aMETHUTh JHMCIEPCHBIM METAJUIMYECKUN aTIOMUHUN CEPOBATOrO LBETA, KOTOPBIN
obpasyeTcs 3a cueT AUCIIPONOPLUOHMpPOBaHHA MOHOB Al" mpu 3aTpynHeHum moxsona
Bobl K Al” uepes cioif rumpokcuia. B nanpHeinieM AUcepcHbI aTIOMUHUI OCTENEHHO
OKHCIISIETCS. B AJIGKTPOJIUTE M MpPH MOCIHEAYIOLIEH TepMHYEecKoM 00paboTke ocajka
TUAPOKCHUAA ATFOMHUHHUS.

Takum  oOpa3omM, Ha  OCHOBAaHMM  IOCTPOCHHOM  BKCHEPUMEHTAIBHOU
MOJIIPU3ALIMOHHOW KPHUBOM, B COOTBETCTBHUHM C PUCYHKOM O, ONPENEIIEHO 3HAYEHUE
noreHnuana anona —0,47 B (nmokazano nmynktupoM) npu pH pacTtBopa B NnpuaHOIHOM
IIPOCTPAHCTBE 7.

Ha xarone npoucxoauT 21eKTpOXUMHAYECKOE BOCCTAHOBICHHE NOHOB BOAOPO/A U, B
pe3yapTare, HaKOIUIEHWE THAPOKCUA-UOHOB B IIPUKATOMHOM npocTtpaHcTBe. Karomnas
MOJISIPU3ALIMOHHAS. KpUBasi IPEACTABICHA HA PUCYHKE 7. CIUIOIIHOM JIMHUEN U YKa3bIBaET

Ha AJIEKTPOXUMHUYECKUIN XapaKTep NOJISpHU3aALIUH.
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Puc. 7 — Katonnas nonsipuzauroHHasi KpyUBasi.

[To mOCTpOCHHOM SKCHEPUMEHTAIBHON TOJAPU3ALUOHHON KPUBOW OINPENECITICH
MOTEHIIUAJl KaToja, KOTOphIi coctaBisier —1,66 B (mokasano mynktupom). Cremyer
Y4E€CTh, 4YTO, BO-NEPBBIX, pH »3nekTponuTta B MPUKATOAHOM MPOCTPAHCTBE BO BpEMS
skcriepuMmenTa paBeH 14. Ilpu Takom pH mnoreHnman BbIIENEHUS BOAOPOJA CHIBHO
ornnyaercss oT craHgaptHoro (@° = 0B) u cocraBmser —0,826 B. Bo-BTopbIX,
MepEHAINpPSKEHUE BOJOPO/A HA AIIOMUHHMM 3aBUCHUT OT IUIOTHOCTH TOKAa M €lie OOoibIne
CABUTAET MOTEHIMAJ KaToJa B OTPUIATENbHYIO CTOPOHY. C ydyeToM BIMSHUSA 3THUX ABYX
(akTOpOB TMOCTPOCHA pacyUeTHAs MOJISIPU3AIIMOHHAS KpHWBas BBIIEICHUS BOAOpPOAA Ha
amomuauu nipu pH = 14. Drta kpuBasg mokazaHa Ha PUCYHKE 7. MPEPBIBUCTOW JIMHUEH.
OTnuune SKCIEPUMEHTAIILHOW KPHUBOW OT pacyeTHOM OOBSCHAETCS NPUCYTCTBUEM B
anekTponute KartuoHos Na'. Ilpu 3ToMm monspusanmus KaToja YBEIMUMBAETCS, U KPUBAs
CABUTAETCSA B OTPULIATEIIEHYIO CTOPOHY.

B pesynbrate 3IEKTPOXMMHYECKUMX MPOLECCOB OOpa3oBaHHUS THUIPOKCHIA
ATIOMUHHS Ha AaHOAE M BBIACJIEHHS BOJOPOJA HA KAaTOAE MPOUCXOJUT CHHKEHHUE

KOHIOCHTPpAIUHN THAPOKCHUA-MOHOB B IIPHWAHOJHOM IIPOCTPAHCTBC MW HAKOIIJICHHUC B

29



npuKaTtogHoM. ClenoBaTeNbHO, HPH SJIEKTPOJIU3E HEMPEPBIBHO NPOUCXOIAUT IEPEHOC
nono OH™ or karoza x aHofy. B 5ToM mporecce yuacTByIoT KaTHOHbI Na ',

ITockonpky pH y moBepxHOCTH KaTtofa paBeH 14, a y HOBEPXHOCTH aHOJA PaBeH 7,
TO CYIIECTBYET 3HAYUTEIBHOE IIPEBBILICHHUE COAEPKAHUA THAPOKCUI-UOHOB B
NPUKATOAHOM TMpocTpaHcTBe. Jlias oOecmedeHus d3IEKTPOHEHTPaTbHOCTH pacTBopa
IIPOMCXOUT TaKke Iepepactpenenenre nonoB Na® u Cl: comepxkanue kaTuoHo Na™ B
IPUKATOJHOM IPOCTPAHCTBE CTAHOBUTCS PAaBHBIM cojiep:kaHui0 aHnoHoB OH , a aHnOHBI
Cl” xomnencupyioT 3apsj katnoHoB Al3" B npuanognom npoctpanctse. Takum o6pasom,
CO3/aeTcsl MEPEHOC 3apsija MOHAMH, a TakKKE HAIPABICHHOE JABUKCHHUE BEIIECTB W3
IPUAJIEKTPOAHBIX IPOCTpaHCTB BriryOb AntekTponuTta (NaOH u3 npukaronnoro u AlCl; u3
MPUAHOJHOI0) U UX B3aUMOJICUCTBUIO B TOYKE KOHTaKTa ¢ OOpa3oBaHUMEM TUAPOKCHIA
amoMuHNs. BricBoboauBImecs nonbl Na' 1 ClI” BHOBb y4acTBYIOT B HEpEHOCE 3apsAaa 1
obecrieueHH MPOTEKAHMS JJIEKTPUUECKOr0 TOKA 4Yepe3 2JIEKTPOIUT: KaTuoHbl Na'
IBWOKYTCS B HaIpaBJICHUH KaToAa, a aHuoHbl Cl — B HampaBleHUU aHOAA.

B pesynprate AMHAMHYECKOTO PABHOBECUS IIEPEHOCA HMOHOB M HEWUTPAIBHBIX
BELIECTB B 3JIEKTPOJIUTE, CXEMAaTHYHO IPEACTaBICHHOIO HA PUCYHKE &, B NPUKATOAHOM
IPOCTPAHCTBE U B 00bEME AIEKTposinTa Bo3HUKAeT u30bITok NaOH. OTMmedeHo, uyTo npu

MMPpOOOJIZKUTCIbHOM BCACHUHU JJICKTPOJIN3d 3HAYCHUC pH B 00BEMeE QJICKTPOJIUTA JOCTUT'ACT

10.

AP Cl Na~ OH™

AlC, NaOH

Al(OH);

Pucynoxk 8 — Cxema TMHAMHYECKOTO PABHOBECHS B 3JIEKTPOJIUTE.

[Tockonbky mpu pH > 10 pe3ko Bo3pactaer pactBopumoctb Al,Oz B amekTponure, a
npu pH > 12 cTaHOBATCS YCTOWYMBBIMH THAPOKCOKOMIUICKCHI ATOMUHHS, HAIpUMEp
[AI(OH),] , To n36pITok NaOH HaunHaeT pacTBOPSITh OKCUIHYIO IUICHKY Ha TIOBEPXHOCTH
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Katojla ¢ oOpaszoBanueM Terparuapokcoanmomunara (III) watpus Na[Al(OH),]. bes
3alIUTHOM IUICHKH METAJUIMYECKU AIIOMUHUNA JIETKO B3aUMOJEWCTBYET C BOJOU C
o0pa3oBaHUEM THUIPOKCHIA, a TIPU HEXBATKE BOJBI 32 CUET BBHITECHEHUS AJIEKTPOJIUTA C
MOBEPXHOCTH MeETallJla YacTHYKaMH TBepAod ¢a3el — ¢ o00pa3oBaHUEM OKCHAA
ATFOMUHUSA, (DOPMHUPYIONIET0 HOBBIN 3aIIUTHBIN CITOM.

[Ipu cumwxenun pH Na[Al(OH),] Oymer pacmamatrbcsi, Cl€IOBAaTEIbHO, €ro
oOpa3oBaHue crabmwimsupyer pH anekTponuta u NPUBOAUT K yCTOWYHMBOMY MPOTEKAHUIO

XUMHUYECKOT0 TIpoliecca pacTBopenus karoga [9, 10, 11].

1.4. Cnoco® mojydyeHMs] KOPYHJAAa IMyTeM MeXAaHOXHMHYECKON AKTHBALUM H
KPHOXMMHUYECKOH 00pad0TKHM Pa3IMYHBIX COCJMHEHUN AJIOMHUHHSA C MOCJIEe1YHIHM

TEPMOJIN30M

Cpenu M3BECTHBIX CHOCOOOB  YBEIHUYEHHSI PEAKIIMOHHOM CIIOCOOHOCTH W
AKTUBHOCTHM TBEPABIX TEI OJHO M3 TNEPBbIX MECT 3aHUMAET MEXAHOXUMHUYECKas
akTUBaUug. MHOrOYMCIEHHBIE UCCIENOBaHUS MOKAa3aly, YTO MPOLECCHI, COCTABISIOIINE
CYITHOCTh MEXaHOXMMHUYECKON aKTHUBAIIMHM, MOTYT OBITH MPOBENCHBI IMOJ BO3JICHCTBHEM
KaK MEXaHMYECKOW, TaKk U JAPYrux (QopM sHepruu (TEPMOXUMHUYECKOH, pagualiioOHHO-
TEPMUUYECKOM, IMJIA3MOXUMHUYECKOU, J1a3€pPHOI0 H3JIYYEHHUS, KPUOXUMUYECKOU U 1p.),
KOTOpPBIEC OCTA0JISIOT CBSI3U MEXK]y YACTUIIAMHU U BHICBOOOXKIAIOT HOBBIE TOBEPXHOCTH. Bo
BCEX 00JIACTSIX MEXaHOXMMHUHU TEXHOJOTMYEeCKUM A(hPEeKT aKTUBALIMK JOCTUTAETCS 32 CUET
OTKJIOHEHUSI BHYTPEHHEM OSHEPruu Cpelbl OT TEePMOJAMHAMUUYECKUX PaBHOBECHBIX
3HAQUEHUN TMOJ JACHCTBUEM BHEIIHMX CHJI, BO3OYXKIEHHSI JJIEKTPOHHOM MOJACUCTEMBI
TBEPIOrO Teja, TCHEPUPOBAHUS TOUYEHHBIX Me(HEKTOB, MPHUIAHUS MOJEKYJIaM BEIIECTBA
JOTIOJTHUTENIbHOW AHEpPruu. B Kpuoiau3ze XUMHUYECKHE MPEBpAlICHUS MPOUCXOASIT MOJ
JCMCTBUEM 3aMOPaXKMBAaHUS M JAJIBHEHIIErO pa3MOpPaKMBaHUS BELIECTB. B pesynbprare
MIPOBEJEHUS KaK MEXAHUYECKOM, TAK U KPUOXUMUYECKON aKTUBALIMKM PA3JINYHBIX BEILECTB
MPOUCXONAT TIyOOKHE HW3MEHEHUsI WX CTPYKTYpbl, cOocTaBa U CBOWCTB ((a3oBoe,
JTUCTIEPCHOE U CTPYKTYPHOE COCTOSIHUS), TIOBBIIIAIONINE UX PEAKIIMOHHYIO CIIOCOOHOCTb.

bbulo mokazaHo, 4YTO TPU HUBKUX TEMIEparypax CO3Jal0TCs OcoOble yCIIOBUS,
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MO3BOJIAIOIIME TOJIydaTh B aMOP(HOM COCTOSSHUM BEIIECTBA, KOTOPbIE B OOBIUHBIX
YCJIOBUSIX CYHIECTBYIOT B KpUCTaTM4eckoM Bujie. OCHOBHasl Hjiesl KPUOJIM3a COCTOUT B
MOJIYYEHUH OJIHOPOJHBIX KOMIIOHEHTOB C BBICOKOM JUCIEPCHOCTHIO U (PUKCHUPOBAHUU
OOJIBIION TOMOT€HHOCTH UCCIEAYEeMbIX BemecTB [12].

OCHOBHbBIE TPUMECH, COAEPNKAIIMECS B TEXHUYECKOM THAPOKCHUAE ATIOMHHUS U
TEXHUYECKOM  TJMHO3E€ME€, YCIOBHO  TOJPA3NEISAIOTCS  HAa  aJIcoOpOMpOBaHHBIC
noBepxHOCThIO yacTui] AI(OH); u Al,O3 n ormbiBaeMbie Bo1o# (R;Oqyy ), HE OTMBIBaEMBIC
BOJIOM OCTaTKU MAaTOYHOI'O QJIOMHUHATHOTO PAacTBOpA, 3arOJHSIONIET0 MEKKPUCTAIBHOE
IPOCTPAHCTBO B cpOCTKax KPUCTAIIOB (RyOyeory.), 1 HE PACTBOPUMBIE B BOJIE IIEJIOUYHbBIE
coenuHeHUs (RyOyepacrs.), BXOISAIUE B COCTaB I'MAPOATIOMOCHIMKATOB HATPHA M Kanus. B
pesyabTare pazpyuieHus cpoctkoB kpuctawioB Al(OH); u Al,O; B mpomecce wux
KpUOXUMUUYECKON 00paboTku miesnounbie coeMHEHUsI RO gy U RoOyeory. IEPEABUTAIOTCS
Ha MOBEPXHOCTh KPHUCTAJLIOB, C KOTOPOM YAAISIOTCS NPU NPOMBIBKE BOAOW. IIpmumny
XUMUYECKUX U3MEHEHUM, MPOUCXOMSINIMX B CHCTEME IIOCIE 3aMOpPaKMBAaHUS U
pa3sMOpaXWBaHUS, CBS3BIBAIOT C TMOTJIONICHUEM YIPYrod HSHEPTHMH W O0pa3oBaHUEM
aKTUBHBIX  YaCTHI],  CHOCOOHBIX  HMHHUIIMMPOBATH  XUMHUYECKHE  MPEBPAIICHHUS.
Kpuoxumuuaeckasi 00paboTka CO3/1a€T B CUCTEME OIPEAETICHHYIO CTEIEeHb MEePEChICHNUs,
Oyrarogapsi 4eMy 4acTHUIIbI KPHOXUMHUUYECKH 00pabOTaHHBIX MPOO 00J1a7at0T N30BITOYHOM
sHeprueil. Ilpu oxnaxaeHUHW g0 HU3KUX TEeMIIepaTyp MNPOUCXOAUT KPUCTATITU3ALIMS
CBSI3aHHOW BOJIbI, HAXOJSIICHCS B MEKMUIEIUISIPHOM MPOCTPAHCTBE U MUKpoAeheKTax
YaCTULl ATFOMUHUHCOIEPKAIIUX COEAUHEHNM.

[Ipoucxondinee ymnpoyHEHUE KOHTAKTOB MEXJY KpUCTAIAMU M peJaKcalus
BO3HUKAIOUIMX NPU 3aMOPAXMBAHUU HAIPSHKEHUM, MNPOUCXOAsIIas MPU MOBBIINICHUU
TEeMIIepaTyphbl, CIOCOOCTBYIOT YBEIMYCHHUIO MPOYHOCTH OOpa3yroOMIerocss KOpyHA.
3aMOpOKEHHBIE TIOCJIE OTTAWBaHUS OO0pa3ylOT KOMIUIEKCHBIC CTPYKTYphI, a TMpHu
BoicymuBanuu Tipu 110 °C  OHM YIJIOTHSIOTCS C Tpeo0pa3oBaHUEM B TOPHUCTHIC
HEOpraHU4ecKue noaumepsl. TepmMudeckasi CTaOMIBHOCTh aMOP(HBIX OKCHIOB aTFOMUHMUS
B npezenax 250-800 °C oObsacHseTcss uX MOP(OIOrHIECKUM U AUCTIEPCHBIM COCTaBaMH, B
4acTHOCTH, Teopuer mnepechiieHusi PorumHckoro. KpuocuHTe3 mpekypcopoB MO3BOJIHII

CHU3UTH TeMIlepaTypy Kpuctaumszauuu kopyHaa Ha 500 °C mo cpaBHEHHIO C
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TPaJMIIMOHHON TPOMBILITIEHHON TexHosnorueil. Temmeparypa 1025 °C, npu kotopoi
NPOMCXOIUT OKOHYATENIbHOE (OopMHUpOBaHUE KpHCTALIHUECKOW CTpyKTyphl o-Al,O3,
cootBercTBYeT Temmeparype Tammana (Tt = 0,5 T,,;,), Ipu KOTOPOI MOIBMKHOCTH YaCTHIT
B Kpuctaummieckoi pemierke y-Al,O3; akTUBU3UpYyeTCs, MPOUCXOIUT PE3KOe CHIDKEHHE
KKYIIEUCS] SHEPrUU aKTUBAIlMM U YBEIWYEHHUE CKOPOCTHM OKOHYATEIHBHOTO U TMOJHOTO
nepexoya Hu3koremieparypusix Gopm y-Al,O3 B a-Al,O3 [13].

Takas mexaHOocOpOLIMOHHAA aKTHBALUS KOPYyHAA MPEJOTBpAIaeT O0O0pa3oBaHUE
XUMUYECKHX cBsizeld mexay vactuniamu o-Al,Os, a crnemoBarenbHO, WX YKpPYIHEHHE U
N€3aKTUBALMI0, U CIOCOOCTBYET TMEPEeBOAY MX B HEPAaBHOBECHOE COCTOSHHE,
XapaKTEepPU3YIOIIeecs TMOBBIIIEHHOW PEAKIIMOHHOW CIOCOOHOCTBIO U YIYYIIEHHBIMU
IJIACTUYECKUMHU CBOMCTBAMU. XHMHUYECKasl OJHOPOJHOCTb, YHUCTOTA, AKTUBHOCTh U
BBICOKAsl JUCIEPCHOCTh IOJIYYAa€MbIX [0 KPUOTEXHOJOTHHM IMOPOIIKOB MPEKYPCOPOB
MO3BOJISIIOT CHU3UTh JHEPro3arpaThl Ha HMX TEPMUUYECKYIO OOpabOTKy, HW3MeNbYeHUe
KOpyHJAa ¥ B [AJIbHEHIIEM TMPOBECTH AKTUBUPOBAHHOE CIIEKAHWE KOPYHIOBBIX

KepaMHYECKHX CMECeH B MATKHX ycioBusx [14, 15].

1.5. TexHosorusi rUAPOTEPMAJIBLHOI0 OKHUCJEHUS] AJTIOMHHHSA € MOCJIeayomen

TEePMHUYECKOIl 00padoTKOM

B nactosiiiee Bpemss B OObEAMHEHHOM HHCTUTYTE BbICOKMX Temmeparyp PAH
pa3padaThIBaeTCs albTEPHATUBHASI TEXHOJIOTUS THAPOTEPMAIBHOTO OKUCIEHHS ITOPOIIKOB
QIIOMUHUS JUIsl TIOJIYYEHHsI BBICOKOYMCTOTO KOPYHJA, INPUTOAHOrO IS BbIpalllMBaHUs
MOHOKPHUCTAJIIOB JieiiKocandupa.

JUiss  OKHMCIIEHHs IIOpPOIUKOB  QJIFOMHHHUSI  MCIIOJIB3YETCSl  KOT€HEpalMOHHAas
sHepreTuyeckas yctaHoBka KOVY-10, ocHOBHBIE 371€MEHTHI MPEACTaBICHbl HA PUCYHKE 9.
KntoueBbIiM 3BEHOM JKCIEpUMEHTAIBHOM ycTaHOBKM KOVY-10 sBisiercs peakTOpHBIN
0JIOK, B KOTOPOM B p€3yJIbTaT€ OKHUCJIEHHS MUKPOHHBIX MOPOIIKOB aJTIOMUHHUSA B Cpele
BJIQXKHOTO HACBIIIEHHOIO BOJSHOTO Mapa oOpa3yeTrcss BOJIOpPOJ U BbIpaOaTbiBaeTCs
TerioBas JHeprud. B KadecTBe SHEPreTHYecKoro YCTpPOMCTBa, YTUIU3HPYIOUIErO

Bozmopoa, B KOV-10 Obu1 BeIOpaH aieKTpoXUMHUYECKHil TeHepaTop. ['eHepupyemas B
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MIOCTOSTHHOM TOKE DJJIGKTpUYECKasl DHEPrusl IOAAeTCs B CHUCTEMY TNpeoOpa3oBaHUS W
pacmpeneneHuss DIEKTPUUECKOW DJHEeprHH. YCTaHOBKAa CIOCOOHAa  OOecreuynBaTh
aBTOHOMHYIO pa0OTy, HE 3aBHUCAIIYI0 OT BHEIIHETO JJICKTPOIUTAHUS  BCETO
AKCIIEPUMEHTAIFHOTO KOMIUIEKCAa. 3amyCK W BBIBOJ YCTAHOBKM Ha pabouuii pekKUM
OCYIIECTBIISIETCS. ¢ TIOMOIIBIO OJIOKa aKKyMYJISITOPHBIX Oartapei, KOTOPBIA MO3BOJIIET HE

XPaHUTh BOJOPOJ HAa OOPTY YCTAHOBKH B PEXKUME OXKHIAHUS DJIECKTPUUCCKON HATPY3KH

[16].

—BP

— OXI

Pucynok 9 — Peakropssrii brok: 1 — cmecurens, 2 — 103aTop IOpoIiKa, 3 — HacoC A03UPOBAHUS BOABI, 4 —
0aK TUCTUIUIMPOBAHHOM BOJIBI, 5 — TO3UPOBOYHBINA HACOC BHICOKOTO JABJICHHUS, 6 — peakTop, 7 — KanaH
NEPEMEHHOT0 CeYeHHs, 8 — OECKOHTAKTHBIM JaTUYUK ypoBHS, 9 — 6apbotep, 10 — ocymmrens Bogopona,

11 — cbopHHKHU KOHIIEHCaTa, 12 — TermnooOMeHHbIH anmapat, 13 — 6ak BoJsl oxJaxaeHus, 14 — Hacoc
BO/JIbI OXJIKJICHUS, 15 — eMKOCTB IpueMa OKUCIIOB aTlOMUHUS, 16 — M3MEpPUTENH BIAXXHOCTH BOJIOPO/IA;
Tyi...Tys, T1...Tg — naTunku Temnepatypsl, Py...Ps — natuuku masnenus, L;...L3 — maTuuku ypoBHs.

OK1...0OKS8 — orceunsie knanansl, ObK1, OBK2 — oOpaTHbIe KIanaHbl.

PeakTopHbIil OlOK M €ro NpUHIUNMAIbHAS CXE€Ma MPEACTABIEH Ha pHUCYHKEe 9.
HenpepsIBHBI mpoLiecc IMONYy4YEHUs BOAOPOAA U TEIUIOBOW DJHEPrMM OCHOBAaH Ha
HETIPEPBIBHOM IoJjaue B peakTop (00beMoM V,=7,57 J1) HCXOAHBIX PEAreHTOB — BOJABI U
QIIOMUHUS, U OTHOBPEMEHHOM BBIBOJI€ U3 PEAKTOPA €ro MPOJYKTOB PEAKIMH — OKHCIIOB
AIIOMUHUS M BOAOPOJA. AJIFOMHUHHUEBBIN MOPOIIOK B PEAKTOP MOJAETCA B BUJIE CYCIIEH3UU

C BOI[Oﬁ B 3aJlTaHHOM MAaCCOBOM COOTHOIICHHWH M3 CMCCUTCIIA, KyJa AJTIOMUHUU IMOoCTyMmnacT
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u3 OyHKepa J103aTopa MOpOIIKa C MOMOUIBIO JO3MPYIOLIEro IIHEKOBOIO yCTPOMCTBA, a
BOJIa C MOMOIIBIO JO3UPYIOLIEro Hacoca MOCTynaeT U3 0aka JUCTUIUIMPOBAHHOW BOJIBI.
YpoBeHb CyCIleH3UM B CMECHTeNe B XoJae HempepslBHONH paborel KOV-10
NOJJACPKUBACTCS B 3aJaHHBIX MpejeNiax ¢ MOMOIIbI0 Jaryuka ypoBHs. Heobxomumoe
MacCOBOE€ COOTHOIIEHHE BOJIbl W aJIOMHHHMS B CYCHEH3MHM JIOCTUTAEeTCsl 3a CYeT
MpEABAPUTEILHON HACTPOMKM YaCTOTHBIX PEryJIATOPOB JBHUraTeieid COOTBETCTBYIOLIHUX
TO3UPYIOIINX YCTPOUCTB.

N3 cmecuTenss B peakTOp CYCHEH3HUsl HENPEPBIBHO IMOJAETCA C IOMOIIBIO
JO3UPOBOYHOI0 HACOCa BBICOKOrO AaBiieHUs. [IpOayKThl peakiuu BBIBOIATCS CBEPXY U
cHU3y peakTopa. CBepXy peakTopa BBIBOAMUTCS MMAPOBOAOPOAHAS CMECh, CHU3Y — BOAHAs
CYCIIEH3USI TBEPABIX MPOJYKTOB OKHUCIEHUs. Bbicokas cTeneHb NMpeBpallleHus] aTlOMUHUS
JOCTUTAETCS 3a CYET HEOOXOAUMOM BBIAEPKKH €ro BHYTPH 00bEMa IyJbIbl B PEAKTOPE.
Heo6xoaumplil 00beM MyJIbIIbl B PEAKTOPE MOAAEPKUBACTCS C TTIOMOIIBI0 OECKOHTAKTHOTO
JaT4YMKa YPOBHS, KOTOPBIM YIpPABJISET BBIBOAOM NPOAYKTOB CHHU3Y peakTopa. BriBox
[IapOBOJOPOJHON CMECH CBEPXY PEAKTOpa OCYLIECTBISETCS C MOMOILBIO YIPABISIEMOIO
KJIAIlaHA IEPEMEHHOI0 CEUYEHHSI.

CMech BOJSHOTO TIapa U BOJOPOJia U3 peakTopa MoJaeTcsl B TEINIOOOMEHHbIN anmapar,
B KOTOPOM OHa IMEpeJacT CBOE TEIUIO BOJE OXJaXAEHUA. Temno, MNOJy4YEeHHOE B
TEMI000MEHHOM arnapaTre, UAeT Ha HarpeB BOJbl OXJIAXKJEHUS W HArpeB MOMEIICHUS C
NOMOIIBI0  KanopudepHoro ycrpoiictBa. M3 TemnooOMeHHOro armmapata BOAOPOI U
KOHJEHCUPOBAHHAS BOJA MOCTymHarT B 0apboTep, OTKyla BOJOPOA 4epe3 OCYIIUTETh
MOJIaeTCd Ha JJIEKTPOXMMUYECKHM TEeHepaTop M BOAOPOJHYIO pammy, a Boja
NepuoANYecKd cOpacbiBaeTcsi B COOpHUK KOHJEHcaTa. TBepable MPOAYKTHl PEaKIUU
BBIBOJISITCSL U3 PEAKTOpa B €MKOCTh MPHEMA OKHUCIOB amtoMuHusA. OOpasyromuiics npu
3TOM BOASHOM TMap TMOCTymaeT B TEIUIOOOMEHHBIM ammapar, Hu3 KOTOpPOro
KOH/ICHCUPOBAaHHAs BOJAA CIMBAaeTcsi B COOpPHHMK KOHJEHcaTa M BO3Bpallaercsi B 0Oak
JUCTUJUTUPOBAHHOMN BOJBI.

B kauecTBe UCXOIHOTO CBHIPBA JIsl HAPAOOTKU 0OPA3IOB (.-OKCHA ATIFOMUHUS BEICOKOM
YUCTOThl MCMOJB30BAJCA OKUCTHUAPOKCHI altOMUHUA (OEMUT), TONy4EHHBIH Ha

JKCIEpPUMEHTANbHOM ycTaHOBKE KOV-10 mnyrem rTuUapoTepManbHOrO  OKHCIEHUS
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amromuaus 1ipu temrneparype 300-550 °C u naBnenuun 15-20 MlIla. [Ins nmonyueHust Bcex
00pa3LoB MOPOILKa 0-OKCHJA AJIFOMUHUSL MCIOJIb30BAJICA OEMUT, HApaOOTAaHHBINA B XOJI€
DKCHEPUMEHTA. TEXHOJOTMYECKHM IPOLECC ITONYYEHHsI KOpYHIAa COCTOMT H3 4-X

OCHOBHBIX CTaJIUM, IPUBEACHHBIX Ha pucyHKe 10.

H>O
OxcHIO
CycheHsHa a B OxcHIO
2|—» Bemuar __, | 3 4|
GeMHTA H BOIBI T ATIOMHHHA aJmEItPIEm
Al

AHAJIH3 AHAJIH3

Pucynok 10 — TexHosI0THS OTYYEHHsS] KOPYH/Ia BBICOKOM YHUCTOTHI: 1 — ruApOTEpMaibHOE OKHCIIEHUE

AHAJIH3

ATFOMUHYS (TIOTYYCHHE OKCHTHAPOKCHIA AIIOMHHHS - OeMHTa); 2 — OTJeNeHne OeMuTa OT BOJBI, 3 —
yIaJeHHe KPUCTAJUIU3AIIMOHHON BOJBI M3 OEMUTa B My(ENbHBIX Mevyax (MOJIy4eHHe OKCHJIA aTIOMUHUS);

4 — BakyyMHOTepMUYecKasi 00paboTKa OKCH/Ia ATFOMUHUS B BAKYYMHOM MEYH.

[Ipy ruapoTepManbHOM OKHUCJIEHUM aIIOMUHUS B BOAE WJIM BOASHOM TIlape B
3aBUCUMOCTH OT TEeMIEpaTypbl M JABICHHUS MPOLIECC OKHCICHUS MOXET MPOTEKATh IO
OJTHOM M3 TpeX peakiuil TUO0 OJHOBPEMEHHO IO BCEM TPEM PEAKIUAM, HO C Pa3IuYHOU

HHTCHCUBHOCTBLIO UX ITPOTCKAHUA

2A| + 3H20 - A|203 + 3H2, (13)
2Al + 3H,0 — AI(OH); + 1,5H,, (1.4)
Al + 2H,0 — AIOOH + 1,5H,. (1.5)

DU3MKO-XUMHUYECKOE IPCBpAIICHUC OemuTa B pOoLECCCE NPOKAIMBAHMA .

2AI0O0H — (X-Alzo;g + HZO (16)

OOpa3upl 0-OKCHIA AJTOMUHHUS BBICOKOM YHUCTOTHI M3 OE€MHTa MOJY4arOTCs B JIBE
craauu. [lepBas cTaaus: npoKaJlMBaHUE HABECKH MOPOIIKAa OEMUTA B KOPYHIOBOM THIJIE B
My(enbHOM Meyn Ha BO3JyXe; BTOpas CTajMs: MNPOKAJMBAaHUE IMOJYYEHHOrO Ha MEepBOU

CTaJIMY TIOPOLIKA OKCH/IA aTIOMUHUS B BOJH()PaAMOBOM THUTJIE B BaKyyMHOM meun. [17, 18]
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2. IIpoBeieHHe MATEHTHBIX UCCJIEI0BAHUI

OG630p mnareHTHOM uUHQOpMAIMU TpeOyeTrcss ISl OLICHKU O00beMa U YPOBHSA
UCCIIEIOBAaHUM B 00JIaCTH pa3pabOTKU METOJIOB MOJIYUYEHHUSI OKCUIOB aIFOMUHUS BBICOKOM
YUCTOTBHI.

Ha cerogusiiHuil 1eHb BeIyIIMMHU CTpaHaMU B JaHHOW obOyiactu sBIstOTCS Kuraid,
CHIA u Esponeiickuii Coro3. B kadecTBe cTpaH moucka BbIOpaHbI UMEHHO 3TH CTPaHBbl.
[Touck mo CCCP u P® sBnsiercst 00s3aTeNbHBIM.

JlJisi OLIEHKM OCHOBHBIX TEHICHIIMH B 00JIACTH MPOU3BOJICTBA OKCHA ATIOMUHUS
BBICOKOM YUCTOTHI OBLIM PACCMOTPEHBI PaOOTHI, OMYOJUKOBAaHHBIE B T€UEHUE MOCIETHUX
30 ner, Tak KaKk JaHHOE HAMpPaBJICHUE MOJYYHIO CEPhE3HOE PA3BUTHE TOJIBKO B TOCIEIHUMN
nepuoa BpeMeHU (POCT MPOU3BOACTBA YCTPOWCTB C HCIOJIb30BAHUEM CHUHTETUUYECKUX
carndupos).

Jlisg moucka maTeHTHOM HH(OpMalMM akTUBHO HCIONb30Balcs MHTepHET, 4TO
MO3BOJIMIIO YBEIHUUTH 3()PEKTUBHOCTD U CKOPOCTH IMOMCKA HEOOXOUMBIX JTAHHBIX.

ITouck mareHTOB, 3apeructTpupoBanHbiX B Pocculickon denepanuu, npoBOAUICS MO
AJIEKTPOHHBIM 0a3am JaHHbIX DenepanbHOr0 MHCTUTYTA MPOMBIIIEHHONH COOCTBEHHOCTH
(anexTponnblii pecypc http://www.fips.ru) u banka marentos (http://bankpatentov.ru).
[Touck 3apyOeXHBIX MATEHTOB M 3asBOK OCYIIECTBIISIICS C MOMOIIBI) HHTEPHET-CANTOB
WWW.Wipo.int 1 Www.uspto.gov. I1pu noucke ObUTM OTOOPaHBI MATEHTHI 3a epuoj ¢ 1994
r. mo 2014 r. B kauecTBe KJIIOUEBBIX CJIOB /I MOWCKAa MATEHTHBIX MaTepuajioB ObLIU
BBIOpaHbI CIIEYIOIIME CJIOBA M CJIIOBOCOYETAHUS: «KOPYH]I BBICOKOM YHMCTOTBI», «OKCH]
ATFOMHHHS BBICOKOW YHCTOTBI», «high-purity alumina», «aluminium oxide». Ilo atum
KIIFOUEBBIM cjioBaM ObLI0 HakjgeHo 2074 3asBkM, U3 KOTOpBIX oToOpaHo 28. bruio
MPOBEJICHO CPABHEHHE OTOOPAHHBIX MATEHTHBIX MATEPUATIOB C IEIbI0 HCKIIOUYCHHUS
MMOBTOPOB.

Ha ocHoBanuu Oubnuorpadguueckux [aHHBIX K TATEHTaM OBbUIA BBISBJICHBI
clenyronme Beaymue GUupMbl — pa3padOTUYUKHU:

1.  Shandong Gemsung Technology Co., Ltd (Kuraii): 3 naTenra;

2. Tsinghua University (KuTaii) : 3 narenTa;
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3. China Shenhua Energy Co., Ltd (Kuraii): 2 nateHra;

4. Atlantic Richfield Company (CIILIA): 2 narenTa.

Ha ocHoBe aHamm3a NATEHTHBIX MaTepHaioB Obul C(HOPMHPOBAH MEPEUEHB
TpeOOBaHMII K METOAY IMOJYYEeHUS OKCHIA ATIOMUHHUS BBICOKOW YUCTOTHI. OCHOBHBIMH
TpeOOBaHUSIMU  SIBISIOTCS:  TOBBIIMIEHUE XMMHUYECKOH  YHMCTOTHI  MPOAYKTOB |
3G(GEeKTUBHOCTH HX TPOU3BOJACTBA, a TaKXKe CHIDKEHHE CTOMMOCTU MPOU3BOACTBA
enuauIbl  nponykra.  CdopmynupoBaHHbld  npoduiab TpeOOBaHMN MOXET OBITh
UCIIONIb30BaH I OUEHKH dJ(P(HEKTUBHOCTH pa3padaTbIBa€MbIX METOJIOB U HUX
KOHKYPEHTOCIIOCOOHOCTH, a TaKxKe JIsl 0TOOpa HauboJsee MepCrneKTUBHBIX MPOLEIYp s
ucnoap3osanus B [THU.

[lyrem ananuza OubOaMOrpadUyecKuxX MaHHBIX K TMaTeHTaM ObLIM BBISBICHbI
BEAylIUE  OpraHu3aluu-pa3padoTyuku. OCHOBHasg JA0Js HCCIEJOBaHUN B 00JacTu
MIOJIYYEHHsI OKCUAOB AJIFOMUHMS BBICOKOM 4MCTOTHI npuxoautcsa Ha Kuran m CIIA. Ha
CCTOMHSAIIHUN JeHb JHIUPYIOT CJCAyIOIUe KOMIaHuM M yupexaenus:  Shandong
Gemsung Technology Co., Ltd (Kwuraii), Tsinghua University (Kwuraii), China Shenhua
Energy Co., Ltd (Kuraii), Atlantic Richfield Company (CIIIA).

AHanu3upys AaThl NOJA4M 3asBOK U MyOJMKallMW MATEHTHBIX MAaTEPUATIOB MOXXHO
clenaTh BBIBOJ, YTO HaWOONbIIAs AKTUBHOCTh B O00JIACTU MCCIEIOBAaHUS METOJOB
MOJIyYEHHUsSI OKCHJIOB aJIOMUHUSA BBICOKOW YHUCTOTHI NPUXOJIUTCS HAa BPEMEHHOU
npomexyTok ¢ 2012 mo 2014 r. Takas TeHAeHINA CBUIETEIBCTBYET O BBICOKOM MHTEPECE
K JJaHHOMY HaIpaBJIEHUIO HCCIIEIOBATEIBCKON AEATENbHOCTH U O €€ MEPCIEKTUBHOCTH U
aKkTyasbHOCTU. Ha ceronHAIHui 1eHb BEIYIIMMU CTPAaHAMH B JAHHOM 00JIaCTH SBIIAIOTCS
Kuraii, CIHA u EBponeiickuii Coro3.

Cpean pacnpoCTpaHEHHBIX METOJOB MOJIYYEHHS OKCHIA AFOMUHUS BBICOKOH
YUCTOTBHI HAa CETOAHAIIHUU JE€Hb MOYKHO BBIJCIUTH CIEAYIOIIME: METOAUKH, B OCHOBE
KOTOPBIX JIGKUT MeToj baiiepa; SIEKTPOXMMHUYECKHH CHOCO0 TONYYSHHUS OKCHIA
ATIOMUHUS;, TPOUEAYphl, BKIIOYAIONIME J00aBJIEHWE HEOPTaHUYECKUX KHUCIOT U
BO3JICHCTBUE YJIBTPA3BYKOM; 30Jb-T€IMEBBIA  CIOCOO; THUAPOTEPMAIbHBIA METOM;

(hr0COBBIN CTTOCO0.
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Bonbiioe paznooOpasue MCHOIb3yEMbIX METOJIOB MOJTYUYEHHUS OKCHIOB aTIOMHUHUS
BBICOKOW YMCTOTHl YKa3blBa€T Ha TO, YTO Ha CETOAHSIIHUN JI€Hb IOUCK Haubosee
SKOHOMHYHOIO U 3(PQPeKTHUBHOro crnocoda TMOJYyYEHHs] KOPYHJa BBICOKOM YHCTOTHI
MPEACTABIIAET COOO0M aKTyaabHYIO 3aa4y.

[TaTeHTHBIN MOKWCK MPOBEIEH MO BCEM KPUTEPUSIM MOUCKA U UCTOUHUKAM JaHHBIX,
IpeAyCMOTPEeHHBIM pertamenToM. Otuer coctaiieH cornmacHo I'OCT P 15.011-96.

[IpoBeneHHOE TATEHTHOE UCCIENOBAHHE B JOCTATOYHOM O0BEME OTPa3UIO
TEKYUIYI0 CUTYallMI0 C MPAaBOM HHTEJJIEKTYaIbHOW COOCTBEHHOCTH HAa MCCIEIOBaHUS U
pa3pabOTKH, CBSI3aHHBIE C METOJIaMHU IIPOM3BOJCTBA OKCHUIOB AJIFOMUHUS BBICOKOU
YUCTOTBHI.

KonmnuecTBO maTeHTOB, MPOJOIKAOIIMX JEWCTBHE, cocTaBisier 79 % ot
paccMOTpEHHBIX; 21% NMaTEeHTOB MPEKPATUIN IEUCTBOBATD.

AHanu3 TNpoueayp, HCHOJb3YEMbIX JJIsi TPOU3BOJCTBA OKCHUJOB AJIFOMUHUS
BBICOKOW YHUCTOTBI, IIO3BOJIMJI BBIIBUTH OCHOBHBIE TNEPCHEKTUBHBIE HaINpaBICHUS
M300peTaTeaIbCKOM M UCCIICA0BATEILCKON eI TCIIBHOCTH.

C nomoripio ananuza OubImorpaduyecKux MaHHBIX K MaTEHTaM ObUTH BBISBIICHBI
BEIYIIUE OpraHU3aANU-Pa3paOOTUUKH, OCYIIECTBISIONINE HCCIEIOBaHUS B 00JacTH
MOJIyYEHHUSI OKCUJOB aTFOMUHUS BBICOKOUW YHCTOTHI.

OTueT 0 MaTEHTHBIX HCCIICA0BAHUAX IMPCACTABJICH B HpI/IJ'IO)KeHI/II/I A.
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3. PazpaGoTka u uccjiejoBaHHe BAPUAHTOB BO3MOKHBIX pemeHuii 3axay [THU
U BBIOOP ONTMMAJILHOT0 BAPUAHTA

Bo3moxnpiMu Bapnantamu pemenus 3agad [IHW moryr sBasTees crnenyromme,
npeacTaBieHHbIE B Pa3nerne 1, TexHonoruu:

1. AnkorossiTHast TEXHOJIOTHSI TTOJYYEHUSI KOPYH/IA BBICOKOW YUCTOTHI.

2. Tepmudeckoe pasinokeHHe 0c000 YUCTOTO HUTPATA aTFOMUHUS

3. DJEeKTpOXUMHYECKAs TEXHOJIOTHUSI TOJIYyYEHHUS OKCHAA AJIOMHHHUS BBICOKOMH
YUCTOTHI

4. Cnocob6 mnonaydeHuss KOpyHAa IIyT€M MEXaHOXMMUUYECKOW aKTHBAllUU M
KPUOXUMHUUYECKON 00pabOTKU pa3IMUHBIX COEAWHEHUM aTlOMHHHUS C IOCJIEAYIOIIUM
TEPMOJIU30M

AJKOroJiiTHass TEXHOJIOTHS, HCHOJIb3yemas Uil TOJIYyYEeHUs KOPYHJA BBICOKOMU
YUCTOTHI, TMPEJCTABISIET COOOW CErofHs MNPUMEHSIOTCS THUAPOJIW3 HM30IMponuiaTa
ATIOMUHHS BOAOM WIM BOJSHBIM IAPOM, TEPMHUYECKOE PA3JI0KEHHE AIKOTOJISITOB
QATIOMUHUS W TEPMHUYECKOE pa3IOkKEHHEe O0CO00 UYHUCTOTO HUTpaTa aIIOMUHUS.
AJIKOTOJIAITHAsE TEXHOJIOTHS  TOJYyYEHHST OKCHUJla aJIOMUHUS  TPEJCTaBIseT Ha
CETOAHSIIHUN JIeHb OCHOBHOM CHOCOO TONYYEHUS ChIpbS Il  MPOU3BOICTBA
MOHOKPHUCTAJIJIOB. B X0/1€ aJIKOTOJIITHOTO MPOILECCa UCXOIHBIN AIFOMUHUN pacTBOPSETCS
B M3OINPOINWIOBOM CIUPTE M MPEBPALIACTCS B METAUIOOPTraHUYECKOE COCIUHEHUE -
M30MPONWIUIAT AMOMUHUS. M30mponwinar aatOMUHUS TPOXOIUT CTaAUXd OUYMCTKH C
LEJbI0 CHID)KEHUSI KOJIWYECTBA IPUMECEH, IMOCI€ 4YEro OYMIIEHHBIA H30MPONUIIIAT
ATIOMUHUS TUAPOIU3YETCS BOAOUW WM BOASIHBIM TlapoM. [Ipu aTom oOpasyercst TMIPOKCH
ATIOMHUHUS, TOpPU TMPOKAIMBAHUM KOTOPOTO ToOJIydaeTcs OKcuja anmomMuHus. OpHako
AJKOrOJISITHASI ~ TEXHOJIOTHSL  TOJYYEHMS  OKCHAA  QJIIOMHUHUS  XapaKTepU3yeTcs
WCIIOJIb30BAHUEM ArpECCUBHBIX XMMHUYECKUX PEAareHTOB, OTPABJSIONIMX OKPYKAIOUIYIO
cpeay U NPEACTABISAIONIMX ONACHOCTD JUJIS 3J0POBbS U )KU3HU YEJIOBEKA.

Tepmudeckoe paziaokeHHE 0COO0 YHCTOrO HUTpATA ATOMHHHUS HCIIOIB3YeTCs IS
MOJIYYEHUsI OKCHA AJIFOMUHHS BBICOKOM YHCTOTHI TOJIBKO B JJaOOPATOPHBIX YCIOBHUSAX B
CUJIy BBICOKOM CTOMMOCTHM MCXOJHBIX peareHToB. Kpome Toro, B ciydae ¢ JaHHOU

TEXHOJIOTUEH TaKKe HCIIOJB3YIOTCA arpC€CCUBHBIC XUMHUUYCCKUE PCArCHTHI.
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DIJIEKTPOXUMHMUYECKAsT TEXHOJOTMs, IMpeajiaraemas B IIOCIEAHEE BpeMs i
MOJIY4EHUSI OKCHJIa QIIOMUHMS BBICOKOM YHCTOTBI, TaKXKe€ paccMaTpPUBAETCS Kak
albTEPHATUBHBIA CMOCOO MOJYUYEHHUSI CIIEBOTO MPOAYKTa. 3A€Ch, MPEXKIAE BCETO, CTOUTh
orMeTuTh Oonbiioil onbiT padbor OUBT PAH mo okucieHuio adtOMUHUSL Pa3IUYHBIMHU
crnoco0amMu, B TOM YHCJI€ aHOAHBIM METOJOM, B TOM YHCJIE B COJIEBBIX SJEKTPOIUTAX,
KOTOPBIE PACCMATPUBAIOTCS B KAYECTBE OCHOBHBIX B JJIEKTPOXUMHUYECKOW TEXHOJIOTUU
MOJIy4eHUsT OKCHJA AaJIIOMUHHS BBICOKOM YHCTOTHI. JIaHHBIA OMNBIT IOATBEPKIACTCS
paspaboranubiMu B OMBT PAH Bo31ymiHO-amOMUHUEBBIMU TOIIMBHBIMH 3JIEMEHTAMH U
HHEPreTUYECKUMH YCTAaHOBKAMU Ha UX OCHOBE. B TOM umciie, umeercs ombIT pabOThI €
COJIEBBIMU 3JieKTposuTaMu. OHAKO OMBIT PabOThI C COJIEBBIM DJIEKTPOJIUTOM TOBOPUT O
TPYAHOCTSIX, CBSI3aHHBIX C (PUIbTpalMell o0pa3yroIIerocss B 3TOM IPOIECcce Teisl, €ro
CYILIKH, a TaKXKe yAAJICHUS U3 HEro xJjopa (paccCMOTpPEHHUE TaHHBIX BOMPOCOB B MATEHTE
sKcrepTa onyiieHsl). Kpome Toro, nanHasi TexHosorus 0osiee sHepro3arpaTHa U Tpedyer
WCIIOIb30BaHUsl JOMOJHUTEIBHBIX XUMUYECKUX PEAKTUBOB (MPUYEM JIOBOJIBHO BBICOKOMU
koHrerTparuu — 30-300 T NaCl ma 1000 r H20), 9ro He MOXET HE CKa3bIBaThCS Ha
KOHEYHOU YUCTOTE MPOAYKTA.

Crnoco0 monyueHus KOpyHZa IIyTeM MEXaHOXMMUYECKOW aKTHBAIUU U
KPUOXUMHUYECKOW OOpabOTKH pa3MYHBIX COCIWHEHUU aOMUHHUS C IOCIEAYIOIUM
TEPMOJIM30M YCTYTIAET MpeJjiaracMoi B MPOEKTe TEXHOJOTUH 110 Y3HEPTrodhPEeKTUBHOCTH U
KOHEYHOM XMMHWYECKOW YHUCTOTE TMPOAYKTAa. MeXaHOXMMHUYECKas AaKTUBAUUS W
KpUOXUMHUYEcKass 00paboTka TpeOylOT JOMOJHUTENbHBIX 3aTpaT JHEPruu, a
WCIIOJIb30BaHME B KAY€CTBE HMCXOJIHBIX PEAr€HTOB PA3JIUYHBIX COCIUHEHUN aTIOMHHUS
JA€T OCHOBAHHUSI YCOMHHTBHCS B BBICOKOM CTENEHHM XHMHUYECKOW YHCTOTHI OKCHJA
ATIOMHUHUSL.

[Ipennmaraemasi KOHIIETIIUS Pa3paOOTKU TEXHOJOTHH MOTYYEHUS KOPYHAA BBICOKOU
YUCTOTHI:

o I'uaporepManbHOE OKHCICHHE alOMUHHUSA C TOJIYYEHHEM KayeCTBEHHOIO

IpOMEXyTouHOoro npoaykra — 6emuta (y-AIOOH);
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L4 Hsrorosnenne m3 Oemura HCIIOCPCACTBCHHO KOpPYHIA BBICOKOM YHCTOTHI

HarpeBaHUEM JI0 ONPEJEIEHHBIX TEMIIEPATYP C TOMOIILI0 My(ETbHON U BaKYyMHOI

TeYH;

o Cobntoienre 0€30MacHOCTH TPOU3BOJICTBA U DKOJIOTUH;

o [IpocToTa 1 HAAEKHOCTH IKCIUTyaTallUH;

o ITpumenenue nepenossix cpencts ACY u K;

o OnTumanbHOe coueTaHue Maccora0apuTHBIX  XapaKTEepPUCTUK U

TEPMOAMHAMUYECKUX TTapaMeTPOB Ipoliecca.

TexHomornveckasi cxema MojJy4eHus: KOpyH/aa BRICOKOW YMCTOTHI MPECTaBICHA HA
pucynke 10 ¥ COCTOMT W3 CIEAYIOIIMX COCTABHBIX YacTeil: 1) OJOK TMIpOTepMaIbHOTO
OKHCJICHHS aTIOMHHHS 10 OeMuTa; 2) OJIOK OCYIIKH MPOMEKYTOYHOTO MPOIYKTa; 3) OJIOK
00paboTku OemuTa B MydenbpHoi nedn a0 v - Al203; 4) 610k TepMudecKoi 00pabOTKH U
MOJTYYCHUE KOPYH/Ia BBICOKOW YUCTOTHI B BAKYYMHOM TICUH.

KopyHn  BBICOKOM  YHCTOTBHI, TMOJYYEHHBIA C  HCHOJB30BAHUEM  METOJA
TUAPOTEPMATILHOTO OKHUCJICHHS aJIFOMUHUSI, MOXET OBITh C YCIIEXOM IPUMEHEH B
Pa3TUYHBIX 0071ACTIX MPOMBIIUIEHHOCTH.

MacmtabHOCT, TNpUMEHEHUs pa3padaTbIBa€MONl  TEXHOJOTMH  OMpenemsieTcs
pPa3BUTHUEM CYIIECTBYIOIIETO PHIHKA BBICOKOYUCTOIO KOpyHAa (B TMEPBYHO oOuepelb
MaTepuajgoB, W3TOTAaBIMBAEMBIX Ha €ro OCHOBE), BO3MOXKHOCTSAMH 3aMECIICHUS
CYIIECTBYIONINX TEXHOJOTHH €ro MPOM3BOACTBA M BEPOSTHOCTHIO MOSBICHUS HOBBIX
TEXHOJIOTU, UMEIOITUX CPABHUMbIE SKOHOMHUECKUE U IKOJIOTMUYECKUE XapaKTEPUCTUKH.

BbicoKounCThINE KOPYHT UCTIONIB3YETCS B KAUYECTBE CHIPhS B PsJIC IEPCTICKTUBHBIX U
JTUHAMUYECKN PA3BUBAIOIIMXCS OTPACIICH, TAKUX KaK 3JIEKTPOHUKA, MEIUIIMHA, KepaMuKa,
MIPOU3BOJICTBO OTHEYNOPOB M T.N. OUeBHAEH POCT CHPOCA Ha KUIAKOKPUCTALINYECKHUE
JUCIUIEH, MHUKPOCXEMBI, BCE IMHUPE NPUMEHSIONIMECS B CaMbIX PAa3IMYHBIX 00JIaCTIX
TEXHUKUA. ITO TIO3BOJISET JIOCTATOYHO YBEPEHHO IMPOTHO3UPOBATh MOTPEOHOCTH B
CTaOMJIBHOM U MOCTOSIHHO YBEJIMYMBAIOIIEMCS CIIPOCE Ha ChIPhE ISl €ro Mpou3BojicTBa. B
TOXKE BpPEMs, OCHOBHBIE TCHICHIIMM B TEPECUYUCIICHHBIX OTPACIAX IMPOMBIIIICHHOCTH

COCTOAT B PE3KOM CHHIKCHUH ce0eCTOMMOCTH KOHEUYHOMH MNpOAYKIMH, YTO IIO3BOJIACT

42



MIPOU3BOJIUTENSIM KOHKYPUPOBaTh 3a MacCOBOIO TOTpeOUTENs, BBITECHSSI MEHee
TEXHOJIOTUYHBIE IPUOOPHI U MaTEPUATIBI.

JIpyrum Ba)KHBIM aCIEKTOM Pa3BUTHUS HAYYHO-TEXHUYECKOTO MPOrpecca SBISETCS
HaMpaBJICHHOCTh Ha BHEAPEHHUE »HHEprocOeperarmmx W SKOJOTMYECKH  YHCTHIX
nporieccoB. CyIIECTBYIOMIAsI aJKOTOJISITHAS TEXHOJOIUS MOJYYEHUS! OKCHUJA ATFOMHUHUS
SIBIISICTCS. BBICOKO3aTPATHBIM M JKOJOTMYECKH HeOe3omacHbIM MmeToaoM. Ilpenmaraemas
TEXHOJIOTHS THAPOTEPMAIBLHOIO OKHCICHUS aTIOMUHUS SBISETCS O€30TXOAHON U
AKOJIOTUYECKHA 4YUCTOU. VICXOmHBIE peareHThl Ui MOJYYECHUS: AJIFOMUHUN TEXHHUYECKOU
YUCTOTHI M BOJIa O€3 JOMOTHUTEIBLHBIX XUMUYECKUX PEaKTUBOB, YTO MO3BOJISET MOIYYUTh
MPONYKT O€3 BpEeAHBIX BBIOPOCOB M OTXOJOB B Tpollecce pabOThl TEXHOJOTHMUECKOUN
YCTaHOBKH. [IOMUMO OCHOBHOM NMPOAYKIIMU — OKCHJAA AIIFIOMUHUS — BBIAEISAETCA BOAOPOJ
U TEIUIO, KOTOpbIE B 3aBUCUMOCTHM OT KOHCTPYKIMM KOHKPETHOW YCTAaHOBKM U
MOTPEOHOCTEM MECTHOrO MPOU3BOJACTBA MOTYT TOJE3HO UCIOIb30BAThCA  JIMOO
VTHIM3UPOBAThCS  0€3 Bpema OKpyxkatomed cpeme. Bpicokme  dKoIorHyeckue
XapAKTEPUCTUKU HOBOM TEXHOJIOTHH IMO3BOJISIT CHU3UTh SKOJIOTUYECKUE IUIATEKH, B PAJIC
CITy4aeB pacCUMUTHIBATh HA TOCYJAPCTBEHHBIC CYOCHIMH, UTO TAK)KE MOXKET IMOJIOKUTEIHHO
CKa3aThCs Ha KOHKYPEHTOCTIOCOOHOCTH IPOM3BOJICTBA. DTO IO3BOJISICT IMPEIIONIOXKHUTD,
YTO MOTPEOUTENIN BHICOKOYUCTOTO KOPYH/a OYIyT OpHUEHTHPOBATHCS Ha Oosiee JaelieBoe u
KOHKYPEHTOCTIOCOOHOE ChIpbE 11 CBOETO MPOW3BOACTBA, YTO IO3BOJIMT MOCTENEHHO
BBITECHSATH C PhIHKA 00JIe€ TOPOTHe aHAJIOTH.

Bo3MOXKHOCTE CO3JaHHUST KOMIIAKTHBIX TEXHOJIOTMYECKUX JIMHUM HEOOBIION
MOIIHOCTH [IJI1 COOCTBEHHBIX HYXJ KOHKPETHBIX MOTpeOUTEIed COOTBETCTBYET
COBPEMCHHBIM TCHJICHIMSIM OW3HECAa OpraHW3ali BEPTUKAIBHO-UHTETPHPOBAHHBIX
MPOU3BOJICTBEHHBIX IIEMIOYEK, TO €CTh COBMEIICHUS PA3JIMYHBIX MNPOU3BOIACTBEHHBIX
MPOIIECCOB: OT TOJNYYCHHS CBIPhS JIO BBIMYyCKAa KOHEYHOM MPOAYKIHH C OONBIION
n00aBICHHON CTOMMOCTBIO B  OJHOM IIPOM3BOJICTBEHHOM KomIuiekce. M ecim
CYILIECTBYIOIINE TEXHOJOTHU B CHUJITy CBOEH CHelU(PUKH HE MO3BOJSIOT JOOUTHCS TaKOH
WHTETpaIuy, TO pa3dpadaThiBaeMasl TEXHOJIOTHS KaK HENb3s Jy4llle MOJXOMMUT IS TaKUX

LeJeH.
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4. PazpaboTka merona pacdera auddy3uu npumeceil B pelieTke -OKCHIA

AJIIOMUHUSA (HATPUH, ’KeJ1e30, XpOM, KpeMHUI, TUTAH)

4.1. Mogeabnblii pacuyer kKodIGpuumenToB auddy3nu Ha OCHOBE JAHHBIX

ATOMUCTHICCKOT0O MOACIUMPOBAHUSA

CranmapTHbId  MMOAXOJ MOJEKYIsApHO-IuHamuueckoro (MJl) MopenupoBaHus
mubdy3un yactuil (HarpuMep, B KUIAKOCTH) CBOAMUTCS K MOJCIMPOBAHUIO TPACKTOPUU
UCCIIeIyEMOM CHUCTEeMBI, U pacueTy K03 duuneHToB qudy3un u3 ypaBHeHUs DUHIITEHHA
W JIaHHBIX O CpelHeM KBajapare cmenieHuss 4vacTul. OJIHaKO MpU MOJIETUPOBAHUU
mubdy3un B KpHUCTaIaX 3TOT MOAXOJ HENPUMEHUMM. B KpucTamnax peaiuzyercs
ApYroi — akTUBALIMOHHBIN — MexaHu3M  Aupdy3un, npu KoTopoM  IudPy3uoHHOE
OJly’kJ1aHHe aTOMOB (MOHOB) MPEACTABISET COOOM MOCIEA0BATENbHBIE PEAKNE MPBLKKU U3
OJTHOTO JIOKAJIbHOTO MUHUMYMa YHEPTUHU B COCEAHUHN. TUNMUYHBIC YHEPTHH aKTUBAIUU TPU
ATOM COCTABJISIIOT TOPSAKAa €IWHHI] 3B, 94TO MPUBOAWT K OYECHb HU3KAM 3HAYCHUSM
ko3 dunuento auddysun. Hanpumep, koapdunmentsr camonupdysun O u Al B
pemerke o-Al,O3; maxe mpu temneparype nopsaka 2000 K, Onuskoit k Temmeparype
IJIABJIEHUS, HE IPEBBILIAIOT 10" M?/c [19]. D10 03Hauaer, 4TO Ha MacmTabax BPEMEHU
~100 HC, COOTBETCTBYIOIIMX JUIMTEIBHOCTH THUMHYHBIX MJ[ pacueTroB Il HMOHHBIX
CUCTEM, hopMmanbHoe CMELIEHNE aTOMOB OYyZET MHOTO MEHBIIIE MEKATOMHOI'O PACCTOSTHUS
B KpuUCTalUle, M HAOJIOJEHUE JaXe EeIUHCTBEHHOIO0 AaKTHUBAIIMOHHOIO TPbIKKa
MaJIOBEpPOSITHO.

OmnH u3 TOAXOAOB, pa3pabaTblBacMbIX B JaHHOM MPOEKTE [JIsI pacyera
kodhunrenToB auddy3un TPUMECHBIX HOHOB B KPHUCTAJUIE KOPYHIA, 3aKITIOYACTCS B
nocTpoeHun Moxaenu uddy3un u  BBIBOJA AHATUTHYECKOTO BBIPAKECHHS IS
koddunreHToB 1udPy3un, copepiKamero psja mnapaMmeTpoB, MOIYYaeMbIX M3 JaHHBIX
aToMHCcTHYecKOro MozaenupoBanus [20].

Paccmorpum cHawana 11t mpocTOThl mporecc Auddy3un B KpUCTalule, MpU
KOTOpOM CMeEIllIeHHe aroMa (MOHAa) BO BPEMEHU TpelcTaBiseT coboi  Habop

IMOCJICA0OBATCIIBHBIX IIPBI’)KKOB OHHH&KOBOﬁ JJIMHBI ds MMpCAIOIOXKCHNUHU, YTO K&)K)IBII\/'I
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MOCJIEAYIONIMI MPBDKOK HE 3aBUCUT OT MpeabIayliero (ciaydaitHoe OnyxmaHue 0e3

Koppensiuuu). Torga cMenieHue YacTUUbl 32 N MPBDKKOB PaBHO R =

M-

, a CpeIHUH

Il
LN

KBaJpaT CMCIICHUA !
(R2)= X (r°) +25 3 {6r) =t +25 3 {6, (4.1)
i i=1 j=i+l i=1 j=i+l

B cnydae OTCyTCTBUS KOPPENSIMUUA MEXAY IOCIENOBATEIbHBIMU TMPBDKKAMU <rirj>:0.

BBCI[CM XapaKTCPHOC BPCMA 7’ nepexoJa 4aCTulbl B HCKOTOPOC COCCAHCC IIOJIOKCHHUC.
Ecmu CymecCTBYCT Z DKBHUBaJEHTHBIX HYTCI\/'I MUrpaliik  49aCTulbl H3 JIOKAJIbHOT'O
MHWHUMYMa B COCCIHHUC IIOJIOKCHHA, TO CpEAHCC BPCMA HAXOXKIACHHUA YaCTHIbI B

MPOU3BOJILHOM MHHHUMYyMe coctaBuT r=7'/Z. Torma Ha ocHoBanuu ¢opmyinsl (4.1) ¢
Y4ETOM YPaBHEHUSI DWHIITEUHA <§2> =6Dt=6Dn7, niua koappuunenra 1uPpdy3nn MoKHO

3aIcarTthb:

d2

D=7 .
67’

(4.2)

XapakTepHoe BpeMsl 7' aKTUBAIMOHHOTO TMPOILECCa OMHUCBHIBACTCS IPU STOM

el )

rne E, —oHeprus akTtuBalMM NPBDKKOB aTOMOB B KPHCTAJUIE;, V — YaCTOTHBIM (akTop,

ypaBHEHUEM AppeHuyca:

N

H"i

KOTOPBI MOKeT ObITh paccuutaH 1o (opMmyie Bumbsipaa v=- [21], vi—

!

V.

i=1
COOCTBEHHbIE 4YACTOTHl KOJIEOAHHUS CHUCTEMbl B HAdalbHOM TOYKE, OTBEYarolen
MUHUMYMY TIOTEHIMAIbHOW SHEPruM; Vi'—YacTOThl KOJEOAHU COOTBETCTBYIOIINE
MEePEXOAHOMY COCTOSHHIO (B ceioBOi Touke). T.0., IMeeM 3KCIOHEHUUAIbHBI 3aKOH
TeMIIEpaTypHOH 3aBUCUMOCTH K03 duinenta quddy3uu:

Zd? E,
p-2 Vexp(_ﬁ] (4.4)
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[Mapamerpsl Z u d onpenesstoTcss CHUMMETPUEH U TEOMETPUUCCKUMU TTapaMeTpamMu
KpUCTa/Ia. 3agadya MOICTUPOBAHMS COCTOMT B BBIYHUCICHHHM JHEPTHH AaKTUBAIMU U
gacToTHOro (aktopa. B pmanHOW pabore YacTOTHBIA (akTop MOPUOIMKEHHO
pacCcUMTHIBAJICS KAaK 4acTOTa KojieOaHHs MPUMECHOTO HOHA B pEIIETKE B HaIpaBICHUU
MEPEXOTHOTO COCTOSHUA.

Jlng pacuera SHEPruu AaKTUBALMU B TMPOEKTE pPEaJn30BaH METOJ 3JACTHYHBIX
ynpyrux cBszeir (Nudged Elastic Band) [22]. JlanHblii MeTOn TO3BOJISIET HAWTH
DHEPreTUYECKH ONTHMAJBHBIA MyTh JEMEHTAPHOTO MEPECKOKA YACTHUIIBI MEXKIY IBYMSI
JIOKAbHBIME MUHEMYMa A 1 B, KOTOpbIe XapakTepu3yroTcs: HabopoM koopauHat R st
N wactum B cucreme. CyTh MeETOIa COCTOMT B TMOCTPOCHHH M TPOMEKYTOUHBIX

xondurypaumii R ucciaemyemoii cuctemsl Mexay coctosHuaMH A u B myTem nuHEHHOIM

HHTCPIIOJIATNM:
N _ pN I (5N N
RN = RN +E(RB —RY). (4.5)

[IpomexxyTouHble KOH(UrypalMy Ha3bIBAlOT OyCHMHKamMH; OYCHHKH 0Opa3yroT
N
nenouky. Kaxnas OycuHka, KOTOpasi UMEeT CBOIO KOH(purypanuonuyro sHepruto V (R;"),

COC/IMHSCTCS TAPMOHUYCCKHUMH CBSI3SIMU JKECTKOCTBIO K ¢ 1ByMs cocemHumu. Tornaa
SHEPTUIO MPYKHUH BCEH LIENOYKH OYCHHOK MOKHO 3aIHCATh CIAEAYIOIIUM 00pa3oM:

V, = % k ‘m (R -RM . (4.6)

ITouck OHCPICTUICCKN OITHUMAJIBHOI'O PCAKIMOHHOIO IIyTH CBOJAUTCA K 3aaadc

m-1
HaXOXJICHUS MHHAMyMa (YHKIIAU E(RlN...RnE‘):VSJrZVC(RiN ), I MPOMEKYTOYHBIS
i=1

KoHQUIypauuu R, SBISAIOTCS BapbUPYEMBIMHM IIEPEMEHHBIMU. T.0., B peaau3yeMoM

METO/I€ LIeTI0YKa OYCUHOK BBICTPAUBAETCS BJI0JIb HAKOOJIEe BHITOJHOIO MyTH U Py3un.
Jlnst TectupoBaHusl pa3padaThIBAEMOro METOJla MPOBEACH pacyeT TeMIepaTypHOil
3aBUCUMOCTH KO3(ppuumeHToB camonuddy3nu KaTHOHOB Al B pemerke o-Al,O3 B
MIPEANOI0KEHNN BaKaHTHOrO MexaHu3Mma nuddys3um B oOpasiax, comepxkammx ~10ppm
HMOHOB TUTaHA (CM. MOAPOOHOCTHU pacueTa B pazjaene 1.6). CpaBHEHHE C HKCIEPUMEHTOM

3aTpyAHSACTCS TEM, UYTO B 3aBUCHMOCTH OT MHUKPOCTPYKTYPBI MW CTCIICHU YHCTOTHI
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0o0pa3loB MOTYT pEaJu30BBIBATHCS pa3lIMYHbIC MEXaHU3Mbl JUPQPY3UH, U CKOPOCTh
muddy3un Ipu 3TOM MOXKET BapbUPOBATHCS B MpeiesaX MHOTHX MopsakoB. Kpome Toro,
CYILIECTBYET BCETO Mapa padoT, MOCBAIICHHBIX HCCIeN0BaHUI0 TUPPY3UN alrOMUHUS B
kopyHne [23, 24]. Tem He MeHee, CpaBHEHHE C JOCTYIHBIMU OSKCIEPUMEHTAIBHBIMU
JaHHBIMA  TIOKAa3bIBAET, YTO pacueT JaeT aJIeKBAaTHBIM  TOPSAIOK  BEJIWYHH,
YKJIaBIBAIOIIHNIICS B 9KCIIEPUMEHTANIBHBIN pa3Opoc 3HaueHui kodduinentoB quddy3nu

(pucyHok 11).

1E-13

1E'141 L

1E-15 4 *

1E-16 ] \‘\

1E-17 +

D, M’lc

1E-18 +

1E-19 + .

1E-20 T T T T
0,40 0,45 0,50 0,55 0,60 0,65

1000/7; 1/K

+
Pucynok 11 — Pacyetnas TemneparypHas 3aBucUMOCTb K03 punmentoB camoanddysuu AP* B pelieTke
a-Al,O3 (kpacHas npsimast); SKCIIEpUMEHTaJIbHBIC TOYKHU 13 padoT [23] u [24] 0003HAYCHBI CHHUM U

YCPHBIM IBETOM COOTBETCTBCHHO.

4.2. Ilpsimoe mopeaupoBanue auddy3nu npumeceii MeTOAOM YCKOPEHHOM

MoJieKyJsipHoit nuHamuku (hyperdynamics)

Hns  pacuera kodpduimentoB auddysun B JaHHOM TPOCKTE  TaKkKe
pa3pabaThiBaeTCs albTEPHATUBHBIA METO] MPSIMOT0 MOACIUPOBaHUs nporiecca quddy3uu
METO/IOM YCKOPEHHOM NMHAMHKHW WJIW TUnepauHaMuku. Kak yxe orMeuanoch, OCHOBHAas
npobiemMa MozenupoBaHus AudQy3un B TBEPAOM Teje CBs3aHA C OOJIBIIONW TIIYOMHOMN
JIOKAJIbHBIX TMOTCHIMAIbHBIX sIM, B KOTOPBIX HAXOAWTCA cHcTeMa (pUCYHOK 12).
Heobxonruma manoBeposiTHas TeruioBasi (PiyKTyaiiusi, 4ToObI IPEOA0JIETh AaKTUBAIMOHHBIN

Oapbep.
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Pucynok 12 — CrijomrHo# TMHHEH cXeMaTHYHO MoKa3aHa MOTeHIINATbHAS SHEPT s HCXOIHON CUCTEMBI,

MYHKTUPHOM JTMHUEH — MOJU(PHUIIMPOBAHHAS SHEPT U CO CMEIICHUEM.

g yckopeHuss 3TOro mpouecca npumeHsuics meron MJl co cmemarommm
norenimaniom (bias molecular dynamics) [25]. Cyte MeToma COCTOMT B TOM, 4YTOOBI
N00aBUTh CMEIIAIONMIMKA TOTEHIMAT K TaMWJIbTOHHAHY WCXOMHOW CHUCTEMBI s
YMEHBIIIEHUSI TIyOWHBI TOTEHIMATBHOM SMBI (CM. PUCYHOK 12), 49TO mpuBENET K
YCKOPEHHUIO TEepPEeXo/la CUCTEMBI B COCEAHEE YCTOMYMBOE cocTosiHue. T.0., MOTEHUHal
MOIU(PUITUPOBAHHON CUCTEMBI UMEET BUJI:

Vou R )=V(RY J+ W, (RY), (4.7)
rae V(RN)—HOTGHHI/IaJILHa}I DHEPrus MCXOJHOW CHCTEMBI, Wbias(RN)—CMema}omI/Iﬁ

noteHnual. Panee ObI10 MOKa3aHo [25], 9To cMemaronuii MoTEeHIHANI YCKOPSET CKOPOCTh

nuddy3uu K B COOTBETCTBHYU C BBIPAKCHUEM:

I(bias = <e;.;-as> k ! (48)
bias

Whias
rae <e kT> — yckopsomuit - gaktop (ycpeqHeHuE TNPOU3BOAUTCS B CHCTEME CO
bias

CMEIIAIONIMM MOoTeHUuanom). Jlist Toro 4roObl OMHMCHIBAEMBIA METOJ YCKOPEHHOU
IUHAMUKH  TPAaBWIBHO  BOCHPOMU3BOAMI  MeXaHM3Mbl  Judy3um  HCXOIHOU
(HemMoau(pUIIMPOBAHHOIN) CHCTEMBI, HEOOXOAMMO, YTOOBI CMEMIAIOIINN TMOTCHIIMAT He
BJIMSJ HAa TNEPEXOJHBIE COCTOSHMSI CUCTEMBI, T.€. Ha CEIJOBBIE TOYKH ITOBEPXHOCTH
MOTEHUHUAIBHOW SHEPruu. EciM 3TO yCIOBUE BBINOJIHEHO, TO OTHOIICHUE KOHCTAHT
CKOpocTH AUPPY3UH U3 HEKOTOpPOro cocTostHust A B Hekoropble coctosiHus B u C B

HCXOIIHOﬁ CUCTEMC U CUCTCMC CO CMCHIAIOIIUM ITOTCHIIMAJIOM PABHBI:
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k/kiiss _ Kaose _ (4.9
kf\isc kA»C

CMemaonuii  MOTEHIHAI  ONpENENsICi B COOTBETCTBUM C  YPaBHEHHEM,
npeIoKeHHBIM Xamenoeprom [25]:

v (RN )\ (Ebias -V (R " ))2 (4.10)

Wbias(RN ): H (E @ +Epa-V(R"))’

bias —

rae  Epias — GUKCUpPOBAHHBIA ypOBEHb MMOTEHIMAIBHON HHEPruH, BBIIIE KOTOPOTO
Wbias(RN):O (B coorBerctBuM ¢ pucyHKoM 12); H(X) — byukims Xesucaiga (H(X)=0 mpu
x<0; H(X)=1 npu x>0); o — KOHCTaHTa, PETYIHPYIOMasi KPUBU3HY MOBEPXHOCTU HHUNKE
ypOBHS Epjss. 151 KOppeKTHOM pabOThl METO/Ia HEOOXOIUMO, YTOOBI YPOBEHB Episs J€KaN
HIKE DHEPrUU TMEPEXOAHOTO COCTOSIHUSI B JII0OOW oOjacTu (a3oBOro MPOCTPaHCTBA
cucteMbl. [lapamerpsl Epjps 1 o mogOuparoTcs Takum o0Opa3om, 4TOObl OOECTICYUTH B
KOMITBIOTEPHOM DKCIIEPUMEHTE Pa3yMHYIO JJIT HAOTIOACHUS CKOPOCTh muddy3nm.

Jlerko moka3aTh, YTO B CHCTEME CO CMEIIAIOINIMM IIOTCHIMAJIOM Ha aTOMBI

JNEUCTBYIOT CUJIBI:

(24

2
bias __
fbias — f{a+Ebias—V(RN)] . (4.11)

HpCI/IMYHICCTBOM MCTOJa YCKOPeHHOﬁ JUHAMHKH (B OTIIMYHUC OT MOACIIBHOI'O

MO/IX0/1a) 3aKJII0YaeTCs B TOM, UTO JyIs pacdera kKodpdunuento nudys3un He Tpedyercs
MOJICIBHBIX TPEACTABICHUH O BO3MOXHBIX MexaHm3Mmax nuddys3umm (BakaHTHBIH,
MEXY3eNbHBIA U T.1.). IIpy 3TOM MOSABIsSETCS BO3MOXKHOCTH MOJICIHPOBATH TUDPy3uio
BOJIM3M TeMIIepaTyphl IUIABJICHUS, KOTJIa MOTYT PEaTM30BBIBATHCS MHOTOYACTHUYHBIC

KacKaJiIHble MexaHu3Mbl AU Py3un, KOTOPbIE TPYAHO MPEICKA3ATh.
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5. Pazpaborka mMetrona pacyera cBOOOAHBIX JHEPruil mpumeceii B o0beme U B

NPUIIOBEPXHOCTHOM CJI0€

5.1. Metoa pacyera cBOOOIHOM YHEPTUHU ¢ IpUMeHeHueM (POHOHHOI TeopuH

[Tepemenienrie mpuMecHOro MOHa W3 Oo0BEMa KOpPYHIA B BaKyyM B TIpoIecce
UCTIApEHUs] MOXKHO OXapaKTepu3oBaTh MNpoduiIeM CBOOOIHOW HSHEPTHUH (XUMUYECKOTO
MOTEHIMANIa) 4, CXEMAaTHYHO TMOKa3aHHBIM Ha pucyHke 13. Ilpm »TOoM HeoOxoaumo
BBIJICINTh TPU KIIFOUEBBIX COCTOSHHS Tpumecu: oobemMHoe (A), moBepxHocTHoe (B) u
npuMech B ucnapeHHOM cocTossHUHU (C). COOTBETCTBYIONIME 3TUM COCTOSHHUSM YpPOBHHU
(cTaHmapTHBIE XWMHUYECKHE IIOTCHIIMAIBI) ONPEIEISIOT pPaBHOBECHOE pacIpe/IeiiCHHe
KOHIICHTpAIIUi TMPUMECH B CHCTEME U IIO3BOJISIOT PACCUUTATHh TEPMOAMHAMUYCCKUN
Mpenesa OYUCTKH KOPYHJIa METOJOM BBICOKOTEMIIEPATYPHOTO MPOKAJIUBAHUS B BaKyyMe.
[Tpodusib cBOOOTHON PHEPTUM TPUMECH TIPU STOM ONpENesieT KHHETUKY Kak Ipoliecca

ImoABOJa IIPUMCCH K ITIOBEPXHOCTHU, TaK U €C UCIIAPCHHA C IIOBCPXHOCTH.

|1 —

O

Pucynok 13 — Cxematuunsiii npo¢uiab cBOOOIHOMN SHEPT UK IPUMECHOMN YaCTHUIIbI IPU €€ IEPEMELICHUH

u3 00beMa B BaKyyM.

Pacuer pasHocTH CBOOOAHBIA SHEPrH NPUMECH MEX]Yy IOBEPXHOCTHBIM U
O0BEMHBIM COCTOSSHUSIMHU — Ba)KHasl 3aJ1aya, O3BOJISIONIAs 0XapaKTEPU30BATh CKJIOHHOCTh
T€X WJIA UHBIX HOHOB K IOBEPXHOCTHOM cerperauuu. I((HeKT NOBEPXHOCTHOU cerperauuu
nIpUMece B KOpPyHAE, T.€. IPEUMYINECTBCHHOE pACIHOJIOKEHUE IPUMECEHd Ha

IIOBCPXHOCTHU, a4 HC B o0BeMe KpucTaljlia, 3KCIICPUMCHTAJIbHO MHOI'OKPAaTHO Ha6n}oz(anc;1
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[26, 27], u ero nmoHnMaHue MO-BUAUMOMY MMEET CYIECTBEHHOE 3HAUCHHUE JJIS Pa3BUTHUS
TEXHOJIOTUU OYUCTKHU KOPYH/Ia, pa3padaTbiBaeMoil B TaHHOM MPOEKTE.

JI1st BBIYUCIIEHUS] pa3HOCTU CBOOOJHBIX 3Hepruii AF mprmecu B MOBEpXHOCTHOM U
00bEMHOM COCTOSIHUH MOJKET OBITh MCIOJIb30BAHO COOTHOIICHUE 11 CBOOOIHOM YHEPTHHU

KpHCTajlIa, KoTopoe AaeT poHoHHas Teopus [28]:
hv
F::Umf+%jhngOdV+I900kTh1l—e”dv, (5.1)

rae Uiy — cTaTudeckass BHYTPEHHSISI DHEPTUSI PENISTKH, KOrJa BCE aTOMBI HaxXONATCS B
MOJIOKEHUSX paBHOBECHS; §(V) — PYHKITUS TUIOTHOCTH (POHOHHBIX COCTOSTHUH.

Jns Haxoxnenuss AF B nmanHol paboTe paccMarpuBayicsi MPOIECC, MPU KOTOPOM
IpUMECHBIH KaTHOH B oObeme kpucramia o-Al,O; u mpomsBombHsii katmon Al
pacnoyio)KeHHbIH Ha IMOBEPXHOCTH, MEHSUIUCh MecTaMu (cM. pucyHOK 14). Pasnoctb
CBOOOHBIX PHEPTHHA PEIIETKH B KOHCYHOM M HAYAJIbHOM COCTOSIHUSIX, BBIYHUCIIECHHBIC TI0
dbopmyne (5.1), maer uckoMyro BelWuuHy. 3amada MJ[ MopenupoBaHusi TPU 3TOM
CBOAUTCSA K pacyery IUIOTHOCTH (DOHOHHBIX COCTOSIHUM ((V), a Takke CTaTH4YeCKOU

KOH(PUT'YpallMOHHOW SHEPIUU PEMIETOK Mocie penakcanuu Ujy.

0 SN SN DN P &
sw.\,.,:\v.\,:w.\&‘c-r.\ R S
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Pucynox 14 — Ipouecc nepeHoca npumMecu U3 00beMa Ha HOBEPXHOCTb.

Panee, Ha mnpumepe MOJENMPOBAaHUSA CErperaldyd HW30BAJICHTHBIX IMpUMEce B
kpuctamie a-Fe,0O3, OpT0 MOKa3aHO, UTO SHTPONUNHBINA (AaKTOpP M BKIIAJ KOJIEOATEIHHBIX
Mon B BennunHy AF Heenuku [29]. TlosTomy, s ynpoleHus BBIYACIECHUN, Pa3HOCTh
cBOOO/IHBIX SHEepruil AF paccunTbiBanach Kak pa3HOCTb CTATUYECKUX KOH(PUTYPALIMOHHBIX
SHEpPruil KpUcTajula AJsl CIy4yaeB, KOIJa MPUMECh NMPUCYTCTBYET HA MOBEPXHOCTU U B

o0BeMme:

AF =U2, -U.,. (5.2)

51



9Ty BCIIMYMUHY CICAYCT OIIPCACIUTDb KaK SQHEPIHUIO HOBerHOCTHOﬁ cerperaiuu.

5.2. Pacyer CcBOOOJAHOH JSHEPruM  MeETOJAOM  TEPMOAMHAMHYECKOIO

HHTETPUPOBAHUSA

Bo BTOopom pa3pabareiBaeMoM cmocobe pacdera CBOOOTHON SHEPTHil MpuUMecH
WCTIONIb3YETCSl METOJl TepMoauHaMudeckoro uHterpupoanus [30]. Jlanubiii Meton
1o3BOJIsIeT B pamkax MJ[ MojenupoBaHUs pacCuuTaTh U3MEHEHWH CBOOOJHON DHEPTHUH
JUIS. TIpoliecca, B KOTOPOM MCXOJIHBIM TaMUJIBTOHHAH cHUCTeMbl H; mpeobOpasyercs B
KOHeuHbIN H,. J{1 3TOro BBOAUTCSA CMEIIaHHbIN raMuiabTOHUAaH H (1) =(1-A)H, +AH,, r1e
/. — BapbUpyEMbIil mapamerp, npuHuMaromuii 3navenue ot 0 no 1. Ilpu 4=0, H(1)=H,;
npu A=1, H(1)=H,. Takum 00pa3oM, MEHsIsI B KOMITBIOTEPHOM SKCIIEPUMEHTE apamerp A
or 0 10 1 MOXHO peann30BaTh KBA3UCTATUYECKHUW MPOIECC NEPEBOJIA CUCTEMBI U3
COCTOSIHUS, OINMCHIBAEMOro raMuibToHMaHoM H;, B cocrosaue H,. [Ipu sTom mporecc
nepeBojila He 0053aTeIbHO JOJDKEH COOTBETCTBOBATH (PU3MYECKH OCYIIECTBUMOMY B
AKCHEPUMEHTE MPOIIECCY.

I[J'I?I CMCIIaHHOI'O raMMJIbTOHHaHa CBO6OI[Ha${ OHCPIUA FGJ’IBMFOJ’IBH& HUMCCT BU/:

1 e
T
an N!Ie dr™ |, (5.3

F=—kTInZ(1)=—kTIn

rae Z(/) — cTaTucThueckas cymMma CHUCTeMbl ¢ ramuwibToHHanoM H(A). [ns mpousBoaHOi#M
CBOOOJIHOM SHEPTHH TI0 A TOT/1a HMEEM:

oF
oA

OTKYy/Jda ciaenyer KIIFOYCBOC COOTHOLICHUC METOda TCPMOIUHAMUICCKOI'O

VHTErPUPOBAHUSL:
A=1
AF = [(H,—H,),dA. (5.5)
A=0
BaxxHOCTb ATOro COOTHONICHHUS 3aKJIOYACTCS B TOM, 4YTO HM3MCHCHHUC CBO6OI[HOI>1
OHEPTUU BBIPAXKEHO Yepe3 YCPEAHEHHYI0 1o aHcambmto BenumumHy H, — Hj, koropas

MOJKET OBIThH HCITOCPCACTBCHHO BBIYUCIICHA IIPU MI[ MOICIIUPOBAHHN.
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UToObl MPUMEHUTHh METOJI TEPMOJMHAMUYECKOTO HWHTEIPUPOBAHMS JJIsI pacuera
W3MEHEHUsI CBOOOJHON HPHEPTUM MpHU MEePEMEIICHUN MTPUMECHOr0 KaTHOHa M3 o0beMa Ha
MOBEPXHOCTh, HEOOXOAMMO pEaJIn30BaTh BHUPTYalbHBIM NpoLecC “‘TpeBpalleHus”
MpUMECH, HAXOsIIecs B 00beMe KpucTaia KOpyHaa, B MOH allFOMUHHUS, OJTHOBPEMEHHO
C ATUM “‘TipeBpaiiiasi’ MPOU3BOJIbHBIN MOBEPXHOCTHBIM HOH aTIOMUHUS B mpuMech. Jlis
OMHWCAHUS B3aUMOJICHCTBHUSI KAaTHOHOB B MOJICIIMPYEMOM CHCTEME C OCTAJIbHBIMU
YaCTUIIAMHU HCITOJIb30BaJICA MOTEHIMAI bykuHrema u KyJoHOBCKUHU moTteHnualn. [loatomy
MOXXHO BOCIIOJIb30BaThCSl CIEIYIONIMM JIMHEWHBIM 3aKOHOM IIpEBpallleHUs 3apsiaa
IPUMECH (Jimp ¥ MapaMeTpoB noTeHnuana bykunrema Aing, pimp U Cimp:

qimp (l) = qimp + ﬁ“(qAI _qimp)

Aimp (ﬂ') = Aimp +ﬂ’(AAl - Aimp)

pimp(ﬂ’):pimp +2’(pAI _pimp) (56)
Cimp (A) = Cimp +A(Cy — Cimp)

AHQJIOTMYHBIE COOTHOIICHMS HCTOJB30BAIUCh JJIsI TOBEPXHOCTHOTO HMOHA
amtoMunusi. Beinonusst M mogenupoBaHue it Habopa NUCKpETHbIX 3HaueHuit 4 ot 0 10
1 u Bbruucnss BenuuuHy H; —H;, ¢ momomipio cooTHomenus (5.5) MOXHO paccuuTaTh
M3MEHEHHUSI CBOOOTHON SHEPTUU.

Meton TEepMOIMHAMUYECKOTO MHTETPUPOBAHUS MOXKET OBITh MPUMEHEH TaKXke K
pacdery cBOOOIHOM PHEPTrUuu MpUMeECEe B UCTIAPEHHOM cocTOsTHUU. OCHOBHAsI TPYAHOCTD
ATOM 3a/laud 3aKJII0YaeTcsi B OTCYTCTBUM Ha CETOJHSIIHUA J€Hb MPEICTaBICHUN O
MEXaHU3M€ HClapeHus. B paHHUX SKCHEpUMEHTANbHBIX paboTax 3aUKCUPOBAHO
ucrmapenue 1enoro Habopa kmacrepos Al, O, AlO, Al,O, AlO, u Al,0, ¢ moBepxHoCTH
OKCHJa QIOMUHMS, OOJalalonmx pa3indHbeiM  Koddduimentom wucnapenus [31].
OCHOBBIBasSICh Ha ATUX JAHHBIX, MOXKHO MPEAIOJIOKUTh, YTO MPUMECh B Ta30BOM (aze
npencrasiger coboit kommiekc tuna P,AlO,, roe P — npumecHslii noH, X,Y,Z — 1enble
guctra or 0 gmo 2. Torma, paccMarpuBas BHUPTYaJIbHBIA IPOLECC, B KOTOPOM
B3auMozeiicTeue kommieke PyAl,O, ¢ ocTanbHOI peneTkoi TOCTENEeHHO ““BBIKIIIOYACTCS,
MOXHO €ro MepeBecTH B “Ta30BYI0” (a3y, U BHIYHUCIUTh U3MEHEHHE CBOOOIHON IHEPTUU
JAHHOTO Mpolecca. ITO IA€T BO3MOKHOCTb, BO-IIEPBBIX, YCTAHOBUB MEXAHU3M HCHapEHUs
Ul Pa3iUYHBIX MPUMECEH, BO-BTOPBIX, PACCUUTaTh TEPMOAUHAMHUYECKHI Mpenen

OYUCTKHM.
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6. HpOBeneHne TCOPETUHYCCKHUX HCCJIe0BAHNM MOJIYy4YCHUSA

IKCHCPUMCHTAJBHBIX 06p33IIOB 0-OKCH/Ia AJIOMUHHUSI BLICOKOM YHCTOTHI

6.1. leTaJiu aTOMHCTHYECKOTO0 MOJAEJIHPOBAHUS

Bo Bcex aroMucTHUecKHX pacyeTax (cTaruueckoe wmonaenupoBanue, M/,
TUMEpIMHAMUKA) JIJIs1 OMMCaHUsSI B3aUMOJICUCTBHSI HOHOB UCIIOIh30BajIaCh MOJIENb HOHHBIX
KpUCTAJIJIOB bopHa. YuuTeIBanuch AIEKTPOCTATUYECKOE B3aUMOJICHCTBHE,
KOPOTKOJEHCTBYIOIIEE B3auMozeiicTBre (rmoTeHuan bykuHrema), a Takke 3J€KTpOHHAs

moJsIpru3anus NOHOB!

—% +%Z,UiEiO ' (6'1)

NI
i ] 1]

T

Ty

rae u; =a,E, — HaBeIeHHbIN IUIOJIbHBII MOMEHT MOHOB C MOJISIPU3ALMU @ IIOJ JACHCTBUE
cymMMapHOro BHemHero nons E;; E? —rmore, co3maBaeMoe TONBKO (HUKCHPOBAHHBIMH

3apsagaMu HOHOB. [TapameTpbl KOPOTKOAECUCTBYIONIETO B3AUMOIECUCTBUS 1J11 U3YUYCHHBIX B
NpOeKTe MpUMecel puBeaeHbI B Tadmie 2 [32].

VYyuThiBasiach 3J€KTPOHHAS NOJSAPU3ALMS TOJBKO HOHOB KUCIOPO/a, NOJIsIpU3alueit
KaTHOHOB  npeHeOperasiock. 4  omucaHuss — NOJMApPU3ALMM  MCHOJIb30BAJACh
penakcanuoHHast obomoueynass mojenb (Relaxed Shell Model), npu kortopoit uon
(MaccuBHOE sIpO) COEOUHSETCS C OOOJOYKOM HyJNEeBOW Macchl C  MOMOIIBIO
TFapMOHMYECKON MPYXHUHBL. 3apsii O0O0JOYKH M KOIPPUIMEHT KECTKOCTU MPY>KUHBI
ONIPEICISIOT MOISAPU3YEMOCTh ¢ =02, /K . Jlmst moHOB O Qe = 0.04& u k=6.3 9B A
[33].

OnementapHas MJ| siuelika coxpepxkana 3000 HMOHOB adOMUHUS U KHUCIOPOJA,
MOMEIICHHBIX B Y3JIbl HICANBbHON KpHcTamnueckon pemeTku o-Al,O3z. Mcmonb3oBanuch
NepUOJUYECKUE  TpaHWyHble  ycnoBus. g moacdera  AJIEKTPOCTATUYECKOIO
B3aMMOJICHCTBUS HMCIIOIB30BAJNICS METO/Aa DBajibla, C PaANycoM OOpe3aHus B pealbHOM
npoctpancTBe 1 HM. Paguyc oOpe3aHusi KOpOTKOJAEHCTBYIOIIMX B3aUMOICHCTBUS TaKKe
coctaByisl 1 am. ar unteprupoanus 1dc. M/l monenupoBanue BoinonHsiock B NVT
ancam0Je; ucnojbs3oBanack cxema Bepiie u Tepmoctat Hoze-XyBepa.
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Tabmuma 2 - [lapameTpbl KOPOTKOACHCTBYIOIIETO B3aUMOJEHUCTBHUS ISl Pa3IMUHBIX

IIpUMECEU
HoHsr Paguyc [34] A, B p, A C,»B-A°
ﬂeyxeaﬂeﬂmnble KAamuoHbl
0~ 0~ 1.40 9547.96 0.2192 32.0
Mg~— 0% 0.72 1248.38 | 0.299969 0.0
Co”- 0” 0.745 778.02 0.3301 0.0
Fe*'— 0” 0.78 853.5 0.3288 0.0
Cd*— 0” 0.95 951.88 0.34856 13.91
Ca”— 0" 1.00 784.38 0.36356 0.0
Sr-0* 1.18 682.17 0.3945 0.0
Ba”— 0” 1.35 905.7 0.3976 0.0
TpexeaﬂeHmele KamuoOHbl
Al*—0” 0.535 1120.04 0.3125 0.0
cr- 0 0.615 1313.18 0.3165 0.0
Ga>'— 0” 0.620 1281.75 0.3175 0.0
Fe’— 0% 0.645 1414.60 0.3128 0.0
Sc¥- 0~ 0.745 1575.85 0.3211 0.0
In**-~ 0* 0.800 1495.65 0.3327 4.33
Yb*- 0% 0.868 1649.80 0.3386 16.57
Y- 0 0.900 1766.4 0.33849 19.43
Sm*- 0* 0.958 1944.44 0.3414 21.49
’{emblpexeaﬂenmﬂble KAamuoHbl
Rh*— 0* 0.600 1204.64 0.3404 0.0
Ti"— 0~ 0.605 1210.04 0.3427 0.0
Ru*— 0* 0.620 1215.78 0.3441 0.0
Mo*— O* 0.650 1223.97 0.347 0.0
Sn**- 0* 0.790 1414.32 0.3479 13.6
Pu*- 0" 0.860 1682.08 0.3542 0.0
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6.2. MoneaupoBanne auddy3nun npumeceii u3 odbema kpucramia o-Al,O; k

MOBEPXHOCTH

Jlnst monenpHOTO pacuera kodduimentoB nudpy3un, onucaHHoro B myHKTe 4.1,
HEOOXOIMMO HWCXOAWTh W3 HEKOTOPBIX MPEANojaraeéMplx MeXaHu3MoB nuddysuu
npuMeceil (BakaHTHOTO, MEXY3eJIbHOrO W T.a.). Ha cerogusimHuii JeHb HET MOJHOU
SICHOCTH OTHOCHUTEJIBHOIO IOMUHHUPYIOIIETO MEXaHU3Ma. bosee Toro, OH MOXKET MEHAThCS
B 3aBUCHMMOCTH OT MHUKPOCTPYKTYpbI 00pa3lia W Haldu4Ms TeX WM HUHBIX Npumeceil. B
JaHHOM TPOEKTE Mbl OMHUPATIUCh Ha JAaHHbIe paboThl [32], rae ObUIO MOKA3aHO, YTO IS
MPUMECHBIX KaTHOHOB pa3IMYHOM BajeHTHocTu (2+, 3+, 4+) sHepreTudecku Hambosee
BBITOJIHBIMU  SIBJISIFOTCSI MEXaHM3Mbl PACTBOPEHUSI B KOPYHJI€, MPU KOTOPBIX MPUMECH
3aMEHSIET POJHON MOH AJIFOMUHUS ¢ 00pa30BaHUEM B CIlIydae JBYX M YEThIPEXBAJIEHTHBIX
IIPUMECEV aHMOHHOW WJIM KaTMOHHOW BaKaHCHW. BHeIpeHHne nmpumeced B MEXI0Y3Ius
pemerku Al,O3 sHepreTrdecky HEBBITOAHO U MaJIOBEPOATHO. Mcxos U3 3TOro, B ciaydae
HaJu4usi JOCTAaTOYHOI'O KOJIMYECTBA KATHOHHBIX BAaKaHCUW, MOXHO MpPEANnojaraTh
BaKaHTHBIA MexaHu3M aAuddy3un mpuMeceil Mo KaTHOHHOW mojpernieTke. B psge pabor
TaKKe MPEeANoIaraeTcss BaKaHTHbIN Mexanu3M camoaudysuu Al B kopyrze [23, 32].

B KadyecTBe HMCTOYHMKOB KATHOHHBIX BAKAHCHH PAacCMATPUBAINCH HMOHBI Ti
BHEJ/IPCHHBIC B UCCIICAYEMbIN KPUCTAJLI TI0 CIEAYIOIIeMy Mexanusmy [32]:

3TiO, +4Al,, <> 3Ti;, +V,, +2Al,0,. (6.2)

T.e., KOHIIEHTpAIUS BaKaHCHUI COCTABJISIET TPETh OT KOHIICHTPALUHU T1, KOTOpas B
CBOIO ouepens coctaBisieT ~10 ppm B wuccneayembix oOpasiiax, W cjiabo 3aBHCHUT OT
TepMuueckoil o0paboTku. OOpa3oBaHHE KAaTHOHHBIX BAaKAHCH 3a CYET TEIUIOBBIX
baykTyaluii HE paccMaTpuBajioCh, T.K. dHeprusi odOpasoBaHust naedekra IloTTku u
KaTHOHHOTO Acedekta DpeHKens CaumKoM Benuku (5,2 3B u 7,2 3B cOOTBETCTBEHHO).

PaccMoTpuM MpOWM3BONBHYIO aTIOMHUHHEBYIO BakaHcuio B pemietke o-Al,Os
(pucyHok 15a). OHa OKpyXe€Ha IIECThI0 aToMaMu KHCIOpoaa. MOXKHO BBIJIEIUTD

pa3iuuHbie TyTH TUG(dy3Ud BakaHCHUM B COCEIHHE Y3IIbl, 3aHUMaeMmbie Al, koTopbIe
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MMEIOT Pa3Hble SHEPTHM aKTHBAlMW. DTH MYTH MOKa3aHbl Ha puUcyHkax 156, 158 u 151

(manee obo3Havarorcs kak myth I, 11 u 111).

Pucynok 15 — benbimM 1IBETOM BbIjIeNIeHA allFOMUHUEBAsI BAKAHCHSI, KPaCHBIM — aTOMbI O, 3eTIeHBIM —
atomsl Al. (a) — aToMbI KHCIOpOa B OJIMKHEH KOOpauHannoHHO# chepe Bakancuu Al; (0), (B) u (1) —

pasnuuHbie Myt Auddy3un BakaHCHH B COCEIHUE Y3IIbl, 3aHnMaeMbie Al.

[Ipeanonoxkum, 4To pPabOTAIOT TOMBKO TPH SKBUBAJIEHTHBIX NyTH Iuddysum,
nokasanuple Ha pucyHke 150. Torma BeiBemeHnHas paHee (opmyna (4.2) mo3BoisieT
paccuutath kodduuuent auddysum Bakancum D,, mpu stom Z=3. Koaddumuenr
mubdy3un KaTUOHOB M BaKaHCHHA B3aWMMHO-OJHO3HAYHO CBS3aHBI COOTHOIIECHHUEM

D.=C,D,, C,—nmons BakaHcuii B KpucTasuie. T.K. CyIIeCTByeT TpH pa3IUYHBIX
(HesKBUBANIEHTHBIX) NyTH Auddy3un (pucynku 156, 158 u 15r), TO HETpYAHO MOKa3aTh,
4TO0 CyMMapHbIii Kod(duiment aubdysuu paBen: D' =D!+D’+D’, tae D) -
ko3 urueHT quddy3nun, 00eCIIeUNBAEMBIN I-bIM ITyTEM.

Ha pucynkax 16-18 moka3zaHbl SHEpPrUM aKTUBAIIUU PA3IUYHBIX TyTel nuddy3uun
JUISE TIpUMECe pa3IMyHOM BaJE€HTHOCTH B 3aBUCUMOCTH OT pajuyca IPUMECH,
paccyrTaHHbIC METOIOM 3JIaCTUYHBIX YIIPYTHX CBsi3eil (myHKT 4.1).

45
4,0

Yby
3,54 Sm

3,0
2 254
= 2,04
1,5-
1,0-

0,5 T T T T
0,5 0,6 0,7 0,8 0,9 1,0

Pucynok 16 — Dueprus aktuBauuu auddy3un TpexBaJICHTHBIX IPUMECEH B 3aBUCUMOCTH OT pajnyca

noHa. UepHas, cunss ¥ KpacHast KpuBble cooTBeTCTBYIOT |, |1 1 Il myTu nuddy3un.

57



28
241
2,0

1,64

B

m
o 1,2

S5}
0,8

0,4+

0,0 T T T T T T T T
06 07 08 09 10 11 12 13 14 15

R, A

Pucynok 17 — Dueprus aktuBauuu audQy3un 1ByXBaJIeHTHBIX IpUMeEceil B 3aBUCUMOCTH OT paJuyca

noHa. YepHas, cuHss 1 KpacHas kpuBble cooTBeTCTBYIOT I, Il u Il mytn muddy3um.
6,0
55
5'0_ il 0 Sn
45 d
4,0
2 35
1o° 3,04
2,54 u n
A
2,0 "
1,54
u
1,0 .

055 060 065 070 075 080 085 0,90
R, A

Pucynok 18 — Dueprus aktuBanuu nudy3un 4eThIpeXBaJICHTHBIX IPUMECEH B 3aBUCIMOCTH OT pauyca

noHa. UepHasi, cunsis v KpacHasi KpuBble cooTBETCTBYIOT |, |1 1 Il myTn nuddy3un.

JIy1sl TpeXBaEHTHBIX MOHOB 3aBUCHMMOCTH MMEIOT MakcuM npu R ~ 0.65A (cM. pucynok
16). Bungno, uto myth |l oGmamaer mpumepHo B 2 pa3a OOJbIICH dHEPTUCH aKTUBAIIWH,
mo3ToMy ero Bkian B auddys3uto mnpeHeOpexnuMo mai. JIJisi JBYXBaJICHTHBIX HOHOB
SHEPIUM aKTUBAIlMU 3aMETHO HMKE, & 3aBUCUMOCTHU OT pajuyca NpUMECH UMEIOT pa3HbIi
xapaktep (cM. pucyHok 17). Iy 4eTbIpexBalleHTHBIX MOHOB 3aBUCHMOCTH MOHOTOHHO
yobIBatoT (cM. pucyHok 18). I1yts I, kak u B ci1ydae TpeXBaJIEeHTHBIX HOHOB, MOXKET OBITh
BBIKUHYTH U3 PACCMOTPEHUS 10 MPUYMHE BEICOKOW SHEPT UM AKTUBALIUH.

Ha pucynke 19 nokazanbl pacdeTHble TeMIIEpaTypHbIE 3aBUCUMOCTH NPHUMECHBIX
MOHOB. MOXHO OTMETUTH, UYTO CYIIECTBYET TEHACHIIMS YMEHBIIECHUS TMOABMKHOCTHU

HpI/IMCCCﬁ C YBCIIMYCHUEC BAJICHTHOCTU HOHOB, YTO CBA3aHO C POCTOM SHECPIYHU aKTUBALINH.
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Pucynok 19 — TemnepaTypHble 3aBHCUMOCTH JIBYX- (@) TpeX- (0) U YeThIpeXBaJICHTHBIX (B) pUMeceil B

kpucramie a-Al,Os.

C ToukM 3peHus pa3BUBAEMOM B MPOEKTE TEXHOJIOTUH, U3 MOJYYEHHBIX PE3yJbTaTOB
MOXHO CHENaThb BBIBOJ, 4YTO TPAHCIOPT JBYX- MW TPEXBAJEHTHBIX MpUMEcCEed K
IIOBEPXHOCTU HE SIBJISICTCS JIMMUTUPYIOLIEW CTaauel IpOoLEecca BBICOKOTEMIIEPATYPHOU
BaKyyMHOH OYMCTKH, T.K. XapaktepHoe auddy3nonnoe paccrosaue npu 1~1800-1900 K
u 1~54 mpeBbIIAET XapakTEepHbIE pa3Mephl KpucTaumueckux 3epeH (~10 MkMm) B
nojiy4aeMbIx oOpa3lax KopyHzaa. UeTbipexBajieHTHbIE HOHBI IPU 3TOM AUPGYHAUPYIOT B
CPENHEM 3HAYUTENbHO MemieHHee. OaHako HAaA0 NPUHUMATh BO BHHUMAHHUE, YTO B
pacueTax HE YYMTHIBAJIOCH B3auMmojelicTBue JedextoB. Hampumep, BO3MOXHO

ANEKTPOCTATUYECKOE CBA3BIBAHUE YETHIPEXBAJIEHTHOIO MOHA, MUMEIOIMIEro 3((eKTUBHBIN
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3apsa +1 B pemieTke, W aJFOMUHUEBOM BaKaHCHM, UMeromeld 3¢ @GEeKTUBHBIN 3apsa -3.
AHaJIOTHYHBIM 00pa30M, TOJDKHBI OTTAIKUBATHCS JIBYXBAJCHTHBIC NOHBI U ATFOMUHUEBAS
BakaHCUsl. Y4eT A3TuX 3(hPEeKTOB AOIKHO MPUBECTH K pocTy ko3 duiineHtoB nuddy3nu
YEeTHIPEXBAIICHTHBIX MPUMECEH U YMEHBITICHUIO Tuh()y3un IByXBaJICHTHBIX TPHUMECEH.

Ha pucynke 20 mpeacrtaBieHO CpaBHEHHE HMEIOMIMXCS B PaCHOPSHKEHUU
OKCIIEPUMEHTAIBHBIX K03 duimenToB audpdysmn Cr m Fe B xpucramie ao-Al,Oz; ¢
pacyeTHbIMU 3HadeHUsIMU. [IpsiMmoe cpaBHeHME B JaHHOM CiIy4yae HEOOOCHOBAaHHO, T.K.
OTCYTCTBYIOT JaHHbIE O XHUMHYECKOM COCTaBE UCCIIEIOBAHHBIX OO0pa3loB U UX
MUKpPOCTpYKType. TeM He MeHee, MOKHO OTMETUTh, YTO pacdeT U IKCIEPUMEHT J1aeT
Oonm3kue 3HadeHus kodddunmentoB auddy3un Fe npu Temmeparypax 1600+1800 K.
Kosppuuuenter auddysuu monor Cr oTiamyaroTcss Ha TOPSAOK, HO MPU ITOM YIJIbI
HaKJIOHa DKCIEPUMEHTAJIbHOM U pacyeTHON KpUBBIX OJM3KU. ITO O3HA4YaeT, YTO
MOJICITMPOBAHUE TPABUIIHBHO MPEJACKA3bIBACT dHEPruio akTuBanuu nuddy3uu. Pazmmuuns

MOTI'YyT OOBICHATHCS paanueﬁ B KOHICHTpAaIlM1 aJITOMHUHUCBBIX BaKaHCHUM.
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Pucynoxk 20 — CpaBHEeHHE SKCTIEPUMEHTANIBHBIX [6] M pacueTHBIX TEMIIEPAaTyPHBIX 3aBUCUMOCTEH HOHOB

XpoMa u xenesa B kpuctaiie o-Al,Os.

6.3. MopeaupoBaHue TOBEPXHOCTHOM cerperauMm npumeceil mnpu

BBICOKOTEMIICPATYPHOM IIPOKAJIUBAHUU KOPYHIAA

Ha pucynke 21 noka3zaHa 3aBHCUMOCTb JHEPTMH NOBEPXHOCTHOM CETPETanvu OT
paanyca MpUMeEcH, BbIuuciIeHHAs 1Mo Gopmysie (5.4), 11 HOHOB pa3IMYHON BaJICHTHOCTH

Ha noBepxHocTH Al,03(0001).
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Pucynok 21 — DHeprusi MOBEpXHOCTHOM CETperamuy B 3aBUCHMOCTH OT pajiyca MpUMecH Ha

nosepxuoctu Al,03(0001).

JIsisi TpeXBaJCHTHBIX MOHOB C paauycoM, Onmu3kuM K pamuycy Al, takux kak Cr u Fe,
SHEprusi OJu3Ka K HYyJI0. OJTO TOBOPUT 00 OTCYTCTBHU BbIpaXeHHOro 3¢dekra
Cerperamuu, 4To XOpOUIO COIJIAaCYeTCsl C BBICOKOW pacTBOPUMOCTBIO 3THUX 3JIEMEHTOB B
kopyHze [35, 36]. [Ipu nanpHeiliieM yBelIMUYeHUH pa3Mepa MOHOB AF HauMHaeT crajath,
U cerperauusi MpuMeceil CTAaHOBUTCS YHEPreTUYECKH BBINOJHOM. JTO CBSA3aHO C TEM, YTO
MOH OOJNBIIUX pPa3MEPOB TNPHUBOJUT K 3HAYUTEIbHBIM HWCKAKCHHUSIM pEIIETKU, U
NepeMelIeHIE ero Ha MOBEPXHOCTh CIIOCOOHO 3HAUUTENIBHO MOHU3UTh SHEPTUIO CUCTEMBI.
Jnst moctaToyHo OONBIIMX MpPUMEced, TakKuX Kak Y, MOXHO TMIpeacKaszarh SIPKo
BBIPAKEHHYIO CErperalyio Ha MOBEPXHOCTH KPUCTANTMYECKUX 3€pEH U HE3HAUUTEIbHYIO
pacTBOPUMOCTb B OOBEME, UTO TMOATBEpkKAaercs B dKkcrnepuMente [36]. Jus
JIBYXBAJICHTHBIX MpUMecel HaOII0AaeTCsl aHAIOTMYHAsL 3aBUCUMOCTb.

JJ1s1 4eThIpeXBaJEHTHBIX HOHOB KapTUHA HECKOJIBKO OoTauvaercs. s 6onbmmrHCcTBa
PAaCCMOTPEHHBIX TPUMECEH SHEPrus Cerperanvy IOJOKUTEIbHA, YTO O3HAYaeT
9HEepreTuyecku Oojiee BBITOJHOW CHUTYaIMIO, KOTJa TPUMECh HaxXOOUTCS B OOBEME.
BepositHo, 3TO cBs3aHo ¢ OompmmM 3apsimoM  +4€, KoTopeld Oosee 3(dexkTuBHO
HKpPaHUPYETCS OTPULIATEIIbHBIMU HOHAMU KUCIIOPOa B 00beMe, YeEM Ha IOBEPXHOCTH.

B menoMm, pe3ynbTaThl XOpOIIO COMIACYIOTCS C MOJACIMPOBAHUEM CETperalnvdd Ha
MOBEPXHOCTH KpHcTasuia o-Fe,03 [29].

Ha pucynke 22 Ttaxke NpeACTaBICHbl [aHHBIE IO HHEPIrUU Cerperamvv Ha

pPa3IMYHBIX  KpHCTALIOrpaQUUYeCKuX MOBEpXHOCTSIX kpuctawwia o-Al,O3.  ['paduk
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IIOKAa3bIBacT CYHI€CTBCHHOC BJIUSITHHUC THUIIA IMOBCPXHOCTHU Ha IMOBCPXHOCTHYIO

KOHLIEHTPALUIO ITPUMECEMN.

—=&— [10BEPXHOCTH |
S —®— NOBEPXHOCTH 2
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Pucynok 22 — Brnusiaue kpuctamiorpadguyeckoid TOBEpXHOCTH Ha YPHEPTUIO TOBEPXHOCTHOMN Cerperanun

[IPUMECEH.

Kak yxe ormewasocb B IyHKTe 5.1, [JaHHbBIE 10 DJHEPrUM CeErperanvuu
XapaKkTepU3ylT paclpelelieHne NnpuMeceid MEeXIy o0O0beMOM M TOBEPXHOCTHIO B
paBHOBecHMH. TeM HE MEHee, MOXXHO TMPEANONOKHUTb, YTO MPHUMECH, CKIOHHBIE K
cerperamuu, 00JagaloT OoNbIIUM  KOI(PPHUIIMEHTOM HCMApEHUs U MOTYT OBITh
h(}EeKTUBHO yAalleHbl pa3padaThiBaeMOW B TMPOEKTEe TeXHOIorued (M HaobopoT).
KocBeHHO 3TO moaTBepx’AaeTCs MpeaBAPUTENbHBIMUA IKCIIEPUMEHTAIbHBIMU JIAHHBIMU 110
XAMHYECKOMY aHaJn3y 00pa3IoB, KOTOphIE HE OOHAPYKUBAIOT H3MEHEHHS KOHIICHTPAIIH

tTakux npumecei, kak Cr u Ti, B mporiecce TepMudeckoii 00pabOTKU B BaKyyMe.
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7. Hapa0oTka 3KCIepMMeHTAJbHbIX 00pa3uoB OemuTa

Ha mnepBom »srame mojydeHuss KOpPYHJA BBICOKOW YHUCTOTHI MPOUCXOJIUT
TUAPOTEPMATILHOE OKHUCJIEHUE MOPOIIKA ATIOMUHHS C MOJYYEHUEM MNPOMEKYTOUHOTO
BemiectBa B Bujae Oemura AIOOH, comepxkamuii B cBOEM COCTaBe KPHCTATM30BAHHYIO
BOAY.

1. Cxema »KCHEPUMEHTAIbHONW YCTAHOBKHM, NPEIHA3HAYEHHOW MJI1 KCCIEeIOBaHUS
IPOIIECCOB THAPOTEPMATILHOTIO OKMCIICHUS AIFOMUHUSA, TTPE/ICTaBIICHAa Ha PUCYHKE 5.

AJFOMUHUEBBI MOPOIIOK IOAAETCS B PEAKTOpP B COCTAaBE BOJHOW CYCIIEH3UU C
MIOMOIIBIO  JIO3UPYIOIIETO HAcoca BBICOKOTO JaBIEHHS. AJIOMOBOJHAS CYCIEH3US
MOCTYIAET B peakTop u3 cmecutens. CMecuTenb NpeacTaBisieT co00H eMKOCTh 00beMOM
30 1 ¢ mepeMenMBaoIUM YCTPOHCTBOM, YacTOTa BpaAIICHHs] KOTOpPOro cocrtasiser 170
00/mMuH. TBepjbple NPOIYKTHl PEAKIIUU BBIBOJSATCS U3 pPEeaKTOpa CHU3Y B €MKOCTh MpUeMa
MPOAYKTOB OKHCIEHHUsA. [a3000pa3Hble MPOMYKTHI BBIBOJSATCA CBEPXY PEAKTOpA.
OKCIIEpUMEHTANIbHBIN CTeH]] ocHanleH oTceunbiMu Kiananamu (OK1...OKS), natunkamu
temriepatypbl (Ty;...Twy) u nmaBnenus (P; u P,). DOxcnepumeHnranbHas ycTaHOBKA
VIOPABISIETCS U3 CHEIUAIBHOTO TOMEIIEHUS — ONIEPATOPCKON KOMHATHI, 000PYT0BaHHOMN
ACKY. Iloka3aHus TaTYNKOB TEMIIEPATYpPbl U TABICHUS 3aMUCHIBAIOTCS HA JKECTKUN JTUCK
komnbioTepa ACKY.

2. B kadecTBe HCXOJHBIX MPOAYKTOB PEAKIIMU OKUCICHHS SBISUIUCH IOPOIIKH
ATIOMUHHUS C Pa3M4YHbIM CpPEAHUM pa3MepoM yactul: oT 4 Mkm g0 29 mxm. Ha
Pucynke 23 mpeactaBieHbl BBITIOJHEHHBIE C ITOMOIIBI0 CKAHHUPYIOMIETO AJIEKTPOHHOTO
MHUKPOCKONA CHUMKH YaCTHUI[ YHOMSIHYTBIX HOpPOIIKOB. MOXHO OTMETUTh, 4YTO C
YMEHBIIIEHUEM JUCTIEPCHOCTH (YBETUYCHUEM CPEIHETO pa3Mepa YacTHIl opoIIKa) ¢popma
YJacTHIl, KaK MpaBWIO, Tepsja TMPaBWIbHYIO CchepudecKkyro (GopMy U CTaHOBHIACH

BBITSIHYTOM.
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™ 3

IC RAS SE CGB-H SEI 1.0kV X1,700 WD 45mm 10um  IC RAS SE GB-H SEI 1.0kV X250 WD 79mm  100um

LEI 1.0kV X100 WD 80mm  100um

P HCYHOK 23 — CHUMKHU JacTul UCCIICAYCMBIX MOPOIIKOB aJIFOMUHHS, BBIITIOJIHCHHBIX Ha CKAHUPYIOIICM

3JIEKTPOHHOM MHKPOCKOTIE: OT MEIKOAUCIIEPCHOTO a) A0 00Jiee KPYITHOTO B)

3. DKCIIEPUMEHTHI 10 TUAPOTEPMATHHOMY OKHCJICHUIO COCTOSIIM W3 JIBYX YaCTEH:
MepBasi — 3TO UCCJIEAOBAHUE KUHETHUKHU OKHUCJIEHUS AIFOMHUHHMEBOIO IMOPOIIKA, BTOpas —
HapaboTka Macchl OemuTa. B KadecTBe MCXOAHBIX MATEpUATIOB IJisi TPOBEICHUS
AKCIEPUMEHTOB ObLTM  BBIOpAaHbI  TOPOIIKKM  AJTIOMUHHUSA C  pa3INYHBIM
IPaHYJIOMETPUYECKHM COCTABOM.

UccnenoBanre KWUHETUKU OKHUCJICHUS OINPEIEICHHOTO IMOpOIKa aJTIOMUHUS
3aKJII0YaNIOCh B MPOBEJACHUU C JAHHBIM MOPOIIKOM BIIPHICKA CYCHEH3UH W3 CMECHUTEIS B

peaxkTop, MpEeABapUTEILHO Pa3orpeThiii 10 ompeaencHHon TemmepaTypbl (320-350 °C),
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BBIJICPKKH PCAKTOpPaA IMOCJIC 3TOI'0 B TCYUCHHUC HCCKOJIbBKHMX MHUHYT W PETUCTpAallUN B XOJEC
ﬂaHHOﬁ BBIICPIKKHN MMOKa3aHUuM AaTYUKOB JaBJICHUA U TEMIICPATYPHI.
I[J'IH IMPOBCACHMA  OKCIICPpUMCHTOB  BHA4YaJIC IMPHUIOTABIMBAJIACh  CYCIICH3UA

AIFOMUHHUEBOIO MOPOLIKAa C BOJAOW B cMecutene. Temmeparypa CyCIEH3HMH B CMECHTENE

m
ObUIa KOMHATHOH. MaccoBOEe OTHOIIGHHE BOABI K ATIOMHHHIO ¢=—2>=8 mu1i Bcex
Al

MTOPOIITKOB .

[locne mpuroTOBIEHUS CYCIIEH3MHM B CMECUTENIe pEeakTOp HarpeBajics M0
onpeneneHHon temmnepatypsl. [Ipu 3ToM B X0Je HarpeBa peaktopa JJjisi CO3/JaHusl B HEM
BJIQKHOT'O HACBIIIEHHOTO BOJSHOTO Mapa B HEro mnojaBajiach Boja. Boma B peaktop
MojiaBajiaCh C MOMOIIBI0 HACOCAa BBICOKOT'O JIABJICHUS U3 €MKOCTH C JUCTUIIMPOBAHHOM
BOJIOM.

ITocne HarpeBa peakTopa J0 OINpPEAEICHHON TeMIIepaTyphl B HETO OCYIIECTBIISIICS
BIIPHICK ~ QJIIOMOBOJHOM CyCIeH3uM U3 cMmecutend. [IpogomKuTenbHOCTh  BBOAA
AJTFOMOBOJTHOM CYCIIEH3UH B peakTop cocTtaniisuia 20 cek.

Kunernka OKHCIIEHMsS  aIIOMHHHUS M3ydallach 110 CKOPOCTH  HM3MEHCHMSI
TEPMOJAMHAMHUYECKUX TapaMeTpoB (JIaBJICHUS M TeMIepaTypbl) peakTopa Iocje BBOJA B
HEro aJIIOMOBOJIHOM cycrieH3uu. M3MeHeHne TepMOIMHAMUYECKUX MapaMeTpoB peakTopa
PErUCTPUPOBAIOCH C OMOUIBIO JATYMKOB TEMIEPATYPHI U TaBICHUS.

[Tocne 3aBepiieHUsT XUMUUECKON PEAKIMU MPOAYKThl OKUCJIEHHUS BBIBOJAWINCH U3
peaKTopa CHH3Yy B EMKOCTh IprUeMa MPOJTYKTOB OKHCIICHUS (CM. PUCYHOK 5).

ITocine MPOBEPKHU KHHETUIECKHUX XapaKTEePUCTHUK AKCIIEPUMEHT 1o
TUAPOTEPMATILHOMY OKHCJICHUIO ATFOMUHHS MPOJOJIKAJICSA W 3aKII0Yajcs B mepepadoTke
OCTaBIIErOCs ATFOMHUHMS, 3aMEIIICHHOTO B CMECHUTEJIE, C IIE)IbI0 HapaOOTKH Macchl OeMuTa.

HapabGoTka macchl GeMHTa OCYIIECTBIISUIACH B HEMPEPHIBHOM aBTOMATHYECKOM
pexuMe 1o ImkiIorpamme. [IpogomKUTENTbHOCTh HENPEpPhIBHON 3aKaukud CYCIIEH3UU
coctaBisuia 105 cexk. KonnuecTBO UHKIOB ONPEAETSIIOCh OCTAaTKOM CYCIEH3UU B
CMECHTEJIE.

B mporecce HenpepbiBHOM pabOThl peakTopa BHIBOJI M3 HEro MapaBOIOPOIHOMN

CMECH OCYIIECTBIISUICS O KOMaHAE naruvka nasineHus P, depe3 kmanman OKG6. Ilpum
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nocTkeHuu nasienus B peakrope 17 MIla kimanan OK6 oTkpsiBajics, Ipu JOCTUKEHUN
16 MIla — 3akpeiBasics. Takum o00pa3oM, JaBICHHUE B pPEAKTOpPE MOIIEPKUBAIOCH B
3aJaHHOM  JuamaszoHe. M3 peakropa mapaBomopoaHas CMECh  IIOCTyIlajga B
TEMII000MEHHUK-KOHJICHCATOp Il KOHJEHCAIIMK BOASHOTO Tapa. M3 TemnooOMeHHUKa-
KOHJI€HCAaTOpa BOAOPO/ U CKOHJEHCHUPOBABIIASCSA BOJA NOCTyIAIU B 0apOOTEp, B KOTOPOM
MIPOUCXOAWIO OTAECICHHUE BOJAOPOAA OT XUJKOM BOABL. Bomopon ynaisuics Ha cBedy, a
CKOHJCHCHPOBABINIAasiCsl BOJla CKariMBajlack B Oapborepe. BbniBojg cHH3Yy peakTopa
TBEPABIX MPOAYKTOB OKUCIIEHHUSI OCYILECTBISICS 110 3aBEPLICHUN OYEPEIHOIO [IUKIIA.

4. Ha pucynke 24 mpencrapiieHa 3aBUCUMOCTb MOKAa3aHWW JaTYMKA JABJICHUS OT
BPEMEHU II0CJI€ Hauyajla BIIPBICKUBAHUSA AJIOMHUHUEBOU cycneH3ud. l[lepBoHaudanmbHOE
YMEHBIIEHUE AaBICHUS OOBACHAETCS OXJIAXKIECHUEM DPEaKTOpa IOCie BBOAA XOJIOAHOU
BOJBI, IIOCHEAYIOIIMM POCT CBfA3aH C  BBIACIIEHUEM  BOAOPOAA, Pa3OrpeBOM

NapaBOAOPOIHON CMECH OT PeaKkTopa.

20

P, Ma

18 r\&_ = v

16

14 1

12

t, cex

10 T T T T T
0,0 50,0 100,0 130.0 2000 2300 3000

Pucynok 24 — 3aBUCUMOCTH MMOKa3aHUI JaTYMKa TaBJICHUN OT BPEMEHH IOCIIE BBOJIA aTIOMHHHUEBOM

CYCIIEH3UH.

OCHOBHBIM MPOJYKTOM TMpOLIECCA THUAPOTEPMAIBHOTO OKHUCJICHHUS AFOMHUHUS
ABJISIETCS. OEMUT, IPOU3BEICHHBIN U3 PA3TUYHBIX OPOIIKOB aTIOMUHUSA, XapaKTEPUCTUKHU
KOTOPBIX YIIOMHUHAJHUCH BBINIE. Tak Kak 00bEM BHYTPEHHEW YacTH PEaKTOpa COCTABIISET

MPUMEPHO 7 JI, TIOATOMY JUIsl TIONy4eHHs] OeMHTa B KOJIMYECTBE JO 5 Kr OBUIO CO3/1aHa
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nporpamma, coriacHo kortopod ACKY koHTponupoBajia HENPEPBIBHBIA MPOIECC
nonydyeHus: Oemura Oe€3 mpsAMOro ydactus omepatopa. HempepblBHBIN mpoluece
OCYILIECTBIISUICS B TEUEHHWH HECKONbKMX yacoB. Ha pucynke 25 a) m 0) mpeacTaBieHbBI
CHUMKH OJHOIO U3 IMPOAYKTOB TIHAPOTEPMAIBHOIO OKHUCIEHHS MEJIKOJIUCIIEPCHOr O
NopoIIKka amoMuHMs. B pesynbpTare ¢azoBoro aHaiuza MPOAYKTOB THIAPOTEPMATIBHOTO
OKHCIIEHUSI Ha peHTreHoBckoM nudpaktomerpe JPOH-2 Obulo ycTaHOBIEHO, 4YTO
(da30BbIli COCTaB HapaOOTAHHBIX 3KCIEPUMEHTAIbHBIX 00pasmoB: 100 % y-AlOOH

(6emur). [Torpemnocts MeTona coctapisiia 1 %.

V | maT; Vaiﬁimt lens mode
mm | 100 000 x | 0 ° | Immersion

HFW WD | mag OJ | tit e
ar 2.07 pm | 5.0 mm | 200 000 x | 0 ° | Immersion

PI/ICYHOK 25 — CHEUMOK 6CMI/IT3, MOJIYYCHHOT'O U3 MCEJIIKOAUCTICPCHOI'O IMOPOIIIKAa aTOMHUHUA.
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AKT 0 HapaOOTKe SKCIEePUMEHTAIIbHBIX 00pa31oB OeMHTa JJ1sl IOJTYUYEHHUS 0-OKCHIa

AJIFOMHUHUS BBICOKOW YMCTOTHI NpecTasiieH B [Ipunoxenun b.
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8. Pa3paboTka u U3roToBJieHHe 0JIOKA TePMUYECKOil 00padoTku OeMuTa

[TonydeHHBI B KOT€HEPALMOHHOM JHEpreTudyeckor yctanoBke KOV -10 mpoxykr —
O0eMUT — B BUJI€ JKUKOM MyJIbIIbI TOMEIIAIOT B TePMOIIKaQ IS yaadeHHs! KUIKONH BOIBIL.
[Tocnme HECKONBKMX YacOB CYIIKM M3 BBICYHIEHHOrO OeMHTa HEOOXOJUMO yIajuTh
KPUCTaJUIM30BaHHYIO BOJYy, & 3aT€M OTK€Yb IIOJyYEHHOE BELIECTBO B €YU IpHU
temneparype 6onee 1300 °C nmns mepeBona okcuruapokcuna amromuaus AIOOH B a-
okcun amomuuus Al,Os. s stoli menu co3gaH  OJOK  BaKyyMHO-TEPMHUECKOM

00paboTKHU.

8.1. Coopyxenue

biiok BakyyMHO-TepMuueckoil o0paboTku OyaeT pacroyiaratbCsi B CHEIUATLHOM
YUCTOM IOMENIEHUU ISl TOJIyYEHHUs] KOHEYHOTO BBICOKOYMCTOTO MPOAYKTA — 0-OKCH]IA
ATIOMUHUS CO CMEXHBIM TamMOypoMm-pazneBasikoil. Cxema o0eux KOMHAT H OJiOKa
BaKyyMHO-TEpPMUYECKON 00pabOTKU NpuBeAeHa Ha pucyHke 26. Hecyiime KoHCTpyKIuu
3aHUS YIAOBJIETBOPSIOT JABYM Tpynmam mnpeaeibHbix coctosHui nmo 'OCT 27751-88* u

- 3000 6000

new 4nA
BRG]
HP. POgH

00

IJ_I:’PS 3ora BTO croma
H=3m H=4.5m e
H=1800

:l\ [

PI/ICYHOK 26 — Cxema MOMCIICHUA IS ITOJTYUYCHHUA BBICOKOYHUCTOI'O OKCHU A AJIFOMUHMA.
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MPEACTABIISAIOT COO0M MPOCTPAHCTBEHHBIM METAJUIMUECKUNA KapKac U3 KBaJIpaTHOTO Mpoduis
100x7 I'OCT 8639 u3 cranu C255 IT'OCT 27772-88. JlonmycTrMasi Harpy3Ka Ha IOJI BO BCEX
nomMeleHuax — He meuee 500 Kre/M2.,

[Ton B anmapaTHOM OTCEKE BBIJAEPKUBAET HArpy3Ky OT YCTaHaBJIMBAEMOI'O

000pyA0BaHUS BECOM:

o neyb BakyymHasi — 1500 kr;

o rpy3onoabeMHoe ycTpoictBo — 1000 k.
o BricoTa oT mosa /10 moToJKa HE MEHEe:
o 3 M (B yucTOTE) — TaMOyp-pa3/ieBajka;
° 4,5 M (B UUCTOTE) — MOMEIIECHUE CTeH IA.

Hapyxnas BxomHas J[Bepb MeETalIMYeCKas, YTCIUICHHas, OOOpyJOBaHHAs
MEXaHMYEeCKUM 3aMKOM. ["abaputHbie pazmepsl 1eepHoro npoema: 1000x2000 mm.

Buyrpennsis 1seps BoinoiaHeHa u3 [IBX-npoduns, ¢ yrjioTHEHHEM 10 IEPUMETPY.
B creHe u kpwiiie, B COOTBETCTBUU C ILJIAHOM, YCTAHOBJIEHBI JIOKU. CTpOUTEIbHBIC
KOHCTPYKIIMU 3/1aHUs JIOJDKHBI OO€CIEeYMBAaIOT 3alllMTy OT IIymMa W BHOpanuu B
COOTBETCTBHH ¢ TpeOOBaHMAMU, M3I0KeHHbIMU B CanlluH 2.2.2.542-96.

OO6mme TpeOoBaHus K OTAEN0YHBIM Marepuanam coorBeTcTByroT 'OCT P 51110-
97*. Ortnenka 31aHUS —OKpacka METANIMYECKOTO Kapkaca. YTelJIeHue 3[aHusd
OCYLIECTBIISIETCS CEHABUY-NIaHEISIMU ToMHOM 100 MM. BHyTpeHHUE CTEHBI U MTOTOJIOK
3J1aHUS BBITIOJIHEHBI B CBETJIBIX TOHaX. HamonbHbIe MOKPBITHSI POBHBIE, BHIIOJIHEHHBIE U3
CTOMKOIr0 K UCTUpaHHIO MaTtepuana. O6mume tpedoBanus kK mokpeiTusam — o 'OCT 9.032-
74* u T'OCT 9.301-79*. OxpanieHHble NOBEPXHOCTH POBHBbIE 0O€3 IOTEKOB, MATEH,
My3blped W TOCTOPOHHMX BKIOYEHHH. OTcllanBaHWe W LIENYLIEHUE MOKPBITUS
OTCYTCTBYET. 110JIbI BBIIIOIHEHBI U3 AHTUCTATUYECKOTO U3HOCOCTOMKOTO JIMHOJIEYMa.

TamOyp-pazneBanka mpeacTaBiasieT co0oil KoMmHaTy pasmepoMm 3x3 MeTpa, B
KOTOpO# OyAeT HaxOoAWThCs IMKad I OJSKIbI MepcoHana, Kak il paboThl B YHCTOU
KOMHATe, TaK U OTJeJeHHUE JUisi paboThl BHE 0JIOKa BaKyyMHO-TEPMHUYECKOM 00pabOTKH.

[Tomumo 3TOoro B TaMOype OyAeT pacronaraTtbCs aproHOBas pamma U3 COOOpaKeHUi
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COXpPAaHEHHMS YHCTOThI B TJIaBHOM KomHaTe. TamOyp OTIelieH OT TIJIJaBHOM KOMHATHI
repMETUYHO 3aKphIBaloLIElcs Bephio. B TaMOype nmpeaycMOTpeHO 31eKTPOOCBELIEHHUE.
[Ipouecc monyyeHuss BBICOKOYMCTOIO OKCHAA AIIOMUHUS OylIeT MPOUCXOAUTH B
TJIaBHOW KOMHATe pazmepoM 6x5,7 MeTpa, B KOTOPOW HAXOIUTCS OOOPYIOBAaHHE s
TepMHUUYECKON 00paboTku. B Kpbille NpearycMOTPEHO BEHTWIALMOHHOE OTBEPCTHE.
[Tomumo oOopynoBaHus sl MPOBEACHUS TEepMHUUECKOW 00pabOTKM B KOMHare OyaeT
HaXOJUThCA BCIOMOraTelbHOE OO0OpYJOBaHUE: CTOJBI, CTYNbsS, KOMIBIOTEPHI, HIKa(bI

yIpaBJIeHUs U T.J.
8.2. MydenbHas neub
[lepBbIM 3TamoM TepMUYECKOW OOpaOOTKM SIBISETCS OTKHUI B My(elbHOH meuu

LT 40/12, xapakTepuCTUKA KOTOPOU MPUBEACHBI HIDKE U BHEIIHWM BUJ MPEACTABJICH HA

pucyske 27.

Pucynok 27 — Mydenbhas neus LT 40/12

Ha pannoM »Tame mpowmsBoawTcs yaaleHne u3 oOpabaTeiBaeMoro oOpasia
KPUCTaJUIM30BAaHHOW BOJIBI, COXPAHSIONICHCS TIOCTE YAaleHUs KUKOW BOJBI U3 00pasia

OemwuTa. PGBYJ'II:TaTOM ATOM CcTaguM OYHMCTKH CTaHCT O6p&3€l_[ 6eMI/ITa, B KOTOpOM
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OTCYTCTBYCT BOAd, OAHAKO 06p83€II COACPIKUT MHOXKECTBO APYIUX HpI/IMeceﬁ MCTAJIJIOB U

IPYTUX BEUIECTB.

TexHuueckne XapaKTEPUCTUKH

T vaxes °C: 1700

T HOMMHH> OC: 1650

ToO4YHOCTH BBICTABJICHUS

temneparypsi, °C: +1
Cxopoctb Harpesa, °C/MuH: 0-20
PaGounii 06beM Kamepsl, J: 36

Pazmep kamepsr (I x I' x B), mm: 400 x300 x 300

HomunHanbpHast MOIITHOCTE: 16,0 kBt

DJNeKTpONUTAHUE: 380 B, 3-o.

Ocob6ennoctu mydenbHoii neun LT 40/12 nns repmoodbpadotku g0 1200 °C:

o Mogens LT ¢ nogbemMHOIM IBEpIIEH, T/ie ropsiuasi CTOPOHA OTBEEHA OT Oreparopa.

. HanCB OCYHICCTBIIAACTCA C IMOMOIIBIO KCPAMHYCCKHUX HAI'PCBATCIIBHBIX MaHeIen ¢

TpPEX CTOPOH.

o HaneBaTeHBHLIC 9JICMCHTBI, HHTCTPUPOBAHHLIC B KEPAMHWYCCKHUC TMMAHCIIN, HAACIKHO

3alIUIICHBI OT KOIIOTH, Harapa u 6pBI3F U MOT'yT OBITH JIETKO 3aMCHEHBI.

. BblcOKOKaueCTBEHHBI ~ BOJIOKHHCTBIA ~ My(enb, TOJY4YEHHbIH  BaKyyMHBIM

IMPCCCOBAHHECM.
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. Kopnyc BBINIOJIIHEH U3 CTPYKTYPUPOBAHHBIX JINCTOB HEPKABEIOIIEN CTaJIH.

. JIBOlMHbBIE CTEHKU KOpMyca 00€CIeYMBAIOT HU3KYIO TEMIIEPATypPy BHEIIHUX CTEHOK

KOpIIyca €YU U BBICOKYIO TEMIEPATYPHYIO CTa0UIBHOCTD.

° P CryJIJupoBKa IIpUTOYHOIO BO3JyXa OCYHECCTBIICTCA C TIIOMOMIIBIKO 3aCJIOHKU,

Pa3MEIEHHOMN B JIBEPLIEC MTEUH.

° OTBepCTI/Ie JJI1 BBIXOOAIIECT O BOBILYXa/ ra3oB pacCIIOJIOKCHO B BaI[Hef/'I CTCHKC IICYHMH.

8.3 BakyymHas neub

[leur mpenHa3zHaueHa s TepMOoOpabOTKH KOpyHaa maccou He Oosiee 30 kr w3

00€3BOKEHHOT'O M TpoKajeHHoro Oemwurta. Ileyr MOXET HCHONIB30BATHCS KaK B

J'Ia60paTOpHBIX YCIOBUAX, TaK U OJIA ITPOMBIIIIJICHHOTI'O IMPOU3BOJACTBA KOPYHIA BBICOKOM

YUCTOTHI. BHEIIHUI BUJ BAKYyMHOM II€UYHM INPEACTABIECH Ha PHUCYHKE 28, TEXHUYECKHUE

XapaKTEepUCTUKU MPUBEICHBI B Ta0IHIIE 3.

Tabnuua 3 — Texunueckre XxapakTepUCTUKH BakyyMHOM neun Hukxa-M60

HomunansHast MomiHoCcTh, KBT 100
MaxkcumanbHas TeMieparypa otxura, °C 2000
HomunanbHas Temneparypa otxkura oopasua, °C 1850
Yacrora, I'1t 50
Jlnamnas3oH peryJIrpOoBaHUs BBIXOJHOW MOITHOCTH, KBT 10 - 100
OTKJIOHEHUE BBIXOJHOM MOIITHOCTH, %o 0,2
JlaBneHue MHEPTHOIO ra3a B TepMoOKamepe, He OoJee, 1,5x10°
ITa

[IpenenpsHOE OCTaTOYHOE JaBJICHUE B Kamepe, [1a 5x107
Pacxon oxitakmaronieit Boasl, He Oosee M/a 7

["abaputHbIe pa3mMepsl COCTaBHBIX YacTel yctaHoBKH cocTaBisroT ([ x LI x B), mwm:

-MOJYJIb TEPMOKAMEPHI;

1550 x 1450 x 3100

-CTOMKA yIPABJICHHUS;

610 x 600 x 1800
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[Iponomkenue Tabnuibl 3

~-TUPUCTOPHBIN PETYISATOP HANIPSIKEHUS 650 x 450 x 1600

Macca cocTaBHBIX 4acTe YCTaHOBKH, KT

-CTOWKA yIpaBJICHUS, 120
-MOAYJTb TEPMOKaMEpHI; 1300
- TAPUCTOPHBIN PETYIATOP HANPSHKEHUS 120

Cpenuuii cpok ciay:KObl YCTAaHOBKHM /10 CIIMCAaHUsI HE MEHee 8§ JIeT.

Pucynox 28 — Ileus s BakyymHo# Tepmooopadotku "Huka-M60": 1 — Mmoaynp TepMokamepsl, 2 —
CUCTEMa aBTOMaTH3aluH, 3 — cucteMa (pOpBaKyyMHOM OTKa4YKU ¢ POPBAKYYMHBIM U U PYy3nOHHBIM

HacocaMu, 4 — THPUCTOPHBIN PEryssTop, S — cucteMa BOJASHOTO OXJIXKICHUSI.
8.3.1. TepmokaMepa BaKyyMHO# ne4n

Buemnuii Buj Kamepbl mnpeicTtaBieH Ha pucyHke 29. Kamepa mnpenHazHaueHa s

YCTaHOBKH B HEW TEIUIOBOT'O TEXHOJOTHYECKOro y3Jia M pacCuuTaHa Ha paboTy B BaKyyMme
8

no 10™ mm.pr.ct. Kamepa (1) umeer dmaner 1y mpucoeaMHEHUST BAKyyMHOTO 1TocTa (2),

IMOTYHOCPpbl MJIA BXOAa W BbIXO/Ja BOJBI. Ha BerHeﬁ 4aCTH KaMCpbl HUMCCTCA OCHOBHAasA
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KpbIlIKa KaMmepsl (3), KOTopasi KpenuTcsl K KOPIyCcy KamMephbl U YIUIOTHSAETCS BaKyyMHbBIM
mHypoM. Ha OCHOBHO# KpBIIIKE KaMephl YCTaHOBJIEHBI TOKOBBOJBI (9) NJisi KperuieHUs
pe3ucTUBHOrO HarpeBartensd. JIBepp orceka (4) YIUIOTHAETCS C OCHOBHOM KPBIIIKON
KamMepbl TpU MOMOIIM TpeX chenuanbHeiX BUHTOB (5). Ha nBepu otcexka umeercs
[EHTPAIbHBIN (praHerr nas BBoma BepxHero mroka (7), W JaBa CMOTPOBBIX OKHa (8),
3aIUIIEHHBIX CBETOQWIBTPAMU M METAUTMUYECKUMHU INTOPKAMU, OTKPBITHE KOTOPHIX
ocymiecTBisieTcss npu mnomoru pyuek (6). Ha nue orceka mmerorcs duanubr (10) mos

3aKpPCIICHUA KaMCPhbl HAa CTAHUHC.

Pucynok 29 — Tepmokamepa.

8.3.2. HarpeBaren

HarpeBatens mnpemHazHaueH A CO3AaHUS TEMIIEPATYPHOTO MO, SIBISIOIIETOCS
HMCTOYHHUKOM pa3orpeBa THUTJS C IIMXTOH, PACHOIOKEHHOW BHYTPHU TEIUIOBOM 30HBI
HarpeBatens. HarpeBarens, pacrnonaraercsi B Kamepe, 3aKphITOH KPBIITKaMU U COCTOUT M3
20 Bonb(dpamoBbix Jameneil [1-o0pa3Hoit GopMbI, Tpex KOJNBIEBBIX MPYTKOB M YETHIPEX

IMPHUCOCANHHUTCIIbHBIX q)HaHI_ICB C YIINIOTHUTCJIbHBIMHU KOJIbI[aMH. HarpeBaTenL KpPCIIUTCA K
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TOKOBBOJaM, KOTOPbLIC HMCIOT BXO}IHOﬁ u BBIXOJIHOfI mryncpa 1 1moaBoaa BOJISIHOﬁ

CHUCTCMBbI OXJIAXICHHA.

8.3.3. Kapkac

Kapkac sBusercss onopHOM IUIOMIAAKON ISl KaMEPBI U COTJIaCYIOIIEr0 YCTPOMCTBA.
Kongencaropubie 0aTaper COTJaCyrOIIEro YCTPOMCTBA SJEKTPUUYECKU H30JHPOBAHBI OT
METaNIMYeCKuX 4dactei kapkaca. C OOKOBBIX CTOPOH KapKac 3aKphIT JI€KOPaTUBHBIMHU
NaHEIsIMH, CBEPXY 3aKphIT 3aIIUTHBIM KOKYyXOM. B mepeaHel yactu kapkaca yCTaHOBJIEHA
JIMHEWKa, TOKa3blBAIOLIAsl IOJIOKEHHUE TUINIL B Kamepe. ['Opru30HTanbHBIM ypOBEHb

KapKaca BBICTABIISIETCS C MIOMOILBIO PETYJIUPYEMBIX OIOP

8.3.4. BakyymHas cucrema

Bakyymnas cucrema mpegHazHaueHa ISl MOMY4YEHHS BaKyyMa B TEpMOKaMmepe
me4yw, Hamycka atMocdepbl M, 1O HEOOXOAMMOCTH, 3alloJIHEHUS  KaMephbl
TEXHOJIOTUYECKUM Ta30M (aproHOM, a30TOM U T. A.). Cucrtema COCTOUT M3 IUIACTHHYATO-
POTOPHOTO BaKyyMHOTO Hacoca ¢ (UIBTPOM BXOMSIIUX Ta30B, BBICOKOBAKYYMHOT'O
mudPy3nOHHOTO HAcoca, pacloJiOKEHHOTO Ha TpyoOompoBojax, mmbepa, JIBYX
ITUPOKOANATIA30HHOTO JTATYNKOB BaKyyMa, KOTOPBIE OTCEKAIOTCSl OT KaMephl BAKYYMHBIMHU
knanaHamu. J{ns Hamycka atmocdepbl WIM TEXHOJIOTHYECKOTO ra3za B KaMmepy CIyXKaT
py4YHBIE KJamaHbl Hamycka. (71 BU3yaJIbHOTO KOHTPOJISI JaBJIICHHWS B KaMmepe CITYKHT

MaHOBAaKYyMMETP.

8.3.5. 'mapocucrema

CucremMa BOJASIHOTO OXJaXIeHUs, H300paxeHHas Ha pucyHke 30, COCTOMT U3
BxoaHOrO (1) M cauBHOTrO (2) KOJJIEKTOPOB, 3aKPEIUICHHBIX Ha MOOWJIbHOU cTolke (3).
Kperienne KOJUIEKTOPOB TMO3BOJISIET PETyJIMPOBAaTh BBICOTY BXOJHOTO U CIUBHOIO

MTyncpoB Had ITOJIOM. KOHTpOHB AAaBJICHUA Ha BXOJC B CUCTCEMY KOHTPOJUPYCTCA I10
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CTPEJIOUHOMY MaHOMETpPY (4), pacnojioKEHHOMY Ha BXOJHOM KoJuieKTope. Tak ke Ha

BXO/JHOM KOJUIEKTOPE pacroJiaratoTcs JBEHAAIaTh PYYHBIX BEHTHJIEH (5), MO3BOJISIIONINX

peryjampoBaTtb pacxoJ BOABI B KaX/IOM KaHaJIC, KOTOpBIﬁ KOHTPOJJHUPYCTCA IIPpHU IMOMOIIN

pacxogomepoB (6). Ha ciIMBHOM KOJJIEKTOpPE pacnoiararorcs JAaTYUKHA TEMIIepaTypbl

oxJaxJamen Kuakoctu (7), MO3BOJIAIOIIME KOHTPOJIMPOBATH TEMIIEpATypy BOJBI Ha

CJIMBC B KaKAOM KaHaJIC. KOJIJ'IGKTOpBI 3aKaHYMBAKOTCA WTYHCpaMU AJI IMMOJCOCANHCHUS K

MarucTpamrsiMm CHUCTCMBI BOI[OCHa6)KeHI/IH C IIOMOIIBIO IJIAHIOB. Tak xe wumeercs

BO3MOXHOCTE YCTAHOBKHM BXOJHOI'0O M CIHMBHOI'O KOJUJICKTOPOB HECIOCPCACTBCHHO Ha

BXOAHYIO U CIIMBHYIO Maructpajlb COOTBETCTBCHHO.

) &
<

Pucynok 30 — 'mapocxema: 1 — BXOAHOH KOJUIEKTOp, 2 — BBIXOAHOM KOJUIEKTOpP, 3 — OCHOBaHuUE, 4 —
MaHOMETp, 5 — py4HOU BEHTUJIb, 6 — pacXoaomMep, 7 — JaTYHK TEMIIEPATYypPhl, 8§ — CUIIOBOM

TpanchopmMaTop, 9 — THPUCTOPHBIN PETYIAATOP HAMIPSKEHHS.

Tpebosarus k oxiaxcoarouen 600e.

TeMIIEpaTypa BOJbI Ha BXOJ€ B cucTeMy He 6omuee 20 °C;

BOJIOPOJIHBIN TTOKa3atens pH B npeaenax or S5 no 7,5;

KOJIMYECTBO HEPACTBOPHUMBIX OCAJIKOB (MEXaHUYECKUX IpuMeceii) He 6osee 12Mmr/m;
yJIeNbHOE IIEKTPUUYECKOe CONpPOTUBIeHUE He MeHee 4 kKOM/cM;

3.
’KECTKOCTH BOJIBI HE Oosiee 8,5 Monb/M™;
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2y.
° nasienne Boabl ot 0,15 10 0,3 mlla (1,8 — 2,2 krc/cm?);
° pa3Mep SYEeCeK CETKU (PMIBTPA, YCTAHOBJICHHOW HA BXOJI€ CHCTEMBI OXJIAXKICHHS, HE

ooinee 1x1 mMm.

3
XapaKTepuCTUKH CUCTEMbI OXJIAXKICHHSI: pacXxo]l BOAbI He OoJiee 7 M™/u.
8.3.6. CucreMa aBTOMaTHU3aluU

Cucrtema aBTOMAaTH3aIlMU, W300pakKeHHAss HA pUCYHKE 31, COCTOMT W3 YCTPOWCTB
paclpenesieHHOr0 BBOJA-BbIBOAA, MOXAYJS H3MEPEHUs Beca KPHUCTalia, IIaroBbIX
ABUTATENIed C HEOOXOAMMBIMH CUJIOBBIMH MOJAYJISIMA M KOHTPOJIJIEPOM, BaKyyMHBIX

KOMIIOHCHTOB.

| =r=resyey=aysy=Ty=y

13

e ialaaZataatad / 14

Pucynox 31 — Croiika ynpaBieHusi: 1 — curaaiabHasi KOJIOHHA; 2 — IPOMBIIIICHHBINH MOHHTOD 157 3 —
cucTeMHbIN 6510k DBM; 4 — KHOIIKA BKIIFOUCHUS/BBIKIIIOUCHNUS BAKYYMHOT'O MEXaHHUECKOTO HAcCOCa;
5,6 — KHOTIKM BKITIOUCHUSI/BBIKITFOUCHUS AJICKTPOMArHUTHOTO KJIAIMIAHOB KaMephl; 7 — KHOTIKA
BKJIIOYCHUS/BBIKIIIOUEHHS BaKYyMHOTO JTU(PPY3MOHHOTO HacOCa; 8§ — KHOIKA BKIIIOYECHUS/BBIKITIOYCHHUS
3BYKOBOT'O IIpeIyINpexIeHus 00 aBapuu; 9 — KHOMKU BKJIIOUEHUS/BBIKIIOUCHHS] HICTOYHUKA MUTAHUS U
CTOWMKM ympaiieHus; 10 — KHOMKa BKJIFOYSHUS/BBIKIIFOUCHHSI KOHTpOJUIepa JaTYhKa Bakyyma; 11 —
KOHTPOJUJIEP aTYMKA BaKyyMa; 12 — Ki1aBuaTypa B BBIIBUKHOM ITAHEIIH, MBIIIIb;

13 — anekTpoHHBIE YCTpOiCcTBa cO0pa-00pabOTKu AaHHBIX; 14 — UICTOYHHK OecriepeOOHOTO TUTAHMS.
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DJIEMEHTBI CUCTEMBl aBTOMATHU3allMHU yCTAaHABIMBAIOTCS B CTOMKE ynpasiieHus. [Iutanue
YCTPOMCTB OCYILIECTBISIETCS Yepe3 IBa CETEBBIX (DUIIBTpA.

Ha 1eBoii OOKOBOIl BHYTpeHHEHl CTeHKe MIKada CTOMKH pPaCIOIOKEHBI
AIIEKTPOMArHUTHBIE KOHTaKTOpbl. Ha mpaBoii OOKOBOW BHYTpeHHEH CcTeHke ImKada
yIpaBiIeHUs] PaCHOI0KEHO YCTPOMCTBO AUCTAHIIMOHHOIO YIIPABJICHUS TpaHC(HOpMaTopom
M €ro HUCTOYHHMK THUTaHWs. B HWKHEW YacTH CTOWKH YIPABJIEHUS PACIIOI0XKEHBI
KOHTPOJUIEPHI YIPABICHUS [IBUTATEIsIMUA TEepeMelleHnss U BpaimieHus: kpucraina, AL
JATYMKA BECA U UCTOYHUKH MUTAHUA SJIEKTPOHHBIX YCTPOUCTB.

DyYHKIIMOHAJIBHO CHCTEMa aBTOMAaTH3alMyd ycTaHoBKM ‘“‘Huka-M60” coctouTt wu3
CIENYIOIMNX KAaHAJIOB: KaHAJ U3MEPEHUSI TEMIIEPATYpPhl, KaHAJ YIPABJICHHS MOIIHOCTHIO
HarpeBa, KaHajl YNpaBJE€HUsS BaKyyMHOW CHCTEMOM, KaHai OJOKMPOBOK M KaHal
YIPaBJICHUS IBUTATEISIMU.

Kanan  ympaBieHuss BakyyMHOW  CHCTEMOM  OOecneuMBaeT  yIpaBJICHHE
dopBakyyMHbIM U JUP(GY3MOHHBIM HACOCOM, PYYHOE YIOPABICHHE BaKyyMHBIMH
KJIAIIAHAMU, PETUCTPALAIO JAHHBIX O BEJIMYMHE BAKyyMa KOMIIBIOTEPOM; COCTOUT M3 JIBYX
IIMPOKOIMANA30HHBIX JIaTYMKOB BaKyyMa, «HOPMaJlbHO 3aMKHYTBIX» BaKyyMHBIX
KJIallaHOB M OJIOKa YIpaBleHUsT BakyyMHOW cucteMoi. [llupokonnama3zoHHbIA JaTYUK
BaKyyMa HM3MepseT JaBjieHrue OT aTMOC(HEpPHOro 10 107" [Ta. VimeeT THHEHHBII BBIXOJHOM
CUTHAJI U HACTpauBaeMble MOPOrU cpadaThIBAHUS.

biiok ynpaBiieHUsT BaKyyMHOW CUCTEMOM pPacCIlOaraercs B CTOWKE YNIPABICHUS U
MpeacTaBisieT coOOW TaHeNnb, Ha KOTOPOM pacCIOIOXKEHBbl CIHEAYIOIIHE AJIEMEHTHI

YOPaBJIEHUS U KOHTPOJISA:

o U poBOil MasTorabapuTHBIN TUCILIEH;

o KHOIIKA BKJIIOYEHUSI BAKYYMMETPa;

o KHOIIKA BKJIFOUEHUS (JOPBAKYyMHOI'O HACOCa;

o KHOIIKa BKJIIOUeHUs 11 (Py3MOHHOrO HAcoca;

o KHOIIKY BKJIFOUEHMS 3JIEKTPOMArHUTHBIX KJIAIIaHOB.
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[Mudposoii manorabapuTHBIN TUCIUICH OoTOOpaxkaeT naBiieHue B mbOap, Topp wiu
[Ta, momnepkWBaeT 1Ba JaT4WKa, COJEPKHT JBa HAcTpawmBaeMbix | A perme, naBa
ananmoroBsix Beixona 0 - 10B u untepdeiic RS-232.

VYcranoBka "Huka M60" o0opyaoBaHa CHCTEMON aBapUilHOM CUTHAJIU3AIUU I10
KaHaJly MOITHOCTH HarpeBa, MPOTOKY W TEMIIEpaType BBIXOMSINCH BOJIBI, U YPOBHIO
BakyymMa B Kamepe u Ha ¢opnunuu.  CpabaThiBaHWE aBapUHOW CUTHAIHM3AIUN
pEIM30BaHO IO ABYM YPOBHSIM — MPEAYNPEKICHUE U aBapHsl.

BioKHMpOBKY 1O MPOTOKY U TEMIIEPATYPE BOJbI B CIMBHOM KOJUIEKTOPE
00ecIeYnBaroT:

- BKJIIOYEHHE 3BYKOBOM M CBETOBOM CUTHAJIU3ALIMU [IPU CHUKEHUU MPOTOKA BOBI
HIDKE 6M°/4;

- BKJTIOUCHHE 3BYKOBOW M CBETOBOM CUTHAJM3AIMH ITPY MOBBIMICHUN TEMITEPaTyPhI
BozbI Bee 50 °C.

brioknpoBkH 10 cTeNeHN pa3pekeHns B pabouell Kamepe 00eCTIeUnBaroT:

- OCTAaHOBKY aBTOMAaTHYECKOTO TOITbeMa HANIPSHKCHUS Ha HarpeBaTele v BKIIOUYCHUE
CBETOBOW CUTHAJIM3allMU MIPHU TOBBIIIEHUH OCTATOYHOTO JaBjieHus B kKamepe 6omee 1,3-10°
Ta (1-10™* Mm. pr. ct.);

- BKJIIOYEHHME 3BYKOBOW M CBETOBOM CUTHAJIM3AIMY MPU MOBBIIIEHUH OCTATOYHOTO
naBieHus B kamepe 6oiee 13 [a(10™ mm pr. cr.).

[Tpu OTKIIFOUCHUN HATIPSKEHUS TUTAHUS YCTAHOBKHU MPOJIOJDKATEILHOCTBIO 710 3
CEKYHJI CHCTEMa YIIPaBJICHUS HAarpEBOM, HAIPEB M BAKYYMHAsl CHCTEMa aBTOMATHYECKHU
BKJTFOYAFOTCS TIPH MOSBIICHUH HAMIPSHKEHUS B CETH.

[IpenycMoTpena 0J10KupOBKa MUTAHUS HATPEBATEINS 10 MAKCUMAIIBHOMY TOKY
HarpeBaTels.

Kanan ympaBieHns MOITHOCTHIO HarpeBareliss OO€CTeurMBaeT  YIpaBICHUE
MOIIIHOCTHIO HU3KOBOJIbTOBBIM aHAJIOTOBBIM curHajgoMm HampsbkenueM 0 — 10 B B pyunom

peXUMe WK HU(POBBIM CUTHATIOM Yepe3 COOTBETCTBYIONTUN UHTEpPEIiC.
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8.3.7. CucreMa 3J1eKTPONUTAHUS TEeYH

Cucrema >J€KTpONUTAHUS €YU BKIIOYAaeT B ce0d TpaHC(HOpMATOpPbl C BOJSHBIM
OXJIAXKJACHHEM. YTIpaBJieHHE PeKUMaMu pabOThl TpaHC(HOpMAaTOpa OCYIIECTBISETCS Yepes
TUPUCTOPHBIN PETYIISITOP HANPSIKEHUSL.

["a6aputsr TupucTOpHOTO perynstopa 640x450x1600 mm.

Tpancdopmarop, nuTaronuii HarpeBaTelb, MOITHOCTHIO 10 80 KBT.

Tpancopmarop, NUTAOMIMN HarpeBareilb, 3amuTaH OT OTIEIBHOTO CETEBOIO
dbunepa.

Jlnana3oH peryiMpoBaHus BBIXOAHOW MOITHOCTH TpaHc(opmaTopa: HE MEHEe YeM OT
10 1o 100%.

DNEeKTpONUTAHUE HAarpeBaTelle OCYLIECTBISETCS Yepe3 MEAHbIE BOAOOXJIAXKIAEMbIE
TOKOBBOJBI IepeMeHHBbIM TOKOM 50 I'n, cunoit 1o 10000 A u nanpsixenuem o 10 B.

YnpaBieHue MOIIHOCTBIO, MOJAIOIIEHCS Ha IEPBUYHYI0 OOMOTKY TpaHcgopmaTopa,
OCYLIECTBJISIETCS. € IIOMOIIBI PEryIsTOpa THUPUCTOPHOIO THIA. JIEKTPOIUTAHUE
TUPUCTOPHOTO THIMA OCYyIIeCTBIseTcss OT JnByXx ¢a3 Tpexdasznoit ceru 380 B wu
HEUTPAIBHOI'O IPOBOAA.

VYeTpolcTBO pa3MelieHo B METAITUYECKOM IIKady U UMEET MECTO ISl MOAKITIOYEHUS
MIPOBO/IA 3a3EMJICHHUS.

HecrabunbHOocTh MOIIHOCTU Ha HarpeBaTene He mnpeBbimaer +0,2% ot
HOMHWHAJIBHOTO 3HAYEHUSI.

MakcumalibHOE 3HaU€HHE HANpsXKeHHs] B MOMEHT ITycKa (Ha XOJIOAHOM HarpeBaTelne)
He npesbimaet 0,8 B.

YcTpoiicTBO  mpUHHMMAaeT  CHTHAl — 3aJaHusi  MOUIHOCTH MO  IHU(PPOBOMY
MOMEXO03allMIIEHHOMY  HHTepdelicy oT ynpasisoomeit 9BM u nepemaer curhaia o
BbIpaOaThIBAEMOI MOIIHOCTH 110 TOMY K€ uHTepdeicy B ynpasistoiryio DBM.

[Iutanue CTOVMKM ynpaBi€HUsS CUCTEMbl aBTOMATU3AIMU JOJKHO OCYIIECTBIISETCS
oT Tpexda3HOW YETHIPEXIPOBOJHON CeTU TmepeMeHHOTo Toka 3(+N Hamps keHueM

(3x380 £10%) B ¢ uacrtoroit (50 % 1) I'm uepe3 mposox [IBC 4x1,5 ot TpexdasHoii

po3eTKM W OnHO(GA3HOH IIeMU IEePEeMEHHOro Toka HampsbkenueM (220 +10%)B ¢
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yacroroit (50 £ 1) I'y yepes mposox [1BC 3x1,5 ot ogHodaszHoi pozerku “EBpocranmapt”
C 3a3€MJISIOIIMM KOHTaKTOM.

JUist nuTaHus  HarpeBarens B TEXHOJIOTMYECKOM IPOLECCE  HCIOJIb3YETCS
tpanchopmarop TK-501. VYmpaBnenue pexumamu  paboTrsl  TpaHchopmaropa
OCYIIECTBIISIETCS. 4Y€pe3 THUPUCTOPHBIA PpEryJIaTOp HAMpsDKEHUs, TOKa3aHHbIM Ha
pucyHke 32.

Ha nepenneit nmanenu (5) TUPUCTOPHOIO PEryisiTOpa HANPSHKEHHS! PACTOIOKEHBI
BBICOKOBOJITHBIM KOHTakTop (1), ammepmerp (2), BompT™erp (3), pozerka 24 B mus
MOJIKJIFOYEHUs] BHEIIHUX YCTPOWCTB (4) M pyyka OTKpbIBaHMs MepeAaHeil manenu (8).
bokoBas manens (7) mmeer nepdopanuio Ay Bo3AymHOro oxyaxiaeHus (10), kHOMKY
OKCTPEHHOTO OTKItoueHus mnuTaHus (9) u ¢uaHupl A8 MOAKIIOUEHUS CHUIOBOTO
anektponutanus (6). [MogpobHo o KoHCTpykmmu u padore Tpanchopmartopa TK-501

onucaHo B D1, TupuctopHoro peryisaropa Hanpsixenus KYHI.435342.002.

Pucynok 32 — TUpUCTOPHBIN PETyasSTOP HAMPSKEHHUS.

8.4. I'py3onoanemMHOe 000py/10BaHHE

I'pyzonoawemuoe o6opynoBanue (I'TIO) obecrieunBaeT mnepeMENICHUE TSIHKEIbIX

U3JIETUI MEXIY YIIOMSAHYThIMU nleuamu TepMooOpadoTku. Kommiekrarus ['TIO:

® MaJblil KO3JIOBBIM KPaH;
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® Tayb dJEKTPUYECKasi KaHATHAS;
® cucTeMa yNpaBleHUS.
Texuunueckue ocodennoctu ['TIO:
e [‘aGapuTHble pa3Mephl MAJIOTO KO3JIOBOTO KpaHa:
— IMupuna—1,5m
— BerIcoTa - He Ooiiee 3,9 m
— JlnuHa — 5 M
e MaxkcuMalbHas BBICOTA TObEMA IO KPIOKY — 2,8 M
o [lomHoE ropu30oHTAIBHOE TIepeMeIeHne Taau — 4,8 M
e ['py30M0BEMHOCTD TAJIU C OJIMHAPHBIM nonucnacToMm — 500 kr.
o KOHCTpyKIMS TaJId IPEAYCMaTPUBAET 3aMEHY METAJUTMUECKOro Tpoca
CUHTETHYECKHUM.
o KOHCTpYKIHS TaJI 00ECTICUNBACT BO3MOKHOCTh PAOOTHI KakK C MOJIMCIIACTOM,
TakK 1 0€3 Hero, ¢ COOTBETCTBYIOIINM U3MEHEHHUEM I'PY30IT0bEMHOCTH.
e MexaHU3MBI MOAbEMA U IIEPEMEIICHUS Tl — dJICKTPUICCKHE.
e [IpuBoabI MEXaHM3Ma MOIbEMA U TTEPEMEIICHHS TaIH JTOJIKEH OBITh
000pyI0BaHbI YaCTOTHBIMH MPE0OPA30BATEIISIMH.
e Koeca kapeTKu IepeMEIIeHHs Talli JODKHBI ObITh BBITIOJTHCHHBIMH U3
HEMETaJNIMYECKOro MaTtepuana. J[omyckaercs IpUMEHEHUE METATUICCKUX
KOJIEC ¢ HEMETAJUTMYECKUMU OaH/Ta’KaMH.
MexaHu3M TepeMeIIeHrs] Majioro KO3JI0BOr0 KpaHa oOOecredrnBaeT HaJACKHYIO
¢bukcanuio KpaHa Ha MeCTe.
Ocku3Hasg KOHCTPYKTOPCKas JOKYMEHTalus Ha OJOK TEepMUYECKON 00paboTKu
6emura npejctasieHa B [Ipunoxenuu B.
AKT 00 u3roTomjeHuu OJIOKa TepMHUYECKOM 00paboTKu OemMuTa MpE/CTaBICH B

[Tpunoxennu I'.
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9. Pazpa6oTka MO1epHHU3MPOBAHHOI CHCTEMBI IMYJIbBEPU3ALUN ATIOMUHUSA

[Henpto pabor 1o pa3pabOTKe MOJECPHUBUPOBAHHON CHUCTEMBI MYJIbBEpU3AIUU
ATIOMUHUS  SIBIISJIOCH  CO3/IAHWE CHUCTEMBI pachbUieHUs (TyJbBEpU3AIU) IKUIKOTO
ATIOMUHUS C TOJJCPKAHUEM TIOCTOSHHOTO YPOBHS JKHIKOTO MeTalyla B TI€4Yd
MyJbBEpU3AIMU  JJIS  JIONMOJHUTEIBHOTO  YBEJIMYEHHUS  BBIXOJA  BOCTPEOOBAHHBIX

ATFOMUHUEBBIX MOPOIIKOB ((pakius meHee 10 MKMm).

9.1. OO6ocHoBaHuMe padoT mNO pa3padoTKe MOJAEPHU3MPOBAHHON CHCTEMBI

nyJbBepU3anuu aJJIOMUHUA

Bce mMupoBbie TpOU3BOIUTENN ATIOMUHUEBBIX MOPOIIKOB KOHTPOJHUPYIOT YPOBEHB
MeTajlia nepesl pacnbUIsionieil popcyHKoid, KonedaHuss KOTOPOro HE JTOJKHBI PEBBIIAThH
oomee +\- 1 cM, T.K. 3TO BIHMSICT Ha KA4eCTBO ITyJIbBEpU3aTa U CICIOBATEIHHO HA KAYeCTBO
rOTOBOU MPOAYKIUH.

CraOuibHBIA YPOBEHh MeTallIa MOACPKUBASTCS MOCTOSIHHOM IMojadell MeTajia B
neyb MyJbBepHu3aluu (MaJeHbKUMU MOPIUSIMHU) B )KUIKOM BHJIE (II€Yh HAKOMHUTENDb TEpe
KQKJI0M Medblo IMyJIbBEpU3aIlMU) WIM MOoJadyeil TBEPAOro MeTajljia B IUJIABUIBHYIO IEYb
MyJIbBEpU3ALMU TOXKE COIIACHO MPOM3BOJUTENBHOCTH (pacxoy) MeTrasuia (HeOOJIbIIUMHU
nopuusiMu). B ro6om apyrom ciydae, Korja MPOUCXOIAT KojeOaHus MeTajla B Ne4Yu
nyJbBepu3anuu (3aJuMBKa MeTayuia OoiblmMMHU nopuusmu, Ooixee 200 kr), mporiecc
MyJIbBEpU3ALMU YBEIUYMBAET CEOECTOMMOCTh MPOU3BOJCTBA, U YeM OOJbllIe KoneOaHus,
TeM Oonblie yBenuueHue cedecroumoctu. Konebanus meramia B Meyd MysibBepU3aluu

MPUBOJSAT K CIEAYIOLIEMY:

1. YMenbiienue BpemMeHu paboTel ¢opcyHouHoro ycrpoiictBa (IIMB — 12 gacos
[IMIII — 4 yaca).
2. NHrencuBHoe o00pa3oBaHuE NUIAKOB (KOPYHAA) HAa CTEHKaX BaHHBI, CHU)KCHHE

00bEMAa BaHHBI.
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3. MHTeHcuBHOE 00pa3oBaHME HEMETAJUIMYECKUX BKIIOUYEHMA B MOMEHT 3aJIMBKH
MeTajla, BIUSIOIIMX Ha Tpouecc (OpMUPOBAHMS TMOPOIIKOB B MbUICOCATUTENIBHON
KaMepe — YBEJIMYNUBAET KPYIHOCTh ITOPOILIKOB.
4. CHuKeHMEe KauecTBa pAaclbUICHHA allOMUHUA: (OpCyHKa ¢  BaKyyMHOM
COCTABJIAIOIIEH, 3acachlBalOIlas METaUl, IPU CHW)KEHUM YPOBHA METAJIa MEHBLIE
MOCTYNAeT B ra3oBbId MOTOK, YBETMYEHHE YPOBHS OOJbIIE OCTYMAET — BO BCEX CIydasx
I'PaHYJIOMETPUYECKUI COCTAB IyJIbBEpU3aTa MEHSETCS.

N3meHenuss TteMmmeparypbl MeTajllsla B BaHHE B MOMEHT 3aJMBKM aJIOMUHHUS
HapyLIaeT TEXHOJIOTMYECKUI PEKUM PACIIBUICHHUS], YXYIIasi KAYECTBO MIyJIbBEPU3ATA.

CymecTByromas TEXHOJIOIMS PacHbUICHUS  ANOMMHMS I [POM3BOJCTBA
MEJKOAMCIIEPCHBIX MOPOILIKOB HE TO3BOJIIET HarpeBaTth Metaiul Oonee 850 rpaaycos.
IIpruunel kpororcs B HU3koM KIIJ[ Terutoornaun HarpeBaTenbHbIX 2ieMeHTOB. Crimpanu
13 TOJIOCHl HUXPOMA CIIPATAHBI B TYHHENBHBIX KaHAJAaX, U3TOTOBIEHHBIX U3 OTHEYTIOPHOTO
KHpIIMYa, KOTOPBIM MHOIrO MOIVIONIAET TEIIoBOM 3Hepruu. HeoOxonnma coBpeMeHHas
OeroHHas (yTepoBKa TEYeH, KOTOpasl MO3BOJUT MPHU TEX K€ 3arpaTax /3 YBEIUYUTH
TeMIeparypy metramia 10 950 rpagycos.

beronnas ¢ytepoBKka MO3BOJIUT YBEIWYUTh MEXKPEMOHTHBIM LMKI, CHHU3UTH
yMEHbIlIEHHE O00beMa BaHHbl II€YM B MPOLECCE OSKCIUTyaTallu, YBEIWYUTh BpeMs
KaueCTBEHHOI'O IIMKJIA PACIBUICHHS U, CAMOE IJIaBHOE, IMO3BOJIUT YBEIUYUTh TEMIIEPATYPY
amomMuHuss 10 950 rpamycoB 0e3 ONMOJHUTENBHBIX 3aTpaT Ha 3/3 B Ipolecce
DKCIUTYaTalHH.

Celiuac Ha NpeANPUITHH MEKPEMOHTHBIM LUK (DYTEPOBKM COCTABISIET 3 TOjA.
Cpok cimy>k0bI COBpEMEHHOM 0€TOHHOM (yTepOBKHU cOCTaBiseT 8-9 jer.

Hannas pabGota mo pa3paboTKe MOJAECPHU3UPOBAHHOW CHUCTEMBI MyJIbBEPU3ALUU

AJIIOMHWHUSA ITO3BOJINT.

1. YBenuuuTh BbIX0A MenKoaucepcHoi (ppakiu meHee 10 mxm Ha 12,4 %.

2. YBenTUYUTh MEKPEMOHTHBIN LUK QPyTepoBKHU TeueH (10 8-9 et BmecTo 3 Jjier).

3. VYBenuunuTh BpeEMsi KAUECTBEHHOTO IIUKJIA PACIIBUICHUSI.

4, VYBenuuuTh  TEMIeparypy alloOMUHUS 0€3  JONMOJHUTENbHBIX 3aTpaT Ha

QJICKTPOIHCPIUIO B IIPOLECCC DKCILTyaTaluu.
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5. HOJIJIep)KI/IBaTB MOCTOSIHHBIN YPOBCHb MCTaJlJIa B IICYHU ITYJIbBCpU3ALIUN.

9.2. TexHuveckue U TEXHOJIOTHYECKUE PellleHUs

9.2.1. CymecTByHollee MoJ0KeHue

[Ipu mnpoOM3BOACTBE AIIOMHUHHUEBBIX MOPOIIKOB HCMOIL3YIOT METOJ PACTbUICHUS
(mynpBEpU3alMK) paciUiaBlIeHHOro Metawia. JKuAKui allfoMUHUN TPAaHCIIOPTUPYETCS U3
AJNIEKTPOJIM3HOTO I[€Xa BaKyyM-KOBIIAMH. YPOBEHb MeETaula B IUIABWJIBHBIX I€4ax
KosneOsercss (HEMOCTOSHEH), CHUXas pecypc (OPCYHOUHOro YCTpOMCTBa, yXyauias
KauecTBO MyJsibBepu3aTta. Ha cerogusmHuii aeHb coaepxkanue (paxuuu a0 10 MkM B
nyJibBepU3aTe COCTaBJISICT 10-15%, ocTajgpHOE — OoJee 10 MKM — «OTCEBBI»
(HepeHTaOeNbHBIN NPOAYKT). JlOMOSHUTENBHBIE 3aTpaThl. Ha COJIEp’KaHHE MHKCEPA,
HAKOITUTENS U M0 00CITY)KMBAaHUIO, Kall. pEMOHT, 3aTpaThl Ha 3/3 130-150 MBTUac/mecsrl,
JIIOJICKHME PECYPCHI JIsI YUCTKUA MUKCEpPa OT IIIJIAKOB.

Bsi3kocTh anmoMUHMS HAPSIMYIO 3aBUCHUT OT COZAEP>KaHUS MEJIKOUCIIEPCHON (paKkiiuu
B mynbBepu3are. CylecTBYIONMAs TEXHOJIOTHS PACTIBIIICHUS aTIOMUHHUS JJIS IPOU3BOJICTBA
MEJKOJAMCIIEPCHBIX TMOPOIIKOB HE TO3BOJIIET HarpeBaTh Meraiul Oonee 850 rpaaycos.
[Tpuumabl kporores B Hu3koM KIIJI Termmoornaun HarpeBaTeabHBIX 3eMeHTOB. Crimpaiu
13 MOJIOCHI HUXpOMa CIPSTAaHBl B TYHHEIBHBIX KaHaJlaX, M3TOTOBJICHHBIX U3 OTHEYITOPHOTO

KUPIIMYa KOTOPBIA MHOIO MOIJIOIIAET TEMIOBOW SHEPTUU.

9.2.2. Onucanue TEXHOJOTHYECKUX pPeleHuii

Jns  MopepHM3allMM CUCTEMbl IMYJIbBEpHU3ALMH AIIOMUHHMS U YBEIIMYECHUS
MEJKOJUCIIEpCHOM  ¢pakiuu  MeHee 10 MKM B NyJdbBepH3aTe yCTaHOBJIMBACTCS
cienyroliee o00py10BaHUE:

1. Ileur myneBepm3anuu ¢ mnopiued 3ammBkun Q=0,5T HemocpencTBEHHO Tepen

IbLICOCAAUTENIEM, C 3aKphIBatolelcss POPCYHKOM i MOAIEpKaHUS TEMIIEPATYPhI
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(GOpCYHKH, C Ja3epHBIM NPOrpaMMHUPYEMBIM YPOBHEM MeETala, C JaTYMKOM
TeMIEpaTypbl METAJLIA.

2. Tleup HakomuTens Metaiia Q=4-5 T, ¢ aBTOMaTHYECKOW CHCTEMOM MepenBa B IMeUb
MyJIbBEPU3ALMA, C KapMaHOM s 3anuBku wmetaimiom, MI'JI Hacocom st
MEPEITUBKH.

3. KommbloTepHyt0 CcHCTeMY KOHTPOJIS M YIPaBICHHS IIPOIECCOM IOAACPKAHUS
YPOBHS METAJLIA.

4. OrneynopHyto (pyTepoBKY JIBYX Ieuel U3 COBPEMEHHOI'0 OTHEYIIOPHOro OETOHa.
AKT MOJIEpHM3AIIMU CHUCTEMBI IyJIbBEPU3AIMUA ATIOMUHUSA, B TOM YHCJIE NEPEUYCHb

BBIIIOJTHCHHBIX pa60T MpcacCTaBJICH B HpI/IJ'IO}KeHI/II/I I[
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10. HpOBeIleHl/Ie IKCIIEPUMEHTAJTbHBIX HCCJIeIIOBaHI/Iﬁ NOBbINICHUH KadYeCTBa

IOPOIIKA, HCII0JIB3YyEMOI'O IIPH IMOJYUYCHUHA 0-OKCUAA AJTIOMUHUA BBICOKOM YHCTOTHI

B X0O4€ OKCICPHUMCHTAJIBHBIX I/ICCJIGI[OBEIHI/Iﬁ IMOBBINICHKUA KadCCTBa IIOPOIIKA,
HCIIOJIB3YCMOT'O IIPH ITOJITYUCHHUH O-OKCH/Ia aJIFOMHUHUSA BBICOKOM YHUCTOTHI, ObLIH

MPOBENCHBI PAa0OTHl MO WCCIENOBAHUIO O-TH OOpPA3IOB ATOMHUHHUEBBIX MOPOIIKOB IO

HaIlpaBUJICHUSM:

o OINPEEIICHUE TOIIIUHBI U CTPYKTYPbl OKCUIHOM IIJIEHKH;

o OINpEEIICHUE HAINYNS OPraHUYECKUX BEIIECTB;

o ONpEIENICHNE HAINYNS HUTPUAA AIFOMUAHMS;

o ONpEENICHNE HAINYHSI OKCHHUTPHUIA ATFOMUHUS;

o ONpEENICHNE HAINYNS OKCUTUAPOKCUIA ATIOMUHUS;

o OIpeeNIeHNE CTPYKTYPbI U HAINMUYUA aib(da- 1 raMMa-OKCH/IOB;

o BBINIOJIHEHUE  MHUKPOPOTOCHEMKHM  (OmpeAesieHHe  JMHAMUKA ~ M3MEHEHHUS

chepuueckoil ppakium).

B pe3ynbTare skciepuMeHTaIbHBIX HCCIICOBAaHUHN TTOBBIIICHNS KA4ECTBA MOPOIITKA,
UCIOJIb3YEeMOr0 MPH MOJIYYSHUH 0.-OKCHJIa aTFOMUHUS BBICOKOW YHCTOTHI, OBLIM CHIETaHBI
CJIEYIOLUE BBIBOJIBI:

1. O6pazenr Ne 1 B Makpomaciirabe pacrpenenéH IT0BOJIBHO PaBHOMEPHO, WHOTIA
BCTpPEUAIOTCS KPYMHbIE YacTHIBl HeENpaBuibHOM ¢opMmbl. I[lpu Oonee aetanbHOM
PaCCMOTPEHUU KPYIHBIX 4YaCTHUIl, BUJHBI CJIEJbl 3aCThIBAHUS MeETaUla M CIEKaHUs
KPYIHBIX YacTHI] ¢ 0ojiee MEJIKUMHU, YTO TOBOPUT O TOM, YTO YACTHUI]A HEKOTOpPOE Bpems
HaXOJWJIach B KMJKOM COCTOSHHMH. YacTUIbl HEMpPaBUIbHON (DOPMBI COCTABIISAIOT OKOJIO
20-30 % ot obmrero uncna.

2. O0pazen Ne 2 B MakpomacuitTabe nMmeer 0o0abp110i pazdpoc B (hopmax U pazMepax
4acTHUll, O4YE€Hb HEOJHOPOoAEH. OCHOBHYI0 MACCOBYIO COCTAaBISIOIIYIO IOPOLIKA
OTIPECIISIOT YaCTUIIbI HETPABWILHON KAIUIEBUIHOW WJIM PBAHON (POPMEI C pazMepamu 10
0,7 mm. [Ipu Gornee neTaabHOM PACCMOTPEHUU BUAHO, YTO UMEET MECTO CIIEKaHUE YaCTHUIL

B OobIINE arJIoOMCpPaTbl, 4 TAKXKC IIPUCYTCTBYIOT YdCTHUIbI B BHAC 3aCTLHIBIIUX KaIICJIb
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MeTala, K HEKOTOPbIM M3 KOTOPBIX YACTUYHO MPWIMIAIW U IUIABWINCH 0OoJjiee MeKue
yacTtuibl. [IpolieHT yacTull HenpaBuiIbHOU (popMBbI cocTaBisieT okoiio 50 % u BbIIe.

3. O6pazenr Ne 3 mpakTuuecku HUYEM He oTiauyaerca or oopaszua Ne 1. YacTuirsl
TaKke B OOJIBITUHCTBE CBOEM UMEIOT chepuieckyro hopmy. Ho u kamneBugabie Gopmel, u
CIIEKaHUE YaCTHUIl TaKKe UMEIOT MecTo ObITh. [10 cpaBHeHHIO ¢ 00pa3ioM Ne 2, yacTHIlbI
3/IeCh pacHpeeNeHbl paBHOMEPHO. YacTulsl HEMpaBUIbHOW (DOPMBI COCTABIISIOT OKOJIO
20-30 % ot 06111ero ux 4yucia.

4. O6pazen Ne 4 1o cBoeMy COCTaBY YacTUIl HUYEM HE OTIMYaeTcsi oT oopaszna No 2.
Takke 37€Ch MPUCYTCTBYET M CIIEKAHWE YACTHUI] B arjOMEpPaThl U UX CIUIABIECHUE MEXIY
co0oi1, a Takke OOMIIMe KaIIeBUIHBIX YacTHIl MeTailia ¢ pazmepami a0 0,5 mwm. [IpoueHr
YacTHI] HEMPaBWIbHOU (hOpMbI cocTaBisieT okoio 50 %.

5. O6pazen; No 6 nMeeT oueHb POBHOE pacIIpe/ICICHUE YaCTHIl: KaK M0 pa3Mepam, Tak
U 1o ¢popMe yactull nopomka. [IpoueHT yactuu HenpaBuwibHOU (popmbl MeHee 3 %. DToT
MOPOIIOK MPAKTUYECKU OJTHOPA3MEPHBI.

6. Ilocme anammM3a TOMYYEHHBIX JJIEKTPOHHBIX  (ororpaduit  0Opasmos
JIFOMMHHMEBOIO TOPOIIKAa YCTAaHOBJEHO, YTO BO BCEX 00pasliax KpyIHbIE YaCTULIBI
coJieprKaT MpoObI:

Ne 2 (6ombiie Bcero) u Ne 4,

Ne 3 u Ne 4 — mpumepHO OJTMHAKOBOE KOJIUYECTBO,

Ne 6 — KpyIHBIX YaCTUI TPAKTUYECKU HE COAEPKUT.

7. 3aKOHOMEPHOCTh M3MEHEHUSI TE€OMETPUU YaCTHIl SIBHO BbIpaxkeHa B oOpasie Ne 2
(6ompire Bcero) u Ne 4 (mpuMepHO OJMHAKOBOE KOMMUYECTBO); Ne 6 — u3MeHEeHH (OpMBI
YyacTUll nmpakTuyecku HeT. B obpasmax Ne 1 m Noe3 B paBHOW CTENEHU NPUCYTCTBYIOT
JaCTHIIBI, UMEIOIINE OTKIOHEHHS OT C(HepUIHON (HOPMBI.

8. Pe3ynbTaT M3MepeHUil TOIIMHBI OKCUIHON IUIEHKH B MCCIEJOBAHHBIX MOPOIIKAX
paBeH B cpeareMm 5,0-6,5 HM:

e OOpazert Ne 1 —Yacruma 1 -1-5,7nm; 2 -4,7nm; 3-6,6 nm;
Yactuma2-1-9,2nm; 2-8,7nm; 3 -8,4 nm;

e O6paszert Ne 2 —Yacruma 1 - 1-5,4nm; 2 - 6,5 nm; 3 - 4,9 nm;
Yactrma 2 -1 —-3,8 nm; 2-5,8 nm; 3-5,2 nm,;

e Obopazer Ne 3 —Yactuma 1 -1—3,7nm; 2 -4,2nm; 3 - 5,6 nm,
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Yactuma 2 -1 -3,7nm; 2-4,7nm; 3 - 3,7 nm;

e O6paszert Ne 4 —Yacruma 1 - 1-5,7 nm; 2 - 6,6 nm; 3 - 8,5 nm;
Yactumma 2 -1 -6,3nm; 2-53nnm; 3 -4,7 nm;

e Obpazery Ne 5 — Yacruma 1 -1 - 3,7 nm; 2 -4,1 nm; 3 - 3,9 nm;
Yactrma 2 -1 -3,6 nm; 2-3,9nm; 3 - 3,7 nm,;

e Oopazery Ne 6 — Yacruma 1 -1 —-5,8 nm; 2 -4,9nm; 3 - 6,2 nm;
Yactuma 2 -1 -5,1nm; 2 - 4,7 nm; 3 - 6,2 nm.

Cpenussi BeM4rHa TOJIIMHBI OKCUAHOM TJIEHKU BO BCEX 00pas3liax aJFOMUHHEBBIX
MOPOIIKOB COOTBETCTBYET 5,5 NM, HCKIOYEHUE cocTaBisier oOpaszeny Ne 5, B KoToM
CpEIHSISI BETMYMHA OKCUTHOW TIEHKHU cocTaBiser 3,8 nm.

9. Pe3ynbTarhl UCCIEAOBAHUN HA BO3MOXKHOE COJIEPKAHUE OPTaHNMYECKUX BEIIECTB B
MPEICTABICHHBIX 00pa3lax MEIKOAUCIIEPCHOTO aIOMUHHEBOTO IMOPOIIKAa METOJaMu
XpOMaTOMAacC-CIeKTPOMETPUH (DITyOPUMETPUIECKUM METOAOM TO3BOJISIFOT CAENATh BHIBO/I
00 OTCYTCTBMM 3HAYMMBIX KOJIMYECTB CMa304HBIX Macelnl (HePTenpoayKTOB) Ha
MOBEPXHOCTSX MCCIIEIOBAHHBIX 00pa310B, KOTOPHIE MOTJIM Obl CIOCOOCTBOBAThH CIUMAHUIO
YaCTHIl aJTFOMUHUEBOM TBLITH.

B Toxke Bpemsi, mpenocTaBiIeHHBIM JUIsl aHainu3a oOpasell BeUleCTBa MOJYyYEHHOIO
COCKOOOM C BHYTpEHHEH MOBEPXHOCTH TPYOOIPOBOIA MEPEKAUKH YUCTOrO a30Ta (B MECTE
PACIIONIOKEHUST KOMIIPECCOpa) XapaKTEePU3YyeTCsl HAIMYUEM HEPa3pelIEHHbIX IMHKOB
YTIIEBOAOPOJIOB PA3IMYHOTO CTPOCHUS, KOTOPHIE MOTYT OBITh OTHECEHBI K KOMITOHEHTaM
cMa304uHbIX Macen. Unentudukamms macia He IpoBOAUIIack. B pe3ynbpTaTe mpoBeEHHOTO
MCCJIEIOBAHUS MOXXHO CJI€TIaTh BBIBOJI, YTO B PACIBUIUTEILHYIO KaMEPy BMECTE C YHCTHIM
a30TOM TIOMA/aeT OMNPEACIEHHOE KOJIMYECTBO OPTaHMYECKHX BEIHIECTB (KOMIIPECCOPHOE
MacJio), YTO MOXKET SIBISITbCA NMEPBONPUYMHON Ipoliecca CIHUMAHUS METKOIUCIIEPCHBIX
YaCTHI] ATFOMUHHUS.

10. B pe3ynbpTare npoBea€HHOro peHTreHo(ha30BOro aHainusza o0paslioB HE yIanoch
3aMKCUPOBaTh M OJIHO3HAYHO HAeHTU(UIIMpOoBaTh, Npumecu. HaOmromarorcs ciabble
UKW IPUMECHOH (a3wl B odsacTu 34,5 20 (mpeanonoxutenbHo Al,Os).

11. ITo naHHBIM MHUKPO30HAOBOIO aHAIN3a HUKAKUX CIIEIOB a30Ta HE OOHAPYKEHO.
Bwmecte ¢ Tem Hanuuue kucnopoja Bo Beex oopasuax (NeNe 1-4 u 6) pukcupyercs (okoiio

2 %), 4TO CBUJIETEIILCTBYET O TOM, YTO YACTHIIbI AIFOMUHUS OKPBITHI OKCHIHOW IIJIEHKOM.
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12. Hutpua amtomuHusi B mpeacTaBieHHBIX oOpasmax (NeNe 1-4 u 6) maHHBIMU
MeToaMu He oOHapykuBaerca. Cienyer 3aMeTuTh, YTO €CIW HUTPUJ AJTIOMUHUS U
CYLIECTBYET B MPEJCTABICHHBIX 00pa3lax, TO €ro KOJWYECTBO HACTOJBKO MAaJIO, YTO
BO3MOXXHOCTH 3a()MKCUPOBATH €T0 KaK MPU MUKPO30HIOBOM, TaK U MPH PEHTTEHO(PA30BOM
aHaJIN3€E HET.

13. AHanu3 KUCIOpoJa, TPUCYTCTBYIOIIETO B OKCHJIHOW IJIEHKE BIIOJIHE YBEPEHHO
MIPOU3BOAUTCS KaK MHUKPO30HJIOBBIM, TaK U PEHreHO(ha30BbIM METOJAMH. Y UUTHIBAs, YTO
a30T M KHUCJIOpPOJ MMEIT NPUMEPHO OJMHAKOBBIM AaTOMHBIA BEC, BO3MOYKHOCTH
pEruCTpalluyi 3THUX BJEMEHTOB YKa3aHHBIMU METOJAMHU TaKkXe CpaBHHMBL. TunuyHas
TOJIIIMHA OKCHUJHOM TUIEHKM Ha YacTUIaX aJIOMHHHUS OOBIYHO COCTaBJISIET OKOJIO 5 HM,
MO3TOMY C Y4E€TOM NPUMEPHO PAaBHOW BEPOSITHOCTH PErMCTPAllMd KHUCIOpOJa M a30Ta
TOJILIMHA HUTPUJIHOM IJIEHKH AOJKHA OBbITh mpuMepHOo B 10 pa3 MeHblle, a 3TO yxXe
aToMapHble pa3mepbl. [ln€Hka ¢ TakumMu pazMepamMud HE MOXET CYIIECTBOBaTh Ha
MOBEPXHOCTU YacTUll. B CBSI3U ¢ 3TUM MOXHO cjenaTh 3aKJIIOUYEHHE, YTO BEPOATHOCTh
o0pa30BaHUs HUTPUIOB ATFOMUHUS HA TTIOBEPXHOCTH YACTHUII ITOPOIITKA HUITOKHO MaJia.

14. PentreHoda3oBblii U1 MUKPO30HIOBBIM METOJbI MCCIEAOBAaHUN MOKA3ald, YTO
M30BITOK KHCIIOpOZa B TMPEACTaBICHHBIX 00pa3lax OTCYTCTBYET M COOTBETCTBYET
KOJIMYECTBY KHUCJIOpOJla CoOjepKalerocs B OKCUAHOM rui€Hke. JlaHHbld  QakT
CBUJETEIBCTBYET 00 OTCYTCTBHM B IMPEACTABICHHBIX 00pa3lax OKCUTHUAPOOKCHIA
ITFIOMHUHUS, XOTS €r0 MPUCYTCTBHE BO3MOKHO (Ha aTOMapHOM YPOBHE).

15. Pa3pesanue cTaHgapTHRIX (MEJIKUX) YaCTUI] ATFIOMUHUS HOHHBIM ITYYKOM C IEJbIO
OOHapyXeHUsI BHYTPEHHUX MyCTOT WJIM BKJIIOUEHUH MOKa3alio, YTO BHYTPEHHEE CTPOCHUE
TaKUX YaCTHI] SIBJIIETCS] pABHOMEPHBIM, O€3 3aMETHBIX BKJIFOUYEHUM U MYyCTOT.

16. OOHapyKeHHOE€ B COCTaBE€ MEJIKOAUCIIEPCHBIX MOPOILIKOB OMPEAEIEHHOE
comepkanue yriepona (ot 3-6 % Ha moBepXHOCTH dacTuil U 10 3-4 % B 00bEME 4acTHIT)
3aCIy’)KMBaeT  OTACIBHOIO  WCCJENOBAaHMUS IO  ONpENeNeHHuto  0ojiee  TOYHBIX
KOJIMYECTBEHHBIX XapaKTEPUCTUK JTAHHOTO SIBJICHUS W OMNpeesneHus (GopM BXOXKIECHUS
yriiepoja B YaCTHULbI aTFOMUHMUSL.

AKT 00 U3roTOBJIEHWH MOPOIIKA YIYYIIEHHOI'O KadyecTBa, MCIOIb3YEMOro MpH

IMOJIYYCHHNHN (.-OKCHJa aJFOMHUHUA BBICOKOM YUCTOTHI, IPECACTABIICHO B HpI/IJ'IO)KCHI/II/I E.
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11. Ho.ﬂyqe}me Mnmopomka aJdJiIOMHUHHUA OJA MMPOBEACHUA IKCICPUMECHTOB M
HﬂpﬂﬁOTKH IKCIICPUMECHTAJbHbBIX oﬁpasuon 0-OKCH/IA aJJIOMHHHUS BbICOKON YHCTOTHI

Ha OCHOBEC THAPOTEPMAJIBHOI0 OKUCJICHUA AJTJIOMUHUSA

Jlis mpoBeneHUsl KCIIEPUMEHTOB U HapaOOTKU 3KCIEPUMEHTAIbHBIX 00pa3IoB o.-
OKCHJA aJIOMHHHS BBICOKOM YHCTOTBI Ha OCHOBE THIPOTEPMAIBHOIO OKHUCIEHUS
IFOMMHUA OBbUIM MOJIyYEHBI CIIEUANbHbIE MAPTUH OPOLIKOB aIFOMUHUSA, 0003HAUYEHHBIE
B aHHOMU riaBe Kak «AIDK-480» u «AIDK-481».

JUIss  NOJIy4eHHBIX [MAPTUH TMOPOIIKOB  ANIOMHMHMS, IPEAHA3HAYEHHBIX IS
HapabOTKH HKCIIEPUMEHTAJIbHBIX 00pa3lOB O-OKCHAA AJIOMHHMS BBICOKOM UYMCTOTHI Ha
OCHOBE THUJPOTEPMAJILHOTO OKHMCIEHHUS AIIOMUHUA, ObUI IPOBEIEH BXOJHON KOHTPOJIb.
BX0/1HOI KOHTPOJIb MOPOIIKOB AJIFOMUHUS BKJIIOYAN B C€0S1 TPaHyJIOMETPUUYECKUI aHAIU3,
MHKPOCKONIMYECKUIN aHAJIW3 M aHaJu3 XMUMHYECKOro cocrasa. [lomydeHHbIE B pe3ynbTaTe
BXOJIHOI'O KOHTpOJisi cBoiicTBa nmopowkoB «AITK-480» u «AIDK-481» cpaBHuUBaIUCH C
AHAIOTMYHBIMU XapaKTEPUCTUKaMHU, IIOJYYEHHBIMU paHee [ JAPYIHMX IOPOIIKOB

amomunus tumna ACJI.

11.1. I'panyJioMeTpUYeCKUil aHAIU3

11.1.1. MeToauka

['panyioMeTprUYeCKUil aHATU3 UCXOIHBIX MMOPOIIKOB ATFOMUHUS U3ydasiCsl METOIOM
nazepHod  mudpaknmm ¢ momomplo  audpakTomerpa  Fritsch Analysette 22 ¢
UCIIOJIb30BAaHUEM ITOJIYIIPOBOIHUKOBOTO Ja3epa (A=650 M, momHocThIO 7 MBT). B
M3MEPUTETHHYIO KaMepy TOPOIIOK MOIaBANICA U3 YIAbTPa3BYKOBOW BaHHBI aBTOMATHYECKU
C TIOMOIIBIO JTUCIIEPTUPYIONIETO YCTPOMCTBA, BXOMSINET0 B cOcTaB mpuOopa. J[uamason
m3mepenuit  coctaBisnm  0,1-600 MmkM.  AOCONMIOTHAsT MOTPEITHOCTh  HWHTErPaIbHBIX

pacnpesereHuit cocraisiia okoo 5 %.
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11.1.2. Pe3yabTaTsl

Pe3ynbrarhl rpaHynoOMEeTpUYECKUX HccaenoBanui mopomkos amomuaus AITK-480

u AITK -481 npencraBnensl Ha pucynke 33 u B Tadurie 4.
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Pucynok 33 — Pacnipenenenue yactuil mo pazmepam mopomrko amromuans AIDK-480 u ATIK-481: 1 —

uHTerpajgbHoe, 2 — nudpdepenimansyoe. d — quametp yactuil. a) — AIDK-480, 6) — ATIDK-481.

Tabnuua 4 — Xapakrepuctuku nopoikos amomunus AITDK-480 u ATDK -481.

ITopomoxk Cpenuuii pa3Mep 4acTul, MKM
AIDXK-480 6.2
AITK -481 28.4
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Ha pucynke 34 u B Tabnuue 5 npeacTaBieHbl aHAJOTUYHbIE XapaKTEPUCTUKH IS
CIIEKTpa aTOMHHHUEBBIX MOpOMKOB THUna AC/[, MCHoJb3yeMbIX paHee. DTO MOPOIIKH

ACJI-6, AC-4, ACA-1 u ACA-0 npousoactea OO0 «CYAJI-IIM».

P || P ! %5
80 /L 8 || 80 s 8
70 P4 7| 70 / 7
60 ¢ /% 6 || 60 7-7{ 6
50 AR 5| 50 N 5
w04 X o] a0 L2 4
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Pucynox 34 — Pacnipenenenue yactui mo pasmepam nopoikos amomunus ACJ[-6, AC/1-4, AC/I-1 u
ACJI-0: 1 — unrerpanbhoe, 2 — quddepenipansHoe. d — quametp vactuil. a) — ACJI-6, 6) — ACJ1-4, B)
—ACH-1ur) — ACH-0.

Tabnuia 5 — Xapakrepuctuku nopoikos amomunnst ACI-6, ACI-4, ACI-1 u ACJI-0

[Topomoxk Cpenunuii pa3Mep 4acTul, MKM
ACJI-6 4.1
ACH-4 7.2
ACO-1 22.5
ACJH-0 77.5




N3 cpaBHeHMS pe3yJIbTaTOB IPAHYJIOMETPUUYECKOIO aHAIM3a MOPOIIKOB aIIOMUHUS
AIDK-480 n AIDK-481 u nopomkoB amomuHusg thna ACJ[ MOXHO OTMETUTBH, 4YTO
nopomok AITXK-480 nmeer Ooree BBICOKYIO IUCIEPCHOCTh, YeM mnopomok ACJ/(-4, HO
6onee Hm3kyro, yem mopomiok ACJ/[-6, a mopomok AITXK-481 mumeer Gornee BBICOKYIO

JUCIIEPCHOCTD, yeM nopoinok AC/I-0, Ho Oonee HU3KY1O, yeM nopomrok AC/I-1.

11.2. Muxkpockonu4ecknii aHAIU3

11.2.1. MeToauka

Muxkpockonuyeckuid aHanu3 mnopomkoB amomuHus AIDK-480 u AIDK-481
OCYIIECTBJISUICSI Ha JA0OpaTOpHOM onTHYeckoM Mukpockone Mmapku MBC-9. Ilenbro
JTAHHOT'O aHaJIK3a SIBJISIOCh YCTAaHOBJIEHUE (POPMBI U OIIEHKa pa3Mepa YacTHIL.

Mukpockonuyeckuii ananu3 nopomkoB amomunus ACJ-6, ACH-4, ACH-1 u
ACJI-0 ocymiecTBsjICS paHee Ha CKaHUPYIOIIEM JIEKTpOoHHOM Mukpockore JEOL JSM-
7401F. MUccnenoBanme mopomkoB AIDK-480 wu AIDK-481 Ha ckaHupyromem

QJICKTPOHHOM MHKPOCKOIIC HC ITPOBOANIIOCH.

11.2.2. Pe3yabTaTsl

B pesynbTare MHUKPOCKONMYECKHX HCCIEeAOBaHMM, Kak mopomkoB AIIK-480 wu
AIDXK-481, tak u nopomkoB AC/[-6, AC-4, AC/l-1 u AC/-0 610 yCTaHOBJIEHO, YTO
YJacTHUIBl TOPOIIKOB HWMEIOT TPEHMYIIECTBEHHO cdepruueckyo ¢GopMy ¢ TIagKou
MMOBEPXHOCTHIO.

Ha pucynke 35 mnpencTaBieHBl BBIONIHEHHBICE C TOMOIIBIO CKAHUPYIOMIETO

AIICKTPOHHOTO MUKPOCKONA CHUMKHU yacTuil mopomkoB ACJ/-6, ACJI-1 u ACJI-0.
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IC RAS SE GB-H SEI 1.0kV X1,700 WD 45mm 10um IC RAS SE GB-H SEI 1.0kV X250 WD 79mm  100um

LEI 1.0kV X100 WD 80mm  100um

PI/ICYHOK 35 — CHUMKH JacTul UCCICAYCMBIX MOPOIIKOB aJIFOMUHHS, BBIITIOJIHCHHLIX Ha CKAHUPYIOIICM

aneKTpoHHOM Mukpockorne. a) — ACJ[-6, 6) — ACII-1 u B) — ACJI-0.

MOXXHO OTMETUTBH, YTO C YMEHBIIIEHHUEM IUCIIEPCHOCTH (YBEIIMUYEHUEM CPEIHETrO
pasMepa dYacTHI[ TOpoImika) ¢opMa 4YacTUIl, KaK TPaBWIO, TEepsuila MPABUILHYIO
chepudeckyro GopMy M CTAHOBWJIACH BBITSHYTOUW — ITUNTUYECKON (B COOTBETCTBUH C
pucynkom 358 — 115t mopotika ACJ[-0). AHamoruuHoe, TOIBKO C MEHBIITUM Pa3pelIeHUEM,

HaOmoaanock u ais nopoiika AITK-481 Ha mabopaTopHOM ONTUYECKOM MUKPOCKOIIE.
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11.3. AHAJIN3 XUMHYECKOI0 COCTABa

11.3.1. MeToauka

AHamM3 XUMHYECKOTO COCTaBa OCYIIECTBISJICS METOJIOM HCKPOBOM  Macc-
CIIEKTPOMETPUU HA MAaCC-CIEKTpOMETpe ¢ ABoiHOM (pokycuporkoit JEOL JMS-01 BM-2.
Macc-ciekTpsl  peructpupoBaiuch Ha ¢oromiactunbsl  Infold-Q. KonudecTBenHast
MHTEPIIPETALNS CIICKTPOB OCYIIECTBIISUIACH C TOMOIIBI0 MUKpoieHcuToMeTpa Joyce Loebl
MDM-6. Kpome TOoro anamM3 XHMHYECKOIO COCTaBa OCYIIECTBJISUICS HAa Macc-
CIIeKTpoMeTpe ¢ HHAYKTHUBHO cBsizaHHoM miasmoi (MCIT-MC). Ilepen mnpoBeneHuem
HEMOCPEJCTBEHHO  MAacC-CIICKTPAIBHOTO  OMPEIEICHUS  MPUMECHBIX  DJIEMCHTOB,
aHaNM3UpyeMasi mpoba IMepeBOAMWIACH B PACTBOP B COOTBETCTBYIOIIMX KHCJIOTaX WU

CMCCAX KHUCJIIOT B OTKPBITBIX CUCTECMAX HUJIM B aBTOKJIaBaX.

11.3.2. Pe3yabTaThl

B Tabnune 6 npenctaBieHbl pe3ynbTaThl MAcC-CIEKTPOMETPUUYECKOTO aHaIn3a JJis
nopouka AITXK-481 (aHanu3 mpoBelleH Ha Macc-CIEKTPOMETPE C UHIYKTUBHO CBSI3aHHOMU
wia3Moit) u nmopoika AC/I-6 (MeTo10M HCKPOBOM MacC-CIIEKTPOMETPHH).

N3 pe3ynbTaToOB aHAIM30B XUMUYECKOI'0 COCTaBa BUAHO, 4TO nopoimok AITK-481 B
LIEJIOM HMMEET IMOXOXKHM MPUMECHBIM cocTaB, uTo U nopomok ACJ[-6 u3 mpenplaymmx
napTuil moctaBok. [1o HEKOTOPBIM TPUMECSIM, B TOM YHCJe 10 T1 (4TO Ba)KHO), MTOPOIIOK
AITK-481 nmeer 1OCTaTOYHO HU3KUE 3HAYECHUS.

B o6oux mopomikax obmiee koiaumyecTBO mpumeceil mpesbimaer 1000 ppm, uro
TOBOPHUT O «TEXHUYECKOW» YHCTOTE MCXOMHOro mpoaykTa (99,8 %), ucnonp3zyemoro mjis

IMMOJIYUYCHUA KOPpYHAA BBICOKOM YHCTOTHI.
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Tabmuma 6 — Pe3ynbraThl Macc-ciekTpoMeTpudeckoro ananuza mopomkoB AITK-481 u

ACJI-6
ATDK-481 ACJI-6
Na <25 80
Mg 12.5 20
Si - 700
K <9 1
Ca <6 3
Ti 6.9 10
Cr 217.2 10
Mn 23.2 10
Fe 1057 300
Ni 54.1 3
Cu 5.5 0,8
Zn 83.3 30
Ga 82.4 50
Y 0.13 <0,05
Zr 1.3 3

AKT O IMOJIYUCHHM IIOpOHIIKa aJIIOMHHHA [JId TIIPOBCACHHUA OKCIICPHUMCHTOB U

HapaOOTKU DSKCIEPUMEHTATBHBIX O0Opa3IOB 0-OKCHAA aJIOMUHHUS BBICOKOW YHMCTOTHI

npezacrasiieH B [Ipunoxennn 7K.
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3AK/IIOYEHUE

B xose BeImomHEHUs IepBOro (MPOMEKYTOYHOT'0) dTana padoT, HAPABICHHOTO Ha
000OCHOBaHWE W BHIOOP HAMpaBIIEHUS UCCIENOBAHUM, pa3pabOTKy HSKCIEPUMEHTAILHOTO
oOpa3lla yYCTaHOBKHM TMIOJYYEHHUS 0-OKCHJIa QIIOMUHHUS BBICOKOM YHCTOTBHI, OBbLIN
BBITIOJTHEHBI CIEAYIONINE PA0OTHI:

1.1 BpbimogHeH aHATUTHYECKUNA 0030p COBPEMEHHOM HayYHO-TEXHUYECKOM,
HOPMATHUBHOM, METOJWYECKOM JIUTEpaTyphl, 3aTparuBarouiell HayYHO-TEXHUYECKYIO
npoOieMy, uccieayemyro B pamkax [THU.

1.2 TIpoBenens! mateHTHbIC UccaeaoBanus o ['OCT 15.011-96.

1.3 Pa3paboTaHnbl U Hcciaeq0BaHbl BApUAHThl BO3MOXKHBIX pemieHui 3aaad [THU u
BBIOpaH ONTUMAaJIbHbBIN BapUAHT.

1.4 Pazpaboran merom pacuera auddy3um mTpuMecel B peEHIeTKE 0-OKCHUIa
ATFOMHUHUS (HATPHUH, KelIe30, XpOM, KpPEMHHH, TUTaH)

1.5 Pa3paboran meTon pacuera CBOOOJHBIX JHEpPruil mpumeceil B oObeMe U B
MIPUTIOBEPXHOCTHOM CJIO€.

1.6 IIpoBeneHbl TEOpPETUYECKHE HCCIIEAOBAHUS IMOJYUYCHHUS DKCIEPUMEHTAbHBIX
00pa31oB 0-OKCUa AJIFOMUHUS BEICOKON YUCTOTHI.

1.7. HapabGoTaHbl 3KCIIEpUMEHTAJIbHBIE 00pa3Iibl OeMUTA.

1.8 Pa3zpaboTtan 1 U3roToBiieH OJIOK TEPMUUECKON 00pabOTKU OeMHuTa.

1.9 Pa3paborana MoaepHH3UPOBAHHAS CUCTEMA MYIbBEPU3AINH ATFOMUHUS.

1.10 IIpoBeaeHBl SKCHEPUMEHTAIBHBIE KCCIEIOBAHUSI TOBBIIICHUS KadyecTBa
MOPOIIKA, UCTIOJIB3YEMOTO MPHU MOJTYYEHUH 0.-OKCUA ATFOMUHUS BBICOKOW YHUCTOTHI.

1.11 IMony4yeH mOpoONIOK aTFOMUHUS JIJIsl IPOBEJEHUS SKCIIEPUMEHTOB M HApabOTKH
AKCIIEPUMEHTAIBHBIX O0pa3loB (-OKCHJA aJTIOMUHUS BBICOKOM YHCTOTHI Ha OCHOBE
TUAPOTEPMAIILHOTO OKUCTICHUS AaTFOMUHMUS.

B xone Teopernueckux uccienoBaHui pazpadborana Mozaenb nuddys3uu npumeceit B

KpUCTaJIax, JJiS KOTOPOW OCHOBHBIE MapaMeTpbl (SHEPIusl aKTHUBAIMHM, YaCTOTHBIN
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(dakTop) paccuuthiBaroTCs U3 AaHHbIX MJI monenupoBanus. IIpoBeneHo TecTupoBaHHUe
s nonoB Al u mpumeceit Cr u Fe B pemerke a-Al,O3;. Peann3oBan albTepHATHBHBIN
METOJ] TPSIMOro MOJIeMpOBaHus Tmporecca uddy3ur MOHOB B KPHUCTAIAX METOJIOM
YCKOPEHHOW MOJIEKYJIIPHOM TMHAMUKH WM TunepanHaMuku. Crenad BBIBOJ O TOM, 4TO B
kpuctaumueckoi  pemerke o-Al,O; Hambonmee BeposTeH BaKaHTHBIH MEXaHH3M
mubdy3un TPUMECHBIX KaTHOHOB. B  TMpeanosioKeHWHM BaKaHTHOTO MeEXaHU3Ma
pacCUMTaHbl TEMIIEPATypHbIE 3aBUCUMOCTH KO3 dunneHtoB nuddy3un mns mpumeceit
pa3IMYHOM BaJEHTHOCTH U pa3mepa. HalineHa TeHAEHUMsS yMEHbBIIEHUS IOJBHKHOCTH
IPUMECEN C YBEJIMUECHHE BAJICHTHOCTH MOHOB, UTO CBSI3aHO C POCTOM 3HEPTrUH aKTHUBALIUU
AJIIEMEHTAPHBIX aTOMHBIX TEpecKOoKoB. Pacuersl koadduunentoB auddy3un Mnokasaiu,
YTO TPAHCIOPT JIByX- M TPEXBAJICHTHBIX IPUMECEH K TOBEPXHOCTH HE SBIISIETCS
JUMHATHPYIOIIEN CTaJuel Ipolecca BBICOKOTEMIEPATYPHOM BAaKyyMHOW OYHMCTKH
KOpyHa. YeTblpexBajJe€HTHbIE UOHBI NMPU 3TOM TUPGYHIUPYIOT B CPEIHEM 3HAYUTEIHHO
MemsieHHee. Ha ocHoBe MeToja TepMOAMHAMUYECKOIO WHTErPUpPOBaHUs pa3padoTaH
MOJIXOJT pacuera CBOOOIHOM PHEPTUU IPUMECEH B 00beME PEIIeTKH, Ha TIOBEPXHOCTH U B
Bakyyme. Ha ocHoBe (hOHOHHOI TeopuM peann3oBaH TAaKKE BTOPOW CMocod pacuera
pPa3HOCTH CBOOOJHBIX DHEPIUU MpUMEcel B 00beMe W Ha moBepxHOCTH. s mpumeceit
pPa3IMYHOM BAJEHTHOCTU PACCUUTAHbl 3aBUCUMOCTH JHEPIUU CErperamuu OT pa3zMepa
rnoHa. J[aHHBIE MOKA3bIBAIOT, YTO KATHOHBI OOJIBIIMX Pa3MEpPOB CKJIOHHBI K Cerperaiuu,
4YTO MOATBEp)KIACTCS OJKcrepuMmeHTanbHo. Jlns mpumecer Cr m Ti pacdersl He
MPEICKA3bIBAIOT s dekTa cerperaruu, 4TO KOCBEHHO HOJITBEPKAACTCS
MpeABAPUTEILHBIMA  SKCIEPUMEHTAIBHBIMM  JTAaHHBIMM 10 XUMHUYECKOMY aHAJIHU3Y
00pa3IoB, KOTOpbIE HE OOHAPYKUBAIOT U3MEHEHHUs KOHIIEHTpAI[MU JAaHHBIX MpUMECEH B
MPOIIECCE TEPMUUYECKOM 00pabOTKHU B BaKyyMe.

Jlnst  BakyyMHO-TepMHUYeCKOW o00paboTkm Oemuta ObUT pa3paboTan  OJIOK
TepMHUUYECKOr o00paboTkn Oemurta. biok Bkirogaer B ceOS COOpPY)KEHHE, CHCTEMY
ANEKTPONUTAHUS, CUCTEMY BEHTWISALMU, CHCTEMY IOJAauyd aproHa, CUCTEMY IOJABOJA
OXJIK/IAIOIIIEH BOJIbI, pab0YeeMeCTO oneparopa, CUCTEMY TPy30M0IbEMHBIX MEXaHU3MOB,
YCTAHOBKY I TEpMOOOpaOOTKH, Teub My(denbHyro, mIKad XpaHEHUS MaTepHaIOB,

OrHCTYIIHUTCIIb-YTIJTICKUCII OTHBIMN.
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Pe3ynbrathl, momydyeHHbIC HA JAaHHOM 3Talle MCCIEA0BaHNMN, YKa3bIBalOT HA TO, YTO
Ha CEroJHSIIHUN JeHb MOUCK HauOojee SKOHOMUYHOTO U 3P(PEeKTUBHOrO crocoda
MOJyYeHUs KOPYHZAa BBICOKOM UHCTOTHI MPENCTaBISET COOOWM aKTyaldbHYIO 3aaady.
PesynbpTaTh! uccneqoBanuii 000CHOBBIBAIOT BEIOPAHHBIN BapUAHT PEIICHUS MOCTaBICHHBIX
B NPOEKTE 3aj7ad, 3aKIIOYaloOUIUiicsi B pa3pabOTKe TEXHOJOIMU TMOJMYYEeHUS OKCHUAA
QTFOMUHUS BBICOKOW YUCTOTHI Y€pe3 CTAIUU THAPOTEPMAIBHOTO OKUCIICHUS AIFOMUHUS U
BaKyyMHO-TepMHUUYECKOH 00paboTku Oemuta. [Imanupyercs, uto paspaboTaHHas B XOJe
[THN  TexHonoruss  MO3BOJUT  YJIOBJIETBOPUTH  MOTPEOHOCTH  OTEUECTBEHHOM
OPOMBIIIEGHHOCTH B OKCHUJE€  alIOMMHHMS  BBICOKOM  YHUCTOTBI UM OTKPBITh
KOHKYPEHTOCIIOCOOHBIN 3KCMOPT AaHHOro NpoaykTa. [loTeHlnaabHBIMU MOTPEOUTENIMU
pe3yabTaTOB  HWCCIENOBAaHUS  JIOJDKHBI ~ CTaTh  MPEATPUATHS  ONTHYECKOW U
MOJYNIPOBOJHUKOBOM  MPOMBIIINICHHOCTH, KBAHTOBOM DJIEKTPOHUKH, METaJUTypruH,
MAIIMHOCTPOCHHUSI, SHEPTETUKU U MPUOOPOCTPOCHUSI.

Pa6otel mo CornamieHuio o mpefocTaBieHuHn cyOcuauu ot 23 okTsiopsa 2014 r.
Ne14.607.21.0082 na stame Nel Ilnana-rpaduka ncronHeHus: 00S3aTENHCTB BBHITIOJIHCHBI B
YCTAaHOBJICHHBI CPOK W TOJHOM oObeMe. Pesymbrarel pador mno CornameHuro
YIOBIIETBOPSIIOT €r0 YCJIOBUSIM, B TOM YHCJE yCIOBUAM TexHuueckoro 3ananus u [lnana-

rpa(bHKa HCIIOJTHEHUS 00513aTEIbCTB.
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