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IlpegaoxeHa KoHIIenIIHfl MarHnruoft urranJro3uu nnaerc$epur{ecrux rafiuepon, KoHrIeHTpa\uu ux KI{HerH-
.recKoft BHeprLrH, KoHBepcnld 3Hepnun B TenJIoBoe nanyqeHne, yAeptnanufl aneprt,lu l lsnyqeHufl B uoJrocru Hsny-
qarculefi nJIa3MeHHofi o6oaoqnu B cucrerrae ttgnoftnoft aaftueptt/"dynamic hohlraum" u o6lyveHnn cSepu.recnofi

MnIueHI{ B llenflx Qusutul BbIcoKHx nJlorHocreft aHeprnu il HHeprlnaJrbHoro repMoflAepHoro crrHTesa. IIoKasaHo

sHaqHTeJIbHOe yBenHqeHue UHTeHcr{BHocr}r }r3nyqeHHfl Ha MIIIIeHI{ 3a cqeT ero saxBaTa B flpoqecce KoHBepcI{H

Kl{Herrlqecnofi sHeprun raftsepa B H3nyrreHue. Ha ocHose paapa6orassofi Qner.ruecnoft vrogelu HepanHoaecuofi

nJIa3MbI c [oMoIIIbIo KoAa ZETA [poBeAeHo MoAenHpoBaHr{e AI{HaMHKI{ rafiuepon u reHepaqHu u3nyr{eHr{fl B

AByMepHofi qulnuApuvecnofi reoMerpl{H. OIIeneHo BJTHffHHe HeoAHopoAnocrerl lafiHepon u neycroftqr{Bocrr{

ua sQQenr yAeprnaHr.rff eHeprnn nsnyqeHrr.

PACS: 52.58.Lq, 52.59.Qy

1. Bne4eHne. MaruurHoe clnarl,Ie rna3MeHnbrx praTene Z-machine [6-8]. Eulo nona3aHo, rrro Bbr

ilatrHepon ts Motunbrx anenrpoteHeparopax rroaBoJrfler nafl IlHTeHcnBHocrb rerrJroBoro peHTreHoBctroro nBJ
co3AaBarb nnorHyto BblconoreMneparypHyro nna3My qeHun reHepr,rpyercff B MoMeHr croJrnHoBesus, nafit
MHoro3aPsAHbIx HoHoB 14 nonyqarb renJroBoe r,r3nyr{e- poB, y,qeprnr4Baercfl B noJrocrr,r nafiHepoB 14 3Haqr{TeJ

HI4e BHCOK0fr UHTeI{CUBI{0CTU, IIpUMel{r.rMOe AIfl 3aAaq H0 yCUJIr.tBaeTefl r,r3-3a 3a[upaHufi B 06oloqne, Her

Qurunu BbIcoRLIx nJlorHocrefi oHeprun H l,IHepquaJrbHo- xoAr,rMo ynoMflHyrb, rrro B gncnepuMeHTax c DH

t0 T0pM0nA0pH0f0 cnnTcoa (llTC), B nonqenqnn f0n0' ?t'nachine ilpr{ nMrrilnTyle Toria 20 MA [0] Onrirn il0lyr

\

paqnn n yAep?KaHr4fl TennoBoro peHTneHoBcKoro r,r3ny-
qeHr,rfl n "gnofiHona aafiHepe" (.UJI), rpeAno?Kennofi " [1],
H3nyqeHile ecTb pe3ynbTaT cToJIKHoBeHr,rfl BHeurHefo rIu-

nnHApuqecnoro nJra3MeHHoro nafiHepa c BHyrpeHHr,rM.

BHyrpeHHufi tafiuep Moffier 6rrrr noJrbrM [1] rnnu 3anoJr-

HeHHbIM BerrlecrBoM c Hr{3Kofi  naoruocrrn [2].
IIpu surconoft cnopocrn croJrKHoBeHHfl lafiuepon

(V > 4.L07 crra/c) reHeparlr4r ra3nyqeHnfl Hr\deer Mecro

B ocHoBHoM KaK npeo6paaoBaHue Kr,Inerr{r{ecnofi gHep-

rnr,r B TennoByro qepe3 cr4JrbHor,r3nyqarcqyn yAapHyro

Bonuy. I{a-sa ertconoft onrr,rqecnofi naorsocrrl BHeur-

Heno aafisepa n3nyqeur{e qacrr,rr{Ho 3anHpaercn BHyrpr4

raftHepoe. B urore r,rnTeHcr{BHocrb u3nyqeHr,rn pacrer

BHyrprd rafiuepa, rAe pacnoJranaercfl rururuenr [1]. 3a

cnofi creo yAepffilrBarb r43nyqeHHe, r'eHepr,rpyeMoe B npo-
qecce AIaHaMI,Iqecnoro croJlKHoBeuvfl ttJIaBMeHHsIx lafi-

HepoB, Tanaa cxeMa npr4MeHeHus tailtuepoB TaK?Ke nMe-

Hyercn nan "dynamic hohlraum" (DH) [2].
VAen nJI/DH noArBep?KAeHa ancnepr,r MeHr arr b H brM rr

peoynbraraMn Ha reHeparope AHrapa-5 [3 
- 5] u Ha ycno-

Hbr BbrAarorIIHecR pe3ynbTaTbr: flpKocTHafl TeMnepaTy-

pa r,ranyrreHr,rr 6ura Bbrure 215 eB, DHeprlrn, norJrorrleH-

Han 1.7-ur4nnr4Merposoft c$epn.recnofi unrueHbro, [pe-

BbrrrraJra 20n.{m [7], qro npeBocxoAr,rr npeAruecrByro-

uIHe pe3yJrbrarbr c HenpflMbrM na3epurru o6lyqeHr.reM.

BeruquHa aHepfl4tr nornotr1euHoro {,r3nyqeur{fl HeAocra-

ToqHa Anfl 3alnr4FaHufl peanqr,rn. Heo6xoAuMo yBenr{-
tII,ITb KI{HerHr{ecKyIo DHeprnrc aaftuepa, '{to6rr o6ec-

neqrrb Heo6xogr,rMylo lla HTC flpKoclnyro reMnepa-

Typy cBbrrue 250 aB H BeJrr{r{nHy Dncno3r4ru,tu Mr4rrreu[

e - 2.5 M.i[x/crra2 [1,9]. IlaanrapyeMoe roBbrrueHrle ro-

Ka Ha ZR-machine [10] ao 26MA lonntno npr,rBecrr,r K

yBenuqeHlllo KuHeru.recnoft gHeprnrl irafiuepa r{ eHep-

tufi ur,nyqeHufl Ha Mr,rrueub npr,rMepno s 2 pa3a no cpaB-

HeHr4ro c [6,7]. Sroro eule He AocraroqHo Anff 3arfirlra-

Hufl TepMongepuofi Mr4rrreHr,r B rlr{nr,ruApl,l.recnofi cxeMe

rlMnJro3r,rr4. O4uano ranaff aHepnertana Morner paccMar-

pr{Barbcff KaK npegBapr{TenbHrrft gpafiaep Anfl 6ucrporo

na3epHoro floAfliura c orHocr,rrenbHo Hr,rsnoft Heo6xoglr-

rraofi eHepruefi raaepa [9].

.flpyrofi [yrb, no HarrreMy MHeHr4ro cocror4T B ne-
pexoAe or rl[nr4HAprlqecnofi n c$epnqecnofi rdMnJroar{r,t1) e-mail: zakharov@eppra.org
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aafiHepon, TaK KaK gro [o3BoJrr{T AononHr{TeJIbHo KoH-

rleHTpr{poBarb Kr,rHerI,rqecnylo aHeprurc aafiuepon B oce-

BoM HanpaBreruvr r,r Aocrl4qb 6orrueft cI,IMMerpI{u noro-

Ka n3nyqe:aufl Ha Mr{ureHb. MarHurHoe noJle nporena-

toIr1ero no rafiHepaM ToKa onpeAenffercfl paccroflHr4eM

Ao ocu cncreMbr, To ecrb rlr{nr,rHApr,r.{ecnofi Koop4rlua-

rofi. Ilnnrangpnqecnafl crdMMerpr4fl MarHr,rrHbrx cHJr He

tro3BoJrfler ocyIqecrBurb HenocpeAcrBeHHo cQepuvecnrl

cr,rMMerpr4rrHyro r{MnJro3r{ro. OAuano nyreM HaqanbHoro

nepepacnpeAeneHnfl Macc a rafiHepax MolKHo ocyulecr-

Btdrb rpexMepHyro r,rMnno3r,rro, 6auanyrc reoMerprir{ec-

Kr,r K cQepravecnofi. llpnrraoe cQepuuecKoe c]Karue DT

TO[Jrr{Ba MarHr4THbrM nOJreM paccMaTprdBaJrocb paHee B
pa6ore [11]. I,IccneAoBaHHro KBa3r,rcQeprauecnofi nrranao-

*ru naftuepoB B cxeMe IJUDH nocBflrrleHa AaHHafl pa-

6ora.

2. Ifprnnoaun ilafrHepoB H yAeprttaHre Hsny-
qeHHfl B nJIaBMe. OcnosHbre HAer{, 3aJro?KeHHrle s .llJI
cxeMy reHepaqnu n3nyqeHufl u yAepmaHrln [1,3, 12], co-

croflr B cneAyrouleM. BHeruHnfi nailHep HaKanJrilBaeT

KrlHeTr{qecnyro sHeprulo B npoqecce r,rMnJIo3ttn noA Aefi-

cTBI{eM AaBneHI{fl MaTHHTHOTO nOJIff npOnyCKaeMOrO nO

aaftnepy rona. ItorAa cnopocrb V - 5.I07 crv-f cAocrr.r-

HyTa, BHerrrHr,rff nanHep cTaJrnnBaeTcf c BHyTpeHr{trM,

npl{ coyAapeHr,rn 0H cmr{MaeTcfl BMecTe c noqT}r BM0p0-
HeHHbIM B Hero cr,rnbHblM MarHr{THbIM noJreM. .llaereHne

clKaroro MarHI{THono tIOIIfl BbtSbtBAeT gtutbHyto yAap-

Hyn BonHy B BerrlecrBe BHyrpeHHero lafiuepa. Vlap-
Hafi BOJIHa reHepr{pyeT I{HTeHcr4BHOe TenJroBoe r43nyqe-

Hr{eJ Koropoe rpoH}rnaer B roJrocrh pgyTpl ;IafiHgpe I{
o6ayvaer Mr,rureHb. Bserusuft aafiHep yAepxuBaer r,t3-

nyqeHfie, rpeAorBparrlan eno nepeHoc Hapy?try. .{ln eQ-

Qenrunuoro anpaHr,rpoBaHr,tfl sneurHr4fi aaftuep Aon?fieH
6rtrr l{3roroBJreH r,r3 BerllecrBa c 6olttul,tM aroMHbIM Ho-

MepoM, Z > I.  Aas roro .{ro6rr BHyrpeHHufi naaeN4eH-

Hrrfi rafiuep Mor [por.r3BoAr,rrb HHTeHcr{BHoe H3nyqeHrle

r,r B To 'Ke BpeMfl nponycKaTb TenJroBoe r43nyqeHne oT
yaapuofi BoJrHbr BHyrpb, Heo6xoAllMo BbrnoJrHr,rrb ero H3
cMecr{ Jrernr,rx r,r rr}KeJrbrx DJreMeuron [13]. Ile-aa npo-

3paqHocrn BHyrpeHHero aafiHepa cnenTpanbHafl crpyn-

Typa npoH3BoAHMoro ygapuofi soaHoft r{3ryr{eHHfl onpe-

AeJrffercfl cnenTpoM u3nyqapuleFo BerrlecrBa. 3ro na-

nyqeHr4e nonnoqaercfl u repManr{3yercr sHeurHr,rv aafi-

HepoM I{, TaKIlM o6paaou, 3anoJrnfler noJlocrb BHyrpI4

aafiHepa co cnenTpou, 6lr.rsttr,tM K nJraHKoBcKoMy. lleny-
qeHne flBJrflerca nJraBHbrM Qanropou B nepepacnpeAene-

Hr{r4 aHepruu u nrpaer ocuoBHyro ponb a QopuupoBaur4r.r
cocToflHl,tfl nJIa3MeHHOrO CJIO.fl B npoqecce CTOJIKHOBeHI,Ifl

aafiuepon.

IlpegnomeHHar cxeMa AeraJrbHo paccMarpr{Balracb

Teoperr,rqecnn [1,12] n nonyquJra, KaK orMer{aJrocb Bbr-
rrre, aKcnepuMeHTaJrbHoe noATBep?KAeHHe [3,4,6, 7] ana

cnyqafl rlunr4HAplrqecnlrx aaftHepon. Buecre c reM, no-
HffTHo, qro nepexoA or rlr4nr{HAprr.recnori n naaaucQepn-
qecnofi I,IM[JIo3I4I,I aafiuepoa Mo?Ker Aarb Ao[onHI,ITeJIb-
Hufi nrrurpbrrrr B RourleHTpaqt,rta KflHerr{qecnofi aneprutl
aafiHepa u yAepinauilu eHeprr4rl HsnyqeHufl. OAHano
B cnny q[nuHAprrqecnofi u{MMerpuu MatrurHbrx ctrJr
nnaancQepuqecnafl lrMrrJro3r,rfl aaftHepa rpe6yer npoQu-
nr{poBaHr,rfl pacflpeAereH�ufl eFo Maccbr.

Paccruorp vM cr a Auro MarH r,rrHoro ycKopeHur .lafi He-
pa a npra6 rytl$etunr MaJrocrn Tonrqr{Hbr o6oroqKra (rarrae-
rculefi pa3Mep nopflAna cKuH-cnoa [14]) no cpaBueHraro c
ee paAl,tycovr. Ilycrb rro ranofi roHnofi o6oro.rne npore-
Kaer ron I(t) u co3Aaer s1rueu noBepxHocrr o6oaoqnn
aar{Myranbuoe MarHHTHoe noae B, - 2Ilcr, rAe r -

paccronHre or AaHuoft Toqnr{ o6oaoqnu Ao ocn crdMMer-
puvr, c - cnopocrb cBera (rncnoarayercff cltcreMa eAnHHrI
laycca). B c$epravecnrx KoopAuHarax: pagnyc .R u
[onorrAanuHrrfi yron 0 (ecrecrBeHHo [peAnonararb a3r4-
MyranbHyro cuMMerpraro) , r : .R sin d. Cnaa Avnepa
j x B HanpaBneua B eroM cJryqae nepnenAr,rnynflpHo no-
BepxHocrn o6oroqnn. KounoHeHTa cnopocrlr ABlrxeHr,tfl
o6oaoqnu BAoJrb cQepuvecnoro paglryca R onucbrBaercff
ypaBHeHr{eM

mil =
c22trR2 sinz 0'

rye rn(0) - Macca nar'tHepa Ha eAttHr,ruy rnouaAtt rroBepx-
Hocnt. llmnaoanf nBHar{aJIbH0 c$epnvecnoro nattrHepa
npordcxoAnr cQepuqecnr,r cnMMerplrrrHo n n Aaarnefi-

rrroMl 00iln yfir0Dyr0 oaDnonM0cTb pacflp0lloneflnn Mnccbr
rafiHepa nur6paru B Br,rAe

rn(0) x sin-2 0.

1z
(1)

Ilpra pacnpeAeneH H n (2) r{ M rrJro3 r,rfl n ponc xoAr{ r caMono-
go6Ho tan, qro coxpaHflercfl BEII4HT4HA 1t 

-- const _

- m4nR2 sin2 g, qro no3Bon"ur cpa3y Bbrnncarb perue-

Hr,re ypaBHeHr,rfl (1) npr,r npor,r3Bonrsoft 3aBr,rcr{Mocrr,t ro-
Ka oT nper.aeHn .I(t). B npegnoJroflreHHr{ Hyleeofi ua-
.IaruHofi cnopocrr,t nonyqaeM

(2)

(3)

(4)

t t '

p(Ro - R)"' - 2 [ [ P p'yat' dt,,
J J
0 0

rAe -Ro : Rt:o - HaqaJrbuufi paguyc naftuepa. Illor-
Hocrb Kr,rHerur{ecnofi oHeprr,rn eAr,tHnrlbr noBepxHocrn

rafiHepa

!*it, - U l2dt)2-
2" 

-- " 
ca p,n ftz sin2 0 

'

Ecan cpaBHHTb nJrorHocrb Kr,rnerr,r.{ecKofi DHepnnu r.r3
(a) .  aHaJroruqHoft eeauquHofi B ur,rnuHApnqecnoM cny-
vae [12], To onaflrercf l ,  r{To npn rpoqux paBHbrx ycno-
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Br{flx (arrannutyAa rona, creneHb catatraa) 3a cqer aK-

cnarrnofi KyMynflIIIdn npll nnaaucQepuvecnofi IrMnJIo-

al{n flJlornocrb KuHeruqecnofi eHeprlln upeBocxoAl{T Bo

croJrbKo pa3, Bo cnonbno BeJIlttrlIHa (Ao - R) I R npeBoc-

xoAI,Ir ln (Ro/^R).

Paccuorpnu craAnlo croJIKHoBeHI{fl BHeuHero rr

BHyrpeHHero aaftHepoB. B uAealrHoM cnyqae' KorAa

sHeuIHI4fi aafiHep l{Meer 6oaruyrc onruqecnylo ronlqu-

Hy, a BHyrpeHsnfi lafiuep noqrl{ npo3paqeH' sQQen-

Tr{BHafl TeM[epaTypa l{3nyqeHnf, coB[aAaeT c TeM[epa-

rypofi nJIaaMbI, I{ nepeHoc I,I3JIyqeHufl vrs BHyrpeHHe-

ro rafiHepa qepe3 sHeuIHHfi nafinep Mo?Ker 6utr onu-

caH B npn6numeHl{Ir ayuuctofi TennonpoBoAHocrl{ AJIfl

nJrorHocrrd noroKa DHeprun H3nyqenuq F. lle-ea oruo-

cureJrbHo srtcottofi cnopocrl{ npoqeccoB nepeHoca }I3ny-

qeHr{fl rrau 6ygeu paccMarpHBarb KBa3}IcTAqnOnapnrtfi

cnyqaft, B ltoropoM noron n3flyqeHnfl nocroflHeH qepe3

sneulnllfi aafiHep:

rge ![,n(R), ,bn(cos2 0) - n-rapMoHHKH pelueHnfl coor-

BercrByloqnx paAlralruofi n yrnoBofi qacrefi ypaBne-

Hr{r flocJle pa3Aenenllf, nepeMeunblx, ,lr"(r) - runepreo-

Merpuqecnnft nolnnorral Oq(n) - cQepnvecnn cnMMer-

pnqHafl KoMtIoHeHTa, COOTBeTCTBytOUIafl pelueHI{IO pa-

gnarrHofi qacrl{ ypaBHeHl{fl (6) B aKBaropnaarsofi nJloc-

Kocrr,r npu 0 : r 12, rAe B paccMarpnBaeMoM cnyqae

Macca lafiuepa n , coorBercrBeHHo, onrt,lrlecnafl ToJI-

rrlu Ha Mr{H I{MaJIb HbI. CQepn vecnl{ c}I MMerpl{qHafl qacrb

flBJrffercfl ocHoeHofi B pac[peAeJIeHHI{ (7), t B cuny ro-

ro, qro q+4 ) 1, yrnoBafl 3aBl{cl{Mocrb pacnpeAeneHldn

TeMneparypbl BblparneHa cla6o, rtro rBnf,ercn orpaate-

HlteM Toro ldaBecrHoro $anra, r{To nyqucrafl Tennonpo-

BoAHocrb npI{BoAt4T tt cuarsofi l{3orpontl3allul{ noJIfl t{3-

nyqeHr{fi B nonocTl{, I{ TeMnepaTypa onpeAenf,eTcf Han-

6oaee onrl{qecnn ronnoft qacrblo creHnu nolocrn. IIo-

gToMy .qJrf, Aanbsefiuux oIdeHoK TeMneparypbl [3nyqe-

Hrrfl B [oJlocrt{ nafiHepon npeHe6pe}KeM He}I3orponnoc-

Tbro ee pacflpeAeJleHHfl. TorAa peuleHl{e paAl{anbHon

qacrr{ ypaBHeHI{r (6) npu 0 - rl2 #&n'OO = 0,

cBfi3brBaroulee reMneparypy H3nyqeHun BHyrplt (?j" -

: ?(&")) ra cHapyxn (21,,t = ?(Ro,'t)) raftHepa Monter

6rrrr 3anl,rcaHo no aHaJlorun c qllnnnApllqecKnM cnyqa-

eM [12] rB ycnoB]rfl, ,tro Ha Bneltnefi rpanntle o6onoqntt
npu R = &ut, noToK eHeprnlt usnyqeHnfl cooTBeTcTBy-

er 3anoHy ttuepuoro reratt , FR = oT!:

vF - -vf;vt"rn) -0,

rAe o - KoHcraHra creQaHa-EonbllMaHar I - ganHa npo-

6era $oroHoB, ycpeAHeHHafl no Pocceaau4y, Koropafl

AnR nna3r.arr noarQpaMa MeHfieTctl oT TeMnepaTypbl n0

3aKoHy, 6rnanouy K creneHHoMy, I 6Tq, c BeruqHHoR

? - 3.6 B Al{ana3one 175eB< ? < 300e8 [12]. 3asn-

cHMOeTb poeeeneHloBe llp06ere 0T IIJIoTI{0CTI{ IIJIA3MbI

B npu6rHrReHul{ JIoRAJIbI{0n0 TepMoAuHaMuqecKoro pgB-

HoBecr{fi (JITP) 6lnena n ooparuo nponopqnoHanbHofi,

I xU p. Ilepexop n ecrecrBeHl{btM Anfl paccMarpt{Ba-rle A^n = ftour-ffin TontUI{Ha naffHepa; 0 = 3(tlta)/10;
eMoro cnyqafl cQepuvecKllM nepeMeHHbIM H ytll'ITblBan

a3r{MyranbHylo crMMerpulo 3aAaqn F = (Fn,0,F9), na
ypaBHenr{fl nyqucrofi tenlonpoBoAHoctu (5) nonyqnM

ypaBHeHLte cneAyloulero BHAa:

lin u lo,rt - poccenaHAonrt npo6erl{ Bo BHyTpeHHeM u

BHerrrHeM cJloflx BHeIuHero nafiHepa B snBaropnanrHofi

nJrocKocTlr npn TeM[epaTypax Tin v ?su1 cooTBeTcTBeH-

no. B KBa3ncraIIEoHapHou npn6aulrteHl{H "vepHoro te-

ratt TeMneparypa ?eut onpeAenflercfl MoIIIHocrbIo l{3ny-

qenr{r ylapHofi BoJrHbI [1,12] H3 ycnoBl{fl coxpaHeHnfl

noToKa 9HeprHI{:

orl-ortu,(*+"*#) ,

oTtur= !n,"V' (*)',

#*^,t*.@r4)+
.r 'h ft, i^ttf . '(ora)-s,

(5)

(6)

(8)

(e)

Koropoe nocJle noAcrauoBnlt ctenennofi 3aB[cI{MocrI{

poccenaHAona npo6era I x T'lp I{ 3aMeHbl iD - Ttt+4

cranoBrrrcR rnsefiHblM orHocI{TeJIbHo QyHnqun O u no-

Topoe, B qacrHocrlr, AJIfl nJlorHocru, nocrof,HHofi no pa-

Alrycy BHeIIIHeTo aafiuepa ot .R : &. Ao E : Req1, Ho

HeoAHopoAnofi no yrny 0 a cooreercrBltl,t c pacnpeAene-

HneM Maccbl (Z) p o-l lsin2 0, rMeer peuenne B repMlr-

Hax ruflepreoMerpl4qecKl{x noJIt{HoMoB. B peaynurare,

BbrparKeH[e AnR TeMnepaTYPbI, cHMMeTpI,IqHOe OTHOCH-

TeJrbHo gnBaroplraarnofi [JIocKocrH, npI{HI{Maer BtlA

? - (i[o(n) + I t"(n)r/,,(cos2 0))t/t '+n), (7)

fA€ pin - nJrorHocTb BHyTpeHHero laftuepa. Heo6xoAlt-

Mo orMeruTb, qro npn6anrnenl,Ie ayvnctoft Tennonpo-

BoAHocrlr cupaBeAnuao, ecan li,.

eroM cJryqae, KaK rona3auo B [12], ycrlosra JITP srl-

nonHeHbr He noJlHocrblo lt, soo6qe roBopf, Aonxiuo pac-

cMarpnBarbcfl rrIrcJIeHHoe peluenl{e Anfl cnyqafl ne JITP.

OgHano coorHoruenl,re MetKAy reMneparypaMu (8) atr-

noJluflercfl c yAoBnerBopt{TeasHoft Totlnocrblo Aaffie B

qlrnr{HApur{ecnoM cnyqae [12,15], ecnu noA reMrepary-

pofi nouuMarb reMneparypy l{3nyqenl{fl.

CpanHeune Bbrparnesufi  (8), (9) c aHarIornqHbIMI{

BbrpaaeHuflMr4 Anfl III{ntlHApuqecxot'o Asofi Horo aafiHe-

Ilncrua n ?I{OT<D rorrr 81 estn. 9 - 10 2005
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pa [L2,15] nonaabrBaer, qro yAepflraHrle aHeprnr r i3ny-
qeHufl e cQepnvecnoM cnyqae 6oaee eeeenrunHo, qeM

B rlr4nnHAp[qecnoM, naK Ba cqer aare6pauqecnoro coor_
HoueHr4fl  ARlRi" > ln (.Ro,rr/&"), ran rd 3a cqer orcyr-
crBHfl ornpbrrbrx KoHrIoB aafiHepa, Koropbre ueo6xogr,r_
Mo 3anpbrBarb AoHrIaMrl r{3 BelrlecrBa c BbrcoKr,rM aar6e_

Ao Anfl TenJroBono peHTreHoBcnoro r,r3JlyqeHr,rfl. OqeHna
perrreHr{fl (8) nonaabrBaer [oBbrrrreHr,re norona r,r3nyr{e-
HUfl HA Mr,rureHb u3-3a 3anr{paHl,rfr nsnyc.eHl,tfl BHeruHr4M
aafiuepona [1]. SQQeKr ycr{nenr,tfl uHreHcuBHocru ul,try-
r{eHl,tff Bo3pacraer c onrurtecnofi roluqnuofi lafiHepa.

OqeHna Bbrr4rpbrrrra npn nepexoAe or r{Hnr,rHAprirrec-
nofi  n c@epnvecnori nunaoluu B paMnax paccMorpeH_
Hofi npocrofi uoAenr{ Aaer eanrop 4-b paa B BeJrr,rqnHe
norona H3ryqeHr,rn Ha MrlIIreHb. OAHano s atoft MoAe_
rr{ He yqr,rrbrBanacb Heycrofiq}lsocrb r,rMnJro3uu aaftue-
poB, BMecre c reM KBa3uceepr,ruecnafl r,rMnJro3r,rfl, KaK
sro [poAeMoHcrpnpoBaHo B rrr{cJreHHbrx pacqerax [16],
6o.uee noABeplneHa BnllflHl,tro Heycrofiqunocru B cl{ny
KplrBr{3Hbl lafiuepoB r{ HaqaJrruofi HeoAHopoAHocrH pac_
npeAenenr{fl Maccbl no yray d. Xorn arr{ ABa $anro_
pa KaK 6rr nouneHcr{pyror Apyr Apyra (6olruran uac_
ca pac[oJraraeTcff Ha MeHbueM paAl,Iyce oT ocl{ cr,tM_

Merpl{n)r r{eM ycrpaHfllorcfl III'IHHOBOJII{OBbI€ HaqaJIt-

nbte Bo3MyqeH'fl, Ho Anfl 60aee ngporrioBoJlH0Bbrx MoA
palefi-refinopoBcnoft ueycrofiqHsocru oHlr co3Aaror Ao_
NONHI{TEJIbHbIC HAIIATbHbIE BOSMYIIIEHNfl IIO CPABHCHIIO

c qunr{HApr{qecnr{M cnyqaeM.
nnn oIleHKI{ BrruflHHfl Ar,rHaMr,rKId nnaaMbl aafrHe_

POB, OIIPCACNEHI,Ifl OOICE TOIIHTIX HAqAIbHIIX NAPAMET.
pon lafiHepoB r,r MolrtrHocrr,r norona u3nyqeHnfl Ha Mr,r-
rlreHb Heo6roguMo KoMnbrorepHoe MoAenr{poBaHr,Ie, y.{u_
TbrBaroqee Bce uuoroo6pa3r{e npoqeccoB npu MarH}rr-
Hofi uunaosytu [3nyrrarcu1nx laftHepoB.

3. .(aHavrnna KBaanceepuvecnoft r,rMnJroarrrr
naftHepon u reHeparlnn HaJryqeHnrr. MoAeau_
poBaHr{e .llJI/DH npoBoAr{nocb c r{cnoJrb3oBaHrleM
paAr4arIHoHHo-MarHnrorr,rApoAtlHaMr4qecKoro (pMfn)
KoAa ZETA [17, 18] c napaMerpaMr,r onenrpurrecnor.o
neHeparopa, 6rueKHNau K napaMerpaM ZR_machine.
PMfn no.q ZETA BnJrrorraer s ce6a AByxMepHyro AByx_
TeMneparypuyro (rerr,rneparypbr anenTpoHoB r,r raonon)
MarHr,rTorr,rApoAr,rHaMnr{ecKyro MoAenb c MHOrOrpyn_
noBbrM nepeHocoM r,r3nyqeHlrfl. IlepeHoc H3nyqeHr4fl
onucbrBaercfl B KBa3r{craIIrIoHapHoM npu6lrmeHuH
ypu\"u""rr" Anfr cnenTpansHoft r{HTeHcr.rBHocrr,r rr:
(OV)/, :  j ,  -  k,Ir .  Henpo3paqHocrb nrra3Mbr Ka,
u t,ranyqarculaff cnoco6Hocrr jr, KaK v ypaBHeHHe
cocroflHl{e [JIa3MbIr BbIttI4cJIRIorcfl c rIoMoIIIbro KoIa
THERMOS [19] B MoAenr,r cpeAHero aroMa, n noropoE
yrrHTblBarorcfl Bce Bo3MolttHbre cocroflHl,rfl r{ nepexoAbr.
Yponnn gneprnn B r4oHax, ceqeHnfl r,r Apyrrae BeJr[r{u-

llucrua s fitDTO rorra 8l aun. 9 - 10 200b

Hbr BbrqtrcJrfltorcff Ha 6ase penRTr,rBHcrcnoft MoAenr,r
Xaprpu-@ona-Clarepa.

.{an aualula BruflHufl AuHaMI{KI,r I{MnJIo3ttI,t u reHe-
paql{u r,r3nyqeHr,rfl [ocJre cepuu npeABapr,tTenbHbrx pac_
qeroB 6ua nu6paH Bap[aHT, f lpeAcraaaeHsufi  Ha pnc.l .
BHeuuuft aoasQparraosrrri naftuep pacnonaraercn Mer(-
Z, cnt
3 .0

2 .5

2.0

1 . 5

1 . 0

0.5

- 2 - 1  0 t 2
R, cm

Pnc.l. Cxeua nnaaucQeprqecnoro IJUDH B oceBoM ce-
qeHr{}t: snenTpoAbr (cnnay ra cnepxy), qayxo6oaoqe.rurrft
sHeurHrfi aafiHep n cQeprvecnnfi BHyrperHnft aafiHep c
Mr|rrreHbto BHyTpH

Ay snenTpoAaMu c yrroM pacrBopa MelKAy Huuu g0o,
ro ecru 45o < 0 < 135'. tlpu R < 0.6cM onenrpo-
llbl oTKJloHf,torcff or paAr{anbHoro HanpaBneHr{ff Ha yron
HecnoJlttto MeHbulttfi yua renJroBoro pa3nera BHyrpeH-
uefi o60roqKr,r nocJre yAapa aHeurHefi, qroobl cgxpaHnrb
gneHTpllrtecRl,rfi HOHTaHT nafiHepa c sneKTpoAaMr{. Ta-
nuu o6pa3oM, paccroflHfie MerKAy anenTpoAaMr{ MeHfl_
ercfl or 2.8 crr,I Ao 6 urra. .[an yrraeHbureH]rfl BrruilHr4fl
Heycrofivr,rBocrr4 gHeuHr,rfi lafinep arr6pau gayxo6olo-
qeqnbrM: BHeurHfla ceepuvecnas o6oaoqna r{Meer paAlr-
yc Eor - 2ctvt, noroHHafl Macca o6oro.{K[ Ha eAr,rH]tqy
AnrlHbr Ha ypoBHe enBaropa Mt'_ b.6b rrar/crra (uaor-
Hocrb Maccbr Ha e4ururly nnoqagu o6oaovnn mQr 12) _
- 0.45 vrf cu2 i lnn p, - 22.Grrar), aHyrpeHHfln ceepu-
qecnar o6oaoqna r{Meer paAxyc Roz = 1 cvr c noroHnofi
uaccofi Ha ypoBne onBaropa Mz _ 2.85 vr/cv. Vraosoe
pacflpeAeJreHr{e Maccbr o60ro.{eK coorBercrByer 3aBI,IcH-
Mocrr.r (Z) m(0) x sin-2 0. OrverrlM, r{ro yrpouleHHafl
aHaJrr,rrr.tqecKafl MoAenb cQepuvecnoft uunaosr{r,t, r{3JIo-
?KeHHaff BbIIIIe, JIerKo o606qaetcfl Ha cayvafi HaJIHT{}Ifl
[poMe]KyroqHofi o6oroqnl,r, ecJlr{ noJrararb, qro coyAa-
peHr{e o6oloqen a6co.nrorHo Heynpynoe (vro clpaBeAn}r-
Bo r43-Ba MaJrocrr,t re[JroBoro AaBJIeHr,tfl I{ crnbHofi Ane_
Qyaun MarHr{Tnoro noJrfl B cr{nbHo H3nyqarcqefi naaa-
rrae [14,18]) n HcroJrb3oBarb coxpaHeHr,re r{Mnynbca rpn
coyAapeHr.rr4. Bnyrpennuil nafinep ceeprveutnfi c pa-
Ar4ycoM Rz : 2.4w r{ Tonrqr,rHofi  0.3 MM, c noroHnofi
uaccofi o6oaoqnu Ha eA?rHr,rrly AnHHbr Ha ypoBHe gKBa_
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t = 2 2 5 n s
(a) (b)

Z, cm

3.0

2.5

2.0

1 . 5

1 . 0

0.5

2
R. cm

Z. cm

3.0

2.5

2.0

1 .5

1,0

0.5

2
R, cm

Topa M1 - 10.6 rtar/cNa. Yraosoe pacnpeAeneHne Maccbl

BHyrpeHuero aafiHepa coorBercrByer 3aBHcI,tMoctu (2)

npu 45" < 0 < 135" r,r nocroflHHo BHe ororo yrnoBo-

no pacrBopa. Ocuoay BHyrpeHHero aafiHepa cocraBJlfler

npo3paqHoe Anfl peHTreHoBcKoro l,r3nyr{eHHfl BeIIIecTBo

(a gaHHoM Bap[aHTe - nJIacrI4K Huenofi naorHocrn) c

4o6annofi 5-L0% eoarQparvra, a BHeIrIHflfl qacru aafiHe-

pa - BonbQpanaoaaa Anfl npeAorBpalllenldfl tIHTeHcnBHo-

ro re[JroBoro pa3nera BnyrpeuHero aafiuepa noA Aefi-

cTBrreM r,r3nyqeHuf BHeIuHero Ha cTaAltl,l I4MIIJIo3I{I{ lI

ayuuefi KoHBepcr4r,r KuHeTl{qecnoff oHeprldu B H3nyqe-

HHe npn croJrKHoBeHr4H. CQeprauecnafl MI{ueHb Aon}KHa
pacnonararbcfl B rIeHTpe noJlocrt{ BHyrpeHHero nafiuepa

(gnn ynpouleHr4fl npl,t MoAenI{poBaHHI,I ona He BBoAt{JIacb,

TaK Kan rpe6yer cneqnanbuoro paccMorpeHllr u oqeHb

AeraJrbHoft pacverHofi cernu).

B pacvere ld3yqanl{cb ArdHaMHKa r,rMnJro3I{H c yqe-

ToM pa3Burufl MfA ueycrofiv[aocrefi (Aan vero HaKJIa-

AbrBaJlr,rcb c.uyvafiHrrc ISTo Bo3MyrrleHr{fl nJrorHocrH 14

2
R, cnt

Qoprrru rafiuepoa), croanuoBeHue lafiHepoa, reHepaql{fl

u nepeHoc r43nyr{eur,In. OcHosHbIM napaMerpoM oIITI,IMI{-

3aIII,IU flBJIflJIaCb BeJrHr{r,rHa H pagIIpeAeJIeHI4e nJIOTHOCTI{

gHepruu renJroBoro r,r3nyqeHnfl B lleHTpanbuofi noaoc-

rn aafiuepoe. .l[aa upocrorbl caMa MHIueHb B AaHHbIx
pacqerax He paccMarpllBanacb. Ha puc.2 npeAcraBne-

HA AUHaMT{Ka nJTOTHOCTI,T nJIa3MbI Ha qeTblpex CTaAil-

ffx npoqecca: Bo BpeMfl rlMnJro3l,In gueuluefi o6oro.I-

Kr{ (a Hauane croJIKHoBeHI,Ifl sHeluHefi n aHytpeHHeft

o6oao.ren BHeuHeno aaftHepa), nepeA coyAapeHneu rafi-

HepoB, B npoqecce coyAapeHufl I{ nepeA nI{HqeBaHI{eM

DH. Ha prac.3 npr,rBeAeHbr uMnynbc rona no nafiuepaM I,I

MoulHocrb r,r3nyqeHr{fl B BaBr,rcrrMocrr,r or BpeMenu. LIvr-

nynbc roKa Haqr,rHaercn co 100 nc. Montuo Br{Aerb, qro

Kpr{Baff MouIHocTH H3nyqeHr{f }rMeeT HecKoJIbKo nHKoB.

Il€pnufi n3 Hr4x, 20TBr MorrlHocrr{, flpuxoAtrrcfl, Ha Mo-

MeHT yAapa MexAy sHeruHeft r{ BHyrpeHseft o6oroqna-

Mr{ BHeruuero aafiHepa npu 228nc. It erovry MoMeH-

ry o6orouna ua6paaa 0.8 MAm Kr{Heruqecnofi oHeprurt,

Z. cm
t - 2 4 2 n s

3.0

2.5

2.0

1 . 5

r . 0

0.5

Z. cm

3.0

2.5

2.0

1 . 5

1,0

0.5

2
11, cm

(d)(c)

Puc.2..[nsauuna r{3MeneHr{fl nJrorHocru a !,lllDH: ocesrre cer{eHlrfl B MoMeHTbI BpeMeHn 225, 242, 249, 252nc. Pac.;

npoBoArncn 6ee MHtueHI,I

\

t = 2 4 9 n s
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crJralnuBaHnrc geQopMarllru nJrorHocrr{. IIpn roprvrorne-
Hnr{ nJIagMbI BHeIuHefi o6olorrnn B flpoqecce croJrnuo-
BeHHfl o6oroqeK BHeruuero lafiuepa BHerrrHr,re, Aeeop-
Mr,tpoBaHHbIe cJIoIr nJra3Mbr AoroHflIoT ocHoBHyIO MaC_
cy lafiHepa, cnoco6crByfl KoHrIeHTpaq[[ Kr{Herr4rrecnofi
9HeprHI{, HeCMOTpff Ha ee noTepr{ np}I cTonKHoBeHr{I{,
lt cHr,taafl HerarlrBHoe BJrr,tflHr.re Heycroft.tneocrn Ha ae-
Qenrunuocrb KoHBepcuru aHeprnr{ r,r yAeplttaHne ll3nyqe-
Hufl. Caegyer orMerl,trb, rtro t{3-3a HeBblconofi creue-
Hlr cmarr,ln u n[Qy3r{ouoro crJrar(r{BaHr{fl KoporKoBoJI-
HOBbTX MIOA ,To-nbre HaqaJrbHbre clyvafiHue Bo3MyuIe-
Hr4fl flpoflBJrflJrr{cb cla6o ua Soue pa3Br{Baroqnxcr pery-
nflpHbrx HeoAnopogHocreft, o6ycaoanenHbrx HaqaarHoft
cQepnvecnoft npuauasoft o6oao.reK r.r pacnpeAeJreHueM
rrx Macc no yrny d. Hecrraorpfl Ha geeoprraaqnlo ltJraBMeH-
Horo cJIofl noA BJrr{flHueM Heyctofivr{Bocrl,t, nepeuoc I{g_
nyqeHr{fl cnoco6crgynr crnarnllBaunrc pacnpeAerrelufl
HHTeHcr{BHocrr{ n3nyqeHr,rr B noJrocrn [JI/DH.

Kan uornHo Br{Aerb r{B orIeHKr{ B ypaBHeHr{r{ (8), an"
6oaee aQQenrraaHoro npeo6paaonaH[fl Beqecrso nafiHe-
pa AonlKHo r{Merb Har.rMeHburrfi pocce.naHAoB npo6er npn
aa4auuofi TeMneparype tl nJrorHocru. IIpn orrconr{x
TeM[eparypax r Ooarrunx Z nortoqeur{e B cnenTpanb-
Hbrx JrHHr{nx nponcxoAr{T B y3Krrx noJrocax cnenTpa) }l
r{Meror Mecro npo3paqHbre o6nacr}r c 6onbtu0fi AnnHofi
npodera Sorouou, qepe3 Koropbre $oroHrr B pe3ynbrare
MHorOKpaTH0ro neper{3nyqeHr{fl Bbtx0llflT. llcnoflrmBa.

Hne B naqecrBe Marepnan0B cMecefr rflrieJrHx (Z > g0)
It cpaBHr{TeJrbHo Jrernnx (Z = 64,,07,. . . ) aaerraeHToB Aa-
er BosMomHocrb garipbrrb rrpgopaynbto 06nacil{ c[enTpa
r{ Mr{Hr,rMu3r{poBarb poccenaHAoBbr npo6eru. .[.rrn aaft_
HepoB ua ranofi cMecr{ npnocrnafl TeMneparypa BHyrpr{
aafiuepa Morier 6rrm roBbrrueHa 6oaee rreM Ha 20% [L2],
To ecrb I{HTeHcr{BHocrb usnyqenllfl. Motner 6utrt noBbl_
rueHa 6onee r{eM B 2 paaa.

Ilpnae4eHnbre pacqerbr rrona3braaror, r{To HecMor-
pfl Ha neycroftur{Bocrb rrMnno3r{r.r lafiuepon nepexoA K
naasncQepnvecnoft reoMerpl{[ no3BoJrfler snaqureJrbHo
yBen[nqnTb trHTeHcr{Bnocrb u3nyqeHrr BHyrp}r nJI/DH
no cpaBHeHrlro c qunr{HApr{qecnrrM cnyqaeM npu roft rne
aueprernne r{M[ynbcHoro reHeparopa. Peryanpurrfi xa-
panTep pasBr{Tr{fl xeycrofivr{Bocrr,t HMnJroBr{n Aaer Ha-
AerKAy Ha Bo3MornHocrb 4aarHefiuefi onrnur{3arllttl pac_
npeAeneur,rfl Maccbr aafiHepon. Tanrne galrHefiuar on_
TrrMr{3arlfiff cxeMbr BoaMomHa nyreM nu6opa BerrlecrB
rafiHepon.

Anropu Bbrparnaror 6aarogapHocrb KoJrJreraM
npoQ. B. f. HosnnoBy n A.l[. Conorrannsofi 3a pacqer
u npeAocraBJreune ra6auq aroMnbrx AaHHbIx, a ran_
me A.IO. KpynoBcnoMy u B. C.3axapoBy 3a yqacrr,le
B paapa6orne noMnbnrepHoro KoAa u npoBeAeHrrtr
pacqeToB.
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260

Pnc.3. Llnanyarc rona (uyHnTrrpHafl aunna) H Morrlnocrb

H3nyqeunn (cnaounan ruuran) .UJI/DH B 3aBncrMocrr{ or
BpeMeHH

rrro xoporuo corJracyercr c npocrofi uoAelrrc ycnope-
HHn (4). Bropofi nnn, 24gtrc (ZbTBr), npnxoAr{rcn
Ha HaqaJro croJIKHoBeHr{fl BHeruuero.uafiuepa c BHyrpeH_
Hr{M. CroanHoseH}te Annrcfl 6-7 Hc, MorrlHocrb rrany-
qeHt,tfl Bo3pacraer r{ Aocr}rnaer 165 TBr na 256 Hc. B
oror MoMeur cQopMr{poBaorrruilrcn DH cxaonbrBaercf,
npor,raBoAfl nr{K uanyqeHr{a, n Qopu[pyer nHHq, Koro-
pufi reHepr{pyer nocneAnrdfi nun MorrlHocrrro JZO TBr
Ha 261 uc.

B npoqecce cxJronbrBaHr{fl DH renloBoe r{3nyueHue
3enoJrr{fler 06Jreerb BHyrpt{ raftHepa, 4 era nHTgttcuD-
HOCTb BOspaCTaeT H3-3a Osoenra 3annpaHr{fl renrroBoro
H3nyqeHlra or 240TBrf cu2 sa 2b0Hc Ao bbOTBr/crr,r2
npu 256Hc, qro coorBercrByer fpnocrHofi reunepary-
pe r3nyqenr{ff B aru MoMeHTbr BpeMeHr{: ?'itio - 220s8
n ?'irid x 270e8, cooraercrBeHuo. 3arev y " " nr{H-
qe unTeHcr{Buocrb Bospacraer Ao 14b0 TBr/crr,r2 npu
261nc. C Hauefi Toqnu 3peHr{fl, encrpeMaJrbHo HHTeH-
cHBHOe l{3nyqeHne npflMo nepeA nr{HqeBaHr,leM TaKrKe
Mofi(er 6rrrr ncnoJrb3oBaHo gnn o6nyqeHr{fl npaBnnb-
Ho noAo6pasnofi MnueHr,t ll nonyrtenna aQeenra o6ocr-
penl{ff. Otueruu ranfi(e, .rto 6oree paHHee nnnqeBa-
HHe nJraaNarr s6anar{ enenrpoAoB (nae;n.qy anenTpoAaMr,t
H BHyrpeHHuM lafiuepou) coagaer Aononn[TeJrbHbre no-
TOKI{ Ir3JIyqeHI,Ifl, KOTOpbIe, I{3OTpOnH3yflcb B nJIa3Me,
TaK?Ke [onaAaror Ha Mr4rueub, [por{3Boqn eSeeKT, cxoA_
Hrrfi c double-end-hohlraum [2].

Ha pnc.2 Br,rAHo r,nvrflHue Heycroftvnsocrefi pa3Br{-
Baroul[xcff npr{ r{MnJro3trr,t aaftHepoa. B npoqecce r{M_
nJIo3I{I{ BHeIuHflfl qacrb nJIa3MeHHofi o6oloqnl{ Heo.qHo_
poAHa, Mf.{ Heycrofivr,rBocrb Penen-Taft.rropa [18] ae-
Qopunpyer ee. OAHano nueQyeun MarHr{rHoro no-
rf, u nepeHoc r,r3nyqeHr,tq cnoco6crByror HenoropoMy

3 lllucrua s ,ItOTO rorvr 8l srru. 9 - 10 200b
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