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Bnene11He 

nllT& neT axcnnyaT8IUIH HMnyn&e11oro peSJtTopa 11a 6hlcTphlx 11eATpo11ax noxa3anH ero 

Ill · 
BhlCOKYIO H8,A8JKHOCTb H 6e3onacHOCTb • OH OK83MCll YA06HhlM HCTO'IHHKOM HeATpOHOB 

Anll HCcneAOB8HHA C npHM0H0HH0M M8TOA8 Bp0M8HH nponeTa. BhlnH nony'l8Hhl HHTepecHhl8 

pe3yn&T8Thl B 9KCnepHM0HT8X no H3Y'l0HHIO COCTOllHHA 8TOMHhlX llA0p, onpe.AeneHHIO BeJIH

'IHHhl HeATpOHHhlX C8'10HHA H H3Y'l0HHIO COCTOllHHll KOHA0HCBpOB8HHhlX cpeA C noMOWblO pac

C0llHHll H0ATpOHOB. 

0AH8KO p8CTyWH8 noTpe6HOCTH B npOB8A8HHH 6onee cnoJKHhlX H TOHKHX 9KcnepHM0H

TOB Tpe6y10T 6onee MOWHhlX, '18M HEP, HCTO'IHHKOB HeATpoHoB, no3BOnllJOWHX nony'IST& 

BhlCOKB8 yrnOBhl8 H 9H0p1'8TH'l0CKH8 pa3peweHHll. TaKOBbI, HanpHMep, 9KCnepHM0HThl no B3y

'10HHIO 38KOHOM0pHOCTeA paccellHHll Me.z:tneHHhlX HeATpOHOB B }KHJlKOCTllX HS 0'10Hb Mll.n1,1e 

yrnhl nopllAK8 2-5° HJIII no onpe.z:teneHHIO pe3oH8HCHhlX napaMeTpOB p88KUHH ( n • a ) • 

Bo ncex CTp8H8X ll opraHH38UHHX, 38HHM810WHXCll uccneAOB8HllllMH C DOMOWblO HeATpOHOB, 

OT'10TnHBO BR.AHO CTP8Mn8HH0 X ynenH'l0HHIO HHT8HCHBHOCTH ycTaHOBOK. 

B H8CTOlllll0A pa6oTe Mhl, Bo-net,dblX, pacCK8>K0M O p0}KHM8X pa60Thl 116Pa npH non1,1-

W0HHOA MOIJ.lHOCTH H yny'IW0HHOM pa3p8W0HHH, nonyTHO o6cy.z:tHB H8KOTOphle nepciieKTllBbI 

ASObHeAwero yny'IW8HHH xap8KT8pHCTBK 116Pa; BO-STOphlx, paccMOTpHM B03MOlKHOCTlt co

BepweHCTBOBaHHSI HMnyn&eHhlX peaxTopoB nepHOJlH'18CKOl'O A0ACTBHH H ODHW8M KOHKpeTHhlA 

npoeKT EnpaToMa HMnyn&eHoro peaKTopa SORA 6on&woA MOWHOCTH; H ,HaKOHeu, -npone

AeM o6wee Cp8BH8HH8 9KCnepHM0HTMbHhlX B03MOJKHOCTeA HS HMnyn&eHhlX pe8KTopax nepHo

AH'10CKOl'O AeACTBHH C B03MO>KHOCTllMH Apyrux RMnyn&eHhlX RCTO'IHHKOB H8ATpOHOB. 

1. PeJKHM pa6oThl 116Pa c MHKpoTpoHOM 

8 H8CTOllW00 ep8Mll WHpOKOe pacnpocTpaH0HH8 nony'IHno Hr.nonb30B8HH8 ycxopHTeneA 

oco6eHHO nHH0AHhlX aneKTpOHHhlX yCKOPHTenea) B K8'10CTB8 HMnyn&eHhlX RCTO'IHHKOB HeA

TpOHOB AnH HCCD8AOB8HHll M8TOJlOM Bp0M8HH nponeTa, npeHMywecTBO yCKOpHTeneA COCTOHT, 

KaK H3B8CTHO, B B03MO>KHOCTH nony'l0HHll KOpOTKHX HMnyn&eoB, o6ecneqHB810WHX 6on&wy10 

pa3pewa101uy10 cnoco6HOCTb M8TO.z:ta. 11cnonb30B8HII0 ycKopHT0Dll B C0'10T8HHH C HOJlKpHTH

"0CKBM peaKTOpOM npe,AcTaBnll8TCll Bbil'OJlHbIM, T.K. YMHO>K0HH8 'IHCJia H8l1Tp0HOB B peaK-
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Tope B ~3BeCTHOil Mepe 3KBKBaneHTHO yaenaqeHKJO TOKa B ycKopnTene B COOTBeTCTByJOUlee 

'lKC/10 pas. 

0,nHaKo npaKTHqecKH B03MO>KHOCTH TaKoro MeTo.na y,naaanocb peanH30BaTb /llllllb 

B M8/10il CTeneHn. Dpem1TCTBH8M npH 3HaqHT0/lbHOM K03cpcpHUHeHT0 p83MHO>KeHHll llBnlleTCll 

60/lblllOi! cpoH Me>K,ny HMnynbCaMH, o6ycnoaneHHblil pa3MHO>KeHHeM 3ana3,llblB8JOUlHX Hei!Tpo-

HOB. 

Ill B pa6oTe coo6manocb O CTpOlllll0MCll B na6op8TOpHH Hel!TpOHHOil cpB3HKK MKKpOTpo-

He Ha 30 Mas B npe.nnonaraeMOM HCilO/lb30BaJIBB ero B KaqeCTBe HH>K0KTopa HeilTpOHOB 

.nm1 HMHy/lbCHOI'O peaKTopa, HBXO,lll11lleroc11. B IlO,llKpKTKqecKOM COCTOllHHK. 

.B KOHUe .1964 r. HaqaTa 3KCnnyaTaUKll MKKpOTpOHa; COBM0CTHO C peaKTOpOM OH npo

/2/ 
pa6oTan 250 qacoa .• 

Manble ra6apKTbl MHKpOTpoKa Il03B0/1H/1K ycTBHOBKTb ero B l[M0JOUl0MC:ll noMemeHKK 

Ha.n 38/IOM peBKTopa, CxeMa pacnono>KeHH!I ycTaHOBKK Hao6pa>KeHa Ha .pKC, 1, 3neKTpOHHbli! 

nyqoK cpoKycapyeTCll Ha ypaHOBYJO Mlllll0Hb, pacnono>KeHHyJO B KaHane BHyTpH HenO,llBK>KHOil 

qaCTH .~KTKBHOi! 30Hbl peaKTopa, II reHepapyeT B Heil cpOTOHeilTpOHblo 3anycK. MIIKpOTpoHa 

ocymecTB/l!leTC!I KMilY/lbCOM, CB!l3aHHbIM C BpamaJOUlHMCH ,llHCKOM 116Pa, TaK qTo HMnynbC 

MKKpOTpOH8 npHXO,llHTC~ HS MOMeHT HBK60/lbWero 3HaqeHKll K03cpcpKUKeHT8 paaMHO>K0HHll. 

QqeBK,llHo,nonHoe 'lKC/10 HeilTpOHOB B KMllY/lbCe peaKTopa 6y.neT paBHO: ·N ST =, . --r-r--' r .n e 
I' I s q11cno ueilTpOHOB B ceKyH.ny, reHepapyeMblX B MIIW0HH ycKopHT0/1!1 BO Bp0Mll BCilb!WKK; 

T ,ll/IHTenbHOCTb 3/10KTpOHHOI'O,HMnynbCa; 

= KMI'H - 1 - peaKTHBHOCTb ,ll/1!1 MI'HOB0HHbIX HeilTpOHOB (0TpHuaT8/lbHa11), 

DpK 3TOM nepe,nHHil cppOHT HMnynbCa (pKc, 2) HM00T n1:10,llO/l>KKT8/lbHOCTb T • a 38,llHHil 

cppoHT npe.ncTaan11eT aazyxa10my10 3KCHOHeHTy c nep110,noM r /I, I , r .ne r -cpe.nHee 
• . •. . ! -8 

Bp0Mll >KH3HB Hei!TpOHa a peBKTOpe ( ,ll/1!1 116Pa r = ( 1,3 ±.0,2).10 ceK,). 

TaKBM o6p83QM, _.llnBTe/lbHOCTb BCilbIWKH peaKTOpa MO>KHO cqHTaTb paBHOil O = 1 +r/1,1. 

Bo MHOI'KX cnyqa11x OilTKMa/lbHOil llBil!l0TC!I MOUlHOCTb, npH KOTOpoil O = ·r + r/1,1 • T,e. 
ST! . 

0 = 2 T H N = __ ( 1). B aTOM cnyqae .nn11 T = 2 MKCeK onTHMB/lbHB!I peaKTHBHOCTb 
r 

l = 
T 

=.!..l......!Q-8 

2.10-6 
0,6. 10-2 

3TO COOTB0TCTByeT B0/IK'lKHe YMHO>KeHKll KCTOqliHK8 Ha MI'HOBeHKblX HeilTpoHax 

1 

Id 
y 

MI'H 
170 H Ha aana3,llblBBIOlllHX HeilTpouax 

ysan = 
I, + tlsct,I 6:10-3 - 3.10-3 

330 , 

f!cHo, qTo npK TBKKX >Ke napaMeTpax CTBUHOHapHoro peBKTopa cpoH M0>K.llY HMnynbcaMK 

COCTBB/lll/1 6bi 1/2 Bcell MOlllHOCTK, 3TOT npKMep IlOK83b!BaeT 60/lbWOe npeHMyllleCTBO 

4· 

~-

HMilYllbCHbIX .peaKTOpOB nepe.n CT8UHOH8pHbIMK npK HCilO/lb30BaHHH HX .ll/lll p83MHO>K0HKll KM

nynbCHOI'O KCTOqHHKa; no STOii npH'lKHe 3/leKTpOHHbli! /IHHeilHblil ycKOpHTe/lb co CTaunouapHbIM 

p83MHO>KKTeneM B Xapyanne MO>KeT 3cpcp0KTKBHO pa6oTaTb ,nm, Hel!TpOHHOil cneKTpOM0TpHH 

/3/ -
TO/lbKO IlpH p83MHO>KeHHK ~ 10 • \ 

B HaCTOlllll00 apeMll o6blqHbli! pe>KHM pa6oTbl xapaKTepuayeTCll cne,nyJOlllHMK aenKqHHaMH: 

TOI( -B HMllynbCe 

.UnHT0/lbHOCTb KMnynbCa 9/10KTpOHOB, T 

'lacTOT8 KMilY/lbCOB 

Cpe.nHllll MOUlHOCTb peaKTopa npH 

-3 
l = - 5.10 

.QnaTe/lbHOCTb BCilbIWKH 

rno6a/lbHOe qKC/10 HeilTpOHOB B CeKyH,ny 

0,04 - 0,06 a 

1,5 :- 2,2 MKC0K 

50 1/ceK 

400 - 600 BT 

4,1 - 4,8 MKCeK 

( 1,4 - 2,2) 1013 

Ha pKC, 3 H306pa>KeHa 3KcnepKM0HTa/lbH8ll cpopMa peaOHaHCa Ag 
109 

npu F. =72,4 sa, 
0 

H3MepeHH8ll ( n • ,y ) - .neTeICTOpOM npH nponeTHOil 6aae 30 M ,ll/lll necKO/lbKHX 3HaqeHHil 

IlO,llKpHTHqHOCTK peaKTopa na MI'HOBeHHblX neilTponax B H_MnynbCe, a B TB6nuue 1 - 9Kcne

pKM0HTa/lbHbl0 K pacqeTHbie 3HaqeHHll nepuo.na cnalla. TaK KBK co6cTB0HHall wup,rna peao

nanca C yqeTOM llOilil/10pOBCKOI'O ywHpeHHll npR STOii nponeTHOil 6ase ~ 0,6 MKCeK, TO ll/111 

ll/1KT0/lbHOCTH HMnynbCa nopllllKB H0CKO/lbKHX MHKpoceKyHll cpopMa peaoHanca C xopoweil 

ToqnoCTbJO cooTB0TCTByeT cpopMe KMnynbCa. Co6cTaeHHa11 l!lHpHHa peaoHanca cKasbIBaeTCll, 

-2 
no-BKllKMOMy, TO/lbKO a cnyqae , = - I, 1 • 10 • 

Pa6oTa 116Pa B pe>K11Me p83MHO>KeHKll KMnynbCOB MKKpOTpo11a Il03B0/ll[/la ynyqwHTb 

paspeweHae B 9KCnep11M0HTBX C p030H8HCHb[Ml[ 11ei1TpoHaMa 6onee qeM Ha nopllllOK K yae

/ll['lKTb HllT0HCKBHOCTb Il0TOK8 H0ilTpOHOB Ha 6aae npK OllKHaKOBOM C 116PoM paspeweHKK 

B 15 p83, 

Hallo OTM0TKTb, qTQ B nacTOlllll00 Bp0Mll KHT0HCHBHOCTb H0ilTpOHHOI'O IlOTOK8 ycTBHoB

KK eme H0llOCTaToqHa ll/lll MHOI'KX 9KCnepllM0HTOB. .UanbHeilWKil nporpecc B 9TOM nanpaa

/10HHK 6ylleT CBll38H C ycoaepweHCTB0B8lll[0M KH>KeKTOpa sneKTpOHOB, 

B03MO>KHO TaJC>Ke yaen11qeHKe KHT0HCHBHOCTH BCilbIWKK 3a cq!!T yxopoqeHBll cpellHero 

BpeMeHK >KK311B Hei!TpOHOB B peBKTope (cM. q,opMyny ( 1) ). TaK, Yll8/10HB0 OTpa>KaTe/111 

116Pa B ll0Il0/1HKT0/lbH8ll sarpysKa aKTHBHOil 30Hbl MO>K0T ,[laTb yMeHbWeHHe r 

B llBB pasa, 

2. flOBbIW0Hll0 MOlllHOCTH peaKTopa ,go 6 KBT 

11 ,gam,Heilurne nepcneKTH!!b1 

npHMepHo 

B KOHll0 1963 r. poaKTOp 11EP 6bm OCTaBOD/IOH Ha npo!pH/18KTHqOCKlll! peMOIIT C U0/lbl0 

OCMOTpa COCTOllllHll Tell/IOBbllle/llllOlllllX 9/10M0HTOB H ysnon T0XII0/10I'HqecKoil MawHHbl, a 
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TaK:>Ke DblllOmleHHll pl11Ia KOHCTpyKTHBHblX ll3MeHeHBA, Heo6xOJlllMblX Jl/lll yne/lH'leHHll MOlU -

HOCTH peaKTopa ll yny,uueHHll ero 3KCI11IyaTau110HHbIX xapaKTepHCTBK. nponepKa T1:nnODbl1Ie

m110m11x aneMeHTOD HS repMeTH'lHOCTh MeTOJlOM Jl0311MeTpH'lOCKOI"'O KOHTpom1 IlOKaaana, 'ITO 

repMeTll'lHOCTh aneMeHTOB He HapyweHa. Xopowee COCTOllHHe nnyTOHHeBblX Teil/lOBbl1Iem1-

IOlUHX 3/leMeHTOB Il03BOnHno OCT8BHTh IIX Jl/lll IlOBTOpHoA aarpy3KH. Oco6bIA llHTepec npe1I

CT8B/lll/l8 nponepKa COCTOllHHll BKnSJlbIWa OCHOBHOA IlOJlBll:>KHOA 30Hbl, B npouecce 3KCil/lY8T8-

Ullll ypaHOBblA cep1Ie'IHIIK B1ma1IbIWa IlOJlBep:>KeH IlOMIIMO l11IepHOI"'O Harpena C:>K8TBIO JlO 

25 "KrlMM
2 

OT ueHTpo6e:>KHOA CHnbl, a o6onO'lKO u BKn8JlblW8 pa6oTaeT Ha pacT11:>KeH11e 

C MaKCHManhHOA Harpy3KOA JlO 10 KI"'/MM
2

• none1IeH11e TennOBb11Ien11I01UHX 3/leMeHTOB B 

TaK11x ycnoBHllX pa6oTbI paHee He 11ccne1Ionanocho OcuoTp noKaaan, 'ITO cep1Ie'IHIIK nKna1Ii,1-

wa OCTaTO'lHhlX JleqiopMauHA He IIMeeT, HO Ha 0601IO'IK8 BK/laJlblWa IlOJl JlOl!CTBlleM ueHTpo-

6e:>KHOA CH/lb! o6paaonanacb nonynonHa C aMilmlTYJlOA OKOno 1,0 MM, Jlm1 ynen11'1eHHll CToA

KOCTH 060/IO'IKH H3 Hep:>KSBeIOmeA CT8/IH ee TO/l1UIIH8 JlnH HOBOI"'O BKna1IblW8 6bma ynen11qe

Ha C 0,4 MM JlO 0,6 MMo 

Heno1IBH>KHa11 aoHa peaKTopa HEP HMeeT noa1IywHoe oxna>K1IeHHe. lJ:To6bl o6ecne'lHTh 

YB8/lH'l8HHe MOWH~CTH peaKTopa, pacxo1I OX/la>K)laIOmero B031IyXa,npoxo1IH1llero qepe3 30HY, 

:J 
yne/lH'leH C 90 JlO 170 HM /qac, a TaK>Ke BBe1IeHo oxna>K1IeH11e CTep>KHeA anapllAHoi! aa-

lUBThI, paHee He BMeBWHX OX/l8:>K1Ie\1Hll, B MapTe 1964 r. MOlUHOCTh peaKTopa 61,ma IIOBhl-. 
weHa JlO 3 KBT ( B Tpll paaa). B npouecce IIOBblWeHHll MOlUHOCTH 6blnH BblIIO/lHeHbl H3Mepe-

HHll TeMnepaTyp 060:io'leK TOil/lOBhl1Ie1IHIOlUHX 3/leMeHTOB. KpoMe Toro, 6bl/IH BCC/lOJlOBaHbl IlpH-
< . 

'lBHbl, B/lllHIOlUHO HS paCCIIHXpOHB3aUHIO JlllCKOB OCHOBHOJI ll BCIIOMOI"'aTO/lhHOll IIOJlBH:>KHhIX 

30H, a cne,ri.onaTenhHO, I[ Ha ycTOA'lBBOCTh pa6oTbl peaKTopa, II paapa6oTaHa MOTOJlllK8 

CHHXpOHH38UHH ~KCKOB. 

Oco6oe BHJIMaHHO 6bl/l0 y1Ie/leHO KOHTponIO 38 COCTOllHHOM BKn81IblWOA OCHOBHOli IIOJl

BH>KHOli 30Hhl. BbmOnHeHHall Ha HEPe CllCTOMa JlllCTaHUIIOHHOI"'O KOHTpOnll II03B0/llleT Henpe

pbIBHO KOHTponHponaTb IlpO!pllnh BKna1Ib!WOll B npouecce pa6oTbl peaKTopa. npu Il/laHOBhIX 

0CT8HOBKax peaKTopa IlpO!pll/lh BK/laJlbllllOli JlOIIOnHHTO/lhHO ll3MOpll1ICll C IIOMOlUhIO IIH1IHK8TO

pa qepea cneuHa/lbHble OTBOpCTllll B aawHTO. 

H113KHO TOMnepaTYpbl o6onO'IOK CTOp:>KHeA HOIIOJlBll>KHOA 30Hbl II Y1lOBil8TBOpBTenbHOe 

COCTOlllllle BK/laJlblWOlt II03BOIIHilO B qienpane 1965 r. nocne yny'lWOHBll oxna>KJlOHllll CTep>K

HeA anapKltHoA aalUHTbl IIOJlHllTb MOlUHOCTh peaKTopa JlO 6 KBT. npa 3TOM ypOBHO MOlUHOCTll 

TeMnepaTypa 060/IO'IOK CTOp:>KHOA llOllOJlBll>KHOA 30Hbl llOAHllJiaCh AO 1so
0 c. 

npH llODblWOHHll MOIUHOCTll Ohl/IO 06pame110 BHHM8Hll0 110 OUOHKY TOMllepaTyphl BKna

Jlhlllia llOJlDll>KIIOA 30Hhlo HenocpeACTDOHHOe H3Mepe1111e TOMnepaTYpbl cep1Ie'1Hl1Ka DKilaJlbIWa 

O'IO!lb C/IQ)f<HO, a TOqHblli pac'leT aaTpyAHOH Ha-aa HeonpeAO/l8HHOCTH D K03!p<pHUIIOHTO Ten

/lOIIOpe1Ia'lH OT BKil8AhIWa B OKpy>KaIOlllYIO cpeny. TeMnepaTYpa ypaHa B neHTpe BK/l8JlhIWa 

6runa oueHeHa C llOMOlllb!O TOpMOqyBCTBHTOilbHhIX Kpacox, KOTOpbie HaHOCH/lHCb 11a nonepx -

6 

'7 

HOCTh o6onO'IKII ll Ha JlllCK n6nB3B BKnSJlblWa. OueBKS TOMilepBTYPbl ypaus B neHTPe BKna-
~ . \ 0 

JlblWS HS MOI.UHOCTB 6 KBT COCTSBBna 190 -:- 260 c. 

8 HaCTOlllUOe BpOMll nnaH11pyeTCH JlMhHOAwee ynen11qeH11e MOlUHOCTB peaKTOpa. Tip11 

• 
cymecTBYIOlUOA KOHCTpyKllHB HEPa npe1IenbHSII MOlUHOCTh onpe.nen11eTCH T8MI1epaTYpOA OC-

HOBHOA IIOJlBll:iKHOJI _30Hblo yBeilll'leHll8 OXIlS>KJl81lllll KOTOpOA TeXHll'18CKll Tpy,OHO BblIIOnHHMOo 

B CBll311 C 3THM nepcneKTBBeH napllaHT- HEPa C .nnyMII ps6o'IHMII BKna1IblW8MH H3 u2
U 

( nyTeM 38M8Bbl npOTIIBOBeCa B3 u 238 
Ba BTopoA pa6o'IHA BKn8,nblUJ), 'ITO ll03BonBT paa-

JlOnHTh Tennony10 Harpy3KY M8>K1IY HIIMB. TaK KaK JIMilynhCbl OT ltllJK,O0I"'O B3 B1tna,n1,1well 

He JlOil>KHbl npB aTOM OTnH'laThCSI 6onee '18M HS 10 - 20%, .noIDKHS 6h1Tb 0'18Hb BblCOKOA 

TO'lHOCTb H3I"'OTOBneHBH BKn_8JlblWOA. 

PeaKTOp HEP, KSK aanecTHO, nouemeH BHyTpH aana c TOnCTblMll 6eToBHblMH cTeHBMH, 

o6ecne'IBB8101UllMII 6aonoraqecKy10 aaLUIITYo non1,1weHHe MOlUHOCTH npllBOJlllT It 3H8'lBTenb

HOA aKTIIB8IIBII yanon M8lll~Hbl H MexaHH3MOB BHYTPB aans peSKTOps, 'ITO aaTPy.OHH8T pa6o

Tbl, CBH3aHHbl8 C npoqi11naKTll'l8CKIIM OCMOTpOM II peMOHTOM ycTSHOBKH. 0JlB8KO Mbl/C'lllT8eM, 

'ITO nnonae peanhHO IIOBblW8HB8 MOlUHOCTII HEPa JlO HeCKOnbKHX .necllTKOB KBilOBaTT npB 

cpSBHIITOnhHO He6onbWHX 38Tp8Tax. 

3. nepcll8KTBBhl HMIIVnhCHhlX Q88KTOQOB Ha 6bICTQbIX 

J18ltTpoHax_ 

Benll'IJIH8 cpe1IHell M0lUH0CTH ·HEPa B HeCKOilbK0 1IeC11TK0D KBT HO BBmleTCSI npe.nenoM 

1Inll IIMnynhCHblX peaKTOp0B T8K0I"'0 THna. O1IH8KO .nanbHellwee ynellll'I0HBe M0I.UHOCTH MO:>KOT 

6b1Tb JlOCTIII"'HYTO 38 C'l8T JlOBOilhHO 3118'lllTOilhHOI"'O H3M8HOHIISI KOHCTpyKUIIB peaKTOpa, 8 

IIMOHHO: IIHTOHCll!pHK8UllB OXIl8>t<Jl8Hllll ( nepeXOJl K >KIIJlKOM8Tanllll'l8CKOMY TOllIIOHOCIITOIIIO), 

38M0Hbl UOJlDll>KIIOI"'O B1tna,n1,1wa H3 JlOillllUOI"'OCSI M8Tep11ana Ha llOJlBH>KHblll OTPruK8T8Ilb 113 p . 

pacceHB8T8Illl, a TaK>Ke 1[3MeHOHIIII KOHCTPYKUIIII 611onorB'leCKOll 381.UllTbl. npH MOlUHOCTH 

peaKTopa DOp111IK8 HOCKOilbKKX MeranaTT He06XOJlHMO y'lHTblBaTb HMIIYilhCHbla xap8KT8p 

Tennonhl1IeneHH11. Bb11Ienea11e aHeprHH B OJlHOM 11unynhCe HEPa npH qac-roTe 5 1/ceK coc

TannBeT 0,3 KKM, 'ITO npllBOJlllT K MI"'HOBeHHOMY DOJlOI"'peny TODIIOBblJlOIIHIOWRX sneMOHTOB 

He oonee 'IOM HA o,e0c; B 3TOM cnyqae HMDYilhCHOCTh TeIIIIOBb11IeneHIISI MO>KHO 118 np111111-

MaTb BO 1'HllM8HHe. PaccMQTPIIM BIIIIIIHIIO llMllYilhCHOCTH Dpll 6onbWOll MOI.UHOCTH pe8KTopa. 

B 3TOM cnyqae He TOilbKO .non>t<eH 6b1Tb o6ecneqeH IIOnHblll TeDnOOTDOJl Dpll coxpaHeHRll 

JlOnyCTHMbIX 3H8'leHllll TOMDepa-ryp TBan'on, HO Heo6xo1IHMO, 'IT06bl -TB~Il hi KMenH npo'lBOCTh 

K T8IIIIOBOMY y1Iapy, COOTBeTCTBy"JOlUOMY MI"'HOBOHHOMY nonorpeny. CpeJlHIISI MOI.UHOCTb 

pea1tTOpa W H MI"'HOB0Hllblll nonorpeB i\t CBSl38Hbl COOTHOWOIIIIOM 

w ~ cP i\t M•n 

K 
T 
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rJ:te C 
p 

TennoeMKOCTb MSTep1ranoe TBan'oe; 

~t MrHOB8HHblll noJ:torpee TBan'a 38 0,llllH HMnyn&e B H811:6onee HanpH>KeHHOl! o6nac

TH peaKTopa; 

M - aec Tean'oa; 

Q - '18CTOT8 l[Mnyn&eOB MOll.tHOCTll; 

K .. - K03cp <pllllHeHT HepSBHOMepHOCTH TennOBhl,lleneHl[H no 061,eMy peaKTOpa. 

OTCJO.ll8 Bll,llHO, 'ITO J\t npH ,llSHHOM W 38BHCHT OT aenll'IHHhl 3arpy3KH, TennoeM-

KOCTH rop10'1ero H '18CT0Tbl IlOBTOpeHHH BCllblweK, HanpllMep, ,llnH peaKTopa C 3Hrpy3KOl! 

50 Kr npll 'ISCTOTe llMnyn&eOB 10 1/ceK I[ MOll.tHOCTH 5 MrBT MrHOB8HHblll noJ:torpeB ,llOCTHr-
I 

H8T 80°C, npu THKUX' 3H8'18HIIHX ~! npO'IH0CTb MHTepuana K TennOB0MY yJ:tapy He 0'18 -

BH,llHa • no ony6nHKOB8HHblM pac'l8THhlM .llSHHhlM ,llOnycTHMhll! MrH0B8HHblll IlO.llOrpeB wapo-

0 /5/ 
eoro cnoH 113 ypaHa He npeahlwaeT 125 C , 

OnpeJ:teneHHble orpHHH'l8HHH Ha MOll.tHOCTb HMllyn&eHoro peaKTopa HaKnH,llhlBHIOT II yc

nOBHH Hcnon&aOBSHHH ero KHK HCTO'IHHKa Hel!TpOHOB .llnH HeJ!TpOHHOl! cneKTpoMeTpHH, 

PacCMOTpHM 38BHCHMOCTb B8>KHel!w11x xapaKTepHCTHK HMnyn&eHoro peaKTOpa Ha 6hlCT

phlX Hel!TpOHHX OT ero p83Mepoa, JJ.nH onpeJ:teneHHOCTII Bhl6epeM cneJ:tyJOlllYIO K0Mil03HIIHIO 

peaKTOpa: 

a) 8KTIIBH8H 30Ha Ha 0CHOBe nnyTOHHH; 

6) CT8UIIOH8pHhll! 0Tpa>KaTen& TOnll.tHHOl! 5 

e) HHKeneBbll! IlO,llBll>KHhlJI OTpa>KHTen&; 

r) oxna>K,ll8Hl[8 .- >Kll,llKHl! H8Tp11ll. 

10 CM; 

np11 paccMOTpeHJII(. Heo6XO,llllMO npHHl!Tb BO BHIIMSHHe cne,llyJOll.tee: 

1.1. JJ.nHTenbHOCTb ll~nyn~a MOll.tHOCTII ( 0 ) onpe,llenH0TCll B OCHOBH0M Tp8Mll cpaK-· 

TOpSMII: cpe,llHIIM apeMeH8M >Kll3HII MrHOB8HHhlX HeJ!TpOHOB B peaKTope ( r ) 1 3cpcpeKTOM 

113M8H8Hllll peaKTHBH0CTH npH CMell.t8HHH Il0.llBH>KHoro aneMeHTS B6nH311 MHKCIIMyMa peaKTHB-

HOCTH ( 

30Hhl ( V 

a ) II CKOPOCTblO nepeMell.teHHll IlO.llBH>KHoro aneMeHTa OTHOCHTenbHO. 8KTIIBHOl! 

' 2 1/3 /4/ 
) : 0 ,. 1,4 ( r I a V ) , 3HaqeHIIH r H a rnaBHhlM o6paaoM 3aau-

Cl!T OT pa3Mep0B SKTIIBHOl! 30Hhl II 0Tp8>K8Temr: KSK IlOK83h1B8IOT pac'l8Thlo r pacTeT 

npHMepuo nponopltlloHan&Ho 06m11M paaMepSM pea11:Topa, a a o6paTHO nponop11110Han&Ho 

npHMepHO '18TBepTOl! CTeUeHII pHJ:tllyca 8KTIIBHOJI 30Hhl. 3a~HCHMOCTb nonyw11pHHhl HMnyn&ea 

OT pa,llKyca 8KTHBHOll 30Hhl npllBe,lleHa Ha PHC, 4, 

1.2.MomHOCTb, Bbl.llenSieMaH Me>K.lly IIMnyn&eaMII, 'cpoHOBaH• MOillHOCTb ( w cp), on

peJ:tenueTCH TaK: W cp = W cp • {j acp / < O , rJ:te < O - nonHaH acpcpeKTHBHOCTb IlO.llBll>K

Horo OTpa>KaTenu, p 3cpcp. - acpcpeKTIIBHSH .ll0nH 38Il83,llh1B810ll.lHX HeJ!TpOHOB, EcTeCTBeHHO, 

'ITO C yaen11'1eHll8M p83M8pOB peaKTopa na,llaeT acpcpeKTHBHOCTb UO,llBll>KHoro OTpa>KaTenH 

H pacTeT cpoH. Ha puc. 5 no11:aaaHa 3aa11cHMOCTb 'cpoHa' OT' paJ:tuyca 30Hhl, 6hlCTpoe yee-

8 

ft 
J 
,j 

\'1 

I 

nH'l8HH8 'cpoHa· ,llnH R > 15 CM orpaHH'IHB88T pa3M8phl aKTHBHOl! 30Hhl ceepxy. 

1.3. Cpe,llHIIH MOll.tHOCTb peHKTopa w pacTeT Hec11:onb1Co 6hlcTpee, '18M 061,eM pea11:-

TOpa, TSK KSK ,llOnyCTIIMhlll y:O.enbHhlll Tennoc1,eM pacTeT C yaenH'l8HH8M paaMepoB peaKTo

pa 113-3a yM8HbWeHHll OUTIIMSn&Horo ,llHaMeTpa TB3Il
1
0B. OpHeHTHPOBO'IHblJI paC'l8T IlOK83W-

. ' aaeT, 'ITO W - R' • B pea11:Tope BP-5 061,eMOM .. 10 nHTpOB c >Kll.llltOMeTannuqecKIIM 

, l:BT /6/ 
oxna>KJ:teHHeM .llOCTHraeTCH yJ:tenbHhlll Tennoc1,eM 500 -- • 3Ta 1111cppa 6hlna nono>KeHa 

. . . n 
B OCHOBy· 'npu6nH3HT8IlbHOro pacqeTa npe,llenbHhlX 3HS'leHHJI TennoBoJI MOll.lHOCTH p88KTOpOB 

p83HhlX p83Mepoa, pe3yn&T8Thl KOToporo npllBO.llllTCH B Ta6mrne 2. 

nepellJ:teM K xapaKTepHCTHKSM HellTp0HHOro UOTOKa, KOTOpble HBnHJOTCll onpe,llenl!IOll.tH

MH npH oneHKe Ka'leCTB8 HellTpOHHoro HCTO'IHHKH, npe,llH83H8'188MOrO J:tnll HellTpOHHOll cne11:

TpOM8TpHH, Jlnll npOCT0Thl OCTSHOBHMCSI'. TOnbK0 Ha H8llTpOH8X 6hlCTphlX H TennOBblX, 

2.1. B oTnH'IH8 OT peaKTOpOB HS TennOBhlX H8llTpOHax Manhle paaMephl peaKTOpOB Ha 

6hlCTPblX H8llTpOHaX, cpaBHHMhle C ,llilSMeTpOM 3KcnepuMeHT8nbHhlX KSHanoe, Il03B0nHIOT HSM 

C'lllTSTb nOTOK Ha ,ll8TeKTOp nponopnllOHanbHhlM rno6anbHoMy noTOKy, ( rno6anbHhl8 UOTOKII 

HellTpOHOB 6blCTphlX II TeUn0B!,JX - N6 H N __!!_ ). HcTO'IHIIKOM TellnOBhlX HellTpOHOB a 
T ceK 

HMnyn&eHOM peaKTOpe 6yJ:teT BO.ll0pO.llOCO.ll8p>K8ll.lHll 38M8,llllHTen&, noMemeHHhlll y BHeWHell 

IIOBepXHOCTH aKTHBHOll 30Hhl peaKTopa. KaK nOK83hlB8IOT pacqeThl, cneKTP HellTpOHOB B aK-

THBHOJI 30H8 ,llnSl a.a. R B o6nacTH 8 f 15 CM MeHueTCSl cna6o a nornomeH11e HellTpOHOB 

MMO. 3TH o6CTO.IIT8nbCTB8 11p11B0.llHT K TOMY, 'IT0 yTe'IKH HellTpOHOB 113 peaKTopa He 3&BII:-

CHT OT pa3M8p0B 11 6yJ:teT nponopnHOHHnbHa MOll.tHOCTH, Cne,llOBllTen&Ho, 'lllcno HellTpOHOB, 

B03HHK8I0'1.!HX B HMnyn&eax, 

N - N ., W (1 - f3 ,..,., / • o ). 
6 T 3't''t' 

2.2. B H8KOTOpblX cny'ISHX ( npH MHiIOM .llll8M8Tpe KllHMH llnH B 8KCnepHM8HT8X, 

rJ:te Tpe6yeTCll BhlCOKoe yrnoeoe pa3peweHHe) onpe,llensr10ll.lHMH 6yJ:tyT noTOK Tennoeblx 

N H 

T,Y.ll• ~ceK 
N 

60 
y.ll, • OpHeHTHpOBO'IHO MO>K-

uellTpOHOB C e.llHHHUbl noaepXH0CTH 38M8.llnHTenH 

HeJ!TpOHOB C e.llHHHUhl IIOB8pXHOCTH HKTIIBHOJI 30Hhl 

H UOTOK 6hlCT.phlX 

HO C'IHTHTh, 'ITO yJ:tenbHhll! Il0TOK 

2 

N - N / (R +h)2 , rJ:te h - Tonwaua 3aMeJ:tn&Te-
T, y.ll, T 

mr, a N 
6 

- N 6 / R • 
• y.ll. 

2.3. CyweCTB8HHOll xapaKTepHCTHKOJI l!BnHeTCll HHTeHCHBH0CTb Hel!TpOHHOrO noToKa 

Ha nponeTHoJI 6aae 
' COOTBeTCTBYJOlllell ,llllHHOJI paapewa10mell cnoco6HOCTll cneKTpo-

MeTpa, K0TOpall onpe,llenlleTCSl aenH'IHHllMII T 
6 

/ f H TT /f , rJ:te T 6 u TT -acp

cpeKTHBHhl8 J:tnHTen&HOCTH acnb!WKII cooTB8TCTBeHHO. 6hlCTphlx II TennoBhlX HellTpouoa. TaK 

,-2 I 2 
KHK IlOTOK HellTpOHOB - L • TO HCKOM8ll aenH'IHHH nponopUHOHMbHll N 6 T 6 H 

N / T 2 • Qqcauauo, 'ITO T 
6 

= 0 ; nerKo T&K>Ke .nony'IHT&, 'ITO T = ~ , 
T T T 1- e-<Jt'r 

r,lle r T - Bp8MH >KH3HII Tennonhlx HellTpOHOB B 38Me,llnHT8ne OTHOCHTen&HO 38XB8Ta 11 

yTe'IKII, 
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2.4. np11 HCllOnb30BllHKll M8X8.Hll'18CltllX cenettTOpOB .lllUI cottpameHHll Bp8M8HK BCllblw

ltK Ollp8.ll8nl!I01UIIMH OY.llYT Y.ll8llhHbl8 3H8.'18Hllll llOTOltOB B MllltCHMyMe IIMnym,ca, a IIMOHHO: 

N - N IO II N - N / T • 
o.y.ll. MllttC. O,Y.ll• T.y.ll.MllttC. T,Y.ll• T 

H~ rpaqraxax 6,7,8 npHB8.ll8Hbl OTHOCHTenhHble 3Hll'18HHll BblwenepeqacneHHblX xapax

TepHCTHtt HMnynbCHoro peattTopa KB.It q:,yHltilHH era TennoBoA MOlUHOCTR. A11ana3 ltpHBbIX HI!. 

rpaqrattax llOlt8.3blB8.eT, 'iTO none3Hble HeilTpOHHble llOTOltK pacTyT nHHeAHo C MOlUHOCTbIO 

npH MllllblX MOlUIIOCTHX, a 38.TeM .llOBOnhHO OblCTpo .llOCTllrllIOT MllltCHMyMa, 3TO CT8.BHT 

npe1J.en yBenH'l8HHIO MOlUHOCTH 38. C'IOT YB8nK'l8HHll p8.3MepOB peattropa • .Llmr pacCMOTpell

Horo .B H8.CTOlllU8M pa6oTe nnyTOHHeBoro peaxropa C llO,llBll:lKHblM OTp8.:lK8.TeneM STOT npe

,llen COCTIIBnl!OT HecttonblCO MeraBB.TT. 

no-BH]lllMOMy, '8.HanorK'iHble cooop8.:lK8HHll Obin!( llOllO:lK8Hhl B OCHOBY npoettTa HMnynb

CHOro peaxTopa, C.llOnaHHOro EBpllTOMOM B 11ccne1J.OB8.T8nbCKOM Il8HTp8 ISPRA ( i1TanHSl) • 

/7/ H /8/ 
npllB8]l8M era p8.C'!8THb18 X8.p8.1tT8pRCTHKB, B3l!Tble HB.Mll 113 p8.00T 

TTpoettTHb18 xapattTepHCTHKH peaKTopa SORA 

Cpe,llHSlSl TennOBIISl MOlUHOCTb 

'iacToTa HMnym.coB 

nonylllHpllHll HMnynbCa MOlUHOCTH 

Cpe]J.Hllff DOTOK T8llllOBbIX HOffTpOHOB B 

38.M8.llllllT8ll8 

MaKCHMllllhHbIA llOTOK TennoBhlX HeATpO

HOB BO Bp8MSl HMnynbCa 

nonyw11p11Ha HMnynbCa TennOBbIX H8ffTpO

HOB 

Maxc11ManbHhlA noTox sn11Tenn0Bb1X HeATpo

HOB (B oonacTH 3Hepr11a 22,6-:-0,414 SB) 

MolUHOCTb, Bbl.ll8llll8Mllll M8:lK.llY HMnynb

caMH, 

1 MrBT 

50 1/cex 

50 MKC'IK 

4.10
13 

H 

2 
CM cex 

5,5.10
15 

-'--'"H __ 

2 
CM cex 

90 MKCeK 

2.10
15 H 

2 
CM C8K 

0,2 MrBT 

ropH30HTallbHbIA paspe3 peaxTopa BM8CTe C npHnera101UHMH sttcnepHM8HTanhHblMH 
. ·. I~ 

xaHanaMH llOKa3aH Ha pHCYHKax 9 H 10 ( B3l!TO H3 ). 

AKTHBHal! 3oHa peaxTopa, HMe10maS1 001,eM 6 nHTpoB, Haoupl!eTCl! H3 ypaHOBhlX cTep:lK

HeA, nerHpoBaHHhlX MOllHO]l8HOM, C Hapy:lKHhlM ]lllaMeTpOM 15 MM ll BblCOTOJI ypaHQBOro 

cep]l8'iHHKa 240 MM, CTan110HapHhlll OTpa>1<aTenb 113 MOnHo]leHa H CTanH IIM88T TOnlUHHy 

oxono 180. MM. no.llBH:lKHblA 0Tpa>1<aTenb H3 oepHnnHll npe,llcTaBnHeT co6oll napannenen11-
. 3 

ne]l pa3MepaMH 24 X 11 X 7 CM • OH KpellHTCH Hll OOllbWOM nponennepe, DpllBO.llllMOM BO 

10 

l 
l 
d 

r 
t 

1• 

BpameH11e snettTpOMoTOpoM c qacToToA 3000 oo/MHH. nu11el1Ha11 cxopocTb oep11nnxeBoro 

OTp8.:lKaT8llll BOnK311 aKTIIBHOff 30Hbl - 283 M/CeK. nonHa11 9qJ!p8KTHBHOCTb llO.llBll:lKHOro 

OTpS:lKaT8ll!l- - 5 f3 ; 113M8H8HH8 peSKTHBHOCTH np11 CMelUeHHH OTpS:lKST8llll Ha 1 CM OT 

-4 
llOllO:lKOHHSl MSKCHMSnhHOA peaKTHBHOCTH - 7.10 8]l. peSKTllBHOCTH. 

Eonhwoe BHHMSHHO npH npoexT11poBSHH11 peattTopa SORA ohlno y ,lleneHo ocHame-

HHIO era 9KCliepllM8HTSllhHhlM o6opy.llOBaHIIOM • .Lln11 ODTHMH38.IlHH IIHT8HCHBHOCTH H8ATpOHOB 

B oonacTH SHeprHJI OT H8CKOllbKIIX ltllll09ll8KTpOHOBOllbT .llO·C8.MhlX Hll3KHX SHeprHJI Ha 

SORA npe.llycMaTpHBaIOTCll 'qeTblpe 3aMe.llnHTen11: 

1. Bo.llOpO.llllhlll: 3SM8.llll!IT8llb B KpllOCTaTe C TeMnepsTypoa 20 ';' 70°K Katt IICTO'illllK 

XOllOIJ.HblX HeATpOHOB, OT HCTO'iHHKS OTXO,lll!T W8CTb 9KcnepHM8HTanbHblX KSHanoB, BHyT

peHHHA .n11aMeTp tta:lK,lloro H3 KOTOphlX B Haqane 10 CM H .llnKHS 2 M8Tpa • .LlBa H3 HllX 

OCH8.1U8Hhl BpamSIOlllllMIICSl npepb1BaT8lll!MH, cny~SlUBMH .llllll 'oope3SHHII' q:,oHa M8:lK.llY 

HMDynbCaMB. 

2. B01J.opo1J.Hhlll 3SM8.llnHTOllb 113 nb.lla nerttoa BO.llbl xstt BCTO'iHBK TennoBhlX HOATpo

HoB. CxeMS SttcnepBM8HTanbllhlX KaHSllOB .llnll STOro KCTO'iHIIKS TS :lKe, '!TO B .llllll 'xono]l

Horo'. 

3. BpslUSIOlUHllCll OTpa:lKST8llb !13 oepBllnHSl MO:lK8T cny:lKBTb BCTO'iHHKOM Hell:TpOHOB 

C ~Hepr11ell H8CKOllbKO ltSB, 0.llRH HX .llBYX ropH30HTSllbHblX KaHSllOB OT STOro HCTO'!HRKa 

oy.neT IIM8Tb oasy 1 ItM. 

4. BTopblM HCTO'iHIIKOM 9DIIT8llllOBhlX HeATpOHOB l!Bllll8TC!l xaHan ]lllSMeTpOM 28 CM, 

OTXO.ll!llllllll OT rpaHIIIlhl M8:lK.llY OTpS:lKSTeneM peattTopa II rpaq>HTOBOA T8llll0BOA 3am11Toll:. 

B npoettTe SORA npe1J.yCMOTpe11a B03MO:lKHOCTb BBO.ll& B SKTHBHy10 30Hy nyqxa 

9ll8KTpOHOB 'OT llJIH8l!Horo yc1top11Ten11 HS TOT cnyqsa, 8Cllll oy]leT DpHH!ITO peweHH8 ycT~-

HOBBTb Ha ,SORA CBllhHOTO'IHhlll: llBH88Hhlll: ycttopHT8llb. npll'. r.pe]J.H8M BpeMeHH :lKll'.31111 

HOllTpOHOB B peattTope 'SORA r - ( 2 .;. 2,5) .10-
8 

cett MO)KJIO nonyqHTb pS3MHQ)K8HH8 

HeATpOHOB, reHep11pyeMblX B MBWeHH, pSBH08 200 .;. 250 Dpll .llllllTOllbHOCTB 5 MKC8K. Bhl

oop ypaHs-235 B KS'i8CTB8 rop10qero, no HSWeMy MHOHHIO, CHJl)K&8T .llOCTOBHCTBS HMDyni.c-

Horo peattTopa SORA , BBB.lly oonbWoA .llOnH 3aDS3.llhlBSIOlllHX HeiTpoHoB npu ]leneHRB 

-3 u -235 ( f3 = 6.10 ) MOlUHOCTb qJOHS B 3 pa3s Bb1W8, H8:lK8llll a_ TSKOM :lKO peattTope 

C ropIO'iHM B3 Pu -239, Hcnonb3yeMOM B peattTope 11EP. KpoMe Toro, yMeHbWeHue qsc-

TOTbl IIMllYllbCOB .llO 10 

.llO 2.10
16 

H 

CM2ceK 

. 15 
1/cett ]lano Obi YB8nH'i8HH8 MrHOBOHHOro DOTOK& C 5,5.10 H 

cM!bett 

\ 

11 
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4. CpaeHeHI(e 3KCnepHMeHT8JTbHblX 803M0)KH0CTell 11a 

HMITYJTbCHhlX HCTO'IHHKax pa3HhIX THnoe 

B 3TOl! qaCTH no1enana Mhl KOpOTKO OCTSHOBHMCH Ha cpaBHeHIIH HMnynhCHhlX peaKTO

poB C HMnynbCHhIMH HCTO'IHHKSMH npyr11x THnOB, npHMeHHeMblMH B HSCTOHll{ee BpeMH nnH 

nenel! Hel!TpOHHoll cne1tTpoMeTpH11 H KccnenoBaHKH KOHneHCKpOBaHHblX cpen. 

CymecTByroll!He HMnynbCHble HCTO'IHHKH oqeHb CHJThHO pa3JTH'l8IOTCH K8K no nnHT8JTb

HOCTH, '18CTOT8 cnenOBaHHH H HHTeHCHBHOCTH npOH3Bon11Moro HMH HMITYJTbCa Hel!TpOHOB, 

TSK K no CBOHM pa3M8paM H KOHCTpyKllHllo CpaBH8HKe pa3JTH'IHhlX HCTO'IHHKOB HMnyJTbCHhlX 

HeATpOHOB BcnenCTBHe 3TOro BecbMa He npocTo. KpoMe TOro, HeMaJTOB8)KHyro ponb npH 

Bbl6ope KCTO'IHHK_a Hel!TpOHOB HrparoT coo6pa)KeHIISl, BhlXOnsrll!He 38 paMKH ero cp113H'l8CKHX 

xapaKTepHCTHK, Ha~pHMep, TSKHe, K8K CTOHMOCTb'CTpOHTenbCTBa ycTaHOBKK Hee 3KCnnya

T81lHH. Tpe60B8HHH, npen1,srBJTH8Mble K ycTaHOBK8M np11 BhlITOJTH8HHH TOIi HJTK HHOl! 3Kcnepu

MeHT81TbHOll 3ana'IH, He TOJThKO MHOrO'IHCJT8HHhl, HO H '!8CTO npOTHBope'IHBhl. Bee 3TO B8Cb

Ma 3aTpynH11eT npoBeneHHe TO'!Horo cpaBH8HHSI HX Me)Kny co6ol! • .lleTanhHoMy cpaBHeHHIO 

3KCnepHMeHT8JTbHhlX B03MO>KHOCTel! peBKTOpOB SORA H Bpy1exeABeHcKoro CTanHoHapHo-

ro peBKTopa VHFR MOll!HOCThlO 100 MrBT nm, wapoKoro Kpyra a1ecnepHMeHTOB BO 

Beel! o6naCTII 3HeprHii H8l!TpOHOB ITOCBSlllleHa 6onbW8SI pa6oTa Mronnepa H Xaaca
191

, a 

/7/ 
TSK>Ke pa6oTa B.Knes;i • MM )Ke npHeeneM HeKoe o6o6meHHoe cpaaHeHHe pa3JTH'!Hhlx TH-

noa HCTO'lHHKOB, 6e30THOCHT81TbH08 K KOHKp8THOl! 3KCnepHMeHT8JTbHOII 3anaqe. 

B Ta6JTHll8 3 co6paHbl xapaKTBpHCTHKH H8H6onee THnH'!HblX HMilYJTbCHhlX npH6opo~, KSK 

nel!CTBYIOlllHX, TaK 'K HaMeqaeMblX Ha 6ynymee. 

a) Y C K O p II T e.n II C M II W e H bro, Il p OH 3 B On SI ill e ll H e ii T p O H hi 

CoBpeMeHHhle cHJThHOTO'IHhle JTHHellHhle ycKopHTenH ( THna aMepHKaHCKHX RPI H 

PHERMEX /IO/) ·no cpenHel! HHTBHCllBHOCTH 6blCTpbIX H T8IlJTOBhlX HeiiTpOHOB He 

npeBocxon>1T na>Ke 11BP C ero 6 KBT cpenHeli TBnnoaoii MOWHOCTII. OnHBKO Ha-aa KOpOT

xoa BCnbIWKH HX HHT0HCHBIIOCTb KSK HCTO'IHHK8 6hlCTphlX HBiiTpOHOB npH paBHOM paapewe-
2 

HHII ( N 
6 

/ 0 ) Ha 3 nop>1nKa BhIWB, qeM y 116Pa. 

PeaKTop SORA C M0X8HH'l8CKHM npepblB8TeneM nyqKa 6blcTpblX H8liTpOHOB 6yneT 

y>Ke npeBocxonHTb JTHH8iiHhI8 ycxopHTeJTH npH pa6oTe HX B pe>KHMe BCilhlW8K ~ I MKCeK. 

B pe>K11Me oqeH& KOpOTKHX BCnblWeK ( 0 ~ 0,02 MKCeK) B8JTH'IHH8 N / (1
2 

nnH JTHHellHblX 

yc1eopHTenell oxaahrnaeTcH Bhlwe, qeM y SORA, Ha 2 nopHnKa. Ho Hcnonb3oBaHHe 6onh-

woll '18CTOTbl BCnhlweK Y~KOPHTeneii 38TpynHeHO,B 3KcnepHMeHT8X C 6hICTphlMH HellTpoHaMH 

Ha-aa HaJTO)K8HHSI Hel!TpOHOB 6onee HH3KHX 3HeprHll OT npenhlnylllHX HMnynbCoB. TTo3TOMY 

npaKTH'l8CKH, no-eHnHMOMY, npeHMyll.leCTBa JTHHel!Horo YCKOpHTeJTSI nnR, 3KCilepHM8HTOB C 

6blCTpblMH HellTpOH8MH H O'leHb BbICOKHM paapeweHHeM HeCKOJTbKO MeH&we. 

,,, 

4 

I 

,, 
• 

BOJTbWOe BpeMH )KH3HII TeITJTOBbIX HellTpOHOB B 3aMenJillTeJTe He IT03BOJTHeT HCITOJTb30-

B8Tb KOpOTKYIO BCIThIWKY yCKOPHTeJTH, a IT03TOMY IIHTeHCHBHOCTb TennOBblX Hel!TpOHOB npH 

onHH8KOBOM pa3peweHHH 11a KMnym,CHOM peaKTope T11na 

BbIWe, '18M Ha ycKOPIIT8JTe 3JT8KTpOHOB. 

SORA B H8CXOJTbKO COT pa3 

• 
Q)KHnaeMbI8 3Ha'l8HHH HHT8HCHBHOCTII H8l!Tp0HOB 113 MHW8HII npoeKTKpyeMoro B l{oK-

Puaepe 60JTbWOro llHKJTOTpoHa npeaocxonRT Ha 2 nop11nxa IIHT811CHBHOCTb SORA H, 

- . 1018 -~H~--
BllnHMO, noTOK T8IlJTOBbIX H81!TpOHOB B03MO>K8H no 2 nps: cpenHeu aaaqe-

16 H CM ceK 

HKII IO CM 2 ceK 

Ha liMnynbCHOM pea1eTope cpenHel! MOlllHOCTH 5 MraT II qacToTa IO aMn/ceK MO>KHO 

I7 H 
nony'IKTb noTOK Tennoahlx Hel!TpoHoB B MSKCHMYMe no I.IO :z npH cpenHeM ere 

14 H CM ceK -

3H8'18HHII 2.10 ~M :.! ceK • BhrHrpbIW HS nopHnOK nocT11raeTCH neHOll 6onee BhlCOKHX 38T-

paT Ha coopy>KeHHe rs:raHTCKoro yc1topHTBJTH. 

6) A n e p II o n H q e c K II A 11Mnyn&CHhl8 peaKTOPhl 

3a nocnenHHe ronhl' WllpOKOe p83BHTHe IlOJTy'lHJTH HMilYJTbCHble peaKTOpbl C caMoraCSl

ll{ellcH ncnbIWXOll 6ea cneu11anhHoro llHT8HCHBHOro oxna>KneHHSI. PeaxTopOB Ha 6hlCTpb1X 

HellTpOHax C xopOTKOll BCnbIWKOii OT 35 no 1000 MKCeK, B OCHOBHOM cpyHXllHOHHpyrolllHX B 

/11/ CWA , HBC'lHThlBBeTC>I ceJtqac 01eono ne"SITKB, PE!aXTop Super Kukla , CTpORll!Hll-

CSI cellqac' 6yneT naBaTb HMnynbC no 2.10
18 

nen, 11MnynbCHhl8 peaXTOpbl Ha T8IlJTOBbIX 

/12/ /13/ . 18 21 
HeliTpoHax ( TRlGA , 11rP u T,n., ' ) naroT KMnynbChl oT 10 no IO nen,. 

nnHT8JTbHOCTblO 10 ~ 200 MCeX, 

( 18 H ) 
Bee aTH peaKTOphl HM8IOT BhlCOKllll MaxcHMBJThHhlll noTOK Hel!TpoHoa no IO CM 2cex 

H B OCHOBHOM ycneWHO npHM8HSIIOTCSI nnR HccnenoBBHHSI noBeneHHSI MS TepHaJTOB np11 MrHOB8HHhlX 

HarpeB8X H nm, 8KTHB8UHOHHhlX H3M8peHHl!.ManaR cpenHRSI MOlllHOCTb ( CM. Ta6n. 4) nena

eT 3TH peaKTOphl HenpHronHhlMH nnR 11ccnenoaaH11l! no Hel!TpOHHOll cneKTpoMeTpHK. 

B) p e a K T O p bl Il O C T O SI H H O r O n e ll C T B II SI 

B HSCTOS!ll.lee apeMSI C8Mhlll pacnpocTpaHeHHhlll IIMnyJTbCHhlll IICTO'IHIIK nnR uenell Hel!

TpOHHOll cneKTpoMeTpHH - peaKTOp IlOCTOSIHHOll MOll!HOCTH, o6opynoBaHHblli MexaHH'18CXHMII 

ceneKTOpaMH. YaeJTH'l8HH8 HHTeHCHBHOCTH Hel!TpOHOB 11neT 3nec& K8K no nyTH yBeJTH'l8HHSI 

ynen&Holl MOll!HOCTH. Tax H no nyTH ycno>KH8HIISI XOHCTpyKUIIII axTHBHOll 30Hbl - BCTpauaa

HHSI HellTpOHHhlX "noByweK". Ha coaeTcxoM peaKTope CM-2 nocTHrHyT noToK TennoBblX 

15 H /14/ 
HellTpoHoa 2,5.IO cM2ceK nps: TennoBoii MOll!HOCTH 50 MrBT • 

Ha CTpOS!ll{eMCSI B CWA peaKTope ·v H:F R T8IlJTOBOll MOll!HOCTblO 100 MrBT H8Me-

'l80TCSI nocTHI'HYTb nOTOKa 2.10
15 !l . PeaKTOp SORA MOll!HOCT&IO I MrBT 6yneT 

CM tf0K H 
HMeT& MaKcHMBJTbHhlll noToK no 5,5.IO 2 , a B H8CTOS1ll.lee apeMR 

peanbHhIM nonyqeHHe Ha HMnynbCHOM 

MOlllHOCTH 5 ':" }Q MrBTo 

CM ceK 17 H 
peaKTope noToKa no I.IO _c_M__,2;;..-c-e_K_ 

13 

MO)KHO CtJKTaTb 

npa cpenHell 



/9/ 
Ta6mrna 5, 38llMCTBOB8JiHaSI H3 pa6oTbl • noxaablaaeT OTHOCHTenb11y10 HHTeHCHBHOCTb 

cxopOCTH cqeTa ,lleTeXTOpOB auanorH'lllblX axcnepHM8HTanbllblX ycTaHOBOK Ha peaxTopax SORA 

H VHFR ,llnSI HecxonbKHX aHeprHA MOHOxpoMaTH'leCXBX HeATpOHOB H paapeweHHSI no 3Hep

rHH, 0.llHHaxoaoro ,llml o6exx ycTaHoaox. no'ITH BO aceA o6nacTH JIH3KHX aHeprHA K pa3pe-

WeHKA SORA HMeeT npeHMyllleCTBO. 6blcTpb1A cnexTp peaxTopoa TKna SORA K Manble 

paaMepbl 30Hbl ,ll810T HM eme 6onbWee npeKMyllleCTBO B o6nacTH BblCOKHX aHeprHli. norox 

( ) 15 H 
6.b!CTp.blX HeATpOHOB BblWe 1 Maa Ha CM-2 paaeH 2.10 -~2---, a TO apeMSI IC8K 

cM cex 
16 

H 
3H8'1eHH0 llOTOKa 6blCTpb1X HeATpOHOB B HMDynbCe .llml peaxTopa SORA 6.10 ~cex 

K TOMY )Ke H8.ll0 Y'IHTb1B8Tb BblCOKYIO CTOIIMOCTb H cnO:lKHOCTb 3KCDny8T81lHH peaKTOpOB 

MOlllHOCTH 50 :- 100 MraT. 

r) n O ll K p H T H 'I e C K H e p e a K T O p bl IC a IC p a 3 M H O )I{ H T e

n H HMnynbcoa yc1CopHTensi 

11cnonb30B8HHe 6blCTporo peaKTOpa B DO.llKPHTH'leCKOM COCTOSIHHH .llnH pa3MHO:lKeHHll 

HMnynbCOB HeATpOHOB, reHepHpyeMblX B MHWeHK ycxopKTen11, HMeno MeCTO He TOnbKO Ha 
/3/ 

116Pe. HO H ~ Xapyanne , H B CWA ( ,iacTHoe r.oo6meHHe npocp. XaaeHca). Mb! y:lKe 

ynoMHHanK. 'ITO H B npoexTe SORA npe.llyCMOTpeHa B03MO:lKHOCTb BBO,lla nyqxa anexTpO-

HOB B peaxTop. TaxoA pe:lKHM pa6oT.bl ,llaeT B03MO:lKHOCTb xax 61,1 yaenH'IKTb MOlllHOCTb 

ycxopKTensi B 10 f 100 paa, OCTSBnSISI HMnynbC HeATpOHOB eme .llOCT8TO'IHO ICOpOTKHM. KalC 

BH,llHO H3 Ta6nKU.bl 3, r.oqeTSHHe HMnynbCHOrO peaxTopa C ycxopKTeneM noaBonsieT no,llHSITb 

acptpeKTKBHOCTb HMnynbCHoro peaxTopa B o6nacTH H8.llTennOB.blX aHeprHA HeATpOHOB Ha 

1 ~ 2 nopSl,llKS. <t>aKTOp yaenK'leHHSI acpcpeKTKBHOCTH ycxopHTeng npH pa6oTe ero C peaKTO

pOM 6y.lleT paBeH TI 4r , T.K. OllTHManbHoe YMHO:lKeHHe paBHO T / r , a HMnynbC y.ll-
-8 

nHHlleTCll B 2 pa;rn. r .llnSI 6blCTpb1X pe8KTOPOB THll8 SORA .. 2.10 cex, K DpH 

T = 1 Mxcex _!_ .. 10; npu T = 0,1 M1Ccex ..l .. 1 • Cne.llOBSTenbllo, ycTaHOBKH 
4r 4r 

THDa ycxopHTenb-peaxTop acpcpeXTKBHbl TOnbKO .llnSI HMnynbCOB .llnHTenbHOCTblO llOPlllllC8 

MKCeK. 

.ll) B bl B O ll bl 

1. 11MnynbCH.ble peaxTop.bl nepHO.llH'lecxoro ,lleilcTBHSI OllTHM8nbHOA TennoaoA MOlllHOC

TH ( HecxonbKO MeraBSTT) no Y.ll06CTBY H 3tpcpeKTHBHOCTH SIBmlIOTCSI, no-BH.llHMOMy, H8ll60-

nee nepcnexTHBHblMH HCTO'IHHKSMH TennOB.blX H xonO.llHblX 11eliTpOHOB H3 Bcex cymecTBYIO -

lllHX B H8CTOS11llee apeMSI H npoeKTHpyeM.blX .llnSI pa6oT, ucnonb3y!OlllHX MeTO.ll BpeMeHH npo-

neTa aa ucxn10'1eHHeM, 6b1Tb MO:lKeT, ruraHTCKoro ycxopuTensi a Y:ox-PHaepe). 

2. 11cnonb3oBaHue HMnynbCHblX peaxTopoa xax paaMHO)KHTeneA HMnynbCOB ycxopHTensi 

,llaeT Y.ll06Hblli HCTO'IHHX H8,llTennoBblX 11eATpOHOB npH .llnHTenbHOCTH HMnynbCa nopS1.llK8 

0.llHOli HnH HecxonbKHX MKKpOcexyH.ll. 

!4 

', 
I 

I 
! 
, l 
u ,, 
,I 

i,~ 
i,. 

i 
' 

f 
,I 

l. 
t, f 

l 
,\ 

I 
1 
\ 
I 
I 

3 • .llnsi O'leHb KOpOTXHX HMnynbCOB ( 0,1 MKCeK H MeHee) npHMeHeHHe KMnynbCHblX 

peaxTOpOB xax p83MH0)KKTeneA He 3cpcpeKTKBHO. 
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HHIO 8TOMHOA aHepr.1111 B MKpHblX uensix, 28/p/324, 1964. 

2. B.)l.AH8HbeB K .llp .. npenpKHT 011Sll1, P-2313, Jly6Ha 
1
1965 

3. Nuclear Power. Dec. 1959, p. 128. 

4. 11.11.BoH.llapeuxo, 10.SI.CTaaHccxHA •. AToMHasi aHepru11, L 417 (1959). 
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Pac. 1. CxeMa pacnono)KeHHSI MHxpoTpoHa a aane peaxTopa: 1) xaMepa MHKpoTpoHa; 
2) q,oxycapy10uu,e M8rHHTbl; 3) MKW8Hb; 4) peaKTOp, 
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P11c,2. Pac'leTHaSI q,opMa KMnyn&ea H6Pa a pe)KJIMe paaMHO)KeHIISI HellTpoHoa, 
reHep11pyeMblX B MIIW8HII MIIKpOTpoHa. HMnyn&e MKltpoTpOHa npSIMOyron&
HOll q,opMbl; T-1,5 MKcex; llO.llKPIITll'IHOCTb • - -4,6.10-3 ; 

r - 1,3.10-2 MltCeK. 
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Pac. 3. 3xcnepHM0HTMbll0 H3M0P0HH8SI qiopMa IIMnyn&ea H6Pa B p0)KIIMC cos

MCCTHol! pa60Tbl C MIIKpOTpOHOM nn32 Tpex 3H8'1CH11il 110.llKpHTll'IHOCTII B 

IIMDyn&ee: KpHBSSI 1 - t = - 1,1.10 , 

=~:::: ; : : : -:. i'.~"-11o;1'; 

P11c. 4. 

II nnsi T - 1,5 MKC0Ko KpHBblC np11B0,ll0Hbl I[ 0.llHOl! MOlllHOCTII B llllK0o 

~ 

2.00 

100 

0 
5 10 IS 20 R 

3q>q>eKTIIBH8H ,llnllTenbllOCTb IIMDynhCa pea1tTopa C 110,llBJl)KHblM OTpa)Ka

TCneM ( 0 ) Jt8K qryHKUIISI paaMepa ( R ) 8KTIIBHOl! 30HI>I; 0 - B MKCClt, 

R - B CM. 
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PHC. 5. nonsi MOlllHOCTII, Bbl.llCllSICMOil MC}K.lly IIM11yllhC8Mll 1 OT CpC.llHCii MOlllHOCTll 

IIMnyn&eHOro peaKTOpa C nnyTOHIICBblM ropIO'IIIM II 110,llBJl)KHbIM OTpa)Ka-

TeneM K8K q>yHKUHSI paaMepoB peaKTOpa; R - B CM. 

N 
ID 
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0 
5 /0 w 

Puc. 6. 38BllCIIMOCTb xap8KTCpHCTHK HMnyn&eHblX peaKTOPOB K8K HCTO'IHIIKOB ObICTpb!X 

HCilTpOHOB OT nonHoll Tennosoii MOlllHOCTII. KpuB8SI l - rno6anhHhiii llOTOK 

OblCTpbIX HeiiTpOHOB (yTe'IK8 113 peaKTopa 38 BpCM!I HMnynhCa); Kp11B8!I 2 -
HHTeHCHBHOCTh 110TOK8 ObICTpbIX HeiiTpOHOB Ha 3Kcnep11MCHT811hHOl! 6aae 11p11 

O.llllH8KOBOM /l11SI BCCX peaKTOpOB paapeweHHH; KpHB8!I 3 - V,ll011hHOl! llOTOK 

B M8KCIIMyMe IIM11Yl1hC8; N - B OTHOCIIT811bllb!X C)lHHHuax; W -a MerasaT

T8X ( npu npe.llenhHOM Tennoc1,eMe cornac110 Ta6n, 2). 
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Pac. 7. 38BIICIIMOCTb X8p8KT8PIICTIIK IIMnynbCHhlX pe8KTopoa K8K ICTOqHJIKOB Tenno

BbIX HeliTpOHOB OT nonHoli Tennosoll MOll.lHOCTII. HeliTpOHhl 38M8.D;n.llIOTC.II B 

cnoe BOJlhl TOnll.lllHOJl 5 CM, nonHOCTbIO OKpy)K8IOll.18M ccpep11qecxy10 8KTIIBHYIO 

30Hy. Kp11B8!1 1 - rnof58nbHbili llOTOK TennOBhlX HeliTpOHOB (yTeqK8 38 Bp8M!I 

l1MnynbC8); Kp11B8!1 2 - IIHT8HCIIBHOCTb ll0TOK8 TennoBblX HellTpOHOB H8 0838 

np11 38Jl8HHOM p83pellleH1111, ecn11 JlllBMeTp axcnep11MeHT8nblloro K8H8n8 f5onb

llle p83Mep8 38M8Jllll1Ten11; KP11B8!1 3 - rnof58nbHhlli UOTOK B M8KCIIMyMe IIM -

nynbC8; N - B OTHOCHT8llbHhlX 8JlllHHit8X: W - B Mer8B8TTax. 
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P11c. 8. 38BIICIIMOCTb X8p8KTepHr.THK. 11MnynbCHhlX pe8KTOpoB K8K IICTOqHKKOB T8llllOBhlX 

HeliTpOHOB OT Tennosoll MOlUHOCTH pe8KTOp8. 38M8JlllHT8llb - TOT )K8. 

Kp11sag 1 - UOTOK TennOBblX neaTpOHOB C e.o;IIHHUhl nosepXHOCTH 38M8Jlnl{T8ll>li 

KPKB8H 2 - llHT8HCHBHOCTb IlOTOKS HellTpOHOB 11a f5a3e np11 38.D;SHHOM p83pe

lll8HHll, ecn11 Jllf8M8Tp K8Hana M8HhllJ8 p83Mepa 38M8JlllHTen.11; KpHBBH 3 
y.o:enhHbTJ!° llOTOK C nonepXHOCTlf 38M8JlllllT8llH B M8KCJ<MyMe l!Mnynhca; 

N - a o·rnocHTeJibHhIX enHH11uax; 

W - B MeraaaTT·ax. 
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