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TTycK peaKTopa HEP-30 B peJKHMe HMITynhCHOro 6ycTepa 

B MapTe 1970 r. B na6opaTOpHH HefiTpOHHOll ¢H3HKH npoH3BeAeH nycK 
peaKTopa HEP-30 B peJKHMe pa3MHOJKeHHSI Hefi-rpoHoB, reHepHpyeMbIX 
B nnyTOHHeBOll MHWeHH HMnynhCHbIM aneKTpOHHbIM ny'IKOM nHHefiHoro ycKO­
pHTenSI (pelKHM HMnynhCHOro 6ycTepa). nony'leHa cpeAHSISI MOWHOCTb 

9 KBT npH nonywHpHHe HefiTpOHHOll BCilbIWKH 3 MKCeK H '18CTOTe cneao­
B8HHH HMnynhCOB 100 ru. 

Coo6mem1e O6beA}tHeHHOrO HHCTHTyTa l!AepHbIX HCCJieA0BaHHti 

,lJ,y6Ha, 1972 

l 
. I 

11cnonb30BaHne nMnynbCHOPO peaKTOpa KaK.pa3MHO)KllTensi HefiTpOHOB, 

reHepnpyeMbIX B MllllieHll aneKTPOHHoro_ :yfKOpnTemI-MllKpOTpOHa, 61,mo ocy­

mecTBneHo B Jla6opaTOpllll HefiTpOHHOfi: (pll3llKll B 1964 r, B 9TOM pe)KllMe 

nmiTenbHOCTb HefiTpOHHOtt BCIIbllliKII ,CHII)KeHa B 15+20 paa no cpaBHeHIIIO 
• ~,,,.,. - , : --, 1 

C llMnynbCOM MOIIIHOCTll peaKTopa ll COOTBeTCTBeHHO ynyqrneHO 9HepreTnqec-

KO~ paapellieHne HefiTpOHOB no MeTo)ly~·-Bp~Me·;~ np~11eTall,2,3/, llnsi ~Bemr­

qeHnSI cpenHefi MOIIIHocTn onHoBpeMeHHo_ c::· ·peKoHcTpyKunefi nMrrynbcHoro peaK­

Topa/3/ 6hlno pemeHo aaMeHHTb n HH~eKT~p. B KaqecTBe HH~eKTopa nnsi pe-- _. . ~ •, 

aKTopa HBP.;;.30 B1,16paH nnHefiH1,1fi ycKOpn:ienb aneKTPOHOB Ha 6erymefi BonHe. 
. ; -----

- YcKopnTenn TaKoro Tnrra, paapaooTaHHhie B•Hl1113<PAl4/, 06nana10T xopollinMn 

9KCnnyaTaUHOHHbIMH xapaKTepnc_TH~aM_~ H ripn . 9Heprnn aneKTpOHOB 35-50 M 9B· 

no3B0JISIIOT nonyqaTb MOIIIHOCTb aneKTpOHHOPO nyqKa Ha nopSIJlOK Bbillie; 'qeM· 
',- y 

B MnKpoTpOHe. TTycK peaKTOpa HBP-30. B pe)KnMe pa3MHO)KeHnSI HefiTpOHOB 

61,m ocymecTBJieH B MapTe . 1970 r. 

CxeMa ycTaHOBKH noKa3tlHa.,Ha p11c. 1. 
' ' 

1. JlnHeil:Hblll ··ycKopnTeJib aneKTpOHOB 

3neKTpOHHaSI nymKa ycKopnTensi, i ( 1) reHepnpyeT aneKTpOHHbltt HMnyJibC 

nnnTenhHOCTbIO 1, 7 MKceK, MaKcnManbHbill nMnynhCHbill TOK' 0,3 a. YcKopsi~­

masi CllCTeMa COCTOllT ll3 ABYX CeKUllll (4,7) n npeACTaBJISieT co6oa nnacppar­

MnpoBaHHblll,BOJIHOBO)l_C cpa30BbIM CJlBllPOM Ha nepnon CTpyKTypbl 1r/i' • 3a-· 

XBaT .an~KTP~HOB B pe~n·M YCKOPeHnSI ~- nx TP~nnnoOBKa B~r~CTKll ·~ <b~30B0tt 
.. ,. _,,. - - o_: " • , __ - - - .. - - . 

npOTSI)KeHHOCTbIO - _39 ocymecTBnSIIO!_CSI Ha: HaqanbHOM · yqacTKe 1-Ii . ceKUIIII . ,. ' ,, ., ,.· . --· ,, ,_ 

nmrnoa 0,54 M,: Y CKOpSIIOmasi, qaCTb .1:-Ii · ceKunn ,_ 11 .. BTOpasi, ceKUllSI llMeIOT no-
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P11c.: i: Cxe~a HEP-30 c HH~eKTOpOM - :nHH~AHhlM ycxopHTeneM sneKTp0H0B • 
·l ·- sneKTp0HHSH nywxa; 2,6 - KnHCTp0Hhli ·3 - <jioxycHpy!OWHe coneH0HJlhli 

. 4, 7 - : JlHS<jiparMHpOBaHHbl"'. B0nH0B0Jlbl ceKUHA M 1 n N-2, 5,8 - B0JlHHhle Ha­
rpyax11; 9 - naxyyMHi:.111 aamHTHbJA wn6ep; · 10 ·..:. KBanpynonbH~Ie nHH3hii: 
11 - 8KTHBH8H 30H8 .HEP-30;. 12 - HefiTp0H0np0H3BOJ1HW8H MHWeHb.: 

4 

• 

CTOHHHbIH HMne1taHC. ITapaMeTp_ Harpy)KeHllH : = o,.14, I'Jl9 a - paJtnyc OT­

BepCTllH B Harpy)K810lll9M JlliCKe,- ,\ = 10, 7 CM - pa6011aH JlnHHa BOnHblo ITo 

JlnHHe 1-fi C9KUHH BKnIO'I9Hbl 2 napbi H'IeeK C '19TbipbMH paJtHaJibHbIMH paape­

aaMn/5/. BnaronapH 3TOMY JlJIHHa OJlHOPOJlHOI'O BOJIHOBOJl8 JlJIH rn6pHJlHOH BOJI­

Hbl EH 11' orpaHH'IHBaromefi ycKopeHne 60JibIIIllX llMnynbCHblX TOKOB, COKpama­

eTC:51 B 3 paaa. BTopaH ycKOpHIOlll8H ceKUHH JlJillHOH 3 M noJIHOCTblO ll3I'OTOB-

neHa (1I;~H11ee~ ~ paJtnanb~bIMII ~a~p~a~Mn/ 'IT~)ap~H;Hpy~;_y~~i>b~~He B Hefi 

HMnynbcHbIX TOKOB He MeHee 0,5 a-' 6ea B03HHKHOBeHnH···~~eKTa YKOPB'IllBa­

HHH HMnynbca -TO~a/61.: .·· 

CeMefic:TBO :Harpy30'IHbIX xap~KTepllC:THK ycKopllT9JIH,,B ·38BHCllMOCTH OT 

nMnynbcHoro 3Ha11eHH~ ··ab1coK011.;_cT'oTHofi 'MOlllHOCTll,' nocTyria10mei!: Ha BxoJl 
, -- .,_,_ --·-·- ., "·-- ,. _-.,.··~ .. ~- . .. ~ .,,., .. '-· . -,-•· ' 

ce~unfi Ngl) ll Ng2 f P1 -nfJ,oriHCbIBaeTcsL¢opMynofi - ✓• 

E
0
,-•E =,Bl , 

I'Jl9 .,,;•'·. 

=;A 1PJ+ P2 ,-
:,. -·- < 

'J ..; 'llMnynbCHOe 3H8'19Hll9 TOKa,, E - aHep;mI ane~TpOH~B,'•Eo.'.. 9Heprmr 
•' • • • _ _ • _ i • " • ' ' 1 . _ I • , ., ~ 

9JI9KT'i:>oHOB npn"' -::; 0; ·, All 8 - Ko:#¢1111neaii,i, ··aaancsuiilie OT. iiapaMeTpOB' 
• ;...._,=•• •,-.C._ ~-~~••o,. ••-'>' • •••• ·.""•-•--~-., ••• -t-""-~••••" i~~"''''-'''''•••t••~"'~ •~~• ( .. ._.,_,~_,.,. ___ ;,,,.,--.,.~C. .. ••--•1 

TP8,K1:_ll_, yc~opeHH~.· IlpHB9Jl9HH~Sl _Ha p_II~--- 2: Harpyf:'~'I.11.~sr: _:,c~paI<:1'~PlI~-'l:HK8 ycKo-

pHTemr nony'I~Ha CJI0*9HH9M 8KC:nepHM9HT8JibHOH xapaKT9pllCTllKH C9KUHll N,l 

ll pac~~T~OH xap~KT9J)HCTHKH ~e~Ulill N,2. •:: ' 

B CB.H3ll C PHJlOM orpaHll'I9HHH B CHCTeMe 9JI9KTponnTaHllH KJIHCTpOHOB 

npH 11acT0Te HMnynbCOB 100 repu'MaKCHM8JlbH8H llMnynbCHaR BhlCOKO'IaCTOT-
' :~ '.': ·'. · 1' · . .. : '. ·7., • · • . ' :1 - . .. i • .· • . , -· ' , . ~- ;" 

H8H MOr:iiHoC:Tb, ,KOTopaH M0*8T-, 6b!Tb. nony'IeHa ·c· KnHCTpoaa rrepBofi c:exunn,. 

p~sna ::10 :M;~. :a-c: ~JI~CTp6Ha ~~Top~/~eKU~ll- - ~:[MB;. IT~n:_;n;c~e· ;~~OpH-

TenH cpeJlHHH ~JHeprHH aneKTpOHOB OU9HHBanacb no ·Kp'HBOH irornomeHHSI, 
' . 

TOH C IIOMOIUblO UliJIHHJlpa <I>apaJteH, ycTaHOBJI9HHoro Ha BbIXOJl9 BTopofi 

CHH­

ceK-

unn. 3neKTpoHHb1fi nMnynbc HMee-r ¢opMy, 6nnaKy10 K npHMoyronbHofi, Jtnn­

TenbHOCTb - 1,6 MKCeK. 

ITpn aHeprHll aneKTpOHOB 32 MaB TOK B llMnynbce COCT8Blln 0,16 a. 

HeKOTopoe CHH)K9Hlle napaMeTpOB nony11eHHOI'O 3JI9KTpOHHOI'O ny'IK8 no cpaB-
.' 

H9Hlll0 C Harpy30'IHOH xapaKTepHCTllKOH I no-BHJlHMOMY, CBSI3aHo C H9JlOCT8-

TO'IHOfi'·cTa6HnbHOCTblO"• '18CTOTbl MarHeTpOHHOI'O reHepaTopa Boa6y:iKJleHllSI 
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Pnc. 2.' Harpy30'1Hhle xapaKTepl!CTIIKII_ 'nnHefiHoro ycKop11Tem1. 1 - l!MnynbCHSSI 
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4 -: Linl!TenbHOC:Tb' aneKTpOHHOI'O :11Mnynbca' ' ( '' T '; MKCeK)' E - aHeprl!SI aneKTpo­

'HoB, M 8B j ' - IIMnynbCHbifi TOK aneKTpOHOB, Ma, 
C ,,<,' ,, •, • .1, ••,,'" •'. 1,' i, 

6 

KnHCTpOHOB, nnaMeTp aneKTpOHHOI'O ny'iKa, na.umomero Ha MHWeHb, He npe­

BbIWaeT 5 MM. 

Pa.unanbHaH ~OKYCHpOBKa aneKTpOHHOI'O ny'l:Ka o6ecne'iHBaeTCH CHCTeMOH 

COCTOHIUeH H3 .U!IYX coneHOH.UOB ceKUHH Ng 1 ( 3). BbICOKO'iaCTOTHaH MOIUHOCTl 

B ycKopHromne ceKunn no.uaeTcH OT .uByx KnncTpoHHbIX ycnnnTenett KHY - l 2AN 

( 2,6) qepea C'heMHbie cornacoBaTenn n BOnHOBO.UHbdl: TpaKT, 3neKTpH'ieCKa.!' 

npO'iHOCTb BOnHOBO.UHOI'O TpaKTa o6ecne'iHBaeTCH HanonHeHHeM ero asoTON. 

no.u .uaBneHHeM 6 aTM, Ha BXO.Qe n Bb!XO)le ycKopHTenH )lnSI paa.ueneHHSI BaKyyM­

HOI'O n rasoaanonHeHHoro o6'beMOB ycTaHoaneirbI crreu.n:anbHb1e KepaMH'ieCKHe 

oKHa, npospa'iHbie LinSI pa6o'iero .unanasoHa qacToT, CncTeMa KoHTponH c,a,q. 

MOIUHOCTH o6ecne'iHBaeT B03MO~HOCTb aa6nro.ueHHSI napaMeTpOB HMnynbca MOIU-: 

HOCTH H samHTbI aneMeHTOB ycKOpHTemI npn nosrnneHHH oTpa~eHHOH BOnHbI, 

KnncTpOHbl. Bos6y~.U~IOTCSI MarHeTpoHHbIM reHepaTOPOM, CTa6HnbHOCTb 'iaCTO­

TbI KOTOPOI'O - 5. 10-6. Pa6o'iHH BaKYYM B o6'heMe VCKOPHTem1 He XV)K0 

5. 10-7 Top • CncTeMa BaKyyMHbIX B0HTHneH .uaeT B03MOJKHOCTb BCKpbIBaTb 

OT)lenbHbie BaKyyMHbie o6'heMbl 6ea HapyweHHSI BaKyyMa BCeH CHCTeMbl, 8neKT­

pOHbl nocTynaroT Ha MHUieHb no aneKTpOHOITpOBOJlY .UnIIHOH 8 M, Ha aneKTpo­

HonpoBo.ue ycTaHOBneHbl .QBe KBa.upynonbHbie nHH3bl ( 10) JlnSI ~oKyCHpOBKH nyq­

Ka H KoppeKTHpyromne KaTyUIKH. 

BbIXOJl HeHTpOHOB H3 MHUieHH aaBHCHT OT ee MaTepnana H aaeprHH aneKT­

poHoa/7/, a ueHHOCTb reHepnpyeMb!X H0HTpOHOB onpe.uenHeTCH HX aHepreTH­

qeCKHM cneKTpoM/8/ H pacnono~eaneM MHUieHH B aKTHBHOH 30He. Jlng TSI~enbIX 

He.uenHIUHXCSI aneMeHTOB ( CBHHeu, BOnb~paM) Bb!XO.U H0HTPOHOB B )lBa paaa 

HH~e, a JlnSI ypaHa-235 n nnyTOHHSI - B 1,5 paaa Bblllle, qeM )lnSI ypaHa-23819/, 

ManbIH o6'heM H pe3KO BbipaJKeHHaH HepaBHOM0JJ_HOCTb 9HeprOBbI.UeneHHH no 

BbICOTe Mlllll0HH .uenaroT aa,uaqy ee oxna~eHHH .UOCTaTO'iHO cnOJKHOH/9, 10,111. 

MnllleHb nnHeHHoro yCKOPHTenSI HSI'OTOBneHa HS TyronnaBKHX coe.u.n:HeHHH 

nnyTOHHH/12/ H noMemeHa B ueHTpanbHYIO qacTb aKTHBHOH 30Hbl peaKTOpa. 

OxnaJK.QeHHe MHWeHH npoHSBO.UHTCH rasoo6pa3HbIM renneM. 

ITapaMeTpbI ycTaHOBKH 

OcHOBHbie napaMeTpbI CHCTeMbI - cpe.UHHH MOIUHOCTb H .un.n:TenbHOCTb 

BCnbIWKH saBHCHT OT pasMHOJKeHHH peaKTopa. C yBennqeHneM pasMHOJKeHHH 

pacTeT cpe.QHHH MOIUHOCTb, HO O.UHOBpeMeHHO HMnynbc cTaHOBHTCH llIHpe. 
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KaqecTBO ( 1J ) lIMDY.llbCHoro lICTO'l'.HlIKa onpeaem:ieTCSI OTHOWeHneM 

yaenbHOH none3HOH MOIUHOCTH K KBaJlpaTy a(jJ(jleKTHBHOH Jl.lIHTe.llbHOCTH BCDblW­

KH. 

7J = w 
V 0 2 

( 1) 

3aBHClIMOCTb OJlHHO'l'.HOH BCDbIWKH 6ycTepa OT BpeMeHH n napaMeTpOB 

peaKTopa n aneKTpOHHoro HMnynbca MO)KeT 6b1Tb nony'l'.eHa perneHneM Toqeq­

Horo KHHeTnqecKoro ypaBHeHHSI /2,13/: 

dW( t) 
dt. 

W(t) dtJ 
T 

. s +--, 
TV 

( 2) 

rae W(t) - .MrHoBeHHOe 3H8'!0HHe MOIIlHOCTH, E ( t) - 3aBHCHMOCTb peaKTHB­

HOCTH peaicTopa OT BpeMeJm, T - BpeMSI )KH3HH MrHoBeHHbIX HeilTpOHOB B aK­

THBHOfi 30He, V - 'IHCno H0HTpOHOB Ha 8KT neneHHSI, S - MOIUHOCTb HCTO'l'.HHKa 

HeilTpoHOB. flpn c( t) =Eo perneHHe ypaBH0HUSI UMeeT Bnn: 

W1 (t) S ( Eo . 1 ) -- ex1> - t - , 
VEo T 

0<;.t~T. ( 3) 

ITocne npeKpameHHSI aneKTpOHHOH BCilbllliKH (ee Jl.lIHTenbHOCTb paBHa T) MOIU­

HOCTb JlOCTHraeT MaKCHM8.llbHOro YPOBHSI 

S E 
Wmax = --(exp ...:.a. T 

V EO T 

-1 ) , 

a saTeM nponcxonnT ee crran ( 061,1'l'.Ho co < 0 ) : 

W2 ( t) = W [ exp .!..D... ( t - T) 1 , 
'!lax T 

3HeprHSI HMIIY.llbCa 

E =-_s_ T 
V Eo 

a a(jl(jleKTHBHaSI Jl.lIHTenbHOCTb BCIIbllIIKH 

0 E 
w 

max 

T 

exp .!.o.. T - 1 
T 

t > T . 

8 

(4) 

( 5) 

( 6) 

( 7) 

llnnTe.llbHOCTb HMDY.llbCa Ha DO.IIOBHHe BbICOTbI 

01/F T - _r_ fn ( exp ...51.. T + 1 ). 
Eo T u 

llnSI onpeaeneHUSI aonn cpeaHeil aHeprnn, BbIJlenSieMoil B lIMnynbca: 
' ~µ 

l\O)KHQ 38DHC8Tb ypaBHeHHe 6anaHca 9Heprnn 38 OJlHH UUKn pa6oTbI B BHJlE 

Ep = EH + E (jJ + EC ( E 

saecb En , E(jl , E c - 9HeprnSI nMnynbca n ¢oHa. Tor.oa 

~ = (1- E<ji + E c ) • 

EP • EP 
( 1( 

Ha pnc. 3 rrpnB0Jl0Hbl pacC'l'.HT8HHbi0 Jl.lISI 11BP-30 C HH)K0KTopoM 3aBHCHMOCT 

En 
----p-- H JlO.IISI. 9Heprnn (jloHa OT YPOBHSI IlOJlKpHTH'l'.HOCTH peaKTopa. MomHOCT &::¢ . 

HCTO'l'.HHKa HefJ:TpOHOB H3 MHlll0HH yCKOPHTeiJg 

s _1_ 10 19 I K ( E ) 
1,6 ( 11 

rae K(E)- Koa(jl(jlnuneHT reHepaunn HeilTpOHOB B MHllleHH/
7!_ flpHHHMaH, 'IT 

U0HHOCTb HefiTpOHOB MHllleHH rrpn ee ueHTpanbHOM paCIIO.IIO)KeHHH B 8KTHBHO 

aoHe paBHa ennHnue, HailaeM na ypaBHeHHSI 6anaaca aaeprnH (10) cpeaH101 

MOIIlHOCTb 6ycTepa: 

w 0,0726 n I T K ( E ) 

c
0 

( 1- a) 
( 1 ~ 

E<ji+ Ee 

rae a= t: P - JlO.IISI 9HeprHn, BbIJle.lISIIOIIl8SICSI Me)KJly BCIIbilIIKaMH. 

11crronbsyg COOTHOllleHHSI (11) n (12), HarpySO'!HYIO xapaKTepHCTlIK 

ycKopnTenSI (1 Ha pHc. 2) n Koa(jJ<jinuneHT reHepaunH HeilTpOHOB, Mbl paCC'l'.H 

Tann 3aBHCHMOCTH pSIJl8 rrapaMeTpoB 6ycTepa ( cpeJlHIOIO MOIIlHOCTb, HCTO'l'.HH 
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ilnn:TenbHOCTb HMnynbca Ha nonoBHHe BbICOTbI 

01/F T - _r_ fu (exp~ T +1). 
E O T 

( 8) 

ilm1 onpeJleneHHSI AOnn: cpeAHeil: aHeprmi:, BbIJlensieMoil: B n:Mnynhcax, 
,~~ 

MJ:>KHO aann:caTb ypaBHeHn:e 5anaaca aaeprn:n: aa OJlHH unKn· paooTbI a.'anAe: 

( 9) 

3Jl9Ch En , Ecp , E c: - aHepr1rn nMnynhca n cpoaa. TorAa 

( 10) 

Ha pn:c. 3 rrpnaeaeHbl paCC'IHT8HHbie am1 HBP-30 C HH:>K9KTOpOM 38BHCHMOCTH 

En 
~ H aonsi 9Heprnn cpoHa OT ypOBHH noaKpHTH'IHOCTli peaKTopa. MomHoCTb 

cp 
HCTO'IHHK8 HefiTpOHOB H.3 MHllieHn ycKopnTenH 

s _l_ 10 19 1 K(E) 
1,6 

( 11) 

/7/· 
rae K(E)- K09cpcpnuneHT reaepaunn HefiTpOHOB B MHlli9Hli ITpnHHMaSI, 'ITO 

ueHHOCTb HefiTpOHOB MHlli9HH rrpn ee ueHTpanbHOM pacrrono:>KeHHli B 8KTRBHOll 

aoHe paBHa eanan:ue, HafiaeM na ypaaHeHnH 5anaHca aaeprnn (10) cpeAHroro 

MOmHOCTb 5ycTepa: 

w 0,0726 n I T K ( E ) ( 12) 

Ecji+ Ee: 
rae 0 = E P - JlOnSI aaeprnn:, Bb!LlenmomasicSI M9:>KJlY BCITbllliK8MH, 

l1cnonh3YSI COOTHOllieHRSI (11) li (12), HarpyaO'!HYIO xapaKT9pHCTHKY 

ycKopnTenH (1 aa pnc. 2) n KoacpcpnuneHT reaepaun:n aefiTpoHoB, Mb! paccqn:­

Tann 38BHCHMOCTH pHJl8 napaMeTpOB 6ycTepa ( cpeJlHIOIO MOmHoCTh, RCTO'IHRK 
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Pnc. 3. CooTHoweane MelKLly noneaaolt ( En) n qioaoaolt ( Eqi,E) aaeprnsrMn 
6ycTepa B aaBllCllMOCTH OT yMHOlKeHHH (11 Eo), _Ep - aaeprnsr 6ycTepa E 
aa DJlllH unKn pa60Tb1, 1- JlOnH · aaeprnn, BbIJlenmoma~cH B nMnynhce ( E) 

unoaapHoM peaKTope. 

E E EqitE E P 
JlonH aaeprnn qioaa: 3 - Eq,, 4 - E; 5 - ~; 2 - T B cTa-

P p P P 

~I 

~ 
i( 
1· 

H np.) OT TOK8 ycKopeHHbIX aneKTpOHOB, MaKCHManbHaSI MOmHOCTb B pe)KUMe 

nMnynhcHoro 6ycTepa npn paaMHO)KeHnn 200 cocTaBnsieT 15,6 KBT II nocTnra­

eTcsi npn HMnynhCHOM TOKe ycKOpeHHblX aneKTpOHOB 0, 2 a. 

IToncTaBHB B ypaBHeHHe (1) nonID cpenHefi MomHocTn (12) 6ycTepa, 

KOTopaSI BbmenSieTCSI B IIMnynbcax, II 3Ha"!eHIIe 0 ( 7). nony"IIIM 

:. T/ 

E 2 
0,0726 n I K ( E) ( 1 - exp ~ T ) 

(I ') 
V Eo T 

3necb V .;. o6'beM aKTHBHOll 30Hbl peaKTOpa. 3aBHCHMOCTb Ka"!eCTBa 6ycTepa 

OT Eo IlOKaaaHa Ha plIC, 4. flpH llJIHTenbHOCTII aneKTpOHHoro IIMIIynbca · l,6MKC0K 

KatJeCTBO 6ycTepa nocTnraeT MaKCHManhHoro 3HatJeHHSI .npn pa3MHO~eHHH 80. 

IToBeneHH0 MOmHOCTH 6ycTepa npH E o➔ 0 MO)KHO onpenenHTb pellleHHeM 

KHHeTH'l8CKoro ypaBHSHHH (2) C Y'ISTOM aaBHCHMOCTII peaKTIIB~OCTII peaKTOpa 

OT BpeMeHH, B o5nacTH O ~t -~ T aa_BHCIIMOCTb MomHOCTH OT BpeMeHn ocTa­

eTCSI 5ea H3M0H0HHll ( 3)' HO MaKCHManhHOe ~Ha'ISHHe aMnnHTYllbl HMnynbca 
_ _-; 

(4) cTpeMHTCSI K npeneny 

•· lim 
w _]_ max = ( 13) 

E ➔ O s I V r 
0 ' 

B STOll ·o5nacTH H3MeHeHHH peaKTIIBHOCTII peaKTopa· KOHTp_onb aa MomHOCTbID 

6ycTepa no B03pacTaHHID aMnnHTYllbl HMilynbCa CTaHOBIITCH Heacp<peKTHBHbIM. 

B <popM
0

yne cnana HMIIynbca (5) IlOHBnHeTCH MHO)KHTenb exp [- a u2<t 
3
-T

3
) ] 

. 3r 

CHnbHO aaBncsrmnfi OT BpeMeHH. ilnnTenbHOCTb BCilbIIIIKH Ha nonoBHHe BbICOTbl 

npn E o= 0 cTpeMHTcsr · K npenenbHOMy aHatJeHnID ( nnsr ManbIX T ) . 

lim 0¼ 
E 0➔ 0 

_..I.+(T3 
2 

...1.r,__ fn 0,5) 7/ 3= 1,28 ( _r_) 113 • 

a v 2 a v 2 
(14) 

3necb V - CKOpOCTb OCHOBHOfi IlOllBII)KHOfi 30Hbl peaKTOpa, a - napaMeTp napa-

6onb1,, KOTopofi OllHCbIBaeTCSI peaKTIIBHOCTb peaKTOpa npH llBH)KeHHH OCHOBHOl'l: 

nonBH)KHOfi aoHbI ( OIT3). 
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PocT sHeprnn BCilbIWKn rrponcxoanT aa cqeT BoapacTaHnR ee annTenbHOCTn, 

n rrpn f O = 0 ( MrHOBeHHaR KpnTnqHOCTb peaKTOpa) cpeaHRR MOWHOCTb (W ) 

6ycTepa CTaHOBllTCR paBHOH 

-W En 
1,28 S Tn 

a 1 /3v 2/3 r 2/3 v 

( 15) 

rJle 

E ::: 01j2W max, 

n - qacToTa nMrrynbCOB. C yBenntJeHneM pa3MHO)KeHnR annTenbHOCTb BCilbllli­

Kll 6ycTepa pacTeT, HO oHa OCTaeTCR Hll)Ke annTenbHOCTll BCilbllliKll peaKTOpa, 

pa60Ta10mero C TaKOH )!{9 qacTOTOH. 3To o6~RCHR9TCR TeM, qTo rrepeaHnfi 

-<jipoHT llMIIYnbca <jiopMnpyeTCR sneKTpOHHOH BCilbllliKOH ycKopnTenR, a B rame­

Hllll BCilbllliKll C pOCTOM pa3MHO)K9HllR Bee 6onee cymecTB9HHYIO ponb nrpaeT 

CHll)l(9Hll9 peaKTllBHOCTll peaKTOpa. 

TaKllM o6pa30M, B pe)KnMe pa60Tbl 11BP.;;30 C llH)K9KTOpOM MO)KHO BbI-:-

aennTb HeCKOnbKO xapaKTepHbIX o6nacTeH, B o6nacTn Hll3KllX pa3MHO)K9HllH 

( ao 20) ~10aynRUllR peaKTllBHOCTH cna6o BnnReT Ha <jioH Me)Kay BCilbllliKaMn. 

M llHllManbHbIH ypoBeHb pa3MHO)K9HllR, KOTOpblH MO)KHO rronyqnTb Ha 11BP-30, 

cocTaBnReT 15-20 ( OIT3 n opraHbI perynnpoBaHllR peaKTopa BbIBeaeHhI na 

HerroaBll)KHOH 30HbI). 3ToMy pa3MHO)K9Hlll0 COOTBeTCTByeT cpeaHRR MOWHOCTb 

6ycTepa 1 KBT n rronymnpnna BCIIbIWKn 1,6 MKCeK. 

11crronbaoBaHne cpeannx paaMHO)Kenntt (20-500) Tpe6yeT Moayngunn 

peaKTllBHOCTll ang CHll)K9HllR <jiona. B STOH o6nacTn rrynbcaung peaKTllBHOCTll 

eme .He BnnReT na <jiopMy BCilbllliKll. 

B o6naCTll Bb!COKll X pa3MHO)K9HllH ( OT 500 ao MrHOB9HHOH KpllTll'IHOCTll) 

}lnnTenbHOCTb nMrrynbCa rrpoaon)KaeT yBennqnBaTbCR C pocTOM yMHO:lK0HllR, 

B TOqKe MrHOB9HHOH KpnTnqHoCTll annTenbHOCTb llMilynbca Ha rronoBnHe Bhl­

. COTbl cocTaBngeT 65 MKCeK, a cpeaHRR MOWHOCTb 30 KBT aocTnraeTCR rrpn 

•IaCTOTe cneaoBaHllR BCilbilli9K 20 ru. 
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Pa6oTa HBP-30 c nm1<eKTopoM 

CxeMa pa6oTbI HBP-30 c JUUKeKTopoM npnBeJleHa Ha pHc. 5. Ha aepxHeM 

rpacjJnKe noKaSaHo naMeHeHne peaKTHBHOCTH peaKTopa HBP-30 aa O/lHH 060-

poT JlHCKa OCHOBHOH no)lBH:>KHOH SOHbl ( Ha JlHCKe 2 SOHbi). PeaKTHBHOCTb peaK­

Topa OT HeKoToporo cjJoHOBOro SHa'!eHHH ( E cjJ) / noBbIIIIaeTCH B MoMeHT BpeMe­

Hll t = 0 JlO MaKcnManbHOI'O YPOBHH ( E O ) • paBHoro ( Ecji- ( ona>, rile ( ona -

peaKTilBHOCTb OCHOBHOH no)lBil:>KHOH SOHbl peaKTopa, E = 0 COOTBeTCTByeT ypoB­

Hro KpllTil'IHOCTil peaKTopa no MrHOBeHHbIM Heii:TpOHaM. PeaKTilBHOCTH OCHOB­

Hb!X noJlBil:>KHbIX aoH ( OIT3Nd n OIT3 N92) B peaKTope HBP-3.0 HeoJlnHaKoBhI. 

ITO naMepeHilSIM, aTa paaHOCTb ( I),, E2) He npeBbIIIIaeT 2,3• 10..:5. 8neKTpOHHbie 
\/ u 

nMnynhCbl nnHenHoro ycKopnTeng CllHXPOHilSOBaHbl C BpameHneM OCHOBHbIX 

no)lBil:>KHbIX SOH peaKTopa. OnopHbie IlMrrynbCbI, onpeJlenHromne MOMeHT CTapTa 

aneKTpOHHOH BCnbIIIIKH, cjJopMnpyroTCH llBYMH )laT'!HKaMn ITO 'Illcny no)lBil:>KHbIX 

SOH, Ha-aa, HeTO'IHOCTil ycTaHOBKil JlaT'!IlKOB IlHTepaan BpeMeHn Me:>KJlY CTap­

TOBbIM nMnynhCOM n MaKCnManhHOH peaKTHBHOCTbro OIT3 Nd He paBeH 8TOMY 

nHTepaany JlmI OIT3 N92. PaaHnua cocTaBnHeT ¢ = 5 MKCeK. TaK KBK onopHbie 

nMnynhCbI, BKnro'!aromne rry'IDK ycKopnTenH, OllHOBpeMeHHO aanycKaroT annapa­

Typy naMepnTenbHoro ueHTpa, HeTO'IHOCTb ycTaHOBKil )laT'!IlKOB He BbISbIBaeT 

acjJcjJeKTilBHOro paaMaSbIBBHilH IlMIIynhCOB MOIDHOCTil rrpn nx CT8TllCTil'IeCKOH 

perncTpaunn. Ho CTapT IlMrrynhca ycKopnTenH OT JlBT'IllKa OIT3 N,2 C)lBilHyT 

no OTHoIIIeHnro K MaKCilMYMY ee peaKTilBHOCTil. 3a BpeMH 5 MKCeK JlllCK OIT3 

noaopa'lnBaeTcH, n peaKTilBHOCTb peaKTopa CHil:>KaeTCH OT CBoero MaKcnManb­

Horo aHa'leHnH Ha aenn'lnHy I:!,, c 1 = a v 2 ¢, 2 • 8Ta Benn'lnHa rrpn qacToTe 

BpameHnH JlHCKa OI13 50 1/ceK paaaa - l•I0-6. 

Ha cpe)lHeM rpacjJnKe IIOKaaaHa 38BllCilMOCTb MOIDHOCTH peaKTOpa OT 

BpeMeHH w (t). B npoMe:>KyTKe Me)l{Jly HMnynhcaMn MOIDHOCTb peaKTOpa w 
onpe)lengeTCH paaMHO:>KeHneM aarraS)lbIBaromnx Heii:TpOHOB B Heno)lBil:>KHOH SOHe 

peaKTopa. ITollKPilTil'IHOCTb peaKTopa B 8TO BpeMH ( E cjJ) paBHa 5,5, 10-2, a ero 

paaMHO:>KeHne -18. ITo Mepe COBMemeHilH OCHOBHOH IIOJlBil:>KHOH SOHbI c He­

nonBil:>KHOH peaKTilBHOCTb peaKTopa n er~ cjJoHOBaH MOIIIHOCTb yaenn'lnBaroTCH. 

B MOMeHT CTapTa aneKTPOHHOro IIY'IKa Ha 8TOM c!ioHe paaBnBaeTCH pa6oqnii: 

IlMIIYnhc, cjJopMa KOTOporo onnCbIBaeTCH ypaBHeHneM ( 2) n ( 4). ITocne CHil­

:>KeHilH peaKTilBHOCTil peaKTopa ero MOIIIHOCTb CHOBa nanaeT. 
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Ha Hll>KHeM rpa<pHKe npHBeneHO ll3MeHeHne BO BpeMeHH llCTOqHHKa HeHT­

poHOB, S(t). Me>Kny pa6oqHMH HMnynbC8Mll HCTOqHHK aana3AbIB8JOmHX HeHTpo­

HOB onpe.nenHeTCH cpe.nHefi MomHOCTblO (WP) peaKTOpa. TaK KaK qaCTOTa 

nMnynbcoB MOmHOCTH BbICoKaH ( 06b1qHo n = 100 ru), ncTo~HHK Me>K.ny HM­

nynbcaMH ('S cp J MO>KHO cqHTaT~ ·Aoc:i"oHHHblMo 'B MOMeHT COBMemeHHH no.n­

Bll>KHOH 30Hbl C HeITO.llBll>KHOH HCToq,HHK TaK>KEi MeHHeTCH .He3HaqHTenbHO, HO 
; } 

oH ( S ) BbJllle, qeM Me>KAy BCITbIIIIKEIMH; aa- cqeT aana3.llbIBaJOm~x aeuTpOHOB, 
C ' , ; , : ~ '~ ' ·, .. 

cBH3aHHbIX c OIT3, peaKTopa, OcHoBHbIM ncToqHHKOM, onpenenH,IOIIlHM cpopMHpo-

BaHne Bcnb1111K·H 6ycTepa, HBnHJOTCH. HeHTp0Hbl' ( S ~), reHepn pyeMbie B MHllleHH 
.~ . '.. . ,.' J ': l , , ' / i • . • , 

aneKTpOHHbIM ,, HMnynbCOM, ycs:C>pHTe~~~- Be_n~_qnHa •. 9TOro HCToqHHKa onpenenHeT-

CH napaMeTpaMH ycKopeHHbIX aneKTpOHOB n MaTepnanoM Mn111eHn, .a· ero .nnn­

TenbHOCTb paBHa .nnnTenbHo~T~ a~~K;poHH6~c?n~nynbca ( T). SM '>> S cp, ~oa­

ToMy B cpopMynax ( 3) n. ( 5) HCToqHHK aanaan iiBaJOmHx HeHTp0H0B, M0>KH0 He 
, ; i 

yqHTbiB8Tbo , 
I 

Cpe.llHHH MOIUHOCTb HBP-30 B pe>KHMe pa3MHO>KeHHH, KOTOpaH 6bma 

nonyqeHa npn nap:aMeTpax aneKTpOHHO,rO rry•i~a, yKaaaHHb~X. iB paa.nene 1, 
•• , ~ , ' • / •' A , • > : 

ycTaHOBneHHOH B··:aoHy nnyTOHH_eB0H MHllleHH n 'yMHO>KeHHlli 200 C0CTaBHna 

~ 9 KBT, ITepex~.n/oT nnyTOHHeBOH Mll!Ueim K B~i:11:;cppa1,t'0Bofi c:HnkaeT cpe~
0

HIOIO 
> •- •~ ~;•••• «~•---:•;,.~••-<""''~',•,•>''••,~c•-••••';:•"°' ••,'. ", > •\••"•••-•• ,'.:""t•,~•• : ,, ' '• 

MomHoCTb B 2;5 .. '. 3 paaa;. <l>opMa BCITbIIIIKH 6ycTepa. H3MepHnaCb ·c ITOMOmbIO 

TOplleBOH KaMepbi neneHHH, _ ~HrHa~bl C'KOTOpo(noc;yna~'H Ha. Bpe~eHHO:fi; aaa­

nH38TOp, PeaynbT8Jbl ll3MepeHH~ noKa38Hbl Ha pHc. 6, 3cp<peKTHBH8H nnnTenb-:­

HDCTb HMnynbC8 paBHa 4 MKCeK ( nonymHpHHa BCII~IIIIKH ·,COOTBeTCTBeHHD 3 MKCeK) • 
. . . ~ . . , ' ! . ~ 

ITapaMeTpbl CHCTeMbI, nonyqeHHbJe BO BpeMH nycKa, He HBnHIOTCH npe-

.nenbHbIMH~ CHCTElMEl;IlllT8HllH KnHCTp()HOB ·npll ,He3HaqHTenbHblX ll3MeHeHHHX 

noaBonsreT nonHHTb-ypoBeHb'' MOIUH0CTH c.B.q; . npn "' 9TOM pacqeTHaH cpe.llHHH 
' ,. . . ·,/.. . ,, 

MomHDCTb MO>KeT, 6bJTb yBennqeHa .no 25 KBT npn pa3MHO>KeHHll 200. B Heo6-
• ! ' ' - ~; . : -

XO.llllMbIX cnyqaHX B03MO>Klta, pa601:a npn qacToTe 50 ru C O.llHOBpeM eHHbIM 

yBennqeHneM HMnynbCHOli ,_c.B.q., MOmHOCTll ,,.llO_l6 -M_BT. B_ ,Ka>K.llYIO. ceKUHIO .nnsr 
' . ··, . ~. : ~. . ; . ' ' . ' ' 

qaCTHqHQH KOMITeHCaUHH CHH>KeHHH cpe.nHeii MOmH0CTll, ITpn 9T0M pacqeTHaH 

cpe.nHHH M0mHOCTb 6ycTepa CO~TaBHT
0

' 2i' KBT, 

B aaKnroqeHne c.qnTaeM, cBoHM npll:HTHbIM nonroM no6na;o.napHTb 

H.M. <l>paHKa n <1>.n. lllannpo aa HHTepec K pa6oTe n noneaHbJe o6cy>K.neHHH, 

B.IT. ITonoBa, B.IT. BopoHKHHa,' H.M·. YTKF!Ha, B.K. Y111aH0Ba, H.n. Bna.nHMH­

poBa, r.B. BeToxnHa, H.A. MauyeBa aa noMomh B MoHTa>Ke n Hana.nKe pH.na 

CHCTeM llH>KeKTopa. 
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