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CTI/IJII: WHCTUTYTa 3aK/II0YAETCA B TOM,
« 4YTOGbI, CEpbE3HO 3aHUMAsICh QyHAA-
MEHTAJIbHOM HayKOH, I/Iy60KO MPOHUKAs

B CYTb IBJIEHUH, JOBOAUTD CBOU HayYHble
pa3paboTKH [j0 KAKOT0-TO KOHEYHOT'O IPO-
JIYKTA, 10 IPAaKTUYECKOT0 PE3yJIbTaTa ...

.. ¥ Hac B UHCTUTyTe co3/laHa mpeKpacHasi
TBOpYecKasi aTMocdepa, Mbl [IOAIePIKHUBa-
eM Z106pble ApyKecKre OTHouleHUsA. OHU
TOBapHILECKUE, HO JOCTATOYHO IIPUHIU-
HUaabHble. ITO COBEPLIEHHO HEOOXOJHUMO,
KOT/Ia JIJU IeJIal0T BMECTE OJHO 00Liee

.. Te cce0BaHUs, KOTOpPble MbI IPOBO-
UM, UMEIOT NpeKpacHble NepPClneKTUBBIL.

Institute's Style implies, being
N

science and penetrating deeply into
the essence of phenomena, to bring

product, to a practical result ...

... There is a wonderful creative
good friendships. The relations are

absolutely necessary when people

TA. Mecnu., aKapeMUK make common cause ...
Ieno ... HayuHbIi pykoBOAUTEND
Avpektop (1986-2004 rr.)

OHM HalyT IWKpOYaiilliee IpUMeHEHNE B Director (1986-2004) mineralogy, environmental science,

MeJHUIlMHe, B MUHEPAJIOT WU, B 3KOJIOTHH,
B IPOMBILLJIEHHOCTH. ¥ Hauero MHcTuTyTa npe-
KpacHoe Gyxyuiee. C 3TUM 51 HO3PaBJIsAI0 BCEX CBOUX
KoJuier! ..»

and industry. Our Institute has a

brilliant future. With that, I congratulate all my

colleagues! ..»

seriously engaged in fundamental

research and development to a final

atmosphere at the Institute; we enjoy

friendly, but quite consistent. This is

.. The studies that we carry out have
excellent prospects. Their results will

G.A. Mesyats, Academician : . T £ .
Chief Science Officer find wide application in medicine,

CocraB UHcTuTyTa:

B HacTosiwee Bpems B UHcTUTYTe paboTtaer 219
yenoBeK. U3 HuX HayuHbIX coTpyaAHMKOB 104 yenoBeka.
HayuHble Kaapbl BKAKOYaIOT 3 akapeMuKa, 6 YAEHOB-KOp-
PecnoHAEHTOB, 17 AOKTOPOB Hayk, 35 KAaHAMAQTOB HayK.

OCHOBHbI€ HanpaBAEHWA HayYHO| AEATEAbHOCTH
WUHcTuTyTa:

1.  MeToAbl reHepaLui MOLLHbIX NOTOKOB
KOPNYCKYAIPHOTO U SAEKTPOMArHUTHOTO U3AYUEHHS

®u3nKa BbICOKUX NNOTHOCTEN IHEPTUM
MpobAeMbI UMNYALCHO SHEPTeTUKU
Na3epHas dusuka

HeAuHelHas onTuka

(ha3oBble nepexoabl U INEKTPOAUHAMUYECKHUE
npoueccbl B KOHAEHCUPOBaHHbLIX CpeAax

o0k wN

Institute’s staff:

Currently, 219 employees, including 104
researchers, work at the Institute. Scientific
personnel include 3 academicians, 6 corresponding
members, 17 doctors of science, and 35 candidates
of science.

Key research areas:

1. Generation of high-power particle and
electromagnetic radiation flows

High energy density physics
Pulse power

Laser physics

Nonlinear optics

Phase transitions and electrodynamical
phenomena in condensed media

ook wN

COOpHHUKE COOpaHbI pa3paboTKU

UHCTUTYTA 3/1eKTPOPUIUKH, TIPE]-
CTaBJISIOLIME HHTEPEC [JIs AaJIbHEHIIIETO
HX MPOJBUKEHHSI B TEXHOJIOTHYECKHE U
MPOU3BO/CTBEHHBIE Mpolecchl. Co3aH-
Hble HaMH MPUGOPBI, UCIOJIB3YIOIHE CHITh-
HbI€ 3JIEKTPpUYEeCKHEe U MarHUTHBIE I10J14,
MOIIHbIE 3JIEKTPOHHBIE U HOHHbIE MYYKH,
Ype3BbIYaiiHO KOPOTKHE UMITY/IbCHbIE
MPOILIECCHI, B IEPBYIO 04Yepe/ib sIBJISIOTCS
YHHUKaJbHbIMH HHCTPYMEHTAMH AJisi GyH-
JlaMeHTaJIbHbIX HayYHbIX UCCIeJ0BaHUH. B

his booklet is a collection of the
pilot projects developed at the
Institute of Electrophysics that are
of interest as candidates for use in
technologies and production processes.
The devices depend for their operation
on strong electric and magnetic
fields, high-power electron and ion
beams, and extremely fast pulsed
phenomena. Therefore, they are, first
of all, unique tools for basic research.
At the same time, the many year’s

TO 3Ke BpeMsl, HAKOILJIEHHbIH [O[aMU OTbIT C.A. YaiikoBcKui experience in research, engineering
Hay4YHOH PabOThl, TEXHUYECKHX JOCTHKE- Avpextop achievements, and cooperation with
HUH U KOOTEepaLyH C APYTMMHU OpraHH3a- S.A. Chaikovsky other institutions allow the Institute’s

LUSAMU [03BOJISIET [IPe/JIaraTh BHeApEHUe Director

HalllKX pa3paboTOK B BBICOKOTEXHOJIOTU-
YyeCKHe OTPac/y NPOMbILIJIEHHOCTH, CeJIbCKOe X03WCTBO
U MeJIUIUHY.

[IpeBanupyromas 4acTb pa3paboTOK SIBJISETCS pe3yJib-
TAaTOM MHOTOJIETHUX Cl)yH,ELaMeHTaJIbeIX HCCJIeL[OBaHHﬁ.
B Takux pa6oTax CKpymyJie3HO U3y4aluCh CBOMCTBA
KaXk/I0T0 TPOIIeCCa, BLISBJISJICSA CMBICT M HA3HAYEHHe
Kaxzoro 3pdeKTa, KaK0H AeTalH, JaXKe CaMOU MeJKOH.
W CTHHHO BOCXULIAET BJOXHOBEHHOCTh YY€HBIX, COTPY/-
HHUKOB MHCTUTYTA 3/1eKTPOOU3UKH, CBOEH KPOIIOTINBON
paboToM, APKUMH UIeSIMHU, YHUKAJbHBIMUA Pa3paboTKaMHu
JIOCTOMHO HECYIUX JIyYLINe TPAJAUIUU OTe4eCTBEHHOU
Hayxku.

B slornvecko Lenovke «ujest — pa3paboTka — IPOAYKT»
nepBOOYEepeHYIO POJIb UTPaeT paboTa HayYHbIX COTPY/-
HUKOB, HO He MeHee Ba)KHa U pOJIb OPraHU3aluy peaslb-
HOTO0 NPOU3BOAUTEJIS, CHOCOOHOIO JOBECTH PAa3paboTKy
JI0 TEXHOJIOTHUH UJIM NIPOAYKTA, Ka4eCTBEHHO BOCIPOMU3Be-
CTH 3aJI0)KeHHbIe B pa3paboTKy ujeu. Ha Bceit HermpocToit
JlIOpOTe OT HUJIEU JI0 TPOJYKTA 3aUHTEPECOBAHHOCTD TOCY-
JlapcTBa ¥ KOHKPETHOI'0 MOTPe6UTeJIA - ONpe/esaolui
daxTop, JaoLiuil HAyYHOMY HOBILECTBY NTPaBO Ha *KU3Hb.

JlocToiiHOr0 BaM Iy TH, HalIX pa3paboTKu!

developers to propose the pilot devices
for implementation in high-technology
sectors of industry, agriculture, and medicine.

Most of the pilot devices have been developed due
to basic research of many years. In the underlying
studies, every relevant phenomenon was
rigorously investigated. In addition, the features
and function of every effect and of every, even the
smallest detail were elucidated. The enthusiasm
of the Institute’s scientists and engineers, who
honorably carry on the best traditions of Russian
Science due to their meticulous work, brilliant
ideas, and unique engineering solutions, is really
admirable.

In the idea-development-product scheme, the
work of researchers is of primary importance.
However, the role of a manufacturer able to
embody the ideas underlying a pilot project to a
technology or a product is equally important. The
core drivers of an innovation on the hard way from
an idea to a product are state and user interests.

I hope and believe that all our research and
development solutions will be successfully
implemented in practice.



2016 ropy UHCTUTYTY 3/1eKTpOdU-

3uku YpO PAH ucnosnsercsa 30 set.
EfMHCTBEHHBIN B YpabCKOM perMoHe
WHCTUTYT TaKoro npodusisi 6611 co34aH
akageMmukoM [LA.MecsieM, YTOGBI pacLIn-
PUTB 06/1aCThb UCCIE0BaHUM YPaTbCKOTrO
otaesneHus Akagemuu Hayk CCCP.

HeGos1b110# KOJIIEKTUB yYEHBIX Pa3HbIX
CleLUabHOCTEHN, MECTHBIX U IPUEIKHUX,
MOJIOZBIX U y2Ke OTBITHBIX, COGpaJICcs BMe-
CTe, YTOOBI CO3/1aTb HHCTUTYT, HEMTOXOXKHH
He TOJIbKO 110 TEMaTHKE, HO U [0 CBOeH

n 2016, the Institute of

Electrophysics of the Ural Branch of
the Russian Academy of Sciences turns
30 years old. The only institute of the
profile in the Ural region was created
by Academician G.A. Mesyats to expand
the field of research of the Ural Branch
of the USSR Academy of Sciences.

A small team of young and experienced
scientists with varied specialties, locals
and visitors, came together to create an

B.I. LLInak, un.-kopp. PAH institute distinct in research mix and

opraHusanyi. [leficTBUTe/IbHO, U Ipodub,  Aupektop (2004-2015 rr.) organization. Indeed, the Institute of

Y OpraHu3salus uccaefoBaHui B UHCTUTY-
Te 3/71eKTPOPU3UKU 3aMETHO OTJIMYAETCS
JlaXKe OT COCEJHUX aKaJJIEMHUUECKUX UHCTH-
TyTOB. [I[pUYMHOMN TOMY NOCAYXHJIA JOBOJBHO MOJIO/AS
06J1aCTh HayKH — 3JIEKTPOPU3HKA, KOTOpasi MEHEE YeEM

3a [0JIBEKA CTaJ1a OHOW U3 OCHOB U COJIM/IHOM YaCThIO
CUJIbHOTOYHOH 3HepreTHKU. MolHbIE JIa3ephbl, PEHT-
reHOBCKasl TeXHHKa, MUKPOBOJIHBI CTAJIM HE TOJIBKO
06'BEKTOM HCCJIeJ0BAaHUS 3TOM HAyKH, HO ¥ 06ecrieynin
ux nporpecc. KopoTkre UMITy/1bChI TO3BOJIM/IH AOCTUYD
TUTAaHTCKUX YPOBHEH MOLIHOCTEH, YTO OTKPBLIO LIHPO-
KHe BO3MOXXHOCTH He TOJIBKO JJIs1 UCCJIeJOBaHUH, HO U
CO3/JaHUS NPUHIUIINAIBHO HOBBIX MaTEPHA/IOB U MOKPbI-
TUH, YHUKAJIbHBIX IPUGOPOB U IIe/IbIX TEXHOJIO0THH.

V'G'Dsi:]eﬁlg} Té\g(;:ﬂrégfgber this even from neighboring academic

Electrophysics is markedly different in

institutions. The reason is that
Electrophysics, quite a young field of science, has
become one of the foundations and a considerable
part of Pulse Power within less than half a century.
Production of high-power laser radiation, X-rays,
and microwaves not only has been a matter for
scientific enquiry, but also has provided the progress
in the relevant technologies. Short pulses have
led to gigantic levels of power, having opened up
opportunities not only for research but also for
the creation of fundamentally new materials and
coatings, unique devices, and novel technologies.

CnemyeT OTMETHTD, YTO CO3JiaHME U Pa3BUTHE
WHCTUTYTa NPUILIJIOCh HA KpaliHe CI0XKHBIN NepUoz.
WHcTuTtyT 66111 0cHOBaH enje B CCCP, poc, cTponsics

Y pasBuBasics B 90-e rofpl. B HbIHeNIHEeH cuTyanuu
MHCTUTYTaM NOA06HOr0 NPOQUIIS MPUXOJUTCS TOXKE
HeJierKo. [J1TaBHast 0C06EeHHOCTD ero paboThl 3aKJII0-
YaeTcsl B YHUKAJbHOCTH NPUOOPHOH 6a3bl, 3HAYU-
TeJIbHas YaCTb KOTOPOH 6Gbli1a CO3JaHa U IPOJ0KaeT
C03/1aBaThCsl CAMOCTOSITEJIbHO, Be/lb 1006HbIE
NMpUGOpLI He NPOU3BOAATCS HUTAEe B MUpe. K ToMy ke
3TO UMeeT CMBbICJI TOJIbKO PU UCI0/Ib30BaHUU CaMOM
COBpEMEHHOMW PerucTpUpyollel U U3MepuTeSbHON
anmnapaTypsl, KOTopasi HUKOI/ja B Halllel cTpaHe He
BblNycKalacb. HeCOMHEHHO, YTO IPY 3TOM HE06X0Au-
Ma BbICOKas KBaJMUKaLHUA HAYYHBIX COTPYAHUKOB
Y MH)XXeHePOoB, a TaK)Ke BO3MOXKHOCTH /151 pa3pa-
6O0TKHU U U3TOTOBJIEHUA JeTasel U y3/0B. [l1s aToro
B MHCTUTYTE €CTb BO3MOXHOCTH U B pe3y/ibTaTe
CO3/jaHHbIe TPUOBOPHI ¥ TEXHOJIOTUH YCIEIHO pabo-
TalOT B BeyIIUX HAyYHBIX LeHTPaxX U yHUBEePCUTeTaxX
15 crpan - ot llIBenuu 1o ABcTpasuy, ot CIIA fo
Anonuu.

B aToM r06usieiiHOM GyKJieTe cO6paHbI CBeIeHHS O
HauboJiee aKTyaJbHbIX UCC/IELOBAHUSX U pa3paboT-
Kax, KOTOPbIMH 6bLJI 3aHAT KOJIJIEKTUB UHCTUTYTA B
HOC/IeJHYE TOABI.

It should be noted that the Institute was created
and developed in an extremely difficult period. The
Institute was founded in the USSR; it was built and
developed in the 90s. In the current situation, the
institutions of this profile also have a hard time.
The main feature of the Institute’s work lies in the
uniqueness of its instrument base, much of which
was created and is being created on its own, because
the relevant devices are not produced anywhere

in the world. In addition, to perform research in
Pulse Power makes sense only when using the most
advanced recording and measuring equipment,
which was never produced in our country. There

is no doubt that there are the needs for highly
qualified scientists and engineers and a base for
developing and manufacturing equipment parts
and assemblies. The Institute has the possibilities
for this, and as a result, the novel devices and
technologies are being successfully operated in
leading research centers and universities of 15
countries: from Sweden to Australia and from the
USA to Japan.

This jubilee booklet contains information about the
most up-to-date research and development work
in which the Institute’s staff has been engaged in
recent years.




YneH-kopp. PAH B.I. lLWnak (V.G. Shpak, RAS Corr. Member)
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HCTOUHHKHY NMKOCE

B3aBI/ICI/IMOCTI/I OT MOMEHTa BOBHUKHOBEHHUA 3IMHUC-
cuu yberarouiyx 3jieKTpoHoB (Y3) Ha HapacTa-
olieM QpOHTe YyCKOPSAIOLEro Hanpsi>KeHUsl 3HepTUs
YaCTHUI, 332 aHOJ,OM MOXKET COCTABJIATD OT JeCATKOB
Jl0 COTEH KUJI03JIEKTPOHBOJIbT. TUIMYHAA ATUTENb-
HOCTb UMITYJIbCOB YCKOPEHHBIX YaCTHUL, C TOKOM /10
JEeCATKOB aMIIep JIEXKUT B iMana3oHe BIJIOTh A0 40
nc npu ¢poHTe HapactaHus 20-30 nc. Takue yabTpa-
KOpPOTKHe NIOTOKHU 3apsXKeHHbIX YaCTHUL] ABJSIOTCSA
YHHUKaJIbHBIM UHCTPYMEHTOM /11 UHUIIUMPOBAHUSA
Pa3psAHBIX IPOLECCOB B ra30BbIX 3/1€KTPOJHBIX
NpOMeXyTKax U U3y4eHus Ipo6oeB C yyacTueM
JlaBUH Y 3. [IpeAcTaBAAIOT UHTEpPEC UCCIeJOBaHUE
MPOLLECCOB BO30YK/AEHUS KaTO0JTIOMUHECIIEHI[UU
JU3JIEKTPUKOB (B YaCTHOCTH, MUHEPAJIOB) U MOJIY-
MPOBOJAHHUKOBBIX JIazepHbIX MUILIeHel. KopoTkue
BCIIBIIKY TOPMO3HOTO PEHTT€HOBCKOT0 UJIH ONTH-
YeCKOT0 U3JIyYeHUH — BaXXHbIM UHCTPYMEHT AJI
KaJIM6POBOYHBIX U3MePEHUH BpeMEHHOI'0 OTKJIMKA
CIMHTHJLIITOPOB U JJIOMHUHOGOPOB.

MaTeHTbl, aBTOPCKHE CBMAETEAbCTBA, NyOAHKALUH

)SECOND ELECTRON BEAM SOURCES
BASED ON GAS DIODES

D epending on the onset time of runaway
electrons (RE) emission within the
accelerating voltage rise time, the energy

of the particles at the anode can range from
tens to hundreds keV. The typical pulse
duration for the accelerated particles that
carry a current of tens of amperes ranges up
to 40 ps with rise time of 20-30 ps. These
ultra-short flows of accelerated particles

can be utilized as efficient triggers of
discharge processes in gas-filled gaps and

as a unique tool in RE avalanche breakdown
studies. It is of interest to investigate the
ultra-short electron pulse excitation of
cathodoluminescence of insulators (e.g.,
minerals) and semiconductor laser targets.
Short flashes of X rays or optical radiation
can be used as an efficient tool for calibration
measurements of response times of
scintillators and phosphors.

1. Picosecond runaway electron beams in air / G.A. Mesyats, M.I. Yalandin, A.G. Reutova, K.A. Sharypov, V.G. Shpak,
S.A. Shunailov // Plasma Phys. Rep. - 2012. - Vol. 38, N 1. - P. 29-45.

2. Observation of the Avalanche of Runaway Electrons in Air in a Stroré%Electric Field / A.V. Gurevich, G.A.

Mesyats, K.P. Zybin, M.1. Yalandin, A.G. Reutova, V.G. Shpak, and S.A.

109.-P.085002.

unailov // Phys. Rev. Lett. - 2012. - Vol.

3. Control and Stabilization of Runaway Electron Emission at the Delay Stage of Pulsed Breakdown in an
Overvolted Atmospheric Gap / G.A. Mesyats, A.G. Sadykova, S.A. Shunailov, V.G. Shpak, and M.I. Yalandin // IEEE

Trans. Plasma Sci. - 2013. - Vol. 41, N 10. - P. 2863-2870.
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HAYYHbIE PA3PABOTKA

log paspabotkmn 2008—2015

Pﬂq IPOBeJIeHHbIX MCCJIeJOBAaHUH HENPEPbIBHOTO
YCKOpPEeHMs1 3/7IEKTPOHOB B ra30BbIX IPOMEXYTKaxX
C PE3KO HEOZHOPOHBIM 10JIEM NTPUBEJI K CO3JaHUI0
YCTPOUCTB, ClleliHabHO GOPMUPYIOLINX THUKOCe-
KyHZAHBIe IOTOKU Y. XapaKkTepHas AJUTEJbHOCTb
MMOTOKA YaCTHI] MOXKET ObITh Ha YPOBHE JIeCITKOB
MUKOCEKYH/I. MaKcMMaJibHble 3HEPTHUU 371EKTPOHOB

B IIOTOKE COOTBETCTBYIOT BEJTUUUHAM, JOCTUTHYTHIM
IPU YCKOPEHHHU YaCTHUL, B HECTALLMOHAPHOM 3JIEKTPU-
YyecKoM I1oJ1e, B6JIM3U KaToja. Bapuanuusa ycunenus
110J151 B IPUKATOJHOM 06J1aCTH 103BOJISI€T YIPABJIATh
MOMEHTOM 3MHUCCHH (T.e. SHEeprUuel) yoeranuyx
3JIEKTPOHOB U CTaGU/IM3UPOBAThb €ro C TOYHOCTHIO B
e/JMHULbI TUKOCEKYH[I.

MNcTouHMK Y3 ¢ sHepruen vactuy,
~500 keV Ha ocHoBe annapaTa
PALAH-303

RADAN-303 based RE source with
a particle energy of ~500 keV on
the basis of RADAN-303

Aseries of studies of the continuous
acceleration of electrons in gas gaps
with strongly nonuniform fields gave birth
to devices generating picosecond RE flows.
The typical duration of the flow can be
some tens of picoseconds. The highest
electron energies in the flow approach the
energies of particles accelerated near the
cathode, in a nonstationary electric field.
By varying the degree of field enhancement
in the cathode region, one can control the
onset time of RE emission (hence, the RE
electron energy) and stabilize it to within a
few picoseconds.

Annapat PAJAH-IKCMEPT
C ra3oBbiM Anoaom (1) — MCTOYHUKOM
Y3 c aHepruen vactuuy, ~150 keV

RADAN-EXPERT apparatus with a gas

diode (1) as a source of ~150-keV
runaway electrons

MHCTUTYT SAEKTPOPUN3NKN YPO PAH
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MHOTORAHANbHbIE TEHEPATOPDI

CUHDASHLIX MUKPOBONHOBDLIXK UMNVIIbCOB

bLJIO 06HApPY>KEHO, YTO MUKOCEKyH/Hasl CTa-

OUJIbHOCTb B3PbIBHOU 3JIEKTPOHHOM 3MUCCUU
KaTo/ia ¥ COOTBETCTBYIOLAsl PUBSI3KA UHU-
[AUPYIOILET0 3J1eKTPOMarHMTHOTO CUTHAJIA K
GPOHTY CUIBHOTOYHOTO NMy4ykKa pUKcUpYIOT dasy
asiekTpoHHOro CBY aBTOreHepaTopa, 4YTO ABJIAETCSA
JlOCTaTOYHbIM YCI0BHEM /1J151 yIIpaBJIeHNs pa3u-
POBKOM MHOT'OKaHaJIbHOTO reHepaTopa. Mcinbl-
TaHbl CHHAa3HbIEe [IByX- U YETbIPpEXKAHAbHbIE
CUCTEMBI, COCTaBJIeHHbIe U3 CyOHAHOCEKYH/IHbIX
PeNATUBUCTCKUX JIaMIl 06paTHOU BosHEI (JIOB)
auanasoHa 38 GHz, pa6oTaBIuX B peKUMe CBepX-
u3JyyeHus. KorepeHTHOe CyMMUpPOBaHUeE NoJiel
reHepaTopoOB MIPUBEJIO K KBaZipaTUYHOMY yBeJinye-
HUIO IIJIOTHOCTH NMOTOKA MOLIHOCTH B MaKCHUMyMe
JHWarpaMMbl HallPaBJeHHOCTH, a CYMMHPOBaHHe
MoOIHOCTH KU3aydeHus JIOB Ha cABUHYTHIX 4acTo-
Tax JleJlaeT peaJbHbIM CBEPXObICTpOe CKAaHUPOBa-
HUe JuarpaMMbl HallpaBJeHHOCTH U3JIyYeHHUsl.

MaTeHTbl, aBTOPCKHE CBMAETEAbCTBA, NyOAHKALMH

t was found that picosecond-jitter explosive

electron emission and a picosecond time
delay between the trigger electromagnetic
signal and the front of the high-current
beam provide phase locking in a microwave
oscillator. This suffices to control the phasing
of a multichannel oscillator. In-phase two-
and four-channel systems composed of
38-GHz subnanosecond relativistic backwave
oscillators (BWO) operated in a superradiance
mode have been tested. Coherent summation
of the electric fields of the oscillators
quadratically increased the power flux density
at the interference maximum of the pattern.
The summation of the radiation powers of
quasi-stationary wave beams of nanosecond
BWOs at shifted frequencies is promising for
ultra-fast scanning of the beam within a single
pulse.

1. Synphase Operation of Nanosecond Relativistic 37-GHz Backward-Wave Oscillators without Electrodynamic
Coupling / M.I. Yalandin, S.A. Shunailov, M.R. UI'maskulov, K.A. Sharypov, V.G. Shpak, V.V. Rostoy,
L.V. Romanchenko, A.A. El'chaninov, and A.I. Klimov // Tech. Phys. Lett. - 2012. - Vol. 38, Iss. 10. - P. 917-920.
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CIBbITAHUS NOKa3aJ/H, YTO MJIOTHOCTh NOTOKA MOIHOCTH

MHUKDPOBOJIH B UHTEP)EPEHIIMOHHOM MaKCUMyMe JiharpaMm
HalpaBJIEHHOCTH /IBYX- U YeTbIpEXKaHaIbHbIX CBepXU3JIyya-
TesbHBIX JIOB MomHocThio 600 MBT oka3asiach 3KBUBaJIEHTHOMN
e/JMHUYHbIM reHepaTopaM ¢ MOIHOCTbI0 ~3 GW 1 ~10 GW,
COOTBETCTBEHHO. Ha paccTosiHuY 1 MeTp MaKCUMYyM ILJIOTHO-
CTH MOLIIHOCTH 4-3/71eMEeHTHOU aHTeHHOH pelleTKH NpeBblIlial
BeJMYrHy 10 MBT/CM?, a 3JIeKTpUYEeCKOe MoJie B 3TOM TOYKe
cocTtapisno ~140 kB/cM. [lns HaHOocekyHAHBIX JIOB nosnyyena
npoAo/nKUTeNbHasA (6osiee 100 neprozoB 1M0J1s1), BOCHPOU3BO-
JMMOCTb CUHXPOHHU3aluu ¢a3 reHeparuu.

he microwave power flux density interference maximum
of the patterns of a two- and a four-channel BWO was
the same as that of a single oscillator with power of ~3 and
~10 GW, respectively. At a distance
of 1 m from the 4-antenna
array, the maximum microwave
power flux density was as high
as 10 MW/cm? and the electric
field strength was ~140 kV/cm.

YeTbIpExKaHaibHbIN
reHepaTop u3 cMHpa3HbIX
cBepxusnyyatenbHbix JIOB

(37 ITw) ¢ mowWHOCTbIO
M3ny4yeHus B KaHane ~600 MW
Ha ocHose SOS-moaynAaTopa

For the nanosecond BWOs, long- $500

term (more than a hundred field $500 SOS-modulator based
periods), pulse-to-pulse repeatable Z?Juzgg%?gﬁéé“éwgs(ew GHz)
phase synchronization has been osnillator producing with

attained. ~600 MW power per channel

[ ByXKaHanbHbIN reHepaTop 13
CMHa3HbIX KBa3UCTaLMOHapHbIX JIOB
(37 I'Mw) ¢ MOWHOCTbIO U3NYyYeHUA

B KaHane ~100 MW Ha ocHoBe
yckoputeneit PAOAH-303

RADAN-303 based two-channel
generator of in-phase quasi-
stationary BWO (37 GHz) oscillator
producing ~100 MW power per
channel

(a) MHTepdepeHLMa NPOTUBOdA3HbLIX TUHENAHO-

. Coherent Summation of Ka-Band Microwave Beams Produced by Sub-Gigawatt Superradiance Backward Wave

Oscillators / K.A. Sharypov, A.A. El'chaninov, G.A. Mesyats, M.S. Pedos, .V. Romancheko, V.V. Rostov, S.N. Rukin,
\P{'(%3S4h Oaé((,ls.ﬁ.)Shunailow M.R. U'masculov, and M.I. Yalandin // Appl. Phys. Lett. - 2013. - Vol. 103, Iss. 13. -

. Generation of electromﬁgnetic fields of extremely high intensity by coherent summation of Cherenkov

st\l})erradiance ulses /N.S. Ginzburg, A.W. Cross, A.A. Golovanov, G.A. Mesyats, M.S. Pedos, A.D. R. Phelps,
L.V. Romanchenko, V.V. Rostov, S.N. Rukin, K.A. Sharg'{)ov, V.G. Shpak, S.A. Shunailov, M.R. Ulmaskulov,
M.I. Yalandin, and I.V. Zotova // Phys. Rev. Lett. - 2015. - Vol. 115, Iss. 11. - P. 114802 (1-5).

NONAPU30BaHHbIX BOHOBbIX MYYKOB OT ZIBYX KaHA/I0B;
(b) uHTEpPDEPEHLMA CUHDA3HBIX IMHEWHO-
MONAPU30BAHHbIX BOHOBbIX MYYKOB OT YETbIPEX
KaHanoB

(a) Antiphase interference of linearly polarized wave
beams from two channels;

(b) in-phase interference of linearly polarized wave
beams from two channels
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S0S-AAHOADI:

MOLLHBIE NONYNPOBOAHWKOBLIE NPEPLIBATENH TOKA

HaHOCGKYHAHbIe MOJIyIPOBOAHUKOBBIE TIpe-
pbIBaTe/ U TOKAa BICOKOH MIOTHOCTH (SOS-
JUO/Ibl) SIBJISIIOTCS Pa3paboOTKOM, IOJHOCThIO
ocymectBieHHou B UIP YpO PAH. 3T npubopsl,
npesiHa3HayeHHble A1 OpMUPOBaHHUS UMITYJ/Ib-
COB BBICOKOT'0 HallpsXKeHUsl, BO3HUKAIOIKX

IIpY 06pbIBE TOKA B UHAYKTUBHOM HaKOIUTEJIE
3Hepruy, 06/1aal0T BbICOKOH HaZleXKHOCThIO, CTa-
OUJIBHOCTBIO U CIOCOOHBI pab0TaTh NPU BbICOKUX

4JacCTOTax cje0BaHUA UMITYJIbCOB. Hx InapaMeTphbIl:

aMIINTYZAa HanpspkeHus — 1o 200 kB, 06pbI-
BaeMbIH TOK - 710 10 KA, BpeMs 06pbIBa TOKA —
1-20 HC, ANMUTENBHOCTb UMITYJIbCA HANIPSXKEHUS —
20 100 Hc, BpeMsl BOCCTaHOBJIEHUS — MeHee 1 MKC.
[locnesoBaTeIbHOE U MapaslieibHOE COeJUHEHUE
SOS-a1o0B B 001yI0 COOPKY MO3BOJISIET CO3/a-
BaTb NpepbIBaTeNd TOKAa MEraBOJbTHOI'O YPOBHSA
HalnpshKeHUs € NepeK/a104aeMOi MOIHOCTBIO
6oJiee 1 'BT 1 yacToTOM Cie;0BaHUS UMITYJIbCOB
B eguHUIbI 1 K11,

MaTeHTbl, aBTOPCKHE CBUAETEABCTBA, NyOAMKALMUH

Nanosecond semiconductor opening
switches operating at high current
densities (SOS diodes) have been fully
developed at IEP. The devices are intended to
produce high-voltage pulses due to current
cutoff in inductive energy stores. They are very
reliable and stable, and are able to operate at
high pulse repetition rates. The devices have
the following parameters: peak voltage up to
200 KV, cutoff current up to 10 kA, current
cutoff time 1 to 20 ns, voltage pulse duration
up to 100 ns, and recovery time less than

1 ps. Series and parallel connection of the SOS
diodes into a common unit makes possible
opening switches operating at megavolt levels
and capable to switch powers over 1 GW with
pulse repetition rates of several kilohertz.

1. SOS-pguofbl: HAHOCEKYH/IHbIE npeﬁbma'renn CBepXIIOTHBIX TOKOB / C.A. [lap3HekK, C.K.Zjho6 THH,

C.H. Pykumn, B.I. C1oBukoBckui, C

LpipanoB // 3nexkTporexuuka. - 1999. - Ne 4. - C. 20-2

2. TosynpoBOAHUKOBBIN l'[peé)bIBaTEJ'Ib ToKa: naT. 2156014 Poc. ®enepanusa: MIIK H 01 L. 29/86
HC.

/ Aap3Hek C.A., JIlo6yTH

K., Pykun C.H., CioBukoBckui B.I', Lipipanos C.H.; 3asBuTesb u

naTeHToo6azaTenb MHCTUTY T anekTpodusuku YpO PAH. - N2 99102050/28; 3asBi1. 04.02.99;

ony6s1. 10.09.00, Bros1. Ne 25.

3. PyxuH C.H. SOS-addeKT u ero npruMeHeHHe B MOIIHOW HAHOCEKYH/ITHOH 3JIEKTPOHUKe /
C.H. PykuH // dnekTpodu3rka Ha Ypasie: 4eTBepThb BeKa uccaeoBaHui. — EkaTepunoypr: YpO PAH,

2011.- C. 19-64.
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Pa6oTa npu60poB 0CHOBaHa Ha 0GHAPYKeH-
HoM B U3® YpO PAH addekTe B nosynposo-
JHHUKOBBIX CTPYKTYpax, IPUHLUIINATbHOE
OTJINYMeEe KOTOPOIr'0 COCTOUT B TOM, UTO pas-
BHUTHeE Ipoliecca 06pbIBa TOKA IPOUCXOAUT B
BbICOKOJIETUPOBAHHBIX 00/1aCTSAX CTPYKTYPbI
IIPY BBICOKOM IMJIOTHOCTH TOKa, ,0CTUTaIOLeN
JecaTKOB KA/cM” ITOT 3pPeKT 6bI1 Ha3BaH
SOS-addekTom. [loMmumo 3Toro, ero xapakrep-
HOM 0COGEHHOCTBIO ABJISIETCS pPAaBHOMEpHOE
pacnpejiesieHye HallpsXKeHUs 110 60JIbLIOMY
YHCJIy TOC/Ie/10BATEbHBIX JUOJHBIX CTPYK-
Typ 6€3 JONOJHUTENbHbIX BbIPaBHUBAIOIINX
ycTpoiicTB. 06a 06CTOSTENBCTBA AAIOT BO3-
MOXHOCTb CO3/1aBaTb HAHOCEKYH/AHbIe Tpephl-
BaTeJIM TOKA C HanpshKeHWeM MeraBoJIbTHOI'O
YPOBHA U NlepeKJII04aeMO MOILIHOCTBIO B €11~
HUIBI rUraBatT. ['eHepaTopkl HAa SOS-AMOAax
UCIIOJIb3YIOTCA B YCKOPUTEJIAX 3JIeKTPOHOB

Y pEHTTeHOBCKUX alnapaTax, MouHoi CBY
3JIeKTPOHHKeE, ra30BbIX Ja3epax, B CHCTeMax
OYMCTKH BOJbI U BO3/yXa.

(a) Mpubop SOS—200-8 (MMNyNbCHOE HanpsAXKeHue —
200 KB, obpbiBaemblii TOK — 8 KA, anameTp — 64 mm,

AnnHa — 156 mm, macca — 760 r):

1 — KaToAHbIM 3/N1EKTPOA,; 2 — aHOAHbIV 3NEKTPoL; 3 —
cbopKa 13 NnocneaoBaTesIbHO COeANHEHHbIX AMOA0B
1 oxnagutenein; 4 — oxnagutens; 5 — anemeHTapHbIi

SOS—anoa n

(b) npnbop SOS-50-1 (MMNyNbCHOE HanpsAXKeHue —
50 KB, 06pbiBaemblii TOK — 1 KA, auameTp — 27 Mm,

AavHa — 50 mm, macca—301)

(a) SOS—200-8 stack (peak voltage 200 kV,
cutoff current 8 kA, diameter 64 mm, length

156 mm, mass 760 g):

1- cathode electrode, 2 — anode electrode,

3 — stack of the series connected diodes and coolers,
4 — cooler, 5 — elementary SOS diode; and

(b) SOS-50-1 stack (peak voltage 50 kV, cutoff
current 1 kA, diameter 27 mm, length 50 mm,

mass 30 g)

he operation of the devices is based on the

so-called SOS effect discovered at IEP. Its
fundamental feature is that the current cutoff
process develops in highly doped regions of a
semiconductor structure at current densities as
high as several tens of kA/cm?. Another important
feature of the effect is a uniform voltage distribution
over a large number of series-connected diodes not
using voltage leveling devices. These two features of
the SOS effect make possible nanosecond opening
switches operating at megavolt levels and capable
to switch gigawatt pulsed powers. SOS-based
generators are used in electron accelerators, X-ray
apparatus, high-power microwave devices, gas
lasers, and
in water
and air
purification
systems.




O‘{EBI/I,ELHBIM MPEeUMYIIeCTBOM MOJHOCTbIO
TBEPAOTEJbHbBIX FT€HEPATOPOB SIBJISETCS BO3-
MOXHOCTb CTaOUJIbHOU PabOThI C BBICOKOW 4aCTo-
TOU C1eZJ0BaHUSI UMITYJILCOB, UX HEKPUTUYHOCTh

K Harpy3KaM M MPaKTHYeCKU HeorpaHUYEeHHBIN
pecypc. HaHoceKyH/IHBIN TBepA0TebHbBIN reHepa-
Top S-500 c MoIyIPOBOJHUKOBBIM MTpEephIBATEIEM
ToKa (SOS) o6ecneynBaeT Ha Harpy3kax 40-100 Om
aMILIMTYAy UMITyJibca HanpshkeHus oT 500 fo

750 kB c nukoBoii MomHOCThIO 6 BT npu gu-
TEJbHOCTH UMITYJIbCA 7 HC U YACTOTE CJIeI0BaHUS
HMMIYJIbCOB B pexxuMe navyku Ao 1 kI'n. B ranHOM
cy4ae peasM30BaHbl pEKOP/HbIE 3HAUYEeHUsI [/
MOJIYITPOBOAHUKOBOTO IPEPBIBATEJISI CKOPOCTH
06pbIBa TOKA U Pa3pbIBHOW MOLIHOCTH, COCTABJISIIO-
mue 7 kA/Hc u 13 'BT, cOOTBETCTBEHHO.

MaTeHTbl, aBTOPCKUE CBUAETEALCTBA, IIY6AHKaI.IMH

O. 1. H. C.H. PykuH (S.N. Rukin, Dr. Sc.)
rukin@iep.uran.ru, +7 (343) 2-678-777

NOSECOND ALL-SOLID-STATE GENERATOR

he main advantages of all-solid-state

generators are their stable operation at
high pulse repetition rates, adaptability to
different loads, and practically unlimited
lifetime. The S-500 nanosecond all-solid-
state generator based on a semiconductor
opening switch (SOS) provides a peak
power of up to 6 GW, an output voltage
of 500-750 kV, and a pulse length of 7 ns
across external loads of 40 to 100 Q2 ata
pulse repetition frequency of up to 1 kHz
in burst operation. With this generator,
record values have been achieved for the
SOS current cutoff rate and switched power:
7 kA/ns and 13 GW, respectively.

A 6 GW nanosecond solid-state generator based on semiconductor opening switch
/ AL Gusev, M.S. Pedos, S.N. Rukin, S.P. Timoshenkov, and S.N. Tsyranov // Review of

Scientific Instruments. - 2015. - Vol. 86, Iss. 11. - P. 114706.

14 HAYYHBIE PA3PABOTKM

log paspabotkm 2012-2015

BreHepaTope Ipe/JIo’KeHA U peain30BaHa HOBast
cxeMa HaKayKH I0JIyIPOBOAHUKOBOTO IPEPHI-
BaTeJisd Toka (SOS) Ha ocHOBe IBOMHOU GOpMUPY-
toleit UK. Takast cxeMa o6ecriedrBaeT BBOJ, B
SOS o6paTHOro ToKa aMIIMTY0H 14 KA 3a BpeMs
~12 Hc, 3aTeM SOS 06pBIBAET TOK 3a ~2 HC. DPOHT
BBIXOJJHOTO UMIYJ/IbCA HANPS)KEHUS B MepeJalolen
JINHUHU JONOJHUTENbHO yKOpaYuBaeTcss GeppUTo-
BbIM 060CTpUTENIEM A0 ~1 HC, 3aTeM HOJIYIIPOBO-
JHHUKOBBIM 060cTpuTesieM o ~0.5 He. [eHepaTop
pa3paboTaH /iJis IPUMEeHeHHs B 06J1aCTH MOLHOM
CBY 3/1eKTpOHUKHU.

new SOS pumping circuit based on a
double pulse-forming line has been
proposed and realized in the generator. The

circuit design provides a reverse current
through the SOS increasing to 14 kA within
~12 ns. Then the SOS cuts off the current

in ~2 ns. The output pulse rise time in the
transmission line is shortened by a ferrite
peaker to ~1 ns and then by a semiconductor
peaker to ~0.5 ns. The generator has been
developed for application in high-power
microwave electronics.

(a) BHewHwWit BUA, BbIXOAHOTO y31a
reHepaTopa S-500:
1 — 3apagHblii MOAYNATOP; 2 — Kopnyc
OBOMHOW popMUpYIOLLEN NNHUN;
3 — 610K NpepsbiBaTens Toka (SOS);
4 — nepegatoLan NMMHUA ¢ GeppuUToBbIM
oboctpuTenem; 5 — nepegatoLas
JIMHWA U Harpy3Ka;
(b) BHEWHWMIM BUA, y3na SOS,
c) SOS-anoa,
d) anemeHTapHbIn SOS—amoa,
BHYTPU cO0pPKM
(a) The output unit of the S-500
generator: 1 — charging modulator,
2 — casing of the double pulse-forming
line, 3 — SOS unit, 4 — transmission
line equipped with ferrite peaker, 5 —
transmission line and load;
(b) the SOS unit;
(c) SOS stack; and
(d) elementary SOS diode in the stack

MHCTUTYT SAEKTPOPUN3NKN YPO PAH
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MOLHbIA HOHHbIH UCTOUHMK
C BONbIIMM CEYEHMEM NVYKA

log paspabotkmn 2008—2015

a3paboTaHHBIN UCTOYHUK FeHEPUpPYET
HIMPOKUHM HOHHBIN my4dok (100x750 Mm?)

he ion source generates a broad

(100x750 mm?) beam with an average beam

co cpefHUM ToKOM j0 0,2 A u aHepruei current of up to 0,2 A and ion energy of 10-40 keV.

It uses a hollow-cathode non-self-sustained low-

Ha,qexcHOCTb U GOJIBIION pecypc
TEXHOJIOTHUYeCKUX HOHHBIX
VICTOYHHUKOB C 60JIbLIIMM CEYeHUEM
ny4Ka, pa3pabotanHbix B U9P YpO
PAH, o6yc/10BJIEHBI OTCYyTCTBHEM B HX
KOHCTPYKIIMM HaKaJIMBaeMOoro KaTozAa.
PaBHOMepHOe pacnpe/esieHue MJI0THO-

he high performance reliability and long

service life of the technological sources of
large-cross-section gas ion beams developed at
[EP are due to the absence of hot cathodes in
their design. The uniform ion current density
distribution over the beam cross-section
allows the use of these ion sources for surface

rnoHoB 10-40 k3B. B ucTo4HuKe Hcnob3y-
€TCS1 HeCaMOCTOSTEJbHBIN pa3psig HU3KOTO
JlaBJIEHUS B MTOJIOM KaTOZE, TIOAIeP>KUBa-
eMbIH UHXXEKLel ObICTPhIX 3JIEKTPOHOB.
OCo6EHHOCTbI0 KOHCTPYKIUU SABJISETCS MPU-
MeHeHHe KPYMHOCTPYKTYPHOTO MJIa3MeHHO-
r'o KaTo/ila U MHOTOIIleJIEBOM HUOHHO-OIITHYe-
CKOU cucTeMbl. UCTOYHUK reHepUupyeT MyYKU
MHEPTHBIX U XUMUYECKH-aKTUBHBIX Ta30B
(N,, 0,, Ar 1 ux cMecu). UMn1aHTaLMs HOHOB
a30Ta IPUMEHSIETCS JIJisl IOBBIILIEHUS YCTa-

pressure glow discharge supported by injection
of fast electrons. The feature of the source
design is harnessing a large-sized hole array in
the plasma cathode and a multislit ion optical
system. The ion source generates beams of inert
and reactive gases (N,, O,, Ar and their mixes).
Implantation of nitrogen ions is used to increase
the fatigue strength of
gas turbocompressor
blades. Ion beam
assisted deposition of

JIOCTHOU IIPOYHOCTH JIOIIATOK KOMIIpeccopa

CTH TOKa 10 ceYeHHUI0 Ny4ykKa no3posisier modification of large- ra3oTypOMHHBIX JIBUTATeJel, a IPUMeHeHHe coatings ensures high
HCI0JIb30BaThb TAKHME UCTOYHUKHU [ JId area sheet materials, MOHHO-JIy4eBOI'0 aCCUCTUPOBAHUA B IIPOLieC- adhesion of coatings
MoJMUKALMY JIUCTOBBIX MaTepuasoB  lengthy details, and cax HaHeCeHUs NMOKPBITUH yJIy4dlIaeT cLe- to substrates and
C 60JIBIIOH MJIOLIA/IbI0 TOBEPXHOCTH, lots of small tools IIJIEHHWE NIOKPBITHUSA C MaTepUaIOM OCHOBBI U improves the coating
JJIMHHOMEPHBIX JleTaleH, 60JIbIINX or products by ion I MUKPOCTPYKTYPY CaMOTI'0 IIOKPbITHUA. microstructure.
cepui MaJIOpa3MePHOTo UHCTpyMeHTa  implantation and E_
Y M3/le/IMH HOHHOH MMIUIAHTaLUEeN 1 cqatmg deposition Avon MpeAnpHATHA-NOTPE6HTEAH
HaHeCceHHeM MOKPBITUM ¢ HOHHO-1y4Ye-  with ion beam P « Hay4Ho-npou3BoCTBenHas acconuanys «TexHonapk
BBbIM COIIPOBOX/JeHUEM. assistance. fanepa - ~
p A A aBHALlMOHHBIX TEXHOJIOTUIY, . Yda
Cucrema ¢ 3A0 «JlabopaTopus 23», . ToMck
MatenTbl, aBTOPCKHE CBHAETEALCTBA, “yﬁA"Kau"" omiors myeka e OrAOY BO HayuHo uccnefoBatenbckuit ToMckui
1. MoHHBIN UCTOUYHUK C XOJIOAHBIM KaToJoM: natT. 2299489 Poc. ®enepanus : MOJIUTEXHUYECKHUH YHUBEPCUTET, T. TOMCK
MIIK H 01 ] 27/04 / F'aBpusioB H.B., KameHenkux A.C.; 3asiBUTEJIb U Mocanoussi
aTeHTo00IaiaTe b I/IHCTHTByT asektpodusnku YpO PAH. - Ne 2005131021/28; naneu
3asBJy. 06.10.05; omy6.1. 20.05.07, Broa1. Ne 14. g
2. VICTOYHMK LIMPOKOANepTYPHbIX MIOHHBIX My4yKOB: naT. 2370848 Poc. Pefepanus : )
MIIKH 01] 27/04 / TaBpusoB H.B., Bypees O.A., EmuuH /I.P; 3asgBUTE/ b U p
naTeHTooOafaTesb UHCTUTYT anekTpodusuku YpO PAH. — N2 2008111665/28; TR
3asaBJ1. 26.03.08; onmy6.1. 20.10.09, Bro1. Ne 29.
3. TaBpusioB H.B. PacmirpeHue pa6oyero Auana3oHa AaBjeHUM ra3a u yBeJaudyeHue BrcoroBonLTL |
pecypca CeTKH IJIa3MeHHOT0 KaTo/ia B MOHHOM MCTquHKeb/ H.B. TaBpu.ioB, ? 3
A.C.Kameneuxux // XKT®. - 2007. - T. 77, Beim. 3. - C. 12-16. in = JlonaTku Typ6uHbI M3 cnnasa BTY Ao (sBepxy)

1 nocne MOHHOM MMnaaHTaumu

VT9-alloy turbine blades from before (atop)
and after ion implantation

O6wunit BUA (BBEPXY) M CXEMA MOHHOTO UCTOYHUKA
lon source image (atop) and general drawing
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METOA HAHECEHHA HAHOKOMNO3UTHbIX NOKPbITHH
C MHTEHCHBHbLIM HOHHbIM CONPOBOH AEHUEM

I/I CT0JIb30BaHUE 3JIEKTPOHHbBIX HUCTOYHUKOB
Ha OCHOBE CHMJIbHOTOYHOTI'0 pa3ps/ia c caMo-
HaKa/IUBaeMbIM N10JIbIM KaTO/[OM N103BOJISIET B
IIMPOKHUX NpeJiesiaXx PeryJiupoBaTh apaMeTpbl
My4YKOBOH MJIa3Mbl ¥ IJIOTHOCTb AOHHOTO TOKA
Y3 [IJIa3Mbl U TAKUM 06pa3oM U3MEHATb YCJI0-
BUsA GOPMHUPOBAHUSA NOKPLITUH. UHTEHCHBHas
6oMbaparpoBKa MOHAMHU HU3KUX (MeHee 100 3B)
3Heprui, Npyu KOTOPOH COOTHOLIEHHE MIJIOTHOCTH
TOKAa MOHOB K IOTOKY aTOMOB Ha IOBEPXHOCTb
MOKPBITUH MOXeT AocTuraThb 30, cyleCTBEHHO
HW3MeHsIeT MUKPOCTPYKTYPY, YPOBEHb BHyTPEH-
HUX Hanpsi>keHUH, Gpa30BbIi cOCTaB NOKPBITUH U,
KaK Cc/1eiICTBUE, UX QYHKIIMOHAJIbHbIE CBOMCTBA.

se of electron beam sources based on a

high-current discharge with a self-heating
hollow cathode allows one to control the
beam plasma parameters and the density
of the ion current from the plasma over a
wide range and thus to change conditions of
coating deposition. Intense ion bombardment
of the coating surface with low-energy (less
than 100 eV) ions under which the ratio of
the ion current density to the sputtered atom
flux can reach 30 substantially changes the
microstructure, internal stress level, phase
composition, and, hence, functional properties
of the coating.

MaTeHTbl, aBTOPCKHE CBUAETEALCTBA, ny6AuKauuu

3JIeKTPOPU3UKU

1. Cnoco6 nosiy4eHUs1 Ha U3/eJIUAX U3 TBEPABIX CIJIABOB JIByX($pa3HOT0 HAHOKOMIIO3UTHOTO
MOKPBITHS, COCTOSALLET0 U3 HAHOKJIAaCTePOB Kapbuja TUTAHa, acnfe,ueneﬂﬂblx B aMOpQHOM
MaTtpuue: nat. N2 2557934 Poc. Pepepanus : Cc2
l'aBpusioB H.B.,, KameHenkux A.C.; 3asBUTeb U NaTeHTO061ajjaTesib UHCTUTYT 3J1eKTPOPU3UKU
YpO PAH. - Ne 2013132711/02; 3aaB. 15.07.2013; ony6s1. 27.07.2015, Bros. Ne 21.

2. Malgnetron sputtering system for coatings de
by low-energy high-current electron beam /
0.A. Bureyev // Journal of Physics: Conference Series. - 2015. - Vol. 652. - P.012024.

3. Cnoco6 reHepanyy MJIOTHOW 06'beMHOM MMITY/JIbCHOM I1a3Mbl: 3asiBKa 2406015 Poc. Pepeparnus :
MIIK HOS5H 1/244 Fal%})l/IJIOB H.B., Kamenenkux A.C., MeHb1iakoB A.U.; 3aaBuTenb UHCTUTYT
pO PAH. - Ne2016109161; 3asBs1. 14.03.2016; npuopuTeT 31.12.15.

YcTaHOBKa A1 HAHECEHUA NOKPLITUIA METOAO0M MarHeTPOHHOTO pacnblieHns
C MHTEHCWBHbIM MOHHbIM COMPOBOXAEHNEM, pa3paboTaHHan No 40roBopy
¢ AO «MHCTUTYT peaKTOpHbIX MaTepranos» (r. 3apeyHsbiit)
The setup for coating deposition by magnetron sputtering with high-current
ion beam assistance, developed under the agreement with the Institute
of Nuclear Materials (Russia, Zarechny)

TK'C23C14/35, C23C14/06, B82B1/00

Eosition with activation of working gas mixture

.\V. Gavrilov, A.S. Kamenetskikh, A.I. Men’shakov,
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PaspaGOTaH MeTO/, B KOTOPOM MHTEHCHUB-
HOCTb HOHHOTO CONPOBOXKEHUS IPU HaHe-
CEeHUU MOKPBITUN peryupyeTcs 3a C4€T BO3-
JefCTBYA Ha ra30BYIO Cpey LUMPOKOTO0 MyvYKa
HU3KO3HEPreTU4eCKUX 3JIeKTPOHOB. [IpuHIu-
nyaJjibHasi 0CO6EeHHOCTb MEeTO/a 3aKJII0YaeTCs

B TOM, YTO HHTEHCHBHOCTb HOHHOI'O CONIPO-
BOXK/|€eHUsI [Tpoljecca HaHeCeHHUsI MOKPBITUH
peryaupyeTcsi B LIMPOKUX NMpefesiax C IOMOIIbI0
HMCTOYHUKA 3JIEKTPOHOB C CAMOHAaKaJIUBaeMbIM
NOJIBIM KaToA0M. UCTOYHUK reHepupyeT My4yoK
3JIeKTpOoHOB c 3Heprueit 100-500 3B, TokoM 10
80 A B HenpepbIBHOM U 10 200 A B UMITyJIbC-
HoM (10-1000 'y, 10-1000 Mkc) pexxume. ITO
obecneunBaeT 3G PEKTUBHYI0 HOHU3AIHUIO U
JUCCOLMALMIO MOJIEKY/IIPHBIX Ta30B U BBICOKYIO
IJIOTHOCTh HOHHOT0 ToKa (10 1 60 MA/cM? B
HeNpepbIBHOM M UMITyJIbCHOM PEXXHUMax, COOT-
BETCTBEHHO). Pa3paboTaHHbBIM METO/[OM I10J1Y-
YeHbI MOKPBITUSA PAa3/IUYHOr0 GYHKIMOHAIBHOTO
Ha3HaveHUs], HapuMep, CTOHKHeE K BbICOKO-
TeMIlepaTypHOMY OKUCJIEHUIO IPOBOJSAIINE
(Mn, Co),0, mOKpBITHS HA TOKOBBIX KOJIJIEKTOPAX
TBEPAOTOIJIMBHBIX 3JIEMEHTOB, HAHOKOMITO3UT-
Hble TiC/a-C:H u (Ti, AI)N/a-Si;N, nokpbiTHs

¢ TBépaocThio 10 43 I'lla, anmazonoo6HbIE
NOKPBITHUS C AoJielt sp3-cBsizelt Ao 70 %.

OpraHu3auum-3aKasunuku

1. AxunoHepHOe 061eCTBO «MHCTUTYT peaKTOPHBIX MAaTEPUAIOBY.
(AO «MIPMy, r. 3apeuHblii). YcTaHOBKA /1151 HAHECEHUS OKPBITHH

METOJO0M MarHeTpOHHOTO paClblJIEHHUA

2. ITAC Ltd (fIlmonwus). YCTpOHCTBO [/1s1 HAHECEH Ul aIMa30T0[06HBIX

INOKPbITUH

3. Argor-Aljba (lllBeAinapus). YCTpOKHCTBO A1 HAHECEHHS

aJ'IMa301'IOA06HbIX NOKPBITUHU
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nanocomposite

method of ion assisted coating deposition

has been developed in which the ion
current density is controlled by exposing the
working gas to a low-energy electron beam.
The basic feature of the method is the use of a
high-current electron beam source with a self-
heating hollow cathode to vary the intensity
of ion bombardment over wide limits. The
source generates electron beams of energy
100-500 eV with a beam current up to 80 A
in a direct current mode and up to 200 A in
a repetitive pulse (10-1000 Hz, 10-1000 ps)
mode. The electron beam provides efficient
ionization and dissociation of molecular gases
and high ion current density (10 and 60 mA/
cm? in dc and pulse modes, respectively).
With this method, various coatings have been
produced, such as high-temperature oxidation-
resistant (Mn, Co),0, conductive coatings for
interconnects of solid-
oxide fuel cells, TiC/a-C:H
and (Ti, Al)N/a-Si;N,
nanocomposite coatings

with hardness up to 43 GPa,

and diamond-like coatings
with high percentage of
sp3-bonds (up to 70%).
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CHNbHOTOYHbIH CBY FEHEPATOP
CNPOAONbLHO-WENEBOH SAMEANAIOLLEA CTPYRTVPOU

MOLquIe CBY reHnepaTophb! Ha 6a3e
CUJIbHOTOYHOM pesIITUBUCTCKOM JlaM-
bl 06pAaTHON BOJIHBI HAILLJIM pacIpocTpa-
HeHUe B pa3JIMYHbIX HAYYHBIX U IpaKTHYe-
CKHX ycTaHOBKax. Crenudrka NpuMeHeHUs
B KaXK/I0M cJiiydae TpebyeT co3manus CBY
reHepaTopPOB C pa3JUYHbIMU XapaKTe-
PUCTUKAaMHU, UTO B CBOIO OYepesib CTaBUT
HCCJIe[J0OBATENbCKUE, KOHCTPYKTOPCKHUE U
TEXHOJIOTHUYECKH e 3a/1a4H.

igh-power microwave oscillators

based on high-current
relativistic backward wave tubes
find use in a variety of scientific
and practical applications. Different
applications call for oscillators with
different characteristics, posing
specific research, engineering, and
technological problems.

log paspabotkm 2010-2012

Paspa60TaHHbu71 JLJIS1 3KCTIEpUMEHTATbHOM yCTa-
HoBKHU CBY reHepaTop peasiu30BaH B BU/Jie
CUJIBHOTOYHOU PEJIITUBUCTCKOU JIAMITbI 0OPaTHON
BOJIHBI 3-CM /iania30Ha JJIMH BOJIH C pabo4ei MoJj01
E,,. JJTaMna ucnoJib3yeT 3JIEKTPOHHYIO NMYIIKY C
XOJIOZHBIM B3PBIBOIMHUCCUOHHBIM KaTO/OM U IPSIMO-
yToJIbHO-ToGPHUPOBAHHYIO 3aMeAJIAOLIYI0 CUCTEMY C
COCpPeZl0TOYEHHBIM YeTBEPTbBOJIHOBBIM pepIeKTO-
poM-MoayasaTopoM. Hanmpasisioliiee MarHUTHOE 1oJjie
obecrneynBaeTCs OXJIAX/AaeMbIM COJIEHOU/IOM GUTTe-
poBckoro Tuna. 0co6eHHOCTbI0 KOHCTPYKIUH ABJIA-
eTcs JIACTUHYATOW NPSIMOYT0JIbHO-rOppHUpPOBaH-
HOU 3aMe//isito1Iel CTPYKTYpPbl U MHOIOCTPYHHOrO
3JIEKTPOHHOTI0 Ny4ykKa, GopMUpyeMOro rpebeHyaTon
KPOMKOMW [JUJIMH/IPUYECKOT0 B3PbIBOIMUCCUOHHO-

ro karoza. [Ipy napaMeTpax 3/1eKTPOHHOTO Ny4YKa
700 k3B, 5 KA, 20 Hc ¥ BeyLeM MarHUTHOM niosie 3 T
MOLIHOCTb BbIxogHOro CBY u3jiyyeHus cocTaBisieT

he microwave oscillator designed for an

experimental facility is a high-current
relativistic backward wave oscillator
operating in the 3-cm wave band with an
E,, working mode. The oscillator uses an
electron gun with a cold explosive emission
cathode and a rectangular corrugated slow-
wave structure with a lumped quarter-wave
reflector-modulator. The guide magnetic
field is created by a cooled Bitter solenoid.
The use of a lamellated rectangular
corrugated slow-wave structure and a
multijet electron beam formed by the comb
edge of the explosive-emission cathode is
the main feature of the experimental setup.
With a 700-keV, 5-kA, 20-ns electron beam
and a 3-T guide magnetic field, the output
microwave power reached 1.2 GW in a pulse

1.2 I'BT npu gsiutenbHocTH 15 H. of duration 15 ns.

naTeHTbI, adBTOPCKHUEe CBUAETEAbCTBA, ny(muxau,uu

1. PensiTuBHCTCKas JlaMnia 06paTHOW BOJIHbI C MHOTOCTPYHHBIM 3JIEKTPOHHBIM IIYYKOM
/ M.B. l'oiixmaH, A.B. FBOMOB, B.B. Kinaayxus, C.B. Knagyxun, H®. KoBanes, C.I1. XpaMuoB
// llucema B XKTD. - 2011. - T. 37, Boim. 4. - C. 53-58.

2. MouHasi pesIITUBHCTCKAsH JIaMIa 06}K/?TH01?1 BOJIHBI C TPOJIOJTbHO-1IIeIeBO
3JIeKTpoJuHaMHuueckoi cuctemol / M.B. loiixmaH, B.B. KnaayxuH, C.B. KinagyxuH,
H.®. KoBasnes, H.I. Kosiranos, C.I1. XpamioB // [lucema B XKT®. - 2014. - T. 40, Beim. 2. -

OpraHM3aLuUuU-COMCNIOAHUTEAU
HHctuTyT npukiaagsoi ¢usuku PAH (MI1® PAH), r. Hrmxuuit HoBropog,

C.75-81. 1
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KOHCTPYKTMBHAA CXeMa 1 BHeLLHMA [ F
enga (sBepxy) CBY reHepatopa: 5 ==

1 —3amepnstowwas CTpykTypa,
2 — 3N1eKTPOHHbBIN NYYOK,
3 — rpebeHyaTbIli KaToa,
4 — oxNlaXKAaemblil coneHoms,

Schematic and appearance (atop)
of the oscillator:

Ocumnnorpamma pabotbl CBY reHepatopa:

L 1 — katogHoe HanpsxeHune 100 kKB/aen,

I 2 — TOK 3NEKTPOHHOrO nyyka 1 KA/nen,

W 3 — MOLLHOCTb MMKPOBOHOBOTO M3nydeHus 1 MBT/gen,
spemsa 10 Hc/aen

Performance waveforms of the oscillator:

1 — slow-wave structure, 1 / — \ A 1 — cathode voltage, 100 kV/div,

2 —electron beam, / / W \‘y 2 — electron beam current, 1 kA/div,
3 — comb cathode, . / e T 3 — microwave power, 1 GW/div,

4 — cooled solenoid 0 10 20 30 40 50 time base, 10 ns/div
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GHIII:IIIITI]'IIIIIIH Bblcol{onoan“blu rAsanI" Pnspﬂn“““ OTﬂHqHTeanoﬁ YepTON KOHCTPYKLUU pa3psiiHU- he main feature of the gas gap switch
I'IA 00““BE ABTIIBIIIIIIIIBIITII PHIA“BA“""“H““' IIPOIIEGBA Ka SIBJISIETCS UCI0JIb30BaHUE KOMMYTAllMOHHOU is the use of a switching structure that
CTPYKTYpBI, peajusylolel nporecc pacnpoctpaHeHuss  realizes the propagation of a relaxation
peJlakcalluOHHOM BOJIHbBI BAOJIb LielIM KOMMYyTallu- wave along a chain of switching gas
OHHBIX ra30BbIX 3a30POB. Pa3psaIHMK 06ecrieYnBaeT gaps. The switch provides repetitive
HMMITY/JIbCHO-TIEPUOANYECKYI0 KOMMYTalL U0 KOAKCH- switching of 20-50-Ohm coaxial lines
aJIbHBIX JIMHUH C BOJTHOBBIMU CONTPOTUBJIEHUSMHU charged to 300-500 kV, thus forming
20-50 Om, 3apsikaeMbIx o HanpskkeHuss 300-500 kB, pulses of duration 20-30 ns. The electrical
a30Bble pa3pALHUKHY Pa3/IMYHOT0 TUIIA B HACTOsLee Bpe- as gap switches still remain bopMUPYS UMITYJIbCHI JIUTENBHOCTBIO 20-30 HC. properties of the switch restore in 2 ms.
Mf OCTATCA CAaMbIM PacpOCTPaHEHHbIM BUJOM MOLIHBIX most used high-power JJleKTpUYecKue CBOMCTBA pa3psaJHUKa BOCCTaHABJIU-
KOMMYTAaTOPOB JJIsl CHJIbHOTOYHOU annapaTypsbl. Paspabo- switches in pulsed power systems. BAlOTCA 3a 2 MC.
TaHHBIN BbICOKOBOJIbTHbBIHM ra30BbIM pa3psJHUK OCHOBAH Ha The high-voltage switch developed
peanusanuuy pacnpesejeHHOM aBTOKOMMYyTallMOHHOM cTpyk-  at [EF is based on a distributed
TYPBI, BBIIIOJIHEHHOU B BU/Ie [IBYX eMKOCTHBIX JeJUTeJbHbIX self-operating structure made as
1jeroyveK, B3aMMOEHCTBYIOLIMX yepe3 psAf  two capacitive dividing networks
) KOMMYTAallMOHHBIX 3a30p0B. Ero ocHoBHoe interacting via a chain of switching
HasHa1eHNe — KOMMyTallh 3apAXeH- gaps. The device is intended to INeKTpUYecKan cxema paspagHUKa: OcCLMNNOrPaMMa HaNPAMKEHN
HbIX KOaKCUaJIbHBIX JIUHUU B reHeparo- switch charged coaxial lines in C,—C, — eMKOCTHble CBA3M AUCKOB BHELUHEW SNEKTPOAHOM cucTembl (3anycr<a)rou.|,m>‘1 MMNYNbC 3aepKaH
m o paspﬂ,qHMKa CiC5 — eMKOCTHble CBA3M AUCKOB BHYTPEHHEN Ha 30 Hc):
[SBRICORUE OIBHERSEEHOCCKYEHEIXS high-voltage nanosecond pulse 3N1EKTPOAHON CVICTeMbI Pa3pAAHWKA, S;—S,; — KOMMYTaLMOHHAsA LIErNoYKa, 1 — HanpAXeHWe Ha Bbixoae
MMITYJIbCOB. generators. 06pa3oBaHHan 3a30pammn Mexay BHELIHeW 1 BHYTPEHHEWN 3N1eKTPOAHOM (Harpy3ke) 250kB/gen,
CVICTEMOM Pr. — BOZIHOBOE COMpOTUBNIEHUE Kommympyemom INHUN, 2- HanpAaXeHune Ha ynpasaaouem
L, L — pa3ssAsbiBatoLLme MHAYKTMBHOCTM, Contr — ynpasnsiowmii Bxo4, (3anyckatoutem) anexktpoae 30kB/nen
"aTeHTbl aBTOPCKHE CBUAETEALCTBA, llyﬁl\MKal.lMM Circuit diagram of the gas gap switch: Voltage waveforms (trigger pulse
1. Mat. 2352039 Poccuiickas Penepanus, MIIKH 01 T 4/16, H 03 K 3/53. C,-C; — coupling capacitors of the outer electrode assembly, is delayed by 30 ns):
MHoroasieMeHTHbIN KoMMyTaTop / Knagyxuu B.B., Knagyxun C.B., CsC. — coupling capacitors of the inner electrode assembly, 1- output (load) voltage,
N 4 KoBaseB H®, Xpamuos C.I1.; 3asgBUTEND U HaTEHTOO6IIa,E[aTeIIb HHCTI/ITYT S S10 switching chain formed by the gaps between the outer and 250 kVv/div,
g . anekTpodusuku YpO PAH. Ne 2007131298/09; 3aaB.1. 16.08.07; the inner electrodes, p;, — switched line impedance, L,, L — decoupling 2 — voltage across the control
' - : ony6.. 18) 04.09. inductors, and Contr — control input electrode, 30 kV/div

2. YrgjaBJIﬂeMbm MHOI'03a30pHbIH ra3oBblil paspsaaHuk / B.B. Knag,
Knapyxun, C.II. Xpamuos, B.1O. fAnoB // IIT3. - 2012. - Ne5. - 62 66.
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C 3aMyCKaloLWMM YyCTPOMUCTBOM
Appearance of the gas gap switch
with a trigger
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IIAIIGBEIWIIIII'IME HMIIWII)BIIII-IIEPH“HH'IEBKHE pHUMeHeHHe CXeMbI TUPATPOH — he used thyratron - pulse transformer -
VGI{IIPHTEIIH 3"“‘"?“““3 I}EPHH YPT UMIY/IbCHBIN TpaHchopMaTop - semiconductor opening switch scheme has made

NOJYIIPOBOJHUKOBBIN IPepPhIBAaTEIb TOKA the device much simpler in design and lower in cost.

II03BOJIUJIO CYLIIeCTBEHHO YIIPOCTUTD U The accelerators have a computerized performance
3HAYUTEJIbHO Y/IeIIEBUTh BCE YCTPOU- monitoring and remote control system. The data
CTBO. YCKOPUTEJIM UMEIOT KOMIIbIOTEP- are transferred and filed in a PC connected with the
HYI0 CUCTEMY MOHUTOPUHTIA TapaMeTPOB accelerator via a fiber optic carrier. Accelerators
Y OllepaTUBHBIA KOHTPOJIb COCTOSIHUS of the URT type are
Pa3pa60TaHHble B U9® YpO PAH uMmnynbcHbIE CUIBHO- he electron accelerators of URT YCKOPUTEJISI U er0 CUCTEM C BBIBOJOM U successfully used for
TOYHBIE YCKOPUTEJH 3/1eKTPOHOB cepuu YPT, npeg- series developed at IEP are JIOKYMEHTHPOBaHUEM HHPOpPMAIMU Ha industrial modification of
HasHa4yeHbI [/l pa/iUaljMOHHBIX TEXHOJIOTUU B MPO- intended for industrial radiation NepCcoHa/JbHOM KOMIIbIOTEPE, KOTOPBIX film polymers, radiation
HM3BOJACTBEHHBIX YCA0BUSAX. UX OCHOBHbIE TapaMeTphI: technologies. The key parameters CBSI3aH C YCKOPUTEJIEM 10 OIITOBOJIOKOH- sterilization, production of
yCcKopsmwlee HanpsbkeHUe - o 1 MB, yactora ciefoBa- of the accelerators are: accelerating HOMY KaHaJly CBsI3U. YCKOpUTeEJIY CEpUU nanopowders, development
HUA UMIyJbCcoB — o 300 I'n, pasmep ny4yka 371eKTPOHOB voltage up to 1 MV, pulse repetition YPT ycnemHo UcnoJib3yTcs A5 Ipo- of new sorbents and
400x100 MM, AJATENBHOCTD UMITy/IbCA 0K0J10 100 He. rate up to 300 pps, electron beam size MBIIIJIEHHOW MOIU(pUKAIIUY IEHOYHBIX dosimeters, i.e. in radiation
0Oco6eHHOCTbI0 KOHCTPYKIUHU SIBJISIETCS UCIIOJIb30BaHUE 400x100 mm, and pulse width about NO0JIMMEPOB, paAualluOHHOM CTepUIN3a- technologies intended
MeTa/lJIOKepaMUUEeCKUX U METAJIOAUIJIEKTPUYECKUX 100 ns. The design feature is the use I[MH, TI0JIyYeHHs1 HAHOTIOPOILKOB, pa3pa- to treat surface layers of
X0JIOAHBIX KaTOJI0B C HECKOJIbKMMU U3JIy4alolIuMU of metal-ceramic and metal-dielectric 60TKEe HOBBIX COPOEHTOB U J03UMETPOB, granular and solid materials
3JIeMeHTaMH, II03BOJIS0LMe [10JIy4aTh HepaBHOMepHoe cold cathodes with several emitting T.€. B paZjJMallMOHHbIX TEXHOJIOTUAX HA of thickness up to 0.3 g/cm?
pacmpefesieHue 3j1eKTpoH-  elements, providing the output electron MOBEPXHOCTH, B ra3ax U CJI0SIX XKUJKOCTH, in gases and liquids.
HOT'0 My4YKa Ha BbIXOJAHOU beam current density to be uniform to CBIIYYHX WU TBEpPJbIX MaTEPHUAJIOB C
doibre He 6osiee 15%. within ~15%. TOJII[MHOM cyos1 10 0.3 T/cMm?,
MaTeHTbl, aBTOPCKHE CBMAETEALCTBA, NyOAMKALUH OpraHM3auuU-COMCNIOAHUTEAH
1. CokoBHuH C.I0. HaHOCEKyHAHBIE YCKOPUTEHU 3JIEKTPOHOB U 000 «3JIOPUTEX», r. EkaTeprHbypr
Ea,[[I/IaLH/IOHHbIE TEXHOJIOTHUH Ha UX OCHOBE / C.10. COKOBHHUH. —
kaTepuH6ypr: YpO PAH, 2007. - 225 c. 5
2. CokoBHuH C.I0. YckopuTenb YPT-1M /151 paZijualluOHHBIX TEXHOJIOTHUH R RIS
/ C.I0. CokoBHuH, M.E. Banieaun, C.B. lllep6unus // IIT3. - 2013. - Ne4. — 8 DI UELED AL
C.47-50. 7 A {“M‘h"ﬁw.w\. Electron beam current
3. CokoBHuH C.I0. YckopuTenb YPT-1M-300 ,CLJ'IHLpa,CLI/IaL[I/IOHHbIX @6 aj""" .‘.’"4".-« b - = D T
texnosoruii / C.I0. CokoBuuH, M.E. Basesun, C.B. U_le{)6I/IHHH // UsBectus 2. W] e,
BY3oB, ®usuka. - 2014. - T.57,Ne 11/3. - C. 297-301. a2
4. HaHOoceKyHAHBIN CKO§)I/ITEJI]> 3JIEKTPOHOB: natT. 2191488 Poc. o
®Qepepanusa: MIIKH 05 H 5/02,H01] 1/30 / 10.A. Kotos, C.10. CokoBHUH, =3
M.E. bane3uH; 3assBUTe/Ib U MATEHTO00J1aJaTe/b I/IHCTI/IT(}/T -] a
anexktpodusuku YpO PAH. - Ne 2001112512/06; 3asaB.1. 07.05.01; ony6ur. 3 .
20.10.02, Bros1. Ne 1 CToiKa ynpaBneHusa
0 yckoputena YPT-1M
Yckoputens YPT-1M 0 50 100 150 200 250 300 350 400 Control panel of the
URT-1M accelerator X, mm URT-1M accelerator
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HMNVNbCHLIE PERTTEHOBCKWE UCTOUHWKH H UX TPHMEHEHHE

MITyJIbCHble PEHTTE€HOBCKHE alapaThl

pa3JIMYHOr0 THIIA B HACTOsIILlee BpeMsl
BCe LIMpe NPUMEHSIOTCS B MEAUIIMHCKON
JIMarHOCTHKe, fePeKTOCKOIINY, JOCMOTPO-
BbIX cMcTeMax. [IpeMMyI1leCTBOM KOMIIJIEK-
COB, CO3JJaHHBIX HA OCHOBE HAaHOCEKYH/JHbIX
MMITyJIbCHBIX F€HePaTOPOB, Majorabapur-
HbIX OTHAsHHBIX PEHTTeHOBCKUX TPYOOK C
XOJIOAHBIM KaTOJOM U YCTPOMCTB BU3YasIH-
3all1H, UCNIOJIb3YIOIIUX PEHTI€HOJTIOMUHO-
dopbl, sBsieTcs 3HaUYUTENbHOE, B 10-20 pas
CHIKEHNE Heo6X0JUMOM Z103bl 06JIyYeHHs
B CPaBHEHUH C aHAJIOTUYHBIMH KOMILJIEKCa-
MU Ha OCHOBE MCTOYHHMKOB HENIPEPBIBHOTO
PEHTTEHOBCKOI0 U3JIyYEHHS.

YHUBEpCanbHbIN
PEeHTreHOBCKUiA

naTeHTbI, dBTOPCKHUEe CBUAETEAbCTBA, ny(muxau,uu

N owadays pulsed X-ray
apparatuses are widely used

in medicine, non-destructive
testing and security systems.
The X-ray sources based on
nanosecond voltage pulse
generators, compact sealed-off
cold-cathode X-ray tubes and
detectors with intensifying
screens have great advantage
over competitors. These systems
produce necessary doses
10-20 times lower compared
with similar devices based on

: AceHb-01 megMUMHCKUIA
continuous X-ray sources.

PEHTreHOBCKMI annapar
Yasen-01 medical
X-ray apparatus

annapar 1. CHWXKeHHe [030BOM Harpy3KH Ha MalMeHTA IPU POBEJEHNUH JUarHOCTHUKHU C IIOMOIIbIO
T — UM PPOBBIX MMITYJIbCHBIX HAHOCEKYH/IHBIX PEHTTeHOBCKMX KOMIUIeKCOB / B.A. BeccoHoBa,
X-ray I1.B. l'aBpuios, C.P. KopxkeneBckui, A.C. Yenycos, A.A. Komapckuii // MegunuHckast
apparatus paZiMoJIorus U paiManoHHas 6e3onacHocThb. — 2016. - Ne 2. - C. 53-57.

2. [IlpuMeHeHHE UMNY/IbCHBIX YaCTOTHBIX HAHOCEKYH/JHBIX PEHTT€HOBCKHUX allllapaToB
nusa guarHoctuku / C.H. BasukuH, U.3. MoxapoBa, C.P. KopxxeneBckuii, B.JI. Ky3Henos,
A.A. Komapckuii // BecTHUK peHTreHOJI0THU U paguosioruu. — 2015. - Ne 2. - C. 42-46.

3. Reducing Radiation Dose by Using Pulse X-Ray Apparatus / A.A. Komarskiy, A.S. Chepusov,
V.L. Kuznetsoy, S.R. Korzhenevskiy, S.P. Niculin, S.0. Cholakh // Journal of Biosciences and
Medicines. - 2014. - Vol. 2, No. 2.-P. 17-21.

4. OctpodokycHasi ABYX3JIEKTPOJHAsl UMITYJIbCHAs pEHTTeHOBCKas TpyOKa: nat. 2174726
Poc. ®enepanusa: MIIKH 01 ] 35/00, HO05 G 1/02 / ®unaros A.J1., KopxxeHeBckuii C.P,
lep6unuH C.B., BopakoBa M., Tosy6eB B.A.; 3asiBUTeIM ¥ TaTEeHTO06/1aZaTeNN
HHctuTyT asekTpodusuku YpO PAH u KoM6uHAT «I1€KTPOXUMIIPUGODP». —

Ne 000122229/09; 3asBa. 22.08.00; ony6.1. 10.10.01, Bros1. N2 28. - 6 c.
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Bﬂa6opaTopHH VMIYJIbCHBIX UCTOY-
HUKOB U3JIyYeHUU pa3paboTaHa
cepusi OTHASHHBIX B3PIBOIMHUCCHOHHBIX
PEHTTeHOBCKUX TPYOOK U KOMIIAaKTHBIX
BbICOKOBOJIBTHbIX HAHOCEKYH/IHbIX
HMMITYJIbCHBIX FT€HEPATOPOB C MOJHOCTHIO
TBEpPAOTEJbHOM CUCTEMON KOMMYTaLUU
C BBIXOJHBIM HallpsDKEHHUEM OT 65 10
350 kB, pa6oTamiUx B KUJIOTEPL,OBOM
JlManasoHe yacToT. Takoe pelreHue
3HAYUTEJILHO [TOBBICUJIO CPOK CITYKOBI

Y CTaGUJIBHOCTb PAGOTHI YCTPOUCTB JJIs1
pas3JIMYHOIo NPUMEHEeHHUs.

CpaBHeHWe MMMNYNbCHOrO HAHOCEKYHAHOrO annapara
C annapaTamMu NOCTOAHHOIO TOKa, NPOBeAEHHbIe annapat
B «CaHKT-lNeTepbyprckom HUN dTr3nonynbmoHonornm»

HasBaHwue annapara, O6nacTtb
KpaTKasA XapaKTepucTmka nccnepoBaHuaA
Acenb-01

Nerkune

(MOBUNBHBIN, UMNYNLCHOTO
n3nyyeHun), 4 kBT, 45 Kr

Definium AMX 700
(MOBUNLHDBIN, HENPEPLIBHOTO
nsnyyenun), 12,5 kBT, 468 Kr

Nerkune

Evolution HV

(cTaumoHapHbIi, Nerkve
HenpepbIBHOTO MU31yYeHus),
100 kBT, 60nee 1000 kr

MpeANpUATHA-COUCTIOAHUTEAH

¢ 000 «Cy6MHKpPOBOJTHOBAs AUArHOCTUYECKas annaparypa», . EkaTepuH6ypr

o OTI'VII «kKoM6UHAT «3JIEKTPOXUMIIPUOODP»,

(nepeaHas npoeKkuusa)

(nepeaHsas npoeKuus)

(nepeaHas npoeKkuusa)

he laboratory of pulsed

radiation sources has
developed a series of compact
nanosecond high-voltage pulse
generators and sealed-off X-ray
tubes with explosive emission
cathodes. The X-ray system
comprises solid switches and
produces 65-350 kV pulses at
klloh.ertz I.'ep.e’Fltlon rz%tes. This PeHTTEHOBCKAA
solution 51gn1f1cantly 1ncreases MMNYNbCHaA
stability and life time of the devices TPpy6Ka
designed for various applications. X-ray tube

Xupypruyeckui
PEeHTreHOoBCKUiA

Surgical X-ray

SkBMBaneHTHaa  OTHocuUTenbHasA EIpIPEIEIALS

no3a (m38) [o3a
0,027 1

0,569 21,1
0,721 26,7

r. JlecHoH, CBepAsI0BCKast 06.1.

PeHTreHOBCKUIA CHUMOK TPYAHOMN KNeTKK
X-ray picture of a chest
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PTVTHAA AYTOBAA IAMNA HU3KOTO AABNEHHUA B KOMKYXE C OTPAMAIOWLEN
BHYTPEHHEH NOBEPXHOCTbIO — HCTOYHWK PABHOBECHOIO M3NVUEHUA

pU HMCC/IeIOBAaHUU CIIEKTPA U3JIYYEeHHUs LIHUPO-

KO UCI0JIb3yeMOH NPOMBIIIJIEHHON PTYT-
HoM 6akTepunugHon jamnbsl TUV 8wG8 T5 UV,
MOMEIEHHOH B KOXYX, 6bLJI0 06HApYKeHO, 4YTO
M3-3a M[OTOKPATHOTO OTPaXeHUs OT BHYTPEHHEN
MOBEPXHOCTH KOXKyXa YCUJIMBAeTCS CaMONorJIone-
HUe B Ta30pa3psAAHOH IJ1a3Me JlaMIibl. B pe3ysibTa-
Te B BBIXO/SIIEM U3JIyYeHUU CUJIBLHO 0CJIA0JIseTCs
pe30HaHCHasl JIMHUS aToMa PTYTH npu 253.6 HM,
SIBJISIIOIENCS OCHOBHOM JIMHUEN B CIIEKTpPE U3JIY-
YeHUs Takou Jlamibl. TakuM 06pa3oM, 3aIIUTHBIHA
KO>XyX 3HAa4MTEJIbHO BJMAET Ha BBIXOAHOE U3JIyye-
HHE PTYTHBIX JIaMII, YTO HEOOXOAUMO YIUTHIBATh
MpU CO3JAaHUU alllapaTyphl Ha UX 6ase.

he emission spectrum of a mercury

germicidal lamp of industrial type TUV
8wG8 T5 UV placed in a protective casing
has been investigated. It has been found
that the self-absorption in the gas discharge
plasma becomes stronger because of multiple
reflections from the inner surface of the
casing. This severely weakens the 253.6 nm
resonance line of atomic mercury in the output
radiation spectrum that is the principal line in
the lamp spectrum. Thus, a protective casing
significantly affects the output radiation of a
mercury lamp, and this should be considered
when using mercury lamps in various devices.

NaTteHThl, adBTOPCKHUEe CBUAETEAbCTBA, I'IYGI\MKHU,HM
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PTyTHbIe GaKTepUL M HbIe JaMIIbl (JaBleHHe
napoB ptyTu 0.8-0.9 [1a, 6ydepHoro rasa
aprona 400-800 I1a), ussyyariye pe30HaHCHYIO
JINHUIO aTOMa PTYTH 253.6 HM, SABJISIOTCSA Hau6o-
Jiee pacnpoCcTpaHeHHbIM UCTOYHUKOM ybTpadu-
0JIETOBOTO U3JIy4yeHHus. JljIs 32U ThI IepcoHaa
oT YO saMny OMeLIaloT B MeTaJIMYECKUH, Yalle
BCEro J10paJlloMUHHUEBBIN KOXKYX, a U3/IyYeHue
BBIBOJAT Yepe3 HEGOJIbIIOEe OTBEPCTHE UJIH LIeb.
Hamu 661710 OKa3aHoO, YTO B TAKOH KOHCTPYKLHUU
MHTEHCUBHOCTD JIMHUH MPH 253.6 HM C pOCTOM
TOKa pa3psijia UMeeT MaKCUMyM. ITO 06yCJIOBJIEHO
yCHJIEHHEM CaMOIOIJIONIeHUsI 3a CieT MHOI'OKpAT-
HOTO NPOX0XKAEeHHsl Yepes3 U3/Iyvalollylo [Ja3My
OTpPaXKEHHOI'0 CO6CTBEHHOI0 U3JIyYeHHs OT BHY-
TpeHHel TOBEPXHOCTH KOXyXa.

OpraH13auuU-COUCTOAHUTEAH

Germicidal mercury lamps (mercury vapor
pressure 0.8-0.9 Pa, argon buffer gas
pressure 400-800 Pa), which emit radiation
with the 253.6 nm mercury resonance line, are
widely used as ultraviolet sources. To ensure
UV protection of the personnel, the lamp is
placed in a metal (often duralumin) casing,
and radiation is extracted through a small hole
located at the center of the casing. Testing

of this design has shown that the 253.6 nm
line intensity approaches a maximum with
increasing discharge current. This is caused
by intensification of self-absorption due to
multiple passage of the self-radiation reflected
from the inner surface of the casing through
the radiating plasma.

OMCKUH rocyapCTBEHHbBIN TeXHUUECKUHN YHUBEPCUTET, I. OMCK

2500

YCTpOI‘/‘ICTBO AJid CTa6I/IJ'lI/I3aLU/II/I H3JIy4YeHHd rasopas- #253.7 Hm

SI/THBIX JIaMII : aT. 2414767 Poc. ®epepanus : MIIK _— ¢ W546.1 1M

01]J61/02 / Top6yHkoB B.U., ConomonoB B.U.; 3asBu-
TeJIb U NaTeHT0061a1aTe b [ocyjapcTBeHHOe 06pa3o-
BaTeJIbHOE YIPEXAEHHUE BBICIIETO MPOdECCHOHATBLHOTO
o6pa3oBanus «OMCKUH FOCXAaECTBeHHblﬁ TeXHUYEeCKUHN
yHuBepcuTeT». — N2 2009146852 /07; 3asaB.. 16.12. 09;
ony6.1. 20.03. 11, BroJ1. Ne8.
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MNoBeneHMe MHTEHCUBHOCTEW CNEKTPAIbHbIX
JINHUI U3Ny4EeHUA aTOMOB PTYTU C USMEHEHNEM
TOKa pa3psaga amnbl B KOXKYXe C 3epKaibHO
OTpa’katoLLen BHYTPEHHEN NOBEPXHOCTLIO

500 .I.A,J,lf
Behavior of the intensity of atomic mercury w8

lines with the discharge current of a lamp 0
placed in a casing with reflecting inner 100 150 200 250 300 350 400 450
surface inside
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PTyTHan namna B KoXyxe

The mercury lamp in a casing Tok namnbl, MA
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HEPA3PYILAIOLUMH CTATUCTHYECKMIH METOR HAEHTHDURALIAY
MECTOPOHAEHUA APATOLEHHDIX RAMHEH

po6JsieMa HE3aKOHHOT'0 060p0Ta pyOUHOB U

candupoB, 00ycIaBIUBAET HEOOXOAUMOCTb
C03/1aHus1 OBICTPBIX Hepa3pylIAKLIUX METOAO0B AJIs
olnpejieJieHUs UX MecTa 06bI4U. Pa3paboTaHHBIM
B 3D MeTo0M UMIy/IbCHON KaTOZ0IIOMHUHECL€H-
LIMHY GbLIY HCC/lel0BaHbl 6J1aropo/iHble KOPYH/AbI U3
BOCbMH MUPOBBIX MeCTOPOXAeHU . [IokasaHo, 4TO
CIEKTPBI BCeX 06Pa310B KOPYH/,0B UMEIOT 0COOEH-
HOCTH, XapaKTepHbIe [T KOK0ro peruoHa. Ha ato
OCHOBE IIPe/IJIO’KEH U alPpOGHUPOBAH CTAaTUCTHYECKUI
JIIOMUHECLEHTHBIM MeTOo/ ollpe/ie/ieHUsl perMoHa Mnpo-
HWCXO0XKJIEHUSI KaMHeH.

HHTEHCHBHOCTE, OTH, B0,
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he challenge with ruby and sapphire

trafficking necessitates non-destructive
methods for prompt identification of their
extraction spots. Precious corundums
extracted from eight world deposits
have been examined by the pulsed
cathodoluminescence method designed at
IEP. It has been shown that the spectra of all
corundum samples have features specific
to each region. On this basis, a statistical
luminescent method for determining the
region of origin of precious stones has been
proposed and tested.

MaTeHTbl, aBTOPCKHE CBMAETEALCTBA, NyOAMKALMUM

1. Coco6 uaeHTUGUKAIMY MUHEPAJIOB U HAEHTUDUKATOD
MHHepasoB (ero BapuaHThl) : naT. 2057322 Poc. Penepanus :
MIIK GO1N21/66 / Muxaitnos C.I', Ocunos B.B., CosjoMoHOB
B.U.; 3asBuTENIb M IaTeHTOOGIagaTenb UHCTUTYT
SHEKTpg$]63§I/I9K6I/I YpO PAH. - Ne 5032531/25; 3asBs1. 31.01.92;

2. HMHfUIbCHbeI KaTOZ0JIOMUHECIEHTHBIN cneKTCporpacl) : [aT.
14 Poc. Pepepanus : MIIK GO1N 21/66 / ConmoMmoHOB
B.U., Ocunos B.B., Cnupuna A.B., llinak B.I', lnangux
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MeTo,q OCHOBAH Ha aHa/IM3e CIIeKTpa UMIYJIbC-
HOU KaTOZO0JIOMUHECIIEHIIUY KaMHeH, Ipu
3TOM 63301 MeTo/1a SBJISIETCS pa3Inyre reoxu-
MHUYECKHUX YCI0BUM 06pa30BaHUs KaMHeH pa3HbIX
MeCTOPOXKJeHUH U UX 6IM30CThb B OJHOM MECTO-
poxkzenun. [y neHTUGUKALMH GbLIO PeiJIo-
»KEHO HCI0JIb30BaTh CTATUCTUYECKHE TapaMeTphl
MOJIOCHI JIIOMUHECIeHIIUM B 06J1acTH 550-900 HM
(puc. 1). [TokaszaHo, 4TO cpeAHsAs AJMHA BOJIHE,
IIMPHUHA U OTHOCUTE/IbHAA UHTEHCUBHOCTD 0[]~
YUHAIOTCS HOPMaJIbHBIM pacnpe/ie/ieHusIM (pHuc. 2),
HO C KOHCTaHTaMH, 3aMeTHO OTJIMYAOIIUMHUCS 15
Ka)K/I0I0 MECTOPOK/IeHUS.

Puc.2. ®yHKLMN NNOTHOCTH
pacnpefeneHnsa cnekTpanbHo-
JIIOMUHECLLEHTHOTO NapameTpa
cpefiHel A/IMHbI BOJTHbI A, NOOCHI
NIOMUHECLeHUUN 61aropoaHbIX
KopyHAo0B 13 Magarackapa: cnesa
pybuHbI, cnpasa candupbl

Figure 2. Density distribution functions
of spectrum luminescence parameter
A, (average wavelength) of the
luminescence band for Madagascar
precious corundumes: left — rubies,
right — sapphires

he method consists in analyzing pulsed

cathodoluminescence spectra of stones
based on the difference in geochemical
background between stones extracted from
different deposits and on the proximity in
background of stones from the same deposit. It
was proposed to perform deposit identification
using statistical parameters of the 550-900 nm
luminescence band (Figure 1). It has been
shown that the average wavelength, width
and relative intensity are normally distributed
(Figure 2), but the constants differ significantly
for different deposits.

OpraHH3aI.IMM-COHCI'IOAHMTeI\M

e HHCTUTYT reoJIoTMH U TEOXUMHUU UM.
akagemuka A.H. 3aBapunkoro YpO PAH

o ®desiepasibHOE TOCYAAPCTBEHHOE Ka3eHHOE
yupexzaeHue «BoiickoBas yactb 68240»

doTorpacdusa ycTaHOBKM ANSA perncTpauum CnekTpos
MMMYNbCHOM KaToA0Mt0MUHECLEHLNM

Photo of the setup for measuring pulsed
cathodoluminescence spectra

[AnuHa BONHBLI, HM

M.HU., llynaisoB C.A., YnemackysnoB M.P, Begepuukos LE.,
Kopousesa T.I', MuxaiioB C.I, J/lunmuak A.W.; 3agBuTesnb U
nateHToo6.J1agaTenb UHCTUTYT aekTpodusuku YpO PAH. -
Ne2011127347; 3aa81.04.07.11; ony61. 10.08.12, broa1. Ne 22.

Puc. 1. Cnektpbl MK/l 6naropogHbix KopyHAoB Magarackapa:
MD_2, MD_4, MD_8 — py6uHbl, ocTasibHble candupbl

Figure 1. PCL spectra of Madagascar precious corundums:
MD_2, MD_4, MD_8 — rubies; other — sapphires
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OGHapy»KeHO sIBJIEHHEe YCKOPEHHOTO X0J0HOTO

PaiMalMOHHOTO OT>KUT'a METACTAOUIbHBIX CPeJ]
MPHY KacKai000pas3yroleM HOHHOM 06JIyYeHHH,
00yCJIOBJIEHHOE PaclpoCTpaHEHWEeM MOCIeKaCKa/l-
HBIX y/lapHbIX BoJIH. Ha 3T0# ocHOBe pa3paboTaHbI
MeTOo/bl MOAMUKALUU CBOUCTB CyOMUIJIUMETPO-
BbIX U MUJIJTUMETPOBBIX MPUIOBEPXHOCTHBIX CJI0EB
MarepuasoB TsokeabiMu (M > 10 a.e.M.) yCKOpEHHBI-
MU HOHaMHU C 3HeprusiMu 5-100 k3B, mpoeKTHUBHbIE
MpPO6Ery KOTOPHIX B BEL[eCTBE He MPEBBIIIAIOT
HECKOJIbKHUX [1eCSITKOB HaHOMeTpoB. UcciiejoBaHUsA
c nomouipko 3pdekra Meccbayapa, peHTTeHOBCKOU
AudpakLuny, aTOMHON CUJI0BOM, 3JIEKTPOHHOU U
M0JIEBOM HOHHON MUKPOCKOIHMH, a TAKXKe pe3u-
CTOMeTpHYecKHe in situ U MarHUTHbIe U3Mepe-
HUS 0Ka3aJ/iy, 4YTO yay4yllleHue MeXaHU4YeCKUX U
MarHUTHBIX CBOMCTB B pe3yJibTaTe HOHHO-JIy4eBOU
06paboTKU CBSI3aHO ¢ MoAuUKALMel CTPYKTYpHO-
$a30BOro cOCTOSIHUS, A TAKXKE ATOMHOU U MarHUT-
HOW JJOMEHHOU CTPYKTYPBHI CIJIaBOB.

"aTeHTbI, aBTOPCKHE CBMAETEAbCTBA, I'I)’6I\HKaI.I,MH

O. d.-m. H. B.B. OBumHHMKOB (V.V. Ovchinnikov, Dr. Sc.)
viaeO5@rambler.ru, vladimir@iep.uran.ru, +7 (343) 2-678-774

HOHHAA MMINAHTALIHA -

TEXHONOrUA HETEPMUYECHOTO OTHHHIA

he phenomenon of accelerated cold

radiation annealing of metastable media
under cascade-forming ion irradiation has
been revealed, which is caused by post-
cascade shock waves. On this basis, methods
have been developed for modifying the
properties of submillimeter and millimeter
surface layers of materials with accelerated
heavy (M > 10 amu) ions with energies
of 5-100 keV, whose projected ranges in
the material are not over a few tens of
nanometers. Mossbauer, X-ray diffraction,
atomic force, electron and field ion
microscopy, and also in situ resistometric and
magnetic measurements have shown that the
improvement in mechanical and magnetic
properties of alloys treated by ion beams is
due to changes in their structural-and-phase
state and in atomic and magnetic domain
structure.

1. Cnoco6 T%)MOMarHI/ITHoﬁ 06pabOTKN MarHUTOMSITKUX MaTeBII/IaJ'IOB: nat. 2321644 Poc. ®egepanus :

MIIK C21

1/04 / I'y6epnaTtopos B.B., /lparomanckuii 10.H,,

BYeHKO B.A., OBunHHUKOB B.B., CbiueBa T.C,;

3asBUTEJb U NaTeHTOooO1aAaTe b MHCTUTYT pusnku metanioB YpO PAH - Ne 2006128319/02;

3asBJ. 03.08.06; omy6.1. 10.04.08, Broi. Ne 10.

2. Cnoco6 noJiy4eHusl IMCTOBOTO IPOKAaTa U3 aJIlOMUHUEBBIX CIIaBOB: NaT. 2363755 Poc. ®epepanus : MIIK
C22F1/04, C22F3/00 / OBunHHuKOB B.B., 'aBpuios H.B,, I'yiinna H.B., lllkonpHnKoB A.P.,, MoxxapoBcKUH
C.M., ®ununnos A.B; 3asiBuTesb U naTeHTo06aaTesnb OAO «KaMeHCK-Ypanbckuil MeTaliypruyeckun
3aBog» - N2 2006143709/02; 3asB.1. 08.12. 06; ony6.1. 10.08. 09, Broa1. Ne 22.

3. OBunMHHUKOB B.B. PasnannonHo-guHamMudeckue apdpekTrl. BoamoxkHOCTH GOPMUPOBaHUSA YHUKAJIBbHBIX
CTPYKTYPHBIX COCTOSTHUH M CBOHCTB KOHZIEHCUPOBAHHLIX cpef // Yenexu ¢pusndeckux Hayk. — 2008. - T. 178,
Ne 9. -

.991-1001.
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Ha OCHOBe 06Hapy>KeHHOT0 IBJIEHUS NpeJ-
JIOXKEH CI0CO6 CHIKEHHSI BATTHBIX IIOTEPH B
TpaHCc$OPMATOPHBIX CTAIAX U HAHOKPHUCTAJLINYe-
CKHUX ¥ aMOp}HBIX ieHTaX Ha 5-35% B 4acTOTHOM
JAuanasoHe ot 50 g0 10 000 I'ry (mosryyeH naTeHT
coBMecTHO ¢ UOM YpO PAH, 2008 r.). CoBMecTHO ¢
KameHCcK-YpasbCKUM MeTa/llypruieckuM 3aBoJ0M
pa3paboTaHbl 0OCHOBbI TEXHOJIOTUH YCKOPEHHOTO
X0JIOJHOTO paJIuallUOHHOT0 OTKUTa /1J151 BOCCTa-
HOBJIEHUS IJIACTUYHOCTH X0J104HOAePOpMHUPO-
BaHHBIX [10JI0C U Tpodusielt (ToamuHou 1-6 MM)
IPOMBIIJIEHHBIX aJIOMUHUEBBIX CIIJIABOB Iy4KaMU
YCKOpeHHBIX HOHOB Ar* (20-40 k3B) B TeueHue
5-30 c npu noHmxeHHbIX Ha 150-200 K Temne-
paTypax, B3aMeH JJIMTeJbHOTI0, B TedeHue 2-6 4,
CTAHAAPTHOTO MeYyHoro oTkura (mareHt, 2009 1.).

OpraHuM3auuU-COMCNIOAHUTEAU

ased on the discovered phenomenon, a

method for reducing magnetic losses in
transformer steels and in nanocrystal and
amorphous ribbons from 5 to 35% in the
frequency range from 50 to 10 000 Hz was
proposed (joint patent with IMP UB RAS,
2008). In cooperation with Kamensk-Uralsky
metallurgical works, basic fast cold radiation
annealing technology was developed to recover
the plasticity of cold-worked bars and shapes
(1-6 mm thick) of commercial aluminum alloys
by beams of accelerated Ar* ions (20-40 keV)
within 5-30 s at temperatures reduced by
150-200 K, instead of long-term (2-6 h)
standard furnace annealing (patent of 2009).

e HHcTuTyT dU3KKku MeTa10B UMeHU M.H. MuxeeBa YpO PAH (M®M YpO PAH)
¢ 0AO «KameHcK-Ypanbckuil MeTastyprudeckuit 3aBoa» (0OAO «KYM3»)

Pe3ynbTaTbl X0N04HOM NPOKATKM

C NPOMEKYTOUYHbIMU PaAMaALNOHHBIMU
OTXXMUramu TPYAHO OTKMUFAaemoro
Tepmuyecku obpasua cnnasa 1424

A sample of difficult-to-anneal
1424 alloy cold-worked with
intermediate radiation annealing
treatments

MarHuTHas AOMeHHas CTPYKTypa TpaHCGOpPMaTOpHOM
ctanu Fe+3 mac. % Si go (a) u nocne (6) obnyueHuma
noHamm Ar* (E = 20 k3B). J/leBasa yacTb 06pa3ua bbina
3aKpbITa MacKomn

Magnetic domain structure of transformer steel
Fe+3 wt % Si (a) before and (b) after irradiation with
Ar* (E = 20 keV) ions. The left part of the sample was
covered with a mask
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PASPABOTKA H COBEPIUEHCTBOBAHMWE TEXHONOIUH CHHTE3A

density distribution, r.u.
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C VHTe3 BBICOKONPO3payHbIX KEPAMUK ABJISAETCA IPUOPHU- ynthesis of highly transparent
TETHbIM HallpaBJeHUEM B 00J1aCTH CO3/JlaHUs TBEPOTE b- ceramics is a priority area in
HbIX JIa3ePOB, IPY U3TOTOBJIEHUH K0JI6 Jis1 JIaMI BbICOKOTO designing solid-state lasers and
JlaBJIEHHS], TPO3PaYHON OPOHU, MATHUTOONTHUKH, MEXAHO- U in fabricating bulbs for high-
YKapOMPOYHBIX OKOH, JINH3 IIUPOKOYTOJIbHBIX 06'bEKTUBOB U pressure lamps, transparent
T.A. [lepe MOHOKpUCTA/IMYECKMMU MaTpULIaMy OITUYECKUe  armor, magneto-optics, scratch-
KepaMUKU 06/1aJJal0T IBHBIMHU and heat- resistant windows,
o o perMyllecTBaMu: 60JIblINe wide-angle lenses, etc. Compared
OTOrpa®mmM HaHo4YacTu, _ . . q 5
CHHTE3MPOBAHHDIX METOAOM pasMephbl, HU3Kas ce6ecTou w1th single crystallme matrices,
nasepHoii abaaLumm, 1 Ux MOCTb, BpeMs1 U3TOTOBJIEHUS optical ceramics possess obvious
?VHKU.KIAVI Paﬁ‘"pe.ﬂﬁﬂeH”ﬂ Y 3HEeproéMKOCTb IIpolLecca, a advantages such as larger sizes,
OTTIaessi;e:Zistribution TaK>Xe BO3MO>KHOCTb CUHTe3a lower cost, shorter fabrication
of nanopowders. The KOMIIO3UTHBIX MaTEPHAJIOB U time and lower energy content,
insets show photos obecrieyeHus1 60Jiee BbICOKOU and make possible composite
of nanoparticles after KOHI[EHTPAIMHX aKTUBHBIX materials and higher density of
sedimentation )
LIeHTPOB. active centers.
naTeHTbI, aBTOPCKHUE CBUAETEAbCTBA, HyﬁAMKaIJMM
1. Composite Nd:YAG/Cr*:YAG transparent ceramics for
thin disk lasers / V.V. Osipov, V.A. Shitov, V.I. Solomonov,
K.E. Lukyashin, A.V. Spirina, R.N. Maksimov / é Ceramics
International. - 2015. - Vol. 41. - P. 13277-13280.
2. Ho:YAG transparent ceramics based on nanopowders
produced by laser ablation method: Fabrication, optical
properties, and laser performance / S.N. Ba§a¥ev, V.
Osipov, S.M. Vatnik, V.A. Shitov, L.A. Vedin, V.V. Platonov, L.Sh.
Steinberg, R.N. Maksimov // Optical Materials. - 2015. - Vol.
50.-P.47-51.
3. Laser synthesis of nanopowders / V.V. Osipov, Yu.A. Kotov,
M.G. Ivanov, 0.M. Samatov, V.V. Lisenkov, V.V. Platonov,
A.M. Murzakaev, A.Il. Medvedev, E.I. Azarkevich // Laser
Physics. - 2006. - Vol. 16, Ne1. - P. 116-125.
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PaSBI/IBaeMy}O B U3® YpO PAH TexHoJI0-
THI0 MOXKHO pa3Zie/IuTh Ha TPU JTamna:
NoJlyYeHre HaHONIOPOIIKOB, KOMIAKTHUPO-
BaHUeE U ClleKaHWe KOMIAKTOB. Jlyid npu-
rOTOBJIEHUS] MUIIEHEN TPyOble TOPOIIKH
CMEIINBAIOTCS B HY>KHOM NMPONOPLIUH U
npeABapUTEIbHO CIIEKAKTCA [0 YPOBHA
NPOYHOCTH, JOCTATOYHOH JJIs IPeSoT-
BpallleHUs pa3pylleHus NoJ AelCTBUEM
Jla3epHOro u3ay4yeHus. Hanonopouku
IMPOU3BOASTCA MyTEM absALMH (McapeHus)
MHUILEeHeHl U3/1y4eHueM Jiazepa C nocJe-
Jyollled KoH/eHcalel MapoB B IOTOKe
Hecyuero rasa. [locse ceguMeHTanuy, Npo-
KaJIMBaHUS, CMELIMBAaHUS U CYLIKH NOPOILKU
NPeCCYI0TCs C UCI0Ib30BaHUEM Pa3IUYHBIX
METO/0B /10 ypoBHS ~50% OT peHTTeHOB-
CKOM IJIOTHOCTH. KOMIIaKThI CIEKAIOTCS B
BaKyyMHOM Ne4u Npy TeMmnepaTtypax 1700-
2050 °C B TeueHue 10-20 yacos. [locse
MPOKAJIMBAHUS, HTMPOBKHU U MOJTUPOBKHU
06pasLbl NPUOOPETAIT 3aKOHYEHHBIN BU/ U
HMMEIOT IJIOTHOCTb U MPO3PaYHOCTh, 6JIN3-
KHe K TeOpeTUYeCKHUM 3HaYeHUAM.

0prauu3auuu-coucnommem

JlazepHas reHepanus Ha CHHTe3UpoBaHHbIX B U3 YpO PAH o6pasnax

KepaMHUKHU I10J1Iy4€Ha B COBMECTHBIX pa60Tax C:

dotorpadua
Noay4YeHHbIX
KepamuK

Photos of
fabricated
samples
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he technology being developed at IEP can

be divided into three stages: production
of nanopowders, compaction, and sintering of
compacts. For preparation of targets, coarse
powders are mixed in required stoichiometry and
then pre-sintered to a level of strength sufficient
to avoid destruction under laser irradiation.
Nanopowders are produced by laser ablation
(evaporation) of targets followed by condensation
of the vapor in air flow. After sedimentation,
annealing, mixing, and drying, the powders are

e HHcTuTyT N1a3epHoM pusrku CO PAH (MJ1d CO PAH),

r. HoBocu6upck, B 06pasne Ho:YAG c 1 = 40%
u B Yb:Lu,,Y,,.0, cn =29%;

e UHcTuTyT npukiaagHon ¢usuku PAH (UI1® PAH), r. HroxHu

HoBropogz, B 06pasue Yb:YAG cn = 37%;

e HanuoHanbHBIA HHCTUTYT ONTHUKY, I. DyiopeHnNs, B 06pasie

Nd:YAG cn = 52.7%.

HccnenoBaHye CUUHTUIALMOHHBIX XapakTepUcTUK Ce:YAG kepaMUK
MPOBOJUTCS COBMECTHO C YpaslbCKUM deiepanibHbIM YHUBEPCUTETOM

(Yp@Y), r. EkaTepuH6ypr.

pressed using different
methods to about 50% of
the roentgen density. The
compacts are sintered

in a vacuum furnace

at 1700-2050 °C for
10-20 h. After annealing,

£/

e

grinding and polishing, the

samples have a finished
appearance, and their

density and transmittance

are close to predicted
values.



FI/IGpHLLHbIe HaHOYaCTHUIbI
CO CTPYKTYpOU MeTas-
JINYECKOE AP0 — PYHKIIU-
OHaJsIbHasi 060J104Ka NpeJ-
CTaBJISIIOT UHTEpPeC U3-3a
HeOObIYHBIX CBOMCTB, 103BO-
JISIOUIUX UCII0JIb30BaTh UX

B KayeCTBe U3JydyaTesaen

Y CEHCOpOB. B HHCTUTYTE
pa3paboTaHbl METOLUKH U
Heo0OXoMMoe 060py/10Ba-
HHUe JJ14 I0JIy4eHUsl TaKuX HaHo4acTul, PopMupoBaHue 060-
JIOYEeK HeOpraHW4eCcKOU UM OpraHu4YeCcKON MPUPOAbI TOJIIIU-
HOM 1-5 HM Ha MOBEPXHOCTH HAHOYACTHL, OCYLIeCTBIISAETCS B
npolecce NOJy4YeHHs] HAHONOPOIIKA METOZOM 3JIEKTPHUYECKO-
0 B3pbIBa IPOBOJIOKH B KOHTPOJIMpyeMoi aTMocdepe.

YcTaHoBKa 9B
EEW installation

"aTeHTbI, adBTOPCKHE CBMAETEAbCTBA, I'IY6I\HKaI.IMH

K. T. H. WU.B. Bekertos, (l.V. Beketov, Ph. D.)
beketov@iep.uran.ru, +7 (343) 2-678-819

CUHTE3 TMBPHAHLIX HAHOYACTHL
METOZL0M JNERTPUUECKOIO B3PbIBA NPOBOJNOKRH

ybrid nanoparticles of metal/

functional-material core-shell
structure are of interest because of
the unusual properties that enable
their use as emitters and sensors.
Techniques and equipment for
production of nanoparticles of
this type have been developed at
[EP. The formation of inorganic
or organic coatings of thickness
1-5 nm on the surface of
nanoparticles is realized in the
process of producing a proper
nanopowder by the electrical
explosion of a wire in a controlled
atmosphere.

1. Moaudukanys akTUBHOHM NIOBEPXHOCTH HAHOIOPOIIKOB KeJIe3a, M0/Iy4aeMbIX METO0M
3JIEKTpUYeCKOro B3pbiBa npoBosiokd / A.Il. Cadponos, A.B. barazees, T.M. /lemuHa,
A.B.Tletpos, U.B. BekeToB // Poccuiickue HaHOTexHOorUU. — 2012. - T. 7, Ne 3-4. -

C.47-52.

2. Carbon deposition from aromatic solvents onto active intact 3d metal surface at ambient
conditions / L.V. Beketov, G.V. Kurlyandskaya, A.P. Safronov, A.A. Chlenova, M.V. Kuznetsov,
D.N. Baszin, M.B. Sanchez-Ilarduya, A. Martinez-Amesti // Langmuir. - 2014. - Vol. 30,

No. 11. - P. 3242-3253.

3. Cnoco6 mnoJiy4eHusI HAHOMOPOIIKOB OKCU/A LIMHKA, JONUPOBAHHBIX ME/IbI0, METOJIOM
3JIEKTPUYECKOT'0 B3phIBa MPOBOJIOKH : aT. 2465982 Poc. (Deaglpaunﬂ : MIIK B22F

9/14 / Barasees A.B., CadoHoB A.Il., MenBezneB A.1., BekeToB

B.; 3asBUTED

Y MaTEHTO00J1aJaTeNb I/IHCTI/I'I‘lyT 311eKTIg0§l)1I/13HKu YpO PAH. - N22011129492;
031,

3agBi. 15.07.11; ony6u1. 10.11.12, BroJ1.
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KOHTpOJmpyeMLIe Jl06aBKHU ra3006pa3HbIX
peareHTOB B paGo4ui ras, a Tak)ke HaHe-
CeHUe peareHTa Ha B3pbIBAEMYIO MPOBOJIOKY
M03BOJISIIOT GOPMHUPOBATH HA TIOBEPXHOCTH
MeTa/ZTHYeCKHX YaCTHUI HEOpraHu4IecKue 060-
JIOYKH TOJIIIMHOUN 1-5 HM, a TaKXe CyIecTBeH-
HO MOHU3UTH arperaium yactul. PazpaboTaHbl
METO/IMKH MOJIy4YeHHUsI HAHOYACTUI] MeTaJIJIOB
Al, Cu, Ni, Fe, Zn c 060/104KaM1 U3 UX OKCUZOB,
KapOWJ0B, HUTPU/I0B, HAHOYACTHI] [IUHKA C
HOKPBITHUAMM U3 ZnS u Zn,Si0,. OTpa6oTaHo
NOJIy4YeHHe MOJIMMEPHBIX MOKPBITHN U3 TIOJTH-
CTUPOJIA, IOJIUITU/IEH], TOJIY0J1a HA TOBEPXHO-
ctu HaHoyacTull Fe, Ni, FeNi u Cu.

OpraHu3auumu-COMCNOAHUTEAH

Controlled addition of reactant gases to

the working gas of the EEW installation

and application of a required reagent on the
exploded wire make it possible to form inorganic
shells of thickness 1-5 nm on the surface of
metal nanoparticles and to reduce aggregation
of the nanoparticles. Procedures for producing
nanoparticles of Al, Cu, Ni, Fe, and Zn with oxide,
carbide, and nitride shells and nanoparticles

of Zn with ZnS and Zn,SiO, coatings have been
developed. The production of polystyrene,
polyethylene, and toluene polymer coatings on
the surface of Fe, Ni, FeNi, and Cu nanoparticles
has been worked out.

WHCTUTYT ecTeCTBEHHBIX HAYK, YpalbCKUN defepasbHbINA

yHuBepcuteT (MEH Yp®Y), r. EkaTepun6ypr

(a) O6onoyka 13 ZnS Ha
NOBEPXHOCTU YacTULbl Zn;
(b) nonnctnpon Ha
noBepxHOCTH YactuL, Fe

(a) ZnS coating on the
surface of a Zn particle;
(b) polystyrene coating on
the surface of a Fe particle

AT




K. ®.-m. H. C.H. MapaHuH (S.N. Paranin, Ph. D.)
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MATHUTHO-UMNYIbCHAA CBAPRA BEPPUTHO-MAPTEHCHTHbIX

H AMCNEPCHO-YNPOUHEHHBIX CTANEH

CDeppHTHO-MapTeHCI/ITHble U IMCIEPCHO-YIPOY-
HeHHble OKCU/IOM UTTPHUS CTAJIU — Nepcrek-
THUBHbIE MaTepuaslbl JJis o6os10uek TBIJI ssaepHbIX
pEaKTOpOB — He CBapUBAIOTCS KUAKO0A3HBIMU
MeTo/laMHU (yroBasi, JJa3epHasi cBapka) 6e3 J[0moJI-
HUTEJbHOU TepM0O06pPa6oTKH. [lepCreKTHBHBIM
Croco60M sIBJIsIETCS] CBapKa BbICOKOCKOPOCTHBIM
yaapoMm. Hapsialy ¢ ©3BeCTHOM CBapKOW B3pbIBOM
JJIs COeJUHEHMUS] aKTyaIbHOU SIBJISIETCS] MAarHUTHO-
MMIIy/JIbCHAsl TEXHOJIOTUS, IPUMeHsieMas /ISl CBApKU
aJIIOMUHHEBBIX, MeJIHbIX CIJIAaBOB U MATKHUX CTaJeH.

MaTeHTbl, aBTOPCKHE CBMAETEALCTBA, NyOAHKALUH

1. MarHUTHO-UMIYJIbCHAS CBa;l)_[Ka TPYGHI C Tol?ueBoﬁ 3ar
B.B BII

ctanu / B.U. Kpytukos, C.H. [lapanus, /I.C. Kose

erritic-martensitic (FM) and oxide
dispersion-strengthened (ODS) steels,
being candidates for nuclear reactor
claddings, cannot be welded by liquid-phase
methods (arc and laser welding) without
additional heat treatment. A promising
joining method is high-speed impact welding.
A technology of current interest, along
with the well-known explosion welding,
is magnetic pulse welding used to join
aluminum and copper alloys and mild steels.

IIKOM U3 XpOMHUCTOU KopEosymHHo-CTof/'IKof/'I
, B.B. iBaHoB, A.B. Cnupusy, J.-G.
C.-K. Rhee // U3B. BY30B. ®usuka. - 2014.- T.57, Ne 11/3. - C. 264-268.

ee, M.-K. Lee,

2. End-closure foinin% of ferritic-martensitic and oxide-dispersion strengthened steel cladding tubes by

magnetic pulse we
Spirin, Vasiliy Krutikov,

ding { Jung-Gu Lee, Jin-Ju Park, Min-Ku Lee, Chang-Kyu Rhee, Tae-K%ru Kim, Alexe
ergey Paranin // Metal. Mater. Trans. A. - 2015. - Vol. 46, Iss.

.—P. 3132-31309.

Driver

Cxema MarHuTHo-
MMMY/NbCHOM CBapKM (a)
n dotorpadua perta-
NIeli: CTanbHOM Tpy6bl,
coneHonga, MegHoro
nNaviHepa v 3arnywku (6)

Magneic pulse
welding scheme (a);
view of the parts:
steel tube, coil,
lcm copper driver, and
— plug (b)
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Mal"HI/ITHO-I/IMl'IYIIbCHbIM CIoco60M MoJIy-
YeHbI CBapHble COeAUHEHUS TPy6a-3arIyLl-
Ka JiJ1s1 CTaJled, OTHOCSILIMXCS K OFPAaHUYEHHO
cBapuBaeMbIM. ONTHMaJbHAS CKOPOCTH COYAA-
peHus cBapyBaeMbIX IOBEPXHOCTEH cOCTaBUIIA
300 M/c, ckopocTb ABIKeHUs] PPOHTA KOHTAKTA
3-3,5 km/c. [Ipy 3TOM coxpaHseTCcsl OfHOPOHAs
CTPYKTypa CTa/Id BOJIU3H CBAPHOTO IIBA C y4acT-
KaMH II0JIHOTO CJMSIHUSA ABYX METAJLJIOB. YTeuka
resivs yepes moB MeHee 10~ M6ap x J1/c, Mexa-
HU4YecKas IPOYHOCTb COeJMHEHNs IpeBbIIIaeT
IPOYHOCTH TPYOBL

BHeLWHWI BUA, CBAPHOrO COeANHEHNA CTalbHOM
Tpy6bl € 3aryLWKOW; cnesa obpasel, ¢ megHoM
0b0n104KOM, cnpaBa — Nocne eé yaaneHus

View of the welded tube and plug with and
without the copper driver

MpogonbHoe ceyeHne obpasiia A0 TpaBaeHus (a) u
MuKpodoTorpadua rpaHnMHHOM obnactn coeamnHeHusa (b)
Tpy6bl C 3arNyLWKOMN (XPOMMUCTasA KOPPO3MOHHO-CTOMKanA
cTanb)

Welded sample longitudinal section (a) and micrograph
of the bonding interface (b) between a tube and a plug
(chromium corrosion-resistant steel)

nd closure welds of FM and ODS steel
tubes have been produced by the
magnetic pulse method. The optimum
impact speed of welded surfaces was
300 m/s; the contact interface velocity
was 3-3.5 km/s. The steel structure in the
vicinity of the weld seam remained uniform,
containing areas of complete interpenetration
of the two metals. Helium leak rate through
the joint was less than 10~° mbar x 1/s; the
mechanical strength of the joint exceeded
that of the tube.
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K. T. H. A.C. Tlununumn (A.S. Lipilin, Ph. D.)
lipilin@iep.uran.ru, +7 (343) 267-88-27

KUCNOPOAHDIA HACOC HA TBEPL0OKCHAHOM INEKTPOSMTE

KI/ICJ]OpO,Z[HbIe HAaCOCHI C TBEPJOOKCH/IHBIM
3JIEKTPOJIUTOM XapaKTEePU3YIOTCsI BbICOKOU
YHUCTOTOHU U CTEPUIBHOCTBIO MOJYYaEMOT0 KHC-
JIOpo/1a, 6ECIIYMHOCTBIO U HA/IEXKHOCThIO pabOoThI.
[IpuHOMI UX PaGOTHI OCHOBAH Ha MeXaHHW3Me MPo-
BOZMMOCTH 3JIEKTPOJINTA IEPEHOCOM HOHOB KHC-
JIOPOZA, YTO rApaHTUPYET NPAKTUYECKU STAJIOH-
HYIO YUCTOTY I0JIyYaeMOTO0 KUCJI0POAa. YaebHble
3Hepro3aTpaThl IPU ITOM MeHbIIIE, YeM Y AUCTHUII-
JISIUOHHBIX UJIH aZICOPOIMOHHBIX KOJIOHOK JJIs1
cenapanuy aTMocpepHOTo BO3AyXa.

MpuHLUMN AeNCTBMA KMCNOPOAHOMO Hacoca
C TBEPAbIM 3NEKTPONAUTOM. 1 — 3neKTponuT,
2 —Kartoa, 3 —aHog

Oxygen pump operating principle:

1 — electrolyte, 2 — cathode, and 3 — anode

J L
£ 0. 99,99%

Air

Oxygen pumps with solid-oxide electrolytes
are characterized by high purity and
sterility of the output oxygen and by quiet and
reliable operation. Their operation principle

is based on the electrolytic conductance due
to oxygen ion transfer, which ensures almost
reference purity of the output oxygen. Besides,
their specific power consumption is less than
that of distillation or adsorption columns
intended for air separation.

baTapes KMCI0POAHOro Hacoca C TOKO- U
rasonoggofamu: 1 — a1eKTPOXMMMUYECKas YacTb,

2 — BHeLUHAA TOKOBas WKNHA, 3 — BHYTPEHHAA TOKOBas
LMHA, 4 — BbIXOA, KUCI0POAA, 5 — BO3AYLIHbIN BXOA,

Oxygen pump stack with gas and current supply:
1 — electrochemical part,
2 — outer current bus,
3 —inner current bus,
4 — oxygen outlet,
5—airinlet

log paspabotkmn 2008—2010

MaKeT BBICOKOTEMIIEPATYPHOIr'0 KUCJIOPOLHOT O

HacocCa He COAEPXUT AparoueHHbIX MeTaJlJIOB.

[Ipu popMUpPOBAHNY 3JIEKTPOXUMUYECKOTO 3JIe-
MEHTa UCII0JIb30BaHbl METO/bI JIA3EPHOTO HCIa-
peHUsI MUIIEHH JJIs1 OJTyYeHHUsI HAHOMOPOIIIKOB,
JINThA IIOJINMEP-KePpaMHUYE€CKUX IJIEHOK, paagun-
aJIbHOTO MarHUTHO-UMIYJILCHOT'O MIPECCOBAHMUS

Y METO/] MarHETPOHHOTO HaMblIEeHHUs 3aIIIUTHOTO
MOKPBITHS Ha CTAJIbHbIE TOKONPOXOAbL. [I[pou3Bo-
JUTEJBHOCTb Hacoca — 9 Ji/4ac npu TeMnepaType
800 °C, miioTHocTH ToKa 1,1 A/cm? 1 sHeprosaTpa-
Tax 5,3 BT x yac/.1.

he high temperature oxygen pump

prototype does not contain precious
metals. The electrochemical cell has been
fabricated using laser ablation to produce
nanopowders, polymer-ceramic tape casting,
radial magnetic pulse compaction, and
magnetron sputtering to deposit protective
coatings on steel interconnectors. The pump
performance is 9 1/h at temperature of 800°C,
current density of 1.1 A/cm? and energy
consumption of 5.3 W x h/I1.

MarteHThl, aBTOPCKHE CBUAETEAbCTBA, ny6AuKauuu

1. Pa3BuTHe KMCJIOPOAHBIX HACOCOB Ha TBEPABIX OKCUAHBIX 3J1EKTPOJIUTAX
/ A.A. JIanun, A.U. I'py3aes, A.C. lunuauH, An.A. Pemnesns, A.B. HukoHoB,
Ié]élcrél;pl/lﬂ // AnbTepHaTHUBHAsI 3HepreTUKa U 3Kosiorus. - 2008. - Ne10. -

2. Solid Oxide Electrolyte Based Oxygen Pump / A. Spirin, A. Lipilin, V. Ivanov,

S. Paranin, A. Nikonov, V. Khrustov, D. Portnov, N. Gavrilov, A. Mamaev
// Advances in Science and Technology. - 2010. - V. 65. - P. 257-262.
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A. d.-m. H. H.A. KyHamkosa (N.D. Kundikova, Dr. Sc.)
kundikovand@susu.ru, +7 (351) 2-679-137

TPEXMEPHbBIE > OTOHHbBIE PELUETRH, CHHTE3HPOBAHHLIE METOZ10M

KOMHb}OTepHOG MoJieIMpOBaHHe 30HHOH
CTPYKTYPBhI B TPEXMEPHBIX GOTOHHBIX
CTPYKTypax I0Ka3aJio, YTO JJis MOoJydeHUs
CTPYKTYD C 3alpelieHHON 30HOU B BUAUMOH
00J1aCcTH CIIeKTpa He0OX0AUM MaTepHal c 6osee
BBICOKHM I0Ka3aTeJsIeM NPeJOMJIEHUS], YEM Y
doTo4yBCTBUTEJNBHOT0 MaTepHasa. B pe3ysbra-
Te NMO0SIBUJIACh BO3MOXXHOCTb 3KCIIEPUMEHTaJlb-
HO peaii30BaTh MaTPHUILbl OTOHHBIX CTPYKTYP,
KOTOpbIE MOTYT ObITh HCI0JIb30BaHbI JIJIs1 CO3-
JlaHus1 GOTOHHBIX KPUCTAJLJIOB C 3alpelleHHON
30HOW B BUJUMOU 06JIaCTH CIIEKTPA.

HHTEPDEPEHLHOHHOH NUTOTPADUH

Acomputer simulation of the band structure
of three-dimensional photonic structures,
which can be prepared by interference
lithography with triple exposure to two
interfering light beams, has shown that to obtain
a photonic bandgap structure in the visible
spectrum, the refractive index of the material
should be higher than that of a photosensitive
material. Matrices of photonic structures that
can be used to fabricate photonic bandgap
crystals in the visible spectrum have been
experimentally realized.
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$OTOHHaA cTpyKTypa

The simulated three-dimensional
photonic structure
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waOBI/IH JLJIS1 CO3/JaHU sl 3alpelleHHON 30HbI MaK-
CHMMaJIbHOU MIMPHHBI MPU PAa3JTUYHBIX KOHTPACTAX
MIOKAa3aTeJIsl MPeJIOMJIEHHS ObLIY MOJIyYeHbI B Pe3yJib-
TaTe ONTUMHU3AIMU TeOMETPUU UHTEPHEPUPYIOIINX
Jla3epHbIX Ny4YKOB. [Ipeficka3aHo, 4TO BeJIMYHMHA IOPO-
rOBOTO 3HAYEHHUS NTOKa3aTeJIs IMPeIOMJIeH s, HE06-
XOZMMOTO JIJIsl OTKPBITHUS 30HbI IIPH UCII0JIb30BAHUHU
3TOro MeTo/a CHHTe3a GOTOHHBIX KPUCTAJLJIOB JJOCTH-
raeT BeJIMYuHbI 2.14, T.e. 6JIN3KOU K MOPOrOBBIM MOKa-
3aTeJIsIM IpeJIOMJIEHHs] HauboJiee U3BECTHBIX CTPYK-
Typ. JKCIEPUMEHTAIbHO UCClej0BaHa B3aUMOCBS3b
MeX/1y MOPHUCTOCTBIO, 030U 00JIy9EeHUS U IEPHUOAOM
pelLIeTKU. YCTaHOBJIEHO, UTO [IJIsl yMeHbLIEHUs Tepuoja
pelLIeTKH He06X0AMMO CHUXKATh IJIOTHOCTD TOTJI0-
IIIeHHOT0 U3JIy4eHUs], OJHAKO, YMeHbIlleHHe Nepuo/a
peLIeTKH B CBOIO 0uepe/ib IPUBOJAUT K Cy>KEHHUIO JHa-
na30Ha /103 06JIy4eHH s, He06X0JUMBIX JIS1 TOJIyY€eHHUsT
MOPHUCTBIX CTPYKTYP.

IKCNepMMEHTaIbHO Noy4YeHHan
CTPYKTYpa
The experimentally obtained
structure

sing geometry optimization, the

best conditions for providing the
widest band gaps at different refractive
index contrasts have been found. The
refractive index threshold for gap opening
in photonic crystals synthesized by this
method has been predicted to be 2.14.
This value is close to the refractive index
thresholds of the best-known structures.
The interrelations between porosity,
exposure dose, and lattice constant were
investigated. It was found that to reduce
the lattice constant requires decreasing
absorbed radiation dose. However, the
smaller the lattice constant, the narrower
the range of irradiation doses required to
produce porous structures.
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