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' 
1.3KCDepHMeHTanbHOe HCCne~oBaHHe ¢nyKTyauHA HMIIynbCHOI'O peaKTOpa 

Bse~eHHe 

CTaTHCTH'IecKHe ¢nyKTyanHH 'IRena HeATpoHos, B03HHKaiOwHx s e~HHH'IHOM aKTe ~eneHHSI, 

H ljlnyKTYallHH ~nHHbi seTseA nenHoro npouecca npHBO~SIT K ¢nyKTyanHSJM HHTeHCHBHOCTH HH~H

BH~yanbHOA BCDbiWKH HMDynbCHOI'O peaKTOpa. 

TeopeTH'IeCKHe pacqeTbi, yCTaHaBnHBaiOIUHe CBSI3b ~HcnepcHH HHTeHCHBHOCTH OT~enbHOI'O 

HMDynbCa C napaMeTpaMH ~enSIIUHXCSI MaTepHanOB H aKTHBHOA 30Hbl peaKTOpa, 6blnH BbiDOnHeHbi 

/3/ ~ /4/ ' 
B pa60TaX n.nana , nana H HeMeTa Ha OCHOBe o6weA TeOpHH CTOXaCTH'IeCKHX npolleCCOB 

/5/ 
s s~epHbiX peaKTopax, a TaK»ee s pa6oTe A.B.rosopKosa c y'leTOM npocTpaHCTBeHHoro H 

aHepreTH'IeCKOI'O pacnpe~eneHHSI HeATpOHOB. npH6nH>KeHHOe pacCMOTpeHHe CTaTHCTHKH pa3BHTHSI 

HMnynbCa HBPa, BbiiionseHsoe IO.R.CTaBHCCKHM H 11.H.BoH~apeHK0 1 pe3ynbTaT&I KOToporo H3-

/l/ 
no>KeHbi B pa6oTe , DpHBO~HT K IlpOCTOA CBSI3H OTHOCHTenbHOI ~HCnepcHH aMnnHT.Y~bi BCIIbiW-

KH CO cpe~seA MOWHOCTbiO peaKTOpa: 

2 
q 

2 W
1 

{Jr ( 1) 

3~ec~:~ OTHOCHTenbHa.H ~HCIIepCHSI KOs¢¢HUHeHTa pa3MHOJKeHHSI ~ns e~HHH'IHOI'O aKTa 

.aeneHHH ; w, cpe~H.SISI MOWHOCTb B ~eneHHSIX B CeKyH~Yi {3 - g¢¢eKTHBHaSl ~OnSI 38Da3~bl-

B810IUHX HeATpOHOBi r - BpeM.H >KH3HH MI'HOBeHHbiX HeATpOHOB B peaKTOpe. 

2 
3sa'le&He 1'1 MO>KHO oneHHTb cne~yiOIUHM o6pa3oM. no onpe~eneHHI01 

n=o n=o 

2 
n cp (n) ] , 

r.ae ¢(n) - BeposTHOCTb o6pa30BaHHSI n -~eneHHA HeATpOHaMH, B03HHKWHMH B e~HHH'IHOM 

aKTe ,aeneHHSI. ()qeBH~H0 1 'ITO 

"" cp (n) =I. 
ll=n 

n 11-n 
11!a (1-a) 

PM----=--~--
nt (11-n)! 

r,ae p(11) - BepOSITHOCTb pO>K~eHHSI II HeATpOHOB B e~HHH'IHOM aKTe ~eneHH.H; a - &epOSIT-

HOCTb ~n.SI o,aHOI'O HeATpOHa Bbi3BaTb ~eneHHe, ycpe~HeHHaSI 110 1IpOCTpaHCTBeHH0-3HepreTH

'I:eCKOMY cneKTpy HeATpO¥CB peaKTOpa. 

0K83biBaeTCSI 0 'ITO IlpH KOS¢¢HilHeHTe pa3MHO>KeHHSI k = av"' l 

r.ae 

2 
1'1 = 

-2 
II 

-2 -
11 -11 

v2 
"" 2 

11 p (II) • 
11=0 

HMeiOwHecs ~8HHble o pacnpe~eneHHH 

wea onesxe 3Ha'leHHH 1'1 2 
p(ll) u H Pu 

3 

/6/ 
DpHBO~SIT K cne.ay10-
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~ 

6.= 
"""2 -
II -II 

-2 
II 

0,8. 

speMH HMnynbCa MOWHOCTH VIBPa K09QJQJHUlleHT paaMHO:lKeHHH Ha MrHoseHHbiX Heii:TpoHax, 

onpe.llenHIOWHil: paasHTHe uenHoro npouecca, O'I9Hb 6nH30K K 1. TaKHM o6paaoM, s Q:lopMyny ( 

2 
MO:lKHO IIO,llCT8.BHTb 3Ha'leHHe 6. =0,8. napaMeTpbl {3 H T ,llnH VIBPa H3MepeHbl n.n. TIO-

-a -8 
TIOHHHKOBbiM C COTpy.llHHK8.MH II p8.BHbl COOTB9CTB9HHO (3,4-t_0,3)•10 H ( 1·,3:!:_0,2) •10 C9K 0 

no.l1CT8.BJISHI 9TH 3H8.'19HHSI 6.
2 

{3 H T B QJOpMyny ( 1) H C'IHT8.SI1 'ITO B O.llHOM ,lleneHHH 

Bbl.l19nH9TCH 200 Mas, npH.l19M K cne.llyiOWeMy Bbipa:lKeHHIO .llnH .llHCIIepCHH 8.MIInHTY.ll HMIIyn&

COB VIBPa: 

3.l19Cb 

(l = 0,30 
IV 

W - cpe,llHSISI MOWHOCTb B B8.TT8.X. 

(2) 

... 
PaCCMOTpeHHe .llHHaMHKH p8.3BHTHSI HMnyn&ca MOWHOCTH IIOKa3biB8.9T1 'ITO QJOpMa HMIIyn 

He .llOn:lKH8. 113M9HSITbCSI OT BCIIbiWKH K 'BCIIbiWKe. EcnH 9TO TaK, TO Bblp8.:lK9HHe (2) .llOn:lKHO 

6biTb cnpaBe.llnHBO H ,llnH .llHCnepCHH nonHOil: 9HeprHH 1 Bbi.l19nHIOWeii:CH 3a Bp9MSI BCUbi~JCH. 

<PopMyna ( 2) yKaablsaeT Ha npHHIIHIIHanhHyiO B03MO:lKHOCTb a6coniOTHoro ·onpe.lleneHHH 

Cpe.llHeA MOWHOCTH peaKTOpa 110 .l18.HHbiM 06 OTHOCHTenbHOil: .llHCIIepcHH. 

A n n a p a T y p a 

-g. 

JlnSJ H3MepeHHH Q:JnyKTyauHA HHTeHCHBHOCTH scnbiWeK VIBPa 6bln HCnonb3oBaH CUHHTHnmr-

IIHOHHbiA C'I9T'IHK 1 COCTOSIWHil: 113 opraHH'I9CKOrO CIIHHTHnnHTOpa H QJOT09neKTpOIHI'OrO YMHO:lKH

T9nH THna <P3Y-12-a. C11eT'IHK 6bln ycTaHosneH Hall peaKTOpoM Ha pacCTOHHHH 7 M OT ueHT

pa aKTHBHOA aOHbi H perHcTpHposan 6biCTpbie Heii:TpOHbl H y -ny'IH. VIMnyn&Cbi IP3Y HHTerpH

posanHcb RC -ueno'IKOA, nepe.llasanHCb Ha nHHeii:HbiA IIIHpOKononocHbiA ycHnHTen& 11 aHanHaH

posanHcb aMnnHTy.llHbiM aHanHaaTopoM THna AVI-100. 

nocTOSIHHaSI BpeMeHH BbiXO.llHOA U9IIO'IKH IP3Y' B 6onbiiiHHCTBe H3MepeHHA paBHHnaCb 

MHnnHC9KYH.l19 1 T.e. 3Ha'IHT9nbHO npeBOCXO.llHna 9QJQJ9KTHBHYIO IIIHpH!if HMUynbCa MOWHOCTH 

Ill 
VIBPa 8= 36 MKCeK • npH 9TOM aMnnHTy.lla HMnynbCa, CHHM8.e~oro c BbiXO.lla IP3Y, 

nponopiiHOHan&Ha o6WeMy 'IHCny H9ii:TpOHOB H Y -nyqeA, IIOIIaBIIIHX B KpHCTann 38. BpeMSI 

scnbiWKH. TaKHM o6paaoM, aMnnHTy.llHbiP- cneKTp HMnynbCOB IP3Y nepe.llaeT KapTHHy <PnYKTYa

UHA nonHoro 'IHCna qacTHII HnH aHeprHH, Bbl.llenHIOWHXCH so speMH ~CnbiWKH peaKTopa. B HeKo

TOpbiX H3MepeHHSIX IIOCTOSIHHaSI Bp9M9HH Bbi6HpanaCb OKOnO 0,8 MKC9K. B 9TOM Cnyqae aMIInH-

TY.llHBI.I: CII9KTp .llOn:lKeH COOTB9TCTBOB8.Tb QJnYKTYaiiHSIM M8.KCHM8.nbHOA MOWHOCTII BCUbiiiiKH. 

Bo Bp9MH H3MepeHHSI CIIeKTpa peaKTOp IIO.ll,ll9p:lKHBanCH Ha 38..l18.HHOM ypOBHe MOWHOCTH 

C IIOMOWbiO CHCT9Mbl aBTOMaTH'I9CKOrO perynHpOB8.HHH. CneiiHB.nbHbl9 OllblTbl 1103BOnHnH ycTaHo-

BHTb, 'ITO 8.BTOMaTH'I9CK09 perynHpOBaHHe He BnHH9T Ha 8.MIInHTY .llHbie pacnpe,lleneHHH. 

Peayn&TaTbi H o6cy:lK.l19HHe 

VI3MepeHHSI 6blnH npOB9.l19Hbl npH pa3HbiX ypOBHSIX MOWHOCTH B o6nacTH OT 30 BT .llO 

1200 BT. AMmHTY .llHbie CIIeKTpbl II pH K8.}K.l10A MOWHOCTH 6binH CHSITbl C OpraHH'I9CKHMH CIIHHTHn-

4 t. 

,; 



Bo 

2 """2 -
~ = v -v 

-2 v 
0,8. 

BpeM51 HMIIynbCa MOlUHOCTH l16Pa Kos<f><fJHUH'eHT pa3MH02KeHH51 Ha MI"HOBeHHbiX HeiTpOHaX, 

onpeaensiOWHA paaBRTHe uenHoro npouecca, O'leHb 6nH30K K 1. TaKRM o6paaoM, ~ <f>opMyny ( 1)· 

2 
M02KHO IIO.llCTaBRTb 3Ha'leHHe ~ =0,8. napaMeTpbl f3 R T ans l16Pa R3MepeHbl n.n. TIO-

-a -8 
TIOHHRKOBbiM C COTPYllHRKaMH H paBHbl COOTBeCTBeHHO (3,4'!:....0,3)•10 R ( 1,3±.(),2) •10 CeK. 

2 
no.llCTaBnss 3TH 3Ha'leHRH ~ , {3 R T B <f>opMyny ( {) H C'IRTaH, '!:TO B O.llHOM ,lleneHHR 

nsTopaMH, 

HH 

Bbl,llenHeTCH 200 MsB, npH.lleM K cneayiOWeMy Bblpa2KeHHIO .lln51 llHCIIepcRH aMnnHTYll HMnynb- B 

COB l16Pa: COOTBeT• 

3aecb 

u2 = 0,30 
w 

W - cpe.llHHH MOWHOCTb B BaTTax. 

(2) 
~ 

PaCCMOTpeHHe llHHaMHKH pa3BHTHH HMIIynbCa MOWHOCTH IIOKa3b1BaeT, 'ITO <f>opMa HMIIyJibCa 

He .llOn2KHa H3MeHHTbCH OT BCIIbllliKH K hCIIbllliKe. EcnH 3TO TaK, TO Bb!pa2KeHHe (2) ,llOn2KHO 

6b!Tb cnpaBe,llnHBO H .llnH llHCIIepcHH IIOnHOI 3Hepi"HH, Bbl.llenHIOWeftcs 3a BpeM51 BCIIbllliB:H. 

ct>opMyna ( 2) yKa3biBaeT Ha llpHHUHIIHanbHYIO B03M02KHOCTb a6coniOTHOI"O ·onpeaeneHH51 

Cpe.llHei!: MOWHOCTH peaKTOpa 110 ,llaHHbiM 06 OTHOCHTenbHOi!: llHCIIepcHH. 

.... 
A n n a p a T y p a 

~·~-~ 

tlnSJ H3MepeHHH <f>nyKTyaURA HHTeHCHBHOCTH BCIIblllleK Yf6Pa 6bln HCIIOnb30BaH CUHHTHnns

UHOHHbll C'leT'IHK, COCTOSIWHA H3 opraHH'IeCKOI"O CUHHTHnnHTOpa H <f>oTosneKTpOHHOI"O YMH02KH-

cB aa n 

3 

CURHTR 

.H3MepH 

COB 00 

TenbCT 

nsTopo: 

sapHll 

B ,llHC 

'IHCny 

c 

TenH THna ct>3Y-12-a. C'leT'I:HK 6bm ycTaHOBneH Hall peaKTOpOM Ha paCCTOHHHH 7 M OT UeHT- I"lle 

pa aKTHBHOi!: 30Hbl H perHCTpHpOBan 6biCTpble Hei!:TpOHbl H y -ny'IR. YfMnynbCbl cl>3Y HHTerpH

posanHCb RC -ueno'IKoA, nepeaasanHCb Ha nHHeiHbiA WHpoKononocHbiA ycHnHTenb H aHanHaH

posanHcb aMnnHTYllHbiM aHanHaaTopoM THna AM-100. 

nocTOHHHaH BpeMeHH BbiXO.llHOI uerro'IKH ct>3Y B 6onblliHHCTBe H3MepeHHi!: paBHHnaCb 

MRnnuceKyH.lle, T.e. 3Ha'IRTenbHO npeBOCXO.llHna s<f><f>eKTHBHYIO lliHpHlt.f HMnynbCa MOWHOCTH 

l16Pa ()., 36 MKCeK/
1
/. npH 3TOM aMIInHTy.lla HMnynbCa, CHHMae~OI"O C BbiXO.lla cl>3Y, 

nponopUHOHanbHa 06WeMy 'IHCny Hei!:TpOHOB H Y -nyqeft, JIOIIaBUIHX B KpHCTann 3a BpeMH 

BCIIbllliKH. TaKRM o6pa30M, aMnnHTy.llHbiP.: ClleKTp HMnynbCOB cl>3Y nepeaaeT KapTRHy <f>nYKTYa

UHA nonHoro 'IRena 'laCTHU HnH SHeprHH, Bbl.llensiiOWHXCH so speMH ~CIIbllliKH peaKTOpa. B .HeKo

TopbiX H3MepeHHHX IIOCTOHHHaH BpeMeHH Bbi6Hpanacb OKOnO 0,8 MKCeK. B 3TOM cnyqae aMnnH-

TY llHal ClleKTp .llOn2KeH COOTBeTCTBOBaTb <f>nYKTYaUHHM MaKCHManbHOA: MOIUHOCTH BCIIbilliKH. 

Bo speMH H3MepeHHH cneKTpa peaKTOp noaaep2KHBancs Ha saaaHHOM yposHe MOIUHOCTH 

C IIOMOWbiO CHCTeMbi aBTOMaTH'IeCKOI"O perynHpOBaHH51. CneuHanbHble OllbiTbl 1103BOnHnR ycTaHO-

BHTb, 'ITO aBTOMaTH'IeCKOe perynHpOB8HHe He BnHHeT Ha aMnnRTY llHhle pacnpeaeneHHB. 

PeaynbTaTbl H o6cy2K.lleHue 

l13MepeHRH 6blnH npoBe,lleHbl llpH pa3Hb!X ypOBHHX MOWHOCTH B o6naCTH OT 30 BT llO 

1200 BT. AMI111HTYllHble ClleKTpbi llpH Ka)K.llOA MOWHOCTH 6binR CHHTbl C Opi"aHH'IeCKHMH CURHTHn- • 

4 

d 

OT 

1/W 

non 

pac 

pac 

nH' 

Ec 

rrp· 



• 
HeATpoaax, 

HMnynb-

(2} 

cj:lopMa HMII!1IbCa 

( 2} .ll01i.>KHO 

CIIHHTH1!ng-

CUHHTHn• 

~ - - - ---- ---:-----... 

1ISITOp8MH 3-x p83MEpOB ( 390CM
3 

1 83 CM
3 

H 24 CM
3

) H II pH 2-x 3H8'1eHHSIX IIOCTOJIHHOft B~Me

HH BblXO.llHOft UeiiO'IKH ¢3Y • 

Bee pacnpe.neneHHSI XOpOWO OIIHCbiBaiOTCSI raycCOBCKHMH KpHBbiMH C COOTB8TCTBYIOWHMH 

3H8'1eHHSIMH .llHCIIepCHH. npHMep TaKOrO pacnpe.lleneHHSI IIOK83aH H8 pHC. 1. 

Ha pHC. 2 IIpe.llCTSBneHbl axcnepHMeHTa1!bHble 3H8'1eHHSI OTHOCHTenbHbiX .llHCnepCHft 
2 

CT 

B cj:lyHKUHH o6paTHOrO 3HaqeHHSI cpe.nHeA OTHOCHTellbHOil MOWHOCTH peaKTOpa. BH.llHO, 'ITO TO'IKH, 

COOTBeTCTBYIOWHe O.llHHSKOBbiM 3H8'1eHHSIM 06'beMa CUHHTH1!1ISITOpa H BpeMeHH C06HpaHHS1 1 1IO>KaT

CSI H8 IIpS!Mble BH.ll8 

:z 
CT 

a 
w (3) 

3axoHoMepHoe H3MeHeJUie yrnoaoro xoacpcpHuHeHTa a IIpSIMbiX Ha pHC. 2 C 06'beMOM 

CUHHTH1!1ISITOp8 H BpeMeHeM C06Hp8HHSI yKa3b!BaeT H8 He06XO.llHMOCTb paCCMOTp8HHSI B1IHSIHHSI 

H3MepHTe1!bHOft CHCTeMbl H8 9KCIIepHMeHT81IbKble pe3y1IbTaThl 0 ct>nyKTyaUHH aMII1IHTY.ll HMIIynb

COB 06ycnoaneHbl He T01IbKO pa36pOCOM HHTeHCHBHOCTH peaKTOpHb!X BCIIbiWeK, HO H TeM 06CTOSI

Te1!bCTBOM, 'ITO OT BCIIbiWKH K BCIIblWKe cpnyKTyHpyeT KaK 'IHC1!0 38perHCTpHpOBaHHbiX CUHHTHn-

1!SITOpOM '18CTHU, OTHeCeHHOe K e.nHHHUe HCTHHHOft HHTeHCHBHOCTH BCIIbiWKH, TaK H Cpe.llHHft 

38PSI.ll, Bbi.llenHJOWHilCSI Ha aHo.ne B peaynbTaTe .neAcTBHSI o.nHoA '18CTHUbl. Bxna.n .neTeKTopa 

B .llHCIIepCHIO 8MII1IHTY .llHOrO pacnpe.neneHHSI .ll01I>KeH 6b!Tb o6paTHO nponopuHOHaneH Cpe.llHeMy 

'IHCny '18CTHU N , y'laCTByJOWHX a cpopMHpoaaHHH aMnnHTY.llbi HMnynbCa. B HaweM cny'lae N 

C xopoweft CTeneHbiO TO'IHOCTH MO>KeT 6b!Tb npe,llCT8B1IeHO Bblp8>KeHHeM 

RC 
N=KWV I(_), 

8 
(4) 

r.ne K - xoacpti>HuHeHT, onpe.nenHeMblft reoMeTpHeA, acpcpexTHBHOCTbiO H T.n., H He 38BHCSIWHA 

OT lr H RC j W - cpe,llHSISI MOWHOCTbj V - o6'beM CUHHTH111ISITOpa; l( RC) - cpyHKUHSI, Y'IH.:. 
8 

Tb!B810W8SI1 KaKaSI .ll01ISI 'laCTHU, .llaBWHX CBeTOBYIO BCIIblWKy 1 BHeceT BK1!8.ll B aMII1IHTY.llY HM-

nynbCa. npH RC »81(~)=1 , npH RC«O I(~)=~ 

Ha OCHOBaHHH cpopMyllbl (4) H BbiCK83aHHblX Bb!WC C006pa>KeHHA Mbl MO>KeM yTaep>K.llaTb: 

a) annapaTypHaSI KOMIIOHeHTa .llHCIIepcHH 8MII1IHTYllHOrO pacnpe.neneHHSI cne.nyeT 3aKOHy 

1/W H II09TOMY He M:J>KeT HCK83HTb 06WHA xapaKTep 38BHCHMOCTH .llHCIIepcHH HHTeHCHBHOCTH 

BCIIb!UlKH OT Cpe.llHeft MOWHOCTH, 1Ipe.llCK838HHOft cpopMynoft ( 1) j 

6) oueHxa B1IHSIHHSI annapaTypHoro pacwHpeHHSI pacnpe.neneHHA MO>KeT 6btTb c.nenaHa npH .. 
conocTaaneHHH .llSHHbiX, nony'leHHbiX npH pa3Hb!X aHa'leHHSIX npoHaae.neHHSI VI ( RC/ 0) • 

Kax BH.llHO H3 pHc. 3 1 annapaTypHb!MH acpcpeKTSMH MO>KHO nonHOCTbiO npeHe6pe'lb npH Hc

nonb3oaaHHH ,llaHHbiX, nony'leHHblX CO CUHHTH111ISITOpOM 390 CM
3 

H RC "'1 MCeK, HHS'Ie roaopSI , 

pacnpe.neneHHSI 1 nony'leHHble C 9THM CUHHTH111ISITOpOM IIpH RC = 1 MCeK1 nepe,llSIOT HCTHHHE,'(! 

pacnpelleneHHSI HHTeHCHBHOCTH acn&twe K MBPa. 

PaccMOTpeHHe peaynbTSTOB aKcnepHMeHTOB noaaonSieT TSK>Ke npH.llTH x Bbtao.ny o cnpaae.n-

1IHBOCTH npe.nnono>KeHHSI OTHOCHTe1!bHO IIOCTOSIHCTB8 cpopMbl HMIIy 1IbC8 MOWHOCTH peaKTOpa. 

EcnH 6&1 cpopMa HMIIY1ibC8 MOUUIOCTH H3MeHSI1!8Cb OT BCIIblWKH K BCllblWKe, TO .llHCIIepCHH p:1 c

npe.neneHHit, nony'leHHbiX c RC =0,8 MKCex1 H pacnpeneneHHft, nonyqeHHbiX c RC = 1 MeeK 
1 

He 



~~~---

110:lKH11HCb 6bl H8 OllHY rn8llKYIO KpHBYIO BR.Il8 

puc. 3. 

1 + 1 
VI ( RC/0) 

1 K8K 9TO nonyqaeTCH H8 

BbiBOll o nocToSIHCTBe ¢opMbl no.llKpennsreTcH T8K:lKe H cepueil ocuunnorpaMM OT.IlanbHblx 

HMnynbCoB ¢3Y npH RC •0,8 MKceK. BnHHHHe y -nyqell npH 9TOM HCKnJOqanocb ¢HnbTpau,ueil 

H311yqeHHSI1 n8.118101Uaro H8 ¢13Y, C nOMOIUbiO CBHHUOBOf'O ¢H11bTp8. 

KaK y:lKe OTMeqanoCb1 XOll OTHOCHTe11bHOil llHCnepcHK pacnpe.lleneHHil HHTaHCHBHOCTH 

BCnbiWeK onKCbiB8eTCSI npHMOil BHll8 

2 2 const 
a =a +---o w 

CywecTBosauue nocTosuuoro qneua a
2 

, Bblp8:lK8101Uero llHCnepCHIO npK 6eCKOHequoil MOIUHOCTK 
0 

peaKTOpa, He npellCK83biB8eTCSI ¢0pMynoJt (2). Oo-BKllKMOMy, 
2 

a 
0 

ue CBH38H c uenHblM npo-

UeCCOM 1 a o6yc1IOB.JieH BH6p8UKSIMK JleT.aneA 8KTHBHOil 30Hbl 1 T8K K8K npK p83HbiX 38DYCK8X peaK

TOpe 6bi11H nonyqeHbi npHMbie c OllHH8KOBbiM HaKnoHoM, uo pa3HbiMK 3naqeuuHMK a
2 

• Ycpe.ll-
-3 0 

HeHHe no HeCK011bKHM cepHHM Jl8eT a
2 •J ,26•10 • 00CT8HOBK8 B ¢opMyny ( 2) 3HaqeHHSI 
0 

(a2- a2) 
0 

BMeCTO a2 npHBOllHT K ¢QpMy11e 

w 0,30 

a2-all 
0 

(2a) 

3uaqeHHH MOIUHOCTH 0 onpe.lleneHHble no 9TOA ¢opMy11e C HCD01lb30B8HHeM H8WHX ll8HHbiX 06 OTHo-

CHTenbHOil llHCnepcKH coananu B npe.nenax norpewuocTeil H3Mepeuuil co 3uaqeHKSIMH, nonyqeuHbl-

MK no Ten1IOBbllle11eHHIO B 8KTHBHOil 30He. Cnoco6 oueHKH MOIUHOCTH no ¢nyKTy8UHSIM HMeeT no- _.,. 
2 

H 6,. rpeWHOCTH B npe.llenax 20-30% H3-38 HeToqHOf'O 3H8HKH napaMeTpOB f3 , r 
S>''' 

3KcnepHMeHTanbuoe uccne.llOBauue 3aMe.llnKTeneA ll11SI VI6Pa 

C uenb!O BbiSICHeHHSI B03MO:lKHOCTH ysenuqeHKSI nOTOK8 Me.llneHHbiX HeilTpOHOB B HanpaeneHHH 

sKcnepHMeHT81lbHbiX Kauanoe ua VI6Pe 6binH Hccne.llOB8Hbl pa3nHqHbie 38Mell11HIOIUHe ¢HnbTpbl. 

Vfccne.llOB8HHe BK1110'18110 B ce6SI onpelle11eHHe 9HepreTH'IeCKOrO cneKTpa HeATpOHOB H BpeMeHH 

:lKH3HH TeTI110BblX HeilTpOHOB B 38Mell11HTe11SIX p8311K'IHOil reoMeTpHH II COCT8B8. Vfccne.llyeMble 

38Mell11HTe11H ( BOll8 0 CnHpT, napa¢HH) 3811HB811HCb B npSIMOYf'011bHble 6aqKH K3 81110MHHHSI pa3-

MepoM 40 X 40 CM H T0111UHHOA OT 26 llO }50 MM; 38M~ll11HTe11H H8XOllH11HCb H8 p8CCTOSIHHH 30 MM 

OT BHeWHeA noeepXHOCTH B011b¢p8MOB0f'O OTp8:lK8Te11SI (a 200 MM OT UeHTpa 8KTHBHOA 30Hbi). 

1. 3uepreTH'IeCKHe CneKTpbl H TI110THOCTH TIOTOK8 HeATpOHOB 

3uepreTH'IeCKHil cneKTp HeATpOHOB onpelle11SI11CSI MeTOllOM BpeMeHH nponeTa H8 6a38X 

llO 100 MeTpoe. B tmana3oHe 0,005-50 9B paapeweuHe no sueprHH 6bi1IO ue xy:lKe 5-6%; cTa

THCTH'IeCKaH OWH6K8 He npeBbiW8118 3%, a npOC'IeTbl - 1,5%. Dbi11H nony'leHbl pacnpe.aeneHHH 

no 9HeprHHM nnOTHOCTH TIOTOK8 Ten1IOBbiX H H8llTaTI110BbiX ueATpOHOB 0 Bbl1leT8101UHX C TIOBepxuoc

TH BOllSIHOrO 38Mell11HTenSI T0111UHHOA OT 26 llO 150 MM. XapaKTepHbllt BHll cneKTpOB npHBer:IeH 

H8 pHC. 4. Bee cneKTpbl npHBOllH11HCb K OllHOA MOIUHOCTH peaKTOpa, H T8KHM o6p830M MO:lKHO 

6bl110 cp8BHHTb noTOKH HeATpOHOB onpe.lle1leHHOil 9HeprHH ll11SI p8311HqHblX 38Mell11KTeneA. 0nTH

M811 bHOA no BbiXOllY TennoBbiX ueATpOHOB cne.llyeT cqHT8Tb Tonwuuy cnoH BOllbi 60- 70 MM. AnSI 

HeATpOHOB 9HeprHH 0,2- 20 98 onTHM81lbHbiM SIB11HeTCSI C110A B 40 MM 1 ll11SI 6011 bWHX 9HeprHA -

6onee TOHKHe C1IOH. 
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:J 
u

0 
• Ycpe.n-

3Ha'leHusr 

(2a) 

8HHbiX 06 OTHo-

HMeeT no-

' • --~ HanpaaneHHu 

He cpH.IlbTpbl, 

H BpaM9HH 

MHHHSI paa

CTO!!HHH 30 MM 

oa aoabr). 

6aaax 

5-6%; CTa-

ae.neausr 

noaepxaoc

npuaeaea 

M MO)f{HO 

ell. OnTu-

70 MM, !lnsr 

Heprull -

---
J..1ccne.ll088HHble 38Me.llJlHTeilH H3 CllHpT8 H napacpHH8 .ll810T abiXOD. HeitTpOHOa He 60JlbWHll, 

'leM ao.nsrHoli aaMe.nnuTenb. Heo6xoa:n:Mo TBK:lKe OTMeTHTb, "'TO napatjJHH aecbMa Heyao6Ho npii

MeHHTb B K8"19CTBe 38M9.llJlSIIOWero cpHJlbTpa H3-38 CHJlbHOrO H3M9H9HHSI ero cpH3H'ieCKIIX CBOHCrB 

a noToKe 6biCTpbiX HeltTpoHoa. A6coniOTHoe 3H8"1eHHe noToKa TennoabiX HeltTpoHoa a aKcneJ:HMeH

TanbHOM K8H8Jl9 H8 paCCTOSIHHH 100 M9TpOB OT peaKTOpa .llJlSI OllTHMSJlbHOro BO.llSIHOro 38MeaJIII-

3 H 
Telhf "" 10 --ry-- • MeToaoM aKTHaauHII TOHKOA aonoToA cponbr!l 6binO onpeaeneHo pavnpeae-

CM"CeK 

Jl9HH9 no TOJllUHHe noTOK8 TennoabiX HeltTpOHOB a BOD.SIHOM 38M9D.liHT9Jl9 TOJllUIIHOlt 150 MM 

Dpll cpeaHelt MOLUHOCTII peaKTOpa "' 1 KaT (puc. 5). AKTIIaHOCTb tjlonbrH onpeaeJISIJl8Cb aayMH 

He38aiiCIIMb!MH CilOC068MII - IlO /:3 -y -cosnaaeHIISIM II CUHHTHJlJlSIUHOHHb!M LI.9T9KTOpOM no llJIOWa-

llH tjJOTOr"iKil, KOTOpble .aan11 coan8.ll810LUHe pe3yJlbT8Tbl, MaKCHMaJlbHOe 3Ha'i9HHe nOTOKa 

6•1010 2 H Ha pacCTOSIHHII "" 4 CM OT noaepXHOCTII .3aMe.llJlHT9JlSI 1 o6paLUeHHOlt K pe~ 
CM CeK 

TOpy 1 6onee "19M Ha IlOpSI.llOK npeab!W89T 3H8"19HIIe Il0TOK8 H8 noaepXHOCTH TOHKOrO 3aMe.llJl11Te-

Jl!l "" 60 MM H
2 

0 , 3T0~06CTOSITeJlbCTaO, XOpOWO H3aeCTHOe TaK:lKe H3 T90pllll .llllcpcpy311H 1 .ll89T 

OCHOaSHIISI IlOJiar8Tb1 'iTOr BbiaO.llSI H9ATpOHbl 113 Cepe.llHHbl TOJlCTOrO 38M9.llJliiT9JlSI 'iepe3 01Bep

CTIISI, MO:lKHO O:lKH.ll8Tb yaenH'i9HIISI nOTOK8 T9IlJlOabiX HeltTpOHOa B HanpaaneHIIII OCelt OTaep:;rllil 

DO cpaaH9HIIIO C nOTOKOM H3 CnJlOWHOrO 38M9.llJliiTeJlSI ODTIIM8JlbHOlt TOJlWIIHbi. PeayJibTaTbl pac

'i9TOa, abmonHeHHblX B.n. AncpiiMeHKOabiM, npe.acKaabraaroT yaenll'ieHue noToKa HeliTpoHoa a Ma

nbrlt TenecHbilt yron a 4 paaa. 

Vlccne.aoaaHHbilt a HacTOSILUeA pa6oTe ".llbipO'iHbilt" aaMe.anuTen b npe.acTaanHn co6olt nnei<Or

rnacoBbilt 6noK pa3M9p0M 40 X 40x6 CM CO CKa03HblMII .ll118M9TpaMH 3 H 4 MM, 38HIIMaiOLU\lll-iH 

2/3 06'b9M8 6JlOK8 1 npHCTaaneHHbiJt annoTHYIO K KaCCeTe C ao.aolt TOJlWIIHOJt OT 26 .llO 66 MM 

( p11c, 6). Om:ITbi noKaaanu, 'iTO onTIIManbHOA SianSieTcSI TOJILUHHa cnosr ao.llbi 35-40 MM. K aK 

all.llHO Ha pHC, 4 , B 06Jl8CTII TennoablX H "XOJlO.llHbiX" HellTpOHOa ".llblpO'iHbiJt" 3aM9.ll1IIITeJlb 

.ll89T B HanpaaneHHH SKCil9p11M9HTaJlbHOrO KaHana 3Ha'iiiT9JlbHOe YB9Jlll'ieHII9 nOTOKa a CpaBHeHIIII 

C OilTifM8JlbHb!M aO.llSIHbiM 3aM9.ll1IHTeJleM, .llOCTHrBIOLUee nO'iTH 100% .ll.ll51 0,008-0,01 Sa, 

2. BpeMSI :lKII3HII HeltTpoHoa a aaMe.anuTene 

2 
i3aX<Heltwelt X8fBKT9PIICTHKOJt 019KTpOM9Tpa no apeMeHH npoJieTa Ha1ISI9TCSI aeJlH'iiiHa Q/T ' 

( Q - HHT9HCIIBHOCTb HCTO'iHIIK8 H9ATpOHOa, T - .llliHTeJlbHOCTb IIMilYJlbCa HeltTpOHOa), KOTo--

paS! nponopUilOH8JlbH8 M8KCIIM8JlbHOlt CKOpOCTII C'iCTa B KaHane apeMeHHOro 8H8Jlll3aTopa npn 

aa.aaHHOM paapeweHIIII no ::meprHHM, .LlnH TennoBbiX aeltTpoHoa VIEPa T onpe.aenSieTcsr .anHTenb

HOCTbiO IIMilYJlbC8 peaKTOpa no 6b!CTpblM HeATpOHaM (40 MKCeK) H apeMeHeM :lKH3HH HeJtTpOHOa 

B 38M9llJlHT9Jle OTHOCHT9Jl&HO 38Xa8T8 H yTe'iKH (paa6pOCOM apeMeH 38M9.llJlhTeJISI no npoae.aeH-,.._ 

Hb!M OU9HK8M MO:lKHO npeHe6pe'ib), 3KcneplfM9HT8JlbHaSI OU9HK8 apeMeHli >KII3HII T9IlJlOablX Hei!:·-

TpOHOa r 6bma nony'ieHa 113 aHanHaa 6ep11JI.1111eaoll rpaHifUbi Ha sHeprHH 0,0052 sa. nepe.a 

.ll9T9KTOpOM TennOabiX HellTpOHOa Ha 6aae CT8aHJlCSI 6epHnJlHeabii1 cpH.IlbTp TOJlWifHOlt 80 MM. 

CneKTP no apeMeHHbiM KaHanaM a6nuau sHeprHH 0,0052 sa HMen all.a,noKaaaHHbilt Ha pHc.7. TaK 

K8K abiXO.ll TenJIOabiX HellTpOHOB H3 38M9.llJlHT9JlSI OT MrHoaeHHOro HMnynbC8 6hiC'1"ph!X HefiTpOHOB 
-t/r 

M9HSI9TCSI no 38KOHY e , TO cpopMa 6epunnueaolt rpaHHUbi a ee aepxHelt 'iEiC Til .ll Oll/K IJ a 

-~ 
OniiCbla8TbCSI cpyHKUHelt [ = a ( 1 - e T ) 11, cne.aoaaTenbHO, nerKo onpeaenSieTCSI no 

HaKnoHy n pSI MOlt fn ( 1 - 11 a) = - _t _ + __ to_ 
T 
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BpeMeHa *H3HH HeltTpoHo8, HaMepeHHLie .o.nH BO.O.HHLIX aaMeunnTenelt paaHoii TonmHHbi H 

".llbipoqaoro" aaMe.o.nnTenH, npuae.o.eHbi a Ta6nuue I. Omn6Ka H3MepeHHlt "' 20%. 3.o.ecb *e 

npHBe.l].eHbl OTHOCHTenbHbJe 3Ha'leHHSI flOTOKOB TennOBbiX Hei!:TpOHOB ~ :3HeprHlt 0,025 :3B H 

0,005 :38. 

Ta6nuua 

3aMe.o.nHTenb 
Bo.o.a Bo.o.a Bo.o.a Bo.o.a Bo.o.a ".LlhlpO'IHblit" 

VI3MepeHH851 26 MM 36 MM 46 MM 56 MM 76 MM aaMe.o.nnTenb 
8enH'IHH8 

r IMxcex/ 38 61 - 82-o- 95 103 

G I OTHocnTenbH.l 0,4 0,8 0,96 1 1 1,5 
,gnH E -o,025 :38 

v .o.nH E "'0,005 a8 0,4 0,8 0,96 1 1 1,95 
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'LlhipoqHbiA' 
38MeLI.nHTen b 

103 

1,5 

1,95 
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&Hepra.R'. 

-

OM.'VIUmyiJa 70 

Pac. 1. AMnnaTy.aaoe pacnpe.aeneaae HMnynbCoB ~3Y npa cpe.aaeA 
MOWHOCTH peaKTOpa 90 BSTT. Cn:IOlilHS.R KpHBS.R p8CC'IHT8H8 
no ~opMyne raycca H aopMHpoaaaa no nonaoMy 'IHcny OTC'Ie
TOB"" To'IKaMH OTMe'leHbi &KcnepHMeHTanbHble .aaHHhie. B owa6KH 
9KCnepHMeHT8nbHbiX TO'IeK BKnJO'IeHbl CT8THCTH'IeCKHe norpew
HOCTH 'IHCna OTC'IeTOB H norpeWHOCTH, o6ycnoaneHHbie Cna6b!M 
.apeA~oM annapaTypbi. ( "' 1% a aMnnaTy.ae HMnynbCa). 
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PHc. 2. 0THOCHTenbHaH llHcnepcHH u aMnnHTY.OHoro pacnpe.oeneHHH 41 tPYHKUHH o6paTuoro aHa'leHHSI 

MOIUHOCTH 1/M / 41 B OTHOCHTenbHbiX e.aHHHUax) npH pa3Hb!X ycnOBHHX H3MepeHHft; '19pHbJe 

TO'IKH - CO CUHHTHnnsiTOpOM V =390 CM
3 

H Rc =I MCeK; '19pHbl9 TpeyronbHHKH - <D CUHHTHn

nHTOpOM V =83 CM
3 

H RC =I MCeK; Kp9CTHKH - CO CUHHTHnnHTOpOM V =390 CM3 H 

RC =0,8 MKCeK; Kpy:lKKH - CO CUHHTHnnHTOpOM V =24 CM3 H RC =0,8 MKCeK. 
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PBc, 3. 3aeacaMoc .·b Koscp.PauaeaTa a B .PopMyne ( 3) oT npouaee.aeaaa V f ( RC/ 0 ) • nnaaaaa 
Kpaea11 pacc'UITaaa no ~opMyne a- a0 • 1 I V f( RC! (}) , a aopMapoeaaa no TO'lKe, cooTeer-
CTBYJOlUel Y •390 CM B RC • I MeeK. 
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f>Bc. 4. Pacnpe.aeneHae n.IIOTHOCTH DOTOK8 HeiTpoBOB DO SReprBIIM .11.118 Tpex 38M8.1l.IIHTe.llelt ( 8 OTBOCRTe.llbBbiJt 
e.aaaauax). 

Kpaeaa I - .ana •.awpo'Uioro • aaMe.anaTenll (cM.pac.6). 
Kpaea11 2 - .an11 56 MM H2 0 
Kpaeaa 3 - .11.1111 36 MM 11
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PHc. 5. nnoTHOCTb llOTOKa HeATpOHOB B BO.OIIHOM 38Me.anH

Tene TOJIIl.UfHOit 150 MM. 

Cpe.aHIIII MOIUHOCTb peaKTopa - l KaT. 
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PHc. 6. CxeMa • .ObipO'IHoro" saMe.aJIHTenll. 

~--

~ 

l - peaKTop c oTpa)!{aTeneM. 2 -cnoa BO.Obi. 3 - opraHH'IeCKoe cTeKno 

C OTBepCTHIIMH .OHBMeTpOM 3 MM. (Ha CXeMe OTBepCTHII ll0K838Hbl He 

a MacmTa6e). 
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Pac. 7. <l>opMa '6epannResol rpaHRUhl' npR sHeprRR 0,0052 sa, CHRTaR .ans' .llhlpO'IHOro' 

aaMe.llnRTenR. no OCR a6CURCC OTno.>KeH HOMep KaHana Bp8M8HHOro aHanH38TOpa 

( WRpRH8 K8H8na - 16 MKC8K), no OCR opp.RHaT - C'I8T B KaHane. nyHICI'HpH8R 

KpRB8R ODRChiB88TCH ~YHKURel 

I -1
1 

• ( 1
2

- ! 
1 

) ( 1 - exp [ - N : B2J 16 ] ) 

r = 103 MJtCelt. 


