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8KCIIepHM€HT IIO IIp.HMOMJ H3M€p€HHI0 ,I:VU.fHbl HefhpoH-HefhpOHHOI'O pac

C€HHHH H€0)UIOKpaTHO 06c)'JKJI.a.JIC.H B JHUepaType (1] 1 O,[l,HaKO HHKOI')l,& He 6biJI 

nocTaBJieH. I1MnJJibCHbil! peru<Top Bll:rP (2] HMeer peKOp,l\Hbie napaMerpbi HM

nyJihCHbiX IIOTOKOB H€ilTpOHOB1 CJlll.€CTB€HHbl€ .U)l.H npOBe,u€HHH TaKOrQ 9KCrte

pHM€HTa : IIOJIHbift ¢nroeHC Ha IIOB€pXHOCTH KOpnyca peaKTOpa l1,0 1015 ~ 1 

um:pHHa HMnynbca 2Mc. PeaxTop pacnoJIO)K€11 B u.eHTpe peaxTop~oro 3a.na 

lQ X 11M2 , C B03MO>KHOCTblO pa3M€1If.€HilH B6JUi3H IIOB€pXHOCTH pea.KTOpa Ba

KJYMHOfi IIOJIOCTH, CHCT€Mbl KOJIJIHMaTOpOB H H€fi:Tp0HOBO)J.a qepe3 CT€HJ 3aJia 

peaKTOpa. 

Oco6eHHOCTb aKcnepHMeHTa Tpe6yer npe.usap>~TeJibHoro .UeTaJibHoro pacqe

Ta ¢0Ha Me)J)l€HHhlX H 6biCTpbiX HefiTpOHOB B CJIO:H<HOti f€0MeTpHH 3a!-.f€)1..TIKT€

JI€ti, OTpruKaTeJiefi, KOJIJIHMaTOpOB H 3all.I,KTbl. 

1. BBe~eHHe 

.D:aHHrui pa60Ta >IBJI>IeTC>I npo.uoJDKeH>IeM ny6JIHKal\>IH (3] Ha TY >Ke TeMy. 3.uecb 

6oJiee flO,Upo6HO OTIHCaHa CX€Ma 3KCTI€pHM€HTa, llpOBO)l,.HTCH HOBbl€ paCt.I€TI>I. 
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PHc. 1. CxeMa 3KcnepnMeHTa (Bn,!l; cBepxy): l->!MnJJibCHbill peaKTOp BHrP, 2-

nonH3THJieHOBbrtt 3a~,[€,UJIHT€Jlb 1 3-rpa¢HT0Bblft OTpaJl:<aTe.rib, 4-KOJIJIHMaTOpbi, 

5-HJIOCKHft KOOp,UI-lHaTHbiti ,[l.€T€KT0p T€TIJIOBbiX H€ft:Tp0HOB, 6-30H3. CT0JlKHOB€

HH51 Heti:Tp0HOB 1 7 -3aUJ.HTa1 8-CTeHa p€a.KTOpHOrO 3aJia 
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Pnc. 2. llcnoJih3yeMa" CHCTeMa KOOpi\HHaT. 1-nMITJJihCHhifi peaKTop BllrP, 2-
rrJiocKOCTb KOOP.ri.HHaTHoro ,neTeKropa TCriJIOBbiX HeftTpOHOB 

Ha puc. 1 npe.n.cTanneHa ex eM a nJtamtpyeMoro :?KcnepHMCHTa. I1cro'1HHKOM 
6biCTpbiX He:tiTpoHon .HBJI51CTCH H:-.mynhCHbiti peaKTOp BHfP. Bo npe~ur HM

nynbca peaKTOpa {1} B npOCTpaHCTB€ MC)f(A)' TI0JlH3THJI€HOBbiMH 3aMC,[J;JH1:T€

JI5!Ml1 {2} C03,!\aeTCK Bb!COKHfi ITOTOK T€ITJI0Bh!X H€1\TpOUOB. 3<jJ<jJeKT H€fiTp0U

H€fiTp0HHb!X CTOJIKHOBeunfi B 3one {6} <P>~KCHpyeTc>< 1\eTeKTopoM {5}. TaK JKe 

,D.CTCKTOp <l>HKCHpyeT <PoH 6hiCTphrx :u rerrnonhrx HethpOHOB. B ,n;aHnofi pa6oTe 

rrpOBO,U.ITTC.H pacT.JeT <Pona T€ITJIOBhiX H€fiTpOHOB B ,ll;€T€KT0p€ 3a Bp€M.H H~HIYJih

Ca peaKTopa. XapaKT€pHhre pa3:-.f€phr reoMeTpHH 9KcnepHMeura ,naHhi B ra6n. 1. 

Ta6n:nu,a 1. XapaKTepHhre peaJihHhie pa3Mephr reo:-.rerpMH 9KCnepuMeHTa B co

OTB€TCTBHH C 0603H8ti€HH5IMH pMC. 3 (s CaHTHM€Tpax) 

2, PacqeT JlOKa.TihHoro ¢oHa Ha noBepxHOCTII 

,IJ;eTeKTOpa 

JJ:orrymeHn5! pacqeTa : 

1. paccMaTpnBaiOTC>r TOJihKO TenJIOBhie uefiTpOHht ( E < 200M3B ) ; 
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I 

Pnc. 3. 06o3Ha"!emur xapaKTepHhiX pa3Mepoa reoMeTpHH 3KCnepm.teHTa Jl;JUI 

rOpH30HTa.JlbHOf0 CCt.IC!UUi H B CK06Kax JJ,Jiil BCpTHKa..TibHOrO CC"'CHlUI ( 3JICM€HTbl 

d, S, b) 

2. npOIUiKHOB€Hl1€M HeJ;f:TpOHOB CKD03b 3auuny MO)f(HQ npeue6pC"'b; 

3. paCC€.HliH€ netiTpOHOB ua ITOB€pXHOCTH 3ai.U,HTbi, ITOKpbiTOfi H3HJTPH CHJih

HO nornomaroru.m.l MarepHaJIO~t, ynpyroe H H30Tporrnoe, TaK T.JTO mneu

CHBHOCTh pacce51HIIbiX HetiTpOl-IOD OITHChiDaeTCR ¢opMJJIOfi (CM. puc. 4) 

u,(E) sin¢ 
-- X --,--..,---'-:--:-
(Jt (E) sin¢+ sin 1/J' (!) 

r,ue a$ - ce'ienHe pacceRHHR, at - nonnoe ce'ieJ-me. 

4. CtJCT'iHK H€fiTpOIIOB TOT.J€'iHbift. 

~k I. · " ·.· · · .· """' · ··· · · · · I ' : ... ' ' -- ' ' ' ' " - - . ~ ' ' '. -- .. . 

PHc. 4. TiepepacceRHH€ Hettrponon ua nnyrpe1-meft nosepxuocrH 38I.U.I!Thi, ¢ -
yron CKOJib)K€HHR na.n.aiOI.U.ero HelhpoHa, 1/J - yron cKonb)f(eHH51 paccexHuoro 

H€ftTpOHa 

BBO,UHM CHCTeMy KOOp,UHHaT (CM pHC. 2). )l.aHHbi€1 RBJI.RlOW.H€C5I HCXO,D.Hhi:O.m B 

,l\aHHofi pa6oTe : 

1. nepBOHa'iaTibHbi~l HCTQtiHHKO~! T€ITJI0Bb!X uefhpOHOB IIpH paC'i€T€ ¢mra 

.HBJIReTCR BHyrpemuHI nonepxHOCTh JJHCTOB no.mr3TH.neuosoro 3aMe.D, .. 1H-
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TeJHI {2} na p11c. 1. ITpoeTpancTnenno-npeMennoe-3HepreTH'leeKoe pae

npe.ue.nemie 9TOrO HCTO'-IHllKa OmtCbiBaCTCR B€KTOpaMH BH.D,a 

(x, y, z, E, t, mx, my, mz), r.ue (x, y, z)-TO'-IKa nepecel.lemut BHyrpennefi 

noaepxnOCTH 3aMeD.nHTeJIR, E - ::meprH:H, mx, my, mz - nanpaaJJRIDUI.l-t:e 

KOCHHYCbi, t- MOMCHT apeMeJnt nepeceqemHI. HcnOJib3yeMoe npocTpancT

aenno-apeMennoe-anepreniYecKoe pacnpe.ue.neuHe HCTOl..!HHKa JUWRCTCH 

pe3yJJbTaTOM paeqeTa no nporpaMMe MCNP [4] HCXO.ll.'l 113 peanbnoro 

pacnOJIQ)f(ClHtH TOITJIHBa H 9JIC!'.I€HTOB KOHCTpyKIJ.Hil peaKTOpa l1 3aMC.U

.rH1T€JIH. BeKTOpbi (x, y, z, E, t, mx, my, mz) nanpaaneHbi anyTpb, T.e. n 

OpOCTpaHCTBO MCiK.ilJ' TIOmt3THJ1CH0BbiMH 3aMC,UJIHTCJI.HMH {2}. rviO~!CHT 

apeMCHH t C"-!HTaeTCR OT pom)l.emur a peaKTOpe, T.e. ace netf:TpOHbt po:>K,ua

IOTCH B peaKTOpe B HYJICBOft MOMCHT BpCMCmt (MrHOBCHHbif.1: H~WYJlbC). 

XapaKTepnoe npocTpaucTseunoe pacnpe,D.enenMe HCTO<.JHHKa npe,D.CTasne

HO Ha pHC. 5. 

2. K03¢ci>HUH€HTbl ;; [~1, xapaKT€pH3JIOIUH€ OCna6Jl€Hii€ TIOTOKa T€I1Jl0BbiX 

uethpOHOB npH paCC€71HHH Ha Ka)l.MH€BOM ITOKpbiTHJ1 BHyTp€UH€tl I10B€pX

HOeTII 3aiUHTbl (eM. pHC. 6), 
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PHc. 5. XapaKTepr!Oe npocTpaHCTB€11HOe pacnpe;J.eJterme uethpom10ro HCTO'-I-

!iii!\Cl. 
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P11c. 6. I1cnonh3yeMhie ,l:(JI.TI Ka.rt.~mesoro rroKphiTHJI auyTpCHHe:ti rrosepxuocTH 

3aW.HTbi K03¢¢HUH€HTbi ::!~~ B yKa3aHHbiX SH€pr€TWi€CKHX HHT€pBa...TtaX, r,D.e 

as - C€"!€IUI€ pacC€5IHH5I, at - IlOJIHO€ C€t.J€HH€ 

Bbi6paua no.nurur KOH¢arypau.HH H3 .n;esHTH B03M0)KHbiX TI·t:IIOB nyTetl npoxo

"',uenH>I Helhpona K ,UeTeKTOpy (pHC. 7): IUeCTb BKJl!Oqa!OUJ,IIX .!Ul011HO€ pac

Ce>IHHe HefiTpOHOB Ha BHyTpeHHefi noBepXHOeTH 3aiUIITbl ( TpeKl! 1-6) II Tpll 

c OAHHM paeee>IHHeM (7-9). TpeKH c o.!I,HHM pacce>InneM 3apaHee e'lHTa!OTe>I 

H€ ,D;OilJCTHMbiMH, H ,D;a.Jl€€ npHBe;J;€HO HCCJI~OBaHJ1€ )l.OTiyCTHMhlX OTKJIOH€IiH.t'i 

reOM€TplP-I€CKHX rrapaM€Tp0B 3KCIT€pHM€HTa, IlpH KOTOpbiX Tp€KH THIIa 7-9 U€ 

aKTHBH3HpyroTcH. TpeKH c TpeMa 11 6onee pacce.TIHHJ£MH ue paccMaTpHsaroT

C>I 1!3-3a MMOro BKJla,zJ;a no epaBHeH>I!O C TpeK&\lll 1-9 (<!L "" 10-4 7 10-3). u, 
ITycTb (X, Yo, Z) eeTb KOop,uHHaTa TO'IKH ,ueTeKTopa. Tor,[la noJJHbifi BKJJM B 

<!>on TpaeKTOpH11 T>Ina 7-9 B TOqKe (X, Yo, Z) (eM. pne. 8) 

B (X y, Z) _ .;:.. a,(E;) . sin .p, . 1 
1 ' o, - 1] L..t . . 7f ' 

<=l a,(E;) sm ¢; + sm ,p, 4rrl b;l2 
(2) 

- ~ ,.._ ~ ( . . . ~. +·) u,iE'l r;::r.e 1] - N , n - t.JHCJIO B€KTOpOB B '±'anJI€ X,, y 1 , Z1 ,.J:!ju vt , ... E B35I-
MCNP vi , 

Ta 113 p11e. 6, Yo = ~ + m + L (eM. p11e 3). NsHl'P - xaprunepHbill nOJIHbii' 

QJniO€HC peaKTopa (~ 1019 n:n), NMCNP- KOJI-BO HefhpoHOB, rropo:>K,aeHHI:.!X B 

peaKTope so apeMR paeqeTa B MCKP. B1 (X, Z)- ,ueTepM>IHHpoBa~HaJI cymm, 
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Puc. 7. IIoJIHAA KOH<jmrypal.\H" THnos TpeKoB, HcnOJib3yeMbiX npu pacqeTe <!>o
Ha T€TIJI0BbiX HefiTpOHOB 

( x, ,.Jl, z,) (X,Y,, ,Z) 

PHc. 8. O,n.HOKpaTHoe pacceRHHe Hel1rpoHa Ha aHyrpeHHeM noKpbiTHH 3aii.I.H

Thi. ai H bi - B€KT0pbl H€l1TpOHOB1HanpaBJI€HHhiX H3 HCTO'-IHHKa C KOOp.O:l1HaTOfi 

(x, y, z) (nosepxHOCTb 3aMe,!(JIHTeJIJ!) 11.0 TOqKH pacce"""" (noaepxHOCTb 3a
II\l!Tbi) "OT TOqKn pacce"""" 11.0 TO'IKH IJ.eTeKTOpa c KOOpiJ.HHaTol! (X, Yo, Z), 
COOTB€TCTB€HHO 

llOTOMY '-ITO at H hi 3a¢HKCHp0BaHhi ¢afiJlOM BXO,LI,HbiX )].aHHbiX H reOM€TpHeft 

JCTaHOBl<.,H. 

B cJiyqae TpaeKTOpHl! THna 1-6, noJIHbill BKJIM B ¢oR (eM. puc. 9) 

B2(X,Yo,Z)=TJt(a,(E;))2·sin¢;.f. !il;. 
. a,(E;) m . sm ¢; + sm •1•3· l=l J=l r 

sin K.j 1 
sin~<; +sin JJ.; · 4rrlc}l2' 

(3) 
r.n;e TJ,n, :;f~;~ KaK .n..ru1 B1 j m- Ko:3¢¢niJ,H€HT p8.3MHO)f(€H~Hl TpeKoa, .HBJUieTC:R 

ctteTHhi:\1 napaMeTpOM ( CKOJibKO pa3JUP-IHbix TpeKos nopo)K.nae-r nethpoa rrpH 
~ 

nepem.r pacceflmm); 'Ci:Jj - a_;roRTHOCTb TpeKa bj Bbi'iHCJ151€'l'C51IHDKe. 

Harrpaanemm aeKTOpa bj .D.OJDKHO 6biTh pa3brrpaHo paanoMepno a renee

HOM yrJI€ 47r, "''TO COOTB€TCTBYeT IIOM€lll,€HJHO H30TpOIIHOf0 H3J1y-'·taT€J151 B T0"<-1-

KY nepaoro pacceJIHMJI ua noaepxHOCTH JaW.HThl. Po3hirphtlll panHoMepuo a re-

6 

(X,)l, Z1) 

(X,Y. ,Z) 

P11c. 9. ,[LayKpaTHOe pacce:RHH€ Ha BHyTpeHHei:! noeepxHOCTH 3alUHThi. ai, bi, CJ 
- B€KT0pb1 Tpa€KT0pH£1

1 
HanpaBJI€HHbiX H3 HCTOttHHKa C KOOp)l.HHaTOft (X 1 Y, Z) 

(nonepxHOCTh 3aMe,rvm:TenR) .no TO'-IKH nepeoro pacce:RHHR (noaepxHOCTb 3alll.H

Tbi) 
1 

OT TOl.J:KH nepBOfO paCC€RHH:R JJ.O TO'-IKll BTOpOfO paCC€JlHHR ( noeepXHOCTb 

3alll.HTbi) H OT TO'-iKH BTOpOrO pacce.mmR ,UO TO'I.lKH .U€T€KTOpa C KOOp,UHHaTOfi 

(X, Y0 , Z), cooTaercTeenuo 

..-+ 
Jl€CHOM yrne 4tr C IIOCJI€;:J.ylOLUHM OT6pOCOM T€X pea.rnnaUHfi bj 1 KOTOpbl€ H€ 

Y.UOBJ18TB0p.fllOT HM O.O,HOMJ H3 THIIOB Tp€KOB 1-6, 51BJ1518TCR H€ 3¢¢eKTHBHbi;o..L 

HCXO;JJI H3 T0f0
1 

<iTO f,;?MCTplUl 3KCII€pHM8HTa COCTOHT H3 np51!~-fOJfOJ1bHblX 

3JieMeuroa, po3blrpbtlll bi cao,u.r~TC51 K cnenyiOII~eMy. Bbr6upaeTC51 npRMOyro~'lh-
..-+ 

HHK
1 

t.J.Cp€3 KOTOpblfi )l.OJDK€H npOXOJJ.~ITb B€KT0p bj 1 TaK '-IT06bi p83j'JlbTHpy-
..-+ 

IOilUifi Tp€K COOTB8TCTB0Ba.JI O)l.HOMY H3 TiWOD TpeKOB 1-6. BeKTOp bj paBH0-

M€pHO pa3blfpb1Ba€TC5! BHYTPH T€ .... '1€CHOf0 yrJ,a .6.fl, r,u.e .6.0 CCTb T€JI€CHbifi 

yrOJ1
1 

KOTOpbift OXBaTbiBa€T np51MOYf0J1bHHK, eCJUl C~10Tp€Tb H3 TO<.J.KH nep

BOfO pacce5!HH5! Ha noaepxHOCTH 3aUJ.HThi. TaK01ty rpeKy npHmichmaeTC51 sec 
60 ..-+ w = "4'ir. Po3htrphrrn B€KTopa bi H Bbi'lJHCJienue npH 3T011 .6.0 noRCH7IIOTC5! Ha 

pHC. 10. 6¢ - yrOJl B IIJJOCKOCTH IIp51MOYf0JlhHHKa H3 TO<.J.KH II€p€C€'-l€HHR C 

3TOfi IIJIOCKOCTblO nepneH)l.HKJJlRpa, OIIYIII.€Hll0f0 H3 TOtfKH nepBOfO paCC€7IHHR 

Ha noncpxuocrH JaUJ.HThi, ¢ - yroJ,, paanoMepHO pa3htrpbiBaCMbtfi auyTpH 6¢, 
cos e- paBHOM€pHO pa3birphiBaeTC.H BHYTPH b. cos e;:::: cos 8r -cos 82· 

CraTHCTH<.J.CCKa.JI OIIIH6Ka Bbi'-lHCJ1R€MhiX cyM1f 3aae,ll.OMO MCHbrne B03MO)t(

HOfi CHCT€1taTH'-l€CKOfi 0UIH6KH 1 BH€C€HHOft B pac"ith OIIHCaHl-Ibl~iH Bb!W€ npu-

6Jlli)t(CHH.HM11. 'l.{ro KacaeTCR B03M0)f(H0ft CMCT€MaTWl€CKOft OUHt6KH npH TaKO:O.i 

pac'-leTe ci>OHa T€llJI0BhiX HefiTpOHOB, TO HaH60Jiee 3Ha'-lHT€JlhHbiM ee HCTO'-I

HHKOM 5!BJ1R€TC7I npe,ll.riOJ10)t(€HH€ 0 '-tHCTO ynpyrOM paCC€5rm!H HethpOHOB Ha 

IIOB€pXHOCTH 9fl€M€HTOB KMMH8BOft 3alll.HTbl. 

ilOCKOJibKY HCXO)l.Hbit\: CllCKTp H€fhp0HOB1 HCriyCKaCMbiX C llOB8pXHOCTH llO

JlH3THJI€HOB0f0 3aM€)].JlHT€Jl51, KaK riOKa3biBa€T pac'-leT, HM€€T T€Mneparypy 

Bhrwe 4001(, TO pea.nhHOe Heynpyroe pacce5!HHe ua 51,11.pax Ka,n,:..m.H ( 3aLUn

ra n~teeT TeMneparypy T = 300K) ;J.OJI)KH.O a cpe,11.H€M nOHlDKaTh ::mepnuo 

pacceRHHhiX HeftrpOHOB, '-ITO npHBO.U.liT K YM€Hblli€HHIO K03¢Q:aH(H€J-ITa ,i;nw, 
(pHc. 6). TaK t.J.TO .n.aHHblti pac•rEh uecKOJibKO 3aBhJIIIaer B03MO)f(Hbii-t. ¢oH re

n~10BbiX HCftTpOHOB. 
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PHc. 10. Tio.acHeHH5l K po3htrpbtllly neKropa bj H BbP·mcneumo Wj ..un.a aJiropHT

Ma paC'-f€Ta ¢oHa T€riJIOBbiX H€fiTp0HOB B TO'iK€ .U€T€KTOpa ,UJIR THriOB Tp€KOB 

1-6 

3. Ou,eHKa IIOJIHoro ¢oHa 

<l>op"YJlbi (2) >f (3) )la!OT ¢oH B O)lHOH 0T)l€Jlbll0 B3RTOH T09K€ )leT€KTOpa 

(X, Yo, Z) KaK 9I<CJTO OTC9€TOB Ha KBa)lpaTHbi~ caHT~<"eTp nJJOI!1a)l>f )leTeKTOpa 
3a HMnyJibC peaKropa, HHrepec )K€ JJ,JUI ..uamwtt pa6orbr rrpe..ucraen.aer ou,eHKa 

nonuoro ¢oua .aereKropa (no ecefi rroaepxuocTH) .. Tiony'ieHH€ JI,auuott ou,euKH c 

.L(€TaJlbHbi)J paC1.J€TOM no T01.JKaM, pa36pOCaHHbiM IlO BCett TIOB€pXHOCTH .L(€T€K

TOpa, H€ Hp€.!lCTaBJI5l€TC5l B03M0)KHblM H3-3a 60JiblliHX C1.J€THbiX 3aTpaT (paC1.f€T 

OOJIHOfO ¢oua 3a H~tnYJibC B O.!lHOf.t T01.JK€ .[I,€T€KTOpa ,IJ;Jl5l H€ftTp01-1HOrO HC

T09l!HKa c NMCNP"' 105 Ha ~<CnOJJh3Y€"biX KOMnhroTepax 6onee 1 MI<HYTbi). 
Hcxo,a;r H3 CHMMeTpHH 3a.D.a'-IH (cHMM€TpH'-IHOCTH reoMeTpHH 9KcnepHM€HTa), 

npe,a,naraeTC5l ynpow.eHHM ou.euKa no.nuoro ¢oua ..uereKropa. IloJIHbrti ¢oH 

oueHHeaercR KaK cpeJI.Hee npH pacYere no ToqKaM (X, Y0 , Z), pa36pocaHHhi~t 
Ha TIOB€pXHOCTH )l.€1'€KTOpa, CJI€.llYIOUU-IM 06pa30M : 

6X·6Z[~ ~ ] B = .. . .. {; {81 (X;, O) + B,(X;, 0)} + f,; {81 (0, Z;) + 8 2(0, Z;)} 

( 4) 
r;~e X,= 2(/:.". 1) (i -1), Z; = 2 (/i,~ 1 ) (j -1), 6X · 6Z- xapaKTepHana¢¢eK

THBI!a5t rurow.a.ub .UCT€KTOpa, Nx H Nz - KO.nwreCTBO TO'-I€K ua ,uereKTOpe, .D.JI5l 

KOTOpt..rx npoao.D,HTCR pacqer; npu pa36poce TO'ieK (X, Y0 , Z) no Koop.unHaTHbD.f 
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N 

B' = 6X .. ,6Z L{B1(X,,Z,) +B2 (X;,Z;)}, (5) 
i=l 

r)le X; = 2(~:1) (i -1), Z; = 2(~:1) (i -1), N- KOJ1>fq€CTBO TOqeK np>! pa36po

ce T01.f€K (X, Y0 , Z) rro nony,n;Haroua.rm. llpoeeJI.eHHbre pacqeTbi rrOKa3brearoT, 

qTo B' = 0.628. PeanbHaR oueHKa )lOJDKHa JJe>KaTb r)le-To Me>KJlY B " B'. B 
llOCJ!€)lyiOI!1HX pacqeTaX HCll0Jlb3yeTC>I 0!1€HKa (4) KaK B€pXH>IR 0U€HKa ¢oRa 

T€riJIOBbiX H€fiTpOHOB Ha JI,eT€KTOpe 3a HMflYJibC. 

B )laHHOfi pa6oTe ace pacqeTbi npOBO)lHJJHCb co CJT€JlYIOI!1HMH napaMeTpaMH 

:;f~j B COOTBeTCTBHH C pHC. 6 ,ll/151 KaMJI,HCBOfO TIOKpbiTHH BHyTp€HH€ft no

B€pXHOCT>f 3a!11HTbr; nonHhrlt ¢nroeHc peaKTopa BHTP 3a nMnynbc NsnrP = 
1019 --"--, NMCNP = 1.3·105 , n = 2.8·10\ m = 102 ; N, = Nz = 80, 6X = 40cM, 

HMn 

6Z = 160c". 
,[(anee npe;~cTaaneHbi pe3ynhTaThr pacqeTa no ( 4) )lJJR pa:>Mepoa B cooTaeT

CTBHH C Ta6JJ. 1 (npH HeaKTHBHb!X THnax Tp€KOB 7-9). PI<C. 12 >f 13- CyMMapHbie 
pacnpe,neJieHH.H HHT€HCHBHOCTH ITO BC€M rpeKaM, COOTB€TCTB€HHO, ITO Bp€Me

HH " no X -KOOp.I1~<HaTe. PHc. 14 - BKJJa)l Ka.JK,!1oro H3 TpeKOB a nOJJHbrlt cPOH. 

CyMMapabrti ¢on rerrnoebiX Heihponoe ua JI.eT€KTope 3a HMIIYJibC cocTaann 

37 ± 3 H:n (yK3.3aHa CTaTHCTH"t{8CKM 0UIH6Ka npH BbP-iHCJI€HHH B COOTBeTCTBHH 

c ( 4)).0lKH)lae"brti a¢¢eKT oT HeHTpOH-Hel!TpoHHOro pacceRHHR npn yKa:>aHHO" 

nOJIHOM c:Pnroence peaKropa cocras;urer ~ 103 ":n ua ncet:t nosepxnocTH ~eTeK
Topa. TaK t.ITO oam,naeMbiti ¢on rerrnoahrx Hefi:Tponon npn MaKCHMa.TibHOM MM

nynbce peaKTOpa COCTaBJ1H€T H€CK0~'1bKO llp0U,€HTOB OT B€JIU"YHHbl H3Y.€p.ae~!Of0 

~<P<PeKTa, "t{TQ BIIOJIH€ y,ll,OBJI€TBOpHT€JlhHO )l,JI.H nJiaHHpye~tOrO SKCII€pH~1€HTa. 

4. MccJie)J,oBaHMe )J,OrrycTMMhiX OTKJIOHeHMil: 

reOM€TpM'1€CKMX rrapaMeTpOB 9KCII€pMM€HTa 

BoJiblllOtl mnepec npe,n;cTaanReT noa€,!J;em-t:e rronnoro ¢oua rrp11 OTKJIOH€Hlni 

napa~terpoa reo~teTpHH OT orrHcanHbiX a ra6JI. 1 H pHc.3. HIDKe .n:anhr yCJIOBHH, 

II pH KOTOpbiX Tp8KH 7-9 H€ aKTHBH3HpylOTCR. 

TpeK 7: 

a[ 2m + 1] < A < mh-oS, b[2m + 1] < B < mS.-bS,. 
l - m+S11 ' l - m+S11 

(6) 

I1CXOJ1Hb!€ ¢opMyJ1b! )ln>l Bb!BO)la yC.nOBHfi !10 Tp€KaM 8 H 9 (CM. pl!C. ll) : 

y~ = & · ~ - 1]- (Sy + m); y~ = & · [~ - 1]- (Sy + m)·, 
_ 2-c·.,·v _ ~. 

Yx - h-e ' Yz - Sz -d} 

(7) 
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PHc. 11. K BbiBO!lY <Pop>~y Jibi 7. 1 - HefiTpOHHbifi HCToqHHK, 2 - .L\eT8KTOp HellTpo

HOB (CM. pHC. 1); y' onpe,r:r.€JIJI€T Jl.laCTOK TIOB€pXHOCTH K0 .. '1JH1MaTopa, BH,O.mAbifr 

,neTeKTOpOM (3aUITpHxonaHHM o6JiaCTb Ha pHc. a); y orrpe..ue.ru1eT yqaCTOK no

nepXHOCTH KOJIJUIMaTOpa, 3acB€T.fl'IBa€~1bift H€:tiTpOHHbiM HCTQqHHKOM (3aUITpH

XOBaHHaJ! o6JiaCTb Ha pH C. b) 

TpeK 8: Y~.y > 0. 

TpeK 9 : Y~.y > y. 

(8) 

(9) 

JJ:a.nee ,L\aHbi no"oyqeHHbre H3 <PopMyJI [6,7,8,9] orpaHHqeHwr Ha KM<.L\bifi H3 

CJI€.uJ'lOlli.llX napaMe'rpOB npH yCJIOBI-UI, l.J:TO BC€ OCTaJlbHbi€ napaMeTpbi <l>HKCH

pOBaHbi corJracHo Ta6 .. '1. 1. 
ITapa"eTpbi (a, b) : 

Tp0K 7: a~ ; · (h- A) 
' 

a~ 15.00 

b < E!. · (S -B) a~ 60.00 - sll z 

Tp8K 8: < c-l a< 8.12 a (2·Sy+m)+l 
b < d·l b < 32.28 (10) 

(2·S11 +m)+l 

TpeK 9: a < c-l ·C· a< 5.21 
(2·S,+m)+l+ '-i::7'-

b< d·l b < 20.84 
(2·S,+m)+l+~ 
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PHc. 12. BpeMeHuoe pacnpe.u.enemte cyMMapuoro paC'li€THoro ¢oHa ;::r.Jul TpeKOB 

1-6 ,D.JUI nee~ no~~p~HOCT!f .o.ereKTopa 

ITapa"eTPbi ( c, d) : 

TpeK 7: 

TpeK 8 : c < a[ 2(S',+m) + 1] 

d < b[2(Sy,+m) + 1] 

TpeK 9 : E = [2t" (Sy - m)- (h +a)] 

{ vT=F { /<'-<" -2- 2 <c<-2+ 2 

E = l¥-(S" - m)- (S, +b)] 

{ y{'-4ry s: /<'-'" -2- 2 <c<-2+ 2 

ITapa"eTpbi (A, B) : 

Tp8K 7: a['m + 1] <A < mh-oS, 
l - m+S 

b[2m + 1] < B < mS,-~s, 
l - m+SII 

TpeK 8: 

TpeK 9: 

11 

c > 8.00 

d > 32.00 
7) = ah[1 + 2(S,,+m) J 

10.85 < c < 14.76 
'7 = bS,[1 + 2(S,,+ml] 

43.40 < d < 59.04 

6.80 < A ~ 10.00 

27.20 < B ~ 40.00 

(11) 

(12) 
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Pwc. 13. ITpoCTpancTaeHnoe pacrrpe.ueJienHe pacqeTnoro ¢ona, cyMMapnoe no 

apeMeHH npo~1eTa,;viR TpeKoa 1-6 KaK <PYHKIUUI ropH30HTa.TibHOfi KOOP.UHHaTbi 

X 

ITapa"eTp (h, S,) : 

TpeK 7: h > A(S11 +m~+Stt:a h;::: 20.0 
- m 

S > B(S11 +m)+S11 b S, .2: 20.0 
'- m 

TpeK 8: - -
(13) 

TpCK 9: h > lc[c-aJ+2ac[S11 -mj 
- <>~tr;;: J \' ,, __ , h;::: 19.24 

S, ;::: 19.24 

ITapa>~eTp ( m) : 

TpeK 7: > S,(A+a) 
m- h A m 2: 135.00 

¥UUf 

> s,(B+b) m;::: 135.00 m_ s B 

TpeK 8: 
I • m < 510.00 m < -[£ -1]- S 
2 a Y 

HJU! (14) 

m < ~[~- 1]- Sy m < 510.00 

TPCK 9: ffi < l(c-a) _ 2c511 _ s m::; 175.70 
- 2a h-e Y 

HJIH 
m < l(d-b) _ 2dS, _ S 

- 2b Sz-d Y m::; 175.70 

12 

-~. 

-40.0 

30.0 

20.0 

10.0 

0.0 

TMn TpeKa 

PHc. 14. ITapl.\HaJibHbitl BKJia.u (a rrpol.\eHTax) Ka.>K.UOro H3 THrroa TpeKOB B noJI

Hbttt <PoH T€ITJIOBbiX HethpOHOB Ha )l.€T€KTOp€ 3a HMllYJibC 

ITapaMeTp (I) : 

TpeK 7; 

TpeK 8: 

TpeK 9: 

ITapaMeTp (M) : 

l > 2(S,+m) 
< 1 

l > 4a;S~t+2a(S 11 +m)(h-cJ 
- (o al[h oJ 

HJIH 

l > 281.25 

l ;::: 699.10 

l > 4bdS,+2b(S,+m)!S.-d) l > 699.10 
_ (d bl{S. d -

M >y, 
M >yy 

M > 334.28 
M > 334.28 

(15) 

(16) 

Tipose,ueHbi pact.teTht c oTKJIOH€Hl-i.HMH a± 2cM, A± 2cM, c ± 2cM, h ± 2cM. 

Pe3yJibTaTbi npe,LI.cTasneHhi B Ta6n. 2. 

KaK Bl'l)l.HO H3 Ta6JIHU.bi, ,U.iut TpeKoa 1-6 H3M€HeHn.a ¢cHa np11 YK3.3aHHbiX 

BapHaUHRX f€0~IeTplP-I€CKHX napa~reTpOB H€3Ha'-!HTeJibHbl. 

5. 3aKJIIO'l8HMe 

Ou,eHKa noKasbmaeT, '-ITO npu HOMHHaJibHO~r HMnynhce peaKTopa BI1TP 

N 611rp == 1019n, YHCJTO TenJTOBbiX Heihponos nocne n-n-pacceJIHHH, nonaBIIH1X 

Ha )l.eTeKTOp, nop5l,Il.Ka 103. Ms Ta6.il. 2 cne,uyeT, '-ITO ¢on TenJIOBhiX nettTpo

nos npH Bhi6pamiOf.t KoncPurypau,nH KOJIJim.taTopoa H 3aiUHTbi ne npeD::.~waeT 

HeCKOJlbKHX npou,eHTOB OT oam.n.ae~10r0 3.:f>cPeKTa. 
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Ta6mw;a 2. CyMMapHhil! ¢oR TennOBhiX Hel!TpOHOB Ha .IIeTeKTOpe Ja HMnynhc 
rrpH JK33aHHbiX B03MJW.€HH.HX pa3M€pOB reoMeTpHH TOJibKO ,[J.JHI Tp€KOB THna 1-
6. KruK)l.bifi CTOJI6€I.J. COOTBeTCTBJeT THIIJ TpeKa, KIDK,.O:rut CTpOKa- OTKJIOH€HHIO 

reOM€TPH'i€CKOrO napaMeTpa OT 3Ha~IeHHfi, npe,n.cTaBJI€HHblX B Ta6JI.l 

1 2 3 4 5 6 I: 
0 14 2 2 .10 4 4 37 

a±2 24 4 2 20 8 12 69 
7 1 1 4 1 1 15 

A±2 12 3 2 15 4 5 41 
17 2 1 6 3 3 32 

c±2 18 10 2 7 4 4 45 
11 2 2 15 3 4 36 

h±2 14 2 2 10 4 4 37 
14 2 2 10 4 4 37 

AaTopor Bbipa:>KaiOT 6naro,n;apHOCTb M.B.Ka.JapHOBCKOMY 3a cym;eCTB€HHOe 
3aMe'iaHHe. 

Pa6oTa6hrna noMep>KaHa rpaHTOM N 94-02-05247 PoccHl!CKoro cPOH.IIa cPYH
.IIaMeHTMhf!hiX HCCJle.r~osaHHtl n rpaHTaMH NKB300 " NKBOOO Me>K.IIJHapo.[I
Horo Hay'tfHoro ¢ou,o:.a. 
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