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Beenenne

Wnes nonydats sHepruio B peaknuax [eNnemns ypaHa W TOPHA L0 Aelt-
CTBMEM IIOTOKa GHCTPHX HEHTPOHOB, POMAAIOMUAXCA B Pa3MHOKAIOMAXCA B
MHULIEHH, 00/IyYaeMolf IyYKOM yCKOPEHHHEIX YaCTHII, IPOTOHOB HIH HEHTpPO-
HOB, BO3HMK/IA IIOYTH ONHOBDEMEHHO C 3aIlyCKOM HNEepPBHX NPOMHILIEHHEX
PeaKTOpOB [eJeHHA Ha TEIJOBHX HeATpoHaX. DTa MAeA HHTEHCHBHO IpO-
pabarsiBanach, 3KCHepHMeHTanbHO B Teopernmduecku, kak B CIIA, Tar u
B Cosercrom Corose. Baxune pesynsraTh GHIIM DONTyYeHN Takike KaHAA-
ckmMu ¢usukamyu. PaccmarpuBanmch xak ciabo oboramenaie u30TOmoM
2350 snexrpossepHHe CHCTEMH, C HeGOIbIIAME 3HATCHIAMHE K03 dEUOAEATA
MyabTHILKAHE Kepy, Tak v mogkpaTHYECKHE peakroph ¢ K.;p ~ 1 (oM.
o63opsi [1] - [2] m Marepuans HenaBHEX KoHpepernuit [4] — [6], rae MoxEO
HaliTu moapobHyio 6ubanorpaduio).

B namem mHCTHTyTe Tak#e ECCHENOBAHUA OHIIM WHEOEHPOBAHH M IIOI-
nepxupaimcs [l Y. Broxuunesuu, B. II. [[xenenosum, M. I'. Memeps-
koBuM ¥ B 50 — 70-X rogax waTeHCHBHO Benuch B JlaGopaTopuax azepHmX
npobnem u Teopermyeckoit ¢usmkn. [losnmee B passuTme sTOrO Hampasie-
HiA Gonbinoi BKJIa BHEC lK . TOIICTOBI u ero corpyanuaru B Jlabopato-
pUM BHCOKHX 3Hepruil, monnepwxarabe A. M. Banauauwm [7, 8]. Buam
BHIOJNHEHH 3KCIEPHMEHTalbHEe H3MEDEHHA BHXOAa HEATPOHOB B pasimy-
HHX MunieHax npu spepruz 660 MsB u B obnacta F ~ 3 —6 I'sB, cosnann
MaTeMaTHYeCKHe IPOrPaMMB, IHO3BOJIAONIAE MOAENEPOBATh Pa3slMYHHE ac-
TIEKTH 3JEKTPOANEPHOIO IPONecca B 0COBEHHOCTH CIOMHHX 3IEKTPOAIEp-

HEIX YCTaHOBOK.

Oznmako, HecMOTpA Ha DA OYEBHAHHX NpEAMyliecT (GesomacHOCTH
SKCIIyaTaIliH, BOBMOKHOCTh NepepaboTKH TOPHA H 3amacoB OTBaJbHOTO”
28]/, BecbMa KOPOTHOE II0 CPaBHEHHIO C peaKTOpaMd Ha OHCTpPHX Heli-
TpOHAaX BpeMf YIBOEHHA JIErKO MEJANIAXCA M3OTONOB W T. I.), MPAKTHIE-
CKOT'O BOIJIONEHHA SJIEKTPOAJEPHbE CACTEMH HE MONyIHIA. DTOMY HPENAT-
CTBOBalH, B MEPBYIO OYepellb, OUEHb BHCOKHE TPeGOBaHHA K YCKOPHTEIIO:
IOCKONBKY TaKWe CHCTeMH IpeHa3Hadaluch B OCHOBHOM A Hapaborkum
nerko Aenammxca usotonos 222U m 23° Py, xoTopHe mpesmonaralioch Aajee
HCTIOb30BaTh B JOYEPHEX PeaKkTopaX Ha TEIJIOBKX HefTpOHaX, IPOM3BOI-
CTBO JOCTaTOYHO GOJIBIIAX KOJMIECTB STUX H3OTONOB TPE6OBaJIO MPOTORHKX
nyuroB ¢ mHTeHCcHBHOCTAME 100 — 300 MA.

K. Py66uma 6n, mo-BHAEMOMY, HEPBHM, KTO OPEIJIONKHI, OTOPOCHB
TRIHOTH3MPOBaBIIee KeJaHAe HCIONb30BaTh SJAEKTPOANEPHHE YCTaHOBKE B
KauecTBe GPHAEpPOB, OIPaHMUATHCA CAMONOCTATOYHHMHA CHCTEMAaMH ~OXEH
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yCKOpHTENh — ONEH peakTop”. JlaA 3TOro UPHIOAHE YCKOPHTENH, AMEo-
I@e Ha DOPAZOK MeHbmEe Toku (cM. moknans [9, 10] u mpuBesennyio TaMm
6ubnmorpaduio).

Eme MeHbIIAME TOKAMM W SHEDIEAMHA BCEro JHIIb B HECKONBKO COTEH
M5B MOKHO OrpaHUYHTHCA B IMOZKPUTHYECKEX CHCTEMax € K0aGPHIHMen-
toM MymsrEnEKanEd K.pp >~ 0,95 — 0,97. Xora npm 3TOM sHaIMTeNbHANA
9acTh SHEPTA¥ NEPBAYHOTO MydYKa TepAETCA B HOHH3aIMOHHHX Ipoleccax,
SHEpruA JelleHds BO MHOTO pa3 IIPEBOCXONUT IOTEPH, Drarofapa 4eMy Ko-
3¢ PHENEEeHT aMIIHGbAKATEH

K ymp =TOMHHNYN BHXOA TelJa/3aTpadeHHad SHEPTHA

ocraeTcd NOCTaTOYHO GONpmEM. D10 BUAHO u3 Tabnunm 1, rme moxaszaHH
pe3yAbTaTH pacdeToB A4 NAMHHAPDHYECKOM NIyTOHHEBOH aKTHBHON 30HH
(cpenEas maoTHOCT NIyTOHEA 8 I'/cM?) ¢ BoNb(PaMOBOM MUNEHDIO B HEH-
tpe (cM. pumc. 1) [11]. AHanormusse pesynsTaTH HONYYaloTCA W JJIA
JIPYTHEX TOOKPUTHIECKAX CHCTEM.

IMonxpuraueckme cucreMu ¢ Ky =~ 0,95—0, 97 nanemuo ynpasnsorca
BapbUPOBAHUEM TOKAa YCKODHTENA, COBEPHIEHHO Ge30macHH U He TPebyioT
CIenuabHKEX JOPOTOCTOAMEX YCTPOMCTB obecnedyenns Ge30nacHOCTH, KO-
TOpHE N0 NPEHATHM CTAHAAPTAM ABIAKTCA 00A3aTENbHNMY I BCEX yCTa-
HOBOK ¢ K5y > 0,98.

B xauecTBe mepBoro mara B M3yYEHWH IULYTOHMEBHX 3JIEKTPOANECPHEIX
CHCTEM MH IpefjaraeM oOBLEAVHATH akTHBHYIO 30HY paboraomiero B Iof-
KPUTHYECKOM pexmmMe Iy ToraeBoro peaxropa MBP-30 Jlaboparopuu neit-
tporno#t dusaxe OUAU (ero mpennonaraercs HeMOHTHPOBaTh B CBA3M C
cosanmeM Gonee coepmenHo#t ycranosku VIPEH) ¢ 660 MsB nporosn-
HHM PazorporoM Jlabopatopum amepuux npobaem OUAU, umerommm Tok
BHBeZenHOro myuxka J=3,2 MxA (mnTeHcHBHOCTH myuka N, = 2,1 - 1013
vacrun/c),’

Kax noxasmpator ouernky, sunonaenaue 8 JIH® n JIBTA OUAUN, uc-
noab3oBan@e Bcero amb 10% BHBEIEHHOrO MyYKa MO3BOJAET CO3ATh HIEK-
TpoanepHylo cacTeMy € K.5r ~ 0,94 n MomuocTsio oxono 10 kBr. Taxan

fIporounut dpasorpon JIAI OUAHU xapakTepusyercs cilefyiONAMH TapaMeTpaMHu:
SHepIHA YCKOPeHHHX npotoHoB E = (6569 + 6,0) MsB;
sHepreTnueckan gucnepeus AE = (3,1 £ 0,8) MsB;
MaKcMMalbHaf MHTEHCHMBHOCTH BHBENSHHOro IMy4ka B pemmMe OHCTporo BHBoAa (Ipo-
nomxuTenbHocTh BuBoAa 30 ¢) J = 3,2 MrA;

BHBEJCHHHN IyYOK UMeeT MHUKPOCTPYKTYPY — CTYCTKM YacTHI JIHTEALHOCTHIO OKOJIO
10 HC ¢ uHTepBamOM npuMepHO 70 HC.
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MOLHOCTb MOMKCT OHTh CHATA BO3JYIIHEM OXJIAkKICHUEM — TaKHM e, KaKoe
HCTIONIB3YyeTCA B HacToAllee BpemA Ha peaxtope MBP-30. B To we Bpems
yKazaHHag MOWMHOCTb BIOJHE JOCTAaTOYHA IUIA NPOBENEHHUA GOJbIIHHCTBA
HCCJIEIOBaHN}, HEOOXONMMBIX JUIA KOHCTPYHPOBaHUA GOJee MOUHHBIX 3JEK-
TPOAJEPHLX yCTAHOBOK. bonbuime mOTOKM HEHTPOHOB NMO3BONAT M3YYHTH
Pa3IMyYHbie DEeRUMB TPAHCMYTALMM PAJHOAKTUBHEX OTXONOB. ABIAIOWEHCA
B HacToflllee BPeMA ONHOM! M3 IJIaBHBIX NPOGIEM ANEPHON SHEPreTHKH.
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Puc. 1. [uaundpuweckas naymonuceas cbopxa ¢ soavdpamcsoii mu-
weHnvio duamemponm 3 cm w daunoti 14 cM, naymonuesvim baankemon ou-
amempon 7,2 cm, cmasvrbim 1 80abPpamosvim pedrexmoparmu ¢ moauwu-
namu, coomaemcemaenno, 2,4 v 10 cx. Ilaymonueavie cmeprcnu umeom
manmaaosyw u cmarvbuyw obosouny moawunol 0,1 uw 0,3 mm. [lywox
YCKROPEHHBLT NPOMOHOB BBOOUTNCA 8 80bHPAMOBYI0 MUULCHD UEPES OCEBYIO
weddv Ha 2aybuny 1 cm

Jro GymeT mepsBas B MHpe 3IEKTPOAAepHas yCTAHOBKA 3HAYHTENbHOMH
MomHOoCTH. B mocienyiomeM, Ipu yCIOBHH nepexoia k Goliee HHTEHCHU-
BHOMY TEIIOCHEMY, €6 MOUIHOCTh MOMeT GHTh yBenuueHa Ha nopapok. ('
orkonvanueM pabor ma nyuke 660 MsB dasorposa MomuO paccMmorpers
BO3MOKHOCTL nepebasupoBaHyA YCTAHOBKM HAa NYYOK IPOTOHOB M J€TKHX
uonos 9 I'sB cunxpodasorpona JIBD OUAUN.

Mu xotenu 66 0cobo HOAUEPHHYTH, UTO HAPALY € KCHIOIb3OBAHHEM
3JIEKTPOANIEPHHX YCTAHOBOK JUIA IIPOM3BOJACTBA 3HEPTHHM Ha OCHOBE ypaHa
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¥ TODHA CETOfHA OYEeHb Ba)KHOE 3HaUeHHe HMeeT NpobieMa SKONOrHYecKu
6e30MacHOA ¥ SKOHOMHYECKH BHTOMHON yTHIU3AUMH 3aacOB IHCTOTO (OpY-
/e HOTO) Iy TOHUA ¥ 3arPA3HEHHOrO APy UMM HYKIHAaMil = TeXHHYECKOro”
IIyTOHUA C aTOMHEIX 3iexTpoctanunuit. Ilocnennee ocobenno BawHo, Io-
CKOJIBKY TeXHHYECKUi MIyTOHHN, KaK HM3BECTHO, MOMeT OHTbh HCIONb30-
BaH /A W3TOTOBJIEHMA aTOMHOIO OPYMKHA, ITO CO3JaeT CephesHylo yrposy
€ro HEKOHTPOJHUPYEMOTO PaCHpOCTPAHEHHA. DIEKTPOANEPHAA TEeXHOJOTHA
NpeCTABIAETCA BeChMa NePCIeKTHBHOM [JIA PElICHUA STOH 3ajauu.

Ta6auna 1
3aBUCUMOCTDb [1aPAMETPOB 3JEKTPOALEPHON CUCTEMEI OT
3Hepruy 60M6apAUPYOLUIMX [TPOTOHOB
(smavenns F u ) B I'sB)

E5 I'sB I{eff Ntot/E Qion/E Qtot/E
0.1 0.939 64 0.95 4.3
0.2 0.941 210 0.85 11.2
0.3 0.943 276 0.80 15.5
0.5 0.944 378 0.69 20.8
0.65 | 0.943 393 0.58 214
0.8 0.946 396 0.47 21.4
1.0 0.946 409 0.41 22.1
1.5 0945 379 034 204
2.0 0.942 347 0.30 18.7

OnHoit U3 NpPUBJIEKATENBHNX CTOPOH PACCMATPABAEMOrO IIPOEKTA ABJA-
€TCA €ro OTHOCUTEJbHAA JelieBA3HAa ¥ BO3MOXKHOCTb GHCTPON peandsanu,
MIOCKOJIBKY YiKe UMeeTCA NPAKTHYECKH Bce HeobOXonuMoe obopynosanue LA
co3flaHMA NpejJyiaraeMofi ycraHoBkH. DBoilee Toro, "BTOpyio wu3Hb” NpH-
obperator paboTaioliye B TeY€HUE JOITOTO BpEMEHA PEAKTOD B YCKOPHUTEINb.

Cnenyer takme umers B Buay, yro OUAM — Mewmpaynapoanas opra-
HHM3alMsA, HO3TOMY y4acTHe B HCCHEOBAHUAX NOCTYIHO WIHPOKOMY KPYTY
cnennamacroB. K npeanaraeMoMmy NpOEKTy NpOABIAIOT WHTEpEC GObuIOE
4YHuCIo MHCTUTYTOB Kak crpan-ydactauy, OWAW, rax n apyrux crpan.



Pusnyeckoe 060cHOBaHNE U OCHOBHBIE XapaKTePUCTUKM
YCTAaHOBKM

[IpurnunuansHas BO3MOKHOCTD NONYYEHNA SHEPIUHA B SIEKTPOAAEPHHX
ycraHoBKaX Owna gokasaHa sumnondeHHHME 8 OWAW skcnepumenramu c
GoaplHEMK ypaHOBEME Grokamu [1] 1 moaTBepskaena GonbuiEM IMCIOM TEO-
peTHYecKnx pacderos (cM., B acrroctd, [3],[11] - [13]).

Ha puc. 2 mokazana woncrpyknwsa axrusuo#t sonm VIBP-30. HUwmes B
BHJY MaKCHMaJbHOE CHIKEHHE CTOMMOCTH TPOEKTA U COKpallCHWE CPOKOB

TN
RN =~
\ N \ N N —\\\ L0
1 N @ .
. 2257, }{,' N N Z Z N .
N \\7 \
NN S oed NN S \
: 2l
ol | Rty N
[P e dot i OMBupetd St s N o H'1 H E
-::;—1 ! H— -, - __ji‘ ".':‘/ ; + s fe it Rl |
! R i ! ) - - -
oy ‘hlga ol "“,& 044\ =y
) ‘.V T e ‘é“ "! w:"‘; .|
f,.,! - 7 ¥ - SR
e : AP RE I~
P ] @ S t\ 2 o //{ NS ~L
N A s 4 ///%/ . ~
% § >
/ ) NN 14 p

Puc. 2. Topusonmaavuviii (nepnendukyasipio HANPABAEHUI 6epmMi-
KAALHO NOOBEULEHHBIT NAYMOHUEBBLT cepichetl) paspes axmuenol 301bt
peaxmopa UEP-30. B yenwmpe , mescdy deyms naymonuesvimy cbopranu,
TOMEULEHA CTNAALHAR NAACTNUKG C YPaH-Moaubden06ol ecmaaxoi 8 man-
mausosotl xacceme. Buewmnss oboaouxa-pedaexmop us oceresa umeem
moawuny 7 cm 8 eeprueil wacmu, ede xpenames nodeeueHHbLE NAYMO-
nuesvie TBI/Ivt u 10 cm co ecex dpyeux cmopon. Ilywox npornonos c za-
yccosoi noaywupunol 1,5 cu nanpasasemes wepes weav saybunoil 2 cm
8 YEHMP NAACTIUHDL ¢ YPAH-MOAubOIen080l acmaexoll nepnenduKyripro
daune naymonuesvr cmepxcuel (m. e. ciesa HANPABO 8 NAOCKOCTRY PU-
cynxa)




€ro peaiMsalyd, MH NpEANONaraeM BHOCHTh KaK MOXHO MeHblle M3MeHe-
BU# B CYIIECTBY IOLLYI0 KOHCTPYKIMIO aKTUBHON 30HH peakropa. B gacTHO-
CTH, MH OTKa3alWCh OT II€PBOHAYAJLHO IJIAHAPOBABUIEHCA HepecTpoRKd
aKTUBHOM 30HH B IAIMHAPWYECKYIO C TeHTpalbHO# BoibgdpaMoBOil Mu-
wenbio [12], 4ro mozBomuno 6m yBemmuuth K.sf. Bwmecro artoro mis
yBENMUYeHHA OaHHOTO K03 dHIEenTa MexIy NpaBoll W 7eBON YacTAMU
30HH BCTaBjleHa HMEKIIAACA B HalleM PacHOPSIKEHAW CTaJbHAA IJIACTHHA
C 3aIPECCOBAHHHM B ee CpelJHedl 9acTH ypaH-MOJHOIEHOBHM BKJajEIIEM
(35U 280 : %Mo = 81 : 9 : 10%). Dra nerans moapobHO omHcaHA B
npuioxennn 1.

B tabaunax 11 m 111 npmBonaTca pesynsTaTH MaTeMaTHYECKOTO MOJEIH]-
pOBaHUA BHXOZA HEHTPOHOB W TeNJOBHIENEHHA B akTuBHON 3ome UBP-30,
n3obpaskenHo# Ha puc.2, IpH OOCIyYEHAH BCTAaBKH C YPaH-MOJIHOTEHOBHM
BRJIaAHmeM nyuxoM 660 MsB nporonos neprieHAMKYAAPHO 0CM ILIyTO-
uueBwX crepixuedt. ['mybmma mwena nmd BBoma mydxa - 2 cM. IIpocrpan-
CTBEHHAA AMCIEPCHA NydYKa XapaKTepU3yeTca rayCCoBCKo# ¢dhopMoil ¢ mo-
aymapuHo# 1 cM.

O6pamaer Ha cebf BEEMaHAE OTHOCHTENLHO Majoe TEIIOBHIEIICHNE 3a
cyeT HOHW3ANMOHEHX IIOTEPh W PEaKmuil pacmelseHdmd [0 CPaBHEHHIO C
BKJIAZIOM HHE3KOSHEPTETHIECKOTO NEeNEHnA. IDTO XapaKTePHO HE TOMbKO IJIA
AHTETpaNbHHX 3HaYeHNE (), HO ¥ JUIA TPOCTPAHCTBEHHOTO PACTpeAeTeHUuA
TeIUIOBHAENIEHA A, YTO BUAHO HA IpUMepe JaHHHX [JIf IHJIHHIPAYECKOR

Ta6anna I
WHuTerpanbHble XapaKTepUCTUKM IJisA akTUBHoM 3ouu MBP-30,
obiyuyaeMoii myuxkom 660 M>B nporonos
Bce naunwe npuBeneHH B pacdeTe Ha oxMH HGoMbapaupyOIui NpoTOH.

KosddunuenT MynbTunInKanun K.y = 0,940 £ 0,0015
Ywucno HEATPOHOB:

3aXBagyeHHHX Neap = 14,2
BHUIETEBIIAX Ny = 309

Uucao nenennit:

HHU3KO3HEPTETHYECKEX Nepis = 147
BHCOKO9HEPTETHIECKUX Npgis = 0,7
Tennonenenne:

B HOHE3AOUOHHHNX IPOLECCcax Qion = 286 MsB

IpH HA3KOSHEPreTHUECKoM JeleHnd  (efis = 25200 MaB
IIPH BEICOKOSHEPIeTHUYECKOM neleHn  (Qppis = 130 MaB
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CUCTeMH, NpuBeleHHHX B npuioxkennu 1. Dro obcrosarenbcrBo kak pas
¥ TIO3BOJIAAET HCIOJb30BATh MOPU3OHTAJbHEY yUOK NPOTOHOB M BCTaBKY C
(I — M o)~ BxnaasiuieM HelocpeACTBEHHO B KadecTpe muuenu 2. Cruemyer
OTMETHTb, UTO CHCTEMA OCTaHETCA He30NacHOW W B TMINOTETHYECKOM CIY-
yae. KOTJia IPOTOHHHM NyUOK CMellaercA Ha IJIYTOHHEBHE CTEPKHH. ITO
BH/HO M3 PAcUETHRIX TabJMl IPOCTPAHCTBEHHOTO paclpelesieHns BRIENA-
JOIerocs Temsla npu oBNyUYeHIH OTAENbHOTO Iy TOHMEBOrO CTEPHHA, KOrja
pajualMoOHHAA HATPY3Ka ABJAETCA HanbONbIIER 0 CPAaBHEHHIO CO CIlydYaeM
0bJlyueHHA aKTHBHOM 30HE, [V1€ [JIyTOHHEBHE CTEPKHM YAaCTHUHO

Tabauna 111
Pacrnipegenedvie 1oJiHOT0 TEIJIOBBIAE€NEHUA B OTAEJbHBIX YacTAX
YCTaHOBKM, U300pasKeHHOUN Ha puc. 2
Bce nannbe npuBefieHH B pacuere Ha OQHH G0MGapAUpYROUAA NPOTOH.

ITo Bcem wactaM cymmapro 25500 MsB
B nuyronmeBoit 3one:

B JeBo#t yacTh 11700 M»B
B IIpaBoO#t yacTH 11500 MsB
B (U — Mo)— srnagmme 2220 MsB
B oBonouke BrIaARIIA 35,1 MsB
B peduexrope:

¢ppoHTaNbHAA YACTH 45,3 MsB
BEPXHAA 4acTb 4,55 MsB
HHIKHAA 4acTh 4,90 MsB
3afHAA 9acTh 7,51 MsB
jleBas 9acTh 2,47 MsB
npaBas 4acTh 2,23 MsB

SKpaHUPYIOT ApYT Apyra (cM. upuaoxenue [11) 3.

B nacrosiee spema na MBP-30, ucnonbayiomeM NoacBeTKy EKTPOHHEM My UKOM,
npuMeHAeTCH BoAbPPAMOBAA MHUUIEHb AUAMETPOM 3 CM, MOCKONbKY MOHM3AUMOHHHE HO-
TEPH INEKTPOHOB HaMmHoro Gosbliie, yeM y npoToHoB. Mu Gaaromapum JI. M. Omns-
LeHKO, MPHUBJICKIIEMY Hallle BHUMaHHe K BO3MOXKHOCTHM MCIOJNB3OBATL FOPU3OHTALHHM
Iy 9OK OPOTOHOB

3 BesonacHOCTb MOrJa 6B HAPY MMTHCA JIMIb IPY HENOCPeACTBEHHOM 06Iy YeHuH MLy-
TOHMEBOrO CTEPIKHA OYeHb Y3KMM, MHTEHCHBHHM IIyUKOM, KOrAa b6rarogapa 10KaiabHOMY
fleperpeny Mora 68 HapyWHTLCA FePMETHUHOCTL 3aMTHOR 0bonouku crepxua. B pac-
cMATPUBAEMON CHCTEMC TaKOM caydyall 3aBeAOMO MCKJJOYEH.

7
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Puc. 3 miunocTpHpyeT 3aBUCHMOCTD BHXO0/a HETPOHOB ¥ TeIJIOBRETIe-
HHA OT Kodpdunmenra Mynaprummkanun [11]. Xora npuBeneHHse Ha SToM
pPHCYHKe HaHHHe, Kak ¥ Tabimua I, OTHOCATCA K HUIMHADHYECKOR aKTH-
BHOIf 30He (cM. pmc.l), XxapakTep 3aBUCHMOCTell [JIA 30HH, M300paKeHHOU
Ha pHUC. 2, OCTAaeTCA TaKUM e. PacueT NOKasHBaioT, 9TO BCe IPHMBEJEH-
HElE€ JlaHHEE ABJAIOTCA JOCTATOYHO yCTOHUMBHMHU: K.y, BRXON HEUTPOHOB
¥ BeJIMYKHA TEIIOBHENEHUA IIIaBHO UBMEHAIOTCA B 3aBUCHMOCTH OT BapH-
auuit SHEPrAM B MHTEHCUBHOCTH IydYKa NPOTOHOB. DTO CBHIETENbCTBYET

120 T T Y T T 1 2300
100 ] -

n >
" {100 >
N ] o
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=~ 50 . 30 w
e} ] O
4800 %
. =

0 , 1300

084 0,96 0,98 Kess

Puc.3. 3asucumocmv menaosvidesenus (cnaownas xpueas) u evi-
roda Hellmponoe (nywxmup) om xoIGHUYUEHMA MYALTNUNAUKAYUY TPU

E =0,66 IsB

0 HaJEHHOCTH U SKCIIyaTallHOHHOH yCTORYMBOCTH HmpoeKkTHpyemoit rubpu-
JHOHN CUCTEMH.

Pacdersl TemnoBHX Harpy3oK PasiIHuHHX 3JE€MEHTOB CHCTeMH (CM.
TaKe Ipuiomenne 1) MOKasHBalT, YTO OHA HE IPEBOCXONAT JONYCTUMEIX
KPUTHUECKHX 3HaueHHH H B cilydae HeoOXoouMOCTH MOryT 6mTH GRHCTpO
CHWKEHH NyTeM YMeHbIIEHWA TOKa yCKOpHTeind. B sToM oTHOmEHHH mpo-
eKTHpYyeMaa yCTaHOBKa TaKike BIoJHe be3omacua.

Ycnosus 3nagusa, B koropoM pasmemted 660 MaB dasorpon, nossonsior
obecneyuTs ycnoBEA pandanmoHHol GesomacHoctm. Ilockomsky K.sy He
6yneT nmpeBHIIaTh 3HaueHHA, paBHOro 0,95, mpoexTHpyeMad anexTpoAlep-
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Hafl yCTaHOBKa HPEACTaBiAeT coboit 6e3omacHylo NOOKPATAIECKYH COOPKY
¥ ynoBieTBopAer TpeboBaEWAM MECTPYKOME mo GesonmacHocTH [14] (me Tpe-
6ytorca CY3 n Kavann aBapumitEO# samuti). Ilpeanomaraerca mcmombso-
BaTh getictyiomyo Ha UBP-30 cacremy Bosgymmoro oxnampmenuas.

ITyreM MaTeMaTHYECKOTO MOAENAPOBARHA HAMHA NpOpabaTHBAICA TaKiKe
BapHaHT CHCTEMH C NMOBOPOTOM IPOTOHHOTO Iy9YKa M HAIPABICHAEM €ro0
Ha BOJNb(}PaMOBYI0O MHNECHb, HaXOAANYIOCA B IEHTPE aKTHBHOM 30HH Ia-
pajleabHO HAaNpaBICHHI0 NEJIAHIPAYECKA PACHONOHEHHHX IIJIyTOHAEBHX
crepikuet. Taxasa xoEdUrypaunus nossomser uccienosars Gonee muEpoOKmit
Habop NONKPATEYECKHEX COOpOK, OHAKO Dojiee NEMEBHE BapHaHT C TopH-
30HTaJBHHM NIYYKOM B HacTofmlee BpeMA IpeZcTaBifeTcA Golee mpeamno-
YTHTENBHHM.

IIporpaMma 3KCIIepMMEHTOB

Crnenyer uMeTh B BHAY, 9TO Ta HPOrpaMMma HMEET IpEIABAapHTENbHER
XapaKTep, HOCKONbKY elte He BCe MOTEHNHANbHbE YIaCTHAKA OPOEKTa MOl-
HOCTBI0 C(POPMYJIEPOBANE CBOH IPEJIOKEHAN.

ITocne nemomrama axtusHOM 308K VIBP-30 1 ee cbopku B snanmm da-
30TPOHA Ha IEePBOM 3Tane paboT, MPONOIKATENBHOCTEIO B 8 — 12 Mecsanues,
OCHOBHOM 3a/jadelt GyZeT NeMOHCTPALAA BO3MOKHOCTH CO3/laHuA Gesomacuon
H yCcTORYMBOM B SKCIUTyaTalUM 3JEKTPOANEPHO) YCTaHOBKH U IPOBEPKa Ha-
IEKHOCTH TEOPETHIECKAX METONOB pacdyeTa TaKuX chAcTeM. llyrem Teo-
PEeTHYECKOro epecuera M3MepeHH# NOTOKa HEMTPOHOB M TEMIEPATYDPH B
OTZENBHKX TOYKAX BHYTPH H BO MHOTHX TOYKAX BHE YCTAHOBKH OYAYT mOJIy-
9eHH OLNEHKHM K03(h(pHIEEHTa PasMHOMEHAA X IONHOTO BHXOAa HEATPOHOB,
BEJINYHHEN HX YTEYKH W3 COODKH, BEJMYAHH TEIJIOBHJEIEHHAA B CHCTEME,
Byzner uccenoBago BIEAHAE pasiAIHENX OTpaskaTesel, a Takke QiIykrya-
nEe kosddunumenta K 5y.

Jlna mamepenuit noToka HERTPOHOB OyAeT HCHONB30BaHA METOAUKA, Pas-
paborannan u onpobosannas B JIBY OUAMN. IIpennonaraerca, aro Temo-
¢dusmueckne msMepenna 6yayT sunonEeEs ¢ ygactuem OOU (O6ruACK).

WaMepenrsa moTpebylOT HECKONBKEX COTEH 9YacoB paboTH hasoTpoHa
JIATII OUAU. Teopermueckune pacuern Gyxyt obecneaenn JIBTA OUAN
¢ yuactmeM VAW 8 Csepre, ['opro-ummeneproit akagemuz B Kpakose m
1O ”Cocen” B MuncKe. ’

Ha Bropom srame paboT, mpomoukaTenbEoCThI0O 1 — 2 roga, oCHOBHOM
3ajlauell CTaHeT WCCIENOBAHME PA3iNIHHX PEKAMOB BHTODAHHA ILTYyTOHHA
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H CKOpOCTEl NPOXOMIEHHA HeNoYeK TPAHCMYTAlNA PaJdOaKTUBHNX ANEP,
HOJNHOTH BEUKHTAHUA OCKOJNOYHHX M AKTHHAZHHX HM30TOIOB. DByayr mc-
CIefioBaHH NPOCTPAHCTBEHHO-YHEPTETHYECKAE PACHpeleNieHAs HeTPOHOB
B cOOpKe, X 3aBECEMOCTb OT KOHCTPYKIEHA, MaTepHala OTPAKaTelA, Hallh-
qnA 3aMenuTeselt n BemnunEn Kef¢. Bynyr maMepens marerpajibune Hei-
TPOHHHE CEYeHHA NENEHUA A PAJUAIMOHHOTO 3aXBaTa AJA NOJTOKHBYIIEX
OCHOJIOUHHX ¥ AaKTHHUJHHX M30TONOB B COEKTpe HeATpoHOB cbopru. Ilpen-
noJlaraeTcA HcciaefoBaTh 3¢ deKTUBHOCTh aanabaTHIeCKoro pe3oHaHCHOTro
nepexpectHoro Merona (rTak HasnBaemu#t ARC-Meron) ana tpamcMyTanum
HEKOTOPHX PafAOaKTHBHNX OTXOHOB € IOMOIIbIO CHENHEATLHOTO CBEHIOBOTO
kyba, pasMemeHHOro BOJIM3HE aKTHBHOM 30HH YCTAHOBKE (CM. NIPHJIOKEHHE
IV). Ocobuit nETEpec mpeiCTaBIAIT HCCIEIOBAHEA BO3MOMHOCTH YBEJH-
9uTh HEWTPOHHHE MOTOKHE IyTeM OPEMeHeHNs CEeKNUOHAPOBAHHHX COOPOK,
4TO OTKPHBAeT NYTA K HCHONb30BAHUIO YCKOPHTEIEH CO CPAaBHATEIHHO He-
GompmuMu Tokamu [15]. PesynbraTn msmepemm#t GyayT CONOCTaBIATHCA C
pesyibTaTaMH MaTeMaTHYECKOTO MONENMPOBAHMA COOTBETCTBYIOUIEX IIPO-
HEeCCOoB € HEJbi0 NOBHIICHUA TOYHOCTH PACYETHHX METONOB.

Wsmepernsa HEATpOHHHX MOTOKOB OyAyT BHIONHEHH Ha OCHOBE METO-
K, paspaboranso B JIBD OUAN, rennodusndeckue usMeperns npen-
nonaraercA BumoaEETh ¢ ydactaeM ®OU (OGmumeck). Wsmepenna neii-
TpoHHKX ceueHui GynyT obecneuenn JIHO® OUAMN ¢ yuactuem BHUUD D
(Capos). Pa6oTs ¢ ceKnEOHEPOBaHHKME COOPKAMHA GYAYT BHIOIHATHCA CO-
rpyaauakama BUNI®P ¢ yuactuem JIHO® OUAU. Teopermueckme pacuern
6ynyt obecnedenn JIBTA OUAU c yuacrmeM opranmsanuif, yKa3aHHHX B
npenuaymeM nyakre. [lna paGor BTOporo srama moTpebyeTcs HECKONBKO
coTeH 4acoB paboTH (hasoTpoOHA.

Ha saBepmaromewm sTane, IPOAOBKATENBHOCTHI0 OKONO rOla, Tpeanona-
raeTca pacCMOTPETh BO3MOKHOCTh NEPEMENEHNA YCTAHOBKY HA MYYOK YCKO-
purens JIBD OUAMN c smeprumest nyuka 9 ['sB ¢ 1eM, 4T06H BHOOIHATH
OIIEHOUHKE M3MEePeHHA BHXOAa HEHTPOHOB, TEILUIOBHIEICHHA W CKOpoCTel
TPAHCMYTaNU# B My9KaX JETKAX HOHOB ¥ BEICOKOSHEPTETUUIECKAX IPOTOHOB.
S1u usmepenusa 6ynyt sunonaess JIBY OUAU, teopernueckue pacuern
obecneant JIBTA OUAUN. Ilpeanonaraercs, uro AiA m3MepeHHU# HoTpe-
6yetca oxono 100 gacos paboTH yCROPHTENA.

%%k %k kK

Mu 6narogapum 0. C. 3amaramsa u JI. M. Ouumenxko 3a obcymne-
HHAA, COBETH U CTHMY/JIHADPYIONYI0 KDETHKY.
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ITpnaoxenue 1
TenJosoit pacuer
BctaBky ¢ (U — Mo)— Bkaaawimem (n3 OTI3 UBP-30)

I'eomerpus BcTaBKHM Hokazana Ha puc. 4. OHa nmeer KBagpaTHOE ceve-
HUE U COCTOMT U3 HepHaBerollell cTalli C BIPECCOBAHHHNM BKJIaJHIIEM.

2
Craapmwow

Spawobud

p vy \ [ Saox *’l
J
|
E
| fs=
188
[' .
‘ |5r
Puc. 4. Pasmep acmasxuy H = 170 mm, ee moawuna by = 31 mm.
Toawuna (U — Mo)— exaadviwa éy = 25 mm. Toawuna ezo oborouxu

bos = 2,5 mm. Paduyc exaadvrwa no ypany By = 53 mm (R =
120 wmm)

Brnansm noMeluleH B repMeTHYECKYIO TONCTOCTEHRYIO (6o6.) CBapHYIO
ofonouKy U3 mapomnpouHoli Hepxkaserome# cramm DII-172 ¢ rexsonoruye-
CKUM BO3AyMHKM 3azopoM (&, = 0 — 0,15 MM) u mocameH B ruesno
CTaJIbHOM NNACTUHE C TOMUUHON b, [l mpomycka Tennonocurens, oxna-
HIAMOWETo BRIAKIL, AMEETCA 3a30p MEKIY CTaliblo BCTABKH B MeMOpanaMu
Kaccer (6 = 1,5 MM) c xamzolt croponn . LleHTp BKIaznma coBMemeH ¢
reOMETPHUECKUM HEHTPOM AKTHBHOMN 30MML.
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Jlanee 6ynyT HCHOIB3OBATHCA CIEYOUIMAE BETAIMHRE:

W (Br) — TeIIOBasA MOLIHOCTh aKTHBHOM! 30HH;

W (Br) — TeNIOoBafd MOUHOCTh BKJAJKIIA;

qv (Br/M°) — IJIOTHOCTh TENIOBOTO HOTOKA;

G (am®/ q) — PacxXol TeJIoHOCHTeNA (Bo3lyXa);

Feu (Mz) — [POXOAHOE CedYeHue TENJIOHOCUTEA;

V (M/¢) — CKOPOCTb TEMJIOHOCHUTEA;

Tox (K) — TeMIepaTypa TENJIOHOCHTENA Ha BXOIE;
Teux (K) —— TeMIlepaTypa TEIIOHOCHTENA Ha BHXOJE;
T (K) — CpenHAA TeMIeparypa TeIIOHOCUTEA;

v (M*/c) — KO3(pHUIUEHT KUHEeMaTHdeCKoil BA3KOCTH;
R, — kpurepuii Pelinromsaca;

Ny — xputepuit Hyccensra;

a (Br/m%K) — KO3((DUUMEHT TEMIOOTHAYH;

A (Br/mK) — KO3()(HUUMEHT TEMIONPOBOAHOCTH;

C, (Iw/krK)  — ymenbHag TEMIOEMKOCTh BO3NYXa;

p (kr/m3) — IUIOTHOCThH BO3LYXa;

d, (m) — THIPABINYEeCKUH (SKBHBAJICHTHHH) AUaMeTp;
Ty (K) — TeMIeparypa BKJIaJHIIA;

T, (K) ~— TeMIeparypa CTaJbHOTO BJIOKa;

W = 10000 Br;

W = 1200 Br —12% oT MOIIHOCTH aKT. 30HH;

W = 1800 Br  — MOIHOCTb 30HH + MOWHOCTD My9UKa;

G = 100 am3 /4.

[Ipu BruHCAeHUAX MH OyxeM IpeRnoIararb,4To

pacyer TeMIepaTypHOIO HOJA CTajlbHOM IJACTMHH X BHKJIAABIIA MO-
JKeT ObThb BHIOJHEH B CHMMETPHYHOM OJHOMEDHOM IPUOIMKEHHH C
TPaHUYHKHMH YCIOBHAMH TelJjonepenad# 3-ro poaa;

Xopourad TelJIoONpPOBOOHOCTL H Hebonpluas TONIIMHA CTaJbHOU IJIa-
CTHHB W BRJIaABIIAa ITO3BOJAIOT npeHere% OCE€BHM IIepenaaoM TEM-

neparyp;

TENJIOBH e e B ypaHe IIPOUCXOAUT PABHOMEDHO IO BCell rpaHuime
BKJIa B HIA;

AMEeeT MeCTO XOpOWHH TemyoBoM KOHTAaKT MemAy o60JodKoH BKJa-
JHIIa U CTaJbI0 NJACTHHH,

12



® TeXHOJOIHYeCKU# BO3AYHIHHY 3a30p MeEXIy ypaHOM H 0DONOYKOM
BKJaJHIIa B Ipe/eNbHOM Clydae MOeT OHTh CKOMIIEHCHPOBaH Tep-
MHYECKUM paculipeHHeM ypaHa.

Ilpu 31X yupomennsax ko3¢ GUIEEHT TeNIOOTIAYH ONPENENAETCA Clie-
OYIOMKEMHE COOTHOMEHUAMH:

Fog = 2-6-H =2-1,5-1072-0,17 = 5,1-107* m?%;

G 100
V = 3600 F. ~ 360051104 54,6 w/c;

V =1/2-V = 27,3 M/c;

3600 - 1200 3600 - W .
Alm. = 100-1000-1,2 = G-Cp-p 36°C;

Tnux = Tnx. + ATm = 20 + 36 = 5600;

T = 5 (T + Towx) = 5(20 + 56) = 38°C.

B kauecrse onpenenaromelt npumem temueparypy 7 = 40°C. Tornma
v=17-10"% M?/c, A =27-10"% Br/u K.

Vd, 273 x2x1.5-1073
Re = v 17.10-6 ~ 4800,

rne d, = 294.
Ny = 0,018R%>® = 0,018 (4800)*® = 16;

Ny 16 x 27.1073

_ 2 1.
=g T T 3ws - Br/u” - K;
o = 1
PR e




rae

Aos = 20 Br/m-K;
As = 40-1072 Br/m-K;
6 = (0 + 0,15) mm.
[Ipm marpese ypama ATy = 500°C u xosddunuente IAHEHHOTO
pacumperus ay = 12,5-107%1/K yBenuuense pasmepa BKJIaIuINa BIOIb

OCH COCTaBHUT
Al = évd,ATy = 0,025 x 12,5 107% - 500 ~ 0,15 Mm,

4TO W IPHHEMAETCA 3a MaKCEMalbHYI0 BENUIAHY TEXHONOTHIECKOTO 3a30pa
mpr by = 0, o ~ a = 144 BT/M2 -K;
mpu b, = 0,15 MM oy ~ 90 BT/M2 ‘K.

Paccunraem Temeph TeMnepaTypHOe moji€ CTalbHOMN NIaCTHHN ¥ BIpeC-
coamroro B Hee (U — Mo)-rinamuma. [ludpdepennnansnoe ypasuende,
onUCHBalonlee Moje BKIAAIIA,

d?T; 1 dT

CooTBercTByIONlee YpaBHeHAE 1A CTANBHON NIACTHHE

d*T. 1 dT:
?1722'+ ;'gf—kgTz-:F?, (2)
e 20
2 d - _ (% 2,

kl - 5,,)\,,.(/\ +065), Fl (/\u + le)i
2a = w

2 _ _ 12 _

b= e REoRL e=hy

Pemenua ypasrenni (1) u (2) umeror Bug

Fy

Ti(r) = Cilo(kir) + CaKo(kir) — eR 3)
F.

To(r) = Calo(kor) + CyKo(kor) — 75, (4)
2

rae Io u Ko — dyrrnuz bBeccens 1-ro 1 2-ro poga # HYIEBOro HOPAIKA.
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Ina onpenenenun mocroanuux Cp, Cy, C3,Cy BocnonssyeMcs rpaHuy-
HBIMH YCIOBUAMU:

e TeMmiepaTypa YpaHa Ha NMOBEPXHOCTH MaKCHMaJbHAa B IIEHTPe BKJja-
Ibiura

dTy/dr = 0 umpu = 0
® pasHhe TeMIeparyphl Ha FpaHMIeE BKJIALbIIa U [IaCTHHH

Ty =T, upnr = Ry

¢ OUWHAKOBHIH TennoBod MOTOK Ha IrpaHule BRJIAAHWIIA W IJACTHHB

dr, _ dT,

- T g mwHT = Ry mA, >~ Ay

® TeMmiepaTypa Ha BHEWlHe# rpaHule GJOKa paBHa cpeiHel Temmepa-
Type oxXJakaanuei cpes
Ty = T npur = R, .

CoorsercrBenno, koncrantu Cy,Cy, C3,Cy B ypasuenuax (3) u (4) 6ynyr
UMeTh 3HaYeHUsA

C = Kl(szl)(7“:‘%L - %)
T Lk RO K (k2R + Bk By)Ko(koRy)
C-g = 0,

C3~0 [r1.K Ko(k2R2) — 0 npu k2R, > 1,5 ];

) & h(kR)(G - B) _ kLR,
I()(klRl)I{l(kgRl) + %]1(’\?11%1)]\'0(’\?2}21) ]\72 1\}(1\‘2[?]) b

C4:

3necs Iy n Ky ~— dyurkuuu Beccens 1-ro m 2-ro poma u uysieBoro nopsika.
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Teneps ypasuenus (3) u (4) momuo nepenucats B BuAE

Fi

Tv(r) = Cilo(ksr) — = 0 =71 < Ry (5)
1 .
F.
To(r) = Cikolker) = 53, Ri < v < Ry, (6)
2

Huxe npuBoaaTca nmapaieibHie OLEHOYHHE PACYeTh MaKCHMalbHHX
suavyenuit remneparyps (U — Mo)— Briaguwa And IByX Kpa#HUX BapH-

auToB: ¢ MuHEHMaubHEM (6, = O0) m makcuMaupHuM (8, = 0,15 mm)
BO3/lyIHKIMY 3a3opamu (np# ¢, = 5,4 -10° Br/m’)
1)ésg = 0 ag:

k;" = 500, kl = 22)4a kg = 309’ kz = 17’6;
kl/kZ = 1,21, kl/k2 = 1,04
Fi = —2,43.10°, § = - 1160;
B =40, 5 -5 = 12
‘bR = 1,19, kB = 0,93;
I(1,19) = 1,38, I(1,19) = 0,70;
Ko(0,93) = 0,46, K:(0,93) = 0,68, Io- K = 0,938;
LKy = 0,322, C; = — 237,
opa r = 0, 10(0) = 1, T](O) = C — %;
T1(0) = 273°C. 1

-

2) 6 = 0,15, o

k2 = 209, k = 14,5, kI = 194, k, = 13,9

F, = —2,5510°, -;-} = — 510;
B F oo .
B =40, g - 3= -4
kRy = 0,77, kR, = 0,74;
I(0,77) = 1,15, IL,(0,77) = 0,41;
Ko(0,74) = 0,62, K;(0,74) = 0,97,

Ij- K, = 1,115, - Ko = 0,254, C; = — 790;
mprr =0, L(0) =1, Ti(0) = C — B
T;:(0) = 370°C.
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AHanoruunni pacuer A W = 1800 Br, korzma

¢ = 8,2-10° Br/M®, T = 50°C.

1) 6 = 0, oy
F, = —3,81-10%, % = — 762;
B =-50, 4 -5 = 12
2 1 2
C] = —'359, T](O) = 40300;
T1(0) < [Tv]
2) 6y, = 0,15, oy
Fy = —3,57-10°, 3 = — 1708;
B2 =-5, & - & = 1658
2 1 2
Cy = — 1170, Ty(0) = 538°C;
Tl(o) x [TV}’
rge [T,] = 550°C 1o ycloBHIO COBMECTHMOCTH ypaHA B KOHTAaKTe C Hep-

JKaBeluleil craibio.
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ITpninosxenne 11

Pacripenenenne cyMMapHOro TENJOBBAEICHNA B
LIAJAVHIPHUYECKOI ieKTposanepHoit ycraHoske (cMm. puc.l),
obnyuaemMoit nyuxkom 660 M>sB nporoHoB neprieHAUKYIAPHO
anauvHe rryronmnesnix TB®JIos
(B pacaere Ha 2000 GoMbapAupYOWUX TPOTOHOB)

Pacnpenenenne no anuae TBJIoB — nepnennukynapHO HanpaBIeHUIO
HIPOTOHHOrO NydYKa

Z, cu Q1ot Z, cm Q ot
.1000E+01 .0000E-+00 | .1200E+02 .2683E+05
.2000E+01 .4222E+06 | .1300E+02 .2622E+05
.3000E+01 .2861E+407 | .1400E+4+02 .2543E405
A4000E+4+01 .4121E+07 | .1500E+02 .2371E+05
.5000E+01 .5134E+07 | .1600E402 .2273E+05
.6000E+01 .5819E+407 | .1700E+02 .2179E+05
.7T000E+01 .6163E+07 | .1800E+02 .2228E+05
.8000E+01 .2992E+407 | .1900E+02 .2116E+405
9000E+401 .3062E+05 | .2000E+02 .6863E-+04
.1000E+02 .2883E405 | .2100E4+02 .0000E+00
J100E402  .2761E+05 ‘
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PaCIIpE‘lI(:‘.HGHHe BIOJIb HallpaBJECHUA MIPOTOHHOIO fIVUKa

R, cm Qiot R, cm Q1o
A500E401  .6363E403 | .18300E402  .3033E407
B3000E+01  .2691E4-03 | .1950E+02  .2671E407
4500E401  .1010E+04 | .2100E+02 .2185E407
.6000E+01 .1136E+404 | .2250E+02 .2541E404
7500E+01  .6637TE4+06 | .2400E+02 .1119E+04
.9000E+01  .236TE+07 | .2550E+02 .8465E+03
J050E402  .2728E407 | .2700E+02  .8380E+03
A200FE402  3114E407 | .2850E+02  .1670E+03
1350E+02  .3468E+07 | .3000E+02 .7018E+02
1500E+02  .4255E407 | .3150E+02 .8343E+402
1650E+02  .3315E407
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Pacnpenenenme tenjosslaelleHUA BHYTPM NJAYTOHUEBOro
cTepsKHA, obaydaemoro nyukom 660 MsB niporoHos B cpenseit

ITpunnoxenue 111

TOYKe TeprieHAUKYJIAPHO ero npoaodbHoi ocH
(B pacuere na 10° 6oMbapaupyOIUX TPOTOHOB)

CyMMapHOe TemIoBhIeIeHIe:

B MOHM3AlIlUOHHBIX MNpoleccax
OpHU HASKOIHEPIeTUYECKOM NIeJIeHUN
OpHA BRICOKO3HEPTETUUECKOM JNIE€JICHUH

Qion =1.36- 106;
Qi’fis =6.03 - 10%
Qnsis = 1.23 - 10%,

PacnpeneneHne TEINIOBHICJICHUA BOOJDb CTEPHHA

Z, cm Qiot, MaB 7, cm Qiot, MaB
.1000E401 .0000E~+00 | .9000E4+01 .1118E+02
2000E+01 .0000E+00 | .1000E4+02 .0000E400
3000E+01 .0000E+00 | .1100E4+02 .0000E-+00
4000E4+01 .0000E400 | .1200E4+02 .0000E+400
5000E401  .1295E405 | .1300E4+02 .0000E+00
.6000E4+01 .1038E-+02 | .1400E+02 .0000E-+00
.7000E+4+01 .6890E404 | .1500E+402 .0000E+00
.8000E4+01  .1352E4-07
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Pacnpesenenne TenoBHIENEeHAA NONEPEK CPePiKHEA (BIONb HaIpaBIeHAA
IIPOTOHHOTO Iy4YKa)

R, cm Q1tot, MaB R, cM Qtot, MaB
.1500E-01  .1295E+05 | .3150E4+-00 .0000E+00
.3000E-01  .0000E+00 | .3300E+400 .0000E+00
.4500E-01  .0000E+00 | .3450E+00 .0000E-+00
.6000E-01  .0000E+400 | .3600E+00 .0000E+-00
.7500E-01  .0000E+00 | .3750E4-00 .0000E+00
.9000E-01  .0000E+00 | .3900E+00 .0000E+00
.1050E+00 .0000E+00 | .4050E+00 .0000E+00
.1200E+00 .0000E+00 | .4200E+00 .0000E+00
.1350E+00 .0000E400 | .4350E4-00 .0000E+00
.1500E+00 .0000E+400 | .4500E+00 .7977TE+05
.1650E+00 .0000E+00 | .4650E+00 .2123E+05
.1800E+00 .0000E400 | .4800E+00 .1059E+06
.1950E+00 .0000E400 | .4950E4+00 .1520E+05
.2100E+00 -.0000E+00 { .5100E4+00 .9419E+05
.2250E+00 .0000E+400 | .5250E+00 .1000E+01
.2400E4+00 .0000E+00 | .5400E+00 .0000E+00
.2550E4+00 .0000E+00 | .5550E4+00 .3292E+06
.2700E+00 .0000E+400 | .5700E+00 .1043E+07
.2850E+00 .0000E4-00 | .5850E+00 .1025E+06
.3000E+00 .0000E+00 | .6000E+00 .1362E+06
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IIpunoxenue IV

ARC-meton (Adiabatic Resonance Crossing Method)
BEDKUTaHUA PAaJAMOAKTMBHEIX OTXOLOB

CyTh MeTOZa COCTOMT B TOM, YTO BEUKMTaeMul obpasen moMemaercs
B 3aMeIANYI0, HO c1afo HOIOWAIylo HEUTPOHH cpeny (Hampumep,
BHYTPb CBHHIOBOTO KyGa, CM. pHC. 5), obiydaeMyio TOTOKOM GRCTPHX
HelirporoB. B npomecce muddysun n " aguabaraueckoro” 3aMeIeHuA Ka-
EINE HEATPOH MOMET HECKOJBKO Pa3 IPOXONUTh CKBO3h obpaser, BCAKH
pas ¢ gpyro#l sHeprueif, BCIEACTBHE YETO BEPOATHOCTH €r0 PE3OHAHCHOro
TOIJIONIEHMA BHYTPHE 06pasia CylleCTBEHHO BO3PACTAET.

ARC-mMemog

l— Pu-cbopka

P—r— 77 S S AL
Npomoms! : Cd~ qpuaemp

Beicmpbie

HedmpoHs! | -Obpazey

—

Puc. 5. Ilpunyunuaivras crema IKCNEPUMEHMAALHOU DPeaLU3aAyUU
ARC-memoda

Iono6umnit Meron (on 6mu Buepshie npuMeneH B 50-ux rogax 8 PVAH
CCCP) ucnonsayerca B HEHTPOHHOM CIEKTPOMETDHM IPH CENEKIUH Hei-
TPOHOB TIO BPEMEHHN 3aMelJIeHUA, yBeJIWdINBaA BEPOATHOCTh PE30HAHCHOTO
3axBara (B 3aBHCEMOCTH OT BEJINMYMHH SHEPrUE HeHTpoHOB) Ha 3 — 4 mo-
PAZIKa IO CPABHEHHIO ¢ OOHYHON METONMKOM IO BpeMeHM mponxeTa. MokHo
npenmnonararh, uro ARC-Mmeron Gymer BecbMa 3¢ ¢eKTHBHHEM ¥ B clIydae
TPAHCMYTAOMH DPAJUOAKTUBHEX OTXOZ0B. PGdEKTHBHHMN, AeHCTBYOWHIR
Ha BHUKMTaeMuit obpasern noTok HeirTponHoB Ny ~ K - 10'?/c. Bennuuna
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ko> punnenta K ocTaercs NMOKa He OUECHEHHOM HU TEOPETWYECKH, HH IKC-
HePUMEHTAIbHO.

C NOMOIBI0 MPOEKTHPYeMOil 3JEKTPOAJEPHOH! YCTAHOBKA MOMeET OHTH
uccrenosaHa kak 3¢ dextusrnocts ARC-Merona, Tak m npomoznennpoBaHy
PEKUMEl BEUKATAHHA PAAA HYKINAOB, TPAHCMYTAllMA KOTOPHIX APYTAMHU CII0-
cobamy BeChMa 3aTPYAHHUTEJbHA.

Jlureparypa

[t
2]

[10]

B. I'. Bacanskos u ap. Aromuas 31. 1970, 1. 29, c. 151.

P. R. Tunnicliffe, B. H. Chidley, J. S. Fraser. High-current proton
linear accelerators and nuclear power. Report at the Int. Conf. on
Accelerators. Chalk River, Ontario, 1976.

B. C. Bapauwenkos QUAHA. 1978 |, 1.9, c. 871.

Proc. of Int. Workshop on Nuclear Methods for Transmutation
of Nuclear Waste (Problems, Perspectives, Cooperative Research),
Dubna, 29 — 31 May 1996. World Scientific, Singapure, 1996.

Proc. of Second Int. Conf. on Accelerator-Driven Transmutation
Technologies and Applications, Kalmar, 3 - 7 June 1996. Uppsala
Univ. 1997.

Proc. of 8-th Intern. Conf. on Emergency Energy Sources. Obninsk,
34 - 29 June 1996. ®IU, O6uunck, 1996.

K. D. Tolstov, JINR Rapid Communication 1993, 1. 62(5), c. 5.

I1. JI. Kupunnos, K. 1. Toncros, [I. Uyarem. "Ilpoexr snexrposanep-
Ho#t snextpocrannmn’ , ®IU, Obaunck, 1992.

C. Rubbia. Proc. of Second Int. Conf. on Accelerator-Driven Trans-

mutation Technologies and Applications, Kalmar, 3 - 7 June 1996.
p. 35.

P. Mandrillon,N. Fietier, C. Rubbia. Proc. of Second Int. Clonf. on
Accelerator-Driven Transmutation Technologies and Applications.
Kalmar, 3 - 7 June 1996. Uppsala Univ. 1997. p. 984.

23



http:AToMHa.fl
http:TpaHCMYTaUH.fl
http:BhllKHraHH.fl
http:ARC-MeTo.na
http:OCTaeTC.fl

[11]

V. 5. Barashenkov, A. Polanski A. N. Sosnin. Application of
low-energy accelerators in electronuclear systems. JINR E2-97-304,
Dubna 1997.

B. C. Bapamenkos u ap. llpumenenne HU3KOTOUHHX ycKopuTeneit
OWAN npina MomenupoBaHus 3KONOIMYECKH 6e3onacHOM yTHIM3alyu
nayronusa. JINR E2-97-245, Dubna, 1997.

B. II. Amurpuencruit. DUAA. 1997, 1. 28, c. 151.

[IpaBuna agepHo#t He30MaCHOCTH MOAKPUTHYECKHX YCTAHOBOK.

I1bA-01-92, Iy6sa, 1992.

B. ®. Konecos, B. fI. I'ywosckuit. O BO3MOKHOCTH yBeJMYEHHA
5 PEKTUBHOCTH YCTAHOBOK IJIA 3JEKTPOANEPHON TpPAHCMyTalH¥ Ha
OCHOBE Ilepexofia K MyJIbTHCEKIMOHUPOBAHHKM OJaHKETaM.

1Y 3-27-93, Apsamac-16, 1993.

PyKOHHCL NOCTyNHIA B M3aTeNbCKUl oTaen
30 mapra 1998 rona.

24



Bapauwenkos B.C. u 1p. P2-98-74
Du3MYecKHe acTieKTs! ICKTPOSACPHOH YCTaHOBKH -
Ha OCHOBE NOJKPHTHYECKO# 30HH! peakTopa HBP-30 n 660 MeB nporonHoro casoTpona

MareMaTHYECKOE MONEIHPOBAHHE M TEILTO(H3HYECKHE OLEHKH NOKA3LIBAIOT, HTO obbeMHEHHE
umerommxcs 8 OHSH mwiyronnesoro peaxtopa HEP-30 # 660 MaB npoTOHHOIO (ha3oTpoOHa C TOKOM
BHBEIEHHOrO myuka 0,25 MKA (10 % OT €ro CpeRHEro 3HaueHHs) MO3BONIACT CO3AATH OXNAKIACMYI0
BOIAYXOM 3NIEKTPOSACPHYIO YCTAHOBKY € KO(PHUHEHTOM MYNLTHIUIHKAUHH Ko = 0,94, BhIXONOM Heil-
TPOHOB Nigr = 10"-10"® u TemnoBoii MOmHOCTHIO 0K00 10 KBT. DTO NPOAEMOHCTPUPYET BOIMOXHOCTD
coanaHHs 6e30MacHsiX B KCIUIYaTALMH TOAKPHTHYCCKHX TPaHCMYTAUHOHHO-3HEPIETHUECKHX MICKTPO-
SEPHBIX CHCTEM, TIPHTOMHELX IS YTHWIHIALHK OPYXEHHOTO H TEXHHYECKOTO ILTYTOHHS. ByzeT Heeneno-
BAHA KHHETHKA 3/JCKTPOANEPHON CHCTEMbI, B YACTHOCTH QUIYKTYaUHH BeNMYUHB! K NPH PAVIHUHBEIX
napaMeTpax NydKa NPOTOHOB, M3MEPEHBI CEMEHHA AEPHBIX PEaKuMi, HeoGXONHMBIC JUIA OLEHKH ah-
(PEKTHBHOCTH PAavTHUHBIX PEXHMOB TPAHCMYTAUHH PATHOAKTHBHEIX OTXONOB, Onipele/ieHbl HEATPOHHEIC
NOTOKH M Pacnipele/ieHus TeMIIepaTypbl BHYTPH H BHC aKTHBHOM 30HBI, CPaBHEHHE KOTOPBIX C pe3ynibTa-
TaMH TEOPETHYECKHX PACYETOB MO3BOMMT MPOBEPHTD M CYIIECTBEHHO YCOBEPLIEHCTBOBATL METONBI MaTe-
MaTHYECKOTO MOJENHPOBAHMA WIEKTPOANEPHBIX cHCTeM. [lpennonaraeTcs OueHHT: 3(eKTHBHOCTD
ARC-MeTOIa BHDKHIaHMS PaIHOAKTHBHBIX OTXOMOB, a TAKXKC H3YYHTh BIHSHHEC DAVIMYHBIX 3KPAHOB M,
B NOCIEXYIOLIEM, MYTBTHCEKUHOHHPOBAHHS AKTHBHO#H 30HB!, NO3BO/IAOLUETO YBE/IMYHTE BHIXOX HCHTPOHOB.

Pa6ota hinonueHa B JIaBopaTopuy BHIYHCAMTENLHOM TEXHHKH H aBroMaTtH3auny OHSAH.

CoobuieHne OFBLEAHHEHHOr0 HHCTHTYTA SACPHBIX HccneaoBanuil. [Jy6ua, 1998

Iepesou asTOpOB

Barashenkov V.S. et al. P2-98-74
Physical Aspects of an Electronuclear Set-up on the Basis
of the Subcritical Zone of the IBR-30 Reactor and the 660 MeV Proton Phasotron

Mathematical modeling and thermal flux estimations show that a combination of installations
available at present at JINR — the plutonium reactor 1BR-30 and the 660 MeV proton phasotron
with the current of the extracted beam 0.25 mkA, ie. 10% of its average value, — allows one
to construct an air-cooled electronuclear set-up with the multiplication coefficient Kz~ 0.94,
the neutron yield Ny, =~ 10'*-10" and the heat generation about to 10 kW. This set-up will demonstrate
a possibility to construct subcritical transmutation-power generating electronuclear systems safe
and stable in operation and applicable for utilization of weapon grade and technical plutonium. Kinetics
of the electronuclear system will be investigated, in particular, fluctuations of the value of K.g
for various parameters of the proton beam. Cross-sections of nuclear reactions which are important
for the estimations of an efficiency of various conditions of the nuclear waste transmutation
and the neutron fluxes together with the heat distributions inside and outside the plutonium core will be
measured. A comparison of these data with theoretical calculations allows one to check up
and to develop significantly the methods of mahtematical modeling of electronuclear systems. We
suppose also to estimate the possibilities of ARC-method for the burning of radioactive wastes
and to study the influence of various reflectors and multipartitioning of the core which increases
the neutron yield.

The investigation has been performed at the Laboratory of Computing Techniques and Automation,
JINR.
Communication of the Joint Institute for Nuclear Research. Dubna, 1998






