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06~aH xapaKTepHCTHKa pa60Tbl 

U:EJih P ABOTbl: 

OcHOBHOH QeJJbIO pa6oTbl HBJJHeTCH paapa60TKa MeTo,na AJ1HaMJ1'-leCKJ1X 

KOHBepTopoB YJJbTpaxoJJOAHhIX Hei1TpO~OB (YXH), coa,naHJ1e Ha ero OCHOBe 

J1MnyJJhCHOro J1CTO'IHHKa YXH BbICOKOH nJJOTHOCTH Ha 6aae· anepHOAH'lecKoro 

nMnynhcHoro peaKTopa Bl1fP (P<PHU: - BHJ1J13<P, r. Capon) 11 npe,nnomem~e 

cxeMbl 3KcnepHMeHTa no H3MepeHJ1IO npeMeHH '1tJ13HH HeiiTpoHa C 

J1CnOJlb30BaHHeM :noro HCTO'IHHKa. 

ARTY AJihHOCTb IlPOBJIEMbl: 

YXH (yJJbTpaXOJlOAHbie Hei1Tp0Hbl) - HettTpOHbl C qpe3BbI'lattHO MaJJOH 

KHHeTH'-!eCKOH 3Hepmet1 ~10-7 aB (v ~5 M/c)[l]. OHH o6na,naIOT YHHKaJlbHbIM 

CBOHCTBO!Vl nOJJHoro OTpameHHH OT . nonepXHOCTH Bell\eCTBa. H·, TaKHM o6pa30M, 

MoryT ,nonro HaXOAHTbCH B BaKyyMHpOBaHHbIX cocy,nax. IlpH 3TOM J1X none,neHJ1e 

HanoM11HaeT none,neHJ1e YJJbTpapaapemeHHoro raaa (AJ1J1Ha cno6o,nHoro npo6era 

HaMHOro 6oJJbWe paaMepoB cocy,na). 3TOT "HettTpOHHblH. raa" y,no6HO 

HCnOJlb30BaTb B 3KCnepHMeHTaX no J1CCJJe,noBaHJ1IO cpyH,naMeHTaJlbHbIX CBOHCTB 

HettTpoHa. 

YXH nonyqa10TcH rnaiiHhIM o6paaoM 11a TennoBhIX Hei1TpoHoB aa o,nHH 

y,nap, nocne,nHHe TepHIOT npH 3TOM 3Heprl1IO Ha 5-6 nopHAKOB. BepOHTHOCTb 

TaKHX npoQeCCOB AJJH MaKCBeJlJlOBCKOro cneKTpa TenJJOBblX HettTpOHOB 

qpe3BbI'lattHO Mana ( ~ 10-11 ). Cyll\eCTBYIOT npJ1HQJ1nJ1aJ1hHhie aanpeTbl H;l 

,nettCTBHe MexaHJ13MOB, n03BOJI.Rl011\HX perynHpHO aaMe,nJJHTb Hei1Tp0Hbl OT 

TenJJOBhIX 3Hepr11t1 ,no YXH[21, no3TOMY AJJH nonyqeHHH YXH npHXOAHTCH 

AOBOJlbCTBOBaThCH TOJlbKO Ha qaJlbHblM yqacTKOM MaKCBeJJJJOBCKOro 

pacnpe,neJJeHJ1H TenJJOBblX Hei1Tp0HOB: 
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OTHOCHTeJibHa.H AOJI.H KOTOporo B o6~eM cneKTpe HettTpOHOB OT peaKTOpa 

COCTaBJI.HeT Bcero ~ 10-12. 3AeCb F 1h - IIOTOK TeIIJIOBbIX HettTpOHOB, V Um -

rpaHH'lHa.H CKOpOCTb AJI.H CTeHOK cocyAa ~(3-6 M/c), v th =2200 M/c - CKOpOCTb 

TeIIJIOBbIX - HettTpOHOB, a! J1 a! COOTBeTCTBeHHO Heynpyrtte ce'leHH.H 

oxJiam~eHH.H J1 HarpeBa HettTpoHa, a. - ce'leHtte aaxBaTa IiettTpoHa. 

IlJIOTHOCTb YXH B HaCTO.H~ee BpeM.H_ AOBeAeHa AO 3Ha'leHH.H ~102 CM-3 131. 

TaKa.H IIJIOTHOCTb IIOJiy'leHa Ha BbICOKOIIOTO'lHOM CTaQHOHapHOM peaKTope 

HHCTHTyTa ILL (Institut Laue - Langevin; fpeHo6Jib, cI>paHQH.H) (W=57- MBT, 

F,h ~ 1015 cM-2c-1, mHA~OAettTeptteBbIM aaMeAJIHTeJib nptt T ~ 20 K). ,IJ:aJibHettlllee 

yBeJIJ1'1eHJ1e IIJIOTHOCTJ1 YXH MOmeT 6b!Tb ocy~eCTBJieHO IIpH J1CIIOJib30BaHJ1J1 

J1MIIYJibCHbIX peaKTOpoB, J1MIIYJibCHbie IIOTOKJ1 OT· KOTOpbIX BO MHOro pa3 

npeBbilllalOT IIOTOKJ1 HettTpOHOB OT CTaQHOHapHblX peaKTOpOB. 

HAY_·rrnAH HOBM3HA J,1 IIP AKTWIECKAH :UEHHOCTb P ABOTbl: 

Paapa6oTaHHbIM_ MeTOA AJ1~aMJ1'leCKJ1X KOHBepTopoB II03BOJI.HeT Cb3AaBaTb 

J1CTO'lHJ1KJ1 YXH C IIJIOTHOCTblO AO 106 H/cM3 B o6'beMe ~ecKOJibKO JIHTpOB. 

BnepBbie coaAaH HCTO'lHHK AJI.H · noJiy'leHH.H HMIIYJibcHoii IIJIOTHOCTH YXH, 

Ha HeCKOJibKO IIOP.HAKOB npeBbilllaIO~eM IIJIOTHOCTb,. AOCTJ1fHYTYIO Ha 

CTaQHOHa pHblX peaKTopax. 

\ 

IIpeAJIOmeHa opttrHHaJibHa.H IIOCTaHOBKa :=JKcnepttMeHTa IIO H3MepeHJ1!0 

BpeMeHJ1 ,KJf3HJ1 HettTpOHa C J1CIIOJib30BaHJ1eM 3Toro J1CTO'lHJ1Ka, KOTOpa.H 

CB060AHa OT CJ1CTeMaTJ1'leCKJ1X 3cpcpeKTOB, npttcy~HX npeAllleCTBYIO~J1M 

3KcnepttMeHTaM. IlJiaHttpyeMa.H TO'lHOCTb COCTaBJ1T ~0.5 %, 'ITO COOTBeTCTByeT 

JIY'llllJ1M MHpOBblM peayJibTaTaM. 

HA 3AIUMTY BbIHOCHTCH CJIE,IJ:YIOIUME OCHOBHbIE PE3YJibTATbl: 

1. Paapa6oTKa MeTo.r1a AHHaMH'lecKHX K0HBepTopoB AJI.H TBep.r10TeJibHbIX H 

ra30BbIX K0HBepTopoB YXH ,[IJI.H HMIIYJibCHb!X HCT0'lHJ1K0B HettTpOHOB, 

II03B0JI.HIO~ero yBeJIJ1'lJ1Tb Ha HeCK0JibK0 II0p.11,!:\K0B, II0 cpalrneHJ1lO C 
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cy~eCTBYIO~J1MJ1 KOHBepTopaMJ1 Ha CTaQHOHapHbIX peaKTOpax, IIJIOTHOCTb YXH 

B 3KCIIepHMeHTaJibHblX ycTaHOBKax; 

2. Co3AaHJ1e J1CTO'lHJ1Ka YXH, B KOTOpOM peaJIJ130BaHa HAe.H TBepAOTeJibHOrO 

ABttmy~eroc.H KOHBepTopa; 

3. OpttrHHaJibHa~ MeTOAHKa J13MepeHJ1.H BpeMeHJ1 mtt;3HJ1 HettTpOHa C 

J1CIIOJib30BaHJ1eM C03AaHHOro J1CTO'lHHKa YXH 

AIIPOBA:UMH P ABOTbl. MaTepttaJibI, noJiomeHHbie B ocHoBy AJ1ccepTaQJ1J1 

AOKJiaAbIBaJIHCb Ha MemAyHapO,[IHOM COBe~aHJ1J1 IIO COBpeMeH:tJbIM J1MIIYJibCHblM 

J1CTO'lHJ1KaM (,IJ:y6Ha, PocCHH, 1991), 6 Mem.r1yHapO,!:\HOM COBe~aHJ1J1 IIO .11,[lpaM, 

.r1aJieKJ1M OT IIOJIOCbl cTa6J1JibHOCTJ1 + 9 . Mem.r1yHap0,[1HOM COBe~aHJ1J1 IIO 

aTOMHblM MaccaM J1 cpyH,[laMeHTaJibHbl~ KOHCTaHTaM (BepHKacTeJib-Kya, 

fepMaHH.H, 1992) . 

OB'bEM P ABOTbl: 53 cTpaHHQbI 

IIYBJIMKA:UMM. Ilo MB.TepttaJiaM ,[IJ1ccepTaQJ1J1 ony6JittKoBaHo 7 pa6oT. 

CoAepmaeHe pa6oTbl 

Bo BBeAeHHH .r1aH KpaTKHM o6aop CBOMCTB YXH, MexaHH3Ma reHepaQJ1J1 J1 

J1CT0'lHHK0B YXH. KpaTKO J13JI0meHbl 0CH0BHbie II0JiomeHH.H ,[IHCcepTaQHH 
0

H 

IIpHBe,[leHbl 0CH0BHbie II0JiomeHH.H, Bb!H0CJ1Mble Ha aa~HTy. 

B neiJBOM rJiaBe paccM0TpeHbl 0CH0Bbl TeopHH K0HBepTopoB YXH, MeTO,[lbl 

II0Jiy'leHJ1.H YXH 6e3 HCII0Jib30BaHH.H K0HBepTopoB. 
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Bo BTopoti rJiaBe ormcaHo 11cnoJib3OBam1e YXH B cp11311qecK11x 

SKCIIep11MeHTax, MeTOAbI cneKTpoMeTp1111 YXH. PacCMOTpeHbI SKCIIep11MeHTbI IIO 

113MepeHl1!0 BpeMeHl1 :IKl13Hl1 HettTpoHa, np11Be,neHbI pe3yJibTaTbI . Ha1160Jiee 

TOqHbIX SKciiep11MeHTOB, npoBe,neHHbIX Ha HaCTORIQl1M MOMeHT. 

Ilo,npo6Ho pacCMOTpeHa MeTOA11Ka 113MepeHl1JI BpeMeH11 :IKl13Hl1 HettTpOHa C 

11CIIOJib30BaH11eM rpaBl1TaQl1OHHOM JIOBYIIIK11 y JlbTpaXOJIOAHbIX HettTpOHOB, 

np11BeAE!HbI 11CTOqHl1Kl1 Cl1CTeMaT11qeCKl1X norpellIHOCTeM B STOM SKCIIep11MeHTe 11 

cnoco6br yMeHb1IIeH11R Cl1CTeMaT11qecKl1X OIIIl160K. 

B TpeTbett rJiaBE:! on11caHo co3,naH11e 11MnyJibCHoro 11cToqH11Ka YXH Ha 

ocHoBe 11MIIYJibcHoro peaKTopa anep110,n11qecKoro ,neticTBl1R BMI'P (BHMli13¢, 

CapoB). ,[(aHO 06ocH0BaH11e MeTo,na ,n11HaM11qeCKl1X KOHBepTopoB 

YJibTpaXOJIOAHbIX HeMTpOHOB - pac1II11pR!OIQerocJI napaBOAOPOAHOro KOHBepTopa 

11 ABl1:IKYIQerocR TBep,noTeJibHOro KOHBepTopa. M,neR MeTo,na 3aKJIJOqaeTCJI B TOM 

qTo IIOCJie reHepaQ1111 YXH B MOMeHT MaKC11MaJibHOM 11MIIYJibCHOM IIJIOTHOCTl1 

IIOTOKa TeIIJIOBbIX HeMTpOHOB IIOTe'pl1 YXH Ha R,npax K.OHBepTopa yMeHbllla!OTCJI. 

YMeHbllleH11e IIOTepb npo11cxo,n11T 3a cqeT 6bICTpOM OTKaqK11 B cJiyqae ra3OBoro 

KOHBepTopa 11 3a cqeT AB11:1KeHl1R B CJiyqae TBep,noTeJibHOro KOHBepTopal41. Ilp11 

STOM IIOTep11 YXH COKpaIQa!OTCJI 3a cqeT ·yMeHb1IIeH11JI IIJIOTHOCTl1 KOHBepTopa -

B nepBOM cJiyqae 11 3a cqeT yMeHbllleHl1R ceqeHl1JI IIOTepb B COOTBeTCTBl111,C 

3aKOHOM 1/v - BO BTOpOM cJiyqae. IlocJie reHepaQl111 YJibTpaxoJIOAHbie HeMTpOHbl 

3aKJIIoqaJOTCJI B KOHTeti:Hep 11 TpaHCIIOpT11pyi0TCR OT aKTl1BHOM 3OHbl 

11MIIYJibCHOro peaKTopa. 

'9:11cJieHHO pellleHO ypaBHeH11e AJIR IIJIOTHOCTl1 YXH: 

dn(t) - 0 n(t) 
-d- = F,h(t)L;, - -) (1) 

t · r(t 

AJIJI peaJibHOM cpopMbI 11MIIYJibCa peaKTopa AJIR cJiyqaeB paC1II11pR!OIQerocJI 

. ra3OBOfO 11 ABl1:IKYIQerocR TBep,noTeJibHOro KOHBepTopOB. 3,necb n(t) - IIJIOTHOCTb 

YXH (q11cJio YXH B 1 cM3); Fth - IIJIOTHOCTb IIOTOKa TeIIJIOBbIX Heti:TpOHOB B 

KOHBepTope; N(t) - q11CJIO aTOMOB KOHBepTopa B 1 CM3; i(t) - BpeMJI :IKl13Hl1 YXH 

B KOHBepTope - r~
1(t) = N(t)(CT;~ + a.)v; V - CKOpOCTb YXH, ra: +aaJv =const, 

4 
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"" 

IIOCKOJibKY a: 11 cr. - ceqeHl1JI HarpeBa 11 3axBaTa YXH COOTBeTCTBeHHO -

cJie,nyJOT 3aKOHy 1/v . cf;~ - ceqeH11e reHepaQ1111 YXH B ,n11ana3oH cKopocTeti [O, 

Vtiml, ycpe,nHeHHOe IIO CIIeKTPY TeIIJIOBbIX HettTpOHOB: 

da(v· - v) v'3 v'2 
• 

ii,~ = Jf ----·--,·exp(- ,)dv' dv, 
1,~1s1·1im dv 4nv,h . v,h 

r,ne v - CKOpOCTb TeIIJIOBblX Heti:TpOHOB; V - CKopocTb YXH; v,h - Ha1160Jiee 

BepORTHaJI CKOpOCTb TeIIJIOBoro cneKTpa Heti:TpOHOB, v,h = (2 . k . T,, I m)
1
'
2

; T n -

TeMIIepaTypa cneKTpa Heti:TpOHOB. Pe1IIem1e ypaBHeH11R(l)l
5l: 

1000 

'G 800-l 

napaB0A0P0A, 80 K, P=26 aTM., lo= 1 MC ---
napaB0A0P0A, 80 K. P=5 aTM., lo= 5 MC 

I 
cti 

600 :,:. 
:i 
s': 
Jl 
t; 

400 0 
::c 
13 c; 
C napaB0JI0P0A, 80 K, P=1 aTM., 

200 

0 +----r---.---4=;....-+---.--.-----i""-,--....--,----.--,----, 
-0.010 -0.005 0.000 0.005 0.010 0.015 0.020 

BpeMR,c 

Pncy110K 1 3aeHCHMOCTb IlJIOTIIOCTH YXH (YCJIOBHble e)IHHHl\bl) B napaBOJIOPOJIIIOM 

KOBBepTope OT upeMeHH. A - DOCTOHHHaH, xapaKTepuaylOJ.Q,aH CKOpOCTb oTKa'IKH. 

n(t) 
1 

• [ ' dt'' ] J N(t') -ii;~ · F,h(t') • exp - J-, -, dt'. 
-~ ,· r(t ) 

(2) 
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3.r1ecb t' - MOMeHT reHepaQttJ1 YXH; N (t ')·a: = :E. - MaKpOClWIIWieCKOe Ce'IeHtte 

reHepaQtttt YXH; [ 
' dt'' ] 

exp - ,J T(t' ' ) - K03<p<pttQtteHT rroTepb YXH c MOMeHTa 

reHepaQtttt t' .r1O MOMeHTa Ha6JI10.r1eHtt.H t . Ha pttcyHKe 1 rroKa3aHa pac'IeTHa.H 

BpeMeHHa.H aaBttCttMOCTb IIJIOTHOCTtt YXH BHYTPtt rrapaBo.r1opo.r1Horo KOHBepTopa, 

BbipameHHa.H B YCJIOBHbIX e,[\J1HJ1Qax, rrptt TeMrrepaType 80 K ,!:\JI.II pa3JIJ1'IHbIX 

,[\aBJieHttti rrapaBO,!:\Opo.r1a. Pac'IeT rrpoBe,[\eH ,[\JI.II peaJibHOti cpopMbI J1MIIYJibCa 

u u t
2 

TeIIJIOBbIX HettTpOHOB, OIIJ1CbIBaeMOJ1 3aBJ1CJ1MOCTblO F,h(t) = F,, exp(- --2), a = 2 
2a 

MC. CrrJIOIIIHbie KpttBbie COOTBeTCBYlOT cJiy'IalO IIOCTO.HHHOti IIJIOTHOCTJ1 

KOHBepTopa, IIITpttx-rryHKTttpHbie - cJiyqa10, Kor.r1a B MOMeHT BpeMeHtt t=0 

Ha'IttHaeTC.H OTKa'IKa rrapaBO,!:\Opo.r1a (IIOCTO.HHHa.H BpeMeHtt OTKa'IKJ1 A = 1 MC). C 

yqeTOM rrapaMeTpOB J1MIIYJibCa peaKTOpa EJ1TP (<pJIIOeHC TeIIJIOBbIX HetiTpOHOB 

1015 H/cM2, ,[\JittTeJibHOCTb J1MIIYJibCa Ha IIOJIYBbICOTe 4 MC) B o6'beMe 

TpaHCIIOpTttpyeMoro KOHTetiHepa, CTeHKJ1 KOTOporo IIOKpbITbI 6epttJIJIJ1eM 

(rpaHtt'IHa.H CKOpOCTb vlim = 6.89 M/c) MaKCttMaJibHa.H IIJIQTHOCTb YJibTpaXOJIO,!:\HbIX 

HetiTpOHOB rrptt peaJitt3aQtttt cxeMbI rrapaBo.r1opo.r1Horo KOHBepTopa 

- 4 v1'.m [6] 
nmax -

3 
e_·F,h·-.--G - COCTaBttT 6.6-105 H/CM3. 

V 7[ v,h 

IJ ptt ,!:\BttmeHJ1J1 TBBep.r1OTeJibHOro KOHBepTopa B IIOJie TeIIJIOBbIX 

HetiTpOHOB, o6paaoBaHHbIX BO BpeM.H J1MIIYJibCa peaKTopa, aa KOHBepTopoM 

o6paayeTC.H IIIJieticp YXH, IIJIOTHOCTb KOTOpbIX IIO,[\'IHH.HeTC.H 3aBHCJ1MOCTJ1, 

rro.r106Hoti rrpe,!:\CTaBJieHHOti Ha pttc. 1, B KOTopoti BpeMeHHa.H IIIKaJia 

rrpeo6pa3yeTC.H B rrpocTpaHCTBeHHYIO C / = X I Vo' r.r1e X - paccTO.HHtte OT MecTa 

Haxom,[\eHH.H 3a,[\Heti KpOMKH KOHBepTopa B MOMeHT MaKCttMyMa BCIIbIIIIKH, Vo ~ 

CKOpOCTb ,!:\BttmeHH.H KOHBepTopa. 

,[(mrna (B,!:\OJib VO) o6JiaCTH cocpe,!:\OTO'IeHH.H MaKCttMaJibHOti IIJIOTHOCTH 

YXH nponopQttOHaJibHa v O• ,[(JI.H Toro 'IT06b1 3<p<peKTttBHO tt3BJieKa Tb YXH tt3 

,!:\BttmyIQeroc.H KOHBepTopa, Ha,[\O C,[\eJiaTb TaK 'IT06bI ,!:\JIHHa 3TOti o6JiaCTH 6bIJia 

COJ13MepttMa C npoT.HmeHHOCTbIO 3OHbl, OTKy,!:\a BbIBO,!:\.HTC.H YXH. ,[(JI.H ,!:\JIJ1Hbl 

6 
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3OHbl J13BJie'IeHJ1.H d~l0 CM Heo6XO,[\J1Mbie CKOpOCTJ1 ,[\BttmeHtt.H KOHBeJ)TOpa 

HaXO,[\.HTC.H B ,[\ttarraaoHe 20+100 M/C rrptt IIIttpttHe BCIIbIIIIKJ1 ~t1;2=1.7 MC. 

,[(JI.H BbI'IttCJieHtt.H cpe.r1Heti IIJIOTHOCTtt YXH Ha ,!:\JittHe aoHbI tt3BJie'IeHtt.H d 

J1CIIOJib3yeTC.H ypaBHeHtte: 

[ 

X l , __ 
1 do "o 

n(v0 ,d.) = d I Mi;~(v0 ) exp{-_ N[a;~(v0 ) + a.(v0 ) ]x} ,-l~h(t' )dt' dx, (3) 

r.r1e d
0 

- TOJIIQttHa KOHBepTopa, a a:(v 0 ) - ycpe.r1HeHHOe no cneKTPY ce'IeHtte 
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Ha pttc. 2 rrpe.r1cTaBJieHbI peayJibTaTbI 'IJ1CJieHHOro pacqeTa aaBHCHMOCTH 

n(vo) I nm,, ,[\JI.II KOHBepTOpOB pa3HOti TOJIIL\tt:l!'.bl H3 IIOJIH3THJieHa H 6epttJIJIH.H nptt 
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PHcyuoK 2 UJioTBOCT& YXH u eAHBHI\ax llmax B mJieiicpe aa npoJieTaIOII\HM 

KOBBCpTOpOM B 33BHCHMOCTH OT CKOpOCTH AJ!HlKCRHJI KOBBCpTopa. 
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T=80 K, ,z:purna 30Hbl J13BJieqemrn, TO eCTb npoJieTHOe paccTOHHJ1e KOHBepTopa 

6bIJia BhI6paHa paBHOtt 10 CM. 

)];JIH KOHTeiiHepa C Be IlOKpbITJ1eM B cnyqae J1CilOJib30BaHJ1Jl 

riOJIJ13TJ1JieiiOBOfO KOHBepTopa TOJI~J1H0tt 30 MM, OXJiam.z:1eHHOfO ,[\O 80 K, n;,,ax C 

yqeTOM 3<p<peKTJ1BHOCT_J1 J13BJieqeHJ1Jl (ptt:c. 2) COCTaBHT 1.1-105 H/cM-3, ,[\JIH 

TaKoro me KOHBepTopa nptt: KOMHaTHOtt TeMnepaType MaKCtt:MaJibHaH IlJIOTHOCTb 

COCTaBtt:T BeJitt:qtt:Hy 2.6-104 H/cM3. 

)];anee OilJ1CaHa KOHCTPYKQHH ycTaHOBKH C TBep,[IOTeJibHbIM ,[\Btt:my~tt:MCH 

KOHBepTOpoM YXH (ptt:c. 3). 

YcTaHOBKa CMOHTtt:poBaHa Ha tt:MnyJihCHOM peaKTope BI1fP, ,[IJitt:TeJibHOcTb 

HMilYJibCa KOTOporo HBJIHeTCH OilTtt:MaJibHOtt ,[\JIH peaJitt:3aQtt:l1 J1,[\eJ1 

,[\Btt:my~erocH TBep,[IOTeJibHOfO KOHBepTopa. 
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PncyHOK 3 Ilo)IBll>KHall '18CTb ycTaHOBKII 

1- AKTHBHaH aoua peaKTopa, 2 - 3aMe)IJI11TeJI1,, 3 - 3Kpau na BC4 n Cd, 4 

- KOUTeiiuep YXH, 5 - KousepTop, 6 - paarouuoe yCTpoiicTso, 7 -

Kpemep, 8-Sa - y11apuaH IlJIHTa, 10 - TpaucnopTHhlii Kauan, 11 - Tpoc .J 

Ctt:cTeMa paaroHa tt: TOpMomeHtt:H (6 11 7) KOHTeiiHepa YXH (4) 

pacnonomeHa Ha IlO,[\BH;KHOtt nJiaT<pOpMe BHYTPH 6JioKa IlOJil13Ttt:JieHOBOfO 

aaMe,[IJIHTeJIH (2). B pa6oqeM nonomemrn aaMe,[IJitt:TeJib pacnonaraeTcH Ha 
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paccTOHHHH 2 CM OT IlOBepxHOCTH aKTHBHOtt 30Hbl peaKTOpa (1) J1 OT,[\eJieH OT 

peaKTOpa 3KpaHaMH l13 BC4 (3) l1 Cd ,[\JIH TOfO qT06bI HCKJIIOqtt:Tb BJIHHHtt:e 

HeiiTpOHOB, pacceHHHblX J1 3aMe,[\JieHHbIX B IlOJIJ13Ttt:JieHe, Ha pa3Bl1TJ1e J1MIJYJibCa 

peaKTopa. KoHTeiiHep pacIJoJiaraeTCH B KaHaJie ,[\tt:aMeTpOM 100 MM BHYTPH 

3aMe,[\Jitt:TeJIH Ha paCCTOHHJ1l1 IJOpH,[IKa 200 MM OT TOpM03HOfO ycTpOttCTBa l1 

ITpe.z:1cTaBJIHeT tt:3 ce6H BaKyyMttpoBaHH,hitt cocy.z:1 tt:3 HepmaBeiO~eii cTaJitt: 

,[\tt:aMeTpOM 100 MM tt:',[\JIHHOH 300 MM, IJOKpb!Tbltt l13HYTPH CJIOeM Be TOJI~HHOH 

IJOpH,I:\Ka 3000 A, BXO,[\HOe OKHO - 100 MKM <pOJibra J13 HepmaBelO~eii CTaJIH. 

Oxna'!'.r1aeMbltt ;KJ1,[\Kl1M a30TOM KOHBepTop (9), 1lpe.r1cTaBJIHIO~Hii J13 

ce6H IlOJil13Ttt:JieHOBbltt Ql1JIJ1H,I:\p ,[\ttaMeTpOM 90 MM tt: TOJI~J1HOH 50 MM B 

o6onoqKe l13 aJIIOMHHHH, pa3Me~aeTCH IJepe.z:1 BXO,[\HblM bKHOM KOHTeiiHepa. 

feHepaQtt:Jl YXH, 3aIJOJIHeHJ1e KOHTettHepa J1 l13BJieqeHtt:e KOHTeiiHepa B 

3KCIJepttMeHTaJibHbltt aaJI llpOttCXO,[\HT CJie,[lyiO~HM o6pa30M. B MOMeHT BpeMeHtt, 

KOr,[\a MO~HOCTb HMIJYJibCa COCTaBJIHeT 40% 'OT MaKCtt:MaJibHOtt, llp0tt:CXO,[\J1T 

IJO,I:\pbIB aapH,[la B paaroHHOM ycTpOttCTBe. PaaroH KOHTeiiHepa ,[\O CKOpOCTH -75 

M/ C npottCXO,[\HT Ha ,[\JIJ1He OKOJIO 2 CM 3a 2 MHJIJitt:CeKyH,I:\bl. Bo BpeMH pa3fOHa 

YXH, pom.r1eHHbJe B KOHBepTope, llpOHtt:KaiOT B KOHTeiiHep qepe3 1Jepe.r1Hee 

OKHO. TopMO;KeHtt:e KOHTettHepa ocy~eCTBJIHeTCH B llpOQecce cmaTHH Ql1JIJ1H,[1pa 

J13 MHrKoro aJIIOMHHtt:eBoro CIJJiaBa - Kpernepa (7), 3aKpeIJJieHHOfO Ha MaCCHBHOtt 

IJO,[\BH;KHOH IJJIJ1Te (8) Ha ,[\Jltt:He OKOJIO 5 CM. IlocJie OCTaHOBKH KOHTeiiHep 

oKa3bJBaeTCH B TpaHCIJOpTHOM aaxBaTe J1 BMeCTe C aaxBaqeHHbIMJ1 

y JibTpaXOJIO,[\HbIMH HeiiT_poHaMJ1 MO;KeT 6bJTb TpaHcnopTtt:poBaH B 

3KcnepttMeHTaJibHbltt 3aJI 3a BpeMH 12.5 C. IlyTh, KOTO.Pbltt llp0XO,[\J1T KOHTettHep 

OT HaqaJia pa3rOHa ,[\O OCTaHOBKH COCTaBJIHeT 20 CM. 

Ha Kopnyce !-OHTeiiHepa HaXO,[\HTCH 8 KOJibQeBbIX IJOJIOCOK IIItt:ptt:HOJ1 4 MM 

l13 IJepMaJIJIOH, Heo6xO,[\J1MblX ,[\JIH OIJpe.z:1eneHJ1Jl CKOpOCTH ,[\BJ1meHJ1Jl 

KOHTeiiHepa Ha 3TaIJe paaroHa tt: TopMomeHtt:H. 

IlocJie TOpMomeHtt:Jl IJJitt:Ta (8) OTO,[\Btt:raeTCH B IJOJiomeHtt:e (Ba) tt: 

KOHTeiiHep co CKOpOCTbiO ~1 M/c TpaHcnopTtt:pyeTCH B 3Kcneptt:MeHTaJibHbltt 3aJI. 
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TpaHcnopn1poB1<a KOHTetiHepa c YXH ocy~ecTBJI.HeTc.H :me1<Tplt'-lec1<oti 

Jie6e,D;KOH co CKOpOCTbIO OKOJIO 1 M/c. ,ll;JI.H 3a~l1Tbl 3Kcnepl1MeHTaJIHOro 3aJia OT 

HetiTpOHHOro l1 raMMa - l13JIY'-leHl1.H B MOMeHT ltMilYJibCa peaKTopa l1 cpoHa 

3ana3,D;b!BaIO~l1X HeHTpOHOB l1 HaBe,D;eHHOH raMMa-aKTltBHOCTlt nocJie ltMilYJibca .... 
npltMeH.HeTCH IlO,D;Blt:lKHblH um6ep, KOTOpb!H Ha'-lltHaeT ,D;Blt:lKeHlte O,D;HOBpeMeHHO 

c HaqaJioM l13BJie'-leHl1H KOHTetiHepa c YXH nocJie ltMilYJibca peai<Topa. K 

MOMeHTY npltXO,D;a KOHTetiHepa K CTeHe 3KcnepltMeHTa:JibHOro 3aJia um6ep 

OTKpbrnaeTCH, nponyci<aeT KOHTetiHep B ,D;eTeKTltpy10~y10 CltCTeMy, a 3aTeM 

BHOBb 3aKpbIBaeTC.H. 

IlpltBe,D;eHbl pe3yJibTaTbl l1CilbJTam1ii KJIIO'-leBoro 3JieMeHTa ycTaHOBKlt -

pa3rOHHO-TOpM03HOH CltCTE!Mbl. MaKCltlVJaJlbHa.H ci<opocTb ,D;Blt:iKemm KOHTetiHepa 

Ha 3Tane pa3r0Ha cocTaBJI.HeT 75±3 M/c. Ha pltcyHKe 4 npltBe,D;eH rpacpltK 

CKOpOCTlt KOHTeHHepa nplt pa6oTe peai<Topa Ha MO~HOCTlt nop.H,D;Ka 36% OT 
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PHcyHoi< 4 JfMnyJJhC peaKTopa BUrP H cliopocTh KOHTeil:Hepa s 3aBHCHMOCTH oT speMeeu. 

MoMeHT BpeMeHH t=O COOTBCTCTByeT 33J13HHOMY ypoBBIO MO~HOCTH, DOJlpblB 3apa11a B 

pa3rOHHOM ycTpOHCTBe 33/ICPlK3H ea 2 MC OTHOCHTCJJbHO t=O. 
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MaKCltMaJibHOH (3HeprOBbI,D;eJieHlte B ltMilYJibCe 90 M,ll;:m, MaKCltMaJibHOe 

3HeproBbI,D;eJieHlte - 250 M,ll;:m), Ha 3TOM :me pltcyHKe noi<a3aHa cpopMa 

l1MnyJibca peai<Topa Bl1I'P. 

OnltCaHa pa6oTa ycTaHOBKlt B pe:lKltMe ,Il;JlltHHbIX (~1 ceK.) ltMilYJibCOB 

peai<Topa MaJIOH MO~HOCTlt, paccMOTpeHO BJllt.HHlte cpa6aTb!BaHlt.H pa3rOHHO

TOpM03HOrO ycTpOHCTBa l1 Bbl3BaHHb!X. 3Tl1M KOJie6aH:11H 6JIOKa 3aMe,D;Jil1TeJI.H 

(pltc. 5) Ha pa3Bl1Tlte m,inyJibca peai<Topa. KoJie6aHltH 6JI01<a 3aMe,D;Jil1TeJIH 

perltcTpltpOBaJiltCb ,D;BYMH ltH,D;YKJ:_\ltOHHb!Mlt ,D;aT'-lltKaMlt, 3aKpenJieHHb!Ml1 Ha 

paCCTO.HHltlt 5 MM OT nepe,D;Hero 3KpaHa C BC4 (no3. 3 Ha pltc. 3). He 6bJJIO 

o6Hapy:meHO 3al1Cl1MOCTl1 nepltO,D;a l1 aMnJI_l1TY,D;bl KOJie6aHltH OT pa3Meil.\eHlt.H 

,D;OilOJIHltTeJibHOH MaCCbl (s:: -500 Kr) Ha TpaHcnopTHOH nJiaTcpopMe B Ka'-leCTBe 

npoTltBOBeca, HaJilt'-llt.H ynopoB IlO,D; pa3rOHHb!M ycTpOHCTBOM. l13MepeHlt.H 

KoJie6aHltH 6JI01<a 3aMe,D;Jil1TeJIH nplt MexaHf1'-lec1<0M B036y:m,D;eHltl1 noi<a3aJilt 

paBeHCTBO nepltO,D;OB ,Il;Jl.H cJiy'-la.H no,D;pb!Ba. 3ap.H,D;a B pa3rOHHOM ycTpOHCT_Be l1 

MexaHlt'-leCKOro HeHanpaBJieHHOro y,D;apa: J13 3Toro 6hJJI C,D;eJiaH Bb!BO,IJ;. 0 TOM, 

'-ITO 6JIOK 3aMe,D;Jll1TeJI.H KOJie6JieTCH C co6CTBeHHOH '-laCTOTOti:, KOTOpa.H He MO~eT 
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BpeMS, MC 

PHcyeoK 5 CMe~eeHe . 6JJOK3 33MC/IJJHTCJJH nocne DO/lpb1B3 

33pff113, DOJJOlKHTCJJbHOe 3H3'1CHHe cMe~eHHH COOTBeTcByeT 

npH6JJHlKCHHIO K 3KTHBHOii 30He peaKTopa 
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,ll;JIJI Toro, 'iT06bI OQemtTb BJI:11.IIHMe KOJie6aHMH 6.JIOKa 3aMe,D;JIMTeJIJI Ha 

pa3BJ1TJ1e MMilYJibCa peaKTopa J1 Bb!6paTb 6eaonacHb!H pe:»mM pa6oTbI, 6bIJIJ1 

npoBe,D;eHbl MCilb!TaHM.II paarOHHO-TOpM03HOro ycTpotl:CTBa B6JIJ13J1 aKTMBHOtl: 

30Hbl peaKTOpa np:11 pa6oTe peaKTOpa B pem:11Me ,!J;JIMHHb!X 11MilYJibCOB (c 

nepMO,!J;OM nop.!I,D;Ka 100 MC) MaJiotl: MOII.\HOCTM. Ha pttc. 6 noKa3aHa cpopMa 

MMilYJibCa peaKTOpa BO BpeMJI 0,D;Horo J13 3TMX MCilb!TaHMH. OT'ieTJIMBO 

Ha6n10,n;aeTc.1I 

MOAYJIJIQM.II MOII.\HOCTM 

peaKTOpa, Bbl3BaHHaJI 

KOJie6aHMJIMM 6noKa 

aaMe,n;JIMTeJIJI, nep:110,n; 

pa3BJ1TJ1.II MMilYJibca Ha 

y'iacTKax 

MOII.\HOCTM 

HapacTaHMJI 

COCTaBJIJieT 

BeJIM'iMHY nop.!I,D;Ka 15 

MC np:11 cpe,n;HeM 

' 
nep:110,n;e 70 MC. IIepBbitl: 

MaKCMMYM MOII.\HOCTM 

.; 
,;.. 

t 
0 
:r 

1000 

g 100 
::. 

TTOAPblB 

500 550 

BpeMR,Mc 

600 

PucyHOK 6 <l>opMa UMDYJILCa peaKTOpa MaJIOH MO~HOCTU DOCJie 

Ha6JIJO,D;aeTC.II IlpHMepHO cpa6aTLIBaBIUI paarOHHO-TOpM03HOro ycTpOHCT~a. 

'iepea 10 MC nocne 

no,n;pbIBa, 'ITO COBna,n;aeT C MaKCHMYMOM nepBoro KOJie6aHH.II 6:71011:a 3aMe,D;JIJ-1TeJIJI 

(p:11c. 5 J1 6). B pa6o'ieM pemMMe ,!J;JIMTeJibHOCTb MMilYJibCa COCTaBJIJieT /'J.tl/2 = 2-4 

MC, npM'ieM rarneHMe HMilYJibca ocyll.\eCTBJIJieTC.II sa C'ieT BBo,n;a OTpMQaTeJibHOtl: 

peaKTMBHOCTM J13-3a TenJIOBOro pacrn:11peHJ1.II aKTMBHOtl: 30Hb!. TaKMM o6pa30M K 

MOMeHTY BpeMeHM KOr,n;a aMnJIMTy,n;a nepBoro KOJie6aHM.II 6.JioKa 3aMe,D;JIMTeJIJI 

6y,n;eT MaKCHMaJibHOH, MMilYJibC peaKTopa 6y,n;eT 3aBeprneH, O,D;HaKo 

IlOJIO:lKMTeJibHaJI peaKTMBHOCTb, BHeceHHaJI 6.JIOKOM . 3aMe,D;JIMTeJIJI, MO:>KeT 

CKOMneHCMpOBaTb n0Tep10 peaKTMBHOCTM sa C'ieT TenJIOBoro pacrnnpeHM.II 30Hbl 

:11 npMBeCTM K saTJI:>KKe pa6o'iero MMnynbca M ,n;ame reHepaQMM HOBoro 

HeKOHTpOJIMpyeMoro HMilYJibCa. ,ll;JIJI MCKJIJO'ieHM.II no,n;o6Hotl: CHTyaQHM npn 
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pa6oTe peaKTOpa B pemnMe KOpOTKMX MMilYJibCOB 6bIJI Bb16paH pe:>KMM. np:11 

KOTOpOM sa· 120 MC ,!J;O MMilYJibca no,n;aeTC.II KOMaH,n;a Ha c6poc IlO,!J;BM:lKHOtl: '!aCTM 

30Hbl peaKTopa, 'ITO npMBO,!J;MT K 6esyc.JIOBHOMY rarneHMJO MMil)'JlbCa B neptto,n; 

10±5 Mc nocne MaKcMMyMa. 

On:11caHa 

y JlbTpaXOJIO,D;Hb!X 

,n;eTeKTMpoBaHMeM 

CMCTeMa ynpaBJieHMJI ycTaHOBKOtl: J1 ,n;eTeKTMpoBaHM.II 

Hetl:TpOHOB. YnpaBJieHMe TpaHcnopTHpOBKOH J1 

Hetl:TpOHOB ocyll.\eCTBJIJieTC.II aBTOMa TM'leCKOtl: 

3.JieKTpOMexaHM'!eCKOtl: CMCTeMotl:, COCTOJIIQetl: J13 CJie,n;yJOII.\MX MexaHJ13MOB M 

ycTpotl:cTB: 3.JieKTpM'iecKaJI ne6e,n;Ka nepeMeIQeHuJI· IIIM6epa, 3.JieKTpM'IecKaJI 

Jie6e,n;Ka nepeMeIQeHM.II KOHTetl:Hepa, IlHeBMaTM'leCKOe ycTpOtl:CTBO nepeMell.\eHM.II 

y,n;apHotl: IlJIMTbl (nos. 8 pttc. 3), ,n;eTeKTOp TenJIOBbIX Hetl:Tpoi:ioB, COCTORIQMtl: "13 

24 BF3 C'ieT'iMKOB NWI-52, 113Mep:11TeJibHb1tl: Mo,n;yJib B CTaH,n;apTe KAMAK. · 

,ll;eTeKTMpOBaHMe YXH ocyIQeCTBJIJieTC.II nyTeM per:11cTpaQJ1J1 HarpeTb!X 

Hetl:TpOHOB. Pac'ieTHaJI 3cpcpeKTMBHOCTb perncTpaQHM Hetl:TpOHOB, HarpeTbIX Ha 

6eptt.JIJIMM - 11%. KoMaH,n;a Ha Ha'!aJio !"epeMell.\eHnJI KOHTetl:Hepa c YXH 

no,n;aeTC.II C nyJibTa peaKTopa IlOCJie '3aBeprneHH.II c6poca IlO,!J;BM:>KHOH 'iaCTM 

30Hbl. IIo 3TOH KOMaH,n;e npOMCXO,!J;MT cpa6aTbIBaHMe IlHeBMOQMJIMH,D;pa, KOTOpb!H 

nepeMeIQaeT y,n;apHyJO Il.JIMTY B OTKpb!TOe IlOJIO:>KeHMe. Cttrna.JI OTpbIToro 

n9nomeH:11.1I y,n;apHotl: nJIMTbI aanycKaeT Jie6e,n;KM rn:116epa M TpaHcnopTHoro 

KOHTetl:Hepa - IIIM6ep OCBo6om,n;aeT KaHaJI ,!J;JI.II TpaHcnopTMpOBKM KOHTetl:Hepa B 

3KcnepMMeHTaJibHb!H 3a.JI. 'tfepes 12.5 C IlOCJie Ha'!aJia ,!J;BM:>KeHM.II KOHTetl:Hep 

OCTaHaBJIHBaeTC.II BHYTPH ,n;eTeKTOpa M no,n;aeTC.II KOMaH,n;a Ha 3aKpb!TMe IIIM6epa. 

BpeM_JI saKpbITMJI IIIM6epa - 9.5 c. TaKMM o6pasoM pemcTpaQMJI HarpeTbIX YXH 

MomeT 6b!Tb Ha'iaTa 'iepea 22 ceKyH,D;bl nocJie MMilYJibCa peaKTopa. EJIOK-CXeMa 

J13MepMTeJibHOro MO,D;YJIJI IlOKa3aHa Ha p:11cyHKe 7. 
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BpeM.R 3aKpbITJIIH nm6epa - 9.5 c. TaKJIIM o6pa30M perncTpaQJ/1.R HarpeTbIX 'YXH 

MO:>KeT 6bITb Ha'laTa -qepe3 22 ceKyHAbl nocJie JIIMnyJibCa peaKTopa. BJIOK-cxeMa 

J/13MepJ11TeJibHOrO MOAYJI.R noKa3aHa Ha pHCYHKe 7. 

PHcyDOK 7 6JIOK•CXeMa perHCTpHpyro11-1eu 3JieKTPODHKH. UY - npe/lYCHJIHTeJib, 

KC017, KC013 - nepec'leToLie cxeMLI, KC024 - TauMep (MHDHMaJILDLIH HDTepBaJI - I 

MC), DK-- nepcoeaJILHblii xoMDLIOTep, AA - aMDJIHTy.u;eLiii aeaJIH3aTop. 

PerJ/lcTpaQJ/1.R HarpeTbIX HettTpOHOB Be,tieTC.R ABYM.R nepec'leTHblMJ/1 

cxeMaMJ/1 KCO 1 7, ynpaBJI.ReMhIMJ/1 TattMepoM KC024. 3anycK J/13MepeHJ/ltt 

ocyIQeCTBJI.ReTC.R cTapTOBbIM JIIMnyJibCOM, perJ11cTpJ11pyeMblM nepec'leTHOH cxeMOH 

KC013. Pa36JIIBKa JIIHTepBaJia perJIICTpaQJIIJII Ha rpynnhl BpeMHHblX JIIHTepBaJIOB 

ocyIQeCTBJI.ReTC.R Ha 3Tane no,grOTOBKJ/1 K J/13MepeHJIIIO - ,gonycKaeTC.R JIIMeTb ,go 8 

TbIC.R'l BpeMeHHblX KaHaJIOB, lllJIIPJIIHOH OT 1 MC AO 10 c, pa36JIITblX Ha rpynnbl. 

li1cnOJib30BaHJ/le ABYX nepecJ:IeTHbIX cxeM no3BOJI.HeT o6ottTJIICb 6e3 6ycpepHOH 

naM.RTJ/1 B Kpei'l:Te KAMAK - noKa J11,geT perJ11cTpaQJ11.R o,gHott J/13 cxeM · KCOl 7, 

noKa3aHJII.R ,gpyrou 3anJ11CbIBaIOTC.R Henocpe,gcTBeHHO B naM.RTb KQMnbIOTepa. 

CTapTOBblM JIIMnyJibCOM .RBJI.ReTC.R JIIMnyJibC C nyJibTa ynpaBJieHJ/1.R peaKTOpOM, 

COOTBeTCTBYIOIQJIIH 40% ypoBHIO MOIQHOCTJII, KOTOpbIH OAHOBpeMeHHO 3anycKaeT 

pa3BepTKY OCQJIIJIJiorpacpoB, perJ11cTpHpyIOIQJIIX CJ/lrHaJibl C 3JieKTpOMarHJIITHblX 

,gaT'iJIIKOB nepeMeIQeHJ/1.H KOHTettHepa. B ,gaJibHettlllett o6pa6oTKe JIICnOJib3YIOTC.H 

,AaHHbie c ,geTeKTOpa HettTpOHOB HaqJIIHa.R c 22-H ceKyHAbI nocJie JIIMnyJibCa. 
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IlpHBe,geHbl pe3yJibTaTbl nepBoro 3KcnepJ11MeHTa no J/13BJie'leHJIIIO 'YXH Ha 

C03,gaHHOM JIICTOqHJIIKe. IIepBblH 3KcnepHMeHT no J/13BJie'leHJIIIO 'YXH _6bIJI 

ocyIQeCTBJieH C HeOXJiam,gaeMbIM nOJIJ/13TJIIJieHOBbIM KOHBepTopoM, 

3HeprOBbl,geJieHJ/le_ B JIIMnyJibCe COCTaBJIIJIO 90 M,n:m (p~c. 4). !IJIOTHOCTb noTOKa 

TenJIOBbIX HettTpOHOB B KaHaJie pa3rOHHO-TOpM03HOro ycTpOHCTBa 6bIJia 

J/13MepeHa B OT,geJibHOM 3KcnepHMeHTe C nOMOIQblO MeTo,ga aKTJIIBaQJIIOHHbIX 

J11HAJ11KaTOpoB ( 197 Au(n,y)198 Au, 63Cu(n,y)64Cu, 58Ni(n,p)58Co) J/1 cocTaBJIIJia AJIH 

nepBoro 3KCnepJIIMeHTa 5.3·1015 H/cM2·c Ha noJiyBblCOTe HettTpOHHOro JIIMnyJibCa. 

Pac'leTHa.H nJIOTHOCTb 'YXH B KOHTettHepe, COOTBeTCTBYIOIQa.R 3TOH nJI~THOCTJ/1 

noTOKa TenJIOBbIX HettTpOHOB J/1 AJIJIIHe J/13BJie'leHJII.R nop.R,gKa 10 CM (paccTO.HHJ/le -

KOTopoe KOHTettHep npoxo,gJIIT C MaKCJIIMaJibHOH CKOpOCTbIO), 'ITO npH AJIJIIHe 

KOHTettHepa 28 CM npHBOAJIIT K pa36aBJieHJIIIO MaKCJIIMaJibHOH nJIOTHOCTJ/1 B 3 pa3a 

- "' 170 H/cM3 • .ll:JI.H OQeHKJ/1 nJIOTHOCTJ/1 'YXH B KOHTettHepe o6pa6aTbIBaJIJIICb 

~ 
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BpeMll, C 

PHcyooK 8 C'leT AeTeKTopa aa BLI'leTOM ipooa aana3ALIBaIOII-IHX oeuTpooou. 

,gaHHble Ha'lJIIHa.H C 22-tt ceKYHAbl nocJie JIIMnyJibCa. B03MO:>KHOe BJIJ/1.RHJ/le 

HaBe,geHHOH y-aKTJIIBHOCTJ/1 KOHTettHepa Ha Hett-rpoHHbie ,geTeKTOpbI 

KOHTpOJIJllpoBaJIOCb He3aBJIICJIIMbIM KaHaJIOM perJIICTpaQJIIJ/1 - aMnJIJIITYAHbIM 
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am1JI113aTopoM (p11c. 7). Ha'l11HaSI c 22-:fi ceKyH,!l;bI nocJie ·11MnyJibca peaKTopa 

6bIJil1 CHSITbl 8 aMnJI11Ty,n;Ho-,n;11cpcpepeHQl1aJibHb!X cneKTpOB C ,n;eTeKTOpa 

HettTpOHOB, BpeMSI Ha6opa Kam,n;oro cneKTpa COCTaBl1JIO nopSI,n;Ka 13 c. He 6b!JIO 

3aper11cTp11poBaHo 11MnyJibCOB OT y-KBaHTOB, npeBbIIIJaIOIQl1X nopor per11cTpaQl1l1 

nepec'!eTHb!X cxeM. <t>oH 3ana3)];b!BaIOIQl1X HettTpOHOB Y'll1TbIBaJICSI no OT,!l;eJibHO 

npoBe,n;eHHb!M 113MepeHl1SIM C 11MnyJibCaM11 MaJIOH MO~HOCTl1 (0.6 - 1.2 MBT) 11 

cocTaBMJI B pa6o'!eM 11MnyJibce BeJI11'!11Hy 2.5±0.1 11Mn/c Ha 60-:fi ceKyH,n;e nocJie 

11MnyJibCa. Ha p11cyHKe 8 noKa3aHa BpeMeHHaSI 3aB11Cl1MOCTb OTC'leTOB 

,n;eTeKTopa nocJie BbI'leTa cpoHa 3ana3,!l;bIBaIOIQl1X HettTpOHOB. BpeMSI xpaHeHl1SI 

YXH B KOHTeHHepe, noJiy'leHHOE! 113 BpeMeHHOH 3aB11Cl1MOCTl1 (p11c. 8) COCTaBl1JIO 

30±2 c, 'ITO B COBOKynHOCTl1 c 11HTeHCl1BHOCTblO C'leTa HarpeTblX HeHTpOHOB ,n;aeT 

.. ,!l;JISI nJIOTHOCTl1 HettTpOHOB B KOHTeHHepe 3Ha'leHl1e a,,20±4 H/ cM3 Ha 22-:fi 

ceKyH,n;e nocJie 11MnyJibCa peaKTopa np11 ycJIOBl111, 'ITO Bee nOTep11 B KOHTettHepe 

CBSI3aHbI c Heynpyr11M pacceSIHl1eM - :no cnpaBe,n;JI11Bo ,n;JISI cJiy'laSI coxpaHeH11SI 

QeJIOCTHOCTl1 Be noKpb!T11SI 11 Tpe6yeT ,n;onOJIHl1TeJibHOH npoBepK11. 

31tcTpanoJI11poBaHHOe K MOMeHTY BpeMeHl1 t=O 3Ha'leH11e nJIOTHOCTl1 a,,40±8 

H/cM3. 3To 3Ha'leH11e noJiy'leHO 11CXO,!l;SI 113 pac'!eTHOH scpcpeKTl1BHOCTl1 

,n;eTeKTopa 11 Hym,n;aeTCSI B YTO'IHeHl111 nocJie npoBe,n;eHl1SI KaJI116poBO'IHblX 

113MepeH11H, B KOTOpb!X ,n;eTeKT11py101QaSI Cl1CTeMa 11 KOHTettHep noMeIQalOTCSI Ha 

ny'IOK YXH C 113BeCTHOH nJIOTHOCTblO 11 per11cTp11pyIOTCSI HettTpOHbl, HarpeTb!e 

Ha cTeHKax K9HTei1Hepa. TaK11e 113MepeH11SI 6y,n;yT npoBe,n;eHbI Ha ny'!Ke YXH B 

IU1H<I> (r. faT'l11Ha) nocJie BBo,n;a B cTpo:i1 KaHaJia YXH B KOHQe 1996 r. 

B 'leTBepTOH rJiaBe npe,n;JIO:>KeHa MeT0,!1;11Ka 113MepeHl1SI BpeMeHl1 )Kl13H11 

HettTpoHa C 11cnOJib3OBaH11e:M 11MnyJibCHOro 11CTO'IHl1Ka YXH, np11Be,n;eHbl 

pe3yJibTaTbl Mo,n;eJI11poBaHl1SI 3Kcnep11MeHTa, OQeHeHa TO'IHOCTb 113MepeHl1SI 

BpeMeHl1 )Kl13Hl1 HeHTpOHa, ,Zl;OCTl1:>K11MaSI np11 peaJI113aQ1111 pac'leTHb!X 

napaMeTpOB 11MnyJibCHOro 11CTO'IHl1Ka YXH. PeaJI113aQl1SI 11CTO'IHl1Ka, KOTOpb!H 

nO3BOJISieT 

OTKpbrnaeT 

noJiy'll1Tb B cpaBHl1TeJibHO He6oJibIIIOM o6'beMe 108-109 YXH, 

BO3MO:>KHOCTl1 ,!l;JISI nocTaHOBKl1 np11HQ11n11aJibHO HOBOro 
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3Kcnep11MeHTa no onpe.n;eJieH1110 BpeMeH11 :>Kl13H11 HettTpoHa. C11cTeMaT11'leci11e 

norpeIIIHOCTl1 3Kcnep11MeHTOB C YJibTpaxoJIO,!l;HblM11 Hei1TpOHaM11 no 113MepeHl1IO 

BpeMeH11 :>Kl13Hl1 HettTpoHa onpe,n;eJISilOTCSI, KaK npaBl1JIO, pac'!eTHb!M 

xapaKTepoM nonpaBOK Ha nOTep11 YXH B pe3yJibTaTe Heynpyroro pacceSIH11SI Ha 

CTeHKax JIOByIIIeK. Y'leT 3Tl1X noTepb 3Kcnep11MeHTaJibHO 3aTpy.n;HeH 113-3a 

6oJiblll11X (HeCKOJibKO ,n;eCSITKOB 11 ,n;ame COTeH Jl11TpOB) 06'beMOB, B KOTOpb!X 

xpaHSITCSI HettTpOHbl, OTHOCl1TeJibHO HeBbiCOKOH nJIOTHOCTl1 11CTO'IHl1KOB YXH 11, 

KaK cJie,n;cTBl1e, HfBO3MO:>KHOCTl1 ocymecTBl1Tb BbICOK03!pq:>eKTl1BHbltt, 

CTaTl1CTl1'leCKl1 o6ecne'!eHHb!H aHaJI113 npoQeCCOB 3aXBaTa 11 HarpeBa YXH B 

,CTeHKax 06'beMa xpaHeH11SI. C11cTeMaT11'lec1t11e rrorpeIIIHOCTl1 3Tl1X 

3Kcnep11MeHTOB COCTaBJISIIOT BeJil1'l11HY nopSI,n;Ka 1 CeKyH,!l;bl 11 BO3MO:>KHOCTl1 

nOBbIIIIeHl1SI TO'IHOCTl1 
B np11MeHSieMbIX MeTO,!1;11Kax npaKT11'leCK11 11C'IepnaHbl, 

ecJI11 He C'll1TaTb B03MO:IKHOCTe:i1 MeTo,n;a KaJI116pOBKl1 noTepb B JlOBYIIIKe nyTeM 

npoBe,n;eHl1SI ,!l;OilOJIH11TeJibHbIX 113MepeH11i1 C 113MeHeHHblM K03!p!p11Ql1eHTOM 

IlOTepb Ha CTeHKax[71. 

He60JiblllOJ1 06'beM (2-3 JI11Tpa) KOHTettHepa C YXH 11 BbICOKaSI IlJIOTHOCTb 

HettTpOHOB B cJiy'lae 11Mrry JlbCHOro 11CTO'IHl1Ka ,!l;aIQT BO3MO:>KHOCTb 

·Herrocpe,n;CTBeHHO 113Mep11Tb BepOSITHOCTb IlOTepb Ha CTeHKax JIOBYIUKl1 11 

113Mep11Tb BpeMSI :>Kl13Hl1 HeHTP?Ha C TO'IHOCTbIO, onpe.n;eJISieMow Jll1lllb 

CTaTl1CTl1KOtt 3Kcrrep11MeHTa. 

M.n;eSI 3Kcrrep11MeHTa 3aKJIIO'laeTCSI B TOM, 'ITO o6'beM xpaHeH.l1SI YXH 

OKpymaeTCSI C'leT'll1KaM.11 HarpeTb!X HettTpOHOB, KOTOpbie per.11cTp11py10T 

3aB11c.11MoCTb J;,(1) 11 ,n;eTeKTopaM11, per11cTp11py10ll.l.11M11 sJieKTpOHbI P-pacrra,n;a 

(B Ka'leCTBe 

pacrroJio:>KeHHbitt 

Bap11aHTa 

BHYTPl1 

BO3MO:>KeH 

o6'beMa 

.n;eTeKTop 

xpaHeH11SI) 

IlpOTOHOB P-pacrra,n;a, 

Jp(t). 3cpcpeKTl1BHOCTl1 

,n;eTeKTl1PYIOll.\11X Cl1CTeM paBHb! &;, 11 l:p COOTBeTCTBeHHO. 

B o6ll.leM cJiy'lae 3aBl1Cl1MOcTb 'll1cJia YXH B o6'beMe xpaHeH11SI MomHo 

npe,n;cTaB.l1Tb B B.11,n;e 

N(t) = N0 -exp[-_!_-(1/;,, + 17,.)· f y(t')dt'] (4), 
'p 0 
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r,n;e No - 'U1CJIO HettTpOHOB B Ha"!aJibHblH MOMeHT BpeMeHH, 'p - BpeM.H :IKH3HH 

HettTpoHa, 11,, H 1]. - npHBep;eHHble BepO.HTHOCTH noTepb B peayJibTaTe HarpeBa 

Ha CTeHltaX JIOBYlllKH H aaxBaTa COOTBeTCTBeHHO, r - acpcpeKTHBHa.H "!aCTOTa 

coy,n;apeHHH . .ll:JIH HHTeHCHBHOCTeH perncTpaQHH J;,(t) H Jp(t) cnpaBe,D;JIHBbl 

BbipameHH.H: 

J;,(t) = N(t). &;, • 1J,,. y(t)' 
1 

Jp(t) = N(t)•ep -- (5). 
'P 

.IJ:ucpcpepeHQHPYH · BeJIH'iHHY I n(N(t)) H HCnOJib3YH BblpameHHe )];JI.fl 

noJiy"!aeM COOTHOllleHHe 

d [ ] 1 [ 7J;, + 1]0 
6

p J;,] ( ) -- ln(Jp) =-· l+------ 6, 
dt 'P 1];, &;, Jp 

J;, 

JP 

KOTopoe no3BOJI.HeT onpep;eJIHTb 'P nyTeM 3KCTpanOJI.HQHH 3KcnepHMeHTaJibHO 

J 
H3MepeHHOH aaBHCHMOCTH (6) K 3Ha"!eHmO ~ = 0. 

Jp 

BbIJIH npoBe.n;eHbI pac"!eTbI no MeTo,n;y MoHTe KapJio ,n;JI.H o6'beMa 

xpaHeHH.H 2 JIHTpa co CTeHKaMH, noKpb!TblMH Be. Ha"!aJibHOe KOJIH"!eCTBO 

HettTpOHOB COCTaBJI.HJIO 108 - 3TO COOTBeTCTByeT nJiaHHpyeMOH B nepBblX 

3KcnepHMeHTaX nJIOTHOCTH YXH. 3cpcpeKTHBHOCTH 6b!JIH Bb16paHbl &;, = 70% H 

&p = 10%. Pac"!eTHa.H TO'iHOCTb onpep;eJieHH.H BpeMeHH. :IKH3HH COCTaBHJia 5 

ceKyH,n;. To eCTb TO'iHOCTb onpep;eJieHHH BpeMeHH :IKH3HH HettTpOHa -3 ceKyH,n;, 

,D;OCTHrHyTa.H Ha cerO,D;H.H B Tpex HaH60Jiee npeQH3HOHHblX 3KcnepHMeHTax no 

H3MepeHH!O. BpeMeHH :IKH3HH HettTpoHa, MO:IKeT 6b!Tb noJiy'ieHa aa HeCKOJibKO 

HMnyJibCOB peaKTopa Bl1TP c HMnyJibCHbIM HCTO"IHHKOM YXH. 
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