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M.V. Bekhtev, V.D. Vikharev, S.V. Zakharov, V.P. Smirnov, M.V. Tulupov, V. Ya. Tsarfin
ELECTRODYNAMIC CONTRACTION OF MULTIWIRE LINERS
JETP, VOL. 68, NO. 5, MAY 1989

Results of experiments and theoretical calculations of electrodynamic contraction of multiwire
liners are reported. It is shown that collapse of a multiwire array produces on its axis a hightemperature
radiating plasma pinch. Wire liners permit adequate matching to a high-power electric-pulse generator;
an appreciable fraction (up to 25%) of the electric energy fed to the liner (up to 100 kJ per pulse) is
converted into radiation. Experiments and a theoretical analysis have shown, however, that the
contraction dynamics of such liners does not ensure a compact collapse of the arrays to the axis; the soft
x-ray flashes generated by the axial-pinch plasma are therefore not shorter than 30 ns. An important
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feature of such systems is the jetlike flow, due to the action of MHD tidal forces, of plasma from the

wires to the liner axis.
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«AHT'APA-5-1».

®uzuka mna3Mmel, 1990, T. 16, Ne 6, C. 645-654.

[IpuBeneHbl pe3ysNbTaThl HAKCIEPUMEHTAIBHBIX W TEOPETHYECKUX HCCIEAOBAHUN  YCKOPEHUS
MHOTOIIPOBOJIOYHBIX JIalHEPOB Ha MHOI'OMOAYJIBHOM MMITYJIbCHOM TeHeparope «AHrapa-5-1» Ha
ypOBHE BBIX0IHOM MouHOCTH P~6 TBT. DkcriepuMeHThl TPOBOAMIIUCH C ATFOMUHUEBBIMHU, METHBIMU U
BOJIb()paMOBBIMH JaiiHepamu ¢ moroHHor maccoir 100-300 Mkr/cm. OmnpeneneHsl peKUMbl Hanbosee
«KOMITAKTHOT'O» CKaTHsi MHOT'OIIPOBOJIOYHBIX JalHEPOB. Y CTAaHOBJIEHBI 3aKOHOMEPHOCTH HapyIICHUS
«KOMITAKTHOT'O» YCKOPEHHsI 000J104Y€eK, BbI3BaHHBIE () (HEKTOM «IIpeBECTHUKAY. DKCIEPUMEHTAIBHO 1
TEOPETUYECKH IMOKa3aHO, YTO B Cllydyae CHJIbHOM3IYYalOUIMX MPOBOJIOYHBIX JailHepoB (BoJb(hpam)
yAaeTcs YIYyYIIUTh «KOMIAKTHOCTb» OOOJIOUKM U TOBBICUTH MOIIHOCTb u3MyueHus. [lpu
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SHEPrUI0 MATKOTO PEHTI€HOBCKOIO M3JIydeHHUs ¢ MOLHOCThIO ~2 TBT um sHepruei no 100 x/[x 3a
UMITYJIBC.
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Muxaiinos B. H., Henocees C. JI., Oneitnuk I'. M., IlesueB B. I1., Ilepnun A. C., [leuepckuii O. II.,
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B nannHoit pabore omucan co3manHblii B MAD um. U. B. KypuaroBa komrmuiekc «AHrapa-5-1»,
NpeJHa3HAauYeHHbI JUIsl UccienoBaHuil no jaiiHepHoil mnporpamme YTC. Kommiekc nepenaH B
9KCIUTyaTaluio JUIsl NpoBeAeHUs (U3MUECKUX HKCIepuMeHTOB B jaekadbpe 1984 r. Ero ochoBa -
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6. Smirnov V.P.

FAST LINERS FOR INERTIAL FUSION

Plasma Phys. Controlled Fusion. 1991. V. 33. N.13. P. 1697.

Theoretical and experimental investigations of xenon cylindrical shell collisions with inner axial liners
are presented. The implosion was driven by a current of 3.5 MA. X-ray emission with a 3 ns rise time
was obtained. The Angara-5-1 experiments with superfast Z-pinches are described.
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Prolonged plasma production at current-driven implosion of wire arrays on Angara-5-1 facility.
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14. B.B.Anekcanapos, E.B.I'paboBckuii, I'.I".3ykakumBunu, u zp.

TokoBoe camockaTue MHOTONPOBOIOYHON COOPKY KaK paavaibHbIN MNIa3MEHHbIN JMBEHb.
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15. E.B.I'pa6osckmii, K.H.Murpodanos, I'.M. Omneiinuk, MW.JO.IlopodeeB PeHTrenosckoe
npocBeunBaHue nepudepuiiHoi 001acT CKUMAEMOI TOKOM MHOTOIIPOBOJIOYHON COOPKH Ha YCTaHOBKE
AHrapa-5-1

"®duzuka maasmer”, 2004, T.30, Ne2, C.139-146

Onucana MeroauKa MpocBeuuBaHuUsl mepudepuilHOW yacTu JlallHEpOB Ha ycTaHOBKe “AnHrapa-5-17
IIOCPEACTBOM TOYEYHOI'O0 PEHTTEHOBCKOTO HMCTOYHMKA X-NHMHYA. [IpocTpaHcTBEeHHOE paspelieHne
METOJIMKU He Xyxke ueM 4 MkM. M3nydeHue X-muH4Ya, MOIVIOIIEHHOE B IIa3ME€ PETUCTPUPYETCS HA
¢orornenky. Ilepexosq OT IUIOTHOCTH TOYEpHEHUs (QoTomaTepuana K IUIOTHOCTH IUIa3Mbl
o0ecrieunBaeTcss UCHOIb30BAHUEM CTYNEHUYATOrO OCIaOUTENs U3 TOTO )K€ MaTepuala, 4yTo U JIalHep.
[IpencraBneHsl pe3yabTaThl MPOCBEYMBAHUS MEPU(EPHITHON YaCTH MHOTOIPOBOJIOYHOTO JaliHEpa Ha
70-10 HC moCJe Hayaja Toka uepe3 jaiHep. CaenaHbl BBIBOABI O TOM, YTO K 3TOMY BPEMEHU KEPHBI
IIPOBOJIOYEK JIallHEPAa HEOJUHAKOBO HCTOLMINCH; OHU PACUIMPUINChH 110 IUaMETPY IPUMEPHO B 3 pa3a
u coxepxat 10 70% ot ucxonHoi maccel. HaGmonmaercs akcuanbHas crpatudukanus ¢ marom 200
MKM IUIOTHOCTH IUIa3Mbl, CPBIBAIOLIEICS ¢ KEPHOB MPOBOJIOYEK. B HEKOTOPBIX cilyyasx GUKCUpPYyETCs
aKCHaJIbHasi HEOJTHOPOIHOCTh INIOTHOCTH BEILECTBA BHYTPHU KEpHA ¢ MacTabom 20 MKM.

E. V. Grabovskii, K. N. Mitrofanov, G. M. Oleinik, I. Yu. Porofeev X-ray backlighting of the periphery
of an imploding multiwire array in the Angara-5-1 facility
Plasma Physics Reports, February 2004, Volume 30, Issue 2, pp 121-127

http://link.springer.com/article/10.1134/1.1648936
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Backlighting diagnostics for studying the peripheral region of an imploding liner in the Angara-5-1
facility by using X-ray emission from an X-pinch is described. The spatial resolution of the diagnostics
was no worse than 4 um. The X-pinch emission passed through the plasma was recorded with a
photofilm. The plasma density was reconstructed from the photofilm blackening density with the help
of a step attenuator made of the same material as the liner. Results are presented from experiments on
X-ray backlighting of the peripheral region of a multiwire liner at the 70th ns after the beginning of the
discharge. It was found that, by this time, the wire cores were depleted to different extent, their masses
totalled 70% of the original wire mass, and their diameters had increased approximately threefold. The
plasma ejected from the wire cores was found to be axially stratified with a spatial period of 200 um.
Sometimes the axial nonuniformity of the core material with a characteristic scale length of 20 um was
observed.

16. I".C.Bonkos, E.B.I'pa6osckuii, K.H.Mutpodanos, I'.M. Oneitauk PeHTreHOBCKOE 30HIUpOBaHUE
IPHUOCEBOI 00JIaCTH TUIa3Mbl MHOTOIIPOBOJIOYHOTO JIaifHEepa Ha YCTaHOBKe AHrapa-5-1
"®usuka maasmel”, 2004, T.30, Ne2, C.115-128

B pabore mpuBeneHbl pe3ynbTaThl SKCHEPUMEHTOB 0 PEHTIC€HOBCKOMY 30HMPOBAHUIO MPHUOCEBOM
oOnacTu JaiiHepa, C)KMMaeMOro TOKOM CHJIBHOTOYHOIO TeHepaTtopa. Jljis mpocBednBaHUs JlaliHEpa
UCIOJIB30BAJICSl  HMCTOYHHUK  MATKOTO  PEHTICHOBCKOIO  HM3IyueHuss X-MHUHY, a U3JIydeHHe
pErucTpupoBaNoOCh p-i-n auojgamu. lcmonb30BaHHE HECKOJIBKUX (WIBTPOB C Pa3HBIMH OKHAMHU
IPOIYCKaHUs Mepel p-i-n AU0IaMH MTO3BOJIMIIO 00ECTIEYUTh MHTEPIPETALNIO PE3YIHTaTOB U3MEPEHUN B
JKCIIEPUMEHTAaX C KacKaJHbIMU JIaWHEpaMM CIJIOKHOTO 3JEMEHTHOro cocTaBa. HipkHuil mpenen
YYBCTBUTEILHOCTH METOIMKU COCTABISIET BEIUYUHY =125 MKI/CM? JUIsi TUIa3MBI TSDKEJBIX 3JIEMEHTOB
(W) n =220 mxr/cm? st mwiasmel jerkux aeMenToB (C, O, N), 1mpu SHepruu KBaHTOB 30HAMPYIONIETO
m3nmydeHus 1.0+1.5 k3B. JlocronHcTBa MeTOMa 3aKIIFOYAIOTCS B BHICOKOM BPEMEHHOM pasperieHuu (=1
HC) U BO3MOXXHOCTH DPa3rpaHUYUTh IO BPEMEHHU BCIBIIIKHA M3JIy4EHHs C OCH JaliHEpa OT ZIHWHYA U
u3nydyeHuss X-nuH4a. Meron He HajlaraeT OrpaHUYEHUI Ha JJIUTENbHOCTb HMITYJIbCA H3TYUYEHHS
UCTOYHUKA, UCTIOIB3yEeMOr0 I TPOCBEYNUBAHUS TIa3MBbl.

G. S. Volkov, E. V. Grabovskii, K. N. Mitrofanov, G. M. Oleinik X-ray backlighting of the axial region
of a multiwire liner plasma in the angara-5-1 facility

Plasma Physics Reports, February 2004, Volume 30, Issue 2, pp 99-110
http://link.springer.com/article/10.1134/1.1648934
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Results are presented from experiments on the X-ray backlighting of the axial region of an imploding
high-current multiwire liner. Backlighting was performed with the use of an X-pinch serving as a
source of soft X-ray emission, which was recorded by pin diodes. The use of several filters with
different passbands in front of the pin diodes allowed the interpretation of the results of measurements
in experiments with cascade composite liners. The sensitivity of the diagnostics was =125 pg/cm?2 for
a plasma of high-Z elements (W) and =220 pg/cm2 for a plasma of low-Z elements (C, O, N) at a
photon energy of the probing radiation of 1.0-1.5 keV. An advantage of the method is its high time
resolution (=1 ns) and the possibility of the separation in time of the emission bursts from Z-and
X-pinches on the liner axis. The method does not impose restrictions on the pulse duration of the
backlighting radiation source.

17. I'.C.Bonxos, E.B.I'pabosckuii, B.U. 3aitues, I'.I'. 3ykakumsunu, M.B.3ypun, K.H. Mutpoganos,
C.JI. Henocees, I'.M. Oneitnuk, 1.1YO. ITopodees, B.I1. Cmupnos, 1.H. ®poinioB /luarHocTuka mia3mbl

Ha ycraHOBKe AHrapa-5-1
[ITD3, 2004r, Ne2, C.74-81
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[IpencraBneH ucnosab3yeMblii Ha YyCTaHOBKE AHrapa-5-1 KOMIUIEKC JUarHOCTMUYECKHX METOMMK,
IIO3BOJISIIOIINI MCCIIEIOBAaTh HMPOLECCHl MPU CBEPXOBICTPOM TOKOBOM CKaTWU JaiHepoB. Komruiexc
BKJIIOYAET 3JIEKTPOTEXHUYECKHE METO/IbI, METObl PErHCTPALMU Pa3IMUHBIX N3TyUeHUNH. Busyanu3zamus
(dopMBI MIa3Mbl JJATHEPOB OCYIIECTBIISETCS MyTEM PErUCTPallui COOCTBEHHOTO M3JIy4YeHUs JIaiiHEpOB B
pPa3IUYHBIX JAMAlla30HaX M AKTUBHBIM 30HIAMPOBAHUEM B BHUJIMMOM U PEHTI€HOBCKOM JMala3oHax.
[IpuBeneHbl npuUMeEphbl pe3ysIbTaTOB HCCIEIOBAHUS TOKOBOIO CKaTHs LMIMHIPUYECKUX COOpPOK W3
BOJIb()PAMOBBIX IIPOBOJIOK HAa yCTaHOBKEe AHrapa-5-1.

G. S. Volkov, E. V. Grabovskii, V. 1. Zaitsev, G. G. Zukakishvili, M. V. Zurin, K. N. Mitrofanov, S. L.
Nedoseev, G. M. Oleinik, I. Yu. Porofeev, V. P. Smirnov, I. N. Frolov Plasma Diagnostics at the
Angara-5-1 Facility

Instruments and Experimental Techniques, March 2004, Volume 47, Issue 2, pp 201-208
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The set of diagnostic techniques used at the Angara-5-1 facility that make it possible to study the
processes which accompany the ultrafast current-driven implosion of liners is described. This set
includes electric methods and methods for the detection of various radiations. The liner-plasma shapes
are visualized by detecting the intrinsic liner radiation in various wavelength ranges and actively
probing liners in the visible and X-ray regions. Examples of the results of studying the current-driven
implosion of cylindrical arrays of tungsten wires at the Angara-5-1 facility are presented.

18. I".C.Boukos, E.B.I'pa6osckuii, M.B.3ypun, K.H. Mutpodanos, I'.M. Omneitank, N.1O. ITopodeer
MeToauka pEHTT€HOBCKOTO 30HAMPOBAHUS H3IYYEHHEM XIHUHYA I1J1a3Mbl MHOTOIPOBOJOYHBIX
CKMMAIOIINXCS JIaHEPOB Ha yCTaHOBKE «AHrpapa-5-1»

[1T3, 2004r, Ne3, C.110-124

Onucan MeTOJl HaxOXACHMsI paclpeieseHHs] IUIOTHOCTH BEIIeCTBa B IUIa3Me, oOpasyrolieics mpu
TOKOBOW HMMIUIO3MH MHOTOITPOBOJIOYHBIX BOJB()PaMOBBIX JalfHEPOB Ha ycTaHOBKe AHrapa-5-1. Meton
OCHOBaH Ha 30HJIMPOBAHUH IIa3Mbl PEHTTEHOBCKUM H3IyYEHHUEM OT TOYEUHOI0 UCTOYHMKA. B kauecTse
MCTOYHUKA PEHTI€HOBCKOIO M3JIy4YeHHs UCIOJIb30Bajcs XnuHY. BpemenHoe paspenieHue (MeHee 2 HC)
onpezaensercs XmuH4yoM. OTIENBHO PacCMOTPEHO 30HAMPOBaHME TNepudepuilHOW U MPUOCEBOM
oOmactu naiiHepoB. Perumcrpanus ocinabiieHHOTO IIa3MOW M3My4eHUss XMHHYA JUIS MEPBOTO Clydas
ocyliecTBIsIach Ha (OTOIUIEHKY, JUIsl BTOPOTO - p-i-n auoaamu. IIpocTpancTBeHHOE paspemieHue (1o
00BEKTY) 7Sl IEPBOTO Cllydas OMpelesseTcsl pa3MepoM XIUHYA U COCTaBIseT 4 MKM, JIJIsl BTOPOTO -
pasMepoMm p-i-n auoma u cocraBisieT 44 miMm. OmnucaHa KOHCTPYKIMS XIHHYA, 3aBHUCHMOCTBH €T0
U3Ty4YaTeNIbHBIX XapaKTEePUCTUK (BpeMsl BCIBIIIKH, JUIMTEIBHOCTh M MOIIHOCTh H3JIy4€HHs) OT
JNEKTPUYECKUX U KOHCTPYKTHBHBIX IIapaMeTpPOB LIENM M HAarpy3ku. IIpuBeneHbl sKcleprMMeEHTaIbHbIE
JaHHBIE O CIIEKTpe M3Iy4yeHHs XIHMHYa B JMarna3oHe sHepruil kBaHtoB oT 1 1o 20 x3B. IlpuBeneHsl
pe3yNbTaThl UCCIEOBAHUN paclpe/ieleHHs TNIOTHOCTH BELIecTBa BHYTPH JailHEpOB MpPHU MPOTEKAHUHU
10 HUM TOKa yCTaHOBKM AHrapa-5-1.

G. S. Volkov, E. V. Grabovskii, M. V. Zurin, K. N. Mitrofanov, G. M. Oleinik, I. Yu. Porofeev An
X-ray Backlighting Technique Based on Using X-Pinch Radiation for Probing the Plasma of Multiwire
Imploding Liners at the Angara-5-1 Facility

Instruments and Experimental Techniques, May 2004, Volume 47, Issue 3, pp 376-389
http://link.springer.com/article/10.1023/B%3AINET.0000032907.93202.b3
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A method for determining the substance density distribution in the plasma produced by a
current-driven implosion of multiwire tungsten liners at the Angara-5-1 facility is described. This
method is based on the X-ray probing of plasma with radiation from a point source. As a source of this
radiation, an X pinch is used. The time resolution (<2 ns) was determined by the X pinch. The probing
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of both the liner peripheral and near-axial regions is considered. The plasma-attenuated X-pinch
radiation was detected using photographic film and p—i—n diodes in the first and second approach,
respectively. The spatial resolutions (over the object) in both cases were determined by the sizes of the
X pinch and p—i—n diodes and amounted to 4 and 44 um, respectively. The design of the X-pinch and
the dependence of its radiation characteristics (the burst time moment and the radiation-pulse power
and duration) on the electric and design parameters of the circuit and load are described. The
experimental data on the X-pinch radiation spectrum in the range of photon energies of 1-20 keV and
the results of studying the substance-density distribution inside liners during the current-driven
implosion at the Angara-5-1 facility are presented.

19. B.B.Anekcanapos, [.C.Bonko, E.B.I'pabosckmii, I'.I'. 3ykakumswiu, M.B.3ypun, K.H.
Murpodanos, C.JI. Henocees, I'"M. Oneitnuk, N.1O. [Topodees, A.A. Camoxun, I1.B. Cacopos, B.II.
CwmupaoB, M.H. ®ponos HNHTEepdhepomeTprueckue H3MEpPEHHUs IUIOTHOCTH IUTa3Mbl Ha TepHQpEpPHH

Z-IIMHYa Ha ycTaHoBKe AHrapas]
"®duzuka maasMmer", 2004, T.30, Ne3, C.245-255

Jlist monuManusi GU3MKK CXKATHSI TIPOBOJIOYHBIX COOPOK TOKOM MEraaMIiepHOTO YPOBHSI BaXKHO 3HATH
MIPOCTPAHCTBEHHBIC PACTIPEICTICHUSI MAaCChl BHYTPH COOPKH B T€UEHHE ATOTrO mporiecca. B 3Toit padote
OBLJIO TIPOBENICHO HCCIENOBAHUE pACIIpPEICTICHHs JEKTPOHHOMN MIOTHOCTH Ha MepudepuH HUCXOTHOU
cOOpKH U3 BOJB(PPAMOBBIX MPOBOJIOK BOJIM3M MOMEHTa MaKCHMAIBHOTO CXKATHS METOJOM Ja3epHOU
uHTephepomeT pun Ha ainuHe BoJHBI 0.69 MxMm. [lomydeHo, 4TO K MOMEHTY MaKCUMAJIbHOTO CXKaTHS
(uepe3 ~100 Hc mocie Hayana TOKA) OICHKA JIOKAIBHONW MaKCUMAJIbHON SJEKTPOHHOM TUIOTHOCTHU
BHYTPU UCXOJHOW MPOBOJIOYHON COOpKH Ha pacctossHud OT 0.3 10 3 MM OT HCXOJHOTO TOJIOKEHUS
MPOBOJIOK MOkeT pgocturath ~10el8 cm”-3. B mnpenmonoxkenuu cpeanero 3apsana sapa 10 mis
Bosib(ppama 310 maet 10 30 MKI/cM JIOKaTbHOM MOTOHHON Macchl JaifHepa, 4yTo cocTaBisieT okono 10%
HayaJbHOW NMOTOHHOW Macchl JalHepa. HacTh TOKa reHeparopa MpoTeKaeT mo 3Toi miazme. [Ipu stom
JUIMTENIBHOCTh HMITYJIbCA MSTKOIO PEHTT€HOBCKOTO M3Iy4eHHs 5—8 HC, 4TO CBHUJAETEIBCTBYET O
XOpOIIEM KauyeCTBE CKATHSI.

V. V. Aleksandrov, G. S. Volkov, E. V. Grabovskii, G. G. Zukakishvili, M. V. Zurin, K. N. Mitrofanov,
S. L. Nedoseev, G. M. Oleinik, I. Yu. Porofeev, A. A. Samokhin, P. V. Sasorov, V. P. Smirnov, 1. N.
Frolov Interferometric measurements of the plasma density at the Z-pinch periphery in the angara-5-1
facility

Plasma Physics Reports, March 2004, Volume 30, Issue 3, pp 218-227
http://link.springer.com/article/10.1134/1.1687023

DOI: 10.1134/1.1687023

Knowledge of spatial mass distribution is important for understanding the physics of implosion of
megaampere-current wire arrays. The paper presents results from studying the electron density
distribution at the periphery of a tungsten wire array near the instant of maximum compression by using
laser interferometry at A=0.69 pum. It is found that, at the instant of maximum compression (~100 ns
after the beginning of the discharge), the estimated maximum local electron density inside the wire
array reaches ~1018 cm—3 at a distance of 0.3—3 mm from the initial wire positions. Assuming the
average tungsten ion charge to be 10, the local linear mass density in this region turns out to be 3
png/cm, which amounts to about 10% of the total linear mass density of the liner. A fraction of the
generator current flows through this plasma. The duration of the soft X-ray pulse is 5-8 ns, which
indicates the achievement of a fairly high compression ratio.

20. B.B.Anekcanapos, E.B.I'pa6oBckwmii, K.H.Murpodanos, I''M. Oumneitnuk, B.I1. Cmupnos, I1.B.
Cacopos, U.H. ®ponos UCCIIEJOBAHUE CBA3U DJIEKTPOTEXHUYECKHNX ITAPAMETPOB
Z-IIMHYEBOI'O PA3PAJIA C IMTPOLIECCAMMU ITNIASMOOBPA30OBAHUA B HAT'PY3KE I1PU
TOKOBOM CXATHUU HUJIMHAPUYECKUX ITPOBOJIOYHBIX CBOPOK

"®duzuka maasmer”, 2004, T.30, Ne7, C.615-629
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ONEKTPOTEXHUYECKUMHU M ONTHYECKMMHM METOJAMM II0Ka3aHO, YTO IIPOLECC TOKOBOIO CXKAaTHUs
IWIMHAPUYECKON 100 COOpKH W3 BOJIB(PPAMOBBIX TMPOBOJIOK COCTOMT M3 ABYX (ha3. B TeueHue
nepBoil (a3l MoJ JecTBUEM MOTOKA TEIUIa U3 TOKOHECYIEH I1a3Mbl TPOUCXOAUT HapaOOoTKa MIa3Mbl
U3 IUIOTHBIX KEPHOB IIPOBOJIOK Y 3aIllOJHEHHUE JTOM IIa3MOM BHYTPEHHErO IIPOCTPAHCTBA JIAWHEPHON
cbopku. Ha 310il (aze m3mMepeHHOE 3HAYCHHE HMHIYKTHBHOCTH JIalfHEpa W JUAMETP €ro BUIMMOTO
n300pakeHMsl MOYTH He MEHsIoTca. B TeueHune BTOpoi (a3bl MPOUMCXOAUT CKATHE BCErO BEIECTBA Ha
OCh M YBEJIMUMBACTCS MHIYKTUBHOCTb PAa3psAIHOIO NMPOMEXyTKa. B nanHOl paboTe Ha OCHOBE aHaIM3a
MEKTPOTEXHUYECKUX NTapaMeTPOB HAarpy3KH Ha yCTaHOBKE AHrapa-5-1 (TOK, HanpsiKeHHe) IPOBOAUTCS
UCCIIeIOBaHKUE Mpoliecca TOKOBOIO CXKATUs MPOBOJOYHBIX COOPOK M ONPEIENSIOTCS 3aBUCUMOCTH OT
BPEMEHHU MHYKTUBHOCTH HAarpy3KH, CPEAHETO pajnuyca pacIpeIeIcHUs TOKa U MOMEHT Ha4aJla CoKaTusl.
ConocraBneHue MOMEHTOB Hadajla C)KaTusl JIallHEpa, ONpeAeNsieMbIX MO €ro BUAMMOMY pa3Mepy U
IyTEM JIEKTPOTEXHUYECKUX U3MEPEHUH, CBUAETEIBCTBYET 00 UX XOPOILIEM COOTBETCTBUHU APYT JIPYTY.
Koapdumment cxatuss cpemHero pajmyca paclpeleieHuss TOKa OKas3ajCcsi MEHbIIe, YeM
pEerucTpUpyEMBbIid IPYTUMU METOAAMM, YTO CBSI3aHO C TEM, YTO Ha Nepudepuu HCXOIHOM MPOBOJIOYHOM
cOOPKHM K MOMEHTY MaKCUMAaJIbHOTO CKAaTUs MPOTEKAET YacTh TOKa.

V. V. Aleksandrov, E. V. Grabovskii, K. N. Mitrofanov, G. M. Oleinik, V. P. Smirnov, P. V. Sasorov, 1.
N. Frolov Relation between the electric parameters of a Z-pinch discharge and plasma production in the
load during the implosion of a cylindrical wire array

Plasma Physics Reports, July 2004, Volume 30, Issue 7, pp 568-581

http://link.springer.com/article/10.1134/1.1778432
DOI: 10.1134/1.1778432

A study of the process of implosion of a cylindrical tungsten wire array by electrical and optical
methods shows that it involves two phases. In the first phase, the plasma is produced from the dense
wire cores under the action of the heat flux from the current-carrying plasma. This plasma then fills the
internal space of the liner array. The measured inductance of the liner and its visible diameter vary only
slightly in this phase. During the second phase, the total material of the liner is compressed toward the
axis and the inductance of the discharge gap increases. The process of the implosion of wire arrays is
studied by analyzing the electric parameters (current and voltage) of the load in the Angara-5-1 facility.
The time behavior of the load inductance, the average current radius, and the start time of the liner
compression are determined. The compression start time determined from the visible size of the liner is
found to coincide with that determined from electric measurements. The compression ratio of the liner
in terms of the average current radius turns out to be lower than that measured by optical and X-ray
diagnostics. The reason is that, by the instant of maximum compression, only a portion of the current
flows at the periphery of the initial wire array.

21. Xu R.K,, Li Z.H., Ning J.M., Guo C., Xu Z.P., Yang J.L., Li L.B., Xia G.X., Hua X.S., Ding N., Liu
Q., Gu Y.C,, Grabovsky E.V., Oleynic G.M., Nedoseev S.L., Alexandrov V.V., Mitrofanov K.N., Zurin
M.V., Volkov G.S., Porofeev, I.A. 1. N. Frolov and V. P. Smirnov X-ray radiation characteristics of
nested-wire array implosion in sino-Russian joint Z-pinch experiments on Angara-5-1

Chinese Physics Letters. 2005. V. 22. N 2. P. 413-415.

doi:10.1088/0256-307X/22/2/040

http://iopscience.iop.org/0256-307X/22/2/040/

We report and discuss the results of x-ray radiation measurements in the Sino-Russian joint Z-Pinch
experiments on Angara-5-1 facility with a load current of 2.5-3.6 MA. The measurements were
conducted by using an x-ray power meter (XRPM) and a time-resolved one-dimensional x-ray imaging
system developed in China Academy of Engineering Physics. The experimental results indicate that an
x-ray power-platform prior to a main peak and a less intensive sub-peak after the main peak in the
waveform exist for the nested-wire array implosions, and the radiation process is relatively faster than
that in the case of the single array. Laser shadowgraph of the imploding plasma suggests that the prior
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power-platform is a result of the collision of the inner-outer plasma layers. The faster radiation process
of nested array implosion can be explained by analysing the corresponding result of the time-resolved
one-dimensional imaging system, which demonstrates a better axial imploding uniformity and
synchronization. In comparison with x-ray diode, the XRPM yields a higher height of x-ray
power-platform due to its flat energy response. The sub-peak after the main peak is proposed to be a
result of the later-time additional implosion of plasma.

22. T'.I' 3ykakumBunu, K.H.Mutpodano, B.B.Anekcanapos, E.B.I'pabosckuii, I'.M.OneiiHux,
N.I0.ITopodees, I1.B.Cacopor, 1.H.®ponor M3mepenue pacrpenesieHnsi a3uMyTalIbHBIX MarHUTHBIX

NOJIeH B COKMMAIOIIMXCSI MHOTOIIPOBOJIOYHBIX COOpKax Ha yCTaHOBKE «AHrapa-5-1»
®usnka mnasmel, 2005, T.31, Nell, C.978-988.

B paGote uznaratorcsi pe3ynbTaThl U3MEPEHUS PACIIPEAETICHUS a3UMYTaTbHOIO MAarHUTHOTO TOJIS MpU
C)KaTMM MHOTOIPOBOJIOYHBIX COOpPOK Ha YCTaHOBKE «AHrapaS-1», COCTOSIIMX U3 TOHKUX
BOJTBL()PaAMOBBIX MPOBOJIOUYEK MpH Toke 2.5-4.5 MA. Iloka3zaHo, 4TO MPOHMKHOBEHHE MAarHUTHOTO TOJIS
Ha OCb COOPKHU MPOUCXOIUT C HEOOJBIION 3a€PKKOM OTHOCUTEIHLHO MOMEHTA Hayaiaa MPOXOXKACHUS
TOKa 4epe3 cCOOpKY, M3MepeH TOK MpPEeABECTHUKA, 0Opa3yIoOIIerocss Ha OCH MPOBOJOYHON COOpKH 10
CKaTusl OCHOBHOM Macchl. [loka3aHo, YTO MarHUTHOE MOJI€ a3UMYTalbHO HEOJHOPOJHO HA HAYaJIbHOU
CTaJIUY UMILIO3UU MPOBOJIOYHOM cOOpKu. [1o BenndrHe MarHUTHOTO TMOJISI BHYTPU COOPKU pacCYUTaHO
pacrpezaeieHe MacChl.

G. G. Zukakishvili, K. N. Mitrofanov, V. V. Aleksandrov, E. V. Grabovskii, G. M. Oleinik, I. Yu.
Porofeev, P. V. Sasorov, I. N. Frolov Measurements of the azimuthal magnetic field within imploding
multiwire arrays in the Angara-5-1 facility

Plasma Physics Reports, November 2005, Volume 31, Issue 11, pp 908-918

http://link.springer.com/article/10.1134/1.2131127
DOI: 10.1134/1.2131127

Results are presented from measurements of the azimuthal magnetic fields within imploding multiwire
tungsten arrays in the Angara-5-1 facility at currents of 2.5-4 MA. It is shown that the penetration of
the magnetic field into the axial region of the wire array lags behind the discharge current pulse. The
current of a precursor produced at the array axis prior to the implosion of the bulk array mass is
measured. It is found that the magnetic field in the initial stage of implosion is azimuthally nonuniform.
The mass distribution inside the array is calculated from the measured magnetic field.

23. I'.I'. 3ykaxkumBuiu, K.H. Mutpodanos, E.B. I'paboBckuii, I.M. Onelinuk M3mepeHne akcuanbHbIX

MarHUTHBIX TOJIEH BO BpeMsI UMILIO3MH MHOTOIPOBOJIOYHBIX COOPOK Ha YCTaHOBKE « AHrapa-5-1»
®wusnka miasmel, 2005, T.31, Ne8, C.707-720

B pabore wu3nararoTcsi pe3yabTaThl W3MEPEHUS AKCHUAJIbHOIO MArHUTHOIO TIOJISI NpU  CXKATHU
MIPOBOJIOYHBIX COOPOK Ha YCTaHOBKE «AHrapa-5-1», COCTOSIIMX W3 TOHKUX BOJb(PPaMOBBIX
npoBosiodyek npu Toke 2.5-4.5 MA. JIns OuarHoCTHKU IPOCTPAHCTBEHHOM a3MMYTaIbHOM CTPYKTYpBI
T1a3Mbl  COOpPKHM, HCIIONB30BaH APQEKT CKATUS ATOH IUIA3MOM aKCHaJbHOIO MAarHUTHOTO IOTOKA.
[Toka3aHo, YTO NPOHMKHOBEHHUE MEPBBIX MOPLMH IIa3Mbl HA OCh COOPKH MPOMCXOJIUT HAa HavyaJbHOMN
craauu umiuiosuu. IIpennoxkeH MexaHM3M IEpPeHOCa BHEIIHETO AKCHAJIBHOTO MAarHUTHOIO IOJSA B
IEHTPATBHYIO 00JIaCTh COOPKH, HE CBS3aHHBIN C 00pa30BaHUEM 3aMKHYTOH TOKOBOM 00OJIOUYKH.

G. G. Zukakishvili, K. N. Mitrofanov, E. V. Grabovskii, G. M. Oleinik Measurements of the axial
magnetic field during the implosion of wire arrays in the Angara-5-1 facility
Plasma Physics Reports, August 2005, Volume 31, Issue 8, pp 652-664

http://link.springer.com/article/10.1134/1.2031626
DOI: 10.1134/1.2031626
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Results are presented from measurements of the axial magnetic field during the implosion of tungsten
wire arrays in the Angara-5-1 facility at currents of 2.5-4.5 MA. The azimuthal structure of the plasma
produced from the wires is examined using the effect of the compression of the axial magnetic flux by
this plasma. It is shown that the plasma starts to penetrate into the axial region of the wire array at the
very beginning of implosion. A mechanism other than the formation of a closed current-carrying shell is
proposed for describing the transfer of the external axial magnetic field to the central region of the
array.

24. E. V. Grabovsky, K. N. Mitrofanov, S. L. Nedoseev, G. M. Oleinik, I. Yu. Porofeev, A. A.
Samokhin, and I. N. Frolov Heterogeneous Plasma-Producing Structures at Current Implosion of a Wire
Array

Contrib. Plasma Phys., 2005, Vol.45, No. 8, P.553-567.

http://onlinelibrary.wiley.com/doi/10.1002/ctpp.200510061/abstract
DOI: 10.1002/ctpp.200510061

Characteristic properties of the plasma production process have been considered for the case of
megampere currents flowing through hollow cylindrical wire arrays of the Angara-5-1 facility. In 3-4
nanoseconds after voltage applying to the wire surfaces there appear a plasma layer. The system
becomes heterogeneous, i.e. consisting of a kernel of metal wires and a plasma layer. In several
nanoseconds the current flow goes from metal to plasma, which results in reducing the electric field
strength along the wire.

The Joule heat energy delivered to the metal before the moment of complete current trapping by plasma
is insufficient for the whole mass transition to a hot plasma state. The X-ray radiography techniques
made it possible to detect and study dense clusters of substance of ~1g/cm3 at a developed discharge
stage. The radial expansion velocity of ~10"4 cm/s measured at the 70-th nanosecond after the current
start allows treating the dense core at a late stage in the form of a submicron heterogeneous structure
from its liquid and slightly ionized gas phase.

25. I'pabosckuii E.B., 3ykakumBumu [.I'., Mutpodanos K.H., Onetinuk ['.M., ®ponos 1.H., Cacopor
[1.B. UccnenoBanne MarHUTHBIX TOJIEH M HM3IYy4YEHUS B ZIHWHYAX U3 JBOMHBIX MHOTOMPOBOJIOYHBIX
cOOpoK

"®duznka maasmer”, 2006, T. 32, Ne 1, C.33-48.

B cratbe O6C}’)K)IaIOTC$[ PE3YIbTATBI U3MCPCHHUA a3MMYTaJIbHBIX MArHUTHBIX noieu IIpru UMILIO3UN
JBOMHBIX (BJIOKEHHBIX JAPYr B JApyra) BOJb(PPaMOBBIX MHOTOINPOBOJIOYHBIX COOPOK Ha yCTaHOBKE
«Amnrapa5-1» npu toke ~3 MA. OGHapyXeHO BIMSHUE BHYTPEHHEW COOPKU HA paclpeieliecHue TOKa B
POCTPAaHCTBE MEXy cOopkaMu. [loka3aHo, 4TO CyIIECTBYEeT ONTUMYM KOJIMYECTBA MPOBOJIOK (MacChl)
BO BHYTpEHHEH cOOpKE, COOTBETCTBYIOIMN MUHUMYMY JUIMTENIbHOCTH uMitysibca MPU Ha monmyBbicoTe
(B omeprusix kBaHTOoB >1005B). B cpeanem BioeHHBIE COOpPKM OO0CCIIEUMBAIOT JTYUIIYIO
IMOBTOPACMOCTD, Ooitee BBICOKYIO MOIIHOCTh U MCHBIIYIO AJIUTCIIBHOCTh UMITYJIbCA, YEM OJAWHOYHBIC.

E. V. Grabovskii, G. G. Zukakishvili, K. N. Mitrofanov, G. M. Oleinik, I. N. Frolov, P. V. Sasorov
STUDY OF THE MAGNETIC FIELDS AND SOFT X-RAY EMISSION GENERATED IN THE
IMPLOSION OF DOUBLE WIRE ARRAYS

Plasma Physics Reports, January 2006, Volume 32, Issue 1, pp 32-46

http://link.springer.com/article/10.1134/S1063780X06010041
DOI: 10.1134/S1063780X06010041

Results are presented from measurements of the azimuthal magnetic field generated during the
implosion of double (nested) tungsten wire arrays in the Angara-5-1 facility at currents of ~3 MA. It is
found that the inner array affects the current distribution in the interarray space and that there is an
optimal mass (an optimal number of wires) of the inner array at which the full width at half-maximum
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of the soft X-ray pulse (in the photon energy range of >100 eV) is minimal. On the average, double wire
arrays provide a better reproductibility, higher power, and shorter duration of the soft X-ray pulse in
comparison to single arrays.

26. Oleinik G.M., Alexandrov V.V., Frolov L.N., Grabovsky E.V., Gribov A.N., Mitrofanov K.N.,
Porofeev I.Yu., Samokhin A.A., Smirnov V.P., Sasorov P.V., Sarkisov G.S., Struve K.W. INFLUENCE
OF A RADIAL ELECTRICAL FIELD ON IMPLOSION OF WIRE ARRAY

J. Phys. IV France, Volume 133, Juin 2006, p. 779 - 781
http://jp4.journaldephysique.org/index.php?option=com_article&access=doi&doi=10.1051/jp4:200613
3157&Itemid=129

DOI: 10.1051/jp4:2006133157

The effect of polarity on implosion of wire liners on the Angara-5-1 facility has been investigated. The
electrode configuration provided creation of a radial electric field of up to 5000 kV/cm and of different
direction on various sections of initial wires. The plasma production process was found to proceed in a
distinctive manner in the wire sections where the radial electric field has different direction. The
polarity effect at implosion of the wire liners on the Angara-5-1 facility becomes notable at increasing
the rate of rising the electric field strength.

27. I'pabosckuii E.B., I'pubos A.H., Murpodanos K.H., Omneitnux I''M., N.}O. Ilopodees, N.H.
®poJioB

BJIMAHUE CKOPOCTU HAPACTAHUS TOKA HA DODEKT ITOJISIPHOCTU B CBOPKE HA
YCTAHOBKE AHI'APAS1

"®usuka maasmel”, 2007, T.33, Nell, C. 1006-1013.
http://www.maikonline.com/maik/showArticle.do?auid=VAF9838TG

HOKa?:aHO, 4qTo IIpu 6I)ICTpOM HapaCTaHMU TOKa BO3HUKACT CYHICCTBCHHOC BJIMAHHC pPadHuaJIbHBIX
ANEKTPUUECKUX TOJIEH B COOpKE Ha HAYaIbHYIO CTaaui0 uUMILIO3uH. KoHurypamusi 31eKTpooB
obecreunBalia CO3JaHUE HA PA3NUYHBIX YACTAX UCXOAHBIX MPOBOJIOK PAJMATBLHOTO JIEKTPHUYECKOTO
MoJIsi pa3HOrO HampamjieHuss W BenuunHoM g0 5 MB/cm. OOHapyxkeHO, UYTO MPOIECC
TUIa3MOOOpa30BaHMsl TPOTEKAET TMO-Pa3HOMY JUISI yYacTKOB TIPOBOJIOK, HAa KOTOPBIX HCXOJIHBIE
paauanbHBIe JIEKTPUYECKHE TOJsl WMEIOT TMPOTHBOIIOJIOXKHBIE HAMpaBiICHUA. ITOT JPQeKT
MOJIAPHOCTH IMPU HUMIIIO3UN HUIWHAPHUYICCKUX C60pOK nu3 BOJ'[B(bpaMOBBIX ITPOBOJIOK Ha YCTaHOBKC
Amnrapa-5-1 CcTaHOBUTCS CYIIECTBEHHBIM TP YBEIUYEHUH CKOPOCTH pOCTa HAINPSDKEHUS Ha
IPOBOJIOKAX.

E. V. Grabovskii, A. N. Gribov, K. N. Mitrofanov, G. M. Oleinik, I. Yu. Porofeev, I. N. Frolov
INFLUENCE OF THE CURRENT GROWTH RATE ON THE POLARITY EFFECT IN A WIRE
ARRAY IN THE ANGARA-5-1 FACILITY

Plasma Physics Reports, Volume 33, Issue 11, pp 923-929

DOI: 10.1134/S1063780X07110049
http://link.springer.com/article/10.1134/S1063780X07110049

It is shown that, at a sufficiently high current growth rate, the initial stage of implosion of a wire array
is significantly affected by the radial electric fields. Due to the specific electrode configuration of wire
arrays, the magnitude of the oppositely directed radial electric fields in different wire segments can
reach 5 MV/cm. It is found that the process of plasma formation proceeds in different ways in
segments with oppositely directed initial radial electric fields. The influence of this effect (the
so-called “polarity effect”) on the implosion of cylindrical tungsten wire arrays in the Angara-5-1
facility becomes significant when the load voltage grows at a sufficiently high rate.

28. OMHCCHA  JKECTKOI'O  PEHTTEHOBCKOI'O  M3JIYUEHUA 1P CXKATHUU
MHOI'OITPOBOJIOYHBLIX JIAMHEPOB
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AnekcannpoB B.B., I'pa6osckuii E.B., I'pubos A.H., I'puniyk A.H., MenoBmukor C.®D., OneitHuk
I''"M., Cacopos I1.B.
®usuka wiazmel. 2008. T. 34. Ne 4. C. 311-317.

[IpencraBiaeHsl pe3ynbTaThl 3KCHEPUMEHTOB IO HCCIEIOBAHHIO MKECTKOTO PEHTIEHOBCKOTO
U3Jy4YeHUs1 ¢ dHepruei KBaHTOB cBbile 20 k3B mpHM MMIJIO3MM MHOTONPOBOJOYHBIX COOPOK Ha
ycTaHOBKe «AmHrapa-5-1». C moMOIIbI0 aHalW3a PEHTICHOBCKUX H300pakeHWH Z THHYA OBLIH
3aperuCTPUPOBAHBl  PA3NUYUSl TPOCTPAHCTBEHHOTO pACHpENENIeHUs U XapaKTepHBIX pa3MepoB
obnacTeil CBETUMOCTH B JKECTKMX M MSTKMX KBaHTax. OOHapyXeHa 3a/iepKKa IHKa HMITYJIbCa
YKECTKOTO M3JIyYEHHs] OTHOCUTEIBHO MHKa MATKOTO peHTreHa. OmnpeeneHa 3aBUCUMOCTh MOIIHOCTH
SMUCCUM Z MHHYA B KECTKUX KBaHTax OT MaTepualia MPOBOJOYHBIX COOPOK, HAYAIBHOTO TUaMEeTpa U
Maccel (BpeMeHM wuMILIo3uu). I[loka3aHO, YTO HHTEHCHUBHOCTb SMHUCCUHM JKECTKOI'O PEHTIEHA,
3apeTUCTPUPOBAHHAS B 00JACTH ¢ SHEpruil kBaHtoB > 50 k3B, Ha HECKOIBKO MOPSIKOB MPEBBIIIACT
TEIUIOBOM ypOBEHb IMPOLIECCOB, 00ECIEUMBAIOUINX IMUCCHIO HUMITYJIbCa MSTKOTO PEHTTeHa B ATOM
oOnacTu ’Hepruil kBaHToB. Takum 00pa3oM, Ha OCHOBE CPAaBHUTEJILHOIO aHAJIN3a JUHAMUKU AIMUCCUU
U o0nacTel JOKalu3alud MCTOYHUKOB KECTKOTO U MATKOTO PEHTreHa OOHapy»KEHO CBHUAETEIbCTBO
pa3BUTHUS MPHU UMIUIO3UU MPOBOJOYHBIX COOPOK HOBOT'O HAJATEIUIOBOTO SIBICHHS, OTIMYHOTO OT TEX,
KOTOpbIe 00ECTIEYNBAIOT MMKOBYIO MOIIHOCTh BBIXOJJHOTO MMITYJIbCA MSTKOTO pEHTTeHa. PaccMoTpeHsl
BO3MOXKHBIE MEXaHU3MBbI, KOTOPbIE MOTYT ObITh OTBETCTBEHHBI 32 T€HEPALMI0 UMITYJIbCOB >KECTKOIO

pCHTICHA.
http://www.maikonline.com/maik/showArticle.do?auid=VAFEB8DQO5

HARD X-RAY EMISSION FROM IMPLODING WIRE ARRAYS
Plasma Physics Reports, 2008, Vol. 34, No. 4, pp. 278-283.

Results are presented from experimental studies of the generation of hard X-ray (HXR)
emission with photon energies above 20 keV during the implosion of wire arrays in the Angara-5-1
facility. An analysis of X-ray images of the Z-pinch shows that the dimensions and spatial structures of
the emitting regions are different for hard and soft X rays. It is found that the HXR emission peak is
delayed with respect to the soft X-ray (SXR) one. The dependence of the HXR power on the material,
initial diameter, and mass (implosion time) of the wire array is determined. It is shown that the HXR
intensity in the spectral range >50 keV is several orders higher than the emission intensity in the
high-energy tail of the SXR spectrum (assuming that this spectrum is thermal). A comparison of the
time evolution and spatial localization of the HXR and SXR sources during the implosion of wire
arrays indicates the presence of a new superthermal phenomenon that differs qualitatively from the
processes determining the peak power of the SXR pulse. Possible mechanisms that can be responsible
for the generation of HXR pulses are considered.

http://link.springer.com/article/10.1134/S1063780X0804003X

29. UCIIOJIb3OBAHHUE KOHYCHbBIX TTPOBOJIOYHbIX CBOPOK JJISI MOJIEJIMPOBAHUA
TPEXMEPHbBIX D®DEKTOB MI'JI-CX)KATUA

I'pabosckuit E.B., Anekcangpo B.B., Bonkos I'.C., T'acunoB B.A., I'pubos A.H., I'punyk A.H.,
Hesuenko C.B., 3aitnes B.U., Menosmukos C.®., Mutpodanos K.H., Jlayxun S.H., Oneitank I'.M.,
Onbxosckas O.I'., Camoxun A.A., Cacopos I1.B., ®ponos 1.H.

®wusuka mwiazMel. 2008. T. 34. Ne 10. C. 885-900.

[TpuBeneHbl pe3ynbTaThl SKCIEPUMEHTAIBHBIX M PAacueTHO-TEOPETUUYECKUX HCCIICJOBAHUM
TPEXMEPHOM JIMHAMHMKU IUIa3Mbl, KOTOpas CO3JaeTcsi IMpU TOKOBOW HUMIUIO3UM KOHYCHBIX
IIPOBOJIOYHBIX COOPOK (JI1aifHEpOB) B peXUME Z-IMIMHYEBOrO paspsija MpH ToKax paspsna 1o 3 MA nHa
ycTaHoBKe AHrapa-5-1. B kauecTBe Harpy3ok MCHOJIB30BajJNCh KOHYCHbIE MPOBOJIOUYHbBIE COOPKHU U3
BOJIb()PAMOBBIX MPOBOJIOK TUAMETPOM 6—8 MKM C YIIIOM MEXKIY OChIO  00pa3yroleii TOBEPXHOCTHIO
KoHyca B auamnaszone 15-42°. I[lokazano, 4TO Mmpu Takux yriax ¢opma HECYIIero TOK IJIa3MEHHOTO
CJIOSl MO Mepe MPUONIMKEHUS K OCH HAayMHAeT OTIMYaThCi OT KOoHWYeckoil ¢opmel. [IpoBeaeno
CpaBHEHHME pe3ylnbTaToB aByMepHbIX MIJl-pacueroB ¢ skcnepuMeHToM. OOHApPYKEHBI OTIUYHS
JTUHAMUKU (OPMUPOBAHUS IIJIA3MEHHOTO MPEIBECTHUKA MTPH UMIUIO3UH IIMIMHIPUICCKUX U KOHYCHBIX


http://www.maikonline.com/maik/showArticle.do?auid=VAFEB8DQO5
http://link.springer.com/article/10.1134/S1063780X0804003X

naitHepoB. [IMUTEIbHOCTh MMIYJIbCa PEHTT€HA MOHOTOHHO pPAacTeT C yBEJIMYEHUEM yria KoHyca, a

BBICOTA M3TyYaroIle YaCcTH MMHYa MOHOTOHHO YMEHBIIIAeTCS.
http://www.maikonline.com/maik/showArticle.do?auid=VAFLQ9DQP7

USE OF CONICAL WIRE ARRAYS FOR MODELING THREE-DIMENSIONAL MHD
IMPLOSION EFFECTS
Plasma Physics Reports, 2008, Vol. 34, No. 10, pp. 815-829.

Results are presented from experimental studies and numerical simulations of
three-dimensional dynamics of the plasma produced in the Angara-5-1 facility by the electrical
implosion of conical wire arrays at currents of up to 3 MA. The arrays were made of 6- to 8-
pm-diameter tungsten wires, the inclination angle of the generatrix with respect to the axis being from
15° to 42°. The results of two-dimensional MHD simulations are compared with experimental data.
The formation dynamics of the plasma precursor is found to be different for cylindrical and conical
arrays. As the cone angle increases, the duration of the X-ray pulse increases, while the height of the
pinch radiating zone decreases.

http://link.springer.com/article/10.1134/S1063780X08100024

30. TIPOCTPAHCTBEHHO-BPEMEHHAS CTPYKTYPA U JIMUHAMUKA PEHTIEHOBCKOM
OMUCCUN Z-IIMHYA HA OCHOBE ITPOBOJIOYHBIX CBOPOK B OBJIACTU SHEPI'MU
KBAHTOB CBBIILIE 20 KOB
AnekcanapoB B.B., I'padosckuii E.B., I'pu6oB A.H., I'puniyk A.H., Menosmiukos C.®., Mutpodanor
K.H., Onetiauk I".M.
®wusuka miazmel. 2009. T. 35. Ne 2. C. 161-173.

PaccmarpuBatoTcst pe3ynbTaThl UCCIEIOBAaHUI IMUCCHH KECTKOTO PEHTT€HOBCKOTO M3ITyUYEHUS
C SHeprueil KBaHTOB cBbIlIe 50 k3B M3 miIa3Mbl NIOTHBIX M3TyYaOmuX Z nuHdei. Pabora BeImoaHeHa
C IEeNBI0 BBISICHEHUS! TIPUPOJIBI T€HEPALUU OBICTPBIX JEKTPOHOB (DJIEKTPOHHOTO ITyYKa) MPH CKATUU
WIMHIPUYECKUX U KOHUYECKHX MHOTONPOBOJOYHBIX COOpPOK (JaiiHepoB) mpu Toke a0 3 MA Ha
ycraHoBke AmHrapa-5-1. Ilpu cxarum KoHMuYeckux cOOpOK OOHAapy>KE€HO BIUSHHE Ha BPEMEHHOM
IpOQHITb KECTKOTO M3ITyUeHUs SBJICHUS 3UNTEPHHTA T1a3Mbl, 00yCIOBICHHOTO HAKIIOHOM ITPOBOJIOK.
[TokazaHo, 4yTO reHepalusi KECTKOTO PEHTTEHOBCKOTO HM3IYUYEHHS BO BCEX CIIy4asX KOppEIHpYyeT ¢
pacmajoM IUIa3MEHHOro cTosfa y Karona B ¢puHambHOU (asze cxarus nuH4a. [Ipupoaa nzodpaskeHuit
NUHYAa B KBAHTaX >KECTKOTO PEHTTEHOBCKOTO H3IIyueHHs OOyCIIOBIIEHA AMHCCHEH TOPMO3HOTO
U3ITy4YeHUs] OBICTPHIX SJIEKTPOHOB, T€HEPUPYEMbIX IMPHU pachaje IIa3MEHHOro CToj0a Ha HMOHax
Ia3Mbl M B aHojnHOW mumeHH. OOHapyKeHO, YTO HCIIOJIb30BAaHHE KOHYCHBIX COOpPOK IO3BOJISET
KOHTPOJIMPOBATh HANpaBJICHUE 3UMIICPUHTA TUIa3MBI, PEryJIUPOBaTh MPOCTPAHCTBEHHO-BPEMEHHBIE U
JHEPreTUYECKHE XapaKTePUCTUKU PEHTTEHOBCKOM SMUCCHM TUHYA, B YACTHOCTH MEHSTH BBIXO]I
KECTKOTO PEHTT€HOBCKOTO M3iIy4deHMs. JlJii MHOrONpOBOJIOYHBIX COOpPOK aAuaMerpoM 12 MM ¢
nuHeHoi Maccoit 200—400 MKr/cM Moy4YeHbl OLIEHKHM TOKa W 3HEPTUU IMy4yKa ObICTPBIX 3JIEKTPOHOB,
coorBercTBeHHO: 20 KA m 60 JIk, uyrto cocraBuser 0.002 OT »HEpPruM HUMIYJbCAa MSITKOIO
PEHTTEHOBCKOTO U3ITyYCHHS.
http://www.maikonline.com/maik/showArticle.do?auid=VAFQTBHVBV
SPATIOTEMPORAL BEHAVIOR OF X-RAY EMISSION ABOVE 20 KEV FROM A Z-PINCH
PRODUCED BY WIRE-ARRAY IMPLOSION
V. V. Aleksandrov, E. V. Grabovski, A. N. Gribov, A. N. Gritsuk, S. F. Medovshchikov, K. N.
Mitrofanov, G. M. Oleinik
Plasma Physics Reports 2009, Vol. 35, No. 2, pp 136-148

Results are presented from experimental studies of hard X-ray (HXR) emission in the photon
energy range above 20 keV from dense radiating Z-pinch plasmas. The work is aimed at revealing the
nature of fast-electron (electron beam) generation during the implosion of cylindrical and conical wire
arrays in the Angara-5-1 facility at currents of up to 3 MA. It is found that the plasma implosion
zippering caused by the inclination of wires affects the parameters of the HXR pulse emitted during
the implosion of a conical array. It is shown that HXR emission correlates well with the decay of the
plasma column near the cathode in the stagnation phase. HXR images of the pinch are produced by the



http://www.maikonline.com/maik/showArticle.do?auid=VAFLQ9DQP7
http://link.springer.com/article/10.1134/S1063780X08100024
http://www.maikonline.com/maik/showArticle.do?auid=VAFQTBHVBV

bremsstrahlung of fast electrons generated during plasma column decay and interacting with plasma
ions and the anode target. It is found that the use of conical arrays makes it possible to control the
direction of plasma implosion zippering and the spatiotemporal and energy parameters of the pinch
X-ray emission, in particular the X-ray yield. For wire array with diameters of 12 mm and linear
masses of 200400 pg/cm, the current of the fast electron beam is 20 kA and its energy is 60 J, which
is about 1/500 of the energy of the main soft X-ray pulse.

http://link.springer.com/article/10.1134/S1063780X09020056

31. UCCJIIEJOBAHUE [MPOHUKHOBEHUWA MATHUTHOTI'O [10JI BHYTPb CKUMAEMOI'O
TOKOM JIAMHEPA HA YCTAHOBKE AHT'APA-5-1

AnexcangpoB B.B., bapcyk B.A., I'padosckuii E.B., I'puniyk A.H., 3ykaxumsuiu I'.I'., MenoBumkos
C.®., Mutpodanos K.H., Oneitauk I'.M., Cacopos I1.B.

®usuka miaszmel. 2009. T. 35. Ne 3. C. 229-250.

OO0cyxnaroTcst pe3yIbTaThl U3MEPEHUM paclpeeeHUil a3UuMyTajIbHbIX MArHUTHBIX MOJEH pu
CKaTUM MHOTOIIPOBOJIOYHBIX COOPOK Ha ycTaHOBKE AHrapa-5-1, COCTOSIIIMX U3 TOHKUX MPOBOJIOYEK
U3 PA3IUYHBIX BEINECTB (JIOMHHUN, Meab, MOIUOIEH, Boib(ppam U Ap.) mpu Toke g0 3 MA.
[TokazaHo, YTO NPOHMKHOBEHHE MArHUTHOTO TOJSi HAa OCh COOPKH IPOUCXOAUT C HEOOIBIION
3a/1ep>KKOM OTHOCUTEIIFHO MOMEHTa Hauaja MPOXO0XKICHHs TOKa yepe3 cOOpKy. DTa 3a/iep)KKa 3aBUCUT
OT BeILECTBa IPOBOJOK WJIM MX IMOKpPHITHA. M3MepeH TOK NpenBecTHHKA, 00Opa3yloLierocs Ha OCH
IPOBOJIOYHOM COOPKH 1O C)KaThsi OCHOBHOM Macchl. Iloka3aHo, YTO CyIIECTBYET NMPUHIMITHAATIBHOE
OTJIMYUE NPOHMKHOBEHMs BEILECTBA C MAarHUTHBIM IIOJIEM BHYTpPb OObeMa IEHHOro JaiHepa (U3
NOJMMEPHON TEHBl arap-arap) Mo CpaBHEHHIO CO clyyaeM NpoBoJjo4YHOM cOopku. Ilokazano, 4ro
CKOpOCTh TIEpeHOoca TOKAa Ha OCh COOPKM MaKCHMalbHa JJISi TPOBOJOYHBIX COOPOK M3 BOJb(ppama.
bbul0 IpOBENEHO CpaBHEHME OTHOCHUTEIBHBIX CKOPOCTEH IPOM3BOJACTBA ILIA3Mbl IIPH MMIUIO3UU
JailHEpOB U3 Pa3HbIX BEILECTB.

http://www.maikonline.com/maik/showArticle.do?auid=VAFS4J38HY

STUDIES OF PENETRATION OF THE MAGNETIC FIELD INTO ELECTRICALLY IMPLODED
LOADS IN THE ANGARA-5-1 FACILITY
V. V. Aleksandrov, V. A. Barsuk, E. V. Grabovski, A. N. Gritsuk, G. G. Zukakishvili, S. F.
Medovshchikov, K. N. Mitrofanov, G. M. Oleinik, P. V. Sasorov

Results are presented from measurements of the distributions of the azimuthal magnetic field in
aluminum, copper, molybdenum, tungsten and other wire arrays electrically imploded at currents of up
to 3 MA in the Angara-5-1 facility. It is shown that the time during which the magnetic field of the
current pulse reaches the array axis depends on the material of the wires or wire coating. The current
of the precursor formed on the array axis before the implosion of the main load mass is measured. It is
shown that the penetration of the load material with the frozen-in magnetic field into a polymer
(agar-agar) foam liner is drastically different from that in the case of a wire array. It is found that the
rate of current transfer to the array axis is maximum for tungsten wire arrays. The rates of plasma
production during implosion of loads made of different materials are compared.
http://link.springer.com/article/10.1134/S1063780X09030039

32. TOKOBAS UMITJIO3US KBASUCOEPUYECKUX ITPOBOJIOYHBIX JIAMHEPOB
I'paborckmii E.B., I'punryk A.H., CmupnoB B.I1., Anekcanapos B.B., Oneitauk I'.M., ®ponos N.H.,
Jlayxun S.H., I'pubos A.H., Camoxun A.A., Cacopos [1.B., Mutpodanos K.H., Menosuukos C.D.
[Mucema B "XKypHan skcniepuMeHTanbHON 1 Teopetndeckoit Gpusuku'. 2009. T. 89. Ne 7. C. 371-374.

C noMoIIbI0 3JIEKTPOCTATUYECKOTO PACTATUBAHUS LUIMHIPHUUECKOrO MPOBOJIOYHOTO JaifHepa
JIOTIOJTHUTEIBHBIM 3JIEKTPOJIOM (HOPMUPYIOTCS KBazucdepuueckue JaiHepsl ¢ paauycoMm 8-12 Mm u
maccort 200-400 mxr u3 30-60 Boib(PaMOBBIX MPOBOJOK TOMIMHON 6 MKkM. Ckarwe Z-TUHYEH,
00pa3oBaHHBIX TAaKUMU JIAHHEpaMH, MPOBOAUIOCH TOKOM 3-4 MA ¢ ¢ponTom Hapactanus 100 HC Ha
ycraHoBke Amnrapa-5-1. Iloka3aHo, 4TO LeHTpalbHas YacTb ATOro JiaiiHepa Qopmupyer Oosee
ropsiuyto o0jacTb, 4eM Kpasi Takoro JiaiiHepa, u Oojee ropsdyyro, 4YeM B Cllydae LUIMHIPUYECKHX
JTaiHEepOB.


http://link.springer.com/article/10.1134/S1063780X09020056
http://www.maikonline.com/maik/showArticle.do?auid=VAFS4J38HY
http://link.springer.com/article/10.1134/S1063780X09030039

http://www.jetpletters.ac.ru/ps/1867/article 28462.shtml

CURRENT IMPLOSION OF QUASISPHERICAL WIRE ARRAYS

E. V. Grabovskii, A. N. Gritsuk, V. P. Smirnov, V. V. Aleksandrov, G. M. Oleinik, I. N. Frolov, Ya.
N. Laukhin, A. N. Gribov, A. A. Samokhin, P. V. Sasorov, K. N. Mitrofanov, and S. F.
Medovshchikov

JETP Letters, 2009, Vol. 89, No. 7, pp. 315-318.

By means of the electrostatic expansion of a cylindrical wire array by an additional electrode,
quasi-spherical arrays with a radius of 812 mm and a mass of 200400 pg consisting of 30-60
tungsten wires 6 pum in thickness are formed. The compression of Z pinches formed by these arrays
was performed by a current of 3—4 MA with a rise time of 100 ns in the Angara-5-1 facility. It has
been shown that the central part of this array forms a region hotter than its edges and that for
cylindrical arrays.

http://link.springer.com/article/10.1134%2FS0021364009070017?L I=true#

33. X-RAY EMISSION OF MULTIWIRE Z-PINCHES IN ENERGY RANGE OVER 20 KEV
Gribov AN., V.V., Aleksandrov V.V., Grabovskiy E.V., Gritsuk A.N., Medovshchikov S.F.,
Mitrofanov K.N., Oleinik G.M.

IEEE Transactions on Plasma Science. 2009. T. 37. Ne 10. C. 1981-1986.

The results concerning the emission of hard X-rays (HXRs) with an energy over 20 keV from
the plasma of dense radiating Z-pinches are considered. The work aims at identifying the nature of the
fast-electron (electron-beam) generation at the implosion of cylindrical and conical multiwire arrays
(liners) at a current up to 3 MA on the Angara-5-1 installation. An effect of zippering on a time profile
of HXRs at the implosion of conical arrays that is caused by an inclination of wires was revealed. It
was shown that the generation of HXRs always correlates with the disruption of a plasma column near
the cathode in the final phase of pinch compression. The pinch images in HXRs are attributed to the
emission of bremsstrahlung of fast electrons generated at the plasma column disruption on the plasma
ions and in the anode target. It was also found that using conical arrays makes it possible to control the
plasma zippering direction, to regulate the space—temporal and power characteristics of X-ray
emission, and, in particular, to change the HXR yield. For multiwire arrays that were 12 mm in
diameter with a mass on the length unit of 200400 pg/cm, the current and energy of the fast electron
were found to be 20 kA and 60 J, respectively, which make ~0.002 of the energy of the soft-X-ray
pulse.
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5247062 &contentType=Journals+%26

+Magazines&sortType%3Dasc_p_Sequence%?26filter%3DAND%28p IS Number%3A5280462%29

34. U.B. I'mazeipun*, E.B. I'pabosckuii, I'.I'. 3ykakumBuim, A.B. Kapnees*, K.H. Murpocdanos, I'.M.
Ouneitank, Camoxun A.A. U3MEPEHUE MATHUTHAIX ITOJIEN B ITIJIABME COKUMAFOILMXCS
JIAMHEPOB ITPU [TOTOKAX MOIIIHOCTH ~1 TBt/cM?

BAHT, 2009, Cep. Tepmosaepusiii cunres, Boin.2, C.67-82.

http://vant.iterru.ru/vant 2009_2.htm — full text

B nannoii pabote ommcaHa 30HIOBas METOAMKA W3MEPEHUS MArHUTHBIX NOJEH BHYTPH M BOJIM3U
CXKMMAeMOIro TOKOM JiaiiHepa Ha YycTraHoBke AHrapaSl. CKOHCTpyHMpOBaHbl W  HCIBITaHbBI
OBICTPOJCHCTBYIOIIME MArHUTHBIE 30HABI JJS JUArHOCTUPOBAHMS JWHAMHKH TOKOBOH IIa3Mbl
MHOTOIPOBOJIOYHOTO JaliHepa. V3MepeHuss mpoBOAMINCH IpU TOKEe B Harpyske 10 4 MA u mnotoke
MOIIHOCTH MATKOIO PEHTIeHOBCKOro manydenus 10 1 TBr/cm?. [IpoBeneHbl UCCIIEN0BAHUS CHKATHS
aKCHAJIbHOTO MarHUTHOTO TOTOKA IUIa3MOi, 00pa30BaHHON MHOTONPOBOJIOUHBIM JlaiiHepoM. M3ydena
paauanbHas ¥ a3UMyTajibHas CTPYKTYypa paclpeieseHus TOKa.

A magnetic probes method for magnetic field measurement inside and outside of current compressed
liner on the installation Angara-5-1 is presented. Fast-response magnetic probes were constructed and
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were tested. The measurements were executed at a level of a current up to 4 MA and at a level of a soft
xray radiation up to 1 TW/cm® The experiments on an axial magnetic flux compression were carried
out. The radial and azimuthal structure of a current distribution was investigated.

35. MCCJIEJOBAHUE WMIUIO3MM BOJIOKOHHBIX JIAMHEPOB HA VCTAHOBKE
AHI'APA-5-1

AnekcanapoB B.B., I'pabosckuii E.B., I'puntyk A.H., Jlayxun f.H., Menopmukos C.®., Mutpodanos
K.H., Oneiinuk I''M., Cacopos I1.B., ®eagynos M.B., ®posios 1.H.

®wusnka wiazMel. 2010. T. 36. Ne 6. C. 520-547.

http://www.maikonline.com/maik/showlssueContent.do?puid=VIG3MJO195

B pabGote mpencraBieHbl pe3yibTaThl UCCIENOBAHMM HMMIUIO3UM M CKATOTO  COCTOSIHMS
LWIMHAPUYECKUX COOPOK (JTalHEpOB) U3 KallPOHOBBIX BOJIOKOH C J100aBKaMM MPOBOJIOK U3 BEILECTB C
BBICOKUM M CpEIHHUM aTOMHBIM HOMEpOM (BOJb(paMm, allOMUHUI), MPOBEACHHBIX HAa YCTaHOBKE
Amnrapa-5-1 npu Ttoke 3-4 MA. IlomyyeHa OIIEHKAa CKOPOCTHM IPOM3BOJCTBA ILIA3Mbl B IIOJIBIX
LWIMHAPUYECKUX COOpKax M3 KalPOHOBBIX BOJOKOH W IPOBEJCHO CpPaBHEHHE C BOJb(PaMOBBIMHU
IIPOBOJIOYHBIMU COOpKaMHU.

V. V. Aleksandrov, E. V. Grabovski, A. N. Gritsuk, Ya. N. Laukhin, S. F. Medovshchikov, K. N.
Mitrofanov, G. M. Oleinik, P. V. Sasorov, M. V. Fedulov, I. N. Frolov Studies of the implosion of
cylindrical fiber arrays on the Angara-5-1 facility

Plasma Physics Reports, June 2010, Volume 36, Issue 6, pp 482-506

http://link.springer.com/article/10.1134/S1063780X1006005X
DOI: 10.1134/S1063780X1006005X

Results are presented from experimental studies of the implosion of cylindrical kapron fiber arrays
with addition of high- and medium-Z metal wires (tungsten, aluminum). The experiments were carried
out on the Angara-5-1 facility at currents of 3—4 MA. The ablation rate in kapron fiber arrays is
estimated and compared with that in tungsten wire arrays.

36. Kpayz B.U., Murpodanos K.H., Msaron B.B., Bunorpago B.II., Bunorpagosa O.B.,
I'padosckuit  E.B., 3ykakumBwmm ['.I'., Koiimam B.C., Mokees A.H. MATHUTO30HIOBBIE
VICCJIEJOBAHUS TOKOBOU OBOJIOUYKN HA YCTAHOBKE I1®-3

®wusnka mnasmel, 2010, T. 36, Ne 11, C.997-1012.

http://www.maikonline.com/maik/showlssueContent.do?puid=VIG3MNIAS8

Lenbro paboThI SABIIIOCH HUCCIIEIOBAHNE PACTIPEICICHUS TOKA U TMHAMHUKH TOKOHECYIIEeH TIa3MEeHHON
000J10YKH B pa3psiae Ha yCTaHOBKE Tia3MeHHbIN dokyc [1D-3. Jlna usmeperuit mapameTpoB 000J09KH
UCIIOJIb30BAJIMCh a0COMIOTHO KaJIMOpOBaHHbIE MAarHUTHBIE 30H/bI, YCTAHOBJICHHbIE B Pa3IMYHBIX
MOJIOKEHUAX OTHOCUTEIIFHO OCH YCTAaHOBKM M MOBEPXHOCTH aHona. MccnenoBana AuHaAMHKa TOKOBOM
000JIOYKM B paspsjax B aproHe W HEOHe, ONpeNelieHa TONIMHA CKUH-CIOS HAa Pa3iIMYHBIX CTaJIHIX
paspsaga. OnuH U3 30HI0B BBOJAWICA HAa PACCTOSHUE = 2 CM OT OCH YCTaHOBKHM, YTO MO3BOJIMIO TAKXKE
ornpenenuts 3)(HEeKTUBHOCTH TPAHCIIOPTUPOBKUA TOKAa B oOsacTh GopmupoBanus nmuHYa. [lomydyeHsr
PEeKUMBI, B KOTOPBIX AWHAMHKA TOKA, PETUCTPHPYEMOr0 MAarHUTHBIMH 30HIAMH Ha Pa3IMYHBIX
panuycax OT OCH, XOpOIIO COOTBETCTBYET JWHAMMKE IOJHOTO Pa3psiAHOTO TOKA BIIOTh A0 MOMEHTa
ocobeHHOCTH. B TO e BpeMs MoKa3aHa BO3MOXKHOCTb ()OPMHPOBAHUS 3aMKHYTBHIX TOKOBBIX KOHTYPOB
B pe3ysbTaTe pa3BUTHS LIYHTHPYIOIIUX MpoOoeB. Takoe ImyHTHPOBaHHE Pa3psIHOTO TOKA OCTATOYHOM
IUIa3MOIl HETOCPEACTBEHHO CBs3aHO C A((PEKTUBHOCTHIO «crpedaHus» pabouero rasa TOKOBOH
000JIOYKOM MTPH €€ TBUKEHUH OT H30JSITOPa K OCH YCTAaHOBKH.
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V. 1. Krauz, K. N. Mitrofanov, V. V. Myalton, V. P. Vinogradov, Yu. V. Vinogradova, E. V.
Grabovski, G. G. Zukakishvili, V. S. Koidan, A. N. Mokeev Magnetic probe measurements of the
current sheath on the PF-3 facility

Plasma Physics Reports, November 2010, Volume 36, Issue 11, pp 937-952
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Results are presented from experimental studies of the dynamics of the current sheath (CS) on the PF-3
plasma focus facility. The parameters of the sheath, including the current distribution in it, were
measured using absolutely calibrated magnetic probes installed at different positions with respect to the
facility axis and the anode surface. The CS dynamics in discharges operating in argon and neon was
investigated, and the skin depth in different stages of the discharge was determined. One of the probes
was installed at a distance of =2 cm from the facility axis, which made it possible to estimate the
efficiency of current transfer to the region of pinch formation. Operating modes were obtained in which
the current dynamics detected by magnetic probes at different distances from the axis agreed well with
the dynamics of the total discharge current until the instant of singularity in the current time derivative.
It is shown that shunting breakdowns can lead to the formation of closed current loops. The shunting of
the discharge current by the residual plasma is directly related to the efficiency of snowplowing of the
working gas by the CS as it propagates from the insulator toward the facility axis.

37. V.I. Krauz, K.N. Mitrofanov, V.V. Myalton, E.V. Grabovski, V.S. Koidan, V.P. Vinogradov, Yu.V.
Vinogradova and G.G. Zukakishvili Dynamics of the Current Distribution in a Discharge of the PF-3
Plasma Focus Facility

IEEE Transactions on PLASMA SCIENCE, V.38, Issue 2, 2010, Pp.92-99.
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In this paper, results are presented from studies of the dynamics of the plasma-current sheath and
current distribution in the PF-3 facility, one of the largest plasma focus machines in the world. The
experiments were done at input energy of W = 290 kJ and discharge current of I ~ 2 MA, with the
chamber being stationary filled with the working gas. The current sheath parameters were measured
with absolutely calibrated magnetic probes installed at different distances from the system axis and at
different heights above the anode plane. The possibility is demonstrated of the formation of closed
current loops due to the development of shunting breakdowns in the insulator region. The maximum
residual plasma density at which the electrode gap remains magnetically self-insulated is estimated.

38. OIIPEJEJIEHUE CKOPOCTH IUIA3MbI BHYTPU CXXUMAIOIIETOCS JIAMHEPA 10
N3MEPEHUIO MATHUTHOI'O [1IOJIA TPAJUEHTHBIM 30HAOM

I'pabosckuit E.B., Murpodanos K.H., Komenes A.1O., Camoxun A.A., Anekcanapos B.B., I'puiyk
A.H., Jlayxun f.H., Oneitnuk I'.M., ®ponos N.H.

®uszuka mnasmel. 2011. T. 37. Ne 7. C. 631-647.

http://www.maikonline.com/maik/showlssueContent.do?puid=VIGHONOFIN

B pabore ommcana mMeToauka W3MEpEHUN TpaJMeHTa MHAYKIMM MarHUTHOTO MOJI BHYTPHU IJIa3MbI
MHOTOTIPOBOJIOYHOM cOOpKH BO BpeMs ee UMILIo3uH. [IpencraBneHsl SKCriepuMeHTaIbHbIE PE3yIbTaThl
WU3MEPEHU MarHUTHOTO TIOJS W TPAJAWCHTa WHAYKIHUUA B BOJIb(MpPaMOBOW MPOBOJIOYHOW COOpKE Ha
ycraHoBke Anrapa-5-1 npu toke ~3 MA. IlpemsioxkeH MeToJ BBIYMCICHUS CKOPOCTH TOKOHECYIIEH
mia3Mbl B pamkax cucrembl MI'J[-ypaBHeHUN B TOUKEe HM3MEPEHHUS MO JAHHBIM HANPSHKEHHOCTU U
T'paaAu€HTa UHAYKIIUU MAarHuTHOTO ITOJIA. HOK&?;&HO, qTO Fp&I[PIGHTHLIfI MAarHUTHBIN 30HI MOXET OBITH
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NpUMEHEH ISl HMCCIIEOBAHUSI CTPYKTYpPhl TOKOBO-TUTA3MEHHOW OOOJIOYKM Ha YCTAaHOBKAaX THIIA
TUTa3MEHHBIN (HOKYC.

E. V. Grabovski, K. N. Mitrofanov, A. Yu. Koshelev, A. A. Samokhin, V. V. Aleksandrov, A. N.
Gritsuk, Ya. N. Laukhin, G. M. Oleinik, I. N. Frolov Determination of the plasma velocity in an
imploding wire array from magnetic field measurements by a gradient probe

Plasma Physics Reports, July 2011, Volume 37, Issue 7, pp 586-602

http://link.springer.com/article/10.1134/S1063780X11060092
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A method for measuring the gradient of the magnetic field in the plasma of an imploding wire array is
described. Results from measurements of the magnitude and gradient of the magnetic field in a
tungsten wire array on the Angara-5-1 facility at currents of ~3 MA are presented. A novel method for
calculating the velocity of the current-carrying plasma in the framework of MHD equations from data
on the magnitude and gradient of the magnetic field at a certain point inside the array is proposed. It is
demonstrated that a gradient magnetic probe can be used to investigate the plasma current sheath in
plasma focus facilities.

39. PACCESIHUE JIABEPHOI'O M3JIVUHEHHMS HA IIPOBOJIOKAX MW BOJIOKHAX IIPHU
C)XATHUM JIAMHEPOB HA YCTAHOBKE AHI'APA-5-1

I'paborckmii E.B., I'puntyk A.H., Cmupnos B.I1., Anexcannpor B.B., Oneitauk [.M., Opemkun B.1.,
®pono U.H., Jlayxun S.H., I'puboB A.H., Camoxun A.A., CacopoB II.B., Mutpodanos K.H.,
Menogumkos C.®., Xumenko K.B., Pynacos A.A., bonxosutunos E.A.

®uzuka mnasmel. 2011, T. 37. Ne 11. C. 1023-1033.
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Pa3zpaboTtana mMeToaMKa perucTpalMy paccesHUs J1a3epHOro M3Iy4YeHHs Ha MPOBOJIOKAX U BOJIOKHAX
JailHEpOB pa3IWYHBIX TUIOB IPU HMX HUMIUIO3MM B HA4daJIbHBIA IIEPUOJ IPOU3BOJACTBA IIIa3MBI
(TutazmooOpa3oBaHmsi) B JIWAIla30HE Pa3psIHOTO TOKA HAa MPOBOJIOKY J0 2 KA I aTFOMUHHEBBIX
naiiHepoB M 10 8 KA s BoibpamoBbIX. OMNBITHI MPOBEACHBI Ha ycCTaHOBKe AHrapa-5-1 mpu
IUIOTHOCTH TOKa depe3 mpoBoioku 10e8 A/cm”?2 u ckopocTd Hapactanusi Toka 10el3 Alc.
OO6HapyXeHO, YTO HpU MNPOTEKaHWU MO MPOBOJIOKAaM U BOJOKHaM Toka B jauamnazoHe 0.1-10
KA/IIPOBOJIOKY TMPOMUCXOJAUT H3MEHEHHME HWHAMKATPUCHI OTPAXKEHUS JIa3epHOrO M3Iy4EHHUs OT HX
HNOBEPXHOCTU Ul LWIMHAPUYECKUX U KOHMYECKUX JaiiHepoB. Ha ocHoOBaHuMM cpaBHEHUs
9KCIIEPUMEHTAJIBHBIX JIaHHBIX MO OTPAXEHHIO M PACCESTHUIO JIA3€PHOTO M3IY4YEHHs] OT IPOBOJIOK U
BOJIOKOH C pe3yJbTaTaMH YMCIEHHOIO MOJEIMPOBAHUS CBOMCTB MPOBOJIOK IPU UX 3JIEKTPOB3PHIBE B
BaKyyMe€ TIPEJIOKEHO OOBSICHEHUE MJIi W3MEHEHHsI XapaKTePUCTUK WHIUKATPUCHl OTPaKEHUS
Ja3epHOro u3nydeHus. [lpuumHa H3MEHEHMs] XapaKTepUCTHK HHIMKATPUCHI OTPaKEHUS JIa3€pHOTO
U3JIyYEHUS] — DPA3BUTHUE IEPETPEBHBIX HEYCTOMUMBOCTEHW. XapaKTEpHBIM pa3MEp HEOJHOPOJHOCTEU
IUIOTHOCTH M TEMIIEpaTypbhl HAa MOBEPXHOCTU MPOBOJIOK B auanazoHe 10-20 MKM, MO-BUAMMOMY,
OPUBOJUT K TMEpexoJy OT 3€pKaJIbHOIO OTPaXKEHHUS Ja3epHOro u3MydeHus K Juddy3Homy.
OKclepUMEHTaIbHO OOHApy)KEHO, YTO pE3KOe YMEHbIIECHHE B TEUYeHHE 2—3 HC HHTEHCUBHOCTH
OTPaXEHMUsI OJHOBPEMEHHO OT HECKOJIbKMX IIPOBOJIOK JIallHEpa MOKET CBMJIETENbCTBOBATH O
PaBHOMEPHOM pacHpeAeiICHUH pa3psIHOro ToKa Mo 00IydaeMbIM IPOBOJIOKAM, U CHUMAET BOIIPOC O
KayecTBE KOHTaKTa IIPOBOJIOK C »3jekTponamu. [lomyuenHas wuHpopmanus HeoOXoAMMa NpU
pa3paboTKe pACUETHBIX KOJOB TOKOBOW WMILJIO3UM TIPOBOJIOYHBIX JIATHEPOB Uil YTOYHEHHS
[apaMeTpoB  COCTOSIHMS ~ IPOBOJOK B HAayalbHbIM  MepHOJ  NPOMU3BOACTBA  IJIa3Mbl
(mma3zmoobpa3zoBaHus).

E. V. Grabovski, A. N. Gritsuk, V. P. Smirnov, V. V. Aleksandrov, G. M. Oleinik, V. I. Oreshkin, I.
N. Frolov, Ya. N. Laukhin, A. N. Gribov, A. A. Samokhin, P. V. Sasorov, K. N. Mitrofanov, S. F.
Medovshchikov, K. V. Khishchenko, A. A. Rupasov, E. A. Bolkhovitinov Laser radiation scattering
from the wires and fibers of imploding arrays on the Angara-5-1 facility
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A method is developed for measurements of laser radiation scattering by wires and fibers in different
types of imploding arrays in the initial stage of plasma production at discharge currents per wire of up
to 2 kA for aluminum arrays and up to 8 kA for tungsten arrays. The experiments were carried out on
the Angara-5-1 facility at a current density in the wires of 10e8 A/cm”2 and current growth rate of
~10e13 A/s. It is found that the indicatrix of laser radiation reflected from the wires (fibers) in
cylindrical and conical arrays is modified at currents of 0.1-10 kA per wire (fiber). The experimental
data on the reflection and scattering of laser radiation from wires and fibers are compared with the
results of numerical simulations of their electric explosion in vacuum. It is proposed that the change in
the reflection indicatrix of laser radiation is caused by the onset of thermal instabilities. The typical
size of density and temperature inhomogeneities on the wire surface is in a range of 10-20 um, which
probably results in a transition from specular to diffuse reflection of laser radiation. A simultaneous
abrupt (over 2-3 ns) reduction in the reflection intensity from several wires of an array indicates a
homogeneous distribution of the discharge current over the irradiated wires. This closes the issue of
the quality of the contact between the wires and the electrodes. The obtained experimental information
is of considerable importance for the development of numerical codes for simulations of the implosion
of wire arrays and the refinement of the wire parameters in the initial stage of plasma production.

40. Kpays B.U., Murpodanos K.H., Msaron B.B., Bunorpago B.II., Bunorpagosa 0.B.,
I'paGorckuii E.B., Koiiman B.C. JUHAMUKA CTPYKTYPhI TOKOHECVIIEN ITJIASMEHHOM
OBOJIOYKU [INTABMO®OKYCHOI'O PA3PAIA

®usnka mnasmel, 2011, T. 37, Ne 9, C. 797-810.
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Lenpto paboThl ABISATIOCH UCCIEIOBAaHHE TOHKOW CTPYKTYpBI TOKOBO-TuTazMeHHOU obonouku (TIIO)
paspsana B miasModokycHor ycraHoBke [1D-3. BrimosHeHb! UccieOBaHUs TUHAMHUKA O0OJIOUKH TPH
paspsae B npedrtepun. [l M3MepeHUil TOKOBBIX MapaMeTpoB OOOJOYKH HCIOIb30BAINUCH a0COIIOTHO
KaTuOpOBaHHBIE MArHUTHBIC 30H/BI, YCTAHOBICHHBIC B PA3JIMYHBIX IMOJIOKEHUSX OTHOCHUTEIHHO OCHU
YCTAaHOBKM W TOoBepxHocTH aHoja. Jlnsg anammza crpyktypel TIIO BhepBele mnpuMeHEH
MarHUTOONTUYECKUI 30H[, PErUCTPUPYIOLIMNA IOMHMO MarHMTHOTO CHUTHaja TAKXE M ONTHYECKOE
CBEUCHHE TIa3Mbl 000JIOYKH. DTO MO3BOJIMIO MMPOCTPAHCTBEHHO PA3JIEIUTh 001aCTh MPOTEKAHUS TOKA
u oOnacte ymapHoil BomHbBL [lokazaHo, 9TO pacmpeneiieHHe TOKa 3aBUCHT OT CTaaud paspsfa.
HccnenoBana auHaMuka 0OOJIOUKH B MPUOCEBON 00JIACTH B KOPPETSIUU C HEUTPOHHBIM M3JIyYECHHUEM.
[Toka3zaHo, 4TO BEIMYMHA HEUTPOHHOI'O BBIXOJA ONPEAEIIAETCA HE MAKCUMAJIBHOW BEJTMYMHOM MTOJTHOTO
pa3psAaHOTO TOKA, a BETMYMHON TOKA, COKMMAeMOro K OCH.

V. L. Krauz, K. N. Mitrofanov, V. V. Myalton, V. P. Vinogradov, Yu. V. Vinogradova, E. V.
Grabovski, V. S. Koidan Dynamics of the structure of the plasma current sheath in a plasma focus
discharge

Plasma Physics Reports, September 2011, Volume 37, Issue 9, pp 742-754
http://link.springer.com/article/10.1134/S1063780X11080058

DOI: 10.1134/S1063780X11080058

The study is aimed at investigating the fine structure of the plasma current sheath (PCS) in the PF-3
plasma focus facility. The PCS dynamics in a deuterium discharge was studied. The PCS parameters
were measured using absolutely calibrated magnetic probes installed at different positions with respect
to the facility axis and the anode surface. A magneto-optical probe recording both the magnetic signal
and the PCS optical luminosity was first applied to analyze the PCS structure. This made it possible to
spatially resolve the current and shock-wave regions. It is demonstrated that the current distribution is
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different in different discharge stages. It is shown that the neutron yield is determined by the value of
the current compressed toward the axis, rather then the amplitude of the total discharge current.

41. UCCIEJOBAHUE  XAPAKTEPUCTUK  UMIUIO3MA  KBA3UCOEPUYECKUX
ITPOBOJIOYHBIX JJAMHEPOB HA YCTAHOBKE AHI'APA-5-1 ITPM TOKE JIO 4 MA
AnexcanapoB B.B., Bonkos I'.C., I'pabosckuit E.B., I'pubos A.H., I'punyx A.H., Jlayxun S.H.,
Murpodanos K.H., Oneitnuk .M., Cacopos I1.B., ®ponos 1.H.

®usuka mwiazMmel. 2012. T. 38. Ne 4. C. 345-369.
http://www.maikonline.com/maik/showlssueContent.do?puid=VIGUQRMYIL

[IpencraBneHs! pe3yabTaThl UCCIEN0BAHUSA TPEXMEPHOM IPOCTPAHCTBEHHOM KOHIIEHTPALUU BEIIECTBA
B LIEHTPAJIbHOM YacTu pa3psAHOrO MPOMEXYTKa U (HOPMUPOBAHMSI BPEMEHHOIO MPO(UIIS MOLUTHOCTH
pentreHoBckoro usnyudenusi (PU) B mpomecce mmiuiosuu kBazuchepHueCKUX MHOTOMPOBOIOYHBIX
JaifHepoB Tpu TOoke paspsana 1o 4 MA. B kauecTBe XapaKTEpPHUCTHK MMILIO3MH KBa3HC(EpHUUECKUX
MHOTOMPOBOJIOYHBIX JIAWHEPOB HCIOJB30BaHbl MPOCTPAHCTBEHHOE pacmpeseneHue cBeueHus PU B
HEHTPaJIbHOW YacTU Pa3psIHOTO MPOMEXYTKa W BpeMeHHOH mnpoduib momHoct PU. Hawanphas
NPOCTPAHCTBEHHAs] CTPYKTypa KBa3zUC(epuuecKoro JaiHepa (opMHpOBaach MpPU PACTSHKEHUH IO
paanycy HEHATSHYTBIX MPOBOJIOK HCXOJHBIX LMIMHIPUYECKHX U KOHYCHBIX MHOTOIPOBOJIOYHBIX
JaiHEepOB TMOJ JEHCTBHEM JJIeKTpocTaThdeckoro mois. Iloka3aHo, 4To BpeMEHHOH HpoQuibL
BbIXOIHOTO uMIyibca PU B nuanazone sHepruii kBanToB 0.1-1 k3B 3aBUCHUT Kak OT reOMETPUUECKHUX
napaMeTpoB KBa3zuc(epuueckoro JlaiiHepa, Tak U MPOCTPAHCTBEHHOTO paclpe/iesIeHns: Macchl JaiiHepa
BJ0JIb €ro BhICOTHL. OOHapyKeHO, YTO yBeJIWYeHHE Macchl BemlecTBa Ha 40% 3a cyeT HamnbUICHUS B
9KBATOPHAIILHONW YacTH KBa3uCHEPUUECKOTo JaiiHepa MPUBOJUT K YBEITUUYEHHUIO CPEIHETO TOKOBOTO
panuyca nuH4Ya Ha 15% wu cHmxkaer Bbixon sHepruu PU Ha 30%. IIpoBeneHbl HKCIIEPUMEHTHI C
KBa3HCc(hepruueCKUMH JTaiHEpaMu W3 KalpOHOBBIX BOJIOKOH, Ha MOBEPXHOCTh KOTOPBIX HAHOCUIIHUCH
npoBojsmue ciaou u3 Al u Bi. [TokazaHo, 9TO HCHONIB30BaHNE TAKUX JAWHEPOB MO3BOJISIET, BAPbUPYS
Maccy, Marepual Hu o0JacTb HamnbUICHHS MPOBOASIIMX CJl0eB, (QopmupoBaTh ummnyisc PU ¢
ynpaBiIsieMbIMU NPpoUIEM U JUIUTENbHOCTRI0. OOHAPYKEHO, YTO HAHECEHHE JOMOTHUTEIBHON MacChl
B BHJIC TIOJIOCHI TOHKOTO cjosi Bi Ha Boigb(pamMoOBBIE TPOBOJOKK y KaToJa COOpOK oOecreymBaeT
KOMIICHCAIINIO BIMSHHS KaTOAHOTO 3urmep-3¢dexTa Ha cxkaTtue nmuH4Ya U (HOPMUPOBAHHE HMITYJIbCA
PU B W-naiinepax.

V. V. Aleksandrov, G. S. Volkov, E. V. Grabovski, A. N. Gribov, A. N. Gritsuk, Ya. N. Laukhin, K.
N. Mitrofanov, G. M. Oleinik, P. V. Sasorov, I. N. Frolov Study of the implosion characteristics of
quasi-spherical wire arrays on the Angara-5-1 facility at currents of up to 4 MA

Plasma Physics Reports, April 2012, Volume 38, Issue 4, pp 315-337
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esults are presented from experimental studies of the spatial distribution of the density of matter in the
central part of the discharge gap and the formation of the temporal profile of the X-ray power in the
course of implosion of quasi-spherical wire arrays at discharge currents of up to 4 MA. The spatial
distribution of the X-ray intensity in the central part of the discharge gap and the temporal profile of
the X-ray power are used as implosion characteristics of quasi-spherical wire arrays. The
quasi-spherical arrays were formed by the radial stretching of unstrained wires of initially cylindrical
and conical wire arrays under the action of the electrostatic field. The temporal profile of the output
X-ray pulse in the photon energy range of 0.1-1 keV is shown to depend on both the geometrical
parameters of the quasi-spherical array and the longitudinal distribution of its mass. It is found that a
40% increase in the wire mass due to deposition of an additional mass in the equatorial region of a
quasi-spherical array leads to a 15% increase in the average current radius of the pinch and a 30%
decrease in the X-ray yield. Experiments with quasi-spherical arrays made of kapron fibers with
deposited Al and Bi conducting layers were also carried out. It is demonstrated that application of such
arrays makes it possible to control the profile and duration of the generated X-ray pulse by varying the
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mass, material, and location of the deposited layer. It is found that deposition of an additional mass in
the form of a thin Bi stripe on tungsten wires near the cathode end of the array allows one to mitigate
the influence of the cathode zipper effect on the pinch compression and formation of the X-ray pulse in
tungsten arrays.

42. HCCIEJOBAHUE PAJIMAJIBHOI'O PACIIPEAEJIEHMS MAI'HUTHOI'O IIOJISA B
ITJIABME MHOT' OITPOBOJIOYHBLIX CBOPOK HA YCTAHOBKE AHI'APA-5-1

K. H. Murpodanos, E. B. I'pabosckuii, I'. M. Onelinuk, B. B. Anekcanapos, A. H. I'punyk, 1. H.
®ponos, A. H. Jlayxun, I1. B. Cacopos, A. A. Camoxun

®uzuka mna3Mmel. 2012. T. 38. Ne 10. C. 1-24.
http://www.maikonline.com/maik/showlIssueContent.do?puid=VIGU

B nacrosimeii paboTte npeactaBieHbl pe3yabTaThl UCCIETOBAHUM UMITJIO3UH MPOBOJIOYHBIX (BOJIB(GpaMm,
ATFOMUHHM, MOJMOJCH) U BOJIOKOHHBIX cOOpOK (KampoH) Ha ycraHOBKe AHrapa-5-1 mpu Toke 1o 4
MA. BriepBbie oApoOHO M3MEpPEHBI paJHalibHbIEe PaCIpeesIeHus] a3UMyTaJIbHOTO MAarHUTHOTO TOJIS
Ha CTQ/IMM IJIa3MO0Opa30BaHUs MPH CXKATUU TaKUX cOOpPOK. PaccunTaHbl paguaibHbIC pacipeaeeHus
IJIOTHOCTH ToOKa. [IpoBeneHO cCpaBHEHHE C JaHHBIMHU ONTHYECKOW IIEJIEBOM pPa3BEPTKH U
JJIEKTPOTEXHUYECKNX  W3MEPEHM TOKa W  HampsokeHus. Ha  ocHOBaHMM — TONy4YEHHBIX
9KCIIEPUMEHTANBHBIX PE3YJIbTAaTOB CJIelaHa OIIeHKAa HWHTEHCUBHOCTU IIa3MOOOpa3oBaHUs COOPOK,
M3TOTOBJICHHBIX U3 PA3IUYHBIX BEIIECTB.

K. N. Mitrofanov, E. V. Grabovski, G. M. Oleinik, V. V. Aleksandrov, A. N. Gritsuk, I. N. Frolov, Ya.
N. Laukhin, P. V. Sasorov, A. A. Samokhin Study of the radial distribution of the magnetic field in the
wire array plasma at the Angara-5-1 facility

Plasma Physics Reports, October 2012, Volume 38, Issue 10, pp 797-819

http://link.springer.com/article/10.1134/S1063780X12100091
DOI: 10.1134/S1063780X12100091

Results are presented from experimental studies of the implosion of wire (tungsten, aluminum, and
molybdenum) and fiber (kapron) arrays at the Angara 5-1 facility at currents of up to 4 MA. The radial
distributions of the azimuthal magnetic field in the stage of plasma production in such arrays are
measured in detail for the first time, and the radial profiles of the current density are evaluated. The
data obtained using an optical streak camera are compared with the results of measurements of the
current and voltage. Using the obtained experimental results, the rate of plasma production in the
arrays made of different materials is estimated.

43. UCCJIEJOBAHNS CIIEKTPOB M3JIYUEHUS BICTPBIX Z-IIMHYEN, OBPA3YIOLUXCSI
ITPU CXKATHU MHOI'OITPOBOJIOYHBIX CBOPOK HA YCTAHOBKE AHI'APA-5-1

E. A. bonxosutuno®, I'. C. Bonkos, . 0. Buues**, E. B. I'paboBckuii, A. H. I'punyk, B. U.
3aiinie, B. I'. HoBukos**, I'. M. Oneitnuk, A. A. Pynacos*, E. B. Ceetnos, A. C. lllukanos*, M. B.
®demynoB

®usnka mna3mel. 2012, T. 38. Ne 10. C. 894-902.
http://www.maikonline.com/maik/showlIssueContent.do?puid=VIGU

[IpuBenensl pe3ynbTaThl HM3MEPEHUN CIEKTPOB H3IYyYCHUS BOJIb(OPAMOBON TIIa3Mbl Z-THHYEH,
00pa3yoImmxcs Mpu CXKATUU IIWIMHAPUYECKUX MHOTOIPOBOJIOYHBIX COOpOK TOKOM 3 MA ¢ nmoroHHou
Maccort 200400 MKr/cM M HadaidbHBIM JuaMeTpoM 12-20 MM B DKCIIEpUMEHTaX Ha CHIIBHOTOYHOM
ycTaHOBKe AHrapa-5-1. 3aBUCHUMOCTh MHTEHCUBHOCTH W3JIyY€HHUS! OT SHEPIMH KBAaHTOB B MHTEpBAJIC
50-900 »B momyuena cnektporpadoM ¢ MPOMyCKaroleld pemeTkod U perucTpanueil U3aydeHus Ha
peHTreHoBcKyto (ororuieHky Y ®-4. B unrepBaine snepruii kBantoB 1-3 k3B criekTp u3aydeHust ObuT
MOJTy4eH KPUCTAIMYECKUM O030pHBIM crieKTporpadom. i 3amuThl MPOMYCKAIOMEH PElIeTKH OT
OBICTPBIX MHUKPOYACTHI], BO3HHUKAIOIIUX IPU 3PO3UU BBICOKOBOJBTHBIX AJIEKTPOJOB, HCIOJIb30BaH
3IEKTPOMArHUTHBIN ITOPHBIN 3aTBOpP. [10NHBIN BBIXO SHEPTUU U3ITyUEHUS U3MEPSIICS TEPMOIMAPHBIM
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kanopumerpoM. llokazaHO, YTO OCHOBHas MOJS SHEPTUM M3IY4YCHUS BOJIb(PPAMOBOH IUIA3MBI
HaxoauTcsl B MHTepBajie sHepruu kBaHTOB 80-300 5B. M3mepeHus cneKkTpalbHOW WHTEHCHBHOCTH
U3JTY4YCHUSI C MPOCTPAHCTBEHHBIM pa3pelIeHHEM I10 paauycy MUHYA MOKa3aid, 4TO 3()(HEeKTUBHBINA
NONEepPEeYHBI MaMeTp MUHYa HE TNPEBBIIACT 2 MM, YTO COBIAJAaeT C HE3aBUCHMBIMH TOKOBBIMH
U3MEPEeHUsIMH pa3Mepa NHHYA. [IpoBeNeHO CpaBHEHHE pEe3YyJIbTaTOB W3MEPEHUH CIEKTPaIbHON
WHTCHCUBHOCTH M3JIYYCHHUSI C pacyeTaMH, BBINOJHEHHBIMH B TIPEATIOJIOKEHUH CTAlMOHAPHOCTH M
OJTHOPOJTHOCTH TUIA3MBI.

E. A. Bolkhovitinov, G. S. Volkov, I. Yu. Vichev, E. V. Grabovski, A. N. Gritsyk, V. L. Zaitsev, V. G.
Novikov, G. M. Oleinik, A. A. Rupasov, E. V. Svetlov, A. S. Shikanov, M. V. Fedulov Study of the
radiation spectra of fast Z-pinches formed during the implosion of wire arrays in the Angara-5-1
facility

Plasma Physics Reports, October 2012, Volume 38, Issue 10, pp 824-832

http://link.springer.com/article/10.1134/S1063780X12090024
DOI: 10.1134/S1063780X12090024

Results are presented from measurements of the radiation spectra of the Z-pinch tungsten plasma
produced during the implosion of cylindrical wire arrays with a linear mass of 200400 pg/cm and an
initial diameter of 12-20 mm at a current of ~3 MA in the experiments performed at the Angara-5-1
facility. The radiation spectra in the photon energy range of 50-900 eV were recorded on a UF-4 X-ray
film by using a spectrograph with a transmission grating. The radiation spectrum in the photon energy
range of 1-3 keV was recorded using a crystalline panoramic spectrograph. A curtain shutter was used
to protect the transmission grating from fast microparticles produced due to the erosion of high-voltage
electrodes. The total radiation yield was measured with a thermocouple calorimeter. It is shown that
most of the tungsten plasma radiation energy is emitted in the photon energy range of 80-300 eV.
Measurements of the spectral intensity of pinch radiation with a spatial resolution along the pinch
radius showed that the effective transverse diameter of the pinch did not exceed 2 mm, which agrees
with independent current measurements of the pinch size. The results of measurements of the spectral
intensity of pinch radiation were compared with calculations per-formed under the assumption of a
stationary homogeneous plasma.

44. VNCCJIIEJOBAHUE UMIIJIO3UN ITEHO-ITPOBOJIOYHbBIX CBOPOK HA YCTAHOBKE
AHT'APA-5-1

K. H. Mutpodanos, E. B. I'pabosckuii, B. B. Anekcanapos, M. H. ®ponos,

I'. M. Ouneiinuk, 4. H. Jlayxun, A. H. I'punyk, I1. B. Cacopos, C. ®. MenoBuinkos

®usuka mnasmel. 2012, T. 38. Ne 12. C. 1022-1041.
http://www.maikonline.com/maik/showlssueContent.do?puid=VIGUQRQO1W

[IpoBeneHbl PKCIIEPUMEHTHI 110 UMILIO3UH JTaHEPOB TUIIA ABYXKACKAIHBIX BJIOKEHHBIX KOHCTPYKIIHUH,
[ENbI0 KOTOPBIX OBUIO HCCIIENOBaHME KOMIIAKTHOCTH HX CXaTus. B KadecTBe HWHAMKATOPOB
KOMIIAKTHOTO CXKaTHsl MHHYA MCIOJb30BAIMCh JMHAMHUKA MPOCTPAHCTBEHHOI'O PACIPEAEIEHUS TOKa
(MarHuTHOrO MOJIS1) M BPEMEHHOW MPOPUIb TEHEPUPYEMOr0 HMITYJbCa MSTKOTO PEHTI€HOBCKOTO
manyyenuss (MPH). B pabore mnpexacraBieHbl pe3yabTaTbl HM3MEpPEHHs] MPOCTPAHCTBEHHOTO
pacrmpeneneHnss MarHUTHOTO Tojsi (Toka) W mpoduis ummyibca mMourHocTH MPU npu mmrio3un
JIBYXKaCKaIHBIX BJIOKEHHBIX JIAHEPOB - MeHO-TipoBoouHbIX (I1-IT) koHCTpyKIMiA Tpu Toke 10 4 MA
Ha ycTaHoBKe AHrapa-5-1. Takue naiiHepbl COCTOST M3 JBYX BJIOKEHHBIX JIPYr B JIpyra KackaJoB,
OJIMH U3 KOTOPBIX MPEICTaBISET cOOOK MHOTOMPOBOJIOYHYIO COOPKY, 8 BTOPOU - IMOJIBIH/CIUIONIHOM
MWIMHAPUYECKUN JIalHep W3 TEeHbl Malloil IUIOTHOCTW (TIeHHBIM JaiHep). [leHHBIA saitHep
M3rOTaBIMBAJICA U3 arap-arapoBOd MEHbl B BUJAE CIUIOIIHOIO LMJIMHAPA WK IMOJOr0 C TOJIIMHOU
crenku 100 - 200 mxm. B psine onbitoB onuH u3 kackanoB [I-I1 koHCTpyKIuu ObUT U3TOTOBJIEH W3
neHsl B TBepaoil ¢aze opranmueckoil kucnorsl C,H O, C momouipr0 METOIUKH MHUHHUATIOPHBIX
MarHMTHBIX 30HJIOB MCCIIEJOBAaHO PaJAHAIbHOE PACIpENeICHE MarHUTHOTO I10JIs, BO3HUKAIOLIETO BO
BHYTPEHHEM NPOCTPAHCTBE BIIOKEHHBIX KAaCKaJ0B MpH uMIUIo3uu saiiHepos [1-I1 koHCTpyKIuy, Kak B
INPOCTPAHCTBE MEXIy KackaJaMu, TaKk U BO BHYTpPEHHEM Kackaje. l3MmepeHHble paauaibHbIe
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pacnpeleneHdss MarHuTHOTO IIOJISL CPaBHUBAKOTCA C PacyeTaMM CTPYKTYpbl MarHMTHOIO IOJS IO
onHoMepHot MI'JI mporpamme, MOAEIUPYIOIIEH INPOLECC MMIUIO3UMHM JBYXKACKaIHBIX BIIOKEHHBIX
naniHepoB [I-II koHcTpykumu. Iloka3aHo, 4TO pa3BUTHE PEKHMMOB CBEPX3BYKOBOTO M JJO3BYKOBOIO
TE€YECHMs IIa3Mbl C MAarHUTHBIM IOJIEM B ABYX Kackanax JjaiHepoB II-I1 koHcTpyknmm onpenenser
IIPOCTPAHCTBEHHYIO CTPYKTYpy TOKa M PpaclpeleleHUs] MarHUTHOTO IOJIA NPU HMMILIO3UM TaKUX
naifHepoB. PaccMOTpeHbI SKCIIepUMEHTaIbHbIE 0OCOOEHHOCTH (POPMHUPOBAHUS MHMHYA U KOMIIEHCAIUU
HEOJHOBPEMEHHOCTH CXaTus NMHMHYA MEXIY aHOJIOM M KaToJgoM (3ummep-3¢¢dexra) npu UMIUIO3UU
BJIOKEHHBIX JanHepoB [I-11 koHcTpyKINK.

K. N. Mitrofanov, E. V. Grabovski, V. V. Aleksandrov, I. N. Frolov, G. M. Oleinik, Ya. N. Laukhin,
A. N. Gritsuk, P. V. Sasorov, S. F. Medovshchikov Study of the implosion of foam-wire loads at the
Angara-5-1 facility

Plasma Physics Reports, December 2012, Volume 38, Issue 12, pp 941-959

http://link.springer.com/article/10.1134/S1063780X12110098
DOI: 10.1134/S1063780X12110098

Results are presented from experiments on studying the compactness of compression of imploding
nested foam-wire loads at currents of up to 4 MA at the Angara-5-1 facility. The degree of pinch
compression was estimated from the dynamics of the spatial distribution of the current (magnetic field)
and the shape of the soft X-ray pulse. The load consisted of nested cascades, one of which being a wire
array and the other being a hollow or solid low-density cylinder made of agar-agar foam with a wall
thickness of 100-200 pm. In some experiments, one of the cascades was made of C20H1706
solid-state organic acid foam. The radial distribution of the magnetic field inside the nested cascades of
the imploding foam-wire load (both between the cascades and inside the inner cascade) was measured
using tiny magnetic probes. The measured radial distributions of the magnetic field are compared with
the magnetic field configuration calculated using a one-dimensional MHD code simulating the
implosion of a nested foam-wire load. It is shown that the spatial structure of the current and magnetic
field during the implosion of such a load is determined by the development of supersonic and subsonic
magnetized plasma flows in its cascades. The specific features of pinch formation and methods for the
compensation of the nonsimultaneous pinch compression between the anode and the cathode (the
zipper effect) during the implosion of a nested foam-wire load are analyzed.

45. P. Kubes, V. Krauz, K. Mitrofanov, M. Paduch, M. Scholz, T. Piszarzcyk, T. Chodukowski, Z.
Kalinowska, L. Karpinski, D. Klir, J. Kortanek, E. Zielinska, J. Kravarik and K. Rezac
CORRELATION OF MAGNETIC PROBE AND NEUTRON SIGNALS WITH
INTERFEROMETRY FIGURES ON THE PLASMA FOCUS DISCHARGE

Plasma Physics and Controlled Fusion, 2012, V. 54, N. 10. P. 105023.
http://iopscience.iop.org/0741-3335/54/10/105023

DOI:10.1088/0741-3335/54/10/105023

In this paper the results of temporally resolved measurements using calibrated azimuthal and axial
magnetic probes are presented, together with interferometry and neutron diagnostics performed on the
PF-1000 (IPPLM, Warsaw, 2 MA) device with a deuterium filling and 10" neutron yield. The probes
located in the anode front at three different radial positions allow determination of the dominant part of
the discharge current flows behind the imploding dense plasma layer. The current sheath is composed
of both the axial and azimuthal components of the magnetic field. After reaching the minimum
diameter, the current sheath continues in a radial motion to the axis and then penetrates into the dense
plasma column. At the final phase of stagnation, the dominant current passes through the dense
column. The probes located on the axis of the anode front registered an increase and a decrease in the
pulse of the axial component of the magnetic field in correlation with the formation and decay of the
dense plasmoidal structure. The estimated values of the axial component of the magnetic field at the
center of the plasmoids in the first neutron pulse and close before its decay and dominant neutron
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production can reach 2 and 10 T; it is 10-30% of the value of the azimuthal magnetic field of the dense
column boundary.

46. V. Krauz, K. Mitrofanov, M. Scholz, M. Paduch, L. Karpinski, E. Zielinska and P. Kubes
EXPERIMENTAL STUDY OF THE STRUCTURE OF THE PLASMA CURRENT SHEATH ON
THE PF-1000 FACILITY

Plasma Physics and Controlled Fusion, 2012, V. 54, N. 2 P. 025010.
http://iopscience.iop.org/0741-3335/54/2/025010

DOI:10.1088/0741-3335/54/2/025010

The results of studies of the plasma-current sheath structure on the PF-1000 facility in the stage close to
the instant of pinch formation are presented. The measurements were performed using various
modifications of the calibrated magnetic probes. Studies of the influence of the probe shape and
dimensions on the measurements accuracy were done. The current flowing in the converging sheath at a
distance of 40 mm from the axis of the facility electrodes was measured. In the optimal operating
modes, this current is equal to the total discharge current, which indicates the high efficiency of current
transportation toward the axis. In such shots a compact high-quality sheath forms with shock wave in
front of the magnetic piston. It is shown that the neutron yield depends on the current compressed onto
the axis. This dependence agrees well with the known scaling, Yn ~ 174. The use of the total discharge
current in constructing the current scaling, especially for facilities with a large stored energy, is
unjustified.

47. V. Krauz, K. Mitrofanov, M. Scholz, V. Myalton, M. Paduch, E. Grabovski, L. Karpinski, V.
Koidan, V. Vinogradov, Yu. Vinogradova, E. Zielinska MAGNETIC FIELD MEASUREMENTS ON
PF-1000  AND PF-3 FACILITIES: CURRENT SHEATH STRUCTURE AND NEUTRON
SCAILING

Nukleonika. 2012. V. 57. N. 2. P.201-204

http://www.nukleonika.pl/www/back/abstract/vol57 2012/v57n2p201.htm - abstract
http://www.nukleonika.pl/www/back/conts12n2.htm — full text

The comparative analysis of the magnetic field distribution, the dynamics and structure of the plasma
current sheath, and the neutron yield scaling in two largest plasma focus facilities, PF-3 and PF-1000 is
done. The power-low dependence of the neutron yield on the current in the imploding plasma sheath
has been demonstrated experimentally. For the first time the presence of the Bz magnetic field
components is experimentally shown.

48. V.I. Krauz, K.N. Mitrofanov, M. Scholz, M. Paduch, P.Kubes, L. Karpinski and E. Zielinska
EXPERIMENTAL EVIDENCE OF EXISTENCE OF THE AXIAL MAGNETIC FIELD IN A
PLASMA FOCUS

EPL (Europhysics Letters), 2012. V. 98. Issue 4. P. 45001.
http://iopscience.iop.org/0295-5075/98/4/45001

DOI:10.1209/0295-5075/98/45001

The magnetic field distribution substantially affects mechanisms for the generation of radiation in
Z-pinches. Investigation of the axial component of the magnetic field is one of the important problems
in plasma focus studies. The measurements of the B-component of the magnetic field on the PF-1000
facility were done with the multichannel absolutely calibrated probe both at the stage of
plasma-current sheath radial compression and in the dense-pinch stage. In the compression stage, the
axial component of the magnetic field reaches several kG that comprises ~10% of the azimuthal
component. The presence of the B, field is a powerful argument in favor of the existence of closed
magnetic configurations, which play an important role in the generation of neutrons.
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49. OCOBEHHOCTU CTPYKTYPhI M3JIVUAIOIIEN OBJIACTU Z-IIMHYA IIPU CKATUH
[MEHO-ITPOBOJIOYHbIX CBOPOK HA YCTAHOBKE AHI'APA-5-1
K. H. Murpodanos*, E. B. I'pabosckmii*, A. H. I'pumyx*, . H. Jlayxun*, B. B. Anekcannpos*, I'.

M. Onmneiinuk*, C. . Menosmukos®, A. I1. Illesenpko**
dusnka mnasmel. 2013. T. 39. Ne 1. C. 51-76.

http://www.maikonline.com/maik/showlssueContent.do?puid=VIHIISXFT6

[IpuBeneHsl pe3ynbTaThl IKCIEPUMEHTANBHBIX HCCIEIOBAaHUNA OCOOCHHOCTEH CTPYKTYPBI CXKATOTO
COCTOSIHUS Z-TIMHYa JlaiiHepoB Tuna neHo-nposojouHblx (I1-I1) koncTpykuuit npu Toke 1o 3 MA. I1-I1
KOHCTPYKIHS MpeACTaBisiiga co0oi ABa BIOKEHHBIX APYT B Jpyra MOJBIX HUIUHAPUYECKUX JIaliHepa,
OJIMH U3 KOTOPBIX IpPEICTaBs coO0O0W NMEHHBIN NaiiHep, a APYrod — MHOTOIPOBOJIOYHYIO COODKY.
[lenHslii TaliHEp U3rOTOBIIICA U3 MAJOIUIOTHOM IIEHBI arap-arapa B BUJE CIUIOIIHOIO LWJIMHAPA WU
MOJIOW IWIMHAPUYECKOW 00070uku ¢ TommuHoi cteHku 100 - 200 mxm. I[Ipoananm3upoBaHbI
n300paKeHHsI TMHYa M €ro CIHEKTpPa, MOJYYCHHbIE NMPU TOMOILIM MHOTOKAIPOBBIX PEHTTCHOBCKUX
KaMep M C UCIOJb30BaHUEM IU(PAKIIMOHHOTO crekTporpada ckompasimero nageHus (GIS - grazing
incidence spectrograph) ¢ mnpocTpaHCTBEHHBIM paspenieHueM. Ha ¢QuHanpHONW cTaauu CHKaTus
naniHepoB II-II KOHCTpyKUHMH IOJIY4YEHBl AAHHBIE O MPOCTPAHCTBEHHOM CTPYKTYpE H3IIy4arOLIUX
oOyacteil U criekTpa Z-nuH4a B 0071acTU MSATKOTo peHTreHoBckoro minydenus (MPU). OOnapyxeHsl
PEKUMBI UMIUIO3UU € (DOPMUPOBAHHEM TOpSAYUX OOIACTEl NMPH MMIUIO3UHU JIAlfHEPOB TAaKOro THUIIA.
W3mepenbl  xapakTepHble MacmTaObl Topsunx obnacteil. IlokasaHo, 4YTO SHEPreTU4YecKoe
pactipenenenne kBaHToB B crnektpe MPU B nguamasone or 80 3B nmo 1 xeB dopmupyer
IPOCTPAHCTBEHHYIO CTPYKTYpPY M300paxeHuil npu cxxatuu Z-nuxya [1-I1 konctpykuuit. OGHapysxeHo,
YTO crnekTpaiabHas miaoTHocTs MPU B nuanazone sHepruu kBantoB 300-600 3B u3 ropsiunx obnacreit
Z-nuHya Ooyiee 4eM Ha TMOPSIOK MPEBBHIINIAET CHEKTPAJbHYIO IJIOTHOCTh W3IyYEHHUS M3 COCEIHHX
oOmacreil nmuH4a. M3 aHanmu3a MpoCTPaHCTBEHHOTO pacmpereneHus crnekrpoB MPU MHoro3zapsaHbIx
VMOHOB Z-TIMHYa BIIEPBBIE 3apErMCTPUPOBAHBI TPYMIBI JIMHUN, OOYCIIOBJIECHHBIE IMOIJIOIIEHUEM U
UCITyCKaHHEM H3JIy4eHUs] aTOMAMH U MHOIO3apsiIHBIMA HMOHAaMHU YIJepoja M KHUCJIOpOJAa MEHHOIO
naiiHepa Bo BHemHeM Kackaze I1-IT koncrpykuuu. MneHTuguurpoBansl rpynnbl JUHHA TOTTTOMIECHHS
nono (C III, O III, O IV, O VI), coorBercTByIomue mOTiomenuo B crnekrpe MPU Z-nunua
BOJIb()paMOBOI MPOBONOYHON COOpKH, Kak BHYTpeHHero kackaga naiiHepa II-II koHcTpykimw.
W3mepeHHas 1o 3apsjgoBOMY COCTaBy MOHOB yIJIepoJa M KHCIOpOJAa 3JEKTPOHHAs TeMIleparypa
IUIa3Mbl BO BHEILIHEM NIEHHOM JIaiiHepe u3 arap-arapa cocrasuia 10-40 3B. [Ipu ummnno3uu Tokom a0 3
MA naiinepoB uccienoBanabix [1-IT koHcTpykimid momydensl ummnyibebl MPU (¢ hv>100 »B) npu
nukoBoi MomHocTH 3 TBT ¢ murensHOCTRIO 10 He. [TokazaHo, 4TO BpeMEHHOW MPOPUITH MOIITHOCTH
MPU M0OHO KOHTPOJIUPOBAThH, POPMUPYS KaK OAHOMUKOBYIO, TAK U IBYXITUKOBYIO CTPYKTYpY 3@ CUET
M3MEHEHUS TapaMeTPOB BHEIIHETO U BHYTPEHHETO Kackaaos jakHepa [1-I1 koncTpykuun.

K. N. Mitrofanov, E. V. Grabovski, A. N. Gritsuk, Ya. N. Laukhin, V. V. Aleksandrov, G. M. Oleinik,
S. F. Medovshchikov, A. P. Shevel’ko Specific features of the structure of the Z-pinch emitting region
formed during the implosion of a foam-wire load at the ANGARA-5-1 facility

Plasma Physics Reports, January 2013, Volume 39, Issue 1, pp 62-85

http://link.springer.com/article/10.1134/S1063780X12120045
DOI: 10.1134/S1063780X12120045

Results are presented from experimental studies of the structure of the compressed plasma of a Z-pinch
produced during the implosion of a foam-wire load at the current of up to 3 MA. The foam-wire load
consisted of two nested cylindrical cascades, one of which was a solid or hollow cylinder made of
low-density agar-agar foam, while the other was a wire array. The wall thickness of a hollow foam
cylinder was 100-200 pm. The images of the pinch and its spectrum obtained with the help of
multiframe X-ray cameras and a grazing incidence spectrograph with a spatial resolution were
analyzed. Data on the spatial structure of the emitting regions and the soft X-ray (SXR) spectrum of
the Z-pinch in the final stage of compression of a foam-wire load were obtained. The implosion modes
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characterized by the formation of hot regions during implosion of such loads were revealed. The
characteristic scale lengths of the hot regions were determined. It is shown that the energy distribution
of SXR photons in the energy range from 80 eV to 1 keV forms the spatial structure of Z-pinch images
recorded during the implosion of foam-wire loads. It is revealed that the spectral density of SXR
emission in the photon energy range of 300-600 eV from hot Z-pinch regions exceeds the spectral
density of radiation from the neighboring Z-pinch regions by more than one order of magnitude.
Groups of lines related to the absorption and emission of radiation by atoms and multicharged ions of
carbon and oxygen in the outer foam cascade of a foam-wire load were recorded for the first time by
analyzing the spatial distribution of the SXR spectra of multicharged ions of the Z-pinch. The groups
of absorption lines of ions (C III, O III, O IV, and O VI) corresponding to absorption of SXR photons
in the Z-pinch of a tungsten wire array, which served as the inner cascade of a foam-wire load, were
identified. The plasma electron temperature measured from the charge composition of carbon and
oxygen ions in the outer agar-agar foam cascade was 10—40 eV. During the implosion of foam-wire
loads at currents of up to 3 MA, SXR pulses (hv > 100 eV) with a duration of 10 ns and peak power of
3 TW were detected. It is shown that the temporal profile of single-peak and double-peak SXR pulses
can be controlled by varying the parameters of the outer and inner cascades of the foam-wire load.

50. P. Kubes, D. Klir, J. Kravarik, K. Rezac, J. Kortanek, V. Krauz, K. Mitrofanov, M. Paduch, M.
Scholz, T. Pisarczyk, T. Chodukowski, Z. Kalinowska, L. Karpinski and E. Zielinska SCENARIO OF
PINCH EVOLUTION IN PLASMA FOCUS DISCHARGE

Plasma Physics and Controlled Fusion, 2013. V. 55. N. 3. P. 035011.
http://iopscience.iop.org/0741-3335/55/3/035011

DOI:10.1088/0741-3335/55/3/035011

In this paper, the possible evolution of a pinched plasma column is presented from the results of
temporally resolved measurements using a magnetic probe, interferometry and neutron diagnostics
performed on the plasma focus PF-1000 device with deuterium as the filling gas. Together with the
discharge axial current of about 1.5 MA a toroidal current component of the order of 100 kA was
estimated in the toroidal, helical and plasmoidal structures formed within the dense plasma column. The
mass inside these structures increases due to injection of the plasma from the neighborhood regions
with a higher pinching pressure. This injected plasma increases the intensity of the internal magnetic
field, probably through turbulent motion and the magnetic dynamo effect. The neutrons from the D-D
fusion reaction, produced during the formation and decay of plasmoidal structures and constrictions, are
accompanied by changes in the axial component of the magnetic field. Then, the transformation and
decay of internal closed currents can contribute to the acceleration of high-energy electrons and ions.

51. V. Krauz, K. Mitrofanov, M. Scholz, P. Kubes V. Myalton, M. Paduch, L. Karpinski, V. Koidan, A.
Mokeev, V. Vinogradov, Yu. Vinogradova, E. Zielinska RECENT RESULTS OF STUDIES OF
MAGNETIC FIELD DISTRIBUTION AND NEUTRON SCALING ON PF-1000 AND PF-3
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The recent results of studies of the magnetic field distribution and the neutron yield scaling in two
largest plasma focus facilities, PF-3 and PF-1000 is done. The power-law dependence of the neutron
yield on the current in the imploding plasma sheath has been demonstrated experimentally. For the first
time the presence of the Bz magnetic field components is experimentally shown. In the compression
stage, the axial component of the magnetic field reaches several kG that comprises ~10 % of the
azimuthal component. The presence of the Bz field is a powerful argument in favor of the existence of
closed magnetic configurations, which play an important role in the generating of neutrons.
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