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PE3VJIBTATBHI TPEXMEPHBIX PACHETOB

KOHBEPCHUUN JIASEPHOT'O N3JIVUEHNA B PEHTTEHOBCKOE

. B COEPNYECKOM BOKCE
JJIAd YCJIOBUU META/I2KOYJIBHOU JIASEPHOU YCTAHOBKU

C. B. Bounapenko, E. I. Murpodanos, JI. @. [lorankuuna, O. O. [Ilapos
(OI'VII "POAI-BHUND®", r. Capos Huzkeroposmckoit obmactn)

Tpusenenn! pesynbrarsl ogaoMeproro (mo meroguke CHJIIT) u Tpexmepnoro (mo meroau-
ke MUMO3A-H/3/1) moueupoBanus KOHBEPCUH JIA3€PHOIO U3JIyUeHUs B PEHTTEHOBCKOE,
peiHA3HAYCHHOE Ul CxKaTus Kaucyi ¢ miactukoBeiM (CH) abusitopom u abisiropom u3
BbicokoioTHoro yriiepoga (HDC — high-density carbon).

Cucrema JiazepHOro obsydenust cepuaeckoro 6okca-KoHBepTOpa 00Ja/1aeT TOJHON CHh-
creMoii cummerpuii Kyba (umeer 6 orBeperuil s BBOmA M3JydeHus: B 00kc). Mcexons us
9TOTO, a TAaKXKe M3 IIPE/IOJAraeMOil CUMMETPUN CaMON MUIIEHH, MTPEJJIOXKEHO IIPOBOIUTD
mpexmephvie pacwemu, ig 1/48 gacru muiienu, 9To TpefyeT CYIIECTBEHHO MEHBIIHNX 3a-
TPAT BBIYUCIUTEIHHBIX PECYPCOB.

Kak nokazasnu 1npoBejieHHbIE TpEXMEPHBIE PACYeThbl, 3HAUNTEJbHAS YaCTh JIA3EPHOI'O U3-
JIyYeHUsl MOTJIONIAeTCsT BO BHYTpPEHHEM o0ObeMe OOKca BOJM3U OTBEPCTH BBOJA, B ILIa3Me,
"ucriapeHHOR" M3JIyUeHHEM CO CTEHOK OOKCA.

Kmoueswvie crosa: menpsimoe obJIydeHne MUIIEHN, chepraecKuit H0KC-KOHBEPTOP, J1a3ep-
HOe M3JIyJeHNe, PeHTIeHOBCKoe n3iydenue, actukoblii (CH) abisrop, HDC-abusarop.

Bsenenue

OaHuM M3 BeJyNUX HAIPABJIEHUN WCCIEI0Ba-
HUI 110 TEPMOSIZIEPHOMY CHHTE3Y SIBJISIETCS WHEp-
muaibHbli cuares [1, 2| danmbii noxxox 6a-
BUPYETCS Ha WCIOJB30BAHUNA WHEPIAHM CJIOST Tep-
MOSIJIEPHOTO TOTLINBA, MPEJIBAPUTEIHLHO CKATOTO U
YCKOPEHHOTO JI0 BBICOKHX CKOPOCTEHl B pe3ysIbTa-
Te abJANMOHHOTO YCKOPEHUsI 0D0JI0YeTHON MuItle-
HU WHTEeHCUBHBIM m3nydenneM. B CIITA 6wuta mo-
CTPOEHa Mera iKoyJ/ibHas Jjia3epHas ycranoBka NIF
(National Ignition Facility) mist nposejenusi sKc-
[EPUMEHTOB 110 HENPsSIMOMY (PEHTTEHOBCKOMY) 3a-
JKUTAHWIO 3] KPUOreHHOMN TepMOsiIepHOil MUIIeHH,
UCTIOIB3YTONIEH Jla3epHOe W3JIydYeHne HEeOUMOBO-
ro Jazepa, IpeodpazoBaHHOe B TPETHIO TAPMOHUKY
(mmmaa BostHBL A = 0,35 MKM). Peanuszanus npoex-
ta NIF, Kak n3BecTHO, He IpUBesa K J1abopaTopHO-
My OCYIIECTBJICHUIO TEPMOSIJIEPHOIO 3aKuranus [4].

B Poccun mpejioxkeH TPOEKT MEraJizKOy/IbHOM
JIa3epHoii ycTtaHOBKM 5|, omepupyrommeil Ha BTO-
poii rapMOHMKe HEeOJMMOBOIO Jia3epa (JJIMHA BOJI-
bl A = 0,53 MxM). B psige pabor [6—8| nposeneno

pPacCUYeTHO-TEOPETUIECKOE HCCJIEIOBAHNE CXKATHUSI U
TrOpEHUs TPEJIOKEHHON KOHCTPYKITUU KPUOT'€HHOM
MUIIEHH JIsl CJIydasi IpsMOro (J1a3epHoro) obJry-
ueHust. Pazpaboranubie B POAI-BHUNDD meto-
JINKY TIO3BOJISIIOT ITPOBOJIUTD JIETAILHOE MATEeMATH-
JeCKOoe MOJIEJIUPOBAaHIE PAOOTHI TEPMOSITIEPHBIX M-
IeHel THEPIUATBLHOTO CUHTE3A.

st pacgeroB B TpexmepHoii moctaHoBke (3D-
pPaCYeTOB) HUCIOJIB30BAIKMCH PE3YJIbTAThl OJHOMED-
HBIX pacdyeTHbIX MeTouK. Co371aHHbIE B MATEMATH-
veckoM orTieennn POAI-BHUND® 3a jpinrein-
HBIIT IepuoJ] BpeMeHH, OHU IIpeJIHa3HauYeHbl JJIsI pe-
[IEHUS 38124 110 OIITUMUBAINHA KOHCTPYKIIUU KPUO-
FEeHHBIX MUIIEHEH HEeIpsaMOro OOJIyUIeHHUs I I10-
JIyIEHUST 3ayKUTaHUsl, 10 MOJI00PY PEHTIEHOBCKO-
ro UMIIYJIbCa, CXKUMAIOIIEr0 MUIIEHb, JIJIs OIpese-
JieHust (pOPMBI BPEMEHHON 3aBUCHUMOCTH JIA3EPHOTO
AMITYJIbCA, JUHAMUKE TOTJIONIECHUS JIA3€PHOTO W3-
JIydeHUs ¥ XapaKTePUCTUKHI HEOTHOPOJIHOM renepa-
UM PEHTTEHOBCKOT'O M3JIYUCHUSI Ha CTEHKAX OOKca.

YucyieHHBI aHaM3 pPEe3YJIbTATOB PAaCUYeTOB 110
onHoMepHbIM MeroukaM (1D-pacueros) siisiercs
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COCTaBHOM YacTbio paboOT IPHU BHIOOPE ITOCTAHOBKU
9KCIIEPUMEHTOB U CJIYKUT JJIsT IPOTHO3a PE3yJIbTa-
TOB MPHU ONTUMHUBAINKA PabOUNX TapaMeTpoOB Tep-
MOSIZIEPHBIX MUIIIEHEHH.

ITo ogromepnoit meroauke CHJIIT [9] 6b1tn mipo-
BeJICHbI paCdYeThbl CKaTud PEHTI'€HOBCKHUM HMILYJIb-
COM KPHOTE€HHBIX TEPMOSIEPHBIX KAaIlCyJl; pacde-
TBI O TOAOOPY (POPMBI BPEMEHHON 3aBUCUMOCTHU
€ro TeMmIeparypbl, HEOOXOIUMON JJIsi TOCTUKEHUSI
YCJIOBUI 3a’KUTaHUsT MUATITEHM.

OtHako Jijist 60JIee TTOJTHOT'O U TOTHOI'O OITUCAHUST
[IPOIIECCOB, IPOUCXOISIINX B OOKCe-KOHBEPTOPE,
neobxoaumo nposesenne 3D-pacaeror. Hampumep,
B 1D-pacuerax ydUUTBIBAIOTCS TOTEPH JIA3EPHOTO
M3JIyIEeHHUsI 9epe3 OTBEPCTHUsl BBOA IIOCTE €ro OT-
paxkeHuil OT BHYTPEHHE IOBEPXHOCTU PEHTICHOB-
ckoro 6okca. Ho B 1D-pacuere HEBO3MOXKHO OIIU-
caTh IPOIECC 3aTeKAHUsI B OTBEPCTUS W BHYTPEH-
HUl 00beM OOKca IIa3Mbl, UCIApPSIEMOR C ero cTe-
HOK, YTO MOXKET IIPUBECTH K YaCTHYHOMY BBOIY
JIA3ePHOTO M3JIYIEHUS U, CJIeI0BATEIbHO, TOTEPSM
SHEPIUM U CHUXKEHUIO 3(DEeKTUBHON TeMIIepaTyphbl
PEHTTE€HOBCKOI'O M3JIyYeHHSI.

B nammoit pabore mpuBemennl pesyiabrarhl 3D-
pacueToB KOHBEPCUU JIA3EPHOIO U3JIyYEHUsT B PEHT-
rerosckoe 110 Meroguke MVMO3A-H/I3/T [10]. B
KadecTBe DOKCa-KOHBEPTOPA paccMaTpuBaeTcst cde-
pa jguamMeTpoM 9 MM C 30JI0TOU ODOJIOUKO, MMEro-
Ie#l MecTb OTBEPCTU, IIPeHA3HaAYCHHbBIX JJ1s BBO-
Jla JIa3epHOr0 U3JIy YeHMUSI.

R =1160 sieem

R = 1024 MM
R =1009 mrM ——

R = 970 MeM =%
R =965 MM
R =960 mxM
R = 89TmEM

Puc. 1. Koucrpyknus kamncymnaer ¢ CH-abasropom

1. 1D-pacyerbl A5 KallCyJIbl
c CH-abasaTopom

B sHauuTeIbHON YacTH KCIEPUMEHTOB IO 3a2KH-
raHuIo, IPOBeJIeHHBIX Ha ycTaHnoBke NIF| ucmosb3o-
Bastach cepudeckast karncyiia ¢ miacruxosoit (CH)
0060J104uKOli (absisiTopoM) ¢ J106ABKAME T€pMaHUs,
Ha BHYTPEHHEH IIOBEPXHOCTU KOTOPOU HAMOPOZXKEH
cioit [IT-npma. Karmcyna naxomuiach B IEHTPE
O6OKca-KOHBEpTOpa. B 6GOKC BBOJIUJIOCH JA3epHOE
u3aydenne, mpeobpadyeMoe B PEHTTEHOBCKOE, O,
JIEHCTBIEM KOTOPOT'O ITPOUCXOJIMIIO CYKATHE KAICY-
gbl.  OjHa U3 KOHCTPYKIUN IMOJ0OHON KallCyJibl
onucana B pabore 11| u npusesena Ha puc. 1.

[To omroMmepHO# MeTouke CH/III 6611 ipoBeieH
pacuer B ccepudueckoii reomerpun. Karcyma 06-
JIydaJiach PEHTIEHOBCKUM HMMITYJIbCOM. BpemeHHast
3aBUCUMOCTH TEMIIEPATYPHI 9TOTNO UMITY/IHCA TPUBE-
JIeHa Ha PHUC. 2. DTa 3aBUCUMOCTD, KaK U KOHCTPYK-
sl MUIIIEHH, B3siTa n3 paborsl [11].

B pacuere yuurhIBaIUCH Cleayionye husnde-
CKHE TIPOIECCHl: T'a30MHAMUIECKOE TeUEHUE Bellle-
CTBa B J[ByXTEMIIEPATYPHOM MPUOJIUKEHUN, IJIEK-
TPOHHAsST U NOHHAS TEIJIOMPOBOHOCTH € JIEKTPOH-
MOHHOW peJjlakcalleil, IepeHoC PEHTICHOBCKOIO U3~
JIydeHUsI B TPHUOJIUKEHUU CIEKTPAJIBHON MHOTO-
rpymmnoBoit  muddy3umn. Kunernka wonuszanmm
IJIa3MbI, CIIEKTPAJIbHBIE TIPOOErN U U3JIydaTeIbHbIE
XapaKTEPUCTUKU TLJIA3Mbl PACCUYUTHIBAJIACH B MTPHU-
6zkeHnn cpeHero noHa [12]. Ypasaenue cocTosi-

CH, pce = 1,082 r/en’®

_— CH+ Ge (0.2%), pc-c. = 1,096 /e’
| =— CH+ Ge(0,5%), pca-ce = 1.116 r/en’
CH + Ge (0,2%). per-ce = 1,096 r/car’

CH, pcg = 1,082 r/ea’

AT-T63, Py = 0,25 rem®

AT -ra3, parra: = 0,0003 /e’
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PeSy.]IbTaTbI TPEXMEPHDBIX pacdY€TOB KOHBEPCHUU JIA3€PHOI'O U3JIYYCHHU:A B DEHTI'€HOBCKOE. . .

T,, B

0,31 1

0,27 1

0,11 1

f, HC

0 5 10 15 20

Puc. 2. Bpemennast 3aBUCUMOCTD TEMITEPATYPbI PEHTTe-
HOBCKOT'O MMITYJILCA, TIOJ, JeHCTBIEM KOTOPOT'O ITPOUCXO-
qut 3axkuranue vmutnern ¢ CH-abisropom

ousa abasgropa u JAT-y1bga BBIYUCISIIOCH IO MO-
JIeJIA CPEJIHEr0 MOHA C y4YeTOM XOJIOJHOI'O JIaBJie-
nust [13], B kavecrBe ypasHenusi cocrosinusi J1T-
raza B3STO YPaBHEHUE COCTOsIHUS KJIEAJILHOTO T'a-
3a C y4eToM II0Teph Ha MOHU3AIMIO. B pacdere
YUIUTBIBAJIOCH SHEPTOBBIJIEJICHIE OT TEPMOSIIEPHBIX
peaknuii. I[lepenoc a-dacrtuil, poxKJIEHHBIX B 9TUX
peakIusx, paccunThiBajcd B Iud@Py3nOHHOM [IpU-
6kennn |14].

Temmeparypa MUINEHH B HAJaJbHBIA MOMEHT
BpeMenu coctapsiia 18,6 K.

[Ipu Takoit mocraHOBKe pacyeTa B pe3yJbTaTe
CXKATUST KAICYJIbl PEHTT€HOBCKUM UMITYJIHCOM IIPO-
n3onuio 3axkuranue.  [lojiHOE 3SHEProBBIjIE/IEHTE
(sHEprusi a-9acTuIr] U HEHTPOHOB) OT TEPMOsIEP-
HBIX peakiuit cocrapuio 22,2 MJIx.

Ha crienyrormem sTare OIHOMEPHOTO MOJIEIUPO-
BaHUs ObLIA NPOBEJIEHA CEPHUsS PACYETOB 110 METO-
guke CHJIII, B KOTOpBIX BapbUpOBAJIACh BpPEMEH-
Hasl 3aBUCUMOCTH MOIIHOCTH JIA3€PHOT0 UMITYJIbCA C
auHO# BoTHBI 0,53 MKM, BBOIMMOTO BHYTPb OOKCa-
KOHBepTOpa. BOKC-KOHBEPTOP MPEJCTABISI COOOM
chepy auamerpoM 9 MM ¢ 30JI0TOi 000JIOUKON TOJI-
muHoi 20 MkM. BHyTpu 0607109KH ObLI BAKYYM.

B 3T0it cepun pacdeToB yUUTBHIBAJIMCH TE YKE Ca-
MBbI€ MIPOIECCHI, YTO U B BBIIIEOIHNCAHHOM PAaCUETE,
3a UCKJIIOYEHUEM SHEPrOBbBIJICICHUS OT TEPMOsiIep-
HBIX peakIuil u nmepenoca a-dactuil. JlomoaHuresib-
HO yYHUTBIBAJIOCH IIOIVIOIIEHNUE JIA3EPHOIO H3JIyde-
HUA 33 CUeT 00PATHOTOPMO3HOI'O MEXAHU3Ma B J0-
KPUTHYIECKO# 0b1acTH.

B pesymbrare 3T0i cepum pacueToB ObLia MOI0-
OpaHa BpeMEHHasl 3aBUCUMOCTBH MOIIHOCTH Jia3ep-

HOrO u3JtydeHust (puc. 3), KOTOpoe co3aeT B HOKce-
KOHBEPTOPE PEHTICHOBCKUI MMILYJIBC C BPEMEHHOU
3aBUCUMOCTBIO TEMIIEPATYPHI, 110 popme OJIU3KO0i K
[IpUBEJICHHON Ha puc. 2. MakcuMasbHas MOITHOCTH
JrazepHOTO nMIy/ibca He npesbimaer 430 TBT, a ero
roJiHast sueprust cocranyser ~ 1,4 MJDx.

Ha puc. 3 Takke mokazana BpeMeHHasi 3aBUCH-
MOCTBH TeMIlepaTypbl PEHTI€HOBCKOI'O U3J/IyY€HUsA B
neHTpe OOKCa, B KOTOPbIN ObLIT BBEJEH yKa3aHHBIN
JIA3EPHBIN UMITYJIbC. BHJIHO, YTO MaKCHMaJIbHAst
TeMIIepaTypa PEHTTEHOBCKOI'O0 WM3J/Iy9YeHUs COCTaB-
ssger 326 3B, UTO HECKOJIBKO BBINIE, YeM B UMITY/IbCE
u3 paborst [1] (em. puc. 2). IIpuseneHHbIil pe3yiib-
tar 3D-pacuera OyaeT ONMUCAH B CIEAYIONIEM Pas-
Jieie.

IIpu ojHOMEPHOM MOJEJIMPOBAHUU 110 METOJIH-
ke CHII obsyuenue xancyner ¢ CH-abasitopom
PEHTTEHOBCKUM UMITYJILCOM, TEMIIEPATYPHAS 3aBH-
CHMOCTB KOTOPOI'O ITOKa3aHa Ha PUC. 3, IPUBOJUT K
3aXKUTAHWIO MUIIEHU, SHEPTOBBIIECICHIE COCTABJIS-

er 19,8 M/Ix.

2. 3D-pacyeTr KOHBepCHUU JIA3€PHOTO
U3JIy4eHUus] B PEHTT€HOBCKOE
nis karcyabsl ¢ CH-abasrTopom

ITpoekT MeraJzKOyJIbHON JIA3epHON YCTAHOBKN
[peJLyCMaTPUBAET CXeMy OOJIydeHHs MUIIEHH, B CO-
BOKYIIHOCTH OBJIaJIAIOINLYI0 CUMMeTpusiMi Kyba [6].

P,10"Br T,, B
) /10,3
4 ¢ L
10°; LY S
P ]
it ' 10,2
! I
10°; | Sy !
'J K i \.j _0,1
\ !
71 (. S, ¢ 0
100 5 10 15 20 1, HC

Puc. 3. Bpemennsie 3asucumoctu momuoctu Pr, ja3ep-
HOT'O U3JIy9€HUsI, BBOJJMMOIO BHYTpPb ODOKCa-KOHBEPTOPA,
u 3bdexTuBHOI TemnepaTypsl 1., PEHTIeHOBCKOTO M3-
JIydeHHUsl, HPEeIHA3HAYEHHOIO JJIs CXKATHS KAICYJIbl C
CH-abasitopom: = = = — Pr(t); — — T, (t), 1D-pacuer
no CHIOIL;, eee — T,(t), 3D-pacuer mo MIIMO3A-
HI31
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l'eomeTpus BBOIA KitacTepoB® BHYTPH OOKCa CXeMa-
TUYHO TIPeJICTaBeHa Ha puc. 4.

PaccmarpuBaercst cirydaii, Korjga OTCYTCTBYET
SHEPreTUIeCKuil aucbajaHc B JIA3EPHBIX IIYUYKaX,
BPeMeHHAas 3aBUCHUMOCTH MOIIHOCTH JIA3€PHOTO U3-
JIyIEHUsI BO BCeX IIy9YKaxX OJUHAKOBA, a OOKC-
KOHBEPTOP HMeEeT HJIeabHyI0 chepuiecKkyio 000-
JIOUKY C IIECTHIO OJMHAKOBBIMHU KPYIJIBIMH OTBEP-
CTHUSIME, TIEHTPBI KOTOPBIX COBIAJAIOT C IEHTPaMU
rpaneii BooOparkaeMoro kKyba, B KOTOPBIH BIHCA-
na cdepa. Ilpu Takmx ycioBusx 3asada obJagaer
cuMMeTpueil Kyba-okTaspa. B aToMm ciydae pas-
MepbI CYETHOH 00JIACTH MOTYT OBITH 3HAYUTEIHLHO
YMEHBITIEHBI — B 48 pa3, a CJe/IoBaTe/IbHO, BpeMs
cUeTa 3a/1a9n CyIEeCTBEHHO COKPAIACTCS.

Hampumep, Takass 067aCTb MOXKeT OBITH IIOJIY-
YeHa IIyTeM pacCevdeHus Imapa pajumycoMm R Tpe-
Mg wiockoctsvu: z = 0, x = y, z = y (B Kade-
CTBe TIOJISIpHOlE ocu BeIGpana och X ). B cdepuue-
CKOU CHCTeMe KOOPJMHAT HEPABEHCTBA, OMPEIEIs-
IOIIKe TPAHUIBI TAKOW YMEHBITEHHON CYeTHON 00-
JaCTU, UMEIOT BUJ,

Puc. 4. Cxema BBOmA JIa3epHBIX MCTOYHUKOB BHYTDPH
cdeputeckoro OOKca-KOHBepTOpa: 1 — KjacTepbl Jia-
3EPHBIX IIYUIKOB; 2 — cdepudeckuii b0Kc; 3 — orBepcTHe

JJId BBOa JIA3€PHOT'O U3JIYy1I€HU A

*K.HaCTe — 39TO YeThIPE JIA3EPHBIX IIYYIKa, PACIIPOCTPpaHA-
)
IOIUXCsA B OJJHOM HallpaBJIEHUU.

7r

OSSOSZ;

0 < 60 < arccos __ ; (1)
2+ (tg0)”

0<r<R,

rje 0 — MOJSpHBIA yroJi, OTCYUTHIBAEMBII OT OCH
X; ¢ — a3uMyTaJIbHDBIN YTOJI, OTCIUTHLIBAEMbBIN OT
ocu Z.

I[To wmerommke MUMUMO3A-HJ/I3/] 6wt mpoBe-
ner 3D-pactuer KOHBEPCHUHU JIa3ePHOTO U3JIyI€HUsT
B PEHTTEHOBCKOE. Sostotast  oboJiouka OGOKca-
KOHBepTOpa MIOTHOCTHIO 19,31 /cM® mvena Tosmu-
Hy 20 MKM, HApY2KHBII JIMaMeTp 9 MM U cojiepKajia
IIIeCTh OTBEPCTUH guamMeTpoM 1,28 MM, TIpeIHa3Ha-
YEHHBIX JIJI BBOJIA JIA3€PHOIO U3JIydeHus. BHyT-
PU U cHAPYKU 000JTOUKYU HAXOMUJICA T'a3 — aToMap-
HBIIT BOAOPO/, C HAYAJbHON MJIOTHOCTHIO 10~4r / emd.
ITpu a3ToM cueTHast 00IaCTH OBLITA OIpAHUYIEHA B CO-
orBercTBUM ¢ HepaBeHcTBamu (1), a ocb oTBepCTUST
ISl BBOMA JIA3€PHOTO M3JIyUeHUs COBIIAJAla C I0-
JITpHOIT ockio X .

B 3D-pacuere yunrhiBaJnCh Te ¥Ke caMmble (HhU3U-
Jeckue Iporeccol, 4o u B 1D-pacderax.

JlazepHoe m3jydeHue 3aJaBajoCh B IEHTPE OT-
Bepcrust 384 siydamu, oObeIUHEHHBIMUA B 48 1yd-
KOB TIO 8§ jydell, KaXKJOMy N3 KOTOPBIX IIPHCBanBa-
JIaCh COOTBETCTBYIOIIAS JOJIA SHEPIUU My IKa. ¥ TOJI
MeXK Iy HallpaBJIeHNEM BBOJA JIA3€PHOTO M3y IeHUs
7 0CbIO 0TBepcTus ObL1 pasen 30°.

Ha puc. 5, a—6 mpuBesieHbl HavyaJbHAS PACCTa-
HOBKa Y3JI0B PACUeTHOH CETKN IO MOJISIPHOMY YT-
Jiy 0, pacro/ioyKeHue Ja3epHbIX UCTOYHUKOB M CET-
Ka B TPEXMEPHOU 3ajiade 0e3 BHEIIHErO CJIOS ra3a
Ha HaYaJIbHBII MOMEHT BPEMEHN.

Ha Buemneit rpanuiie cuerHoit obJractu 3a1aBa-
JINCh TPAHUYHBbIE YCJIOBHS B BUJE CBODOJIHOI I'pa-
HUIBI KAaK 10 CHEKTPaJbHON nuddy3un, Tak u 1mo
razoBoit qunamuke. 1lo a/1eKTpOHHOI 1 MOHHOU Terr-
JIONPOBOTHOCTN B KAadeCTBe TPAHUTHOTO YCJIOBUS
HCIIOJIb30BAJIOCh YCJIOBUE PABEHCTBA HYJIO MTOTOKA
TeTIA.

Ha mtockocrsix z = 0, ¢ = y, 2 = y B KadyecTBe
IPAHUYHOIO YCJIOBUS IO TEIJIONPOBOIHOCTU 33]a-
BAJIOCH YCJIOBHE PABEHCTBA HYJIIO IIOTOKA TEIIa, 110
ra3oBOl IMHAMIUKE — YCJIOBHE PaBEHCTBA HYJIO CKO-
pocTu.

JlazepHblil Jiyd, PACIPOCTPAHABIINICST BHYTpU
Ookca, IpU MONAJAHUU Ha IJIockocTn z = 0, © =
= Y, Z = Y UCHBITLIBAJ 3€PKAJIHHOE OTPaZKEHNE.
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P e3yJIbTaTbl TPEXMEPDHDbIX pacdeTOB KOHBEPCHH JIa3€PHOI'O U3JIYUYE€HHs B PEHTI'CHOBCKOE. . .

€

Puc. 5. HauanpHas paccTaHOBKa y3JI0B CETKH IO IIO-
JgipHoMy yriry 6 (a); paciiosioXKeHue JIa3epHbIX HCTOY-
HUKOB (6) M pacdeTHasl CETKA CHCTEMbI 6e3 BHEIIHEro
cyost Tasa (6): cephlil BET — BOJOPOJT; KPACHBIH IIBET —
30J10TO

BpemenHasi 3aBUCHMOCTb MOIITHOCTH JIA3E€PHOTO
AMIyJbca ¢ JanHOW BOJHBI A, = 0,53 MKM, BBe-

JIEHHOT'O BHYTDPb OOKCa, MMeJa BHUJL EPL (t), rme

Py (t) upusejena Ha puc. 3, T. €. B pacdere BHYTPb
1/48 wactu cdepuaeckoro GOKca BBOIUIICS OJUH
KJIACTED.

Koaddurtmenr orpanuteHus moToka 3JeKTPOH-
HOIT TeronpoBoanHocTH 66T pasen f; = 0,15.

Bpemernnast 3aBUCHMOCTh TEMIIEPATYPBI PEHTTe-
HOBCKOT'O U3JIy9€HUsI B IIEHTPe OOKCca, TOJIyYeHHAsT B
3D-pacuere, npuBegeHa Ha puc. 3. MakcumaiabHoe
3HaUEHMe 3Toi TemiepaTypbl coctassieT 3053B.

Ha puc. 6, a—6 mpuBeieHbl pacupeaeeHns JIeK-
TPOHHOII TeMIIepaTypbl B OJHOM H3 cedeHuil (¢ =
= ¢* = 31,875°) Ha Tpu XapakTepHBIX MOMEHTA
Bpemenu: t = 1,1uc, t = 135c u t = 18Hc. DrO
ceveHne OJIMYKe BCeX PACIOJIOXKEHO K IIJIOCKOCTH, B
KOTOPO# pacIpOCTPaHSIETCs JIa3ePHOE U3JLyIeHNUE.

Ha puc. 7, a—s upusejiennsl pacupejeierus 00b-
€MHOIl KOHIIEHTPAIIUU 30JI0Ta B TOM Ke CEeUeHUN Ha
Te K€ MOMEHTBI BPDeMeHH. 3eJieHast JIMHUS 0003Ha-
4JaeT HallPaBJIEHHE BBO/IA JIA3EPHOI'O M3JIYYEHUs.

Kak BujiHO u3 puc. 7, 6, K MOMEHTY BpeMeHU t =
= 13 HC 30/10Tas MIa3Ma, TPUJIETEBINAT CO CTEHOK
OOKcCa, OKa3bIBAETCs Ha Iy THU JIA3€PHOI0 U3JLyY€HNUs,
KOTOpPOE B OCHOBHOM IIOTJIOIIAETCSI ILIA3MON BOJIH-
31 OTBEPCTHsA, BbI3bIBAs €€ CUJIbHBI HarPeB, UTO
BUJIHO W3 PaCIpeeieHusT TeMIIEPATYPhl 3JIEKTPO-
HOB Ha puc. 6,6,6. Ilpu sTOM npakTHIeCKu BCst
(6osee 99 %) smeprusi JTa3epHOrO M3JIydYeHUs! BBO-
JINTCS BHYTPb OOKcA.

Cremyer oTMETUTD, UTO IJIOTHOCTH IJIA3MBI, KO-
TOpasi OKa3bIBAETCS HA IIyTU JIA3EPHOT'O U3JLyYEeHNUs,
HIKE KPUTHIECKOH. DTO BUIHO M3 PHUC. 8, HA KO-
TOPOM IIPUBEJIEHO PaCIpejeieHre B MOMEHT BpeMe-
Hu t = 13 HC OTHOINEHUH IJIOTHOCTU BEIIECTBA K
KPUTHIECKON TJIOTHOCTH JIJIsT U3JIyIeHUs C JITMHON
BOTHBI 0,53 MKM.

Ha puc. 9 npueseno ociabienue F (s) moro-
Ka JIa3epPHOr0 W3JIYUYEHUsI BIOJb OCH JIA3EPHOI'O
Iy4ka B MOMEHT Bpemenu ¢t = 13mc: F(s) =

S
= exp (— [ KL (s)ds' ), rjae s — paccrosiHue or
0

TOYKY HA OCH TyUYKa J0 TOUKn A, m306paskeHHO Ha
puc. 8, KoTopas sIBJISeTCs TOYKOIl IlepecedeHust OCu
IIyYKa U OCH OTBEPCTUSI; mfbs (s") — koacpbdburment
[IOTJIOIIEHNUSI JIA3€PHOIO U3JIy YeHUS.

Kax Bunno u3 puc. 9, na paccroguuu ~ 1,28 Mm

oT Toukn A 11oToK JIA3€PHOI'O U3J/Iy4YeHUsA YMEHbIIIa-
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I..mB
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1197
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6233
20
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0 10 20 & 40 50 X, 100 mEn
(]

Puc. 6. IlpocrpancTBeHHBIE pacpejieieHnsT 3JIeKTPOH-
Hoit remmeparypst 1, B cedennn ¢ = ¢* = 31,875°: a —
t=1,1uc; 6 —t=13Hc; 8 —t = 18HC

ercd B 10 pas, T. e. IOIVIOIIEHNUE JIA3EPHOT'O U3JLyde-
HUs TTPOUCXOUT BOJIU3U OTBEPCTHUS.

Bo Bpemennoit 3aBucuMOCTH TEMIIEPATYPbI PEHT-
PEHOBCKOI'O WMITYJIbca (CM., HAIpUMEp, pHUC. 2)
MOZKHO BBLJIEJIUTDH JIBa y4acTKa, COOTBETCTBYIOIIHE:
1) upeabIMIysibCaM, TEHEPUPYIOIIUM I0CJIE/I0Ba~
TEJIbHOCTDb YJAAPHBIX BOJIH, PaCIPOCTPAHSIONINXCS

Zieos(@*), 100 smm

40 1

0.25

0.5
I 075
1

X, 100 amne

20 |

o o 20 k) 40 50

Zivos(@*), 100 smo

a

44

02s

0.5

20 ¢

40 50

Z/eos(@*), 100 smm

40

Puc. 7. TlpocrpancTBenubie pacipe/iesienns 00beMHON
KoHIeHTpalmu 3o0510ta C, B ceuennn ¢ = ¢* = 31,875°:
a —t=1,1Huc; 6 —t=13HC; 6 —t = 18HC

o abasitopy u JIT-1b1y, KOTOpBIE OCYIIECTBIISIIOT
npeJBapuTeIbHOE CKaTue 0OOJOYKU; 2) OCHOBHOI
YaCTU UMITYJIbCA, O, IeHCTBIEM KOTOPOro 0060JI0Y-
Ka YCKOPSIETCS KaK IeJI0Oe M IPOUCXOJUT €€ OKOH-
YaTeJLHOE CoKATHE, IPUBOIAIICE K TEPMOAICPHOMY
T'OPEHHIO TOILJINBa. COOTBGTCTBGHHO n BO BpEMEH-
HOIf 3aBUCHMOCTH MOIIHOCTH JIA3€PHOIO MMITYJIbCA
(cM. MITPUXIYHKTUPHYIO JIMHAIO HA PHUC. 3) €CTh
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Zrcos(@*), 100 vrm

4 |

X, 100 voeemx

Puc. 8. IlpocrpamncrBennoe pacupejesieHne B CEI€HUU
@ = ¢* = 31,875° oTHOIIEHNS IJIOTHOCTH p K KPUTU-
9€CKOH IJIOTHOCTHU Py JIJISI U3JIYIEHUS C JAJIMHON BOJIHBI
0,53 MKM B MOMeHT Bpemenu t = 13 He

g

1,0 .
0,8+ ¢ . 1
0.6} . ]
0.4 % 1

0,27 ® A

L

0,0 2 4 6 8 10 12 5 100MEM

Puc. 9.
BJIOJTb OCH JIA3€PHOTO TyYKA B MOMEHT BpeMeHHu t =
= 13HC

Ocnabiienne HOTOKA JIA3€PHOIO W3JIyIEHUS

YYaCTKH, COOTBETCTBYIOIINE IIPEIBIMILYJILCAM U OC-
HOBHOH YaCTHU UMITyJibca. VHTepBaJ BpeMEHU MeXK-
Ay TEePBBIM IPEJIBIMITYJIBCOM U OCHOBHBIM HUMITYJIb-
COM OIpeleideTcs BPEeMEHEM ITPOXOXKJICHUA yaap-
HBIX BOJIH IO abJISITOPY U TOILTUBY, KOTOPOE, B CBOIO
odepellb, 3aBUCUT OT TOJIIAHBI CJIOEB U CKOPOCTH
YAapHBIX BOJIH.

Takum obpazom, 3D-pacuer mokasaJi, 9To 3a Bpe-
Md MeXKJy NPeIbIMIIYJIbCOM U OCHOBHBIM HMITYJIb-
com (luc < t < 13Hc) BHyTpeHHHH 06beM GOK-
ca 3alloJIHAeTCd 30JI0TOU ILJ1a3MOIl, HMCIIApEeHHOU C
€r0 CTEHOK, W 3Ta IJIa3Ma CTaHOBUTCS HEIpPOo3pad-
HOIl JuIs1 JrazepHOro usiydenusi. OCHOBHas 4acTb
MMIIYJIbCa IOTJIOMAETCA BHYTpH OOKCa BOJIM3HU OT-
BEPCTUI BBOJIA, YTO MOXKET MPUBECTU K CHUKEHUIO
CUMMETPUU PEHTI€HOBCKOI'O M3JIyY€HUd B IEHTpE

OOKCa 110 CPaBHEHMIO CO CJIydaeM, KOIJa BCe Ja3ep-
HBIE TyYIKN JOXOIAT IO CTEHKH OOKCa.

3. 1D-pacyeTsl AJisi KAMCyJbl C abIgaTOpoM
13 BBICOKOIMJIOTHOTO yrJjepoja

B nocnienmee spemst na ycranoske NIF mpoBomsiT-
CsI 9KCIIEPUMEHTBI 110 CYKATHIO MUIIEHEH ¢ abjsaTo-
pom u3 yriepoja ¢ Bbicokoit miaorHoctbio (HDC),
pupc ~ 3,5r/cm® [15]. Ucnonbzosanme abisiTo-
pa ¢ 6oJiee BBICOKOH IJIOTHOCTHIO 110 CPABHEHUIO C
mracTHKOBLIM (pon ~ 1,11/cM?) mosBosser ymenn-
HIATH TOJIUHY 060/g09KN (TIpu TO ke Macce) u
TeM CaMbIM YMEHBIIUTH BPEMsI IIPOXOKIEHUST yIap-
HBIX BOJIH, & CJIEJIOBATEILHO, COKPATUTH UHTEPBAJI
BPEMEHH MEXKJLY IePBBIM IIPEJIBIMITYJIECOM U OCHOB-
HBIM JIA3€PHBIM HMITYJIbCOM. Hcjm 3TOT uMHTEp-
BaJI 6y/IeT YMEHBITIEH HACTOJIBKO, ITO 38 ITO BPEMs
ia3Ma He yCIleeT 3allOJHUTb BHYTPEHHUU 00beM
OoKca, TO YJACTCs JIOBECTU BCIO SHEPIHUIO JIA3EPHO-
I'0 U3JIyYeHHs JIO CTEHOK OOKca.

ITo meroguke CHJIII 6b11 mpoBejieH pacdeT ofi-
HOMEpPHOIT cepriIecKn-CUMMEeTPUYHON 3agaan. B
9TOM pacuere cdepudeckas Kalicysa, M300parKeH-
Hasg Ha puc. 10, umesna obosouky (abiasrop) us
HDC ¢ napyx#biM paguycom 1 108 MKM u ToJIIIIHN-
HO#T 76,1 MKM, Ha BHyTpEHHEIl HOBEPXHOCTH KOTO-
poit Ob1 Hamopoxken cioit JIT-mbaa maIoTHOCTHIO
0,2551/cM® u TosmuEoi 55,71 MM, BHyTpemHmHss
oJI0CTh ObLia 3anosiHeHa JIT-ra3zoM MIOTHOCTHIO
3-10~*r/cm3. Buyrpu abaaropa nz HDC ma ry-
6une 45,6 MKM OT HApPY2KHOW MOBEPXHOCTH HAXO-
JUJICA CJIOM TOJIUHON 25,5 MKM, B KOTOPOM, KPO-
Me YIJIepOJia, HPUCYTCTBOBAJIU ATOMBI BOJIb(Mpa-
Ma ¢ koHreHrpanueit 0,3% (mo uwmciay wacru).
[Lnoraocts csoeB "wucroro" HDC 6buia paBha
3,476 /cm?, mnorrOCTL cost HDC ¢ obaskoit
Boibdpama — 3,6r/cm®. Hauambnas Temmepary-
pa MwuIenu cocrapisia 18,6 K.

Karmcyna obsiyaanach pPeHTI€HOBCKUM HMITYJIb-
COM C MAaKCHMaJIbHO# Temmeparypoit ~ 3003B.
Koncrpykiusa kancysibl 1 BpeMeHHasi 3aBUCHMOCTD
TeMIlepaTypbl PEHTIEHOBCKOIO MMILysibca (puc. 11)
6bLIH B3ATHL 13 paboTHI [16].

Pacuer mpomeMoHCTPUpPOBAT 3ayKUTaHWE MU-
IIEHU. [TostHOE  SHEPrOBBIJIEICHIE COCTABUIIIO
17,3M/Ix (B pabore [16] sHeproBbiieemne ObLIO
paszo 19,7 M/Tx).

Kak u B ciayuae ¢ kamcynoit ¢ CH-abiastopom,
OIMCAHHOM B pa3j. 1, Ha CJEAyIONEeM dTale OJl-
HOMEPHOTO MOJIETUPOBAHUS ObLIA TPOBEICHA CEPHS

— 17 —
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R, = 1108 MEM

Puc. 10. Koncrpykuus karcyasl ¢ HDC-abisitopom

T,,x»B
0,30 1
025
0,201 1
0,15} 1
0,10} ]
0,057, i

0,00 . 4 6 8 10 £, HC

Puc. 11. Bpemennasi 3aBUCUMOCTH TEMITEpATYPhl PEHT-
TE€HOBCKOTO HUMITYJIbCa Jjis cxkaTtus Kancyiael ¢ HDC-
abaaTOpOM

pacuaeros o meronuke CHJIII, B KoTOpBIX Bapbu-
poBaJiach BpEeMEHHAasi 3aBUCUMOCTH MOIIHOCTHU Jia-
3epHOT0 UMITYJIbCA, C JJIUHOU BOJHBI (0,53 MKM, BBO-
JIIMOTO BHYTPb Cc(epUIecKkoro OOKca TUAMETPOM
9 MM ¢ TOJIUHON 30710TOH 0060/ 10UKH 20 MKM.

B pesymbraTe 31Ol Ccepum pactueroB ObLia IIO-
JnobpaHa BpeMeHHasl 3aBUCHMOCTH MOIIHOCTH Jia-
3€pHOI0 W3JIYIEeHHsI, KOTOpPOE CO37daeT B OOKce-
KOHBEPTOPE PEHTICHOBCKUN MMIIYJILC C BPEMEHHOM
3aBHUCHMOCTBIO TeMIIEPaTyPhl, OJIU3KOM 110 popme K

HDC, Aupc = 45,6 MEM, papc= 3,476 r/ex’
HDC+W, Aypcow = 25,5 MKM, papcrw =3,6 r/em’
HDC, Agpc =5 MM, pype = 3,476 1/ ov’

JIT -8, Aqr-aex = 55,71 MEM, PrT-se2 = 0,255 /e’

AT -ras, prrra = 0,0003 riem’

7,, k3B
0,30

0,25
0,20

0,15
0,10
0,05

- - 10,00
2 4 6 8 10 7, ne

10°
0

Puc. 12.

3epHOro u3jaydenusi Py, u 5¢dpdeKTuBHON Temueparypbl

BpeMeHHI)Ie 3aBUCUMOCTHU MOIIHOCTH Jia-

T, PEHTTE€HOBCKOI'O M3JIyYeHH, IIPEHAZHAYEHHOIO JI/Is
cxarus Kancyisl ¢ HDC-abnaaropom: ——— — Pr(t);
---- — T,(t), pacaer mo CHAIl; — — T (t), pacier
o meroguke MUMO3A-HJI3 /T

[puUBeIeHHON Ha puc. 11. DTa 3aBUCUMOCTH MOIII-
HOCTHU TIpejicTaB/ieHa Ha puc. 12. Takxke na puc. 12
[IPUBEJIEHBl BPEMEHHBbIE 3aBUCHUMOCTU TEMIIEPATY-
PBI PEHTTEHOBCKOT'O WM3JIyUeHUsl, KOTOPOe TeHeph-
pyercsa B cepudeckom 6okce (B Tom umcie B 3D-
pacuere, KOTOpbIii Oyer onucan B pasji. 4). Mak-
CHMaJIbHAsI MOIITHOCTD JIA3€pPHOTO UMITYJIBCA HE TIpe-
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BoimaeT 430 TBT, a ero mosHast SHEPrUsi COCTABJISET

~ 1,64 MJT:x.

4. 3D-pacuetr Oy KancyJibl
¢ HDC-abasaTopom

ITo meromuke MMMO3A-H/3/ 6bu1 mpose-
ner 3D-pacuer KOHBepCHHU J1a3epHOTO U3JTyI€HUs
B PEHTreHOBCKoe B 0Ookce misi Karmcysubsl ¢ HDC-
abJIITOPOM.

Bpemennasi 3aBUCHMOCTDL MOIIHOCTH JIA3€PHOIO
UMIIYJIbCa ¢ AAuHON BoJiHbL A, = 0,53 MKM, BBEJICH-

HOrO BHYTpPb OOKCa, UMeJia BUJL @PL (t), Tie 3aBu-

cumocthb Pr(t) npusenena na puc. 12. Bpemennas
3aBUCUMOCTb TEMIIEPATYPHI PEHTIEHOBCKOI'O HM3JIy-
JeHMsI BHYTpH OOKCa, IMOJIydeHHasl B 9TOM pacdere,
TaK>kKe IoKa3aHa Ha puc. 12.

Ha puc. 13,a—6 mupuBeleHbl pacipeneacHust
JIEKTPOHHOHN TeMIlepaTypbl B OJHOM W3 CEYCHUM
(p = ¢* = 31,875°) Ha Tpu MOMeHTa BpeMeHu: t =
=0,8uC, t =4HC U t=06,4HC.

Ha puc. 14, a—e noka3anb! pacupeeeHns 00b-
€MHO KOHIIEHTPAIIUU 30JI0Ta B TOM K€ CeUeHUN Ha
Te K€ MOMEHTBI BpeMeHH. BHiaHO, 9TO K MOMEHTY
t = 6,4Hc 3070Tasd ITa3Ma, MMPUJIETEBIIAA CO CTe-
HOK OOKCa, OKa3bIBAETCA HA IIyTH JA3€PHOrO M3JIy-
JeHMs, KOTOPOe B OCHOBHOM IIOIJVIOIIAETCS BOIU3U
OTBEPCTHS, UTO MOATBEPKIALTCS PACIPEIeIEHIEM
TeMIlepaTypbl 9JI€KTPOHOB (cM. puc. 13, 6).

Cremyer OTMETHTb, 9TO IIOTHOCTH TOH ILIa3-
Mbl HU2KE KPUTUYECKOW, 9TO BUJHO U3 PUC. 15, HA
KOTOPOM II0KA3aHO pAacIIpe/ie/IeHre B MOMEHT Bpe-
Mmenu t = 6,4 HC OTHOIIIEHUs TJIOTHOCTH BEIIECTBA K
KPUTUYIECKOHN IIJIOTHOCTHU JIJIsi UBJIyUEHUsT C JJTUHON
BosIHBI 0,53 MKM.

B 3D-pacuere mia kamcymner ¢ CH-abisropow,
OIIMCAHHOM B pa3il. 2, K MOMEHTY BpeMeHu t =2
~ 10HCc mwra3ma 3amojHseT 00JacTh OOKca BOJIU-
31 OTBEPCTHl U Jla3epHOe M3/IydeHHue, MOIJIONAICH
9TOMU TIJIA3MOM, TIEPECTAET JIOXOAUTH IO CTEHOK DOK-
ca. K sromy mMoMmeHTY B OOKC BBOIUTCS IIPUMEpP-
no 1,5 % ot Beeit nazepnoit sneprun. Kak mokaszai
3D-pacuer mis kancyibl ¢ HDC-absgropom, mosis-
JIEHUE HCIIAPEHHOU CO CTEHOK 30JI0TOH IIJIa3Mbl Ha
IIyTH JIA3€PHOrO IIyYKa IIPOUCXOIUT K MOMEHTY Bpe-
Mernn t ~ 6Hc. K sTOMy MOMEHTY B GOKC BBOIUTCSI
npumepHo 15 % or Beeit 1azepHOit sHEpTrUAN.

3akJroyeHmue

ITo meromnke MMUMO3A-H/I3/1 nposenenn: 3D-
pacyeTbl KOHBEPCHUM JIA3€PHOIO U3JIYYEHUS C JIJIH-

Zreos(@=), 100 smm

TE!mB
40| 7
0494
20|
0988
20 |
1452
101 |'|‘3Téi
o 10 20 30 an 50 X, 100 »mem
a
Z/cos(@*), 100 mmm
T, m:B
an | o
0.400
20 |
0.800
20 |
1200
10 | Imc-:.
0 10 20 30 40 50 X,iUUnuﬂu
Zivos(@*), 100 »Em 7
i T,_,U,RBB

0874

1.748
I! 622
3406

X, 100 nmm

0

Puc. 13. IlpocTpancrBeHHbIE pacIpeie/IeHns SJIEKTPOH-
HO# TeMueparypsl 1, B cedennn ¢ = ¢* = 31,875°: a —
t=08muc; 6 —t=4muc; 6 —t=06,4nc

HOU BOJIHBI (0,53 MKM, JIJTATETHHOCTHIO UMITY/IbCa 20
u 10 ue, sueprueit 1,4 u 1,64 MJI:x B peHTTeHOBCKOE
BHYTPH 30JI0TOT0 cheprIecKoro H0Kca-KOHBEPTOPA
JMaMeTpoM 9 MM C MIECTHIO OTBEPCTHUSIMHU.

Kax mokazanum pacyeTsl, Jia3epHOE W3JIyUeHUe
BXOJIUT B OOKC, HO 3HAYUTE/bHAS €0 9aCcTh [IOTJIO-
maeTcs BO BHyTpeHHeM oObeme Ookca BOJM3M OT-
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Puc. 14. TIpocrpancTBeHHBIE pacipeie/ieHusi 00 beMHO
KoHIeHTparmu 3010ta C), B cedennn ¢ = ¢* = 31,875°:
a—t=08uc; 6 —t=4mc; 6 —t =6,4HC

Bepcruii. Ilpuunboit sTOTO siBJIsIETCST HENIPO3pad-
HOCTH HCIIapsieMoil u3jydenneM (pOHOBOH ILTa3MbI,
BAIOJIHSIONIEH BHYTpEeHHU 00beM OOKCca 3a BpeMst
MEK/Ly TIPEIBIMITYJILCOM M OCHOBHOH YaCTbhIO Jla3ep-
HOro MMIyJibca. 3HaduresbHoe (¢ 20 mo 10HC) co-
KpallleHne JJINTeJTbHOCTH JIA3€PHOTO UMITYJIbCA, IPU
MCIIOIb30BaHnu Karcys ¢ absaropom n3 HDC npu-

Zicos(@=), 100 mxm

K
40 |

0.25

0.5

I 0.75
1

X,100 Mzt

20

i] 10 20 30 40 50

Puc. 15. IIpocTtpaHcTBeHHOE paciipejie/ieHue B CeYEeHNH
@ = ¢* = 31,875° oTHOIIEHUS IJIOTHOCTH p K KPUTU-
YeCKO TJIOTHOCTH ¢y JJIS U3JIYUYEHUS C JJIMHON BOJTHBI
0,53 MKM B MOMeHT BpeMmeHU ¢t = 6,4 HC

BEJIO K YMEHBIIIEHUIO 9TOro 3ddeKTa, HO He ycTpa-
HUJIO €ro.

Crenyer NnpeaNnpuHATH JIONOJHUTETBHBIE MEPbI
JJTST CJIEPYKUBAHUST PA3JIeTa IJIa3Mbl CO CTEHOK OOK-
ca, HAIPUMEp, 3aIOJHATH ODOKC Oy(epHbIM Ta30M.
Heobxomnmo Takke yuecThb B pacdeTax BJIMSHUE T10-
TOKOB ILJIA3MbI C KAICYJIbl U AKTUBHYIO TUHAMUKY
pasjera TJIEHKHN, 3aKPbIBAIONIE OTBEPCTHSI.
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3D SIMULATION RESULTS FOR CONVERSION OF LASER RADIATION TO X-RAY
RADIATION IN A SPHERICAL HOHLRAUM UNDER THE MEGAJOULE LASER
FACILITY CONDITIONS / S. V. Bondarenko, E. I. Mitrofanov, L. F. Potapkina,
O. O. Sharov (FSUE "RFNC-VNIIEF", Sarov, N. Novgorod Region).

The paper presents results of one-dimensional (using the SNDP code) and three-
dimensional (using the MIMOZA-ND3D code) simulations of the laser radiation conversion
to X-rays for compressing capsules with a plastic (CH) ablator and an ablator made of
high-density carbon (HDC).

The laser facility for irradiating a spherical hohlraum has a full system of cube symmetries
(6 inlet openings to deliver radiation to the hohlraum). On the assumption of such conditions
and symmetry of the target itself it is suggested to perform 3D simulations for a 1/48 part
of the target, this allows significantly decreasing the computational burden.

The 3D simulation has demonstrated that an essential part of the delivered laser
radiation is absorbed in the interior space of the hohlraum near the inlet openings, in plasma
“evaporated” due to radiation from the hohlraum walls.

Keywords: indirect irradiation of a target, a spherical hohlraum, laser radiation, X-ray
radiation, plastic (CH) ablator, HDC-ablator.




