K 3ACEOAHUIO PABOYEW MPYNMbI MO
B3AMMOOENCTBUIO YPTY PAHO,
NMPABUTENLCTBA CBEPOJTIOBCKOM OBJACTU
n YPO PAH.

UHcTuTyT anekTtpodumsunkm YpO PAH,
EkaTepuHOypr,
yn. AMyHaceHa, 106



HOBOE OBOPYOOBAHMVE.
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PICOSECOND ELECTRON BEAM SOURCES BASED
ON GAS DIODES

B 3aBHCHMOCTH OT MOMeHTA BOSHHKHOBEHHA IMHCCHH D epending on time of runaway
yOeraronx snekTpoHoB (V) Ha HapacTawlleM GpoH- electrons (RE) emission at the
Te VCKOPAKIEro HANPAKeHHA SHePrud 9acTHI] 2a aHogoM  rapidly growing front of accelerating
MOKET COCTABJATE OT JeCATKOB [J0 COTeH KHJI03MeKTPOH- voltage the energy of the particles
BOJBLT. THIHYHAA JIHTENbHOCTE HMIIYILCOB YCKOPEHHEIX at the anode can range from tens to
4aCTHI] C TOKOM [0 JeCATKOB aMIlep JIeKHUT B JHANA30He hundreds keV. Typical pulse duration
BIL1OTE A0 40 nc npu dponTe Hapactanuda 20-30 nic. Takue  of accelerated particles with the
VABTPAKOPOTKHE IOTOKH 3apAKeHHBIX YaCTHIL ABTAKTCA current of tens amperes is in the range
VHHKANbHEIM HHCTPYMEHTOM 114 HHHLIHHPOBAHHA pas- of up to 40 ps with the rise times of
PAAHEBIX MPOLECCOB B rA30BLIX 3eKTPOSHBIX NPOMekKyT- 20-30 ps. Such flows of accelerated
Kax M H3y4eHHA NpoboeB ¢ ydacTHeM JAaBHH V3. llpefcraB-  particles are a unique tool for
JIAKT HHTePec HCCIeJ0BaHHe NPOLecCOR BO30yAeHUA initiating the gas discharge process
KATOJOMKMHHECLIEHIIHH JHIEKTPHKOE (B YaCTHOCTH, between the electrodes and study of
MHHEPAIOE) H NOJYNIPOBOAHHKOBRIX Ta3€PHEIX MHIIIe- breakdowns involving RE avalanches.
He#. KopoTKHe BCOBIIIKH TOPMO3HOTO PeHTreHOBCKOT o It is of interest the investigation of
HJIH ONMTHIECKOro electronic excitation with ultra short
H3My4eHUH — Bam- pulses the cathodoluminescence
HEIH UHCTPYMEHT of insulators (e.g., minerals) and
L KanubpoBodHbIX  semiconductor laser targets. A brief
H3MepeHHH Bpe- flash of x-ray or optical radiation is
MEHHOT0 OTK/JIHKA an important tool for the calibration
CIIMHTHJLIATOPOR U measurements of time response of
JIIOMHHO$OPOB. scintillates and phosphors.

WcTouHuKk Y3 ¢ sHeprueid yactuy, ~ 500 keV
Ha ocHoBee annapata PANAH-303

RE source with a particle energy of ~ 500 keV
on the basis of RADAN-303
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AJ IPOBe/IeHHEIX HCCIeJOBAHHH HENPEPEIBHOTO

YCKOPEeHHA 3/IeKTPOHOE B ['a30BEIX IPOMEKYTKAX
C PE2KO HEOJHOPOJHEIM [10JIeM IPHBEJ K CO3TaHHED
VYCTPOHCTB, CIIeHANBHO QOPMHPYIOMHX THKOCe-
KYHIHBIe TOTOKH V3. XapakTepHas AJHTeNbHOCTh
[IOTOKA YaCTHI] MOKeT OLITE HAa YPOBHE JeCATKOB
MHKOCEeKYHI. MakcHManbHEIe SHEPTHH 3JIEKTPOHOB
B [IOTOKE COOTBETCTBYHT BEJIHIHHAM, JOCTHIHYTEIM
[IPH YCKOPeHHH YacTHI B HeCTAIHOHAPHOM 3/1eKTPH-
4ecKoM noJie, BOTH3HM Karo/a. Bapranusa ycunenns
[10J1A B IPHKATOAHOH 00/1aCTH NO2BOJIAET YIPABIATE
MOMEHTOM 3MHCCHH (T.e. 3Heprueii) yberarnmux
3JIEKTPOHOB H CTA0OH/IH3HPOBATE €0 C TOYHOCTEHO B
eJHHHITBI THKOCEKYHI.

MaTeHTbl, aBTOPCKHE CBUAETEALCTBA, MyOAMKALMH

1. Generation of a Picosecond Runaway Electron Beam in a Gas Gap with a Nonuniform Field
M.I Yalandin, K.A. Sharypov, V.G. Shpak, and S.A. Shunailov // I

Part 3. - P. 2497-2504.

he studies of continuous acceleration
mode of electrons in gas gaps with
strongly nonuniform field have led to
the creation of devices that generate
RE picosecond streams. The typical
duration of the flow can be in the tens
of picoseconds. The maximum electron
energy corresponds to the values of
particles specified by accelerating voltage
on the cathode. The variation of the gain
field in the local area of the cathode allows
to control the moment of RE emission
(the energy) and to stabilize the flow with
accuracy in units of picoseconds.

G.A. Mesyats,
E Trans. Plasma Sci. — 2008. - Vol. 36, No. 5,

2. An experimental setup for exciting semiconductors and dielectrics with picosecond electron-beam and
electric-field pulses {IA. S. Nasibov, K. V. Berezhnoi, P. V. Shapkin, A. G. Reutova, S. A. Shunailov, M. I. Yalandin

// Instrum. Exp. Tech. - 2009. - Vol. 52, Iss. 1. - . 65-73.

3. Laboratory demonstration of runaw

electron breakdown of air / AV. Gurevich, G.A. Mesya

ts, K.F. Zybin,

AG. Reutova, V.G. Shpak, S.A. Shunailov; M.I. Yalandin // Phys. Lett. A. - 2011. — Vol. 375, Iss. 30-31. - P. 2845-2849.
4. On the observed ener%}r of runaway electron beams in air / G.A. Mesyats, A.G. Reutova, K.A. Sharypov,
ilo

V.G. Shpak, S.A. Shuna
2011.-Vol. 29,Iss. 4. - P. 425-435.

5. Picosecond runaway electron beams in air / G.A. Mesyats, M.I Yalandin,
ov, V.G. ShfSak, S.A. Shunailov // Plasma Phys.

A.G. Reutova, KA. Sha

Rep.-2012.-Vol. 38, N1.-P. 29-

6. Observation of the Avalanche of Runaway Electrons in Air in a Strong
Electric Field / A.V. Gurevich, G.A. Mesyats, K.P. Zﬁrbin, M.L Yalandin,
A.G.Reutova, V.G. Shpak, and S.A. Shunailov // Phys. Rev. Lett. - 2012. -

Vol. 109. - P. 085002.

7. Control and Stabilization of Runaway Electron Emission at the Delay Stage
of Pulsed Breakdown in an Overvolted Atmospheric Gagl /
in

AG. Sadérkuva. S.A. Shunailov, V.G. Shpak, and M.L Yalan
Plasma Sci. - 2013.-Vol. 41, N 10. - P 2863-2870.

Annapat PAINAH-2KCIEPT c rasosbim avogom (1) —
MCTOYHMKOM Y3 € 3Hepruei yactuy ~150 keV

RADAN-EXPERT with gas diode (1) — RE source
with a particle energy of ~150 keV

G.A. Mesyats,
// IEEE Trans.

v and M.I. Yalandin // Laser and Particle Beams. -
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MULTI-CHANNEL IN-PHASE MICROWAVE GENERATORS

BLJIO 00HApPYKeHO, 9TO MHKOCeKyH/IHAA

CTA0MIBHOCTE B3PEIBHOM 3/IeKTPOHHOH
3MHCCHH KaTOJa H COOTBETCTBYIOIIAA IPHBA3KA
HHHIHHPYHLIEro 3/IeKTPOMarHiHTHOI'O CHTHANA
K QPOHTY CHJIBHOTOYHOTO Ny4Ka PHKCHPYIOT
da3y sanektporHoro CBY aBToreHepartopa, 4To
ABJAETCA JOCTATOYHLIM YC/I0BHEM AJA YIpaBJ/e-
HHA $a3UPOBKOH MHOTOKAHATEHOTO reHEPaTopa.
HcneiTaHe! cHH)A3HBIE JBYX- H YeTHIPEXKAHANb-
HEIe CHCTEMBI, COCTABJIeHHEIe H3 CYOHAHOCEKYH]-
HBIX Pe/IATHBHCTCKHX J1aMIl 00paTHOH BOJIHEL
(JIOB) guamasoHa 38 GHz, paGoTaBMHX B pexuMe
CBepxH3/ay4eHHA. KorepeHTHOe CyMMHPOBaHHeE
noJeH TeHepaTOPOB IPHBE/IO K KBAAPATHIHO-
MY VBeJHYeHHK IUVIOTHOCTH [TOTOKA MOIIHOCTH
B MaKCHMyMe JHarpaMMEI HallpaBJIeHHOCTH, a
CyMMHpOBaHHe MoIIHOCTH H3ny4eHus JIOB Ha
COBHHYTBIX 4acTOTax JdejaeT peaJlbHBIM CBEPX-
OBICTpOE CKAHHPOBAHHE JHATPaMMEI HAlPaBJ/IeH-
HOCTH H3/Iy4eHHA.

It was found that picosecond stability of
explosive electron emission and accurate
time reference of initiating electromagnetic
signal to the front of high-current beam
provides phase fixation of electronic
microwave oscillator what is sufficient

to control the phasing of a multichannel
generator. In-phase two - and four-channel
systems of subnanosecond relativistic
backwave oscillators (BWO0) 38 GHz band
operated in superradiance mode have

been tested experimentally. Electric fields
coherent summation of the generators leads
to a quadratic increase of the power flux
density in an interference maximum of the
radiation pattern. The summation of the
radiation power quasi-stationary wave beams
of nanosecond BWO for shifted frequencies
is promising for the realization of ultra-fast
scanning of the beam within a single pulse.




HCHBITB.HHH [I0KAa3a/lH, 9YT0 MJIOTHOCTE OTOKA
MOIIHOCTH MHKPOBOJIH B HHTepepeHIIHOHHOM
MaKCHMyMe JHArpaMM HalpaBJeHHOCTH ABYX- H
YeThIpEXKaHANBHBIX CBepXH3Ny4YaTenAbHbIX JIOB
momHocTeio 600 MBT okaszanack SKBHBA/IeHTHOH
eTMHUYHEIM FeHepaTopaM ¢ MolHocTe0 ~3 GW n
~10 GW, cooTBeTcTBeHHO. Ha paccToanuu 1 MeTp
MAKCHMYM IJIOTHOCTH MOIIHOCTH 4-371eMeHTHOH
AHTeHHOH pellleTKH NpeBbIal BeJTHIHHY

10 MBT/ cM?, a 3/1eKTpHYeCKOe [10J1e B 3TOH ToOUKe
coctaBasano ~140 kB/cu. [lna HaHocekyHHEIX JIOB
moay4eHa npogomkuTensHad (boaee 100 nepuooB
107151), BOCTIPOH3BOJAMMOCTE CHHXPOHH3AlUHH (a3
reHepalHH.

[laTeHTbl, aBTOPCKHE CBHAETEABCTBA, NYyOAHUKALMH

he power flux density of microwaves

in an interference maximum of the
directional diagrams of two - and four-
channel BWO was equivalent to a single
generator with a power of ~3 GW and
~10 GW, respectively. At a distance of 1 m
from the 4-antennae array, the maximum
microwave power flux density was as high as
10 MW /cm?, and the electrical field strength
attained here was ~140 kV/cm. For
nanosecond BWO it is obtained long-term
(more than a hundred field periods) phase
synchronization which is reproduced from
pulse to pulse.

1. Synphase Operation of Nanosecond Relativistic 37-GHz Backward-Wave Oscillators without Electrodynamic

Couplin

I Yalandin, S.A. Shunailov, M.R. Ul'maskulov, K.A. Sharypov, V.G. Shpak, V.V. Rostov,

L.V. Romanchenko, A.A. El'chaninov, and AL Klimov // Tech. Phys. Lett. - 2012. - Vol. 38, Iss. 10. - P. 917-920.
2. Coherent Summation of Ka-Band Microwave Beams Produced by Sub-Gigawatt Superradiance Backward Wave

Oscillators / K.A. Shar

vpov, A.A. El'chaninov, G.A. Mesyats, M.S. Pedos, LV. Romancheko, V.V. Rostov, S.N. Rukin,

V.G. Shpak, S.A. Shunailov, M.R. U'masculov, and M.L Yalandin // Appl. Phys. Lett. — 2013. - Vol. 103, Iss. 13. -

P.134103(1-4).

3. Generation of electromagnetic fields of extremely high intensity by coherent summation of Cherenkov
superradiance pulses /N.S. Ginzburg, A.W. Cross, A.A. Golovanov, G.A. Mesyats, M.S. Pedos, A.D. R. Phelps, LV.

Romanchenko, V.V. Rostov, 5.N. Rukin, K.A. Shary

pov, V.G. Shpak, S.A. Shunailov, M.R. Ulmaskulov, M.I. Yalandin,

and LV. Zotova // Phys. Rev. Lett. - 2015. - Vol. 115, Iss. 11. - P. 114802 (1-5).

(a) UHTepdepeHUmMa NnpoTHBOda3HBIX TMHEHHO-
NONAPU30BaHHBIX BOJHOBLIX MYYKOB OT ABYX
KaHanos

(b) MHTEpdepeHUMA cMHDE3HBIX NTMHERHO-
NoAAPU30BaHHBIX BOJIHOBbLIX MYYKOB OT YeTbIPEX
KaHanoB
(a) The antiphase interference of linearly
polarized wave beams from two channels
(b) The antiphase interference of linearly
polarized wave beams from two channels
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AHOCEKYHAHEIE NOAYNIPOEOAHHKOBERIE Ipe-
PBIEATEJH TOKA BEEICOKOH MIoTHOCTH [SO5-
JAHOABL) ABJAKTCA pazpaboTKoH, NOJHOCTEH
ocymecteaerHoi B H3d ¥VpO PAH. 3T npuboper,
npegHazHa4YeHHbIe 418 GOPMHPOBAHHA HMOYIb-
COE BEICOKOTO HANPAMEeHHA, EOSHHKAK LMY
npH oO0pEIEE TOKA E HHAVKTHEHOM HAKOTIHTENE
3IHePrHH, 00MagawT BEICOKOR HANEHHOCTBI0, CTA-
OMIBHOCTEK M coCcoOHE! paboTaTE OPH BEEICOKHX

HACTOTAX CNeJOBAHHA HMOYVALCOE. Hx napaMeTphbl:

AMIIHTYAA HanpmseHUA — 1o 200 kB, obpri-
BaeMuli ToK — 10 10 KA, BpeMa o0pEIEA TOKA —
1-20 Hc, MHUTENBEHOCTE HMIOYILCA HAIPAHEHHA —
no 100 Bc, BpeMA BOCCTAHOBJMEHHA — MeHee 1 MEC.
llocnegoeaTenbHOE H MApAAJIebHOE COEJHHEHHE
S50S-guogoe E 061y cOOPKY NO3BOJIAET CO30a-
EATH NPEpPEIEATENH TOKA METAEOIBTHOID VPOBHA
HANPAMEHHA ¢ NePeKI0YaeM0oi MOWHOCTEID
bonee 1 I'BT 1 9acToTOM crejO0EAHHUA HMIOVAECOE
B eguHUNB! 1 kI,

O. 7. H. C.H. PykuH (5.N. Rukin, Dr. Sci.)
rukin@iep.uran.ru, +7 (343) 2-678-777

S0S DIODES:
SEMIGONDUCTOR OPENING SWITCHES

N anosecond semiconductor opening
switches with high current density (S0S
diodes) present a development realized
totally by Electrophysics Institute UB RAS.
The devices are intended to produce high-
voltage pulses by means of a current cutoff

in inductive energy storages, they are very
robust and stable, and are able to operate at
high pulse repetition frequency. The devices
have the following parameters: voltage pulse
amplitude — 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 of less than 1 ps. Series and
parallel connection of the 505 diodes into a
common unit makes it possible to develop
opening switches having a megavolt operating
voltage and a gigawatt switching power in
combination with a pulse repetition frequency
of over 1 kHz.

MaTeHTel, ABTOPCKHE BBHABTE.';I:OTB&, II}‘ﬁAH KalUHH

1. S505-gnonk: HAHOCEKYHIH Rusa're.nn CBe
C.H. Pyxun, b.IL C.I'IGEHKI}IICKI{EL C.
2. loaynpoe
fﬂapa}len: Jrobytur C.K., Pyrun C.H., Cnoenkoeckui

HTOOO/IA8AT
nnyﬁ.rx 10 0’9 00. EmJLN" 25,

oTHEIX TokoE [/ C.A. Tapzrer, C.K. T
lripanoe // dnekTpoTexHHKa. — 1999, - N2 4., - C. 20-28.

KOEEIH IIpe] mna’re:m Toka: maT. 2156014 Poc. ®eaepanua: MIIK H 01 L 29/86

. Iripanoe CH.; 2

3AABHTEb H
H}Icm'r_',rr anexTpoduanku YpO PAH. - Ne 99102050{28 zanAes 04.02.99;

5 mml C.H. 505-3ddekT 1 ero npHMeHeHHe B MOIHON HAHOCEKYHJHOH 3JeKTPOHHKE [

2011. -

I?l é,." gileicrpucpnzﬂxa Ha ¥pane: 4eTEepTE BeKa HooneAoBaHui. — ExaTepunbypr: Vp0 PAH,
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PabGoTta npubopoe ocHOBaHa Ha 0OHAapyXeH- peration of the devices is based on the new
HoM B U3® YpO PAH 3ddekTe B nosynposo- effect in semiconductors discovered by
JHHUKOBBIX CTPYKTYpPax, IPpHHIUIHAIBEHOE Electrophysics Institute UB RAS. Its principal
OT/IM4YHe KOTOPOro COCTOMT B TOM, UTO pas- difference is that a current-cutoff process develops

BHUTHe Nponecca o6pEIBa TOKAa NPOMCXOAUT B in highly doped regions of a semiconductor
BBICOKOJIETHPOBAHHEIX 00/1aCTAX CTPYKTYPEI structure at a high current density reaching several
NPH BEICOKOH MUIOTHOCTH TOKA, ZOCTUTawIel  ftens of kA/cmz. This effect was named as SOS effect.

[ecATKOB KA/ cM’. 3ToT 3¢ deKT OB HAa3BaH Another important feature of the effect is a uniform
SOS-addexTom. [lomumMo 3TOrO, €ro xapakrep- voltage distribution over a large number of series-
HOI 0CODEHHOCTEIO ABJAETCA pABHOMEPHOE connected diodes without using any additional
pacnpezeneHHe HANPAXKeHUA N0 60ABIIOMY elements. These two properties of the SOS effect
YUCJIY NOCJeJ0BATENBHEBIX AUOAHEIX CTPYK- allow creating nanosecond opening switches

Typ 6e3 JONONHUTENBHEIX BEIPABHHBAKIIHUX having a megavolt operating voltage and a gigawatt
ycTpoiicTe. 06a 06cToATEIBCTEA AAKOT BO3- range of pulsed power. SOS based generators are

MOXXHOCTBb CO3JaBaTh HAHOCEeKYHAHEIe Npephl- used in electron accelerators and X-ray apparatus,
BaTeJIM TOKA C HANpMAKeHHeM MeraBoasTHoro  high-power
YPOBHA M NepeK/I0YaeMoi MOIHOCTRIO B e4H- microwave

HHUIBI THraBaTT. [eHepaTope! Ha SOS-auogax electronics,

HCNOJB3YIOTCA B YCKOPHTEIAX 3JIeKTPOHOB gas lasers, and
M PeHTTeHOBCKMX annaparax, MouHoi CBY devices for
3J1IeKTPOHMKe, Fa30BhIX JIa3epax, B CHCTeMax water and air
OYHMCTKH BOJBI M BO3JyXa. purification.

ga Mpnbop SOS—200-8 (MMnynbcHOS HanpaXeHue —
KB, 0OpbiBaeMbliii TOK — 8 KA, AMameTp — 64 mm,

AnvHa — 156 Mm, macca — 760 1): ~

1 — KaToAHbIN 3NeKTPOA; 2 — aHOAHbIN 3NeKTpoa; 3 —

c6opKa 13 Nocne0BaTeNbHO COSANHEHHDIX AM0A0B

W oOXnaguTenei; 4 — oxnaguTens; 5 — 3NeMeHTapHbIN

SOS—-guoa u
(b) npubop SOS—50-1 (MMNyNbCHOE HaNPAXKEHUE —
50 KB, 06pbiBaembiv TOK — 1 KA, AnameTp — 27 MM,
AnvHa — 50 mm, macca —30rT)
(a) External appearance of 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)




O. 7. H. C.H. PykuH (S.N. Rukin, Dr. Sci.)
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NANOSEGOND ALL SOLID-STATE GENERATOR $—-000

4YeEHJHEIM OPeHMYIIeCTEOM NOJMHOCTEIO

TEEpPAOTENBHEIX TeHePATOPOE ABNASTCA BO3-
MOMHOCTE CTAOMABHOMH paboTk! ¢ BEICOKOH JacTo-
TOH cAef0BaHHA HMIY/ILCOB, HX HEKPHTHYHOCTE
K HarpysKaM M NpaKTHYeCKH HeorpaHHYeHHBIH
pecypc. HaHoceKyHAHBIH TEEpOOTEABHEIA FreHepa-
Top 5-500 c noAynpoBOgHHKOEEIM OpepLIBATEIEM
ToKa [S05) obecneuneaeT Ha Harpyakax 40-100 Om
AMILIHTYAY HMOYALCA Hanpaserns oT 500 go
750 kB ¢ nukoeoii MmomHocTew 6 BT npu gau-
TeJEHOCTH HMOYVAECA 7 HC H HacTOTe cAef0BaHHA
HMOVABCOE E pexttiMe na4dku 4o 1 kl'n. B nanHOM
Cy4ae peanU30EAHE] PeKOPAHEIe SHAYEHHA A8
NoJYNPOEOSHHKOEOTO NPePEIEATENA CKOPOCTH
OO0pEIBA TOKA H PASPEIEHON MOIMHOCTH, COCTABAK-
mwue 7 KA/Hc 1 13 I'BT, coOTEETCTEEHHO.

MaTeHTbl, aBTOPCKHE CBHAETEALCTBA, NYOAHKALHM

he main advantage of all-solid-state

generators consists in their stable
operation at high pulse repetition rate,
adapting to different loads, and practically
unlimited lifetime. Nanosecond all
solid-state generator 5-500 based on
semiconductor opening switch (S05)
provides peak power of up to 6 GW, output
voltage of 500-750 kV, pulse length of 7 ns
acrosg external loads of 40 to 100 0 at
pulse repetition frequency of up to 1 kHz in
burst operation mode. In this development
record values of the current cutoff rate of
7 kA /ns and braking power of 13 GW have
been realized for semiconductor opening
switches.

A 6 GW nanosecond solid-state generator based on semiconductor opening switch /

AL Gusev, M.S. Pedos, S.N. Rukin, 5.F. Timoshenkov, and 5.N.
Scientific Instruments. - 2015. - Vol. 86, Iss. 11. - . 114706.

ov [/ Review of
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B reHepaTope nNpeAJjoXxeHa ¥ peajJusoBaHa new SOS pumping circuit based on a double
HOBasA cxeMa Haka4dku SOS Ha ocHOBe ABOM- forming line has been proposed and realized
HOI ¢opMupyromeii MMHNH. Takasa cxema obecnie-  in the generator. Such pumping circuit provides
yuBaeT BBoA B SOS obpaTHOro TokKa aMILIMTYZoRH  a reverse current increasing through the SOS up

14 kA 3a BpeMa ~12 Hc, 3aTeM SOS obprIBaeT to 14 kA within ~12 ns. Then the SOS cuts off the
TOK 3a ~2 HC. PPOHT BEIXOJAHOr0 HMIYALCA current in ~2 ns. The output pulse rise time in
HanpsxeHUH B epejarolleil IMHHH JONOIHHU- the transmission line is shortened additionally
TeJIbHO YKOPa4YMBaeTCH PeppHTOBEIM 060CTpH- by a ferrite sharpener to the value of ~1 ns,
TeseM Ao ~1 Hc, 3aTeM NOoJYNPOBOAHHKOBEIM and then by a semiconductor sharpener to
oboctputeneM go ~0.5 He. leHepaTop paspabo- ~0.5 ns. The generator has been developed for
TaH A4 NIpUMeHeHHud B obactu MomKoi CBY application in the field of high-power microwave
3J1IeKTPOHHKH. electronics.

(a) BHelwwHui B4 BbIXOAHOTO Y3na
reHepatopa S—500:
1 —3apAfHbIA MOAYAATOP; 2 — KopnyC
[BOMHOW GOPMUPYIOLLEN NTMHWY;
3 — 6ok npepbiBaTena Toka (SOS);
4 — nepenanLLan NMHUA C GeppUTOBbIM
obocTputenem; 5 — nepearwilan
JHWA U Harpy3Ka;
b) BHewWwHmi Bug y3na SOS,
c)SOS-amon,  _
3neMeHTapHbiM SOS—aunofa
BHYTpU cOOpKM
(3) External a??earance of the
output unit of the S-500 generator:
1 —char in% modulator; 2 —casing of
the double forming line; 3 —SOS unit;
4 — transmission line equipped with
ferrite sharpener; 5 — transmission line
and load;
(b) external appearance of
the SOS unit,
c) SOS stack, and
elementary SOS diode in the stack
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WITHA LARGE BEAM GROSS-SECTION

anesKHOCTE H DoakIIoH pecypc igh performance reliability and long service

TEXHOJOTHYeCKHE HOHHEIX life of technological sources of gaseous ion
HCTOYHHEOE € DOJBIIHM ceYeHHEM beams with a large cross-section developed
ny4Ka, pazpaboradHeix E H3E YpO in IEP UB RAS are caused by the absence of

PAH, obyc/10B/I€HEI OTCYTCTEHEM B HX the heated cathode in their design. Uniform
KOHCTPYKIIHH HAKANHEAEeMOro KaTtoda.  distribution of ion current density at the beam
PapHOMepHOEe pacnpefefleHHe IOTHO- cross-section allows the use of such ion sources
CTH TOKA [I0 Ce4eHHIO Ny4Ka no3BoadeTr for surface modification

HCIOJAbB30BATh TAKHE HCTOYHHEHN I8 of sheet materials
MoOHPHKADHMHK JHCTOBRIX MaTepHanoe  with a large surface
c DoABWOH NI0MAAEH I0EEPXHOCTH, area, lengthy details,
OJIHHHOMEPHEIX JeTane, DoabmHx the series of low-sized
CepHA MalopasMepHOro HHCTpyMeHTa  tools and products by
H H3JeJHH HOHHOR HMILTaHTAallHeH | ion implantation and Anag,
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COOJMEZ0EAHHE 3IEKTPOHHEIX HCTOYMHHEKOE

Ha OCHOBE CHABLHOTOYHOIO PAaZpPAJA C caMo-
HAKAMHBAEMEIM IOABIM KATOA0M NO3EO/AET B
LIHPOKHX Npefenax peryIHpoBaATE NAPAMETPEI
Oy4YKOBOH MAa3ME H IJIOTHOCTE HOHHOTO TOKA
H3 JIA3MEI H TAKHM 00pa3oM H3MeHATh Yoio-
EHA GOPMHPOBAaHHA NOKPEITHE. HETEeHCcHBHAR
SoMbapIUpoBKA HOHAMH HH2KHX (MeHee 100 3B)
SHeprHid, IPH KOTOPOH COOTHOLIEHHE MJIOTHOCTH
TOKA HOHOE K IOTOKY ATOMOE HAa NOBEPXHOCTE
OOKPEITHI MOMXeT AOCTHIATE 30, cylecTEeHHO
H3MeHAET MHEPOCTPYKTYDY, YPOEEHE EHYTPEH-
HHX HaOpA¥eHHH, Qaz0BkIi COCTAE NOKPBEITHI H,
KAaK CNeICTEHE, HX G VHKIHOHANTLHEIE CEOHCTBA.

U se of electron beam sources on the basis
of high-current discharge with the self-
heating hollow cathode allows to control the
beam plasma parameters and the density

of the ion current from plasma over a wide
range and thus to change conditions of coating
deposition. The intense ion bombardment

of coating's surface by low-energy (less than
100 eV) ions under conditions of high value
of ion current density to a flux of sputtered
atoms ratio (up to 30) have a great effect
upon a microscopic structure, level of internal
stresses, phase composition of coatings and
their functional properties.

MaTeHTbl, aBTOPCKHE CBHAETEABCTEA, nyﬂnunauuu
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1. Cnocof nmomy4eHHA Ha M3OeHAX H3 'mepnmx Cl'Li]ﬂ.BDB JEYXASHOI0 HAHOKOMIIOZHTHOT O

Kﬁfl’llp{%E 3C 14}3&6?(]8{‘4{06 BBZE%O ot
3NeKTpodHIHKH

Ecusn:mn with activation ul"wurlﬂng[ gr:s'lis
V. Gavrilov, A.S. Kamenetskikh, en’ sh,a]mv.

AL, Menpmaros AH.; saaeuTens He

YCTaHOBKa 0NA HAaHECEHMA I'IGHpr'I'Ir‘II"I METOA0M MarHETPOHHOMD pacnelneH A
C HHTEHCHBHEIM HOHHBIM CONPpOBOMOEHHEM, Da3pa boTaHHaA no Oorosopy

© AD «MHCTUTYT PEAHTOPHEIX MATERMAN0E® (r. 3apeuHbIi)

The setup for coatings deposition by magnetron sputtering with high-
current ion assistance, developed under the agreement with Joint stock
company “Institute of Nuclear Materials” (Russia, Zarechny)




lon paspaboten 2015

Paapaﬁn’ran MeToq, E KOTOPOM HHTeHCHE-
HOCTE HOHHOIO CONPOEBOXIeHHA IPH HAHE-
CEHHH NOKPEITHH PEryvIHPYeTCA 3a CIET BO3-
OefIcTEMA HA FA30EYI0 Cpely LIHPOKOTo My4Ka
HH3KO3HepreTHYeCcKHX 3/eKTpoHoE. [IpHHI}-
NHATBHAA 0CO0EHHOCTE METOHA 3AKMYASTCA

B TOM, ¥TO HHTEHCHEHOCTE HOHHOTO CONPO-
BOXJEHHMA Npollecca HAHeCeHHA NOKPEITHH
pPerylIHpyeTca B INHPOKHX DPefelax ¢ IOMOIBI0
HCTOYHHEA 3/IeKTPOHOE € CAMOHAKANTHEAEMEBIM
NOJBIM KATOA0M. HCTOMHHK reHepHpyeT OyH0K
aneKTpoHoB ¢ 3Heprueit 100-500 3B, TokoM no
80 A B genpeprieHOM 1 g0 200 A B MMOYABC-
HoM (10-1000 I', 10-1000 MKc) pexuMe, ITO
obecnedHBaeT 3P PeKTHEHYH HOHH3ANHID H
OHUCCOMMANNID MOJEKVIAPHEIX TA30E H EEICOKYID
IJIOTHOCTE HOHHOro ToKa (10 1 60 MA /e’ B
HEeNpPEePEIBHOM H HMIOYALCHOM PEMHMAaX, COOT-
EeTCTEeHHO). PazpaloTaHHEIM MeTOgOM NOIY-
HeHEl MOKPEITHA PA3AHYHOI0 GYHKIHOHAIBEHOIO
Ha3zHAYeHHA, HANPHMED, CTOHKHE K BRICOKO-
TEMOEPATYPHOMY OKHCIEHHID NPOBOIANIHE
(Mn, Co);0, noKpEITHA HAa TOKOBRIX KOJIIEKTOpAaX
TEEPOOTONIHEHEIX 3JIeMeHTOE, HAHOKOMIIOZHUT-
uele TiC/a-C:H u (Ti, AI)N /a-5i;N, nokperTHa

¢ TEépaocTeio go 43 'la, anMazonogobHEIE
NOKPBEITHA € gJoJaei sp3-ceAzei go 70 %.

OpraHMsauuH-3aKasYHKH

MapTra
TESPA0CMASBHbIX
PEMYLLLAX NAACTHH
€ HAHOHOMIMO3UTHBIM
(Ti, A)N/a-Si N,
NOKPbITHEM
The series of
cutting plates with
the nanocomposite
(Ti, Al)N/a-Si N,
coating
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he method of the ion assistance for the

process of coating deposition is developed
in which the ion current density to the coating
surface is controlled by low-energy electron
beam impact upon a gas media. The basic
feature of the method is the use of high-current
electron beam source with the self-heating
hollow cathode to change the intensity of ion
bombardment in the wide range. The source
generates electron beam with the energy of
100-500 eV, beam current up to 80 A in direct
current mode and up to 200 A in pulse-repetitive
(10-1000 Hz, 10-1000 ps) mode. Electron beam
provides effective ionization and dissociation
of the molecular gases and high density of the
ion current (10 and 60 MA/cm? in the dc and
pulse modes, accordingly). Coatings of a various
functionality, for example, high-temperature
oxidation resistant (Mn, Co);0, conductive

1 AKIIHOHE‘PRHUE obmecTEo « HHCTHTYT PeaKTOPHEIX MATEPHANTOE»

(AO «HP
MeToOOM MarHETPOHHOTIO PACOBLIEHHA

», . JAPEYHEIT). YCTAHOEKA 4718 HAHeCeHHA MOKPRITHH

2. ITAC Ltd (Amonua). ¥eTpoiicTBO A4 HaHeCeHHA ATMa30noA0 0 b

MNOKPEITHH

3. Argor-Aljba (lleeiinapus). YcTpoiicTBo A1 HaHeceHHA

ANMAa30NoL0o0HER NOKPEITHH

coatings for interconnects
of solid-oxide fuel cells,
nanocomposite TiC/a-
C:H and (Ti, Al)N fa-5i;N,
coatings with a hardness
of up to 43 GPa, diamond-
like coatings with high

percentage of sp3-bonds (up
to 70 %) were deposited by

this methode.




PEHTTEHOBCKHE HGTOYHHEMN H HX
PEHTTEHOBCKHE I'IEIIEI'.IIII | = |
DNVNIPOROORK

MOYJIBCHEIE PEHTIeHOBCKHE ANIAPATE

PA3IHYHOr O THNA E HACTOALLEE BPEMA
ECe IIHpe OPHMeHAKTCA B MeJHIHHCKOM
JOHATHOCTHEE, Jed eKTOCKONHH, JOCMOTpO-
ERIX cHcTeMax. [IpeMMyLecTEOM KOMILISK-
COB, CO3JAHHEIX HA OCHOEE HAHOCEKYHIHEIX
HMOVJIBCHEIX FTEHEPATOPOE, MalorabapHT-
HEIX OTOAAHHEIX PeHTTeHOBCKHY TPYDOK C
XOJIOOHEIM KATOAOM H YCTPOHCTE BH3VAIH-
FAIHH, HCHOAB3VOLIHE PeHTIeH 0JIHMHHO-
dopEl, ABNAETCA 3Ha4YHTeabHoe, B 10-20 pas
CHHXEeHHe HeoDXogHUMOH 003kl 00AyIeHHA
E CPABHEHHH C AHAMOTHYHEIMH KOMILIEKCA-
MH Ha OCHOBE HCTOYHHMKOE HENPePEIBEHOTO
PEHTTeHOECKOTD H3MYIeHHA.

VhueepcanoHbii  [1aTEHTEI, aBTOPCKHE CBUAETEABCTBA, MyBAHKALMH
PEHTTEHOBCHUA
annapat

Universal
X-ray
apparatus

OBRIX
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lep6musnH C.B.. bopaxkoea

I\, TonyGee B.A.; 3aAEMTENIN H TaTeHTOOOAA
anmpug)mnm ¥pO PAH u HoMGHHAT «3JneKTpo
zanaen. 22.08.00; ony6a. 10.10.01, bron. N2 28. - 6 c.

H. T. H. C.P. Ko pmeHeeckui [5.R. Korzhenevsky, Cand. Sc.)
sk@iep.uran.ru, +7 (343) 2-678-783

NANOSECOND PULSED X-RAY GENERATOR

N owadays pulsed X-ray
apparatuses are widely used

in medicine, non-destructive
testing and security systems.
The X-ray sources based on
pulsed nanosecond voltage
generator, compact sealed X-ray
tube with the cold cathode

and detector with intensifying
screens have great advantage
over competitors. Such systems
decrease necessary dose by
10-20 times comparing with
similar complexes based on
continuous X-ray radiation.

AceHs-01 MeaNUMHCKHIA

PEHTIEHOBCHWIA annapat
Yasen-01 medical
X-ray apparatus

1. CHipxeHMe N020BOH HATPY3KH Ha MAIJMEHTA IPH DPOEEAEHNH JHATHOCTHKM C IOMOIIEK
JIBCHEIX HAHO
aepinoe, C.P. Kopmereecrkun, A.C. Yenycog, AA. Romapcxuii // Menunuackan
PagHoNoTHA B pafHanioHHad GezonacHocTe. — 2016, - N2 E -C. S/J—

. [IpuMeHeHNEe MMIVILCHEIX YACTOTHEIX HAHOCEKYHHEIX
ana auarsocTHrH [/ C.H. Baaukun, H.3. Moxapoera, C.P. Kopxereecruii, B.JL Kyan
A.A. Komapcruii // BecTHHE peHTTEHOJIOTHH H paguoiorii. — 2015. - N2 2. - C. 42-46.

3. Reducing Radiation Dose by Using Pulse X-Ray Apparatus / A.A. Komarskiy, A.5. Chepusov,
VL. Kuznetsov. S.R. Korzhenevskiy. 5.F. Niculin, S.E'L Cholaké
Medicines. - 2014. - Vol. 2, No. 2. - P 17-21.

EIX PEHTTeHOBCKHE KoMILnekcoe / B.A. beccoHoea,

57.

PEHTTEHOBCKHX ANMAPATOR
BII0E,

// Journal of Biosciences and

MBCHAA PEHTTEHOBCKAR Ka: nat. 2174726

KYyCHAA ,z%glxane JHAA HM
Poc. ®egepanma: MIIKH 01] 35700, H 05 G 1/02 / Punaroe A.JL, Kopsenercknii C.B,
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B AAb0pPATOPHH HMIOVABCHEIX HCTOY-
HHKOE H3Jy4eHHH paspaboTaHa
CepHA OTHAAHHEIX E3PEIEO3MHCCHOHHBIX
PEHTTeHOBCKHX TPYDOK H KOMOAKTHEIX
ELICOKOEOJIBTHEIX HAHOCEKYHIHEIX
HMOVIBCHEIX FTEHEPATOPOE C NOJHOCTERO
TEepAOTelEHOR CHCTeMOi KOMMYTALHH
€ BEIXOAHEIM HAaNpmXKeHHeM oT 65 1o
350 kB, pafoTalo KX B KHJIOTEPLOEOM
IOHAaNazoHe 9acToT. Takoe pellleHHe

he laboratory of pulsed
radiation sources developed
the series of compact nanosecond
high voltage pulses generators and
sealed X-ray tubes with explosive
emission cathode. This X-ray system
comprises solid switches and
yields 65-350 kV pulses with the
repetition rate of kilohertz order.
Such solution significantly increases

o e e . PexTtreHoecxan
3HAYHMTEJBHO NOBEICH/I0 CPOK CIy# Dbl stability and life time of the devices Hmrgﬂbcﬂaﬂ
H CTAaDMJIEHOCTE PabOTEl YCTPOHACTE A8 for various applications. TRyDxa
pasAMYHOr0 NpPHMeHeHHA. X-ray tube
Xupypruyeckui
CpaBHEHWE MMITYNIECHOMD HAHOCEKYHAHOMD annapaTa pefriTeHOBCHHMIA
C annapaTamM NOCTOAHHOTO TOKA, NPOBEASHHbIE annapar il

g «CaHHT-TeTepbypreciom HUW dTuIMonyNbMoHOAOTMU®

Haseanme annaparta, Obnacmb 3uBmBaneHTHas  OTHOCMTENbLHAR apparatus
HPETHARA XAPaKTEPHUCTAKE WCCNenoBaHMa no3a (m3B) no3a
Acenb-01

- Nerkme
MOGHALHEIA, KMAYALCHOTO 0,027 1
LE.IIWEHMHI :1 HET, ¥45 HF (nepearRa npoexLyA) ’
Definium AMX 700 I T—
(MOBMABHLIA, HENPEPLIBHOTD 0,569 211
wanydeHma), 12,5 BT, 468 Kr (nepearira npoexLya)
Evolution HV .
(CTaLMOHAPHBIN, Nerkme 0,721 26,7

HEMPEPLIBHOND MANYUEHMA),
100 kBT, Sonee 1000 kr

MpeanpHATHA-COHCNOAHHTEAH

* 000 «Cy6MHKPOBONHOEAA AHATHOCTHHECKAA aNnapaTypas

+ &IV «KoMBHHAT «JAeKTpoXHMIpHGOD»

(nepegHAs NpoexLma)

Surgical ¥-ray .4

PEHTTEHOBCKHMIE CHUMOK TPYAHOM KNETHH
A radiograph the thorax
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SYNTHESIS OF HIGHLY TRANSPARENT CERAMICS

CI{HTEE EBICOKONPOZPAYHEIX KEPAMHK ABMASTCHA NPH- ynthesis of highly transparent
OPHTETHBEIM HANpPABAeHHEeM E 00MaCTH CO3JaHuA ceramics is a preferred direction
TBEPAOTEeJEHEIX Aa3ePOE, IPH H3TOTOBAeHHH KO0 018 in the field of creating solid-state
JIAMI BEICOKOTO JABJA€HHA, OpPO3patHOH OpoHH, MATHHTOON-  lasers, in preparation of envelopes
THEKH, MEXaHO- H MapoNpoYHEIX OKOH, IHHI IHPOKOYTOJIE- for high-pressure lamps, transparent
HEIX 00BEKTHEOE M T.4. [lepeg MOHOKPHCTAMIHYECKHMH armor, magneto-optics, mechanical
MATPHUIAMH ONTHYECKHE KEPAMHKH 0DJ1aJal0T ABHBIMH and heat resistant windows, wide
NpeHMyILIecTEAMH: DoNBIIHe angle lens etc. Compared with single

DOTOrpadMK HAHOUACTHLL, pazmMepsl, HH3KaA cebecTon- crystalline matrices, optical ceramics
CMHTEIMPOBAHHDIX METOAOM MOCTE, EpEMA H3rOTOBJIeHHA possess obvious advantages such as
ﬁﬁﬁmﬂ“@gﬁg’":;‘:ﬂ no H SHepProéMKOCTE OPOoIecca, a ]a_irger sizes, lower cost, fablricatinn
pazmepam TAKHEe BO3MOHHOCTE CHHTE3A time and energy consumption of

The size distribution KOMIO2HTHEIX MATEPHAJIOE H the process, and also feasibility

of nanﬁ F‘UWdﬁ-‘m- Ehe obecnedeHna Gonee BEICOKOH for the composite materials and

}{‘;ﬁ;‘,lﬁa ,?tﬁeg ErDtD KOHIeHTPAalHH aKTHBHEIX maintenance of higher active centers

sedimentation LeHTPOE. concentration.
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1. Composite Nd: YAG Cr:YAG h‘an%nt ceramics for
thin lasers . Osipov, V.A. V.I. Solomonov,
K.E. Lukyashin, A.V 5p]l1]13. RN. Phhlmmr{é Ceramics
IubematlonaL 2015.-Vol. 41. - P. 13277-13280.

2. Ho:YAG transparent ceramics based on nanopowders
produced by laser ablation method: Fabrication, optical
E 1Hlperl:uas, and laser performance / 5.N. Bagayev, V.V. Osipov,

Vatnik, VA. Shitov, LA. Vedin, V.V. Platonov, L.Sh. Steinberg,

R.N. Maksimov // Optical Materials. - 2015. - Vol. 50. -

P 47-51.
3. Laser synthesis of nano nwders V.V. Osipov, YuA. Kotov,
M.G. Ivanov, 0.M. Samatgv V.V Li f nkov, ‘J.ii. Platonow,

AM. Murzakaev, AL MedvedEvE] Azarkevich // Laser
Physics. - 2006. - Vol. 16, N21. - P. 116-125.
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azeueaeMyw B H3$ ¥VpO PAH Texnono- :ggﬂi‘*}{“h'x

THID MOMHO Da3JeJHTE HA TPH 3TaNa: The e =
NoJyHeHHe HAHONOPOIKOE, KOMIAKTHPOEA- hotos of ;J"“g B ow [l oo
HHe H CIeKaHHe KOMNAKToB. HaHonopomKH abricated ,—&.—' = . o~
OPOH3BOAATCA NyTEM abAAnHK (McnapeHns) samples Cee A f'} " ¥ "-{“‘O‘
MHIIeHeH H3AYIeHHEM Jazepa ¢ NOCIeIyio- @‘m Yl a0 Tl KOs
meit KOHJAeHCAIHEHR NAPOE B MOTOKE HECy- - ) 5i
mero raza. Jina NpuroToBAeHHA MHIIEHel Yl 0=
rpyOble NOPOLEKH CMEIIHBAKTCA B HYIKHOR st
OpPONOPIHHA U IPEJBAPHTENEBHO CIEKAKTCA o
NpefoTEPAIEHHA Pa2pyIleHHA N0 Aef-
CTEHEM JlazepHoro HaaydeHus. [locne cenn-
MEHTALHH, NPOKATHEAHHS, CMEIIHBAHHA
H CYIIKH MOPOIIKH OIPeCcCYTCA ¢ MCIOMb- he developed in IEP UrB RAS technology
30BaHHeM pPasMH4YHEIX MeTOL0E 0 VPOB- can be divided into three stages: production
HA ~50% OT peHTreHOBCKOH NAOTHOCTH. of nanopowders, compaction and sintering of
KoMDaKTEI cneKarTcA B BAKYYMHOMH MedH compacts. Nanopowders are produced using
npH Temneparypax 1700-2050 °C g TeueHHe ablation (evaporation) of targets by a laser with
10-20 gacoe. [locae npoKaAHBaHHA, MIJIH- an eventual condensation of vapor in air flow. For
$O0BKH H NIOJHPOBKH 00pasnel NpHOoDpeTawT preparation of targets, the coarse powders are
3aKOHYEeHHEIA BHJ M HMeloT NJA0THOCTE H mixed in a required stoichiometry and then pre-
NpO3padYHOCTE, O/IH3KHE K TEOPEeTHIECKHM sintered to a level of strength sufficient to avoid the
3HAYEHHAM. destruction under the influence of laser oscillation.

OpraHH3auHM-coOHCNOAHHTEAH

JlazepHanA reHepalya Ha CHHTe3HpoEaHHeX B H3d VpO PAH
ofpaznax KepaMHKH IoJy9eHa B COBMECTHEIX paboTax c:

« HuctutyT nazepHoit dusukn CO PAH (M4 CO PAH),
. HoBocHGHpCK, B aﬁpasue Ho:YAG cn=40%
HEYb:Lu, Y., 0,cn=29

+ HHCTHTYT npHEnafHOR clmsmm PAH (UI1$ PAH),

T. Hipxanit Hoeropog, B o6pasue YieYAG e = 37%;

« HanmoHanBHEI MHCTHTYT OOTHEY, . Paopermus,
B o6pasue Nd:YAG cn = 52.7%.

HeoneoBaHle CIMHTILIAHOHHEIX XapaKTePHCTHE

Ce:YAG KepaMHK NPOBOAHTCH COEMECTHO C YPAIBCKHIM
degepanbHEIM yHEEepCcHTETOM (YPEY), n ExaTepunbypr

After sedimentation, annealing,
mixing and drying the powders are
pressed using different methods to
the level of 50% roentgen density.
Compacts are sintered in a vacuum
furnace at the temperatures of
1700-2050 °C for 10-20 h. After
annealing, grinding and polishing
the samples acquire a completed
appearance and exhibit the density
and transmittance close to the
theoretical values.
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Ilﬁ WELDING OF FERRITIG-MARTENSITIC
OKIDE DISPERSION-STRENGTHENED STEELS

(D epPHTHO-MAapTEeHCHTHEIE H JUCIIEPCHO-YIPOU- erritic-martensitic (FM) and oxide-
HEeHHBIE OKCHA0M HTTPHA CTAMH — Nepclek- dispersion strengthened (0DS) steels,
THEBHEI® MATepHAAEl 417 obonovex TBIJ agepHEx being the promising materials for nuclear
PeaKTOpPOE — HE CEAPHEAKTCA HHIKO(QA3ZHEIMHA reactors cladding, are not welded by liquid-
MeTodaMH (Iyroead, JasepHad CEapKa) Dez gonoJ- phase methods (arc, laser welding) without
HHTeAbHOH TepMooOpaboTkH. [lepcneKTHEHEIM additional heat treatment. A promising
cnocoboM ABMAETCA CEAPKA BEICOKOCKOPOCTHRIM joining method is the welding by high-
vaapoM. Hapaay c H2eecTHOH CEApPKOH E3PEIBOM velocity impact. Along with the well-known
A4 coeHHeHHA AKTVANBHOH ABAAETCA MAarHHTHO- explosion welding the pulsed magnetic
HMOY/ALCHAA TEXHOJNOCHA, IpHMeHAeMan oAad ceapk  technology used for aluminum, copper
ANHMHHHEERIX, MeJHEIX CIIIAEOE H MATKHX CTANeH. alloys and mild steels welding is actual.

NateHTl, JdBETOPCKHE CEHAETEABCTER, nyﬁnunaunu
1. MarHHTHO-MMIOYILECHAA cna]la_lica'rpyﬁmcm LeBoii m{ Aﬁpc}mnuu KEPEUEHDHHG—(.'I‘Oﬁ'mﬁ

r:ra.rm B.H. B, C.H. e¥x. xg)m] ee, M-K Lese,
e [/ Hae. BY3 un.dmamca. 2014.-T.5 N°1113—C.264-—26
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Magneic pulse
welding scheme (a);
view of the parts:
steel tube, coil,
copper driver and
plug (b)
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ArHUTHO-UMNY/ILCHBIM ciocofoM noJy-

4eHB] CBapHEIe COeJUHeHHA Tpyba-3araym-
Ka AJi1F CTajel, OTHOCAIMXCA K OTPaHHUYeHHO
ceapuBaeMbIM. ONTHMa/IBHAA CKOPOCTE COyAa-
peHuA CBapHBaeMbIX NOBEPXHOCTEH COCTaBMIa
300 m/c, ckopoCTh ABMXKEHHA QPOHTA KOHTAKTA
3-3,5 kM/c. [Ipu 3TOM coxXpaHAeTCH OAHOPOAHAA
CTPYKTYypa CTaJu BOJIM3M CBAPHOrO MBA C Y4acT-
KaMH NOJIHOTO CIMAHHUA ABYX META/LJIOB. YTedKa
reaus yepes moB MeHee 10~° M6ap x 11/c, Mexa-
HHUYeCKas NPOYHOCTE COeAUHEHHHA NPEeBkIaeT
MPOYHOCTH TPYOHL.

BHELUHWIA B/, CBADHOTO CO

060/104KOM, CpaBa — Nocne eé yaaneHua

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

MpogonbHoe ceueHure 0bpasua Ao TpaeneHua (a)
1 muKkpodoTorpaduma rpaHruyHoOU obnactu
coepuHeHuA (b) TpyBbl € 3arnylIKOM (XpomucTan
KOPPO3UOHHO-CTOMKAA CTanb)

Welded sample longitudinal section (a) and
bonding interface micro image (b2: the tube and
plug of chromium corrosion-resis

ant steel

HEHMA CTaNbHOM
b1 C 3arnyWwKou; cnesa obpasel, C MegHoM

nd closure welds of FM and ODS steel
tubes have been obtained by magnetic
pulsed method. Optimum impact velocity of
welded surfaces was 300 m/s, the velocity
of contact point motion was 3-3.5 km/s.
A uniform structure of steel in the vicinity
of the weld seam and the areas of complete
interpenetration of the two metals take place.
Helium leak rate through the joint is less than
10~ mbar x 1/s, the mechanical strength of
the joint exceeds the strength of the tube.
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HEPASPVIUALWHA CTATHCTHUECKHH METOZ HOEHTHOHKALIHY
MEGTOPOHAEHHA APATOLEHHDIX RAMHEH

pobJeMa HezakoHHOro obopoTa pyOHHOE H

cangHpoB, 00ycAaBAHEAST HeoOXOIUMOCTE
CO3ZAHHA DEICTPRIX HEPASPYIIAKIIHE METOL0E I8
onpefeleHHA HX MecTa Ao0eI4H. PazpaboTaHHEIM
E H3® MeTogoM HMOYIECHOH KaTOZOAKMHHECLIEH-
IHH BBLTH HCCAeL0BAHEl OAaropogHEIE KOPYHIEL H3
EOCBMH MHPOBBIX MecToOpo® geHuil. [lokazaHo, 4To
CIEKTpPEI EceX 00pa3noB KOPYHIOE HMeT ocobeH-
HOCTH, XApAaKTepHEIe 014 K aoro pernosa. Ha atof
OCHOEE IPeIjoeH H anpo0HpOBaH CTATHCTHHECKHH
JAHMHHEeCIeHTHEIA MeTo onpe e eHHA PernoHa
OpPOHCKOMOEHHA KaMHel.
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Puc. 1. Cnextpsl MK GraropogHbix HopyHaoe Magarackapa: MD_2,
MD_4, MD_8 — pySuHbl, ocTanbHble candupel

M%Jre 1. The PCL spectra of the precious Madagascar corundums:
2, MD_4, MD_8 — rubies, other — sapphires




OHapy#eHo ABNeHHE YCKOPEHHOID X0M0SHOTO

PATHAIHOHHOLO OTHHIA METACTAOMABHEIX
Cpel NpH KACKAA000pa3yioueM HOHHOM oby-
4eHHH, 06y CI0BNeHHOE PACTIPOCTPAHEHHEM
NOoC/eKACKATHEIX VIapHEIX BoH. Ha aToli ocHoEBe
paspaboTaHEl MeTogE MOAHDHKALHH CEOHCTE
CYOMHLAHMETPOBBIX H MHJUTHMETPOBRIX IPH-
NOEEpPXHOCTHEIX CJI0EE MATEPHANIOE THHEIEIMH
(M > 10 a.e.M.) yCKOpeHHEIMH HOHAMH C 3HEpPTrHA-
mMu 5-100 k3B, npoeKTHEHBIE Npoferu KOTOPLIX B
EEIIeCTEE He NPeBEIAIT HeCKOABKHX JeCATKOE
HaHoMeTpoB. Heonepoeanua ¢ noMowsio sdder-
Ta Meccbayapa, peETreHOBCKOH JHQPAKIIHY,
ATOMHOH CHJ0BOMH, 3J1eKTPOHHOH H NOAeE0H
HOHHOH MHKDPOCKONHH, 3 TAKKE PE3HCTOMETPH-
4ecKHe in situl 1 MArHMTHEIe H3MEePEeHHA MOKA3A-
JIH, 9TO VAYHIIEHHE MEXAHHYeCKNY H MATHHTHEIX
CEOMCTE B PE3VIETATE HOHHO-IYIeEol obpabot-
KM CEA3aHO ¢ MogHHKAIIHeR CTPYKTYPHO-bAas0-
EOT0 COCTOAHHA, A TAKME ATOMHOH H MATHUTHO
OOMEHHOH CTPYKTYPEI CILTAEOE.
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HOHHAA HMIJIAHTALHA -

TEXHONOTHA HETEPMHUECROTO OTHMHIA

he phenomenon of the accelerated cold
radiation annealing of metastable media
has been revealed under cascade-forming ion
irradiation, which is caused by post-cascade
shock waves propagating. On this basis, methods
are developed for modifying the properties
of the submillimeter and millimeter surface
layers of materials with heavy (M > 10 amu)
accelerated ions with energies of 5-100 keV, the
projected ranges of which in the material do not
exceed just a few tens of nanometers. Mdssbauer,
¥-ray diffraction, atomic force, electron and field
ion microscopy studies and also resistometric
in situ and magnetic measurements have shown
that changes of mechanical and magnetic
properties as a result of ion-beam treatment
is due to structural-and-phase state, as well as
atomic and magnetic domain structure of alloys
modification.
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OXIDE ELECTROLYTE BASED OXYGEN PUMP

Kuc.nopomme HACOCHI C TBEPA0OKCHAHBIM
3JIEKTPOJTHTOM XapaKTEePH3YIOTCA BEICOKOM
HHCTOTOM U CTEPHIBHOCTEIO IOJIY4aeMOro K1c-
nopoza, 6ecIIyMHOCTEIO M HAZEXKHOCTBI PaboThI.
IpuEIMN HX paboTEl OCHOBAH HAa MeXaHH3Me NPo-
BOJHMOCTH 3JIEKTPOJIMTA IEPEHOCOM HOHOB KHC-
JI0pOJia, UTO TapaHTHPYeT NPAKTHYeCKH 3TAN0H-
HYIO YHCTOTY NOJY4aeMOro KHCJA0OpPoAa. YieabHEIe
3HEpPro3aTpPaTkl IPH 3TOM MeHBbIIe, 4eM ¥ AMCTHII-
JANMOHHEIX MJIH aACOPOIHOHHBIX KOJOHOK A
cenapaguy aTMocdepHOro Bo3Ayxa.

MpUHLUMN ASWCTBMA KUCNOPOAHOTO Hacoca
C TBEpAbIM 3/1eKTPOAUTOM. 1 — 3neKTponuT,
2 —KaTtog, 3 —aHog

Oxygen pump operating principle:
1 - electrolyte, 2 — cathode; 3 —anode

i L
4 0. 99,99%

xygen pumps with solid oxide electrolyte

are characterized by high purity and
sterility of the output oxygen, quiet operation
and reliability. Their operation principle
is based on the electrolyte conductivity
mechanism by oxygen ions transfer, which
ensures almost reference purity of the output
oxygen. Moreover their specific power
consumption is less comparing to that of
distillation or adsorptive columns for the air
separation.

BaTapen KMC/IOPOAHOMO HACcoCa C TOKO- U
rasonofeoaamu: 1 — 3SNeKTPOXMMMUECKARA YacTb,

2 — BHELIHARA TOKOBARA WWHA, 3 — BHYTPEHHAA TOKOBAA
LUKMHA, 4 — BbIXOA KMUCNOPOAA, 5 — BO3AYLIHbIW BXOA,
Oxygen pump stack with gas and current supply:

1 — electrochemical part,
2 —outer current bus, ,
3—inner current bus, ﬁ
4 — oxygen outlet,

5—airinlet
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