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Llenb npe3eHTalmmn: pacCCMOTPEHUE IKCNEPMMEHTOB C MPOTOTUMOM
YCTAaHOBKM DHEProHMBaA, UX PE3Y/IbTaTOB N NEePCNeKTUB Aa/IbHENLLNX
pPaboT.

BauyaesB A.B. MBaHOB H.I.

(1936-2000) (1924-2010)

ABTOpPbI YCTAaHOBKM DHEproHnea — AHaTonmn Bacunobesuny Bavaes n Hukonam
MNBaHoBWnY UBaHOB. [pnayMaHHbIN UMW SHEPreTUYeCcKnin meTtog bbia Ha3BaH No
Ha4YanbHbIM ByKBam MmeH nsobpeTtatenen:

«9HeproH(mnKkonamn)(BaHoB)B(ayaeB)A(HaTonmnin)».



OcHoBHble IPdeKTbl, Habntogaemble Npu PaboTe K IHEeProHUBbLI»

1. BbipaboTKa 601bLWOro KoNANYeCcTBa HOBbIX XMMMNYECKUX
31EMEHTOB U3 BO/bl, PaHEee B HEW He CoAepHKaLLUXCH;

2. TeHepauma N3bbITOYHOM IHEPTUN, TEMNJIOBOMN U INEKTPUYECKOMN
npumepHo 50/50%;

3. leHepaumna «CTPaHHOTO» U3/Iy4EeHUA, B TOM YMUC/IE€ ONTUYECKOTO
CBEYEHMA YCTAaHOBKM Npu paboTe.



[1TaTeHTbl Ha «DHEProHNBY».

MateHT PO N22096846, ony6n. 31.05.94, aBTopbl: Bavaes A.B., MBaHoB H.U., MiBaHOB A.H.,
Masnosa IA. «Cnocob nony4yeHms sNeMeHTOB M YCTPOMUCTBO ANA €r0 OCYLLECTBAEHUAY
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CywHOCTb U306peTeHna: Ana npeobpasoBaHUsA aTOMHO-MONEKYNAPHOTO CTPOEHUA UCXOA4HOrO BELLECTBA CO34at0T NOTOK
BbICOKOTEMMEPATYPHOMN MIa3Mbl C CYXKEHMEM MENKAY PaCLUMPEHHbIMKW y4acTKamu paboyelr Kamepbl. B 061actu cy»keHus
NAa3MeHHOro NoTOKa CO34at0T MMMY/IbCHBIM paspsag NpY MakCUMaibHOM HAaNPAXKEHHOCTU MarHUTHOrO MNons,
M3MeHAWenca BA0Ab NAa3mbl. MNaazmy cTabnamnsmpytoT NOCTOAHHbIM TOKOM, NMPOTEKAKLWMM MEXAY PaCLUMPEHHbIMMU
y4acTKamMu.



[1TaTeHTbl Ha «DHEProHNBY».

MateHT PO Ha none3sHyto moaenb Ne 112486, onybn. 10.01.2012
«YCTPOMCTBO A5 NO/lyYEeHUA BELLECTBY», aBTop: XapyeHKo Oner Anekceesuny (RU)
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CywHocTb n3obpeteHua: YcTpomncTso ana
NO/IyYEHMA HOBbIX BELLECTB paboTaeT cneaytolmm
obpa3om. Yepes cuctemy nogavym MCXogHoOro
BeLLeCTBa 3 HANPaBAAKOTCA BOAHbIE PAaCcTBOPbLI
conen n B3Becen B paboyee NpocTpaHCTBO
Kopnyca 1, ocyl,ecTBAsAETCA NOABOA
aNeKTpuyeckomn sHeprum 10 Ha TpybuaTblie
aNeKkTpoabl 7, 8 N aNeKTPOMArHUTHYO KaTyLKy 9.
[nAa BO3HMKHOBEHMA NAa3Mbl B pabouem
NPOCTPaHCTBE NOAAETCA MMMNYNAbCHbIA pa3pAaAs Ha
UMAWHAPUYECKUE 330CTPEHHbIE 3N1EKTpoabl 5, 6.
Mexay TpybuaTbiMun anekTpogamun 7 n 8
3aXKMraeTca OCHOBHOM M1Aa3MEHHO-4YroBoOM
paspAaa, KoTopbi cTabunmnsmpyerca
3NEeKTPOMArHUTHbIM MOJIEM OT 3/1€KTPOMArHUTHOM
KaTywKn 9. NcxogHoe BeLecTBo, Npoxoas
paboyee npocTpaHCTBO Kopnyca 1,
obpabaTbiBaeTcA NAa3MeHHbIM Pa3pAaAaoM U
3NEeKTPOMArHUTHbIM nosem npeobpasyerca u
yOanAeTcsa yepes CMCTEMY Bblgaun BelecTs 4.



Nabopatopua UeaHosa H.U.

B marHutToropckom
rocy4apCcTBEHHOM TEXHUYECKOM
<EHOTO e yHusepcutete um. . 1. Hocosa,
HUKH PCD npocpec\ AN roe TpyamMnnch Bavaes n MBaHoB,
- MBanosa Hukonas VIBaHOBE coxpaHsaeTca ux nabopartopua u
ayn. 057 k. Ha ABepu BECUT MeMopUanbHasn
: E TabnnyKa.

Cpa3sy 3a BXOAHOW ABEpbIO
OTKpPbIBAETCA TAKOM BUA,:




NabopaTtopua MeaHosa H.U.

Ana nabopatopHbix paboT
NoO BOAHO-N/1a3MEHHOM
0b6paboTke pacTBopoB HbIn
CO3/4aH AEeNCTBYOLWMNM
cteHa (poTo 2006 roaa).

Ha BpemAa moero Bu3nTa B
nabopartoputo MIBaHoBa
H.N. oT aTOro cteHaa yxe
NPaKTUYECKN HUYETO He
0CTanocb; 06pa3ubl
NOPOLLKOB M MeTaNN0B
6b11n pa3obpaHbl U
NPOCTO YKPaAeHbl
NOCeTUTENAMMU U
CTYAEHTaMM.




Nabopatopua UeaHosa H.U.

2013 roa, Ha poTO —
OmenbyeHKko E.A.— A.T.H.,
npodeccop Kadeapbl
ABTOMATU3NPOBAHHOIO
3NeKTponpuBoAaa 1
MEeXAaTPOHUKN UHCTUTYTA
JDHEepPreTUKn v
aBTOMATU3NPOBAHHbIX
cuctem MITY um. I.W.
Hocosa.

OmenbyeHkKo E.A.
NPUHUMAN y4yacTme B
YHUBEPCUTETCKOM
KOMWCCUM MO
«IHeproHmee» n
NONHOCTbIO MOATBEPKAAET
ee paboTtocnocobHOCTb.




[paKTHUyeckan peanmsaums npouecca IHeProHmBea.

B MHTEpHETE MOKHO HANTU HECKONIbKO 3/IEKTPUYECKUX CXEM, MO KOTOPbIM AKOObI bbina
cobpaHa yCTaHOBKa, HO 3TO TONbLKO NocaeAyoLWme penamkaymm, NpnbamsnTenbHo
BOCMpou3BogAaLmMe OpurmMHanbHyto cxemy Bayaesa-MBaHoBa. N3 opuUrMHanbHbIX
MaTepKanos COXPAHNNCH OTAE/IbHbIE CTpaHMLI,bI Op,Ha M3 HUX MPEACTaBNEHA HUKE.
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[paKTnyecKasa peanmsauma npouecca IHeproHnBa.

CoxpaHWUICA OPUTMHA/bHbIN YepTeXK PeakTopa C /IEKTPOoAaMMU.
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MpaKTnyeckas peanmsaumna npouecca IHeproHnBa.

OpMI'I/IHal'IbHaFI 610K-cxema YCTAaHOBKW, COXpPaHMBLWIAACA B O4HOM N3 T3.
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[IpuHUMOMaNBbHAsT CXeMa DJIeKTPUYECKON CUCTEeMSb
2 YcranoBok "3SHeproHueBa'




MpaKTnyeckas peanmsaumna npouecca IHeproHnBa.

MpakTnyecKaa cxema lNaHbkoBa B.A. u KyabmuHa b.I1., no-snanmomy, Hanbonee
6113Ka K OPUrMHANBbHOMN.
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MpaKTnyeckas peanmsaumna npouecca IHeproHnBa.

d0oTO 0A4HOro N3 MOLLHbIX peakTopoB BayaeBa-MBaHOBa.




MpaKTnyeckas peanmsaumna npouecca IHeproHnBa.

PoTO ManbIx PEaKTOPOB..




[paKTnyeckas peannsauma npouecca dHepProHmnea.

Pe3ynbratbl pabotbl rpynnbl lNaHbkoBa B.A. u KyabmuHa B.I1. npeacTtasneHbl B
onybankoBaHHOM paboTe «[leMOHCTPaLUNOHHAsA MeTOAMKA CUHTE3a 3/IEMEHTOB U3
BOAbI B NMN/J1a3Me 3N1eKTpUYeckoro paspaga», Pmusmka. Mpmnbopbl n metoabl
3KcnepumeHTanbHou pusmkn. 2004r.

Kpome Toro, B MHTepHeTe Ha canTte LENR.SU mMoKHO HanTh ux nogpobHblie oTyeThl
3a 2007, 2010 n 2013 roapbl N0 MHNLMMPOBAHUIO N1a3Mbl B BOAHOW cpeae,
B3aMMOAENCTBUIO MNAa3Mbl C BHELLHUMW NONIAMU U CUHTE3Y NOAMMETANNNYECKUX
NOPOLWKOB. HUXe NpnBoAUTCA BblAEPHKKA U3 UX CTaTbMW.

B tabnuue 1 npvBegeH pesynbTaT aHanmusa Mopollka OAHOr0 M3 CaMblX YyAaudHbIX
akcnepumeHToB. McxoaHas Boaa cogepxxana 0,5r/n HaTpusa TeTpabopHOKUCIIOrO.
Tabnauua 1
DJIeMEeHTHBIN COCTaB MOPOIIKa, % OO0IIe MacChl
CummBon Al Si P S K Ca Ti Cr Mn Fe Co Ni Cu Zn Mo
Atr.Ne 13 14 1516 19 20 22 24 25 26 27 28 29 30 42
Conepx.0.150.751.60.270.0591.720.034 0.0590.061 33.810.046 0.01858.2 3.220.036

[Mopowok coaoepxut 41,8% no macce CUMHTE3NPOBAaHHLIX B OMblTe anemMeHToB. Cpeau
CYHTETUYECKUX 3IIEMEHTOB [0S xene3a coctasndeT 80%, unHka — 7,7%, kanbuma —
4,1% wn kpemuna — 1,8%. CogepkaHne ocTasrbHbIX BOCbMU METasnsioB He MNpeBbiaeT
OLHOro npoueHTa.



MpaKTnyeckas peanmsaumna npouecca IHeproHnBa.

N3 npaKTnyeckux pesynbratos [NaHbKoBa B.A. n KyabmuHa b.[1. cnegyeTt oTmeTnTb
PErncTpaumio MMM BbICOKOYACTOTHbIX KonebaHUM B merarepL,0BOM gManasoHe n
HEKOTOPYIO 3a4€ePKKY BOSHUKHOBEHUA 3TUX KOoNebaHnI nocne nogaym
MHULMMPYIOLLEro UMnysbca. Huxe npmeogmTCca ocumaiorpamma m3 nx otyera.
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«Ha pucyHKke mbl Habntogaem cpasy xe
nocsne paspana B Te4eHne 2MC HEKUMA
MPOMENKYTOUYHbIN TUN B3aMMOAENCTBUSA.
A nakerT, XxapaKTepHbIA 415 BTOPOro
TMNa, NOABAAETCA nwb Yepes 10mc.
NHoraa mbl Habaogany NpakTUYECKH
MTHOBEHHOE B3aMMOAENCTBUE BTOPOro
TMNa, Npuyem yBennymnsatoLLeeca BO
BpemeHu no amnautyge. 310
HanoOMWHAaeT npouecc 3anycKa peakTopa.
B3aumopgencrteme npoucxogmno B
MOMEHT MaKCMMabHOro NoTeHunana
ctabunmsaumm (+300B). B momeHT
yracaHua nnasmouga HanpaxkeHue
KpaTKoBpemMeHHOo noBbicunocb A0 800B».



MpaKTnyeckas peanmsaumna npouecca IHeproHnBa.

IHTY3MACT «IHEeProHmBbI» XapuyeHKo O.A., npoBoAA SKCNEPUMEHTbI B 1abopaTtopum
BauaeBa-MBaHOBa, TakXe 0O6HapPYKWUA 1 NONYYU AOBOJIbHO YCTOMYMBbIE
BbICOKOYACTOTHbIe Ko/lebaHMA Ha TpybuaTbix sanekTpoaax. KapTuHKa HMKe B3ATa U3
Bnaeo, cHatoro B 2013 roay, B nabopatopumn Bayaesa-VBaHoBa. [MonHOe BUAEO
3KCMNEepPUMEHTOB MOXKHO nocmoTpeTb Ha cante WWW.LENR.SU




[lpaKTnyeckaa peannsauma npouecca IHeproHmnsa. KysbmuH b.I1.

byayyun y4acTHUKaMKM HECKONIbKUX COBMECTHbIX 3KCnepnmeHToB ¢ Bavyaesbim A.B., [NaHbKOB 1 Ky3bMKH
0bHapoaoBain O4YEHb BaXKHYO MHPOPMALUIO, YTO YCTAaHOBKA « DHEProHMBaA» reHepupoBasa
CUHYcouAaanbHoe Hanpsa»keHune c ormbatowen 50y,. OHO COCTOANIO U3 CEPUN OYEHb KOPOTKMX
OZHONONAPHbIX MMMNY/IbCOB, C YAaCTOTOM cneaoBaHUA okono 30 MIu. AMnanTyaa U NONSPHOCTb
MMMNYNbCOB U3MEHS/INCb MO CUHYCOMAANbHOMY 3aKOHY ¢ YacTtoToi 500y (echm ctabmuamsaumm nnasmol
ocyLecTBaanacb ot ogHodasHom cetn). Mpuuem, popma TOKa 0AMHAKOBA KaK ANA KATYyLWKMU,
PaCcnoNOXKEHHOM CHapYX M Kopnyca, 1 coaepauiern 64 BUTKa, Tak U AN1A CTabUAU3UPYIOLWLNX 3N1EeKTPOA0B.
HuxKe npuBOoANTCA OCUMAIOTPAaMMa TOKa, OTAaBaeMoro yCTaHOBKOM B Harpysky, n3 otdyeta 2010r.

T2=30ns

«MmeHHOo bnaropgapa Takom popme yaaetca
CHATb C KaTyLWKK, HE UMEIOLLEN cepaedYHNKa
(ecnn He cuMTaTb MM NNA3My), KUNOBATTDI
( 3/1EKTPO3HEPrMKn. YNCNo BUTKOB KaTyLLKU
6b110 NogobpaHo TakMm 0b6pasom, YTobbI
. : ; Nocne UHTErpnpPoOBaHNA MMMY/IbCOB B
Harpy3ke, MaKCMMa/ibHas aMnaAnTyaa
HanpaXeHna 6bina 621M3Ka K 300B (Kak B
06bl4HOM ogHOda3HOM ceTu).
3TOT paKT Haao 06A3aTEeNIbHO YYUTLIBATD,
KOraa NoMAeT peyb O NPaKTUYECKOM
MCNO/Ib30BAHUM YCTAHOBKM DHEPrOHNBAY.

T1=20ms




[lpaKTnyeckaa peannsauma npouecca IHeproHmnsa. KysbmuH b.I1.

«QOueHb TPYAHO OTKA3aTbCA OT C/IOKMUBLUNXCA AECATUNETUAMM CTEPEOTMUINOB, KOrAA CTAaNKNBAELWWbCA C
ABNEHNEM, HE YKN1aAbIBAOWMMCA B UX PaMKU. BNosHe ecTecTBEHHO CTpemaeHue K Bbibopy
HENPOTUBOPEYNBON GU3NYECKON MOAENN, COrNACYIOWENCA C OOLENPUHATBIMK NpeacTaBaeHnAMN. K
HacToALEMY BPpEMEHM cyLecTByeT 601bLIOE KOIMYECTBO NOMNbITOK MPOHMKHYTb B CYLLHOCTb
NPOLLECCOB, NPOTEKAOLWMX NPU XONOAHOM CMHTE3E anemeHToB. CKopee Bcero, 3Tu NonbITkM byayT
OCTaBaTbCA He3pe3ynbTaTHbIMK 40 TOM MOPbl, NOKa HEe HAKOMUTCA A0CTAaTOYHOE KOIMYECTBO
AOCTOBEPHbIX IKCMEePUMEHTA/IbHbIX PE3Yy/IbTaTOB...» - U3 om4yema laHokoea u KysemuHa 3a 20102.

«Mbl B MarHuToropcke, B oTcytctBum BayaeBa, Habpaau B rpaHeHbI CTakaH BOAbl U3 rOPOACKOro
BOAOMNPOBOAA, ONYCTU/IN B HEFO aBTOMODOU/IbHYIO CBEYY 3aXKUTaHMA, NOAK/IHOUYMAN K HEN 3aPAXKEHHYIO
H6aTapeto. Yepes A0nn CeKyHAbI HA INEKTPOoAAX Pa3ayacs 3TOT CaMbli N1Ia3MeHHbIN wapuk. Lunen
HECKOJIbKO CEKYH/A, 3aTeM Norac, BbiIbpocmBs B BOAY CTPYIO YePHOro NOIMMETA/I/INYECKOro NOPOLLKaA.
Mpunexas B EKaTepnHOYpr, Mbl NOBTOPWU/IN B TOYHOCTM AaHHbIN "aKkcnepnmeHT". MNpounsowen
OrNywmnTeNbHbIN B3pbIB. Boga - Ha NOTONKE, MeNKMe OCKONKM CTEKNA - Ha nony nabopatopum. Moxket
6bITb TaM BoAa "HenpaBuaAbHaA" B YCNI0BMAX MarHUTHOM aHOManuun? Eule ogHo 3amedaHune. 3Ta BoAa,
nMmeAa NPUMEPHO CTaHAAPTHbIN COIEBOM COCTAB, MMEET NPOBOANMOCTb Ha 50, Ha NOPAAOK Bbiwe
CTaHAAPTHOM BeNn4YuHbI. TpybyaTble cTabunnsmpytowme sNeKTpoabl peakTopa NOAKAKYALOT Yepes
apoccenb (PHO) k cetn 220B. MHAYKTUBHOCTbIO APOCCENA PErYINPYIOT TOK KOPOTKOro 3aMblKaHUSA B
npepenax 12-25A. MNpu BHYTPEHHEM AMaMeTpe TOJICTOCTEHHbIX MeAHbIX 9N1eKTpoaoB 10mm,
PACCTOAHME MEXKAY UX KOHLL0B, 3aTOYEHHbIX Ha KOHYC, AenatoT B npegenax 10-15mm. Mepes 3anyckom
Ha HUX NOoAaeTca Yepes gpoccenb HanpsxkeHne 220B u pernctpupyeTtca «Tok ctabuamsaumm». Boga B
MarHuToropcke gaet ToK 2,5-3A. HanpsaxeHue Ha anekTpoaax ctabuamnsaumm - 170-190B. Boaa B
EkaTtepnHbypre obecneunBaet Tok ctTabunmnsaumnm He 6onee 0,3A» - uz yacmHoz20 coobuwjeHus
KysemuHa B.11. Ha calime WWW.LENR.SU



[lpaKTnyeckaa peannsauma npouecca IHeproHmnsa. KysbmuH b.I1.

Euwe HeCcKonbKo BaXKHbiXx KOMMmeHTapueB KysbmuHa b.I1.:

«.... B cnyyae HeyaayHoro nycka — Aga BapuaHTa. JInbo «NWKUK» CONPOBOXKAAOLNI BblaeIeHNe
ra30006pasHbIX NPOAYKTOB 3NEeKTPOo/In3a, Tnbo «babax». MNpuesrkanm pebata c «Maaka», neyanbHoO
n3BecTtHoro. NMpuBo3nAM NpenapaT C 0O4EeHb YCTOMUYMBBLIM PAANOAKTUBHbBIM M3oTonom. JeaywKa [Bayaes
A.B] nponyctun nx obpasew, 4epes peakTop U NoAYy4YUI NOANMETANTNYECKUIA MOPOLLOK CTabUNbHbIX
M30TOMOB U NUTLEBYIO BOAY. MIM 3TO Tak MOHPABUIOCH, YTO OHM CHOBA NpUeExXanun AnA NPOAO KEHUS
aKkcnepumeHTOoB. [leayLiKa cner Ha Heaento — 340poBbe noaseno. Pebatam ganu gobpo pabotathb
camocToAaTeNIbHO. OHU 3aMEHMM CKPYTKU NPOBOAOB Ha HaZleXKHble coeAMHEHUA (MM CKa3anu, YTo
TpebyloTcs AeCATKU KMnoamnep CTapToBOro MMnynbca). CMEeLWHOM KtoY 3anycka — MOLLHbIM
nyckaTenem. Yepes Heaento yexanu, Tak U He 3anyCTUBLLKNCL. lNocne H1X octancs 601bLLION ALLMK C
06/10MKaMK KOPMycoB PEaKTOPOB U MeZHbIX 3/1EKTPOAOB... »

«Cy)KeHue BHYTPEHHEro AMamMeTpa Kopnyca peakTopa B 30He NoAKura ABASETCA OYepeaHON NereHaon.
Bo3HWKNa OHa, ecnn He ownbatochb, N3 onncaHnA nateHTa Bayaesa. Bo3amoXkHO, naTeHTOBEAbI
PEKOMEHA,0BAIN YCUNUTb STUM OTIMYMA OT aHaNoros.. Bee, uto A BMAEn B MarHmtoropcke — obblyHas
TpybKa 13 N3015LMOHHOIro MaTepumana. Cyxaetcs naa3meHHana 060104Ka B 30HE CTapPTOBOroO pa3paaa.
9TO NPEeKpPaCcHO BUAHO B MPO3PaYHOM KOPMYyCe U3 NaeKcuriaca. A B Henpo3payHom Koprnyce, B
NnoNyTbMe BUAEH roNlyboBaTbli TOP CN1abo MOHM3MPOBAHHOIO BO34yXa, BUCALLMIN CHAPYXKM PeaKkTopa, B
ero LueHTpe. BHeWwHMN anameTp Topa pasa B Tpm 6osblue, YeM HapyKHbI KOPMYC peakTopa. » - U3
YyacmHozo coobweHusa KyzomuHa B.11. Ha caiime WWW.LENR.SU



Hawm aKcnepmMMeHTbl C IPOTOTUNOM IHEPTOHMUBDI.

OnuncaHue akcnepumeHToB )anpenb 2017r) ¢ YCTAaHOBKOM TUMA «DHEPTrOHMBA» MO CXEME
[NaHbKoBa B.A. n KyabmuHa b.I1. Anpenb 2017/r.

Cxema noaK/IoyYeHna npmBeaeHa HUKe. B KauecTBe gpoccens 34ecb MCNOb30BaH
nabopatopHbin aBToTpaHchopmaTop PHO-250-20, obpasyrowmin c emkocTbio C (100 mKP)
noc/aea0BaTe/IbHbIM Pe30HAHCHbIN KOHTYP Ha YacToTy 50U,
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BTopoit KoHaeHcaTop Hebosnbloi emkocTn 0,1 MKP no 3ambicly aBTOPOB A0/IXKEH
06pa3oBbIBaTL €Le OAMH BbICOKOYACTOTHbIM PE30HAHCHbI KOHTYP BMECTe C NoABoAALLMMM
NPOBOAAMM U NOC/NEA0BATE/IbHO BK/IIOYEHHbBIM PEAKTOPOM C TPYOUATbIMM SNEKTPOAAMM.
NHAYKTUBHOCTbL L — 0OMOTKa M3 HECKOIbKMX BUTKOB Ha KOPMYyCe peakTopa UrpaeT posib
dunNbTPa NO OTCEYEHMUIO BbICOKUX YAaCTOT OT MCTOYHMKA NUTAHMUA.



Hawm aKcnepmMMeHTbl C IPOTOTUNOM IHEPTOHMUBDI.

banskaa cxema ncnonb3osanacb 40 net Tomy Hasag YepHeuknum A.B. ana reHepmnpoBaHUA
BbICOKOYACTOTHbIX KonebaHui, BnaoTb Ao Ty gnana3oHa B N1a3MeHHOM pa3psje B
BOoAoOpoae npu gasneHnn 1-2 Topp.

RO L1 L2
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1= 2= V1
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Puc. 3. Cxema CI'-paspaga B BY-auanasone:
Al - 6aox murammua, RO - 3apAnHOe COMPOTHBAEHUE,
Cl - nurenman cxemy emxocts, L1, L2  -uHLyK-
TMBHOCTH, (2 - eMKOCTb CXemH, ~
aKTMBHHE conpoTusnenus, V{ - namna Cl-paapsna,
V2 - ocumanorpad C8-9A

[0 HEKOTOPbIM CBEAEHUAM, NPU NCMONb30BAHUN AENTEPUA, CXeMa YepHELIKOro oTAaaBana B
Harpy3Ky 60/bwe MOLWHOCTM Yem nNoTpebnsana oT UCTOYHMKA NOCTOAHHOIO TOKa, a
nsnyyeHune camoreHepupytowero (Cl) paspsga nerko Npoxoanno Yepes MmeTai/INn4yeckme u
ANaneKTpruyeckme npenaTcTemnA. bblno nonyyeHo asTopcKoe cemaetenbctso CCCP
Ne187902 Ha cnocob 1 yCTPOMUCTBO ANS NONYYEHUA SIHEPTUMN..



Hawwn skcneprumeHTbl C NPOTOTUNOM IHEPTrOHUBDI.

Ha ¢oTorpadum npeacrasaeH npoToTMN peakTopa IHEepProHmnsa, Ntobe3Ho NpeaoCcTaBAEHHbIN
Ana akcnepumenToB Patncom HO.J1. Ucnonb3oBanca pactesop 0.1-1.0 rpamm 6ypbi Ha anTp
BOAbl. PAacTBOP UMPKYINMPOBAA MO KOHTYPY C BHEWHUM BOAAHBIM OXNaXKAEHUEM.




Hawwn skcneprumeHTbl C NPOTOTUNOM IHEPTrOHUBDI.

[—

PacTBOp caMBANcA B €MKOCTb, OTCTAaMBaNACA, OCaA0K BbiCYLLUMBA/ICA HA BO3AYyXeE.
HekoTopble 3k3emniapbl 0CagKa XOPOLLO NPUTATMBAINUCD NOCTOAHHBIM MAarHUTOM.
Bbl10 OTMEYEHO, YTO Ha/InUKME KaTyLKU Ha peakTope BAUAET HA KOJIMYECTBO NOPOLLKA U
coaepaHue B Hem GpeppPOMarHUTHbIX BK/IFOYEHUN.

Kpome ocagKa reHeprpoBanocb 60nblLOE KONMYECTBO ras3a, NPeMMYLLECTBEHHO 3TO
rPEMYYMIN ra3, TOYHbIN COCTaB ONpeaenmTb He Obl1I0 BO3MOXHOCTM.



Halwun akcnepmmeHTbl C NPOTOTUNOM DHEPrOHUBDLI.

M:50ms

p)1 0. 0ABW- -2.96d1iv

Ocumnnorpamma HanpsxeHusa (500B Ha KNeTKy) Ha pa3psaaHOM KOHAeHcaTope U ToKa (10A
Ha K/IETKY) Yepes3 peaKkTop.




Hawwn skcneprumeHTbl C NPOTOTUNOM IHEPTrOHUBDI.

OueBWAHO, YTO YaCTb MeAM C 3/IEKTPOAOB NepPeELL/a B PacTBOP B BUAE MENKOANCMEPCHOrO
NOPOLLKA, KOTOPbIN IEFKO BblAENAETCA NYTEM OTCTauBaHUA U GUALTPALUMN.

Mo cpaBHEHWUIO C OPUTMHAJ/IbHON YCTAHOBKOW JHEPIMHMBA B A@HHOM 3KCMEPUMEHTE He Dbl
NOCTUTHYT XKeNaeMbl PeXXmMm, Npu KOTOPOM NPOUCXOAUT HapaboTKa 31EMEHTOB B
3HauYUTeIbHO 6oNbLIMX MaclTabax 1 NP OTCYTCTBUN UCKPOBbLIX Pa3pAa0B, Pa3pyLLatOLLIUX
3NIEKTPOAbI.



NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npucTtaBKkoMn.

Mpo6a N2l nonyyeHa Ha peakTope C KaTyLKOoM U3 9 BUTKOB NPOBOAA OAHOro KoHaeHcaTopa K41U-7. B
3TOM 3KCnepmmeHTe bbi1o HapaboTaHo 2,6 rp. NOPOLLKA M OH MOYTM BECb NPUTATMBANCA MAarHUTOM.
Mpoba 1

YBenuuyenue 10000.
Ha ¢oTo cBeT/ible chepbl — OKCHABI Kese3a.
Spectrum name Spectruml

Acquisition conditions

Acquisition time (s) 180.0
Process time 4
Accelerating voltage (kV) 15.0 i
TM-1000_0200 2017.05.04 13:20 10 um
Spectrumi1
0 2 4 6 8 10 12 14 16 18 20
ull Scale 594 cts Cursor: 0.000 kel

I




NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npuctasKkomn.

Mpo6a N2l nonyyeHa Ha peakTope C KaTyLKOoM U3 9 BUTKOB NPOBOAA OAHOro KoHaeHcaTopa K41U-7. B
3TOM 3KCnepmmeHTe bbi1o HapaboTaHo 2,6 rp. NOPOLLKA M OH MOYTM BECb NPUTATMBANCA MAarHUTOM.

Spectrum name: Spectrum?

Spectrum?2
Acquisition time (s)
180.0

Process time

4

Accelerating voltage
15.0kV




NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba

TM-1000 c EDS npuctasKkomn.

Mpo6a N2l nonyyeHa Ha peakTope C KaTyLKOoM U3 9 BUTKOB NPOBOAA OAHOro KoHaeHcaTopa K41U-7. B
3TOM 3KCnepmmeHTe bbi1o HapaboTaHo 2,6 rp. NOPOLLKA M OH MOYTM BECb NPUTATMBANCA MAarHUTOM.

Spectrum name:
Spectrum3
Acquisition time (s)

180.0

Process time

4

Accelerating voltage

15.0kV

7 Spectrum3

0 2 4 6 8 10 12 14 16 18 20
run Scale 564 cts Cursor: 1.505 (526 cts) keV

Weight %

Magnesium 2.5

29.5

B
[

Chlorine

Calcium

[N
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I
N
HIN

Copper 19.2
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NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npucTtaBKkoMn.

Mpo6a N22 nonyyeHa npu NpsMom coeamnHeHnn KoHaeHcaTopa K41M1-7 c anekTpogamm, 6€3 KaTyLiKu.

HapaboTtaHo okono 1,7 rp. nopowkKa. OH cnabo marHutuaca cunbHbiMm NdFeB noCcTOAHHbIM MarHUTOM.
Mpob6a 2

YBenuyenne 2000

Spectrum details

Spectrum name Spectrum4

Acquisition conditions

Acquisition time (s) 180.0
Process time 4
Accelerating voltage (kV) 15.0 TM-1000_0201 2017.05.04 13:40 30 um

Cu Spectrumd

2 14 18 18 20
2 keV'
| Eement | Weightx
I, ( 10.6
I, 15

194

Copper 59.4
9.0




NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npuctasKkomn.

Mpo6a N22 nonyyeHa npu NpsMom coeamnHeHnn KoHaeHcaTopa K41M1-7 c anekTpogamm, 6€3 KaTyLiKu.
HapaboTtaHo okono 1,7 rp. nopowkKa. OH cnabo marHutuaca cunbHbiMm NdFeB noCcTOAHHbIM MarHUTOM.

Spectrums

Spectrum name
Spectrum5
Acquisition time (s)
67.4

Process time

4

Accelerating voltage
15.0kV

0 2 “ 6 8 10 12 14 16 18 20
[Full Scale 100 cts Cursor: 0.000 keV

Weight %

14.9

w
=
(e)]




NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npuctasKkomn.

Mpo6a N22 nonyyeHa npu NpsMom coeamnHeHnn KoHaeHcaTopa K41M1-7 c anekTpogamm, 6€3 KaTyLiKu.
HapaboTtaHo okono 1,7 rp. nopowkKa. OH cnabo marHutuaca cunbHbiMm NdFeB noCcTOAHHbIM MarHUTOM.

Spectrum name
Spectrum6
Acquisition time (s)
91.3

Process time

4

Accelerating voltage
15.0kV

Calcium

Copper

Bromine

0 2 “ 6 8 10

{Full Scale 178 cts Cursor: 0.000

Spectrumt

Weight %

3.0
5.4
11.0
64.5

16.1



NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npucTtaBKkoMn.

Mpo6a N2e3 nosyyeHa npu paboTe c KaTyWwKon 9 BUTKOB, Bpems paboTbl 15 MMUHYT, M3HOCa 31eKTPOoa0B

no4YTM He Habntoaanock. Bec BbicylleHHOro nopowkKa coctasmn 1,73 rp. He marHntuTcs.
Mpo6a 3

Ysennuenune 2000

Spectrum details

Spectrum name Spectrum?

Acquisition conditions
Acquisition time (s) 180.0

Process time 4

2017.05.04 13:51 100 um

TM-1000_0202

Cu Spectrum?

0 2 4 6 8 1;3 ' 1I2 ' 1I4 ' 1'6 . 1'8 ' 2I0
Full Scale 389 cts Cursor: 1.001 (12 cts) keV
| Element 0 lweightx
I 8.9
5.8
jwon 0@ [EH
51.5




NccnepoBaHme 06pa3uoB Ha CKaHMpyowem mmnkpockone Toshiba
TM-1000 c EDS npuctasKkomn.

Mpo6a N24 nonyyeHa Npu MCNONb30BaHNM KaTyLW KK BpyKkca. Bpema paboTtbl - 15 MUHYT. Ipo3usn
3/1EKTPOAOB YHEC/1a NpumMepHo 3 rpamma meaum, a B ocagke obpasoBanoch 1.63 rpamma BbICyLLEHHOTO
NOPOLLKa. Mpo6a 4

Spectrum details

YBenuueHue 500

Spectrum name Spectrum8

Acquisition conditions
Acquisition time (s) 75.8

Process time 4

2017.05.04 14.09 200 um

TM-1000_0203

Cu Spectrum8

0 2 4 6 8 10 12 14 16 18 20
[Full Scale 165 cts Cursor: 1.801 (6 cts) keV'

 Eement 0 lweights ]




NccnepoBaHue 06pa3uoB Ha CKaHUpytowem mukpockone Toshiba
TM-1000 c EDS npuctasKkomn.

Mpo6a N24 nonyyeHa Npu MCNONb30BaHNM KaTyLW KK BpyKkca. Bpema paboTtbl - 15 MUHYT. Ipo3usn

3/1eKTPOAOB YHEC/1a NpUMepHO 3 rpamma meam, a B ocagke obpasoBanochb 1.63 rpamma BbICyLLEHHOTO
MNOpPOLLKa.

HurKe noKasaHa KaTyLlKa bpyKca 1 meaHble 3neKTpoAbl nocne paboTbl C KAaTyLWKON. 3aMeTeH CUbHbIM
3PO3MOHHbIN M3HOC 3/IEKTPOAOB.




NccnepoBaHue 06pas3LLOB Ha CKAHMPYIOLWLEM MUKPOCKONE
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom
Bruker, energy resolulon 123 eV.

Mpo6a Nel. (Ocobas bnarogapHocTb cotTpyaHnkam Department of Chemical and Biomolecular
Engineering, University of Notre Dame)

'

: i iy 3 : h’" -"il/ " & P ? ‘e ;, a \/
10/19/2017 HV | cur mag o | HFW | ———— 40 pum
3:05:28 PM 30.00 kV/0.80 nA 2 400 x 107 pym Magellan
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NccneposaHne 06pa3L,oB HA CKAHMPYIOLLEM MUKPOCKONE
Magellan 400 (FESEM), spatal resolution 0.6 nm ¢ EDS npuctaskomn
Bruker, energy resolulon 123 eV.




NccnepoBaHne 06pa3L,oB HA CKaHMPYIOLLLEM MUKPOCKoNe
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom
Bruker, energy resolulon 123 eV.

BRGKER

2

Cu-KA
SE MAG: 1399x HV: 30kV WD: 4.7mm




NccnepoBaHne 06pa3LoB HA CKAHMPYIOLLLEM MUKPOCKONE
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom
Bruker, energy resolulon 123 eV.

(<)

Fe-KA
Fe-KA
SE MAG: 1399x HV: 30kV WD: 4.7mm




NccnepoBaHMe 06pa3LoB Ha CKAHUPYIOLLEM MUKPOCKoNe
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom
Bruker, energy resolulon 123 eV.

-

Ti-KA
SE MAG: 1399x HV: 30kV WD: 4.7mm




NccnepoBaHne 06pa3L,oB HA CKaHMPYIOLLLEM MUKPOCKoNe
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom

Bruker, energy resolulon 123 eV. o

(<)

AL-KA

Al-KA
SE MAG: 1399x HV: 30kV WD: 4.7mm




NccnepoBaHne 06pa3L,oB HA CKaHMPYIOLLLEM MUKPOCKoNe
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom
Bruker, energy resolulon 123 eV.

Si-KA
SE MAG: 1399x HV: 30kV WD: 4.7mm




NccnepoBaHMe 06pa3LoB Ha CKAHUPYIOLLEM MUKPOCKoNe
Magellan 400 (FESEM), spatal resolution 0.6 nm c EDS npucTtaBkom
Bruker, energy resolulon 123 eV.

Ca-KA
SE MAG: 1399x HV: 30kV WD: 4.7mm




NccneposaHne 06pa3L,oB HA CKAHMPYIOLLEM MUKPOCKONE
Magellan 400 (FESEM), spatial resolution 0.6 nm c EDS
npucTtaskoun Bruker, energy resolution 123 eV.

Fa

SE MAG: 1399x HV: 30kV WD: 4.7mm




Hawwn akcneprumeHTbl C NPOTOTUNOM IHEProHuUBsI. [poaoskerHme.

3 oKTsA6pA 6bIN NPOBEAEH SIKCMEPUMEHT C HAKOHEYHUKAMM U3 YUCTOro MOANAHOro TUTaHa.
Cxema 1 HOMWHa bl AeTase Pe30HAHCHOM Uenu Te »e. ObWwmit BUA, yCTaHOBKU U 3/1€KTPOJ0B
C TUTAHOBbIMW HAaKOHEYHMKaMM npeacTaBaeH Ha $OTOo HMKe.

OTnnymne AaHHOM KOHCTPYKLUM OT
npeablayLwen 3aK104an0Cb B HAIMYNK
NOCTOAHHOIO MarHMTa, PacnoN0XeHHOro
Mo UeHTpy peakTtopa. CBepxy U CHU3Y
MarHuTa 6blaM yCTaHOBEHbI KOHBEPTHI C
PEeHTreHOBCKMMM naeHKamm Nel n Ne2.




Hawun akcnepmMmeHTbl C NIPOTOTMNOM IHEProHmBbI. [MpogonkeHue.

B pe3ynbTaTe KpaTKoBpeMeHHOW paboTbl yCTAaHOBKU, He Bonee 5 mnHyT obpasoBanca
TBEpPAbIN 0CaA0K, BHELWWHNIM BUA KOTOPOro Nog MUKPOCKOMOM NMoKasaH Ha ¢poTorpadum.

OTYeTNMBO BMAHbI LLAPUKK ABYX
LUBETOB: O4HM NO UBETY
HAaMnOMWHAIOT Meab, ApYyrme TUTaH.
HanbHenwmnin SEM EDS aHanms
NoATBEPAUN 3TO NPEeANnoN0OKEHME.




Hawm akcnepmmeHTbl C NMPOTOTUNOM IHEProHuBbI. [TpoaosikeHune.

[na aHann3oB 6bln NCNO/Ib30BaH aBTO3MUCCUOHHbBIN CKaHMPYOLWKNN MUKpockon Zeiss Ultra Plus c
NPUCTaBKOM peHTreHoBCcKoro mmnkpoaHanusa INCA 350 Oxford Instruments (ocoban 6narogapHocTb
coTpyaHukamm MCMAH, YepHoronoska).

Processing option: All elements analysed (Normalised)

Spectrum C O Al T Cu
1 20.8 51.6 0.7 27.0

2 15.6 59.0 0.6 24.8

3 27.6 46.7 0.7 25.0

4 21.8 53.6 0.6 24.0

5 24.8 48.9 0.8 25.5

6 21.0 52.3 0.6 26.0

7 9.1 57.8 0.7 324

8 9.7 60.1 0.7 29.5

9 37.7 11.6 2.5 48.2
10 71.1 1.6 1.6 0.3 254
11 64.5 4.1 1.7 29.6
12 8.8 1.3 3.1 86.8
13 50.5 43 2.2 43.1
14 26.8 54 2.2 65.5
15 28.9 30.1 1.7 0.9 38.3
16 14.5 54,6 0.6 30.3

17 32.8 3.0 64.0 0.3

Max. 71.1 60.1 64.0 32.4 86.8
Min. 8.8 1.3 0.6 0.3 254 R R ; : %
All results in atomic% ' 200um ' Electron Image 1

Bonee cBeTable WAaPUKM MMEIOT HObLUIYIO NIOTHOCTb 3TO MeAb, TEMHbIE LWAPUKK — TUTaH. Pe3ynbTaTbl aHann3a ceefeHbl B Tabamuy,
nepsbIi ctonbel, cneBa — HoMepa WapuKoB Ha doTorpadun, crpaBa 06HAPYKEHHbIE 3NEMEHTbI M X NPOLLEHTHOE CoAepKaHume.
Cnepyet 06paTUTb BHUMaHMe, YTo Nepes, aHaM30M 06pa3LoB aIIOMUHUEBAA NOA/IOXKKA B KAMEpPE 3/1eKTPOHHOTO MUKPOCKONa
NPOTUPAETCA CNMPTOM, NO3TOMY B Npo6be N217 (Moa/ioxKKa) UMeeTcs Yrnepos, Kak OCTaToK OT cnnpTa B kKon-se 10-30%.



Hawun akcnepmMmeHTbl C NIPOTOTMNOM IHEProHmBbI. [MpogonkeHue.

O6Hapy*KeHHbI NPOLEHT COAEPKaHUA YI/iepoaa NPU aHaNn3e meaHbIX LapuKos
OKa3a/icsl 3HaYUTeIbHO Bbille, Yem NPU aHanM3e TUTaHOBbIX. BepoAaTHO, obpa3oBaHMe
Meau A0/MKHO BblI0 CONPOBOXKAaTbCA 06pa3oBaHMeEM U yrnepoaa. bosbluoe Kon-Bo
KMCN0POAa Ha TUTAHOBbLIX LUAPUKAX FTOBOPUT O MOKPbITUM UX TOHKOM OKUCHOM NAEHKOM
BO Bpems pa3psaaos..

HeobxoaAnMMOo NPpUHATL BO BHUMAHME, YTO NPOM3BOAMTCA TOYEYHbIA N MOBEPXHOCTHbIN
(rnybnHa NPOHUKHOBEHUA 3NEKTPOHHOIO /iyya B ob6pasel, ~ 1 MKM) aHanM3 nosTomy
pe3ynbTaTbl CUIbHO OT/IMYaloTCA OT obpasua K obpasuy.

[lanee npeacTasfeH ele oANH pe3y/bTaT 3IEMEHTHOTO aHan3a, B ApYyrom
reoMeTpmMYecKkom macluTabe npeacTaBieH HUXKe.

3pecb noa Ne2 naet aHanm3 aIIOMUHUEBOM NnoAN0XKKU KaMepbl MUKPOCKOTMA. bonee,
cBeT/ible Cd)epbl no-npexHemy mejb. TaK»e noBbllwWeHHOe cogepxaHne yrnepoaa
CBA3aHO C noABaeEHNEM MedMN.



Hawwn akcneprumeHTbl C NPOTOTUNOM IHEProHuUBsI. [poaoskerHme.

‘Spectrum ‘Instats. ‘C ‘O ‘AI ‘Ti ‘Cu
1 Yes  11.8153(62.99.0 L0 |
2 Yes 22931 740

3 Yes 83 59309 315

4 Yes |70 56.9 1.2 34.8

5 Yes  4273.6 31 | 50.6|
6 Yes 24955 (48 @ 64.8|
7 Yes  |10.0/53.8/0.6 [35.6

8 Yes 38849 33 s3.1| %
9 Yes 6.4 63.30.7 29.6

10 Yes 143149709 [35.1

11 Yes 57 60.70.7 [32.9

12 Yes 6.9 60.10.8 [32.1

13 Yes 3.6 59311 361

‘Max. \ 42.7 63.3 74.0 36.1 64.8 \ E

Min. | 3.6 31 06 90 10 | LS
' Tmm

Electron Image 1

[lanee npeacTasB/ieHbl 3N1eKTPOHHbIe doTorpadmm ¢ Nocaen0BaTe/IbHO YBETMUYMBAIOLLMMCA
paspeleHnem.



Hawm akcnepmmeHTbl C NMPOTOTUNOM IHEProHuBbI. [TpoaosikeHune.

[ToBEPXHOCTb TUTAHOBOM CPepPbI C PA3/IMYHbIM PA3PELUEHMNEM.

TR
WD=89mm EHT=2000KkV SignalA=AsE Date 30c12017 Time 1528.01 E WD= 89mm EHT=2000kV SignalA=AsB Date:3Oct2017 Time :15:40:02
Aperture Size = 60.00 ym ESBGridis= 701V MNoise Reduction = Line Int. Busy Aperture Size =60.00 ym  ESBGridis= 701V  Noise Reduction = Pixel Avg.

151 KX WD= 89mm EHT=20.00kV SignalA=SE2 Date:30ct2017 Time:15:41:56 WD= 88mm EHT=2000kV Signal nLens Date :30ct2017 Time :1
ILTRA PLUS-40-46 Aperture Size =60.00 pm  ESB Grid 701V Noise Reduction = Pixel Avg. Aperture Size = 80.00 ym  ESB Gri 701V Noise Reduction = Pixel Avg.




Haluu akcnepmmeHTbl € NPOTOTUNOM HEepProHmssbl. MpoaoakeHue.

[MoBepXHOCTb MeaHOW chepbl C PA3/IMYHbIM Pa3peLlEHNEM.

WD=89mm EHT=2000kV SignalA=SE2 Date:30ct2017 Time :15:50:08 . WD=88mm EHT=2000kV Signal A=lInLens Date:3Oct2017 Time :15:47:44
Aperture Size =60.00um  ESBGridis= 701V  Noise Reduction = Pixel Avg. Aperture Size =6000 ym  ESBGridis= 701V  Noise Reduction = Pixel Avg.




Hawwn akcneprumeHTbl C NPOTOTUNOM IHEProHuUBsI. [poaoskerHme.

MpoaABKa PEHTTEHOBCKMX NJIEHOK Aa/la UHTEPECHbIN pe3ynbTaT: 6bl/10 06HapyKeHOo
Ha/IMuMe MHOXKEeCTBa TPEKOB, NPENMYLLECTBEHHO ABOMHbIX. ONTUYECKoe yBennyeHme x45.




Hawun akcnepmMmeHTbl C NIPOTOTUNOM HEProHmBbl. NpogonkerHmne.

Moaaya HanpAXKEHUA Ha SNEKTPOAbI
He NPUBOAUT K HEMeANeHHOMY
npo6oto BOAAHOrO NPOMEIKYTKA;
BHa4yasie BO3HUKAKOT
BbICOKOYACTOTHbIE KonebaHus,
KOTOpPble MOTYT NPOAO/KATLCH
HECKO/IbKO MUKPOCEKYH,

KpacHbIN ny4 — Hanps»KeHue Ha
anekTpoaax 100B Ha KNETKY; }KeNTbin
nyd — 170K ~400A Ha KNeTKy.




Hawun akcnepmMmeHTbl C NIPOTOTUNOM HEProHmBbl. NpogonkerHmne.

ELLe HECKOIBKO OCUMNIOrPaAMM,
NOMIY4YEHHbIX C UCNONb30BaHNEM
pa3paga 3apaxeHHoro go 700B
KOHAeHcaTopa yepes TUPUCTOoP.
Takasa cxema no3sonaeT nogpobHo
PAacCMOTPETb HayanbHyo $asy
Npo60s BOASHOrO NPOMEKYTKA.
OTmeyeHbl CUbHbIE
BbICOKOYACTOTHble KonebaHua u
BO3pacCTaHME HaNpPAXKEHMA Ha
aneKTpoaax 6onble Ha4yaNnbHOro.

@< .002BW- 0.00div

KpacHbIN ny4 — HanpsaXKeHue Ha
anekTpoaax 200B Ha KNETKY; }KeNTbii
nyd — ToK ~400A Ha KNneTKy.

M:500ns

0.00ddiw



Hawun akcnepmMmeHTbl C NIPOTOTUNOM HEProHmBbl. NpogonkerHmne.

Ewle ogHa MHTepecHas ocuMnnorpamma. dNeKTPoAbl — LMPKOHUN.
KpacHbI nyy — Hanps»KeHue Ha anekTpogax 200B Ha KNeTKy; XKentbi iyd — ToK ~400A Ha
KneTKy. HayasibHOe HanpAXeHue pa3pAaaHOro KoHgeHcatopa— 7208B.

£.51926Hz |
2248

@4 .002EW- 0.00div



JHeproHunBea, BoiBoabl U lNepcneKTmBsbl.

I'Ipou,ecc 3HepI'OHI/IBa ABNAETCA CZI0OXKHbIM XI/IN\I/IKO-d)M3I/NeCKMN\ npoueccom,

Mo-BuaMmomy, B OCHOBE NMpoLecca nexaT HU3KOIHEPTreTUYECKME IK30AAEPHbIE
peakuumn, pe3oHaHCHbIe YC/I0BUA A8 KOTOPbIX 06ecnevynBatoTca KOMMNIEKCOM PU3UKO-
XMMMYECKMX GaKTOPOB M NPaBMIbHO OPraHM30BaHHOM cxemoln BY Bo36yxKaeHUA,
CTabmansaumm u Cbema sHeprum;

[ina n3yyeHuma npouecca HeobxoamMm Habop CTaTUCTMKKU U TWATE/IbHOE U3yUYeHMe BCeX
$aKTOPOB BINAHUSA, KpaliHe Ba*KHO pa3obpaTtbcs ¢ NPMPOAON U CBOMCTBAMM
«CTPaHHOro» U3/IyYeHUs;

Mpouecc dHeproHnBa Mo*KeT bbiTb 3G PEKTUBHO UCNONb30BaH ANA Ae3aKTUBaLLUK
PaZiIMOAKTMUBHbIX OTXOA0B;

Mpouecc dHeproHnsa obecneymsaeT NpsAMoe npeobpasoBaHNe 3HEPrun,
3aK/1H0YEHHOM B BELLLECTBE, B 3/IeKTPUYECTBO;

Ha cerogHAaWHMIM AeHb NPOLLECC U YCTPOMUCTBO JHEProHMBa ABAAIOTCA OAHUM U3
Hanbonee NnepcnekTUBHbLIX METOA0B U YCTPOMUCTB ANA NOJIYyYEHUA aNbTEPHATUBHOM
3Heprum B AnanasoHe a0 100 KBT, 0CO6EHHO Ha Ha3eMHOM U BO3A4YLIHOM TPAHCMNOPTE;

N3yuyeHune npolecca DHEProHMBa NOMOMKET pa3obpaTtbesa B pU3NKe APYroro
MHTEPECHOro NPUPOAHOTO AB/IEHUS — LLAPOBON MONHUM.,
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[lpnnoxkeHune. [NpennoxeHne NoO NpoBepKe rmnoTesbl BANAHUA
ABOWMHMKOBbLIX rpaHunu, B LENR npoueccax.

PaccmoTtpum ABOMHUKOBYHO rpaHuuy (Ar) kKak
3NEeKTPOXMMUYECKYHO AYENKY

Al | BN




[MpunoxxeHue. [NpennoxeHne no NpoBepKe rmnoTesbl BAUAHUA
NBONHMKOBbIX rpaHny, B LENR npoueccax.

Toraa noteHuuanbl B il cOCTaBNAIOT:

1. AU(H+-L+)=0-3,045B =-3,045B

2. AU(ni+-Li+)=0,234B —-3,045B=-2,8B

3. AU(ni+-a+)=0,234B-1,070B=-0,8B

4. AU(a+-Li+)=1,070B—-3,045B =- 2B

5. AU(Ni+ - H+) = =-0,2348B

CJ'IE'EI,OBaTeanO, cCaMmblie CUJ/IbHbIe NONA OGpBBVI'OT:
H - Li a, HanpaXeHHocTb nonew (E) B8 Ar-
Nj - Li 28
E=AU/Lar

E=3/2.101°=1,5.101YB/m




[MpunoxxeHue. [NpennoxeHne no NpoBepKe rmnoTesbl BAUAHUA
ABOoMHMKoBbIX rpaHny, B LENR npoueccax.

He yyteHHOe€ B npouecce:

1. Tennosasa sHeprua (KT) npu 573 K ana (e) 8 A — E=10° B/m,
YTO TaK)Ke He YA 0B/NeTBOpPAeT YCA0BMAM MIOOHHOrO CUHTe3a.

2. DHeprmna camoum rpaHuubl A= ?, Ho oHa ecTb U, No-
BMAMMOMY, TaKXe HeaocTaTouHa.

OTmeTUM, uyTO BCce 3T oueHKM (E) caenaHbl ans
cTallMOHapHOro npouecca.
[JononHuTenbHbIN BKNag aaet
PESOHAHC.

Bo3HMKHOBeHMe KonebaTenbHOro npouecca B
ABolHMKoBoM rpaHuye (Ar) c yacrotoi
v="10°Ty =~ 1My

nozB0OJIAET, B HPEACTBBHEHHOFI moaenun, rmnnoTeTu4ecCKu
Ppean3oBaTtb 3TOT npouecc.



[MpunoxxeHue. [NpennoxeHne no NpoBepKe rmnoTesbl BAUAHUA
NBONHMKOBbIX rpaHny, B LENR npoueccax.

Co3pgaHue Al B Kpuctanne Ni.

Haknen Kpucranna Nopowok Ni

Ana nopowka Ni 1-10MKm

npu Hann4um 1-on Al 8
3epHe SMKM MX Ko-BO

o cocTasuT gna 50r Ni
Haknenom (HarapToBKa) a

BO3MOHO MONY4YUTb Nar = 10'* 1/cm ke.
nAoTHocTb A Torpa 8 1-oi AT AONKHO
Nar =106 - 107 1/cm KB. 6biTb 1000 B3./C

Torpa B8 1-om A A0O/MXKHO

6biTb 1 - 10 MAH B3./C

Apyrmm, COBpeMeHHbIM M MNepcrnekTUBHbIM MeTo40M co3aaHumA [l B meTanne AsnAaeTca
ncnosb3oBaHne metoga 3D nedaTn, NpPU KOTOPOM HacTULbI MOPOLLKA CMEeKaTCA B C/INTOK
C nomoLbto nasepa. [pr 3TOM BO3MOXKHA KOMNO3ULUMA UX HECKONIbKUX MeTaN/10B C
CUIbHO OTIMYAKOLWMMUCA TemnepaTypamm naasneHus.



[lpnnoxkeHune. [NpegnoxeHne No NPoBepKe rmnoTesbl BANAHUA
ABOWMHMKOBbLIX rpaHunu, B LENR npoueccax.

Y10 NnpeanaraeTcs: NCNOAb30BaTb NPOCTYIO YCTAHOBKY T/IEIOLLLErO Pa3psaa, BbIMOJHEHHYIO U3 BYX
KOaKCMa/IbHO Pacno/IoXKeHHbIX KBapLLeBbIX TPYOOK. Bbiaensioleeca Ten/io OTBOAUTCA BOAOU U ee
KON1-BO U3MEPAETCA NO Pa3HOCTU TeMnepaTyp A0 U Nocae 3KCNePUMEHTA.



[MpunoxxeHue. [NpennoxeHne no NpoBepKe rmnoTesbl BAUAHUA
ABOoMHMKoBbIX rpaHny, B LENR npoueccax.

TuTaHoBble anekTpoabl 1 Thetowmin BY (330 Kly) paspag, B gentepun (P=0,1 atm).



[lpunoxXeHue. [NpegnoxkeHme No nposepKe rmnoTesbl BANAHUA
NBOMHMKOBBIX rpaHnuy, B LENR npoueccax.

Tabnetku ns rmgpuaa TutaHa v Tnewowmin BY (330 k) paspag s aentepun (P=0,1 atm).



[MpunoxxeHue. [NpennoxeHne no NpoBepKe rmnoTesbl BAUAHUA
NBONHMKOBbIX rpaHny, B LENR npoueccax.

Num Date Gas Press, atm Imp fr, Hz J dc max,\  Tini. T final. DeltaT Waterkg Eout,k] AEW-:h P work Pidle P pump Duration Ein, kJ COP,% Comments
Calibration of The Reactor, Neon transformer, 6n8 capacitor and inductor small Tesla coil in series
1 11.07.2016 10Ar90D2 0,60 1100,00 6000,00 25,80 29,10 3,30 5,00 69,14 165,00 29,00 30,00 660,00 109,56 63,10 6n8 capacitor
2 11.07.2016 10Ar90D2 0,30 1300,00 4000,00 24,00 26,30 2,30 5,10 49,15 110,00 29,00 30,00 600,00 66,60 73,80
3 11.07.2016 100%D2 0,30 1100,00 4000,00 26,90 28,80 1,90 5,10 40,60 100,00 29,00 30,00 600,00 60,60 67,00
4 11.07.2016  100%D2 0,30 100,00  4000,00 24,00 26,10 2,10 5,00 44,00 120,00 29,00 30,00 600,00 72,60 60,60 0,1uF capacitor
Replace setup, BDSR_5 without resonant capacitor only inductor in series
1 11.07.2016 100%D2 030  333kHz 250,00 24,00 37,00 13,00 5,00 272,35 629,00 75,00 30,00 600,00 350,40 = 77,73
2 11.07.2016 100%D2 0,10 333kHz 250,00 27,10 38,20 11,10 5,00 232,55 536,00 75,00 30,00 600,00 294,60 78,94
1 12.07.2016 100%H2 0,10 333kHz 250,00 29,10 40,00 10,90 5,00 228,36 536,00 70,00 30,00 600,00 297,60 76,73  Ni+H2 sorbtion before this exper
New experiments with Titatiun Hydrides and Glow Discharges
1 12.07.2016 100%D2 0,10 333kHz 250,00 25,10 31,00 5,90 5,00 123,61 37,00 12,00 30,00 600,00 144,00 85,84 TiH2 two tablets at ends of the e
1 14.07.2016 100%D2 0,10 333kHz 250,00 23,10 31,10 8,00 5,00 167,60 59,00 18,00 30,00 600,00 205,20 81,68 Tirods both side
2 14.07.2016 3Air97D2 0,10 333kHz 250,00 24,60 33,00 8,40 5,00 175,98 58,00 17,00 30,00 600,00 216,60 81,25 Continuous mode
3 14.07.2016 3Air97D2 0,10  334kHz 290,00 26,00 31,20 5,20 5,00 108,94 38,00 16,00 30,00 600,00 14520 | 75,03 Pulse mode, Q=2, T=10sec
4  14.07.2016 3Air97D2 0,03 334,00 200,00 25,00 31,10 6,10 5,00 127,80 44,00 15,00 30,00 600,00 167,40 76,34 Continuous mode
0,00 0,00 0,00 '#,CI,E!'I/O!
0,00 0,00 000 [#nen/o!
Transformer replace on BDSR5. Resonant frequency 333kHz
6 06.07.2016 20He80D2 0,50 333,00 100,00 27,90 35,50 7,60 5,00 159,22 433,00 74,00 30,00 600,00 233,40 68,22
7 20He80D2 0,50 333,00 150,00 27,60 38,50 10,90 5,00 228,36 550,00 74,00 30,00 600,00 303,60 75,22
8 20He80D2 0,50 333,00 200,00 28,10 41,20 13,10 5,00 274,45 660,00 75,00 30,00 600,00 369,00 = 74,38
1 08.08.2016  100%Ar 0,10 333,00 200,00 27,20 31,10 3,90 5,00 81,71 235,00 72,00 30,00 600,00 115,80 70,56  Argon calibration, arc discharge
2 10Ar90D2 0,10 333,00 200,00 24,50 31,40 6,90 5,00 144,56 351,00 70,00 30,00 600,00 186,60 77,47  All experiments were
3 5Ar95D2 0,20 333,00 200,00 24,90 33,20 8,30 5,00 173,89 42800 70,00 30,00 600,00 232,80 = 7469 conducted w/o resonant
4 5Ar95D2 0,10 333,00 300,00 25,60 37,00 11,40 5,00 238,83 567,00 70,00 30,00 600,00 316,20 75,53 capacitor

Ta6nv1u,a C pe3ysbTaTamMu NCNbITAHNN HUKENEBbIX AN1EeKTPOoa0B U TabneTKoK u3 rmapuvaa TUTaHa.



Cnacubo 3a
BHUMaHUe



