
COOBIUEHJ1.H 
OB'bE,ll;J1HEHHOro 

J1HCTJ1TYTA 
.H,ll;EPHhlX 

J1CCJIE,ll;OBAHJ1t1 
lly(Sea 

·1 .~/1 
.,/ t 

.1.·:· ... ,.,..,.. ' 
•.•• , .......... $;-• 

~···~ ~-
. .-.•~"lfl_.•-;❖•~❖•• • /;:"' 

•• -.1.-~· •. m:•• •1 I I 
·-----~❖·•···. l I- •.•.• v I • •'•.!❖~~~~•~•"-'.,.••N• -.rt• ,_,>o • .,.,,,#'o_,t; --~.-.,.,,. •• ,,, ... ,v.•-✓•'"' 

h· .. : :.-.: _.,;l, 
~--.- ,1/-tr --~~~~!.l~ 

3 KJ. l/VlT .3Afl' 
1-..;:,~-~~ 

3-5736 

~ • -
8 .B. r OJIHKOB, )K .A. Ko3JIOB, JI .K. KyJibKHH, 

JI .B. 0HK0JlbHep, B .T. Py~eHKO, 3.H. m apanoB 

• • • • z: 

f · 
--... z 

"' a: 
A, 

i 
I 
~ 

OAPAMETPhl 

HERTPOHHhlX UY 11KOB HBP-30 

1971 · 



3-5736 

e .e. r o.11HKoe, JC .A. Ko:J.1100, n .K. Ky.11&KHH, 

n .B. nHKeJI&Hep, B .T. Py.iteHKo, 3J1. Wapanoe 

nAPAMETPLI 

HEATPOHHLIX nY'IKOB HBP-30 

Hayquo .. Texuu11ecKaJ1 
6a6n:uoTeKa 

OHHH 



B C8HTSI6pe 1969 r. B na6opaTOpHH HeitTpOHHOit <pH3HKH Ol1SU1 Ha'iaTbl 

H3MepeHHSI Ha HeitTpOHHhIX nyqxax HMnynbqHOI"O 6bICTporo peaKTOpa I1BP-30, 

C03.[laHHOI"O BMeCTO .[l8MOHTHpOBaHHOI"O neTOM 1968 r. peaKTOpa I1BP-1. B 

STO >Ke apeMSI 6hm 3aMeHeH HH>K8KTOp, cny>Kaumii .nnsr reHepHpOBaHHSI KOpOT

KHX BCllhIW8K HeitTpOHOB: BM8CTO MHKpoTpOHa 6hm ycTaHOBneH nHHeitHbitl 

ycxopHTenb nYS-40. 

OcHOBHOit uenbIO 3aM8Hhl peaKTopa H HH>K0KTopa 6bm6 cymecTB0HHOe 

yaemi'i8HH8 BhIXO.!la HeitTpOHOB, a TaK>Ke yny'illl8HHe aKcnnyaTaUHOHHhIX xapaK

TepHCTHK ycTaHOBOK~ 

nocne aanycxa l1BP-30 H HH>KexTopa nY3-40 6hma npoae.neHa cepHSI 

H3MepeHHii, nocasrmeHHhJX onpe.neneHHIO TaKHX cneKTpOM8TpH'i8CKHX xapaKTe

pHCTHK CHCT8MhI, KaK cneKTp acnycKaeMhJX HeiiTpOHOB, noTOK TennOBbIX H pe-

30H8HCHhIX HeiiTpOHOB, ljlopMa HeitTpOHHOI"O HMnynbca H T.n. 

B .naHHOM coo6meHHH npHB8.!l8Hhl OCIIOBHh18 peaynbTaThl 8THX H3MepeHHii 

BM8CTe C H8KOTOpblMH .npyrHMH napaMeTpaMH peaKTopa H HH>K8KTOpa, Heo6-

X.0.[lHMhlMH .nnsr nnaHHpoaaHHSI H npoae.neHHSI axcnepHM8HTOB aa peaKTOpe. 

1. 3neMeHTbl KOHCTpyKUHH H BP-30 Ii pe>KHMbl pa60Tbl 

TTpHHUHn11anbHasr cxeMa l1BP-30 ocTaaneHa TaKoii >Ke, KaK y l1BP-fll ,2/, 

o.nHaKO yaenH'i8HHe cpe.nHeii MOmHOCTH noTpe6oaano KOHCTpyKTHBHOH nepepa-

60TKH acex aneMeHTOB peaxTopa. AKTHBllaSI aoHa l1BP-30 noKaaaHa Ha pHc. I., 

HenO.llBlf>KHaSI 30Ha peaKTopa Ha6paHa 113 nnyTOHHeBhIX CTep>KHeii. Me)K.ny 

KacceTaMH H8Il0.!lBlf>KHOH 30Hhl apamaeT.CSI CTanbHOH .!lHCK, B KOTOpbIH BMOH

THpoaaHhl .nHaMeTpanbHO npoT11aonono>KHO .nae OCHOBHhJe IlO.llBH)Kffbie 30Hhl 
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( OIT3 N9l 11 N92), BbIIIOnHeHHhie 113 ypaHa-235 90%-Horo 06orameH11S1. l1MI1ynbc 

M0IIIHOCTl! pa3Bl!BaeTCSI B MOMeHT COBMeIIIeHl!SI mo6oil: OCHOBHOH IlOJlBIOKHOH 

30Hbl C HeilOJlBl!)KHOH. O6hI'lHO l!CIIOnb3yeTCSI 'laCTOTa BpameHIJSI JllICKa OTI3 

3000 o5/Ml!H. llns:i CHl!)KeHl!SI 'l8CT0Tbl l!MIIynbCOB MOIIIHOCTII 5e3 YXYJlIIIeHHSI 

l!X rrapaMeTpOB IIpl!MeHSieTCSI JlOIIOnH11TenbH8SI MO)lynSIUIISI peaKTliBHOCTH peaK

Topa BCIIOMOI'aTenbHOH IlO)lBl!)KHOH 30HOH ( BIT3). OHa BMOHTl!pOBaHa B CTanb

HOH Jll!CK, KOTOpblH BpamaeTCSI C KpaTHOil:, HO 3H8'll!TenbHO M9Hbllleil: 'l8CTOTOH 

II0 OTH0ll!eHl!!O K CKOpOCTl! BpameHl!SI Jll!CKa OIT3. 11MnynhC MOIUI0CTl! pa3Bl!Ba

eTCSI TOnbKO B M0MeJIT O)lH0BpeMeHH0I'O COBM91Il9Hl!S! ueHTPOB OCHOBJIOH 11 BCII0-

MOI'aTenbH0H IlO)lBl!)l{HbIX II HeilO)lBl!)KHOH 30H. K11HeM8Tl!Ka peaKTOpa, nocTpoe

Ha TaKIJM o5pa30M, 'lTO B OJlHIIX cny'laSIX ( 'laCTOTbl 5 H 10 ru) HMIIynbCbl 

MOIIIHOCTII cpopM11py10Tcs:i TOnhKO OJlHOii OIT3, B Jlpyr11x hac-roThI 100 11 4 ru) -

pa60Ta10T noo'lepeJlHO o6e OIT3. ITp11 1100-qepeJlH0il: pa5oTe OIT3 MaKCIIManhHaSI 

cpeJlHSISI MOIIIHOCTb peaKTOpa 30 KBT 1 np11 pa50Te O)lHOH OTI3 - 15 KBT. llns:i 

rrony'leHIJSI 6onee HH3KOH 'l8CTOTbl ( pe)KIJM peJlKIIX BCilbillleK MOIIIHOCTIJ) peaK

TIIBHOCTb peaKTopa MOJlynHpyeTCSI BCIIOMOI'aTenbHOH IlO)lBIJ)KHOH 30HOll II aonon

HIJTenbHbIM IlO)lBIJ)KHbIM 0Tpa)KaTeneM, K0TOpblll BhmonHeH B BIJ.Ue BOnbcppaMOBO

ro CTep)KHSI, nepeMema10merocs:i B03BpaTHO-IIOCTyrraTenbHO B neplJ(pepHHHOM 

KaHane peaKTOpa. 11rvmynbC MOIIIH0CTH pa3BIJBaeTCSI B MOMeHT O,':lHOBpeMeHHOI'O 

coaMemeHHSI c HeIIOJlBIJ)KHOil: 30Hoil: BTI3 11 OTI3 11 np11 onymeHHOM B 30HY 

CTep)l{He penKHX IJMIIynbCOB. B pe,KIJMe peJlKIIX IJMnynbCOB TeIInOBbJ)lenSIIOIIIIIe 

aneMeHTbl IJCIIbJTblBB!OT MOIUHbie TeIInOBble YllBphI, II09TOMY )lO BbJIIOnHeUHSI 

Jl0ilOnH11TenbHbIX 11ccne)lOB8Hllll no IJX CTOllKOCTII M8KCIJManbH8H cpeJlHSISI MOIII

HOCTb peaKTOpa rrp11 )lnlJTenbHOH pa5oTe Ha 'laCTOTe 0,26 l"U orpaHH'leHa 

ypoBHeM 10 KBT, Ilpll 'l8CTOTe 0,21 ru - 8 KBT II rrpH 'l8CTOTe 0,13 ru -

5 KBT. TiepeBOJl peaKTOpa 113 O)lHOI'O 'l8CTOTHOI"O pe)KIJMa B nI05ou llPYI"Oll 

IIpOII3BOJllITCSI Jll!CTaHUHOHHO II 38HIJMaeT HeCKOnbKO 'l8COB apeMeHH. 

Ha peaKTOpe 11BP-30 rrpeaycMOTpeH TaK)Ke pe)KIJM pa3MH0)K9HIISI (pe)KIJM 

l!MIIYnhCHOI"O 6ycTepa)l3/. B Ka'leCTBe IJH)KeKTopa HCIIOnb3yeTCSI JlBYXCeK

lll!OHHbIH n11Heil:HbIH YCKOplJTenb aneKTpOHOB Ha 5erymeil: BOnHe. Pa6oTa peaK-

' Topa II ycKop11Tens:i CIJHXpOHIJ30BaHa, a IJH)l{eKUHSI aneKTpOHOB Ha MIJllleHb, 

KOTOpaSI ycTaHoBneHa B aKTIIBH0H 30He peaKTOpa, rrpOH3BOJllITCSI 3 . MOMeHT 

CODMeIIIeHHSI UeHTpa OTI3 C HeIIO)lBIJ)KHOll 30HOH. nns:i 3arrycKa IJ3MeplITenbHOil: 

arrrrapaTypbi MO)KeT 6bJTb IJCIIOnb30BaH IIMIIynbc C IIHJlYK~IIOHHOI"O JlaT'lHKa, 
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,popM11pyeMblfi 3a)lHIIM cppOHTOM IIMIIynbca aneKTPOHOB YCKOplITens:i. Tip11 qac

ToTe 100 l"U II KOacpcp11uneHTe pa3MH0)1{9HHSI peaKTopa 200 cpe)lHSISI M0IIIH0CTb 6y

CTepa .. 9 KBT npu HCII0nb30BaHHII nnyTOHHeaoil: MllllleHH. ITepexo)l Ha BOnbcppaMoByIO 

MHlll9Hb CHH)KaeT cpeJlHIOIO M0IIIHOCTb B 2,5 .. 3 pa3a. -B03MQ)l{Ha pa6oTa np11 

qacToTax 50 ru H MeHee, a TaK)Ke np11 pa3nH'lHhIX KoacpcpuuneHTax pa3MH0)Ke

HHSI peaKTOpa, HO npH 9T0M CO0TB9TCTB9HH0 H3M9HS!eTCSI JlnHTenbHOCTb BCIIbllll

KH, cpeJlHSISI M0IIIH0CTb H cp.i>H M9)KJlY BCIIblll!KaMH. Bb16op OIITHManbHOI'0 pe)KH

Ma 38BHCHT OT KOHKp9THbIX ycnoBHii 9KCIIepHM9HTa. 

C Tpex CT0p0H aKTHBHaSI 30Ha peaKTOpa OKpy)KeHa BOnbcppaMOBbJM OTpa

)1{8TeneM TOnIIIHHOii 23,5 MM. nns:i CMSII''leHIISI cneKTpa HeiiTpOHOB 0Kono 30Hbl 

c aa3opoM 5 MM OT oTpa)KaTens:i ycTaHaan11Ba10Tcs:i 3aMeJlnHTenn. B Ka'leCTBe 

3aMeJlnSIIOIIIUfi cpe)lbl 06bJ'lHO IICIIOI!b3yeTCSI BOila. TeMnepaTypa BO)lbl IIOBbI-
- 0 

llJaeTCSI 11pn6n11a11TenbJ!O Ha 1 C Ha 1 KBT cpe)lHeil: MOIIIHOCTIJ peaKTOpa H JlO-

CTIJraeT paBHOBecnoro OHa'leHIISI qepea HecKonbKO qacoB nocne ero nycKa • 

. OKono 30Hbl ,MoryT ycTaHaBnlJBaTbCSI 38Me)lm1Ten11, oxna)K)laeMble JlO TeMne

paTypbl JKH.!lKOI'O a30Ta. nns:i CHIJ)K9JIIISI y -cpoHa, B03HIJKaIOIIIero np11 norno

memm B BOnbcppaMOBOM OTpa)KaTene TennOBbIX HeiiTpOHOB 113 38Me)lnHTens:i, 

nocne)lHIJii MO)KeT 9Kpa1-mpoBaTbCSI l0-M11nnm:ie'TpoBblM cnoeM ecTeCTBeHHOI'O 

1rnp611)la 6opa. 3aMeJln1ITen11 ycTaHaBn11Ba10Tcs:i nepea nycKoM peaKTopa II llll-

.. CTaHUHOHHO He 38MeHSIIOTCSI. Bxo.n B 3an peaKTopa IIpOH3BOJlHTC5:i o5bJ'lHO 

nocne 2 ➔ 3-cyTO'lHOI"O OTCTO.SI )lnSI CHH)KeHIJ.SI HaBe.neHHOfi y -aKTIIBHOCTH. 

B peaKTOpe rrpeJlyCMOTpeHa B03MO)KHOCTb o6ny'leHIISI, o6pa3UOB B IIOTOKe 

6bJCTpbIX II Tenn0BbJX HeiiTpOJIOB. llns:i 9TOI'O B nepHcpepHiiHOii 'laCTIJ 8KTIIBH0H 

30Hbl HMeeTCSI 9KCnepHMeJITanbHbJH KaHan, B KOTOpblfi MOI'YT ycTaHaBnlJBaTbCSI 
-~ 

BO 
0

BpeMSI OCT8HOBOK peaKTOpa o6pa3Ubl JlllaMeTpoM JlO 15 MM. KpoMe Toro, 

113 33na ycKop11Tens:i K aKTHBHOll 30He peaKTOpa IlOJlBe.neHbl JlBa KaHana Jllla

MeTpOM 80 MM, KOTOpbJe OKaH'lHBalOTCSI B "" 1 M OT 3aMe)lnlJTens:i peaKTOpa. 

Ha OJlHOM 113 KaJianoB IIMeeTCSI co6CTBeHHblii 3aMe)lnHTenb neuTpOHOB. 3aMe

Ha o6pa3UOB B STIJX KaHanax IIpOH3BOJlHTCSI Ge3 CHIJ)KeHIJSI MOlllIIOCTH peaK

Topa. 
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2. ~opMa HefiTpOHHOro HMnynbca 

ct>opMa HefiTpOHHOro HMIIYJlbCa peaKTopa orrpeneJISIJiaCb ITO BblXO!lY 6bICT

pb!X HeiiTpOHOB. ileTeKTOpOM CJiy)lmJia l'OpHeBaSI KaMepa neneH!iSI, ycTaHOBJieH

HaSI B6JIHSH 8KTHBdOH SOHbl. l1 MnynbCbl C Hee IlO)laBaJIHCb Ha BpeMeHHOH 

aHaJinSaTop. lllHpHHa BCnbilllKll Ha noJIOBHHe Bb!COTbl npn qacTOTe 100 ru 

IlOJIY'iHJiaCb paBHOii 80 MKCeK, a npn: qacToTe 4 ru - 70 MKCeK. 8To pas

JIHtJHe CBSI3aHO C yaeJIHtJeHHCM HaJlKpHTH'IHOCTH peaKTOpa IlpH pa6oTe Ha MeHb

llIHX qaCTOTaX. Ha puc. 2 rrpuBe)leHa aKcnepHMeHTaJlbHaSI KpHBaSI JJ.JISI tJaCTOTbl 

4 ru. ct>opMa acnhIIIIKH a6nn:sn MaKCHMyMa 6nnsKa K rayccoaoii c yKasaHHoii 

Bb!llle nonyIIIHPllHOfi, a y OCHOBaHHSI CTaHOBHTCSI saMeTHO acuMMeTpH'IHOfi: 

sanHHfi ¢poHT Kpyqe nepenHero. 

AHaJiorHtJHb!M o6pa30M HSMepsi:nacb ¢opMa HeiiTpOHHoro HMilYJlbCa B 6y

CTepHOM pe)KHMe, Ha pn:c. 3 rrpn:aeneHa aKcnepHMeHTaJibHaSI Kpnaasr, rronytJeH

HaSI TeM )Ke MeTOJlOM npH )lJIHTeJibHOCTll HMilYJlbCa aJieKTpOHOB 1,6 MKCeK 

H IlOJlKpHTlltJHOCTH peaKTopa ( 0 =a. 5J o-3 (paSMHO)KeHHe HefiTpOHOB llH)KeK

Topa a 200 pas). ct>opMa HMilYJlbCa snecb CJIO)KHee, tJeM a peaKTOpHOM pe)KU

Me. KaK cnenyeT HS Teopnn: peaKTopa/1/, nepeJJ.HHfi ¢poHT onpenensi:eTcsi: 

)lJIHTeJibHOCTblO aJieKTpOHHOro HMnyJibCa ll HapacTaeT no SaKOHY 

S n 
W( t) = -- [ 1 - exp ( -- )], 

I ( I r 
( 1 ) 

r11.e s - tJUCJlO HeiiTpOHOBICeK, reHepnpyeMblX aneKTpOHHb!M rrytJKOM B MaK

CHMyMe rrpsrMoyroJibHOro HMilYJibCa, T - BpeMSI )KHSHH HeiiTpOHOB B peaKTO

pe, paBHOe 1 ,5.10-8 CeK, t - apeMSI, OTC'IHTbJBaeMOe OT HatJaJia aJieKTpOH

HOro HMilYJlbCa. 

3anHHH ¢poHT HMeeT BHJl 8KCiloHeHTb! 

W (t) = W (T) exp[_£_ (t-T)]. 
T 

(2) 

3necb T- )lJIHTeJibHOCTb aneKTpOHHoro HMilYJibCa. 8Kcnepn:MeHTaJlbHO rrony

tJeHHSSI KpllBSSI no ¢opMe cornacyeTCSI C TeopeTHtJeCKOfi. 

TTpH pa6oTe HMIIyJibCHOro peaKTOpa H HMIIyJibCHOro 6ycTepa HMeeTCSI 

pSIA ¢aKTOpOB, KOTOpbie npHBO)lSIT K ¢nIOKTyaiurnM HMIIYJlbCOB. ~JIIOKTyauHH 

BCnhlllleK 6ycTepa onpe)lenSIIOTCSI B OCHOBHOM ¢n10KTyaUHSIMH aneKTpOHHOro 
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nytJKS ycKopn:TeJISI H B MeHbllleii CTeneHH KOJie6aHHSIMH peaKTHBHOCTH peaK

TOpa. Ha ¢opMy HMilYJlbCa peaKTOpa, H npe:i1me BCero Ha aMilJIHTyny, Han:-

60Jiblllee BJIHSIHHe OKaSb!BaIOT ¢n10KTyaUHH peaKTHBHOCTH, )lOCTSTOtJHO CHJibHO 

BJIH.IIIOT H KOJie6aHHSI HCTO'IHHKa sanaS)lbIBaIO!IlHX HefiTpOHOBo l1CilOJlbSOBaHHe 

JlBYX nootJepe)lHO pa60TSIOIIlHX OCHOBHbIX IlO)lBHJKHbIX SOH ( tJaCTOTbI 100 H 

4 ru) npHBOJlHT n:s-sa HX JlHC6anaHCa no peaKTHBHOCTH K )lOilOJIHHTeJibHOMY 

paSJIHtJHIO. 

Ha pn:c. 4 npHBeneHo aKcnepn:MeHTanbHOe pacnpeneneHHe aMnnHTYA 

HMnyJibCOB MOIIlHOCTH B peaKTOpHOM peJKHMe npn: tJaCTOTe 4 ru, nony'ieH

HOe C IlOMOIIlblO HOHH38UHOHHOH KSMepbI, sanonHeHHOH MeTaHOM. l1MnynbCb! 

C Hee, nponopUHOHaJibHbie 'IHCJIY Heii:TpOHOB BO BCnbilllKe, nonaBaJIHCb Ha 

aMnJIHTYJ:lHbIH aHann:saTop. BHAHO, 'ITO pacnpeneneHHe HMeeT ¢0PMY JlBYX 

IIHKOB, Ka)K)lb!H HS KOTOpbIX COOTBeTCTByeT onpeneneHHOH OTT3. PaSJIH'iHe 

MeJKny cpe)lHHMH aMIInHTy)laMH )lJISI KaJK)lOH OTT3 COCTaBmieT OKono 25%. 

3. CneKTp HefiTpOHOB 

8HepreTHtJeCKHH cneKTp HeiiTpOHOB, BblXOJlSIIIlHX HS peaKTOpa, SaMeTHO 

OTJIHtJaeTCSI OT cneKTpa HefiTpOHOB neneHHSI. 8To o6ycnOBJI0HO rnaBHbIM 06-

paSOM HeynpyrHM pacceSIHHeM Ha SIJlpax rop10qero H KOHCTpyKUHOHHb!X MaTe

pHaJIOB SOHbl H ynpyrHM paccesi:Hn:eM B SaMe)lJIHTene. 

8KCilepHMeHTaJibHOe onpeneneHHe cneKTpa HefiTpOHOB, n:cnycKaeMb!X 

peaKTOpOM co CTaHnapTHblM SaMeAJIHTeJieM 40 MM BO)lbl, npOBO)lHJIOCb JlBYMSI 

MeTO)laMH. TTepBb!H 3aKnIOtJancsi: B HCIIOJibSOBaHHH noporOBb!X neTeKTOPOB 

JlJISI IIOJiytJeHHSI rpy6ofi CTpyKTypb! c~eKTpa BO BCeM )lHanasoHe 8HeprHH HeiiT

pOHOB. BTopoii - HSMepeHHe c IIOMOlllbIO 6opHbIX CtJeTtJHKOB cneKTpa no Me

TOJlY BpeMeHH nponeTa B o6naCTH aHeprHH HefiTpOHOB HH)Ke 100 KSB. 

TTpn:MeHeHn:e noporOBb!X neTeKTOpOB JlJISI HSMepeHHSI cneKTpa HefiTpOHOB 

OCHOBaHO Ha TOM, 'ITO MO)KHO yKaSaTb TaKHe a¢¢eKTHBHbie SHatJeHHSI ceqe-

HHS! a H nopora peaKUHH E ,He SaBHCSIIUHe OT BH)la cneKTpa <f> (E ) , npH 

KOTOpb!X Bb!IlOJlHSieTCSI COOTHOllleHHe 

00 00 

aa¢¢.f <l>(E)dE= J a(E)<l>(E)dE 

E nop. o 

(3) 
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EcnH HMeeTCH Ha6op nopOI'OBbIX neTeKTOpOB C pasnH'IHblMH 3Ha'leHHHMH E nop.' 

TO HSMepeHHe C T8KHM Ha6opoM nosaonseT nony'IHTb KapTHHY cneKTpa. 

ycpenHeHHOI'O no HHTepaanaM M8)KllY napaMH COCeAHHX SHa'leHHii E nop. 

neTanbHOe paCCMOTpeHHe BODpOCOB, CBS38HHbIX C npHMeHeHH8M nopo

I'OBbIX neTeKTOpOB, naHO B pa6oTe/4/. B Heil: DOK838HO, 'ITO Ha6op, COCTOH

IIIHli H3 ypaHa-235, ypaHa-235 B K8llMHH, a T8K:lKe ypaHa-235, HenTyHHSI-237, 

ypaHa-238 H cepb1-32 sa cl>1mbTpoM 1 r/cM2 6opa-10, nossonseT nony'IHTb 

HHTerpanbHhle SHa'leHHH noTOK8 Heil:TpOHOB B 6 HHTepBanax sHepI'HH Heil:TpOHOB. 

KoHCTpyKTHBHO Ha6op nopOI'OBbJX neTeKTOpOB 6hm BbIDOnHeH B Bllll8 

maposoro qmm,Tpa n:s 6opa, BHYTPH KoToporo noMemeHhI HaHeceHHhie Ha 

nonno:lKKH cnon ypaHa-238, HenTyHHsi:-237 H ypaHa-235 B KOHTaKTe co cTeK

nsHHbIMH nnaCTHHKaMH, cny:lKaWHMH neTeKTOpaMH OCKOnKOB neneHHS. 3necb 
32 32 

:lKe noMemanacb Ta6neTKa us cephi-32, B KOTopoil: no peaKUHH S (n,p) P 

o6pa30BbJB8nCH pannoaKTHBHblli cl>occl>op. neTeKTOpbl C ypaHOM-235 H ypaHoM-235 

B KaJIMHH noMemanHCb pHJIOM C ruapOBbIM cl>HnbTpOM. 

06ny'leHHe npoBO)lHnOCb Ha 6asax 68 ,6 M ( ny'IOK N96) n 100 M ( ny'IOK 

Ng 1 ) B Te'leHHe JIBYX qacoB npH MOIIIHOCTH peaKTopa 25 KBT H 'laCTOTe BCnbI

lileK 4 ru. ~opMa cneKTpa nonyqunacb onuHaKOBoil: nnsi: o6oux ny'IKOB. 

Pesym,TaTbl HSMepeHHli c noporOBbIMH neTeKTOpaMH npuseneHbl s Ta6-

nuue. B Heft yKaSaHbl HHTepsanbI 9Hepl"HH He:il:TpOHOB H nonsi: He:il:TpOHOB, co

nep)K8WHXCH B Ka)K)IOM HHTepaane, B npoueHTaX OT o6mero DOTOKa He:il:Tpo-

HOB. 

nnsi: HSMepeHHH noTOKa H cneKTpa MenneHHblX He:il:TpOHOB ucnonbSOBanHCb 

BF 8-cq{!T'IHKH C o6orameHHbIM 6opoM H H3BeCTHO:il: scl>cl>eKTHBHOCTblO. l13Mepe

HHH npoBO)lHnHCb Ha 6asax 68,6 M (ny'IOK N96) H 100 M (ny'IOK Ngl) no Bpe

M8HH nponeTa HeHTpOHOB. He:il:TpOHOBOllbl 6bmH BaKyyMHpOBaHhI, KpoMe Ha'lanb

Hb!X yqacTKOB ( 10 MeTpoB). PeaKTOp pa6oTan Ha MOWHOCTH OKOno 40 BT 

npn qacToTe 4 uMn/ceK. Dnsi: HSMepeHns cl>oHa ucnom,sosanncb pesoHaHCHhie 

cl>HnbTpbI ns Al!:, Rh n Cd, KOTOpbie nossonnnH nony'IHTb senH'IHHy cl>oHa 

npH 9Hepr~H 5,2 as; 1,3 SB H Hli)K8 0,3 SB. l1sMepeHHH Ha pa3Hb!X 6asax H B 

paSHbIX cepHHX npHBO)lHnHCb K noCTOHHHO:il: MOIIIHOCTH peaKTOpa C 

MOHHTOpa. 
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B H3MepeHHH no BpeMeHH nponeTa 'IHCno OTC'leTOB N I 6opHoro C'leT-

'IHKa B 

B BH.lle 

i -oM KaHane apeMeHHoro aHanH3aTopa 3a 1 ceK MO*HO npe.11cTaBHTb 

N = II (E ) S [ I - e -n <Ta (E 1 ) ] • I:!,, E 
I I I 

(4) 

2 
3.11ecb II ( E I ) - noTOK HeiiTpOHOB C aHeprHeii E I ' na.11a10mHX Ha 1 CM AeTeK-

TOpa 3a 1 ceK; S - nnoma.11h c'leT'IHKa B ce'leHHH, nepneHAHKyngpHoM,ny~KY 10 ,;.~ 

HeiiTpoHoa; n - "TonmHHa" rasoa_oro cnoH ( 'IHcno HAep B Ha cM2); u a (Ef)-:_. 
. 10 · 7 

- ce'leHHe peaKUHH B (n , a) · Li npH aHeprHH E 1 ; !:J. E 1 - aHepreTH'lecKaSI 

WHPHHa i -ro BpeMeHHOro KaHana. BenH'IHHbl E I H I:!,, El CBSI3aHbl co BpeMe

HeM nponeTa ti COOTHOWeHHSIMH 

E I 

C 

2 
t 11 

!:J.E I 
2c 

-t~!:J.t 
I 

(5) 

3.11ecb C - KOHCTaHTa, 3aBHCSimaSI OT nponeTHOii 6a3bI, I:!,, t, - WHPHH~ BpeMeH

HOro KaHana aHanHaaTopa. CooTHoweHHe (4) no3aonHno nony'IHTb cneKTp 

HeiiTpOHOB II(E) • 

~OpMa cneKTpa Ha o60IIX ny'IKaX nony'IHnacb O.llHHBKOBoii, a HHTeHCHB

HOCTb HeCKOnbKO BbIWe Ha ny'IKe. Ngl (npHMepHO Ha 15%). Ha PIIC. 5 npIrne

.11eHa aHepreTU'JeCKaSI 3BBHCHMOCTb noTOKa HeiiTpOHOB II(E),ycpe.11HeHHOro no 

ny'IKaM 1 H 6 " Bblpa*eHHOro B e.11HHHUaX Hie~ ceK 9B nplI nponeTHOM pac

CTOSIHHH 100 M H MOIUHOCTH peaKTOpa 1 KBT. nonpaBKa Ha ocna6neHHe B B03-

.11yxe (10 M) He BBOAHnacb. 

.UnSI onpe.11eneH1ISI cneKTpa HeiiTpOHOB B o6naCTH .110 100 K9B 6bin0 npo

Be.lleHO H3MepeHIIe C 6opHblMH C'leT'IHKaMH B 6ycTepHOM pe*HMe pa60Tbl peaK

Topa npH nponeTHOM paccTOSIHIIII 500 Mo PeU1IKnH'IHbl8 HeiiTpOHbl y.11anSinlICb 

H3 ny'IKB C IlOMOIUblO 6opaoro ¢HnbTpa, a .11nSI onpe.11eneH1ISI ¢oHa HCilOnb30-

Ban1ICb peaoHaHCHbJe ¢HnbTpbl H3 Ko6anbTa, MapraHua II anroMIIHIISI. 06pa-

6oTKa npOBO.llHnach Ha OCHOBaHIIH Bbipa*eHIISI ( 4), HO 6bmH eme BHeceHbl no

npaBKH Ha nornomeHHe HeiiTpOHOB B 6opHOM ¢HnbTpe H HCKnro'leHO peaoHaHC-, 

Hoe B3aHMO.ll0HCTBHe HeiiTpOHOB · C anroMHHII0M BaKyyMHbIX 3arnyweK HeiiTpO

HOBO.lla. nocne.11Hee cymeCTB0HHO HCKa*ano ~OPMY cneKTpa B o6naCTH 9HeprHH 

10 
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j 
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HeiiTpOHOB BbIWe 30 K9B H3-3a CHnbHblX pe30HaHCOB npH aHeprHH 35 H 88 K9Be 

ITony'leHHSSI 3aBHCHMOCTb IlOTOKa OT 9HeprHH, npHBe.lleHHaSI, KaK H paHhWe, 

K MOmHOCTH 1 KBT H nponeTHOMy paccTOSIHHIO 100 M H Bblpa*eHHaSI B e.11H

m1uax Hie~ CeK 9B, npeACTaaneHa Ha PHC. 6. B o6naCTH OT 1 9B AO 10 K9B 

noTOK HeiiTPOHOB OITHCbIBaeTCSI Bblpa*eHHeM 

2,7-10 6 2 
Il(E) = ----- W H/cM ceK.aB, 

Eo,9.f2 
(6) 

r.11e E- 9HeprHSI HeiiTpOHOB B 9B, f - nponeTHOe paCCTOSIHIIe B MeTpax, 

w - MOIUHOCTb peaKTOpa B KBT. CTpyKTypa B o6naCTII 20-30 K9B CBSI3aHa 

C pe3oHaHCOM *eneaa 28 K9B, BXOASimero B KOHCTpyKUHOHHble MaTepHanbI KOp

nyca peaKTopa. 

4. IToTOK TennOBbIX HeiiTpOHOB Ha noBepXHOCTH aaMe.11nHTemI 

Pacnpe.11eneHHe ITOTOKa TerrnOBblX HeiiTpOHOB Ha ITOBepXHOCTII BO.llSIHOro 

aaMeAnHTenSI TOnIUHHOii 40 MM 6hmo H3MepeHO rrpH MOmHOCTH peaKTopa 500 BT 

MeTO.llOM aKTIIBBUIIII TOHKHX aonOTblX ¢onbr. Mcnonb30BBHHble ¢onbrlI 1IMen1I 

pa3Mep 6 X 6 MM2 H TonmHHy 5. 10-8MM0 .UnSI ··y'leTa BKna.11a 8KTIIB8UHH ¢onbr 

9ITIITerrnoBbIMH HeiiTpoHaMII PSl.llOM C Ka*AOii aKTHBHpyeMoii ¢onhroii ITOMema

nacb TBKaSI *e ¢onbra, OKPY*8HHaSI co Bcex CTOpOH cnoeM KaAMHSI TonmHHOii 

.. 1 MM. MaMepeHH.SI a6conroTHOii: aKTHBHOCTII o6pa3UOB rrpOBOAHnHCb MeTO.llOM 

C'leTa {3- y cosrra.11eH1Iii. 3Ha'leHHSI IlOTOKa TennOBbJX Heii:TpOHOB <I> 0 onpe

.11ensinHCb H3 H3MepeHHblX aKTHBHOCTeii: ¢onbr no H3BeCTHOMy COOTHOWSHIII0/5/ 

<I> 0 

N{J'Ny I 

N /3 ·Y S • ~act 
d • V TT V 293,6 o 

2 T 
( 1- e -At 1 ) e - ,\ t 2 

(7) 

r.11e N f3 , N Y ,N f3y - pa3HOCTII CKopocTeii f3 -c'leTa, y - C'leTa II COB-

na.11eH1IH COOTBeTCTBeHHO, .11aaaeMblX ¢onhraMH 6ea KBAM HSI H a KB.llMIIIIj 

S - nnoma.11h ¢onhr1I; ~ act- MaKpocKOillI'lecKoe ce'leHHe aKTIIBaUHH aonoTa 

TeITnOBbIMH HeiiTpOHaMH; d - TonmHHa ¢onbr1I; ,\ - ITOCTOSIHHaSI pa.11H08KTHB

Horo pacrra.11a 3onoTa; t 1 H t 2 - speMSI 06nyqeH1ISI H speMSI, npowe.11wee OT 

OKOH'laHIISI o6ny'leHHSI .110 H3MepeHIISI BKTIIBHOCTII o6paaua, COOTBeTCTBeHHo; 
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.Jir 293 6 
2

y T ' - cpaKTOp, y'lllTbIBa!OUUiil: aKTllBaUll!O q>Onbr MaKCBennOBCKllM pac-

npe.oeneHlleM Heil:TpOHOB no aHeprnHMi T- TeMnepaTypa MaKCBennoBcKoro 

cneKTpa ( T = 30 MaB} • 

Ha pnc, 7 npnBe.oeHbI cxeMbI pacnono:H<eHHH o6ny'laeMbIX cponbr Ha no-

. BepXHOCTHX 3aMe.onnTeneil:, o6pameHHbIX B CTOpOHy KaHanoB N9l' N96 H aKcne

pnMeHTanbHOI'O sana, a TaK:H<e OTHocnTenbHoe pacnpe.oeneHne noToKa TennoBhlX 

Heil:TpOHOB Ha noBepXHOCTll aaMe.onnTeng, 3a "1" npllHHT noTOK, paBHbIH 

(2,5:!:_D,3).109 Hlc~.ceK npn MOIUHOCTH peaKTopa W = 1 KBT, 

TT ony'leHHbie .oaHHbie noKa3bIBaJOT, 'ITO noTOK TennOBbIX Heil:TpOHOB Ha 

noBepxHOCTll saMe.onnTeng B npe.oenax reoMeTpnqecKnx pasMepoB soHbI saMeT

HO BbIWe, '19M Ha KpaHX 3aMe.onnTenH. OTMeTnM, 'ITO noTOK TennOBbIX Heil:T

pOHOB co CTOpOHbl KaHana N91 npnMepHO Ha 20% BbIWe noToKa co CTOpOHbl 

KaHana N96, 'ITO cornacyeTCH C .oaHHbIMll, !1onyqeHHblMll npn noMOIIlH noporo

BbIX .oeTeKTOPOB n 6opHbIX C'J:1'.!T'lllKOB, 

.llnH pH.oa cpH3ll'l9CKllX sa.oa'I HHTepeCHO 3HaTb Ben~'IHHY IlOTOKa Tenno

BbIX Heil:TpOHOB He TOllbKO Ha noBepXHOCTH 3aMe.onnTenH, HO H B wenn, o6-

pa30BaHHOH nocTaHOBKOH .oononHnTenbHOI'O saMe.onn_Teng Ha HeKOTOpOM pac

CTOHHHH OT OCHOBHOI'O BO.OHHOI'O 3aMe.onnTenH, MeTO.OOM aKTHBaUHH sonOTbIX 

cpOllbI' BHYTPH menn 

BbIX Heil:TpOHOB <I> 

ns nonnaTnneHa 

6bma nccne.ooBaHa saBnCHMOCTb BellH'IHHbl 

OT pasMepoB wenn • .!lononHnTenbHbiil: 

TOlllllllHOH 100 MM Ce'leHneM 200 

noToKa Tenno-

aaMe.onnTenb 
2 

X 200 MM 

pacnonarancg Ha paccToHHHHX 6, 20 n 40 MM OT ocHOBHoro saMe.onnTenH, 

Ha pnc. 8 npnBe.oeHbI cxeMa pacnono:H<eHHH saMe.onnTeneil: n KoacpcpnuneHT 

yBellH'leHHH noTOKa TennoBbIX Heil:TpOHOB ~ BHYTPH menn B saBHCHMOCTH 
<I> 0 

OT ee B9llll'IHHbl no cpaBH9HHIO co 3Ha'leHH9M IlOTOKa Ha noBepXHOCTH oc-

HOBHOI'O saMe.onnTenH. 

CpaBHHM pesynbTaTbl H3MepeHHH noTOKOB TennOBblX Heil:TpOHOB, c.oenaH-

HbIX Ha noBepxHOCTH 3aMe.onnreng C IlOMOIIlblO aKTHB8UHH aonOTbIX qionbr H Ha 

6aaax N9l H N96 6opHbIMH C'J:1'.!T'IHKaMH, .Llng aToro cne.oyeT y'leCTb yrnoBoe 

pacnpe.oeneHHe TennoBbJX Heil:TpOHOB y noBepXHOCTH saMe.onnTenH, KOTopoe 

onHCbIBaeTCSI Bbipa)KeHHeM/6/ 

£ (0) = 
I 

( Cos 0 + y 3 Cos 2 0 ) , (8) 
·1 + y3 

12 

,,.. 

f 

,, 

r.oe 0 - yron Me)KJ:ty aanpaBneaneM ny'IKa n HopManbJO K nnocKocTn aaMe.onn

Teng (B ll30TponHo~ cnyqae yrnoBaH aaBHCHMOCTb H0HTPOHOB, nepeceKaJOIIlllX 

e.onanuy noBepxaocTn aaMe.onnTeng, rrponopunoHanbHa Cos 0 ) • <l>opMyna ( 8) 

nony'leHa B npe.onono>KeHnn, 'ITO rrnOTHOCTb H0HTPOHOB y rroBepxHOCTH saMe.o

nnTeng KaK cpyHKllllH paCCTOHHllH OT noBepxHOCTll ll3MeHH9TCH nnHeil:ao, 'ITO 

BepHO, ecnn cpe.oani1 cBo6o.oHbIH rrpo6er aei1TpoHoB Man no cpaBHeHllJO c pas

MepaMn BO.OHHoro saMe.onnTeng. 

Ecnn n - 'lllCno Hei1TpOHOB, BbmeTalOIIlllX C 1 cM2 3aMe.onnTeng B e.on-
0 

HllUY TenecHOI'O yrna B HarrpaBn0HHH HOpMann K IlllOCKOCTH saMe.onnTeng ( o,,, 0)' 

TO aKTHBHOCTb cponbI'll MO:H<HO npe.ocTaBHTb B BH.Oe 

TT /2 
N=2TTiloiact J 

0 

d 

Cos 0 
Cos0+y3Cos

2
'0 Sin0d0 • 

i +~-
' 

3.oecb .OnH KpaTKOCTH onymeHbl HeKOTOpbIe ~aKTOPbI, yKa3aHHbie B ( 7)' KaK 

HecywecTBeHHbJe .onH .oaHHOI'O pacCMOTpeHnJ. 

flocne HHTerpnpoBBHHSI no yrny 0 nony'IHM 

N = I, 37 • TT • Il O I..ct d · ( 9) 

B Bbipa>KeHHH ( 9) BenH'IHHa I, 37, TT• n O ,:'.:OOTBeTCTByeT IIOTOKY <l>o B Bbipa

>KeHHH ( 7) • .llnH nx cpaBHeHHH Heo6xonnMo µo.ocTaBHTb aHa'!eHne Il O , orrpe

.oenemwe B ll3MepeHllHX C 6opHbIMll C'l1'.!TiiHK8Mll, no BbI'IHCnHnOCb nyTeM 

qncneHHoro nHTerpnpoBaHHH KpHBoil: noToKa Ha pnc, 5 B TennoBoil: o6nacTn, 

yMHo>KeHHH Ha f 2 .onH rrepexo.oa K rroToKy B e.onHnue TenecHoro yrna n .oe

neHHH Ha nnoma.ob aaMe.onnTeng 900 cM2 • .llanee 6bma BBe.oeHa nonpaBKa Ha 

nornoweHne Hei1TpoHOB B Bos.oyxe. B peaynbTaTe 6b1no nony'leHo sHa'leHne 

fl O = 3,5, 108 H/CeK CM2 CTepa.O I OTKy.oa IlOTOK TennOBbIX H0HTpOHOB1 ycpe,o

HeHHbifi rro nnoma.on aaMe.onnTenH, oKasancH paBHbIM 1,5, 109 HeHTp/cetc cM2 

npn MOIJIHOCTll 1 KBT, 3Ta Benll'lllHa paayMHO cornacyeTCH c peaynbTaTaMn, 

nonyqeHHblMH MeTO.llOM aKTllBaunn cponbr, .ecnn y'leCTb, 'ITO rrpoTnB ueHTpa 30Hbl 

peaKTopa noTOK MaKcHManeH n, cne.ooaaTenbHo, Bbillle cpe.oHero, a Ha Kpagx -

38M0THO HH:H<e, 
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5. HefiTpOHhI, H3ny'l88Mb!8 Me)l(Jly BCilbIIIIK8MH peaKTOpa, 

H caTennHTbl 

C~HOfi H3 B8>KHb!X xapaKTepHCTHK HMrrynbCHoro peaKTopa g5ngeTcg COOT

HOill9HH9 Me>Kny 9HeprngMH, Bb!llengeMb!MH npH BCITb!WKe EB , H B HHT9pBane 

M9>KIIY BCITb!WKaMH. ITocnenHgg, B CBOlO oqepenb, MO>K0T 61,1Tb paaneneHa Ha 

llB9 'laCTH: nocTogHHYlO HnH q>OHOBYlO, cocTaBng10my10 E cj> 1 H non10, CBgaaH

HYlO C no60'lHb!MH HMnynbcaMH peaKTHBHOCTH (caTennHTaMH) l:Eo • TaKHM 

o6pa30M, 6anaHC 9HeprHH peaKTOpa MO>KHO 38ITHC8Tb B BHAe 

E 
p =EB+ E qi +IEO ( 10) 

QqeBHnHo, 'ITO 'lHCno H0il:TpOHOB, ncrrycKaeMb!X Ha Ka>Knofi CTannn pa6oTbl 

peaKTopa, nponopuHoHanbHO COOTB0TCTByiomefi aHeprHH. 

HefiTpOHbI, HCITYCK8eMb!0 Me>KJiy BCITbIWK8MH, gBng10Tcg aanaan1,rna10mn

MH HefiTpOH8MH neneHng, p83MHO>KeHHblMH B HerronBH>KHOH 30He peaKTopa B TO 

BpeMg, Korna OIT3 Bb!BeneHa. ITogBneHHe 1106,o'!Hb!X HMrrynbCOB MOIIIHOCTH ( ca

TennnToB) cBg3aHO C npoxO>KJI0HHeM qepea 30Hy peaKTopa OIT3, onHaKo npH 

9TOM He p83BHB80TCg nonHhlii HMnynbC MOmHOCTH, TaK K8K BIT3 HaxonHTCg 

BHe 30Hhl. Ha pnc. 9 npHBeneHa qiopMa onHoro H3 caTennHTOB, paCC'lHT8HHag 

nng peaKTHBHOCTH ( 0 = -5. 10-3• 

ITepnon cnenoBaHng caTennHTOB paBeH 10 MC0K nng CKOpOCTH BpameHHg 

nncKa OIT3 50 ceK-1. 

,Ung 9KC110pHM0HT8nbHOro onpeneneHHg COOTHOill0HHg Me>Kny EB H E qi+l:Ec 

H Bb!HCHeHHg xapaKTepa oTnenbHb!X CaTennHTOB 61,mo npoBeneHo H3M0p0HH9 

B peaKTOpHOM pe>KHMe npH pa6oTe Ha OCHOBHOH 'l8CTOT0 4 repua. MolllHOCTb 

peaKTopa 61,ma CHH>KeHa no 50 BT nng ycTpaHeHng neperpyaoK annapa-ryp1,1. 

EopHb!fi C'leT'lHK ycTaHaBnHBancg Ha nponeTHOH 6aae 16 M 38 KOnnHMaTo

poM C ManbIM OTB0pCTH0M, H H3M0pgnHCb Bp0M0HHbie cneKTpb! C ITOMOmblO 

aHannaaTopa. ITpH 9TOM 38XB8Tb!Banocb BpeMeHHoe OKHO OT CTapTa, H0CKOllbKO 

onepe>KaBwero Bcn1,1wKy peaKTopa, no'!TH no cneny10111ero cTapTa. 0TC'leTbI 

C'leT'lHKa, CBg3aHHbl0 C HefiTpoHaMH BCITb!WKH, npaKTH'l0CKH OK8H'lHB8nHCb 

qepea 30 MCeK, n nanee, BnnoTb no cneny10111ero cTapTa, MO>KHO 61,mo Ha-

6n10naTb KapTHHY, cBg3aHHYlO C ITOCTOgHHblM q>OHOM Me>KJiy HMrrynbCaMH H ca-
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TennnTaMH. Ha pnc. 10 npHBeneH yqaCTOK cneKTpa, nony'l0HHOro B onHofi H3 

cepHfi H3M0p0HHH. no OCH a6cuncc OTnO>KeH HOMep KaHana Bp8M0HHOro aHa

nH3aTopa. lllHp:irna KBHana 320 MKCeK. KpyTO crrana10111ag qaCTb cneKTpa - 9TO 

XBOCT HH3K09HepreTH'l0CKHX H0HTpOHOB OT BCITbIWKH. BnnHo, 'ITO B pafioHe 

COToro KaHana OH npaKTH'l0CKH 3aKaH'lHBaeTcg, a nanee BHJIHbl TennoBb!e IIHKH, 

cBgaaHHble C caTennHTaMH, H He6onbWH0 ITHKH 61,1cTpb!X HefiTpOHOB CaTenmi:

TOB. 

06pa111a10T Ha ce6g BHHMaHHe nBa O'l0Hb CHnbHb!X caTennHTa B pafioHe 

370 - 420 KaHanoB ( 12-tt H 13-n caTennHTbI)' a T8K>K0 3aM0TH00 nnaBHOe 

H3M0H0HH0 CHnbI OCTanbHbIX. TaKag Monyngung onpenengeTcg pacnono>K0HH0M 

BCIToMoraTenbHOfirronBH>KHOfi 30Hbl OTHOCHT0llbHO 8KTHBHOii 30Hbl peaKTopa 

B MoMeHT npoxo>KneHng qepea aoHy OIT3. 

,Ung Bbl'lHCll0HH~ nonH 9HeprHH, BbIJieng10meficg B peaKTOpe Me)l(Jly BCITbllll

K8MH, 6b1no HaiineHO nonHoe 'lHCno OTC'leTOB B cneKTpe, H8'lHHag C 100 KaHa

na n nanee no cnenyiomero CTapTa. K aTofi BenH'lHHe no6aangnacb 'lBCTb, 

COOTB0TCTBy10mag nepBb!M 100 KaHanaM, KOTOpy10 H0llb3g 61,mo Ha6n10naTE: 

H3-3a HeiiTpOHOB BCITb!WKH. 0Ha Haxonnnacb nyTeM 9KCTparrongUHH H COCT8B

ngna OKOno 15% OT H3M0p0HHOfi. ITony'leHHag T8KHM o6pa30M B0llH'lHHa xa-
.• 

p8KTepH30Bana 'lHCno HefiTpOHOB, Bb!ll0nHBWHXCH Me>Kny BCITbIIIIK8MH peaKTopa. 

ITonHaH cyMMa OTC'leToB no BCeMy CIT0KTpy naBana B Tex >Ke eJIHHHU8X HHTer

panbHb!H Bb!XOn H0fiTpOHOB. 0Tciona 61,mo rronyqeHo, 'ITO Me>Kny BCITb!IIIK8ME 

Bh1nenHeTCH 7,6% OT nonHofi 9HeprHH peaKTopa H COOTBeTCTB0HHO TaKag >KE 

nong H0HTpOHOB OT nonHoro Bb!xona • .llanee OKa3anocb B03 MO>KHb!M oTnenHTE: 

BKnan caTennHTOB OT IIOCTogHHOH COCTaBngiomeii, ncnonbayg H3B8CTHY10 qiopMJ 

TennoBb!X ITHKOB. TaKoe paaneneHHe ITOKa3ano, 'ITO cyMMapHag 9Heprng BC0:ll 

caTennHTOB paBHa 9HeprHH ITOCTOHHHOI'O qioHa Me)KJly BCITbill!K8MH peaKTOpa, 

,Ung npyrnx 'l8CTOT peaKTOpHb!X BCITbIIII0K 9TH COOTHOW8HHg MeHglOTCg H83Ha

'lHT0nbHO. 

ITpH pa6oTe peaKTopa B 6ycTepHOM pe>KHMe C HH>KeKTOpOM M8KCHManb

Hag peaKTHBHOCTb £ 0 npH npoxo>KneHHH OIT3 qepea 8KTHBHY10 30HY peaK

Topa COCTaBngeT o6b!'IHO - 5. 10-3 ( K09qJqJHUH8HT pa3MHO>K8HHH 200). IT pH STOii, 

HMITynbC MOIIIHOCTH, cBg3aHHblH C pa3MHO>KeHH0M H0HTpOHOB OT HH>K0KTopa, 

pa3BHBaeTcg Ha B0p111HH0 caTennHTa, ITOK83aHHOI'O Ha pnc. 9. B cBg3H C 9THI\, 

qJOH B6nH3H BCITbIWKH HH>KeKTopa onpenenHeTcg yKaaaHHOH KpHBOH, HM010!Il0i 

rayccoBCKYlO qiopMy c ll!HpHHOH OKOno 420 MKCeK. 
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Ka II <t>.n. lllan1Ipo 3a IIHTepec K pa6oTe II none3Hb1e 06cy)K.tteH1I11, 11.M. Cana

MaTIIHa, B.A. Apxlinoaa, E.H. Conoabeaa, n. !Jacomr, H. T. XoTbKO 3a noMOIIIb 

B npoBe.tteHIIII II3MepeHIIH II pa.C'IeTOB, 

n li T e p a T y p a 

I. 11.11. Eoa.uapeHKo, IO • .H. CTaBnccKnii:. A 3, T. 7, Bbm. 5, 417 ( 1959). 

2. r.E. EnoXHH, n.11. EnoxnaueB, IO.A. EnIOMKliHa II .up. A3, T. 10, Bb!Il, 5, 

437 ( 1981). 

3. B.ll. AHaHbeB, 11.M. MaTopa, r.H. TToro.uaeB II .up. TTpenpnHT 011.811, 2372, 

lly6Ha, 1985, 

4. K.K. KornaeBa, C.H. Kpaii:Top, n.B. TT1IKenbaep. TTpenplIHT 011Hl1, P3-5421, 

lly6aa, 1970. 

5. K. EeKypu, K. BnpTu. Heii:TpoHHaSI cpnanKa, AToMns.uaT, MocKsa, 1988. 

8. r.A. BeTe. ct>nsnKa SI.ttpa, <r. II , cTp. 124. rocTexnsnaT, 1948. 

PyKonBCb nocTynena B B3ASTenbCKBA OTAen 

8 anpene 1971 rona. 
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Pnc, 1. AKTHBHasr GoHa MEP-30, I , II - KacceTbl aenonmrnrnoit 30Hbl, 
1 - rpy6&xll perynsrTop, 2 - Ml!WeHb n11aeitaoro yqrnp11Tensr sneKTpoHoB, 
3 - OCHOBH8H ITOABIIJKH8H 30H8, 4 - BCnoMoraTenbHaH noABlllKH8H 30Ha, 
5 - OTpalKaTenb, 6 - SKpaH (B 4 C ), 7 - 3aMennHTenb ( BOila). 
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P11c, 2, <l>opMa l!Mrrynbca M0illHDCTH HEP-30, N - cq{lT a Kaaane aaan11aaTopa, 
t - H0Mep Kaaana aaan11aaTopa, lIIHpl!Ha 4 MKCeK, '4acTOTa IIMIIynbC0B M0ill

H0CTI! 4 rn, qacToTa apameamr llllCKa OTT3 50 1/ceK, 
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t 

P11c. 3, <l>opMa IIMIIynbca M0illH0CTI! HEP-30 B pelKl!Me pa3MH0lKeHl!lI, N - cq{lT 
a KaHane aaannaaTopa, t - H0Mep Kaaana aaannaaTopa, IIIHpHHa 1 MKCeK, 

• £ 0 = -5. 10-3 , an11TenbH0CTb HMnynbca aneKTp0H0B HHlKeKT0pa 1,6 MKCeK, 
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IOO 120 lltO 150 180 

Pnc. 4. AMnnnTynaoe pacnpeneneane nMnynbcoB MomaocTn HEP-30. N- cqf!T 
B KaHane auannaaTopa, A - aMnnnTyna nMnynbca MomuocTn. lfacToTa nMnynbC0B 
4 ru. CpenHHH MomuoCTb peaKT0pa 10 KBT. 
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2 
Pnc. 5. 3uepreTnqeCK8H 38BilCilM0CTb noToKa ueiiTp0H0B Il(E) u/cM ceK SB 
Ha ny'IK8X 1 n 6 HEP-30 npn nponeTH0M paCCT0HHilH 100 M n MomuocTn 
peaKT0pa '•1 KBT. 3aMennnTenb - 40 MM BOltbl.· HeiiTpOHOBOlt B8KyyMnpoBaH, 
Kp0Me Ha'lanbHoro y'laCTK8 10 M. . . 
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f/Jo 
I 

~CJ1113 ,o 1 g 

8 
7 
6 

5 

4 
J 

2 

I 

10 zo 30 40 50 60 X NM 

PHC, 8, Koa¢¢HuHeHT yBenHqeaHH noTOKa TennOBbIX aefiTpOHOB BHyTpH menH 
no cpaaHeHHID C noTOKOM Ha noBepxHOCTH OCHOBHoro BOAHHoro aaMennHTenH 
B aaBHCHMOCTH OT WHpHHhl menH X • B Bepxaefi qacTH pHCYHKa noKaaaaa 
cxeMa pacnonomeHHH aaMennHTenefi, 1 - aKTHBHaH aoaa peaKTopa; 2 - oc
HOBHOil BOAHHOfi aaMeAnHTenb, 3 - nononHHTenbHblfi nonH3THneHOBblfi aaMen
nHTenb, 

24 

W/wp 
'" 

o,s 

0,25 

0 t 
0 2 3 

PHc, 9, PacqeTHaH ¢opMa no6oqaoro HMnynbca MOtnHOCTH (caTennHTa) peaK-
Topa HEP-30 npH ( 0 = -5, 10-3. w /W p - OTHOWeHHe MrHOBeHHOfi MOtnHOCTH 
K cpenaell MOtnHOCTH peaKTOpa, t - BpeMH B MCeK, 

25 



II.) 
a> 

N 

3000 

/000 

~ 

. 
' -:.. ~ 
\.., .. • <:, A . 

~"\,.-vf" ... ...f ',,,-..: "'vv."-•• ,.,;o-.._.J'o...,..~ 

! . ' 

~: 
•) 

' ':\ ' A .. ~,_A .... 
~'-.,.c,~~y ~,,; ·- """' 

60 BO too IZO 140 160 180 ZOO 120 140 160 ZBO 300 310 J40 JBO JBO 400 4Z0 4 60 480 S00 S20 540 560 580 600 620 640 660 680 100 t 

PHC, 10. Y'JaCTOK BpeMeHHOI'O cneKTpa, CHRTOI'O c 6opHb!M C'I~T'IHKOM Ha 
6aae 16 M, Ha6mouaeMble ·nHKH CBR38Hbl C perHCTpaunell TennoBhlX aellTpOHOB 
caTennHTOB, t - Kaaanbl speMeHHoro aaannaaTopa no 320 MKCeK, 
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