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['.I1. ABEPbSIHOBY, B.B. JIMUTPUEBA?!, AM. KOHEB?, L. A.
KYHOB!?, E.M. HOCOBA?

'HarmonansHbIi HCCTen0BaTeNbCKUIA AnepHbI yauBepcuteT MU®U, Mocksa,
Poccus
2MOCKOBCKHIi FOCYIapCTBEHHBINA TEXHMUECKUH YHUBEPCUTET IPAXKIAHCKOM aBHALIAN
(MI'TY T'A), Mocksa, Poccus

OIEHKA ITAPA3BUTHBIX IAPAMETPOB MOUIIHBbIX
UMIIYJbCHBIX YCTPOMUCTB METOJAMUA
PACIIO3HABAHUS OBPA30B U
MAIINHHOI'O OBYYEHUAA

PaccmarpuBaeTrcss mpobOiemMa OLCHKM IapasdTHBIX —I1apaMeTpOB  MOIIHBIX
HUMITyJIbCHBIX ~ YCTPOMCTB C  paclpeneNeHHBIMH IapaMeTpaMH Ha  OCHOBE
KiIaccuukauyu (GopM BBIXOTHBIX CHTHAJIOB METOJAMH MAIIMHHOTO OOy4YeHWs U
pacno3HaBaHus 00pa3oB. PaccMoTpeHo npuUMeHeHHe JIMHEHHOI perpeccuy, Mozelb
«CiryuaifHbIii 1ecy», Meto k-Oimmkaiimmx coceneit, 0fHOMepHast MOAEb CBEPTOYHON
HelpoHHOU cetu. [laeTcs cpaBHEHHE NPOU3BOAMTENBHOCTH KaXKIOTO IMOAX0Ja, a
TaKOKe BApUAHTHI UX COBMECTHOTO HCIOJIb30BAHNSI.

G.P. AVAVERYANOV!, V.V. DMITRIEVA!,
A.M.KONEV!, LA. KUNOV!, E. M. NOSOVA?
!National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2The Moscow State Technical University of Civil Aviation (MSTU CA), Russia

ESTIMATION THE PARASITIC PARAMETERS OF POWER
PULSED DEVICES BY IMAGE RECOGNITION AND
MACHINE LEARNING METHODS

The article reviews the problem of detecting parasitic parameters based on the
form classification of the output signals of based on machine learning methods and
pattern recognition in powerful pulse devices with distributed parameters. Considered
the linear regression methods, the "Random Forest” model, the k-nearest neighbors’
algorithm, a one-dimensional convolutional neural network model. Comparison of the
performance of each approach is given, as well as options for sharing these methods.

VYerpotictBa (pOpMHpPOBAHUS MOIIHBIX BBICOKOBOJIBTHBIX HMITYJIHCOB
MaJIOH AJIMTENILHOCTH, UMEIOT IUPOKUI KpYyT IPUMEHEHUS B YCKOPUTEIAX U
YCTaHOBKAaxX MeracaileHc kjacca. MoaenupoBaHue 3TUX YCTPOHCTB
0a3upyeTcsl Ha CHCTEeMax M3 KOMIOHCHTHBIX M TOIIOJIOTHYECKUX YPABHCHHUH,
OJHOBPEMEHHO YYMUTHIBAIOIIUX JJIEMEHTHl C COCPEAOTOYEHHBIMU U
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pacrpe/ielieHHbIMU TTapameTpamu. [IpOoX0oXkIeHHEe HMITyjbCa B CErMEHTax
JIMHUHM OMMCBIBAETCS C CHCTEMOM TenerpadHbIX YpaBHEHUM, W pelaeTcs
4yepe3 peKypPEHTHYI0 KOHEYHO-Pa3HOCTHYIO cxemy (1).

{uk+1(t + Tj) + prir+1(E + Ti) = (1 = prgi)ug (t) + (px — 1) ik (t)
U (t + Ti) — prle (€ + Tye) = (1 — pregi) i1 () + (o — 1) ik41 (8)

@)
31eCh BEJIMYNHA TOKA — i) 41 ¥ HAIIPSHKECHHS — Uy, 41 B CEKLMHU ¢ HOMepoM (k +
1) ompemenstoTcst 4yepe3 BEIUYMHY TOKAa — [, W HANPKCHUS — Uy,

DIIEKTPUYECKYIO JUIMHY — T}, CONPOTHBJIEHUE — T}, M TIPOBOAMMOCTD — gy,
BBIYHCIICHHbIE UTS MTPEABIAYIIETO CETMEHTa TMHIH (¢ HoMepoM k) [1].

Venemnoe MOJENUPOBAHUE —MEPEXOIHBIX IIPOLECCOB B CXeMax
(bopMupoBaresieii UMIYJIbCOB IIO3BOJMIO IEPEUTH K 3amade 0OpaTHOro
MOACIMPOBAHUA. B »Tom CJ1ydyac JIaHHBIMU ABJIAIOTCA OCHUIIIOTPAMMEI,
MOKa3bIBAIOIKME HANPSIKEHHE Ha HArPy3Ke JUIMHHOM JMHHH, U MOTYT OBbITh
HONYYeHBl CHaYaja Ha CHMYJATOPaxX, Ha KOTOPBIX PE3YJbTAaT JErKo
NPOBEPUTH, & 3aT€EM M Ha pealbHBIX YCTAaHOBKAax. B xoje paboThl Oblia
olleHeHa padoTa KaIOHM MOJENM II0 METPUKE CPEIHEro abCOIOTHOIO
OTKJIOHEHUS

MpumeHeHne
mogenei
MaLMHHOTO
oByyeHna ana
Knaccurrayun
curiana

Onpegenenve
napameTpos
BeIGpaHHoIR

Harpysku

BelaeneHue nepsoro

N curHana

r, | 8

BxoaHaA 37an Pewenwe 3agaqu obpatHoro
ocuMnorpamMma npenobpaboTkn MOAENUPOBaHNA

Puc. 1. Cxema mporecca penieHust 3aJaqi 00paTHOTO MOJICITUPOBAHUS
Cpenn paccMOTPEHHBIX METO/OB KIACCH(HUKAINKA M PErPECCHH MOJEIb
CBEPTOYHON HEHPOHHOH CeTH TMoKa3ajia HAaUIy4IlInid pe3ybTar. [2]

Cnucox arumepamypul
1. Averyanov G P et al. 2014 (in Russian) Virtual electrophysics laboratories: New
generation (Cybernetics and Physics, Vol. 3, No. 4) pp 153 — 156
2. Hastie, T., Tibshirani R., Friedman J. “The Elements of Statistical Learning: Data
Mining, Inference, and Prediction” 2009
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I'.A. MEEPOBUY'?, E.B. AXJIFOCTHUHA?, U.]I.
POMAHMUILIKHH?,
E.A. KOTAH?3, M.I'. CTPAXOBCKA*, K.I'. JIUHbKOB?,
C.A. TOHUYKOB?, B.B. JIOLIEHOB*?
Uncmumym obweii pusuxu umenu A.M. Ilpoxoposa Poccuiickoti akademuu Hayx,

HUAY MUDHU

SMIMY um. UM. Ceuenosa,

AMI'Y um. M.B. Jlomonocosa,
Mocxea, Poccus

IPPEKTUBHOCTD HCIIOJIb30OBAHUA CBETA ITPH
OOTOANHAMNYECKOM BO3JEMCTBUU B TOHKUX
CEHCUBWJIN3UPOBAHHBIX CJIOAX

B pabore oneHeHa mONS JHEPrHMM CBETa, MOTJIOIAEMOr0 B TOHKOM CIIO€
pacTBOpoB  (OTOCEHCHOMIM3ATOPOB,  KOTOpask ~ 3aBUCHT  OT  3KCTHHKIIUH
(hoToceHCHOMIM3aTOPa, €ro KOHIICHTPAIIMH, TOIIHHBI CIIOS, JUTMHBI BOJIHBI U (GOPMBI
CIIEKTpa M3JIyYeHHS. B 3aBHCUMOCTH OT THIA UCTOYHHMKA OOJIyYCHUS H3MCHSCTCS
3¢ GEKTUBHOCTH (POTOAUHAMUICCKOTO BO3ICHCTBYSL.

G.A. MEEROVICH!? E.V. AKHLYUSTINA?
I.D. ROMANISHKIN?, E.A. KOGAN?, M.G.
STRAKHOVSKAYA* K.G. LINKOV?, S.A. GONCHUKOV?, V.B.
LOSCHENOV*!?

!Prokhorov General Physics Institute of the Russian Academy of Sciences,
2NRNU MEPhI, 3Sechenov FMSMU, “Lomonosov MSU, Moscow, Russia

THE EFFICIENCY OF USING LIGHT IN PHOTODYNAMIC
TREATMENT OF THIN SENSITIZED LAYERS

In the work, we evaluate the fraction of light energy absorbed in a thin layer of
photosensitizer solutions, which depends on the photosensitizer extinction, its
concentration, layer thickness, the shape and wavelength of the light source emission
spectrum. The efficiency of photodynamic action varies depending on the type of
radiation source.

Jnst penneHuss MHOTHX 3a/ad (oToanHaMuueckoro Bosxeiicteus (PB)
HeoOxoauMo B030yxkaaTk hoToceHcnOmmm3aTopsl (OPC) B TOHKHX (<5 MM)
CJIOSIX CeHCUOMITM3MPOBAHHBIX KOMITO3HIMH ¢ OMOKJIETKaMH1, HaIpuMmep, Ipu
(OTOMHAMHUYECKONH MHAKTHUBALMK [TATOT€HOB HA Pa3HbIX IOBEPXHOCTSIX M
T.JI.
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Hdonst #n o2Hepruum cBeTa, IOIVIONIAEMOr0 B CJO€ TONIMHON L,
cerncuoOmmsuposaHHoM ®C ¢ SKCTUHKIMEH € U MOJISIPHON KOHLIEHTpaIen
C, MOeT OBITh OIICHEHA:

[21) x e723°Ddz

=1-
7 ffjl(x) da
D) = eA(A)CL

3meck, A1 U A2 — IpaHUIBI CIEKTPATBHOTO JUANa30Ha, B KOTOPOM JIEKHUT
CIEKTp HCTOYHHUKA H3TyudeHus, A(L) — HOPMHPOBAHHBIH CIEKTPaNbHbIH
koHTYp mosockl moryomeruss OC, [(A) — HOPMHUPOBAHHBIN CIIEKTP
M3Ty4eHHUs MCTOYHUKA (HOPMHPOBKA TIPOM3BOJWUTCS ITyTEM ICICHUS
CHEKTPaJbHOW HWHTCHCHBHOCTH M3JIyYeHHS Ha €ro HHTErPAIbHYIO
WHTEHCHBHOCTB).

Omnerku 1o 310it Gopmyne mit @C Ha OCHOBE: METHIEHOBOTO CHHETO
(C16H18CIN3S), xomnocenca (ZnPcCholg), cuHTeTHYECKOTr0 OaKTEPHOXIIOpUHA
(3-PyBrE)4BCBrs) — mokasbiBatot, 4to mnpu obiydeHun pactBopoB ®C
KoHUeHTpauuid 1-10 MKM 3HauuTenbHas dYacTb SHEPrUM CBETa HE
MOTJIOIIACTCA, a BBIXOAUT 3a IpeneNnbl CEHCHOWIM3HPOBAHHOIO CIIOS.
Haubonpimue 3HadeHHs # JOCTUTAIOTCS IPU  MOHOXPOMAaTHYECKOM
B0o30yxneHun. [Ipu ucrnonp3oBanuu CUJl nocturaroTcss OMU3KHE K HUM
3HAYCHHS #].

s

. %

6
Layer thickness, mm Layer thickness, mm Layer thickness, mm

a B c
Puc.1. 3aBECUMOCTD JOJTH MTOTIIOMEHHON CBETOBOI SHEPTUH OT TONIIHHBI
ceHcnOmm3upoBaHHoro cnost (A- C1sHisCINsS, B- ZnPcChols; C-(3-
PyBrE)sBCBr4): 1-nazep ¢ JUIHHO# BOJHBI H3Ty4YEHHs, COBIAAIONICH ¢ ITIHHON
BonHbl MakcuMyMa roraoenust OC (¢ = 10 mxM); 2 — CUJT (¢ = 10 mxM); 3-
HIMPOKOTIONIOCHBI HCTOYHUK M3Iy4deHHs ¢ mupuHOi monocsl 100 am (¢ = 10
MKM); 4 - nazep (¢ =3 MxM); 5 — CUI (¢ = OC 3 MmxkM)

IIpy ucnonb30BaHMM IIMPOKONIOJOCHBIX HCTOYHUKOB CBETa C
MPOMYCKAIOIIMMH  TIOJIOCOBBIMH  (WIBTpPAaMH  TMOTEPH  W3IYHYCHHS
3HAYUTEIBHO OoJblie. 3HAUYEHUS # IS TaKUX HCTOYHHKOB MOTYT OBITH B
1,5-2 paza Hke 3HaueHu# 7 s Bo30ykaeHws azepom wim CUJL, onu He
npesbiniaet 43% naxe npu 06ayuennn OC ¢ Bricokoii € (ZnPcCholg) ¢ c=10
MKM, a g1 OC ¢ menbiueit € (C1sH18CIN3S, x10puHOB) cocTaBiseT TONBKO
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20-25% (mpu 3 MKM oTH 3Ha4YeHWs yMeHblnarorcsi, 1o 13 m 7%,
COOTBETCTBEHHO).

Pabora E.B. Axmoctunoi, E.A. Koran, C.A. 'oHuyKOBa BBIOJTHEHA TIPH
nogaepxkke PODOU Ne 20-52-18008, Pabora I'.A. Meeposuua, M.T.
CtpaxoBckoii BeIoHeHa 1pH moepxke PODU Ne 20-04-60084

30


https://kias.rfbr.ru/index.php

*M.P. BYTAEB2 B.1. KO3JIOBCKUIN!?, 1.K. CKACBIPCKUIA?
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HOJIYHPOBQI[HI/IKOBBIﬁ JTUCKOBBI JIABEP C
JIVIMHOM BOJIHBI U3JIYYEHUS 497 HM

HccnenoBan nosrynpoBOJHUKOBBIN AUCKOBBIN Ja3ep ¢ ONTHUECKOM HaKauyKoW Ha
OCHOBE TI€TepOCTPYKTYpbl, conepkameil 10 caBoeHHBIX KBaHTOBBIX siM (KS1)
CdS/ZnSe ¢ pa3peiBaMu 30H BTOPOTO THTIA.

M.R. BUTAEV??, V.l. KOZLOVSKY*?, Y.K. SKASYRSKY?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2P.N. Lebedev Physical Institute, Moscow, Russia

SEMICONDUCTOR DISK LASER WITH A RADIATION
WAVELENGTH OF 497 NM

An optically pumped semiconductor disk laser based on a heterostructure
containing ten CdS/ZnSe coupled quantum wells with type-11 band offsets is studied.

AXTyanbHOCTh pa3pabOTKU IOJIYHIPOBOJHUKOBBIX IHUCKOBBIX JIA3€pOB
(ITAJT) cBsizaHa ¢ BO3MOXKHOCTBIO TEHEPUPOBAHUSI B HUX BHICOKOH MOIITHOCTH
IIPU KadecTBe IMydYKa C AU(PAKIUOHHON PacXOIMMOCTBIO B CYIIECTBEHHO
IIMPOKOM CHEKTPAJIbHOM Juana3oHe. J[aHHBIH THII JIla3epOB HHTEHCHBHO
pasBuBatoTcs B mociegHue 10 €T MHOTMMH J1a00paTOpUsIMHM Pa3BUTHIX
ctpan. Ha wuX OCHOBe peasM3ylOTCS KOT€pPEHTHbIE HMCTOYHHUKH
yIbTPaduOIETOBOTO u BUAUMOTO JMarna3oHa, ONTHYECKUE
nmapameTpudeckue reHeparopsl cpegHero MK nuamasona, TeparepuoBble
KOTEpeHTHbIE H3JydaTeld, a TaKKe TIeHepaTtopbl (EeMTOCEeKYHIHBIX
HMIIYJIbCOB C BBICOKOH 4acToTo# noBTopenus [1]. bnarogaps sTomy maHHbII
THUII JIa3epOB MEPCHEKTUBEH 11 MHOTOYHMCICHHBIX NIPUMEHEHUH B Pa3HbIX
o0nacTsiX HayKM W TEXHMKH, B MEIUIMHE, CIIEKTPOCKOIHH, JIa3epHOi
JIOKAIWH, B TIPOCKIIMOHHOM TEJIEBUACHUH W AUCIUICHHBIX TEXHOIOTHSIX, JUIs
MIPOAOJIEHON HaKauKU AJIUHHBIX JIA3€PHBIX CPE.

B nanHo#i pabore MBI cooOmaem o peanmzanuu nepsoro IIJJT c
ONTUYECKOI HaKauKOii, U3]Ty4aroIlero Ha OCHOBHOM 4aCcTOTE B CUHE-3€JIEHON
obmactn crektpa. C 3TOH LENbI0 METOJIOM Napoga3HOM SMHTaKCHU M3
METaTIOOPTaHWYeCKUX COEIMHEHWI Oblla BBIpallleHa HaHOpa3MepHas
reTepoCTpyKTypa, conepkamas 10 caBoeHHBIX KBaHTOBBIX M CdS/ZnSe
(ZnSe (4 uwm)/CdS (2 mM)/ZnSe (2 mm)/CdS (2 HM)/ZnSe (4 HM)),
pasneneHHbIX OapbepHbIMH ciosmu  ZnSSe (86 uM). W3  manHOM
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TeTepOCTPYKTYPHI ObLI M3rOTOBJIEH akTUBHEIH nemeHT [11J1. B pesynbrare
IIpY KOMHAaTHOHl TeMmepaTrype U MpOAONBHOW HaKauke H3IydeHUEeM
HUMIIYJbCHO-IIEPUOINYECKOr0 Np-la3epa JOCTUTHYTa IMUKOBas MOIIHOCTb
U3Iy4eHUsl NOJIyHNpPOBOJHMKOBOTO auckoBoro yaszepa 0.75 Br Ha nnuue
BosHBI 496.5 HM (puc.l) TpU AJIMTENTBLHOCTH UMITyJbca 3 HC M 4YacTOTe
cnemoBanuss 100 T JnddepeHnmanbabii KO3 GHUIUEHT MOJIE3HOTO
neiicteust (KII/) cocrasun 2.7%. [Ipu anuHe pe3sonaTopa 1.1 MM momHBII
YTOJI paCXOAMMOCTH U3MEHSIICS OT 5 Mpaj BOIM3M Iopora reseparmu 1o 15

Mpax npu MaKCHUMaJIbHOM MOIITHOCTH HaKadKH.
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Puc. 1. CriekTp KaTo10IFOMUHECHCHIINH NCXOAHON CTPYKTYPBI IPH SHEPTUH
anektpoHoB 10 1 30 k3B 1 Toke 4 MKA (a) U CIIeKTp TeHepaIiy Ja3epa MpH JINHE

pe3onatopa L = 1.

1 MM (0)

UccrenoBanre BHIIONHEHO Mpu (UHAHCOBOW mojamepxkke PODOU B

pamkax Hay49HOTO mpoekra Ne 20-32-90022.

Cnucok aumepamypol

1. O.G. Okhotnikov, Semiconductor Disk Lasers: Physics and Technology. (Weinheim:

Wiley-VCH, 2010).
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BHYTPUMMITYJIbCHASI PASHOCTHAS I'EHEPAIIUSA
YACTOTHI B CPEJHEM UK JUAITIA3OHE (8.5-13.5 mxm)
IHOCJIE YHIUPEHUSA CIHIEKTPA CO CMEHIEHUEM B
KPACHYIO YACTbDH B IIOCTOUJIAMEHTALIMOHHOM
KAHAJIE

[puBeneHs! pe3yabTaThl SKCIIEPUMEHTOB IT0 HCII0JIB30BAHUIO ITUPOKOIIOIOCHOTO
(720-840 wum) cmekTpa, C(HOPMHPOBAHHOIO W3IyueHHeM Ti:Sa Jasepa B
MOCT(HIAMEHTAIIMOHHOM KaHalie, Uil BHYTPUUMITYJIbCHON I'€HEpaliu pa3sHOCTHOM
9acTOTHl B HemuHeiHOM Kkpucramre LiGaSz. IlomydeHa reHepamusi KOTepeHTHOTO
H3IY4YEHUs] CO CIIEKTPOM B cpeaHeM HH(ppakpacHoM auamazoHe (8.5-13.5 MM mo
YPOBHIO €72, OTBEYAET CHIEKTPAILHO-OTPAaHHYEHHOMY UMITYJIbCY C JUTHTENBHOCTBIO 47
¢c wm 1.3 nepuoxny Ha mHe BOaHBI 10.9 MKM).

YA. V. GRUDTSYN?, 1.O. KINYAEVSKIY?Y, A. V. KORIBUT?,
L. V. SELEZNEV?, YU. A. GERASIMOVA'? A. A.
ROGASHEVSKII*

!P.N.Lebedev Physical Institute of the RAS, Moscow

2National research nuclear university MEPhI (Moscow engineering physics
institute)

BROADBAND (8.5-13.5 pm) INTRA-PULSE DIFFERENT
FREQUENCY GENERATION AFTER RED SHIFT IN POST-
FILAMENT CHANNEL

In the post-filament channel propagation regime of Ti:Sapphire laser pulse
redshifted SPM-like spectrum in the range from 720 nm to 840 nm has been generated.
Using this source for intrapulse different frequency generation in LiGaS: we
experimentally obtained mid-infrared coherent radiation with spectrum from 8.5 pm
to 13.5 um at the e level (corresponds to 47 fs of transform limited pulse duration or
1.3 period at 10.9 pm). 1132 x 849

HcTouHuKH ynbTPaKOpPOTKUX MMILYyJbcOB B cpenHeM HMK-nuanazone
LIMPOKO MPUMEHSIIOTCS B M3MEPEHHSX C BBICOKUM BPEMEHHBIM pa3pelieHneM
[1], B cmexTpockonmuu, B T.4. Ui MEAMIMHCKHUX Ieneil [2], B m3ydeHnu
OBICTPBIX XUMHUUECKHX peakiui [3].
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OnmHUM M3 CIIOCOOOB IMOJYYEHHsI KOTEPEHTHOTO HM3JIYYEHUs! B CPEAHEM
UK-pguana3oHe sBIsieTCd BHYTPUHUMITYyJIbCHAs TeHEpalys pa3HOCTHOU
vactoTsl (I'PY). IIpu aToM He TpeOyeTcs UCHONb30BaHUS JIBYX OTIEIBHBIX
MIy4YKOB HAKauKH, OJHAKO HEOOXOJUM CIEKTP HayalbHOTO HMITyJIbCa
LIMPUHOH JIECATKH HAHOMETPOB. B nanHoO# pabote npearaercst yimpeHue
CIEeKTpa B NOCTOIIAMEHTAIIMOHHOM KaHame. CrekTp mpuodpeTaer
JIBYXTIUKOBYIO CTPYKTYPY, HEOOXOIMMYTO I 3PPEKTHBHOTO Pa3HOCTHOTO
mpeoOpa3oBaHus, IPH 3TOM HAOIIFOJACTCS €r0 CMEIICHNE B KPACHYIO YacTh.
[TomoOHOE cMemeHne Ha0moJaeTesl B TA30HATIOTHEHHBIX Kamusipax [4].

Jlnst pa3HOCTHOIO Mpeobdpa3oBaHus MCIOb30Bajics Kpuctamn LiGaS; ¢
IIMPOKOH 1M0JI0co# (pa3oBOro CHHXpOHW3MA B OOJNACTH IUTMH BOJIH BBIIIC §
MKM. Ymmpenue (puc. 1), orBevaroriee reHepanuu 10 MkM, HaOIII01a10Ch
JUTISL U3ITyYeHUS Ha JTMHE BOJHBI 744 HM 1ipu HavyanbHOU 3Hepruu 1.8 Mk,
mmurensHocTH 100 de u pokycupoBke chepraecKuM 3epKajioM ¢ OKYCHBIM
pacctosiHueM 2.5 M.

Cnektp uWH(}paKpacHOro H3IYYEHHS U3MEpsUICS CKaHUPYHOLUIUM
cHeKkTpoMeTpoM. B skcriepumeHTe nosydeHa reHepanus ¢ koddduipeHTom
npeobpasoBanuss okono 10#  ogHako SQQPEKTMBHOCTE MOXET OBITh
CYIIECTBEHHO yBEJIHUYEHA IIPU KOMIICHCAIIUH AUCTIEPCUHL.

Pabora BeimonmHeHa mpu  moanepkke  Poccuiickoro  ®donpa
®dyrpamentanbabix Uccnenosanuii (POON) (20-32-70015).
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Puc. 1. CriekTp HEHTPaIbHOTO SIPKOTO Puc. 2. CriekTp pa3HOCTHO# 4aCTOTHI
msTHA 1ipu 3Hepruu 1.8 mJx

Cnucox numepamypbl
1. Stepanov E. A, Lanin A. A, et. al. // Sci. Rep. 2015. V.4. P.6670.
2. Seddon A. B. // 16th International Conference on Transparent Optical Networks (ICTON).
2014.P.1.
3. Bakker H. J., Skinner J.L. // Chem. Rev. 2010. V.110. P.1498.
4. Carpeggiani P. A., Coccia G., et. al. // Optica 2020, V.7. P.1349.
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B.E. TPUIIKOB?, C.A. YPIOITUH?

Ydusuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mockea, Poccus
2HayuonanvHulii uccned08amensCKkutl 0epHblil yrugepcumem MHUDU, Mocksa,
Poccus

TEHEPALIMS TI'l U3JIYYEHUSI B HAHOCTPYKTYPE
MOJIYIIPOBOJHUK-METAJI, HA KOTOPYIO
BO3JIEMCTBYET C®OKYCHUPOBAHHBIN
®EMTOCEKYH/JIHbIA UMITYJIbC

UccnenoBana  renepamms — TeparepuoBoro  (TI'm) — u3myueHus — mpu
MIOHJEPOMOTOPHOM BO3JEHCTBUS (PEMTOCEKYHIHOTO JIA3EPHOT0 MMITYJIbCa Ha CIIOH
JIETUPOBAHHOTO MOJYNPOBOTHHKA, HAHECCHHBIN Ha METAJUIMYECKYIO OBEPXHOCTh. B
HOJIYIPOBO/IHHKAX, MPO3payuHbIX s TI'11 n3iy4deHus, HaOMI0IaeTCs MUK B CHEKTPe
U3JIy4CHHUS Ha IUIa3MEHHOM YacTOTe SIEKTPOHOB, YTO MPUBOIUT K OTHOCHTEIEHOMY
YBEJIHYCHHIO MOJTHOM SHEPTUM U MPOSBISETCS B OCHMULILUAX TEHEPHUPYEMOTO OIS
IIOCJIe BBIKJIFOUCHUs] UMITyJbca. ONTHUMalbHBIE YCIOBUS TCHEPAlUU peannu3yloTcs
TOT/a, KOorza pa3Mep (poKyCHOTO ISTHA CPaBHHUM C JUIMHOM MUMITYJIbCA M TIIyOWHOM
CKHMH-cJ0s1. Ecii Ha yIBOSHHOM TOJIIIIHE IOy IPOBOIHAKA YKIIAABIBACTCSI HEUETHOE
KOJIMYECTBO ITOJYBOJIH BBHICOKOYACTOTHOTO M3ITydeHHs, YPGEKTHBHOCTD T'eHepalun
pe3ko Bozpacraet. B wactHocTH, i GaAs u GaSb 3¢ (eKTHBHOCTE yBEIHIHBACTCS
0oJee yeM Ha JBa MOPSIKa.

V.E. GRISHKOV?, S.A. URYUPIN??
'P.N. Lebedev Physical Institute of the Russian Academy of Sciences (LPI RAS),
Moscow, Russia
2National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

GENERATION OF THZ RADIATION IN
SEMICONDUCTOR-METAL NANOSTRUCTURE
IRRADIATED BY FOCUSED FEMTOSECOND PULSE

Generation of terahertz (THz) radiation under the ponderomotive action of a
femtosecond laser pulse on a doped semiconductor layer deposited on a metal surface
is investigated. In semiconductors transparent to THz radiation, there is a peak in the
emission spectrum at the plasma electron frequency which leads to a relative increase
in the total energy and manifests itself in oscillations of the magnetic field after the
pulse is switched off. Optimal generation conditions are realized when the focal spot
size is comparable to the pulse length and skin depth. If an odd number of half-waves
of high-frequency radiation are stacked at doubled semiconductor thickness, the
generation efficiency increases sharply. In particular, for GaAs and GaSh, the
efficiency increases by more than two orders of magnitude.

35



Wntepec x usyueHuro reHepaiuu teparepuesoro (TI'm) msmydenus B
MOJIYIIPOBOHHUKAX, B3aMMOJIEHCTBYIOIINX c (heMTOCeKyH/THBIMH
UMITyJIbCaMH, 0OYCIIOBJIEH T€M, YTO B HUX 3P (PEKTUBHOCTH MpeoOpazoBaHus
nasepHoro u3nydeHus B TI'n Belme, ueM B MeTa/uiax. B yciaoBusx cunsHoro
JIETUPOBAHMS OTKJIMK IMOJIYIPOBOJHHUKA HA BO3/ICHCTBUE (hEMTOCEKYHIHOTO
HMITyJIbCa MO>KHO pacCMaTpHBaTh TAKKe Kak OTKIUK MeTasuia [1]. Bmecre ¢
TeM, H3-32 TOTO, 4YTO IUIOTHOCTH 3JIEKTPOHOB B MOIYIPOBOJHHUKE HA
HECKOJIBKO IIOPSAZKOB MEHBIIIE, Y€M B METAJUIC, BOSHUKAIOT O0JIEe BHITOIHBIC
YCIOBHSA U TIpeoOpa3oBaHus Ja3epHOro uanydeHus B TI1. Bo-mepswix,
JIA3€PHOE M3IyYeHHE ITPOHHUKAET B TOJYNPOBOAHUK HAa PACCTOSHUS MHOIO
0oJbIIIEe, YEM B METAILI, a, BO-BTOPBIX, T1 11 u3nydeHue 6oinee 3¢(heKTUBHO
BBIBOJUTCA M3 TIONYyHPOBOJHMKA, €CIM IIIa3MEHHas YacToTa MeEHbIIe
4acTOThI FeHEPUPYEMOTO U3ITyUEHHUS.

[TpuHuMas BO BHUMaHKE 3TH OOIIME TIOJIOKEHHUS, HAMU Pa3BUTa TEOPUS
renepauuu TI'1 u3myueHus: Ipu BO3AEHCTBUU (PEMTOCEKYHIHOTO UMITYJIbCa
c(OKYyCHPOBAaHHOIO H3JIy4Y€HHs Ha JICTHPOBAHHBIA IIOJNYNIPOBOJHUK C
3alaHHON IUIOTHOCTBIO JIEKTPOHOB. PacCMOTpeHBbl yClOBUs, KOrAa ClOU
MIOJIYTIPOBOIHMKA HAXOIUTCS B KOHTAKTE C CHJIBHO OTPAXKAIOIIUM METAJIOM.
B 9THX yCIIOBHMSX MOXHO 3HAYMTENIBHO YBEIWYHUTH 3(P(HEKTHBHOCTDH
TeHEepalny u3-3a MHTEPHEPEHINN MAAAI0IIEr0 M OTPAKEHHOTO JIa3epHOTO
H3Iy4eHUs B MOIYMpPOBOAHUKE [2]. B momynpoBogHHUKAX, IPO3PAYHBIX OIS
TI'n u3imydeHus, Ha CTaAWU BBIKIIOYEHHs JA3€PHOTO UMITYJIbCa UMEIOTCS
OCUMIISINUM MAarHUTHOTO MOJII Ha MJIa3MEHHOW 4YacToTe 3IIEKTPOHOB.
W3ydyen  cnexkTpanbHBI  cocTaB  HM3IMydeHMa. B mpo3padHbix
MOJyIIPOBOJHUKAX B CIEKTPE U3IIyYEHHs IPUCYTCTBYET SIPKO BBIPAXKEHHBIN
MK Ha IUTA3MEHHOW 4YacTOoTe OJJIeKTpoHOB. I[Ipm Oonpmmx dYacToTax
CTOJIKHOBEHHUII JIEKTPOHOB 3TOT IHK CHJIBHO yIIUpeH. Bxiag B 3HEpruro
TI't n3myd9eHns oT 4acTOT OMM3KMX K MJIa3MEHHOW 4acToTe Haubosee spKo
MIPOSIBIISIETCS] TOT/A, KOTJa 00paTHast ATIUTEIbHOCTD JIa3€PHOTO UMITyJIbCa U
IUTa3MEHHAasi 4acTOTa CPaBHUMBI 110 BelW4MHe. Tornaa, Koraa Ha yABOSHHOU
TOJIIIMHE MOIyIPOBOAHUKA YKIIAABIBAETCA HEUETHOE YUCIIO JIHH MOIYBOJH
Ja3epHOTO W3IIyYeHUs TeHeparus pe3ko BospactaeT. s GaAs m GaSb
MIPOMCXOIUT OTHOCUTEJIBHOE yBEIWUIEHHUE ITOJHOM 3HepTruu OoJiee YeM Ha /1Ba
HopsAKa.

Cnucox Jaumepamypbsl
1. Grishkov V.E., Uryupin S.A.// J. of Appl. Phys. 2020. Vol. 128, P. 203102.
2. Ramakrishnan G., Ramanandan G.K.P., AdamA. J. L., Xu M., Kumar N.,R. Hendrikx

W.A,, Planken P.C.M. // Opt. Expr. 2013 Vol. 21, P. 16784.
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IT'EHEPALIMSI CYMMAPHBIX YACTOT U3JIYUYEHUA
CO-JA3EPA I1PU BHYTPUPE30OHATOPHOM
IMPEOBPA30OBAHUHU B HEJJMUHEMHOM KPUCTAJLIE
ZnGeP2

VccneoBaHbl 9HEPreTHYECKHE XapaKTEPUCTHKH H3JIYYCHHS OCHOBHBIX U
cymmapubix uyactor CO-nmasepa ¢ Mmopayisinueil ToOPOTHOCTH pe3oHAaTopa HpH
BHYTPUPE30HATOPHOM NIPe0Opa3oBaHUU B HEMMHEHHOM KpucTtaie ZnGePa.

A.A.IONIN?, 1.0. KINYAEVSKY?, Yu.M. KLIMACHEV?,
D.A. KOMAROV"? A Yu. KOZLOVY, O.A. RULEV?, D.V.
SINITSYN!

P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow
2National Research Nuclear University MEPhI, Moscow

SUM FREQUENCY GENERATION OF CO LASER
RADIATION AT INTRACAVITY CONVERSION IN
NONLINEAR CRYSTAL ZnGeP>

Energetic characteristics of fundamental and sum frequencies radiation of Q-
switched CO-laser at intracavity conversion in a nonlinear crystal ZnGeP2 were
investigated.

B JIaHHOM pabote DKCIIEPUMEHTAIBHO HCCIIE0BAIACH
BHYTPHUPE30HATOpHAs TeHepauusi cymmapHbeix uyactoT CO-mazepa ¢ BY
HAaKauyKol M Momymsnuelt 1odpotHocTH pe3oHaTopa (M/IP) B HenuHelHOM
kpuctamie ZnGePo.

OCHOBOM /7151 SKCHIEPUMEHTANBHOTO CTEHAA SBJIICS MHOTOYaCTOTHBIN
meneBoit CO-nazep ¢ BU nakaukoit 1 MJIP, B OT/iM4HMe OT OTMHMCAHHOTO B
pabore [1], umerontuii 6ydepHsiit 00beM kamepbl 30 J1 1 pa3Mep MyCTOTETbIX
MeIHBIX 271eKTponoB  420x25 MM2  MexdeKTpoaHblii  IPOMEKYTOK
COCTaBJISII 4 MM, a BHYTPEHHHE TTOBEPXHOCTH 3JIEKTPOJOB MMEIHU 30JI0TOE
HarblieHue. Jist oxJaskAeHus aKTHBHOW CpeJibl Yepe3 BHYTPEHHHE TIOJIOCTH
UIEKTPOJIOB TPOKAYMBAJICSA JKHJIKMM a30T. Hakauka aKkTUBHOHM cpeJibl
ocymectBisuiack BU reneparopom Cesar 4020 (Advanced Energy Inc.),
TCHEPHUPYIONINM HMITYJIbCHl MPSIMOYTOIBHOW (opmbl. MomrHocts BY
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Hakauku ~ 1 kBt. [InutenpHocTh ummynbca Hakauku 700 MKc, Bpems
3aJIep’)KKM  BKIIIOUEHHs J00poTHOCTH pe3oHatopa ~ 100 Mkc mocie
OKOHYAHHUSI HMITyJIbCa
nasnenun 34 mbap razosoii cmecu CO:02:He=3:1:31.

Pco, BT
1600

05
t,

1
MKC

HaKay4yKH.

Bbix.3epk. T=26%, f=134 'y,

1.5

oY

Puc. 1. ®opma uMIyICOB OCHOBHBIX

(Pco) u cymmapubix (Pcy) gactot

OKCIIEPUMEHTHl  MPOBOAWINCH IPU

B kauecTBe BBIXOJHOIO 3epKaia
HCTIOJIb30BAINCh KaK caM HEJIMHEWHBIN
kpuctaiu ZnGeP», Tak u nobaBieHHOE K
HEMy OJHO U3  JUDJIEKTPUUYECKHX
3epKai, C KOA(pGHUIHEHTOM IPOITy CKaHUS
Jus ocHOBHOW uacToTel T=50% (My),
T=25% (M3), mbo T=10% (Ma).
Yactora MOAYJISLUHI pe3oHaTopa
cocrasisia~135 I'o.

Ha puc. 1 mpexacraBieHbl (OpMBI
HMITYJIbCOB, TOJIyYEHHBIX C HCIIOJIb-
30BaHMEM BBIXOJHOTO 3epkama M.
ITukoBast MOIIHOCTh CyMMapHBIX YacTOT

cocraBuia ~ 80 BT, o0CHOBHOM 4acTOTBI ~
1400 Br.

Bo Bcex yeTbipex KOH(Urypauusax pe3oHaTopa CleKTp OCHOBHBIX YaCTOT
nexxan B quanasoHe 4.9 - 7.0 MKM, a CeKTp cyMMapHbIX - 2.5 - 2.9 mxm. Ha
pHc. 2 IpeAcTaBIeHbI CIIEKTPBI OCHOBHBIX M CyMMapHBIX yacToT CO-nazepa,
OTKaJIMOPOBAHHBIX Ha MMKOBYIO MOLIHOCTb, B KOH(HUTYpaluu pe3oHaropa ¢
3epKajioM Ms.
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Puc. 2. CiekTpsl M3TyueHHUs] OCHOBHBIX (a) M CyMMapHbIX (0) 4acToT
MaxkcuManbHbI K03 (UIMEHT MpeoOpa3oBaHus, ONpENeIsIeMbIi Kak
OTHOIIEHHUE CPEIHWX MOIIHOCTEH W3ITY4YEeHHS CYMMAapHBIX W OCHOBHBIX
gactoT CO-J1a3epa BHYTpU pe30HATOPA, OBLI MOYYECH B CXEME C 3epKajoM
My u coctaBui ~2.2%. JIoast MOIITHOCTH WU3My4YeHUS] CyMMapHBIX YacTOT Ha
BBIXOJIE M3 Pe30HATOpa JOCTHTana pH 3toM 12.7 %.
Pa6ota BeImonHeHa mpu moaepkke PH® (mpoext Ne 16-19-10619).
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BO3JEMCTBUE UMITYJIbCHOI'O U HEIPEPBIBHOI'O
HM3KOUHTEHCUBHOI'O UK-U3JTYYEHUS HA
MOP®OJIOTUIO KIIETOYHBIX KYJbTYP HEK-293

IlpoBeneHO  CpaBHEHHE  BIHMSHHMSA  MMIIYJbCHOTO M HEIPEPHIBHOIO
Hu3konHTeHCHBHOTO MK-00myuennss Ha kierounble  KymsTypel HEK-293.
OKCNEepUMEHTAJIbHO ~ ITI0KA3aHO, YTO  IIOCIE  HMITYJBCHOTO  BO3ACHCTBHS
YBEIUYMBACTCS ONTHYCCKUH KOHTPACT TPaHMIl KIETOK. OTO CBA3aHO CO
CTHMYJINPOBaHHEM NEPHOJMYECKIX MUKpOAe(hOpMannil KIIETOUYHBIX MeMOpaH.

0.V.ROZOVA!, V.A. STEPANOV?

!National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2Obninsk Institute for Nuclear Power Engineering “National Research Nuclear
University MEPhI (Moscow Engineering Physics Institute), Obninsk, Russia

THE EFFECT OF PULSED AND CONTINUOUS LOW-
INTENSITY IR-RADIATION ON MORPHOLOGY OF CELL
CULTURES HEK-293

The effect of pulsed and continuous low-intensity IR-irradiation on cell cultures
HEK-293 was compared. It is experimentally shown that the optical contrast between
cell boundaries increases after pulsed irradiation. This is due to the stimulation of
periodic microdeformations of cell membranes.

B pabGotax [l1, 2] ObBUIO YCTAaHOBIEHO, UYTO B  YCIOBHSIX
HU3KOMHTECHCHBHOTO MMITYJIBCHOTO Jia3epHOro oOiyueHus B OmmkHem K-
quana3oHe B OMOTKAHSIX BO3HHWKAET JAHUHAMUYECKH HEOJIHOPOIHOE
TeMIepaTypHoe 110Jie ¢ aMIuTyAoit 10 102-10"1 K. Bo3Hukarorue Ipu ToM
nepuoaudeckre  JeGopMani  KIETOYHBIX MeMOpaH  CTUMYJIUPYIOT
MHUKPOLIMPKYJISILIMIO W OKa3blBAlOT  TEpaIleBTHUUECKOE  JeiCTBUE.
OnTuManbHass 4YacTOTa HWMITYJIbCHOTO BO3JCHCTBUS OMpEAeNseTcs u3
COOTHOILEHUS:

10*

wmax = 1/

d(um)+(d* (um*)+102) /a
rae d — XapakTepHbIii pa3Mep CTPYKTYPHBIX 3JIEMEHTOB OHOJIOTMYECKHX
TKkaHed. Bapbupys d9acToTy MOCBUIKM JIA3€PHBIX HUMIIYJIBCOB, MOXKHO
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OKa3bIBaTh CEJIEKTUBHOE BO3JCHCTBHE Ha OWOTKAaHM C Pa3IMYHOM
Mopdomorueii [3].

B nanHO# pabote ObUTO pa3paboTaHO OOJydaTEIbHOE YCTPOWCTBO B
ommoxaeM MK-pnanazone (mmHa BoiHbl — 0,89 MKM) ¢ perynmpyeMbIMH
JUTUTEIEHOCTBIO UMITYJIbCa M CKBOXHOCTHIO. Bo3neiicTBue n3imyueHHs Ha
KJICTOYHBIC KyJIBTYPBI SMOpUOHATILHOM TIOYKH YeJIoBeKa,
tpanchopmupoBannsie JJHK anenoBupyca tuma (AdS5) (HEK-293),
NIPOBOAMJIOCE B HENPEPHIBHOM M B MMIYJIBCHOM pexumax. Yacrora
HAMITYJIbCHOTO OOJTydeHHUsI BBIOMpANach ¢ y4eToM MOP(HOJIOTHH KICTOYHON
KyJNbTYpHl, a JJIHTEIBHOCTH HMITyJIbCa COOTBETCTBOBAja XapaKTEPHOMY
BPEMEHH YCTAHOBIICHHSI OCMOTHYIECKOTO TABJICHHUS Ha TN IHBIE MEMOpaHBI
(Bpemennu aedopmarii).

B pesynbTate mpoBeNeHHOTO HCCIENIOBaHUSA OBLIIO OOHApPY)KEHO, YTO B
OTIIMYHE OT HETIPEPHIBHOTO BO3ICHCTBUS HMITYIBCHOE O0TyIeHUE TPUBOAUT
K YBEJMUYCHHUIO KOHTpAcTa TPaHMIl KIETOK, Kak m300paxkeHo Ha puc. 1. Oto
CBSI3aHO C TEM, YTO TOJ ACHCTBHEM HMITYJIHCHOTO H3IYYCHHS BO3HUKAIOT
NEepUOANYECKUEe MHUKpoaedOpMalMi  KJIETOYHBIX MeMOpaH, KOTOpbIe
CTUMYJIUPYIOT MUKPOLUPKYIALUIO TUTATEILHOIO PACTBOPA BOKPYT KIIETOK.
B k1eTOYHBIX KOJIOHUSX 3TO TPOABJIACTCA B YBCIIMYCHUN BI/I[[I/IMOfI TOJIIIMHBI
OKOJIO WJIM MEXKIJIETOYHOTO 3allOJIHEHHOTO IKHMJKOCTBIO IPOCTPAHCTBA.
Tarxke MOKa3aHO, 4YTO MOCIE OOJNydYeHHsS KICTKH MOTYT MPHOOpETaTh
MIPAaBUIHHYIO PABHOOCHYIO (pOpMY.

YINIAM B

Puc. 1. Ontudeckoe u3odpakenue knerounon kyapTypsl HEK-293: ucxoanoii
(cieBa), mocue Bo3nelcTBus nmiryabcHoro MK-n3nyuenus (crpasa)
Cnucox rumepamypol
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PAH

MOJUMEPHBIE MUKPOYACTHULILI COAEPKAIIUE
HAHOYACTHIbI THAPOKCHUATIATUATA JJISI
BUOMEIUIIUHBI

[IpuBeneHs! pe3ysibTaThl HCCICNOBAaHUS OMOCOBMECTHMBIX  ITOJHMMEPHBIX
MHUKpPOYACTHUIl, COAEPXKAIIUX Ha TIOBEPXHOCTH M B O00BEME HaHOYACTHIBI
THIPOKCHAIIaTHTa, KOTOPBIE MOTYT OBITh TNPUMEHHUMBI Uil (pOpMHpOBaHMS
HCKYCCTBEHHBIX KOHCTPYKIMI - MAaTPHKCOB JUISI BOCCTAHOBJICHHSI KOCTHOH TKaHU B
TKAaHEBOH WHXEHepHH. JId pasIuYHbIX THIIOB MHKPOYACTUI] C IOMOIIBIO
CIEKTPOCKOIMY KOMOHMHAIIMOHHOTO PACCESHMS IOTyYCHBI CHEKTPalbHbIE KapThl
pacmopereneHus TuApoKcHanaTuTa B oobeMe 00pasios. VccnenoBaHa 3aBHCHMOCTD
pacnpeseneHus KOMIOHEHTOB B COCTaBE YaCTHUI] OT YCIOBUH MX (POPMUPOBAHUSL.

Yu.K. SEDOVA!? S.A. MINAEVA? E.V. IVANOVSKAYA?,

E.D. MINAEVA'? N.V. MINAEV?, T.S. DEMINA?*
INational research nuclear university MEPhI (Moscow engineering physics
institute)

2 Institute of Photon Technologies of FSRC “Crystallography and Photonics” RAS
3Mendeleev University of Chemical Technology of Russia
“Enikolopov Institute of Synthetic Polymeric Materials RAS

POLYMERIC MICROPARTICLES FOR BIOMEDICINE
CONTAINING HYDROXYAPATITE NANOPARTICLES

Biocompatible polymer microparticles containing on the surface and in the
volume hydroxyapatite nanoparticles were fabricated for future formation of artificial
scaffolds for bone tissue engineering and studied. Various types of microparticles
were investigated in terms of distribution of hydroxyapatite nanoparticles over sample
volume using Raman spectroscopy. Distribution of components within the composite
microparticles was evaluated as a function of particle fabrication conditions.

Pa3zpaboTka HOBBIX OHMOMATEpPHAIOB SBISIETCSI AKTYaJIbHOW 3aj1aueid.
Bromarepuasl BocTpeOOBaHbI B TKAHEBOW MHXEHEPUH U1l (POPMUPOBAHUS
MaTpPUKCOB, HEOOXOTUMBIX Ui BOCCTAHOBIICHHUS TOBPEXKICHHBIX WIN

42



yTpadeHHbIX (parMeHTOB OHOTKaHH. B wyacTHOCTH, JUIA CTHMYJISLUH
BOCCTAHOBJICHUSI KOCTHOM TKaHM BOCTPEOOBAHBI MaTepUalbl, COAEpIKAIINE
HaHOYACTHUIBI ruapokcuanarura (H['A), Tak Kak OH SIBISIETCS OCHOBHBIM
HEOPraHUYECKUM KOMIIOHEHTOM KOCTHOM TKaHW. MUKpPOYaCTHIIBI HA OCHOBE
amdatuyeckux noaud(UpoB, coaepskamye HI'A MOTyT CTaTh OCHOBOH JUIs
JanbHEHImero (GOpPMHUpPOBAaHWA M3 HHUX TPEXMEPHBIX KOHCTPYKIHH,
CHOCOOCTBYIOIINX BOCCTAHOBJICHHUIO KOCTHOM TKaHU.

B pabore wnccnenoBanuch TMOpPHIHBIE MHKPOYACTHIBI, COJCpIKAIUe
HI'A, moJydeHHbIE METOIOM HCHApeHUS! PACTBOPUTENS M3 3MYJIbCHH
Macio/BoJja € HCIOJNB30BAaHHMEM  pacTBOpAa  NONWIAKTHAA  WIN
MOJIMKAMPOJIAKTOHA B KauecTBe AucnepcHo (aspl. B aucnepchyto dasy mmm
JMCHEPCHOHHYIO cpely BBOAWIM HI'A Ul TOMyYEeHUS] MHUKPOYACTHI[ CO
CTPYKTYPOH MaTpuIia / HAOIHNATEIb HIIH sIIPpO / 00070YKa, COOTBETCTBEHHO.
Lenpto paboThl sIBISIETCS  MCclieoBaHMe pacrpeneneHuss HIA B
MHKPOYACTHI[AX B 3aBUCHUMOCTH OT YCJIOBHHA HX (POPMHPOBAHUS U THUIIA
HCIIOJIb3YEMOT0 MOJIUMepa.

Pazmep u ¢GopMy YacTHIl HCCIIEIOBAIM C MOMOILIBIO CKAaHHPYIOIETO
AJIEKTPOHHOT0 MHKpockomna Phenom ProX (puc. 1a). Mukpockorm ocHaleH
BCTPOCHHBIM MOAYyJIeM IJIs dHeproaucnepcruoHHoi cnekrpockonuu (31C)
JUISl BIIEMEHTHOTO aHanu3a. [1oAroToBKa cpe3oB MUKPOUYACTHIL AJIsl aHAIN3a
UX BHYTPEHHHH CTPYKTYpbI OCYLIECTBIIIach Ha yibTpamMukpoTome Leica
EM UCT7 (puc. 16). UccnenoBanue pachpenencHiss KOMIIOHEHTOB BHYTPH
MHUKpPOYACTHIl MPOBOAMIOCH METOJOM CIIEKTPAJIILHOTO KapTUPOBAaHHS Ha
cnekTpomeTpe KoMOuHanmoHHoro paccestausi Thermo Nicolet Almega XR
Raman (puc. 18).

a 0 B
Puc. 1. MukpodoTtorpadus noaumMepHbIX MUKpodacTull (a), ux cpesa (0),
IIpUMEp CHEKTPAIBHON KapThl paciipeaeneHus HI'A B MUKpoJacTHIe
(aem Oompire HI'A TeM TeMHee 0071acTh)
Pabora BbIMONHEHA NpU TMOAIEep)Kke MHUHUCTEPCTBAa HAYKH M BBICIIETO
00pa3zoBaHys B paMKax BBIIIOJIHEHHUS pa0boT 110 TOCYapCTBEHHOMY 33aHHIO
@®HUII “Kpucramnorpadus u poronnka” PAH B gacTu pa3BuTHS J1a3epHBIX
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anmutuBHBIX TexHomoruii m MCIIM PAH B wyactu wucciemoBaHHA
MaTepHUaJIOB M3 aMu(paTHICCKUX TOTHIYUPOB.
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JEMCTBUE YJIbTPA®HUOJETOBOI'O H3JTYYEHMSI 370
HM U1 405 HM HA THOULIUPYIOIIIME CBOUCTBA
KOPOHABUPYCA

B pabore mpencraBieHBl Ppe3yNbTaThl IKCIIEPUMEHTAIBHOTO HCCICIOBAHUS
BO3IEHCTBUSA yIbTPaUOIETOBOrO M3Iy4YeHUs1 Ha Obramii kopoHaBupyc. [IpoBenena
OIICHKA BIUSHHUA 03Bl OOJydeHHS Ha WHQUIMPYIOIIME CBOHCTBA OBIYBETO
KOpOHaBHpYycCa.

ZAVESOVSKAYA I.N.*2, GUSHCHIN V.A.2, NIKIFOROVA
M.A.%, RUSSU L.1.5, CHESHEV E.A.}, KOROMYSLOV A.L.},
TUPITSYN .M.}, FRONYA A A.}? GRIGORYEVA M.S.12
1 P.N. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia
2 National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
3 National Research Centre for Epidemiology and Microbiology named after the
Honorary Academician N. F. Gamaleya™ of the Ministry of Health of the Russian
Federation, Moscow, Russia
INFLUENCE OF UV RADIATION AT 370 NM AND 405 NM

ON INFECTING PROPERTIES OF CORONAVIRUS

The experimental study results of the impact of ultraviolet radiation on bovine
coronavirus had been presented in paper. An assessment of the effect of the radiation
dose on the infecting properties of bovine coronavirus was carried out.

OnHVM W3 OCHOBHBIX CIOCOOOB paclpoOCTpaHEHHWs BUpPYCa, HapsIay C
nepenadyeil BUpyca BO3LYIIHO-KAMEIbHBIM IIyTEM IPU NPSIMOM KOHTAKTE C
3apaXXCHHBIM YCJIOBEKOM, ABIACTCA I€p€aada €ro OoT 4€JI0OBECKa K YCIIOBEKY
YEPE3 KOHTAKTHBIC IMOBEPXHOCTH C IMOCICAYIONIUM 3aHECCHUEM B I'Ji1a3da, HOC
iy pot. Hanmuume cpenctB 6e3omacHOl 00pabOTKH OKpYIKaromel cpepl ¢
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LENBI0 JCAKTUBAIMM BUPYCOB U OaKkTepWil MO3BOJUT B CYNICCTBEHHON
CTCTIICHH  MPENOTBPATHTh  TIJIOOATBHBIN  XapakTep  HMH(DEKIIMOHHBIX
3abosieBaHui.

3a mociemHWE TMATh JIET TPYIIaMH YYCHBIX pa3HBIX CTpaH ObLia
MPOJAEMOHCTPUPOBaHa JS(PPEKTUBHOCTh WHAKTHBALUU Psia MATOTCHHBIX
areHTOB IOJT BO3ACUCTBHEM YIBTPAa(HOIETOBOTO M3ITyUEHHUS B PA3ITUIHBIX
JMana3oHax JIMH BoaH ot 260 po 480 um [1-2].

[Ipomomxkaromasicss  Oomplie  Toma  MAHAEMHS,  CBSI3aHHAA  C
pacnpoctpaneHreM Bupyca SARS-CoV-2 npusena k akTHBH3aAH padoT 10
MTOUCKY HE TOIBKO CHENH(DUIECKUX CPEACTB MPOPUIAKTHKY U JICUSHIS, HO U
3 PeKTHBHBIX CPenCTB HE cHenuPUIecKor MPO(PIIAKTUKY HAKOTUICHUS H
pacnpocTpaHeHUs HHPEKIMNA B OKpYIKaroIei cpere.

B nanHOW paboTe mpeicTaBlieHbl pPe3yJbTaThl KCIEPUMEHTAIBHBIX
UCCIIEJOBAaHUH BO3JEHCTBUSI YIbTPAa(pHOIETOBOIO U3JIyUYSHHsI B JTUANa30He
quiH BoaH UVA, Ge30macHOM TSl 4eioBeKa, Ha HHGHUIMPYIOIIHE CBOMCTBA
OBIUBETO KOpPOHAaBUpYCa MPU B3aUMOJACHCTBUM C KieTKaMu. berauii BHpYC
ObUT BBIOpAH I KMCCIICJOBAaHUM KaK MOCIbHBIA BHUPYC C MEHBIICH IO
CpaBHEHUIO c
SARS-CoV-2 creneHpio MaTOTeHHOCTH. B KadecTBe MCTOYHHMKA M3y YCHUS
OBLIN KCIIOJIh30BaHBI CBETOIMO/bI C IMHOM BOJHBI 370 uM 1 405 M. Jlo3a
00my4eHnss OBIYBETO KOPOHABHPYCAa BaphUPOBANACh ITyTEM W3MCHEHUS
JUTUTEITBHOCTH O0Ty4IeHUS.

Bruto moxasano, 4to a1 06enx AyuH BoJH Y D m3iryueHus HabarogaeTcs
JI0303aBUCHMOE CHIKEHUE MH(PEKIMOHHOTO THTPA BHPYyCa.

«HccnenoBanue BbINONHEHO TpH (uHaHCOBOW mnoanepxke POOU B
pamkax Hay4HOTO mpoekTa Ne 20-04-60292

Crucok rumepamypol
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2. Yoram Gerchman, Hadas Mamane, Nehemya Friedman, Michal Mandelboim. UV-
LED disinfection of Coronavirus: Wavelength effect. Journal of Photochemistry and
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HCCJIEJJOBAHUE BJIMSTHUS HU3KOW TEMITEPATYPBI
HA KPUTEPHUM PA3PYIIEHUS JIEJSIHBIX U
KAMEHHBIX MUIIIEHE, MOJIEJIUPYIOIINX
ACTEPOUJHO-KOMETHOE BEIHIECTBO

IIpencraBnensl  pe3ynbTaThl  IKCIIEPHMEHTANbHBIX ~ HCCIEAOBAHHN  TIO
ONPE/ICNICHNIO KPUTEPUsl paspylIeHHs KaMEHHBIX M JICJSHBIX MUIICHEH,
UMHTHPYIOIIMX BEIIECTBO acTepouaoB M KoMmeT. IIpoBeneHo wuccrenoBaHue
BIIMSIHUSL HU3KOHM TeMIlepaTyphl MHIIEHH Ha BEIHYMHY KPHTEPHS pa3pyLICHHUS
JEISHBIX, U XOHAPHUTOBBIX (KAMEHHBIX) MHIIEHEH IPH BO3ACHCTBUM HA HHUX
7a3epHOTO U3JIyY4eHHs ¢ HUHTeHcHBHOCTho oT 108 no 102 Br/em? Jna
SKCIIEPUMEHTANIBHBIX ~ HCCIIENOBAHUH  HCIIONB30BANCS — JA3ePHBIA  KOMILIEKC
«Catyps» [1]. Mumenn obmydamuck B ABYX TEMIIEpaTypHBIX JAWAna3oHax:
nensiabie - muHyc 26 °C u munyc 155 °C; xouapurosie - +22 °C u munyc 155
°C.

DKCHEepPUMEHTHI NPOJEMOHCTPHPOBAIN, YTO HPH KaYeCTBEHHOM H3MEHEHUH
XapakTepa pa3pylIeHUS OXJaXIEHHBIX 10 MUHyC 155 C° mmuineHed, BemHMunHA
SHEPreTHYECKOr0 KpuTepus paspyueHus EL/Mm ([oic/2) IpakTHUECKH HE HMena
KPUTHIECKOTO NU3MEHEHHUS.

I.N. BURDONSKY??, A.G. LEONOV?, V.N. YUFA},

A.M. SADOVSKY?, A.YU. VOLCHENKQ?, D.A. PETUSHKOV?®
Moscow Institute of Physics and Technology (National Research University) MIPT,
Moscow, Russia
2|KI RAS Moscow, Russia
3National Research Nuclear University MEPhI, Moscow, Russia

The results of experimental studies on determination of criterion of destruction
of stone and ice targets simulating substance of asteroids and comets are presented.
The effect of low temperature of the target on the value of the criterion of destruction
of ice, and chondrite (stone) targets when exposed to laser radiation with intensity
from 108 to 1012 W/cm? was investigated. For experimental studies, the Saturn laser
complex was used [1]. The targets were irradiated in two temperature ranges: ice —
from minus 26°C to minus 155°C; chondrite - from +22°C to minus 155°C.
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Experiments demonstrated that with a qualitative change in the nature of
destruction of cooled to minus 155°C targets, the value of the energy failure criterion
EL/Mm (J/g) practically did not have critical change.

B mocnenHue pmecsATHIETHS NpEIaralinCh Ppa3UYHBIC MOAXOABI K
MIPEAOTBPALICHHUIO CTOJIKHOBEHHSI 3EMJIM C aCTEPOUIAMH, OJHAKO, Hanboee
3¢ PeKTHBHBIM CIIOCOOOM 3aIUTHI, MO-BUAUMOMY, SBIISETCS pa3pylIcHHE
acreponnioB u KomeT. Ilog paspymeHueMm ciexyeT NOHMMAarh HX
(parMeHTaII0 Ha MEJIKHE OCKOJIKH, KOTOpPhIE TUOO CroparoT B aTMocdepe,
00 BooOIIe npojeraroT Mumo 3emin. Kak mokaszano B [1, 2, 9-11], oqauMm
n3 HaunbOonee 3()(EKTHBHBIX CPEICTB BO3/CHCTBHUS OCTaeTCs pa3pylICHHE
acTepOMIOB O/ JEHCTBHEM KOHTAKTHOT'O SIEPHOTO B3PBIBA HIIH C TIOMOIIBIO
HMITYJIbCOB MOIIIHOTO JIa3€pPHOr0 M3iyueHus. HeoOxoaumMo oTMeTHTh, YTO
pa3dpoc “nHeBHOI” W “HOYHOW’ TeMmIeparyp TIOBEPXHOCTH Tena B
KOCMHYECKOM IPOCTPAHCTBE MOXKET MEHAThCs oT mumoc 150 °C mo MuHyc
180 °C B 3aBucuMocTH OT ero opouthl. Tak, kK mpumepy, “aHeBHas”
TeMIiepatypa moBepxHocTH JIyHbl coctaBnser mmoc 123 °C, a “HouHas™
MuHyc 153 °C. Bce 3T0 MOXKET MPHUBECTH K CYIIECTBEHHOMY H3MEHEHHUIO
MIPOYHOCTHBIX XapPAKTEPUCTUK KaK KaMEHHBIX, TAK U JICISTHBIX MHUIICHEH.

[ToHsATHO, YTO HEOOXOAMMBIM TPEOOBAHUEM K JIFOOOMY M3 BO3MOKHBIX
CHoco0O0B BO3/IEHCTBHE Ha ACTEPOUBI K KOMETHI SIBJISICTCS TApaHTUPOBaHHOE
yCTpaHEHHUE yrpo3bl KaTacTPOQBbI.

Kak mokazano B [12] mpu TeMmmepaType JNeIsSHON MUIIEHH MHOpPsIKa
MuHyc 20°C kpuTepuil ee pa3pyulIeHHs JEKUT B AuanazoHe oT 15 mo 40
Jlowc/e. Kputepuit pa3pynieHus KaMEHHBIX (XOHAPUTOBBIX) MHIICHEH MpH
HU3KHUX TEMIIEPaTypax B 3TOH paboTe HE paccMaTpPHUBAJICS.

[TpoBeneHHOE MCCIIEAOBAHUE JUHAMHUKH PaspyLICHUs] OXJIaXIESHHBIX
JIEJITHBIX ¥ XOHJIPUTOBBIX MUILIEHEH MPH MOCIEI0BATEILHOM 00IyYeHHN MX
JIa3epHBIMU HUMIYJbCAMHU C 3aBEIOMO MEHbLIEW  BSHeprueu, uem £E
paspyLICHUs, BBISIBUJIO YBEJIMUEHHE CKOPOCTH PACIPOCTPAHEHHUs yAapHON
BOJIHBI B MHIIEHSIX U 00pa30BaHUe OTKOJILHOTO 3((eKTa B JeTHON MUILICHH.

Cnucox numepamypbl
1 Bypnonckuii U.H., T'onerioB A.1O., JleonoB A.I'., Makapos K.H.,
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2 Apucroa E. 0., AymeB A. A., bapanos B. K. u ap. // XKOT®, 2018, Tom 153, BbII.
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3 3enenstit JLM., Ecun B.U., Kokommn A.A. //Hayka B Poccun, 2013, Ned. C. 31-36.
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10 Thiry N., Vasile M. Acta Astronautica, 140, 293 (2017).
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HOJYYEHUE HAHOYACTHI HUKEJISI METOAOM
JIABEPHOU ABJIALIUA

B nanHO# paboTe IpeACTaBICHO IIOMy4YeHHE HAHOYACTHUIl HUKEISI METOIOM
nazepHoi a0y B Bode. s gopMHpoBaHHs BEICOKOMHTEHCHBHBIX MMITYJILCOB
BO3/ICHCTBYOIIEr0 M3My4deHus] Ha muieHb Ni mpUMeHsuics 4acToTHBIN Jjasep LS
2137 wa YAG:Nd. MerogaMu OpOCBEYHBAOIICH 3JICKTPOHHON MHKPOCKOIUH
UCCIICJOBaHbl HAHOYACTUIIBI HHUKENs, O0Opa3OBaBLIMXCS B pe3yibTaTe Ja3epHOU
alJIALHNHK B )KHUAKOCTH. PaccMOTpeHbI MexaHU3MbI 00pa30BaHUs HAHOYACTHII.

V.l. ZHURAVLEVA?, M.I. MARKEVICH?, A.B. KAMALOV?,

D.J. ASANOV?, A.M. CHAPLANOV?
Military Academy of the Republic of Belarus, Minsk, Republic of Belarus
2Physical and Technical Institute of the National Academy of Sciences of
Belarus, Minsk, Republic of Belarus
3Nukus State Pedagogical Institute, Republic of Uzbekistan

OBTAINING NICKEL NANOPARTICLES BY LASER
ABLATION

This paper presents the preparation of nickel nanoparticles by laser ablation in
water. To generate high-intensity pulses of irradiation on the Ni target, an LS 2137
frequency laser based on YAG: Nd was used. Nickel nanoparticles formed as a result
of laser ablation in a liquid have been studied by transmission electron microscopy.
The mechanisms of nanoparticle formation are considered.

B HacTosmee BpeMs BO MHOTHX CTpaHax B KadeCTBE BO30OHOBIISEMBIX
HUCTOYHHMKOB TEIUIOCHAOXKEHMSI PACIPOCTPAHCHHE IIOJNYYHIH CHCTEMBI
IIPUMEHEHHUs CONHEYHOH »Heprun. ColHIe AaeT Halllel MIaHeTe OrPOMHOE
KOJIMYECTBO HHEPIHH, CyMMapHOE W3Iy4YeHHe Ha MOBEPXHOCTh 3eMIIn
nocruraet 152424x10% kBt sHepruu, 310 B 20 ThIC. pa3 HpeBbIIIACT
NOTpeOIsIeEMyI0 SHEPTHIO, BBIpa0aThIBAEMYIO TpaaUuIIOHHBIMU
sHeproHocuressivu [1].

Jlupepamu B 3TOM HampaBiaeHUM sBISOTCA I'epmanus u Snonus.
ConHeuHBbIe JTyYH IPUHOCAT NPUOIM3UTENBHO 10 | KBT 3HEprum Ha KaXK I
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1 M?3eMHOM TOBEPXHOCTH, OJHAKO B KIMMATHYECKUX YCIOBHSX
LenrpansHoi EBpornsl ucrionbs3yeTcs He3HaYMTENbHAsH A0JISl 3TON SHEPTUH.

ComHeyHasi TeIUIOBas SHEPreTHKAa — 3TO HarpeBaHWe pabodero Tena,
TMIOTJIOIMIAIOIIETO COHEYHYIO YHEPTHIO, PACTIPEICTICHUE U HCIIOJIb30BAHHUE €€
B JalbHEHUIIIEM.

Jst noBsimeHus 3()(HheKTHBHOCTH MOTIIOIEHNS COTHEYHOTO M3ITYIECHHS
BaXXHO HCIIOJIL30BaTh afCOPOCHTHI B BOAHOM KOJUIeKTOpe. I yKa3aHHBIX
Leneil HaMu TNpeUIaraloTcs HaHOYACTHIBI HHKEJs, KOTOpBIE IO3BOJISIIOT
OCYIIECTBUTh IUIa3MOHHBIN pEe30HAaHCA, YTO NPUBEAET K MOBBIIICHUIO
3¢ PEKTUBHOCTH MOTJIONICHUS COTHEYHOTO M3JIyYECHUSL.

C yMeHbIIIeHHEM pa3Mepa YacTHll ¥ Iepexoay K 4acTHLIaM, COJep KaLIUM
HECKOJIbKO COT HJIM THICSIY aTOMOB, IJIOTHOCTBH 3JIEKTPOHHBIX COCTOSIHUI
HU3MEHSeTCs, 4YTO 0O0yCIaBIMBACT WM3MEHEHUS HX (H3HKO-XUMHUYECKUX
cBOMCTB [1,2]. YBenuueHue KpUBU3HbI IOBEPXHOCTH HAHOUYACTUL] IPUBOAUT
K YBEJIMUCHHIO XMMHYECKOTO MOTEHIMANa, U KaK CIEICTBUE, NMPOUCXOANT
N3MECHEHHE KaTaJIUTHYECKOW W PEaKIHOHHOM crocoOHOCTH. bombmas
yAenbHas MOBEPXHOCTh HAHOYACTHI[ YBEJIMYUBACT aJCOPOIMOHHYIO
CHOCOOHOCTB.

CTpyKTypa HaHOYACTHI, NPEXIE BCEro, ONpPEeNseTCsl METOAOM HX
nosiydeHusi. Cresyer OTMETUTb, YTO METOJ Ja3epHOW alJsILUK MO3BOJISIET
MOJTyYaTh HAHOYACTHIIBI C Y3KUM PACIIPEICICHHEM IO pa3Mepy dacTuir [2-6].

JlazepHast aOmisiuusi ¢ MOBEPXHOCTH MHIIEHH IPH TOMEIICHHU €€ B
KHUJIKOCTb TO3BOJISIET MOTYy4aTh KOJUIOUTHBIE PACTBOPEI.

Hans (opmupoBaHus BBICOKOMHTECHCHUBHBIX HMITYJIbCOB
BO3JCHCTBYIOIIETO U3TyYeH s Ha MUIIECHb Ni MPUMEHsIICS YaCTOTHBIH J1a3ep
LS 2137 na YAG:Nd. ITapamerpsr uznydenust: Euy.=120 MK, tuwn =20 Hc,
Venenosamms =9 I,  Dgoxyenposxs  =1MM. [l moNydeHUss JOCTATOYHOTO
KOJIMYeCTBA HAHOYACTHI HHKEIS BpeMs BO3JCHCTBHS Ha MHIICHD
COCTaBIIACT, KaK npasmio, 10-15 muH. u Oonee.

Hccnenoanus, NIPOBEJICHHBIE METOJlaMH IIPOCBEYNBAOLICH
JIEKTPOHHON MHKPOCKOIIMM HAHOYACTHIl HHUKENs, 00pa3oBaBIIMXCS B
pe3yJibTare JIa3epHOi aOJsIIUU B KHUIKOCTH TIOKA3aJIH, YTO OHH MOTYT OBITh
KaK KPHUCTAJUIMYECKUMH, Tak U amopHbiMU. Ha pucynke 1 mpueneHb
HAHOYACTHUIIBI HUKEJIS, TOTyYeHHBIE Ja3epHOH abismueil B BOJe MUIICHU U3
Hukens. [omydeHHbIe YaCTHIIBI IMEIOT KPUCTAIOrpaudecKyro OTpaHKy U
SABJISTIOTCSI KPUCTAIUTHIECKAMH.

Cpennmii pasmep dactuil coctaBisier mnpumepno 30-50 um. Ha
JIEKTPOHOTpaMMeE IIOJIyYeHHOW OT HAHOYACTHUIl IPHCYTCTBYIOT KOJIbLA
Hebas - llleppena, npuHa/uIeKalue HUKEIIO, ITPUYEM KOJbLA SBISIOTCS
CHIILHO TEKCTYpHUPOBaHHEIE.
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a)

Puc. 1. DnekTpoHOrpamMMma i CTPYKTypa HaHOYACTHUIl HUKEIS, TIOJYYCHHBIX METOIOM
nazepHoi abmsinun. YBennueHue 100000 pa3 a) anekrpoHOrpamMma; 6) CTpyKTypa
Takum 00pa3oM, MOTyYSHBI KOJUTOUIHBIC PACTBOPHI HAHOYACTHI]
HUKEJIS METOJIOM JIA3CPHOM aOJAIMK MUIICHH HUKENS B BOAY.

[TokazaHo, YTO BO3MOHO MOJIyYeHHE HAHOPAa3MEPHBIX YaCTUI] HUKEIS C
s¢ppexTuBHbIMU pazmepamu ~ 30-50 HM.

VYCTaHOBIEHO, YTO COCTaB HAHOYACTHUI[ IIOJHOCTBIO COOTBETCTBYET
coctaBy muteHeil. [IpeutoxkeHa runoresa o IByX MexaHu3Max 00pa3oBaHUs
3apOJbIIIeH: Map - KPUCTAIUT U Tap - )KUAKOCTh KPHCTAILI, OOBACHSIONIAs
00pa3oBaHUe HAHOYACTHUI pPa3HOU POPMEBI (KBaapaT, KPYT).
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Dedepanvoe 2ocyoapcmeennoe yupedicoenue nayku Hucmumym mawunosedenus
um. A.A. Braeonpasosa PAH, Mockea

BJIMAHMUE JIASEPHOI'O YITPOUHEHUSA CTAJIA
34XH3MA HA IIAPAMETPBI 30H 3AKAJIKHA 1
TPUBOTEXHUYECKHE XAPAKTEPUCTUKU

[pencraBnensr MeTamwiorpaduueckue UCCIETOBAaHUS TOPOXKEK 3aKaJIKH JIydOM
nmazepa oo6pasmoB cramu  34XH3MA. C momouniplo 1onHOrO  (hpakTopHOTO
9KCIIEPHMEHTa yCTaHOBJICHO BIMSHHE PEKHMOB 00pabOTKH Ha IIyOHHY M IIUPUHY
30H 3aKayky. [loka3aHo, 9TO MHKPOTBEpAOCTb M3MeHseTcs B mpenenax 6870-7680
MlIla npu neoxycupoBke sryda 135-155 MM, ckopocTr nepeMereHus ty4a 7-9 mm/c
u MomHocTH u3mydeHus 700-1000 Bt. M3HOCOCTOMKOCTh MOBEPXHOCTH TPEHUS C
na3epHON 3aKaukoi ¢ maroMm 5 MM moBbimaercsa Ha 130 u 40% 1o cpaBHEHHIO C
HCXOTHOU ¥ 00BEMHO 3aKaJICHHOH CTaNbI0 COOTBETCTBEHHO.

V. P. BIRYUKOV

Mechanical Engineering Research Institute of the Russian Academy of Sciences,
Moscow

INFLUENCE OF LASER HARDENING OF 34KhNi3MoA
STEEL ON THE PARAMETERS OF QUENCHING ZONES
AND TRIBOTECHNICAL CHARACTERISTICS

Metallographic studies of the laser-beam quenching paths of 34KhNi3MoA steel
samples are presented. The influence of the treatment modes on the depth and width
of the quenching zones was established using a full factorial experiment. It is shown
that the microhardness varies in the range of 6870-7680 MPa with a beam defocus of
135-155 mm, a beam travel speed of 7-9 mm/s, and a radiation power of 700-1000 W.
The wear resistance of the friction surface with laser quenching in 5 mm increments
is increased by 130 and 40% compared to the original and volumetrically quenched
steel, respectively.

IIpu mpoM3BOACTBE COBPEMEHHBIX aTOMHBIX 3nekTpocTaHuuit (ADC)
MIPUMEHSIOTCS Pa3NUYHbIE XPOMOHHUKEIEMOINOICHOBBIE U JKapOIPOYHBIE
ctanu. JlazepHoe ynpouHeHne JOKalIbHbBIX MOBEPXHOCTEH TPEHHS CTAIbHBIX
JieTaJiei, meeK BajoB, POTOPOB, IUCKOB MAapOBBIX TYPOHH, BaIOB-IIIECTEPEH,
MyQT, 3y0UaThiX KOJIEC 3HAUYUTEIILHO MOBBIIACT UX U3HOCOCTOMKOCTS [1,2].
Hensmu HacTosimeld pabOTHI SIBISIOTCS ONPEIENICHUS] BIMSHHUS PEKUMOB
JIA3€pHOr0 YIPOUYHEHHUsI Ha mapaMeTpsl 30H 3akanku crtanu 34XHMA u ee
TPHUOOJIOTHYECKHUX XaPAKTEPUCTHK.
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Jlazepuyro o00pabotky o6OpasumoB cranmu 34XH3MA ¢ pasmepamu
12x20x70 MM BBINOJTHIN Ha TeXHOJIOrHYeckoM komruiekce UMAIIL PAH.
B kauecTBe BapbHpYyEMBIX IapaMeTpOB OBUIM BBIOpAaHBI MOIIHOCTh
m3nydyenuss P=700-1000 Brt, ckopocts 00pabotku V=7-9mm/c u
nedokycupoBka syda L =135-155 mm. TpuOonoruueckue HCHBITAHUS
NPOBOJMJIN TI0 CXEME IUIOCKOCTH (TepMOYNPOYHEHHBIH JIa3ePHBIM JIy4OM
obpazer) — BTynka, craas 40XHMA (49-53 HRC). CkopocTb CKOIBKEHHS U
JaBIICHUE Ha 00pa3en n3MEeHUTNCh TUCKpeTHO B uHTepBaie 0,5-3,5 m/c u 1—
5 MIla coorBerctBeHHO. Ha puc. 1 mpencraBieHbl MUKpOUDIH(E 30H
3aKaKu mpu 00paboTke pacoKycCHpOBaHHBIM U KOJIEOIFOMIUMCS C 9aCTOTON
226" mygom mipu MoutHOocTH M3nydeHus 1000 B, ckopocTn epeMerieHus
obpasziia 7 mM/c u aedokycupoBke ayda 155 mm. IIpou3BoaUTEIHLHOCTH
JIa3epHON 3aKaJKu KoJeOdromuMcs JydoM moBbimaercs B 1,6-2,1 pasa B
3aBHCHUMOCTH OT PEKUMOB 00pabOTKU

DLO DL1
L=3.513 mm L=1.006 mm

DLO
L=5.970 mm

a 6
Puc. 1. Mukpouutudsr 301 3akanku cram 34XH3MA (a) pacdoxycrpoBaHHEIM
yuoM, (6) ckanupyrommm gydom: P=1000 Bt, V=7 mm/c, L =155 mm

IIpu nedoxycupoBke myua Ha 135-155 MM yBenndeHHe MOLTHOCTH
M3IYYeHUS U CKOPOCTH 00pabOTKH NPUBOAUT K JHHEHHOMY H3MEHEHUIO
IIyOMHBI M IIUPUHBI 30H 3aKaikd. [IprMeHeHne NHWHEHHBIX ypaBHEHHH
perpeccuy  MOKas3alo HE3HAYUTEIbHOE pPACXOXKACHUE PACUETHBIX U
9KCTIEPUMEHTANbHBIX 3HaueHWH He Oomee 2,9%. MuKpoTBEepAOCTh
n3MeHsieTcs: B npenenax 6870-7680 MIla. M3HococTOHKOCTh MOBEPXHOCTH
TPEHUS C JIa3epHOil 3aKkaikoil ¢ marom 5 MM nosbimaercs Ha 130 u 40% no

CPaBHEHUIO C HCXOHON M 00BbEMHO 3aKaJI€HHOH CTaJIbl0 COOTBETCTBEHHO.

Cnucox numepamypbl
1. LiH., Zhou H., Zhang P. et al. Influence of Laser Energy Density on Acquisition and
Wear Resistance of Bionic Semisolid Unit of 40Cr Steel. J. Materials Engineering and
Performance. 2020. Vol.29. P. 2283-2295. DOI:10.1007/s11665-020-04735-8
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OIIPEAEJIEHUE TEOMETPUYECKUX ITAPAMETPOB "
TPUBOJIOTMYECKNX CBOMCTB MMOKPHITUI HA
CTAJIb, IOJIYUYEHHBIX JIASEPHON HATLJTABKOM

B pabore npencraBieHs! pe3ysIbTaThl METAIUIOrpaGUIeCcKuX U TPHOOIOTHIECKIX
HCCIIeI0OBaHUH MHOTOKOMITOHEHTHBIX ITOKPBITHI C J00aBI€HHEM B COCTaB IIMXTHI
yIBTpagucIiepcHOro kapoupa TutaHa. C  IOMONIBIO TIOJMHOTO  (haKTOPHOTO
9KCIIEPUMEHTA OIIPEEICHbl TEOMETPUUYECKUE TIapaMeTphl HAIJIABICHHBIX MTOKPBITUI
B 3aBHCHMOCTH OT MOIIHOCTH, CKOPOCTH 00pabOTKM M AMAMETpa JIA3epHOro Tyda.
[MomyueHs! 3aKOHOMEPHOCTH H3MEHEHHs KO3((UIMEHTOB TpeHHs OT AABICHUS U
CKOPOCTH CKOJBXCHHUS. 3aJUPOCTOUKOCTE M H3HOCOCTOMKOCTH IOKPBHITHI BBIIIE
CTaJIbHOM OCHOBBI.

V. P. BIRYUKOV
Mechanical Engineering Research Institute of the Russian Academy of Sciences,
Moscow

DETERMINATION OF THE GEOMETRIC PARAMETERS
AND TRIBOLOGICAL PROPERTIES OF COATINGS ON
STEEL BY THE LASER CLADDING

The paper presents the results of metallographic and tribological studies of
multicomponent coatings with the addition of ultradiosperse titanium carbide to the
composition of the charge. Using a full factorial experiment, the geometric parameters
of the deposited coatings were determined depending on the power, processing speed,
and diameter of the laser beam. The regularities of the change in the coefficients of
friction from the pressure and the sliding speed are obtained. The corrosion resistance
and wear resistance of the coatings are higher than the steel base.

HuzkoyrnepoaucTeie HepKaBeIoliue CTald HIUPOKO HCIONB3YIOTCS B
ABUAIMOHHOM, XMUMHYECKOHW W SJAEPHON MPOMBIIIJIEHHOCTH Ojaronaps
XOpoIeld KOpPO3UOHHOM CTOWKOCTH. OTHAKO OHU UMEET HU3KYIO TBEPIOCTD
U W3HOCOCTOMKOCTh. JIJIs TOBBIMIEHHS pecypca paboThl Ha MOBEPXHOCTH
TPEHUS HEPIKABEIONIUX CTajJel HAIJIABJSIIOT MOKPBITHS Ha OCHOBE HUKEJS,
koOanpTa [1] WIM BBICOKOSHTPONHMUHBIC CIUIABHI [2], KOTOPBIC HMEIOT
BBICOKYIO CTOMMOCTh H3-332 IOBBINICHHBIX TpPEOOBAaHWNA K XUMHYECKOU
grcrore 99,5-99,9% Bxonsamux 31eMeHTOB. LlemssMu pabOThI SIBISIOTCS
ONpeJesieHne TeOMETPUYECKUX MapaMeTpoB 30H JIa3€pHOM HaIUIaBKU
MHOTOKOMIIOHCHTHBIX TIOPOIIKOB OT PEKHUMOB OOpaOOTKM W BIHSHUC
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BBE/ICHHUS B COCTaB IIMXTHI YJIBTPAAMCIIEPCHBIX YacTUIl KapOujga THTaHA
(TiC) Ha TpuboNOrHYCeKNe CBOMCTBA MOKPHITHIL.

B 3KcnepUMEHTalbHBIX HCCIENOBAHMAX HCIOJIB30BalIM JIa3€PHBIH
kommieke MMAIIL PAH. OG6pa3upl wm3roraBnmumBanmu u3 cramu 12X13
pasmepamu 15x20%70 mm. /111 M3rOTOBICHHS IIMXTHI BEIOPAHBI IOPOIIKH HA
ocHoBe Hukens (Ni-Cr-B-Si) u  kobamsra (Co-Cr-W-Ni-Si-B) B
cootHoureHnn 3:1 cooTBeTcTBEHHO C pasMepoM wactui 40-150 MxM.
IMopomok  ynerpagucnepcHoro TiC ¢ pasmepom wactuiy 1-15 Mk
nob6asmsm B mmxty 5 U 10 macc.%. IllnukepHbIe MOKPHITHUS HAHOCHIIN
tommuuo  0,85-0,91 wMm. B kagectBe cCBs3yromero marepuaia
UCTIONB30BAIM BOJHBIM pAacTBOpP OKCHITHILEIUIIONO3bI. BapbupyeMbeiMu
mapaMeTpamMu OBITH BBIOpaHBI MOIIHOCTE u3mydeHus P=700-1000 Br,
ckopocTh 00pabotku V=7-10 mm/c u amamerp myuka d=2,5-3,5 mm. B
Ka4yecTBe JIOMOJHUTEIBHOTO (pakTopa paccMaTpUBalIOCh CKAHUPOBAHHUE JTyya
¢ pukcupoBanHoii yactoroii f=218 I'it. JIjst onpeieieHust TPHOOTOTHUECKUX
XapaKTepUCTUK MPOBOJWIN HCIBITAaHUS TPHU CKOPOCTH CKOJBKEHHUS U
JMaBieHUM Ha o6Opasery B wuHTepBane 0,25-3,5 m/c u 1-6 MlIla
COOTBETCTBEHHO. B KauecTBe cMa304yHOro MaTepualia UCIOIb30BAId MaciIo
TII22C.

15 10 15 20 25 30 35 40 45 50 55 001 0203 04 0506 07 0809 1 11 L2 L3 L4 L5 16 1.7

Hagnenne P, MIa Cropocts cxodapaenns V, /e

Puc. 1. 3aBucuMocCTs KO3(PHUINEHTOB TPEHHS OT AaBJICHHS (a) K CKOPOCTH
ckonpxenwns (6): 1 — crane 12X13, 2 — (Ni-Cr-B-Si, Co-Cr-W-Ni-Si-B) 3- (Ni-Cr-
B-Si, Co-Cr-W-Ni-Si-B) + 5 macc.% TiC, 4 - (Ni-Cr-B-Si, Co-Cr-W-Ni-Si-B) + 10

macc.% TiC
C yBennuenueM namienus ¢ 1,2 o 4,0 MIla koadduieHT TpeHus magaet B
HAaIUIaBJICHHOM MOKPHITUH ¥ cTanu 12X 13. MuHHManbHbIe K03 (GUIMESHTHI TPEHUS 1
WHTEHCHBHOCTH M3HALIMBAHMUS TIOJIYYeHBI IPH cojiepkanui B muxte 10 macc.% TiC.
3Ha4YeHHsT MUKPOTBEPAOCTH B MOKPHITHH ¢ coaepxanueM 10 mace.% TiC cocrauiu
8700-10800 MTIIa.

Cnucox aumepamypul
1. Jeyaprakash N. et al. Wear Tribo-Performances of Laser Cladding Colmonoy-6 and
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Materials International. 2019. https://doi.org/10.1007/s12540-019-00526-6

2. Liu H. et al. Microstructural evolution and properties of dual-layer CoCrFeMnTi0.2 high-
entropy alloy coating fabricated by laser cladding //Optics and Laser Technology. 2021. 134.
106646. DOI:10.1016/j.optlastec.2020.106646
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OUNJTAMAHTAIUSA BBICOKOUMHTEHCUBHOI'O
JIABEPHOI'O M3JIYUEHUS C JUIMHHOM BOJIHBI 248 HM
B BO3JIYXE PA3JIMYHOM BJAKHOCTH U OCHOBHBIX
BXOAIINX B ET'O COCTAB I'A3AX

B paboTe 3KCriepuMEHTaNbHO MCCIIENOBAJIOCH BIMSHUE BIAXHOCTH BO3IyXa Ha
pacnpocTpaHeHHe BEICOKOWHTEHCHBHOTO JIA3EPHOTO M3IYYeHHs C JUTMHHOM BOJIBHBI
248 uM B pexxnme puaMeTanun. VccnenoBaHna GpuiaMeHTalus B BO3AYXE Pa3IMUHOMN
BIIQYKHOCTHU, KHCIIOPOJIE U a30Te.

A.D. VORONTSOVA, A. D. SHUTOV
Bauman Moscow State Technical University, Russia
Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

FILAMENTATION HIGH INTENSITY 248 NM
ULTRAVIOLET LASER PULSE IN AIR WITH DIFERRENT
HUMIDITY AND ITS CONSTITUENT GASES

In this work, we experimentally studied the influence of air humidity on high
intensity ultraviolet laser pulse nonlinear propagation in filamentation mode.
Filamentation was observed in air with deferent humidity, oxygen and nitrogen.

OunaMeHTanuss  BBICOKOMHTCHCHBHOTO  H3JIYYCHHS OTO  PEXKHM
HEJIMHEWHOTO PACHpPOCTPAHEHHs] ONTUYECKOTO HWMIYJbhCa, MOITHOCTh
KOTOPOrO TMPEBBIINIAET KPUTHYECKYH0 MOIIHOCTh camMO(OKycupohKu
U3TY9ICHUS.

OOpasyromecss  npu  (UIAMEHTAI[MM  IUIA3MEHHBIC  KaHAJIbI
MPEACTaBISAIOT HMHTEpPEC ISl YAAJEHHOTO MOHHUTOPHHTA 3arps3HEHUS
aTMoc(ephl, HANpPaBICHHON Mepegadn 3JICKTPOMATHHTHOTO W3IYYCHUS,
KOMMYTAIIMH BHICOKOBOJIbTHBIX Pa3psIOB; U CO3/IaHUS aKTUBHBIX CHCTEM
MOJTHHAE3aIUTHI [1].

BonbmmHCcTBO HCCleI0BaHuI ¢unameHTanIU CleNIaHBbI c
ucnons3oBanueM uHPpakpacHoro (MK) mzmydenust , 94ro 00ycloBI€HO, B
TIEPBYIO OYepeib, ITUPOKUM PacIpoOCTPaHEHUEM MOIIHBIX Ti:candupoBbIX U
Nd:YAG nazepHbix cuctem, padoTaronux Ha JuirHaX BomH 800 u 1064 HM
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CO0TBETCTBEHHO. OTHOCUTEIBHO HEOOJIBILIOE YHCIIO Oy OJIMKOBaHHBIX PadOT
no YO ¢unaMeHTau UMeeT psiji IPOTHBOpEUnii Kak 1mo napamerpam Y @
(mIaMeHTOB, TakK ¥ 10 MexaHusMy YO ¢umameHTannm.

C‘{I/ITaHOCB, yro YO N3IY4YCHUC T'JIaBHBIM 06pa30M
uonusupyer BO3OYX 3a CYUCT mnpamoil 3-GoToHHOM HOHM3ALMH
MOJICKYJI KHUCJIOpOoaa. Ho B HemaBHMX HCCIIEIOBaHUSIX
OBLII10 BBIABJICHO, YTO MHOFO(i)OTOHHa}I HOHU3aIHuA
aTMOC(l)epHOFO BO3AYyXad HA mivHE BOJHBI Ja3ePHOTO U3IY4YCHUSA
248 uv B OOnactu MHTeHcHBHOCTH 10°%-10" Br/cm?
ITPOUCXOAUT B ocHoBHOM 3a CUCT HMOHHU3AIIMU MOJICKYII
H,0O, ecrectBeHHbIM 00pa3oM coJepXKalluXxcs B
BO3ayXE [2].

B »skcmepumeHTe peructpupoBalics monepeuHsld npoduis YO
¢unaMeHTa BAOJL OCH pPACHpPOCTpaHess B pa3lIMUHBIX Trazax. 3Has
pacnpeneneHue HHTEHCUBHOCTH, d4epe3 ceueHua MOU, Bwrumcnsercs
KOHLIEHTpalusl AJIEKTPOHOB B IIasMe. I3 NOIydyeHHBIX pe3yiabTaToB
(Tabnuma 1), BUIHO:

e [lukoBas MHTEHCHBHOCTb B HMMIIYJbCE C YBEIWYEHHUEM KOHIEHTPALUU
MOJIEKYJI BOJBI B BO3AyXe MOHIDKAETCS. OTO OOBSCHACTCS MOTEPSIMHU
SHEpPIHH, CBSI3aHHBIMH C BBICOKOH CIIOCOOHOCTH MOJEKYJN BOJBI K
TIOTJIOIIEHHIO (M KaK CJIeICTBUE U HOHU3aIMK) Y @ H3ITyueHHs.

e [lnoTHOCTH 3JEKTPOHOB B (HOTOMOHU3MPOBaHHOW Y@ u3NyYeHHEM
IUTa3Me CYIIECTBEHHO yBEIMUMBAaeTCA (Ha 2 MOPSAIKA) MPU JOCTIKEHUH
BBICOKOM OTHOCHUTENIBHON BIaKHOCTH BO3AyXa.

Baaxcuocme Iy x 102,
ds, MKM Ne, cm3
603dyxa Bm/cm?
90% 480 + 50 2.9+ 0.6 24+ 1,4)x 10"
25% 400 + 40 3,5+0,7 (1,1 £0,6)x 10"
0% 380 + 40 38+0,8 (1,3+0,7)x 10"

Ta6nuua 1 [Tapamerps! GUIaMEHTOB B BO3AyXe Pa3iIMIHON BIaXKHOCTH

Cnucok aumepamypoi
1. bazensu D.M., Pausep 10.I1. dusnka MonHuM 1 MonHKe3ammTa. M.: @usmartmur, 2001.
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2. A. V. Shutov, N. N. Ustinovskii et. al «Major pathway for multiphoton air ionization at 248
nm laser wavelength» Applied Physics Letters 111, 224104 (2017).
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A.A.TAPMATHHA', M.M.HA3APOB!, b. I'. BPABBII®,
B. M. TOPJIMEHKO?

YHUI] «Kypuamosckuii uncmunmymy, Mocxea, Poccus
2Dusuueckutl axyromem, Mockosckuil 2ocyoapcmeennbiii ynueepcumen um M.B.
Jlomonocosa, Mocksa, Poccus
HUnemumym npobremm xumuueckoui uzuxu, Yepnoeonoska, Poccus.

PEHTFEI:IOBCKI/IIK OTKJIMK TP KOHTPOJIMPYEMOM
BO3JEUCTBUU ®PEMTOCEKYH/IHOI'O JIABEPHOI'O
IIYYKA HA MUILIEHB B TA30BOI CPEJIE

HccnenoBaHa 3aBHCHMOCTh BBIXOJ@ PEHTTEHOBCKOTO H3IYYEHHS W3 MEIHOH
MHIIEHH B BO3AyX€ OT IIHMTEIBHOCTH ()EMTOCEKyHIHOTO Ja3epHOTO HMITyJIbCa
(omeprus 6mM/x) wu ycmoBuil GokycupoBKu. [lomydeHO, U4TO BBIXOA OKa3bIBAETCA
MaKCHMaJIbHBIM TpU (POKYCHPOBKE BHEOCEBOH Mapadoioi 5 ¢M W UIMTEIBHOCTH
ummynbea nopsaka 700¢c. Brixon peHTreHOBCKUX (DOTOHOB COCTABILIET MOPSIKA
2*10"5 ¢dot/umnynbe B 27, ['enneBblil OUTyB B 30HY B3aMMOJACHCTBHS ITO3BOJISIET
yBennuuTh BeIxon P Gosiee WeM Ha MOPSIOK M JTOCTHTHYTH BbIxoxa PU mopsiaka
10*7 dot/ummyisc B 27.

A.A.GARMATINAL, M.M.NAZAROV?, B.G.BRAVY?,
V.M.GORDIENKOQO?

National Research Centre «Kurchatov Institute», Moscow, Russia
2Faculty of Physics M.V. Lomonosov Moscow State University, Moscow, Russia
3Institute of Problems of Chemical Physics, Chernogolovka, Russia

X-RAY RESPONSE UNDER CONTROLLED INTERACTION
OF AFEMTOSECOND LASER BEAM TO A TARGET IN A
GAS MEDIA

The dependence of the X-ray output from a copper target placed in air on the
duration of a femtosecond laser pulse (energy 6mJ) and the focusing conditions is
studied. It is found that the output is maximal when focusing with an off-axis parabola
of 5 cm and a pulse duration of about 700 fs. The output of X-ray photons is about
2*10° phot/pulse in 2z. Helium blowing into the interaction zone makes it possible to
increase the output of X-ray by more than an order of magnitude and achieve the value
about 10”7 phot/ pulse in 2.

(DGMTOCCKYH,HHaH JIa3€pHO-UHAYLIUPOBAHHAA reHepanuda
PEHTICHOBCKOI'O U3JIYyYCHUS, BbI3bIBACT MHTECPEC B CBA3U C 3a/ladaMU BpEMs
paspenieHHoil peHTreHoBckol audpakuuu. Tak kak He Bcermaa KoMDOpPTHO
paboTaTe B BaKyyMHBIX YCJIOBHSX, BOCTPeOOBAaH KOMIIAKTHBIA Ja3epHO-
IIJIa3MEHHBIN HCTOYHUK PEHTIEHOBCKOT'O H3JTy4YEHU, KOTOPBIi1
(YHKIIMOHHPYET B HOPMAIBHBIX YCIOBUAX. B 3TOM ciydae HOHH3AIUS
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MOJIEKYJI BO3yXa B IIPUIIOBEPXHOCTHOM 00JIaCTH MHILEHU COPOBOXKIACTCS
HCTOIIEHUEM Ja3epHOM »HHEpPruu, a TaKkkKe CaMOMHIYLHPOBAaHHOMN
neOKyCHpPOBKOW  Jla3epHOro IMy4Ka. OTH MPOLECCHl NPUBOAAT K
OTPAHMYEHUIO YPOBHS HWHTEHCUBHOCTH U CJIEJOBAaTEJIbHO YMEHBIIAIOT
3¢ QEKTUBHOCT, KOHBEPCHHM B PEHTTEHOBCKOE H3yueHHe. M3BecTHO, 4TO
YBEIMUYEHNE OCTPOTHI  (OKYCHPOBKM MOXET TPHBOIUTH K POCTY
MaKCHMaJIbHO TOCTHXMMOH HHTCHCUBHOCTH, a YBEIMUCHNE JUTUTEIBHOCTH (
3a CUeT YHMPNHPOBAHWS) HMITyJIbca COBMECTHO C IIOJBEMOM JIa3epHOM
SHEPTHH TO3BOJIAET YBEIWYNTHh BBIXOJ PEHTTEHOBCKOTO M3IYyYEHHS NIPH B
pEeKHMeE B3aMMOJCHCTBHSA C MHUIIECHBIO B Bo3ayxe. Eme ogHa BO3MOKHOCTh
TIOBBIIICHUSI NHTEHCHBHOCTH BO3HUKAET MPU HCIONB30BAHUH JIOKAIEHOTO
MOJilyBa ra3a ¢ OOJBIIMM IMOTCHIMAIOM HOHH3amuu (renus) B 001acTh
B3aUMOJECHCTBUSL.

Lenpto naHHOW pa®OTBI SBISETCS OMNpEACICHHE YCIOBHH, TIpH
KOTOPBIX JIOCTUTaeTCs MaKCHMalbHBIH BbIXOA K-XxapakrepucTuueckoro
H3ITy4YeHUS NpU BO3AECHCTBHM HAa MHILIEHb, PACIIOJIOKEHHYIO B BO3IYyXeE,
(heMTOCEKYH/IHBIX JIa3€PHBIX UMITYIIHCOB.

IIpoBeneHHOE HaMM YHCIIEHHOE MOICIHPOBAHUE PACIPOCTPAHCHUS
(eMTOCeKyHIHOTO  C(OKYCHPOBAaHHOTO JIa3€PHOTO IydyKa IOKa3alio
BO3MOKHOCTh yBEJIMYEHHUS] WHTCHCUBHOCTH W3IY4YeHUS M IUIOTHOCTH
JIa3epHON PHEPTUH B YCIOBUSAX OIpaHUYCHUS YPOBHS MHTEHCHUBHOCTH (Kak
pe3yibTaT  Jla3epHO-MHUIMUPOBAHHOM  JIOKaJbHOM  MOHM3aLUM) C
YBEIMYEHUEM JUIMTEILHOCTH HMMITYJIbCa M OCTPOTHI (DOKYCHPOBKH. OTO
JIOJDKHO MIPUBOJHUTH K YBEJIMYEHUIO BBIXO/1a PEHTT€HOBCKUX (DOTOHOB.

B pe3ynbrare BBIIOIHEHHBIX HaMM SKCIIEPUMEHTOB IIOJyYEHO, YTO
npH GOoKyCHpOBKe B Bo3ayxe Ti;Sa JTa3epHbIX UMITYJILCOB ¢ SHeprueit 6 Mk,
YBEIIMYEHNE OCTPOTH (POKYCHPOBKH B TPU pasa (MCIIOIb30BaHbI BHEOCEBBIC
napabonbl Gokycamu 15cM 10 5 ¢M) NPUBOAMT K YBEIWYEHHIO MOTEPh Ha
MOHH3ALUIO B BO3JyX€ MPU CIEKTPaIbHO-OrpaHnYeHHOM nmiyisce (30 ¢c)
¢ 46% no 73% , a yBenuueHue JUIMTENbHOCTH uMITyibca 10 700 ¢c 3a cuer
YUPIHUPOBAHUSA TPHUBOAUT K YMEHbBIIEHHIO moTeph A0 37% ( B ciydae
(OKyCHPOBKH 5 CM BHEOCEBO# apaboI1oii).

VccrnenoBaHa 3aBUCHMOCTD BBIXOAA PEHTTCHOBCKOTO H3IYyYEHUS U3
MEIHOHM MHUIIIEHH B BO3AYXE OT [UTUTEIEHOCTH (PEMTOCEKYHIHOTO JIA3EPHOTO
nmiynsca (9Heprust 6M/Ix) u ycnoBuit ¢oxycupoBku. Ilomydeno, 4ro
BBIXOJI OKa3blBaeTCs MaKCHUMaIbHBIM NpH (HOKYCHPOBKE BHEOCEBOM
napabosnoit 5 cM u anMTenbHOCTH mMmImysbca nopsaka 700 ¢c.. Bwixoa
PEHTIEHOBCKUX (POTOHOB cOCTaBisieT mopsiaka 2*10"5 dor/ummyinsc B 27.
I'enueBblil noyB B 30HY B3aUMOJIEHCTBUS MO3BOJIAET YBEIUUUTH BbIxo PU
Ooslee uYeM Ha TOPAAOK W JOCTUTHYTH BbIxoma PU mopsaka 1077
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(doT/MMIynbC B 21 HEOOXOAUMOTO ISl IPOBEJCHUS B JalbHEHIIEM BpeMsi-
pa3peleHHbIX TU(PAKIUOHHBIX SKCIEPHUMEHTOB.
Pabora nonnepkana npoexramu PODU N18-29-20074, N18-02-40032.
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KA. TJIVIIKOB, 1.b. MYXUH
HIID PAH, Huswcnuti Hogzopoo

I'EHEPALIUA PEMTOCEKYHIHBIX UMITYJIbCOB
BJIMN/KHEI'O U CPEJHEI'O UK TUAIIA30HOB U3 CYB-IIC
JABEPA TIAPAMETPUYECKON HAKAYKH

DeMTOCEKyHIHBIE MMITYJIBCHI C HECKOJIBKUMM TEPHOAAMH OCLMULIIUHA Mot
SIBIISTIOTCS HE3aMCHUMBIMH MHCTPYMEHTaMH JUIsl MCCIICIOBaHUH KaKk B HEIMHEHHOH
ONITHKE, TaK M B (hu3mKe crbHOTO 1ous. C IMOMOIIBI0 HOBOTO MOAXOAA T'eHEepariy
(EeMTOCEKyHIHBIX HMITYyJbCOB HANpsAMyI0 W3 H3JIydeHHs Ja3epa HaKauykd
paspaboTaHa W W3TOTOBJIEHA IapaMeTpUUecKas CHCTeMa, TI'eHepHpYIoIas
(heMTOCEeKyHIHBIE HMITYJIBCHI C YPOBHEM 3HEPTHH B JIECATKU MK/[)K 1 ATUTETbHOCTHIO
HMITyJIbCOB B HECKOJIBKO OCIMIIIALMH IOJISI B OJIIDKHEM U CpelHeM HH(]paKpacHOM
JMaTa3oHax.

K.A. GLUSHKOV, |.B. MUKHIN
IAP RAS, Nizhny Novgorod

GENERATION OF FEMTOSECOND PULSES IN THE NEAR
AND MID-IR RANGES FROM A SUB-PS LASER WITH
PARAMETRIC PUMPING

Femtosecond pulses with several periods of field oscillations are indispensable
tools for research both in nonlinear optics and in high-field physics. Using a new
approach to generating femtosecond pulses directly from the radiation of a pump laser,
a parametric system was developed and manufactured that generates femtosecond
pulses with an energy level of tens of uJ and a pulse duration of several field
oscillations in the near and mid infrared ranges.

Coueranre HOBBIX mOaxozoB mupokomnoiaocHoro OPCPA  ycumeHus,
COBPEMEHHBIX HCTOYHUKOB HAKAYKH C BEICOKOH CpeTHEI MOITHOCTHIO (B TOM
YHCIIe MOIIHBIX TUKOCEKYH/IHBIX JIa3€POB), UCTIOF30BaHHE YHPITIPOBAHHBIX
3epKal M HOBBIX THIIOB HEIIMHEHHBIX KPUCTAJUIOB 3HAYUTEIHHO YIIy4IIaeT
BBIXOJIHBIE NApaMETPbl COBPEMEHHBIX BHICOKOMHTEHCHBHBIX J1azepos [1]. B
JaHHOH  pabore  mpexacTaBieHa  pa3paboTKa  HOBOTO  Ju3aiiHa
(heMTOCeKYH/IHOTO Jla3epa OCHOBAaHHOI'O Ha TeHEpaluu OeJoro cera H
ImapaMeTpU4eckoM  IpeoOpa3oBaHMM  CyO-TIC  UMIIYJIBCOB  Jlasepa,
JIETUPOBAHHOTO UTTEPOHEM.

Cy6-1ic mmIysieesl cy0-MJIK SHEpruM WTTEpOMEBOrO J1a3epa YacTHIHO
peodpa3yoTcs BO 2-10 TapPMOHUKY M HCIOJB3YIOTCS ISl TEHEpaluu
M3JIyYeHHs] CyNepKoHTHHyyMa. Jlanee, 3TO LIMPOKOIOJIOCHOE H3IIydYeHHUE
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napaMeTpUUeCKU yCUIUBAETCS, U ATl yCUIICHUS UCTIONb3YeTCs U3IydeHue 2-
i rapMoHUKH. B pe3ynbraTe, reHepUpyeTcsl «XOJOCTOe» H3IyuyeHHe Ha
pa3HOCTHOM [yIMHE BOJHBI (~ 2 MKM), oOnajzaroliee CBOKWCTBOM
crabunmszanuu (asel 3/M 1o otHocuTenbHO ormbatonteir (CEP) [2]. Dro
U3JIyYeHHE MOXET OBITh JONOJHHUTEIHHO MapaMeTPUUECKH YCHJIICHO C
HCTIONI30BAaHMEM HCXOAHOTO M3JIyYeHMs B KadeCTBE Hakadkd. B kauecTse
aNIBTEPHATHBBl ~ HW3JIyUYCHWE  PA3HOCTHOM  YacTOTBI ~ MOXET  OBITH
mpeoOpa3oBaHO BO 2-10 TapMOHHKY M YCHIJIEHO Takke 2-W TapMOHHKOU
HCXOJHOTO M3Iy4eHH. DTO CTeHEPHPOBAHHOE IIHPOKOTIOIOCHOE U3ITyUCHUE
MOXET OBITh KOMIIPECCHPOBAHO [JO CHEKTPaJbHO  OTPAHHYCHHON
JUIITENBHOCTH. sl  WCCIENOBaHMS  CHEKTPANbHBIX W BPEMEHHBIX
XapaKTepUCTUK BBIIIOJHEHbl HCCIEIOBAHUSA JIA3€PHBIX HMIIYJIbCOB C
moMolipto pubopa, padoraroiero Ha meroge FROG-SH. [3].

BakHbIM TNIpenMyIIecTBOM pa3pabOTaHHOrO [u3aifHa reHepanuu ¢c
JIa3epHBIX HMIIYIbCOB SBISIETCA WX ONTHYECKas CHHXPOHM3alUA C
HMIIyJbCaMH J1a3epa HaKauky BBICOKOMOIIHBIX IapaMETPUUYECKHX CHUCTEM.
Ha ocHOBe NOJyYyeHHBIX PE3yJbTATOB OBUTM M3TOTOBJICHBI 2 3aJIarOLIUX
(EeMTOCEKYHIHBIX CHCTEMBI C IIEHTPAIBbHOM JIiHOM BomHBI 910 HM u 2100
HM C KWJIOT'€pLIOBOM 4aCTOTOM IOBTOPEHUS UMITYJIbCOB. B s1a3epHoil cucteme
cpemnero UK muamazona nocturayto 6omee 20 Mk SHEPTUU B UMITYJIECE
npu anurensHocTH 35 ¢e. Jlamee, 3TOT curHanm OyAeT MOMOIHHTEIHHO
napamMeTpu4ecKy yCHJIEH 10 MyJbTU-TBT ypoBHsS MUKOBOM MomHOCTH. B
YCTAaHOBKE C M3JIydeHHeM B OmmkHeM WH(pakpacHOM Janana3zoHe
nocturHyTo 15 MK/[x ¢ mmurensHOCTRIO 27 (e, OHa OyIeT UCIOIb30BaThCS
B KauecTBe cTapToBoi i [IBt nazepnoro kommuiekca PEARL.

Cnucox rumepamypol
1. Front-end system for few circle OPCPA amplification; I. B. Mukhin, I. I. Kuznetsov,
E. A. Perevezentsev, O. V. Palashov; Institute of Applied Physics RAS, Nizhny Novgorod,
Russia

2. Baltuska A., Fuji T. and Kobayashi T., in Physical Review Letters vol. 88: American
Physical Society, 2002, p. 133901
3. https://www.femtoeasy.eu/products/frog.php
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AN.TOPOXOB, U.b. MYXUH

Hnemumym npuxnaornou gusuxu Poccuiickoii akademuu nayx, Huscrnuti Hoeopoo

CUCTEMA CTPETYEP-KOMIIPECCOP HA OCHOBE
OBBEMHBIX YNPIIMPYIOIUX BPEITOBCKUX
PEHIETOK JJIsA BBICOKOMOIIHOI'O IMCKOBOI'O
JA3ZEPA

JlaHHasi Hay4HO-MCCIIEIOBATENbCKast PaboTa MOCBSIICHA HCCISI0OBAHHAM BPEMEHHBIX
XapaKTEePHUCTHK JIa3epHOro m3iy4eHmst paspabareBaemoii B UTID PAH demrocekyHmHOM
JIa3epHOI YCTAHOBKM CPEHEro MH(PAKpacHOro jauarnasoHa. B uacTHocTH, ObLIa
pa3paboTaHa cHCTeMa CTPEeT4ep-KOMIPECCOp Ul YCHICHHUS TIC UMITYJIBCOB B JIMCKOBOM
PEreHepaTHBHOM YCHIIUTENE, KOTOPbIC B JATbHEHIIIEM Oy/IyT HCIOIB30BaThCA B KauecTBE
HaKa4yK{ CIIEIyIOLIEro IMapaMeTPHUECKOro Kackaja ycWwieHus. B Tom umcre, Obuin
TIPOM3BEIICHBl WCCIICZIOBAHUS, HANpaBlICHHbIE Ha IOMCK ONTHMAIBHOTO pEIleHus,
TO3BOJIOLIETO YMEHBIIUTD JUIMTEIBHOCTB TIC HMITYJIECOB JI0 TPeOyeMBbIX 3HAUCHHIA.

A.l. GOROKHOV, 1.B. MUKHIN
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

STRETCHER-COMPRESSOR SYSTEM BASED ON
VOLUMETRIC CHIRPED BRAGG GRATINGS FOR A
HIGH-POWER DISK LASER

This research work is devoted to the study of the temporal characteristics of laser
radiation of a femtosecond laser device in the mid-infrared range being developed at
IAP RAS. In particular, a stretcher-compressor system has developed for amplifying
ps pulses in a disk regenerative amplifier, which will later be used as a pump for the
next parametric gain stage. Including, studies have conducted, aimed at finding the
optimal solution that allows reducing the duration of the ps pulses to the required
values.

OnHum 3 OCHOBHBIX OTpaHUYEHUI IpH YCUIICHUN
BBICOKORHEPT€THUECKHX TIC U ()C UMITYJILCOB SIBJISIETCS ONTHYECKUH IPOOOi
aKTUBHBIX JJIEMEHTOB JIa3epa U3-3a YIbTPA-BBICOKOM MUKOBON MOIIHOCTHU
n3nydeHus. J[1s mpeomosieHuss 3TOro OrpaHUYeHUs] MPUMEHSETCS MOAXON
YCHICHHS YupIIHpoBaHHBIX HMITyTTECOB (CPA). B manH0i# paboTe mccnenoBana
BO3MO)KHOCTh IPAMEHEHHS YUPIHPYIONUX OOBEMHBIX OPErTOBCKHX pereTok[1]
JUTSL CTPETYMPOBAHMS M KOMIIPECCHH JIa3epHBIX HMITYJIECOB C OIHOBPEMEHHO
BBICOKOM CpefHell M NMKOBOM MOIIHOCTBIO.J[aHHAs cxema BKIIOYAeT B ceOs
NTTEepOMEBBIN HCTOUHHK U3ITyUCHHUS, ABE OPITTOBCKHE PEIIETKH U TUCKOBBIN
pereHepaTUBHBII yCUIUTENb.
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IlepBeiM 3TanmoM paboOTHl OBUIO HCCIENOBaHHE CHEKTPAIbHBIX U
BPEMEHHBIX  XapaKTEPUCTUK BBICOKOMOIIHOIO JIA3€PHOTO UMILYJbCa,
ycunenHoro ¢ npumenenuemM CPA  moaxoma. C  moMolmsio
aBTOKOPPEILIIMOHHOTO TIOAX0/1a U3MEPEHUS AIUTENBLHOCTEH OblIa MOydeHa
JUTUTENBHOCTD MMITYJIbCA MCTOYHHKA M3Ty4eHHs Ha BXoie paBHas 154 mc.
[InpuHa cnekTpa H3My49eHHs COCTaBIISET IPH 3TOM 8 HM. Jlanee 3TOT curHan
ObUT HaIpaBlICH B YHPHHPYIOIYI0 OOBEMHYIO OpATTOBCKYIO PEUICTKY,
(YHKIMS TPOIYCKaHHsI KOTOPOM OrpaHUYMBAET BBIXOJHON CIIEKTp 110 2.82
HM. BaxHO, 4YTO TJaBHOH OCOOCHHOCTBIO YHPHHUPYIOIIEH OO0BEMHOMN
OpAITOBCKOW PEIISTKH 3aKII0YaeTcsi B TOM, 4TO Ul Pa3HBIX UIMH BOJH
ycioBue bperra BbIoHsIeTCS Ha pa3HOM TITyOWHE BHYTpPH peleTku. Takum
0o0pa3oM, UIMHHOBOJHOBAsl 4YacTh H3JIyYCHHS OTpaXKaeTcs OT IMeperaHei
YaCcTH PEIIeTKH, a KOPOTKOBOJIHOBasS — OT 3afgHed. JTo obecreduBaeT
(hopMHpOBaHUE BPEMEHHOH 3a€PKKH MEXKIY Pa3IMIHBIMHU CHETPATbHBIMU
KOMITOHCHTaMH H3JIy4eHHS — TO €CTh, K ()OPMUPOBAHUIO YHPIHUPOBAHHOTO
umIyibca. BeneactBre 3Toro ObUIH IPOU3BENICHBI PACUETBL, 10 pe3yJIbTaTamM
KOTOPBIX JJIMTEILHOCTh MMITyJIbca TOCJe MepBOM pemeTku paBHa 481 ric,
4r0 OJM3KO K 3HAYEHHWSM [OJYYEHHBIM C MOMOMIBIO  OBICTPOTO
¢doromnogHoro ocrutorpada(~550 nc). Jamee, 3TOT curHaN OBLT YCHIICH B
pereHepaTHBHOM ANCKOBOM ycwinTene no sHepruu B 10 m/Dx ¢ gacroroit
noBTopenus 10 10 x['u. ITocne komnpeccun JaHHOTO CUTHAJIA aHAJIOTUYHOM
OpETTOBCKOM PemIeTKOM, YCTaHOBICHHOW O0paTHOH CTOPOHOM, CHTHAN OBLI
CHOBa HaIpaBJIeH B aBTOKOPPEJSATOP JUIS H3MEPEHUS UIUTEIHHOCTH,
3Ha4eHHE KOTOPOH MOMYy4YMJIOCH PaBHBIM 64 IC TpH IIUPUHE IIOJIOCHI
m3nydeHns 2.8 HM. [lockonbpKy JAns HapaMeTpUUecKOro yCHUICHUS
JUINTENIFHOCTh HMITyJIbCa IIOCJTE€ PEreHepaTHBHOTO YCHUIIMTENS [OJDKHA
cocTaBisATh MeHee 30 1c, B CUCTEMY CTpPEeTUEP-KOMIIPECCOP A00ABJICHO eIIe
OJTHO CIIEKTpalIbHOE yCTPOWCTBO — QUiIbTp Byta, KoTOpbIi ObUT ycTaHOBIIEH
riepest IepBoii OpPErroBCKON PEIIeTKOM M MIMPHHA CHIEKTpa N3JTydeHHs Oblia
yMmenbiieHa ¢ 2.8 go 1.88 umM. B pesynbrare, mocine Komipeccopa
NU3MEpEeHHasl JUIMTENbHOCTh HMITyJbca JEHCTBUTENBLHO YMEHBIIMIACH M
cocraBuna 34 mc. VIMEHHO Takas IUIMTENBHOCTh JIA3€PHBIX HMMITYJIHCOB
Tpedyercss Ui WCHOJB30BaHMSA B KAuyeCcTBE  IHKOCEKYHJHOMN
rapaMeTpUIecKOl HaKadK{ MPH YCUICHUH (EeMTOCEKYHIHBIX HUMITYyJIbCOB B
paspabaTbIiBaeMoi MyJbTU-TBT Jla3epHoun cucreme CpeaHero
nHppaxpacHoro auanasona [2].

Cnucok aumepamypoi
1. JI. T'ne6os, B. CmupHoB, D. Porapu, 1. Koxanocku, JI. I'ne6osa, O. Cmoinbeku, XK.
JIromo, K. Jlanturya, A. I'ne6oB, Ontuueckas umxenepus 53 (5), 051514 (mait 2014 r.)
2. . b. MyxuH, M. P. Bonkos, . A. Bukynos, E. A. IlepeBe3eHuies,
O. B. Ilanamos, Ksanmosas snexmponuxa, 50:4 (2020), 321-326 [QuantumElectron., 50:4
(2020), 321-326]
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E.A. JAHIWJIOB, C. A. YPIOIIMH

Mocksa, Quzuyeckuii uncmumym um.I1.H. Jlebedesa Poccuiickoii akademuu HayK

TFEHEPALINSI HI3KOYACTOTHOT'O U3J1YYEHMSI ITPA
BO3JIEUCTBUU JIABEPHOI'O UMITYJIbCA HA TOHKY1O
METAJUIMYECKOM IUIEHKY

V3ydeHa TeHepalys TepareploBOrO  M3IYUYCHHs, BO3HUKAIOIIEIO IpH
BO3JIEHCTBUH  (DEMTOCEKYHJHOTO HMITYJIbCAa  S-TIOJSIPH30BAHHOTO  JIa3€pHOTO
W3ITydeHUs Ha IUICHKY MeTasuia. [1oiydeHo BeIpakeHHs! [UTsl HU3KOYaCTOTHBIX TOKOB,
BO3HUKAIOIINX 33 CUET CHJIBI YBJICUCHUS, a TaK)Ke BBHUJIY HEOJHOPOIHOTO HarpeBa
obpasma. Brranciensl  ¢ypre-00pa3bl  HHU3KOYACTOTHOTO MAarHUTHOTO  ITOJI,
TEHEPUPYEMOro HEeNMHEHHbIMH ToKaMH. IToka3aHO, 4TO KOrZa TOJIIMHA IUICHKH
MeHblIe MacmTaba HEOJHOPOJHOCTH HU3KOYACTOTHOTO IOJISL  aMILUIUTY.a
TeparepleBoro CUrHajua Bo3pactaeT 0OpaTHO MPONOPLHOHAIBHO TONIIMHE IICHKH.
Ecnu ke TONIIMHA TUICHKH MEHbLIC M INIyOHMHBI CKUH-CJIOS Ha 4acTOTE JIA3EpPHOTO
H3ITy4YeHUs], TO HU3KOYACTOTHBI CHTHANl YCHJIMBAeTCS OOpaTHO NMPONOPHUOHAIEHO
KBa/IpaTy TOJIIIMHBI ICHKH.

E.A. DANILOV, S.A. URYUPIN
Moscow, P.N. Lebedev Physical Institute of the Russian Academy of Sciences

GENERATION OF LOW-FREQUENCY RADIATION UNDER
THE EFFECT OF A LASER PULSE ON A THIN METAL
FILM

The generation of terahertz radiation generated at the effect of a femtosecond
pulse of s-polarized laser radiation on a metal film has been studied. Expressions are
obtained for low-frequency currents arising due to the drag force, as well as due to
inhomogeneous heating of the sample. The Fourier transforms of a low-frequency
magnetic field generated by nonlinear currents are calculated. It is shown that when
the film thickness is less than the scale of the inhomogeneity of the low-frequency
field, the amplitude of the terahertz signal increases inversely with the film thickness.
If the film thickness is less than the skin-layer depth at the laser frequency, then the
low-frequency signal is amplified in inverse proportion to the square of the film
thickness.

Pabota [1] mocBsimieHa HWCCIEIOBaHHUIO TE€HEpPAIlMH HU3KOYACTOTHOTO
U3IYYCHUST TPH BO3ICHCTBHU (PEMTOCEKYHIHOTO S-TIOJIIPH30BAHHOTO
JIA3epHOr0 MMIIyJbCa Ha METAUIMYECKYI0 IUIeHKY. PaccMoTpeHbl aBa
MexaHu3Ma reHepanuu. [lepBhlii W3 HUX CcBs3aH C 3G GEKTUBHBIM HATPEBOM
3JIEKTPOHOB [2], NpUBOASIIUM K BOBHUKHOBEHUIO IPaIM€HTa JIEKTPOHHOTO
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JaBJICHUS, a BTOPOH - C JCHUCTBHEM CHJIBI YBIECUCHHS, MOPOXKAAOIICH
HarpasJeHHOE JIBI)KEHHE JIEKTPOHOB BIOJIb IOBEPXHOCTH MeTayua [3].

[IpuBeneHbl BBIpaXKEHHS JUIS BBHICOKOYACTOTHOTO TMOJSI B IUICHKE,
CO3/1aBa€MOT0  S-TIOJISIPU30BAHHBIM  (PEMTOCEKYHIHBIM  JIa3€PHBIM
UMITyJIbCOM. B ycloBusix cnaboro HEOJHOPOJHOTO HarpeBa 3JEKTPOHOB
3allCaHO yYpaBHEHHE JUIS MAJIOTO BO3MYILCHHUS JaBICHHS W HalaeH
HCTOYHMK TOKa yBieueHus. Taxke ObUTH c(hOpMYIMPOBaHBI yPaBHEHHUS IS
(bypbe-00pa3oB HM3KOYACTOTHBIX JJIEKTPUYECKHUX M MArHUTHBIX MOJEH.
Hcnone3ys ofiee pemeHne STHX YpPaBHEHHH M yCIOBHS HEPa3pbIBHOCTH
TaHTCHIUAJBHBIX KOMIIOHEHT MOJI Ha IPaHMLAX IUICHKH, ObUIM HalJeHbI
(dypbe-00pa3bl  HU3KOYACTOTHOTO MArHUTHOTO IO,  CO3JaBacMOro
IPaJHCHTOM JaBJICHHS JICKTPOHOB U CHJIOH yBIIeUeHHS.

[Ipoananu3upoBaHbl BEIpaXeHHs Ui Qypbe-00pa3oB HU3KOYACTOTHOTO
MarHuTHOTO TOJIS Ha TIOBEPXHOCTH IUICHKH. [loKa3aHo, 4To B ciydae, Koraa
BBICOKOYACTOTHOE I0JI€ JIOKaJH30BaHO Yy IOBEPXHOCTH IUICHKH, a
HHU3KOYaCTOTHOE I0JIe C1a00 HEOJHOPOIHO 110 TOJIIIHHE IUICHKH, aMIUTHTY Ja
HHM3KOYaCTOTHOTO CHT'HaJla PacTeT OOpaTHO MPONOPLHOHAIBHO TOJIIUHE
IUICHKH C €e YMEHbIIeHHeM. B ciydae, koraa TONIIMHA IUICHKH MEHBIIE
IIyOUHBI CKHUH-CIIOSl Ha 4acTOTe Ja3epHOTO M3Iy4YCeHUs, peall3yercs ele
Oounbinee yBennueHue 3(QGEKTUBHOCTH TeHEPaIMH, U IIPU STOM aMILTUTY 1A
HU3KOYAaCTOTHOTO CHTHAaNa pacTeT OOpaTHO MPONOPLHUOHAIBHO KBaJpary
TOJILIMHBI TUICHKH.

Cnucok rumepamypol
1. Danilov E.A., Uryupin S.A. Quantum Electron. (49), 241 (2019).
2. Oladyshkin 1.V., Fadeev D.A., Mironov V.A., J. Opt. (17), 075502 (2015).
3. Bezhanov S.G., Uryupin S.A. Quantum Electron. (43), 1048 (2013).
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Dedepanvhbiil ucciedosamenvcekuti yeump IOocnwitl nayyneiti yenmp Poccuiickou
akaoemuu Hayk, e. Pocmos-na-/lony, Poccus
Cegepo-kaskasckuil ghedepanvhuiii ynusepcumem, 2. Cmasponons, Poccus

OIYKTYAIIUU COCTABA B TOHKUX IIVIEHKAX
InxGal-xAsl-yPy, IOJIYYEHHbBIX METOJAOM
HUMITYJIbBCHOI'O JIASEPHOI'O HAIIBIJIEHUS HA
HHOAJIOKKAX Si

HccnenoBaHo BIMSIHUE MHCIIEPCHOCTH JUIS IIMXTHI MHUIICHH Ha COCTaB IUICHOK
InxGa1-xAs1-yPy Ha Si, MOIy4eHHBIX METOJJOM MMITYJILCHOTO JIa3¢PHOTO HAIBLICHHUS.
[Toka3aHo, 4TO IpW AWCIEPCHOCTH IMIMXTH Uil MuIIeHH 20 MKM OTCYTCTBYET
(IIyKTyalms cOCTaBa B TOHKUX TUIeHKax [nxGai-xASi-yPy.

O.V. DEVITSKY

Federal Research Center Southern Scientific Center of the Russian Academy of
Scienes, Moscow. Rostov-on-Don, Russia
North Caucasus Federal University, Moscow. Stavropol, RussiaRussia

COMPOSITION FLUCTUATIONS IN THIN FILMS
InyGai1xAs1.yPy OBTAINED BY PULSED LASER DEPOSITION
ON Si SUBSTRATES

The effect of dispersion for a target charge on the composition of InxGai-xAs1-yPy
films on Si obtained by pulsed laser deposition is studied. It is shown that when the
dispersion of the charge for the target is less than 20 pm, there is no fluctuation of the
composition in thin InxGai-xAs1-yPy films.

WmnynscHoe na3epHoe HanbuieHne (MJIH) noctaToyHO mepcneKTUBHBIN
U OBICTpPOpPA3BUBAIOIIMICSA METOA TOJyYeHHs TOHKHUX IUIGHOK U
rerepocTpykryp [1]. OmimuauTensHOW OCOOCHHOCTBIO 3TOTO METOHa
SIBISIETCST JIUCKPETHBIM IIepeHoCc Marephaja MHIIEHH Ha IOBEPXHOCTh
TIOJTIOXKKH.

HmnynbpcHOE JTa3epHOE HANBUICEHHE TOHKHX IUICHOK INyGaixASiyPy Ha
Si(100) mpoucxomwiao B arMocdepe aproHa 4YucToToil 99.999% mpH
nasnenun 2 [la. Mcnonb3oBanock nazepHoe W3ITydYeHHE BTOPOI TapMOHUKH
AYG:Nd*-nazepa (532 um). PaccTosHHU MekIy MHUILEHBIO M MOJI0MKKOM
coctaBisiio 50 MM, temneparypa nomiokku 350 °C. [InoTHOCTh dHEpPruH
Ja3epPHOT0 UMITyJIbca paBHANOCh 3,2 JIx/cM2,

Onpenenenne DJIEMEHTHOTO  COCTaBa  OCYIIECTBISUIOCH  METOIjV
9HEProJMCIePCUOHHON  peHTreHoBckoW  crektpockormu  (EDS) ¢
HCTIOJIF30BaHUEM CKaHUPYIOIIETO 3JIEKTPOHHOTO MUKpockomna (COM) MIRA
3 LMH c¢ cucremoil ompeneneHust 3iaeMeHTHOro cocraBa AZtecEnergy
Standard/Xmax 20. ®opMupoBaHHe MHIIEHH OCYIIECTBISLIOCH METOIO0M
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XOJIOJTHOTO TIpeccoBaHusL. [IJIst MOTy4eHHs IMXTHI MUILIEHH PACCUUTHIBAIACh
Macca mopomkoB GaP, GaAs u InAs. CdopmupoBanHas mnXTa
IepeTHpanach, a 3aTeM IpocenuBanach Ha CUTax pa3mMepoM sueiiku ot 20; 56;
78; 100 MxM. 3aTeM NpH MOMOIIH U30CTaTHUECKOTO Mpecca Mo JaBIeHUEM
207 MIla Obutn  chopmupoBanbl MmuineHH INg1gGao52AS066P03s €
COOTBeTCTBy}OILleﬁ JUCIIEPCHOCTHIO IUXTHI U1 MUIIeHU. M3MepeHue coctaBa Ha
TIOBEPXHOCTHU ITUIEHKHU ITPOU3BOAUIIOCH B IIATU TOYKAX - I10 yIJlaM U B LICHTE IJICHKHU.

SEM HV: 10.0 kV 22-12-20-remnoe-1 L1l MIRA3 TESCAN
SEMMAG: 500x  Det:In-Beam SE 100 ym
WD:9.95mm  Date(m/dly): 12/24/20 Performance in nanospace

Puc. 1. COM-u3o6paxenue u EDS criekTp MoBepXHOCTH IUIEHKH
INo.48Gao 52AS0.66P0.34 Ha Si

OTMEYeHO, YTO MpPHU JUCIEPCHOCTH WIUXTHI Ui MumeHu: 56, 78 u 100 Mk
HaOMIOATUCh QIIYKTyalluud coctaBa TuieHkH okono 1 - 1,5%. Ilpu aucnepcHOCTH
[IUXTHI 11 MUIeHH 20 MKM OTCYTCTBYET ()JIYKTyallusi COCTaBa B TOHKUX IUICHKAX
IN0.48Gan 52A50.66P0.34 Ha KpeMHUEBOI MOTOXKKE.

[My6nukanus MOArOTOBICHA B paMKaX pealu3allid TOCYAapCTBEHHOTO 3aaHusl
«Pa3paboTka ¥ CO37aHKE TOJYMPOBOJHUKOBBIX Te€TePOMHTEP(EHCOB HA OCHOBE
MHOTOKOMITOHEHTHBIX MaTepHaioB ajst ycTpoiictB CBU-31ekTpoHUKY U GOTOHUKN
na 2021 r. (Homep rocyaapcTBeHHOM peructparmn AAAA-A19-119040390081-2).

Cnucox aumepamypul

1. L.S. Lunin, M.L. Lunina, O.V. Devitsky and others // Semiconductors. 2017. \VVol. 55, Ne

3, P. 387-391.
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2anmumym Hegpmexumuuecxkozo cunmesa PAH, Mockea, Poccus

©®OPMHUPOBAHUE HAHECEHHBIX TETEPOI'EHHBIX
KATAJIM3ATOPOB C IOMOLBIO METOJAJIASEPHOU
ABJIAIIUU B CPEJE CBEPXKPUTHUYECKOI'O CO2

[IponemMoHCTpHUpPOBaH METO 110 MOJTYYEHUI0 XUMUYECKU YUCTOrO TeTepOTreHHOro
Karaiauzaropa Ha ocHoBe HY mammaaus ¥ MOPUCTHIX HEOPraHUYECKUX HOCHUTENEH,
TaKUX KaK OKCHJ AIIOMUHUSA W cuOyHHT. [IpoBeneHO HCCieq0BaHHE 3aBUCUMOCTU
HACBILICHUS HOCUTENIeH HAaHOYACTUIAMH MaIaJusg B CBEPXKPUTHUECKOM JTUOKCH]IE
yriepojaa OT BpEMEHH a0ISAIMU METAIUTHYCCKOW MUIICHU TAJIIa Iusl.

E.O. EPIFANOV !, A.G. SHYBNII }, N.V. MINAEV 1,

A.0. RYBALTOVSKII , O.P. PARENAGO?
!Institute Photon Technologies, FSRC «Crystallography and photonics» RAS, RF
’A.V. Topchiev Institute of Petrochemical Synthesis RAS, RF

FORMATION OF SUPPLIED HETEROGENEOQOUS
CATALYSTS USING THE METHOD OF LASER
ABLATION IN A SUPERCRITICAL CO2 MEDIUM

A method for obtaining a chemically pure heterogeneous catalyst based on
palladium NP and porous inorganic carriers such as alumina and sibunite is
demonstrated. The study of the dependence of the saturation of carriers with palladium
nanoparticles in supercritical carbon dioxide on the time of ablation of a palladium
metal target has been carried out.

B noknane mpencraBieHo jpanbHelniee pasButue noaxona [1] x mosydeHuro
HAHECCHHBIX TeTEPOTEHHBIX KaTaJIH3aTOPOB IIPH JIa3epHOH aOJSIINN METAITHYECKOTO
nayutagus ¢ ocaxaeHnem Ha Al2O3 B cpesie CBEpXKPUTHIECKOTO AUOKCHIA YIIepoa.
Hocutenem MeTayumuecknx HAHOYACTHI sABIsUICH mopomok Al20s3 ¢ pasmepom
gactui oT 160 10 250 1 ot 250 10 500 MkM [2]. Taxke OBUIH UCTIOBE30BaHBI TPAHYITBI
cubynuta pasmepom 1 — 1,5 mMm. B kauecTBe u3nyuaTens ObUl HCIOJIb30BaH
BBICOKOYACTOTHBIN NMITYJILCHBIH BOJIOKOHHEIH J1azep (A — 1064 am, t— 2 He, Ex— 0,5
MK, v — 60 x['1r). Cxema yCTaHOBKHU U €€ OOIIMiA BUJI IPEICTAaBICHBI Ha pUCYHKE 1.
CucremMa MO3BOJSIET  OCYLIECTBIATH  OJHOCTAAMMHBIA — MpOIECC  CO3AAHUA
KaTaau3aTopoB. MeToaoM  abnslMu  TBEPABIX  METAUIMYECKHX  MHUIIEHEeH
6JIarOpOTHBIX METAIIOB HApaOaTHIBAIOTCS HAHOYACTHIIBI, 3aTEM OHU OCAKIAFOTCS U
BHEIIPSIOTCS HA TIOBEPXHOCTH U B CBOOOIHBIH 00heM HEOPTraHUUECKHX HOCUTEIICH.

74



Wznydenune BoIoOKOHHOTO Jiazepa (1) 3aBOAUTCS B peakTop BBICOKOTO TAaBICHUS
(3) gepe3 ckanmpyromyto cucreMy (2). Bpicokas KOHIGHTpalus HaHOYACTHUI]
(dbopMupyeTcsi METOOM Ja3zepHoil abisuuu Metamnueckoid mumieHu (5). Tpex
naepHoro Jyda (4) JAEMOHCTpHpYeT mpolecc 0o0pa3oBaHHsS HAHOYACTHIL.
Heopranuueckuii HOCUTENb HAXOAMUTCS HA JHE peakTopa BBICOKOTO AaBieHHs. B
mponecce abIAMKM MarHUTHas Memianka (6) BKIIOYAETCS, M MarHUTHBIA SKOPb
BHYTPH peaKkTopa IepeMelnBaeT HOCHTENb A PABHOMEPHOTO OCaXKICHUS Ha HEM
nomydeHHbIX HaHodacthn. Cpema ckCO2 cnocobcTByer Oomee 3(dekTHBHOMY
Ipolieccy HaHECEHWs] HAHOYAaCTHI[ Ha HOCHUTENW OJlaroiapsi CBOMM TPAaHCIOPTHBIM
CBOMCTBAM.

LASER RADIATION /\

inorganic carrier _ i NS

Puc. 1. CneBa — npyHIMII ¥ cXeMa METOJIa, CIIpaBa — OOIINIT BUJ] YCTAHOBKY C
BPE3KOH MHUIICHH MaJLIa s

PaGoTa BbImoNHEHa pH GUHAHCOBOI oIepkke PODU (rpant Ne 18-29-06032)
u MuUHHCTEpCTBa HAayKH BBICIIEr0 00pa30BaHUs B paMKax BBIIOJHEHUS paboT 1o
Tlocynapcreennomy 3amanmo OHUL] «Kpucramtorpadus um doronmka» PAH B
YaCTH Pa3BUTHS JA3EPHBIX M CBEPXKPUTHUYECKUX TEXHOJIOTHIA.

Cnucox aumepamypul

1. Parenago O.P. et al. // Synthesis of Supported Heterogeneous Catalysts by Laser Ablation
of Metallic Palladium in Supercritical Carbon Dioxide Medium // Molecules. 2020. Vol. 25, Ne
24. P. 5807.

2. EmudanoB E.O. u np. // CuHTe3 HaHECCHHBIX I'€TEPOTCHHBIX KaTaJIM3aTOPOB TPH
na3epH017I a6ns[uun METAJUIMYECKOI'0 MaJutaausa ¢ OCAXICHHUEM Ha OKCHJl aJllOMUHHUS B CPEIC
CBEPXKPHTHIECKOTO JHOKCHIA yrieposa // CBepXKpHTHIeCKHe (DITFOUABI TEOPHS U TMPAKTHKA.
2019. Vol. 14, Ne 3. P. 64-70.
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B.C. XUTI"'APbKOB, H.B. MUHAEB, B.1. FOCYIIOB
Hnemumym gpomonnvix mexnonozuti @HUL] «Kpucmannozpagus u pomonura»
PAH 108840, Mockesa, Tpouyx, ITuonepckas, 2

JIABEPHAS NTH)KEHEPUA MUKPOBHBIX CUCTEM:
BO3MOXHOCTHU U IIEPCIIEKTUBBI

JlazepHast megath reNeBHIMA MUKPOKAILIAMH (J1a3epHast HHXKEHEePHsT MUKPOOHBIX
cucrem, JIUMC), comepkalluMH >KUBBIE OPTraHU3MBI, SBISIETCS MEPCIEKTUBHOM
TEXHOJIOTHEH, NMPUMEHHMMONH B MHUKPOOHMOJIOTMH, OHOTEXHONOTMH U MEIHIUHE.
IIpogeMoHCTpUPOBaHbl ~ MPAaKTUYECKHE BO3MOXHOCTH HPHMEHEHHS JaHHOU
TexHonoruu. IIpeacTaBneHbl BO3ZMOXKHBIE OTPaHUYIEHHs] TEXHOJOTUH IpU paboTe ¢
KUBBIMU KyJIbTypaMH MUKPOOPIaHU3MOB.

V.S. ZHIGARKOV, N.V. MINAEV, V.I. YUSUPOV
IPT RAS, FSRC «Crystallography and Photonics» RAS, 108840, Moscow,
Troitsk, Pionerskaya 2

LASER ENGINEERING OF MICROBIAL SYSTEMS:
SCOPE AND PROSPECTS

Laser printing with gel microdroplets (laser engineering of microbial systems,
LEMS) containing living organisms is a promising method for microbiology,
biotechnology, and medicine. The practical capabilities of this technology are
demonstrated. Possible limitations of the technology when working with live
microorganisms cultures are presented.

TexHosorus Jla3epHOH OHMONEYAaTH TeJIeBBIMH MHUKPOKAIUIIMH KpaiHe
aKTyalbHa Ui OMOMEAMIIMHCKOTO M OHMOTEXHOJIOTHYECKOTO HMPUMEHEHUS
[1]. B dwactHOCTH, C €€ TOMOIIBIO BO3MOXKHO OBICTPO M 3((EKTHBHO
BBIJIETISIT YHCTBHIE KYJIBTYPBI panee HEKYJIbTHBHPOBaHHBIX
MHUKPOOPTaHM3MOB M3 TPHPOJHBIX COOOINECTB C MENbI0 ITOJNyYESHUS
MPOXYLUEHTOB  OHMOJIOTMYECKH  aKTHBHBIX  BEIIECTB  (aHTHOMOTHKH,
(depMeHTHI), CO37aHHs MHUKPOOHBIX TOIUIMBHBIX JIIEMEHTOB (OBICTpBII
CKPHHHHT MUKPOOHBIX KyJIBTYp Ha CIIOCOOHOCTB K 3NIeKTporeHesy). OmHum
13 YCHENIHBIX HANpaBIeHUH Ja3epHON OHomedaTH SBISETCA Ja3epHas
HWH)KEHEpHs MUKPOOHBIX cucTeM [2].

[Ipu ocymecTBiIeHNH Ja3epHOH TieyaT (puc. 1) Ha TOHOPHYIO TUIACTUHY
(cTexysiHHAS IUTACTHHA C TOHKUM ITOTJIOMIAIONINM METAJUIMYECKHM CIO0EM
30J10Ta, TUTaHa, XpomMa M T.I.) HAaHOCUTCSA CJOH TeleBoro cyoOcrpara,
collepKamuii JKWBbIE KICTKM W/WIM MHKPOOPraHW3MBL. BozneicTBue
c(hOKyCHPOBaHHBIM WMITYJIbCHBIM JIQ3€PHBIM H3IYYCHHEM NPUBOAUT K
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JIOKQJILHOMY HAarpeBy METaJZIMYeCKOrO CJOS U BO3HUKHOBEHHIO, OBICTPO
pacUIMpSIONIErocs KaBUTAIIMOHHOTO MMy3bIpsi U opMupoBaHHio cTpyH [2]. B
pe3yibrare, Ha NPUEMHBIE CpelIbl MEPEHOCUTCS Maiblii 00beM Treds,
coJIeprKallliii B cebe Majoe YHUCIIO KHUBBIX KJIETOK MM MUKPOOPTaHU3MOB.

Puc. 1. Cxema ycraHoBKH. 1 — uTTepOMEBHIi BOJIOKOHHBIN J1azep, 2 —
(hopMHpOBaTENH ONTHYECKOTO JIy4a, 3 —CucTeMa MO3ULIUOHUPOBAaHHS Ja3epa, 4 —
JIOHOpHAsI TITACTHHKA, 5 — aKLENTOPHAs IIACTHHKA, 6 — METAUINYECKOEe
TIOKPBITHE, 7 — CIIOU T'elisl ¢ MUKPOOpPraHu3MaMH, 8 — 00pa3oBaHHBIE IPH
nepeHoce MUKpokari. CripaBa — H300paKCHUS MATPHUIIBI
KPHCTAJUTN30BABILETOCS BEIECTBA MUKPOKAIIelb Ha aKIIENTOPHO! IIIACTUHKE,
TIOTyYSHHOTO TP MOMOIIM CKaHUPYIOIIEH dJIEKTPOHHO MUKPOCKOIINHL.

Hcnonp30BaHuEe BO3MOXKHOCTEH J1a3epHONM MUKPOBBIOOPKH TO3BOJIET C
BBICOKOI 3()(heKTUBHOCTHIO BBIACIATH YHCTHIE KYJIBTYPBI, pa3/ieisiTh
cuHTpo(HBIE MUKPOOHBIE cOo00IIecTBa [3], a TakKe MO3BOJSCT Pa3CisiTh
MHUKPOOPraHMu3Mbl CO 3HAYUTEILHO OTINYAONIUMUCA TEMITAMU POCTA.

Tem He MeHee, CyLIECTBYeT LENbIH psii (akTOPOB, BOZHHUKAIOIIUX B
TpoIiecce JIa3epHoil Onomeyarn, KOTOpble HE0OX0AUMO YIUTHIBaTh. OLeHKa
BO3MOKHBIX HETaTUBHBIX BO3ICHCTBUI TTO3BOJIUT VIIy4IIATE
CYIIECTBYIONIYIO TEXHOJIOTHIO.

Pabora BrITIONTHEHA TpW TOAAEp)KKe MUHUCTEPCTBA HAYKHA U BBICIIETO
00pa30BaHUs B paMKaxX UCIIONHEHHs padot mo ['ocymapcTBeHHOMY 3aJaHUI0
OHULL “Kpucramnorpaduss u ¢doronuka” PAH B wyacTu nazepHbIX
Bo3zaelcTBuil, Tpanta PH® 20-14-00286 B wyacTu pa3BUTHA TEXHOJOTHU

Jla3epHON WHKEHEPUU MUKPOOHBIX CHCTEM.
Crucox aumepamypul
1. Amold C. B., Serra P., Piqué A.// Mrs Bull. 2007. Vol. 32, Ne. 1, P. 23-31.
2. Yusupov, V. L., Zhigar’kov, V. S., Churbanova and others// Quantum Electronics. 2017.
Vol. 47, Ne 12, P. 1158.
3. Kochetkova T. V. and others// IJSEM. 2020. Vol. 70, Ne. 2, P. 1192-1202.
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®EMTOCEKYH/HbIN JA3ZEPHbIN CUHTE3
HAHOYACTHIL U3 OKCUJA AJTIOMUHUSA

B pabore mpuBeneHs! pe3yNbTaThl IKCIEPHMEHTa MO Jla3epHOW 00paboTke
MUIIEHH W3 OKCHJAA aJIOMHHUS, JETMPOBAHHOM TepOueM W HTTepOueM. AHamm3
MOJIy4E€HHOTO TOPOLIKOBOIO MaTepuaia MPOBOAWICA HAa PacTPOBOM 3JICKTPOHHOM
MHKpocKone. B xozne uccienoBanus OblI CHHTE3HPOBAH ITOPOILIKOBBINA MaTepHal U3
OKCHJA QJIOMHHHS C NMPUMECIMH TepOMS M UTTepOMs, MMEIOLIMH HaHOpa3Mephl,
chepuunyo GopMy M y3KHH TpaHyJIOMETpPHYECKHH cocTaB. J[aHHBIC pe3yibTaThl
MOTYT OBbITh UCIIOJIb30BaHbI B 00JIACTH CHHTE3a BEICOKOYUCTOIT JIa3epHOiT KepaMUKH.

A.V. IVASHCHENKO, D.A. KOCHUEV, N.N. DAVIDOV
Vladimir State University named after A.G. and N.G. Stoletovs, Vladimir, Russia

FEMTOSECOND LASER SYNTHESIS OF NANOPARTICLES
FROM ALUMINUM OXIDE

This paper presents the results of an experiment on laser processing of an
aluminum oxide target doped with terbium and ytterbium. The analysis of the obtained
powder material was carried out using a scanning electron microscope. In the course
of the study, a powder material was synthesized from aluminum oxide with impurities
of terbium and ytterbium, which has nanosize, spherical shape and narrow particle
size distribution. These results can be used in the synthesis of high-purity laser
ceramics.

B Hacrosimee Bpemsi OOJNBIION NPAaKTHYECKUH M HAy4YHBIM HHTEpec
IIpeacTaBisieT coboif jasepHas kepamuka [1,2], B OCHOBE KOTOpOH MOTYT
JIeKaTh TAaKWe MaTepuaibl, KaK OKCHJ AalIOMHHMA, JHOKCHJI IMPKOHHUSA
(ZrO2), xapbun kpemuus (SiC) m gapyrue. Ha ceromssiiHuii JeHb
CYIIECTBYET OonpIIOE  KOJIMYECTBO METO/I0B UL CHHTE3a
BBICOKOTIPO3payHOii J1a3epHOi kepaMuku. OHAKO CTOUT HEOOXOANMOCTH B
paspabotke Oojee yHHBEpCAIFHON METOAMKH, KOTOpasi O3BOJIMIIA OBl IpH
HU3KOH CTaJUHHOCTH ¥ CTOMMOCTH METO/a, CHHTE3UPOBATh KEPaMHYECKHUH
TIOPOIIKOBBIM MaTepuas BEICOKOTO KayecTBa.

B nanHoii pabore ObUT IPOBENEH 3KCHEPUMEHT C HCIOJIb30BaHHUEM
JIa3epHOM yCTAaHOBKM CO CJEIYIOIIMMH I1apaMeTpaMu: JUIMTEIbHOCTh
nmiynbsea 280 ¢ce, sHeprust nmmynbsca 100-150 mx/Ix, amuna Bomusr 1029
HM, 4YacToTa ciemoBaHus ummyiabcoB 10 kI, ¢okycHOe paccTosiHUE
obbekTuBa — 200 MM. B kauectBe 0Opasiia ObUT UCTIONB30BAH MaTEepHA U3
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oxcuza amomunnst Al1203, nerupoBanHblil TepoueM U utedpuem. B kauectBe
3NEKTPOJa A OCAXIEHUA 4acTHIl ObLIa UCIOIb30BaHA MEAHAs IUIACTHHA.
HanpspkéanocTh  anekrpocratnueckoro mnoms  15-25 xB. O6paborka
MIPOMCXOIUIIA TTPU HOPMAJIbHBIX YCIOBUSX B Cpeie aTMOC(HEPHOTo BO3/IyXa.

INTocne npoBeaeHNs SKCIEPUMEHTa [0 CHHTE3Yy HOPOLIKOBOIO MaTepuasia
U3 OKCHJA aJIOMUHMS, JIETHPOBaHHBIN TepOueM U UTTEpOHEM, TTOJTyYECHHbIE
YacTHLBl OBLIM HMCCJEIOBaHbI IPU ITIOMOIIY PAacTPOBOTO 3JIEKTPOHHOTO
MHKpOCKoOTIa (PUCYHOK 1).

£l Y —

Puc. 1. POM u300paxeHns1 IOPOIIKOBOTO MaTepHalia 13 OKCHIa
ATIOMUHUS, JISTHPOBAHHOTO TepOreM U HTTepOreM

Ha pucynke 1 MoxHO HabnromaTh CHHTE3MPOBAHHBIC HAHOYACTHIIBI
OKCHIIa aJIOMHHUS, JICTHPOBaHHBIE TepOMeM W HWTeOpHEM, KOTOPHIE
HaXOJATCS B Y3KOM pa3MepHOM Juara3oHe U uMeroT popmy chep. CpenHuit
pasmep YaCTUI] COCTAaBJISII €IMHULIBI HaHOMETPOB. V3kuit
TPaHyJIOMETPUYECKUI COCTAB MOPOIIKOBOTO MaTepHIIa CBsI3aH TaKXKe C TEM,
4yro o00paboTka oOpaslia NpPOUCXOJMIa TIPH PEKHUME CKaHUPOBAHHS
JIA3EPHBIM JTy4OM, 4TO MO3BOJISLIO MIOJTHOCTHIO H30eraTh MO aHus SHEPTHU
B OIHY U Ty e o0iacts. BosmeiicTByss Ha oOpasei; (heMTOCEKYHIHBIM
JIa3€PHBIM U3TYUYCHHUEM C MPUMEHCHHEM BJ'ICKTpO(i)I/IHBTpa, BO3MOX>XXHO HE
TONBKO 00ecteynTh 3 (HeKTHBHOE yAaJICHNE MaTepHalia 3a CUeT YBEINICHUS
BKJIaJIa SHEPTHH B 30HY 00pa0OTKH, HO U 00ECTICUYUTh OCAXKICHHUE YacTUI] U
UX TIOCTICTYFOITH cOop.

Cnucox Jaumepamypbol

1. ®enopos ILIL., Macnos B.A., Vcaue B.A., Kononenko H.D. Cunre3 nasepHoit
KepaMUuKu Ha OCHOBC HaHOOUCTIEPCHBIX TIOPOIIIKOB AITIOMOUTTPUEBOTO TpaHata
Y3AI5012//Bectauxk MI'TY um. H.D. baymana. Cep. «IIpubopoctpoerney, 2012, Ne§. ¢.28-44.

2. OcumoB B.B., JlucenkoB B.B., Ilmaronor B.B. JlazepHslii cunTe3

HAHOIIOPOIIKOB B CTEXHOMETPHH UTTpHii-amoMuHneBoro rpanata//[Iucema B XKTO,
2011, Tom 37, Ne 1. ¢. 103-110.
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JAUHAMMUKA PA3ZBUTHUA ;:)JIEKTPOHHO?I JIABUHDBI B
OOTONOHU3ALIMOHHOU BO3AYIIHOMU IIJIASBME 25-
HAHOCEKYH/IHOI'O 248-HM UMITYJIbCA KRF JIABEPA

B paborte uccnenyroTesi MeXaHH3MBI BpEMEHHOI SBOJFOINY 3apsKEHHBIX
KOMITIOHCHTOB ()OTOMOHU3AIIMOHHON BO3YIITHOM TIa3MBbl, 00pa3yroeics mo
JIeHiCTBHEM JIa3epHBIX UMITYJIbCOB JUIUTEIBHOCTBIO 25 HC Ha JUIMHE BOJHBI 248 HM.

E.V. IONUSHYTE!? A.V. SHUTOV?
!Bauman Moscow State Technical University, Moscow, Russia
2P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia

TEMPORAL DYNAMICS OF AN ELECTRON AVALANCHE
IN THE PHOTOIONIZATION PLASMA OF A 25-
NANOSECOND 248 NM KRF LASER PULSE IN AIR

In this work we investigate the mechanism of the time evolution of charged
components of the photoionization air plasma formed under the action of laser pulses
with a duration of 25 ns at a wavelength of 248 nm.

B03MOXXHOCTD CO3/1aHMSI B BO3/yXE IIA3MEHHBIX KaHAJIOB C ITOMOIIBIO
JIa3epHOTO M3ITYYEHHS MIPEACTaBIsIeT OONIBIION MHTEPEC VIS NCCIIeJOBaHMS,
TaKk Kak cojepxamuecs B (HOTOMOHU3ALMOHHON IUIa3Me CBOOOMHbIE
JIEKTPOHBI U HOHBI BIUSIOT HAa ONTHYECKHUE U AJIEKTPOIIPOBOISIIINE CBOHCTBA
BO3/lyXa, YTO OTKPBIBACT OOJbBIIME TEPCHEKTUBBI JUIS HCIOIb30BaHUS
IUTa3MEHHBIX KaHAJIOB U BOJIHOBOJIOB JUUISI HATIPaBJICHHOH Nepeauu SHEPTUH.

B skcmepumente skcumepnbiii KrF mazep EMG 150 MSC (Lambda
Physik Gmbh) rexepupoBan uMITyIbChI, JITUTENLHOCTBIO 25 HC C JIMHHOM
BonHbl 248 HM c asneprueit 130 m/[x. Wznyuenne ¢oxycupoBasocs ¢
MTOMOINBIO JIMH3BI C (POKYCHBIM paccTosHHe | M B JaT4WK (POTOTOKA,
MPEACTABISIBIIETO U3 cebs 7Ba TPyOdUaThIX 3JEKTPOAA, TAKMM 00pas3oM,
4ToOBl (JOKYC JIMH3BI HAXOJMICS MOCEpeIrHE MEeXIy sJekrpomamu. K
OJHOMY W3 OJJIEKTPOAOB OBUI MHOAKIIOUEH OJIOK MHUTaHMS, C IOMOIIBIO
KOTOPOTO B MEXAIEKTPOAHOM IPOMEKYTKE CO3JaBAJIOCH NIEKTPHUUECKOE
rojie HanpspkeHHOCThIo oT 0.5 no 10 xB/cm. [Ipu npoxoxaeHnn 1a3epHOTo
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UMITyJIbCa B BO3JyX€ MEX/IY 3JIEKTPOIaMH BO3HHUKAJ INIa3MEHHBII KaHaJI, TI0
KOTOpPOMY TMpOTEKal TOK, KOTOPBIH PErHCTPHPOBAICS C IOMOIIBIO
ocummiorpaga.

B pesynbprare paboTh OBUI0 0OHAPYKEHO, UTO MPH BETUYNHE BHELTHETO
monist 6oee 3,6 kKB/cM Bo Bpemsi AEHCTBHS JTa3ePHOTO UMITYJIbCA Pa3BUBACTCS
HEcaMOCTOSITENbHAsE JJICKTPOHHAsl JIaBMHA, KOTOpas 3aKaH4YMBalach C
NaJeHHEeM MHTCHCUBHOCTH JIa3epPHOTO UMITyJIbca. TOK 3TOH JIaBHHEI poc ¢
POCTOM HAIPSDKEHHOCTH IIOJISL, OJHAKO Ja)ke MPHU CaMbIX OOJBLINX IOJISX
~10 kB/cM 3Ta naBrHa He MPUBOAMIIA K ONTHYECKOMY Mpoboto Bo3nyxa. [Ipn
9TOM NPH yBEIMYESHUH OIS 0 3HaueHui Oonbinx 8,4 kB/cMm ¢ Oonbuoi
3aJIeP)KKON MMOCIIe OKOHYAHMS JIa3epPHOr0 MMIysbca ~1 MKc, Habmronancs
JIa3epHO-YNpPaBiIAeMblil TPOOOH BO3LyXa, HMPU STOM HUMeEJ MECTO OOJIBIION
mxutTep npobos. K npumepy, npu 3Hadenun moins 9.3 kB/cMm, 3amepikka
MEXIy MPOXOJOM JIA3ePHOT0 MMITYJIbCa M IOCICAYIOLIMM 3JICKTPHYCCKUM
mpo6oem coctasisua ot 0.2 1o 2 Mxc (puc. 1).

Cronp OoJjplIMe 3aJepiKKU J1a3epHO-YNpPaBIIeMOro mnpobOos MOTyT
O6T)SICHHTLCH TEM, 4YTO OH oo Ppa3BUBACTCA 3a CUCT OOJTOXHUBYIIUX

JIETKOMOHU3YEMBIX MOHOB, Hampumep HoHOB O, , mubo 3a cuer 3¢ ¢exra
CHIDKEHHs IJIOTHOCTH rasza [1], mpuBOAsIero K pocTy HampsKEHHOCTH
npuBeaeHnoro noss E/N.

0,8 H
E — 93 Blem
= 0,6 .: ----- 9,3 kB/em
% 0.4 ----9.3 kBlem
: i w93 kBfeM
g 0,2 ' 8,5 kB/cm
=
o 0

-0,2

0,4

0, 0 0,5 1 1.5

t,MKC

Puc. 1. OcummiorpaMMbl TOKa IpU Pa3BUTHH JIA3EPHO-YIIPABISIEMOTO TIPOOO0s BO3AyXa.

Cnucok numepamypul
1. Y.-H. Cheng, J. K. Wahlstrand, N. Jhajj, H. M. Milchberg The effect of long
timescale gas dynamics on femtosecond filamentation 25 February 2013 / Vol. 21,
No. 4/ OPTICS EXPRESS 4749
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Mocxrosckuii 2ocyoapcmeennwiii ynusepcumem umenu M.B. Jlomonocoea
2MockoscKutl uHCMUmym 21eKmpoHHOU mexHuKu, 3enenozpad, Poccus
SUncmumym obweti u neopearnuueckoti xumuu umenu H.C. Kypuaxoea, Mockea,
Poccus
4Mockoeckuil usuxo-mexnuveckuti uHcmuntym

OEMTOCEKYHIHASA JJASEPHASA MOAN®UKALINA
AMOP®HBIX TOHKUX IIVIEHOK GE2SB2TES HA
JUDJIEKTPUYECKHUX INOJJIOKKAX: TEOPUSA U

OKCHEPUMEHT

IIpoBemeHO  IKCIEPHMEHTANBHOE M TEOPETHYECKOE  HCCIIeIOBaHUE
(EMTOCEKYHIHOTO JIA3ePHOrO O0IyUeHHs aMOP(HBIX TOHKHX MICHOK Ge2ShoTes Ha
JUBIIEKTPUIECKHX MTOJTI0KKAX MPH Pa3IMIHBIX BpeMeHax sKkcno3umnuu. OOHapyXeHo,
YTO C ee yBEIMUICHHEM IPOHCXOIT Kak oOpaTuMble (a30BBIE NMEPEXOAbl, TaK U
(opMHpOBaHNE MOBEPXHOCTHBIX PEIIETOK C IMEPHUOJOM OJIM3KMM K JUIMHE BOJHBI
(1.25 MxM) Bo3zeifcTByromero u3inydeHus. [laHHash TEHICHIMS COIJIACyeTcsl ¢
pe3yabTaTaMy MOJACIHMPOBaHUs B paMKax Teopun Caiina-/lpyne.

A.V. KOLCHIN?!, S.V. ZABOTNOV*, D.V. ORLOV?,
D.V. SHULEIKO?, L.A GOLOVAN?, D.E. PRESNOV?,
T.P. KAMINSKAYA!, P.I. LAZARENKO?, S.A.

KOZYUKHIN?, T.S. KUNKEL*, P.K. KASHKAROV!

!Lomonosov Moscow State University
2National Research University of Electronic Technology, Zelenograd, Russia
3Institute of General and Inorganic Chemistry RAS, Moscow, Russia
4Moscow Institute of Physics and Technology

FEMTOSECOND LASER MODIFICATION OF AMORPHOUS
GE>SB,TEs THIN FILMS ON DIELECTRIC SUBSTRATES:
THEORY AND EXPERIMENT

Femtosecond laser treatment of amorphous Ge2Sh2Tes thin films at the different
exposure times was performed and theoretically analyzed. Exposure time growth
leads to both reversible phase transitions and fabrication of surface lattices with period
which is close to incident radiation wavelength (1.25 um). This feature is confirmed
with Sipe-Drude theory simulations.
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XanpKOTeHUHBIH  CcTeKI000pasHbli  modynpoBogHuk — GepShyTes
(GST225) sBasercs OAHUM U3 0a30BBIX MATEPUANIOB JJIs CO3IAHUS
YCTPOMCTB SHEPrOHE3aBUCUMOI U Tepe3anchiBaeMOil aMsITH BCIIEICTBUE
3HAUUTEJIBHOIO Pa3lINyMs JIEKTPOPHU3NYECKUX WM ONTHYECKUX CBOWCTB
amophHON U KpucTasumueckod ¢as3pl [1]. demTocekyHIHOE Ia3epHOE
0o0Ny4eHHe MaHHOTO MaTepHaja TPHBOAWT HE TONBKO K OOpaTHMBIM
(azoBBIM TIepexoniaM, HO M (OPMHUPOBAHHIO TOBEPXHOCTHOT'O peibeda C
BOJIHOBBIM HJTH CyOBOJTHOBBIM TIEPHOJIOM [2], KOTOPOE MOXKET OBITH OITUCAHO
B paMKax Tak HasbiBaeMoi Teopum Caiina-JIpyne [3]. OO6pasoBanwme
MMOJTOOHBIX OJTHOMEPHBIX PEIICTOK HAOIIOMANIOCh B PE3yIbTaTe OOIyUICHHS
CBEPXKOPOTKHMHU JIa3epPHBIMH HWMITYJIbCaMH aMOP(HBIX TOHKHX IUICHOK
GST225 Ha NpOBOIAIIMX TMOJUIOKKAX [2], YTO CTUMYJUpYET MPOBEICHUE
JATbHEMIINX 3KCIIEPUMEHTOB C oOpaslaMH Ha JAHIIEKTPUYECKHUX
IOJITOKKAX.

Amopodubie Torkue ek GST225 tommuHoi 130 HM ObUTH OCaXKICHBI
METOJIOM MAarHeTPOHHOT'O PpAacCHbUICHUS KPHUCTAUIMUYECKOM MMIIEHH Ha
OKHCJICHHYIO ITOJIOKKY KpUCTaITMYecKoro kpeMuust. O6paboTka oOpas3ion
MIPOBOJMIIACH C TIOMOIIBIO (DEMTOCEKYHIHOW JIa3epHOH CUCTEMBI Ha OCHOBE
kpuctamia xpoM-(opcrepura (1250 mm, 135 ¢c, 10 T, 0.1 Jx/cm?) B
CKaHUPYIOIIEM PEKUME.

Iupokoe kpwsuio 110-170 cm? B cmextpax KPC mpu [MHE BOJHBI
BO30YXIeHMsI 633 HM CBUACTEIBCTBYET 00 aMOpGhHOH CTPYKTYpE HCXOTHBIX
00pasnos [2]. [Ipu konHYecTBe MaJaroIuX Ha MOTUPHUIHPYEMYIO 001acTh
JMa3epHBIX HMITyIECOB  OT 3  gmo 150 wHabmromaeTcs 9acTUYHAsS
KpUCTaJUTH3aIMsI, YTO TOATBEPXKIAeTCS KaK JaHHBIMH pPacTPOBOHU
AIEKTPOHHON W ATOMHO-CHIIOBOW MHUKPOCKOIIHH, TaK W IOSBICHUEM Y3KOTO
IMUKa B JWana3oHe BOJHOBBIX yuced 110-140 cm! B cnekrpax KPC. B cBoro
ouepenb, B pexkume obmydenus oT 150 mo 750 MMMyJIbCOB MPOUCXOAUT
(hopMHpOBaHUE MOBEPXHOCTHOIO penbedha ¢ BOITHOBBIM MEPHOIOM, a TAKKe
OpHEHTalUel, OPTOrOHAIbHOM MOJISIpU3alliy BO3JEHCTBYIOIIETO U3JTYYEHUSI.
JlaHHas TEHIEHITNS KOPPETUPYET € pe3yIbTaTaMi MOISIINPOBAHNS B paMKax
teopun Caiina-J{pyze 11 KOHIIEHTpauy BO30Y K I€HHBIX HOCUTENEH 3apsiaa
9.3:102! cm3, TToMHuMO 3TOTO, TIPH JIAHHOM PEXkUME 00PaBbOTKU HAOIKOaeTCs
peaMopduzanys paHee 3aKpUCTAIM30BaHHBIX  oOJylacTelf, KoTopasd,
HanboJee BEpOsITHO, CBUAETENLCTBYET 00 00paTnMbIX (ha30BbIX MEpexo/ax.

Pa6ota BrinonneHa npu noaaepxke PODOU (rpant Ne 20-32-90111).

Crucox iumepamypol
1. Guo P., etal. // Appl. Sci. 2019. V. 9(3). P. 530.
2. Kozyukhin S., et al. // Physica Status Solidi B. 2020. V. 257(11). P. 1900617.
3.J. Bonse and S Grif// Laser Photonics Rev. 2020. V. 14(10). P. 2000215.
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AANHAMUAKA TEHEPAIIUN TEPATEPITOBOT'O NH3-
JIABEPA C OITUYECKOU HAKAYKOU UMITYJIbCAMHM
CO2-JIA3BEPA JVIMTEJIBHOCTBIO ~ 100 MKC

OIHOBPEMEHHO H3MEPEHBl C HAHOCCKYHIHBIM Pa3pelICHUEM HMITYJIbCh
TepareprioBoro NHs-nmazepa u anexrpononunsanuonHoro COz-nasepa. OnpezeneHbt
JUTATEIIBHOCTH TeHEepaIly U 3a/ICPXKKH Havyasa renepaiiuu NHs-na3epa OTHOCHTENIEHO
Havana uMiyibca COz-nmaszepa. MI3MepeHs! AHHBI BOJTH TEParepLoBOTO H3ITYUYCHUS
NHzs-nazepa, cocraBusiue 67.2, 83.8 u 88.9 MxMm.

D.A. ZAZYMKINAL, A A. IONIN?, 1.0. KINYAEVSKY?,
YU.M. KLIMACHEV?, A.YU. KOZLOV?, D.I. KORMASHOVA?,
A.A. KOTKOVY, J.F. LAMPIN?, YU.A. MITYAGIN?, S.A.
SAVINOVY, A.M. SAGITOVA?, D.V. SINITSYN?, M.V. IONIN?,

1The P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow
2Institute of Electronics, Microelectronics and Nanotechnology, Lille, France

DINAMICS OF TERAHERTZ NH: LASER GENERATION AT
OPTICAL PUMPING BY ~ 100 ps CO; LASER PULSES

Pulses of a terahertz NH3 laser and electron-beam-surstained-discharge COz2 laser
were measured semulteneasly with a nanosecond resolution. The lasing durations and
the delay of the beginning of lasing of the NHs laser relative to the beginning of the
pumping pulse of the CO:2 laser are determined. The wavelengths of terahertz NHs
laser radiation were measured: 67.2, 83.8 and 88.9 pm.

Pa3pabotka TtepareproBeix (TII[) MCTOYHHUKOB JIa3epHOTO H3ITyUCHHS
TpeOyeTcsi JUIsl pelieHus psaa 3aaad, HampuMep, B CHEKTPOCKOIHUH,
QUAarHOCTHKEe Tuia3Mbl  [1], s OOHapy»KeHHsT  B3pBIBYATBIX U
HapKOCOJepKallliX BELIECTB 3a NpensTcTBUusiMU [2] u np. [lepcniekTuBHBIM
ucrouHukoM TI'Il m3iydeHust siBisieTcst xopomo u3ydeHHerid NHs-mazep ¢
onThyeckol Hakaukod uMIyJIbCHBIM — COz-mazepoM, MO3BOJIAIOIINN
MOJYYUTh OOJIBIIOC YHUCIO JIMHHUKA C BBICOKOW () (eKTUBHOCTHIO. Panee
JUTHTEIIHHOCTh UMITYJIbCa HAKAYKH HE TIpeBbiiana 3 Mkc [3, 4].
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B mHacrosmeidi paboTe TmpencTaBiEHBI PE3yNbTaThl HM3MEPEHUH C
HAHOCEKYH/IHBIM pa3pellieHneM HMIyIbcoB u3inyueHus NHs-mazepa n
anekrpouonusaiponHoro  (OU) COjz-nma3epa, HCMHOJNB30BAHHOTO IS
ONTHUYECKON Hakauku. lccrnemoBamuch IUTCIBHOCTH TCHEPAlUU U
3a/iepKKU Havyana reaepanuu NHz-1a3epa OTHOCHTENIFHO HaYalia UMITYJIbCa
COz-nazepa. smepenust ObLIH MPOBEEHBI TpH Hakauke n3irydeHneM COo-
mazepa Ha JuHHAX 9R(30) (A = 9.22 mxm) m 9R(16) (A =9.29 mMkwm).
JnuTenbHOCTh MMIYJbCOB Hakauku pocturana ~100 mke, a sHeprus
uMITyJIbCOB — 1 JTK.

Sueiika ¢ NHz wmena mmmay 20 cm ¢ oxknom u3 NaCl mis BBoma
W3JIy4YEHUs] HAKauKHU ¢ OJJHOM CTOPOHBI M OKHOM M3 JIaBcaHa JJisg BbiBoja 111t
W3Iy4YeHUs ¢ JApyrod. BHyTpH pacronmarannuch ABa IUIOCKHX JAaTyHHBIX
3epKayia Ha pacCTOSTHUU 12 ¢cM ¢ OTBEpCTHAMHU 2 MM Ha OCH KIOBETHI, Yepe3
KOTOPBIE OCYIICCTBISUTUCh BBOJ WM BEIBOJ m3mydeHus. Mzmydenune COo»-
mazepa u WK wmsnyderne NHs-masepa oTcekanmnch KpUCTAUIMYECKUM
kBapueM. Mmmyinsc NHz-nazepa usmepsiics 6onometpom RS 0.4-4 T (3A0
“Ckonten”) ¢ paspemenuem ~1 He, a COz-nasepa — poroauogom PEM-L-3
¢ pasperierueM ~0.5 He. ONTUMAaNIbHOE JABJICHNE B KIOBETE C aMMHAKOM JJIsI
mauit OR(16) u 9R(30) cocraBuio 8§ M6ap u 2 MOap, COOTBETCTBEHHO.

JuurensHocTh TeHepaunu NHz-nmazepa B 3aBHCHMOCTH OT 3HEPrUU
HMITyJIbCA HAKAUKH Jiexkana B auamna3one 10+25 mxc u 25+40 MKC U1t TMHUINA
9R(16) u 9R(30), cooTBeTcTBEHHO. 3aJep:kka Haudaiga reHepanuu Tl -
nazepa coctaBmia 0.3+2.5 mxc mia muanu 9R(16) n 0.2+0.6 MKC A7 THHUN
9R(30).

Jns m3MmepeHuss AMUHBI BOHBI Tl m3iydeHuss ObUIa HCIIONB30BaHA
TudpaKIMOHHAs pemeTka 6 mTp./ MM ¢ yriioM oOnecka 12°. [l u3mMepeHuit
HCTIOJB30BAaJICS BBICOKOUYBCTBUTEIBHBIA MTHPOIICKTPUUSCKUIN MPUEMHUK C
BPEMEHHBIM pa3perieHneM ~1 mc. B kauecTBe Hakauku ObLIa BEIOpaHA JTHHUS
9R(30) CO»-na3zepa. beumm 3admkcupoBans! Tpu uHE 1111 n3nydenns NHs
C JUIMHOM BoHBI 67.2+1.7, 83.8+1.7 u 88.9+1.7 MxMm, HanOoJiee CHIIBHOM M3
KOTOPBIX OKa3ayach JUHHA Ha 83.8 MkM. COOTBETCTBYIOIIUE ITOTyYCHHBIM
JUTMHAM BOJIH TIEpEXOJbl OBUTH OTpEeNIeHbl MO pe3ysibTaTaM padoTel [S]:
v2:a(6,0)-5(5,0); G:a(6,0)-5(5,0); v2:a(4,0)-s(3,0).

Pabora BemonHeHa npu moxaepkke PODU  (mpoext Ne 18-52-
16019).
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VCIEHCKAT*
Hayuonansnviii uccnedosamenvexuii ynusepcumem UTMO, Canxm-ITemep6ype,
Poccus

2Pusuueckuil uncmumym um. I1. H. Jlebeoesa Poccuiickoui akademuu nayk, Mockea,
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NOJIMMEPHBIE ITIOKPBITHUS KAK CIIOCOB
YBEJMYEHUSA JUAITABOHA YI'JIOB CMAUNBAHU S
CTAJIBHOM MOJJI0KKH IMTPA OJJHOSTAITHOM
JA3EPHOI OBPABOTKE

B pabore wuccnemyercs NazepHOE CTPYKTYPUPOBAHHME CHUCTEM THIIA «CTallb-
noimumepy». IlpoaHamu3upoBaHa 3aBHUCHMOCTh YIJIOB CMauyMBaHMs CTaJbHOU
MIOJVIOKKH M CHUCTEM «CTallb - ITOJMMETHWIIMETaKpwiaTy M «ctanb - MicroCoat®
MOKPBITHE» OT IUIOTHOCTH SHEPrHU Jla3epHOro u3iydeHus. [lokasaHo, yTo IpH
OJIMHAKOBBIX IapaMeTpax Jla3epHOH 00pabOTKH, MOKPHITHE CTAIBHOW ITOJUIONKKH
IUICHKOH MOJMMEPOB MO3BOJSIET YBENMYUTH JIHANA30H YIJOB CMAauyMBaHU.
Peanu3oBaH mpolecc aBTOHOMHOTO TPAJUEHTHOTO TEUCHHs Karelb BOJbI U IIa3Mbl
KPOBH Ha MPOCTEHIINX MUKPO(IIONIHBIX MOIYJISX.

L.V. KRYLACH?, M.I. FOKINA?Y, S.I. KUDRYASHOV*?,
V. E. SITNIKOVAL M. K. MOSKVINY, E. O. SAMUILOVAL,
R. O. OLEKHNOVICH!, A. V. VENIAMINOV?, M. V. USPENSKAYA!
INational Research University ITMO, Saint Petersburg, Russia

2p. N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia

POLYMER COATINGS AS A METHOD FOR INCREASING
THE RANGE OF WETTING ANGLES OF A STEEL
SUBSTRATE IN ONE-STAGE LASER PROCESSING

The paper investigates the laser structuring of systems of the "steel-polymer" type.
The dependence of the contact angles of the steel substrate and the systems "steel -
polymethyl methacrylate” and "steel - MicroCoat® coating" on the fluence of laser
radiation is analyzed. It is shown that, with the same parameters of laser treatment,
coating a steel substrate with a polymer film makes it possible to increase the range
of contact angles. The process of an autonomous gradient flow of water droplets and
blood plasma on the simplest microfluidic modules has been implemented.
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Mertoj npsiIMO JTa3epHOMN 3aIUCH SIBJISIETCS OBICTPBIM, 3KOJIOTHYHBIM U
SKOHOMHUYHBIM CIIOCOOOM MOAN(UKAINKN HOBEPXHOCTH JAJISl YIIPABICHUS ¢
CBOWMCTBaMH, B TOM YHCJIE CMaYyuBaeMOCThiO [1].

B pabore wucnonp3oBanuch crajbHble IUTacTHHBl Mapku AlSl 304
pasmepom 5x5 cM u TommmHOW | MM. B kayectBe MOKpBITHI
ucnonb3oBanuch nonumerunmerakpunat (IIMMA), TonmuHol mopsinka 4
MKM H nokpbeiTie MicroCoat® ¢ TOJNIIMHOW MOKPBITHA TMOpsiAKa | MKM.
CTpyKTypHpOBaHUE MOBEPXHOCTH MPOBOAMIOCH Ha OTKPBITOM BO3JYXE C
MTOMOIIBI0 UTTEPOMEBOTO BOJOKOHHOTO Jasepa MiniMarker2 c¢ mmmHOU
BomHEl A = 1,064 mkMm. Ommcanme Merona oOpabOTKH ITOBEPXHOCTH
aHAJIOTMYHO TpUBECHHOMY B pabore [1].

Kpaesble yribl cmauuBaHuA H3MeEpsAiUCh Ha TeH3uomerpe DSA 100
KRUSS ¢ ucrnons3oBanneM MeTosa nesxanieit Kar [2].

B pabote mpencraBieHBl JaHHBIC YIJIOB CMA4YMBAaHUS Ul CTAIbHON
MOJUTOKKH 0e3 TOKPHITHS, MOKpeITod IuieHKoW [IMMA, m ¢ mieHkoi
MicroCoat® npu M3MEHEHHH IUIOTHOCTH SHEPTUH JAa3€pPHOTO U3IIyUCHUS B
nuanazone ot 1,4 Jlx/cm® mo 14 Jlx/cm?. OnTUMAaibHBIE MapaMeTPhI
00paboTKK 00pasiia 3aBUCENN OT XapaKTEPUCTUK ITOKPBITHSL.

B pabore mnokazaHO, YTO HCHOJB30BAHUE IIOJIMMEPHOTO MOKPHITUS
MIO3BOJISIET PACIIMPUTH JUAMa30H YIIOB CMAaYMBAHUSA U CO3/1aTh CTPYKTYPHI
JUIi aBTOHOMHOTO HallpaBJIEHHOTO MIBIDKEHHs >KuAKocTeidl. B kadecTe
KHUJIKOCTEH HCCIIeIOBANINCH TUCTUIMPOBAHHAS BO/IA U IIa3Ma KpoBH. beuto
TIOKa3aHOo, YTO W3MEHSS IUIOTHOCTh SHEPTHH JIa3€PHOTO H3ITyYCHUS! MOKHO
YOpaBisATh  CKOPOCTBIO W HAlpaBIEHHMEM  TEYCHUsS  JKHJIKOCTEH.
MakcumanbHas CKOPOCTh TEUEHHWsS] KalUld BOJBI HAa CHCTEME «CTalb —
MOJMMETWIMETaKpHiIaT» coctaBmia ~ 25 mm/c. Ha cucreme «cramp -
MicroCoat® nokpbITHE» MaKCUMaJbHas CKOPOCTh AocTurana =~ 90 Mm/c.

Takum o06pa3oM, MOAYJAM MOTYT HAlTH NPUMEHEHHE B Pa3IIMYHBIX
OTpacisiX MPOMBINIICHHOCTH Kak Uil cOopa BOABL, TaKk M B KadecTBe
3aIIUTHBIX TTOKPHITHH OT 3aIl0TeBaHus U 00neAeHeHs. B Meqummae Moayis
MOJKET WHTEIPHUPOBAThCA B COCTAaB OJHOPA30BOTO KapTpHIDKa 3KCIIpecc
TECTOB OMOJIOTMYECKUX JKUAKOCTEH.

Crucox iumepamypol
1. Krylach I. V., Kudryashov S. ., Olekhnovich R. O., Moskvin M. K., Uspenskaya M.
V. // Laser Phys. Lett. 2019.Vol.16 Ne10 105602.
2. Krylach 1. V., Kudryashov S. 1., Fokina M. 1., Sitnikova V. E., Olekhnovich R. O.,
Moskvin M. K., Shchedrina N. N., Gonchukov S. A., Odintsova G. V., Uspenskaya M.
V. // Laser Phys. Lett. 2020Vol. 17 Ne§ 085602.
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1.0. 30JIOTOBCKUI, B.A. JIATIVH, I.1. CEMEHIIOB

Vavanoeckui eocyoapemeennuiii ynusepcumem Hayuno-mexunonoeuyeckuti
uncmumym um. C.I11. Kanuyvl, Ynvanoeck, Poccus

MOJIYJAIMNOHHAA HEYCTOMYUBOCTH BOJTHOBBIX
ITAKETOB, PACITPOCTPAHAIOLIIUXCSA B
HEOJHOPO/JHbIX CBETOBOJAX

I/ICCJ’ICZ[OBB.J'I&CB TeHepanus HOCJ'IG,Z[OBaTeJ'IBHOCTefI YIBTPAaKOPOTKUX HUMITYJILCOB
us3 KBaBHHerepBIBHOfI MOI[yHHpOBaHHOﬁ BOJIHBI, KOTOpas MpOUCXOAUT B PE3YJIbTATE
I/IHHyHHpOBaHHOﬁ MOHyJ’IﬂHHOHHOﬁ HeyCTOfI‘{PIBOCTPI BOJIHOBBIX ITaKE€TOB,
pacnpoCTpaHsAlOIuXCcs B HEJTMHEHHBIX BOJIOKOHHBIX CBETOBOJIaX C pas3jiMYHbIMU
HpOd)PIJ'IHMPI 3aBUCUMOCTEH JUCHEPCUHN OT JJIMHBI

I. 0. ZOLOTOVSKII, V. A. LAPIN, D. I. SEMENTSOV

Ulyanovsk State University, S.P. Kapitsa Research Institute of Technology,
Ulyanovsk, Russia

MODULATION INSTABILITY OF WAVE PACKETS
PROPAGATING IN INHOMOGENEOUS LIGHT GUIDES

We investigated the generation of sequences of ultrashort pulses from a quasi-
continuous modulated wave, which occurs as a result of the induced modulation
instability of wave packets propagating in nonlinear optical fibers with different
profiles of dispersion on length.

MonaynsuuonHas HeycroiuuBocts (MH) — addexr, xapakTepHbIit 1s
MHOTUX HEJIMHEHHBIX CHCTEM, BO3HHMKAIOIIMI B pe3yJibTaTe COBMECTHOTO
JeHCTBUS HETTMHEHHBIX U TUCIIEPCHOHHBIX 3¢ dexTos [1].

Junamuka BpemeHHo# orubaromelt BII onuckiBaeTcs ypaBHEHUEM IS
amruTyasl ornbaromteit Buna HYII [1, 3]:

6A d, 6°A 83A

—_— = A=0 1

62 2 or° |A| @)
rae 7 =t—z/v, —BpemaB 6ery1ue14 cucTEME KoopauHar, d, = (d ”ﬂ/da)”)
— mapamerp JAUCIIEPCHMHM TPYINOBBIX CKopocreit, R — mapamerp
HEJTMHEWHOCTH.

Ha puc. 1 npuBonsarcss 3aBUCUMOCTH MaKCHUMyMa MOJIYJMPOBAaHHOMN
BOJIHBI BUJIA:

A0, 7) = |[P, [1+0.01c08(€2,47)] 2)

MOJTyYeHHBIE ITyTEM YHCIICHHOTO perieHus ypasHenus (1) meromom SSF [1].

Ipu crrenyroIHX 3HAYCHHUSAX [TapaMeTpoB: HaualbHOM MomHocTH P, =1 Br,
88



mmue  csetopona  L=1000 m, mnawamemoit JI'C  d,, =-107° c%/m,
JVCIIEPCHU Ha BBIXOJE U3 cBeToBOA d, (L) /d,, =0.1, qucnepcuu BHICIIETO

nopszka d, =—3-10" ¢*/m , mapametpe nenuneiinoctu R =107 (Brm)?,

4acToTe MOIyJISLHH Qs =+2rP/ |d20| u npu

d, (2)/dy =exp(-b,2);(1-bz);(1+b,2) ;exp(-b,z*);(1-b,z*) -
kpuBsble (1;2;3;4;5).

U3 3aBucumocTeit Ha puc. | BUIHO, YTO HAUOOIBIINE CTCIICHU CKATHUS
TCHEPUPYEMBIX HMITYJIBCOB JOCTHTAIOTCS MPH IUIABHO YOBIBAIOIIMX II0
MOAYJIIO  3aBUCHUMOCTAX  JUCIEPCHM:  JUHEHHOH, TrayccoBoil u
napabonuyeckoi. [Ipu 3ToM moyTH Ha Beel JJTMHE CBETOBOIa MAKCHMAaJIbHAS
CTETIeHb CYKATHS JIOCTUTACTCS IIPH TayCCOBOM NMPO(UIIE TUCTICPCHH, YCTYIIas
mapabormdeckoMy MpOoQIIII0 JHIIh HA BBIXOIE W3 CBETOBOJA, KOT/A TpH
TaKoOM MPO(UIIe TPOUCKXOANUT PE3KHH POCT MUKOBOH MOIIHOCTH.

p_p, O
0.8
0.6
270 04
0.2 3
187 0 L | L | | |
% 250 500 750  zwm
9,
O |

T T ! L 1 L
0 250 500 750 Z, M
Puc. 1. HopmupoBaHHbIE POAOIbHBIE 3aBUCUMOCTH JUCIIEPCHH (BEPX. PUC.) U
MaKCuMyma MO}:[yJ'IPIpOBaHHOf/‘I BOJIHBI (HI/I)KH pI/IC.), JUIA 3aBUCUMOCTEH JUCTIEPCHUN:
d,(z)/dy =exp(-bz);(1-bz);(1+ bnz)fi;exp(—bgzz);(l—bpzz)— KpHBBIE
(1,2;3;4;5).
PaGota BemonHeHa pu nogaepkke PODU B pamkax HaydHOTO MPOeKTa
Nel19-42-730013.
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11.0. 30JIOTOBCKUIA, B.A. JIAIINH, TLIL. MUPOHOB,
JL. CEMEHIIOB

Vavsanosckuii cocyoapcmeennuiii ynusepcumem Hayuno-mexnonocuueckuil
uncmumym um. C.I1. Kanuyvl, Yavanosck, Poccus

JTUHAMUKA YACTOTHO-MOIYJIUPOBAHHBIX
BOJIHOBBIX TAKETOB B YCJIOBUSIX
CUHXPOHW3UPOBAHHOI'O B3AUMOJENCTBHS C
BET'YIIEN BOJIHOMN NOKA3ATEJIS IPEJTOMJIEHUS

PaccmoTtpeno  QopmupoBaHHe yIBTPAaKOPOTKHMX JIA3€PHBIX HMITYyJIbCOB B
LWIMHIPAYECKOM CBETOBOJAC W3 KBa3HHENPEPHIBHOH (OHOBOW TyHHEIHPYOUICH
BOJIHBI THIIAa MOJBI emuynieit ranepen (MLLT).

I. 0. ZOLOTOVSKII, V. A. LAPIN, D. I. SEMENTSOV
Ulyanovsk State University, S.P. Kapitsa Research Institute of Technology,
Ulyanovsk, Russia

DYNAMICS OF FREQUENCY-MODULATED WAVE
PACKETS UNDER CONDITIONS OF SYNCHRONIZED
INTERACTION WITH A RUNNING WAVE REFRACTIVE
INDICATOR

The formation of ultrashort laser pulses in a cylindrical fiber from a quasi-
continuous background tunneling wave of the type of a whispering gallery mode
(WGM) is considered.

Ecnu cBeT BBOAMUTCS B BOJTHOBOJ IOJ] HEKOTOPHIM YIJIOM K 0Opasyromiei
LIINHAPA, TO TOBEPXHOCTHAS BOJIHA PACIpPOCTPaHSAETCA IO CIHPATIbHOM
Tpaektopuun [1]. CxemaTuyeckn TNPU3MEHHBIN BBOJ U BBIBOJ M3JIyYECHHUS
IIpeJCTaBJIeH Ha puc. 1.

Puc. 1. TpaeKTOpI/ISI Jiy4da B UJIMHAPHUYICCKOM CBETOBOJE, BBOAUMOI'O Y€PE3
MIPHU3MY U TIpeNcTaBisonero Boiary tiuma MIIT [1, 2]
Ilycts B cBeToBoae pacnpoctpansiercs ewme BBIIII, Toraa nmokazatenb
MIPEJIOMIIEHUS CPENIbl U3MEHSIETCS 110 3aKOHY:

n(t,z)=n,[1-bcos(Qt—qz)] (3)

90



rae O —vacrora Mmoxysamu, g =27/ A — BonHOBoe uucio bBIIII,
b=An/n, — romy6una momymsauuu IIII, AN — MakCHManbHOE U3MCHEHHE

IIT.
JuHamuka BpeMeHHOH orubaromieil BII onuceiBaeTcs ypaBHeHUEM Ui
amMIuTuTy a6l orubaromieit Buna HYI [2, 3]:

oA . d, O?A

oz 2yort
rae d, = (d2 A/d a)z) — HapaMeTp JUCIIEPCHHU PYIIIOBBIX CKOPOCTeH, R

+iRy | A" A=ikby " cos[Q(z-87)|A (4)

— TapaMeTp HEIMHEWHOCTH, — TTapaMeTp MPOJOIEHOTO 3aMe/IJICHAS BOJTHEI.
Ha puc. 2 npuBoasrcs npoduiam c1aboMo Iy THPOBAHHON BOJTHEI BHIIA!

A0,7) = [P, [1+0.01c0(€2,,47) ] (5)

MTOJTy4YCHHBIE ITyTEeM YHCICHHOTO pemieHus ypaBHeHus (1) metoqom SSF
[1]. Mpu 3nauenusx mapamerpo: Q=10° c?, q=10° m?, y=4.10° ,
b=10", mauaneHoii mommoctn P,=0.1 Br, AI'C d,=-107° c%m,

R=10" (Brwm)?, uacrore mogymiuun Q, ., =,/2RP, / |d20| .

W3 puc. 2 BUAHO, KaKk MPOMCXOJAUT IPOLIECC CTATUBAHUS OpPHU3EPOB K
obnactsiM MakcuMmyMa rokasatenst npeiomiiernss BBIII u ¢popmupoBanus
BBICOKODHEPIeTUYECKOTO  MMITylbCa, HAa  JUIMHE,  OIpENENAeMONn

2, ~ ndbky d, 02| [4]

orti \\\\.\\\\\\\\‘\i&

P, Bt

—ONILY
ouh—00

T, 10‘(3010 > 6']z,IOJM
Puc. 2. [Ipouecc hopMHUpOBaHHS MOIIHBIX UMITYJIECOB B pE3yIbTATE
B3aumoericteuss MILIT u BBIIII Ha anmHe cBeToBoaa 6.3 cM: Havalo mpoiecca (a),
(bopmupoBanue ummnysbca (b) U puHANBHOE yCHIIeHHE UMITYIIbCa (C).
Pa6ota BemonHeHa npu nogaepxke PODU B pamkax HayqHOTO mpoekTa Ne
19-42-730013.
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CPABHUTEJIbBHOE HCCJIEJOBAHHUE JETUMPOBAHHOM
YB (3+) IASBEPHOU KEPAMUKHU LUYAG: OITUYECKMUE,
CTPYKTYPHBIE U JIASEPHBIE CBOMCTBA

HccnenoBanbsl OCHOBHBIE CBOWCTBA JISTUPOBAHHON UTTEPOMEM JTIOTEIHNA-UTTPUN
AIIOMUHHEBO-TPAHATOBON KEPaMHUKU C PA3IUYHBIMH COOTHOLICHHSAMH 3aMEIICHHS

nmorers ¥ uTTpust (x=0-1).

V.V. BALASHOV?, V.V. BEZOTOSNIY?, L.YU.
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COMPARATIVE STUDY OF YB (3+) DOPED LUYAG
LASER CERAMIC: OPTICAL, STRUCTURE AND
LASING PROPERTIES
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Main properties of ytterbium doped lutetium-yttrium aluminum garnet ceramics
with different ratios of lutetium to yttrium substitution (x=0-1) are investigated.

Hns  MomHOro I5azepa HEOOXOOWUMBI MaTepHalbl C  BBICOKUMH
TepPMOMEXaHIMYECKIMHA CBOHCTBaMH. OHIM U3 TaKUX MaTCPHAJIOB SBISIETCS
morenui-amomuaneBbiit TpaHaT (LuAG), nerupoBanHbiid utTtepouemM. OH
BBITOJIHO OTJIMYAETCS OT MTTpHH-amoMuHuEeBOTO rpaHara (YAQG) riaBHbBIM
00pa30oM HE3HAYUTEIHHBIM CHIDKCHHEM TETIONPOBOTHOCTH C YBEITHICHUEM
ypOBHs JerupoBanusi urrepbueM [1]. B nanHO#l paboTe uccienoBaHbI
ocHOBHble  cBoHcTBa  kepamukd  (LuxY1.)AG:Yb® ¢  pasnuuneiv
COOTHOUIEHHEM JIIoTenust K UTTpuio (x=0-1) Ui momcka ONTHMalbHBIX
COCTaBOB JIa3€PHBIX JIEMEHTOB.

Jdnst  Bcex o00pa3loB B KauyecTBE arJIOMEpalMOHHBIX  JOOABOK
ucnonb3oBamuch SiOz, B2O3; m MgO. Kepamudeckue o0pasmbl ObUTH
MTOJTyYCHBI TBEPIOTEIBHBIM PEaKTUBHBIM CIIEKaHHEM B BakyyMe. B kauecTBe
HCXOJHBIX MaTEPHAIOB HCIIONB30BaNN ocaxkaeHHbIe Y203 1 Yb2O3, a Taxoke
kommepueckn poctymusie LupOs, Al,O3 1 Mg(NOs)2. MicxomHbie TOPOLMIKA
CMEIIMBAIA B CTEXHOMETPHYCCKHAX IPONOPIHMAX H H3MENbYald B
IUTAaHEeTApHOH MeENbHHUIE B OE3BOJHOM CHHPTE B Te4YeHHE 15 dacos.
[ToporkoBsie cMecH IOBEprajin 0ITHOOCHOMY TipeccoBanuto nmpu 100 MIla,
3areM ykynopuBanu npu 250 Mlla u npoxamusanu mpu 10000C mns
yJIAJIeHUs] BCEX OPraHUYeCKUX MaTepruasioB. TableTKu crieKaiy B BAKYyMHOM
IeYr ¢ Bob()paMOBBIMHU HarpeBarensiMu mpu temmepatype 1750-18000C B
TeyeHHe 8§ yacoB. OKOHYATENBHO CIEUCHHBIE KepaMHUYecKue 00pasIibl
omkuranu npu 13000C B Teuenune 10 vacoB ans ynaneHUs KUCIOPOIHBIX
BaKaHCUH M W3MEHEHHS CTEIICHH OKHCJIICHUS MOHOB HTTepOms ¢ +2 mo +3.
Bcee oOpasmsr Yb:LuYAG Opum oTnDinQoBaHEI W OTHOJIHPOBAHBI IO
3epKaibHOrO0 OJecka ¢ 00eWX CTOpPOH C WCIIONB30BAHHEM aJMa3HBIX
abpasuBoB. TommuHa 00pa3oB Mocae MEXaHMYECKOH 00pabOTKH COCTaBHIIA
1 mm. [Ins m3MepeHns reHepalioHHBIX XapaKTePUCTHK OBLUTA U3TOTOBIICHEI
JIICKOBEIC DJIEMEHTHL.

W3mepeHbl CIEKTPhbl ONTHYECKOTO MHPOIYCKAaHHs OTOXIKEHHBIX U HE
OTOOKEHHBIX 00pa3loB, KPUBBIE YCAIKH, pa3Mephl 3epeH B 3aBUCUMOCTH OT
TEMIIEpaTyphl CIIEKaHHs ¥ COCTaBa 00pa3loB, XapaKTePUCTHKH IT'eHEpaluy 1
TeMIIepaTypHas 3aBUCUMOCTb TEILIONPOBOAHOCTH. Ha OCHOBE MOJTy4eHHBIX
Pe3yJbTaToB ObUI MPEUIOKEH U 00CYK/ICH ONTUMAIIbHBIN COCTAB.

HccnenoBanne BbInoHEHO npu (uHaHCOBOW mnopnepxke POOU u
BPO®®U B pamkax Hayynoro npoekra Ne 20-52-00036.

The reported study was funded by RFBR and BRFBR, project number
20-52-00036.

Cnucok rumepamypbol
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B.K. LLIEJIET, H.W. JIVIIKO, A.C. JIATIKOBCKHIA

Benopycckuii nayuonanvnvii mexnuveckuii ynueepcumem, Munck, Benapyce

BJIMSIHUE 3JIEMEHTHOI'O COCTABA
HAIIJIABJIEHHBIX JIASBEPOM BAJIMKOB 13
HUMKEJIEBOI'O CIIVTIABA U BPOH3bI HA
MUKPOTBEPAOCTbH

B crartbe ncciaenyercs U3MEHEHHE 3JIEMEHTHOTO COCTaBa U MHUKPOTBEPIOCTHU MO
I'TyOVHE HaIIaBICHHBIX JIa3epOM BAIMKOB M3 CIUIaBa HA OCHOBE HUKEINS U OPOH3BI.
INokazaHo, 4YTO W3MEHEHHME COAEpXKaHMSA HHUKENd M KeJdesa Mo TIiIyOuHe
COOTBETCTBYIOIUX BAJIMKOB HEMOCPEICTBEHHO BIMSECT HAa H3MCHEHHE BEIMYUHBI
MUKPOTBEPAOCTU

V.K. SHELEG, N.I. LUTSKO, A.S. LAPKOVSKIJ
Belarusian National Technical University, Minsk, Belarus

INFLUENCE OF ELEMENTAL COMPOSITION OF NICKEL
AND BRONZE TRACKS CLADDED BY LASER ON
MICROHARDNESS

The article investigates the change in the elemental composition and
microhardness along the depth of the deposited tracks made of an alloy based on
nickel and bronze. It is shown that the change in the content of nickel and iron along
the depth of the corresponding tracks directly affects the change in the value of
microhardness.

VYHuKanbHbIE CBOMCTBA JIa3€PHON HAIUIABKH I1O3BOJISIIOT CO3/1aBaTh C €€
TIOMOIIBI0 MYJBTUMOJJAIBHBIE MOKPBITHS [1], MOZaMHu KOTOPBIX SIBISIOTCS
Pa3HOPOJHBIE METAJUIMYECKHE MaTepuaibl. VcciaenoBaHue CBOWCTB BAIMKOB
U3 JTUX MAaTepHuajioB BeChbMa aKTyalbHO JUIsi OOECIEeYeHHs KadecTBa
MYJIBTAMOATBHBIX TTOKPBITHH.

B nmanHOi paboTe mpeAnpHHATA NOMBITKA UCCIEIOBATh PACIIpEeIICHUE
MHUKPOTBEPIOCTH H JJIEMEHTHOTO COCTaBa IO TIIyOWHE BAaIMKOB U3
HukeneBoro cruiasa [1I-12H-01 u 6ponser [1I'-19M-01. Eauaudnble Bamuku
HAHOCWJIUCh Ha 00paslbl M3 CTadu 45 Ha TEXHOJIOTHYECKOM KOMILICKCE,
ocHarmeHHoM CO; ma3epoM HenpephIBHOTO AeWcTBUs. JlazepHas HaraBka
MPOU3BOJMIAChE MpH MOIIHOCTH u3nydenus 1000 BT, ¢ pasnuyHbiMu
CKOPOCTSIMU HaIlIaBKH.

HccrrenoBanust 3J1€MEHTHOTO COCTaBa M MHKPOTBEPAOCTH IO TITyOWHE
BaJMKOB BHINONHSAINCh HAa MHUKpOIDIH(AaxX TMOMEPEeYHOTO CEeUCHHS,
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COOTBETCTBeHHO, Ha Mukpockome «Miray dupmer «Oxford Instrumentsy
(BenukoOpuranus) u Mukporsepaomepe [IMT-3.

H3MeHeHre MUKPOTBEPIOCTH IO TyOrHe Banuka u3 cruasa [11'-12H-01
CBA3aHO HENOCPEACTBEHHO C HU3MEHEHHEM B 3TOM JK€ HaIlpaBICHUU
3JIEMEHTHOTr0 COCTaBa MaTepuana Baiauka. 13 puc. 1 BUIHO, 4TO 3JIeMEHTHBIH
COCTaB HAIIIABJICHHOTO BaJlMKa CUJIBHO OTJIMYAETCS OT COCTaBa MCXOJHOTO
nopomika HukenaeBoro cruiaBa I[II-12H-01. Matepuan Bammka yke He
SIBJISIETCST YUCTO HUKENeBBIM cCIutaBoM. Jnddysus sxeneza U3 OCHOBBI
MIPUBOJUT K TOMY, 9TO €TO COIEp)KaHHE IO TITyOWHE BAIWKa U3MEHSACTCS OT
65 1o 52 % (B ©CXOTHOM MOPOIIKE 0KOJIO 2 %). BenmnmanHa MUKPOTBEpIOCTH
B Banmuke, nosromy He mnpebimaer 2700 MIla. Pacnpenenenue
MHUKPOTBEPIOCTH IO TIIyOWHE BalliKa OMpEHEISeT CONCp)KaHWE HUKENs B
COOTBETCTBYIOIUX ToUkaX. M3 puc. 1 BUAHO, YTO yBENIUYEHUE COACPIKaHUSL
HUKENsT OT OCHOBBI K TOBEPXHOCTU ¢ 27 10 42 % NpUBOAUT K POCTY
MukpoTBepaocTH ¢ 2102 mo 2680 MITa.
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Puc. 1. PactipeneneHue 31eMeHTOB U Puc. 2. PactipenenieHue 31eMEHTOB U

MHKPOTBEPIOCTH IO TIIyOMHE BalIHKa U3 MHUKPOTBEPIOCTH I10 TITyOHHE BalIHKa 13

crutasa [1I-12H-01 oponssl [1I'-19M-01

[MonobHoe BnMsSHHME BIIEMEHTHOTO COCTaBa Ha paclpereseHue
MHUKPOTBEPAOCTH MOXKHO HaOJojaTh W 1o riryOuHe Banmuka Oponsel I1I'-
19M-01 (puc. 2). Juddy3us xeneza U3 OCHOBBHI MPUBOIUT K TOMY, UTO
coJiep)KaHne JKene3a U MeJu B BaJMKEe OPOH3BI CHIIBHO OTIMYAETCS OT MX
CoIlepKaHUsI B UCXOIHOM mopoiike Opon3sl [1I-19M-01. Marepuan Bamika
y’Ke He SBJIIeTCS YUCTON aTIOMUHNEBON OpOH30H. B CBA3M CO 3HAUNTEIEHBIM
COJlepKaHWEM JKelle3a BeJMYMHAa MHUKPOTBEPAOCTH B BaJMKe OpPOH3BI
nocturaer 3400 MIla. ConepxaHue jkene3a B Pa3IUYHBIX TOYKax IIO
rryOmHe  BajdWKa ¥ ONpeNlenseT  COOTBETCTBYIOIIYIO  BEIHUHHY
MHUKpOTBepAOoCTH (puc. 2). Ilpn yBennmueHn: KOTUYECTBA JKejle3a OT OCHOBEI
K TOBepXHOCTH ¢ 56 1m0 69 %, MHKpOTBEpIOCTh MaTepuaja BajuKa
Bo3pacTtaet ¢ 2980 no 3400 Mlla.

Cnucox aumepamypul
1. Ratajski, J. Mechanical properties of antiwear Cr/CrN multimodule coatings/ J. Ratajski
, A. Gilewicz, P. Bartosik, L. Szparaga// Archives of Materials Science and Engineering. — 2015.
—V.75.- 1.2.—P.35-45.
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H.II. BAT'MH., C.A. JIBICEHKO, H. H. FOPBLIIIIEB

Quszuueckuti unemumym um. I1.H. Jlebeoesa PAH, Mocksa, Poccus

JIASBEPHOE CIIEKAHHUE CJIOEB N3 KOMIIO3UTA SI-SIC

IpencraBieHsl NpeaABapUTEIbHBIE PE3YJIbTAaThl UCCIICNIOBAHUN MO MOIYYCHHIO C
MOMOIIBIO JIA3EPHOTO M3JIy4EHHs] OJHOCIOWHBIX M JBYXCIOHWHBIX 00pa3LoB
KOMIIO3UTa KpeMHusl W KapOuma kpemuus (Si-SiC) M3 HCXOIHBIX ITOPOLIKOBBIX
MaTepuaoB.

O¢QekTHBHOCTE  Ipolecca  CHEKaHWsS  ONpeAesulach  pe3ysbTaTaMH
PEHTT€HOCTPYKTYPHOT'O aHAIIM3a, KOMOMHAIIMOHHOTO PACCESHUS U HCCIIE0BaHUAMHU
Ha 3JIEKTPOHHOM MHUKPOCKOIIE.

N.P. VAGIN., S. A. LYSENKO, N. N. YURYSHEV
P.N. Lebedev Physical Institute RAS, Moscow, Russia
LASER SINTERING OF SI-SIC COMPOSITE LAYERS

Preliminary results of studies on the production of single-layer and double-layer
samples of a Si-SiC composite from initial powder materials are presented.

The efficiency of the sintering process was determined by the results of X-ray
diffraction analysis, Raman scattering and electron microscopy studies.

Komrmo3sur Si-SiC siBisieTcsi OJHAM U3 TEPCIEKTUBHBIX MATEPHATIOB IS
IIPUMEHEHU B COBPEMEHHOW MPOMBIIIJICHHOCTH (OpOHEIUIaCTHHEL,
OTHEYIIOPBI, TPYOBI IS arpecCHBHBIX Cpel, MOAIIMITHUKA W T.1.). Ho
IIUPOKOE MPUMEHEHHE JaHHOTO KOMIIO3UTAa OrPaHUYEHO HaJIUYHUEM
CepbE3HBIX MPOOJIEM IIPH €ro U3roToBIeHMH [1].

B cuny cBoux ¢usmueckux cpoiictB kapoun kpemuus (SiC) npu
Harp€BaHuM HE IJIABUTCs, U CIICKAHWE U3 HCTO HU3ACIINA 3aHaHHOﬁ (bOpMI)I
BO3MOXHO TOJIBKO 4€pe3 OpraHu3alui0 MHOTIOCTaJAMMHOIO Ipolecca ¢
Pa3JIMYHBIMU TEMIIEPATYPHBIMU PEKUMAMU, 3aKAYNBAIOIICTOCA XUMHUYECKOU
peaxIyei CHHTe3a yrieposia i KpeMHHUS.

[Mpumenenue na3epHOro usnydeHus i cnekanus Si-SiC mossossier
OTKa3aTbCs OT HCIOJIb30BAHUSA  BBICOKOTEMIIEPATYPHBIX  MeYed u
OpraHM30BaTh Mpolecc (OPMHPOBAHUS TAKUX KOMIIO3UTHBIX W3JIEIHN
Oyarojiaps ynpaBJIeHHIO TETUIOBEIM HarpEBOM B KaXKJJ0M TOUKE BO3ICHCTBUSI.

B mnacrosmell pabore mnpencTaBieHBI PE3YJBTAThl 3KCIEPUMEHTOB
06pa3suos u3 Si-SiC, criedeHHBIX ¢ MOMOILBIO Ja3epa. [Ipu 3TOM B pa3In4HbIX
cpemax (BakyyMm, aproH, a3oT) BapbHPOBAINCH COCTaBbl HCXOIHON
IIOPOLIKOBOM CMECH U PEKUMBI U3JTyUECHHUS.
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IIpu ocMmoTpe MONy4eHHBIX OOpA3OB Ha AJIEKTPOHHOM MHKPOCKOIIE
MIOJTBEPAMIIOCH HATMYUE MOCTHKOB M3 BTOPUYHOTO SiC MEX Iy NCXOIHBIMU
gacturamu SiC u 00pa3yonx TakKuM 00pa3oM BMECTe ¢ HUMH IPOYHBII
Kapkac (Ha puc. | HEeKOTOpBIE MOCTHKH MTOKA3aHbI CTPEIKaMH).

[IpoBeneHsl SKCHEPUMEHTHI 1O  (OPMUPOBAHHIO MHOTOCIOWHOTO
obpasua. Pe3ynpTaT cHekaHus J[ABYX CJIO€B IpEACTaBIeH Ha puc.l.
O6napyxeHsl 001actu (oaHa oA HUdPOit 2), B KOTOPHIX HE BUAHA TPaHUIIA
MEXIY CIOSIMH.

(4

-~ first layer,

Y

EEESSS———— 100pm JEOL 4/5/2019
20.0kV SEI SEM WD 16mm  16:54:37

Puc 1. Bug usnoma asyx cioe SiC npu yeenndennu B 170 pa3, (doro ¢
3NIEKTPOHHOTO MHUKPOCKOIIA) TTOCIIE TPABICHHUSI B KHCIIOTE IS yJaneHust Si
JlaHHbIE pe3ybTaThl IOKA3bIBAET BOBMOKHOCTh UCIIOJIH30BATh JIA3€pHOE
W3JIyYeHHue IJIsl TIOCJIOHHOTO CclieKaHusi u3aenui u3 komnosuta Si-SiC u
MIPOBENIEHUS TAKUX padOT, KaK JTUKBUAINS TPEIINH HIU OTBEPCTHI, CBapKa
0e3 HarpeBa BCETO0 OCTAJIBHOTO H3JCIHs, YTO MOXET OBITh UpE3BHIYAIHO
BKHO MPH pabOTe C eMKOCTSIMH JJIs1 OTIACHBIX WM BPETHBIX BEIIECTB.

Cnucok aumepamypoi
1. JlazepHblil cuHTE3 PYHKIMOHAIBHO-TPAJUCHTHBIX ME30CTPYKTYP ¥ 0OBbEMHBIX
u3aenuit. [umkosckuit U.B. M.: ®usmaraut, 2009.- 424¢
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A.H. MAPECEB, M.A. IIEBYEHKO, H.B. YEPHET'A, C.®.
YMAHCKASL, A.JI. KYJIPSIBIIEBA

Quszuueckuti uncmumym umenu I1. H. Jlebedeea PAH, Mockea, Poccus

B3AVMMOJIENCTBUE UMITYJIbCHOI'O JIASEPHOI'O
N3JIYYEHUSA C HEYIIOPAJOYEHHBIMU HAHO- U
CYBMUKPOHHBIMU CUCTEMAMUA

PaccmoTpeno npeoOpa3oBaHue JIa3epHOTO HAHO U MTUKOCEKYHAHOTO U3IIydeHUs B
CHCTeMax CIIy4yallHO paclpelelnéHHbIX HAHOYACTHULl C JABYMS Pa3sIMYHBIMHU
MEXaHM3MaMH  TpeoOpa3oBaHMM  HavdalnbHOIl  SHEpPruu: BBIHYKJICHHBIM
KOMOWHAIIMOHHBIM ~ paccessHHEM CBeTa W JIIOMHHeCHeHIed. [I3MepeHs
9HEPreTHYECKHe, CIEKTPAIbHbIe, BPEMEHHbIE XapaKTEPUCTUKH MpPeoOpa3oBaHHOTO
H3IyYeHUss B 3aBHCHUMOCTH OT TEMIIEpaTypsl B JHala3oHe OT KOMHATHOH IO
TeMIIepaTypsl XKHUIKOTO a30Ta.

AN. MARESEV, M.A. SHEVCHENKO, N.V. TCHERNIEGA, S.F.

UMANSKAYA, A.D. KUDRYAVTSEVA
The P.N. Lebedev Physical Institute, Moscow, Russia

NTERACTION OF PULSED LASER RADIATION WITH
DISORDERED NANO AND SUBMICRON SYSTEMS

The conversion of laser nano and picosecond radiation in systems of randomly
distributed nanoparticles with two different mechanisms of initial energy conversion:
stimulated Raman scattering of light and luminescence is considered. The energy,
spectral, and temporal characteristics of the converted radiation were measured as a
function of temperature in the range from room temperature to the temperature of
liquid nitrogen.

B mocnennue pecsTMieTHs BO3IEHCTBHE JIa3€PHOIO H3JIyYeHHS Ha
HEYHOpSIOUYEHHbIE CHCTEMBI, TaKHe KakK MOPOIIKH, IICHKH, KOJIIOHMJHbBIC
pacTBOPHI, OMOJIOTMYECKHE TKAHH, IPUBJIEKAET K ceOe BHUMaHue Oyiarogaps
YHHUKAJIbHBIM CBOICTBAaM 3THX CHCTEM M OCOOCHHOCTSAM HX B3aUMOJCHCTBUS
C DJIEKTPOMArHUTHBIM H3MydeHneM. C MOMEHTa NEepBOM TEOPETHIECKOI
pabotsr JleTroxoBa, TOKa3aBIIEr0 BO3MOXXHOCTh BOSHHKHOBEHHS JIa3epHOMN
TeHEepallud B HEYNOPSATOYCHHOW CHCTEME HAHOYACTHI[ B Hadaje BTOPOH
MOJIOBUHBI JIBAJIIATOTO BEKa, ClIydaiHas TeHepalus SKCIEePUMEHTaIbHO
ObUla TPOJEMOHCTPHPOBAHA B  Pa3MYHBIX CTPYKTypax, BKJIIOYas
MOJYNIPOBOJHUKU M MaTepUasbl Ha OCHOBE PEAKO3EMENBHBIX JJIEMEHTOB B
MOPOIIKOBO  (opme, THOpUAHBIE HAHOKOMIIO3UTHI, OPTraHUYECKHE
KpacHTeNH, KUAKHE KPUCTAIUTBI U Onojorudeckue Tkanu. CirydaifHbIi nazep
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NIPEACTaBIsIeT COOOH MOPOIIOK aKTHBHOM CPEAbl C AUAMETPOM YacTHIl OT
COTEH HAHOMETPOB JI0 HECKONbKMX MHUKpPOH. B HEM otcyrcTByeT
KJIACCUYECKUH PE30HATOP, €0 POJb BBINOJHIIOT YaCTHIbl, MHOTOKPAaTHO
paccemBasi CBET, a CBONCTBA I'€HEPAIlMU OINPEAEISIOTCS B3aMMOJICHCTBHEM
MEXIYy YCWIGHHEM M paccessHueM. TakuMm o0pa3oM CHCTeMa YacTHI]
BBINONHACT (YHKIMM WM aKTUBHON cpenpl, W pe3oHaropa. Hakauka ke
OCYIIECTBISICTCS JTa3epPHBIM HCTOYHHKOM. Cpema BEIOMpaeTcsi ¢ y4eToMm
HU3KOTO IOTJOIIEHUS, KaK JUHEHHOro, TaK U HEIMHEHHOro, U BBICOKOTO
MIOTIEPEYHOI0 CEYEHHUS PACCEesIHUSA BO BCEM BUAUMOM CIIEKTpE.

B pabote uccneioBainch ABa THIA HEYTIOPSA0USHHBIX CHCTEM- TIOPOLIOK
HUTpaTa 6apusi, B KOTOPOM yCHJICHHE TIPOUCXOMIIO 32 CUET BBIHYKACHHOTO
KOMOMHAIIMOHHOTO paccesHHsi, W CYCIEH3Uss pPYOWHOBBIX 4YacTHI[ C
TPaIUIMOHHBIM  CIy4ailHBIM  MEXaHM3MOM TCeHepalud 3a  Ccyer
(OTOTIOMUHECIICHIIHN.

CycneH3nst pyOMHOBBIX YacTHI] OTy4eHa METOIOM JIa3epHON abIsiny B
BOJHOM cpene.

Haxauka n3ydaeMBIX CHCTEM OCYIIECTBISIIACH C MOMOIIBIO UMITYIbCOB
HAaHO W TIMKOCEKYHIHOW JUIMTENbHOCTH. IlomydeHBl 3aBHCHMOCTH
WHTEHCHBHOCTH TE€HEPAIlMH OT JHEPTUH HMITYJIbCOB HAKAYKH AT 000X
BPEMEHHBIX PEXHMOB TIpH pa3NIWYHBIX Temmneparypax. IlokaszaHo
HENTMHEHHOe yBEJIMYEHUEe WHTEHCHBHOCTH IPEOOPa30BAaHHOTO H3IIyUYECHUs
IIPU TIOBBIIIEHUH JHEPTUU HMITyJbCa HAKauyKH, a TaKXKe CYIIECTBEHHOE
yBeaudeHue  dddexkTuBHOCTH  TpeoOpa3oBaHMS  NIPU  CHIDKEHHHU
TemnepaTtypbl.  MccrnemoBaHbl  CHEKTpanbHble,  NPOCTPAHCTBEHHBIE
XapaKTEePUCTUKHU NPeoOpa30BaHHOTO M3ITyUCHHs, N3MEPEHA er0 BPEMEeHHas
JMHaMHUKA.

PaGorta BemonmHeHa npu nogaepxkke POOU (rpartsr Ne 19-02-00750-a,
Ne 19-02-00440-a, Ne 20-52-00002-ben_a) u BPODU (rpant Ne 20-52—
00002)
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A.A. MATPOXWH, M.A. LIEBUEHKO, H.B. YEPHET'A, A. /1.
KYPABLEBA, C.®. YMAHCKASA

Quszuueckuti uncmumym um. Jlebedeea Poccutickoii akademuu nayk, Mockea,
Poccus

TEHEPAIIMS BTOPOIl TAPMOHUKHA HA HAHO M
CYBMUKPOHHBIX CTPYKTYPAX

B paboTe mpuBeneHbI pe3ysbTaThl SKCIEPHUMEHTAIBHBIX Pab0T MO H3YYEHHIO
XapaKTepPHUCTHK M3Iy4YeHHsI BTOPOIl FTapMOHUKH Ha CHCTEMaxX HaHO U CyOMHKPOHHBIX
qacTHI] HHOoOaTa JuTHA.  VccnenoBaHBI CIIEKTpalbHBIE, HSHEPreTHYeCKHue U
BpPEMEHHbBIE XapaKTePUCTHKH W3JIy4eHHS BTOPOH TapMOHHKH IIPH BO30YXICHUH
HUMITyJIbCAMU HAaHO M TNHKOCEKyHJHOTO IMANa30HOB MIHUTEIBHOCTH. I[lomydeHsr
3aBHCUMOCTH JAHHBIX XapaKTEePUCTHK OT YCIOBUH BO30YKIECHHS MPH TEMIEpaTypax
0T KOMHAaTHOH JI0 TEMIIEPaTypHl XKHUIKOTO a30Ta.

A.A. MATROKHIN, M.A. SHEVCHENKO, N.V. TCHERNIEGA,
A.D. KUDRYAVTSEVA, S.F. UMANSKAYA

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

SECOND HARMONIC GENERATION IN NANO AND
SUBMICRON STRUCTURES

This paper presents the results of experimental studies on the characteristics of
second harmonic radiation on systems of nano and submicron lithium niobate
particles. The spectral, energy, and temporal characteristics of the second harmonic
radiation upon excitation by pulses of the nano and picosecond ranges of duration
have been investigated. The dependences of these characteristics on the excitation
conditions at temperatures from room temperature to the temperature of liquid
nitrogen are obtained.

D¢ dexT rerepany BTOPO TapMOHHMKH TNPU BO3JCHCTBHM JIa3€PHOTO
H3JIYYCHUS Ha CUCTEMbI HAHOYACTHUI UCCIICAOBAJICA MHOTYUMHU aBTOpaMH. B
pabore [1] wmccienoBamack  TeHepalUs  BTOpOM  TapMOHMKH B
HEYTOPSAAOYEHHOHN cpeJie B BUe HAHOPAa3MEPHOTro MOPOIIKa HHobaTa JINTHS,
e OBIJIO ITOKa3aHO BO3MOXKHOE BIMSAHUE AHIEPCOHOBCKOI JTOKaIU3any Ha
s dexTrBHOE mpeobOpa3zoBaHue u3MydeHHUs. M3ydeHne 0ocoOEHHOCTEH
HEJIMHEHHBIX B3aUMOJECHCTBUI B MOJOOHBIX HEYNOPSIOYCHHBIX CHCTEMax
IIpeACTaBIsIeT OOJNBIION MHTEpec Kak ¢ (yHIaMEHTaIbHONW TOYKH 3pEHHMS,
TaK M A5l BO3MOXKHBIX MHOTOUYHCIIEHHBIX MPAKTHYECKUX TPUMEHEHHH.

B pabore SKCIEpUMEHTAJIBFHO HCCIEAOBAINCH  XapaKTEPUCTUKU
N3JTyYeHHs] BTOPOH TapMOHMKH, BO30Y)KAEHHOTO B HAaHO M CyOMHMKPOHHBIX
YyacTHLaX KpHcTaula HHoOaTa nuTHs. st BO3OYXKJIEHUS HCIIOIb30BAINCH
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Jla3epHble MMITYJIbCHl HAaHO W INHUKOCEKYHIHOW JJIMTENLHOCTH C JUITMHON
BOJIHEI 1064HM.

Hano m cyOMHMKpOHHBIE 4YacTHIBI HHOOATa JMTHSL OBUTH IOJTYyYEHBI
METO/IaMH JIa3epHOH a0JIsIMK 1 MEXaHUYECKOTO MOMOJIA.

OO0HapyxeHo CYyILLIECTBEHHOE yBEJIUUEHHE s pekTUBHOCTH
mpeoOpa3oBaHus W3NMYYCHHS BO BTOPYIO TapMOHHKY IPH 3aMOpPaKHBAHUU
BOJHOM CYCIIEH3UH YAaCTHLI.

3aBHCHMOCTh HHTEHCHUBHOCTH BTOPOW TapPMOHHUKH OT SHEPTHH HaKadKH
HOCHUT HEJIMHEHHBIN XapakTep.

. 25000
20000

15000
n=1.94

HWHTEHCUBHOCTE BTOpOI‘;I rapmoHWKHK, OTH. en,

10000
5000

0
008 01 012 014 016 018 02 022 024

3Heprua Mmnynsca, M1

Puc. 1. 3aBHCMMOCTb HHTEGHCUBHOCTH U3JIy4€HHUs BTOPON FAPMOHUKH OT 3HEPIHU
BO30YKIAIOUINX JIa3epHBIX UMITYJIbCOB JUTUTEIBHOCTRIO 1 1HC T 3aMOpOKEHHOM
BOJHOM CYCIICH3UH MOHOANCIIEPCHBIX YACTHI. N — CTENEHb MOINHOMA

C noMo1IbI0 CTPUK-KaMEPbl U3MEpPEHa BpEMEHHAs! AMHAMUKA T'eHepalu
BTOPOI TApMOHHUKH JUII 00Pa3OB ¥ IPH PA3IUIHBIX YCIOBUIX BO30YKICHUS
(IIMTENEHOCTH UMITYJTBCA, TEMIIEPATYpa).

Pabora BeimonHeHa npu noxaaepxke POOU (rpauntsr Ne 19-02-00750-a,
Ne 19-02-00440-a, Ne 20-52-00002-ben_a) u BPODU (rpant Ne 20-52—
00002)

Cnucox Jaumepamypbsl

[1] Qiao, Y., Ye, F., Zheng, Y., & Chen, X. (2019). Cavity-enhanced second-harmonic
generation in strongly scattering nonlinear media. Physical Review A, 99(4), 043844

104



H.B. MUHAEB?, E.O. EIIM®AHOB!, A.A. AHTOILIUH?, E.A.
MUT' AJIB®

YUncmumym gpomonnvix mexnonoauii ®KHHUL] "Kpucmannozpagus u gpomonuxa”
PAH, Tpouyx, Mockea, Poccus
2[Tepsviiit MTMY um. U.M. Ceuernosa Munsopasa Poccuu (Ceuenoeckuii
Yuueepcumem), Mocxea, Poccus
SMTY um. M.B. Jlomonocosa, usuueckuii paxyrvmem, Mockea, Poccus

OEMTOCEKYH/HAA IBYX®OTOHHAS
MHUKPOCTEPEOJIUTOI'PA®USA U BUOIIEYATD
METOAOM IIPAMOTI'O JTASEPOUHAYHUPOBAHHOI'O
MEPEHOCA 1151 BOCCTAHOBJIEHUSI KOCTHOM
TKAHU

B nmoxmame mpeAcTaBIAIOTCS Pe3yNbTAaThl Pa3pabOTKU JTa3epHBIX TEXHOJIOTHI
¢dopmupoBaHus  (QYHKIIMOHAIBHBIX  TKAHEHHXKEHEPHBIX  KOHCTPYKIMH Ui
BOCCTAHOBIICHUS] KOCTHOI TKaHU. ByIyT npencTaBieHsl pe3ynbTaThl (GOPMUPOBAHHS
TPEXMEPHBIX OHOCOBMECTUMBIX CTPYKTYp C IOMOINBIO MeToAa JABYX(OTOHHOH
(heMTOCEKyHIHOH TOJMMEPH3aiy U3 OHMOCOBMECTHMBIX IOJIMMEPHBIX MaTEepPUaIOB
Ha OCHOBE aMM(paTHYECKUX MOJIMI(GUPOB C  KCIOJIB30BAaHUEM  METOJIVKH
IIPOCTPAHCTBEHHO-BPEMEHHOW  (DOKYCHPOBKHM  JIa3epHOr0  WM3IydeHus. bynayt
IIpeJCTaBJICHbl PE3yJbTaThl aJalTallid TEXHOJOIMM JIa3epHOM IeyaTh METOIOM
IIPSIMOTO JIa3ePOMHAYIMPOBAHHOTO TIEPEHOCa MO ITeYaTh KJIETOYHBIMH CeporIaMu.

N.V. MINAEV?, E.O. EPIFANOV?, A A. ANTOSHIN 2 E.A.
MIGAL?

YInstitute of Photonic Technologies, Federal Research Center "Crystallography and
Photonics", Russian Academy of Sciences, Troitsk, Moscow, Russia
2First Moscow State Medical University named after I.M. Sechenov, Ministry of
Health of Russia (Sechenovskiy Universitet), Moscow, Russia
3Moscow State University M. V. Lomonosov, Faculty of Physics, Moscow, Russia

FEMTOSECOND TWO-PHOTON
MICROSTEREOLITOGRAPHY AND BIOPROPRINTING BY
LASER INDUCED FORWARD TRANSFER FOR BONE
TISSUE REGENERATION

The report presents the results of development laser additive technologies for the
formation of functional tissue-engineered structures for the regeneration of bone
tissue. The results of the formation of three-dimensional biocompatible structures
using the method of two-photon femtosecond polymerization from biocompatible
polymer materials based on aliphatic polyesters using the technique of simultaneous
spatiotemporal focusing of laser radiation will be presented. The results of adaptation
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of laser printing technology by the method of laser-induced forward transfer for
printing with cellular spheroids will be presented.

[IpencraBnsiemass paboTa TIOCBAINIEHAa pa3pabOTKe TOIXOIOB K
(OPMHUPOBAHMIO TKAHEBBIX SKBHUBAJCHTOB U II€PCOHAIU3UPOBAHHOM
pereHepaTHBHOW MEIWIIMHEI C WCIIONB30BAHWEM JIA3ePHBIX aIIUTHBHBIX
TEXHOJIOTHUIL.

B mporiecce BBIMTOJTHEHUS pabOTHI, ObIIa pa3padoTaHa ONTHIECKAs CXeMa
UL  OCYIIECTBICHHS  HIPOCTPAHCTBEHHO-BPEMEHHOH  (DOKYCHPOBKHU
JIa3epHOTr0 M3NYy4IeHHs, aHTII. simultaneous spatiotemporal focusing (SSTF).
HcxonHo, B YCTaHOBKE WCIIONB3YETCS M3JIyYEHHE BTOPOH TI'apMOHHMKH
demrocekynanoro nazepa TEMA-100 (ABecta mpoekT, Poccust) ¢ amuHOM
BOJIHBI A = 525 HM, JAIUTEIBHOCTBIO UMIMysbca okosio 200 ¢e, yacToToi
reHepaiuun 80 MIm. [Jlns peanm3anuu mporecca MPOCTPaHCTBEHHO-
BPEMEHHOU (POKYCHUPOBKH JIA3€PHOT0 M3IyUeHHs] HEOOXOAUMO MPOMYCTHTh
H3Iy4YeHUe Yepe3 IBe ONTHYECKHE CXEeMBI — CTpeTdep (IKCIaHzaeep), 3axadeit
KOTOPOTO SIBJSIETCS BPEMEHHOE pPACTATHBAHHE HMITYJIbCA IO CIEKTPY
(YupIIIpOBaHHBIN UMITYJIBC) U KOMIIPECCOP, KOTOPHIH 00ecIieunBacT CHKaTHE
YHUPIHPOBAHHOTO WMITYyJIbca B (DOKyce MHKPOCKOITMIECKOTO OOBEKTHBA,
HCTONB3yeMoro st GoKycupoBkH. [loydeHHOE HA BBIXOJE U3 ONTHYECKOM
CHCTEMBI JIa3epHOE M3ITyUCHHE 3aBOAMIIOCH B ONTHICCKUNA TPAKT YCTAHOBKHU
JIa3epHOTO0  MUKPOCTPYKTYPUPOBAaHHsI Ul INPOBENCHMS  Ipolecca
(OpPMHUPOBaHUS TPEXMEPHBIX CTPYKTYP M3 OHMOCOBMECTHMBIX MaTEPHAJIOB
[1]. ITapameTpsl J1a3epHOTO HU3IYYEHUS U ONTHUYECKOH CXEMBI JOIYCKAaIOT
UCIIOJIb30BaHHE OOBEKTUBOB ¢ MaJioi umcioBoi aneprypoir NA 0.1 - 0.2,
oOnafaromux OONBIIMM paboYUM [OJIEM, YTO IO3BOJISIET (OPMHUPOBATH
TPEXMEpPHBIE CTPYKTYPBI CAHTHMETPOBOI'O MAacCIITada.

OtpaboTana MeTOIMKA JIA3€PHOM MeYaTH KJIETOYHBIMH ChepounamMu ¢
MIOMOIIBI0 METOAMKH MPSIMOTO JIa3epOMHIYIIMPOBAHHOTO TepeHoca [2].
OTtpaboTaHbl pEXUMBI JIA3EPHON MEYaTH C MCTOJIH30BAaHUEM CTEPUILHOTO
THIpOTENs] Ha OCHOBE BBICOKOMOJEKYJSIPHOH T'HalypOHOBOH KHCIIOTHI
colepiKamue KICTOYHbIe cdepounpl Ha C(HOPMHUPOBAHHBIE METOIOM
IBYX(OTOHHOW TIOJNMMEPH3AlUN TPEXMEpPHBIE CTPYKTYpHI C pa3BUTOH
IMOBEPXHOCTHIO, KOTOPBIC TIIOKA3aIH NPUHIMIAATEHYI) BO3MOXKHOCTH
Tporiecca YCHenHoro mepeHoca chepouIon.

Pabora BrimosiHeHa 1ipu puHaHCOBOI noanepxke PH® (rpant Ne 19-75-
00108).

Cnucok numepamypbol
1. Emudanos E.O., Tumames I1.C., ®anerpos S.B., INuckyn I0.A., Koctiok C.B.,
Munaes H.B., Bapmakosa K.H. 3D-Ilewats Terpadynkimonansroro Ilommmaktuma C
HUcnonb3oBanuem [lpousBonubix Llunpoduokcanuna B KauectBe ®otomHunmatopos //
WM3Bectust Pocceniickoit Akanemun Hayk. Cepust ®usnueckast. - 2020. - Vol. 84 - Ne 11. - P.
1652-1656.
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2. Yusupov V., Churbanov S., Churbanova E., Bardakova K., Antoshin A., Evlashin S.,
Timashev P., Minaev N. Laser-induced Forward Transfer Hydrogel Printing: A Defined Route
for Highly Controlled Process // Int. J. Bioprinting. - 2020. - Vol. 6 - Ne 3. - P. 1-16.
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M.K. MOCKBHH, /I.C. FO)KAKOBA, H.A. AOAHACBEB,

E.B. [IPOKO®LEB, /I.A. CUHEB, I'.B. OANHILIOBA
Yuusepcumem UTMO, Cankm-Ilemepbype, Poccus

O®OPMUPOBAHMUE JIASBEPHO-UHAYLHUPOBAHHBIX
IHOBEPXHOCTHBIX NEPUOIUYECKUX CTPYKTYP JJIA
YIIPABJIEHUSA CTPYKTYPHBIM IBETOM

B pabore mpoaeMOHCTpUPOBaH CIOCOO CTPYKTYpHOH OKPAacKH IOBEPXHOCTH
METAJUIOB 3a cYeT (OPMHUPOBAHUS J1a3€PHO-UHAYLHUPOBAHHBIX IIEPHOANYECKUX
MOBEPXHOCTHBIX CTPYKTyp (JIMIIIIC) mpm BO3ACHCTBHM Ja3epHOTO H3IYUYCHUS
HaHOCEKYHJHON JIUTENbHOCTH ¢ JyMHOW BoiHBI 1,06 MxMm. bpum momydenst
OJIHOMEPHBIC U ABYMEPHBIE CTPYKTYPHI IEPUOJOM TOpsiika 1 MKM Ha IMOBEPXHOCTH
HEpKaBeIoUIeH CTald W IUJICHOK THTaHA, a TaK K€ CTPYKTYPhl C HENpPEpPHIBHBIM
n3menenuem opuenranuu JIMIIIC npu na3zepHOM CKaHUPOBAaHUM IO PA3JIMYHBIM
TPAEKTOPUSIM.

M.K.MOSKVIN, D.S. YUZHAKOVA, N.A. AFANASEV, E.V.
PROKOFEV, D.A. SINEV, G.V. ODINTSOVA
ITMO University, Saint Petersburg, Russia
FORMATION OF LASER-INDUCED PERIODIC SURFACE

STRUCTURES FOR STRUCTURAL COLORING

This work demonstrates a method of structural coloring of the metal surface by
formation of laser-induced periodic surface structures (LIPSS) under the exposure of
nanosecond laser radiation with a wavelength of 1.06 pm. One-dimensional and two-
dimensional structures with a period of about 1 um were obtained on the surface of
stainless steel films and titanium, as well as structures with a continuous change in the
orientation of the LIPPS during laser scanning along various trajectories.

[TosiBieHME Ta3epHO-UHAYIIUPOBAHHBIX TTOBEPXHOCTHBIX IEPUOTMUECKUX
crpykryp (JIMIIIIC) kak yHuBepcalbHBI d3(dexT Obulo paHee
MIPOAEMOHCTPUPOBAHO HAa  BCeX TUIAX  MaTepHalioB:  MeTajllax,
MTOJYTIPOBOTHUKAX M AWANIEKTpHKax [1]. DopMupoBaHre TaHHBIX CTPYKTYP
MIPOUCXOUT B MEPHOIUICCKH MOAYJIMPOBAHHOM CBETOBOM IIOJIE B 00JacTH
(hOKYCHUPOBKH JIa3epHOTr0 H3ITydeHus. JJaHHOE sSBIeHUE OOBIYHO CBSI3BIBAIOT
¢ uHTEepdepeHIHed MEXIy MaJalomeil 3JIeKTPOMAarHUTHOW BOJNHOW U
BO30YKIIaeMO MOBEPXHOCTHOM 3JICKTPOMATHUTHOHN BOJIHOM [2]. Macira0s
(OpMHUPYEMBIX CTPYKTYp HMEIOT Pa3MEPHOCTh PABHYIO JUIMHE BOJHEI
BO3ZeHCTByOmero u3nydeHuns. C  TOYKH 3pEHHS MPAKTHYECKOTO
MIPUMEHEHHS TaHHOE CTPYKTYPUPOBAHUE MOXKET MPUMEHSTHCS B CO3TaHUU
a7eMeHTOB (GoToHUKU. Taxke Bo3MOxHO wucnoibzoBanue JIMIIIIC kak
9JIEMEHTOB 3allUTHBIX 3HAKOB U JUPPAKIMOHHOW ONTHKH W B
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(OpPMHPOBaHUM CTPYKTYPHOTO IIBETa B TEXHOJOTUU LIBETHOH MapKHUPOBKH.
B GoxpmmHcTBe M3BecTHBIX pabdot JIMIIIIC mist pasiauyHbIX NpUMEHEHUH
MOJy4aroT MOJ BO3JCHCTBUEM YIBTPAKOPOTKHUX JIA3€PHBIX MMITYJIbCOB,
OIHAKO B JaHHOW paboTe MPOAEMOHCTPUPOBaHO (opMHpOBaHKE
CTPYKTYpHOTO LIBeTa 3a CYEeT CTPYKTypUPOBaHHUS  BOJOKOHHBIM
HAHOCEKYHHBIM JIA3E€POM.

Hns  GopmupoBaHUS CTPYKTYpHOTO IIBeTa B HAcTosmed pabote
NIPOBEJICHO uccienoBanue xapakrepa ¢popmuposanus JIMIIIC kopoTkumu
JIa3epHBIMU MMITYJIbCAMH Ha MOBEPXHOCTH HEP)KABCIOWIEH CTalIM M IUICHOK
tutana. ['enepanust JIMIICC mpowsBoaniach NMpH TTOMOIIHA BOJOKOHHOTO
urtepbuenoro sazepa IPG Photonics (Pc=20 BT, A=1064 am, f=1,6 — 99 kI'1).

Bo Bcex ciyuasx HampaBlICHHE CTPYKTyp OBUIO MONSPH3AIMOHHO
3aBUCHMBIM, TIpH IIOBTOPHOM BO3JCHCTBHM B ciydae (HOPMHPOBAHUS
CTPYKTYp TIOZA BO3AEHCTBHEM TEMIIEPATYPHOTO IOJIS HIDKE TEMIIEPaTyphl
IUTABJICHHS HA IUICHKAaX THUTaHa MPOUCXOAMIO (hOPMUPOBAHUE IBYXMEPHBIX
pemeTok. B ciydae TemriepaTypHOTo MO BBIIIE TEMIIEPATYPhI IUIaBICHUS
Ha ctaiu AISI 304 npoucxoauia nepectpoiika HaNpaBICHUs CTPYKTYp, YTO
MO3BOJISIET  3alMCBIBaTh  OJHOMEPHBIE  MHUKPOCTPYKTYpPBHI,  IIJIaBHO
HM3MEHSIOIIME CBOE HAIPaBJICHHE C XOJOM JIMHEHHOrO0 CKaHHPOBAHHS IO
nosepxHocTH. Ilokazano, urto 3aBucuMocTh opueHrtanuu JIMIICC ot
MOJSAPU3ALUK JIA3EPHOTO H3JIyYSHUs] JaeT BO3MOXKHOCTH (OPMUPOBATH
9JIEMEHTHI C PA3IMYHBIMHU THIIAMHU CTPYKTYp. B pesynbrarte pasHble THUIBI U
opuenrarun JIMIIIC oToOpaskatoTcst ONpeAeIeHHBIM CTPYKTYPHBIM IBETOM
TIPU UX OCBEIICHUN HEMOHOXPOMAaTHUECKHM CBETOM.

Takum oOpasom, B paboTe MpH MOMOIIM HAHOCEKYHIHOTO JIa3epHOTO
BO3/ICHCTBUSI HAa MOBEPXHOCTH CTAIM M IUICHOK THUTaHa OBUIM CO3/aHBI
paznuunbie  Tunsl JIMIITIC nopsaka 1 mxMm. Ilpu ocBemeHuun CTPYKTYp
HEMOHOXPOMATHYECKAM CBETOM HaOJIIOAAINCH SIPKHE CTPYKTYpHBIE I[BETA,
OXBaThIBAIOIINE BECh BUANMBIH ciiekTp. [Ipu HacTpoiike MpoCTpaHCTBEHHOM
opuenrarnun JIUIITIC 3a cyer moJspu3aIiy Ja3epHOTO U3IYYCHUS OBLTH
3aMucaHbl HECKOJIBKO M300pakeHHH B OAHOM 001acTH, oToOpakaromuecs
TOJIBKO TIPH ONpEeAETIeHHOM yrie HabmiofeHusa. Hacrosmime pesyibTaThl
OTKPBIBAIOT HOBBIE BO3MOYKHOCTH K 3(P(PEKTHBHOMY CO3[aHHIO HJIEMEHTOB
CTPYKTYPHOH OKPAaCKH METAJUIMIECKHUX ITOBEPXHOCTEH.

Pabora nmonnepxana rpanrom PH® 17-19-01721-11.

Crucox rumepamypol
1. Bonse, J., & Lasagni, A. F. (2020). Laser micro-and nano-material processing—Part 1.
Advanced Optical Technologies, 9(1-2), 7-9.
2. Florian, C., Kirner, S. V., Kriiger, J., & Bonse, J. (2020). Surface functionalization by
laser-induced periodic surface structures. Journal of Laser Applications, 32(2), 022063.
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HUCCJIEJOBAHUE BPEMEHHOM JUHAMUKHA
NHO®PAKPACHON KOHUYECKON SMUCCHU ITPU
PACIIPOCTPAHEHUU ®UJTAMEHTOB T'HT' ABATTHBIX
Y® UMITYJIbCOB B KCEHOHE

Ipu pacnpocrpanernn Y P GpUIaAMEHTOB C JUTHHOHN BOJIHBI 248 HM B KCeHOHE (X€)
TeHepHupyeTcsl y3KomosocHas: MoHoxpomarndeckas MK xonmueckas smucens (MK
K3) . Mp wuccnenoBamu BpeMeHHylo auHamuky paHHod WK KD  mpm
pacnpocTpaHeHNH HUIaAMEHTHPOBAHHEIX YD nMITyIbcoB B X€.

NIKITIN S.P.L,SHUTOV A.V.2, ZVORYKIN V.D.2

!Bauman Moscow State Technical University, Moscow, Russia
2 ebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

INVESTIGATION OF THE TIME DYNAMICS OF
INFRARED CONICAL EMISSION DURING THE
PROPAGATION OF GIGAWATT UV PULSE FILAMENTS
IN XENON

When UV filaments with a wavelength of 248 nm propagate in Xe, narrow-band
monochromatic IR conical emission (IR CE) is generated. We investigated the
temporal dynamics of this IR CE during the propagation of filamented UV pulses in
Xe.

B pabore [1] npenmonaraercs, 4TO OCHOBHBIM BO3MOXHBIM
MexaHu3MoM Bo3HukHOBeHHs WK KO saBusercs mapamerpudeckoe
nmpeobpa3oBaHue W3Ty4eHUs (UeThIpexBoiHOBoe cMemreHne mwim YBC), a
TaKke MorydeH cnekTp rerepupyemoit MK K3. B cnekrpe Habmomarores
IBe y3Kue TuHuK Ha 828 u 823 HM, MMEIONIHe CIeKTPaIbHy 0 mupuny 0.25-
0.3 M. IlomoGHas mmpwWHA cIeKTpa B TepepacdeTe Ha JUINTEIFHOCTh
nMIyibca He MOXeT o0bicHATeC UBC m xapakTepHa IUIS yCHIIEHHOTO
criontanHoro wu3nydenuss (YCHU) B Xe, B CBsI3U C 4YeM M BO3HHKIIA
HEOOXOANMOCTb IIPOBECTH HCCIIEAOBAHUE, ONTUCAHHOE HIDKE.

Wmmynbse TpeTbelt rapMOHMKH THTaH car@upoBOToO ja3epa yCHINBAICS
TaK, 4TO Ha BBIXOJIE U3 YCHIIUTENS MOJTy4aIUCh UMIYJbCHI C JUTUTENBHOCTBIO
200 ¢c u momHocThIO OKOo 500 P¢r camMooKkycHpOBKH B BO3MyXe UIS
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248uM. B TakoMm mmIynbce pa3BUBaliaCh MHOXKECTBEHHAs (puiiaMeHTanus
n3iyuenus. [Ipu pacnpocTpanenuy B siueiike ¢ Xe npu qaBieHnu raza P=1.1
atM. ¢unamentsl rerepupoBamu UK uznmydeHue, nanbHsSsS 30Ha KOTOPOTO
npeAcTaBisiia u3 cedst Habop Koen. M300paskeHne IMUCCUU OT OJHOTO-TPEX
¢unameHToB cTpomsock Ha potokatoa JOK. Kak BuaHO 13 puc.1, nmeercs
HECKOJIBKO BpeMeHHBIX KoMnoHeHToB UK m3mydenus: ObicTpast, ¢ GpoHTOM
HapacTaHus ~2 1c, cBazaHHas ¢ UBC, 3a koTopoii ciemyer chan 3a BpeMs
~10 mic, BepositHO, cBs3aHHBINA ¢ YCU B Xe. Ilocie sToro ¢ 3amepxkoi ~10
TIC BO3HUKAET BTOPOH UMITYJIbC U3IIyYEHUS C JUTUTEIBHOCTHIO 0KoJ0 ~30 11C,
ONHOM W3 BO3MOXHBIX IPUYMH TOSBICHUS KOTOPOTO  SIBJISICTCS
¢dopmMupoBaHHE SKCHMEpOB Xe€2 H UX [MOCIeOyomee CIOHTAHHOE
U3IIydeHHe.

0 10 70 30 a0 50 60 70
Bpems, nc

Puc. 1. Bpemennas nuramuka UK K3 B Xe npu nasnenun 1.1atm

Cnucox tumepamypol
1. 1. V. Smetanin, A. V. Shutov, N. N. Ustinovsii, V. D. Zvorykin, A. V. Bogatskaya,
A. M. Popov, «Monocromatic conical IR emission from decaying KrF laser filaments in xenon
as coherent stimulated four-wave mixing process», MDPI, 2020.
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METO/I LIU®POBOIi F'OJIOT PAG®UU JJI51
PETACTPALIMH MBLIEBBIX HOTOKOB ITPA HAJIMYUU
CHJIbHBIX CBETOBBIX IOMEX

PaccmoTpena mpobiiemMa cBeTOBOH 3aCBETKH IIPH PETUCTPAIMH ITBUICBEIX TIOTOKOB
METOJIOM TEHEBOH (hOTO-pEerHCTpaniy, IPH IPOBEICHUH B3PEIBHBIX YKCIEPHMEHTOB.
[pemmoskeHs! MyTH pEeIIeHMs MO YCTpAaHEHHIO TaHHOH mpobieMsl. [IpoBeneH psix
9KCIICPHMEHTOB,  ITOJATBEPXKIAIOIMINX BO3MOXHOCTH  HCIIOJB30BAHHS  METOJA
(ppoBoil ronorpaguu B YCIOBHAX CHIIBHBIX CBETOBBIX INOMEX M MOJIYYCHUS
KAueCTBEHHBIX  M300paxkeHMi. Vcmonp3oBaHHe TOJNOrpad)MYecKoro  Merona
JOTIOJTHUATENHHO MO3BOJISIET YCTPAHUTD POOIeMy TIIyOHHBI PE3KOTO H300paKEeHUS.

M.V. ANTIPOV, D.A. POLSHKOV,
Sarov Physical & Technical Institute - National Research Nuclear University
MEPhI (Moscow Engineering Physics Institute), Sarov, Russia

DIGITAL HOLOGRAPHY METHOD FOR RECORDING
DUST FLOWS IN THE PRESENCE OF STRONG LIGHT
INTERFERENCE

The problem of light exposure during the registration of dust flows by the method
of shadow photo-registration, during explosive experiments, is considered. The ways
of solving this problem are suggested. A number of experiments confirming the
possibility of using the digital holography method in conditions of strong light
interference and obtaining high-quality images were carried out. The use of the
holographic method additionally eliminates the problem of the depth of the sharp
image.

HoctaTodHo 9acTo, pu perucTpanmy, KaKHX mbo
OBICTPONPOTEKAIOINX IPOIIECCOB, C MOMOIIBIO COBPEMEHHBIX KaMmep, C
pazmuuebiMu  Bapuantamu Matpun (II3C m KMOII) cramkuBaioTcst ¢
mpobJeMOoii  CBETOBOM  3aCBETKM  HM300pakeHWs, 4YTO JENaeT ero
HCBO3MOXHBIM  JIJIA O6pa6OTKI/I U TOJYYCHUS HYXKHBIX JTaHHBIX C
JKCIepUMeHTa. B Hamiem cirydae, CBETOBas 3aCBETKa SBISETCA TOCTATOYHO
aKTyaJIbHOM W 4acTO BCTpedaromeicss mpoOiIeMoil, OT KOTOpOH cliemayer
YXO0auTh, MO MNPHYMHE HEBO3MOXHOCTH HCCICIAOBAHUA TEX WU HWHBIX
B3PBIBHBIX IIPOLIECCOB MJIM UCCIIEOBAaHNS MUKPOYACTHII.

HaunGomnee mnpocTbiM B HCIIONB30BAHHHM M MAJIOTPEOOBATENbHBIM K
Ka4yecTBY J1a3€pHOTO M3JIY4YEHHs M pa3pelieHHIo rojorpaduieckon cpeipt
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SBJISIETCST MeToZ oceBoil ronorpadpun Ppaynrodepa [1], uto nmemaer ero
YIOOHBIM JUIi  pe-THCTpalud  OBICTPOJBIDKYIIMXCS  MHUKPOOOBEKTOB
(yacTuir), B TOM YHCIIE BO B3PBIBHBIX IKCIIEPUMEHTAX.

[Ipennaraemplii MeTON YCTpaHEHHs LIYMOBOW 3aCBETKH COCTOUT B
cnenyromeM. Ilydok cBera, BBIXOJSIIMA M3 Jlazepa, HpoWas dyepe3
paclUIMpUTenh IydKa, MaJaeT Ha PETUCTPUPYEMbIH OOBEKT, HMEIOMINI
npo3payHocTs He MeHee 80%. Ilpomenmiee w3aydeHWE TIONMAAacT B
00BEKTHB, TIEpENAIOIINN M300paxKeHne 00beKTa ¢ TPeOyEeMBbIM yBEIHICHHEM
Ha II(POBYI0 MaTPHUIy CKOPOCTHOU (hoToKameprl. Mexay OOBEKTHBOM U
KaMepoil pacroyaraercs, IO KpaifHeH Mepe, OIOWH TIIOJIOCOBOW (QHIIBTP,
MPOITYCKAOIINI TONBKO W3Iy4eHHWE C JUIMHON BOJIHBI JAa3€pPHOTO ITydKa.
CBeTOBBIE IOyMbl CO3JaBajid € MOMOLIbIO PACIOJIOKECHHBIX B6J'II/I3I/I oT
(okyca ONTHYECKOH CHUCTEMBl JaMIbl HAKaJIMBaHMS, B3pHIBAIOLICHCS
MIPOBOJIOKH, JIAMITBI-BCIIBILIKH, @ TaK e SPKOr0 CBETa OT B3phIBa aproHa.

HpeﬂﬂO)KeHH]:Iﬁ METOA TIOJABJICHUA CBCTOBLIX IIIYMOB HCIOJB3YET
cxemy oceBoil rojorpapun  Dpaynrodepa. Ilostomy momydaembie
I/I306pa)i(eHI/IH SABJIAKOTCA TOJIoOrpaMMaMH, U 3TO IMO3BOJIICT BOCCTAHOBHUTH
n300pakeHnss OOBEKTOB HAXOMMBIIMXCS B MOMEHT PETHCTPAIllMM BHE
IUTOCKOCTH PE3KOT0 M300paKEHHUsI ONITHYECKOM CHCTEMBI.

Cnucox numepamypbol
1. Tlon.pen. I'. Kondunaa, - Onruueckas ronoropadust: [lep. ¢ anri./.- M.:Mup, 1982-
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AT. IIYTUJIOB*?, A.A. AHTUIIOB'?, A.E. LLIEITEJIEBY,
A.B. OCUIIOB!?

L Unemumym npobnem nasepnoix u ungopmayuonnvix mexnonoauti PAH — ¢unuan
DQHUIL] «Kpucmannoepagus u pomonuxay» PAH, Lllamypa, Poccus
2 Braoumupcruii 2ocyoapemeennviii ynusepcumem umenu A. I u H. T
Cmonemoaguix, Poccus

HNCCIEAOBAHUE ITPOCTPAHCTBEHHO-BPEMEHHBIX,
CIIEKTPAJIBHBIX 1 QHEPI'ETUYECKHUX
XAPAKTEPUCTHUK MOIITHOI'O JIABEPA

HA AJIEKCAHJIPUTE

PaccmoTpeno BnmsiHME TeMIeparypbl KpHCTala ajeKCaHApHTa Ha €ro
JIIOMMHECLIEHTHbIE U TEGHEpalMOHHble XapakTepucTHKU. IIponemoHcTpupoBaHa
NepecTpoiika CIIEKTpa BBIXOJHOTO HM3JIy4eHHs B UIHHHOBOJHOBYIO O0JACTh IIpH
MOBBIIICHUYU TeMIlepaTypbl. [IpoBeieH aHanu3 3HepreTHUECKUX ypOBHEH KpucTasia
aJIeKCaH/pUTa. OKCICPUMEHTAlIbHO M3y4YeHO BIMSAHHE 0a3bl pE30HATOpPa U
k03¢ uIeHTa OTPaKEHNSI BBIXOJHOTO 3epKaja Ha SHEPrHi0 M3IydeHHMsS Ja3epa.
IMpoBenena onTuMu3amus XapaKTEPUCTHK  pe30HATOpa OO  JOCTIDKCHUS
MaKCHMAaJIbHOM MUMITyJIbCHOW SHEPTUU U CPEHEN MOIIIHOCTH.

A.G. PUTILOV'? A A. ANTIPOV'? AE. SHEPELEV',

A.V. OSIPOV!?
LInstitute on Laser and Information Technologies RAS — Branch of FSRC
«Crystallography and Photonics» RAS, Shatura, Russia
2Vladimir State University named after A. G. and N. G. Stoletovs, Russia

INVESTIGATION OF SPATIAL-TEMPORAL, SPECTRAL
AND ENERGY CHARACTERISTICS OF A HIGH-POWER
ALEXANDRITE LASER

The effect of the dependence of the Alexandrite crystal temperature on its
luminescence and lasing characteristics is considered. The output radiation spectrum
tuning to longer wavelengths with increasing temperature is demonstrated. An
analysis of the energy levels of the alexandrite crystal has been carried out. The
influence of the resonator base and the reflection coefficient of the output mirror on
the output laser radiation energy are studied experimentally. Optimization of the
resonator characteristics is realized to achieve the maximum pulse energy and average
power.

Anexcanppur (Cr¥*: BeAl04) sBnsercs JasepHbIM KPUCTALIOM C
NMPEBOCXOAHBIMU  TEPMOMEXaHUICCKUMU CBOMCTBaMH. BpeMﬂ JKHU3HU
BEPXHETO JIA3EPHOTO YPOBHS IPH KOMHATHON TeMIIepaType cocTaBiseT ~ 260
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MKc. JIazep Ha anekcanapute padboTaeT Ha BAOPOHHOM MEPEX0/ie C MINPOKOI
TI0JIOCOi ycuiteHus o0ecIieunBaroniel HelpephIBHYIO NEPECTPOIKY CIIEKTpa
n3nyuennss B obmactu 700 — 850 mm. Illupokas mornoca mnorioumeHus
1o3BoJisieT 3¢ (HEeKTUBHO NPUMEHSTH KaK JIAMIIOBYIO, TaK ¥ IMOJHYO HAKAUKy
[1].

C NOBBILIEHUEM TEMIIEpaTyphl KpUCTA/UIa AIEKCAHIPUTA MPOHCXOIUT
yBenuyeHue koadourmenra ycunenus. JlaHublii odgdexT cBszaH c
JONTOXXUBYIIUM cocTosiHieM 2E, pacrnonoxkeHHbIM Huke ypoBHs 4T2.
DHEpPreTHIeCKUi 3a30p MEXIy dTUMHU YPOBHAMHU cOCTaBIsieT Bcero 800 cm™
! Vposau 2E wu 4T2 Haxomarcsi B TEIIOBOM pAaBHOBECHH, HO MpH
MOBBIIICHUH TEMIEPATyPhl KPUCTAIIA aJIEKCAHAPHUTA IIPOUCXOAUT TEIIOBOE
3aceneHne ypoBHs 4T2 obecrneunBatomee yBenndeHHE 3S(PGHEKTUBHOTO
CeUCHHMS M3ITydeHHs. T.0. SHEPTHs BBIXOMHOTO M3IIyUCHHUS Ja3epa ¢ pOCTOM
TeMreparypsl kpuctaiia ot 25 °C go 90 °C Bospactaet B ~1,3 pasa (puc.la),
a CHEKTp M3JIy4yeHHUs CMeLaeTcs B [UIMHHOBOJIHOBYIO O0JIaCTh Ha 3 HM
(puc.16). Ilpum wucronb30BaHMM TPEXCTYIEHYATOro HHTEP(EPEHIMOHHO-
noJspu3auoHHoro ¢uieTpa JIno yaanock 10OUTHCS EPECTPONKH CIIEKTpa

u3nyuenust ot 710 um g0 790 uMm [2].
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a 0
Puc.1. luHaMuKka yBEIMUSHHS SHEPTUU M CMEIICHHUS CIIEKTPa BBIXOHOT'O
M3JIy4eHHUs Jla3epa Ha aJleKCaHApUTE C POCTOM TeMIIepaTyphl KpUcTalia
HccnenoBanue BBHITIOTHEHO MpHW (UHAHCOBON momnepkke PODU B
pamkax HayyHoro mpoekra Ne 20-32-90052, yacTdHO B pamMKaxX IpPOEKTa
PODOU Ne 19-29-10022.

Cnucok aumepamypul
1. A. G. Putilov et al 2019 J. Phys.: Conf. Ser. 1331 012016.
2. Antnnos A.A., TTymusnos AT u nip. // Vi3s. PAH. Cep. dus3. 2020. T. 84. Ne 11. C. 1593.
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A. PAMOC BEJIACKEC, H.O. \FYIB, P.A. 3AKOJIJAEB,
B.I1. BEMKO
Yuueepcumem UTMO, Canxm-Ilemepbype, Poccus

JA3EPHO-UHJIYIIUPOBAHHBII NEPEHOC
HOJIMXPOMHBIX METOK HA IOBEPXHOCTbB CTEKJIA

Pa3paboraHa MeTOAMKA JIa3epHO-MHIYLMPOBAHHOTO IEPEHOCA MOIUXPOMHBIX
aMIUIMTYZAHBIX ~METOK Ha IOBEPXHOCTb  ONTHYecKoro crekina. IlepeHoc
OCYILECTBIACTCS B Mpolecce abIINK METaNINYECKON MHUILIECHH, PACIIONOKEHHOH B
IUIOTHOM KOHTAKTe C ONTHYECKUM cTekiIoM. Cxema peaan3oBaHa Ha KOMMEPUYECKOit
nazepHoOH ycraHoBke «Munumapkep 2» (A 1064, 20 Br., 2-100 ', E 1m/1x, T 4-200
HC). IIpoBeneHBl CHEKTpaJIbHBIE HCCIIEIOBAaHHS METOK, KOTOpBIE ITOJTBEpAMIN
dopmupoBanue 5 pasnuuHbIX LBeToB. OmpeneneHa paspelaromas CHOCOOHOCTh
METO/Ia U U3HOCOCTOMKOCTh METOK.

A. RAMOS VELAZQUEZ, N.O. GUDZ, R.A. ZAKOLDAEYV,

V.P. VEIKO
ITMO University, Saint Petersburg, Russia

POLYCHROME LABELS ON GLASS SURFACE BY LASER-
INDUCED TRANSFERING

Currently glass materials are widely used in different scientific and industrial
spheres. Moreover, its high optical transmission over a wide range of wavelengths
make them highly valuable in photonics, optoelectronics, bio photonics, and
biomedical applications [1,2]. Laser labeling of glass is currently considered as an
important operation for many completely different industries, from tools production
to pharmaceuticals and jewelry needs [3]. A label on the glass provides wealth
information. Accordingly, a label presents two principal aspects, the pure decorative
side and the trace ability or identification of products i.e., it makes possible to include
in a permanent way macro-sized images such as logotypes, graphic symbols or matrix
codes of data or any other important information on a product.

Direct laser glass labeling is often characterized by low optical contrast
between background and mark. Additionally, often the color of the mark is
limited to black or gray shades, which offers a fairly high level of easy
duplicity. This weakness is often presented when direct laser marking is
employed, however, by adding some special features i.e., color shades, the
level of protection against counterfeiting can be increased. In the literature
laser assisted color marking of glass has been reported by adding chemical
pigments and then burning it with CO; laser radiation [4]. On the other hand,
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color marking of glass has been reported by using laser-induced plasma
assisted ablation (LIPAA) [5]. However most often only one color can be
obtained depending on the target material. In this paper, it is proposed to
expand the color palette of labels on glass made by laser-induced forward
transfer LIFT using a single target material. In particular, the formation of a
color palette consisting of 5 different colors with different shades is
demonstrated.

In our method polychrome marks are formed on borosilicate glass
(Levenhuk G50, thickness, 1.0 mm), the target material is a commercial plate
of brass (Cu65%,Fe0.2%,Zn34.8% thickness 1.5mm). Before the laser
processing the glass plate was cleaned with ethanol. The substrate was
irradiated by a fiber ytterbium laser pulsed with a wavelength of 1064 ns the
time pulse was 100 ns and 20 kHz for the repetition rate. The laser apparatus
is fitted with a galvanometer beam steering system and F-theta lens with flat-
field focus of 110 mm, to allow scanning the substrate within the XY plane.
Different laser scanning speeds and power values were set at 200-1000 mm/s
and 1.6-3.5 W, respectively, the substrate-target distance was defined by
roughness of material. In this technique the laser beam is strongly focused on
the surface of a metal target that is placed on the back of the borosilicate glass
plate.

a Laser beam J &

Deposited brass film [

Plasma plume

Glass and metal
in direct contact

Fig. 1. a) Experimental setup. b) Polychrome marks on glass back-side surface.
c) High resolution polychrome shapes on the glass.

During the process, the glass plate is located on the surface of the target
material. The laser shots impact the surface of the brass and it is heated,
followed by the creation of a plasma plume, the plasma encourages the
interaction of the chemical components of the brass with the atmospheric
glasses while transferring material onto the back surface of the glass plate
mostly oxides. As a result, a thin color mark is formed on the surface of the
optically transparent material, the minimal resolution of a polychrome mark
is 35 um. The polychrome marks were studied by using optical microscopy
(ZEISS AXIO Imager.A1lm), and spectrophotometry (LOMO SF-56). The
optical images were obtained with the digital camera AxioCam ICc 3. In
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conjunction with we propose an application for designing the glass surface,
applying amplitude labels for the automation tasks in the field of laser
processing and positioning optically transparent objects in microscopy.
Acknowledgment
The study is funded by the grant of Russian Science Foundation (project
Ne 20-71-10103)
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P.1. POMAHOB, B.IO. (DOMI/IHCKI/I\I:/'I, B.H.HEBOJIVH,
JA.B. POMHNHCKNUA

Hayuonanvrulii uccneoosamenvckuii ssoepuwitl yuugepcumem MUDU, Mocksa,
Poccus

BJIMSIHUE MOP®OJIOT UM HAHO-IIVIACTUHYATBIX
IIVIEHOK WSe2 HA D®PEKTUBHOCTD
®OTOIJIEKTPOKATAJIN3A BOAOPOJA HA
TUBPUJIHOM CTPYKTYPE a-MoS4/WSe2

HccenenoBaHo BAMSHUE XUMUYECKOTO COCTOSHHS TOHKOIIICHOYHOT'O ITPEKypcopa
WO, ua ¢opmupoBanne mopdosnoru HanomreHok WSe; B mporecce ObICTpOro
cenennpoBanusi. Hambonee >dekTuBHOE BBIIEICHHE BOAOPOAA OOHAPYKEHO VIS
rerepocTpyKTyphl a-M0S4/WSe2, koTopast conepxana WSez B ¢popme KpucTamios-
JIEIECTKOB TOJIIMHON ~ 50 HM, OpPUEHTUPOBAHHBIX TEPICHIUKYIIPHO TIOBEPXHOCTH
MIOJUTOXKKH.

R.I. ROMANOQV, V.Yu. FOMINSKI, V.N. NEVOLIN,

D.V. FOMINSKI
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

EFFECT OF THE MORPHOLOGY OF WSe: NANO-PLATE
FILMS ON THE EFFICIENCY OF HYDROGEN
PHOTOELECTROCATALYSIS ON THE HYBRID
STRUCTURE a-MoS4/WSe;

The influence of the chemical state of the thin-film precursor WOy on the
formation of the morphology of WSe2 nanofilms during rapid selenation is studied.
The most efficient hydrogen evolution was found for the a-MoS4/WSe2 photocathode
that contained WSez in the form of petal crystals of ~ 50 nm thickness and these petals
were oriented perpendicular to the substrate surface.

[Monyuenne ©  WCClENOBaHME  HOBBIX  HAHOMAaTEPHAIOB  JUIS
¢opmupoBaHHs THOPHIHBIX M TE€TEPOCTPYKTYp, O0OECHEUMBAIOMINX
s dexTuBHOE pacierieHue BOABI Ul HOJy4eHHs BOJOPOJa U KUCIOpOa,
SIBJISIETCS O/IHOW M3 HauboJiee BaXKHBIX 321y albTePHATUBHON IHEPTEeTHKU.
Crpykrypa a-M0S,/WSe; o6:1anaet BceMn HEOOXOTMMBIME CBOMCTBAMH TS
YCIIEIITHOTO MCIOJIB30BaHUS B (POTORIEKTPOXUMHUYECKOM ITPOIIecCe, TAKUMHU
KaK BBICOKHH KOA(QUIMEHT MOTJIOMEeHHs B BUIMMOM JHana3oHe CIEeKTpa,
BBICOKAsl KaTaJIUTHYECKasi akKTUBHOCTH a-MO0Sy, monxopsiee pacnosnoxxenne
9JIEKTPOHHBIX 3HEPTeTHYECKHUX 30H, CTAOMIBHOCTH B KUCJIOTHOM PAacTBOpE.
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B pabote uccnemoBano BiusHue Mopdonorun HaHocioeB WSer Ha
3G PeKTUBHOCTS (OTO-aKTUBUPOBAHHOM peakuuu BbigeneHuss Hr Ha
doTokarone a-MoS4/WSe,. [lis morcka onTHUMaJbHBIX [0 CTPYKTYpe (HOoTO-
akTHBHBIX cioeB WSe, npoBouiack TepMOXUMUYecKas 00paboTKa B mapax
celieHa TOHKOTICHOYHBIX npekypcopoB WOy nmpeiBapUTEeNbHO 0Ty YeHHBIX
METOJIOM HMITYJIhCHOTO Ja3epHoro ocaxzaenus (MJIO). Ha mosepxHOCTH
wieHok WSe; taxke merogom MJIO HaHOCHIICS TOHKHE coit amopdHOTO
cyns¢huna MoIHOACHA.

IToBepxHOCTh 00PA3LOB MOCIE CENCHUPOBAHUS ObLIa MOKPHITA HAHO-
KpHUCTaJUIaMH YeITyifdaToii opMBl, IHHEHHBIC pa3Mephl KOTOPBIX TOCTUTAIH
1 MkMm  (puc. la). VYcTaHOBIEHO, YTO IUIOTHOCTH OOPa3yHOIIMXCS
BEPTUKAIbHBIX HAHOKpUCTAIIOB WSE, 3aBHCUT OT OTHOIICHHS aTOMHBIX
konuenrpanuii O/W B wucxommoit mienke WO, Hawnyumwme ¢oto-
9/IEKTPOKATAIMTUYECKHE CBOMCTBA TMOKa3ajd oOpasel, OTINYaroIuiics
HauOOJbIIEH MOBEPXHOCTHOW IJIOTHOCTBIO JICTIECTKOB, OPHEHTHPOBAHHBIX
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Puc. 1. a - Mukpo-unzo6paxenue mieHkn WSe2, HosrydeHHO# celeHnpoBaHHEM
npexypcopa WOz2,7, 6 — xpoHoamriepoMeTpuieckue Kpussie st a-MoSa/WSez, B
koTopbIX ieHKH WSe2 Obuti noutyueHs! ceneHupoBanneM mpekypcopos WOz (1),
WO2,9 (2) u WO2,7 (3).

Pabora BemmosiHeHa mpu ¢uHaHCOBOM moxuepxkke PH® (mpoexr 19-19-
00081).

Cnucox numepamypol
1. Bozheyev F., Xi F., Plate P, Dittrich T., Fiechter S., Ellmer K. // J. Mater. Chem. A 2019,
Vol. 7, P. 10769-10780.
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Yuueepcumem UTMO, Canxm-Ilemepoype, Poccus

BJIMSIHUE ®OKYCHPOBKH IYYKA HA MUKPO
OBPABOTKY CTEKJIA JIABEPHO UHJYIIUPOBAHHOM
MUKPOILJIAZMOM

B 1npoBeaeHHOM WCCIENOBaHMM PACCMOTPEHO BIMSHHE TpEKa B BHIE
LJTMHAPAYECKOH MUKPOJIHMH3BI Ha MOBEPXHOCTH CTEKIJIA, 00pa3yeMoro B XOAe €ro
CTPYKTYPUPOBAHUS JIa3epHO-MHAYIMPOBAHHONH MHUKpOIUIA3MOH, Ha CMelleHHe
TIOJIOKEHNUSI TIEPeTsDKKM JIa3epHOro Iydka. Takoe CMelleHHWe BIHSeT Ha IIITHO,
HHIYIHpYIOLIee ITa3MEeHHbBIH (akel, 9To IPUBOJUT K CHIDKEHUIO 3(()EKTHBHOCTH 1
TOYHOCTH  00paboTKM  crekna. MccriemoBaHume — crocoOCTBYeT — pa3BUTHIO
NPECTABICHUH O BIUSHUU BO3/LYIIHOTO 3330pa U MOJI0KEHHs (HOKaIbHOM INIOCKOCTH
Ha TOBBIIICHHE KauecTBa 00paOOTKU HENPSMBIM JIa3ePHO-TIIIA3MEHHBIM METOIOM.

V.S. RYMKEVICH, M.M. SERGEEV
ITMO University, Saint-Petersburg, Russia
BEAM FOCUSING INFLUENCE ON MICRO-PROCESSING

OF GLASS BY LASER-INDUCED MICROPLASMA

In this study, we considered the effect of a micro-track on the glass surface,
formed during a surface micro-structuring by a laser-induced microplasma, on the
laser beam waist position displacement. This displacement affects the plasma plume
inducing radiation spot and, as a result, reduces the efficiency and accuracy of glass
processing. The study contributes to understanding the importance of experimental
conditions - the air gap, the focal plane position, for improving the quality of
processing by the indirect laser-plasma method.

B Hacrosmiee BpeMs TpH MOTU(PHKANHMK CTEKIA JlA3epHO-
HHyIUPOBAaHHBIMU MeTojamu, Takumu kak LIPAA [1], LIBDE [2] u
JIa3epHO-UHyIUPOBaHHO#M Mukporuiazmoit (JIMMII) [3], uauimupyromee
U3Iy4YeHrne (OKYCHpPYeTCs Ha MHIICHH, TO €CTh TeHepalus IUIa3MEHHOTO
(dakena mociie MEPBOrO HMMITyJbCa W OOpa3OBaHUS JYHKH B MHIICHU
MMPOUCXOAUT B PpacCXoddAlmieMcCsd ITYyUYKe. B Toxe BpEMs Ha MNOBEPXHOCTHU
00pa3siia o0pasyercss MUKpopesbed, ClIOCOOHBIH BHOCHTh HCKAXKSHUS B XO/T
Jla3epHOro m3iydeHus. Ha NaHHbIE MOMEHT BONPOC O BEIUYMHE BIIMSHUS
3TOr0 MHKpopenbeda He paccMaTpuBajCs, OIHAKO, MPH HCIOJb30BAHUH
KOPOTKO(OKYCHBIX 00bEKTUBOB MOI0OHBIN AP (EKT MOKET OKa3aTh CUIHHOE
BIMSIHAE HAa KA4eCTBO M  pa3pelialollyld CIIOCOOHOCTh  Ja3epHO-
WHAYIHPOBAHHBIX METOJI0B 00Pa0OTKH INIa3MEHHEBIM (pakeIoM.

B pabote omna rpanp o0pasia pa3Meriaiachk Ha MUIICHH, a BTOpast ObLIa
NIPUIOAHSATA, 00pa3ys ¢ Hell yroa B 1.37°. C nomouisto JIMMII Ha obpasie
OBLIO 3alKCaHo 3 CEpUH TPEKOB, OTIMYAIOIINXCS dHEprued B uMiryibee (2.4
MkJDx, 3.75 Mx/x n 5.35 mx[lx). Kaxnas cepust cocrosuia U3 3 TPeKos,
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OTJIMYAIOIIUXCS TTOJIOKCHHUEM IIEHTPA MEPETHKKHU ITy4Ka, CPOPMHUPOBAHHBIM
o0bvekTHBOM 10* NA=0.5, OTHOCHUTEIHPHO TOBEPXHOCTH MHIICHU: HAaJ
MHUIIIEHBIO Ha paccTosiaunu Zg (D), Ha mosepxHocTy Mutenu (F) U B MUIIIEHH
Ha ry6une Zg (C). [onydyeHHBIE CTPYKTYPBI OBLUTH UCCIIEOBAHBI METOAAMH
ONTUYECKON MHUKPOCKOIIMU W MNPOGHIOMETPUH, a TaKKE KOHTAKTHOMN
IPOGUIOMETPHH.

Ha pucynke 1 npuBoautcs rpadMK 3aBHCHMOCTH IHIMPUHBI TPEKOB B
CTCKJIC, 3alIMCAHHBIX MPH PA3TUYHON SHEPTHH B UMITYJIbCE, OT 3a30pa MEKIY

MUIICHBIO ¥ 00pa3IoM IIPH PA3IAIHBIX TOI0KEHUSIX NEPETSIKKH.
@ NG e ®

X () R {way
03 35 13 18 20 28 80 3¢ 03 95 19 18 20 28 10 3¢ 4D 42 €008 10 15 20 25 20 35 <0 43 50 55 50 €5

oo
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Puc. 1. lupuna TpeKoOB B CTEKIIE IIPU HATMYHH 3330pa, CHOPMUPOBAHHBIX TIPH
3Hepruu B ummyiisce a) 2.4 MxJx 0) 3.7 Mx/Ix B) 5.35 mMx/[x
[Mpenmnonoxum, 4To BIMSHHE TPEKa HA CTEKIe Ha mporecc o0paboTKu
OTCyTCTBYET. B TakoMm citydae, ria3MeHHbBIN (paken ¢ yBeIHMUCHHEM 3a30pa
JOJDKEH  (OpPMHPOBaTh TPEK, IIMPHHA KOTOPOrO YMEHBIIACTCA C
YBEIUUCHUEM 3a30pa, YTO CBSI3aHO C OCJIA0JCHHEM €ro SHEPTHH MO KpasMm
(akenma. OpnHako, SKCHEpUMCHTANBbHBIC IaHHBIE NPOTHBOPEYAT DSTOMY,
CIIEZ0BATENbHO, MPUCYTCTBYET MCKAKEHHE ITy4Ka Ja3epHOTO M3IIy4eHHS,
MIPOXOJSALIET0 Yepe3 KPUBOJIMHEHHYIO TOBEPXHOCTh B BUJIE TPEKA — aHAJIOT
HWIUHIPUYECKOH MUKPOJIUH3BL.
OOHapyXeHHBIH J(PQPEKT TOJe3eH IS YBEIWYCHHS pa3pelIaloniei
CrocOOHOCTH METONa, KpOME TOTO, HaIW4Hhe 3a30pa I03BOJISIeT Oolee
3¢ (GEKTHBHO OTBOAWTH YACTHIBI pPa3pyNICHHOW MHIICHH W3 00NacTu

00paboTKH, YTO TaK K& YBEIMIHUT IHSProd(H(HEKTUBHOCTH METOIA.
Cnucox aiumepamypul

1. Sarma U., Joshi S. N. Machining of micro-channels on polycarbonate by using Laser-
Induced Plasma Assisted Ablation (LIPAA) // Optics & Laser Technology. — 2020. — T. 128. —
C. 106257.

2. Ehrhardt M., Lorenz P., Bayer L., Han B., Zimmer K. Studies of the confinement at laser-
induced backside dry etching using infrared nanosecond laser pulses // Applied Surface Science.
—2018. - T. 427. - C. 686-692.

3. Shkuratova V., Rymkevich V., Kostyuk G., Sergeev M. Laser-induced microplasma as
effective tool for phase elements fabrication on amorphous and crystalline materials // Journal
of Laser Micro Nanoengineering. —2018. — T. 13, Ne 3. — C. 211-215.
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JI.B. CUHULIbIH

Qusuueckuti uncmumym um. I1L.H. Jlebeoesa PAH, Mocksa, Poccus

N POKOIIOJIOCHBIE JIABEPHBIE HCTOYHUKHU
CPEJHEI'O UK-IMAITIA3OHA

Pa3paboTraHbl IIMPOKOIOJIOCHEIE THOPHHEIE JTa3epHBIe cucTeMbl cpeanero MK-
nuanazoHa Ha 6aze CO- u COz-nmazepoB ¢ HenuHeiHbIMH KpucTamiamu (ZnGePs,
GaSe, AgGaSez, PblnsTein u BaGa,GeSes), uanydaromne COTHH CIEKTPAIBHBIX
JIMHAHN B CHEKTPAIbHOM Juamna3one oT 1.7 mo 19.3 MxM.

A.A. IONIN, I1.O. KINYAEVSKIY, Yu.M. KLIMACHEV,
A.Yu. KOZLOV, A A. KOTKOV, A.M. SAGITOVA, D.V.

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

BROADBAND MID-INFRARED LASER SOURCES
Broadband mid-IR hybrid laser systems based on CO and CO: lasers and
nonlinear crystals (ZnGeP2, GaSe, AgGaSez, PblneTeio and BaGa.GeSes) were
developed that emitted hundreds of spectral lines in the wavelength range from 1.7 to
19.3 um.

Jlnst peuieHust psijia HayqHbIX M NPUKIIAJHBIX 3a/1a4, TAKMX KaK ra30BbId
aHanM3, Jla3epHass XUMHMs, MEJIUIMHA, OONBIIOH HMHTEpEC IMPECTaBIIsET
pa3paboTka UCTOYHUKOB JIa3epHOro nainyueHus cpennero MK-nuamnasona. B
YaCTHOCTH, UCTOYHUKAMH TAKOT'O U3JIYUYCHHS SIBISIFOTCS IIUPOKO W3BECTHBIC
CO- (A=4.8+7.7 mxm [1]) u COz-nazepsi (A=9.2+10.8 mkm™m [2]). ['eneparust
ONTHYECKHX FAPMOHHK JaHHBIX JIA3ePOB B HEIMHEHHBIX KPUCTAIUIAX MOKET
MIO3BOJIUTH OXBATHTh €I OOJbLIYIO YacTb cpenHero MK-nuanasona, a Takixe
CYILECTBEHHO 00OTAaTUTh CIICKTP UX M3ITy4YCHHUS.

B mepBoil uwacti paboThl HamMH Oblla CO3JaHa Ja3epHas CHCTEMa,
OJTHOBPEMEHHO PaboTaroIas B IByX CIEKTPAIBHBIX IHAIa30HAX: OCHOBHOM
nosoce CO-nazepa (4.9-6.0 MKkM) 1 T0JIOCE €r0 CyMMapHbBIX 4acToT (2.5—
3.0 Mmxm). Mcnosp3oBancsi MMIYJIBCHO-TIEPUOJMYECKUH MHOTOYaCTOTHBIH
CO-nazepa ¢ BY wnHakaukoif, paboTamoomiero B peXUME MOJIYJISINH
J00poTHOCTH pe3oHaTopa. I[IpeoOpa3oBaHHE YACTOTBI OCYIIECCTBIUIOCH
BHYTPUPE30HATOPHO B HOBOM HeJMHeiHoM Kpuctamie BaGa,GeSeg
(BGGSe). PaccmaTpuBanuch pa3iuvHble KOHCTPYKIIMHM PE30HATOpA Jiazepa,
Opu4éM B OJHOM M3 HUX HEJIMHEHHBIH KPUCTAJUI HUCIOJIB30BAJICS U Kak
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BBIXOJIHOE 3epKaiio. [InKoBast MOITHOCTD JIa3€pHBIX UMITYJIbCOB OCHOBHOU U
cymMMapHoil wactor gocturana 2 kBt u 10 Br coorBercTBeHHO.
Vcnonb3oBaHue BBIXOJHBIX 3€pKal C 0oJjiee BBICOKMM KOA(QUIMEHTOM
OTpa’keHUs! Il OCHOBHOM Toj0ock! u3nydenus CO-nazepa (~90% mnsg ~4.9—
5.9 MKM) mpHUBEIO K BO3pACTaHHUIO MOIIHOCTH W3JIyYCHUS TEHEpaluH
cymmapsbix gactot (I'CH), yBenuaenuro yncina muaui (10 170) u mmmpuHb
criektpa [3].

B mampmeiimedr paboTe ynmamoch emé OONbIIe pPACIIUPHUTH CIIEKTP
Ja3epHOW CHCTEMBI B KOPOTKOBOJHOBYIO O0IacTh 3a CYET TeHEpaluu
TpeTheil TapmMoHMKU — I'CYU m3iydeHuss ocHOBHOW mojockl CO-mazepa u
CyMMapHBIX YaCTOT, MOJy4eHHBIX B kpructauie BGGSe BHYTpUpe30HATOPHO.
Hns sroro wucmonb3oBaics BTopod HenuHeHHbIM kpuctamn BGGSe,
pacrionoxkeHHbld BHe pe3oHatopa CO-mazepa. CHexkTp MOJYyYEHHOTO
W3JTyYeHHMs JieXaa B JauanazoHe JUMH BoyH 1.7-1.9 MKM, ero MoOLIHOCTh
nocturana 0.5 Bt [4].

OKCIepUMEHTaIbHO HCCIIEI0BaH CIIEKTP rca U3IIy4YCHUS
HeceNleKTUBHOro (MHorouactoTHoro) CO-ma3epa, TeHepupyemoro B
kpuctaiie ZnGeP2 B ycnoBusSiX HEKPUTHYHOTO (Pa30BOT0 CHHXPOHM3MA, CO
crekTpanbHbIM paspemenreM 0.1 cv L. BblI0 06HapyKeHO, YTO KOJIHYECTBO
CHEKTPaJbHBIX JIMHUH 3TOTO CIIEKTPa MPUMEPHO Ha MOPSAO0K OOJIbIIe, YeM Y
omucaHHoro  panee. Jlng  momexkyn CO2  sKchmepUMEHTAIbHO
MIPOAEMOHCTPUPOBAHA  BO3MOXKHOCTh ~ HM3MEpPEHHS  TPOQHIS  JTHHUU
MOTJIOMICHHS C MOMOIIBIO0 rpebeHkn cymmapHbix yactot CO-nasepa [5].

Wzny4yeHne B ANMHHOBOJHOBOW oOmacté (~12-19.3 MkM) momydeHO
myTéM TEHEpallMd PA3HOCTHBIX 4YacTOT MPH CMEUNICHUH W3IYYCHUS
nMmiysbcHO-iepuoanueckux CO-  u  COz-nazepoB B HEJIMHEHWHBIX
kpucramiax AgGaSez, BGGSe mmu PblnsTeio. {1 yka3aHHBIX KPHCTAIIIOB
ObuTa HccuenoBana (P (HEKTUBHOCTH MMPEOOPA30BAHMS YaCTOTHI H3ITyUCHHS B
obmacte ~12-19.3 Mxm cpemnero UK-amana3zona, MakcuMalbHOE 3HAYCHHE
nocturano 10 o noBoro kpucramia PblngTeo [6].

Takum o6pazom, Ha 0aze CO- m COz-maszepoB ¢ HEIHHCHHBIMH
KpUCTa/ITaMH OBLTa CO3J]aHa IIMPOKOTIONIOCHAS THUOpWIHAS Jla3epHas
cHCTeMa, 3ITydarolas B Auana3one AJIuH BoJH oT 1.7 1o 19.3 MxMm.

Pa6ota mposenena npu noanepxkke PHD (rpant Ne 16-19-10619).

Cnucox Jaumepamypbsl

1. Puerta J., etal. // Applied physics. 1979. V.19 (4), P.439-440.

2. Witteman W. J. The CO laser // Springer-Verlag Berlin Heidelberg. 1987.

3. lonin A.A,, etal. // Optics Letters. 2018. V.43 (18), P.4358-4361.

4. lonin A.A,, et al. // Optics & Laser Technology. 2019. V.115, P.205-209.

5. A/A. lonin, et al. // Infrar. Phys. Technol. 2019. V.100, P.62-66.

6. lonin A.A., et al. // Optics Express. 2019. V.27 (17), P.24353-24361.
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A POKOIIOJIOCHAS TEHEPALIUA PEHTTEHOBCKOI'O
W3JIYYEHMS B PEJIATUBACTCKON HAHOILIABME
KPUIITOHA

BriepBple  3aperncTpupoBaH  IIMPOKONOJIOCHBIH  PEHTTCHOBCKHH  CIIEKTp
H3ITyYeHUs] PEATUBUCTCKON JlazepHOW HaHomnasMmbel Kr B nuamaszone 5-200 k3B.
Crtpyss HaHodacTHIl (HhOpMHpOBANach NpPH CBEPX3BYKOBOM pacmmupennd Kr us
CBEPXKPUTHYECKOTO  peakTopa. PaccMOTpeHbl  0COOEHHOCTH — 00pa3oBaHUs
HAaHOArperaToB B CBEPX3BYKOBOW Ia30BOH CTPYye NMPU CBEPXKPUTUUCCKUX HAYAIBHBIX
YCIIOBHSX.

T.A. SEMENOV?, K.A. IVANOV**, I.N. TSYMBALOV?,
R.V. VOLKOV?, ILA. ZHVANIYA!, M.S. DZHIDZHOEV?,
AV.LAZAREV!, A.B. SAVEL’EV?, V.M. GORDIENKQO?!®
!Physical and Chemical faculties of Lomonosov Moscow State University

2ILIT RAS — Branch of the FSRC «Crystallography and Photonics» RAS, Shatura

8Federal Research Centre «Crystallography and Photonics», RAS, Moscow
4P.N. Lebedev Physical Institute, RAS, Moscow

BROADBAND GENERATION OF X-RAY RADIATION
FROM RELATIVISTIC CRYPTON NANOPLASMA

For the first time the X-ray spectrum of relativistic laser nanoplasma Kr has been
studied in a wide range of 5-200 keV. The nanoparticles jet was formed during the
supersonic expansion of Kr from a supercritical reactor. The features of the formation
of nanoaggregates in a supersonic gas jet under supercritical initial conditions are
considered.

PenTreHoBckue BpeMs-pa3pelIeHHBIE METOJbl HM3Y4YEHHUs BELECTBA B
HACTOSIEE BpEMsl MPUMEHSIOTCA s JUATHOCTUKM  CTPYKTYPHOIO
COCTOSIHMSL ~ BellecTBa W MaTepuaoB. B kadecTBe  MCTOYHHKA
YJIBTPAKOPOTKUX PEHTI€HOBCKUX HUMITYJIbCOB MOTYT  CIIy>KHTb
(eMTOCeKyHIHbIE  JIa3epPHO-IUIA3MEHHBIE  PEHTICHOBCKHE  MCTOYHHUKHU
HacTosbHOTro THNHa. CyIecTBYeT INUPOKUI BIOOP MHIICHEH IS Ta3epHOTO
BO3JIEHCTBUSA — METAJNIMUECKUE IUIACTUHKU U JIEHTHI, IIOTOKU XHUIKOCTU U
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cTtpyn HaHouactull. IlocrnenHue coueraroT Takue IpPEeUMYIIECTBA, Kak
OTCYTCTBUE 3arpsi3HAIONIMX IPOJAYKTOB  aONaUuu W TEepMaHEHTHOE
0OHOBIICHHE, 00ECTIeYNBAOIIEe PA0OTY C BEICOKOM YacTOTOM MOBTOPCHUS U
BBICOKUM YPOBHEM IIOIJIOLIEHUs B aKkTUBHOU cpeze. IIpeamerom naHHOI
paboThl SIBISIETCST MCCIIEOBaHHE BO3MOXKHOCTH co3iaHus 3(dexTuBHOTO
HNCTOYHHKA WMITYJIBCOB IMHUPOKOIOIOCHOTO (5-200k3B) peHTreHoBCKOro
M3JIyYEHUsl HA OCHOBE PENATUBUCTCKON HaHOMIa3Mbl Kr, nponynupyemoin ¢
moMotbio (hemTocekyHAHON Ti:Sa mazepHO#l cHCTeMBI CyOTEepaBaTTHOTO
KJIacca MOIIHOCTH.

Hanoarperatsl popMHpOBaINCh METOAOM CBEPX3BYKOBOTO PACIIHPEHHS
ra3a BHICOKOTO JABICHUS B BAKyyM Uepe3 KOHHIECKOE COTIo (YroJ pacTBopa
100, kpurndeckoe ceueHune 0.5Mm, BeixomHOH nmametp 4.7vMm). Kr ObDT
BBIOpaH H3-32 €r0 BBICOKOTO 3apsA0BOr0 HOMepa Z C LENbI0 CO3JaHUA
BBICOKOM IUIOTHOCTH IUTa3Mbl. AHamM3 cocrosHus crpyn Kr npu
anuabatnyeckoM pacummpenun Ha (p,T)-muarpamme (puc. 1) mokasbiBaer,
YTO M3PHTPOIIBI IPU BHICOKUX HauaJdbHBIX AaBleHusX (po>10atM, To=298K)
MOCJIEZIOBATEIHFHO MIPOXOIAT ra30BYI0 (30Ha 3), KHUIKYIO (30HA 2) ¥ TBEPAYIO
(30Ha 1) dasbl, B pe3yIbTaTe 3TOr0 BO3MOXKHO 00pa3oBaHUEe CYOMUKPOHHBIX
arperaToB, TakuX Kak Kameab M KpuctauioB. OIleHKa Ha OCHOBE
KBa3MOJHOMEPHOW MOJIENIM paclIMpeHHus CTPYH peaJbHOro rasza (ras
Pennuxa-KBoHra) mokaspiBacT, YTO MUHUMAJIBHO yJaJICHHAS TOYKa Hadanaa
30HBI KOHJICHCAlUd COOTBETCTBYET CBEPXKPUTHUECKUM  HAYaIbHBIM
ycIoBusiM B peakTope (po=60atm, To=298K) u pacnonaraercst Ha pacCTOSTHHA
MeHee (0.5MM OT KPHTHYECKOTO CEUYEHHS KOHHMYECKOTro coruia. Takum
00pazoM, Ha BBIXO/Ie U3 corIa Oy IyT HaOJII0AaThCs HAHOATperaThl KpUITOHA
(KMIIKO MIIH TBEPOH (ha3bl) ¢ pa3MepaMu, CYIIECTBEHHO MTPEBbILIAIOIINMH
pasMepbl  KJIacTepoB, KOTOpble C(HOPMHPOBAINCH IO Hayajga 30HBI
KOHJIGHCAIIUH, YTO CYIIECTBEHHO I JIa3epHO-IUIa3MEHHOW TeHepanun
BBICOKOHEPTeTUIECKUX (POTOHOB.

BoszneiictBue  Ha  cTpym  HaHoarperatoB  Kr  mpoBOAMIOCH
¢demrocexynaupiMu  (50¢dc) mazepubiMu ummynabcamu (0.8mxMm, 45m/1x)
pensTuBucTckoil  mHTeHcuBHOCTH — ~3X10¥Br/cm?.  JlasepHbiii  okyc
HaXoAWJICA B 00J1aCTH MaKCUMAaJIbHOM IUNIOTHOCTH HAHOYACTHII HA TIepeaHei
TPaHUIE CTPYH, YTO NOATBEPXKIAIOCH U3MEPEHUSIMHU IPODUIIS PIIEESBCKOTO
paccesanust Ha I13C-matpune. BcenencTBue HenMHEHHBIX CBONCTB CTpyHd
HAHOYACTHUIl, JA3€pHOE U3IYYEHHUE  HUCHBITHIBAIO  PEIATUBUCTCKYIO
caMO(OKYyCHUPOBKY, 4YTO  IOATBEPXKAAIOCH  HM3MEPEHHMSMH  ITyYKOB
YCKOPEHHBIX 3JIEKTPOHOB ¢ 3Heprusimu Oosiee 500k3B Ha cumHTHILISITOpE
LANEX. Peructpanust peHTT€HOBCKOIO CIIEKTPa HAHOILIa3Mbl IPOBOAUIOCH
C TIOMOLIBIO JETEKTOPOB C TPSAMOW PpErHCTpaldeil pPEeHTIE€HOBCKOTO
M3IyYCeHUS: KpPEeMHHEBas MaTpuila ¢ oOpaTHOH 3acBeTkoi (5-25x3B) n
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MOJTYTIPOBOJHUKOBBII aeTektop Ha uune CdTe (20-200x3B), ¢ marpuiamu
u3 KpeMHHs M Teiutypuna kaamus. CHIMBKa HaHHBIX IBYX JETEKTOPOB
TI03BOJIMJIA BIIEPBBIE OCYILECTBISATH U3MEPEHUSI PEHTTEHOBCKOT'O CIIEKTpa B
nuamasone 5-200k3B.

B pesynbrate mpoBeNeHHBIX HCCIEIOBAHUN BIIEPBBIE 3apErHCTPHUPOBAH
PEHTIEHOBCKMH CIIEKTp CBEYEHHs PEJITHBUCTCKOW HaHoIuasMbl Kr B
LIIMPOKOM Juana3oHe sHepruil 5-200x3B (puc. 2), npu 3TOM H3MepeHHas
3G PEKTUBHOCT, KOHBEPCHHU JIa3€PHON 3HEPrHHM B PEHTT€HOBCKHE KBAaHTHI
cocrapmia  ~2x103, WsmepenHast ~ >QQEeKTHBHOCTE  TEHEpaluu
xapakrepuctuueckoil Ko(12.6x3B) nunmu Kr cocrasuma ~4.4x107 ¢
KOHTPacTOM OTHOCHUTENBHO TOopMo3HOro m3nydeHus 10. Takmm obGpazom,
MIPOJIEMOHCTPHUPOBAHBI BO3MOKHOCTH HCTOYHHKA KECTKOT'O PEHTT€HOBCKOTO
M3ITyYeHHs] Ha OCHOBE PEJISITUBUCTCKON HaHOIUIa3Mbl Kr ¢ uconp30BanneM
umiyinbcHo-neproanydeckoro (10 I'm) cyOrepaBaTTHOrO peMTOCEKYHIHOTO
Ti:Sa nazepa. [loyueHHbIE pe3yIbTATHI IPEICTABISIOT TAKKE HHTEPEC U IS
U3y4YEHUs MOBEJCHUS OMOOOBEKTOB MPH IKCTPEMAILHO BBICOKUX J03aX MX

00JIyUeHusI.
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Puc. 1. (p,T)-muarpamMmma cocTostHHI Puc. 2. PeHTreHOBCKUI CIEKT
bl
Kr: TC,TM, TS — nuHMM KUIICHUS, PENATHBHUCTCKOI HaHOTIIa3MbI Kr.

u1aBJieHus, cyomumarun, C —
KpI/ITI/I‘IeCKaH TOYKaA.
HccrenoBanre BHIMONHEHO TpH (UHAHCOBOH moanepxke POOU wu

Tockopnopanuu «Pocatom» B paMkax HayqHOTo mpoekTa Ne20-21-00030 B
4yacTH paboT 110 JIa3epHOI reHepali PEHTTeHOBCKOTO M3JTy4YeHHs, IPOEKTa
PODOU Nel18-29-06035 B wactm wusydeHus QopMHpoOBaHMS CTPYH
HAHOArperaToB M3 CBEPXKPHUTHYECKHX YCiIoBHHA. Pa3paboTka MeTom0B
(opMupOBaHUs CTPYH HAHOYACTHIl NPOBOJIMIACH B pamkax loczamaHus
@®HUIL[ «Kpucramnorpadus u poronuka» PAH MunucrepcrBa Hayku u
BhIcIIeTo 0Opa3zoBanus P®. PeHTreHOBCKHE CIIEKTPHI B Inuama3oHe 5-25k3B
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U3MEPEHBI ¢ TIOMOIIBI0 000pYI0BaHuUs, IPUOOPETEHHOTO U3 CPENICTB I'PaHTa
PH® 18-79-10160.
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PEHTTEHOBCKOE U3JIYYEHHE IIJIA3MbI
TBEPJOTEJIbHbIX MUIIEHEN H HAHOAT'PEI'ATOB
HoA AEMCTBUEM PEJATUBUCTCKOI'O JJABEPHOI'O
oJisA

BriepBbie mpoOBEeNEHBI CPaBHUTEIBHBIC HCCIEAOBAHUS  IIHPOKOIIOIOCHOTO
PEHTT€HOBCKOTO M3Ty4eHH HaHOIUTa3Mbl Kr ¢ H3y4eHreM Im1a3Mbl TBEpAOTEIbHBIX
mumenerd Mo, Ta B auanazone 5-200x3B, mosryuaeMoro B pesisiTUBUCTCKOM PEXUME
demrocexynanoro Ti:Sa nazepnoro Bosaeiictaus (I~3x108Bt/cm?).

T.A. SEMENOV?*?, K. A. IVANOV*#, I.N. TSYMBALOV?,
R.V. VOLKOV?, ILA. ZHVANIYA! M.S. DZHIDZHOEV?,
A.B. SAVEL’EV?, V.M. GORDIENKO*3
1 - Faculty of Physics Lomonosov Moscow State University
2 - ILIT RAS — Branch of the FSRC «Crystallography and Photonics» RAS,

Shatura
3 - Federal Research Centre «Crystallography and Photonics», RAS, Moscow
4 - P.N. Lebedev Physical Institute, RAS, Moscow

X-RAY PLASMA RADIATION OF SOLID-STATE
TARGETS AND NANOPARTICLES UNDER IRRADIATION
BY RELATIVISTIC LASER FIELD

For the first time, comparative studies of broadband X-ray radiation from a Kr
nanoplasma with the plasma radiation of solid-state Mo and Ta targets in the range of
5-200keV, obtained in the relativistic regime of femtosecond Ti:Sa laser irradiation
(1~3x10%W/cm?), have been carried out.

B HacTosiiee BpeMs HACTOJbHbIE JIa3€PHO-TIIA3MEHHbBIE PEHTTEHOBCKHE
UCTOYHUKH  BHICTYNAlOT B KAYECTBE  OMOJIKETHOH  allbTEPHATHBbI
CHHXPOTPOHHBIM KOMIIEKcaM. JIIUTENIbHOCTh PEHTIEHOBCKUX MMITYJIbCOB,
U3JIy4aeMbIX TaKUMHM HCTOYHMKAMHM, COIOCTABMMA C JUIMTEIBHOCTHIO
BO3/EHCTBYIOMIMX JlasepHbIX uMIybco ~101% ¢, Dddexrusnocts
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TeHepaluu PeHTTEHOBCKOT0 U3IIyUYeHHs BO MHOTOM ONpeAesieTCsl BBIOOpOM
JIa3epHBIX MUILIEHEH, B KaUeCTBE KOTOPBIX YAaCTO BBICTYNAOT TBEPIOTENIbHBIE
cpenbl. CTpyn CyOMHUKPOHHBIX arperaTosB, IOJy4aeMble NMPpHU KOHICHCALUH
ra3oB, pAaCIIUPSIOIUXCA CO CBEPX3BYKOBBIMH CKOPOCTSIMHM, MOTYT
HCTONB30BaThCsl B KadyeCTBE JOMOJHEHUH TBEPAOTEIBHBIM MHIICHSM,
coveTasi MPaKTUYECKHIE MPENMYIIECTBA Ta30BOH CTPYH C BBICOKUM YPOBHEM
noryommeHus B cpene. IlpenmeroM nanHOH pabOTHI ABIAETCS CPABHUTEIHEHOE
HCCIIEJOBAaHNE TCHEPAIMM PEHTTCHOBCKOTO H3JIyYCHHUS B IHMAIa3oHE ~5-
200x3B Hanomtasmel Kr ¢ u3mydeHHeM IU1a3Mbl TBEPOTENBHBIX MHUIICHEH
Mo u Ta, mpomyumpyemoro (peMTOCEKyHIHBIM JIa3CpHBIM H3Iy4YECHHEM
PENSATUBUCTCKONX HMHTCHCHBHOCTH.

Hanoarperatst Kr  ¢dopMupoBaanch METOZOM  CBEPX3BYKOBOTO
paciupeHus U3 CBepXKpuTHUeckoro coctosHus (60atM, 298K) B BakyyMm
yepe3 KOHMYecKoe coruIo (yroi pactsopa 10°, kpuruueckoe ceuenue 0.5Mm,
BBIXOAHOW nametp 4.7mMM). TBepaOTEIbHBIE MUILIEHH MPEACTABISITN cOO0H
¢omeru Mo wu Ta, tommmuoit 100MkM. Bo3xgeiicTBre Ha MUIICHH
npoBoamnock (emrocekyHaHbBIMU (At=50¢c) na3epHbBIMH HMITyJILCAMHU
(A=0.8MmxM, E=45M/1x) pensTuBucTckoit nntencusHoctH I~3x108Bt/cm?. B
clyd4ae TBEpJOTECNBHBIX MHIICHEW, Ja3epHBI My4YyoK Majal Ha
MeTaNIMYECKHE TIACTUHKN noJ yrioM 45°. B ciydae cTpyii HaHoarperatos
MOJIOKEHHE Jla3epHoro (oKyca 3aJaBajioCh 0 MaKCUMaJbHOMY BBIXOAY
PEHTTEHOBCKOTO M3IIY4EHHsI, KOTOPOe HaXOAWJIOCh HA IEepeJHEH rpaHuLe
cTpyu. Perncrpanmsi peHTT€HOBCKOTO CIIEKTpa MPOBOJHMIIOCH C HOMOIIBIO
JETEKTOPOB C TMpPSIMOW pErHcTpanueil PEeHTreHOBCKOTO H3IIydYEeHUS:
KpeMHHEBass MaTpula C  oOpatHOH  3acBeTkod  (5-25k9B) m
MOy TIPOBOTHUKOBEIN netekrop Ha ymie CdTe (20-200x3B), ¢ maTpumamu
U3 KpeMHHS H Teurypuaa kaamus. CIIMBKa JaHHBIX JIBYX JI€TEKTOPOB
MTO3BOJIMJIA OCYIIECTBISATh H3MEPEHHS PEHTTEHOBCKOTO CIIEKTPa B AMANIa30HE
5-200 x3B.

B pe3synbrare npoBeeHHONW pabOTHI BBISIBIEHO, YTO BBIXOJ] TOPMO3HOTO
PEHTTeHOBCKOTO HM3JIyYeHHUs B TBEpPAOTEIbHBIX MuiieHax (Mo, Ta) Beime,
yem B HaHotuiazme Kr nmpumepno 10-100 pa3 B nuanazone 5-200 k3B (puc. 1
u 2). biuskue mo aromHeiM Homepam Kr u Mo umenu s¢dQeKTuBHOCTH
reHepauuu xapakrepuctudeckux Ko nuuuit 4x107 (12.6 k3B) u 105 (17.3
K3B), coorBercTBeHHO. Takum 00pa3oM, BHEpPBBIE  yCTAHOBICHO
MIPEUMYIIECTBO TBEPJAOTEIbHBIX MHUIIEHEH 1Mo 3(P(EKTUBHOCTH T'eHepanuu
KaK XapaKTepUCTUYECKOT0, TaK 1 TOPMO3HOT'O PEHTI€HOBCKOIO U3JIyUeHHs B
OIMPOKOM  CHEKTPalbHOM JAHMANa30HE€ [0 CPAaBHEHUIO CO CTPYsSIMHU
HAaHOArperaToB B  pPEXHME  BO3JEUCTBUS  JIa3€PHOTO  U3IYy4EHUS
penaTUBUCTCKOM  MHTeHCUBHOCTH. Co3laHHBIE  Ja3€pHO-IIa3MEHHBIE
HCTOYHHKH MOTYT OBITh HCIOJB30BAHBI ISl IIHPOKOTO CIIEKTpa 3ajad:
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PEHTI€HOBCKOH BpeMsi-pa3peIeHHON mudpaxuny, MOJTyYeHHs
n300pakeHUH, pEeHTT€HOBCKOW CHEKTPOCKONMH MOTJIOMICHHS, BO3ACHCTBUS
Ha OMOOOBEKTH, a Takke (POTOBO3OYKICHHUS HUIKOJICKALIUX SACPHBIX
ypoBHeH, Hampumep, m3omepa Kr83 ¢ sueprueit Bo30yxmeHus 9.3 k3B,
coBmnanatontei ¢ LB nunueii Ta, 3¢h(heKTHBHOCTD reHepauyu KOTopoi Oblia
U3MepeHa HaMu SKCIEPUMEHTANILHO Ha ypoBHe 5x107,

1074

10°
108 Ka 17.3 k2B La 8 xoB
8
& 107 KB 19.6 k3B 1075 LB 9.3 B
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!_:\ a Ly 10.8 k3B
6 - E
=10 Ka 12.6 k9B g 10
=
£ Kp 14.1 0B Mo & .
e By £ 10%
& e Ta
10 =]

Kr < .
10° m}ﬂ 107 "\..1\i
107 +—— . 104

10 100 10 100
Dueprus, k3B JHeprus, k3B
Puc. 1. PeHTreHOBCKHE CHIEKTPHI Puc. 2. PeHTreHOBCKUI CIEKTP
IUTa3Mbl HaHOArperaToB Kr u MumeHun 1a3Mel MumeHn Ta
Mo

HccnenoBanue BBINOJNIHEHO Npu (uHaHCOBOW mnoanepxke POOU u
I'ockopropamuu «Pocarom» B pamkax Hay4Horo rnpoekra Ne20-21-00030 B
4yacTy paboT 110 JIa3epHOI TeHepalul PeHTIEHOBCKOTO H3IIy4YeHHs], POEKTa
POOU Nel8-29-06035 B wactm wm3ydeHHs (opMHpOBaHUS CTpPyH
HAHOArPETaTOB M3 CBEPXKPUTHYECKHX YycioBHiA. Pa3paboTka MeTom0B
(opMHpOBaHUs CTPYH HAHOYACTHIl IPOBOIMIACH B pamKax | oczamaHus
OHUL] «Kpucramiorpapus u poronnka» PAH MuHuCTEpCTBa HAyKu U
BEICIIeT0 0Opa3zoBanust PD. PeHTreHOBCKHE CIIEKTPHI B qUama3oHe 5-25k3B
N3MEPEHBI ¢ TIOMOIIBI0 000PYI0BaHMUs, IPUOOPETEHHOTO U3 CPEJICTB I'paHTa
PH® 18-79-10160.
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INPUMEHEHME ITAKETA GEANT4 /IS .
MOJAEJINPOBAHUSA SKCIIEPUMEHTOB I10 JIASEPHOU
TEHEPAIIUA HEUTPOHOB U TAMMA-U3JYUEHUSI

[TpoBeneHo YHMCIEHHOE MOASIUPOBAHNE SKCIIEPUMEHTA T10 JIa3€PHON TeHepaIin
HEHTPOHOB W raMMma m3nmydeHus Ha ycraHoBke PHELIX (dapmmranr, ['epmanms).
[Momyueno xopomiee corigacMe MeEXIy OKCICPHMEHTAIbHO W3MEPEHHBIMH H
CMOJIEIIMPOBAaHHBIMU BBIXOAaMH HM30TONOB. OmpesieneHa ONTUMU3UPOBAaHHAS CXeMa
OyIyIero 3KCIIEPHMMEHTa C IIOMOIIBIO KOTOpPOH MOXHO naoctuub 300 KpaTHOe
yBEIIMUYCHUE BBIXOJI0B U30TONOB U 140 kpaTHOE yBenn4eHHe IOTOKa HEUTPOHOB.

A. SKOBLIAKOV?Y, A. KANTSYREV?, O. N. ROSMEJ?3,
M. GYRDYMOV?, M. M. GUNTHER?, P. TAVANAS3, N.
ANDREEV*,

A. GOLUBEV?

Hnstitute for Theoretical and Experimental Physics named by A.I. Alikhanov of NRC
"Kurchatov Institute", Moscow
2GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Planckstr.1, Darmstadt,
Germany
3Goethe University, Frankfurt, Max-von-Laue-Str. 1, 60438 Frankfurt am Main,
Germany
4 Joint Institute for High Temperatures, RAS, Izhorskaya st.13, Bldg. 2, 125412
Moscow

APPLICATION OF GEANT4 TOOLKIT FOR MODELING
OF EXPERIMENTS ON LASER-DRIVEN NEUTRON AND
GAMMA GENERATION

Numerical simulation of an experiment on laser generation of neutrons and
gamma radiation at the PHELIX facility (Darmstadt, Germany) has been carried out.
Good agreement was obtained between the experimentally measured and simulated
isotope yields. An optimized scheme of the future experiment has been determined,
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which can be used to reach by 300 factor of higher photonuclear reaction yield and by
140 factor of higher neutron flux.

HeiTpoHHBIE N raMMa HCTOYHHUKH C BBICOKOH MHTEHCHUBHOCTBIO HUT'PAIOT
B2)XHYIO POJIb BO MHOTHX O0JIacTsX HCCIIEIOBaHUM, TakMX Kak (hu3mka
BBICOKOI IJIOTHOCTH HEPTHH, MaTepUAlIOBEACHHE U sJiepHast acTpo(hu3uKa
[1]. Xopomo  HampaBieHHblE,  CHIBHOTOYHBIE,  PEIATUBUCTCKUE
9NEKTPOHHBIE IIy4KH SBISAIOTCS  WACANbHBIMM  KaHIUIATaMH IS
oOpazoBanus (y, XN) peakuuil IyTeM NPOHUKHOBEHUS B MaTepHalbl C
BBICOKMM Z. DTO OCHOBHAasi KOHLETILHS MMPOTPaMMBbl sIepHOI (U3UKK Ha
mazepe B ELI-NP [2]. [Toporu Takux peaknuii texat B MaB saepreTraeckoM
IWana3oHe, TaK 9YTO M MONYyYCHHS WHTEHCHBHOTO PEHTTCHOBCKOTO
W3ITydeHHs, HEoOXoAuMO  OOJIbIIOE  KOJHMYECTBO  PEIATHBHCTCKHX
9MEeKTpOHOB. B skcmepuMenTax Ha naszepHoit ycranoske PHELIX
(T'epmanms, r. lapMImITanT) CHIIBHOTOYHBIE XOPOIIO HANPABICHHBIE ITyYKH
3JIEKTPOHOB € 3Heprueid M»sB renepupoBasiuch Npu B3aUMOACHCTBUH
MTUKOCEKYH/IHOTO J1a3epHOT0 UMITyJIbCa C INIOTHOCTBIO IIOTOKA U3ITy4deHus 1-
2x10%° Br/cm? ¢ mnasmoif, mnuHa KoTopoit ~10? MKM ¢ IUIOTHOCTBIO
JJIGKTPOHOB, ONU3KOM K KpuThueckoi. Takas mmiasma co3maBanach C
MIOMOIIBI0 MEXaHM3Ma CBEPX3BYKOBOW HOHH3aIMM, B KOTOPOM XOpPOIIO
KOHTPOJIMPYEMBII HAHOCEKYH/IHBIH JIa3€pHBII NIPEIUMITYJIBC IIOCBUIAJCS Ha
MOJIUMEPHBIE  a’pOreNid  HU3KOH IJIOTHOCTH A0 MpPHUXOoJa OCHOBHOTO
na3epHOro uMIyibsca [3]. B pesynbrare, B HanpaBiIeHHUH paclpOCTPAHEHUS
JIa3epHOTO MMITYJIbCa PETHUCTPUPOBAIHCH IMYYKH CYIIEPHOHAEPOMOTOPHBIX
AMEeKTPOHOB ¢ dS((deKkTuBHBIMH Temrepatypamu Beime 10 MdB u
MakCUMyMOM u3MepsieMoi sHepruu 10 90 M»sB. BzaumopeiictBue
JIEKTPOHOB C MaTepuajlaMi C BBICOKMM Z BbI3bIBaeT oOpazoBanme M»sB-
raMMma-u3inyudeHus 1 GoTosiepHble peakiiu. B axcrniepuMenTe ObL1 H3MepeH
BBICOKHUH BbIX0J] 130TOMOB T3, Cr u AU, a TakKe BBIXO HEUTPOHOB U3 MPOOBI
In.

DKCIIEpUMEHT MOJICIHUPOBAICS ¢ ToMompio koma Geantd, KOTOpbIit
BKJIIOYaeT B ce0s ¢Quinyeckue mpomecchl M 0a3bl  JAHHBIX O
B3aUMOJIEHCTBUSX dYacTull ¢ BemecTBoM [4, 5]. MogaenupoBanue OBLIO
BBIMOJIHEHO  JJI1  TECTUPOBAaHMS  MOJAENM  C  HCIOJIb30BaHHEM
SKCHEPUMEHTANBHBIX J@aHHBIX. B skcnepumeHTte, U IpU MOAEIHMPOBAHUU
JIEKTPOHHBIA ITy4YOK IMPOXOAUT dYepe3 AU-KOHBEPTOp TOJIIMHOW | MM,
co3iaBasi TOPMO3HOE H3IydeHHe. ['aMMa M 9JIEeKTPOHBI, BBUIETEBIINE M3
KOHBEPTOpa, B3aMMOJICHCTBOBAIN C HAOOPOM MaTepHalioB C BBICOKUM Z,
Pa3MeILEeHHbIX MO YIJIoM 5° K HaIpaBJIECHUIO pacIpOCTPAHEHHs Ja3epa Ha
paccrostHAN 18 CM OT TOYKHM B3aUMOJEWCTBHS JIa3epa C a’poresieM-TICHOH
(Pucynok 1).
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Puc. 1. Cxema Mozenu 1yist uccienoBanus (Y,XN) GOTOsAAEPHBIX peaKIyil.

Hdnst  MonmenupoBaHHs — (OTOSACPHBIX — PEakIMi  HCIIOIB30BAJICS
¢umsnueckuit maker ShieldingLEND (Low Energy Nuclear Data) [5]. OtoT
¢u3nyecknii makeT 0o0ecrednBacT BBICOKYIO TOYHOCTh JAHHBIX CEUYEHHSA
¢dorosmepHbx peakunii HIbke 20 MaB, 4To moKa3bBaeT XOpoIIee coriacue
C OKCIIEpUMEHTAJIbHBIMM JaHHbIMU. [ sHepruii Bbime 20 MbsB
UCTIONB30BAJICS OJMH W3 CTaHIAPTHBIX (PU3MYECKUX MAKETOB. XOpolee
coryacue Mexay SKCIepUMEHTANbHO U3MEPEHHBIMU M CMOAEIMPOBAHHBIMU
BBIXOJJaMH H30TOIIOB TIO3BOJIICT ONTHMH3HPOBATH SKCIEPUMEHTAIbHYIO
YCTAHOBKY JAJISI JOCTIDKEHUSI PEKOPAHBIX 3HAUCHUH HEUTPOHHBIX MOTOKOB
(Puc. 2).
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Puc. 2. OnTumMHu3HpOBaHHAS CXEMa IO U3MEPEHHIO BBIXOJ0B (POTOSICPHBIX
peaxkuuil 1 T0TOKa HEUTPOHOB

B pesynbrare, MCHonb3ys [aHHYIO ONTHUMH3UPOBAHHYIO CXEMYy IIpHU
aHAJIOTMYHBIX TapameTpax Jyda ja3epa, MokHO npoctudb 300 kpaTHOe
YBEJIMYEHUE BBIXOJOB H30TONOB U 140 KpaTHOE YBEJIMYEHHE IOTOKA
HEUTpOHOB [1].
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A. CABEJIBEBA, B.B. DUJIATOB

Mockosckuil eocyoapcmeennblil mexnudeckuil ynueepcumem um. H.D. bayuana,
Poccus

PACYET 2OPEKTA CYIIEPJIMH3UPOBAHUA
JIABEPHOI'O U3JIYUEHMUA B I'VIOBYJIAPHOM
®OTOHHOM KPUCTAJUIE HA OCHOBE
NCKYCCTBEHHOI'O OITAJIA

PaccunTan 3 dexT cyneparuH3UpOBaHUS JTa3ePHOTO U3ITYyUYCHUs Ha KPasiX CTOII-
30HBI TNOOYISIpHOrO (OTOHHOrO KpucTayuia. llpeanaraercsi HCIIOJIb30BaHHE
OMaJIoNoA00HOTO (POTOHHOTO KPUCTAIA B KauecTBE (HOTOKATAIN3AaTOPA XOJIOJHOTO
(;1a3epHOTO) CHHTE3A.

A.l. SAVELIEVA, V.V. FILATOV
Bauman Moscow State Technical University, Moscow, Russia

LASER SUPERLENSING IN THE OPAL-BASED GLOBULAR
PHOTONIC CRYSTAL

The paper deals with the laser superlensing at the photonic bandgap edges in the
opal-like globular photonic crystal. The results are important for the cold (laser)
fusion.

I'noOynsipHbIil (GOTOHHBIN KpPHCTAJUT — KOMIIO3UIIMOHHBIA Marepuai
MIEPUOINIECKON CBEXCTPYKTYpPOH, MPEACTABJIAIONINNA COO0H NPaBUIBHYIO
rpaHerieHTpupoBannyto kyouueckyto (I'HK) pemrerky, chopmupoBaHHyO
HCKYCCTBEHHBIM ITyTeM M3 TI00yI (IIapoB) OJHOTO JHaMeTpa MOCPEICTBOM
OCaKICHUS TBEPJBIX KOJUIOMIHBIX YAaCTHI[ U3 XMMHUYECKOTo pacTtBopa. Kax
TIOKa3bIBAIOT pacyeTsl [1], B 1100ysipHOM (OTOHHOM KpHCTAJIe HA OCHOBE
HCKYCCTBEHHOTO OMayia CIeAyeT OXHAaTh dPQeKra CynepIrnH3NpOBAHUSI
BHEITHETO ONTHYECKOTO M3IY4YEeHHs Ha YacTOTe, COOTBETCTBYIOIIECH
3anpemeHHod  (GoToHHOH 30He (cTOIN-30HE) KOMIO3WTa. B cBA3M ¢
W3JIOKCHHBIM ~ LIENBI0  HACTOSILEH paboThl  sBISETCA  JAbHEHInit
TeopeTHueckuii aHaim3 d3(@dexTa Kak OTKPHIBAIOUIET0 BO3MOXKHOCTh
HCTIONB30BaHUSl  TIOOYNApHOTO (OTOHHOTO KpUCTaUla B  KadecTBE
(dboTokaTamm3aTopa A 3a7a91 X0JI0JHOTO (J1a3€pHOTO) SIEPHOTO CHHTE3A.

B pabote [2] ObIIO TTOKa3aHO, YTO ONTHYECKHE CBOHCTBA OJHOMEPHOTO
(OTOHHOTO KpHCTAUIa MOTYT OBITH YCIIEIIHO OMHCAHBI C ITIOMOIIBIO
OCHWJIIATOPHON MOJENH, MO3TOMY B JAaHHOW paboTe MBI OTPaHHIUMCS
aHATM30M  CBOWCTB  KOMIIO3WTAa TONBKO B  OJHOM, Hambomee
MIPEOIOYTUTEIFHOM, KpHCTauIorpaduyeckoM HampasieHuu [111], Bmoms
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KOTOpOI'0 MPOMUCXOJIUT CUHTE3 oOpasua. B aToMm cityyae nuanexTpuueckas
(byHKIMA MaTepuana UMeeT B

2 2
Wii—w
S((l)) = 800 H] wZJ__wzl (1)
0j

TAC ®1j U o) — XapaKTCPHbIC YaCTOThI KOMIIO3UTA. HpI/I 9TOM IIOKa3aTcCJib
MPEIIOMJICHUA (l)OTOHHOFO KpucTajljia paB€H

()

BHJ,

3)

4
dw dw ( a)

v(w) =2

w_[dk(w) _1_ da
il e

OI’paHI/I‘II/IBHII/ICI) IJIA OpOCTOTHI TOJIBKO OJHHUM OCHUIIIIATOPOM ('—ITO
SIBJISIETCSL XOPOIIUM TPUOTMKEHUEM JIJIsl UHTEPECYIONIeH HAC CIIEKTPATbHOM
001acTH B HETIOCPEICTBEHHOM OJIM30CTH CTOI-30HBI), IOIYyYUM

1 3
¢ (wf-0?)?(wf-w?)? (46)
Vel (w?-wd) +wd(wf-w3)

v(w) =

Kak Bugno n3 (46), B 1100y1sipHOM (POTOHHOM KpHCTa/LIE MTPOMCXOANUT
MOJHAsl «OCTaHOBKa» CBETa Ha 4YacToTax ® = ® M ® = @g, 4TO
CBUJIETEILCTBYET O HAXOXKICHWH YCIIOBHH  TOJSIPUTOHHOI  0o3e-
KoHJeHcanuu. [Ipu 5TOM BCsl CBETOBasi SHEPTHsl COOTBETCTBYIOIIMX YacTOT,
MOCTYTIAIOIIAsT M3BHE, «3allMPaeTCs B TOHKOM (TIOpSAAKA IUTMHBI BOJIHBI)
MPUIIOBEPXHOCTHOM CJIO€ KOMIIO3UTa, TO €CTh, B IIEPBO MPHUIIOBEPXHOCTHOM
nope (MUKPOIOJIOCTH) (POTOHHOTO KPUCTAIIA.
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Takum 00pazoM, B yKa3aHHOH MHKPOIIOJIOCTH (DOpMHpPYETCsl CTosuast
CBETOBasl BOJIHA, aMIUIUTyJa KOTOPOM yBEIMYHBAETCS MPONOPIMOHATIBHO
BPEMEHH KCIIO3UIUH B COOTBETCTBHUHU C 3aKOHOM COXPAaHEHMS YHEPTUU:

1

AW cavity __ 2Pt 5
ELY = Prager = W = Pt = 25 B Sl =Pt=E = (051), (5)

rae P — MOIIHOCTh M3Iy4eHHUs] HEMPEPHIBHOTO J1a3epa, OCBEIIAIOIIETO
(hOTOHHBIH KPUCTAIUT Ha aCTOTE (O = M| WM ® = Mg, S — CEUCHHE JTa3ePHOTO
mydka, | =~ A — pasmMep MHKPOTIONOCTH, t — BpeMsI SKCITO3HIIHH.

PesymbTatel pacuera mo dopmyne (5) MOKa3bIBalOT, 4YTO, HAMpUMeEp,
UCIONb30BAHUE HENMPEPHIBHOIO J1a3epa MOIIHOCTHIO mopsaaka | Br/mm?,
JIMHUSI TEHEPAlMH KOTOPOr'0 COOTBETCTBYET KPAK CTOM-30HBI (POTOHHOTO
KpHUCTajlia, MO3BOJISACT 32 | CEK IKCIO3UIMU MOJYYHTh B LIECHTPE MEPBOU
MIPUITOBEPXHOCTHOW MUKPOTIOIOCTH TOJIC

1

E~ (L_G)E ~ 10'1(B/m), Q)

10711.10-610

YTO Ha 8 MOPSKOB MPEBBINIAET UCXOAHOE TOJIE Ta3ePHOT0 UCTOYHHKA.

Takum 006pa3om, B rI00yIIpHOM (HOTOHHOM KPUCTAJLIE CIIEAYET OKHIATh
CYLIECTBEHHOTO 3 (eKTa CynepIMH3UPOBaHUs JIa3ePHOro U3JIydeHus (Ipu
YCIIOBUU TOAJIEPKaHUS PE30HAHCHOW JOOPOTHOCTH IMyTEM HaJIEXkKAIEro
KpUOCTaTUPOBAHMS), UYTO OTKPHIBAET BO3MOXXHOCTH  HCIOJB30BaHUS
ONAJIONOJOOHBIX KOMIIO3UTOB JIJIS 33141 XOJIOAHOTO JIA3EPHOTO CUHTE3a TI0
texHonoruu [3]. Tak, mon6op pazMepa riodya GOTOHHOTO KpHUCTAIIA TAKHM
00pa3oM, YTOOBI CYNEPIMH3MPOBAHHE IIPOUCXOIWIO Ha COOCTBEHHOMN
gacTtoTe KonebaHus MoJeKynsl D20, mO3BOUT HCIONB30BaTh 3(dekt mist
OTILEIUVIEHUsST MOHA JeUTepHss OT MOJIEKYJbl, TEM CaMbIM KaTaJIU3HpPOBaB
CHHTE3.

Cnucox Jaumepamypbul

1. C.B. Inukypenko, B.B. ®uiatos. Jlokanusaiys 1 yCUIEHHE JIEKTPOMArHUTHOTO TOJIs
B MHKPOIIOJIOCTSX TI0OYIsIpHOTO (DOTOHHOTO KpHcTaiuia // SlnepHast ¢pu3vka W MHKXUHUPHHT.
2018. T.9, Ne6. C. 582-584.

2. S.V.Pichkurenko. Dispersion of Light in the 1D Photonic Crystal// IOP Conf. Ser.: Mater.
Sci. Eng. 2020. Vol. 859. Art.012003.

3. MarenT Ha nmone3nyio Mozaenb NeRU 195095 U1 «IlpoTtounas staeiika st IPOBEIECHUS
XMMHYECKUX peakuuii», 18.10.2019.

N.B. ®UPCOB, /I.A. KOYVYEB, A .H. 30JI0OTOB, A.®. I'AJIKIH,
A.C. YEPHIKOB

Braoumupcxuii I'ocyoapcmeennuiii ynusepcumem umenu A1 u H.I". Cmonemoguix,
Bnaoumup, Poccus
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HNCCIEJOBAHMUE JIEKTPUYECKUX XAPAKTEPUCTHUK
JA3EPHOI'O 9PO3MOHHOI'O ®AKEJA ITPH JIASEPHOI
ABJISIIINHA

UccnenoBan xapakTep OTKJIOHEHHS JIa3epHOTO 3PO3HOHHOrO (hakena W
abIMpPOBAaHHBIX YacTHI[ 00Jy9aeMOH MHUIICHH B JIMYHUH 3JIEKTPOCTATHIECKOM II0JIE C
HanpsokeHHOCTBI0  1.5%10% B/m. IlonydeHsl Mukpo(oTOrpaguu  IpOAOIEHOTO
npoGuiIs  J1a3epHOTO SPO3HOHHOTO (akena B 3aBUCUMOCTH OT  IOJOXKECHHS
OTKJIOHSIOIIMX BBICOKOBOJIBTHBIX 3JIEKTPOAOB. Ilody4eHbl JaHHBIC O BIMSHUU
TIOJIOKEHUS 3JIEKTPOJIOB Ha OTKJIIOHEHHE TPACKTOPUii pasiieTa abIMpOBaHHBIX YaCTHUIL
o0ilyqaeMoro Marepuala B COOTBETCTBHHM INPOQWII0  CHIOBBIX  JIMHHUH
3NIEKTPOCTATHYECKOTO TOJIA.

I.V. FIRSOV, D.A. A. N. KOCHUEV ZOLOTOV, A.F. GALKIN,

A.S. CHERNIKOV.
Vladimir State University, Vladimir, Russia

RESEARCH OF ELECTRICAL CHARACTERISTICS OF
LASER EROSION TORCH IN LASER ABLATION

The character of the deflection of the laser erosion plume and ablated particles of
the irradiated target as a result of laser ablation in the presence of an electrostatic field
with a strength of 1.5%106 VV/m is investigated. Micrographs of the longitudinal profile
of the laser erosion plume were obtained depending on the position of the tilting high-
voltage electrodes. Data are obtained on the influence of the position of the electrodes
on the deviation of the scattering trajectories of ablated particles of the irradiated
material in accordance with the profile of the lines of force of the electrostatic field.

HccnenoBaHue B3auMOJAEHCTBUS JIa3€pPHOTO 3PO3MOHHOrO (hakena c
UIEKTPUUECKUM  II0JIeM  SABISIETCST  aKTyalbHOW  3ajmadeil.  /laHHbIe
UCCIIEJOBAHMS OTKPBIBAIOT pEIICHHE NpPOOJIEMBl OYHCTKH 00JacTh
pacipocTpaHEeHUsl JIa3epHOTO  M3IYYEHHs OT B3BEUICHHBIX YaCTHIL
(oOpasyromuxcss Tpu J1azepHOl 00paboTKe, CBapke, CKpallOMpPOBAHUM)
o0OpabaTbsiBaeMOro Marepuaia, KOTOpBIE NMPEISATCTBYET PacHpOCTPaHEHHIO
nma3epHoro ay4a [ 1, 2]. BenenctBue sToro gocturaercst 6onee 3gpdexruBHOES
BO3ZICHCTBUE Ja3epHOTO H3IYyYEHHUs Ha TOBEPXHOCTh 0OpabaThIBaeMOro
Matepuaina. IloBemmenne 3¢GeKTHBHOCTH JOCTHTaeTCsA 3a CYET CHIDKEHUS
9KPAHHUPOBAaHHUA  JIA3€PHOTO  M3IYYCHHWS  IMOBEPXHOCTBIO  JIa3epHO-
HMHIYIMPOBAHHOTO TUIa3MeHHOTO (hakena [3].

Llenpto  MaHHOTO  HWCCIENOBaHMSA  ABISETCA  OICHKA  BIIMSHHA
5J1EKTPOCTATHYECKOTO MOJIsi C HampskeHHocThio 15° B/M Ha xapaktep
OTKJIOHEHUsI ~ JIa3€PHOTO  3PO3MOHHOrOo  (akema W KOHLEHTPALHIO
abIMPOBAHHBIX YaCTHUIl B O0JACTH PAaCHpPOCTPAHEHUS JIA3epPHOTO Jyda MpH
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Pa3IMYHBIX MapaMeTpax aONSIMOHHOTO BO3NCHCTBHS B aTMOC(epHBIX
YCIIOBUSIX.

)

Pucynok 1 — Cxema npOBgieHnﬂ JKCIIEpUMEHTa: 1) Ja3epHoe u3ryueHue 2)
HCTOYHHK BBICOKOTO HampspkeHus nopsiaka 3-30 kB, 3) oTKIOHSAIOMHE 37TeKTPOIBL,
4) CCD-kamepa, 5) nepcoHaNbHBII KOMIIBIOTED, 6) 00TydaeMasi MUILICHb, 7)
CKaHMPYIOLIMiA IepKaTellb 3IeKTPOJOB

B mporiecce sa3epHoit abIAIMOHHON 00paOOTKU MOBEPXHOCTH 00pasia
Al,O3 ocCyIlecTBICHO CKaHHPOBAHHE Ja3ePHOTO 3JPO3MOHHOTO (hakerna
BBICOKOBOJIBTHBIMU AJIEKTPOJAAMU BIOJb OCH €ro paclpoCTpaHEeHHs,
OTHOBPEMEHHO PETUCTPUPOBAIOCH OTKIOHEHHE MPOGMIS JTa3epHOro
9PO3MOHHOTrO (akena B MPOAOJIbHOM cedeHnH. CKaHMpOBaHHE MPOQHIIS
(haxemna OCYIIECTBISIIOCH C TOMOIIBIO IPEIIU3UOHHOTO TPEX -KOOPANHATHOTO
croma. Permcrpamms mpodwmiss  Ja3epHOrO  SPO3MOHHOTO  (pakena
ocymectBistiack ¢ nomompio  CCD-kamepsl. VCTOYHHWK — BBICOKOTO
HATIPSDKCHUSL CO3/IaBal CTAaOWIBHBIA MOTEHIHMAl Ha OOOMX 3JIEKTpPoJax
mopsiaka 30 kB [4]. Dnexrpudueckuii mpo0Ooit MeKIy KOHTAKTOM UCTOYHHUKA
HaTpsDKCHUS W MHIICHBIO HAOIOAANCs TPH JUTHTSIBHOW SKCIO3HWIHUU B
pe3ynpTaTe 3HAYUTEIBHOTO OCAXKICHUS aONUPOBAHHBIX YAaCcTHI[ Ha
MTOBEPXHOCTH D3JIEKTPOJIOB, KakK CIEJCTBHE YMEHBIICHHUS pPa3psIHOTO
MIPOMEXYTKA.

Cnucox numepamypbl

1. Byeon J. H. et al. Collection of submicron particles by an electrostatic precipitator using
a dielectric barrier discharge //Journal of aerosol science. — 2006. — V. 37. — Ne. 11. — P. 1618-
1628.

2. Grigoriu C. et al. Capture of particles from an iron and steel smelter with a pulse-energized
electrostatic precipitator /Aerosol and Air Quality Research. —2012. — V. 12. — No. 5. — P. 673-
682.

3. K.V. Kozadaev// "Quantum Electronics" 2014, Vol. 44, No. 4, P. 325-329.
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142



A.A. ®POJIOB

Dusuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mocksa, Poccus

TEPATEPLIOBOE U3JIYUYEHUE ITPU B3AUMOJIENCTBUU
S-ITOJISIPU30OBAHHOI'O JIABEPHOI'O UMITYJIBCA C
PA3PEKEHHOM IJIASMOM

[Toctpoena Teopus reHepanuu teparepuosoro (TI'm) usnyyenus npu mageHuu S-
MOJIIPU30BAHHOTO JIA3EPHOI0 UMITYJIbCa Ha MOIYOrPaHHMUYCHHYIO IU1a3My, INIOTHOCTh
KOTOPOH 3HA4YUTEIbHO MEHBILE KPUTUYECKOro 3HaueHMs. MccnenoBaHbl yriOBEIE,
CHEKTpallbHbIC U 3HEpreTuuecKue Xapakrepuctuky T1' uMiyabca B 3aBUCUMOCTH OT
yria NajeHus U AJIUTENbHOCTH JlazepHoro n3nydenus. [lokasano, uro sneprus TI'n
CHTHA/a MaKCHMaJlbHA TIPH MaJICHUH JTa3epPHOTO UMITYJIbCa IO CKOJIB3SIIIM YIIIOM,
KOT/1a UMeeT MecTO (P (EKT MOTHOTO OTPAKEHHS JIA3EPHOTO M3IYICHUS OT TPaHHULBI
IJ1a3MBL

A.A. FROLOV
P.N. Lebedev Physical Institute RAS, Moscow, Russia

TERAHERTZ RADIATION AT THE INTERACTION OF S-
POLARIZED LASER PULSE WITH RAREFIED PLASMA

The terahertz wave packet emission theory is constructed when an s-polarized
laser pulse is incident on a semi-infinite plasma whose density is much lower than the
critical value. The angular, spectral and energy characteristics of a terahertz pulse are
studied as the function of the plasma density, the angle of incidence and the duration
of laser radiation. It is shown that the energy of the terahertz signal has the maximum
value at the fall of the laser pulse at grazing angles, when the effect of total reflection
of the laser radiation from the plasma boundary takes place.

PaccmoTpeHa 3amauya O HaKJIOHHOM TMAJCHHWH S-TIOJISIPU30BAHHOTO
JIa3epHOTO0 MMITyJIbCa Ha TPAHUIYYy PAa3pPEKCHHON IUIa3Mbl, 3aHUMAIONIeH
nosynpoctpancTBo [1]. IlokazaHo, 4TO Jaxke HpU IUIOTHOCTSX IUIA3MBbl
3HAQUUTEIBHO MEHbBIIE KPUTHYECKOTO 3HAYCHUS BO3MOXHO IIOJTHOE
OTpaXXCHHE JIA3EPHOTO M3IIyIEHU IIPH CKOJIB3SIIEM NaJeHUH. Y CTAHOBJICHO,
YTO MpPH MAACHUU TOJ YIJIOM TOJHOTO OTPaXXECHHS JIIEKTPHUYECKOE I0JIe
JIa3epHOTO M3IIyUYCHHUS B IIa3Me MMEEeT MaKCUMAaIbHOE 3HAUCHHUE, a IIEPEHOC
SHEPTHH B ATOM CiIydae NMPOMCXOMUT TOJBKO BAOJH rpaHuisl. Ha ocHoBe
ypaBHeHHH MakcBeiula, yCpeIHEHHBIX 0 BRICOKOYACTOTHBIM KOJEOaHMM,
U ypaBHEHHWA JBIKECHHS JUIA DJEKTPOHOB IUIa3MBI C  YYETOM
MOHJIEPOMOTOPHOTO0 BO3JEHCTBHSA JA3€pHOIO H3IYYEHHUS PACCMOTPEHO
B030y>kneHne Teparepuosbix (TI'I) nomnei B miasme u B Bakyyme. M3ydeHst
¢msnyeckne xapakrepucTuku TI'Il U3ydeHus: B BaKyyMe M NMOKa3aHo, 4YTO
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OHO PacHpOCTpaHAETCs B HAIIPABICHUH JIA3€PHOTO UMITYJIbCa, OTPAKEHHOTO
oT rpanutisl wiasMel. Mccnenosan cnextp TT'I u3nydeHus U MokazaHo, 4TO
OH CYIIECTBEHHO 3aBHCHT OT yTJa MaJleHusl, INIOTHOCTHU JIEKTPOHOB MJIa3Mbl
U JUINTEIBHOCTH JIa3epHOTO Hu3lydeHus. Ilpum Manblx yriax mnajaeHus B
CHEKTpPE M3JIyYeHUS IPHUCYTCTBYET CIEKTpalbHas JHMHUS  BOIW3U
ITa3MEHHOMN YacTOThI, €CIIU AJTUTEIbHOCTD JIA3EPHOT0 UMITYJIbCa T CPaBHUMA
¢ oOpaTHO#i MmIa3MeHHo# yactoTtod. [Ipy yBenuueHun yria najeHus JIUHHS
Ha IUIa3MEHHOM YacToTe IIOCTENEHHO HCYe3aeT U KOrjJa T 3aMeTHO
MIPEBBIMIACT TEPUO IIA3MEHHBIX KOoJeOaHWi, TO MOSBIAETCA NIMPOKUH
MaKCHMyM Ha YacTOTE COMOCTaBHMOM ¢ 1/T - 0OpaTHOH IIMTENEHOCTHIO
JIa36pHOTO MMITYJIbCA. YCTAHOBJIEHO, YTO BBICOTA 3TOTO CIIEKTPAILHOTO
MakCHMyMa MMEET HanOOJBIIYI0 BENIWYMHY, KOTJa HMEET MeCTO 3((peKT
TIOJTHOTO OTPAXXEHUS JIa3epHOTO M3TydeHHs. IHTerpupoBaHUeM IO CIIEKTPy
BBIYHCIICHA TOJHas Heprus TI1I M3MydeHus ¥ MOoKa3aHo, YTO OHA HMEET
MaKCHMaJIbHOE 3HaUCHNE NPH MaICHAN Ja3epHOTO UMITYJIbCa Ha IUIa3My 110
YTIIOM TOJHOTO OoTpaskeHus (puc.1).

0.012 4

0.008

0.004

Energy density (a.u.)

0.000
70

o

Puc. 1. 3aBucumocts sHeprun T H3NMydYeHUs OT yTiia MageHus Ja3epHOTO
numiyibca o.. KpusbiM 1 - 4 COOTBETCTBYIOT HOPMUPOBAHHBIE Ha KPUTHYECKOE
3HaueHue IoTHocTH d1ekTponos 0.005, 0.01, 0.02, 0.04.

OOcy)XOaroTcss yCIOBHSA TNPHUMEHUMOCTH NPEACTABICHHOW TEOPUH H
MPUBOJIATCS OLICHKH JJIs1 XapakTepUcTUK 111 M3yyeHus] IPUMEHUTENBHO K
YCIIOBUSAM COBPEMEHHBIX JIa3epHO-TIJIa3MEHHBIX SKCIIEPUMEHTOB.
Ilony4yeHHbIE OLIEHKM CBMJETENBCTBYIOT O BO3MOXXHOCTH IIOJyYEHUS
BBICOKOMHTEHCUBHBIX TI'l HMMIyJbCOB 1OJ ACHCTBHEM JIA3€pHOTO
M3ITYYEeHUS MPH CKOJB3SIINX YIVIaX MaJeHHs, KOrJa uMeeT MecTo 3ddekT

MOJHOTO OTPaKEHUSI.
Crucox iumepamypol
1. Frolov A. A, Plasma Phys. Control. Fusion, 2020, V. 62, P. 0950020.
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JL®. XAEPTIIMHOBA, A.A. HACTVYJIIBUYYC, 2.P. TOJIOPZIABA,
C.1. KY/JIPALLIOB, A.A. MIOHMH

Quzuyeckuti uncmumym umenu I1.H Jlebedesa Poccuiickoti akademuu nayk OHAH,
Mocksa, Poccus, Hayuonanbhbwiil ucciedo8amenbCekuil yeHmp 3Mu0emMuonocuu u
Mmurpobuonoeuu umenu H.@. I'amaneu, Mocksa, Poccua

ATIIJIMKAIIMOHHBIN JIASEPHO-TEHEPUPOBAHHBIN
HEPEHOC JJ1 AHTUBAKTEPUAJIBHOI'O
INPUMEHEHUA

PaccMOTpeH MeToJ| amIUIMKAaIMOHHOTO J1a3epPHO-TEHEPUPOBAHHOIO IIEPEHOCA
HAHOYACTHI] JUI1  AHTHOAKTEpHAIGHOTO INPHUMEHEHWs. beum  TpoBeneHBI
HCCIIEIOBAaHMs BIIMSHUS TONIIMHBEI IUICHOK ¥ IapaMeTpOB H3ITydeHHs Jia3epa, Ha
OCHOBAaHHUH 4eTr0 ObUI BBIBIICH Hanbosee 3P PEeKTUBHBII PEKIM.

L.F. KHAERTDINOVA, A.A. NASTULYAVICHUS,
E. R. TOLORDAVA, S.I. KUDRYASHOQOV, A A. IONIN
P. N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia, N.F. Gamaleya Federal Research Centre of Epidemiology and
Microbiology, Moscow, Russia

LASER-INDUCED FORWARD TRANSFER (LIFT) FOR
ANTIBACTERIAL APPLICATION

A method of laser-induced forward transfer of nanoparticles for antibacterial use
is considered. Variable laser beam energy and thickness of metal coat study was
carried out and the optimal regime is revealed.

OpHOW W3 BaXKHEWIIMX NPOOIEM MEAWIUHBI MOXHO Ha3BaTh BCE
YBEJNIMYHUBAIONIYIOCS YCTOHYMBOCTh OaKTepUil K MIMPOKO HCIOIH3YEMBIM
AHTHOMOTHKAM. JTO  OOBACHAETCS HE TONBKO  (opMupyromeincs
YCTOMUYMBOCTBIO K KOHKPETHBIM BHJAaM JIEKapCTB, HO M CIHOCOOHOCTBIO
Oakrepuii QpopmupoBaTh OuoruieHKH. CTpyKTypa OHOIUIEHOK IO3BOJISIET
OakTepusiM BbDKHBATh B IPUCYTCTBUM aHTUOMOTHUKOB B KosiMuecTBax B 500-
1000 pa3 607bIINX, HEXKENU B TUTAHKTOHHOM COCTOSIHUU.

B HaCTOHIJ_II/II\;I MOMCHT U3YYarOTCA HECKOJIbKO aJIbTCPHATUBHBIX METO/I0B
00oprOBI ¢ Omormnenkamu. [Ipennaraemelii MeTOA — AaNIUIMKAIIMOHHBIN
naszepHo-TeHepupoBaHHbii epeHoc (LIFT) — mpenmonaraeT mHaKTHBAIHIO
OakTepuil ¢ MOMOIIBI0 HaHOYACTHUI] cepedpa u Menu. OOmydeHne na3zepom
TOHKOH IUIACTHKOBOM MOJJOXKH C HAHECCHHBIM  IOTJIOIIAOIINM
METAJUIMIECKHM CIIOEM BBI3BIBACT T'CHEPALMI0 HAHOYACTHI[ 33 CUYET
B3aMMOJICHCTBHS W3JIYYCHUS C BemecTBOM. [loydeHHbIE HAHOYACTHUIIBI
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MOMANAl0T HEMOCPEJCTBEHHO HA CTEKISTHHYIO TMOJJIOKKY C BBIpAIeHHON
ouomneHko. Takoi crocod mpocT u 3G GEKTHBEH.

Ienpio paboOTBI SABISETCS H3YYEHHE MPEIOKEHHOIO METoJa U
BBISIBJICHHE 3aBUCHMOCTH OaKTEPUIMIHOTO JEWCTBHS OT  TOJIIUHBI
METaJUTHYECKON IJICHKH, a TaKkKe OT IapaMeTPOB JIA3ePHOTO H3TyUYCHHUS.
Takxke OblTa mpojenaHa paboTa MO aHATH3Y MONYyYaeMbIX HAHOYACTHIL
Merogamu COM, THHAMHUYECKOTO PACCESIHUSI U CIIEKTPO(HOTOMETPHH.

Becosoll % Arommmit®e
89.38 98.33
1068 167

100.00

Beconoll % Arommuit%e
86.78 96.18
13.22 s
100.00

Puc 1. COM Buzyanu3anust HOKPHITHS U3 HEPEHECEHHBIX HAHOYACTHIL C
MTOJTMMEPHOM TOJTIOKKH HA KPEMHUH (a)- 30J10T0, (0)-Menb, (B)-cepeOdpo; BCTaBKU:
pesyabtatel DJIPC, pacnipenenenue Au, Cu, Ag B BeIICICHHON 001aCcTH

B nanHO# paboTe MCMOJIb30BAJICA HAHOCCKYHIIHBIN BOJOKOHHBIH Jiazep
HTF MARK (bynar) Ha nonax Yb3+ ¢ IJIMTENbHOCTBIO MMIIyJIbCa Ha
monyBeicoTe 120 HC, MakCHUMaJbHOI 3Heprued B ummyibce 1MJDK u
YaCTOTOW MOBTOPEeHUS UMITYJbCOB 0 80 kI, [lyist ucciemoBaHus BIUSHUS
HAHOYACTHUI] Ha OaKTepHH HCIOJIB30BAUCH MHUKPOOUOJIOTHYCCKHE U
COBPEMCHHBIC MUKPOCKOIIMYECKHE METOJIBI UCCIICAOBaHMs OaKTepHATbHBIX
OMOIUICHOK.

Cnucox numepamypbl

1. A. Nastulyavichus et all, Nanomaterials, 2020, 10(11), 2259
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A.A. IIIEPHUE30B, 11111 [TAM3MEB, X.®. 3SUKPUJIJIAEB,
A.I'. KAXXOPOB, II1.A. BETUMKYVIJIOB, A.I'. AJIUBOEB,
&, KAMOJIMAAVMHOB, ®©.A. ITEPMATOBA

Hucmumym uonHO-nAG3MEHHBIX U 1A3EPHBIX MeXHOI02ull, V. J[ypmoH tyau 33,
100125, Tawrenm, Y3bexucman

YOPEKTUBHBIA COJTHEYHBIN JIAZEP HA Ce:Nd:YAG C
BOKOBO HAKAYKOM B MHOT'OITIPOXOJJHOM CXEME

Annorauus. beua  paspaboTaHa — CHUMYJAIMOHHAas  MOJAENb  HETABHO
peanmzoBanHoro conHeynoro naszepa Ce:Nd:YAG ¢ OOkoBOH Hakadkoil c¢
HCTIONB30BAHUEM TpaccUpoBKU (GoToHOB MeTogoM Monre-Kapno. Ha ocHose
CHMYJSIIHOHHOW MOZAENH OBbUIBI HM3Yy4YCHBl BO3MOXKHBIE METOIBI ITOBBIIICHHS
3G GEKTUBHOCTH TNPeoOpa3oBaHKs MOIIHOCTH B MOIHOCTH COJHEYHOrO Jiasepa
Ce:Nd:YAG. IIpoaemoncTpupoBaHa 3(PPEKTUBHOCTH MHOTOMPOXOTHON CXEMbI
Hakauku s conHeuHbIX JazepoB Ce:Nd:YAG. Kpome Toro, ObL1 HccieqoBaH
noteniman crepxxus Cr:LiCAF B kadecTBe npeoOpa3zoBaTes [[BeTa ISl COTHEUHBIX
nazepoB Ce:Nd:YAG. IToka3zano, comHeunslii nazep Ce:Nd:YAG Moxer gocTurars
5,3% »ddexTuBHOCTH MpeoOpa3oBaHU MOIIHOCTH, IIPU 3TOM YIydiIas HEeJaBHO
MOTy4eHHYI0 3G )eKTHBHOCTE 2,6%.

A.A. SHERNIYOZOV, SH.D. PAYZIYEV, KH.F.
ZIKRILLAYEV, A.G. QAHHOROV, SH.A. BEGIMKULOV,
A.G.ALIBOYEV, F.M. KAMOLIDDINOQV, F. A. SHERMATOVA

Institute of lon-plasma and laser technologies, Durmon yuli Street 33, 100125,
Tashkent, Uzbekistan

SIDE-PUMPED EFFICIENT CE:Nd:YAG SOLAR LASER IN
MULTI-PASS SCHEME

Abstract. A simulation model for a recently realized side-pumped Ce:Nd:YAG
solar laser is developed using Monte-Carlo photon tracing method. Based on the
simulation model, we studied possible techniques for increasing power-to-power
conversion efficiency of Ce:Nd:YAG solar laser. Effectiveness of multi-pass pumping
scheme for Ce:Nd:YAG solar lasers is demonstrated. In addition, we studied the
potential of Cr:LiCAF rod as a color converter for Ce:Nd:YAG solar lasers. It is
shown that Ce:Nd:YAG solar laser can achieve 5.3 % power-to-power conversion
efficiency improving recently obtained 2.6% efficiency.

The main obstacle on the path forward in the field of solar lasers is low
power-to-power conversion efficiency. Recent advances in solar lasers [1,
2] showed that doubly doped laser mediums such as Cr:Nd:YAG or
Ce:Nd:YAG can significantly improve power-to-power conversion
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efficiency. Therefore, here we studied Ce:Nd:YAG solar lasers with the aim
of further increase in conversion efficiency by applying two methods: multi-
pass pumping scheme and using a color converter. For adequate assessment
of multi-pass pumping scheme efficiency, we initially modeled a simple
pumping scheme used in the latest experimental study [2] on Ce:Nd:YAG,
where secondary concentrator consists of the fused silica semispherical lens
and 2D trapezoidal-shaped cavity. After validating the simulation model, we
studied possible techniques for increasing power-to-power conversion
efficiency of Ce:Nd:YAG solar lasers. Using parameters given in the study,
we modeled Ce:Nd:YAG solar laser on multi-pass scheme. (Fig. 1). The
retro-reflector is used to redirect photons toward the lasing medium. In the
Fig. la trajectories of four sampled solar photons are presented. The multi-
pass pumping cavity significantly increases

a) prlicrto ) c) Cr:LiCAF —_

Retro-eflector

Fig. 1. General view of secondary concentrator
absorption probability of photons. Then we introduced a Cr:LiCAF rod in
close proximity to the laser medium, as in Fig. 1c. Size of the converter was
the same as the lasing medium: 5 mm diameter

Homogenizator
A

&

Solar rays
Ry

Laser rod

=
T

35 X:600

and 40 mm length. Under the similar conditions

30

used in [2], using a simulation model, an
absorption efficiency of 16.5% was determined
achieving 32 W laser output doubling the
experimentally obtained result with double pass
pumping cavity. Graphic shows that applying
multi-pass pumping scheme can increase the
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power-to-power conversion efficiency from
experimentally obtained 2.3% [2] to 4.4%. In " ™ pifbing sdfarpowertw
addition, the use of Cr:LiCAF rod as color converter can further increase the
efficiency up to 5.3%.

o

500

References
1. Payziyev, Sh, Kh Makhmudov, and Yasser A. Abdel-Hadi. "Simulation of a new solar
Ce: Nd: YAG laser system." Optik 156 (2018): 891-895.
2. Vistas, Claudia R., Dawei Liang, Joana Almeida, Bruno D. Tibtrcio, Dério Garcia,
Miguel Catela, Hugo Costa, and Emmanuel Guillot. "Ce: Nd: YAG side-pumped solar
laser." Journal of Photonics for Energy 11, no. 1 (2021): 018001

148

600



B.A. IKYPATOBA, I'.K. KOCTIOK, A.A. I[IETPOB,

A.A. CAMOXBAJIOB
Yuusepcumem UTMO, Cankm-Ilemepbype, Poccus

®A30BBIE MACKH M3 IBYJYYENPEJOMJIAIOIINUX
KPUCTAVIMYECKUX IIVIACTHUH JJIs1 OYEPTAHUA
JIABEPHBIX ITYYKOB B IIVIOCKOCTHU N30BPAKEHU A

B Hacrosimieii paboTe NPHBENEHO TEOPETHYECKOE U OHKCHEPUMEHTAIBHOE
000CHOBaHHME MeTO/Ia NPe0OPa30BaHMs PACIIPEIeICHUs] HHTEHCUBHOCTH ['ayccoBBIX
JMHEIHO TNOJAPU30BAHHBIX ITyYKOB K OYEPTaHUSAM Da3IMYHON KOHQUrypauuu B
IUTOCKOCTH n300pakenust. [IperoxeHHbIi MeTo ] OCHOBaH Ha IPUMEHEHHH (ha30BBIX
MAacoK, U3TOTOBJICHHBIX Ha IUTACTHHAX U3 JBYJIyYEIPEIOMIISIONIEr0 KpUCTAIIA.

V.A. SHKURATOVA, G.K. KOSTUYK, A.A. PETROV,

A.A. SAMOKHVALQOV
ITMO University, Saint-Petersburg, Russia

PHASE MASKS FROM BIREFRINGENT CRYSTAL PLATES
FOR LASER BEAM SHAPING IN THE IMAGE PLANE

In this work, a theoretical and experimental background of a method for shaping
intensity distribution of Gaussian linearly polarized beams to various configurations
in the image plane is presented. The proposed method is based on using phase masks
made on plates from a birefringent crystal.

Ha cerogusuiauii 1eHb METOMBI OUEPTAHUS Ja3epPHBIX MYyYKOB MPHHATO
pasnensaTh Ha JBE OCHOBHBIC TPYMIbL: (GopmupoBaHue ouepranuii B (i)
dokanmprol Trockoctd [1] wmm (i) mmockoct  m3oOpaxkenust [2],
COBEIIEHHBIX C IUIOCKOCTBIO JIa3epHOil 00paboTku. B mocnenHue roasr Bce
Oonbllice BHUMAHHE YyJAENSAETCS WCCIEIOBaHMSAM, HAIpaBICHHBIM Ha
MIPUMEHEHNE METOOB BTOPOH TpymIbsl. MeTo bl 00eux rpymi B OCHOBHOM
peanmu3yroTcsi ¢ NpUMEHEHHNEM MPOCTPAHCTBEHHBIX MOJYJIATOPOB CBETA, BO
n30exaHue ONTHIECKOT0 IPOOO0st KOTOPBIX HAKIIAABIBAIOTCS OTPAHUUCHHMS Ha
3HAUEHMSAX YHEPTHH U JUTUTEIBHOCTH UMITYJIbCOB JIA3€PHOTO M3ITyUYEHHUs.

Msbl npemiaraem 0ojiee NMPOCTOH B pealn3aliid METOJl O4YepTaHHS
JIa3epHBIX ITyYKOB, KOTOPBIM OTHOCHUTCA K METOJaM BTOPOW TPYMNNBI U
6asupyercst Ha TpUMeHeHHH (a30BBIX Macok (PM), M3rOoTOBIEHHBIX Ha
JBYJIy4EIIPEOMIISIIONINX IIJACTUHAX C IJVIABHOM KPUCTAJUIMYECKOH OCBIO,
nmapajuienbHoi nmoBepxHocTH miacTuH (Y-cpe3). ®M momKHBI cOnepKaTh
BBITPaBJICHHbIE O0NacTH, COOTBETCTBYIOIIHME IO (OpMe KenacMoMy
OYEPTaHUIO JIa3epHOro Ny4ka. [ myOuHa tpaBnenus h aTux obnacteil 1OJHKHA
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oOecrieunBath (a3oBBI CIABUI T B MPOXOJSIIEM 4Yepe3 HHUX JIMHEHHO
MOJISIPU30BAaHHOM H3JIy4E€HUH M NMOBOPOT BEKTOpa JIMHEHHOM monspusanuu
Ha 90°. IIpu ycranoske ®M wmexay nuHelHbIM mnosspuzatopoM (II) c
a3UMYTOM NPOIYCKAHUS, OPUEHTHPOBAHHBIM O] YTJI0M 45° K HaIIpaBJICHUIO
[JIABHOW KPHUCTAIIMYECKOH OCH JABYJIydYEHNpeIOMISIIONEeH IIacTUHBI, U
aHaimzatopoM (A), a3UMyT TIPOMYCKAaHHS KOTOPOTO MOXET OBITh
OPHEHTHPOBaH KaK MEPHEHIWKYJSIPHO, TaK M TapajyieNbHO a3uMyTy
npomyckanusi [, B 3aBUCHMOCTH OT TOJIUMHBI Ng HCXOJHOW IUIACTHHBI,
(¢opMa BBITPaBIICHHBIX 0OJacTeW TpeobOpasyeTcss B pachpeiesicHue
WHTEHCHBHOCTH Ha BbIxoge A. Jlamee mOIy4eHHOE paclpeneicHue
MpoeHUpyeTcs ¢ NPUMEHEHHWEM JMH3Bl WIH OOBEKTHBAa B IUIOCKOCTD
HN300paskeHMsL.

Mbl n3rotoBHIIM U uccienoBain @M Tpex ontHueckux KOHGUrypauuii
(puc. 1). Hna wm3roroBneHuss OM Obula [OpUMEHEHAa TEXHOJOTHS
CTPYKTYPUPOBAaHUS ONTHYECKH TPO3PAUYHBIX JTUIJIEKTPUKOB Ja3epHO-
uHAyIMpoBaHHON Mukporasmoit (JIMMII) [3]. B kauecTBe 3aroTOBOK ISt
®M O6pun ucnosb3oBanbl wiactuHbl CaCOs. M3rorosnenHsie @M Oblin
MIPOTECTUPOBAHBI B CXEME C BOJOKOHHBIM JIa3€pOM, N3ITyHYarOIiM Ha JUIHHE

BomHEI A = 1.064 mxm. C WX mpuMeHEHWEM OBUIM TOJXYYEHBI IMyYKH
JkemaeMoit reometpuu (puc. 1).
1 12 hy~4
7 Tazes o

2mn @ s 8.9 um

| |t »_ £ '.‘

h=212(n,—n,)
2) 12 hy~2
/

Zo7eum
20mp@eEss 881 um

nf| Jfa .

= TP, =T

h=A2(m,—n,)
hy~ A2

—

| A

TR TS0

h=Mn,—n,) 1 — ceuenne ucxonHoro [ayccoBa myHKa

2 — BHITPABIEHHEIE OGNACTH
H,H B, — TIOKA3aTeIH NPETOMICHHS OOBIK i 1 HeOGH] it BOnH

Puc. 1. Ontrueckue kodurypauu @M u pe3yabTaTsl HX TECTHPOBAHHS
Cnucox numepamypul
1. Sanner N. et al. // Opt. Lett. 2005. Vol. 30, P. 1479-1481.
2. Allegre O.J. et al. // Opt. Express. 2013. Vol. 21, P. 21198-21207.
3. Shkuratova V.A. et al. // Opt. Mat. Express. 2020. Vol. 9, P. 2392-2399.
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FOCVIIOB?, A.O. PEIBAJITOBCKUIA'?

Y@HUI] «Kpucmannozpagus u gpomonuxa» PAH, Mockea, Poccus
2Hayuno-uccredosamenvcruti uncmumym soepnoii gusuxu MI'Y, Mockea, Poccus

METO/I JIABEPHOI ABJISILIUM B CPEJIE
CBEPXKPUTUYECKOI'O JUOKCHJIA YIJIEPOJIA J1JIsI
MOJYYEHUS BUMETAJIMYECKAI HAHOYACTHII
AU/AG

PaccmoTtpen MeTo s1azepHON abJsIUU COCTaBHOW 30JI0TO-CepEeOpSHON MUIICHU
B Cpele CBEPXKPUTHYECKOTO AMOKCHIA YIIepoja Ul CHHTEe3a OMMETaUTHIECKUX
30JI0TO-CepeOPSHHBIX HAHOYACTHI] pa3nudHoro tuma. [Ipemnoxena npocras Moaens
00BACHAIOMAST OTyYESHHbIE PE3YJIbTAThL.

A.G. SHUBNYY?, E.O. EPIFANOVY, N.V. MINAEVY, V. 1.

YUSUPOV?, A. O. RYBALTOVSKIY??2

LFSRC «Crystallography and photonics» RAS, Moscow, Russia
%Research Institute of Nuclear Physics MSU, Moscow, Russia

METHOD OF LASER ABLATION IN A MEDIUM OF
SUPERCRITICAL CARBON DIOXIDE TO OBTAIN
BIMETALLIC AU/ AG NANOPARTICLES

A method of laser ablation of a composite gold-silver target in a supercritical
carbon dioxide medium for the synthesis of bimetallic gold-silver nanoparticles of
various types is considered. A simple model is proposed to explain the results
obtained.

[IpencraBneH TOAXON K pealu3allid CHHTE3a OWMETaUTMYECKUX
HaHOYACTUI] AU/Ag METOJIOM HMITYJLCHON Ja3epHOW aOJSIIMU MHIICHH,
COCTOSIIIIEH M3 BYX IUTACTHH 30JI0Ta U cepedpa, B cpesie CBEPXKPUTHIECKOTO
auokcuaa yrieposaa. IlokazaHo, YTO JaHHbBIE YacTHIBI MOTYT 00JaaaTh
PSAZIOM  TONIE3HBIX IUIA3MOHHBIX M KAaTAIUTHYEeCKUX cBoWcTB [1-2].
[pemnoskeHHBIN K CHHTE3Y TaKUX YacTHI] TOJXOJ OTHOCTHUCS K 00JacTu
«3CNICHON XHMMHW», TPH €ro peajlu3aldd ObUIO HCIOJB30BAHO JIBE
TCOMETPUYCCKUX KOH(PUTYPAIIUH PACIIOIOKETHS MUIICHU U JIBa Pa3IMIHBIX
HCTOYHHUKA JIA3ePHOTO M3ITydeHHs. B mepBoi KOHQUrypanuu MUIIEHb ObLIa
pacroyio’)keHa BEPTHKAaJbHO Ha OOKOBOH CTEHKE pEeakTopa BBICOKOTO
JaBICHUS W aOnsAusi ee KOMIIOHEHTOB TIPOUCXOAHWT TMOOYEPETHO
HETOJIBIKHBIM TOPH30HTAIBHBIM IMyYKOM C HU3KOW YaCTOTOM CII€ZOBaHUS
nazepHbIx uMIysibcoB (50 I'm). Bo BTOpo# KOHUTYypamuu MUIIEHb OblIa
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pAacrioyio’keHa TOPHU30HTAJIBHO Ha JHE peakTopa, a abmsanus ee uacTtel
MPOUCXOIUNIA TIOOYEPETHO IMOCPEICTBOM CKAaHHUPOBAHMS BEPTHKAIHLHOTO
My4Ka ¢ BHICOKOW YAaCTOTOM ClieIOBaHMS Ja3epHbIX UMMYJbCOB (60 kI'Ix).
Bruta mpoaeMOHCTpUPOBaHA MPUHIMIKATBHAS BO3MOXXHOCTH IMOJYYCHUS
OMMETAJUTMYCCKUX HAHOYACTHUI] PA3JIMYHOTO THUINA B 3aBUCHMOCTH OT
KOH(UTYpaIi: TPHU HCIOJB30BAHUN KOH(MHUTYparuu «1» TMOoIydaInch
HaHOYACTHUIBI AU/Ag MpenMyIecTBeHHO TUMa «alloy», pyu UCTIOIb3BaHUH
KOH(pHUTYyparuu «2» - Tuma «core-shell» ¢ 3010TeIM simpoM u cepeOpsHOM
obomoukoif. bBruta mpemmokeHa TpocTas  MOIENb,  OOBSCHSIOIIAS
moJry4eHHsIe pe3ynbraThl (Puc.1).
Kondpurypaums 1 Konourypauus 2

HY Au/Ag et

HY Au/Ag
Tvna «alloy» aTomsi Ag

Tuna «core-shell»

Puc. 1. UnmocTpanms Moaenn oOpazoBaHus HaHoOYacTHIl Ag/Au Tuma «alloy» u
tuna «core-shell» u [I9M n300pakeHUs] CHHTE3UPOBAHHBIX YaCTHII JaHHBIX THITOB

Brarogapuocti: Paborta BeimonHeHa npu ¢uHaHCOBO#M moanepkke PODU, mpoekt Ne 18-29-
06056.

Cnucox numepamypel
1. Jellinek J. Nanoalloys: Tuning properties and characteristics through size and
composition // Faraday Discuss. 2008. Vol. 138. P. 11-35.
2. Eng N.B. Article Nano Biomed Eng Synergetic Antibacterial Effects of Silver

Nanoparticles @ Aloe Vera Prepared via a Green Method. P. 267-274.
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B.M. AMIINKOB

Hncmumym nasepnvix pusuveckux uccneoosanuii, POAL-BHUUIO D, 2. Capos,
Poccus

BJIMSAHUE CIIOHTAHHOI'O U3JIYYEHUA B
NUJIAHJIPUYECKON TEOMETPUN HA KUHETHUKY
SHEPTETUYECKHUX YPOBHEN U IEPEHOC
N3ITYYEHUSA HAKAUKHU

OmnucaH alropuT™, MO3BOJISIOLINIT HCCIIE0BAaTh 3a/1a4H, CBI3aHHBIE C KHHETHKOM
HACEeNICHHOCTel »HEpreTHYeCKHMX YpPOBHEH C Y4eToM MepeHoca CIIOHTaHHOTO
H3ITydeHUs. B IWIMHIpPHYECKONH reomeTpuu. Ha mpumepe cpexsl, cocTosmiel u3
aTOMOB HATpHUsl W TeiHs, NPOBEICH aHAIN3 ypaBHEHWH NepeHoca W3Ny4YeHHH |
CKOPOCTHBIX ypaBHeHHH. [IpoaeMOHCTPHUPOBAHO BIMSIHUE CIIOHTAHHOTO M3JIyYEHHS
Ha KHHETHKY YHEPreTHIECKHX yPOBHEH U HA MEPEHOC M3TyUCHUS HAKaIKH.

V.M. YAMSHCHIKOV
Institute of lasers and physical investigations, RFNC-VNIIEF, Sarov, Russia

INFLUENCE OF SPONTANEOUS RADIATION IN CYLINDRICAL
GEOMETRY ON ENERGY LEVELS KINETICS AND TRANSFER
OF PUMPING RADIATION

The algorithm for investigation kinetics of energy levels population taking into
account transfer of spontaneous radiation in cylindrical geometry is described. On the
example of the environment consisting of sodium and helium atoms, the analysis of
transfer radiations and high-speed equations is carried out. Influence of spontaneous
radiation on energy levels kinetics and transfer of pumping radiation is shown.

B HayuHoI1 tuTepaType paccMaTpUBAIOTCS 3aa4l KWHETHKH, B KOTOPBIX
CHOHTAHHOE H3JIyYeHHe CBOOOIHO pAacIpOCTpaHseTCs 4Yepe3 cpedy, He
B3auUMOJEHCTBYsT ¢ Hed [1-5]. B mnpakrudyeckux ciayyasx BO3HHUKAET
CHUTYAIIHsI, KOT/1a CPEIHIS JITHHA CBOOOAHOTO Ipodera poToHa B pe30HAHCHO
MIOTJIOIIAIOIIEH Cpefie Majia 0 CPAaBHEHHIO C XapaKTEPHBIM pa3MepOM CPEIbL.
DTO NPUBOAUT K TOMY, YTO POXKIESHHBIH B TJIyOWHE CpEAbl CIIOHTAHHBII
¢oToH OyneT MMETh BBICOKYIO BEPOATHOCTH IHOBTOPHOTO ITOTJIOIICHUS
HeBO30yXIeHHBIM aToMOM. OH OyneT «OIyXaaTh» OT aTOMa K aTOMY JI0 TeX
Iop, TMOKa HE JOCTHTHET IpaHuIbl. [IpoMCXOaUT HAKOIJICHHE CIIOHTAHHBIX
¢doroHoB B cpexne. Takoit a3 dekT Ha3pIBaeTCs IUIEHEHUEM H3JIydEeHUs] U OH
MOXET CHJIBHO BJIMSITh HA KHHETUKY HacelleHHocTel [6].

I'eomeTpust 3amaun — JUCK TOJLMHBI D, u pamuyca R, cocrosmuii u3
aToMoB HaTpus 1 renus. [Tyqok usnmydenus, umeroniuii auamerp D, oGiryqaer
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MMOBEPXHOCTh JAMCKA. J[JIMHA BOJHBI M3JIyYCHHUS COOTBETCTBYET MEPEXOY B
aTome Hatpus 3512 — 3P3p.

W3nyyeHre HAKA4YKM HAYHET 3arOJIHATh SJHEPTETHYCCKHUIA YPOBeHb 3P3p.
B T0 ke BpeMs M3IydeHHE HaKayku OyJIeT 0OpaTHO MEePEBOIUTH aTOMBI M3
BO30YXIEHHOTO cocTostHuss 3P32 B OCHOBHOE, HO 3TH [Ba
IIPOTUBOMOJIOKHBIX Mpolecca OyAyT MATU C pa3sHON ckopocTero. M3 — 3a
HAJIMYHS B CPEAC TeNIAs MEPEXOJbl TyJda M OOpaTHO MPOUCXOIAT MEKIY
JBYMSI COCTOSHHSIMH TOHKOW CTPYKTYpbl 3P. DTO 0O3HadaeT, 4TO ypOBCHb
3Py, HawyHeT 3amONMHATHCA. I3BECTHO, YTO aTOMBI HE MOTYT JOJTO
HaXOJUTHCS B BO3OYKICHHOM COCTOSIHUH, U CITyCTSI BpEMSI, pPAaBHOE BPEMECHU
JKU3HU, aTOM BEPHETCS B OCHOBHOE COCTOSIHME 3512, UCIycKas (OTOH B
MIPOU3BOJIFHOM HarpaBiieHnd. Ecii Ha Iy TH 3TOT0 ()OTOHA OKAXKETCS aTOM B
OCHOBHOM COCTOSTHHH, TO ()OTOH TIOTTIOTUTCS M.

[Ipomeccel  KWMHETHKH, ONMCAaHHBIC  BBIIIE,  MaTEMaTHYCCKH
MPEACTABISIOTCS B BUJIE CKOPOCTHBIX ypaBHeHuH [ 1]. [lepeHoc crioHTaHHOTO
H3JIyYEHUSI YYUTHIBAETCS B paMkax Au((y3noHHOro npudamkeHus [6-8].
[Monyuennas 3agava siBJsIeTCS KBa3UTPEXMEPHOM, HE MMEET aHaJTUTUUECKOTO
pemieHus. Bputa pemieHa 4YHCIEHHO METOAOM INPOJIOJIBHO — TONEPEYHOM
nporonku [9-11].

W3 pe3ynbpTaToB pacyera cAeiaHbl CISIYIOINE BEIBOIBL:

1) CnoHTaHHOE H3JTyYCHHE CYIICCTBEHHO BBIXOMUT 3a MPEIeIbI
HakayMBaeMoi 00nacTy.

2) VIHTEHCHBHOCTH CIIOHTAHHOTO H3JIyYEHHsS B paccMaTpHBaeMOi
3ajja4e COINOCTaBMMa C H3JIyYeHHEM HaKaukd. B HEKOTOpBIX TOYKax
MIPOCTPAHCTBA INIOTHOCTh CIIOHTAHHBIX (DOTOHOB BHIIIE ITIOTHOCTH (DOTOHOB
HAKA4KH.

3) 3a cuer oddexra omnpo3paunBaHUS, UINIYYCHHE HAKAYKH
MOTJIOIIACTCS 3aMETHO ciiabee B ciydae ydera IEepeHOCa CIIOHTAaHHOTO
U3TY9ICHUS.

B ciydae oTpaxaronux rpaHul HHQOPMAIHS O paclpe/IeIICHIH
CIIOHTAHHOTO U3JIYYCHUS TIO3BOJIUT BHIYHCIISITH TEILIOBBIC TOTOKH ISt

3aJa4u TEIIJIOIPOBOIHOCTH.
Cnucok aumepamypoi
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JIMATHOCTHUKA IIJIASMEHHOI'O U Y IAPHO-
BOJIHOBOI'O BO3JEMCTBUI ITPY SKCTPEMAJBHOM
B3AMMOJIECTBUU CO®OKYCHUPOBAHHOT'O
®EMTOCE-KYHJIJHOT'O JIA3BEPHOI'O U3JIYYEHUS C
OBBbEMOM CPEJIbI

Pa3paGoTana 3KCIIEpUMEHTAIbHASL ONITOAKYCTHIECKAsT METOANKA, TTO3BOJISIIOIIAsN
H3MEPUTH IPOCTPAHCTBEHHOE PACHPEIeIeHHE INIOTHOCTH HIEKTPOHOB IUIa3MBbI (CM-3)
n oHeproBkiuana (x/[k/cM3) B 00JacTH IUIa3MO00pa3oBaHMs MPH JIOKAIBHOM
reHEpaLliH JTa3epHO-HH Y LIUPOBAHHOM M1a3Mbl B 00bEME KOHICHCHPOBAHHOM Cpe/Ibl.
HccnenoBaHo BO3JEHCTBHE —J1a3epHO-UHAYLMPOBAHHOM yOapHOH BOJNHEI Ha
MOBEPXHOCTh 00pasia kpeMHus (Si) W ompeneseHbl YCIOBHUs Ul BO3OYKICHUS
(a3oBoro mepexo/a Ha ero MOBEPXHOCTH MIPH yAaPHO-BOIHOBOM BO3IEHCTBUH.
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'Faculty of Physics, M.V. Lomonosov Moscow State University, Leninskie Gory
bld.1/2, 119991 Moscow, Russia.

%Institute of Photonic Technologies FSRC “Crystallography and Photonics,” RAS,
108840, Troitsk, Russia.

3The National University of Science and Technology MISiS, Leninski Prospect 6,
119049, Moscow, Russia.

DIAGNOSTICS OF PLASMA AND SHOCK-WAVE EFFECTS
UNDER EXTREME IN-TERACTION OF FOCUSED
FEMTOSECOND LASER RADIATION WITH THE BULK OF
THE MEDIUM

The experimental optoacoustic method aimed to measure the spatial distribution
of the plasma electron density (cm-3) and energy deposition density (kJ/cms) under
local generation of the laser-induced plasma is developed. The impact of the laser-
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induced shock wave on the surface of the silicon (Si) sample is studied. The conditions
required for the excitation of the phase transition on the silicon sample surface under
shock wave impact is determined.

DeMTOCeKYHIHBIN JIa3epHBII MHKPOMAIIMHUHT 00BEMa MPO3PaUHBIX
MaTepHaJioB B HACTOSIEE BpeMs HaXOIUTCS Ha ATale SKCIEePUMEHTANIbHBIX
UCCIECIOBAaHWH W WMEET NOTCHIHWANl Ml 3aKpeIUICHHsS B KadecTBE
COBPEMEHHOTO TEXHOJOTHYECKOTO METOJa MHKpO- W HAaHOOOpaOOTKH
pa3mmyHbIX MatepuaiioB. OcoOblii mHTEpec B 001acTH (peMTOCeKyHIHOM
MHKpOOOPabOTKH MaTepHaoB TMPEICTABIAECT BO3MOXKHOCTH CO3IAHUS
BOJIHOBOZOB B  00BEME  TMONympoBOAHWKOB  [l],  mpuMeHeHHe
(heMTOCeKYH/IHBIX JIa3epOB B 00JaCTH MEAMLMHBI M Ouojoruu [2], a Takxke
BO3MOXXHOCTh ~ IOBBIIIEHUS TOYHOCTM M  CKOPOCTH  BBINOJHEHHUS
TEXHOJIOTHYCCKHUX 3a7a4 110 00paboTke MaTepuaios [3].

ITo cpaBHEHUIO C TPaJUIIMOHHBIM HAaHOCEKYHIHBIM JIa3€PHBIM MUKpOMa-
LIMHUHTOM, 00Jiee BBICOKasi CKOPOCTh BBOJIA SHEPTHH B MaJIbIii 00BEM Cpeabl
npu (eMTOCEKYAHOM JIa3ePHOM BO3/ICHCTBUH MTO3BOJISIET IPOU3BECTH OOiee
JIOKaJIM30BaHHOE BO3fAeiicTBHE Ha cpemy, cBoOoaHoe OT 3ddeKxToB
mudysun Tera (non-thermal melting [4]), a Takke HOOMTbCS HOBBIX
PEXUMOB B3aHMOACHCTBHS JIA3€PHOTO U3JIyYEHHUS C BEIIECTBOM (HaIpuUMep,
(demTocexkyHHOH (rmamenTanuu [5]). ns peanmsannu oOpaTHOH CBSA3H B
mporecce (PEeMTOCEKYHIHOW Ja3epHOH MHKpPooOpabOTKH HEOOXOIUMO
o0ecreunTh BO3MOXHOCTh JMATHOCTHKH IIPOIIECCOB, OKAa3bIBAFOLINX
HEMOCPEJCTBEHHOE  BIMSIHME Ha  cpe-Iy. B kadecTBe  Takux
(yHIaMEHTaNbHBIX  IPOLECCOB  BBICTYIAIOT  TI'€HEpalus  Jia3epHo-
WHAYIMPOBAHHOW IUIa3MBl U (OPMHUpPOBaHHME yJOapHOW BONHBL Takum
o0pazoM, B CBSI3U C HEOOXOJMMOCTBIO OOecHedYeHus oOpaTHOil CBs3U B
npouecce (beMTOCEeKyHTHOTO JIa3epHOTO MHUKPOMAIINHUHTA,
MIpeJCcTaBIeHHAs paboTa MOCBAIICHA JUAaTHOCTHKE JaHHBIX MTPOIECCOB.

JUis  IUarHOCTHKHM Ja3epHO-MHIYLMPOBAHHOM TIUIa3MBl B paMKax
MIPOBEAEHHBIX HCCIIEIOBAHUH pa3paboTaH U peain30BaH METO TPEXMEPHOH
ONTOAKyCTHYECKOH ToMoOrpaguu J1a3epHO-UHAYIIUPOBAHHOW Tuia3Mmbl [6],
NO3BOJLIOIIMNA IIOJYYUTh TPEXMEPHOE paclHpeAci]eHue KOHLEHTpaluu
aneKkTpoHOB Tuia3Mel (Puc.1A) u sHeproBkiana [7] ¢ paspenieHueM 2 MKM.
MeToarKka OCHOBaHA Ha COBMECTHOM MPHMEHEHHHM METOAa JABYMEpPHOU
aKycTuueckoil Tomorpaduu [8] m TexHumku TeHeBoil Qotorpadum [9].
Pa3zpaboTanHas MeTOAMKA IO3BOJIIET BH3YaJIM3HPOBATh pacIpeleicHue
KOHLEHTPALMM  JJICKTPOHOB  JIa3€PHOMHAYLMPOBAHHOM  IUIa3Mbl U
onpenensATh o0JacTH C HauOOJBIIMM  BJIOXKEHHEM JHEPrHH, UTO
CBUJIETENECTBYET O BO3MOJKHOCTH HCIIONB30BAaHUS ITAHHOM METOAWKH B
Ka4yecTBE CPEACTBA TNATHOCTUKH TIAa3MEHHOTO BO3JICHCTBHUS HA CPEy.
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JInst IMArHOCTHKM YAapHO-BOJHOBOTO BO3IEHCTBUS Ha Cpeay Obul
UCTONB30BaH Metoa TeHeBoi (otorpaduu (Puc.1B). Ha ero ocHoBe Obuia
HCCIIeI0BAaHa 3aBUCHMOCTh JaBJICHUs ()POHTA YAapPHOU BOJHBI OT BPEMEHH,
MPOIIEIIEr0 ¢ MOMEHTA I'eHEPAIMU TJIa3Mbl, U SHEPTUH BO30YKIAIOIIETO
JIa3epHOTO HMMITyjibca. Ha OCHOBE MaHHOW 3aBUCHUMOCTH M YHCIIEHHOTO
MO/JICIMPOBAHUS C KCIOJIB30BAHUEM IOJIXO/I0B MOJICKYJSIPHOW AHMHAMHKA
YCTAQHOBJICHO, YTO Jia-3epHO-MHAyLNUpyeMas yAapHas BOJHA CIIOCOOHA
BO30yxknaTh (a3oBelii mepexon (kyOumueckas ¢asza — [B-Sn ¢asa) Ha
MOBEPXHOCTH 00pa3ua kpemHus. Takxke MocTpoeHa auarpamMma SHEpTUs —
paccTosiHKe, MO3BOJISIONIAs ONMPEACIUTh SHEPTHIO JTa3ePHOT0 UMITYJIbCa H
paccTosiHue OT IUIa3Mbl 0 0O0pasia KpeMHHs, HEOOXOIUMBbIE JUIs
BO30YXIICHHsI JAHHOTO (Da30BOro Mepexoa Ha ero nosepxHocTa [10].

A ==
200
160 F n 35 0 0.1 ns 3.2ns
s 5 i foCUS et
120 B
S » 2 125ud cavitation bubble
o y _|focus ~_ b
w0 = 325ud 1
i S50um
o ¥ M —> shock wave u
60 40 20 0
X, um

Puc.1. A) lleHTpanbHOoe cedyeHHE TPEXMEPHOIO pacHpeieNeHHs MIOTHOCTU
JJIEKTPOHOB  JIa3€PHO-UHIYLMPOBaHHOW Ta3Mbl. b) JluHamMuka Ja3epHoO-
HWHIYLIMPOBAaHHON yJIapHOM BOJHBI

[IpoBeneHHble HCCIENOBAHUS OTKPHIBAIOT HOBBIE BO3MOXKHOCTU JUIS
JUarHOCTUKH B3aUMOJICHCTBUS MOIIHOTO c(OKYCHUPOBAHHOTO
(hEeMTOCEKYHIHOTO JIa3epHOT0 M3IYYCHUS ¢ KOHACHCHUPOBAHHOW Cpeloil, a
TaKK€ JEMOHCTPUPYIOT BO3MOXXHOCTb  YJapHO-BOJHOBOM  J1a3epHOM
00pabOTKK TOBEPXHOCTH MOJTYIIPOBOIHUKOB.

UccrnenoBanust moanaepxanbl  rpantom PH®  Ne  17-72-20130
(mnasmennoe Bo3xeicTBue) W rpantamu POOU No 18-32-20016, 19-29-
12037 (ymapHo-BOJHOBOE BoO3nelcTBue). Pymsunes b.B. sBisercs
cTUnieHAnaToM (OHIAa Pa3BUTHS TEOPETUYECKOW (PH3WUKM M MaTeMaTHKH
"BA3UC".
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CBOfIC"l;BA HAHOYACTHI CEPEBPA, OBPA3OBAHHBIX
INPAMOMU JIASEPHOU ABJIAIMEN HAHOCEKYH/IHBIMHU
NMITYJbCAMHU

B nmanHOil paboTe paccMmaTpuBaeTCsi METOZA OKpAIIMBAaHUS MOBEPXHOCTEH
u3zienuit u3 cepebpa 3a cyeT MIa3MOHHBIX 3()(EKTOB B Ja3epHO-MHIYLIUPOBaHHBIX
HAaHOYAaCTHIAX, CHOPMHUPOBAHHBIX HAHOCEKYHAHOH [UIMTEIBHOCTBIO HMILyJIbCa.
[loka3aH Meroj yIpaBlICHUS KOJIOPUMETPHUCCKHMHU CBOMCTBAMU IIOBEPXHOCTHU
IyTEM MOJEJHMPOBAHHUS CIIEKTPOB OTPAKEHHsI cepeOpsHOMl  HMOBEpXHOCTH.
MopenupoBaHne MO3BOJAET aHANU3UPOBATh IJIa3MOHHBIE CBOWCTBA HAHOYACTHII,
CHHTE3MPOBAHHEIX METOJOM JIa3epHOM alisiluu, B 3aBHCHMOCTH OT pa3Mepa
HAHOYACTHI], MX KOHI[EHTPAlUH U 00beMa.

D.S. LUTOSHINA, A A. MOROZOVA, V.V. ROMANQV,

G.V. ODINTSOVA
ITMO University, Saint Petersburg, Russia

PROPERTIES OF SILVER NANOPARTICLES FORMED BY
DIRECT
LASER ABLATION WITH NANOSECOND PULSES

In this paper, we consider the method of coloring surfaces made of silver due to
plasmon effects in laser-induced nanoparticles formed with nanosecond pulse
duration. Methods for controlling the colorimetric properties of a surface by modeling
the reflection spectra of a silver surface are also discussed. The simulation allows
analyzing the plasmonic properties of nanoparticles synthesized by laser ablation,
depending on the size of the nanoparticles, their concentration, and volume.

Wzyuenne Bo3MOXHOCTH mTomydeHnss HY nmparomneHHbIX MeTayuioB
JOCTYIHOW Ui TPOMBIIUICHHOCTH YCTaHOBKOW C HAHOCEKYHJIHOM
JUINTENIbHOCTbI0 UMIIyJIbCa SIBISIETCS Ba)KHOM 3amadeil. [lpyroil BaxkHOM
3ajayell SABJISETCS HM3y4eHHe CBOMCTB mosydaeMblx HY, uToOBI nMMeTh
BO3MOXKHOCTh ~ KOHTPOJMPOBAaTh  MpPOIECC  I[BETOOOpa3oBaHWS  Ha
MIOBEPXHOCTH NpojaykTa. st uccienoBanus Obuia BeIOpaHa IuIacTHHa 4x4
cm?, comepxkamas 92,5% cepebpa u 7,5% Memu. DKCIEPHMEHTHI
IIPOBOJIMIIMCH HA yCTAaHOBKE Ha OCHOBE BOJIOKOHHOTO MUTTEPOMEBOrO Jlazepa
¢ uHOU BoHEI A = 1064 HM. B pesynsrare nasepHoii abnsanuu cepedpa npu
ITOCTOSTHHOW JIJIUTENBHOCTH MMITyJbca (T = 14 HC) M YacToTe CIeJOBaHUSI
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nmiynbseoB (f = 75 k') B auanazone ckopocteld ckanuposanus (V = 200-
400 mm/c ¢ marom 50 MM/C) 1 cpelHEH MOIIHOCTH H3ay4eHus asepa (P =
7,2-8,0 Bt ¢ marom 0,2 Br) Obuia momydyeHa I[BETOBas IalUTpa.
[penamnonaraercs, 4TO HAHOYACTHIBI 0OPa3yIOTCs B MaporasoBoi ¢asze mpu
absiuuy  Marepuana MUIIeHH. B pe3ynbraTe HAaHOYACTHIBI HMEIOT
pas3uyHbIe Pa3Mephl U pacpeieieHue.

v,

mm/s
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72 74 76 78 80 PW

Puc. 1. ®oto noBepxHOCTH cepebpa Mmocie Ja3epHOTro BO3IeHCTBUS (A).
TlapameTpsl azepHOro OOMYUICHUS IS CO3AaHus IBETOBOU manuTpsl (B).
3areM ObUl TNpOBeneH aHaIM3 MOP(OJIOTHHM  TOBEPXHOCTH C
ucronb3oBanueMm usobpaxenuit SEM. Cpenuuit pasmep nHanodactuil (d)
pasen 15 '} 6 um s S11, 24 T} 5 um ama S51, 43 T} 10 um s S55;
koHueHTpanus HaHoyacTHl (N) cocraBmna 4252 it / Mxm2 s S11, 1560
wr / MkM2 s S51 1 969 it / mxm? s S55.
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Puc. 2. COM CHUMKH TOBEPXHOCTH cepedpa IocJie JIa3epHOro BO3/ICHCTBHSI.

BugHo, 4TO TOBBIIEHHE TEMIEPATypbl JIA3€PHOTO BO3IEHUCTBUS
(yBenn4yeHHE MOIIHOCTH B COYETAaHHH C YMEHBIICHHEM CKOPOCTH
CKaHUPOBAHMS) IPUBOJHUT K YBEINUYEHUIO CPETHETO pa3Mepa HAaHOYACTHII U,
KakK CIIE[CTBHE, X KOHLIEHTPALUH.

Takum 00pa3zom, HAHOYACTHUIIEI cepedpa C TUIA3MOHHBIM PE30HAHCOM B
BHJIUMOM 00JIaCTH CIIeKTpa ObUIM CHHTE3UPOBAHEBI Ha TIOBEPXHOCTH cepedpa
B IIpOLIECCE JIa3ePHOH aOISINH € JUTMTETFHOCTHIO UMITYJIbCa HAHOCEKYHTHON
JUTUTENEHOCTA.  MOJETHPOBAHUE CIIEKTPOB  OTPaXKCHUS cepeOpsHOU
MOJJIOKKU CO CIIOEM HAHOYACTHUI[ IIOKA3aJI0 BBICOKYIO KOPPEISALHIO C
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JIaHHBIMHM, ITIOJIy4YEHHBIMH B XOJI¢ SKCIEPHMEHTA, YTO IO3BOJISIET CHAENATh
BBIBOJ O  BO3MOXXKHOCTH  IPOTHO3MPOBAHMS  OKCIEPUMEHTAJIBbHBIX
PE3YIIBTATOB C MOMOIIBIO TEOPETHYECKUX UCCIIEIOBAHUI.

Pabora nonnepsxana rpanrom PH® 19-79-10208.
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PAZPABOTKA 'ETEPOJUHHOT'O HHTEP®EPOMETPA
JJIA U3MEPEHU A IMHEUMHOMU IVIOTHOCTU ITJIA3MbI
TOKAMAKA «MADPUCT»

ONeKTpOHHAs] IUIOTHOCTh SIBISIETCS OJHMM M3 OCHOBHBIX ITapaMeTpoB,
HCTIONB3YIONIUXCS A1 KOHTPOJISI PEXXUMOB PabOTHl TOKaMaKoB. BHeceHne 30HI0B B
JIOJITO’KUBYIIYIO BEICOKOTEMITEPATypHYIO IUIa3My He IPEICTaBIIeTCS BO3MOXHBIM,
MO3TOMY JJISI U3MEPEHHS JIEKTPOHHON ITIOTHOCTH HCIIONB3YIOTCS AUCTaHI[MOHHEIC
ONTHYECKHE METOABL. I M3MEpeHUsI EKTPOHHON IIIOTHOCTHU IIIa3Mbl HA MaJIOM
cpepuueckoMm Tokamake «MHUDOUCT» OymeT HCHONB30BaThCS TeTEPOIUHHBIN
uHTepdepoMeTp Ha JUTHHE BOJIHEI 10,6 MKM.

A.S. BELOV, K.L. GUBSKIY, A.P. KUZNETSOV.
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

DESIGN OF HETERODYNE INTERFEROMETER TO
LINEAR PLASMA DENSITY MEASUMENTS ON
“MEPHIST” TOKAMAK

Electron density is one of the fundamental parameters used to control the
operating of tokamaks. The incorporation of probes into a long-lived high-
temperature plasma is impossible; therefore, remote optical methods are used to
measure the electron density. A heterodyne interferometer at a wavelength of 10.6 um
will be used to measure the electron density of the plasma at the small spherical
tokamak " MEPhIST".

ITocne 3amycka B pabouem pexume, B Tokamake «MUDOUCT»
OKMJIAIOTCS CIIEYIOIIME NApaMETPhI IUIa3MBbl: JIEKTPOHHAs IIOTHOCTH 10%2
+ 10 cm3, ckopocth HapacTanus mnotHoctH 0 - 1012 33 5 Mc, BpeMst sKU3HU
miasmbl ~ 30 Mc [1], Bpems ocumwisinuii B a3zme 1+10 Mkc.

JAnst wuccnenoBaHWs MAaHHOM TIuta3Mbl ObT  pa3paboTaH M CO3JaH
reTepOJUHHBII HHTEepdEepoMeTp ¢ UIMHOHM BOJIHBI 3irydeHus 10,6 MkM, 4TO
IIPU JIMHE JUarHOCTHUECKOH XOpbl, cocTaBisitonel npuMmepHo 70 cM, naer
(asossiii casur ~0,12 paauan, pu miotHocTy wiasmel 10 em3, Yacrotroe
cMelieHHe B HMHTepdepoMeTpe 00ecleyuBaeTcsi aKyCTOONTHYECKUM
MOZYJISATOPOM, CMelarmuM u3nydeHue Ha dactoty 40 MI'm. Curnan
peructpupyercs CdHgTe doTomuonom, paboTaroLMM MPH KPUOTEHHBIX
TeMmepaTypax.
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Ha mnepBom »Tanme s 0OpabOTKM TeTEPOAMHHBIX CUTHAIIOB OyJIeT
UCIIONIB30BAThCSl CXeMa MpsSMON OIM(POBKH C MOCIeAyromed nudpoBoit
00paboTkoii. Takoii moxo 006ecneYnBaeT BHICOKHE TOYHOCTh U BpEMEHHOE
paspelenue, 4yto TpedyeTcs sl OTpabOTKU PEeXXUMOB PabOTHI TOKaMaka. B
JajbHEHImeM, Ui  aBTOMaTH3allMM  OSKCHEepUMEHTa OyaeT co3jaH
KBaIpaTypHBIH aHajoroBeli (azomerp. Ero wmcmoimp3oBaHME MO3BOJIHT
MOTydYaTh JaHHBIE 00 OJICKTPOHHOH IUIOTHOCTH B PEXHME PEaIbHOTO
BPEMEHH M HCIIOIb30BaTh UX B TIETIIC 00pPaTHOH CBSI3M MHIYKTOPA TOKaMaka,
Kak »3TO pealu30BaHO Ha OOJBIIMHCTBE CYIIECTBYIOIIMX KPYIHBIX
TUTa3MEHHBIX YCTAHOBOK [2].

PacuérHas TOYHOCTH HWHTEppEpOMETpa B H3MEPEHHH DJICKTPOHHOU
IUIOTHOCTH TUIa3Mbl B paspaboranHoii cxeme cocrasmsier 100 cm™® mpu
BPEMEHHOM paszpenieHnn MeHee 10 Hc.

Cnucox iumepamypol
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2019. Vol. 82, Ne 10. P. 1329-1331.
2. Kornejew P. et al. Design of multichannel laser interferometry for W7-X // Review
of Scientific Instruments, Vol. 77, Ne 10. P. 10F128.
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IMPOTOHHAS PAJJUOI'PA®USA OIITUYECKHUX
I'EHEPATOPOB MATHUTHOI'O IOJISA: IPAKTHYECKASA
PEAJIM3BALIUA U OCOBEHHOCTHU OBPABOTKH
SKCHEPUMEHTAJIBHBIX TAHHBIX

B pabore paccmarpuBaeTcs OKCIEPUMEHTAIBHAS — PEalnd3alust
MIPOTOHHOM paxuorpaduu A AUArHOCTHKU 3JIEKTPOMArHUTHBIX IOJIEH,
CO3/1aBacMBIX NOpU OOIydYeHHH MHUHHATIOPHBIX CTPYKTYPHPOBAHHBIX
MHUIICHEH MOIIIHBIMH JIA3€PHBIMU UMITYJIbCAMU. O6cy>l(}:[aIOTCH OCHOBHBIC
0COOEHHOCTH aHaJIu3a OKCHEPUMECHTAJIBHBIX HJaHHBIX W BO3MOXHBIC
MOJIXOJIBI K UX 00paboTKe.

N.D. BUKHARSKII', IU.V. KOCHETKOV!,
PH.A. KORNEEV'?
! National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2 P.N. Lebedev Physical Institute, Moscow, Russia

PROTON RADIOGRAPHY OF OPTICAL MAGNETIC FIELD
GENERATORS: PRACTICAL IMPLEMENTATION AND
EXPERIMENTAL DATA PROCESSING SPECIFICS

This work considers experimental implementation of proton
radiography for diagnostics of electromagnetic fields, induced in miniature
structured targets under the action of intense laser pulses. Main data
processing specifics and prospective methods of analysis are discussed.

COS}Z[aHI/Ie HUCTOYHHKOB CHUJIBHBIX KBa3uCTAallMOHAPHBIX
MarHUTHBIX TIOJNEH TNpPeICTaBIsAeT OONBIION HMHTEpEC B CBS3H C
BO3MOXXHOCTBIO UX UCIIOJIB30BaHUA JJId PEIICHU IIUPOKOI'0 Kpyra
3a7a4, HalIpUMeEp YIPaBJIEHUS MOTOKAMH BBICOKOIHEPTETHYHBIX
3apsHKCHHBIX YacTUIl WKW CO3daHUuA 3aMarHU4YeHHON IJIa3MBI,
1'[03BOJ'I$[IOH.I€ﬁ MOACINPOBATEL  PA3JINYIHBIC aCTpO(pI/ISI/IlIeCKI/Ie
IIpoLECCH B JTaOOpaTOpHBIX yCinoBusAX. [Ipn aToM psi nprItoKeHui
Tpe6yeT, yTOObl MCTOYHHUK MArHUTHOI'O IOJISI OBLI JOCTaTOYHO
KOMIIAKTHBIM M 00ecIieunBall TeHCpAl0 MArHuTHBIX nojexi B
HECKOIBKO coTeH Tin. Otum TpG6OBaHI/I$IM BIIOJIHE CIIOCOOHBI
YAOBJICTBOPUTL ONTHUYCCKUE I'CHEPATOPbl MArHuTHOI'O IIOJIA Ha
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OCHOBE CTPYKTYpHPOBaHHBIX MUILICHEH, HAPUMEP MHIICHEH THIIa
«ymutkay» [1, 2].

B pabGore paccmoTpeHa cxema peaiaHM3ald IPOTOHHOM
panuorpaduu Ui UCCIEI0BaHUS STHX U IPYTUX THIIOB MUIIEHEH
B ITUKOCEKYH/HOM peXuMe Bo3aencTBusi. OnTHyecKuii reneparop
30HAUpYyeTCA JIMarHOCTUY ECKUM MIPOTOHHBIM IY4YKOM.
DJEeKTPOMAarHUTHBIE TMOJS MUIICHH OTKJIOHSIOT IPOTOHBI OT
NepBOHAYANIBHBIX TPAaeKTOpUi, B pe3ylbTaTe Yero B Iy4Ke
(dopMHupyeTcsl CIOXHAsA CTPYKTypa, KOTOpas PETUCTPUPYETCS B
BHAC JBYMEPHBIX HM300paXCHWH TP IOMOIIM  CTOIKH
PaIMOXPOMHBIX IUIEHOK. JIJI1 BOCCTAHOBIIEHMS MarHUTHOTO TOJIS
HEOOXOJUMO PEIINTh TPEXMEPHYI0 OOpaTHYIO 3ajgady, OITHAKO
cHenmaTb JTO HANPAMYK0 HE TIPEACTABISICTCS BO3MOXKHBIM.
ONeKTpOMarHuTHHIE MOJS ONPENeNAIoTCS NPH MOMOIIM MeToja
NpoOHBIX YacTUI, OCHOBAaHHOTO Ha YHCJIEHHOM pacdeTe
paguorpaMM € HCIONB30BAaHHEM  Pa3lUYHBIX  MOJIENBHBIX
pacrupeneneHuil MarHUTHOIO M 3JEKTPHUYECKOro MO ¢
UTEPATUBHO MOJOUPAEMBIMU MapaMeTpaMH.

Jns mombopa KO3(QQHUIIMEHTOB MOJCIBHBIX pacHpeaeICHUN
MOJKET OBITh HCITOJIb30BAHO HECKOJIBKO METOIOB. B maHHOit paboTe
oOcyxkaaercs /Ba BO3MOXKHBIX I10/IX0/Ia - HAa OCHOBE CPaBHEHUS
OTIENFHBIX TEOMETPHYCCKUX MapaMeTpoB c(HOpMHUpOBaHHOH B
MIPOTOHHOM IYYKE CTPYKTYPHI ¥ KOPPEIAINOHHOTO aHAIN3a, U Ha
OCHOBE HEHpOCeTEBBIX alIropuTMoB [3]. PaccMOTpeHbl OCHOBHBIE
0OCOOCHHOCTH 3THX METOAOB W B Ka4eCTBE CPaBHEHUS IIPHUBEICHEI
pe3ynmpTaThl  O0pabOTKM  KaXIbIM W3 HHX  PaJHOTPaMM,
MTONYYCHHBIX B XOJI¢ JKCIIEPHMEHTa Ha ITIETaBaTTHOM JIA3€PHOM
xommekce PHELIX B GSI, r. lapmmranr.

Cnucox numepamypel
1. Korneev Ph., d’Humiéres E. and Tikhonchuk V. // Phys. Rev. E. 2015. Vol. 91. Iss. 4.
P. 043107.
2. Law K.F.F. etal. // Phys. Rev. E. 2020. Vol. 102. Iss. 3. P. 033202.

3. Chen N.F.Y etal.// Phys. Rev. E. 2017. Vol. 95. Iss. 4. P. 043305.
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MOJIEJIMPOBAHUE ITPOLECCA JIASEPHOI'O
TEPMOYIIPOYHEHMUSA

B pamkax mpoBeieHHO# paboThI ObLIA OCTPOEHA TEOPETHIECKAs KOMITBIOTEpHASL
MOJIENb MPOLecca JTa3ePHON 3aKalKi BBICOKOYTTIEPOANCTOM cTamu B cpexe Comsol
Multiphysics ¢ npuMeHeHHEM pa3IMYHBIX TEXHOJOTHYECKHX PEXKUMOB O0OpabOTKH.
IIpoBeneHbl IKCIEPUMEHTHl Ui KOPPEKTHPOBKHM MOMYYECHHOM MOIENH U ee
Bepudukaunn. Utorosast Mozens Oblia IPOBEpeHa B IIMPOKOM JHAMa30He PEKUMOB
TepMooOpaboTKH. Pe3ybTaTsl MMOKAa3hIBAIOT, YTO MOJIENb C BBHICOKOW TOYHOCTHIO
OIKCBHIBAET ODKCIEPUMEHTAILHO TIOJyYEHHbIE JAHHBIE Ha BCEX HCCIENOBAHHBIX
pexumax o6paboTku 6e3 3HAYNTENEHOTO OIUIABICHHS TOBEPXHOCTH.

V.D. VORONOVY, E.D. ISHKINYAEV?*?, E.V. KHRIPTOVICH?, V.N.
PETROVSKIY?
I National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2 Scientific and Technical Association "IRE-Polyus" LLC, Fryazino, Russia

MODELING OF LASER THERMAL HARDENING PROCESS

In the current work a theoretical computer model of laser thermal hardening
process of high-carbon steel under various processing modes was built in the Comsol
Multiphysics environment. Experiments were carried out to correct the resulting
model and verify it. The final model was tested over a wide range of processing
modes. The results show that the model describes with high accuracy the
experimentally obtained data for all investigated processing modes without significant
surface melting.

BcenenctBie CyIiecTBOBaHMS OTPOMHOTO KOJHYECTBA PAa3IMYHBIX 110
CBOMCTBAM MAaTEpPHAIOB W XapaKTepa WX B3aMMOJCHCTBHS C JIA3epPHBIM
H3NydeHHEM, LeJecoo0pa3HO  MPEABApUTENIbHO  MPOBOAUTH  pacyer
pe3ynbrata ux 00pabOTKH, UCTIOJIB3Ys BEpUPUIIMPOBAHHYIO MOzENb. Takoi
MOAXOJ TO3BOJISET MOAOOpaTh MOIXOSIIMI THaNa30H TEXHOJOTHYECKUX
napaMeTpoB, HEOOXOAUMBIX IS IOJNy4YeHHs TPeOYyEeMbIX CBOMCTB, a TaKke
oUeHUTH riyouHy 3TB ¢ MHHMMaIbHBIM KOJIHYECTBOM KCIIEPHMEHTAIbHBIX
JaHHBIX.

B nanHo#i padote B cpeae moaenuposanus Comsol Multiphysics mytém
peureHuss TPEXMEPHBIX  HECTAMOHAPHBIX  HENMHEHHBIX  YpaBHCHHI
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TEIUIONPOBOIHOCTH PaCCUUTHIBAIUCH TeMIepaTypHbIC oJIs,
UHAYIMPOBAHHBIC  JIA3€PHBIM  W3JIYYCHHEM. 3Has  paclpe/eiCHUE
TeMIepaTypbl B 00BEME TOAJOKKH, MOXHO OIICHUTh T'€OMETPHYCCKHE
mapaMeTphI 00JIACTH 3aKAJIKHU M0 H30TEPME, COOTBETCTBYIOIICH KPUTHICCKOM
TOYKE AC3, ¥ 30HY OIUIABJICHUS 10 U30TEPME C TEMIIePaTypoi miaBieHust T ;.
CuuTaercs, 94TO CKOPOCTh OXJIAXKICHHUS IPH JIa3epHOW 00paboTKe Bcerna
MPEBBIIIACT 3HAYCHUS, HEOOXOAMMBIC MJIsI TPEBPAILCHUS ayCTeHUTa B
MapTeHCHT. B pabore  MomenmupoBalics — Iporecc  00paboTKH
BBICOKOYTJIepoaAuCTOl cTtamu Mapku 9XC, bacto BCTpedaromeics B
WHCTPYMEHTAIBHONW MPOMBIIUICHHOCTH, MPU PAa3IMYHBIX MOUIHOCTSIX U
JMameTpax JjasepHoro msatHa. [lo pesynpTatam pacdera MaTeMaTH4eCKOu
MOJIC/IM TOJIyYeHA IIMPHUHA U TIIyOWHA 30HBI 3aKAlKU TOCIE BO3ICHCTBUS
JIa3ePHOTO U3JIy4YeHHUs Ha 00pabaThIBAEMYIO ITOUIOKKY, & TAKIKE BHINIOJHEHO
MOCTPOCHKE TPa(QHUKOB TEMIIEPATYP B XapaKTEPHBIX TOUKAX HA MOBEPXHOCTU
oOpasiia.
mm - T

x10°
17 1.6
16.5 1.4
1.2
16 i
15.5 9:8
: 0.6
15 0.4
0.2
14.5
104 106 108 110 112 mm
Puc. 1. TemnepaTypHOe pacrpeiesieHue B TOUIOKKE PH 00pabOTKe JIa3epHbIM
JIYYOM.

Ha ycraHoBke, OCHaIIeHHOI BBICOKOMOIIHBIM BOJIOKOHHBIM JIa3€pOM
MOIIHOCTBIO /10 10 KBT, ObLIN ITPOBEIEHBI SKCHIEPUMEHTBI JUIsl BEpUUKALIIH
IIOCTPOCHHON  KOMIBIOTEpHOH  Mopenu. IIpoBepka  cooTBETCTBUS
TEOPETHYECKUX M PeaJbHBIX 3HAYEHUI MPOM3BOAMIACH ITyTEM CpPaBHEHUS
TEeMIEpaTyp, MOIYYEHHBIX C NPUMEHEHHUEM TEIUIOBU30pa B Pa3IMYHBIX
XapaKTEpHBIX TOYKAX Ha MOBEPXHOCTH MaTepuana. BTopeIM mapamerpom
CpaBHEHUs OBIIM pa3Mephl 00JIaCTH 3aKAJIKH, KOTOPBIE MCCIIEN0BAINCH Ha
Makponutrdax ¢ MOMOIILI0 ONITHYECKOTO MUKPOCKOTIA.

JUis  TOYHOro pacueTa MHAYLMPOBAHHBIX TEMIEpPATYpHbIX HOJEH
HEOOXOAMMO 3HaTh (PM3MUYECKHE CBOMCTBAa Marepuaja B 3aBHCUMOCTH OT
TEMIIEpaTypbl ¥ YYHTHIBAaTH BCE MpOLECCH (a3oBBIX IEPEXOJIOB,
IMPOUCXOJAIUX B CTPYKType. Tak kak MpU MOAEIMPOBAHUH HEBO3MOXKHO
ydecTb  BceX OcoOeHHocTedl  mporecca 00paOOTKH  CyIIECTBYeT
HEOOXONMOCTh KOPPEKTHPOBKH CBOMCTB Marepuaina. [locime yTouHeHMs
IIOCTPOCHHOM MOJENM Ha OCHOBE NEpBBIX JKCIEPHMEHTOB  ee
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paboTocrocoOHOCTh ObliIa IPOBEpEHa B MIMPOKOM JHaNa3oHe PEXUMOB U
CXOJIMJIACh C PEAbHBIMK 3HAYCHHUSMHE C BBICOKOI TOYHOCTBIO.
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TEOPETHYECKASA U DKCIIEPUMEHTAJIBHASA OIIEHKA
30HbI TEPMHUYECKOI'O BJIUSAHMUSA ITPU PE3KE
CTEKJVIOIIVIACTUKOB HENTPEPBIBHBIM U3JTYYEHUEM
BOJIOKOHHOTI'O JIABEPA

ITpousBesieHa TeOpeTHYECKas OLCHKA paclpOCTPaHEHHWs TeIula, KOoTopas
MO3BOJISIET OMPENENUTh pasMep 30HBI TepMuueckoro BmusHusA (3TB) m rinyOuny
UCHapeHUs MaTepHa B KOMIIO3UTHOM HOJMMEPHOM MaTtepuase (CTEKIOIACTHK) IPH
BO3ICHCTBUU HEMPEPHIBHOIO JIA3EPHOTO H3IYYEHHUs C IJIHHOW BOJHBEI 1,06 MKM.
OrieHKa TPOU3BOANIIACE ITyTEM PEIICHUs ypaBHEHUs TEILIONPoBogHOCTH Dyphe npH
Ja3epHOM Harpese. B pesynpTaTe OBUIM IIOJTy4YCHBI aHAIMTHYECKas MOZENIb U
KOMITBIOTEpHAsT MyJbTU(H3NYECKass CHMYJSIIHSA paclpOCTpaHEHHs] TeIla B
CTEKJIOIUIACTHKE, a TAKXKE IPOBEJIeHA NX IKCIePUMEHTAIbHAs IIPOBEpKa.

A.S. SHCHEKIN'?, D.R. GASHIGULLIN?, S.A. GLASYRINA,
A.A. GAVRIKOV?, V.N. PETROVSKIJ, A.A. ORESHKIN?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2NTO «IRE-Polusy, Fryazino, Russia

THEORETICAL AND EXPERIMENTAL ESTIMATION OF
THE HEAT AFFECTED ZONE IN CUTTING GLASS FIBER
REINFORCED PLASTIC WITH CW FIBER LASER

The heat propagation has been theoretically estimated, making it possible to
determine the size of the heat affected zone (HAZ) and the depth of material
evaporation in glass fiber reinforced plastic (GFRP) under the influence of cw-laser
radiation with a wavelength of 1.06 pm. The estimation was made by solving the
Fourier's law of heat conduction under laser heating. As a result, the analytical model
of heat propagation and multiphysics simulation obtained was proven by the
experiment.

CTeKJIOIUIaCTHKH — BHUJ MOJUMEPHOI0 KOMIIO3MIIMOHHOTO MaTepHaia,
I7Ie apMHUPYIOIINM BEIIECTBOM SBISIETCS CTEKISIHHOE BOJIOKHO. 3a CUeT
HCTIONB30BAaHUSl  CTEKJITHHOTO  BOJIOKHA  3HAYMTENBFHO  ITOBBIIIAIOTCS
MEeXaHHYeCKHe CBOIMCTBA M3AEIHMH N3 CTEKIIOMIACTHKA. 3a CYET YHUKATBHBIX
MEXaHHYECKHUX CBOWCTB M3/IENINS U3 CTEKIIOMIIACTHKA ITUPOKO IPUMEHSIOTCS
B MAIIMHOCTPOCHUH, CTPOUTEIHCTBE M B CO3/IaHUH OTHECTOMKIX TTaHEeIeH.
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W3-3a HEOTHOPOHOCTH KOMITOHEHTOB KOMITO3MTHBIX MaTepualioB U HE
H30TPOIHOCTH MX CBOMCTB CYILECTBYIOT CIIOKHOCTH MpH 0O0padoOTKe
cTekiomiactuka. [Ipy ncrnonp30BaHUN TPAIUIIMOHHBIX METOIOB 00pPa0OTKH
YacTO TepsIOTCS IMPOYHOCTHBIE XapaKTEPHCTHKH H3-3a2  Pa3iIMYHbIX
noBpexnennii  (PacciioeHue, pacTpeckuBaHWe, BBHITATMBAHHE BOJIOKHA).
ANBTEpHATUBHBIM CITOCOOOM 0OpPaOOTKH MOKET SBJISITHCSI HCITOJIb30BAHUC
JIa3epHOTO W3Ty4eHus. Vcroap30BaHme JTa3epHOTO U3IYICHUS HMEIOT TaKHe
IIperMyIIecTBa KaK OTCYTCTBHE DPACXOIOHBIX MAaTEepHajoB M OTCYTCTBHE
MEXaHHYeCKOT0 KOHTaKTa C 3aroTOBKOH, HO TIpH STOM BO BpeMs
HCTIONB30BaHUS JIA3ePHOTO H3IY4YCHHUS (HOPMHUPYETCS 30HA TEPMHUECKOTO
BmusHus (3TB), KoTopas yMeHBIIAeT MPOYHOCTHBIC XapaKTCPUCTHUKH
Marepualia, MO3TOMY BaXKHBIM SIBIISIETCS OIpeAeieHue (HaKTOpoB, KOTOpPBIE
BIIMSIIOT Ha €€ BeJIMUMHY U MUHHUMU3aIus odiactu 3TB.

Oco0OeHHO XOpomIo ceOsi TO0Ka3bIBaeT HCIIOJIb30BAaHUE CTPATETHU
MHOTOIPOXOHON JIa3epHOI pe3Ku C yIIUpeHueM KaHamna pesa [1], Ho mpu
3TOM JaHHas TCXHOJIOTUS BKIKOYACT B ceos KOHTPOJIb U 3aBUCUMOCTb MECKIY
c000if MHOXKECTBA TapaMeTpOB 00pabOTKH M HYKJACTCSA B ONTHMU3ALINY, B
YeM MOYKeT IOMOYb TEOPETUIECKas OIICHKA PACIIPOCTPAHEHHUS TEIlIa H BpeMs
OCTBHIBaHMS MaTepHaia mocie o0padoTKH.

B nanHOI paboTe ObUTa MPOW3BEICHA TEOPETHUYECKas OIEHKA pa3Mepa
3TB npu moMoIu pereHns ypaBHEHHS TeIIONPOBOTHOCTH Dyphe B cydae
Ja3epHOro HarpeBa. B  pe3ymprare OBUIO MOJYYCHO YIIPOIIEHHOE
AHAJIMTUYCCKOC BBIPAKCHUE 3aBUCUMOCTU TEMIEPATYPBI MOBEPXHOCTU OT
BpEMCHN W KOOpAWHATBI TIpU HArpeB€ B 0 UCIAPUTCILHOM W B
UCMApUTEIbHOM peXHMax. Taioke Oblla TIOCTpOeHAa KOMIIBIOTEpHAs
MyJbTUQU3ndeckass Mmozaenbp Harpesa B [IO COMSOL wu mnpoBenena
9KCIIEPUMEHTANIbHAS TIPOBEPKA PE3yJIbTaTOB.

JIst  9KCTIepUMEHTANLHOW MpOBEpKH B  paboTe MCMOJIh30BAIACh
YCTaHOBKa Ha 0a3e HETPEpPHIBHOTO BOJOKOHHOTO HTTEPOMEBOTO Jiazepa ¢
mmHONH BomHBl 1,06 MkM  momHOCTEIO 300 BT ¢ OBYXOCEBBIM
rabBAaHOCKAHEPOM.

B xauecTBe wmccieqyeMoro MaTepHaia HCIIONB30BaliCS KOMITO3UTHBIH
MaTepual C [OJNUMEPHOH Marpuiedl w3 TNommd(GUPHOA  CMOJBI
ApPMUPOBAHHBIA CTEKJIOBOJIOKHOM. OIlCHKa KadecTBa IPOBOJWIACH IIO
n3Mepenuto 30861 3TB 1 Hanmuuio pacTpeckuBaHUs U PACCIIOCHHMS B 00J1aCTH
00paboTKH.

Crucox iumepamypol
1. KoroB C.A. OmeHka 30HBI TEPMHUYECKOTO BIHAHUA NpH 00paboTke
YIJICTUIACTHKOB HETPEPBIBHBIM H3IyYCHHEM BOJIOKOHHOTO HTTEpOMEBOro yasepa /
C.A. Kotos, H.A. JIs6un, M.A. Kazapsu // Kpatkue coobuienus no ¢usuxe ®UAH.
—2019. - Ne2. —c. 53-60
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CUHTE3 HAHOYACTUL KPEMHUS, JJETHPOBAHHBIX
'KEJIE30M, METOJIOM JIA3EPHOI1 ABJISILIIN B
KUJKOCTHU

B pabore ObUIM CHHTE3MPOBAHbI HAHOYACTHIBI KPEMHHMS, JICTHPOBaHHbIC
XKEJNEe30M, MPH MOMOLIM MeTosia (EeMTOCEKYHIHOW Ja3epHOM abisluuu B BoAE U
arietoHe. [lomydeHHBIE KOJUIOWMIHBIE PAacTBOPHI OBUIM HCCIIEMOBAHBI IIPU MTOMOIIN
METOJIOB PEHTIeHO(a30BOr0 aHaNN3a, PaMaHOBCKOH MHKPOCKOITHH, CKaHHPYIOIeH
JIEKTPOHHON MHUKPOCKOIHMH, & TaKKe OBLIM NPOBEICHBI H3MEPEHHS 3aBHCHMOCTH
BEJINYMHBl HAMAarHWYEHHOCTH OT BEJIUYMHBI IPHIOKCHHOTO MarHHTHOTO IIOJIS.
VKazaHHbIE METOJbl IIOKa3alM, 4YTO CHHTE3MPOBAHHBIC 00pas3lbl COAEpKaT
HAHOYACTHIIbl KPUCTAJUIMYECKOTO KPEMHHUSI U HAaHOYACTHIBI HEKOTOPOH amMopdHOH
¢basbl ¢ pa3MepaMi B HECKOJIBKO JECATKOB HAaHOMETPOB. MarHMTHBIC M3MEpEHHS
MOATBEPANIN IPUCYTCTBUE (peppOMarHuTHOM (a3el B 0Opasuax. Mbl momaraem, 4to
TIOJTyYeHHbIE HAHOYACTHUIIEI IIEPCIEKTHBHBI JUIS CIIOJIb30BAaHUS B OMOMETUIINHE.

R.R. KOKOEV, YU.V. KARGINA, G.V. TIKHONOVSKIY, A.YU.
KHARIN, A.A. POPOV, M.V. SHESTAKOV, V. YU.
TIMOSHENKO

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

METHODICAL ERRORS CAUSED BY SUPERPOSITIONOF
ELECTRICAL AND OPTICAL SIGNALS IN A
HETERODYNE LASER INTERFEROMETER

In this work, iron doped silicon nanoparticles were synthesized using the method
of femtosecond laser ablation in water and acetone. The resultant colloidal solutions
were investigated by means of the methods of X-ray Diffraction analysis, Raman
microscopy, scanning electron microscopy and magnetic measurements. The
indicated methods show the synthesized samples contain crystalline silicon
nanoparticles and some nanoparticles of amorphous phase with sizes of several tens
of nanometers. Magnetic measurements confirmed the presence of a ferromagnetic
phase in the samples. We think the obtained nanoparticles are promising for use in
biomedicine.

KOHJIOI/IZ[HLIC KPEMHHCBBIE HAHOYACTHUIbI AKTHBHO  HPUBJICKAIOT
BHHUMAaHUEC I/ICCHGHOBaTCHCﬁ 6nar0)1ap;1 X MHOTI'O q)yHKIII/IOHaJ'H:HBIM
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CBOWCTBAM M TMEPCICKTUBHOMY NpPUMEHEHUIO B Onomenuimue [1]. Tak B
paborax [2, 3] ObUIM CHHTE3MPOBAaHBl HAHOYACTHUI[Bl KPEMHHS,
JICTUPOBaHHBIC HMOHAMH JKeJie3a, MpPH TOMOIIM IDIa3Ma-a0sIHOHHBIX
MeT0/I0B. CHHTE3MPOBAHHBIC HAHOYACTHUIIBI OKA3aJUCh IMEPCICKTUBHBIMU
JUI TPUMCHCHHS B KayeCTBE KOHTPACTHBIX AarcHTOB IS MAarHUTHOW
pe3oHancHOi Tomorpapum (MPT) m mpoTuBOOmyXo0JieBOH Tepamuu. B
pabote [4] HAHOYACTHIIBI KpPEMHUS, JICTUPOBAHHBIC JKEIE30M, OBLIH
CHHTE3UPOBAHBI MMy TEM J1a3epHO-aOJSIIIMOHHOTO CHHTE3a B KUAKOCTH. Jlamee
OBUTO yCTAHOBJICHO, YTO IMUTOTOKCHYHOCTH IIONyYEHHBIX HAHOYACTHI[ HE
mpeBeimaer 20%. Hacrosmiee wuccienoBaHue SBISETCS IPOIOIDKCHUEM
HCCIIeNOBaHUSA W3 paboThl [4] ¢ TENbI0 ONPENeIuTh XHUMHYECKHH H
CTPYKTPYPHBIH COCTAB MOTYYECHHBIX 00Pa3IIOB, a TAKXKE HX IEPCICKTHBHOCTh
Uil TPUMCHCHHA B Ka4Y€CTBE KOHTPACTHBIX arcHTOB JJIA MarHuTHOM
pe3oHaHcHoOit Tomorpaduu (MPT).

B nanHoit paboTe HaHOYACTHIIBI KPEMHUS, JISTUPOBaHHbIE XKEIe30M, IIPH
ObUTH CHHTE3MPOBAHBI TPH MOMOIIKM MeToaa (EMTOCCKYHIHOH J1a3epHOi
abmsauuu B Boze U aneToHe. COCTaB M CBOMCTBA MOJYYEHHBIX HAHOYACTHI]
ObUI MCCIIENOBaH MyTEM NMPUMEHEHHMs psia (GU3HKO-XUMHUYECKUX METOJIOB
uccieioBanus. PeHTreHo-(a30BbIi aHATH3 U PAMAHOBCKas CIICKTPOCKOTHS
MTOKAa3alli, YTO B COCTaB 00PA3IOB BXOAIT HAHOYACTHUIIHI KPHCTAILITHYECKOTO
KPEeMHHS W HAHOYACTHUIIBI HEM3BECTHOW amopdHoW (as3pl. CkaHUpyromas
ANEKTPOHHAsE MUKPOCKOTIVSI BBISIBIIIA, YTO KPEMHHUEBBIC HAHOYACTHIIE B BOJIE
HMEIOT  XJIombeoOpasHyto u  cdepuueckylo ¢opmbl. KpeMHueBbIe
HAaHOYACTHUIIEI B aleToHe HMEIOT cdeprueckyro (opMy. MarHuTHBIC
M3MEpeHUs TOKa3ajl, YTO HAMarHWYeHHOCTh HACHIICHHS COCTaBLia 6
cM¥/r 1 0.06 cM¥/r TIpH HANPSKEHHOCTH MarHUTHOro mons ~2000 D s
HAHOYACTHII B BOJE U alleTOHE, COOTBETCTBEHHO. Bce 00pasiibl
JACMOHCTPUPOBATIU MTPUCYTCTBUEC MArHUTHOI'O TUCTEPE3UCA, YTO YKa3bIBACT
Ha uX (QeppoOMarHUTHYI0 NpUpoay. MbI TojaraeM, 4YTO TMOJyYEHHBIS
HaHOYACTULBI NIEPCHCKTUBHBI JJIA UCIIOJIb30BaHUA B 6I/IOMeI[I/IL[I/IHe.
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0 BO3BMOKHOCTH NIPUMEHEHHS MSITKOI'O
PEHTTEHOBCKOI'O U3JIYYEHUSI JIABEPHOM IJIA3MBbI
JIJIS1 UBYUYEHUSI COCTABA OPTAHUYECKHUX
COEJUHEHUN

C  [oMOmpI0  HOHM3aLUM  INPHUIOBEPXHOCTHOLO  ClOS  BeElecTBa
cOKYCHPOBAaHHBIM MSTKUM PEHTTCHOBCKHM W3ITydEHHEM JIa3epHOH IUIa3Mbl H
IEKTPOHAMHM, TIPHIICAIINMH M3 TJIYOOKHX CJIOEB, ITOJYYeHBl Macc-CHEKTPHI
MTOBEPXHOCTHOT'O CJIOSI PA3JIMYHBIX COSTUHEHUH.

0.B. ANANIN!, R.S. RAMAKOTIY, A.P. MELEKHOV?, V.V.

KRAVCHENKO?, I.LA. GERASIMOV?, G.S. BOGDANOV!
!National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ON THE POSSIBILITY OF USING SOFT X-RAY LASER
PLASMA RADIATION FOR STUDYING THE
COMPOSITION OF ORGANIC COMPOUNDS

The mass spectra of the surface layer of various compounds were obtained by
ionizing the near-surface layer of a substance by focused soft X-ray radiation from a
laser plasma and electrons coming from deep layers.

Kak wm3BectHo, MPHM  naszepHOil 1ua3Mbel  MOTJIOHmIaeTcs B
MIPUITOBEPXHOCTHOM CJIO€ TIIyOWHOW mopsinka 1+2 MmxMm. B pesynpraTte
BTOPUYHON 3MEKTPOHHON MOHU3AINH, YaCTh OCBOOOANBIINXCS 3JIEKTPOHOB,
obnagaromye OMNPEAETICHHBIM JHEPreTHYECKHM CIIEKTPOM, HOHHU3HPYIOT
MOJIEKYJIBl Ha MOBEPXHOCTH 00pasua, paspyuias XuMHYeckue cBszu. [lms
perucrpanun 00pa30BaBIIMXCS MOHOB OBUIO NPHIIOKEHO IOJIOKHTEIHEHOE
BEITAJIKMBAIOIIEE  HANpsDKEHHE  HEMOCPEACTBEHHO K obpasny u
3apernuCTpUpPOBAaHbl HOHW3UPOBAaHHBIE (hparMEHTHl HccieqyeMoro obpasia
Ha BPEMSIPOJIETHOM MacC-aHaINU3aTope.

B  xome  mpoBemeHust  dKcmepuMeHTa, — oOpaser;  oOurydancs
c(OKyCHpOBaHHBIM  HMHTEHCHMBHBIM MPM  oT 7a3epHOH  ImIa3Mmel.
®okycupoka MPU B msITHO [aMeTpOM IIPUMEPHO 2 MM H 3aIIuTa obpasma
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OT JpPYrHX TPOIYKTOB IUIa3MOOOpPA30BaHUSA MPOU3BOIWIACH 33 CHYET
MIPUMEHCHHUS PEHTTEHOBCKOTO KOHIIeHTpaTopa [1]. JTuTeIbHOCTh UMITyJIbca
cocrapisier ~20HC ¢ sHeprued B uMmmyisce MPU  nopsnka
1 M/Ix npu criektpe MPU ot 60 1o 1000 3B 1 MomHOCTH 5*10%Br [2].

B BakyyMmHOI kamepe oOpasell MOMEINAICs Ha MEIHYIO POBOJISIIYIO
IUTACTHUHKY, K KOTOPOU OBLIO MPUIOKEHO TOJIOKUTEIBHOE HAIMPSHKCHHE, C
mocienyroomeil ¢pukcamuell mocpeacTBOM Kies Jmbo 3axuMoB. Cxema
KpeIyieHUs TpuBeieHa Ha pucyHKe l. B xome paboTel OBUTH IOIyYESHBI
Pe3yIBTAThI 715l HECKOJIBKHX BEIIECTB TAKUX KaK: MIUIUH, KOQEHH U Te(IIoH

u Jap.

Oopazen
MPH U (BBITATKHBAROITHIT
TOTEHIHAN)
6
R=10" OmM
DIeKTpOHEL,
HOHBL

—a_C=2200 0
Imep

Curnan oToToKa

R=50 Om

Puc. 1. Cxema kperieHus odpasima
AHanu3 NoIy4YeHHbIX MACC-CIIEKTPOB CBUIIETENBCTBYET O CYIIECTBEHHOM
BKJIa/I€ B MOJyUYEHHbIE Pe3yJIbTaThl HOHOB OCTATOYHBIX Ta30B. Ho, HecMoTps
HA 3TO, HaM YyJaJOCh BBIICIIUTh XapaKTEPHBIE YYACTKM HA MACC-CIEKTPaX,
KOTOPBIE COOTBETCTBYIOT 0XKUIAEMBIM I aHAJIM3UPYEMBIX BEIIECTB.

Cnucok tumepamypbl
1. P. Il Pamakorn, O. b. Anameun, A.Il. MenexoB u np./ SnepHas ¢usmka u
HHKUHAPUHT, 2019
2. 3uamenckuid  B.1O., JlazepHO-Iu1a3MEeHHBII BOJHOBOIHBIH HCTOYHHUK MSTKOTO
PEHTTEHOBCKOTO M3ydeHus. Apropedepar auc. kaun. ¢us.-mat. Hayk M.: MUDU,
1994 r.
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K.C. JIVKbSIHOB, K.JL.I'VBCKHU, W.FO. TUII[EHKO

Hayuonanvnuvii uccneoosamensvcxuii a0epuwiil ynusepcumem MUDHU, Mockea,
Poccus

PA3PABOTKA CUCTEMBI U3MEPEHUS DJIEKTPOHHOU
IJIOTHOCTH IIJIABMbI HA YCTAHOBKE KCIIY-T

[IpencraBnena cucreMa W3MEpEHHS BPEMEHHOH JUHAMHMKH OJICKTPOHHON
IUIOTHOCTH IIIa3MeHHOro motoka Ha ycraHoBke KCIIY-T. Cucrema coszgaHa Ha
OCHOBE BOJIOKOHHOTO T€TEpOAMHHOr0 uHTepdepomerpa. IIpuBeneHbl mepBble
pe3yabTaThl SKCHEPUMEHTOB. MccnenoBaHo BIMSHUE BHOpALMil M 3JIEKTPUYECKHX
HAaBOJOK Ha pe3yabTaT H3MepeHuid. OIeHEH ypOBEHb IIOMEX, CO31aBacMBblii
UMITYJILCHBIMH HCTOYHUKAMH BBICOKOTO HAIIPSKCHUSL.

K.S. LUKYANOV, K.L. GUBSKIY, LY. TISHCHENKO
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

DEVELOPMENT OF THE PLASMA ELECTRON DENSITY
MEASUREMENT SYSTEM ON QSPA-T

A system for measuring the electron density of a plasma based on a fiber
heterodyne interferometer is presented and the first results of experiments are
presented. The influence of vibrations and electromagnetic field on the measurement
result is investigated. The level of noise generated by high-voltage pulsed sources is
estimated.

Bo3spacratommii uHTEpeC K HCCIEeNOBaHHUIO AajibHEro kocmoca [1][2]
CO3/IaeT 3ampoc Ha pa3pabOTKy M CO3JaHHE HOBEHITNX PAKETHBIX CHUCTEM,
CIOCOOHBIX OBICTPO JOCTABIATE OOJBIITUE TPY3HI U IKUITAXKHU K HCCIISTYEMBIM
KOCMHYECKHM TellaM.

Hcnonp3oBaHHE  KITACCHYECKAX  TEPMOXHMHYECKHAX  PaKETHBIX
JIBUTATENCH i1 MEXKIDIAHETHBIX TEPEeIeTOB HEIEeNIecoo0pa3Ho BBUAY
(yHIAMEHTAIFHOTO OTPAaHUYCHUS YAEIHHOTO HMITYyJIhCa ITAaHHBIX THIIOB
ycTaHOBOK [3]. B HacTosiIee BpemMs B MEpe BeAyTCs pabOTHI IO CO3JaHUI0
SIIEKTPOPEAKTHBHBIX pakeTHsIX apurateneit (OP]1) ¢ 6omprioii Tsroii [4][5].
K takomy THITy yCTaHOBOK OTHOCHTCS IIJIa3MEHHBIE PAKETHBIEC IBUTATEIH, B
KOTOPBIX pab04YMM TEJIOM, CO3JA0IINM PEAKTHBHYIO CHIIY, SBJISIETCS ITOTOK
ropsiaeil miasmel, pa3orHaHHoH Ao ckopocrteit 10-100 xkm/cex. M3yuenue
YCTOHYMBOCTM TOpPEHMS IUIa3MBl Ha pasHBIX pPEXKUMax paboTel |
HCCIIEJOBAaHWE  MAacCOBOIO  pacxoja  paboyero  Teima  SIBISIOTCS
HEOOXOANMBIMH dTallaMy B pa3pabOTKe MIa3MEHHOTO PAKETHOTO JABUIaTelIs
C BBICOKOH TSTOM.
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Jns uccnenoBanus oToKa mia3Mbl, CO34aBAEMOI0 KBa3UCTALIMOHAPHBIM
CUJIbHOTOYHBIM MJ1a3MEHHbBIM YCKOpUTETIEM, ObLia pa3paboraH
JIBYXKaHaJIbHBI MAaKeT CHUCTEMBbl M3MEPEHMs AJEKTPOHHOU IUIOTHOCTH Ha
OCHOBE BOJIOKOHHOTO TETEPOJMHHOTO HHTepdepoMeTpa ¢ KBaJApPaTypHBIM
(daszomerpom. beia mpoBeseHa cepus H3MEPSHUIN IEKTPOHHOU MIIOTHOCTH
motoka 1asMel Ha ycraHoBke KCIIY-T. MomuduiupoBanHas cucrema
AKyCTHUYECKOHM pa3BsA3KU IO3BOJIMJIA 3HAUUTEIBHO CHU3UTh YPOBEHb NIOMEX
CBS3aHHBIX C BHOpanMsAIMH ONTHYECKHX 3JeMeHTOB. JlampHeiimme paboTsI
OyAyT HampaBJICHHI HA YCTPAaHCHNE MMITYJIBCHBIX AJIEKTPUICCKUX HABOJIOK H
YBEINYEHHUE KOIUYECTBA KaHAIOB JO BOCEMH.

Cnucox numepamypol

1. Witze A.Touch down! NASA’s Mars landing sparks new era of exploration. // Nature,
Vol 590, 2021.

2. Castelvecchi D. Pluto probe offers fresh view of sun’s closest neighbour. // Nature, Vol
582, 2020.

3. M. Lingam, A. Loeb. Limitations of Chemical Propulsion for Interstellar Escape from
Habitable Zones Around Low-mass Stars // Research Notes of the (AAS) 2018.

4. F.R. Chang Diaz, J.P. Squire, A.V. Ilin, G.E. McCaskill et al. The development of
VASIMR engine. Proceedings of International Conference on Electromagnetics in Advanced
Applications (ICEAAQ9), Sept. 13-17, 1999, Torino, ltaly. 37831. 99-102.

5. F Roland. The X3 100-kW Class Nested-Channel Hall Thruster: Motivation,
Implementation, and Initial Performance. PhD dissertation. The University of Michigan. 2014.
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A.C. lIIEKHY?, C.A. FHAB?IPI/IHAl, A.A. TABPUKOB?,
B.H. [IETPOBCKHM?, A.A. OPEILIKNH?

Hayuonansuwiii ucciedosamenvcekuii soepuwiii ynusepcumem MUDHU, Mockea,
Poccus
2000 «HTO UPD-ontocy, Ppszuno, Poccus

HUMITYJIbCHASA JIASEPHAS MOJUP®UKAIMSA
KEPAMMUKU AL203 JJ1A YIIPABJIEHUSA
CMAYUBAEMOCTBIO IIOBEPXHOCTH

ITpousBesieHa TeopeTHYECKas OLCHKA PA3IMYHBIX CTpAaTerui (HOpMHPOBAHUS
MHKPOCTPYKTYp Ha ToBepxHocTH KepamMuku Al203 H3ilydeHHEM HaHOCEKYHIHOTO
nazepa. 3a OCHOBY ObUTH BBIOpaHBI MoJenH cMadmBaeMocTH Benmens n Kaccu-
Bakcrepa. Taroke TOCTpOEHBI 3aBUCHMOCTH 3HAYEHHS KPaeBOT'0 YIIa CMauYlBacMOCTH
OT MapaMeTPOB JIA3EPHOTO H3ITyUCHUSL.

A.S. SHCHEKIN? S.A. GLASYRINA!, A A. GAVRIKOV?, V.N.

PETROVSKIJ!, A.A. ORESHKIN?

!National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2NTO IRE-Polus, Fryazino, Russia

PULSED LASER MODIFICATION OF AL203 CERAMICS
TO CONTROLLING THE SURFACE WETTABILITY

Different strategies for the fabrication of microstructures on the surface of Al2Os
ceramics by nanosecond pulsed laser are theoretically evaluated. The basis wettability
models were the Wenzel and Cassie-Baxter. The dependences of the value of the
wettability angle on the laser radiation parameters were construction.

KonTponupoBanne cMa4nBaeMOCTH MOBEPXHOCTH HMEET IIHPOKOE
NPUMEHEHHE B PA3JIMYHBIX COBPEMEHHBIX BBICOKOTEXHOJIOTHUECKHX
MIPUMEHEHHUS: CaMOOYHIIAIONINECs TOBEPXHOCTH, pa3ieJIeHue MacIOBOTHOM
cMecH, UMIUTaHTooTus. Ha JMaHHBI MOMEHT K TPaJIMIMOHHBIM crioco0am
MOJTy4eHHs: TUAPOGOOHBIX W THUAPOPHUIBHBIX IMOBEPXHOCTEH OTHOCSTCS:
surorpadus, oopaboTKa IIa3MoOH, XUMHYECKoe ocakaeHue. M3 MuHycoB
MEPEYHNCICHHBIX TEXHOJOTHMH MOXHO BBIIENHUTh BBICOKYI0 CTOMMOCTH W
3a4acTyIo CI0KHOCTh HAHECEHHUS OTPEICTICHHOTO TTATTEPHA HA TIOBEPXHOCTH
MaTepuana. PemeHmeM MmaHHBIX MPOOJIEM MOXET SBIATHCS Jla3epHOe
m3nydeHrne. K mpenMymiecTBy Ia3epHOTO H3IYYCHHS MOXHO OTHECTH
OTCYTCTBHE PACXOAHBIX MAaTE€PHAJOB, OTCYTCTBHE MEXaHHYECKOTO U
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XMMHYECKOTO BO3JICHCTBHS Ha MOBEPXHOCTH, YIIPABIIEMOCTb CO3/1aBaEMbIX
MIATTEPHOB Ha TIOBEPXHOCTH.

B nanHoll paboTe B KauecTBE MCTOYHHKA HM3JIYyYCHUS HCIIOJIb30BAJICS
tBeprotenbhbiit Nd:YVO, naszep ¢ reHepariueit BTOpoi rapMOHHKH, CpeHEH
MotHocThio 10 BT u murensHOCTRIO MMIyTbCa 25 He. Iuamerp mydka 25
MKM. [lo3nnIMOHMpOBaHKE JIa3ePHOTO IMy4YKa MPOM3BOIUIIOCH P ITOMOIIH
rajJbBaHOCKAHUPYIOIINX 3epKall.

Bb110 paccMOTpeHo TpH CTpaTerny HaHECEHHUS NaTTepHa Ha TOBEPXHOCTh
KEepaMUKH: cToj04aTast ceTKa, OANHOYHBIC IMKH M OJMHOYHBIE MTUKH. CXEMBI
00paboTKM IpeJIcTaBiIeHb! Ha puC 1.

5% 5 5 8% 4444444+

a) 0)
Puc. 1. HarocuMeIe maTTepHEL, a) cTon04aTast ceTka, 0) OJHHOYHBIE SIMKH, B)
O/IMHOYHBIE MUKU. YepHBIM NIOKa3aHa 00macTb 00padoTku. s ciryqast 0)
KOHIICHTPHYECKHE OKPY>KHOCTH MOKa3bIBAIOT, YTO Ha OAHY MKy npuxoautcs N
UMITYJICOB.

Jiis ompeneneHAsT KpaeBOTO YIJla CMAYyMBaHUS Karwlsi 00BEMOM 8 MK
HAaHOCHJIACh Ha 00pabOTaHHYIO MOBEPXHOCTH, TOCIE YETO MPOU3BOIMIACH
(doTocheMKa B MUKPOCKOII M M3MEpEHHE TAaHTCHIMAJIbHBEIM MeToaoM. [Ipu
TakoM MeTojie (GopMa Kamiid TPEACTaBsieTcss Kak 4YacTh KOHTypa
IpearoaraeMoil  OKpyHOCTH. OmpernenseTcs MEHTp MNpearnoiaraeMon
OKPY’KHOCTH, M YTOJ TpPEICTaBiIseT coO0M yrom Mexay KacaTelnbHOW U
OKPYHOCTBIO.

Cnucox JAumepamypbsl

1. Ta D, Dunn A, Wasley T et al/ Nanosecond laser textured superhydrophobic
metallic surfaces and their chemical sensing applications // Applied Surface Science.
2015. Vol. 357 P. 248-254.
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Hayuonansuwiii ucciedosamenvcekuii soepuwiii ynusepcumem MUDHU, Mockea,
Poccus
2000 «HTO UPD-ontocy, Ppszuno, Poccus

TEOPETHYECKASA U DKCIIEPUMEHTAJIBHASA OIIEHKA
30HbI TEPMHUYECKOI'O BJIUSHMUS ITPU PE3KE
CTEKJVIOIIVIACTUKOB HEITPEPBIBHBIM N3JTYYEHUEM
BOJIOKOHHOTI'O JIABEPA

IMponsBenena TteopeTHdecKas OLEHKA PpacIpOCTPAHEHUS TeINa, KOTopas
MO3BOJISIET OMPENEeNUTh pasMep 30HBI Tepmuueckoro BiusHuA (3TB) u rmyOuny
HCTIApSHUS MaTepUiIa B KOMIIO3UTHOM ITOJIMMEPHOM MaTepHae (CTEKIOIIACTHK) IPH
BO3ICHCTBUU HEMPEPBIBHOIO JIA3EPHOTO H3IY4EHHUS ¢ UIMHON BOMHBI 1,06 MKM.
OreHKa TPOU3BOAMIIACE ITyTEM PEIeHUs ypaBHEHUs TeruionpoBogHoct Oypoe npu
JIa3epHOM Harpese. B pesynprare ObUIM IOTy4YEHBI aHAIMTHYECKass MOJENb U
KOMITBIOTEpHAsl MyJIbTH(HU3WYECKas CHMYJBILMS pPaclpoCTpaHEHHs TeIula B
CTEKJIOIUIACTHKE, a TAKXKE IIPOBEJICHA UX IKCIIEPUMEHTAIbHAs IIPOBEPKa.

A.S. SHCHEKIN'?, D.R. GASHIGULLIN?, S.A. GLASYRINA,
A.A. GAVRIKOV?, V.N. PETROVSKIJ, A.A. ORESHKIN?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2NTO «IRE-Polusy, Fryazino, Russia

THEORETICAL AND EXPERIMENTAL ESTIMATION OF
THE HEAT AFFECTED ZONE IN CUTTING GLASS FIBER
REINFORCED PLASTIC WITH CW FIBER LASER

The heat propagation has been theoretically estimated, making it possible to
determine the size of the heat affected zone (HAZ) and the depth of material
evaporation in glass fiber reinforced plastic (GFRP) under the influence of cw-laser
radiation with a wavelength of 1.06 um. The estimation was made by solving the
Fourier's law of heat conduction under laser heating. As a result, the analytical model
of heat propagation and multiphysics simulation obtained was proven by the
experiment.

CTEeKJIOIUIACTHKH — BUA TMOJHUMCEPHOI'0 KOMIIO3UIIMOHHOI'O Marepualia,
rae apMUpyrolmuM BCHICCTBOM ABJIACTCA CTCKIAHHOC BOJIOKHO. 3a cuer
HUCIIOJIb30BaHUA CTEKJIAIHHOI'O BOJIOKHaA 3HAYUTCIBbHO IIOBBIIAKOTCS
MEXaHHYECKHE CBOMCTBA PI3,Z[€J'II/II71 M3 CTEKJIOIIJIACTHKA. 3a CYeT YHUKAJIbHBIX
MEXaHUYECKHUX CBOMCTB n3aeand U3 CTCKIOIIIACTUKA IMPOKO MPUMEHAIOTCA
B MAIIMHOCTPOCHUHU, CTPOUTEIILCTBE U B CO3JaHUN OTHECTOMKHUX MaHeJeH.
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W3-3a HEOTHOPOHOCTH KOMITOHEHTOB KOMITO3MTHBIX MaTepualioB U HE
H30TPOIHOCTH MX CBOMCTB CYILECTBYIOT CIIOKHOCTH MpH 0O0padoOTKe
cTekiommiactuka. [Ipy ncrnonp30BaHUN TPaJUIIMOHHBIX METOIOB 00paboTKH
YacTO TepsIOTCS IMPOYHOCTHBIE XapaKTEPUCTHKU W3-3a2  Pa3iIMYHbIX
noBpexnennii  (PacciioeHue, pacTpeckuBaHWe, BBHITATMBAHHE BOJIOKHA).
ANBTEpHATUBHBIM CITOCOOOM 0OpPaOOTKH MOKET SBJISITHCSI HCITOJIb30BAHUC
JIa3epHOTO W3Ty4eHus. Vcnonp30BaHue Ja3epHOTO U3ITyICHUS UMEIOT TaKHe
IIperMyIIecTBa KaK OTCYTCTBHE DPACXOIHBIX MATEPHAIOB M OTCYTCTBHE
MEXaHHYeCKOT0 KOHTaKTa C 3aroTOBKOH, HO TIpH STOM BO BpeMs
HCTIONB30BaHUS JIA3ePHOTO H3IY4YCHHUS (HOPMHUPYETCS 30HA TEPMHUECKOTO
BmusHus (3TB), KoTopas yMeHBIIAeT MPOYHOCTHBIC XapaKTCPUCTHUKH
Marepualia, Mo3TOMY Ba)KHBIM SIBIISIETCS OlNpeeieHre (HakTOpoB, KOTOPHIE
BIIMSIIOT Ha €€ BeJIMUMHY U MUHHUMU3aIus odiactu 3TB.

Oco0OeHHO XOpomIo ceOsi TO0Ka3bIBaeT HCIIOJIb30BAaHUE CTPATETHU
MHOTOIPOXOHON JIa3epHOI pe3Ku C yIIUpeHueM KaHamna pesa [1], Ho mpu
3TOM JaHHas TCXHOJIOTHUS BKIKOYACT B ce6;1 KOHTPOJIb U 3aBUCUMOCTDb MCKIY
c000if MHOXKECTBA TapaMeTpOB 00pabOTKH M HYKJACTCSA B ONTHMU3ALINY, B
YeM MOYKeT IOMOYb TEOPETUIECKas OIICHKA PACIIPOCTPAHEHHUS TEIlIa H BpeMs
OCTBHIBaHMS MaTepHaia mocie o0padoTKH.

B nanHO# paboTe ObLTa MPOW3BEICHA TEOPETHUYECKask OICHKA pa3Mepa
3TB npu moMoIu penreHus ypaBHEHIS TETUIONPOBOTHOCTH Dyphe B ciydae
Ja3epHOro HarpeBa. B  pe3ymprare OBUIO MOJYYCHO YIIPOIIEHHOE
AHAJIMTUYCCKOC BBIPAKCHUE 3aBUCUMOCTU TEMIEPATYPBI MOBEPXHOCTU OT
BpEMCHN W KOOpAWHATBI TIpU HArpeB€ B 0 UCIHAPUTCIBHOM U B
UCMApUTETIbHOM peXuMax. Taike Oblla IIOCTPOCHA KOMITbIOTEPHAs
MyJbTUQU3ndeckass Mmozaenbp Harpesa B [IO COMSOL wu mnpoBenena
9KCIIEPUMEHTANIbHAS TIPOBEPKA PE3yJIbTaTOB.

JIst  9KCTIepUMEHTANLHOW MpOBEpKH B  paboTe MCMOJIh30BAIACh
YCTaHOBKa Ha 0a3e HEMPEpPBIBHOTO BOJIOKOHHOTO HTTEPOMEBOTO Jiazepa ¢
quHoi  BodHbl 1,06 Mkm  MmomHocThio 300 Bt ¢ nByXoceBbIM
rabBAaHOCKAHEPOM.

B xauecTBe wmccienyeMoro MaTepHalia HCIIONB30BAJICS KOMITO3UTHBIH
MaTepual C [ONUMEPHOH MaTpuimeid W3 TMONUIPUPHOW  CMOJIHI,
apMHUPOBAHHBIH CTEKJIOBOJOKHOM. OIleHKa KadyecTBa IPOBOJWIACH 10
n3Mepenuto 30861 3TB 1 Hanmuuio pacTpecKnBaHUs U PacCIIOCHUS B 00JacTn
00paboTKH.

Cnucox iumepamypul
1. KoroB C.A. OmueHka 30HBI TEPMHUYECKOTO BIHMAHHA NpH 00paboTke
YIJICTUIACTHKOB HETPEPBIBHBIM H3IyYCHHEM BOJIOKOHHOTO HTTEpOMEBOro yasepa /
C.A. Kotos, H.A. JIs6un, M.A. Kazapsu // Kpatkue coobuienus no ¢pusuke PHAH.
—2019. - Ne2. —c. 53-60
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9. H. IOH, JI. A. CYIOHOB

Dusuxo-mexuuueckuti uncmumym AH PY3, Tawxenm, Y30exucman

O BO3BMOXHOCTU 'EHEPALIMU UMI1YJIBCOB B
KOJIBIHEBBIX OIITHYECKHUX PE3OHATOPAX

W3yuensl ycinoBus TEHEpalUM ONTHYECKUX COJIMTOHOB B  KOJBILIEBBIX
pe3oHaTopax ¢ KeppoBCKOHl HenuHeHHOCThI0. C INOMOLIBIO METOJOB TEOpPUH
JUHAMHUYECKUX CHCTEM IIPOBENEH aHAIIM3 CYIECTBOBAHUS CTALIMOHAPHBIX PEIICHHUH
ypaBHenus Jlymxuato-Jledgesepa. Haiinensl npodunm u napameTpsl CTallMOHAPHBIX
COJIUTOHOB.

E. N. TSOY, L. A. SUYUNOV
Physical-Technical Institute of Uzbek Acad. Sci., Tashkent, Uzbekistan

ON A POSSIBILITY OF PULSE GENERATION
IN RING OPTICAL CAVITIES

Conditions for generation of optical solitons in ring cavities with Kerr nonlinearity
are analyzed. By means of methods of the theory of dynamical system, an existence
of stationary solutions of the Lugiato-Lefever equation is analyzed. Profiles and
parameters of stationary solitons are found.

Kob11eBoii pe30HaTOpP COCTOUT M3 3aMKHYTOI'O BOJHOBO/IA, TYHHEIBHO-
CBSI3aHHOTO B HEKOTOPOHW 4YacTH C JIMHEWHBIM BOJIHOBOJOM. Takue
PE30HATOPBHI MOXKHO PEan30BaTh, UCIOJB3Ys, HAPUMED, HAIPABICHHBIN
OTBETBHTEIb, Y KOTOPOTO KOHI[BI OJIHOTO U3 CBETOBOJIOB COEIMHEHBI MEWKITY
c000# B K011b110. KoJblieBbIE pe30HATOPBI MPEICTABISIOT OOJIBIION HHTEPEC
JUTSL pa3IIUYHBIX MPIIIOXKEeHUH HOTOHUKH [1].

Ceer, pacnpoCTPaHSIOUIMNACS B JHHEHHOM BOJHOBOJE, YACTUYHO
TYHHEJIMPYET B KOJbIIEBOW BOJHOBOJ M OOECleuMBAECT HAKAYKY BOJIHBI B
KOJIBIIEBOM BOJHOBOJE. JlMHAMHMKA CBETa B KOJBIIEBOM BOJHOBOJIE
onchiBaeTcst ypasHeHueM Jlymkuato-Jledesepa [1, 2]:

iu, + gutt +ylul?u = (6 — ia)u + iS, 1)

rae U — orubaroiias 3MeKTPUYECKOro MoJis, Z — KOOpPJHMHATA BJIOJb
BOJIOKHA, t — Oeryimee Bpems, 5, >0, 0> 0, @ XapakTepu3yOT TUCTIEPCHIO,
HEJTMHENHOCTh, (Da30BBI CABMI M 3aTyXaHHWE, COOTBETCTBEHHO, a S = |S]
exp(if) — BHemHsAs Hakayka. UHCIIEHHBIE UCCIIENOBAHUSA U DKCIIEPUMEHTBI
MTOKA3BIBAIOT, YTO JIAXKE SCIIM HaKayKa HE 3aBUCHT OT BPEMEHH, B CHCTEMEBI
MOTYT T€HEPUPOBATHCS UMITYIIBCH — JUCCUIIATUBHBIC CONIMTOHBL. B maHHON
paboTe M3y4aroTCs yCIOBUS I'CHEpPalUU YCTOWYMBBIX HMITYJIBCOB, & TaKXKe
OTIPENICISIOTCS TApAMETPBI ITUX UMITYJIbCOB.
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Wmem pemenne ypasuenust (1) B Bume U(t) = a(t) exp(io(t)), rme
BemectBennsie a(t) u ¢(t) onpenensror npodmits u dasy sonuel. Toraa:

a, =a qbf + i (=ya® + 8a + |S| sing),

2a1,

2
¢, =— + a(—aa + |S] cos ¢),

)
rae ¢ = ¢(t) — 6. Cucrema (2) uMeeT COCTOSHUS paBHOBecus (ds, @) ,
COOTBETCTBYIOIIIME IUIOCKUM BOJIHAM. AMImutyna W ($aza 3THX BOJH
ompenensercs u3 cnenyomux yenosuit |S|? = a?[a? + (ya? — 6)?],
tan(¢,) = (ya? — 8)/a . AHanu3 >TUX COOTHONIEHMH MOKA3BIBAET, UTO MPH
3agaHHoM |S| 1 82 < 302 MOKET CyIEeCTBOBATh TONLKO OJHA BojHa. Ilpu &% >
302 MOTYT CyIIECTBOBAT JIMOO TPH BOJIHBI ¢ PA3HBIMM aMILIUTYIAMH, JTHOO
OJlHa BOJIHA.

Pacripeznesnenuro moist B BUJE CTAIIMOHAPHBIX UMITYJICOB COOTBETCTBYET
TOMOKJIMHMYECKas cenaparpuca [3], a mocaenoBaTeIbHOCTH UMITYJIbCOB —
MpeaeIbHBIN UK ciucTeMbl (2). Takum 00pa3oMm, 3a7aya CBOJUTCS K TOUCKY
HMHBapUaHTHBIX TpaeKTopuil cucteMsl (2). B paboTe mpoBeseH aHaIN3 THIIOB
COCTOSTHUH paBHOBECHUS, HaiJeHbl MapaMeTpbl CHCTEMbI, NPU KOTOPBIX
CYMIECTBYIOT TIpENENbHBIC LUKIBI U cemapaTrpuckl. OTMETHM, YTO IS
HAOIIOICHUS COOTBETCTBYIOIINX UMITYIILCOB HEOOXOIUMA UX YCTOHYUBOCTH
TIPH IBOJFOIMA BAOJb Z.

Takxum 00pa3oM, B paboTe HalAeHBI TapaMeTPHI KOJIBIIEBOTO PE30HATOPA
1 HAKa4KH, PH KOTOPHIX MPOUCXOTUT TeHEepaIys UMITyJIbCOB. PaccunTaHbl
mpoWIM W TapaMeTpbl JTHX UMITYJIECOB. Pe3ympTaThl TEOpHH U
YCTOHYMBOCTE  HMMITYJIbCOB  TIPOBEPEHBI €  IMOMOIIBID  YHCICHHOTO
MOJICIIPOBAHUSI UCXOMHOTO ypaBHEeHHs (1).

Cnucox aumepamypul
1. Nonlinear Optical Cavity Dynamics: From Microresonators to Fiber Lasers, Grelu P.
(Ed.), (Wiley-VCH, 2016).
2. Lugiato, L. A. et al, Phil. Trans. Royal Soc. A, 2018, V.376, 0113.
3. Pabunosnu M. 1., TpyGenkos JI. 11. Beenenue B Teopuio konebanuit n BonH. (PX]],
2000).
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A. B. IUIATOHOB, B. H. [IETPOBCKUI, O.M. OPELLIKMH

Hayuonanvuwiii uccnedosamenvckuii aoepusiil ynugepcumem MUDPU, Mocksa,
Poccus

HNCCIEAOBAHHME BJIMSAHUA TEIIJIOBOT'O
PACHIUPEHUSA HA TOYHOCTD CTPYKTYPUPOBAHUSA
METOJAOM JIASEPHOI'O IEPEIIVIABJIEHU S

HccnenmoBaHo BIUSIHUE TEMIIEPATYPHOTO  pACIIUpPEHHS Ha  TIOJIOKCHHE
MEPUOJIMYECKUX CTPYKTYp Ha MOBEPXHOCTH 00pasmoB u3 cmiaBa BT6 mpu ux
CO3/IaHMM METOJIOM JIa3epHOTO TeperiaBa. [loka3aHO BIMSHHE TEIUIOBOTO
pacmvpeHuss Ha KavyeCTBO OOpabOTKH TPH JIa3epHBIX Tporieccax. ComocTaBieHbI
TEOPETUICCKUE OIICHKH U SKCIICPUMCHTAIIBHBIC PE3YJIbTATHI.

A.V.PLATONOV, V.N. PETROVSKIY, O.M. ORESHKIN
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

INVESTIGATION OF THERMAL EXPANSION INFLUENCE
ACCURACY OF THE STRUCTURING BY REMELTING
PROCESS

The influence of temperature expansion on the creation of periodic surface
structures of the Ti6-Al-4V alloy by laser remelting has been studied. A significant
influence of thermal expansion on the quality of processing in laser processes has been
shown. Theoretical estimation and experimental results has been conducted.

B mporecce 00paGOTKH  HENPEPHIBHBIM  JIa3€PHBIM  HM3JTyYCHHEM,
3HAYWTENbHAS YacTh SHEPTUM MEPEXOAUT B TEIUIOBYIO. TakuM o6pasom,
MPOIECCHl  JIa3epHOH  0OpabOTKM  COMPOBOXKIAIOTCS  HEOIHOPOTHBIM
TEeMIIePaTyPHBIM paclpeeiieHHeM BHYTPH 00pasiia, a Clie[I0BATeNlbHO, W
HCOJHOPOAHBIM TETIJIOBBIM PACIHUPECHUCM.

HccrenmoBanne BIMSIHHE TEIUIOBOTO PACIIMPEHHS HA IMOJOKCHHE
CTPYKTYpP, CO3JaHHBIX METOJOM CTPYKTYPUPOBAaHUS IEPEIIaBICHUEM
(WaveShape) [1, 2] npoBoauiiocs Ha IJIOCKHX oOpasmax u3 cruiaBa BT6
nuaMetpoM 60 MM u TomuHOM 10 MM.

Jnst OUGHKH BIMSHHSA TEMIIEPATypHOrO paciiupeHus, o00paboTka
NPOBOJMIIACH HA 00paslie KOMHATHON TEMIIEpaTyphl U Ha 3TOM ke obpasiie

TOCJIE KOHTPOJIUPYEMOI'0 HAarpeBa JIa3€pHbIM HU3JIYYCHUEM N0 TEMIICPATYPbL
400 °C.
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DKcHeprMEeHThl NPOBOIMIINCHE Ha poOOTH3MpOBaHHOW ycraHOoBKe ABB
IRB 4600, ocHamiennoii azepom JIC-2 nmpousBoactsa pupmsl «HTO «PO-
IMontoc». OO6paboTKa NPOU3BOAUIACH B Cpelle MHEPTHOIO ra3a — aproHa.
ConeprkaHus KUCIOPOAa KOHTPOIHUPOBanock Ha ypoBHe Huxe 0,01%.

Jnst IByX CTPYKTYp, cO3AaHHBIX Ha oOpasue cruaBa BT6 xomHaTHOM
TEMIIepaTypbl M Ha TOM J>ke€ oOpasle, MpeaBapUTENbHO HArpeToM [0
temnepatypsl 400 °C, cMemeHHe CTPYKTYp OTHOCHTEIBHO IpPYT IpyTra
cocraBiset 242,5 mxm (puc. 1).

Mpodunu cTpykTYp

—— HarpeTuiii 06pazey
=== XonofHblil obpa3sel,

1 X N

hoa AP AN S RN AN
ARAARNIN AU LN UASIVATAT
A

AmMnauTyAa (MKM)
v

-10 T T T T T T
20000 20500 21000 21500 22000 22500 23000
AnuHa (MKM)

Puc. 1. TIpodunu cTpyKTyp, CO3AaHHBIX Ha 06pasiie KOMHATHOM TeMIepaTypbl
(MyHKTHpHAsI JIHHKS) U Ha TOM e o0pasiie, peiBapUTEIbHO HATPETOM 10
temmeparyps 400 °C.

ITokasaHo, 4TO MMOJIOKEHHE CTPYKTYPHI HA HATPETOM 00pasiie OTINYaeTCs
OT 3aJIaHHOTO TOJIOXKEHHUS, COOTBETCTBYIOIIETO CTPYKTYpPE, MOJIyISHHOH Ha
X0JI0AHOM 00pa3siie. [Ipy U3BECTHBIX TEPMO(DU3NICCKUX XapaKTEPUCTHKAX,
MOJKHO PacCUHTATh, KaKas CTPYKTypa oOpa3yeTcs mocie HarpeBaHus. Takoi
pacueT MPUMEHHM Ui KOPPEKTHPOBKH CHTHala MOIYJISIIAN Ja3epHOTO
U3IYYCHUS B TPOIECCe CTPYKTYPHUPOBAHHSA I MOBBIMICHHUS TOYHOCTH
00paboTKH.

HccrenoBanre BHIIONHEHO TpW (UHAHCOBOH moxanepxkke POOU wu
Hemenkoro Hay4HO-HCCIIEI0BATENBCKOTO COOOIIECTBA B paMKax HAyYHOTO
npoekrta Ne19-58-12006.

Cnucox aumepamypul

1. Temmler, A.; Comiotto, M.; Ross, I.; Kuepper, M.; Liu, D. M.; Poprawe, R. (2019):
Surface structuring by laser remelting of 1.2379 (D2) for cold Forging tools in automotive
applications. In Journal of Laser Applications 31 (2), p.22017. DOI: 10.2351/1.5070077.

2. Temmler, A., Liu, D., Drinck, S., Luo, J., & Poprawe, R. (2019). Experimental
investigation on a new hybrid laser process for surface Structuring by vapor pressure on
Ti6AI4V. Journal of Materials Processing Technology, 116450.
Doi:10.1016/j.jmatprotec.2019.116450
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A.A.TAPMATHHA', A.I'. IIYBHBINZ, A.Jl. HYXJIMH?,
B.E. ACATYMKOB?, A... BAPAHOB?, J1.B. MSICHUKOB?,
H.B. MUHAERB?, B.M. TOPJIUEHKO?*

THUI] «Kypuamosckuit uncmumym», Mockea, Poccusi;
2QHUI] «Kpucmannozepagus u pomonurxay PAH, Mockea, Poccus;

SHTO UP3-ITonioc, e. Dpsizuno, Mockosckas obnacmoe, Poccus;
“Mockosckuil 2ocyoapcmeennviii yuueepcumen um. M.B. Jlomonocosa, Puzuyeckuil
¢gaxynemem, Mockea, Poccus;

I'EHEPAIIUA PEHTTEHOBCKOI'O U3JIYYEHUS TP
B3AUMOJIEICTBUU ®EMTOCEKYH/ITHOI'O
BOJIOKOHHOI'O JIASBEPA C MULIEHBIO B BO3JAYXE "
MEPCNEKTHUBBI JTASEPHO-IIJTA3SMEHHOM
PEHTTEHOBCKOM MUKPOCKOIINN

PaccMOTpeHO HCIONB30BaHHE WU3IYYEHUs] (HEMTOCEKYHIHOTO BOJOKOHHOTO
Ja3epa, B3aMMOJCHCTBYIOLIETO C MHINCHBIO B BO3JYIIHOH Cpene B KadecTBe
HCTOYHMKA PEHTICHOBCKOTO H3iy4yeHHs. IIpesiokeHa MEpCIeKTHUBHAs cxema s
CO3/1aHUSI MCTOYHUKA CHEKTPAIBHO SPKOTO PEHTICHOBCKOTO H3JIYyYECHHS C YHUCIOM
¢oronoB Gonee 1076 ¢GoT/c B TENECHBIH yroy A pelICHHs 33734 PEHTT€HOBCKOH
MHKPOCKOIIHH.

A.A. GARMATINA!, A.G. SHUBNYI? V.E. ASADCHIKOV?,
A.D. NUZDIN?, A.I. BARANOV?, D.V. MYASNIKOV?,
N.V. MINAEV?, V.M. GORDIENKO?**
INRC «Kurchatov Institute», Moscow, Russia;
2FSRC "Crystallography and Photonics" RAS, Moscow, Russia;
SNTO IRE-Polus, Fryazino, Moscow region, Russia;
4Moscow State University M.V. Lomonosov, Faculty of Physics, Moscow,
Russia;

GENERATION OF X-RAY UNDER INTERACTION OF
FEMTOSECOND FIBER LASER WITH A TARGET IN AIR
AND PROSPECTS OF LASER-PLASMA X-RAY
MICROSCOPY

The possible use of radiation from a femtosecond fiber laser interacting with a
target in air as an X-ray source is considered. A promising scheme is proposed for
creating a source of spectrally bright X-ray radiation with a number of photons more
than 10 ~ 6 phot / s per solid angle for solving problems of X-ray microscopy.

B HacCToOAIICC BPpEMA q)GMTOCGKyH,Z[HLIC BOJIOKOHHBIC JIa3€pbl BBICOKOH
cpe,uHei/'I MONIIHOCTHU UCIIOJB3YIOTCAd B PpAAC HAYYHO-TEXHOJOTMYCCKHUX
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MIPUMEHEHNH, CBA3aHHBIX C JIa3ePHO-TIa3MEHHOI 00paboTKOW MaTepraos.
[Ty4xu Takux J1a3epoB, ocTpocOKYCHPOBAHHBIE HA TOBEPXHOCTh MUILECHHU,
MOTyT  TEHepUpoBaTb  MHUKPOIUIa3My,  CIYXKAaIlyl0  HCTOYHHKOM
peHTreHoBckoro u3myuenus (PU). IIpyu pocTHKEHHMHM J1a3€pHOU
uHTeHcUBHOCTH nopska 10714 Br/cm? gportonsl PU Haxoxsarcs B o6nactu
SHepruii B HECKONBbKO K3B. IloTOKOM pEHTTeHOBCKHX (OTOHOB MOXKHO
YIPABISTH C TOMOIIBIO BOJIOKOHHBIX (DEMTOCEKYHIHBIX JIa3€POB, MMEIOIIIX
IIPH OTHOCHUTENBHO HHM3KOW »Heprum mMmirynsca (~10 Mk/[k) BBICOKYIO
gacToTy cienoBaHus uMmyibcoB (100 k[ u 6omee). DTo 3HAYUT, YTO AaKe
IIPU TIPOBEJICHUHN SKCIIEPHMEHTOB B HOPMAJIbHBIX YCIOBUSX (BHE BaKyyMma)
pearpHO TONTyYeHHe YHClia PeHTTCHOBCKUX ()OTOHOB He MeHee, dem 1075
¢ot/c. PeHTreHOBCKOE U3ITyueHHE MOXKET CITY>KUTh B KAUeCTBE HHCTPYMEHTa
JUIsl BU3yaJu3alMy B (U3MKE HAHOYACTHUIL, MEIHMLHMHE, XMUMHYECKHUX HIIH
OnoJorn4ecKux uccnenoBanusax. OOBIYHO I ATHX Lielel B 1a00paTOpHBIX
9KCIIEPUMEHTaX  HCIIOJIB3YIOTCS  PEHTTEHOBCKHE  MUKPO(OKYCHBIE
ucrounuku. [Ipodiema ¢ MUKPO(GOKYCHBIMH TpyOKamH 3aKIIOYaeTcs B
OrpaHMYEHHOM IIOTOKE PEHTI'€HOBCKOT0 U3myueHus (B npeaenax 1076 gpot/c)
n pasMmepe ucrtouHrnka. O0a 3TMX OrpaHWYEHHS OOYCIOBIECHBI BBICOKUM
TETUIOBBIMH HArpy3KaMH, NPUXOAIIMMI Ha BECbMa MAIyIO TUIOIIAAb aHO/A
MHUKpPO(OKYCHOH pPEHTTeHOBCKOH TpyOKku. MIMEHHO 3TO 0OCTOSTENBCTBO
00yciaBNIMBaeT CPaBHUTEIBHO HEOONBIION CPOK CIY)KOBI TaKMX H3AEIHH.
CymmecTBeHHOM TakKe ABJAeTCA U mpodiiema KoHTpacta XPU oTHOCHTEIEHO
TOPMO3HOTO peHTTeHOBCKOTro n3nydenus (TPU).

[Ipenmerom Hactosimiei pabOThl  ABISETCS U3JOKEHUE TEPBBIX
pe3yJIbTaToOB  3KCIHEPHUMEHTAIbHBIX  HCCIEIOBAHUM, IEJNBI0  KOTOPBIX
SIBIISICTCA  JIEMOHCTPAIIMSI BO3MOXHOCTH CO3HAHUS MHKPOILUIa3MEHHOTO
ncrouHuka XPU k3B-HOro ypoBH: ¢ yIIpaBIsAOLUM YCTPOMCTBOM HAa OCHOBE
HMITYJIbCHO-NIEPHOINYECKOT0 (PEeMTOCEKYHIHOTO BOJIOKOHHOTO Jaszepa. B
OKCIIEPUMEHTAX HCIIOIb30BAJICS (beMTOCeKyHIHBIN UTTepOneBBIN
BoJsiokoHHBIH Jazep YLPF-10-400-20-R (HTO UPD-Ilostoc) ¢ ueHTpanbHON
qnmuHoil BosiHbl 1030 HM, wacroTa cinepoBaHus umiyibcoB — 100 kI'h,
sHeprus B umiyisce 1m0 20 MkJDK, mmTensHOCTS HMITyIscoB — 400 dc,
KadecTBO manmydeHms M2 = 1.5 (pucl). M3mydeHwme QoKycmpoBaIoch
oObekTBOM f=2 cM Ha MUIIEHb. B HTOre BBHINOIHEHHBIX HCCIIEAO0BAHUH
HaM{ TOJy4YeHbl Clexylomme pesysbTatsl. HalOmopamach JioKajbHas
noHu3anus B obiacTH QGokyca M MOIydeHa MUKpOIUIa3Ma B BO3JyXe, 4TO
ABJISICTCS TECTOM HA BEJIMYHMHY ITOPOTOBON MHTEHCHBHOCTH (MHTEHCHBHOCTH
Beimie 10713 Br/cm2).  IIpomemoHcTpupoBaHa  MHKPOOOpaboTKa
MTOBEPXHOCTH TBEPAOTECIBHONH MHUIIEHH, OCYIIECTBIIEMass B PpEXHMe
a0y W TOAJEp)KUBaeMasi MPHUIIOBEPXHOCTHBIM ILIa3MO00pa30BaHUEM.
YcTaHOBIIEHO, YTO a0IANMS METAJUIMYECKUX MUIICHEH COMPOBOXKIACTCS
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reHepalyeil peHTTeHOBCKOTO M3JIY4YEHUsI, IPUYEM CHUTHAJI PEHTTEHOBCKOTO
nanyuennss PU peructpupoBajics NpeMMYIIECTBEHHO M3 MHKpOKparepa
MUILIEHH, B KOTOPOM MPOMCXOIMIIO BO3pAaCTaHHE JIa3ePHONH MHTEHCUBHOCTH.
3aperucTpupoBaHO XapaKTEPUCTUUECKOE PEHTIeHOBCKoe n3nyueHue (XPU)
TIPY BO3/ICHCTBUH Ha TIOBEPXHOCTH TBepaoTenbHoM MutieHn (Cu, Fe, Ti, Ag)
0cTpOC(OKYCHPOBAHHOTO JTa3€PHOTO ITyyKa TP CPEIHEH MOIIHOCTH OKOJIO
5BT u nocturayt Beixoa XPU Ha yposHe 10”5 dot/cek B TenecHsbIi yroma (K-
muHUS TUTaHa 4.5 k3B u L-nmuans cepedpa 2.8 k3B) ¢ koHTpacToM Gomee 10
OTHOCHTEJILHO TOPMO3HOTO (poHa (purc.2). 3aperucTpupoBaH CUTHAI BTOPOH
TapMOHMKH (DEMTOCEKYHIHOTO Jia3epa, BO3HMKAIOIIMI Ha TpajUCHTE
JIEKTPOHHOH IUIOTHOCTH B IPHUIIOBEPXHOCTHON MUKPOIIIIa3Me BO3yXa.

Takum 00pa3oM, HAMH TOJyYCHBI MMHOHEPCKHE PE3YIbTAaThl, KOTOpPHIC
CBHUJICTENBCTBYIOT O TOM, YTO B PE3YJbTAaTe MOCIEAYIOMEH ONTHMH3ALNH
SKCIEPUMEHTANBHBIX YCIOBHH (yBenndeHrne MoImHocTH 10 20 BT u yacToTs!
reHepanuu jasepa 1o 1 MI', a Takke onTUMH3aMH YCIOBUH (hOKYCHPOBKU
U TIOBEPXHOCTHOM MHKPOCTPYKTYPHI MHIIEHH) OYZET CO3[JaH HMCTOYHHK
CHEKTPAJBbHO SPKOTO PEHTIEHOBCKOTO M3Jy4eHUsl ¢ YucioM (HOTOHOB OoJee
10M6 ¢dot/c B TenecHBI yroj, NPUTONHBIA [y pelIeHHs 3aaad
PEHTI€HOBCKONH MUKPOCKOIIHH.

BONOHHO
— Ounerp cac 25
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ko, 20 KL [100%), - 800+
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YEBEMHHEH 10 6 Wi 1
[uxpowyHoE 38pRan0 4 B
ﬂ “ © 400
= S r——— 2004
PH cnextpometp / ~ ocuuanorpad 0 : - s . .
¢ BN ny 1 6 10
S / S E, keV
nnasma / I
——
Mo __‘ - 3¢ Kamepa
o2
Puc.1. brok-cxema Puc.2. BoIxoJ peHTT€HOBCKOTO
3KCHepHMeHTaﬂBHOﬁ H3JIY4YCHUA U3 MUKPOILIa3Mbl TUTAHA
YCTaHOBKH

Pabora BbIMONHEHA NpU ToAEep)Kke MHUHUCTEPCTBAa HAYKH M BBICIIETO
00pa3zoBaHus B paMKax BBITIOJIHEHHUS palboT 110 TOCYapCTBEHHOMY 33IaHHIO
@OHUILL “Kpucramnorpadus u ¢oronnka” PAH, rpanra PODU Nel§-29-
20090.
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A.C. [IPMIIBUIIBIH, I''M. BOPOBLEB, B.A. KYPHAEB

Hayuonanvuwlii uccneoosamenvckuii adepuwiil ynueepcumem MUDPHU, Mocksa,
Poccus

CHUCTEMA CBY - IIPEJIBIOHU3ALIMU MAJIOT'O
COEPUYECKOI'O TOKAMAKA MU®UCT

Pa3paborannas cucTeMa CBEpXBBHICOKOUACTOTHOW HMPEBIOHU3AIMH IIIA3MBI JUIS
Mmainoro cepuyeckoro Tokamaka MUDHUCT Oputa anpoOupoBaHa B CEPUU OIIBITOB.
B pabore mnpencTaBieHbl pe3yibTaThl SKCICPUMEHTOB II0 B3aHMMOACHCTBHIO
CBEPXBBICOKOYACTOTHBIX BOJH B [HUANa30HE YacTOT 3JIEKTPOHHO-LUKIOTPOHHOTO
pe3oHaHCa C Tra3oM Ha cragud 1pobos. CucremMa MO3BOJIMJIA IONYYHUTh
MIpeAIUIa3MeHHBIN pa3psiy UIMTENFHOCThI0 10 20 MC Ha 3aJaHHOM PacCTOSHHU OT
BHYTpPCHHEH CTEHKH BaKyyMHOH KaMepbl TOKaMakKa.

A.l. ALIEVA, S.A. KRAT, S.A. GANIN, N.E. EFIMOV, AS.

PRISHVITSYN, G.M. VOROBYQV, V.A. KURNAEV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

MICROWAVE PREIONIZATION SYSTEM OF SMALL
SPHERICAL TOKAMAK MEPHIST

The developed microwave preionization system of small spherical tokamak
MEPhIIST has been tested in a series of experiments. The study presents obtained
results of the interaction of electron-cyclotron resonance microwaves with gas at the
breakdown. The system allowed to obtain pre-plasma with an up to 20 ms duration at
a given distance from an inner wall of the tokamak vacuum vessel.

B pamkax yueOHO-IEMOHCTPAIIMOHHBIX U HCCIENOBATENbCKUX IIeNIeH B
uHcrturyre Jlallnazs HUSAY MUHU®OU Obin coznan Maiblil chepudeckuit
tokamak MUOUCT. K OCHOBHBIM NapaMerpaM YCTaHOBKU OTHOCSTCA
Oonbmmoi paguyc R=25 cm; mansiii paguyc & = 13 cM; aclieKTHOE OTHOIICHHE
A =R/a=1.9; BeITstHYyTOCTH Kamepbl K ~ 2; ToponaansHoe 1moiie Ha ocu By~
0.5 Tn; mmrensHOCTH paspsga t ~ 10 — 30 mc [1, 2]. Ha nanHbIi MOMEHT
BeayTCsl pabOTHI 110 OTIIAIKE €ro padoThI.

K omHOMY W3 MepBBIX ATANlOB SKCIEPUMEHTAIBHOM MPOTpaMMBbl MOYKHO
OTHECTH yJyd4IlleHHe MapaMeTpOB HAYaJbHOM CTaAWU pa3psijia B TOKaMake.
Y1o0HO TNpHUMEHATH METOA CO3JaHUsl MPEABAPUTENbHOM IUIa3Mbl —
IpeablOHH3anuio. VICHoab30BaHUE CUCTEM TIPEABIOHU3ALMM  IO3BOJIAET
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CHU3UTh HANpsDKEHHE TMPo00s ¢ COKOHOMHUTH 3amac  BOJBT-CEKYHT
MOJIOUIATIBHON CUCTEMBI, YTO I MAJbIX C(HEPUUCCKUX TOKAMAKOB B CBSI3U
C WX OTPaHMYCHHBIMH pPa3MEpaMH SBJIETCS OMPEHCISIOMHM (aKTOPOM.
Cuctema cBepxBbIcOKodacTOTHOH (manmee CBY) mpemsroHM3anny DODKHA
oOecrieunBaTh MOHU3AIMIO M HaI&XKHBIM MPoOOI KCHOIB3yeMoro rasa B
3aJaHHOM 00JacTH BaKyyMHOH KaMmepbl ToKamaka. lcmonabp3oBaHue
MOTOOHOK CHCTEMBI ITO3BOJISICT TE€HEPHUPOBATH TOHKHHA NIHHIAPUICCKUAN
IJIa3MEHHBIA CJOH, YTO MPUBOAMT K PA3BUTHUIO TOKAa HA OMpEAeICHHOM
paauyce, COOTBETCTBYIOUIEMY AJIEKTPOHHO-IIUKIOTPOHHOMY PE30HAHCY .

C memnpio JOCTIDKEHHS JIyUIINX MapaMeTpoB Mpo0ost Taza s TOKaMaka
MU®O®UCT Obma ckoHCTpympoBaHa cuctema BBoga CBY »sHepruwm,
MO3BOJISIONIAs JOOUTHC ¢ deKTa MpeAbIOHU3aIH. B KauecTBe HCTOUHUKA
CBY MONIHOCTH MOTYT HCIIOJIB30BAThCSA pas3iMyHble MPUOOPHI —
MarHeTPOHBI, KIMCTPOHBL, THPOTPOHBL. B paccmarpuBaeMoM ciydae
HCTIONB30BaJICI MarHeTpoH, padodas gacToTa KOTOPOTO COCTaBiseT 2,45
ITm.

B pabore mnpexacraBieHbl pe3yiabTaThl YJIydlleHUs pa3paboTaHHOU
CHUCTEMBI TpPEOBIOHH3alWU. VICHONB30BalNCh W CpPaBHHUBAINCH IBE
pa3IHYHbIC CXEMBI MUTAHUS MarHETPOHA, TIepBast M3 KOTOPHIX oOecreunBaeT
paboTy cucTeMbl B UMITYJIbCHOM PEXHME, BTOpasi — B HEMPEPHIBHOM. Takum
00pa3oM, B KayecTBE IHMTaHHS MAarHeTpOHa WKCIOJIh30BaIaCh Kak U
CTaHJapTHAs CXeMa YABOCHHS, TaK U MOTU(PHUIMPOBAHHAS [T TOCTIKECHUS
KO3 duiueHTa 3amojgHeHuss ummyisca K = 1, 4uro mpuBOAUT K psmy
npeumyiects. Takke ObUTH TPOBEICHBI SKCIICPUMEHTHI 0 POOOIO rasa ¢
ucnonp3oBaHueM co3mgaHHeix CBY - OmoxoB. I[lokasaHel n30paHHBIC
mapaMeTpsI WHUIIMAPOBAHHBIX MIpeaIIa3MeHHBIX pa3psiIoB,
MPOAHATM3UPOBAHbl WX XapaKTePUCTHKH M TPEJIOKEHBI Mephl IO
JaTpHEHIIeMy YITyqIICHHIO TapaMeTPoB Mpoodos pabodero rasa.

Pabota BrmonHeHa pu moaaepxke koproparuua POCATOM B nure AO
«Hayxka v "HHOBaIANY.

Cnucok aumepamypol
1. Kypnaes B. A. u np. CTATYC PASPABOTKU TOKAMAKA MU®UCT //BectHuk
HarroHanpHOT0 HCCIIeI0BaTeNIbCKOro siiepHoro yHuBepentera MU®U. — 2019. — T. 8. — Ne. 6.
—C. 491-497.
2. Kypnaes B. A. u np. [IPOEKT TOKAMAKA MU®UCT //Snepuas Gpusuka v MHKUPUHT.
—2019.—T. 10.—Ne 1. - C. 24 - 27.
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A.C. ACEEB'?, B.. 3BAMIIEB? 1.A. BAPBIKOB?®

140 I'HI] PD Tpouykuii uncmumym uHHOEAYUOHHBIX U MEPMOAOEPHbIX
uccnedosanutl, Tpouyx
2Hayuonanvuuiii ucciedosamenvckutl ynugepcumem «MOHy, Mockea

JUAJIEKTPUYECKUI JTETEKTOP B KAUECTBE
YYBCTBUTEJIBHOI'O 3JIEMEHTA JUISA PETUCTPALIMA
HMHTEHCHUBHbBIX IOTOKOB PEHTTEHOBCKOI'O
N3JIYYEHUSA

B wucchnenoBaHMAX HMHEPUMATIBHOTO CHHTE3a, IJe TMPH  CXKaTHU
TEPMOSAEPHBIX MUILIEHEH XapaKTepHbIe BpeMEHa IPOLECCOB COCTABIAIOT 10~
8 — 10 ¢, a UMMyJIbCHAs MOIIHOCTh BO3HMKAIOMIETO M3JYYEHHUS IIa3Mbl
nocruraer  10%-10 Br. IlpumeHenue (QUIBTPOB, OCHAOISIONIMX
WHTEHCHBHOCTh IIOTOKa W3JIYYEHHs, HCKaXXaeT CIEKTPaJIbHBIH COCTaB
notoka. ONHCHIBAETCS IETEKTOP PEHTTEHOBCKOTO M3IYUYEHUs, B KOTOPOM B
Ka4eCTBE UYBCTBHTEJIHFHOTO JJIEMEHTA HCIOIB3YEeTCS IUINEKTPUK —
ontuueckoe crekiio KY1 (puc. 1). Pabora merextopa Oasmpyercs Ha
00Hapy>KEHHOM aBTOpaMu 3P PeKTe BOSHUKHOBEHHS 3JIEKTPUIECKOTO OIS B
JIVJICKTPUKE 10 JAeHCTBHEM paauanuu. V3MepeHus NpOBOAMINCH HA
ycTaHOBKe “AHrapa-5-17, rme HMCTOYHMKOM H3Iy4YEeHHs CIYXKHUT IUIazMma
MeraamnepHoro Z-nuH4da. llokasaHo, 4To mpu mnajaroumieid Ha JOETEKTOP
MOIIHOCTH u3iay4eHuss ~1 MBT/cM2 OTKJIHMK JeTeKTOopa COCTaBJISCT
HECKOJIbKO BOJBT MPH pa3pelieHuH BO BpeMeHH ~1-2 He (puc. 2)
W3MepeHnss mokaszan, dYTO Takas Harpyska oOecrnednBaeT Z-TIHHY,
SIBISIFOLIMICS Ha KOHEYHOM OJTalle CXaTHsl WMITYyJIBCHBIM HCTOYHHUKOM
W3ITyYeHHs C MapaMeTpaMu: JINTEILHOCTh Ha NoiyBbicoTe 10 He, mukoBas
MOIMHOCTh B MECTE pACHOJOXKEHUs JaeTekTopoB 1-5 MBrt/em2 |
CHEKTPAJbHBIN COCTAB M3IIyYECHHUS HAXOANUTCS B AMAIIa30HE SHEPI Uil KBAHTOB
25-1000 »B.

Curnan, B

1+

2

0 . L
680 700 720 740 760 730 800 820
1, He

Puec. 1. Mavepurensmaa cxema. | — koHTakTHoe Al-no-

kpaiTHe (ToammHa 30 BM); 2 — IHANEKTPHK (TonmuHa
D.5 an): 3 — 0624CTE OMIOMEHSS HUTYMEHIUH B AHIICK- Puc. 2. CHIHATH PASTHUHLIX AETEKTOPOB HATYMEHHA
TpHEe; 4 — cornacylomes conporHiiente 50 Owm; 5 — oc- (MoumoeTs ~2 MBr/es): ] — qisnesrpiiecionii JaTii

- 3o amce
ull.].]urpasb TDS 2024; 6 — HCTOUHHK MHTAHMA. (crexno KY1); 2 — sTOPHIHO-IMHCCHOHHB TATIHK.
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JI.b. BETPAMBEKOB, H.C. IITIYHTAKOB, A.M. 3AXAPOB

Hayuonanvuwiii uccneoosamenvckuii aoepuwiil ynueepcumem MUDU, Mocksa,
Poccus

PACIIBIVIEHUE U MOJIU®UKAIIUA MATEPUAJIOB B
MNPOIECCE HOHHO-IIVIASMEHHOI'O OBJIYYEHMS ITPHU
TEMITIEPATYPAX «AKTUBHOM TUDDY3UN»

PaccMoTpeHBI mpomeccsl, CONPOBOX/IAMOIINE B3aUMOIEHCTBIE HOHOB W IIIa3MBI C
MaTepuaJaMHu IIpH TeMIIepaTypax, COOTBETCTBYIOIIMX aKTHBaIWHM AU(Qy3HOHHBIX
nporeccax. [Ioka3aHo, YTO OCHOBHBIMH (aKTOpaMH, ONPEIENAIOLIUMU OCOOCHHOCTH
MPOLIECCOB PACIIBUICHHS U MOJIM(HKALMH MAaTEPHAIOB B IPOLIECCE HOHHO-TIIIA3MEHHOTO
o0NydeHHss TpH TeMIepaTypax «akTUBHOH aud¢ys3un» sBiusrores auddysus
BHEAPEHHBIX YaCTHIl U paJUalMOHHBIX BAaKaHCUH M HANpPSDKCHUS, BO3HUKAIOLIUC B
HPUIIOBEPXHOCHBIX CIOSIX.

L.B. BEGRAMBEKOV, N.S. PUNTAKOV, A M.ZAKHARQOV

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

SPUTTERING AND MODIFICATION OF MATERIALS IN
THE PROCESS OF ION-PLASMA IRRADIATION AT
TEMPERATURES OF "ACTIVE DIFFUSION

The processes accompanying the interaction of ions and plasma with materials at
temperatures corresponding to the activation of diffusion processes are considered. It is
shown that the main factors determining the features of the processes of sputtering and
modification of materials in the process of ion-plasma irradiation at temperatures of
"active diffusion” are the diffusion of embedded particles and radiation vacancies and
stresses arising in the near-surface layers.

[Mporiecchbl, COMPOBOXKIAIOIINE B3AUMOJCUCTBHE HOHOB M IUIA3Mbl C
MarepualaMd ~ OpUH  TEeMIeparypax,  COOTBETCTBYIOIIMX  aKTHUBAIMU
1u(y3HOHHBIX TpolleccaX, B TOW WM HHOW CTENEHH PacCMaTpUBAIUCH B
0OJBIIOM KOJIMYeCTBE paboT (pe3ydbTaThl HEKOTOPHIX M3 TaKuX paboT
HCTIONB3YIOTCS B JaHHOM JOKJIaje). BBIABICHB 0COOCHHOCTH PACHBUICHHUS
MaTEepPHUAJIOB IIPH 3THX YCIOBHUIX, H COOOMIACTCS O Pa3HOOOPa3HBIX H3MCHEHUSX
B MPUIIOBEPXHOCTHBIX CJIOSX B 3aBUCHMOCTH OT YCJIOBHI M TAPaMeTPOB HOHHOTO
0o0yueHusl.

B pmaHHOW paGoTe TpeANpHHATA IMOMBITKA CHCTEMAaTH3HPOBATh
0COOCHHOCTH PACIBUICHHS W MPOIECCHI, BO30YKIAaeMbIe B IPUIIOBEPXHOCTHBIX
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CJIOSIX MaTepHaJIoB IIPH TEMIIEPaTypax aKTHBHBIX JU((y3HOHHBIX MPOIECCOB B
3aBUCHMOCTH OT THIA M SHEPIWH MOHOB, COCTaBa, CTPYKTYpPhI M arperaTHoro
COCTOSIHUS O0JTy9aeMBIX MaTePHAJIOB.

B xauecTBe 00BEKTOB HCCIIEJOBAaHUS BRIOPAHBI TBEPIBIN U JKUIKUI METaILTBI,
METAJUIMYECKUHA  CIUIaB, JBYXKOMIIOHCHTHBIH  OUDJICKTPUK, METaLl C
HaMbUIEHHBIM METAITMYECKUM CII0EM, MOHOKPUCTAIIMYECKUI 1 aHU30TPOITHBIN
rpa¢uTel. PaccMOTpeHBI OCOOCHHOCTH WX PACHBIICHHS W MOIH(HUKANAN B
crenu(pUIeCKUX YCIOBHUIX O0ITydeHHS.

[TokazaHo, 4yTO mpu OOMy4eHHH BOJb()paMa HWHTEHCHBHBIMH IOTOKaMH
HOHOB BOJIOPOJTHOM IJIa3MBI C SHEPTUEH, HETOCTATOYHO IS CMEIIEHHS] aTOMOB
Bob()paMa, pa3BHUBAIOTCS TMPOIECCHI — pOCT OJHCTEPOB, YBEIHYCHUE
IUTACTUYHOCTH M T.N., CBHICTEIHCTBYIOMHKE 00 YMEHBIICHHH TEMIIEPaTyphI
IUIABJICHHS] TIPUIIOBEPXHOCTHOT'O CJIOS B IIpoLiecce 00Ty deHHS.

OOnyueHre OTOKaMHM MOHOB BOJIOPOJA M Teliusl YMEPEHHOM IJIOTHOCTH C
OHCPIrudMH, JOOCTATOYHBIMU U1 CO3JdaHUA BaKaHCHﬁ, B MCTAJIOB H
IUDJICKTPUKOB TaKXKe IMPHBOIUT K TPaHCPOPMALUU CTPYKTYPHI, BOSHHUKAIOT
HAaIpsDKEHUs], IPUBOISIIIME K PA3BUTHUIO SIBJICHUI OycTepuHra u (JaekuHra.

HuTeHcuBHOE OOJyYCHHS METAUIOB - BOJb(pama, MONUOACHA - HOHAMU
rejima ¢ SQHEPrudMu, JOCTaTOYHBIMU JJIid O6paSOBaHI/II/I BaKaHCHﬁ, B YCJIOBUAX
akTuBm3anuyd UG Qy3uH  BHEAPEHHBIX  YAacTWI] IPH  TOBBIIICHHBIX
TeMIIepaTypax, HabJIr01aeTCsl pa3BUTHE CTPYKTYPbI IIOBEPXHOCTHOTO ITyXay.

B cny4ae obnydeHre METaJUIOB HOHAMHU C DHEPTHSMH, JOCTATOUHBIMH JIJIsI
CMCEUICHHUA TTOBEPXHOCTHBIX aToOMOB, u pu HaJIM4un yCHOBPIﬁ,
MPEISATCTBYIOMIUX CKOJNBKCHHUIO IHCIOKAINN B IPHIIOBEPXHOCTHBIX CIIOSX,
pa3sBHBAIOTCS HAIPSOHKEHHs, M HaJ O0O0JyyaeMoll IOBEpXHOCTBIO pacTyT
KpPHUCTAJUIBI (BUCKEPHI).

[Ipu oOiydeHWe METAJUIOB HOHAMH, C JHEPTHSIMH, TOCTATOYHBIMH IS
pACTIBUICHHUST TIOBEPXHOCTH, W TIPH HAJIMYUH YCJIOBUH, NPEHATCTBYIOIINX
CKOJIEXKCHUIO TTUCIIOKAIMKA, HaJ 00JydaeMOH TOBEPXHOCTHIO (HOPMHUPYIOTCS
KOHHUYECKHE 00pa3oBaHusl.

B xunkom mertaiie o0pa3yroTcst OarcTepbl MaKpOCKOIIMYECKUX Pa3MepoB,
CBUJICTENIBCTBYS O PAaCPOCTPAHEHNH BHEAPEHHBIX aTOMOB T'elIHs, TPAKTHYECKH
BO BCIO NTyOMHY pacruiaBa.

OObny4eHrne W30TPOITHOTO TrpaduTa MHTEHCHBHBIMH HOHHBIMH ITIOTOKaMHU
CONPOBOXKJAETCS ~ PACIpOCTPAHEHHWEM  PaAJMAlIMOHHBIX  BaKaHCHH  Ha
MaKpOCKOIIMYECKYI0 TIyOMHY W (OpPMHPOBAaHHMEM IIOPHCTOrO CJOS B
MIPUIIOBEPXHOCTHOH 00JIacTH.
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OOnyuenne  rpadMTOBBIX  CTPYKTYp, C  I'pa)CHOBBIMH  CIIOSIMH
NepIEeHANKYISIPHBIMH 00 Ty4aeMOil IOBEPXHOCTH, IPUBOAUT K UX aMopdu3anuu
u 00pazoBaHMUIO MHUPOIUTHUECKOW CTPYKTYpHl (CTpYKTYpHI € rpad)eHOBBIMH
CJIOSIMH KPHCTATHIECKHUX 3EPEH MapalieIbHBIMK 00Ty4aeMOoi MOBEPXHOCTH),
IIPU PEKPUCTAIUIN3ALHY.

Papnannonnsle Bakancuu, HOPMHUPYIOIIMECS B IMHPOJUTHYECKOM rpadure
pu 00Iy4eHUN HOHAMHU He TUPPYHAUPYIOT B TIyOHHY. B MpHITOBEpXHOCTHRIX
ciosXx  (GOPMHUPYIOTCS CXKHMAIOIIME HANpPSDKCHUS, NPUBONAIIME K HX
OTCIIaMBaHUIO M CBOpauMBaHuio. [Ipu cBOpaunBaHMIO Ha YIibl, Onmskue K 90
rpasycam, IpOUCXOJUT UHTEHCUBHOE pa3pylLIEHHE CTPYKTYPHI CJIOEB HOHHBIM
obJlydeHHEM W Pa3BUTHE  KPHCTALIOB ¢  TIpaeHOBBIMH  CIOSMH
MEPIICHANKYIIPHBIMU O0Ty4eHHIO.

IIpu oO6iydeHHI0O MNHUPOIUTHYECKOTO HUTpUja Oopa MNPEeUMYIEeCTBEHHO
pacmbUIsIIOTCS aToMbl a3oTa. O0Opasyromnuecs: BakaHCUH TUQPYHIUPYIOT B0
KPHUCTAJUIMYECKUX IUIOCKOCTEH K TpaHMIaM KpUCTAUIMYecKHX 3E€peH. B
YCIOBHAX  TOBBILCHHBIX  TEMIIEpaTyp  CICICTBHEM  JTOrO  SIBISETCS
HCUE3HOBEHUE CTPYKTYpbl HHUTpuAa OoOpa M HCIHapeHHE aTOMOB Oopa u3
TPaHMYHBIX 00JACTEH KPUCTAIUIUTOB.

[lpoBenéHHOE BBIIE PAcCMOTPEHHE IIOKa3bIBaeT, 4ro Au(dy3us
BHEIPEHHBIX YaCTHL M pPAgHALMOHHBIX BaKaHCHH W BO3HHUKAKOIIHE B
MIPUTIOBEPXHOCTHBIX CJIOSIX HANPSDKEHHS SIBISIOTCS OCHOBHBIMU (haKTOpamH,
OINPE/ICNSIONIMMHE  OCOOCHHOCTH TPOLECCOB PACHbUICHUSI W MOAM(PHUKALIMA
MaTepHaNoB B MPOLECCe HMOHHO-IUIA3MEHHOTO OOJIy4eHHs NpU TeMIepaTypax
«aKkTuBHOU AU Hy3un».
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0O.C. BEJIO3EPOB, C.A. XPOMOB, C.A. IAHbBKO

Hayuonanvnoni uccneoosamenvckuii yenmp « Kypuamosckuii uncmumympy,
Mockea, Poccus

JABA MEXAHU3MA YCKOPEHUSI HOHOB B OKCIIEPUMEHTE
HA T'EHEPATOPE PIII «<KATPAH»

B nmanHOW paboTe NpPHBEICHBI PE3yJbTaThl AKCIEPHMEHTOB Ha TI'eHEpaTope
«Katpan» (1120 kA, Uo=250 B, t~80 HC), rae aHOAOM CIIyXKHT TOHKas (oiibra,
BBISIBJICHBI JIBE 00JIACTH, B KOTOPBIX MIPOMCXOJIUT YCKOPEHHE HOHOB B OJHOM U TOM
ke HanpasieHud. OIHO YCKOpCHHE MPOMCXOJMT OT Karoja K aHoAy B
BBICOKOBOJIBTHOM JTHOJIE, & JIPYTOe — 338 aHOAHOM (DOJIBroil B CTOPOHY BUPTYaIHHOTO
KaTo/a. DTH MPOIECChI ACCOIMUPYIOTCS € Pa3HBIMH MEXaHHU3MAaMH yCKOPEHHUSI HOHOB.

0O.S. BELOZEROV, S.A. CHROMOQV, S.A. DAN’KO
National Research Center «Kurchatov Institute», Moscow, Russia

TWO MECHANISMS OF ION ACCELARATION IN THE
EXPERIMENT ON THE GENERATOR REP «KATRAN»

This paper presents the results of experiments on the Katran generator (1=120 kA,
Uo~250 kV, t=80 ns), where a thin foil serves as the anode. Two regions in which
acceleration occurs in the same direction are identified. One acceleration occurs in the
high voltage diode from the cathode to the anode, and the other - behind the anode
foil towards the virtual cathode These processes are associated with different
acceleration mechanisms.

Hauymnast ¢ 60-x Trom0OB BBIXOASAT palOTHl MO YCKOPEHHIO HOHOB
3JIEKTPOHHBIM IIy4KOM, pe3yNbTaThI KOTOPBIX HEOJHOKPaTHO
BOCIPOM3BOJWINCH M TOJATBEpPXKIAIUCh. TeM He MeHee, HEeCMOTps Ha
JUTHTETILHOE BpEMs, IPOIIEIIee C TeX TOop, 0 CUX MOP HET UCUEPITBIBAIOIICH
TEOPETUYECKOW MOJENN YCKOPEHHS HMOHOB B JJIGKTPOHHOM IydKe
HHXEKTUPYEMBIM B BAKYYMHYIO KaMepy.

B pamkax wuccreoBaHWH IO YCKOPEHHIO HOHOB OBUIM TPOBEACHBI
sKcnepuMeHTHl Ha reHepaTope «Karpan» (1120 kA, Ug=250 kB, t=~80 Hc).
,HJ'IH HCCIICA0OBAHUA MEXaHU3Ma YCKOPECHHA MOHHBIX IMYYKOB MCTAdJICKTPOH-
BOJIbTHBIX SHEPTUI HCIOJIb30BAUCH METOAbl JIUArHOCTHUKH, ONMHMCAaHHBIE B
pabotax [1, 2].

Ha puc. 1 npencrasneHa cxema SKCIEPUMEHTa, KOTOPBIA MPOBOIUICS
TIPH 3a30p€ MEXKAY KaTolOM M aHOJOM B BBICOKOBOJBTHOM JHOJE PABHOM
~7.5 MM. B kadecTBe aHONa cTOsIa aloMuHHUeBast (oypra TonmmHON 10
MKM, 32 KOTOPOH pazMelialics JaTyHHbIH KOJUIUMATOP ¢ LUMIHMHIPHUYECKUMHU
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orBepcTHsMH. KosmmMaTop mnpegHasHadaycss Uit TOrO, YTOOBI JIMOO
yCTpaHUTh O0pa3oBaHME BHPTyalbHOro KaTtoja 3a onbroi, Jsmbo
OTPaHWYNTh TUCTAHIUIO, HA KOTOPOH BHPTYalbHBIH KaTOJ MOT YCKODSTbH
HOHBI.

Puc. 1. Cxema skcniepumenTa: 1 — karon; 2 — aHoaHas Gosbra; 3 —
BUPTYyaJIbHBIN KaTox; 4 — KOJIIUMATOp

[IpoBenEéHHBIE AKCIICPUMEHTH MOKA3aJid, YTO YCKOPEHHE HOHOB
MIPOMCXOIUT B IBYX MECTax: BHyTPH BHICOKOBOJILTHOTO TNOZA T€HEPATOPA U
CHAapy)X 3a TOHKOHW aHOAHOW (hoNbroil. YCKOpeHHE HOHOB BHYTPH
BBICOKOBOJIBTHOTO JIHO/Ia CBSI3aHO C KOJEOAHUSAMHU DIIEKTPHUUECKOTO TOKa B
BBICOKOBOJIBTHOM JIHOAE C mepuofoM 7 = 2 HC. DTO CBHIETENBCTBYET B
[0JIb3Y OJHOW U3 MoAenel, HanpuMep [3], YCKOPEHHs HOHOB, CBSI3aHHBIX C
pa3BUTHEM MEPETHKKH B IUIa3Me MEX Ty KaToJoM 1 aHo#oM. OIleHKa CBepXy
XapaKTepHOTO HAaNpsDKEHUS TIpH TEpeTsDKKe TPOBOSIIETO KaHajga ¢
TIPEATIONI0KEHHEM TIOJIHOTO BBITECHEHHS TUIa3Mbl M 00pBIBa TOKa OKa3aach
paBHoit U = 6 MB. Bo3HuKaoOmEro 3MeKTPUIECKOTO MOJSA JOCTaTOYHO,
4TOOBI 32 MOJYNepHO.l KoJieOaHHs TOKa JOCTHYb dHepruit 850 kaB/HyKIIOH,
HaOJII0JaeMBbIX B SKCIIEPHMEHTE.

YcKkopeHre HOHOB B 3aaHOIHON 00JIaCTH CBSI3aHO € IPYTMM MEXaHU3MOM,
B KOTOPOM YCKOpeHHE 00yClIaBIMBaETCs JBIKEHHEM BUPTYaJIbHOTO KaToAa,
MIOCKOJIbKY TpPHU yJAaJeHHH KOJJIMMaTopa OT aHOAHOW (onbru Ha 3 cM
SHEpPrHus HOHHBIX CTYCTKOB Bo3pactama a0 2,5 MpdB/Hykion. OneHum
yZaneHue P BUPTYyalbHOTO KaTo/a OT aHOJ1a TpeJIIoiaras, 4To cJoi 3apsaa
BHUPTYaJIbHOT'O KaToJa JOBOAMT 3HaueHHe mHoTeHnuana Uy 10 3HaueHUs,
PaBHOTO HANpsKEHUIO B BBICOKOBOJIBTHOM JAMOne reHeparopa. Ilo
U3MEPEHEHHON Ha aHonxe IUIOTHOCTH Toka POIl m HampsokeHuio Ha
reneparope nomyanm Uy, = JEdp = 188i[A/M2]p?[m] 1 p = 0,36 cm. DHeprus,
HabupaeMmast noHamu, B 10 pa3 6onpme Up. TlomyuaeTcs, 4To BCleacTBHE
JIBIDKCHUSI BUPTYaJIbHOTO KaToAa HOHBI 10 pa3 ycKopsIoTCsl B BUPTYaJIbHOM
auone, uMeromuM 3ddexTuBHbIN 3a30p P»;~0,3 cM. ChenaHHble OLEHKH P

202



OJIN3KHU ApyT K Apyry, 4TO roBOpUT B MOJIb3Y MOJCIN YCKOPCHHSA HMOHOB
JBHKYLIAMCS] BUPTYaIIbHBIM KaTo/IOM [4].
Cnucok numepamypbl
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B.B. KPABYEHKO, /I.I1. KHSKEB, J1.J1. BEPHT, A.A.
[MMCAPEB”
AO «Oxmoznaccy, Mocksa, Poccus
*Hayuonanvuwiii ucciedosamenvexutl soepuvtii yuusepcumem MUDU, Mockea,
Poccus

BJIMSAHUE ITPOHULIAEMOCTU OCAXKIEHHBIX N3
ILUTIASMbI MATHETPOHHOI'O PA3PSAJIA W-CJIOEB HA
WKJIMYECKYIO YCTOMUYNUBOCTh TOHKOILTEHOUYHBIX
JIEKTPOXPOMHBIX MOJIYJIEM

PaccmoTpensl mpomuecchl Jerpajalidd  TOHKOIUIEHOYHBIX 3JIEKTPOXPOMHBIX
MOJyJIel B X0Jie MX IUKIMPOBAHUSI, CBSI3aHHEIE ¢ OimcTepooOpazoBanneM B PVD-
OCXIAeMBIX OKCHAHBIX CIOSIX BOJBb(PaMOBBIX dJeKTponoB. [lokaszaHo, dTO
OmucTepooOpa3oBaHUE CBA3aHO C HAKOIUIGHHEM B BOJB(QPAaMOBBIX IUICHKAX
pamvKaNTbHBIX KOMIIOHEHT M3 HIDKEIEKAIUX CJIOCB TOHKOIUIEHOYHOH CTPYKTYpEI
monyneid. [IpoBenena mo cpencTsam TepMoOAECOPOLUOHHON CIIEKTPOCKOIMU OIIEHKa
MIPOHUIIAEMOCTH KEPAMHYECKHX BOJb()PaM-OKCHUIHBIX CIOEB B 3aBUCUMOCTH OT HX
CTEXHOMETPUU W TPEATOKECHbl IYTH YIYYIIEHHS LUKIMYECKOH yCTOIYMBOCTH
BOJIb()PAMOBBIX CIIOEB Uepe3 X PEaKIIOHHOE OCAXICHHUE U3 IUIa3Mbl MAarHETPOHHOTO
paspsiia B yCIOBUSIX Je(hUINTA PEaKIIMOHHOI KOMIIOHEHTHI CMECH PaOOUHX Ta30B.

V.V. KRAVCHENKO, D.P. KNYAZHEV, D.D. BERNT,
A.A. PISAREV*

“Octoglass” JSC, Moscow, Russia
*National Research Nuclear University MEPhI, Moscow, Russia

MAGNETRON PLASMA SPUTTER DEPOSITED W-
LAYERS’ PERMEABILITY INFLUENCE ON THE CYCLING
STABILITY OF THIN FILM ELECTROCHROMIC
MODULES

The processes of thin film electrochromic modules degradation during their
cycling through the formation of blisters within the PVD sputtered tungsten oxide
electrode layers are considered. The formation of blisters is shown to be caused by the
retention of radical components transported into the tungsten films from the
underneath layers of the module’s layerstack. Permeability of the ceramic tungsten-
oxide layers of varying stoichiometry is studied by the means of thermodesorption
spectroscopy and the ways for increasing the cycling sustainability of tungsten layers
through their reactive magnetron PVD in deficiency of reactive component of working
gas mixture are proposed.
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OnektpoxpoMuble Moayiu (DXM) — ycTpoiicTBa, HM3MEHSIOLINE
UHTETrpajJbHYI0 HMHTEHCHBHOCTb NPOIMYCKaHHUsl  AJIEKTPOMArHUTHOTO
W3ITyYeHHs] OIPENECICHHOTO JAWana3oHa [UIMH BOJIH MOJ JCHCTBHEM
MIPUKIIAIBIBAEMOTO HaIpspKeHUs. PacrpocTpaHeHHOM KOHCTpyKImeid OXM
SIBIIICTCA MHOTOCJIOMHAs TOHKOIUICHOYHAs CHUCTEMa, IEePeKIIOUCHHE
COCTOSIHUSL KOTOPOH MPOUCXOIUT 3a CUET MHTEepKAISILUU HocuTenel 3apsaa
MEXIYy J[ABYMS OICKTPOAHBIMH CIOSMH dYepe3 3JICKTPOJIUT, a 4dacTo
MIPUMEHSEMBIM DJIEKTPOXPOMHBIM 3JIEKTPOIOM-aKIEIITOPOM SIBISICTCS CIIOM
OKCHZAA BoOJIb()pama, Kak HpaBmio ocaxiaaemoro B crexuomerpun WO3
PEAaKIHOHHBIM pAaCHBUICHHEM MeTalnndeckod mumeHn B Ar+O; mmasme
MarHeTpoHHOro paspsiaa [1].

3adactyro, OXM AerpaaupyoT Npu UX HUKIAYECKOM TMEPEKIIOYCHUH
MEXAY ONTHYECKHMMH COCTOSHHSIMHU C 00pa3oBaHHMEM KIIACTEPOB OeechIX
TOYEYHBIX  Ae(PEeKTOB B  CIOEBOM  cTpykType.  lluxmmpoBaHue
JIEKTPOXPOMHOHM SIMEHKH B Cpele JKHIKOTO BIICKTPOIHTA ITO3BOJIMIO
nokanu3oBath naedextel B W-aektpone, a ux AFM/SEM/EDS anamus
mokasaj, 4To Ie()eKThl MPEACTABISAIOT CO00i OJMCTEpPHI C MOBBIIICHHON
KOHIICHTpAllield B HUX KOMIIOHCHT MOAJIEKAILICH 3JIEKTPONy IpO3pavyHON
tokomnpoBojsmel kepamuku (TCO-cnoeB Ha CTEKISHHOW MOJJIOKKE HU
BCIIOMOTaTEJIbHBIX UM TOHKUX OapbepHBIX AMAIIEKTPHKOB) — MPEXE BCETO
Sn, Al u N, a Takxe, B MeHbIneil crerenn, Na u Mg U3 o110 KKH.

TepmonecopOIMOHHAs ~ CIIEKTPOCKONHMS ~ YacTH  AJIEKTPOXPOMHOM
CTPYKTYpHl BIUIOTH 10 W cJ0S BKIIOUHTENBHO, OCAKIACHHOW MOBEpX
MIOJUTOKKH M3 MOHOKPHCTAJUIMYECKOTO KPEMHUS, MPOJEMOHCTPUpPOBAa B
LEeNIOM XYLy MpOHMIHaeMocTh crexuomerpuiueckux WOs mieHok 1o
CPaBHEHHIO C OKCHJIOM BOJIb()paMa, OCaKAEHHOM B CyOCTEXHOMETPHIECKOM
COCTOSTHHUM IIPH Je(DUIMTE PEaKIIMOHHON KOMIIOHEHThI CMECH pabOYHX ra30B
B xome PVD. Bemo mnpeamomokeHo, uro xynamas auddysnoHHas
nponnimaemMocts  WO3 IJIeHOK NPUBOAMT K HAKOIUICHHWIO IO HHUMH
paavKadbHBIX KOMIIOHEHT TMOAJEXKAIIUX CJIO0EB, TPAHCHOPT KOTOPBIX
00yCJIOBJIEH ~TEPMHYECKMMH ¥ JJIEKTPOXUMHYECKUMH  IPOIECCaMu
BOCCTAHOBJICHHMs MaTepHaloB B XoAe JKcmryaramuu OXM. Arperanus
HaKOIUICHHOTO BEIECTBA NPUBOAMT K 0Opa3oBaHWIO HAOIIIOAAaeMbIX
omuctepoB. Ocaxnenne W-O MIeHKH B CyOCTEXUOMETPUIECKOM COCTOSIHUM
JOJDKHO ~ MHHUMM3HMPOBaTh  3(QQEKT  HAaKOIUIGHHs  paguKajJoB U
CHOCOOCTBOBATH JIyUIIeH HUKINUECKOH cTabmIbHOCTH DX M.

JlanHO€ TpeAroNokeHNne OBUIO TMOATBEPKACHO CHIDKCHHEM Ha CBBIIIE
95% xoHmeHTpanuu TO4YeYHbIX JedekroB 1o urtoram 50 000 mHKIOB
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nepexitoueHus 9XM ¢ W-O aiekTponoM, ocaxIeHHBIM IpH B 3 pasa
CHM)KCHHOM COOTHOLICHHH MOTOKOB Hamycka Oo/Ar, mo cpaBHEHHIO ¢

TpeOyromumMes i paboTHl B peKUME TIOTHOTO OTPABIICHHSI MUIICHH.
Crucox iumepamypol
1. Chuan L., Hsieh J.H., Su T.Y., Wu P.L. // Thin Solid Films 2018. Vol. 660, P. 373-79.
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K.10. BAI'MH, C.A. YPIOIIMH
Quszuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mockea, Poccus
CTOJIKHOBUTEJIBHAS ITOTEHIINAJIBHASL
HEYCTOMYUBOCTH CIABOMOHU30BAHHOI'O
KOPOTKHNM JIABEPHBIM UMITYJIbCOM UHEPTHOI'O I'A3A

Jiist mta3Mel, 00pa30BaHHOM PU MHOTO(OTOHHOI HOHM3AaIUH WHEPTHOTO ra3a, B
JUIMHHOBOJIHOBOM ~ 00JacTM  TpelcKa3aHa  BO3MOXHOCTh  CYIIECTBOBAHUS
HEYCTONUNBOI NPOJOILHON 2NIEKTPOHHON MOJIbL. [1osiBNIeHHEe Tako# MOJIBI CBS3aHO C
0COOEHHOCTAMHU YNPYTOro paccesHus (HOTOIIEKTPOHOB Ha HEUTPAJBbHBIX aToMax
rasa, BO3HUKAIOIIUMH BeieacTBre a¢dekra Pamzayspa-TayHcenaa.

K.YU. VAGIN, S.A. URYUPIN
P. N. Lebedev Physical institute of RAS, Moscow, Russia
COLLISIONAL POTENTIAL INSTABILITY OF INERT GAS

WEAKLY IONIZED BY SHORT LASER PULSE

The possibility of the existence of unstable longitudinal electron mode in the long-
wavelength region is predicted for plasma formed by multiphoton ionization of inert
gas. The appearance of such a mode is associated with the peculiarities of
photoelectron elastic scattering of neutral gas atoms arising from the Ramsauer-
Townsend effect.

Paccmorpena mia3zma, o0pa3soBaHHas Mpy MHOTO(OTOHHOW HOHU3ALMA
ATOMOB rasa KOpOTKUM HUMITYJIbCOM JIMHEHHO TMOJAPU30BAHHOI'O JIa3€pHOTO
nm3nydeHus. Obpasyromnieecs Mocie BBIKIIOYCHHS HMITyJIbca Ha BpeMeHax
nopsaka O6paTHOI7I YacTOTHl CTOJIKHOBEHUH QJICKTPOHOB € aToMaMu
H30TPOITHOC HEPABHOBCCHOC pacnpeaciicHue (1)0T03J'ICKT]:)OHOB 1o
CKOpPOCTAM HMECT q)OpMy YCTKO BBIPAKEHHOI'O Y3KOI'O 3HCPIEeTHUICCKOIO
IIMKa, IMOJIOKEHHUE KOTOPOro OHNpeACsaCTCA KWHETHYECKOMH 3Heprnel71
npuoOperaeMoll (POTOIIEKTPOHAMH B pe3ysbTaTe HOHHM3anWH. CTereHb
HOHU3alun (I)OpMI/IPYIOH.IGFOCﬂ IJIa3ME€HHOT'O 06paSOBaHI/IiI HCBCJIIMKA H
(OTORIIEKTPOHBI B OCHOBHOM CT&JIKHMBAIOTCS YIPYro C HEWTPalbHBIMH
aToOMaMH.

Yupyroe paccesiHue (GOTOIIEKTPOHOB HA HEHTPAIbHBIX aTOMaxX MMEET
ocobenHocTH, 00ycnoBneHHble d3QdekTom Pam3ayspa-TayHceHna, KOTOpbIi
TUIMMAYCH AJI MHEPTHBIX ra30B U 3aK/IHIOYACTCd B aHOMAJIbHOM YMCHBIICHUUN
TPAHCIIOPTHOI'O  CEYCHHA pPaACCCAHHA B obnactu XapaKTCepHbIX I
MHOTO(OTOHHOW HOHM3AIMH YHEPTUH (POTOANIEKTpOHOB Topsaka 13B. C
Y9ETOM 3THX 0COOEHHOCTEH MOy4YeHO 00Iee BEIpaKeHHE IS IPOIOIEHON
HHSHQKTpH‘ICCKOﬁ MNPpOHUIIAEMOCTH (1)0TOI/IOHI/I30B&HH017[ IJ1a3MBbI,
YUHTHIBAIOIIEE 3aBUCUMOCTh 3((EKTHBHOH YaCTOTHl CTOJKHOBEHHH
(hOTOREKTPOHOB OT CKOpOcTU. Hapsmy ¢ BBICOKOYACTOTHBIM PEIICHUEM
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AUCIICPCUOHHOI'O0  YypaBHCHUA 4 HOPOAOJIBHBIX MO, OTBCYAIOIIUM
IUIa3MEHHOM BOJIHC, HaWJIEHO HOBOE peuicHue TUCIECPpCUOHHOI0 YpaBHCHMH,
OTBEYAOMICEC BO3MOXHOCTH pPa3BUTHA HpOI[OHLHOﬁ CTOJIKHOBUTEIIbHOM
HeyCTOI\/'I‘-II/IBOCTI/I C HWHKPEMEHTOM, HE€ MPEBBINIAIOIINM  IIOJJOBUHBI
3HeKTpOHHOI71 HeHFMIOpOBCKOﬁ yacToThl. Ha puc. 1 npeaACTaBJICH NHKPEMECHT
TaKoM HeyCTOﬁ‘-IPIBOCTPI, COOTBeTCTByIOIlII/Iﬁ IJIAa3MCHHBIM

v
0 0.5 1 1.5 2 Wi

Puc. 1. 3aBucHMOCTS HHKpPEMEHTA Y alIEPHOANIECKH HEYCTOHYNBON MOABI OT
YaCTOTHI CTOJIKHOBEHHH V ()OTODIIEKTPOHOB ¢ aToMaMu Xe (oL — JJEHTMIOPOBCKast
4acToTa)

BO3MYIICHUSIM, allEPUOINICCKH HAPACTAIOIINM BO BPEMEHH B Tu1azMe Xe
0e3  NPOCTPAaHCTBEHHOH  JAUCHIEPCHUHM.  ATEPHOAMYECKHH  XapakTep
HEYCTOMYMBOCTh COXPAHSET U NPU KOHEUHBIX BOJHOBBIX UKCIAX, MEHBIINX
OTHOUIEHUSI 3JIEKTPOHHOW JIEHTMIOPOBCKOM 4YacCTOThI K CPEOHEN CKOpOCTU
¢dotoanexTpoHoB. Ilo Mepe yBenmueHHs BOTHOBOTO YMCIIA HU3KOYACTOTHAS
MoJia TpaHc(opMHUpyeTCsi B MPOJIOIBbHYI0 HEYCTOMYHMBYIO BOJIHY C OBICTPO
YBEIMUYMBAIOIIEHCS YacTOTOM M yMEHBbIIAIOIIMMCA HHKpeMeHTOM. B
KOPOTKOBOJIHOBO 00JTaCTH 3Ta BOJHA CHIIBHO 3aTyXaeT H3-3a CTOJIKHOBCHHI
¢doroanexTpoHoB. [lokazaHo, 4To BiusiHUE pa30poca (OTOIIEKTPOHOB IO
SHEPruyu Ha HEYCTOMYMBYIO MOJY CPABHUTEIBHO MAJIO.

OTMeTHM, YTO B YCIOBUSIX, KOT'/Ia YaCTOTa CTOJIKHOBEHUH HE aHOMaJIbHO
Maia, B Hauboliee WHTEPECHOW IITMHHOBOJIHOBOW 00JacTH OOBIYHBIC
IJIa3MEHHBIE BOJHBI CHJIBHO 3aTyXalOT Ha BpPEMEHAX CPaBHUMBIX C HX
NIEPUOJOM, U IIJIa3Ma CTAHOBUTCS HEYCTOWYMBOM OTHOCUTENIBHO Pa3BUTUS
HU3KOYACTOTHOM JYIMHHOBOJIHOBOM MOTEHIIMAIBLHOW HEYCTOHYUBOCTH.

Jyi TUMAYHBIX TapaMeTPOB PACCMOTPEHHOTO OOBEKTa HHKPEMEHT

ONMCAaHHOHN HEYyCTOMYMBOCTH MomazgaeT B 1Hz auana3oH gacTor.
Crucox iumepamypol
Vagin K.Yu., Uryupin S.A. // Physics of Plasmas v. 27, Ne11, p.112110-(1-12), 2020.
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E.A. BUHULIKWM, JI.T. BYJICAJIAPSH, A.C. [IPUILIBUIIbIH,
.M. BOPOBBEB, B.A. KYPHAEB, H.E. EDMMOB, C.A. KPAT

Hayuonanvuvii uccneoosamenvckuii aoepuwiil ynueepcumem MUDPHU, Mocksa,
Poccus

OITUMMBAIIUA 'EOMETPUU TOPOUJIAJIBHBIX
KATYHWEK TOKAMAKA MEPHIST

CHpoeKkTHpOBaHa IeOMETPHs KAaTYIIKH TOPOMAAIBHOIO MAarHUTHOTO MOJS IS
tokamaka MEPHIST ¢ yuérom orpanmdeHwii, BHOCHMBIX TeOMETpHeEl KaMephl,
UCXOIl M3 3aJa4d MMHHMMHM3ALMM paccesHHoro mnouss. OmnpeneneHbl 3HaYeHHS
PpaccesiHHBIX MOJIeH, 00pa3yIONIMXCst BHYTPU KaMephl 3a CYET HAKJIOHA TOPOUJATbHBIX
katymek. Ilyrem mopenupoBanusi B makere COMSOL G6buto OIEHEHO BIHSIHHUE
OTKJIOHEHHMS TEOMETPHH KaTYIIEK C y4ETOM TEXHUIECKUX OTBEPCTHH MOA (IIaHIIbI Ha
pacnperneneHe pacCcessHHBIX MarHUTHBIX MOJIEH.

E.A . VINITSKIY, D.G. BULGADATYAN, A.S. PRISHVITSYN,

G.M. VOROBYOQV, V.A. KURNAEV, N.E. EFIMOV, S.A. KRAT
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

THE OPTIMIZATION OF THE TOROIDAL COILS
GEOMETRY OF THE TOKAMAK MEPHIST

The geometry of the toroidal magnetic field coils for the MEPHIST tokamak is
designed taking into account the limitations introduced by the chamber geometry,
based on the problem of minimizing the scattered field. The values of the scattered
fields formed inside the chamber due to the inclination of the toroidal coils are
determined. By modeling in the COMSOL package, the influence of the deviation of
the coil geometry, taking into account the technical holes for the flanges, on the
distribution of scattered magnetic fields was estimated.

Hns toxkamaka MEPHIST mnpenmoxkena BuHTOBas KOHQUTypamus
TOPOUIAIFHOTO MarHUTHOTO TIOJISl KaTyIIeK, B KOTOPOH OAWH BUTOK IUIABHO
nepexoaut B apyroii[1]. 3asBiaeHHas KOHYUTYPAIUS TO3BOJIAET YMECHBIIUTh
paccesHHBIE TOJSI TOKOIOJIBOJOB 3a CYET yYMEHBIIEHUS WX KOJMYECTBA,
YIIPOCTUTH IEKTPUUECKYIO CXEMY T10 CPAaBHEHHIO C IIPUMEHEHHE OT/IEIbHBIX
TOPOHMJANFHBIX KaTyIIeK W 00ecredrBaeT COTJIACOBaHHYIO paboTy Kakaon
YaCTH TOPOUJAIBHOTO CHCTEMBI.

B cBa3m ¢ BoiOpaHHOW KOHQWrypanuel, BO3HUKaeT 3ajada B
obecrieueHNH KOMIICHCAIIMM TOJIOMJAJbHBIX PACCEeSHHBIX MOJEeH BHYTpH
KaMepbl, KOTOPBIE BOHUKAIOT B pe3yJIbTaTe HAKIIOHA BUTKOB TOPOUAATIHHOMN
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00MOTKH. OJJHUM W3 BO3MOXHBIX METOJIOB JaHHOW KOMIICHCAIIUH SBJISICTCS
ONTUMU3AIMH I'COMETPUICCKHUX TApaMETPOB BUHTOBON 0OMOTKH, & UMCHHO
pacrupeneneHusl yrila HAaKIIOHa BHTKOB TOPOHMIAIBHOTO COJICHOMAA B
3aBHCUMOCTH OT WX JHHEL [loMEMOo 3TOrOo BBIOOpP JAPYroro
FEOMETPUUECKOT0 MapaMeTpa, MOJOUAATBHOTO CEUCHUs BUTKA COJICHOMA,
00yCIIOBJICH MUHIUMHU3ALUCH OTPBIBHBIX CHJI, JCUCTBYIONINX HA HUX.

B mpencraBieHHOW paboTe MPOBOMMIACH ONTHMHU3AIN TCOMETPHH
BHTKOB TOpPOWAAIbHOTO coleHomma tokamaka MEPHIST. @dopma
MOJIOUAATILHOTO CEUYEHUS PACCUUTHIBANACh, HCXOJS M3 KIACCUYECKOTO
pellieHusT JUIS TEOMETPHUH KATyIIeK B YCIOBHUM KOMIICHCAIIMHA CHII
neicrByomux Ha He€[2]. [loBepXHOCTh COJEHOMAA MPU STOM CUUTAIACh
HJI€aJbHO TMPOBOASAIIEH TOPOMIANbHOM MOBEPXHOCThIO. [l HaxoxaeHus
pacmpeneneHus yria HaKJIOHa BHTKOB M0 UWX JJUHE, BBOAMJIACH
TOpoHJallbHas KOMIIOHEHTa TOKA, IPONOPIHOHANbHAS YTy HaKIJIOHA
KaTymku. Haxomminock Takoe pacmpefefieHHe TOPOHAAIBHOTO TOKa II0
MOJIOUIATTbHOMY CEUCHHIO, KOTOPOE HE CO371aBajio Obl BHYTPH 00pa30BaHHOM
MTOBEPXHOCTH PacCESHHBIX MmoJei[3].

Ha ocHoBe maHHOTO MeTona, ObLIA OTpe/AeieHa T€OMETPHS BUHTOBOTO
TOPOHUJAEHOTO coJIEHOMIa IUTS TOKaMaka MEPHIST.
IIpogeMOHCTPUPOBAHO paClpe/ieiCHUe pPACCeSIHHBIX IMOJicli B 00JacTu
paspsimHoii  kamepbl. C momompio makera MmonenupoBanus COMSOL
OIICHEHO BIHMSHHE OTKIIOHEHHE TEOMETPUU COJCHOHWIA OT HACaIbHO
MIPOBOJAIIEH TOPOUIAIbHON IOBEPXHOCTH.

Crucok rumepamypol
1. AH Jlesuukuii, O.B. ®enopos, C.B. Ilayn, K.I'. Illaxosem, I1.H.
IOmmanoB — Pa3paGoTka TOPOMAATEHOIO MArHUTHOTO TIONSA B CHEpPHUSCKOM
tokamake GLOBUS. TIpernpunt MAD-546/7, 1992.
2. 3axapoB JLE. // XKT®, 1975, 1.45 ¢.1049
3. IlTagppanos B./. // KTD, 1972, 1.42 ¢.1785
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I0.M. TACIIAPSAH, A.I'. BYJITAOAPAH, JI.H. CHUHEJIBHMKOB,
E.Jl. BOBUEHKO, H.E. EODMIMOB, B.C. EODUMOB, C.A. KPAT,
M.A. I[IOIIOBA

Hayuonanvuoiii uccnedosamenvckuil adepusiil ynugepcumem « MUDHy,
Mocksa, P®

AHAJIM3 BO3AENCTBUSI HAHOCEKYH/IHOI'O JIASEPHOI'O
NUMITYJIbCA HA IOBEPXHOCTDb HACBIIIIEHHBIX
HN30TOINAMM BOJAOPOJA MATEPHUAJIOB

PaccMOTpeHB! SKCIIEpUMEHTEHI, BBIIOJHEHHBIE Ha ycTaHOBKe «bonbimoil macc-
MoHoxpoMatop MUON» ¢ nenbro pa3paboTky U anpobaIyy j1a3epHbIX UAarHOCTHK
JUIL  AACTaHIMOHHOTO MOHHMTOPHMHTA  in-vacuo TIOBEPXHOCTH  MAaTepHajoB,
NIPUMEHSEMBIX B TOKaMakax. [IpMBefeHbI pe3yibTaTbl TECTUPOBAHMS MaTepHalioB
METOJaMH JIa3epHO-UHAYIUPOBaHHOH necopbimu u LIBS.

Yu.M. GASPARYAN, D.G. BULGADARYAN,
D.N. SINELNIKOV, E.D. VOVCHENKO, N.E. EFIMOV,

V.S. EFIMOV, S.A. KRAT, M.A. POPOVA
National Research Nuclear University « MEPhI», Moscow, Russia

ANALYSIS FROM THE EFFECT OF A NANOSECOND
LASER PULSE ON THE SURFACE OF MATERIALS
SATURATED WITH HYDROGEN ISOTOPES

The experiments carried out on the experimental facility «Large Mass-
monochromator MEPhI» for the development and testing of laser diagnostics for
remote monitoring in-vacuo of the materials surface used in tokamaks are considered.
The results of testing materials by laser-induced desorption and LIBS methods are
presented.

Jdnst nonydeHus WHGOPMALMK O HACBILIGHMH CTEHKHM TOKamaka
M30TOIIAMH BOAOPO/IA B ITOCIIEAHEE BpeMs Hadall aKkTHBHO pa3padaThIBaThCs
HOBBIE JMAarHOCTUYECKHE METOIVKH, OCHOBAaHHbIE Ha JUCTAHIMOHHOM
BO3ZICHCTBUM Ja3epHBIM HM3IIydeHHMEM Ha OOpalleHHble K IUIa3Me
MTOBEPXHOCTH MatepuaioB [1]. MHTepec K 3THM Ja3epHBIM METOIUKAM
OCHOBaH Ha BO3MOXHOCTH ONEPAaTHMBHO KOHTPOJIS 3a WM3MEHEHHSIMH B
NPUIOBEPXHOCTHOM ~ CIIO€  MaTepuaioB  iN-vacuo  3ajoiro  Jo
3aKJIFOYUTENIBHOTO POSt mortem ananwusa.
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Ha xadenpe o¢msuxku mnazmer (HUSAY MUOU) B pamkax Takux
HCCIEOBAaHUH  pa3pabaThIBalOTCS  JBE  JMArHOCTHKH:  JIa3epHO-
nHAynmupoBaHHas necopoums (JIMJ]) m mazepHas HCKpOBas SMHCCHOHHAs
cnektpockorus (JIMDC), G6omee u3BectHas kak LIBS. Vx ampoOarmmsa Ha
9KCIIEPUMEHTAIILHOM YCTaHOBKE U MOJIYyYEHHBIE PE3YJIbTaThl PECTaBIICHEI
B JIaHHOW pabore.

OKCIIepHMEHTHl  BBINOJHEHBI Ha ycTaHoBKe «bonpmioil  macc-
MoHOxpomaTtop ~MUHO®OHN», mnpeaHasHaueHHOM  AJMA  HMCCIENOBAaHUSA
B3aUMO/ICHCTBUSI MOHOB C IOBEPXHOCTBIO M JIOTIOJHUTEIBHO OCHAILIEHHOMN
YAG: Nd®* nazepom (A = 1,064 mxm) ¢ sHepruei B ummyisce 10 70 mJlk u
JUTTENBHOCTBIO nMITyJibea < 20 He (puc. 1).

“;'_1

Puc.1
1— MCTOYHUK HOHOB
2— 31eKTPOMArHUT
3- Kamepa

N\ L3 -8 6/ .
- LA B3aUMOJCHCTBUS
X > J)

4— sHeproaHanuzat
op

nasepHblit 5— KBaJpyNoJbHbIHA
nyyoK Mace-
CIIEKTPOMET]
QMS
6— cekTpomeTp
AvaSpec 2048

WznyueHne na3epa BBOAMJIOCH B KaMepy 4epe3 KBaplLEBOE OKHO U
(dokycupoBajioch Ha oOpasel; B IieHTpe Kamepbl Jmu30i (f =75 mm).
Onrtryeckue CIEKTPBI PETHCTPUPOBAIHCEH crieKTpoMeTpoM AvaSpec 2048, a
OTZENbHBbIE JUHUM MOHOXpomaropoM MVYM. Ilepenaua onTuueckoro
CUTHAJa U3 BaKyyMHOH KaMepBsl Ha BXOTHBIE IIEJIH CIIEKTPAIbHBIX TPUOOPOB
BBINIOJTHEHA C MOMOIIBIO ONTHYECKOTO BOJIOKHA. JIJIsI OLIEHKH KOJMYECTBa
JIecOpOMPOBAaHHOTO  ra3a  WCIOJB30BAJICS  KBAJpPYNOJBHBIH  Macc-
CIIEKTPOMETD.

HccnenoBanuch HachllieHHbIE JIeWTepHeM IUICHKN THTaHa U BoJb(pama.
Meronom JIN]L nist nedtepust perucTpupoBaIuCh curHansl Tperbeid (HD) n
yerBEpToii (D2) aTOMHBIX Macc NpH pa3iMYHON IUIOTHOCTH MOIIHOCTH
m3nydeHns. HanmGonpmmii BeIXOA Jedtepus HaOmromancs Uil IUIEHKH
tutana. C IOMOIIBIO 3JIEKTPOHHOTO MHKPOCKONA  HCCIIEN0BaIach

TIOBEPXHOCTH 00PA3II0B 10 ¥ MOCIIe 00IyUEeHHs ¥ OTIPEIeIIsUICs pa3Mep MATHA
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(DOKYCHPOBKH JUIsi OLEHKH IUIOTHOCTH MOIIHOCTH Ha o0Opasie. MeTtomom
JINOC onpegpemnsuics 3JIEMEHTHBI COCTaB MPHUIIOBEPXHOCTHOTO  CJOS
oOpasiia U OIEHUBAIOCh BPEMsSI MHTEHCHBHOTO H3IIYyYCHUS! CHEKTPAIbHBIX
JIMHUH J1a3€pHOM I1a3MBl.

Cnucox numepamypol
1. V. Philipps, A. Malaquias, Zlobinski et al. Development of laser-based techniques
for in situ characterization of the first wall in ITER and future fusion devices, Nucl.
Fusion. 53 (2013), doi:10.1088/0029-5515/53/9/093002.
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QI'BY “Uncmumym meopemuueckou u IKCHePUMEHMANbHOU QUIUKU UMEHU
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M3MEPEHUE TOPMO3HbIX IIOTEPb MOHOB KEJIE3A C
SHEPI'MEU 100 x3B/a.e.m. BBOJOPOJHOU IVTIABME.

V3yueHne NpoIeccOB TOPMOXKEHUS TSDKENBIX 3apsDKEHHBIX YacTHI[ B IUIAa3Me
OTHOCHUTCS K (pyHJaMEHTAJIBHBIM MpoOiieMaM (U3UKH IIa3Mbl U (PU3UKU BBICOKOH
IUIOTHOCTH JHEPTrHU B BEIIECTBE. B IpEeACTaBICHHOM HCCICIOBAaHUHM BIICPBBIC
TOJIy4€HBI SKCTIEPUMEHTAIIbHbIC IaHHbIC 110 B3aUMOICHCTBHIO TSHKEIbIX HOHOB Fe+2
¢ sHeprueii 100 x3B/a.e.M. ¢ BOJOPOAHOW IIa3MOM, BBIMOJHEHA JHATHOCTHKA
JIEKTPOHHOH IUIOTHOCTH, TEMIIEPATyphl U CTENIEHN NOHHU3AIMH TUIa3MBbIl, OIpe/eeHa
TOPMO3HAsI CHOCOOHOCTH IIIa3MBI M BBIIIOJIHEHO CPaBHEHHE C CYIIECTBYIOLIIMMH
TEOPETHYECKUMHU MOJCIISIMH TOPMOKECHHS HOHOB.

R.O. GAVRILIN*, A.O. KHURCHIEV, A.\V. KANTSYREYV,
M.M.BASKO, S.A. VISOTSKIY, D.S. KOLESNIKOV, L.V.
ROUDSKOY, A.A. GOLUBEV, V.AVOLKOV, A A.
DROZDOVSKY, R.P. KUIBEDA , P.A. FEDIN, S.M. SAVIN, A.P.
KYZNETSOV

Institute for Theoretical and Experimental Physics named by A.l. Alikhanov of
National Research Centre “Kurchatov Institute”, Moscow. Russia

STOPPING POWER MEASUREMENT FOR 100 keV/u Fe

IONS IN HYDROGEN PLASMA

Interaction of heavy ion beam with matter is fundamental problem of the plasma
physic and high energy density in matter physic. In the report presents the first
obtained results of experimental studies of Fe+2 ions with an energy of 100 keV/u
energy losses in a hydrogen plasma. Plasma density, temperature and ionization
degree measurements produced. Obtained ion stopping data compared with
theoretical models.

Jdus  reHepammu ~ BOJOPOJHOM  Ia3Mbl  Obia  pa3paboraHa
anextpopaspsanas wmumeHb [1]. [lmasma co3gaercss CHUIBHOTOYHBIM
ANEKTPUUYCCKUM Pa3psioM B IBYX KOJUIMHEAPHBIX KBapIEBBIX TPYyOKax ¢
BHYTPEHHUM JUAMETPOM 5 MM H JUTHHON 78 MM, 3aIIOJIHEHHBIX BOJOPOJIOM.
Bopopon momaeTcs B HEHTpadbHYIO0 4YacTh MUIICHH YE€pPE3 HIrOJIbYAThIN
KJIaraH M OTKAauyuBaeTcs depe3 auadparMbl, paclojOKEeHHbIE Ha OCH
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MuIeHu. Pabodee naBieHHe ra3a B MUIIEHH COCTaBIsET OT 1 10 4.5 Topp.
Konnencaropuas 6atapest eMKOCThIO 3.8 MKk®D 3apspkaeTcs 10 HampsKCHUS
1.5 — 6 kB u co3maeT TOK A0 5 KA B Ka)XIOM pa3psIHOM KaHaJle MHIICHH.
CHMMETPHYHOCTE pPa3psla B ABYX KaHajJaX JOCTHTACTCS C IOMOIIBIO
CIICIMATbHBIX KATYIIEK WHAYKTHBHOCTH, BKIIOUCHHBIX B Pa3psAAHYIO LEIb.
JIBa KaHaja MHIICHH C MPOTHUBOIOJIOKHBIM HapaBJICHUE TOKA MO3BOJIIET
n30exaTh AP PekTa 1eHOKyCUPOBKH, IPOXOASIIICTO YePe3 MUILICHb, HOHHOTO

my4Ka.
IIpoBeneHa  OHAarHOCTHKAa  TApaMeTPOB  IUIA3Mbl  CHIIBHOTOYHOM
ra3opaspsaHOr MUIIICHA METOJIOM JIByXBOJIHOBOI Ja3epHOU

HHTEPGHEPOMETPHUN U METOIOM CIIEKTPOCKOITHH C BPEMEHHBIM Pa3peIIeHIEM.
M3Mepenus nokasanu U3MEHEHUE JMHEHHON 3JIEKTPOHHOW IUIOTHOCTH B
mmanazone 2.4-10Y cm? no 1.2-10'® cm? mpu M3MeHeHHMHM HAyanbHOTO
JABJICHHUS BOIOpoAa B Auamazone 1 — 4.5 Topp U HampsDKeHUS Ha
KOHJIeHCaTOpHOU Oatapee ot 1.5 10 5 kB [2]. MakcumanbHas CTEICHb
noHM3anuu 1ia3mbl  coctaBmwia (0.82+0.08 wu Oblia MOCTUTHYTA TIpU
HavyaJIbHOM JIaBJICHUH BOAOPOJA COCTaBIsieT | Topp M HampspkeHuH S kB.
ITorpemHocTs poBeACHHBIX U3MepeHuit He TipeBbIinaeT 10%. Temneparypa
BOJOPOIHOM II1a3Mbl HaxoauTcs B nuamnazone 1.01 — 1.06 3B u majo 3aBucuT
HaYaJbHBIX TIApaMETPOB pa3psija.

Ha nuneitnom yckoputene TUIllp B UTOD mnpoBeneHsl H3MEpEHUS
TOPMO3HEIX ITIOTEPh TsKeNblX MOHOB Fe*? ¢ smeprueil 100 xoB/a.em B
BOJIOPOJTHOM TIJIa3Me€ Ta30pa3psAHOM CUIIbHOTOUHOM MuteHu [3]. s noHoB
JKelle3a ¢ HavaJIbHO IOJIHOM 3Hepruei 5.6 MsB moTepu sHepruu B Imiazme
razopaspsgHod mumeHu coctaBmm oT 0.4 mo 1.15 M»B. Ha ocHoBanmmu
MTOJYYCHHBIX SKCIICPUMEHTAIBHBIX JaHHBIX O MOTEPSX YHEPTUH B IUIa3Me U
mapaMeTpax IDIa3Mbl TIPH TEX JK€ HAYAIBHBIX YCJIOBHSX OIpe/IeicHa
TOPMO3HAsI CIIOCOOHOCTH T1a3Mbl. [loydeHo cpeqHee 3HaUeHnEe TOPMO3HOM
CIOCOGHOCTH CBOOOIHBIX IEKTPOHOB ILIA3MbI JUIs MOHOB skene3a Fe*? ¢
sHeprueit 100 kaB/a.e.m.:

Sfe = (860 + 130) MaB/(mr/cm?)

Ha puc. 1 mokasaHO H3MEPEHHOE 3HAYCHHE Sfe W NPEICTABICHO
CpaBHEHHE C TpeMs TEOPETHUYECKHMMH KPUBBIMH JUJISI 3aBUCUMOCTHU
TOPMO3HON CIOCOOHOCTH OT SHEPTUM MOHOB Xkeneza. Kpuas 2 Ha puc.l
paccuuTaHa ¢ HCI0Jb30BaHueM MoaubuImpoBanHoi Gopmyiier bete [4] mis
TOPMO3HOM CIIOCOOHOCTHU Sfe Ha CBOOO/IHBIX JIEKTPOHAX u1a3Mbl. Kpubas 1
Ha puc.l momydeHa ¢ ucmonb3oBaHueM (opMynsl bere ¢ 3 hekTHBHRIM
3apsioM cornacHo dopmyne berna [5]. KpuBas SRIM Ha puc.1 onmceiBaet
MOJHYI0 TOPMO3HYIO CIOCOOHOCTh HEHTPAbHOTO XOJOJHOTO rasa
BOJIOPO/Ia, PACCUNTAHHYIO C HCIIOIb30BaHueM kKoja SRIM.

215



~ 1000 - - o 1
"E'. : \,_"“ ............. 2
£ 5007 "~ = SRIM
E‘ e mm =L i ™ ® 3xchnepuMeHT |
. 200 - NN
0 —. N
8 P AN
8 - \_\ \\\
z 100 ] 7 N e -
g ] / ~. %, ]
0 1 / N
Q B A | Ay
5 50 / N,
/ N,
o .Y
m / Y
S . \
o 201 -7 N
2 Y
[¢)
5]
10 LA | ' MR AR ' LA LA | ' ML AR
0,01 0,1 1 10 100
3HeprTMs MOHA, MsB/a.e.M.
Puc. 1 - DKcHepUMEHTaJIbHO TMOJYYCHHOE 3HAYCHHUE TOPMO3HOMH

CIOCOGHOCTM B 3aBUCUMOCTH OT SHEpPruM HOHOB Fe*?m cpaBHeHue c
pacyeTHBIMH JaHHBIMH JJIS1 TUTa3Mbl U HEUTPATBLHOTO (XOJIOAHBIN Ta3)
BOZOPOJIA.

Takum  00pa3oM, IOJIyd4eHO, HYTO  TOPMO3HAs  CIOCOOHOCTH
HOHU30BaHHOTO BOIOpPOAa Oojiee YeM B 15 pa3 mpeBOCXOOHUT TOPMO3HYIO
CMOCOBHOCTB XO0JI0IHOTO ra3a Jyis HoHoB Fe*? ¢ sneprueit 100 kaB/a.e.m.

Crucok Iureparypbl:

[1] R.O Gavrilin, A.O. Khurchiev, D.S. Kolesnikov et al. // Stopping
power measurement for 100 keV/u Fe ions in hydrogen plasma. GSI Report
2019-2, 2019, p.38-39 http://dx.doi.org/10.15120/GSI1-2019-01053

[2] A. Kuznetsov, A. Byalkovskii, R. Gavrilin et al. // Simulation and
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DOI:10.1088/1742-6596/666/1/012025.
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ONTUMUBAIIUA TPAHCP®OPMATOPHOM CUCTEMBI
TOKAMAKA MUOUCT
B nanHOl paboTe NMpHBEIEHBI pacueTHBIE U SKCIIEPUMEHTAIbHbBIE PE3YIbTaThI
ONTHMHU3AIMA CHCTEMBl CO3JaHMS BHXPEBOIO MAarHUTHOTO TMOJNSA  ydeOHO-
neMoHcTpanuoHHoro Tokamaka MU®UCT, a taxke moka3zaHbl pe3yibTaThl HOMCKA
ONTHMAJIBHOW KOHOUIYpalMy YIpPaBIIONMX KaTymleK Uil MHHHMH3aIUH
BEPTHKAIBHOTO MOJISI HHAYKTOPA B 00JIACTH TOPSHNUS ILIa3MBbIL.
S.A. GANIN, N.E. EFIMOV, A.S. PRISHVITSYN, A.l.

ALIEVA S.A. KRAT
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

OPTIMIZATION OF THE TRANSFORMER SYSTEM OF
THE MEPHIST TOKAMAK

This work provides modeling and experimental results of optimization of the
system for a vortex magnetic field creating. Also the result of searching of optimal
configuration of compensation coils for vertical magnetic field minimization in a
plasma area is shown.

MUOUCT — manblit cepuueckuii TOkamak C OOJIBIIUM U MaJbIM
pagnycamu 25 u 13 cm coorBercTBeHHO [1]. LleHTpanbHBIN COJIEHOMI
MUOHUCTa umeer BO3AYLIHBIA CEPACYHUK, BCIEACTBHE YEro BO3HUKAET
HEOOXOJUMOCTh KOMIICHCAIIUH PACCESTHHOTO TIONS HWHIYKTOpa BHYTPH
BaKyyMHoOH kamepsl. Haubosee gacto asst 3TOH 1€/ HCHOIb3yeTCs CucTeMa
KOMIICHCAIIMOHHBIX ITOJIONJAFHBIX KaTyIIeK, KOTOpas IOJDKHa OBITh
ONTUMHU3UPOBAHA TaKUM 0Opa3oM, dYTOOBI CyMMapHas BepTHKAIbHAs
KOMITOHEHTa MarHUTHOTO TOJISI B 00J1acTU Kamephbl ObL1a MUHUMAabHOU [2].
OnTuMu3aus MpeanojaracT BBHIOOP YHcla KaTyIIeK, WX TOJOXEHHUS W
FeOMETPUUECKUX Pa3MEPOB, a TaKKe YWCIA BUTKOB U BEJIUYUHBI TOKA,
TEKYLIEro B HUX.

Ilo cpaBHEHWIO C KIJIACCHYECKHUM pEIICHHEM, KOrJa Kaxmas W3
KOMITEHCUPYIOIUX KAaTyllIeK HMeeT HE3aBUCUMYIO JIMHUIO TUTAHUS, B
MHU®OUCTe wucnonp3oBaHa albTEpHAaTHBHAs CXeéMa, B KOTOpOHl Bce
KOMITEHCUPYIOLIUE KaTyIIKU U UHAYKTOP BKJIIOUEHBI B OJHY 3JIEKTPHUUECKYIO
LeNb C I[OCIEI0BATENbHEIM COCJUHEHHEM ee d3JeMeHToB. Ilomo6Hoe
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pelleHNe 03BOJISIET OCTAaBUTh BCETO OJIHY HE3aBUCUMYIO JIMHUIO MUTaHUS U
He TpeOyeT CHUCTEMBl CHHXPOHU3ALWH ISl OTIEIbHBIX KOMIIEHCHPYIOIIUX
KaTyIIIeK.

Jst obecriedeHust KOMIIEHCAIMI BEPTHKAIBHOTO OIS OBUTH PACCUUTAHbI
MIOJIO’KEHHE, TEOMETPUIECKHE pa3Mepbl M KOJMYECTBO KOMIICHCHUPYOLIHX
karymek. JlanpHelImas oONTUMHM3alUs  MOpeAronaraeT  OmNpeaereHue
ONTHMAJIBHOTO YHCIIa BUTKOB [UIS K&KAOH U3 KaTyIIeK.

N3-3a cnoXHOM reoMeTpuM BaKyyMHOH KaMephbl, HaBEIEHHBIE TOKU B
KOTOpPOH  HWCKaXalOT  MPOCTPAHCTBEHHO-BPEMEHHOE  PacCIpeleNICHHuE
MarHUTHOTO TIOJIT TPaHC(OPMATOPHOW CHCTEMBI, IOJHOE YHCIEHHOE
pemieHHe  3aJadd  ONTHMH3AaLlUH  TpaHC(hOpMATOPHOM  CHCTEMBI
MIPEACTABISIETCS CIMIIKOM pecypco3arpaTHbM. [lo 3Toif mpuunHe ObLTH
MPOBEACHBI SKCIIEPUMCHTAJIBHBIC pa6OTLI 10 OITHMH3AIIMHU KOJUYCCTBA
BUTKOB B KOMITEHCUPYIOIIHUX KaTyIIKax. Beinn MPOBEIECHEI
9KCTIEpPUMEHTAIbHBIE N3MEPEHUS MPOCTPAaHCTBEHHO-BPEMEHHOTO
pacrpeneneHlss MarHUTHOTO TIOJsl BHYTPHU KaMepbl Ul  Pas3IMdHOTO
KOJIMYCCTBA BUTKOB B Ka)K[[Oﬁ M3 KaTyUICK. KonuuecTBO BUTKOB B
9KCTIEPUMEHTE  BapbUPOBATOCH  BONM3M  ONTHMAJIBHOTO  3HAYEHHMS,
HalJJCHHOTO B HyJIEBOM MPUOIMXEHUH CTAMOHAPHOTO MAarHUTHOTO IOJIS B
OTCYTCTBUE BaKyyMHOU KaMephl.

B nanHOit pabore mpencTaBIeHBl HEKOTOPBIE pacyeTHble U
9KCTIEPUMEHTANIbHbIE  PE3YJIbTaThl  ONTHMHU3AIMU  TPaHC(HOPMATOPHOI

cucteMbl Tokamaka MUDUCT.
Cnucox aiumepamypul

1. Huxonaesa B.E., Bopo6ses I'"M., l'acnapsin FO.M. u np.// Bectnuk HASTY MUDU
2019.T. 8, Ne 6, C. 491-497
2. Ahmad Z., Ahmad S., Naveed M.A. et al// Phys. Scr. 2017. Vol. 92, Ne 4
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OOPMHUPOBAHUE CBY PA3PAIA HU3KOI'O IABJIEHUS],
HOIJIEP)KUBAEMOIO ITOBEPXHOCTHOM BOJIHOH B
3AJJAHHOM I1OJIE

HccnenoBano camocoriacoBaHHoe pacnpocTpanenne CBY  paspsma Ha
MIOBEpXHOCTHOH BOJHE B KBapIeBOH TpyOKe, MOMENIEHHOH B pe30HATOP OTKPBITOTO
Tuna. IImasMeHHBIH cTONO HMHXKEKTUPYeTCd B PE30HATOp U BO30Y)KHAaeT B HEM
o0beMHOE TONe, OCTaHaBIMBasCh B  OmmkaiimeM MuHEMyMe. Paspsng
pacmpocTpaHseTcs B BHIE IIa3MEHHBIX (parMeHTOB IJIHHON A/2, 0Opasys cToio,
MOJJIep>KUBaeMbIli TIOBEPXHOCTHOH BoNHOM. Iloka3aHa BO3MOXKHOCThH YIpaBICHHS
napaMeTpamMH paspsiaa ¢ TOMOLIBIO MOJCTPOHKU pe30HaTOpa.

V.. ZHUKOV, D.M. KARFIDOV

Prokhorov General Physics Institute of the Russian Academy of Sciences,
Moscow, Russia

MICROWAVE SURFACE-WAVE-SUSTAINED LOW
PRESSURE DISCHARGE FORMATION IN A GIVEN FIELD

The self-consistent propagation of a microwave surface-wave-sustained discharge
in a quartz tube placed in an open cavity is investigated. The plasma column is injected
into the cavity and excites a standing wave. Then it stops in the nearest field minimum.
The discharge propagates in the form of plasma fragments A/2 long. Thus it forms a
column supported by a surface wave. The possibility of controlling the discharge
parameters by tuning the resonator is demonstrated.

B pabGote uccnenyercs passurme CBU paspsga HH3KOTO [aBIICHUS,
TOIIeP’)KUBAEMOT0 IIOBEPXHOCTHOM 3JIeKTpoMarHuTHO! BotHOH (II9B) [1] B
pe3oHaTope OTKPBITOTO THIA, 00pa30BaHHOTO JIByMS
IUTOCKOTIAPAJUICIbHBIMU METaJUTNYEeCKUMU 3epKanaMu. Pazpsn
OCYIIECTBILIICS B KBapleBoil TpyOke MIMHONH 2 M auamMeTpoM 27 MM,
3al0JHEHHON BO3AyxoM B auamnaszone gasineHuid ot 0.02 Topp no 2 Topp.
[I9B B030y’kaanach BOJTHOBOJHBIM ANIUIMKATOPOM [2], TOAKIIOYEHHBIM K
MarHeTpoHy, MomHocTeto 800 BT, reHepupymoomeMy HMITyJbChI
JUIHTEIBHOCTRIO 50 Mc Ha yactote 2.45 I'T 1.

Pa3zpsinm pacnpocTpaHsieTcsi 1Mo TpyOKe OT HWCTOYHHMKA HW3IIyYCHHUS H
obpa3yeT MEXIy aIllUIMKaTOpOM H TIEPBBIM 3EPKAJIOM pe30HaTopa
IUTa3MEHHBIN cToNO, moanepxkuBaeMeblii [19B (puc.1). Pezonarop coctout us
JBYX TUIOCKMX MeaHbIX 3epkai (31 u 32 Ha puc.l) paauycom 12 cmM, depes
LIEHTP KOTOPBIX IPOXOAUT pa3psiaHas TpyOka. Hakauka sHeprim B pe3oHaTOp
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MIPOM3BO/IMIIACH Yepe3 OTBEPCTUE CBS3U B MEPBOM 3epKalle — IIa3MEHHBIN
CTOJIO MIPOHMKAET B PE30HATOP, SIBILSICH DJIEMEHTOM CBSI3H U BO30Y K /1as 11oJie
B 00BEMeE pe3oHaTopa.
31 32
= F )

2

s 4
i A

6

Puc. 1. Cxema sxkcnepumenTa. 1 — @opBakyyMHbIH Hacoc; 2 — alIIMKATOP; 3 —
MarHeTpoH; 4 — KBapiieBas TpyOKka; 5 — HaTeKaTelnb; 6 — BaKyyMMeTp.

IIpomenmuii B pe3oHaTOp uepe3 oTBepcTUE B 3epKane 31 MmiIa3sMeHHBIH
CcTONO WrpaeT poib aHTEHHbI, BO30yXXJallleld TIoJie B pe30oHaToOpe.
CrnoxxeHne 00beMHOTO TIOJIS Pe30HATOPA C T0JIeM B TPU(POHTOBOI 001acTH
paspsiia NMPUBOAUT K OOpPa30BaHMIO JIOKAJHHOTO MHMHUMYMa IIOJIS, TJie
HapymiaeTcss ycioBue cyulecTBoBanus [IOB u mpoucxoautr ocraHoBKa
paspsima. PacmpenerneHue KOHIGHTpalMM Ha TPaHHIE CTON0a WMEeT
muQQy3NOHHBI XapakTep MW CIagaeT OT OONacTH C KPUTHIECKOU
KOHLIEHTpaLKel Ns JJIsl TOBEPXHOCTHON BOJHBI C XapaKTEPHBIM MacIITaboM
1-2 cm. IlnasmMa ¢ TakuM pacHpesieieHHeM KOHLIEHTpAIlMM Ha TpaHHIEe
paspsima momamaer B 00JAcTh HApPACTAIOMETO B CTOPOHY IYYHOCTH
00BEMHOT0 HOJISI PE30HATOPA, YTO MPUBOJMUT K PE3KOMY POCTY MOHH3AIMH.
[Ipu noCTIKEHNM KPUTHYECKOW KOHIEHTPAIMH Ns TOBEPXHOCTHAS BOJHA
MPOJ0JDKAET pacnpocTpaHeHue. Takoe pa3BUTHE pa3psja NPOAOIKAETCS A0
CIEeYIOUIEro y3Jia MoJjisi, B KOTOPOM OH OCTaHaBJIMBAETCS, U BECh MPOLECC
moBTopsieTcs. TakuMm oOpa3oM, paspsa  pacmpocTpaHseTcss B BHIE
CIEeIYIOUINX OJTUH 3a IpyruM (HparMeHTOB IUTHHOW ~ A/2 (tme A ~12.25 cm —
JUTMHA BOITHBI B CBOOOTHOM MPOCTPAHCTBE) 0 HCYECPIIAHUS 3aII1aCOB YHEPTUU
WU 10 AOCTHXKEHMSI UM BTOpOTro 3epkaina. [lytem noactpoiiku pe3oHaTtopa
ObUla TIOKa3aHa BO3MOXHOCTb (OPMHUpPOBaHHMs J0 6 IUIa3MEHHBIX
¢parmenToB. Ha 3akimOYMTENBbHOW CTAaIWK PACIpPOCTPAHEHHS pas3psaa
NpoucXomuT  (opMHUpoBaHHE IUIA3MEHHOTO  CTOJI0OA € HEKOTOPOii
MOIYyMAIMEeH IUIOTHOCTH IUIa3MBL, II0 KOTOPOMY pAacHpOCTpaHsIeTCs
MTOBEPXHOCTHAS BOJHA C As=11 cM.

HccnenoBanue BbIIOIHEHO mpH (UHAHCOBOM monuepxkke POOU B
pamMkax Hay4Horo rnpoekta Ne 20-32-90162.

Crucox rumepamypol
1. Zhukov V.., Karfidov D.M., K.F. Sergeichev.// Plasma Physics Reports. 2012. Vol. 456
Ne 8, P. 760-768.
2. Moisan M., Zakrewski Z. // J. Phys. D: Appl. Phys. 1991. Vol. 24, p. 1025.
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HUCIOJIL30OBAHUE MIPOI'PAMMHOMU CPE/IbI EPICS B
SKCIIEPUMEHTAXIIO YIIPABJISIEMOMY
TEPMOSIIEPHOMY CHUHTE3Y

PaccMoTpeHo nprMeHeHne CBOOOIHO pacipoCTpaHsIeMOil IPOrpaMMHOM Cpelbl
EPICS (Argonne National Laboratory), sapekomenmoBaBmieii ceGss B poju
MPOrPaMMHOIO KOHCTPYKTOpAa CHCTEM YIpaBJICHHS B KpPYyHHBIX HayuHelx YTC
skcriepuMentax (ITER, K-STAR). PacmpenencHHBle CHCTEMBI —yHpaBieHHS
(GU3NYECKMMH YCTAHOBKAMM OOBIYHO COCTOAT M3 JECATKOB WIIM JaXe COTEH
KOMITBIOTEPOB, OOBEIMHEHHBIX B CETh, YTOOBI OOECIEYHUTH CBSI3b MEXKIY HUMH H
obecreynTh ynpaBiIeHHEe U 00PaTHYIO CBSI3b JUIS Pa3IMYHBIX YacTeil yCTaHOBKU U3
LEHTPAJIbHOW JWCIIETYepCKOH WM Jaxe ynaneHHo uepe3 HMurepuer. EPICS
UCHOJIB3YET MOJeNb KIMEHT/CepBep UL JOCTyNla K JAHHBIM C PasjIMyuHBIX
KommbioTepoB. [Iporokonbl, wucnomsdyembie B EPICS, paspaboransr s
MIPOTPaMMHBIX CETEBBIX INPHIOKEHHH C BBICOKOH IIPOITYCKHOH CIIOCOOHOCTBHIO B
peambHOM BpEMEHH W SBIIIOTCS OJHOW M3 MpwuywH, 1o kotopodr EPICS ymoOHO
HCTIOJIb30BaTh JJI IOCTPOEHMS OJHOBPEMEHHO OONBLIMX M KOH(DUTYpHPYEMBIX
CHCTEM YIPAaBJICHHS.

IMomuMo Habopa TOTOBBIX K NPUMEHEHHIO NpOrpamMMHBIX Moxyneit EPICS
npearnosaraeT HCIIOJIb30BaHUE onpeaenéHHON MIpOrpaMMHO-aInapaTHON
apXHUTEeKTYypbl. Tak, ceTeBas MHPPACTPYKTypa CHCTEMbI yIPABICHHS OIMpaeTcsi Ha
OBICTPBIH, CHEMANTN3UPOBAaHHBIA M OYEeHb HAJISKHBIH IPOTOKON oOMeHa Ha Oase
Ethernet, maspiBaemeiii Channel Access (CA), xortopslii obecriedrBaeT eIHHBIIN
uHTepeNc MEXTy LEHTPATbHONW CHCTEMOH YIIPABICHUS W MECTHBIM YIPaBICHUEM
pa3mmuHbIx cucteM. baza manubix EPICS, comepikamiasi MHOKECTBO yHpPaBISIEMBIX
nepemenHbix (EPICS PVS) u naromas x HUM JOCTym B peajbHOM BpEMEHH
pacmpezienieHa MacIITabUpyeMbIM 00pa3oM 110 MHOTHM KaHalaM JOCTYIIa CETEBOMH
UHPPACTPYKTYPHI.

EPICS mos3Bonmser peamu3oBaTh MHOTHE (QYHKIUH, HEOOXOAWMBIE JUIS
BBITIOJIHEHHSI OONBIIOro (hPM3MYIECKOT0 SKCIEPUMEHTA: CO3/aTh MaHen yIpaBlIeHus,
O00BEANHNTD YIPABICHUE PA3NUYHBIMU AIMapaTHBIMH CPEICTBAMU HM3MEPEHUH H
KOHTPOJISI TEXHOJOIMYECKUX IapaMeTpOB, YIPOCTHTh aHAIH3 IOJYy4YCHHBIX B
pe3ynbTaTe SKCIePUMEHTA TaHHbIX.
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EPICS SOFTWARE TOOLKIT ROLE IN FUSION
EXPERIMENTS

The application of the open license software environment EPICS (Argonne
National Laboratory), which has proven itself as a software toolkit for SCADA control
systems development for large scientific fusion experiments (ITER, K-STAR), is
considered in this article. Distributed control systems for physical plant systems
usually consist of tens or even hundreds of computers connected in a network to
provide communication between them and provide control and feedback to various
parts of the plant from a central control room or even remotely via the Internet. EPICS
uses a client/server model to access data from multiple computers. The protocols
included in EPICS are designed for software network applications with high
bandwidth in real time and are one of the reasons why EPICS is convenient to use for
building large and easily configurable control systems.

In addition to a set of ready-to-use software modules, EPICS assumes the use of
a specific software and hardware architecture. For example, the network control
infrastructure relies on a fast, dedicated and highly reliable Ethernet-based software
bus called Channel Access (CA), which also provides a single interface between the
central control system and the local control of various systems. The EPICS database,
which contains many managed variables (EPICS PVs) and can access them in real
time, is distributed in a scalable manner across many network infrastructure access
channels.

EPICS allows to implement many of the functions necessary to perform a large
physical experiment: create control panels, combine the control of various hardware
devices for measuring and controlling technological parameters, and simplify the
analysis of the data obtained as a result of the experiment.

Cnucox numepamypbl
1. EPICS, http://www.aps.anl.gov/epics/index.php
2. J.B. Lister, J.W. Farthing, M. Greenwald, I. Yonekawa, The ITER CODAC
conceptual design, Fusion Engineering and Design 82 (2007) 1167-1173.
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K BOITPOCY MHULIMPOBAHHS BAKYYMHOT' OIYTOBOT'O
PA3PSIJIA

HccnenoBana reHepanusi BakyyMHOH ayrn mpoboeM B HrHaiTepe Mo
MOpOLIKyY rpadura u cepedpa.

V.NARUSTAMOV, KH.B. ASHUROV, I.KH. B.R. KAKHRAMONOV,
XAPBSIKOB B.II.

Institute of ion-plasma and laser technologies, Uzbek Academy of Sciences,
Tashkent, Uzbekistan

ON THE QUESTION OF INITIATING AVACUUM ARC
DISCHARGE
The generation of a vacuum arc by a breakdown in an igniter over a graphite and
silver powder is investigated.

CraOwnipHas TeHepalus BaKyyMHOH OyTH, KaK B KCIIEPUMEHTAIBHBIX,
TaK U TEXHOJIOTMYECKUX OHIIEKTPOIHBIX CHCTEMAax SBIIECTCS aKTyaJbHOU
3a7laueil peanu3aludu pas3psAIHOro Impoiecca. B mMMPOKO HCHONIB3yeMbIX
METOAaxX MCKPOBOI'0 U BHICOKOBOJILTHOTO l'[p0605[ QJICKTPOAbI MOJABEPIKECHBI
paszpywienuto. Jlns 3axuraHusi JAYroBOrO pas3psa BaKHbl JIOKaJbHas
IUIOTHOCTDH IIJIa3Mbl 'y KaToda, U HANPAXKCHHOCTH JJICKTPUYCCKOTO IIOJIA B
aToM MecTe Karoia. [1]. B co3maHHON KOHCTPYKIUSI TOJKUTa-UTHAUTED,
IIpeJCcTaBIcHa Ha pUCYHKe 10, 1B., BCTPOSH INAIIEKTPUICCKHIA SIIEMEHT H JTBA
3JIEKTPO/a, HA KOTOpBIE MOAAETCS MOJKUTaroluid mMmiysbe Hampspkenue
UMITYJIbCAa MOXKUTA TTPUKIIAABIBACTCA K JIBYM MOJ'IPI6I[CHOBI)IM QJICKTpOdaM,
HaXOAAIIMMCS BHYTPH KepaMHU4ecKod TpyOouku ¢ AByMs KaHaiamu Ha
KOHIIE TpYyOOYKH CHeTaHo yriayOleHWe, W TPH BO3HUKHOBCHUU
ITOBEPXHOCTHOTO Mpo00s, IiiasMa BBIOPACHIBACTCSA B MEXKIJICKTPOTHOE
MPOCTPAHCTBO Pa3PsAHON CUCTEMBI.
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Puc. 1. a- o1HORNIEKTPOAHBIN, O- ABYXAJICKTPOIHBIA UTHAWTEPHI.

B paspaboranHOM WrHaiiTepe, B KadecTBe IUIa3MOOOPA3yIOLIETO
Marepuallia UCIIOJIb3yeTcs MOPOIIOK Ha OCHOBe rpadura m cepebdpa. Ilo
rpaduKy BHIHO, UYTO, BEPOSATHOCTH IIOSIBICHUS TIPOOOS 3aBHCHUT OT
pacCTOSHHAS MEXIy KaTOJOM W IOMKUroM. MrHaitep mMerommii B cebe
cMech Topomika rpadura u cepedpa, npu paccTosHuU 5 MM, naét Ha 10%
0oJibllice BEPOSTHOCTH MOSABIEHHSA MPO0Os, YeM
WTHANTEp 3aI0HESHHBIH TOIBKO TpaduToM.

Puc. 2. BeposTHOCTb NOSIBIECHUS yrOBOTO
paspsiga P (%) u3 30 mombITOK, MpU ONpeAeeHHOM
pacctosaun  R=5, 10, 15 MM, MeXay MOIKHTOM-
- WTHAUTEPOM U KaTOI0M

[Ipu WHULUUPOBAHUU BAaKyyMHOTO
JIYrOBOTO paspsijia, MrHaiiTep MMEINMH B cede TOJIBKO cMech rpadwura,
cpabateiBaetr 80 % (kpusas 2). IIpu 3TOM paccTOSHHE MEXIy KaTOIOM U
WTHAHTepOM-TIOJDKUTOM 5 MM. WrHadtep mMmerommuid B cebe HE TOJNBKO
rpaduTa, a emé mopomka cepedpo, BeposITHOCTH mpobos 93 %, oT Bcex
monbIToK (kpuBas 1), Ha 10% OGomnpmie mpeppiaymero. Takum oGpazom
KOMIIOHEHTHI, UMEIOIIHAE OTHOCUTEIHHO OOJBIIYI0 IMPOBOAUMOCTD, HIPAOT
CYIIECTBEHHYIO POJIb B TOBBIMICHUH Y(PPEKTHBHOCTH pabOTHl WTHalTepa
OTBEYAIOT BBHINOJHEHHBIE HA OCHOBE KEPAMUYECKOH TPYOKHU ¢ paspsaIHUKOM
Ha TOpIIe, 3aIIOJTHEHHBIM I'paUTOBON U cepeOpEeHOH CMEChIO € Pa3IMIHBIMU
JN00aBKaM¥, TIOBBIIIAOIINX SMICCHIO 3JICKTPOHOB M HOHOB.
Cnucok Jaumepamypbol.
1 boiim A. b., Peiixpyznens 3. M. O paboTe X0JI0JHOTO MyJIbTUKATO/Ia C MTOJKUTOM B
UMITyJIbCHOMpexknMe //PamuoTexunka n snextpornka 1963. T.8, Ne 5. C. 845-851.

2. Mesyats G. A., Proskurovskiy D. I. Pulsed electrical discharge in vacuum. Berlin:
Springer, 1989.
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OCOBEHHOCTH IUIASMEHHOM BAKYYMHO-IYTOBOI
OBPABOTKH CTAJIBHOM TIOBEPXHOCTU
IIpouecchl B KaTOJHOM ISITHE BAKYyMHOI'O IyTOBOT'O pa3psiia Ipu peann3auuu
B HeM F-sMuccum 3JeKTpOHOB.

VN ARUSTAMOV, KH.B. ASHUROQOV, I.LKH. KHUDOYKULOV,

B.R. KAXRAMONOQOV

Institute of ion-plasma and laser technologies, Uzbek Academy of Sciences,
Tashkent, Uzbekistan

FEATURES OF PLASMA VACUUM ARC PROCESSING OF

STEEL SURFACE
Processes in the cathode spot of a vacuum arc discharge during the
implementation of the F-emission of electrons in it.

Uzydyenne mnpoueccoB B KII (karogHoM msTHE) BaKyyMHOH IyrH SBISETCS
aKTyalbHOW 3aJaveil, [UId pPACIIMPEHHs MpEeICTaBICHUH O (yHIaAMEHTaJIbHBIX
ocHoBax Teopuu KII m pasButus npaktudeckux npuiokeHuid. Ocoboe 3HaueHUE
“MeeT u3ydeHue ycnosui, peanmzanun B KI1 F-smuccnu a5mexTpoHOB, posii B 9THX
mporeccax TEIUIOTH MCIapeHHsi aToMa, aTOMHBIH Bec, pabOThl BBIXOJa MaTepuaia
karoga. CormacHo ¢dopmyne Mak - KoyHa HampsyKeHHOCTh 3JEKTPUYECKOTO ITOJIS
ompenenseTcs BeIpaxenueM [6,7]:

7 0.5
E? =757 x 105 - U%S [(::_) ji— je] (B-em?) 1

rae Uc — KkaTopHOe majieHne oTeHnrana B B; ji i je-COOTBETCTBEHHO, MIIOTHOCTH

2

TOKAa HOHOB M JJIEKTPOHOB B A-CM™®, MiMMe— Macca MOHA M JJIeKTpoHa. Tak Kak

2.97x107- 95 6(y) ”
057705000, Findy-Tng (B-em™) 2.

(mi/me)®5>> moryuaem pemrenne : E, ., =

Jns katona ¢ ¢ — 4 5B u A.=10? npu cpennem Uc— 15 B nonyuaem Eon=6.45x107
B-cm . Tlomydeno uro F-sMuccus snektponos B KIT xapakTepHa JUIIb A1 KATOI0B
¢ Aa< 1,5-1,6 5B BoJbIIMHCTBO METAIUIOB MMEET, Aa > 2 -2.5 3B, u g HHUX
XapakTepHa T-F-aMmuccHS 3J€KTPOHOB B KAaTOJHOM IISITHE BaKyyMHOTO IyTOBOTO
paspsina. J{ns aHanu3 ycrnoBuil peasn3aiyy MpoleccoB B KATOAHOM IISITHE HA OCHOBE
JOMUHHPOBaHHs F-‘3MHCCHH SIIEKTPOHOB HAJ B3PBIBHBIMU MPOIIECCAMH H3Y4YEHO
BJIMSIHUE TPEABAPUTEIILHO HAHECEHHBIX BEIISCTB C HHU3KOH paboTol BhIXOAA U
TEIUIOTOW HWCTIApEHHs, SHEpro3arpar ImpH BaKyyMHO-IYTOBOW 0OpaOOTKE M3IEIHA.
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BUL: Ay =

Temnora HCIIapeHUs aroMa Karozja nMeeT
1.12x1078. Eom(lg,:—lgB—Zlg Eonr) (B). 3
PO

Brpaxenue (3), onpezernsioniee TEINIOTY HCIAPEHHs aTOMa, IIPH KOTOPOM MeeT
Mecto F-amuccus snextpoHoB B KII BakyymHOW nyru, siBisercs monHsM. M3 (2),
CJIelyeT, 9TO TEIUIOTa UCIIapeHus aToMa KaTo/a, IPH KOTOPOM 3MHCCHS IEKTPOHOB
B KaTOJHOM IIITHE OCYIIECTBIACTCS MO F-MeXaHM3My 3aBHCHT OT ILIEJIOTO psiza
napaMeTpoB Katoza (@, Ac, Vs, Vo) u karoguoro msatHa (Ue, pc, f, Ji), HO TIaBHOE
3HaUeHHE MMeeT paboTa BEIXOJA dIEKTpOHA. [ SKCIIepHIMEHTaIbHOTO H3y4YEeHHS
peanmzanuu npouecco B KIT Ha ocHOBe F -3MHcCHY 3IEKTPOHOB Ha HOBEPXHOCTH
katoza HaHocwmch: KOH, NaOH wu np,. marepuansl. [ToimydeHo 9TO BEpOSTHOCTD
¢dopmuposanust KIT Ha cTopone obpasia ¢ KOH Beiiie, uem Ha moBepXHOCTH 0e3

HAaHECEHHOTO CJIOS LIeNOYH. (TIPEeACTaBlIeHa Ha pHC 1)

Bepoiocts 1
=
2

0.5 b
i 10 20 30 40 50

Konentpaups (%)
Puc.1. BeposiTHOCTB 3aKUraHus pa3psiia Ha IOBEPXHOCTh KaTOIHOU

uTacTUHBI 00pa3zosanus Ha Heil KII npu nanecernn KOH

Ipu 5TOM BEeposITHOCTH 0Opa30BaHMs MMEET MaKCHMalIbHOE 3HaYeHue 1t 10 %
KoHIleHTpanuu BoaHoro pacteopa KOH, NaOH, u mMmeeT MakcHMyM, 4TO BaKHO.
BrusiBneHa dWeTKas KOpPPESIIUS MEXIy IOJO0KEHHEM SKCTpeMyMa 3aBUCHMOCTH
BeposTHOCTH popmupoBanus KII, BeuunHbI HANPSKEHUST HA Pa3psijie, U CKOPOCTH
OYUCTKH OT KoHIeHTparmuu CB. DTO MO3BONSET NPENNONI0XKUTh, YTO IMEPBUUHAS
MpUYMHA BCEX M3MEHEHUH Ha TMOBEPXHOCTH B mpucytcTBuu CB 3akmrouaercss B
W3MEeHeHHUe BeposTHOCcTH oOpazoBanus DKII.

Cnucox rumepamypol
B.H. Apycmamos, X.b.Awypos, U.X. Xyoaiikyros, b.P. Kaxpamonos «Ilapamempor «benoeo

cnoay  Gopmupyemozo npu  8aKyyMHoO- 0y2080U 00pabomke CMAlbHOU NOBEPXHOCMU
KamooHvIMu namuamuy « Qusuxa u xumus oopadbomru mamepuanosy PAH Poccus, 200 2016

MNe 6.
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MOINPUKALUA ITIOBEPXHOCTH TAHTAJIA U
MOJIMBIEHA BI'MPOTPOHHOM PA3PS/IE B IIOPOLLIKE
PEI'OJIMTA

HccnenoBaHo pachpeneneHie YacTHIl PerojinTa, OCaKICHHBIX Ha MOBEPXHOCTH
TaHTala ¥ MOJMOJCHA IO BO3JCHCTBHEM HMITYJLCHOTO H3JIydYCHHS TMPOTPOHA.
Pa3pabortan anroputM 00pabOTKH M300paKCHUI MOBEPXHOCTH IUIACTHH C IEIBIO
aHanM3a OCAXKICHHBIX YacTHIl. IIpOBeNeH CpaBHUTENbHBIA aHAIW3 Pe3yNbTATOB,
MONMYYECHHBIX I JABYX BHIOB IUIACTHH — HEOOPaOOTaHHBIX M 00pabOTaHHBIX
JIMDIICKTPUIECKUM OapbhepHBIM Pas3psiioM.

V.V. KACHMAR!?, V.D. BORZOSEKOV*?, N.N.
SKVORTSOVA®3 A.A. SOROKIN*
L Prokhorov General Physics Institute of the Russian Academy of Sciences,
Moscow, Russia
2 people’s Friendship University of Russia, Moscow, Russia
3 National Research Nuclear University MEPhI, Moscow, Russia
4 Institute of Applied Physics of the Russian Academy of Sciences, Nizhny
Novgorod, Russia
SURFACE MODIFICATION OF TANTALUM AND
MOLYBDENUM INDUCED BY GYROTRON DISCHARGE
IN REGOLITH

The distribution of regolith particles deposited on the surface of tantalum and
molybdenum under gyrotron pulsed radiation is studied. To analyze the deposited
particles, an image processing algorithm is developed. A comparative analysis of the
results obtained for two types of metal samples — untreated and treated with a
dielectric barrier discharge — is carried out.

B mHactosmeit paGoTe mpencTaBICHBI PE3yJbTAThl HUMHUTAIIMOHHOTO
9KCIEPUMEHTa, B KOTOPOM MOJEIUPOBAIIOCH BO3JEHCTBHE pEroimra Ha
TIOBEPXHOCTH TaHTalla U MOJ'II/I6JICH3. — TYTOIUIaBKUX METAJIJIOB, KOTOPLIC
HAXOJAT IPUMECHEHUE B KOCMHYSCKOM MaTEPHUATIOBEICHUH.

Jyii  MMHUTaIMOHHOTO JKCIEPUMEHTa IIOJIOBMHA 00pa3loB ObLIa
MIPeBapUTEIFHO 00paboTaHa IUAICKTPUUCCKUM OaphepHBIM Pa3psiOM.
OO0pasmubl pa3sMemaiich B TIa3MOXUMHUYECKOM peaktope [1,2] Hang cioem
J1a00PATOPHOTO PErOJINTa, YACTHIIBI KOTOPOTO AHAIOTHYHBI JIYHHOMU MBLIH 1O
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XUMHYECKOMY COCTaBY U pacIpeieCHUI0 o pa3Mepam. M3-3a Bo3neiicTBus
Ha PEroJiMT HUMIYJIbCOB THPOTpoHa (MomHOcThI0O A0 400 kBt wu
JUTHTEBHOCTRI0O 10 10 Mc) B o0OBbeMe IIa3MOXHMHUYECKOTO peaKkTopa
TTOSIBJISUTHCH JICBUTHPYIOIINE 00JIaka 3apsDKESHHBIX YacTUIl. B akcnepuMenTe
BOCCO3JaHBI  yCJIOBWS, BO3HHKamomue mpu OomOapaupoBke JIyHBI
MHKpoMeTeopuTamu [3].

N300pakeHus MOBEPXHOCTH INIACTHH OBLTH ITOTYYCHBI Ha CKaHUPYIOIIEM
9JICKTPOHHOM ~ MHKpockome. Jlmsg aHanm3a MOoAW(DHUKAIMK  TUIACTHH
NPUMCHSUINCh ~ METOJbl  KOMIIBIOTCPHOKW  00pabOTKM  HM300paKeHUH.
Anroput™M, OCHOBaHHBIM Ha Dypre- W aHU3OTPONMHOW (GHIBTpALUA U
MOP(OJOTUIESCKOM ITOTIMKCEIPHOM aHaIM3¢ H300paXXCHHUS TI03BOJIUI
U3YYUTh pazMep U GopMy OCaICHHBIX YaCTHUI] PETOJIHUTA.

1 Ta, 6es AP 1 Ta, ABP

0.1

0.01
0.01
1 Wﬂ |
10 20 30

0 10 20 30 40 50 0
NMHERHsIR PasMep, MkM NUHeiHAIA pasMep, MkM

Pacnpenenenne yactur mo pasmepaM Ha HeoOpaboTaHHOI (ci1eBa) U
00paboTaHHOM (CIpaBa) MJIAaCTHHAX TaHTAJIa.

B menom, mis 000MX METa/NIOB IMOJYYCHBI CXOXKHUE PE3yJIbTaThl: Ha
HeoOpaboTaHHbBIE MIACTHHBI OCAXKJIEHBI YaCTUIIBI B OCHOBHOM HEOOIBIITUX
pasmepoB 10 ~10 MxM. [IpudnHa — MEJTKHe YacCTHIBI OCAKIAIOTCS BOJIH3H
ne(eKkToB MOBEpXHOCTH. B ciydae oOpaOOTaHHBIX IUIACTHH, Ha KOTOPBIX
JneeKTOB MEHBIIIE, OTHOCUTENFHBIN BKIIAJ MEITKAX YACTHIL B PacIpeeIICHIE
10 JIMHEIHBIM pa3MepaM YMEHbIIIEH.

NNOTHOCTh BEPOATHOCTH
NNOTHOCTL BEPOSTHOCTH

40 50

Crucok rumepamypol
1. N.N. Skvortsova, D.V. Malakhov, V.D. Stepakhin et al. // JETP Lett., 2017, VVol. 106, pp.
262-267.
2. N.N. Skvortsova, O.N. Shishilov, N.S. Akhmadullina et al. // Ceramics International,
2021, Vol. 47, No. 3, pp. 3978-3987.
3. S.1. Popel, A.P. Golub’, A.V. Zakharov et al. // JETP Lett., 2018, Vol. 108, pp. 356-363.
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Poccus

HN3YYEHUE MUKPOCTPYKTYP HA IIOBEPXHOCTH
SJIEKTPOOB B QJIEKTPOJIMTHYECKOM PA3PSIIE
ITpoBomuTcst WccneqoBaHUE B3aUMOACHCTBHSA paspsiia B DIEKTPOIUTE C
3JEKTPOJTHOM CHCTEMOW B TIPUCYTCTBUM MAarHUTHOrO mois. Peructpupyercs
o0pa3oBaHHEe MHUKPOCTPYKTYp Ha IIOBEPXHOCTH BOJB(PAMOBBIX W THTAHOBBIX
Karoaax. M3yueH cnekTpanbHbBIM COCTaB M3Iy4YeHMsl JaHHOTO paspsaa. B cimyuae
BOJNb(PAMOBBIX ~ KaTOMOB  IIPOHUCXOAWT  BO3HHKHOBCHHE  KOHYCOINOJOOHBIX
obOpazoBanuii pazmepamu 5-20 MkM. Mccremyercss BIMsIHHE MarHUTHOTO IMOJS Ha
HosiBJIEHHE 00pa30BaHUM.

D.L. KIRKO, A.S. SAVJOLOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

RESEARCH OF MICRO STRUCTURES ON ELECTRODE
SURFACE AT ELECTROLYTE DISCHARGE

The research of interaction of electrolyte discharge to the electrode system in
magnetic field is carried out. The origin of microstructures on the surface of tungsten
and titan electrodes is registered. Spectrum of this discharge has been studied. For a
case of tungsten cathodes the origin of cone-like formations with dimensions 5-20 um
is observed. One has researched the influence of magnetic field to the formations
appearance.

Paspsimer B 3NEKTpONMMTAaxX, KaK TpaBWIO, O0Opa3yIOTCI MEXIy
3JIEKTPOAAMH BHYTPH >KUJIKOCTH, UJIM MEXY 3JIEKTPOJOM U MOBEPXHOCTHIO
KUAKOCTU. JlaHHBIE pa3psi/ibl HaXOIAT MPUMEHEHHE U OUYKUCTKUA BOABI U
JPYTUX KUJIKOCTEH, ISl IOJUPOBKM METAJUIMUECKUX TOBEPXHOCTEH, U IS
6onee 3¢ dexTrBHOrO NonyueHus: Bojgopoaa [1,2]. B uenu stux paspsaos
paHee PUKCHPOBAIHCEH PA3IMYHBIC JEKTPUICCKHAE KOIeOaHHs B AHANla30HE
100 k' — 20 MTI' [1-4].

DKcTiepuMeEHTAIbHAS YCTAHOBKA VISl TIOTYYCSHUsI paspsifia B dJCKTPOJIATE
cojiepkaia dIEKTPOJHYI0 CUCTEMY, Pa3MENICHHYIO0 B 00beMe KUAKOCTU. B
Ka4yecTBE AJICKTPOJIMTA HCIOJB30BAIMCh PACTBOPHI KapOoHAaTa HATPUS B
JUCTUJUIMPOBAHHOW HWJIM TEXHUYECKON Boje. BO3HHKHOBEHHE CBEUEHHS
pa3psiia IPOUCXOIUIIO TIPU YMEHBIIEHUH IIJIOIIA A KaTo/a /10 Pa3MepoB C
mwiomanso okono 0,5-2 M2 Jlud cosmaHMs paspsAga HCHOIb30BaIOCh
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HUMIyJbcHOE nuTaHue ¢ yactoroi 50-100 I'u, npu Hanpsxeruu 50-250 B, u
Toke 0,2-1,0 A.

IIpoBomuiock W3ydeHHWE Pa3IMYHBIX PEKUMOB TOPEHHs paspsga B
3aBHCUMOCTH OT BHEIIHETO MarHUTHOTO MOJS NMPHU BEIUYHUHE B IHMAIA30HE
B=50-240 I'c. ITpu 3ToM npoBoamIack GoTo- U KHHO-PETHUCTpans 00IacTi
paspsia ¢ BpeMeHHbIM paspemieHueM 1 mc. HabGmromaercst u3MeHeHue
(OpMBI pa3spsiia WIM €ro CKaTHe B IPUKATONHOW 00macTu paspsna mpH
YBEIMUYCHUN MAarHUTHOTO ToJisl. B oObeMe Mexay 37eKTponaMu JeHcTBHE
MarHUTHOTO 1OJI IPUBOAUT K PETYJIAPU3ALUU TIOTOKOB KUAKOCTH.

[Tocne ompeneneHHOro BpeMEHHU TOpEeHHUs paspsiga B auanazone 5-20
MUH. H3y4allUChb MOBEPXHOCTU HUCIONB3YEMBIX  JJIEKTpoaoB. s
HCCIIEOBaHMs IIOBEPXHOCTH UM JJIEMEHTHOTO COCTaBa IMPHMEHSIICS
mukpockon VEGA 3 SEM. Hawubonee wuHTepecHBIC CTPYKTYPBI ObUIH
oOHapykeHbl Ha KaroJax B oO0JlacTH BO3JCWCTBHs paspsiia. Ha
BOJIL()PAMOBBIX KaTOAaX HAOIIONACTCS IOSIBICHUE OCTPHHHBIX M KOHYCHBIX
oOpazoBanmii ¢ pasmepamu 5-20 MKM. DJIEMEHTHBIA COCTaB HaHHBIX
CTPYKTYp IOKa3blBaecT MPUCYTCTBUE HApsAy C BoJbppamMoM okoio 65%,
Takxke Kaiabluus 10 25%. JIpyruM BUIOM MOBEPXHOCTHBIX CTPYKTYP B Coydae
BOJB(PAMOBBIX 3JIEKTPOJIOB SIBISIETCSI BO3HHUKHOBEHHE 00Opa30BaHU,
HalOMHHAIUX “TyX” uiu “Mox”. Ha TUTaHOBBIX KaToJax Mo/ IeHCTBUEM
MAarHUTHOT'O TIOJISI MPOUCXOMUT YCKOPEHHBIH pocT 00pa3oBaHui 1o (opme
Omu3kux K MuKpochepaM ¢ muamerpamu B obmactu 5-40 mrm. s
00BSICHEHHUS] BOBHUKHOBEHHSI PACCMOTPEHHBIX MUKPOCTPYKTYP JIOIYCKaeTCsl
(unaMeHTaIys TOKa pa3psiia Ha MUKPOHHBIE TOKOBBIE KaHAJIBI C Pa3MepamMu
1-5 MxM.

Cnucox Jaumepamypbol

1. Taiicun An.®., Kamanos H.®., Kynytaunosa A.U., Myxametos P.A. // )KT®. 2018. T.
88, Brim. 5. C. 717-721.

2. Kamapes ®.M. Huskoammepnsiii smektponu3 Bomasl. KpacHomap: W3matenbcTBo
Kpacronapckoro Yuusepcurera, 2010, 81 c.

3. Kupko /1.JI. // ®u3uka mwiazmer. 2020. T.46, Ne6, C. 495-502.

4. Kirko D.L., Savjolov A.S. // J. Phys.: Conf. Ser. 2017. Vol. 941, P. 012018.
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CABEJIOB

Hayuonanvuwlii uccneoosamenwvcxuil a0epuviil ynusepcumem MUDU, Mocksa,
Poccus

MCCJIEJOBAHHUE BOJIHOOBPA3HBIX CTPYKTYP HA
JIEKTPOJAX B HU3KOUHIYKTUBHOI BAKYYMHOI1
WCKPE

W3zyuanuce IIPOLIECCHI B3aUMOJICHCTBUSL nepudepuitHoit I1J1a3Mbl
HU3KOMHIYKTUBHOM  BaKyyMHOH  HCKpPBI C  HOBEPXHOCTHIO  DJIEKTPOJIOB.
Peructpupyrorcs snekrpuyeckue konebanus B Lenu paspsiaa B auanazone 500 k[ u-
10 MI'u. Habmomaercst oOpa3oBaHue TpexX THUIIOB HOBEPXHOCTHBIX MUKPOCTPYKTYP
Ha CTaJbHOM aHoze. bomee mogpoOHO MPOBOAMIOCHE M3YdYEHHE BOJHOOOPA3HBIX
CTPYKTYp ¢ pazmepamu B auanazone 0,1-160 mxm.

D.L. KIRKO, P.P. SIDOROV, O.A. BASHUTIN, A.S.

SAVJOLOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

RESEARCH OF WAVE-LIKE STRUCTURES ON
ELECTRODES OF LOW INDUCTIVE VACUUM SPARK

The processes of interaction of periphery plasma of low inductive vacuum
spark with the surface of electrodes were researched. Electrical oscillations of
this discharge in region 500 kHz- 10 MHz are registered. The origin of three types of
surface microstructures is observed. More detail the research of wave-like structures
with dimensions in range 0,1-160 pm was observed.

[Mna3menHbIil HOKyC sIBISETCS AOCTATOYHO 3(P(HEKTUBHBIM HCTOYHHKOM
BBICOKOTEMIIEPATYPHOIl IUIa3Mbl MpPH OSKCIIEPUMEHTAaX C HAMOJHEHHUEM
kamepsl feiitepueM [1,2]. [Ipomecc muHYEBaHUS pa3psiia TAKKE MOXKET OBITh
MOJTyYeH Ha METaJUIMYeCKOW IuIa3Me B HHU3KOMHIYKTHBHOW BaKyyMHOM
uckpe [3]. B axkcniepuMeHTax U3ydainch dJEKTPUUECKHIE KOJIeOaHMsI B LIETH
paspsiaa, KOTopble ObIIIM COTIOCTABIICHBI C TNIa3MEHHBIMU BOJIHAMH [4].

YCTpOoHCTBO HM3KOMHAYKTUBHOW BAaKyyMHOH HCKpPBI COJIEPXKHT JBa
9NEeKTPOAA, PAcHOJOXKEHHBIE B BaKyyMHOH KaMmepe. B kauecTBe aHona
HCTIONB3YeTCsl 3a0CTPEHHBIN CTep)KeHb auaMmeTpoM 3-5 MM, W Katoja -
mHAp auameTpom 10-15 Mm. Dnektposl uarotaBnuBaroTes u3 cranu (Cr.
45) nim menu. st nTMuTaHus paspsaa UCIoIb3yeTcsl eMKOCTHOM HaKOIHTENh
¢ HanpspkeHueM 10-15 kB. Pa3psa uHUIMHPYETCS TPUTEPHBIM IIOJKUIOM,
mpu Toke paspsama B amamasone 40-150 kA u mepmone 8,5 mxc. Oxorno
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MIOBEPXHOCTH aHOAa HabiogaeTcs (OpMUpPOBAaHHE NMHHYA U 0Opa3oBaHHUE
IUTa3MEHHBIX TOYEK, U3JIy4YarollUX PEHTI€HOBCKOE M3IIyueHHE B JUAIa30HE
1-30 xeB. BpemeHHBIE 3aBHCHMOCTH PEHTTCHOBCKOTO  H3ITyYCHHS
PETHCTPUPOBAIHCH c HCTIOJIb30BAaHIEM CIUHTHILIATOpA u
(DOTORIIEKTPOHHOTO ~ YMHOXHTENsA. s M3ydeHHs BBICOKOYACTOTHBIX
KoyieOaHWH B IENHM pa3psijia HMCIOJIb30BAMCh MarHUTHBIE 30HMABL bBbLIO
3aukcrpoBaHO Hamuune KojeOaHwid B auana3one 500 k['u- 10 MI .

Pa3zpsn comep>kUT MoOIHOE BO3JCHCTBHE IUIa3MEHHBIX IOTOKOB Ha
MIOBEPXHOCTh 3MEKTPOJOB, MpPHU KOTOPOM IPOUCXOAUT HUHTEHCHUBHOE
IUTaBJICHUE U UCTAapeHHe MOBEPXHOCTHOIO CJI0S METaslla, U BOSHUKHOBEHHE
Pa3NUYHBIX MHUKPOCTPYKTyp. Haubonblmemy BIMSHHIO ITOJBEpPTacTCs
3a0CTpEeHHAs TIOBEPXHOCTh aHOJA.

IIpoBommiock M3yuyeHHE MUKPOCTPYKTYPBI MOBEPXHOCTH 3JIEKTPOJOB
mocjie BO3ACUCTBUA pa3psiia MHpu KoiaudecTBe BbicTpenoB 1-100. Jlmst
WCCIIEOBAaHMS IIOBEPXHOCTH M 3JIEMEHTHOTO COCTaBa HCIIOJIb30BAJICS
mukpockon VEGA 3 SEM. Ha moBepxHocTr aHOna ObIIH 3a(hUKCHPOBAHEI
pa3iu4Hble BUABI CTPYKTYp: HHUTEBHJHBIC, IIOXOXHe Ha “myx”, Hu
BOJHOOOpa3Hble. Haumbompmmii MHTEpeC NPENCTaBISIIM BOJHOOOpAa3HbBIE
CTPYKTYpPBI, PpacloJIO)KEHHbIE BOJM3M OKOHEYHOCTH aHona. JlaHHBIE
0o0pa3oBaHuss MMENU Pa3MYHbIe JJIMHBI BOIH M (opMy. MakcumaibHbIe
BOJIHBI UMeNH pa3Mepsl B auanazoHe 80-160 MM, MEHbBIINE — pa3Mepsl B
obmactn 5-30 MkMm, u camble ManeHpkue: 0,1-3 MkMm. Bo3moxHoe
00BsICHEHHE TIpeJrioaraeT ObICTPOE PACIUIABICHUE TTOBEPXHOCTHOTO CIIOS
MeTajula »3JEKTpoJa TMOoJ JCHCTBHEM TOTOKAa TIJIasMbl, W BIMSHHE
TUTA3MEHHBIX BOJIH, ()OPMUPYIOLIMX JaHHYIO TIOBEPXHOCTHYIO CTPYKTYpPY C

NocJIe YoM OCTbIBAHUEM U KpI/ICTaJ'IJ'II/BaHI/IGﬁ JAAHHOT'O CJIOA DJICKTpOAA.
Cnucok rumepamypol
1. Shumlak U. /7 J. Appl. Phys., 2020, VVol.127, P. 200901-1.
2. KXnanos C.K., Tpy6uukos b.A. // Tlucema B XKOT®, 1978, T.28, N2, C.61-65.
3. bamrytun O.A., Casenos A.C. // ®u3uka miasmsl, 2016, T.42, Ne4, C. 352-360.
4. Kirko D.L., Savjolov A.S. // J. Phys.: Conf. Ser., 2018. Vol. 1115, P. 022010.
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A.A.TOJIYBEB

Hncmumym meopemuueckoii u sxcnepumeHmanvHou usuxu umenu A. M.
Anuxanoea Hayuonanvnozo uccneoosamenscrkozo yenmpa «Kypuamoscxuii
uncmumymy, Mockea, Poccus

METOJIUKA BOCCTAHOBJIEHUA CIIEKTPOB
PEHTI'EHOBCKOI'O U3JIYYEHUS Z-TIMHYA,
3APEI'MCTPUPOBAHHBIX CIIEKTPOI'PA®OM
CKOJIB3SIIIEIO ITAIEHUS

Pa3paborana MeToaMKa BOCCTAHOBIICHUS CIIEKTPOB PEHTTCHOBCKOTO M3TyUSHUS
IUIa3Mbl  TepaBaTTHOrO  Z-NIMHYA, 3apETHCTPUPOBAHHBIX  JU(PAKIMOHHBIM
creKTporpagoM CKOJNB3SIIET0 MajeHUs Ha ycTaHoBKe AHrapa 5-1. J{na pacuera
anmapaTHo# ¢yHKIMu cekrporpada B cpezne Geant4 paspaboTaHa ero BUPTyallbHast
Monre-Kapno mozens. C HCTIOIp30BaHUEM PE3yIbTaTOB MOJISIHPOBAHIS IPOBEICHO
UCCIICJOBAaHUE IapaMEeTPOB amnapaTtHod (yHKIUH, MONYYEHO ee aHAIHTHYECKoe
npubnmkeHne. BpImonHeHa PEKOHCTPYKLUS SKCIIEPUMEHTABHBIX  CHEKTPOB,
MIOJTyYeHHBIX HA ycTaHOBKe AHrapa 5-1.

D.S. KOLESNIKQOV, A.V. SKOBLIAKQOV, A.V.

KANTSYREV, A.A. GOLUBEV
Institute for Theoretical and Experimental Physics named by A.l. Alikhanov of
National Research Centre “Kurchatov Institute”, Moscow, Russia

METHOD FOR RECONSTRUCTION OF Z-PINCH X-RAY
SPECTRUM OBTAINED BY GRAZING-INCIDENCE
SPECTROMETER

Method for reconstruction of a terawatt Z-pinch X-ray plasma spectrum obtained
by grazing incidence diffraction spectrometer at Angara 5-1 facility developed. In
order to compute the instrumental function of spectrometer its virtual Monte-Carlo
model developed. Parameters of the instrumental function analyzed with the use of
simulation results and its analytical approximation obtained. Reconstruction of
experimental spectra obtained on the Angara 5-1 facility performed.

Wudopmanus 0 PEHTTEHOBCKOM CIEKTpPE HU3IYYCHHUS, IMUTHPYEMOTO
IUTa3MO¥ TepaBaTTHOTO Z-MMHYA, HEOOXOIUMa [T IOHMMAHUS ¥ OMTUCAHUS
MIPOTEKAIONINX B HEM (PU3NIECKHUX IPOIIECCOB U MOCTPOCHUS (PU3NIECKUX U
MareMaTHYeCKHX MOJIele TMOBEACHMUsSI BEIeCTBA B JKCTPEeMalbHOM
COCTOSIHUU.

JIis perucTpanuyu PEeHTIeHOBCKUX CIHEKTPOB H3IMydYeHHUs IUla3mbl Z-
MUHYa Ha YycTaHoBke Amnrapa 5-1 [1] mnpumensercs coekrporpad
CKOJIB3AIIETO TMajeHus [2], MCIONB3YIOMNN BOTHYTYIO IH(PAKIHOHHYIO
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pemierky. OCHOBHBIMH HpOOJIEMaMH, MPENSATCTBYIOIIUMH JIOCTOBEPHOMY
Ka4eCTBEHHOMY M KOJMYECTBEHHOMY BOCCTAHOBJIEHHUIO BXOJHBIX CIIEKTPOB
U3 JaHHBIX, CUHUTHIBAEMBIX B IUIOCKOCTH pPETHCTpalMé cHekTporpada,
SIBISIFOTCSL HAJIOKCHHE CHTHAJIOB OT Pa3HBIX IOPSAAKOB Iudpakumu u
CJIOKHBIH B aNlapaTHoi (GyHKIMK TPHOOpa, 3aBUCSIINN OT JUTMHBI BOJTHBI
peructpupyeMoro uainydeHus. JlaHHas 3ajqada He HMMEET TPUBHAIBHOTIO
AHAIUTHYECKOTO PEIICHMUS.

Hdnst pacuera ammapatHod ¢yHkuuu cnekrporpada B cpexe Geantd
paspaboTaHa BHpTyalbHas MOJENb, HO3BOJISIONMAs, C y4eTOM (PHU3NYECKUX
MIPOLIECCOB B3aUMO/ICHCTBUS PEHTTEHOBCKOTO U3ITyYEeHUS C TUPPaKIIMOHHON
PELIETKOH M TeOMETPUH IKCIEPHMEHTA, BHIMOJIHATH IIOCTPOCHUE CIEKTPOB
Ha IUIOCKOCTU JeTekTopa crnekTporpada. C HCIONb30BaHHEM JaHHBIX,
nony4eHHbIX MoHTte-Kapiao mozmenupoBaHueM criekTporpada, IpoBeIeHO
HCCIIEJOBAaHKE NTapaMETPOB ANIapaTHOHN (QYHKIMH B 3aBUCHMOCTH OT JUTHHBI
BOJIHBI PETUCTPHPYEMOTO H3IY4EHHs, TIOJMY4YEHO €€ aHAJIUTHYECKOe
NpUOJIMIKECHHE.

Pa3paboTana mMeToaMKa PEKOHCTPYKIMHU BXOJHOTO CIIEKTPA W3ITy4YCHUS
Z-mMHYa C Y4YeTOM BKJIaJa ammapatHod (yHKOWM crekrporpada.
BoccraHoBneHHEe BXOJHOTO CHEKTpPAa JOCTHUTAETCS MOCIEAOBATEIHHBIM
npuOImKeHueM ero (GopMel GYHKIHMAMH MakcBemia A0 JOCTHKEHUs
XOpOILEro COBMAJEHUS MEXKIY pPe3yJIbTaTOM HMX CBEPTKU C allapaTHOU
(GyHKIMEH M SKCHEPUMEHTAIBHBIM CHTHAJIIOM Ha IIJIOCKOCTH JETEKTOpA.
BoccTaHOBNIGHBI CHEKTPhl W3JIyYeHWS] IUIa3Mbl Z-TIMHYAa JJI8  JABYX
9KCIEPUMEHTOB Ha yCTaHOBKe AHrapa 5-1.

Pabora mposenena mpu noamepxkke HUOKP orosop ot 31.07.2020
Nel17706413348200001060/226/2856-11 (UI'K Ne17706413348200001060)

Cnucok numepamypbi

1. Anb6ukos 3.A. u np., UMMy IbCHBII TepMOSIEPHBIH KOMIIIEKC
"Anrapa-5-1" // Aromuas sueprus, 1990, T. 68, Bemm. 1, C. 26-35.

2. AL llesensko, J1.E. Brucce, E.J[. Kasakos / ®usnxka mia3smsr 34 (1),
2008, crp. 1021-1032
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A.A. KOJIECHUYEHKO

Hayuonanvhvlii uccnedosamenvckuil ssoepuviil ynusepcumem MUDU, Mockesa,
Poccus

MOAEJIMPOBAHUE TEIVIO®PU3NYECKUX ITAPAMETPOB
KOMIIOHEHTOB ITYYKOBOI'O TPAKTA CUCTEMbI
JOINIOJIHUTEJIBHOI'O HAI'PEBA IIVIA3MBbI TAP

B IPOEKTE JEMO-THUH

BemmonHeHs! Temou3nYecKkie pacyeTsl 3JIEMEHTOB HHKEKIIHOHHOTO TPaKTa 1
chopMyIHpOBaHBl COOOpPaXKEHUST IO OpraHu3alu  S(P(EKTHBHOTO OTBEACHUS
MOTJIOIEHHONH MOIIMHOCTH Ui BHECCHUS COOTBETCTBYIOIIMX JOPa0OTOK B
WHXeHepHO-TexHuuecknii mpoekr CHU. JlanHble pacueTbl MPOM3BOIATCS HA
OCHOBAHUM IPEABAPUTCIILHBIX OLEHOK IOJHBIX IOTEPh MOIIHOCTH, a TaKXe C
HCTIONIb30BAHUEM paCTIpeieNieHns Harpy30k Ha Bcex kommoneHtax CHU. Pabora
noaaepxxana HUL «KypuaTtoBckuit uacTHTYT» (28.09.2020 No 1934a).

A.A.KOLESNICHENKO
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

MODELING OF THERMOPHYSICAL PARAMETRS OF
THE COMPONENTS OF NEUTRAL BEAM INJECTION FOR
PLASMA HEATING FOR FUSION NEUTRON SOURCE

DEMO-FNS

Thermophysical calculations were performed of the elements of the neutral beam
injecton and considerations on the organization of effective power absorption were
formulated to make appropriate modifications in the engineering design. These
calculations are performed on the basis of the preliminary estimates of the total power
losses. The work is supported by NRC "Kurchatov Institute". (28.09.2020 Ne 1934a).

Hawnbornee nepcrieKTHBHBIM HCTOYHHKOM SHEPTHH Ha CETOHALIHUH 1eHb
SIBJISIETCSL pEaKLUsl AaTOMHOIO JIEJICHMSI, OJJHAKO Y JAHHOT'O BUJA SHEPTE€TUKH
€CTh CBOM TNpoOJeMBbl (mepexo] K 3aMKHYTOMY TOIUIMBHOMY IIHMKIY,
OIPAaHUYEHHOCTh TOIUIMBHBIX pECYpPCOB Ul  PEAaKTOPOB  aTOMHBIX
3JIEKTPOCTAHIIMA M HEJNOCTAaTOK HEHUTPOHOB Ul PACLIMPEHUs TOIUIMBHOU
6a3bl 11 PeaKTOPOB HA TEIUIOBBIX HEHTPOHAX, YTHIU3AIM OTPaOOTaHHOTO
SIIEPHOTO TOIUIUBA. J{J1s1 IEMOHCTpalii KOMMEPUYECKOI NPUBIEKATENbHOCTU
TEPMOSIIEPHON JHEPreTHKH paccMmaTpuBaercs mpoekt DEMO, koTopbrit
copmectHo ¢ ITER wmoxeT ObITh HCHONB30BaH JJIsl TIPOM3BOJCTBA
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3NEeKTpO’HEpruu. TeM He MeHee, HUCIOIb30BaHUE PEeaKLUU TePMOSAECPHOIO
CHUHTE3a Ha CETOAHAIIHUN NEHb HE MOXET KOHKYpPHpPOBATh C PEaKTOpaMu
JENEeHNs 10 MPOM3BOJCTBY KOMMEPUYECKOHW SJIEKTPOIHEPTHU U PELICHHUS
3a[a4 SAEPHOTO TOTUIMBHOTO IUKIIA.

CymecTBylomasi  HEOOXOJMMOCTh  PAaCUIMPEHHOTO  MPOM3BOJICTBA
HEWTPOHOB JUIA 33124 5AEPHON SHEPIETUKU MOXKET OBITh PEllIeHa, HalpuMmep,
ITyTeM COBMECTHOTO HCIIONb30BaHUS PEAKIMI CHHTE3a U JCICHHUA B OJHON
ycraHoBKe. KpoMe Ipomn3BOACTBa 3JEKTPO’HEPTHU, THOPHIHBIE PEaKTOPHI
MOTYT pemarh IpoOJeMbl 00eclieueHHs] TOIUIMBOM TEIJIOBBIX PEaKTOPOB,
yruauzanuu OST TennoBbIX peakToOpoB U JIp.

OTaMYHuTENbHOM OCOOEHHOCTBIO YCTAaHOBOK JI@aHHOTO THIIA SIBIISIOTCS
cHIKeHHbIe (Oomee yeM B 10 pa3) TpeOOBaHKS MO TEMIOBBIM HAarpy3kam Ha
aMeMeHThl ycTaHoBKM Mo cpaBHeHHio ¢ ITER u DEMO, a Takke ux
OTHOCUTENbHas KoMNakTHOCTh. IIpoext JIEMO-THH sBisercs NHIOTHBIM
npoektoM P® mo co3maHmio THOpPHAHOW YCTaHOBKM M 0asupyercst Ha
CYWIECTBYIOIIUX TEXHOJIOTMYECKUX PEIICHUSX.

PabGora ruOpuAHOI yCTAaHOBKM WJIM MCTOYHMKA TEPMOSJICPHBIX
HeiftponoB (THMH) Ha ocHOBe Tokamaka moTpeOyeT HarpeBa IJIa3sMbl U
TIOJI/Iep KaHMsI TOKA B HEH C TIOMOIIBIO MHKEKIIUH ITyIKOB OBICTPBIX aTOMOB
[1]. B mnpoexte AEMO-THUH npeanonaraeTcsi HCHONAB30BaTh LIECTh
UHXEKTOPOB /U1 00ecleYyeH s MOIITHOCTH JIONOJIHUTENILHOT0 Harpesa 10 30
MBrT. 3amaya >(QQeKTHBHOW TPAHCIOPTHPOBKH IIy4Ka B CHCTEME
HelitpamsHOW  mmkekuun (CHU)  Tpebyer  MHOTOmMapameTpHyecKon
ONTUMU3AINK JUISI CHWXKEHHSA IOTEeph IydKa M OTPaHHYEHHE TEIIOBBIX
Harpy30K Ha KOMIIOHEHTaX MWH)XEKTOpa 10 BeJIWYHH, JOIyCKAOIINX
s pexTBHOE oxnaxaeHue [3].

B nanHON paboTe BBINOIHEHB TEMIO(U3NYECKHE PAacdeThl 3JIEMEHTOB
WHXKEKIIMOHHOTO TPaKTa U c(hOPMYJIUPOBAHBI COOOPAKEHHSI 110 OPraHU3alNnU
(G (QEKTUBHOTO OTBEJCHUS TNOIJIOMEHHOW MOIIHOCTH /IS BHECEHUs
COOTBETCTBYIOIIUX T0pabOTOK B HHXKCHEepPHO-TexHWUYeckuit mpoekt CHU.
Pabora momnepxana HUI[ «Kypuarockmii mHCTHTYT» (28.09.2020 Neo
1934a).

Cnucox Jaumepamypbsl
1. Amanses C.C., EJI. Jlnyrau, A.W. Kpsuios, 5.B. Kytees, A.A. IlanacenkoB — BAHT
Cep. TepmosiaepHblit cunTes, 2018, T. 41, BBIIL 1.
2. Azizov E.A, Ananyev S.S., Belyakov V.A. et al. — Physics of Atomic Nuclei, 2016,
vol. 79, Ne 7, pp. 1125—1136

3. Amnanses C.C., EJI. [lnyrau, 5.B. Kytees, A.A. [Tanacenkos — BAHT Cep.
Tepmosiiepuslil cunres, 2018, 1. 41, B, 3.

236



C.A. KOJIOKOJIBYMKOB, }0.B. CEHIYEB
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MATHUTOOIITUYECKASI CTPYKTYPA KOJLJTAMJIEPA NICA
C BICOKOU KPUTUYECKOM SHEPTUEN

HccnenoBaHbl criOCOOBI MOBBIMICHAST KPUTHYECKOH SHEPIHU UL IPOTOHHON
ommn komaiinepa NICA. IlpumeHeH MeTox CyHeprepHOANYECKOH MOMIISIUH
rpagueHToB KkBaapynonei. OcyliecTBIeH BBHIOOP CEKCTyNoJed Ad IMOJaBICHHS
HATypalbHOM XPOMATUYHOCTH U KOMIICHCAIIUUM CEKCTYIOJIbHOM KOMIIOHEHTHI.
IMpuBenens! mapameTpbl TBHCCa ST TNPEINIOKEHHBIX CTPYKTYp, a TakKxke
HCCIIeI0BaHbl JMHAMUYECKUE allepTyphl U pabodne TOUKH.

S.D. KOLOKOLCHIKOV, Y.V. SENICHEV

Institute for nuclear research of RAS, Moscow, Russia
Moscow Institute of Physics and Technology, Dolgoprudny, Russia

MAGNETO-OPTICAL STRUCTURE OF THE NICA

COLLIDER WITH HIGH CRITICAL ENERGY.

Methods of increasing the critical energy for the proton option of the NICA
collider are investigated. The method of superperiodic modulation of quadrupole
gradients is applied. The selection of sextupoles is carried out to suppress the natural
chromaticity and compensate for the sextupole component. The Twiss parameters for
the proposed structures are given, as well as the dynamic apertures and working points
are investigated.

Jns  yBenuueHHs KPUTUYECKOW »BHEpPruM yckopuTenbHoro kosbia NICA
paccMaTpHBaeTCsl BO3MOXHOCTh HM3MEHEHHS [HCIIEPCHOHHON (YHKIUH ITyTeM
MOJYJISIIIAN TPaJUeHTOB KBaJPYMOJIEH Ha IOBOPOTHBIX apkax Kousbla. s 3Toro
paccmatpuBaeTcs cynepneproa, cocrosuii u3 3-x @O0 sueex, re HeHTpaIbHBINA
(oKyCHpYIOIUHA KBAAPYyTOIb OTINYACTCS OT IBYX KpalHHMX OONBIINM 3HAUCHHEM
rpagyeHTa.

Jnst omHOTO Ccyneprieprosna Ko UIMEHT paciiupeHusi OpOUTHI ONpeesseTcs
o ¢opmyue [1]:

2

— 4 o
a. = 1 + l ( Rarc ) Z Ik
s 1/x,apkz 4 Vx,apK et (1 - ks/vx,apx)[l - (1 - ks/vx,apx)z]z '

e
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QF2 QF1 QF2
cynepnepuoa MarHuT

QD QD QD QD
‘ 1-1 Aveika 2-9 avelika i 3- Aueiika ‘
Pucynok 2 Beegenne cynepnepmnoaa, cocrosimero u3 3-x ®OJ10 sueex

IepBast rapmonnka k = 1 sBisiercst onpenensitomeit U mist 12 @O0 sueex

< 4 cynepnepuona >

1) ancnepcun D,D' =0 DD =
kpamnn aeikamn L2 PU40 [ © POA0 R

Nopasurens aucnepcun
2 ©®OA0 sueiiku ¢ missing magnet

2) Nopasnewnue aucnepcun D:E’: ., D,D':
2 cemelicTeamu kBappynoneit &

Pucynok 3 IlpuHumunmmaiapHasi cxemMa JBYX BO3MOXKHBIX BAPHAHTOB IOJABJIEHHS
JQUCIepPCHH 1JIsl TPOTOHHO# onmumuu kou1aiigepa NICA

peanu3yemMo yCIIOBUE JUIs KOJHMYECTBA CYNEPNEPUONOB S = 4, Vi = 3, 1€ 3
DOJIO siyelikn 0ObeTMHEHBI B OJIMH CYIEPIICPHOI.

VuuteiBast 0COOEHHOCTh CTpyKTYpbl koyumaiigepa NICA, nammume missing-
MarHuTOB Ha JIByX KpaWHHX sUeifkax He JaeT BO3MOXKHOCTH CO3JaTh IOJTHOCTHIO
peryisipHyl0 apky ©3 4-X OJIMHAKOBBIX CYIEpIepHonoB. TakuMm oOpasom,
HEoOX0IMMO 00eCTIeunTh oJaBIeHNe JUCTIEPCHH Ha Kpasx apku. PaccmarpuBarorcs
2 BO3MOXHBIX CIIy4asi TIOAaBIE€HHs JUCIEPCUU:

1) TlonmaBneHue AMCHEPCHHU MPH MOMOLIM KPAHHUX CYHEPIIEPHUOIOB.
A umMenHo 1Byx kpaitHux @O0 sueek.

2) TlomaBrneHue AuCIIepCHH BCEW apKOW, MPH MOMOIIM BbIOOpa
IpaJyieHTOB KBaPYIIOJeil IByX CEMEHCTB.

O0a mpuBeEeHHBIX CHOCO0a IOBBIMICHHS KPUTHYECKOW SHEPTHU MO3BOJITIOT
JIOCTHYL TPeOYyeMOro 3HAUCHHS KPHUTHUCCKONW OSHEPrHH, OJHAKO HMCIOT CBOM
0COOEHHOCTH TIPH KOHEYHOH pean3aliiy.

Crucox rumepamypol
1. Yu. V. Senichev and A. N. Chechenin. Theory of “Resonant” Lattices for Synchrotrons

with Negative Momentum Compaction Factor. Journal of Experimental and Theoretical
Physics, 2007, Vol. 105, No. 5, pp. 988-997
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JTMHAMUKA IIOTHOCTH MOJIEKY.T O; B TJIEIOIEM
PA3PSIJIE

B Hacrosmeil paboTe ONMUCHIBAIOTCS PE3yNbTaThl W3MEPEHHN IOBEACHHS BO
BpPEMEHH KOHIEHTpALUH KHUCIOpOoa B IIa3Me TJIeroIero paspsaa B cMecax He + Oz
METOOM JUOAHOM JIa3epHOU CIIEKTPOCKOIIMY BO BHELIHEM PE30HATOPE.

A.V. BERNATSKIY, V.V. LAGUNOQV, V.N. OCHKIN
P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia

DYNAMICS OF THE DENSITY OF O2 MOLECULES IN A
GLOW DISCHARGE

In this paper, we describe the results of measurements of the time behavior of the
oxygen concentration in the plasma of a glow discharge in mixtures of He + Oz by the
method of diode laser spectroscopy in an external cavity.

Jns MomHbIX peakTopoB, Bkimtouas UTOP, BakeH KOHTPOJIb YUCTOTHI
IUIa3Mbl B YCJIOBUSIX BO3MOKHOTO TIPOHUKHOBEHUSI B pab0uyI0 Cpeay TaKux
Monekyn kak O2 u H>O 13 atMocdepsl, KOHTYpa OXJIaKICHUS U BKIIIOYCHUN
B creHKaXx. K Hacrosmemy BpEeMEHH BBIIONHEH OOJBIIOW 00BeM
HCCIIeIOBAaHUH XMMHYECKOT0 COCTaBa NMPHCTEHOYHOH IIa3MBbl, B OCHOBHOM
METOJaMH SMUCCHOHHOM CTIEKTPOCKONNH U aKTHHOMETpHH [ 1]. D11 MeTo 8!,
OZIHAKO HMMEIOT OrpaHWYEHHE B OTHOLIEHMH ONpPENEICHHUS KOHLEHTpalUu
JIUIIOJILHBIX MOJIEKYJl KMCJIOPOa B OCHOBHOM cocTosiHun O(X5X) BBUIY
CIOKHOCTH ~ DJIEKTPOHHO-KOJE0aTeNbHBIX MOJOC. Takue H3MepeHus
€AMHUYHBl U aHAJU3 NPOBOAUTCSA, B OCHOBHOM METOJaMU MOJAEIUPOBAHUS
IUTa3MOXAMUYECKON KHHETHKH [2]. Mckmodenne cocTaBnseT padora [3], B
KOTOpoii ompegensnuch koHueHtpanuun O(X°Y) B mmasme ¢ BU
BO30YKJIEHHEM CMECH KHCIOPOJa C YIIIeBOIOPOIaMH U OBLI cieNlaH BBIBOJ,
YTO TeTepOTeHHBIC MPOIECCH BAXKHBI B (DOPMUPOBAHUHU COCTABA TLIA3MBI.

B HacTos1melt paboTe ONMMCHIBAIOTCS pe3yIbTaThl H3MEPEHHH MTOBEICHHS
BO BpPEMEHM KOHIIEHTpAIMi KHCIOpOAa B IUIa3Me TICIOIIETO paspsiia B
cMecsix He + Oz MeTOIOM TUOTHOM JIa3epHOM CIIEKTPOCKOTIMH BO BHEIITHEM
pesonarope no nepexoay B nornomenuu Oz(X3T - b3%) B obnactu 764 HM.
Jlis BBISBIEHUS XapakTepa BIUSHHS CTEHOK H3MEPEHHS MPOBOIWINCH C
BKITIOYCHHEM U BRIKIIIOYCHHEM pa3psaa. Puc. | mmocTpupyeT XapakTepHyto
IUHAMUKy  KoHUeHTpauuu Oz 118  JOBYX  pas3jiM4HbIX  BpPEMEH
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NIPEABapUTEILHON OTKaYKH pPa3psiiHOM TPYOKHM Tepel] HalloJHEHHEM ee
cmeceio He+O; m Bkirouenunem paspsga. [lpu Goree NpoaODKUTENBHOMN
OTKAaYKe HAa BCEX CTaAWsIX NPOTEKaHMS paspiga yObUIb KHCIOpOJa
yBenmuuBaeTca.  Pe3ynpTaThl  MOBTOPHBIX — OKCIIEPUMEHTOB  XOPOIIO
BOCIIPOM3BOJIATCA. JTO CBS3BIBACTCS HAMHM C ajcopOIuel Kuciopoja
MIOBEPXHOCTBIO KBaplLEeBOH pa3psaHoi TpyOku. bonee anmurensHas oTkauka
0CBOOOXKITAaeT OOJbIIee YHCIIO IICHTPOB aacopdumu kucnoponaa. OOmmmu
yepTaMM Tpolecca sBISETCS TO, YTO HAa HAyalbHOM cTaguM paspsja
NPOMCXOMUT OBICTPBIA  pacmajg MOJEKYJ B OOBEMHBIX peakIusX,
COIIPOBOXKIAEMBIX 00Ji€€ MEMJICHHBIMH TETEPOTEHHBIMU IPOLIECCAMH
abcop6Oumu. Ilocne BeIKIIOUeHHUS paspspa (Ha puc. 1 mocme 250c mocme
3a)KUTaHUs) IPOUCXOIUT HEKOTOPOE BOCCTAHOBIICHHE KOHIEHTpauuu. Mel
1oJaraeM, 4TO 3TO CBHICTENBCTBYET O MEXaHHW3ME IPEHMYIIECTBEHHON
ancopbrmu aroMoB O, BO3HMKIIMX B pa3psAe U BHOBb 0Opa3yromnx
MOJIEKYJIBI B ITPOIIECCE AeCOPOIHH.

3,5x10"°{ § N, cm’ :
R o2 /d|scharge off_

3,0x10"
2,5x10" -

2,0x10" -

1,5x10" -

1,0x10™ -

0 100 200 300 400 500 t, $600
Puc. 1. 3menenune konuentpauuu O2 B pa3psiae U nocie ero BeikitoueHus. ['a3
([02]=3.6-10% + [He]=1.4-10') cm™® npu npensaputensHoit oTkauke TpyOku 1 wac
(1) m 18 yacos (2). Tox pa3psina 4 mA.
PaboTa BEIMONHEHa 3a CYET CPEACTB TpaHTa POCCHICKOTO HAay4HOTO
¢donma (mpoekt Ne 19-12-00310).

Cnucox numepamypbl
1. A.V. Bernatskiy, I.V. Kochetov, V.N. Ochkin // Plasma Physics Reports. 2020, V.
46, No. 9, P. 874-919. https://doi.org/10.1134/S1063780X20090020
2. A.V. Bernatskiy, I.V. Kochetov, V.N. Ochkin // Plasma Sources Science and
Technology. 2019, V. 28, No. 10, 105002 (10pp). https://doi.org/10.1088/1361-6595/ab4301
3. C. Busch, | Moller and H Soltwisch // Plasma Sources Science and Technology. 10 (2001)
250-259 https://doi.org/10.1088/0963-0252/10/2/314
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Dedepayusn

K BOITPOCY O PA3PABOTKE HEUTPOHHOI' OTUCTOYHUKA
JUIS ATIEPHO-TEPMOSIIEPHOTO PEAKTOPA C JIABEPHBIM
BO3BYKJIEHUEM

OO6cykaercsi BO3MOXKHOCTh CO3JIaHHS MOIIHOTO HMCTOYHHKA TEPMOSACPHBIX
HEWTPOHOB MHHIIMUPYEMBIX C MOMOIIBIO JIa3ePHBIX HMMILYJIBCOB I THOPHIHOTO
peakropa. Ha OCHOBaHHMM YHCIICHHBIX pacyeTOB IOKa3aHO, YTO B MHILICHSX,
BBIMIOJTHEHHBIX B BHZIE JIBYXCTOPOHHUX KOHYCOB , TIPH IOTJIONIEHHOI sHeprun KrF-
nasepa (6o Nd-nasepa Ha 3-it rapmonuke) ~ 1 MJIK U JUTHTEIBHOCTH UMITYJIbCa ~
100 HC MOXHO moctHyb Koddouumenta ycmienunss G>1. Takol ko3pduireHT
YCWICHHUSI TO3BOJIMUT HAYaTh OIBITHO-KOHCTPYKTOPCKHE pPabOTHl IO CO3IaHHIO
THOPUTHOTO SAEPHO-TEPMOSIIEPHOTO PEaKTOpa.

|1.G. LEBO, G.V. DOLGOLEVA
Russian Technological University MIREA, Moscow, Russia

ON THE ISSUE OF NEUTRON SOURCE DEVELOPMENT FOR
A LASER-DRIVEN NUCLEAR-THERMONUCLEAR REACTOR.

It is discussed the feasibility of developing a high-power thermonuclear neutron
source for hybrid reactor, driven by laser pulses. Using 1D numerical simulations for
targets made in the form of double-sided cones, for an absorbed energy of a KrF-laser
(or 3-rd harmonics of Nd-laser) ~ 1 MJ and pulse duration~ 100 ns it is possible to
achieve gain G>1. This neutron yield is a prerequisite to the commencement of work
to develop a hybrid nuclear-thermonuclear reactor.

UroObl 3aMKHYTh JHEPTETHYCCKHH [HUKI B THOPHIHOM SACPHO-
TEPMOSIIEPHOM PEAKTOPE, HY>KHO YIOBJIETBOPUTH HEPABEHCTBY

(1-4)B(0.2+0.8M)G-1/y > 0 (noapobuee cmotpH [1,2,3]). 3mech #- KITJ]
naszepa, G — koadduuuent ycuaenus B muineru,  — KI1JI npeobpa3oBanus
TEIUIOBOW JHEPTHH B 3JCKTPUICCKYIO, ¢ — OIS SHEPTHHU, KOTOpasi UAET Ha
obecrieuenne padoOTHl peakTopa, M — KO3 PUIIEHT YMHOXKEHHSI SHEPTUH B
ypanoBom Omankere. ITpu #>0.05, M=60, $=0.6, ¢=0.3, nocrarouno G~I,
YTOOBI «3aMKHYTBY» YHEPTETHUECKUI UK.

B [3,4,5] paccmoTpeHa cxemMa MHUIIEHH B BUEC BCTPEYHBIX KOHYCOB U
00y4YeHHsT e€e KOMOWHHPOBAHHBIM «UIMHHBIH+KOPOTKHID) Ja3epHBIMU
uMITyJibcamu [6].
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Pacuetbl cxaTust OJHOTO KOHyca OBLIM BBIIOJHEHBI IO IIpOrpaMme
«Atnant» [3,4] ¥ CpaBHUBAIUCH C JAHHBIMU, MOJTYYEHHBIMU MO MPOrpaMMe
«CH/y [5]. lomy4ensl mapaMeTpsl MUIICHEW M JIa3epHBIX UMITYJIbCOB IS
noctiokeHnss G~1 Ha ypoBHe moriomeHHoW sHeprum E; ~ 1 Mk mis
amuaHOoro mMmmyabca KrF u 3-ii rapmonmku Nd-masepos. Bompoc o
JIOKQJILHOM YJEp)KaHWM M TOJIOTPEBE TOPIOYEro cepueil KOPOTKUX
UMITyJIbCOB TPEOYET AOTOTHUTEIBHBIX HCCIICAOBAHUM.

Cnenyer oOpaTHTh BHUIMaHHUE, YTO B MPOTSHKEHHOMH I1a3Me PEeaKTOPHBIX
mumeneit  (L=p/gradp~1 MM) BO3MOXXHO  pa3BUTHE  TEIUIOBOM
caMOo(OKyCHUPOBKH JIaXKe JJIsI CITydast KOPOTKOBOJIHOBOTO M3myueHus (A=0.25
MKM) [7]. DxcniepumenTsl, npoBeneHHble B DVAH [8], yka3pIBaroT Ha 3TO
00CTOSITENILCTBO.

1. bacos H.T'. u ap. // KBanToBas anekrponuka, 14(10),2068, (1987)

2. bacos H.I'., Cy660tun B.U., ®eoxricros JLIL. // Bectuuk PAH, 63, 878, (1993)
3. Jlebo U.T., caes E.A., JIe6o A.W. // KBanToBas anekTpoHuka, 47(2), 106, (2017)
4. Jlebo W.I'. // KBanroBas anextpoHuka, 30(5), 409, (2000).

5. Monronesa I'.B., Jle6o I.I". // KBanToBas anektpoHuka, 49(8), 796, (2019)

6. Zvorykin V.D., Lebo I.G. // Laser and Particle Beams, 17, 69, (1999)

7. JIe6o N.T". // Poccuiickuii TexHomornueckui xxypHai, 1, (2021)

8. Zvorykin V.D. et al. // Matter and Radiation at Extremes. 5,03541, (2020)
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B.IO. JIUCEHKOB, A.B. KABUEB, M.M. XAPLKOB,
A.B. TYMAPKUH, H.H. CAMOTAEB, K.10. ObJIOB, A.B.
NBAHOBA

Hayuornanvuwiii uccnedosamenvckuil asoepuviti yrugepcumem « MUDHy

METAJVIMBALIUA KEPAMUYECKUX MTOJJIOKEK MEJIBIO
B MAT'HETPOHE C PACILTABJIEHHBIM KATOAOM U
M3YYEHUE CBOMCTB HAHECEHHOI'O CJIOSI

V3ydaercss BO3MOXKHOCTb CO3JaHHMSA METAJUIM3UPOBAHHBIX  KEPAMHYECKUX
IUIACTUHOK C MCIOJNB30BAaHHEM MAarHeTpoHa C pPAacCIUIaBICHHBIM KaTOJIOM IS
npuMeHeHus B (MHKpPO)3JIEKTPOHHOM  Ipow3BojcTBe. IlpoBemeH — aHamm3
CYIIECTBYIOIIMX METOJOB METAUIM3allM, BBIABICHBl HMX MPEUMYIIECTBA H
HEeIOCTaTKH. [loaroToBieHBl 00paslbl M THPOBEAEH psJ OSKCIEPUMEHTOB IO
HAaHECEHHI0O Meau Ha KepamMuky Al203 B MarHeTpoHe ¢ TEIUIOW30JUPOBAHHOMH
MHIICHBIO B PeXKUME CaMOPACIIbIICHHs B Pa3HbIX yCIoBHUAX. OLleHeHb! aAre3nOHHbIe
U BJICKTPUYECKUE CBOHCTBA MOTyYEHHBIX 00pa3IIoB.

V.Yu. LISENKOV, AV. KAZIEV, M.M. KHARKQV,
AV. TUMARKIN, N.N. SAMOTAEYV, K.Yu. OBLOV, A.V.

IVANOVA
National Research Nuclear University MEPhI (Moscow Engineering
Physics
Institute), Moscow, Russia

METALLIZATION OF CERAMIC SUBSTRATES WITH
COPPER IN
HOT TARGET MAGNETRON AND RESEARCH ON
PROPERTIES OF DEPOSITED LAYER

The possibility of creating metallized ceramic plates in a magnetron with hot
target for applications in (micro)electronic production is studied. The analysis of
existing methods of metallization is carried out, their advantages and disadvantages
are revealed. Samples were prepared, and a number of experiments were carried out
on the deposition of copper on Al203 ceramics in a hot target magnetron in the self-
sputtering mode under different conditions. The adhesive and electrical properties of
the obtained samples were evaluated.

HpI/I OPOU3BOJACTBE METAJUIM3UPOBAHHBIX MOMJIONKEK JIA HYXIA JJIEKTPOHUKH,
BO3HHUKACT pAN prHHOCTeﬁ. I'maBHas 3akimodaeTcs B TOM, 4YTO H3-3a Pa3HUIIBI
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TemioBoro kodgduimenta muHeiHoro pacmupenus (TKJIP) menu m kepamuku B
pe3ynpTaTe MHOTOUYMCIEHHBIX TEPMOIMKIOB B KepaMHKE BO3HHKAIOT TPEIIHHH,
napajieJbHbIe ITOBEPXHOCTH MOIOKKH [1]. DTO HPHUBOAMT K TOMY, YTO, KakK
MHHUMYM, yXYZILIaeTcsl TeIrlonepenada OT MeAW, a KaKk MaKCHMyM, MEAb IIPOCTO
OTCJIaMBAETCsI, YTO B KOHEYHOM CueTe NPUBOIAMT K OTKa3sy MoIynsi. BosHukaer
MOTPeOHOCTE B  HCIOJIB30BAaHWH HPOMEKYTOUHBIX KOMIICHCAIMOHHBIX CIIOEB,
KOTOpBIE aMOPTH3HUPYIOT BO3HHKAIOIIME HAMpPsXKEHUS B COEAUHEHUH IIPU
TEMIIepaTypHBIX KOJIeOaHUSIX W MO3BOJISIOT TAKMM 00pa3oM MOBBICHTH aAT€3NOHHYIO
CTOMKOCTb.

B nmanHOlf paboTe wuccimemyeTrcss BO3MOJKHOCTh HAHECEHMS CJOSi MeOu Ha
KepaMHYeCKHe IIOJUIOKKH B paMKaX MarHeTPOHHOTO HANBUICHHS C LEeNbI0 KX
JlabHEHIIEro NCTIOIb30BaHMS B KA4eCTBE IIAT U KOPITYCOB B 3JIEKTPOHHKE.

B xoze npoBeneHHs psia SKCIEPUMEHTOB IS HEKOTOPBIX M3 00pa3LioB IEpBBIE ~
10 MuH pacmbpUIeHHE TPOU3BOAMIOCH MTPX MaJbIX MomHOCTX (200 - 300 BT) B cpene
KHUCJIOpOJia C LEJNBI0 CO3JaHMUsA IPOMEXKYTOYHOIO CJIOSl JUli KOMIIEHCAlluU
MEXaHHYEeCKOTO HaNpsDKEHHs, CBs3aHHOTO ¢ pasHuneidr TKIIP.

YeThIpEX30HI0BEIM METO/IOM OLIEHEHO YIEIFHOE CONPOTHBICHHE MEIHBIX CIIOEB
Ha TIONyYeHHBIX oOpasmax. /[l Bcex 00pasloB yIeNbHOE CONPOTHBICHHE
HOJTYYHIOCh MPUMEPHO OIMHAKOBBIM M PaBHEIM p = 1,7x1078 OmxM, 4To Xopomo
COOTBETCTBYET y/IeJIbHOMY COMPOTHBIEHHIO ukcTOl Meau: 1,71x1078 Omxm.

Ha pucynke 1 mokaszansl n300pa)xeHHs1 OJHOTO U3 MOJIYYEHHBIX 00pa3LoB.

Pucynok 1. CineBa — ¢ororpadus ydactka oOpasia, B neHTpe 1 cnpasa — COM
N300paKeHHs OJTHON M3 TECTOBBIX IUIONIAI0K C IEPEXOAHBIM OTBEPCTHEM.

Cnucok numepamypul
1. M. Lederer, A.B. Kotas, G. Khatibi, H. Danninger. Characterization of
Adhesion Properties by Delamination of Ceramic-Metal Interfaces in
Four Point Bending. TTP. 2018.
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B3AMMOJIEMCTBUE HIBKOYACTOTHOI'O ITOJIS C
IJIA3MOW, OBPA3OBAHHOI ITPM MHOTO®OTOHHOM
HNOHM3BAIIMU UHEPTHOI'O I'A3A

PaccMmoTpeno B3amMopeiicTBHE HHM3KOYACTOTHOH MPOOHOM 37IEKTPOMAarHUTHOH
BOJHBI CO CIAa0OMOHM30BAHHON IUTa3MOM, MOJYyYCHHOHW NIpU MHOTO(OTOHHOM
HMOHH3AIMU WHEPTHBIX ra3oB. [loka3aHo, 4To B pe)KMMe HOPMAIBLHOTO CKHH-(derTa
n3-3a  3h¢pekra Pamsayspa-TayHcenma  OOyCIOBICHHOE  CTOJKHOBCHHSIMH
(OTODIIEKTPOHOB € HEHTPaNbHBIMH aTOMaMM MOTJIOIICHHE BOJIHBI BO3PACTaer.
BBbIsSBIICHBI yCIIOBHS, B KOTOPHIX OTKIIMK IUIa3Mbl HHEPTHOTO ra3a Ha BO3JCHCTBHE
MPOOHOTO MO TOZOOEH OTKINKY AUAICKTPHUKA.

K. YU. VAGIN, T. V. MAMONTOVA!? S, A. URYUPIN?®2

! ebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia
2National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

INTERACTION OF LOW-FREQUENCY FIELD WITH PLASMA
PRODUCED BY MULTIPHOTON IONIZATION OF INERT GASES

The interaction of a low-frequency probe electromagnetic wave with a weakly
ionized plasma produced by multiphoton ionization of inert gases is considered. It is
shown that in the normal skin effect regime, the absorption of the wave, caused by
collisions of photoelectrons with neutral atoms, increases due to the Ramzauer-
Townsend effect. We reveal conditions in which the response of the inert gas plasma
to a probe field is similar to that of a dielectric.

@DOTOMOHN30BaHHAS TIa3Ma HMHEPTHBIX Ta30B HMEET HEOOBIYHBIC
cBoiictBa. OIHOW M3 MPUYUH TOSBICHUS HOBBIX CBOWCTB sIBIsAETCS 3 deKT
Pamzayapa-Tayncenna (cm., Hanpumep, [1,2]). Hmwxe moka3aHo, K Kakum
U3MCHCHUSIM Koa(b(bI/IHI/IeHTa MOTJIOMIEHUA HU3KOYAaCTOTHOT'O H3JIYYCHHSA B
(OTOMOHM30BaHHOH TUIa3Me MPHUBOAUT Hamudue 3Toro dddekra. [Tpumem,
9TO Ca0OMOHW30BaHHAs IUTa3Ma, IMOJlydeHHas TpH MHOTO()OTOHHOM
MOHHM3AIlMM MHEPTHOTO ra3a, 3aHWMAaeT IMOJIyNPOCTPaHCTBO Z2>0. DyHKIUIO
pacrpeneseHus GOTOIEKTPOHOB anmpoKCHMUpyeM (yHkIiwmei puna f (v) =
n/4nvi8(v — vy), TAe N - IUIOTHOCTH (DOTODJIEKTPOHOB, Uy - CKOPOCTh
(hOTO3ICKTPOHOB TTOCIIEe HOHU3AMH. Ha 1mma3my 1o HopMaid K TOBEPXHOCTH
majiaeT dJCKTPOMAarHWTHAas BOJHA ¢ dYacToroil . Crnexys oOBIYHOM
MIPOLIEAYPE MOCPEACTBOM COBMECTHOTO PEIIEHUSI KHHETHIECKOTO yPaBHEHUS
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u ypaBHeHMH MakcBeiuta, HaxoAMM TNoJe B IUa3Me ¥ KOG (HUIUEHT
nornommenns A(w). B ciyuae Bo3neicTBHS HHU3KOYACTOTHOW BOJIHBI IS
KO3 pHUIHEHTa TOTJIOMEHUS HaX0oauM [2]

A(w) = o V8vw(1 — a/3)"1?, v(l—0a/3) » w, )]
-2
A) » W2 + w2(v+ V2 +0?) T, v(1—a/3) Ko <K v, )
rie oL — [Ua3MEeHHas 4acToTa, V - 4YacToTa CTOJIKHOBEHHIA

(OTORIIEKTPOHOB C HEHTpadbHBIMU aToMamu, @ = dlnv/ 0 Inv,. 3HaueHus
napamerpa o, yauTbeiaroniero ¢ ekt Pamzayspa-TayHceHna, 11 KCeHOHa
U KPUINTOHA NpeCTaBIeHbI Ha pucyHKe 1. O01acTh XapaKTEepHBIX 3HAUCHUI
9Hepruii  (OTOIIEKTPOHOB  TOCIHEe  MHOTO(QOTOHHOH  HOHHM3AINU
COOTBETCTBYET IOJIOYKUTEIEHBIM 3HAYCHHS ITapaMeTpa o.

Puc.1. 3Hauerne napameTpa o/3 oT cpeHeil sHeprin (GOTOITEKTPOHOB ISl KCEHOHA U
KPHUIITOHA.

CornacHo (1) u (2) HanUYUE MapaMeTpa o MPUBOJUT K BOSMOKHOCTH JIBYX
PEKUMOB MPOHUKHOBEHHS U TOTJIOIIEHNST HU3KOYAaCTOTHOTO TIOJIS B IIa3My
nHepTHHIX Ta30B. CooTHOmeHHE (1) MMEeT MecTO B PEKUME HOPMAILHOTO
ckun-3ddexra. Dddext Pamszayspa-TayHCceHIa NMPUBOIAUT K YBEIUUCHUIO
nornomenns B (1 — a/3)~/?pas, ecim sHeprus YOTOAIEKTPOHOB B TIA3ME
mensIe 0.5eV wnn 6onsire 4 eV it kceHoHa ¥ MeHslre 0.5eV winn 0oblie
5eV mns xpunToHa (CM. KpaifHHue TeMHBIE 00JIacTH Ha puc. ).

Hanpotus cootHomeHnue (2) OTBeUaeT yciaoBUsAM o = 3 (y3KHE TEMHEIC
MOJIOCHI Ha puc.1), B KOTOPBIX OTKIIMK IUIa3Mbl Ha BO3/ICHCTBUE M3ITyUYCHUS
mo00CH OTKJIMKY JUAJICKTpuKa. [IpH 3TOM ACHCTBUTEIbHAs 4YacTh
JURJICKTPUIECKON MPOHUIIAEMOCTH TUTa3MBI TIOJIOKUTENFHA U CYIIECTBEHHO
Oonpiie MHUMOW wactd. CormacHo (2) mpu v << @©L KO3(pPHUIUESHT
MOTJIOLIEHUS] IPONOPLUHUOHATIEH YacTOTE€ CTOJKHOBEHUH, a IpU V >> oL
BO3pacTaeT 0 EIWHMIBI, YTO COOTBETCTBYET IIOJHOMY IIPOXOKAECHHIO
N3JTy4eHHs BIITyOb c1a0OMOHM30BAaHHOTO Ta3a.

Pa6ota BoeinonHeHa npu moaaepxke PODU, npoekt Ne 20-32-90158.

Cnucox rumepamypol
1. Bogatskaya, A.V., Popov, A.M. Jetp Lett. 97, 388-392 (2013).
2. K.Yu. Vagin, T. V. Mamontova, and S. A. Uryupin. Phys. Rev. A 102, 023105
(2020).
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Poccus
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MOJEJIMPOBAHUE SKPAHUPOBAHMSA JIMTUEBOI
MUILEHU JUBEPTOPA B KOJIE SOLPS 4.3
MouuimpoBaHa MOAENb 3PO3UH MAaTEPUATIOB, KOHTAKTHPYIOIMX C IUIa3MOid,

ucrionbzyemast B koge SOLPS 4.3: BximrodeHs! 3¢ (GeKTH TepMHUUECKOTO PACTIBUICHHS
U UCTIapeHHMs, CHIIBHO 3aBHCAIINE OT TeMIepaTypsl MullieHH. [IpoBesieHs! pacyeTs
JUBEPTOpa ¢ JIUTUEBON MUILEHBIO B reomerpuu Tokamaka T15-MJI. Iloka3aHo, uto
BO3HUKaeT 3(P(EKT 3KpaHHPOBAHUS, KOTOPHI HE IO3BOJIET NOTOKY TeIa Ha
MHIIEHb OpeBbICHUTE 8 MBT/M?. BMmecTe C TeM, 3arpA3HEHME IUIa3Mbl JUTHEM B
peXUMax ¢ BbICOKOI MOILIHOCTBIO OKa3bIBAaeTCs CYIIECTBEHHBIM, YTO HE IO3BOJIIET
paccMaTpHBaTh SKPaHHPOBAHUE KaK JOCTATOYHBIH MEXaHW3M KOHTPOJIS Harpy3KH Ha
MUILIEHb.

E.D. MARENKOV?, A.S. KUKUSHKIN!2, A.A. PSHENOV*'?

INational Research Nuclear University MEPhI (Moscow Engineering Physics

Institute), Moscow, Russia
2National Research Center «Kurchatov Institutey, Moscow, Russia

MODELING OF VAPOR SHIELDING OF LIQUID LITHIUM
DIVERTOR TARGET WITH SOLPS 4.3 CODE

We have implemented a new erosion model in SOLPS taking this dependence into
account. Simulations of the T15-MD tokamak divertor with Li-coated divertor targets
have been performed. Li erosion is determined by physical sputtering, evaporation,
and thermal sputtering. The results of the simulations show that the shielding effect
occurs, providing a reduction of the target heat flux to the values below 8 MW/m?, At
the same time, the upstream plasma dilution in the high power regimes, where
shielding is most efficient, is very strong, meaning that practically, it may be difficult
to rely on the shielding effect for the heat flux control in the configuration considered.

XKunkomeranandeckne KOMIIOHEHTBI, KOHTAaKTHPYIOIIME C IUIA3MOH,
paccMaTpUBaIOTCs KakK albTepHATUBA METaIINYecKod koHcTpykuuu UTOP
1 HeKoTophIx BapraHToB JIEMO. B xauecTBe Takux METaIOB peIaraeTcs,
B OCHOBHOM, wHcmojib3oBath jutuii (Li), omoBo (Sn), wim WX Ccruas.
Osxupaercsi, 4TO MPHU AOCTATOYHO OOJIBIIOW CKOPOCTH BO30OHOBIECHHS
TAKOT0 MOKPBITHS, OHO MOXKET 3aIUTUTh OCHOBHOM MaTepua KOHCTPYKIIUH.
DKCHEePUMEHTHI, NPOBOJUMBIC Ha JIMHEHHBIX IUIA3MEHHBIX YCTAaHOBKAX,
nanpumep, Pilot-PSI, PSI-2, PISCES-B, KCIIY, noka3saiu, 4T0 JOCTHYb
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COOTBETCTBYIOIIEH CKOPOCTH BO30OHOBJIEHHS BIIOJHE BO3MOXHO. bbIIO
IPEUIOKEHO  HECKOJbKO  BApUAHTOB  KOHCTPYKIMM  MHIIEHH C
BO300HOBIISIEMBIM TIOKPBITHEM, «BBDKHBAIOIMMY TIPH TEIUIOBBIX HAarpy3Kax,
COOTBETCTBYIOIIMM YCIIOBUSIM JIUBEPTOpa, Kak CTAl[MOHAPHBIM, TaK H
HMITYJILCHBIM.

OmHako 5T B OOIIEM-TO ONTUMHCTHYHBIE pPE3yJbTaThl TPYAHO
HanpsIMy!0 SKCTPAINoJIMpoBaTh Ha Tokamak. [losTomy Oonbimoe 3HaueHHE
HUMEET MOJEIUPOBAHNE B KOJaX, ONHMCHIBAIOIINX IPHCTCHOYHYIO IUIa3My B
Tokamake. Mbl MogupunmpoBanu kox SOLPS 4.3, nobGaBuB B Hero
IIPOIIECCHl APO3HUHM, 3aBHCAILIME OT TEeMIEepaTypsl MullleHH. B HacTosmei
paboTe MBI TIpeACTaBIIsIeM MEPBBIE PE3YJIBTATHl MOJCIUPOBAHUS JINTHEBON
MuiieHd auBepropa B kogae SOLPS 4.3. B koudwurypanuu tokamaka T15-
M/I. Dpo3us MHUILEHH CKJIAIbIBACTCS M3 TPEX KOMIIOHEHT: (DPU3MYECKOTO
pacIbUICHHS, TEPMUYECKOTO PACIIBUICHHS M HCTIAPEHUSL.

Kondurypammms T15-MJ] Bxmowaer 2 JHBEPTOPHBIC MHUIICHH, B
HacTofmmeH paboTe TepMHUUYecKas 3pO3Usl BKIIOYEHA TOJNBKO AJISI BHEIIHEH
MUIIeHU. Bblia BBINOMHEHA CEepHsl PacueToB ¢ (PUKCHPOBAHHBIM ITOJHBIM
upcnom Bogopona (H) B mpucrenounoil mnasme, Nt = 10%. Ilpu stom
W3MEHSJIaCh IMOJHAS MOIIHOCTh, IIEPEHOCHMAsi 4Yepe3 Cemaparpucy B
npeaenax Psep = 6 — 20 MBT. Pe3ynbrarsl mokasainy, 4To pyU MOLTHOCTH Psep
> 10 MBTt 3po3us Li cTraHOBHUTCS 0CTaTOYHO CHJIBHOW M DKpaHWPOBAHHUE
NPUBOJAUT K YMEHBIICHHWIO MOTOKA Teljla Ha MHWIIeHb. [Ipu 3ToM
HaOmoaercs 3G (eKT HaCBIEHNU, U3-3a KOTOPOr0 MaKCUMaJIbHAasl Harpy3Ka
Ha MULIEHb He IPeBocXoAuT 7 MBT/M2. DToT 3 eKT ABasercs XapaKTepHoi
0COOCHHOCTBIO IKPAaHMPOBAHMS, M3YUYCHHOW paHee B JKCIEPUMEHTaxX Ha
JIMHEHHBIX yCTAaHOBKaX M TEOPETHYECKH.

Haxe npu MakcHUMalbHOH MOMIHOCTH Psgp = 20 MBT motok 3po3uu
OCTaeTcsl OTHOCHMTEJILHO HM3KuMM, Topsaka 1022 mZcl, B To Bpems kak
CYLIECTBYIOIIME KOHCTPYKIIMM MHIIEHH MO3BOJISIOT BBIAEPKHUBATH ITOTOKH
10 10% m%cL, Tak 4T0 BO306HOBJIEHHE MOKPHITHS HE JOJKHO TPEJICTABIIATH
npoOJeMm.

Bmecte ¢ TeMm, cwipHas OJpo3Us TPUBOIUT K CYIIECTBEHHOMY
3arpA3HEHUIO II1a3Mbl JIUTHEM. Yxke IpU Psep = 10 MBT oHO cTaHOBHTCA
nopsinka 40% B oOmactu cemapaTtpuckl. Kpome TOro, yBenu4YeHHUE
9EKTPOHHOHN IUIOTHOCTH, CBSI3aHHOE TAaK)Ke€ C MOSABICHWEM mpuMecH Li,
MIPUBOJNT K MIPEBBIMICHUIO MIpesiesia [ puHBOIIbIa, KOTOPBIH MBI OIICHMIIN KaK
3.5-10% M3, ipu Peep = 14 MBr. YBenuuenne Niot , KOTOPOro MOXKHO JOCTHYb
HamyckoM H, IpuMBOIUT K CHM)KEHHUIO 3arps3HEHUS IUIa3Mbl Li, HO Taxoke
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YBEJIMUUBAET 3JIEKTPOHHYIO IIOTHOCTh. CllejoBaTeNbHO, B PACCMOTPEHHOM
HaMy KOHQUTIYpaLMK U PexXUMe padoThl TUBEPTOpa SIKPaHUPOBAHKE HE JaeT
MPaKTHYECKUX MIPEUMYIIECTB, HECMOTPSI Ha ()OPMAIIBHOE CHIDKCHUE TTOTOKA
TerIa.
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NMUTALIMOHHBIE OKCITEPUMEHTDI 11O HATIBIJIEHUIO
PEI'OJIMTA HA IVIACTUHBI TAHTAJIA U MOJIUB/IEHA B
I'MPOTPOHHOM PA3PSIE

IpuBeaeHbI pe3yIbTaThl HCCIIEAOBAHMS LETHBIX UIA3MOXUMUYECKUX MTPOLIECCOB,
HHULMUAPYEMBIX HMITYJIbCHBIM H3JIy4EeHHEM TMPOTPOHA B CMECSX IOPOIIKOB, IO
COCTaBy U IO pa3Mepy MMHUTHPYIOUIMX JTYHHBII PEroyiiT, Ha IUIACTHHAX TaHTAla U
MoJHOIeHa.

K.G. MOSHKINA 2, V.D. BORZOSEKOV !,
N.N. SKVORTSOVA 3 A. A. SOROKIN *
I Prokhorov General Physics Institute of the RAS, Moscow, Russia
2 The Peoples' Friendship University of Russia (RUDN), Moscow, Russia
3 National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
4 Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod,
Russia

SIMULATION EXPERIMENTS ON THE DEPOSITION OF
REGOLITH ON TANTALUM AND MOLYBDENUM PLATES IN A
GYROTRON DISCHARGE

The results of the study of the chain plasma-chemical processes initiated by pulsed
gyrotron radiation in powder mixtures imitating lunar regolith on tantalum and
molybdenum plates in composition and size are presented.

3apspKeHHBIE MHKpOYacTHIsl Ha JlyHe 0O0JIafaloT IOBBIICHHBIMHU
a/iIre3MOHHBIMH CITIOCOOHOCTSIMH, KOTOPBIE B CBOIO OUYEpE/b OKa3bIBAIOT
OTPHLIATENILHOE BO3JEHCTBUE Ha KOCMHUYECKHE CUCTEMBI, & UMEHHO: M3HOC
JeTajel IoCpeaCTBaM CTHPAHUS MEXaHU3MOB U 3arpsi3HEHHE IIOBEPXHOCTEH
COJIHEYHBIX OaTapeil. IMEHHO MO3TOMY IPY MPOEKTUPOBAHUH KOCMHUYECKOH
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TEXHUKU IIpefAHA3HAYeHHOW A mocagku Ha JlyHy BaKHO NOHHMATh
BO3/ieiicTBYE peroyuTa (JIyHHOH IBUTH) Ha KOHCTPYKIIHOHHBIE MaTepHaJIb.

Bb11 mpoBenieH psii SKCIEPUMEHTOB B INIa3MOXHMHUYECKOM KOMIIIEKCE,
npu kotopsix CBUY m3mydeHHe MMITyJIBCHOTO THPOTPOHA MOAABAIOCH Ha
CMeCh MOPOIIKOB (COOTBETCTBYIOIIMX JYHHOMY PErojiuTy), Haj KOTOpOi
MOMEUIATINCh MEeTAITMYEeCKHe MIacTUHbL. [Ipu mpeBbIeHNH nopora HEemHbIX
peaxmii (COOTBETCTBYIOMIECH YHEPTUH MUKPOBOIHOBOTO MMIybca 1-3 xJ[x
nipu MoutHocTH rupotpoHa 200-300 kBT) MHHIMUpYETCs: B3PBIBHOW MTPOIIECcC
(mo MexaHU3My KyJIOHOBCKOTO OTTaJKuMBaHus [l1]) Ha TOBEpXHOCTH
MOPOIIKA, B PE3yJIbTaTe KOTOPOTO B 00BEM PEaKTOpa BBUIETAIOT 3aPSKEHHBIC
YaCTHUIIBL.

3apsDKeHHbIE 4YacTUIBI 00pa3yloT HaJ IOBEPXHOCTHIO IOPOIIKA
JIEBUTHpPYIOIIee 00JaKo, KOTOpOE IO XHMHUYECKOMY COCTaBy W pasMepy
COOTBETCTBYIOT JIyHHOMY peroiury. (OH3MKO-XHMHYECKHE IPOIECCH B
peakTope M JIEeBUTAIMSA YAaCTHULl OZOOHEI IponeccaM 00pa3oBaHUS 001aKOB
JYHHOH I TIpH OGoMOapaupoBKe MOBEPXHOCTH JIyHBI MUKpOMETEOpaMHu
[2].

Ha puc.l moxa3aHo, 4TO Ha IOBEPXHOCTH TaHTaja U MOJIMOJCHA
OCa)XJAIOTCSl YaCTHLBI MOPOIIKA PETOJIUTa PA3IMYHBIX PasMEpoB U (OPM.
OTO MO3BOJIIET TNPOBOAWTH HMUTALMOHHBIE HCIBITAaHUS MAaTEPHAIOB B

JAHHBIX YCIIOBUAX.
Chucok rumepamypol

X270 11 53 SEI © X80 S0pm %
Puc.1. [oBepxHOoCTH TaHTana (cneBa) U MOJHOIeHa (CIIpaBa) C OCAKAEHHBIMU
YacTUIIaMH PETOJIHTA.

1. H. H. Cxsopuoga, C. A. Maiiopos, /I. B. Manaxos, B.JI. Crenaxus u zp. // O
MBUICBBIX CTPYKTYPax U [EMHBIX PEaKIHIX, BOSHUKAIOMINX HaJ[ PETOJIUTOM IIPH
BO3/€iicTBIM M3Ny4eHHs: rupoTpoHa. [Tucema B XKOTD, 2019, T. 109, 452 — 459.

2. C. 1. Tlonens, A. I1. Tony6s, E. A. JIucus, FO. H. U3BekoBa, u p. // Y napst
BBICOKOCKOPOCTHBIX METEOPOUIOB H OTPHIB MBLIEBBIX YaCTHUILl OT IIOBEPXHOCTH
Jlynsr ITucema B KOT® 103, 641 (2016).
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BJIMSITHUE BY®EPHOI'O CJ1051 FE-CR-AL HA
SOOEKTUBHOCTD 3ALLIUTHBIX TOKPLITUIA OKCUIA
AJIIOMUHUYS ITPU BBAUMOIEACTBUH C IOTOKOM
CBUHIIA

B paGote m3ydamack BO3MOKHOCTH IOBBINIECHHUS S((EKTHBHOCTH 3alIUTHBIX
MOKPBITHH OKcUa amoMuHus Ha ctanu D11-823 3a cuet HaHeceHus OypepHOro cios,
COCTOSIIIETO W3 AaJIOMHHUS W KOMIIOHEHTOB CTalu, mepen (OpMHUpPOBaHUEM
nokpeitust. [lokazano, uro OydepHbId CIOH OPEHATCTBYET KOPPO3UH U
OKCHIMPOBAHMIO CTaIM B TIIOTOKE CBHHIA IIPH CIyYailHOM MEXaHHYECKOM
MOBPEXIEHAN MOKphITHI. Kpome Toro, Hammume OygepHOro cios 3ameuisieT
IIPOHUKHOBEHHE KeJIe3a U3 CTallM B IIOKPBITHE.

S.M. MUROMSKIY, A.E. EVSIN, I.E. KONDRATIEV,

L.B. BEGRAMBEKQOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

EFFECT OF A BUFFER LAYER FE-CR-AL ON THE
EFFICIENCY OF ALUMINUM OXIDE PROTECTIVE
COATING IN INTERACTION WITH A LEAD FLOW

In this work, we studied the possibility of increasing the efficiency of aluminum
oxide protective coatings on EP-823 steel by applying a buffer layer consisted of
aluminum and steel components before the coating deposition. It is shown that the
buffer layer prevents corrosion and oxidation of steel in the lead flow in case of
accidental mechanical damage of the coating. In addition, the presence of the buffer
layer slows down the penetration of iron atoms from steel into the coating.

CranmpHple  oOomoukn  TBJJIoB  peakTopoB CcO  CBHHIIOBHIM
TEIUIOHOCHUTENIEM KOPPOAUPYIOT B TIOTOKE CBHHIA (TIPH CONEpIKAHUU
kuciopoga B Temtonocutene Co ~ (108 — 107) wt.%) u uHTEeHCHBHO
oxcupupytores (nmpu Co >10 Wt.%). Jlng ux 3amursl pa3pabaTbiBaloTCs
METO/1bl HAHECEHHSI TOKPBITHI Ha OCHOBE OKCH/Ia aTFOMUHUS. DTU MOKPBITUS
M3BECTHBI CBOEH CTOMKOCTBIO K KOPPO3MU U OKCHAWPOBAHUIO B ITOTOKE
CBHHII2 M XOpOIIO 3amumiaroT cranb. OpHako ux 3hdekTUBHOCTH
OTpaHMYEHA OTCYTCTBHEM CIIOCOOHOCTH K CaMOBOCCTAHOBICHHIO MpHU
CIy4alHBIX MOBpEXACHUSAX. B 31Ol paboTe u3ydyasach BO3MOXKHOCTB
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TIOBBILIEHUS] HAJIC)KHOCTH MOKPBITHH OKCH/A IIOMHMHUS 338 CUET CO3aHUs
6ydepnoro ciosi, cocrosiero u3 Fe, Cr u Al, mepen HaHECEHHEM OKPHITHS.

B kauecTBe 00pa3IoB HCIOIB30BAINCH YETBEPTHBIC CETMEHTHI TPYOKH
cranmu OI1-823 (amametp 9.8 MM, TommmHa cTeHKH 0.5 MM) [UIMHOH 8 MM.
Bydepnbie cion HampUIsUTHCh B aprOHOBOW IUTa3Me paspsijia ¢ HaKalbHBIM
KaTooM. B mpouecce HambUIeHHMST NOCTENEHHO YyMEHbBINAJNCS IOTOK
PAacIBUIAEMBIX CO CTaJbHBIX MHIICHEH aTOMOB Ha 00pa3el M yBEIMINBAICS
noTok atoMoB Al. TIOKpBITHS OKCHIA ATOMUHUS HAMBULUIMCH B ILIA3ME
coctaBa Ar+7at1.%0; u Ar+15ar.%0;. TonmuHa MOKPHITHA 1 OypepHBIX
CJIOEB COCTABIsIA =] MKM.

O0pa31p! nenbITHBATHCE B ToTOKe cBrHIA (V=1 M/c, T'= 600 °C, t = 500
4) mpu arMOC(epHOM JaBJICHWH aproHa B KaMmepe, IPeABAPHUTEIILHO
otkauanHoif go P = 102 Topp. Jlo u mocie HCHObITaHMII 06pa3Ib!
aHaTM3MPOBANIaCh Ha IJIEKTPOHHOM MHUKpockorme Tescan Vega 3 ¢ DC-
npuctaskoit INCA-xAct.

OKCHEepPUMEHTHl TOKa3aJld, 4TO CTajdb 0€3 MOKPBITHS IOABEPIIIach
3HAYUTEIbHBIM KOPPO3HOHHBIM TIOBPEXICHUSIM CO CTOPOHBI TIOTOKA CBHHIIA.
CogneprxaHue KHCIOpOAa B MOBEPXHOCTHOM OONACTH CTanM B PE3yNbTaTe
UCTBITAaHUHN yBeNU4UIIoCchk ¢ 2-3 at.% 1o 70-75 at.%, 4TO CBUAETENBCTBYET
00 OKCHIMPOBaHHUHU CTAJIM KHCJIOPOJOM, PACTBOPEHHBIM B paciliaBe CBUHIIA.

IMokpsITHE OKCHA aTFOMHUHUS, HAITBUIEHHOE HEITOCPEACTBEHHO HA CTaJIb,
B IEJIOM MPOSBWIO CTOWKOCTh K Bo3xeicTBuio cBuHIA. OjHAKO,
cootnonrenre Fe/Al B moBepxHOCTHOH o6macTd 06pa3sloB B  XOJe
ucnplTanui yBenuuuioch ¢ 0.1 1o 0.7, yka3piBasi Ha IPOHUKHOBEHHE Kelle3a
n3 CTanu B NMOKphITHE. KpoMe TOro, Ha TeX y4acTKax IOBEPXHOCTH, I'Zie
MOKPBITHE OBUIO MEXaHMYECKH MOBPEXKICHO, HAOIIOJANNCh  CIIE/bI
KOPPO3HH.

Ecnu mepen HambuleHWEM OKCHJa ATIOMHHHS Ha CTalb HAHOCHJICS
OyGepHBbIi CII0#, TO CIy4YaiiHOE MEXaHUYECKOE MMOBPEIKIACHHE OKCHIHOIO
MOKPBITHSI OOHAXKAJIO YYaCTOK HMOBEPXHOCTH € Oy(hepHBIM CII0eM, KOTOPBIH
He KoppoaupoBal B noToke ceuHua. CooTHomenue Fe/Al B moBepXHOCTHOM
obmactn 3TMX 00pa3noB BeIpocsio HezHauwrtenbHO (¢ 0.1 mo 0.2),
cienoBaTesbHO, OydepHbIi croi monaBiIsteT TUQQy3HI0 Kene3a U3 CTalu B
TIOKPBITHE.

IMpn wncnbiTanusax oOpa3noB ¢ OydepHbIM cioeMm (0e3 IMOKPBITHA)
coJlepKaHne KHCIOPOa B TOBEPXHOCTHOW 00JIaCTH YBEIHIIIOCh ¢ 3-4 aT.%
10 25-26 ar.%, 94TO 3HAaYMTENHHO MEHBINE, YeM JUIS CTaau Oe3 MOKPBITHS.
ITpu 310M cootHowenue Fe/Al B atoii obnacTu ymeHsmuiock ¢ 4.5 1o 3.6.
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Bbu1 cnenaH BBIBOZ, YTO HpU KOHTakTe OydepHOro ciost co CBUHIIOM,
COJEpXKaIlUM  KHCJIOpOJ, Ha IOBEPXHOCTH  (opMHpYeTCs  CIIOW,
oOoramieHHbIH OKCHIOM aJFOMHHUS, KOTOPBIHA IPETSITCTBYET JalbHEHIIIeMy
OKCHAMPOBAHUIO CTAJIH.

Takum o6pazom, Oydepubiii cioii Fe-Cr-Al crmocobeH 3amuTuth
obonouky TB3JIa oT KOppo3WM M OKCHAMPOBAHUS B CBUHIE B CIydae
MOBPEX/ICHNS IOKPBITHSA OKCHIA AaTlOMHHUS. [IpUMEHEHHE 3alIuTHOTO
MIOKPBITHSL C Oy(epHBIM CII0OEM YBEIHYHUT pecypc obosouek TBDJIoB u
IIIyOMHY BBITOpaHHS TOILIMBA.
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M.A. KOBTVYH, A.B. I[IPOKOIIEHKO

Hayuonanvhvlii uccnedosamenvcruil soepuwiil ynueepcumem MUOU, Mockea,
Poccus

PA3PABOTKA MOIIHOI'O BAKTEPHUIIUAOI'O
PELIUPKYJIATOPA HA OCHOBE CBY PA3PSIJIA

[Ipennoxeno ucnonb3oBats CBY pa3psap! 1 MOyYeHHs MOLIHBIX HCTOYHUKOB
Y®-n3nyueHus, KOTOpble MOXKHO IPUMEHATh IUIsI  CO3JAHMS  MOIIHBIX
OaKTepHINIHBIX PELUPKYISITOPOB BO3Ayxa. [IpoBeaeHa OIEHKa TEXHHYECKUX
XapaKTepPUCTUK Pa3pabaThIBAEMOT0 PELUPKYIATOPa BO3LyXa. BBIMONHEH pacuer u
pa3paboTaHa KOHCTPYKIMS PE30HATOPHOW pabodeldl Kamepbl U TOKATA |
a¢pdexruBHOTrO ropernss CBY pa3psana B mapax pTyTH.

M.A. KOVTUN, A.V. PROKOPENKO
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

DEVELOPMENT OF POWERFUL BACTERICIDAL
MICROWAVE DISCHARGE RECIRCULATOR

It is proposed to use microwave discharges to produce powerful sources of UV
radiation, which can be used to create powerful bactericidal air recirculators. The
technical characteristics of the developed air recirculator were evaluated. The design
of resonator working chamber for ignition and efficient combustion of the microwave
discharge in mercury vapor is calculated and developed.

B nactosiiee Bpemst 01HOHM U3 Mep MpOodUIaKTHKH OOPHOBI ¢ BUpyCaMHu
1 OaKTepUaTbHBIMHU HH(DEKIHIMU SBISCTCS UCTIONB30BaHUE OaKTEPUITUTHBIX
Y@ penupkyIsaTopoB BO3IyXa B MECTaxX ¢ OOJBIIUM CKOILICHHEM JFOMCH.
Jis  co3maHWs PEenUMpKyIATOPOB BO3AyXa TPAJWIHMOHHO IPHUMEHSIOT
KBapUEBbIC JJICKTPOJHBIC paspAAHBIC JIaMIIbl C PTYTHBIM 3allOJJHCHHUEM C
motpebsieMoit MomHOCTRIO 10 60 BT 1 3¢ pekruBHOCTRIO TpeoOpa3oBaHust
sHepruu B YO m3nyuenue 10 30 %. B pabote npenaraercs UCIOIb30BaTh
JUTSL TIPOMBIIIJIEHHOTO PELUPKYIIATOpa 0€3 dIEKTPOIHBI MUKPOBOJIHOBBIN
pa3psin B mapax pTyTH MaJIOTo AaBlieHus ¢ moTpedisemoit CBY MOmHOCTHIO
10 900 Br. BreinonaHeHHblE TNpeABapUTEIbHBIE OLEHKH MapaMeTpoB
paspabarbiBaeMOro TpuOOpa TMOKa3bIBAIOT, YTO IUIOTHOCTH TOTOKa Y@
U3Iy4YeHus OyeT Ha J[Ba MOPSIKA IPEBOCXOIUTH UCTIONB3YEMBIC pa3psiTHbIC
JIAMITBI, CPOK CITY’KOBI 0€3 3JEKTPOIHOMN JIaMIbl B 2-3 pa3a OoblIe 4yeMm y
JNEKTPOAHON mamMmbel W 00BeM 00pabaThiBAEMOro TIOMEMICHHUS TaKKe
YBCINYMUBACTCA HA MMOPAIOK.

BrImoHeHa pa3paboTka KOHCTPYKIIUH IPOMBIIUICHHOT'O PEIHPKYIATOPA
Bo3nyxa Ha ocHoBe CBUY paspsna B mapax pTyTH Majoro AaBJIEHUS C
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norpedisiemori CBY momnocThio 10 900 Br. [pemnoxHo ucnonb3oBath B
kauyecTBe pabouelr kamepsl CBU-penupkysstopa pe3oHaTOpHOW paboueit
KaMepsl Ha OCHOBE IBYXIIPOBOAZHOW JIMHHWH C pPa3MEIICHHEM KBapIEBOI
paspsmHONH KONMOBI Mexay e€ osnekrpomamu. UNCICHHBIMH METOJaMHU
MIPOBEJICH pacueT Pe30HATOPHOM paboueil KaMephl ¢ KBapIEBOW KOO0 Ha
gactory 2460 MInm co  cTpykTypoi — 2JIEKTpUYECKHX  IoJsei
cootBeTcTBY0IIEeH TEM BOJIHE € IATHIO BapUALUAMU 3JIEKTPUUECKOTO MOJIS
MEXY JJIEKTpoJaMHu ABYX NpoBoaHON iuHuU. CoOcTBeHHas 10OPOTHOCTH
pe3oHarTopa B ciydae U3rOTOBJICHHS 3JIEKTPOIOB U3 MeaH OyJIeT peBhIIaTh
6000.  IIpoBeneHHBIE pacyeThl IOKa3bIBAIOT,  YTO HAIMPSKCHHOCTD
NIEKTPUUECKOTO TOJSI B MECTE pa3MEUICHUs] KBAapIEBOHW KOJOBI OymeT
nocturath 1 kB/cMm yxe npu momaocty 200 Bt nmocrynarouux B pe3oHaTop
u CBY-pa3zpsn Oynet 3axuraThbest B OypepHoM rase (aproH) mpu AaBiIeHAN 1
MM.PT.CT.

Pa3paborana cucrema CBU-mutaHus pe3oHaTOpHOW pabouell Kamepbl
ucrouHuka Y® uzinyueHus Ha ocHoBe MarHeTpoHa LG 2M214 moiHOCTEIO
900 BT ¢ MCTOYHMKOM aHOJHOTO HAINPSHKEHUS TPaHC(POPMATOPHOTO THIIA.
BeImonHeH pacder BOJHOBOIHOTO y371a BBOAA MOIIHOCTH B PE30HATOPHYIO
pabouyio Kamepy Ha HadalbHbIH KO3((UIMEHT CBS3M Ul BOJHOBOJA
cedyeHueM 86MmM* 1 Smm. IlInpuHa okHa BBOJIa MOIITHOCTH PaclioylaraéMoro Ha
TOPIIEBOH CTEHKE KaMepbl MEXKAy OJJICKTPOAaMH B HAYaIbHOM PEXHME
nepecBszu coctaBUT 30 MMm. OOmas morpebisieMast OT NMEKTPUIECKOH ceTn
MotHocTs CBY-cucteMsl nutanus He mpeBbicHT 1,5 kKBT.

B pabore ompeneneHsl IyTH pemieHWs — psiia WHXKCHEPHBIX U
KOHCTPYKTOPCKHMX 3a7ad. BBHIOIHEHB! OICHOYHbBIE PAcyeThl COAEPKAHUS
pTYTH B 0€3 3JEeKTPOIHOI KBapleBOH KOJIOE CBS3aHHBIE C €€ TEIIOBBIM
pexnmoM. OrmpeneneHa MOIIHOCTh M KOHCTPYKIIHSI CHCTEMBI IIPOJyBa
o0e33apaxnBaeMoro Bozayxa. OmpeneneHsl OXHIAEMble TEXHHUYECKHE U
9KCITyaTallHOHHBIE  XapaKTePUCTHKH  pa3pabaTeiBaeMoro  mpuodopa.
PaccMoTpeHbl BO3MOXHBIE CIocoObl  OOpBOBI ¢ 0oOpasyromumcs B
permpKyIsTope 030HOM. [Ipon3BeieHa OleHOYHAs KaNbKYIALUS CTOUMOCTH
W3rOTOBJICHHS M MCCIICJIOBaHUS  OIBITHOrO  00pasia  MOIIHOTO
0aKTepUIMAHOTO pelUpKyIIsaTOopa Ha ocHoBe CBU-paspsina.

Takum  oOpazom, pa3paboTaH  TPOEKT  CO3JaHHWS  MOIIHOTO
0aKTepULIMIHOTO MPOMBIIIJICHHOTO pEIHPKYyJIATOpa Ha OCHOBE 0e3
JJIEKTPOAHOTO MHKpPOBOJIHOBBIM pasps] B Mapax pPTYTH, OLIEHEHBl €ro
BO3MOJKHBIE DKCILTyaTaLlUOHHBIE XapaKTEPUCTUKU U NMOKAa3aHA TEXHUUYECKas
BO3MOXKHOCTb CO3/JaHUsI JAHHOTO NpHUOopa.
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K.A. POI'O3MH!, M.H. COKOJIOB?, B.C. KBACKOB?, C.B.
BEJIOYCOB! 'A.A. KOHbKOB, C.JI. ®EJIOPOBHY?, B.II.
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Mocxkea,
2@Ir'BOY BO ApI'Y um. lemuooea, Apocrasns

IOPTATUBHBIN ILTABMOTPOH JII51 OBPABOTKH
BBITOBBIX 1 MEJUIIMHCKUX ITOBEPXHOCTEN
HUBKOTEMITEPATYPHOM IUIAZMOM

[Ipennoxeno ycrpoiicTBO a1 00pabOTKM OBITOBBIX M MEIULHUHCKHUX
MIOBEPXHOCTEH HU3KOTEMIEPAaTypHOH IUIa3MON Ul Ae3WH(EKIMH W aKTHBALUM.
PaccMoTpeHo Bo3aeiicTBHE HU3KOTEMIIEpATypHOH IIa3MBbl, TEHEpUPYEMOil pa3psaoM
€O CKOJIB3sIILIEH Tyroil, Ha pa3nuuHble moBepXHOCTU. [IpoBeeHa olieHKa mapameTpoB
IUIa3Mbl, HEOOXOIMMBIX JUISl aKTHBAIMH U IE3UH(EKIMH Pa3IMIHbIX TOBEPXHOCTEH.

K.A. ROGOZIN!, M.N. SOKOLOV?, V.S. KVASKOV?, S.V.
BELOUSOV?, A A. KONKOV?, S.D. FEDOROVICH1, V.P.

BUDAEV!

INational Research University "Moscow Power Engineering Institute”,
2P. G. Demidov Yaroslavl State University

PORTABLE PLASMA TORCH FOR LOW-
TEMPERATURE PLASMA TREATMENT OF HOUSEHOLD
AND MEDICAL SURFACES

A device for treating household and medical surfaces with low-temperature
plasma for disinfection and activation is proposed. The effect of low-temperature
plasma generated by a sliding arc discharge on various surfaces is considered. The
plasma parameters required for activation and disinfection of various surfaces were
evaluated.

B mepuon manmemuu Covid-19 BaxkHO ymenuts 0coboe BHHUMaHHE
BOMpOCaM e3UH(EKIMA OKPYKAMIUX IMMOBEPXHOCTECH Ui CHUKCHUS
YPOBHS pacnpocTpaHeHus 3aboneBannii. Ha JaHHBIN MOMEHT U3BECTHO, YTO
Covid-19 nmepemaercst BO3IyNIHO-KATIEIbHBIM U KOHTAKTHBIM myTéM. Karuu
cojiep Kalliue BUPYCHI, OCEBIIHME Ha OBITOBBIE IMOBEPXHOCTH, CIOCOOHBI
COXPAHATH JKU3HECTIOCOOHOCTH €mé JUITMTENBbHOE BpeMsl W WHHUIMPOBATH
mojerd B ciydae mnpukocHoBenus [1]. M3BectHo, uTo BO3AeiicTBHE
HU3KOTEMIIEpAaTypHOH  IIa3Mbl  IMO3BOJSIET  aKTUBUpOBaTh [2] u
nesnHpuuupoBath [3] TOBEPXHOCTH 00pabaThHIBAEMBIX MaTEpPHAIOB.
CoBMecTHOE JeiicTBHE IUTa3MEHHOW  aKTUBAMK ¥ JAe3HHQEKIUU
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MIOBEPXHOCTEH TO3BOJHT IMOJYYHUTh IE3MH(OHULIUPYIOLIME CBOWCTBA IIOCIC
00paboTKK HU3KOTEMIepaTypHOii rua3mMoi. Kpome Toro, eciii cunuTarh, 4To
BUPYCBHI, IEPEIAIOTCS KalleIbHBIM IIyTEM U BBDKMBAIOT TOJIBKO B KaIlIX, TO
MIPEATIOYTUTEIHHO HCIIOIb30BaTh THAPOGHUIIBHBIE TOBEPXHOCTH, HA KOTOPBIX
Karuis ucnapsiercst obictpee [4]. Takue MoBepXHOCTH MOTYT OBITh HOJTYUYEHBI
pu 00pabOTKe NX HU3KOTEMIIEPaTypHOH IIa3Moii.

B nanHOW paboTe HH3KOTEMIIEpaTypHas IDIa3Ma TEHEPHPYETCS B
MTOPTATUBHOM IUTa3MOTPOHE [5] ¢ pa3psIoM co CKOMB3SImeH ayroi [6].

ITapaMeTpsl MOPTAaTMBHOIO IMJIa3MOTPOHA: HampsbkeHWe nuTaHus 220
BOJIBT, Macca | kr, HanpsbxeHue paspsiaa 6 kB, Tok paspsna 100 MA, gactora
80 k['m, pabounii ra3 — BO3ayX, CKOPOCTh MMOTOKA pabodero rasza 3-7.5 m/c.
labaputer ycranoBkm: Mcrounuk mutammsa 300x80x100 mwM, paspsaHas
kamepa 190x90x60 MMm. Bo Bpems 00paOOTKH BO3MOXKHA HHIKCKIUSI
a’p0o30JIe AaKTUBHBIX BEIIECTB, MOIYYEHHBIX YIbTPAa3BYKOBBIM METOIOM.
WHKeKnust OCyIIeCTBISIETCS Ha BBIXOJE Pa3psTHON KaMephl.

B xoze 3xcnepuMeHTOB poBoAMIIach 00padOTKa HU3KOTEMIIEPaTypPHON
mw1a3Moil moBepxHocTel paszmuuHbIX nonumepos (IIBX, ABC, IIOT,
IKU/IHBIHN JaK). B kauecTBe paboyero raza HCIOJIL30BAJICS BO3AyX. Bo Bcex
cnyyasx  Obuto  3aMKCHPOBAaHO  YMEHBIIGHHE  KpaeBoro  yria
cMaunBaeMocTH. B KadecTBe MarepuanoB JUIS HCCIEAOBAHUS B3STHI
MOJHUMEpBl, HMEMoLIHe OOoJNbIIoe 3HA4YeHHE MJIsl IMPOMBIIUICHHOCTH U
3aHSBIINE BaXXKHOE MecTO B ObITy. IIpoBezieH sKcrepuMeHT Mo oOpaboTke
6akrepuii €.c0li HHU3KOTEMIIEpaTypHOIi M1a3Moil. B kauecTBe pabouero raza
HCIIOIb30BAJICS BO3AYX M CMECh BO3/lyXa € a3p030JIeM MEPOKCHUIA BOIOPOA.
[MTokazaHa BO3MOXKHOCTb JIe3UH(EKINH TaHHBIM ycTpolcTBOM. VceienoBano
BIHstHAE 00aBieHus a’dposons H>O, B mma3my, nokazaHa 3¢ eKTuBHOCT
JAHHOW MeTOAMKH JJIs  Je3uH(ekiuu moBepxHocTeid. OOpaboTka
IIPOBOJIMIIACH TIPH CKOPOCTH Bo3ayXxa 7.5 m/c.

Cnucox rumepamypol
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Peiris, and L. L. M. Poon, “Stability of SARS-CoV-2 in different environmental conditions,”
Lancet Microbe 1, €10 (2020);

3. R.A. Wolf, “Atmospheric pressure plasma for surface modification”, Scrivener
Publishing LLC (2013);

4. Th. von Woedtke et al. / Physics Reports 530 (2013) 291-320;

5. K.A. Rogosin and A.A. Kon’kov 2019 J. Phys.: Conf. Ser. 1370 012037,

6. Swithing Power Supply Design. Second Edition. Abraham 1. Pressman. The
McGraw-Hill Companies. 1998. 669 p. - 295 c.
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KOHBEPCHSI MATHUTHOM SHEPT' U TOKA ILIA3MbI B
KUHETUYECKYIO DHEPI' 11O YBEI'AIOLIUX DJIEKTPOHOB
ITPU CPBIBAX B TOKAMAKE

AHaanpyeTc;{ KOHBEpPCHUA DJHEPrUU MArHuTHOrO II0JIA TOKa IJilasMbl B
KUHETHYECKYIO SHEPIHI0 yOeraomux »1ekTpoHoB (YD) Bo BpeMms (asbl termination
CpbriBa paspsjia B TOKaMakKe. HOJ’Iy‘{GHBI 3aBUCUMOCTHU IIOJIHOT'O TOKa IlIa3Mbl H
HWHIYLMPOBAaHHOIO TOKa B CTEHKE BAaKyyMHOM KaMmepbl OT BPEMEHU IPU YCIOBHH
9KCIIOHEHIMAIBHOTO CIafa Toka YO B paMKax HyJIbMepHo# Moaemu. B pamkax 3D-
paccMOTpeHUs TOMYyYeHO ypaBHEHHUE U1 H3MEHEHUS! KHHETUYeCKOH SHeprun YO, a
TaKXKE AJId IMJIOCKOI'o HpO(i)I/IJ'IH MJIOTHOCTH TOKa IJIa3MbI ITOJIYYC€HA OLICHKA yKaBaHHOﬁ
KOHBEPCHH.

V.Y.SAVIN!? V. D. PUSTOVITOV!?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2National Research Center «Kurchatov institute», Moscow, Russia

CONVERSION OF THE MAGNETIC ENERGY OF THE

PLASMA CURRENT INTO THE KINETIC ENERGY OF

RUNAWAY ELECTRONS DURING DISRUPTIONS IN A
TOKAMAK

The conversion of the energy of the plasma current magnetic field into the kinetic
energy of runaway electrons (RE) during the termination phase of the discharge
disruption in the tokamak is analyzed. The dependences of the total plasma current
and the induced current in the wall of the vacuum chamber on time have been obtained
under the condition of an exponential decay of the RE current in the framework of the
zero-dimensional model. Within the framework of the 3D analysis, an equation for
the change in the kinetic energy of REs has been obtained, and an estimate of the
indicated conversion have been received for the flat profile of the plasma current
density.

OpHOM M3 MHOTMX NPUYUH MOBPEXKIEHUH NEPBOM CTEHKH BaKyyMHOU
KaMepbl TOKaMaka IIpU CpBIBaX SBISIETCS OOJIBIION TOTOK TEIUIOBOU
SHEPI'HH, JOKAJIHHO BEIOPACEIBACMEII Ha CTCHKY YOCTAOIUMHU JJICKTPOHAMHU
¢ BBICOKOW 3Hepruel. McciemnoBanust mokaspiBaiot [1, 2], 4Tto 3amaceHHas
yOeraromumMu 3JIeKTpoHaMu 3Heprus MoxkeT nocrurate 100 MJ/Dx Ha
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ycranoBke ITER, mpuyem miomajns IOBEPXHOCTU CTEHKU KaMepbl, Ha
KOTOPOH MOJKET BBLACNATHCS 3Ta SHEPIrus, JOCTAaTOYHO Maja. YCIOBUSA
YCTQHOBJICHHS PEXUMa, IMPU KOTOPOM 3JIEKTPOHBI aKKyMYJIHPYIOT CTOIb
OOJBIIYIO PHEPTUIO, Ha JAHHBIM MOMEHT M3y4eHbI HenoiHo [1-3]. HescHpim
OCTaeTCs BIMSHUE PE3UCTHUBHOCTH CTEHKHM BAKyyMHOM KaMephbl Ha JOJIO
yKa3aHHOH BbIIIIE KOHBEPCHUH, YTO M UCCIIEYeTCs B JaHHOM pabore.

Crnemys pabote [2], Ha OCHOBE HYJIBMEPHONH MOJEIH HCCIEIyeTCs
9BOJTIOLHS TTOJTHOTO TOKA IUIA3MBbl M TOKA, TEHEPUPYEMOTO B CTEHKE KaMephI
TOKaMaka, IpH SKCIIOHEHIMAJIBHOM CIajJie ToKa YO IMyTeM aHaJIUTHYECKOro
pellleHus] ypaBHEHUH U1 YKa3aHHBIX TOKOB, IIOIy4aeMBIX H3 3aKOHa
®apanes, ¢ yuerom 3akoHa OMa

= (Lply + M1,,) = —2mR,E,

(1) )

= (ML, + L,1,) = =L,R,,
(2)

E =1 (I, — Ig).
©)

3neck Lp 1 M — COOTBETCTBEHHO MHIYKTHBHOCTD ILUIa3Mbl U B3aUMHAas
HHAYKTUBHOCTB IJIa3MBI U CTEHKH, lp, Ire ¥ |y — COOTBETCTBEHHO TOK IJIa3MBI,
TOK YD ¥ TOK B CTEHKE KaMephbl, E — HanpsHkeHHOCTh 3JIeKTPUYECKOTO OIS
B mia3Me, Ro m @ — OompIION M Manblii paguychl Tokamaka, Lw # Ry —
WHIIYKTUBHOCTb U COIPOTHBIEHUE KaMepbl, 1| — PE3UCTHBHOCTH IJIa3MBl.

3areM, wcnoip3ys Gopmyiny w3 paboTrel [2] mnsd  SHEpruw,
KOHBEPTUPYEMOH B KHHETHYECKYI0 OJHEPruio YD, OIEHMBAETCS OIS
0003Ha4YEHHO KOHBEPCHH.

Hanee, B pamkax 3D-paccMOTpeHHst OBLIO TOTYYEHO COOTHONICHHUE IS
M3MEHEHHS KHHETHYECKOW SHEepruM YyOeramommx »3JIeKTPOHOB 3a CUET
KOHBEPCHHM JHEPTUM MarHUTHOTO TOJII M TIPHUBEAEHA OLEHKa JUIS JOJHU

KOHBEPCHU
AWRE _ 1
Whag  4a(1+TRoEr/Rpilo)’

(4)

3nech AWre — u3mMeHeHune kuHeTHueckoit sHeprun V3, Wonag — sHeprus
TIOJIOMIAJTLHOTO MarHUTHOT'O ITOJISL 710 CPBIBA, Rpl — CONPOTHBIICHUE L1a3MBl,
lo — Tok YO 1o cpeiBa, Er — kpuTHueckoe 3neKTpHUUECKOe Moe, KOTOpoe
JOJDKHBI TIPeoIoNieBaTh YO i yckopenus [4, 5], a mapameTp o paBeH
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OTHOUICHUIO PE3UCTUBHOTO BPEMEHM IUIA3Mbl K XapaKTepHOMY BpEeMEHHU
crajia Toka YO IpH CpbIBe.
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IMPUMEHEHUE METO/IA ITIEPE3APSITHOM
CHEKTPOCKOITUM JIISI UBMEPEHUS ®YHKIIUSA
PACIHPEJJTEHUS HOHOB IJIABMbI B JIMHEMHOM
MATHUTHOM JIOBYIIKE

W3zmepenne GyHKIUM pacrpeseneHns] HOHOB IUIAa3Mbl B THHEWHBIX MarHUTHBIX
JIOBYIIKAX BaXXHO JUI1 M3y4Y€HHs IIPOLECCOB IPOJONBHOIO IEpeHOca 4YacTHUL[ U
sHepruu. VIMEHHO yMEHBbIIEHHE MPOJONBHBIX TOTEPh SBIACTCS KPHUTHUECKUM
ycnoBueM ocymectBieHHS Y TC B OTKPBITO MarHUTHOH JToByIIKe. B nanHoi# pabote
OBLT NCIIOTB30BaH CIIEKTPOCKOIIMIECKHH METO], OCHOBAaHHBIH Ha Iepe3apsIKH HOHOB
IUIa3Mbl  Ha IIyYKe HHKEKTUPYEMBIX AaTOMOB, IPEACTABIAIONEM  CoOoi
HCKYCCTBEHHYIO MUILICHb. DTOT METO/ 00JIalaeT PsIOM NPEUMYILECTB 110 CPAaBHEHHIO
C aTbTePHATUBHBIMHU.

A.V. SANDOMIRSKY, A.A. LIZUNOV
Novosibirsk State University, Novosibirsk, Russia
Budker Institute of Nuclear Physics SBRAS

APPLICATION OF CHARGE EXCHANGE SPECTROSCOPY
METHOD TO MEASURE OF DISTRIBUTION FUNCTION
OF PLASMA IONS IN A LINEAR MAGNETIC TRAP

Measurement of the distribution function of plasma ions in linear magnetic traps
is important for studying the processes of axial transport of particles and energy. The
decrease in longitudinal losses is the critical condition for the implementation of the
fusion power in an open magnetic trap. In this work the spectroscopic method was
used which based on the charge exchange of plasma ions on an artificial target (in a
stream of injected atoms). This method has several advantages over alternative ones.

DKCIIEpUMEHTHI TPOBOIMIIMCH B TazoanHammdeckot mopymke (IJT) [1],
KOTOpast TPEJICTABIAET COOOH JTMHEHHYIO CHCTEMY JUISl yIepKAHHS IIa3MBbl
C aKCHaJIbHO-CUMMETPUYHOH KOH(Hrypanueld MarHuTHOro nois. llpu
co3manuu u HarpeBe masmbl B [JUJI, ¢opmupyercss HONOKHUTENBHBIH
ANEKTPOCTATUUECKUI HNOTEHIHAM, Ha3bIBAEMBIN aMOUITOJISIPHBIM,
CMaJalIHUN BAOJIh KaXKJIOH CHUJIOBOW JIMHUM OT MakCMMyMa B IIEHTpPE 10
HyJI1 Ha CTeHKE. Takoil NOTeHUHUall ONPEAEIsAeTCs KBa3UHEUTPAIbHOCTBIO
IUTa3MBl B K&XIOH TOYKE, a TAaKKe PABEHCTBOM IPOJOIBHBIX TOKOB
9JIEKTPOHOB M MOHOB Ha TOPIIEBYIO cTeHKY. [loTeHmuan ¢popmupyer 6aprep
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JUIL TOKHJAIOIUX JIOBYLIKY JJIEKTPOHOB, a TaKXe YCKOpseT WOHBI,
BBITEKAOIIHE B TIOTOKE 1a3Mbl Yepe3 MarHUTHYIO IPOOKY.

B ocHoBe Meroia nmarHOCTUKM ucmoib3oBaics d¢dexr [lorrepa,
OCHOBAaHHBIM Ha W3MEHEHMU PETUCTPUPYEMOH IIMHBI BOJHBI BCIEACTBUE
JBIDKCHUSI HCTOYHHMKA W3JIyYCHUS OTHOCUTEIBHO JeTekTopa. YToOBI
KOHBEPTHPOBATh YCKOPEHHBIE HMOHBI IIa3MBl B BO30YXIEHHBIE aTOMBI C
MOCJIEAYIOIUM H3JIy4€HUEM CBETA, MCIOJb30Balach BOIOPOAHAsS ra3oBas
MuIIeHs. M3nydenne npu rnepesapsake Ha MUIICHH COONPaNoch ONTHIECKON
CHCTEMOW, TOCTymajgo B croekrpomerp cxembl Yepuu-Tépuepa ¢
TUGPAKITHOHHON PEIMETKON W PETHCTPUPOBAIOCH OBICTPOICHCTBYIOIICH
I13C-kamepoii. Tlepen m3mepenusmu B miasme I'J[JI Oplna mpowusBeneHa
KaTHOpOBKa CIEKTPAJILHOU IMCICPCUU M ammapaTHOi (QyHKIuu mpuodopa
TIPY TTOMOIIH J1a00paTOpHBIX razopa3psanbix Jamn H u Ne.

B nanHoit paboTe mosry4eHsl epBble pe3ysIbTaThl IPUMEHEHUST METOIa
nepesapsinHoi  cnekrpockonuu  (CXRS)  nns m3mepennst  GyHKunum
pacrupeneneHuss  HMOHOB  IIasMbl 10 ckopoctu.  lIpexncraBiieHs
9KCIIEPUMEHTAIBHBIC CHEKTPhl M3nyueHus nunuit H-o (656.28 um) u He-I
(667.8 um). IIpoBeseHa ONTUMHU3ALKS Ta30BON MUIIEHH, TTOKA3aHbI OICHKH
aMIUIMTYIHOTO ~ KOHTpacTa W JOCTUTAaeMOr0 B HM3MEPEHHUAX
MIPOCTPAHCTBEHHOT'O Pa3pELIEHHUS.

Cnucok numepamypbol
1. Usanos A. A., llpuxoapko B. B. TazoquuaMuyeckas JOBYIIKa: 0030p KOHIUENIUH H
IKCIIEPUMEHTANIBHBIX Pe3yabTaToB //PU3nKa MIa3Mbl U ynpasisieMsrit cuure3. — 2013. — T. 55.
—Ne. 6. — C. 063001.
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HNCCIIEJOBAHUE NTAPAMETPOB IUVIAZMbI ITYYKOBO-
IIVTASMEHHOT O PA3PSIIA HA YCTAHOBKE ITP-2

OmnpenerneH Auamna3oH OCHOBHBIX AapaMeTPOB IIyYKOBO-TUIa3MEHHOTO pa3psiaa Ha
nuHeiHOM cumyisitope [IP-2 mis pa3snmuuHbIX Ta30B (BOAOPOI, TENUil M aproH),
pabounx maBnenui (or 0.01 mo 1 Ila) m HacTpoek HMeKTpPOHHOH mymku. Taxke
pPaccMOTPEHO BIMSHME MOAAYM MOTEHIWAla CMEIICHUS Ha NPHEMHYIO IUIaCTUHY
NIEKTPOHHOTO My4YKa Ha TMapaMeTpsl Mia3Mbl. OIeHEeH MOTOK TEeIIOBOI MOIHOCTH,
Ha [IOBEPXHOCTh IIPUEMHOM IUIaCTUHBI.

R.A. SELIVANOV?, . A.SOROKIN*?

1 National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2 Kotelnikov Institute of Radio Engineering and Electronics Fryazino branch.
Russian Academy of Sciences, Fryazino, Russia

INVESTIGATION OF BEAM-PLASMA DISCHARGE
PARAMETERS AT THE PR-2 FACILITY

We determine the range of the main parameters of the beam-plasma discharge at
the linear device PR-2 for various gases (hydrogen, helium and argon), operating
pressures (from 0.01 to 1 Pa) and settings of the electron gun. The effect of bias
potential to the electron beam receiving plate on the plasma parameters is considered.
The flow of thermal power to the receiving plate surface is estimated.

IIpu pa3paboTke TEPMOSANECPHBIX YCTAHOBOK aKTyaJbHOH OCTaeTcs
mpobsiemMa paspylieHHs TEepPBOW CTEHKA IOA JCHCTBHEM TEIIOBBIX,
IJIa3MEHHBIX U HEUTPOHHBIX NOTOKOB. CyLIECTBYIOLIUE YIJIEPOIHBIE
KOMIIO3UTHBIE HITH METAIUTMIESCKIE MOJICIT OOpallleHHBIX K TUIa3Me JeTaei
00aMaf0T  PSIIOM  HEAOCTAaTKOB, CBS3aHHBIX C TPOXOIIIIMMH  HA
MMOBEPXHOCTH  (PU3UKO-XMMHUYECKAMHU TIPOLIECCAMH W BIUSIOMIAX HA
napameTpsl I1a3Mel B LesoM. Cellyac Be1yTcsl HCCIeA0BaHUs KaHIUAATHBIX
MarepuaioB nepBoﬁ CTCHKU CYIIECTBYIOIUX WA CTPOAIIUXCA ITPOECKTOB,
Hampumep, Bombppama [1]. Taxke pa3zpabaTHIBAIOTCS pa3IHYHBIC
(yHKIMOHAJIBHEIC MaTEepPHaibl, CIOCOOHBIC YMEHBIINTh BIUSHUE TEIIOBBIX
U INIA3MEHHBIX IIOTOKOB Ha ILEJIOCTHOCTH JJIEMCHTOB nepBoﬁ CTCHKH,
HaTpuMep, «yMHBIE CIUTaBbDy [2-3] (B ciyd4ae METaIMYECKONH CTEHKH) MITH
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pa3iIUYHble KaNUJUIAPHO-TIOPUCTHIE CUCTEMBI, B TOM YHUCIE KOMIIO3UTHBIE
MaTepuaisl [4] (B ciryuae )KHUIKOH CTCHKH).

Jns mpoBeneHUsT MOMOOHBIX MCCIENOBAaHWH HEOOXOOMMO CO3IaBaTh
OJU3KHE K YCIOBHAM NepBoii CTeHKH TSY TemmoBble U I1a3MeHHbBIE TOTOKH
Ha TIOBEPXHOCTh KaHAWIATHBIX MaTepHajioB. JIOCTATOYHO YHHBEPCAIHHBIM
HCTOYHHUKOM KaK TETJIOBBIX, TaK U MJIa3MEHHBIX IOTOKOB SIBJISIETCS ITyYKOBO-
wra3MeHHbIN paspan (II1P) [5-6], nHAIIMUPYEMBI MOIITHBIM 3JICKTPOHHBIM
mygkoM. BapeupoBanue pabodero NaBIEHUS W MapaMEeTPOB AIIEKTPOHHOM
OyIIKA B JAaHHOM Clydae II03BOJIAET IONydYaTh IIa3My B IIMPOKOM
JMana3zoHe napaMeTpoB (JIEKTpoHHas TeMmepaTtypa — 1o 20 3B, nmnoTHOCT
— 10 10%° w3 mus BOJIOPO/a) OT PEOKOW ITyYKOBOW IUIA3MBI (MOHH3AIUSL
3JeKTpOHHBIM yaapom) no I[IIIP, kxoraa 3HaUMTENBHYIO POJIb B MOHU3ALMU
rasa UrparoT KOJUIGKTHBHBIE IIPOLIECCHl B3aUMOACHUCTBHUS PAa3INYHBIX
QNEKTPOHHBIX KOMIIOHEHTOB. TakKe HallM4he BBICOKOXHEPTEeTHYHON
3JEKTpOHHOW KoMmoHeHTsl B miasme [I[IP mno3Bosisier BapeupoBath
TEIUIOBOH IOTOK Ha TOBEPXHOCTh HCCIEIyeMbIX 00pa3IloB B IIpoliecce
oOyyeHHsi TyTeM YBEIWYEHHsS OJHEPrMM IEPBUYHOrO IIyuyka 0Oe3
3HAYUTEIFHOTO WM3MCHEHHUS MapaMeTpoB Iula3Mel (Ha (opMupoBaHHe
paspsiia MepBUYHBIN 3JEKTPOHHBIA Iydok TepseT 1m0 25-30% sHeprum).
CTOUT OTMETHTh, YTO B BAKYyMHOM PEXHME TPaHCIOPTHPOBKH HaJIU4HUE
AIEKTPOHHOHN ITyIIKH IO3BOJISIET MPOBOIAUTH OTAEIHHO TEIUIOBBIE, B TOM
YrcIIe TUKITHYSCKIEe, NCTIBITAHU.

B pabore momy4yeHa KapTa JIOKaJBHBIX IapaMETPOB IUIa3MBlI IIyYKOBO-
MJIa3MEHHOTO paspsiga Ha yctaHoBke [IP-2. M3mepeHuHs TpPOBOIWINCH C
ITOMOIIBI0 OJUHOYHOTO 30HIA JICHrMIopa A pa3iuIHbIX Ta30B (BOJOPOI,
TeIUii U aproH), 3HaueHuit padouero gapnenus (ot 0.01 mo 1 I1a) u HacTpoek
JNEeKTPOHHOH MyIIKH (YCKOPSIOUIETO MOTEHNMada W TOKAa 3MHCCHH).
[IpoBeneHa oOIeHKa BBIAETAEMON Ha MOBEPXHOCTH o00Opa3la TeIuIoBOH
MOIITHOCTH, a TaKXKe MCCICIOBAHO BIMSIHUE TOAaYH MOTCHIINANIA CMEIICHUSI
KOJUIEKTOpA AJIGKTPOHHOTO MyuKa (Jepkarerns oOpaslioB) Ha mapaMeTphbl

IJ1a3MBI.
Cnucox arumepamypul
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YYBCTBUTEJIBHOCTbD CIIEKTPOCKOIIMYECKOI'O
METOJA JETEKTUPOBAHUSA ITPUMECHU BOJIOPOJJA B
IUTA3ME UHAYKIMOHHOI'O BY-PA3PSIIA

B pabore paccMOTpeHO M3MEHEHHE YPOBHS CHIHala HHTEHCHBHOCTH
CIEKTpalbHBIX JTMHHI BoZopoa cepuu banbmepa (n'=2 un = 3, 4, 5) npu u3MeHeHUH
IPOLIEHTHOTO COJEpXKaHUs IPHMECH BOJOPOJA B TeEJIHEBOH/aproHOBOH IIazMe
HWHIYKIHOHHOTO BU-paspsina. [IpoBenena OIIEeHKa YyBCTBUTEIBHOCTH
CHEKTPOCKONUYECKOr0 METO/a JAETEKTUPOBAHUS IPUMECH BOJOpOJa B BHIUMOM
JMama3oHe AIWH BOJH. IIpemmoxeHsl CmocoOBI MOBBIMIEHUS YyBCTBHTEIBHOCTU
HU3MEPEHUH JaHHBIM METOJOM C LIEJIbI0 IIPOBEJCHUS U3MEPEHUI METOA0M JIa3epHOU
SMHUCCHOHHOM criekTpockomnuu B minazme BUU paspsiga.

N.S. SERGEEV!? A.V. KAZIEV?, Y.M. GASPARYAN?

National Research Center “Kurchatov Institute” (NRC K1), Moscow, Russia
2National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

SENSITIVITY OF MEASUREMENTS OF HYDROGEN
IMPURITY SPECTRA IN ICP PLASMA DISCHARGE

In this work, the change of the spectral lines ratio of the H impurity radiation and
He/Ar plasma emission spectrum of the ICP discharge is studied. In order to do so,
the measurements of Balmer series lines intensities (n'=2 un =3, 4, 5) are considered.
The measurements were carried out with a different impurity to working gas
percentage ratio. Methods for increasing the sensitivity of LIBS measurements in the
ICP plasma discharge are proposed.

ITma3ma BBICOKOYAacTOTHOTO MHAyKIuMoHHoro (BUM) paspspa sBisercs
YHUBEpCAJIbHBIM MHCTPYMEHTOM IO HCCJIEIOBAaHUIO TPOIECCOB 3PO3UU U
MomubuKkanuu moBepxHocTH [l1]. B cucremax, riae OH WHCIONB3yeTcs,
BO3MOXHO THOKOE pEryJUpOBaHWE 3HAUYCHHWH OCHOBHBIX MapaMeTpOB
IUTa3Mbl, TaKUX KakK OJJIEKTPOHHAs TeMIepaTrypa, le, W DJIEKTPOHHAsS
IUIOTHOCTB, Ne. DTO TO3BOJSIET MOJOWPATh HEOOXOAMMBIC YCIOBHS IS
BO3JICHCTBUS IUIa3Mbl HA MOBEPXHOCTH: YHPOUHEHUS! MPUIOBEPXHOCTHOIO
CJI0S, YBEIWYECHHS NIEPOXOBATOCTH M CO3JaHUS OCOOBIX CTPYKTYp Ha
MOBEPXHOCTH [2].
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bnaropaps mmpokoMy nuana3zoHy pabo4MX napameTpoB U CIocOOHOCTH
MOJAEP’KUBATh pa3psil IpU BBICOKUX AaBIeHUAX Pg > 10 Ila, BUM-pa3psn
paccMaTpuBaeTcs B KadeCcTBe HMHCTPYMEHTa II0  HCCIEIOBAHUIO
IIPUITOBEPXHOCTHBIX MPOLECCOB MPH BO3ACHCTBUH JA3€PHOTO MU3ITy4EHUS B
JINOC u3mepenusax. BUM-pa3psn, co3naBaeMblil B yCIOBUAX NMOBBIIIEHHOTO
JIaBJICHUsI, TIO3BOJIAET 3HAYUTEIbHO YBEJIWYUTh BpeMS JKU3HHU IIIa3MbI
HCKPOBOTO pa3psiila M CBEYEHHS BO30YXKICHHBIX YACTHI[ MaTepHaa,
CO3/1aBaeMbIX B IIPOLIECCcax Ja3epHOH absIum.

B nanHO# paboTe aHanu3upyercs U3MEHEHHWE YPOBHS MHTCHCHBHOCTH
CIIEKTPAIBHBIX JIMHUH IpUMeECH Bogopoaa cepun bamemepa (n' =2 un = 3,
4, 5) mpu W3MEHEHHWH NPOIEHTHOTO COZEp)KaHUS NMPHUMECH BOIOpOJa B
TeNTMEeBO/aproHOBOM  TMa3Me HWHAYKOHOHHOTO BU-paspsma B HOBOH
koMmakTHO# ycranoBke “MiInICP”. Yacrora reHepupyeMoro H3imydeHus
13,56 MI'u. OOHOBpPEMEHHO C PETUCTpAaUUEN ONTHUYECKOTO HU3IYyUYEHUS
wiasmMbl  (puc. 1) TPOM3BOAWINCH 30HIOBBIE H3MEPEHHS I1apaMETpPOB
ILTa3MBI.

IIpoBeneHa olleHKa YYBCTBUTEIBHOCTH CIIEKTPOCKONUYECKOIO METOAa
JIETeKTUPOBaHMs MPUMECH BOAOPOJAA B BUIAMMOM JHara3oHe AJIHH BOJH B
mjia3me BUU-pazpsna. [Ipennoxensl CHOCOOBI MIOBBIIICHUS
YYBCTBUTEIHHOCTH M3MEPEHUH MAaHHBIM METOIOM C IeNbI0 IPOBEACHUS
U3MEPEHUN METOJOM JAa3€pHOM 3MHCCUOHHOM CIIEKTPOCKOIMM B ILIa3Me
BYU pazpsina.

7x10° T T T T T T T T T T T
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Wavelength [nm]

Puc. 1. [laHHbIE CIEKTPOCKOMMYECKMX U3MEPEHUH B BUIMMOM JUANa30He JUTMH
BoJH Jutst ciy4ast H/He cmecu razos.
Crucox iumepamypol
1.  Hyo-Chang Lee. Review of inductively coupled plasmas: Nano-applications and
bistable hysteresis physics // Applied Physics Reviews 5, 011108 (2018);

2. Kharkov M.M et al. Effects of Ar ion irradiation in an ICP discharge on the titanium
surface topology // Applied Surface Science, 2020, 527, 146902;
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OIITUMAJIBHBIE ITAPAMETPBI JIEKTPOHHO-
HUKJIOTPOHHOI'O PE3OHAHCA B CBY HCTOYHHUKE
HNOHOB

PaccmoTpena kuHermueckas Mozenbp CBY  paspsma ¢ 3IEKTPOHHO-
LUKJIOTPOHHBIM PE30HAHCOM, YUUThIBaromas 3Bostonuo OP snexkrponos. Ilokaszano
CYIIECTBOBAaHUE KPUTHUECKUX 3HAYEHUH SIEKTPUYECKOTO M MAarHUTHOTO IoJeH,
MIPEBBINICHNE KOTOPEIX IPHBOJIUT K PE3KOMY «yOeraHuio» 31eKTpoHoB. OObsicHeHa
JKCIIEpHMEHTAIbHO HaONofaeMasl 3aBUCHMOCTh IUIOTHOCTH HOHHOro Toka CBY
HCTOYHUKA OT PACHPE/AEIECHHs MarHUTHOTO IO,

D.S. STEPANOQV, E.Y. SHKOLNIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

OPTIMAL PARAMETERS OF THE ELECTRONIC-
CYCLOTRON RESONANCE IN THE MICROWAVE ION
SOURCE

A kinetic model of a microwave discharge with the electron-cyclotron resonance
is considered, taking into account the evolution of the DF of electrons. The existence
of critical values of the electric and magnetic fields, the excess of which leads to a
sharp "runaway" of electrons, is shown. Experimentally observed dependence of the
microwave source ion current density on the distribution of the magnetic field
explained.

Uctounnkn wmoHoB Ha 0aze CBUY paspsma B pexuMe 3JIEKTPOHHO-
LUKIOTPOHHOTO PE30HAHCA AaKTUBHO MCCIEAYIOTCS Ha NPOTSHKEHUU
MOCTICTHUX JEeCATWICTHH. B 3TOW CBS3WM MPENCTaBIIIOT WHTEpPEC padoTHI,
MIOCBAIICHHBIE aHaMN3y mporeccoB B CBY mia3me u ux BIUSHUIO Ha paboTy
HMOHHBIX MCTOYHHUKOB. PaHee, aBTopamu [1] Obuia co3gaHa mporpamMma st
MOJEIUPOBAHUS KUHETUKU Ta3opaspsiHON  IIa3Mbl, YUYWTHIBAIOLIAS
sBommorio OP >nexkTpoHOB. B HacTosme pabote naHHAs mporpaMMa Obuia
npumeHeHa k CBY paspsgy B pexume OIIP HOHHOTO HCTOYHHKA
MOPTaTUBHOTO HEUTPOHHOTO TeHepaTopa [2] ¢ Ledbl0  BBISBICHUSA
ONTHMANIBHBIX ycnoBuid oOpa3oBannst CBY mia3Mel.

Juuamuka mornomenuss CBY  osHeprum Tuia3Mod — ompenernsieTcs
BennuuHoli Eo?y (Eo — HAaNpSXEHHOCTh BJIEKTPMYECKOrO IIONS, ) —
KOX(QQUIHUEHT pe3oHaHCHOro ycwieHus [1]). AHamuM3 pe3ylIbTaToB
MOJIEIUPOBAHKs pa3psfa IIPH Pa3IMYHBIX 3HauYeHHAX Eo?y mokasain, dTo
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JaHHAs BeNMYMHA JOJDKHA HaxoauTcs B aumamazone ot 10° mo 10M B2/mM?
(ontumansHO — B okpectHOCTH 4-10%° B?/M?). TIpu MeHBIIMX 3HAYEHHSX
HarpeB JJIEKTPOHOB HE3HAYMTENIEH, @ IPU OOJBIIEM — OHH PE3KO TIEPEXOMAT
B PEXKUM «yOeranus». BaxHO 3aMETHTB, Y4TO TIPH aHAJIOTHYHBIX pacyeTax, HO
UCHoJb3yrolMXx MakcBemnoBckylo P  3IeKTpOHOB BepXHsis TpaHMIA
YKa3aHHOTO IMATa30Ha He HOCUT PE3KOT0 XapakTepa U MPEBBIIIAET 3HAUCHHE
10 B%m% B pabore [2] mOpeacTaBieHO HCCIEIOBAHHME BJIUAHUS
pacnipesienienuii MarauTHOTrO nosist B CBY MCTOYHMKE MOHOB Ha MIOTHOCTD
u3BIIEKaeMoro Toka. Ha puc. 1 moka3aHbl OTBEYAIOIIME KaXKIOMY 3HAYEHHIO
Toka (pacrpeeleHUI0 MATHUTHOTO HOJIs1) pacipe/e/ieHus BeauduHbl Eo?p.
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Puc. 1. Pacnipenenenue senmuunnbl Eo?y 171 MOHHOTO MCTOUHMKA U3 [2].

Haunbonpimye mNIOTHOCTH TOKa JOCTUTAIOTCS MJIS  paclpeesieHuH
MarHUTHOTO TOJISl, HaXOJMMIMXCS OMM3KO K ONTHMAaIbHOMY 3HAUEHUIO B
4-10'° B?/m?, nmpudem 3To BepHO /I Beeil JUIMHBI pe3oHaropa. OOparHas
KapTMHA HMMEET MECTO [UIsl paclpeieNeHuil MarHuTHoro mnois, rae JL[P
BBITIONTHSETCS BHYTPH MUCTOYHUKA, B pPe3yJibTaTe 4ero Ha 25% ero IauHb
BeauuMHa Eo?y BHIXOJUT 3a mpeiensl pabodero JMana3oHa, a 3HAYUT
MOSIBIISTIOTCS «yOeTaromirey JIeKTPOHBI M HOHHBIA TOK CIaaeT.

HccrenoBanre BHIIONHEHO Mpu (uHaHCOBOW moanepxkke PODOU B
pamkax HayuHoro rnpoekta Ne 19-32-90033.
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HNCCIIEAOBAHUE MATHUTHOI'O IIOJIA IVIASMEHHOI'O
IIOTOKA B UMITYJIbCHOM IUVIABMEHHOM YCKOPUTEJIE

B ato0ii paboTe mpencTaBlIeHBI pe3yIbTaThl ANArHOCTHKA UMITYJILCHOU IIIIa3MBI C
MTOMOIIBIO BEICOKOYACTOTHOTO MarHUTHOTO 30HAA. MarHUTHBIN 30HM MPEICTaBIAET
o000l M3MEPHUTEITFHYIO KAaTYIIKy, COCTOSIIYIO U3 7 BUTKOB. [lmamerp katymku 2,3
MM, AHAYKTUBHOCTH paBeH 0,113 ul H, BpeMeHHOe pa3pelieHie COCTaBisieT 2,3 He.

A.B. TAZHEN, M.K. DOSBOLAYEV, T.S. RAMAZANOV
Institute of Experimental and Theoretical Physics, KazNU, Almaty, Kazakhstan

STUDY OF THE MAGNETIC FIELD OF A PLASMA FLOW
IN A PULSED PLASMA ACCELERATOR

This work presents the results of pulsed plasma diagnostics using a high-
frequency magnetic probe. The magnetic probe is measuring coil, which has a 7 turn.
The coil diameter is 2,3 mm, coil inductance is 0,113 xH and a temporal resolution
time is 2,3 ns.

KoakcuanpHble IIa3MEHHBIE YCKOPHUTEIH HCIIOJB3YIOTCSI B KauecTBE
PEaKTUBHBIX JIBUTATENCH, B KAUECTBE YCTAHOBOK JIsl 00pabOTKU MaTeprasioB
Pa3JIMYHOTO pOJia, B TEPMOSIEPHON 3HEPIreTHKE ISl SKCIEPUMEHTAIbHOTO
MO/JIETIMPOBAHMS BIMSHUS PAIUAIIIOHHON U TEIUIOBOI HAarpy3Ku Ha NEpBYIO
creaky TSOP, obpamennsix k miaasme [1-4]. OnHUM U3 BaXKHBIX CBOWCTB
IUTa3Mbl SIBISIETCS. COOCTBEHHOE MAarHMTHOE IIOJIe, CO37]aBaeMO€ ITyYKOM
3apspKeHHBIX YacTHI. CaMbIMU PacpOCTPaHEHHBIMU METOJaMU M3MEPEHUS
MarHUTHOTO TIOJIS B IUIa3Me SABJISIIOTCS CIEKTPOCKONUS M Jla3epHas
nuarHoctuka. OZHAKO 3TH METOABI TOCTaTOYHO CIOKHBI B peanu3anuu. B
9TOi paboTe HamMM OBUI HCIIONBb30BAH MArHUTHBIH 30HA, C BPEMEHHBIM
paspererueM 2,3 He, paccuutaHuyo 1o 7 = L/Rg, rae L — MHIyKTUBHOCTD
3ouza (0,113 pl'H), Ry — CONPOTHBICHNHE KOAKCHAIIBHOTO KaOeJIs.

30HA moMeraics BHYTPH BaKyyMHOH KaMephl Ha PAacCTOSHHH 6 CM OT
CHCTEMBI 3JIEKTPONOB M mojkimovancs kK ocuwniorpagy LeCroy 354A,
500MI 'y uepe3 unrTerparop. [ u3sMepeHus CKOpOCTH IIa3MEHHOT0 OTOKa
HCTIONB30BAJIHCh 1BA MarHUTHBIX 30H/a C OJWHAKOBBIMH TapaMmerpaMu. B
ATOM CJIy4ae BTOPOH 30H]] pacnojiarajicsi Ha paccTosHUM 17,5 cM OT miepBoro
30HAa. CKOpOCTh MIa3MEHHOIO MOTOKA HAaXOAWUTCS M3MEPEHUEM Pa3HUILIBI
Bpemenu (At) ocumiorpaMm OT IBYX 30H/IOB.
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DKCHEepUMEHTHI TIPOBOJIMIINCH ITPU PAa3IMYHBIX BEIWYMHAX HANpPSDKCHUH
Ha KOHJICHCATOPHBIX Oarapesx M JaBJCHUH ra3a B BaKyyMHOW Kamepe.
Taxum 06pa3om, NOTydCHHBIE PE3yIbTaThl IOKa3aHbl Ha PUCYHKaxX | 1 2.
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Puc. 1. 3aBHCUMOCTE BETHYMHELI COOCTBEHHOI'O MATHUTHOI'O ITOJIS
TIJIa3MEHHOI'O IMMOTOKA OT HAIPS)KCHUA Ha KOHACHCATOPAX U JaBJICHUA
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Puc. 2. 3aBucumocThb CKOPOCTH INTa3MEHHOT'O TOTOKA OT HAIPS?KCHUA
Ha KOHJCHCATOpax U JaBJICHUS I'a3a
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OKCHJIUPOBAHUE U HABOJOPOXKNBAHUE IUPKOHUS
IPU SJIEKTPOHHOM U TVIASMEHHOM OBJIYYEHUU B
PA3JIMYHBIX YCJIOBUAX

B pabGore wm3ywaroTcs OCOOEHHOCTH OKCHIVPOBAaHUS W HaBOIOPOXKHMBAHUS
LUPKOHUS TPH OOJMyYeHHWH OJJIEKTPOHAMH M IUIa3MOH B Pa3iIMYHBIX YCIIOBHUSX.
INoka3zaHo, 4To MoA AeicTBHEM OOIyUESHHUs TPOUCXOJUT YCKOPEHNE OKCHINPOBAHHS
W 3aXBaTa BOJOPOJa B HUPKOHMH. MaKkcuManbHbIe CKOPOCTH 000HX MPOLECCOB MPU
COXpPaHCHMH HX XapaKkTepa KaK B aBTOKIABHBIX HCIBITAHUSX IOCTUTAIOTCS IIPH
IUIA3MEHHOM aHOAMPOBAHWH, YTO OOYCIIABIMBACT €rO BHIOOp B KauecTBE METOJA
YCKOPEHHOTO TECTHPOBAHUS CIIIaBOB ZI.

G.P. TIMKOVKSIY, A.E. EVSIN, |.LE. KONDRATIEV,
S.S. DOVGANYUK, I.D. ZHDANOV, L.B. BEGRAMBEKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
OXIDATION AND HYDROGENATION OF ZIRCONIUM
UNDER ELECTRON AND PLASMA IRRADIATION IN
VARIOUS CONDITIONS

The features of oxidation and hydrogenation of zirconium is studied under
electron and plasma irradiation in various conditions. It is shown that under
irradiation, the oxide growth and the hydrogen trapping in zirconium is accelerated.
The maximum rates of both processes, while maintaining their character as in
autoclave tests, are achieved with plasma anodizing, which determines its choice as
an accelerated test of Zr alloys.

JopeakTopHble KOPpPO3UOHHBIE HCHBITAHUS LIMPKOHUEBBIX CIUIABOB,
3aKITIOYAONIHECsS B BBIICPKKE 00pa3oB B BOJHBIX aBTOKJIABaX, 3aHHUMAIOT
TBICAYHM YACOB, YTO CYIIECTBEHHO 3aTSATUBAET MPOIECC YCOBEPIICHCTBOBAHUS
HBIHCIIHUX W CO3JaHMsS HOBBIX CIDIaBOB. PaHee OBUIO IOKa3aHO, 4YTO
CKOPOCTh POCTa OKCHAHOTO CJOS Ha LMPKOHUHM MOXKHO YBEJIUYMTh, €CIIH
00ydaTh €ro B IIa3Me, cojepKaiieil KUCIopoI Wik Tapsl Boabl. BMmecte ¢
T€M, ONTHMAaJbHBIM peXuM oOmydeHus, obecrneunBarommii OBICTpOE
OKCUIMPOBAHUE U HABOJOPOKUBAHUE IUPKOHUS IPU COXPAHEHUH XapaKTepa
MPOTEKAaHUsl 3TUX MPOLECCOB KaK B aBTOKJIABHBIX MCHBITAHUSX, IOKa HE
onpeneneH. llenpto gaHHOW paboOTBl OBUIO HW3YYHTh OCOOEHHOCTH
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OKCHAMPOBAHMS W  HAaBOJOPOXMBAaHHMS LUPKOHMS MpH  OOJIydYeHHH
9JIEKTPOHAMH M TIa3MOH B PA3IMYHBIX YCIOBUSIX.

IlepBas cepust 0Opa3moB (cermeHTOoB TpyOKH cruaBa D110 pasmepom
=7x8x1 mm®) obayuanack saexrponamu (E = 400 5B, i = 0.4 MA) B ra3oBoi
cpene Ar + 20%0; (P = 107 Topp). Bropas cepus o61ydanach B mia3Me TOro
K€ COCTaBa IpH IJIaBaIOIIEM ITOTEHIMAle, a TpeThs — ekTpoHamu (E = 20
9B, i = 4 MA) Ia3Mel P aHOJHOM MOTeHUHUane. [l cpaBHEHHS 4acTh
0o0pa3LoB BbIIEpKUBAIIACh B TOH jke Ta30BOM cpene 0e3 oOyueHws.
OKCIepUMEHTHI IPOBOIIIINCH P Temrieparype oopasios 380 °C B TeueHne
60-600 muH. KOppo3moHHBIH IpHBEC BBIYHUCILUICS IO Pa3HOCTH MAacc
oOpasua 1o u nociie skcrepumenTa. KoaudecTBo Bomoposaa B oOpasnax u
XapakTep ero yAepXKaHHUs ONpeNesUIUCh METOJIOM TEePMOJECOPOLMOHHOIM
cnextpomerpun (THAC).

B pesynpTaTe SKCHEPUMEHTOB OBLIO YCTAHOBJICHO, 4YTO KHHETHUKA
OKCHJIMPOBaHMA IIMPKOHMS B Ta30BOW cpeie M B IUIa3Me SBISIETCS
napa6osuueckoii (Am~t?), kak 1 pu aBTOKIABHBIX UCTILITAHUSAX. [Ipu 5TOM
CKOPOCTH POCTa OKCHAHOTO CJIOS MPH IIIa3MEHHOM OOJIydeHUH BO3pacTacT B
10 pa3 (mpu mnnaBaromiem mnoreHimane) u B 30 pa3 (mpu aHOAHOM
MOTEHIMaje), [0 CPaBHEHHMIO C BbIIEpKKoW B rase. llpum obOmydeHuun
IUPKOHUS D3JEKTPOHAMH B Ta30BOM CpeAe 3aKOH M CKOPOCTh pocTa
OKCHIHOTO CJIOSl BHaYaJle TaKHe K€, Kak IIPH BBIIEPXKKE B ra3e, OJHAKO IO
JIOCTH’)KEHWH TpuUBeca = 5 MI/IM? TIPOMCXOJMT pE3KOE YCKOPEHHE
OKCHJIMPOBAHMSA M0 IMHEIHOMY 3aKOHY.

CornacHo pesynbraram TJIC-aHanu3za, 3JEKTPOHHOE M IUIa3MEHHOE
oOiydeHne BbI3BIBACT 3axXBaT BOJOPO/A B LUPKOHWH, MO-BHIMMOMY, U3
MOJIEKYJI BOJIBI, SIBJISIOIINXCSI OCHOBHBIM KOMIIOHEHTOM OCTaTOYHOTO Tasa
ycraHoBku. HauGonbinee koiudecTBo  Bojopoaa (=1.3x10%°  cm®)
3axBaThIBaeTCs B 00pasel] NpHu 0OIydIeHUH 3JIEKTPOHAMH IIIa3MBbl.

Anamu3 T/IC-criekTpoB BoOpoia TOKa3aj, 9To WX (GopMa 3aBUCHT OT
CKOPOCTH  OKCHJIMPOBaHHMS  IUPKOHUsS. IIpm  HU3KOH  CKOPOCTH
OKCHJIMPOBAaHMSA, JAEMOHCTPUPYEMON NpH BbIIEpKKe 00pasioB B Tase,
3EKTPOHHOM OOIy9IEeHHH B Ta3e U IIa3MEHHOM O0JTyUeHHH MIPH IJIABAIOIIEM
notenuuane, B THAC-cnektpe, momumo ocHoBHOro nuka npu 1300 K,
HOSIBIIIETCS HU3KOTEMIEpaTypHas 4acTh B auanazoHe 1000-1200 K. ITpu
OBICTPOM OKCHIWPOBAHWUH LUPKOHUS, IOCTHTAaeMOM IIpH OOIydeHUH
anekTpoHaMu masMmel, B TJIC-crekTpe MNpHCYTCTBYET €IUHCTBEHHBIN
MaKCUMyM, KOTOpBIH B mpouecce pocra okcuaa casuraercs ¢ 1300 K B
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BBICOKOTEMIIEpaTypHyt0 001acTh. AHanornuHast sBoironus TC-cnekTpoB
Ha0J01anack Npyu aBTOKJIABHBIX UCIBITAHUSIX.

Takum o0pa3oM, Nmpu OOIYYEHHH SJICKTPOHAMHM IUIA3Mbl JOCTHIAIOTCS
MaKCHMAJIbHBIE CKOPOCTH OKCHANPOBAHUS M HaBOAOPOKUBAHUS LUPKOHHMS,
a XapaxkTep IPOTEKaHHsS ITHX IPOLECCOB AaHAJIOTHYCH AaBTOKJIABHBIM
UCTIBITAaHHUSAM. B CBSI3W € 9THM IJIa3MEHHOE aHOJMPOBAHME ITPECTABIISCTCS
Hambolee  MOOXOASAIINM  CHOCOOOM  YCKOPEHHOTO  TECTHPOBaHUS
IIUPKOHUEBBIX CIJIABOB.
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MN3YYEHUE PABHOBECHBIX KOH(I)I/II'YPAII[/lﬁ BILIASME
TOKAMAKA MU®UCT-0

Bbuto mpow3BeseHO MOJECIUPOBAHUE PABHOBECHBIX KOH(HTIYpAIMAd IIa3MbI
TokaMaka MU®DUCT-0 ¢ oOHOBJIEHHOW MOJIOMJAILHON MArHUTHOW CHUCTEMOi, B
YacTHOCTH, C YYETOM «TpaHC(GOPMATOPHOI» ee uacTh, OTBeyaroled 3a
YpaBHOBEIIMBAaHUE MAarHUTHOTO TOJII OT IIEHTPaJbHOrO cojeHounaa. bwun
MPOBEICHBI KaJIMOPOBOYHBIE AKCIIEPUMEHTHI 0€3 ydera BaKyyMHOH KaMmephl C
HCTIOJIb30BaHUEM MMITYJIbCHOTO MCTOYHMKA TOKA, HAa OCHOBAaHUHM pE3yJbTaToOB
KOTOPBIX chopMyIMpoBaHa AWHAMUYECKas 3a/ada pacyueTa IUIa3MEHHOTO
paBHOBecus. [IpoBeneHO cpaBHEHHE pe3yJIbTaTOB MOJICIUPOBAHUS C JIaHHBIMU
9KCTIIEPUMEHTOB U PACCMOTPEHO BIMSHUE KaMephl Ha MOTyYaeMbIe PE3yJIbTaThL.

D. L. ULASEVICH, R. R. KHAYRUTDINOV, V. E. LUKASH
A.S. PRISHVITSYN, N. E. EFIMOV, A. I. ALIYEVA, S. A.

KRAT

MEPHI National Nuclear Research University, Moscow, Russia
Kurchatov Institute, Moscow, Russia
STUDY OF EQUILIBRIUM CONFIGURATIONS IN
PLASMA OF MEPHIST-0 TOKAMAK

The equilibrium configurations of the MIFIST-0 tokamak plasma were simulated
with an updated polyoidal magnetic system, in particular, considering the
“transformer™ part of it, responsible for balancing the magnetic field from the central
solenoid. Calibration experiments were conducted without considering the vacuum
chamber using a pulsed current source, based on which the dynamic task of calculating
plasma equilibrium was formulated. The results of the simulation with the experiment
data were compared and the camera's effect on the results was examined.

AHamM3 paBHOBECHBIX IUTa3MEHHBIX KOH(UTypaluidi B TOKaMake
MTO3BOJISICT OMPEICTUTh HEOOXOUMEIC IS UX (OPMHUPOBAHHS ITapaMeTpPhI
WCTOYHUKOB THUTAaHMWS TIOJIOWJAIbHOM MarHUTHOM CHCTeMBl. Permas
JUHAMHUYECKYIO 3aJady, MOXXHO paccMaTpHUBaTh HBOJIOLHUIO TIJIa3Mbl B
TEYEHUE BCEro CIEHApUsi pa3psiia ¢ MEPCIEeKTHUBOW CO3[aHHsl aKTUBHOM
CHUCTEMBI YHPABJICHUA IIOJOXCHUEM INUIA3MCHHOTO IIIHYpA. Ha }IaHHBIﬁ
MOMEHT PEeIaHCh 3a1a9i (POPMHUPOBAHNS CTAIMOHAPHON M TMHAMHYIECKON
IUTA3MEHHBIX MOJENIeH, a Takke HX KaauOpoBKa IO pe3ysbTaTaM
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9KCTIEPUMEHTAIILHBIM JaHHBIM. J{JIsl perIeHus TaHHBIX 33124 UCIIOIb30BaJICS
Bepu(UIIMPOBaHHBIH Ha AeiicTBytomMX ycTaHoBkax koq DINA [1].

PaBHOBecHBIE TUIa3MeHHBIE KoH(urypamun Tokamaka MUOUCT-0
PaCCUUTHIBAINCH UII MOMEHTa mpoOos mpu Toke mrasmel [ PL=10 xA.
PacueTsl TOKa3bIBAIOT, YTO HEOOXOAWMas CHJIa TOKAa B IOJOMIATIBHBIX
KaTyIIKaxX IpU WX I0CJIeI0BATEIbHOM COSIMHEHHH HE MpeBbImaeT 1.5 KA.
Taroke pacueT TOKas3pIBaeT HANW4YWe “‘HyIsA  MarHUTHOTO TIONA B
LEHTPaIbHON 00JIaCTH BaKyyMHOTO 0o0ObeMa ToKaMmaka. JlaHHBIE pacdeTs
nosy4eHs! mpu nomoinu moayist DINA-SVD [2].

B nensx xanmmOpoBku Monenu Oblia cOpMyIHpOBaHa JAMHAMHYECKAs
3aja4a (OPMUPOBAHMS MATHUTHBIX CHJIOBBIX JHMHHUH 0€3 IUIasMbel |
MIPOBEJICHO CPAaBHEHHE UHCICHHBIX pPE3YJIBTATOB C HKCIEPUMEHTAIBHO
NoJy4eHHBIMH  naHHbIMU.  McnomezoBamace  SIMULINK — mopens,
IIpUMeHsieMas I pelleHus] aHaIOTHYHbIX 3a7a4y Ha Tokamake T-15 [3]. B
9KCTIEPUMEHTAaX HCIIOJIBb30BAJICS HMITYJIbCHBIH HCTOYHHMK TOKa, Oarapest
KOHJICHCATOPOB, AATYNKHU XO0JIJIa ISl OTIPEAEIICHNS] MAarHUTHOTO TIOJIS Ha OCH
u nosic Poroeckoro jist omnpeneneHusl ToOKa B MOJOUJAIBHBIX KaTyIIKax.
Hanee Obuta co3maHa MOAETh OOBEKTa, BKJIIOYAIOIIAS yKa3aHHBIC BBIIIC
3JIEMEHTHI YCTAaHOBKH, a TAK)KE BAKYYMHYIO KaMepy.

B nenax kanuOpoBKU MPOBOAMIACH M0J[a4a TOKA Ha KaXK/IYI0 U3 KaTyleK
M0 OTHENBHOCTH W IMOCIEAYIOIee CpPaBHEHHE NaHHBIX C pe3yJibTaTaMu
MojenupoBaHus. Jlamee Obuta  cMomenMpoBaHa — KOH(UTypamusi C
TIOJIKJIIOYEHHEM BCEX KaTyIIeK M MHAYKTOpa, BHIOpaHHAs ISl peai3aiiu
IJIa3MEHHBIX PABHOBECUMHl Ha ToKamake. PemeHue 3azauum ¢ ydyeToM
HCTOYHMKOB NHTaHHsS OOMOTOK TII0Ka3ajdl BO3MOXHOCTb HCIIOJIb30BAHUS
paccMaTpuBaeMON IMOJIONAANBHON CHUCTEMBI JJISl HOyYeHHs! PaBHOBECHBIX
IUIA3MEHHBIX KOH(QHIYpaluid ¢ 3aJaHHBIMH Mapamerpamu. Takxke ObUIO
MOKa3aHo, 4TO A00aBJIeHHE BaKyyMHOH KaMepbl BHOCHUT B BHJl MMIIyJIbCa

TOJIBKO BPEMCHHY1O IMOIPABKY, YTO TAKIKEC NOATBEPIKACHO IKCIICPUMCHTOM.
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AHAJIU3 IIVIASMbI MATHETPOHHOI'O PA3PSJIA
IPU OCAYJIEHUAM IVIEHOK MoS;

Paccmotpensl cpenneyactoTHpie 1 DC pesxiMbl MarHeTPOHHOTO OCAXKACHUS
TIOKPBITHH U3 crieueHHoH MunieHn MoS2. [IpoBenena Macc-CIEKTPOMETPHST HOHHOTO
TIIOTOKA U 30HAOBAas TUArHOCTUKA IUIa3Mbl, U3MEPCHBI CKOPOCTU U TOJIIIUHBI IIJIEHOK
B 3aBUCHMOCTH OT pEXKUMa OCAKIACHHUA U INOTCHIKAJIa CMECIICHUS.

M.M. KHARKOV?, G.I. RYKUNOV?, AV. KAZIEVY,

M.S. KUKUSHKINA?, M.V. PROZHEGA?, E.O. RESCHIKOV?,
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INational Research Nuclear University MEPhI
2Blagonravov Institute of Machine Science
3 Bauman Moscow State Technical University
MAGNETRON DISCHARGE PLASMA
CHARACTERIZATION IN THE PROCESS OF MoS;
DEPOSITION

Mid-frequency and direct current modes of magnetron sputtering from a sintered
MoS: target have been investigated. Mass-spectrometry study of ion flux and probe
diagnostics of plasma have been carried out. Deposition rate and coating thickness
have been measured for different operation modes and bias voltage values.

[MokpeiTHst M3 aUCydbGuaa MOJIHOJIEHA NPUMEHSIOTCS B KayeCTBe
TBEPIOW CMa3ku Ui pabOThl B BakyymMe M Cyxod cpeme. Takxke Takoe
TIOKPBITUE HUCHOJIB3YCTCA Jid NOPEAOTBpAlICHUA CIEKaHUA L[eTaneﬁ,
HCTIBITHIBAIOMINX OOJIBIINE TEPMHUYCCKHE HATPY3KH, HATIPHUMEP, KPETIEIKHBIX
JeTajel 3JIEMEHTOB MEepBOil CTEHKM TOKaMakoB [1]. Anre3mBHbBIE CBOWCTBA
MOKPBITHH, B IEPBYIO O4YEPE/lb, ONPEIEIAIOTCS MMOATOTOBKOM MOBEPXHOCTH U
PEKUMOM OCaXKIECHHUS.

B paboTte n3yyanace rmra3mMa MarHeTpOHHOTO pa3psija, paboTaromero Kak
B CpeaHeyacTOoTHOM pexume mpu yactore f = 1-100 k'L, Tak u B pexume
mocrostuaoro Toka (DC), ¢ momuocThio Py = 10-20 Br mpu maBieHuun
paboduero rasza aproHa par = 0,5Tla. Konmenrpamms u TtemmepaTypa
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JJIEKTPOHOB MU3MEPSUIHCH 30HAOBBIM MeTooM. COCTaB MOHHOTO MOTOKA M3
TUIa3MBbI Ha TIO/JI0KKY U3MEPSUICS CIIEIMAIN3POBaHHBIM MacC-aHaIn3aTOpPOM
[2]. IlpoBemeHO HECKONBKO TPOOHBIX OCaXAEHWH MOKpeITHI MOS; B
gactoTHOM 1 DC pexnMax mpu mopade HampsOKCHUS CMEIICHUS Pa3HOM
nosispHocTd. Hammyumeit aaresueil o0nafaloT MOKPBITHS, OCAXICHHBIC B
pexume DC. 3arem, B Xoiae W3MEpPEHUH TONIIMHBI TOKPBITHHA OBLIO
00Hapy’XeHO, YTO Toaya MOJIOKUTEIHHOTO HanpspkeHus cMmenienus (+100
B) npuBOAMT K YBENMYEHUIO CKOpPOCTH pocra IutleHKH Ha ~ 30%
OTHOCHTENIFHO  CKOPOCTH  OC@KJAEHHS TIpH  Mojade  HeOOJIBLIOTO
otpunarensHoro cmemenus (—20 B).

ITpoBeneHsl TPHOOJIOTMUECKHE WCIIBITAHUS IOKPBITHH IUCYIb(HIA
MonubaeHa, ocaxaeHHbIX Ha ctayb AISI316L. McnbiTanus Nporu3BOAUINCH
B BakyyMe, Iipu Temrneparype 250°C, HHAEHTOPOM C pafuycoM 3 MM.

10 MKM

Puc. 1. UcxonHas crpykrypa noBepxHoctu AlSI316L (ciesa),
CTpyKTypa nokpeitusi M0S; (cripaBa).

Cnucox aumepamypul
1. V. Thompson, R. Eaton, R. Raffray, K. Egorov, Properties of low friction anti-seize
coatings for fusion applications // Fusion Engineering and Design 146 (2019) 345-348
2. D.V. Kolodko D.V., D.G. Ageychenkov, A.V. Kaziev, K.A. Leonova, M.M. Kharkov,
A.V. Tumarkin, Diagnostics of ion fluxes in low-temperature laboratory and industrial plasmas
/I Journal of Instrumentation 14 (2019) P10005
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HU3YYEHME BJIMSHUA YIBTPA®UOJIETOBOI'O
W3JTYYEHUS HA COJEPKAHUE U IECOPBIIUIO JEVUTEPUSI
U3 COOCAKIEHHBIX JINTUEBLIX CJIOEB

PaccmoTtpero  BimsHHMe — oONydeHHWs — yIbTpaHOJICTOBEIM — H3ITydYCHHEM
COOCXKIEHHBIX JINTHEBBIX CIIOEB HAa COAEP)KaHUE M JeCOpOIMIO NeiTepHs U3 HUX.
VYCTaHOBIEHO, 4YTO BO3ACHCTBHE YIbTpadHoieTa MONABIACT JACCOPOLHIO IpH
BBICOKHMX TeMIleparypax, olierdaer [ecopOLMI0 IPH HHM3KHX TEMIepaTypax.
PaccmoTpens!l  3¢QekTs, KOTOpblE MOTYT Jiedb B OCHOBY CO3JaHUS METOAWK
OIpeNie/IeHNs] MECT HAKOIUIGHHs THMAPUJAA JIUTHA B TOKaMaKaX C JIMTHUEBBIMU
CTEHKaMH, a TakKe YAAICHUS TSHKENBIX M30TOMNOB BOAOPOJAA M3 CTEHOK yCTAaHOBOK
IIPH IOCTATOYHO HU3KHUX TEMIIEpaTypax.

A K. HOMIAKOV, S.A. KRAT, A.S. PRISHVITSYN, E.A.

FEFELOVA, Y.M. GASPARYAN, A A. PISAREV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

THE INFLUENCE OF ULTRAVIOLET RADIATION ON THE
CONTENT AND DESORPTION OF DEUTERIUM FROM CO-
DEPOSITED LITHIUM FILMS

The influence of ultraviolet irradiation of co-deposited lithium layers on the
content and desorption of deuterium from them is considered. It was found that
exposure to ultraviolet radiation suppresses desorption at high temperatures,
facilitates desorption at low temperatures. The effects are considered which can form
the basis for the creation of methods for determining the places of accumulation of
lithium hydride in tokamaks with lithium walls, as well as for removing heavy
hydrogen isotopes from the walls of installations at sufficiently low temperatures.

Hepeocamz[eHI/Ie TpUTUA C paCHbUICHHBIM IUIa3MOM MaTepruaIoOM CTCHKH
SABJIIACTCA OJHHMM M3 OCHOBHBIX cr1oco00B HAKOIUIEHUS PaAnOaKTUBHOTO
M30TOIla BOAOPOJa TPUTHA B TCPMOSAACPHLIX YCTAHOBKAX. B TOKaMaKax, B
KOTOPBIX IIIAHUPYETCA HMCIIOJIB30BAHUE JKUAKOIO0 JIMTUA B KAa4YC€CTBE
Martepuajia CTCHKH, np06neMa HAKOIUVICHUA M30TOIIOB BOJAOpPOJAa HMECT
0COOEHHO Ba)KHOE 3HAYEHUE BBUAY TOI'o, 4TO 06pa30BaHI/IC B IIpouecce
HAKOTIJICHHS TBEPAOH THAPUAHOI (ha3bl MOXKET IIPUBECTH K BBIXOY U3 CTPOS
OTACJIIbHBIX qacTen YCTaAaHOBKH, paCCYUTAHHBIX Ha IOCTOAHHOEC TCUYCHUEC
JIATHUA.
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CoocaxJeHHble TUTUI-AeiiTepueBble CIOU ¢ TONIUHON okono 500HM
ObuT moNydeHbl Ha ycraHoBke MP-2 [1] mocpencTBoM paclblICHUS
JKUAKOTO JINTUEBOrO KaToxa JeHTepueBOdl IUIa3MOM MarHETPOHHOI'O
paspsima. ConeprkaHue NEHTEpHs B MONYyYCHHBIX TaKUM OOpa3oM IIEHKax
HU3MEpPSIIOCh MeToAoM TepMmozecopbunonHoil crnexkrpockonuu (THAC), uto
MIPOBOAMIIOCH Cpa3y IOCIe IPollecca COOCAXKACHHs, 0e3 BhIBOJA CJIOS HA
atMocdepy. B mpomecce TIC anammza Temrmeparypa IDICHKH JOCTHTaja
1300 K. ITomumo noTOKA JIecOpOLUH NPH MPOBEICHUHN aHAU3a U3MepsUIach
CKOPOCTb HCIAPEHUs CaMOTr'0 COOCAKICHHOTO CJIOS IPU MOMOIIHN KBapIIEBhIX
MHKPOBECOB.

OnmHOIl W3 HWHTEPECHBIX OCOOCHHOCTEH THApHIA JHTHUS SBISETCS
H3MEHEHHE IIBeTa KPHUCTAUIOB IJIM IOBEPXHOCTH TIIOJ BO3JCHCTBHEM
yIbTPa(UOIETOBOTO HM3NIYUYEHHUS, B MPOLIECCE HYEro IMPOHCXOAUT BBIXO
BOJIOpPOZA N3 MaTteprana. Ha ocHOBaHMM JaHHOTO CBOMCTBA THAPHIA JIUTHS
nu  OBUIO  TOCTPOCHO  TPEIUIOKCHHWE  PAacCMOTPETh  oOiydeHHe
yIbTPaUOJICTOBBIM HM3IYYCHHEM KaK CHOCO0 OOJerdeHus yaalieHus
TSXKEIBIX H30TONOB BOAOPOJA U3 TEPEOCAKACHHBIX M3 IUIA3Mbl JINTHMH-
JCHTEPHEBBIX CIIOEB NIPH CPABHUTEIHHO HEOONIBIINX TEMIIEpaTypax.

IMon  Bo3gmeiicTBUEM  ynbTPaUOJIETOBOTO  HM3JIyYEHUS]  CKOPOCTh
JecopOIun JIelTepust U3 COOCAKAEHHOTO JIMTUEBOTO CIIOSI CYIIECTBEHHO
yBEJIMUMBANach IpPU TeMIepaType HauMHas OT TEeMIIEepaTyphl IUIABICHUS
JUTUSL TI0 CPAaBHEHMIO CO CIJIOSMH, HE TIIOJIBEPTraBIIMMCS BO3ACHCTBHUIO
yiabrpaduosnera. B TJC cnektpe nelTtepus Iuisi cCiosl, MOJABEPIIIETOCs
BO3JICHCTBUIO yJIbTPApUOIETOBOTO M3IIyYEeHUS B Te€YeHHE 15 MHUHYT, HE
HaOII0ATIOCh MHUKOB JIECOPOLMM € TEMIEPaTypoH BBIIE TEMIIEPATYPhI
OCHOBHOTO THKa Aecopbmmu ~ 700 K.

[TokazaHo, YTO pacCCMOTPEHHBIIH MeTO]| TTI03BOJISIET 3D (HEKTHBHO yAAISATH
I, KaK MHUHUMYM, CYLIECTBEHHO YCKOPHTH IPOIIECC BBIXOAA TKEIBIX
N30TOIOB BOJOPO/A M3 COOCAXKICHHBIX M3 IUIa3Mbl JINTHEBBIX CIIOEB IPH
CPaBHHUTENILHO HU3KHX TeMIeparypax 0e3 HEOOXOIMMOCTH BCKPBITHS

IJIa3MEHHBIX YCTAaHOBOK Ha aTMocdepy.
Crucox iumepamypol

1. Krat S.A. et al. A setup for study of co-deposited films // J. Instrum. 2020. Vol.
15, Ne 01. P. PO1011-P01011.

2. Krat S.A. et al. Deuterium release from lithium—deuterium films, deposited in
the magnetron discharge // Vacuum. 2014. Vol. 105. P. 111-114.

3. Krat S. et al. Isotope exchange in Li-D co-deposited layers at temperatures
below 200 °C // J. Nucl. Mater. 2020. P. 152064.
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K BOITPOCY MEXAHU3MOB F-T SMUCCHHU SJIEKTPOHOB B
KATOJHOM IIAATHE BAKYYMHOMU YT

VcmoBus peanuszanun aBTO3J'IeKTpOHHOI71 OMHUCCHU Ha I'OPsTUCM KaToaC

V.N ARUSTAMOV, KH.B. ASHUROV, |.KH. KHUDOYKULOV.

Institute of ion-plasma and laser technologies, Uzbek Academy of Sciences,
Tashkent, Uzbekistan

TO THE QUESTION OF F-T MECHANISMS OF
ELECTRON EMISSIONS IN THE CATHODE SPOT OF A
VACUUM ARC

Hot-cathode field emission conditions.

B xarommprx maTHax (KII) BakyyMHBIX Iyr TPOUCXOAAT OCHOBHBIC
MIPOIIECCh, 00ECTIEYNBAOIINE MPAKTHYCCKH HEOTPAHUICHHYIO MOITHOCTH
paspsiia TpU OTHOCHTENBHO HHU3KUX (IECATKHA BOJIBT) HANPSDKCHUSAX Ha
snektposax [1]. B HUX peanusyeTcs BbIcOKas IIOTHOCTH Toka (j=108A cu?),
HPOUCXOUT UHTeHCHBHOE ucnapenue (10 G = 10*r em?c), renepupyercs
motHas (nj = 10%1+10? c¢m®) ninaszMa, BOSHHMKAIOT CBEPXTEILIOBLIE HOTOKH
IUTa3MBbl, 3aMOJHSIONNE MEXKIIEKTPOIHOE MPOCTPAHCTBO CO CKOPOCTHIO =
108 cm ¢’l, mpuueM B cocTae MiIasMbl IPUCYTCTBYFOT MHOTO3aPSAHbIE HOHBI
(1o Z = 5+6), oTHOCUTEJIbHAS JI0JISl KOTOPBIX 3aBUCHT OT TEIIO(MHU3NUECKHX
CBOMCTB KaToza

Pazpabotka kpurepues F-T tumna smuccun snexrponos B KII BakyymHo#M
IYTH, BBIICHEHHE POJIM TaKHUX MapaMeTpoB, KaK TEIUIOTa UCHAPEHHS aToMa
KaToJla, aTOMHOTO Beca, padOTHI BRIXOA 3JICKTPOHA U OTpE/ICTICHAE YCIOBHIA
peamm3anyu F-T TUma SMUCCHU 3JIEKTPOHOB MOCBSIIEHA HACTOSIIAs padoTa.

Kak n3BecTHO, TNIOTHOCTH TOKa F —T sMucCHU 3IEKTPOHOB OIIPEeASTSETCS
ypaBHenuem @aynepa-Hopareiima u Puuapacona — Jlemimana ogHa u3
3anuceil KOTOPOro UMEET BU] :

_ 1,551075E2 B 6,85107¢°/26(y)

o = 250 * how?) @
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e(p—aE%
ji = AT?e™ kT
I'ne E. -  HampsKEHHOCTb  JJEKTpHYeckoro  moms,  A-
TEPMODIIEKTPUIECKAs IOCTOSIHHAAB B-cm™l; ¢ — paboTa BBIXO/Ia SIEKTPOHA, 6
9B; tly) = 1 u 0(y) — dyuxumu, tabynuposanusie Hopareiimom, tae y =
3,62:1074,/E,
—
3aBucumoctu lgj, = f(E;) A pasnuyHBIX KATO/OB, OTIMYAOIINXCS
paboToii BRIXOJa SJEKTpOHA, NpuBeAeHH Ha puc.l (xkpussle 1+4). Kax
cienyer u3 puc.l, kpusble 1+4 HMEIOT O4YeHb KPYTOi HAaKJIOH, 0COOCHHO IS
KaTOMOB C MAallbIMH 3HAa4YCHHAMH ¢. BMecTe ¢ Tem, ISl peanu3aniu
IWIOTHOCTH Toka F  osmuccuu  j, > 10° A cm™?TpefyeTcs  cHibHOE
snekrpuyeckoe none (E, > 107 Bcm™1).

T, o {Aan) 3 A

(JAT

o
-

E{10'B am’ T T T T T T T T 1
o 1 2 3 4 H B 7 8 9

Ha puc.la xpuBbie 5+7 orpaxeHsl 3aBucumoct lgj; = f(E.) s
Pa3IMYHBIX KaTOAOB, OTIMYAIOIIMXCA AaTOMHBIM BECOM IIpH CpeIHEM
3HaueHuu - Uc = 15 B. Kak BHIHO, HAKJIOHBI KPUBBIX 1+4 M KpUBBIX 5+7
pe3ko ommuatores.16. Ha rpaduke Hmke moka3zaHo HM3MEHeHHE paboTa
BBIXOJa MpH NoBbIlIeHUH Temneparypsl. [Ipu remneparype 1000K, 2000K,
3000K nHaGmromaercs ompeselieHHOE HETWHEWHOe W3MEHEHUE IUIOTHOCTHU
TOKa,B YCJIOBHX MOCTOSHCTBA 3JIEKTPOUECKOTO TI0JISL B KaToAHOM TisitHe (107
B/ cm)

Takum 00pa3oM B yCIOBHSAX aBTO3JEKTPOHHOW 3MHCCHHM B KaTOJHOM
IITHE BAKyyMHOT'O IyTOBOTO pa3psijia C y4eTOM TEPMO3MHUCCH IEKTPOHOB B
“ropstuem” karoge (2273K), peanuzanuu pa3psiioM BO3MOXKHO B METaJUIaX €
paboToii Berxona 1o 2 3B u ¢ T2 g0 T3 mo 2,5 3B [1].

Cnucox Jaumepamypbsl
1 AKpI/ITCpPﬂ\/'I MEXaHU3MOB SMHCCHH- F amMuccun OJICKTPOHOB B KaTOJHOM IISITHE BaKyyMHOﬁ AYyTH.

X.b. Amypos, B.H. Apycramos, P.b. HaraiibexoB, X.X. Kansipos, N.X Xynaiikynos
Y®NK, V3bekucran, Tamkenr. cc 180 —191. 2012 r
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HWOHM3ATIMOHHBIE ITPOIECCHI B KATOJHOM IITHE
BAKYYMHOU AYT'HU

I/IOHI/I33.L[I/I${ B 33p${£[0B0171 CUCTEME KaTOJHOTI'O IIATHA BaKyyMHOﬁ ayre

V.N ARUSTAMOV, KH.B. ASHUROQOV, I.KH. KHUDOYKULOV.
Institute of ion-plasma and laser technologies, Uzbek Academy of Sciences,
Tashkent, Uzbekistan

IONIZATION PROCESSES IN THE CATHODE FRIDAY OF

THE VACUUM ARC
lonization in the charge system of a cathode spot in a vacuum arc

Hanmuune B 1ua3Me JyroBoro paspsga HOHOB, JIBHXKYIIHMXCS
MIPEeUMYIIECTBEHHO OT KaToja K aHOAy, IpU MaJeHUH HANpsDKeHUS Ha
nyrooM paspsae 10-30B, u sneprum noHo 30-1503B [1,2]. sBasercs
uHTepecHBIM  ¢m3udeckuM 3¢p¢exrom. IlpoBeneHHoe uccienOBaHNE
HaIPaBJICHO Ha ONPEAEICHUE POJIM B 3TOM HOHHBIX cKorieHui [3].ITpumem,
yro KII BakyymHO!l 1yrn, OEcKOHEYHO NPOTSHKEHHOE, NapajuIebHO
MIOBEPXHOCTH IUIOCKOTO Karoja. B obnacTd, rie KOHLEHTpPAIMs HOHOB
CYWIECTBEHHO TIPEBBINIAET KOHLEHTPALMIO 3JIEKTPOHOB, MpPH CHIBHOM
3MEeKTpUUYECKOM IoJie [2], HeHTpanbl HOHU3UPYIOTCS SMUTHPOBAHHBIMHU C
KaToJia M YCKOPEHHBIMH 3TUM I0JIEM 3JIEKTPOHAMH B Pe3yJIbTaTe BOSHUKAET
M30BITOYHBIN MOJIOKUTENBHBIN HOHHBIH 3apsaa. B 3ToM ciyuae 3aBHCHMOCTB
MEXJy TOTEHIMAJIOM W KOHIIEHTpAaIMed 3apsaa 3amaeTcs ypaBHEHHEM
ITyaccona (1).

o%u
?: _i! (1)

JUTSL HANIPSDKEHHOCTH SJIEKTPUYECKOTO 0TI, KOTOPOe ObLIA MOJIyYeHO Ha

ocHoBe GopMyJibl MakkoyHa, HCXOJHOTO B ypaBHeHue [Tyaccona.

B2 = 358 (o fim; — oo T = 22 [(1 = 5) i, — s T
)

rae p = (Ni-Ne), - IIOTHOCTH 3apsA/a, &9 — DIIEKTPHUYECKAs IOCTOSHHAS. N
1 Ne- KOHIIEHTPAINK HOHOB U 3JIEKTPOHOB COOTBETCTBEHHO. Y paBHeHue (1)
OpH  W3BECTHOW 3aBUCHMMOCTH p (Z) — Z pemiaercsi MPOCTHIM
HHTETPUPOBAHUEM.
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B npocTpaHCTBEHHOM 3apsifie, PacloJIOKEHHOM MEXIy KaToIoM C
BBICOKOW  3JIEKTPOIIPOBOJHOCTBIO W  CTPYEH, XOpOUIO MPOBOASILEH
KBa3WHEWUTPAJILHOH IUIa3MBl, €CTh INIOCKOCTh, B KOTOpOH moteHnuan U=U,x
- MaKCHMaJleH, HalpsKeHHOCTb moist £Eo=0, a cyMMapHbIe 3apsibl,
HaxoJIHecss M0 00e CTOPOHBI OT ATOW IJIOCKOCTH PaBHBI JIPYr JPYTY.
[To3TOoMy 06IaCTh IPOCTPAHCTBEHHOTO 3apsiaa yA00HO pa30UTh Ha TPU 30HH.
IlepBas 30Ha Si HauMHAeTCS Ha IMOBEPXHOCTH KaToAa, BTOpas 30Ha S
BKITFOYAaeT B ce0sl 9acTh OOJIACTH IOJIOKHUTEIHHOTO MPOCTPAHCTBEHHOTO
3apsijia, HO C YMEHBIIAIOMKMCS MOTEHIMAIOM. B TpeTbio 30HY S3 BXOAWT
00J1aCTh C MPOCTPAHCTBEHHOTO 3apsi/ia ¢ YMEHBIIAIOMINMCS OTPHIIATEIEHBIM
MMOTEHIMAJIOM, 3aBepIIAromasicss B OONAacTH €ro 3HA4YCHHS paBHOTO
MOTEHIMATY KaTOAHOTO MageHus Uy,

Ue, 3B
| i10H
Zxn
Z, Z
MKM
2M1EKMPOH
Z

Pucynok 1. - I3MeHeHne NoTeHIManbHOM SHEPrHU B KATOAHOM IITHE BaKyyMHOMU yTH Ha
Pa3IMYHBIX PACCTOSIHUAX OT KaTOfa: SJIEKTPOHOB H HOHOB; Zy— MAKCUMYM HOTEeHIHANA. Zpep—
TOYKa neperuda NoTeHuana, Zq— KOOpAuHaTa KaToAHOTO MaJIeHUs MOTeHIHaNa, Zo_ TOUKa
YCIIOBHOTO TOPMOXKEHHUS 3JIEKTPOHOB.

ITpOBEIEHHO YTO B TIEPBOii 30HE S1 HOHBI YCKOPAIOTCA K KaToy, a BO
BTOpOit S2 u Tperbeil Sz k aHOAy, HE BCTpeuasl MOTEHIUAIBHBIX 0apbepoB
MOKHJAIOT PAacCMaTpUBAaeMyl0 00J1acTh. DJIEKTPOHBI K€ TONAJAl0T B
HOTEHIHAIBHYIO JOBYIIKY. CHCTEMa 3apsI0B IPHOOPETAET SHEPTHUIO 38 CUET
YCKOPEHHS SMHTUPOBAHHBIX JJIEKTPOHOB HoTeHnuanoM KII u 3aTpaumBaer
€e Ha YCKOpEHHE MOHOB M pa3orpeB JIEKTPOHHOro rasa. IloTepum Ha
U3TydeHHE U PACCESHHE MOHOB IPH STOM COCTABISAIOT TOJNBKO HEOOIBIIYIO
JOJI0 OT 3THX IOTEphb. IIPU IUIOTHOCTH BIEKTPOHHOro Toka 10° A/cm?.
BepoATHOCT, HMOHM3ALMH aTOMOB ONM3KA K EOWHHIE BIUIOTH 1O
koHnenrpamuii  7,5-10° cm?® u HaumHaer mazaTe nNpH  GONBIIMX
KOHIIEHTpalMsAX. B pe3yJbTare nepesapsjky HOHOB Ha paccTosiHuu ~5-107 -
10 cm oT kaTozma cosmaeTcs cloi MOHOB, (GopMHpyIOWUiA Mo g0 5-107
B/cwm.

285
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1.MecsuI'. A., baperromns C. A. MexaHH3MBbI FeHepaIii aHOMAIIbHBIX HOHOB BaKyyMHOI! TyTi
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chlorides. J. Synch. Investig. 7, 1104-1109 (2013).
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3MUTPEHKO?, I1.A. KYUYYT'OB?
LQusuueckuii uncmumym um. I1.H. Jlebeoesa PAH, Mocksa, P®
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HCCJIEJJOBAHUE OCOBEHHOCTEM NOTJIOIIEHAS A
HNEPEHOCA JIASEPHOI'O U3JIYUYEHH S B MAJIOIIVIOTHOM
IHOPUCTOM BELIECTBE

IIpencraBnensl  pe3yiabTaThl  YUCIEHHOTO  MOJEIUPOBAaHHUS  IPOLIECCOB
MOTJIOUIEHUST W TepeHoca JIa3epPHOTO M3IY4YEeHHS B MaJIOIJIOTHOM MOPUCTOM
BeriecTBe. MccenoBanbl 0COOCHHOCTH PacpOCTPaHEHUS THAPOTEIUIOBOI BOJHEI B
clTydae MOPUCTOTO BEIIECTBA C IJIOTHOCTBIO, MCHBIICH M OONBIICH KPUTHUCCKOM
IUIOTHOCTH IUTa3Mbl, IPOBEACHO CpaBHEHHE C SKcrepuMeHTamu. [lomydeHHBIE
pe3ysbTaThl HANPaBJICHbI HA TIOUCK MUIICHEH JIa3epHOT0 TEPMOSIEPHOTO CHHTE3A.

R.A. YAKHIN?, S.Y. GUS’KOV?, N.N. DEMCHENKO?, N.V.

ZMITRENKO?, P.A. KUCHUGOV?
Lebedev Physical Institute of the Russian Academy of Sciences, Russia
2Keldysh Institute of Applied Mathematics of the Russian Academy of Sciences,
Russia

INVESTIGATION OF THE FEATURES OF LASER
RADIATION ABSORPTION AND TRANSPORT IN A LOW-
DENSITY POROUS MATTER

The results of numerical simulation of the processes of transfer and absorption of
laser radiation in a low-density porous matter are presented. The features of the
hydrothermal wave propagation in the case of a porous matter with a density lower
and higher than the critical plasma density are investigated, and a comparison with
experiments is made. The results are addressed to the development of design of
laser thermonuclear target.

VYHuBepcaJlbHBIM METOJOM YBEJIMUYEHHUSl JaBJICHUS YIApHON BOJIHBI
SIBIISIETCSI €€ IePEXOJ1 B BELIECTBO ¢ O0JbIIeH MIIOTHOCTHIO. [IpuMeHuTeIsHO
K MHCIOJIB30BAHUIO JIA3€pHOTO BO3LCHCTBHS B CaMOM IIPOCTOM CXeMe
OKCIICPUMEHTA METOJ OCHOBBLIBACTCA Ha HCIOJIb30BAHWUHW MHUIICHU B BUJC
CIO€B BELIECTB PA3HOW IUIOTHOCTH, B KOTOPOH TIeHepauus NEepBUYHOU
YIapHOW BOJIHBI ~MPOUCXOTUT 3a CUET abJsAIMU BEUIECTBA C MEHBIIEH
IUIOTHOCTHIO. B kKadecTBe MaloINIOTHOTO a0iiaTopa TaKoH MHIIEHH MOXHO
NIPEACTaBUTh cebe ra3 C IUIOTHOCTBIO, IPEBBIMIAIONIEH KPUTHYECKYIO
IUIOTHOCTh OOpasylomieiicss IiIasMbl, COOTBETCTBYIOILYIO JJIMHE BOJHBI
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BO3JICHCTBYIOIIETO Jia3epHOro u3nydeHus. OIHAKO 3TO COMPSIKEHO CO
3HAYUTENbHBIM YCIOXKHEHHEM TEXHUYECKOW pealiu3aluu dKcrepuMenTa. B
3TOM CJIy4ae MHUIICHb IOJDKHA TOMEIAThCs JIMOO B Ta30HAMOIHCHHYHO
KaMepy C BBOJHBIMU JIHarHOCTUYECKHMM OKHAMU K OKHOM JUIsl BBOJA
JIA3CPHOTO  My4yKa, JHOO KOHCTPYKIHMSA CaMOil MHIICHH JIOJKHA
MIpeayCcMaTpUBaTh CTEHKH OKPY)KAIOIINE «Ta30BbIi» ablATOp U TOXKE OKHO
JUIS  BBOJA JIa3€pHOTO IIydka. boylee TOAXOASMIIMM — MaTepUaioM
MaJIOTIFIOTHOTO a0JIATOpa SBJISIETCS TOPUCTOES BEMIECTBO JETKIUX XUMHIECKUX
37eMeHTOB. PH3HMKa B3aUMOJCHCTBUS MOITHOTO Ja3e€PHOTO HM3IYICHHUS C
TTOPHUCTBHIM BEIIECTBOM aKTUBHO MCCIIEAYETCS B HACTOSIEE BPEMS B CBSI3HU C
HHTEpeCOM K  (yHIAMEHTAIBHBIM  SIBJICHUSAM  J1a3ep-TIa3MEHHOTO
B3aUMO/ICHCTBUS, UMEIOITNM BaKHOE 3HAUCHHE JIJIS Psiia MPUKIAIHBIX 3a/1a4
U B MEpPBYK oOuepenb Al HMHEPIHUAILHOTO TEPMOSJIEPHOTO CHUHTE3a.
Iopuctoe BeecTBO 001a1a6T HAOOPOM BaXKHBIX JOCTOMHCTB, OTHOCSIIIUXCS
K TOTJIONICHUIO Ja3¢pHOT0 H3IYYCHHUS U 00pa30BaHUIO aOJSIMOHHOIO
napneHust. OMHO U3 HUX COCTOMT B BBICOKOW 3(PPEKTHUBHOCTH MOTIIOIICHUS
M3ITyYEHUs] TEPABaTTHOTO JIa3epHOTO UMIyJbca. Kpome Toro, moriomieHue
JIA3ePHOTO HM3JIYYCHHS B BEIIECTBE CO CBEPXKPUTHUCCKOW IUIOTHOCTHIO
SIBIISICTCS.  TIPEANOCHIIKON 00pa3oBaHUs aOJAIIMOHHOTO JaBJicHHS Oolee
BBICOKOTO, YeM IIpH BO3JCHCTBUHU Ja3epHOI0 HMITyJbca Ha TBEpIOE
BEIIECTBO, KOTJa M3Jy4YeHUE MMEET BO3MOKHOCTh ITOTJIOIIATHCS TOJBKO B
oOpasyromieiics ma3Me TOKPUTHIECKOH TUIOTHOCTH.

B pmanHHOW paboTe B paMKax MOJCPHH3AIH  OJHOMEPHOTO
THUAPOJIMHAMHUYECKOTO JIarpamkeBa koja Jluana [1] B mporpaMMy BKITFOUEH
OJIOK B3aWMOJICHCTBUS JIA3€PHOTO H3IYYCHHS C MOPHCTHIM BEIIECCTBOM.
PacuérHplil anropuT™M COCTOMT B TOM, YTO Ul Ka)JIOH CUETHOM sUEeHKH
paccuuThiBaeTCs  (YHKIHS «TOMOTCHH3AIUI» SYCHKH, KOTOpas C BOIO
ouepes onpeneseT KOdPQGHUIMEHT MOTIONICHHS JTa3ePHOr0 M3IyUYCHHS B
sueiike.  IIpoBeneHHbIE  pacueTbl IO  MOJEIMPOBAaHUIO  IIEpEHOCA
MOTJIOIIEHHOM Ja3epHOM SHEPTHH B TTOPUCTOM BEILIECTBE
MPOJIEMOHCTPUPOBAIM ~ XOpOIIee  corylacie ¢ OMyOJMKOBaHHBIMU
pe3yibTaTaMu 3KCIIEPUMEHTOB MO0 U3MEPEHUI0 CKOPOCTH PACIIPOCTPAHEHHUS
YAapHOH BOJIHEI B JIa3epHOH I1a3Me MOPUCTOTO BEMIECTBA.

Cnucox numepamypbl

1. H. B. 3mutpenko, B. . Kapnos, A. Il. ®anees u ap., BAHT, cep. Metoauku u
HPOTrpaMMBbI YUCIICHHOTO PEIICHNS 3a1a4 MaTeMaTHdeckoil ¢pusuku 2, 34(1983).
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H.I1. COBEHMH

Hayuornanvuwviii uccnedosamenvckuil soepuviti yrugepcumem MUDU, Mockea,
Poccus

K 100-IETHIO CO JTHSI POJKIEHUS TIPO®ECCOPA,
JOKTOPA TEXHUYECKHX HAYK, JIAYPEATA
FOCYIAPCTBEHHOI IPEMIH CCCP, 3ACJTYKEHHOT'O
JEATEJISI HAYKHA CCCP
OJIETA AHATOJILEBIYA BAJILIHEPA

O.A.Banbauep

Sl HauHy BOCIIOMHHAHHS O CBOEM yduTene Mo pabote u xu3Hu Onera
AmnaronbeBnua BanpaHepe ¢ mepee3na kadenpsl 3NEKTPOPHU3NYECKUX
ycTaHOBOK M3 momermenuii MOW na ymmune KpacHokasapmenrnoit 14 B
3/1aHK€ MIKOJIBHOTO THIA Ha yiuie YcueBuda (okoso metpo Cokomn). Beran
BONPOC O Ha3Ha4eHWH JiekTopa mo Kypcy CBY u3 umcna coTpyaHHMKOB
Kagenpbl 1 O CO3JJaHWU COOTBETCTBYIOIIEH yueOHOW nmaboparopun. Panee
3TOT Kypc gutan npodeccop m3 MOU Urope Bceeomomoruu Jlebenes,
KOTOPOT'O s CYMTAI0 JIyYIIMX JIEKTOPOM B MOEH JKH3HH. OTy padoTy
3aBeayronuii kadeapoit npodeccop I'.A. TaryHos nopyuwmi acmpanty O.A.
BanbnHepy, KOTOpBII K 5TOMY BpEMEHH 3aBeplliajl HaUCaHUE KaHIUIaTCKON
muccepraiui. Beibop 3aBeayromero kadeapoit okazaics mpaBUiIbHbIM. Oner
AHATOIIBEBUY YK€ B 3TO BPEMs MOJIH30BAJICS ABTOPUTETOM CPEAH MOJIOIBIX
cotpynHuKOB Kadenpsr. O.A. Bansarep cpa3y MOHAI, 94TO Ui Pa3BUTHA Ha
kadenape TPEATOKEHHOTO WM HAYYHOTO HANpAaBICHHUS IO CO3IAaHHIO
JUHEWHBIX 3JIEKTPOHHBIX YCKOPHUTENEeH HEOOXOIUM MOTHOIEHHBIH Kype IO
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TEXHHKE CBEPXBBICOKMX 4YacTOT C 0O0s3aTeNbHBIM  J1a0OpaTOPHBIM
IpakTUKyMOM. [Io3TOMy ero 3Ha4YHMTeNbHbIE YCUIINS OBbIIM HAlpaBJICHBl Ha
co3nanue JlaboparopHoro npaktukyma mno TtexHuke CBY. TpynHoctw,
HECOMHEHHO, OBUTH CBSI3aHBI IPEXE BCETO C MaTepHUAIbHBIM 00eCTIeYeHUEM,
¢ nmproOpeTeHreM NMPUOOPOB U HIEMEHTOB BOJHOBOJHOM TEXHUKH. DTO Ke
00opyaoBaHHEe HEOOXOAUMO OBLIO U JUIS Pa3BUTHS HAYIHBIX HCCIICIOBAHUM
no yckoputenabHoil Temaruke. [lepseie BU reHepatopsl, acToTOMEpsl U
W3MEpUTENbHBIE JWHUHM JAenand caMd. OTHaKO TOYHOCTh IIPOBEACHUS
W3MEPEeHHH C WX TMOMOIIBI0 OCTaBIsUIA Kenarh Jyumiero. [IpopeB ObuT
cnenan Onaronmaps ymenuio O.A. Banpaaepa yOexmars tonel, B JTaHHOM
Cly4ae BOSHHBIX YUHOBHHUKOB, O HEOOXOAMMOCTH TIepeaadll HETUKBUIHOTO
CBY o6opynoBaHue U3 OJHOTO B TO BPEMs MHOTOYHMCICHHBIX “MOYTOBBIX
SIUKOB” 7151 yueOHoro mporecca. Kadenpa monyyiia MOUCTUHE HAPCKUN
MOJJapOK, KOTOPBIH MBI NPHUBE3NH HAa JBYX TIPY30BBIX MammHax. Cpenu
o0opyznoBaHUsl OBLIM HECKOJIBKO PE30HAHCHBIX YacCTOTOMEPOB CpPEAHEH
TOYHOCTH, 3X0-PE30HATOp, KIMCTPOHHbIE TI'E€HEpaTOphl, BOJIHOBOJAHBIE U
KOaKCHaJIbHbIE U3MEepUTEIbHbIC JTUHUH, U3MEPUTEIN MOIIHOCTH, alalTephl,
HATPY3KH U IpYTHE 3JIEMEHTH KOaKCHAIBHOTO ¥ BOJIHOBOIHOTO TPakToB. Ha
OCHOBE 3TOr0 OOraTrcTBa, HapsAy C OCHAIICHWEM HAay4YHOU jabopaTopww,
HaJyaJloch CO3JaHue TepBOd ydeOHOW maboparopuu mo TexHuke CBY.
JlabopaTopus pa3Memanacek B MHAPOKOM KOPHIOPE Ha TPETHEM dTaKe 3JaHUS
Ha YcueBnya. Meomorom u HEMOCPEACTBEHHBIM HcmomHUTEIeM ObuT O.A.
Banpnnep. EMy momoranu u 6ojee MOJObIE COTPYIHUKH U3 €ro HaydHOI
koMmaH[bl. [lepBbIii cOOpHUK omucaHus jgabopaTopHeIXx paboT (“TexHumka
CBUY, naboparopHslit npakTukyM”, AToMn3aat, 230 cTp.) OblI TOATOTOBIICH
O.A. Bangsruepom, O.C. MunosanossiM, H.IT. CobennnbiM 1 u3ad B 1974
rogy. B cOopauxe comepxutcst 19 paboT, KOTOpble OXBATHIBAJIM BCE
OCHOBHBIE pa3fensl Kypca. Ilucamn stor Tpyn Ha kBaptupe y O.A.
Banpnuepa. Cobupanmcs pa3 B Hefielo poBHO B 9 yTpa (Oxer AHATOIbeBHY
JFOOHI TOYHOCTE BO BeeM). OOCy KIau HalTMCaHHBIe YePHOBBIC MaTepHAIIbI
U BHOCWIM KOPPEKTHBEL. B mporecce TBopUeckoil pabOTHI HEpeIKo
00Cy>KIamy TeKyIIre MOMEHTHI M3 XU3HHU KadeIpsl W HACYIIHBIC HAyYHBIC
Bonpockl. Tak mpomomxanmock no obema. O6em roroBmia mama Onera
AmnaronbeBuva, Haranpss HukomaeBHa  (BBIIYCKHHWIIA — MAHCHOHATa
Onaropomubix Aeur] B CMmonpHOM). Kak mpaBuiio, oben Obll OOMIBHBIN U
OYEeHb BKYCHBIH u B JjanbHelimem Mbl ¢ Omerom CepreeBuueM C
YAOBOJIBCTBHEM CIYIIATH HETTIOBTOPSIONINECS  OYCHb HHTEPECHBIE HCTOPHUN
13 KU3HU U ombiTa Onera AHATONBEBUYA, 0COOEHHO BOSHHOTO BPEMEHHU
Ilocne cmeptm B 1963 1. 3aBemyromero kadenpoit I'eoprus
AnexcanapoBuda TaryHoBa 3aBenmyiromiero kadempoir cram  Oner
AmnatonbeBnd .Banpaaep. Oner AHATONBEBUY ITOJIE30BAJICS HEMPEPEKACMBIM
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aBTOPUTETOM CpPEIM MOJIOJBIX COTPYIHHKOB Kadenpbl. MBI ICHWIH €ro
OOJIBIIION KM3HCHHBIA OIBIT, BBICOKHHA WHTCIUICKT, OpPraHU3aTOPCKUEC
CIOCOOHOCTH, YMCHHE IIOCTaBUTh 3aladyy W TNpeAyrajath pe3yJbTaT
HCCIIEeIOBAaHUM, €ro YeCTHOCTh M UCKITIOYUTENLHBIN ONTUMU3M, BEPY B yCIEeX
BCEX HAUMHAHMUIA.

Komnexrus kadenpst B 1960 r.

Ipu pykoBoactee O.A.Bansauepom kadezpa crana gydiiei kadeapoi B
WHCTUTYTE 1O MacmTady W BaXHOCTH IPOBOAMMBIX  Hay4YHBIX
HCCJIEIOBAaHUH, [0 TIOCTaHOBKE Yy4yeOHOro mpolecca C HNEepeOBBIMU
y4eOHBIME Ta00paTOPHIMHU.

O.A. BanbaHep, MyZIpblil XO3SHCTBEHHUK W MPO30PJIUBBIM YUEHBIH,
BCEMEPHO TMOACPKUBAN TaNaHTIMBHIX moaei. O.A. Banpaaep u xkadenpy
BEICTPOWJI KAaK EIWHBIA OpraHu3M, OOBCAWHEHHBIH OOIIel HaydHOI
TEMaTHKOH, — YCKOPUTEIH 3apsDKCHHBIX YacTHIl. Kakaprit Mor Haiitu cebe
neno 1o cepaiy. CTyZeHTOB U MOJIOJIBIX nHkeHepoB O.A. BanpaHep omnexan
0co00, crapajics ¢ MJIAABIX HOTTE€H NPUBUBATh UM CAMOCTOSITEIHHOCTh U
0TBeTCTBEHHOCTE. MIMeHHO Osier AHATOJNBEBHY IOJOKHI HAYalI0 MOJIE B
MU®OU Ha cTyaeHUYECKHE KOHCTPYKTOPCKO HCCIEI0BATEIbCKHUE OIOpO
(CKUB).

Haumbonpmmii pacriper kadeapsl TPUXOAWUTCS Ha MIECTUAECATHIE H
CeMUECTHIE TObl MPOIIIOro Beka. JTo ObuI0 Bpems Haubosee OypHOro
pasBUTHS HAyKM M oOpa3oBaHusl B Hamled crpaHe. B atu roxael kadenpa
co3/1a1a Cepun JINHEHbIe YKOPUTENH dJIEKTPOHOB Y Ha »Hepruu 3 -30 M»>B
JUIL HapOJHOro Xo3siiicTBa. bbuln opraHu30BaHBl HaydHble TPYIIBI 110
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pacuery JAMHAMUKH yckopuTened (rpynma JluHyc, pyKOBOAUTEND
A.B.IlTanbHOB), MO CO3/ITAaHUIO U HACTPOMKE YCKOPSIOMIMX CTPYKTYP U y3JI0B
BBICOKOUACTOTHOTO  TpakTa (maboparopus CBY, PYKOBOJUTEINH
H.I1.CoGeHuH), MO0 CHCTEME BBICOKOYACTOTHOTO MUTAHUS YKOPHUTEIEH Ha
0a3e UMITyJILCHBIX MarHeTpoHOB (rpymma ['eneparopsl, pykosoautens O.C.
MuoBaHoB), BakyyMHas Tpymma  (pykoBoautenb — A.A.I'maskos),
mWKekTopHas rpynmna (pykoBomutenb B.d.['acc), rpymma mMaTepuaabHOTO
obecrieueHus M CBsI3M ¢ 3aka3zunkamu (pykoBogutens E.I.I1atHOB). Jn3aiin
yckopuTenei W pa3paboTKy — paboyux  YepTerked  BBITIOJIHSIIO
KOHCTpyKTOpckoe Oropo (pykoBomutens b.A.Cokonos). Hamm nuHeHHBIC
YCKOPHUTEIH 3JEKTPOHOB OBLTM 3aIyIIeHB BO MHOTHX HAYYHBIX IIEHTpax
CCCP. B Takux ropozax, kak O6uunck, HoBocubupck, Kazans, baky,
Anma Ata, Maxaukana u B MOCKBE B MHCTUTYTE METaJLTypriuu, UHCTUTYTE
xuM ¢usuku AH CCCP, B OHKOJIOIHYECKOM IIEHTpe UM. ['epiieH u fp.

Y Onera AHaTONbeBHYAa OBUIM XOPOIIME OTHOIICHHS C PEKTOPOM
Buxropom I'puropreBnue KupmmnoBeiM VYrpiomoBeiM. I 3T0 momorano
kadeape . Tak, 3aBom KBaunT Oojice 4yeM Ha TMOJOBUHY OBUI 3aHAT
BEITIOTHEHHEM pPa0OT MO CO3MAaHHIO 3JEMEHTOB U Y3JIOB YCKOPHTEICH.
CotpyaHuku Kadeapbl Modydand rpamoTel m Menam BJIHX, ycmeniHo
3alUTHIIA ~ JOKTOpckue aucceptanmu Bampanep O.A., T'mazkoB A.A.,
MunosanoB O.C., Cobennn H.II., [llansHOB A.B. CoTpyaHukam Kadeaps
Bamsauepy O.A. u Co6enuny H.II. B kKoJieKTHBE aBTOPOB MPHUCYKITACTCS B
1979 roay 'ocynapctBennas npemust CCCP 3a uccneoBanus u pa3paboTKu
JIMHENHBIX JJIEKTPOHHBIX yckopureneil. Hawanuce wucciaenoBaHus u 1o
JIMHEHHBIM TTPOTOHHBIM YCKOPHUTEIISIM.
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IMocemenne yckopuTels Jeeraniy ¢ KOCMOHaBTOM A. JICOHOBBIM H
npencenareneM ['ocynapcTBeHHOro komurera 1o Hayke u texuuke CCCP
B.A.Kupwuna nocne nonyuerus O.A.Banbaaepom (kpaiiHuii cripaBa)
I'ocynapcreennoii npemun CCCP

B nanpneiimem JIYD cranu co3naBaTh B HAyYHO MCCIIEA0BATENbCKOM
HHCTHTYTE 3JeKTpodu3ndeckux ycranoBok uM. J[.B.Eppemora. Kadenpa
OpraHu30Balla 320YHYI0 aCIHPaHTypy Al COTPYIHHKOB 3TOrO MHCTUTYTA.
Hamm npenoaBareny, B Tom uncie 1 Hobenesckuii naypear I[1.A.UepeHKoB,
e3qunn B JlenuHrpan npunumarh 3k3ameHbl. HUMOD®DA otHocuiics k
BCECHJIFHOMY B TO BpEMS MUHHCTEPCTBY CPEIHEr0 MAaIIMHOCTPOCHHS.
Bnaromaps oTauMuHO HaJdaXeHHbIM cBs3siM  Onera AHaronseBHYa C
YHHOBHHKAMM 3TOT0 MUHHCTEpCTBA U pykoBoAcTBoM HUMNDODA MbI nmenu
MaTepHaJbHBIE BO3MOXKHOCTH BEMTH M Hay4HYyIO paboTy. B wacTHOCTH, 1O
nnuuaruse Onera AHaToJbeBUYA U P U puHaHcoBoi nomorun HUNDDA
OBUTH CO3JIaHbl HA OCHOBE IKCIIEPUMEHTOB CIIPABOYHbBIE JJAHHBIE 110 pacUeTy
BBICOKOYACTOTHBIX ~ XapaKTEPUCTHK JauaparMHUpPOBAHHOTO BOJHOBOJIOB.
OTOT CIpaBOYHMK JIBAXK]Ibl IEPEU3AABAIICS ATOMU3JATOM.

Ha yckopurensix, ycraHoBiaeHHbIX B OyHkepax PYL], kapenpa npoBoxmia
paboTHI ¢ pa3HBIMK OPraHU3ALUSIMY 110 OOJYHYEHHIO 00pa3loB U U3AEIHHI0
OTH Cpe/ICTBa TIOMOIJIM B OCHAILICHNH y4eOHbIe J1ab0paTOpUU COBPEMEHHBIM
o0opynoBaHHEM U IPUOOPaMH.

3a  Oompiryto  ydeOHYI,  WACHHO-BOCIMTATENbHYIO,  HAay4YHO-
HCCIIEIOBATENLCKYI0 M OOIIECTBEHHYIO PabOTy, 3a MOCTOSHHOE YCIEITHOE
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y4acTHe B COIMATMCTUYCCKOM COpEeBHOBaHMH Kadeape DDY mepBoil B
MUOU  mpucBoeHbl  BbicokHe  moueTHble  3BaHusi  «Kommektus
KOMMYHHUCTHYECKOTO Tpyaa» u «O0pasmoBas kadenpa». B To Bpems 310
ObLIa 3HAYMMasl Harpaja.

Kadenpe 25 ner.

Korzma MbI nommyumiin mpocTopHbIe moMereHus Ha Kanmupke B oTaesHOM
KOpIyce C HECKOJbKMMH ITOJ3€MHBIMH OyHKepaMu, Ha Kadenpe yxe
gucmmiiock Oonmee 100 corpymHumkoB. JlnmuTensHOE BpeMs S MCHOITHSII
0053aHHOCTH 3aMECTHUTENs 3aBEAyIomero Kadenpoil mo Hay4yHOH pabore.
3aB. kadenpoii O.A.BanpaHep NOSBISUICS B YCKOPUTEILHOM KOMIUIEKCE Ha
TEXCOBETHI MO cpenam yTpoM. K ero mpuxony Bce 3apaHee TIIATEIbHO
rOoTOBWINCh. Ero BBICTYIUIEHHS U PEIUIMKH 10 HAaIlUM JOKJIagaM ObLTH
OYeHb aPTYMEHTHPOBAHBI U HAIIETICHBI HA OCBOEHUE HOBBIX TOPU30HTOB.

OueHb XOpOILIME OTHOIIEHHs OBUIM CO BCEMH YCKOPHTEIbHBIMU
LIEHTPAaMHU CTpPaHbI, a TaKXke ¢ yckoputenbHbiMU HeHTpamu CLIA, ®PT', KHP
u ap. Tak, Omaromaps KOHTakTOB ¢ pykoBojucTBOM lleHTpa JIMHEHHBIX
yckopureneir B Crenpopme — SLAC (CHIA) Hamm COTpYAHUKH
H.I1.Cob6ennn, A.A.TI'nmazkoB , B.M.PamukoB wMmenn TpexMecsdHBIC
CTaXXMPOBKM B 3TOM IIeHTpe. Bo BpemeHa mepecTpoiiku 3TH 3apyOekHbIC
KOHTAaKTbl 3HAYUTEIBHO PACIIUPUILCE.
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1969 r. O.A.Banpauep u P.Hun (pykoBoxurens SLAC)

Oner AHaTOJIEEBHY OYEHB XOTEN, YTOOBI HAITM HAYYHBIE PaOOTHI MO
YCKOpHUTEISIM OBLTH pacIIMpeHbl B HHCTUTYTE . [103TOMY OH HpOCHI MEHs
COTTIACUTHCSI C TIPeIJIoKEeHHeM pekTopa Buktopa I'puropbeBnua u crath
3aBeayronM Kadeapoi 3jaeKkTpoTeXxHuku. OH COXPAaHUIT 32 MHOM OJTHH KypC
mo CBY Ha cBoeii kadempe. 3a aecars JjieT pabOThl 3aBEIYHOIIAM 3TOMN
kadeapel ObUIH CO3/aHBI JIYYIIHE B TO BpeMsi ydeOHbIC JabopaTopuu MO
KypcaM 3JIEKTPOTEXHHYECKOTO IMKJIa U pa3paboTaHbl MEpBbIC B HAaIIeH
CTpaHe JIMHEWHBIE YCKOPHUTEIW Ha CTOSYEd BOJIHE C OWIEepHOIUYeCcKOn
ycKopsitonie cTpyktypoid. 10 acnupaHTOB U couckaTelleld MOATOTOBUIN U
3allUTUIIA 110 3TOW TeMaTuKe KaHaujaTckue nucceprauuu. Cucremy BY
muTaHus momoriu paspadorate Oner CepreeBud MMIIOBaHOB € €ro
acTIMpaHTaMHU.

MHe noCYacTIMBUIOCH MHOTME TOABl PYKOBOJIWUTH METOAMYECKHM
uukiom CBY, rae npuuuiock TECHO B3aMMOIEHCTBOBATh, MPEXkKAE BCETO, C
npodeccopamu Oserom AnatonseBuueM u Oserom Cepreesuuem. Ojer
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AHaTONBEBUY OBLT HECKOJIBKO KOHCEPBATHMBEH B CBOEM IOAXOJC K
U3JI0KCHUIO MEepBOU yacTu Kypca. Mel ¢ Omerom CepreeBudyeM TIICTHO
MBITAIACH TOJBUTHYTh €r0 Ha BKIIIOYCHHE B KypC MATPUYHBIX METOJOB
pacueTa BOJHOBOJIHBIX YCTPOMCTB M MCKIIOYHTh aHTCHHYIO TEXHHUKY. Bce
CTYJICHTBI, KOTOpBIe ciymianu Jjeknuu Oinera AHaToibeBumya u Onera
CepreeBrya, BOCTOPKCHHO OT3BIBANACH O HHUX. VX JEKIMH OTIMYAIICH
MIPEBOCXOTHBIM 3HAHHEM MaTepHajia, MOCKOIbKY OHH OBLIN CIICIIHATTICTaMU
B OTOH 0O0NacTH 3HAHWH, PETYIAPHO BENH HAy4YHYI0 pabOTy Ha CaMbIX
aKTyaJbHBIX HampaBlICHWAX Haykd. Ojer AHATOJIBEBHY OUYCHBb JFOOWIT
MOPSIOK W BCErJa caM SBIBUICA NPHMEpPOM ero coOmoneHus. CTyIeHTH
JOJDKHBI OBLIH SIBIISATHCSI HA 9K3aMEHBI CTPOTO B OIIPENIEIeHHOE 10 rpaduky
BpeMsi. Ero Jexuum OTIMYANUCh YETKOCTHhIO (OPMYIHPOBOK, yYMEHHEM
MIPOCTHIMHU CIIOBAMHU OOBSICHUTH CIIOKHBIC pasjieisl. B mocneanue roast Oser
AHaTOJ'H)CBI/I‘I YBJICKCA ITPU YTCHUN HCKHI/Iﬁ MOJIHBIM TOI'Ia UCIIOJIb30BAHUEM
TEXHAYECKUX CPEACTB. 3apaHee OH 3aKa3blBAI ayIUTOPHIO, IJe ObLI
MIPOEKTOP.

B 1989 romy O.A.BampaHep ymien ¢ JOJDKHOCTH 3aBEAYIONIETO
kadenpsl o BO3pacTy, HO IPOIOIKAI aKTHBHO paboTaTh O CMEPTH 32 TPU
IHA 10 cBoero 80-JeTHsl.
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N.H. MEIIIKOB

Obveounennbvlil uncmumym s0epuvix ucciedosanui, [Jyona, Poccus

CTATYC U IUIAHBI ITPOEKTA NICA OUsIN
NICA (Nuclotron-based lon Collider fAcility) — HOBBI ycKOpHUTENBHBII
KOMIUTEKC, pa3pabaTriBaeMblii B OObeJHHEHHOM HHCTUTYTE SIACPHBIX UCCIIEIOBAaHHUH,
Jy6Ha, Poccus Ui M3ydeHHs CBOWCTB IDIOTHOHM OapuWOHHOW Marepuu. B moxikme
OyayT mpezcTaBiIeHbl Pe3yabTaThl pa3paboTKu u ctpoutenscTBa komiuiekca NICA.

I.N. MESHKOV

Joint Institute for Nuclear Research, Dubna, Russia
NICA PROJECT AT JINR: CURRNT STATUS AND PLANS
NICA (Nuclotron-based lon Collider fAcility) is a new accelerator complex
designed at the Joint Institute for Nuclear Research (Dubna, Russia) to study

properties of dense baryonic matter. Current results of NICA complex development
and construction will present in the report.

298



C.A. MEJIbBHUKOB, 1.H. MEIIIKOB

Ob6veounennviit Unemumym Hoepnwvix Hcecneoosanuii,/[{yona, Poccus

MUHUMM3BALIUS UMITEJAHCA KOJEL KOJUIAMIEPA NICA

OJHUM U3 KPUTEPUEB, ONPEEISIONUX YCTOMYUBOCTh JBIXKEHUS 3apsKEHHBIX
YacTULl BHYTPHU ITy4KOBOH Kamephl, SIBJSIETCS BeJIMYMHA ee umnenaHca. B xone
JAHHOW pabOTHl TPUBOIATCS PE3YJIbTaThl YUCICHHOW CUMYJISIUN 3HAYCHUIH
HMIIeIaHca 3JIeMeHTOB Kojen] kosaiinepa NICA ¢ menplo MUHMMH3ALUU UX
3HAYEHUH, 00eCIeYNBAIOLINX YCTONUUBOCTD My4Ka. {1 3TOT0 BHOCATCS H3MEHEHUS
B KOHCTPYKLIHIO 3JIEMEHTOB - IOTIOJIHUTENbHBIE YKPaHbl, YCTPAaHEHHE PE30HUPYIOLIIX
nojocTeld M T. 1. Ha ocHOBe CUMyINSIMK HPOBEACHBI aHATUTHYECKHE PACUEThl A
OIICHKH YCTOWYMBOCTH JUHAMMKH ITyUKa.

S.A. MELNIKOQV, I.N. MESHKOV
Joint Institute for Nuclear Research (JINR), Dubna, Russia

MINIMIZATION THE NICA COLLIDER RINGS
IMPEDANCE

One of the criteria determining the stability of the motion of charged particles
inside the beam vacuum chamber is the value of its impedances. In the course of this
work, the values of the impedance rings of the NICA collider rings elements are
numerically simulated to minimize it to the values that provides the stability of the
beam. For this purpose, changes are made to the design of the elements - additional
screens, elimination of resonant cavities, etc. Based on minimization results,
analytical calculations are carried out to assess the stability of the beam dynamics.

B3aumoneiicTBue mydka 3apsDKEHHBIX YacTULl C Iy4YKOBOW KaMepoit
YCKOPHTEJISI IPUBOIUT K BOSHUKHOBEHUIO HHIYIIHIPOBAHHBIX B Kamepe Mojen
(wake-fields) u ux ob6paTHOMY BO3IEHCTBHIO HA MyYOK, MPUBOASIIEMY K
HEYCTOWYMBOCTH JBMXXEHHS IIOCIEIHET0 B IPOJOIBHOM U MONEPEYHOM
HaTpaBJICHUIX.

B pabote mpezncraBieHBl pe3yibTaThl MO ONTUMH3AIMHM HMMIIEAaHCA
ydacTKa ITydKOBOH KaMmephl B apKax KoJblla KoJulaiiiepa, COCTOSIIEro u3
KaMmepbl OTKAuKH, MUKaM-CTaHIMU M CUIHGOHHOTO y3na. Bcero B apkax
OJTHOTO KOJIbIIAa KOJUIaliepa yCTaHaBIMBAETCs 46 TAKUX yYaCTKOB.

B obmem ciryyae reoMeTpryecKuil MPONOJIBHBIA MMIIEIaHC ITyYKOBOU
KaMepbl MOXET OBITH 3anucad B BHJIE Zy(x,y,z,0) =

ffow W, (x,v,z,t)e”tdt, tne Wy(x,y,zt) = —éfjow Fy(x,y,2t)dz. Uz

teopemsl [lanodckoro-Benmens cnemyer, WTo MONMEpEeYHBIH HMIIEAAHC
CBM3aH C  NPOJOJIBHBIM  depe3  cooTHomenue Z,(X,y,z,w) =

%VLZ" (x,y,z, w).
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YucIeHHOE MOIEIMPOBAHUE TIPOBOAMIOCH C TIOMOLIBIO porpaMmel CST
Studio (puc. 1).
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4000

|Zs|, Ohm

2000
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0 0,5 1 f,GHz 1,5 2 2,5

Puc. 1. AUX aGCOIIOTHOTO 3HAYEHUS TPOAOJILHOTO UMIIEIaHca IS HCXOIHOMN
("epHas KpUBas) ¥ ONTUMUAZAPOBAHHON KOHCTPYKLUH (cepast KpHBas).

Ha ocHoBe moJy4eHHBIX pe3yJbTaToOB ObUIM CHENAHBl aHAIUTHYECKUE
OIIEHKH YCTOWYMBOCTH Iy4Ka (pHc. 2).

Z_coupling+Z_sc+Z_rw
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Puc. 2. ITo ocu a6ermce — Re[Zs], Ohm, mo ocu opaunar — Im[Zs], Ohm.
JIMHUY — TPaHUIBI YCTOWYUBOTO JBUKEHUS ISl PA3HBIX 3HAUCHUH SHEPIHH HOHA:
cromsas — 2.5 GeV/u, mrrpuxoBannas — 3 GeV/u, Toueunas — 4.5 GeV/u.
Toukamu 0003HAYEHBI AMILTUTY 6l PE30HAHCOB UMIIEIAHCa, JeJIEHHbIE Ha HOMED
rapMOHUKH: UCXOIHAsK KOHCTPYKIMS — X, ONITHMHU3UPOBAHHAS — O
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10.B. CEHMYEB, A.E. AKCEHTBEB, A.A. MEJIbBHUKOB

HUncemumym sdepruix uccnedosanuii PAH, Mocksa, Poccus

CIIMHOBAS XPOMATHYHOCTHG ITYUKA: YIVIMHEHUE
OPBUTBI U BETATPOHHASA XPOMATUYHOCTD

OcHOBHas uiest U3MEpeHHs JIeKTPHIECKOr0 TUITOJIFHOTO MOMEHTAa OCHOBaHA Ha
HU3MEPEHNN YCPEIHSHHOH 9acTOTHI NMPEIeCCHH CIIMHA YacTHI] B cryctke. [Ipobiema
MaKCHMaJbHOTO BPEMEHH KOTEPEHTHOCTH IPELECCHH CIHMHA YaCTHUIl B CTYCTKE
CBOJUTCSA K MHHUMAJIBHOMY Pa30Opocy IUIMH OpPOHMT BCEX YACTHL. DTO JOCTUTAETCS
BBEJICHHEM CEKCTYIOJeH C MOJAMH, KOTOPbIE MMHHMH3HPYIOT XPOMATHYHOCTH
Y4acTOThl ~NpPELECCHMH CHMHA. MBI  3KCICPHUMEHTAIBLHO  OOHApYKHJIH, YTO
MHHUMHA3AIAS XPOMAaTHYHOCTH O€TaTPOHHOTO JIBIKEHHS IPUBOIUT K MHHUMH3AIIN
XPOMaTHYHOCTH YacTOTHI IPELecCHH CIHMHA. B 3Toif crathbe MBI Hccienyem 3Ty
B3aHMOCBS3b.

YU. SENICHEV, A. AKSENTEV, A. MELNIKOQV,

Institute for nuclear research of RAS, Moscow, Russia

SPIN CHROMATICITY OF BEAM: ORBIT LENGTHENING
AND BETATRON CHROMATICITY

The main idea of measuring the electric dipole moment is based on measuring the
averaged precession frequency of the spin of particles in a bunch. The problem of the
maximum coherence time for the spin of particles in a bunch is reduced to the
minimum spread in the length of the orbits of all particles. This is achieved by
introducing sextupoles with fields that minimize the chromaticity of the spin
frequency. We have found experimentally that minimizing the chromaticity of
betatron motion leads to minimizing the chromaticity of the spin frequency. In this
paper we explore this relationship.

OcHOBHasl uaesT M3MEPEHUS OJJIEKTPUUECKOTO JUMOJIHLHOTO MOMEHTa
OCHOBaHa Ha U3MEPEHUH YCPEIHEHHOMN YacTOThI MPELIECCUU CIIMHA YaCTHI] B
cryctke. [loaTomy Bpemsi, B TeU€HHUE KOTOPOTO KOJICOAHMsSI CIIMHA YaCTHUIIBI
OCTalOTCSI KOT€PEHTHBIMHU, UIPAET PELIAIONIYI0 POJIb B DKCIEPUMEHTAX IO
MTOUCKY JJIEKTPHICCKOTO IHUITONEHOTO MOMEHTa MPOTOHA/ JIeWTpoHa. DTO
BpeMsI HA3bIBACTCS BPEMEHEM KOTEPEHTHBIX KOJeOaHWA, U €ro HYKHO
BBIICP)KUBATh KaK MOXHO HOJbIIie. DPQPEKTHl CIHHOBOH IEKOTePCHIIUU
BO3HUKAIOT U3-3a 3aBUCUMOCTH CIIMHOBOM YaCTOTHI OT KOJICOAHUIN YaCTHUIIBI
B TPEXMEPHOM IpOCTpaHcTBe. biaroaaps ToMy, 4TO BCE YACTHULIBI HAXOAATCS
B cemaparpuce, Kakaas U3 HUX JOJDKHA COBEPIIATh OIWH 000POT IO KOJIBITY
B CpEIHEM 3a OJIMH M TOT K€ TEePUO/I, HE3aBUCUMO OT JIJIMHBI UX OpOUTHL. B
CBSI3U C DTHIM BO3HHKAET TaK HasbiBaeMas d((HEeKTHBHASI SHEPTHUS YACTHUIIHI,
KOTOpasi OmpejeiseT YacToTy IMPelecCud ChuHa B TPEXMEPHOM
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npoctpaHcTBe. Takum o0pa3om, mpoOiieMa MaKCUMalbHOTO BpPEMEHH
KOTEPEeHTHOCTH IPELECCMH CIHHA YacTHI[ B CTyCTKE CBOAMTCS K
MHUHUMaJbHOMY pa30pocy JUIMH OpOMT BCEX YacTHIl. ODTO JIOCTHIaeTCs
BBEJICHHEM  CEKCTYNOJIEH ¢ TONsAMH, KOTOpPble  MHUHHMHU3HPYIOT
XPOMAaTHYHOCTh YacTOTBl TPELECCHH CIUHA. MBI JKCIEepPUMEHTAIBLHO
0OHApPYKWIU, YTO MUHUMHU3ALHUS XPOMaTUIYHOCTH OCTATPOHHOTO JBIKEHHUS
NPUBOIUT K MUHUMHU3ALUH XPOMAaTHIHOCTH YaCTOTHI BPALICHHSI.

B pabore MBI moydaeM MaTeMaTHYECKOE BBIPAKCHUE VIS YAJIMHEHHS
OpOHTHI:

Ji (€ by (€
86 =5 [ 1) + Kapem)1ds +3 | [1n(s) = Ky ()] ds
0 0

+
+ 8o(ag + @180 + @, 62+...),
B"(s
rae, 4, :ﬁ -pa3bpoc 1o ummyibcaM, K, (S) = (s) -CEKCTYIOIbHAs
o PPy

KOMITOHEeHTa T0Ms, ¥y (S) B, (s) -TBucc mapamerpsl, 7(S)-neproandeckas

JMcTiepcHOHHas QYHKINS, @, @, &2-KOMITAKT (haKTOp HyJIEBOTO, TIEPBOTO U
BTOPOro NopsiaKoB, J,(s) = $x'dx, J,(s) = ¢ y dy- unrerpanst neiictsus.

CpaBHI/IBaH €Tr0 C BBIPAXKCHUEM U1 XPOMATUIHOCTHU
C

1
gx = __J.(yx + Kzﬁxn)js
4r
1 C
§y = _E,([(yy - KZﬁyn)js
Mpbl mony4aeM OKOHYATElNbHOE BBIpaXKEHHE yIuMHeHHe opOutel ACy
gepe3 XPOMAaTHIHOCTh U uepe3 MHTeTpabl AeHcTBHsA J, (S) = { X'dx :

ACy = —21(J&x + ], &) + So(ag + a1 8o + @83 +...)

9TO BBIPAXKCHUE MMOKA3bIBACT, YTO IIPU HyHEBOﬁ XpOMAaTUYHOCTH BKJIad B
VAJUHEHHE OPOHUTHI JaeT TOJIBKO pa3dpoc Mo WMIyJbCaM. JTO TOBOPHUT O
TOM, YTO HYJICBAA XpPOMATUIHOCTH HE ABJIACTCA JOCTATOUYHBIM YCJIOBUEM JISA
HYJICBOW CIIMHOBON XPOMATHIHOCTH.
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Y. CHAE!, C.B. MALIMEBCKUM?, B.1. PAIIIUKOB?, M. 3060B?
1DESY, Hamburg, German,
2Hayuonansuwiil ucciedosamenvekuii soepuwiil ynusepcumem MUDHU, Mockea,
Poccus

SLNF-INFN Frascati, Italy

MHMKPOBOJTHOBASI HEYCTOMUYUBOCTD B
INPOEKTUPYEMOM UCTOYHUKE CUHXPOTPOHHOI'O
MN3JIYYEHUS USSR*

HccnenoBanne HeyCTONYMBOCTEH, BO3ZHMKAIOIIMX IPU B3aUMOJAEHCTBUM IyuyKa
3apsHKEHHBIX  YacTUII C 3JJIEMEHTAaMH KaMephl COBPEMEHHBIX HCTOYHHMKOB
CHHXPOTPOHHOTO H3ITy4eHHS M KOJUIAHIepoB, SBISIETCS HEOOXOIMMOW 3amadei,
MIOCKOJIBKY TIOJIyYHTh TpeOyemble MapaMeTphl IMydka B TaKMX yCTaHOBKax Oe3 mx
ydeTa TpaKTHYECKM HEBO3MOXKHO. PaccmarpuBaeTcsi yCIOBHS BO3HHUKHOBEHHS
MHKPOBOJHOBOH HEYCTOWYMBOCTH B HPOEKTHPYEMOM HCTOYHHKE CHHXPOTPOHHOTO
u3ny4yenust uerBeproro nokonernss USSR ¢ sueprueii 6 I'3B u amurrancom 70 mm.
Hccnenyrorcss  BO3MOKHOCTH — yMEHBIIEHHWs €€ BIMSHAS Ha  IapaMeTpsl
HaKaIUTMBAEMOTO B KOJbIE IydKa M, KaK CJIEACTBHE, HA BBIXOAHBIC NapaMeTph
YCTaHOBKHU.

Y. CHAE!, S.V. MATSIYEVSKIJ?, V.I.RASHCHIKOV?, M.

ZOBOV?
, 'DESY, Hamburg, Germany
2National Research Nuclear University MEPhI, Moscow, Russia
SLNF-INFN Frascati, Italy

MICROWAVE INSTABILITY IN THE DESIGNED USSR
SYNCHROTRON RADIATION SOURCE*

The study of instabilities arising from the interaction of a charged particle beam
with vacuum chamber elements of modern synchrotron radiation sources and colliders
is a necessary task, since it is practically impossible to obtain the required beam
parameters in fourth generation synchrotron radiation sources without taking them
into account. The conditions for the occurrence of microwave instability in the
designed USSR fourth generation synchrotron radiation source with an energy of 6
GeV and an emittance of 70 pm are considered. The possibilities of decreasing its
influence on the parameters of the beam accumulated in the ring and, therefore, on the
output parameters of the USSR machine are investigated.

B pamkax npoekra CREMLINplus B Poccun uzer pa3paboTka mpoekra
CO3JIaHUS NCTOYHHUKA CHHXPOTPOHHOTO M3JIyYSHHUS YETBEPTOTO MIOKOJICHHS C
sHeprueil 6 I'3B, sMUTTaHCOM 37EKTPOHHOrO Iyuka 70 MM M TOKOM ITyuKa
0.2A. TlomyueHne TyYKOB C TakUMH XapaKTEepUCTUKaMU TpeOyroT
MIPOBEJICHUS AETAIBHOIO aHallM3a AMHAMUKH IyYKa C YYE€TOM HaBEJAEHHOTO
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UM TIOJIsl B 3JIEMEHTaX BaKyyMHOW KaMepbl HAKOIMTEINS, SBISIOIICTOCS
OCHOBHOU IPUYNHON BOZHUKHOBEHHUS HEY CTOMYMBOCTEH.

OMHUM W3 OCHOBHBIX BHUJIOB HECYCTOHUMBOCTCH B TaKUX YCTaHOBKaX
SIBIIICTCS ~ MUKPOBOJIHOBAas ~ HEYCTOWYMBOCTH, KOTOpas  CBsi3aHa C
BO3MYIIICHUEM TIPOJIOJIBHOTO JBMKCHUS YacTHIl cryctka. J[ns e€ pacuera
HeoOxoIMMa MOJIeTh UMIICIaHCa YCTAHOBKH, B KOTOPOH OBl OBIIM YUTCHBI
HaBEICHHBIE CTYCTKOM IO BO BCEX DJJIEMEHTaX BaKyyMHOH KaMepHl.
[TockonbKy YaCTOTHBIN TUAa30H U pa3padbaTeiBaeMasi CTPYKTYpa BO MHOTOM
naeHTHYHa Hakornmrteno ESRF, To Ha mepBoM 3Tame pacdeToB B KadecTBE
MMIECTAHCHON MOJENN WCHOIh30Bajach MACIITAOMPOBaHHAS MUMIICJaHCHAS
mozaens ESRF. TIpoBeneHHOEe MoienupoBaHue ¢ mpuMeHeHrneM koaa SBSC,
paHee YCIEUIHO HCIOJIB30BAHHOIO UId pacdéra IMPOJOJIBHOM IMHAMUKH
IIydyka C Y4Y€TOM HMIICJaHCa B AKKYMYJIITOPHOM M OCHOBHBIX KOJbHAX
xomnaiinepa DA®NE mnoxasaino, 4To B Hamlel ycTaHOBKE BeJTMYMHA [TOpoTa
HEYCTOMYMBOCTH (Hayalo pocra pazdpoca MO HSHEPrUM B CTYCTKE Ha
rpaduke) okazamach B 3-4 pasa Meneiie, yem B ESRF, uto Moxer
CYIIECTBEHHO MOBIHUATH Ha BBIXOJHBIC MapaMeTphl mydka (puc. 1). Kax
MOKa3ajl pacuyérThl, BBHIMOJHEHHBIE ¢ Tomompbio koga ELEGANT [1],
MTOBBIIIICHUS TTOPOTOBOTO TOKA HEYCTOHYMBOCTH M BPEMEHHU JKM3HU ITydKa
yaaercsl TOOUTHCS YCTAHOBKOM B KOJIBIIE TAPMOHUIECKHX PE30HATOPOB.

Energy Spead

o[ @ — [ b

V3220 MV

Puc. 2. 3aBucuMOCTh SMUTTaHca (@) U BpeMeHH xu3HH (D) oT Toka crycTka

Cnucox aumepamypbi
1. M. Borland// Advanced Photon Source LS-287, September 2000.
*This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement N0.871072
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C.B. MALIMEBCKUI, B.1. PAIIIUKOB

Hayuornanvhvlii uccnedosamensckuti s0epHblii YHUGEPCUmem
«MUDH»

MOJATOTOBKA ITPOI'PAMMHOI'O OBECIIEYEHUSI U
BBIUMCJIMTEJIBHBIX MOIIHOCTEM JIJISI PACUETA
JTAHAMUWKHA YACTHLL B UCTOYHUKE CUHXPOTPOHHOI' O
M3JIYYEHUS USSR*

Pacuér nuHAMUKM 9acTWIl B MCTOYHHKE CHHXpOTpoHHOro m3imydeHumst USSR
HEOOXOIMMO BBIIONHATH C YYETOM HEYCTOHYMBOCTEH, BO3HHMKAIONIMX IIPH
B3aMMOJEHCTBUY ITyUKa C 3JIEMEHTaMM CTPYKTYpbI Konbla. [l yuéra HaBe1EHHBIX
My4KOM TOJefl TNpeABapUTENbHO PACCUUTHIBAIOTCS HMIIECIAHCHI  OTAENBHBIX
3JIEMEHTOB BaKyyMHON KaMepBbl, U C X YIETOM, a TaKkKe C yIETOM BHYTPUITYIKOBOTO
paccesiHMs, U MOJENMUPYETCS B JAajbHEWIIEeM AMHAMuKa myuka. [l pacuéros
UCTIONB3YETCST  PSA  NMPOTPAMMHBIX — PEIICHWH CO CBOMMH OCOOCHHOCTSMH,
JIOCTOMHCTBAMM U HENOCTaTKaMU. B naHHO# paboTe ommchIBaeTcs CIEAyOIIe
MOMEHTBHI ITOTOTOBKH HHPPACTPYKTYPHI VIS IPOBECHIS PACUETOB JMHAMUKH ITyYKa
B HCTOYHHKE CHHXPOTpOHHoro wm3nydeHuss USSR: BBIOOp mporpaMMHOro
obecrieueHus M ero HaCTPOHKa; 0COOCHHOCTH paboTHI C JaHHBIMHU MIPOTpaMMaMi Ha
BBIUUCIUTENBHOM KiacTepe KypuaTosckoro MucTutyTa.

S.V. MATSIEVSKIY, V.. RASHCHIKOV
National Research Nuclear University « MEPhI»

SOFTWARE AND HARDWARE PREPARATION FOR
DYNAMICS CALCULATIONS IN USSR SYNCHROTRON
RADIATION SOURCE*

Particle dynamics calculations in USSR synchrotron radiation source require
taking into account instabilities, arising due to particles interaction with beamline
elements. For this, impedance of separate ring elements are imported into dynamics
calculations with inter beam scattering. There calculations may be carried out by a
number of implementations with different upsides and downsides. Here we describe
dynamics calculation infrastructure preparation for the USSR project: software
selection and preparation, its deployment on the Kurchatov Institute computational
cluster.

Jdnst pacyéra JOUHAMHMKM YacTUI[ B CHHXPOTPOHE II€PBOHAYaIbHO
TpeOyeTcss COCTaBUTh KapTy MMIEAaHCOB JIEMEHTOB YCKOPSIOIIETO TPAKTA.
Jis mpoBeneHHs 3TUX Pacdy€ToB YacTO HMCMONB3YIOT mporpammbl ABCI,
ECHO, CST u GdfidL. CST u GdfidL moryT npoBoauTh pacuéT TpEXMEPHBIX
CTPYKTYp, HO pPAacHpOCTPaHSAIOTCS Ha KOMMEpUYEecKoil ocHoBe. OITo
3HAQUUTEJBHO YCIIOKHSET WX HCIIOJIb30BaHUE: B CBETE CAHKIHMOHHBIX
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OTpaHMYCHUH TIOJNyYCHUE JIMIEH3UH OCJIOKHEHO JaXe IIpU HAIUYUH
(MHAHCUPOBAaHUS; YCJOBUS JIMIEH3UM HWCKYCCTBEHHO OrPaHMYHMBAIOT
KOJIMYECTBO MapajlIeIbHBIX PacuéToB dJieMeHTOB Koiblia. [Iporpamma ABCI
[1] mo3BomsieT paccUUTHIBATH UMIIEAAHCH OCECHMMETPHYHBIX YCTPOHCTB U
HE UMeeT OrpaHWYeHUI Ha KOJIMYECTBO 3allyIlleHHBIX MpoueccoB. s 3Toi
porpaMMebl pazpaboTan rpadudaeckuii uaTepdeiic pyTopPlot, yckopsromniumii
MOATOTOBKY  pacuéra; TPEeNoCTaBIseMBII Ha  caifiTe  IporpaMMBbl
WCTIONHATENFHBIH ~ (aiim  COBMeCTHM ¢  pacy€THBIM  KJIACTEPOM
KypuatoBckoro nHCTHTYTA.

JiHaMIKa 9acTHI] YaCTO PAaCCUUTHIBACTCS HECKOJIBKHMH IIPOTpaMMaMU
TapajuielbHO IS MCKIIFOYEHHUS OIMMMOOK BXOAHBIX NAHHBIX M Koma. Jlis
pacuéToB IMHAMUKM OBIIM BBIOpPAaHB CBOOOJHO pPAacCHpOCTpaHSEMBbIE
nporpammbl  Elegant [2], Accelerating Toolbox (AT) [3], SBSC u
PYHEADTAIL. Komam SBSC, PYyHEADTAIL u ECHO mnocssiieHsl
OTJIeJIbHBIE IOKJIA bl 3TOH KOH(EPEHIHH.

IIporpamma Elegant wucnons3yer wunrepdeiic MPI, mno3Bonsromuii
MIPOU3BOJIUTH BBIYMCIICHHUS HA MHOTHX y3J1aX BBIYHCIHMTEIBHOTO KiacTepa.
Jiist co3maHus BXOJHOTO (haiia pacd€TOB NCTIOIB3YETCs JOKATBHEIN cepBep
Sirepo, npemocraBnstonuii rpadudeckuit mHTepdeiic mna Elegant. B
HacTosIIee BpeMs BeAETcs paboTa Haa ycTaHOBKOH Sirepo [4] Ha pacu€THOM
KJacrepe.

B otnmmuum ot Elegant, AT He ABIsSCTCS MCTOTHIEMON MPOrpaMMOH, a
oubnuroTekoit ¢yHkuui pacuéra auHamuku Uit Matlab. Tak xak Matlab
SIBIISICTCS KOMMEPYECKMM IPOAYKTOM, OH TakXke 00JafaeT yKa3aHHBIMH
BBIIlIE HexocTaTKaMu. HemaBHHiA 3ampeT ucmoyb30BaHus Matlab st
HECKOJIbKMX KHTaHCKUX YHUBEPCUTETOB SIBIISIETCSl TOMY MOJTBEPKACHHEM. B
CBS3M B 3THM OBIJIa MPOBeAEeHA paboTa M0 MOPTUPOBAHHIO KO AT paboTHI
cO cBODOOIHO pacmpocTpaHseMbiM KiIoHOM Matlab — Octave. B AT Obuia
nobaBiieHa BO3MOXHOCTh TapaiUieNU3allid  BBIYHCICHUH HAa OCHOBE
cragmapra OpenMP, urto mo3Bommio 3¢¢eKTHBHEE HCIOIB30BaTh
BBIYMCIIUTENIbHBIE pecypchl B paMkax onHodM Mamuubl. [Iporpamma AT
XOpOIIIO TMOIXOAWT JUII HEJAaBHO BBEAEHHOTO B IKCIDIyaTanuio Jupyter

cepBepa KypuaToBckoro HHCTUTYTA.
Cnucox numepamypbl
1.Yong Ho Chin. https://abci.kek.jp/abci.htm
2. https://www.aps.anl.gov/Accelerator-Operations-Physics/Software#elegant
3. https://github.com/atcollab/at/
4. https://github.com/radiasoft/sirepo

* This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No0.871072 and has been carried out using
computational resources of MCC NRC «Kurchatov Institute», http://computing.nrcki.ru/
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B.C. JTIIOBKOB, M.B. JIAJIASIH, C.M. ITOJIO30B, B.M.
PAIIMKOB

Hayuonanvnwvii uccneoosamensvcxuii a0epuwiil ynusepcumem MUDHU, Mockea,
Poccus

INPEABAPUTEJILHBIE PE3YJIbTATBI PASPABOTKU
KOMITAKTHOI'O HICTOYHUKA U3JTYYEHUSI HA OCHOBE
OBPATHOI'O KOMIITOHOBCKOI'O PACCESIHUSA

B HUAY MUOU nauyara pa3paboTKa KOMIIAKTHOH CHCTEMBI TI€HEpaIuu
H3ITy4eHUs] B CBETOBOM OHJYJITOPE CIEAYIOUIEro IOKOICHUS B AHANa3oHe SHepruit
5-30 x3B s KONBLIEBBIX M JMHEHHBIX HMCTOYHUKOB HA OCHOBE OOpaTHOTO
KOMIITOHOBCKOTO paccesHus. OmpeneneHa 06a3oBasg CTPYyKTypa H IapaMeTphl
MAarHUTHBIX 3JIEMEHTOB KOMIIAKTHOTO CHHXPOTPOHA Ha SHEPrHUio 371eKTpoHOoB 20-60
M>5B, BX0oJs111eT0 B COCTaB CUCTEMBI reHepaluu. [IpeanokeHsl BapuaHThl TMHEHHOTO
JNMEKTPOHHOTO YCKOPUTENA, KOTOPHI MOXKET BBICTYNAaTh KaK HHXKEKTOp M
CHHXPOTPOHA M KaK CaMOCTOSITENbHBIH HCTOYHHUK 3JIEKTPOHOB ¢ sHeprueil 20-60
Mb5B.

V.S. DYUBKOV, M.V. LALAYAN, S.M. POLOZOV,
V.I. RASHCHIKOV
National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), Moscow, Russia

PRELIMINARY RESULTS OF THE DEVELOPMENT
COMPACT RADIATION SOURCE BASED ON INVERSE
COMPTON SCATTERING

Developing a compact system for X-ray radiation production in the energy range
of 5-30 keV in a next-generation light undulator for circular and linear sources based
on inverse Compton scattering was started in MEPhI. A lattice and parameters of
optics elements of 20-60 MeV compact synchrotron, which is part of the generation
facility, are chosen. Variants of e-linac, that can be used either an injector for the
synchrotron or an standalone source of 20-60 MeV electrons, are proposed.

B HUSAY MUOU nHayatel paboThl M0 peuieHHo (yHAaMEeHTaIbHOM
3aa9u — pa3paboTKe KOMIIAKTHOW CXeMBI TeHepalnu (POTOHHOTO U3ITyIEeHUS
B Anamna3oHe dHeprui 5-30 k3B A7 KONBLEBBIX W TUHEHHBIX yCKOPUTEIEeH
Ha OCHOBE 00paTHOTO KOMITOHOBCKOTO paccesHus [1, 2]. Ha cerogasammamii
JIEHb PEAIN30BaHHAs MHTEHCUBHOCTh KOMITOHOBCKOIO MCTOYHHUKA JAJIEKa
OT €ro MOTEHIMANIbHBIX BO3MOXHOCTEH: Hauwilydllee YCTOMYHMBO
JOCTUTHYTOE 4YHCIIO (POTOHOB B HMITYJIbCE B HECKOJIBKO COTEH THICSY pa3
MEHbIIIE TEOPETUUECKHU MpeackazaHHoro. Cpeau NpUUnH, HE MO3BOJIIOIUX
JI0 CHX MOp MOJyYUTh IPOTHO3UPYEMYIO TEOPHEHN BEIMUNHY HHTEHCUBHOCTU
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¢oToHOB B nmanazoHe sHepruil 5-30 k3B, ciemyer oTMETHTH KOpOTKOE
BpeMsI B3aUMOJICHCTBUS AJICKTPOHHOTO U (DOTOHHOTO ITYYKOB, OIpaHHUYCHHE
HA MOIIHOCTh Jia3epa, OOYCIIOBICHHOC BO3HHKHOBCHHEM IMOOOYHBIX
SIBIICHUM, HEKOTCPEHTHOCTh W3IYYCHHUS, PACXOIUMOCTh M pa3dpoc Io
SHEPIHsM 3JCKTPOHHOTO U (POTOHHOTO MydYKOB. PerieHue naHHOW 3amayu
OYEBUJIHO CBSI3aHO C MCCIENOBAHUEM psla KIIOUEBBIX SIBICHUI HA CTBIKE
obymacTel yCKOpUTENIbHOH (U3UKH W (OU3UKKH HM3JIYYCHHUA ITyYKOB
3apsDKEHHBIX YaCTHI, KOTOPBIE OMPEASIAIOT A3 PEKTHBHOCTh NCTOYHUKA.

B pabote mpezncTaBieHBl TEKyIIUE Pe3yIbTAaTHl Pa3paOOTKH JTUHEHHOTO
YCKOpPHUTENS AJIEKTPOHOB, BKJIIOYAs BHIOOP HMCTOYHUKA DJCKTPOHOB U
MOJCITUPOBaHUS  TIpoliecca  (OTOIMHUCCHH, pPa3pabOTKHM  MarHUTHOM
CTPYKTYpbl KOMIIAKTHOI'O CHHXPOTPOHA, a TakXe IpelBapUTeSIbHbIC
pe3ynpTaTthl  pa3paboTku  CBY  yCKOpAIOIMX CTPYKTYp JIMHEHHOrO
YCKOPHUTENISI-UHXKEKTOpA.

Crucox rumepamypul

1. H. Primakoff, Applications for Nuclear Phenomena Generated by Ultra-Intense Lasers,
Phys. Rev., 1948. Vol. 73. P. 449.

2. A. Wolski. Beam dynamics in high energy particle accelerators. Imperial College Press.
London, 2014.
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T.A. JIO3EEBA, C.M. IIOJIO30B, A.B. CAMOILNWH

Hayuonanvneiii uccneoosamenvckuii adepnuiii ynusepcumem « MUDH», Mockaa,
Poccus

HMCTIOJIb30BAHUE METO/IA YCPEJTHEHHI IO BBICTPBIM

OCIULIALIVSM JUTS M3YYEHWS IMHAMUKHA ITYYKOB
HNOHOB

B  pabGore  mpexacraBieHbl  pe3yJbTaThl  MCCIENOBaHUS  AWHAMHUKH
HEPEJIATUBUCTCKOTO ITyyKa YacTHI[ C MCIOJb30BAaHUEM METOJa YCPEIHEHUH MO
ObicTpeiM  ocruausM  [1]. TlosyyeHBI CHUCTEMBI ypaBHEHUH [ABW)KEHHS B
YCPEIHEHHBIX MOJISIX YCKOPSIONIMX PE30HATOPOB IPU Haiduuuu  (a3oBOro
CKOJIBXKEHHMSI, a Takoke BUJ 3P (EKTHBHBIX MOTEHIIMAIBHBIX (DYHKIMH IS ABYX BUIOB
(dokycupyromux cucreM. [IpoBeneHO YHMCIEHHOE CpaBHEHHE NUHAMUKH ITydka B
YCPEIHEHHBIX U MOJHBIX MOJISX.

T.A. LOZEEVA, S.M. POLOZQOV, A.V. SAMOSHIN

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

FAST OSCILLATION AVERAGING METHOD FOR ION
BEAM DYNAMICS ANALYSIS

The results on the non-relativistic ion beam dynamics investigation using
averaging method of the motion equations are presented in this work. Motion
equations systems in averaged fields and effective potential functions are derived for
the accelerating systems with phase slipping, composed of the periodically spaced
short multigap cavities with focusing quadrupoles or doublets between them.
Averaged motion beam dynamics was also numerically compared to the full
multiharmonic field dynamics.

HpI/I HUCCIICAOBAHNU JIWMHAMHKH ITYYKOB JICTKUX W TSXKEJIBIX HOHOB B
NEPUOJMYECKUX YCKOPSIOUIUX CTPYKTYypax, COCTOSIIIMX, HaIpuMep, U3
KOPOTKMX MHOT'03a30pHBIX PE30HATOPOB (Y€TBEPTh- U MOJIYBONHOBBIX, CH 1
IH) BakxHO y4HTHIBaTH BIHSHHE BBICUIMX NPOCTPAHCTBEHHBIX T'aPMOHUK,
BO3HUKAIOIIUX pu TIPECTaBIECHUN noJyien NepPUOANYECKON
MOCTICIOBATEIEHOCTH PE30HATOPOB M (POKYCHPYIOUIMX 3JIEMCHTOB B BHUJIC
panoB. HampspkeHHOCTb 3JEKTPUUYECKOTro MOJISi PE30HATOPOB Ha ydacTKe
YCKOPCHUS TPH 3TOM MPEACTaBISICTCS KyCOYHOH (PyHKIMeH (ycKopsromas

NPOJIONIBHAS KOMITOHEHTA BHYTPH 3a30pa Lz~ €05 (x2) | pre sasopa £z = 0
AHATIOTUYHO JUIS MOTEPEYHBIX KOMIIOHEHT 3JIEKTPUYECKOr0 U MATHUTHOTO
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noneil). PaccMarpuBas [uisi MpUMepa TOJNBKO IMPOJOJIbHYI0 KOMIIOHEHTY
SIEKTPHUECKOrO OIS 1 IIPEACTABIISS e¢ (PyHKIMIO £z (e ¥:2) B Buge psina

1
E (e, y.2) = EEDID {kmlﬂx= + ).-1) % + ZQH cosl(k,z) + by sinlk,2)

MOJKEM BHJIETb, YTO YACTHUIIA IPU YCKOPEHUH HAXOAUTCS MOA AeHCTBUEM
HEKOET0 HKBUBAJIEHTHOT'O IIOCTOSHHOT'O 110JIsI, BBI3BIBAIOIIETO NIepeMeICHHUE
YaCTHIBI 110 TJIAJKOH TPAEKTOPHH, U CyMMBI OBICTPBIX (HO HE MajbIX IIO
BEJIMYMHE) KOMIIOHEHT, BBI3BIBAIOIIMX MAaJble OCIHHMIULIIUU CKOPOCTH
qacTHIBl. MeTox yCpemHeHHH 1O OBICTPBIM OCIIUUIALMAM, KpPaTKo
M3JIOKCHHBIH B [1], MO3BOJIIET aHAIUTUYECKH HCCIEAOBATH TPEXMEPHYIO
JVWHAMHKY IIydKa B IOJSIX CO CJIOKHBIM TapMOHHYECKHM COCTaBOM,
OTPAHMYMBIIKCH NPH ITOM «TJIAJAKUM» JBIDKEHHEM YacTHI[ B II0JIe HEKOETo
spdexktuBHoro mnoreHnmana Uef, yUYUTBIBAIOIIETO BKJIAA  BBICIIMX
IIPOCTPAHCTBEHHBIX FApMOHUK (pHcC.1).

Puc.1. — IIpupocT ckopocTH IPOTOHA HA IPUMEPE OJHOTO IATH-3a30pHOr0 CH
pe30HaTOpa B MOJIHOM IoJIe (CBETIas KpUBast) U B ToJie 3()(HEKTHBHOTO MOTEHIINAIA
(TemHas KpuBas).

B pabote npezacraieH BIBOA () (HEKTUBHBIX MOTEHIINATIBHBIX (DyHKITHI
W aHaNM3 JUHAMHMKH MYYKOB MOHOB JISl YCKODPSIOLIMX CHUCTEM C (ha30BbIM
CKOJIbKCHUEM, COCTOSIIUX M3 HEPHOANYECKON I0CIe0BAaTEIbHOCTH
OIMHAKOBBIX ~ PE30HATOPOB  C  PACIONOXKEHHBIMH  MEXAy  HHUMHU
(OKyCHPYIOIMMHU ~ KBaJpPYNOJSIMA WM KBaJAPYIOJBHBIMH JyOieTaMu.
IIpoBeneHO 4HMCIEHHOE CpPaBHEHUE IUHAMUKH C HCIOJIB30BAaHHEM METOJa
YCpPEIHEHHH MO OBICTPBIM OCHMJULIMAMHM W JTUHAMHUKH ITydKa B IOJHBIX

TIO0JIsAX.
Cnucok numepamypbol
1. JTaunay JI.A., Tupumi E.M. Teoperuueckas dusnka: Yued. nocodue. — B. 10-tu 1. T.
|. Mexanuka. — 4-e u3z., ucnp. — M: Hayka. I'n. pen. ¢us.-mar. sur., 1988. — 216 c.
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A.Il. JYPKHH, A.A. KOJIOMHUEII , B.B.ITAPAMOHOB
OI'FYH «Hncmumym sioepuvix uccaiedosanuti PAH», Mockea,
Poccusn

AHAJIN3 CXEM ®OKYCHUPOBKHU B OCHOBHOI YACTH
JIMHEUHOI'O YCKOPUTEJIA ITPOTOHOB VIS MEJIUIIUHBI

PaccmatpuBaercs  Yckopstome-®oxycupyronmii  Kanan (YOK) OcHoBHO#I
Yactu (OY) Jlunettnoro Yckopurens (JIY) mporoHoB Ha 3Hepruio mo ~230 M»sB,
coJiepKaluil MPOTSHKEHHBIE YCKOPSIIOIINE CEKIUH C BEICOKUM TEMIIOM YCKOPEHHSL.
[Toka3aHo, YTO IyYKH ¢ MAJIBIM IOIIEPEYHEIM M HPOJOJIBHEIM 3MHUTTaHCAMH MOTYT
ObITE A(P(HEeKTUBHO YCKOpEHBHI B TakOM KaHaje. AHAIM3HPYIOTCS pa3JIMdHbIe
BapHaHTHl IIOCTPOEHHsI (DOKYCHPYIOIIEro KaHaja, HPHUBOJATCS OLCHKU BEIHMYMH
Gboxycupyrommx 1oneil, 00O0CHOBBIBAIOIIME BO3MOXHOCTb €ro IMPAaKTHYECKOi
peal3anuH.

A.P. DURKIN, A.A. KOLOMIETS, V.V.PARAMONOV

Institute for Nuclear Research of RAS, Moscow, Russia

ANALYSIS OF FOCUSING SCHEMES IN THE MAIN PART
OF ALINEAR PROTON ACCELERATOR FOR MEDICINE

The Accelerating-Focusing Channel (AFC) in the main part of the linear
accelerator of protons for energies up to ~230 MeV, containing extended accelerating
stction, is considered. The beam having small transverse and longitudinal emittances
only can be accelerated in such channel. Various lattices of focusing period are
analyzed. Estimation of focusing field values proves the possibility of design and
created such channels in practice.

s obecniederns BRICOKOTO (110 ~15 MhB/M) Temma yckopenus B OY JTY
JUIL TIPOTOHHOHM TepanuM MPUMEHSIOTCS YCKOPSIOIIME CTPYKTYphl Ha
Boicokoit yactore f~3 I'Tu. Heo6xomumMocTs GOPMUPOBAHKS U YCKOPEHUS
KapaHJaIIHOTO ITy4YKa OMpeAessieT BEIOOp Maloro Auamerpa anepTypsl (5-7
MM) YO®K, uYTOo mOpUBOAUT K HEOOXOIMMOCTH MaJoro IONEepeyHOro
SMHUTTaHCA ITyyka. BBICOKHII TeMIT YCKOpEHHUS COIPOBOXAAETCS TaK >Ke
yYBeIMUeHHOH AedokycrupoBkoii myuka BYU monem. Onun u3 BapuantoB Y DK
OY peammsyercst B coopyxkaemoM yckopurene LIGHT [1], rme mexmy
onuHOYHbIMHK H3aMi PMQ pacroioxens! cekiuu ¢ 3 eKTUBHO# ITHHOM
(7-11)BA, 1.e. cymmapnbiit HaGer ¢das3pt B mons mo cexnuu pasen (14-22)x.
Manblif [uamMeTp anepTypbl HO3BOJSIET YBEPEHHO PEaM30BaTh BEIHMUYMHY
(oKycHpyIOILIEero TpaJieHTa KBaApynoyIbHbIX JIMH3 10 G~200 T/Mm, [2].

Jnst moseimennst cpexHero mo OY Temma ycKOpeHHs! KeNaTelIbHO
npuMeHeHne 0oJiee MPOTSHKEHHBIX CEKIMI IPH COXPAaHEHHH B HUX BBICOKOM
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HanpsKeHHOCTH mmoJisi. Ho B 3ToM ciyuae nedokycupoBka yBeTHIMBaeTCs, U
KOMITCHCUPOBATh €€ POCT MOXHO TOJIBKO YMEHBIICHHEM CHHXPOHHOM (ha3bl,
41O B [1] orpaHMYeHO BETMUUHOI MPOIOJILHOTO SMHUTTAHCA My4YKa.

B pabore [3] maHO mpeaNioKCHHWE HAYAIBHOW YaCTH YCKOPHUTEIS,
(Gopmupylomeli BEIXOAE Myd4oK c (azoBoii mmpuHoil ~4° Ha uacToTe
476MI'n. [JInst 9UCIEHHOTO MOJETMPOBAHUS TPHUHATHI XapaKTEPUCTHKH
TaKOTO ITyYKa C YYETOM IIECTUKPATHOTO MOBBIIEHHUS pabodeit gactoTsr OY.
PaccMoTpenst cxeMbl hokycupoBku ayoseramu (©J10) u tpurmetamu (ndD)
6e3 cumMeTrpuuHoi mapsl (hd), pacmoIoKeHHOH B CIIEAYIOIIEM TIEpHOIC.
B nocnennem ciaydae 0061acTH YCTOWIMBOCTH B (pa30BBIX MIIOCKOCTAX (X,X’)
u (Y,y’) HEe COBIAJAIOT, OJTHAKO HEOOJBIION BapHalMel Mmojei B KpaiHUX
JIMH3aX OTHOCHTENBHO CpeIHEeH MOXHO JO0OWTHCS, YTOOBI OJHA M3 HHX
LEIMKOM IoMellanach BHYTpU Jpyrod. Tem caMblM 3HAUUTENBHO
YBEJIMYHUBAETCS 00J1aCTh COBMECTHON YCTOWYHBOCTH.

Ananu3 mnokaspiBaeT, 4to (okycupoBka PJ[O mo3BoisieT yCKOPATh
poToHs! 0 230 M»3B ¢ 3ametHO Gombiieil, yem B [1], anuHoM cekuuii npu
TaKo¥ jxe BeTMuuHe paBHOBecHOoM (asbl -(15 —10)° u npakTHYEeCKH TaKOM e
rpaauenTe ¢Gokycupytomero mnons a0 210T/m. Ilpu 3HaYUTETHHOM IKe
YBEIMYEHUU JJIMHBI CEKLUUH, B pas3bl, JJIsI YacCTUYHON KOMIIEHCALMH
e OKyCHPOBKY MPUXOJUTCS U Aajbllle YMEHBIIATh paBHOBECHYIO a3y, HO
JIake B 3ToM ciaydae B Havane OY (mo sueprum ~60 M»aB) ¢dokycuposka
®JIO He obecreuynBacT YCIOBUH HAJASKHON yctoWumBocth. [lpm
paccmaTpuBaeMor HavanbHOW sHeprun OY Bo BceM YK OY moxHO
HCTOJB30BaTh TPHUIUIETHI, HO MAaKCHUMAaIbHBIH TpareHT (OKYCHPYIOIIETO
TIOJIS TIPH ATOM Bo3pacTaeT 1o 250 T/m.

Cnucox Jaumepamypbol

1. A. Degiovanni et. al., LIGHT: A Linear Accelerator for Proton Therapy. Proc.
NAPAC?2016, Chicago, IL, USA, FRB11002, 2016

2. A. Ghaits et. al., Permanent Magnet-Based Quadrupoles for Plasma Acceleration Sourses.
Instruments , v. 3(2), n. 27; https://doi.org/10.3390/instruments3020027 , 2019

3. V.Paramonov, A. Durkine, A. Kolomiets. Initial Part of a Compact Proton Linac for
Applied Purposes. Physics of Particles and Nuclei Letters, v. 17, n.4. p. 624, 2020
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Poccus

2DESY, Zeuthen, Germany

OOTOIMUCCUA TMKOCEKYH/HBIX JIEKTPOHHbIX
CI'YCTKOB C BOJIBIINM 3APAIOM B BY ITYIIIKAX

PaccmaTpuBaeTcsi dMHCCHS KOPOTKHX OJIEKTPOHHBIX CIYCTKOB C OOJBIIMM
3apsA/I0OM B BBICOKOYACTOTHBIX ITymIKaX. IIpH MHKOCEKYHAHBIX [UIMTEIBHOCTSX
JIa3epHOT0 UMITYJIbCA H HAJIMYHH CHIIBHOTO 3IEKTPUYECKOTO MOJIS Ha KaTo/Ie, KapTHHA
CHJIPHO OTJIMYAeTCsl OT TPAJAMLHOHHOTO MEXaHM3Ma SMHCCHH, OrpPaHHYCHHOM
[POCTPAHCTBCHHBIM 3aps/I0M BBUICTAIOIINX YacTHI. B 3TOM citydae HEOOXOIHUMO
YUUTBHIBAT BIMSHHE MOJOKHUTEIBHOTO 3apsijia HOHOB, THHAMUYESCKU BO3HHKAIOIIETO
Ha TIOBEPXHOCTH KaTOJE, CBS3aHHOIO C KOHEYHOM CKOPOCTBIO MOCTYIUICHHUSI
9NEKTPOHOB B  o0mactp omuccun. CpaBHEHHE pPE3yJIbTaTOB pPAacueToB ¢
9KCIIEPUMEHTAIIBHBIME JTAHHBIMH, MOJYYCHHBIMH Ha YCTAHOBKE IJISi TECTHPOBAHMSI
¢dorourxexkropos B PITZ (DESY, Zeuthen, T'epmanusi), mokasaio xopoliee
coracue.

S.M. POLOZOV?, V.I. RASHCHIKOV?, M. KRASILNIKOV?

INational Research Nuclear University MEPhI, Moscow, Russia
2DESY, Zeuthen, Germany

PHOTOEMISSION OF HIGHLY CHARGED
PICOSECOND ELECTRON BUNCHES IN RF GUN

The emission of short electron bunches with a large charge in radio frequency
guns is considered. With picosecond laser pulse durations and a strong electric field
at the cathode, the picture is very different from the traditional emission mechanism,
limited by the space charge of emitted particles. In this case, it is necessary to consider
the influence of the ions positive charge, dynamically arising on the cathode surface,
associated with finite time of photoelectron transport to the emission region.
Comparison of the calculation results with the experimental observations at the Photo
Injector Test facility at DESY in Zeuthen (P1TZ), showed good agreement.

PaccMOTprM THIIHMYHYIO KapTHHY 3MHCCHHU 3JIEKTPOHOB ¢ (HOTOKaTOda
CBY nymku Ha nmpumepe (oTommymiky, pa3padbaTsiBaeMol B 1a00paTopuu
PITZ [1].

B wraccnueckol Mojenu (OTOAMHUCCHM TPU HAJMYUHM  BHEIIHETO
JIEKTPUUYECKOTO TIOJIsI BEJIMYMHA TOKA SMHCCHM OIpAaHMYMBAETCsl JIMOO
JNIEKTPUUYECKUM II0JIEM HA MOBEPXHOCTU MOJIYNPOBOJHUKA C Y4ETOM MOJISA
MIPOCTPAaHCTBEHHOTO 3apsijia CrycTKa, JIMOO SMHCCHOHHOW CIIOCOOHOCTBIO
¢dorokaToxaa.
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IIpu NUKOCEKYHIHBIX ATUTENBHOCTSX Ja3€pHOTO UMIYJbCa U HATTUYUU
CUJIBHOTO 3JIEKTPUUECKOTO TMOJsl Ha KaToJe, KapTHHa MeHsieTtcs. B aTom
cily4ae HEOOXOMMO YUYHTBHIBATH BIMSHHUC MOJIOKUTECIHHOTO 3apsijia HOHOB,
JUHAMUYECKH BO3HHUKAIOUIETO B SMUCCHOHHOM IISITHE HAa TMOBEPXHOCTH
karoge. IlosiBieHHE TMOJNOXKHUTENBHOTO 3apsiia CBA3aHO C TEM, UTO
YMCHBIICHHE KOHIICHTPAIINH IIEKTPOHOB, 00Pa3yIOIIUXCS O JCHCTBHEM
JIa3epHOTO UMIyJbCa, u OBICTPO MTOKHJAFOIIINX TOHKYIO
TTOJYTIPOBOTHMUKOBYIO TUICHKY ITIOJ JNEHCTBHEM CHIBHOTO AJIEKTPHYECKOTO
0TS, HE YCIEeBAaeT KOMIIEHCHPOBATHCS SJICKTPOHAMH, MOCTYMAIOMINMHU W3
Ipyrux obnactel (oToKaToaa B 00J1aCTh SMUCCHH.

Ha puc. 1 npencrasiena 3aBUCUMOCTB 3apsifia B CTYCTKE OT YMUCCUOHHOM
CIOCOOHOCTH KaTO/a, BRIPAXKCHHOW B MHUIIAX 3apsi/ia, BO3HUKAIOIIErO Ha
Karojie 3a c4ET (POTOIMUCCHHU O] ICHCTBUEM JIa3€PHOTO UMITYJIbCA.

— ey
apsaterirapiieiedt 14 — SIRSSSI
e

g T e e ot S
)
208 , ) MU SN | R
2 0 Zos Ve e I
S s -
5 06 / 3+ measured 7
2 o4 /| 1—simulated rad. homogen, 0.3 mm rms
/ 2—simulated rad. homogen, 0.4 mm rms ¥
02 £
[( -e-simulated core+halo, 0.3 mm rms A o/
0 47
0 05 1 15 2 25 3 35 4 o0 ¥ o -

000 050 100 150 2
Qinpnt.n

Quupus [~ laser energy] (nC)

Puc. 1. 3aBuCHMOCTb SMUTHPYEMOTO 3apsi/ia OT SMUCCHOHHOHN CIIOCOOHOCTH KaToa.
JleBslit pucyHOK — nanHble PITZ [1], npaBslii — pacuérsl konom CYMA [2].

Ha neBoM pucyHKe TIpUBeIeHBI pe3y bTaThl pacdera kogoM ASTRA [3]
(xpusbie 1,2) u usmepernsie B PITZ(3), Ha mpaBoM — pe3ynbTaThl pacyera
kogoMm CYMA. Kak BUIHO U3 PUCYHKOB, KpUBBIE | U 2, pacCUMTaHHbIE IS
JBYX pa3IM4HBIX 3HAUCHHUH pa3Mepa IATHa Jlazepa Ha ¢orokatoze (0,3 MM u
0,4 MM COOTBETCTBEHHO) IO KJIACCHYECKOW Moxenn ©Oe3  yuéra
TIOJIOKUTEIBHOTO 3apsi/ia Ha KaTo/ie, I0CTaTOYHO XOPOIIO COBIAAAIOT APYT C
npyrom. OgHAKO pe3yJibTaThl dKCIEpUMEHTa (KpHBas 3 JIEBOTO PHUCYHKA)
CHWJIBHO OTJIHMYAIOTCS OT pacyeToB (kpuBele | 00OHMX PHCYHKOB).
YcoBepmeHcTBOBaHHEe Mojenu ¢otoamuccuu B kojge CYMA BBeneHHeM
JMHAMHUYECKH BO3HUKAIOLIETO0 Ha (OTOKATOJE MOJIOKHUTENHLHOIO 3apsijia,
MO3BOJIFJIO  TOJMyYUTh XOpOIIEee COTJIacCHe Ppe3yJIbTaToB pacdera ¢

9KCIEPUMEHTOM (KpHUBBIE 3 000MX PUCYHKOB).
Crucox iumepamypol
1. Krasilnikov M., Chen Y., Stephan F// J. Phys.: Conf. Ser. 2019. Vol. 1238, 012064.
2. Rashchikov V.1// Problems of Atomic Science and Technology. Series: Nuclear Physics
Investigations 1990. Vol. 10 (18), P. 50-53.
3. K. Flottmann, // 2018, http://www.desy.de/~mpyflo
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Hayuonansuwiii ucciedosamenvcexuii soepuwiil ynusepcumem MUDHU, Mockea,
Poccus >Hayuonanouwiii uccnedosamensckutl yenmp «Kypuamoeckuti uncmuntymy,
Mockea, Poccus
SMeawcoynapoonas nayuno-obpasosamenvHas 1a60pamopus paouayuoHHoT (BusuKu,
HNY "benl'V", beazopood, Poccus

PACCESHMUE IOJIA PEJIATUBUCTKOI'O 3APAIA HA
KJIACTEPE MUKPOTEJI

PaccMoTpeHo paccessHUE MOl PENSATHBUCTKON 3apsDKEHHOM dYacTHIBl Ha
MIEPHOIMYECKOM KIIacTepe ChepuuecKrX MUKPOTEI. YUTCHO BIMSHHE yIiia Mpoyéra
3apsia OTHOCHUTENBHO CTPYKTYpbl. BBIBEJEHBI IUCHEPCHOHHBIC COOTHOIICHMUS,
OTIPEAEIAIONINE HAPABICHHUs NMUKOB M3IydeHus. Ilo momydeHHBIM aHAINTHYECKU
BBIPAXKEHHUSAM IIOCTPOEHBI CHEKTPAIbHO-YIJIOBBIE PACIPEACICHNS IUIOTHOCTH
SHEPTUU U3Iy4EHUs.

D. I. GARAEV*? A. A. TISHCHENKO?® D. YU. SERGEEVA!?
INational Research Nuclear University MEPhI, Moscow, Russia
2National Research Center «Kurchatov Institute», Moscow, Russia
3Laboratory of Radiation Physics, Belgorod National Research University,
Belgorod, Russia

SCATTERING OF THE FIELD OF A RELATIVISTIC
CHARGE ON A CLUSTER OF MICROPARTICLES

The scattering of the field of a relativistic charged particle by a periodic cluster of
spherical micro-objects is considered. The influence of the angle of flight of the charge
relative to the structure is taken into account. The dispersion relations that determine
the directions of the radiation peaks are derived. Spectral-angular distributions of the
radiation energy density were plotted using the analytic expressions obtained.

JdudpaknuonHoe H3TydYeHHE, BO3HUKAIOIIEE MPH MPONETEe MydKa Ha
HEOJHOPOAHOM  IMOBEPXHOCTBIO, MOXET  CIYXXUTh  HWHCTPYMEHTOM
JTUAarHOCTHKH TTapaMeTpoB Mydka. Y T0OCTBO TaKOTO METO/a 3aKIF0YAeTCs B
OTCYTCTBHUHU BO3MYIICHHUS: BO BpPEeMsI U3MEPEHUs My4YOK HE pa3pyliaeTcs u
OCTa€TCs MPUTOTHBIM JIJISl UCTIONIb30BaHUsA. Oco00e BHUMAHNE TIPUBIICKAIOT
MIEPUOUYECKHE TIOBEPXHOCTH, pacCesHUE IOJIsT 3apsioB Ha KOTOPBIX
HaspiBatoT uanydeHuem Cwmuta-Ilapcenna (MCIT) [1]. UCIT B cBszu ¢
KOT€PEHTHOCTBIO PACCESHUS Ha OTIENBHBIX CTPYKTYPHBIX KOMIIOHEHTaX
obmamaer  pAgoM MIPHUBIIEKATEIHHBIX 0COOEHHOCTEH: BBICOKAsI
MHTEHCUBHOCTb, JIUCKpPETHasi HAIpPaBJICHHOCTb, MOHOXPOMATHYHOCTbD.
Teoperuueckoe u skcnepumeHTanbHoe uccienopanue MCII no HenaBHero
BpEeMCHH OBLJIO HAINPaBICHO Ha ONpPENCHEHHBIA Kjacc MHIICHEH —

315



IUTOCKOMApaJUIe/IbHbIe  MeTayuinyeckue IuacTuHku [2]. CoBpeMeHHbIC
UCCIIC/IOBAHMS TPOLECCa paccesHUus Ha OoJliee CIOXKHBIX CTPYKTypax,
00JaaroIuX, HAMpUMep, ABYMs MEPHOAaMHU, TOBOPSAT O TOM, YTO KapTHHA
U3IYYCHUSI CTAHOBUTCS OOJiee CIIOKHOM, a CIIEAOBATCIHLHO MHPOPMALHUA O
myuke Oonee 6oraroit [3].

B nanHoii pabote, UCXO/s M3 MEPBBIX MPHHIUIIOB AIIEKTPOJUHAMHUKHY,
Obuta mocTpoeHa Tteopus wu3nydenuss Cwmwurta-Ilapcenia oT JByMepHOi
cucteMsl chepruecknx MukpoTel (Puc. 1). Bee Tena pacnonokeHbl B OTHOM

TIOCKOCTH, B Y3laX MPAMOYroIbHOM pemérkn ¢ mepuomamu d, u d, .

IIpennonaraercs, 4To TpaeKTOpHA 3apsijia MapaaieabHa IOCKOCTH MUIIEHU
U HaXOJUTCs Ha paccTossHMM h oT He€. OTIEenbHBIM IapaMeTPOM BXOIHT
yroJ nposéra 3apsaa OTHOCUTENBHO CTPYKTYPhlL y .

Ero BKJIIOUECHUE JenaeT
paccMoTpeHue 6osee OIU3KUM
K  YCJIOBHSAM  DEalbHOTO
JKCIIEPUMEHTA,  MOCKOJIBKY,
BBUY HAJINYWA OMHUTTaHCa, B
peanbHOM DIIEKTPOHHOM ITy4YKe

FAyA

MIPUCYTCTBYET W3BECTHBII

Puc.1. Cxemarndeckoe H300paxeHue pasbpoc B HANPABICHHSX
KIIacTepa MUKPOTEI JBUKEHUS AIEKTPOHOB.
Koneunrie MTOCTPOCHHUS

CIEKTPaJbHO-YIJIOBOTO PACIpPEACICHNs] IUIOTHOCTH JHEPTUH W3Iy4YEeHHs
MOKa3bIBAIOT, YTO JIJAHHBIN MTapaMeTp OKa3blBaeT CYIIECTBEHHOE BIMSHHE Ha
KapTUHY M3Jy4eHUs. AHAJIM3 MOJYYEHHBIX BBIPAXKEHUH Uil CIIEKTPAIbHO-
YIJIOBOTO pacIpesiefieHis IUIOTHOCTH SHEPruM U3JIy4eHHs [O3BOJIMII
BBISBUTh Haubojiee BaXHBIM NAaTTEpH Ipolecca — JUCIEPCHOHHBIE
COOTHOIIEHHS, BBIPAXKAIONIME 3aBUCHMOCTh yIVIa NPOJETa 3apsfa M ero
CKOPOCTb C  HalpaBJeHHWEM IHMKOB  HW3JIyueHHs. JlMCIepCHOHHBIE
COOTHOLICHHS IIPH CBOEH MPOCTOTE XOPOIIO COMACYIOTCS € TIOCTPOCHHBIMH
CIEKTPaIbHO-YIIIOBBIMH PACIIPEACICHUSIMH IUIOTHOCTH SHEPTUH.

Pabota BeimonHeHa B pamkax npoekra PH® Ne 19-72-00178.

Cnucox aiumepamypul

1. S. J. Purcell and E. M. Smith, Visible Light from Localized Surface Charges Moving
across a Grating, Phys. Rev. 92, 1069 (1953).

2. A. P. Potylitsyn, M. |. Ryazanov, M. N. Strikhanov, and A. A. Tishchenko, Diffraction
Radiation from Relativistic Particles, Springer Tracts in Modern Physics Vol. 239 (Springer,
Berlin, 2010).

3.D. Yu. Sergeeva, A. A. Tishchenko, and M. N. Strikhanov, Microscopic theory of Smith-
Purcell radiation from 2D photonic crystal, Nucl. Instrum. Methods Phys. Res. Sect. B 402, 206
(2017).
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Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

YCKOPUTEJIb YACTHILI, UMEFOILINX MATHATHBIN
3APSIT

B nmanHO#l paboTe mOKa3zaHa BO3MOXKHOCTh IIOCTPOCHMS YCKOPHTENEH st
YCKOpPEHHUsI MPOTOHOB, MMEIOIINX MAarHUTHBIA 3apsj, B YacTHOCTH, MPeIOKEHa
CXeMa YCKOPUTEs, a TAKKe CIOco0 MOTy4eHNsI MarHUTHBIX 3apsI0B.

A.V. NESTEROVICH
National Research Nuclear University MEPhI , Moscow, Russia

ACCELERATOR OF PERTICLE WITH A MAGNETIC
CHARGE

In this paper, the possibility of constructing accelerators for accelerating protons
having a magnetic charge is shown, in particular, an accelerator scheme is proposed,
as well as a method for obtaining magnetic charges.

B 1931 rony Jupak mokasan [1], 4To KBaHTOBasi TE€OpHsI MPEATIONAraeT
CyIIECTBOBAaHME B KauyeCTBE HCTOYHUKOB DJICKTPOMArHUTHBIC IOJISA
TOYEYHBIX MArHUTHBIX 3apsioB. MHOTHMe HaydyHBIE TPYHIBI MTPOBOIUIN
SKCIEPUMEHTHI 110 MIOMCKY MOHOIIONIEH B COCTaBe KOCMHYECKOTO U3ITy4EHUs
JIYHHOTO TPYHTa, CPEIM BTOPHYHBIX YACTHI, POXKICHHBIX MPH OOJBIIUX
sHeprusx [1]. Dot mpobnemoii 3aammanucek B LIEPHe [1], B bpykxeiiBene
[1] u op. B wacTHOCTH, mpeanonaragoch, 4T0 MOHOIOJM, POKIECHHbIE TIPU
COyJapeHMSAX WM TOA JICHCTBHEM Y-KBAHTOB, OCTAHOBSITCS B MHUILICHH,
MOJBEPTHYTOM 00iydyeHnto. Jlo cux mop IOMCKH IPOJODKAIOTCS, OJTHAKO
CTaTMYECKH JOCTOBEPHOM WHGOpPMAIMM OKa3ajJoch HEAOCTaTouyHO. B
Ipolecce M3YYeHHs THMHYEBBIX CHJIBHOTOYHBIX pa3psiioB B  IIOTOKE
KHUJIKOCTH [2] O6buIM OOHapyXKEHBI Pe3ylbTaThl, KOTOPHIE MOTIH ObI OBITh
HHTEPIPETHPOBAHBl KaK CBHUJIETEIHCTBA HAIMYMS MAarHUTHBIX 3apsAnoB. B
MIEPBYI0 OdYepeab — 3TO CJIeIbl Ha IONEePeYHOM (BEPTHKAIBHOM) cCpese
METAJUIMIECKOTO 00pasIia TOMIUHON 10 3 MM, UMEIOIIHE B ITOIaBIISIOIIEM
OOJBIIMHCTBE BEPTHKAIBHYIO HANpPABIEHHOCTh W OJUHAKOBYIO TOJIIHNHY
(oxomno 1 MK). DTH ciesbl B psiie CIIy4aeB MOTYT ObITh SKCTPAIOJMPOBAHbI B
eIIMHYIO TOYKY HaJ MOBepXHOCTHIO (puc. 1) Ha BeicoTe nmopsaka 0.4 mm. B
pe3yibTare JUIMTEIbHBIX HaONIOJCHUI M3y4YeH XapakTep 3THX CIEI0B U
JMHAMUKA UX TIOSBJICHHS (B TOM YHCIIC B pe3yJbTaTe NepeMelleHNs] BHY TPH
MUILIEHU B CHITY MOJBIKHOCTH AMCIIOKAaNWil IpU HarpeBaHun). beut cienan
BBIBOJ] O BO3MOKHOCTH YCKOPEHHSI MarHUTHBIX 3apsiIoB MArHUTHBIM I10JIEM
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BEPTUKAJIbHOW HAIIPaBIEHHOCTH B IMHYAX, OOpa3yloOmMX B OCHOBaHUU
BbIcoTol 110 0.5 MM nupKynupyroumii notok (0-nuH4). CorylacHO OILEHKaM
T10 3KCIIEPUMEHTAIbHBIM PE3yJIbTaTaM, MarHUTHOE TI0JIe MOKET IOCTHraTh B
9TOH 30HE HECKOJIBKUX TII, yCKOpss MarHUTHBIE 3apaisl. A Tawoke [1], atn
3apsigbl MOTYT OCTaBJATH CJEAbl MMEHHO TakoW TOMIUHEI (~1 MK).
KiroueBbIM BOIIPOCOM SIBIISIETCS IPOUCXOKACHHE 3apsiioB. bputo BeICKa3aHO
[2] mpenmonokeHwe O WX TMOSBICHHM B IPOIECCE pa3pbiBa CBs3eH
JIByXaTOMHBIX MOJICKYJ, BXOIAmuX B coctaB Bo3ayxa (N2, O2) u BogsHOTO
napa (Oz, Hy), mpucyrcTByrommx B paspsjae. PasjeneHue 3TUX 3apsioB B
JOCTaTOYHO CHJIbHOM MAarHUTHOM II0J€ W HX YCKOPEHHE SIBISICTCS
OUYEBHIHBIM, MOCKOJIBbKY PEKOMOMHAINS HE YCIIEBAa€T Pa3BHUTHCS 3a BPEMS
ummynbea (~1 Mxc).

/
WK Tl

J_ +100 kB

Puc. 2. Cxema ycranoBku. U1 — nonHsIi
nmkekTop; CJ1 — cucrema nuddepenimansHon
oTkauky; YC — yckopsomas CTpyKTypa
(comenoun); PY — pazgenurensHOe yCTPOUCTBO;
M — MuIeHs.

Puc. 1. Tpexu Ha cpe3e oOpasia
U cepryeckre 0OBEKTH Ha
MTOBEPXHOCTU

Oco0eHHO BaXHO, 4YTO YCJOBUS IUIa3MOOOpPa30BaHHMS B IHHYE H
JyOIIa3MOTPOHE NPAaKTHYECKH TOXKIECTBEHHBI. DOKYCHPOBKA ITyYKa MOXKET
OBITh OCYILIECTBJICHA 3a CYET HapacCTaHHsI 110 JUIMHE aMILUIUTY Al MATHUTHOTO
nojis (CWIIOBBIE JHMHUM OCHOBHYIO YacTh HyTH COJMKAIOTCS, CO37aBas
panuaIbHYI0 COCTABIIAIONIYIO MOJIS).

B nonie c unaykuueit 0.1 Ti atu 3apsiiel yekopsitores ¢ temnom ~20 MsB
Ha caHTEMeTp [1]. B KaduecTBe 3KcIIepruMeHTaTbHON YCTAHOBKH MOKET OBITh
UCTIONIb30BAaH IPOTOHHBIA MHXEKTOP C COJICHOMJIOM, MMEIOIINH CHCTEMY
i depeHnmanbHoi oTkauky. CxemMa yCTaHOBKH ITOKa3aHa Ha puc. 2.

B Hacrosmmee BpemMs yCTaHOBKA C yKa3aHHBIMH ITapaMeTpaMH HaXOIUTCS

B COCTOSTHUH TOTOBHOCTH B PVYII.
Cnucox rumepamypbl
1. E. Amaneau u ap. Ilowcku mononosneit lupaka. B cOopHuke crareit «MOHOIOIb
JHupaka». — M.: Mup. 1972. 332 ¢. Ctp. 7 — 114.
2. A.B. HecrepoBuu. UVccnenoBanust BO3ISHCTBUS IMUHYEBHIX IUIA3MOHMIOB B
MEPUOANIECKOMPA3ps/ie B OTOKE )KUAKOCTH Ha OKPYKAroOLIylo cpeay. JKypHan TeXHUYECKOi
¢dusukn, 2019, Tom 89, Bem. 9. Crtp. 1344 — 1351. DOI: 10.21883/JTF.2019.09.48059.432-18.
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YIIPABJIEHUE OPUEHTAIIMEU IIOJIAPU3ALIMU B
HAKOIIMTEJIBHOM KOJIBLIE, PABOTAIOLIEM B CIIUH-
MMPO3PAYHOM PEKUME

HccnenoBana npuHNMNMAIBHAS BO3MOXKHOCTh YIPABICHUS OpUEHTAalMedl ocu
MOJAPU3AIMH MTydKa B HAKOIUTENBHOM KOJbIE, PaboTaromieM B CIHUH-IIPO3PauHOM
peXHMeE, TIOCPEACTBOM HCIONB30BAaHUS CHHH-HABUTATOPHBIX COJIEHOUAOB. B
YaCTHOCTH, PACCMOTPEHA CITUH-IUHAMMKA ITyYKa ACHTPOHOB B JaHHOH CTPYKType U
HCCIIEI0OBAaHbl CBOWMCTBA CTPYKTYpPBl C TOUYKH 3pPEHHUs JCMOIApU3ALUH ITydKa MO
MEXaHU3MY CIHMH-JIEKOTEPEHIIUN.

A.E. AKSENTEV, A.A. MELNIKQOV, , Y.V. SENICHEV

Institute for nuclear research of RAS, Moscow, Russia

MANIPULATION OF BEAM POLARIZATION
ORIENTATION IN A SPIN-TRANSPARENT STORAGE
RING

The feasibility of manipulating the beam polarization axis in a spin-transparent
storage ring by means of spin-navigating solenoids has been investigated. In
particular, deuteron beam spin dynamics in the given lattice and the lattice’s properties
with respect to beam depolarization via spin decoherence have been considered.

B npennonaraeMoM MeToze yNpaBieHUsI NOJSIpU3aluell IIyuKka B CIIUH-
mpo3paunoM (“Spin Transparency,” nanee ST-) pekume 4acTOTa MPELUECCHH
CHMHA MyYKa YCTaHABJIMBAETCS OJNM3KOW K HYJIIO 3a CYET MCHOJIB30BaHMUS
“cubupckux 3meek.” [lockonbky B ST-pexuMe 4acTHIbl HAXOAITCS BOIN3U
[IEJIOYNCIIEHHOTO pe30HaHca, IS cTabmim3anuu TpeOyeMoro HalpaBICHUS
MOJNISIPU3AlUN B JICTEKTOPE HCIONB3YIOTCS COJICHOWIBI- ‘HAaBUTATOPBI” CO
cmadpIMU TIONIsIME (pHC. 1), Bpalarolie CIUH-BEKTOPHI YacTHUI] ITydka Ha
MaJble yTIIbl.

bouia wmccnenoBaHa CIMH-AMHAMUKA IydKa AEHTPOHOB B JaHHOM
CTPYKTYPE, U C/IeJIaHbI BBIBOJIBI KACATEIHLHO IPHUHIUITAAIBLHON BOZMOXHOCTH
HCIOJIB30BAHUACIIMH-HABUT'aTOPHBIX COJICHOUI0B JIIA YHpaBJICHUA
OpHeHTaHHeﬁ OCH TOJIApU3alu B 3a}13HHOﬁ TOYKEC YCKOPUTECIIA.
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1-st spin navigator

Puc. 1. Cxema pacnonokeHust “HaBUTaTOPHBIX™ COJICHOUIOB B IIpoMexyTke MPD-
JEeTeKTopa

B 4acTHOCTH, B OTHONICHWU CIWH-IWHAMUKH Iy4Ka B CTPYKType ObLI
CJIeTIaH CIEYIOIIHA OCHOBHOM BBIBOJI: MPEIECCHUS CTIMH-BEKTOPA KaXIOH U3
YaCTHII ITyYKa MIPOUCXOINT IO MMOBEPXHOCTH KOHYyca (pHC 2.), yroJl pacTBopa
KOTOpOTO (PaBHO KaK M €0 0Ch) 3aBUCHUT OT 3 pekTrBHOTO JIopeHIr-(hakTopa
gacTHIbI (puc. 3).

at SPD 710

LU, g [rad]
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Puc. 2. PaBHOBecHbIE 3HaUEHUS OCeit Puc. 3. Yron oTKI0HEHHS OCH KOHYCa
KOHYCOB CIAH-TIPELIECCHH IS MPELECCHH CITHH-BEKTOPA YaCTHIIBI OT
pa3HbBIX YaCTHII CTyCTKa. LlBeToM pedepeHcHOro 3HaYCHUS B
0003HAYCHBI OMUCHIBAEMBIC CITHH- 3aBUCHMOCTH OT PABHOBECHOW SHEPTHU
BEKTOPAaMHU YaCTHUI[ OKPY>KHOCTH. YaCTHIIBL.

B orHOmEHNN CIIMH-ACKOTCPCHIIU N OBLIO II0Ka3aHo, 4YTO “crmH-
HaBI/IFaTOpBI” HE OKa3bIBAlOT CYIIECTBCHHOI'O0 BJIMSHHA Ha  CIIMH-
ACKOIC€PCHIMUIO ITyYKa.

Taxum O6p330M, MPpUHIUIINATIbHASA BO3MO>KHOCTb yIpaBJICHUA
OpHCHTaHHeﬁ OCH NOJIIpU3alu Iy4YKa MOCPEACTBOM CIIMH-HABUTATOPHBIX
COJICHON 0B, YCTAHOBJICHHBIX B HaKOITUTCIIbHOM CHUHXPOTPOHE,

paboTarolieM B CIIMH-TPAHCIIAPEHTHOM PEXUMe, ObliIa TIOATBEPKIACHA.
Cnucox rumepamypol
1.  Konaparenko AM, Kounparenko MA, ®unatos FOH, Kopanenko AJl, Byrenko AB,
MuxaiinoB BA, Ceipecun EM, llIumanckuit CC. ITonspuzosannvle uonvl 8 KOMIIEKCe
NICA. ObocuoBanue npoekta ([{yOHa, aBryct 2018).
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A. B. 3UATAUHOBA'*, I1. A. ®PEJVHY, T. B. KYJIEBOI*,
A. A. MAJIBILIERB?, C. JI. BOTOMOJIOB?, A. A. EOPEMOB?

YOIBY «HMucmumym meopemuueckoli u 9KCRepuMenmanbHotl QUu3uKu» umenu
A.U. Anuxanosa Hayuonanvhozo uccneoosamenvckoeo yenmpa « Kypuamoscxuii
uncmumymy»
206vedunenblil uHCMUMYm S0EpHbIX UCCIe006aHUL

MOJE/IMPOBAHME TMHAMUWKH ITYUYKA B «PEAJIBHBIX»
[OJIAX CUCTEMbI AHAJIN3A U TPAHCIIOPTUPOBKHA
IIYYKA CWJIBHOTOYHOI'O UHKEKTOPA
MHOI'O3APAHBIX HOHOB HA BA3E
CBEPXITPOBOJAIIEIO 51IP UCTOYHUKA HOHOB

B pamkax mporpaMMbl HCCIEIOBAaHUS CBEPXTsDKENBIX 31eMeHToB B OUSU 1.
JlyOona Bemetcs paspabotka cBepxmpoBojsmero OIIP wcroynumka wonoB. [lns
TPAHCIOPTUPOBKM HOHHOTO IIy4yKa, TEHEPUPYEMOrO JaHHBIM MCTOYHUKOM,
coemectHo ¢ HUIL «Kypuarosckuii unHCTHTYT» — UTD® Benmercs paspaboTka
CUCTEMBl aHaIN3a M TPAHCIOPTHPOBKHU CHJIBHOTOYHOIO IIy4Ka MHOI03apsIHBIX
HoHOB. B pabore mpeacTaBieHBI pe3ynbTaThl BTOPOTO 3Tala: MOJECIHPOBAHHS
JNMEKTPOMATHUTHBIX TIOJIEH B ONTHYECKUX >JIEMEHTAaX TPakTa M MOJEIHPOBAHHE
JMHAMUKH B IPUOIMKEHUHN «PEaTbHBIX).

A.V.ZIIATDINOVA!, P. A. FEDIN?, T. V. KULEVOY },
A. A. MALISHEV?, S. L. BOGOMOLOV?, A. A. EFREMOV?
YInstitute for Theoretical and Experimental Physics named by A.I. Alikhanov of

National Research Centre «Kurchatov Institutey
2Joint Institute for Nuclear Research

BEAM DYNAMIC SIMULATION FOR HIGH CURRENT
MULTICHARGED IONS INJECTOR BASED ON SC ECR
ION SOURCE WITH «REAL» FIELDS.

ECR ion source is under development at JINR as part of superheavy element
research program. Development of a low energy beam transport (LEBT) system for a
high current multicharged ions is carried out together with NRC «Kurchatov Institute»
- ITEP. The paper describes the second step results of ion beams dynamic simulation
in the LEBT with “real” field approximation for optic elements.

bazoBoii ycraHoBKOIl  (aOpMKn  CBEPXTSDKENBIX  JJIEMEHTOB B
Jlaboparopuu simepHbix peakuuit OUSAUN sBnsercs uuknorpon J11-280 [1].
Jnst reHepanMu CHIBHOTOYHBIX ITyYKOB TSDKEJBIX HOHOB B KayecTBe
WHKeKTOpa Uil JaHHoro yckopurenss B OWSUM  paspabarsiBaercs
CBEPXIPOBOJAMINN  MCTOYHUK HOHOB Tuma OIP  (31eKTpoHHO-
LUKJIOTPOHHBIH PE30HAHC) TPETHEro IOKOJNeHHs. s MHXKEKIHH ITydKa
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HOHOB B IIUKJIOTPOH HEOOXOAMMO pa3paboTaTh CHCTEMY TPAHCIIOPTHPOBKHU U
aHaJM3a My4koB. B craree [1] omucaHbl pe3ysibTaThl NEPBOTO dTaNa JaHHOH
paboThl — pa3pabOTKH KOHIETITYILHON CXeMbl HHKEKTOPA.

Ha BropoM 3tane ObutM pa3paboTaHbl MOZAEIH CIEAYIOLINX DIIEMEHTOB
TpaKTa: COJICHOMJ JJIMHOM oOMoTku 154 MM (puc. 1 (a)), KBagpymnoiabHas
muH3a gHor mortoca 200 MM (puc. 1 (6)), MOBOPOTHBIN MAarHUT C yTIIOM
moBopoTa 90° m yriaamu ckoca 26° (puc. 1 (B)), yckoputenbHas TpyOka Ha
TIpeaeNnpHyI0 pa3HoCcTh HanpsokeHuit 100kB.

(a) (6) (8)
Pucynok 1. — Mopenu coneHounna (), kBaapymnosis (0), MOBOPOTHOTO MarHuTa (B).

B Xojie MOJENHPOBaHUA AUHAMUKY ITyuka B TPAHCIOPTHOM KaHaje ¢
UCMONBb30BAHUEM  DACHpEeeHHsl  «PealbHbIX»  Ioledl  HoJyYeHsl
CcleyIOlIUe PE3yIbTaThl: TPAHCIIOPTUPOBKA OCHOBHOTO My4Ka MOHOB 23834
coctaBwia 96%, a npumecHoro 2¥U%* — 20% (pasmep auadparmsl
40Mm*100MM). Ha puc. 2 npejcTapieHa orubaromas myuka 1oHoB 228U%** p
KaHaJle TPaHCIIOPTUPOBKH.

50

XuY(mm

50

238 J34+

PucyHok 2. — ornbaromas mygka HOHOB B KaHaJle TPaHCIIOPTHUPOBKU
Cnucok riumepamypbl
1. A. B. 3uaraunoBa u np. Pa3paboTka cHCTeMbl aHAIM3a M TPAHCIOPTHPOBKH ITydKa
CHJIIBHOTOYHOTO HMHXKEKTOpa MHOTO3apsIHBIX HOHOB Ha 0a3e cBepxmpoBojsmero OLIP
UCTOYHHKA HOHOB // SInepHas ¢msmka u urxuaupuar. 2020. [B neyarn]
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B.JI. OKCEHI'EHJIJIEP!, C.X. CYJIEUMAHOB?, H.H. TYPAEBA?
Unemumym mamepuanosedenus HITO « @usuxa-Coanyen AH PY3, Tawxenm

2\Webster University, USA

PAIMAIIMOHHBIE 3®PEKTBI B MEPAPXUYECKUX
CTPYKTYPAX

B pamkax Monenu AByX B3aumopaeHcTByromux miardpopm X u Y uepapxudeckon
JIECTHHIIBI PACCMOTPEHO HM3MEHEHHE Iepeladyd YIUIOTHEHHOH HHGMOpMAlMu IpU
pamuanoHHOM BozfedcTBum Ha X 1iatdopmy. PaspaboTaHHBIH —anroputM
MIPUMEHEH K paJfaIllMoHHOI Jlerpajalliy HOTyTPOBOIHUKOBEIX IPHOOPOB (HEKUBAs
pupo/a), 1 00pa30BaHUIO HOBOTO IITaMMa IIPH MyTalluk BUPYCOB ()KUBasI IPUPOJIA).
OO0cy>XaeHB! IyTH NOJAaBICHUS 3THX IPOLIECCOB.

B.L. OKSENGENDLER?, S.X. SULEYMANOV?, N.N.

TURAEVA?
! Materials Science Institute of SA «Physics-Sun» of Academy of Science Uzb,
Tashkent
2\Webster University, USA

RADIATION EFFECTS IN HIERARCHICAL STRUCTURES

Within the framework of the model of two interacting platforms X and Y of the
hierarchical ladder, the change in the transmission of compacted information under
radiation exposure to the X platform is considered. The developed algorithm is applied
to the radiation degradation of semiconductor devices (inanimate nature), and the
formation of a new strain upon mutation of viruses (wildlife). The ways of suppressing
these processes are discussed.

B coBpeMeHHOI pagualoHHOW (U3UKE KOHAECHCUPOBAHHBIX CpPE
aKIEHT JIeJIaeTCs P 9TOM Ha HaTyphutocoduro “comlexity”, coueraroriyro
HEJIMHEWHOCTH  Pa3HOTO TMPOUCXOXKJIEHHUS, B  YacCTHOCTH, ‘HaHO”,
“(bpaxTaIbHOCTD”, “masle pasmepHoOCTH, “XHpaTBHOCTH” U
“cuHepreTHKy”’. Bmecte ¢ TeM, 0co0yr0 poib 3/eCh JOIDKHO HTPaTh TaKoe
CBOHCTBO CHHEPIETHKH, KaK MEPapXUIHOCTh CTPYKTYpP, YTO CTAJO LEJIBIO
N3y4YeHUs HacToswIel pabOThl B HEXKUBBIX U JKMBBIX CHCTEMaX.

Hcnonb3yst METOIOIOTHIO paIMalliOHHOM (DPM3UKH, OCYIIECTBIICH aHAJIH3
pom  Tpex  THUIOB ATOMHBIX MEPEeCTPOEK: paanuanoHHOIO
nedexroodpazoanus (P/10), paguanioHHO CTUMYIHPOBaHHON MU Gy3nun
(PCH1) n pammannonHbIx kBasuxummdeckux peakmuid (PKXP) B m3ydenun
M3MEHEHHUs Tiepeaadn nHHOpMaIuK ¢ HIDKHEH m1aTgopMbl Ha BEpXHIOKO (X
-Y). PaccmoTpuM nBe coceqnue miaThopMbl HEpapXUUIECKOM JIECTHHUIIBI BO
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CXL)

BHemHel “mrymsmei” cpene. IlycTe Ha HIDKHEHl CTymeHM JUHaMUKa
9JIEMEHTOB X (X Bcero K) onuchiBaeTcsi ypaBHCHHEM:

k

d i t

d); zfi(xf't)JfWi(fHZf % ()wy (' +1)dt’ (1)
i=1"°

3nech W; omuchiBaeT (UIYKTyalMd OT BHEIIHMX UOIYMOB, a Wi
K03 HIMENTHl KOppensuun Mexay onementamu i, fi(xj,t) -
“CKOpOCTH”, MOAENUPYIOUINE BO3MOXHBIE CBS3H MEXIY OJIIEMEHTaMH
HEJTMHEHHOT0 yPOBHSL.

Amnanus 5Tux K ypaBHEHHIA COCTOUT B TIOMCKE CUTyaIui, kormaa ¢asa ¢i(t)
u ammatyasl Ai(f) BceX H3MEHSIONIMXCS OCHHULITOPOB YKIIABIBAIOTCS
BCEMH BO3JICUCTBUSMH B KOPPEIMPOBAaHHYIO CHCTEMY, OOeCHeuYHBaIoIiee
HCHYJICBOC 3HAYCHHEC BEJIUYUHBI Y~ fot x;(t)w;;(t" + 1)dt’, ut0 W
COOTBETCTBYET CHATHIO HH(MOPMAIINHN C HIDKHEH TuaT(opMbl 1 epeady Ha
BEPXHIOI IIATPopMy. AHAIU3 C HUCMOJIL30BAaHHEM MeToAa (UKTHBHOIO
ocummigtopa Ban nep Ilonsg mno3Bonmi BBAENWTH CHUTYyallMd, KOTJa
OCLMJUISTOPBI B BO30YKIEHHOM COCTOSIHMHU ITPOBOJSAT OOJIbIIIE BPEMEHH, YeM
B HEeBO30YKIeHHOM: P = T,, /T, > 1. Haimm nelicTBUsI COCTOSIIN B aHAIM3E
pamstHua PJIO, PCI, PKXP Ha mapamerprl B (1) M uUX oTpakeHHE B
napamMeTtpax ocuwsitopa Ban gep [oms [1].

Oco0oe BHUMaHHE YACICHO H3MEHEHHMIO Yncia K, 9YTO COOTBETCTBOBAIIO
TeHEpalluy MM CTOKY 3JEMEHTOB Xi. TeIuioBas KOMIIOHEHTa paJWalnui
yunTbiBanach kak B Wi, Tak u f;(x;,t). Iodyuennsle Ha 5Toif ocHOBe
BEJIMYMHBI Y U P UCHONb30BAINCh B psfe NpuiloxeHuil. B yactHocTH, B
JIeTpajlallii B MHOTOKOMIIOHEHTHBIX COJIHEUHBIX 3JIEMEHTax (Harpumep,
TIEPOBCKUTOB), a TAKXKE B IPOOJIEME MyTaIlui BUPYCOB, IPHUYEM, TTOSBICHHIO
HOBOTO IITaMMa CTaBWJIOCH B COOTBETCTBHM ycioBue, korma y # 0, 4To

peanu3oBBIBANOCH Tipu P > 1.
Cnucox aumepamypul
1. John S. Nicolis, Marianna Benrubi “A model on the role of noise at the neuronal and the
cognitive levels”// J. Theor. Biol. 1976. V. 59. P. 77 — 96. DOI: https://doi.org/10.1016/S0022-

5193(76)80024-0
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K.E. ITPAIHUIIHUKOB, I1.A. ®EJIVH, P.I1. KYI‘/JIEI/II[A,\'
A.B. KO3JIOB, A.10. JIVKAIIINH, IT.A. BOI'OCJIOBCKHH,

C.B. JIELLIEHKO, C.A. TPAIIKWH, T.B. KYJIEBOM
HUI] «Kypuamosckuii uncmumymy - UTOD, Mockea, Poccus

NMUTAIIMOHHBIE OBJIYYATEJIBHBIE SKCIIEPUMEHTBI
HA YCKOPUTEJIE TSKEJIBIX MOHOB THUIIP-1

VmuTtanyionHsle 00JTydaTebHbIe SKCIEPHMEHTHl Ha IyYKaxX TSDKENIBIX HOHOB
SBIIIIOTCA  4YacThIO OKCIIpecC-aHalM3a C IOMOINBI0 KOTOPOrO HCCIEAYHOTCS
9KCILTyaTallIOHHBIE XapaKTePUCTHKN MaTepHAaIOB, ITOIBEPTAIONINXCS BO3ACHCTBHIO
HOHHM3UPYIOMHNX U3TyueHUH. {19 KOHCTPYKIIMOHHBIX MaTepHaTIOB PEaKTOPOB TaKUE
9KCIIEPHMEHTHI MO3BOJITIOT HapaboTaTh Ae(EKTHl B MaTepHale CXOXHE IO CBOEH
MIPUPOJE C TEMH, YTO HAKAIUIMBAIOTCS B KOHCTPYKIIMOHHBIX MaTepHanax B peakTopax.
OKCIEepUMEHTHI Ha HOHHBIX ITyYKaxX MO3BOJISTIOT COKPATUTh BPeMs HCCIIEOBaHUM, 110
CPaBHEHMIO C AHAJOTWYHBIMU SKCIIEpUMEHTaMHM, MPOBOJUMBIMH Ha peakTopax c
UCTIOJIb30BaHMEM  HEWTPOHHBIX  HOTOKOB. Jnst  BBICOKOTEMIEPATYPHBIX
CBEPXIPOBOJSIIIMX KOMIIO3UTOB HCCIEIOBaHUS HAa HOHHBIX ITyYKax ITO3BOJIIIOT
HCCIIEIOBaTh BIMSIHUE OOJydYeHWs Ha XapaKTepUCTHKH Marepuana. OTCyTcTBHE
HABEJCHHOW pajuanuyu B OONydeHHOM oOpaslie IO3BOJSIET HCHOJIb30BaTh UL
HCCIIeI0BaHNI BeCh HAOOP COBPEMEHHOTO MHCTPYMEHTApHs, B YACTHOCTH aTOMHO-
30H10ByI0 ToMorpapmro. B HUI[ «KypuatoBckuit wunCcTHTYTY - UWUTOD
MMHTALHOHHBIC SKCIIEPUMEHTHl BBIMNONHIIOTCS Ha TSDKEJIOMOHHOM YCKOPHTENe
TUIlp-1. B poxmame mpeAcTaBieH o0030p MPOBOIUMBIX — OOydYaTeIbHBIX
sKcriepuMeHToB Ha ycraHoBke TUIIp-1 u omucaHa MOATrOTOBKA K BBITOJHEHHIO
9KCIIEPIMEHTOB Ha ITyYKaX HOHOB ME/IN.

K.E. PRIANISHNIKOV, P.A. FEDIN, R.P. KUIBEDA,
AV.KOZLOV, A.YU. LUKASHIN, P.A. BOGOSLOVSKIY,

S.V. LESHCHENKO, S.A. TRYAPKIN, T.V. KULEVOY
NRC “Kurchatov Institute” — |TEP, Moscow, Russia

IMITATION IRRADIATION EXPERIMENTS ON THE
ACCELERATOR HEAVY IONS HIPR-1

Simulation irradiation experiments on heavy ion beams are part of an express
analysis to examine the performance of materials exposed to ionizing radiation. For
structural materials of reactors, such experiments make it possible to generate defects
in the material, similar in nature to those that accumulate in structural materials in
reactors. Experiments on ion beams can reduce the research time, in comparison with
similar experiments carried out at reactors using neutron fluxes. For high-temperature
superconducting composites ion beam irradiation experiments enables the
investigation of the influence of radiation effects on superconductor characteristics.
The absence of induced radiation in the irradiated sample makes it possible to use the
entire set of modern instruments for research, in particular, atomic probe tomography.
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Simulation experiments are performed on the HIPr-1 heavy-ion accelerator at the
NRC "Kurchatov Institute” - ITEP. The report provides an overview of the irradiation
experiments carried out at the HIPr-1 facility and describes the preparation for
experiments with copper ion beams.

B HUII «KypuaroBckuii HHCTUTYT» - UTO® Ha ycKOpUTENe TSKEIBIX
nonoB TUIIp-1 ¢ 2009 rona mpoBoAsSTCA UMUTALMOHHBIE OOIydaTeIbHBIE
skcriepuMenTsl. Yckoputens TUIIp-1 mpencraBnsier co0ol yCKOPSIOIIYTO
CTPYKTYPY c MIPOCTPAHCTBEHHO-OJHOPOAHOM KBaJPyHOIbHOU
doxycuporkoit (IIOK® (RFQ)) u MOXKET yCKOPATh HOHBI C OTHOLICHHEM
Macchl K 3apsiny 10 60 mo suepruii 101 k3B/HykinoH. B kauecTBe ucTouHMKa
HOHOB HCIIOJIB3yeTCAd BaKyyMHO-AYIOBOMl MCTOYHMK HOHOB METAJlIOB
(MEVVA). InureapHOCTh HMIIyJIbCa COCTaBjsieT 475 MKC C 4acTOTOMH
moBTopeHus | ummynsc B 2 cekyHnel. OOiydeHue o0pas3loB MaTepHaNOB
MOKET TIPOBOAUTCS C OJHOBPEMEHHBIM X HarpeBoMm a0 500°C.

HNmuranmonnsie s3xcriepumenThl Ha yekoputene TUIIp-1 npoBoasTes nmns
3amad IOWCKAa HOBBIX KOHCTPYKIMOHHBIX MAaTEPHUANOB PEaKTOPOB, B
YaCTHOCTH, MAaTepUalioB  CTEHOK  peakTopoB [l], KOMIIO3UTHBIX
BBICOKOTEMIIEPATYPHBIX JICHTOYHBIX CBEPXIIPOBOIAIINX MaTepHAIIOB.

JUis mpoBefeHNsT UMUTALMOHHBIX HKCIEPUMEHTOB Ha IIydKe MEAd Ui
00pa3loB  BBICOKOTEMIIEPATYpPHBIX  JIGHTOUHBIX  CBEPXIPOBOSIINX
MaTepHaJIOB OMPEJIEIEHO 3apsI0BOE COCTOSIHHE YCKOPEHHBIX MOHOB MEAH
Ju1s pacdera (UIoeHca U BBINOJIHEHA HACTPOHKA KaHasla BEIBO/IA YCKOPUTEIIS
TUIIp-1, cocrosmero w3 TpeX KBAAPYMONBHBIX IUH3, IS OOeCIeYeHUI
TpeOyeMoil paBHOMEPHOCTH IOKPHITUS IyYKOM 00pasmnoB. OmnpenencHue
XapaKTepUCTHK IMyYKa B MECTE MHUIICHH MPOBOIIIOCH C UCIIOIH30BaHHEM

cuuHTIiLsITOpa U [13C-Kamepsl.
Cnucox aumepamypbul
1. Poroxkun C.B., Huxutum A.A., Xommu A.A. u napyrue// Slpepmas dusuka u
nrkuaApHAHT. 2019. T. 9, Ne 3. C. 245-258.
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K.C. CATAH

Hayuonanvhulii uccnedosamenvckuii ssoepuwiil yrugepcumem MUDU, Mocksa,
Poccus

PACYET ITOPOI'A MUKPOBOJIHOBOI HEY CTOMYMBOCTH
JJII UCTOYHUKA CUHXPOTPOHHOI'O U3JIYYEHUSA
YETBEPTOI'O IIOKOJIEHUSA (MCCH 4) C IIOMOUIIBIO
BUBJIMOTEKU PYHEADTAIL SI3bIKA
IMPOIr'PAMMMAPOBAHUS PYTHON

[IpuBeneH pe3yapTaT pacueTa mopora MUKpoBOJIHOBOH HeycroiunBoctu B UCCU
4. JlaHHBIA pe3ynbTaT MONY4YEeH Ha OCHOBE aHAIHM3a Pe3yNbTaTOB MOJEINPOBAHHS
JUHAMHUKH IYYKOB 3apsDKEHHBIX YacTHI[ B JTAHHOM CHHXPOTPOHHOM HCTOYHHKE.
MopenupoBaHue ObUIO IPOU3BEACHO ¢ HCTONIb30BanneM oudmmnotekn PYHEADTAIL
s3plka mporpammupoBanust python. Takxke ObUIM pacCMOTPEHBI CTPYKTypa H
OCHOBHBIE MOJYJIH ITaHHON OMOJIMOTEKH.

K.S. SAGAN
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

CALCULATION OF THE LONGITUDINAL MODE
COUPLING INSTABILITY THRESHOLD IN A
SYNCHROTRON USING THE PYHEADTAIL LIBRARY OF
THE PYTHON PROGRAMMING LANGUAGE

The result of the calculation of the microwave instability threshold in the Ultimate
Source for Synchrotron Radiation (USSR) is presented. This result is obtained on the
basis of the analysis of the results of modeling the dynamics of charged particle beams
in this synchrotron source. The simulation was performed using the PyHEADTAIL
library of the python programming language. The structure and main modules of this
library were also considered.

HUCCH 4 — UCTOYHMK CHHXPOTPOHHOIO H3Iy4YeHHs] 4 MOKOJIEHUS C
sHepruei anekTpoHoB Ha 6 ['3B, anuHoil konbua 1055 M 1 npeanoiaraeMbiM
HaTypaJbHBIM AMUTTAHCOM 68 IIM, KOTOPBII NpeArnoaaraeTcsi HOCTPOUThH B
[poreuro k 2025 romy. Takoif MaJeHBKHHA SMUTTAHC HEOOXOAHMM JUIS
OOJNBIIMX 3HAYEHWH CBETUMOCTH W OJHOW W3 TJaBHBIX TpoOieM B
JIOCTHKEHUH TaKWX 3HAYSHWH SMUTTAHCA SIBJISCTCS PAa3IMYHBbIC 3aBHUCSINNE
OT 4YHClIa YacTUI[ B Iy4YKe KOJUICKTHBHBIE HEYCTOMYUBOCTH, KOTOPHIS
BO3HHKAIOT NIPH B3aUMOICHCTBUM HHTEHCHUBHOTO MTyYKa 3apsDKEHHBIX YaCTHI]
C DJIEKTPOMArHUTHBIMH TIOJSIMU, WHAYIUPOBAHHBIMH MM B BaKyyMHOU
kamepe yckoputens (Wake-nioysimu). B nanHON pabore paccmarpuBaercs
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MHKPOBOJTHOBAsI HEYCTOMYUBOCTh, KOTOPAask BOSHUKACT IPHU B3aUMOICHCTBUU
CrPYNIUPOBAHHOIO MydYka C [OpOAOJbHBIMH  Wake-momsimu. D10
B3aMMOJICHCTBHE MPHUBOIAWT K PE3KOMY BO3PACTAHUIO JHEPreTUYCCKOTO
pa3dpoca mydka Mpu HEKOTOPOM 3HAYCHUU TOKA Iy4YKa. 3HAUCHHE TaHHOTO
TOKA M Ha3bIBACTCS TOPOTOM MHUKPOBOJIHOBOW HEYCTOHUHMBOCTH.

Jlnst ero pacyera Obula Hcojib3oBana OuOamoreka PYHEADTAIL[L].
bubnanoreka PYHEADTAIL — 3T0 OMONMHMOTEKa ¢ OTKPBITHIM KOJIOM IS
YHCICHHOTO MOJENHPOBAHUS IUHAMUKHA IYYKOB 3apsDKCHHBIX YaCTHII,
HalnMcaHHas Ha sA3bIKax mporpammuposanus Python, C, C++, Cython u
CUDA B 2014 rony B LIEPHe mist u3y4eHns KOJJICKTUBHBIX 3PQPEKTOB B
KOJIBIIEBBIX YCKOPUTEIISX.

Bubinoreka Mo3BOJSACT MPOBOAUTH MOJCIUPOBAHKE MyYKa B KOJBIIC C
3alaHHOM MarHUTHOM CTPYKTYPOM, pacCCUUTaHHOM, HAIIPUMED, B IIPOrpaMMe
MADX, 1 yckopsiromei cTpyKTypoit, IMIIOPTUPOBATh HABEICHHbIE ITyYKOM
wake-moJisi, mojydeHHble ¢ MOMOIIBIO APYroro codra, HampUMep, KOJIOB
ECHO, GDFDL, CST, u TtakuMm 00pa3oM HX BJIHSHHAC Ha pa3BUTHE
HeycToilunBocTel. Taxke uUMeeTcs  HeMajo HMHCTPYMEHTOB  JUIs
MOCTOOPaOOTKY PE3YJIHTATOB.

Cam mnporecc Hamucanus kojga ¢ momornpio PYHEADTAIL moxHO
pa30uTh Ha HECKOJIBKO JTAIOB.

HMItopT HEOOXOTUMBIX MOYJICH ONOIMOTEKH.

Cosnanne 00bekToB. Hampumep, o0bekT “bDUnch”, KoTopsiil coaepKuT
uHbOpManuio 000 BCeX MaKpOYACTHIIAX IMydYKa, WIH OOBEKT ‘“‘machine”,
COOTBETCTBYONIUI YCKOPUTEIIIO CO BCEMH €ro mapamMeTpaMu U BXOSAIIAMU
B HErO 3JIEMEHTaMHU.

Cocrasnienne «cxemb» (build maps) konbla: paccraBieHne MarHUTHOM
CTPYKTYpPBl M pPE30HATOPOB BIOJb KOJbLA, JOOABICHHE PAa3IUYHBIX
3¢deKTOB, KOTOpble OYyAyT BIMATH HA JBIHIXKCHHE IyYKa, B TOM YHCIIE
KOJUICKTHBHBIX AP QEeKTOB. JTO MOXKET OBITh paJHAIlIOHHOE 3aTyXaHWe,
wake-moJst.

Jarnee my4oKk MpOTOHSAETCA Yepe3 paHee MOCTPOCHHYIO «CXEMY» KOIbIIa
3aJ[aHHOe KoynuecTBO pas (track).

B koHIIe IPOUCXOIUT MOCTOOPAOOTKA IMOTyYSHHBIX PE3YJIbTAaTOB.

JJis pacyeTa MEKPOBOTHOBOW HEYCTOWYMBOCTH OBLIO TIPOMOAETHPOBAHO
JBIDKCHHE IyYKa MPHU Pa3IMYHBIX HHTEHCHBHOCTAX Mydka. JIJism KaKmoi
WHTEHCUBHOCTH MY4YOK TMpoxoawa depe3 koubio 12000 ob6opotos. [Tpumep
TaKoOro pacyeTa IMpeCTaBiIeH Ha puc. 1. 3a 3TO BpeMsl €ro SHEPTeTHISCKHMA
pa3dpoc W JUIMHA HAYMHAIKM OCHWUIMPOBATH OKOJO HEKOTOPOIro
PAaBHOBECHOTO 3HAYEHHS, KOTOPOE © Opasoch Uil AajdbHEUIIEro
OTIPEICIICHHUS IOPOra MUKPOBOJIHOBOM HEYCTOWYHBOCTH. B pe3ynbrare ObLI0

328



nokazaHo (puc. 2), YTO TOPOr MHKPOBOJIHOBOH HEYyCTOWYHBOCTH
oKa3bIBaeTcs nopsaakal MA.

dependence of sigma_z on turns

intensity 1.71e+11

sigma_z [mm]

0 2000 4000 6000 8000 10000 12000
turns

dependence of sigma_E on turns

intensity 1.71e+11

sigma_E [1e-4]
~
]

0 2000 4000 6000 8000 10000 12000
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Puc. 1. I'paduk 3aBHCMMOCTH JUIMHA ITyYKa U €r0 SHEPreTHYECKOro pa3opoca oT ero
KoJMuecTBa 000pOTOB.

dependence of sigma_z on intensity
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Puc. 2. I'paduk 3aBHCHMOCTH IJIMHA ITyYKa U €ro SHEPreTHIecKoro pasdpoca OT ero
MHTEHCHBHOCTH.

Cnucox aumepamypul
1. https://github.com/PyCOMPLETE/PYyHEADTAIL
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N.B. HOBMKOB

Hayuonanvrulii uccneoosamensvckuii ssoepuwiil yrugepcumem MUDU, Mocksa,
Poccus

PACYET DJIEKTPOMATHUTHBIX IOJIEMA, FEHEPUPYEMbBIX
JJIEKTPOHHBIM ITYYKOM B ITIPOBO/ISIIIEN CTPYKTYPE C
BPAINATEJIBHOU CUMMETPUEU

ITporpammoii ECHO paccuntansl HaBeleHHbBIE ITy4YKOM IIOJSA B PE30HATOPE C
paboueit wacroroit 357 MILm, KOTOpHII TWIAaHUpPYETCS HCIONB30BaTh B
MPOSKTHPYEMOM B HacTosiee BpeMst B P MCTOYHNUKE CHHXPOTPOHHOTO H3IIyYEeHHs
YEeTBEPTOro MOKOJIeHus. V3ydeHbl NpHHIMIIBI U ocoOeHHocTH pabotsl koma ECHO:
HCTIoNb30BaHMe — rpaduueckoro  mHTepdelica  NporpaMMBl,  IIOCTpPOCHHE
COOTBETCTBYIOLIEH I'€OMETPHH CTPYKTYpHI, BHIOOp NapaMeTpoB IIydka M pa3Mepa
CETKH.

.V. NOVIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

CALCULATION OF ELECTROMAGNETIC FIELDS
GENERATED BY AN ELECTRON BUNCH IN A
CONDUCTING STRUCTURE WITH ROTATION

SYMMETRY

The ECHO program has been used to calculate the bunch-induced fields in a
resonator with an operating frequency of 357 MHz, which is planned to be used in a
fourth-generation synchrotron radiation source currently being designed in the
Russian Federation. The principles and features of the work of the ECHO code are
studied: the use of the graphical interface of the program, the construction of the
corresponding geometry of the structure, the choice of the bunch parameters and the
mesh size.

B mHacrosimee BpeMs B MHpe OBICTPO pa3BHBAIOTCA HCCIEIOBaHMS,
MIPOBOAAUMBIE C IIOMOIIBIO MOIIHBIX HCTOYHHKOB CHHXPOTPOHHOTO
mytydeHus. C 5TUM M CBs3aHa pa3pabOTKa CIELHMAIM3HPOBAHHOIO
HMCTOYHHKA CHHXPOTPOHHOTO HM3ITydeHHs deTBepToro nokonenus MCCU-4.
[lepexon kK HOBOMY IOKOJICHHIO MCTOYHHKOB CHHXPOTPOHHOTO W3TYYECHUS
BJIEUET 32 OO0 yBeIMUeHUE PaOOUNX SHEPTHHA, YMEHBIIEHUE MTONIEPEIHOTO
SMMHTAHCA My4Ka, a TAKKE POCT MHTEHCHUBHOCTH 3apsi/ia B CAMOM ITydKe.

[Mocnennee u3 BhIIIENEPEUNCICHHBIX 00CTOSATEIBCTB NPUBOJIUT K TOMY,
YTO pacTyT HEYCTOWYHMBOCTH ITydyKa B CHCTEME, KOTOpble BO MHOI'OM
ONPENETSIIOTCS.  HAaBEAGHHBIMM  IIYYKOM B CTPYKTYpPE  YCKOPHUTES
JIEKTPOMAarHUTHBIMH TIOJISIMH.
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Jlnst pacuera TUX MOJ€H, Ha3pIBAEMbIX WaKe-TosiMH, HCIONb3YHOTCS
pa3jMYHBIC MPOrPaMMbI, HaWOOJee MOMYJISIPHBIMUA U3 KOTOPBIX SBJISIOTCS
CST STUDIO SUITE u GDFDL. Henocrarkom 3THX IIPOTpaMM SIBIISIETCSI
BBICOKasi CTOMMOCTb, YTO OIPAaHUYUBACT KPYT HCIIOJIB30BAHUS, TIO3TOMY IS
pacuera Wake-monieil HAeT MOKCK CBOOOIHO PACIPOCTPAHSEMBIX AHAIOTOB,
CIOCOOHBIX JaTh JOCTATOYHO TOYHBIN Pe3yIbTaT.

Ha ponp omnHoro m3 aHayioroB paccmarpuBaetcs mnporpamma ECHO,
SIBJISTFOIIIAsICS OECIIIIATHON Ha TaHHBIM MOMEHT. B koje TaHHO# mporpaMMBbl
HCTIONB3YETCS KOH(GOPMHBIH METOJN KOHEYHBIX pa3HOCTEH, KOTOPBIH
TIPEICTaBIACT U3 ceOsl yHUBEPCATbHBIN CIIOcO0 perieHns KpaeBhix 3aaad [1].

B xadecTBe mpuMepa OBLT IPOBECH pacdeT HABOJMUMBIX IOJIEH MyYKOM
¢ cpemgHekBagpaTHuHONW anuHON 1 MM B 357 MI'1 pe3oHaTope, KOTOPHIH
IJIaHupyeTcs ucnolib3oBath Ayt BU cucremsr Hakonutenss UCCHU-4.

=

Puc. 1. MoaenupoBaHie HaBOAUMBIX IydkoM Wake-noseii B pesoHaTope

Puc. 2. [IpononbHBIii cien B pe3oHaTope
IMonydennsie B xome pacueToB Wake-mojst GyayT HCIIOJb30BaHBI IS
MIOCTPOCHHUSI HWMIIEJTaHCHOM MOJETN HAKOMHUTENsl, HeOOXOIuMOW s

HCCIIEI0BaHUsI HEYCTOMUMBOCTEN ITyUKa.
Cnucox rumepamypbl
1. 1. Zagorodnov. Electromagnetic code ECHO. User’s Manual. 2020
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Poccus

PACYET HABEJEHHBIX ITOJIEN B PE3OHATOPE
MNCTOYHUKA CUHXPOTPOHHOI'O M3JIYYEHMS USSR ITPH
MOMOILH [TPOT' PAMMBbBI ABCI*

Pacuér nuHAMHKM 4acTHIL[ B MCTOYHHUKE CHHXPOTpOHHOrO m3nmyuenus USSR
HEOOXOIUMO BBIOJHATE C Y4ETOM HEYCTOHYMBOCTEH, BO3HHMKAIOMIMX MpHU
B3aMMOJEHCTBUY ITyUKa C 3JIEMEHTaMM CTPYKTYpbI Konbla. [lnd yuéra HaBeIEHHBIX
My4KOM TOJeil TNpeABapUTENbHO PACCUUTHIBAIOTCS HMMIIEIAHCHl  OTAENBHBIX
3JIEMEHTOB BaKyyMHOM KaMepbl, ¥ ¢ UX Y4ETOM, a TaKkKe C y4ETOM BHYTPUILYYKOBOIO
paccesHUS, ¥ MOJEIMpYeTCcs B NajbHEWIIeM AWHAMHKa Iy4yka. B maHHOW pabote
omnuckIBaeTcs pa3paboTanHsbli rpadmueckuii uaTepdeiic mporpammer ABCI u pacuér
HaBeEHHBIX 10JIeil B pe30HATOPE UCTOUHNKA CHHXPOTPOHHOTO H3nydeHuss USSR.

S.V. MATSIEVSKIY, V.I. RASHCHIKOV

National Research Nuclear University MEPhI, Moscow, Russia

WAKEFIELD CALCULATION IN USSR SYNCHROTRON
RADIATION SOURCE RF CAVITY WITH CODE ABCI *

Particle dynamics calculations in USSR synchrotron radiation source require
taking into account instabilities, arising due to particles interaction with beamline
elements. For this, impedance of separate ring elements are imported into dynamics
calculations with inter beam scattering. Here we describe graphical user interface
developed for the ABCI program and wakefield calculations of the USSR synchrotron
radiation source accelerating cavity.

Jns pacuéra AMHAMHKM YacTHIl B CHHXPOTPOHE MEPBOHAYAIBHO
TpeOyeTcsl COCTABUTh KapTy UMIICAHCOB DIIEMEHTOB YCKOPSIOIIETO TPAKTA.
OnHOll U3 MPUMEHsEMBIX JUIsE 3TOTO mporpamm siBisieTcss Azimuthal Beam
Cavity Interaction (ABCI) [1]. dannas mporpamma peiiaetr ypaBHEHHUsI
MakcBemia BO BpPEMEHHOM [HANla30HE B AaKCHAIBHO CHMMETPUYHBIX
CTPYKTYpax B TPUCYTCTBHH YCKOPSEMOI'O IIy4Ka C HOPMAalbHBIM
pacnpeneneHueM.

Hns nporpammel ABCI Obut paspaboran rpaduyeckuii mHTEpQEiic
pyTopPlot [2], yckopsitoriuii moaroToBKy pacuéra. B uacTHoCTH, IporpamMma
MO3BOJISIET HMHTEPAKTHBHO 3aJaBaTh TEOMETPHUIO YCTPOMCTB, YTO B
OTCYTCTBUH TpaduyecKoro uHTepdeiica sBiuseTca TPyIOEMKOW 3amadeii.
OKHO pegakTHpOBaHUs reoMeTpun nporpaMmel py TopPlot mpencrasieno Ha
Puc. 1; okHO HacTpoliku nmapameTpoB pacuéra — Ha Puc. 2.
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Cavity Shape Input

Puc.1. Puc.2.

Jlns  pe3oHaTtopa HWCTOYHMKA CHHXPOTpOHHOro w3mydeHuss USSR,
reoMeTpHsl KOTOPOro IpejacTaBieHa Ha Puc. 1, mpu moMomy mporpamMmsl
ABCI Obun paccunTaHbl HaBeAE€HHbIE MO, [IpOJONBHBIN M MONEpeUHbIH
HMIIEaHCHl pe30HaTopa MpeJICTaBlICHbBl Ha pucyHkax Puc.3 u Puc. 4
COOTBETCTBEHHO.
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Puc.3. Puc.4.

ITomyuyennsle TakuM o6pazom mmnenancsl BU pe3oHaTopoB (B Haiem
cily4ae uX 5) CyMMHPYIOTCSI C UIMIIEJAHCAMH IPYTUX YCTPOWUCTB, BXOIAIINX
B COCTaB HAKONHUTEJIBHOTO Kojbla. TakuM 00pa3oM M COCTaBISIETCS
HUMIIEIaHCHAsl MOJIeJb  YCTaHOBKM, HeoOXoaumas Juisd JaJIbHEeHIero

MOACIMPOBAHUS MMOBEACHU ITyUKa 3apSKCHHBIX YaCTHI B HEM.

Cnucox aumepamypul
1.Yong Ho Chin. https://abci.kek.jp/abci.htm
2. https://pypi.org/project/pytopplot/

* This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No0.871072 and has been carried out using
computational resources of MCC NRC «Kurchatov Institute», http://computing.nrcki.ru/
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NCCIEJOBAHUE TMHAMUKYA ITYYKOB HOHOB B
YCKOPUTEJIE-IPAUBEPE LINAC-100 U151 ITIPOEKTA DERICA

B paborte npencraBieHbl pe3yIbTaThl MOJCTUPOBAHUS IUHAMUKH TPEX3apsAHOTO
nyuka ypana-238 (U5, U0 y US*) B onHOM M3 BapMaHTOB CBEPXIPOBOISAIIETO
YCKOpHUTENs-ApaiiBepa MEPBUYHBIX HHTCHCHBHBIX IIYYKOB CTaOWIIBHBIX HM30TOIOB
LINAC-100, pa3pabarsiBaeMOro B HACTOSIIEE BpeMs U HOBOTO KOMIUIEKCA IIO
HapaboTke © wuccnenoBaHuioo penkux uzotonoB DERICA (Dubna Electron-
Radioactive lon Collider fAcility) na 6asze OUSIU ([y6Ha, Poccus).

T.A. LOZEEVA, S.M. POLOZOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ION BEAM DYNAMICS IN LINAC-100 FOR THE DERICA
FACILITY AT JINR

The results on the beam dynamics simulation and analysis for the three-charge
state Uranium beam (U5%*, US%* i U8*) in one of the versions of the superconducting
high-intensity primary stable isotope driver-accelerator LINAC-100, being under
development for the new ambitious rare isotope facility DERICA based in JINR
(Dubna, Russia).

B nacrosimee Bpems B OMSIU Benercs paspaborka HOBO# (abpuku
penkux wm3otomoB DERICA (Dubna Electron-Radioactive lon Collider
fAcility). [laHHbIii nepCrleKTHBHBIA KOMIUICKC OYAET MpeAHa3HAuYeH s
MIPOBEJICHUS IINPOKOTO CIEKTPA 3KCHEPHMEHTOB C YCKOPEHHBIMH ITy4YKaMHt
TIEPBUYHBIX CTAOMIIBHBIX H30TOIIOB M BTOPUYHBIX PAJHOAKTHBHBIX H30TOIIOB.
B coctaB komruiekca DERICA BXOOHUT HECKOIBKO YCKOPUTEINEH — THHSHHBIN
yckopurenb-apaiiBep LINAC-100, moct-yckopuTens BTOPHUYHBIX ITYYKOB
LINAC-30, OycTtepHOe KOIBIIO, MOH-3JICKTPOHHBIA KOJUIAiIep, a Tarkxke
3NEeKTPOHHBIHN yckopuTens [1].

IepBoiM B Kkackanme yckoputened siBisiercsi LINAC-100 — uactuuHo
CBEPXIIPOBOASAIINN  YCKOPUTENb-IpaliBep  MEPBUYHBIX  MHTEHCHUBHBIX
HENpepbIBHBIX  IYYKOB  CTaOMJIBHBIX  H30TONOB C  Pa3jIM4YHBIMHU
cootHomeHussmu A/Z ¢ BBIXOJHOMN dHepruei mydkos g0 100 MaB/mykion
[2]. YckopenHble mydkH najiee MOmajgar0T BO (parMeHT-cenaparop, Iie
NIPOM3BOMATCS ~ BTOPWYHBIE  IyYKH  PaJHOAKTHBHBIX  H30TOIOB,
3axBarbiBaeMble  moct-yckopurenem  LINAC-30 u  crnemyrommmMu
yckoputensiMu B kackaze. [paiisepy LINAC-100 npu stom HeoOxomumo
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paboTaTh C IIMPOKAM CIIEKTPOM IMYYKOB TMEPBUYHBIX HOHOB ¢ A/Z B
auanasoHe ot 3,5 mo 7 (or Gopa o ypana). IlepBoHayanbHO caMbIM
«UHEPTHBIM» JJIsI YCKOPEHMs M3 Habopa NEPBHYHBIX HM30TOIOB SIBISIICS
u30TON ypaHa-238, 000apaHHbIi 10 3apsaoBOro cocrosHus 34+. OqHako, B
pa3IMuHBIX BapHaHTaX KOMIIOHOBKH cBepxmnpoosieil vactu LINAC-100
17151 yekopenus ypana U%** o 100 MoB/HyKJI0H IPHXOMIOCH HCTIONB30BATh
0oNbIIOoe KOJNMYECTBO CBEPXIPOBOISIINX PE30HATOPOB, UYTO CHIIBHO
TIOBBIMIATIO CTOMMOCTB ycKopuTels. [lo3ToMy [T coXpaHeHHs IpHeMIIeMON
CTOMMOCTH YCKOPHTENS, YMEHBIICHHUS YHCIa PE30HATOPOB U COKPALICHUS
€ro IMHBI OBUIM PAacCMOTPEHBI BapHaHTHl YCTAHOBKH OOIMPOYHBIX
YCTPOWCTB — CTPHIIIIEPOB, MOBHIMIAIONINX 3apSAAHOCTE MOHOB ypaHa ULt
6osee 3G (GEKTUBHOTO HMX YCKOpEHHUs. B xoje MOCICTHUX HCCIICIOBaHUIMA
CBOWCTB Pa3IMYHbIX CTPUIIIEPHBIX STYeeK (Ta30BbIX,IUTHEBBIX, IPAQUTOBBIX
¢oisr) [3, 4] 6buT0 MOKa3aHO, 4TO 3P(HEKTUBHOCTH OOTUPKH /IS THKOBOTO
3apsAJ0BOrO COCTOSIHHUA M3 pacrpenenenus (3aeck USC) cocrapnser okono
25%, TO ecTh IpHU MOCIEYIOLIEM 3aXBaTe YCKOPEHHE HOHOB ypaHa TOJIBKO
C OIHUM 3apsSJOBBIM COCTOSHHEM YAAeTCs COXPAaHUTh TOJBKO YETBEPThH
MepBOHAYAILHOW HMHTEHCHBHOCTH My4ka. OmHako, oOAupKa IIy4Ka MpH
sueprun 10 MaB/HYKIIOH 1 3aXBaT TpeX COCEIHMX 3apsiaHocTei — U, USO+
u U nosponser coxpanuTh 0koj10 60% HepBOHAYANLHON MHTEHCUBHOCTH
(0,6 MA OJTHOTO TOKA TPEX3aPATHOTO ITyUKa).

OxvH W3 TEKyIUX BAapHAHTOB KOMIIOHOBKH YCKOPHUTENSA-IpaniBepa
LINAC-100 BBIrISAUT CIEAYIOMIAM 00pa3oM: OfHa WK B (OTAEIBHO JJIs
JIETKUX M TSKEJbIX HMOHOB) HOPMAJbHO MPOBOMSAIIMX (MJIM YaCTHYHO
CBEPXIIPOBOASAIINX) HAa4YaJbHBIX YaCTH YCKOpHTENs C dSHepruei 1o 10
M>sB/nykinoH, N2 ra3oBblil cTpuIIep, yCTaHOBICHHBIH Ha SHEPTHU Iy4YKOB
10 MaB/HyK/IOH, U OCHOBHasl CBEpXIIPOBOAsAIIAs 4acTb. B maHHO# pabore
NIPE/ICTABIICHBI PE3yJIbTAThl UCCIIEIOBAHMS AMHAMUKHI TPEX3apsIHOTO MyYKa
ypaHa B TekyIeit Bepcun ceepxnpoBomsimei yactu LINAC-100, cocrosmieit
WX TpeX TPYyNI HE3aBHCUMO (a3UPYyeMBIX YETBEPTh- M TIOJTYBOIHOBBIX

pe30HATOPOB.
Cnucox aumepamypbul

1. A.S. Fomichev, L.V. Grigorenko, A.L. Barabanov et al. / Phys. Usp. 2019 62 P. 675-
690

2. Sergey M Polozov et al // Phys. Scr. 2020. 95 084006

3. Tolstikhina I, Imai M, Wincler M N and Shevelko V P 2018 Basic Atomic Interactions
of Accelerated Heavy lons in Matter 98 1 (Berlin: Springer)

4. W.Barth, A Fomichev, L. Grigorenko et al. // J. Phys.: Conf. Ser. 2019 1350 012096
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2HUAY MU®HU, Poccus, 115409, Mockea

8Poccuiickuil axonomuyeckuii ynueepcumem umenu I.B. ITnexanosa Poccus,
117997, Mocksa

JMHAMUKA JIEKTPO-THIPOJJMHAMWYECKAX TEYEHHIT
C XUMWYECKUMM PEAKLIVSIMHA

B pabGore paccmaTpuBaeTcsl JUHAMMKa IIpoliecca KIacTepuU3allud B Cpefe,
COCTOSIIIIEN M3 HETOJBWKHBIX, TSDKENBIX OTPUIATENIBHO 3apsDKEHHBIX YacTHUIl H
TIOJIBIKHBIX MTOJIOKUTENBHBIX HOHOB. CUHTaeTCs, 4TO, B pe3yibTaTe KyJIOHOBCKOTO
CIIMNAHMsl ~ JaHHBIX ~ YacTHI]  OOpa3yloTCs  HEMOJBIKHBIE  HEHTpaJbHBIC
MaKpOMOJIEKYJIEl. B paMkax  THIpOJMHAMHUYECKOTO OIMCAHMS aHaJIM3UPYETCs
BIMSIHAE TIOJISI CKOPOCTEH  IIOJBIDKHOW KOMIIOHEHTHI HA  IPOUCXOJSIINE
KHHETHYEeCKHE  MpPOLEecCHl.  3ajada  HCCIEAyeTcsi B BIEKTPOCTATHUECKOM
MpUONIKEHUH ISl OMHOMEPHOM F€OMETPHU C YUeTOM PeaKLHi MepBOro H BTOPOTO
TopsIIKa.

B narpaHeBbIX IEPEMEHHBIX IIOJIYYEHBl TOYHBIC AHAIUTUYECKUE
peluleHHs, KOTOpbIE IOKa3bIBAIOT, YTO B paccMaTpuBacMas MOJCIb B
3aBUCUMOCTHY OT HAauyalbHbIX PACIPEACICHUM JOIyCKAeT KaK CUHIYJIIPHOE
NIOBEICHUE, KOTJla B HEKOTOPBIX TOYKaX BO3HHMKAET HEOTPAaHUYEHHBIM POCT
IUIOTHOCTH, TaK U PETYJSIPHOE MOBeJIeHHE 0e3 Pa3sBUTHSA CHHTYJSIPHOCTEH.
Hcnonb3ys naHHble pe3yibTaThl, aHANU3UPYETCS Pa3BUTUE CUHTYJISIPHOCTEH
Ha TPOIECCH KIACTEPH3ALUH ¢ YUeTOM psijia pusndeckux pakropos. Crenan
BBIBOJ| O NPEBAIUPYIOIIEM BIHMSHHUU IOJSI CKOPOCTEH HAa STH IPOLECCHI.
XoTs mpemNokeHHas MOJeNb  OEe3yCIOBHO  SIBISIETCS  HJICAJIBHOM,
MPEJCTaBIsETCS, YTO OHA aJEKBATHO OIUCHIBAET IOCIEIHION CTaIUI0
00pa3zoBaHust KJIACTEPOB B PEATBbHBIX JUCCUIIATHBHBIX Cpe/iax.
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DYNAMICS OF ELECTRO-HYDRODYNAMIC FLOWS WITH
CHEMICAL REACTIONS

The present paper has considered the dynamics of clustering process in a medium
consisting of immobile, heavy negatively charged particles and mobile positive ions.
The immobile neutral macromolecules are assumed to be formed as a result of the
Coulomb interaction of these particles. Within the framework of hydrodynamic
description, the influence of velocity field for mobile particles on the ongoing kinetic
processes is analyzed. The problem is investigated for electrostatic approximation
taking into account the clustering reactions for the first and second order. The
Lagrangian fluid description is employed to solve the initial value problem for one-
dimensional, compressible fluid flows with these clustering reactions represented by
the Euler—Poisson system. The Lagrangian fluid description is employed to solve the
initial value problem for one-dimensional compressible fluid flows represented by the
Euler—Poisson system with clustering terms.

These exact analytical solutions have shown that in the model worked out,
depending on the initial distributions, one may see both singular behavior,
when an unlimited increase in density occurs at some points and regular
behavior without the development of singularities. Using these results the
development of singularities on clustering processes is analyzed taking into
account a number of physical factors. A conclusion is made about the
prevailing influence of the velocity field on these processes. Although the
model worked out is undoubtedly ideal, one can expect that the one
adequately describes the last stage of cluster formation in real dissipative
media.

337



a.M.6YJIBITHH !, A.P.KAPUMOB %23, B.U.Ilepos 3,
M.A.TABPUJIEHKO *

Unemumym Jlasepuoix u Inazsmennvix Texnonozuii, Hayuonansholii
uccnedosamenvckuti aoepnuiii ynusepcumem «MUDHUy, Poccusa, 115409, Mockea
206vedunennviil urcmumym evicoxux memnepamyp PAH, Poccus, 127412, Mockea
8 Poccuiickuii sxonomuueckuii ynusepcumem um. I B. ITnexanosa, Poccus, 117997,
Mockesa
4 [Tepswiii Mockosckuil 20cydapcmeenHblii MeOuyuHcKull ynusepcumem um. M.M.
Ceuenosa, Poccus, 119991, Mockea

CBOBOJIHASI TMHAMUKA ADPO30JIEHN B ITPUJIOKEHUM K
PACITPOCTPAHEHHIO BO31YITHO-KAIIEJIbHBIX

NHOEKIINHU

Hccnenyercsl BIMsAHNE HAaYalbHOM CKOPOCTH M pa3Mepa Karenb JKHAKOCTH Ha
Pasnér YacTHI[ B IPOCTPAHCTBE IO ACHCTBHEM CHJIBI TSKECTH W CTOKCOBA TPEHUS.
ITpoBe/ieHa OLICHKA Oy CTUMBIX PACCTOSHMUI, Ha KOTOPBIE MOT'YT PaCIIPOCTPAHUTHCS
a3p030JIbHBIC YACTHIBI B 3aBUCHMOCTH OT HAyaJbHBIX yCIOBHH. JlaHHas MO.IEIb
paccMarpiBaeTcsl B IPHIOKEHUH K Mepeiaue BUPYCHBIX 3a00JICBaHH, B YaCTHOCTH
COVID 19, Bo3ayurHo KaneabHbIM ITyTeM.

A.M.BULYGIN !, A R.KARIMOV 23 V.|.PEROV 3,
M.A.GAVRILENKO *

Institute for High Temperatures RAS, Russia, 127412, Moscow
National Research Nuclear University MEPHI, Russia, 115409, Moscow
3Plekhanov Russian University of Economics, Russia, 117997, Moscow
4 The First Sechenov Moscow State Medical University, Russia, 119991, Moscow

FREE DYNAMICS OF AEROSOLS IN THE APPLICATION
TO THE AIRBORNE TRANSMISSION

We investigated the influence of the initial velocity and the size of liquid droplets
on the dispersion of particles in space under the effect of the gravitational field and
the Stokes friction force. Estimation of the permissible distances over which aerosol
particles may propagate is carried out depending on the initial conditions. The model
worked out is studied in application to the transmission of viral diseases, in particular
COVID 19, by airborne droplets.

BonpmmucTBO  MH(EKHWMH,  BKIIOYas ~ KOPOHOBUPYCH,  MOTYT
IepeaBaThCcsl KaK BO3AYIIHO-KANEIbHBIM IMyTEM MPY Kalule W YHXaHUH,
TaK HETOCPEACTBEHHO NpH MABIXaHMM B CTPye BO3IyXa, COAepIKaIiel
a’pO30JIbHBIE YACTHIBI, HAa KOTOPBIX MOTYT HAaXOMUTHCA BO30yAWUTENTH
6onesnu [1]. [ToBexeHne Takoro OMONIOTMYECKOTO a’3po30isi B aTMocdepe
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MOTYMHACTCS OOIIMM (hPU3UIESCKAM 3aKOHOMEPHOCTSIM [2], a ero aKTUBHOCTh
00yCIIOBJICHA HAJIMYMEM B €r0 YacTHIAX >KA3HECIOCOOHOTO MaTOreHHOIO
6uoareHTa [1].

Kak mpaBmio, mo (hpakiMOHHO-IUCTICPCHOMY COCTaBY OMOJIOTHYECKUE
a3p030JIM OTHOCATCSA K TOJHIUCICPCHBIM CHUCTeMaM. UeM BBIIIC CTEICHb
IUCIIEPCHOCTH  a’po30Jiei, TeM BBIIIE WX yJelbHAs MOBEPXHOCTh
(cymMMapHas TIOBEpXHOCTh YacTHII B emuHHUIlC o0BEMa). Pazmep wactwig
KOJIeOJIeTCS B IUPOKUX TIpenenax (0T AECATHIX OJIeH IO IECSATKOB H COTEH
MHKPOMETPOB) M OIpeneisieT CIocOOHOCTh OWoareHTa NpPOHUKATh B
IBIXaTeNbHBIC Ty TH.

B mHacrosmieir paboTe paccMaTpHBaeTCs BOIPOC PACTIPOCTPAHEHHS
OMOJIOTMYECKUX a’3p030Jie B MPOCTpaHCTBE B moje cuil Tperus CTokca u
TSHKECTH B 3aBUCHMOCTH OT HadyaJbHOH CKOpOCTH a3posoisi. B pabote
NMPpUBCACHBI OHLCHKW JUCTAaHIWU, FOpI/ISOHTaHLHOﬁ n BepTHKaJ’IbHOﬁ
CKOpOCTCﬁ, B 3aBUCHMMOCTU OT Ha4YaJbHBIX JaHHBIX, pa3Me€pa 4YacTHUIl

a’po30Jid U YCIOBUM OKpYKarolen cpeabl.
Cnucok numepamypbl
1. Bourouiba L. // Annu. Rev. Fluid Mech. 2021. Vol. 53, P. 473-508
2. Usnes JI.C., Josramok }0.A. ®uznka atmocdepHbIx adpo3onbHbIX cucteM // CIT6.: UMX
CIIoI'Y. 1999, 194c.
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N.A. IOPH1H, C.M. I1I0JIO30B, M.C. IMUTPUEB

Hayuonanvnuiii uccneoosamenvckuii adepnuiii ynusepcumem «MUDHU», Mockea,
Poccus

PA3PABOTKA KBAJIPYIIOJIGHOM JIMH3BI JUIST
YCKOPUTEJISI TETKUX MOHOB

PaccunTaHa KBapyonbHast 3JIEKTPOMArHUTHAs JIMH3a C JUANa30HOM IpaJUeHTa
MAarHUTHOTO Nouist 6-18 Ti/M A7 yCKOpUTEIIs JISTKMX HOHOB C OTHOILCHHEM 3apsaa K
macce >0,3 Ha oHeprumro 7,5 MboB/mHykmon. PaccmorpeHo nBa BapmanTa —
HETIPEePBIBHBIA W MMITYJILCHBIH pekuM paboTsl. OmnpeneneHa onTHMaibHas (Gopma
TIOJTIOCA, BHIOPAHBI MApKH CTajH B COOTBETCTBHH C PEXHUMOM PabOTHI, PACCUUTAHBI
TEIUIOBBIE HAarpy3KH M CHCTEMa OXJIaXICHUS, PAacCMOTPEH IPHHIHI pabOTHI
HMITYJIbCHOTO MCTOYHHKA.

LA. YURIN, S.M. POLOZQOV, M.C. DMITRIEV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

DEVELOPMENT OF A QUADRUPLE LENS FOR A LIGHT
ION ACCELERATOR

The quadrupole lens with a magnetic field gradient in the range of 6-18 T/ m is
designed for the 7.5 MeV/nucleon light ion (A/Z<3.5) accelerator. Two concepts of
the magnets is discussed continuous and pulsed operating modes. The optimal shape
of the pole was simulated, the steel quality was selected in accordance with the
operating mode, the thermal loads and the cooling system were calculated. The
principle of operation of the pulsed source was investigated.

KBagpymnoiabpHEI MarHUT COCTOMT M3 OCHOBHOTO MAarHMUTOIIPOBOJA H
YeThIpeX KaTylIeK HHAYKTUBHOCTH, pa3MEIIeHHBIX Ha KaXKJOM M3 MOJIIOCOB,
KaTymIka MOXKET paboTaTh KaK B MOCTOSHHOM pEXHME PabOTHl, TaKk U B
HMIYJIbCHOM, UYTO B IIOCIEIYIONIEM HAKIaJbIBACT OIpeJeICHHBIC
TpeOOBaHMSA K CHCTEMaM MUTaHWS M KOHCTPYKIMH MarHuTa.  Jlns
HETIPEpHIBHOTO pexnMa paboThl Oblila BEIOpaHAa HU3KOYTJIEPOIUCTAs CTallb
Mapku cr.10, Tak Kak A7 Hee HMHAYKIHUS TEXHHYECKOTO HAaCHIICHMS
cocraisier B = 1,5 Ta. beuna BeiOpana ¢popma MarHuTOnpoBoJia «pa30opHbIit
KBajipaT) - JJIsI MPOCTOTHI M3TOTOBJICHHUS M ynpouieHus coopku. Tak kxak
MOIIHOCTh KaKIOH KaTymku cocraBisser P = 830 BT, Obuta paccuntana u
CMOJICIMPOBaHa CHUCTEMa OXJaxAeHus. KaTymka BbIIIOJIHEHA U3 MEIHOU
npodmimpoBanHoil Tpyos! 5%10%1,5 mm I'OCT 16774-2015, tpeGyemsrit
pacxox Boabl it 3ddexruBHoro oxiaxkmenus Q = 1,183 m/m. Taxke
pa3paboTaH MMITYJILCHBIM BapHaHT KBAAPYTOJs, oOecleunBaronmii Oonee
9KOHOMHYHOE SHEPromnoTpedieHne W He TpeOyromuil aKTHBHOM CHCTEMBI
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oxJaxaeHus. st UMITyJIbCHOTO pekrMa paboThl MOTPeOOBAIOCh 3aMEHUTh
MapKy CTaiu, T.K. B JAaHHOM clly4ae TpeOyercst Ooliee KpyTasi 3aBUCHMOCTb
B(H) xpuBoii, Obuta BbIOpaHa KpemHucTas crans 3413. Dopma u
KOHCTPYKLIMSI MarHMTONPOBOJA HW3MEHEHa MO JBYM INpHYMHAM: 1) B
MaTepualie CepleYyHHKa BO3ZHHMKAIOT BHXPEBBIE TOKH, JUISi OTPaHUYEHHS T
(mocTosiHHAasE BpPEMEHW BHUXPEBBIX TOKOB) [1] MarHWUTONPOBOJ JAENaroT
UIMXTOBaHHBIM, ONTHMAllbHAs TOJIIMHA JIUCTA TIPH JaHHOW Mapke
coctaBisier 0,35-0,5 MM, 2) IGBT TpaH3ucTOpbl B MCTOYHHKE MHTAHUS
HAKJIA/IBIBAIOT OTPaHUYCHUS] HA MAKCUMAJIbHBIA TOK U HANPSHKEHHE B MU
MUTaHWs. Bappupys MIMPUHY MONIOCA, ONPECISUIOCh  ONTHMAlbHOE
3HAYEHHE UHAYKTHBHOCTH KaTYIIKH.

[MpuHOMO paboOTHl MMIYJIBCHOTO MCTOYHHMKA NHUTaHMs ocHoBaH Ha LC
KOHTYpe, Ille NpelBapUTelIbHO 3apspkeHHas eMKocTb C paspspkaercst B
WHAYKTUBHOCTb L, B pE3YJIbTAaTC PaCY€TOB U MOJACINPOBAHUSA TOK B KaTYIIKE
cocrapisier 1=184 A, Hanpsbkenne Ha oOkiIajKax KoHzaeHcartopa U = 685 B
(pe3yabTaThl MOAECTUPOBAHUS CM. pHC. 1), TETIIOBas HArpy3Ka He BBIXOJUT 32
Ipe/eNbl KOJIMYEeCTBA TeIla OTBOJIUMOr0 CBOOOIHOW KOHBEKIIHUEH.

=

o

o ["pa;mem‘ MarHuTHOro nosjs Tiu/m

Bpewms uc Erererr—
1 13 ¥ ﬁ>

Puc. 1. Pe3yapTaTsl MOIETUPOBAHUS UMITYJIbca (TaHHBIA TpayK MOKA3hIBAET BPEMS
(1,3 Mc), 3a KOTOpOE yCTaHABIMBAETCS TPEOYEMBIi TPaTUeHT MarHUTHOTO TOJISI B
CEUCHHHU KaHama).

Cnucok numepamypul
1. AJT. Ilonomapenko. MomiHas ummnyibcHas Texnuka. M.: MUOU, 2007r. 200c.
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A.A. MEJIBHUKOB, A.E. AKCEHTBEB, 10.B. CEHUYEB

Uncemumym sdepruix uccnedosanuii PAH, Mocksa, Poccus

YCTOMYUBOCTb METO/IA YIIPABJIEHVSI OPUEHTALIMEN
OCH NOJISIPUBALIMM ITYUYKA ITOCPEJCTBOM CIIAH-
HABUT'ATOPHBIX COJIEHOH/IOB B CITUH-ITIPO3PAYHOM
KOJIBLIE

UccnenoBanach  yCTOMYMBOCTE METOAA YIPABIECHHS OpHEHTAIMEHl ocH
MOJSIPU3allMi B 3aJaHHOM TOYKE YCKOPHTENs IMOCPEICTBOM CHHMH-HABHIATOPHBIX
COJICHOHMJIOB K OIIMOKaM YCTaHOBKH ITOBOPOTHBIX MAarHUTOB KoJibla. J{ist 5Toro 6puto
OLICHEHO W3MEHEHHE KOMIIOHEHT WHBAapMAHTHOM OCH MPELeCCHU CIUHA, BBI3BAaHHOE
“HenIeaIbHOCTRIO” CTPYKTYpPHl HAKOMUTENHHOTO KOJbIA, paboTalomIero B CIIHH-
[pO3payHoOM pexuMe. M3ydanaoch IOBEJCHHE BEKTOpa MOJSIPH3ALUH B JaHHOU
CTPYKType; OBUIM CZEeNaHbl BBIBOJBI O BO3MOXKHOCTH 3aJaHHSl HaNpaBICHHS
TIOJIIPHU3AIIMH [TOCPEICTBOM “‘HABUTATOPHBIX” COJICHOHJIOB B 00JIACTH MHUILICHU.

A.A. MELNIKOV, A.E. AKSENTEYV, Y.V. SENICHEV
Institute for nuclear research of RAS, Moscow, Russia

ROBUSTNESS OF THE SPIN-NAVIGATOR BASED
METHOD FOR THE MANIPULATION OF THE BEAM
POLARIZATION AXIS IN A SPIN-TRANSPARENT
STORAGE RING

We have investigated the robustness to bend magnet installation error of the spin-
navigator based method’s for manipulating the beam polarization. Toward that end,
variation of the invariant spin axis components along the beamline of an imperfect
storage ring operating in the spin transparency mode has been estimated. The beam
polarization vector behavior in the given lattice has been investigated. Conclusions
are made regarding the feasibility of using “spin navigator” solenoids for defining the
beam polarization axis in the target.

B npeamonaraeMoM MeToAe yNpaBieHHs MOJSpU3AIel My4yka B CIIUH-
npo3paunoM (“Spin Transparency,” nanee ST-) pexume 4acTOTa MPELUECCHU
CIIMHA TyYKa YCTAHABIMBAETCS OJM3KON K HYJIO 3a CUYET HCIMOJIb30BAHMUS
“cubupckux 3meek.” [Tockonpky B ST-pexuMe 4acTHIbl HAXOSATCS BOIN3N
LEJIOYHNCIIEHHOTO PE30HAaHca, IS CTa0MIM3aliK TPeOyEeMOTo HarpaBiIeHHs
MOJISIPU3ALUHA B JETEKTOPE HCHOJB3YIOTCS COJICHOMJIBI- “HAaBUTaTOPBI” CO
crnabeivu mosrsimu (puc. 1) [1], Bpalmaromniye CriMH-BeKTOPBI YaCTHI] ITyYKa Ha
MaJIbl€ YTJIbI.

B mpencraBnenHoit pabore Opula HCClieOBaHA CIHH-OpOWTaIBHAS
JMHAMUKA Iy4YKa NEUTPOHOB B JAHHOW CTPYKType, U CHAENaHbl BBIBOJBI
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KacaTcCJIbHO yCTOfI‘{PIBOCTI/I METOJAa  YyIIpaBJICHUA OpI/IeHTaHI/Ieﬁ ocHu
nojapusanvu B 3aI[aHHOﬁ TOYKE YCKOpUTECJIA MNOCPECACTBOM  CIHMH-
HaBUT'aTOPHBIX COJICHOMJIOB K OIIHOKaM YCTaHOBKHU IMMOBOPOTHBIX MarHuTOB
KOJIbLIA.

”‘\H p = (; sin¥ + (;. cos ¥

----/ @

i 1-st spin navigator

Puc. 1. Cxema pacnosoxeHus “HaBUTaTOPHBIX COJICHOHIIOB B IIPOMEKYTKE
MPD-getekTopa

B wacTHOCTH: TUMOJIBbHBIC MATHUTHI OBOpaunBaich Ha yrisl ~ N(0, 107
4), MpM 3TOM OTHOCUTENLHOE W3MEHEHHE 4YacTOTHI MPELECCUH CIIMHA H
MIPOAONBHON ToNsIpu3anuu Av/v ~ 10°, AP/P ~ 10°. DTu BenMYMHBI
00yCIIOBIICHBI HEHYJICBOW BEIOOPOYHON peann3anueil MaT. 0)KUJaHUS U, KaK
CIeICTBHE, TIOSBICHUEM HEHYNeBOH Y TPOCKIMH WHBAPHAHTHOW OCH
npeneccun cimHa Ny B 00J1acTH JeTeKTopa.

Bruto m3ydeHO BIMSHHUE COBUTA MaT. OXKHUIAHUS PACIPEEIICHIs YTIIOB
nosopora snemMenTos Ha + 1072 pan. ITpu stom Av/v ~ 102, AP/P ~ 104,
ANy ~ 102 (puc. 2). KauecTBEHHOr0 U3MEHEHHs CIIMHOBOM IMHAMUKU He
HaOJII01aNI0Ch, YTO TOBOPUT O CTaOMJIBHOCTH JIBM)KEHHS B OKPECTHOCTH
HYJIEBOTO pE30HaHCa.

Puc. 2. YacroTa nmpeueccuu CiuHa B 3aBUCUMOCTH OT MONEPEYHON KOOPAUHATHI
1 3aBUCUMOCTD IPO/IOJIBHOM MOJIIpU3alMY yYKa OT BPEMEHU B TOUKE JIETEKTOpa
JUISL UA€aTbHOU CTPYKTYPHBI U TIPU MIOBOPOTAaX MarHUTOB BOKPYT MPOI0JIBHOM OCH Ha
yroiet ~ N(+1073, 104).
Cnucox iumepamypbl
1. Komgparenko AM, Kommpatenko MA, Owmarop IOH, Kosamenko wu mp.
Tonapuzosannsle uonst 6 komniexce NICA. O6ocHoBaHue npoekta ([{yOHa, aBryct 2018).

343



Bb.10. BOTJAHOBUNY, I".O. BYSIHOB, A.B. HECTEPOBUY

Hayuonanvuwiti uccnedosamenvckuii ssoepnuviil ynusepcumem MUDPH, Mockaa,
Poccus

WCKYCCTBEHHBIE PAJIMAIIMOHHBIE MOSICA 3EMJIN
(MIPI13) KAK CPEJICTBO ITPEAYIIPEXKIEHNS OB YT'PO3E 13
KOCMOCA

B naHHOW paboTe OMMCaHBl BO3MOXHOCTH IIPUMEHEHHS HCKYCCTBEHHBIX
PpaZualMOHHBIX MOSICOB 3eMIIH I OOHapyKeHHs OOBEKTOB THUIA 4eOapKyJIBECKOTO
MereopuTa. OmnucaH METOJ ISl PELCHHs JaHHOH 3a71auyl ¢ MOMOIIBIO 3apSKEHHBIX
YaCTHII.

B.YU. BOGDANOVICH, G.0. BUYANOV, A.V. NESTEROVICH
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ARTIFICIAL RADIATION BELTS OF THE EARTH (ARBE)
AS A MEANS OF PREVENTING THREAT FROM SPACE

This paper describes the possibilities of using the artificial radiation belts of the
Earth to detect objects such as the Chebarkul meteorite. A method for solving this
problem using charged particles is described.

ITeuanbHbIit OIIBIT MOCIJIETHUX JIeT IOKa3bIBaET, 4TO
yIIOBJIETBOPUTENBHBIX CPEACTB OOHAPYKEHHS NPHOIMKAIOIIUXCS K 3emie
HEOECHBIX TeJI, MPEJCTABIAIONIMX PEalbHYyI0 Yrpo3y, HPaKTHYECKH HET
(MMeroTCs B BUIY HE MHUKPOMETEOPHUTHI U TPOMaJIHbIe OOJIH/IBI, U3 KOTOPHIX
IepBElc HE OOHAPY)KMBAIOTCS BBUAY MAalbIX pa3MepoB, a BTOpHIC
MIPECTaBICHEI OTPAaHMYCHHBIM KOJIMIecTBOM). Pedb naer 006 oObekTax THIa
4e0apKyIbCKOTO.

[lomoup B pemeHHH NaHHON MpoOiemMbl Morio Obl cozmanme WPII3,
CIOCOOHBIX JUTUTENFHOE BpeMs (TOIBI U aXke ACCATHIICTHS) HAaXOIUThCS B
KOCMOcCe, OyIOy4d eIWHOXKIBI CO3JaHHBIMH U «IOIIHTHIBAEMBIMI» C
KOCMHYECKHX aIlMapaToB-WH)XEKTOPOB, Haxomsfmmuxcs B KkagectBe MC3
(MCKYCCTBEHHBIX CITyTHHKOB 3€MJIM) B HEMOCPEACTBEHHOW ONHM30CTH OT
HPII3.

Cytb MeTona nosicHsieTcst Ha puc. 1. [Ipu mpoxoxkneHnn 6omimma depes
30Hy Jokanu3anuu MPII3 oH 3apsikaeTcs mpH MomaJaHiK Ha MOBEPXHOCTh
9JIEKTPOHOB, YTO MPUBOJMUT K 00pa3oBaHMIO MpoBaia mioTHocTH B UPII3,
COBEpIIAIOUIEMY Kak IeJloe JABIKEHHUE, OINpeessieMoe JUHAMHUKON
9JIEKTPOHOB, MOTEPSHHBIX HAa €ro noBepxHocTU. IlpuBeneM pacueTHyrO
dopMyny JUIS OIpEeNiCHHUs «IONTOTH» OOpPa30BAHHOTO «IIPOBAJIAY
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rtotHocT MPIT3 B MOMeHT npoxoskaeHus 001/a uepe3 30Hy JIOKaTH3alum
UPII3:

v\ [V -1 1
5=At-v1(1——“)<—1_1> , @
Va/ \V3
rme S — paccrosiHHE OT TOYKH Ha

wns  DKBATOpPE, COOTBETCTBYIOIIEH MPOXOXKICHUIO
4yepe3 Hee CHIIOBOM JIMHUU MarHUTHOTO MOJIA,
OIpeIENAIOIEN TOUYKY nepeceueHus
6omunom UPII3; v; — ckopocTh IBHXKEHUS
MPOEKINH «BO3MYIIEHUS» BIOIb 3KBATOPA,
COOTBETCTBYIOIIEH MaKCHUMAalbHON 3HEPruu
Puc. 1. CxeMa IoTyqeHus 1 anekTpoHoB UPII3; v, — ckopocTh ABUKEHUS

~CIKA

¢ynkunonuposanust UPII3. 3 — BO3MYIIEHHSI C  MEHBbUIEH  CKOPOCTBHIO
3emis; M — mereoput (Gomun); J1-  (9Heprueit); v, —  CKOPOCTh  JIBHKEHHS
ACTCEKTOP. JETEKTOpa TI0 JKBaTtopy; At — pasHOCTb

BpEMEHH PETHCTPAIK CHTHAIOB
(mpoBan Toka ®DY OT CHOUHOWUISIUOHHBIX IETEKTOpoB). Jlms

HEPEISATUBUCTCKUX YaCTHI[ (DJCKTPOHOB) MOXET OBITh HCIOIb30BaHa

¢dopmyma [1]:

44 )

EL’

rne T, — mepuon apeiida snekrpoHa Bokpyr 3emmn [muH|; E — sHeprus

T, =

anextpoHoB MPII3 [MaB]; L - %, rae R, — paguyc sxBatopa UPII3, R, —

paauyc 3emiu, a Takxke GopMyia Ui HHIYKIHH MATHUTHOT'O TIOJIST 3eMITH:
R,\* ®)
B[] ~ 03 (%)

Coznmanue 2-ro UPII3 Ha apyroil BhICOTE JacT OTBET Ha BOIPOC O
CKOPOCTH U HampasjeHun ABrkeHus 6onuaa. Cozpanue takux UPII3 moxet
ObITh 00ECIEeYeHO C KOCMHYECKOH CTaHIMH, COAepKaleld HCTOYHUKH
9NEeKTPOHOB M MPOTOHOB (I MOJAEp)KaHUs e€ TMOoTeHIHaaa Ipu
OTPULIATEJILHOM 3HAUYEHUU, NPENATCTBYIOIIEM BO3BPAILECHUIO 3JIEKTPOHOB
WPII3. IIpoTOHBI MOTYT MHXXEKTHPOBAaThCS BAOJb CHJIOBOW JIMHUU
MarHuTHOTO TOJIA, YTO MPEJOTBpAlaeT UX BO3BPAILEHUE, C MOTEHIHAJIOM,

JOCTATOYHBIM JJIS 3TOTO — 00JIee MOTSHIINANA CTAHIUH (110 MOIYTr0) [2].
Cnucox aumepamypul

1. C.H. Ky3neuos, JI.B. Tepckas. Paguarmonnsie nosica. B kuure «Mogens kocmoca:
Hay4HO-MH(pOpMalMoHHoe u3anue: B 2 T.». [lox pen. M.U. Tlanactoka, JI.C. HoBukosa. — T. 1:
Du3nYecKUe YCIOBUS B KOCMHYECKOM npoctpadcTe. — M.: KV, 2007. 872 c. Ctp. 518.

2. A.V. Nesterovich, B.Yu. Svirin, V.K. Baev. Dynamics of charged particles in the field of
a spherical magnetic dipole. Technical Physics volume 57, pagesl37-140 (2012). DOI:
10.1134/S1063784212010033
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W.A. ALIAHUH?, C.M. IIOJIO30B*?
'Hayuonanvnwui Hccnedosamenvckuii Adeprnviii Yrusepcumem « MUDHy
Mockea, Poccus
2Hayuonanvnwiil ucciedosamensckuii yenmp «Kypuamosckuii uncmuntymy,
Mockea, Poccus

JIMTHAMMKA ITYYKA B JIMHEMHOM YCKOPUTEJIE-
HHXEKTOPE JIEKTPOHOB /IS PEKOHCTPYKIIMA
YCKOPUTEJIBHOI'O KOMIIJIEKCA «CUBUPb-2)

JAns  umHxekuud B OYCTEpHBIM  CHHXPOTpPOH, pa3pabaThIBaeMbId  AJIs
PEKOHCTPYKLIUH  YCKOPUTEIbHOTO KoMIulekca «Cubupp-2»  KypuatoBckoro
KOMIUIEKCAa CHHXPOTPOHHBIX W HEHTPOHHBIX HCCIIEIO0BAaHHH, IPOSKTUPYETCS HOBBIHA
JMHEWHBIH yCKOpUTENb 3MeKTpoHoB (JIYD) Ha sHepruro okxono 300 (wmm 200 B
ynpomeHHoM — Bapuante) MpdB  [1].  IlpemmoxxeHa  MoaepHHU3MpOBaHHAsS
KOMIIOHOBOYHas cxeMa JIY D U ero oTaensHbIX 5ieMeHToB. [IpoBenena ontumusanus
TEOMETPHH YCKOPSIOIEH CTPYKTypHl C LEIbI0O YMEHBIICHHS CIEKTpa Iydka Ha
Boixoge JIYD. BrmonHeHo ckBosHoe «front-to-end» MopenupoBaHHE AWHAMUKA
Iy4Ka.

I.LA. ASHANIN'2, S.M. POLOZOV!?
INational Research Nuclear University MEPhI, Moscow, Russia
2National Research Center “Kurchatov Institute” Moscow, Russia

BEAM DYNAMICS SIMULATION IN A LINEAR
ELECTRON ACCELERATOR - NEW INJECTOR FOR
ACCELERATING COMPLEX SIBERIA-2 UPGRADE

New linear electron accelerator (linac) with an energy of about 300 (or 200 in a
simplified version) MeV is being proposed for injection into the booster synchrotron,
which is being developed for the reconstruction of the SIBERIA-2 accelerator
complex in the NRC «Kurchatov Institute» [1]. A modernized linac and its specific
elements layout will described in the report. Optimization of the geometry of the
accelerating structure was done out in order to reduce the beam spectrum at the output
of the linac. A front-to-end beam dynamics simulation results will discuss.

Obmiass cxema HoBoro JIVD-umxekropa Ha »sHepruio 300 M»oB
mpeacTaBieHa Ha pucyHke 1. O BKiIrogaeT B cedst TPEXdIEKTPOAHYIO MyIIKY
Ha sHepruio 100 3B, KIHUCTPOHHBIH TPYNIHPOBATENb, annabaTHIECKH
IPYIIIMPOBATEIIb U IIECTh PETYJISIPHBIX CEKIMM.
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Puc. 1. O6mias cxema JIVD Ha snepruto 300 MaB

bouto BhIMONHEHO CKBO3HOE «front-to-end» yuciaenHoe MojeaMpoBaHue
JUHAMUKN DJIEKTPOHHOTO ITydKa C HCIOJIB30BAHWEM pPa3pabOTaHHOW B
MU®U nporpammel BEAMDULAC-BL [2]. Tok uHXekIuu ObUT BRIOpaH
paBHbIM 600 MA. UncieHHOEC MOICTUPOBAHUE MPOBOIMUIIOCH MOATAITHO, C
KOHTpPOJIEM IapaMeTPOB Ha BBIXOJAE U3 TPYNIIMPOBATENs, IOCIE BTOPOH,
YETBEPTOM U LMIECTON PEryJSIPHBIX CEKIMH. AHAN3 pe3yJIbTaTOB CKBO3ZHOTO
MOJEIUPOBAHUS TUHAMUKU IIy4Ka I10Ka3aj, YTO JHEPTreTHUYECKUHA CIEKTP
MoCJie PeryjsipHON 4acTH yckopurens cocTaBuUT +3,5 %. IlonmepeunHsbiit
SMHUTTAHC COCTaBHUT OK0JO 10 HM paj, KO3(DOUIMEHT TOKOMPOXOXKICHUS
Oyzner paBeH 54-56 %. Pe3ynpTaThl MOJCTUPOBAHUS TUHAMUKU IyYKa B
MOJIHOM CTPYKTYpE MPEACTABICHBI HA PUCYHKE 2.

Y ; ; ; T T

01f 1

600

500 A = ]

—01f 1 \ I 101 ]

.
1487 1488 1489 1490
~0.05 0 005 5 Jew

400 500 600 T 700
0 B

Puc. 2. TlomepeuHoe ceueHue mydka (Ha4YalIbHOE pacIpeleieHue
MMOKa3aHO KPAaCHBIM IBETOM, Ha BBIXOJC — CHHKM) (@), (ha30BbIil MOPTPET Ha
¢azoBoii miockoctu (y, z) (0) u sHepreruueckuil crektp (B) mpu Gase
WHKEKIUU B anuadaTtudeckuil rpymmupoBarens -0,75 mocnme mrectoi
PETYISAPHON CEKLINH.

Cnucox aumepamypul

1. Amanus U.A., TTonozo C.M., Pamukos B.J.. JIuHeWHbIH yCKOPUTEIb 3IEKTPOHOB IS
yCKOpUTENbHOro Komruiekca «Cubupb-2». VI Mexaynapoanas koHdepenuus «JlasepHsie,
1a3MeHHbIe HcclieioBaHus U TexHosorun Jlallnasz-2020». COopHHK Hay4IHBIX TPY10B. MOCKBa,
2020. C. 282-283.

2. Bondarenko T.V., Masunov E.S., Polozov S.M.. BEAMDULAC-BL code for 3D
simulation of electron beam dynamics taking into account beam loading and coulomb field.
Problems of Atomic Science and Technology. Series: Nuclear Physics Investigations, 6 (88),
2013, p. 114-118.
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C.A. KOJIOKOJIbYUKOB, 10.B. CEHUYEB

Uncemumym sdepruix uccnedosanuii PAH, Mocksa, Poccus
Mockoscruil Quzuro-Texnuueckuit Unemumym, Joneonpyouwiii, Poccus

MATHUTOOIITUYECKASI CTPYKTYPA KOJLJTAMJIEPA NICA
C BbICOKOM KPUTUYECKOM SHEPT' UEM.

HccnenoBanbsl cocoObl MOBBIMIEHUS] KPUTHYECKOH SHEPrHM Ui HMPOTOHHOU
omuu koswtaiinepa NICA. TIpuMmeHeH MeTOA CyHeprepHOANYEcKON MOIYJISIUK
rpagueHToB KkBaapynosied. OcymiecTBieH BBHIOOP CEKCTyNoJed A IOJaBICHHS
HaTypaJbHOH XpPOMAaTMYHOCTH ¥ KOMIICHCAIIUH CEKCTYIOJIGHOH KOMITOHEHTEHL.
[MpuBenens! napamerpbl TBHcca U1 TIPEMVIOKEHHBIX CTPYKTYp, a TaKxke
HCCIeA0BaHbI JUHAMUUECKUE allepTyphl U pabouue TOUKH.

S.D. KOLOKOLCHIKOV, Y.V. SENICHEV

Institute for nuclear research of RAS, Moscow, Russia
Moscow Institute of Physics and Technology, Dolgoprudny, Russia

MAGNETO-OPTICAL STRUCTURE OF THE NICA
COLLIDER WITH HIGH CRITICAL ENERGY

Methods of increasing the critical energy for the proton option of the NICA
collider are investigated. The method of superperiodic modulation of quadrupole
gradients is applied. The selection of sextupoles is carried out to suppress the natural
chromaticity and compensate for the sextupole component. The Twiss parameters for
the proposed structures are given, as well as the dynamic apertures and working points
are investigated.

Jlis yBenmuueHusI KpUTHUECKOH SHEpTUuH yCKOpUTeabHOro Konbiia NICA
paccMaTpuBaeTcs BO3MOXHOCTh HM3MEHEHHUS JTUCIEPCHOHHOM (yHKIMU
ITyTeM MOJYJISINH IPAJUCHTOB KBaAPYTIOJIeii Ha TOBOPOTHBIX apKax KOJbIIa.
[Jns aToro paccMarpuBaeTcs cynepnepuo, cocrosmuii u3 3-x @O0 sueex,
I7le LEeHTPaJIbHBIH (OKYyCHPYIONMHA KBaApyHOIb OTJIMYAETCS OT JBYX
KpaHuX 00OJIBIINM 3HAUCHUEM I'PaIUCHTA.

Hdnst omnoro cyneprepuoga koddduimeHT pacmupeHus OpOUTHI
onpenensercs mo gopmyre [1]:

— 4 o
1 1 Rarc ) Z Ik
§ vx,aplcz { 4 (Vx,apk K="t (1 - ks/vx,apx)[l - (1 - kS/Vx,apK)Z]Z
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QrR2 QF1 QF2
cynepnepuon MarHuT

QD QD QD QD

1- Aveiika i 2-5 auelika : 3-51 Aveitka

Pucynok 4 Beenenue cynepnepuoza, cocrosuiero u3 3-x @010 sueex
IepBas rapmonuka k = 1 sBnsercs ompenensromei u g 12 @O0
SUEEK PEATM3YEMO YCIIOBHE JUIS KOJIMYECTBA CYTNIEPNIEPUOTIOB S = 4, Vy 5 =
3, rne 3 ®OM10 sueiiku 00bETUHECHBI B OJTUH CYTIEPIICPHOI.

« 4 cynepnepvona >

1N mucnepown  D,D"=0 DD =0
cpaimmmm avedkamn 0 L2 OV4Y R C VAU

MopasuTens aucnepcun
2 ®0O/10 aueitku ¢ missing magnet

2) Mopasnenue aucnepcuu D,D' =0 DD: =
2 cemeiicTeamu kBagpynonedt

PucyHok 5 IIpuHIHMITHATBHAS CXEMa IBYX BO3MOXKHBIX BAPHAHTOB II0JaBJICHHUS UCIICPCHI
JUTSL TPOTOHHOI onmu koutaiiaepa NICA

YaureiBass ocoOeHHOCTh CTpykTyphl Koiutaimepa NICA, Hammume
MIiSSiNQg-MarHUTOB Ha IByX KPalHUX s4YeHKax He JaeT BO3MOKHOCTh CO3/1aTh
MTOJTHOCTBIO PETYILIPHYIO apKy U3 4-X OJMHAKOBBIX CYIIEpIeprooB. Takum
00pa3oM, HEOOXOUMO 00ECIICYHTH MOJIABICHUE TUCTIEPCHH Ha KPasiX apKH.
PaccmarpuBaroTcst 2 BO3SMOXHBIX CITydasi IIOIaBICHUS UCIICPCHUH:

1. TlomaBnenue JUCIIEPCUU pu TOMOIIHA KpaHUX
cyneprneproioB. A umMeHHo AByx kpaitaux @O0 sueexk.

2. TlomaBneHue AMCIEPCHH BCEW apKoOil, MpHW MOMOINK BbhIOOpa
rpaJIMeHTOB KBaJIpYyMoJeil AByX CEMEICTB.

O0a mnpuBeAEHHBIX CMOCO0A TIOBBINICHUS KPUTHUCCKOW JHEPTUH
MTO3BOJISIFOT JOCTHYDL TPEOYEMOro 3HAUYCHUS] KPUTHYCCKON SHEPTHH, OIHAKO

HUMEIOT CBOM OCOOCHHOCTH ITPH KOHEYHOH pean3aIiim.
Cnucox aumepamypul
1. Yu. V. Senichev and A. N. Chechenin. Theory of “Resonant” Lattices for Synchrotrons
with Negative Momentum Compaction Factor. Journal of Experimental and Theoretical Physics,
2007, Vol. 105, No. 5, pp. 988-997

349



N.A. AIIAHUHY?, C.M. TI0JIO30B*?

'Hayuonanenwui Hccnedosamenvckuii Adeprviii Yrusepcumem « MUDH» ,
Mockea, Poccus

2Hayuonanvhwiil ucciedosamensckuii yenmp «Kypuamoecxuii uncmunymy,
Mockea, Poccus

JIMHAMMKA ITYYKA B IMHEMHOM YCKOPUTEJIE-
HNHXXEKTOPE CIIEHUAJIN3NPOBAHHOI'O UCTOYHUKA
CUHXPOTPOHHOI'O U3JIYYEHUS 4-1'0 IOKOJIEHUS
«CIJIA» (MCCH-4)

Lenpto paboTs! GBLIO HCCIIENOBAaHUE JUMAMUKH MydKa B THHEHHOM yCKOPUTEE,
KOTOPBIM IIAHUPYETCSl WCIONB30BaTh I HMIKEKIWH IydKa B HAKOMHTEIBHOE
KoubII0 (tOP-UP MHEDKEKIHMs) M B KaU4eCTBE ApaifBepa CryCTKOB BBICOKOH SPKOCTHU IS
mazepa Ha  CcBOOOAHBIX  3mekTpoHax  CHenUann3UpOBAaHHOTO  HCTOYHHKA
CHHXPOTpPOHHOTO u3nydeHus 4-ro nokonenus: «CUJIA» (MCCU-4) na suepruto 6
I'5B, paspabarbiBacMoro B  HamuoHanbHOM — MCCIIEIOBATEIBCKOM  LIGHTpE
«KypuatoBckuif uHCcTHTYT» [1]. B noxmame paccMaTpuBarOTCsl pe3ysbTaThbl
YHCIICHHOTO MOJIETTMPOBAHMS JUHAMUKH ITy9Ka B TAKOM JINHEHHOM yCKOpHTEIE.

I.A. ASHANIN'2, S.M. POLOZOV?*?
INational Research Nuclear University MEPhI, Moscow, Russia
2National Research Center “Kurchatov Institute”? Moscow, Russia

BEAM DYNAMICS SIMULATION IN A LINEAR
ELECTRON ACCELERATOR -INJECTOR FOR THE 4TH
GENERATION SPECIALIZED SYNCHROTRON
RADIATION SOURCE USSR

The purpose of this work was to analysis the beam dynamics in a linear
accelerator, which is planned to be used for beam injection into storage ring (top-up
injection) and as a high-brightness bunch driver for a free electron laser in the USSR
project which is being developed in the NRC «Kurchatov Institute» [1]. The beam
dynamics simulation results in such a linear accelerator will discuss in the report.

JUis 9HMCICHHOTO MOJAEIMPOBAHUS IWHAMHUKHU IIy4Ka HCIIOJIb30Basach
mporpamma BEAMDULAC-BL, paspaboranHas B HarmmonamsHOM
HCCIIeIOBATENILCKOM sifiepHOM yHHUBepcutere «MUON» (HUAY MUON)
[2]. B kadectBe BO3MOXHBIX BapHaHTOB OCHOBHOH CEKIHMH ObLIH
paccMOTpEHBI KaK KIACCHUECKHE YCKOPSIONIIHE CTPYKTYyphl Ha Oerymiei
BOJIHE, TaKk W Owumnepuoandeckue yckopsioumme crpykrypsl (BYC),
paboraronue Ha cTostaeii BoaHe. Cekiys Ha Oerynield BoJiHe IpH aMILTUTY e
yckopsttomero nosst 600 kB/cm naer nmpupoct sHeprum, pasBHbelii 80 MaB
(umHa cexuuu 3 M). PerymspHast 4acTb ycKopuTeNst OyleT coCTOsTh U3 76
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cexuuil. I[Tyuox Ha BeIxozie uMeeT cekTp okono +3 % FWHM npu sHepruu
6 I'»B, a nonepeunslii sMuTTaHc paBeH 10 MM-pan ¢ Tepmonyikod u 1-5
HM'paj ¢ QoTomymkold. B ciydyae mcronp3oBaHMs CTPYKTYPHI Ha CTOSUCH
BOJIHE IIPU JUTUHE CeKLUU 2,1 M My4oK yckopsieTcs mpumepHo Ha 70—75 MaB.
I[Mlpn  wucnonwp3Banuu  (GOTONMYIMIKM B KauecTBe  (pOpUHIKEKTOpa
9HEPTreTUYECKUH CIEeKTp M crycTka ¢ 3apsgoM 250 nKn pasen 0,08 %,
MIONIEPEYHBIl 3MHUTTaHC cocTaBUT okomo 0,3 HM'pax, AN BapuaHTa C
tepmonymkoit — 0,2 % u 1,5 am-paa. Ilpu CKBO3HOM MOJETUPOBAHUU
TUHAMHUKKA OT (oTokaToma g0 BBIXOAAa yCKopuTens KodddummueHt
TOKONIPOXOXACHUs mocturaeT 99,5 %. Pe3ynbraTel MOIEIHPOBAHHS
JWHAMHKHU TAKOTO ITydYKa IIPEeJCTaBJICHBI Ha pHC. 1.

7

a ) F
1460 4t e, | |
1403 1 4502 10° ‘\.\_ STE-I0| "o, . LIRS 10:
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1601, 1 1 45RR 10 STET-IL . " 11846 11
AT 20444 20446 0.4 HHAZ 44 R4 NR4T 20444 64 42
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wlm R T e ";. T & AT _:'. LIS ||w=||
Puc. 1. Pe3ynpraTsl MOIEUPOBAHUS TUHAMUKH ITy4YKa B PETYIAPHOMN 4acTH
YCKOPHTEIS TSl crycTKa ¢ 3apsioM 250 nKi, creHeprpoBaHHOTO (DOTOITYIIIKOM.

IMoka3ans! a3oBble MOPTPETHI IMy4Ka (BBEPXY) Ha INIOCKOCTH (Y,P) U

SHEPTeTHYEeCKUH CcrieKTp (BHU3Y) mocie 1-ii (a), 10-i (0), 40-ii (B) u mocnenHeit 82-i
(r) cexmmit

Cnucox rumepamypol

1. Amanun U.A., Kmouesckas 10.Jl., Kynesoii T.B., Ilono3zoB C.M. u np.. Texymmue
pe3ynbTaTthl  pabOT MO  pa3pabOTKe  YCKOPUTEIBHOrO  KOMIUIEKca  Poccuiickoro
CrenuanusupoBanHoro Mcrounnka CunxporponHoro Mzmyuenus 4-ro nokonenuss UCCU-4.
Vv Me)Kz[yHapo;[Has{ KOHd)epeHLIPIS{ «Ha3epmﬂe, TUIA3MCHHBIE HCCIICIOBAHUA W TEXHOJIOTWMH
JIATIJTIA3-2019». CoopHHK HayuHBIX Tpya0B. MockBa, 2019. C. 109-111.

2. Bondarenko T.V., Masunov E.S., Polozov S.M.. BEAMDULAC-BL code for 3D
simulation of electron beam dynamics taking into account beam loading and coulomb field.
Problems of Atomic Science and Technology. Series: Nuclear Physics Investigations, 6 (88),
2013, p. 114-118.
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IOBBINEHUE DO®EKTUBHOCTU TAMOKEHHOI'O
KOHTPOJISAA C IOMOLIBIO TOPMO3HOI'O U3JTYUEHUS
JIMTHEMHOI'O YCKOPUTEJIS JIEKTPOHOB

Onmcad Merofa MOBBIIEHHS 3()(EKTHBHOCTH NPeoOpa3oBaHUS «IIEKTPOH-
(boTOH» 3a cyeT BbIBOJA ITyUKa IEKTPOHOB B aTMOC(Epy M TPAHCHOPTUPOBKH €ro B
Bo3xyxe. [IpexcraBieH mpuHIMI JEHCTBUS JAHHOTO METOAA.

G.0. BUYANOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

IMPROVING THE EFFICIENCY OF CUSTOMS CONTROL
WITH THE BREMSSTRAHLUNG OF A LINEAR
ELECTRON ACCELERATOR

A method is described for increasing the efficiency of the "electron-photon”
conversion by extracting an electron beam into the atmosphere and transporting it in
air. The principle of operation of this method is presented.

Hcnonp3oBaHWe METOJA ONpEACNEHHWS HAIMYUS  B3PHIBUATHIX |
HapKOTHYECKHX BEMIECTB 3a CYET PEruCTpalid BTOPHYHOTO H3ITyYCHUS
(HEHTPOHOB, Y-M3Iy4IEHUsT) TIPH OOITyUYSCHUH TIOTOKOM BBICOKOIHEPTETHYHBIX
¢ororoB (15 — 25 M»1B) 0T KOHBEpCHOHHOW MUIICHH Ha BbIXOoae JIYD
mHpoKo u3BecTHO [1]. [IocKobKy 3HEPTHS HIIEKTPOHOB I0JDKHA OBITh BBIIIE
sHepruv (OTOHOB (M3-3a CIAJAIOLIET0 XapakTepa JHEPreTHYECKOro
CIIeKTpa) OHa JOJDKHA cocTaBiaTh He MeHee (30 — 60) M»B. Illupoxoe
BHEJ[PEHHE JIAHHOTO (HOTOSAEPHOTO METOJA CIAEPKHUBACTCS HEAOCTATOUHON
3¢ (GEKTHBHOCTRIO  MPEOOPa30BaHUSI DHEPIHU  «IJIEKTPOH-(POTOH» B
KOHBEpTEpE ¥  HEOOXOJMMOCTBIO  KCHOJB30BaHUS  TPOMO3IKHX
KOJUIUMATOPOB (BECOM B JIECSITKH TOH).

B nanHoli paboTe n3naraeTcs CyTh METO/1a, MO3BOJISIOIIETO 000HTHCE Oe3
IPOMa/IHBIX KOJJIMMaTOPOB M MOBBICUTH 3((EKTUBHOCTh NPeoOpa3oBaHus
«JIEKTPOH-(POTOH» 3a CUeT BBIBOJA ITydKa JJIEKTPOHOB B aTrMocdepy H
TPAHCIIOPTHPOBKM €ro B BO3IyXE C IOMOIIBIO HAIpPaBJICHHOTO IOTOKA
JIeKTpOMarHutHoro wusnydenuss (OMU) cnenuanbHOl  KOH(UTYpanuu
(TpyOuaroii ¢opmsl). Ilpm 3TOM NOTOK 30HAMPYIOIIEr0 TOPMO3HOTO
m3nyuenns (TU) popmupyercst B BO3yXe IPH TOPMOKEHHH IEKTPOHOB Ha
aToMax M MOJIeKyJax Bo3ayxa. Ecimum s m3nydenus Ha paccrosHun (300 —
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500) metpoB ot JIYD myuka TU u3BecTHBIM CHOCOOOM TP JAMAMETPE Ha
mumieHd ~(3 — 5) merpoB g0 90% (u Oonee) (HOTOHOB Tepsiercs B
KOJUIMMATope, TO B PAacCMOTPEHHOM BapUaHTE IIyYOK O3JEKTPOHOB C
sueprueir (20 — 50) MsB npoxoaut B Bo3ayxe mo ~(120 — 150) meTpos,
coxpaHss pasmep He 6osee (2 — 3) M, 4TO MO3BOJISACT MONTYYUTh HA MUIICHU
MOTOK (OTOHOB pasmepoM (3 — 5) M C MHTCHCHBHOCTHIO, Ha TOPSIAOK
TIPEBEIMIAIOIICH ITOTyYeHHBIC B I3BECTHOM BapuaHTe. TpedyeMast MOIIHOCTh
BUY-reneparopa, obocHOBBIBaromas (POKyCHPOBKY JJIEKTPOHHOTO ITydYKa,
cocraBisier He Oomee (25 — 30)% ot obmeit mMomHOcTH BY-muraHms
(JIYD+BY) (BY — BBIXOIHOE YCTPOMCTBO Ha OCHOBE TeHepaTopa DMMU).
Cxema ycTpoiicTBa mokaszaHa Ha puc. 1.

Puc. 1. Cxema ycrpoiictBa. 31ech 0003HadeHb: D — neTekrop HEUTPOHOB
(BTOpPHUYHOTO Y'-M3ITy4eHus), € - 3NeKTpoHBI JIVD, ¥ — POTOHBI, IEpBUYHO
oOpasoBaHHBIE 31eKTpoHaMu JIYD.

ITy4ox ¢oroHOB 00Opa3yeTrcs B Tak Ha3blBaeMOil «HajbHEi» 30HE,
OTCTOSIILIEH OT aHTEHHBI-M3JIy4aTellsi Ha PacCTOsSHHE, 3HAYUTENBHO (Kak
MUHHMYM Ha TOPSAAOK) TPEBHIMNAIOIIEH IuaMeTp aHTeHHBI (~2 MeTpa)
OKa3bIBAaeTCAd B II0J€, AHAJOTMYHOM IIOJIO H3JIYy4YEHHs 3IEKTPHUYECKOTO
BHUOpaTOpa BJOJIb €ro OCH (CHMMETPHYHO OTPUIATENILHO OCH aHTeHHBI) [2].
IMonbop aser BmeTa CrycTKOB 53JEKTPOHOB B IIOJI€ TaKOro THIA
obOecrieymMBaeT €ro ycToH4MBOe MABIDKCHHE ((DOKYCHPOBKY) HOaxe IIpU
CKOJIKEHNH 3JIEKTPOHOB OTHOCHTENILHO BONHBI OMMU Ha paccrosHMM 110
MIPAKTHYECKHU TTOJTHOT'O TOPMOXKEHHSI.

Pacuer mpoBomwiCcs TO METOAWKE, WCIHOJIB3YEeMOH JUId aHaiIn3a
JMHAMUKU ITyYKOB NPU TPaHCIOPTHPOBKE B Ta3e C HCIOJIb30BAaHHEM
ypaBHEHMH JBWKEHUS B IICHTPATIBHBIX MOJISIX B IByXMEpHOU Moenu [3].

Cnucok aiumepamypbl

1. B.IO. borpanosuu, A.B. HectepoBuu u apyrue. JIMCTaHIMOHHBIM paJualiMOHHBIN
KOHTPOIIb C THHEIHBIMU yeKopHuTersiMu: B 2 T. T. 2: KoMmiekcs! paJuanuoHHOT0 KOHTPOIIs. M.:
MammunocTtpoenue, 2012. — 284 c.

2. B.B. Hukonsckuii, T.M. Huxonbckas. DieKTpoAMHAMHKA M paclpoCTpaHEHHE
pamuosoiH. Editorial URSS. 2017. 544 c. C. 202.

3.A.1. Axuesep. Bonpochl AMHAMUKE ¥ YCTOMYMBOCTH JIBM)KCHUS 3apsOKEHHBIX YacTHIl B
JIY. B knure «Teopus u pacuer JIY». — M.: Atomuznar. 1962 r. Crp. 38.
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Y@IBY «HMucmumym meopemuueckoli u 5KCnepuMenmanbHol GU3UKU» uMeHu
A.U. Anuxanosa HayuonanvHoeo ucciedosamenbckozo yenmpa « Kypuamoesckuii
uncmumymy, Mockea, Poccus
2Hayuonansuwiil ucciedosamenvekuii soepuwiil ynusepcumem MUDHU, Mockea,
Poccus

MNPOEKTUPOBAHUE MAT'HUTA-CEITAPATOPA JJIsA
HNMHUTAINUOHHBIX SKCIIEPUMEHTOB C
HNCIIOJb30BAHUEM /IBYX ITYYKOB

B HUII «KypuaroBckuii uacTuTYT™ — UTO® BemyTcs paboTHl MO U3YUCHHUIO
paauanrOHHON CTOMKOCTH HOBBIX MaT€PHAIOB B MMHTAIIMOHHBIX SKCIEPHUMEHTaX Ha
HMOHHBIX MydYKax. JJIs MOmenupoBaHUS BIHMSHUS MPOAYKTOB SIICPHBIX PEakIHii Ha
CBOWMCTBA HCCIIEyEMBIX MaTepuayioB TpeldyeTcs TMpoBeneHHe OOIydeHHid ¢
HCTIOJIb30BaHMEM JIBYX IyYKOB — TSDKEJBIX JUIS TeHepalun JeeKToB M JIerKHx
(BOZOpPO. U Temid) IJIsl IMILTAHTAIUK B 00J1acTh popMupoBanus nepekToB. B padote
MIpEeCTaBICHBI pe3yJIbTaThl pa3padOTKH MarHUTa-cenapaTopa.

A. A. MALYSHEV*? P. A. FEDIN?, V. S. SKACHKOV?,
A.V.ZIIATDINOVAL A. V. KOZLOV?, T. V. KULEVOY?!?
nstitute of Theoretical and Experimental Physics named by A.I. Alikhanov of

National Research Centre «Kurchatov Institute», Moscow, Russia
2National Research Nuclear University « MEPHI», Moscow, Russia

DESIGNING SEPARATION MAGNET FOR IMITATION
EXPERIMENTS USING TWO ION BEAMS.

Imitation experiments by exploring of radiation resistance of new steel materials
are running in Institute of Theoretical and Experimental Physics named by A.l
Alikhanov of National Research Centre «Kurchatov Institute». For modeling
influence of nuclear reaction products on properties of exploring materials irradiation
by two ion beams is needed. The heavy ion beam is used for generation defects in
material and the light ion beam (Hydrogen and Helium) is used for generation
radiation effects in defect region. This article shows the results of separation magnet
designing.

B HUI[ "Kypuarosckmii wmHCTHTYT' — WUTOD® nmus nposeneHus
9KCHEPUMEHTOB TI0 UMHUTAIIMN HEHTPOHHOTO TOBPEXKAAIOIIETO BO3ACHCTBUSA
B 00pa3lax peakTOPHOW CTald MCHOJIB3YETCsl JIMHEHHBIH YCKOPUTENb
Tsok€nbIx noHoB TUIIp, KOTOpBI cHOCOOEH YCKOPSITH IyYKH HOHOB
TAXKENBIX METAJJIOB C OTHOIIEHUEM MACChl HOHA K 3apsaaHOCTH 60, 10 MOoJTHOU
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sueprun 101 x3B/nyxion [1]. UcrounnkoM HOHOB skene3a Fe?* gpnsercs
BaKyyMHO-JIYTOBOW HCTOYHHK HOHOB wMetamuoB (BAUMM) [1]. Hus
MOJICIIUPOBAHMs BIUSHHUA TPOAYKTOB SIACPHBIX PEAKIUH Ha CBOWCTBA
UccieIyeMbIX MaTepHaioB TpeOyeTcsi BBeZeHHE B 001acTh (POPMHUPOBAHUS
nedexToB JNErkuX HMOHOB, YTO JIOCTHIAaeTCs CO3JaHHEM BTOPOTO KaHaia
(puc.1 (a)) It yCKOpeHUs ¥ TPaHCIIOPTHPOBKU 3TUX HOHOB JI0 00IydaeMoit
MumeHd. Jlnsd  mpoBemeHMS OKCHEPUMEHTOB BBIOpDAHBI  CIICAYIOIINE
JIMATa30HbI U3MEHEHUs SHepruu: i mydka He* - ot 100 mo 300 3B, mis
myuka H* - o1 50 3B 10 150 3B [2]. [ust manuoi 1iesm ObLT BHIOpaH yrou
30° mexay nuHusMu nyuka Fe?* m He'/H* ¢ moBepXHOCTBIO MHUILEHH,
moBEépHyTOH Ha 15° oTHOCHTENBEHO 00enx ocelt my4koB [2]. V3 momydeHHOTO
My4YKa MarHUTHBIM Macc cemnaparopoM (puc.l (0)) BbIOMparoTCsi HOHBI,
TpeOyeMble AJIsl SKCIIEPUMEHTA, KOTOPBIE YCKOPSIOTCS IEKTPOCTATHYECKUM
MOJIeM W HaNpaBisSIOTCS Ha OO0JydaeMylo MHIIeHb. B kauecTtBe cpejbl
MonenupoBanust ucnojb3oBaics maket CST EM Studio. beut paspabotan
AITOPUTM  IApaMeTPU3alMU  KIIOYEBBIX XapaKTEPUCTHK JUIOJIBLHOTO
MarHura, K KOTOPBIM B TOM 4YHCJIE OTHOCATCS paguyCc IOBOPOTA,
MEXIIONIOCHBIA  3a30p, YroJ TOBOPOTa M Yyrol CKOca IIONIOCA,
TCOMETPHUYECKUE pa3Mepbl SJIEMEHTOB MAarHuUTa. bBBUTO  IMONy4YeHO
TpEXMEpHOE pacmpenescHre MarHUTHoro mois (puc.l (B)) M oIleHEeHa ero
00JacTh OJHOPOAHOCTH C JOMYCKOM Ha HeomHopomHocTs 0,5%. 3HaucHme
MarHUTHOT'O IOJIS B 3a30pe cocTaBuiio 79,7 mTi.

Wcrounms wonos He, Her

(@ (©) (®)
Pucynok 1 — Mojiesb BEICOKOBOJIBTHOM TIAT(HOPMBI IS BTOPOT'O KaHaa
o0rydeHus (a), MOJIeNTb MarHUTa-cenapaTopa (0), pacnpeneieHrne MAarHUTHOTO OIS
MO0 KOHCTPYKIIMU MaraHuTa (B)

Cnucox numepamypul
1. Fedin P, Simulation of irradiation effects with ions on the RFQ linac HIPr // IOP
Science
2. Fedin P, Requirements for the dual Fe + H/He beam at the accelerator HIPr for
simulation of neutron influence on nuclear reactor materials // IOP Science
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Bb.10. BOTIAHOBUNY, I".O. BYSHOB, A.B. HECTEPOBUY

Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

CUCTEMA ®OPMHAPOBAHUSI TIOTOKA TOPMO3HOI'O
MN3JIYHYEHUS C MAJIOU YIVIOBOU PACXOJIUMOCTBIO

B nanHHO# cTaThe U3110KEH MPUHIIHIT MOTyYSHUS ITyuKa TOPMO3HOTO H3ITy9IEHHs C
MaJIOil  YIJIOBOM pacXoAMMOCTBIO, B CHCTEME KOHCTPYKTUBHO OJM3KOH K
CHHXPOTpOHY. OnucaH NPUHIHI pabOTHI JAHHOH CUCTEMBI.

B.YU. BOGDANOVICH, G.0. BUYANOV, A.V. NESTEROVICH
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

BREMSSTRAHLUNG FORMATION SYSTEM WITH LOW
ANGULAR DIVERGENCE

This article describes a principle of obtaining the bremsstrahlung beam with a
small angular divergence, in a system structurally close to a synchrotron. The
principle of operation of this system is described.

[IpuHIMn ToOMydYeHUs Iydka TopMmo3Horo uanydenus (TH) ¢ manoi
YTJIOBOM PacXOIMMOCTBIO 3aKII0YaeTCs B MHOTOKPAaTHOM MPOXOXKICHUU
ITy4YKa 3JEKTPOHOB Yepe3 TOHKUH KoHBepTep ((oJIbry) MpH «OXITaxASHUM»
My4Ka 3JIEKTPOHOB MEXY KOHBEPTEpaMH 3a CUeT ero (POKyCHpPOBKH Hepen
BXOJIOM B Kaxnplii KoHBepTep [l]. OT0 obecmeunBaeT MUHMMHU3AIUIO
YIIIOBOTO pa30poca AJIEKTPOHOB B IyYKe U, TEM CaMbIM, YIJIOBOIO pazdpoca
(hOTOHHOTO MOTOKA.

B nanHHOi paboTe paccMOTpeHa CHCTEMa Ha BBIXOJE JIMHEHHOTO
LUKJINYECKOTO YCKOPHUTEJISI SJIEKTPOHOB HA SHEPTUIO HECKOJIBKO JIECSTKOB
(coter) M»aB, coxmepkamas KOJNBLEBYHO BaKyyMHYyI Kamepy (puc.l),
MIOMEIIEHHYI0O B MAarHUTHYI0 KaMmMepy, BO MHOTOM aHaJOTHYHYIO
LUKJINYECKOMY YCKOPUTENIO THIIA CHHXPOTPOHA, HO MMEIOIIYI0 HEKOTOpBIE
NPUHIUTIHANBHBIE OTIMYHS.

CyTb paboTHl yCTPOMCTBA 3aKIIOYAETCSI B TOM, YTO IYYOK JIEKTPOHOB
P KaXKIOM TPOXOXKIECHUH Yepe3 TOHKUI KOHBEpTep M3NydaeT (HOTOHHI B

yron (6y) ~ i—o [2], tme Eo=0.511 k3B — sHeprus mokos 3JeKkTpoHa, E —

9HEeprus »JJEeKTpoHA. BpIXoms W3 KOHBEpTEpa, IIYYOK IIOMagacT B
YCKOPSIOIIYIO CHCTEMY, KOMIIEHCHPYIONIYIO TIOTEPH SHEPTHH (B CPETHEM) B
(oJpre, Tak 4TO MPHU BXOJIE B TY ke (POJIbry Ha ClietyronieM 000poTe SHEPTHst
Iy4yKa IPaKTHYECKH HE MeHseTcs (WIM MeHseTcs HEe3HAYHUTEIbHO).
KiroueBbIM MOMEHTOM sBJs€TCS (OKYyCHPOBKA ITydKa 3JIEKTPOHOB NpH
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KaXJI0M 000poTe, TOJNYYMBIIMX YIJIOBOW paz0Opoc mociie KaKaoro
MIPOXOXJIeHUS yepe3 (GoIbry.

Puc. 1. Cxema u3mydenus myuka TU ¢ Manoil pacxoauMocTbio. M — IOBOpOTHBIH
MmarauT; K — xonBeprep; ®JI — pokycupyromas mmH3a; Y C — yCKOPSIOIMast CeKIIHS.

Pasmep myuka mpu KakgoM 00OpOTe BO3pacTaeT, TaKk 4YTO, B KOHIIE
KOHIIOB, OH BBICAXKMBACcTCA Ha KOJUTUMHpYOIIeH nuadparme (AMeEromeit
TOJNIIUHY TOJIHOTO TOTJIOMEHUs s 3Heprun JIYD-umkektopa). Takum
oOpazoM, MOXeT OBbITb  peaJu30BaH  pPEXUM,  OIpPEACISIONINI
nmpeoOpa3oBaHue Kak TpaHCGHOPMAIMIO HEPruM, mojyudeHHod B YC, B
9HEPTHIO AJIEKTPOHOB, a 3aTeM — B TU u HarpeB ¢onbru. B npuninumne, He
HCKJIOUEH CIydal, KOT/ia 3Ta 3Heprus OOoJbIle, YeM SHEprHs Iydka Ipu
uHxekuu B BY.

MarHuTbI MOTYT OBITH BBITIOJTHEHBI Ha OCHOBE ITOCTOSTHHBIX MarHUTOB C
MarHuTonpoBoAaMu. BBoJ myuka MOXKET OCYIIECTBISATHCS HW3BECTHBIM
criocobom (CBY-mednexToper). DokycHpoBKa MOXKET 00€CIIeYHBATHCS
CIeNMaTbHON KOH(Urypalueldl IIONIOCHBIX HAaKOHCYHHKOB, Kak TIpH
«MATKOW» (POKYyCHPOBKE B IUKJIMYCCKUX YCKOPHUTEISAX, MM MarHUTHBIMU
JIMH3aMHU.

Cnucok aumepamypbol

1. B.YO. BormanoBuu, A.B. HecrepoBuu u apyrue. [IMCTaHIMOHHBIA paaualiMOHHBII
KOHTPOJIb C TMHEHHBIMU ycKopuTemsiMi: B 2 T. T. 2: KoMIutekcs! paHaiiOHHOr0 KOHTPOIIs. M.:
MammunocTtpoenue, 2012. — 284 c.

2. B.I1. KoBaneB. BropuuHble H3Iy4eHHs yCKOPHUTEIEH 3IEKTPOHOB. - MOCKBa: ATOMH3/AT,
1979. - 198 c. : wi.; 22 cm. Crp. 7.

3. AH. Jle6enes A.B. IlambHOB. «OCHOBBI (DU3HUKM M TEXHUKH YCKOpHTENeH: Yduel.
IMoco6wue ms1st By30B. B 3-x Tomax. T.2 Llukiandeckue yckopuremmy. - M.: Dueprousaar, 1982.—
240 ¢, 1. 1.
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10. 1. KITOYEBCKAZ, C.M. I[10JIO30B

Hayuonanvnwiii uccnedosamensvckuil soepnuiii ynusepcumem «MHUDHUy , Mockaa,
Poccus

OIITUMAJIBHBIE ITAPAMETPBI BU-OOTOITYIIKHA JJIA
JIMHEHHOT' O YCKOPUTEJIA-UHKEKTOPA ITIPOEKTA
nccu-4

Lenpio paboThl OBLIO HCCNIEIOBAHUE AUHAMHKHU 3JEKTPOHHOTO cryctka B CBY-
¢oromymke Ha ocHOBe 3,5-, 55 - m 7,5-queeyHOil T-MOAOBOIl yCKOpsIOIIEH
CTPYKTYypbl Ha cTosiued BoaHe. doTomylika npenHa3HaueHa Uil  JIMHEWHOro
yckopHuTens-umxekropa  CHeluanu3supoBaHHOTO  HMCTOYHHMKA CHHXPOTPOHHOTO
n3nydeHus 4ro nokonenus MCCHU-4. B noknane paccMaTpUBAarOTCS pe3ybTaThl
MOJICTIUPOBaHMS  DJICKTPOJMHAMUYCCKUX XApaKTEPUCTUK ¥ OLCHKH  BIIMSHHS
Harpy3KH TOKOM Ha aMIUTHTYJy ITOJIs U IMHAMHKY ITydka. MccrnenoBanue THHAMUKH
Iy4Ka MpPOBOJWIOCE C HcHoib3oBanneM nporpammel BEAMDULAC-BL,
paspaboTanHoii Ha kKapenpe DDY HUSAY MUDU [1].

YU.D. KLIUCHEVSKAIA, S.M. POLOZOV
National Research Nuclear University MEPhI

OPTIMAL RF-PHOTOGUN PARAMETERS FOR THE NEW
INJECTION LINAC FOR SSRS-4 PROJECT

The beam dynamics analysis for the new RF-photogun of Russian 4th
generation light source SSRS-4 was done to chose the optimal length of the section
and cell’s number and also to define optimal accelerating gradient and injection phase.
The simulation of electrodynamics characteristics and fields distribution in the RF-
gun based on 3.5-, 5.5- and 7.5-cell r-mode standing wave accelerating structure was
done. The influence of the beam loading effect on the field amplitude and beam
dynamics was the main purposes of study also. The beam dynamics simulation results
will present in the report and optimal RF-gun parameters will discuss [2].

Bbul0 BBINMOJIHEHO YHUCICHHOE MOJAEIMPOBAHHE IHHAMHUKH ITydka C
uHTeHcuBHOCTBIO 250 mKn/crycrok npu amurensHoctn 10 mc B CBY-
¢doronymike. s AOCTHXEHHS MHHUMAIBHOTO JHEPreTHYECKOTO CIEKTpa
Obuta BBITIOJIHEHA ONTHMHU3AIMS TApaMETPOB HECKOIBKHMX BAPHAHTOB
¢doronymku (1,5-, 3,5-, 5,5- u 7,5-sueeunsie). Pe3ynbTaThl MOAEINPOBAHUS
IIpe/ICcTaBIeHbI B Tabuuie | 1 Ha pucyHke 2. M3 puBeICHHBIX pe3yIbTaToB
BUJIHO, YTO 5,5-sueeunas oromynika oOecredrBacT HEOOXOIUMOE
MUHHMAJIbHOE 3HAUY€HUE JHEPTeTUYECKOT0 CIIEKTPA AJIsl CTYCTKOB C 3apsoM
250 nKn/crycrok u amurenpHOCThIO 10 TIC.
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Puc.1. O6umii Bua 3,5-s4eeqHO# CTPYKTYPBI (POTOMYIIKH.

Tabmuua 1. Pe3ynbTraTsl TUHAMUKH Iy4Ka C yYETOM Harpy3KH TOKOM,

I=20A
Hanpsoxenno 4 OnrumanbHas Makc. Crexp
/| ¢t mojs E, HCII0 (haza MHKEKIUH, SHEprus, My4Ka,
kB/cM AUeeK pan M>B W
%
W
1 600 3, 2,0 6,2 1,8
5
2 600 5, 2,7 8,1 0,9
5
3 700 5, 2,8 8,2 1,2
5
4 600 7, 2,7 4,8 2,2
5
5 600 7, 2,5 4,8 2,0
5
05 —
10) ANk
oaf % 2
\ S i 0 R os
02} \ / 4 q . "‘ )
\ f Y -07 -06 -05 -04
.\’/ ~067‘04 v‘o: ‘o olz 0‘4 06 d

Puc.2 Orubaromas myuka (a), mornepednoe cederune (0), MPOAOIBHBII SMUTTAHC (B)

Cnucok rumepamypbol

1. Bondarenko T.V., Masunov E.S., Polozov S.M.. BEAMDULAC-BL code for 3D
simulation of electron beam dynamics taking into account beam loading and coulomb field.
Problems of Atomic Science and Technology. Series: Nuclear Physics Investigations, 6 (88),

2013, p. 114-118.

2. Ashanin LA, , Kliuchevskaia J.D., Polozov S.M Beam Dynamics Simulation Results in
the 6 GeV Top-Up Injection Linac of the 4th Generation Light Source USSR, Proceedings, 26th
Russian Particle Accelerator Conference (RUPAC 2018), p. 285-288.
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E.A. BOMHOJIOBMY, C.JI. CYIIPYH, A.A. JIETIETIOXA

Hncmumym meopemuueckoii u sxcnepumenmanvroul guzuxu umenu A. 1.
Anuxanosa, Mockea, Poccus

HUCCIEJOBAHME ITPOLHECCOB B MOAYJATOPE 1
HUCCIIEAOBAHHUE EI'O XAPAKTEPUCTHUK

B namnoit pabore paccmorpena cxema Mopayisitopa [1] Ha  ocHOBe
HCKYCCTBEHHBIX JJIMHHBIX JIMHUH, MUTAIOIIETO TPUOAHBIN aBTOreHepaTop, KOTOPHIH
co3naér BU-none uacroroii 27 MI'ny B pe3oHaTOpe TMHEHHOrO yCKOPUTENS TAKEIBIX
nonoB TUIIp-1. J[laHHBIA yckopuTens obecrednBaeT oOiydeHHe 00pasloB
KOHCTPYKIIMOHHBIX MaTepHaJoB SIEPHBIX M TEPMOSIEPHBIX OSHEPreTHYECKUX
YCTQHOBOK IyYKaMH TSDKEJIBIX MOHOB B pPaMKaX HMMMTALMOHHBIX SKCIIEPHMEHTOB
npoBoauMbIX B MHCTHTYTE Teoperndeckoii u xcnepumenTanbHoi pusuku (UTID).
B crathe mpencraBiaeHsl pe3yIabTaThl PadOT MO YBEIMYCHHIO YaCTOTHI CIIEAOBAHMS
HMITyJIbCOB, CO3/1aBaEMbIX MOIYIATOPOM. JlaHHBIE yIydIIeHHs TO3BOIAT COKPATUTD
BpeMs Habopa 103bl PaAnalOHHBIX MOBPEKACHHUI HCCIETyeMBIX MaTepHANIOB IO
BO3JIEHCTBHEM HOHHOTO ITy4Ka. B paboTe npecraBieHsl pacuérsl 3apsaky JIIMHHON
JIMHAU U BPEMEHM HMITyJbca MoAynaropa. IlpeacTaBieHsl ocHUIUIOrpaMMBbl 10 U
Iocjie  MOJEpHHU3ALlMH, IOJNyYeHHble B Xoxe  paboThl  yCKOpHTEs,
CBHUJCTEIBCTBYIOIME 00 YBEIMUYCHHM IIMTEIBHOCTH HUMITYyJIbCa MOIYIATOpA.
[TpuBeneHs! pe3ynbTaThl MOJETNPOBAHUS (POPMHUPOBAHHS UMITYJIECA MOAYIISITOPA HA
Harpyske B cpeze Simulink.

E.A. VOINOLOVICH, S.D. SUPRUN, A.A LEPETUKHA
Institute for Theoretical and Experimental Physics named after A.l. Alikhanov,
Moscow, Russia

RESEARCH OF PROCESSES IN THE MODULATOR AND
IMPROVEMENT OF IT'S CHARACTERISTICS

A scheme of a modulator [1] based on artificial long lines is presented in this
paper. The modulator feeds a triode self-oscillator, which creates a high-frequency
field with a frequency of 27 MHz in the resonator of the TIPr-1 heavy ion linear
accelerator. This accelerator provides irradiation of samples of structural materials of
nuclear and thermonuclear power plants with beams of heavy ions in the framework
of simulation experiments carried out at the Institute of Theoretical and Experimental
Physics (ITEP). The article presents the results of work on increasing the pulse
repetition rate generated by the modulator. These improvements make it possible to
reduce the time required to acquire a dose of radiation damage to the materials under
study under the influence of an ion beam. Calculations of long line charging and
modulator pulse time are presented. Also shown are the oscillograms obtained during
the operation of the accelerator, before and after the upgrade. They indicate an
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increase in the pulse duration of the modulator. The results of simulation of the
modulator pulse formation on load in the Simulink environment are presented.

Hns  yMeHbIIeHHs BpeMeHH Habopa JO3BI TIpH  MPOBEACHUH
MMUTALMOHHBIX OSKCIICPUMECHTOB, BeAylMxcs Ha yckopurene TUIIp-1,
MIPOM3BOIMIIACH MOJIepHH3aIust Motyisitopa. [IpoGiiema 3akiroyanack B TOM,
YTO HMCIOJIb30BABLIMECS KOHJICHCATOPHI MMENT HOMUHAJIbHYIO YacToTy 1/15
I'ip [2], TeM caMBIM OTpaHUYUBAsi YaCTOTY MOCHIJIOB HMITYJIBCOB. 3aMeHa Ha
KoHZeHcaTopbl 4yacToToil mochuioB 200 ['m [2] mo3BojisieT MOAYIATOpPY
paborarts ¢ yactoroii paBHoii 0,5 I'it u Gosee ¢ aMIuIUTy 101 MMIyJbca OT 18
kB mo 26 xB.

Paccmotpen mpuHIMI paboTEl  MOAyNATOpa HAa OCHOBE JBYX
MIOCTICIOBATENBHO COSAMHEHHBIX UCKYCCTBEHHBIX [UTMHHBIX JIMHUSX KaxIas
13 KOTOPBIX COCTOUT M3 7 siueek, mpeacTapistomux codoi LC-mens (Puc.1).
U3 mpencraBieHHBIX 3HAYCHUN OBLT MPOU3BEEH YaCTOTHBIA PacYET pabOTHI
MOIYISATOPA, a TAKXKE TCHePUpyeMasi IM JITUTEIbHOCTh UMITYJIbCA.

1} JE]

T I 1 T i

Rz

o

0
z

= Bnox sanycka

Lt @2 3 2] is 6 1]
Saa —rn ~ A~ i
V,\IN =} o ] o5 o o L

L

Puc. 6. [IpuHnMnransHas cxeMa MOy IsTopa.

Jli1st yCcKOpeHHsl HOHOB Jkesie3a Fe2* ucnonb3yeTca MMy aMILTUTY 10
18 xB. Uto0bI 3apsmkaTh JIMHUIO 10 3TOTO HaNpspKeHUs ¢ gactotor 0,5 ' u
3apsAHBIM cotnpoTuBieHIEM 90 KOM HEOOXO0MMO HCIIOIH30BATh IMUTAIOIICE
HanpsbkeHue paBHoe 24 kB.

B cpene momenupoBanus Simulink Obuta peanu3oBaHa cxema JaHHOTO
MoxmynsaTopa. B pesymbrare OBUIM TOJYYEeHBI BPEMEHHBIC IHATPAMMBI
FEHepUPYEMOT0 UMIyJbCca C T@apaMeTpaMH JIMHUM JO0 U  [ocle
MoOJepHU3allMi. B TocnemHeM cilydae BBIBHIOCH PAacCOTIIACOBAHHE
JUTMHHOM JTUHUU U HATPy3KH.

Crucox iumepamypol
1.Vengrov R.M., Zvyagintsev V.L., Kuzmichev V.G., Lyakin D.A.// Development of a
high-frequency supply system for a linear heavy ion accelerator. Moscow. 2000. P. 10
2. ELECTRIC CAPACITORS and CAPACITORS REFERENCE GUIDE Under the
general editorship of Doctor of Technical Sciences G.S.Kuchinsky
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M.A. TOPBYHOBY, |A.B. WIbMHCKUI?, P.I1. TIJIEITAKOBA?Z,
B.I. LEWTJIMHZ] A.E. IIUKAHOB!, D.51. IIKOJIBHUKOB?

Hayuonanvuwiii uccnedosamenvcexuii soepuwiii ynusepcumem « MHDHy, Mockesa,
PO

2Uucmumym 2eopuszuueckux u paouayuonnwix mexwonoauii MAH BIII, Mockea, P®

O CTATUCTUYECKOM AHAJIM3E ®OPMUPOBAHUSA
PAJUAITMOHHBIX ITOJIEU B YCTPOUCTBAX
JUCTAHIIMOHHOI'O KOHTPOJISI HA BA3E UMITYJIbCHBIX
HEUTPOHHBIX TEHEPATOPOB

PaccMOTpeHBI BONPOCHI KOHTPOJII BPEMEHHBIX PEXHMOB (HOPMHPOBAHUS
paZualMOHHBIX TIOJIE B ammapaTypHO - MeToAmdYeckux Komiuiekcax (AMK)
SIIEPHOTO TUCTAIIMOHHOTO KOHTPOJIS Pa3IMYHBIX 0OBEKTOB Ha 0a3e MaoradapuTHBIX
HelTpoHHBIX reHepaTopoB (HI'), paboTarommx B HMITyJIBCHO- MEPHOAUYECCKOM
peKHMeE.

M.A. GORBUNOV?, [A.V. ILYINSKIY?, R.P. PLESHAKOVAZ,
V.G. TSEITLIN?, A.E. SHIKANOV?, E.Y. SHKOLNIKOV™.,

INational Research Nuclear University « MEPhI», Moscow, Russia
2Institute for Geophysics and Radiation Technology IAS HE, Moscow, Russia

ON THE STATISTICAL ANALYSIS OF THE FORMATION
OF RADIATION FIELDS IN REMOTE CONTROL DEVICES
BASED ON PULSED NEUTRON GENERATORS

The issues of monitoring the time modes of radiation field formation in the
hardware and methodological complexes (AMC) of nuclear radiation monitoring of
various objects based on small - sized neutron generators (NG) operating in the pulse
- periodic mode are considered.

BpemenHble pexumbl (GopMHpOBaHMS pPaJMALMOHHBIX MOJeH B mpudopax
JUCTaHIIMOHHOTO KOHTpOJs Ha 0Oa3e wuMmmynbcHbIXx HI ¢ 3amasHHBIME
yckopurensHbiME  TpyOkamu (Y'T), ompenenstoTcs reHepaldbHbIM MaccuBoM G
cmyqaitaeix gamcen Ni, i={1,2,3....}, O3HAa9YalOMmMHUX IIOJHOE YHCIO HEHTPOHOB
U3JIy4aeMbIX 38 HEHTPOHHYIO BCIIBIIIKY C HOMEPOM | HIIM MOJHOE YHCIIO HEHTPOHOB
WM Y- KBaHTOB, 00pa3yeMbIX Ha BbIXome cucTeMbl peructpamumu AMK mocie
B3aUMOJICHCTBUSI HEUTPOHOB C OOBEKTOM KOHTPOJIS. YKa3aHHOE TeHEepabHOE
MHOXKECTBO MOXKET IMOpPOXKAaTh cepuio u3 K BBHIOOPOK B BHIE COBOKYIHOCTH
C.]'ly'-lal>’leIX YHUCECJI, 3a1aBA€MbIX COOTHOILICHUHEM

B(K, j) = JZBi, j={123.}

i=(j-1)K
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03HAYAIOIIMX BBIXO/ HCHTPOHOB HIH Y- KBAHTOB B j—ii cepuu cpabarbiBannii YT.
MHokecTBO 3TUX yncel 001agaeT 6oee BEICOKUM YPOBHEM JI€TEPMUHHPOBAHHOCTH.

Ha pucynke mnpuBefeHa THUIU4YHAs JuarpaMma paclpefeleHus uucia
HEHTPOHHBIX BCIBINIEK 10 pPE3yJbTaTaM U3MEpeHHs HEUTPOHHOro BbIxoga YT,
MOTyYeHHBIM Ha aMIUIMTYAHOM aHaim3aTope mpu ucnbirannu HIT Ha Gaze YT ¢
BaKyyMHO- TYTOBBIM HCTOYHHKOM IEHTpoHOB. AHanor mogo6Horo HI' ommcan B
pabore [1].

Tpumep JarpamMMbl

0.2 I I pacrmpeieneHus Yuciia HeWTPOHHBIX

0.16 — — BCIBILIEK B  3aBUCHUMOCTH  OT

012 ] pesyJbrara u3MepeHust

w(y) 0.08 | Heiftponnoro Beixoga YT 3a oaHO
- 7 cpabarbiBanne (MaccuB G umcen
0.04 N Ni=B(1,i)), HopmupoBanHOii Ha 1.

0 0 |5 ]I.O 15 TopusoHTaNIBHAS ock
COOTBETCTBYET [epEMEHHOI

y y=10°%N, rzie N- uucio HellTpoHOB,

M3JIy4yaeMbIX B TIOJIHBIH TEJIEeCHBIN
yroui 3a ofHO cpabaTbiBanue YT
Craructuueckuil anamu3 [2] crpykrypbl MaccuBa G TMO3BOJHI TOJYYHUTh
(GYHKIMIO — pacIpeiiesieHus ero  JJIEMEHTOB 10  HEHTPOHHOMY  BBIXOIY
(KOHTHUHYaIBHBIH aHAJOr JuarpaMmbl W(y)), ¢ y4eTOM OIIMOKH H3MEpEeHWH X,
pacnpeznenenHoit o [ayccy:

_ 10°(1-q) 3 x? (1)

P(y, XK) =ad(y) + TZeo (B, (K) B, (K)]H(y. Kyexpl—o 7 (K)Z]’
rae (- pons HecpabareiBanuit YT, 8(y)- dynkuus Hupaka, B12(K)- Hmkwss 1
BepxHas rpanuiel MHoKkecTBa G, TI(y,K) =®[y-10"°B, (K)]®[10°B, (K) - V],
®(z) — ynkumsa  Xepucakina, o(K)- mapameTp onpenenseMbli B IIpOIECCE

KaTuOPOBKH CHCTEM PETUCTPAIlMH C HCIIOIb30BAHHEM CTAHAAPTHBIX aMITyJIbHBIX
MOJIOHNH WM TUTyTOHMH — OepHIUTHEBBIX MCTOYHUKOB HEHTPOHOB. AHAJOTHYHbIE
9KCTIepUMeHTHl ObLIM npojenansl ¢ YT Ha 6a3e ja3epHOro MCTOYHHMKA HOHOB U
ucroynuka [Tennunra [3,4]. B pe3yibrare Mx CTaTHCTHYECKOTO aHAIM3a TaKKe ObUIH
nosty4deHsl pacupenenenus suaa (1), mpu =0, BBUAY OTCYTCTBHSI HecpaOaThIBAHHH
atux YT.

[Nomumo omeHkH ¢axTopa HecTaOMIBHOCTH, 3HaHWE QYHKIHH (1) mo3BOISIET
KOPPEKTHO BBIYHUCIATH IONPABKy MOKa3aHUil cucremsl aerekrupoBanus AMK Ha
«MepTBoe BpeMs» 7, BBOISI KOG dHUIMEHT nepecyera 1o Gopmyie:

x=<n>/<m>=@1-<m>T)™,

rae <m> u <n> - QUKCUPYEeMBIil H CKOPPEKTHPOBAHHBIH MOTOKH COOBITHH Ha
BBIXOJI€ CHCTEM AETEKTUPOBaHUs, YCPEAHEHHBIE 110 pacnpeneneHuto suaa (1).

Crucox iumepamypol
1. bBeccapabekuit FO.I'. u ap. TITD, Ne5, 1994, ¢.206-207.
2. Xyncon . Craructuka s ¢pusuko. M., MUP, 1970, c. 27-89.
3. [llukanoB A. E. AD, 1.63, B.1, 1987, ¢. 33-39
4. T'yneko BM. u ap. AD, 1.71, B.2, 1991, ¢.156-159.-
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TEKYIIEE COCTOAHUME PABOT 110 CO3JAHUIO
CBEPXITPOBOIALIUX YCKOPAIOIIUX PE3OHATOPOB JIVIA
INPOEKTA HYKJIOTPOH-NICA

Jokian mocBAmIEH 0030py TEKYIIEro COCTOSHUS padoT 1O CO3TaHUI0
ceepxnpoBopsimux  (CII) yckopsrommx pe3oHaTOpoB Ui HOBOTO JIMHEHHOTO
yckopurenst (JIY) nmxekiponHoro kominiekca mpoekra Hykinorpon-NICA (OUAU,
Hy6Ha, Poccus).

M.A. GUSAROVA! M.V. LALAYAN!, R.E. NEMCHENKO?,
S.M. POLOZOV?, AV. BUTENKO? E.M. SYRESIN?,
D.S. BYCHANOK?, S.A. MAKSIMENKO?, V.G. ZALESSKIY?*,
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METHODICAL ERRORS CAUSED BY SUPERPOSITIONOF
ELECTRICAL AND OPTICAL SIGNALS IN A
HETERODYNE LASER INTERFEROMETER

The report is devoted to a review of the current state of work on the development
of superconducting (SC) accelerating resonators for a new linear accelerator of the
injection complex of the Nuclotron-NICA project (JINR, Dubna, Russia).

MopepHuzanusi ~ MHKEKIHOHHOro  koMmruiekca — Hyxmorpon-NICA
IpeanoiaraeT 3aMeHy aeicTByromero yckopurens JIV-20 Ha ool JIY,
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obecrnieunBaronuii sHepruro 30 MaB 11 npoToHOB 1 >7,5 MaB/Hyki10H 1715t
My4Ka JIeHTepus, B TOM YHUCJE BKJIIOYAIOIIErO TPYIITY CBEPXMOBOSIIMX
pe3oHaropoB. Pabotel o cozganuto CIT 325 MI'i pe3oHaTOpoB Ha OCHOBE
MOJyBOJIHOBBIX JMHMHA Bexytcs ¢ 2015 roma B pamkax poccuiicko-
Oenopycckoro corpyanuyectBa [1 — 5] kirodeBas 3ajada KOTOPOro —
pa3BUTHE TEXHOJOTUMA BBICOKOYACTOTHOM CBEPXIIPOBOAMMOCTH B Poccuu u
Pecrry6muke benapychs.

B 2020 romy moTHOCTBIO 3aBEPIISHO N3TOTOBJICHUE METHOTO MPOTOTHIIA
TIOJTyBOJTHOBOTO pe3oHaropa Ha 325 MI ¢ nBoWHBIMH cTeHKamu. Ha
pucyHke la mpejacraBieHa Gororpadus MEIHOTO MPOTOTHIIA PE30HATOPA B
Koxyxe. Ha 3tame nmporoTnnupoBaHus KOKyX U3TOTaBIUBAICs U3 Meau. st
MPOTOTHUIIA TPOBE/CHBI M3MepeHusi pabodell YacTOThl, KOTOPHIE MOKa3aiu
COIJIaCOBAaHME C PACYETHOM YaCTOTOM B Mpejenax HeCKOJbKUX eAuHuI] [ 1.
OTO rOBOPHUT O BBICOKOM KauecTBE NPOU3BOJCTBA U cOopku. B konue 2020
rojia HauaTo U3rOTOBJICHHE HUOOUEBOT0 pe3oHaropa. Ha ceromusannuii 1eHp
W3rOTOBJICHBI BCE JETAaJH IIEPBOrO TECTOBOIO HHUOOMEBOIO PE30HATOPA.
Pe3onatop coOpaH Ha CHEUMAIM3UPOBAHHOM CTEHJAE, O0OECHEeYHBAIOIIEM
IUIOTHOE TpWJICTAaHWE BCEX JETallel, Kak IIOKa3aHO Ha pHCYHOKe 10.
3aBepuIeHHE  W3TOTOBJCHHS W TECTUPOBAHHE  IOJIYBOJIHOBOTO
CBEPXIIPOBOJIAIIETO pe30HATOpa 3alylaHupoBaHo Ha jeto 2021 roxa.

Puc. 1. [TomyBonHOBEIE pe3oHaTopsl 325 MI'w:
(a) MeaHBIH TPOTOTHIT PE30HATOPA C KPHOCTATHPYIOIINM KOXKYXOM;
(6) HHOOMEBHII pe30HATOP HA JTAIle H3TOTOBJICHUSI.

Cnucox numepamypbl
1. G.V. Trubnikov, T.V. Kulevoy, S.M. Polozov et al., PEPAN Letters, 13, 7, 943-946
(2016)
G.V. Trubnikov, T.V. Kulevoy, S.M. Polozov et al., in Proc. IPAC’16, pp. 941-943.
M. Gusarova, T. Kulevoy, M.V. Lalayan et al., in Proc. Ru-PAC’16, pp. 273-275.
D.V. Surkov, M.A. Gusarova, M.V. Lalayan et al., in Proc. IPAC’17, pp. 1058-1060.
M.A. Gusaroval, D.V. Surkov, K.V.Taletskiy et al., in Proc. SRF’17, pp. 125-127.
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S. BILANISHVILI
INFN (Istituto Nazionale di Fisica Nucleare), LNF (Laboratori Nazionali di
Frascati) Frascati, Italy

PROPOSAL OF A CAVITY BPM FOR EUPRAXIA@SPARC_LAB
PROJECT

The EuPRAXIA@SPARC_LAB is a project to upgrade the SPARC_LAB
(Frascati, Italy) to a soft X-ray user facility based on plasma acceleration and high-
gradient X- band accelerating structures. The control of the charge and the trajectory
at a few pC and few [Im is mandatory in this machine, especially in the plasma
interaction region. Since one of the most crucial parameters is the device length, it
will be convenient for such a system that length to be as short as possible. As a
possible solution, a cavity beam position monitor (cBPM) is proposed.

This report describes a possible option for a dual-resonator cavity BPM
pickup with a 15 mm beam pipe aperture to be used in the
EuPRAXIA@SPARC_LAB project [1]. The plasma wake field acceleration
module of the project provides single shot bunch carrying 30-200 pC with a
repetition rate of 10-100 Hz. For this reason, a quality factor of the order of
QL=450, that means induced signal decay time 1=28 ns, was considered
reasonable for both resonators of the pickup. The working frequency of both
resonators has been chosen to be 5.1 GHz.

The cavity operating mode used for the position measurement is TM110,
which actually is comprised of two degenerate modes of the same frequency,
one for the X plane and one for the Y plane. The modes are coupled out by
two coaxial couplers per plane, where the signal is proportional to the product
of charge carried by the bunch and the position offset of the bunch in the
corresponding plane. Since the beam is a very broadband RF source, it drives
also other cavity modes. In particular, the monopole modes, that are
insensitive to the beam position, have the highest beam coupling impedance
[2].

The four waveguides couple the cavity resonant modes out to the coaxial
ports. The waveguide geometry has been designed to optimize the coupling
between the waveguide TE0O10 mode and the cavity TM110 working mode
and to reduce the coupling with the cavity monopole modes. Thus, the
waveguides are a first-stage filter of the common-mode coupling. A second
stage filtering is done in the BPM electronics with passband filters, as the
frequency distance between the working mode and the closest monopole
mode (TMO010) is larger than 1 GHz.

To maximize the monitor sensitivity for the presently considered BPM
prototypes different position cavity gaps were simulated, as a result, the gap
was chosen to be 5mm also with extending the waveguide width, therefore
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increasing the separation distance between the coaxial coupler and
waveguide short-end. After readjusting the other dimensions to obtain the
desired TM110 mode frequency at 5.1 GHz with a Q. of 450, CST
simulations [3] showed as the output value for the position sensitivity S=4.9
V/nC/mm.

. BT
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‘ ]...'_._._.L 222 =15
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AA(1:1 [ 1

BB(1:1)

Fig. 1 Mechanical drawing of the device.

The pickup body, made of copper, is composed of three pieces (Fig.1),
forming both the position and the reference cavities. The vacuum feed-
throughs, which constitute the end part of the coaxial line outputs, are welded
onto the pickup central body. The device is assembled using the clamping
method. In particular, the method implements the new realization technique,
called the “Gasket-Clamping technique” [4]. The technique has been
developed at the INFN laboratory in Frascati. This method allows the
fabrication process to circumvent the brazing process by using special RF-
vacuum gaskets that simultaneously provide the radiofrequency contact and
vacuum sealing while
the different manufactured parts are clamped together.

Once the first prototypes will be fabricated, test-bench measurments and
beam tests will be performed. The test-bench consists of three Cavity BPMs
installed on independent stages and moveable in the transverse plane in both
directions through remote movers. Immediately after the three cBPMs, a
stripline BPM is also installed to perform comparison measurements [3].

The test bench aims to perform measurements on the manufactured
cBPMs. The main reason for these is to investigate further the prototype
presented in this report and its properties, dealing with the new challenges
related to beamdiagnostics for the EUPRAXIA.

References
1. R.W. Assmann et al.// EUPRAXIA Conceptual Design Report pp. 3760-3763.
2. F. Marcellini et al.// DESIGN OF CAVITY BPM PICKUPS FOR SWISSFEL.
3. private communications with L. Ficcadenti, G. Franzini, A. Mostacci.
4. D. Alesini et al.// “Process for manufacturing a vacuum and rf metal gasket and structure
incorporating it” Int’l patent application PCT/IB2016/051464 assigned to INFN.
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YHA®UIUPOBAHHAS JIMHENKA TBEPIOTEJIbHBIX
YCWINTEJIEN 40, 81 1 162 MT'I VIS YCKOPUTEJIEN
JIEFKUX U TSDKEJIBIX MOHOB

PaccMoTpeHO Hay4yHO-TEXHHUYECKO€ OOOCHOBaHWE YHU(HKamuu pa3paboTKu
nmuHeikn BY ycunuTeneld mIMPOKOTo CIEKTpa MOIIHOCTEH Ha pabodyumx YacToTax
40.625, 81.25 u 162.5 MI'u 1t TMHEHHBIX yCKOpUTETIEH HOHOB, pa3pabaThIBAEMBIX
HULL KU — UTOD u HUSAY MUOU. OcHOBBIBasICh HA MOLYIBHOI apXHUTEKType
TBeprotenbHbIX ycmmurened AO «HUUT®DAy», npemnaraerca co3gate 12 THUIOB
yCHIIUTEleH, MMEIOIINX O0LIMe CXEMHBIE H KOHCTPYKTHBHBIE PELICHHs. 3aI0KeHHAs
rHOKOCTh M MOJYJBHOCTH apXHUTEKTYyphl II03BOJISIET COKPATHTh pECYpPChl Ha
pa3paboTKy u 00eCHeYHTh COBMECTHMOCTh YCHINTEIBHBIX OJOKOB A1 000MX
YCKOpUTENEH.

G.B. SHARKOV?, A.S. KUKHARENKO?, A.V. SAVCHUKY,
V.V. GUDKOV?, D.I. ISHCHUK?, A.G. ILYUSHIN?,
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UNIFIED LINE OF SOLID-STATE RF AMPLIFIERS 40, 81
AND 162 MHZ FOR LIGHT AND HEAVY ION LINACS

The design and technical feasibility of unified RF amplifiers line with wide
spectrum of output powers and working frequencies of 40.625, 81.25 and 162.5 MHz
are considered. The design is made for ion linacs, being developed by MEPhI and
ITEP. The design of 12 types of amplifiers with common schematic and mechanic
solutions is based on NIITFA’s modular solid-state architecture. Versatility and
modular approach allows to reduce the R&D costs and provide compatibility of
amplifier modules for both linacs.
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B HUIL KU — UTD® pazpabaTeiBaeTcst TMHEHHBIH YCKOPHUTEND TSHKEIBIX HOHOB,
COCTOSIIIIMHA M3 MCTOYHHMKA MOHOB, CTpYKTyphl RFQ, cexuuit ¢ TpyOkamu apeiida
DTL-1, DTL-2 u cornacyromux kanaiaos. B To e Bpems, B HUSAY MUDU Benércs
pa3paboTka JMHEHHOTO YCKOpUTeNs JErkux HoHOB. O0a mpoekTa TpeOYyIoT B CyMMe
96 BY ycunureneii. B tabmuue | mpuBenéH CIHCOK yCHIHMTeNeH ¢ UX pabounmu
YacTOTaMH M MOIIHOCTSIMHU. Kak BHIHO M3 TaONHIBI, UCTIONB3YIOTCS TPH KpaTHEIE
paboune gactoTsl: 40.625, 81.250 n 162.5 MI't; npy 3TOM MOIIHOCTH BapbUPYIOTCS
oT 5 1o 240 xBT.

Tabmuma. 1. Crucok ycmnurenel, HE0OXOIUMBIX IS JIMHEHHBIX YCKOpHTEIeH,
paspabarsiBaembix MUDOU u UTOD

3aKa3zyuK PaGouas yacToTa, BrixoaHas uMIyJibCHast MOIIHOCTb,
MI'g KBt
MHUOU 81.25 50, 150, 200
UTO® 40.625 190
UTO® 81.25 5, 60, 80, 90, 100, 120
UTO® 162.5 120, 160, 180, 200, 220, 240

JAns yHubHUKaIMM © COKpalleHWs 3aTpaT Ha pa3paboTKy mpeaaraercs
WCIONB30BATh  APXHUTEKTYPy MOMAYIBHBIX TBEPAOTENBHBIX ycmiaurtened [1],
anpobupoBannyto Ha ycmaurene RFA202-250P, xoropsiii Obur mocraBieH AO
«HAUTD®A» u HaxoaumTcs B OKCIUTyaTallMd Ha JuHeiHOM yckoputene ISIS
naboparopuu uMm. Pesepdopna (BenuxoOpuranus). bazoBoii eauHuneir B 3ToM
APXUTEKTYpE SABJISACTCSA OJOK YCHIHTENBHBIX MOJYJICH, COCTOAIINI U3 8 Momynei u
00BeTUHUTENS. Y CHITUTEIBHBIA MOJYJb BBIXOJHOH MOIIHOCTBIO 4 win 7 kBT (B
3aBHCHMOCTH OT TpeOOBaHMIA) BBITIONHEH B cTanaapTe EBpomexannka (MOK 297).
Mopaynn pa3MemaroTcs B CETEeBBIX mKadax Mo 8 MTyK B KOp3WHE BBICOTOH 6U.
MOUIHOCT € 3THX MOAYJEeH CyMMHPYETCsl ¢ MOMOMIBIO OOBEIUHHUTENS MOLIHOCTH
8:1. Takas apXUTEKTypa MO3BOJIAET pa3paboTaTh TPeOYEMYIO JTHHEHKY yCHIATENEH,
BapbUpys KOJIMUYECTBO MOMYJIEH, HO HE MEHAA WX rabapUTHO-TIPUCOSANHHUTEIbHBIE
pa3Mepsl 1 uHTepdeicsl. VcnomHenne A pa3HbIX YacTOT CBOJMTCS K M3MEHEHHIO
tonoyioruxt tiat BY Tpakta M ux kommnoHoBke B BY wmomyme, m mombope
COCpPE/IOTOYEHHBIX JJIEMEHTOB B oObenauHutene. BU momynms paccuwtan Ha
CKBa)KHOCTH 10 100 mipu BBIXOIHOM MOLTHOCTH 7KBT. 3TO 1M03BOJISIET U3rOTABIUBATH
OJIMHAKOBBIE MOAYIH [uist yckoputeneit MUDU u UTOO.

Tok cMemeHus WCIONB3yeMOro TpaH3HCTOpa, paboraromero B kimacce AB,
cocraBmsier 300 MA mnpu HanpsokeHun S0B. Jlns skoHOMHH TOTpeONeHHS
JNEKTPOIHEPTHH MEXAYy WMITYyJIbCAMH IPEUIOKEHa CXeMa KOMMYTAIWH IIeTH
CMEIIEeHNUs, KOTOopas NOJAET HanpsbKeHue nepe kaxasiM BU ummynbcom o curxainy
CUHXpOHM3a1MK oT cucteMsl LLRF yckopurens. [{ns ycunurenei MoIHoCThI0 6osee
200 kBT 3TO MO3BOJUT CIKOHOMHUTH OKOJIO 2 KBT 3HepromorpebieHust 1 yupocTuT
OXJIaXICHHE TPAH3UCTOPOB.

Crucox aumepamypul

1. G.B. Sharkov, R. Cisneros, A.A. Krasnov, R.J. Patrick, and S.A. Polikhov, “100 kW Very
Compact Pulsed Solid-State RF Amplifier. Development and Tests”, in Proc. North American
Particle Accelerator Conf. (NAPAC'16), Chicago, IL, USA, Oct. 2016, WEB4CO04, pp. 873-
876,
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ITPUMEHEHUME KPYITHOI'ABAPUTHBIX
HU3KOYACTOTHBIX 9JIEKTPOAUHAMUYECKHUX
CTPYKTYP B JIAMITAX BEI'YILEM BOJIHBI /151 YCAJIEHUS
BbBICOKOYACTOTHBIX CUT'HAJIOB

PaccMOTpeHBI BO3MOXKHOCTH HCTIOIBb30BAHMS OTHOCUTENHFHO KPYHMHOTa0apHTHEIX
UEKTPOJAUHAMHUYECKHX CTPYKTYp JaMIl OeryIueil BOJHBI, HCIONB30BAaHHBIX JUISI
YCUJICHUSI IIHPOKOMONIOCHBIX OTHOCHTENPHO HU3KOYACTOTHBIX CHTHANOB, MJIA
YCHUIIEHHS! OTHOCHTENIBHO BBICOKOYACTOTHBIX CHTHAJIOB. LIelb COCTONT B CHMKEHUH
TpeOoBaHMH K JOMYCKaM Ha JETall JIEKTPOJMHAMUYECKUX CTPYKTYP NPH CO3AaHUI
BBICOKOYACTOTHBIX ycuiuTeneil. Crocod COCTOMT B HCIOIB30BAHHU BBICIIUX IO
9acTOT€  MOJA  JJNEKTPOANHAMHYECKOH  CTPYKTypBl, a TaKKe  BBICIINX
MIPOCTPAHCTBEHHBIX TAPMOHHK 3JIEKTPHUECKOTO TOJISI yCHIMBAEMON BOITHEL

V.M. BELUGIN, N.E. ROZANOV, A.E. VASILIJEV

Moscow Radiotechnical Institute of Russian Academy of Sciences, Moscow, Russia

APPLICATION OF LARGE-SIZE LOW-FREQUENCY
ELECTRODYNAMICS STRUCTURES IN TRAVELLING-
WAVE TUBES FOR AMPLIFICATION OF HIGH-
FREQUENCY SYGNALS

Possibilities of using relatively large-sized electrodynamics structures of
travelling wave tubes used for amplification of broadband relatively low-frequency
signals for amplification of relatively high-frequency signals are considered. The goal
is to reduce the requirements for tolerances for details of electrodynamics structures
when creating high-frequency amplifiers. The method consists in using higher
frequency modes of electrodynamics structure, as well as higher spatial harmonics of
electric field of amplified wave.

OnmauMm w3 HampasieHuid pasButua CBY  ycTpoilcTB, Takux Kak
YCKOPHUTENH 3apsDKEHHBIX YaCTHI[, JaMIbl Oerymiedl BOJHBL, HpPUOOPHI
THPOTPOHHOTO THIIA M JIPyTHE, SIBISETCS MEPeXoJ]] K Bce 0oJee BBICOKUM
pabounm gactoTaMm. [IpemMyImiecTBaMu MPH 3TOM SIBIISIOTCS YMEHBIICHHE
rabapuTOB YCTPOUCTB, a TaKxKe OONbIIHIA 00BeM nepenaBacMoi Takumu CBY
curHaaMu nHpopmanuu. OTHAKO B psIe CITydacB BOSHUKAIOT IPOOJIEMBI X
MPAKTUIECKOH pean3anim, 00yCIOBICHHBIC yKECTOUCHUEM TPeOOBaHUH K
TOYHOCTH M3TOTOBJIEHUS JI€Tajell yMEHBIIEHHBIX Pa3MEPOB.

W3BecTHO, 4TO, B YaCTHOCTH, MJS PEHICHUS STOW MPOOJIEMBI MpH
CO3JJaHUHM TUPOTPOHOB NPUMEHSIOTCS TaK Ha3bIBa€Mble CBEpXpa3MEpHBIE
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pe3oHaTOpbl. AHAIOTUYHBIN cIOCOO MOXKHO, B MIPUHIIUIIE, TIPUMEHUTH U MIPH
pa3paboTKe W U3rOTOBJICHUHU JaMIT OCTYIICH BOJHBI HAa BBHICOKHC YaCTOTHI.
JUis 3TOT0 MOXHO HCIOJb30BaTh BHICIINE MO YAaCTOTE MOJBI Pe30HATOPA, a
JUI 00ecricueHNsT CHHXPOHU3MA MMyYKa C YCHIMBAEMOM BOJHOM - BBICIIHE
pocTpaHcTBeHHbIE DIOKEe-TapMOHUKH SIEKTPUUYECKOTO TOJISI BOJTHBI.

IIpoBepka Takoro crmocoba OCyIIeCTBIEHa, HAa CTaJAWHd PACUCTOB, Ha
TIpUMeEpPEe HCIIONB30BaHMs 3aMEUITIONICH CTPYKTYPHl CO3JaHHBIX MOIIHBIX
IIMPOKONOJIOCHBIX HETIPEPBIBHBIX JIaMIT OeryIieii BouHHI [ 1-3] ans ycunenus
CHTHAJIOB C MPUMEPHO BIIBOE OOJBINIEH YacTOTON. JIJIsl 3TOTO MCIIONIB3yeTCs
BTOpasi [0 YaCTOTE IOJI0Ca MPOITyCKAHUSA. A [T 00eCTIeYeHNSI CHHXPOHM3MA
YCHUIMBAeMbIX BOJIH C IIYYKOM IPHMEPHO TOH JX€ DHEPTruH, 4TO0 U B
paboTaromux JaMiax Oeryineil BOJHBI, IPUMEHIETCS TaK Ha3biBaeMas "+1"
MPOCTPAHCTBEHHAss TapMOHHMKA: BMECTO OOBIYHO ucmoiabzyemoir "-1"
MIPOCTPAHCTBEHHON TApMOHHKH B 3aMEJISIONINX CTPYKTYpax THIA "IeNoYKU
CBSA3aHHBIX PE30HATOPOB'". PacueTsl mokas3anau, 4To TaKOW CIIOCOO SBISETCS
BIIOJIHE PabOTOCIOCOOHBIM: KOX(D(UIMEHT yCHIEHHS W  BBIXOJIHBIE
MOILIHOCTH HMEIOT TMpueMjeMble 3HaueHus. JlnumHa 3ameistouiei
CTPYKTYPBI IPU 3TOM JOJDKHA OBITH IPUMEPHO BIBOE OOIBIIIE - BCIICICTBHE
MEHBIINX 3HAYCHUH COMPOTUBIICHUI CBA3H.

AHAIIOTUYHBIA PEe3yJbTaT MOXKHO MONYYHUTH U YCHIJICHHS CHTHAJIOB C
MIPUMEPHO BTPOE OOJbIIeH JacTOTOH. [ 3TOr0 MCHOIB3yeTCsl TPEThS 110
4acTOTe I0J0ca MpOoIycKaHus, padoTaromas Ha "-2" IpOCTpaHCTBEHHOM
TapMOHHUKE.

Cnucok rumepamypbl

1. Benyrun B.M., Bacwibes A.E., Betpos B.B., Pozanos H.E. Pazpa6oTka, MeTOIBI pacueTa
U co3anue mupokonoiocHsix JIBB mst HenpepsiBHOTO pexnma paboTst. [Ipenpunt 2005-03.
M.: MPTU PAH, 2005. 20 c. Hayunas ceccust MU®U. CoopHuK HayuHbIX TpyAoB. M.: HUAY
MU®U, 7, 189 (2006).

2. Augpees H.B., Benyrun B.M., Bacuibes A.E., Betpos B.B., Posanos H.E. PaspaGotka
3JIEKTPOMHAMUYECKOI CHCTeMBl IHPOKONoJocHbIX JIBB Gosbmioit momuoctH. [Ipenpunt
2005-04. M.: MPTU PAH, 2005. 12 c. Hayunas ceccust MV®U. COOpHUK HayYHBIX TPYIOB.
M.: HUSIY MU®UY, 7, 187 (2006).

3. benyrun B.M., BacuiseB A.E., BetpoB B.B., Pozanoe H.E. Co3manme MOIIHBIX
LIMPOKOTIONIOCHBIX JIaMIT OeTyIiieit BOJIHBI TS nepenaronmx ycrpoiicts. [Tpenpunt 2007-02. M.
MPTHU PAH, 2007. 29 c. Hayunas ceccuss MU®U. CoopHuk HayuHbIX TpyaoB. M.: HUAY
MU®U, 5, 40 (2008).
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H.N. CKPUIIKWH, A.B. IIMEJIEB, A.1. [IPOHUKOB,
U.M. UBAHOB

Axyuoneproe oowecmso «ILtymony, Mockea, Poccus

KOMILTEKCUPOBAHHBI CBU-MO/TYJIb C
CUHXPOHM3UPOBAHHBIMU MATHETPOHHBIMU
I'EHEPATOPAMM

B nacrosimiee Bpems B AO «IlimyTon» co3aaHa ycTaHOBKA reHEpaTOPHOT'O MOIYJIS
CBY 2-cM jmama3oHa JUTHH BOJH Ha OCHOBE TEXHHYECKOTO PEHICHUS — CIOco0a
KOTepEHTHOT'O0 CYMMHPOBAHHS MOUIHOCTEH JBYX TI€HEpaTOpoB B BOJHOBOJHOM
CyMMaTOpe MOIIHOCTH — BOJHOBOJHOM 3-Xx neunubOenbHoM Mocrte. [Ipu sTtom Ha
BBIXOJI€ MOJYJISl CHHXPOHH3HPOBAHHOTO YCTPOHCTBA MOIIHOCTH B IpeAesiax MOIOCHI
CHHXPOHM3ALHUU MOXET JOCTUTaTh 95% OT CyMMapHOU MOIIIHOCTH T€HEPATOPOB.

N.I. SKRIPKIN, A.V. SHMELEV, A.l. PRONIKQOV,
.M. IVANOV

Joint-stock company Pluton, Moscow, Russia

COMPLEXED RF-MODULE WITH SYNCHRONIZED
GENERATORS M-TYPE

Currently JSC «Pluton» has developed complexed RF-module in the 2-cm wave-
range based on a technical solution — a method of coherent summation of the RF-
powers of two generators M-type in a waveguide power combiner — a waveguide 3-
dB bridge. The RF-power can reach 95% of the total RF-powers of two generators in
output of a synchronized device.

Ha ocHoBanmm panee mpoBemeHHBIX padoT [1,2] ycraHOBIEHO, YTO
HamOonee APPEKTHBHBIM CIIOCOOOM JUIS KOTEPEHTHOTO CYMMHPOBAHUS
MOIIIHOCTH JBYX TCHEPAaTOPOB C BOJHOBOJIHBIM BBIBOJOM SIBIISIETCS
UCTIONIb30BAaHNE B KAaUeCTBE CyMMaTopa BOJHOBOAHOTO 3-X JIEHMOENIBHOTO
MocTa. [Ipr 3TOM Ha BBIX0JIe MOIIHOCTh CHHXPOHH3UPOBAaHHOTO YCTPOICTBa
B Ipe/ieNax MoJI0Chl CHHXPOHM3AIMH MOXET I0CTUraTh 95% OoT cyMMapHO#
MOIIHOCTH T'eHepaTopoB. CxeMa CHHXPOHHM3AIUU [IPeICTaBlIeHa Ha puc. 1.
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Puc. 1. — Cxema CHHXPOHHU3ALUHK IBYX MarHeTPOHHBIX T€HEPATOPOB

B3anmmuas QasmpoBaHHas (CHHXpOHHM3alWs) JBYX MAarHETPOHOB
obOecrieunBaeTcss  (ha3oBpaIaresieM, — COIJacoBaHHE  O0OECICUYHBACTCS
KOPOTKO3aMbIKaIOIIUM MOPHIHEM. CyMMHpOBaHHbIﬁ CUT'HAJI HAIPaBJIACTCA B
BbIxonHOH (aHTeHHBIM) TpakT PJIC. I'eneparopueiii Monxyns CBY
peaHasHauYCH IJIA (I)OpMI/IpOBaHI/IH SOHAMPYIOIUX UMITYJIbCHBIX CUTHAJIOB B
MHOTO()YHKIIHOHAJILHOM npuéMornepeaaoeM panuoIOKalnOHHOM
H3MEPUTEILHOM KOMIUIekce. B Tabn. 1 mpezacraBieHsl  pabouune
ANEKTPHUYECKHUE MapaMETPHL.

Tab6m. 1 — INomyuennsie paboune nmapamerpsl CBU-mMomyms

— Pabouas yactora, MI'1y 15000
— BpIXogHas UMITyJIbCHAs MOIIHOCTb, 500
kBt
— Yacrora nochUIOK, ['11 800
— JIMMTEeNbHOCTh MMITYJIbCA, MKC 0,6
— Jlnama3oHbl PEryIUPOBKH BBIXOIHOM 25-100
MOITHOCTH, %
—  OxJIaXxIeHre MarHETPOHOB BO3JLYIIIHOE
NPUHYAUTENLHOE
— Tok aHOJIa MarHETPOHOB UMIYJILCHBIN, | 87
A
— Hanpsxenue anona maraeTporos, kB | 16,0 - 16,2

Crucox iumepamypol
1. .M. Uanos, H.1. Ckpunkun, K.B. Xonaraes, A.W. Barun// CBU-amekTpoHuka, 2015,
Ne6  (00146), ctp. 98-104, DkcnepuMeHTaIbHOE HCCICIOBAHHE CAMOCHHXPOHHU3ALUHI
MarHeTPOHOB 3-MHJJIMMETPOBOTO JMANa30Ha.
2. A. 1. Barun, M. B. Edpemona, 1. M. Usanos, A. A. Kypyums, H. U. Ckpunkun// CBY-
TexHuka, 2016, cepus 1, Ne3 (530), crp. 14-19, Pacyér u sKCnepuMeHTaNbHOE HUCCIICOBAHUE
nporotuna uznydatenas OAP Ha CHHXPOHM3UPOBAHHBIX MarHETPOHAX 3-MM JHaIa3oHa.
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N.B. PIBAKOB, JI.B. KPABUVYK, B.B. [IAPAMOHOB,
A.B. ®EIIIEHKO

Hnemumym adepnuix uccnedosanuii PAH, Mocksa, Poccus

NPEJIOZKEHUE HOPMAJIBHO ITPOBOJIALIEI'O
PE3OHATOPA /1151 OCHOBHOI YACTHU JIMHEHHOT O
YCKOPUTEJISI ”THTEHCUBHBIX ITYYKOB HOHOB
BOJIOPOJIA

Ha ocHoBe yckopstomeit ctpyktypsl Cut Disk Structure (CDS) paspaborano
¢du3udeckoe 0OOCHOBAaHHME YCKOPSIOIIETO PpE30HATOpa ISl OCHOBHOM YacTu
Jluneiinoro Yckopurens (JIY) HHTEHCHBHBIX ITyYKOB HOHOB BOJOPOAA JI0 SHEPTHH ~
1 I'3B. Iloka3aHo, uTo 1o kKoMIulekcy napamerpoB CDS kak MUHMMYM He ycTynaeT
anpo6upoBaHHbIM cTpykTypam SCS, ACS, DAW HaumHas ¢ sHeprui yactun ~100
M>5B, ~0.43. TlpuBoasTcs Kak pe3yabTaThl ONTUMH3ANUHN IICKTPOTAHAMUUCCKIX
xapaktepucTuk CDS, Tak u pe3ynbTaThl HCCIECIOBAHUH CBS3aHHBIX HPOIECCOB.
OO60cHOBaHBI KaK BBIOOP IOIYCKOB NPH M3TOTOBICHUH, TaK M METOAUKH KOHTPOJIS
KadecTBa ¥ HACTPOMKM sdeeKk. Peann3oBaHa METOJMKAa  MOZIEITMPOBAHMS
XapaKTePHCTHUK YCKOPSIOIIETO PE30HATOpa, COCTOAMIEro u3 deThipex cexuuit CDS,
00BEANHEHHBIX MOCTOBBIMHU yCTPOHCTBAMH B €MHYIO PE30HAHCHYIO CUCTEMY.

I.V.RYBAKOV, L.V. KRAVCHUK, V.V. PARAMONOV,

A.V. FESCHENKO
Institute for Nuclear Research of the RAS, Moscow, Russia

PROPOSAL OF A NORMAL CONDUCTING CAVITY FOR
THE MAIN PART IN A LINEAR ACCELERATOR OF
INTENSIVE BEAMS OF HYDROGEN IONS

Basing on the Cut Disk accelerating Structure (CDS) is developed the conceptual
design of accelerating cavity for the main part of the linear accelerator of intensive
beams of hydrogen ions with energies up to 1 GeV. In the total set of parameters CDS
at least not inferior to the proven structures SCS, ACS, DAW even starting from beam
energies of ~ 100 MeV, $~0.43. Both the results of CDS RF parameters optimization
and coupled processes study are presented. Tolerances definition, methods for quality
control and cells tuning during manufacturing are described. The cavity consists from
four CDS sections united by bridge coupling cavities into joint resonant system. The
technique for cavity parameters simulations basing on multimode approximation is
described.

Crpykrypa CDS npemioxkena u anpoOupoBaHa JuIsl YCKOPEHHUS YacTHIL
BBICOKHX 3Hepruii ¢ $~1.0, [1], Ho ee npuMeHeHue U1 yCKOPEHHS TPOTOHOB
HaunHasi ¢ sHeprun ~100 MaB, ~0.43 obocHoBano He ObuT0. ObIaMast, O
cpaBHEHHUIO ¢ anpodupoBanHbIME B JIY npotoHoB crpykTypamu SCS, DAW,
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ACS, Puc. 1, cymiecTBeHHO MEHBIIMMH NONepeyHbIMU pazmepamu, CDS kak
MHUHAMYM  00€CIeYMBaeT TpPH  HM3TOTOBICHHUM  TEXHOJOTMYECKHUE
MIPEUMYIECTBA.

ACs

SCS

Puc. 1. Dcku3 paccMOTpeHHBIX CTPYKTYp Ha yactote 991 MI'n, $~0.43.

[Mpumenumocts CDS B JIY MHTEHCHBHBIX IIy4KOB OOOCHOBaHa Ha
TIpUMepe pe3oHaTopa u3 deThipex cekiuit CDS u TpeX MOCTOBBIX YCTPOKHCTB,
Puc. 2, sKBUBaJIEHTHOTO IO MapaMeTpaM IEPBOMY PE30HATOPY OCHOBHOI
gactu JIY WS PAH Ha ctpyktype DAW 06e3 u3MepeHwit B Apyrux
cucremax JIY.

1375

Vexopmomis caumt DS

Puc. 2 Dckus pe3onatopa Ha ocHoBe cekimii CDS.

B pesynbrate ontumuzanuu BU mapamerpoB HaiineHa KOHGHrypaus
s4yeek, OOecHeyMBarollas HE MEHbUIYI0 BeluuuHy 3(dexTHBHOTO
LTYHTOBOTO COMPOTHBIECHUSA. CXxeMa KaHAJOB OXJIAXKICHHUS, UCKIIIOYAIOIas
TIastHbIe COAMHEHNS BOJa-BaKyyM, oOecIieunBaeT He OOJIBIINI CABUT YacTOT
P TEIJIOBOM Harpyske mo 6 kBt/M. JloctaTouHbli KO3(QQHUIUCHT CBSA3U
siueek, ~16%, NoImyckaeT OTKIIOHEHUs B pa3Mepax sueek 10 50 MKM npu
3aJaHHOM HEPaBHOMEPHOCTH pacHpeNeNieHNsl ycKopstomero moins. Jlis
MIPEAOTBPALICHHUS Pa3BUTHSI MYJIBTUIIAKTOPHOTO pa3psna B SUCHKAX CBS3H
TIPEATI0KEHO 3HAKOTIEPEMEHHOE CMEIIEHHE YacTOT COCEIHUX YCKOPSIOIINX
srueek. [IpennoskeHa MeToiiKa KOHTPOJIS MapaMeTPoB SUeeK NMPH HaCTPOHKe
10 U3MEPEHHUSIM KaK B MUHUMAJIBHBIX COOPKax, TaK M B CEKLIUH B LIEIOM.

IIporpamMmHO peanu3oBaHHAas METOAMKA, Ha OCHOBE MHOTOMOJOBOTO
MpUOIMKEHNS, U MOJEIMPOBAHUS KaK XapakTePHCTUK pPE30HATOpa B
LIEJIOM, TaK | MpoIlecca ero HaCTPOHKH, H3JI0XkKeHa B padbote [2].

Cnucok iumepamypol

1. V. Paramonov, A. Naboka, A. Donat et al // Proc. LINAC 2010, Japan, pp. 241 — 243.
2. |. Rybakov, V. Paramonov. Proc. RuPAC 2018, p. 301, 2018
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B.1. KAMUHCKMIA, C.B. MAITMEBCKMIA

Hayuonanvhulil uccredosamenvckuil soepruwiil yHusepcumem « MU »

BAPUMALIMOHHBIE XAPAKTEPUCTUKHA YCKOPUTEJISL
C CEKIIMSIMHU HA CTOAYEU U BETI'YIIEN BOJIHE

IIpuBeneHbl  pe3ysibTaThl  YUCICHHOTO  MOJENHPOBAHMS  XapaKTEPUCTHK
YCKOPHUTEJIS, BKIIOUAIOIIETO CEKIMIO Ha CTOAYEH BOJIHE M CKLIMIO Ha OeryIieil BoiHe
C MUTaHUEM OT MarHeTpoHa. [lony4eHbl BapHallIOHHbIE XapaKTEPUCTHKHU IMOJHOTO
Habopa SHEPrHU B YCKOPHTEJE NP H3MEHEHUSIX MapaMeTpoB CEKIHi Ha CTosueH
BoJTHE (KO3 UIIMEHTA CBSI3H C MOJBOJISAIIAM BOIHOBOJOM, TOOPOTHOCTH, padodcit
4acTOTEI), Oerymei BoiHe (padodeil 4acToThl), (Ja30BOTO CABUTA MEXKIY CEKIMSIMHU.
V3 BapnanMOHHBIX XapaKTEPUCTHK OIPEAENICHEl TPeOOBaHUS K CTaOMIBHOCTH
apaMeTpoB MUTaHUs (YaCTOTHI FeHepaTopa, TOYHOCTH YCTAHOBKH (ha30BOrO CABUra
MEX/Ty CEKLIHSIMHU).

V.I. KAMINSKIY, S.V. MATSIEVSKIY
National Research Nuclear University « MEPhl»

VARIATION CHARACTERISTICS OF ACCELERATOR
WITH STANDING AND TRAVELING WAVE SECTIONS

Characteristics numerical simulation of accelerator including standing wave
section and traveling wave section with power feeding by magnetron are presented.
Variation characteristics of full energy in accelerator were obtained with changes in
the parameters of the sections on standing wave (coupling coefficient with the supply
waveguide, Q factor, operating frequency), traveling wave (operating frequency), and
phase shift between sections. From variation characteristics, requirements for stability
of power feeding parameters (generator frequency, accuracy of setting phase shift
between sections) are determined.

[oBbimenne KIIJI yckopurenst co CTpyKTYpoll Ha CTOSYEH BOJHE U
IMUTaHHEM OT MarHeTpoHa depe3 (DEeppUTOBBIA HUPKYIATOP MOXKET OBITh
00eCIIeueHO YCTAaHOBKOM CEKITMH Ha OETryIIel BOJHE BMECTO MOTIIOINAIOIICH
Harpy3kn. Cxema Takoro yckoputens [l], peamusyromias ykazaHHOE
IIPEeNMYIIEeCTBO, NTOKa3aHa Ha puc.l. B mepuos nepexoqHoro pexuma u, Ipu
HEOOXONMOCTH, CTAI[IOHAPHOTO PEXXHUMa YHEPTHsl, OTPAXEHHAS OT CEKIINU
Ha CTOsTYeH BOJIHE, TIepeAaéTcs B CEKIMIO Ha OeTyIel BoJHe U o0ecrieunBacT
YCKOPEHUE YaCTHIL.

[IpencraBnser 3HAYUTENBHBIA HHTEPEC PACCMOTPEHUE BapHAIMOHHBIX
XapaKTEPUCTHK YCKOPUTENI — 3aBHCHMOCTEH TOJHOTO Habopa SHepruu
4acTHUI] B 00EHX CEKIHIX — OT ITAPaMETPOB KAXKIOH U3 CEKIUH B IIEPEXOTHOM
U CTAallMOHAPHOM peXuMmaxX. B paboTe TpoOBENeHBI pacyéThl W aHAIU3
BapHALMOHHBIX XapaKTEPUCTUK YCKOPHUTENS IPH U3MCHEHHUSIX MMapaMeTpOB
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CeKIMH Ha CcTosiuei BoJHE (KOI(GGHUIUEHTa CBSI3M C HOABOISIIUM
BOJIHOBOJIOM, TOOPOTHOCTH, paboueii 4acToThl), Oeryieii BonHe (padoueit
4acTOTHI), (ha30BOr0 CIBUra Mexnay cekuusmu. OTKIOHEHHS IapaMeTpoB
YCKOPSIIOIIMX CEKIMH OT pacu€THBIX 3HAYECHUH MOTYT OBITH O0YCIIOBIICHBI
MOTPEIIHOCTSAMM  M3TOTOBJICHHMSI CEKLMH, a Takke HecTaOMIbHOCTIMU
YCKOPSIOIIETO OIS MIPH SKCIDTyaTaluu ycKoputens. PesynpraTom aHamm3a
SIBUJIOCH OTIPEIEJIEHUE MIOITyCKOB HAa W3MEHEHHS IapaMeTpOB CEKIWH, a
TakKe TpeOOBaHUH K cTaOMIBPHOCTH TapaMeTPOB IMUTAIOIIETO TeHEpaTopa.

Ha puc. 2 mpencraBmeHBl 3aBUCHMOCTH OTKJIOHEHHS JHEPTHH OT
HOMHHAIIBHOW OT K03 pHIIeHTa CBSI3H C MOIBOISAIINM BOJTHOBOJOM CEKIINU
Ha CTOSYEH BOJIHE, Ha PUC. 3 — OT ()a30BOTO CABHTa MEKIY CEKITUSAMMI,
Ha pucC. 4 — OT 4aCTOTHI MUTAIOLIETO TeHepaTopa. M3 mpuBeIEHHBIX KPUBBIX
BUJIHO, YTO HauOojee KPUTHYHBIM I[1apaMeTpoM SIBJISAETCS CTaOMIBHOCTD
4acTOTHI FeHepaTopa.
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Crucox iumepamypol
1. Kamunckuii B.1., ManueBckuii C.B. Cucrema nutaHus yCKOPUTENS C CEKIMSIMU Ha
crosiueit m Oerymieir BonHe. VI MexayHaponHas koH(epeHius «JlazepHble, IMia3MeHHbIE
uccnenoBanus u rexHonoruu Jlammaz-2020y», CO. HayuHbBIX TPpyIOB, 4.2, M., 2020, ¢.304 — 305
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10.10. JIO3EEB, C.M. I1I0JIO30B, M.A. T'Y30B, A.1. MAKAPOB

Hayuonanvnuiii uccnedosamenvckuii adepnuiii ynusepcumem «MUDHUy», Mockea,
Poccus

PA3PABOTKA YCKOPgIOIIIEI?'I CTPYKTYPBI C IIOK® HA
PABOYEN YACTOTE 81,25 MI'y

B pabore mpexacTaBieHbl pe3yNbTaThl  pa3pabOTKH  YETHIPEXKAMEPHOTO
pe3onatopa ¢ [IOK® Ha paboueii wactote 81,25 MI'm. [IpousBenena HacTpoiika
EKTPOIUHAMHUYECKON MOJIENIH yCKOpsIoIIeil CTPYKTYpel Ha pabodeM BHuE
KoJieOaHMi, HCCIIeOBaHbl 3JIEKTPOJMHAMUYECKHE XapaKTEPUCTUKH PEe30HATOpa,
paccuuTaHbl BCIOMOTATENbHBIE JJIEMEHTHl pPEe30HaTopa, IPOM3BEIEHa OICHKA
JIOITyCKOB Ha KIIFOYEBBIE pa3Mephl PE30HATOPBI U YCTAHOBKY 3JIEKTPOJIOB.

YU.YU. LOZEEV, S.M. POLOZOV, M.A. GUZOV, A.l.
MAKARQOV

National Research Nuclear University MEPhI, Moscow, Russia

DESIGN OF 81,25 MHZ RFQ ACCELERATING STRUCTURE

The results on the 4-vane 81,25 MHz RFQ accelerating structure design is
presented. The RFQ cavity was tuned to the operating mode, its electrodynamic
characteristics were obtained. Some of the auxiliary cavity elements and systems were
designed, manufacturing and electrode mounting tolerances were estimated.

B Hacrosmee Bpems Bemercs pa3pabOTKa HMMITYJIBCHOTO YCKOPUTEIS
HMOHOB C COOTHOIIIEHHEM Macchl K 3apsay A/Z no 3,5. B xauecTBe HavanbHON
CEeKIIMU BO BCEX ITOJIOOHBIX YCKOPHUTEIISIX OOBIYHO HCIIONB3YETCsl PE30HATOP
¢ [IOK® (mpocTpaHCTBEHHO-OIHOPOIHON KBAPYTIONBHOHN (POKYCHPOBKOI).
B nmamHOM yckopureme B kadectBe cekumum ¢ I[IOK® Ovmm BRIOpaH
YeThIpeXKaMepHbI pe3oHaTop ¢ paboueil wactotoit 81,25 MI'm ¢ okHamu
MarHuTHON cBs3u [1]. Takas cTpykTypa oOnamgaeT BBICOKMM IIIYHTOBBIM
COTIPOTHUBIEHHEM M MAJIBIMU TOTEPSIMH U MO3BOJSET MONYYUTh XOPOIIYIO
cernaparnuio Mapa3uTHBIX JUITONBHBIX MOJ.

IIpoBeaeHa HACTPOIKA JAHHOTO PE30HATOPA HAa PabOYMiA BUI KOJcOaHU
Hi0o Ha wacrore 81,25 MIm, ¢ mOMONIIbI0 ONTUMHU3AINMU T€OMETPHUH
TOPLEBBIX SUYEEK BBHIPOBHEHO PACHpPEAEIECHUE DIIEKTPUYECKOro MOl BAOJb
OCH, W3MEHEHHEM paJuyca CKPYIJIEHHsS TOJOBKHM 3JEKTpoja MHOIydeHa
KBaIpyHoJIbHasi CHMMETPHS JIEKTPUIECKOTo oJjst B obnactu anepTypsl. C
MOMOILBI0 ONTUMH3ALMU TE€OMETPUU 3IEKTPOJOB B TOPLEBBIX AYEHKAX
MIPOU3BEACHO BBIPABHMBAHUE MOTEHIMAIOB HA KOHIAX JJIEKTPOIOB.
OcHOBHBIE TapaMeTpsl H  3JIEKTPOAMHAMHUYECKHE  XapaKTePHCTUKU
CTPYKTYpHI IPUBEICHBI B TabnIe 1.
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Hanee ObUIH pa3pabOTaHbl U PACCUUTAHBI BCIIOMOTATEIBHBIC AIICMCHTBI
KOHCTPYKLIMM PE30HATOpa: CTAaTUYECKUE U JAUHAMHYECKHUE DIEMEHTHI
MOJCTPOUKH YacTOTHI, BBIOpaHa T€OMETPHUSl PELIETOK HA BaKyyMHBIX OKHaX
JUTSL SKPaHUPOBAHUS DJIEKTPOHUKH HACOCOB OT IOJISI PE30HATOPa, HACTPOEH
OJIH U3 BapUAHTOB MeTH BBoJa BU-momHoCTH.

Tarxoke OBUTM HCCIEIOBAaHBI XapaKTEPUCTHUKH CMEIIEHUs padoueit
Y9acTOTHI Pe30HATOpA MPHU M3MEHEHUH TEeMIIePaTyphl B YCKOPUTEIEHOM 3alie
B muama3oHe ot 20 mo 30 ° C — MakCHMalbHBII COBUT YacCTOTHI COCTaBHII
mernee 1 k['m. [lomydeHbl BaprallMOHHBIE XapaKTEPUCTUKH U TMPOU3BEICHA
OIICHKa [OIyCKOB Ha KIIOYEBBIE pa3Mephl pPEe30HAaTopa U yCTAHOBKY
AIIEKTPOIOB.

Ta6m. 1. OcHOBHBIE TApaMETPHI U 3JEKTPOAMHAMUYICCKUE XapaKTEPHUCTHKH
yckopsromiero pezonatopa ¢ [IOK®

[Tapametp 3HayeHne

Pa6ouas yactora, MI'1t 81,25
Jlnnna pezoHaropa, M 5,120
JlnuHa 37eKTPOI0B, M 5,040
Panunyc obevaiiku, MM 335
KonnuecTBo cexnuii 7
JIMHa CEKIUU, MM 720
YacroTa OimKaMIel IUIONBHOH MOIBI, 86,01
Hanpsokenne Mexay anekTposamu, kKB 140

MakcumansHOe 3HaueHHe KoddduimeHTa
MePEHANPSHKEHHOCTH 3JIEKTPUYECKOTO TOJs Ha 1,86
MOBEPXHOCTH 3JIEKTPOJIOB, K

CobcTBeHHast JOOPOTHOCTH 13000

[ToroHHast MOIIHOCTh MOTEPh, KBT/M 45,3

[TonepeyHoe MIYHTOBOE CONPOTHBIICHHE, 42,2
Cnucox iumepamypol

1. Andreev V.A. Structure for accelerating heavy ions with uniformly spaced quadrupole
focusing (USQF)// Patent US5483130 (1996).
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Hayuonanvmwtii uccnedosamenvcxuti soepuvtii yuusepcumem MUDH, Mockea,
Poccus
2Mockoeckuti 20Cy0apcmeennblil mexHUYecKutl YHUEEpCUmen spaicoanckoll
asuayuu (MI'TY I'4), Mocksa, Poccus

OLIEHKA ITAPA3BUTHBIX TAPAMETPOB MOIIIHbIX
VMITYJIbCHBIX YCTPOHUCTB METOJIAMUA
PACIIO3HABAHMUS OBPA30B 1
MAHIMHHOI'O OBYYEHUSA

PaccmarpuBaercss mpobieMa OLCHKH MAapasHTHBIX IapaMeTpOB  MOIIHBIX
HMILyJIbCHBIX ~YCTPOMCTB C paclpeleleHHbIMH IlapaMeTpaMH Ha OCHOBE
KiIaccuukauyu (GopM BBIXOJHBIX CHTHAJIOB METOJAaMH MAIIMHHOTO OOy4YeHWs U
pacmo3HaBaHHA 00pa3oB. PaccMOTpeHO MpUMEHEHHE JTMHEHHOU perpeccuy, MOJIENb
«CiryuaifHplii ecy», Mmeto k-Ormmkaiimmx coceneit, 0THOMepHast MOAEIb CBEPTOYHON
HeHpoHHOU ceTu. [laeTcs cpaBHEHHE NPOU3BOAMTENBHOCTH KaXKIOTO IMOAX0Ja, a
TaKXe BapUaHThl UX COBMECTHOI'O UCIIOIBb30BaHU.

G.P. AVAVERYANOV?, V.V. DMITRIEVA!,

A. M. KONEV?, ILA. KUNOV?, E. M. NOSOVA?
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2The Moscow State Technical University of Civil Aviation (MSTU CA), Russia

ESTIMATION THE PARASITIC PARAMETERS OF POWER
PULSED DEVICES BY IMAGE RECOGNITION AND
MACHINE LEARNING METHODS

The article reviews the problem of detecting parasitic parameters based on the
form classification of the output signals of based on machine learning methods and
pattern recognition in powerful pulse devices with distributed parameters. Considered
the linear regression methods, the "Random Forest" model, the k-nearest neighbors’
algorithm, a one-dimensional convolutional neural network model. Comparison of the
performance of each approach is given, as well as options for sharing these methods.

VYerporictBa  pOpMHpPOBAHUS MOIIHBIX BBICOKOBOJIBTHBIX HMITYJIHCOB
MaJIOH AJIMTENILHOCTH, UMEIOT IUPOKUI KpYyT IPUMEHEHUS B YCKOPUTEIAX U
YCTaHOBKax MeracaieHc Kkjacca. MoJenupoBaHue 3THX YCTpPOMCTB
6azupyercst Ha CUCTEMaxX N3 KOMIOHEHTHBIX U TOIIOJIOTMYECKUX ypaBHEHHH,
OJIHOBPEMEHHO YUYHUTBHIBAIOIIUX DJJIEMEHTBl C COCPEAOTOYEHHBIMU U
pacnpenieneHHbIMU apameTpamMu. [IpoxoxaeHne HMITyJbCca B CErMEHTax
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JIMHUHM OMMCBIBAETCS C CHCTEMOM TenerpadHbIX YpaBHEHUM, W perraeTcs
4yepe3 peKypPEHTHYI0 KOHEYHO-Pa3HOCTHYIO cxemy (1).

{uk+1(t + Ti) + prir+1(t + Ti) = (1 = pegi)ue () + (pr — 1) ik (2)
R u(t + Ti) = prire (€ + Tp) = (1 — pregrdupe+1(8) + (or — 1) k41 (6)

371€Ch BEIMYMHA TOKA — i1 Y HAMPSIKEHUS — Uy, B CEKIIUM C HOMEPOM
(k + 1) ompenenstorcs yepe3 BEIMUUHY TOKA — i, W HANPSDKEHHS — Uy,
SIIEKTPUUECKYIO JUTMHY — T}, CONPOTUBICHUE — T} W MPOBOAUMOCTH — Jj,
BBIYHCIICHHbIE TS MTPEABIAYIIETO CETMEHTa TMHIH (¢ HoMepoM k) [1].

Venemnoe MOJENUPOBaHUE —MEPEXOIHBIX IIPOLECCOB B CXeMax
(bopMupoBaresieii UMITYJIbCOB IIO3BOJMIO HEPEHTH K 3amade 0OpaTHOro
MOACINPOBAHUA. B »sTom CJ1ydyac JIaHHBIMU ABJIAIOTCA OCHUIIIOTPAMMEI,
TTOKa3bIBAIOINC HAIIPSAKCHUC Ha HArpy3ke I[HI/IHHOﬁ JIMHUHU, 1 MOTYT 6I)ITI)
HONYYeHBl CHaYaja Ha CHMYJATOPaxX, Ha KOTOPBIX PE3YIbTAaT JErKo
NPOBEPUTH, & 3aTEM M Ha pealbHBIX YCTAHOBKax. B xoje paboThl Obuia
olleHeHa padoTa KaIOM MOJENU II0 METPUKE CPEIHEro abCOIIOTHOIO
OTKJIOHEHUS

BbigeneHme nepsoro ‘
JRNE | N S S |\ curHana

BxogHan O1an Pewenue 3aga4u cbpaTtHoro
ocuunorpamma npegobpadoTkn MOAENHPOBAHNA

Puc. 1. Cxema nporiecca penieHus 3a1aqyi 00paTHOTO MOJICITMPOBAHUS

Mpumenerne
Moaenei
MaLLMHHOTO
00y4eHuA ana
KnaccuguKkalmm
curHana

Onpepenexue
napameTpos
BbIGpaHHOil

Harpyssn

Cpenn paccMOTPEHHBIX METO/OB KIacCHU(UKAIMKM M PErPecCU MOJETb
CBEPTOYHON HEHPOHHOM CeTH ToKa3ajia Hauay Il pe3yibrar. [2]

Cnucox aumepamypul
1. Averyanov G P et al. 2014 (in Russian) Virtual electrophysics laboratories: New
generation (Cybernetics and Physics, Vol. 3, No. 4) pp 153 — 156
2. Hastie, T., Tibshirani R., Friedman J. “The Elements of Statistical Learning: Data Mining,
Inference, and Prediction” 2009
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A.H. CEJIE3HEB, A.b. 3APYBIH, B.I. KY3bMUYEB,
T.B. KYJIEBOU

Hayuonanvnuuii uccneoosamenvcxkuil yenmp «Kypuamoscruii uncmumymy»-UTID

IIP-UCTOYHUK JIET'KUX HOHOB

B pamkax mpoekra BELA (Based on ECR ion source Linear Accelerator),
[PEJHA3HAYEHHOTO UL PEICHHS Pa3iIMyHbIX 3a/iad, CO3JAaeTCsl MHKCKIMOHHBIN
KOMIUIEKC Ha 0a3e HECKOJbKMX MOHHBIX MCTOYHMKOB. OIHOI M3 3amau sBisieTcs
MHOTOITyYKOBO€  OOJyYeHHEe KOHCTYPKIMOHHBIX MaTepHaloB  SACPHBIX H
TEPMOSICpHBIX OJHEPreTHUeCKUX YCTAHOBOK JUIL aHalM3a HX paJHaldOHHOM
croiikoctu. Tspxensle (Fe) m nerkme (H2/He) wmonHBIe mydkm OymyT oOIydaTsh
MHIIECHb B OJHOM M TOH ke KaMepe OTHOBPEMEHHO. /IS reHepanuy IMyYKOB JITKIX
HOHOB pa3padaThIBACTCSI KOMIAKTHBIN MOHHBIA HCTOYHHK Ha OCHOBE 3JIEKTPOHHO-
nuKIoTpoHHoro pesonanca (OLP wucrounuk). CraTesi COHEPKUT ONHUCAHUE
KOHCTPYKIMH DI[P- MCTOYHMKA JIETKMX MOHOB U IPEABAPHUTEIBHbIC PE3YIIBTATHI MO
reHepaluH IIy4YKa HOHOB BOAOPOJIA.

T.V. KULEVOY, V.G. KUZMICHEV, A.B. ZARUBIN,

D. N. SELEZNEV
National Research Center "Kurchatov Institute" -ITEF

ECR SOURCE OF LIGHT IONS

In the framework of the BELA project (Based on ECR ion source Linear
Accelerator), an injection complex based on several ion sources is designed for
various experimental tasks. One of the tasks is irradiation of structure materials for
fusion and fision reactors by several ion beams for the analysis of the material
radiation resistance. Heavy (Fe) and light (H2 / He) ion beams will irradiate the target
in the same chamber simultaneously. The article presents a description of the ECR
light ion source design and preliminary results of a hydrogen ion beam generation.

Jus  mpoBeneHHs  NPEeNaTTECTALlMOHHBIX — UCCIENOBAaHMHA  HOBBIX
KOHCTPYKLIMOHHBIX MaTepHanoB SIEPHBIX U TEPMOSIEPHBIX PEaKTOPOB,
BOCTPEOOBAaHBI METOJIBI AKCIIPECC-aHAIN3a PAAUALMOHHONH CTOMKOCTH 3THX
MarepuanoB. TakUMU METOJaMU SIBJISIFOTCSI IMUTALMOHHBIE 3KCIIEPUMEHTBI
1o OOJy4eHUIO MaTepHaIoB YCKOPEHHBIMH MyYKaMH TSDKEIBIX MOHOB. Jlyis
IIOJIHOTBHl BOCIIPOM3BEACHUS IPOLECCOB, IPOUCXOIIMX B Marepualax
AJIEPHBIX YHEPreTUUECKUX YCTAHOBOK IIPU MX JKCILTyaTallud, MPUMEHSIOT
TEXHOJIOTHIO OJHOBPEMEHHOTO OONy4eHHs] MaTepwiaa TpeMs HOHHBIMU
nyuykamu. Monsl Fe ucnonb3yroTest B KaueCTBE OCHOBHOIO PaJiMalliOHHOIO
nedexTooOpa3yromiero my4ka, a HOHbI BOJIOPOAA U TNl HMIUIAHTUPYIOTCS
B 001acTh JedekTo0Opa3oBaHUsI OT OCHOBHOTO Iyudka. T.K. B peasbHBIX
YCIOBHUSX HEUTPOHHOTO OOJydYeHHMs B pe3yJibTaTe peakiuid sIepHOH

382



TPaHCMYTAIlUH B MaTepHajIax 00pa3yroTcs ra3000pa3HbIe MPUMECH: TeIUil U
BOZIOPOJl, KOTOpblE€ HAKAIUIMBAIOTCS OJHOBPEMEHHO C HAKOIJICHHEM
paauaoHHbIX ne(ekToB. [103TOMY BO3HHKIIA HEOOXOIUMOCTH CO3JAHUS
YCTAaHOBKH  JUIsl  MPOBENEHUS  UMHUTAIMOHHBIX  JKCIEPUMEHTOB €
OJIHOBpPEeMEHHOM uMIIIaHTaluet nonos razos [1]. B HULL «KypuatoBckuit
uHCTUTYT) - UTOD Bemercs pa3paboTka Takod MHOTO(QYHKITMOHATHHOM
ycranoBku BELA (Based on ECR ion source Linear Accelerator). 3ta cTaThst
npencrasiset onucanne D[P HOHHOTO NCTOYHMKA JETKUX NOHOB U ITEPBHIE
pE3yNbTaThl, HOJYUYEHHBIE C BOLOPOIOM.

CrpykrypHas cxema jaboparopHoro OIIP wWcTOYHMKA HWOHOB
MpecTaBIcHa Ha pUCYHKE 1.

Puc. 1. Cxema mabopartopuoro JLIP
HUCTOYHHUKA HOHOB: l'CeKHI/I}I C
MarHeTpOHOM; 2- H3MEPUTENIbHAs CeKLU; 3-
IUOIHBIN IETEKTOP; 4- BAKyyMHOE
BBICOKOYACTOTHOE OKHO; 5- COJICHOM; 6-
nocrostuubie Maruutel (Nd2,Fel4,B); 7-
paspsiHas Kamepa; 8-CHcTeMa SKCTPaKIUK
o= HOHOB; 9- BakyyMHBI Hacoc; 10- BBoj rasa.

1 2 3 B 5 6 8

1\ ©

OCHOBHBIE TapaMeTPbl HOHHOTO UCTOYHHUKA: yacToTa CBY konebannii 2,45 I'T';
margetpon LG 2M213; Bug CBY konebammii HI103; rabaputsr
MIPAMOYTOJBHOTO pe3oHaTopa 72x34x360 MMm; pabounii ra3 BOJOPO/I.

[Inazma B pa3panHOil kKamepe TreHepupoBanach umnyiascHoii CBY
MOIIIHOCTBIO C YaCTOTOM MOCBUIOK A0 2 'l M ATUTENbHOCTBIO UMITyJIbca 5
Mc. McToYHUK ycTOoW4YMBO paboTan MpH AAaBICHUHM B BaKyyMHOH Kamepe
p=4x10-5 Topp Heckonbko 4vacoB. bwun m3Mmepen umnuHapom dDapaznes
moJHEIN Tok myuka (I=3 MA), n3MepeH Macc 3apsSAoOBBI COCTaB IydKka U
HCCIICIOBAaHA 3aBHCHUMOCTh TOKa KOMIIOHEHT Iy4yka OT JaBJICHHUS rasa.
VIHTEeHCHBHOCTH HOHHOTO Iy4YKa, KaK IPOTOHOB, TaK M MOJEKYJISIPHBIX
HMOHOB XBaTaeT I IPOBEICHUSI MMHTAIIMOHHBIX YKCIEPUMEHTOB. VIOHHBIH
HCTOYHHUK IUTAHUPYETCS HCIIONB30BaTh B poekTtax BELA.

Cnucox rumepamypol
1. Fedin P. A. et al. REQUIREMENTS FOR THE DUAL Fe+ H/He BEAM AT THE
ACCELERATOR HIPR FOR SIMULATION OF NEUTRON INFLUENCE ON NUCLEAR
REACTOR MATERIALS //Journal of Physics: Conference Series. — IOP Publishing, 2020. — T.
1686. — Ne. 1. — C. 012073
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MATHUTHASI CUCTEMA C UBMEHSIEMbIMU
XAPAKTEPUCTUKAMMH JUISI MOHHOI'O UICTOYHUKA HA
JIEKTPOHHO-LIMKJIOTPOHHOM PE3OHAHCE C PABOUEN
YACTOTOM 2,45 T

IIpoBeneno uccrnenoBanue MarHuTHOW cuctembl D[P ncTouyHuka mnasmel ¢
paboueit gactoToit 2450 MI'm 11 MOJTy4eHHs] IPOTOHOB M MOHOB ABYX3apsTHOTO
renus. BBINOIHEHO YHCIEHHOE MOJENHPOBAaHHE MAarHUTHOH cucremsl OLIP
HCTOYHUKA HA TOCTOSHHBIX MarHuTax. [IpemsoeHa BO3MOXKHOCTH IEpEMELICHUS
KOJIBIIEBBIX MarHUTOB OOJIACTH MH)KEKLIUH U SKCTPAKIUU I HACTPONKH 3HAUCHUI
MaKCMMyMOB MarHuTHOro mnous Binj 1 BexHa ocM mia3sMeHHOH KaMepsl, a TaKke
BO3MOXXHOCTH TIEPEMEIIECHHsI OPYyCKOB CEKCTYHOJBHOTO MAarHWTa B paJdabHOM
HaNpaBJICHUH IJIsI HACTPOMKHM MAarHUTHOTO IIOJISI Ha TpaHHLe Kamepbl Brad. Jlis
obecrieueHusi BO3MOXHOCTH paboTel D[P uctounuka B pexume CBY mcTouHmKa
MIPe/UTO’KeHa KOHCTPYKLIUS MAarHUTHOH CHCTEMBI C J100aBJIEHHEM COJICHOWIOB,
00eCIeUnBaIOIINX PETYIUPOBKY 3HaYCHUH Binj 1 Bext B HEOOXOAUMBIX mpeienax, a
TaKKe NEPECTPOIKY MUHUMYMa aKCHAJIbHOW COCTaBIISIONIEH HHAYKLIIUN MarHUTHOTO
1103151 Bmin Tp1 HEM3MEHHOM IOJIOKEHUH BCEX KOJIBIIEBBIX MarHUTOB.

M.S. DMITRIEV, M.I. ZHIGAYLOVA, K.G. ARTAMONOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

MAGNETIC SYSTEM WITH VARIABLE
CHARACTERISTICS FOR A 2.45 GHZ ECRIS

The study of the magnetic system of ECRIS with operating frequency of 2.45 GHz
for producing protons and double-charged helium ions has been carried out.
Numerical simulation of ECRIS magnetic system based on permanent magnets has
been performed. The possibility of shifting the ring magnets in both injection and
extraction regions (Binjand Bext) is suggested to adjust maximum and minimum values
of the axial distribution of a magnetic field in a plasma chamber. The possibility of
shifting the bar magnets of the sextupole is shown to provide the adjustment of the
radial magnetic field Brag at the chamber wall. Additional solenoids are introduced to
the system for providing the required Binj and Bext adjustment and tuning the axial
magnetic field distribution including minimum Brag With the constant position of the
ring magnets.

IIpu co3aannn KCTOYHHUKA C TOKOM TIPOTOHOB UJIH JIETKUX OTHO3aPSTHBIX
noHoB 710 100 MA B mepByI0 ouepeib MOKHO pacCMaTPUBATh UCTOYHUKH HA
MHKpPOBOJHOBOM pazpsiae. OHU OTJINYAIOTCS OT UCTOYHUKOB Ha DJIEKTPOH-
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LIUKIOTPOHHOM PE30HAHCE, UCTIOIb3yEeMBbIX AJIS MOJTyUeHHUsI MHOT03apsAHBIX
HMOHOB, BBIOOPOM YacTOTHl BHIIIE LUKIOTPOHHOW M  OTCYTCTBUEM
TeKCaroIbHBIX MarHUTOB, 3ajiepKHBalomMX HOHbI B OI[P obmactu s
JajbHEHIIero yBeaudeHusl UX 3apsaHocTH. B Hacrosmeld paboTe caenana
MIOTBITKA OOBEIUHHUTH JIOCTOMHCTBA OOOMX THIIOB HCTOYHHKOB HOHOB,
pa3paboTaB yHHBEPCAIbHYIO YCTaHOBKY, B KOTOPOIl UIMEETCSI BO3MOXKHOCTD
paboTel B 00omx pexnMmax. C IMOMOIIBI0 YHCISHHOTO MOJCIUPOBAHUS
BBIIIOJTHEH pacyeT MapaMeTpOB MAarHUTHOHW CHCTEMBI IUIA3MEHHOTO
HCTOYHUKA HOHOB C paboueii wactoront 2,45 I'T1 myid modydeHUs] TPOTOHOB
U HOHOB [BYX3apsAAHOrO renus. B KkadecTBe OCHOBHOTO HCTOYHHKA
MarHUTHOTO TIOJII HCIIOJb30BAaHA CHCTEMa MOCTOSHHBIX MAarHWTOB,
co3patomias tTunuyHoe 11 OIP ncToyHrnka MOHOB pacnpeseneHue mois B
I1a3MeHHOH kamepe [1]. Mogenu 371eMEHTOB CHCTEMBI IOCTPOEHBI C
ucnons3zoBanreM NdFeB mapku N45H B kauecTBe mMarepualia MarHHTOB.
JUtnHa rekcanoiIbHOTrO MarHuTa Obla BEIOpaHa paBHOW JUIMHE IUIa3MEHHOMN
kamepsl — 100 MM, uameTp mia3sMeHHo# kamepsl — 50 MM.

Jnst HacTpOWKM ONTUMAaJbHOW KOH(UIypalMd MarHUTHOTO —MOJIS
MIPEATIOKEHa MCIIONb30BaTh MEPEMEIIEeHHE KOJBLEBBIX MAHUTOB O0JIACTH
HWH)XEKIIUU M 3KCTPAaKIHU BAONb OCH Z, YTO O0eCcleduBaeT BO3MOXKHOCTh
IyOOKOH PEeryJIMPOBKH MarHUTHOTO OIS Binj 1 Bext B 00J1ACTAX MHIKEKIMH
1 OKCTPAKIUH, COOTBETCTBCHHO. JII YBEIHMUCHUS BO3MOKHOCTEH ITOICTPOHKHI
IIapaMeTpoOB MArHUTHOTO IIOJII WCTOYHHMKA PAcCMOTPEHa BO3MOXKHOCTD
IepeMeIieHnst OpyCKOB  CEKCTYMOJBHOTO MarHuTa B PagHaIbHOM
HampaBICHUH U1 HACTPOWKH Brag. [lnmga perynmpoBku MuHHUMyMa
aKCHAJIBHONH COCTAaBNIAIONIEH WHIYKUMH TONS Bmin Npu Hen3MeHHOM
MIOJIOKEHUH BCEX KOJBIIEBBIX MAarHUTOB, a TaKKe IS OCYIIECTBICHUS
MEPECTPONKY KOH(PUTYPAI[UY MATHUTHOTO ITOJISt TAKUM 00pa3om, uToob1 D[P
NCTOYHMK padoTtan B pexxume CBY ncTouyHnKa HOHOB B CHCTEMY J100aBIEHBI
HECKOJIBKO COJICHOHMIOB, OOECIICUHBAIOIINX PEryJHPOBKY 3HaueHMil Binju
Bext B HEOOXOIUMBIX TIpEeIIax.

V3meHenne TOKa B COJICHOMJAX  SIBISICTCS  JIOTIOJNHHUTEIHHOM
BO3MOXXHOCTBIO JUIS JIOCTaTOYHO TOYHOM HACTPOWKM MarHUTHOTO IIOJIA
WCTOYHMKA B JTI0OOM pekimMe paboTsl. CoseHOn b TpH paboTe HCTOYHHKA B
OIP pexunme, nX MOJIOKEHUE HE MPEMATCTBYET MEPEMEIICHUI0 KpalHMX
KOJIBIIEBBIX MAarHUTOB.

Cnucok rtumepamypbl

1. http://arxiv.org/pdf/1411.0546.pdf for L. Celona, “Microwave Coupling to ECR and
Alternative Heating Methods.”.
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CHUCTEMBbI CBY IIUTAHUA UCTOYHUKOB HOHOB
HA OCHOBE 2JIEKTPOHHO-LHUKJIOTPOHHOI'O
PE3OHAHCA

Paccmotpens cymectBytomuye CBY cucreMpl IUTaHUS Pa3sIHYHBIX HICTOYHUKOB
HMOHOB Ha OCHOBE 3JIEKTPOH-IIUKIOTPOHHOTO pe3oHanca (D1IP) ¢ nenbio onpeaeneHust
ONTHMAIBHBIX TapaMeTPOB YCTpoicTB. Pa3zpaboTaHbl BO3MOXKHBIE BapHAHTHI
ucnonHenus cucremsl CBY nuranus S1P ncToOYHUKOB HOHOB. BEINOMHEHBI pacyeThl
OTJIENIBHBIX 3JIEMEHTOB pa3paboTaHHO# cuctembl CBU-nuranus.

A.V. PROKOPENKO, K.D. SMIRNOV

National Research Nuclear University MEPhI
(Moscow Engineering Physics Institute), Moscow, Russia

MICROWAVE POWER SUPPLY SYSTEMS
FOR ELECTRON-CYCLOTRON RESONANCE ION
SOURCES

The existing microwave power supply systems for various ion sources based on
electron-cyclotron resonance (ECR) are considered in order to determine the optimal
parameters of devices. Possible versions of the microwave power supply system for
ECR ion sources have been developed. The calculations of individual elements of the
developed microwave power supply system are performed.

B HacTosmee BpeMs A7 TeHEpaIUH JISTKUX U TAXKEJIBIX HOHOB IIHPOKOE
IIPUMEHEHHE TOTYYHIIN HCTOYHUKH HOHOB HAa OCHOBE IUIa3MBI, ITOJTy4YeHHOMN
B pe3ysibTaTe d3JEKTPOH-IUKIOTPOHHOTO pe3oHaHca (OLIP). Takwue
HCTOYHHKM HMOHOB 00JIaAal0T TPOCTOTOM  KOHCTPYKIIMH, BBICOKOM
HA/IeKHOCTHIO M BO3MOXHOCTBIO IIOTY4E€HHUS MHOT03aPsIAHBIX JIETKUX HOHOB.
Jnst oy4eHuss MHOTO3apsITHBIX MOHOB U YBEJIMUEHHS MX TOKa TpeOyercs
yBenmmunte vactory CBUY  komeOanwii Bo30Oyxmarommx IwiasMy. B
CYLIECTBYIOIIUX UCTOYHUKAX MOHOB TPAJUIMOHHO UCHOIB3YIOTCS YaCTOTHI
2,451T1u,9—-10ITou 14,5 I'Tyu CBY cucTeMbl MUTaHUS YTHX UCTOYHUKOB
HUMEIOT CYNIECTBEHHBIE OTJIMYMS, KaK II0 JJIEMEHTHOH 0ase, Tak W IO
CXEMaTHUYEeCKUM pelleHus M. MeHbliee pacnpocTpaHeHue noayuunu OLIP
HWCTOYHUKH MOHOB, paboTaromue Ha dactotax 18 [T u 28 I'Tu. B cBsi3u ¢
9THM, aKTyaJbHOH 3amadeil OymeT SBIATHCA aHanu3 cymecTByronmx CBY
CHCTEM NIHTAaHUS U pa3paboTKa ONTUMHU3UPOBAHHBIX CHCTeM muTaHus OLIP
HMCTOYHHKA HOHOB.
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B pabore mpoBeneno paccMmotpenue cymectBytomux CBY cuctem
nutaHus  OI[P MCTOUHMKOB HOHOB Ha OCHOBE CEMEWCTBA MCTOYHUKOB
KIE[1,2] paboratomue Ha yactoTax 9,75 — 10,25 I'i. B kadecTBe uCTOUHMKA
CBUY sHepruu ncnosnb3y0Tes yCUIINTEN! Ha Jlamnax Oerymieid BoHsl JIBB ¢
BBIXOJHOM cpenHeit MourHocThio oT 250 Bt no 750 Br. Cuctema nutanus
HCTOYHUKOB paboTaomux Ha cpemHooro dactory 14,5 TTh Ttakke
OCHOBBIBAETCS Ha JlamIie Oerymieil BOJTHBI OOJBIION cpeaHe MOITHOCTH [3].
CTpyKTypHBIE CXEMBI STHX UCTOYHUKOB UACHTHIHBI. J{JI51 TOJy9IeHUS JETKUX
HOHOB BO3MOXHO TNpuMeHATh OLIP MCTOYHMKM WOHOB paboTaromue Ha
gactote 2,45 ITm ¢ HCHONb30BaHWEM MIUPOKO PACIPOCTPAHSHHBIX
MarHeTPOHHBIX T€HEPAaTOPOB MOITHOCTHIO 710 1 KBT [4].

Pa3paborana obmias cxema cuctembl CBU muranus D[P ucrounuka
HMOHOB Ha 4YacTOTHHIN auamna3oH 8 - 12 I'TI u MakcUMalbHYIO BBIXOJHYIO
cpenntoro MoiHocTh 600 BT, BeIOMHEHHAS C UCTIOIB30BAHUEM TTOJTHOCTHIO
OTE4eCTBEHHOI 371eMeHTHOH 6a3bl. Mctounnk CBY sHepruu Oyaer cocTosTh
13 OTEeYeCTBEHHOM JjaMmbl Oerymiedl BoiHbel mpousBoacTBa AO «HIIIT
«AnmMasy, MOJyNPOBOIHUKOBOTO NPETy CUIIUTEINA, KOTOPBIH TMHEApHU3yeT 10
MOIDHOCTH Xapakrtepuctuku JIBB, © 3ajaromero mepecTpanBaeMoro
reHeparopa. BEImoHeH pacder y3i1a BBOJIa MOITHOCTH B HATHHIPHICCKYIO
pabodyto kamepy auaMeTpoM 50 MM U To100paHbI SIEMEHTHI BOTHOBOTHOTO
TpaKTa, o0ecreunBarone HaaexHOCTh cucteMbl CBY nuTanwus.

Taroke pa3zpaboTaHa YIpOIIEHHAasl CXeMa MHUTAHUS MCTOYHHKA JIETKHUX
noHoB Ha ocHoBe OILIP Ha wactote 2,45 I'T1. [ns reneparun CBY sueprun
B nuana3oHe mourHocteil ot 200 Bt g0 1 kBT mpemioxkeHo UCmoib30BaTh
ITMPOKO PaCIpPOCTPaHEHHbIE MAarHETPOHHBIE TEHEPATOPHI, HUCIOIb3yeMbIE B
MHUKPOBOJIHOBBIX IeyaxX. PerymmpoBKy MOIIHOCTH Mpeanojaraercs
BBIMOJIHATE MOJEPHU3UPOBAHHBIM HMCTOYHHKOM aHOJHOTO HAampsDKEHUS
IyTeM HM3MEHEHHEM aHOJHOro Toka. Pa3paboTaHa cuctema KOHTpOJIA 3a
napamerpamu cuctembl CBY nurtanuss DLIP ncTouHMKa MOHOB, a TakKke
MPOBEACHBl PacyeThl BOJNHOBOJHOTO IMepeXxofa ¢ TPSAMOYTOIBHOTO
BoHOBOa cedeHneM WR-340 Ha H 00pas3HbIii BONHOBOJ C BHEIIHUMH
pazmepamu 40 MM x 20 MM M BBICOKOBOJIbTHOM pa3Bsi3KH Ha HanpsikeHue 80
kB misa apdextuHO# nepenaun CBY sneprum.

Takum 00pa3oM, cO3aHbl MPOEKTHl (PPEKTUBHBIX CHCTEM IUTAHUSI
HWCTOYHHUKOB JIETKUX HOHOB Ha ocHOBe DL[P Ha wactorax 10 I'Tyu 2,45 I'Tw.

Crucox aumepamypul
1. Drentje A.G., Kitagawa A., and M. Muramatsu//IEEE Transaction on plasma science,
Vol. 36, Ne. 4,P.1502-1511.
2. Muramatsu M., Hojo S., lwata Y. and others //Rev. Sci. Instrum. 87, 02C110 (2016).
3. Biri S., Valek A., Kenéz L., and others / Review of Scientific Instruments 73 (2002)
881.
4.Xu Y, Peng S, Ren H, and others//Rev Scilnstrum. 2014 Feb;85(2):02A943.
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CHUCTEMA 3KCTPAKIIUU U @®OPMUPOBAHUSA ITYYKA JUIA
1P UCTOYHUKA HOHOB

ITpoBeneHO MOJENUPOBAHUE CUCTEMBI SKCTPAKIUK U (GOPMUPOBAHMS ITyUKa AJIs
OLP ucroynrka HOHOB ¢ padoueit yactoro 2,45 I'T1 A mOTy4eHHS IPOTOHOB U
HOHOB JByx3apsgHoro remus. J[ms (OKyCHpOBKHM TNPEUIONKEHO HCIOJIB30BaTh
NIEKTPOCTATUUECKYIO JIMH3Y. BEIONIHEHO MOJENMPOBaHNE IHHAMHUKH ITyYKOB
HpOTOHOB ¥ MOHOB He?* B skcTpakTope.

M.S. DMITRIEV, M.V. DYAKONOV
National Research Nuclear University MEPhI, Moscow, Russia

BEAM EXTRACTION AND FORMATION SYSTEM FOR
ECR ION SOURCE

The simulation of the beam extraction and formation system for ECR ion source
with the operating frequency of 2.45 GHz for producing protons and double-charged
helium ions has been carried out. It is proposed to use an electrostatic lens for the
beam focusing. The simulation of the beam dynamics of protons and He?* ions in
extractor has been conducted.

B pabore mpezacraBieHbl pe3yNabTAThl YHCIEHHOTO MOAEIUPOBAHUS
CHUCTEMBI JKCTpakiuu mydka mmsi OI[P ucrouHmka HWOHOB ¢ paboueit
yactoToit 2,45 I'T'L, mpeHa3HAYEHHOIO JIJIsl OJIy4Y€HHUs! IPOTOHOB U HOHOB
He?*. BBITIONHEHO MOIETTMPOBAHHE CHCTEMBI SKCTPAKIIMH MydYKa Ha OCHOBE
KBa3WUIIMPCOBCKOM CHCTEMBI 3JIEKTPOIOB M 3IICKTPOCTATHUECKOM JIMH3BI.
Cucrema wu3BieyeHus: U (OKYCHPOBKM HOHOB, ITIOKa3zaHHass Ha puc. 1,
IIOCTPOCHA IO aHAJIOTMU C CHCTEMOH, mpuBeneHHOH B [l1], ¢ yderom
TeOMETPHH IIIa3MEHHON KaMephl 1 MArHUTHON CHCTEMBI HCTOYHHKA.

Puc.1 Cxema skcTpakTopa: 1 — mma3sMeHHBIH JIEKTPO, 2 — U3BIIEKAIOMINi
3NEKTPOJI, 3 — AIEKTPOCTaTHUIECKast JINH3A.
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BeimonHAnace onTHUMHM3alMs MapaMeTpoB IUIA3MEHHOIO 3JIEKTPOJa,
HAaKOHEYHMKa HW3BJEKAIOIIEro JJIEKTPOAa  HKCTPAKTOpa, TIeOMETPHUHU
JIEKTPOJIOB AJIEKTPOCTATHUECKOM JIMH3BI U HANPSDKEHUH Ha 3JIEKTPOAax I10
MHUHAMYMY MUTTaHCA.

C TmoMOUIbI0 YHUCICHHOTO MOJCIMPOBAHUS MOKa3aHO, 4YTO IIpH
HaIPsDKCHUSAX Ha M3BIEKAIOIEeM dJiekTpoae 10 MuHyc 10 kB oTHOCHTEIBHO
HCTOYHUKA JJIEKTPOCTATHYECKas JTHH3a MOXKET HUCIIOIb30BAaThCS B KAYECTBE
gormepa (puc. 2).

.,]
=

=1 |

S e = ()

a) 6)
Puc. 2 TpaekTopuH IIyuka HOHOB He>*B 3KkCTpaKTOpe: a — M3BJIEKAIOLIUIA DIEKTPOT —
muHyc 10 kB, anekrpocraTiyeckas mH3a — MUHYC 2 KB, 6 — n3BIeKaronmi
anekrpon — Munyc 10 kB, anexkrpocrarnyeckas nunH3a — 3 kB.

Ha m3Bnexaromuii 1 GpOKyCHPYFOIIN 3JIEKTPOIbI IKCTPAKIIUK MOXET H
OBITh MOJAH PAX IWCKPETHBIX 3HAYCHHH ITOTCHIMANa, YTO IO3BOJSCT
MoJyd4aTh ITyYKH Kak IMPOTOHOB, TaK M JIBYX3aps/IHBIX HOHOB TeNHs.
Pe3ynpraThl ONTHMHU3alMM IAPAMETPOB OKCTPAaKTOpa Ul BBIXOJHOM
sHeprun 40 kK9B/HyKIIOH pUBeIeHbI B Ta0I. 1.

Tabn. 1
[TapameTpbl my4ka Ha BBIXOJE SKCTPAKTOPa
[Napamerp 3HaueHne
THITBI yKOPSIEMBIX YaCTHUI] p* I He?
DHeprus MOHOB, k3B <40
HopMmaini3oBaHHbIH SMUTTAHC, 0.74 138
MM*Mpaj
JwnameTp mydka, MM 8,0 8,0

Crucox iumepamypol
1. A Kitagawa et al. // Review of Scientific Instruments. 1998. Vol. 69. P. 674 — 676.

389



A.E. IINKAHOB, C.M. I1I0JIO30B, K.11. KO3JIOBCKMIA,
E.I.BOBUEHKO, A.Il. MEJIEXOB, O.B. IEPABOYKIH

Hayuonanvuwiii uccneoosamenwvckuil aoepuwiil ynueepcumem « MUDHU», Mocksa,
PO

®OPMUPOBAHHUE ITOTOKOB MOHOB JIASEPHOM ILTAZMbI
AKCHAJIBHO-CUMMETPUYHBIMU MATHUTHBIMUA
noJIsIMHN

HUccnenoBano (opMupoBaHHE ITOTOKOB HOHOB JIA3€PHOM IUTa3MbI aKCHAJIBHO-
CHMMETPUYHBIMM MAarHUTHBIMH TIOJISIMH, B YAaCTHOCTH ITOCTOSHHBIM MarHUTHBIM
noneM ¢ uHAykuuer 1o 20 MTa u 6picTpoHapacTaromuM MarHUTHBIM ojieM (BMIT)
€O CKOPOCTBIO HapacTanus uHAyKUuK 10 107 Ti/c. B pe3yibTare Bo3aeiiCTBUS TaKuX
TOJIeH Ha PACCTOSHUM ~ 2 M TIOJTy4YeHbI IIOTOKH HOHOB OEPHIUIMS AIUTEIBHOCTBIO > 5
MKC ¢ OOIIMM KOJIMYECTBOM MOHOB BCEX 3apsiiHoCTedi ~ 1012 3a uMmyiibe, 4to Ha 2
TIOpsIIKa BBIIIE, YeM IIPH IPOCTOM pasJieTe Ja3epHOI I1a3MBbL.

A.E. SHIKANOV, S.M. POLOZOV, K.I. KOZLOWSKII,

E.D.VOVCHENKO, A.P. MELEKHOV, O.V. DERYABOCHKIN
National Research Nuclear University « MEPhI», Moscow, Russia

FORMATION OF LASER PLASMA ION FLUXES BY
AXIALLY SYMMETRIC MAGNETIC FIELDS

The formation of laser plasma ion fluxes by axially symmetric magnetic fields is
studied. By applying constant magnetic field (20 mT) and rapidly growing magnetic
field (107 T/s) at plasma drifting section ~ 2 m, a pulse length of beryllium ion beam
exceeded 5 ps. The particle number of beryllium ions of all charges was about 1012
per pulse, which is two orders of magnitude higher than with a free expansion of the
laser plasma.

B pa6orte [1] amst uHxkekimuu gactuil B yckopureib RFQ uccnenoamuch
MOTOKHM MOHOB YIJIEPO/Ia U3 JIA3€PHOM I1a3Mbl, (POPMHUPYEMBIE B MATHUTHOM
[OJIE COJIEHOUA TIPH TPOTEKAHUH MOCTOSHHOTO TOKA Yepe3 ero 0OMOTKY.
TTostyueHs! IOTOKK HOHOB yriepoaa C*, C*° u C* ¢ konuuecTBoM yacTuI,
cootBercTBeHHO, 1.2x10%, 1.0x10° i 1.2x10° 1 AIUTENBLHOCTHIO UMITYJILCA
3.4 mxc g 20% OT aMIUTUTYABIL.

B nmaHHOM paboTe TPOMOUKEHO W3ydYEHHE BIHMSHHUS —PasIHIHBIX
aKCHaJbHO-CHMMETPUYHBIX MATHUTHBIX TOJIEH HA (JOPMUPOBAHHE TIOTOKOB
MOHOB JIa3€pHOM MIa3Mbl. VcciaenoBanus MpOBOIMIKMCEH C UCIOIB30BAHUEM
umiysbeHoro nasepa YAG: Nd** (Eyvae < 850 Mk, T~ 10 HC) npu aBYX
3HAUEHUSX DHEPTHH JazepHoro m3nydenus Ei = 125 mJx u Ex = 515 m/x,
YTO COOTBETCTBOBAJIO IUIOTHOCTH MOUIHOCTH B TATHE (DOKYCHPOBKH
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Bt Bt
Q=13 Xloll;BT/CMz u o=5 Xloll;BT/CMz (boxycHoe paccrosiHue

smn3bl f = 75 Mm). JTasepHbIii Ty40K HANPABJIAJIC Ha MULIEHB MO yriiom 30°
10 OTHOIICHHUIO K €¢ HOpMaIu. MUIICHb ITIOMEIIANach B BaKyyMHYIO KaMepy
¢ pabounm pasnennem =~ 1076 Topp.

JlmnHa mpoJtleTHOTO KaHana, paBHas 1650 MM, obecrieunBaia pacTsHKeHUE
JUTUTEIBHOCTH MMITYJIbCA HOHHOTO TOTOKA. [IJIs1 yMEHBIIEHHS MOTEPh HPH
pPacHpoCTpaHEHNH WMOHHOTO ITyYKa HPHUMEHSIOCH IOCTOSTHHOE MarHWTHOE
T10JIe, KOTOPOE CO3/1aBAJIOCh C IIOMOIIBIO COeHOU 1. II0CTOSIHHBII TOK B €10
oO0MoTke BappupoBajics B wuHTepBase 0+20 A, 9YTo NPUBOAWUIO K
COOTBETCTBYIOIIEMY H3MeHeHUI0 MarHuTHoro moyist B = 0+14.6 mTn. [Ipu
3TOM C POCTOM IOJSI HAOIIONAIIOCH YBEIWYEHHE TUTEIBHOCTH HMOHHOTO
myuyka oT 2.0 go 4.8 MKC, a KOJMYECTBO HOHOB Ha KOJUIEKTOpE,
YCTaHOBJIEHHOM B KOHIIE TIPOJIETHOTO KaHalla, yBelIuauiIock ot 3.4 x10 no
2.3 x10%,

Kpome noctosiuHoro maraursoro noss (IIMII) uccienosanock BIusHIE
Ha TPAHCIOPT Iy4yka ObICTpOHApacTaromiero MarHutHoro moisi (BMII)
KkoHycHOH katymku [2]. [Ipu coBmectHoM npumenenuu IIMIT u BMII uncno
MOHOB Ha KOJUIEKTOpe JjocTurio Bemuumubl 1.4 x10%. Kpome Toro,
npumenerre BMII mo3Bonuio yBenmauTh OOIIYIO JUINTEIbHOCTh UMITYJIbCA.
OO0o0OmIeHHBIE PE3YNbTaThl KOJUICKTOPHBIX M3MEPEHHH NpEACTABICHBI Ha
pHc. 1 ¥ COOTBETCTBYIOT POBEACHHBIM TEOPETHIECKUM PACUETaM.

V.B

Puc.1. Cursansl ¢ KOJIJIEKTOpa HOHOB
a) 6e3 MarHUTHOTO TIOJIS;
6) ¢ [IMII conenoua;
B) ¢ [IMII conenonna u BMIIT
KaTYIIKH

Pe3ynbTaThl IPOBEAEHHBIX AKCIIEPUMEHTOB MO3BOJISTIOT PACCYUTHIBATD Ha
3¢ QeKTUBHOE TPUMEHEHHE JaHHOTO MeToJa (OPMUPOBAHHS HOHHBIX
MOTOKOB JIa3€pHOW IIa3Mbl B 33/lauaX HWHXEKUUH YacTHI] JIMHEHHBIX
PE30HAHCHBIX YCKOPHUTEIeH HOHOB.

Crucox aumepamypul
1. Laser ion source with solenoid field / Takeshi Kanesue [et al.] // Applied Physics Letters.
—2014. - Vol. 105(19).
2. A. lIsaev, K. Kozlovskiy, A. Shikanov and E. Vovchenko. IOP Conf. Series: Journal of
Physics: Conf. Series 941 (2017) 012016, doi:10.1088/1742-6596/941/1/012016
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BOJIHOBO/IHBI PA3PBIB I10 NOCTOsSIHHOMY TOKY IJIA
9P HICTOYHUKA NOHOB C PABOYEN YACTOTOM 245 T

Ha ocnose mpsimoyronpHoro BonHoBoga WR-340 pa3paboTaH BOJIHOBOIHBII
Pa3pbIB 1O MOCTOSTHHOMY TOKY A1t cucteMbl CBY nutanus D1P uctoyHrka HOHOB,
paccuuTaHHbl Ha mocTOsHHOe HampspkeHue 80 kB. Pesynbrarel 4HCIEHHOTO
MOJICTIMPOBAaHMS IIOKAa3bIBAIOT HH3KHME TIOTEPH MOIIHOCTH B OKpYXKalolee
MIPOCTPAHCTBO M BBICOKOE 3HaUeHHE K03 (HUIMEHTa Iepeaayu.

M.S. DMITRIEV, M.V. DYAKONOQV, S.A. TUMANOV

National Research Nuclear University MEPhI, Moscow, Russia

DC BREAK DESIGN FOR 2,45 GHZ ECRIS

A DC break at 80 kV for the ECRIS microwave power system is suggested to be
based on a rectangular waveguide WR-340. The results of numerical simulation are
found to reveal the low power loss in the surrounding space as well as the high gain.

Jst mosmy4eHust MOHHBIX MTyYKOB 4acTO UCnonb3ytores: D[P ncrounuku,
paborarorue Ha gactote 2,45 I'T'm. D1P ncTouynnk 0OBIYHO PACIIONOKEH Ha
iaTdopme, HaX O IAIIEHCS IO/ BBICOKHM JIEKTPHUECKUM NOTEHIIHATIOM, YTO
CHIIBHO OCJIOXKHSET €ro JKCIUIyaTaluio, OOCIy)XKHBaHWE W KOHTPOJIb
mapameTpoB. Pemennem atux mpo6Giiem Oyzer pazmenienre CBY rereparopa
U OCHOBHBIX y37m0B cucreMbl CBY mnuTanus BHE BBICOKOBOJIBTHOM
miatgopmel cucteMbl. [lpu stom mns mepenadu CBY momHOCTH B
IUTa3MEHHYI0 KaMepy HMCTOYHHMKA HCTIOJIB3YEeTCS BOJHOBOIHBIN pa3phIB IO
nocrosaaoMy TOKy (DC break), wurparommii pomb H30IATOpa MEKIY
BBICOKOBOJIBTHOM MIaT)OpMOii, Ha KOTOPOI! pacronaraeTcsi MICTOUHHUK HOHOB
u regeparopoM CBY MoIIHOCTH, KOTOPBIH BBITOTHO PACTIOIOKUTH Ha 3eMIIE.
Pacnonoxxenne wucrounnka CBY MomHOCTH M APYTHX YHPaBISIEMBIX
YCTpOMCTB 1O/ MOTEHIMAJIOM 3€MJIHM IO3BOJISIET OOJIErdMTh HACTPOHKY U
ynpasienne CBY Tpaktom. B Takoil KoHdurypammm ympomaercs
MOJyYeHHE TEIEMETPUU C JaTYMKOB U YIPABICHHUE MapaMEeTPAMU CUCTEMBI
CBY nuTaHus UCTOYHUKA.

Ilpu paspabotke DC break nomxHbl OBITH peIICHBI CIEAYIOLINE
ocHoBHbIe 3a1aun. DC break nomken obecreunBaTh HaACKHYIO H3OISIIHIO
OT BBICOKOTO HANpPsDKEHUS, MPUI0KEHHOTO K BBICOKOBOJIFTHOH Iiatdopme
Ha KOTOpO# pacmoyioxed DLIP NCTOYHMK, NMETh MHHUMAIEHOE OTPaXKCHUE
nepenaBaeMoii CBU MOITHOCTH ¥ MMETh MUHMMAJIHHO BO3MOYKHBIN BBIXO]T
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CBY wu3nydeHHs B OKpY’KarolIUe NPOCTPAHCTBO, YTO OOECIEYHBAET
BO3MOXKHOCTh 0€e301acHON paboThl ¢ 000PYJOBaHUEM IIPH €r0 HACTPOHKE U
oOcnyxuBanui [1].

Hanpspkenune, 1mox KOTOPHIM HaXOJHUTCST BBICOKOBOJIBTHAsS ILIaTdopma
HCTOYHMKA, TPeOyeT OTKa3aThCsl OT MCHOJB30BAHUS BO3YIIHOTO 3a30pa B
KayecTBE M30JATOpAa W TIOJHOCTBIO TIEPEKPHITH CEUCHHE BOJHOBOJA
JIUAJIEKTPUKOM C BBICOKOM 3JICKTPHUUECKON MPOYHOCTHIO. J{U3neKkTpudeckast
IUTACTHHA,  PACMOJOXEHHass B  CEUYCHHMH  BOJHOBOJA,  BEI3BIBACT
CcKagKo00pa3HOoe H3MEHEHHE BOIHOBOTO conpotuBieHus B CBY Tpakre, 9To
B CBOIO odepeap MNpUBOIUT K oTpakeHnto CBY MommHocTH. OTH
00CTOSATENBECTBA HANATAIOT HPOTHBOpPEYAIINE IPYT APYTy TpeOOBaHHA K
JUAJICKTPUKY, BRICTYIAIOIIEMY u3oystopoM B DC break.

Paspabortannas umcnennas moxaens DC break mpexacraBmser coboit
MOJU(UKAIMIO JPOCCETBHOTO COCJMHEHUS] BOJHOBOAOB. JIBa oTpe3ka
BOJIHOBOZIa cedeHueM 86x43 MM ¢ KpyriibiMu (ianiamu quamerpom 200 Mm
HUMEIOT Pa3pblB  CHELMAIBHON (OPMBI, 3alOJIHEHHBIH  H30JSTOPOM.
PaccMOTpeHBI HECKOIBKO BAPHAHTOB U30JISITOPOB, BBHITIOJIHEHHBIX U3 OKCHJIA
amomunus 1 ¢roporutacta. Oqun u3 BapuaHtoB koHctpykiuu DC break,
YIOBJIETBOPSIOMNN O000OMM yKa3aHHBIM TpeOOBaHWSAM, TOKa3aH Ha puc. 1,
3aBHCHUMOCTH KO3 GUIHEHTa ITepeadd OT YacTOTHl — Ha pHC. 2.

Puc. 1 Pacuetnas monens DC Puc. 2 3aBrcuMoOCTb KOS(I)@)I/IL[PICHT&
break rnepengavu OT 4acTOThI
Jlnst Bcex pacemoTtpennbix BapuantoB DC Break, cormacHo pesysbraram

pacdera, TapaHTHPOBAHHOE pPaCCTOSHUE, Ha KOTOpoM IuIOTHOCTH CBY-
u3JydeHus He npesbimaer 10 MkBT/cM%, cOOTBETCTBYIONIEE AEHCTBYHOIMM
caHuTapHbM HopMaM [I/1Y 3neKkTpoMarHUTHBIX MoJied Ha pabodnx MecTax
mons3oBareneit  IIK  cormacno CanlluH 2.2.4.3359-16 «CanurapHo-
sMHAEeMHONIOTHYeckre TpeboBaHuA K ¢u3ndecknuM (akropaMm Ha paboumx
MECTax», COCTaBIsET 1 M.

Cnucok rumepamypbol

1. https://www.Ins.infn.it/~agnello/scambio/rep20132014/E_lon%20sources%20&%20acc
elerators/E74_LEONARDI_waveguide%20DC-BREAK_2.45GHz.pdf.
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CO3JIAHME TIPOTOTHIIA PACITPEJIEJIEHHOM
YIIPABJISIFOILIE CUCTEMBI U151 YCKOPUTEJIEM
3APSKEHHBIX YACTHUL] HA OCHOBE MUKPOCEPBUCHOM
APXUTEKTYPbI

B nmaHHONM crTaThe ONMCHIBAETCA CO3JAHHUE IPOTOTUIA PACHPENCIEHHOU
ynpasistomeii cuctemel (PCY) mns yckoputeneidl Ha OCHOBE MHKpPOCEPBHCHOM
apxuTekTypbl. B nannoit PCY wncmonp3yercst 6a3a TaHHBIX BPEMEHHBIX PSIOB B
KavecTBE OCHOBHOT'O XPaHIJIHIIA, YTO 00eCIIeYNBAET BEICOKYIO IPOU3BOJUTEIHHOCTD
CHCTEMBI IIPU COXPAaHEHHUH IKCIIEPUMEHTAIBHBIX JaHHBIX. JIJIsl IPOBEPKH BEIOPaHHBIX
pelIeHnH, CO3AaHHbBII MPOTOTHII Pa3BEpHYT Ha TshKEIOHMOHHOM yckoputene (THUIIp-
1) mns KOHTpOINS, B YAaCTHOCTH, 32 BaKyyMHOH CHCTEMOH yCTaHOBKH. B craTbe
MIPUBEICHB! PEe3ybTaThl aHaIM3a METPUK Ha ITPUMEpe IMapaMeTpoB BaKyyMHOH
CHCTEMBI, BAPHAHTHI IEPCOHANN30BAaHHBIX NT0JIb30BATEILCKUX HHTEP(HEHCOB, a TaKKe
LUKJIOrpaMMbl paboTel sneMentoB PCY. IlomMumo 3TOro, B CTaThe paccMOTpEH
BapHaHT COBMECTHMOCTH C TAKUMHU cUCTeMaMH aucrierdepckoro kontpoist (SCADA
cucremamn) kak TANGO Controls. Taxxke paccMOTpeHBI Takne TEXHHYECKHE
nmapaMeTpbl Kak OBICTpopeiicTBHe M paboTa B YCIOBHSX BBICOKOM Harpy3kd Ha
xpaHmnmnie pazBepHyToit PCY. C yd4eToM paccCMOTPEHHBIX XapaKTEPHCTHK JeIaeTCs
BBIBOJ] O TIEPCIIEKTHBAX MCIONB30BAHMS JAHHON CHCTEMBI M TOAX0/a K MOCTPOESHHIO
CHCTEM KOHTPOJIS TSl yCKOPHTENeH, B 9aCTHOCTH ISt pa3pabaTeiBaeéMOro HCTOYHHKA
CHHXPOTPOHHOTO M3IIy4eHHs Ha OCHOBE KOJIBIIEBOTO CHHXpOTpoHa Ha 6 3B B pamkax
MIPOTPaMMBI «Pa3BUTHS CHHXPOTPOHHO-HEHTPOHHBIX HCCIECIOBAHHID).

M.S. SARATOVSKIKH, A.YU. ORLOV, S.V. BARABIN,

D.A. LIAKIN, T.V. KULEVOY
NRC «Kurchatov Institutey - ITEP, Moscow, Russia, NRC «Kurchatov Institutey,
Moscow, Russia

DISTRIBUTED CONTROL SYSTEM PROTOTYPE
DEVELOPMENT FOR PARTICLE ACCELERATORS BASED
ON MICROSERVICE ARCHITECTURE.

This article describes how to prototype a distributed control system (DCS) for
accelerators based on a microservice architecture. This DCF uses a time series
database as the main storage, which ensures high system performance while
maintaining experimental data. To test the selected solutions, the created prototype
was deployed on a heavy ion accelerator (TIPr-1) to control, in particular, the vacuum
system of the installation. The article presents the results of the analysis of metrics on
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the example of the parameters of the vacuum system, options for personalized user
interfaces, as well as the cyclograms of the operation of DCS elements. In addition,
the article discusses the option of compatibility with such dispatch control systems
(SCADA systems) as TANGO Controls. Also considered are such technical
parameters as speed and operation under high load on the storage of the deployed
DCS. Taking into account the characteristics considered, a conclusion is made about
the prospects of using this system and an approach to constructing control systems for
accelerators, in particular, for the developed synchrotron radiation source based on a
6 GeV ring synchrotron within the framework of the program "for the development
of synchrotron-neutron research™

OCHOBHOH HENBI0 PACIpEeIeHHON CHCTEMBbl YIPaBICHUS SBIAETCA
npepocTaBiieHne MH(OPMALUK OIepaTopy yCTaHOBKH (y3Jla YCTaHOBKH)
Habopa wWHGpOpPMAMK B TOHITHOM U HAaDIAIHOM BHIC H 00BeMe,
JOCTAaTOYHOM /JJIs1 IOHUMaHUS COCTOAHUA 3KCHepI/IMeHTaHLHOﬁ YCTaHOBKH U
MIPOBOUMBIX Ha Hel pabortax. OmepaTOpCKUil KOHTPOJIb pPealn3yeT T.H.
MEIJICHHOE YTPaBJICHUE - CIICHAPHOE YIPABICHHE PEXUMaMH YCTaHOBKU
IpU TPOBENCHUH IUIAHOBBEIX M OKCHEPUMEHTANbHBIX pabor. Ilpm
TIPOU3BEICHNH OIEpPalliii OIepPaTOpCKOT0 KOHTPOJSA, Y3JIBl YCTAaHOBKU
COO0IIAIOT O Pe3yIbTaTaX H3MEHEHHS CBOCTO COCTOSHIUS IO 00paTHOU CBS3H,
YTO TMO3BOJIIET ONPEACTATh COCTOSHHE (BU3NUECKOW YCTAHOBKH B PEKHAME
peanbpHOro BpemeHH. JIi00as sKcliepUMEHTalbHasi yCTaHOBKA, OCOOCHHO,
MacitaboB paspadarsiBacmoit UICCH-4 siBisieTCSI KOMILICKCOM Pa3IMYHbBIX
Y3JI0B U1 TPOBCIACHUSA HE3aBUCHUMBIX pa60T Pa3HbIMU KOMaHAaMH1 YUYCHBIX.
IMpu sTOM KaxIblid y3€1 MO OTHENBHOCTH W (U3MYECKas yCTAaHOBKA B
COBOKYITHOCTH - Ha60p HC3aBUCHUMBIX CHUCTEM, TaKHX KaK BaKyyMHasd
CcHUCTeMa, CHCTeMa YIpAaBICHUS TOBOPOTHBIMH MAarHHTaMH, CHUCTEMa
KOHTPOJIS HaXOXKACHHUS TEPCOHANa Ha TEPPUTOPUU U T.A. B CBsI3M ¢ 3THM
pa3pabaTbIiBacMasi CHUCTEMa YIPAaBICHUS CTPOHUTCS B paMKaxX apXHTEKTYPHI
MHUKPOCEPBHACOB - COBOKYITHOCTH HE3aBUCHMBIX IPOTPAMMHEIX —CIyXO0
(cepBHCOB), OTBEYAOMINX IT0 OTMICIIEHOCTH 33 CBOIO CHEIU(UICCKYIO 3a/1a9y
(HampuMep - KOHTPOJb BAaKyyMHOH CHCTEeMBI). Pe3yipTaThl IpUMEHEHUS
MUKDPOCEPBUCHOH ~ apXUTEKTypbl Ha IPUMEpPE NPOTOTUIIA CUCTEMBbI
yIpaBJICHUS TSAYKEJIOUOHHBIM YCKOpUTEIEM (THUTIIp-1)
IIPOAEMOHCTPHUPOBAIIO obecrieueHne MacImTabupyeMOCTH u
OTKa30yCTOMYMBOCTH CHUCTEMBI 3a CYET HE3aBHCHMOTO  Pa3BEPTHIBAHUS
CITyK0 KOHTPOJIS 32 Pa3INIHBIMU y3JIaMHU.

Crucox iumepamypol
1. https://martinfowler.com/articles/microservices.html
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PACYET IAPAMETPOB CHHXPOTPOHHOI'O U3JIYYEHHS U
®OTOCTUMYJIMPOBAHHO¥ IECOPBIINHA

PaccmarpuBaloTcss OCHOBHBIE MOAXOBI K MOJEIHPOBAHMIO, OLIEHKE TMOTOKA U
MOIIHOCTU 3TOTO HU3JIy4YeHHs, NMAJalollero Ha MOBEPXHOCTh BaKyyMHOH KaMepsl
HCTOYHHUKA CHHXPOTPOHHOTO W3IydeHHs. lcciemoBaHue IPOBOAUTCS METOAOM
MownTe-Kapio ¢ momounisio porpammsl Synrad-+. [IpiBosTCS 0COOCHHOCTH pacyeTa
ra30BBIX HArpy3oK, BBI3BAHHBIX OOJyYeHHEM CTEHOK BAaKyyMHBIX Kamep. JlaHbl
npuMepsl pacdera MOIMHOCTH CH, HOITIOLIEHHON 3JI€MEHTaMU HaKOIUTEIbHOIO
KOJIbIIa HCTOYHNKA CHHXPOTPOHHOTO M3ITyUCHUSL.

V.S. DYUBKOV?*?, A'S. PANISHEV?, S.M. POLOZOV*2,
V.L. SHATOKHIN'?

INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2National Research Center «Kurchatov Institute», Moscow, Russia

CALCULATION OF SYNCHROTRON RADIATION AND
PHOTOSTIMULATED DESORPTION

The main approaches to the Monte Carlo simulation for synchrotron radiation and
the evaluation of its flux and power acting on the surface of the vacuum chamber of
the synchrotron light source are considered. Simulations were done by the Synrad+
program. The calculation properties of gas loads caused by irradiation of the walls of
vacuum chambers are presented. Results of the SR power simulation absorbed by the
storage ring elements are given.

JUis u3ydeHns B3aMMOCBSI3M BO3HHKAIOIIMX HM3MEHEHMH B MapaMeTpax
cuaXxporpoHHoro wu3nmydeHuss (CH) c¢ tpebGoBaHMsAMH K IapaMeTpam
nornoruresieit CU paccMOTpeHbI TIOAXOABI K ONIPEAETICHUI0 XapaKTePHCTHK
MOTOKA U3IY4YEeHHUsI B HAKOMUTENBbHOM KoJblie ucrounuka CU. C 3toif nensto
N3y4eHbl BO3MOXKHOCTM IporpaMmHoro wmoxaynst SynRad+ u  ero
COBMECTHOTO HCIIOJIb30BaHusl ¢ mnakeroM Molflow+ s 4ucieHHOTO
MOJICIMPOBAHMS BAaKyyMHBIX CHCTEM YCKOPHTEIBHBIX KOMIUIEKCOB [l].
Synrad+[2] - mnporpamma i1 onpexaenenus mnapamerpos CH  (mmortok
W3IY9YEHNs, MOIIHOCTh, CIIEKTpP), MaJAIONIero Ha CTEHKH KaMep MEeTOIOM
Mounte-Kapio. OHa BEIYUCIAET TpaeKTOPUH (HOTOHOB AJIS pacueTa MOTOKa U
pactpeneneHiue MOIIHOCTH CHHXPOTPOHHOTO HW3IYYEHHS, MAJafomiero Ha
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MMOBEPXHOCTh. VICIONBb30BaHME NAHHON MPOrpaMMbl B OJHOM MaKeTe C
Molflow+, mo3BoyiseT mepeBecTH ToMydeHHoe pacnpenencaue CU B
ra30BbIi MOTOK JECOPOLMU C BHYTPCHHEH MOBEPXHOCTH. TakuM oOpasom,
MOXXHO OTCICIUTh BIMSHUC WM3MCHCHHIA IapaMETPOB TEOMETPHH U
ONTUYECKOI CUCTEMBI HAa YPOBCHb BaKyyMa B IIPOCKTUPYEMOM YCTaHOBKE.

s ygacTka OZHOTO MepHo/Ia HAKOMUTEIHHOTO Koibla ucrogHnka CU
ESRF-EBS [3] Obu10 cMOAETUPOBAHO CHHXPOTPOHHOE M3IIyYCHHE ITydKa
QJIEKTPOHOB ¥ BHINIOJNHEH pacdeT (OTOCTHMYIMPOBAHHON JecopOmnuu.
HUccrenoBanocs Bnustaus MomtHOCTH CH MOJIYyYeHHOT0 HA 3TOM yYacTKe, Ha
ra30BBIJICIICHHE TTOTJIOTHTENCH ATOTo ydacTka. Mcmons3ys OpticsBuilder [4],
B pacyeTHOM MojeH OblIa 3aaHa KOH(GUTYpPaIis MarHUTHOW CTPYKTYPHI B
BHJIC TOCJICIOBATCIBPHOCTH MArHUTHBIX JJIEMCHTOB U YYacTKOB npeiida.
CUHXpPOTPOHHOE H3JIy4YE€HHE TI'eHEPUPOBAJIOCh IYYKOM OJIIEKTPOHOB C
sHeprueit 6 I»B u Ttoxom 200 MA. [na Bcex mnormorureneit CHU,
PAacIoI0KEHHBIX Ha BHIOPaHHOM ydyacTkKe, ObUIO HOJyYeHO paclpeieieHue
nornomeHHoro mnoroka CH. IInoTHOCTH IOTJIOIIAeMONH  MOIIHOCTH
cocraswia o 160 Br/cM?, a Ha oTaenbHbIe abcopOephl NPUXOAMIIO 10 278
Bt. Pesynprartel pacuera mamaromero CH ObUTM 3KCHOPTHPOBAHBI W3
Synrad+ B Molflow+, B pe3ynbprare 3TOro OBUTH BBIYMCICHBI 3HAYCHUS
CTUMYJIMPOBAHHOM JeCOpPOIMK ¢ TOBEPXHOCTH abcopOepoB it 10361 100
A-4. YpoBeHb Ta30BBIIENEHHs ITUX MOBepXHOCTel coctasmn 8-108 6-107
MO6ap-1/c/cM2, Torma Kak ypOBEHb IIOTOKOB AECOPOIMH ISl OCTadbHBIX
y4acTkoB Kamep Obun pasen 101 mbap-n/c/cm?. IlonydeHHbIE 3HAYEHHS
ObUTM TPOAHAIM3UPOBAHBI, MYyTEM CpPaBHEHHS C 3KCICPUMEHTAILHBIMHU
JTAHHBIMH.

B pe3ynbraTe BBITOJHEHHOTO MCCIEAOBaHMA OblIa MOJyuyeHa METOANKA
pacueta nmapameTpoB CH u GoTOCTHMYNIHPOBAHHOMN 1€COPOIUMH UCTIONb3YS
meron Monrte-Kapno. CpaBHeHHE C OSKCIIEPUMEHTAILHBIMH JTaHHBIMH
ITOKAa3aJi0 BO3MOXXHOCTh €€ IpUMEHEeHNs I yueTa BiustHus CH Ha pesKuMbl
paboTHl PU3NUECKUX YCTAHOBOK, YTO OyIET MCIIOIB30BAHO B JalTbHEHIITHX
pabotax mo mpoekry co3manus umctounmka CU B HULL «KypuaroBckwmii
HHCTUTYTY.

Cnucox aumepamypbi

1. Recent developments of Monte-Carlo codes MolFlow+ and SynRad+. M. Ady, R.
Kersevan. 10th Int. Particle Accelerator Conf., Melbourne, Australia - doi:10.18429/JACoW-
IPAC2019-TUPMPO037.
http://accelconf.web.cern.ch/AccelConf/ipac2019/papers/tupmp037.pdf

2. Synrad+ A Monte-Carlo Simulator package developed at
CERN/https://molflow.web.cern.ch/content/about-molflow.

3. ESRF Upgrade Programme Phase Il (2015-2022) - “EBS Storage Ring Technical
Report”. -2018.

4. OpticsBuilder documentation. https://molflow.web.cern.ch/content/opticsbuilder-
documentation.
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C.B. KYIAEB, P. ATYCTCCOH, P. BEPPU, C. BYUIE,

A.}10. CMHUPHOB
RadiaBeam Technologies, LLC, Santa Monica, CA 90404, USA

YCKOPUTEJIA JIEKTPOHOB V151 3BAMEHbI
PAJIMOAKTUBHBIX UCTOYHUKOB N3JTYYEHUS

Paaron30Tonsl BIUIOTH IO HACTOSIIIIETO BPEMEHU SBIIIIOTCS OJHAM U3 Hamboee
HCIIOJIb3yEeMbIX MCTOYHHKOB raMMa-H3IydeHus. [1omynsapHOCTh TaKUX HCTOYHHUKOB
00BACHACTCS KOMITAKTHOCTBIO, JELIICBU3HOW M YHCTOTOW SHEPTeTHUECKOTO CIIEKTpa
n3nydeHus. Tem He MeHee, COBpeMeHHas TeHAeHUHWs, 3aganHas MAIATO,
HampaBlieHa Ha 3aMEHY TaKMX HCTOYHHKOB ajJbTEPHATHBHBIMH TEXHOJOTHAMH, B
CBSI3U C PUCKOM aBapHii, yTEUEK WM UX HEJETalbHOTO HCIOJIB30BaHus. B kadecTBe
3aMCHBI PaJMOAKTUBHBIX HCTOYHUKOB MOJKHO HCIIOJIE30BaTh TOPMO3HOE H3IYYCHUE,
MOJy9aeMOoe C MOMOIIBIO YCKOPUTEIIEH 37eKTpoHOB. OTHAKO IS TOTO, YTOOBI CTaTh
aJICKBaTHOM 3aMEHOM paJMOU30TONAaM, YCKOPHUTEIH JOJDKHBI UMETh CPAaBHHUMBIC C
HUMH BEC, pa3Mephl H CTOMMOCTh. B maHHOM nokiane OyAyT MpoAeMOHCTPHPOBAH
psAn yckopurenei, paspabarpiBaeMbix B koMnanuu RadiaBeam Technologies mms
3aMeHBI TaKUX paaron3oTonos kak Co-57, Se-75, Cs-136, 1r-192 u Co-60.

S.V. KUTSAEV, R. AGUSTSSON, R. BERRY, S. BOUCHER,

A.YU. SMIRNOV
RadiaBeam Technologies, LLC, Santa Monica, CA 90404, USA

ELECTRON ACCELERATORS FOR RADIOACTIVE
RADIATION SOURCES REPLACEMENT

Radioisotopes are still one of the most widely used sources of gamma radiation.
The popularity of such sources is explained by the compactness, low cost and purity
of the energy spectrum of the radiation. However, the current trend pursued by the
IAEA is to replace such sources with alternative technologies, due to the risk of
accidents, deferrals, or their illegal use. One way of such replacement is to use a
Bremsstrahlung produced by electron accelerators. However, in order to become an
adequate substitute for radioisotopes, accelerators must be of comparable weight, size
and cost. In this talk we will present a number of accelerators being developed by
RadiaBeam Technologies to replace radioisotopes such as Co-57, Se-75, Cs-136, Ir-
192 and Co-60.
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O IPUMEHEHUY CUJILHOTOYHbBIX DJIEKTPOHHbBIX
MYUYKOB JIJ151 UCCJIEJOBAHUSI CTOMKOCTH
KOHCTPYKIIMOHHBIX MATEPHUAJIOB /U151 ITIEPBOM
CTEHKH ILTASMEHHBIX YCTAHOBOK ITPH MOIIHBIX
UMITYJIbCHBIX HAT'PY3KAX

IpoBeneno 9KCIEPUMEHTAIBHOE HCCIIeJOBaHNUE CTOHKOCTH
MoJMKpUcTAIImYeckoro Bosbgpama (Goodfellow) u ¢deppurHO-MapTEeHCUTHON
kopposuoHHocToiikol cramu OK-181 (Pycdep) k MOIIHOMY HMITyJIBCHOMY
Bo3zaeiicTBrio. O0IydeHne 00pa3oB MPOBOIUIOCEH yYKAMH 3JICKTPOHOB C SHEPTHEH
~ 100 I 3a UMIyJIbC, UIMTEIBHOCTE KOTOpPOro coctaisiia 100 HE 1Mo moyBEICOTE.
B pabore mpencraBieHBl pe3ysbTaThl AKCIEPHUMEHTOB IPU Pa3IMYHOM YpPOBHE
HarpyeHus o6pa3noB. ITocTpoeHB! 3aBHCMMOCTH YOBUIM MAacChl OT KOJHYECTBa
BO3ACHCTBUHN 3JIEKTPOHHOIO Iydka. IIpoBeeHO MUKPOCKOIMYECKOE HCCIIEOBAHUE
00Ty4eHHBIX 00pa3IoB.

N.P. BOBYR?, E.D. KAZAKOV?*? D.I. KRUTIKOV?, A A
KURILO!, M.YU. ORLOV?, AV. SPITSYN!, M.G.
STRIZHAKOWV!

National Research Center “Kurchatov Institute”, Moscow, Russia
National Research University MPEI, Moscow, Russia

ON THE APPLICATION OF HIGH-CURRENT ELECTRON
BEAMS TO STUDY THE STABILITY OF CONSTRUCTION
MATERIALS FOR THE FIRST WALL OF PLASMA
INSTALLATIONS UNDER POWERFUL PULSE IMPACT

An experimental study of the resistance of polycrystalline tungsten (Goodfellow)
and ferrite-martensitic corrosion-resistant steel EK-181 (Rusfer) to a powerful
impulse effect has been carried out. The samples were irradiated by electron beams
with an energy of ~ 100 J per pulse, the duration of which was 100 ns FWHM. The
paper presents the results of experiments at different loading levels of the samples.
The dependences of the mass loss on the number of impacts of the electron beam are
plotted. A microscopic study of irradiated samples was carried out.
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OmHOIt W3 BaXHBIX IPOOJEM MpPU TPOBEACHHHM IUIA3MEHHBIX
9KCIIEPUMEHTOB Ha MOIIHBIX JIAOOpaTOPHBIX YCTaHOBKAX  SIBISIETCS
NIPEA0TBPALCHUE MOTalaHKsl TOpsUeii M1a3Mbl U CHIIBHOTOYHBIX ITyYKOB Ha
NepBYI0 CTEHKY BaKyyMHOW Kamepbl. B HacTosiee BpeMsi mpojenaHa
orpoMHasi paboTa Mo OTpabOTKEe CHUCTeM OOPAaTHOW CBS3U, MO3BOJIIOLIMX
n30exaTh Takol cutyanyu [ 1, 2], oAHAKO TOTHOCTHIO UCKITIOYATh € HeIb3s.
B cBsi3u ¢ 3TUM KpaifHe BayKHBIM SIBIISICTCS] TIOHUMAHKUE TOTO, KaK TOBEIYT
cebs Marepuanbl CTEHOK BaKyyMHOW KaMephl TIpPH BBIIEICHHH Ha WX
MTOBEPXHOCTH OOJIBIINX TIOTOKOB HEPTHH, BILIOTH 110 coTeH k. Ha ceromns
CyIIECTBYeT MHOXECTBO  YCTaHOBOK, IIO3BOJIIIONINX  HCCJIEIOBAThH
B3aMMOJEHCTBHE IUTa3MBl M MYYKOB TSDKEJBIX 3apsDKEHHBIX YaCTHIl C
pa3IM4yHBIME MatepuaiamMu [3]. B To ke Bpems, IKCIEPHUMEHTOB IO
B3aHMOZ[eﬁCTBHIO QJICKTPOHHBIX ITYYKOB C KOHCTPYKIIMOHHBIMU
mMmarepuajlaMu HE CIIMIIKOM MHOI'0, XOTd BOIIPOC MOXKET OBITHL BeChbMa
akTyanbHbIM. OCOOEGHHO B CBETE TOTO, YTO B Psijie IUIa3MEHHBIX IPOLIECCOB
MOTYT BO3HUKaTh MYYKH «yOerarommux» 3JIEKTPOHOB, IEPEHOCALINX
3HAYUTEIJILHBIN TOK, @ COOTBECTCTBCHHO, YI'DOXKAIOINX COXPAHHOCTU CTCHOK
BaKyyMHOW KaMepHI.

CyIecTBeHHBIM TIPEHMYIIECTBOM YCTaHOBKH «Kanbpmapy sBiseTcs
BO3MOKHOCTh M3MEHCHHS IapaMeTPOB 3JICKTPOHHOTO ITyYKa B IIHPOKOM
mnanazone (W = 40 — 1500 JIx/cM? Ha TOBEPXHOCTH MHIIEHH), IIUPOKUH
Ha0Op IHWAarHOCTHK, IMO3BOJIIOIIMN JOCTaTOYHO TOYHO OIPEICIATh
napameTpbl B3aUMOJICHCTBHS My4Ka ¢ 00pa3lioM, a TaKKe PeruCTPUpOBaTh
pasn€T mia3Mel ¢ MOBEPXHOCTH 00IydaeMoro obpasma [4, 5].

IIpoBeneHBl cepuM OSKCIEPHUMEHTOB Ui OOpa3loB JABYX THIIOB:
noJMKpUCTajuIMueckoro  Boibdpama  (Goodfellow) wu  deppurHo-
MapTeHCUTHON Koppo3uoHHocToiikoi cranu DK-181 (Pycdep). Obpasipt
obayuanucsk 1, 3, 6 u 10 pa3 npu cpeaHeit sHEPruu B uMIyibce nopsiaka 100
Ix. Tlocnme o6mydeHns: MPOBOAMIOCH MHKPOCKOIIMUECKOE MCCIEOBAHHUE, a
TaKXKe BBITIOJHEH KOJMYECTBEHHBIN YHEPTOANCIICPCHOHHBIA PEHTTEHOBCKHI
MHUKpOAHaJIN3 MOBEPXHOCTH 00pa3moB. HarissgHo mpoaeMOHCTPUPOBAHO,
YTO KAaTOABl JOJDKHBI OBITh BBIIONHEHBI W3 IUIOXO PaCHBUISIEMBIX
MaTepuainoB. [lokazaHo, 94TO Mpu OONBIIMX HArpy3kax BoJb(paM HaYHHACT
aKTMBHO pPAaCTPECKHMBAThCS, B TO BpeMs, KaK Ha CTajdd BO3HHKAIOIIUE
TPELIMHBI B OCHOBHOM 3aIlJIaBIISIFOTCSI.

Pabota BemonHeHa npu moaaepkke HUL «KypuatoBckuit HHCTHTYT»
(TTpukaz Ne 1953 ot 29.09.2020).

Cnucox rumepamypbl
1. CaBpyxun I1.B., lllectakoB E.A., Bopmerosckuii A.A..// BAHT. Cep. TepmosinepHblii
cuntes, 2017, 1. 40, Beim. 4. C. 50-62.
2. Hollmann E.M., Aleynikov P.B., Fiilop T. et al. — Physics of Plasmas, 2015, vol. 22, p.
021802.
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4. Demidov B.A., Efremov V.P., Kalinin Yu.G. et.al// Journal of Physics: Conference Series.
2016. 774(1),012129.

5. Bobyr N.P., Kazakov E.D., Kurilo A.A. et al 2020 J. Phys.: Conf. Ser. 1686 012066
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BJIMAHUE OBJIYYEHUA JIEKTPOHHBIM ITYYKOM HA
IHOKA3ATEJIN BE3OITACHOCTH, KAYECTBA, ®U3UKO-
XUMHUYECKHUE Y TEXHOJIOT'MYECKHUE CBOMCTBA
IININEBBIX MTHI' PEAUEHTOB

I/I3y'1an14 BJIUSAHUEC O6J'Iy‘leHI/I$I OJICKTPOHHBIM ITYYKOM Ha MI/IKpOGI/IOTy MMHUIICBBIX
UHI'PEAUCHTOB, a TaKXE€ Ha HUX OpraHoJICNTUYECKUEC, Q)HSHKO-XHMI/I‘IGCKI/IG nu
TEXHOJIOTHYCCKUE CBOMCTRBA. Hpe[[CTaBJ'IeHI)I pe3yJbTaThl SKCHIEPUMEHTOB IIO
06J'IyquI/IIO MYKH HW OpPEXOB. YCTaHOBHeHO, 4YTO 3aBUCHUMOCTH KOJIMYCCTBa
MHUKPOOPIraHU3MOB U MoKasaTeliel KadecTBa OT O3Bl 06J'Iy‘{CHI/I$I TIHIIICBBIX
HUHI'PEAUCHTOB UMECT TTOJTMMOTaTbHBIN XapakxkTtep.

S.P. POLYAKOVA! T.V. SAVENKOVA!, A R. KARIMOV!
YU.S. PAVLOV?

!Plekhanov Russian University of Economics, Moscow, Russia
2Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow,
Russia

THE EFFECT OF ELECTRON BEAM IRRADIATION ON
THE SAFETY, QUALITY, PHYSICAL, CHEMICAL AND
TECHNOLOGICAL PROPERTIES OF FOOD INGREDIENTS

The effect of electron beam irradiation on the microbiota of food ingredients, as
well as on their organoleptic, physico-chemical and technological properties, was
studied. The results of experiments on the irradiation of flour and nuts are presented.
It is established that the dependence of the number of microorganisms and quality
indicators on the radiation dose of food ingredients has a polymodal character.

B nacrosmmit MomeHT B Poccum pacrer uHTEpec K NPUMEHEHHIO
palualMoOHHBIX CHOCO00B 00pabOTKM CHIPbSl M THIIEBBIX HPOJIYKTOB C
LEeNbI0 CHIDKEHHMSI MX MHKpOOHOJIorHyeckoi oOcemeHeHHocTH. OHAKO
JeTaNbHBIE 03Bl JUII MHKPOOPTaHU3MOB, IIOJIyYEHHBIE DPa3IMYHBIMU
YUCHBIMU B Pe3yJIbTaTe UCCIIEOBAaHNH, UMEIOT PACX0XKIECHHSI, YTO BEPOSTHO
CBSI3aHO C OCOOCHHOCTSIMHU 00pabaThIBAEMBIX MMPOAYKTOB, UX MUKPOOHUOTHI 1
crocobamMu  panmanMoHHON o60pabotkm. Kpome Toro, pagmanmoHHas
o6pa60T1<a MAOICBBIX WHIPEAUCHTOB HE MOXKET HE CKa3bIBaTbCA Ha HX
q)I/IBI/IKO-XI/IMI/I‘{eCKI/Ie CBOfICTBa, YTO B MOCICAYIOMIEM MOXKET IOBJIUATH Ha
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TEXHOJIOTUUECKHH MpOLIECC B YCJIOBUSX MPOM3BOJICTBA U KaueCTBEHHBIE
XapaKTEePUCTUKU TOTOBOIO IPOAYKTa. DTO 00YCIIaBIMBAET HEOOXOAUMOCTD
NIPOBEJCHUSI ~ KOMIUICKCHBIX  HCCJEJOBaHMH  BJIMSAHHA  0OpabOTKH
panvalMOHHBIM  OOJMy4YeHHEM Ha H3MEHEHHE MHKPOOHOJIOrHYECKUX,
OpPTraHOJICNTHYCCKHUX, (PU3UKO-XMMUYCCKAX M TEXHOJIIOTHYECKHUX CBOMCTB
MTUIIEBHIX HHTPEAUEHTOB.

Lenbto HaHHBIX WCCIIEAOBAHHUH SBILIIOCH H3y4eHHE 3((EKTHUBHOCTH
MIPUMEHEHHS OOJYUICHHUS HIEKTPOHHBIM IIYYKOM 00pa3IoB MYKH U OPEXOB
JUTSL IOJABJICHHUS HX MUKPOOMOTHI, N3yUeHHE BIFSHAS PA3IMIHBIX PEKIMOB
00Iy4eHus Ha OpTraHOJIENTHICCKHE, (U3UKO-XUMHIYECKIE u
TEXHOJIOTHIECKHE CBOMCTBA IHIIEBBIX HHTPEIUCHTOB.

OOnyuenne 00pa3lOB IUIIEBBIX HHIPEAMEHTOB IPOBOIMIM  Ha
yckopurene YJJIB-10-10-C-70 8 LKII ®MU HUDXD PAH, cpennss
SHEPTHUS AIEKTPOHOB Mydka — 7-9 M»pB, mozamu B unTepBane 0-10 xI'p.
[Mpouecchl 00IyYeHUS] KOHTPOJUPOBAIUCH TUICHOUHBIMH JI03MMETPaMH,
PACTIOJIOKEHHBIME BHYTPH 00pabaThIBacMbIX 00Pa3IoB.

W3yyanyu AMHAMUKY KOJIMYECTBA PA3IMUHBIX IPYIIT MUKPOOPTaHH3MOB —
KMA®AHM, BI'KII u tutecHeBBIX rprO0B. Kpome Toro, H3y4yalin H3MEHEHHE
OPTaHOJIENTHYCCKHUX MOKa3aTeIell MyKH U OPEXOB, TOKa3aTele KOJIMIeCTBa,
kadectBa M JIK KICHKOBHHBI MYKH, PEOJIOTHUSCKUE MOKA3aTEIHN TeCTa M3
MYKH II0CTIE PA3INYHBIX 103 O0ITydeHUS.

Y CcTaHOBIIEHO, YTO 3aBHCUMOCTH KOJIMIECTBA MUKPOOPTAaHU3MOB OT O3B
o0iyueHns: MMeeT HEMOHOTOHHBIH, IIOJIMMOJANBHBIN XapakTep — MpH
00paboTKe TECT KyJIbTYp HOHHM3HPYMOUMM o0aydeHueM ot 4 g0 5 xIp
HaOJIoMaeTCcsl yBEIMUEHHE POCTa MHUKPOOPTaHHW3MOB Ui BCEX YCIIOBHH
00paboTKM, M TOJNBKO 3aTeM HX MHIMOMpOBaHHE. DTO MOXXHO OOBSCHUTH
a¢dexTom PaaHAIHOHHOTO ropmesuca. OprasoJienTHYECKHE
XapaKTEePUCTUKU TPOJYKTOB H3MEHSUINCh TaKKe HEOAHO3HAYHO — IIpU
00Iy4eHHH opexoB 1030 m0 6 kK['p HaOMIOaNoCh YIy4IICHHWE BKyca U
3armaxa opexa, a 3aTeM pe3Koe HUX YyXyIIIeHHe, B MyKe H3MCHCHUS
OpPTraHONIENTHYCCKUX TIOKa3aTenell He oTMedanoch. [Ipm 3ToM  Qu3HKO-
XIMHYECKHE TOKA3aTeId MYKH M BS3KOYIPYTHE CBOWCTBA TECTa U3 Hee
HU3MEHSIINCH 3HAYUTEITHHO u HEPaBHOMEPHO. Wzmenenwne
BOJIOTIOTJIOTUTENIBHONH ~ CIIOCOOHOCTH MYKH, BSI3KOCTH, CTaOWJIBHOCTH,
BpeMeHH 00pa3oBaHMs TECTa U JPYTUX TEXHOJIOTMYECKHUX CBOMCTB MYKH B
3aBUCHMOCTH OT JI03 OOJIyYeHHs HOCSAT IMOJIMMOJANBHBIN XapakTep, 4To
BEPOSITHO CBSI3aHO C BIHMSHHEM OOJIyYeHHUs] Ha TPETUYHYIO U YETBEPTHUHYIO
CTPYKTYPBI TJIHAJMHOB M TJIIOTCHHHOB MYKH.
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PA3PABOTKA YCKOPAIOIIUX CTPYKTYP H-THIIA

B pabote mnpexncTaBieHBl pPe3ydbTaThl Pa3pabOTKH KOPOTKHX YCKOPSIOIIUX
pe3oHatopoB H — Tuma, mpoBeleHBl PacuéTbl OCHOBHBIX 3JIEKTPOAMHAMHYECKHX
XapaKTEPHUCTHUK, ONPEIEIeHbl OCHOBHbIE KOHCTPYKTHBHBIE OCOOEHHOCTH.

A.A. GORCHAKOV, M.A. GUSAROVA, M.V. LALAYAN,

S.E. TOPORKOV
National Research Nuclear University MEPhI Moscow, Russia

DEVELOPMENT OF H - TYPE ACCELERATION
STRUCTURES

The paper presents the results of the development of H — type short accelerating
resonators, calculates the main electrodynamic characteristics, and defines the main
design features.

Pe3onarops! H — Tnna nokaspiBaioT BEICOKY0 3 (heKTHBHOCTH pabOThI HA
OTHOCUTENBHBIX ckopocTsax uvactuil oT 0.01 mo 0.3 [1, 2]. Knaccuueckue
pe3onatopsl H — Tuma, mcmoib3yeMble B YCKOPHTENIAX HOHOB SIBIISIOTCS
JUIMHHBIME MHOT03a30pHBIMU CTPYKTypaMu. Hampumep wucmons3yeMbie B
UNILAC GSI mm CPHS (Compact Pulse Hadron Source at Tsinghua
University), XiPAF (Xi'an Proton Application Facility) [3, 4].
CoBpeMeHHBIE TTOIXOBI K CO3aHUI0 YCKOPUTEIEH MCIIONIB3YI0 MOy THHBIH
MOJIXOA, MPEIONaraouiil UCIOIb30BaHNE HECKOJIBKUX TPYMI KOPOTKHX
ycKopsromux cTpyktyp. [Ipoenenst pacuerst D/X kKopoTkux cTpykTyp H -
THUTIA C TSITHIO YCKOPSIFOIIUMHE 3a30PaMH.

B CTaTbe TMPEJCTABICHBI  PE3yNbTaThl IPOCKTHPOBAHUS  JIBYX
YCKOPSIOIINX PE30HATOPOB ¢ paboueit yactotoir 81 MI'Il 1 OTHOCUTEIHHON
ckopocthio gaBwkeHust dvactunp 0,06 w 0,1. OOmme NPUHIMIBI U
OOJIBIIMHCTBO KOHCTPYKTHBHBIX PELIEHHI COBIAIAIOT.

B pamkax paboThl OBIJIO IPOBEJEH pacyeT MIEKTPOMArHUTHBIX TTOJIEH U
OCHOBHBIX JJIEKTPOAMHAMUYECKHX XapaKTEPUCTHK. YIajloch J0OUTHCA
BBICOKOI 3 deKkTHBHOCTH pa3pabaTbiBA€MOro pe3oHaTopa — MOTOHHOE
LIYHTOBOE CONPOTHBIICHHE cocTaBisieT 6osiee 200 MOM/M 1U1s CTPYKTYPHI C
B =0.06 u 6osiee 100 Mom/m st cTpykTypst ¢ = 0.01.
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Puc. 1. BakyymHbIe MOAENH YCKOPSIOMINX PE30HATOPOB H-THma Ha pabouyro
gactoty 81,25 MI't u oTHOCHTENBHYIO cKOpocTh yactull 0,057 (cnesa) u 0,099
(cmipaBa).

Puc. 2. PactipeieneHust 3MeKTPUIECKOTO YCKOPSIOMIETO OIS BJIOJb OCH
MIPOJIETHOTO KaHajla Il pe30HATOPOB ¢ OTHOCHTENHHOH cKopocThio gactul 0,057
(cneBa) u 0,099 (crpasa).

Cnucox rumepamypol

B.B.ITapamonoB, A.Il. [lypkun CpaBHEHHE XapaKTepHUCTHK YCKOPSIOIIHX CTPYKTYp Ha
BBICOKOH paboyeii yacToTe JUisl yCKOPEHHs IPOTOHOB HU3Koii suepruu. // Proceedings of LaPlas
2019 P.122-123.

Buleiko, A.B., Lalayan, M.V., Toporkov, S.E., High frequency and multiphysical analysis
of the multigap CH-resonators, // Physics of Particles and Nuclei Letters, 2016, 13(7), p. 867—
869

R.Tang et. al. RF and primary beam dynamics design of a 325 MHz IH-DTL //Proceedings
of IPAC2017, Copenhagen, Denmark.

U. Ratzinger, et. al. Efficient heavy ion acceleration with IH-type cavites for high current
machines in the energy range. // Proceedings of LINAC2016, East Lansing, MI, USA.
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OLEHKA JOITYCKOB HA MIBI'OTOBJIEHME U YCTAHOBKY
IJIEKTPOIOB VIS Y CKOPAIOIIEN CTPYKTYPBI C IIOK®
HAYACTOTE 81,25 MI'n.

B nanHoii pabGore ObutH ompexaeneHsl KO3()(GUIMEHTH YyBCTBUTEIBHOCTH
paboueii YacTOTBHI K BaApUALIMU KIIOUEBBIX Pa3MEPOB YETHIPEXKAMEPHOTO pe30HaTopa
¢ TIOK®. A Taxke HCCIEAOBaHBl 3aBUCHMOCTH HM3MEHEHHUS AaMIUIATYIbI
HaNPSDKEHHOCTH SJICKTPHYECKOro ITOJS M YacTOThl pabouyero BUa KosieOaHWil OT
N3MEHEHUS TI0JIOKEHHH IHMIIOHOB pe3oHaTopa. I1o mcciemoBaHHBIM 3aBHCHMOCTSIM
ObLJTa MPOU3BEACHA OLICHKA JOIYCKOB.

A.l. MAKAROQV, S.M. POLOZOV, YU.YU. LOZEEV, M.A.
GUZOovV

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

MANUFACTURING AND MOUNTING ELECTRODES
TOLERANCE ESTIMATION FOR A 81.25 MHZ RFQ
ACCELERATING STRUCTURE

In the present paper, the operating frequency sensitivity coefficients dependences
on the main SV-RFQ cavity parameters variation were obtained. Moreover, electric
field strength and operating frequency dependences on the cavity vanes deflections
was investigated. Finally, manufacturing and mounting tolerance estimation was
performed.

B pabote wucmonp3yercs MOJENb UYETHIPEXKaMEPHOTO pe3oHaTopa C
I[MOK® ¢ oxnamu MarautHOM cBsizu [1]. OcHoOBHO#M Bua konebanus Haig
HacTpoeH Ha pabouyto gactoty 81,25 MIm.

PezonancHas dactota pabodero Buga KoJeOaHWI M HAIPSIKEHHOCTH
3JIEKTPUYECKOr0 MOJII OYEHb YYBCTBUTEJIBHBI K M3MEHEHUSIM HEKOTOPBIX
pa3MepoB  CTPYKTYpel. B 0ocoOcHHOCTH 3TO Kacaercs pa3MepoB,
PACIIOJIOKEHHBIX ~ BOJIM3M  OCH  PE30HATOpa, THe  COCPEIOTOYCHA
JJIeKTpUYECKasi KOMIIOHEeHTa MoJisl. [103ToMy BakHO onpeaenuTh TOYHOCTh
HU3rOTOBJIEHUS JeTaliel pe3oHaropa. JomycTuMble OTKIOHEHUS YacTOThI U
aMIUTMTYABI TIOJII ObUIM TIOJMY4YeHBI W3 PE3YJIbTAaTOB pacueTa ITWHAMUKU
YaCTHII: TOIYCTUMOE OTKIOHEHHE 1Mo JacToTe - 50 k['11 Ha KaKIAbIA pa3Mep,
o mouro - 0,5% i Bcex pasmepos.
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Brutn uccnemoBaHbl 3aBUCHMOCTH YaCTOTHI paboUero BUIa KoieOaHus u
U3MEHEHUs AaMIUIUTYAbl HAaNpsDKEHHOCTH  AJIEKTPUYECKOro IMoJii  OT
KIIIOYEBBIX pa3MepoB pe3oHaropa (pucyHok 1). ITo 3TuM 3aBHCHMOCTIM
OBUTH OTpeeTCHBI KO3 GUIIMEHTH YyBCTBUTCILHOCTH, HEKOTOPHIC U3 HUX
MIPUBE/ICHBI B Tabmwie 1.

Puc. 1. OcHoBHBIE pa3Mepsl pe3oHaTOpa
Yckopsiromue 3JIeKTPOABl W3TOTABIUBAIOTCS OTACIBHO OT OOCYalKH
pe30oHaTopa M YCTaHABIIMBAIOTCS B HeE. TOYHOCTh MX YCTAaHOBKH TaKKe
OKa3bIBaeT cuibHOE BiausHue Ha DJIX pesonartopa. [Tostomy, ObuTH Takke
HCCIIC/IOBAaHbl 3aBUCHMOCTH YacTOTHI paboyero BuIa KojcOaHWi U

U3MCHCHHA aMIUUIUTYyAbl HANPsAKCHHOCTU  BJICKTPUYECKOro IojA  OT
W3MEHEHUS TT0JI0KCHUMN DJICKTPOIOB.

Tabmmma 1 — KoadduimenTsl 4yBCTBUTENBHOCTH PE30HAHCHOW YacTOTHI
OCHOBHOTO BH/Ia KONleOaHHit
[Mapametp df/dr, k['/mm
Arneprypa, 10 3246,1
Tonuuna snexkTpoaa, x1 3041,3
Pagmyc obeuaiixm, R 184,4
JlnrHa BhICTYIIA NIEpEN 78,7
JJIEKTPOJIOM, X2
JnuHa ckoca IUpOKOH YacTu 65,9
MMAJIOHA, X3
Bricora snektpona, yl 37,7
BricoTa y3ko# yacTu nuioHa, 50,8
y3

[lo wccinenoBaHHBIM 3aBUCHUMOCTSIM OBITM MOJYYEHBI JOIYCKH Ha
KITIOYEBBIE pa3Mephl Pe30HaTOpa, a TAKXKe JIOMyCKH Ha TOYHOCTh YCTAHOBKH

3JIEKTPOJIOB B 00eUaiiKy pe3oHaropa.
Cnucox rumepamypbl
1. Andreev V.A. Structure for accelerating heavy ions with uniformly spaced quadrupole
focusing (USQF). Patent US5483130 (1996).
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CHCTEMA IIOJACTPOMKH YACTOTBI YCKOPSIFOLLEA
CTPYKTYPbI C IOK®, PABOTAIOIIEMA HA YACTOTE 81,25

MI'ny
Paccuntanbl 37€MEHTHI MOACTPOMKH PE30HAHCHOW YAcTOTHI pabodero BHIA
KoJIeOaHMI B YCKOpAIOIIEH CTPYKType C MPOCTPAHCTBEHHO — OJHOPOAHOU

KkBagpynoasHoil poxycupokoii ([IOK®D) ¢ okHamu MarHUTHOH cBsi3u. PaccMoTpeHsl
JUHAMHYECKHE U CTATHYECKUE 3JIEMEHTHI MOJCTPOUKHU: “TITYH)KEphI, TIOTPYKaeMble
B 00BEM pe3oHaTopa M “KyOMKH”, yCTaHaBIMBaeMble B OKHA MAarHHTHOH CBSI3W.
BEIOpaHBl KOTHYECTBO, PAcHONIOXKEHHE U pa3Mephl AJIEMEHTOB, a TAakkKe JHUANa3oH
pabouero xoaa s IMHAMHYECKON MOACTPONKH.

M.A. GUZOV, S.M. POLOZOV, YU.YU. LOZEEV, A.l.
MAKAROQOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

FREQUENCY TUNNING ELEMENTS IN THE RFQ
ACCELERATING STRUCTURE WITH OPERATING
FRECUENCY 81.25 MHZ

The operating frequency tunning elements for the radio frequency quadrupole
(RFQ) accelerator structure with magnetic coupling windows are designed. The
dynamic and static tunning elements were considered - “plunges” diving into the
cavity volume and “cubes” placed inside magnetic coupling windows
correspondingly. The quantity, placement and dimensions of the tunning elements
were chosen, the operating range for dynamic elements was also obtained.

IloncTpoeunas cucrteMa pPE30HAHCHOM YacTOThl OCHOBHOIO BHJA
KkojeOaHui B YCKOPSIIONIEH CTPYKType COCTOMT U3 CTaTUYECKUX U
JUHAMUYECKUX dyieMeHTOB. (CTaTH4YecKHe 5SJIEMEHTHl OCYIIECTBIISIOT
MIEPBOHAYAIBHYIO IOJICTPOMKY YacTOTHl, a JIUHAMHUYECKHE - IUIaBHYIO
PETYJIMPOBKY YacTOTHI B IIPOIecCe AKCIUTyaTalliy CTPYKTypsl. B kauectse
YCKOPSIOMIEH CTPYKTYpPHI HCHONB3YeTCS YEeThIPEXKaMEpHBII Pe30HaTop ¢
[HOK® ¢ okHamMu MarHuTHOM cBsi3H [1].

B kadecTBe CTAaTHYECKHX JJIEMEHTOB HCIOJIB3YIOTCS “KyOWKH”,
yCTaHaBJIMBAaEMbI€ B OKHA MarHUTHOMU CBSI3U.

JuHamuueckue »JIeMeHThl — “IUIyH:kepbl”. OHHU yCTaHABIUBAIOTCS
IapaMu B KOKAYIO U3 CEMU sIUEEK Pe30HATOPA, KPOME LIEHTPAJIbHOIL.
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Puc. 1. Pe3ynpTaTsl MOIEIMpPOBaHHUS 3JIEMEHTOB MOJICTPOUKH; a — Tpaduk
3aBUCHMOCTH PE30HAHCHOI 9acTOTHI pabovero Buaa KOJIeOaHHH OT BBICOTHI
KyOHKOB 0 — rpad)K 3aBHCHMOCTH PE30HAHCHOM 9acTOTH pabouero Buaa
KoJIeOaHH OT TIyOHHBI OTPY KEHHS TUTyHXXepa B 00beM pe3oHaTopa

bbb uccenoBaHbl 3aBUCHMOCTH PE30HAHCHOW 4acTOTh pabouero Buia
Kosiebanuii (puc. 1a) ¥ aMIUIATY B HATIPSKEHHOCTH JICKTPUIECKOTO MOJISI OT
[JIyOMHBI MOTPYXKEHHsI IUIYH)KEpOB B 00BEM pe3oHaTopa Uil PaziIHYHBIX
JIMaMeTpoB IUTyHxepa. ONTHMalbHBI JWaMeTp IUIyHXepa COCTaBHII
d = 145 mm, a Taxke ObUT BRIOpaH moAXo s matpy6ok J1Y160.

Bbun uccien0BaHbl 3aBUCHMOCTH PE30HAHCHOW 4acTOThl pabouero Buia
KosieOannit (puc.16) M aMIUTUTY (bl HANPSHKEHHOCTH SJIEKTPUYECKOTO TT0JIS
OT BBICOTHI KyOHKOB ¢ (pukcHpoBaHHBIMHU mMpHHOH (136 MM) 1 jumHOI (380
MM).

ITo pesynpraTtam nccnenoBaHuil OblTa BHIOpaHA CHCTEMa IOACTPONKH
YaCTOTHI, UMEIONIAsl CTATHYECKHUE JIEMEHTHI JUIsl HayaJbHOM HAcTpOMKH, a
TaKKe ANHAMHUYECKHE 3JIEMEHTHI, 00eCIIeYMBAOINE TIABHYIO PETYINPOBKY

gactotsl Ha df pi= 750 k[
Cnucox numepamypol
1. Andreev V.A. Structure for accelerating heavy ions with uniformly spaced quadrupole
focusing (USQF)// Patent US5483130 (1996).
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KOMITEHCALSI TATIOJIGHOM COCTABJISTFOLLEI
YCKOPSIFOIIET'O ITOJISA B CTPYKTYPAX H - TUTIA

B xoze paGoThl OBUTH ONpEAENeHb] Tapa3uTHBIE SIBICHHUS HA YCKOPSIEMBIH IMy40K
BO3HHKAIOLINE B CTPYKTypax H — Tuma. PaccMoTpens! pasiudnbie crioco0s 60pbObI
¢ meOKyCHPYIOIIeH U OTKJIOHSIOIICH COCTaBIIONICH DICKTPUYECKOTO MO, U
BBEJICHbl KOHCTPYKTHBHBIE JOPAaOOTKH, MO3BOJIIOMIME MUHUMM3UPOBATh ITAHHOE
BIIMSTHHE.

A.A. GORCHAKOV M.A. GUSAROVA, M.V. LALAYAN,

S.E. TOPORKOV
National Research Nuclear University MEPhI, Moscow, Russia

COMPENSATION OF THE DIPOLE COMPONENT OF THE
ACCELERATING FIELD IN H-TYPE STRUCTURES

In the course of the work, parasitic phenomena on the accelerated beam occurring
in IH — type structures were determined. Various methods of dealing with the
defocusing and deflecting components of the electric field are considered, and design
improvements are introduced to minimize this effect.

IIpy  OpOEKTUPOBAHMM  KOPOTKHX  MATH3a30PHBIX  YCKOPSIOIIMX
pezonatopoB H — tuma Ha pabouyio wactory 81 MI'1 u oTHOCHTENHHYIO
ckopocth vactun 0,06 u 0,1 ObuTO OOHAPY)KEHO HECKOJBKO HEIOCTATKOB
JAHHOTO THIIA PE30HATOPOB: BO3ZHMKHOBEHUE JHITOIBHONW COCTABIIIOMIEH 1
HEpaBHOMEPHOCTh yCKopsitomero mnois. OJHUM M3 CHOCOOOB pelIeHUs
SIBIISIETCSL yBEJIMYECHUE TOJIIMHBI CTEHOK TpyOOK npeida, HO mpu 3TOM
yxymmaercsi 3(QEKTHUBHOCTh CTPYKTYpbl, KpPOME TOTrO JHIOJbHAS
COCTaBIISIIONIAs YMEHBIIIAETCSl HE CTOJIb CYIIECTBEHHO. B CBsI3M ¢ 3THM OBIIO
MIPUHATO PpeIIeHHE MO HCIOJIB30BAaHUI0 KOMIIEHCHpYMommx koienm [1, 2],
MO3BOJISIIOINNX MMOJYYHTh POBHOE IUIATO THKA YCKOPSIOIIEro IIOJIA,
3HAYUTEIHbHO YMEHBIIUTh JWIMOJBHYIO COCTAaBISIONIYIO, KPOME JTOTO
3¢ (GEeKTHBHOCTh CTPYKTYPHI OCTaeTcs Ha TODKHOM YPOBHE — IIOTOHHOE
ITYHTOBOE CONPOTHBIIEHUE cocTaBisieT 6oee 200MOm/M u 100MOM/M st
CTPYKTYPBHI C OTHOCHUTENBFHON CKOpocThio nBMkeHus gactun 0,057 u 0,099
COOTBETCTBEHHO.
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SNEKTPUIECKOTO OIS B0 IPOJISTHOTO KaHaa U TpadiiK 3aBHCHMOCTH
JIUTIOIEHON COCTABIISIONIEH ¢ TOHKUMH, TOJICTBIMH TpyOKamu apetida u
KOMITCHCAI[HOHHBIMH KOJBI[AMH, JUISl CTPYKTYPBI C OTHOCHTEIBHON CKOPOCTHIO

gactun 0,057 (cnesa) u 0,099 (cnpasa).

Cnucox numepamypol
1. Buleiko, A.B., Lalayan, M.V., Toporkov, S.E., High frequency and multiphysical analysis
of the multigap CH-resonators, // Physics of Particles and Nuclei Letters, 2016, 13(7), p. 867—

869
2. U. Ratzinger H-TYPE LINAC STRUCTURES GSI Darmstadt, Darmstadt, Germany.
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PACUYET IIOPOI' OBBIX YPOBHEN MYJIbTUITAKTOPHOI' O
PA3PSJA B OJHO3A30OPHBIX I'PYIIIIMPOBATEJISIX HA
YACTOTY 81,25 MI'n

IIpuBeneHbl pe3yJbTaThl pacyeTa IIOPOTOBBIX YPOBHEH HampsDKEHMS, IpH
KOTOPOM BO3MOYKHO pPa3BHTHE MYJBTHIIAKTOPHOTO paspsiia B OJHO3a30PHBIX
rpynmupoBarelsix Ha yacroty 81,25 MI'u. C ucnonb3oBanueM mporpammsl MultP-M
MPOBECHO MOJCIUPOBAHUE TPACKTOPUH BUKEHHS SJIEKTPOHOB B IPYNIIMPOBATEISX.
[IpoBeneHa omeHKa OMACHOCTH MYJIBTHIIAKTOPHOTO pas3psiia ¢ yd4eToM pabodero
JIMara3oHa HapsHKEHHOCTH SJIEKTPHYECKOTO TOJIS.

M.M. BULGACHEVA, M.A. GUSAROVA

National Research Nuclear University MEPhI, Moscow, Russia

MULTIPACTOR DISCHARGE IN THE SINGLE GAP
BUNCHERS AT 81,25 MHZ

The results of calculating the threshold voltage levels causing multipactor
discharge in single-gap buncher cavities at 81.25 MHz are presented. Multipactor
electrons trajectories were modeled using MultP-M program. The risk of multipactor
discharge is estimated considering the operating range of the electric field strength.

B ocHOBe MyIBTHNAKTOPHOrO paspsja JIEXKHT SIBICHHE BTOPUYHOU
3NEeKTPOHHOH IMHCCHH. BO3HUKHOBEHHE My TBTHIIAKTOPHOTO pa3psaa B CBU
YCTPONCTBAX YCKOpUTENEH 3apsHKeHHBIX YaCTHI[ HapyIIaeT X HOPMAaJIbHYIO
paboty, mpuBoauT K moTepsM CBY MONIHOCTH, YBENIHYEHHIO BpPEMEHH
TPEHHUPOBKH, HATPEBY CTPYKTYPHI, & B HEKOTOPBIX CIydasx Jaxe K MpoOoro
[1].

B pabote mccienoBaHel OJHO3a30pHBIC TPYHIHUPOBATENHd HAa YaCTOTY
81,25 MTI'ty (puc. 1). [IpoBeneH aHATUTUYIECKHN pacueT MOPOTOBEIX YPOBHEH
HAMPSKEHHOCTHU 3JEKTPUYECKOro MOJIsl, IPU KOTOPBIX BO3MOXKHO Pa3BUTHE
MyJIETUIIAKTOPHOTO paspsza B 3azope: V = Ed = d(2zf)?m/((2n-1)ze) [2]. TTo
(dopMye morydeHsl clieayromue 3HadeHus: it n=1 136,5 B, mist n=2 45,5
B, nnsa n=3 17,1 B u nns n=4 9,1 B, rae N — nopsaok MyJbTUIAKTOPHOTO
paspsna.

Jng  3amiaHHOM KOHCTPYKLMM TakyK€ pAacCUUTaHbl paclpelelcHue
3JIEKTPOMArHUTHBIX TOJIEH, pacrlpeie]ieHue YCKOPSIOIIeH COCTaBIAIONIeH
monst Ez(z) m osnexTponmHaMHuYeckWe XapakTepUCTHKH. PaccumraHHBIE
SIIEKTPUYECKHE ¥ MArHUTHBIE MOJIs OBLTH 3arpyKeHbl B porpammy MultP-
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M [3, 4], 1 nanee NPOM3BOAMIOCH MOJCIUPOBAHKUE U MOAPOOHBINA aHATH3
TPACKTOPUH JABIKEHHUSI BTOPUYHBIX DJIEKTPOHOB.

Puc. 2. Ilpumep TpaeKTOpUH IBIKCHUS
aNIeKTpoHa (ypoBeHs moist 6,939
oTH.eA., 200 BY nepuonos, 100

coynapenui, pasmax 0,4 MM, sHeprus
400 3B)

Puc. 1. I'eometpus 6anuepoB

Ilpu amamm3e ObUIM OIpEEIEHBl MapaMETPBl KaXIOTO BTOPUYIHOTO
DJIEKTPOHA: YPOBEHH HOPMHUPOBAHHOIO IOJII B OTHOCHUTENIBHBIX €IWHHUIAX,
pacnojio)keHue M BHI Tpaekropuu, uucio BY coymapenmii, paszmax
TPaeKTOpUH, SHEPTHA U (pa3a BeUICTa, 3aBUCHMOCTB SHEPTUHU OT (a3Hl.

JeTanpHoe uccieoBaHue TPACKTOPUN ABMXKEHUS 3JIEKTPOHOB I10KA3aJ1o,
YyTO CTaOWIbHBIE TPACKTOPUH B O0JIACTH BHEIIHEH MOBEPXHOCTH
rpynnupoBaTeicii 00HAPYKUBAIOTCS HAYMHAsL C YPOBHSA HOPMHUPOBAHHOIO
moJist 0,457 OTH.el. sl KOHCTPYKIMH € Y3KHUM 3a30poM u ¢ yposas 0,847
OTH.€Ml. JJII KOHCTPYKIIMM C IMUPOKUM 3a30pOM. OTH OTHOCHUTEIHHBIE
BEITMYMHBI COOTBETCTBYIOT BEIMYUHE HAMPSHKEHHOCTH MOJs B 3a3ope 3,4
MB/m 1 9,7 MB/M COOTBETCTBEHHO.

[pu pabogyem ypoeHe mous B 3a3ope 0,5 MB/M, MOXHO cienaTh BEIBOJI,
YTO MYJIBTHUIIAKTOPHBIA pa3psg B OONAcTH BHEUIHEW MOBEPXHOCTH IS
JAHHBIX KOHCTPYKIIMU C yY9ETOM BEITMYUHBI paOb0dero ImoJis He IpeACTaBIsIeT
OITaCHOCTH.

Cnucok Jaumepamypbol

1. I'ycapoBa M.A., Kamunckuii B.I., Jlanasa M.B., Cobennn H.IT., MynbTHIIaKTOPHBII
pa3psii B CBEpXBBICOKOUACTOTHBIX y3J1aX M AJIEMEHTaX YCKOpHUTENEH 3apshKeHHBIX dacTull, M.:
HUAY MU®DY, 2011, c. 7

2. Hasan Padamsee, Jens Knobloch, Tom Hays, RF superconductivity for accelerators, John
Wiley & Sons, Inc., 1998, p. 191

3. M.A. Gusarova et al., NEW POSSIBILITIES OF MULTP-M CODE, Proc. of IPAC2014,
p.433-435

4. M Gusarova et al., Design of the two-gap superconducting re-buncher, IOP Conf. Series:
Journal of Physics: Conf. Series 1067 (2018) 082005
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P.A.36PYEB, M.A. 'YCAPOBA, M.B. JIAJIASH

Hayuonanvnwiii uccnedosamenvckuil soepnuiii ynusepcumem MUDPU, Mocksa,
Poccus

CPABHEHME 2JIEKTPOJJMHAMUWYECKHUX
XAPAKTEPUCTUK BUITEPHOMYECKHUX Y CKOPAIOIINX
CTPYKTYP JUAITA30HOB S, CU X.

V3yueHa 001acTh NPUMEHEHHS yCKOPUTENEH, BKIIOYAIOMINX B Ce0sl CTPYKTYPBI
S, C n X-nuana3zoHoB. [Ipou3BeieHO MOJIETMPOBAHUE CTPYKTYD, NPeIHA3HAUCHHBIX
111 BO3MOYKHOTO IIEPEX0/ia Ha MOBBIMICHHYIO YaCcTOTY, VIS JINHEHHOTO YCKOPHUTEIs
HWH)XEKIIHOHHOTO KOMIUIEKCa HCTOYHHKAa CHHXPOTpOHHOro wm3nmyueHuss MCCHU-4.
OmnpeneneHsl  3IEKTPOJMHAMUYECKAE XapPAaKTEPUCTHKH M IPEIOKEHBl IyTH
JanbHeHIeit MoTU(HUKAIIH.

R.A. ZBRUEV, M.A. GUSAROVA, M.V. LALAYAN

National Research Nuclear University MEPhI, Moscow, Russia

COMPARISON OF ELECTRODYNAMIC
CHARACTERISTICS THE S, C, AND X-BANDS BIPERIODIC
ACCELERATING STRUCTURES.

The application's range of accelerators with the S, C and X-bands structures is
studied. The structures intended for a possible transition to an increased frequency for
the linear accelerator of the injection complex of the SSRS-4 synchrotron radiation
source are modeled. The electrodynamic characteristics are determined and the ways
of further modification are proposed.

[Ipoexr JINHEWHOT0 YCKOPUTENSA
WH)KEKIIMOHHOTO KOMIUIEKCa HMCTOYHHKA
cuaxpotponHoro mnyuenus HWCCHU-4
Mperonaraer HCTIONb30BaHNUe
OHUIepHOANYIECKUX CTPYKTYp S-Iuamna3oHa
[1,2]. Hapsimy ¢ sTuM paccmaTpuBaercs
BO3MOXHOCTh INIEpexo/la K CTPyKTypam
muamazoroB C  uw X. B pabore

Puc. 1. Bunepuoanueckas HCCJIeI0BAJIaCh ourepuoangeckas
yCKOpsifoIas CTpyKTypa ¢ YCKOpSIIOIIasi CTPYKTypa C BHYTPEHHHUMHU
BHYTPCHHUMH S4eHKaMu STYCHKAMH CBSI3U c HOBBIIICHHEIM

CBA3H ko3 duueHToM cBsi3u [3], BUA MOmETH

KOTOpO#i Ha puc.1.
MeTtomom MacmTabupoBaHUI MOJIENb ObUIAa HACTpOeHa Ha 4acToThl 2800
MTI 1, 8400 MI'mu 11200 MI'1, uto cootBercTByeT S, C 1 X- quama3zoHam.
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CyTb MeTO/1a — B U3MEHEHHHU I'€OMETPUYECKHX [TapaMeTPOB CTPYKTYPHI B
K pa3, rme K — kosd¢uinment macmraduposanus. Jlns Oonee TouHOU
HACTPOWKHM Ha 33/IaHHBIC YaCTOTHI PAANYC SYEHKHU CBSI3H OUIIEPHOIMUYECKOM
YCKOPSIIOIIEH CTPYKTYpbl YTOUHSUICS ITOBTOPHBIM MAacCIITaOMpPOBAaHHEM C
BBE/ICHHEM JIONOJIHUTEIBHOTO Koa(duirenTa maciutabuposanus K». Torna
BBeZeM Kod(h(UIHEHT MacmTabupoBaHUS SYCHKU CBSI3U Momenu: Keop =
K*K»,

Pabouas gyacrora K K2 Keop
8400 MI'nx 0.3402 1.1071 0.3644
11200 MI' 0.2552 1.1071 0.2733

Tabm. 1. Pe3ynpTaTel MeTO1a MaCIITAOMPOBAHHS CTPYKTYPHI

I[J'ISI MOACIN KaXXI0I0 Jhalra3soHa ObLIN pacCHUTaHbI JJICKTPOAUHAMUYCCKHUC

XapaKTCPUCTUKH.
f: Q K, Ep*v Ezmax; Hp*v Epmax Eacc 1ks AT*; HpAT<50°C Eacczk
ITu % MB/m | MB/M KA/M Kl MB/m °C , ,
MB/™m KA/M MB/
M
2.8 10514 9.1 165 75 367 <160 72.7 35 - -
8.4 6138 9.87 851 380 1839 <220 98.2 151 330 68
8
11.2 5318 9.88 | 1301 580 2835 <250 1115 | 417 310 63
7

Tab6m. 2. CBogHas Tabauna 3JeKTPOANHAMHIECKAX XapaKTEPUCTUK
OUNEPHOMICCKUX YCKOPSIONINX CTPYKTYP

B Tabmuue 2 mpuBeaeHBl pacCUMTAHHBIE 3HAYECHUS MaKCHMalbHOTO
IEKTPUUECKOTO M MArHUTHOTO TI0JIS1 Ha TOBEPXHOCTH CTPYKTYpHI Ep*, Hp* 1
MaKCHMaJIbHOTO 3HA4EHHs YCKOPSIOmEero Hous Exmax™ Ha ocu cTpykTypsl Ipn
1 JIx 3amacénHoit sHepruu. [Ipu MpoeKTHPOBAHUH CTPYKTYP HEOOXOIMMO
YUHTBIBATh TPH KPUTEPHA: MAKCUMAIBHOE MOJIE HA TOBEPXHOCTU CTPYKTYPBI
Epmax k1 (TaHHBIE TOTYYEHBI B Pa3lMYHBIX JAaO0OpaTOpusx u 00ECIEeUNBAIOT
cTabUIILHOCTE PaboThl CTPYKTYphl He Gonee 1 mpobos Ha 108 ummynbcos),
HMITYJIbCHBIM HarpeB U IpuBeAEHHBbIM BekTop IloMHThHra. MMmnyinbcHbIN
HarpeB AT He nomken mpebimath 50°C 3a 1 ummynsc. [Ipu npeBslmeHnn
JAHHOM BEJNWYMHBI BO3MOXKHO TIOSBJICHHE HANpPsDKEHUH, aedopMmarmn
CTPYKTYpBl W BO3HUKHOBEHHE TIpoOoeB. B Tabimme 2 TpuBeneHBI
MOJIyYEHHbIE 3HAUEHUs UMITYJIbCHOTO HarpeBa MpH JJINTEIbHOCTH UMITYJIbCa
1,5 mxc. [TpuBenénnsiii Bekrop IloiiHTHHTa B 1aHHOM paboTe paccCMOTpEH He
6bu1. [lokazaHo, YTO AT JAaHHOM KOHCTPYKIMH BEJIWYMHA YCKOPSIOIIETO
IoJIsl OTpaHWYMBacTCs BenmuuHamu ~ 60 - 70 MB/M mist ucciemyeMbix

YAaCTOTHBIX JHUAaIla30HOB.
Cnucok rumepamypbol
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1. S.M. Polozov et al., Current Results of the 4th Generation Light Source USSR (Former
SSRS4) Development, Proc. of RUPAC2018

2. S.M. Polozov et al., Beam dynamics simulation results in the 6 GeV top-up injection linac of
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M.C. IMUTPUEB, M.B. JIbSIKOHOB
Hayuornanvhuvlii uccnedosamenvckuil soepuwviil yrueepcumem MUDU, Mockea,
Poccus

CUCTEMA 3KCTPAIIUU ITYYKA JJI51 JIASBEPHOI'O
HNCTOYHUKA JIETKUX HOHOB

ITpoBeneHO MOJENUPOBAHUE CUCTEMBI SKCTPAKIUK U (GOPMUPOBAHMS ITyUKa AJIs
JIa3epPHOTO MCTOYHMKA JIETKMX MHOTO3apsITHBIX HOHOB. BEINOIHEHO MOAETMPOBaHHE
JUHAMUKH Iy9YKOB HOHOB OT JIUTUS IO KHCIOPOAA B SKCTPAKTOPE.

M.S. DMITRIEV, M.V. DYAKONOV
National Research Nuclear University MEPhI, Moscow, Russia

BEAM EXTRACTION SYSTEM FOR LASER LIGHT ION
SOURCE

The simulation of the beam extraction and formation system for a laser source of
light multiple-charged ions has been carried out. The simulation of the beam dynamics

of lithium to oxygen ions has been conducted in this research.

B paboTe mpemiokeHa KOHCTPYKIUS U TIPEACTABJICHBI PE3yJbTAThI
YUCJIEHHOTO MOJEIMPOBAaHUS CUCTEMbI JKCTPaKIUU TMy4yKa JIsIa3epHOro
HMCTOYHUKA JIETKUX MHOTO3apsAHBIX MOHOB. BBIMONIHEHO MOJENMpOBaHUE
CHCTEMBI SKCTPAKIUH IMyYKa Ha OCHOBE MUPCOBCKON CHUCTEMBI 3JIEKTPOJIOB U
yckopsitorieli TpyOku. Cxema pacdeTHOW MOJENH, MMoKa3aHHas Ha puc. 1,
ITOCTPOCHA MO aHAJIOTHH C CHCTEMOH, MPUBEICHHOM B [1].

s
y
£

Puc.1 Cxema pacueTHOM MoJenH 9KCTpakTopa: 1 — miIa3MeHHBbIH 31eKTpos, 2,3 —
M3BJICKAIOMINE HIIEKTPOBL, 4 — yckopstromast TpyOka, 4.1 — n3omsaTop yckopsommeit
TpyOKH, 4.2 — 3IEKTPOA yCKOpAIOmeH TpyOkn, 5 — TpyOKa npeiicda
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[IpoBeneHa omTUMM3alMs YIJIOB HAKJIOHA 3JIEKTPOJIOB K OCH IIydKa,
(OpPMBI H3BJIEKAIOIIUX DJIEKTPOAOB, MEXKAIEKTPOAHBIX PACCTOSHHUN 110
MHUHAMYMY SMHTTaHCA. BBINOJIHEHO MOZEIMpOBaHHE JWHAMHUKH ITyYKOB
HOHOB B 3KCTPAKTOPE.

Ha un3Brnekatomuii n GpoxycHpyomuil 3MeKTpobl IKCTPAKIIMA MOXKET U
OBITh IMMOJAH PAA IHUCKPETHBIX 3HAYECHHWH IIOTEHIMana, 4YTO II03BOJIIET
MOJTy4aTh IyYKH KaK IPOTOHOB, TaK M ABYX3apsIHBIX HOHOB reius. Ha puc.
2 mMOKa3aHBl TONYYEHHBIE TPAEKTOpPHH Tydka HOHOB O°'. PesynbraThl
ONTHMH3AIMM [apaMeTPOB DKCTPAKTOpa [UIi BBIXOXHOH sSHeprunm 40
Kk3B/HyKIIOH TIpUBEeHEI B Ta0M. 1.

2
4

Pucynok 6.9 — Tpaektopuu myuka nonos O°* B skcTpakTOpe
Tabn. 1
IMTapameTpsl mydka Ha BBIXOJIE SKCTPAKTOpa

Onement | 3apsaHoct | HopmammsoBanusl | [luamer | Hampsokenu
b i sMUTTaHC, p myuxa, e
MM'Mpaj MM TIaTOPMBI
, kB
Jlutuit 2 0,076 5,40 120
Beprmmum 3 0,070 4,85 120
i
bop 3 0,070 4,98 144
Yrnepon 4 0,069 4,82 120
Azot 4 0,063 4,89 140
Kucnopo 5 0,066 4,84 128
A

Cnucox aumepamypul
1. M. Okamura et al. Low Charge Laser lon Source For The EBIS Injector// Proceedings of
LINAC2014, Geneva, Switzerland. 2014.P. 64 — 66.

418



H.1IO. CAMAPOKORB, s1.B. LTAIIKOB

Hayuonanvhulii uccnedosamenvckuii ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

PACYET DPOEKTUBHOCTH ITOJABJIEHHUS BOJTH
BBICILIET'O TUIIA B YCKOPSIFOILIEM PE3OHATOPE HA 350
MT LI C HOMOIIBIO BOJIHOBOJIHBIX YCTPOVCTB BHIBOJIA
MOILI{HOCTH

PaccmoTpeHsl nBa BapmaHTa mojaBieHHs BOJH Beicmiero tuma (BBT) mpnm
MIOMOIIM MPSIMOYTOJBHBIX BOJIHOBOAOB M TO(MPUPOBAHHBIX IMIMHIPHYESCKUX
BonmHOBOMOB. IIpoBemeHa WX  HacTpoiika, pacueT  3IEKTPOJHMHAMUYECKUX
xapaktepucTtuka (3/1X) AByX CTpyKTyp.

N.YU. SAMAROKOV, YA.V. SHASHKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ESTIMATION OF THE DAMPING EFFICIENCY OF HOM
IN ACCELERATING CAVITY AT 350 MHZ USING
WAVEGUIDE POWER OUTPUT DEVICES

Two options for damping HOM using rectangular waveguides and corrugated
cylindrical waveguides were considered. Tuning, calculation of the electrodynamic
characterisitcs (EDC) of the two structures was conducted.

O ucrounmkoB CU Tpebyercs coxpaHEHHE HHU3KOTO 3HAYCHUS
SMUTTAHCA CHIIFHOTOYHOTO HETIPEPBIBHO MUPKYIHUPYIOMIETO B KOJBIIE ITyYKa
ANEKTPOHOB. J{JIs pemIeHus STON 3a1a4H YCKOPSIOIINE PE30HATOPHI JOJDKHEI
OCHAIATHCSI BHICOKOA((PEKTUBHBIMUA CHCTEMaMH IOJAaBJICHUSI HABOJUMBIX
Mmy4ykoM 3yiekTpoMarHuTHeiXx BBT. [l yckopsirouux pe3oHaTopoB it
HakomuTeNbHOTO KoJblla mpoekra MCCHU-4 [1, 2] mpennokeHbl JBa
BapuaHta cuctembl mnojaBieHus BBT B pe3onaropax Ha OCHOBe
koHCTpyKuus npemtoxernsix it DAFNE [3], BESSY [4] u ESRF [5]. B
000ouX Clly4asix UCTIOb3YIOTCS TPH BOJHOBO/IA, PACIIOI0KEHHBIX M0]] YTIIOM
120 rpazycoB npyr oTHOcHTeNBHO Apyra. Ha puc. 1 npexcraBnen oOmuii Buz
YCKOPSIOILIEro pe3oHaropa ¢ yctpoiictBamu BoiBoga BBT. Hactora oTceuku
YCTPOWCTB BBIBOJIAa MOIIHOCTH JOJDKHA ObITH BbIme 350 MI'm (mist
NIPEAOTBPALEHHsT 1eMII(pUPOBAHIsT OCHOBHOW BOJIHBI), HO HIke 482 MI'1
(uactoTta mepBoit BBT). [InuHa BONHOBOJOB IOJDKHA OBITH OONBIION LIS
MPEeIOTBPALLEHUS 3aTyXaHUs] OCHOBHOM BOJIHBI B MOTJIOUIAIONIMX HArpy3Kax,
pacIIOJIOKEHHBIX B KOHI[AX BOJIHOBOAOB. B pe3ynbrare YHCICHHOTO
MOJICIMPOBAHMS IIOJIyYeHBl 3HAYEHHS MPOJOJIFHOTO W MOMEPEYHOTo
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IIYHTOBOT'O COTIPOTHBIICHUS] MOHOTIONBHBIX M JUIOJIEHBIX BUJIOB KOJICOAHUH
JUTSL YCKOPSIFOIIETO pe3oHaTopa ¢ padoueii uactotoit 350 MI™ (puc. 2).

6

Puc. 1. O6mmmii BUI YCKOPSIOLIETO PE30HATOPA C TPEMS YCTPOUCTBaMH BBIBO/IA
BBT (a) npsiMmoyronbHble BOJIHOBOBL, (0) TOQpHUpOBaHHBIE HIIHHAPUIESCKUE

BOJIHOBO/IbI

1605

16007 F

LEG

e, Om (On/in}

16405
160¢

1603 .4

02 conpeTuese

1602

Wiywroe:
.

1601

Wiywronce conponuanesse, O (Onm)
i

1,400 = * e w e o m e 00
) 00 e 00 1100 2300 Yacrors, MILL
Yactora, ML

a 6
Puc. 2. CpaBHeHHE IPOJOIBHOTO U MONEPEYHOTO ITYHTOBOTO CONPOTUBIICHHS
BBT ans yckopsromiero pesonatopa Ha 350 MI't 6e3 yctpoticts BeiBoga BBT u
¢ ycrpoiictBamu BeiBozia BBT. (a) CTpykTypa ¢ IpssMOyToNbHBIMU
BOJIHOBOJaMH, (0) CTpyKTypa ¢ roppHpOBaHHBIMH LIMITHHAPUIECKIMHI
BOJIHOBOJIAMH.

O0e mpeIoKeHHbIE KOHPHUTYPAIHU TTO3BOITIOT CYIIECTBEHHO CHU3UTH
(1o HEOOXOmMMOTO IO YCIOBUSM BJIHMSHUAS HAa JTUHAMUKY Iy4Ka)
nobporaocts BBT B mmpokoMm dYacTOTHOM Juama3zoHe. B mampHeimem
IUTAHUPYETCS MPOBEICHUE JIETaTbHOH MPOPabOTKH KOHCTPYKTHBHBIX
pelIeHnii 371eMeHTOB cucteMbl noaasyieHus BBT ans pezonaropos npoekra
HNCCH4 Ha ocHOBe pa3MeliaeMbIXx Ha oOedaiike pe30HaTOpa KPYTIBIX
BOJIHOBOJIOB ¢ MOIUGHUIIMPOBAHHBIM MPO(HIEM MONEPEYHOTO CCUCHUS.

Cnucox numepamypol

1. S.M. Polozov et al., Current Results of the 4th Generation Light Source USSR (Former
SSRS4) Development, Proc. of RUPAC2018

2. S.M. Polozov et al., Beam dynamics simulation results in the 6 GeV top-up injection linac
of the 4th generation light source USSR, Proc. of RUPAC2018, p.285

3. S. Bartalucci et al., The RF Cavity for DAFNE, in Proceedings of the 1993 Particle
Accelerator Conference, Washington, June 1993

4. F. Marhauser et al, HOM Damped 500 MHz Cavity Design for 3rd Generation SR
Sources. Proceedings of the 2001 Particle Accelerator Conference, Chicago (2001)

5. V. Serriére et al., 352.2 MHz HOM damped normal conducting ESRF cavity: design and
fabrication, Proceedings of IPAC2011, San Sebastian, Spain, p. 68
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K.M. KO3JIOBCKUI, O.B. JEPIBOUKUH, A.IT. MEJIEXOB,
A.E. IIMKAHOB, E.I. BOBYEHKO

Hayuonanvuvuii HUccnedosamenvckuii Aoepnuiii Ynusepcumem («MUDH»), Mockea

NCCIEJOBAHUE ITAPAMETPOB HIOHOB JA3EPHOI
IIVIA3MBI ITPH BO3AEMCTBUU HA HEE UMITYJIBCHOI'O
MATHUTHOI O ITOJIAA

VmnynbcHOE MarHUTHOE IOJ€ CHUPAIbHON KaTyIIKU UHIYLUPYET B JIa3epHOI
IUIa3Me BUXPEBOI TOK, YBEIMYMBAIOIIUI CTENECHb €€ HMOHU3alMU. A3UMyTalbHas
COCTABIIAIOINAS 3TOrO0 TOKAa B3aHMMOJCHCTBYET C paJualbHOM COCTaBIAOLICH
MarHUTHOTO TMOJNsA W CO3JaeT CHIy AMriepa, MO3BOJAONYI0 (HopMUpoBaTh
y3KOHAIPaBJICHHbIH IOTOK HOHOB.

K.I. KOZLOVSKY, O.V. DERYABOCHKIN, A.P. MELEKHOQOV,
A.E. SHIKANOV, E.D. VOVCHENKO

National research nuclear university MEPhI (Moscow engineering physics institute)

STUDY OF THE PARAMETERS OF LASER PLASMA IONS
UNDER IMPACT OF A PULSED MAGNETIC FIELD

The pulsed magnetic field of the spiral coil induces an eddy current in the laser
plasma and this current increases the degree of its ionization. The azimuthal
component of this current interacts with the radial component of the magnetic field
and creates an Ampere force, which allows the formation of a narrowly directed ion
flux.

B nanHOi paboTe mpencTaBiIeHBl SKCIEPUMEHTANIBHBIE DPE3yJIbTaThl
WCCIIEJOBAHNS BIMSHHS MMITYJIbCHOTO MAarHUTHOTO TIOJISI CIHPAIBHON
KaTyIIKJ Ha MOHBI JlazepHoH mia3mel [1]. Ha pucynke 1 mpuBeneHa cxema
YCTAHOBKH.

% .
s N Puc.1. CxeMa
1=1000 3
g . IKCIIEPUMEHTA:
A )
e yZd 1 — BakyyMHasi Kamepa;
X ’ K ocy.
o 2 — criupanbHas KaTyIIKa;
g 4 3 — na3epHas MHIICHB;
Q
4,5 —  ¢okycupyrommue
=5 JIMH3EI
e .
Rpar=24 O Zom ™ — 6 — paspsaHuK;
(12 0m)
7, 8 — cBeTOACTUTEIbHBIC
[\ L e ] 1
5 TUTACTHUHBI,

9 — 3epkaio (R = 100%);



10 — doTod1EMEHT;
11 - wumnysnscHbii  Nd-
nasep;

Jis pOKYyCHPOBKH JTa3epHOTO IMyYKa UCTIOJIB3YIOTCS JIMH3BI (T103. 4 1 5) ¢
¢dokycHbM paccrostaueM 100 mm. Bakyymusiii moct (1103. 12) npeanazHaueH
JUIL OTKAYKM W KOHTPOJIA JaBiieHWs B pabouerd kamepe. C MOMOIIBIO
BBICOKOBOJIBTHOTO OJioka muTaHus (103. 13) ocymiecTBIsAETCS 3apsaKa
nakonurenbHoi emkoctd (U < 15 kB) 1i1s Bo30y»KIeHH TOKA B CIIUPAILHON
KaTyuike. B cuctemy nMarHOCTHK BXOAST macc-criekTpometp (1mo3. 14) u mosic
Porosckoro (103.15).

Ha pucynake 2, mpencraBieHbl SKCICPUMCHTANBHBIC pE3YJbTATEHI,
TTOJTyYICHHBIC JIJIS SHEPTHH JTa3epa Eqasep~ 450 M. Mccnemyemsrii o6pasert
—mractuHa u3 Al ¢ mobaskoit 5% Mg.
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Puc. 2. Pacnipenenenus uonos Al*2, Al*, Al*SnazepHoii mia3mel Mo cKOpocTH:
6€e3 MarHuTHOTO 1oJist (@, 6); C MATHUTHBIM TIOJIEM [IPU TOKE B Katymike 3,6 KA (s, 2)

U3 rpadukoB Ha puCyHKEe 2 BHIHO, YTO UMITYJIbCHOE MarHUTHOE TOJE
(MIT) yckopsem uombl Al Al*® 0T Vepes= 1,9-107 cM/c 10 Vepen = 2,4-107
cMm/c. Kpome Toro, misi 3THX MOHOB MPOHCXOJUT OOOCTpPEHHE MEpeTHEro
¢ponra. Taksxe, npu HanoxkeHud MIT koaudecTBo HOHOB Al*? ymMeHblIaeTcs
HpUMEpHO B 2 pa3a, a KonMuecTBo MoHOB Al*™, Al*® mouTu He Mensercs.
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K.I.APTAMOHOB, M.C.JIMUTPHUEB, M. XKUT AIJIOBA,
B.U. PAIIIMKOB

Hayuonanvnwuii uccneoosamenscxuii a0epuuiil ynusepcumem MUDHU, Mocksa,
Poccus

MOJEJIMPOBAHUE MATHUTHBIX CUCTEM HOHHBIX
HNCTOYHHUKOB HA SJIEKTPOHHO-IMKJIOTPOHHOM
PE3OHAHCE

[IpoBeneHo MoxenupoBaHue MarHUTHBIX cucreM OllP-ucrounukos Ha
MOCTOSIHHBIX ~MarHutax ¢ pabouumm dactroramu 2,45 ITom w10 [T,
MIpeHA3HAUCHHBIX ISl TIONMYYeHHs IMPOTOHOB, IBYX3apsAHOTO TelHs U APYTHX
MHOTO3apAJHBIX HOHOB. [IpelioskeHbl Pa3HOBUIHOCTH KOH(PHUTYpallid MarHUTHOMN
CHCTEMBI AJII HICTOYHUKOB 000UX Anana3oHoB pabounx gacToT. MccienoBaHbl oceBoe
U paualbHOE pACHpeeNieHHs MarHUTHOTO IIONS, 3HA4YEHHs IO HA TPaHUIE
IUIa3MEHHOM KaMepsbl, a TaKkKe B 00IaCTH MHXKEKIMU U 3KCTPAKIUH JUIS Pa3IUIHBIX
Mapok NdFeB maranTos, a taroke a1 MaTepruana N45 npu gerpagaiuy MarHuToB Ha
10%. Bsno oueneHo nosuoxenue DI[P moBepxHOCTH, a Tarke Apyrue napamerpbl
o, ¢ yaerom 10% nerpajanuy MarauToB.

K.G. ARTAMONOV, M.S. DMITRIEV, M.l. ZHIGAYLOVA,
V.l. RASCHIKOV

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

SIMULATION OF THE MAGNETIC SYSTEMS OF AN ECR
ION SOURCE

The simulation of a magnetic system has been carried out for ECR ion sources
based on permanent magnets with operating frequencies of 2.45 GHz and 10 GHz for
producing protons, double-charged helium and other multiple-charged ions. Several
types of the magnetic system configuration for both operating frequencies were
suggested. The axial and the radial distributions of the magnetic field are investigated
for the values at the boundaries of the plasma chamber and for both the injection and
the extraction regions in consideration of various types of NdFeB magnets. The ECR
region location as well as the other field parameters were estimated with allowance
made to the magnetic degradation of 10 percent.

B pabote mpoBOIMIOCHE MOAETUPOBAHHWE MarHUTHBIX cucteM st D[P
ucTouyHuka ¢ pabouerr wacroton 2,45 ITu, npegHasHaYEeHHOTO IS
MTOJIyYeHHS] TPOTOHOB U CIA00TOYHBIX ITyYKOB JABYX3aPSAHBIX HOHOB I'elus,
n DLIP ucrounuka ¢ paboueit yactoroit 10 I'Tx 1uist mosydeHus MpoOTOHOB,
JIBYX3apsITHOTO TeJHsl, a TAKXKE NPYTHMX MHOT03apsIHbIX HOHOB. [Ipoduin
MarHuTHOTO MOJIsI B IUIA3MEHHOW Kamepe BakKeH Kak Julsi oOecredeHus
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HArpeBa IUIa3MbI, TaK W JJIsl TOBBIINICHUS HAJC)KHOCTH M CTAOWIBHOCTH
paboTHI UCTOUHUKA. B ciiyyae HEOOXOUMOCTH MOTYYCHHUS MHOTO3aPsTHBIX
HMOHOB HEOOXOJUMO MPUMEHSATh PE30HAHCHBIC UCTOYHUKU CO CTYICHYATOMN
noHu3anuei. [IpennoxeHbl pasHOBUAHOCTH KOHQUTYypalnuii MarHUTHON
CHUCTEMBI JIUIsl UICTOYHUKOB OOOWX JMANa30HOB pabouymx vactor. Mojenb
MarHuTHOH cuctemsl DIIP ncrounnka Ha 2,45 ' mokasana Ha puc. 1.

Puc. 1 MarnutHas cucrema 1P ucrounuka Ha yactoty 2,45 I'T1q

[IpoBeneHHble  pacueThl  BKJIIOYAIOT  UCCIEIOBaHUE  HM3MEHEHHS
XapaKTepUCTHK CHCTEMBI (paclpelneNeHuss MarHUTHOTO IOJI1 MO ocu Z,
paauanbHOrO pacupeaeeHUs MAarHUTHOTO TOJIs1, 3HAYEHUH M0JIs1 Ha TPaHULe
KaMepbl, 3HAUCHHI OCCBOTO PACIIPEICIICHHSI TOJI B O0JIACTH MHKEKIIMU U
SKCTpakiuu — Binj U Bext COOTBETCTBEHHO) HJIsl PAa3IUYHBIX MapoK
HEOJUMOBBIX MAarHutoB. MccineqoBaHO  HM3MEHEHHE — XapaKTepUCTUK
MAarHUTHOTO T0JIs 1 rojioxkerue D[P obmacTu npu merpagaiiiu CBOMCTB Ha
10% (puc. 2).

Puc. 2 DLP nmoBepxHOCTH B pacueTHOM cekTope (30°) mpu aerpasanuyd MarHuTOB
mapku N45 (kpacHasi 06acTb) B CpaBHEHHHU C HauyaJIbHBIMHU XapaKTePUCTHKAMU
(3emeHast 001acTh)

B cootBerctBuM co 3HaueHueM [1/]Y nmocTossHHOrO MarHUTHOTO MOJIS IO
HopmatuBHbIM  TpeboBanusiM  CaulluH 2.2.4.1191-03  mpemiosxeHsl
BAapUAHTHl DKPAHOB MATHUTHBIX CHUCTEM C ONTUMAIbHBIMH 3HAUYEHUSIMHU
TOJILLUHBL.
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M.C. AIMUTPHEB, A.C. KPACHOB

Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

TUTASMEHHASI KAMEPA JUISI MAJTOTABAPATHOI O S1P
HNCTOYHUKA C PABOYEN YACTOTOU 245 T

PaccmoTtpenst pe3yIbTaThl MOJICTTUPOBAHUS 3NEKTPOIUHAMUYECKIX
XapaKTEePHUCTHK ITa3MeHHOH kamepsl i DLIP nctounuka ¢ paboueit yacroroit 2,45
I'Tu. IToka3ana Bo3MOXHOCTh Bo30ykacHuss CBU konebaHuii B NMIMHAPHYCCKOM
pe3oHaTope nuamMeTpoM 50 MM ¢ OTYKpPYTJIBIMUA BCTAaBKAMH.

M.S. DMITRIEV, A.S. KRASNOV

National Research Nuclear University MEPhI, Moscow, Russia

PLASMA CHAMBER FOR A COMPACT 2.45 GHZ ECRIS

The results of modeling the plasma chamber electrodynamic properties for the
2.45 GHz ECRIS are considered. The possibility of the excitation of microwave
oscillations in cylindrical resonator with diameter of 50 mm and semicircular inserts
is shown.

JuaMeTp mIa3MEHHOW KaMepbl SBIAETCS OJHMM M3 Ba)KHEHIINX
(haKTOpOB, BIMAIOMNX Ha INIOTHOCTH IUIA3MBI M, B KOHCYHOM HTOTE, HA TOK
noHOB. [ sppextuHOM nepenaun CBY MOIHOCTH pauyc IIa3MEeHHOTO
pe3oHaTOpa He JOJDKEH OBITh MEHBIIE YeM AT, Te A — KPHUTHYECKAs
JUTMHA BOJIHBI 11t Hip BHAa koneGaHWi B IMIMHAPHYECKOM PE30HATOPE.
CrenoBarenbHO, MHHUMAIBHBIA JTHaMeTp KaMephl COCTaBIsIET 78 MM Ui
yactotThl 2,45 I'T'm.

Hdns  cozmanust wmanorabaputHoro OIIP wucrouHMka B KadecTBe
IUTa3MEHHOW KaMephbl TMpeJIaraeTcsi HCIOJIb30BaTh [MIMHIPUYECKUN
PE30HATOpP ¢ BHYTPEHHUM AuaMeTpoM 50 MM, HUMEIOIINM JIBE AUAMETPaAIbHO
IIPOTHBOIOJIOKEHHBIE MOJYKPYTJble BCTaBKU. B 3TOM ciydae momepeyHoe
CCUCHHE IUIA3MEHHOW KaMmephl OyneT sBISAThCS aHanorom H-oOpasnHoro
BOJIHOBOZIA, U UMEThH OOJIBIIYI0 KPUTHYECKYIO JUIMHY BOJIHBI, YEM KPYTJIBIH
BOJIHOBOJ, TOTO k€ quaMmerpa. IlomepeuHoe ceueHne MOAENH MOKa3aHO Ha
puc. 1.

BbIMONHEHO  UYUCIEHHOE  MOJEIUPOBAHHME  ANEKTPOJMHAMHUUYECKUX
XapaKkTepUCTUK HEHAarpy>KeHHOM IuIa3MeHHON KkaMmepsl. IIpoBeneHo
MozenupoBanue BBoga CBU momHuoct B kamepy. Ilomydensr 3aBucuMoct
PE30HAHCHBIX 9acTOT Ha 12 HM3MIMX BUAAX KOJEOAHWH OT JUIMHBI KaMephl,
paanyca M TIOJIOKEHUSI BCTAaBOK. PacmpezenieHne 3JeKTPUYECKOTO TONs B
KaMmepe Ha Buae konebanuit Hii mokaszano Ha puc. 2. ['padmku HEKOTOPHIX
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3aBUCHMOCTEN PE30HAHCHBIX YACTOT OT JIMHBI
puc. 3.

KaMEphbl MPHUBCIACHLBI Ha

Mode 1

Teqeny 246107 Gle

Puc. 1 [lonepeunoe ceuenne

Puc. 2 Pacnipenenenne 3neKTpUIecKOro MO
MOJICIH KaMepbI Ha Buze Koiebanuii Hi

3aBHCHMOCTE PeIoHAHCHON HaCTOTS OT JUIIHHKL KaMEpht

0,07

0.1

016

Puc. 3. 3aBUCMMOCTH pE30HAHCHBIX YaCTOT OT JJIMHBI KAaMEphbI
IosnyueHHBIC PEe3yJbTAThI MOTYT OBITH HCIIOJB30BAHBI MPH Pa3pabOTKe
MJIa3MeHHONW Kamepbl Jisi MajorabaputHoro DIIP ucrounuka c paboueit
yacroroi 2,45 I'T'm.
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M.C. AIMUTPHEB, M.B. IbJKOHOB, C.A. TYMAHOB

Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

PA3PABOTKA BOJIHOBOJHOI'O COIVIACOBATEJISI HA
YACTOTY 246 I'T1LL

Ha ocnoBe mpsimoyrossaoro BonHoBoaa WR-340 pa3paboTan Tpexuuiei(hoBbiit
LITHIPEBOM corylacoBatenb Ha pabouyro uactoty 2,46 [Th, mnossomsrommii
corjacoBatk Harpys3ky ¢ ucrouynnkoM CBY-mommHoctr. MccnenoBaHbl pa3nuaHbIe
BapUaHThl KOHCTPYKIUHM OECKOHTAKTHBIX IMOJCTPOEYHBIX IITHIPEH C JPOCCENTBEHBIM
BBOJIOM.

M.S. DMITRIEV, M.V. DYAKONOQV, S.A. TUMANOV

National Research Nuclear University MEPhI, Moscow, Russia

DEVELOPMENT OF THE WAVEGUIDE 2.46 GHZ TUNER

A ftriple-stub tuner based on a rectangular waveguide WR-340 with operating
frequency of 2.46 GHz has been developed to provide the load-source impedance
matching for the microwave power source. Various types of design of non-contact
tuning stubs comprising a microwave choke have been investigated.

B cumy cymecTBeHHOM 3aBUCHMOCTH BXOJHOTO COIPOTHBIICHHS
Ta3MeHHBIX Kamep DL[P HCTOYHHKOB MOHOB OT XapaKTEPUCTUK pa3psIHON
mrasMel B cuctemax CBUY mmraEms HEOOXOOMMO  HCIONB30BaTh
MepecTpauBacMbIe COTIIACYIOIIUE SIEMEHTHI, IMO3BOJISIONINE B PYIHOM HIIH
ABTOMATH3MPOBAHHOM PEKUME OCYIIECTBIATH COTJIACOBAaHUE HMMIICIAHCOB
HATpy3KH W BOJHOBOJTHOHN JTUHHUH Tepenaun. Hanbonee pactpocTpaHeHHOH
KOHCTPYKIHUEH sBIACTCS TPEXIUIe(POBBIA BOTHOBOIHBIN COTIACOBATENb, B
KOTOPOM B KayecTBE IOJCTPOCYHBIX 3JEMEHTOB HCIOJIB3YIOTCA TpH
€MKOCTHBIX IITBIPSI.

IIpu cozmanmm cuctembl CBY mmranms wmanorabaputHoro OJI[P
HCTOYHMKA C paboueit wactotoi 2,46 I'Ty Ha OCHOBE MPSMOYTOIHHOTO
BonmHoBoga WR-340 Obu1  paspaboran  Tpexuuied(OBbIH  IITHIPEBOI
coriacoBarenb, KOTOPBIH TI03BOJIIET corylacoBaTh Harpy3ky c¢ CBY
reaeparopom. CornacoBanue obecreunBaeT Beicokuit KI1J] mepenaun CBY
MOIIHOCTH B IJIa3MEHHYIO KaMepy MCTOYHHKA, a TaKkKe JUIACTaOMIbHOCTH
MOIIIHOCTH ¥ YaCTOTHI KOJIEOaHUH B TPaKTe.

IMocTpoena Maremarmueckas MOJENb TPEXIUICH(POBOro mMTHIPEBOTO
COINIacoBaTelNs, PacCTOSHUE MEXJIY MITHIPAMHU KOTOPOIO, COCTaBISIOILEE
43,5MM, COOTBETCTBYET 4YETBEPTH JUIMHBI BOJIHBI B MPSIMOYTOJbHOM
BoiHOBO/ie. ILITBIpW TpeACTaBISAIOT COOOW METaUIMYECKUE ITUITHHIPHI
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auaMerpoMm 20 MM, pa3MellaeMble B IONEPEYHOM CEUEHHM BOJIHOBOJA Ha
mUpOKOH cTeHke. ['myOnHa norpyskeHus wThipei perymupyercs ot 0 no 40
MM. Brenrnuit Bun Mojenu nokasaH Ha puc. 1.

Puc. 1 Mojenb BOJTHOBOIHOTO COTJIaCOBATEIIs B pa3pese.

Jl1s corytacoBaHMsI OJJHOBPEMEHHO HCIOJIB3YIOTCS TOJBKO JIBA COCEIHUX
mTeIpsa. Kaxknas mapa obecrieunBaeT COTjlacOBaHKHe Ha MOJIOBUHE KPYTOBOM
JMarpaMMbl CONIPOTHBIICHHH Harpy3ku. [Toka3aHo, 4TO ¢ HCIOJL30BaHUEM
corjacoBareis I Harpy3Kd B BHJIE KOPOTKO3aMKHYTOTO OTpe3ka
BOJIHOBOJA MOKeET ObITh 0Oecneueno 3uauenrne KCBH o 1,05. ITonoxenue
MOJICTPOCYHBIX 3JCMEHTOB COIJIACOBATENs MOXKET OBITh PACCUUTAHO IIO
pe3ysbraram u3mMepenus koddduienTa oTpaxxeHus oT Harpy3ku [1].

IlITeipu coriacoBatess HE JO/DKHBI HMETh KOHTAKTa CO CTEHKaMH
BOJIHOBO/A. [IpH 3TOM BIIEKTPUYECCKHI KOHTAKT U OTCYTCTBHE U3JIYUYCHHS B
OKpYy’Kaloliee MPOCTPAHCTBO 00ECIIEYNBACTCS APOCCENBHBIM COSIUHEHIEM
IITBIPSI C BOJHOBOJIOM. PacCMOTpEHBI HECKOIBKO BapHaHTOB KOHCTPYKIIUU
TaKOTO COCAHWHCHWS, BBIIIOJIHEHO YHCICHHOE MOJCIMPOBAaHUE €ro
XapaKTePUCTHK.

Cnucox numepamypol
1. Y. Kuangat al, A Tuning Method for Triple-Stub Tuner using Knowledge-Based
Surrogate Model,Proc. of 2019 International Conference on Microwave and Millimeter Wave
Technology (ICMMT), Guangzhou, China, 2019, doi: 10.1109/ICMMT45702.2019.8992397.

428



H.M. KPMCTHU, A... MAPYEHKOB, T.B. KYJIEBOH,

IL.A. ®EJVH, K.E.ITPAHUIITHNUKOB
HUI] “Kypuamosckuii uncmumym” - UTOD, Mockea, Poccus

PASPABOTKA BAKYYMHOM CUCTEMbI BTOPOT'O
HNHXEKTOPA HOHOB H" He"

B coBpeMeHHBIX SIEpHBIX YCTaHOBKaxX CyIIeCTBYyeT IpobieMa W3HOca
KOHCTPYKLUMOHHOIO MaTepuajla IOJ BO3AEHCTBHEM HEUTpoHHOro mnoroka. Iloxg
JIeWCTBHEM HEHUTPOHOB B MaTepHale BO3HUKAIOT AE()EKTH KPUCTATHYECKOM
PELIETKH ¥ MPOUCXOANUT HAKOIJIEHHE NIPOLYKTOB TPAHCMYTALUH (TeUsl U BOAOPOAA)
B crpykrype Matepuana. B HULl «Kypuarosckuit uncturym» — UTO® Bemytes
paboTBl 1O W3YYEHHWIO pAJUAllIOHHOH CTOHKOCTM HOBHIX MAaTepHajoB B
MMUTAIOHHBIX JKCIEPUMEHTaX Ha HMOHHBIX IyukaX. B paMkax HMMHTaIlMOHHBIX
9KCIIEPIMEHTOB (OPMHUpPOBaHUE NEe()EKTOB IMPOM3BOIUTCS IYyYKOM YCKOPEHHBIX
msokensix (Fe, Ti, V) wmonoB Ha yckopurene TUIIp. [lnsg wumIuanranuu B
HcchenyeMyr o0nacTe renus u Bojgopoaa Ha yctaHoBke TUIIp mpoektupyercs
BTOpOIi KaHai. J{Jst pa3paboTKu BaKyyMHOM CHCTEMBI BTOPOTO HHXeKTopa noHos H*
u He", xaHana TpaHCIIOPTHPOBKY M MUILIEHHON KaMepbl, HCIIOJIB30BAINCH CPENICTBA
nporpaMmHoro mpoxaykra MolFlow, paspaboranHoii B CERN. MonemupoBanue
BaKyyMHOH CHUCTEMbI IIPOBOJUTCS C YCJIOBHEM IOBBIIIEHHOH ra30BOM Harpys3ku ¢
ECR ucrouHuka, BEI3BaHHOW HaT€KaHHEM ra3a IIpU MOJy4eHuH 1ia3Mel. Ha ocHoBe
MOJICTIMPOBaHNsI BaKyyMHOW CHCTEMBI OIpejeeHbl mapaMeTpbl (OpBaKyyMHBIX H
BBICOKOBAaKyYMHBIX HAacOCOB M IIpeJIoNaraeMble MecTa HX paclojIOXKEHUS Ha
YCTaHOBKE.
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A.C. ITAHHMIIEB, C.M. I1I0JIO30B, B.JI. ITATOX1H

Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

MO/IEJIMPOBAHME JIEMEHTOB BAKYYMHOM CUCTEMBI
JIMHEAHOT'O YCKOPUTEJIA

PaccMaTpuBaIOTCS OCHOBHBIE NMOAXOMBI K MOJEIMPOBAHUIO METOAOM MOHTe-
Kapno BakyymHO# cuctembl ¢ momouipio mporpamMmsl Molflow+, oneHke ypoBHS
BaKyyMa B 2JIEMEHTaX BaKyyMHOH CHCTEMBI IO 00bEMY U Ha TPACKTOPUH JBHKECHHS
3apsHKEHHBIX — dactum.  IIpuBonsTcss  OCOOGHHOCTH — pacdeTa  BaKyyMHBIX
XapaKTePUCTHK OTACNIBHBIX KOHCTPYKTHBHBIX JJIEMEHTOB B COCTaBE BaKyyMHBIX
Kamep yckopurened. JlaHsl IpuMepsl MOJEIMPOBAHHS PACIIPENCIICHUS TaBICHHS B
Kamepax OOBEMHBIX PE30HATOPOB, COCIMHHUTEIBHBIX  BaKyyMIPOBOJOB H
MIPOTSDKEHHBIX BAKYYMHBIX TPAKTOB.

A.S. PANISHEV, S.M. POLOZOQV, V.L. SHATOKHIN
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

A LINEAR ACCELERATOR VACUUM SYSTEM
ELEMENTS MODELLING

The basics of Monte Carlo simulation of a vacuum system using the Moldflow +
program are considered. The vacuum level in the elements of the vacuum chambers
and on the trajectory of the charged particles is estimated. The calculation properties
of the individual structural elements vacuum characteristics in the composition of the
vacuum chambers of accelerators are given. Examples of the pressure distribution in
resonators chambers, connecting vacuum pipes and extended vacuum tracts modeling
are given.

Just onpe/enieHns: TapaMeTpoB BaKYYMHOTO 000pYI0BaHHS JIMHEWHOTO
YCKOPUTENsI  BBIMOJHEHO MOJEIHPOBAHHE C TOMOIIBIO  MPOrPAMMBI
Molflow+, wucnons3ytomeii merox Monte-Kapmo [1]. [ns pacuera
XapaKTePUCTHK BaKyymMa B pAacueTHOH MO/ HeoOXOAMMO 3a7aTh
TEOMETPHUIO MOBEPXHOCTEH, 0OpallleHHbIX B BaKyyM, Ta30Bble Harpy3KH U
rapaMeTpbl OTKAYHOTO 000PYIOBAHMS.

Pe3oHaTopHBIE CHCTEMBI JIMHEWHOIO YCKOPUTENS MPEICTABISIOT
caMoCTosATeNbHBIe BakyyMHBIe cucTteMbl (BC), pa3gensempie Ha CEeKIUU
JUHEWHBIMU HW30JIMPYIOIIAMU BaKyyMHBIMH 3aTBOpaMH. Y CKOPSIOIIHE
CTPYKTYPBl COCITUHSIIOTCS KaHaJaMH TPAaHCIOPTHUPOBKU. [logxiroucHue
BaKyyMHBIX HACOCOB K KAMEPaM PE30HATOPOB OCYMIECTBISCTCS C IOMOIIBIO
BaKyyMHBIX TIOPTOB. B HUX yCTaHABIMBAIOTCS PEHICTKU I OTPaHHYCHUS
npoHrkHOBeHMsI CBY MONTHOCTH 3a Mpeebl KaMephl PE30HATOPA, a TAKKE
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BaKyyMHbIC H30JMPYIOIIUE 3aTBOPHl. OTH OCOOCHHOCTH KOHCTPYKIHMH
BJIMSIIOT HA BAKYYMHYIO TIPOBOJJUIMOCTD U CHI)KAIOT CKOPOCTH 3 (EKTUBHOM
OTKa4KH HAacoCOB. bblia BHINOJIHEHA OIIEHKAa WX MPOBOJUMOCTH B paboyeM
pexxume. I[TpoBoanmocts nmopra IV 160 ¢ penterkamu cocrasmia ot 1370 /c
10 1040 n/c B 3aBHCHMOCTH OT BBICOTHI TIOPTA.

ITo pesynbraTaM MOAETUPOBAaHUS OTKAa4Kd B mporpamme Mollflow+
ObUTH TIONTydYeHBI PacIpelesieHUs] TaBICHHUS IS Pa3HBIX PE30HATOPHBIX
CTPYKTYp, HCCICIOBAHO BIHSHHE PACIIONOKEHHS HACOCOB Ha MpPoGIIn
nasneHus. s pezonatopoB H-trma HaOmoqanock NOBEIIICHAE TaBIICHAS B
COCTMHUTEIBHOM  TPYOOIPOBOJZIE, HYTO OOBACHAETCS OCOOCHHOCTHIO
KOHCTPYKIIUH AJIEKTPOAA Ha BXO/I€ BAKYYMHOTO TPaKTa B PE30HATOP — MaJIOn
MIPOBOIUMOCTHEO BXOTHOTO O0TBepCTHsl (0K0I10 5 11/C). C 1eIbI0 YMECHBIICHUS
3TOro 3¢deKTa Ha pacyeTHON MoOjeAM ObLI MPOBEICH aHAIH3 I'a30BBIX
MIOTOKOB Ha BXOJIE PE30HATOpa B 3aBHCHUMOCTH OT OBICTPOTHI OTKaYKH.
Paccmotpens! pasnuuHble GOpMBI DIEKTPO/A, CHOCOOHBIE YBEIUYUTH €ro
NpOBOAUMOCTh. Mcronb30oBaHHE BAapHAHTOB C PACTOYKOW BHYTPEHHETrO
auamerpa 10 24 MM U pacTOYKOHW IO/ KOHYC ITO3BOJIMIIO CHU3UTD JIaBJICHUE
B TpyOompoBozae Ha 15%. Kpome storo, Oblma paccMoTpeHa BO3ZMOKHOCTh
YMCHBIICHHS Ta30BBIX IIOTOKOB CO CTEHOK TpyOompoBoma 3a cder
YMEHbBIIeHNs IUiomamu. Jlius »Toro OblIa HCCIeIoBaHAa 3aBHCHMOCTH
JABIICHUSI B COCIMHUTEIIFHOM TPyOOIIPOBO/IE OT €ro JruaMeTpa.

C y4YeToM pacCMOTPEHHBIX OTHX (AKTOPOB OBUIM TPEIIOKEHBI
BO3MOJKHBIE BApHAHTHI CXEMbI BEICOKOBAKYYMHOM OTKa4KH ¢ KOMOWHaIuen
TUIIOB  BBICOKOBAaKyyMHBIX  HAacocoB. Jlng  KakIOW  CTPYKTYpHI
cMozenupoBaHa orkauka B Mollflow+ wu  momydensl  mpoduinu
pacripezieneHus AaBjieHus BJIOJIb TPAEKTOPHH ITydKa.

OtaenbHO OBUIM CMOJIETUPOBAHBI YCIIOBUSI OTKAYKU BaKyyMHBIX Kamep
IpyIIIUPOBATENIEH U MPOTAKEHHBIX KaHAJIOB TPAHCIOPTUPOBKY ITyuka. Jlis
OTKaukd OOBEMOB TPYIIHPOBATEICH MpeIokeHa CHUCTeMa OTKAYKd C
ABTOHOMHBIMH ~ BaKyyMHBIMH TIOCTaMH. BBITONHEHa  ONTHMHU3AIHS
paccTOSIHUSL TOIKIIOYEHUS HACOCOB B JIIMHHBIX KaHallaX C IMOMOIIBIO
MOJICIIAPOBAHMSI, KOTOPOE CPAaBHHUBAJIOCH C pe3ylbTaTaMi aHATHTHYECKOTO
pacueta. C yd4eToM BBIOPAHHOTO PAcCTOSHHS OBIIa COCTAaBICHA MOJIENb
TPaKTa U MOJIyYeHO pacupeie]ICHUE NaBJICHHUS BIOJb BCEX YUACTKOB TPAKTA.

Cnucox numepamypul

1 Molflow+ A Monte-Carlo Simulator package developed at
CERN/https://molflow.web.cern.ch/content/about-molflow.
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H.H. BOTAYEBA, IL.A. ®EJINH, A.B. KO3JIOB,
T.B. KYJIEBOA

Hncmumym meopemuueckoii u skcnepumenmanvhou gusuxu — Mockea, Poccus

AHAJIU3 ITPOITECCOB TEILUTIONEPEJAYM B MUIIIEHHOM
KAMEPE

HccnenoBaHbl mpoleccsl TEIUIONEpeadyd B MUIICHHOH Kamepe sBISIOIeics
yactblo yckopurens THUIIp. MogaenupoBaHue TeIUIONEpEHOCa pealu30BaHO B
nporpamme  Comsol  Multiphysics.  PaccMarpuBanice  TakHe  MEXaHH3MBI
TEeMJIONepeHoca, KaK TEeMIONPOBOAHOCTh, KOHBEKLHS M H3ilydeHue. I[lomydeHsr
JaHHbIe 00 N3MEHEHUH U pacIpe/ielIeHUH TeMIIEPaTyphl Ha TIOBEPXHOCTH H3y4aeMBbIX
obpasmos. Mccrnemyemble HpoIieccsl M3ydalWCh B CTAI[OHAPHOM PEXHME W BO
BpPEMEHHOI1 001acTH.

N.N. BOGACHEVA, P.A. FEDIN, A.V. KOZLOV,

T.V. KULEVOY
Institute for Theoretical and Experimental Physics, Moscow, Russia

ANALYSIS OF HEAT TRANSFER PROCESSES IN THE
TARGET CHAMBER.

The processes of heat transfer in the target chamber, which is a part of the TIPr
accelerator, have been investigated. Heat transfer simulation is implemented in the
Comsol Multiphysics program. Such mechanisms of heat transfer as heat conduction,
convection and radiation were considered. Data were obtained on the change and
distribution of temperature on the surface of the samples under study. The investigated
processes were studied in a stationary mode and in the time domain.

Mumennass kamepa ucnosib3yercsi B yckoputene TUIlp  nmus
pasMelleHns BHYTPH Hee TPYyNIbl HCCIEAyeMbIX o00pa3loB M HX
JanbHeimero oOiydeHus TsKeldbIMH HoHaMu. C  ITOMONIBIO TaKHX
SKCIIEPUMEHTOB ~ HM3Y4YaeTcsl paJualioHHasi CTOHKOCTh MaTepualioB,
HCTONB3YEMBIX B AJEpPHBIX peakTopax. KOHCTpyKIus MMIIEHHOHN KaMepbl
obecrieunBaer HarpeB oOpasuoB o 700°C HarpeBareneM CpeaHei
momHOocTei0 100 BT. KoHTpons HarpeBa NpOM3BOIWTCS TEPMOIApaMH,
YCTaHOBJIEHHBIMHA BOJIM3M HarpeBarelss M TOMJIOXKKH ¢ obOpasnamu. Ha
ITOBEPXHOCTH MHIIEHHOH KaMepsl IPEeIyCMOTPEHa CHCTEMa BOISHOTO
oxjaxnaeHus. TakuM o00pa3oM MBI MMEEM TEXHOJOTHUECKHH MpoIiecc,
KOTOPBII CONPOBOXKIAETCA KOMIUIEKCHBIM IEPEHOCOM TETUTOTHI M BKITIOYAET
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B cebs TakMe MEXaHU3MBl TEIUIOTIEPCHOCA, KaK TEIUIONPOBOIHOCT,
KOHBCKITUSI M U3JTYUYCHHUE.

J1is MOIETMPOBAHUS MPOIIECCOB TEILTONEPEIaud YCICITHO MPUMEHICTCS
nporpamma Comsol Multiphysics [1]. Ona mo3BoJIsIeT BBINOJHUTH TEMIOBBIE
pacueThl, ceNaTh aHAIHU3 MMOTOKOB TEIUIA U PACHpECiiCHHE TEMIIEPaTyp B
YCTPOHCTBaX, a TaKXe CBA3aTh HECKOJBKO (DHM3MUECKHX BO3ICHCTBHI B
OJTHOHM MOJEIIH.

B ycnoBusiX CBEpXBBICOKOIO BaKyyMa KOHBEKTHBHBIA MpoOILECC
TEmI00O0OMEeHa HE UrpaeT CYyHIECTBEHHYIO pOJb, [O3TOMY IIPOLECC
TEIIONEepeIauy 3a CUET MOJICKYJI Pa3peKESHHOT0 BO3yXa BHYTPH KaMepbl HE
OBLJT YUTEH.

PaccmoTpeHs! nporieccsl epeHoca Tela 3a CYeT TeMJIONPOBOIHOCTH B
MaTepualic MHUIICHHOW KaMephl, MEPEHOC TeIUla H3JIyYyeHHEM, KOTOPBIH
CYLIECTBEHHO BJIMSET Ha paclpeieieHHe TEeMIIEpaTyp H3-3a HX OOJBIIOTro
mepernaja Ha TPaHUIAX HAarpeBacMON M OXJIKIaeMOW 00JiacTei, U ObLI
YUYTEH ChEM TeIlIa C IHIHHIPUICCKON MOBEPXHOCTH MUIIICHHON KaMephl 3a
CYCT TMPHUHYAUTSIBHOTO OXJAKICHHUS BOJOW, MPEIYCMOTPCHHBIA B
KOHCTPYKIIMK Kamepbl.  [IpoaHanu3upoBaH MPOIECC TEMIEPaTypHOTO
BO3/ICHCTBUS TMyuyka 3apsHKEHHBIX YACTUI[ Ha HCCIEAyeMble O0Opasiibl.
BbImosiHeH pacyer HarpeBa B MOMEHT JICUCTBUSI MMITYJIbCA MyYKa.

[MpuBenens! rpadukn HArpeBa M OXJIAKACHHS TIOBEPXHOCTEH KaMephl U
00pasioB, MPHUBEACHBI 3HAYCHUSI OCHOBHBIX KOHCTAHT, UCIIOJB3YEMBIX B
mpoIiecce MOJECIUPOBaHUs. B HCCIeIOBaHMK C IMOMOINBIO MPOrPAMMBbI
Comsol Multiphysics 611 ycTenHo CBsI3aHbI BCE TEILUIOBBIE BO3EHCTBHS B
OJIHO¥ MOJICJTH U TIOJTyYEHBI PE3yJIbTAThl HAIPEBA KAMEPHI COTIIACYFOIUECS C

OKCIEPUMEHTAIbHBIMUA JAHHBIMU.
Cnucox numepamypbl
1. https://www.comsol.ru/
2. Bejan, Adrian. Heat Transfer Handbook.Wiley, p 175
http://site.ebrary.com/id/10226699?ppg=175
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I1.LA. ®EJIUH, B.K. CEMAYKHUH, K.E. ITPAHUINHUKOB,

A.B. KO3JIOB, P.Il. KYHBUJIA, T.B. KYJIEBOH
HHUI] "Kypuamosckuii uncmumym" — HTO®, Mockea, Poccus

ITPOEKT MIAIHEI—II—IOﬁ KAMEPDBI JUIA ITPOBEJEHUA
OBJIYYEHUN OBPA3LIOB IBYMS ITYYKAMH HOHOB /1T
MOJIEJIMPOBAHUSI HEUTPOHHOI'O BO3IEUCTBUA

VIMATanoOHHBIE SKCIEPUMEHTHl 110 OOJYyYCHHUIO TSDKEIOMOHHBIMHU ITyYKaMu
KOHCTPYKIMOHHBIX CTajled, KOTOpble MOJCIUPYIOT IOBPEXKIEHHS, BBI3bIBAEMbBIC
HEWTPOHHBIM  OOJNy4YeHHEM, BOCTPEOOBaHBI B KadecTBE OKCIIPEcC-aHalIM3a
pagvalMOHHON CTOMKOCTH MarepuanoB. Takue skcnepumeHTbl Benytcs B HULL
«KypuaroBckuii mHCTUTYT» - UTO® Ha yckoputene Tsoxensix moHoB TUIIp. B
paMKax COBEpPIICHCTBOBAHUS 3KCIEPUMEHTANbHOH 0a3bl M IIAHHPYETCS CO3JaHUE
BTOporo KkaHana Ha ycraHoBke TUIIp xand oZHOBpEMEHHOTO OOIYYECHUS
nccnexyeMsix o0pasnos TshkenbiMu nonamu (Fe, V, Ti wnn ap.) u monamu H u He.
Wmmnanranus noHos H i He B 00pa3sibl oZTHOBPEMEHHO C 00IyYCeHHUEM TSDKEIIBIMH
HOHAaMHU IT03BOJISIET MOACIUPOBATE BIUSHUE TPOILYKTOB SACPHBIX peakuii (Bogopoaa
W TenMs) Ha CBOWCTBa Marepuaia. B mokiame mpencraBieH MPOEKT MHIIEHHOH
KaMepbl, O00eCIeuUBaIOIIe IPOBEICHHE OJKCHEPHUMEHTOB C OJHOBPEMEHHBIM
o0JTydeHHeM HCCIeAyeMbIX 0Opa3oB IyYKaMH TSDKENBIX MOHOB M HMMIUTAHTAINN
HOHOB BOZIOPOJA U TeIIMs B HCCIIELyeMyto o0nacTs obpasua.

P.A. FEDIN, V.K. SEMYACHKIN, K.E. PRIANISHNIKOV,

AV. KOZLOV, R.P. KUIBEDA, T.V. KULEVOY
INRC "Kurchatov institute” — ITEP, Moscow, Russia

DESIGN OF A TARGET CHAMBER FOR IRRADIATING
SAMPLES WITH TWO ION BEAMS FOR NEUTRON
INFLUENCE SIMULATION

Simulation experiments on structural steels irradiation with heavy-ion beams are
in demand as an express-method for analysis of the materials radiation resistance. At
the NRC “Kurchatov Institute” - ITEP the experiments are in progress at the HIPr
heavy-ion accelerator. As part of the improvement of experimental facility, a second
channel at the HIPr accelerator for simultaneous irradiation by heavy ions (Fe, V, Ti
or other) beam and H and He ions one is under development. The H and He ions
implantation enables the investigation of nuclear reaction products on the material
features. The report presents a target chamber design for the implantation of H or He
ions in specimens simultaneously with heavy ions irradiation.

OOny4eHne HMOHAMHM MOXKET HCIIONB30BAThCSA Ui IKCIPEcC-aHaIn3a
pPaauallMOHHOW CTOMKOCTH pEakTOpHBIX Marepuanos. IIpu 3ToM HOHHOE
oOiyyeHne He aKTHUBHPYET Marepuaibl M MO3BOJSET HaOWparh J103bI
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pagvallMOHHBIX  IOBpPEXACHUHM B  Kparyaimue cpoxku. B HHIL
«KypuatoBckuit uncturym — UTO® Ha TspxenononHoM yckopurene THUIIp
oTpaboTaHa MeTOJMKa OOJydeHHs oOpa3lOB MMIYJIbCHBIM ITyYKOM HOHOB
MeTaiioB ¢ sHeprueit 101 k3B/HykioH. B pyTHHHOM peskiMe BBITTOJTHSFOTCS
ceaHchl 00nyuenus nonamu Fe?* ¢ sueprueii 5,6 MaB 1o ¢umoencos ~ 10Y
cm2 ipu Temmeparypax o6pasuos 10 500°C. IMIIaHTanus HOHOB BOAOPOIA
U Teiaus MO3BOJISIET MOJEIMPOBATh IPOLECCHl HAKOIUIEHHS TIa30BbIX
MPOAYKTOB SIACPHBIX PpEaKIMif, MOMHMO pPaIUallMOHHBIX Oe()eKTOB OT
TSOHKCIOMOHHOTO ~ 00mydeHus. Jmg 3Toro  IUIaHUpyeTCs  CO3TaHHe
JNOTIONIHATENTFHOTO  KaHana K  kKaHamy  yckopurtens TUIlp  gns
OJHOBPEMEHHOTO 00JTydeHUsT 00pa3IoB TSHKEIBIMA HOHAMU ¢ dHepruei 101
k3B/nyknon u nonamu H u He ¢ sHeprusmu mo 300 k3B [1].

Puc. 1. Cxema MUIICHHOW KaMepBbI.

B muieHHoi kamepe J1Ba KaHajla CBOAATCS Ha MULIEHb NoJ yriaom 30
rpagycoB Mexay coboil. Ha puc. 1 moka3aHa cxema MHUIIEHHOH KaMepshl.
MuteHp TpeacTaBIsIeT CO00H KacceTy, B KOTOPYI0 MOHTHPYETCS 00paser.
Kaccera monTupyetcs Ha HarpeBaemblii 10 500°C anement. Kontpons 3a
HarpeBOM BEJAETCsA 3a CYeT TepMomap, BCTPOEHHBIX B HarpeBaTeIbHBIN
9JIEMEHT, U TeTJIOBU30POM HEMPEPBIBHO BO BpeMst oOyuenus. st ynobersa
MOHTa)Ka KacCeThl Ha TOpIaX Kamephbl MPeIyCMOTPEHbI BaKyYMHBIE JTBEPH.
M3mepeHus: TOKOB MydYKOB, MOJaBaeMbIX Ha oOpaselr, ¢ KaKJIoro KaHaia
MPOU3BOMATCS  pa3jenpHO naByms mwmHApamu @Dapanmes. Ilepen
mmHaApamu  Dapazies YCTaHOBJIEHBI  MPOBOJIOYHBIE TNPO(UIOMETPHI,
WCTIONB3yeMble JIs IOCTHPOBKH ITydyka Ha MHUIICHb M on-line KOHTpOIIA
HaOupaeMoro B Xxone oOmydeHus ¢uroeHca. KOHTpoibHas FOCTUPOBKA
[Iy4YKOB Ha MHILEHU MPOU3BOJUTCS 33 CYET YCTAHOBKU CLHUHTHILISATOpPA HA

II0CaJOYHOC€ MECTO KaCCEThI C 06pa3aMH.

Cnucox numepamypol
1. Fedin P.A. and others// 2020 J. Phys.: Conf. Ser. 1686 012073
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E.JI. BOBUEHKO, K.1. KO3JIOBCKUIA, A. I1. CKPUITHUK,
A.E. IIMKAHOB, 5.4. HIKOJIbBHUKOB

Hayuonanvuwlii uccneoosamenvckuil a0epuviil ynusepcumem « MUDPHy», Mocksa,
Poccus

BOCCTAHOBJIEHUE I0JI51 KOJILIIEBOI'O MATHUTA 11O
JAHHBIM U3MEPEHMIT BEKTOPA MHAYKLIAA

Omucan AJITOPUTM  BOCCTAHOBJICHHUE II0JII KOJIBLICBOI'O MarHura METOAOM
HAaMMEHBIINX KBAaJAPATOB IO JAaHHBIM HU3MEPEHUSA BEKTOpPAa WHIAYKIIHUU. HpI/IBe,E[eHbI
PEIYIbTATHI KOMIIBIOTEPHOI'O 3KCIICPUMCEHTA.

V.D. VOVCHENKQO, K.I. KOZLOVSKIY, A.E. SHIKANOV,
A.P. SKRIPNIK, E.Y. SHKOLNIKOV

National Research Nuclear University «MEPhI», Moscow, Russia

RECONSTRUCTION OF RING MAGNET FIELD FROM
VECTOR INDUCTION MEASUREMENTS

Algorithm of reconstruction of ring magnet field from wvector induction
measurements by least squares method was described. Computer experiment results
were presented.

ITpoBeneHO HCCIEIOBaHME IIOJS  KOJBLEBOrO MarHuTa B BHIC Tela,
OrPaHMYEHHOTO MIJIHHIPHICCKUMU TIOBEPXHOCTSMH I = R12, ¥ IUIOCKOCTIMH —
H/2 <2< H/2. Tlpu nponosbHONH HAMArHUYEHHOCTH MArHUT C TAKOW reOMeTpHei
MOXeT S(Q(EKTHBHO HCIOJNB30BaTECI B  MalOrabapUTHBIX  yCKOPHTEIBHBIX
HEWTPOHHBIX  TPyOKax  JuIdl  MOJABJIEHMS  DJIEKTPOHHOH  MPOBOJMMOCTH.
[IpocTpaHCTBEHHOE paCIIpe/ielieHHe CO3/]aBaeMOr0 MM BEKTOpa WHIYKIMU MOXKET
OBbITh MPEACTABICHO B BHIE CYNEPINO3ULIHM IOJEH MOJEKYIIPHBIX TOKOB In
(n=1+N), mnpoTekarOUMX O YaCTUYHBIM KOJBIEBBIM IOBEPXHOCTIM C
KOOpAuHAaTaMHu In= (In, Zn), Ha KOTOpbIe pPa30MBAIOTCS BHYTPEHHSS W BHELIHSS
LWIMHAPUYECKUE, a TakKe IpaBas M JeBas TOPLEBBIC MOBEPXHOCTH MarHHTa.
CoBokynHocTb uncedn In 3amaer Bextop | pasmepHoctu N.

Tlone BekTOpa HHAYKIMU MOXET OBITh PECTABICH B BH/IE:

B 1) = 1,.b(r.r,), @

rae b(r, r) — BekTOp MHAYKINH, CO3/[aBAEMON TOHKHM KOJIBLICBBIM SANHUYHBIM
TOKOM, OIpENe/sIeMbIM KOOPIMHATOW In, B TOYKE MPOCTPAHCTBA C PaJAUYyCOM
BEKTOpOM I. BpIpakeHHs Ui €ro KOMIIOHEHTOB B IIWJIMHIPUYECKOW CHUCTeMe
KoopauHaT mpuBoniaTcs B pabore [1]. [nst ompenmeneHus kodddumueHtoB In B
BopakeHHH (1) OBLIO MPOBEACHO M3MEPEHHE KOMIIOHEHTOB BEKTOpa MHAYKIHU B
TOYKaX MMPOCTPAHCTBA, OKPYKAIOIIETO MarHUT, C pagrycamu BekTopamu Ik (K =1-K).
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Pesynbraramu W3MEpCHHUH SIBISIOTCS 3HAYCHHS BEKTOpa MHIYKUMU B(r,)B aTHX

TOYKaX.
Haxoxnenne HCKOMBIX KOI(QHUIMEHTOB |n  OCYHIECTBIAIOCE METOIOM
HaUMCHBIIHUX KBAJAPATOB IIyTeM MUHUMH3ALIMHU KBaIPATHYHOH (hOPMBI

w9~ S1e, 6, )~ B.GF

rae y- mapamerp peryispusauuu no TuxoHoBy [2]. McciemoBancs MarHut c
reoMeTpudaeckuMu napamerpamu Ri1 = 0.0225m, R2 = 0.425Mm, H = 0.04m.

0
W3 ycnoBus sxcTpeMyMa —W(l,y)=0
ol
BBITEKAET CIEAYIOIas CUCTeMa JIMHEHHBIX anreOpandecKux ypaBHEeHHUIL:

N
zln(Gmn +’Ysmn) = mem ::I.N,

n=1
K K -
rae Gmn = sz (rk ' rm)bz (rk ' rn)’ I:m = zbz(rk ’ rm)Bz (rk)'
k=1 k=1

Koa¢pduiment perymspusanuyn HOAOHpaicss B Ipolecce KOMITBIOTEPHOTO
skcrepuMenTa. [Ipu 3ToM GbLIO YCTaHOBJIEHO €I0 ONTUMANIbHOE 3HaueHue ¥ ~107°,

Ha pucyHkax, mpecTaBIeHHbBIX HIDKE, IPHBOIITCS PE3yIbTaThl BOCCTAHOBICHHUS
MPOIOJIBHOTO KOMIIOHEHTa BEKTOpa HHIYKIMHM MarHutHoro monst Bz (r, z) u

CpaBHCHI/Iﬂ BOCCTAaHOBJICHHBIX 3HAYEHUH C I/I3MepCHHI>IMI/I B
akcmrepumente: Bz (0, z), Bz ®P(0.015, z).
0.3 F--.. \
021f 1.Bx0,2) =-0005 \/3
Wz =u. »
1.B(0.0005,2) ‘2 \
0.12 2. Bz(0.015.2) N
2.B(0.01529 | | » | - =004 [
"""" . 0.03 o s
3.B,(0.020.2) 3. BZ®(0,2) S
0,06 -0.075[—x -
: 4.B2%0.015,2) s
-0.15 3 T -0.11 Uiz e
0 001 002 003 004 0025 003 0035 004
Z,M

Z,M

Cnucok aumepamypoi
1. JTaumay JI.J1., JTludumi E.M. DiekTpoanHaMuKa CIUIONIHBIX cpel. M., Hayka, 1982, 624
c.
2. TuxoHoB A.H., Apcenun B.SI. MeTobl penieHnst HEKOPpeKTHBIX 3a1a4. M., Hayka, 1986,
186 c.
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M.U. INCOBCKUI, K.1. KO3JIOBCKMUI, E.A. IIUKAHOB

Hayuonanvnwiii uccnedosamenvckuil soepnuiii ynusepcumem « MUDHy,
Mockea, Poccus

MAJIOIABAPUTHBIE UMITYJIbCHBIE HCTOYHUKH
3JIEKTPOHOB /11 TEHEPALIMYA PEHTTEHOBCKHX
KBAHTOB, TEPATEPLIOBOI'O SJIEKTPOMATHUTHOI'O
M3JIYYEHHMSA U1 YCKOPEHUS IEMTPOHOB

B noxmane IpeaACTaBICH O630p 10 NOPTAaTUBHBIM YIIPABJIAEMbIM HUCTOYHUKaAM
OJICKTPOHHBIX MMOTOKOB IIEPCIICKTUBHBIM C TOYKU 3PpECHUS I'CHEPALIUU PEHTICHOBCKUX
KBAaHTOB, TE€PArcpuoBOro JSJICKTPOMArHUTHOIO H3JIYYEHUSA U KOJUIEKTUBHOI'O
YCKOpEHUA I[eﬁTpOHOB JUI TCHEpalun HeﬁTpOHOB.

M.I. LISOVSKII, K.I. KOZLOVSKY, E.A. SHIKANOV
National Research Nuclear University « MEPhIl», Moscow, Russia

SMALL-SIZED PULSED ELECTRON SOURCES FOR THE
GENERATION OF X-RAY QUANTA, TERAHERTZ
ELECTROMAGNETIC RADIATION AND DEUTERON
ACCELERATION

The report presents an overview of portable controlled sources of electron beams
that are promising from the point of view of the generation of X-ray quanta, terahertz
electromagnetic radiation and collective acceleration of deuterons for the generation
of neutrons

Jnst pemeHust 3aad IUCTaHIMOHHOTO Je()EKTOCKOIMMYECKOTO KOHTPOIIS
ONTHUMAJIBHBIM SIBJISIETCS IPUMEHEHHE ITOPTATUBHBIX UMITYJIbCHBIX TE€HEPATOPOB
pertreHoBckux kBaHTOB (MI'PK) Ha 0a3e HMIYJIBCHBIX pPEHTI€HOBCKHX
yckoputenbHbIX TpyOok (YT). Takue UCTOYHMKHU M3IydeHUs] 00ECIeYnBalOT Ha
pPAacCcTOSIHUM ~M OT MUILICHHM CPEJHIOI0 MOIIHOCTH SKCIO3MIMOHHOM 03Bl Ha
ypoBHe ~10 MP/c mpu MUHHMMaJIFHOM TUIOLIAIU H3JIy4arolleil MOBEpXHOCTH
MUILIEHH. YKa3aHHbIE TapaMeTphl JTOCTUTAIOTCS NIPH TeHepalui PEHTTCHOBCKUX
KBaHTOB B BaKyyMHBIX JHOAHBIX YT, pa0oTarommx B HMIIYJBCHO-
MIEPUOTUUECKOM PEXHMME IPU aMIUIUTYJIE TOKA YCKOPEHHBIX 3JIEKTPOHOB ~KA,
JUTMTENLHOCTH MMITyJibca ~(1-10) He, 1 MaKCUMaJIbHOW YHEPTUU SJIEKTPOHOB B
HECKOJIbKHX COTEH K3B.

B noxnane paercst 0630p pabort, rje B Ka4eCTBE UCTOYHUKOB AIICKTPOHHBIX
ITIOTOKOB JJISl TEHEPAIUU YEeTKOTO PEHTTEHOBCKOTO N300paXXeHUS UCIIONIb3YIOTCS
JOUOJHBIE CHUCTEMbl C BHYTPCHHHM WIrOJIbYaThIM aHOIOM M aKCHAJIbHBIM
YCKOPEHHEM DJIEKTPOHOB, MO3BOJIAIOLINE 00pa30BHIBATH B3PHIBOIMHCCHOHHYIO
IU1a3My, C BBICOKOM 3JIEKTPOHHOM IIOTHOCTBIO.
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OpHuM U3 crnocoboB obecreueHuss O€30MACHOCTH SIBJSETCS IOUCK U
UACHTH(UKALUS B3PHIBYATHIX BEUIECTB, B3PHIBHBIX YCTPOMCTB Ha UX OCHOBE U
MOUCK HHBIX MPEAMETOB, KOTOPBIE MOTYT OBITh HCIIOJIB30BAaHBI B KadeCTBE
opyxkusi. Ilouck M mnpoBeAeHHE JOCMOTPOBBIX MEPONPHUATHH MOTYT OBITh
OCYWIECTBICHBl ~ PA3NUYHBIMM ~ MeTojamMH. Hambomee  mepCcreKTHBHBIMH
MIPEJCTABIISIIOTCS METOJbl B KOTOPBIX OOHApYyXKEHHE OIACHBIX IIPEIMETOB
ocyIiecTBisieTcss ¢ nmomoiipio TeparepiioBoro (TT'L]) uznyuenus, a Takxke npu
WCTIOJIb30BaHUH UMITYJIbCHBIX HEMTPOHHBIX HOJIEH.

B noxnazne o6cyxaarorcst paboThl, B KOTOpbIX renepaiuio T - u3nyyenus
Ipe/ularaeTcs OCYIIECTBISITH B TE€HEpaTopax THUPOTPOHHOIO, a TakKxke
BHUPKATOPHOIO THIIA.

Jns  co3maHus MMIYJbCHBIX HEWTPOHHBIX IOJIeH oOcykaaercs, Ha
OCHOBaHMH aHalIu3a OMyOJIMKOBAHHBIX PabOT, BO3MOXKHOCTb HCIOJIb30BAaHUS
HMITYJIbCHO- TIEPUOJIUYECKUX MOTOKOB JEHTPOHOB, KOJUIEKTUBHO YCKOPEHHBIX
IIPU 3aIIUPAHUU TIPSIMBIX AJIEKTPOHHBIX IOTOKOB B IIPOBOASIICH HOJIOCTH.

B Takmx cucremax yCKOpPEHHS MOJKHO IIOJIydyaThb IOTOKHM JEHTPOHOB C
MaKCHMaJIbHOH 3Heprueil B crekrTpe, npesblmaromeil 50 k3B. Oto rosopur o
MIPUHIHUIIHAIBHON BO3MOXHOCTH [IPUMECHEHUS o00HOTO pona
ManorabapuTHBIX YCKOpUTENEH B KayecTBE MOPTATUBHBIX HMITYJILCHBIX
reneparopos HeiirponoB (MI'H) Ha ocHoBe saepubix peakimit D (d, n)*He
u T (d, n)*He, B koTophiX, B oTmuurie oT UTH Ha ocHOBE METOZOB MPSMOTO
YCKOpPEHHS JEHTPOHOB, OTCYTCTBYIOT OIpAaHMYCHHS Ha HEHTPOHHBIH BBIXOJ,
CBSI3aHHBIC C BIMSHHMEM INPOCTPAHCTBEHHOIO 3apsia M SMHCCHOHHOIO TOKa
9JIEKTPOHOB Ha IJIOTHOCTb TOKA JEHTPOHOB U 3(P(PEKTUBHOCTD UX YCKOPEHHUS, a
takke KIIJI ucronp30BaHUS  BHEIIHUX ~ UMITYJIBCHBIX — HAKOMUTeENEH
IEKTPUUYECKON IHEPTUH, TUTAIOMIUX YCKOPSIOUIYIO CUCTEMY.

VYckopennsie g0 sHepruii 0,1 — 2,0 MbdB  neiitpoHsl, OomObapaupys
HEHUTPOHOOOPA3YIONIY0 MUIICHB, BBI3BIBAIOT IPOTEKAHNE PA3IHMYHbBIX SICPHBIX
peaxuuii ¢ UCIyCKaHWeM HEWTPOHOB C JJIMTENbHOCTHIO umiyibca 20 - 50 He.
KomnuectBo YCKOPEHHBIX ZleﬁTpOHOB IIpH 3TOM 11O pacucTaM JOJHKHO JOCTUTaTh
~ 10% 3a uMITyJIBC, @ BBIXOJ HEHTPOHOB Pa3IMYHON SHEPIUH B 3aBUCHMOCTH OT
BBIOOpa HEHTPOHOOOpasyromIell MUIIEH MOXET cocTaBuTh ~10° B MMMybCE
JUIUTENBHOCTHIO ~ 30 HC.

Co3aHue PacCMOTPEHHBIX ManorabapUTHBIX HCTOYHUKOB 3JIEKTPOHOB
MperoiaraeT OJHOBPEMEHHYIO pa3palboTKy 3((EKTUBHBIX BBICOKOBOJILTHBIX
reseparopoB. B nokiane oOcyxaaroTcsi pa3iMyHble CXeMbl X pealn3alii Ha
ocHoBe TpaHcopmaTopos «Tecnay, reHepaTopoB ApkaabeBa- Mapkca, a Takoke
JBOMHBIX (OPMHUPYIOIUX JHHHUK. [IpHBOIATCS OMUCAaHHs TaKHX T'€HEPaTOPOB,
paspaborannsix B HUSTY MUDN.
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A.A. AJITYXOB!, K.B. 3AXAPYEHKO?, P.®. UBPATUMOB?,
B.A. KOJIIOBUH?, C.A. JIbBOB?, E.M. TIOPWH?

Y000 «IlIpouszsoocmeenno-mexnonoeuueckuti yenmp «YpanAimaztneecmy»
2Hayuonansuwiil ucciedosamenvekuii soepnwiil ynusepcumem MUDHU, Mockea,
Poccus

BOPTOBOI MOHUTOP KOCMHUYECKOI'O M3JTYUYEHHS HA
OCHOBE AJIMA3HBIX JETEKTOPOB

Pa3zpaboraH MOHHTOpP KOCMHYECKOTO H3Iy4eHHMS HAa OCHOBE alMa3HBIX
JETEeKTOPOB AJIs JOJITOBPEMEHHBIX KOCMUUYECKHX MHUCCHH. IIpoBeeHBI HCIIBITAHHS
OTBITHBIX OOpa3IlOB Ha CTOMKOCTb K BO3ACHCTBHIO MEXaHHUYECKHX, TEMJIOBBIX U
paauaIMOHHBIX HArpy30K. BelmonHeHa kanuOpoBKa anmaparypel.

AA. ALTUKHOV?, K.V. ZAKHARCHENKO?,
R.F. IBRAGIMOV?, V.A. KOLYUBIN}, S.A. LVOV?, E.M.
TYURIN?

Industrial Technological Center “UralAlmazinvest”, Ltd, Moscow, Russia
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ONBOARD MONITOR OF SPACE RADIATION BASED ON
DIAMOND DETECTORS

A space radiation monitor based on diamond detector for long-term space
missions has been developed. The prototypes have been tested to mechanical, thermal
and radiation loads. Calibration of the equipment has been carried out.

Oo0ecrnieueHne 0€30MACHOCTH JOJITOBPEMEHHBIX KOCMHYECKHX MHCCHI
TpebyeT pa3paboTKH ammapatypbl Uil PETUCTpaldd  KOCMHUYECKOTO
WU3JIy4EHUsI C BBICOKOW CTOMKOCTbIO K  BO3JEHCTBHUIO  TEIUIOBBIX,
MEXaHUYECKUX M PaJAHAIMOHHBIX HaIPy30K U CPOKOM CIyXObI He MeHee 15
ner. TpeOyeMpIMH XapaKTepUCTHKaMH oONagaeT ammapaTypa Ha OCHOBE
alMa3HbIX 1eTeKTOpoB [1, 2].

B nmanHOi paboTe mpeacTaBIeH MOHUTOP KOCMHYECKOTO M3ITYYCHHUS Ha
OCHOBE aJIMa3HbIX JIETEKTOPOB (ajee — MOHUTOP). MOHUTOP NpeJHa3HAUYEH
JUIL  KOHTPOIS paIuallMOHHON OOCTaHOBKH CHApPYXH KOCMHYECKOTO
amnmapara.

B MoHuTOpE ucnonb3yeTcs miITh KaHAJIOB peructpanuu. Kaxapid kaHamn
COCTOUT W3 aJIMa3HOTO JIETEKTOPa, YCHIUTEIBHOTO KacKaaa, BKIFOYAIOIIETO
MATh AMIUIMTYJIHBIX JACKPUMHUHATOPOB, W TMATH CUYETYUKOB YACTHII,
PETHCTPUPYIONIMX CUTHAIBI JETEKTOpa TSTH aMIUTUTYIHBIX JIAANa30HOB.
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[lepen merekropamMu YCTaHOBJIEHBI (MIBTPHI PA3NUYHON TOJIIMHEI, YTO
obecrieunBaeT MpeBapuTeNIbHYIO CEIEKIUI0 PETHCTPUPYEMOT0 U3ITyIeHHSI.
CoBmecTHast 00pab0TKa TOKa3aHUH BCeX CUETYMKOB YAaCTHIL TO3BOJISET
BOCCTaHOBUTH CHEKTPHl MOHU3UPYIOUIMX M3IYHYEHHH DPa3IM4YHBIX BHIOB H
NPOTHO3UPOBATh  AWHAMUKY  PaJMAllMOHHOW  OOCTaHOBKM  BOJIM3HU
KOCMHYECKHX allapaToB, B YACTHOCTH, OOJIBIINE COTHEYHBIE COOBITHS.
MoHnuTtop pa3paboTaH Ha JIIEMEHTHOW ©0aze  OTEYEeCTBEHHOTO
MIPOM3BOJCTBA. B paMKax BBINONHEHHBIX OIBITHO-KOHCTPYKTOPCKHX paboOT
OBLTH YCIICIIHO IIPOBEJCHBI UCTBITAHUSA ONBITHBIX 00Pa3OB MOHHUTOPA Ha
BO3/EIiCTBHE MEXaHMYECKHX, TEIUIOBBIX M pPaJHAlllOHHBIX Harpy3oK.
BeimonHeHa KanuOpoBKa MOHUTOpA C ITOMOIIBIO 0Opa3IOBBIX HCTOYHHUKOB
OeTa-u3JIydeHus] 1 HeWTPOHHOTO n3inyueHus: HeirponHoro D-T reneparopa.
B Hacrosiniee Bpemsi HauaTO NPOEKTHPOBaHHME HOBOW MOJH(UKAIMU
MOHHUTOpPA C MPUMEHCHUEM JJICKTPOHHBIX KOMIIOHCHTOB Ha OCHOBE 6a3OBLIX
MaTPUYHBIX KPHCTAJUIOB U 00pabOTKOIl HW3MEpHUTENBHBIX JaHHBIX C
npuMeHeHneM HeilipoceteBoro noaxoza [3]. Tem cambiM Oyzaer obecriedeHo
CYIECTBEHHOC MMOBBIMICHUC Ha):[é)KHOCTI/I arnmnaparypsbl, a TakKKE€ YBEJIUYCHUC
TOYHOCTH BOCCTAHOBJICHHUS CIIEKTPOB KOCMHYECKOTO H3IydeHHS. Taroke
Hayata pa3paboTKa yTOYHEHHOH (U3MKO-MAaTEeMaTHIECKOH MOJEIN
MOHHTOpA ISl 00y4CHNSI HEHPOHHOH CeTH.
PaGota BrimonmHeHa mnpu dYactwaHOW moxmepxkke DPIBY  «Doupg
COJEHUCTBHSA Pa3BUTHIO MAIBIX (DOPM MPEANIPUATHH B HAYYHO-TEXHHIECKON
ctepe» (Pona conericTBus nHHOBanuAM), [TpoexT Ne 61893

Cnucox aumepamypbi

1. Kania D.R., Landstrass M.I., Plano M.A., Pan L.S., Han S. // Diamond and
Related Materials. 1993. Vol. 2, P. 1012 — 1019.

2. Zakharchenko K.V., Altukhov A.A., Ibragimov R.F., Kolyubin V.A., Lvov
S.A., Tyurin E.M. /I Proceedings of the Tenth Moscow Solar System Symposium.
2019. P. 285-287.

3. HcrpatoB A.JO., 3axapuenko K.B., Kamepxo A.®., KomoOmr B.A.,
Kymnarun B.I1., Kypoukun P.U. // U3mepurensHas Texauka. 2016. Ne3, C. 49-54.
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ILT. BACUJIBEBA, C.I1. MACJIEHHUKOB

Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

HNCCIIEJOBAHUE BO3MOKHOCTHU YMEHBUIEHUA
BPEMEHHOI'O PASPEHIEHUA CHUHTUWIISITOPA 3A CHET
OPAI'MEHTUPOBAHHOCTU JETEKTOPA 1
HUCIIOJIB30BAHUA WLS-CBETOBO10B

B pa60Te NpEACTaBJIICHBI PE3YJIbTAThl YHUCICHHBIX I/ICCJ'Ie,Z[OBaHI/Iﬁ BIIMSAHUA
Q)paFMeHTaHI/II/I CHOUHTUIIIATOPA 0oJpIIOr0 00beMa Ha BPEMCHHOE pa3pe€uicHue
JACTEKTOPA IIPH UCIIOJIb30BaHNU 3€JICHBIX WLS-cBeToBOIOB.

P.G. VASILUEVA, S.P. MASLENIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

STUDY OF THE POSSIBILITY OF REDUCING
SCINTILLATOR'S TIME RESOLUTION DUE TO
FRAGMENTATION OF DETECTOR AND USING WLS-
FIBERS

The paper presents the results of numerical studies of the effect of fragmentation
of a large-volume scintillator on the temporal resolution of the detector with using
green WLS-fibers.

CUMHTWULAUOHHBIE ~ JETeKTOPHl  IIHPOKO  IMPHMEHSIOTCS — IpHU
NPOBEJCHUM M3MEPEHHH B pPa3lIMYHbIX OO0JIACTSAX HSKCHEPUMEHTAILHOI
¢usuku. [ NOBBIIEHUS TOYHOCTH M WH(OPMATHBHOCTH TIOJyYEHHBIX
JIAHHBIX TIPUMEHSIIOT IETEKTOPBI C 00bEMOM CIMHTHIUISATOPA 10 HECKOJIBKUX
am® , B pe3sysbTaTe 4ero IUIOWIAAb CBETOCOOMpAIONIEH MOBEPXHOCTH
MIPEBBIIIACT TUTONAab POTOKATOAA (POTOIIEKTPOHHOTO YMHOKUTEIS (DDY).
Bce 3T0 NpUBOAMT K YBEJIMYEHHIO BPEMEHHOTO Pa3pelieHus NeTeKTopa 3a
CYeT BO3PACTAHUS BPEMEHH CBETOCOOPA B CIIMHTHILIATOPE.

Juis ycTpaHeHusT JaHHOHM NpoOJIeMbl B KPYHMHO OOBEMHBEIX IETEKTOpax
MIPUMEHSIOT CUUHTWUIATOPEI B ()OpPME YCEUEHHOTO KOHYCa, pas3lIMuHbIe
(hOKOHBI, BOJIOKOHHBIE KT'YTHl U Jp. Ha npaktuke Hanbonee 3¢ eKTHBHBIM
pelIeHneM  SBIIETCS — MCHONb30BaHWE — crekTpocMematomux  (WLS)
CBETOBOJIOB, KOTOPBIE CIIOCOOHBI MOTJIOIIATh HM3JIyYEHHE CLHMHTHILISATOpPA
cBOEH 60oKoBOI MTOBEPXHOCTHIO. ObecmieanBas pa3zencHue
CUMHTHJULSIIMOHHOW ¥ (OTODNEKTPOHHOW 4vacteir gerektopa, WLS-
CBETOBOJBI JIOJDKHBI ~OOecreunBaTh JIOCTATOYHBIE KOHIEHTPALHUIO U
3¢ pexTHBHOCTE TIepeIaun CBETa Ha OTPE/ICICHHBIE PACCTOSHUSI.
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B nanHOM pabore mpu pacderax NpUMEHsUTMCH 3eneHble WLS-
CBETOBOJbI, CIHEKTP TMOTJOMIEHUS KOTOPHIX XOpPOIIO COrjacyercs co
CHEKTPOM CBEUEHHS MOJHUCTUPOJBHBIX CIUHTWIISATOPOB, a CHEKTP
U3IY4YEeHUS — CO CIEKTPaJIbHON 4yBCTBUTENBbHOCTEI0 POV Tunma CHOT.

OnHa W3 MOBEpPXHOCTEH CHUHTUIIATOPA HCIOJIB30Balach B KauyecTBE
cobuparoIneif, Ha KOTOPOH BIUIOTHYIO JAPYT K APYTy ObLIH pa3mernieHs WLS-
CBETOBOABI (CM. pHCYHOK 1). Bce BOJOKHa coOMpannch B KIYT, TOpeEIl
KOTOPOTO IIPUCOEANHSIICA K CHIIbHOTOUHOMY DDV,

WLS-cEeTOBOIRL

CermesnT CIOHHTHILIATOPA

Puc. 1. Cxematuusoe PasaCICHUe CUUHTUIUIATOPA Ha ITTACTUHYATBIE CETMEHTBL

Pacuersr moOKaszamm, dYTo yBENWYECHHE COOHUPAIOMICH IOBEPXHOCTH
CHMHTHJUISITOpA CYIIECTBEHHBIM o00pa3oM yiyyinaeT 3(QeKkTHBHOCTh U
BpeMsi cBerocOopa. CHMHTHIUISTOp, pa3ZeieHHbI Ha MPOJOJBHBIE U
monepeyHpie (HpParMeHThI, MOKa3al MPUPOCT BPEMEHH CBETOCOOpa 3a cueT
MHOTOKPATHOT'O OTpAKCHUA q)OTOHOB n YMCHBIICHUA iomagun
cobuparoleit moBepxXHOCTU. Pazfenenue ke JeTeKTopa Ha CErMEHTHI B BUJIE
IUIACTUH TOKa3ald YMEHBIIEHHE BPEMEHH CBETOCOOpa M0 CPaBHEHHUIO C
LETEHBIM.

Cnucok numepamypbol

1. Hupmun FO.A. CeerocoOupaHue B CHMHTHULIIMOHHBIX cyeTdyMkax. M: Aromuszart,
1975.

2. Olive K.A. et. al. «Particle detectors for non-accelerator physics». Chin. Phys. C, 38,
090001, 2014.

3. Mohanty P.K., Dugad S.R., Goswami U.D. et. al. «Measurement of some EAS properties
using new scintillator detectors developed for the GRAPES-3 experiment». Astroparticle
Physics, Ne 31, c. 32, 2009.

4. Mohanty P.K., Dugad S.R. u Gupta S.K. «Monte Carlo code G3sim for simulation of
plastic scintillator detectors with wavelength shifter fiber readout». Rev. Sci. Instrum., Ne 83,
2012.
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C.B. TABPUIII, JI.H. KYT'VHIEB, J1.1O. IIY'AYEB, P.M.

YIIAKOB
00O «HIIIT «Menumma», MI'TY um. H.2.baymana, Mockea, Poccus

NHIAKATPUCA A3JTYYEHUA UMITY JIbCHOI'O
HNCTOYHHUKA YO U3TYYEHUSA C U- OBPASHOU
KOH®UTI'YPAIIUEHN TNIASMEHHOI'O KAHAJIA

B pabote Ha OCHOBE pacdyeTHO — OJKCICPUMCHTAIBHBIX WCCIICIOBAHUI
MOATBEPKJCHA CBS3b ONTHYECKON TNIOTHOCTH UMITYJILCHOTO KCEHOHOBOTO pa3psiia U
MPOCTPAHCTBEHHOTO pacrpeneneHuss wus3nydeHuss B YO u UMK naumanazonax
ontudeckoro cmekrpa. [lokaszano BmusHume U- o00pasHOl KoHGUTypauuu
IJIa3MEHHOT'0 KaHalla Ha MHAWKATPUCY U3JTYUYCHUS Ta30pa3psiAHOM JTaMIIbl.

S.V. GAVRISH, D.N. KUGUSHEYV, D.Y. PUGACHEYV,

R.M. USHAKOQOV
Scientific and Production Enterprise "Melitta" Ltd, Bauman Moscow State
Technical University, Moscow, Russia

RADIATION INDICATRIX OF A PULSE UV RADIATION
SOURCE WITH A U-SHAPED CONFIGURATION OF THE
PLASMA CHANNEL

In this work, on the basis of computational and experimental studies, the
relationship between the optical density of a pulsed xenon discharge and the spatial
distribution of radiation in the UV and IR ranges of the optical spectrum is confirmed.
The influence of the U-shaped configuration of the plasma channel on the radiation
indicatrix of a gas-discharge lamp is shown.

WNMIynbCcHBI KCEHOHOBBIM paspsa Kak UCTOYHMK Y@ H3iIydeHus
IIMPOKO TPUMEHSETCS B ONTHKO — JJIEKTpOoHHBIX cucremax (ODC)
oOe33apaxmBaHUsl ~ BO3JyXa M IIOBepxHOCTeH.  PaBHOMepHOCTH
9HEPreTUYECcKON OOIYUEHHOCTH OKpPY’KaloIIMX O0OBEKTOB, oOecrieunBaeMast
HMMITYJIbCHOM KCEHOHOBOH JammoH, Bxoasuei B cocraB OOC, onpenenser
3¢ GeKTHBHOCTh paboTHI cucTeMBl B mesnoM. M3 pabotsl [1] m3BecTHO, 4TO
JUIsL TOCTMKEHUSI BBICOKOM MOINHOCTH Y@ u3IyuyeHUs U IpUEeMIIEMOU
JOJTOBEYHOCTH TPeOyeTCs BBICOKAsI SHEPTHS pa3psiia U yBEIWUICHNE JITUHBI
MEX3JIEKTPOJHOTO PACCTOSHUS, HO Ui OOecledeHus] KOMIIAKTHOCTH
HWCTOYHUKA HEOOXOAMMO MpHUAaHWE TUIa3MeHHOMY KaHany U- oOpasHoit
koHpuryparmu.  [IpocTpaHCTBEHHOE  paclpeleleHHe  CHJIBl  CBeTa
(MHAMKATPHUCHI) TAaKWX JIaMIl MOAPOOHO He H3ydeHo [1], a pe3ynbraToB
uccinenoBanuil unukarpuc B Y® u MK auanazoHax npakTU4ecku HET.
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Juama3zoH  Bapuauuii  MHAWKATPUC  HM3IYyYCHUS  CYLIECTBEHHO
pacuIipsieTcst Mpyu U3MEHEHHUH ONITUYECKOM TOMIIMHBI cToNI0a mia3mel K;d oT
Hyns1 10 Geckoneunoctr (K, — mokasaTens MOTIOMICHHS IIa3Mbl Ta30BOTO
paspsina, d — amamerp paspsigHOM TpyOku). B pabote [2] Hamu Obuin
paccuuTanbl KO3 QUIMEHTHI MOTIOMECHIS KCCHOHOBOM MIA3MbI M MOKa3aHo,
gyto B Y®-anana3oHe pa3psa ONTHIECKH Ipo3padeH (puc. 1), B To BpeMs Kak
B Gumkueit UK obnactu k; moxer gocrurate Bemmaun 104-10° cml. Takum
obpa3oM, MOXHO oXuaath, 4yTo B MK-nnamasoHe cmektpa MHAWKAaTpuca
Oyzer yxe, ueM B Y obmacTu.

o

o

o
S

o

o

-

_J

o 7 O 7 O 7 O i O i

o

Koadhcpuument nornowenus, 1/cm

AnuHa BOnHbI, HM

Puc. 1. Koaddumment mnormomeHus
KCEHOHOBOI 11a3mel B Y@ auamnasone. Puc. 2. Vnnukarpuca usinyveHus B

Y@ (1) u UK (2) nnanasonax

JJIs IpOBEpKH CIENaHHOTO MPEAINONIOXKECHUS OblJIa CKOHCTPYHpPOBaHA
YCTaHOBKA, MO3BOJIAIONIAS [TOBOPAYUBATE BOKPYT CBOCH OCH BEPTHKAIBHO
PAacCIIOIOKEHHBIH ITa3MEHHBIA KaHAJl HETIOCPEACTBEHHO B IIpoIiecce padOTHI
kceHoHOBOH mammbl  U-  oOpasHoit  koHburypammu. CramuoHapHO
pacrioio’keHHbIe Ha paccTosHH 1 M (oTompueMHHKH, obecneunBaiivd
PETUCTPAIIHIO TUKOBOM CHUJIBI M3JTyUeHHS B CIIEKTPAIBHBIX Auana3zoHax 0,2 —
0,3 MxM u 2-5 MkM. [TosyueHHBIE pe3ynbTaThl IPEICTABICHBI HA PUCYHKE 2.
Kak u Teoperndecku mpearnonaraioch, MHIUKaTpuca u3inydeHuss B UK
nuanazoHe (mo3. 2 PUCYHOK 2) pa3MelleHa BHYTPH HHIUKATpUCH Y@
u3nyueHus: (mo3. 1 pucynok 2). HaGmromaemoe Ha pucyHke 2 CHIDKEHUE
WHTEHCUBHOCTH WU3dy4deHHs: (Touka A) 0OyCIIOBICHO OSKpaHUPOBKOU
pacpoCTpaHeHHS H3IYYCHUS B CTOPOHY (OTONPHEMHHKOB OTHOTO
TOpSIIET0  IUIa3MEHHOTO  KaHayia JpyruM. [lodydeHHBIE — JTaHHBIE
IIPECTaBISIIOT UHTEPEC ATl KOHCTPYUpOBaHUs oTpaxaroueil cucremsl O2C
C PaBHOMEPHBIM paclpeleIeHUEM HHTEHCUBHOCTH U3IyYEeHUS U3AETH.

Cnucok numepamypbol
1. UmnynscHble ucrounuku ceeta / U.C. Mapmak, A.C. doiinukos, B.I1. )Kunbuos u ap. —
2-e 3., nepepad. u porm. — M.: DHeprus, 1978.—472 c.
2. YnprpadHoneToBoe H3IYYCHHE WMITYJIbCHO-TIEPHOIUUECKHX Pa3psioB B MHEPTHBIX
razax / B.M. I'panos, C.B. I'aBpumi, C.C. Kopo6kos, /1.1O. ITyraues // [lpuknagnas ¢pusuka. —
2019. - Ne6. - C. 18 - 23.
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C.B.TABPUIIL, B.M. I'PAJIOB, /1.1O. ITYT'AUEB, C.B.

ITYYHUHA
00O «HIIIT «Meaumma», MI'TY um. H.D.baymana, Mockea, Poccus

MATEMATHUYECKOE MOJEJIMPOBAHUE PA/IMAIITMOHHBIX
INPOIECCOB B CAII®UPOBBIX OBOJIOYKAX
HUMITYJIbCHBIX I'A30PA3PAIHBIX JIAMII

B pabote Ha OCHOBE MaTeMaTH4eCKOHl MOJEIH IPOBEICH aHANIN3 BINSHUSL
ko3¢ duiieHTa IOTNIOmeHNs candupa, S3JIEKTPUUSCKOH MOIIHOCTH paspsina,
WHTEHCHBHOCTH KOHBEKTHBHOT'O TEIUIOCHhEMa Ha MOIIHOCTh M3ITydeHHs 00O0JIO0UKH,
OrpaHMYMBAIOIIEH MIa3M000pa3syroIlyo cpemy. IIpuBeneHBl CHEKTPHI H3IydeHHs
canupoBoi 000JIOUKH NP PA3TUIHBIX YIEIBHBIX JIEKTPHISCKUX Harpy3Kax.

S.V. GAVRISH, V.M. GRADOV, D.Y. PUGACHEV,

S.V. PUCHNINA
Scientific and Production Enterprise "Melitta" Ltd, Bauman Moscow State
Technical University, Moscow, Russia

MATHEMATICAL SIMULATION OF RADIATION
PROCESSES IN SAPPHIRE ENVELOPES OF PULSE GAS
DISCHARGE LAMPS

In this paper, on the basis of a mathematical model, an analysis was made of the
influence of the absorption coefficient of sapphire, the electric power of the discharge,
and the intensity of convective heat removal on the radiation power of the envelope
that limits the plasma-forming medium. The emission spectra of the sapphire shell are
given at various specific electrical loads.

W3yuenne ¢u3MYECKNX TMPOIECCOB B Can(HUPOBBIX 000JIOYKAX
UMITYJIbCHBIX MCTOYHHMKOB W3JIyY€HHMs SIBISIETCS aKTyaJIbHOHM 3amadei, Tak
KaK OHM OMpEIEISAIOT Ha/IEKHOCTh M IKCIUTyaTallMOHHBIE XapaKTEPUCTUKU
ra3opaspsaHbIX jamil. B pabore [1] aBropamu pa3paboTaHa MaTeMaTH4ecKast
MOJIENIb MMITYJIbCHOTO DPa3psiia, OTPAaHWYEHHOTO CHCTEMON H3JIydarole -
noryomaromux obonoudek. [lo mpeanokeHHOMY pacuyeTHOMY AITOPUTMY
TemrepaTypa o00J04eK ompezenseTcs OallaHCOM MEXIy MOCTYHaromeH
SHepruei u3 miasMsl ¥ KOHBEKTUBHO — PaIHaIlMOHHBIMA oTepsMu. Harpes
pa3psAHON TPyOKH OCYIIECTBIAETCS 3a CUET TEIIONPOBOJHOCTH ILIA3MBI,
M3JIy4eHHEM pa3psja B OOJACTH ITOJIYNPO3PAaYHOCTH candupa, YaCTHIHO
MIOTJIOIIAeMBIM B 00BbeMe MaTepuana kond, n VK n3nmydennem B obmactu 3a
JUIMHHOBOJTHOBOW TpaHMIed mnpomyckaHus candupa. KoHBEKTHBHBIHA
TEIUIOChEM HIPAeT Ba)XKHYIO POJb B OXJaXAeHMHM oboinouek. Tak Kak
OCHOBHAsT JOJsl M3Iy4eHHs] KCEHOHOBOIO WIJIM LE3HUEBOrO pPa3psaaoB
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cocpeioToueHa B 00JIACTH JUTMH BOJH KOpode 2 MKM [1], TO UMEHHO 3TOT
CHEKTpaJbHBIN JNANa30H JaeT OCHOBHOM BKJIaJl B 00bEMHOE MOTJIONICHHUE B
crenkax. K tomy xe ko3douiment noriomenus candupa Ke [2], umes
MHUHUMaJbHOE 3HAueHWE IPH JJIMHAX BOJH OKOJO 2 MKM, HapacTaeT B
KOPOTKOBOJIHOBYIO CTOPOHY M 3aBHUCHT OT paboueil Temrepartypsl Kojiosl. B
BHAMMO O0JIACTH CIIEKTpa MpH M3MEHEHUH TeMiepaTypsl 1,5 oT 700 mo
2300K ko3t dumrieHT MeHseTest 6oiee yeM Ha OPsIOK [2], a pacCUNTaHHBIN
HaMu MakcHMyM (GyHKIUK pacnpenencaus [nanka npu nameneHnn Tos OT
1000K mo 2300K cmemaetcs ¢ 3 go 1,2 MM (puc. 1). [TosBiierne BToporo
9KCTpEeMyMa 00SI3aHO PE3KOMY HapacTaHwio Kc B 00JacTb OOJBIINX UTHH
BOJIH.

=

§ 10em 1 Puc. 1. Crmekrp u3IydYeHHs
‘:. 8,0E-02 - _g 000J104eK B MOMEHT OTaCaHHs
il W T s ~ paspsana mns Py, = 155 (1), 320
2 40w N S 2), 800 (3) u 1100 (4) Bt/
PN A" N |/ 2 2, (3) m (4) Br/cm
: L T M | N 1) ko3¢ puireHTe
3 00E+00 ot o p 10

& w0 a0 a0 w00 a0 ss0  ewo  TEWIooTAaun 0,001 Br/em 2

ANWHa BONHbI, HM

Bbulo ycTaHOBIEHO, YTO 1O Mepe YBEIUYEHHS D3JIeKTPUYECKO
MOIIHOCTH TeMmIepaTypa o0O0OJIOYeK pacTeT, OHH HAYHMHAIOT 3aMETHO
U3JIyyaTh BO Bce Ooubllei ooyactu cnekrpa. [Ipu aToM asst oueHb OONbLINX
AJIEKTPUYECKUX MOITHOCTEH B O0JIACTH JUIMH BOJH, HAYMHAS yKe ¢ 1MKM,
000JI04KH TMOTJIOLIAIOT MEHbIIE, YeM H3iydaroT. V3 cka3aHHOrO BBIIIE
CJIElyeT, 4YTO TIOBBIIICHHE JJIEKTPUYECKOH MOIIHOCTH HMCTOYHUKA HpPU
COXPaHEHHMH 3KCIUTyaTallHOHHBIX XapaKTEPHUCTHUK BO3MOXHO TOJBKO IPH
CHSTHHM TEIUIOBOM HArpy3ku C 00OJIOYEeK, HalpuMep, NPHHYIUTEIHHBIM
oxnaxaenueM. Ilpm HHU3KOH WHTEHCHBHOCTH OXJIQXKICHUS  (MasbIx
ko3 punmenTax TETUIOOTAAYH, Harpumep,
0=0,001 B1/ cm? K) ¢ yBenmueHIEM AIIEKTPHUYSCKON MOIITHOCTH PAaCcTeT BKIIAL
B DHEpreTHUECKHe NOTepH 000J0YKaMH JyducToi coctapisonied. C
yBenuueHueM kodddunmenta temwrootaadu (0=0,01 Bt/ cm? K) 3amerHO
BO3pacTaeT pojb KOHBEKTHBHOTO TEIUIOCheMa U ociabuiseTcst BKia copoca
MOIITHOCTH HU3JTyICHHEM.

Crucox rumepamypol
1. Gradov V.M., Gavrish S.V. Mathematical modeling of selective emitting nonequilibrium
plasma in complex optical systems // Light & Engineering. — 1997. - Vol. 5, No. 3. - P. 16-19.
2. Jlunrapr FO.K., ITetpoB B.A., Tuxonoa H.A. Ontuueckue cBoiicTsa neiikocandupa npu
BBICOKHX Temreparypax. Obmacts nomynpospaynoctu//TBT. — 1982. — T.20, Ne5. — C.872 —
880.
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BOCCTAHOBJIEHUE CIIEKTPAJIBHBIX XAPAKTEPUCTHK
BbICTPBIX HEUTPOHOB I10 IIOKA3ZAHUAM HABOPA
AKTUBAIIMOHHBIX IETEKTOPOB

[IpencraBieHbl pe3yNbTaThl BOCCTAHOBIICHHS CIEKTPAIBHBIX XapaKTEPHCTHK
AMITYJIbCHOTO HEWTPOHHOTO TEeHepaTtopa 10 TMOKa3aHWsIM aKTUBAIIMOHHBIX
JEeTeKTOpOB. [l BOCCTAHOBICHUsI TPUMEHEH METOJ MaKCUMAaIbHOH SHTPOIHH,
pean3oBaHHbIA ¢ moMotsio koga MAXED.

A.P. DENISENKO, Y.A. KOKOREV, R.F. IBRAGIMOV,

E.V. RYABEVA
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

FAST NEUTRON SPECTRAL CHARACTERISTICS
UNFOLDING WITH USING ACTIVATION DETECTORS

The results of unfolding spectral characteristics of a pulsed neutron generator
from the readings of activation detectors are presented. Unfolding is based on the
method of maximum entropy, implemented using the MAXED code.

[lpu pabore ¢ HEHTPOHHBIMH HWCTOYHHKAMU BaXHO  3HATh
XapaKTePUCTUKU CO3/AaBAEMOI0 HMH HEWUTPOHHOrO MOJIsl, B YaCTHOCTH,
SHEPreTUYECKU CHEKTp HEUTpOHOB. OJHUM M3 METOAOB ONPEIENICHUs
HEUTPOHHOTO CIHEKTpa SBISIETCS aKTMBALMOHHBIM METOJl, OCHOBAHHBIN Ha
M3MEpPEHUN HaBEJIEHHOW aKTMBHOCTH B 00pasile B pe3ylibTaTe OO0JIydeHUs
HerTpoHamu [1].

BoccranosneHnue criekTpa CBOANTCS K PEIICHNUIO CHCTEMBI HHTETpallbHBIX
ypaBHenuii ®pearonsma mnepBoro poaa [2]. [dns 3TOro CyumecTByrOT
crenuaIbHbIe METOJIBI, HalpUMep, METO HAaMMEHBIINX KBaJpaToB, METO]
MakcuManbHO#M 3HTpornu (MMD), MeTonpl peryssipu3aniy, HEHpOHHBIE
CeTH U JIpyTHE.

B manHo#t paboTe paccMOTpeHa BO3MOXHOCTh MpuMeHeHus: MMO st
BOCCTAQHOBJICHHS HEWTPOHHOTO CIIEKTpa IO ITOKA3aHWAM AKTHBAIIMOHHBIX
JETeKTOpOB. B KadecTBe HCTOYHHWKAa HEWTPOHOB  HCIIOJIB30BAJICS
UMIYJIbCHBIA HeliTpoHHBIN Tenepatop MHI-07T c smepruii melitpoHos 14
Mb5B. Habop akTHBaMOHHBIX AETEKTOPOB BKIIIOYAII [UIACTUHBI U3 BaHAIMS,
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ATIOMUHHUS, UHIUS 1 Meau (Tabnuua 1). AKTUBHOCTh U3MepsiIach Ha TaMMa-
cnekrpomerpe u3 ocobo yucroro repmanus (OUI). OcHOBHOM Bkian B
MOTPEIIHOCTh 3HAYEHHs] aKTUBHOCTH BHOCHT HETOYHOCTh H3MEPEHHOTO
YHUCJIa UMITYJIBCOB B CIIEKTPE BTOPUUHOTO TaMMa-U3ITyUeHUsI.

Tabmuna 1 — XapakTepuCTUKH aKTHBALMOHHBIX JIETEKTOPOB
Jlerexr Peaxius OHeprus AKTHUBHOCTb
CTCKTOp CaKtL nopora, M>B HachImeHus, bx
51 - (4,52 +
V V(n,p)°'Ti 1,7 0,09)103
ZIA1(n,p)M (1,49 +
Al (np)*'Mg 19 0.03)-10°
In 131n(n,2n)*In 9,5 (6,3+0,7)-10°
83Cu(n,2n)®2Cu (1,07 +
Cu 11,2 0,01)10°

JU1 BOCCTaHOBIICHUSI CIIEKTpa ¢ MOMOIb0 MMD Hcnoas30Balcs KOA
MAXED [3], a umeHHO ero MoauduKanus 1Jisi MaTOKaHAIbHBIX IETEKTOPOB
(few-channel unfolding). BoccraHoBneHHBIH CHOEKTp TMpeACTaBiICH Ha
pucynke 1. DHepreTHdecKuil nuama3oH pa3dWUT IO TOpOraM peakuuil u
OJIMHAKOB JIJIS1 BCEX TPEX CIEKTPOB.

1
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E.MaB
Pucynoxk 1 — Pe3ynbTar BoccranoBnenus cnekrpa MHI-07T

U3 pe3ysbTaTa BUIHO, YTO OCHOBHAS YaCTh HEHTPOHOB JICXKHUT B 00JIACTH
Boitre 11,2 MaB. Jlns Gosiee TOYHOTO BOCCTAHOBIIEHUS JKejlaTesieH Habop ¢
GONBIIINM YHCIIOM AKTUBAIMOHHBIX JIETEKTOPOB M TIOPOTOBBIX PEAKIIHA.

Crucox rumepamypol
1. P.®. Uoparumos, S.A. Kokope, A.Il. Jlenucenko. / M3BecTusi BBICHIMX Y4eOHBIX
3aBeneHui. Slnepnas sHepreruka. — 2020. — Ne2. — C. 156-167.
2. Matzke M. /Radiation Protection Dosimetry. — 2003. — T. 107. — Ne. 1-3. — P. 149-168.
3. Reginatto M., Goldhagen P. MAXED, a computer code for the deconvolution of
multisphere neutron spectrometer data using the maximum entropy method. — Dept. of Energy,
1998. EML-595.
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MOAEPHU3ALUSA SJIEKTPOHHOMU ITYIIKHU KJIMCTPOHA C
HEJIBIO YMEHBIIEHUSA BPEMEHU TOTOBHOCTHU
W3/IEIUS

B pabGore paccMOTpeHBI OCOOCHHOCTH pPa0OTHI AIEKTPOHHON  IMyIIKH
MHOTOJIy4€BOTO  KIMCTpOHA. IIpuBeneHbI CIOCOOBI  YMEHBIIEGHHS BPEMEHH
TOTOBHOCTH 3JICKTPOHHOHM ITyLIKH, PE3yJbTaThl TEIUIOBBIX PACYETOB €€ Pa3HBIX
KOHCTPYKIIMif, a TakkKe 3KCICPHUMEHTAIIbHBIC DPE3YyJbTaThl H3MEPEHHS BPEMEHH
TOTOBHOCTH 3JICKTPOHHOM IYIIKH U U3/IENHUS B LIETIOM.

A.B. ZAKIROV, V.M. SABLIN
JSC "RPE "Toriy", Moscow, Russia

MODERNIZATION OF THE KLYSTRON ELECTRON GUN
WITH THE PURPOSE TO REDUCE THE DEVICE
READINESS TIME

The features of the operation of a multi-beam klystron electron gun are considered
in this paper. Methods for reducing the readiness time of an electron gun, the results
of thermal calculations of its various designs, as well as experimental results of
measuring the readiness time of an electron gun and the whole device are presented.

B Hacrosmiee BpeMs yMEHBIIEHHE BPEMEHH TOTOBHOCTH H3AEIIHS
OCTaeTcsl OJHOM U3 aKTyaJbHBIX 3a/lad B IpoLEcce ero pa3pabOTKU HIIH
MoJepHM3alu. B ocobeHHOCTM 3TO KacaeTcs NPHOOPOB BOEHHOTO
HasHavyeHus. Kak mpaBuio, BpeMs TOTOBHOCTH H3JEIHs OINpPENeIsieTCs
BpPEMEHEM JOCTIDKEHHS Ha KaToJle TeMIEpaTypbl, KOTOPOH TOCTATOYHO /IS
TIOJTy9EHHs 33/IaHHOTO YPOBHS BBIXOJHOM MomiHocTH. OHaKoO B mporecce
IporpeBa KaTOAHO-TIOAOTPEBATEIBHOIO y3J1a MOIIHOCTh, HMOABOIMMAS K
TIOJIOTPEBATEIIIO, PACXOYETCsl Ha IIPOTPEB U APYTHX JeTajel IeKTPOHHOMH
IMyIIKA W3-32 IOTeph Ha TEIJIONPOBOJHOCTh M H3IMy4yeHHE. Bricokas
TEIUIOEMKOCTh 3THX JeTajed (10 CpaBHEHHMIO C KaToJIOM) MPHBOAMT K
3HAYUTEbHO OOJBIIEMYy BPEMEHHM WX HarpeBa, 4To, B CBOIO OYEpenb,
ABJISICTCS TPUYMHOW TPOIOJDKUTENBHBIX CMEIIEHUH 3JIEKTPOIOB ITYIIKH
BCJIECTBHE TEIUIOBBIX JAedopMaryid, 4TO MIPUBOIUT K «3ATSITUBAHHIO»
MTOJTyYeHHsT HEOOXOJUMOT0 YPOBHS TOKa KaTo/a.

B nanHOlf paboTe paccMOTpeHa BJIEKTPOHHAS ITyIIKa MHOTOJIYYEBOTO
KJIMCTpOHA HemnpepbiBHOTO JeiictBus (puc. 1). Ha puc. 2 moxaszaHsl
pe3yiapTaThl TEMIOBOTO pacyera dJIEKTPOHHOW MyHIKM, a TaKkke
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9KCICPUMCHTANBHBIX HM3MEPCHUH BPEMEHH TOTOBHOCTH W3JACIHS JO
H3MEHEHHH U MOCIIeE.

Anox

Jepratens

DOKYCHPYIOIIHIT 3MEKTPOT

Puc. 1. ba3oBast KOHCTPYKLUS IEKTPOHHOM MyIITKH

t.nm

Puc. 2. CrneBa: pe3yabTaThl TEIIOBBIX PACYETOB IMEKTPOHHON ITyHIKH ¢ 6a30BOH
KOHCTPYKITHEH (CIUIONIHBIC THHUN) U ¢ MOJICPHU3NPOBAHHON KOHCTPYKITHEH
(HITpI/IXOBLIe J'II/IHI/II/I), CIipaBa: SKCIEPUMEHTAJIBHO U3MEPECHHOE BPEMA TOTOBHOCTH
J0 U 1OCJIC MOACPHU3ALINN

Pe3ynbTarhl WCHBITAHWH TIOKA3bIBAIOT, YTO HEOOXOJWMEBIN YPOBEHD
MOIIHOCTH (B JaHHOM ciydae 0,8 OT HOMHHAJIHLHOW MOIIHOCTH) C HOBOH
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KOHCTPYKIIUM HOCTUTaCTCsA 3a 3,8 MHUHYT, B TO BpEMs KaK cTapas
KOHCTPYKIIUA obecrneunBaia 9Ty MOIIHOCTH TOJIBKO YE€pe3 6,2 MUHYTBI.
Taxum 06p330M, N3MCHCHUC KOHCTPYKIUMN MNYHIKW MO3BOJIWJIO YBCIUYUTH
CKOpOCTb €€ HporpeéBa U 3HAYUTCIbHO CHU3UTL BPEMs YCTAHOBJICHUA
MEKIJICKTPOAHBIX paCCTOfIHI/Iﬁ IMyHIKH, HeO6XO,HI/IMI>IX AJIA [OJIy4YCHU L
3aJaHHBIX 3HAYCHUHA TOKA KaToma.
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3JIEMEHTHBII AHAJI3 COCTABA TOPHBIX IIOPOJ C
TMIOMOILBIO HEATPOHHO-PAIMALIMOHHOT' O METO/IA

B pabote n3yuaroTcs BO3MOKHOCTH IPUMEHEHUSI BAPHAHTa METO1a HAUMEHBIITHX
KBaJIpaTOB ISl MOTydYeHUs] MHGOPMaNUU 00 3I€MEHTHOM COCTaBe CMECH TOPHBIX
nopo. TTonydeH psiz SKCIepUMEHTAIBHBIX OTKIMKOB JIeTEKTOpoB Ha 6asze LaBrs(Ce)
n BGO Ha ramma-m3iaydeHne HEYNPYroro paccesHHs M paJualliOHHOTO 3aXBaTa
HEWTPOHOB, oOpa3yromieecs INPH BO3AEHCTBHM HEHTPOHOB PagHOU3OTOIHOTO
HCTOYHUKA Ha pAa3IU4YHbIC pPACHPOCTPAHEHHbIE OKCUABL. Takxke IOIydeHbI
MOZICNIbHBIC OTKIMKH C HCIOJb30BaHMEM HHCTpyMeHToB Geant4. IlokasaHa
BO3MOKHOCTh IPUMEHEHHS allTOPUTMa Ha 0a3e METO/1a HAaNMEHBIINX KBaAPaTOB IS
MIPOBEACHUS MPOLETYPhl Pa3lIOKEHHSI CIIEKTpa OTKIMKA OT CMECH BEUIECTB Ha
6a30BbIe COCTaBIIOMNE (Ha CIIEKTPHI OTKIMKOB YUCTHIX KOMITIOHEHT).

R.F. IBRAGIMOQV, E.E. LUPAR, I.D. KOLBIN
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ELEMENTAL ANALYSIS OF MINERALS COMPOSITION
USING THE NEUTRON-RADIATION METHOD

The possibility least squares method to obtain information on the elemental
composition of a minerals mixture is investigated in this work. A few experimental
detector responses from LaBrs(Ce) and BGO scintillators to gamma radiation from
neutron inelastic scattering and radiative capture at such materials as iron, silicon and
titanium oxides, as well as calcium hydroxide, have been obtained. Model responses
were also obtained using Geant4 instruments. The possibility of using the algorithm
based on the least squares method for carrying out the procedure for decomposing the
response spectrum from a mixture of substances into basic components (into response
spectra of pure components) is shown.

B Hactosmiee BpeMs IPOJOJDKAIOT COBEPIIEHCTBOBATHCS CIOCOOBI
pelleHusl 3a/1a4 TOTOKOBOTO AJIEMEHTHOTO aHan3a TOPHBIX TOPOJl U Py C
MTOMOINBIO0 HEPa3pyIIAOMUX SAepHO-(GU3NIecKnXx MeTo10B. COBpeMEHHBIE
BBIYHMCIIUTENbHBIE  CPEJCTBA,  CHCTEMbl  (H3MKO-MaTeMaTH4YECKOTO
MOJIETIMPOBAHMS, a TAK)Ke IIPEBAPHUTEHLHbIE JTaAO0paTOPHbIE HCCIICTOBAHUS
MIO3BOJISIIOT MOBBICUTH TOYHOCTH METOJIOB aHAJIN3a.

B pabote mpencraBieHbl pe3ynbTaThl IPOBEAEHHUS HKCIIEPUMEHTOB I10
MOJNYYSHHIO OTKJIMKOB NeTeKTopoB Ha 6ase LaBri(Ce) u BGO na ramma-
N3JTyYeHHEe HEYNpPYroro paccessHusl U paJualliOHHOTO 3aXBaTa HEHTPOHOB,
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oOpasyromieecst Ipyu BO3/ICHCTBUM HEUTPOHOB PaJAMOU30TOITHOTO HCTOYHUKA
Ha TaKMe MaTepHaibl Kak OKCHIBI JKele3a, KpeMHUS U TUTaHa, a TaKkXkKe Ha
THUIPOKCUA  Kajblusa. Takke TMONydeHbl MOJENIbHBIE OTKIMKH C
ucronp3oBaHreM HMHCTpyMeHtoB Geant4d. Ha pucynke 1 mokasana

Puc. 1. ®otorpadus skcnepruMeHTa U Buzyanu3anus Moaenu Geant4 1mo noxy4eHHIO
CIICKTPOB OT PA3JIMYHBIX XUMHUYECCKUX COCIUHEHUU C IIOMOUIBIO PATUONU30TOIIHOTO
ucrounuka. 1 — gerexrop LaBrs(Ce) B anoMuHHEBOM Kopmyce, 2 — nerektop BGO

B QJIIOMMHUEBOM KOpITyce, 3 — UCTOUHUK HEHTPOHOB, 4 — MOJUITUICHOBBIN
HePEHOCHOM KOHTeHHEep UCTOYHHKA, 5 — eMKOCTb JULSI PACIIONIOKEHHS 00pa3LoB, 6 —

CTCHKH U3 ITOJIM3TUJICHA, 7 — CTEHKH U3 60pI/Ip0BaHHOFO TIOJIMOTHIICHA, 8 — SIUK C
TpaHyJIMPOBAHHBIM ITOJIMATUIICHOM

[MoMuMo MopmenH IaHHOTO SKCIEPUMEHTA TaKkKe OBUIH IOIYYCHBI
pacyeTHbIe CIIEKTPbI OTKJIIMKOB OTAENIBHO AJI1 FaMMa-U3JIy4eHUs HEYTIPYTOoro
paccesnus (I'MHP) u ramma-usnyuenus panuarnuonsoro 3axsata (I'MP3)
IIpU BO3JACHCTBHM IOTOKA OBICTPBIX HEWTPOHOB HAa CMECh OKCHAOB C
Ppa3IMYHBIM IPOLIEHTHBIM COAEPKAHUEM KOMITOHEHT.

Pa3pabotan anropuTM OILIEHKH BKJIaJa B OOIIMHA OTKIMK OT KaXKJIOTO
OTZIEIbHOTO KOMIIOHEHTa cMecH. IIpuHuun mpouenypel OLEHKH BKIAJOB B
[esioM omnmcaH B pabote [1] m 3akimodaercs B MOAOOPE TAaKWX 3HAYCHUH
BECOBBIX KOA((HUIMEHTOB K JTANIOHHBIM CIIEKTpaM, IPH KOTOPHIX CyMMa
9THX 3TAJOHHBIX CIEKTPOB, YMHOKEHHBIX Ha 3TH KOA(QUIMEHTH, OymeT
MUHHMAaJbHO OTIMYATHCS OT CIIEKTpa HcciexyeMoro ooOpasma. [IpoBepka
aIropuT™Ma MpPOBOJMIIACH HA MOJENBHBIX U 3KCIEPUMEHTAIBHBIX CHEKTPAX.
Hust cmecu u3 FeO3 m TiO2 B cooTHomieHun 5 Ha 5 kr, oOpaboTka
3KCIIEPUMEHTAIBHOIO OTKJIMKA I0Ka3aja pe3yJbTaT B BUJE COOTHOILICHUS
MPOLIEHTHOTO cojepkanus BemecTB Fe203 k TiO2 kak 50.5% k 49.5%.

Cnucok rumepamypbol

1. Iskender A.R. Alborz E. and others// Nucl. Instr. Meth. Phys. Res.A. 2017. V.843, P. 29—
33.
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WCCJIEJIOBAHUE TEIUIOBBIX PEXKUMOB PABOTBI
KATOJHO-CETOYHBIX V3J10B B MOHHBIX MICTOYHMKAX
HEWUTPOHHBIX TPYBOK C OKCUIHBIMH KATOJAMU

B paboTte npuBoasTCs pe3yabTaThl pACI€THOIO MOAEIUPOBAHHUS YCIOBUH pabOTHI
KaTOJHO-CETOUHBIX  y3JI0B  Ta30HANONHEHHBIX  HEUTPOHHBIX  TpyOOK ¢
HaKaJMBAaeMBIMH OKCHIHBIMH KaTOJaMH B CTaI[MOHApDHOM TEIUIOBOM PEKHME.
AHanu3 TemIoBBIX PEKMMOB HOHHOTO MCTOYHHKA HEHTPOHHOI TpyOKM NMpOBEIEH C
Y4eTOM BIMSAHUS TEIIONepeauy, U3IyYeHU U OCAXKCHUS 3apsKCHHBIX YacTHL OT
TEPMOAJIEKTPOHHOTO KaTo/[a Ha CHCTEMY YTPABISIOIINX JIEKTPOIOB.

A.S. IPPOLITQV, S.P. MASLENNIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

STUDY OF THERMAL OPERATION MODES OF
CATHODE-GRID UNITS IN NEUTRON TUBE ION
SOURCES WITH OXIDE CATHODES

The paper presents the results of computational modeling of the operating
conditions of the cathode-grid units of gas-filled neutron tubes with oxide cathodes in
a stationary thermal regime. The analysis of the thermal regimes of the ion source of
the neutron tube was carried out taking into account the influence of heat transfer,
radiation and deposition of charged particles from the hot cathode on the system of
control electrodes.

OOecrieueHne 3a/laHHOTO TEIIOBOTO pEXHMa pPadOTHl  Pa3INYHBIX
9JIEMEHTOB MaJIOTa0apUTHBIX HEHTPOHHBIX TPYOOK, COCTAaBISIONINX OCHOBY
UMITYJIbCHBIX HEHTPOHHBIX T'€HEPaTOpPOB, NMPEJCTABISAET COOOH BaKHYI0 U
aKTyaJbHYIO 3aJady A oOecrieueHns yCTOHIMBOI padoThl reo(pu3MIecKoM
anmaparypsl IpH TPOBEJICHWH HCCIICIOBAHMH CKBa)KMH, B YacTHOCTH, B
YCIIOBHSIX TTOBBIIIIEHHON TeMIIEpaTyphl OKpysKaromen cpeast [ 1, 2].

JUis TpoBeAeHMS PAacUeTHOTO aHajHM3a TEIUIOBBIX YCIOBHH pPabOTHI
9JIEMEHTOB HMITYJIbCHOTO HEHTPOHHOTO Te€HepaTopa OBUTM HCIIOIb30BaHBI
reoMeTpHUecKue TBepAoTeNbHbIe 3D-Momenn HeUTPOHHBIX TPYOOK (pHc.1),
B HOHHBIX HCTOYHMKAaX KOTOPBIX YCTaHABIMBAJINCH MOJEIH OKCHIHBIX
KaToJIOB Ppa3MM4YHBIX THIOB [3]. B pacdyeTHBIX MOIENSIX YYHUTHIBAIOCH
HaJlMYie BHEIIHEH 3aIlUThl HEWTPOHHBIX TPYOOK (IpH HMX pa3MElICeHUH B
KOHCTPYKTHBE almnapaTypbl HEHTPOHHOTO KapoTaka) OT BO3AEHCTBUS
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BHEIIHUX (haKTOPOB OKPYIKAIOIIEH Cpe/bl. 3aluTa NpeCTaBIsuiach B BUIC
METAJUIMYCCKUX KOPITYCOB, BHYTPH KOTOPBIX PACIOIOTAIICS U30JIAIIUOHHBIN
Matepuain. CieyeT OTMETUTh, YTO HAIUYHE TOTOJHUTEIBHBIX KOPITYCOB U
CJIOCB M3OJLIIIMOHHOTO MAaTepUalia, OXBATHIBAOIIUX HEHTPOHHYIO TPYOKY,
MOJXKET SIBJISATHCS NMPUYMHOM TeperpeBa Mpu paboTe ammapaTtyphl B Ciydae
HEIOCTAaTOYHOTO TEIIOOTBOIA.

Karogno-nomorpeBatensubie y3ibl (KITY) B 3D-Monenu co3naBanuch u3
HUKEJIEBOTO KOpIyca CO CTallbHOM coupaibio BHyTpu. Harpes
SMUTHPYIONICH MOBEPXHOCTH OKCHIHBIX KaTOJOB OCYIIECTBISUICS ITyTeM
MOJa4d  MOIMTHOCTH  (TEIJIOBOTO IOTOKA) HA  CHHpallb  KaTOIHO-
MTOIOTPEBATENFHOTO y3IIa.

Puc.1. CtpykTypa MOIyJIH KaTOAHO-CETOYHOTO y37a

B pacdeTrHOM mpOorpaMMHOM KOMIUIEKCE OBLIM 3aJaHBI YCIIOBHS, IMPH
KOTOpBIX 3Heprus nepenasanack oT KIIY k cerouHomy 37€KTpoAy B BUAE
TEMJIOBOI'O M3JIy4eHHs M 4uepe3 Teruionepenady. Pacuer mpoBoamscs miis
YCTAHOBUBIIETOCS TEILIOBOI'O PEXUMA.

ITo pesynbraTaM MPOBEICHHBIX PACUCTOB OBLIH OMPEICIICHBI YCIOBUS,
[IPU KOTOPBIX DJIEMEHTHI U JACTAIN HEHTPOHHBIX TPYOOK B IITATHOM PEXUME
HX 3KCIUTyaTallud HE HarpEBAIOTCS 0 TEMIIEPATYP, BEIXOASAIIUX 32 IPEIEIIb
JIOIYCTUMBIX IUaNa30HOB.

Cnucok numepamypbol
1. MamenoB H.B., MacnennukoB C.IL. u ap. // JKKT®. 2019. T. 89. Ne 9. C. 1367-1374.
2. Paukos P.C., Macnenuukos C.I1., FOpkos JI.W. // Atomuas sueprust. 2019. T. 127. Ne 1.
C. 39-43
3. KuceneB A.b. MeTaylIoOKCHTHBIE KaTOABI EKTPOHHBIX mprbopos/ M.: MOTH, 2002.
240 c.
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TPAEKTOPHBINA AHAJIN3 KOPITY CKYJISIPHOI'O TIOTOKA,
SKCTPATUPYEMOI'O U3 IVIASMEHHOI'O UICTOYHUKA
HEWUTPOHHOI TPYBKH

B pabore mpencraBieH crmoco0 TPaeKTOPHOTO aHANHM3a KOPITYCKYJSIPHBIX
IIOTOKOB B YCKOPSIOIIEH CHCTeMe HEHTpOHHOW TpyOku, Oasupyrommiics Ha
YHUCICHHOM MOJIENMPOBAHMN MX [MHAMHUKH. B KayecTBe HCXOMHBIX JaHHBIX
MOJETMPOBAHUS HCIIOIb3YETCSl SMHUTTAHC HOHHOTO ITy4Ka, 3aBUCHMOCTb KOTOPOT'O OT
TEOMETPHYECKUX  1apaMeTPOB  YCKOPSIOIICH  CHCTEMBI  SKCIIEPUMEHTAaIbHO
Hccienyercs B Imponecce (GpakTOPHOTO aHaIW3a U BBIPAXKAETCs COOTBETCTBYIOIICH
¢GyHKIMeH mapaMeTpoB YCKOpSIOIIEH cHcTeMbl. Ilpu TakoM moaxoxe B
MOCJIEYIOIIEM MMEETCsI BO3MOXHOCTD BBIYMCIIATH IMUTTAHC ITydKa U BBIIONHSTH
MOJICTUPOBAHHUE €T0 IMHAMUKH 0e3 NpOoBeaeHUs HPU3UUECKOTO SKCIICPHUMEHTA.

ILA. KANSHIN
Dukhov Automatics Research Institute (VNIIA), Moscow, Russia
TRAJECTORY ANALYSIS OF THE CORPUSCULAR FLOW
EXTRACTED FROM NEUTRON TUBE PLASMA SOURCE

The paper presents a method for trajectory analysis of corpuscular flows in the
neutron tube accelerating system, based on a numerical simulation of their dynamics.
As the initial modeling data, the ion beam emittance is used, the dependence of which
on the geometric parameters of the accelerating system is experimentally studied in
the process of factor analysis and is expressed by the corresponding function the
accelerating system parameters. With this approach, it is subsequently possible to
calculate the emittance of the beam and to simulate its dynamics without conducting
a physical experiment

ITpn pa3zpaboTke KapoTaKHBIX MaJoradapUTHBIX HEHTPOHHBIX TPYyOOK
(HT), xoHCTpYKIHUS KOTOPBIX BKIIOYaeT [IeHHMHIOBCKUI MCTOUHHK HOHOB
(IINN) n yckopsrouryto cucremy (YC) [1], yaensercs ocoboe BHHMaHUE
3NEKTPONpoYHOCTH mpubopa. Ee CHmKeHHe CBA3aHO, B YACTHOCTH, C
3albUICHHEM BHYTPEHHEH MOBEPXHOCTH BBICOKOBOJBTHOTO m3ojsitopa YC
MIPOJYKTaMH B3aMMOJIEHCTBHS ITydKa MOHOB C €€ JJIeKTpojgaMu. B sTom
cilyyae Ha Hel oOpasyeTcs IMPOBOJIIUNA CIIOH, cIIOCOOCTBYIONIMH TPOOOIO
10 BHYTPEHHEH OBEPXHOCTH H30JIITOPA, JACTpaJjallii BAKYYMHOM 000JI0UKH
u BbIXOXYy mnpubopa u3 cTpos. [nsg mnpenoTBpamieHust IOCIeNCTBUI
MIEPEYHCICHHBIX BBIIIE MPONECCOB Ha 3Tame pazpaborku YC mpoBoautcs
TPACKTOPHBIM aHaJIN3 KOPILYCKYJSIPHBIX IIOTOKOB, KOTOPBIM, Kak IIPAaBUIIO,
OCHOBBIBACTCA Ha pPE3YyJbTaTaX YUCICHHOI'0 MOACIUPOBAHUA. HpI/I 9TOM
UCIIONB3YIOT HECKOJIBbKO IMOoAXoHoB. OIMH U3 HUX - «CKBO3HOE»
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MO/JIETIMPOBAHKE PaOOTHI M3/1ENNs, BKIIOYAIOIIee CHaYaIa aHaJI3 POLIECCOB
1a3M000pa30BaHKsl B IUIA3MEHHOM HCTOYHUKE, a 3aTeM OSKCTPAaKIMIO U3
HEro Iy4ka MOHOB. /Ipyroil — MoJeMpoBaHKe JUHAMMKH ITydka Oe3 ydera
BIIMSHUS IIA3MEHHOTO MCTOYHHKA, KOTJIa B KAYeCTBE YMUTHPYIOIIECH HOHBI
MTOBEPXHOCTH BBICTYIIACT IIOBEPXHOCTh mpoHukaiomedr B YC wu3 [MHNU
I1a3MbI — MEHUCK.

B Hacrosmieit paboTe npeacTaBieH HHOW METOJ TPaeKTOPHOTO aHaJH3a,
OTIMYAIOIIMICS TEM, YTO B KA4eCTBE MCXOAHBIX NAHHBIX MOAEIMPOBAHUS
UCTIONIB3YEeTCS AMUTTAHC TTyuka Ha Bbixoae u3 [IMU. Takum obpazom, [TMN
kak QyHkuuoHanpHbH y3en HT npu MonmenmupoBaHuM (QU3HYECKH He
paccMaTpuBaeTcs, HO €ro BIUSHHE Ha TapaMeTphl KOPITyCKYJIIPHOTO IOTOKA
B YC yuutbiBaeTcd B OMHUTTaHce. JlJi1 BBIUMCICHHsS SMUTTAaHCa Kak
CTapTOBOTO IapaMeTpa MOJACIMPOBAHUS JAMHAMHKH KOPILYCKYJISPHBIX
IIOTOKOB 3KCIIEPUMEHTAIILHO ONPEACIISETCS €ro COBOKYIHAsI 3aBUCUMOCTb OT
reoMeTpuueckux napamerpoB YC mocpeacTBOM MpoBeAEHUs (HaKTOPHOTO
aHanu3a. DTO BIIOCIEACTBUH Aa€T BO3MOXKHOCTD BBIYHACIIATH SMUTTAHC ITy4Ka
W MOJENHpOBaTh €ro JUHAMHKY ©Oe3 TpoBeIeHHS (PU3HIECKOTO
JKCHEPUMEHTA.

Ha puc. 1a nmpeacrasneno gororpaduueckoe n300pakxeHHE CBETAIIEr0Cs
B YC cnena skcrparupyemoro u3 IIMM woHHOTO Ty4ka, a Ha puc. 10
pesyabrar mogenupoBanus B COMSOL Multiphysics TpaekTopuii HOHHOTO
myuyka B YC ¢ y4eToM BBIYHCICHHOTO 3MHTTaHca Ha BeIxoje u3 [IMMU.
CpaBHEHHE PHCYHKOB MO3BOJISIET 3aKIIOYHTh O COIVIACHM Pe3yJIbTaTOB
MOJIENMPOBaHM TpaeKkTopuil mydka B YC ¢ pe3yabpTaTaMH, MOJyYEHHBIMU B
(U3HMIECKOM IKCTIEPUMEHTE.

Crie UOHHOro ny4ka >J ' | TPaeKTop1MMU MOHHOIO Ny4Ka
rrrrrrrrrr ’IJ !*
I 3MUTTaHC Ha
nna3meHHbIA Bbixoge u3
ncToTHNK nnasmeHHoro

UCTOYHUKa

-y — Il
Puc. 1. Ceetsimuiics B YC cnen sxctparupyemoro u3 1MW nonHoro myuxa

(a) 1 ero cMoIeTMPOBAHHBIE TPAEKTOPHUH C YUETOM BBIYMCIIEHHOTO YMHUTTAHCA Ha
Berxoje u3 [1TNU (6)

Cnucox numepamypbol
1. Paukos P.C., IIpecnsikos A.1O., FOpkos /I.1. “VccnenoBanue BIMsHIS MAarHUTHOTO MOJISt
CKBa)XMHBI Ha HEHTPOHHYIO TPyOKy reodusnueckoit anmaparypsl” // AtomHas snHeprus, T. 126,
BoII. 6, C. 334-337, 2019.
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BJIVSTHUE ITIAPAMETPOB I[IOCTOSIHHBIX MATHUTOB HA
PEXXUMBI PABOTHI MOHHOI'O UICTOUYHUKA ITEHHUHT A
HEWUTPOHHOI TPYBKH

B pabGore mpuBeneHBI pe3ynbTaThl AKCHEPHUMEHTAIBHBIX HCCIEJOBaHUIT
aMIIIUTYAHO-BPEMEHHBIX XapaKTEPHUCTHK HOHHBIX HCTOYHHKOB [leHHHMHra mpu
HCTIONB30BAHMM MArHUTHBIX CHUCTEM C PA3IMYHBIM PACIpelelIeHHeM MarHUTHBIX
Tosei, KoTopble GOPMUPYIOTCS B pa3psTHOM sUeHKe.

.M. MAMEDOQV, S.P. MASLENNIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

INFLUENCE OF PERMANENT MAGNET PARAMETERS
ON OPERATING REGIMES OF PENNING ION SOURCE OF
NEUTRON TUBE

The paper presents the results of experimental studies of the amplitude-time
characteristics of Penning ion sources using magnetic systems with different
distribution of magnetic fields that are formed in a discharge cell.

HNonnble ucrouHuku IleHHMHra ¢ «XOJIOAHBIMM»  KaTOJamH
HCTIONB3YIOTCs B BbIMyckaeMbix Bo PI'VII «BHUMA» um. H.JIdyxoBa
ra30HATIOTHEHHBIX HEHTPOHHBIX TPyOKax, BXOAAIINX B COCTaB UMITYIbCHBIX
HEUTPOHHBIX TEHEPATOPOB, MPUMEHSEMBIX B Pa3MIHbIX o0macTsx [1, 2].

[MonpoOHOMY HM3yUYSHHMIO pa3IMYHBIX MOJ M PEKHUMOB TOPEHHS paspsiia
Ilennunra HOCBALIEHO Goutboe YHCIIO TEOPETHYECKHUX u
9KCTIEPUMEHTAIBHBIX paboT, MPOBEACHHBIX B HAYYHO-HMCCIIEA0BATEIBCKIX
naboparopusx 1o BceMy Mupy. MccinenoBaHus BBITOTHEHBI ¢ Pa3psJHBIMH
siueiikaMy, UMEIOIUMHY Pa3INYHbIe TEOMETPUUECKUE TTAPAMETPBI H PEKUMBI
MIUTAHWS KaK TOCTOSIHHOTO, TaK UMITYJIbCHOTO TOKa. B o1my0GnmkoBaHHbIX /10
HACTOSIIETO BPEMEHH MaTepHajax MPaKTHIECKH OTCYTCTBYET HHPOPMAIUs
[0 BIMSIHAIO Ha paboTy HMOHHBIX HCTOYHHKOB IMapaMETPOB ITOCTOSTHHBIX
MarHuTOB, M3TOTABIMBAEMBIX TI0 PAa3HBIM TEXHHYECKUM TPEOOBAaHUSAM U W3
Pa3JIMYHBIX MarHUTHBIX MAaTE€PUAJIOB.

B pe3ynpraTe MpOBEAEHHBIX MCCIIEIOBAaHUNM OBUIM MOIYYEHBI JaHHBIEC O
XapakTepe BIHMSHUS apaMeTpOB KOJBLEBBIX MArHUTOB HA pabOTy MOHHBIX
UCTOYHHMKOB. B pabore mpuBoOAsATCS pe3yibTaThl MCCICAOBAHUM BIMSHUS
a3MMYTAJIbHbIX W PaJUAIbHBIX COCTABJLIOIIMX [0 HAa AaMILIUTYJHO-
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BPCMCHHBIC XapaKTepUCTUKU pa3psna [lennunra. Ha ocHOBe MOMyYeHHBIX
JAHHBIX OBUIM BBIPAOOTAHBI TEXHUYCCKHC TPEOOBAHHMS HA KOJBIICBBIC
MarHuThl TPCIHA3HAYCHHBIC IS WCIONB30BaHUS B MAarHHTHBIX COOpKax
MMOPTATUBHBIX HEHTPOHHBIX TEHEPATOPOB.

[IpoBeneHHBIC HCCIIEIOBAHUS MO3BOJIMIN BBIIBUTH PA3TUUHBIC PEKUMBI
ropeHus paspsiia [IeHHHHTa B 3aBUCHMOCTH OT JaBJICHHS, T€OMETPUUECKHUX
apaMeTpoB pa3psAAHON SUSHKM, HANpsSHKEHHS HA aHOJC U 3HAYCHUS
MAarHUTHOTO TIOJIS BHYTpH stueiiku [2, 3]. Ha pucynke 1 mokazana cTpykTypa
HOHHOTO MCTOYHHMKA HEHTPOHHOI TpyOKH, B KOTOPOM MarHuTHas cOOpKa
COCTaBJICHA U3 IISITH MATHUTHBIX KOJIEII.

] —=—B,,=48mT
E 4 5 120 v By, =54mT
4 = - - —»— B,,,=60mT
[ A 110 201
1 D<<m< <[] B ot
=T 100 OnTumManeHas rpaHuua
o =
3 2 £ 90
3 - o
] = L) 80
3 b A
il A4 3 70
60 Ay
024 6 810121416182022
£, ra
Puc. 1 Crpykrypa I'HT: 1 — katon, 2 — Puc. 2 PacnipenienneHue MarHuTHOTO
AHTHKATOJ, 3— aHOo, 4 — MarHUTHAsI nioJist BHyTpH [TUU 'HT B
cOopka, 5 — amoMHHHEBasI IPOCTaBKa 3aBUCUMOCTH OT NapaMeTpOB

MarHuToB

MopenupoBaHue pacrpeelIeHnii MarHUTHBIX MOJeH, GOPMUPYEMBIX B
WOHHBIX HCTOYHMKax [leHHMHra, mnpoBeaeHo B mporpamme Comsol
Multiphysics. Ha pucynke 2 mpeicTaBieHbl pPe3yJbTaThl pacuera
aKCHAJIbHON COCTaBIIIONIEH HHIYKIMKU MarHUTHOTO 110315 (BZ) 11 BapuanTa
MarHuTHOH cO0pKH, B KOTOPOil yeTsipe MarHuta (11 - V) umeror oguHakoBbIe
napamMeTpsl (MHAYKIHS B IIeHTpe KoJbla Bzo =54MTi), a y camoro GimxHero
K KaToy MarHuty (|) u3MeHseTcs MHIYKIHS B IEHTPE MarHWTA B AMANa30He
or 48 no 64 mTn. CromHBIMU TUHUAMHE 00O3HaueHa 00JlacTh Haubojee
MIPEANIOYTUTEIHFHOTO PACHPE/ICIEHHS MarHUTHOTO TI0JISL B Pa3psIIHOI sTueke.
[IpencraBnenHble JaHHBIE HATIISIHO MTOKA3bIBAIOT, YTO, U3MEHSS TapaMeTPhI
pPa3sMEIIeHHOTO OKOJIO KaToja MAarHuTa, MOXXHO B IIMPOKHX IIpejenax
peryanpoBath (GOpMy pacrpezeieHus 1Mol BHyTPH HCTOYHUKA U IPUBECTH
ee K HaWTy4IlIUM [TapaMeTpam.

Cnucox aumepamypul
1.VladivojValkovic / 14 MeV Neutrons. Physics and Applications. CRC Press
Taylor&Francis Group, Boca Raton, London, New York, 2016, 500 p.
2. bapmakos F0.H., Boromto6os E.I1. u np. Kaporaxnuk, 2006, Ne 10—11, c. 175—187,
3 IOpxos J.U., Boromo6os E.I1., Muwwtep B.B. u ap. Kaporaxuuk, 2013, Ne 9, ¢. 77—88,
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HNCHBITAHUS TU®PO-AHAJIOI OBBIX MUKPOCXEM HA
CTOUKOCTD K BO3JEMCTBUIO TS/KEJIBIX
3APAKEHHBIX YACTHIL

ITpencraBnensl pe3yabTaThl HCHBITAHUIH PA3TMYHBIX BHJIOB IU(PO-aHATIOTOBBIX
MHKPOCXEM Ha CTOHKOCTh K BO3JECHCTBHIO TSKENBIX 3apsyKEHHBIX YACTHIL
KOCMHYECKOT0 NPOCTPAaHCTBA. BhINosiHEHa OLIEHKa TOPOTrOBbIX 3HAYEHUN JTUHEWHOMN
Tiepeady SHEPTUH BOSHUKHOBEHHS OAMHOYHBIX PAIHallMOHHEIX 3P deKToB.

I.S. MASLENNIKOVA, G.I. ZEBREV, S.P. MASLENNIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

INVESTIGATIONS OF SINGLE EFFECTS IN
DIGITAL-ANALOG MICROCHIPS

This article presents the results of stability tests types of frequency synthesizers
to the exposure to heavy ions of space. The level of this type of threshold value linear
energy transfer the occurrence of single event effects.

Y CTONUMBOCTE HMHTErPajbHBIX MHKPOCXEM K BO3ICHCTBHIO TSDKEIBIX
3apspkeHHBIX yacTull (T3Y) xocmuueckoro mpoctpanctsa (KII) sBusercs
OJIHOW W3 TJIaBHBIX NMPOOJIEM, KOTOPYIO NBITAIOTCS PEIIUTh Pa3paboTUUKU
KOCMUYECKOM 3JIEKTpOHHOW amnmnaparypel. Ilocne mpoekrupoBaHus H
MIPOU3BOJICTBA HOBBIX DJIEKTPOHHBIX KOMIIOHEHTOB JJII KOCMHYECKHX
IIPUMEHEHUH JOJDKeH OBITh MPOBEAEH KOMIUIEKC MCIBITAHUH Ha BCE BUABI
ONMHOYHBIX paAualoHHBIX 3(dexToB (OPD) B nmamasoHe paboumx
TEMIIEPaTyp ¥ Pa3IHMYHbIX JIEKTPHIECKUX PEeKUMax paboThl KOMIIOHEHTOB.

UcnelTanus npoBOOMIMB B PpEXKMMaX HPUMEHEHUS MHKPOCXEM B
anmapatype INpH MaKCHUMaJIbHBIX TeMIepaTypax M DIEKTPUYECKHX
mapamMeTpax. 3HaueHHs TUHeWHoW mepenaun sHepruu (JI[1D) BEIOMpanack
UCXOJsl U3 TPeOOBAHUH K CPOKY aKTHBHOTO CYIIECTBOBAHUS, OPOUTHI, WK
3a7aeTcsd B TEXHHUYECKMX TpeOOBaHMAX Ha ammaparypy. OJEKTPOHHbIE
KOMIIOHEHTBI, KOTOpPHIE HE NPONUIM FWCIBITAaHUS C TOJIOKUTEIHHBIM
pe3ynpTaToM, JOJDKHBI OBITh 3aMeHEeHBl. Eciam 3aMeHa HEBO3MOJXKHA,
HEOOXOANMO TIPUMEHHUTH JIOTIOJIHUTENbHBIE METOMBl OO0ECTeYeHusT HX
croiikoctn. Hambosee KpUTHYHBIMHU SIBIAIOTCS THPUCTOPHBIE 3((dEKTH u
CBS3aHHBIE C HUMH KaTacTpo(udeckne OTKa3bl, MPOOOH MOA3aTBOPHOTO
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IudJeKTpuKka U dPQekThl Bhiropanus B OKB ¢ BBICOKUM HampsKCHHUEM
MTUTAHUS.

HcnpiTaHuss  3JEKTPOHHBIX ~ KOMIIOHGHTOB Ha  TSKEIBIX  HOHAX
MIPOBOIMIIACH Ha MCIBITATEIBHBIX YCTAHOBKAX, PACTIONOKEHHBIX B I. JlyOHA
(MockoBckast obnactb, Poccust). YCTaHOBKH, HCHOJNB3yeMbIE B XOJ€ ITHX
HCTIBITATEIbHBIX KaMIAHUH, MO3BOJISIOT 00Iy4aTh MUKPOCXEMbl HOHAMH C
ITUPOKHAM JIHANa30HOM dHepruit ot 3 MbaB/HykioH no 23 MaB/HykioH u
JMATa30HOM TOTOKOB yacTH oT 10 mo 10° gactmuxcem?xcl. O6pasmsl
0o0JyJans pas3IUYHBIMH HOHAMH, UMCEIOIIMMH JSHEpruu ot 6,34 mo 69,2
M>»Bxcm?/Mr nipu Temmepatype 25 °C (kak GbII0 yKa3aHO B TPeOOBAHMIX).
[IpubGopsl  obOmyyanmuch TNpH  HOPMAJIBHOM  TAJACHWHM  TOTOKA  C
HepaBHOMepHOCThI0O  MeHee 10 %.  KputepueMm,  ompenensiomum
Bo3HHMKHOBeHHE d¢dekra SEL, Obul0 ckaukooOpa3HOE yBEIMYEHHE TOKa
MOTpeOICHUs] BMECTE C OTPULIATEIBHBIM PE3yJIbTaToM (pyHKIMOHAIBHOTO U
NapaMeTPUUECKOro  TECTHPOBAHMUS, IIOCKOJBKY 3HAueHHWE TOKa U
(YHKIIMOHMPOBaHUE BOCCTAHABIHMBAINCH TOJIBKO IOCE cOpoca MHUTaHUS.
Karactpoduueckuii 0Tka3 perucTpupoBajicss B Cllydae OTPHULATEIHLHOTO
pe3yibrarta GYHKIMOHAILHOTO TECTUPOBAHUS MOCIe mepecOpoca MUTAHHUS.
Jnst  KaXI0ro THIIOHOMHHANA MHKPOCXEM KOJMYECTBO HCIBITYEMbIX
00pasIoB COCTABIISIO HE MEHEE TPEX.

B xome paboTel ObUTM MPOBEACHBI HCIBITAHUS  HECKOJIBKHX
TUMIOHOMHMHAIIOB ~ MHKPOCXEM  pa3lM4YHbIX  OpOM3BOAWTENeH.  bBbuin
paccuMTaHbl BEpPXHHME W HIDKHHME TpaHuibl sl 3QdekToB, KOTOpbIE
MIPOSIBISUTUCH MIPU O0JIy4YEeHHUH MUKPOCXEM.

[Tomy4enHble pe3ynbTaThl UCTIBITAHUHN MO3BOJISIIOT pa3zpaboTunkam POA
caejadarb BBIBOJA O COOTBETCTBHHM HCIIBITAHHBIX yCTpOﬁCTB 3a1aHHbIM
TpeOOBaHMUAM U BO3MOXXHOCTH HX IpuMeHeHHA. Eciu pe3yispTaTsl
HUCIIBITAHUI HE YAOBJIIETBOPAIOT 3aJaHHBIM  YCJIOBUAM, pa3pa6OT‘-H/IKI/I
YCOBEPIIECHCTBYIOT KOMIIOHEHTBI IS JTy4Ileii CTOMKOCTH K PaJHallHOHHBIM
¢ pexTam.

Cnucox rumepamypol
1. Maksimenko, T.A.. et al. Single Event Effect Test Results for Candidate Spacecraft
Electronics, 2019 IEEE Radiation Effects Data Workshop, July 2019.
2. 3ebpes I'.U. Pagnanmonnsie 3pGeKTsl B KPEMHUEBBIX HHTETPANBHBIX CXEMaX BBICOKOM
crenenn unTerpauun. 2010. c. 148.

463



J.A. MSIHJIVH?, E.B. PSIBEBA?,
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METOJ BOCCTAHOBJIEHUSI CIIEKTPA I-lEfITPpHOB C
IHOMOIIBIO UCKYCCTBEHHOU HEUPOHHOU CETH

PaccMOTpeH MeTOJl BOCCTAHOBJICHUS 3HEPIeTHYECKOrO PacIlpeaesieHHs MOTOKa
HEHTPOHOB C WCIIOJIB30BAaHHEM HCKyccTBeHHOM HeliponHoit cetu (MHC) Ha
OCHOBAaHUH MOJICTIBHBIX JAHHBIX CHUHTHILIATOpa EJ-276. [Ipeanoxena ontuManbHas
apxurextypa MHC.

D.A. MYANDIN?, E.V. RYABEVA?,

I.V. URUPA? R.F. IBRAGIMOV?
'Federal State Unitary Enterprise VNIIA, (Dukhov Automatics Research
Institute), Moscow, Russia
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

NEUTRON SPECTRUM UNFOLDING METHOD USING
ARTIFICIAL NEURON NETWORK

Neutron spectrum unfolding method using artificial neuron network (ANN) based
on modeled data of plastic scintillator EJ-276 are considered. The optimal parameters
of ANN’s architecture are proposed.

HelipoHHble ceTH HalM MHUPOKOE NPUMEHEHHE B PEHICHUSIX 3a1a4HU IO
BOCCTAHOBIICHHIO HEHTpOHHOTO criekTpa [1-3].

OcHOBHast  CIIOKHOCTh NPH  BOCCTAaHOBICHHH  DHEPIreTHYECKOTO
pacupeeneHus IOTOKa HEUTPOHOB BO3HUKAET U3-3a HAJIMYUS IOIPELIHOCTH
B alIapaTHOM  CIEKTpEe, BO3HMKAIOLICH BBUIY  JHEPreTUYECKOU
HEIMHEWHOCTH CIIEKTpa IIPOTOHOB OTJA4d, a TaKXe HEHYJIEBOIO
SHEPreTUYecKoro paspelieHus crekrpomerpa. Kpome Toro, cucrema
ypaBHeHu# (1), Kak NpaBmIIO, SBISIETCS MEPEOIPEACICHHOM, YTO TOXe
BHOCHUT BKJIaJ] B IOTPELUTHOCTh BOCCTAHOBJIECHUSI.

_ m
N; = 2i=1AF; oy
rae N; - oTkiuK J-TO KaHama JeTeKTopa, A;; — pacuCTHBIH OTKIMK j-ro

KaHaJIa AeTEKTOPa Ha HEHTPOHBI i-0# YHEPreTHIeCKO! rpymmsl, F; - HCKOMBII
HEHTPOHHBIA CHEKTpP, N — UYUCIO KaHAJIOB CIEKTPOMETpa, M — 4YHCIO
SHEPreTUYECKUX TPYIIIL.
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HcxomHbIMU TAHHBIMH JUTS 3314l BOCCTAHOBJICHUS SABJSICTCS MaTpUIIA,
NpeAcTaBisiIomas  co0OH  CMOJENMPOBAaHHBIH ~ HA0Op  OTKIMKOB
CHMHTHULILIMOHHOTO JleTekTopa EJ-276 Ha MOHORHEpreTHUecKHe JIMHHU
HEHUTpOHHOTO K3NydeHus ot 1 1o 14 M»sB (puc.1).

Ha puc.2 npuBeneH pe3ysibTaT BOCCTAHOBJICHHS SKCHEPUMEHTANBHOTO
CIIEKTpa HEHTPOHOB OT HEUTPOHHOTO TeHepaTopa Ha ocHOBe peakiwu D-T.
Ilotox Helitponos — 9,81-10% u/c; yckopsromee Hanpsxenue Ha TpyOke — 130
kB; paccTosinue ot ucToyHUKa M0 nerekropa 170 cMm; yrom Mexmay OChbio
reHeparopa u pgerektopoM 90°. PacuerHas TeopeTHuecKas dSHEPTHUA
HEHTPOHOB ompeaessieTcs o GopMyIie:

E = magmnT

= ——-|cos6, +
(Mp+mpes)? n

\/COSG% + (mn+mHe4)[(mHe4_md)T+mHe4Q])2'
mgmnT

rae my m, My, — Macchl JeiTpoHa, HeHTpoHa U anbha-4acTULIbI
COOTBETCTBEHHO, KI; T — KHHeTHdecKas SHEeprus HaJjeTarolleld 4acTHUIH,
MsB; 6, — yron BeuteTa HeliTpoHa U3 MunieHd; Q — cymmapsas sneprus D-
T peakuuu, MdB. PacdeTHoe 3HaYeHHE SHEPTUU HEUTPOHOB COCTABJISCT
13,87 MbdB, 4YTO COOTBETCTBYeT pe3yjibTaTaM BOCCTAaHOBICHHA E =
13,90+0,03 M»B.

1 '\ OTKAUK Ha HEATPOHLI:
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Puc.1. Otknuku nerekropa Ha Puc.2. BoccTaHOBIIGHHBIH CIIEKTp
MOHOJIMHUY HEUTPOHOB HEWTPOHOB OT TeHepaTopa HEHTPOHOB

Cnucox numepamypbl

1. Palacios, F., Hernadndez-Davila,V. M., Méndezl,R., Iiiguez, M.P., Barquero,R.,
Manzanares-Acufia,E., Vega-Carrillo,H.R., Neutron Dosimetry and Neutron Spectrum
Unfolding Using Neural Networks, Radiation Protection Dosimetry (2004).

2. Jie Y. Rong L. Cheng L. et al. Application of artificial neural networks for
unfolding neutron spectra by using a scintillation detector. Science China. Physics,
Mechanics and Astronomy March (2011) Vol. 54 No.3: 465-469.

3. Ortiz-Rodriguez J. M. Martinez-Blanco M.R. Vega-Carrillo H. R. et al. Neutron
spectrometry using artificial neural networks for a bonner sphere sprctrometer with a 3He
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M.B. [IPOKYPOHOB, B.JI. CEBACTBAHOB, O.11. P°OMUH,
P.M. IIMBAEB, A.B AHYIIEBNY

@I'VII Beepoccutickuti HAy4HO-UCCIE008AMENbCKUTL UHCIMUMYM PUIUKO-
MEeXHUYECKUX U paouOmMexHU4eCcKux usmepeHull

MNPUHIMIIBI IOCTPOEHUA UHTPOCKOIIOB C
KOANPOBAHHOU AITEPTYPOU JISA PETUCTPALIUU
N30BbPAYKEHUA UCTOYHUKOB CMEITAHHOI'O
BBICTPOI'O HEUTPOHHOI'O U TAMMA-U3JTYYEHUS

CoBpeMeHHOE  pa3BUTHE IMQPPOBBIX BIEKTPOHHBIX CHCTEM  IO3BOJISIET
HCCIIEI0BAaTh BO3MOMKHOCTb IIOCTPOEHHSI UHTPOCKOIIOB C KOJAUPOBAHHOHN anepTypoi
JUISL PETUCTPAIN U300paXKeHHsI HCTOYHUKOB CMELIAHHOTO OBICTPOr0 HEHTPOHHOTO U
raMMa-u3iIydeHus, B TOM 4YHUCI€ M MMIyJIbcHOro. B TakoM uHTpoCcKome
HCTIOJIB3YIOTCS] KOOPAMHATHO-UYBCTBUTENbHBIE NeTekTopbl (KU /) MonynsHOTO THIIA,
T.e. korma KYJ sBmseTcs MaTpuneld OTOEIBHBIX JETEKTOPOB (MOZYJEH).
Peructpanus IMIyIbCcOB 3TUX JETEKTOPOB U UX HU(ppoBast 00paboTka MPOU3BOIUTCS
OJHOBPEMEHHO, MapaieIbHO W HE3aBHCHMO APYT OT ApyTra. DTO TakXke MO3BOJISIET
MIPOBOIUTH HU(PPOBYIO HIACHTU(DHUKAINIO HEHTPOHOB M TaMMa-KBaHTOB.

M.V. PROKURONOV,V.D. SEVASTYANQV, O.1. FOMIN,

R.M. SHIBAEV, A.V. YANUSHEVICH.
FSUE All-Russian Scientific Research Institute of Physical-Technical and
Radio-Engineering Measurements

PRINCIPLES OF CONSTRUCTING INTROSCOPES WITH
CODED APERTURE FOR REGISTRATION OF IMAGE OF
SOURCES OF MIXED FAST NEUTRON AND GAMMA
RADIATION

The modern development of digital electronic systems makes it possible to study
the possibility of constructing introscopes with a coded aperture for recording images
of sources of mixed fast neutron and gamma radiation, including pulsed ones. Such
an introscope uses modular-type coordinate-sensitive detectors (CSD), i.e. when the
CSH is a matrix of individual detectors (modules). The registration of the impulses of
these detectors and their digital processing are carried out simultaneously, in parallel
and independently of each other. This makes it possible to carry out digital
identification of neutrons and gamma quanta.

HNutpockonm ¢  KOAMPOBAHHOW  amepTypodl  HM3MepsSeT  yIioBOE
HaIIpAaBJICHUE PETUCTPUPYEMOIO TaMMa-KBaHTa, HEUTPOHA, a TaKxke
CIICKTPAJIbHO-BPEMEHHBIC XAPAKTCPUCTUKU TIOJIA  U3ITYUCHUA. A »oT1O
Hambosnee moiHAs MH(POPMALUSA O IOJie MOHM3HPYIOMETO H3IyYeHHs, U
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HM3MEPEHUE ITUX XapaKTEePUCTHK BaXKHO INPH HUCCIEAOBAaHMAX B SAEpPHON
(u3KKe, SNEPHBIX SHEPTeTHKE U MEIULIMHE.

CoBpeMeHHOe pa3BuTHE IUPPOBBIX AeKTpoHHBIX cucteM: AL, TTJINC,
CUCTEM BBOJa-BbIBOJIa MH(OPMALINY, a TAKKE PA3BUTHE METOAOB PEIICHUS
0oOpaTHBIX HEKOPPEKTHBIX 3aJad MO0 YCTPaHCHUIO HCKAKEHUH B
BOCCTAaHOBJICHHOM H300paKCHUH IIO3BOJISICT HCCIE0BATh BO3MOXKHOCTD
pacmmpeHuss OoO0NacTH IPUMEHEHHS HMHTPOCKONOB C KOAWPOBAHHOM
amepTypod UIs PErHCTpaldy HM300paXEHUS HMCTOYHHUKOB CMELIAHHOTO
HEUTPOHHOTO M TaMMa-u3lydeHus. Takod HHTPOCKON COCTOUT U3
KOJUITMMATOpa ¢ KOAUPOBAHHOH allepTypoi, 3aIUThI OT (OHOBOTO M3ITyUECHUS
U KOOpAWHATHO-4yBCTBHTENbHOTO aerekropa (KYJ) momymbHOrO THIIA.
Peructpauyst MMIyJIBCOB MOAYJBHBIX JETEKTOPOB M HX LudpoBas
00paboTKa MPOU3BOJMUTCS OJJHOBPEMEHHO, IIApalIeNIbHO U HE3aBUCUMO JPYT
oT Apyra. B komimMaTope MMEIOTCS OTBEPCTHS, ONPEAETICHHBIM 00pa3oM
pacroyio’keHHble, KaXJIoe U3 KOTOPbIX CTPOMT H300pakeHHe Ha
nmoBepxuoctd KUJ[, momoOHO kamepe o0OcCKype, (GOpMHPYsS TEHEBOE
nzobpaxxkenue. I[lo wmaccuBy TOKOB paspemarmomux d3aemMeHToB KYJ|
n300pakeHne WCTOYHUKOB JEKOIWPYETCs M BOCCTaHaBiIMBaercs. Jlis
pa3zmenpHON  perucTpanud HEHTPOHHOTO M Y-M300paKeHUII B TaKOM
HHTPOCKOIIE MOTYT HCIOJIb30BaThCA CIUHTWIISALHOHHBIE JETEKTOPHI C
mudpoBoit naeHTHUKanKeil yacTul] o GopMe UMIyIbCa U YEPEHKOBCKHE
JeTeKTopel. MHTpockombl MOTyT 001amaTh BBICOKAM — BPEMEHHBIM
paspemieHreM (10 1HC) M TO3BOJISIIOT PETUCTPUPOBATH H300paKEHHE
UMITyJIbCHBIX TporieccoB. B KYJ| HaOmomaroTcs HCKaKEHUS TEHEBOTO
n300pakeHHuss TPH KpaeBbIX A(dekrax B3aMMOJCUCTBUS H3IYUYCHHS C
kommuMaropoM u MoxymsmMu KYJ[ M mpu MHOTOKpaTHOM paccestHue
HEHUTPOHOB W Y-KBaHTOB B pazHbIXx Mmoaymsax KUYJ[. MckaxkeHus MOXKHO
YMEHBIINTh, ecau npuMeHATh KYJ[, B KOTOPBIX MPOUCXOIAT MPOIECCHI
TIOTJIOMIEHN M3IMy4eHus. Jsl TeruloBbIX M OBICTPHIX HEWTPOHOB, 3TO
nporecchl ¢ 00pazoBaHueM anbga-dacTil. s perucTpanny n300pakeHus
HCTOYHHKOB  TEIUIOBBIX  HEWTPOHOB  HCHOIB3YETCS  HHTPOCKON  C
KOJUPOBAaHHOW anepTypoi. beicTpble HEWTPOHBI MOTYT MOIVIOIIATHCS B
peaknusx ¢ oOpasoBaHMEM aib(a-dacTuI] B alMa3HBIX JIETEKTOPAX, OHH
MIPUMEHSIOTCS. B SKCIEPUMEHTaxX MO TepMosAepHOMy cuHTe3y. Ha ocHoBe
anMasublx  KYJ[ MOXHO wHccnenoBaTb  BO3MOXKHOCTb — ITOCTPOECHUS
HHTPOCKOIOB C KOAWPOBAHHOHN anepTypor ISl PErUCTPaliy H300paskeHUs
HEHTPOHHBIX HCTOYHHKOB C BBICOKOH IUIOTHOCTBIO IOTOKA OBICTPHIX
HEHTPOHOB. AKTHBHO WCIIONB3YIOTCI M Pa3BUBAIOTCSI MaTeMaTHYECKHe
METOIBI TI0 YCTPAHEHHIO UCKa)KEHUH B BOCCTAHOBJICHHOM M300paykeHHH.
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PABPABOTKA PAJJMOMETPA AJIb®A U3JTYYEHUSA
B CTaThe HOPpUBOAUTCA OIIMCaHHue pa3pa60TaHHor0 paauomMeTpa ana
3KCMPECCHOr0 u3MepeHus aib(a W3TydeHHs paJldOaKTHBHBIX >JIEMEHTOB Ha 0ase
KPEMHUEBOTO JICTECKTOpa 60J'H;H_IOFO JAuaMeTpa. Pa3pa60TaHHBIfI paanuoMeETp
MpeaHasHadeH IS W3MEPEHHs anb(a-M3TydeHHH eCTeCTBEHHBIX M30TomoB. (23U,
234y, 232Th, 2%6Ra, 222Rn, 218Po, 2“Bi u T.1.) B Pa3/MYHbIX cpeaax.

S.A. RADZHAPOV, F.G. MULLAGALIEVA, B.S.
RADZHAPQOV, M.A. ZUFAROV

Physical-technical institute of scientific production association “Physics-Sun’
Tashkent, 100084, Chingiz Aytmatov Str., 2B, Uzbekistan

>

THE DEVELOPMENT OF THE RADIOMETER FOR THE
MEASUREMENT OF ALPHA RADIATION

The article describes the developed radiometer for express measurement of alpha
radiation of radioactive elements based on a large-diameter silicon detector. The
developed radiometer is designed to measure alpha radiation from natural isotopes.
(38U, 234U,%32Th, 2%6Ra, 22?Rn, 2'8Po, 214Bi ,etc.) in various environments.

[1] Cosmanme crenuann3UpPOBAHHBIX MPHUOOPOB UL  KOHTPOJISI
00y4yeHus: mpu paboTe ¢ pPaJUOAKTHBHBIMH HW30TOMAMH - OJHA U3
AKTyalbHBIX 3a]a4 CIEKTPOCKOIUM SIEPHOTO W3iydeHus.. TpelGyrorcs
KOMITAKTHBIE W TOYHBIE MPHOOPBI, paboTaloIMe KaK B CUYETHOM, Tak U
CIIEKTPOMETPHUECKOM PEKUMAX.

[2] MHerexropbl ¢ GONBIIOI YYBCTBUTENHHOW OOIACTHIO W3 KPEMHHSI
nuaMeTpom 6osbiie 50 MM B MUPOBOH MPaKTHKE UCHOIB3YIOTCSA OYEHb MaJIo
U3 32 CIIO)KHOM TEXHOJIOTMUHM HUX M3rOoTOBJeHUA. Mcnonb3oBaHue Takux
JICTEKTOPOB OOJBIIOr0 AMaMeTpa I03BOJISICT M3TOTOBUTH PaJUOMETP
(YycTpoiicTBO), M3MEpSIOMNH 3apsHKEHHBIE YacTHIBI HENOCPEACTBEHHO B
caMoi suelike.

Pa3paboTKa W ONTUMH3AIMS TEXHOJOTHH H3TOTOBJICHHUS, YHCIICHHBIC
pacueThl ¥ KOMIIBIOTEPHOE MATEMaTHIECKOS MOJICIHPOBAHHE KPEMHHEBBIX
JIETEKTOPOB OOJBIINX pa3MepoOB TpuBeneHa B pabore [1].

CTpyKTypHas cxema paJuoMeTpa npuBeeHa Ha pucyHke 1. B ero cocras
BXOIST  ciedyroume  (YHKIHOHAIbHBIE AJIEMEHTHI: 1 - ysen
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BO3/1yX03a00opHKKa, 2 — pabouas kamepa ¢ jaerekTopoM [2], 3 - y3sen
ycuieHuss M celekuumu uH(QopManuu  (aHanmoroBbI  y3em), 4 -
MHUKpPOKOHTPOJUIEpHBIA  y3en (1uppoBod y3em), 5 - mepcoOHaJIbHBINA
KOMITBIOTEpP C YCTaHOBJECHHBIM IPOrpaMMHBIM OOecliedeHueM, 6 - y3el
BTOPUYHOrO 3Jektpornutanus, 7 - GSM/SMS-monynb, mis mpoBeieHHs

HW3MEPEHUH B OHJIAMH pexuMe.
| = = |
| =
|
Puc.1. bnok cxema pagromerpa.

Pabowas xamepa mpejacTaBiseT cOOOW ITyCTOTENBIM MUIMHID, BHYTPH
KOTOPOTO B T'€OMETPUYECKOM ILIEHTPE Ha IOJBECKaX YKPEIUIEH NEeTEeKTOp
KPEMHHEBBI IETEKTOp C JUaMETPOM UYBCTBHUTENIBHOH oOmactu 60 MM,
KOTOpBI YYBCTBUTEJCH K PETHCTPAllMK  alib(a-4acTHIl C JBYX CTOPOH.
Wudopmanus, peructpupyemast IeTeKTOpoM, IiepeaaéTcs Ha NepcoHaIbHBIN
KOMIIBIOTEP, OCYIIECTBISIOMNN 00pabOTKy H3MEPCHHIA.

VY3en ycuieHMs U CeNeKIUH obecrednBaeT NpeoOpa3oBaHHE 3apsa,
BO3HUKIIIETO B 00BEME AETEKTOPA OT B3aUMOJICHCTBUS C PETHCTPUPYEMOH O~
YaCTHULIOH, B UMITYJIbC HAIIPSDKEHUS U 3aTEM €r0 YCUIICHUE.

MUKpPOKOHTPOJUICPHBI  y3e1 o0ecledYnBaeT IOJNHYH aBTOHOMHYIO
paboTy ycrtpoiictBa  peructparuu. [luTaHme BCcero  yCTpOWCTBa
oOecrieunBaeTcsl OT BCTPOSHHOH OaTapew.

Jns  ocyllecTBi€HMsI ONEpalMd HarHeTaHus M IOCJIELYIOIIEro
OOHOBJICHHSI aHAIM3UPYEMOT0 BO3/yXa, B KAUeCTBE BO31yX03a00pHHKA OBLI
BBIOpaH BapHaHT C UCIIOJIb30BAaHUEM ITOPITHEBOI MalOrabapUTHONW TOMIIBI.
Wndopmanus ¢ [IDBM nepepaercs B NPUEMHBIH LEHTP C IOMOIIbIO
panvokanana yepe3 GSM-moaynu.

B pesysbrare uccnenoBaHUs M MPOBEICHHS TEXHOJOTHUECKHX PaboOT

ObLIa pa3pa60TaHa CXeMa M3roTOBJICHUSA PAAUOMETPA, €TI0 SJICKTPOHHAasA
4acThb.

nKre i w

Cnucox numepamypbl
1.Pamxanos C.A., Pamxanos b.C., Paxumos P.X. // Computational Nanotechnology. 2018.
Ne 1. C. 151.
2.MymunoB P.A., Pamxamo C.A., Jlyrmymmaes C.JI., Ilmamopun 1O.C,
Xycamuaunos C.C., IOtkun C.B. I1atent PY3 NeIAP 04882.
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PACUYET OCHOBHBIX TAPAMETPOB HECYILIEI
KOHCTPYKLIMH /151 MHOT OMOAY.ILHOI'O
CLMHTWLISILIMOHHOT O JETEKTOPA HETPOHOB

Pa3paborana TpexmepHas MOJeNIb paMbl MHOTOCIOWHOTO CIMHTHIUIAIIHOHHOTO
nerekropa HeifrponoB (MCJ/IH), yumThiBaromass BECOBYIO Harpy3Ky OT MOIyJed
pETHCTPHUpPYIOIIEH amnmapaTypsl U CiloeB 3amemnurens. lIpomsBeneH pacuer
HaNpsHKEHHO-IePOPMUPOBAHHOTO COCTOSsTHUSL pambl nerektopa MCJH B cpene
KOHEYHO-3JIEMEHTHOTO aHanu3a. TpexMepHOe MOJEINPOBAHIE U BBIMYCK YepTEKeH
ocyIiecTsieH B mporpamme Creo Parametric.

M.N. SAVELEV, S.V. KOLESNIKOV, N.V. BOYKO,

S.G. RUDAKOV
National Research Nuclear University MEPHI (Moscow Engineering Physics
Institute), Moscow, Russia

CALCULATION OF THE MAIN DESIGN PARAMETERS OF
A MULTIMODULE SCINTILLATION NEUTRON
DETECTOR

A three-dimensional model of the frame of a multilayer scintillation neutron
detector (MSDN) was developed, considering the weight load from the modules of
the recording equipment and the slowing layers. The static structural analysis of the
MSND detector frame is calculated in a finite element analysis environment. Three-
dimensional modeling and production of drawings is carried out in the Creo
Parametric program.

MHOroMOlyJIbHBIH ~ CUMHTWULSIIMOHHBIA ~ JETEKTOp  HEHUTPOHOB
MIPEACTaBIsIeT COOOH dYepeayIoUIfecs CIIOM 3aMeUIUTeNIe U JEeTEeKTOPOB
HeWtpoHoB. Ilo  pesyapTaTamM  MaTreMaTHUYeCKOro  MOJEIUPOBAHUS
XapaKTepUCTHK JETEKTOPa M IKCIIEPUMEHTAIBHBIX HCCICIOBAHNI CBOWCTB
OTJIEJIBHBIX PETHCTPUPYIOMHX MoyeH [1,2] chopmynupoBansl TpeboBaHMS
K Hecymed koHcTpykumu MC/IH, comepxamiero 12 perHcTpHpYIONIUX
HEeHTpOoHBI MoAynel u 13 Moyelt 3aMeyIeHIsI HEUTPOHOB M3 MOJIMATHIICHA!

- obecrieueHHe NMPOYHOCTH M KECTKOCTH IPH BECOBOW HArpyske OT
MonyJei;

- IVIOTHOE MPHKUMAHUE MOAYJIEH MO HANpaBIECHUIO MIOTOKAa HEUTPOHOB
JUISL yCTpaHEHHs BO3AYIIHOIO 3a30Da;
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- MexaHu3M OBICTpOH 3aMeHbl M IIEPEeCTaHOBKM Mojyneil 0e3
HEOOXOANMOCTH pa3dopa Bceil KOHCTPYKLIUH.

Ha ocHoBaHWM BbIILIEIEPEUHCIICHHBIX TpeOoBaHUK OblUla pa3zpaboTaHa
pama BHyTpeHHero kopmyca MCJ/IH. B kadectBe Hecymmx Oajok u
HAINpaBJSIONIMX BEIOPAH aMIOMUHUEBBIH KOHCTPYKIIMOHHBIH MPOQUIIb.

Jus ycTpaHeHUsT BO3AYIIHBIX 3a30POB MEXIY OTACITHHBIMH MOIYJISIMH
HCTIONB3YyeTCsl BUHTOBOHM mpecc. BBIOOp KOHCTPYKTHBHOTO PpEIICHUS IS
paMBl  JETEKTOpa  TONTBEPXKAEH  pacueToM €€  HampshKeHHO-
ne(OpMHUPOBAHHOTO COCTOSHUS B Cpelie KOHEYHO-JIEMEHTHOTO aHalu3a
Creo Parametric. it MomenupoBaHUs BECOBOW HAarpy3KH 3J€MEHTOB
KOHCTPYKIIMM HWCIIONIb30BaHO 3HaueHuWe cymmapHor cuisl 200 H,
COOTBETCTBYIOLLIEH BECy CJIOEB MOIYJEH perucrpauvd M 3aMeJICHHs
HeﬁTpOHOB. IIJ'I)I MOJCJIUPOBAHUA HArpy3Kh OT BHUHTOBOI'O CTATWBaHUA
ncnonb3oBaHo 3HaueHue cuibl 500 H. Matepuan npu 3ToM IpUHHIMAETCs B
BHJIE OJHOPOJHOM CIIJIONIHOHM cpeabl, KOTopas HaaelseTcs CBOMcTBaMU
YIPYTOCTH U IJIACTUYHOCTH.

PesynbTathl pacuera napamerpoB kKoHCTpyKimu MCJIH npencraBieHsl B
Tabmure 1.

Tabmmma 1.

Cnyuait Makcumanbible [Makcumanbible |[Ipenen Texydectu
Harpy>KeHus nedopmanuy, |HaNpsOHKCHUS, CIJIaBa AFOMHUHHA

MM Mlla Ipd  CXKATUU U

pactsxenun, MIla

BecoBas narpy3ka 20 kr 0,03 37,6 250
Harpyska BHUHTOBBIM 0,27 84,9 250
craruBanueM S50 kr

MakcuManbHble HANpsKEHWsS, BO3HUKAIOIIME B KOHCTPYKLUHM, HE
MPEBBIIAIOT Mpefesa TeKy4ecTH MaTepHaia Oojiee 4eM C JBYKPaTHBIM
3armacoM M, CJIEJOBATEIbHO, 3Ty CXEMY HECYIIeW KOHCTPYKIIMH U BBIOOP
mMarepuaja MOXHO NPU3HATh NPUTOAHBIM JIsI MCIIOJIb30BAHUA B Ka4€CTBE
xopryca MCJIH.

Cnucok rumepamypol

1. AE.IllycroB, A.M.Apxanremsckuii, K.®.Bmacuk, B.B.Kagmmin, 3.M.YTemen
V3mepeHne mapaMeTpoB OTKIHMKA JACTEKTHUPYIOHNIEH SUYEHKH MHOTOCIOHHOTO JeTeKTopa
neitrponos/ VI Mexa. koud. -Jlallnaz-2020» C6. nayu. tp.. U.2. M.: HUSY MUDU, ¢.367-
368, 2020.

2. A.E.IycroB, K.®.Bnacuk, B.B.Kamwmz, 3.M.YTeme MojenpoBaHue OTKIMKA
MPOTOTHUIIA MHOTOCJIOWHOTO JieTekTopa Heiitponos/ VI Mexn. koud. Jlallnaz-2020» C6. Hayu.
Tp. U.2. M.: HUATY MU®DU, ¢.369-370, 2020.
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BOCCTAHOBJIEHUE HEMTPOHHBIX CIIEKTPOB ITO
IIOKA3AHUSM CIIEKTPOMETPA HA OCHOBE
COBPEMEHHOI'O IINTACTMACCOBOI'O CHUHTAJLVIATOPA
EJ-276

Jnst cmekTpoMeTpa Ha OCHOBE INIACTMaccoBOro cHuHTWDIITOpa EJ-276
IIPOBEIECHO BOCCTAHOBIICHHE HEHTPOHHBIX CIIEKTPOB IJIsI HEHTPOHHOT' O TeHepaTopa Ha
ocHoBe peakuuu D-T. TIpousBeneHa OIEHKAa 3HEPreTHYECKOTO pa3pelleHus
CIIEKTPOMETpA.

D.I. SAVIN, E.V. RYABEVA, I.V. URUPA, R.F. IBRAGIMOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

UNFOLDING OF NEUTRON SPECTRA FROM THE EJ-276
BASED SPECTROMETER

For a spectrometer based on a plastic scintillator EJ276, neutron spectra were
unfolded using a response matrix simulated GEANT4 for the D-T neutron generator.
The unfolding was carried out using the least squares method and the GRAVEL
method. The energy resolution of the spectrometer was estimated.

B ciyyae n3MepeHus 3KCIEPUMEHTAIBHOIO CIIEKTPA, IIOJIy4EHHOI'O Ha
— _T) —
MYJIbTUKaHAIbHOM aHali3aTope, crnpaBeainBo paseHcTBo: N = RO, rue N

- = o
— BEKTOp YHUCJIa OTCYETOB B i-oM KaHaiie, @ — BeKTOp (DIFOCHCOB HEUTPOHOB
B j-OM JHEPreTHMYeCKOM WHTEpBaje, R — MaTpuIiia OTKIMKOB JETEKTOPA.

— -
3a/aua BOCCTAHOBJICHUS CIIEKTpPa 3akirouaeTcst B moucke @ u3 usBecTHbix N
uR.

0,04 —_ 5000000 - —
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Puc. 1. BoccranoenenHsle criekTpsl HeliTpornoB HI'-150M metomom GRAVEL

(cnea) u MHK (cnpaBa)
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C momomsto Meroqa GRAVEL [1] u MeTona HaUMEHBIIMX KBaJpaTOB
(MHK) ObuM  BOCCTaHOBIEHBI 5  OKCIIEPUMEHTAJBbHBIX  CIIEKTPOB
HEWTPOHHOTO TeHepaTropa Ha OcHoBe peakimu D-T, u3MepeHHBIX NpU
Pa3IMUHBIX yIJIaX MEXAy NETEKTOPOM M OChI0 HEHTPOHHOTO reHeparopa
(Puc.1).  DkcnepuMeHTaJbHBIE  CHEKTPbl  IOJyYeHBl HAa  CTEHJE
CIIEKTPOMETPHUN HEUTPOHOB C IIOMOIIBIO HEHTPOH-TaMMa pasfeneHus [2].

Jins omeHKW ONU30CTH BOCCTAHOBJICHHBIX CIICKTPOB W PealbHBIX
CIIEKTPOB, OLICHHBAIACh OJNU30CTh MAaKCHUMAJbHBIX JHEPIHil HEHTPOHOB B
CIIEKTPEe C MaKCHMAaJbHBIMH SHEPIHAMH IIPOTOHOB OTAAYH, a TAKXKe C
TEOPETUYECKUMHU SHEPTHAMH HEUTPOHOB. 13 pe3ynbTaToB, IPeACTaBICHHBIX
B Tabnmue 1, MOXXKHO chenaTtb BBIBOA O TOM, 4TO 00a MeTola SBIISIOTCS
UICHTUYHBIMH 110 TOYHOCTH BOCCTAHOBJICHHUS DHEPI'HI HEHTPOHOB B 00JIACTH
peakuuu D-T.

Tabmuna 1. CpaBHeHue HamOoyiee BEpOSTHBIX SHEPruil HEHTPOHOB B
BOCCTAHOBJICHHBIX CIIEKTpa C TEOPETHYECKUMH JHEPTHsSMH HEUTPOHOB M
SHEPrUsIMU POTOHOB OTJAYU

Teoperndeckas MakcumanbHas En, (GRAVEL), | E, (MHK),
cpennsis En, MaB | Ep no | MaB M>»>B
KaTnOpoBKe,
M»>B
14.94 14.7+0.2 14.6+0.1 14.7+0.1
14.67 14.5+0.2 14.3+0.1 14.3+0.2
14.06 14.1+0.2 13.940.1 13.940.2
13.77 13.9+0.2 13.740.1 13.7+0.2
13.46 13.6+0.2 13.440.1 13.4+0.1

DHepreTuveckoe paspelieHre BOCCTaHOBICHHBIX MeTogoM GRAVEL
CIIEKTPOB OINPEACIUIOCh KaK Pa3HHIA MEXAY LEHTPaMH COCEIHHX ITHKOB
(M2-p1), COOTBETCTBYIOIIMX MaKCHMAIbHBIM SHEPTUsIM HEHTPOHA B OTHOM M3
U3MEpSCMBIX YIJIOB MPU IMEPECCUYCHUH JAHHBIX IMKOB HA IOJOBHHE HX
BBICOTHI. PaccuntanHOE TaHHBIM 00pa30M pa3pelieHre CoCcTaBiseT He Ooee
500+50 x3B.

Cnucox rumepamypul
1. C. YongHao, C. XiMeng, L.JiaRong and others//Science China (Physics, Mechanics
& Astronomy). 2014. Vol. 57 Ne10, P. 1885-1890.
2. Ryabeva E., Urupa I., Lupar E., Kadilin V., Skotnikova A., Kokorev Ya. //
NUCLEUS - 2020. LXX Int. conf. Abstract book. Saint Petersburg 2020. C. 412.
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.. CABUH, E.B. PABEBA, U.B. YPYIIA

Hayuonanvhulii uccneoosamenvckuil ssoepuwiil ynusepcumem MUDHU, Mockea,
Poccus

KAJIMBPOBKA CIIEKTPOMETPA HA OCHOBE
INIACTMACCOBOTI'O CHUHTHJLISAITOPA EJ-276 C
IHOMOIIBIO 'EHEPATOPA D-T HEUTPOHOB

st crekTpoMeTpa Ha OCHOBE I[UIACTMAcCOBOTO CHUHTWUIATOpa EJ-276
MOJTy4YeHbl alapaTypHbIe CIEKTPBI IPOTOHOB OTAAYH HEHTPOHHOrO TeHeparopa Ha
ocHoBe peakimu D-T 1us pasiudHbIX YIIIOB MEX/Iy ASTEKTOPOM H OCBIO F'eHepaTopa.
ITo Moy YeHHBIM alIapaTypHbIM CIIEKTPaM IPOU3BEIcHa KaInOPOBKa CIIEKTPOMETpa
IUTs1 HSUTPOHHOTO H3ITyYCHHSL.

D.I. SAVIN, E.V. RYABEVA, I.V. URUPA,
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

CALIBRATION OF THE PLASTIC SCINTILLATOR EJ-276 -
BASED SPECTROMETER USING D-T NEUTRON
GENERATOR

For the spectrometer based on the EJ-276 plastic scintillator, the experimental
recoil protons spectra of the neutron generator base on D-T reaction are obtained for
different angles between the detector and the axis of the generator. The spectrometer
was calibrated for neutron radiation using the obtained response spectra.

Hannast pabota sBIsieTCs MpoaobKeHneM paboT [1,2] mo pasneneHuro
CMEIIAHHBIX TaMMa-HEHTPOHHBIX CIIEKTPOB JETEKTOPOM Ha OCHOBE
ITaCTMACCOBOTO CIMHTHILIATOPA.

Boul mosmyueH Habop ammapaTypHBIX CHEKTPOB IIPOTOHOB OTAAYH
HEHTPOHHOTO TeHeparopa Ha ocHoBe peakmuu D-T. VYrom wmexmy
HalpaBJIeHUEM yCKOPEHHsI MOHOB (OChIO reHepaTopa) m3MeHscs ot 0° mo
135°.

Hcxonst w3 (opMmbl  anmmapaTypHOrO  CHEKTpa  BBIIBHHYTO
MIPEATION0KEHHE, YTO OCOOCHHOCTH B JIEBOM 4acTh cIHeKTpoB (puc. 1)
SIBIISIFOTCSL pe3yibraTroM B3ammopeictBust D-D HeifrpoHoB ¢ BemecTBoM
CIMHTHIIIATOPA, MOTOMY Kak (opMa JaHHOH 4acTH CHEKTpa U3MEHSETCS B
3aBHCHMOCTH OT yIJIa BBUIETA HEHTPOHOB W3 MHIIEHH aHajormyHo D-T
HEHUTpOHaM.

Kak wm3BecTHO, 3aBHCHMOCTH CBETOBBIXOAAa L (PHeprum wyacTuisl B
9NEKTPOHHOM 3KBHBAJICHTE) OT MOTEPSHHOM »JHEPrHM TmpoToHa Ep
ONMCHIBAETCSl 3aKOHOM bupkca, kotoperii wumeer Bua[3]: L(Ep) =
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E dE
S f Pmax P __ rre S— 3¢ dekTMBHOCTh CUUMHTUIIANMH, KB — KoHCTaHTa
0 1+kB+IE ’
dx
Bupkea ((1.26-2.07)*102 r/(MsB*cm?) i CUMHTHIUIATOPOB Ha OCHOBE
noJUBUHUITONY0Na), dE/dX — HOHM3aIMOHHBIE TOTEPH MPOTOHA B BEIECTBE

CUMHTHILTATOpA (3HAUCHUsI B3AThI U3 0a3bl maHHbIX NIST pStar).
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Channels Channels
Puc. 1. AnmapartypHble CIEKTphI TeHepaTopa HEUTPOHOB Ha OCHOBE peakiuu D-T
MIPH pa3HBIX yIilax MeX1y J€TEKTOPOM U OChIO T€HepaTopa.

Koaddunuentsr S u KB onpenensuncy takum ob6paszom, utodsr L(Ep)
HanOonee ONM3KO YIOBJIETBOPSIO COOTHOIICHHUIO MEXKIY TEOPETHUCCKHMHU
SHEPTUsIMH HEHTPOHOB (IPOTOHOB, M3B) M MakcHMyMaM INPOM3BOAHBIX
(bYHKIMH, TOTy4YEHHBIX PpH AU HEepeHIIUPOBAHIH CIIEKTPOB.

[MonydeHHas: 3aBUCHMOCTh CBETOBBIXOJA OT JHEPTUHM IPOTOHA HUMEET
BUJL:

E dE
L(E,) = 0.73 [ Pmax —E 1
( p) fo 1+0.013*g @
C DnoOMOIIBIO 3aBUCUMOCTH, omnucaHHoW ¢opmysoi (1) BO3MOXKHO

MIPOBOIUTH KAJTHOPOBKY CIICKTPOMETpPA MO SHEPTHUSIM ITPOTOHOB B IHAIIA30HE
ot 500 k3B 1o 15 M»aB.

Cnucok numepamypbol

1. S.Nyibule, J. Toke, E. Henry and others// Nuclear Instruments and Methods in Physics
Research A. 2014. Vol. 768, P. 141-145.

2. Ypyna U.B., Jlynape E.D., Kagunuu B.B., PsOeBa. Paznenenue cMenianHpIx ramma-
HEHTPOHHBIX CIIEKTPOB JIETEKTOPOM Ha OCHOBE OPraHMYECKOro CHMHTMILIATOpa. VI Mex.
koH®. Jlarmaz-2020». C6. Tp. Mockaa, 2020.

3. Ypyma W.B., Jlymapr E.D., CroramkoBa A.B., Kammmu B.B., Psab6esa E.B.
KAJIMBPOBKA crnekTpomeTpa Ha OCHOBE OpraHumyeckoro cuuntwuistopa EJ-276 mms
SKCIIEPHMMEHTOB T10 Pa3JIEICHNI0 CMEIIAaHHBIX TaMMa-HEHTPOHHBIX CIIeKTpoB. VI Mex. kKoH(.
Jlamnaz-2020». C6. tp. Mockga, 2020.
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OLIEHKA KAUECTBA n-y PA3JIEJIEHUSI JETEKTOPOM HA
OCHOBE COBPEMEHHOT O ILTACTMACCOBOI'O
CLIMHTWLISITOPA EJ-276

BBUT pacCMOTPEH U MCIIOIB30BaH METOA Pa3AeeHUs CMELIAaHHOTO HEHTPOHHOTO
W ramMma-usnydeHuii 1mo ¢dopme siekrpuueckoro ummynsca (Pulse Shape
Discrimination) B opraHnueckux CUMHTHILISTOpax. J[JIsi CIEKTpOMETpa Ha OCHOBE
IIaCTMACCOBOTO cuuHTHILIITOpa EJ-276 momy4enst PSD crekTpbl A H30TOMHBIX
ucrounukos PuBe, 22Cf u remeparopa HeHTpoHOB Ha ocHOBe peakmuu D-T.
Ipou3BeieHa OLIeHKa KaueCTBa Pa3ae/ICHHUsL.

D.I. SAVIN, E.V. RYABEVA, I.V. URUPA,

National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

ESTIMATION OF THE EJ-276 PLASTIC SCINTILLATOR
PULSE SHAPE DISCRIMINATION QUALITY

The method of separation of mixed neutron and gamma radiation by the shape of
an electric pulse (Pulse Shape Discrimination) in organic scintillators was considered
and used. For the spectrometer based on the plastic scintillator EJ-276, PSD spectra
were obtained for isotope sources PuBe, 25Cf and D-T neutron generator. The quality
of separation was assessed.

OpraHuyeckrue CUMHTHILIATOPBI CIIOCOOHBI Pa3/essiTh HEUTPOHBI U Y-
N3ITyYeHHE, T.K. HSUTPOHBI M TaMMa-KBaHTHI I10-Pa3HOMY B3aUMO/IEHCTBYIOT
C BEIIECTBOM CHMHTWILISATOPA, BCIEACTBUE YETO HIIEKTPHIECKUE UMITYJIBCHI
OT HEHTPOHOB W TaMMa-KBaHTOB OTJIMYAIOTCA MO cBoed ¢opme[l]. DT0
pasyiMuue Jerjio B OCHOBY aHAIOTOBBIX M IU(POBBIX METONOB Pa3/IeNeHUs
YyacTHIl 1o opMe CHUrHAIOB. B kauecTBe OpraHMYeCcKOro CHMHTHILIIATOpA B
paboTe UCTIOIB30BAIICS TUIACTMACCOBBII cuHTIILIATOP EJ-276.

IMapamerp PSD, ucnonb3yemslii [yisi pa3jielieHus: CUTHAIOB MO (opme
Qlong - Qshort
Qlong
Qiong 1 Qshort— MHTETPAJIBI IMITYJIbCA B COOTBETCTBYIOIINX BPEMEHHBIX OKHAX,

noabupaeMblx BpyuHyto. Kak kpurepuit sddextiuBHOCTH pasneneHus
. . maxp - max
ucnonb3yercs senuuuna FOM (Figure of merit): FoM = ————Y e
FWHMn + FWHMy
max,, maxy — makcumymbl PSD pacnpenenenus ansi HEHTPOHOB W -

m3nydenuss, a FWHM,, FWHM, - mmpura nmukoB Ha HOIYyBBICOTE IS

HAMITYJIbCa, OTpEAeNsieTcs clieayromuM obpazom: PSD = , TIe

476



HEWTPOHOB W Y-u3nydeHus. FoM paccunThIBaeTCst AL ONPEENICHHOTO
9HEPreTUYEcKOoro Mopora, yCTaHaBJIMBaeMOTO BPYUHYIO.

B paGore PSD-criexTps! (B kauecTBe nmpumepa Ha puc. 1 npusenen PSD
cnektp HI-150M) Obumn momyuensl ¢ momolnesto aurutaiizepa CAEN
DT5730B. B HeM ke ycTaHaBIMBaJINCh BPEMEHHbIE OKHA JUISi CUTHaja,
SHEPTeTHYECKHH MOPOT U IPYTHe ITapaMeTphl.

T
a07e

S0 B - GRE CUT
i s
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Puc. 1. PSD cniekrp HI™-150M s motoka 9.5 X 108 neiitponos/c.

B kauecTBe HCTOYHMKOB CMEIIAHHOTO HEHTPOHHOTO ¥ TaMMa-H3JTyYCHUS
B paboTe MPUMEHSINCH M30TONHbIE McTouHuKK PUBe, 2°2Cf u reneparopa D-
T HeiTpoHOB. /1)1 KaXKA0T0 HCTOUYHUKA OBLI IOJTyUeH annapaTypHbIi CIEKTP
u PSD-crniexTp, ObUT paccUuTaH KpUTEpHU KadecTBa N-y pa3aeieHus..

ITapametpsr FOM cocraBunu (mopor peructpauuun 300 kdB): s
reneparopa D-T: 1.393 + 0.008, ansa 25°Cf: 1.24 + 0.03 FoM, ans PuBe:
1.27 4+ 0.03. YcraHoBiieHO, uTo 3HaueHHe FOM He MeHseTcs B Auana3oHe OT
108 u/(cxcm?) no 10° u/(cxem?).

Kpurepuit FOM Gonpmie 1 amst BceX MCTOYHHKOB, YTO ITOATBEPXKIACT
BO3MOXKHOCTD Pa3JIeNICHHs] HEWTPOHOB M TaMMa-M3JIyYeHHs C IOMOILIBIO
CIIEKTPOMETpA C IIACTMACCOBBIM CIMHTIILIATOpOM EJ-276.

Hurutaiizep CAEN DT5730B 103BO/ISIET OCYIIECTBISTH PEIKCSKIIHIO
HaJIOKEHUH UMITYJIbCOB, YTO TIO3BOJISIET MMOBBICUTH KAYECTBO Pa3ZIeIeHUsL.

B Oyayiem riaHupyeTcst MOJEpHU3aLMs JETEKTOpa ¢ UCIOJIb30BaHUEM
KkpeMHHeBbIX DY BMECTO BaKyyMHBIX, YTO TAaKX€ MO3BOJIUT IMOBBICHUTH
Ka4ecTBO pa3/ielieHHS.

Cnucok niumepamypbl

1. Cherpunov A.S., Kirsanov M.A., Klenin A.A. and others // Journal of Physics:
Conference Serie. 2017. Vol. 934, P. 12-57

477



O.I'. CTPYUEHKOBA, C.I1. MACJIEHHUKOB
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HNCCIIEJOBAHUME BJIMSHUSA TEILVIOBBIX PEXKUMOB
PABOTBI HA XAPAKTEPUCTUKH MATHUTHOI CUCTEMBI
B NIOHHBIX UCTOYHUKAX IEHHUHT'A

B pabote mpencraBiaeHBl pe3yNbTaThl MOJASTHPOBAHUS MarHUTHBIX IOJEH B
HOHHBIX HCTOYHMKAaX IIeHHHHra ¢ UCIONb30BaHHEM pPA3IMYHBIX MAarHUTHBIX
MaTepuagoB B YCIOBUSAX H3MEHEHHS TEMIEPAaTYpHBIX pEXKHMOB PabOTHI
Ta30HAIOJHEHHBIX HEHTPOHHBIX TPYOOK.

0.G. STRUCHENKOVA, S.P. MASLENNIKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia

STUDY OF THE INFLUENCE OF THERMAL
OPERATING MODES ON THE CHARACTERISTICS OF
MAGNETIC SYSTEMS IN PENNING ION SOURCES

The paper presents the results of modeling magnetic fields in Penning ion sources
using various magnetic materials under conditions of changing temperature regimes
of gas-filled neutron tubes.

HccrnenoBanust  pexuMoB  pabOTBl  MMITYJIBCHBIX ~ HEHTPOHHBIX
TeHEpaTOpOB B COCTaBE KAPOTAXKHBIX NPHUOOPOB MOKA3BIBAIOT, YTO PEXKUMBI
ropeHust paspsana [IeHHWHra B MOHHBIX MCTOYHHMKaX HEHTPOHHBIX TPyOOK
3aBUCAT OT TeMIIepaTyphl OKpYy Karoleil cpeabl. B 3T0ii cBsi3m nposenenue
UCCIEOBAaHUH  aMIUIMTYAHO-BPEMEHHBIX  XapaKTEPUCTUK  HOHHBIX
UCTOYHHMKOB [IeHHMHTa B 3aBUCHMOCTH OT BHEIITHEH TEMIIEpaTyphl SIBISETCS
aKTyaJIbHBIM JUIS PEIICHMs 3a/ad 110 MOBBIIIEHHIO CTaOMIBHOCTH PabOTHI
000pymoBaHus Iy re0(U3NIECKOTO HCCIICAOBAHUS CKBaXKUH [1].

PacueTHbIil aHANN3 BIMSHUS TEMIIEpaTypbl Ha MapameTpbl MarHUTHOTO
nojis, (opMHPYeMOro B HMOHHBIX HMCTOYHHKAaX, OBbLI TPOBEACH JUIs
KOH(UTypaluyu MarHUTHBIX CHCTEM Ha OCHOBE MArHUTOB C rabapUTHBIMH
pasmepamu  K26x20x25, B TpennoJIOKCHUN WCIONB30BaHMS IS WX
W3rOTOBNICHUST MarHuTHoro Marepuana NAFeB ¢ «moBblmieHHOW
TEPMOCTAOMIBHOCTBIO.

PacueTHble 3aBHCHMOCTH MH/TYKIIUH ITOJISI HA OCH OJJHHOYHBIX KOJIBLIEBBIX
MarHuToB ¢ pazmepamu K26x20x5, usroroBnenubix u3 NdFeB (N35), npu
temrepatypax 20°C n 120°C npuBezneHs! Ha pucyHke 1(a). Ha pucynxke 1(0)
NIPE/ACTAaBICHBl  pacdyeTHbIE 3aBUCHUMOCTH  TPOJOJIBHOH  KOMIOHEHTHI
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UHAYKIIUH MATHATHOTO TOJIS OT KOOPIUHATHI BIIOJIb OCH HOHHOTO UCTOYHHUKA
HEHUTPOHHOU TPYOKH.

Bz (mT)
Bz (mm)

20 H 40 4
15 ap

10 2 20]

0 : ‘ : s 0 , , : :

a) -10 5 0 E 10 6) 0 5 10 15 20

z (mm) z (mm)

Puc. 1 3aBucuMocCTH aKCHAJIBHOT'O MarHUTHOTO TOJIS OT KOOpJAWHATBI BAOJIbL OCU

25

OJMHOYHBIX MarHUTHBIX KOJIEI () M Ha OCH MOHHOTO MCTOYHHKA (0) MPH pasIMIHbIX

temneparypax: 1 — NdFeB, T=20°C; 2 — NdFeB, T= 120°C;
3 — NdFeB (a(Br)= 0,03 %/°C, a(Hc)=0,18%/°C), T= 120°C

CpaBHHTENBHAA  OIEHKAa  pE3yJIbTaTOB  pacdyeToB, a  TakKxke
9KCTIEPUMEHTAIbHBIX HM3MEPEHHH MapaMeTpOB KOJBIEBBIX MAarHUTOB
MOKa3bIBaET, YTO MArHUTHOE T10JIE B HIOHHOM UCTOYHHKE 00JIee YCTOIYMBO K
W3MEHEHHSIM TeMIIEPaTyphl 110 CPABHEHHUIO C MOJIEM OTIEIbHBIX MarHUTHBIX
KoJIell.

Ilpu mnpoBenenun pacuetoB ¢ NdFeB 6putd  HCIONB30BaHBL
XapaKTEpPUCTUKU Marepuaia, KOTOPble COOTBETCTBYIOT CTaHIAPTHBIM
XapaKTepUCTUKaM MarHuTa 1o AaHHeIM npousBoaurens (a(Br)= 0,12 %/°C -
TemrepaTypuslii  koaddumment wmHmykmmum u o o(HC)=0,75%/°C -
TEMIIEpaTypHBIH  KOI(GOHUIMEHT KOIPUUTUBHON cuibl). [lomydeHHsle
pe3ynbTaThl HOKa3aIM, YTO HarpeB MarHuTHOM cucremsl Ha 100 °C npuBoguT
K HEZIOIyCTUMOMY CHIDKEHHUIO HHITYKIIMH MarHUTHOTO TIOJISL: JUISl OTJEIBHBIX
KOJIeTl MHAYKIMS YMEHbIINIACh HAa 54%, HA OCH MOHHOTO MCTOYHHUKA CIa]
moJist joctur 32%. (rpad.1 u 2).

Jns obecrieyeHus yCIOBHM, MPHU KOTOPBIX NPH HarpeBe MarHUTHOM
CHUCTEMbI €€ MapaMeTpbl OCTAlOTCS B ONTHMAJIBLHOM JHana3oHe padoThl
HOHHOTO HCTOYHHUKA [2], Tpebyercs mpumenenne marepuanos ¢ o Br)= 0,03
%/°C n a(Hc)=0,18%/°C. (rpad.3).
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