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A. B. Augpuam, /1. A. Buxnagaes, [I. C. TABPUIOB,
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B Hacrosiee BpeMsi OIHUM U3 Ba’KHBIX HAINPaBJIe-
HUU B Pa3BUTUN KOMINAKTHBIX PEHTTEHOBCKHX
nasepos (PJI) asisercs cosmanne BbICOKOI(PPEK-
TABHOTO 1 MHTEHCUBHOTO NCTOYHUKA JIA3€PHOTO PEHT-
reHoBckoro uasyde-ausi (JIPV) B KOPOTKOBOJHOBOM-
JMatta3oHe, M AUana3oHe «BOJSHOTO OKHay. [lyig aThX
1eJieit HanboJsiee BBITOAHBIMU SBJSIOTCS cXeMbl PJI
Ha Ne- u Ni-nogo6HbIX HOHAX, KOTOPbIE M03BO-
JITIOT TEHEPUPOBATDH U3JIyYeHNEe B 00JACTH JIJTTH BOJH
MEHbIINX 4 HM, 4YTO ABJISACTCA ,[[JH/IHHOBOJIHOBOfI Tpa-
HUTIeH «BOJSTHOTO OKHa». BpIrosHOE cooTHONIeHNE
Mesxay AnamHoi BoaHbI JIPY n 3arpaunBaemoii anep-
rueil HaKaumBaoIero ONTUYECKOTO Ja3epa Jiesaet
cxemy PJI ma Ni-mono6HbIX moHax 6osee addek-
TUBHOU M 3KOHOMWYHON MO CPABHEHUWIO CO CXEMOU
Ha Ne-molo6HbIX HOHAX.

B nanHOIT pab6oTe MBI MPEACTABASEM Pe3yabTa-
ThI 9KCIIEPUMEHTOB, AEMOHCTPUPYIONINX T€HEPAIINIO
JIPU ¢ pnunoit Bomubl A = 189 A na 4p—4d nepexo-
nax monoB Ni-mogo6HOTO MOJMUOAEHA TIPU TIOCJIE-
JIOBATEIHHOM OOJIYUEHWW TJIOCKUX MUIICHEH [IBY-
MA Ja3€PHBIMU UMITYJIbCaMU, CCl)OKyCI/IpOBaHHbIMI/I
B JIMHUIO. SKCHGPI/IMQHTbI 6bIJH/I TIpOBE/IeHDbI HA TTNKO-
cexyHaHol sazepHoit yctanoBke COKOJI-II npn
CJEYIONUX TapamMeTpax 0O0Jy4YeHUs: JAJIUTETbHOCTD
npeapiMnyabca — 0,4 HC, ATUTETBHOCTb OCHOBHO-
TO UMMYJbca HAKAUYKM — 4 TIC, BPEMEHHas 3a/IepPiK-
Ka Mexxay mMmmyabcamu — 1,5 He. llomHas sHep-
r'Usl Jla3epa HaKayku B cpejHeM Oblia paBua 14 [k,
a OTHOIIIEHWE SHEPIUM B MPEAbIMIYJIbCE K dHEPTUU
OCHOBHOTO MHUKOCEKYH/HOTO MUMITYJIbCa OCTABAJIOCH
IMOCTOSIHHBIM — 1 : 2,4.

B IKCHEPUMEHTAaX JOCTUTHYT HaCbIH.[eHHbeI pPeEXnM
pa6otet PJI, npu atom addexTuBHbI KO duiment
yeusnenud JIPW npu MasbIxX AJMHAaX MULIEHU COCTa-
BUJ BeqmunHy =~ 26 cM™!. B peskume Gerymeit BoJI-
HBI HAKAYKW, KOTOPDBIH ObLIT PEaTn30BaH C MOMOIILIO
CTYTIEHYATOTO 3epKaJja, MOJy4eHO TTPUMEPHO TMSITH-
KpatHoe yBesudeHue Bbixoga JIPU mo cpaBHenmuio
C Oéﬂy‘{eHI/IeM MUIIICHU B OébI‘wIHOM pexruMe.

X-RAY LASING ON 4D-4P
TRANSITIONS
OF NI-LIKE MOLYBDENUM
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A. L. Zapysov, A. G. KaksHin, I. A. KAPUSTIN,
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At present, a basic tendency in the development
of laboratory X-ray lasers (XL) is going to the
short-wave range, including the so-called «water
window» (22+44 A) being biologically important.
The use of Ni-like ions offers an advantage over
the Ne-like ions as the pumping energy required for
generation on the same wavelength is considerably
lower for them. The latest experiments performed
on the SOKOL-P facility have demonstrated the
amplification on the wavelength A = 189 A (Ni-like
molybdenum, Z = 42). Using the traveling pum-
ping wave, the saturated operating mode for XL
was obtained when the exponential growth of the
output energy with target length becomes smoother
and close to the linear one.

HNCCJEAOBAHUE CIIEKTPAJIBHO-
YIVIOBOT'O PACIIPEJAEJIEHU A
BbICTPbIX ITPOTOHOB
C TblJIbHOM CTOPOHbBI MUIIEHU
B OKCIIEPUMEHTAX HA YCTAHOBKE
COKOJI-II ITPHU IIVIOTHOCTH
IIOTOKA JIASEPHOI'O U3JIYYEHUA
INOPAIKA 10" BT/CM?

B. Angpuam, /. A. Buxiusies, [[. C. TaABPUIOB,
. A. Toroxos, /. A. ImurroB, A. JI. 3AIbICOB,
. I. Kaxkmunu, 1. A. Kanyctun, E. A. JIosoja,
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B pa6ote mpeacraByieHbl pe3yIbTaThl SKCIIEPUMEH-
TOB TIO WCCJIEJOBAHUIO CIIEKTPATHHO-YTJIOBOTO pac-
Ipe/IeJIeHNsT TPOTOHOB YCKOPEHHDBIX € ThIJbHON CTOPOHBI
MUIIeHN. JKCIEePUMEHTHI TpoBe/ieHbl Ha 10-TepaBart-
THOH TMKOCeKyH/THOH J1azepHoii ycranoBke COKOJI-IT
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TIIpyu MJIOTHOCTU MTOTOKA JIa3€PHOTO M3JTYUYCHUSA Ha

mutenn nopsiaka 10" Br/cm?. B kavectBe murie-
Hell MCIOJIb30BAJINCH TOHKKE MeTasmieckue (hoJib-
M 1 UX KOMOMHAIUU C BOJOPOJOCOJEPIKANINM Ma-
TepuajoM. V3ydyeHO BJMSIHHE [TapaMeTPOB Ja3ep-
HOTO M3JIy4eHUs] U yCJOBUH OOJIyueHHUs] HA Xapak-
TEPUCTUKU MOHHOTO MOTOKA C THIIBHOU CTOPOHBI

MMUIIICHN.

EXPERIMENTAL INVESTIGATION
OF SPECTRAL-ANGULAR
DISTRIBUTION OF FAST PROTONS
FROM REAR OF TARGET ON THE
SOKOL-P LASER FACILITY
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D. S. GavrirLov, S. A. Goroknov, D. A. DMITROV,
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V. N. SanzuiN, V. N. SarrykiN, K. V. SaAFroNOV,
P. A. ToLstouknov, A. A. UGODENKO,

O. V. Cueronov, M. N. CHIZHKOV

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

In this work the result of experiments on spec-
tral-angular distribution of protons accelerated on
rear side of a target are present. The experiments
were carried out on 10 TW picosecond laser faci-
clity SOLOL-P at laser intensity of ~10'* W /cm?
on the target /The targets were thin metallic foils
and their combinations with hydrogenous mate-
rials. The influence of laser radiation and irradia-
tion conditions on parameters of ion beam from the

target's rear side were studied.

BJIMAHUE BPEMEHHOTI'O KOHTPACTA
JASEPHOI'O UMIIYJIBCA 10 TBT ND:
GLASS YCTAHOBKH COKO.I-II
HA OCTPOTY ®ORYCHUPOBKH
IIYYKA HA MUIOIEHN

. A. Buxungaes, /1. C. I'aspusos, /. A. IMurtros,

A. T. Kakmun, . A. Kanyctun, E. A. Jlosoa,

A. B. Iloranos, B. H. Cyxanos, A. C. TuugHko,
A. A. Yroaeako, O. B. UewoHOB

Poccniickuit denepasbHblil SAepHbIil TIEHTP —
BHUMU texnmveckoii pusmkm
uM. akaja. E. 1. 3ababaxuna, Cuexunck, Poccus

B pa6ote mpuBOAATCS YCIOBHUS TOCTIDKEHUS TIpe-
Jle TbHOW MHTEHCHBHOCTH HA TIOBEPXHOCTH MUIIEHN
pH (POKYCHPOBKE JTa3epHOTO M3JIYUEHNS B TOUKY HA
nazepHoit yctanoske COKOJI-II. Nccaenosano Bin-
SHUE KOHTpAcTa Ja3epHOTO MMITyJIbca Ha KadecTBO
(hokycHpoBKY 1 dKCIIepUMeHT. B akcmepnMeHTax Ha
ycranoBke COKOVJI-II mosydero 1,5...2-kpaTHOE
yMeHbIIIeHNe AnaMeTpa (POKAJbHBIX MATEH MPH TO-
BBINIIEHNN KOHTPACTA TI0 CYMepIIOMIHECTIEHIINHN 60Jiee
yeM B 20 pas.

THE EFFECT OF TEMPORAL
CONTRAST OF THE 10TW ND: GLASS
SOKOL-P LASER PULSE ON THE
BEAM FOCUSING ON TARGETS

D. A. VikHLYAYEV, D. S. GAVRILOV,

D. A. Dmitrov, A. G. KaksHIN, I. A. KAPUSTIN,
E. A. LoBopa, A. V. Potarov, V. N. SUKHANOV,
A. S. TiscHENKO, A. A. UGODENKO,

O. V. CHEFONOV

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

We report on the conditions of achievement
of maximum intensity on the target surfaces at
SOKOL-P laser facility while focusing laser ra-
diation in a spot. The dependence of the contrast
ratio on the focusability was investigated. The
1,5...2-fold focal spot size decreasing have been
obtained in experiments after more than 20 times
ASE contrast increasing.
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OOTONOHUSAIIMOHHAA
ABYXIIOTOKOBA
HEYCTOMYUBOCTD

B TA30BOI1 IIJIA3ME

. A. Aujpugau, B. 1O. BoiuEHKOB

Dusnueckuit Mucruryr um. I1. H. Jlebenepa PAH,
Mocksa, Poccus

Pa6ota mocBsmiena m3ydeHNIo HeycTounBoCTeH
B IIa3Me, 0Opa3oBaHHOI MPKU B3aMMO/IEHCTBUU UM-
MyJIbCa W3Jy9eHUs Jiazepa Ha CBOOOIHBIX JJIEKTPO-
nax (JICI) pentrenosckoro nam Y D-C auamasoHos.
BpLio mokaszano, 4TO AJS JOCTUTHYTHIX HA CETO/I-
HAITHUN eHb TapamMeTpoB uaaydenns JICD wan6o-
Jiee 3HAUUTEJbHOE BJIUSTHUE Ha 9BOJIONHIIO TIJIA3MbI
OKa3bIBaeT, TaK Ha3biBaeMasi, (hOTOMOHM3ATTMOHHAS
JIBYXIIOTOKOBAS (UL HEYyCTOWYNBOCTD, NMeTO-
Masi XapakTepHbIN HHKPEMEHT TMOPSAKA TIa3MeHHON
vactoThl. /laeTcsa kmHeTnueckoe ommcanme DU JIIT
HEYCTONYMBOCTH, KOTOPOE BKJIIOYAET B cebsl yder
TaKUX TPOIECCOB, KaK TeHepalus (HOTOIIEKTPOHOB
nocpeacTBoM dotoaddexta Tpu B3auMoAeicTBUN
YJABTPAKOPOTKOTO JIMHEHHO MOJSIPU30BAHHOTO WM-
nyabca JICO co cTpyeii ra3a, TeHeparus HU3KOYaC-
TOTHOTO AJIEKTPUYECKOTO TOJIsI, YIPYTHE COyAapeHust
9JIEKTPOHOB ¢ HEHTPATBLHBIMUA aTOMaM¥ WJIN Ky JIOHOB-
CKHe COy/JlapeHUs 3JIEKTPOHOB ¢ MoHaMu. B pamkax
KBa3UCTAIIMOHAPHOTO TPUOJIVKEHNS, JIJIsT UMITYJTbCOB
9KCTPEMAJIBHO KOPOTKOMH JIJTUTETHHOCTU, BBIBEIEHO
1 U3YYEHO [INCTIEPCHOHHOE YPaBHEHWE C YYETOM CTOJI-
KHOBHUTEJHHBIX YJIEHOB. BBITHM TOJyYeHDI OTIEHKH Xa-
PaKTEepHBIX BEJUYUH pazMepa BOJHOBOU 00JacTH,
OTBeYaIoTIell HATNYWIO HEYCTOHUYNBOCTH, MaKCUMAJTh-
HOTO WHKPEMEHTA M BOJTHOBOTO YMCJIA, OTBEYAIOIIETO
caMoii 6pICTpOHapacTaiolieil Moje, a TakyKe MOpo-
TOBBIE 3HAUYEHWS YACTOTBI 2JTEKTPOH-HEHTPAJbHBIX
1 3JIEKTPOH-MOHHBIX COY/IapeHuil, oTBeYatone Bo3-
Oy:KIeHnIo HeycToiumBocTh. Takke pazpaboTaHa Mo-
JleJTb OTIMICAHUS TIPOIlecca Pa3BUTHS HEYCTOHUYNBOCTI
JUUIST TIPOU3BOJILHOM JTUTETBHOCTH MOHU3UPYIONIETO
UMITYJIbCA C TIOMOTIBIO PEIEHUsT MHTETPATHHOTO Bpe-
MEHHOTO YpaBHEHUS AJs (DAYKTYaIuii 21eKTPOHHON
MJIOTHOCTH, YYUTBIBAOIIETO (POTOMOHU3AIHIO Ta3a,
BO30Y K/IEHIE HEYCTONYNBOCTH 32 CUET aHU30TPOTTHH
3JIEKTPOHHOTO paclpe/ieJIeHust, CTOJKHOBUTETHbHOM
JINCCUTIAIIAN SHEPTUH BO3MYIIIEHUN W CTOJTKHOBUTETb-
HYTO W30TPOTHM3AINNIO 3JIEKTPOHHOTO pacIpe/le/IeHIs .
Penaxkcanuga GU/II neycroilunsBoctu usyuena [
Pa3JIMYHBIX COOTHOMIEHUH MEXKITY TAaKUMHA BPEeMEHHbI-
MU XapaKTePUCTUKAMU, KaK [JTUTETbHOCTD UMITYIbCa
JIC3, xapaktepHOe BpeMsT Pa3BUTHS HEYCTOWYIMBOCTH
1 BpeMs CTOJIKHOBHUTEJILHOW peTaKCaIlnu.

PHOTOIONIZATION TWO-STREAM
INSTABILITY IN GAS-JET PLASMA

1. A. AxDprivasH, V. Yu. BYCHENKOV
P. N. Lebedev Physics Institute RAS, Moscow, Russia

Instabilities in plasmas produced in interaction
of EUV /X-ray free electron laser (FEL) pulses
with gaseous media have been studied and it ap-
pears that for the present parameters of FEL pulses
the most important kind of instability is a pho-
toionization two-stream (PITS) instability with
typical increment of the order of electron plasma
frequency. A kinetic description, which takes into
account electron production due to photo-effect
through the interaction of an ultrashort linearly
polarized FEL pulse with a gas jet, a self-generated
low frequency electric field, and elastic electron
scattering on atoms or Coulombelectron scattering
on ions, is introduced to study the photoionization
two-stream (PITS) instability. In the approxima-
tion of quasi-stationary approach, which is relevant
to extremely short FEL pulses, the dispersion equa-
tion including collisional terms has been derived
and studied. Typical parameters of instability such
as k-space region of instability, maximum growth
rate and wave number of appropriate mode and
threshold electron-neutral and electron-ion collision
frequencies corresponding to instability excitation
have been obtained. The characterization of PITS
instability is also presented for arbitrary pulse du-
rations by solving integral equation in time for
electron density perturbations which accounts for
gas photoionization, instability excitation due to
anisotropy of photoelectrons, collisional damping of
the unstable perturbations, and collisional plasma
isotropization. Relaxation of PITS instability is
studied for different relations between FEL pulse
duration, instability growth time, and electron col-
lisional time.
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HATPEB PEJATUBUCTCKHUX
IJIEKTPOHOB B JIASEPHOM
IHOJIE CO CTOXACTUYECKUMH
BOSMYUEHUAMH ®A3bI

10. A. Muxaitnos, JI. A. HUKUTUHA,
I'. B. Ckauskos, A. H. CtarosyB,
M. A. JKyproBuu

@Dusnueckuit uactutyt um. [1.H.J/le6eneBa PAH,
Mocksa, Poccus

PaccmarpuBaeTcst yncaeHHast MOJETb MPSIMOTO
YCKOPEHHUST PEJIITUBUCTCKUX 9JIEKTPOHOB B 33/[aHHOM
3JIEKTPOMATHUTHOM Tios1e. VICTOYHMKOM CoydaifHbIX
CILT sIBJISIETCST (ha30BO HEOTHOPOIHOE TToJie B PoKyce
MHOTOMO/IOBOTO JIA3€PHOTO TYyYKa CO CTOXACTHYECKH-
MU TIPOCTPAHCTBEHHO BPEMEHHBIMU HEOIHOPOIHOC-
TAMU (Dasbl I KAKIOM CIIEKTPATBHON KOMIIOHEH-
ThI. DHEPTrus 37eKTpoHOB Tpesbinraer 10 MaB maxe
PU YMEPEHHBIX IJIOTHOCTSIX TMOTOKa ~10'° Bt /cm?.
Paspa6otannasi mporpaMma Mmo3BoJIsieT MOJyYHTh KO-
JITYECTBEHHO SHEPreTNYecKyio (PYHKIMIO pacipe/ieie-
HUSI B 3aBUCHMOCTH KaK OT MHTEHCUBHOCTH MOJISI, TAK
1 OT JJTTEJTbHOCTH UMITYJIbca TTapabondeckoii (op-
MbI. P DEeKTUBHBIN HATPEB HJIEKTPOHOB TPOUCXOTUT
B TIPUCYTCTBUU BCTPEYHON BOJIHBI, OTPAsKEHHO OT
KPUTHYECKOI 06TaCTH TIPH 3aJaHHOM KO3 PUITHeH-
Te orpaskerust. CTOXaCTHYECKHUI HAIPEB IPOUCXO/UT
C 3a/IeP’KKON OTHOCUTEJIbHO HAYasa JIA3EPHOTO MM-
MyJIbCa, KOT/IA JIA3€PHBIE MOJIS IPEBBICSAT HEKOTOPDIE
HOPOTOBBIE aMIIUTY/Ibl. J{JIst HITIOCTPAIN ClIPaBE/-
JIMBOCTH TIPEJIJIArA€MOT0 MEXaHM3Ma YCKOPEHUSI MpH-
BE/ICHO KayeCTBEHHOE CPAaBHEHUE Pe3yJIbTaTOB MO/Iie-
JINPOBAHUS C KCIIEPUMEHTATbHBIMU TAHHBIMH.

RELATIVISTIC ELECTRON HEATING
IN FOCUSED MULTIMODE LASER
FIELDS WITH STOCHASTIC
PHASE PERTURBATIONS

Yu. A. MiknaiLov, L. A. NikiTiNa, G. V. SKLIZKOV,
A. N. StaroDUB, M. A. ZHUROVICH

P. N. Lebedev Physical Institute of RAS,
Moscow, Russia

A direct relativistic electron acceleration simu-
lation model with a given electromagnetic field,
which is determined by the wave packet param-
eters, is considered. The multimode time-spatial
structure of a focused Nd-laser beam with stochas-
tic phase disturbances of each of the spectral com-
ponents is taken into account as a source of ran-
dom forces. The electron energies of more than

10 MeV are derived even at moderate flux densi-
ties of 10'® W /cm?. The developed numerical code
makes it possible to obtain a quantitative ener-
gy distribution function in relation to both the
field intensities and temporal U-shape of the laser
pulse. An efficient heating of electrons can be trig-
gered in the presence of counter propagating wave
being reflected from the critical plasma area with
varied reflection coefficient. The heating mechanism
occurs with a delay relative to the beginning of a
pulse when the laser fields exceed certain threshold
amplitudes. A qualitative comparison of simulation
results with the experimental data is given as the
evidence that this mechanism is not unreasonable.

JABYMEPHOE MO/IEJINPOBAHUE
MOHHOTO YCKOPEHUS B MAJIBIX
MHOTOBHU/IOBbIX MUIIIEHAX
1O/1 IABEPHBIM OBJYYEHUEM
C [IOMOIIBIO TIPOTPAMMBI
YACTUIBI-B-IYENKE

k. Ilcukan® 2, JI:x. Jlummoyu!,
B. Tuxonuyk?, O. Kiaumo',
A. Branrtos®, A. AHJPEEB*

!MakyapreT sAMepHOit GUMKN U WHIKEHEPHBIX HAYK,
Yemnickuil rexunueckuil yuusepcutrer B [Ipare, [Ipara,
UYenickasg peciy6imka

2CELIA, HanuoHa/JbHBIN [EHTP HAYYHBIX MCCJIEJ0BAHUIT —
ATeHTCTBO TI0 aTOMHOU aHepruu —YHuusepcurteT Bopmol,
Tanenc, @pannus

Sdusnuecknit uucturyt um. I1. H. JleGenena,
Poccniickas akagemus nayk, MOCKBA, Poccus

‘Uucturyt nasepHoil pusuku, [ocyrapcTBeHHBIH
ontnyeckuit uuctutyt uMm. C. V. BaBuiosa,
Caxr-IlerepGypr, Poccust

B pab6ore uccienyercss NOHHOE YCKOPEHUE, BbI-
3BaHHOE B3auMojieiicTBuEeM (HeMTOCEKYH/HBIX Ja-
3€PHBIX MMITYJbCOB C MUIIEHSIMH C OTPAHUYEHHON
maccoii (limited targets), ¢ nmomoupio paspaboTa-
HOW HaMU HOBOM /IByMEpHOI IPOTrpaMMbl YaCTHUIIbI-
B-s4eiike. B oTamune OoT OOBIYHBIX MOHHBIX YCKO-
puresieit ¢ GOJIBIIUMU PACCTOSHUSMU, YJIbTPANHTEH-
CUBHDBIH (heMTOCEKYH/IHBIH JIa3ePHBII UMITYJIbC MO-
JKET YCKOPSITh MOHBI B MUKPOMUKPOHOM MaciItabe
J10 sHepruil B HeckoJibko MaB Ha HyKJIOH.

B pa6ore mbi pokycupyemcsi Ha B3aMMO/IEHCT-
BUSIX JIa3epa ¢ MHOTOBU/IOBOI I1JIa3MOi (multispecies
plasma), GOpMUPYIONHX OJHOPOIHYIO CMECH TSIKe-
JIBIX U JIETKUX MOHOB. IIpoBoguTCs cpaBHEHME sHepre-
Tigeckoro Gasamnca, addekTHBHOCTU TIPe0OPA3OBAHNUS
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JIA3EPHOTO M3JlyuyeHus B ObICTPbIE MOHBI M JINBEP-
FEHIUHU JIy4eil ObICTPbIX MOHOB JIJIsi MUIIEHEH pas-
maanoi popmer (cpepudeckoii, dpparmenta Goabru,
u3oruytoro (parmenta dosbri). Haum yncieHtbie
Pe3yIbTAThI MOKA3BIBAIOT, YTO (DOPMUPYIOTCS MyUKH
TSDKEJIBIX FIOHOB C Y3KUM paclipefieJieHneM Hepruit.
BaanmogeiicTBre MeXIY JETSIIMHI MyIKaMA JIETKUX
1 TSDKEJBIX MOHOB JIaeT BO3MOKHOCTD YaCTHIHO KOM-
MmeHcnpoBath 3(PMEKT KyJTOHOBCKOTO OTTATKUBAHUS
U TI0/JIEPIKUBATD Y3KUII CIIEKTP 9HEPTuil B TeUeHIe
JUTITEJbHOTO BpeMeHn. Mbl IOKa3blBaeM, 4TO MPH
MCTIOJIb30BAHNT C(PePUUECKIX MUIIEHel TOCTUTAI0TCS
HauJIydlie aHepruu ObICTPBIX MOHOB. Bosiee Toro,
Jiyd GBICTPBIX MOHOB MOKET ObITh C(OKYCHPOBaH,
€CJIN MCTIOTh30BaTh M30THYTHIE (PParMeHTHI (POTbIT.
B paGote Takske o0CyKAArOTCS Tpe/eIeHHbBIE acIeK-
ThI HAIIIEIT TPOrpaMMbl YacTHIbI-B-siueiike (particle-in-
cell wmm PIC), rakne kax adpeKTUBHBIE MOTJIONIAIO-
e TPAHUIIBI TSI UCXOJSIIUX JIEKTPOMATHUTHBIX
BOJIH M3 6OKCa MOJEeJNPOBAHUS.

2D PIC SIMULATIONS OF ION
ACCELERATION IN LASER
IRRADIATED SMALL
MULTISPECIES TARGETS

J. Psikar!?, J. LimpoucH!, V. TIKHONCHUK?,
O. Kruimo!, A. BrRanTOV?, A. ANDREEV!

'FNSPE, Czech Technical University in Prague,
Prague, Czech Republic

2CELIA, CNRS-CEA-Universite Bordeaux 1,
Talence cedex, France

3P. N. Lebedev Physics Institute, Russian Academy
of Sciences, Moscow, Russia

‘ILP, S. 1. Vavilov State Optical Institute,
St. Petesburg, Russia

Ton acceleration by the interaction of femtosec-
ond laser pulses with mass-limited targets is stud-
ied here via our newly developed two-dimensional
particle-in-cell code. In constrast to conventional
ion accelerators using long distances, an ultrain-
tense femtosecond laser pulse may accelerate ions
on pum-scale to energies of several MeV per nu-
cleon. We concentrate here on laser interactions
with multispecies plasma forming a homogenous
mixture of heavy and light ions. Energy balance,
laser conversion efficiency to fast ions and the
divergence of fast ion beams are compared for dif-
ferent target shapes (sphere, foil section, curved
foil section). Our numerical results show the for-
mation of light ion bunches with a narrow energy
spread. In-flight interaction between the light and
heavy ion bunches allows one to compensate par-

tially for the effect of Coulombrepulsion and to
maintain a narrow energy spectrum for a long time.
We demonstrate that spherical targets enhance
the achievable fast ion energy. Moreover, fast ion
beam can be focused when a curved foil section is
employed. Certain aspects of our PICcode, such
as efficient absorbing boundaries for outgoing
electromagnetic waves from the simulation box,
are also discussed.

ABYMEPHOE MOJAEJINPOBAHUE
BJIUAHNUA NOHU3SAIIUU ITOJIEM
HA YCKOPEHUE MOHOB IIPU
OBJYYEHUHU TOHKUX ®OJbI
JASEPHbBIM UMIIYJIbCOM
MHTEHCUBHOCTbBIO 10** BT/CM?

M. B. I'maseipun', B. IO. BeIUEHKOB?,
A. B. Karnees!, O. I. Korosa',
B. A. JIsikos!, C. 1. Camarun’,

A. H. CntecapreBa!, E. 10. CmupHOB!

! Poceniickuit (enepasbHbIil A1EPHDBIN TIEHTP —
BHUWMN rtexuunueckoii pusnkm
uM. akajx. E. 1. 3ababaxuna, Cuexunck, Poccus

2 @usnuecknit uucrutyt um. I1. H. JleGezena,
PAH, Mocxksa, Poccusa

[Ipu B3aumMomeiicTBUM (PEMTOCEKYH/THBIX UMITYJTb-
coB Ti-Sa mazepa unrencusnoctsio 102! Bt /cM? ¢ asmo-
MUHUEBOI (dobroit Tommuao#i 0,1 MUKPOH WOHU-
3aIisl BEMeCTBA OMpeesseTcss dJeKTPUICCKUM
noJieM Jiazepa. llosiBuBIIMEecs B pe3yJbrare TaKoi
MOHU3AIMH JIEKTPOHDBI AHU30TPOITHBI B TIPOCTPAHCTBE
UMITYJTbCOB, W XOTSI pa3BUBAOMNIASCS BeiibeseBCcKast
HEYCTOWUYNBOCTD JlesiaeT (DYHKIWIO pacipeeeHus
3JIEKTPOHOB € TEUCHUEM BpeMeHU OJTM3KOH K U30TPOTI-
HOM, 3 deKT POTOMOHMBAINH KAYeCTBEHHO MEHSET
XapakTep B3aUMO/ICHCTBUS Ja3ep-MUIIEHD TI0 CPaB-
HEHUIO CO CJIydaeM MpeBapuTeJbHO NOHU30BAHHOMN
(HampuMep NPeANMITYILCOM) TLIA3MEHHOH (POTBIN.
[lyis uccyeoBaHUS POJIM MOHUBAINN TIOJIEM JIa3ep-
HOTO W3JIyYeHUsT aTIOMUHUEBON MUIIEHU TTPOBEICHDBI
YUCJIEHHDBIE PACYETHI C MCIOJIb30BAHUEM JIBYXMEPHOI
THOPU/THON TPOTPAMMBI, PACCYUTBLIBATOIIEH IBUKEHIE
OBICTPBIX HJTEKTPOHOB METOOM YACTHUII, & TETLIOBBIX
gactur, — B MI'/l-mpubavskennn. Pe3yabTaThl pac-
YETOB C yYETOM WOHU3AINH MOJIEeM CPaBHUBAIOTCS
C pacyeTaM¥ B3aWMOJEHCTBUS JTAa3€PHOTO MMITYJThCca
TaKOH ke MONIHOCTH C aJIOMWHWEBOH TJIa3MOH, KO-
TOpas MEePBOHAYAJIBHO MMeJa CPEIHIOI0 CTETIeHb MO-
HU3aIn", COOTBeTCcTBYIoNyio Temmepatype 100 2B.
[Tokazano, 4To 2(bHEKTUBHOCTD TEepeadn IHEPTUN
OT TIOJIST Jia3epa 2JIEKTPOHAM W MOHAM CYTIECTBEHHO
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BBINIE B caydae ydera sp@eKTa MOHU3AINH TTOJIeM
BemecTBa (posbru. [Ipu aTOM U3MEHSIOTCS TOJIIHU-
Ha CKUH-CJIOS W 9HEPTUS AJEKTPOHOB. Takske B aTHX
pacyeTax /IS U3yYEeHUS YCKOPEHHS MOHOB, BO3HU-
KaIoIEeTo Ha TBLIBHON cTOpoHe (DOJIbIH, OBbLIT 3a/laH
cyioit Bogopoza tommuuoi 0,01 MuUKpoH, Mojenupy-
0NN eCTeCTBEHHOE 3arpsi3Henne muiienn. [IpoTonbl
YCKOPSIIOTCST TIOJIEM PasfieJieHUus 3apsi/oB, MpuYeM
B cJIydae yJyeTa MOHU3AIUH TT0JIeEM KOJMYECTBO HOHOB,
SHEPTUS KOTOPBIX JIeKUT B Amamnazone 20— 100 MaB,
CYTIIECTBEHHO TMPEBBINIAET KOJUYECTBO MOHOB B CJIY-
Yae M3HAYATHHO 33/[AHHOI MJIa3MBbl.

Pa6oTa BbINIOJIHEHA TIPU YACTUYHON TIO//IEPIKKE
npoextoB MHTIL # 2289 u PODU # 06-02-16103.

2D MODELING OF FIELD IONIZATION
ROLE IN ION ACCELERATION FROM
THIN FOILS IRRADIATED BY LASER
PULSE OF 10* W/CM? INTENSITY

I. V. GLazyRIN', V. Yu. BYCHENKOV?,
A. V. Karreev!, O. G. Kotoval,
V. A. Lykov!, S. I. SAMARIN!,

A. N. SLEsaREVA!, E. Yu. SMIRNOV!

'Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

2P. N. Lebedev Physics Institute RAS, Moscow, Russia

Tonization of matter under the interaction of
femtosecond Ti-Sa laser pulse of 10> W /cm? inten-
sity with Al foil of 0.1 pm thickness is determined
by the laser electric field. The electrons appeared
after ionization are anisotropic in momentum space
and despite of developing Weibel instability, which
makes electrons distribution function close to the
isotropic one with time, the effect of photoioniza-
tion qualitatively changes the laser-target inter-
action in comparison with the preformed plasma
target case (e.g., due to the laser prepulse). Nu-
merical simulations with 2D hybrid code (the PIC
model for fast electrons and the MHD approach for
thermal particles) have been performed to study
the role of laser field ionization of the Al tar-
get. The results of such simulations are compared
with that for interaction of the same intensity laser
pulse with a plasma slabhaving an average ioniza-
tion degree corresponding to 100 eV. It is shown,
that efficiency of energy transform from laser field
to electrons and ions is much higher when field ion-
ization effect is taken into account, the depth of
skin-layer and electrons energy are increased. Also,
in these simulations to study an ion acceleration
the water contamination of the rear side of the foil

has been modeled by the ultra-thin hydrogen layer
of 0.01 pum thickness. The protons are accelerated
up to high energies due to the charge separation
effect, in the case of field ionization the number of
ions with the energy in the range of 20—100 MeV
is considerably higher than the number of ions in
the case of given plasma slab.

This work was supported in part by the Inter-
national Science and Technology Center (Project
No. 2289) and the Russian Foundation for Basic
Research (Grant No. 06-02-16103).

YNCJEHHOE MOJAEJINPOBAHUE
PE;KUMOB YCKOPEHUA
3JEKTPOHOB B KUJIbBATEPHOI
BOJIHE JTASEPHOTI'O UMITVJbCA

I. B. baniqun, B. A. JIbikoB

Poccuiickuit degepaabHblil S71€pHBINA IIEHTP —
BHUMU Ttexnnueckoii pusnku
uM. akaja. E. 1. 3ababaxuna, Cuexunck, Poccus

[IpoBenens 3D PICpacueTsl Mo M3y4eHUIO pexKu-
MOB YCKOPEHUS 3JEKTPOHOB B KHUJIbBAaTePHOU BOJI-
He yJbTPAKOPOTKOTO JIA3€PHOTO UMITYJIbCa BBICOKON
naTeHcuBHOCTH. llenb nccaemoBanmii — B ompene-
JIEHUW TIO/IXO/ISITIETO ClleHapus TEeCHO CBS3aHHBIX
TJIa3MEHHBIX MPOIIECCOB, TPUBOJISIIIINX B Pe3yJibTare
K TIOJIy4EeHUI0 MOHOSHEPTeTHMYHBbIX MOHHBIX ITYYKOB
BBICOKOH sHepTHu. PaccMOTpeHbl BApUAHTHI COYeTa-
HUS PAa3JINYHON NHTEHCUBHOCTH Jia3epa M Pa3JInIHON
TJIOTHOCTH TIJIa3MBbl.

NUMERICAL SIMULATIONS OF THE
LASER WAKEFIELD ELECTRON
ACCELERATIONS REGIMES

G. V. Baypin, V. A. Lykov

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

There was fulfilled 3D PICsimulations to inves-
tigate some regimes of high-intensity laser wake-
field electron accelerations. The aim was to specify
scenario of the close coupled plasmas processes
which lead us to high-energy monoenergetic ion
beams. There was taken various combination of
laser intensity and plasma density.
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IKCIIEPUMEHTBI 110
NCCIEAOBAHHUIO PABOTbI
MUIIEHEI HEIIPIMOIO CXKATUA
HA YCTAHOBKE UCKPA-5 B
YCJOBUAX OBJAYYEHUA JTASEPHDBIM
N3JYYEHUEM BTOPOI1 TAPMOHUKHA

B. U. Aunenkos, C. A. Benbkos, A. B. BEccAPAB,
C. B. bonjgaprenko, O. A. BUHOKYPOB,

C. I. Taranun, P. B. I'apanun, I'. B. Jloaronesa,
H. B. JKuakos, B. II. KoBaJIEHKO,
I. T. Kouemacos, A. I. KPABUEHKO,

B. A. Kroros, /I. H. Jlutsun, I1. 10. JlonaTtuH,

C. II. MapTbiHEHKO, E. 1. MUTPO®AHOB,
B. M. Mvpyros, A. B. CEHUK,
K. B. CraronysuEes, H. A. Cycnos, I'. B. TAuAEB

Poccuiicknii penepampubrii saepubiii ientp — BHUU
akcriepuMenTaabHoit dusuku, Capos, Poccus

[Moce okoHYaHUS MOJAEPHU3ANNN YCTAHOBKHU
NCKPA-5 u mepeBojia ee Ha BTOPYIO TAaPMOHUKY
(nMHa BOJTHBI TAa3€PHOTO M3JTyYEHUS HA BXOJE B Ka-
Mepy BaaumogeiictBusg A = 0,657 MKM), Ha Heii Ha-
YaTbl CUCTEMAaTUYeCKUEe IKCIIEPUMEHTDI 110 UccJe-
JIOBAHWIO PA3JMYHBIX PEXUMOB PAbOTHI MUIIEHE
HenpsaMoro (pPeHTreHOBCKOT0) ckaTusg. MUIIeHb
npezcTaBiasiaa co6oil chepudeckuii 6OKC-KOHBEPTOP,
B IIEHTP KOTOPOTO TOMeTaJach CTEKJISHHas cde-
puueckas MuUkpokarcyJa, HanoJsnennaga JT-razom.
BHyTpeHHSIs TTOBepXHOCTb GOKCA TIOKPBIBATIACDH CJIOEM
3oJ10Ta. JlaszepHoe nsmyuenus 12 kaHaJI0B BBOINJIOCH
B 60oKc uepe3 6 orBepcruil guamerpom 0,4 MM u 06-
JIy4aJio €r0 BHYTPEHHIOI0 TTIOBEPXHOCTD.

[l HOBBIX ycJIOBUIT 06/y4eHUs] HA OCHOBE YHC-
JIEHHOT'O MOJIeJIMPOBAHUS € MCIIOJb30BaHUEM OJ[HO-
mepuoit iporpammbl CH/[IT 6bin BbiGpanbl napa-
MeTpbI cpepuiecKoro 60Kca-KOHBEPTOPA U IEHTPAIb-
HOII KaricyJipl. Vcrosib3oBanue 1a3epHOTro NMITYJIbca
¢ 6oJiee KOPOTKOI JITMHOM BOJTHBI TIO3BOJIIIO YMEHbD-
MIATH pa3Mepbl GOKCA-KOHBEPTOPA W MEPEUTH OT 2 MM
6okca K 6okcy ¢ auamerpom 1,3 Mm. B pacuerax pac-
Ipe/Ie/IeHNs Tl PEHTTeHOBCKOro ussydenust (PI1)
Ha TIOBEPXHOCTH MMOKA3aHO, YTO MU3MEHEHUE CHCTEMbI
OKYCHPOBKH JIa3ePHBIX MYYKOM M yCJOBUH 10 TOT-
JIOTIEHUIO U3JIyYeHUs BTOPOH TapMOHMKHU B IJIa3Me
npuBeso K yBesanuenunto acummerpun PU o cpasue-
HUIO C SKCIIEPUMEHTAMU HA TIePBOI rapMOHUKE B J[Ba
pasza (¢ 310 6%). Jls1 epBbIX 9KCHEPUMEHTOB ObLI
BbiOpan pesxum cxxarus [[T-raza nporopaiorieii 060-
JIOYKOH, TaKk KaK JaHHbII PEXUM XapaKTepHu3yercs
c1a60ii 4yBCTBUTEIBHOCTBIO K acumMmerpun noJis PU.
B skcmepuMeHTax sHEPTHUS JA3€PHOTO HU3JIy4YeHUs,
BBeJICHHAS B KaMepy B3auMO/I€HCTBUS, BapbUPOBa-
Jgacb ot 2 o 2,7 x/I>)X npu JUINTETbHOCTH UMITYJTh-
ca ~0,4 HC. 3aperucTpupoBaHHbIi HEHTPOHHDIH UM-
myJibc uaMensiicss B auanasone ot 3-10% mo 7,5-108.

[IpoBemen pacdueTHO-TEOPETHMYECKUIN aHAJIN3 IKC-
TIePUMEHTAIBHBIX JAHHBIX 110 OJHOMEPHOH TTPOTpaM-
me CH/III n nBymepnoii mporpamme MVUMOS3A-H/I.
[Tokazano, 4T0 HAGMIOJAEMbITT HEHTPOHHBIN TMITY JTHC
OTIMCBIBAETCS C XOPOIIEH TOYHOCTHIO TTPU PACUETHOM
MO/IETUPOBAHUN yCJOBUH 3KCTIEPUMEHTOB TP yUeTe
0COOEHHOCTEN MPOBEAEHHBIX HKCIIEPUMEHTOB, B TOM
qucJie M U3MEeHeHnH acuMMeTpun 1ot PU B pasHbIx
KCIIEPUMEHTAX.

INDIRECT DRIVE TARGET
EXPERIMENTS ON ISKRA-5
FACILITY WITH LASER BEAMS
ON SECOND HARMONIC

V. 1. ANNENKOV, S. A. BELKOV, A. B. BESSARAB,
S. V. BoNDARENKO, O. A. VINOKUROV,
S. G. GARrANIN, R. V. GARANIN,
G. V. DoLGOLEvA, N. V. JIDKOV,
V. P. KovaLenko, G. G. KOCHEMASOV,
A. G. Kravcuenko, V. A. Krotov, D. N. LiTvIN,
P. Yu. LoratIN, S. P. MARTYNENKO,
E. I. MiTrOFANOV, V. M. MURruUGOV, A. V. SENIK,
K. V. StaARODUBTSEV, N. A. SusLov, G. V. TACHAEV

Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics,
Sarov, Russia

ISKRA-5 iodine laser was upgraded and was con-
verted on second harmonic operation (wavelength
of laser beam in interaction chamber A = 0,657 um).
Now experiments with indirect drive targets were
began. The main goal of these experiments is to
study different regimes of the indirect drive tar-
get operation. In first experiments targets were
consisted from spherical copper box-converter with
glass micro balloon inserted in the center of the
box. Central target was filled by DT mixture. In-
ner surface of the box was covered by gold layer.
12 laser beams were put into the box through 6 en-
trance holes 0.4 mm in diameter and irradiated its
inner surface.

For new experimental conditions we chose pa-
rameters of the spherical box-converter and central
capsule using 1D calculation with code SNDP.
Shorter laser wavelength allowed us to decrease
the diameter of the spherical box from 2 mm for
first harmonic to 1.3 mm for second one. It was
shown using calculation of the distribution of
X-ray field on surface of central target that chang-
ing both focusing system and absorption conditions
lead to 2 times increasing of asymmetry of X-ray
field in comparison with first harmonic experi-
ments (from 3% to 6%). For this reason for the
first experiment we chose the regime of shell burn
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through because this regime does not sensitive to
field asymmetry. Laser energy put into the box was
changed in different experiments from 2 to 2,7 kJ
with laser pulse duration about ~0,4 ns. Neutron
yield registered in these experiments varied from
310% mo 7.5-10°.

We analyzed experimental data upon bases of
1D and 2D calculations using radiation hydro-
dynamic codes SNDP and MIMOZA-ND. It was
shown that neutron yield obtained in the expe-
riment can be modeled by 2D calculation if the
detailed information of each experiment was taken
into account including the variation of X-ray field
asymmetry from one experiment to another.

MMPOXOK/IEHUE
UHTEHCUBHOTO (3—7)-10% BT/CM?
JIABEPHOTO U3JYUYEHUSA
YEPE3 OJAKPUTUYECKYIO
IIJIA3MY U3 INOJUMEPHBIX
ADPOTEJIEN

A. A. Axkyuer', H. T. Bopruceuko!, /1. Knnp?,
B. KmeTux®, E. Kpovcku?, 1. T. JIEs0!?,
1. Jumnoyx?, K. Macek?, IO. A. MEPKVJIbEB!,
B. T. ITumenos®, M. oanoer?, M. Yammmumg?

IMdusnuecknii waerutyt um. I1. H. JleGenena,
Mocksa, Poccus

emckuil TexHnYecKkuit yuusepcutet B IIpare,
[Tpara, Yemickas pecny6amka

SUucturyt dusnkn mirasmol, [para,
UYenickas peciyOimka

Uncruryr dusuku, Ipara, Yenickas pecrybanka

MOCKOBCKIIT MHCTUTYT PAJAMOJIEKTPOHUKI
u aBroMatuku, Mocksa, Poccus

SIHCTUTYT OpraHnvecKoil pu3nkm
uM. B. /I. 3eaunckoro, Mocksa, Poccus

Ha MumeHsx pasHOil TOJIIUHBI B BH/I€ MUKDOH-
HBIX TPEXMEPHBIX MOJUMEPHBIX CETOK C TIJIOTHOCTHIO
Hike kpurndeckoii (0,13—0,52 N ) [Uist JUIHHBI BOJI-
HbI TazepHoro usaydenus: 0,438 MKM M MHTEHCHBHOC-
™ (3—7)-10" Br/cM® 0pu AMUTENBHOCTH MMILYJIb-
ca 0,32 HC Ha MOJIYBBICOTE M3MEPEHO IMPOIYCKAHWE
IpEIoIero u3Jaydenusi ot ypoBHsi 0,5% JJist TOJIIHHBI
MaJtorIotHoro Berrectsa 400 MKM 1 rtotHOCTH 9Mr/ cm?
(noronnoit maccer 0,32 mr,/cm?) go 50 —60% npu
tosmmue 100 MM u rotHocTH 2,25 Mr/ em® (11oroH-
Hoil Macebt 0,02 mMr /cm?). VI3MepeHbl BpeMeHHbIe 3a-
BUCUMOCTH WHTEHCHBHOCTH CBEUYEHUs TBLIBHOI CTO-
POHBI MUIIIEHEI, CBU/IETETbCTBYIONINE O AMHAMHUKE

MJa3Mbl B IBYXCJOHBIX Mumenax (momumepHas
«rera» — Al ¢osbra) u mMo3BoJISAONINE OIEHUTH TJIy-
6uHy ocaabJeHNs JIa3epPHOTO M3JIYUEHUS B TOJKPH-
TUYECKOII I171a3Me.

[TpoxoskeHne M3JayUYeHUST CKBO3b MHKPOHHYIO
TPEXMEPHYIO MOJNMEPHYIO CeTKY M 06beMHOE TIOTJIO-
IIeHNe 3a cueT 06PaTHO-TOPMO3HOE PACCESTHUS B TIO/I-
KPUTHIECKOH TJ1a3Me MPHUBO/IAT K TTOSIBJIEHUIO 0COGEH-
HOCTell B TMHAMIKE TITa3MbI I B TIepEHOCE SHEPIUHN K YCKO-
psieMOMy aJIFOMHUHIEBOMY cJ1o0. Habuogaetcst He6oJTb-
moii Harpes Al-poJibrut 3a/10JIT0 /10 IPUXO/1A TEILIO-
BOI BOJTHBI M TH/IPOJITHAMIUYECKO BOJIHBI, YTO CO3/IaeT
YCJIOBUS /IJI1 BCTPEUHOIO JBMKEHUA I1J1a3Mbl a9POreJis
7 TIJIa3MBI QJIFOMUHIIS, TIPABO/IAIIEE K 3aMe/IJICHIIO Tie-
peravn KWHeTHYECKON 9HepTUH OT TIJIa3MBI a3pOTeis
K aJIOMUHUEBOI (DoJIbre Mpu GBICTPOM OXJIAK/IECHUH
I1JIa3Mbl I10CJIe OKOHYAHUS JIa3€PHOIO UMILYJIbCa.

[IpoBesernbIe pacyeThl AMHAMUKHN T1JIA3MbI By X-
caofitapIx Mumenei (asporenp+amoMunuii), B Mo-
JleJTi, He YIUTBIBAoIIeH mpoliecchl (POPMIPOBAHNS
MJIa3Mbl U3 CTPYKTYPUPOBAHHBIX BEINIECTB W TOMOTE-
HU3aINIO TIJIa3Mbl, HO YYUTBIBAOIIEH MPOXOsK/CHTE
JIA3ePHOTO U3JIyueHUs depe3 [MOJAKPUTHUYECKYIO 11J1a3-
My 1 06beMHOe TOTJIONeHNe, TTOTBePANIN HATNIne
0CcOOEHHOCTEl B IMHAMUKE TJIa3Mbl, OOHAPY KEHHDIX
B 9KCIEPUMEHTaX.

Pa6oTa wacTHYHO BBITTOTHSJIACH B paMKaxX TpaH-
toB PODU #06-02-17526, #07-02-01148.

INTENSIVE (3—7)-1014 W/CM2
LASER RADIATION TRANSMISSION
THROUGH UNDERCRITICAL
PLASMA FROM POLYMER AEROGEL

A. A. AKUNETS!, N. G. Borisenko!, D. KLIR?,
V. KmeTik?, E. Krousky?, 1. G. LEpo'?,

J. Limpoucn?, K. Masex?, Yu. A. MERKULIEV!,

M. PrerFerf, V. G. Pimenov®, J. ULLSCHMIED?

'P. N. Lebedev Physical Institute RAS,
Moscow, Russia

YInstitute of Plasma Physics, AS CR,
Prague, Czech Republic

3Czech Technical University in Prague, FNSPE,
Prague, Czech Republic

Tnstitute of Physics, Prague, Czech Republic

Moscow Institute Radio-Electronics and Automatics,
Moscow, Russia

SN. D. Zelinskiy Institute of Organic Chemistry,
Moscow, Russia

Laser light of wavelength 0.438 um, intensity
(3—7)-10" W /cm? and 0.32 ns pulse duration was
used to measure transparencies of plasmas from
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target of 3D submicron polymer networks. Laser
light transmission was measured ranging from
0.5% for aerogel density 9 mg,/cm® and thickness
400 um (surface mass 0.32 mg,/cm?) up to 50—60%
for aerogel density 2.25 mg,/cm?® and thickness
100 um (surface mass 0.02 mg/cm?). The time de-
pendences of optical emission from the rear side of
aerogel layer give dynamic data for plasma model
in two-layer targets (aerogel — Al-foil). The charac-
teristic lengths of laser light intensity weakening in
undercritical plasma are calculated basing on the
measured curves of optical signal via time.

Radiation transmission through 3D micron poly-
mer network and laser volume absorption because
of Bremsstralung in undercritical plasma result in
particular qualities rise of plasma dynamics and
heat transport to accelerated aluminum foil. Weak
heating of Al-foil before thermal and hydrodynamic
waves income to aluminum was supervise in ex-
periments. Aluminum boiling and Al plasma moving
towards polymer aerogel plasma wave dece-lerated
energy transport to Al-foil at plasma cooling after
laser pulse end. Modeling simulation of laser radia-
tion interaction with undercritical plasma explain
experimental results.

This work was partially supported by the Rus-
sian Foundation for Basic Research (Project
Ne 06-02-17526 and Ne 07-02-01148).

AUHAMHUKA U OXJAKIAEHHUE
MOAKPUTUYECKOI I1JIA3MBI,
PETUCTPUPYEMBIE B COBCTBEHHOM
MOHOXPOMATHUYECKOM JKECTKOM
YJIBTPA®UOJIETOBOM U3JYYEHHUN

A. A. Axkvuen', M. A. APTIOKOB!,
H. T. borucenko', 1. T. JIEBO'?,
10. A. MepkysbEB!, M. B. Ocurnos',
B. T. IIumenos?, B. H. I1y3bIPEB!,
A. H. Craroays!, B. b. CtyaeHos!,
A. B. Bunorranios!, O. ®d. SIKyEB!

IMdusnuecknii wacrutyt um. 1. H. JleGenena,
Mocksa, Poccus

’MOCKOBCKIIT MHCTUTYT PAJAMOJIEKTPOHUKHI
u aBromatnku, Mocksa, Poccus

*UnctutyT oprannveckoit xumun um. H. [[. 3emumnckoro,
Mocksa, Poccus

Hab6mionenue aunaMuKy 111a3Mbl U3 TOJICTBIX Ma-
JIOTJIOTHBIX CJIOEB MUIIIEHEll 11ocJie OKOHYaHust 06.1y-
YeHus jazepoM ¢ uHTeHcuBHOCTHIO 10— 10" BT/ cm?
PEHTTEHOBCKUM 3JIEKTPOHHO-ONTHYECKUM HPeos-
pasosaresnem (PDOII) Ha cTaguu oXJaskJeHU

3aTPY/AHEHO, T.K. TeMIepaTypa TJIa3Mbl OIyCKAeTCs
10 30—70 5B. Ho 4to6bI 0O6BICHUTD 3aJEPIKKY SIp-
KOTO OINTHYECKOTO CBEUCHUS aJTIOMUHHUEBON (DOJBIH
TpeOyeTcsT PEerICTPHUPOBATDh JKeCTKoe yabTpaduoe-
tosoe nanydenne (EUV). PaccMOTpeHbI pe3ynbTaThl
B3aMMO/ICHCTBUS MHTEHCHBHOTO JIA3EPHOTO U3JTyYCHUS
C IBYXCJOMHBIMI MuIIEeHAME (TTOJTMMEPHBIN a9pOreb-
aoMuHIiT) . JINIeBO /IOl /7S Ta3epHOro IydYKa
TIpeICTaBJIsIa co00ii cJI0il N3 TpHarerara IeJJIJI0-
3p1 (TAIL) ¢ mmotHOCTBIO OT 1 Mr/cm® 1o 4 Mr/cm?
npu TormuHax ot 300 mxm no 1100 mxM. Bropoit
ciaoit — Al-dospra tosmuHo# 5 MKM pacroJara-
sgack nosagu TAILL crnos. EUV kaptunku co6cTBeH-
HOTO M3JIyYeHUS TLTa3Mbl PETUCTPUPOBAJIUCH Yepe3
oopexTuB llIBaprmmabga. Ha nmasepHoil yeraHOBKE
KAHAJI nsydyena aBOJIOINS OCTHIBAIOIIEN TJIa3Mbl
BOJIM3U KPUTUUYECKOW TIJIOTHOCTU TIPU TIPUMEHEHUH
anmaparypsl, peructpupyitomnieir EUV nsnydenne:
o0bexTuB IBapIinmiabia u3 3epKkaj Ha YJIUHY BOJHDBI
18 um (mmm E =~ 65 5B), BY ®-poronrenky nmm 113C
Matpully st peructpaiiun BY ®. O6cyskaaercs 1Bu-
JKeHUe aJIOMIHHUEBOI M1a3Mbl HABCTPEUY BOJIHBI C3Ka-
TUS CO CTOPOHBI TosimMepa. [lpeacraBien agpdexToi
OXJIQK/ICHNUS TITa3MBbl.

Ita padoTa YaCTUYHO TTo/yIepKana rpanTamMu POMU
#06-02-17526 u #07-02-01148.

UNDERDENSE PLASMA
DYNAMICS AND COOLING
REGISTERED IN SELF-EMITTED
MONOCHROMATIC PLASMA EXTREME
ULTRAVIOLET (EUV) RADIATION

A. A. AxuneTs!', I. A. ARTYUKHOV',

N. G. Borisenko', I. G. LeBo"?, Yu. A. MERKULIEV!,
M. V. Osirov!, V. G. Pimexov?, V. N. PuzIrev',
A. N. StaropUB!, V. B. STUDENOV!,

A. V. Vinocrapov!, O. F. YAKUSHEV!

'P. N. Lebedev Physical Institute, Moscow, Russia

2Moscow Institute of Radioelectronics and Automatics,
Vernadskogo pr., 117427, Russia

3N. D. Zelinskiy Organic Chemistry Institute,
Moscow, Russia

After intense laser pulse the undercritical plas-
ma in thick polymer aerogel targets cools quickly
down to 30—70 eV and cannot be observed by soft
x-ray streak-camera. But to explain the delay of
bright emission from Al-foil in foam-foil targets the
extreme ultraviolet (EUV) diagnostic apparatus is
required. Results of powerful laser interaction with
two-layer targets are considered. Triacetate cellu-
lose (TAC) aerogel layers with density from 1 mg,/cc
to 4 mg,/cc and thickness from 300 pm to 1100 um
is the first layer facing the laser beam. The second
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layer is Al-foil of 5 pm, deposited over TAC layer.
EUV pictures of plama self emission are registe-
red by Schwartshild objective (A = 18 nm and fo-
cus — 125 mm). Aluminum plasma moving towards plas-
ma compression wave from the side of the polymer
is discussed. Cooling plasma effects are presented

This work was supported by the Russian Foun-
dation for Basic Research (Projects No. 06-02-17526
and 07-02-01148).

OU3UKA Z-TIMHYEN ;
B PE3MCTUBHOI PAIMAIIMOHHOM
MATHUTHOM T'M/IPOAVUHAMUKE

X. Xoumoy, P. JIEMKE, 9. IO,
M. Hecmxaprneiic, T. MEIbXOPH

Canjuiickie HallMOHaJIbHbIE JTab0PaTOPHH,
Anbbykepke, CHIA

WHcTpyMeHT JI7Ist IEPBUYHOTO JIBYXMEPHOTO M TPEX-
MEPHOTO MO/JIeJITUPOBAHNUS, UCTI0JIb3yeMblit B Canunii-
CKUX HAIIMOHAJbHBIX JabopaTopusix, AJbOyKepKe,
Hpio-Mekcuro, CIIA, auas uccaenoBanust Gpusu-
KU Z-uHYell, IpeacTaBisieT co60i PEe3UCTUBHYIO
pasManMOHHYI0 MaTHUTHYIO THAPOJIUHAMUYECKYIO
nporpammy (RMHD) nox nassannem ALEGRA-
HEDP. Mpu1 onucbiBaeM Gu3uKy Z-THUEH, Moje-
JUPYEMBIX C TTOMOIIBIO TTPOTPAMMBI, YUCJICHHBIE
AJTOPUTMBI, U TIOKA3bIBaeM, KaK HUCIOJb3YeTCs TTPO-
rpamMma JJisi MOJeNMpOBanust (GU3UKU Z-TIMHYEH.
B nacrosimiee BpeMs He TIPUHATO CUUTATh, YTO WHU-
MUUPOBAHNE TIPOBOJIOYEK MOKHO MOJIETUPOBATD
¢ TIOMOIIBIO MAaTHUTHON TUAPOJAMHAMUYECKOH arl-
npokcumarnuu. CreoBaTeIbHO, MBI OMTUCHIBAEM, KaK
BXOJISIIIee TPAHUYHOE YCJIOBHE MOKET OBITH YCIell-
HO WCTIOJIb30BAHO JIJIST alllIPOKCUMAIIIN HAYaTbHBIX
YCJIOBUI Z-TIMHYA.

Z-PINCH PHYSICS THROUGH
RESISTIVE RADIATION
MAGNETOHYDRODYNAMICS

H. Hansuaw, R. LEmKE, E. Yu,
M. DEesjarLAls, T. MEHLHORN

Sandia National Labaratories, Albuquerque, USA

The primary 2D and 3D modeling tool used
to investigate Z-pinch physics at Sandia National
Laboratories, Albuquerque, New Mexico, USA, is
a resistive radiation magnetohydrodynamics (RMHD)
code named ALEGRA-HEDP. We describe the

code model physics, the numerical algorithms,
and we show how the code is employed to model
Z-pinch physics. It is not currently believed that
wire initiation may be modeled with the MHD
approximation. Consequently, we describe how
an inflow boundary condition has been successful-
ly used to approximate initial Z-pinch conditions.

UCCJEJIOBAHUSA U3JYYAIOIUX
Z-TIMHYEHN U ITPOEKT «<BAUKAJI»

E. B. I'papoBcknii, B. B. AJEKCAH/IPOB,

B. A. AoanaceeB, A. H. I'rusos, A. H. I'runyk,
H. M. Eoremos, JI. B. 3arpsaacknii,

M. K Kpouios, . H. Jlayxun, A. I1. JloTonknii,

C. ©. MejoBumnkos, K. H. MUuTpO®AHOB,

A. A. Hukonamuuxux, B. II. CMuprHOB,

M. B. ®exnvnos, . H. drosos,
I H. XoMYTMHHUKOB

HIL PO TPUHUTU, Tpounk, Poccus

B T'HII P TPUHUTU Bexytcss paGoThl 110 uC-
cJeIoBaHNI0 (DU3UKN W3JIYyYatoNuX Z-TTIHHYEN 11
MIPUMEHEHNs UX B KayecTBe MCTOYHNKA MIATKOTO PeH-
TTeHOBCKOTO M3JYYEHUS JJIS 3aKUTAHUS MUIICHH
NTC. OaHoBpeMeHHO € 3TUM BeIyTCs paGOThI 110
COOPY’KEHWIO MOJYJsI TeHepaTopa, KOTOPBIN 0J-
JKE€H CO3/1aBaTh MMITYJIbC TOKA B HECKOJDBKO /1€CST-
KOB MeraamIiep /I MUTAHUS TAKOTO HM3JIyYaroliero
Z-timnva. VccaenoBanus mo pusnke cxkatus BeLyTCS
Ha ycTaHOBKe «AHrapa->-1» — camoM KpyrHoMm B Poc-
cun 1a60paTOPHOM HMCTOYHUKE MMITYJbCHOW JIEKT-
PHUYECKOI MOITHOCTH.

B mocienHnX aKcmepMMEHTaX HA yCTaHOBKE
«Anrapa->-1» TOKa3aHO KOJIUYECTBEHHOE PA3JINune
B MOBEJEHWH IPOBOJIOYHBIX JallHEPOB W3 pa3ymy-
HBIX MarepuasioB. Ha ocHoBe MoandUIIMPOBAHHBIX
0-MepHBIX ypaBHEHUI MOJYYEHO OMICAHUE JIEKTPO-
TEeXHNYECKUX XaPaKTEePUCTUK YCTAHOBKU Ha CTAUH
cxkatusi. C TIOMOIIBIO CPABHEHUS [TAHHBIX JIEKTPO-
TEXHWYECKNX, PEHTTEHOBCKUX M ONTHYECKUX H3Me-
peHuii mokasaHo Hajauune Ha (PUHAJIBHOU CTAAUN
CoKaTUS MIHYA <«KBA3WOMUYECKOTO» COTPOTUBJICHNS,
BHOCSIIIIETO 3aMETHBIN BKJIA/ B M3IydeHue. [loxkasaHo,
YTO CKOPOCTDb CPEIHEr0 TOKOBOTO Pajnyca CXKUMaro-
mieficss 060JI0YKM UMeeT Pe3KMii MaKCHMyM B MOMEHT
BO3HUKHOBEHUSI PEHTT€HOBCKOTO M3JTyUeHMs.

OO6Hapy:KeHO HAJIIMYIe 3JIEKTPOHHBIX ITyYKOB B He-
KOTOPBIX PEKIMaX CXKATH MPOBOJOYHBIX JIATHEPOB.

B pamkax mccieoBaHuS MYyJIbTHMETaaMIIepHBIX
KOHIIEHTPATOPOB TOKA MPOBEIEHO CPaBHEHHUE TTOBEp-
XHOCTHOTO TI1a3M006pa30BaHMs HA 3JIEKTPOJAX U3
PA3JINYHBIX MATEPHAJIOB.
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Ha ycranoske «MOJI» — crenze s 06paboTKI
cxeMbl TeHepaTopa «baitkamay — mpoBe/leHbI HCTTBITA-
HUS TIepeiaull SHEPTUN U3 WHAYKTUBHOTO HAKOITUTEJIS
K MarHUTHOMY ycusmtemio. [IpoBegeno ycosepieHc-
tBoBaHme pazpsaanka PB 50,1000. IIpexnoxena
cXeMa CXKaTHsT MaTHATHOTO TIOTOKA 6e3 MCTIOIb30BAHTIS
6atapen HAYAJIbHOTO MATHUTHOTO TIOJIS.

IKCIIEPUMEHTAJIbBHBIE
NCCIEAOBAHUA UMIIJIO3NN
IIJIAHAPHBIX JIAMHEPOB
B MUKPOCEKYH/ITHOM PEKUME

A. B. llTumnos, H. A. JKunkosa, B. A. KOKIIEHEB,
H. E. Kypmags, A. 1O. JIasenukuii, B. 1. OPEIIKUH,
A. T. Pycckux, C. A. HAIKOBCKUIA,

A. B. ®eqionnn, @. 1. OypcoB

WMucruryT cuabnotounoii anekrponnkn CO PAH,
Tomck, Poccusa

IDKCIEPUMEHTBI € TIJIAHAPHBIM JIallHEpPOM, TPO-
BejeHnbie B pesknme Obretpoit (100 ne) mmmmosun
[V. L. Kantsyrev et al., IEEE Trans. Plasma
Sci. 34, 194 (2006)], nokaszaJuu, 4yTO JAAHHBIN BUJ
Harpy3Ku TO3BOJISIET 06€CTIeYnTh OOJBIITNE BBIXO/IbI
PEHTTEHOBCKOTO M3JIYUYEHUSI TI0 CPABHEHUTO C TPAIUITHOH-
HBIMU ITUJIMHIpUYeCKUMHU Jaiinepamu. [Ipencrasisier
WHTEPEC MCCIE/I0BATD XaPAKTEPUCTHKN JAHHOTO THUTIA
JIaffHEPOB € TeJblo yBeanueHNUsT 3PPeKTUBHOCTN
MJIa3MEHHBIX MCTOYHWKOB W3JydeHus B K-TUHUAX,
paboTanx B MUKPOCEKYHIHOM pexnme. Pabora
MOCBSIIEHA 9KCIIEPUMEHTAJBHOMY HCCJIEOBAHUIO
JIMHAMWKY UMIIJIO3UU U U3JIyYaTebHBIX XapaKTepuc-
TUK TIJTAHAPHBIX JIAWHEPOB NMPH BPEMEHAX CXKATHS
6M3KUX K 1 MKC. DKCIEPUMEHTBI TPOBOJAMINCH HA
renepatope TUT-12 (4,7 MA, 1,7 mkc). B akcme-
pPUMEHTaX BapbUPOBAJUCH KOJUIECTBO TIPOBOJHIKOB
B JIalfHepe, WX JMAMETP, PACCTOSHIE MEXIY TTPOBO/I-
HUKaMW, ¥, CJI€/IOBATEJbHO, TIOJHAS Macca JiaiiHepa.
[TapaMeTpb! HArPy3KH BLIOMPAJIUCH TAaKUM 00Pa3oM,
4T06BI 06ECIIEUNTh C)KaTHe JaitHepa IpHU BpeMeHax
nmito3nn ot 600 #e 10 1300 we. [Ipw 5TOM MUKOBLIT
TOK Harpyskm coctasysin 2,2—3,7 MA. Jlunamnka
UMTIIJIO3UN TIJIAHAPHOTO JIaifHepa PerucTpupoBasiach
¢ TIOMOIIbIO BPEMEHHOW PAa3BEPTKU B ONTHYECKOM
nuamnazone. MojenupoBaHue AUHAMHKN UMILIO-
3UU MPOBOJUIOCH B PaMKaxX HYJbMEDPHON MOJEJH.
Xopoliee cOBIaJIEHNE MEX/Y SKCIIEPUMEHTATbHBIMI
JIAaHHBIMU W PE3yJIbTaTaMU MOJEJTUPOBAHUS HAOJIIO-
JlaeTcsl B cJydae, KOr/ia TIPU MOJECJTUPOBAHUN TIPE/I-
MoJraraeTcsi paBHOMEPHOE pacipe/iesieHie TOKa MeXX-
[y TIPOBOJHUKAMU JiaiiHepa. 3MepeHust MOIHOCTH
M BBIXO/Ia PEHTTEHOBCKOTO U3JIydeHUsT B K-JMHUSX

AMOMUHUS TTPOBOJUINCH /IS BCeX KOH(UTYparmit
Harpy3kn. MaKkcuMaJIbHBIN BBIXO/] n3aydenust B K-mm-
HUAX AJIOMUHUS, 3aPETUCTPUPOBAHHBIN B 9KCIIE€PH-
MeHTe, coctaBua 6 k/[:x/cMm, uto B 1,5 pasa 6oJib-
1ie 10 CPaBHEHUIO € pe3yJabTaTaMU, MOJYYCHHBIMU
paHee Mpu MUKPOCEKYH/THOU UMIIJIO3UN JIBYXKACKA/I-
HBIX JIaliHepoB U KOMOMHIPOBAaHHBIX (Ta30BbIi JTaiiHe-
pa — IIPOBOJIOYHBIL KacKaj) JaliHepOB IIPH CPaBHHU-
MBIX YPOBHSIX TOKA M BpeMeHaX MMILIO3UH.

Pa6oTa BbhIIOJIHEHA TIPU TOAJEPIKKE TPaHTa
PODOU #06-08-96926.

EXPERIMENTAL STUDY
OF MICROSECOND PLANAR
WIRE ARRAY IMPLOSIONS

A. V. Suistrov, S. A. CHaikovsky, A. V. FEDUNIN,
F. 1. Fursov, V. A. KoksHENEV, N. E. KURMAEV,
A. Yu. LaBETSKY, V. I. ORESHKIN,

A. G. Rousskiki, N. A. ZHIDKOVA

Institute of High Current Electronics SB RAS,
Tomsk, Russia

Experiments with planar wire arrays carried
out in the fast (100 ns) implosion regime
[V.L.Kantsyrev et al., IEEE Trans. Plasma
Sci. 34, 194 (2006)] showed that this kind of
Z-pinch load configuration provides higher radia-
tion yields in comparison with the conventional
cylindrical wire arrays. It is of interest to inves-
tigate the potentials of this load to increase the
efficiency of K-shell plasma radiation sources op-
erating in the microsecond implosion regime. This
work is devoted to the experimental study of the
implosion dynamics of planar wire arrays and their
radiative characteristics at the implosion times
close to 1 ps. The experiments were carried out
on the GIT-12 generator (4.7 MA, 1.7 ps). Implo-
sions of aluminum planar wire arrays were studied
at varying wire number in an array, wire gap, wire
diameter, and the total planar wire array mass.
Depending on the load parameters, the implosion
time was in the range from 600 ns to 1300 ns,
and the peak implosion current was between 2.2 and
3.7 MA, respectively. Implosion dynamics of the
planar wire arrays was registered with the help of
an optical streak camera. Numerical simulations
of the implosion dynamics were conducted in the
frame of a 0 D model. A good agreement between
the experimental data and the simulation results
was observed when a uniform current distribution
between the wires of a planar array was assumed
in the simulation model. The Al K-shell radiation
yield was measured for all load configurations. The
maximum registered K-shell yield was 6 kJ,/cm
that is about 1.5 times higher in comparison with
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the results obtained earlier in the microsecond
Z-pinch implosion experiments with nested wire
arrays and gas-puff-on-wire-array loads at compa-
rable peak load currents.

Work supported by RFBR Grant #06-08-96926.

DOU3UKA CKATUA
MHOTONPOBOJIOYHBIX Z-MUHYE

II. B. CacoroB!, B. B. AJIEKCAH/IPOB?,
E. B. I'pasoBcknit?, K. H. Mutro®aHos?,
I M. Onennuk?, 1. 0. IToPO®EEB?,
A. A. Camoxun?, M. B. @EnyI0B?,
. H. ®rosnos?

ITHIL P® UTSd, Mocksa, Poccus

2THIT PO TUPMHUWNTU, Tpouiik, Poccus

Byner cnenan 0630p aKcHepuMeHTAJbHBIX, pac-
YETHBIX U TEOPETUYECKUX PEe3yJbTATOB, MOJYUYeH-
HBIX B ITOCJEeHUE TPUMEPHO 5 JeT, o (u3nKe
CKaTUsI MHOTOTIPOBOJIOYHBIX COOPOK B YCTAHOBKAX
Z-mundeBoro tuna. Vcmonp3oBanne TaknX HATPy30K
B Z-TIMHYEBBIX YCTAHOBKAX TPHUBEJO K CO3JaHUIO
oueHb 9 PEKTUBHOTO NCTOYHUKA MSATKOTO PEHTTe-
HOBCKOTO M3JiyuyeHNs. Takwe MCTOYHUKN MCIIOJIbB30-
BaJINCHh W MCMOJb3YIOTCS B MCCJAEIOBAHUSX IO MHEP-
IIIATBHOMY TEPMOSIIEPHOMY CHHTE3Y.

KiioueBbIM CBOHCTBOM MHOTOIPOBOJOYHBIX Ha-
TPY30K SBJSETCS OCYIIeCTBJIEHUE TIpollecca 3atTs-
HYTOTO TJ1a3M0006Pa30BaHusI, KOT/Ja TpeBpalleHne
BEIeCTBA METATHMYECKIX MPOBOJIOK B TLIa3My 3a-
HUMAaeT CYIIECTBEHHYIO YaCThb BPEMEHW HAapaCTaHUs
Toka. COOTBETCTBEHHO CYIIECTBEHHYIO POJIb UTPAET
abJIANNS TJIa3Mbl C OTHOCHUTEJIBHO XOJIOJHBIX IMPO-
BOJIOK ITO HampaBJeHWIo K ocu paspsazna. Vmeercs
OTITHMAJIbHOE OTHOIIIEHNE BPEeMEeHH TIOJTHOH abIsaimm
MIPOBOJIOK K BPEMEHU CKATUSI TIIA3MBbI K OCH pa3psa.
ITOT ONTUMYM COOTBETCTBYET MaKCHMAJbHON TTHKO-
BOIT MOIITHOCTH MSTKOTO PEHTT€HOBCKOTO M3JTyYEHUS
u ompezessercss 6aTaHCOM MEXAY abJSITMOHHBIM
VITIPEHNEM MMITYJIbca U3TyUYeHNs W YIINPEHUeM, BbI-
3BaHHBIM HeycToitunBocTbio Peres — Teitnopa. Byner
npuBe/ieH 0630p 9KCIEPUMEHTATbHBIX, PACUETHBIX
U TEOPETUYECKUX PE3YJIbTATOB TI0 3aBUCUMOCTH TeM-
na a6/ OT MapaMeTpoB KOHCTPYKIUN COOPOK.
Pemratomum oxa3biBaeTcs 3aBUCUMOCTD TeMTa abJis-
IIUH OT YNCJIA TPOBOJIOK. JTO 06CTOSITENBCTBO U BO3-
MO’KHOCTb BapbUPOBAHNUS YNCTA TIPOBOJIOK B cOOPKeE
B IIIIPOKOM JIMAIa30HE U ONpe/esisieT MPenMyIecTBa
MHOTOIIPOBOJIOYHBIX COOPOK TIO OTHOIIEHWIO K APY-
TUM BO3MOXKHBIM HATPY3KaM, BOCIIPHHUMATOIINM TOK
reHeparopa.

Byner mpuBeer 0630p 2KCIEPUMEHTAJBHDIX,
PACYETHBIX M TEOPETUYECKUX PE3y/IbTATOB TI0 JAMHA-
MUKe TIJIa3Mbl B Z-TTMHYaxX ¢ yuetoM addekra 3ats-
HYTOTO TITa3MO06Pa30BaHNS.

JINHAMUKA IBUKEHUS IIJIA3MbBI
BO3JIE OCH
B IIPOBOJIOYHOM CBOPKE

M. B. T'naspipun!, H. T. KAPIBIXAHOB!,
A. B. Kaprnees!, E. 10. CmuprHOB!,
B. B. Anekcanjapos?, E. B. I'PABOBCKMII?,
A. A. Yepnos?, I1. B. CacoproB?,
B. II. Cmuprnos?, B. 1. OpEmkumn’

"Poccuiickuit degepabHbIil SA€pPHBINA TEHTP —
BHUMU rexnuveckoil hpusuxu
uM. akajg. E. M. 3ab6abaxuna, Cuexxunck, Poccus

>TpounKUil HHCTUTYT UHHOBAIIMOHHBIX TEPMOSIIEPHBIX
uccaenoBanuit, r. Tpounk, Poccus

SUTHCTUTYT TEOPETUYECKON U HKCIIePUMEHTATbHOM
dusnku, Mocka, Poccus

‘Nucruryt sinepruoro cunreza um. V. B. Kypuatosa,
MockBa, Poccust

SUuctutyTt cusibHoTowHON amextponnkn CO PAH,
Tomck, Poccust

[Ipu cxxartum TPOBOJIOYHON COOPKYM BO3HUKAET
MHOXKECTBO HeJHMHEHHBIX TpoiieccoB: ¢GopMupoBa-
HHe HeOJHOPOJHOCTell 13-3a NeperpeBHON HeyCToM-
YMUBOCTU HA HAYaJbHBIX dTAlaX 3JECKTPOB3PbIBA IPO-
BOJIHUKA; CHOC TIJIa3MbI C IIPOBOJIOYEK OGIIUM I0JIeM
[IPOBOJIOYHOI COOPKU. ITUM BOIPOCAM TOCBSIIEHO
6oJbioe KosmdecTBO pabor. Ha nocrienyiomux ara-
max cxartusi MoryT hopMUpOBATHCS 11001060/109eY-
HblE CTPYKTYPbI, KOTOPbIE SBJSIOTCS Pe3yJTbTaTOM
PasBUTHS HEyCTOHYMBOCTEH.

B cayuae ucnosib3oBanue JABYXKACKQHOH CXeMbl,
KOI'/Ia OJIHA IPOBOJIOYHAS COOPKA HAXOMUTCS BHYT-
pu Apyroii Heo6XOMMO peliaTh BOIPOC O B3AUMO-
JIEHICTBUM TIJTA3MbI OT BHEITHEN MTPOBOJIOYHON COOPKI
C TIJ1a3MOIi BHYTPEHHEH COOPKHU.

[Ipu cxopocTH Maa3Mbl HECKOJIBKO €UHUI] HA
107 cM /¢ NOHBI He TEPMAJM3YIOTCS Y OCH, a 32 CYET KOJI-
JIEKTUBHBIX 2D (PEKTOB IMepelaloT CBOIO HEPTHUIO
U HATPEBAIOT 3JIEKTPOHHYIO KOMIOHEHTY T1JIa3Mbl.

3aTpOHYTDbIE BBIIIE BOIPOCHl AHAJU3UPYIOTCA
C MCIIOJIb30BAHNEM JIBYyMEPHBIX 1 TpexMepHbix MI'/]
IporpaMm. AHATU3UPYIOTCA OTJIMYUS PA3BUTHS HEYC-
TOMUNBOCTE B TPEXMEPHOM CJy4yae OT Pe3yJIbTaToB
0CECUMMETPUYHOTO PACCMOTPEHUS.
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DYNAMICS OF PLASMA MOTION
NEAR AXIS IN WIRE ARRAY

I. V. GLazyriN', N. G. KARLYKHANOV',
A. V. Karreev!, Eu. Yu. SMIRNOV!,
V. V. ALEXaNDROV?, Eu. V. GRABOVSKY?,
A. A. Cuernov?, P. V. Sasorov?,

V. P. SmirNovY, V. 1. ORESHKIN’

'Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

2SRC RF TRINITI, Troitsk, Russia

3 Institute of Theoretical and Experimental Physics,
Moscow, Russia

4 RRC Kurchatov Institute, Moscow, Russia
5 Institute of High Current Electronics, Tomsk, Russia

Many non-linear processes are occurred during
wire array compression: non-uniformities genera-
tion due to overheating instabilities at the initial
stages of wire electric explosion; plasma jets forma-
tion from separate wire by joint field of wire ar-
ray. A lot of papers are devoted to these questions.
During following stages subshell structures can be
formed, which are the result of MHD instabilities
development.

In the case of double-shell scheme, when one
wire array is set inside the other one, it is necessary
to solve the problem about interaction of plasma
formed by external wire array with the plasma of
internal array.

If plasma velocity is several units 107 cm /sec,
so ions are not thermalized near axis, but deliver
their energy due to collective effects and heat elec-
tron component of plasma.

All described problems are analyzed by 2D and
3D MHD codes. Differences of instabilities de-
velopment in 3D case and results of axisymmetric
simulation are analyzed.

BJIMAHUE CJ NTHEPIIUN
HA XAPAKTEPUCTHUKU
IJEKTPUYECKOTI'O B3PbIBA
IMPOBOAHUKOB

B. 1. Opemikun!, C. A. BAPEHTOJIBII?,
C. A. YamiKoBCcKmit'

"Muctutyt cuapHoTounoii aexrpornnku CO PAH,
Tomck, Poccusa

*@usuueckuii uucturytr PAH um. I1. H. JleGenesa,
MockBa, Poccuga

B pa6ore A7 ommcaHWS MPOIECCOB, MPOTEKAO-
mux npu IBII, ncnomb3yercs MarHUTO-THAPONHA-
mmueckoe (MI'/]) mpubmmxenue. B xome uncien-
HBIX PacueToOB MOJICTUPOBAJICS B3PHIB ATIOMUHUEBBIX
MPOBOJIOYEK, MaMeTp TPOBOJAHUKOB BapbUPOBAJICS
ot 2 MM 70 20 MkM. B pesyabraTe umcJaeHHOTO MO-
nemupoBanusg IBII amoMUHWEBBIX MTPOBOJHUKOB,
MMOKa3aHO, YTO TIPU IJIOTHOCTSIX TOKA 4epe3 MPOBO/I-
uuk 108—10° A /cM? IPOMCXOUT TTEPEXO/] OT HU3KO-
TEeMIIEePaTyPHOTO PeXMMa B3PbIBA K BBICOKOTEMITEpPa-
TYPHOMY, B KOTOPOM OTIPEJEJISIONIYI0 POJb UTPATOT
CWJTBI MTHEPIIMHU, TIPETISITCTBYIONINE PA3JeTy MPOBO/IHU-
ka. [Tepexon xapakrepusayercss pe3knM m3MeHEHHEeM
TEPMOINHAMUYECKUX MTapaMeTpOB MeTajia — 3Hep-
TS, BJOKEHHAS B MPOBOJHUK K MOMEHTY B3PbIBa,
BO3pACTaET /0 HECKOJBKUX IHEPTUil CyOIUMAIlnH,
a TeMIeparypa IJja3Mbl JOCTUTaeT 3HadeHnit 6 —8 2B.
IIpm aToM mepexo/ie BeanuYmHA WHTETpaJa yAeTbHO-
ro JIefiCTBUS TIJIABHO BO3pacTtaeT MpUOTU3UTETHbHO
B TPU pasda MpH M3MEHEHWH XapaKTEPUCTUK B3PbIBA
(nmmoTHOCTH TOKa M BpeMEHW B3PbIBAa) Ha JBa MO-
psaxa. MoMeHT Tepexo/ia OT HU3KOTEeMIIEePaTyPHOTO
peKrMa B3PbhIBA K BBICOKOTEMIIEPATYPHOMY OIIpe/ie-
JigeTcst paJnaJbHBIMU Pa3MepaMn B3PbIBAEMOTO TPO-
BOJIHUKA 1 HE 3aBUCUT OT CBOMCTB CPeJibl, B KOTOPOH
MTPOMCXO/IUT B3PbIB.

Pa6ora mognep:xana rpantamu PODU # 06-02-
72004, # 07-02-00186 n mporpaMmoii pyHAAMEHTATD-
HbIX uccaenoannii [Ipesnamyma PAH.

NCCAEAOBAHUE ®OPMHUPOBAHUA
TOKOBOTIO CJIOA B ITPOLHECCE
CKATUA MHOTOKACKA/ZIHBIX

TA30BbBIX JIAMHEPOB

A. 10. JIasenkuii, B. A. KOKIIIEHEB,
H. E. Kypmags, B. 1. OpemikuH, A. I. Pycckux,
A. B. ©Oegonun, d. 1. Oypcos,
C. A. Uankoscknuii, A. B. IlIuuinos,
H. A. 7Kunkosa

Wucruryt cuaproTounoit anekrponnkn CO PAH,
Tomck, Poccusa

B pa6ore mpeacTaBIeHBI pe3yAbTaThI 9KCIIEPH-
MEHTAJbHBIX WCCJIEeIOBAHNI AWHAMUKYA MMILJIO3UN
MHOTOKACKa/IHbIX Ta30BBIX JAHEPOB, CXKUMAEMbBIX
¢ GOJIBIIIOTO HAYAJTbHOTO AMaMeTpa MMIYJbCaMn
TOKA METaaMIepHOTO YPOBHS MHUKPOCEKYHIHON -
TEJTbHOCTH. JKCIIEPUMEHTHI IIPOBOAMINCH HA TeHepa-
tope 'MT-12 B MUKPOCEKYH/THOM pesKUMe MUMIIJIO-
3un (timp= 1,1+1,2 Mxe, I = 3,4+3,7 MA). B xoze
MCCIeTOBAHUIT N3Y4YaJ0Ch BIMSHIE KOHQPUTYPAIIHT
HarpysK# Ha JMHAMIKY TOTepb TOKA U M3JyJaTeJbHble
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XapaKTEePUCTUKH TJIa3Mbl Ta30BbIX JaliHepoB. Vccie-
JIOBAJIACh KOPPEJSANHS MeXTy Koa(pPUIMEeHTOM pa-
quanbHoro cokatus (puHaAbHBIT AuaMeTp) Z-THH-
4a W BEJUYWHOW TOKA, MTPOTEKAIOIETO 10 Tepu-
depuiiHoit maazMe. IKCIEPUMEHTDI TTOKA3aJH, YTO
MIPY MCITOJIb30BAHUN CXEMbI KACKAMPOBAHUS KPYITHO-
MaciTaGHble HeyCTONUYNBOCTA HE BHOCAT 3aMETHOTO
BKJIJ[a B KAUECTBO CXKATHS JaifHepa Jake TPU MUK-
POCEKYHIHBIX BpeMeHax cxkaTtus. Ha ocu ¢popmu-
pyercst TIOTHBIN, KOMITAKTHBIM MTUHY € JOCTAaTOYHO
Boicokoit (400 —600 5B) cpesHeit s1eKTPOHHON TeM-
nepatypoii. /luamerp crosi6a mia3mbl, U3aydaronieit
B K-/IMHUSAX HEOHa, COCTaBJSeT MOpsaka 3—4 MM,
Bboixost K-uamyuenuss — S5— 11 x/[>x /cm. B 1O ke
BpeMs, B (pUHAJE CXKATUS Yyepe3 BBICOKOTEMITepa-
TYPHYIO TIJIa3My B I[€HTpEe NMUHYA TTPOTEKAET JIUIIb
HeGOJTbITash YacTh TOKA, OCHOBHAS 4acTb TOKa TeHe-
paropa MpPOTEKAEeT 10 OCTAaTOYHON nepudepuitHoi
TJIa3Me.

INVESTIGATION OF CURRENT
SHEATH FORMATION DURING
THE MULTI-CASCADE GAS
PUFF IMPLOSION

A. Yu. LaBETSKY, V. A. KOKSHENEY,
N. E. Kurmagy, V. I. OrResHKIN, A. G. ROUSSKIKH,
A. V. Fepunin, F. I. Fursov, S. A. CHAIKOVSKY,
A. V. SuisHLov, N. A. ZHIDKOVA

Institute of High Current Electronics SB RAS,
Tomsk, Russia

A set of experiments with large-diameter multi-
cascade gas puffs driven by the megaampere-level,
microsecond current pulses has been performed.
The experiments were carried out on the GIT-12
generator operated in microsecond implosion re-
gime (¢ =1.1+1.2 ps, I, = 3.4+3.7 MA). The in-
fluence of load configuration on the dynamics of
current losses and radiative properties of gas puff
plasma was investigated. The correlations between
the current flowing through peripheral plasma
and the plasma implosion ratio (final diameter of
Z-pinch) were tested. The experiments showed that
the large-scale instabilities do not have consider-
able effect on the pinch quality even for microsec-
ond implosion times. A tight pinch is formed on the
axis. The final diameter of the plasma pinch radiat-
ed in neon K-lines was 3+4 mm. The average elec-
tron temperature of plasma was 400600 eV. The
measured K-shell radiation yield was 5+11 kJ /cm.
At the final stage of implosion, only a small portion
of current flows at paraxial region. The main cur-
rent flows on the residual plasma in the periphery
of an imploded Z-pinch.

IKCIIEPUMEHTHI C X-IIMHYEM
HA MAJIOTABAPUTHOM
TEHEPATOPE TOKA

H. A. JKuaxosa, C. A. UANIKOBCKUIA,
A. B. ®eqpioHnH

Wuctutyt cuabpnorounoit amekrponnkun CO PAH,
Tomck, Poccusa

B pa6ore mpecTaBieHb pe3yJIbTaThl 9KCIEPUMEH-
TOB ¢ X-TIMHYEM, TTPOBOJUBIINXCS HA MaJoTaGapuT-
HoMm reneparope Toka (pasmep 400x400x360 MM, Bec
70 KT, aMIIMTy/la TOKa Ha KOPOTKO3aMKHYTYIO Ha-
rpy3Ky cocraBisiia 300 KA nipu ppoHTe HapacTaHUS
toka 200 HCc). B sKcmepuMeHTaxX MCIOIb30BAJINCH
HUKeJIeBbIE U BOJTb(paMOBbIe TIPOBOJIOUKH. /[mamerp
HUKEJEBBIX MPOBOJOYEK cocTaBsya 30 MKM, aua-
MeTp BOJB(MPAMOBBIX MMPOBOJOYEK COCTABJSAI 20 MKM.
[Tapamerpsr X-mmnva (gamna X-TmHua, YTOJI MEXKIY
MIPOBOJIOYKAMH, YHCJIO MPOBOJOYEK) BAPbUPOBAJNCDH
B X0/Ie AKcrepuMenTa. VIMIy ibe n3aydeHnsi HuKeJe-
Boro X-TIMHYA UMeJT /[Ba KA. [[JMTebHOCTD TepBo-
TO MUAKa COCTABJsJIA 2—4 HC, SHEPTUS TIEPBOTO KA
uzJjaydenus: He mpesbimaia 1,5 /[x. XapakrtepHbrit
pa3Mep HMCTOYHWKA, W3JyYalolero B JWama3oHe
1—1,56 k2B, coctaBmsia 5—15 MrMm. VmMnyabe us-
JydeHus BoJib(ppaMoBoro X-mUHYA ObIJI OJHOIIN-
KOBBIM, JJINTEJNbHOCTD IMKa cocrasJsaa 1,5—2 Hc.
XapakTepHbIll pagMep HMCTOYHWKA, M3JIYYaionero
B o6stact >1 kaB, He npeBbInIag 5 MKM.

Pa6ora BbImoJsiHEHA TIPH MOAEPIKKE TPAHTOB
PODU #05-08-33331, 06-08-00001, 06-02-96906

p_odwu.

X-PICNH EXPERIMENTS
ON COMPACT CURRENT GENERATOR

N. A. Zuipkova, S. A. CHaikovsky, A. V. FEDUNIN

Institute of High Current Electronics SB RAS,
Tomsk, Russia

The results of X-pinch experiments carried out
on a compact current generator (size 400x400x360 mm,
weight 70 kg, 300 kA peak current at a 200 ns current
risetime) are presented. The nickel and tungsten
wires were used in the experiments. The diam-
eter of nickel wires was 30 pm; the diameter of
tungsten wires was 20 um. X-pinch parameters
(X-pinch height, angle between the wires and
the number of wires) were varied in the exper-
iments. An x-ray radiation pulse of the nickel
X-pinch had two peaks. The full width at half max-
imum (FWHM) of the first radiation pulse was
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2—4 ns, and its maximum radiation energy was
1.5 J. The typical size of the radiation source in the
spectral range of 1—1.56 keV was 5—15 um.
The radiation pulse of the nickel X-pinch had only
one peak. The FWHM of the radiation pulse
was 1.5 ns. The typical size of the radiation source
in the spectral range of 1 keV and higher was 5 pm
and less.

Work supported by RFBR Grants #05-08-33331,
06-08-00001, 06-02-96906.

TEHEPAIIUA MOIIHBIX
IJEKTPOHHBIX IIYYKOB
100-MUKPOCEKYH/IHOI'O

JAUATIA30HA IJII MHOTOIIPO
BOYHOM JIOBYIIKH TrOJI-3

B. T. ActeeEnnn®?, A. B. bypiakos! 2,
I. E. JlepEBgukuH', B. . VIBAHOB?,
1. B. Kanpaveos!, C. JI. Cununknit' 2,
10. A. TpyHes!

"Uucruryt spepuoit pusuku CO PAH,
HoBocu6upck, Poccus

*HoBoCHOMPCKUIT TOCYIAPCTBEHHBIH YHUBEPCUTET,
Hosocubupck, Poccust

3Fermi National Accelerator Laboratory,
Batavia, IL, USA

Ha ycranoske I'OJI-3 NHCcTHTyTA saepHON Du-
3ukn CO PAH BegyTcst akcmepuMeHTHI IO Harpe-
BY TIJIOTHOH IJIa3MbI B MHOTOTIPOOOYHOH JIOBYIIKE
¢ maruutHbiM nosteM B /B = 4,8 /3,2 Tmonbm
PENSATUBUCTCKUAM 3JIEKTPOHHBIM MTyYKOM C HEpTUeit
aJ1eKTpoHOB 70 1 MaB, Tokom 10 30 KA, TIOTHOCTBHIO
ToKa B JoByIike 1 —2 KA /cM? U JAJIUTETbHOCTHIO
10 ~10 mke. [Tmasma ¢ maoraoctsio 10%! M~ marpesa-
etcst 10 Temreparypol 1 —3 k3B mpu aHepreTmueckomM
BpeMenn yuaep:xanus 0,5—1 mc.

[l nasbHENTero MoOBBINEHUST TapaMeTPOB T1J1a3-
MbI IIPE/AIIOJIaraeTCA NHIKEKTUPOBATh B HEE BTOpOﬁ
3JIEKTPOHHDIN My4OK JInTe bHOCTDIO cBbimie 100 MKc,
¢ aneprueii okosio 150 kaB, Tokom 10 KA, moTHOC-
Thi0 TOKa 1 —2 KA /cM? B MmaruutaoMm noJe ~5 T,
MOJIy9aeMblil B IMO/Ie C TIa3MEHHBIM KaTO/OM C Ma-
JIOH YTJIOBOH PacXOAMMOCTHIO CKOPOCTEH 3JIEKTPOHOB.
B pamMkax co3gaHus UCTOYHWKA JIJIS T€HEPAIUU Ta-
KOTO TIy4YKa BEIyTCS TEOPETUYEeCKHEe U IKCIepPUMEeH-
TaJbHBIE WCCJAEOBAHUS, a TAaKKe YUCJIEHHOEe Mojle-
JINPOBaHME.

B noxmaze mpuBOJASATCS OCHOBHBIE PE3YJbTATHI
TEOPUH TJIOCKOTO JMO/Ia B HAKJIOHHOM MarHUTHOM
MoJie W YUCJEHHDBI METOJl KOPPEKTUPOBKU pacyer-
HOU MJIOTHOCTH SMUTHPYEMOTO TOKa [IJIS BBITIOJIHE-

Hus yeaosust E = 0 Ha amuTTepe. [laetcs xparkoe
onncanne koga POISSON-2, ncnombpsyemoro ans
peIeHns IByMEPHBIX CTAIMOHAPHBIX CaMOCOTJIACO-
BaHHBIX 33/1a4 3JEKTPOHHOH onTwku. [IpuBoasTcs
pe3yJIbTaThl YUCJTEHHOTO MOJIeTUPOBAHMS (HOPMUPO-
BaHUS IYYKOB ¢ TpeOGYyeMbIMH TTapaMeTpaMy B paspa-
6aTbIBAEMBIX MOaX U PE3yJIbTAThI IEPBBIX IKCIIEPH-
MEHTOB IO TIOJyYE€HUIO WHTEHCUBHOTO 2JIEKTPOHHOTO
my4Kra GOJBINON JJIUTETHHOCTH B U0/l C TIJTa3MeH-
HBIM KaTOJIOM.

Pa6oTa mpoBoaUTCS TIPU YaCTUYHON TOJIEPIKKE
rpaatamMu PODU #07-08-00682 u 05-33-664.

GENERATION OF HIGH-POWER
100-MICROSECOND ELECTRON BEAMS
FOR MULTI MIRROR TRAP GOL-3

V. T. AsTRELIN" 2, A. V. BURDAKOV" 2,

G. E. DEREVJANKIN', V. YA. IvaNOV?,

I. V. Kanpaurov!, S. L. SINITSKY! 2,
Yu. A. TRUNEV'

Institute of Nuclear Physics SB RAS, Novosibirsk,
Russia

2 Novosibirsk State University, Novosibirsk, Russia

SFermi National Accelerator Laboratory,
Batavia, IL, USA

The dense plasma heating experiments in multi-
mirror trap GOL-3 have being conducted at BINP
SB RAS. The plasma is heated with high-power
relativistic electron beam of energy up to 1 MeV,
the current up to 30 kA, the current density
of 1—2 kA /cm? in external magnetic field with
parameters B = 4.8T, B = 3.2 Tand pulse
duration up to ~10 us. The plasma with density
of 10?' m™ and energy-confinement time of 0.5—1 ms
is heated up to the temperature of 1—3keV.

For the further increase of plasma parameters it
was suggested to inject the second electron beam
with energy of electrons about 150 keV. The beam
parameters were chosen as follows: the pulse dura-
tion higher than 100 us, the current — 10 kA, the
current density — 1—2 kA /cm? in the external
magnetic field ~5 T, The beam with small angular
divergence of electrons would be generated in the
diode with the plasma cathode. Theoretical, ex-
perimental and numerical studies were performed
to design a beam source with these parameters.

The main theoretical results for planar diode in
tilted magnetic field implemented in calculations,
and the numerical technique used to correct the
calculated emitted current density in order to satisfy
the condition E = 0 on the emitter surface are descri-
bed. A code POISSON-2 used to solve stationary
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two-dimensional self-consistent problems of elec-
tronic optics is outlined. The numerical results for
the forming of beams with required parameters, and
results of the first experiments with generation of
intense long-pulse electron beams in the diode
with the plasma cathode are presented.

Work supported in part by RFBR grants No. 07-
08-00682 and 05-33-664.

CIIEKTPOCKOIIMYECKHE
WCCJEJOBAHUSA B3AUMO/IENCTBUA
MOIIIHOTIO IIIASMEHHOTO
IIOTOKA C TBEPAbBIM TEJIOM
HA YCTAHOBKE I'0OJI-3

C. B. Ilonocatkun, A. B. AP;KAHHIKOB,
B. T. Acteenun, A. B. Bypinakos, 9. P. 3YBAUPOB,
. A. IBaHoB, M. B. IBAHIIUBCKUIA,
K. H. Kyvknun, A. C. Kysuenos, K. V1. MEKJIEP,
C. C. Ilonos, B. B. IToCcTYIAEB,
A. @. PoBeHckux, A. H. CEIMBAHOB,
C. JI. Cunnnknii, B. /I. CTENAHOB,
10. C. Cynges, 0. A. TPYHEB,
M. I ®Eenoros, A. A. lllomuH

WNncrturyt spepuoii pusnkn um. Byakepa CO PAH,
HoBocubupckuii rocyapcTBeHHbI YHUBEPCUTET

Ha muorompo6ounoii mosymke ['OJI-3 8 UAD
CO PAH mnpoBe/icHBI 9KCTIEPUMEHTBI TT0 00Ty YeHUTO
YTJIEPOIHBIX MUIIEHEN TOTOKOM 3JIEKTPOHHO-TOPSTIEN
MJIa3Mbl, HANPABJEHHBIE HA MOJEJTUPOBAHNE BO3-
JIEVCTBUS TOPSTUEH TIJIa3Mbl TEPMOSIIEPHOTO PEakTopa
HA TIIA3MONPUEMHUKHU B PEXNMax, GJU3KUX K OXKU-
naemMbim B UTIP (peskum ELM  type ). OcnosHoe
BHUMaHHUE B 3TUX JKCIIEPUMEHTAX YAEJSI0Ch Ucce-
JTOBAaHWIO TIPOIIECCOB APO3UN MOBEPXHOCTH TIO/T Jielic-
TBUEM TLJIa3MEHHOTO MOTOKA.

[Iportecc mcmapeHnss U XUMUYECKOIT 9PO3UH Tpa-
¢uTa nuccae10BaICa ¢ TTOMOIIBIO CIENUATBHBIX a0co-
JIIOTHO KaJNOPOBAHHBIX CIIEKTPOCKOTTMYECKIX CUCTEM
BUAUMOTO Jualla30Ha, N3MEPABIINX MOIIHOCTDb U3JIy-
YEHMS CIIEKTPAJIBHBIX MOJOC MOJIEKYJT — TIPOAYKTOB
JINCCOTIMAIIAN YTJICBOJOPO/IOB, a TaKKe JIMHWI HOHOB
yrjepojsa. B akcmepuMeHTax MoJiydeHO 3HAUYEHUE
MOTOKA aTOMOB YTJIepo/ia ¢ TTOBEPXHOCTH TJIa3MO-
MPUEMHNKA, OTPe/eJeH BKJIAJ XUMIUUYECKON 2pO3UH
B TIPOTIECC PA3PYIIECHUS TTOBEPXHOCTH, TPOBEIEHO
CpaBHEHHUE TTOJIYYCHHDIX 3HAYEHUN C pe3yJjabTaTaMmn
MPSIMBIX U3MEPEHUI TTyOWHBI 9PO3UH W Pe3yJibTarta-
MU YHCJECHHBIX pacyeToB. OGHAPYKEHO, YTO HPO3US
otipefiesisieTcss 00bEMHBIM Pa3pyIIeHneM TTOBEPXHOC-
T ¢ 06pa3oBaHUEM IIBLIN.

SPECTROSCOPIC STUDIES
OF INTERACTION OF HIGH-POWER
PLASMA STREAM WITH SOLIDS
AT GOL-3 FACILITY

S. V. PoLosATKIN, A. V. ARZHANNIKOV,

V. T. AstreLIN, A. V. Burpakov, Ep. R. ZUBAIROV,
1. A. Ivanov, M. V. Ivantsivsky, K. N. KukLIN,
A. S. Kuznetsov, K. I. MEKLER, S. S. Porov,

V. V. PostupraEv, A. F. ROVENSKIKH,
A. N. SeLivanov, S. L. Sinitsky, V. D. StEpaNOV,
Yu. S. Survatev, Yu. A. TRuNev, M. G. FEpotov,
A. A. SHOSHIN

Budker Institute of Nuclear Physics SB RAS,
Novosibirsk State University

Irradiation of carbon targets by high power plas-
ma stream with hot electrons was studied at mul-
timirror trap GOL-3 in BINP. Experiments were
oriented to simulation of impact of hot plasma of
fusion reactor to plasma faced components in re-
gimes similar to ITER ELM type I. Main atten-
tion was directed to study of processes of surface
erosion by plasma stream.

Evaporation and chemical erosion of carbon tar-
gets were studied by means of absolutely calibrated
spectroscopic systems of visible region, that allow
to measure radiation power of emission of spectral
bands of molecules — products of dissociation of
hydrocarbons, as well spectral lines of carbon ions.
The value of flux of carbon atom from surface
was determined in experiments and the influence
of chemical erosion to surface destruction was es-
timated. Experimental results were compared with
calculations and direct measurements of erosion
depth. It is found that erosion determines by volu-
metric destruction of surface with dust formation.
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YUCJEHHOE MO/JIEJIMPOBAHUE
B3AUMO/IEVICTBUS AEMTEPUEBOI
IIJIA3MbI C TPAOUTOBO
MUIIEHBIO B YCJIOBUSIX
3KCIIEPUMEHTA
HA YCTAHOBKE I0JI-3

P. H. Axmaayminn', H. T. KAPIbIXAHOB!,
B. T. Acteenun?, A. B. Bypaakos?

"Poccuiicknii deepanbHblil siJIepHbIl TIEHTP —
BHUU rexumveckoii pusmkm
uM. akajg. E. 1. 3a6abaxuna, Caexunck, Poccus

*Uncturyt aaeproit pusuku CO PAH,
Hosocubupck, Poccust

[IpoBeseno umcaeHHOE MOJEJNPOBaHNE B3aMMO-
JIEVCTBUA JIeUTePUEBO TIJIa3MBbI C TTOBEPXHOCTHIO T'Pa-
¢uroBoit MumIeHN. B OCHOBY pacdyeToB TOJIOXKEHA
¢usuko-mMaremaruyeckas MoJeJib B3aUMOJEHCTBUS
IJIa3MbI C TBEP/IOTEIbHON MUIIIEHBIO, B KOTOPOIi caMo-
COTJIACOBAHHO PeINaloTcsl YpaBHEHUS ra30BOH Ju-
HAMWKN C 3J€KTPOHHOW M MOHHOW TeIJOIPOBOJI-
HOCTBIO, KHHETUKN HACEJEeHHOCTH YPOBHEH NOHOB
1 IepeHoca M3JIy4YeHUs B JUHUSAX U KOHTHUHYYMe,
a Takke KMHEeTHKa Pa3pylIeHus 1 UCHapeHus MHU-
IIEHN C YYeTOM ee TelJIonpoBoJHOCTH. B pacuerax
NCTOJAb30BAJUCh /IBA MMOAX0/a JJsI ONNCAHUS
paspymenus rpadurtoBoit mumenn. OQuH TOJI-
X0/l OCHOBAaH Ha MOjieJii 00beMHOT0 UCTIapEHUS
C UCIIOJIb30BAHNEM yPaBHEHUsI COCTOSHUs. Bropoii
MIO/IX0/T OCHOBAH Ha MO/IEJIN XPYIIKOTO Pa3pylieHus.
[IpoBenenbl cpaBHEHNUST C 3KCHEPUMEHTAJIbHBIMHI
JIAaHHBIMH, TOJIyueHHbIMH Ha yctanoske ['OJI-3.

THE NUMERICAL SIMULATION
OF THE INTERACTION OF THE
DEUTERIUM PLASMA WITH
THE GRAPHITIC TARGET IN
CONDITIONS OF THE EXPERIMENT
ON THE INSTALLATION GOAL-3

R. N. AkumMaDULLIN!, N. G. KARLYKHANOV!,
V. T. ASTRELIN?, A. V. BURDAKOV?

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia
’The institute of the Nuclear physics SS RAS,
Novosibirsk, Russia

The numerical simulation of the interaction of
the deuterium plasma with the surface of the gra-
phitic target is conducted. The physico-mathemati-
cal model of the interaction of plasma with the

solid-state target is trusted to in the basis of cal-
culations, in which one is self-consistent the equa-
tions of gas dynamics with electronic and ionic heat
conduction, kinetics of population density of levels
of ions and carry of radiation in lines and contin-
uum, and also kinetics of destruction and vapor-
ization of the target with the registration of heat
conduction are decided. In calculations two ap-
proaches for the description of destruction of the
graphitic target were used. One approach is based
on the model of volumetric vaporization with usage
of the equations of state of graphite. The second
approach is based on the model of brittle failures.
The comparison with experimental data obtained on
the installation GOL-3 are conducted.

MO/IEJIM BO3BYKAEHUA
N PEJIAKCAIIIN CUJIBHO
HEPABHOBECHBIX COCTOSHUIA
METAJJA, OBJAYYEHHOTIO
MOIIHBIM YJbBTPAKOPOTKUM
NMITYJAbCOM JASEPHOIO NJIN
IJIEKTPOHHOTIO U3JYYEHUA

H. b. Boakos"?, E. A. JKvkoBa',
H. 1. Kyuankosa"?, A. I1. daoBer" ?

"Mucruryt asnexrpodbusuxkun YpO PAH,
Exarepun0ypr, Poccus

2JO3kHO-YpaJIbCKUIl TOCY/IaPCTBEHHDI YHUBEPCUTET,
Yemnabunck, Poccus

dusuyeckue MpoLecchl, NPOUCXOAAIUe B Me-
tasie (1ra3mMonoo6Hoil cpejie) npu 06JyYeHUN MH-
TEHCHBHBIMH MOTOKAMHU Pa3JIMYHOTO POJa M3JTyue-
HUM, CYIIECTBEHHO 3aBHCAT OT BPEMEHH W MHTEH-
CUBHOCTHU Bo3jelcTBUA. Ecianm nanTeibHOCTH BO3-
JeHCTBUA MOIHOIO 3JEKTPOHHOIO MU Ja3ePHOTO
nsnydenns (t,), MeHbIIE WM HOPSIAKA BPEMEHH
YCTaHOBJIEHHUS PABHOBECHS MEXK/AY 9JEKTPOHHOI
1 HOHHOI KoMmoHeHTaMn Bemectsa (1.~ 10712 ¢),
TO B MeTa/te BO30yKAaeTCs CHJIbHO HEpaBHOBEC-
Hoe cocrognue. Ecau npu atom 1, >> T, ~ 107" ¢
(t, — BpeMs yCTAHOBJIEHHS JOKATBHOTO PaBHOBE-
CHS 1O MMIYJIbCaM B KaKAOil M3 KOMIIOHEHT Be-
mectBa) Bo3OyKACHHOE COCTOSTHUE TIPEACTABJISET
co60ii HEPaBHOBECHYI0 HEM30TEPMUUYECKYTO TLIA3My
TBEpPIOTENbHOIT IOTHOCTH, B KOTOPOIi TeMIepaTypa
5J1eKTPOoHOB Te CyNmecTBEHHO IPEBbINIaeT TeMIe-
parypy pemerkn (monos) Ti. Pemakcanuio Takoro
BO30YKJICHHOTO COCTOSTHUSA MeTaJIa MOMKHO, Kak
[I0Ka3aHO B HalMX paloTaX, paccMaTpuBaTh B paM-
KaxX JBYXTEMIEPATyPHOTO TPHOIMKEHNS MEXaHUKH
CILJIOIHBIX cpej. BosHukamomme B BO36YKACHHOM
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MeTaJsie HAPSKEHNs, KaK MOKa3biBAIOT HAIlU pac-
4eThbl, MPUBO/ISAT K BBICOKUM CKOPOCTSM JlecpopMarin,
MPU 9TOM CKOPOCTU PACTATUBAIOMHUX JedopMariiii
moryT socturarp 10° ¢!, [launa cBoGoaHOrO 1poGe-
ra ropsiuux 3JeKTPOHOB CYIIECTBEHHO MPEBBITIAET
cpeiHee MesKaTOMHOe paccTosaue. Ha cBoeM myTn
OHU JIe(DOPMUPYIOT PEIIETKY U, TEHEPUPYIOT HE TOJIb-
KO HANpPSDKEHWST, HO U eeKThI THUTIA TUCIOKATH,
a TaK)Ke JIOKAJbHbIE MUKPOPa3pPYyIICeHUS PENIeTKH.

[lep mpemsiaraeMoil paGoThI - TEOPETHYECKOE HC-
cJieJIOBaHNE MEXAHW3MOB BO3OYK/IEHUS W pesaKca-
UV CUJTHbHO HEPABHOBECHBIX COCTOSIHWI MeTaJiia
06JIy4aeMOTO yIbTPAKOPOTKUMHU UMITYTbCAMHU MOITII-
HOTO 3JIEKTPOHHOTO U JIAa3€PHOTO M3JIyYeHUS KaK Ha
CTauu COOCTBEHHO TIOTJIONIEHUST SHEPTUHN U3JIyUCHUS
3JIEKTPOHHOI KOMITOHEHTOI, JIJTUTEJbHOCTD KOTOPOi
paBHA [UIMTEJbHOCTH UMITYJTbCca, TaK U Ha OoJiee -
TeJbHOH CTa/ MU PesIaKCallny 3JeKTPOHHON 1 MOHHON
KOMITOHEHT BemecTBa. [lepBas craaus HamMu wc-
cJelyeTcss B paMKaX CaMOCOTJIACOBAHHOW MOJIeJH,
BRJIIOYAONIEi B ceOs KUHETHYECKUE YPaBHEHUS IS
3JIEKTPOHOB TTPOBOJAUMOCTH W (DOHOHOB, YpaBHEHUS
MaxcBeJssia U 1oJieBble YpaBHEHUS /s 1eEKTOB
TUTIA ANCJIOKAMN U MUKPOCABUTOB (MUKpOpaspy-
mennii). Kunerndyeckoe ypaBHeHNe /IS 9JEKTPOHOB
VUUTBIBAET BO3MOXKHOCTD T€HEPAIUU JICHTMIODOBCKIX
IJTa3MOHOB U HEPABHOBECHBIX (POHOHOB (MOHHO-3BY-
KOBBIX IJIA3MOHOB), B3aMMO/ICHCTBHE 3JEKTPOHOB
¢ TIa3MOHaM¥ W (DOHOHAMU, a TaKyKe B3aUMOJIEHCT-
BHE TIOCJETHUX MEXAY coboii. Brusuue nedexrtos
Ha TeHepaInio KOJJIEKTUBHBIX BO30YXK/ICHWI YUUTHI-
BaeTcsl B MPUOJIMKEHNN cpeiHero 1moist. O6cyskaaercst
BO3MOKHOCTD BO3OYKIEHWUSI CUITBHO JIEHTMIOPOBCKOT
1 MOHHO-3BYKOBO# TypOYJICHTHOCTH B HEPABHOBECHOI
TBEP/IOTEBHOM T1azMe. Bropas cramus ucciemyercs
B paMKax /[BYXTeMIIepaTypHOI MO/ MeXaHUKH
CTJIOTIHBIX CPe/l, BRJovaoliell B ce6s1 ypaBHEHUS
GaJiaHca MacChl U UMITYJIbCa, JBA YPaBHEHUS s
SHEPTHH PENeTOYHON U 3JTeKTPOHHON TTOACUCTEM, TITH-
POKOIMATTIA30HHbIE YPABHEHUST COCTOSHUS /IS KaiK-
JIOi 3 TIOJICKCTEM, YPAaBHEHUS KUHETHKU J1e(DEKTOB
1 MUKPOCABUTOB (MMKpPOpaspylIeHWH), a TakkKe —
KIHETUYECKOoe YpaBHeHWe [ uaaydenusi. [locTpoennt
HOBBIE MMTUPOKONATIA30HHbIE YPABHEHUS COCTOSTHIS
JUIS JIEKTPOHHOM M PEIeTOYHONH KOMITOHEHT MeTaJl-
Jia, yuuTbiBaoie $GazoBbie MepeXo/Ibl, TOJTYYCHBI
BBIPKEHUS [T AJIEKTPOHHBIX K0A(MUIINEHTOB TIepe-
HOCa, a TakyKe BPEMEHU yCTAHOBJIEHUS PaBHOBECHS
M0 9HEPTUSAM MEXAY moacucteMamu. OOCyKIA0TCS
yCJIOBHS ONHcanus (a3oBbIX MEPEXO/IOB B /IBYXTEM-
nepaTypHOU crionHon cpene. [IpuBoasitcs pesyb-
TATBI YMCJEHHDBIX MUCCJEOBAHWI MOJIell HAIPSKEeHNs
nedopmarnuii, 1edeKToB W MUKPOPA3PyIIeHUH Tpn
BO3JICHCTBUM Ha TBEPJOE TEJIO MYyYKOB W3JTyUEHUS
JIITETbHOCTbIO, MeHbIel 1 He.

Pa6ora BbITIOSTHEHA TIPH YaCTUIHOH (pITHAHCOBOI
nogaepsxxke POOU (mpoext #06-08-00355), PODU—

Vpan (mpoekr #07-08-96032) n Ilpesuanyma ¥YpO
PAH B paMkrax WHTErpaliMoOHHBIX TPOEKTOB (PyH-
mamenTanbHbIX nccaenoBannii CO nu YpO PAH.

MODELS OF EXCITATION
AND RELAXATION OF THE STRONGLY
NONEQUILIBRIUM STATES OF
A METAL IRRADIATED WITH POWER
ULTRASHORT PULSE OF LASER
OR ELECTRONIC RADIATION

N. B. VorLkov"?, E. A. ZHUKOVA!,
N. D. Kunpikoval 2, A. P. YALOVETS" ?

Institute of Electrophysics, Russian Academy
of Science, Ural Branch, Ekaterinburg, Russia

2South-Ural State University, Chelyabinsk, Russia

The physical processes operating in a metal
(plasma-like medium) at intensive irradiation
streams of various sort of radiations, essentially
depend on time and intensity of influence. If du-
ration of influence of powerful electronic or la-
ser radiation (r,), is less or about the time of an
establishment of balance between electronic and
ionic components of substance (t_ ~ 1072 s) then
a strongly non-equilibrium state in the metal is ex-
cited. If thus t,> >t ~ 10" s (7 is a time of an es-
tablishment of the local momentum balance in each
of the substance component), then excited state
represents the non-equilibrium non-isothermal plas-
ma with solid-state density in which the electron-
ic temperature Te essentially exceeds the lattice
(ion) temperature Ti. As shown in our works
a relaxation of such excited metal state is possible
to consider within the framework of two-tempera-
ture approximation of the continuum mechanics.
As show our calculations the stresses arising in the
excited metal result in high strain rates, thus ten-
sile strain rates may achieve 10°s™'. The free path
of hot electrons essentially exceeds average inter-
atomic distance. On the way they deform the lat-
tice and generate not only stresses, but also defects
such as dislocations, and also local micro-destruc-
tions of the lattice.

The aim of this work is a theoretical research of
mechanisms of excitation and relaxation of strong-
ly non-equilibrium states of metal irradiated with
ultra-short pulses of power electronic and laser ra-
diation both at a stage actually absorption by elec-
tronic component of radiation energy the duration
of which is equal to pulse duration, and at longer
stage of a relaxation of electronic and ionic com-
ponents of substance. We investigate the first sta-
ge within the framework of the self-coordinated
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model including the kinetic equations for conduct-
ing electrons and phonons, the Maxwell equations
and the field equations for defects such as disloca-
tions and micro-shifts (micro-destructions). The
kinetic equation for electrons takes into account a
possibility of the Langmuir plasmons and non-equi-
librium phonons (ion-acoustic plasmons) generation,
interaction of electrons with plasmons and phonons,
and also interaction of the last among themselves.
Influence of defects on collective excitation genera-
tion is taken into account in approximation of the
mean field. The possibility of excitation of strong
Langmuir and ion-acoustic turbulence in non-equi-
librium solid-state plasma is discussed. The second
stage is investigated within the framework of the
two-temperature model of the continuum mechan-
ics including the equations of balance of density
and momentum, two equations for energy of lattice
and electronic subsystems, the wide-range equa-
tions of state for each of subsystems, the kinetic
equations for defects and micro-shifts (micro-de-
structions), and also the kinetic equation for ra-
diation. The new wide-range equations of state for
electronic and lattice components of a metal tak-
ing into account phase transitions are constructed;
the expressions for electronic transport coefficients,
and also the time of an establishment of energy
balance between subsystems was obtained. Condi-
tions of the description of phase transitions in the
two-temperature continuous media are discussed.
Results of numerical researches of the fields of the
stresses, deformations, defects and micro-destruc-
tions are resulted at influence on a solid by beams
of radiation with the duration, smaller 1 ns.

Work is supported by the RFBR (the project
No. 06-08-00355), the RFBR-Ural (the project
No. 07-08-96032) and the Presidium of the Ural
Branch of the Russian Academy of Science within
the framework of integration projects for basic re-
searches with Siberian and Ural Branches of the
Russian Academy of Science.

YCKOPUTEJIb UTYP-3.5
AJIs1 PEHTTEHOTPAOUYECKHX
NCCJIEAOBAHUU

B. I0. Kononenko, A. 1. KopMUIUILbIH,
H. 10. Kacbanos, E. H. Kosockos,
A. U. BepepHukos, B. B. IIEPEIIUTOB,
A. C. IlokroBckuii, A. B. IIngankuxH

Poccuiicknii dpemepaabHbIil SAepHDBIN TIEHTD —
BHUU Texumveckoii pusmkm
uM. akajg. E. 1. 3a6abaxuna, Cuexunck, Poccusa

B nmoxmane mpeacrtassen co3ganubiii B POAL—
BHUNTD yckopurenp UTYP-3.5, koTopblii mpeHa-
3Ha4eH [/ TeHEePUPOBAHUS NMITYJIbCOB TOPMO3HOTO
U3JIYYEHUS C TIEJBI0 TPOBE/ICHNS peHTTeHorpadudec-
KUX UCCIEIOBAHUN OBICTPOIIPOTEKAIONIUX MTPOIECCOB.
Yckoputesb TakKke MOKeT ObITh MCIOJTb30BaH [IJIst
TIPOBE/ICHNS WCCJEIOBAHNN M3/eaNil Ha Panaliion-
HYIO CTOWKOCTb. YCKOPHUTEJbh cOOpaH 10 CXeMe WH-
JIYKTUBHO-EMKOCTHOTO HAKOTIHUTEJISI SHEPTUH C TIPEPbhI-
BaTesJeM TOKA Ha OCHOBE 3JIEKTPUYECKHN B3PbIBAEMBIX
MMPOBOJIHUKOB. B KadecTBe HATPY3KHU MCIIOJIb3YeTCs
yCcKopuTedbHas TPyOKa ¢ BaKyyMHOU rmepeaomieit
JMHUEH ¢ MAaTHUTHOHN CaMOU30JISIINEN 3JIEKTPOHHOTO
TOTOKA W «POJ-TIMHYY THOIOM.

IGUR-3.5 ACCELERATOR
FOR RADIOGRAPHY

V. Yu. KonoNENKO, A. I. KORMILITSYN,
N. Yu. Kasianov, E. N. KoLoskov,
A. 1. VEDERNIKOV, V. V. PERESHITOV,
A. S. Pokrovskil, A. V. SHLYAPKIN

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

In the report it is presented the IGUR-3.5 ac-
celerator created at the RFNC— VNIITF which
is intended for generating x-ray pulses with the
purpose of researching radiographic fast processes.
The accelerator also can be used for carrying out
of researches of products on x-ray stability. The
accelerator is made under the scheme of the in-
ductance-capacitor energy storage with electrically
exploded wires current switch. The x-ray tube
with a vacuum transmitting line with magnetic self-
isolation of electronic beam and rod-pinch diode is
load was used.

KOMITAKTHBIM
PEHTTEHOTPA®OUYECKUI
NCTOYHUK HA OCHOBE X-IIUHYA

B. ©. ®eavmak, H. B. JKarosa, H. A. JKujxosa,
B. 1. Opemikun, C. A. HANKOBCKUII,
A. B. ®EejioHuH, A. A. 9P®OPT

Wueruryt cuabroTouHoi snekrponnkn CO PAH,
Tomck, Poccusa

Pentrenorpacdus KOpOTKOKUBYIINX OOBHEKTOB W3-
JydenneM X-IIMHYA SBJISETCS HOBBIM I1€PCIIEKTUBHBIM
HallpaBJeHNeM B JUArHOCTHKe, pa3pabOTaHHBIM B
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Dusnueckom nncrutyte uM. 1. H. Jle6enesa, Poccust.
Borcokoe mpoctpanctBennoe (10 gecAaTbIxX Josei
MKM) 1 Bpemennoe paspemernne (0 0,1 1e), pocru-
JKUMOE TIPH UCTIOJIb30BaHUK X-TIMHYA, SBJSETCS Ype3-
BBIYAHO WHTEPECHBIM JIJIS UCCJIeOBaHU OBICTPO-
MPOTEKATONTUX MPOTIECCOB, a TaK K¢ U3YYEHUS TIOBe-
JIEHUST BENIECTBA, HAXO/SIIETOCS B 9KCTPEMATHHBIX
COCTOSTHUSIX. X-TIMHY TIPE/CTaBIseT cOO0H /1B MJIN
6ostee CKPEIEHHbIE MTPOBOA0YKN (JIMaMeTp TpoBoO-
no4ek 10 30 MKM), B3PBIBA€MbBIX IIOJ AEHCTBHEM
MpPOTEKAIOIIEro yepe3 HUX Toka. CKaHuWpyloriee n3-
JIydeHUEe TEHEPUPYeTcs B TJOTHOH BBICOKOTEMIIEPa-
TypHOH mrazme (JI0 HeCKoAbKMX K9B), BosHmMKatomei
B MecCTe MepPEKPeNuBanus TpoBoiodeK. OCHOBHBIE
TpeOOBaHUS, TPEIBIBASEMbIE K TEHEPATOPY, UCIOJIb-
3yeMOMY [T CO3JaHust X-TIMHYA: aMIIUTy/la TOKa
150 —300 xA; ckopocTb Hapactanusi Toka 1—2 KA /Hc.
[lo HacTosIero BpeMu TaKkue TapaMeTpbl UMITYJTb-
ca TOKa MOTJIM 00eCTeYHTh JINIIb IPOMO3JIKHE CTa-
1moHapHbIe reHepatopbl BecoM OT 300 KT 10 HECKOJIb-
KUX TOHH. B Hactosineii pabote ornucbiBaeTcst Majioraba-
putHbIii (BecoM 70 KI) CHJIBHOTOYHBIIT NMITYIbCHBII
rerepatop (¢ ammumtynoii Toka cebime 300 KA, npu
(dpponte Hapactanusa 200 He), paspaGOTaHHBIA TS
MOJIYYEeHUST MSTKOTO PEHTTEHOBCKOTO U3JIyYeHUS U3
BBICOKOTEMTIePATyPHOH TJ1a3Mbl X-TIMHYA.

Pa6ora nopepxxana PODU rpantsr: #06-02-72004,
#07-02-00186, #05-08-33331, #06-08-00001 u mipor-
paMMoil hyHIaAMEHTaJbHBIX uccaenoBanmii [Ipesu-
nnyma PAH.

KOHIIEIIIUS MOI[HOTO
KOMIAKTHOTO TEHEPATOPA
VMIIYJIbCOB HA OCHOBE
UHIYKTUBHOTO HAKOITUTEJIS
1 KOMBUHUPOBAHHOTO
PA3MBIKATEJISI TOKA (BAKYYMHBII
PA3MBIKATEJIb U IIJIASMEHHBII
IIPEPBIBATEJIb TOKA)

O. I. EroroB

Tpounknit VIHCTHTYT WHHOBAITMOHHBIX
U TEPMOSIIEPHBIX uccaenoBanmii, Tponnk, Poccus

lenepariisi HAHOCEKYH/THOTO UMITYJIbCA TIPU TTOMO-
1 vHyKTHBHOTO HakormTess (MH) tpeGyer oco6oro
nmojxo/ia Kak K nocrpoennio MH, tak n k kommy-
TaImoHHON cuctembl. IIpemiaraemMbiii BHUMaHUIO Te-
HEpPaToOp WMMITYJIbCOB (DOPMAJIBHO COCTOUT U3 YCTbI-
pex uacreil. IlepBble Tpu 4acTu OTHOCATCS K KOMMY-
TallMoOHHOI cucteme, a oxHa K MH. B ocnose xom-
MYTAIMOHHO CUCTEMBI — KOMOWHAIMS BAKYyMHOTO
pa3MbIKaTess W MJa3MEeHHOTO MPePbIBATENST TOKA.

CtabuabHOCTD TaKOHM CUCTEMBI, TJe 3JeMEHTBI pabo-
TAIOT, KaK B MeIeHHoM (IIpoIecchl — HaKOTLJIEHHe
SHEPTUU W — JyTOBOI paspsiia), Tak 1 OBICTPOM pe-
sxnMax ( BBIBOJ oHeprum), 0OecIIeunBaeTCs IOCPE-
CTBOM CITEINAJIBHON KOHCTPYKITUU TOKOTTOABOSTITIX
muH. /[oTMOJMHUTENbHO, TPEAJOKEeHHAS KOHCTPYK-
nust, obecredynBaeT BpalleHne AyroBOTO paspsa,
3TO TIO3BOJISIET BBIMOJHUTD TJIAIKON MOBEPXHOCTD
karoma KPT.

Crepnyromniasi 4acTh KOMMYTAIlMOHHOW CUCTEMBI
reHeparopa — cXeMa Tay3bl TOKa U ero o6pbIBa.
B ocnoBe cxembl hopmupyiomas L C—1ienouka, rie
L — MarHWTHO-CBSI3aHHAs! WHYKTUBHOCTD W pa3pabo-
TaHHAs Ha €T0 OCHOBE TeHepaTop MMITYJIbcoB. CxXeMa,
MO3BOJISIET HE TOJbKO 060pBaTh May3y TOKa, HO
U TIPU OTIPE/ICTIEHHBIX YCJIOBUSX, 00ECTEYNUTh YMHO-
JKEHWe TOKaA.

W 3aBeprmarornas 4acTh 9TO CXeMa COTJTACOBAHUS
HakonuTeJs n Harpy3ku. CyTb €To B CJEAYIOTIEM:
B KOHIIENIIINY TeHepaTopa MCIOJb3yeTcs MHAYK-
TUBHBIN HAKOMUTETb TpaHCcGHOPMATOPHOTO THUTIA.
Ha stare BbIBOIa sHEPIUM B HATPY3KY, OJHOTIOJSP-
HbIe KOHIIBI IepBUYHON — L1 W BropuuHoit — L2 o6Mo-
TOK COEIMHEHBI MexXay coboii. Takum obpaszom L1
CTAaHOBUTCS HArPy3KOH, KOTOPAasi MarHUTHO CBS3aHA
¢ L2, xoacpdurmenT cBsa3u Meskry HuMu K. OUeBHIHO,
YTO B TaKUX CUCTEMaX, MPU BBIBOJE sHepTuu U3 L2
B HATPY3Ky, HallpaBJeHUE TOKOB B cJydae KOT/Ja
nHAyKTUBHOCTD L1 He csasHa (k—0) u B ciyuae
MATHUTHO-CBSA3aHHOM (k—1) B3aMMHO MPOTHBOIO-
JIOXKHBI. ClreIoBaTeIbHO, CYIIECTBYET TaKoe 3HAYEHUE
k Meskay L1 w L2, korjga Tok B L1, paBeH HyM0. ITO
O3HayYaer, 4yTo, MeHss K02 UIUEHT CBSA3U HENoC-
PECTBEHHO TIPH BBIBOJIE SHEPTHH U3 L2, MoTepu TOKa
B L1, MoryT 6BITH CBeJIeHb K MUHNMYMY. lIpocTefimmmit
€roco6 JAOCTIDKEHNST HeOOXOMMON BEJIMUMHBI R — M3Me-
HEHWE TeOMEeTPUHU MEePBUYHON 0OOMOTKM, KaK OJUH
13 MPOCTEHINNX BapMaHTOB HapallliBaHUE BHEITHE-
TO pajmyca.

[IpenokeHHBIN K paCCMOTPEHUIO TEHEPATOP TIPH
OTIPE/ICTIEHHBIX YCIOBUSX MOXKET 00JIa/IaTh BBICOKOI
a(pDEeKTUBHOCTHIO, TIJIOTHOCTBIO SHEPTUH W TIPOCTOTOM
U3TOTOBJICHUSI.
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THE CONCEPTION OF HIGH POWER
PULSED COMPACT GENERATOR
BASED ON INDUCTIVE STORAGE

AND COMBINED OPENING SWITCH

(VACUUM INTERRUPTER AND
PLASMA OPENING SWITCH)

0. G. Ecorov

Troitsk Institute for Innovation and Fusion research,
Troitsk, Russia

Generation of nanosecond pulses by inductive
storages (IS) requires special approach to IS con-
struction as well as commutation systems. The
offered pulse generator formally consists of four
parts. The first three parts relate to switch system
and one to IS. Combination of vacuum interrupter
and plasma opening switch is at the base of com-
mutation system.

Stability of such system, where elements work
in slow mode (processes of energy storing and arc
burning) as well as fast mode (energy output) is
provided by special construction of current bars.
In addition, the offered construction provides rota-
tion of arc, what allows to make surface of COS
cathode smooth.

The next part of commutation systems of gen-
erator is scheme of current zero and its break.
The scheme is based on pulse forming L C-circuit,
where L — magnetic coupled inductance, and de-
veloped pulse generator on its base. The scheme
make it possible to break current zero and under
certain conditions to provide current increase.

Completing part is scheme of storage and the
load matching. The essence of it is the following —
IS of transformer type is used in the conception of
generator. At the stage of energy output to the
load unipolar tails of primary L7 and secondary
L2 coils are connected. So the primary coil (L7)
becomes the load, which is magnetically connected
with the secondary one (L2); coupling coefficient
between them is k. It is obviously in such systems
under energy output from L2 to the load direc-
tions of current in case of free inductance (when
k—0) and in case of magnetically coupled induc-
tance (k—1) are opposite directed. So, such k for
L1 and L2 exists that current in L7 equal zero. It
means that changing coupling coefficient during
energy output from L2 to the load, we can mini-
mize current losses in L7. The simplest method to
achieve necessary value of & — is to change pri-
mary coil geometry as one of simple way to build
up outside radius.

The offered generator under certain conditions
can have high efficiency, density of energy and
manufacture simplicity.

METAHHOKEPAMHHECKHﬁ
KATOA bOJbIIONA IIVIOIMAAHN

M. E. banesun, C. 10. CoOKOBHUH

WNncruryr anexrpodusnkn YpO PAH,
Exarepun6ypr, Poccus

Bo mMHoOrmx TexHOJIOrusX, HalpUMEP CTEPUJIN-
3aIUy MEUIIMHCKON OJEKAbI, TPEOYIOTCS MYyYKH
3JIEKTPOHOB OOJIBIION Trotaan. /s uX mosydeHust
UCTIOB3YeTCS KAaTOM, KOTOPBIH JOIKEeH 061aaTh
BBICOKO# CTaOUJIbHOCTBIO XapaKTEPUCTUK W JOJTO-
BEYHOCTHIO.

IDTUMHU CBOWCTBAMU BO MHOTOM 0O6JajlaeT Me-
raanokepammuecknit (MK) xarox, mo3Bosronmii
MOJIy9aTh OJHOPOJHOE paclpejeserne Toka. s
VIPaBJEHUS pa3MepaMy U MJIOTHOCTHIO TOKA IMydYKa
3JIEKTPOHOB TPEJIOKEH KaTo/l U3 HecKoJbkux MK
3JIEMEHTOB C DKPAHOM.

[Tosyuenpr myukn mupunoit 200 u 400 mm ¢ oxno-
pozHOCThIO He Xyske 20%. Karoapl HCTIob3yroTest Ha
yckoputesne YPT-0,5M s moaudukamm moBepx-
HOCTH TTOJIUATUIEHOBOH TIJIEHKH.

THE METAL-CERAMIC CATHODE
OF THE BIG AREA

M. E. BaLeziN, S. YU. SOKOVNIN

Institute of electrophysics Ural Division
of the Russian Academy of Science,
Yekaterinburg, Russia

In many technologies, for example the sterilisa-
tions of medical clothes, are required the big area
electron beam. For their reception the cathode
which should possess high stability of characteristics
and longevity is used.

These properties in many respects possesses the
metal-ceramic (MK) cathode, allowing to receive
homogeneous distribution of a current. For manage-
ment in the sizes and density of the electron beam
current is offered the cathode from several MK
elements with the screen.

The electron beams have been received in width
of 200 and 400 mm with homogeneity about 20%.
Cathodes are used on accelerator URT-0,5M for
modification of a surface the polyethylene film.
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O MOAE/INPOBAHHNN
TEPMOANHAMMWYECKHUX
XAPAKTEPHUCTHK ILIOTHOM
IIJIASMbI MHOTO3APAIHbBIX HOHOB
HA OCHOBE XUMHYECKO MOJEJIH

II. A. JlIosoma, A. A. lllagpun, B. B. Ilonosa

Poccuiicknii dpemepambHbIil SAepHbIN TIEHTD —
BHUU rexumveckoii puamku
uM. akajx. E. 1. 3ababaxuna, Cuexunck, Poccusa

B npexcraBiennn XMMHUYECKOH MOJEJHN T11a3Mbl
(pacemarpuBaroleii ma3My Kak COBOKYITHOCTh HOHOB
Pa3HBIX COPTOB M CBOGOIHBIX 3JIEKTPOHOB) TIOCTPO-
€HO OIMCaHNe TEPMOJUHAMHYECKUX XaPaKTEPUCTUK
MJIOTHOM T1JIa3Mbl MHOTO3APSI/IHBIX MOHOB. € YYETOM
BKJIa/la CBSI3aHHBIX COCTOSTHUI MOHOB (Ha OCHOBE
CyNepKOH(UTYPAIMOHHOTO MOAX0/a), 3P HEKTOB Ky-
JIOHOBCKOH HENIeaTbHOCTH U KOPOTKO/EHCTBYIOIIETO
OTTAJIKUBAHUS MOHOB, & TaKyKe BBIPOK/EHUS AJIEKT-
poHOB. IIpe/craBieHbl pe3y IbTaThl PACYETOB H30XO0P
U M30TEPM MOHUBAIMK AJIOMUHUS [IJIsI TEMIIEPATYD
T =5 +100 3B u mworrocreit p = 0,027 + 27 r /e
B CPaBHEHWH C JIAHHBIMHU JPYTHX aBTOPOB.

CTOJIKHOBUTEJIbBHA
HOJIAPU3AIIUA PEHTTEHOBCKUX
JIUHUM B IPUJIOKEHUU
K IUATHOCTUKE TOPSIYEN
COJIHEUHOM
U JJABOPATOPHOMH I1JIA3MBbI

A. M. YprHOB

Dusnuecknii naerutyt um. I1. H. Jle6eneBa PAH,
Mocksa, Poccus

[laeTcs xpaTkuii 0630p Pe3yJIbTaTOB CIIEKTPOCKO-
MYECKOH IMAaTHOCTUKY HAINPABJIEHHBIX HEMaKCBeEJI-
JIOBCKHMX 3JIEKTPOHOB B TOPSTUEil COTHEUHON U JTa60-
paTopHOil 1y1a3Me, OCHOBAHHON HA U3MEPEHUX OJIs-
pU3aluy PEHTIeHOBCKUX JUHUN. Takue 3/eKTpOHbI,
HECMOTPS Ha HU3KHE IJIOTHOCTH, MOTYT MTPaTh CY-
IIECTBEHHYIO POJIb B 9HEPro6GajiaHce, TEIIOIPOBO/I-
HOCTH ¥ (DOPMUPOBAHUK PEHTTEHOBCKUX CIIEKTPOB.
CymiecTByeT MHOXKeCTBO (DU3UYECKUX MEXAHU3MOB
06pa3oBaHUsT HETETJIOBBIX 3JEKTPOHOB, CBSI3aHHBIX
HarpuMmep, ¢ HAJIMYMEM B IJIa3Me JIEKTPUYECKUX TI0-
Jiel, TeMIiepaTypHbIX TPaJMeHTOB, TapaMeTPUYCCKIX
HEYCTOWYMBOCTEN 1 Ap. «¥YOeraolmes 3JIeKTPOHDI
6bLIM 06HAPYSKEHDI B JIa3ePHOIl T11a3Me, COJHEeYHOI
KOpPOHE U JIPYTUX Jab0paTOPHBIX U acTPOPUINIECKUX

WCTOYHWKAX PEHTTEHOBCKOTO mM3JaydeHus. llepsbie
KBAaHTOBOMEXAHWUYECKUE PACUETHI CTOJKHOBUTETHHOMN
nosisipusanuu jgunnii [H] u [He] nonos nokasanm
BBICOKYIO CTETI€Hb WX MOJISpU3AIlu U 0OHAPYKU-
JIM PS CBOWCTB, [ENAIONNX HE3aMEHUMBIMU LISt
JINATHOCTUKN (DYHKITUU PacTIpe/ieIeHUs JTeKTPOHOB
c sueprueit E >> RT. It pacuersbl GbLIN HCIOJIB30-
BaHBI /TSI MHTEPIIPETAIH TTEPBBIX MOJISPU3AITNOHHBIX
9KCIIEPUMEHTOB, BBITTOJTHEHHBIX C TIOMOIIHIO GPATTOB-
CKOH CITEKTPOCKOINH JIJTsT PEHTTEHOBCKOTO M3JTyIeHNs
COJTHEYHBIX BCHBIEK, U MOATBEPIKIAECHDI ITPSIMBIMU
JIabOpaTOPHBIMK M3MepeHusMu Ha ycranoBke EBIT
(JIusepmop, CIIIA). MHorue, BBINOJHEHHBIE B MOC-
JIEJICTBUH, HKCIIEPUMEHTAJIbHDBIE U TEOPETUIECKUE UC-
cJeTOBaHMS MOKa3aau 3(PHOEKTHBHOCTD METO/IOB /IHa-
THOCTHUKHU HETETIIOBBIX 3JIEKTPOHOB B TOPSTYEH Mia3Me
in situ v 3aJ0KNBIINX OCHOBY HOBOTO HAITPABJICHUS
MJIa3MEHHON CITEKTPOCKOTTNN — TOJITPU3AIHOHHON
CTIEKTPOCKOITUU PEHTTEHOBCKUX JIMHUM.

COLLISION-INDUCED X-RAY LINE

POLARIZATION IN APPLICATION

TO DIAGNOSTICS OF HOT SOLAR
AND LABORATORY PLASMAS

A. M. Urnov

P. N. Lebedev Physics Institute of RAS,
Moscow, Russia

The present report briefly surveys the main
spectroscopic methods applied for diagnostics of
directed non-Maxwellian electrons in hot solar and
laboratory plasmas based on X-Ray line polariza-
tion measurements. Such electrons, in spite of rela-
tively low densities, may play a substantial role in
energy balance, thermal conductivity and formation
of X-Ray emission. There are many physical mecha-
nisms for creation of non-thermal electrons, con-
nected, for example, with the presence in plasma
of electric field, temperature gradients, parametric
instabilities etc. «Runaway» electrons were regis-
tered in laser produced plasma, solar corona and
other laboratory and astrophysical sources of X-Ray
emission. First quantum-mechanical calculations of
collision-induced polarization of [H] an [He] ion
lines showed high degree of polarization and re-
vealed some features, making them indispensable
for diagnostics of electron distribution function at
high energies E >> kT. These calculations were
used to interpret the first polarization experiments,
made by means of the Bragg spectroscopy for
X-Ray emission of solar flares, and confirmed by di-
rect laboratory experiments with the EBIT device
(Livermore, USA). Later numerous experimental
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and theoretical studies showed the efficiency of di-
agnostics of non-thermal electrons in hot plasmas
in situ and founded the basis for a new direction
in plasma spectroscopy — X-Ray line polarization
spectroscopy.

IIPOBJIEMA KPUTHYECKOI1
TOYKH YPAHA

. JI. NocuneBcKkui

MockoBcknit GpU3NKO-TeXHNUECKUH HHCTUTYT
(Toc. Yumsepcutet), Mocksa, Poccns

XapakTepuCTUKU BBICOKOTEMIIEPATYPHOIO ypaB-
nenusi cocrostuusi (YPC) ypana, Bkioyas napa-
MeTPbl KPUTUYECKOI TOUKHU Ilepexo/ia Ta3->KU/KOCTb,
OYEHb BAXKHBI /IJIs1 MHOTMX TEXHUYECKUX IIPUJIOXKe-
nuii. Kputudyeckue napamerpol ypana (gasienue
U TeMmIieparypa) KpaiiHe BBICOKHU /ISl IIPOBEAEHMUs
[IPEIM3UOHHBIX U3MEPEHUH, B TO Ke BpeMs TeopeTu-
YecKue IO/JIX0/Ibl B HacTosIIee BpeMs HeapPeKTHBHbI
u3-3a 1po6JIEMbI BBICOKOI KYJIOHOBCKOI Heniea bHOC-
TH YypaHoBOIi 1s1a3Mbl. IloTOoMy fnannble 0 KpUTHYec-
KIX [1apaMeTpax ypaHa B HacToglllee BpeMs U3BeCTHbI
B OCHOBHOM U3 NPUOGIMKEHHBIX OIIEHOK. [JlaBHbBIE
cpe/id HUX MCIOJIb3YIOT /11 3TOH 11eJIi KOPPEJIAINIo
KPUTUYECKUX [1aPAMETPOB € HU3KOTeMIIepaTypPHbIMU
CBOHCTBAMU KOH/leHCcupoBaHHOU a3bl. CyriecTByeT
HECKOJIbKO KOHKYPHUPYIOIINX [10/IX0/I0B TAKOTO POJa.
Vpan siBasiercst npumepom (ue exnncrsennsim (W,
Mo, Co u ap.) KpaiiHero nNpoTUBOpEYHs JaBae-
MBIX TaKMM 06pa3oM OlleHOK. B pesysbraTe, HeCMOTpPSI
Ha KpaiiHiolo BaskHocTh 3uanusg ¥YpC ypana, napa-
MeTPbI BbICOKOTEMIIEpATYPHOI YyacTu ero (ha3oBoil
JIarpaMMbl, BKJIIOYas KPUTUYECKYIO TOUYKY, (pakTu-
uecku HeussecTHbl (). B mouckax pasperenus cy-
HIECTBYIONEr0 IIPOTUBOPEYUS €CTb OCHOBAHUS IIpejl-
noJsiaraTb Haauuue y (pa3oBoil AuarpaMMbl ypaHa oji-
Hoit (MM HECKOJIbKIX) aHOMAa/Inii:

— AnoMaJsibHas 10Teps BbIIYKJI0CTH (pa30BOIl rpaHu-
Lel IJI0THOCTb-TeMIIepaTypa IIPU BBICOKUX TeM-
nepaTypax, cBg3aHHas ¢ Pe3KUM U3MeHeHUeM Ba-
JleHTHOCTH U 3(P(DEKTUBHOIO MOH-UOHHOIO B3au-
MO/IeHCTBUS IIPU PaCHIMPEHUH KUJKOTO ypaHa,
U Jla’ke BO3MOSKHBIM CYIIeCTBOBAHMEM J[OIIOJIHU-
TeJIbHOTO (ha30BOro nepexoja (SIBHOrO MM «pas-
MBITOTO») B PACIIMPEHHOM KH/IKOM ypaHe.

— AHOMaJIbHOE «HCKPHBJIEHUE»> BBEPX KPUBOM KUIIEHUS
ypaHa B KoopJuHaTaX AppeHuyca (lnPS—1/TS).

— Hecrangapraas (HEMOHOTOHHAs1) 3aBUCHMOCTD
TEIJIOTbl NCIIAPEHUS OT TeMIlepaTypbl.

— AHOMaJIbHO HM3Kas BeJIMYMHA KPUTHUYECKOTO (hax-
TOpa CxMMaeMoctH ypana, Z, = (PV /RT) <<1.

— ConyrerBylonas 3TOMY aHOMaJbHO BbICOKAs
acuMMeTpusi (Ha3zoBOH TPAHUIILI TIJIOTHOCTb-TEM-
nepatypa ypana (BbICOKasi BeTMYMHA OTHOIIEHUST
HOPMaJIbHOW M KPUTHYECKON MIOTHOCTEH) M Ap.
Hacrostiee coo61ierne MOCBSIIIIEHO CPABHUTEb-

HOMY aHAJIN3y BO3MOXKHBIX TEOPETHUECKUX 00DbsICHE-

HUH Mpo6JIeMbl KPUTHUYECKOH TOUKN ypaHa, a TaKkiKe

00CY>K/IEHUIO0 CXEMBI JKeJATeTbHOTO dKCIIePUMEHTa

HEOOXOIMOTO JJIsT 3KCIIEPUMEHTAJbHOTO paspelrie-

HUS CYIIECTBYIOTIEH TPO6IEMBI.

URANIUM CRITICAL POINT
LOCATION PROBLEM

I. L. IosiLEVSKIY

Moscow Institute of Physics and Technology,
Federal University, Moscow, Russia

The high-temperature equation of state (EOS)
of uranium, including its critical data, is of great
importance for numerous applications. Critical
data (temperature and pressure) for uranium are
too extreme for being studied in accurate experi-
ments. At the same time theoretical approaches
seem to be non-effective because of the strong
Coulomb non-ideality problem in uranium plasma.
So, now the parameters of uranium critical point
are known from some approximate theoretical es-
timations mostly resulting from the deep extrapola-
tion of low-temperature properties of its condensed
phase. There are several approaches in use for this
purpose nowadays. Uranium is a striking example
(but not unique one) of poor comparison between
the results of different approaches. Thus, despite
of extraordinary applicative importance of the
uranium EOS, nobody still knows even approxi-
mate parameters of the high-temperature part of
uranium gas-liquid coexistence including the true
parameters of its critical point. In search to resolve
the problem, appearance to be assumed for one or
more strong anomalies in the properties of gas-liq-
uid coexistence in uranium as follows:

— Anomalous (non-convex) form of the density—tem-
perature diagram at high temperatures.

— Strong (upward) deviation of the uranium satu-
ration curve in InP~1/T_coordinates from tra-
ditional quasi-linear form,

— Non-standard, strongly non-monotonic depen-
dence of the evaporation heat on temperature,

— Extremely low value of the critical compress-
ibility factor of uranium, Z = (PV/RT), <<1

— Strong distortion of the total phase diagram of
uranium because of appearance of additional
hypothetical «plasma phase transition» ....etc.
The present contribution is devoted to compara-

tive analysis of possible resolutions of the uranium
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critical point problem, as well as to discussion of
a plausible scheme of the decisive experiment which
could be able to resolve the existing uncertainty.

CYIHEPKYMVYJIAIIUA SGHEPTUU
C OBPA30OBAHUEM
KBAPK-TJIOOHHOM I1JIA3MBbI
B DKCIHEPUMEHTE ALICE
HA YCKOPUTEJIE LHC

P. 1. Nnbkaes, B. T. IlynuH,
A. K. X71e6HuKoB

Poccwuiickuit degepabublii saepubiii ientp — BHUU
aKcriepuMenTaibaoil pusuku, Capos, Poccust

B G6aukaitimee Bpemst B IIEPHe nameuaercst 3a-
IIyCK KpyIIHeiiero B Mupe yckopuressi — Boabiioro
agponnoro xosutaiiiepa LHC — na xoropom 6yayt
MOJIy4Y€HbI BCTPEYHbBIE CTAJKUBAIONINECS YUK TSKe-
abix saep (Pb 208) ¢ sueprueit 5500 I'ss na napy
HYKJOHOB. B pesyJibrare >KeCTKUX B3auMOeicTBUIl
B IPOIECCE CTOJKHOBEHUS C YHUKAJbHO BBICOKON
Kymyssnuei suepruu ~2 I'as/dm® npu akcuepu-
MEHTAJbHBIX 3HAYeHUSAX Temmeparypbl T > 200 MaB
u mioroctu p > 10" r/cm®. B atux ycsoBusx se-
MIECTBO MEPEXOJUT B COCTOSIHUE <«KBAPK-TJIIOOHHON
mnasmbl» (KTTI), KoTopas Ipu pasjere U OXJIaK/e-
HUU Kallau nojaBepraetcsd pazoBOMy IMepexoiay a/l-
POHU3AIMIT, ¢ 06PATHBIM IIPEBpAIlleHueM B 00BIYHYIO
AJI[POHHYIO MATEPHIO.

Nayuenuio cpoiicts KIII' u xapakrtepuctuk ¢a-
30BOro mepexoja nocsigen sxcrepument ALICE
(A Large Ion Collider Experiment) na cnenu-
aJbHO pa3zpabOTAaHHON yCTaHOBKE, pa3MeieHHO
Ha yckopureie LHC. B pamkax mpoekrta ALICE
POl —BHUUOD yuactBoBas B paspaboTke
dorounoro cuexkrpomerpa(pykosojacrso PHIIM
«Kypuarosckuii uncruryr», Poccusi) u aGecopbepa
JUMIOOHHOTO  crekTpoMerpal(Dpanmms).

[l mosydeHuss MaKpOCKOIIMYECKUX XapaKTepuc-
TUK YPaBHEHUS COCTOSHUA U (PaszoBoro mnepexoja
B 9KCIIEPUMEHTAJIBHO BO3OYIKIEHHON MaTepuu 1 00b-
SICHEHUST KOJIJIEKTUBHBIX sIBJIEHUI Ha 6a3e Herocpe/c-
TBEHHO IOJy4YaeMoii B aKCIIepuMeHTe MHMOpMaInu
10 MHOXKECTBEHHOMY POXK/JCHUIO PA3JUYHBIX YACTHIL
(doronos, AeNTOHOB 1 AAPOHOB) HEOGXOUMA A/IEK-
BarHag (pusanvecKas MoJeb.

Hacrogmmuii goxaaz mocBAIeH, B OCHOBHOM, MO-
JIeJIMPOBAHMIO THAPOJNHAMUYECKOI (Pasbl CTOJKHO-
BEHUS TAXKEJbIX fjep U mpobjaeMaM BblJeJIeHns
crernuduyeckoii sKcrepuMeHTa IbHOM nH(opMamn,
noATBepIKAaonieii GakT BOSHUKHOBEHUS KBapK-
I'JTIOOHHOH T1J1a3MBbl.

SUPERCUMULATION
OF ENERGY WITH QUARK-GLUON
PLASMA FORMATION IN ALICE
ON THE LHC ACCELERATOR

R. I. IUkaev, V. T. PuniN, A. K. KHLEBNIKOV

Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics,
Sarov, Russia

The world’s largest accelerator, the Large Had-
ron Collider (LHC), is expected to be launched
soon in CERNto produce counter-directed collid-
ing beams of heavy nuclei (Pb 208) with 5500 GeV
energy per nucleon pair as a result of collision-re-
lated hard interactions with uniquely high energy
cumulation to ~2 GeV /fm? at experimental tem-
perature T >200 MeV and density p > 10" g /cm?.
Under such conditions, matter transforms into the

‘quark-gluon plasma’ (QGP) state, which, when

the droplet expands and cools down, undergoes the
hadronization phase transition with inverse conver-
sion to the usual hadron matter.

Characterization of QGP and the phase tran-
sition is the main objective of ALICE (A Large
Ton Collider Experiment) to be conducted
on a specially designed facility installed at the LHC
accelerator. Within the framework of the ALICE
Project, RFNC —VNIIEF has participated in the
development of a photon spectrometer (under the
guidance of the Kurchatov Institute, Russia) and
a dimuon spectrometer absorber (France).

An adequate physical model is needed for ob-
taining macroscopic parameters of the equation of
state and phase transition in experimentally excit-
ed matter and to explain collective effects on the
basis of direct experimental evidence on multiple
production of different particles (photons, leptons
and hadrons).

This paper mainly deals with the modeling of
the hydrodynamic phase of heavy nuclei collision
and the problems of distinguishing specific experi-
mental data confirming the fact of quark-gluon
plasma formation.
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MOJAEPHU3ALIIUA JTASEPA COKOJI-II
C IOBBILIEHUEM HA IIOPAAOK
NHTEHCHUBHOCTHU
N3JAYYEHUA HA MUIIEHU

E. A. Jlosoja, /1. C. IT'aspunos, A. I'. KakiuH,
B. H. Canxkun, A. A. YTOJEHKO

Poccuiicknii dpemepaabHbIil SAepHDBINA TIEHTDP —
BHUU Texumveckoii pusmkm
uM. akajg. E. 1. 3a6abaxuna, Caexunck, Poccus

B mamnoit paGoTe mamaraeTcs MPOEKT MOJEPHU3A-
i 10 TBT asepHoit yeraHoBKE Ha (ochaTHOM HEO -
MoBoM ctekae COKOJI-II. empro Mogepuusaiun
SIBJISIETCS YBEJNUEHNE TIJIOTHOCTH MOIITHOCTH JIa3ePHO-
ro maTydenus Ha mumenn g0 I > (2+3)-10" Br /cm?
1 yJIydllieHre Ka4eCTBEHHBIX TTapaMeTPOB JIa3ePHOTO
ummyJsbca. [IpenycmarpuBaercss yBeJmdeHne MOTII-
HocTH Jazepa /0 =30 TBt, wactnuHoe cokpareHne
amurterbHoCcTH nMmmyabca no 0,7 —0,8 1c, ymMeHb-
nrerre (POKaIbHOTO MATHA 0 5 — 6 MKM, yBesmye-
HIUe KOHTPACTA M0 WHTEHCUBHOCTH 10 Besmdnnbl 10!,
OCHOBHBIM 2JIEMEHTOM MPOEKTA SBJSETCS CO3/JaHUE
BaKyyYMHUPOBAHHOTO KOMIIpeccopa, 00beINHEHHOTO
C MUIIEHHON KaMepou.

JlaHHDIIT TIPOEKT SBJSETCS PE3yabTATOM aHATN3a
PA3JMYHBIX BAPUAHTOB MOJIEPHU3AINN W ONTHMAJIEH
¢ TOYKHU 3peHus HamboJjee TOJHON peasu3aruy pe-
3epBoB yctaHoBkn COKOJI-II pns mosyuenus tpe-
OyeMbIX TTapaMeTpOB.

THE MODERNIZATION OF THE
SOKOL-P LASER FACILITY FOR THE
X10 MAGNIFICATION OF POWER
DENSITY ON TARGET SURFACES

E. A. LoBopa, D. S. GavriLov, A. G. KAKSHIN,
V. N. SanzuiN, A. A. UGODENKO

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

We report on the project of modernization of
the 10 TW SOKOL-P phosphate Nd: glass laser
facility. The purpose of modernization is the power
density enhancement on the target surface up to
I > (2+3)-10" W /cm? in experiments with qualita-
tive parameters of laser pulse improvement. The
laser power is to be increased to =30 TW with
pulse duration shortening to 0,7 + 0,8 ps and
decreasing of the focal spot diameter to 5 + 6 mkm.
The intensity contrast ratio of the laser pulse will
be more than 10'". The main element of the proj-

ect is the vacuum compressor combined with the
target chamber.

This project is the result of analysis of several
variants of modernization and is optimal for realiza-
tion of the SOKOL-P reserves in order to achieve
the demanded parameters.

PEHTTEHOBCKUI KAJIUBPOBOYHBIN
KOMILJIEKC PKK-1-100.
PE3YJIbTATBI IEPBBIX

SKCIIEPUMEHTOB

O. H. T'unes, /1. A. BuxJises,
M. B. Eaucees, B. 1. Ocraues, A. B. IToTanos,
B. A. Ilponun, H. A. IIxaiiko, JI. H. IIIAMPAEB

Poccwuiickuit degepabHbIil SAEPHBINA TIEHTP —
BHUMU texunveckoii ¢pusnxu
nM. akajg. E. 1. 3a6abaxuna, Cuexunck, Poccusa

B POAI-BHUUTD pazpaboran u BBejeH

B 9KCILIyaTaINi0 aBTOMATU3UPOBAHHBIN PEHTTCHOBC-

Kuil Kamn6poBounbIit Komrieke PKK-1-100.
Kowmrieke pazpaGotan ¢ 1eJabio peajnsaluu cJe-

JLyIoIIieii MporpaMMbl NCCJIeI0BaHMII:

1. Kammu6poBKa peHTTeHOBCKUX JETEKTOPOB M PEH-
TTeHOOTITUYECKUX DJEMEHTOB, TTPUMEHSIEMbBIX
B METOJMKAX JUArHOCTUKU ILJIa3Mbl, B IUPOKOM
CHEKTPAJTBHOM JUATTA30HE;

2. KosmyecTBeHHast aTTeCTaIus MepPOX0OBATOCTU TLJIOC-
KX ¥ BOTHYTBIX MTOBEPXHOCTEH CO CcpeHEKBaIpa-
TruyHOU BhicoTOl 10 0,1 HM;

3. V3mepenne 3epKaJbHO OTPA’KEHHOW KOMITOHEHTDI
IpH yIJIax Tajienus myyka Ha obpaserr ot 0° o 86°.

4. VsydeHune CBEpXUYUCTBIX MOBEPXHOCTell Marepua-
JIOB, He TOJIBEPTIINXCI BO3/elcTBUI0 atMocdep-
HOTO BO3/yXa.

OcHOBHbIE XapaKTEPUCTUKN KOMILIEKCA:

— aauHa BOJHBI n3aydenus: A = 1 + 100 um;

— cHekTpajbHoe paspemienue: A,/0A = 1000;

— IUPUHA BBIXO/HOTO 30HUPYIONIETO TyYKa B TIO-
nepeyHoM HanpasieHun: 40 — 50 MKM;

— MHUHUMAJbHAS PACXOAMMOCTD 30HAMPYIOIIETO Myy-
ka: < 1 mpaj;

— yroJ moBoporta jerexropa: 270°;

— TOYHOCTb ONpe/leJICHUS YTJIOBOTO TIOJOKEHUS Jie-
tekTopa: 2.1";

— YroJ moBopoTa uccijenyemoro o6pasma: 90°;

— TOYHOCTb ONpPE/EJCHUS YIJOBOTO TTOJOKEHUS HC-
caenyemoro o6pasia: 1.6";

— IIar JIMHEWHBIX TepeMelnieHnit o6pasia: 5 MKM.
ITpoBeienbl IepBbIe IKCTIEPUMEHTHI TI0 KOJINYECT-

BEHHO aTTecTaluu MepoXxoBaTOCTU IJIOCKUX KBap-

IEeBbIX MOJIO0KEK W 1o0KeKk ¢ UNi HambLIeHneM.
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3HaueHNST CPETHEKBA/[PATHYHOI MIEPOXOBATOCTH, W3-
MepeHHble PeHTreHOBCKUMHU MeTogamMmn Ha PKK-
1-100, xopomro corJyacyoTcs co 3HAYEHUSIMU, W3-

MepeHHbIME onTudeckumn mertomamu (DUAH).
PentrenoonTiueckne KOHCTAHTBI TOHKAX YPaHOBBIX
CJIOEB TIOJTy4YeHbI BliepBbie B Poccum m MOTyT OBITH

NCITIOJTB30BaHbI IJIA KOPPEKTUPOBAHUA T'd6JII/II_I n pac-
YEeTOB MHOTOCJIOMHBIX PEHTT€HOBCKHX 3€pKaJ Ha OC-

HOBE COeIMHEHUN ypaHa.

X-RAY CALIBRATION UNIT RKK-1-100.
FIRST EXPERIMENTS RESULTS

O. N. GILEv, D. A. ViHLYAEV, M. V. ELISEEY,
V. I. OstasHev, A. V. Porarov, V. A. PRONIN,
N. A. Pruaiko, L. N. SHAMRAEV

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

Automated x-ray calibration unit RKK-1-100 was
developed and set in operation In RENC — VNIITF.
The unit was developed to realize the agenda:

1. Calibration of x-ray detectors and x-ray optics
which is used in plasma diagnostic techniques in
wide spectral range;

2. Roughness quantitative examination of plane
and concave surfaces with mean-square height
up to 0.1 nm;

3. Specularly reflected component measurement
under incidence angle on sample of 0° to 86°;

4. Study of samples with ultra-pure surface which

weren’t exposed to atmospheric air.
The main unit characteristics:

— range of radiation wavelength A = 1+100 nm;
— spectral resolution A/8A = 1000;
— output probe beam width in cross direction

40 = 50 um;

— probe beam minimal divergence < 1 mrad;
— detector turn angle 270°;

— detector angular position accuracy 2.1";

— sample rotation angle 90°;

— sample angular position accuracy 1.6";

— linear step of sample movement 5 pum.

There were conducted the first experiments
on quantitative examination of plane quartz sub-
strates and quartz substrates with deposited UNi
layer. The mean-square roughness value provided
by x-ray dispersion technique using RKK-1-100 is
in good agreement with the values measured by op-
tical methods in Lebedev Physical Institute. X-ray
constants of thin uranium layers were obtained for
the first time in Russia and can be used for tables
correction and calculation of multilayer x-ray mir-
rors based on uranium compounds.

OIITUMHU3AINUA PEHTTEHOBCKOI'O
JIASEPA HA 3P-3S IIEPEXO/IE
NE-IIOJOBHOTI'O TUTAHA

A. B. Auppeugm, /1. A. Buxages, [I. C. T'aBruos,
C. A. Toroxos, /I. A. ImutpoB, A. JI. 3A1bICOB,
A. T. Kakmun, . A. Kanyctun, E. A. Jlosoja,
B. A. JIsikos, B. 10. Iloautos, A. B. IloTanos,

B. A. IIronun, I'. H. PrikoBanos, B. H. CyxaAHOB,

A. A. Yroaeako, O. B. UewoHOB

Poccniickuit denepasbHblil SAepHbIil TIEHTP —
BHUMU texnmueckoii pusmkm
uM. akaja. E. 1. 3ababaxuna, Cuexunck, Poccus

[Ipeapigynue sKCMEePUMEHTBI HA YCTAaHOBKE
COKOVJI-II mpomemoHCTpUPOBAIN TeHEPAIHIO JTa3ep-
HOTO peHTreHoBcKoro usaydenust (JIPW) ¢ mamuHoit
BoJiHbl A = 326 E na Ne-noo6ubix nonax Ti ripu moc-
JIeZIOBATEIHbHOM OOJYYeHWH MUIIEHEH ByMS Jia3ep-
HBIMU UMITYJTbCAMU HAHOCEKYH/IHOW W MMKOCEKYH/THOM
JUTATETBHOCTH, C(OOKYCHPOBAHHBIME B Y3KYTO JIMHUTO.
B atux axcmepuMenTax addexTuBHbBIN KoahhuIm-
€HT YCUJIEHUS TI0 MAJIOMYy CUTHAJy COCTABUJ BEJMUH-
Hy ~ 30 cm !, Kak mokasbiBaeT pacuyeTHO-TEOPETH-
YeCKUil aHaJn3, OTPaHNYeHWEe BBIXOHOW dHEPTHUH
PEHTTEHOBCKOTO Jlazepa MpH JAJTMHAX MUIIEHU, 6OJIb-
mux 5 MM 00ycJioBJIeHO 3¢ deKTaMu HACBITIEHUS
W 3amas/bIBaHus u3Jjaydenus. B mannoit pabore MbI
MpeICTaBASEM Pe3yJIbTaThl 9KCTIEPUMEHTOB, B KO-
TOPBIX M3yYaJOCh BJIUSHUE YCJTOBHI (POKYCHPOBKH
¥ 9HEPTUM HAKAYMBAIOMIETO Ja3epa Ha BBIXO[ Ja3ep-
HOTO PEHTTEHOBCKOTO M3JIyYEHUS.

WccaenoBana 3aBucumoctsb Bbixoga JIPU ot mo-
JIOKEHUST MUIIEHW OTHOCHTENBHO TIJIOCKOCTH (DOKY-
CUPOBKN HAKAYMBAIOIIETO JTA3€PHOTO My4yKa. JTa 3a-
BUCHMOCTD MIMEET XOPOTIO BBIPAKEHHBI MAKCUMYM
MPU TOJIOKEHUW  MUIIEHW HAa PACCTOSTHUU TIOPSI/IKA
300 MKM 3a MIOCKOCTBIO (poKycHpoBKHU. B aTOM TIO-
JIOXKEHWHN MUpUHA (DOKAJBHON JTUHUYM COCTABJSET
npuMepHo 120 MKM, a MJIOTHOCTb TIOTOKA SHEPTHUH
gazepa nakaukn — 0,5-10'2 Bt /cM? B ipeapiMinyibce
n ipumepro (1+2)-10' Bt /cM? B OCHOBHOM MMITY.JTh-
ce JUINTENbHOCTDIO 4 TIC.

PeanmmsoBan pexnM 6erymieil BOJTHBI HAKAUKN
¢ TIpPUMEHEHNEM CTyTIeHYaToro 3epkasia. [Ipn makcu-
MaJIbHOM stiHe Mutern (8 MM) TTo/IydeHo TpUMepHO
MITUKpaTHOe yBesmdyenne Bbixoaa JIPU mo cpasre-
HUIO ¢ 00JTy9eHNeM MUIIEeHN Ge3 CTyTeHYaToro 3epKa-
Ja. B aToM peskmMe m3aMepeHa 3aBHCHMOCTD BBIXO/A
JIPU ot mosiHOM sHeprum Ja3epa. 3HadeHene MoJTHON
SHEPTHUH JA3ePHOTO M3JIYYeHUsS M3MEHSJI0Ch OT 5,9
mo 11,5 Ixx. CooTHOIIEHNE SHEPTUH B TIPEBIMITY JTb-
ce U B OCHOBHOM WMIMYJIbCE COXPAHSIOCH MOCTOSH-
wpM 1:2,4. Tlokazano, 4To MaHHAST 3aBUCUMOCTD MMe-
€T HKCIIOHEHITMATHHBIN BU/.
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OPTIMIZATION OF THE X-RAY
LASER ON THE 3P-3S
TRANSITION OF NE-LIKE
TITANIUM ION

A. V. ANDRIYASH, D. A. VIKHLYAEV, D. S. GAVRILOV,
S. A. GorokHov, D. A. DMITROV, A. L. ZAPYSOV,
A. G. KaksHiN, 1. A. KarusTiN, E. A. LoBoDa,
V. A. Lyxov, V. Yu. PoLitov, A. V. Porarov,
V. A. ProniN, G. N. Rykovanov, V. N. SUKHANOV,
A. A. Ucobenko, O. V. CHEFONOV

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

Previous experiments performed on the facil-
ity SOKOL-P have demonstrated generation of
the laser X-radiation (LXR) with the wavelength
A= 326 E on Ne-like Ti ions at sequential irradia-
tion of the targets by two laser pulses of nanosec-
ond and picosecond duration, focused into a nar-
row line. In these experiments, the effective small
signal gain equaled ~ 30 cm™. As the design-theo-
retical analysis shows the limitation of output en-
ergy of the X-ray laser at targets of lengths more
than 5 mm is determined by effects of saturation
and retardations of radiation. This paper presents
results of experiments, where the effect of focusing
conditions and pumping laser energy on the laser
X-radiation yield was studied.

The dependence of the LXR yield on target po-
sition relative to the focusing plane of the pump-
ing laser beam was studied. This dependence has
a well-defined maximum when the target is posi-
tioned at a distance of about 300 pm behind the
focusing plane. In this position, the width of the
focal line is about 120 pum, and the energy flux
density of the pumping laser is 0.5-10'> W /cm?
in the prepulse of ~ 400 ps duration and about
(1+2)-10" W /cm? in the main pulse of 4 ps dura-
tion. The main pulse delay is ~ 1.5 ns.

The traveling pumping wave mode was real-
ized using the step mirror. At the maximum target
length (8mm) the LXR yield is as great as 5-fold,
if compared to target irradiation without the step
mirror. The value of the total laser radiation en-
ergy varied from 5.9 to 11.5 J. The energy ratio
in the prepulse and the main pulse was kept con-
stant 1:2.4. In this mode, the dependence of LXR
yield on the total laser energy was measured. This
dependence is demonstrated to have an exponen-
tial form.

IKCIIEPUMEHTAJIBHOE
NCCIEAOBAHHUE CTABUJIBHOCTHU
1 OTPAKATEJIbHBIX CBOIMCTB
TOHKHUX IIVIEHOK HA OCHOBE
OBEJAHEHHOTIO YPAHA AJIA
AJINMHbI BOJIHBI 4,5 HM

B. A. IIponun, /. A. Buxnges, O. H. T'unes,
A. JI. 3anbicoB, A. B. Jlunux, B. . OCTALIEB,
A. B. Iloranos, M. JI. CeaTtoB

Poccuiickuit denepanbublil SAepHbIN TIEHTD —
BHUU Texnmveckoii pusamku
uM. akaja. E. 1. 3ababaxuna, Cuexunck, Poccus

CormacHo pacyetaMm OGeTHEHHDBIH YpaH SBJSETCS
OJTHUM W3 TIEPCIIEKTUBHBIX MATEPUAJOB JIJISI UCIIOJTh-
30BaHUSA B KAYeCTBE 3ePKATHHOTO TIOKPBITHS B 00Jac-
TH MSTKOTO PEHTTEHOBCKOTO M3JydeHus. Beieacrsue
TOTO, YTO TMPUPOIHBIN YPaH SBJSETCS XUMIUUECKIM
aKTUBHBIM U OBICTPO OKHUCJsAeTCS B atMocdepe, uc-
MOJTb30BAHNE €70 B YHCTOM BHUJIE HE TPE/ICTABJSETCS
BO3MOKHBIM.

[lepio Hatreir paGoTHI SBJSIACH Pa3paboOTKa TeX-
HOJIOTUH TIOJIYYEHUSI BBICOKOOTPASKAIONINX TOHKUX
MJIEHOK HAa OCHOBE OGEHEHHOTO ypaHa U MCCJeI0Ba-
HUE WX CTAaGMJIBLHOCTH U OTPAKAIONINX CBOUCTB.

OCHOBHbBIE Pe3yJIbTaThl U IOCTUKEHWS:

— 0TpabOTaHBI MPOTIECCHI U3TOTOBJIEHUS TIJICHOK U3
0GeTHEHHOTO ypaHa ¢ 3alUTHBIMU CJOSMU yTJIe-
pojia ¥ TIJIEHOK Ha OCHOBE ypaH-HUKEJb MyTeM
MarHETPOHHOTO PACHbLIEHUS B PEKUME HOHHOTO
OCAK/IEHUS;

— u3MepeHbl K0 OUIMEHTHI OTPAKEHNS PEHTTCHOB-
CKOTO M3JIy4YeHUSI YPAHOBBIX TJICHOK TOJIIUHON
200 — 2300 A, xos¢pduIIeHTH OTPasKeHNS 3ep-
KaJl Ha OCHOBE TaKWX TIJIEHOK HAXOASTCS B TIpefie-
jgax 90— 10% npu yraax ckosbkenns 1—10° Ha
JITNHE BOJIHBI 4,5 HM;

— TccJenoBaHa cTabUABHOCTD K03 UImeHTa ot-
paxkernns TaeHok tosmunoit 200 A u3 o6egmen-
HOTO ypaHa ¢ 3alMTHBIM cjoeM yriaepoga 100 A
u 200 A u nienox u3 ypana-HUKeJIS TOJIIMHOL
200 A ¢ comepsxarmmem mnkens 9% Bec. n 23% Bec.
Hamayumyio ctabnabHOCTD KO3 DHUIEeHTa OT-
paKEHUS TP IKCITyaTalliil B TeUeHUE TOJa
B atMocdepe BO3ayxa UMEIOT 3epKajia U3 MJICHOK
ypaH-HUKEb C coAepskanneM HUKess 23% Bec.;

— WM3TOTOBJIEHO 3€pKaJi0 Ha KBapIlleBOW MIacTH-
He 60x20x4 MM ¢ KOa(pPUIIMEHTOM OTpaskeHUs
89,2+11,2% npnu yraax ckosabxenus: 1+10° Ha
JUTMHE BOJHBI 4.5 HM, KOTOPOE HCIOJIb3YeTCs
B PEHTTEHOBCKOM KaJTMOPOBOYHOM KOMILJIEKCE
PKK-1-100 gns yBesmdeHnst MHTEHCUBHOCTI PEH-
Tr€HOBCKOTO M3JIy4YeHUS;



128

Cexius 3. SIBIeHUs B MIOTHOM TJ1a3Me ¥ UHTEHCUBHDBIE 3JIEKTPOMATHUTHDBIE TTPOTIECCHI

—  PEKOMEHIYETCST M3TOTaBIMBATh OJHOCJOIHbBIE 3ep-
Kajla Ha OCHOBE YpaH-HUKEJb C COJepKaHueM
HIKeJIs 10 25% Bec. Toammnoii 2300 A, Tak kak
B 9TOM CJIydae MOJyYaroTcsl TIJICHKH ¢ HauMeHbIIel
KoHIleHTpanueil kucropoga (mopsaaka 1% Bec.)
npu koapduimentax orpakerns 10+90%;

— MHOTOCJIOWHDbIE PEHTTEHOBCKUE 3epKajia MOTYT
OBITH M3TOTOBJIEHBI HA OCHOBE TJIEHOK ypaH-HU-
KeJlb ¢ cojepskanueM Hukenas 9+25% Bec., 6o
Ha OCHOBE CJOEB YpaH-yTJAepo/ TOJIIUHON
menee 200 A.

EXPERIMENTAL INVESTIGATION
OF STABILITY AND REFLECTIVITY
OF THIN FILMS OF DEPLETED
URANIUM USING 4.5 NM WAVE-
LENGTH RADIATION

D. A. Vikuryaev, O. N. GIiLEv, A. V. LipIN,
V. I. OstasHev, A. V. Porarov, V. A. PRONIN,
I. L. Svyartov, A. L. Zaprysov

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

According to calculations the depleted uranium
is one of perspective materials for use as a mirror
covering in the region of soft x-rays. Due to the
fact that natural uranium is chemically active and
quickly oxidizes in an atmosphere, the use of pure
uranium is impossible.

The purpose of our work was to develop a
technology of manufacturing of highly reflecting
thin films based on depleted uranium and to inves-
tigate their stability and reflectivity.

The major results and achievements:

— There was developed a routine process of
manufacturing the films of depleted uranium
with carbon-coating layers and the films of
UNi through magnetron sputtering at the ion
precipitation regime.

— There were measured the x-ray reflectivity coeffi-
cients of uranium films with width of 2002300 A,
the reflectivity of mirrors made of such films
are in 90+10% limit at 1+10° grazing angle and
4.5 nm wavelength.

— There was examined the stability of reflectiv-
ity of 200 A width depleted uranium films with
100 A (200 A) carbon-coating layer and of 200 A
films of UNi with 9% and 23% of Ni. The best
reflectivity stability during a year use in the
air was shown by the mirrors of UNi films with
23% of Ni.

— There was manufactured a mirror on 60x20x4 mm
quartz plate with 89.2+11.2% reflectivity at
1+10° grazing angle at 4.5 nm wavelength which
is used within x-ray calibration unit RKK-1-100
to increase x-ray radiation intensity.

— We recommend manufacturing one-layer UNi
mirrors with up to 25% of Ni and with 2300 A
width since the films in this case have the
minimal oxygen concentration (~1%) at 10+90%
reflectivity.

— Multi-layered x-ray mirrors could be made of thin
UNi films with 9+25% of Ni or of uranium-car-
bon layers with the width of less than 200 A.

PACUETHBIE
N OKCIIEPUMEHTAJIBHbBIE
HNCCJIEAOBAHUA
PEHTTEHOBCKUX JA3SEPOB

@. A. Crarukos, B. 1I. AHHEHKOB,
A. B. Beccaras, B. A. Boakos, C. I. TapaHUH,
II. /1. Tacuaprsan, H. B. JKuakos,
C. B. Kanunauos, JI. M. JIABPOB,
. 1. MapruoBenko, C. N. IIETpOB,
A. B. Pajos, H. A. Cycios

Poccniickuil (enepaapHbIil SA€PHDII HEHTP —
BHUMU skcnepuMeHTATbHON (UK.
WNuctuTyT Ma3epHoO-(OU3NIECKUX UCCTENOBAHUM,
Capos, Poccus

[IpoBe/ieHO TpexXMepHOE pacyeTHOE MOIEJTHPO-
BaHue peHtreHoBckoro nazepa (PJI) na nepexoje
3p-3s (A= 19,6 um) Ne-nogo6uoro Ge ¢ KBasmucra-
IIMOHAPHOH HAaKayKoO# B peskuMe YCUJIEHHOTO CIIOH-
trannoro usaydenus (YCH) u npu AByXTIPOXO/-
HOM YCHUJICHUM C MCIOJIb30BAHMEM PEHTTEHOBCKOTO
3epkaJia. Vcnomb3dyercd pacyeTHas MoOJeJb M KOM-
npiotepHas mporpamma TRANS nepexoanoro ¥ CH
B JIa3€PHOII cpejie C y4eTOM peasibHOH| TPeXMepHOCTH
cpefibl, CAy4YallHOTO MCTOYHUKA MOJISIPU3AIMOHHOTO
1ryma, BOJTHOBBIX 3 eKToB, pedpaKiiny, yCUIeHUS
C HaCBIIIIEHNEM, HEPE30HAHCHOTO IOTJIONICHUS, pac-
cessHue Ha (IYKTyaIusx IJIOTHOCTU. B akcrepuMen-
Te akTuBHas cpeja PJI peanmmsyercs B miasme, 00-
pasyioteiics Tpu HOKYCUPOBKE JIA3EPHOTO HU3JIyye-
uus ycranoBku NCKPA-5 B cTpouky mIpuHON OKO-
Jgo 200 MKM Ha MUIIEHU, KOTOPas MPEACTABISCT
c060#l MJIOCKYIO CTEKJISHHYIO MJIACTUHY JIUHOM
0 14 MM ¢ TepMaHMeBBbIM MOKPbITHEM. Pe3ybTaTbl
MOJICJITUPOBAHUS HAXOMSATCS B XOPOIIEM COTJACHH
C JJAaHHBIMM KCIEPUMEHTOB 110 PacIpe/ieIeHUI0 UH-
tercuBHoCTH Y CU B JlasibHEl 30HE U HAOTIOJAEMOMY
koaduinenty ycuaenus. [IpoBegeHbl TpeXMEPHbIE
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pacuetsl YCU B penTreHoBckoM Jazepe Ha Ne-Ti0-
no6HoM Ti ¢ TepexoHBIM CTOTKHOBUTEJIbHBIM BO3-
Oy K/ICHUEM.

SIMULATIONS AND EXPERIMENTAL
INVESTIGATIONS OF X-RAY LASERS

F. A. Starikov, V. I. ANNENKOV, A. V. BESSARAB,
S. G. GarANIN, P. D. GasPARYAN, S. V. KALIPANOV,
L. M. Lavrov, D. I. MARTSOVENKO, S. I. PETROV,
A. V. Ryapov, N. A. SusLov, V. A. VoLKov,
N. V. ZHiDKOV

Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics.
Institute of Laser Physical Research,

Sarov, Russia

The 3D non-steady-state numerical simula-
tions of the x-ray laser at the transition 3p-3s
(A =196 E) of Ne-like Ge are carried out in the
quasi-steady-state regime of the amplified sponta-
neous emission (ASE) and under two-pass amplifi-
cation with using x-ray mirror. We use the numeri-
cal model and computer code TRANS of transient
ASE in laser medium with allowance for actual 3D
medium, random polarization noise source, wave
effects, refraction, gain with saturation, non-reso-
nant absorption, scattering by density fluctuations.
INthe experiment the gain medium is realized in a
plasma formed under focusing the laser radiation
of ISKRA-5 facility in a line of 200 pm width onto
the target, which is the plane glass plate of 14 mm
length with Ge coating. The simulation results are
in close agreement with experimental data on the
far field ASE intensity distribution and observed
amplification coefficient. Calculation show that un-
der half-cavity conditions a considerable rise of the
radiation brightness and beam quality is achieved.
The results of 3D calculations of ASE in a Ne-like
Ti x-ray laser with transient collisional excitation
are presented.

NCCIEAOBAHUE OODEKTUBHOCTU
IHEPTOCBEMA C AKTUBHBIX
IJIEMEHTOB MOIIHbIX
JASEPHbBIX YCTAHOBOK

b. JI. Bacun, b. B. Kpyrios, M. B. Ocunos,
B. H. Ily3nipEB, A. T. Caakdgn, A. H. Ctapojys,
A. A. droux

Dusuuecknii wucruryt um. 1. H. JleGeneBa PAH,
Mocksa, Poccus

[loBprmenne apeKTHBHOCTN cheMa SHEPTUH aK-
THBHBIX 3JIEMEHTOB JIa3epHON yCTAHOBKM, HAIps-
MYI0 CBSI3aHHOI ¢ yBeJMUeHWeM KIIJ Jasepa, SBJIs-
etcst ipobJieMoit, akryasbroii ags JITC. [pemmoxen
crioco6 ycunennst uaiayuennst Nd-nazepa Ha crekde,
coveTaoNmii B cebe pasfeseHne NCXOJHOTO Jasep-
HOTO MMITyJIbCa HA HECKOJbKO WMIIYJIbCOB, KasK/BIH
73 KOTOPBIX YCUJMBAETCS B OJTHOM W TOM K€ aKTHB-
HOM 3JIeMeHTe B MHOTOTIPOXO/IHON cxeme. Takoii cro-
€06 TI03BOJISIET HE TOJBKO MOBBICUTD 3(PEKTHBHOCTD
cheMa dHEPTUH aKTUBHOM Cpebl, HO W Pean30BaTh
KOMITAaKTHYIO CXeMy MHOTOITYYKOBOTO OOJTyUeHUsT MHU-
meHn. llpeaBapuTebHbIE SKCHEPUMEHTHI TIOKA3aJIH,
YTO B CJIyYae NCTOTb30BAHUS IBYXTIPOXOTHON CXEMBI
B OTCYTCTBHM BPEMEHHOTO TEPEKPBITHS YCHINBAEMBIX
UMITyTbCOB 3((PEKTUBHOCTb HEPTOCHEMA BO3pacTasa
B 1,5—2 pas3a.

INVESTIGATION OF THE EFFICIENCY
OF ENERGY OUTPUT FROM
ACTIVE ELEMENTS OF HIGH-
POWER LASER FACILITIES

B. L. VasiN, B. V. KrucLov, M. V. Osipov,
V. N. Puzyrev, A. T. SAHAKYAN, A. N. STARODUB,
A. A. FrRoNYA

P. N. Lebedev Physical Institute of the Russian
Academy of Sciences, Moscow, Russia

An increase in energy output of the laser facil-
ity active elements is a topical laser fusion problem
that is directly concerned with the laser efficiency
enhancement. A method is proposed for the Nd-
glass laser radiation amplification, where an initial
laser pulse is divided into several pulses, each of
which is amplified in the same active element of
a multipass scheme. Such an approach permits one
not only to increase the active medium energy
output efficiency, but to bring about a compact
scheme of a multi-beam target irradiation. The pre-
liminary experiments have shown that the energy
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output efficiency increased by about 1.5—2 times
in the absence of temporal overlapping of amplified
pulses in a twopass scheme.

CUCTEMA CIJIAJKUBAHU4A
YCTAHOBKU «JIYU»

C. T. Taranun, A. 10. Boronun, B. H. JIEPKAY,
A. U. 3aprenknit, C. C. MAPKOB,
K. B. CraroaysiEeB, C. A. CYXAPEB,
A. E. UayHuH

Poccuiickuit gegepabHbIit
aaepublii nentp — BHWMW akcnepumenTtaabHoi pusnku.
WNucruryTt na3epHo-pU3nyecKux UCCIeJOBAHUI,
Capos, Poccus

Ha 6ase ycranoBku «Jlyu» cosman snazepHBIi
CTEH/{ [ UCCJIe/IOBAaHUS YPABHEHUS COCTOSHUS Be-
ntectTB. [lyg nosydeHus oHOPOJHOIO KayecTBa Iyy-
Ka Ha MWIIEHN UCIIO0JIb3YeTCs CIeINaIbHO pa3pabo-
TAHHDIN JIMH30BBIN pacTp, COCTOSIINN U3 3JIEMEHTOB
pasuoro tuna. Mokyca 3JIeMeHTOB BLIOPAHbBI TaK,
YTOOBI KOMIIEHCHPOBATh OCINJIISIINN HHTEHCUBHOCTH,
BbI3BaHHbIe AudpaKIueil 3JayueHns: Ha aneprype
guyeex pactpa. PacTp, cocrogmuii u3 g4eex ¢ crie-
IUAJBHO MOJ0OpaHHbIMU (POKycaMu, obecrieunBaer
MPUPOCT, KAK OJHOPOJHOCTHU Iy4YKa (POKYCHPOBKH,
Tak M cojepskanug B HeM aHepruu Ha 20 —30% ot-
HOCUTEJIbHO PacTpa OJHOKOMIIOHEHTHOH CTPYKTYPBI.
[Tosryuena HEOJHOPOHOCTD MyYKa Ha MUIIEHH <5%,
pasMep oJHOPOAHOM yacTu coctaBua 400200 Mrm?
npu KoHieHTpanuu sueprun 60%. KadectBo mydka
C MHOTOKOMITOHEHTHBIM PacTPOM CTAGHUJIbHO IO TJIy-
OUHE TIPOJIOJILHOTO MosioskeHust MutiieHu 10 1000 MKM.
[IpumeHeHme pacTpa B 9KCIIEPUMEHTAX TI0 OOJTYIEHUTO
TUTOCKUX MHITIEHel TTOKa3as0, 4To obecrieyeHa BpeMeH-
Has OJHOPOJHOCTDH BBIXOZa (POHTA YAAPHOI BOJI-
Hb1 <10 11C.

SMOOTHING SYSTEM
OF «LUCH» FACILITY

S. G. GaraNIN, A. Yu. VoroNIN, V. N. DERKACH,
A. I. Zaretskil, S. S. Markov, K. V. STARODUBTSEY,
S. A. SURHAREV, A. E. CHAUNIN

Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics.
Institute of Laser Physical Research,

Sarov, Russia

Stand is created on laser facility «Luchs for
the research in equation of state of materials. For
illumination uniformity on laser targets the spe-

cially developed lens raster is used, which includes
different types elements. Focuses are chosen to
compensate the intensity oscillations induced by
diffraction on the apertures of the cells. Raster,
including the elements with fitted focuses, demon-
strates growth as of the quality of a focused beam,
so as of the energy concentration up to 20—30%
besides the one-type component raster. Nonuni-
formity is achieved <5%, the homogeneous part of
the beam raise to 400x200 pm? at energy concentra-
tion 60%. The quality of the beam with multi-types
component raster applying is stable in longitudinal
direction till 1000 um. Its applying in plane target
irradiation experiments shows that temporal non-
uniformity of the shock wave is ensured <10 ps.

NCTOYHUK PEHTTEHOBCKOTI'O
N3JYYEHU /1A OBJTYYEHHNA
OBBEKTOB BOJIbIIOU IIJIOITAAN

B. K. IIetun, C. B. lagaxrtyH,
B. 1. Opemikun, H. A. Pataxun

WuctutyTt cuabnotounoit anektponnkn CO PAH,
Tomck, Poccus,

B pa6ote ormucamnbl pe3yabTaTbl 9KCIIEPUMEHTOB
C TPEXKOJbIEBBIM OGOJIbIIENJIOMIAJHBIM [HOOM,
[IPOBO/IUBIIIECS HAa UMIIyJIbCHOM reneparope MUT
(CD CO PAH, r. Tomck). Teneparop MUT mnos-
BOJISIET TI0JIy4aTh B Gerylieil BoJiHe 9JIeKTPUYECKUe
HUMITYJIbCbI MOIIHOCTBIO OKOJIO JIBYX TeppaBaT IpH
JUIITEJbHOCTH UMITyJibca Ha rosyBbicote 50— 60 He
(1,2—1,4 TBt, 80 —90 HC B HAMIKMX SKCIEPUMEHTAX).
B pexxume pa6orbi umiyabcHoro reseparopa MUT,
OIMCAHHOM B JIAHHOM CTaTbe, aMILJINTY/a TOKA 4epe3
Harpysky cocrapisia 2 MA (TOK pelsTUBHCTCKO-
IO HJIEKTPOHHOTO TIy4YKa) HPU HANMPSKEHUH Ha JNO-
ne ~500 kB. Harpy3skoii sBJisi/icst 60JIbIIEIIoNa/IHO
BAKYYMHBI /IMOJ] C TPeMs KOJbIEBBIMU KaTOIAMMU.
B manHom pekuMe, 3a CYeT COTJIACOBAHUS BBIXO/I-
Horo comnpoTtuJyenud reaeparopa MUT ¢ compo-
TUBJIEHUEM HATPY3KHU, B 9HEPTUIO PEJATUBUCTCKOTO
3JIEKTPOHHOTO TIy4YKa Y/IaJI0Ch mepeaarsb g0 20 % ot
SHEPruH, 3allaceHHON B KOHJAEHCATOPHOI GaTapen.
B pesysibraTe, mpu TOPMOKEHUN My4YKa HA KOH/IEHCH-
POBaHHOM (POJIBrOBOI MUIIIEHH, [TOJIyYeHbI CJIe/LyTONIe
rnmapaMeTpbl NICTOYHUKA U3JYy4YeHUS: CPeJHAS dHep-
rusg kBautoB ~70 k3B; miaomaas o6aydenus 500 cm?;
[IpU JIJIUTEJBHOCTH UMITYJIbCA M3JIyYeHUus Ha TOJY-
BbicoTe 65 HC; (DIIIOEHC SHEPTUN B IIOJHOM CHEKTpe —
2 JIxx /cM%; 0JIST CBEPXSKECTKOTO PEHTTEHOBCKOTO M3-
ayuenus (auanason 10—100 ksB) Bo (uoence co-
craBuia ~50%.
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Pa6ora moanep:kana rpantamu PODU #06-08-
72001, #07-02-00186 n mporpammMoil pyHIAMEHTATD-
HbIX uccaenoaanit [Ipesnamyma PAH.

YCKOPUTEJIb UT'YP-3 B PE;JKUME
TEHEPUPOBAHUA UMITYJIbCOB
IJEKTPOHHOTIO ITYYKA

A. 1. Kopmunnisig, B. C. JIugHKOB,
B. 1. MapthinoB, B. b. bratunkosn, A. C. TAHEEB,
B. I0. Kononenko, A. 1. BEAEPHUKOB,
H. 10. KacbgHOB

Poccuiickuit degepasbHblil SJepHbBIH TEHTP —
BHUWMU rexuunueckoii pusnku
uM. akajg. E. . 3a6abaxuna, Caexunck, Poccus

Ha BbICOKOBOJIBTHOM HMMIYJTbCHOM YCKOpHUTEJIE
3JIeKTPOHOB TipsiMoro jnelictBus UT'YP-3 mposeje-
HBI MICCJIEIOBAHUS M OTPAbOTKA PEKMMOB reHepu-
POBaHUS BBIBEIEHHOTO B aTMOC(EPY 3JIEKTPOHHOTO
nyuka. Ocob6eHHocTH (DOPMUPOBAHUS UMIYJIbCOB
HANPSDKEHUST M TOKA B YCKOPUTEJIbHOI TpyOKe 1M03-
BOJIAIOT (POPMUPOBATH UMITYJIbCHI TOKA MYYKA B JHa-
nasone junrespbrocrein 30 + 400 HC ¢ MaKCUMaJIbHONI
IJIOTHOCTBIO dHEPTUH 1o ocu nydka g0 400 [k /cm2.
DJIEKTPOHHDIN TIyYOK, TeHEPUPYEMBIIT HA YCKOPHUTEE
UTYP-3, umeer cuemyrolue mapaMeTpbl:

Tok mmyuka /10 30 KA;

MIOJIHAST DHEPTUST TYUKa o 15 x/Ix;
MaKCHUMAJIbHASI SHEPTHS 9JIEKTPOHOB

B IIyuKe 5,5 MbsB;
Cpe/HsIsl 9HEPTUS IJTEKTPOHOB ~2,5 MaB.

[Tpu opMupoBaHuy 3JIEKTPOHHOTO ITyYKa B aTMOC-
depy ¢ MaKCHMMaJTbHOI TIOTHOCTBIO aHeprun ~50 [k / cvm?
HEPaBHOMEPHOCTD PACIIPEIEJeHUs TIJIOTHOCTA SHEPTUH
[0 CEYEHMIO MyYKa Ha PacCTOsTHUK 15 €M OT aHoja Ha
mnomam S = 12 cm® (OKpy>KHOCTh HaMETPOM 4 CM )
C IEHTPOM TI0 OCH TrydKa cocrasJisier £20%. Yryurire-
HUEe HEPAaBHOMEDPHOCTHU paciipe/ieIeHus] TJIOTHOCTH
SHEPrUU MOXKET ObITh IMOJyYeHO IIPU BBIBOJE IMyY-
Ka B ApeiidoByI0O KaMepy ¢ JaBJeHHeM BO3/yXa
P =107'+10 mMM. pr. cT.

Xopomas socipoussogaumoctb (+20 %) mapamer-
POB UMIIyJibca HAOJIO/IAeTCs B /IUANa30He JIJTUTEb-
nocreit 50— 200 Hc.

IGUR-3 — ELECTRON BEAM
PULSE GENERATOR

A. 1. KorMmiLITSYN, V. S. Divankov,
V. I. MarTtYNOV, V. B. BRATCHIKOV,
A. S. GanEEv, V. Yu. KONONENKO,
A. 1. VEpERNIKOV, N. YUu. Kasyanov

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

The IGUR-3 accelerator has been used to per-
form a series of experiments to investigate the dy-
namics of electron beam extracted into air. Several
new modes of IGUR-3 operation have been devel-
oped. IGUR-3 belongs to the class of direct drive
accelerators. The peculiarity of diode allows to
form current pulse with duration of 30 —400 ns
and maximum of outed energy density at the beam
axis up to 400 J/cm?. The electron beam parame-
ters are:

beam current up to 30 kA;
beam total energy up to 15 kJ;
maximum electron energy

is approximately of 5,5 MeV;
average electron energy of 2,5 MeV.

Extracted into air electron beam with maximum
energy of 50 J/cm? has an inequality in an ener-
gy density distribution on the beam cross-section
of 20 percents. This normal cross-section is loca-
ted 15 ¢cm from anode plane and has an area
of 12 ¢cm? (coaxial with the beam circle with dia-
meter of 4 cm). The improvement of energy distri-
bution uniformity could be obtained using beam
propagation in a drift chamber with gas pressure
which is equal to 0,1 —10 mm of hg.cl.

The good pulse parameters reproducibility (+20%)
observed in the range of pulse duration from 50
to 200 ns.

PACYETHI CHEKTPAJIBHOM
HEIIPO3PAYHOCTU
KBA3UPABHOBECHOW
IIJIA3MBI AJTIOMUHUS

II. A. JIosona, B. B. Ilonosa, C. B. Kosbuyruu

Poccwuiickuit degepaabHbIil SA€PHBINA TIEHTP —
BHUWU rtexuuueckoii pusnkm
nM. akaja. E. WM. 3a6abaxuna, Caexunck, Poccusa

C momo1tbio pa3zpabOTAaHHOTO BapHaHTa METO-
qu-ku SPECTR-DTA nna pacuera crekTpaibHOM
HEIPO3PAvHOCTU B PABHOBECHOII I11a3Me Ha OCHOBE
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JIETATTHHOTO OMUCAHUS CIIEKTPOB JUHeHyaToro u ¢o-
TonoHM3aonHoro norjomenus (8 DTA-mpu6mmke-
HuK) U cynepkordurypannontoi Mmogean SPECTR-
STA mpoBezieHbI pacueTh CIEKTPAIbHBIX KO3 uImeH-
TOB TIOTJIOIIEHNST KBa3NPABHOBECHON T1J1a3Mbl AJTFOMHU-
HUSI B MHTEpBaJie sHepruii KBautoB € =1,5 + 1,64 k2B
(o6mactp mnwmit K-mormomenns Al) B 06act II0THOC-
teii p = 0,02 + 0,2 r /cv® u remnieparyp T = 10 + 80 2B.
[TpencTaB/ieHb! pe3yabTaThl CPABHEHNST PACUETHBIX
K03(hPUIMEeHTOB MPONYCKAHUS PEHTTEHOBCKOTO
N3JIyYeHUs] C JAHHBIMU CIEIMATN3NPOBAHHBIX JKC-
MEPUMEHTOB € MPOCBETKON TOHKUX cjoeB Al kBasu-
HeTIPEPBLIBHBIM PEHTTEHOBCKUM M3JTyUYeHNEM TOUETHBIX
MCTOYHUKOB, MPOBEJIEHHBIX HA MONIHBIX JIa3ePHBIX
YCTaHOBKAX.

MEXAHNU3MbI PASPYIIEHU A
IMPOBOAHNKOB U TEHEPAIIUU
HAHOPA3MEPHbBIX
METAJNJIMYECKUX YACTHUI]
IPU SJEKTPUYECKOM B3PbIBE

H. b. Boakos"?, A. E. MAHNEP?,
B. C. Cepoir®, E. JI. DEHBKO',
H. A. dBoproBckuit?, A. II. SnoBEI" 2

"Mucruryt snekrpodpusukn YpO PAH,
ExkarepunOypr, Poccust

IO HO-Y pabCKUil TOCYIaPCTBEHHBIN YHUBEPCHUTET,
Yemnabunck, Poccus

SUncTUTYT cHaibHOTOYHON astekTponnkun CO PAH,
Tomck, Poccus

“ToMCcKUIl MTOJUTEXHIUYECKUIT YHUBEPCUTET,
Tomck, Poccusa

IJIEKTPUYECKUIl B3PbIB IIPOBOJHUKOB B Pa3JIMy-
HBIX BHEITHUX CPe/Iax SBJISETCS OJHUM U3 HamboJsee
[IEPCIEKTUBHBIX METO/0B I10JIydYeHHe HaHOpa3Mep-
HbIX vacTuil (MeTaJIn4ecKux, OKCHIOB, HUTPUIOB
W T. . B 3aBUCHMOCTH OT THUIA cpeibi). B cuay
6ouibiioro uncsaa usmdaeckux ¢GaxTopos, ornpese-
JSTOIUX 9JIEKTPUYECKHUH B3PBIB TPOBOAHUKOB (CKO-
POCTb BBOJIa 9HEPrUM, MUKPOCTPYKTYpa, HeyCTOHun-
BOCTH, (ha30BbIE TIEPEXO/IBI «TBEPOE TEJO-’KUIKOCTb>
M <KUIKOCTb-Ta3» ¥ T. [I.), MEXaHU3MbI PA3PyLUICHYsT
MPOBOJHNKA JIEKTPHYECKUM TOKOM, a Takxke op-
MUPOBaHUS HAHOPa3MEPHbBIX YaCTHIL HE JI0 KOHIIA 110-
HSITBI, HECMOTPS HA JIOCTATOYHO GOJIBIIOE KOJIUYECT-
BO 9KCIIEPIIMEHTAJIBHBIX U TEOPETUIECKUX PaboT 1O
JaHHOIl mpo6sieme. [Ipw aToM TpakTHYeCKW BO Bcex
UCCJICIOBAHUSAX 3JIEKTPUUYECKOIO B3PbIBA IIPOBO/IHU-
Ka He paccMaTpUBaeTcs BJMSAHUE HUCXOJHOH MUKPO-
CTPYKTYPBI IPOBOJIHMKA HA €r0 pa3pylleHUe U reHe-
palIo HAHOYACTHII.

[lenpio mpeamaraeMoii paboOTHI IBJSETCS TEOPETH-
YecKkoe MCCaeIoBaHNe W MaTeMaTHIecKoe MOJeINpo-
BaHNeE 3JIEKTPUYECKOTO B3pBbIBA MPOBOJIHNKA 1 06pa-
30BaHMS METAJJIMYECKUX HAHOYACTUI[ B pPE3yJbTaTe
KOH/ICHCAIINH TIPU PasJieTe MPOJYKTOB B3PbIBA B OK-
pyxaromyio cpeay (MHEPTHBIN ras nim B He pearu-
PYIOILYIO ¢ MTPOYKTaMI B3PbIBA JKUIKOCTD), a TAKKe
B pe3yJibTaTe HEelOCPE/CTBEHHOTO JAUCTIEPTUPOBAHUS
TIPOBO/THIKA C TOKOM €Ille Ha CTaJNN Harpesa.

Konpencamnus mpoayKTOB B3pbIBa paccMaTpH-
BaeTCs B paMKaX THIPOIMTHAMUKHI T€TEPOTEHHDBIX CPeJl
(TTC) ¢ y4eroM Koary/isiuu pacTyHIuX YacTHI[ TIPH
CTOJIKHOBEHUAX B 30HE peakiun (MHTeHCHBHOTO mepe-
METTIBAaHNS MPOAYKTOB B3pPhIBa C OKPY:KaloMIeil cpe-
noit). Cucrema ypasuennii ITC Bkitodaer B ce6st
TUIPOJIMTHAMIYECKUE YPABHEHUS [T AUCTIEPCUOHHOMN
(daspim ams qucnepcHoii paspl (ypaBHeHUS 11 KOH-
MEHTPAIMN YaCTHIL, MAaCCOBOH MIJIOTHOCTH, JBVKEHUS
W 9HEPTHN). YUTEHBI TPOIECCHI 3aPOKIACHUS KaTeb,
UCTIAPEHNS W KOHJICHCAIINW, CHUJIBI TPEHUS TUCTIEPCHU-
OHHOI W IUCTIepCHOIT pa3, paboTa STUX CHUJI, a TaKXKe
TETI000MEH MeKy hazamu.

leneparust HAHOYACTHIL TIPU AJIEKTPUIECKOM B3PbI-
Be OJTHOPOJIHOTO IO CEYEHWIO W JIJIMHE TIPOBOJIHUKA
C TOKOM pPacCMaTPHUBAETCS C YYE€TOM KOHBEKTHBHBIX
MarautorngpoguaamMmuuecknx (MTI'/) weycroitunsoc-
teil. [lokazano, uto KouBekTnBHBIE MI'/] HeycToOiTun-
BOCTU OTBETCTBEHHBI, 110 KpaiiHell Mepe, 3a pasOueHne
OJTHOPOJHOTO KIIKOMETAJJINIeCKOTO MPOBOJHIKA
C TOKOM Ha YaCTHUIILI Pa3MepPOM TOPSIKA JUAMET-
pa nposogauuka (crparsr). Ilpn moctatouno 6oJib-
1To# BBEJCHHON dHEPTUU JaHHBIE YACTUIIBI MOTYT,
B CBOIO OUepe/Ib, JAEINTCS, IPIUYEM TTpotiece APOOJIeHNS
o61aaeT mogobueM.

MdopmMupoBaHe HAHOYACTUIL TPH AJEKTPUUECKOM
B3pbIBE KBa3MOAHOPOAHOTO (CTPYKTYypPUPOBAHHO-
ro) 110 CEYEHWIO U JIINHE MTPOBOJHUKA C TOKOM pac-
CMATPUBAETCS B paMKaX MEXaHWKHW HAHO- U MUKPO-
CTPYKTYPHBIX cpefl. [losrydeHbl yesoBuS pa3pyicHUs
MOJNKPUCTANINIECCKOTO TTPOBOJHNKA C TOKOM IO
rpanumam 3epeH. [Ipeanoxkena Momenb paspyuieHns
MOJTMKPUCTATINIECKOTO TTPOBOTHUKA C YIETOM €T0
MUKDPOCTPYKTYPBI B YCJOBUSIX OTPBIBA 2JEKTPOHHOM
TeMIIepaTypbl OT TeMIepaTypbl pemeTk. PaccMoTpena
a(ppexTHBHOCTD TeHepannnu HAaHOKPUCTATIHIECKUX
yacTul npu JAByxTemuneparypuom (HepaBHOBEC-
HOM) PEKUME 2JIEKTPHIECKOTO B3PbIBA MPOBOJIHIKA.
[IpownsBe/ieHO cpaBHEHUE C HKCIIEPUMEHTOM.

Pa6ota BbITIOJHEHA TTPH YaCTUIHON (PIHAHCOBOIT
no/yiepskke MuHMCTEPCTBA 06pa3oBaHus 1 Hayku P
(rockonrpaxr #02.513.11.3127), UHTAC (mpoexr
#06-1000013-8949), PODU (mpoext #06-08-00355),
PODU~-Ypan (mpoexr #07-08-96032) u Ilpesn-
quy-ma YpO PAH B pamMrax nHTerpamnoHHBIX
MpoeKTOB (PyHAAMEHTATbHBIX HccaegoBanmii CO
u YpO PAH.
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MECHANISMS OF A CONDUCTOR
FRACTURE AND GENERATION
OF NANOSIZED METAL PARTICLES
AT THE ELECTRIC EXPLOSION

N. B. Vorkov" 2, A. E. MAYER?,
V. S. Sepor?, E. L. FEN’kO!,
N. A. Yavorovskirf, A. P. YALOVETS" 2

Institute of Electrophysics, Russian Academy
of Science, Ural Branch, Ekaterinburg, Russia

2South-Ural State University, Chelyabinsk, Russia

SInstitute of High Current Electronics, Russian
Academy of Science, Siberian Branch, Tomsk, Russia

“Tomsk Polytechnic University, Tomsk, Russia

The electric explosion of conductors in various
media is one of the most perspective methods of
nanosized particle (metal, oxide, nitride etc. on en-
vironment type) preparation. Owing to a number of
the physical factors determining the electric explo-
sion of conductors (rate of the energy input, mi-
crostructure, instabilities, phase transitions «solid —
liquid» and <«liquid — gas», etc.), the mechanisms
of a conductor fracture by electric current, and
also nanosized particle formations are not quite
clear, despite of numerous experimental and theo-
retical works on the given problem. Thus practi-
cally in all researches of the electric explosion of
conductor the influence of initial microstructure
conductor on its fracture and nanosized particle
generation is not considered.

The aim of this work is a theoretical research
and simulation of the electric explosion of conduc-
tors and formation of nanosized metal particles as
a result of condensation at expansion of explosion
products in an environment (inert gas or in a liquid
having no reaction with explosion products), and
also as a result of direct dispersion of a current-car-
rying conductor at a heating stage.

Condensation of the explosion products is con-
sidered within the framework of hydrodynamics of
heterogeneous media (HHM) in view of coagula-
tion of growing particles at collisions in a zone of
reaction (intensive hashing of explosion products
with an environment). The system of the HHM
equations includes the hydrodynamic equations for
a dispersive phase and for a disperse phase (the
equation for concentration of particles, mass den-
sity, movement and energy). Processes of drop ori-
gin, evaporations and condensation, friction force
of dispersive and disperse phases, work of these
forces, and also heat exchange between phases are
taken into account.

Generation of nanosized particles at electric ex-
plosion of a homogeneous on section and length

current-carrying conductor is considered with the
account of convective magnetohydrodynamical
(MHD) instabilities. It is shown, that convective
MHD instabilities are responsible, at least, for
splitting homogeneous liquid-metal conductor with
a current on particles in the size about diameter
of the conductor (strata). Under sufficient input
energy the given particles may, in turn, share, and
the process of crushing has a similarity.

Formation of nanoparticles at the electric explo-
sion of a quasi-homogenous (structured) on section
and length current-carrying conductor is considered
within the framework of the mechanics of nano-
and micro-structural media. Damage conditions
of a polycrystalline current-carrying conductor on
borders of grains are obtained. The model of poly-
crystalline conductor fracture is offered in view of
its microstructure in conditions of electronic tem-
perature detachment from a lattice temperature.
Efficiency of generation nanosized crystal particles
is considered at the two-temperature (nonequilib-
rium) mode of the electric explosion of a conduc-
tor. Comparison with experiment was made.

The work was supported by the Ministry of
Education and Science of the Russian Federa-
tion (the state contract No. 02.513.11.3127), the
INTAS (the project No. 06-1000013-8949),
the RFBR (the project No. 06-08-00355), the
RFBR-Ural (the project No. 07-08-96032) and
the Presidium of the Ural Branch of the Russian
Academy of Science within the framework of in-
tegration projects for basic researches with Sibe-
rian and Ural Branches of the Russian Academy
of Science.

OCOBEHHOCTH ®OPMUPOBAHUA
BOJIHbI JABJEHUA IIPU
IJNEKTPUYECKOM B3PBIBE ®OJIbI'1

A. H. I'puroprbeB, A. B. IIABJIEHKO

Poccniickuil denepaapHblil SAepHBII HEHTP —
BHUMU rexumveckoil ¢pusnku
nM. akajg. E. 1. 3a6abaxuna, Caexunck, Poccusa

Y napHble BOJIHBI, MHUIIMUPYEMbIE 3JCKTpUYEC-
KUM B3PbIBOM IPOBOJIHUKOB B Ta30BBIX M, OCOOEH-
HO, B KOH/IEHCHUPOBAHHBIX CpPe/laX, HAXOJMIT IHUPO-
Koe MpUMeHeHe B TEXHUKE W TEXHOJIOTHU Ojarojia-
PS BO3MOKHOCTHU II€JIEHAITPABJIEHHO YIPABJIATh UX
XapaKTePUCTUKAMK B IMMUPOKUX [HATIA30HAX ITTyTEM
uaMeHenus kak nmapamerpoB RLC-konTypa, Tak
U Pa3MepoB U MaTepuaJia B3PbIBAEMOIO TTPOBO/IHUKA.

B nannoit paboTe sKCIEPUMEHTATBHO HCCJIEI0-
BAJIOCh BJINSHUE JEKTPOTEXHUUYECKUX MMapaMeTPOB
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KouTypa (MHAYKTUBHOCTH KOHTYpPa, 3aps/HOE Ha-
npsiKeHne KOHAEHCATOPHOW GaTapen) W TOJIIHHBI
MeIHOH oTbTH Ha MPOMUIH UMITYTbCOB JTABJICHUS
U TIePEHAINPSIKEHNS MPHU HJTEKTPUUYECKOM B3PbIBE
dosbru. Bapbuposanue MHIYKTHBHOCTH KOHTypa L
OCYIIECTBJISTIOCH 32 CYET U3MEHEHUS WHIYKTHUBHOCTU
B3pBIBaeMoil posbru L ;¥ 3a CYCT BKIIOYCHIA B KOH-
TYp [IOTOJHUTEIBHON OaIaCTHON MHYKTHBHOCTH L b
(L=L AL, ). JIIs perucTpanuy MMITyJIbCca JAaBJICHHS
MCTIOJTb30BAJICS TIUJINHAPUIECKII KBaPIIEBbIH TaTUNK
JaByeHus B pexxume auddepentmposanus. las ato-
ro Ha (OJBTY € O/IHOI CTOPOHBI HAKJIEHBAJIACH TLIAC-
tHa (IIO/I0KKA) M3 MOJMMETUIMETAKPUIaTa TOJ-
MIMHON 3 MM, Ha CBOOOJIHYIO TIOBEPXHOCTH KOTOPOI
KPEMuJICcs JATINK JIaBJICHUS.

O6Hapy:xeHbl (hpu3mIecKre TMPeIesIbl IJIsT POCTa aM-
ATy b1 uMITyibca gasaenns (P =1,17 + 1,6 I'Tla),
3aBUCAIINAE OT TOJIIUHBI B3pbiBaeMoll ¢obru. Tax
st 16 MKM (pOJTBTH TIPU YMEHBIIEHUN WHIYKTHBHOC-
TH KOHTypa, HaunHas ¢ ~91 ulH, mpodnap mMIyn-
ca JIaBJICHUS OCTAETCS MOCTOSHHBIM. [l mMITy ihca
nepeHanpssKeHns JJaHHOM 3aKOHOMEPHOCTH OOGHApY-
JKeHO He ObLI0. BBISABJIEHO HamWume CBSA3U MEXKIY
UMITYJIbCAMU JIABJIEHUS U TIEPEHATPSIKEHNUS .

B pa6ote Takske mpepUHATA MOMBITKA OMUCAHUS
XapaKTEePUCTUK B3PbIBA (DOJBTU € MOMOIIBIO KPUTeE-
pueB moao6us.

KOHCTPYKIII U30JIITOPA
YCKOPUTEJBHOU TPYBKU
VYCKOPUTEJIA UTYP-3.5 14
UMIIYJIbCA HATIPSKEHU S
MMOJIOKUTEJBbHOMN MOJAPHOCTU

E. H. Kosockos, A. 1. KOPMUINILBIH,
B. 10. Kononenko, H. 10. KAcbgdHOB,
I'. B. bantann, 1. B. JlviiaAHOB

Poccuiickuit degepabHbIil S€pHBIH TEHTP —
BHUWMU rexuunueckoii pusnku
uM. akajx. E. 1. 3a6abaxuna, Caexunck, Poccusa

B nmoxJazie mpejicTaBieHbI pe3yJIbTaThl PAGOTHI 11O
YBEJMUYEHUIO YCKOPAIOIIEr0 HAIIPSAXKEHUS Ha YCKOPU-
TeqbHON TpyOKe yckopurenas UTYP-3.5 3a cuer no-
BbIIIEHUS 3JEKTPUYECKON IIPOYHOCTU €ee U30JIATOPa.
[IpuBeseHa KOHCTPYKIUS YCKOPUTEJbHON TPYOKH
yckopurens MTYP-3.5 u ee usonsropa /1o u mnocJe
Mosepuusanuu. IlpeacraBiensl npeiBapuTesibHble
pe3yJIbTaTbl 9KCIIEPUMEHTOB € HOBBIM H30JISITOPOM
YCKOpUTeNbHOI TpyOKH. B pesxnme reHepupoBaHUs
UMILYJIbCa TOPMO3HOI'O U3JIy4YeHUS IOJY4eHDI CJIe/Ly-
onue mapamMerpbl yckopuresas UT'YP-3.5: makcu-
MaJIbHasl MPOCBEYNBAIONIAs CIIOCOOGHOCTh HA O/THOM

MeTpe OT UCTOYHUKA W3JYyYeHUS TTPU PETUCTPAIIH
Ha PEHTreHOBCKYTO TIeHKy 120 MM cBUHIIA, YCKOPSIIO-
mee Hanpsikerne ~4,4 MB, aanTteapbHOCTD MMITYJTb-
ca TOPMO3HOTO M3Jy4YeHUs Ha TmoJyBbicoTe ~90 He.

X-RAY TUBES INSULATOR DESIGN
OF THE IGUR-3.5 ACCELERATOR
OPERATION IN POSITIVE POLARITY

E. N. Koroskov, A. I. KORMILITSYN,
V. Yu. KonoNENKO, N. Yu. Kasianov,
G. V. Baypin, I. V. Lupranov

Russian Federal Nuclear Center — Zababakhin
All-Russia Research Institure of Technical Physics,
Snezhinsk, Russia

In the report there are presented the results
of work on increase an accelerating voltage at an
IGUR-3.5 accelerator x-ray tube due to increase
of electric durability of its insulator. The design of
an IGUR-3.5 accelerator x-ray tube and its insula-
tor before and after modernization is resulted. The
preliminary results of experiments with a new insu-
lator of an x-ray tube are presented. There were
received the following parameters of the IGUR-3.5
accelerator an x-ray pulse mode: the maximal x-raying
ability on one meter from an x-ray source with regist-
ration on an x-ray film is 120 mm of the Pb, the accelera-
ting voltage is 4.4 MV, 90-ns FWHM x-ray pulse.

PA3PBIB OBPATHOI'O TOKA
KOHTAKTOPOM
B [IAPAJLJIEJIBHOI KOMBUHAIIUH
Ero C PASPA/THUKOM

O. I'. EroroB

Tpounkuit THCTUTYT MHHOBAIIMOHHBIX
U TEPMOSIIEPHBIX UCCJIEI0OBAHMIA,
Tpouuk, Poccus

B crarbe mpemsiaraercst IPUHIUITHAIBHO HOBBIT
MOAX0/ K pa3pbiBy Goabmux TokoB 100 KA u 6o-
Jee. BakyyMmHbie pa3psi/IHUK M KOHTAKTOP CYIIECT-
BEHHO OTJINYAIOTCSI B CKOPOCTH BOCCTAHOBJICHUS HJIEK-
TPUYECKOH TIPOYHOCTH, B BEJUUYMHE IPO3UHU IJIEKTPO-
JIOB U T. JI. DTO CBSI3aHO C PA3JUYMEM B OpraHu3a-
nuu paspsiga. st BBIpaBHUBAHUS 9TUX BEJUYUH
B PACCMATPUBAEMOM JIOKJIAJIE IPE/IAraeTcsi, mepe
HAYaJIOM JIBVXKEHUS AJEKTPOJOB KOHTAKTOPA, TOK
I, 3aMKHYTb uepe3 pa3psaJHUK, HO IPU 3TOM €ro
BeJMUYMHA TpeBbIaeT Havaabubli Ha Al (AI-TOK,
AI/I; ~5+10-107%). W36biTounbIit A/—TOK IpOTEKACT
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yepe3 KOHTAKTOP, HO B 06paTHOM HaTlpaBJeHNH. B mpo-
Lecce pas3BeiecHus 3J1eKTPOJOoB, Al — TOK B KOHTAKTO-
pe cmajiaer 10 HyJIs, ¢ OCTOSTHHON Bpemenu T = L /R
rae L,R — MHAYKTMBHOCTH KOHTypa (KOHTaKTOp—pas-
PSIIHUK) U CONMPOTHBJIEHHE 3a30Pa PaspsiIHUKA CO-
OTBETCTBEHHO. JTO TO3BOJISIET GBICTPO BOCCTAHOBUTD
9JIEKTPUUECKYIO IIPOYHOCTb 3a30P MEXK/JY KOHTaKTa-
MU, CYLECTBEHHO CHU3UTDb 9PO3UIO JIEKTPOLOB U 3HA-
YUTETHbHO MOHM3UTh HampsDKeHWe o6pbiBa Al-ToKa.
Ha xomeuHOM 3Tame paspsi MpOTHBOTOKOBOI 6arta-
per BocCTaHaB/IMBaeT BaKyyMHYIO IIPOYHOCTD 3a30pa
paspsnHuKa. Taxoii cmoco6 o6pbIBa TOKA TMO3BOJSIET
3((HeKTHBHO Pas3pbIBaTh MOCTOSTHHBIE TOKU € 60JIb-
ITTOH MOITTHOCTBIO. JTO pa3pabaTbIBATIOCh B KOHTEKCTE
TEXHOJIOTUH Ha OCHOBe KOMOMHMPOBAHHOTO Pa3MbIKa-
Tesist Toka (BaKyyMHbIH pa3MbIKaTeb W TJIa3MEHHBIIT
npepbIBaTe b TOKA).

B cratpe paccMOTpeHBI paboTa U 9HEpreTHUeCKue
XapaKTEePUCTUKU IIPe/IIaraeMoi CXeMbl.

COUNTERCURRENT BREAKING BY
VACUUM INTERRUPTER COMBINED
IN PARALLEL WITH VACUUM SWITCH

O. G. EGcorov

Troitsk Institute for Innovation and Fusion Research,
Troitsk, Russia

Quit new approach for high currents equal 100 kA
and more is offered to consideration in this pa-
per. The vacuum interrupter (VI) and the vacuum
switch (VS) differ considerably in velocity of elec-
trical strength recovery, value of electrodes erosion,
etc. It depends on difference in discharge types. To
level these values it is offer in the paper to close
the current 10 through VS before the VI elec-
trodes motion under it it’s this value exceeds ini-
tial current on AI (Al-current, A['/I0 ~ 5+10-1072).
Surplus Al-current flows through VI but in op-
posite direction. In the process of electrodes mov-
ing apart, Al-current in VI falls down to zero,
with time constant A= L /R, where L, R — in-
ductance of circuit (VI=VS) and resistance of VS
gap, correspondingly. It makes possible to fast
recovery electrical strength of gap between con-
tacts, to reduce considerably erosion of electrodes
and voltage of Al-current. On the final stage, the
discharge of counter current battery recovery the
vacuum strength of VS gap. Such way of current
breaking makes it possible to break direct cur-
rents effectively with high power. It is consequence
of the combined opening switch technology based
on vacuum interrupter and plasma erosion switch.

The work and the energy performance of the
offered scheme are considered in this paper too.

3-D MOJIEJIb COCPE/IOTOYEHHO
OBOJIOYKH C MATHHUTHBIM IIOJIEM

C. A. Xonun, B. 1. Heunaiz,
JI. @. Ilotankuua, C. I CMuUPHOB

Poccuiicknit denepanbublii SAepHbIl TIEHTP —
BHUU skcnepumentambioit dusuku, Capos, Poccus

C TIOMOTIBIO MOJIEJIH COCPETOTOUEHHOH 060I0UKHI
C MarHUTHBIM ITOJIEM CPABHUBAETCS BJIWUSHUAC JByMEp-
HO¥ U TPEXMEPHON acUMMETPUN O6JIyUeHHST KarCy bl
Ha cokaTHe U 3a’KUraHue TepMosi/iepHol cMecH.

HU3SKOTEMIIEPATYPHAA MUIIIEHDb

C. A. Xouun, I. B. lonronesa, B. . Heumnaii,
B. 1. Keunn, II. U. IIeBHAg, JI. 1. CusoBa

Poccuiickuit degepaabHblil g7€pHBINA TEHTP —
BHWMU skcnepumentauabhoit ¢pusuku, Capos, Poccus

AHasmM3UpyeTcs BapUaHT MUIIEHU ¢ KOHBEPTEPOM
B BHe JMCKa, KOTOPBIH o6ydaercss uepe3 GOKOBYIO
noBepxHocTh. [Ipn sHeprum myuka moHos mMeree 0,2 Mypx
TeMIepaTypa B MOJOCTH HA TOBEPXHOCTH KATICYJIbI
Meree 50 ev. OrieHnBaeTcsT BeTIMINHA TOTOKA HEHTPOHOB,
KOTOPDBII MOKeT ObITh MOJy4YeH B TaKUX YCJOBUSX.

XAPAKTEPUCTHKMU IIJIA3MbI
ITPHU UCIIOJIb3OBAHUUN
CTATUCTHUKU INAJNJIUCA

A. 1. AptEmoB, A. 10. MAJSHOB,
C. I. CmupHos, C. A. XoauH

Poccuiicknit hepepanbHbIil SAepHBIN TIEHTP —
BHUMU sxcnepumentambroii dusuku, Capos, Poccus

[Ipoananm3npoBaHO BJANSHIE 3aMEHBI PYHKIINN
pacmpegenernss MakcBessa Ha (PYHKINIO pacipe-
nenenns llannnca mpn BBIYUCJIEHUN CKOPOCTH TEp-
Mostaepubix peakimii (DD u TD) a1 pasamuHbIx
3Hauennit mapamerpa Ilananca. B BbicOKOTEMTIEpa-
TypHOI Mogean Tomaca-Depmu BMecTo (PyHKIIH
pacripesiesieans Mepmu-/Inpaka ucrob3yercs: GyHK-
must pacnpepenenns [lamxmiuca. PaccmoTpeno nsme-
HCHUEC [JaBJICHUAI, BHyTpeHHeﬁ SHEpTUuMm M IoKa3a-
TesIst aanabaTel yIaepoia U 30J10Ta TIPH TeMIlepaTy-
pax 100 ev, 200 ev, 300 ev, XapaKTepHBIX AJ
npo6eM WHEPIMOHHOTO TePMOSIePHOTO CHHTE3a.




PACITPOCTPAHEHME BOJIH
OOTOAUCCOIINALINHN
(®OTONOHU3AIINN)

OT TOYEYHOI'O HCTOYHUKA
B BO3/YIIHOM IJIASME

B. /1. Aramanenko, I. B. [{oarosesa,
B. A. JKmaiino, 1. B. ITonos

Poccniickuit dhenepasbHblil SAepHBIN TIEHTD —
BHUMU skcnepumentasbhoit ¢pusuku, Capos, Poccus

PaccmarpuBaeTcs 3a/ja4a 0 B3auMO/IEHCTBUY Y JTb-
tpaduoseroBoro (YdD) nsaydeHuss oT TOUECUHOTO
MNCTOYHWKA C BO3JYNIHOW Ta3moii. IIpuBoasites pe-
3yJbTATbhl aHAJIMTUYCCKOTO U YUCJEHHOTO peHleHI/Iﬁ
ypaBHeHI/Iﬁ TnepeHoca U3JayUYeHusad M KUHETUKU B BO3-
JIYITHON TJ1a3Me.

UucsieHHble pacdeTbl TPOBEICHBI IO OJTHOMEPHON
metognke «CH/IMA», B KOTOPOIl yUUTBIBAIOTCST TIPO-
11eCChbl HEPABHOBECHON BO3/YITHON KWHETHKH, Tepe-
HOCA U3JTyYeHUS W JBVKCHUS BEIIECTBA.

OcHOBHbBIE pacHeTbl 1 OIEHKHN IIPpUBEACHDBI IJIA
napamMeTpoB Y D-nu3aydeHnsi, BO3HUKAONIETO TPH
o6arydennn chepruvyecKux Ja3epHBbIX MUIIEHEH Ha
ycranoBke <«Mckpa-5».

PROPAGATION OF PHOTO-
DISSOCIATION (PHOTO-IONIZATION)
WAVES FROM A POINT SOURCE
IN THE AIR-BORNE PLASMA

V. D. AtamMANENKO, G. V. DOLGOLEVA,
V. A. Zumairo, I. V. Poprov

Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics,
Sarov, Russia

The paper considers the problem of interactions
between ultraviolet (UV) radiation from a point
source and air-borne plasma. Results of analytical
and numerical solutions to the radiation transport
equation and air-borne plasma kinetics equation
are presented.

Computations were carried out using one-dimen-
sional code SNDMA that takes into account non-
equilibrium air kinetics, radiation transport and
material motion processes.

Main results of computations and estimates of
parameters are given for UV radiation generated
due to spherical target exposure on «Iskra-5» la-
ser facility.

OUSNYECKUE ACIIEKTbI
AAEPHOTIO B3PbIBA B OIIEPAIIUN
«MOPCKA{ 3BE3/1A»

JI. . JIerty PEHKO, B. A. JKMATli0,
1. B. Cosoes, C. C. COKOJOB,
A. M. Ctenun, 0. B. Annnkun

Poccutickuit dbenepasbHblil SAepHBII TIEHTD —
BHUMWU sxcnepumentambioit dusuku, Capos, Poccns

B 1962 r. B onepariuu «Mopckast 3Be3/1a» ObLIT TIPOU3-
Be/ICH SIZIEPHBII B3PbIB ¢ aHeprosbiiesaenneM ~1400 xr.
Boicora Touku mozapseiBa cocrasisaa 400 kM, reomar-
HUTHas mmpota ~20°.

Pasnoo6pasue 1 MacmtaGHOCTh 3P PEKTOB, KOTO-
pble TTPOSBUJINCH TIPU ATOM B3PbIBE, TTO3BOJISIOT CUU-
TaTb €TI0 YHUKAJIbHbIM 3KCIHEPUMEHTOM I10 Q)HSHKC
MJIA3MbI, MarHUTOC(HEPDI 1 HOHOC(EPHI.

Ornpenesiontyo poib B PA3BUTHH 3TOTO B3PbIBA
urpaJu takne (akTopbl, KaKk Pa3peskeHHOCTb aTMOC-
¢epnt u reomarauTHOE TMOJIEe. VIX coBMecTHOE felic-
TBHE 06yCJIaBJINBAJIO CHIBHYIO CBSI3b MEX/IY Tpoliec-
caM# 06pa30BaHNS TIIa3Mbl I ee JBIKEHUEM.

W3-3a TEOMAarHuTHOTO TIOJIST W HEOJHOPOJIHOCTI
aTMOcQepbl 3TO ABIKEHNE HOCUJIO CYTIECTBEHHO TpeX-
MEPHBIN XapakTep.

B nmannoii pa6ore mpencTaBieHa Gusndeckas Mo-
nenb ( muoronorokosoe MT/[-npubmkenne ), yuau-
ThIBalOIllad OTMEYCHHDBIC BbBIIIC OCOéeHHOCTI/I Ppa3Bu-
THUS HTOTO B3PbIBA.

Onucanbl JIBYy- U TpEXMEpHbIC YUCJECHHDBIC METO-
JIUKHN, pazpaboTaHHBIE AJS ITPOBEICHUS PACUCTOB
10 YKa3aHHOU MOJIEJIN, U TIPE/ICTABICHBI PE3yJIbTaThl
pacueToB 06pa30BaHUS U JIBIDKEHUS IIa3Mbl, ee CBe-
TUMOCTHU 1 BSaHMOZ[GfICTBI/IH C TEOMAarHuTHBIM ITIOJIEM.

Pe3yabTarhl 3THX pacuyeToB CPABHUBAIOTCS € COOT-
BETCTBYIOUUMU IKCHEPUMEHTAJDbHBIMU JaHHBIMU.

PHYSICAL ASPECTS
OF NUCLEAR EXPLOSION DURING
<«SEA-STAR» OPERATION

L. I. DEGTYARENKO, V.A. ZHMAILO,
I. V. SoBoLEV, S. S. SoxkoLov,
A. M. STENIN, YU. V. YANILKIN

Russian Federal Nuclear Center — All-Russia Scientific
Research Institute of Experimental Physics,
Sarov, Russia

Nuclear explosion of yield ~1400 kilotons was
performed in 1962 during operation «Sea-Stars.
The explosion point was at a height of 400 km in
geomagnetic latitude ~20°.

The explosion is considered to be a unique experi-
ment in physics of plasma, magnetosphere and iono-
sphere due to the scale and variety of its effects.



The rarified atmosphere and presence of geo-
magnetic field were the explosion evolution
determinants. The combined effect of these fac-
tors caused a strong interrelation between plasma
generation and motion processes. Plasma motion
has essentially 3D behavior due to the presence
of geomagnetic field and inhomogeneity of the at-
mosphere.

The paper describes a physical model (multiple-
flow MHD-approximation) taking into consider-
ation the above-mentioned specific features of the
explosion.

2D and 3D numerical techniques developed to
carry out computations using the model are de-
scribed and results of computations for plasma gene-
ration and motion processes are presented.

The calculated results are compared to the ap-
propriate experimental data.
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