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OO0mas xapaKTepuCTHKA Pad0ThI

Juccepranysi MOCBSIIEHAa SKCIEPUMEHTAIBHOMY HCCIEIOBAaHUIO BAaKyyMHOTO JIYTOBOTO
paspsia ¢ MOAOrpEeBaeMbIM KaToAOM. VCTOUHMK IUIa3Mbl Ha €ro OCHOBE pacCMaTpUBAETCS IJis
KOHBEPTALMU B IJIA3MEHHOE COCTOSIHUE METAJNIMYECKUX, OKCUJHBIX U CMECEBBIX MaTEpUajIOB IS
3a/1aud TUIa3MEHHOM cemapanuu otpadoTtasmiero suepHoro tomauBa (OAT). PaccmarpuBarotcs
BOIIPOCHI YCJIOBUN peanu3zanuu AUPQY3HOro THUIA paspsia, BPEMEHHOH 3BOJIOLUU MapaMeTpOB
TeHEepUPYEMOi TIa3Mbl, POJIH TEIIOPU3NYECKUX CBOWCTB MaTepHalla KaToJa U BIUSHUS BHEIIHETO
MarHMTHOTO 10JIsl HA MCTOYHUK I1JIa3Mbl, @ TAKYKE HOHHOI'O COCTaBa IJIa3Mbl U JIPYTUX €€ IapaMeTpOB

B 3aBUCHMOCTH OT pexuMa pazpsia (TOKa, HAMPSIKEHUS U TEMIIepaTyphl KaToaa).

AKTYaJIbHOCTH TeMbI HCCJIEIOBAHUS

B nacTosimiee BpeMs 3HAUMTEIBHOE YUCIIO UCCIEA0BATEIbCKUX U MPOU3BOJACTBEHHBIX 33134
Y TIPOLIECCOB BKJIIOYAIOT B ce0s dTambl, OTHOCSIINECS K IUIa3MEHHbIM TexHosnorusMm. K npumepam
TaKuX TEXHOJIOTMM MO>XHO OTHECTH: IIA3MEHHOE TPAaBJICHUE B MHUKPOIJIEKTPOHHUKE, CO3/IaHHE
WMCTOYHUKOB M3JIYYCHHS Ui 00€33apakWBaHHs, CO3/laHue (YHKIMOHAIBHBIX TOKPHITHA B
METAJUTYPTHH, CO3JJaHUE BBICOKOOHTPOMUNHBIX CIUIaBOB B MATEPUAIIOBEICHUN U MHOKECTBO IPYTUX
3amay. Pu3uka IUIa3Mbl [IPU 3TOM SIBJISIETCS YAaCThIO COBPEMEHHOM HayKH, aKKyMYJIUpPYHOILEH
(dbyHIaMeHTalbHbIE 3HAHUS, KAcaloIIUMecs HMIMPOKOTo Kiacca (U3MUYECKUX MPOIECCOB, MMEIOIINX
MECTO B ra30BOM paspsijie. bonee yeM IBYXBEKOBOW OMBIT, HAKOIJIEHHBIN HAyYHBIM COOOIIIECTBOM,
MO3BOJISIET PEAJM30BbIBATh HA MPAKTUKE HOBBIE HEIOCTYIIHBIE paHEe PEIIEHUS MPUKIATHBIX
npobnem. TeM He MeHee 10 CHUX MOpP OCTalOTCA HEPEUICHHBIMH HECKONBKO (PYHIaMEHTAIbHBIX
BonpocoB. K mpumepy, MarHUTOTHApPOAMHAMUYECKass TypOYJIEHTHOCTh U  IJIa3MEHHBIE
HEYCTOMYMBOCTH, MEXAHU3M YCKOPEHHUS 3apsSKEHHBIX YACTHI] B HEKOTOPBIX IUIA3MEHHBIX CUCTEMAX
(HampuMep: COJHEYHBIM BETep WM AYroBOM paspsim). HemocpencTBeHHOE OTHOIICHHWE K JaHHOU
JMCCEPTAIIMOHHOM paboTe HMEIOT CII0KHOCTH C TOCTPOCHUEM HETIPOTUBOPEUYNBOI MOIETH TTPUBSI3KH
TOKa Ha KaToje, Mpu4eM HOBBIE SKCIIEPUMEHTATbHBIC IAHHBIE MOT'YT OBITh ITOJIE3HBI JIJISI €€ Pa3BUTHSL.
B ocobOenHnoctu, B nuTepaType MMEET MECTO HEJOCTATOK JAHHBIX O XapaKTEPUCTHUKAX KaTOIHBIX
MSTEH HA MOBEPXHOCTAX HEMETAJUIMYECKUX KaTO/I0B.

C apyroii CTOpOHBI, paccMaTpUBasi UCTOPUIO UCCIIEIOBAHUN JTa0OPATOPHOM TIIa3Mbl MOXKHO
3aMETUTh, YTO MHOTME YCIIEXU AaCCOLMUPOBAHBI C CO3JaHMEM HOBBIX METOJIOB T€HEpalUH,
MO3BOJISIBIIMX CO3/1aBaTh IUIA3MEHHYIO CpeAy C HOBBIMU MapameTpaMH, ONPEAEIISIOMMMUCS
MIPUKIIATHBIME 33/1a4aMU OyIb TO OMOJIOTHUYECKOE BO3/ICHCTBHE HA KMBBIE TKAHHU, T€HEpaITusl ITyYKOB

MHOT'03apsAJHbIX HOHOB HWJIM CO3JAaHUC IIJIa3MCHHBIX )IBHFaTeHeﬁ u 1p.. B xomtekcte K&)K)IOfI



NPUKIAAHON 3aaydl BO3HHUKAIOT M OIpENeICeHHbIE WHXCHEPHO-TEXHHUECKUE TpeOOBaHMUS,
peain3anysi KOTOPBIX MPUBEIa K UMEIOIIEMY CETrOJIHS MECTO MHOI000pa3ni0 UCTOYHUKOB IJIa3MBbl.
C 3TOH TOYKM 3pEHUS UCCIIEOBAHUE METONOB I€HEPALNHU IUIa3Mbl ITO3BOJISIIOIINX BBIMTH 3a PAMKHU
CYLIECTBYIOIIUX I1apaMETPOB pa3psloB, TUIA CpPeAbl WIM JIPYTMX XapaKTePUCTHK SIBISETCS
Ba)XHEHUIIIEH 3a7aueii, TapMOHUYHO YKJIaIbIBAIOIICHCS B 00IIee pyciio pa3BUTHS (PU3UKHU TLIa3MBI.

OnHuM M3 METOJOB I'€HEpalWU IUIa3Mbl, MO3BOJIIOIIMM BBIMTH 32 IPUBBIYHBIE PAMKH,
ABJISICTCS BaKyyMHBIH JYrOBOH pa3ps ¢ rOpsYUM KaTOJIOM, KOTOPBIH MOXKET OBbITh OCHOBOW JUIS
CO3JIaHMsI MPOU3BOJAUTEIBHOTO UCTOUHUKOM IIIa3Mbl, U Ojarojiaps BHELIHEMY MOAOIPEBY KaToJa,
MOKET OBITh MCTIOJIB30BAH JJISl IEPEBOJIA B TNIA3MEHHOE COCTOSIHHE KaK METAJIOB, TaK M OKCUIOB U
ux cmecedl. [luddy3Hplii T BaKyyMHOTO IYTOBOTO paspsia IMO3BOJIAET M30eXaTh MOSBICHUS
KalleJIbHOM (hpaKLyu 3pOAUPYIOLIETo KaToJa B TeHEPUPYEMOM IIOTOKE, @ BO3MOYKHOCTh BapbUPOBAThH
MOILHOCTb IOJOTPEBa KaToa MO3BOJIAET KOHTPOJINPOBATH PsJl IApaMETPOB FEHEPUPYEMOM I1IIa3Mbl
(?HEpruto HOHOB, 3aPSAIOBBIA COCTaB, CTAOMIIBHOCTh TOPEHNS).

[Tocneanee 000CHOBBIBAIOIIEE AKTYaIbHOCTD MPEACTABIAEMON KBATU(PUKALMOHHON pabOThI
00CTOSTENILCTBO CBA3AaHO C TEM, YTO pab0Ta OTHOCUTCS K LUKy MCCIIE0BaHH, HAllpaBIEHHOMY Ha
pa3BuTHEe MeToja IutasMeHHoW mnepepabotku OMAT. AkryanpHOCTh mNpoOieMbl IepepadOoTKU
HapabateiBaemMoro OSAT u ero penupKyIsAldd TMOATBEPKAACTCS HAIEICHHOCTHIO aTOMHOM
SHEPIreTUKU Ha OCYLIECTBJICHUE 3aMKHYTOI'O TOIUIMBHOI'O LMKJIA, BO3PACTAIOIIEH KOJIOTMYECKOU
Harpy3koi npu 3axopoHeHUH OSAT um HEIOCTATOUHOCTBHIO CYLIECTBYIOLIMX TEMIIOB OOpallleHUs C
OST, 4TO COBOKYNHO CcIEAyeT M3 €KErofHbIX IOKJIanoB rockoprnopauuun Pocatom. Meton
mwiasmMeHHod cenapauun  OST MoxkeT cTarh anpTEpHATUBOM WM JONOJHEHHEM K Y¥kKe
CYLIECTBYIOIIMM U pa3zpadaTbiBaeMblM MeToAaM mepepaOoTku. Ilna3mMeHHBIH METOA MO3BOJSET
n30exarh MOSBICHUS 3HAYUTEIBHOTO O0bEeMa paJUOAKTHUBHBIX OTXOJAOB, XapaKTEPHBIX IS
CYLIECTBYIOIIMX METO/0B, OJHOBPEMEHHO MOTEHIMAIbHO obecreunBas TpeOyemyro JUls
IIPOMBIIIJIEHHOTO MPUMEHEHHSI MPOU3BOAUTENBHOCTh. C Ipyrod CTOPOHBI, IIa3MEHHBIA METOJ
nepepaboTKU MOXKET ObITh OTHECEH K BBICOKOTEXHOJOTUYHBIM, B BHUJIy CIIO)KHOCTH peau3aluu U
KOMIUIEKCHOCTU 3a/layM, 10 3TOW NMPUYMHE HEU30€kKEeH IUKJI UCCIICOBAHMM, MOATBEPKAAIOINN
11€J1ec000pa3HOCTh BOIUIONIEHHS METOAa B MHAycTpUuanbHoM MaciuTtade. [lepeBox OST B cocTosHne
HU3KOTEMIIEPATYpHOHN IUIa3Mbl SBISETCA OJHUM M3 JHTAlOB IIpeayiaracMoro Mmeroxaa. McrounHuk
J1a3Mbl, OCYIIECTBIISIONINI 3TO MOXKET OBITh CO3/1aH Ha OCHOBE AU(P(PY3HOr0 BaKyyMHOI'O JYTOBOT'O
paspsjia, Tak Kak B HEM BO3MOXKHO YJIOBJIETBOPUTH TPEeOOBaHHUSIM METOJla: BBICOKAs CTENEHb
MOHU3ALMM BBIXOJHOIO IIOTOKAa, OJHOPOAHOCTH 3apsJOBOIO COCTaBa, IPOU3BOAUTEIBHOCTD

KoHBepTaluu Ha ypoBHe 100 r/4. Anpobanus Takoro HICTOUHUKA TpeOyeT MpeaBapUTeIbHOIO IIHKIIA



HCCIe0BaHUH 0 KOHBepTaluu MarepuanoB moaenupyromux OAT B ma3MeHHOe COCTOsSIHUE, YEMY
Y TIOCBSIIIICHA JTaHHAas paboTa.

esn 1 3a1a4m JUCCEPTALUOHHOMN PadoOTHI

[maBHOW 1Eenb0 pPabOTHl SBISJIOCH JKCHEPUMEHTAIBHOE HCCICIOBAHUE BAaKyyMHOTO
JOYTrOBOTO paspsiga C TOJOTPEBAaCMBbIM KAaTOAOM JUIsl OINPEACTCHHUS I1e1ecOo00pa3HOCTH  €ro
MPUMEHEHHUsI TPU CO3JIAHUMU HMCTOYHUKA IUIa3Mbl CENAapUPYEMbIX BEIIECTB B paMKax 3ajayu
masmMeHHo  cemaparuu OST. Ilocnennee ompenensercss BO3MOXKHOCTBIO —peaM3allMd U
JUTUTEIIBHOTO MOJICPKAHUS PEKUMOB pa3psijia, B KOTOPBIX TEHEPUPYETCs MOTOK IJIa3Mbl C BEICOKOM
CTCTICHBIO MOHM3AINH, OJHOPOIHBIM 3apsIIOBBIM COCTABOM IPH OTCYTCTBHH KamleIbHOU (hpakiuu
Marepuana karoaa. KpoMme TOro, MCTOYHHMK IIa3Mbl JOJKEH OCYIIECTBISATh KOHBEPTAIMIO B
IJJA3MEHHOE COCTOSIHHE KaK OTEIbHBIX BEIIECTB (METAIOB WJIM OKCHUIOB), TAK M HUX CMECEH,
Mozaenupyroumx OAT.

Jlist moctrkeHus: CPOPMYITUPOBAHHOM e OBUTH MTOCTABIICHBI CIICIYIOIIHE 3a/1a4H:

e [IpoBectu uccnegoBaHuEe MapaMeTPOB TEHEPUPYEMOM MIa3Mbl U UCTOUYHMKA TUIa3Mbl Ha
OCHOBE BaKyyMHOI'O JIyTOBOT'O pa3psjia C MOJOTPEBAEMbIM KaTOJIOM W3 MaTepHalIOB
mozaenupyroumx OST, a UMEHHO MOHHOTO COCTaBa IJIa3Mbl, TEMIIEPATYPhI FJEKTPOHOB,
CpeHero 3apsja IUla3Mbl, HANpsKEHUs pa3psa, CTAIUOHAPHOCTH TOPEHUs B
3aBUCHMOCTH OT TOKa pa3psijia, TEeMIEpaTyphl KaTo/la U BPEMEHHU IKCIIEPUMEHTA.

e lccnemoBarb BO3MOXKHOCTH  peanu3anuu  AUGEGYy3HOTO  TYyroBOro  paspsijiga ¢
MHOTOKOMIIOHEHTHBIM ~KaTOJIOM, BBIIETUTh POJIb COCTaBa KaToJa W ONPENeNuTh
MPUHIUITHATIFHYIO PEeaTu3yeMOCTh PEKUMOB pa3psia, YAOBIECTBOPSIOMINX TPEOOBAHUSM
TEXHOJIOTUH IJIa3MeHHoi nepepabotku OAT.

e AjanTUpoBaThb METOJ BPEMSIPOJETHON MacC-CIIEKTPOMETPUU U CO34aThb Macc-
aHAIM3aTOpP C pa3pemaroleil CrmocOOHOCThIO JOCTATOYHOM JJIsi  UCCIIEOBAHUS
HEIMPEPHIBHOIO MOTOKA IUIa3Mbl U3 METANIOB U HMX OKCHJOB, T.€. pa3peuiarouiero
MAacCOBBIE€ IIUKU OTCTOSIIME Ha 16 a.e.M..

e (Coznarb dKCIEpUMEHTAIBHBIN CTEH]I JUIsl UCCIIE0BAHMS BAKyYMHOTO JYTOBOTO pa3psiiaa
BO BHENIHEM AaKCHAJbHOM MAarHUTHOM II0JI€ BKJIIOYAIOIIMA: BAKYyMHYIO CHCTEMY,
CHUCTEMYy TeHEepallid MarHUTHOTO TOJIs, JTUArHOCTUYECKUM KOMIUICKC ISl MU3MEpEHUS
apamMeTpoB IJIa3Mbl, UCTOUHHK TIa3MBbl.

Hayynast HOBU3HA

Hayunass HOBHM3HA JaHHOM JUCCEpTAallMOHHON pabOThl, TMOCBALICHHONW HCCIEI0BaHUIO

BaKyyMHOﬁ AyTru C ropssuuM KaTo10M, 000CHOBBIBAETCS paaoM (paKTOpOBI



boimu enepewvie npoBeneHBI IKCIIEPUMEHTAIBHBIE MCCICIOBAHUS BPEMEHHOW 3BOIIOIUU
¢ Gy3HOTO BAaKyyMHOTO paspsifia ¢ pacxoIyeMbIM KaToOJOM M3 OKCHIHOTO MaTrepuaia, a UMEHHO
ObLIO YCTaHOBJICHO KaK MEHSETCS BO BPEMEHHU HANpsbKEHUE pas3psilia, 3apsiioBbIil COCTaB IIa3MBbl,
KOHILIEHTpAlUsl MOHOB, CAEJIaHbl BBIBOJABI O BO3MOYKHOCTH MOJJEPKHBATh CTAMOHAPHBIA PEXKUM
TOpEHUs TyTH.

[ToyyeHbl HOBbIE SKCTIEPUMEHTANBHBIE JTAHHBIE O 3aBUCUMOCTH MOHHOT'O COCTaBa IJIa3Mbl
muddy3HON BaKyyMHOW AYTH IJIs HECKOJIbKHX MaTepuanoB karoga (CeOr, CeOr+Cr, TiO2+Cr) ot
rnapamMeTpoB paspsia. B ciyuae xaroma W3 IHMOKCHIA UEpPUS U3MEPEHbl 3aBUCHMOCTH MOHHOIO
COCTaBa OT CHJIBI TOKa paspsiza, W MOKa3aHO, YTO TEMIIepaTypa Karoja ciabo BIHMSIET Ha HEro B
CTaIMOHAPHBIX PEKUMAX pa3psijia.

beuin mony4yeHsl Hoéble naHHble 00 yCIOBUAX peanuzauuu Iuddy3HOro Tuma BakyyMHOU
IyTU C MOJOTPEBAEMbIM KaToAOM. BO-mepBbIX, C KaTOJOM M3 OKCHA-COAEPIKAILLEro Marepuana, a
MMEHHO IUOKCHIa 1epus. Bo-BTOPBIX, ¢ HECKOJIBKMMH CMECEBBIMHU KaTOIaMH, COCTOSIIUMHU W3
metauia U okcuga (CeOx+Cr, TiO+Cr). CMecu OTIHYAIUCh MEXKAY COOOH aToOM-3JeKTPOHHBIM
COOTHOILIIEHHEM. Bnepevle omnucaHbl KOHTPOJHpPYEMble TMepexoipl Mexay auddysHod u
KOHTPAarupoOBaHHOM AYyTroOM.

[ToyyeHbl HO6ble >KCTIEpUMEHTATIbHBIC JaHHBIE O MapaMeTpax BaKyyMHOTO IyrOBOTO
pa3psga Ha cMmeceBbIX Kartojax (BAX, OamaHc sHepruu Ha KaToJe, CTAaI[MOHAPHOCTh TOPEHUS).
N3mepensl cpeHmii 3apsij], COCTaB U KOHIICHTPALUS IJ1a3Mbl, TEMIIEpaTypa AJIEKTPOHOB.

belna mpeasioxkeHa Hogasa cxeMa BPEMSIIPOJETHOIO MacC-CHEKTPOMETpa, aJanTUpYIOLas
TPaAULMOHHBIE IOAXO/BI, /ISl UCCIEAOBAHUS HEMPEPHIBHOIO MOTOKA IJIa3Mbl TSXKEIBIX METAJUIOB U
o0ecrnieurBaroIas J0CTaTOYHOE JUIsl UCCIIEI0BAaHUSI METAJIIOB U UX OKCUJIOB pa3pellieHue.

[Ipennoxena nHoean kKoHPUTYypaIsi UCTOYHUKA TIa3Mbl HA OCHOBE BaKyyMHOTO JIYTOBOTO
paspsija ¢ mojorpeBaeMbiM karoaoMm. OcymiecTBieHa HHUIMANMS ¢ dy3HOM HOpMbI BaKyyMHOTO
OYyrOBOTO pa3psiia B AKCHAJIbHOM MarHUTHOM IIOJIE€ € KaroAoM u3 rajgoiunus. [IpoBeneHo
WCCTIEIOBAHUE BIIMSTHUS MarHUTHBIX TIOJIEH B ApOYHON U aKCHAJIbHON KOH(UTYpalMK HA TapaMeTphl
paspsizia ¥ TUI KaTOAHOU MPUBS3KH.

Teopernyeckass 1 NpaKTUHYECKAs 3HAYUMOCTh

Pe3ynbpTaThl  3KCIEPUMEHTAJIbHBIX  MCCIEAOBAaHUM, MPEJICTABICHHbIE B  JaHHOMU
KBATHU(UKAITMOHHOW PabOTe, MOTYT OBITh WCIOJIB30BAHBI ISl JTaJbHEUINErO Pa3BUTHS MOJCIICH
(U3MYECKUX MPOIIECCOB B KaTOJHOM CJI0€ BaKyyMHBIX YT, 4TO BaXKHO T.K., K pUMEpY, ceiddac He
CYIIIECTBYET HEMPOTUBOPEUHUBON MOJENN KATOJHOTO MsATHA. B wacTHOCTH, B paboTe mpecTaBIeHb

YHUKAJIbHBIC JaHHBIC JCMOHCTPHUPYIOIIUC O0COOCHHOCTH BAaKYYMHEIX OYT C KaTOAaMHU KOMIIJICKCHOT'O



COCTaBa BKJIIOYAIOIIME OKCHUIHBbIE Marepuaibl. Kpome TOro, mosjydyeHHbIE pe3yJbTaTbl HOCST
IIPAKTUYECKYI0 Ba)KHOCTb, TaK KaK ITO3BOJISIIOT CI€NaTh BBIBOABI O 1IEJIECOOOPA3HOCTH CO3/1aHuUs
HMCTOYHUKOB IUIa3Mbl Ha OCHOBe AU(PQY3HONW BaKyyMHOW AYyrH Ui TEXHOJIOTMH IUIa3MEHHOMN
nepepabotku OST, mMeronoB co3nanvs (QyHKUMOHAIBHBIX MOKPBITHH WM APYTUX TEXHOJOTUH
[I0/Ipa3yMEBAIOIINX  BBICOKOIIPOU3BOAUTENIbHBIA IEPEBOJI OKCHUIOB B COCTOSSHUE IIOTOKA
HU3KOTEMIIEPATyPHOH IJIa3MBbI.
IHos10:keHusl, BBIHOCUMBbIE HA 3alIUTY
1. Apantanus MeToja BpEMSIPOJETHOM MAacC-CIIEKTPOCKONHUU Ul  HAIPaBJIEHHOTO,
HEMPEPHIBHOTO MOTOKA IUIa3Mbl U (y3HOH BaKyyMHOHM IyrHM C TOPSYHM KaTo/OM,
BKJIIOUAsi CO3/IaHHUE BPEMSIIPOJIETHOTO IMarHOCTUYECKOIO KOMILIEKCA.
2. Pe3ynbTaThl HcCIEIOBAaHUS MOHHOTO COCTaBa Ija3Mbl nud@y3HON BakyyMHON AyTH Ha
MOJIOTPEBAEMBIX KaTOJ1aX, MOAETUPYIOLUX oTpadoTasiiee saepHoe TormmBo (CeO2, Gd)
B 3aBUCHMOCTH OT Temnepatypsl karona (CeOz 2200-2270 K; Gd 1900-1950 K) u Toka
paspsna (30-90 A). CeneHust 0 107U MOHOB MaTepuaina karogHoro Turis (1o 30% ot
00111ero yncsa KOHOB).
3. HoBble »sKcnepuMeHTaJdbHBIE JaHHBIE O TMapaMerpax Ia3Mbl (KOHIEHTpauus —
10' - 10" cm?, Temmepatypa snexTpoHoB okono 0,5 3B, cpemumii 3apsg 0,2-0,8)
QG y3HOI BAKYyMHOM IyTH ¢ MyJIbTHKOMIOHEHTHBIM Katoaamu (CeOz-Cr, TiO2-Cr).
4. Pe3ynbTaThl 3KCHEPUMEHTAIBHOTO HCCIEIOBAaHHUS BaKyyMHOI'O IYTOBOIO paspsia C
HOJOTPEBAEMbIM KaTOJOM BO BHEIIHEM MAarHUTHOM II0Jie: TOJY4YEHbl 3aBUCUMOCTH
HANPSDKEHUs AYTH, CPEAHETO 3aps/ia I1a3Mbl, SHEPIMY HOHOB OT BEJIMYHMHbBI MATHUTHOTO
0JIsl B @pOYHOM KOH(UTrypauu, Ha CO3JaHHOM SKCIIEPUMEHTAIbHOM CTEHIE TIOJTyUYEHBI
3aBHCHUMOCTH HANpPsHKEHMS pa3psiaa OT MOIIHOCTHU MOAOrpeBa kKaroja B auanazone 700-
1050 Bt npu toke 41 A n nannsie 0 BAX paspsna B marautHoMm nosie 0, 50, 100 I'c B
aKcHUaJIbHOW KOH(UTYpaIiH.
CreneHb 10CTOBEPHOCTH U aNpodaius pe3yabTaTOB
OCHOBHBIE pe3yNbTaThl JUCCEPTALMOHHOW pabOThl JIOKJIAJBIBAINCH Ha CIEAYIOMINX
koH(pepeHumsx: 60-65 Bcepoccuiickue Hayunsle koHpepeniuun MOTU (Jonronpyausiii, 2017-
2022), Mexnaynaponnas xkoHdepeHuusi Equations of State for Matter (Onpbpyc 2018),
MexayHapoanas koHpepenmus Jlallnaz 2018 (Mocksa, 2018), Hay4Ho-KoOpAuHAIIMOHHAS CECCUS
PAH '"UccnenoBanuss HeugeanbHo 1uazMel" (MockBa, 2019), XLIX MexayHapoaHas
3BEHUTOpojickasi KOH(epeHIus: Mo (U3MKe IJIa3Mbl U YNPaBISIEMOMY TEPMOSIIEPHOMY CHHTE3Y

(3Benuropon, 2022), mexayHapomaHas koHpepenuus Plasma Tech (bapcenmona, 2022), 8th



International Congress on Energy Fluxes and Radiation Effects EFRE-2022 (Tomck, 2022),
Bceepoccuiickas (¢ MexayHapogHbIM yyactueMm) KoHbepeHims Pusuka HwuskoremmepatypHOi
[Tnazmer ®HTII-2023 (Ka3anb, 2023)

Pe3ynbTaThl 110 OTJEIBHBIM IN1aBaM JIMCCEPTALIMOHHON pabOThl ObUIM YIOCTOEHBI IPEMUNA B
KOHKYpPCax Hay4HBIX pa0oT: KOHKYPC HAyYHBIX PaboT cTyaeHTOB U MooAbix yueHbix OMBT PAH
2019 rona, kareropus - CTYACHTBI, TIEpBasi IPEMHUST; KOHKYPC HayYHBIX PabOT CTYI€HTOB U MOJIOJIBIX
yuenbix OMBT PAH 2020 rona, kateropusi — aCmupaHThl, BTOpasi IpeMusl.

Myonukanun

Marepuainsl AuCCepTAIK OITyOJIUKOBAHbI B 28 MEUaTHBIX padoTax, Cpear KOTOPBIX 7 — 3TO
nyONIMKauu B PElEeH3HPYEMBIX XKypHajax, BXoisamux B nepedenb BAK [1-7], u 21 paGora B
cOOpHUKaX TPYyAOB KOH(EepeHLUI U TE3UCOB JOKIIaI0B.

JIMYHBIA BKJIA aBTOpa

OcHOBHbIE BBIHOCMMBIE Ha 3alUTY IMOJIOKEHHUS pabOThl, M COJEp)KaHUE AMCCEepPTALUU
OTpaXKarOT MEPCOHAIBHBIA BKJAJ aBTOpa B ONMyOJIMKOBaHHBIE paboThl. IloAroToBKa MOIYYEHHBIX
Pe3yJabTATOB K MyOJMKALMAM IPOBOJMIACHE COBMECTHO C COABTOPAMH, ITPUUYEM BKJIaJl IMCCEPTaHTa
Obu1 omnpenensonM. Bee npencraBiieHHbIe B KBATM(UKATMOHHONW pabOTe pe3ysIbTaThl IMOIy9eHbI
aBTOPOM JIMYHO.

CrtpykTypa 1 00beM AuccepTalUU

HuccepranonHas paboTa COCTOMT W3 BBEAEHHUS, S5-TU TIJaB, 3aKIIOUEHUS U CIIHCKA
HCIIOJIB30BABIICHCS JIUTEPATYPBL.

baarogapuocTu

ABTOp palOoTHI BbIpakaeT MIyOOKYI0 HMPU3HATEILHOCTh CBOEMY HAayYHOMY PYKOBOJIUTEIIO
VYcmanoBy P.A. 3a HeolleHUMBIH NIepeJaHHBIN OIBIT, BHUMAaHHE U TEPIIEINMBOCTh KaK HACTABHUKA U
BBICOKHME CTaHJApThl NpOo(ecCHOHATU3Ma B MCCIEAOBATEIbCKON JAEATEIbHOCTU. ABTOp TaKXKe
Oonmaronapen I'aBpukoBy A.B. 3a BaxkHelillee yuyacTHe B IIOCTAHOBKE HAy4HBIX 3ajad |
IPOAYKTUBHYIO aTrMocdepy ToBapullecTBa B KoJulekTuBe. Kpome TOro, aBTOp HCKpPEHHE
npusHateneH [lomumyky. B.II. u AntonoBy H.H. 3a MHorouncnenssle oOCykKaeHUs, TOMOIIb B
MIPOBEJICHUH SKCIIEPUMEHTOB U aHAJIN3€ Pe3yIbTaTOB, U, KOHEYHO, BCEMY KOJUIEKTHBY J1JabopaTopuu
2.1 OMBT PAH 3a nmomomm u mojaiepxky. bosbliyio OnarogapHOCTh aBTOP BBICKA3bIBAET
Nocunesckomy M.JI. 3a packpbITHe BaKHOCTH 0cOOEHHOCTEH (a30BbIX NepexooB. OTAEIbHYIO
OsarojapHOCTh aBTOp BbICKa3biBaeT CeanHy A.A. 3a KOHCTPYKTOPCKOE COMPOBOXKIEHHE PaldOTHI,
brikoBy 1O.A. 3a KOHCyNbTAIIMU MO CXeMOTexHUKe, a Takke Tyrymey B.U. u Jlykuny O.10. 3a

IoMOoIb B CO3JaHUHU SKCIICPUMCHTAJIbHBIX Y3JIOB.



Conep:xkanue padoThl

Bo BBeleHHM TPUBOAUTCS OOOCHOBAHWE aKTYaJIbHOCTH JUCCEPTALIMOHHON paboTHI,
(dbopMynIHpOBKa el MPOBEIECHHBIX HCCIECAOBAHUI M KOHKPETHBIX 3aj]ad, PEIIaBLIMXCS IUIS UX
OCYILLECTBJICHUsI, O0OCY)XIaeTcs TeopeTHdyeckass M IpaKTU4ecKas 3HAYMMOCTb IOJTY4YE€HHBIX
Pe3yJIbTAaTOB, IIPECTABICHBI BBIHOCHMBIE HA 3aLUTY HAYYHbIE OJOXKECHHUS.

B mepBoii riaBe mocienoBaTeNbHO ONMUCHIBACTCS AKTYaJIbHOE COCTOSHHE HMCCIIEOBAHUMN
1 y3HOT0 BAKYyMHOTO JIyTOBOTO pa3psia, pacCMaTpUBAETCsl BO3MOXKHAS POJIb MPEICTABIIEMOTO
HCCIIEIOBAaHMs B COBPEMEHHON HayKe, IPUBOJUTCSA KOHILENLUsS METO/a IUIa3MEHHON nepepadoTKu
OST. OcobGoe BHuUMaHHME yjaensercs B IJaBe (POPMHUPOBAHUIO HHPOPMALMOHHOTO Oasuca
MOJTYYEHHBIX paHee pe3ysbTatoB (pasaensl 1.4-1.6), MOCIy KUBIIUX OTIPABHON TOUYKOM IJIsi TAHHOM
KBAJTM(PUKAIIMOHHOHN paboTEHI.

B pazgene 1.1 xpaTko MpOBOAUTCS aHAIU3 UCTOPUM HAYKU B 00JacTU (PU3MKH IUIA3MBI C
LIEJIBIO OTBETA HA BOIIPOC O 1€JIeCO00Pa3HOCTH COBPEMEHHBIX UCCIEIOBAHUN CITyCTs /1Ba BEKa 110Cie
ux Hadana. llenpro momoOHOTrO paccMOTpeHus sBisieTCsl (POPMUPOBAHHE IEIOCTHOTO TTOHUMAHHUS
POJH JaHHOH paboTHI, KOTOPOE HEOOXOIMMO KBATH(DUIIMPOBAHHOMY CIECIIUAIIUCTY.

B pazgene 1.2 npuBoANTCS ONMCAaHUE METOJIA IIa3MEHHOM cenapanuy, B paMKax pa3BUTHS
KOTOPOI'O BBINOJIHEHA JaHHas JuccepTaluoHHas padora [8]. O6cyxaaeTrcs akTyallbHOCTh 3a]lauu
nepepabdotku OST ans coBpeMEHHON AepHON MPOMBIIICHHOCTH. DPOPMYIHPYIOTCS TpeOOBaHUS K
MCTOYHHKY IUTa3MBbl Pa3/IesieMbIX BEUIECTB, BO3ZHUKAIONIME MPH MOCTAHOBKE 3a/1a4M TUIa3MEHHON
cenaparuu OAT. CreneHs MOHU3AIMHU B BBIXOJsIIEM MOTOKe Onm3kas k 100%, npeBamupyroliee
CoJiepKaHuE OJHOKPATHBIX HMOHOB B COCTaBe, a TaKXKe IMPOU3BOAMTENBHOCTb, B MEPCHEKTHBE
NPEJCTaBIIAIONIAs HHTEPEC AJIsl IPOMBIIIJIEHHOCTH.

Pa3nesn 1.3 mocedieH KpaTKOMy OCBEIIEHHIO (PU3MKHU MPOILIECCOB B BAKYYMHOM JYTOBOM
pazpsze [9-10]. [IpuBoauTcs knaccudukanus TyroBblX pa3psgoB U OTMEUAETCS MECTO BAKYyMHOM
ayru. ONUCHIBalOTCS MPUHIUITHAIBHBIE OTJINYKSA IBYX TUIIOB BaKYYMHBIX JyT: KOHTparupoBaHHOH U
muddysnoit [11]. Yacte pa3mena 3aTparuBaeT CBS3aHHbIE C KaTOJHBIMU ISTHAMM IMPOLECCHI,
oOcyxnaercss ux pasaeneHue no tunam [12]. Bompoc knaccupukanuy BakeH HpHU aHaIU3e
pe3yabTaTOB, W3JIaraéMbIX B TIOCIEAYIOMHMX TiaBax. Kpome Toro, mpoBoauTcs 0030p
CYIIECTBYIOIIMX TEOPETUYECKUX MOJEIed MpOIeccOB B KATOJHOM CJIO€ BAaKyyMHBIX JAyT U
MEXaHU3MOB 3aMbIKaHHsI TOKa pa3psiza.

B pa3sgene 1.4 paccmaTpuBaroTCs TOJYyYEHHBIE paHee pPE3yibTaTbl HMCCIEI0BaHUN
¢ ¢y3HOM BakyyMHOM TyTH ¢ KATOJIOM U3 TEPMOAIMUCCUOHHOrO Matepuana [13-14]. Onpenensiercs

ATOM-DJICKTPOHHOC OTHOHICHHUEC U €ro poJib IMPU OINUCAHUU HNPOHCCCOB B IIPUKATOAHOM CJIOC
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BakyyMHBIX nyr. [l paspspa ¢ karomom u3 Gd, m3ydaBiierocs M B JaHHOW JHCCEPTAI[MOHHON
pabote, paccmaTpuBaeTcsi TeIIoBOM Oamanc Ha karoxe, BAX paspspa. Ommcanbl pe3yibTaThl
UCCIIEIOBAaHUM IJ1a3Mbl C HUCIOJb30BAHUEM psla 30HJOBBIX JUArHOCTHK: OJMHOYHOI'O 30HJA
JlenrmMropa, MHOrOCETOYHOIO 30HJA, KOHJIEHCALIMOHHOTO 30HJA, a TAaKKe aHajau3a ONTHYECKUX
CIEKTPOB M3JIy4EHMs IUIa3Mbl IPU Pa3HbIX pEXUMaxX BaKyyMHOM AyrH, 3aJaBacMbIX TOKOM,
HaIpsDKEHUEM paspsifia U MOILIHOCTBIO IoAorpeBa karojaa. Kpome Toro, npuBoastcs pe3yJbTaThl
UCCIIEI0BaHMSI JPYTroro TEPMO3MUCCHOHHOIO MaTepHajia B KauecTBe KaToJa — yriiepoja.

B pasnedie 1.5 onmceiBaeTcsi MpOBOIMBIIKECS paHee HcclenoBaHus TU(dy3HON BaKyyMHON
IYTH C KaTOAOM U3 HE TEPMOAIMHUCCHOHHOr0 MaTepuania [15-16]. PaccMoTpenbl paboThl, B KOTOPBIX
HCIOJIb30BAJIMCh KaToAbl U3 XpOMa, CBUHIIA U TUTaHA. Kak ¥ B mpelplaylieM paszese MpuBOIATCS
BAX pa3ps10B, 1 1aHHBIE O TEIJIOBOM OajlaHce Ha Kartojae. OOCyXIatTcsl TEOPETUUECKHUE MOJIENN

IIO3BOJJIAOIIUC O00BACHUTH HCAO0CTAaTOK TOKa TCPMOSMUCCHHU.

B pa3aeJie 1.6 mpoBoautcst 0030p uccnenoBanuii 1uHy3HON BaKyyMHOM AyTH C KATOJIOM M3
KepaMU4eCcKOro MaTepuala, a UMEeHHO Juokcuaa uepus [17]. B mpenmectByromux padoTax ObLIO
nokaszaHo, 4yto wusMmepeHHas BAX pa3psga B auanazoHe TokoB 30-100 A umena JUHEHHO
BO3pacTammuil Buj ¢ kodpdunrentom Hakimona ~ 0.03 Om. TemnepaTypa 3I€KTPOHOB OKa3anach
HE3aBUCHINEH OT TOKa pa3psiaa v He npeBbimiana 1 3B. Haubonee BeposiTHast JHEPTHS HOHOB C POCTOM
TOKa JIyTM MOHOTOHHO Bo3pacTaet oT § 10 15 3B, cpennuii 3apsia TSHKENbIX YaCTUIl YBETUYUBAIICS C
pOCTOM TOKa AYTH M IpH 3HaueHUsX Bbimie 70 A ctabunusuposaics Ha ypoBHe 0.8—0.9e. B tpereit
TJIaBe JIaHHOM JHCCEePTAIlMOHHON pabOThl MPUBOAATCA PE3yIbTaThl SKCIIEPUMEHTOB, SIBISIOIIAECS

MMPpAMBIM IIPOJOJIZKCHUEM HCCHCHOB&HHﬁ, PE3YJIbTAThl KOTOPLIX U3JIOKCHBI B JAHHOM PA3JICJIC.

Paznen 1.7 mocsmieH o030py paboT, B KOTOPBIX HCCIIEIOBAJIOCH BIIUSHUE BHEITHETO
MarHMTHOTO MOJs Ha BakyyMHbI 1yroBoil paspsin [18]. IlocnemoBarenbHO mepedHCIsiOTCS
¢bu3nveckre nporeccsl B pa3psjie, KOTOphIe B EPBYIO OUEPeb MOABEP>KEHBI BIUSHUIO CO CTOPOHBI
MarHMTHOT'O HOJIS.

B pa3nene 1.8 hbopmynupyroTcst BEIBO/IBI K IEPBOH TJIaBe

Bo BTOpoOili riaaBe nuccepTanMy MPENCTaBIEHBI PE3yNbTaThl pa3paOOTKU M ampoOanuu
BPEMSINPOJIIETHOTO MAacC-CIEKTPOMETPA, CO3JaHHOTO JUIsl HCCIIEJOBaHUS MOHHOTO COCTaBa
HENPEPBIBHOIO TOTOKA IJIa3MBl.

B pasaeune 2.1 Bkpatiie onucbIBaeTCsl METOJ1 BpeMsIIposieTHOM Macc-criekTpomeTpun (BMC).
Boigenstorcs  OCHOBHBIE — MPHUYMHBI,  OrPAaHUYMBAIONIME  pa3pelIalollyl0  CHOCOOHOCTh
BPEMSIPOJIETHBIX MAacC-CIEKTPOMETPOB, NEPEUUCIIAIOTCS CYIIECTBYIOLINE METOAMKH IOBBIIICHUS

paspeleHusl.
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B pa3neae 2.2 mpoBoautcs 0030p paboT, B KOTOpbIx MeToasl BMC mnpumeHsuuch uis
MCCIIEIOBAaHMS TUIa3MEHHBIX cucteM. @opMynupyroTcsi TpeOOBaHUS U CHiel(HKa HAyYHBIX 33jad,
KOTOPBIM JIOJDKEH YIOBIETBOPATH Macc-criektpomerp (MC). OGocHOBBIBaeTCs HEO0OXOAMMOCTB
pa3pabotku cobctBeHHOr0o MC, yIOBIETBOPSIOIIETO CICAYIONIMM TPEOOBAHUSIM: BPEMSIIPOJICTHBIHN
MC nomkeH (DyHKIMOHHPOBATH B YCIOBUSAX IUIA3MEHHOTO paspsiia W MOCTOSIHHOTO HAIBUICHUS
TSDKEJBIX METaUIOB M HMX OKCHIOB (SBISIOIIMMHUCS ITUAJICKTPUKAMHU), T.C. AJICKTPOABI OYIyT
TpeOOBaTh YacTOW 3aMEHBI U OOCITYKMBAaHHUE JOJDKHO OBITH OTHOCHUTEIBHO MPOCTHIM. bosee Toro,
JOJDKHA OBITh YUYTCHA MOTCHIMAIBbHAS BO3MOYKHOCTh €r0 NMPUMEHEHHS MPH HAIWYAU BHEIIHETO
aKCHAJIbHOTO MAarHUTHOTO MoJisd. B cuily momoOHBIX YCIOBUIT MHOTHE pa3pa0OTaHHBIE METOIUKU
MOBBIIICHUS pa3petIaonieii CnocOOHOCTH BPEMSIIPOJIETHBIX MACC-CIIEKTPOMETPOB, HEMPUMEHHUMBI,
U TpeOyeTcst OUCK HOBBIX PEHICHUH.

B pa3neJie 2.3 npecTaBieHO OMKMCAaHUE CO3/IaHHOTO BPEMSIIPOJIETHOTO MAaCC-CIIEKTPOMETPA.
Onucana oOmas KoHIENIHS paboTel TpHOOpa, MOApa3syMeBaromas WCIOIb30BAaHUE OJIHOW U3
KJIACCHYECKHUX CXEM MOBBIIIEHUS pa3pelmaronield cnocoOHoctu. PaccMaTpuBarOTCsi OCHOBHBIE Y3IIbI
MacC-CIICKTPOMETpA: CUCTeMa 3KCTPAKIMH IyYKa MOHOB M3 IUIa3Mbl, CUCTEMa TPAHCIIOPTUPOBKU
MOHHOTO Ty4YKa, CUCTeMa JIETCKTHPOBaHUsI HOHOB. [10p0OHO pacCMOTPEHBI CXEMBI M TEXHUYECKUE

0COOCHHOCTH KAXKIOU U3 CUCTEM.
750 MM

2vM 4vM 4MM 2 MM
—-————r - 400 MM

HENPEPHIBHBIN —

ITIOTOK INNIa3MbI 10 Mm
— > 1 1 1 1 1
.7 kKOM
— > 1 1 1 1 1 0.7 kO
S ——— | | 1 | 1

K YCHJIUTENIO
550 B — JIumza

T T

Puc. 1. Cxema macc-ciekTpoMerpa.

Pa3nen 2.4 conepxut onmucaHue pe3yabTaTOB SKCIEPUMEHTOB MO ampoOaiuu CO3JaHHOTO
Macc-aHajau3aropa Ha 1iazMe aud@y3HOro BaKyyMHOTO-IyroBoro paspsiga ¢ karogom u3 Gd.
Onmucana cxema dkcrepuMenTa. [IpuBeeHa n3MepeHHas ammapaTHas (QYHKIHS W pa3peraronias
CIOCOOHOCTH Mpubdopa (MOXKET OBITH OlleHeHa Kak 24). Omrcana MeTOA0I0THs 00pabOTKH JaHHBIX

OKCIICPUMCHTA, ITO3BOJIAIONIIAA 110 MACC-CIICKTPY OIMMPEACIIATE KOHIICHTPAIMHU OTACIIbHBIX KOMIIOHCHT.
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Puc. 2. 3apeructpupoBaHHbIN CUTHAT MaccoBOTO criekTpa noHoB Gd+ u ycpeauenusie 300
nocje0BaTelbHbIX curHayioB. Tok paspsina 64 A, nanpsixenue 4.6 B.

B pa3nesie 2.5 chopmynupoBaHbl BBIBOJIbI K BTOPOI IJ1aBe.

B Tperteii riiaBe n3noxxeHsl pe3ysibTaThl 3KCIEPUMEHTAIBHBIX UCCIEA0BaHUN Tuddy3HOro
BAKYYMHOI'O JyrOBOIO paspsa C KaToIOM, IIPEACTABICHHBIM OTAEIBHBIM BELIECTBOM.
DKCIepUMEHTBI POBOJMINCH C BEIIECTBAMHU, MOAEIUpPYOMUMHU Tnpouecchl koHBepTauuu OAT B
IJIa3MEHHOE COCTOSIHUE, @ UMEHHO C TaJJOJIMHUEM U TUOKCUIOM LIEpUs.

B pasgesne 3.1 onuceiBaeTcs SKCIIEPUMEHTAIbHAS YCTAaHOBKA M IPUMEHSBIIUECS METOMBI
HCCIEAOBAHUS IUIa3Mbl.  BakyyMHBIM JAyroBoW pasps] HWHHULHAHMPOBAICS B LUIUHIPUYECKOU
BaKyyMHOW Kamepe INpH JaBJIE€HUU OCTaTOYHBIX razoB ~ 5-10 mlla. AHox pa3psaa mpencraBisil
coboif HeoxyaxaaeMmblii MonuOneHoBbIM auck. Karox paspspa mpencrtaBisiin coboit paGouee
BEIIECTBO — AMOKCUJ LIEpUsl WU TaJI0JIMHUM, TOMEIEHHOe B TUTeIb U3 TYTOIUIaBKOrO MeTaia (B
3aBHCHMOCTH OT SKCIIEPUMEHTA WJIM MOJINOIeH, WK Bosib(pam). Turens pazorpeBaics npu NOMOIIH
ANIEKTPOHHO-Ty4eBoro nojaorpesa MoutHoctbio (DJII1) no 1.5 kBt. TemnepaTypa turis usmepsiiach
SAPKOCTHBIM ITUPOMETPOM. [lanee mox cioBaMu «TemrepaTypa THIISD) WIM «TeMIlepaTypa KaToJa
MoJIpa3yMeBaeTcsi CpelHsAs Temreparypa OOKOBOM moBepxHocTH Turid. JlyroBoil paspsa c
JUOKCHJIOM LIepHsl MHUIMHpOBACS npu temmnepartype turis ~2,1 kK, ¢ ragonnHueM wHMIManus

npoucxoawia npu remmeparype turis ~1900 K.
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Puc. 3. Cxema s3kcriepuMeHTa.

Bo BpeMs »sKclepuMEHTa HENPEPBIBHO PETUCTPUPOBAINMCH HAIPSIKEHUE pa3psaa u
TeMIepaTrypa THUIJIs, MPOBOAWIIACH BUICO3ANMCh BHEUIHErO BHUAA CTPYU IUIa3Mbl B pa3psIHOM
MPOMEXYTKe. B3BernmBanueM omnpeessicss YHOC MacChl ¢ KaToja 3a Bpemst onbita. HempepsiBHO
PErUCTPUPOBAJICS AMUCCHUOHHBIN CHEKTp IUIa3Mbl. [[Isi 3TOro MCHOJIB30BAJICS CHEKTPOMETP C
pazpematoneii cnocodHocteio 0.3 HM B cnekTpanbHoM Auanazone 200-400 um. COop uznydeHus
MIPOU3BOJMIICS W3 00NAcTH BOJM3M BBIXOJHOTO OTBEpPCTHUS TUTIA. {1 HMccleaoBaHUsS HMOHHOTO
COCTaBa TJIa3Mbl HCIIOIB30BAJICS BPEMSIIIPOJIETHBIN Macc-CeKTpoMeTp. [IpUMEHsIIHCh 30HOBBIC
METO/Ibl TUATHOCTUKH TApaMETPOB TLTa3MBbI.

Pasnen 3.2 coaepXuT pe3ynbTaTbl SKCIEPUMEHTOB C METAJUIMYECKUM KaTOJOM U3
rajioauHus. 3apsnoBbii coctaB miadMel ayru ¢ JKII uccnenoBancs B 3aBUCUMOCTH OT BETMYUHBI
HarpspDKEHUs pazpsga. ToK Ayru MOIJAEpKUBAJICA MOCTOSHHBIM U cocTaBisil S0 A. Temmeparypa
turis uamensutachk ot 1900 no 1950 K, nanpspkeHue paspsia npy 3TOM YMeHbIanoch ot 14 no 4 B.
[IpeacraBneHsl W3MEPEHHBIE 3aBUCUMOCTH KOHLEHTpPAlUi KOMIIOHEHT IUIa3Mbl OT HaIpsKEHUs
nyru. [IpoBeneHo cpaBHEHUE ¢ pe3yibTaTaMU ONTHYECKUX M3MEPEHHMII KOMIIOHEHTHOTO COCTaBa
mna3mbl. Ha OCHOBE JaHHBIX O CpeHEM 3apsi/ie ¥ COCTaBe IUIa3Mbl CAEJIaHBI BBIBOJIBI O CTEIICHU
WOHU3AIMY TIIa3Mbl. B wacTHOCTH, 0OHApYyXeHO, 4TO pexuM ¢ HampsibkeHueM 4 B (temmeparypa
turig 1950 K) u Tokom 65 A cOOTBETCTBYET TeHEpaIH MOTOKA TUIa3Mbl CO CTENEHBI0 MOHU3AINH
Onmu3koii K 1 W TpeBaTUPYIONUM COJAEPKaHUEM OJHOKPATHBIX HOHOB, T.€. COOTBETCTBYET

TpeboBaHUsAM 3a/1auu T1a3MeHHou cenaparuu OST.
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B pa3spese 3.3 ONUCHIBAIOTCS PE3YJIBTaThl CEPUM SKCIEPHUMEHTOB IO HCCIECIOBAHUIO
BPEMEHHOW HBOJIOIUK MapaMeTpoMm Iud¢y3HoN BakyymMHOH ayru ¢ katogoM u3 CeOz. B xoxe
OKCIIEPUMEHTOB OBUIM 3a(MKCHPOBAHBI 3HAYEHUS TEMIIEPAaTypbl TUIIS M TOKa paspsania,
UCTIONIB30BAJICS MOJIMOJICHOBBIM THUTElb. BBISABIEHBI 3aKOHOMEPHOCTH B 3BOJIOLHMH HAIPSIKECHUS
paspsana. Bo-miepBbix, HampshkeHHue (QIyKTYUpPYeT, IPUYeM aMIUIUTyAa (UIyKTyaluil HanpsyKeHHUS
CHIDKACeTCS C TEYEHHEM BpEMEHHU. Bo-BTOpBIX, CpefHee 3HAUYE€HUE HANPSIKCHHUS CHIDKACTCS C
Te4eHUEeM BpeMeHM NpuMepHo Ha 10 % oT nepBoHavaabHOro 3HadeHus. [IpencraBieHo BO3MOKHOE
0OBSCHEHUE TAaKOTO XapakTepa U3MeHEeHuil HanpshkeHus. [loMumo HanpspkeHus, GQIIyKTyHpOBaId U
Apyrue mapaMmerpbl mia3Mel. OOHapyKeHO, YTO BaKyyMHBIH JyroBOW pa3psia ¢ MOJOTPEBAEMBIM
KaTOZIOM M3 JUOKCHA LEPHsl 3aMETHO OTJINYAeTCs MO CTaOMIIBHOCTH OT Pa3psiioB Ha MeTaiiax. Bo
BCEX CEPHSX JKCIIEPUMEHTOB IPUCYTCTBOBAJIM HHTEPBAJIBI BPEMEHH, Ha KOTOPHIX HaOIIOJaIich
Clly4allHble CKAa4YKH MapaMeTpoB pa3psia, CONPOBOXKIAIONINECS IMOBBIIIEHHEM JOJIM JBYKPATHBIX
noHOB. [Ipruem yacToTa BOSHUKHOBEHUS TAKUX COOBITHIA KaK MPaBHJIIO BO3pacTaia MPUMEPHO IOCIIe
800 ¢ or Hauana sKcrnepuMeHTa (IpU Macce KaTojga okoio 5 r). OmucaHbl peXUMbl TOPEHUS
BaKyyMHOH TyTH, B KOTOPBIX HAOJIIOAIOCh MOSBICHUE IBIKYIMXCSI MAKPOCKOITMYECKHX TISITEH Ha

KaTod€ 1 IIPHUBCACHO OIMMNCAHUC UX XAPAKTCPUCTHK, CACIaH BbIBOI O THUIIC Ha6J'IIO,I[aBH_II/IXC$I IIATCH.
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Puc. 4. BpemenHast 3BOIOIUS HANPsHKEHUS pa3psaaa (KpacHble TOUKM 0003HAYaI0T
OJIMHAKOBYIO TemrnepaTypy). Tok nyru 65 A, MOIMO1€HOBBIN TUTEb.
B pasnene 3.4 npencraBiieHbl pe3yabTaThl UCCIEIOBaHMSI BIMSHUS TEMIIEpATYphl KaToa Ha
MOHHBIA cocTaB mia3Mel AudQy3Hoil BakyymHOH nyru ¢ karonom u3z CeOz. B skcmepumente c
(buKCcUpOBaHHBIM TOKOM 65 A TeMIiepaTrypa THUIJIS MeHsIach B quana3one ot 2200 go 2270 K, npu

9TOM HaNpsDKEHUE Ha PaspsaHOM MPOMEXYTKE W3MEHSUIOCh B amama3zoHe ot 11.5 mo 12.2 B.
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[TokazaHo mo pe3ynbTaTaM PETUCTPAllMd MAcCC-CIEKTPOB claboe BIUSHHUE TeMIIepaTypbl TUTIIS Ha
cocTaB IuIa3Mbl. boiiee cyliecTBEHHbIE U3MEHEHHSI COCTaBa MPOUCXOAT MPU BaApPbUPOBAHUU TOKA,
b0 mpU Mepexoje paspsaa B HECTAOWIbHBIN peXuM. AHAJOTHYHBIE Pe3yJbTaThl MO BIUSHUIO
TEMIIEpaTypbl TUIJIS Ha MapaMmeTphl paspsiaa ObUIM MOJY4YeHbl W MPHU APYTUX TOKaX paspsia.
[TpuBoUTCS TUTIOTE3a, OOBSICHSIIOIIAS TTOJOOHOE OTIUYHE pa3psia Ha OKCUTHOM KaToJie, OT pa3psia
Ha METaJUIMYE€CKOM KaTOJI€.

Pa3nen 3.5 conmepxuT pe3ynbTaThl HCCIEAOBAaHUS 3aBUCMMOCTH MOHHOI'O COCTaBa IJIa3Mbl
muddy3HOM BakyyMHOH nyru ¢ katonoM u3 CeOz OT BeIMYMHBI TOKa paspsaa. B manHo# cepum
AKCIIEPUMEHTOB HCIIOJIb30BAIUCh TUTIM Kak W3 Bolb(pama, Tak W w3 MonuOaeHa. Tok mayru
BapbupoBascs B quanazone 40-90 A, Temmeparypa turiis 0pu1a pukcupoBaHa (1711 BOJIb(HPaMOBOTO
turig 2270 K, nyru ms monu6aenosoro turiis 2220 K). O6HapyskeHo 4To, KaK NPy UCTIOIb30BAaHUH
BOJIb()PAMOBOTO THUTJIS, TaK U MPHU HUCIOJIB30BAHUU MOJUOJIEHOBOTO THUIJIS MOYTH HE U3MEHSETCS
JI0JIL IBYKPATHBIX MOHOB C POCTOM TOKa. B TO BpeMst Kak 3aMETHO OTJIMYAIOTCSI 3aBUCUMOCTH J0JIeH
WOHOB MaTepuana TUris. Jlojas noHOB MoJMOIeHa ¢1ab0 CHMKACTCSI C POCTOM TOKA, a JIOJISI HOHOB
BoJIb(ppaMa Ha0OOPOT 3HAYUTENHHO pacTeT U pu Toke 90 A coctaBisier mouT 30 % MIa3MeHHOro
notoka. Takxe B TJaHHOM pa3fielie IPEICTABICHbI JaHHbIE O 3HAYCHUSIX KOHIICHTPAIUH I1JIa3MbI IPU
pasHbIX TokKax Ayru. Kpome Toro, moapoOHO paccMaTpwBaeTCs BOIPOC MPHCYTCTBUS MaTepUaia

TUTJIA B TOTOKE IJIa3Mbl, B HACTHOCTH paCCMOTPCHO KaK A0JI1 MaTCpHraia TUIJIA MCHACTCA B TCUCHUC

IKCIIEPUMEHTA.
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Puc. 5. MoHHBII cocTaB m1a3Mbl MPU Pa3TUIHBIX TOKAX IYTH M7 MOJIMOIEHOBOTO THTJIS C
temmneparypoit 2220 K (a) u BonbsdpamoBoro turis npu remnepatype 2270 K (0).
B pazaene 3.6 onuchiBaroTCs pe3ynabTaThl aHaIM3a MPUCYTCTBUS OTPHUIIATENIbHBIX HOHOB B

wiazme auddys3Hoit BakyyMHON ayru c katongoMm u3 CeO.. IlpuBoasrcs pesynbTaThl Macc-
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CIEKTPOMETpUUYECKUX Hu3MepeHuil. Iloka3aHo, 4YTO OTpPULATENIBHBIE HOHBI KHCIOPOAA MOTYT
IIPUCYTCTBOBAaTb, HO UX KOHIIEHTpALMsl Ha HECKOJBKO IOPSIKOB HM)KE KOHIIEHTPALMM OCHOBHBIX
KOMIOHEeHT. KpaTko onucbiBaeTcs MpHUYMHA TMOSBJICHHUS KHUCIOpoAa K Tra3oBoil ¢aze —
HEKOHTPYHTHOCTH (a30BOro nmepexojia B CUCTEME LEPUI-KUCIOPO.

Pazgen 3.7 cogepxut B cebe 000011eHNEe BBIBICHHBIX 0COOEHHOCTEH roperus nuddy3Hoi
BaKyyMHOM JyT'Hl C KEpPAMUYECKUM KaTOA0M, [10 CPAaBHEHHUIO C METAJUIMUECKUM KaTOJI0M, U OIIMCAHHE
(bu3NYeCKUX MPUYNH, UTPAIOIINX TJABHOIO POJIb B MOSABICHUU KAYECTBEHHBIX OTIMYUN Pa3psiiOB.
Boigenstorces 1Ba OCHOBHBIX (PakTOpa: 0COOCHHOCTH TETNIOPU3UUECKUX CBOICTB AMOKCUA 1IepUs U
MOSIBIICHHE pelibeda MOBEPXHOCTH KaToa.

B pasnedne 3.8 popmynupyroTcsi BBIBOJBI K TPETEH I1aBe AUCCEPTALMOHHON paOOTHI.

YerBepTasi rJjiaBa IIOCBSIIEHA pE3yJbTaTaM dSKCIEPUMEHTAIBHOTO  HCCIEIOBAHUS
g dy3HON BaKyyMHOM TYTd C KaTOJOM, COCTOSIBIIEM W3 CMECH OKCHUJHOTO U METaJUIMYECKOTo
MmatepuaiioB. [10100HBII cMeceBOii KaToA MO3BOJISIET TOYHEE MOJCITUPOBATh MPOLIECC KOHBEPTAIIUU
OST B mna3MeHHOE COCTOSIHME, T.K. JUOKCHUJI LEPUs] MOJECIUPYET OAHY U3 OCHOBHBIX KOMIIOHEHT
OSIT — okcubl aKTUHUIOB, & XPOM — KOHCTPYKIIMOHHBIE MaTepUalibl U METAIIMUYECKUE TPOAYKThI
JieNieHusl aKTUHUIO0B. B aHHO#M yacTH nuccepTallMoHHOW paboThl 3aTparMBarOTCS Kak BOMPOCHI,
Kacaroluecs: 00IMX mapaMeTpoB BaKyyMHOU yTH Takux kak BAX, TerioBoil 6ajianc kaToaa, THIT
KAaTOJAHOM MNPUBSA3KU, TaK M BONPOCHI, KacarollMecs NapaMeTpOB I'€HEpUPYEeMOM IUIa3Mbl, T.€.
TEMIIEpPATypbl U KOHLEHTPALUU 3JIEKTPOHOB, 3apsiIOBOTO COCTaBa IJIa3Mbl, BEJIMYUHBI CPEIHETO
3apsja.

Pazgen 4.1 nocesamieH  o0meMy — BONpOCY — CO3AaHUS  MCTOYHUKOB  ILIa3Mbl
MHOTOKOMIIOHEHTHBIX CMECEH, aKTyaIbHOCTH JaHHOM 3a/1a4H U POJIH TETNIOPU3NIECKUX TapaMeTPOB
KOMITOHEHTOB CMECH B IpOLlecCe KOHBEPTALMM B IJIA3MEHHOE COCTOsIHME. B KauecTBe KaTOJIHBIX
MaTEpHUaIOB B JaHHOM MCCIIEIOBAHUU HCIIOJIB30BAJIUCH MOPOIIKM M YEIIyHKH XpPOMa, MOPOILKH
JIMOKCUAA Liepyus U JUOKcuaa TuTaHa. IIpuBeneHs! cipaBoyHbIe JaHHBIE 00 OCHOBHBIX CBOMCTBax
UCIIOJIb30BAaBIIUXCS B  paboTe BEIIECTB, OTHOCSIIUXCS K CIIOCOOHOCTH T'€HEpUpOBaTh
IJ1a3M000Pa3yIOILyI0 Cpeay, SMUTUPOBATD IEKTPOHBI, @ TAK)KE IPOBOAUTD FNEKTPUUECKUH TOK.

Pazgen 4.2 conep kUt pe3yiabTaThl HCCIEA0BaHMS TapaMeTpoB TudGy3HON BaKyyMHOHN Tyru
C TOPSAYMM KaTOAOM, BKJIIOYAIOUIMM B ce0sl KepaMHMUYeCKyl0 M METAIJIMYECKyl0 KOMIIOHEHTHL. B
KadecTBe okcuiaa ucrnonb3yercs CeOr, a metaumueckon nobaskoit sisisiercs Cr. MccnenoBanme
COCTOSUIO U3 HECKOJBbKUX CEepUil 3KCIEpUMEHTOB. B mepBoil cepuu paccMaTpuUBalCs BOIPOC
NPUHIUIHNAIBLHON BO3MOXKHOCTH HWHHMIIMUPOBAHMSA pas3psana, ucciepoBanack BAX paspsna,

MMPOBOAWIIMCH OLICHKU IMApaMCTPOB IIJIa3Mbl MCTOAAMU OITHYECKOH CIICKTPOCKOIINH. I[H(I)(by:&HBIfI
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BaKyyMHBIA JYroBOW pa3ps Ha cMemaHHOM pacxoayemoMm katoge CeOx+Cr ObUT ycHemHo
peasin3oBaH B quana3zoHe TokoB [ o1 30 1o 110 A, K0OTOpOMy COOTBETCTBOBAJI AMAIIA30H HANIPSIKEHHUE
ayru U = 6-11 B. Temneparypa turis, T¢, Mmensuiace ot 1950 mo 2250 K. Takke mnokazaHsl
pe3yJIbTaThl CPABHEHUS TEMIIEPATYPBI AJIEKTPOHOB Te, OTYYEHHOMN 30HA0BBIM METOI0M U METOJIOM
OTHOCHUTEJIbHBIX HHTEHCUBHOCTEN CIIEKTPAJIbHBIX JIMHUH JJI pEKUMOB paspsja ¢ pa3HbIMU TOKaMU
Oyrd U npu nocrossHHoi temmeparype turist T = 2000 K. Bo BTOpoil cepun 3KCIIEpUMEHTOB
HCIOJIb30BAJICS KAaTOJ C JPYTUM MacCOBBIM COOTHOILIEHHEM KOMIIOHEHTOB. B Xoze skcrepuMeHToB
merogamu BMC wuccnenoBasics MOHHBIM COCTaB IUIa3Mbl, METOJOM KOHJEHCALIMOHHOTO 30HJA

HU3MCHAJICA CpCI[HI/Iﬁ 3apsna IJ1a3MBbl.
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Puc. 6. BAXu nuddy3nbix BakyymHbIX ayr Ha karoaax u3 CeO:z u Cr. CmeceBoit kaToa u3
CeOx+Cr (Tc = 2050 K), karon uz Cr (Tc = 1800-1950 K) [Cr], katox u3 CeO> (Tc = 2300 K)
[PoP].

B pazgene 4.3 npuBonaTcs pe3yibTaThl MCCIENOBAaHUS MapaMETPOB BaKyyMHOW AyIH C
KAaTOJAHOM CMECBIO, COCTOSIIEH U3 MOPOIIKOB TUOKCUAA TUTAaHA U METAJNINYECKOI0 XpoMa, KOTopast
HCCIIE0BAJIACh NP ABYX MAaCCOBBIX COOTHOLIEHMSX KOMIOHEHTOB — 1:1 m 3:7. IlokaszaHo, 4TO
paspsl CYyIIECTBYET IPH XapaKTepHOW Temreparypa karoaa > 1900 K, mpusizka Toka Ha KaToje
MMeeT KOHTparupoBaHHBIM Xapakrep. BceienactBue 3Toro mapaMmerpsl Ayrd ciiabo pearupyror Ha
WU3MEHEHHE MOIIHOCTU MOJOrpeBa KaTOAHOIO THUIJSA M, COOTBETCTBEHHO, HA MU3MEHEHME CpEIHEN
TeMIeparypsl katona. IlpuBenensl pe3ynbTraTel H3MEPEHUI MOLTHOCTH, MOCTYNAIONIEN U3 IJIa3MBbl
Ha KaTo/, CPEIHETO 3apsi/ia I1a3Mbl, KOHIEHTPALMK HOHOB U TEMIIEpaTyphl A1eKTpoHOB. MccnenoBan

HWOHHBIM COCTaB IUIa3Mbl MPU PA3HBIX TOKaX IyrOBOTO pa3psaa.
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Puc. 7. Temneparypa Turis B 3aBucuMocTd oT MotHoctu JJIIT Bo Bpems paboThI paspsiaa u
IIPY HarpeBe B BaKyyMe

Pazgen 4.4 nocssieH o0Cy X IeHUIO yCIOBUM peanu3auuu auddy3Hol GopMbl BaKyyMHOR
ayru Ha cMmeceBoM karozae. CoriacHo 3aMKCHPOBaHHBIM JaHHBIM, pa3psan Ha cmecu CeOx+Cr
cTaOMIIBLHO CYIIECTBOBAI MPU CpeHeH TeMiieparype katoga > 2100 K. KarogHsie nsaTHas Ipy 3TOM
He HaOmromanuck. Karon gyru u3 cmecu TiO2+Cr He nMeI B CBOEM COCTaBe BBRIPAKEHHOTO HCTOYHHUKA
3JIEKTPOHOB TEPMOIMHUCCUH, CIIOCOOHOI0 MOJIIEP>KaTh TOK Pa3psiaa, KOTOPbIH ObI 3aMbIKAJICS IO BCeH
ero nosepxHoctu. /lyra Ha cmecu TiO2+Cr cymiectBoBana npu 0osiee HU3KOM cpesiHeil Temneparype
karoge < 2100 K, 1 Ha MOBEpXHOCTH KaToAa HAOIIOAATNCH KAaTOAHBIC MATHA, KOTOPHIE €€ JTOKAJIbHO
pazorpeBaiy, UHTEHCU(PUIUPYS TOTOKU SMUTUPYEMBIX YaCTHULL.

Taxxe B JTaHHOM paszelie IPeCTaBIECHbI BO3MOXKHBIE PEKOMEHAINH 110 T€HEPALINN TUIa3Mbl
OKCHJIHOTO KEPAMHUYECKOI0 MaTepuaa B COCTaBe KaToJa BAKyyMHOM JIyTH, B TOM YHCJIE CMECEBOTO,
c(opMyJIMPOBAHHBIE HA OCHOBE aHAJIN3a MTOJIyYE€HHBIX aHHbIX. [lonydyeHne mia3mbl KepaMUyeCKOTro
MaTepuaiga C BBICOKOW TEPMOIMHUCCHOHHOM crocoOHocThi0 (Hampumep, CeO:z) BO3MOXKHO NIpH
UCIIOJIb30BAaHUM €ro B KAuyeCTBE KAaTOJa BaKyyMHOM IYrM KaK €IMHCTBEHHOIO KOMIIOHEHTA.
[TonyyeHue mniasmMbl KepaMHYeCKOrOo MaTepHalla ¢ HU3KOH TEpMOIMHUCCHOHHOH CHOCOOHOCTBIO
(manpumep, TiO2) BO3MOXKHO IPU UCTIOJIB30BAaHUU €0 B BUJIE€ KaTOJ1a BAKYYMHOM JyTH B BUJIE CMECU
C OTHOCHUTEJIBHO JIETKO HCMApseMbIMU MeTalNIM4ecKUMH Jgo0aBkamu (Hanpumep, Cr), ans
YMEHBILIEHUSI CPEIHEN TEMIIEpaTypbl KaToAa M MPEMSTCTBUIO MONAJAaHUIO MaTepHalla KaTOJHOIO
TUIJIA B IIJ1a3My.

B pasneae 4.5 npencraBiieHsl BEIBOABI K UETBEPTOI IJ1aBE.

IIaTas raaBa quccepTanyy MOCBSILIEHA pe3ybTaTaM HCCIEIOBAHUS BAKYyMHOI'O TyTOBOTO
paspsga BO BHEIIHEM MAarHUTHOM TOJl€ B JBYX KOH(QUTypauusx (apodyHOM M aKCHaJIbHOM).

PaCCMOTpeHBI Ka4eCTBEHHBbIC OCOOCHHOCTHU TopCHHusA paspsaia, B CPaBHCHUHU CO ClIydacMm oe3
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MarHuTHOro noJs. IIpoBeneHo cpaBHEHME TapaMeTpoB paspsiia U IJ1a3Mbl, C MATHUTHBIM I10JIEM U
0e3.

B paznene 5.1 npuBomarcs pe3ynbTaThl IKCIIEPUMEHTOB C apoOyHOM KOH(UTyparuen
MarHuTHoro mnoijisi u karonoM u3 CeO.. BHemHee apoyHOE€ MAarHMUTHOE IOJE€ CO3/1aBAJIOCh MPH
MOMOIIM TOCTOSIHHBIX HEOAMMOBBIX MarHUTOB B (opme Kosel. MarHuThl pacnojarajiuch B
3aaHOJTHOM IIPOCTPAHCTBE Ha BOJOOXJIAXKAAEMOM, IOJABUKHOM JiepKareiie. BernunHa MaraHuTHOTO
II0JIS1 Y KaTO/1a PEryIMpOBaJIach YUCIOM MAarHUTOB M PACCTOSTHUEM MEXIY AeprKareiaeM U aHogom. B
X0J1€ PKCIIEPUMEHTOB ITPOBOJANIIOCH U3MEPEHHUE psAJla TAPAMETPOB IIa3Mbl, B MIEPBYIO OYEPENb ITO
ObUIM: CpEeIHUUM 3apsi W SHEPrusi MOHOB B 33aaHOJHOM IPOCTpaHCTBE. Takke MPOBOAMIICS
Ka4eCTBEHHBIM aHAJIU3 CIIEKTPOB U3JIy4CHMs IUIa3Mbl, U3 KOTOPOIO ONPENEIAICS KOMIIOHEHTHBIN
COCTaB IJIa3Mbl. B X0/€ 3KCIIEpUMEHTOB B KayeCTBE MaTepHalla KaTo/Aa MCIOIb30BaJICA TUOKCH]L
uepust. IlpuBoautcs onucaHue JUHAMUKH TOPEHHUs pa3psla, TaK KaK €€ XapakTep OTIMYAJICA OT
ciydass 0e3 marHUTHOTO Tmoiisi. [loka3aHo, YTO BO BHEIIHEM MAarHMTHOM TIOJ€ C apOYHOH
KOHUrypauen paspsa ropein Kyla MEHee CTa0MIbHO, 3TO BBIPAXKAIOCH B PE3KUX CKadKax
HaMpsDKEHUs pa3psiia U CUJIBHOM Pa3orpeBe aHo/a, 3a KOTOPBIM CJeI0BaIM MPoOOH JTHO0 MEKTY
aHOJIOM U JiepKaTesieM MarHuToB, MO0 Mexay anogoM u 3kpanoMm JJIII. CrabunbHOCTH pa3psanga
CHIDKAJIACh. JTO MMPOUCXOIUIIO, BO-IIEPBbIX, IPY MOHMWKEHUU TEMIIEPATYPhl TUIJIS, TAK KaK IIPU 3TOM
CHIDKQJIaCh IUIOTHOCTH IIIa3MOOOpa3yromieil cpenbl W BO3pacTajo HaNpsHKeHHE paspsna, a,
CJIEI0BATEIILHO, U IIOTOK SHEPIMH U3 IUIA3Mbl B aHOJ, KOTOPBIN IIPU 3TOM PE3K0 pasorpesaics. Bo-
BTOPBIX, [IPU MOBBIIIEHUN BEJIMYMHBI TOKA pa3psijia, TAK Kak MPHU 3TOM TaKKe YBEIMYUBAJICS MOTOK
IIPUHOCUMOM Ha aHOJ TEIUIOBOM YHEPTUH, B PE3YJIbTATE YETO OH TAK)KE CUIIbHEE PA30TIPEBAIICH.

Ornucanbl U3MEpPEHHBbIE 3aBUCUMOCTH HAIPSDKEHUS paspsia, CPEAHEro 3apsijia U SHEpPruu
HMOHOB OT BEJIMYMHBI MATHUTHOTO 1oJs. [10 pe3ynpraram aHaiM3a ONTHYECKUX CIIEKTPOB ITOKA3aHO,
YTO B IJIa3Me NMPeo0IalaloT OJHOKPATHBIE U IBYXKpPATHbIC HOHBI LIPS U MOJIHO/IEHA, YTO XOPOIIIO
COIJIacyercs C pe3yjabTaTaMu U3MEPEHHs CPEIHErO 3apsa.

Pasnen 5.2 mocBsleH OMHMCAaHUIO CO3J@HHOTO OJKCIIEPUMEHTAJIBHOTO CTeHAA JIs
HCCIEA0BAHUS BaKyyMHOM IYTM C IOJOIPEBAEMBIM KAaTOJOM BO BHEIIHEM MAarHUTHOM IIOJIE C
aKkcuanbHOW KoHburypauue. B coctaB cTeHAa BXOAAT: BaKyyMHas CHCTeMa C TpeIelIbHBIM
nasnenreM 5-10° Topp, cucTema reHepaluum MarHMTHOrO mHojs BemmuumHoi 1o 1.5 «kIc,
JMarHOCTHYECKUN KOMILIEKC Ui MCCIIeI0BaHUS MapaMeTpoB IJIa3Mbl (ONTUYECKUI CIEKTPOMETP,
KOHJIGHCAIIMOHHBIM  30HJ, oAuHOuYHBbIM 30HA Jlenrmiopa). IlpuBommTcss o0mas cxema

3KCHCpHMeHTaHBHOf/'I YCTaHOBKH. HO,Z[pO6HO OIIMCHIBAETCS HOBBIM MCTOYHHMK IIIa3Mbl HA OCHOBE
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BAaKyyMHOW AYI'H, IEPEUUCISIFOTCS OTJIMYUS OT MCIOJb30BaBlIerocs: paHee. OCHOBHBIE ITapaMeTPhl
MCTOYHUKA IU1a3Mbl: HanpspkeHue 10 60 B, Tok 1o 300 A, MomHOCTb oAorpesa TUris a0 2 kBT.

B pa3nene 5.3 npuBeneHsl pe3ynbTaThl HHUIMAIMN UG (Y3HONW BaKyyMHOH AYTH C KaTOJIOM
n3 Gd B akcMaJbHOM MarHuTHOM Iojie. ONUCBIBAIOTCS KaK KaueCTBEHHbIE OCOOCHHOCTHU IOPEHHUS
pa3psa BO BHELIHEM I10JI€, TAK M KOJIMYECTBEHHBIE 3aBUCUMOCTH IIAPAMETPOB pa3psiga OT BEIUUUHBI
MarHuTHOro mnoss. IlomyueHsl 3aBUCHMOCTH HamlpsKEHUS OT MOIIMHOCTH IOJOTpEBAa KaToja B
nuamna3zone 700-1050 Bt npu toke 41 A B marautHOM 1iosie Benunuunou 0, 50, 100 I'c. [Tomydensr
nanubie 0 BAX paspsna B marautaom nodie 0, 50, 100 I'c.

Pa3neu 5.4 coep>KUT BBIBOJIBI 0 MSTOM TIaBe KBATU(UKAIMOHHONW PaOOTHI.

B 3ak/iioyeHuu K auccepTalMOHHON paboTe chOpMyIMpPOBAaHBI TJABHBIC IOJyYCHHBIE
pe3yJbTaThI:

1. TlomyueHbl HOBBIE 3KCIIEPUMEHTAJIbHBIE JAaHHbIE O 3aBUCUMOCTH MOHHOI'O COCTaBa
wia3Mbl U Gy3HONH BaKyyMHOW AYTH C TOPSYMM KepamuuecKuM katogoMm u3 CeO: oT
temriepatypsl katoa (o1 2200 go 2270 K) u Toka pazpsiaa (40-90 A). [Tokazano 3ameTHOE
IPUCYTCTBUE MOHOB TYrOIJIABKOTO MaTepuaia TUIJIS B MOTOKE I€HEpUPYEeMOH I1a3Mbl
(1o 30%), sBnsrOIIEeCs CIEACTBUEM €ro XMMHUYECKOI'O B3aUMOJICHCTBHUA C OKCUI-
COJIEpIKaLEM KaTOIOM.

2. IlpoBeneHo uccienoBaHHE CTAOMIBHOCTH TOPEHMSI BaKyyMHOrO JIyrOBOrO paspsia ¢
KepaMUYECKHM KaTOJOM M OIPEIEeNIEHO BpeMsi cTarmuoHapHoi padoter (800 c¢ mpwu
HayalbHOM Macce katojga 5 r u cpeaneil temmneparype 2200 K). IlpoBenen ananus
BPEMEHHON 5BOJIIOLIMM TapaMeTpPOB MCTOYHHMKA W IUIa3Mbl (HampsDKeHHs paspsia,
MOHHOT'O COCTaBa, KOHILIEHTpaluuu Iuia3msl). [Ipu BapbupoBaHuM TemmepaTyphl KaToja
OoOHapy»XeHbl KOHTPOJIUPYEMbIE TNEPEXOAbl MEXKIYy KOHTparupoBaHHOM Hu Iuddy3HOI
dbopmamu AyrH.

3. Tlomy4eHbl HOBBIE SKCIIEPUMEHTAJIBHBIE TaHHBIE O TApaMETPax IJIa3Mbl BAKYYMHOH 1yTH
C MHOTOKOMITOHEHTHBIM KaTOJIOM COCTOSIILIEM M3 CMECH OKCHJAa W MeTaiia (CpeaHuit
3aps] IUTa3Mbl, TEMIEpAaTypa U KOHILIEHTpAlMs 3JE€KTPOHOB, PHEPrUsl MOHOB, MOHHBIN
COCTaB IUIa3Mbl) JUIsI HECKOJBKMX MAaCCOBBIX COOTHOIIEHHIH KOMIIOHEHT KaTOJHOTO
marepuana (CeO2:Cr — 1:1 u 3:7, TiO2:Cr - 1:1 u 3:7) B pa3HbIX pexumax paOoThI
MCTOYHHKA T1a3MbI 110 TOKY (30-90 A) u Temmneparype TUTJIS.

4. B pesynbraTe aHajiu3a IOJYYEHHBIX JIAHHBIX BBISIBICHBI YCJOBHS peanu3aluu

T dy3HOil GOpMBI BaKyyMHOT'O JAYrOBOTO paspsijia ¢ KEpaMHYECKUM WM CMECEBBIM
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KaTO/IOM B 3aBUCUMOCTH OT TEIUIO()HU3UYECKHUX MMapaMeTPOB UCTOIb3YEMBIX MAaTEPHUAJIOB
(1aBNEHMS HACHIIICHHBIX MTAPOB, PA0OTHI BBIXO/IA).

5. PaspaboTaHn, CO3/1aH U YCIIEUTHO anpOOUPOBAH BPEMSIIPOJIECTHBIN MACC-CIIEKTPOMETP ISt
HCCJICIOBAHMS HEMPEPHIBHOTO IIOTOKA IIIa3MBl C MAacCOBBIM paszpemieHuem 20,
JIOCTAaTOYHBIM JIJIsl aHAJTIN3a OKCUJI-CO/ICPKAIIICH MJIa3Mbl TSXKEITBIX METAJIOB.

6. PaszpabotaH, co3gaH M yCHEIIHO MCIBITAH MCTOYHUK IUIA3Mbl HA OCHOBE BaKyyMHOI'O
JyTOBOTO pa3psijia C MOJ0orpeBaeMbIM KatoaoM (HampspkeHue mo 60 B, Tok mo 300 A,
MOIITHOCTh TojorpeBa karoaa 2 kBt). Co3maH sKcepUMEHTAIbHBIN CTEH] (B COCTaB
KOTOPOr0 BXOJIUT MCTOYHHUK IUIa3Mbl) JIs MPOBEJCHUS HMCCIEIOBAHUS BO BHEIIHEM
aKCHATbHOM MarHMTHOM MOJI€ (JaBIeHHEe OCTATOYHBIX Ta30B 10 5-10 Topp, uuaykius
MarauTHoro o 1o 1,5 kI'¢).

7. Tlomy4yeHbl HOBBIE SKCIIEpUMEHTANIbHBIE JaHHBIE O MapaMeTpax BaKyyMHOI'O JyrOBOTO
paspszia W TEHEpUPYEeMOW IUIa3Mbl BO BHEIIHEM MArHUTHOM II0JIE B apOYHOU W
aKcHaJIbHOU KOHpUTypanusx. 3MepeHbl 3aBUCUMOCTH HANPSDKEHUS pa3psiaa, CPEaHero
3apsa M SHEPrud HOHOB OT BEIUYHMHBI apOYHOr0 MarHutHoro mois. [lomydeHsr
3aBUCUMOCTH HANPSDKCHHs pas3psjia OT MOIIHOCTH MOJO0rpeBa KaToaa B auamnazone 700-
1050 Bt npu toke 41 A B akcuambHOM MarHuTHOM mojie BemumuuHou 0, 50, 100 T'c.

[Tosryuens! nanuble 0 BAX paspsaa B akcuanbHoM MarHutHoM mosie 0, 50, 100 I'c.

B coBOoKymHOCTH MOTy4YeHHBIE PE3yIbTaThl MO3BOJISIFOT CAETATh BBIBOJ O LIE1€CO00pa3HOCTH
UCIIOJIb30BaHUsl BaKyyMHOI'O JYrOBOTO pa3psja B 3ajadax I[0Apa3yMEBAIOLUIMX MEpPEeBOJ B
IJIa3MEHHOE COCTOSIHME OKCHJI-COJIEpIKalllMX MAaTE€pHaJIOB CJIOKHOTO COCTaBa, B YAaCTHOCTH, IJIf

MeToJ1a Tia3MeHHo# nepepadotku OSAT.

21



Cnucok Jureparypbl

HyOoimkanum mo TeMe JUCCEPTANMU B PEelleH3MPYeMbIX U3TAHUAX

1.

Melnikov A. D., Usmanov R. A., Gavrikov A. V., Polistchook V. P., Antonov N. N., Samoylov I. S.,
Smirnov V. P. // Plasma Chemistry and Plasma Processing. —2023. — Vol. 43. — P. 347-360.

Usmanov R. A., Melnikov A. D., Gavrikov A. V., Antonov N. N., Polistchook V. P. // Review of
Scientific Instruments. —2022. — Vol. 93. — P. 073505.

. Polishchuk V. P., Usmanov R. A., Melnikov A. D., Yartsev I. M. // High Temperature Material

Processes. —2022. — Vol. 27, No. 3. — P. 43-49.

Usmanov R. A., Amirov R. Kh., Gavrikov A. V., Liziakin G. D., Melnikov A. D., Polistchook V. P.,
Samoylov 1. S., Smirnov V. P., Vorona N. A., Yartsev I. M. //, Plasma Sources Science and

Technology. —2020. — Vol. 29, No. 1. — P. 015004.

Melnikov A. D., Usmanov R. A., Amirov R. Kh., Antonov N. N., Gavrikov A. V., Liziakin G. D.,
Polistchook V. P., Smirnov V. P. // Plasma Physics Reports. — 2020. — Vol. 46, No. 6. — P. 611—
616.

Vetrova, S. B., Usmanov, R. A., Antonov N. N., Melnikov, A. D., Polishchuk V. P. // IEEE
Transactions on Plasma Sciencethis. —2023. — Vol. 51, No. 4. — P. 1101-1106.

. Polishchuk V. P., Usmanov R. A., Melnikov A. D., Vorona N. A., Yartsev I. M., Amirov R. K.,

Gavrikov A. V., Liziakin G. D., Samoylov 1. S., Smirnov V. P., Antonov N. N. // High Temperature.
—2020. - Vol. 58, No. 4. — P. 476-494.



HMuTupyemas Jureparypa

8.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Bopona H. A., I'aspukos A. B., Camoxun A. A., Cmupnos B. 11., Xomaxos FO. C. O
Bo3MokHOCTH niepepadotku OSAT u PAO mazmennsiMu Metonamu // Sineprast pusuka u

ukuHupuHT. — 2014, — T. 5, Ne 11/12. — C. 944— 951.

. Kykoe M.®., Koznos H.IL, [lycmozapoe A.B., Anvinaxoe A.C., Xeecrok B.H., [[ooces I'.A.,

Hanoapon I'.-H.F. IIpuaaekTpoiHbIe MPOLIECCH B IyTOBBIX pa3psanax. — HoBocubupck: Hayka,
1982.

Paiizep FO. I1. ®usuka razoBoro pazpsga. — Jonaronpyaueiii: Uatemext, 2009.

Anders S., Anders A. On modes of arc cathode operation // IEEE Transactions on Plasma
Science. — 1991. — Vol. 19, no. 1. — P. 20-24.

Anders A. Cathodic arcs. From fractial spots to energetic condensation. — Springer
SciencetBusiness Media, 2008.

Honuwyx B. I1., Coiueg I1. E., [llabawos B. 1., Apyes U. M. CtauimoHapHasi BAKyyMHast yTa C
mdQy3HOI KaTOIHON MPUBA3KON Ha TOPSYEM TEPMOIMHUCCHOHHOM Kartoze // KypHain
TexHn4eckor Gusuku. — 1986. — T. 56, Ne 11. — C. 2233—2235.

Amupos P. X., Bopoua H. A., I'aspuxos A. B., Jluzakun I'. J[., Illonuwyk B. 1., Camounos U. C.,
Cmupnos B. I1., Yemanos P. A., Apyes U. M. UccaenoBanue BakyyMHO# 1yru ¢ auddy3Hoi
KaTOJTHOM MPUBSA3KOW KaK MCTOYHHMKA TIIa3Mbl Ui 11a3MeHHon cermapanuu OSAT u PAO //
®uzuka mnaszmel. — 2015. — T. 41, Ne 10. — C. 877—S883.

Amirov R. K., Gavrikov A. V., Liziakin G. D., Polishchuk V. P. P., Samoylov I. S., Smirnov V. P.,
Usmanov R. A., Vorona N. A., Yartsev I. M. Diffuse Vacuum Arc on the Nonthermionic Lead
Cathode // IEEE Transactions on Plasma Science. — 2017. — Vol. 45, no. 1. — P. 140-147.
bamenun B., Knumoeckuu U., Ionuwyk B., Cunenvuuxos B. CtaumonapHasi BaKyyMHas yra C
¢ dy3HOM KaTOAHON NPUBSI3KON HA HEAMUTHUPYIOLIEM XpOMOBOM Karoze // Ternodusuka
BbICOKMX Temneparyp. — 2003. — T. 41, Ne 5. — C. 670—678.

Usmanov R. A., Amirov R. Kh., Gavrikov A. V., Liziakin G. D., Polistchook V. P., Samoylov I.
S., Smirnov V. P., Vorona N. A., Yartsev I. M. Diffuse vacuum arc on cerium dioxide hot
cathode // Physics of Plasmas. — 2018. — Vol. 25. — P. 063524.

Jia Sh., Shi Z., Wang L. Vacuum arc under axial magnetic fields: experimental and simulation

research // Journal of Physics D: Applied Physics. — 2014. — Vol. 47. — P. 403001.



MenbHrkoB AHTOH /IMuTpreBNY

HccaenoBanue BakyyMHOro 1yroBoro paspsjaa ¢ noaorpesaeMbiM
KATOA0M HA OKCHA-COAEPKALUMX MATEPHATAX 1 MHOTOKOMIIOHEHTHBIX
cMecsX I 3a1a4M IuiasMeHHou cenapauuu OAT

ABTtopedepat
Ilonnucano k meyatu ®opmar 60x84/16
[TeuaTsb odcernas Yy.-u3n. 1. VYen.-new. .
Tupax 100 5k3. 3aka3 Ne becrinatno

OUNBT PAH, 125412, Mocksa, Uxxopckas yi., 13, ctp. 2

24



